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  The Character of Physical Law, MIT Press, p.144
The Information Philosopher


I’ve spent the last twenty-five years building this website using a web publishing system of my own design that preserves every draft of every page (following a suggestion in 1999 by Tim Berners-Lee), so future scholars who want to follow my development can do so. Press @ to travel the site in time

 Over the last seventy years I’ve read many works of philosophers and scientists, marking up their books with my notes and critical comments. For over 500 thinkers, I’ve started web pages (links in the left navigation) on their work including hyperlinks to many hundreds of web pages explaining critical concepts in philosophy and science.


I’ve organized those concepts into about 100 menu items under the eleven drop-down menus above. Using the hyperlinks, you can navigate from thinker to concept and then to related thinkers and their concepts, and so on…. 


The level of the material is the same as my lectures at Harvard in the 1960’s, which were often a student’s  first science course. My pages should easily be understood by those who've taken physics or chemistry in high school. 


Although looking at problems through the lens of information can provide new insights, you will find no radical new science in these pages.  My quantum physics is the standard “orthodox” theory of Niels Bohr, Werner Heisenberg, Max Born, Erwin Schrödinger, P.A.M. Dirac, John von Neumann, and critically important, Albert Einstein, despite his severe criticism of Bohr and Heisenberg's Copenhagen Interpretation.  


I will introduce you to the equations of quantum physics. You will of course need some higher education, even graduate studies,  to actually work with the equations. I hope my introductions will help you launch scientific (or philosophical) careers. And I'm available to comment on your work. 


 Unlike many of my very busy professional colleagues, I answer all my correspondents’ questions, suggestions, and pet theories. As a past software developer, I know that user feedback is critically important for getting things right. Contact me at bobdoyle@informationphilosopher.com.


Although I don't introduce any new physics, I’ve been most fortunate to have had some original ideas, proposed solutions to problems in physics and philosophy. They include the flatness of the universe (1959), the continuous spectrum of the hydrogen quasi-molecule (1968), the cosmic creation processcosmic creation process that appears to violate the second law of thermodynamics (1989), the two-stage model of free will (2010), the quantum origin of irreversibility in statistical physics (2016), the experience recorder and reproducer (ERR) model of the mind (2016), and a causal explanation of quantum entanglement without faster-than-light “action at a distance” (2020).


If you want to learn about my overall career, please see my about page. Below I start with my lifelong search for answers to some big problems in cosmology, physics, biology, and neuroscience.


I entered Harvard in 1958 to study for a Ph.D. in Astrophysics. I came from Brown with an Sc.B in Physics and a question about information I've spent the rest of my life trying to answer.


At Brown I studied with physics department chairman Bruce Lindsay, reading his text Foundations of Physics, written with Yale professor Henry Margenau. 


We also read The Nature of the Physical World, written by Arthur Stanley Eddington, whose observations of the bending of light during a 1918 eclipse made Albert Einstein's general relativity and prediction of spatial curvature famous.


Eddington taught me that entropy and the second law of thermodynamics are different from other physical laws, especially the classical mechanics of Newton. Newton's laws are all time reversible, whereas entropy can only increase, its direction providing an "arrow of time." 


Besides its time direction, Eddington said entropy had less in common with physical concepts like distance, mass, and force, and more in common with aesthetic concepts like beauty and melody, even life itself. He wrote that entropy was "a measure of the random element in arrangement" and "we faintly suspect some deeper significance touching that which appears in our consciousness as purpose (opposed to chance)." I saw a connection to values!


Cosmologists then saw the origin of the universe as a hot plasma with extremely high density and temperature, in a state of maximum entropy, complete disorder. This puzzled me.


If entropy started at a maximum and can only increase, so  the universe is heading toward a so-called "heat death," I asked my astronomy department professors, how is it today we can be having such intelligent conversations about cosmology? How is all our knowledge, all this information, being created?


Only two of the faculty took my question seriously. Chuck Whitney taught me about radiative energy transfer in stellar interiors and suggested I look for possible equations of entropy transfer. David Layzer had also read Eddington. 



Layzer used Eddington's suggestion (in his 1934 book New Pathways in Science) that the expansion of the universe could generate local reductions in entropy where the formation of planets, stars, and galaxies could occur. 


As every student of thermodynamics knows, an irreversible temporal process decreasing the physical entropylocally requires a compensating increase in global entropy to satisfy the second law of thermodynamics.


I'd like to call this Eddington's Law: No Local Entropy Decline Without a Global Entropy Increase

Layzer's book Cosmogenesis: The Growth of Order in the Universe showed how both disorder (entropy) and order (negative entropy) are increasing in the universe. I adapted Eddington and Layzer's descriptions in this diagram to show how actual entropy increases much more slowly than the maximum possible entropy, leaving room for the growth of information. 

[image: image-placeholder]

Just how this local decrease and accompanying global increase might work in living things was made clear by Erwin Schrödinger in his 1944 classic article "What Is Life?" 


Schrödinger showed that a living system must have an external source of negative entropy (or energy some of which is "freely available" to do work) to hold the system at low entropy while the entropy in its surroundings increases. 


I'd like to call this Schrödinger's Rule: No Growth Without A Negentropy Source

Schrödinger identified that external source of negative entropy as our Sun. But he did not explain how the universe could create such a Star (at a critical distance from a habitable planet). That explanation belongs to Eddington.


Let's illustrate how a star at a very high temperature can be the free energy source for a planet at the right distance.


[image: image-placeholder]
Ilya Prigogine won a Nobel Prize in Chemistry in 1977 for his idea that nonlinear thermodynamics is needed to bring order out of chaos. He described complex systems far from equilibriums as "dissipative structures." Today complexity science is the study of such dissipative structures as complex systems.


The behavior of a complex adaptive (CAS) is not reducible to the behavior of its component parts. These parts of a CAS are thought to be interconnected in communicating networks that allow the system to "self-organize" and adapt to changes in its environment. Some relatively simple chemical processes are auto-catalytic. More complex systems, including living things, are called autopoetic or "self-making."



Erwin Schrödinger also explained how genetic information could be stored in the atomic structure of a long molecule or "periodic crystal," which was found to be DNA just nine years later by James Watson and Francis Crick. 


Just three years before information in the genetic code was discovered, Claude Shannon formalized the theory of communication of information, describing digital "bits" of information as 1's and 0's (or the Yes and No answers to questions). Shannon said that the amount of information communicated depends on the number of possible messages. With eight possible messages, Shannon says one actual message communicates three bits of information (2³ = 8).


If there is only one possible message, there is no new information. This is the determinist's view that there is only one possible future, both it and the entire past have been completely determined from time zero, and the total information in the universe would be a conserved constant, as many physicists, and some world religions, mistakenly believe.


I'd like to all this Shannon's Principle: No New Information Without Possibilities
John Wheeler proposed a deep relationship between immaterial information and material entropy that he calls "It from Bit." He thinks the "Its" of actual information structures emerge from the "Bits" of possible new information.


Following Shannon, I thought that new information, the emergence of novelty in the universe ("something new under the sun"), would require a temporal process that depends first on the existence of new possibilities and then second on the selection or choice of one actual outcome.  First possibilities, then actualities.


I found Shannon's possibilities in the writings of nineteenth-century philosopher William James, especially his 1884 article "The Dilemma of Determinism." My first philosophical publication was titled "A Two-Stage Model of Free Will" in William James Studies. James had seen these two stages in Charles Darwin's 1859 theory of natural selection, first random or chancepossible variations , one of which is made actual by natural selection of the variation with the greatest reproductive success.


Since we now know that the only indeterministic chance is quantum chance, and that Einstein discovered this ontological chance ten years before Werner Heisenberg's uncertainty principle. 

I'd like to call this Einstein's Discovery of Chance.


I saw such a two-step or two-stage temporal process - first chance possibilities, followed by selection of one actuality - as the essence of the cosmic creation process, and have found it can explain five great problems in science and in philosophy. 


They include 
1) the two-step process of biological evolution, chance variations or mutations in the genetic code followed by natural selection of those with greater reproductive success.


2)  The two-stage model of freedom of the human will, first random alternative possibilities followed by an adequately determined practical or moral choice to make one actual.


3) Claude Shannon's theory of the communication of information also involves these two steps or stages (the Shannon principle). The amount of information communicated  depends on the number of possible messages.  


If there is only one possible message, like the determinist's one possible future, no new information is communicated. If only one possible future, the future and the entire past have been completely determined from time zero, and the information in the universe would be a conserved constant, as many physicists, and some world religions, mistakenly believe.


4) The "weird" phenomenon of entanglement does not communicate information at faster than light speed as mistakenly thought, but it causes two widely separated quantum particles, each with two random possible states, to collapse into two actual perfectly correlated states.  


In their famous 1935 EPR Paradox paper, Einstein and his colleagues Boris Podolsky and Nathan Rosen thought the measurement of one particle must act instantaneously on the other to force its measurement to agree with the first. Schrödinger immediately wrote to Einstein to explain that the two-particle wave function 
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, the solution to his wave equation, would collapse into single-particle wave functions 
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 and 
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 with perfectly correlated properties.   


I hope to show that a common cause, a constant of the motion that conserves spin angular momentum, and the spherical symmetry of the wave function can explain the perfect correlations of newly created bits of information at widely separated locations. 


5) Our model of the mind as an experience recorder and reproducer stores information about experiences in random possible synapses of neural networks.  Neuroscientist Donald Hebb said "neurons that fire together get wired together." The ERR model says neurons that are wired together will later fire together, recalling memories from the "Hebbian assemblies."


A new experience will fire its own neural network dependent on that experience. It will likely overlap many older experiences that resemble the new experience in some ways. Neurons firing in the overlap areas will recall those earlier experience, together with the original feelings. The earlier experiences provide context and meanings for the new experience. 


When many earlier experiences "come to mind," William James called it a "bloomimg, buzzing, confusion," but our ERR model sees the many possible meanings as the sources or our creativity and our free will when we make one possible choice actual.    


The information in our minds is not stored as digital data, despite the widespread but mistaken idea in cognitive neuroscience that our brains are digital computers. There is no "representation" of our knowledge that could be seen by a neuroscientist or captured in an MRI or MEG (magnetoencephalography) scan.



Not a representation but a re-presentation

When a Hebbian assembly fires again, whether stimulated by a new experience or simply by our thinking, it reproduces or re-presents stored information, it recalls or "calls to mind" what we know. But that's not because it is stored as logical 1/0 bits of propositional logic in our neural synapses, as imagined by Warren McCulloch and Walter Pitts in 1943, before a digital computer existed!  Our ERR model is purely biological, in no way a machine.    

These five examples of solving problems with information creation are why I call myself the information philosopher. I strongly encourage others to go beyond analytic language philosophy and become information philosophers.


It's very important to understand that information philosophy is not the product of a single mind. Critical elements have come from the work of giants whose shoulders I stand on, including Eddington, Schrödinger, Shannon, James, Einstein, Hebb, and Darwin as described above, and physicist Richard Feynman and  biologist Ernst Mayr, as described below.


You may therefore need years of graduate and post-graduate education beyond the introductory material in my books and website to help solve these problems. But as I go "beyond language and logic" (using both of course) in the few thousand pages in my website and books, I hope to be around for a few more years to answer your questions about why I see information as more fundamental than language, logic, mathematics, and physics. 


You can email me at  bobdoyle@informationphilosopher.com.


Note that just as language philosophy is not the philosophy of language, information philosophy is not the philosophy of information. Luciano Floridi is a philosopher of information. He studies the ethical use of information technology, including the spread of misinformation and disinformation. So far, I am the only information philosopher. I hope you will join me.


I use immaterial information and material information structures to explain problems in philosophy and physics. My formal training is in astrophysics and quantum physics, though all my life I've been reading the works of the hundreds of philosophers and scientists whose work I summarize and interconnect, with hyperlinks in the left navigation column. 

I picture the quantum wave function 
  Ψ
 as purely immaterial information. It's the mathematical solution of Erwin Schrödinger's wave equation. Seeing it as pure information may help to clarify what Richard Feynman called the one and only mystery in quantum mechanics.


As Feynman put the one mystery of the two-slit experiment,


"The question now is, how does it really work? What machinery is actually producing this thing? Nobody knows any machinery."


We can not, as Feynman says, provide any "mechanism" that guides or forces particles to their observed positions and observed properties. We can describe what happens with extraordinary accuracy, but not "understand" it.  "Nobody understands quantum mechanics," he said.


But describing the quantum wave function 
  Ψ
 as pure information may help us to develop an information interpretation of quantum mechanics, which other physicists have attempted.  


The square of the wave function 
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 gives us the exact probabilities of different possibilities, which are objectively real, if immaterial. These multiple possibilities for a property of a quantum object when it is observed and measured bothered Albert Einstein, who wanted physical properties to exist independently of observations (they don't), to be determined by physical conditions in the immediate locality of the object and not "influenced" instantly by widely separated objects (they aren't). 


Einstein wanted physical "reality" to involve "local" interactions, not "nonlocal" "spooky action at a distance" as he called it. Had Einstein called the entanglement that he discovered  in his EPR Paradox "knowledge (or information) at a distance," the last hundred years of physics might have looked quite different.


As I see it, Feynman's one mystery is how quantum waves of abstract and immaterial information going through the two slits can cause the motions and create the properties of concrete and materialparticles landing on the distant screen. Exploring this mysterious influence of immaterial information on material particles will better explain both Feynman's two-slit experiment and Einstein's "spooky" entanglement.


Our information explanation of the cosmic creation process shows how the expansion of the universe opened up new possibilities for different possible futures. Some scientists (e.g., Seth Lloyd) think that the total information in the universe is a conserved quantity, just like the conservation of energy and matter. The "block universe" of special relativity and four-dimensional space-time is seen by some as the one possible future that is "already out there."


This flawed idea of a fixed amount of information in the universe supports the idea of Laplace's demon, a super-intelligent being who knows the positions and velocities of all the particles in the universe, one who could use Newton's laws of classical mechanics to know all the past and future of the universe.  Such a universe is known as deterministic, pre-determined by the information at the start of the universe, or pre-ordained by an agent who created the universe. 


This conservation of total information since time zero also supports the much older idea of an omniscient and omnipotent God with foreknowledge of the future, which threatens the idea of human free will. Logically speaking, a god can not be both omniscient and omnipotent. 

If a god can possibly change the future, then he did not actually know it. Unless, in his infinite wisdom, at time zero he already knows the outcome of every quantumchance event to happen at random places and times in the future.


In our study of how Albert Einstein invented most of quantum mechanics a decade before Werner Heisenberg, we showed that Einstein saw the existence of ontologicalchance whenever electromagnetic radiation interacts with atoms and molecules. This means that many future events, like Aristotle's famous "sea battle," are irreducibly contingent. Future events cannot be known until that future time when they either do or do not occur. The statement "the sea-battle will occur tomorrow" is neither true nor false, challenging Aristotle's bivalent logic and the "excluded middle." Does a contingent future mean an omniscient being cannot exist?


The indeterminism of quantum mechanics invalidates the idea of physical determinism as well as the idea of an omniscient being. Our work on free will limits indeterminism to the first "free" stage, where it helps to generate alternative possibilities (new thoughts), and our model requires an adequate determinism in the second "will" stage, to ensure that our actions are caused by our motives, desires, and feelings. First "free", then "will."


The great scientist and philosopher of biology Ernst Mayr described evolution as a 
"two-step process" involving chance.



A Two-Step Process in Biology


In his 1988 Toward a New Philosophy of Biology, Mayr wrote...

Evolutionary change in every generation is a two-step process: the
production of genetically unique new individuals and the selection
of the progenitors of the next generation. The important role of
chance at the first step, the production of variability, is universally
acknowledged, but the second step, natural selection,
is on the whole viewed rather deterministically: Selection is a non-chance process.


Charles Darwin most likely knew that ontological chance was responsible for the variations in the genome that lead to new species. But the idea of chance in his time was widely considered to be atheistic, especially by Darwin's wife. It challenged the idea of an omniscient and omnipotent God overseeing Nature. 


A Two-Stage Model for Free Will


The great philosopher of mind William James described free will as what I have called a "two-stage" process. He wrote...


And I can easily show...that as a matter of fact the new conceptions, emotions, and active tendencies which evolve are originally produced in the shape of random images, fancies, accidental out-births of spontaneous variation in the functional activity of the excessively instable human brain, which the outer environment simply confirms or refutes, adopts or rejects, preserves or destroys, - selects, in short, just as it selects morphological and social variations due to molecular accidents of an analogous sort. 


In my 2011 book Free Will, I report over two-dozen other philosophers and scientists who independently invented this two-stage model of free will, decades before and well after my independent idea while a graduate student at Harvard in the 1970's.


A "Two-Bit" Information Explanation for Quantum Entanglement

 
We examine what information is being created by entanglement and whether and how it is "communicated." We  deny extravagant claims about quantum weirdness connecting everything in the universe. But we defend entanglement to distribute the "quantum keys" used to encrypt and decrypt messages, making them perfectly secure against potential eavesdroppers. 
 
Today's standard entanglement studies are based on an experimental apparatus suggested in 1952 by David Bohm to explore the possibilities of "hidden variables" that could explain Albert Einstein's life-long concern about "spooky actions at a distance" and the so-called Einstein-Podoldsky-Rosen paradox of 1935.


Bohm's "hidden variable" proposal described a


"molecule of total spin zero consisting of two atoms, each of spin one-half. The two atoms are then separated by a method that does not influence the total spin. After they have separated enough so that they cease to interact, any desired component of the spin of the first particle (A) is measured. Then, because the total spin is still zero, it can immediately be concluded that the same component of the spin of the other particle (B) is opposite to that of A."


Note that Bohm's "can immediately be concluded" would have been said "we immediately know" if Einstein had called it "knowledge at a distance."


An apparatus to realize Bohm's proposal would be a hydrogen molecule disassociating into hydrogen atoms heading toward Stern-Gerlach devices that measure their spins as up or down. But Bohm's experiment with material particles was never realized. Today experiments are done with photons and polarizers measuring the photon spin. The quantum mechanics is the same. 


The spin of an atom can be up or down. An S-G device measurement creates a single bit of information we can call 1 or 0. We traditionally give the experimenters measuring particles A and B the names Alice and Bob. When Alice observes a spin up particle, she gets the bit 1. Instantly, Bob observes a spin down particle and gets the bit 0. These are well-established experimental facts on which to construct a theory of entanglement. Or we can, and we do, develop a principle theory, as Einstein strongly recommended.


Once the two particles have separated to a great distance, the naive theory is that one bit of information about Alice's up particle must have been "communicated" to Bob's particle so it can quickly adjust its random spin to be down. Or perhaps, that a "hidden variable" travels at faster than light speed to "act" on particle B, causing its spin to be down. Most simply, perhaps hidden variables are traveling along with the particles carrying "instruction sets" that control their behavior. But all these theories are flawed, leading to claims that entanglement "connects" everything instantly in a "holistic" universe.


My Ph.D. thesis at Harvard in the 1960's solved the Schrödinger equation for the wave function 
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 of a two-atom hydrogen molecule, exactly what David Bohm proposed in the 1950's to explain "hidden variables." This provided me with a great insight into entanglement.


Before a measurement, quantum objects like hydrogen atoms, electrons, or photons have two possible spin angular momentum states. A measurement makes one of the two possible states an actual state. The founders of quantum mechanics described this process in terms that remain controversial a century later. Werner Heisenberg said the new state is indeterministic, with possibilities, one of which comes randomly into "existence." Einstein hoped for a return to classical deterministic physics, in which objects have a "real" existence before we measure them.


The quantum mechanical wave function describing a single-particle spin is a linear combination (also called a superposition) of an up state [↑] and a down state [↓]. 
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) coefficients are squared to give us the probability 1/2 of the particle being found in either the up or down state. Half the time we find [↑], the other half [↓].


A measurement is said to "select" one of the states, or to "project" a particle into one state. The wave-function 
  Ψ
 is said to "collapse" into one of the states.  It is another two-step or two-stage process, first possibilities, then selection of one to be actual.


The entanglement apparatus entangles two quantum particles so we need a two-particle quantum wave function 
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 and its a bit more complicated. 
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Our explanation of quantum entanglement continues here, but you might want to skip over the extensive details below to our notes on getting beyond logical positivism and analytic language philosophy to information philosophy here. You may also see the entries under the Entanglement menu for further details on our proposed solution to the problem of entanglement and hidden variables.


We can simplify the notation of the equation above 
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Instead of one particle found randomly in an up or down state, we find the two particles half the time in an up-down state and the other half in a down-up state. 


Note that each individual particle is still randomly in an up or down state, but the joint condition of opposite spin states is not random at all! The states are certain to be perfectly correlated. Quantum mechanics exactly predicts the outcomes of entanglement experiments. But is this enough of an explanation? Can we find a causal description of what's going on?


The apparatus entangling the two particles sits in the center between Alice and Bob's measuring devices. It is also in the past light cone of their measurements so is the most likely candidate for a contributing cause. We call it the causal center (CC).


Alice ← Causal Center → Bob



Our model of a "common cause" explaining entanglement is a causal chain of events that begins with the local causes in the entangling apparatus that establishes the initial symmetry of the entangled particles. The particles are put into a spherically symmetric two-particle quantum state 
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 that Erwin Schrödinger said cannot be represented as a product of two independent single-particle states 
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 and 
  
    Ψ
    
      2
    
  
.

 
The causal center sends the particles off in the spherically symmetric state with total spin zero to Alice and Bob. This total spin zero is conserved as a constant of the motion. 


The final causal interactions in our "causal chain" of events are the two measurements by Alice and Bob, which create two bits of digital information.  As long as local measurements are made at the same pre-agreed upon angle their planar symmetry will maintain total spin zero, the particles will have perfectly correlated opposite spin states up-down or down-up, and individual spin states will be randomly up or down. Should measurements at A and B differ by angle θ, perfect correlations would be reduced by cos2θ, as predicted by quantum mechanics.


When Alice measures her quantum particle, let's say up, the two-particle wave function 
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collapses and instantly her distant partner Bob's particle is projected into the correlated down state, conserving total spin. This is not because any actionable information is communicated from Alice to Bob. There is no "spooky action at a distance." 


The two bits of information that "came into existence" were not present in the initial entanglement or in the entangled particles as they traveled to Alice and Bob. They were created by the two symmetric measurements.


See more on how a Common Cause, Constant of the Motion, and Spherical Symmetry are needed to produce the perfectly correlated (and random) outcomes of two-particle Bell experiments.  


Does entanglement have something to do with the one mystery of quantum mechanics, how the abstract wave function can predict the locations or properties of concrete material particles without any causal power, without any known machinery (as Richard Feynman said), to move them? Yes, but there's more to it. 


In the two-slit experiment, Feynman's classic example, there is no obvious mechanical causal chain of events, no "machinery." But in a Bell experiment, there is first a mechanism (a local causal process) that prepares the two particles in a singlet state with total spin zero, second there is conservation of this spin angular momentum state as the particles move apart, and third, the measurements by Alice and Bob are two distinct causal processes that (again locally) create two new bits of perfectly correlated information at widely separated points in space.


No information at all is "communicated" faster than light between Alice and Bob as "spooky action" theories about entanglement suggest. Nor is information traveling faster than light from the causal center to Alice and Bob, carried by the two entangled particles. If the particles are photons, they travel at the speed of light; if electrons or atoms, then below light speed. 


The individually random and jointly perfectly correlated results of experiments by Alice and Bob are thus a consequence of three successive events in a causal chain starting with the local causes in the entangling apparatus that establishes the initial symmetry of the entangled particles. The particles are put into a spherically symmetric two-particle quantum state 
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 that conserves the total spin angular momentum as a constant of the motion. The spherical symmetry keeps the spins perfectly correlated at all times as the particles travel apart. As long as nothing interacts to disturb them during their travels, symmetric measurements will (locally) measure the spins as still correlated.


The entangling apparatus at the causal center sends the entangled particles off to Alice and Bob, each particle capable of producing one of the two bits of information. Alice and Bob share this information or knowledge "at a distance." But because each of their sequences of successive bits is quantum random, the random sequences provide no meaningful information immediately to Alice or Bob. When they later compare their sequences using ordinary communication channels however, quantum magic happens, as we shall see.


The popular science-fiction idea that entangled particles connect everything in the universe, that telepathic communication of meaningful messages are being exchanged between different galaxies, even some galaxies billions of light years away, is simply nonsense. 


Without a common cause coming from a causal center between Alice in Andromeda and Bob (me!) in the Milky Way no "entangling" cosmic connection is possible!


The sad truth about quantum entanglement is that there is nothing at all going from Alice to Bob or from Bob to Alice. What is going from the common cause in the center to both Alice and Bob is the two particles and the spherically symmetric two-particle wave function 
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.


When Alice and Bob make their measurements, whoever measures first (in the special frame of reference in which they and the causal center are at rest) collapses the two-particle wave function 
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, separating it into a product of two single-particle states 
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It is essential that Alice and Bob do not measure at just any angle. They must agree to position their polarizers or Stern-Gerlach devices in the same plane to measure at the same pre-agreed upon angle. Their planar symmetry combines with the spherical symmetry of the wave function to conserve the total spin angular momentum. 


Let's look more carefully at 
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 and describe what happens using the mathematical foundations of quantum mechanics as formulated by Paul Dirac's "Principles of Quantum Mechanics" (actually one principle, an axiom, and a postulate).
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Dirac's principle of superposition describes the particles in a linear combination (or superposition) of |↑ (1) ↓  (2)> and |↓ (1)  ↑ (2)>.


Dirac's projection postulate and the coefficient 
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 when squared says there is a 50% chance of being randomly projected into either product of two single-particle states (either up-down or down-up and either will conserve total spin zero).


Dirac's axiom of measurement says that measuring a system in a known "eigenstate" will yield its "eigenvalue." Our particles have only two states, up or down, described with bits 1 and 0.


Alice and Bob individually produce a string of perfectly random bits, carrying exactly zero information! But despite the 50% randomness of each particle's measurement, the perfect correlations of entangled particles emerge in their joint measurement as always opposite, up-down or down-up, continuing the conservation of total spin!


Now despite these random bit strings individually containing no information, their perfect correlation turns out to be extremely valuable for encrypting and decrypting secure communications between Alice and Bob later over ordinary communication channels!



Quantum Cryptography and Quantum Key Distribution. 

  
Alice's measurement sequences appear to her to be completely random, with approximately equal numbers of 1's and 0's, approaching equality for longer bit sequences, like this.


00010011011110101100011011000001



And Bob's sequence looks to him to be equally random, with 1's and 0's approaching 50/50.



11101100100001010011100100111110



Should Alice send her bit sequence to Bob (over ordinary channels) for comparison, he finds when he lines the bit strings up with one another, they are perfectly anti-correlated. Where Alice measured a 1, Bob measures 0, and vice versa.  This is explained by the condition of conserved total spin coming from the causal center, so I call it a common cause.



00010011011110101100011011000001


11101100100001010011100100111110



Although they contain no information, these random but perfectly correlated bit sequences are perfect for use as a one-time pad or "key" for encrypting coded messages. And the sequences have not been "communicated" or "distributed" over an ordinary communication channel. They have been created independently and locally at Alice and Bob in a secure way that is invulnerable to eavesdroppers, solving the problem of quantum key distribution (QKD).


As long as Alice and Bob measure at the same angle, the spherically symmetric wave function with total spin conserved gives them the symmetric result. If their angles differ by θ their results will vary as cos²θ, which the violation of John Bell's theorem and his inequality has shown. 


Beyond Logical Positivism and Language Philosophy to Information Philosophy


Answering deep philosophical questions with words and concepts has sadly been a failure. We need to get behind the words to the underlying  information structures, material, linguistic, and mental as well as information communication processes between some structures, especially living things.


Although analytic language philosophy is still widely taught, it has made little progress for decades.  
Language philosophers solve (or dis-solve!) problems in philosophy by an analysis of language, using verbal arguments with words and concepts. They discover (rediscover) the same ancient problems, forever republishing old concepts with new names and acronyms. 


An information philosopher studies the origin and evolution of information structures, the foundations for all our ideas, solving the problem of knowledge.


Information philosophy is a dualist philosophy, both materialist and idealist. It is a correspondence theory, explaining how immaterial ideas represent material objects, especially in the brain and in the mind.


In a deterministic or "block" universe, information is constant. Logical and mathematical philosophers follow Gottfried Leibniz and Pierre-Simon Laplace, who said a super-intelligent being who knew the information at one instant would know all the past and future. They deny the obvious fact that new information can be and has been created.


An information structure is an object whose elementary particle components have been connected and arranged in an interesting way, as opposed to being dispersed at random throughout space like the molecules in a gas. Information philosophy explains who or what is doing the arranging.


A gas of microscopic material particles in equilibrium is in constant motion, the motion we call heat. Some macroscopic properties, like pressure, temperature, volume entropy (and information content), but its total matter and energy, are unchanging. At the origin, it is said to have been in equilibrium and have maximum possible entropy, or disorder. It contained minimal, possibly zero, internal information, apart from information about the structures of the atoms and molecules.


When the second law of thermodynamics was discovered in the nineteenth century, physicists predicted that increasing entropy would destroy all information, and the universe would end in a "heat death." That is not happening.


Many philosophers, philosophers of science, and scientists themselves, still see deterministic "laws of nature" as models for their work. The great success of Newtonian mechanics inspires them to develop mechanical, material, and energetic explanations for biological and mental processes. 


In recent decades some have gone beyond classical mechanical laws to explain evolution in terms of the laws of thermodynamics and the increase of complexity. Ilya Prigogine argued that non-equilibrium thermodynamics can bring "order out of chaos." But it takes more than non-equilibrium physics. It takes the expansion of the universe, as Eddington explained..


Information is neither matter nor energy, although it needs matter to be embodied and energy to be communicated. Why should it become the preferred basis for all philosophy?


As most everyone knows, matter and energy are conserved. This means that there is just the same total amount of matter and energy today as there was at the universe origin. 


But then what accounts for all the change that we see, the new things under the sun? 
It is information, which is not conserved and has been increasing since the beginning of time, despite the second law of thermodynamics, with its increasing entropy, which in a closed universe destroys both order and information. But our universe is open and expanding! And new information is continuously being created!



The Cosmic Creation Process


Many philosophers and scientists mistakenly think the universe must have begun with a vast amount of information, so that the information structures we have now are left over after the increasing entropy of the second law has destroyed much of the primordial information. 

But the physics of the early universe, famously the first three minutes according to Steven Weinberg, shows us a state near the maximum possible entropy for the earliest moments.


How can the universe have begun in equilibrium - near maximal disorder and minimal informational, yet today be in the high state of information and order we see around us. This I have called the fundamental question of information philosophy.


The answer to this fundamental question was given to me by my Harvard colleague and mentor David Layzer in the 1970's, inspired by the work of Arthur Stanley Eddington in the 1930's. In short, it is the expansion of the universe, which continually increases the space available to the limited number of particles, giving them more room and more possibilities to arrange themselves into interesting information structures. This is the basis of a cosmic creation process for all interesting things.


Cosmic creation is only possible because the expansion of space increases faster than the gas particles can get back to equilibrium, making room for the growth of entropy and disorder, but also of order and information, in local pockets of negative entropy.  


The entropy of the early universe was maximal, in equilibrium, for its time, but it was tiny compared to the actual entropy today, which is smaller than today's maximum possible entropy, making room for lots more information structures (negative entropy).


I have now found that this powerful insight was first seen by Arthur Stanley Eddington in his 1934 book New Pathways in Science, where he said (p.68) "The expansion of the universe creates new possibilities of distribution faster than the atoms can work through them."

[image: image-placeholder]

As pointed out to me by Layzer in 1975, Eddington's arrow of time (for him, the direction of entropy increase) points not only to increasing disorder (positive entropy) but also to increasing information (negative entropy), what Layzer called "the growth of order in the universe." 


At the earliest times, purely physical forces (electromagnetic, nuclear, and gravitational) changed the arrangement of the most fundamental particles of matter and energy, quarks, electrons, gluons, and photons, into information structures like atoms and molecules, and much later into planets, stars and galaxies. 


Billions of years later, living things became active information structures. Living things control the flow of matter and energy through themselves and do their own arranging of their matter and energy constituents!


New immaterial information is forever emerging.  We human beings are creating new ideas!


Purely physical objects like planets, stars, and galaxies are passive information structures, entirely controlled by fundamental physical forces - the strong and weak nuclear forces, electromagnetism, and gravitation. These objects do not control themselves. They are not acting. They are acted upon.


Living things, you and I, are active dynamic growing information structures, forms through which matter and energy continuously flow. And the communication of biological information controls those flows! 


Some philosophers of biology (for example John Dupré and Anne Sophie Meincke) think that biological creation processes are fundamentally different from the creative processes in non-living things, in purely physical material objects, from atoms and molecules to planet, stars, and galaxies. 


Before life as we know it, some information structures blindly replicated their information. Some of these replication processes were fatal mistakes, but very rarely the mistake was an improvement, with better reproductive success. 


In life today, those random errors produce some of the variations followed by natural selection which adapts living things to their environments. The first stage in our two-stage model is the same blind randomness of chance in non-living and living things. What differs between these creative processes is the appearance of minds and of purpose, of goals and intentions, in the universe. All living things are agents!



Even the smallest living things develop behaviors, sensing information about and reacting to their environment, sending signals between their parts (cells, organelles) and to other living things nearby. These behaviors can be interpreted as intentions, goals, and agency, introducing purpose into the universe.


The goals and purposes of living things are not the "final goal" or purpose of Aristotle's Metaphysics that he called "telos" (τέλος). Teleology is the idea that there is a cosmic purpose that preceded the creation of the universe and which points toward an end goal. Teleology underlies many theologies, in which a creator God embodies the telos, just as a sculptor previsualizes the statue within a block of marble. Perhaps the best known is Teilhard de Chardin whose end goal he called the "Omega Point" is Jesus Christ. In many religions, the creator predestines or predetermines all the events in the universe, a theological idea that fit well with the mechanical and deterministic laws of Nature discovered by Isaac Newton in the seventeenth-century age of enlightenment. 


The biologist Colin Pittendrigh coined the term teleonomy to distinguish the purpose we see in all living things from a hypothetical teleological purpose from before the origin of the universe. Jacques Monod and Ernst Mayr also stressed the important distinction between teleonomy and teleology.


Information is the modern spirit, the ghost in the machine, the mind in the body. It is the soul. When we die, it is information that perishes, unless the future preserves it. The matter remains.


Information philosophers think that if we don't remember the past, we don't deserve to be remembered by the future. This is especially true for the custodians of knowledge. 


In the natural sciences the most important references are usually the most recent. In the humanities and social sciences the opposite is often true. The earliest references were invented ideas that became traditional beliefs, now deeply held without further justification.  


This website is not based on the work of a single thinker. It includes the work of over five hundred philosophers and scientists, critically analyzed over seven decades by this information philosopher, with extensive quotations from the original thinkers and PDFs of major parts of their work (sometimes in the original language). 


Information philosophy can explain the fundamental metaphysical connection between materialism and idealism. It replaces the determinism and metaphysical necessity of eliminative materialism and reductionistnaturalism with metaphysicalpossibilities. 

Unactualized possibilities exist in minds as immaterial ideas. They are the alternative actions and choices that are the basis for our two-stage model of free will. 


The existence (perhaps metaphysical) of alternative possibilities explains how both new ideas and new species arise by chance, the consequence of quantum  indeterminism

Neurobiologists question the usefulness of quantum indeterminism in the brain and mind. But it is the sometimes random firing of particular neurons and their subsequent wiring together that records an individual's experiences, experiences distinctly different in ways that contribute to every unique "self," - what it's like to be me.


Faced with a new experience, the experience recorder and reproducer (ERR) causes some neurons to "play back"  those encoded past experiences that are similar in some way to the current experience. The "playback" is complete with the emotions that were attached to the original experiences. Memory of and learning from diverse past experiences provides the context that adds "meaning" to the current experience. The number of past experiences recalled may be very large.

William James described this as a "blooming, buzzing confusion." He called for us to focus attention on the alternative possibilities in his "stream of consciousness."  These possibilities are the past experiences of the audience members whose hands are raised in Bernard Baars's "Theater of Consciousness," that give them something relevant to add to the conversation.


Some information enthusiasts claim that information is the fundamental stuff of the universe. It is not. The universe is fundamentally composed of discrete particles of matter and energy. Information describes the arrangement of the matter. Where the arrangement is totally random, there is no information. The organized information in living things has a purpose, to survive and to increase.


Information is the form in all discriminable concrete objects as well as the content in non-existent, merely possible, thoughts and other abstract entities. Information is the disembodied, de-materialized essence of anything. 


Perhaps the most amazing thing about information philosophy is its discovery that abstract and immaterial information can exert an influence over concrete matter, explaining how mind can move body, how our thoughts can control our actions, deeply related to the mystery of how the quantum wave function (randomly) controls the probabilities of locating quantum particles. 


It is immaterial information in the collapse of the two-particle wave function 
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 that ensures perfectly correlated measurements no matter how far entangled  particles are separated. 


But the random generation of alternative possibilities for thoughts and actions does not mean that our deliberations themselves are random, provided that the deliberative choice of one possible action is adequately determined. 


For example, compatibilist philosophers argue that libertarians on free will cannot see that if there is a random element involved in the generation of possible actions, agents would have no control over such actions and cannot be held morally responsible. But on the contrary, if an agent chooses to flip a coin to decide on an action, that choice can still be a deliberative act, and the agent can accept full responsibility for choosing either outcome of the coin flip.



Information philosophy goes beyond a priori logic and its puzzles, beyond analytic language and its paradoxes, beyond philosophical claims of necessary truths, to a contingent physical world that is best represented as made of dynamic, interacting information structures.


The creation of new information structures exposes the error of determinism. In a deterministic universe there is no increase of information. All the past, present, and future information is present to the eyes of a super-intelligence, as Pierre-Simon Laplace argued.

Isaac Newton's classical mechanical laws of motion are not only deterministic, they are reversible in time. It is believed by many that if time could be reversed, the entire universe would proceed back in time to its earliest state, like a motion picture played backwards. 


Information philosophy has discovered the origin of irreversibility in the early work on quantum mechanics by Albert Einstein. Quantum indeterminism and irreversibility in turn contribute to the origin of information structures, which we have found in the work of Arthur Stanley Eddington and David Layzer. Thirdly, quantum indeterminism and the creation of information structures are the bases for our two-stage model of free wil, which we trace back to the thought of William James.


Information is said by some to be a conserved quantity, just like matter and energy. This is not the case. Determinism is a false belief, originating either in the tragic idea that an omniscient and omnipotent God (or in the Newtonian idea that unbreakable laws of nature) completely control every event, so there can be no human freedom in a completely determined world. 


Indeed, belief in determinism is the modern residue of the traditional belief in an overarching explanation - a determinative reason - for everything.

Knowledge can be defined as information in minds -  a partial isomorphism of the information structures in the external world. Information philosophy is a correspondence theory.


Sadly, there is no isomorphism, no information in common, between words and objects. As the great Swiss linguist and structuralist philosopher Ferdinand de Saussure pointed out, the connection between most signifiers (words and other symbols) and the things signified (objects and concepts) is arbitrary, a connection established only by cultural convention. This arbitrariness accounts for much of the failure of analytic language philosophy in the past century.

 
Although language is an excellent tool for human communications, it is arbitrary, ambiguous, and ill-suited to represent the world directly.  Human languages can not "picture" reality, despite the hopes of early logical positivists like Ludwig Wittgenstein. 

Information is the lingua franca of the universe.

The extraordinarily sophisticated connections between words and objects are made in human minds, mediated by the brain's experience recorder and reproducer (ERR). Words stimulate neurons to start firing and to play back those experiences that include relevant objects. 


Neurons that were wired together in our earliest experiences fire together at later times, contextualizing our new experiences, giving them meaning. And by replaying emotional reactions to similar earlier experiences, it makes then "subjective experiences," giving us the feeling of "what it's like to be me" and solving the "hard problem" of consciousness.


Beyond words, a dynamic information model of an information structure in the world is presented immediately to the mind as a simulation of reality experienced for itself.


Without words and related experiences previously recorded in your mental experience recorder, we could not comprehend words. They would be mere noise, with no meaning.



	CAT	[image: image-placeholder]	🎬Videohttps://www.informationphilosopher.com/lectures/Cat.mp4



By comparison, a diagram, a photograph, an animation, or a moving picture can be seen and mostly understood by human beings, independent of their native tongue.  (Right click on the cat movie to show controls that make it play and pause) 


The basic elements of information philosophy are dynamic models of information structures. They go far beyond logic and language as a representation of the fundamental, metaphysical, nature of reality. 


Visual and interactive models "write" directly into our mental experience recorders.


Computer animated models can incorporate all the laws of nature, from the differential equations of quantum physics to the myriad information processes of biology. 


Computer simulations are not only our most accurate knowledge of the physical world, they are among the best teaching tools ever devised. We can transfer knowledge non-verbally to coming generations in most of the world's population via the Internet and nearly ubiquitous smartphones.


Consider the dense information in Drew Berry's real-time animations of molecular biology. These are the kinds of dynamic models of information structures that we believe can best explain the fundamental nature of reality - "beyond logic and language."

	[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=OjPcT1uUZiE
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If you think about it, everything you know is pure abstract information. Everything you are is an information structure, a combination of matter and energy that embodies, communicates, and most important, processes your information. Everything that you value contains information. 


And while the atoms, molecules, and cells of your body are important, many only last a few minutes and most are completely replaced in just a few years. But your immaterial information, from your original DNA to your latest experiences, will be with you for your lifetime. 


You are a creator of new information, part of the cosmic creation process. Your free will depends on your unique ability to create freely generated thoughts, multiple ideas in your mind as alternative possibilities for your willed decisions and responsible actions.


Anyone with a serious interest in philosophy should understand how information is created and destroyed, because information is much more fundamental than the logic and language tools philosophers use today. Information philosophy goes "beyond logic and language." 

Information is the sine qua non of meaning. This I-Phi website aims to provide a deep understanding of information that should be in every philosopher's toolbox.


We will show why information should actually be the preferred basis for the critical analysis of current problems in a wide range of disciplines - from information creation in cosmology to information in quantum physics, from information in biology (especially evolution) to psychology, where it offers a solution to the classic mind-body problem and the problem of consciousness. And of course in philosophy, where failed language analysis can be replaced or augmented by immaterial information analysis as a basis for justified knowledge, objective values,  human free will, and a surprisingly large number of problems in metaphysics.


Above all, information philosophy hopes to replace beliefs with knowledge. Instead of the primitive idea of an other-worldly creator, we propose a comprehensive explanation of the creation of this world that has evolved into the human creativity that invents such ideas. 
The "miracle of creation" is happening now, in the universe and in you and by you.



  A Personal Note


As this information philosopher approaches his end of life, of physical and material life, of mental and ideal life, and especially of creative life, it is unlikely he/I will get to finish five more books on information philosophy, some of whose draft material is found on this website.

So I added a brief summary of my forthcoming fifth book on information philosophy, Mind: The Experience Recorder and Reproducer to the 61st version of my I-Phi home page. (You can see the past twenty years of versions of this page preserved in SkyBuilders TimeLines persistent archive, as suggested to me and my son Derek by Tim Berners-Lee in the late 1990's. You can also see the version of any of the site's thousands of pages at a particular date and time by pressing the @ key and selecting a time.)


This page began with the fundamental question of information philosophy - how is information created? We answered that information structures were created shortly after the universe origin by a two-step process, first the opening of new possible cells in phase space caused by the universe expansion, followed by the adequately determined four physical forces (strong and weak nuclear, electromagnetic, and gravitational) forming atoms, stars, and galaxies, despite the second law of thermodynamics and the universe being initially in a state of chaos and disorder, of maximum entropy for that time. 


We now know that the entropy of the early universe was much smaller than the actual entropy today. More importantly, today's maximum possible entropy is much larger still, making room for the large amount of negative entropy (information) in today's universe.


Our forthcoming Mind book proposes a new model for how the human mind has come to know the cosmic creative process.  Our model stands in opposition to the dominant mind model for the past eighty years in psychology and cognitive science, namely the computational theory of mind. 


We will argue that wo/man is not a machine and the brain is not a (digital) computer. The metaphor that mind can be viewed as immaterial software running in the brain's material (biological) hardware is partially correct, attractive but flawed.  


We will show how and where information is stored in the brain and how it is recalled, but without address buses connecting to digital data storage and without central or parallel processors "operating" on the data. We will show how the stored information is not represented as viewable syntactical structures.  There are no "neural computations" on "neural representations." Instead, past experiences are reproduced or re-presented, with all the "wired-together" neurons of an experience firing again. We call our mind model the Experience Recorder and Reproducer.


See the entries under the Mind menu for further details...


I want to make clear that many ideas I now think of as my own may well have had their origins in my reading the works of all the hundreds of philosophers and scientists in the left navigation column. I've been most fortunate to have had the time to read them all. My work on cosmic creation started with ideas of David Layzer and Arthur Stanley Eddington. Work on my two-stage model of free will began with Eddington and with William James. My theory that the universe geometry started flat and has always been flat depended on the critical observations of Walter Baade. I saw the origin of irreversibility in the statistical mechanics of Ludwig Boltzmann's "molecular disorder" and the quantum randomness in Albert Einstein's directions of photon emission. And the critical idea that information in the mind is stored in neurons that have been wired together by our past experiences depended on the insights of neurophysiologist Donald Hebb. I owe so much to them all. 


But what is information? How is it created and why is it a better tool for examining philosophical problems than traditional logic or linguistic analysis? And what are some examples of classic problems in philosophy, in physics, and in metaphysics with information philosophy solutions? 



What problems has information philosophy solved?


Why has philosophy made so little progress? Perhaps it's because philosophers prefer problems, while scientists seek solutions? Must a philosophical problem once solved become science and leave philosophy? Bertrand Russell thought so.

Russell said:


 "as soon as definite knowledge concerning any subject becomes possible, this subject ceases to be called philosophy, and becomes a separate science...while those only to which, at present, no definite answer can be given, remain to form the residue which is called philosophy."


This information philosopher thinks not.

In order for problems to remain to remain philosophical, interested philosophers should consider our proposed information-based solutions as part of the philosophical dialogue. 



Among the proposed solutions to classic philosophical problems are:

	The Problem of Free Will
	The Mind-Body Problem
	The Problem of Knowledge
	The Problem of Value
	The Problem of Consciousness
	The Problem of Mental Causation
	The Problem of Other Minds
	The Problem of Universals
(The Ontological Status of Ideas)



Information analysis also makes significant progress on a number of the classic problems in metaphysics, many of these virtually unchanged since they were identified as puzzles and paradoxes over two millennia ago, such as  The Statue and Lump of Clay,
  The Ship of Theseus,
  Dion and Theon, or Tibbles, the Cat,
  The Growing Problem,
  The Debtor's Paradox, 
  The Problem of the Many, and
  The Sorites Problem. 


Among the metaphysical problems with suggested information philosophy solutions are:

	Abstract Entities (vs. Material Beings)

	Being and Becoming
	Causality
	Chance
	Change
	Coinciding Objects
	Composition (Parts and Wholes)

	Constitution
	Essentialism
	God and Immortality
	Identity (and Differences)

	Individuation
	Modality (Counterfactuals)

	Necessity (or Contingency)

	Persistence (Perdurance and Endurance)

	Possibility and Actuality
	Space and Time
	Truth
	Universality
	Vagueness
	Wave-Particle Duality


For more details, see our companion website The Metaphysicist.


It also turns out that the methodology of information philosophy can be productively applied to some outstanding problems in physics. Philosophers of science might take an interest in the proposed information-based solutions to these problems in the "foundations" of physics.


	The Arrow of Time
	The Collapse of the Wave Function
	The Einstein-Podolsky-Rosen Paradox
	The Emergence of Classical Physics from Quantum
	The Interpretation of Quantum Mechanics
	The Problem of Measurement
	The Problem of Microscopic Reversibility
	The Problem of Macroscopic Recurrence
	The Universe Horizon and Flatness Problems
(Why Is There Something Rather Than Nothing?)

	Schrödinger's Cat
	The Role of the Observer in Quantum Mechanics
	The Mystery of the Two-Slit Experiment
	The Relation Between Waves and Particles
	The Mystery of Entanglement, which we explain with a "hidden constant of the motion"


What is information?


A common definition of information is the act of informing - the communication of knowledge from a sender to a receiver that informs (literally shapes) the receiver. Often used as a synonym for knowledge, information traditionally implies that the sender and receiver are human beings, but many animals clearly communicate. Information theory studies the communication of information. 

Information philosophy extends that study to the communication of information content between material objects, including how it is changed by energetic interactions with the rest of the universe. 


We call a material object with information content an information structure. While information is communicated between inanimate objects, they do not process information, which we will show is the defining characteristic of living beings and their artifacts. 


The sender of information need not be a person, an animal, or even a living thing. It might be a purely material object, a rainbow, for example, sending color information to your eye. 


The receiver, too, might be merely physical, a molecule of water in that rainbow that receives too few photons and cools to join the formation of a crystal snowflake, increasing its information content.


Information theory, the mathematical theory of the communication of information, says little about meaning in a message, which is roughly the use to which the information received is put. Information philosophy extends the information flows in human communications systems and digital computers to the natural information carried in the energy and material flows between all the information structures in the observable universe.


A message that is certain to tell you something you already know contains no new information. It does not increase your knowledge, or reduce the uncertainty in what you know, as information theorists put it.


If everything that happens was certain to happen, as determinist philosophers claim, no new information would ever enter the universe. Information would be a universal constant. There would be "nothing new under the sun." Every past and future event could in principle be known by a god-like super-intelligence with access to that fixed totality of information (Laplace's Demon).


Physics tells us that the total amount of mass and energy in the universe is a constant. The conservation of mass and energy is a fundamental law of nature. Some mathematical physicists erroneously think that information should also be a conserved quantity, that information is a constant of nature. This includes some leading mathematical physicists.


But information is neither matter nor energy, though it needs matter to be embodied and available energy to be communicated. Information can be created and destroyed. The material universe creates it. The biological world creates it and utilizes it. Above all, human minds create, process, and preserve abstract information, the Sum of human knowledge that distinguishes humanity from all other biological species and that provides the extraordinary power humans have over our planet, for better or for worse.


Information is the modern spirit, the ghost in the machine, the mind in the body. It is the soul, and when we die, it is our information that perishes. The matter remains. 

We propose information as an objective value, the ultimate sine qua non.


Information philosophy claims that man is not a machine and the brain is not a computer. Living things process information in ways far more complex, if not faster, than the most powerful information processing machines. What biological systems and computing systems have in common is the processing of information, as we must explain.


Whereas machines are assembled, living things assemble themselves. They are both information structures, patterns, through which matter and energy flows, thanks to flows of negative entropy (available energy) coming from the Sun and the expanding universe. And they both can create new information, build new structures, and maintain their integrity against the destructive influence of the second law of thermodynamics with its increasing positive entropy or disorder.


Biological evolution began when the first molecule replicated itself, that is, duplicated the information it contained. But duplication is mere copying. Biological reproduction is a much more sophisticated process in which the germ or seed information of a new living thing is encoded in a data or information structure (a genetic code) that can be communicated to processing systems that produce another instance of the given genus and species. 


Ontologically random imperfections, along with the deliberate introduction of random noise, for example in sexual recombinations, in the processing systems produce the variations that are selected by evolution based on their reproductive success. Errors are not restricted to the genetic code, occurring throughout the development of each individual up to the present.


Cultural evolution is the creation and communication of new information that adds to the sum of human knowledge. The creation and evolution of information processing systems in the universe has culminated in minds that can understand and reflect on what we call the cosmic creation process. 



How is information created?
Ex nihilo, nihil fit, said the ancients, Nothing comes from nothing. But information is no (material) thing. Information is physical, but it is not material. Information is a property of material. It is the form that matter can take. We can thus create something (immaterial) from nothing! 
But we shall find that it takes a special kind of energy (free or available energy, with negative entropy) to do so, because it involves the rearrangement of matter. 

Energy transfer to or from an object increases or decreases the heat in the object. Entropy transfer does not change the heat content, it represents only a different organization or distribution of the matter in the body. Increasing entropy represents a loss of organization or order, or, more precisely, information. Maximum entropy is maximum disorder and minimal information.


As you read this sentence, new information is (we hope) being encoded/embodied in your mind/brain. Permanent changes in the synapses between your neurons store the new information. New synapses are made possible by free energy and material flows in your metabolic system, a tiny part of the negative entropy flows that are coursing throughout the universe. Information philosophy will show you how these tiny mental flows allow you to comprehend and control at least part of the cosmic information flows in the universe.


Cosmologists know that information is being created because the universe began some thirteen billion years ago in a state of minimal information. The "Big Bang" started with the most elementary particles and radiation. How matter formed into information structures, first elementary particles, then atoms, then the galaxies, stars, and planets, is the beginning of a story that ends with human minds emerging to understand our place in the universe. 



The relation between matter and information is straightforward. The embodied information is the organization or arrangement of the matter plus the laws of nature that describe the motions of matter in terms of the fundamental forces that act between all material particles. 


The relation between information and energy is more complex, and has led to confusion about how to apply mathematical information theory to the physical and biological sciences. Material systems in an equilibrium state are maximally disordered, have maximum entropy, no negative entropy, and no information other than the bulk parameters of the system. 


In the case of the universe, the initial parameters were very few, the amount of radiant energy (the temperature) and the number of elementary particles (quarks, gluons, electrons, and photons) per unit volume, and the total volume (infinite?). These parameters, and their changes (as a function of time, as the temperature falls) are all the information needed to describe a statistically uniform, isotropic universe and its evolution.


Information philosophy will explain the process of information creation in three fundamental realms - the purely material, the biological, and the mental. 


The first information creation was a kind of "order out of chaos," when matter in the early universe opened up spaces allowing gravitational attraction to condense otherwise randomly distributed matter into highly organized galaxies, stars, and planets. It was the expansion - the increasing space between material objects - that drove the universe away from thermodynamic equilibrium (maximum entropy and disorder) and in some places created negative entropy, a quantitative measure of orderly arrangements that is the basis for all information. 


Purely material objects react to one another following laws of nature, but they do not in an important sense create or process the information that they contain. It was the expansion, moving faster than the re-equilibration time, and the four natural forces, especially gravitation, that were responsible for the new structures.


A qualitatively different kind of information creation was when the first molecule on earth to replicate itself went on to duplicate its information exponentially. Here the prototype of life was the cause for the creation of the new information structure. Accidental errors in the duplication provided variations in replicative success. Most important, besides creating their information structures, biological systems are also information processors. Living things use information to guide their actions. 


With the appearance of life, agency and purpose appeared in the universe. Although some philosophers hold that life just gives us the "appearance of purpose."


The third process of information creation, and the most important to philosophy, is human creativity. Almost every philosopher since philosophy began has considered the mind as something distinct from the body. Information philosophy can now explain that distinction. The mind can be considered the immaterial information in the brain. The brain, part of the material body, is a biological information processor. The stuff of mind is the information being processed and the new information being created.  As some philosophers have speculated, 
mind is the software in the brain hardware.


Most material objects are passive information structures. 


Living things are information structures that actively process information. They communicate it between their parts to build, maintain, and repair their (material) information structure, through which matter and energy flow under the control of the information structure itself.  


Resisting the second law of thermodynamics locally, living things increase entropy globally much faster than non-living things. But most important, living things increase their information content as they develop. Humans learn from their experiences, storing knowledge in an experience recorder and reproducer (ERR).


Mental things (ideas) are pure abstractions from the material world, but they have control (downward causation) over the material and biological worlds. This enables agent causality. Human minds create information structures, but their unique creation is the collection of abstract ideas that are the sum of human knowledge. It is these ideas that give humanity unparalleled extraordinary control over the material and biological worlds.


It may come as a surprise for many thinkers to learn that the physics involved in the creation of all three types of information - material, biological, and mental - include the same two-step sequence of quantum physics and thermodynamics at the core of the cosmic creation process.


The most important information created in a mind is a recording of an individual's experiences (sensations). Recordings are played back (automatically and perhaps mostly unconsciously) as a guide to evaluate future actions (volitions) in similar situations. The particular past experiences reproduced are those stored in the brain located near elements of the current experience (association of ideas). 
Just as neurons that fire together wire together, neurons that have been wired together will later fire together.


Sensations are recorded as the mental effects of physical causes. 

Sensations are stored as retrievable information in the mind of an individual self. Recordings include not only the five afferent senses but also the internal emotions - feelings of pleasure, pain, hopes, and fears - that accompany an experience. They constitute "what it's like" for a particular being to have an experience.


Volitions are the mental causes of physical effects. 
Volitions begin with 1) the reproduction of past experiences that are similar to the current experience. These become thoughts about possible actions and the (partly random) generation of other alternative possibilities for action. They continue with 2) the evaluation of those freely generated thoughts followed by a willful selection (sometimes habitual) of one of those actions. 


Volitions are followed by 3) new sensations coming back to the mind indicating that the self has caused the action to happen (or not). This feedback is recorded as further retrievable information, reinforcing the knowledge stored in the mind that the individual self can cause this kind of action (or sometimes not).  


Many philosophers and most scientists have held that all knowledge is based on experience. Experience is ultimately the product of human sensations, and sensations are just electrical and chemical interactions with human skin and sense organs. But what of knowledge that is claimed to be mind-independent and independent of experience?


Why is information better than logic and language for solving philosophical problems?

Broadly speaking, modern philosophy has been a search for truth, for a priori, analytic, certain, necessary, and provable truth. 

But all these concepts are mere ideas, invented by humans, some aspects of which have been discovered to be independent of the minds that invented them, notably formal logic and mathematics. Logic and mathematics are systems of thought, inside which the concept of demonstrable (apodeictic) truth is useful, but with limits set by Kurt Gödel's incompleteness theorem. The truths of logic and mathematics appear to exist "outside of space and time." Gottfried Leibniz called then "true in all possible worlds," meaning their truth is independent of the physical world. We call them a priori because their proofs are independent of experience, although they were initially abstracted from concrete human experiences.


Analyticity is the idea that some statements, propositions in the form of sentences, can be true by the definitions or meanings of the words in the sentences. This is correct, though limited by verbal difficulties such as Russell's paradox and numerous other puzzles and paradoxes. Analytic language philosophers claim to connect the words with objects, material things, and thereby tell us something about the world. Some modal logicians (cf. Saul Kripke) claim that words that are names of things are necessary a posteriori, "true in all possible worlds." But this is nonsense, because we invented all those words and worlds. They are mere ideas.


Perhaps the deepest of all these philosophical ideas is necessity. Information philosophy can now tell us that there is no such thing as absolute necessity. There is of course an adequate determinism in the macroscopic world that explains the appearance of deterministic laws of nature, of cause and effect, for example. This is because macroscopic objects consist of vast numbers of atoms and their individual random quantum events average out. But there is no metaphysical necessity. At the fundamental microscopic level of material reality, there is an irreducible contingency and indeterminacy.  Everything that we know, everything we can say, is fundamentally empirical, based on factual evidence, the analysis of experiences that have been recorded in human minds. 


So information philosophy is not what we can logically know about the world, nor what we can analytically say about the world, nor what is necessarily the case in the world. There is nothing that is the case that is necessary and perfectly determined by logic, by language, or by the physical laws of nature. Our world and its future are open and contingent, with possibilities that are the source of new information creation in the universe and source of human freedom. 


For the most part, philosophers and scientists do not believe in ontological possibilities, despite their invented "possible worlds," which are on inspection merely multiple "actual worlds." They are "actualists." This is because they cannot accept the idea of ontological chance. They hope to show that the appearance of chance is the result of human ignorance, that chance is merely an epistemic phenomenon.


Now chance, like truth, is just another idea, just some more information. But what an idea! In a self-referential virtuous circle, it turns out that without the real possibilities that result from ontological chance, there can be no new information. Information philosophy offers cosmological and biological evidence for the creation of new information in the universe. So it follows that chance is real, fortunately something that we can keep under control. We are biological beings that have evolved, thanks to chance, from primitive single-cell communicating information structures to multi-cellular organisms whose defining aspect is the creation and communication of information.


The theory of communication of information is the foundation of our "information age." To understand how we know things is to understand how knowledge represents the material world of embodied "information structures" in the mental world of immaterial ideas.


All knowledge starts with the recording of experiences. The experiences of thinking, perceiving, knowing, believing, feeling, desiring, deciding, and acting may be bracketed by philosophers as "mental" phenomena, but they are no less real than other "physical" phenomena. They are themselves physical phenomena. 
They are just not material things. 


Information philosophy defines human knowledge as immaterial information in a mind, or embodied in an external artifact that is an information structure (e.g., a book), part of the sum of all human knowledge. Information in the mind about something in the external world is a proper subset of the information in the external object. It is isomorphic to a small part of the total information in or about the object. The information in living things, artifacts, and  especially machines, consists of much more than the material components and their arrangement (positions over time). It also consists of all the information processing (e.g., messaging) that goes on inside the thing as it realizes its entelechy or telos, its internal or external purpose. 


All science begins with information gathered from experimental observations, which are themselves mental phenomena. Observations are experiences recorded in minds.  So all knowledge of the physical world rests on the mental. All scientific knowledge is information shared among the minds of a community of inquirers. As such, science is a collection of thoughts by thinkers, immaterial and mental, some might say fundamental. Recall Descartes' argument that the experience of thinking is that which for him is the most certain.



Information philosophy is not the philosophy of information (the intersection of computer science, information science, information technology, and philosophy), just as linguistic philosophy - the idea that linguistic analysis can solve (or dis-solve) philosophical problems - is not the philosophy of language. Compare the philosophy of mathematics, philosophy of biology, etc.  


The analysis of language, particularly the analysis of philosophical concepts, which dominated philosophy in the twentieth century, has failed to solve the most ancient philosophical problems. At best, it claims to "dis-solve" some of them as conceptual puzzles. The "problem of knowledge" itself,  traditionally framed as "justifying true belief," is recast by information philosophy as the degree of isomorphism between the information in the physical world and the information in our minds. Information psychology can be defined as the study of this isomorphism.

We shall see how information processes in the natural world use arbitrary symbols (e.g., nucleotide sequences) to refer to something, to communicate messages about it, and to give the symbol meaning in the form of instructions for another process to do something (e.g., create a protein).  These examples provide support for both theories of meaning as reference and meaning as use. 


Note that just as language philosophy is not the philosophy of language, so information philosophy is not the philosophy of information. It is rather the use of information as a tool to study philosophical problems, some of which are today yielding tentative solutions. It is time for philosophy to move beyond logical puzzles and language games. 





The Fundamental Question of Information Philosophy

Our fundamental philosophical question is cosmological and ultimately metaphysical. 
What are the processes that create emergentinformation structures in the universe?

More simply,

How is information created in spite of
 the second law of thermodynamics?


   Given the second law of thermodynamics, which says that any system will over time approach a thermodynamic equilibrium of maximum disorder or entropy, in which all information is lost, and given the best current model for the origin of the universe, which says everything began in a state of thermodynamic equilibrium some 13.75 billion years ago, how can it be that living beings are creating and communicating vast amounts of new information every day? 

Why are we not still in that original state of equilibrium?


Broadly speaking, there are three major phenomena or processes that can reduce the entropy locally, while of course increasing it globally to satisfy the second law of thermodynamics. Two of these do it "blindly," the third does it with a built-in "purpose," or telos."

	Universal Gravitation

	Quantum Cooperative Phenomena (e.g., crystallization, the formation of atoms and molecules)

	Life




None of these processes can work unless they have a way to get rid of the positive entropy (disorder) and leave behind a pocket of negative entropy (order or information). The positive entropy is either conducted, convected, or radiated away as waste matter and energy, as heat, or as pure radiation. At the quantum level, it is always the result of interactions between matter and radiation (photons). Whenever photons interact with material particles, the outcomes are inherently unpredictable. As Albert Einstein discovered ten years before the founding of quantum mechanics, these interactions involve irreducible ontological chance. 

Negative entropy is an abstract thermodynamic concept that describes energy with the ability to do work, to make something happen. This kind of energy is often called free energy or available energy.


In a maximally disordered state (called thermodynamic equilibrium) there can be matter in motion, the motion we call heat. But the average properties - density, pressure, temperature - are the same everywhere. Equilibrium is formless. Departures from equilibrium are when the physical situation shows differences from place to place. These differences are information. 


The second law of thermodynamics then simply means that isolated systems will eliminate differences from place to place until all properties are uniformly distributed. Natural processes spontaneously destroy information. Consider the classic case of what happens when we open a perfume bottle.
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In the late nineteenth century, Ludwig Boltzmann revolutionized thermodynamics with his kinetic theory of gases, based on the ancient assumption that matter is made up of collections of atoms. He derived a mathematical formula for entropy S as a function of the probabilities of finding a system in all the possible microstates of a system. When the actual macrostate is one with the largest number W of microstates, entropy is at a maximum, and no differences (information) are visible. 
Boltzmann could not prove his "H-Theorem" about entropy increase.  His contemporaries challenged a "statistical" entropy increase on grounds of microscopic reversibility and macroscopic recurrence (both problems solved by information philosophy). He could not prove the existence of atoms.


In the early twentieth century, Just before Boltzmann died, Albert Einstein formulated a statistical mechanics that put Boltzmann's law of increasing entropy on a firmer mathematical basis. Einstein's work predicted the size of miniscule fluctuations around equilibrium, which Boltzmann had expected. Einstein showed that entropy does not, in fact, continually increase. It can decrease randomly in short bursts of local higher densities or organized motions. Though quickly extinguished, Einstein showed that the occasionally correlated motions of invisible atoms explains the visible "Brownian motion" of tiny particles like seed pollen. 


Einstein's calculations led to predictions that were confirmed quickly, proving the existence of discrete atoms that had been hypothesized for centuries. Sadly, Boltzmann may not have known of Einstein's proofs for his work.  Later Einstein saw the same fluctuation in radiation, proving his revolutionary hypothesis of light quanta, now called photons. Although this is rarely appreciated, it was Einstein who showed that both matter and energy are discrete, discontinuous particles. His most famous equation shows they are convertible into one another, E = mc2. He also showed that the interaction of matter and radiation, of atoms and photons, always involves ontological chance. This bothered Einstein greatly, because he thought his God should not "play dice."


Late in life, Einstein said that if matter and energy cannot be described with the local continuous analytical functions in space and time needed for his field theories, that all his work would be "castles in the air." But the loss of classical deterministic ideas - which have ossified much of philosophy, crippling philosophical progress - is more than offset by the indeterminism of an open future and Einstein's belief in the "free creation of new ideas."  


In the middle twentieth century, Claude Shannon derived the mathematical formula for the communication of information. John von Neumann found it to be identical to Boltzmann's formula for entropy, though with a minus sign (negative entropy). Where Boltzmann entropy is the number of possible microstates, Shannon entropy is the number of possible messages that can be communicated. 


Shannon found that new information cannot be created unless there are multiple possible messages. This in turn depends on the ontological chance discovered by Einstein. In a deterministic universe, the total information at all times would be a constant. Information would be a conserved quantity, like matter and energy. "Nothing new under the Sun." But it is not constant, though many philosophers, mathematical physicists, and theologians (God's foreknowledge) still think so. Information is being created constantly in our universe. And we are co-creators of the information, including Einstein's "new ideas." 


Because "negative" entropy (order or information) is such a positive quantity, we chose in the 1970's to give it a new name - "Ergo," and to call the four phenomena or processes that create negative entropy "ergodic," for reasons that will become clear. But today, the positive name "information" is all that we need to do information philosophy.




Answering the Fundamental Question of Information Philosophy

How exactly has the universe escaped from the total disorder of thermodynamic equilibrium and produced a world full of information?

It begins with the expansion of the universe. If the universe had not expanded, it would have remained in the original state of thermodynamic equilibrium. We would not be here.


To visualize the departure from equilibrium that made us possible, remember that equilibrium is when particles are distributed evenly in all possible locations in space, and with their velocities distributed by a normal law - the Maxwell-Boltzmann velocity distribution. (The combination of position space and velocity or momentum space is called phase space). When we open the perfume bottle, the molecules now have a much larger phase space to distribute into. There are a much larger number of phase space "cells" in which molecules could be located. It of course takes them time to spread out and come to a new equilibrium state (the Boltzmann "relaxation time.")


When the universe expands, say grows to ten times its volume, it is just like the perfume bottle opening. The matter particles must redistribute themselves to get back to equilibrium. But suppose the universe expansion rate is much faster than the equilibration or relaxation time. The universe is out of equilibrium, and in a flat, ever-expanding, universe it will never get back!


In the earliest moments of the universe, material particles were in equilibrium with radiation at extraordinarily high temperatures. When quarks formed neutrons and protons, they were short-lived, blasted back into quarks by photon collisions. As the universe expanded, the temperature cooled, the space per photon increased and the mean free time between photon collisions increased, giving larger particles a better chance to survive. The expansion red-shifted the photons. decreasing the average energy per photon, and eventually reducing the number of high energy photons that disassociate matter. The mean free path of photons was very short. They were being scattered by collisions with electrons.  


When temperature declined further, to  5000 degrees, about 400,000 years after the "Big Bang," the electrons and protons combined to make hydrogen and (with neutrons) helium atoms.  
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At this time, a major event occurred that we can still see today, the farthest and earliest event visible. When the electrons combined into atoms, the electrons could no longer scatter the photons so easily. The universe became transparent for the photons. Some of those photons are still arriving at the earth today. They are now the red-shifted and cooled down cosmic microwave background radiation. While this radiation is almost perfectly uniform, it shows very small fluctuations that may be caused by random difference in the local density of the original radiation or even in random quantum fluctuations.

These fluctuations mean that there were slight differences in density of the newly formed hydrogen gas clouds. The force of universal gravitation then worked to pull relatively formless matter into spherically symmetric stars and planets. Thus is the original order out of chaos, although this phrase is now most associated with the work on deterministic chaos theory and complexity theory, as we shall see. 



How information creation and negative entropy flows appear to violate the second law of thermodynamics


In our open and rapidly expanding universe, the maximum possible entropy (if the particles were "relaxed" into a uniform distribution among the new phase-space cells) is increasing faster than the actual entropy. The difference between maximum possible entropy and the current entropy is called negative entropy. There is an intimate connection between the physical quantity negative entropy and abstract immaterial information, first established by Leo Szilard in 1929.

   

Two of our "ergodic" phenomena - gravity and quantum cooperative phenomena - pull matter together that was previously separated. Galaxies, stars, and planets form out of inchoate clouds of dust and gas. Gravity binds the matter together. Subatomic particles combine to form atoms. Atoms combine to form molecules. They are held together by quantum mechanics. In all these cases, a new visible information structure appears. 


In order for these structures to stay together, the motion (kinetic) energy of their parts must be radiated away. This is why the stars shine. When atoms join to become molecules, they give off photons. The new structure is now in a (negative) bound energy state. It is the radiation that carries away the positive entropy (disorder) needed to balance the new order (information) in the visible structure. 


In the cases of chaotic dissipative structures and life, the ergodic phenomena are more complex, but the result is similar, the emergence of visible information. (More commonly it is simply the maintenance of high-information, low-entropy structures.) These cases appear in far-from-equilibrium situations where there is a flow of matter and energy with negative entropy through the information structure. The flow comes in with low entropy but leaves with high entropy. Matter and energy are conserved in the flow, but information in the structure can increase. Remember, information is not a conserved quantity like matter and energy. 


Information is neither matter nor energy, though it uses matter when it is embodied and energy when it is communicated. Information is the immaterial arrangement of the matter and energy.


This vision of life as a visible form through which matter and free energy flow was first seen by Ludwig van Bertlanffy in 1939, though it was made more famous by Erwin Schrödinger's landmark essay What Is Life? in 1945, where he claimed that "life feeds on negative entropy."
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Both Bertalanffy and Schrödinger knew that the source of negative entropy was our Sun. Neither knew that the ultimate cosmological source of negative entropy is the expansion of the universe, which allowed ergodic gravitation forces to form the Sun. Note that the positive entropy radiation leaving the Sun becomes diluted as it expands, creating a difference between its energy temperature and energy density. This difference is information (negative entropy) that planet Earth uses to generate and maintain biological life.

Note that the 300K (the average earth temperature) photons are dissipated into the dark night sky, on their way to the cosmic microwave background. The Sun-Earth-night sky is a heat engine, with a hot energy source and cold energy sink, that converts the temperature difference not into mechanical energy (work) but into biological energy (life). 



 
When new information is created and embodied in a physical structure, two physical processes must occur.



Our first process is what John von Neumann described as 
irreversibleProcess 1.


The first process is the collapse of a quantum-mechanical wave function into one of the possible states in a superposition of states, which happens in any measurement process. A measurement produces one or more bits of information. Such quantum events involve irreducible indeterminacy and chance, but less often noted is the fact that quantum physics is directly responsible for the extraordinary temporal stability and adequate determinism of most information structures. 


We can call the transfer of positive entropy, which stabilizes the new information from Process 1, Process 1b. 

The second process is a local decrease in the entropy (which appears to violate the second law of thermodynamics) corresponding to the increase in information. Entropy greater than the information increase must be transferred away from the new information, ultimately to the night sky and the cosmic background, to satisfy the second law.

Given this new stable information, to the extent that the resulting quantum system can be approximately isolated, the system will deterministically evolve according to von Neumann's Process 2, the unitary time evolution described by the Schrödinger equation. 


The first two physical processes (1 and 1b) are parts of the information solution to the "problem of measurement," to which must be added the role of the "observer." We shall see that the observer involves a mental Process 3.


The discovery and elucidation of the first two as steps in the cosmic creation process casts light on some classical problems in philosophy and physics , since it is the same two-step process that creates new biological species and explains the freedom and creativity of the human mind. 


The cosmic creation process generates the conditions without which there could be nothing of value in the universe, nothing to be known, and no one to do the knowing. Information itself is the ultimate sine qua non.




The Three Kinds of Information Emergence


    Note there are three distinct kinds of emergence:

	the order out of chaos when the randomly distributed matter in the early universe first gets organized into  information structures.

This was not possible before the first atoms formed about 400,000 years after the Big Bang. Information structures like the stars and galaxies did not exist before about 400 million years. As we saw, gravitation was the principal driver creating information structures.   


Nobel prize winner Ilya Prigogine discovered another ergodic process that he described as the "self-organization" of "dissipative structures."  He popularized the slogan "order out of chaos" in an important book. Unfortunately, the "self" in self-organization led to some unrealizable hopes in cognitive psychology. There is no self, in the sense of a person or agent, in these physical phenomena.   


Both gravitation and Prigogine's dissipative systems produce a purely physical/material kind of order. The resulting structures contain information. There is a "steady state" flow of information-rich matter and energy through them. But they do not process information. They have no purpose, no "telos."


Order out of chaos can explain the emergence of downward causation on their atomic and molecular components. But this is a gross kind of downward causal control. Explaining life and mind as "complex adaptive systems" has not been successful. We need to go beyond "chaos and complexity" theories to teleonomic theories.


	the order out of order when the material information structures form self-replicating biological information structures. Some become information processing systems.

In his famous essay, "What Is Life?," Erwin Schrödinger noted that life "feeds on negative entropy" (or information). He called this "order out of order."


This kind of biological processing of information first emerged about 3.5 billion years ago on the earth. It continues today on multiple emergent biological levels, e.g., single-cells, multi-cellular systems, organs, etc., each level creating new information structures and information processing systems not reducible to (caused by) lower levels and exerting downward causation on the lower levels. 


And this downward causal control is extremely fine, managing the motions and arrangements of individual atoms and molecules.  


Biological systems are cognitive systems, using internal "subjective" knowledge to recognize and interact with their "objective" external environment, communicating meaningful messages to their internal components and to other individuals of their species with a language of arbitrary symbols, taking actions to maintain themselves and to expand their populations by learning from experience. 


With the emergence of life, "purpose" also entered the universe. It is not the pre-existent "teleology" of many idealistic philosophies (the idea of "essence" before "existence"), but it is the "entelechy" of Aristotle, who saw that living things have within them a purpose, an end, a "telos." To distinguish this evolved telos in living systems from teleology, modern biologists use the term "teleonomy."  



	the pure information out of order when organisms with minds generate, store (in the brain), replicate, utilize, and then externalize some non-biological information, communicating it to other minds and storing it in the environment. Communication can be by hereditary genetic transmission or by an advanced organism capable of learning and then teaching its contemporaries directly by signaling, by speaking, or indirectly by writing and publishing the knowledge for future generations.

This kind of information can be highly abstract mind-stuff, pure Platonic ideas, the stock in trade of philosophers. It is neither matter nor energy (though embodied in the material brain), a kind of pure spirit or ghost in the machine. It is a candidate for the immaterial dualist "substance" of René Descartes, though it is probably better thought of as a "property dualism," since information is an immaterial property of all matter. 

 
The information stored in the mind is not only abstract ideas. It contains a recording of the experiences of the individual. In principle every experience may be recorded, though not all may be reproducible/recallable.  





The negative entropy (order, or potential information) generated by the universe expansion is a tiny amount compared to the increase in positive entropy (disorder). Sadly, this is always the case when we try to get "order out of order," as can be seen by studying entropy flows at different levels of emergent phenomena.


In any process, the positive entropy increase is always at least equal to, and generally orders of
magnitude larger than, the negative entropy in any created information structures, to satisfy the second law of thermodynamics. The positive entropy is named for Boltzmann, since it was his "H-Theorem" that proved entropy can only increase overall - the second law of thermodynamics. And negative entropy is called Shannon, since his theory of information communication has exactly the same mathematical formula as Boltzmann's famous principle;



  S
  =
  k
  l
  o
  g
  W
,



where S is the entropy, k is Boltzmann's constant, and W is the probability of the given state of the system.
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Material particles are the first information structures to form
in the universe.. They are quarks, baryons, and atomic nuclei,
which eventually combine with electrons to form atoms and eventually molecules,
when the falling temperature becomes low enough. These material particles are
attracted by the force of universal gravitation to form the gigantic
information structures of the galaxies, stars, and planets.
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Microscopic quantum mechanical particles and huge self-gravitating
systems are stable and have extremely long lifetimes,
thanks in large part to quantum stability.
Stars are another source of radiation, after the original Big Bang
cosmic source, which has cooled down to 3 degrees Kelvin (3°K)
and shines as the cosmic microwave background radiation.
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Our solar radiation has a high color temperature (5000K) and
a low energy-content temperature (273K). It is out of equilibrium
and it is the source of all the information-generating negative
entropy that drives biological evolution on the Earth. Note that
the fraction of the light falling on Earth is less than a billionth of
that which passes by and is lost in space.


A tiny fraction of the solar energy falling on the earth gets converted
into the information structures of plants and animals. Most
of it gets converted to heat and is radiated away as waste energy to
the night sky.
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Every biological structure is a quantum mechanical structure.
Quantum cooperative phenomena allow DNA to maintain its stable information structure over billions
of years in the constant presence of chaos and noise. And biological structures contain astronomical numbers of particles, allowing them to average over the random noise of individual quantum events, becoming "adequately determined."
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The stable information content of a human being survives many
changes in the material content of the body during a person’s lifetime.
Only with death does the mental information (spirit, soul)
dissipate - unless it is saved somewhere.



The total mental information in a living human is orders of
magnitude less than the information content and information
processing rate of the body. But the cultural information structures created
by humans outside the body, in the form of external knowledge
like this book, and the enormous collection of human artifacts, now
rival the total biological information content.






The Shannon Principle - No Information Without Possibilities


In his development of the mathematical theory of the communication of information, Claude Shannon showed that there can be no new information in a message unless there are multiple possible messages. If only one message is possible, there is no information in that message. 

We can simplify this to define the Shannon Principle. No new information can be created in the universe unless there are multiple possibilities, only one of which can become actual. 


An alternative statement of the Shannon principle is that in a deterministic system, information is conserved, unchanging with time. Classical mechanics is a conservative system that conserves not only energy and momentum but also conserves the total information. Information is a "constant of the motion" in a determinist world.


Quantum mechanics, by contrast, is indeterministic. It involves irreducible ontological chance. 


An isolated quantum system is described by a wave function ψ which evolves - deterministically - according to the unitary time evolution of the linear Schrödinger equation. 
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The possibilities of many different outcomes evolve deterministically, but the individual actual outcomes are indeterministic. 


This sounds a bit contradictory, but it is not. It is the essence of the highly non-intuitive quantum theory, which combines a deterministic "wave" aspect with an indeterministic "particle" aspect.


In his 1932 Mathematical Foundations of Quantum Mechanics, John von Neumann explained that two fundamentally different processes are going on in quantum mechanics (in a temporal sequence for a given particle - not at the same time).

	Process 1. A non-causal process, in which the measured electron winds up randomly in one of the possible physical states (eigenstates) of the measuring apparatus plus electron. 

The probability for each eigenstate is given by the square of the coefficients cn of the expansion of the original system state (wave function ψ) in an infinite set of wave functions φ that represent the eigenfunctions of the measuring apparatus plus electron.
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This is as close as we get to a description of the motion of the "particle" aspect of a quantum system. According to von Neumann, the particle simply shows up somewhere as a result of a measurement. 

Information physics says that the particle shows up whenever a new stable information structure is created, information that can be observed. 

Process 1b. The information created in Von Neumann's Process 1 will only be stable if an amount of positive entropy greater than the negative entropy in the new information structure is transported away, in order to satisfy the second law of thermodynamics. 


	Process 2. A causal process, in which the electron wave function ψ evolves deterministically according to Schrödinger's equation of motion for the "wave"aspect. This evolution describes the motion of the probability amplitude wave ψ between measurements. The wave function exhibits interference effects. But interference is destroyed if the particle has a definite position or momentum. The particle path itself can never be observed. 




Von Neumann claimed there is another major difference between these two processes. Process 1 is thermodynamically irreversible. Process 2 is in principle reversible. This confirms the fundamental connection between quantum mechanics and thermodynamics that is explainable by information physics. 

Information physics establishes that process 1 may create information. It is always involved when information is created. 


Process 2 is deterministic and information preserving.


The first of these processes has come to be called the collapse of the wave function.


 It gave rise to the so-called  problem of measurement, because its randomness prevents it from being a part of the deterministic mathematics of process 2.


But isolation is an ideal that can only be approximately realized. Because the Schrödinger equation is linear, a wave function | ψ > can be a linear combination (a superposition) of another set of wave functions | φn >, 
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where the cn coefficients squared are the probabilities of finding the system in the possible state | φn > as the result of an interaction with another quantum system.
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Quantum mechanics introduces real possibilities, each with a calculable probability of becoming an actuality, as a consequence of one quantum system interacting (for example colliding) with another quantum system.


It is quantum interactions that lead to new information in the universe - both new information structures and information processing systems. But that new information cannot subsist unless a compensating amount of entropy is transferred away from the new information. 


Even more important, it is only in cases where information persists long enough for a human being to observe it that we can properly describe the observation as a "measurement" and the human being as an "observer." So, following von Neumann's "process" terminology, we can complete his admittedly unsuccessful attempt at a theory of the measuring process by adding an anthropomorphic 

Process 3 - a conscious observer recording new information in a mind. This is only possible if the local reductions in the entropy (the first in the measurement apparatus, the second in the mind) are both balanced by even greater increases in positive entropy that must be transported away from the apparatus and the mind, so the overall change in entropy can satisfy the second law of thermodynamics. 


An Information Interpretation of Quantum Mechanics


Our emphasis on the importance of information suggests an "information interpretation" of quantum mechanics that eliminates the need for a conscious observer  as in the "standard orthodox" Copenhagen Interpretation.  An information interpretation dispenses also with the need for a separate "classical" measuring apparatus.


There is only one world, the quantum world. 
We can say it is ontologically indeterministic, but epistemically deterministic, because of human ignorance 


Information physics claims there is only one world, the quantum world, and the "quantum to classical transition" occurs for any large macroscopic object with mass m that contains a large number of atoms.  In this case, independent quantum events are "averaged over," the uncertainty in position and momentum of the object becomes less than the observational accuracy as 
Δv Δx > h / m and as h / m goes to zero. 

The classical laws of motion, with their implicit determinism and strict causalityemerge when microscopic events can be ignored.  


Information philosophy interprets the wave function ψ as a "possibilities" function. With this simple change in terminology, the mysterious process of a wave function "collapsing" becomes a much more intuitive discussion of possibilities, with mathematically calculable probabilities, turning into a single actuality, faster than the speed of light.


Information physics is standard quantum physics. It accepts the Schrödinger equation of motion, the principle of superposition, the axiom of measurement (now including the actual information "bits" measured), and - most important - the projection postulate of standard quantum mechanics (the "collapse" so many interpretations deny). 


But a conscious observer is not required for a projection, for the wave-function "collapse", for one of the possibilities to become an actuality. What it does require is an interaction between (quantum) systems that creates irreversibleinformation.  





    In less than two decades of the mid-twentieth century, the word information was transformed from a synonym for knowledge into a mathematical, physical, and biological quantity that can be measured and studied scientifically. 

In 1929, Leo Szilard connected an increase in thermodynamic (Boltzmann) entropy with any increase in information that results from a measurement, solving the problem of "Maxwell's Demon," a thought experiment suggested by James Clerk Maxwell, in which a local reduction in entropy is possible when an intelligent being interacts with a thermodynamic system.



In the early 1940s, digital computers were invented by von Neumann, Shannon, Alan Turing, and others. Their machines could run a stored program to manipulate stored data, processing information, as biological organisms had been doing for billions of years. 

 
Then in the late 1940s, the problem of communicating digital data signals in the presence of noise was first explored by Shannon, who developed the modern mathematical theory of the communication of information. Norbert Wiener wrote in his 1948 book Cybernetics that "information is the negative of the quantity usually defined as entropy," and in 1949 Leon Brillouin coined the term "negentropy."


Finally, in the early 1950s, inheritable characteristics were shown by Francis Crick, James Watson, and George Gamow to be transmitted from generation to generation in a digital code.




Information is Immaterial

Information is neither matter nor energy, but it needs matter for its embodiment and energy for its communication. 

A living being is a form through which passes a flow of matter and energy (with low or negative entropy). Genetic information is used to build the information-rich matter into an information-processing structure that contains a very large number of hierarchically organized information structures. 


All biological systems are cognitive, using their internal information structure to guide their actions. Even some of the simplest organisms may learn from experience. The most primitive minds are experience recorders and reproducers.


In humans, the information-processing structures create new actionable information (knowledge) by consciously and unconsciously reworking and reusing the experiences stored in the mind.  

Emergent higher levels exert downward causation on the contents of the lower levels, ultimately supporting mental causation and free will. 


When a ribosome assembles 330 amino acids in four symmetric polypeptide chains (globins), each globin traps an iron atom in a heme group at the center to form the hemoglobin protein. This is downward causal control of the amino acids, the heme groups, and the iron atoms by the ribosome. The ribosome is an example of Erwin Schrödinger's emergent "order out of order," life "feeding on the negative entropy" of digested food. 


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=WkI_Vbwn14g


Notice the absurdity of the idea that the random motions of the transfer RNA molecules (green in the video above), each holding a single amino acid (red), are carrying pre-determined information of where they belong in the protein being built. 

Determinism is an emergent property and an ideal philosophical concept, unrealizable except approximately in the kind of adequate determinism that we experience in the macroscopic world, where the determining information is part of the higher-level control system. 


The total information in multi-cellular living beings can develop to be many orders of magnitude more than the information present in the original cell. The creation of this new information would be impossible for a deterministic universe, in which information is constant.


Immaterial information is perhaps as close as a physical or biological scientist can get to the idea of a soul or spirit that departs the body at death. When a living being dies, it is the maintenance of biological information that ceases. The matter remains.


Biological systems are different from purely physical systems primarily because they create, store, and communicate information. Living things store information in a memory of the past that they use to shape their future. Fundamental physical objects like atoms have no history. 


And when human beings export some of their personal information to make it a part of human culture, that information moves closer to becoming immortal. 


Human beings differ from other animals in their extraordinary ability to communicate information and store it in external artifacts. In the last decade the amount of external information per person may have grown to exceed an individual's purely biological information. 


Since the 1950's, the science of human behavior has changed dramatically from a "black box" model of a mind that started out as a "blank slate" conditioned by environmental stimuli. Today's mind model contains many "functions" implemented with stored programs, all of them information structures in the brain. The new "computational model" of cognitive science likens the brain to a computer, with some programs and data inherited and others developed as appropriate reactions to experience.



The Experience Recorder and Reproducer



The brain is not a digital computer doing symbolic logic, with one or more central processing units addressing multiple data storage systems. It is more like a multi-channel and multi-track experience recorder and reproducer with an extremely high data rate. Information about an experience - the sights, sounds, smells, touch, and taste - is recorded along with the emotions - feelings of pleasure, pain, hopes, and fears - that accompany the experience. When confronted with similar experiences later, the brain can reproduce or re-present information about the original experience (an instant replay) that helps to guide current actions.

The ERR model stands in contrast to the popular cognitive science or “computational” model of a mind as a digital computer. No algorithms, data addressing schemes, or stored programs are needed for the ERR model.


The physical metaphor is a non-linear random-access data recorder, where data is stored using content-addressable memory (the memory address is the data content itself). Simpler than a computer with stored algorithms, a better technological metaphor might be a video and sound recorder, enhanced with the ability to record - and replay - smells, tastes, touches, and critically essential, feelings.


The biological model is neurons that wire together during an organism’s experiences, in multiple sensory and limbic systems, such that later firing of even a part of the wired neurons can stimulate firing of all or part of the original complex.


A conscious being is constantly recording information about its
perceptions of the external world, and most importantly for ERR,
it is simultaneously recording its feelings. Sensory data such as
sights, sounds, smells, tastes, and tactile sensations are recorded in
a sequence along with pleasure and pain states, fear and comfort
levels, etc.


All these experiential and emotional data are recorded in
association with one another. This means that when the experiences
are reproduced (played back in a temporal sequence), the
accompanying emotions are once again felt, in synchronization.


The ability to reproduce an experience is critical to learning
from past experiences, so as to make them guides for action in
future experiences. The ERR model is the minimal mind model
that provides for such learning by living organisms.


The ERR model does not need computer search, retrieval, and decision algorithms
to reproduce past experiences. All that is required is that relevant
past experiences “play back” whenever they are stimulated by
present experiences that resemble the past experiences in one or
more ways.


All or most of these relevant past experiences appear before the mind as alternative possibilities for evaluation as thoughts and actions. Decisions can be made based on the relative values of past outcomes. 


Neuroscientist Donald Hebb's insight that "neurons that fire together wire together" is widely accepted today. The ERR model of information philosophy is built on the simple consequence of Hebb's work that "neurons that have been wired together will fire together."  


Neuroscientists and philosophers of mind have long asked how diverse signals from multiple locations in the brain over multiple pathways appear so unified in the brain. The ERR model offers a simple solution to this “binding” problem. Experiences are bound at their initial recording. They do not have to be re-associated by some central processing unit looking up where experiences may have been distributed among the various memory or sensory motor areas of the brain.


The ERR model may also throw some light on the problem of "qualia" and of "what it's like to be" a particular organism. 




Information Philosophy and Modern Philosophy


Modern philosophy is a story about the discovery of timeless truths, laws of nature, a block universe in which the future is a logical and physical extension of the past. A primordial moment of creation is assumed to start a causal chain in which the entire future  can be foreknown by an omniscient being.

 Modern philosophy seeks knowledge in logical reasoning with clear and unchanging concepts. Its guiding lights are thinkers like Parmenides, Plato, and Kant, who sought unity and identity, being and universals. 


Tradition, Modern, and Postmodern
In a traditional society, authoritative knowledge is that which has been handed down. Moderns are those who think that all knowledge must be based on reason. Postmoderns recognize that much knowledge has been invented, arbitrarily created 



In modern philosophy, the total amount of information in the conceptually closed universe is static, a physical constant of nature. The laws of nature allow no exceptions, they are perfectly causal. Everything that happens is said to have a physical cause. This is called "causal closure".   Chance and change - in a deep philosophical sense - are said to be illusions. If every event has a predetermined cause, or reason, even free will is an illusion.

Information philosophy, by contrast, is a story about invention, about novelty, about biological emergence and new beginnings unseen and unseeable beforehand, a past that is fixed but an ambiguous future that can be shaped by teleonomic changes in the present. 


Its model thinkers are Heraclitus, Protagoras, Aristotle, and Hegel, for whom time, place, and particular situations mattered. 


Information philosophy is built on probabilistic laws of nature. The fundamental challenge for information philosophy is to explain the emergence of stable information structures from primordial and ever-present chaos, to account for the phenomenal success of deterministic laws when the material substrate of the universe is irreducibly chaotic, noisy, and random, and to understand the concepts of truth, necessity, and certainty in a universe of chance, contingency, and indeterminacy. 

Determinism and the exceptionless causal and deterministic laws of classical physics are the real illusions. Determinism is information-preserving. In an ideal deterministic Laplacian universe, the present state of the universe is implicitly contained in its earliest moments. There is "nothing new under the sun." 


This ideal determinism does not exist. The "adequate determinism" behind the laws of nature  emerged from the early years of the universe when there was only the indeterministic chaos of "thermodynamic equilibrium" and its maximal entropy or disorder.


In a random noisy environment, how can anything be regular and appear determined? It is because the macroscopic consequences of the law of large numbers average out microscopic quantum fluctuations to provide us with a very adequate determinism for large objects. 


Information Philosophy is an account of continuous information creation, a story about the origin and evolution of the universe, of life, and of intelligence from an original quantal chaos that is still present in the microcosmos. More than anything else, it is the creation and maintenance of stable information structures, despite the destructive entropic requirements of the second law of thermodynamics. Creation of living information structures distinguishes biology from physics and chemistry. 


Living things store useful information in a memory of the past that they can use to shape the future. The "meaning" in the information is their use of it. Some get their information "built-in"  via heredity. Some learn it from experience. Others invent it! 


Ancient Philosophy, before the advent of Modern Theology with John Duns Scotus and Thomas Aquinas, and Medieval Philosophy, before the beginning of Modern Philosophy with René Descartes, covered the same wide range of questions now addressable by Information Philosophy.   



The Development of Information Philosophy


Our earliest work on information philosophy dates from the 1950's, based on suggestions made thirty years earlier by Arthur Stanley Eddington. In his 1928 Nature of the Physical World, Eddington argued that quantum indeterminacy had "opened the door of human freedom," and that the second law of thermodynamics might have some bearing on the question of objective good. 

In the 1950's, we studied the then leading philosophies of positivism and existentialism. 

Bertrand Russell, with the help of G. E. Moore, Alfred North Whitehead, and Ludwig Wittgenstein, proposed logic and language as the proper foundational basis, not only of philosophy, but also of mathematics and science. Wittgenstein's Tractatus imagined that a set of all true propositions could capture all the knowledge of modern science. 



4.11	The totality of true propositions is the whole of natural science 

        (or the whole corpus of the natural sciences)



Their logical positivism and the variation called logical empiricism developed by Rudolf Carnap and the Vienna Circle proved to be failures in grounding philosophy, mathematics, or science.


On the continent, existentialism was the rage. We read Friedrich Nietzsche, Martin Heidegger, and Jean-Paul Sartre.


The existentialist continentals argued that freedom exists, but there are no objective values. The utilitarian English argued that values exist, but human freedom does not. 


We wrote that "Values without freedom are useless. Freedom without values is absurd." 


This was a chiasmos like the great figure of Immanuel Kant, rephrased by Charles Sanders Peirce as "Idealism without Materialism is Empty. Materialism without Idealism is Blind."


In the 1960's, we formulated arguments that cited "pockets of low entropy," in apparent violation of the second law, as the possible basis for anything with objective value.  We puzzled over the origin of "negative entropy," since the universe was believed to have started in thermodynamic equilibrium and the second law of thermodynamics says that (positive) entropy can only increase. 


In the late 1960's, we developed a two-stage model of free will and called it Cogito, a term often associated with the mind and with thought.
With deference to Descartes, the first modern philosopher, we called "negative entropy" Ergo. While thermodynamics calls it "negative," information philosophy sees it as the ultimate "positive" and deserving of a better name. We thought that Ergo etymologically suggests a fundamental kind of energy ("erg" zero), e.g., the "Gibbs free energy," G0, that is available to do work because it has low entropy.




In the early 70's, we decided to call the sum of human knowledge the Sum, to complete the triple wordplay on Descartes' proof of his existence.
 


We saw a great battle going on in the universe - between originary chaos and emergent cosmos. The struggle is between destructive chaotic processes that drive a microscopic underworld of random events versus constructive cosmic processes that create information structures with extraordinary emergent properties that include adequately determined scientific laws - 
despite, and in many cases making use of, the microscopic chaos. 


Since the destructive chaos is entropic, we repurposed a term from statistical mechanics and called the anti-entropic processes creating information structures ergodic. The  embedded Ergod resonated.


Created information structures range from galaxies, stars, and planets, to molecules, atoms, and subatomic particles. They are the structures of terrestrial life from viruses and bacteria to sentient and intelligent beings. And they are the constructed ideal world of thought, of intellect, of spirit, including the laws of nature, in which we humans play a role as co-creator.   


Information is constant in a deterministic universe. There is "nothing new under the sun." The creation of new information is not possible without the random chance and uncertainty of quantum mechanics, plus the extraordinary temporal stability of quantum mechanical structures.


It is of the deepest philosophical significance that information is based on the mathematics of probability. If all outcomes were certain, there would be no "surprises" in the universe. Information would be conserved and a universal constant, as some mathematicians and physicists mistakenly believe. Information philosophy requires the ontological uncertainty and probabilistic outcomes of modern quantum physics to produce new information.


But at the same time, without the extraordinary stability of quantized information structures over cosmological time scales, life and the universe we know would not be possible. That stability is the consequence of an underlying digital nature.  Quantum mechanics reveals the architecture of the universe to be discrete rather than continuous, to be digital rather than analog. Digital information transfers are essentially perfect. All analog transfers are "lossy."


Moreover, the "correspondence principle" of quantum mechanics and the "law of large numbers" of statistics ensures that macroscopic objects can normally average out microscopic uncertainties and probabilities to provide the "adequate determinism" that shows up in all our "Laws of Nature." 


Information philosophy explores some classical problems in philosophy with deeper and more fundamental insights than is possible with the logic and language approach of modern analytic philosophy. 



By exploring the origins and evolution of structure in the universe, information philosophy transcends humanity and even life itself, though it is not a mystical metaphysical transcendence.


Information philosophy uncovers the creative process working in the universe 

to which we owe our existence, and therefore perhaps our reverence for its "providence". 


Information philosophy locates the fundamental source of all values not in humanity ("man the measure"), not in bioethics ("life the ultimate good"), but in the origin and evolution of information in the cosmos.


Information philosophy is an idealistic philosophy, a process philosophy, and a systematic philosophy, the first in many decades. It provides important new insights into the Kantian transcendental problems of epistemology, ethics, freedom of the will, god, and immortality, as well as the mind-body problem, consciousness, and the problem of evil.


In physics, information philosophy (or information physics) provides new insights into the problem of measurement, the paradox of Schrödinger's Cat, the two paradoxes of microscopic reversibility and macroscopic recurrence that Josef Loschmidt and Ernst Zermelo used to criticize Ludwig Boltzmann's explanation of the entropy increase required by the second law of thermodynamics, and finally information provides a better understanding of the entanglement and nonlocality phenomena that are the basis for modern quantum cryptography and quantum computing. Recently, we are developing an explanation for the puzzling phenomenon of entanglement.


Finally, a new philosophy of biology should be based on the deep understanding of organisms as information users, information creators, information communicators, and at the higher levels, information processors, including humans who have learned to store information externally and transfer it between the generations culturally. Except for organisms that can extract information by photosynthesis of the negative entropy (free or available energy) streaming from the sun, most living things destroy other cells to extract the information needed to maintain their own low entropy state of organization. Most life feeds on other life. 


And most life communicates with other life. Even single cells, before the emergence of multicellular organisms, developed communication systems between the cells that are still visible in slime molds and social amoebae today. In a multicellular organism, every cell has some level of communication with all the others. Most higher level organisms share communal information that makes them stronger as a social group than as independent individuals. The sum of human knowledge has amplified the power of humanity, for better or worse, to a level that can control the environmental conditions on all of planet Earth. 

Information biology is the hypothesis that all biological evolution should be viewed primarily as the development of more and more powerful users, creators, and communicators of information. Seen though the lens of information, humans are the current end product of information processing systems. With the emergence of life and mind, purpose (telos) appeared in the universe. The teleonomic goal of each cell is to become two cells, which replicates its information content. The purpose of each species is to improve its reproductive success relative to other populations. The purpose of human populations then is to use, to add to, and to communicate human knowledge in order to maximize the human capital per person. 


Like love, the information that is shared by educating others is not used up. Information is not a scarce economic good. The more that information is communicated, the more of it there is, in human minds (not brains), and in the external stores of human knowledge. These include books of course, but in the future they will be the interconnected knowledge bases of the world wide web, including www.informationphilosopher.com, since books are expensive and inaccessible for many.


The first thing we must do for the young is to teach them how to teach themselves by accessing these knowledge systems with handheld devices that will some day be available for all the world's children, beyond one laptop per child to one smartphone per child. 
  
    



Based on insights into the discovery of the cosmic creation process, the Information Philosopher proposes three primary ideas that are new approaches to perennial problems in philosophy. They are likely to change some well-established philosophical positions. Even more important, they may reconcile idealism and materialism and provide a new view of how humanity fits into the universe. 



The three ideas are 

	 An explanation or epistemological model of knowledge formation and communication. Knowledge and information are neither matter nor energy, but they require matter for expression and energy for communication. They seem to be metaphysical.

Briefly, we identify knowledge with actionable information in the brain-mind. We justify knowledge by behavioral studies that demonstrate the existence of information structures implementing functions in the brain. And we verify knowledge scientifically. 



	 A basis for objective value, a metaethics beyond humanism and bioethics, grounded in the fundamental information creation processes behind the structure and evolution of the universe and the emergence of life.

Briefly, we find positive value (or good) in information structures. We see negative value (or evil) in disorder and entropy tearing down such structures. We call energy with low entropy "Ergo" and call anti-entropic processes "ergodic." We recognize that "ergodic" is itself too esoteric and thus not likely to be widely accepted. Perhaps the most positive term for what we value is just "information" itself!

Our first categorical imperative is then "act in such a way as to create, maintain, and preserve information as much as possible against destructive entropic processes." 

Our second ethical imperative is "share knowledge/information to the maximum extent." Like love, our own information is not diminished when we share it with others


Our third moral imperative is "educate (share the knowledge of what is right) rather than punish." Knowledge is virtue. Punishment wastes human capital and provokes revenge. 





	
Watch a 10-minute animated tutorial on the Two-Stage Solution to
the Free Will Problem

A scientific model for free will and creativity informed by the complementary roles of microscopic randomness and adequate macroscopic determinism in a temporal sequence that generates new information.

Briefly, we separate "free" and "will" in a two-stage process - first the free generation of alternative possibilities for action (which creates new information), then an adequately determined decision by the will. We call this two-stage view our Cogito model and trace the idea of a two-stage model in the work of two dozen thinkers back to William James in 1884.

This model is a synthesis of adequate determinism and limited indeterminism, a coherent and completecompatibilism that reconciles 
free will with both determinism and indeterminism.

David Hume thought he had reconciled freedom with determinism. We reconcile free will with indeterminism and an "adequate" determinism.


Because it makes free will compatible with both a form of determinism (really determination) and with an indeterminism that is limited and controlled by the mind, the leading libertarian philosopher Bob Kane suggested we call this model "Comprehensive Compatibilism."


The problem of free will cannot be solved by logic, language, or even by physics. Man is not a machine and the mind is not a computer. 
Free will is a property of a biophysical information processing system.






All three ideas depend on understanding modern cosmology, physics, biology, and neuroscience, but especially the intimate connection between quantum mechanics and the second law of thermodynamics that allows for the creation of new information structures.


All three are based on the theory of information, which alone can establish the existential status of ideas, not just the ideas of knowledge, value, and freedom, but other-worldly speculations in natural religion like God and immortality. 


All three have been anticipated by earlier thinkers, but can now be defended on strong empirical grounds. Our goal is less to innovate than to reach the best possible consensus among philosophers living and dead, an intersubjective agreement between philosophers that is the surest sign of a knowledge advance. 


This Information Philosopher website aims to be an open resource for the best thinking of philosophers and scientists on these three key ideas and a number of lesser ideas that remain challenging problems in philosophy - on which information philosophy can shed some light.
    

Among these are the mind-body problem (the mind can be seen as the realm of information in its free thoughts, the body an adequately determined biological system creating and maintaining information); the common sense intuition of a cosmic creative process often anthropomorphized as a God or divine Providence; the problem of evil (chaotic entropic forces are the devil incarnate); and the "hard problem" of consciousness (agents responding to their environment, and originating new causal chains, based on information processing).  


Philosophy is the love of knowledge or wisdom. Information philosophy (I-Phi or ΙΦ) qualifies and quantifies knowledge as meaningful actionable information. Information philosophy reifies information as an immaterial entity that has causal power over the material world!


    What is information that merits its use as the foundation of a new method of inquiry? 


Abstract information is neither matter nor energy, yet it needs matter for its concrete embodiment and available usable energy for its communication. Information is the modern spirit, the ghost in the machine. It is the stuff of thought, the immaterial substance of philosophy. 


    Information is a powerful diagnostic tool. It is a better abstract basis for philosophy, and for science as well, especially physics, biology, and neuroscience. It is capable of answering questions about metaphysics (the ontology of things themselves), epistemology (the existential status of ideas and how we know them), and idealism itself.  


Information philosophy is now more than the solution to three fundamental problems we identified in the 1960's and '70's.  I-Phi is a new philosophical method, capable of solving multiple problems in both philosophy and physics. It needs young practitioners, presently tackling some problem, who might investigate the problem using this new methodology. 


Note that, just as the philosophy of language is not linguistic philosophy, Information philosophy is not the philosophy of information, which is mostly about computers and cognitive science, the computational theory of mind.

 
Philosophers like Ludwig Wittgenstein labeled many of our problems “philosophical puzzles.” Bertrand Russell called them “pseudo-problems.” Analytic language philosophers thought many of these problems could be “dis-solved,” revealing them to be conceptual errors caused by the misuse of language. 


Information philosophy takes us past logical puzzles and language games, not by diminishing philosophy and replacing it with science.


Russell insisted that


“questions which are already capable of definite answers are placed in the sciences, while those only to which, at present, no definite answer can be given, remain to form the residue which is called philosophy.”


Information philosophy aims to show that problems in philosophy should not be reduced to “Russell’s Residue.” 

The language philosophers of the twentieth century thought that they could solve (or at least dis-solve) the classical problems of philosophy. They did not succeed. Information philosophy, by comparison, now has cast a great deal of light on some of those problems. It needs more information philosophers to join us to make more progress.





To recap, when information is stored in any structure, two fundamental physical processes occur. First is a "collapse" of a quantum mechanical wave function, reducing multiple possibilities to a single actuality. Second is a local decrease in the entropy corresponding to the increase in information. Entropy greater than that must be transferred away from the new information structure to satisfy the second law of thermodynamics.


These quantum level processes are susceptible to noise. Information stored may have errors. When information is retrieved, it is again susceptible to noise. This may garble the information content. In information science, noise is generally the enemy of information. But some noise is the friend of freedom, since it is the source of novelty, of creativity and invention, and of variation in the biological gene pool.


Biological systems have maintained and increased their invariant information content over billions of generations, coming as close to immortality as living things can. Philosophers and scientists have increased our knowledge of the external world, despite logical, mathematical, and physical uncertainty. They have created and externalized information (knowledge) that can in principle become immortal. Both life and mind create information in the face of noise. Both do it with sophisticated error detection and correction schemes.  The scheme we use to correct human knowledge is science, a two-stage combination of freely invented theories and adequately determined experiments. Information philosophy follows that example.
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See Bob's talk on the Brain in Olivier Wright's PSI project on Free Will
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 has been "helping communities communicate" for fifty years




If you have read this far, you already know that the Information Philosopher website itself is an exercise in information sharing. It has ten parts, each with multiple chapters, that include nearly 3,000 web pages.  
Teacher and Scholar links display additional material on some pages, and reveal hidden footnotes on some pages. The footnotes themselves are often in the Scholar section.
 

Our goal is for the website to contain all the great philosophical discussions of the three original problem areas we identified in the 1970's - COGITO (freedom), ERGO (value), and  SUM (knowledge) -  plus potential solutions for several classic problems in philosophy and physics, many of which had been designated "pseudo-problems" or relegated to "metaphysics."  


We have now shown that information philosophy is a powerful diagnostic tool for addressing metaphysical problems. See The Metaphysicist.

  

In the left-hand column of all I-Phi pages are links to over five hundred philosophers and scientists who have made contributions to these great problems. Their I-Phi web pages include original contributions of each thinker, with examples of their thought, usually in their own words rather than a paraphrase, and where possible in their original languages. 



All original content on Information Philosopher is available for your use, without requesting 
permission, under a Creative Commons Attribution License.     [image: cc by]

Copyrights for all excerpted and quoted works remain with their authors and publishers. 
    



For Teachers

A web page may contain two extra levels of material. The Normal page is material for newcomers and students of the Information Philosophy. Two hidden levels contain material for teachers (e.g., secondary sources) and for scholars (e.g., footnotes, and original language quotations). 



  Teacher materials on a page will typically include references to secondary sources and more extended explanations of the concepts and arguments. Secondary sources will include books, articles, and online resources. Extended explanations should be more suitable for teaching others about the core philosophical ideas, as seen from an information perspective.



For Scholars

  Scholarly materials will generally include more primary sources, more in-depth technical and scientific discussions where appropriate, original language versions of quotations, and references to all sources. 

  Footnotes for a page appear in the Scholar materials. The footnote indicators themselves are only visible in Scholar mode.





Source: https://www.informationphilosopher.com/
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A New Periodic Table Helps Teach the Electronic Structure of Atoms

We show how students of chemistry can easily write down the entire periodic table with a simple mnemonic. And using the diagonal orbital filling rule they can quickly construct the complete electronic structure of most atoms in their ground state. 


My periodic table was invented in the late 1960's to teach my sister Susanna, who subsequently aced her chemistry class. I have taught it to many others since, including my nephew Marc Doyle, who earned his Ph.D. in chemical engineering from UC Berkeley. 


When I taught it to Mike Jittlov in the mid-1990's, he made a beautiful drawing which was added to Mark Leach's Internet Database of Periodic Tables in 1997.

[image: image-placeholder]

How to Pronounce the Periodic Table

Inspired by Sesame Street in the 1960's teaching children alphabetic order by pronouncing the alphabet (ab-cu-def-ghi-jekul-mun-op-qur-stuv-wix-yz), we suggest that the atomic symbols can also be pronounced in their chemical order, giving us an atomic aide memoire. We can pronounce the following syllables. (Bold letters are the atomic symbols, grouped symbols are to be pronounced as one syllable, light italic letters are suggestions to remember the full names.)

	1s	H-He-			

	2s>2p	Li- Be-B- C-N-O-F- Ne		

	3s>3p	Na-M g-Al- Si-P-S- Cl-Ar

	4s>3d	K-Ca		Sc-Ti-V-Cr-Mn-Fe-Co-Ni-Cu-Zn-

	4p		Ga-Ge-As-Se-Br-Kr-		

	5s>4d	Rb-Sr-		Y-Zr-Nb-Mo-Tech-Ru-Rho-Pd-Ag-Cd-	

	5p		In-Sn-Sb-Te-I-Xe-		

	6s>4f	Ces-Ba			La-Cer-Praes-Nd-Prom-Sm-Eur-Gad-Tb-Dy-Ho-Er-Thum-Yb-

	5d			Lu-Hf-Ta-W-Re-Os-Ir-Pt-Au-Hg-	

	4p		Thal-Pb-Bi-Po-At-Rn-	

	7s>5f	Fr-Ra			Ac-Th-Pa-U-Nep-Pu-Am-Cm-Bk-Caf-Es-Fm-Md-No-

	8s				



It's best to learn the pronunciation by hearing it, so please click on our under one-minute audio file, while following along the symbols in the periodic table above. 


Sorry, your browser does not support this audio format.



The Aufbauprinzip or Building-Up Principle

This principle says that in the ground (unexcited) state of an atom, its lowest energy electron shells (atomic orbitals) fill up before any higher levels are occupied. The "principal quantum number" n describes a "shell," and the "azimuthal quantum number" l describes subshells. The subshells are named  s, p, d, and f for historical reasons. 


In an s subshell only two electrons are allowed by the Pauli Exclusion Principle (one "spin-up," the other "spin down"). In a p subshell, three values of the magnetic quantum number m (+1, 0, -1) multiplied by two spins allows up to six p electrons. In the d shell, 5 magnetic substates and in the f subshell 7 substates give us up to 10 d electrons and up to 14 f electrons.


You can now determine the electron configuration for any ground state atom. Let's do potassium (K), the first element in the shell n = 4. It has only one 4s electron, and we can read off the inner shell electrons by following down the diagonal rule - 1s2 2s2 2p6 3s2  3p6 4s.


The Madelung-Klechkowski diagonal filling rule
[image: image-placeholder]

In the late 1920's Charles Janet first produced a diagram with a key to the electron structure. It was not arranged to show the diagonals of Madelung's rule. Janet was first to speculate that no element past atomic number 120 would be found. Here is an updated version.

[image: image-placeholder]

References
Eric Scerri on the  Madelung Rule

Source: https://www.informationphilosopher.com/periodic_table/



  
  Marc Doyle, Chief Executive Officer  | DuPont
	Marc Doyle

Chief Executive Officer
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Marc Doyle was Chief Executive Officer of DuPont (2019-2020)


Under Marc’s leadership, DuPont entered a bold new chapter of discovery and progress. Tapping into our company’s wealth of market knowledge and deep expertise in science and application development, Marc oversaw an enhanced and specialized approach to customer solutions across four segments: Electronics & Imaging, Nutrition & Biosciences, Safety & Construction, and Transportation & Industrial. 

Marc played a pivotal role establishing the strongest possible operating foundation for DuPont. He was instrumental in improving the speed and effectiveness of the company’s new product development, operating efficiency, and cost discipline, with a focus on shareholder returns.
Before taking on the role of CEO, Marc was Chief Operating Officer for DowDuPont’s Specialty Products Division, and prior to that, he served as executive vice president of DuPont, overseeing the company’s diverse industrial businesses, including Electronics & Communications, Industrial Biosciences, Nutrition & Health, Performance Materials, Protection Technologies, and Sustainable Solutions. He also led the pre-merger planning to develop a best-in-class cost structure, lean operating model, and synergy targets for the division.
Marc joined DuPont as a research engineer in 1995 and subsequently held positions spanning new business development, marketing, strategic planning, and business management. Before being appointed President of Protection Technologies in 2013, he served as global business director, first in Photovoltaic Solutions and then for the Kevlar® and Nomex® businesses. In these roles, he focused on building and leading customer-centric teams—driving growth and value. 
Marc earned a B.S. in chemical engineering from the University of Virginia and a Ph.D. in chemical engineering from the University of California at Berkeley.



Source: https://www.informationphilosopher.com/periodic_table/marc_doyle.html
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Complementarity


In the late Winter of 1927, Neils Bohr went skiing for a few weeks in Norway, during which he analyzed the puzzling situation in quantum mechanics in deeply philosophical terms.

In the previous two years, Max Born, with his clever students Werner Heisenberg and Pascual Jordan, had developed the quantum mechanics of material particles. They had derived most of the results of Bohr's old quantum theory, eliminating his idea of semi-classical orbits but confirming Bohr's "quantum postulate of stationary states with electrons "jumping" between them, radiating energy with E2 - E1 = hν, following Max Planck's hypothesis about the quantum of action.


And just the year before, Erwin Schrödinger developed an alternative "wave mechanics," which he showed gives exactly the same results as quantum mechanics, but without some of the major assumptions in Bohr's earlier work, which had been adopted also by Heisenberg. In his 1929 textbook, Heisenberg dubbed their work "Der Kopenhagener Geist," many years later known as the "Copenhagen interpretation" of quantum mechanics. 


Where Bohr and Heisenberg described the stationary states with arbitrary quantum numbers, Schrödinger showed that quantum numbers emerge naturally from the number of nodes in his wave function that could fit around an electron orbit (an idea that Louis de Broglie had proposed earlier).


The dualistic view that matter might consist of either particles or waves (or maybe both) must surely have inspired Bohr to think about complementary relations, but there are strong reasons to think that he might not have wanted to identify his complementarity with Einstein's ideas about "wave-particle duality". 


Heisenberg said that "The main point was that Bohr wanted to take this dualism between waves and corpuscles as the central point of the problem." But Bohr also used the term complementary to describe the "reciprocal uncertainty" between momentum and position in Heisenberg's indeterminacy relations. Bohr said:


the measurement of the positional coordinates of a particle is accompanied not only by a finite change in the dynamical variables, but also the fixation of its position means a complete rupture in the causal description of its dynamical behaviour, while the determination of its momentum always implies a gap in the knowledge of its spatial propagation. Just this situation brings out most strikingly the complementary character of the description of atomic phenomena [italics added] 


Bohr may never have completely accepted Albert Einstein's idea that light itself might consist of particles. In 1905, Einstein had proposed his "light-quantum hypothesis," that light comes in discrete and discontinuous quantities, something like Newton's "light corpuscles."


Einstein wrote in 1905:


In accordance with the assumption to be considered here, the energy of a light ray spreading
out from a point source is not continuously
distributed over an increasing space but consists
of a finite number of energy quanta which are
localized at points in space, which move without
dividing, and which can only be produced and
absorbed as whole units.


Bohr resisted Einstein's "light-quantum hypothesis" in 1913. His Bohr model of the atom postulated that there are "stationary states" with energy levels 
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      n
    
  
. His second postulate was that electrons jump discontinuously between levels, emitting or absorbing radiation of frequency ν, where
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As obvious as it is today that Bohr's hν is a "photon" (as it was dubbed in the middle 1920's), Bohr thought that the radiation emitted or absorbed was continuous and classical electromagnetism. It is not clear that Bohr had completely accepted photons and the dual nature of light even as he formulated his philosophical notion of complementarity in his "Como Lecture" of 1927.  He seems to have accepted it in 1949, in his tribute to Einstein.


Einstein had written as early as 1909 that the wave theory of light might need to be augmented to explain his particle-like properties. 


This was the beginning of wave-particle duality that Bohr would reconcile 
with the idea of complementarity in quantum mechanics


When light was shown to exhibit interference and diffraction, it seemed almost certain that light should be considered a wave...A large body of facts shows undeniably that light has certain fundamental properties that are better explained by Newton's emission theory of light than by the oscillation theory. For this reason, I believe that the next phase in the development of theoretical physics will bring us a theory of light that can be considered a fusion of the oscillation and emission theories... 


When Bohr returned from his skiing vacation, he received a draft paper from Heisenberg claiming that some physical variables might be measured precisely, but then their canonically conjugate variables would have a very large error. This is his famous "indeterminacy principle." If a momentum measurement has accuracy Δp and position accuracy Δx than the product of the two indeterminacies is Δp Δx ≥ h, where h is Planck's constant for the quantum of action. 


Bohr asked Heisenberg to include his notion of complementarity, and perhaps his derivation of indeterminacy from pure wave-mechanical considerations, in his new paper. This upset Heisenberg greatly, because he thought that Schrödinger's "wave mechanics" added nothing to his particle-oriented "matrix mechanics." Bohr thought both were needed. Though somewhat contradictory, they were his first example of "complementarity."  


Definitions of complementarity today almost always include wave-particle duality, but Bohr was so vague about the precise meaning of his term complementarity when he introduced it in his 1927 "Como Lecture" that it is confusing to this day. One thing he did in the Como Lecture was to argue that both Heisenberg's discontinuous and indeterministic particle picture and Schrödinger's continuous and deterministic wave picture were both needed in quantum mechanics. The theories themselves, matrix mechanics and wave mechanics, are "complementary." 


Almost no one, least of all Bohr, gave credit to Einstein, for his 1909 insight that both wave and particle pictures needed to be fused, or to his views in the early 1920's that the wave was a "Gespensterfeld" (ghost field) that guides the particles. Ironically, and unjustly, to this day the "Bohr atom" is taught as discontinuous "jumps" between energy levels accompanied by the emission or absorption of a photon, whereas Bohr fought against Einstein's light quantum hypothesis for decades. Einstein developed the quantum theory of radiation, explaining emission, absorption, and the radical hypothesis of "stimulated emission" (that led to the invention of the laser) in 1916!  But it is Bohr's name most often cited.


Bohr claimed that an experimental apparatus must always be treated as a classical object and described using ordinary language. He thought that specific experiments could reveal only part of the quantum nature of microscopic objects. For example, one experiment might reveal a particle's dynamical properties such as energy, momentum, position, etc. Another experiment might reveal wavelike properties. But no one experiment could exhaustively reveal both. The experiments needed to reveal both are "complementary."


Bohr's first definition of complementarity in the Como lecture somewhat opaquely contrasts the "space-time coordination" with the "claim of causality."


Space-time co-ordination and the claim of causality are complementary.

They "symbolize" observation
and definition, 
also complementary?


Relativity has a limit 
v / c → 0. 
Quantum mechanics 
has the limit h → 0
(better h / m → 0). 



The very nature of the quantum theory thus forces us to regard the space-time co-ordination and the claim of causality, the union of which characterises the classical theories, as complementary but exclusive features of the description, symbolising the idealisation of observation and definition respectively. Just as the relativity theory has taught us that the convenience of distinguishing sharply between space and time rests solely on the smallness of the velocities ordinarily met with compared to the velocity of light, we learn from the quantum theory that the appropriateness of our usual causal space-time description depends entirely upon the small value of the quantum of action as compared to the actions involved in ordinary sense perceptions. Indeed, in the description of atomic phenomena, the quantum postulate presents us with the task of developing a 'complementarity' theory the consistency of which can be judged only by weighing the possibilities of definition and observation. 

  

And again, a few paragraphs later, Bohr looks for a complementary relation between the "kinematics" of a space-time picture and the "dynamics" of a causal picture using variables like momentum, energy, etc. :

This situation would seem clearly to indicate the impossibility of a causal space-time description of the light phenomena. On one hand, in attempting to trace the laws of the time-spatial propagation of light according to the quantum postulate, we are confined to statistical considerations. On the other hand, the fulfilment of the claim of causality for the individual light processes, characterised by the quantum of action, entails a renunciation as regards the space-time description.

Once again, space-time and causality are complementary views of classical concepts.


Of course, there can be no question of a quite independent application of the ideas of space and time and of causality. The two views of the nature of light are rather to be considered as different attempts at an interpretation of experimental evidence in which the limitation of the classical concepts is expressed in complementary ways. 


Bohr points out that in expressions like ΔE Δt = h and Δp Δx = h, we see both space-time (wave) variables x, t and dynamical (particle) variables E, p.

As mentioned above, Bohr thought Heisenberg's "uncertainty" could be an example of complementarity, because two different measurement apparatuses were needed to measure dynamical momentum and space-time position.


An important contribution to the problem of a consistent application of these methods has been made lately by Heisenberg (Zeitschr. f. Phys., 43, 172; 1927). In particular, he has stressed the peculiar reciprocal uncertainty which affects all measurements of atomic quantities. Before we enter upon his results it will be advantageous to show how the complementary nature of the description appearing in this uncertainty is unavoidable already in an analysis of the most elementary concepts employed in interpreting experience. 

  
Bohr notes that Heisenberg's derivation of his indeterminacy principle was entirely done with particles and dynamical variables. Bohr then proceeds to derive Heisenberg's relations solely on the basis of a wave theory (a space-time description). This must have embarrassed Heisenberg, who resisted at first but eventually completely accepted and promoted Bohr's view of complementarity as an essential part of the Copenhagen Interpretation (along with his own uncertainty principle and Born's statistical interpretation of the wave function).


The use of a wave description reduces sharpness in definitions  


Here the complementary
character of the description appears,
since the use of wave-groups is necessarily accompanied
by a lack of sharpness in the definition of
period and wave-length, and hence also in the definition
of the corresponding energy and momentum
as given by relation (1).


[image: image-placeholder]

Rigorously speaking, a limited wave-field can
only be obtained by the superposition of a manifold
of elementary waves corresponding to all values
of ν and σx, σy, σz. But the order of magnitude of
the mean difference between these values for two
elementary waves in the group is given in the most
favourable case by the condition
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where Δt, Δx, Δy, Δz denote the extension of the
wave-field in time and in the directions of space
corresponding to the co-ordinate axes. These
relations — well known from the theory of optical
instruments, especially from Rayleigh's investigation
of the resolving power of spectral apparatus
— express the condition that the wave-trains
extinguish each other by interference at the
space-time boundary of the wave-field. They
may be regarded also as signifying that the group
as a whole has no phase in the same sense as the
elementary waves. From equation (1) we find
thus:
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as determining the highest possible accuracy in
the definition of the energy and momentum of the
individuals associated with the wave-field. In
general, the conditions for attributing an energy
and a momentum value to a wave-field by means
of formula (1) are much less favourable. Even
if the composition of the wave-group corresponds
in the beginning to the relations (2), it will in the
course of time be subject to such changes that it
becomes less and less suitable for representing an
individual. It is this very circumstance which
gives rise to the paradoxical character of the
problem of the nature of light and of material
particles. The limitation in the classical concepts
expressed through relation (2) is, besides, closely
connected with the limited validity of classical
mechanics, which in the wave theory of matter
corresponds to the geometrical optics, in which
the propagation of waves is depicted through
'rays.' Only in this limit can energy and momentum
be unambiguously defined on the basis
of space-time pictures. For a general definition
of these concepts we are confined to the conservation
laws, the rational formulation of which has
been a fundamental problem for the symbolical
methods to be mentioned below.


In the language of the relativity theory, the
content of the relations (2) may be summarised in
the statement that according to the quantum
theory a general reciprocal relation exists between
the maximum sharpness of definition of the space-time
and energy-momentum vectors associated
with the individuals. 


Bohr may still hope to "reconcile" conservation laws by claiming space-time points are "unsharp" (reminiscent of his BKS statistical conservation ideas).   


This circumstance may be
regarded as a simple symbolical expression for the
complementary nature of the space-time description
and the claims of causality. At the same time,
however, the general character of this relation
makes it possible to a certain extent to reconcile
the conservation laws with the space-time coordination
of observations, the idea of a coincidence
of well-defined events in a space-time point being
replaced by that of unsharply defined individuals
within finite space-time regions.


To summarize, Bohr saw many elements of the new quantum mechanics as revealing his deep insight into complementarity. Among them were:


	wave-particle duality was probably the proximate trigger, but Kant's noumena/phenomena was likely the original inspiration. And Bohr avoided referring to Einstein's years of work on wave-particle duality.
	wave mechanics and particle/matrix mechanics as equally "true"
	the indeterminacy principle, i.e., the reciprocal nature of the conjugate variables, momentum/position, energy/time, and action-angle
	wave-packet limits on resolving power versus the disturbing effect of light on an observation
	quantum systems, but apparatus described classically
	all quantum evidence must be expressed in classical terms, "results of observations must be expressed in unambiguous language using terminology from classical physics," Heisenberg called this a paradox
	space-time coordination and causal connection of experience (the claim of causality), space-time kinematics versus dynamical conservation laws
	psycho-physical role of the "conscious" observer
	"creating physical attributes by measurements" vs."disturbing phenomena by observation"
	"renunciation of the causal space-time mode of description"
	"individuality" irreconcilable with "causality" 


In later years Bohr came to think that complementarity was important in philosophy and many other fields:
 

	psycho-physical parallelism (Light and Life, 1933)
	mind-body problem
	biology - mechanism - vitalism
	subject and object
	actor and spectator
	analysis and synthesis
	Heisenberg's free choice of the experimenter vs. Dirac's (indeterministic) choice by Nature
	the Eastern philosophy of yin and yang. 
The Taoist yin/yang symbol is on Bohr's gravestone
[image: image-placeholder]

For Scholars


Key Components of Complementarity

	space-time coordination and causal connection of experience (the claim of causality)
	"renunciation of the causal space-time mode of description"
	space-time coordination and dynamical conservation laws
	wave-particle duality
	the indeterminacy principle
	reciprocal nature of conjugate variables, p,x and E,t, action-angle, h,φ
	"individuality" irreconcilable with "causality" Dialectica/Science
	wave-packet limits on resolving power
	quantum systems but classical apparatus
	"all quantum evidence must be expressed in classical terms"
	role of the observer
	"results of observations must be expressed in unambiguous language using terminology from classical physics'
	psycho-physical parallelism (Light and Life, 1933
	psychology - mind-body problem
	biology - mechanism - vitalism
	subject and object
	actor and spectator
	analysis and synthesis
	Heisenberg free choice of experimenter vs. Dirac choice by Nature
	"creating physical attributes by measurements" vs."disturbing phenomena by observation"






On the modern quantum view, what spreads out is a wave of probability amplitude for absorbing a whole "light quantum" somewhere. The wave function ψ should be thought of as a "possibility" function


Source: https://www.informationphilosopher.com/introduction/physics/complementarity.html
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Copenhagen Interpretation of Quantum Mechanics

The idea that there was a Copenhagen way of thinking was christened as the "Kopenhagener Geist der Quantentheorie" by Werner Heisenberg in the introduction to his 1930 textbook The Physical Principles of Quantum Theory, based on his 1929 lectures in Chicago (given at the invitation of Arthur Holly Compton).



At the 1927 Solvay conference on physics entitled "Electrons and Photons,"  Niels Bohr and Heisenberg consolidated their Copenhagen view as a "complete" picture of quantum physics, despite the fact that they could not, or would not, visualize or otherwise explain exactly what is going on in the microscopic world of "quantum reality." 

From the earliest presentations of the ideas of the supposed "founders" of quantum mechanics, Albert Einstein had deep misgivings of the work going on in Copenhagen, although he never doubted the calculating power of their new mathematical methods. He described their work as incomplete because it is based on the statistical results of many experiments so only makes probabilistic predictions about individual experiments. Einstein hoped to visualize what is going on in an underlying "objective reality."


Bohr seemed to deny the existence of a fundamental "reality," but he clearly knew and said that the physical world is largely independent of human observations. In classical physics, the physical world is assumed to be completely independent of the act of observing the world. In quantum physics, Heisenberg said that the result of an experiment depends on the free choice of the experimenter as to what to measure. The quantum world of photons and electrons might look like waves or look like particles depending on what we look for, rather than what they "are" as "things in themselves." 



The information interpretation of quantum mechanics says there is only one world, the quantum world. Averaging over large numbers of quantum events explains why large objects appear to be classical

Copenhageners were proud of their limited ability to know. Bohr said:

There is no quantum world. There is only an abstract quantum physical description. It is wrong to think that the task of physics is to find out how nature is. Physics concerns what we can say about nature.


Bohr thus put severe epistemological limits on knowing the Kantian "things in themselves," just as Immanuel Kant had put limits on reason. The British empiricist philosophers John Locke and David Hume had put the "primary" objects beyond the reach of our "secondary" sensory perceptions. In this respect, Bohr shared the positivist views of many other empirical scientists, Ernst Mach for example. Twentieth-century analytic language philosophers thought that philosophy (and even physics) could not solve some basic problems, but only "dis-solve" them by showing them to be conceptual errors.



Neither Bohr nor Heisenberg thought that macroscopic objects actually are classical. They both saw them as composed of microscopic quantum objects.


On the other hand, Bohr and Heisenberg emphasized the importance of conventional classical-physics language as a tool for knowledge. Since language evolved to describe the familiar world of "classical" objects in space and time, they insisted that somewhere between the quantum world and the classical world there must come a point when our observations and measurements can be expressible in classical concepts. They argued that a measurement apparatus and a particular observation must be describable classically in order for it to be understood and become knowledge in the mind of the observer. 

The exact location of that transition from the quantum to the classically describable world was arbitrary, said Heisenberg. He called it a "cut" (Schnitt). Heisenberg's and especially John von Neumann's and Eugene Wigner's insistence on a critical role for a "conscious observer" has led to a great deal of nonsense being associated with the Copenhagen Interpretation and in the philosophy of quantum physics. Heisenberg may only have been trying to explain how knowledge reaches the observer's mind. For von Neumann and Wigner, the mind was considered a causal factor in the behavior of the quantum system.


Today, a large number of panpsychists, some philosophers, and a small number of  scientists, still believe that the mind of a conscious observer is needed to cause the so-called "collapse" of the wave function. A relatively large number of scientists opposing the Copenhagen Interpretation believe that there are never any "collapses" in a universal wave function.


In the mid 1950's, Heisenberg reacted to David Bohm's 1952 "pilot-wave" interpretation of quantum mechanics by calling his own work the "Copenhagen Interpretation" and the only correct interpretation of quantum mechanics. A significant fraction of working quantum physicists say they agree with Heisenberg, though few have ever looked carefully into the fundamental assumptions of the Copenhagen Interpretation.


This is because they pick out from the Copenhagen Interpretation just the parts they need to make quantum mechanical calculations. Most textbooks start the story of quantum mechanics with the picture provided by the work of Heisenberg, Bohr, Max Born, Pascual Jordan, Paul Dirac, and of course Erwin Schrödinger.


What Exactly Is in the Copenhagen Interpretation?


There are several major components to the Copenhagen Interpretation, which most historians and philosophers of science agree on: 
	The quantum postulates. Bohr postulated that quantum systems (beginning with his "Bohr atom" in 1913) have "stationary states" which make discontinuous "quantum jumps" between the states with the emission or absorption of radiation. Until at least 1925 Bohr insisted the radiation itself is continuous. Einstein said radiation is a discrete "light quantum" (later called a photon) as early as 1905. 
Ironically, largely ignorant of the history of quantum mechanics (dominated by Bohr's account), many of today's textbooks teach the "Bohr atom" as emitting or absorbing photons - Einstein light quanta! 


Also, although Bohr made a passing reference, virtually no one today knows that discrete energy states or quantized energy levels in matter were first discovered by Einstein in his 1907 work on specific heat.

	Wave-particle duality. 
The complementarity of waves and particles, including a synthesis of the particle-matrix mechanics theory of Heisenberg, Max Born, and Pascual Jordan, with the wave mechanical theory of Louis deBroglie and Erwin Schrödinger.
Again ironically, wave-particle duality was first described by Einstein in 1909. Heisenberg had to have his arm twisted by Bohr to accept the wave picture. 

	Indeterminacy principle. Heisenberg sometimes called it his "uncertainty" principle, which could imply human ignorance, implying an epistemological (knowledge) problem rather than an ontology (reality) problem. 
Bohr considered indeterminacy as another example of his complementarity, between the non-commuting conjugate variables momentum and position, for example, Δp Δx ≥ h (also between energy and time and between action and angle variables).


	Correspondence principle. Bohr maintained that in the limit of large quantum numbers, the atomic structure of quantum systems approaches the behavior of classical systems. Bohr and Heisenberg both described this case as when Planck's quantum of action  h  can be neglected. They mistakenly described this as  h -> 0. But  h  is a fundamental constant. 

The quantum-to-classical transition is when the action of a macroscopic object is large compared to  h . As the number of quantum particles increases (as mass increases), large macroscopic objects behave like classical objects. Position and velocity become arbitrarily accurate as  h / m -> 0. 
Δv Δx ≥ h / m. 

There is only one world. It is a quantum world. Ontologically it is indeterministic, but epistemically, common sense and everyday experience inclines us to see it as deterministic. Bohr and Heisenberg insisted we must use classical (deterministic?) concepts and language to communicate our knowledge about quantum processes!


	Completeness. Schrödinger's wave function ψ provides a "complete" description of a quantum system, despite the fact that conjugate variables like position and momentum cannot both be known with arbitrary accuracy, as they can in classical systems. There is less information in the world than classical physics implies. 

The wave function ψ evolves according to the unitary deterministic Schrödinger equation of motion, conserving that information. When one possibility becomes actual (discontinuously), new information may be irreversibly created and recorded by a measurement apparatus, or simply show up as a new information structure in the world.

By comparison, Einstein maintained that quantum mechanics is incomplete, because it provides only statistical information about ensembles of quantum systems. He also was deeply concerned about nonlocality and nonseparability, things not addressed at all by the Copenhagen interpretation. 


	Irreversible recording of information in the measuring apparatus. Without this record (a pointer reading, blackened photographic plate, Geiger counter firing, etc.), there would be nothing for observers to see and to know.

Information must come into the universe long before any scientist can "observe" it. In today's high-energy physics experiments and space research, the data-analysis time between the initial measurements and the scientists seeing the results can be measured in months or years.


All the founders of quantum mechanics mention the need for irreversibility. The need for positive entropy transfer away from the experiment to stabilize new information (negative entropy) so it can be observed was first shown by Leo Szilard in 1929, and later by Leon Brillouin and Rolf Landauer.



	Classical apparatus?. Bohr required that the macroscopic measurement apparatus be described in ordinary "classical" language. This is a third "complementarity," now between the quantum system and the "classical apparatus"

But Born and Heisenberg never said the measuring apparatus is "classical." They knew that everything is fundamentally a quantum system.


Lev Landau and Evgeny Lifshitz saw a circularity in this view, "quantum mechanics occupies a very unusual place among physical theories: it contains classical mechanics as a limiting case [correspondence principle], yet at the same time it requires this limiting case for its own formulation.


	Statistical interpretation (acausality). Born interpreted the square modulus of Schrödinger's complex wave function as the probability of finding a particle. Einstein's "ghost field" or "guiding field," deBroglie's pilot or guide wave, and Schrödinger's wave function as the distribution of the electric charge density were similar views in much earlier years.  Born sometimes pointed out that his direct inspiration was Einstein.

All the predicted properties of physical systems and the "laws of nature" are only probabilistic (acausal, indeterministic ). All results of physical experiments are statistical. 
Briefly, theories give us probabilities, experiments give us statistics. 
Large numbers of identical experiments provide the statistical evidence for the theoretical probabilities predicted by quantum mechanics.


Bohr's emphasis on epistemological questions suggests he thought that the statistical uncertainty may only be in our knowledge. They may not describe nature itself. Or at least Bohr thought that we can not describe a "reality" for quantum objects, certainly not with classical concepts and language. However, the new concept of an immaterial possibilities function (pure information) moving through space may make quantum phenomena "visualizable."


Ontological acausality, chance, and a probabilistic or statistical nature were first seen by Einstein in 1916, as Born later acknowledged. But Einstein disliked this chance. He and most scientists appear to have what William James called an "antipathy to chance."


	No Visualizability?. Bohr and Heisenberg both thought we could never produce models of what is going on at the quantum level. Bohr thought that since the wave function cannot be observed we can't say anything about it. Heisenberg said probability is real and the basis for the statistical nature of quantum mechanics.
Whenever we draw a diagram of the waves impinging on the two-slits, we are in fact visualizing the wave function as possible locations for a particle, with calculable probabilities for each possible location.


Today we can visualize with animations many puzzles in physics, including the two-slit experiment, entanglement, and microscopic irreversibility. 



	No Path?. Bohr, Heisenberg, Dirac and others said we cannot describe a particle as having a path. The path comes into existence when we observe it, Heisenberg maintained. (Die “Bahn” entsteht erst dadurch, dass wir sie beobachten)
Einstein's "objective reality" hoped for a deeper level of physics in which particles do have paths and, in particular, they obey conservation principles, though intermediate measurements needed to observe this fact would interfere with the experiments.


	Paul Dirac formalized quantum mechanics with these three fundamental concepts, all very familiar and accepted by Bohr, Heisenberg, and the other Copenhageners:
	Axiom of measurement. Bohr's stationary quantum states have eigenvalues with corresponding eigenfunctions (the eigenvalue-eigenstate link). 

	Superposition principle. According to Dirac's transformation theory, ψ can be represented as a linear combination of vectors that are a proper basis for the combined target quantum system and the measurement apparatus. 

	Projection postulate. The collapse of the wave functionψ, which is irreversible,  upon interacting with the measurement apparatus and creating new information.  



	Two-slit experiment. A "gedanken" experiment in the 1920's, but a real experiment today, exhibits the combination of wave and particle properties.
Note that what two-slit experiment really shows is 

	first, the wave function deterministically and continuously exploring all the possibilities for interaction,
	second, the particle randomly and discontinuously choosing one of those possibilities to become actual. 





There are many more elements that play lesser roles, some making the Copenhagen Interpretation very unpopular among philosophers of science and spawning new interpretations or even "formulations" of quantum mechanics. Some of these are misreadings or later accretions. They include:  


	The "conscious observer." The claim that quantum systems cannot change their states without an observation being made by a conscious observer. Does the collapse only occur when an observer "looks at" the system? How exactly does the mind of the observer have causal power over the physical world? (the mind-body problem).

Einstein objected to the idea that his bed had diffused throughout the room and only gathered itself back together when he opened the bedroom door and looked in.

John von Neumann and Eugene Wigner seemed to believe that the mind of the observer was essential, but it is not found in the original work of Bohr and Heisenberg, so should perhaps not be a part of the Copenhagen Interpretation? It has no place in standard quantum physics today


	The measurement problem, including the insistence that the measuring apparatus must be described classically when it is made of quantum particles. There are actually at least three definitions of the measurement problem. 
	
The claim that the two dynamical laws, unitary deterministic time evolution according to the Schrödinger equation and indeterministic collapse according to Dirac's projection postulate are logically inconsistent. They cannot both be true, it's claimed.
The proper interpretation is simply that the two laws laws apply at different times in the evolution of a quantum object, one for possibilities, the other for actuality (as Heisenberg knew):

	first, the unitary deterministic evolution moves through space exploring all the possibilities for interaction,
	second, the indeterministic collapse  randomly (acausally) selects one of those possibilities to become actual. 



	
The original concern that the "collapse dynamics" (von Neumann Process 1) is not a part of the formalism (von Neumann Process 2) but is an ad hoc element, with no rules for when to apply it.
If there was a deterministic law that predicted a collapse, or the decay of a radioactive nucleus, it would not be quantum mechanics! 


	Decoherence theorists say that the measurement problem is the failure to observe macroscopic superpositions, such as Schrödinger's Cat. 



	The many unreasonable philosophical claims for "complementarity:" e.g., that it solves the mind-body problem?, 

	
The basic "subjectivity" of the Copenhagen interpretation. It deals with epistemological knowledge of things, rather than the "things themselves." 



Opposition to the Copenhagen Interpretation

Albert Einstein, Louis deBroglie, and especially Erwin Schrödinger insisted on a more "complete" picture, not merely what can be said, but what we can "see," a visualization (Anschaulichkeit) of the microscopic world. But de Broglie and Schrödinger's emphasis on the wave picture made it difficult to understand material particles and their "quantum jumps." Indeed, Schrödinger and more recent physicists like John Bell and the decoherence theorists H. D. Zeh and Wojciech Zurek deny the existence of particles and the collapse of the wave function, which is central to the Copenhagen Interpretation.


Perhaps the main claim of those today denying the Copenhagen Interpretation (and standard quantum mechanics) began with Schrödinger's (nd later Bell's) claim that "there are no quantum jumps." Decoherence theorists and others favoring Everett's Many-Worlds Interpretation reject Dirac's projection postulate, a cornerstone of quantum theory.


Heisenberg had initially insisted on his own "matrix mechanics" of particles and their discrete, discontinuous, indeterministic behavior, the "quantum postulate" of unpredictable events that undermine the classical physics of causality. But Bohr told Heisenberg that his matrix mechanics was too narrow a view of the problem. This disappointed Heisenberg and almost ruptured their relationship. But Heisenberg came to accept the criticism and he eventually endorsed all of Bohr's deep philosophical view of quantum reality as unvisualizable.


In his September Como Lecture, a month before the 1927 Solvay conference, Bohr introduced his theory of "complementarity" as a "complete" theory. It combines the contradictory notions of wave and particle. Since both are required, they complement (and "complete") one another.


Although Bohr is often credited with integrating the dualism of waves and particles, it was Einstein who predicted this would be necessary as early as 1909. But in doing so, Bohr obfuscated further what was already a mysterious picture. How could something possibly be both a discrete particle and a continuous wave? Did Bohr endorse the continuous deterministic wave-mechanical views of Schrödinger? Not exactly, but Bohr's accepting Schrödinger's wave mechanics as equal to and complementing his matrix mechanics was most upsetting to Heisenberg.

Bohr's Como Lecture astonished Heisenberg by actually deriving (instead of Heisenberg's heuristic microscope argument) the uncertainty principle from the space-time wave picture alone, with no reference to the acausal dynamics of Heisenberg's picture!
 After this, Heisenberg did the same derivation in his 1930 text and subsequently completely accepted complementarity. Heisenberg spent the next several years widely promoting Bohr's views to scientists and philosophers around the world, though he frequently lectured on his mistaken, but easily understood, argument that looking at particles disturbs them. His microscope is even today included in many elementary physics textbooks.


Bohr said these contradictory wave and particle pictures are "complementary" and that both are needed for a "complete" picture. He co-opted Einstein's claim to a more "complete" picture of an objective" reality, one that might restore simultaneous knowledge of position and momentum, for example. Classical physics has twice the number of independent variables (and twice the information) as quantum physics. In this sense, it does seem more "complete." 


Many critics of Copenhagen thought that Bohr deliberately and provocatively embraced logically contradictory notions - of continuous deterministic waves and discrete indeterministic particles - perhaps as evidence of Kantian limits on reason and human knowledge. Kant called such contradictory truths "antinomies." The contradictions only strengthened Bohr's epistemological resolve and his insistence that physics required a subjective view unable to reach the objective nature of the "things in themselves." As Heisenberg described it in his explanation of the Copenhagen Interpretation,


This again emphasizes a subjective element in
the description of atomic events, since the measuring device has
been constructed by the observer, and we have to remember that
what we observe is not nature in itself but nature exposed to our
method of questioning. Our scientific work in physics consists in
asking questions about nature in the language that we possess
and trying to get an answer from experiment by the means that
are at our disposal.
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For Scholars
	Born's statistical interpretation - brings in Schrödinger waves, which upset Heisenberg
	uncertainty principle, March 1927
	complementarity - waves and particles, wave mechanics and matrix mechanics, again upsets Heisenberg
	the two-slit experiment
	measurements, observers, "disturb" a quantum system, - Microscope echo
	loss of causality (Einstein knew), unsharp space-time description (wave-packet)
	classical apparatus, quantum system
	our goal not to understand reality, but to acquire knowledge Rosenfeld quote
	
	Experimenter must choose either particle-like or wave-like experiment - need examples
	Heisenberg uncertainty was discontinuity, intrusion of instruments, for Bohr it was "the general complementary character of description" - wave or particle
	Complementarity a general framework, Heisenberg particle uncertainty a particular example 
	Einstein/Schrödinger want a field theory and continuous/waves only? Bohr wants sometimes waves, sometimes particles. Bohr wants always both waves and particles.
	Combines Heisenberg's "free choice" of experimenter as to what to measure, with Dirac's "free choice" of Nature with deterministic evolution of possibilities followed by discontinuous and random appearance of one actual from all the possibles.





It is a sad fact that Einstein,  who had found more than any other scientist on the quantum interaction of electrons and photons, was largely ignored or misunderstood at this Solvay, when he again clearly described nonlocality

Source: https://www.informationphilosopher.com/introduction/physics/copenhagen_interpretation.html
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Formulations of Quantum Mechanics

We must try to distinguish a "formulation"  of quantum mechanics from an "interpretation" of quantum mechanics, although it is difficult sometimes. 

For example, David Bohm's 1952 Pilot-Wave theory provided "hidden variables" in the form of a "quantum potential" that changes instantaneously (infinitely faster than light speed) throughout all space, in order to restore a deterministic view of quantum mechanics, which Bohm thought that Einstein wanted. Einstein was appalled. Many writers describe this as the "pilot-wave interpretation" and it is both a formulation and an interpretation.


Different formulations in both classical and quantum mechanics provide exactly the same predictions and experimental results. But the mathematics of one formulation may yield solutions of a specific physical situation much more quickly and easily than others. Some are more easily generalized to relativistic mechanics. Some help us to "visualize" what is going on - the so-called "elements of reality" - in particular problems. Some are better at eigenvalues than transition probabilities, some better for bound/periodic systems than for "free" particles. Some find "constants of the motion" better. Some are better for quantum field theory than for quantum electrodynamics and so on.


Just as there are many formulations of classical mechanics, there are many formulations (some analogous) of quantum mechanics.


	Classical Mechanics
	Quantum Mechanics

	Newtonian

    Lagrangian

    Hamiltonian

    Hamilton's Principle

    Hamilton-Jacobi

    Maupertuis' Principle of Least Action

    Poisson Brackets

    Louville Equation
	Old Quantum Theory (Bohr-Sommerfeld, 1913)

    Matrix Mechanics (Heisenberg-Born-Jordan, 1925)

    Wave Mechanics (Schrödinger, 1926)

    Poisson Bra-kets, Transformation Theory (Dirac, 1927)

    Creation-Destruction Operators (Dirac-Jordan-Klein, 1927)

    Density Matrix (Von Neumann, 1927)

    Variational-Hamilton's Principle (Jordan-Klein, 1927)

    Phase Space Distribution (Wigner, 1932)

    Path Integral-Sum over Histories (Feynman, 1948)

    Pilot-Wave (De Broglie-Bohm, 1952)

    Hamilton-Jacobi/Action-Angle (Leacock-Padgett, 1983)




Formulations


Old Quantum Theory (Bohr-Sommerfeld, 1913)


Bohr's original work is no longer an active formulation of quantum mechanics, because it explains relatively little, but that little was enough to find the various "quantum numbers" (principal, angular, magnetic, and spin) behind atomic structure and atomic spectral lines. With the help of Sommerfeld (angular momentum) and later Pauli (spin), the old quantum theory discovered the "allowed stationary states" and the "selection rules" for allowed transitions between those states in various atoms and later molecules. It could not calculate "transition probabilities" needed to explain the intensities of the spectral lines. 

Bohr quantized the electron orbits (visualized as planetary electrons traveling around a Rutherford nucleus), treating them as periodic bound systems. He did not quantize the "free" radiation emitted or absorbed when electrons "jump" from one orbit to another. Bohr thought it was classical electromagnetic radiation until at least 1925, ignoring Einstein's hypothesis of light quanta (1905), their connection to waves (1909), and their emission and absorption, along with his discovery of "stimulated" emission (1916). Bohr's "correspondence principle" allowed him to match up the transitions for states with large quantum numbers to classical behavior at large distances from the nucleus, which helped him to determine some physical constants (e.g., Rydberg).


In the mid-1920's, Bohr's assistant Hendrik Kramers analyzed the allowed orbits into their Fourier components and developed a matrix of transitions between states. He showed that transition probabilites were proportional to the squares of the Fourier component waves. Werner Heisenberg helped Kramers with the calculations in a joint paper, and then returned to Göttingen where he extended the matrix idea to reformulate old quantum theory as "matrix mechanics." With the help of Max Born and Pascual Jordan, he could correctly calculate transition probabilities, explaining the strengths of spectral lines. Wolfgang Pauli used matrix mechanics to calculate the structure of the hydrogen atom, reproducing Bohr's results.



Matrix Mechanics (Heisenberg-Born-Jordan, 1925)


While alone on an island recovering from an allergy attack, Werner Heisenberg wrote a paper about a new method to calculate transition probabilities and predict intensities for spectral lines. When Max Born looked at the paper, he recognized Heisenberg's work as matrix multiplications. Born and Pascual Jordan developed the mathematics for the first consistent formulation of quantum mechanics that could explain (and calculate transition probabilities for) Bohr's "quantum jumps."

Heisenberg looked for quantitities that he called "observables," as opposed to Bohr's visualization of circular and elliptical orbits for the electrons. One of these is the system's energy, for example, which he could calculate without reference to an orbit.


Heisenberg could also calculate position and momentum "observables," but these involved non-commuting operators (for which pq ≠ qp). Max Born knew that matrices have this non-commuting property. Heisenberg showed that in general, the "quantum conditions" are that 
  p
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, which later was written as a minimal condition known as the "uncertainty principle," pq - qp ≥ ih.


Heisenberg's matrices are Hermitian, so its eigenvalues are real, and Heisenberg identified those eigenvalues with the possible values of an observable. The matrix elements of the Hamiltonian are diagonal (off-diagonal elements are all zero).


Identifying the energy levels 
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 in an atom as observables which provide no knowledge of the internal dynamics (e.g., electron position, momentum, periodicity, etc.), Heisenberg declared the "underlying reality" as unknowable in principle. In any case, matrix mechanics gives us no "visualization" of what is going on "really."


The matrix elements of the polarization are periodic functions of the time that provide the frequencies and intensities of the spectral lines.  


Heisenberg's square (n x n) matrices are operators that operate on an n x 1 single-row or -column vector. In the Heisenberg picture these "state vectors" ( | ψ > in Dirac notation) are constants, and the operators A evolve in time.
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The operator H is the system Hamiltonian, the total (kinetic plus potential) energy.



Wave Mechanics (Schrödinger, 1926)


In the Schrödinger picture, the operators are time-independent, and the vectors, called wave functions, evolve in time. The time-dependent Schrödinger equation is a linear partial differential equation very similar to Heisenberg's equation (1)
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For a single particle of mass m moving in an electric (but not magnetic field), Schrödinger could write his equation in ordinary physical space as
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He could even write a two-particle wave function (important for the "entangled" particles in the EPR experiments), now in a six-dimensional space, δψ (r1, r2, t).


But Schrödinger's easily "visualizable" wave functions were not the vectors of n-dimensional "configuration space" of Heisenberg's matrix mechanics. Von Neumann called it a Hilbert space, in which n can be infinite and range over both discrete and continuous eigenvalues.


The Copenhagen-Göttingen school was interested in energy levels and "quantum jumps." Heisenberg had successfully explained the relative intensities of spectral lines in terms of transition probabilities. Pauli used matrix mechanics to derive the structure of the hydrogen atom. 


Schrödinger, on the other hand, built his "wave mechanics" with an emphasis on the "wave-particle duality" that Einstein had been advocating for twenty years. For Einstein. "reality" consisted of individual light quanta emitted and absorbed by the atoms. When there are large numbers of such quanta, the wavelike properties show up. Einstein imagined the waves to be a "ghost-field" that guided the light quanta to exhibit classical interference phenomena. Crests in the waves would have more quanta than the nodes.


Louis de Broglie accepted Einstein's view that light waves consist of particles. De Broglie hypothesized that material particles might have wave characteristics that guide the particles. He proposed "pilot waves" with a wavelength related to the moomentum p of the particle.
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Schrödinger's breakthrough was finding the wave equation to describe de Broglie matter waves. Schrödinger and de Broglie argued that the electronic structure of atoms could be visualized as standing waves that fit an integer number of de Broglie wavelengths around each orbit. Schrödinger claimed he had found a natural explanation for integer quantum numbers that had merely been postulated by Bohr. Einstein hoped the wave theory might restore a continuous field explanation.


Schrödinger interpreted an electron wave ψ as the actual electric charge density spread out in space. Einstein had strong reasons for objecting to this view as early as 1905 for light quanta, and Schrödinger gave up that interpretation. A few weeks after Schrödinger's final paper, Max Born offered his statistical interpretation, in which ψ is a probability amplitude (generally a complex number, which supports interference with itself), whose absolute square ψ*ψ is the probability of finding the electron somewhere. (cf. Kramers' transition amplitude, which was squared to provide the transition probability. ) Born acknowledged Einstein's similar view for the relation between light waves (the "ghost-field") and light particles (by then being called photons).



Poisson Bra-kets, Transformation Theory (Dirac, 1927)



Creation-Destruction Operators (Dirac-Jordan-Klein, 1927)



Density Matrix (Von Neumann, 1927)



Variational-Hamilton's Principle (Jordan-Klein, 1927)



Phase Space Distribution (Wigner, 1932)



Path Integral-Sum over Histories (Feynman, 1948)



Pilot-Wave (De Broglie-Bohm, 1952)



Hamilton-Jacobi/Action-Angle (Leacock-Padgett, 1983)


For Scholars





Source: https://www.informationphilosopher.com/introduction/physics/formulations/
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Heisenberg Cut

Werner Heisenberg described the collapse of the wave function as requiring a "cut" (Schnitt in German) somewhere along the transition from the microscopic quantum system through the "classical" apparatus to the observer and the observer's "knowledge" about the quantum system. He asked, "Where is the cut to be between the description by the wave function and the classical description?" He said it did not matter where this cut was placed, because the mathematics would produce the same experimental results wherever it was placed. 


Like Niels Bohr, his goal was to describe quantum mechanical observations in the normal everyday language about a classically understandable measuring system. For Heisenberg, an observing system could be the human eye or a familiar photograph, because for the Bohr-Heisenberg "Copenhagen Interpretation" the final aim of  physics is to describe experiments and their results like we describe the things and events in everyday life, i. e., by intuitive, common sense concepts of the space-time world and in the words we use for this classical space-time world. 


The "cut" is frequently conflated with the "quantum to classical transition, the point at which the "classical" laws of physics, for example Newton's laws of motion, emerge from the quantum world.


There has been a lot of controversy and confusion about the location of this cut. Eugene Wigner placed it outside a room which includes the measuring apparatus and an observer A, and just before observer B makes a measurement of the physical state of the room, which is imagined to evolve deterministically according to John von Neumann's "process 2" according to the Schrödinger equation.


The case of Schrödinger's Cat is thought to present a similar paradoxical problem. Is the cat simultaneously (in a "superposition" of) dead and alive just before the observer learns which is the case? The simple answer is that live and dead are "possibilities," with calculable probabilities.

John von Neumann contributed a lot to this confusion in his discussion of subjective perceptions and "psycho-physical parallelism," which was encouraged by Neils Bohr. Bohr interpreted his "complementarity principle" as explaining the difference between subjectivity and objectivity (as well as several other dualisms). von Neumann wrote:


The difference between these two processes is a very fundamental one: aside from the different behaviors in regard to the principle of causality, they are also different in that the former is (thermodynamically) reversible, while the latter is not.

Let us now compare these circumstances with those which actually exist in nature or in its observation.  First, it is inherently entirely correct that the measurement or the related process of the subjective perception is a new entity relative to the physical environment and
is not reducible to the latter. Indeed, subjective perception leads us into the intellectual inner life of the individual, which is extra-observational by its very nature  (since it must be taken for granted by any conceivable observation or experiment). 


 Nevertheless, it is a fundamental requirement of the scientific viewpoint -- the so-called principle of the psycho-physical parallelism -- that it must be possible so to describe the extra-physical process of the subjective perception as if it were in reality in the physical world -- i.e., to assign to its parts equivalent physical processes in the objective environment, in ordinary space. (Of course, in this correlating procedure there arises the frequent necessity of localizing some of these processes at points which lie within the portion of space occupied by our own bodies. But this does not alter the fact of their belonging to the "world about us," the objective environment referred to above.) 


In a simple example, these concepts might be applied about as follows: We wish to measure a temperature. If we want, we can pursue this process numerically until we have the temperature of the environment of the mercury container of the thermometer, and then say: this temperature is measured by the thermometer. But we can carry the calculation further, and from the properties of the mercury, which can be explained in kinetic and molecular terms, we can calculate its heating, expansion, and the resultant length of the mercury column, and then say: this length is seen by the observer. 


Going still further, and taking the light source into consideration, we could find out the reflection of the light quanta on the opaque mercury column, and the path of the remaining light quanta into the eye of the observer, their refraction in the eye lens, and the formation of an image on the retina, and then we would say: this image is registered by the retina of the observer. 


And were our physiological knowledge more precise than it is today, we could go still further, tracing the chemical reactions which produce the impression of this image on the retina, in the optic nerve tract and in the brain, and then in the end say: these chemical changes of his brain cells are perceived by the observer. But in any case, no matter how far we calculate -- to the mercury vessel, to the scale of the thermometer, to the retina, or into the brain, at some time we must say: and this is perceived by the observer. That is, we must always divide the world into two parts, the one being the observed system, the other the observer. In the former, we can follow up all physical processes (in principle at least) arbitrarily precisely. In the latter, this is meaningless. 



The boundary between the two is arbitrary to a very large extent. In particular we saw in the four different possibilities in the example above, that the observer in this sense needs not to become identified with the body of the actual observer: In one instance in the above example, we included even the thermometer in it, while in another instance, even the eyes and optic nerve tract were not included. That this boundary can be pushed arbitrarily deeply into the interior of the body of the actual observer is the content of the principle of the psycho-physical parallelism -- but this does not change the fact that in each method of description the boundary must be put somewhere, if the method is not to proceed vacuously, i.e., if a comparison with experiment is to be possible. Indeed experience only makes statements of this type: an observer has made a certain (subjective) observation; and never any like this: a physical quantity has a certain value.

Now quantum mechanics describes the events which occur in the observed portions of the world, so long as they do not interact with the observing portion, with the aid of the process 2, but as soon as such an interaction occurs, i.e., a measurement, it requires the application of process 1. The dual form is therefore justified.* However, the danger lies in the fact that 
the principle of the psycho-physical parallelism is violated, so long as it is not shown that the boundary between the observed system and the observer can be displaced arbitrarily in the sense given above.


(The Mathematical Foundations of Quantum Mechanics, pp.418-21)


the Schnitt
Information physics places the cut or boundary at the place and time of information creation. It is only after information is created that an observer could make an observation. Beforehand, there is no information to be observed.


Information creation occurs as a result of the interaction between the microscopic system and the measuring apparatus. It was a severe case of anthropomorphism to think it required the consciousness of an observer for the wave function to collapse. 

The collapse of a wave function and information creation has been going on in the universe for billions of years before human consciousness emerged.




Source: https://www.informationphilosopher.com/introduction/physics/heisenberg_cut.html
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Interpretations of Quantum Mechanics

Wikipedia has a most comprehensive page on the Interpretations of Quantum Mechanics.

As with our analysis of positions on the free will problem, there are many interpretations, some very popular (with many adherents), some with only a few supporters. The popular views are defended in hundreds or journal articles and published books. Just as with philosophers, the supporters of an interpretation often have their own jargon which sometimes makes communication between the different positions difficult.


The standard "orthodox" interpretation of quantum mechanics includes a projection postulate. This is the idea that once one of the possible locations for a particle becomes actual at one position, the probabilities for actualization at all other positions becomes instantly zero. This sudden disappearance of possibilities/probabilities at locations remote from where a particle is actually found is called nonlocality. It was first seen as early as 1905 by Albert Einstein. 


"Projection" or "reduction of the wave packet" is known as the "collapse of the wave function," although the wave itself function does not "collapse" in the sense of gathering itself together at the single point where a particle is found. All that changes is our knowledge about the particle, where it is actually found. What changes is only abstract immaterialinformation about the particle's location. 


In the two-slit experiment, for example, the wave function actually does not change at all, since it just depends on the boundary conditions in the experiment, which do not change because one particle has been found. Every future experiment with the same conditions has exactly the same wave function and thus the same probabilities for finding a particle. Unless, of course, we change from one slit open to both open, or vice versa.


Another similar particle entering the same space, after the first particle has been detected and thus removed from the space, would have the same probability distribution, since the wave function is determined by the solution of the Schrödinger equation, given the boundary conditions for the space and the wavelength of the particle.


The wave function is simply immaterial information. It remains a mystery how it controls (if it controls) the motions of individual particles so their the predicted probabilities agree perfectly with the statistics of large numbers of identical experiments. 



Today there appear to be about as many unorthodox interpretations, denying Paul Dirac projection postulate, as there are more standard views.

    

     No-Collapse Interpretations
    
Pilot-Wave Theory - deterministic, non-local, hidden variables, no observer, particles

(de Broglie-Bohm, 1952)  
    
Many-Worlds Interpretation - deterministic, local, hidden variables, no observer

(Everett-De Witt, 1957)  
    
Time-Symmetric Theory
(Aharonov, 1964)  
    
Decoherence - deterministic, local, no particles 

(Zeh-Zurek, 1970)  
    
Consistent Histories - local

(Griffiths-Omnès-Gell-Mann-Hartle, 1984)  
    
Consistent Histories - local

(Griffiths-Omnès-Gell-Mann-Hartle, 1984)  
    
Cosmological Interpretation
(Aguirre and Tegmark, 2012)  
    

     Collapse Interpretations  
    
Copenhagen Interpretation - indeterministic, non-local, observer

(Bohr-Heisenberg-Born-Jordan, 1927)  
    
Conscious Observer - indeterministic, non-local, observer

(Von Neumann-Wigner)  
    
Statistical Ensemble - indeterministic, non-local, no observer

(Einstein-Born- Ballentine)  
    
Objective Collapse - indeterministic, non-local, no observer

(Ghirardi-Rimini-Weber, 1986; Penrose, 1989)  
    
Transactional Interpretation - indeterministic, non-local, no observer, no particles

(Cramer, 1986)  
    
Relational Interpretation - local, observer

(Rovelli, 1994)  
    
Pondicherry Interpretation - indeterministic, non-local, no observer

(Mohrhoff, 2005)  
    
Information Interpretation - indeterministic, non-local, no observer

(Doyle, 2015)  
    

From the earliest days of quantum theory, when Max Planck in 1900 hypothesized an abstract "quantum of action" and Albert Einstein in 1905 hypothesized that energy comes in physical quanta, there have been disagreements about "interpretations," misunderstandings about the underlying "reality" of the external world that could account for the apparent agreement between quantum theory and the observed experimental facts.


For example, the inventor of the quantum of action used his constant h as a heuristic device to calculate the probabilities of various virtual oscillators (distributing them among energy states using Boltzmann's statistical mechanics ideas, the partition function, etc.). He quantized these mechanical oscillators, but not the radiation field itself. In 1913, Bohr similarly quantized the oscillators (electrons) in the "old quantum theory" and his planetary model of the electrons orbiting the Rutherford nucleus. Bohr's electrons "jump" discontinuously from orbit to orbit, emitting or absorbing discrete amounts of energy En - Em where n and m are orbital "quantum numbers." But Bohr insisted that the energy radiated in a quantum jump was continuous, ignoring Einstein's hypothesis.



By comparison to Planck, Einstein had already in 1905 quantized the continuous electromagnetic radiation field as light quanta (today's photons). Planck denied the physical "reality" of any quanta (including his own) until 1910 at the earliest. And Bohr did not accept photons as being emitted and absorbed during quantum jumps until twenty years after Einstein proposed them - if then. Photons are now universally accepted, of course, and (sadly) standard quantum mechanics says they are emitted and absorbed during Bohr's "quantum jumps" of the electrons.

Einstein saw clearly that if the radiation emitted by an atom were to spread out diffusely as a classical wave into a large volume of space, how could the energy collect itself together again instantly to be absorbed by another atom - without having that energy travel faster than light speed as it gathered itself together in the absorbing atom? He clearly saw that a discrete, discontinuous "jump" was involved, something denied by many of the modern "interpretations" of quantum mechanics.


He also saw that the wave that filled space moments before the detection of the whole quantum of energy must disappear instantly as all the energy in the quantum is absorbed by a single atom in a particular location. This was a collapse of a light wave twenty years before there was a "wave function" and Erwin Schrōdinger's wave equation! Later Einstein interpreted the wave at a point as the probability of light quanta at that point. many years before Max Born's statistical interpretation of the wave function! 


The idea of something (later called the wave function) associated with the particle led to the problem of wave-particle duality, described first by Einstein in 1909. In 1927, he expressed concern that what came to be called nonlocality violates his special theory of relativity. To this day, it drives the idea that quantum physics cannot be reconciled with relativity. It can.


The nadir of interpretation was probably the most famous interpretation of all, the one developed in Copenhagen, the one Niels Bohr's assistant Leon Rosenfeld said was not an interpretation at all, but simply the "standard orthodox theory" of quantum mechanics.


It was the nadir of interpretation because Copenhagen wanted to put a stop to "interpretation" in the sense of understanding or "visualizing"  an underlying reality. The Copenhageners said we should not try to "visualize" what is going on behind the collection of observable experimental data. Just as Kant said we could never know anything about the "thing in itself," the Ding-an-sich, so the positivist philosophy of Comte, Mach, Russell, and Carnap and the British empiricists Locke and Hume claim that knowledge stops at the "secondary" sense data or perceptions of phenomena, preventing access to the primary "objects."


Einstein's views on quantum mechanics have been seriously distorted (and his early work largely forgotten), perhaps because of his famous criticisms of Born's "statistical interpretation" and Werner Heisenberg's claim that quantum mechanics was "complete" without describing what particles are doing from moment to moment. 


Though its foremost critic, Einstein frequently said that quantum mechanics was a most successful theory, the very best theory so far at explaining microscopic phenomena, but that he hoped his ideas for a continuous field theory would someday add to the discrete particle theory and its "non-local" phenomena. It would allow us to get a deeper understanding of underlying reality, though at the end he despaired for his continuous field theory compared to particle theories.  


Many of the "interpretations" of quantum mechanics deny a central element of quantum theory, one that Einstein himself established in 1916, namely the role of indeterminism, or "chance," to use its traditional name, as Einstein did in physics (in German, Zufall) and as William James did in philosophy in the 1880's. These interpretations hope to restore the determinism of classical mechanics. Einstein hoped for a return to deterministic physics, but even more important for him was a physics based on continuous fields, rather than discrete discontinuous particles.


We can therefore classify various interpretations by whether they accept or deny chance, especially in the form of the so-called "collapse" of the wave function, also known as the "reduction" of the wave packet or what Paul Dirac called the "projection postulate." Most "no-collapse" theories are deterministic. "Collapses" in standard quantum mechanics are irreducibly indeterministic. And a great surprise is that the wave function in fact does not collapse!


Many interpretations are attempts to wrestle with still another problem that Einstein saw as early as 1905, in "non-local" events something appears to be moving faster than light and thus violating his special theory of relativity (which he formulated in 1905). 


So we can classify interpretations by whether they accept the instantaneous nature of the collapse, especially the collapse of the two-particle wave function of "entangled" systems, where two particles appear instantly in widely separated places, with correlated properties that conserve energy, momentum, angular momentum, spin, etc. These interpretations are concerned about nonlocality - the idea that "reality" is "nonlocal" with simultaneous events in widely separated places correlated perfectly - a sort of "action-at-a-distance."


Many interpretations prefer wave mechanics to quantum mechanics, seeing wave theories as continuous field theories. They like to regard the wave function as a real entity rather than an abstract possibilities function. De Broglie's pilot-wave theory and its variations (e.g., Bohmian mechanics, Schrödinger's view) hoped to represent the particle as a "wave packet" composed of many waves of different frequencies, such that the packet has non-zero values in a small volume of space. Schrödinger and others found such a wave packet rapidly disperses .


Finally, we may also classify interpretations by their definitions of what constitutes a "measurement," and particularly what they see as the famous  "problem of measurement." Niels Bohr, Werner Heisenberg, and John von Neumann had a special role for the "conscious observer"in a measurement.  Eugene Wigner claimed that the observer's conscious mind caused the wave function to collapse in a measurement.


So we have three major characterizations - indeterministic-discrete-discontinuous "collapse" vs. deterministic-continuous "no-collapse" theories, nonlocality-faster-than-light vs. local "elements of reality" in "realistic theories, and the role of the observer.


Another way to look at an interpretation is to ask which basic element (or elements) of standard quantum mechanics does the interpretation question or just deny?  For example, some interpretations deny the existence of particles. They admit only waves that evolve unitarily under the Schrōdinger equation.


 We can begin by describing those elements, using the formulation of quantum mechanics that Einstein thought most perfect, that of P. A. M. Dirac.





A Brief Introduction to Basic Quantum Mechanics 


Einstein said of Dirac in 1930,
"Dirac, to whom, in my opinion, we owe the most perfect exposition, logically, of this 
[quantum] theory"

  
All of quantum mechanics rests on the Schrōdinger equation of motion 
that deterministically describes the time evolution of the 
probabilistic wave function, plus three basic
assumptions, the principle of superposition (of wave functions), the
axiom of measurement (of expectation values for observables), and the projection
postulate (which describes the collapse of the wave function that introduces indeterminism or chance during interactions). 

Dirac's "transformation theory" then allows us 
to "represent" the initial wave function (before an interaction) in terms of a "basis set" of 
"eigenfunctions" appropriate for the possible quantum states of 
our measuring instruments that will describe the interaction. 


Elements in the "transformation matrix" immediately 
give us the probabilities of measuring the system and finding it 
in one of the possible quantum states or "eigenstates," each eigenstate 
corresponding to an "eigenvalue" for a dynamical operator like 
the energy, momentum, angular momentum, spin, polarization, etc.


 
Diagonal (n, n) elements in the transformation matrix give us the eigenvalues for observables in quantum state n. Off-diagonal (n, m) matrix elements give us transition probabilities between quantum states n and m.


Notice the sequence - possibilities > probabilities > actuality: the wave function gives us the possibilities, for which we can calculate probabilities. Each experiment gives us one actuality. A very large number of identical experiments confirms our probabilistic predictions to thirteen significant figures (decimal places), the most accurate physical theory ever discovered.



1. The Schrōdinger Equation. 


The
fundamental equation of motion in quantum
mechanics is Erwin Schrōdinger's famous
wave equation that describes the
evolution in time of his wave function ψ.
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Max Born interpreted the square of
the absolute value of Schrōdinger's wave
function |ψn2  
(or < ψn | ψn > 
in Dirac notation) as providing the probability of
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Origins of Information in the Universe

The universe began in a state of equilibrium some 13.75 billion years ago.


In thermodynamic equilibrium, there is only motion of the microscopic constituent particles ("the motion we call heat"). The existence of macroscopic structures, such as the stars and planets, and their motions, is a departure from thermodynamic equilibrium. And that departure we call the "negative entropy." 


    The second law of thermodynamics says that the entropy (or disorder) of a closed physical system increases until it reaches a maximum, the state of thermodynamic equilibrium. It requires that the entropy of the universe is now and has always been increasing. 


    This established fact of increasing entropy led many scientists and philosophers to assume that the universe we have is "running down" to a "heat death." They think that means the universe began in a very high state of information, since the second law requires that any organization or order is susceptible to decay. The information that remains today, in their view, has always been here.  There is nothing new under the sun.   They are determinists.


    But the universe is not a closed system. It is in a dynamic state of expansion that is moving away from thermodynamic equilibrium faster than entropic processes can keep up, as suggested in 1935 by Arthur Stanley Eddington. He said...



The expansion of the universe creates new possibilities of distribution faster than the atoms can work through them, and there is no longer any likelihood of a particular distribution being repeated. 


The maximum possible entropy is increasing much faster than the actual increase in entropy. The difference between the maximum possible entropy and the actual entropy is negative entropy or potential information, as shown graphically in the 1970's by my colleague in the Harvard astronomy department David Layzer. 

[image: image-placeholder]

    Creation of information structures means that in parts of the universe the local entropy is actually going down. Creation of a local low entropy system is always accompanied by radiation of entropy away from the local structures to distant parts of the universe, into the night sky for example.  The total global entropy always increases, satisfying the second law, even if it never reaches the maximum possible entropy.


    
As the universe expands (see the figure), both positive and negative entropy
are generated. The normal thermodynamic
entropy, known as the Boltzmann Entropy, is the large black arrow. The negative entropy, often called the Shannon Entropy, is  a measure of the information content in the evolving universe. 

[image: image-placeholder]

Entropy and information can thus
increase at the same time in the expanding universe. There are
generally two entropy/information flows. In any process, the positive entropy
increase is always at least equal to, and generally orders of
magnitude larger than, the negative entropy in any created information
structures. Positive entropy must exceed negative, to satisfy the second law of thermodynamics, which says that overall entropy always increases.



Material particles are the first information structures to form
in the universe.. They are quarks, baryons, and atomic nuclei,
which will combine with electrons to form atoms and eventually molecules,
when the temperature is low enough. These material particles are
attracted together by the force of universal gravitation to form the gigantic
information structures of the galaxies, stars, and planets.

[image: image-placeholder]

Microscopic quantum mechanical particles and huge self-gravitating
systems are both stable and have extremely long lifetimes.


When stars form, they become another source of radiation after the original Big Bang
cosmic source, which has cooled down to 3 degrees Kelvin (3K)
and shines as the cosmic microwave background radiation.
 
[image: image-placeholder]

Our solar radiation has a high color temperature (5780K) but a low energy-content temperature (273K). It is out of equilibrium
and it is the source of all the information-generating negative
entropy that drives biological evolution on the Earth. 
 
[image: image-placeholder]


Note that
the fraction of the Sun's light falling on Earth is less than a billionth of
that which passes by and is lost in space.


A tiny fraction of the solar energy falling on the earth gets converted
into the information structures of plants and animals. Most
of it gets converted to heat and is radiated away as waste energy to
the night sky.

[image: image-placeholder]

Every biological structure is a quantum mechanical structure.
DNA has maintained its stable information structure (again, thanks to the extraordinary stability of quantum structures) over billions of years in the constant presence of chaos and noise.

[image: image-placeholder]

The stable information content of a human being survives many
changes in the material content of the body during a person’s lifetime.
Only with death does the mental information (spirit, soul)
dissipate - unless it is saved somewhere.


 The total mental information in a living human is orders of
magnitude less than the information content and information
processing rate of the body. But the information structures created
by humans outside the body, in the form of external knowledge
(we call them the Sum), including the enormous collection of human artifacts,
rival the total biological information content in any individual.



   Information increases and we are co-creators of the universe
   

    Creation of information structures means that today there is more information in the universe than at any earlier time. This fact of increasing information fits well with an undetermined universe that is still creating itself.  In this universe, stars are still forming, biological systems are creating new species, and intelligent human beings are co-creators of the world we live in. 

    All this creation is the result of the one core process that creates all information. It is a combination of two distinct physical processes, one quantum mechanical, the other thermodynamic. Understanding this core creative process is as close as we are likely to come to understanding the invention of an anthropomorphic creator of the universe There is no such agent, but cosmic creation is a still-present divine providence, the cosmic source of everything good and evil. 




Source: https://www.informationphilosopher.com/introduction/physics/origins_of_information/
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The Information Interpretation of Quantum Mechanics

There are presently several "interpretations" of quantum mechanics. Many, perhaps most, are attempts to eliminate the element of chance or indeterminism that is involved in the so-called collapse of the wave function. 

The Information Interpretation is simply "standard quantum physics"  plusinformation being recorded irreversibly.  Unlike the Copenhagen Interpretation, we offer several visualizations of what is going on in quantum reality,



The Information Interpretation is based on three simple premises:

	Quantum systems evolve in two ways:

	the first is the wave function deterministically exploring all the possibilities for interaction,

	the second is the particle randomly choosing one of those possibilities to become actual. 



	No knowledge can be gained by a "conscious observer" unless new information has already been irreversibly recorded in the universe. That information can be created and recorded in either the target quantum system or the measuring apparatus. Only then can it become knowledge in the observer's mind.


	
In our two-stage model of free will, an agent first freely generates alternative possibilities, then evaluates them and chooses one, adequately determined by its motives, reasons, desires, etc. First come "free alternatives," then "willed actions." Just as with quantum processes - first possibilities, then actuality.


The measuring apparatus is quantal, not deterministic or "classical." It need only be statistically determined and capable of recording the irreversible information about an interaction. The human mind is similarly only statistically determined.



There is only one world. 
It is a quantum world. 
Ontologically it is indeterministic. Epistemically, common sense and experience incline us to see it as deterministic

Information physics claims there is only one world, the quantum world, and the "quantum to classical transition" occurs for any large macroscopic object that contains a large number of atoms. For large enough systems, independent quantum events are "averaged over." The uncertainty in position and momentum of the object becomes less than the observational uncertainty 
Δv Δx  ≥ h / m goes to zero  as h / m goes to zero. 

The classical laws of motion, with their implicit determinism and strict causality,  emerge when objects are large enough so that microscopic events can be ignored, but this determinism is fundamentally statistical and causes are only probabilistic, however near to certainty.  


Information philosophy interprets the wave function ψ as a "possibilities" function. With this simple change in terminology, the mysterious process of a wave function "collapsing" becomes more understandable.  The wave function ψ evolves to explore all the  possibilities (with mathematically calculable probabilities). When a single actuality is realized, the probability for all the non-actualized possibilities goes to zero ("collapses") instantaneously.


But they could never reconcile the macroscopic irreversibility needed for the second law 


Information physics is standard quantum physics. It accepts the Schrödinger equation of motion, the principle of superposition, the axiom of measurement (now including the actual information "bits" measured), and - most important - the projection postulate of standard quantum mechanics (the "collapse" that so many interpretations deny). 


The "conscious observer" of the Copenhagen Interpretation is not required for a projection, for the wave-function to "collapse", for one of the possibilities to become an actuality. What the collapse does require is an interaction between systems that creates information that is irreversible and observable, though not necessarily observed.  


Among the founders of quantum mechanics, almost everyone agreed that irreversibility is a key requirement for a measurement. Irreversibility introduces thermodynamics into a proper formulation of quantum mechanics, and this is a key element of our information interpretation. 


But this requirement was never reconciled with classical statistical mechanics, which says that collisions between material particles are reversible. Even quantum statistical mechanics  claims collisions are reversible because the Schrödinger equation is time reversible. Note that Maxwell's equations of electromagnetic radiation are also time reversible.


We have shown that it is the interaction of light and matter, both on their own time reversible, that is the origin of irreversibility.



 Information is not a conserved quantity like energy and mass, despite the view of many mathematical physicists, who generally accept determinism. The universe began in a state of equilibrium with minimal information, and information is being created every day, despite the second law of thermodynamics


Classical interactions between large macroscopic bodies do not generate new information. Newton's laws of motion imply that the information in any configuration of bodies, motions, and force is enough to know all past and future configurations. Classical mechanics conserves information. 

In the absence of interactions, an isolated quantum system evolves according to the unitary Schrödingerequation of motion. Just like classical systems, the deterministic Schrödinger equation conserves information. And just like classical systems, Schrödinger's unitary evolution is time reversible.


Unlike classical systems however, when there is an interaction between material quantum systems, the two systems become entangled and there may be a change of state in either or both systems.  This change of state may create new information. Or if there is an interaction between light and matter the evolution is no longer unitary, there is an irreversible collapse of the wave function.


If that information is instantly destroyed, as in most interactions, it may never be observed macroscopically. If, on the other hand, the information is stabilized for some length of time, it may be seen by an observer and considered to be a "measurement." But it need not be seen by anyone to become new information in the universe. The universe is its own observer!

Compare Schrödinger's Cat as its own observer.


For the information (negative entropy) to be stabilized, the second law of thermodynamics requires that an amount of positive entropy greater than the negative entropy must be transferred away from the new information structure. 

Exactly how the universe allows pockets of negative entropy to form as "information structures" we describe as the "cosmic creation process."  This core two-step process has been going on since the origin of the universe. It continues today as we add information to the sum of human knowledge. 



Note that despite the Heisenberg principle, quantum mechanical measurements are not always uncertain. When a system is measured (prepared) in an eigenstate, a subsequent measurement (Pauli's measurement of the first kind) will find it in the same state with perfect certainty. 



What then are the possibilities for new quantum states? The transformation theory of Dirac and Jordan lets us represent ψ in a set of basis functions for which the combination of quantum systems (one may be a measurement apparatus) has eigenvalues (the axiom of measurement). We represent ψ as in a linear combination (the principle of superposition) of those "possible" eigenfunctions. Quantum mechanics lets us calculate the probabilities of each of those "possibilities." 

Interaction with the measurement apparatus (or indeed interaction with any other system) may select out (the projection postulate) one of those possibilities as an actuality. But for this event to be an "observable" (a John Bell "beable"), information must be created and positive entropy must be transferred away from the new information structure, in accordance with our two-stage information creation process.    



All interpretations of quantum mechanics predict the same experimental results. 
Information physics is no exception, because the experimental data from quantum experiments is the most accurate in the history of science.


Where interpretations differ is in the picture (the visualization) they provide of what is "really" going on in the microscopic world - the so-called "quantum reality." The "orthodox" Copenhagen interpretation of Neils Bohr and Werner Heisenberg discourages such attempts to understand the nature of the "quantum world," because they say that all our experience is derived from the "classical world" and should be described in ordinary language. This is why Bohr and Heisenberg insisted on the path and the "cut" between the quantum event and the mind of an observer. 


The information interpretation encourages visualization. Schrödinger called it Anschaulichkeit. He and Einstein were right that we should be able to picture quantum reality. But that demands that we accept the reality of quantum possibilities and discontinuous random  "quantum jumps," something many modern interpretations do not do. (See our visualization of the two-slit experiment, our EPR experiment visualizations, and Dirac's three polarizers to visualize the superposition of states and the projection or "collapse" of a wave function.)


Bohr was of course right that classical physics plays an essential role. His Correspondence Principle allowed him to recover some important physical constants by assuming that the discontinuous quantum jumps for low quantum numbers (low "orbits" in his old quantum theory model) converged in the limit of large quantum numbers to the continuous radiation emission and absorption of classical electromagnetic theory.


In addition, we know that in macroscopic bodies with enormous numbers of quantum particles, quantum effects are averaged over, so that the uncertainty in position and momentum of a large body still obeys Heisenberg's indeterminacy principle, but the uncertainty is for all practical purposes unmeasurable and the body can be treated classically. We can say that the quantum description of matter also converges to a classical description in the limit of large numbers of quantum particles. We call this "adequate" or statistical determinism. It is the apparent determinism we find behind Newton's laws of motion for macroscopic objects. The statistics of averaging over many independent quantum events then produces the "quantum to classical transition" for the same reason as the "law of large numbers" in probability theory.


Both Bohr and Heisenberg suggested that just as relativistic effects can be ignored when the velocity is small compared to the velocity of light (v / c → 0), so quantum effects might be ignorable when Planck's quantum of action h → 0. But this is quite wrong, because h is a constant that never goes to zero. In the information interpretation, it is always a quantum world. The conditions needed for ignoring quantum indeterminacy are when the mass of the macroscopic "classical" object is large. 

Noting that the momentum p is the product of mass and velocity mv, Heisenberg's indeterminacy principle, Δp Δx > h, can be rewritten as Δv Δx > h / m. It is thus not when h is small, but when h / m is small enough, that errors in the position and momentum of macroscopic objects become smaller that can be measured. 
  



Note that the macromolecules of biology are large enough to stabilize their information structures.  DNA has been replicating its essential information for billions of years, resisting equilibrium despite the second law of thermodynamics 


The creation of irreversible new information also marks the transition between the quantum world and the "adequately deterministic" classical world, because the information structure itself must be large enough (and stable enough) to be seen. The typical measurement apparatus is macroscopic, so the quantum of action h becomes small compared to the mass m and h / m approaches zero.


Decoherence theorists say that our failure to see quantum superpositions in the macroscopic world is themeasurement problem

The information interpretation thus explains why quantum superpositions like Schrödinger's Cat are not seen in the macroscopic world. Stable new information structures in the dying cat reduce the quantum possibilities (and their potential interference effects) to a classical actuality. Upon opening the box and finding a dead cat, an autopsy will reveal that the time of death was observed/recorded. The cat is its own observer. 


The "Possibilities Function"


The central element in quantum physics is the "wave function" ψ, with its mysterious wave-particle dual nature (sometimes a wave, sometimes a particle, etc.). We believe that teaching and understanding quantum mechanics would be much simpler if we called ψ the "possibilities function." It only looks like a wave in simple cases of low-dimensional coordinate space. But it always tells us the possibilities - the possible values of any observable, for example. 


Given the "possibilities function" ψ, quantum mechanics allows us to calculate the "probabilities" for each of the "possibilities." The calculation depends on the free choice of the experimenter as to which "observables" to look for. If the measurement apparatus can register n discrete values, ψ can be expanded in terms of a set of basis functions (eigenfunctions)  appropriate for the chosen observable, say φn. The expansion is 
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When the absolute squares of the coefficients cn are appropriately normalized to add up to 1, the probability Pn of observing an eigenvalue n is 
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These probabilities are confirmed statistically by repeated identical experiments that collect large numbers of results. Quantum mechanics is the most accurate physical theory in science, with measurements accurate to thirteen decimal places. 


In each individual experiment, generally just one of the possibilities becomes an actuality (some experiments leave the quantum system in a new superposition of multiple possibilities).


In our information interpretation, a possibility is realized or actualized at the moment when information is created about the new state of the system. This new information requires that positive entropy be carried away from the local increase in negative entropy.


Note that an "observer" would not be able to make a "measurement" unless there is new information to be "observed." Information must be (and is in all modern experimental systems) created and recorded before any observer looks at the results.


An information approach can help philosophers to think more clearly about quantum physics. Instead of getting trapped in talk about mysterious "collapses of the wave function," "reductions of the wave packet," or the "projection postulate" (all important issues), the information interpretation proposes we simply say that one of the "possibilities" has become "actual." It is intuitively obvious that when one possibility becomes actual, all the others are annihilated, consigned to "nothingness," as Jean-Paul Sartre put it. And because the other possibilities may have been extremely "distant" from the actuality, their instantanteous disappearances looked to Einstein to violate his principle of relativity, but they do not. 


Quantum theory lets us put quantitative values on the "probabilities" for each of the "possibilities." But this means that quantum theory is fundamentally statistical, meaning indeterministic and "random." It is not a question of our being ignorant about what is going on (an epistemological problem). What's happening is ontological chance, as Einstein first showed, but as he forever disliked. 


We can describe the "possibilities function" ψ as moving through space (at the speed of light, or even faster, as Einstein feared?), exploring all the possibilities for wherever the particle might be found. This too may be seen as a special kind of information. In the famous "two-slit experiment," the "possibilities function" travels everywhere, meaning that it passes through both slits, interfering with itself and thus changing the possibilities where the particle might be found. Metaphorically, it "knows" when both slits are open, even if our intuitive classical view imagines that the particle must go through only one. This changes the probabilities associated with each of the possibilities.



Possibilities and Information Theory


It is of the deepest philosophical significance that information theory is based on the mathematics of probability. If all outcomes were certain, there would be no "surprises" in the universe. Information would be conserved and a universal constant, as some mathematicians mistakenly believe. Information philosophy requires the ontological uncertainty and probabilistic outcomes of modern quantum physics to produce new information.


In Claude Shannon's theory of the communication of information, there must be multiple possible messages in order for information to be communicated. If there is but one possible message, there is no uncertainty, and no information can be communicated.


In a universe describable by the classical Newtonian laws of motion, all the information needed to produce the next moment is contained in the positions, motions, and forces on the material particles.


In a quantum world describable by the unitary evolution of the deterministic Schrödinger equation, nothing new ever happens, there is no new "outcome." Outcomes are added to standard quantum mechanics by the addition of the "projection postulate" or "collapse of the wave function" when the quantum system interacts with another system. 


Information is constant in a deterministic universe. There is "nothing new under the sun." The creation of new information is not possible without the random chance and uncertainty of quantum mechanics, plus the extraordinary temporal stability of quantum mechanical structures needed to store information once it is created.


Without the extraordinary stability of quantized information structures over cosmological time scales, life and the universe we know would not be possible. That stability is the consequence of an underlying digital nature.  Quantum mechanics reveals the architecture of the universe to be discrete rather than continuous, to be digital rather than analog. Digital information transfers are essentially perfect. All analog transfers are "lossy."


It is Bohr's "correspondence principle" of quantum mechanics for large quantum numbers and the "law of large numbers" of statistics which ensure that macroscopic objects can normally average out microscopic uncertainties and probabilities to provide the statistical or "adequate" determinism that shows up in all our "Laws of Nature." 



There is no separate classical world and no need for a quantum-to-classical transition. The quantum world becomes statistically deterministic when the mass of an object is such that h / m approaches zero.


We conclude, contrary to the views of Bohr and Heisenberg, that there is no need for a separate classical world. The classical laws of nature emerge statistically from quantum laws. Quantum laws, which are therefore universally applicable, converge in these two limits of large numbers to classical laws. There is no "transition" from the quantum world to a separate classical world. There is just one world, where quantum physics applies universally, but its mysterious properties, like interference, entanglement, and nonlocality, are normally invisible, averaged over, in the macroscopic world. 


The problem for an informational interpretation of quantum mechanics is to explain exactly how these two convergences (large numbers of particles and large quantum numbers) allow continuous and apparently deterministic macroscopic information structures to emerge from the indeterministic and discontinuous microscopic quantum world. 


We must show how the determinism in the macroscopic world is only a statistical determinism or adequate determinism that results from "averaging over" the large number of independent quantum events happening in a macroscopic object. And even more important, we must show how the occasional magnification or amplification of microscopic quantum events leads to new macroscopic information that makes human beings the "authors of their lives", that makes them "co-creators of our universe," and that guarantees a genuinely open future with alternative possibilities, not in inaccessible "parallel universes" but in the one universe that we have.



Feynman's Path Integral, Diagrams, and Sum of Histories


In Richard Feynman's "path integral" formulation of quantum mechanics, we may have a way to help visualize our "possibilities" function.  

Feynman proposed to reformulate quantum mechanics based on just three postulates: 


	The probability for an event is given by the squared modulus of a complex number called the "probability amplitude," just as with the Heisenberg and Schrödinger pictures. 


	
The probability amplitude is given by adding together the contributions of all paths in configuration space, where paths include not only the most direct from the initial state, but also paths with arbitrary curves that can go arbitrarily far away and then come back to the final state, paths so long that they imply traversal at supraluminal speeds! 


	
The contribution of a path is proportional to  ei S / ℏ, where S is the action given by the time integral of the Lagrangian along the path.





The overall probability amplitude for a given process is the sum of the contributions over the space of all possible paths of the system in between the initial and final states. All probability amplitudes have equal weight but have varying phase of the complex action. Rapidly varying phase may significantly reduce the contribution along a path and paths may interfere with neighboring paths.

The path integrals are described as the "sum of histories" of all paths through an infinite space–time. Local quantum field theory might restrict paths to lie within a finite causally closed region, with time-like separations inside a light-cone. 


A Feynman diagram is a graphical representation of one path's contribution to the probability amplitude.


Feynman's path integral method gives the same results as quantum mechanics for Hamiltonians quadratic in the momentum. Feynman's amplitudes also obey the Schrödinger equation for the Hamiltonian corresponding to the action S.


How do we interpret this as visualizing the "possibilities" in our information interpretation? We can compare the individual paths to the "virtual photons" that mediate the electromagnetic field in quantum field theory. The picture is then that an infinite number of virtual photons explore all the possibilities in the given situation. Large numbers of them go through both slits for example, and interfere with one another, preventing even a single real photon from landing on a null point in the interference pattern.



Information Creation without Observers


Information physics explores the quantum mechanical and thermodynamic properties of cosmic information structures, especially those that were created before the existence of human observers. 

A key parameter is the amount of information per particle. When particles combine, the information per particle increases. Starting with quarks forming nucleons, nuclei combining with electrons to form atoms, atoms combining into molecules, macromolecules, crystal lattices, and other solid state structures, at every stage of growth two things are happening. 


Binding energy is being transferred away from the new composite structure, carrying away positive entropy. This positive entropy more than balances the negative entropy (or information) in the new structure, thus satisfying the second law of thermodynamics. But the important thing is the increasing information per particle, which allows the new information structure to approach classical behavior.


Individual particles are no longer acting alone. Acting in concert allows them to average over quantum noise. They acquire new properties and capabilities that emerge from the component particles and are not reducible to the parts. Quantum noise destroys coherent actions of the lower-level parts of the new structure, preventing the lower level from exerting "botton-up" control. Information in the higher-level structure allows the composite system to generate new behaviors that can exercise downward causal control. Some of these behaviors depend for their successful operation on the disruptive noise in the lower level.


For example, a ribosome, assembling a polypeptide chain into a protein, depends on the chaotic and random motions of the transfer RNA molecules with amino acids attached to rapidly provide the next codon match. 


To understand information creation, information physics provides new insights into the puzzling "problem of measurement" and the mysterious "collapse of the wave function" in quantum mechanics. 


Information physics also probes deeply into the second law of thermodynamics to establish the irreversible increase of entropy on a quantum mechanical basis.


"Information physics" provides a new "interpretation" of quantum mechanics. But it is is not an attempt to alter the basic assumptions of standard quantum mechanics, extending them to include "hidden variables," for example. It does reject the unfortunate idea that nothing happens to quantum systems without the intervention of an "observer."



Possibilities, Probabilities, and Actuality


1) The Wave Function.


The central element in quantum physics is the "wave function" ψ, with its mysterious wave-particle dual nature (sometimes a wave, sometimes a particle, etc.). We believe that teaching and understanding quantum mechanics would be much simpler if we called ψ the "possibilities function." It only looks like a wave in simple cases of configuration space. But it always tells us the possibilities - the possible values of any observable, for example. 


2. The Superposition Principle (and transformation theory).


Given the "possibilities function" ψ, quantum mechanics allows us to calculate the "probabilities" for each of the "possibilities." The calculation will depend on the free choice of the experimenter as to which "observables" to look for, by designing an appropriate measurement apparatus. For example, if the measurement apparatus can register n discrete values, ψ can be expanded in terms of a set of n basis functions appropriate for the chosen observable, say φn. 
The expansion is then
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and we say the system is in a "superposition" of these n states.


When the absolute squares of the coefficients cn are appropriately normalized to add up to 1, the probability Pn of observing value n is 
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These probabilities are confirmed statistically by repeated identical experiments that collect large numbers of results. Quantum mechanics is the most accurate physical theory in science, with measurements accurate to thirteen decimal places. 


2. The Equation of Motion. 


The "possibilities function" ψ evolves in time according to the unitary Schrödinger equation of motion.
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where H is the Hamiltonian.   


3. The Projection Postulate ("Collapse" of the Wave Function). 



4. The Axiom of Measurement (impossible without information creation). 


In each individual experiment, generally just one of the possibilities becomes an actuality (some experiments leave the quantum system in a new superposition of multiple possibilities).


In our information interpretation, a possibility is realized or actualized when information is created about the new state of the system. This new information requires that more positive entropy be carried away than the local increase in negative entropy.


Note that an "observer" would not be able to make a "measurement" unless there is new information to be "observed." Information can be (and usually is) created and recorded before any observer looks at the results.


An information approach can help philosophers to think more clearly about quantum physics. Instead of getting trapped in talk about mysterious "collapses of the wave function," "reductions of the wave packet," or the "projection postulate" (all important issues), the information interpretation proposes we simply say that one of the "possibilities" has become "actual." It is intuitively obvious that when one possibility becomes actual, all the others are annihilated, consigned to "nothingness," as Jean Paul-Sartre put it. 


We can also say that quantum theory lets us put quantitative values on the "probabilities" for each of the "possibilities." But this means that quantum theory is statistical, meaning indeterministic and "random. It is not a question of our being ignorant about what is going on (an epistemological problem). What's happening is ontological chance. 


We can also say that the "possibilities function" ψ moves through space (at the speed of light , or even faster?), exploring all the possibilities for where the particle might be found. This too may be seen as a special kind of (potential?) information. In the famous "two-slit experiment," the "possibilities function" travels everywhere, meaning that it passes through both slits, interfering with itself and thus changing the possibilities where the particle might be found. Metaphorically, it "knows" when both slits are open, even if our intuitive classical view imagines the particle to go through only one slit. This changes the probabilities associated with each of the possibilities.



The Axioms of an Information Quantum Mechanics


Information physics accepts the principle of superposition (that arbitrary quantum states can be represented as linear combinations of system eigenstates) and the projection postulate (that interactions between quantum systems can project the two system states - or "collapse" them - into eigenstates of the separate systems or the combined entangled system). 


But we replace the Copenhagen axiom of "measurement" (as involving a "measurer" or "observer") by considering instead the increased information that can sometimes occur when systems interact. If this increased information is recorded for long enough to be seen by an observer, then we can call it a measurement. The appearance of a particle at a particular spot on a photographic plate, the firing of a Geiger counter recording a particle event, or a ribosome adding an amino acid to a polypeptide chain may all be considered to be "measurements." 


Just as the traditional axiom of measurement says that measurements of observables (quantities that commute with the Hamiltonian) can only yield eigenvalues, information physics accepts that the quantities of information added correspond to these eigenvalues.      

   
What these measurements (or simply interactions without "measurements") have in common is the appearance of a microscopic particle in a particular "observable" state. But whether or not "observed," quantum particles are always interacting with other particles, and some of these interactions increase the per-particle information as the particles build up information structures.


In classical mechanics, the material universe is thought to be made up of tiny particles whose motions are completely determined by forces that act between the particles, forces such as gravitation, electromagnetic attractions and repulsions, nuclear and weak forces, etc.


The equations that describe those motions, Newton's laws of motion, were for many centuries thought to be perfect and sufficient to predict the future of any mechanical system. They provided support for many philosophical ideas about determinism.



The Schrödinger Equation of Motion


In quantum mechanics, Newton's laws of motion, especially in the Hamiltonian formulation of those laws, are replaced by Erwin Schrodinger's wave equation, which describes the time evolution of a probability amplitude wave ψa, 
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where H is the Hamiltonian.   

The probability amplitude looks like a wave and the Schrödinger equation is a wave equation. But the wave is an abstract quantity whose absolute square is interpreted as the probability of finding a quantum particle somewhere. It is distinctly not the particle itself, whose exact position is unknowable while the quantum system is evolving deterministically. It is the probability amplitude wave that interferes with itself. Particles, as such, never interfere (although they may collide). And while probabilities can be distributed throughout space, some here, some there, parts of a particle are never found. It is the whole quantum particle that is always found. 


Information is conserved (a constant of the motion) during the unitary and deterministic time evolution of the wave function according to the Schrödinger equation. Information can only be created (or destroyed) during an interaction between quantum systems. It is because the system goes from a superposition of states to one of the possible states that the information changes. In what Wolfgang Pauli called a "measurement of the second kind," a system prepared in an eigenstate will, when measured again, be found with certainty, in the same state. There is no information gained in this case.



Clarifying Wave-Particle Duality

In the information interpretation of quantum mechanics, the time evolution of the wave function is not interpreted as a motion of the particle. What is evolving, what is moving, is the probability, more fundamentally, the possibilities, of finding the particle in different places, or the expectation value of various physical quantities as a function of the time.


An electron is notboth a wave and a particle, think "either-or" 

first a wave of possibilities, then an actual particle.


There is no logical contradiction in the use of the deterministic Schrödinger wave equation to predict values of the (indeterministic) probability amplitude wave functions at future times. The Schrödinger equation is a universal equation (and quantum mechanics is universally true), but there is no universal wave function. Each wave function is particular to specific quantum systems, sometimes to just a single particle. And when a particle is actually found, the potential (probability) of finding it elsewhere simply vanishes instantaneously.

As Max Born put it, the equations of motion for the probability waves are deterministic and continuous, but the motion of a particle itself is indeterministic, discontinuous, and probabilistic.

John von Neumann was bothered by the fact that the projection postulate or wave-function collapse (his Process 1) was not a formal part of quantum mechanics. Dozens, if not hundreds, of physicists have attempted to produce a formal theory to describe the collapse process and make it predictable. But this is to misunderstand the irreduciblechance nature of the wave-function collapse. 


Long before Werner Heisenberg formulated his indeterminacy principle, it was Albert Einstein who discovered the fundamental acausal and discontinuous nature of quantum mechanics. He postulated "light quanta" in 1905, more than twenty years before quantum mechanics was developed. And in 1916, his explanation of light emission and absorption by atoms showed that the process is essentially a chance process. All attempts to predict a random process are denials of the indeterministic nature of the quantum world.


Such efforts often assume that probability itself can be understood as epistemic, the consequence of human ignorance about underlying, as yet undiscovered, deterministic laws. Historically, both scientists and philosophers have had what William James called an "antipathy to chance." 


The information interpretation says that if deterministic underlying laws existed, there would be no new information creation. There would be only one possible future. But we know that the universe has been creating new information from the time of the Big Bang. Information physics adds this cosmological information creation to Einstein's discovery of microscopic quantum chance to give us a consistent picture of a quantum world that appears adequately determined at the macroscopic level. But why then did Einstein object all his life to the indeterminism ("God does not play dice," etc.) that was his own fundamental discovery?



Probability Amplitude Waves Are Not "Fields" like Electromagnetic or Gravitational Fields


In classical electrodynamics, electromagnetic radiation (light, radio) is known to have wave properties such as interference. When the crest of one wave in the electromagnetic field meets the trough of another, the two waves cancel one another.  This field is a ponderable object. A disturbance of the field at one place is propagated to other parts of the field at the velocity of light. Einstein's gravitational field in general relativity is similar. Matter moving at one point produces changes in the field which propagate to other parts of space, again at the velocity of light, in order to be relativistically invariant.


The probability amplitude wave function ψ of quantum mechanics is not such a field, however. Although Einstein sometimes referred to it as a "ghost field," and Louis de Broglie later developed a "pilot wave" theory in which waves guide the motion of material particles along paths perpendicular to the wave fronts, the wave function ψ has no ponderable substance.  When a particle is detected at a given point, the probability of its being found elsewhere goes immediately to zero.  Probability does not propagate at some speed to other places, reducing the probability of the particle subsequently being found there. Once located, the particle cannot be elsewhere. And that is instantaneously true.


Einstein, who spent his life searching for a "unified field theory," found this very hard to accept. He thought that instantaneous changes in the "ghost field" must violate his special theory of relativity by traveling faster than the speed of light. He described this as "nonlocal reality," the idea that something at one point (the probability of finding a particle there) could move to be somewhere else faster than light speed.   


In our information interpretation, nothing that is material or energy is transferred when the probability "collapses," it is only immaterial information that changes instantly.


Animation of a probability amplitude wave function ψ collapsing - click to restart




Whereas the abstract probability amplitude moves continuously and deterministically throughout space, the concrete particle, for all we know, may move discontinuously and indeterministically to a particular point in space.



Who Really Discovered Quantum Indeterminism and Discontinuity? 


In 1900, Max Planck made the assumption that radiation is produced by resonant oscillators whose energy is quantized and proportional to the frequency of radiation ν.
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For Planck, the proportionality constant h is a "quantum of action," a heuristic mathematical device that allowed him to apply Ludwig Boltzmann's work on the statistical mechanics and kinetic theory of gases to the radiation field. (Boltzmann had shown in the 1870's that the increase in entropy (the second law) could be explained if gases were made up of enormous numbers of particles his H-Theorem). 


Planck applied Boltzmann's statistics of many particles to radiation and derived the distribution of radiation at different frequencies (or wavelengths) just as James Clerk Maxwell and Boltzmann had derived the distribution of velocities (or energies) of the gas particles.


Note the mathematical similarity of Planck's radiation distribution law (photons) and the Maxwell-Boltzmann velocity distribution (molecules). Both curves have a power law increase on one side to a maximum and an exponential decrease on the other side of the maximum. The molecular velocity curves cross one another because the total number of molecules is the same. With increasing temperature T, the number of photons increases at all wavelengths.
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But Planck did not actually believe that radiation came in discrete particles, at least until a dozen years later. In the meantime, Albert Einstein's 1905 paper on the photoelectric effect showed that light came in discrete particles he called "light quanta," subsequently called "photons," by analogy to electrons.  


Planck was not happy about the idea of light particles, because his use of Boltzmann's statistics implied that chance was real. Boltzmann himself had qualms about the reality of chance. Although Einstein also did not like the idea of chancy statistics, he did believe that energy came in packages of discrete "quanta." It was Einstein, not Planck, who quantized mechanics and electrodynamics. Nevertheless, it was for the introduction of the quantum of action h that Planck was awarded the Nobel prize in 1918.


Meanwhile, in 1916, after completing his work on the general theory of relativity, Einstein returned to thinking about a quantum theory for the interaction of radiation and matter (N.B., ten years before quantum mechanics). 



In 1924, Louis de Broglie argued that if photons, with their known wavelike properties, could be described as particles, electrons as particles might show wavelike properties with a wavelength λ inversely proportional to their momentum p = mev. 
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Experiments confirmed de Broglie's assumption and led Erwin Schrödinger to derive a "wave equation" to describe the motion of de Broglie's waves. Schrödinger's equation replaces the classical Newton equations of motion. 


Note that Schrödinger's equation describes the motion of only the wave aspect, not the particle aspect, and as such it implies interference. Note also that the Schrödinger equation is as fully deterministic an equation of motion as Newton's equations.


Schrödinger attempted to interpret his "wave function" for the electron as a probability density for electrical charge, but charge density would be positive everywhere and unable to interfere with itself. 

Max Born shocked the world of physics by suggesting that the absolute values of the wave function ψ squared (|ψ|2) could be interpreted as the probability of finding the electron in various position and momentum states - if a measurement is made. This allows the probability amplitude ψ to interfere with itself, producing highly non-intuitive phenomena such as the two-slit experiment.


Despite the probability amplitude going through two slits and interfering with itself, experimenters never find parts of electrons. They always are found whole. 


In 1932 John von Neumann explained that two fundamentally different processes are going on in quantum mechanics.

	 A non-causal process, in which the measured electron winds up randomly in one of the possible physical states (eigenstates) of the measuring apparatus plus electron. 

The probability for each eigenstate is given by the square of the coefficients cn of the expansion of the original system state (wave function ψ) in an infinite set of wave functions φ that represent the eigenfunctions of the measuring apparatus plus electron.
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This is as close as we get to a description of the motion of the particle aspect of a quantum system. According to von Neumann, the particle simply shows up somewhere as a result of a measurement. Information physics says it shows up whenever a new stable information structure is created.


	 

A causal process, in which the electron wave function ψ evolves deterministically according to Schrödinger's equation of motion for the wavelike aspect. This evolution describes the motion of the probability amplitude wave ψ between measurements.
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Von Neumann claimed there is another major difference between these two processes. Process 1 is thermodynamically irreversible. Process 2 is reversible. This confirms the fundamental connection between quantum mechanics and thermodynamics that is explainable by information physics. 

Information physics establishes that process 1 may create information. Process 2 is information preserving.





When you hear or read that electrons are both waves and particles, think "either-or" - 

first a wave of possibilities, then an actual particle.


       Collapse of the Wave Function
    

Physicists calculate the deterministic evolution of the Schrödinger wave function in time as systems interact or collide. At some point, they make the ad hoc assumption that the wave function "collapses." This produces a set of probabilities of finding the resulting combined system in its various eigenstates. 




Although the collapse appears to be a random and ad hoc addition to the deterministic formalism of the Schrödinger equation, It is very important to note that the experimental accuracy of quantum mechanical predictions is unparalleled in physics, providing the ultimate justification for this theoretical kluge.

Moreover, without wave functions collapsing, no new information can come into the universe. Nothing unpredicatable would ever emerge. Determinism is "information-preserving." All the information we have today would have to have already existed in the original fireball.



       The "Problem" of Measurement
    

The irreducibly random process of wave function "collapse," when one of the possibilities becomes an actuality in a quantum measurement, is not a part of the mathematical formalism describing the time evolution of the wave function (the perfectly deterministic Schrödinger equation of motion).

Collapse is an ad hoc addition to the theory, a heuristic description that enables a method of calculation to predict the probabilities of what will happen when an observer makes a measurement. The ad hoc nature of this "collapse" of the wave-function (or the "reduction" of the wave-packet) is the original problem of measurement. 

Decoherence theorists today describe the problem of measurement as the absence of macroscopic superpositions of states, for example, the famous  Schrödinger's Cat. Our information interpretation clarifies both of these "measurement problems." 


Many physicists (especially those who, following Albert Einstein and Erwin Schrödinger, would prefer a deterministic theory) think that the collapse should be included in the formalism, to make it a predictable part of quantum theory. 


Ironically, it was Einstein, many years before Heisenberg's 1927 announcement of his "uncertainty principle," who found that electromagnetic radiation is not continuous and deterministic, but discontinuous, discrete, indeterministic, and acausal. He found it a "weakness in the theory," but quantum events like the emission of a photon or decay of a radioactive nucleus happen by chance (Zufall). 


We cannot say exactly when, or where, or in which direction a particle will go. We can only give statistical probabilities for such events. This Einstein was first to see and understand, but it was something he could never accept as the complete picture of quantum reality. Both he and Schrödinger (even Max Planck) denied the reality of the quantum and "quantum jumps."  


In many standard discussions of quantum mechanics, and most every popular treatment, it is said that we need the consciousness of a physicist to collapse the wave function. Eugene Wigner and John Wheeler sometimes describe the observer as making up the "mind of the universe."    

Von Neumann contributed a lot to this confusion by claiming that the location of the Heisenberg "cut" (Schnitt) between the microscopic system and macroscopic measurement can be put anywhere, including inside an observer's brain or mind. 


The information interpretation of quantum mechanics removes the observer from the moment of the Heisenberg-von Neumann "cut." This cut is when information is created about the interaction of the quantum system with another system (which may be a measurement apparatus).


And the moment that irreversible information enters the universe is the moment of the transition from the quantum world to the classical world that the decoherence theories attempt to explain. An "observable" information structure (with mass m) has reduced the probability amplitudes to probabilities. Interference between the different possibilities disappears. The fundamental particles are still quantum, but averages over them cancel out and indeterminacy in their positions and velocities Δx Δv approaches zero as h / m approaches zero.  


Measurement requires the interaction of something macroscopic, assumed to be large and adequately determined. In physics experiments, this is the observing apparatus. But in general, measurement does not require a conscious observer. It does require information creation or there will be nothing to observe.


In our discussion of Schrödinger's Cat, the cat can be its own observer. 




       Thermodynamics
    

    The second law of thermodynamics says that the entropy (or disorder) of a closed physical system increases until it reaches a maximum, the state of thermodynamic equilibrium. It requires that the entropy of the universe is now and has always been increasing. (The first law is that energy is conserved.)
    

    This established fact of increasing entropy has led many scientists and philosophers to assume that the universe we have is running down. They think that means the universe began in a very high state of information, since the second law requires that any organization or order is susceptible to decay. The information that remains today, in their view, has always been here. This fits nicely with the idea of a deterministic universe. There is nothing new under the sun. Physical determinism is "information-preserving." 
    

    But the universe is not a closed system. It is in a dynamic state of expansion that is moving away from thermodynamic equilibrium faster than entropic processes can keep up. The maximum possible entropy is increasing much faster than the actual increase in entropy. The difference between the maximum possible entropy and the actual entropy is potential information. 
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    Creation of information structures means that in parts of the universe the local entropy is actually going down. Reduction of entropy locally is always accompanied by radiation of entropy away from the local structures to distant parts of the universe, into the night sky for example. Since the total entropy in the universe always increases, the amount of entropy radiated away always exceeds (often by many times) the local reduction in entropy, which mathematically equals the increase in information. 



       "Ergodic" Processes
    

We will describe processes that create information structures, reducing the entropy locally, as "ergodic." 


This is a new use for a term from statistical mechanics that describes a hypothetical property of classical mechanical gases. See the Ergodic Hypothesis.


Ergodic processes (in our new sense of the word) are those that appear to resist the second law of thermodynamics because of a local increase in information or "negative entropy" (Erwin Schrödinger's term). But any local decrease in entropy is more than compensated for by increases elsewhere, satisfying the second law. Normal entropy-increasing processes we will call "entropic".


Encoding new information requires the equivalent of a quantum measurement - each new bit of information produces a local decrease in entropy but requires that at least one bit (generally much much more) of entropy be radiated or conducted away. 


Without violating the inviolable second law of thermodynamics overall, ergodic processes reduce the entropy locally, producing those pockets of cosmos and negative entropy (order and information-rich structures) that are the principal objects in the universe and in life on earth. 



       Entropy and Classical Mechanics
    
Ludwig Boltzmann attempted in the 1870's to prove Rudolf Clausius' second law of thermodynamics, namely that the entropy of a closed system always increases to a maximum and then remains in thermal equilibrium. Clausius predicted that the universe would end with a "heat death" because of the second law.

Boltzmann formulated a mathematical quantity H for a system of n ideal gas particles, showing that it had the property δΗ/δτ ≤ 0, that H always decreased with time. He identified his H as the opposite of Rudolf Clausius' entropy S.


In 1850 Clausius had formulated the second law of thermodynamics. In 1857 he showed that for a typical gas like air at standard temperatures and pressures, the gas particles spend most of their time traveling in straight lines between collisions with the wall of a containing vessel or with other gas particles. He defined the "mean free path" of a particle between collisions. Clausius and essentially all physicists since have assumed that gas particles can be treated as structureless "billiard balls" undergoing "elastic" collisions. Elastic means no motion energy is lost to internal friction. 


Shortly after Clausius first defined the entropy mathematically and named it in 1865, James Clerk Maxwell determined the distribution of velocities of gas particles (Clausius for simplicity had assumed that all particles moved at the average speed 1/2mv2 = 3/2kT).


Maxwell's derivation was very simple. He assumed the velocities in the x, y, and z directions were independent. [more...]


  Boltzmann improved on Maxwell's statistical derivation by equating the number of particles entering a given range of velocities and positions to the number leaving the same volume in 6n-dimensional phase space. This is a necessary state for the gas to be in equilibrium. Boltzmann then used Newtonian physics to get the same result as Maxwell, which is thus called the Maxwell-Boltzmann distribution.


Reversibility objection

Boltzmann's first derivation of his H-theorem (1872) was based on the same classical mechanical analysis he had used to derive Maxwell's distribution function. It was an analytical mathematical consequence of Newton's laws of motion applied to the particles of a gas. But it ran into immediate objections. The objection is the hypothetical and counterfactual idea of time reversibility. If time were reversed, the entropy would simply decrease. Since the fundamental Newtonian equations of motion are time reversible, this appears to be a paradox. How could the irreversibile increase of the macroscopic entropy result from microscopic physical laws that are time reversible?

Lord Kelvin (William Thomson) was the first to point out the time asymmetry in macroscopic processes, but the criticism of Boltzmann's H-theorem is associated with his lifelong friend Joseph Loschmidt. Boltzmann immediately agreed with Loschmidt that the possibility of decreasing entropy could not be ruled out if the classical motion paths were reversed. 


Boltzmann then reformulated his H-theorem (1877). He analyzed a gas into "microstates" of the individual gas particle positions and velocities. For any "macrostate" consistent with certain macroscopic variables like volume, pressure, and temperature, there could be many microstates corresponding to different locations and speeds for the individual particles. 


Any individual microstate of the system was intrinsically as probable as any other specific microstate, he said. But the number of microstates consistent with the disorderly or uniform distribution in the equilibrium case of maximum entropy simply overwhelms the number of microstates consistent with an orderly initial distribution. 


Recurrence objection

About twenty years later, Boltzmann's revised argument that entropy statistically increased ran into another criticism, this time not so counterfactual.  This is the recurrence objection. Given enough time, any system could return to its starting state, which implies that the entropy must at some point decrease.  These reversibility and recurrence objections are still prominent in the physics literature.

The recurrence idea has a long intellectual history. Ancient Babylonian astronomers thought the known planets would, given enough time, return to any given position and thus begin again what they called a "great cycle," estimated by some at 36,000 years. Their belief in an astrological determinism suggested that all events in the world would also recur. Friedrich Nietzsche made this idea famous in the nineteenth century, at the same time as Boltzmann's hypothesis was being debated, as the "eternal return" in his Also Sprach Zarathustra.


The recurrence objection was first noted in the early 1890's by French mathematician and physicist Henri Poincaré. He had found an analytic solution to the three-body problem and noted that the configuration of three bodies returns arbitrarily close to the initial conditions after calculable times. Even for a handful of planets, the recurrence time is longer than the age of the universe, if the positions are specified precisely enough. Poincaré then proposed that the presumed "heat death" of the universe predicted by the second law of thermodynamics could be avoided by "a little patience." Another mathematician, Ernst Zermelo, a young colleague of Max Planck in Berlin, is more famous for this recurrence paradox. 


Boltzmann accepted the recurrence criticism. He calculated the extremely small probability that entropy would decrease noticeably, even for gas with a very small number of particles (1000). He showed the time associated with such an event was 101010 years. But the objections in principle to his work continued, especially from those who thought the atomic hypothesis was wrong.


It is very important to understand that both Maxwell's original derivation of the velocities distribution and Boltzmann's H-theorem showing an entropy increase are only statistical or probabilistic arguments. Boltzmann's work was done twenty years before atoms were established as real and fifty years before the theory of quantum mechanics established that at the microscopic level all interactions of matter and energy are fundamentally and irreducibly statistical and probabilistic.   



       Entropy and Quantum Mechanics
    

A quantum mechanical analysis of the microscopic collisions of gas particles (these are usually molecules - or atoms in a noble gas) can provide revised analyses for the two problems of reversibility and recurrence. Note this requires more than quantum statistical mechanics. It needs the quantum kinetic theory of collisions in gases.

There are great differences between Ideal, Classical, and Quantum Gases.


Boltzmann assumed that collisions would result in random distributions of velocities and positions so that all the possible configurations would be realized in proportion to their number. He called this "molecular chaos." But if the path of a system of n particles in 6n-dimensional phase space should be closed and repeat itself after a short and finite time during which the system occupies only a small fraction of the possible states, Boltzmann's assumptions would be wrong.


What is needed is for collisions to completely randomize the directions of particles after collisions, and this is just what the quantum theory of collisions can provide. Randomization of directions is the norm in some quantum phenomena, for example the absorption and re-emission of photons by atoms as well as Raman scattering of photons.    

   
In the deterministic evolution of the Schrödinger equation, just as in the classical path evolution of the Hamiltonian equations of motion, the time can be reversed and all the coherent information in the wave function will describe a particle that goes back exactly the way it came before the collision.


But if when two particles collide the internal structure of one or both of the particles is changed, and particularly if the two particles form a temporary larger molecule (even a quasi-molecule in an unbound state), then the separating atoms or molecules lose the coherent wave functions that would be needed to allow time reversal back along the original path.


During the collision, one particle can transfer energy from one of its internal quantum states to the other particle. At room temperature, this will typically be a transition between rotational states that are populated. Another possibility is an exchange of energy with the background thermal radiation, which at room temperatures peaks at the frequencies of molecular rotational energy level differences.


Such a quantum event can be analyzed by assuming a short-lived quasi-molecule is formed (the energy levels for such an unbound system are a continuum of, so that almost any photon can cause a change of rotational state of the quasi-molecule.


A short time later, the quasi-molecule dissociates into the two original particles but in different energy states. We can describe the overall process as a quasi-measurement, because there is temporary information present about the new structure. This information is lost as the particles separate in random directions (consistent with conservation of energy, momentum, and angular momentum).


The decoherence associated with this quasi-measurement means that if the post-collision wave functions were to be time reversed, the reverse collision would be very unlikely to send the particles back along their incoming trajectories.


Boltzmann's assumption of random occupancy of possible configurations is no longer necessary. Randomness in the form of "molecular chaos" is assured by quantum mechanics. 


The result is a statistical picture that shows that entropy would normally increase even if time could be reversed.


This does not rule out the kind of departures from equilibrium that occur in small groups of particles as in Brownian motion, which Boltzmann anticipated long before Brown's experiments and Einstein's explanation. These fluctuations can be described as forming short-lived information structures, brief and localized regions of negative entropy, that get destroyed in subsequent interactions.  


Nor does it change the remote possibility of a recurrence of any particular initial microstate of the system. But it does prove that Poincaré was wrong about such a recurrence being periodic. Periodicity depends on the dynamical paths of particles being classical, deterministic, and thus time reversible. Since quantum mechanical paths are fundamentally indeterministic, recurrences are simply statistically improbable departures from equilibrium, like the fluctuations that cause Brownian motion.

    

       Entropy is Lost Information
    


Entropy increase can be easily understood as the loss of information as a system moves from an initially ordered state to a final disordered state. Although the physical dimensions of thermodynamic entropy (joules/ºK) are not the same as (dimensionless) mathematical information, apart from units they share the same famous formula.
S = ∑ pi ln pi

To see this very simply, let's consider the well-known example of a bottle of perfume in the corner of a room. We can represent the room as a grid of 64 squares. Suppose the air is filled with molecules moving randomly at room temperature (blue circles). In the lower left corner the perfume molecules will be released when we open the bottle (when we start the demonstration). 
[image: image-placeholder]

What is the quantity of information we have about the perfume molecules? We know their location in the lower left square, a bit less than 1/64th of the container. The quantity of information is determined by the minimum number of yes/no questions it takes to locate them. The best questions are those that split the locations evenly (a binary tree).


For example:

	Are they in the upper half of the container? No.
	Are they in the left half of the container? Yes.
	Are they in the upper half of the lower left quadrant? No.
	Are they in the left half of the lower left quadrant? Yes.
	Are they in the upper half of the lower left octant? No.
	Are they in the left half of the lower left octant? Yes.


Answers to these six optimized questions give us six bits of information for each molecule, locating it to 1/64th of the container. This is the amount of information that will be lost for each molecule if it is allowed to escape and diffuse fully into the room. The thermodynamic entropy increase is Boltzmann's constant k multiplied by the number of bits.

If the room had no air, the perfume would rapidly reach an equilibrium state, since the molecular velocity at room temperature is about 400 meters/second. Collisions with air molecules prevent the perfume from dissipating quickly. This lets us see the approach to equilibrium. When the perfume has diffused to one-sixteenth of the room, the entropy will have risen 2 bits for each molecule, to one-quarter of the room, four bits, etc. 


Let's look at a computer visualization of the equilibration process in a new window.
 
    

       Ergodic Processes Increase Information
    
For Scholars
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Definition of Life

We review several definitions of life and propose a working definition that reflects evolution of information in the universe, from the the pre-biotic world of dynamic, though passive  physical and chemical information structures, to the active information processing systems of biology in the living world, to the pure abstract information (neither matter nor energy) in the ideal world of thought and mind.



Some Definitions of Life


The assemblage of the functional activities by which the presence of [life] is manifested...


Life is a characteristic distinguishing physical entities having biological processes (such as signaling and self-sustaining processes) from those that do not. Organisms are composed of one or more cells, undergo metabolism, maintain homeostasis, can grow, respond to stimuli, reproduce (either sexually or asexually) and, through evolution, adapt to their environment in successive generations.Wikipedia

a state of living characterized by capacity for metabolism, growth, reaction to stimuli, and reproduction. Merriam Webster

The property or quality that distinguishes living organisms from dead organisms and inanimate matter, manifested in functions such as metabolism, growth, reproduction, and response to stimuli or adaptation to the environment through changes originating from within the organism. Dictionary.com



Questions: Viruses, Spores, etc.?



Essential Elements, Characteristics, Structures and Functions


Metabolism (negative entropy flow of energy and matter)


Reproduction (self-replication, self-assembly, self-maintenance - homeostasis, )


Adaptation


	
Erwin Schrödinger. "Life is physics and chemistry."

	
Manfred Eigen. "Life is physics and chemistry and information."

	
Günther Witzany. "Life is physics and chemistry and communication."

	
Thomas Sebeok. "Life is semiotics (Peirce's study of signs)."



Proposed Working Definition of Life as Evolving Information




Source: https://www.informationphilosopher.com/introduction/biology/definition_of_life.html
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Information Processing IS Biology
Biosemioticians claim that biosemiotics is biology and vice versa.

Semiotics is the study of signs, especially as developed by Charles Sanders Peirce. It is fundamentally a study of how signs are used to communicate information, particularly meaningful information that has pragmatic value for the receiver.


We define "information processing" as the communication of meaningful information that may lead to a change in the "behaviors" of the receiver. Senders and receivers in biology have evolved naturally to act in ways that humans do when they exchange messages. But the communication of meaningful information in biology is more than a metaphor or analogy to human activity.


Information processing is the essential thing that distinguishes the living from the non-living. It is made possible by a flow of matter and energy with negative entropy ("free energy") through the environment, whose proximate source is the solar radiation but ultimate source is the expansion of the universe.


The flow, the communication, of information and the "processing,' - the decoding of the linear sequence and re-encoding into something capable of utilizing the negative entropy stream to perform biological work - is clearly "one-way," from the genome to the proteome, in the central dogma of biology,


DNA → RNA → protein



The capability to process information may become dormant for a time, in viruses and spores, for example. But the existence of that potential, when returned to the right environment, makes them full members of the biome.


The active reaction to incoming communications, which can include active perception of passive information structures in the material (non-living) environment, is the basis for an information philosophy definition of "consciousness." 



Source: https://www.informationphilosopher.com/introduction/biology/information_processing.html
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Information Theory in Biology
Control Systems Laboratory, U. Illinois, 1952

One of the basic tools in natural science is the energy concept.
In recent years, another concept has begun to attain comparable dignity.
It is something more subtle and elusive than energy; it is
derived from a desire for dealing methodically with problems of complexity,
order, organization, specificity.... It is known as entropy
or amount of information, and plays a prominent role in the
new fields of information theory, communication theory, and cybernetics.


The "new movement" is based on evaluative concepts (R. A. Fisher,' s
experimental design, A. Wald's statistical decision function, J. von
Neumann's theory of games), on the development of a measure of information
(R. Hartley, D. Gabor, N. Wiener, C. Shannon), on studies
of control mechanisms, and the analysis and design of large systems
(W. S. McCulloch and W. Pitt's "neurons," J. von Neumann's theory of
complicated automata, N. Wiener's cybernetics).


It has become increasingly evident that the principles of information
theory are applicable to the "higher" functions of living
organisms. They can also be used to advantage in analyzing basic
functions such as metabolism, growth, and differentiation. There
are remarks to that effect in Wiener's Cybernetics; in E. Schrödinger's What is Life? there is a provocative discussion on how organisms
feed on negative entropy." In the present volume, the
formalism of information theory and cybernetics has been applied to
some basic biological problems, with some degree of success.



The amount of control and communication involved in the basic
biological processes is very great. Indeed, it appears that there
is little difference between the exercise of the basic biological
activities, and the exercise of the most sophisticated skills in the
most highly differentiated organisms. We do not claim that the
absolute difference between basic and highly specialized activities
is small; after all, this difference is the result of the order of a
billion years of organic evolution. The claim is only that the gap
between simple and complicated living organisms is small in comparison
to the gap which separates the simplest living things from the
most complicated non-living systems, say, between a bacterium and a
giant electronic brain. Thus, when we say that the functional
complexities of man and bacterium are closely comparable, we do so,
not because of a low estimate of the functional complexity of man,
but because we are very much impressed by the complexity of bacterial
life.

The cybernetics of biological functions should ultimately contribute
to the understanding of the nature of biological control
systems. The first stage in the analysis is quantification: a
count of control elements, a measure of the amount of control exercised.
Most papers in this volume deal with counts and measures;
only on a few occasions have steps beyond this stage been attempted.
It is in the nature of cybernetics that it cuts across traditional
boundaries between various fields of science. Because of this,
symposia have played a major part in its development--in particular,
the British symposia ('50, 52), the series of Macy conferences,- the
French symposium ('52). The present volume, too, is the result of a
cooperative effort; it stems largely from lectures and discussions
arranged, in the summer of 1952, under the auspices of the Control
Systems Laboratory at the University of Illinois.





Theoretical biology should consist of the application of information theory to explain the control and communication systems that we call "information processing," which is unique to biology, and the creation of abstract information (ideas), unique to the mind of man?


Source: https://www.informationphilosopher.com/introduction/biology/Illinois_1952.html
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Origin of Life


The sine qua non of life is a flow of energy with negative entropy. The current major source is the solar energy/entropy/information from the Sun, but a possible source for the original macromolecules of life are the deep-sea vents of residual cooling energy (or radioactive decay energy) at the bottom of the seas.

In either case, the far-from-equilibrium energy flow is essentially a thermodynamic engine, running between the hot energy source of the Sun and the cool sink of the night sky as the earth rotates. Energy flows lead to material flows in gases and liquids that produce dynamic systems with semi-permanent visible structures like convection cells. 


At some moment,  a primitive macromolecule replicated itself. To do this, it created new (duplicate) information, so positive entropy equal to or greater than the new negative entropy must have been carried away from the new information structure (for it to be stable).


Mere replication should not yet be seen as life. And anything like metabolism would just be the flow of the low entropy solar photons that get degraded in the process of providing the available energy needed to form the new molecule. But we might anthropomorphize a bit and say that the apparent purpose of the molecule appears to be replicating itself, increasing its own kind of information structure in the universe. 


Now at some point the replication might have been less than perfect (note the critical element of chance here). 


Imagine now that the new molecule might be even more efficient than the original molecule at replicating itself (it has greater reproductive success). Note that the new molecule has more information in it than the original. Now we might say that this is the beginning of Darwinian evolution, which appears to have a goal or purpose of building richer information structures.


We now have both primitive inheritance (of the information) and a form of variability. Some of these new molecules might not only be more successful replicators, they might have chemical properties that allow them to resist being destroyed by environmental conditions - the energetic extreme ultraviolet photons, for example, or destructive cosmic rays, which might have been the source of the original variations.


The result might be a runaway exponential explosion of the concentration of those molecules (an important characteristic of living systems).


Replication could lead to populations of the molecule that are well beyond the normal populations that would be expected in chemical equilibrium. Chemists might view this as simply an autocatalytic process, in which the molecule catalyzes its own production. But because it is information replicating itself, it is qualitatively different from mere chemical autocatalysis.


At the atomic level, it will be quantum cooperative phenomena that pull the constituent atoms into the desired molecular shape. It is the overall shape (form, information) that produces a dynamical constraint well beyond the mere aggregate of individual atoms interacting.


Grossly speaking, the new, more successful species of molecule have "learned" something, storing the new information internally to pass it on to the next generation.

Origin of Life Links



Source: https://www.informationphilosopher.com/introduction/biology/origin_of_life.html
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The Major Transitions

We review various identifications for the major transitions in the evolution of life, and propose one that includes the evolution of passive physical and chemical information structures in the universe before the appearance of active information processing systems of the biological world.



John Maynard Smith  (Origins of Life, p17)

	Replicating molecules (Populations in protocells)

	Independent replicators (Chromosomes)

	RNA as gene and enzyme (DNA genes, protein enzymes)

	Bacterial cells - prokaryotes (Cells with nuclei and organelles - eukaryotes)

	Asexual clones (Sexual populations)

	Single cell organisms (Animals, plants , and fungi

	Solitary individuals (Colonies with non-reproductive castes - ants, bees, termites)

	Primate societies (Human societies)



Marcello Barbieri (Code Biology, pp.180-182)

	Origin of  macromolecules, bondmakers to stick monomers together at random, producing polypeptides, polynucleotides, and polysaccharides

	Origin of random proteins. No link between nucleic acid and amino acids, so needs code

	Origin of the first cells - Archaea, Bacteria, and Eukarya, three distinct signal codes?

	Origin of eukaryotes, splicing codes, cytoskeleton codes, compartmentalization codes, histone code

	Origin of embryos

	Origin of mind, universal neural code, sensations to neurons, firings of action potentials and firings

	Origin of interpretation, abduction

	Origin of language, only codes can create novelty?



Information (negative entropy) Transitions (new information structures, new processes, new assembly lines)

	
Elementary particles, atoms, galaxies, stars, and planets with negative entropy flows (the Ergo)

which exhibit complex "dissipative processes" far from equilibrium
	
	
Pre-biotic molecules - amino acids, lipids, short proteins, ATP, polypeptides, polynucleotides, and polysaccharides form in negative entropy streams of matter and energy
	
	
Membranes, protocells, autocatalytic self-assemblies, intracellullar communications - the appearance of information processing, proto-life?
	
	
Ribozymes, inheritance, and communications (RNA assembling variant versions of itself), viruses 
	
	
DNA genes, proteins replace RNA as enzymes, central dogma, plus 
(genotype > ribotype > phenotype) 

cytoskeletons, compartments, 
codes, channels, contexts, meanings
	
	
Organelles, organisms incorporate unicellulars (and viruses) for their functional behaviors, horizontal gene transfers, epigenesis
	
	
Intercellular communications by physical/chemical contact, colonies, symbiosis
	
	
Multicellular organisms, organs, tissues, instinctual organisms inherit behaviors
	
	
External storage of signaling information by many multicellular organisms, languages?, pheromones, in umwelten
	
	
Neurons appear, sensations fire action potentials, high-speed communications
	
	
Minimal proto-mind, wired-together neurons fire to recreate sensations and experiences, signs?
	
	
Learning, foresight, free will  (the Cogito), humans foresee death, invent idea of afterlife
	
	
External storage of abstract human information (ideas, knowledge), shared with entire community (the Sum), first humans to see beginning of universe and imagine ends
	




Source: https://www.informationphilosopher.com/introduction/biology/major_transitions.html
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Foreword

The Information Philosopher is primarily a defense of three ideas, based on two principles and a corollary. 


The two principles are 
	increasing information - in structures that encode information, from galaxies and stars, to biological life and brain cells. 

	"soft" causality - a causality that does not involve strict determinism.



The corollary is
	we can know the world and ourselves and we are free, within obvious limits, to create our own future.



The three ideas are 
	 a model for free will and creativity

	 a value system based on fundamental processes in the universe

	 an explanation of knowledge formation and communication.



All three depend on understanding modern physics, cosmology, biology, and neuroscience.


All three have strong connections to information science. They are contributions to a new information philosophy.


If these ideas are accepted, they could change some well-established philosophical positions. Even more important, they provide a new view of how humanity fits into the universe.


Information philosophy also proposes solutions for a number of philosophical and scientific puzzles, such as the problem of evil, the existential status of universals, and the paradox of Schrödinger's Cat. It also throws considerable light on deriving ought from is, the problem of induction, the idea of progress, and the problem of quantum measurement.


Information philosophy offers a mind model that transcends flawed "brain as computer" models. The brain is not a digital electronic computer, though it has information circuits. It is not a Turing machine of deterministic states. The brain is not a mechanism in the seventeenth-century sense of a time-reversible system obeying Newtonian laws of physics. Time is of the essence in the mind. The arrow of time traces the irreversible development of unique biological individuals with increasing consciousness of self, others, and a nurturing environment.  


Information philosophy sees the brain as a magnificent information processing and decision system. It is orders of magnitude more capable than the whole of today's internetworked system of computers and multimedia communications channels at accumulating actionable knowledge, which is the brain's natural purpose, or telos. 


Information philosophy is a world-historical moment in Hegel's sense of Absolute Spirit, a peak of the meditation in the Nietzsche/Heidegger metaphor, a process philosophy in the Whitehead sense of a return to temporality, and a natural noosphere in Teilhard's image, when the mind realizes and recognizes itself as part of the cosmic ergodic process of information accumulation, as co-creator of the universe.  


Information philosophy is a systematic philosophy, with a triadic architectonic that would have pleased Kant and Peirce. It is an idealist philosophy, but its information super-structures are properly constructed on a material base, as Marx saw clearly. It is worldly, not other-worldly. "Die Welt ist alles, was der Fall ist," said Ludwig Wittgenstein, "The world is everything that is the case." And the case is what has been cast, by chance. 


Information philosophy begins with the case (der Fall) and journeys upward, following the creative ergodic processes as they generate emergent phenomena that contain all we need to examine not only Kant's God, Freedom, and Immortality, but also his Platonic dreams of Truth and Goodness.    


Information philosophy identifies and establishes the existence of the Cosmic Good as constructed information structures. Kant's search for a categorical imperative, for a universal duty,  becomes "Be good. Preserve the Good. Do good unto others. Life is Good."  

Evil is not merely the absence of Good, but the destruction of ergodic information structures, always fragile in the presence of entropic forces. 


Information philosophy explains how humans are free to do good. Just as an individual character becomes good through good works (Karma in the Atman), the Sum of all human good works is seen as the manifestation of a "world soul" or matrix of information (Brahman) which can encode the immortality of each individual.      


Man is free. God is Good. And you can Know it.


For Scholars

   To hide this material, click on the Teacher or Student link.





Source: https://www.informationphilosopher.com/forewords/
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Decoherence



The "decoherence program" of H. Dieter Zeh, Erich Joos, Wojciech Zurek, John Wheeler, Max Tegmark, and others has multiple aims - 
	 to show how classical physics emerges from quantum physics. They call this the "quantum to classical transition."

	to explain the lack of macroscopic superpositions of quantum states (e.g., Schrödinger's Cat as a quantum superposition of live and dead cats).

	in particular, to identify the mechanism that suppresses ("decoheres") interference between states as something involving the "environment" beyond the system and measuring apparatus.

	to explain the appearance of particles following paths (they say there are no "particles," and maybe no paths).

	
to explain the appearance of discontinuous transitions between quantum states (there are no "quantum jumps" either)

	 to champion a "universal wave function" (as a superposition of states) that evolves in a "unitary" fashion (i.e., deterministically) according to the Schrödinger equation.

	 to clarify and perhaps solve the measurement problem, which they define as the lack of macroscopic superpositions.

	 to explain the "arrow of time."

	 to revise the foundations of quantum mechanics by changing some of its assumptions, notably challenging the "collapse" of the wave function or "projection postulate."

Decoherence theorists say that they add no new elements to quantum mechanics (such as "hidden variables") but they do deny one of the three basic assumptions - namely Dirac's projection postulate. This is the method used to calculate the probabilities of various outcomes, which probabilities are confirmed to several significant figures by the statistics of large numbers of identically prepared experiments.


They accept (even overemphasize) Dirac's principle of superposition. Some also accept the axiom of measurement, although some of them question the link between eigenstates and eigenvalues.



 
The decoherence program hopes to offer insights into several other important phenomena:


	What Zurek calls the "einselection" (environment-induced superselection) of preferred states (the so-called "pointer states") in a measurement apparatus.

	The role of the observer in quantum measurements.

	Nonlocality and quantum entanglement (which they say is used to "derive" decoherence).

	The origin of irreversibility (by "continuous monitoring").

	The approach to thermal equilibrium.



The decoherence program finds unacceptable these aspects of the standard quantum theory:


	Quantum "jumps" between energy eigenstates.

	The "apparent" collapse of the wave function.

	In particular, explanation of the collapse as a "mere" increase of information.

	The "appearance" of "particles."

	The "inconsistent" Copenhagen Interpretation - quantum "system," classical "apparatus."

	The "insufficient" Ehrenfest Theorems.



Decoherence theorists admit that some problems remain to be addressed:

	The "problem of outcomes." Without the collapse postulate, it is not clear how definite outcomes are to be explained.



As Tegmark and Wheeler put it:


 The main
motivation for introducing the notion
of wave-function collapse had been to
explain why experiments produced specific
outcomes and not strange superpositions
of outcomes...it is embarrassing
that nobody has provided a
testable deterministic equation specifying
precisely when the mysterious collapse
is supposed to occur.


Some of the controversial positions in decoherence theory, including the denial of collapses and particles,  come straight from the work of Erwin Schrödinger, for example in his 1952 essays "Are There Quantum Jumps?" (Part I and Part II), where he denies the existence of "particles," claiming that everything can be understood as waves.

 
Other sources include: Hugh Everett III and his "relative state" or "many world" interpretations of quantum mechanics; Eugene Wigner's article on the problem of measurement; and John Bell's reprise of Schrödinger's arguments on quantum jumps.  



Decoherence advocates therefore look to other attempts to formulate quantum mechanics. Also called "interpretations," these are more often reformulations, with different basic assumptions about the foundations of quantum mechanics. Most begin from the "universal" applicability of the unitary time evolution that results from the Schrödinger wave equation. They include:


	The DeBroglie-Bohm "pilot-wave" or "hidden variables" formulation.
	The Everett-DeWitt "relative-state" or "many worlds" formulation.
	The Ghirardi-Rimini-Weber "spontaneous collapse" formulation.


Note that these "interpretations" are often in serious conflict with one another. Where Erwin Schrödinger thinks that waves alone can explain everything (there are no particles in his theory), David Bohm thinks that particles not only exist but that every particle has a definite position that is a "hidden parameter" of his theory. H. Dieter Zeh, the founder of decoherence, sees



one of two possibilities: a modification of the Schrödinger equation that explicitly describes a collapse (also called "spontaneous localization") or an Everett type interpretation, in which all measurement outcomes are assumed to exist in one formal superposition, but to be perceived separately as a consequence of their dynamical autonomy resulting from decoherence. 

While this latter suggestion has been called "extravagant" (as it requires myriads of co-existing quasi-classical "worlds"), it is similar in principle to the conventional (though nontrivial) assumption, made tacitly in all
classical descriptions of observation, that consciousness is localized in certain semi-stable and sufficiently complex subsystems (such as human brains or parts thereof) of a much larger external world. Occam's razor, often applied
to the "other worlds", is a dangerous instrument: philosophers of the past used it to deny the existence of the interior of stars or of the back side of the moon, for example. So it appears worth mentioning at this point that environmental decoherence, derived by tracing out unobserved variables from a universal wave function, readily describes precisely the apparently observed "quantum jumps" or "collapse events."



It was John Bell who called Everett's many-worlds picture "extravagant,"



The Information Interpretation of quantum mechanics also has explanations for the measurement problem, the arrow of time, and the emergence of adequately, i.e., statistically determined classical objects.  However, I-Phi does it while accepting the standard assumptions of orthodox quantum physics. See below.


We briefly review the standard theory of quantum mechanics and compare it to the "decoherence program," with a focus on the details of the measurement process. We divide measurement into several distinct steps, in order to clarify the supposed "measurement problem" (mostly the lack of macroscopic state superpositions) and perhaps "solve" it. 



The most famous example of probability-amplitude-wave interference is the two-slit experiment. Interference is between the probability amplitudes whose absolute value squared gives us the probability of finding the particle at various locations behind the screen with the two slits in it. 

Finding the particle at a specific location is said to be a "measurement."


In standard quantum theory, a measurement is made when the quantum system is "projected" or "collapsed" or "reduced" into a single one of the system's allowed states. If the system was "prepared" in one of these "eigenstates," then the measurement will find it in that state with probability one (that is, with certainty).


However, if the system is prepared in an arbitrary state ψa, it can be represented as being in a linear combination of the system's basic energy states φn. 
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It is said to be in "superposition" of those basic states. The probability Pn of its being found in state φn is
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Between measurements, the time evolution of a quantum system in such a superposition of states is described by a unitary transformation U (t, t0) that preserves the same superposition of states as long as the system does not interact with another system, such as a measuring apparatus. As long as the quantum system is completely isolated from any external influences, it evolves continuously and deterministically in an exactly predictable (causal) manner.   


Whenever the quantum system does interact however, with another particle or an external field, its behavior ceases to be causal and it evolves discontinuously and indeterministically. This acausal behavior is uniquely quantum mechanical. Nothing like it is possible in classical mechanics. Most attempts to "reinterpret" or "reformulate" quantum mechanics are attempts to eliminate this discontinuous acausal behavior and replace it with a deterministic process.  


We must clarify what we mean by "the quantum system" and "it evolves" in the previous two paragraphs. This brings us to the mysterious notion of "wave-particle duality." In the wave picture, the "quantum system" refers to the deterministic time evolution of the complex probability amplitude or quantum state vector ψa, according to the "equation of motion" for the probability amplitude wave ψa, which is the Schrödinger equation, 
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The probability amplitude looks like a wave and the Schrödinger equation is a wave equation. But the wave is an abstract quantity whose absolute square is the probability of finding a quantum particle somewhere. It is distinctly not the particle, whose exact position is unknowable while the quantum system is evolving deterministically. It is the probability amplitude wave that interferes with itself. Particles, as such, never interfere (although they may collide). 


Note that we never "see" the superposition of particles in distinct states. There is no microscopic superposition in the sense of the macroscopic superposition of live and dead cats (See Schrödinger's Cat).


When the particle interacts, with the measurement apparatus for example, we always find the whole particle. It suddenly appears. For example, an electron "jumps" from one orbit to another, absorbing or emitting a discrete amount of energy (a photon). When a photon or electron is fired at the two slits, its appearance at the photographic plate is sudden and discontinuous. The probability wave instantaneously becomes concentrated at the location of the particle. 


There is now unit probability (certainty) that the particle is located where we find it to be. This is described as the "collapse" of the wave function. Where the probability amplitude might have evolved under the unitary transformation of the Schrödinger equation to have significant non-zero values in a very large volume of phase space, all that probability suddenly "collapses" (faster than the speed of light, which deeply bothered Albert Einstein) to the location of the particle. 


Einstein said that some mysterious "spooky action-at-a-distance" must act to prevent the appearance of a second particle at a distant point where a finite probability of appearing had existed just an instant earlier.


Animation of a wave function collapsing - click to restart




Whereas the abstract probability amplitude moves continuously and deterministically throughout space, the concrete particle moves discontinuously and indeterministically to a particular point in space.



For this collapse to be a "measurement," the new information about which location (or state) the system has collapsed into must be recorded somewhere in order for it to be "observable" by a scientist. But the vast majority of quantum events - e.g., particle collisions that change the particular states of quantum particles before and after the collision - do not leave an indelible record of their new states anywhere (except implicitly in the particles themselves). 


We can imagine that a quantum system initially in state ψa has interacted with another system and as a result is in a new state φn, without any macroscopic apparatus around to record this new state for a "conscious observer." 


H. D. Zeh describes how quantum systems may be "measured" without the recording of information. 


It is therefore a plausible experimental result that the interference disappears also when the passage [of an electron through a slit] is "measured" without registration of a definite result. The latter may be assumed to have become a "classical fact" as soon as the measurement has irreversibly "occurred". A quantum phenomenon may thus "become a phenomenon" without being observed. This is in contrast to Heisenberg's remark about a trajectory coming into being by its observation, or a wave function describing "human knowledge". Bohr later spoke of objective irreversible events occurring in the counter. However, what precisely is an irreversible quantum event? According to Bohr this event can not be dynamically analyzed.

Analysis within the quantum mechanical formalism demonstrates nonetheless that the essential condition for this "decoherence" is that complete information about the passage is carried away in some objective physical form. This means that the state of the environment is now quantum correlated (entangled) with the relevant property of the system (such as a passage through a specific slit). This need not happen in a controllable way (as in a measurement): the "information" may as well form uncontrollable "noise", or anything else that is part of reality. In contrast to statistical correlations, quantum correlations characterize real (though nonlocal) quantum states - not any lack of information. In particular, they may describe individual physical properties, such as the non-additive total angular momentum J2 of a composite system at any distance.




The Measurement Process


In order to clarify the measurement process, we separate it into several distinct stages, as follows:
	A particle collides with another microscopic particle or with a macroscopic object (which might be a measuring apparatus).

	In this scattering problem, we ignore the internal details of the collision and say that the incoming initial state ψa has changed asymptotically (discontinuously, and randomly = wave-function collapse) into the new outgoing final state φn.

	[Note that if we prepare a very large number of identical initial states ψa, the fraction of those ending up in the final state φn is just the probability < ψa | φn >2]

	The information that the system was in state ψa has been lost (its path information has been erased; it is now "noise," as Zeh describes it). New information exists (implicitly in the particle, if not stored anywhere else) that the particle is in state φn.

	If the collision is with a large enough (macroscopic) apparatus, it might be capable of recording the new system state information, by changing the quantum state of the apparatus into a "pointer state" correlated with the new system state. 
"Pointers" could include the precipitated silver-bromide molecules of a photographic emulsion, the condensed vapor of a Wilson cloud chamber, or the cascaded discharge of a particle detector.


	But this new information will not be indelibly recorded unless the recording apparatus can transfer entropy away from the apparatus greater than the negative entropy equivalent of the new information (to satisfy the second law of thermodynamics). This is the second requirement in every two-step creation of new information in the universe.

	[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=Q73uJ8WlY_E


The new information could be useful (it is negative entropy) to an information processing system, for example, a biological cell like a brain neuron. 



The collision of a sodium ion (Na+) with a sodium/potassium pump (an ion channel) in the cell wall could result in the sodium ion being transported outside the cell, resetting conditions for the next firing of the neuron's action potential, for example.


	

The new information could be meaningful to an information processing agent who could not only observe it but understand it. Now neurons would fire in the mind of the conscious observer that John von Neumann and Eugene Wigner thought was necessary for the measurement process to occur at all.


Von Neumann (perhaps influenced by the mystical thoughts of Neils Bohr about mind and body as examples of his "complementarity.") saw three levels in a measurement; 

	the system to be observed, including light up to the retina of the observer.
	the observer's retina, nerve tracts, and brain
	the observer's abstract "ego."



	[image: image-placeholder]
John Bell asked tongue-in-cheek whether no wave function could collapse until a scientist with a Ph.D. was there to observe it. He drew a famous diagram of what he called von Neumann's "shifty split." 


Bell shows that one could place the arbitrary "cut" (Heisenberg called it the "Schnitt") at various levels without making any difference. 


But an "objective" observer-independent measurement process ends when irreversible new information has been indelibly recorded (in the photographic plate of Bell's drawing).  


Von Neumann's physical and mental levels are better discussed as the mind-body problem, not the measurement problem.






The Measurement Problem


So what exactly is the "measurement problem?"


For decoherence theorists, the unitary transformation of the Schrödinger equation cannot alter a superposition of microscopic states. Why then, when microscopic states are time evolved into macroscopic ones, don't macroscopic superpositions emerge? According to H. D. Zeh:


Because of the dynamical superposition principle, an initial superposition 
Σ cn | n > does not lead to definite pointer positions (with their empirically observed frequencies). If decoherence is neglected, one obtains their entangled superpositionΣ cn | n > | Φn >, that is, a state that is different from all potential measurement outcomes. 

And according to Erich Joos, another founder of decoherence:


It remains unexplained why macro-objects come only in narrow wave packets, even though the superposition principle allows far more "nonclassical" states (while micro-objects are usually found in energy eigenstates). Measurement-like processes would necessarily produce nonclassical macroscopic states as a consequence of the unitary Schrödinger dynamics.
An example is the infamous Schrödinger cat, steered into a superposition of "alive" and "dead". 


The fact that we don't see superpositions of macroscopic objects is the "measurement problem," according to Zeh and Joos.


An additional problem is that decoherence is a completely unitary process (Schrödinger dynamics) which implies time reversibility. What then do decoherence theorists see as the origin of irreversibility? Can we time reverse the decoherence process and see the quantum-to-classical transition reverse itself and recover the original coherent quantum world?


To "relocalize" the superposition of the original system, we need only have complete control over the environmental interaction. This is of course not practical, just as Ludwig Boltzmann found in the case of Josef Loschmidt's reversibility objection.  


Does irreversibility in decoherence have the same rationale - "not possible for all practical purposes" - as in classical statistical mechanics? 


According to more conventional thinkers, the measurement problem is the failure of the standard quantum mechanical formalism (Schrödinger equation) to completely describe the nonunitary "collapse" process. Since the collapse is irreducibly indeterministic, the time of the collapse is completely unpredictable and unknowable. Indeterministic quantum jumps are one of the defining characteristics of quantum mechanics, both the "old" quantum theory, where Bohr wanted radiation to be emitted and absorbed discontinuously when his atom jumpped between staionary states, and the modern standard theory with the Born-Jordan-Heisenberg-Dirac "projection postulate." 


To add new terms to the Schrödinger equation in order to control the time of collapse is to misunderstand the irreducible chance at the heart of quantum mechanics, as first seen clearly, in 1917, by Albert Einstein. When he derived his A and B coefficients for the emission and absorption of radiation, he found that an outgoing light particle must impart momentum hν/c to the atom or molecule, but the direction of the momentum can not be predicted! Neither can the theory predict the time when the light quantum will be emitted. 


Such a random time was not unknown to physics. When Ernest Rutherford derived the law for radioactive decay of unstable atomic nuclei in 1900, he could only give the probability of decay time. Einstein saw the connection with radiation emission:



It speaks in favor of the theory that the statistical law assumed for [spontaneous] emission is nothing but the Rutherford law of radioactive decay. 


But the inability to predict both the time and direction of light particle emissions, said Einstein in 1917, is "a weakness in the theory..., that it leaves time and direction of elementary processes to chance (Zufall, ibid.)." It is only a weakness for Einstein, of course, because his God does not play dice. Decoherence theorists too appear to have what William James called an "antipathy to chance."



In the original "old" quantum mechanics, Neils Bohr made two assumptions. One was that atoms could only be found in what he called stationary energy states, later called eigenstates. The second was that the observed spectral lines were discontinuous sudden transitions of the atom between the states. The emission or absorption of quanta of light with energy equal to the energy difference between the states (or energy levels) with frequency ν was given by the formula
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where h is Planck's constant, derived from his radiation law that quantized the allowed values of energy.


In the now standard quantum theory, formulated by Werner Heisenberg, Max Born, Pascual Jordan, Erwin Schrödinger, Paul Dirac, and others, three foundational assumptions were made: the principle of superposition, the axiom of measurement, and the projection postulate. Since decoherence challenges some of these ideas, we review the standard definitions.



The Principle of Superposition 

 
The fundamental equation of motion in quantum mechanics is Schrödinger's famous wave equation that describes the evolution in time of his wave function ψ, 
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For a single particle in idealized complete isolation, and for a Hamiltonian H that does not involve magnetic fields, the Schrödinger equation is a unitary transformation that is time-reversible (the principle of microscopic reversibility)


Max Born interpreted the square of the absolute value of Schrödinger's wave
function as providing the probability of fi
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Determinism

Determinism is the philosophical idea that every event or state of affairs, including every human decision and action, is the inevitable and necessary consequence of antecedent states of affairs. 

More strictly, determinism should be distinguished from pre-determinism, the idea that the entire past (as well as the future) was determined at the origin of the universe.


Nor should determinism be confused with determination, the idea that events (including human actions) can be adequately determined by immediately prior events (such as an agent's reasons, motives, desires), without being pre-determined back to before the agent's birth or even back to the origin of the universe.


Since modern quantum physics shows that the universe is indeterministic, with profound effects on microscopic processes at the atomic scale, we will find it valuable to distinguish pre-determinism from the adequate determinism that we have in the real world. Adequate determinism is the basis for the classical physical laws that apply in the macrocosmos.


Determinism is a modern name (coined in the nineteenth-century) for Democritus' ancient idea that causal deterministic laws control the motion of atoms, and that everything - including human minds - consists merely of atoms in a void.


As Democritus' mentor and fellow materialist Leucippus put it, an absolute necessity leaves no room in the cosmos for chance. 



     "Nothing occurs at random, but everything for a reason and by necessity." 1
     οὐδὲν χρῆμα μάτην γίνεται, ἀλλὰ πάντα ἐκ λόγου τε καὶ ὑπ’ ἀνάγκης    



If necessary causal laws did govern the motion of all elementary particles, atoms, molecules, etc., then the future of the universe would be completely determined. There would be but one possible future. In terms of information, the total information in the universe would be a constant for all times. Information would be a conserved quantity, like mass and energy. But information is not conserved. It is being created at all times in a cosmic creation process driven by the expansion of the universe. 





Determinism, especially the variation of "soft" determinism (cf. William James) or compatibilism, is supported as a theory of free will by a majority of philosophers, each with special vested interests in one or more of the many determinisms. 

Compatibilists accept determinism but argue that man is free as long as his own will is one of the steps in the causal chain, even if his choices are completely predetermined for physical reasons or preordained by God.



And Fatalism is a special form of determinism where every event in the future is fated to happen. Fatalism does not normally require that any causal laws or higher powers are involved. Que sera, sera. 

The core idea of determinism is closely related to the idea of causality. But we can have causality without determinism, especially the "soft" causality that follows an "uncaused" event (a causa sui) that is not predictable from prior events.

Aristotle called such events archai (ἀρχαί) - starting points or "fresh starts" in new causal chains which break the bonds of determinism.


Despite David Hume's critical attack on the necessity of causes, many philosophers embrace causality and determinism strongly. Some even connect it to the very possibility of logic and reason. And Hume himself believed strongly, if inconsistently, in necessity. " 'tis impossible to admit any medium betwixt chance and necessity," he said.

Bertrand Russell said "The law of causation, according to which later events can theoretically be predicted by means of earlier events, has often been held to be a priori, a necessity of thought, a category without which science would not be possible." (Russell, External World p.179)  


The idea of indeterminism appears to threaten causality and the basic idea of causal law. But it does not. 


Indeterminism for some is simply an occasional event without a cause. We can have an adequate causality without strict determinism. Strict determinism means complete predictability (in principle, if not in practice) of events and only one possible future. Adequate determinism provides statistical predictability, which in normal situations for physical objects approaches statistical certainty. 


An example of an event that is not strictly caused is one that depends on chance, like the flip of a coin. If the outcome is only probable, not certain, then the event can be said to have been caused by the coin flip, but the head or tails result itself was not predictable. So this causality, which recognizes prior events as causes, is undetermined and the result of chance alone. 


We call this "soft" causality. Events are caused by prior (uncaused) events, but not determined by events earlier in the causal chain, which has been broken by the uncaused cause.


Determinism is critical for the question of free will. Strict determinism implies just one possible future. Chance means that the future is unpredictable. Chance allows alternative futures and the question becomes how the one actual present is realized from these alternative possibilities. 


The departure required from strict determinism is very slight compared to the miraculous ideas associated with the "causa sui" (self-caused cause) of the ancients.


Even in a world that contains quantum uncertainty, macroscopic objects are determined to an extraordinary degree. But the macroscopic "laws of nature" are just statistical laws that "emerge" when large numbers of atoms or molecules get together. For large enough numbers, the probabilistic laws approach practical certainty. 

Determinism is an emergent property.


Newton's laws of motion are deterministic enough to send men to the moon and back. Our Cogito Model  of the Macro Mind is large enough to ignore quantum uncertainty for the purpose of the reasoning will. The neural system is robust enough to insure that mental decisions are reliably transmitted to our limbs. 



we see a world of 
soft causality and adequate determinism


We call this determinism, only ineffective for extremely small structures, "adequate determinism."  It is adequate enough to predict eclipses for the next thousand years or more with extraordinary precision. 

Belief in strict determinism, in the face of physical evidence for indeterminism, is only tenable today for dogmatic philosophy. We survey ten modern dogmas of determinism. 

Phillipa Foot argued that because our actions are determined by our motives, our character and values, our feelings and desires, in no way leads to the conclusion that they are pre-determined from the beginning of the universe.


The presence of quantum uncertainty leads some philosophers to call the world indetermined. But indeterminism is somewhat misleading, with strong negative connotations, when most events are overwhelmingly "adequately determined." Nevertheless, speaking logically, if a single event is undetermined, then indeterminism is true, and determinism false. 1

There is no problem imagining that the three traditional mental faculties of reason - perception, conception, and comprehension - are all carried on more or less deterministically in a physical brain where quantum events do not interfere with normal operations.


There is also no problem imagining a role for  randomness in the brain in the form of quantum level noise.  Noise can introduce random errors into stored memories. Noise could create random associations of ideas during memory recall. This randomness may be driven by microscopic fluctuations that are amplified to the macroscopic level. 


Our Macro Mind needs the Micro Mind for the free action items and thoughts in an Agenda of alternative possibilities to be de-liberated by the will. The random Micro Mind is the "free" in free will and the source of human creativity. The adequately determined Macro Mind is the "will" in free will that de-liberates, choosing actions for which we can be morally responsible. 


Determinism must be disambiguated from its close relatives causality, certainty, necessity, and predictability.


The Emergence of Determinism


Since the physical world is irreducibly indeterministic at the base level of atoms and molecules, there is actually no strict determinism at any "level" of the physical world.

With random motions at the base level, what emerges  at the higher level of the macroscopic physical world and the human mind is adequate determinism.  Determinism is an abstract theoretical idea that simplifies physical systems enough to allow the use of logical and mathematical methods on idealized abstract "objects" and "events." The apparent "determinism" of classical physics is the consequence of averaging over extremely large numbers of microscopic particles. 


Adequate determinism "emerges" when we have large enough objects to be averaging over vast numbers of atoms and molecules. 

Determinism is an emergent property.



The Etymology of Determinism


The term (sic) determinism is first attested in the late fourteenth century, "to come to an end," also "to settle, decide," from O.Fr. determiner (12c.), from L. determinare "set limits to," from de- "off" + terminare "to mark the end or boundary," from terminus "end, limit." 

The sense of "coming to a firm decision" (to do something) is from 1450. 


Determination as a "quality of being resolute" dates from 1822. 


Before the nineteenth century determinists were called Necessarians. William Belsham contrasted them (favorably) with the incoherent Libertarians in 1789, the first use of Libertarian. Libertarians were thought incoherent because liberty was thought to be unruly, random, unlawful, and - in a related term of the day - libertine.


Determinism appears in 1846 in Sir William Hamilton's edition of Thomas Reid's works as a note on p.87.  


There are two schemes of Necessity - the Necessitation by efficient - the Necessitation by final causes. The former is brute or blind Fate; the latter rational Determinism.


At about the same time, it is used by theologians to describe lack of free will. 

In 1855, William Thomson (later Lord Kelvin) wrote,


The theory of Determinism, in which the will is determined or swayed to a particular course by external inducements and forced habits, so that the consciousness of freedom rests chiefly upon an oblivion of the antecedents of our choice.

Ernst Cassirer claimed (mistakenly?) that Determinism in the philosophical sense of a "doctrine that everything that happens is determined by a necessary chain of causation" dates from the work of Emil du Bois-Reymond in 1876. 


Note that ancient philosophers worried about this causal chain (ἄλυσις), but those philosophers who allowed the existence of chance, (Aristotle, Epicurus, Lucretius, and Alexander of Aphrodisias), denied such a causal chain, while maintaining that human decisions were caused by neither chance nor necessity but by a tertium quid - our autonomous human agency.


The adjective determinist appeared first in the Contemporary Review of October 1874 - "The objections of our modern Determinists." In the Contemporary Review of March 1885 R. H. Hutton described "The necessarian or determinist theory of human action." 

William James's essay on The Dilemma of Determinism appeared at about the same time, in 1884. In it he coined the terms "soft determinism" (today's compatibilism), and "hard determinism" (strict determinsm, indeed, pre-determinism from the beginning of time).  



For Teachers

      C.D.Broad, in 1932, defined Determinism, Indeterminism, and Libertarianism. Reprinted in Morgenbesser (1962) Free Will
And now at last we can define- "determinism" and "indeterminism." Determinism is the doctrine that every event is completely determined, in the sense just defined. Indeterminism, is the doctrine that some, and it may be all, events are not completely determined, in the sense defined. Both  doctrines are, prima facie, intelligible, when defined as I have defined them.	

There is one other point to be noticed. An event might be completely determined, and yet it might have a "causal ancestor" which was not, completely determined. If Y is the total cause of Z and X is the total cause of Y, I call both Y and X "causal ancestors" of Z. Similarly, if W were the total cause of X, I should call Y, X, and W "causal ancestors" of Z. And so on. If at any stage in such a series there is a term, e.g. W, which contains a cause-factor that is not completely determined, the series will stop there, just as the series of human ancestors stops with Adam. Such a term may be called the "causal progenitor" of such a series. If determinism be true, every event has causal ancestors, and therefore there are no causal progenitors. If indeterminism be true, there are causal progenitors in the history of the world.


We are now in a position to define what Ι will call "libertarianism." This doctrine may be summed up in two propositions. (i) Some (and it may be all) voluntary actions have a causal ancestor which contains as a cause factor the putting-forth of an effort which is not completely determined in direction and intensity by occurrent causation. (ii) In such cases the direction and the intensity of the effort are completely determined by non-occurrent causation, in which the self or agent, taken as a substance or continuant, is the non-occurrent total cause. [Broad means a non-physical mind as the non-occurent cause.] Thus, Libertarianism, as defined by me, entails indeterminism, as defined by me; but the converse does not hold.



If I am right, libertarianism is self-evidently impossible, whilst indeterminism is prima facie possible.




      Richard Double,s The Nonreality of Free Will (1995?) provided these definitions.

Although the notion of determinism appears frequently through this book, the free will discussion is concerned only with a tiny subset of what might be determined, viz., those events that affect human decision making. Whether there is, e.g., indeterminacy in quantum physics is an empirical matter outside of philosophers' ken and, by itself, does not bear on the free will debate, although some libertarians have argued that quantum indeterminacy could bear on human choices (see Chapter 8). This book is primarily about free will, though, and about determinism only incidentally.
Compatibilism — The view that the theses of free will and determinism can both be true.

Incompatibilism — The view they cannot both be true.

Soft determinism — Technically, compatibilism plus determinism, but in fact, the view that we have free will not as a result of indeterminism, whether or not determinism is true.

Hard determinism — Technically, incompatibilism plus determinism, but the view that humans lack free will because their decisions are determined, again, whether determinism in its fullest generality is true.

Libertarianism — The view that humans have free will as a result of indeterminism in their choices. 




Double's libertarianism is an extreme view that makes chance the direct cause of our choices. But it coincides with Robert Kane's "torn decisions" in which an agent can take responsibility for a random choice either way if there are good reasons for either choice. 
     


For Scholars

     1. C.D.Broad, 1934 "Indeterminism is the doctrine that some, and it may be all, events are not completely determined."  
     



Source: https://www.informationphilosopher.com/problems/determinism
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Entanglement

Entanglement is a mysterious quantum phenomenon that is widely, but mistakenly, described as capable of transmitting information over vast distances faster than the speed of light. It has proved very popular with science writers, philosophers of science, and many scientists who hope to use the mystery to deny some of the basic concepts underlying quantum physics. Beyond this claim, which violates the principle of relativity, is the claim that entanglement "connects" every particle in the universe with every other particle, implying a "holistic" or "implicate" order in the universe, which is popular with "new age" thinkers and other mystics who see in it pan-psychism, or "cosmic consciousness," or at a minimum "telepathic powers" between entangled minds.


Entanglement depends on two quantum properties that are thought to be impossible in "classical" physics. One is called nonlocality. We shall argue that Albert Einstein first caught a glimpse of nonlocality as early as his photoelectric effect paper, published in June of 1905, when he questioned how a continuous light wave spread out in space could instantly collapse all its energy to become localized in the discrete quantum of energy needed to eject an electron. We call this "collapse" because it was the first insight into what the founders of quantum mechanics over twenty years later would call the "collapse of the wave function." At this early time, Einstein already said explicitly that the instantaneous relocation of the light wave appeared to violate his brand new relativity principle, published in September of that "miracle year." 


Einstein again discussed the fundamental connection between a particle and its wave nature in 1909, when he said that physics in the future will require a "fusion" of the wave and particle pictures. Einstein saw the continuous light wave as a "ghost field" or "guiding field" somehow determining the probabilities of locating the discrete light quanta. That was years before Louis de Broglie argued that material particles have associated "pilot waves" (1924), leading Erwin Schrödinger to develop his wave function ψ and his wave mechanics (1926). 


Einstein made a clear public statement about the connection between the wave function and the photon particle twenty-two years after his photoelectric effect paper, at the 1927 Solvay conference on "Electrons and Photons." 



 |ψ|2 expresses the probability that there exists at the point considered a particular particle of the cloud, for example at a given point on the screen.
   

Einstein's remarks were misunderstood but well reported by Niels Bohr. These concerns of Einstein's about nonlocality were ignored by most physicists until 1935 and the appearance of the famous Einstein-Podolsky-Rosen paper, in which Einstein feared there was some kind of "spooky action-at-a-distance."


The other "impossible" quantum property is nonseparability, which Einstein also was first to see, even as he attacked the idea.  Note that this negative reaction was just as Einstein had reacted to his unwelcome discovery of indeterminism in 1916, when he attacked the appearance of chance (Zufall) in the direction of emitted photons as a "weakness in the theory."


Both ontological chance and the "holistic" nonseparability of particles described by a single wave function were first seen by Einstein long before they became standard elements in quantum mechanics.


In 1933 Einstein suggested we can know the position or the momentum of one particle simply by measuring the position or momentum of another particle with which it had interacted in the past.  Since it requires no interaction between the particles, we can call this "knowledge-at-a-distance." It depends only on the classical laws of motion and especially the conservation laws for energy, linear momentum, and angular momentum.


In the 1935 EPR paper Einstein extended nonlocality beyond the relation between a light-quantum particle and its "wave function."  Back in 1926 Erwin Schrödinger invented the "wave function" 
  Ψ
 as the solution to his "wave equation." In 1927 Max Born had identified 
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 as the probability of finding a quantum particle somewhere, following a suggestion of Einstein in the early 1920's.


Before 1933 the great difficulty was understanding the relationship between a single particle and its wave function 
  Ψ
. What Einstein did now was a thought experiment about two particles and their two-particle wave function 
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. It turned out that the two-particle wave function can not be separated into the product of two single-particle wave functions 
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Nonlocality was now extended by Einstein from a light particle and its light wave, to perfect "correlations" between one material particle and another with which it had interacted in the past.  In his response to the EPR paper,  Schrödinger called particles with such correlated properties "entangled" and he told Einstein about the necessary conditions under which 
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 could be "separated" into 
  
    Ψ
    
      1
    
  
 and 
  
    Ψ
    
      2
    
  
. After separation, they would be disentangled and decohered.



Einstein's Discovery of Nonlocality and Nonseparability

Einstein was the first to see nonlocal behavior in quantum phenomena. He may have seen it as early as 1905 in the photoelectric effect, the same year he published his special theory of relativity. But it was perfectly clear to him 22 years later (ten years after his general theory of relativity and his explanation of how quanta of light are randomly emitted and absorbed by atoms), when he described nonlocality with a diagram on the blackboard at an international conference of physicists in Belgium in 1927 at the fifth Solvay conference. 


In his contribution to the 1949 Schilpp memorial volume on Einstein, Niels Bohr gave us a picture of what Einstein drew on that blackboard. 



At the general discussion in Como, we all missed the presence of Einstein, but soon after, in October 1927, I had the opportunity to meet him in Brussels
at the Fifth Physical Conference of the Solvay Institute, which was devoted
to the theme "Electrons and Photons." 

At the Solvay meetings,
Einstein had from their beginning been a most prominent figure, and several
of us came to the conference with great anticipations to learn his reaction
to the latest stage of the development which, to our view, went far in
clarifying the problems which he had himself from the outset elicited so
ingeniously. During the discussions, where the whole subject was reviewed
by contributions from many sides and where also the arguments mentioned
in the preceding pages were again presented, Einstein expressed, however,
a deep concern over the extent to which a causal account in space and time
was abandoned in quantum mechanics. 
To illustrate his attitude, Einstein referred at one of the sessions
to the simple example, illustrated by Fig. 1, of a particle (electron or
photon) penetrating through a hole or a narrow slit in a diaphragm placed
at some distance before a photographic plate. 
[image: photon passes through a slit]

On account of the diffraction of the wave connected with the motion
of the particle and indicated in the figure by the thin lines, it is under
such conditions not possible to predict with certainty at what point the
electron will arrive at the photographic plate, but only to calculate the
probability that, in an experiment, the electron will be found within any
given region of the plate. 


The apparent difficulty, in this description,
which Einstein felt so acutely, is the fact that, if in the experiment
the electron is recorded at one point A of the plate, then it is out of
the question of ever observing an effect of this electron at another point
(B), although the laws of ordinary wave propagation offer no room for a
correlation between two such events. 




Note that they wanted Einstein's reaction to their work, but actually took little interest in Einstein's concern about the nonlocal implications of quantum mechanics.


Bohr is telling us that in 1927 Einstein saw instantaneous "correlations" of events widely separated ("as if actions-at-a-distance"), which exactly describes today's perfect "nonlocal" correlations of widely separated entangled particles. 


Later. in 1935, Einstein, Boris Podolsky, and Nathan Rosen proposed a thought experiment (known by their initials as EPR) to exhibit internal contradictions in the new quantum physics. They hoped to show that quantum theory could not describe certain intuitive "elements of reality" and thus was either incomplete or, as they might have hoped, demonstrably incorrect. 


Einstein and his colleagues Erwin Schrödinger, Max Planck, and others hoped for a return to deterministic physics, and the elimination of mysterious quantum phenomena like superposition of states and "collapse" of the wave function.  EPR continues to fascinate determinist philosophers of science hoping to prove that quantum indeterminacy
(ontological randomness) does not exist. 


Beyond the problem of nonlocality, the EPR thought experiment introduced the problem of "nonseparability." In his response to the EPR paper, Schrödinger in 1935 told Einstein that his "separability principle" (Trennungsprinzip) was simply wrong.  Schrödinger's two-particle wave function 
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 can not be separated into the product of single-particle wave functions 
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. The two particles share some properties. Instantaneous (simultaneous) knowledge of a distant particle's property (position or momentum or spin) can be gained by measurement of the same property of a local particle that interacted with the distant particle sometime in the past.


The 1935 EPR paper was based on an earlier question of Einstein's about two particles fired toward one another with equal and opposite velocities. He imagined them starting at 
  
    t
    
      0
    
  
 some distance apart and approaching one another with equal high velocities. Then for a short time interval from 
  
    t
    
      1
    
  
 to t1 + Δt the particles are in contact with one another. 


Einstein described this situation to Léon Rosenfeld in 1933.
Shortly before he left Germany to emigrate to America, 
Einstein attended a lecture on quantum electrodynamics by
Rosenfeld. Keep in mind that Rosenfeld was perhaps the most
dogged defender of the Copenhagen Interpretation, 
which maintains that a particle has no properties until it is measured.

 After the talk,
Einstein asked Rosenfeld, “What do you think of this situation?”



Suppose two particles are set in motion towards each other with
the same, very large, momentum, and they interact with each
other for a very short time when they pass at known positions.
Consider now an observer who gets hold of one of the particles,
far away from the region of interaction, and measures its
momentum: then, from the conditions of the experiment, he will
obviously be able to deduce the momentum of the other particle.
If, however, he chooses to measure the position of the first
particle, he will be able tell where the other particle is.


We can diagram a simple case of Einstein’s question as follows after the particles have interacted at the center, using indistinguishable electrons rather than generic particles. 


[image: image-placeholder]


Recall that it was Einstein who discovered in 1924 the identical nature, indistinguishability, and interchangeability of some quantum particles. He found that identical particles are not independent, altering their quantum statistics.

 Note that it was David Bohm in 1952 who proposed Einstein's problem use electrons. Today many if not most accounts of the EPR paradox describe it with electrons.


After the particles interact at t1, quantum mechanics describes them with a single two-particle wave function Ψ12 that is not the product of independent single-particle wave functions Ψ1 and Ψ2. In the case of electrons, which are indistinguishable interchangeable particles, it is not proper to say electron 1 goes this way and electron 2 that way. (Nevertheless, it is convenient to label the particles, as we do in the illustration.) 

Einstein then asked Rosenfeld, “How can the final state of the second
particle be influenced by a measurement performed on the first
after all interaction has ceased between them?” This was the germ
of the EPR paradox, and ultimately the problem of two-particle
entanglement.


Why does Einstein question Rosenfeld and describe this as an
“influence,” suggesting what he will later call a spooky “action-at-a-distance?”


It is only paradoxical in the context of Rosenfeld’s Copenhagen
Interpretation. The second particle is not itself measured and
yet we know something about its properties. The Copenhagen Interpretation
says we cannot know properties without an explicit measurement. They say some properties don't even exist until after a measurement.


Einstein was clearly correct to tell Rosenfeld that at a later time 
  
    t
    
      2
    
  
, a measurement of one particle's position would instantly establish the position of the other particle - without measuring it. Einstein obviously was using conservation of linear momentum implicitly to calculate (and know) the position of the second particle. But this not need be "action-at-a-distance." It is more likely simply "knowledge-at-a-distance."


Conservation laws are principles that are much deeper than classical mechanical laws or quantum mechanics. They are the consequence of symmetries in the motions.


Einstein's particles that have the same, but opposite, momentum move apart like mirror images of one another. Newton's first law of motion says that they will continue their motions unless some interaction disturbs them. No "influence" or action-at-a-distance by one particle on the other is needed for the motion of the particles to remain symmetric mirror images. It is precisely the lack of interactions that maintains the conservation of momentum. 


Shortly after EPR, Schrödinger described two such particles as becoming "entangled" (verschränkt) at their first interaction, so "nonlocal" phenomena are also known as "quantum entanglement." 


Although conservation laws are rarely cited as the explanation, they are the physical reason that entangled particles always produce correlated results for all properties. If the results were not always correlated, the implied violation of a fundamental conservation law would cause a much bigger controversy than entanglement itself, as puzzling as that is.


This idea of something measured in one place "influencing" measurements far away challenged what Einstein thought of as "local reality." It came to be known as "nonlocality." Einstein called it a "spukhaft Fernwirkung" or "spooky action at a distance." 


We prefer to describe this phenomenon as "knowledge at a distance." No action has been performed on the distant particle simply because we learn about its position (or spin). Note that this assumes the distant particle has not been disturbed by an intermediate interaction (e.g., decoherence) with the environment after the original entanglement. 



What Would "Action-At-A-Distance" Require?


Where EPR used correlated positions of the two particles, modern examples follow David Bohm's correlated electron spins. We can ask how the measurement of one particle could possibly influence" or "act on" its distant companion to cause its position or its spin to become correlated perfectly, should it not already be correlated, as we argue, by the symmetry of conservation principles.


No correlations between properties of particles at the "separated" positions would mean that 1) in EPR their positions would not be exactly opposite and equidistant from the initial entanglement position, and 2) in Bohm's version, their spins are not exactly opposite in direction, conserving total spin zero of teh original spherically symmetric singlet state of the molecule.


How would action-at-a-distance then work to create correlations? 


The first particle would have to measure the actual position or spin of the distant particle. Next, the first particle would by mechanical means have to change those distant properties to become correlated with itself. The interaction would have to "do work" on the distant particle and accomplish these steps "instantaneously," that is to say these mechanical operations would have to be achieved at speeds much greater than light speed. 


There is nothing in classical or quantum mechanics that suggests this kind of remote interaction. There is no conceivable communication or signal that could tell the distant particle how exactly it must change itself. There is no self-action by which the second particle can change its own state when told to do so by the first, upon receiving the information about their differences. 



Can Particles Have Specific Properties Determined Before They Are Measured? No. But Perfectly Correlated Indeterministic (Random) Properties Can Be Created By The Measurements, As Long As Alice And Bob Measure In Exactly the Same Direction, Preserving The Symmetry 


In classical mechanics, the second EPR particle always does have the exact position needed to conserve linear momentum. In that case, Einstein was right. For quantum mechanics, however, Heisenberg's uncertainty principle limits the position (and momentum) accuracy. Podolsky and Rosen may have hoped to use EPR to deny the uncertainty principle. Einstein criticized their clumsy attempt.


For Bohm's spin measurements, the situation is more complex. It is impossible for the particles before measurement to have known spin in all three possible measurement directions, let alone in the direction (angle) Alice and Bob plan to measure. When spin is known/measured in the x-direction, spin in the y- and z-directions becomes indeterminate.


So can the spins be initially entangled in the exact direction that Alice or Bob choose to measure? No/ There are two problems with this assumption of a preferred direction created during the initial entanglement. 


1) If Alice and Bob are free to choose their measurement direction, there is little chance they would choose that preferred initial direction. If they measure at an angle θ to that direction, correlations will no longer be perfect, falling off as the cosine of the angle θ, with no correlation at all for θ = 90°. Since Alice and Bob get perfect correlations in any direction, assuming they agree in advance on the direction and both measure in their chosen direction, there appears to be no initial preferred direction. The symmetry before their measurement is preserved by their symmetric measurements in the same direction. 


2) The initial entangled state has total spin zero (the so-called singlet state). It is rotationally symmetric, isotropic, the same in all directions. If there were an initial preferred direction, that rotational symmetry would be destroyed. If there had been an initial preferred direction, it could not be known to Alice and Bob.


We will see how the perfect rotational symmetry of the initial entangled state with total spin zero can provide the explanation for Alice and Bob getting perfect (but random) correlations whatever their choice of measurement angle.


Their choice of a measurement direction breaks the rotational symmetry (in all directions) of the initial total spin zero state. But it preserves the planar symmetry (and total spin zero) in their pre-agreed-upon chosen direction, conserving total spin angular momentum. If it did not, a conservation law would have been violated.  That cannot be. Conservation is a principle deeper than mere mechanical laws, classical or quantum.


We can say that a joint (shared) property of total spin zero existed before (and then after) their measurements. It existed in all directions and at all times. What did not exist before their measurements is the random up-down or down-up result of their measurements.

Erwin Schrödinger's two-particle wave function describes the two entangled particles as in a linear combination (a superposition) of up-down and down-up states.  Their measurement randomly produces one of these states.


This is the sense in which observers "create reality" with an experimental measurement. Niels Bohr and Werner Heisenberg made the "free choice" as to what to measure a central element of their Copenhagen Interpretation. Alice and Bob freely choose the direction in which they measure. But whether their measurement outcomes are up-down or down-up is totally random (indeterministic). Paul Dirac called this "Nature's choice," not controllable by the experimenters but caused/created by their measurements.


The "free choice" of direction breaks the rotational symmetry of the total spin zero state. But it preserves the planar symmetry defined by Alice and Bob's (pre-agreed upon) measurement direction. This preserves the symmetry needed to conserve angular momentum in the chosen direction. But "Nature's choice" of outcome, whether Alice up-Bob down or Alice down-Bob up, creates the random but perfectly correlated spin properties that the Copenhagen Interpretation correctly says did not exist before the measurement.


Our analysis shows these random properties could not have existed at the initial entanglement. They are brought into existence by the experimenters' "free choice."


So the conservation of angular momentum alone can explain the perfect correlation of entangled electron spins with no needed faster-than-light interaction "at a distance" between the particles, as long as Alice and Bob measure in their previously agreed upon chosen direction. 

 
Particles do not have the exact properties needed before the measurements. Quantum theory and the conservation principle predicts that measurements in a pre-agreed-upon direction can create perfectly correlated random properties. And thousands of Bell's theorem test experiments have confirmed that theory, explaining how perfectly correlated random bit strings can be created by Alice and Bob at vastly separated places, without any "spooky action-at-a-distance," just what is needed for quantum cryptography. 



A Hidden Constant?


Because the conservation of total spin angular momentum is true from the moment of entanglement state preparation until after the measurements by Alice and Bob at arbitrarily large separations (as long as no external interactions take place), we describe the conserved total spin as providing a "hidden constant of the motion." Physicists from David Bohm to John Bell hoped to find "hidden variables" that could travel with the entangled particles, to ensure that their spins would be found opposite to one another.    

The principle of conservation of angular momentum together with the experimental fact that spins in Bell test experiments are always found opposite one another gives us confidence that, although the (random) spin directions are unknown, they are opposite in the moment before measurements by Alice and Bob and thus opposite when measured. 


See our hypothesis of a Hidden Constant of the Motion, all that is necessary to explain entanglement without superluminal "spooky action-at-a-distance."


Perhaps "hidden constant" is too cute, although it travels along with the particles just as David Bohm's hidden variables or David Mermin's "instruction sets" do.


A more modest name might be a common cause in the past history of the two particles. 



Disentanglement


In the year following the Einstein-Podsky-Rosen paper, Erwin Schrödinger looked more carefully at Einstein's "separability" assumption (Trennungsprinzip) that an entangled system can be separated enough to be regarded as two systems with independent wave functions. 
  

Years ago I pointed out that when two systems separate far enough
to make it possible to experiment on one of them without interfering with the
other, they are bound to pass, during the process of separation, through stages
which were beyond the range of quantum mechanics as it stood then. For it
seems hard to imagine a complete separation, whilst the systems are still so
close to each other, that, from the classical point of view, their interaction could
still be described as an unretarded actio in distans. And ordinary quantum
mechanics, on account of its thoroughly unrelativistic character, really only deals
with the actio in distans case. The whole system (comprising in our case both
systems) has to be small enough to be able to neglect the time that light takes
to travel across the system, compared with such periods of the system as are
essentially involved in the changes that take place...

It seems worth noticing that the paradox could be avoided by a very simple
assumption, namely if the situation after separating were described by the
expansion 
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 (as assumed in EPR], 
but with the additional statement that the knowledge of the
phase relations between the complex constants 
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 has been entirely lost in consequence
of the process of separation. 


When some interaction, like a measurement, causes a separation, the two-particle wave function Ψ12 collapses, the system decoheres into the product of single-particle wave functions Ψ1Ψ2. Loss of coherent phase relations means the two particles no longer can interfere, but properties of the second system can still be determined by (nonlocal) measurements on the first (or vice versa).


This would mean that not only the parts,
but the whole system, would be in the situation of a mixture, not of a pure state.
It would not preclude the possibility of determining the state of the first system
by suitable measurements in the second one or vice versa. But it would utterly
eliminate the experimenters influence on the state of that system which he does
not touch.
  


Schrödinger says that the entangled system may become disentangled (Einstein's separation) and yet some perfect correlations between later measurements might remain. Note that the entangled system could simply decohere as a result of interactions with the environment, as proposed by decoherence theorists. The perfectly correlated results of Bell-inequality experiments might nevertheless be preserved, depending on the interaction.


Schrödinger tells us that the two-particle wave function 
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 will be disentangled into the product of single-particle wave functions 
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 and 
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 by a measurement of either particle, for example, by either Alice's or Bob's measurements in the case of Bell's Theorem. 


As we saw, Einstein had objected to nonlocal phenomena as early as the Solvay Conference of 1927, when he criticized the collapse of the wave function as "instantaneous-action-at-a-distance" that prevents the wave from "acting at more than one place on the screen."  


The simultaneous events at points A and B in Einstein's 1927 Figure 1 above are the same kind of nonlocality as the two entangled particles acquiring perfectly correlated properties while in a spacelike separation that he suggested to Rosenfeld in 1933, and which Podolsky and Rosen developed into the EPR paradox in 1935.   


Einstein's 1927 concern was based on the idea that the light wave might contain some kind of ponderable energy. At that time Schrödinger thought it might be distributed electricity. In these cases the instantaneous "collapse" of the wave function might violate Einstein's principle of relativity, a concern he first expressed in 1909. When we recognize that the wave function is only pure information about the probability of finding a particle (or particles) somewhere, we see that there is no matter or energy (or in particular no information or signal of any kind) traveling faster than the speed of light in the so-called "collapse." 


Einstein's criticism somewhat resembles the criticisms by Descartes and others about Newton's theory of gravitation. Newton's opponents charged that his theory was "action at a distance" and instantaneous. Einstein's own theory of general relativity shows that gravitational influences travel at the speed of light and are mediated by a gravitational field that can be described as curved space-time.


When a probability function collapses to unity in one place and zero elsewhere, nothing physical is moving from one place to the other. When the nose of one horse crosses the finish line, its probability of winning goes to certainty, and the finite probabilities of the other horses, including the one in the rear, instantaneously drop to zero. This happens faster than the speed of light, since the last horse is in a "space-like" separation. But this does not violate relativity. Only abstract "information" or "knowledge" is changing.


The first practical and workable experiments to test the 1935 "thought experiments" of Einstein, Podolsky, and Rosen (EPR)  were suggested by David Bohm in 1952. Instead of measuring linear momentum, Bohm proposed using two hydrogen atoms that are prepared in an initial state of known total spin angular momentum zero. Momentum and position are continuous variables. Spin is discrete. Bohm argued that measurements of discrete variables would be more precise. Bohm also proposed local "hidden variables" might be needed to explain the correlations. Here is Bohm's description



We consider a molecule of total spin zero consisting
of two atoms, each of spin one-half. The wave function
of the system is therefore
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where  ψ+ (1) refers to the wave function of the atomic
state in which one particle (A) has spin +ℏ/2, etc. The
two atoms are then separated by a method that does
not influence the total spin. After they have separated
enough so that they cease to interact, any desired component
of the spin of the first particle (A) is measured.
Then, because the total spin is still zero, it can immediately
be concluded that the same component of the
spin of the other particle (B) is opposite to that of A.



Note that when Bohm says "because the total spin is still zero, it can immediately
be concluded that the same component of the
spin of the other particle (B) is opposite to that of A," he is implicitly using the conservation of total spin. 


Can you see that our "hidden" constant of the motion hypothesis is implicit in Bohm's description? 


In 1964, John Bell put limits on Bohm's "hidden variables" that might restore a deterministic physics in the form of what he called an inequality, the violation of which would confirm standard quantum mechanics. Here is Bell's description. As with Bohm, conservation is not mentioned explicitly, but it involves spin components measured in the same direction at A and B.  



With the example advocated by Bohm and Aharonov, the EPR argument is the following. Consider a pair of spin one-half particles formed somehow in the singlet spin state and moving freely in opposite directions. Measurements can be made, say by Stern-Gerlach magnets, on selected components of the spins σ1 and σ2. If measurement of the component σ1 • a, where a is some unit vector, yields the value + 1 then, according to quantum mechanics, measurement of σ2 • a must yield the value — 1 and vice versa. Now we make the hypothesis, and it seems one at least worth considering, that if the two measurements are made at places remote from one another the orientation of one magnet does not influence the result obtained with the other. 

"pre-determination" is too strong a term. The first measurement just "determines" the later measurement. We shall see that the second measurement is synchronous with the "first" in a "special" frame


Since we can predict in advance the result of measuring any chosen component of σ2, by previously measuring the same component of σ1, it follows that the result of any such measurement must actually be predetermined. 

Since the initial quantum mechanical wave function does not determine the result of an individual measurement, this predetermination implies the possibility of a more complete specification of the state.



In his 1980 book, Wholeness and the Implicate Order, Bohm emphasized even more strongly that no interaction between particles is needed

Consider a molecule of zero total spin, consisting of two atoms of spin ℏ/2. Let this molecule be disintegrated by a method not influencing the spin of either atom. The total spin then remains zero, even while the atoms are flying apart and have ceased to
interact appreciably.

Now, if any component of the spin of one of the atoms (say A)
is measured, then because the total spin is zero, we can immediately
conclude that this component of the spin of the other atom
(B) is precisely opposite. Thus, by measuring any component of
the spin of the atom A, we can obtain this component of the spin
of atom B, without interacting with atom B in any way...



The two spins are correlated and this permits us to know the spin of atom
B when we measure that of A.
 

Bohm and Bell are implicitly using the conservation of total spin, supporting our "hidden constant" hypothesis. 


If one electron spin is ℏ/2 in the up direction and the other is spin down or -ℏ/2, the total spin is zero. The underlying physical law of importance is not conservation of linear momentum (as Einstein used in EPR). Bohm and Bell use the conservation of angular momentum (or spin). If electron 1 is prepared with spin down and electron 2 with spin up, the total angular momentum is zero. This is called the singlet state. 


[image: image-placeholder]

Bohm and Bell agree that quantum theory describes the two electrons as in a superposition of spin up ( + ) and spin down ( - ) states, 
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The principles of quantum mechanics say that the prepared system is in a linear combination (or superposition) of these two states, and can provide only the probabilities of finding the entangled system in either the | +- > state or the | -+ > state. 


The 
  1
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    √
  
  2
 coefficients of the probability amplitude for each term, when squared, give us the probabilities (1/2) that the system will be found in the state | +- > or in the state | -+ >.  The actual outcome is random (Paul Dirac called it "Nature's choice." But the individual electron spin outcomes are not individually and separately random, because the particles are not independent. One is always up and the other down, as the conservation law and our "hidden constant" hypothesis require. 


Should measurements ever show both spins in the same state, either | ++ > or | -- >, that would violate the conservation of angular momentum. Quantum mechanics does not include such terms in the wave function. So they are not predicted and they are never observed, when measurements by Alice and Bob are made in the pre-agreed upon same direction.   


EPR tests can be done more easily with polarized photons than with electrons, which require a vacuum and complex magnetic fields. The first of these was done in 1972 by Stuart Freedman and John Clauser at UC Berkeley.   Their data, in agreement with quantum mechanics, violated the Bell's inequalities to high statistical accuracy, thus providing strong evidence against local hidden-variable theories. If hidden variables exist, they must be non-local, said Bell.


For more on superposition of states and the physics of photons, see the Dirac 3-polarizers experiment.


John Clauser, Michael Horne, Abner Shimony, and Richard Holt (known collectively as CHSH) and later Alain Aspect did more sophisticated tests. The outputs of the polarization analyzers were fed to a coincidence detector that records the instantaneous measurements, described as + -, - +, + +, and - - . The first two ( + - and  - + ) conserve the spin angular momentum and are the only types ever observed in these nonlocality/entanglement tests, when measurements are made in the same direction.





With the exception of some of Holt's early results that were found to be erroneous, no evidence has so far been found of any failure of standard quantum mechanics. And as experimental accuracy has improved by orders of magnitude, quantum physics has correspondingly been confirmed to one part in 1018, and the transfer speed of the probability information between particles has a lower limit of 106 times the speed of light. There has been no evidence for local "hidden variables."


Nevertheless, experimenters continue to look for possible "loopholes" in the experimental results, such as detector inefficiencies that might be hiding results favorable to Einstein's picture of "local reality." 

Nicolas Gisin and his colleagues have extended the polarized photon tests of EPR and the Bell inequalities to a separation of 18 kilometers near Geneva. They continue to find 100% correlation and no evidence of the "hidden variables" sought after by Einstein and David Bohm.




An interesting use of the special theory of relativity was proposed by Gisin's colleagues, Antoine Suarez and Valerio Scarani. They use the idea of hyperplanes of simultaneity. Back in the 1960's, C. W. Rietdijk and Hilary Putnam argued that physical determinism could be proved to be true by considering the experiments and observers A and B in the above diagram to be moving at high speed with respect to one another.  Roger Penrose developed a similar argument in his book The Emperor's New Mind. He called it the Andromeda Paradox.


Suarez and Scarani showed that for some relative speeds between the two observers A and B, observer A could "see" the measurement of observer B to be in his future, and vice versa.


Because the two experiments have a "spacelike" separation (neither is inside the causal light cone of the other), each observer thinks he does his own measurement before the other. Gisin tested the limits on this effect by moving mirrors in the path to the birefringent crystals and showed that, like all other Bell experiments, the "before-before" suggestion of Suarez and Scarani did nothing to invalidate quantum mechanics.


These experiments were able to put a lower limit on the speed with which the information about probabilities collapses, estimating it as at least thousands - perhaps millions - of times the speed of light and showed empirically that probability collapses are essentially instantaneous. 


Despite all his experimental tests verifying quantum physics, including the "reality" of nonlocality and entanglement, Gisin continues to explore the EPR paradox, considering the possibility that signals are coming to the entangled particles from "outside space-time."




How Information Physics Explains Nonlocality, Nonseparability, and Entanglement


Information physics starts with the fact that measurements bring new stable and irreversibleinformation into existence. In EPR the information in the prepared state of the two particles includes the fact that the total linear momentum and the total angular momentum are zero.

New information requires an irreversible process that also increases the entropy more than enough to compensate for the information increase, to satisfy the second law of thermodynamics. It is this moment of irreversibility and the creation of new observable information that is the "cut" or Schnitt" described by Werner Heisenberg and John von Neumann in the famous problem of measurement

Note that the new observable information does not require a "conscious observer" as Eugene Wigner and some other scientists thought. The information is ontological (really in the world) and not merely epistemic (in the mind). Without new information encoded in the world, there would be nothing for the observers to observe.

Initially Prepared Information Plus Conservation Laws


Conservation laws are the consequence of extremely deep properties of nature that arise from simple considerations of symmetry. We regard these laws as "cosmological principles." Physical laws do not depend on the absolute place and time of experiments, nor their particular direction in space. Conservation of linear momentum depends on the translation invariance of physical systems, conservation of energy the independence of time, and conservation of angular momentum the invariance under rotations. Conservation laws are the consequence of symmetries, as explained by Emmy Noether.


Recall that the EPR experiment (Bohm version) starts with two electrons (or photons) prepared in an entangled state that is a mixture of pure two-particle states, each of which conserves the total angular momentum and, of course, conserves the linear momentum as in Einstein's original EPR example. This information about the linear and angular momenta is established by the initial state preparation (a measurement).


Quantum mechanics describes the probability amplitude wave function 
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 of the two-particle system as in a superposition of two-particle states. It is not a product of single-particle states, and there is no information about the identical indistinguishable electrons traveling along distinguishable paths. With slightly different notation, we can write equation (1) as 
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The probability amplitude wave function 
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 travels away from the source (at the speed of light or less). Let's assume that at 
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 observer A finds an electron (e1) with spin up.


At the time of this "first" measurement, by observer A or B, new information comes into existence telling us that the wave function 
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 has "collapsed" into the state | 1+2- > 
(or into | 1-2+ >). Just as in the two-slit experiment, probabilities have now become certainties, one possibility is now an actuality. If the first measurement finds a particular component of electron 1 spin is up, so the same spin component of entangled electron 2 must be down to conserve angular momentum.


And conservation of linear momentum tells us that at 
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 the second electron is equidistant from the source in the opposite direction.  




As with any wave-function "collapse", the probability amplitude information changes (it does not "travel" anywhere). Nothing really "collapses." Nothing is moving. Only information is changing.

Unlike the two-slit experiment, where the "collapse" goes to a specific point in 3-dimensional configuration space, the "collapse" here is a "jump" (Bohr) or a "projection" (Dirac) or a "reduction" (Heisenberg) into one of the two possible 6-dimensional two-particle quantum states | +- > or | -+ >. This makes "visualization" (Schrödinger's Anschaulichkeit) difficult or impossible, but the parallel with the collapse in the two-slit case provides an intuitive insight of sorts. In both cases, the values of the probability wave function changes instantly over a wide range of space. 


This is what Einstein saw in 1905 with the light wave spread out everywhere collapsing into a photon, in 1927 with the probability of a particle being found everywhere on a spherical surface collapses to the spot where it is found, and again in 1933 where observing a particle in one place tells us exactly where the other one is far away.


If the measurement finds an electron (call it electron 1) as spin-up, then at that moment of new information creation, the two-particle wave function collapses to the state | +- > and electron 2 "jumps" into a spin-down state with probability unity (certainty). The results of observer B's measurement at a later time 
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 is therefore determined to be spin down. 


Notice that Einstein's intuition that the result seems already "determined" or "fixed" before the second measurement is in fact correct. The result is determined by the law of conservation of momentum.


But as with the distinction between determinism and pre-determinism in the free-will debates, the measurement by observer B was not pre-determined before observer A's measurement. 
It was simply determined by her measurement.



Why do so few accounts of entanglement mention conservation laws?

 
Although Einstein mentioned conservation in the original EPR paper, it is noticeably absent from later work. Bohm and Bell are obviously using it without an explicit mention.  A prominent exception is Eugene Wigner, writing on the problem of measurement in 1963: 

If a measurement of the momentum of one of the particles is carried out — the possibility of this is never questioned — and gives the result p, the state vector of the other particle suddenly becomes a (slightly damped) plane wave with the momentum -p. This statement is synonymous with the statement that a measurement of the momentum of the second particle would give the result -p, as follows from the conservation law for linear momentum. The same conclusion can be arrived at also by a formal calculation of the possible results of a joint measurement of the momenta of the two particles.


Writing a few years after Bohm, and one year before Bell, Wigner explicitly describes Einstein's conservation of linear momentum in EPR as well as the conservation of angular momentum (spin) that explains perfect correlations between angular momentum (spin) components if (and only if) measured in the same direction

 
One can go even further: instead of measuring the linear momentum of one particle, one can measure its angular momentum about a fixed axis. If this measurement yields the value mℏ, the state vector of the other particle suddenly becomes a cylindrical wave for which the same component of the angular momentum is -mℏ. This statement is again synonymous with the statement that a measurement of the said component of the angular momentum of the second particle certainly would give the value -mℏ. This can be inferred again from the conservation law of the angular momentum (which is zero for the two particles together) or by means of a formal analysis. 



Visualizing Entanglement and Nonlocality

Schrödinger said that his "Wave Mechanics" provided more "visualizability" (Anschaulichkeit) than the Copenhagen school and its "damned quantum jumps" as he called them. He was right.

But we must focus on the probability amplitude wave function of the prepared two-particle state, and not attempt to describe the paths or locations of independent particles - at least until after some measurement has been made. We must also keep in mind the conservation laws that Einstein used to discover nonlocal behavior in the first place. Then we can see that the "mystery" of nonlocality is primarily the same mystery as the single-particle collapse of the wave function. 


As Richard Feynman said, there is only one mystery in quantum mechanics (the collapse of probability and the consequent statistical outcomes). 


We choose to examine a phenomenon which is impossible, absolutely impossible, to explain in any classical way, and which has in it the heart of quantum mechanics. In reality, it contains the only mystery. We cannot make the mystery go away by "explaining" how it works. We will just tell you how it works. In telling you how it works we will have told you about the basic peculiarities of all quantum mechanics.


In his 1935 paper, Schrödinger described the two particles in EPR as "entangled" in English, and verschränkt in German, which means something like cross-linked. It describes someone standing with arms crossed.


In the time evolution of an entangled two-particle state according to the Schrödinger equation, we can visualize it - as we visualize the single-particle wave function - as collapsing when a measurement is made. The discontinuous "jump" is also described as the "reduction of the wave packet." This is apt in the two-particle case, where the superposition of | + - > and | - + > states is "projected"  or "reduced: to one of these states, and then further reduced to the product of independent one-particle states | + > and | - >.


In the two-particle case (instead of just one particle making an appearance), when either particle is measured we know instantly those properties of the other particle that satisfy the conservation laws, including its location equidistant from, but on the opposite side of, the source, and its other properties such as spin.


Here is an animation showing the two particles simultaneously acquiring their opposite spins when either is measured.







How Mysterious Is Entanglement?


Some commentators say that nonlocality and entanglement are a "second revolution" in quantum mechanics, "the greatest mystery in physics," or "science's strangest phenomenon," and that quantum physics has been "reborn." They usually quote Erwin Schrödinger as saying

"I consider [entanglement] not as one, but as the characteristic trait of quantum mechanics, the one that enforces its entire departure from classical lines of thought."


Schrödinger knew that his two-particle wave function Ψ12 cannot have the same simple interpretation as the single particle, which can be visualized in ordinary 3-dimensional configuration space. And he is right that entanglement exhibits a richer form of the "action-at-a-distance" and nonlocality that Einstein had already identified in the "collapse" of the single particle wave function. 

But the main difference is that on measurement two particles acquire new properties instead of one particle, and they do it instantaneously (simultaneously), just as the single-particle wave function changes instantly over large volumes in the case of a single-particle measurement.


Nonlocality and entanglement are thus another manifestation of Richard Feynman's "only" mystery in the two-slit experiment. 



Is There an Asymmetry Here? 


Here we must explain the asymmetry that Einstein and Schrödinger have introduced into a perfectly symmetric situation, making entanglement such a mystery. Every follower of their early thinking introduces this false asymmetry.

The classic EPR idea is completely symmetric about the origin of the state preparation. Einstein introduced the mistaken idea of measuring one particle "first" and then asking how it influences subsequent measurements of the "second" particle. By contrast, Schrödinger's two-particle wave function "collapses" at all positions in an instant of time. Both particles then appear in a space-like separation.   


The perfectly symmetric picture shows that neither Alice nor Bob can in any way influence the other's experiment, as can be seen best in what we can call a special frame.


There is a special frame in which the collapse of the two-particle wave function is best visualized. It is not a preferred frame in the special relativistic sense (e.g., an inertial frame). But observers in all other frames in relative motion along the experiment axis will see one of the measurements before the other. Relativity contributes confusion to what is going on.


Almost every presentation of the EPR paradox begins with something like "Alice observes one particle..." and concludes with the question "How does the second particle get the information needed so that Bob's measurements correlate perfectly with Alice?"


There is a fundamental asymmetry in this framing of the EPR experiment. It is a surprise that Einstein, who was so good at seeing deep symmetries, did not consider how to remove the asymmetry. Even more puzzling, why did he introduce it? Why do most all subsequent scientists accept it without question?


Consider this reframing: Alice's measurement collapses the two-particle wave function. The two indistinguishable particles simultaneously appear at locations in a space-like separation. The frame of reference in which the source of the two entangled particles and the two experimenters are at rest is a special frame in the following sense.


As Einstein knew very well, there are frames of reference moving with respect to the laboratory frame of the two observers in which the time order of the events can be reversed. In some moving frames Alice measures first, but in others Bob measures first. 


If there is a special frame of reference (not a preferred frame in the relativistic sense), surely it is the one in which the origin of the two entangled particles is at rest. Assuming that Alice and Bob are also at rest in this special frame and equidistant from the origin, we arrive at the simple picture in which any measurement that causes the two-particle wave function to collapse makes both particles appear simultaneously at determinate places with fully correlated properties (just those that are needed to conserve energy, momentum, angular momentum, and spin).


[image: image-placeholder]


In the two-particle case (instead of just one particle making an appearance), when either particle is measured, we know instantly those properties of the other particle that satisfy the conservation laws, including its location equidistant from, but on the opposite side of, the entangling interaction, and all other properties such as spin. It's just "knowledge-at-a-distance."



No "Hidden Variables," But Perhaps A "Hidden Constant?"


Although we find no need for "hidden variables," whether local or non-local, we might say that the conservation laws give us a "hidden constant." Conservation of a particular property is often described as a "constant of the motion." Such a constant might be viewed as "local," in that it travels along with the particles as a shared property, true at all times, or as "global," in that it is a property of the two-particle probability amplitude wave function 
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 as it spreads out in space. 


This agrees with Bohm, and especially with Bell, who says that if the spin of particle 1 is measured to be up, then particle 2 is "predetermined" to be found to be down (if, and only if, 
the two particles are measured in the same direction). 


But recall that the Copenhagen Interpretation says we cannot know a spin property until it is measured. So some claim that both spins are in an unknown value of spin or and spin up until the measurements. It is this that suggests the possibility that both spins might be found in the same direction, both up or both down, which would violate the conservation laws. 


Since electron spins in this situation are never found experimentally in the same direction, this gave rise to the idea of a hidden variable as some sort of signal that could travel to particle 2 after the measurement of particle 1, causing it to change its spin to be opposite that of particle 1. What sort of signal might this be? And what mechanism exists in a bare electron that could cause it to change a property like its spin without an external force of some kind?


Clearly, Wigner's explicit view that a conservation law is operating, and the implicit claims of Bohm and Bell that the electron spins were created in opposite states, are the simplest and clearest explanations of the entanglement mystery.               


Despite accepting that a particular value of some "observables" can only be known by a measurement (knowledge is an epistemological problem) Einstein asked whether the particle actually (really, ontologically) paths and positions, even other properties, before we measure this?  His answer was yes.


Einstein might have thought that the two particles have had their spins predetermined from the time of their entangling interaction. But as we have shown, the perfectly correlated  properties were not created at the initial entanglement preparation but at the measurements by Alice and Bob, who freely chose an agreed upon direction to measure. 


What must pre-exist is the jointly shared property of conserved total spin angular momentum zero in all directions, a symmetry property of the initial entanglement of the two particles, so that whatever direction is freely chosen, the result will be opposite spins to maintain total spin zero, either + -, or - +. 


Note that if Alice and Bob were to measure at angles differing by an angle θ, the perfect correlations would be reduced by cos2θ. That would introduce measurements of + + and - -, which violate the conservation of total spin zero, proportional to sin2θ. 



Why Pre-Determination Is Not Possible At Initial State Preparation


The simple and intuitive idea that the two particles acquired their specific opposite spins when they were prepared, at the moment of entanglement interaction above is unfortunately wrong. Quantum theory tells us that the spins of both particles are undetermined in all directions.

Here is a crude animation illustrating the assumption that the two electrons are prepared, one in a spin-up, the other in a spin-down state. They remain in opposite states no matter how far they separate, provided neither interacts with anything else until the measurements at A and B. 


Two "hidden constants" of the motion, one spin up, one down, might explain the fact of perfect correlations of opposing spins. That "Nature's" initial choice of up-down versus down-up is quantum random explains why the bit strings can be used in quantum encryption.   


🎬Videohttps://www.informationphilosopher.com/animations/Animate_EPR.mp4



What Schrödinger told us in 1935 is that neither particle has a definite spin direction until a measurement is made of either particle. Schrödinger described the situation before measurement as in a linear combination (a superposition) of particle 1 spin up, particle 2 spin down and particle 1 spin down, particle 2 spin up.


The proper quantum description is that the two-particle wave function is in a linear combination of up-down and down-up states. 
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Just one of these two possible up-down (+ -) and down-up (- +) states can become actual when measured. The 
  1
  
    /
  
  
    √
  
  2
 coefficient, when squared, tells us that the two states have probability 1/2. 


The spin directions and spin values (perfectly correlated) for Alice and Bob do not appear until one of them makes a measurement. And only then if Alice and Bob both measure in the same, previously agreed upon, direction, as we will visualize below.


Note that while individual spin values and directions of the two particles are indeterministic before measurement, the joint or shared property of total spin zero is not indeterministic. While there is no information in this equation about the individual particle spins, the equation contains the certain information that if one particle is measured spin-down, the other must be found spin-up 
 
Because the two-particle wave function 
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 has total spin zero, as Schrödinger showed, when they are disentangled and become the product of two single-particle wave functions 
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 and  
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, whichever of the two possible products of single-particle wave functions appears,  up-down (+ -) or down-up (- +), both will continue to conserve total spin!



If 
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 is measured with spin up, then 
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 must have spin down in the exact opposite direction, conserving total spin (angular momentum). This lets us know that 
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 is spin down without measuring it. We believe that this should be called "knowledge-at-a-distance." There is no superluminal signaling, no physical influence, no "action-at-a-distance."


We describe this situation as a single "hidden constant" of the motion. The hidden constant is the total spin zero, a shared property of the two-particle wave function 
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. Spin is a constant because of the principle of conservation of angular momentum, based on the rotational symmetry of the two-particle wave function. And this "hidden" constant achieves everything the David Bohm and John Bell hoped their "hidden variables" could do!



The "Free Choice" of the Experimenter

 
We can establish the fact that there is no preferred spatial direction for the rotationally symmetric two-particle entangled wave function. The founders of quantum mechanics, especially Werner Heisenberg, insists that the experimenter has a "free choice" as to which direction (or component of spin) to measure. It is therefore Alice's "free choice" that introduces the preferred direction into the problem. And it is only measurements by Bob in that same (or opposite) direction that will yield the perfectly correlated (or anti-correlated) values needed for quantum encryption. 

This preferred direction did not exist before Alice's measurement. And note that although Alice can choose the direction, she cannot choose the outcome, spin up or spin down. As Paul Dirac showed, the outcome is indeterministic, a matter of chance that he called "Nature's Choice." 


There is no interaction or action-at-a-distance from Alice to Bob. When the two-particle 
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 collapses into disentangled 
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, the new single-particle wave functions have opposite spins in the direction Alice chose to measure. 


Here is a crude two-dimensional animation of this picture,


🎬Videohttps://www.informationphilosopher.com/animations/Animate_EPR_Osc.mp4


If you move the timeline playhead slowly you can see the two spins are oscillating back and forth, always keeping the total spin zero. Richard Feynman described them as arrows spinning randomly in all directions, but none of these visualizations do justice to the underlying fact that there is no preferred direction for the rotationally symmetric total spin zero state of the entangled 
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 wave function. 


Principle Theories and Constructivist Theories 


In his 1933 essay, "On the Method of Theoretical Physics," Albert Einstein argued that the greatest physical theories would be built on "principles," not on constructions derived from physical experience. His theory of special relativity was based on the principle of relativity, that the laws of physics are the same in all inertial frames, along with the constant velocity of light in all frames.


Our explanation of entanglement as the result of "hidden constants" of the motion is based on conservation laws, which, as Emmy Noether showed, are based on still deeper principles of symmetry.


This "principle" explanation is, of course, also based solidly on the empirical fact that electron spins are always experimentally (constructively) found in opposite directions.



Summary Explanation of Quantum Entanglement


As Einstein should have seen in his discussion with Leon Rosenfeld, the conservation of total zero momentum of identical particles separating with equal but opposite velocities does not depend on any interaction between the particles. Neither particle is "influencing" the motion of the other one to keep their momenta perfectly opposite. They each conserve their own momentum.

The case is similar with two quantum particles, whether electrons, photons, atoms, or "buckyballs. " The two-particle wave function 
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 describes the probability of finding the two particles somewhere if a measurement is made. As with any quantum wave function, particles can be found anywhere the squared modulus |
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| is not zero. 


Just as we can say nothing about where a single particle is located before measurement, so we cannot know where the two particles will be found when observed. But we can know that their relative spin directions will always be found to be exactly opposite one another, just as with Einstein's two particles with opposite linear momentum. 


The perfect rotational symmetry of the two-particle wave function 
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 ensures that every direction angle is equally probable. As Werner Heisenberg and Pascual Jordan liked to describe it, the specific properties of particles are "created" by the measurement, when one of the possible locations and angle directions becomes actual. Alice's "free choice" of direction to measure ensures that the spin will be found along that angle direction, but randomly up or down in that direction, according to Paul Dirac's idea that this is "Nature's choice." As long as Bob measures at the same pre-agreed angle, he will always find his spin opposite to the direction that Alice found, establishing the perfect anti-correlation of bits needed for quantum encryption.


The proper quantum description is that the two-particle wave function is in a linear combination of up-down and down-up states. 
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Either of these possible states can become actual when measured. Both will conserve spin angular momentum, our "hidden constant of the motion."


We might attempt a rough visualization (Schrödinger's Anschaulichkeit) of the spins of the entangled particles. It is something like an ice-skating couple holding hands while they rotate around one another. But the analogy Is weak, because quantum spins are not in ordinary 3-dimensional space. 


Below is a 3D visualization that demonstrates the rotational symmetry of two entangled atoms about their molecular axis, for example the hydrogen molecule made up of two hydrogen atoms. You can rotate the molecule to view it from a point on the molecular axis that is outside the molecule. 


🔗moleculehttps://sketchfab.com/playlists/embed?collection=701416332d8f425b876a01832b9930d3&autostart=0

molecule
        by Eliam113
        on Sketchfab

Click on the play icon and rotate the H2 molecule in any direction. The ground state of the H2 molecule is a 1s21Σ+g singlet state with total spin angular momentum zero because the spins of the two electrons are always found in opposite directions. 

[image: image-placeholder]

The H2 molecule is almost spherically symmetric, distorted slightly from the homologous covalent 1sσ2 state of the helium atom (which is perfectly spherical) by splitting the He atom into two positive nuclei and separating them to the internuclear distance of the molecule.

The ground state being a Σ state, it
must have rotational symmetry
about the nuclear axis.
It is also symmetrical in the two electrons and in the nuclei.


In David Bohm's version of EPR he wrote


We consider a molecule of total spin zero consisting
of two atoms, each of spin one-half... 

 The
two atoms are then separated by a method that does
not influence the total spin. After they have separated
enough so that they cease to interact, any desired component
of the spin of the first particle (A) is measured.
Then, because the total spin is still zero, it can immediately
be concluded that the same component of the
spin of the other particle (B) is opposite to that of A.



But the measurements by Alice and Bob must be made in the same direction (at the same pre-agreed upon angle) to preserve the symmetry and get that perfectly opposite outcome. We can visualize the positions of their Stern-Gerlach devices located on the extension of the molecule's internuclear axis. If you rotate the animation until you are looking along the internuclear axis, it looks like a perfect circle. In this position you see the rotational symmetry about that axis. 


If Alice measures "first" at angle α and Bob then measures at a different angle β, since Bohm tells us Bob's particle must be found oriented perfectly opposite at -α, Bob's measurements will be decorrelated by 
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Note that the rotational symmetry about the internuclear axis means that this result happens whichever angle Alice starts with.


In experimental terms, the fact that the results don't depend on Alice's choice of angle together with the observed 
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 decorrelation seen in all the Bell experiments proves (confirms) that the two-particle wave function is symmetric about the inter-particle axis. which is the flight path of the separating particles. 


If Bob measures at a different angle from Alice, this destroys the rotational symmetry. As Bohm warned, this would influence the total spin of the two particles, which would no longer be zero. But that would not violate conservation of angular momentum, because the spin of the two Stern-Gerlach devices would also be changed, exactly conserving the combined total angular momentum of the particles and the measurement devices.     



Response to Criticisms of Our Explanation of Quantum Entanglement


Critics say that we mistakenly assume that the entangled particles acquire their (perfectly correlated) properties (spin values, positions) before Alice's or Bob's  measurement. We don't. We agree their individual properties are indeterministic. But we insist that their shared property of total spin zero (our "hidden constant") is determined by their initial entanglement.

The Copenhagen Interpretation and many others agree that quantum properties (spin, position, momentum) normally do not exist before their measurement. (Exceptions are cases of a "state preparation" where a system is put into a definite state. A subsequent measurement finds it in the same state - Pauli measurements of the first kind.) The initial entanglement is such a state preparation.


Properties acquired during a measurement are cases in which we say that the observer "creates reality." And we agree that Alice's measurement of spin-up or spin-down in some direction did not exist before her measurement. It was truly random. Dirac calls it Nature's choice". But note that her choice of measurement direction (angle) was her own (Heisenberg's "free choice"). 


Alice is creating the reality of the spin in her chosen direction. Bob will only get a perfectly correlated (or anti-correlated) result if he measures at exactly the same angle (by pre-agreement with Alice). Only in this case can Alice and Bob generate the correlated sequences of random bits needed for quantum cryptography.


So we agree with our critics who say the specific properties created by Alice and Bob (spin and direction angle) do not pre-exist their measurements. However, the critics are also correct that our explanation does require something to exist before the measurements. But what pre-exists is not individual particle properties. 


It is instead the shared or joint property of total spin angular momentum zero that the entangled particles acquired when they were initially entangled, and which they carry with them as they travel. We describe this shared property as a "hidden constant of the motion" because it functions just like the "hidden variables" that David Bohm and John Bell hoped for. 


We believe this "hidden constant" fully explains the non-local behavior of entangled particles and the apparent violation of relativity.


The "hidden constant" for entangled particles is the total spin zero state the particles are in. Without any external interaction (or decoherence by the environment), the total spin remains zero at all times by the law of conservation of angular momentum.  


Critics are correct that we do not know (epistemology) and the particles do not have (ontology) specific spin directions or positions. But we do know, and the particles do have, the joint or shared property of total spin zero at all times. (The two-particle wave function 
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 is rotationally symmetric, a symmetry that underlies the conservation of angular momentum, according to Emmy Noether.)


Specifically, conservation of momentum laws mean that just before the measurement, whatever the unknown spins and positions of the entangled particles, their spins are always exactly opposite to one another, and whatever the unknown positions of the particles, they are equidistant from and on opposite sides of the initial entanglement, as Einstein described to Leon Rosenfeld in 1933 and the 1935 EPR authors called "elements of reality" and a "paradox."


Again, although we do not know those spins and directions, because they are ontologically indeterminate, 
the fact that at the instant of Alice's measurement Bob's particle must have exactly opposite properties is not because an "influence" travels from Alice to Bob faster than the speed of light (Einstein's "spooky action at a distance"). It is because the particles must have opposite momenta when measured because the total momentum is prepared to be zero and remains zero at all times up to and including their measurements.


If without any external interaction the conservation of angular momentum law were violated at some moment, it would be a much greater problem for physics than entanglement itself, however mysterious and puzzling entanglement may seem. 


We are surprised that Einstein did not notice this fact. When Bohr, Kramers, and Slater suggested in 1924 that the conservation laws might only be statistically conserved, Einstein immediately suggested the experiment (to Hans Geiger) that would disprove the BKS hypothesis and confirm the conservation principles that are fundamental to both classical physics and quantum physics.
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Recall that it was Einstein who discovered in 1924 the identical nature, indistinguishability, and interchangeability of some quantum particles. He found that identical particles are not independent, altering their quantum statistics.

 Note that it was David Bohm in 1952 who proposed Einstein's problem use electrons. Today many if not most accounts of the EPR paradox describe it with electrons.


Source: https://www.informationphilosopher.com/problems/entanglement/
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The False Asymmetry in Entanglement

In 1935 Albert Einstein and Erwin Schrödinger mistakenly introduced an asymmetry into a perfectly symmetric situation, making entanglement the mystery that it is considered today. Every follower of their early thinking introduces this false asymmetry.


Almost every presentation of the EPR paradox begins with something like "Alice observes one particle..." and concludes with the question "How does the second particle get the information needed so that Bob's later measurements correlate perfectly with Alice's?"


In between the two experimenters, two entangled particles leave the center in opposite directions. Alice makes a measurement and finds an electron or photon in a certain spin state (say up). When Bob makes his measurement, at the same time or later, he always finds a spin state (say down) that is perfectly correlated (or anti-correlated) with Alice's. The final spin is the same as at the start of the experiment (say zero). Spin is a conserved quantity.


The simplest explanation of the mystery of entanglement is that any measurement, either Alice or Bob, whichever is actually first, "collapses" the two-particle wave function and determines both particles' properties. Conservation of those properties means that they have been continuously correlated perfectly since the experiment started, unless an external interaction changes one or both of them.


It is a surprise that Einstein, who was so good at seeing deep symmetries, did not consider how to remove the false asymmetry favoring the supposed  "first" measurement..

[image: image-placeholder]

This description privileges the "here" and the "now" of Alice's point of view. In the special frame of reference in which Alice's and Bob's labs are at rest along with the central source emitting the entangled particles, the two-particle wave function 
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 "collapses"  in both places at the same instant in "world-time." Either Alice or Bob "collapses" the wave function, depending on who measures first in this special frame. We can say that like the initial entanglement, disentanglement affects both particles simultaneously.

[image: image-placeholder]

Bob's "then" and "there" are thought by Alice to happen later because they are in a space-like separation and it takes time for Bob's results to reach Alice. But the overall situation is perfectly symmetric. Bob can think his measurement is first when it is not, unless it is actually made at a later time 
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 in the special frame above.


Einstein's 1935 EPR paper asked about two electrons fired in opposite directions from a central source with equal velocities. He imagined them starting at 
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 some distance apart and approaching one another with high velocities. Then for a short time interval from 
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 to t1 + Δt the particles are in contact with one another and become entangled.

[image: image-placeholder]

Einstein said correctly in the EPR paper that at a later time 
  
    t
    
      2
    
  
, a measurement of one electron's position would instantly establish the position of the other electron - without measuring it explicitly. And this is correct, just as after the collision of two billiard balls, measurement of one ball tells us exactly where the other one is due to conservation of momentum. But this is not "action at a distance." It is more properly "knowledge at a distance."


Note that Einstein used conservation of linear momentum to calculate the position of the second electron. Although conservation laws are rarely cited as the explanation, they are the physical reason that entangled particles always produce correlated results. If the results were not always correlated, the implied violation of a fundamental conservation law would be a much bigger story than the mysterious entanglement itself, as interesting as that is.


Now linear momentum is not the only quantity that is always strictly conserved. Others are mass, energy, angular momentum, and particle spin. It is the spin (of electrons or photons) that is measured in the modern tests of entanglement inspired by Bell's 1964 theorem and inequality.

[image: image-placeholder]

Now Einstein's idea of an "objective reality" is that the particles have properties like position, momentum, and spin at all times. By contrast, Niels Bohr's "Copenhagen Interpretation" claims that particles have no such properties until they are measured.


While it is true that particles acquire some specific properties that depend on what the experimenter measures for, conservation laws require that particle motions and other properties are continuous in space and time. It is only our knowledge of the particle positions that appears to be discontinuous (the "quantum jumps"). 


But just because we cannot know their properties does not mean, as Einstein insisted, that they do not have objective properties. We cannot prove (without continuous measurements) that the particle ceases to exist or has discontinuous properties, between measurements. What forces would cause such changes? We imagine the particles are not interacting with other particles!


One property that is particularly difficult to visualize as conserved is spin. When measured in a particular direction, electrons always are measured as having a spin of +1/2 or -1/2. They can be measured in the x, y, or z direction, so it is tempting to see them as having spin 1/2 simultaneously in these directions, but that is not the case. They have a certain probability of measuring 1/2 or -1/2 in any direction, but it is the measurement that "projects" the spin 1/2 into the direction of measurement. 



Below is an animation that starts with two electrons produced with the left spin up in the y direction and the right spin down (the yellow row). The animation illustrates the  assumption, unprovable but consistent with conservation principles, that particles remain in those states no matter how far they separate, provided neither interacts with anything else before the measurement. 

This illustrates Einstein's "objective reality" idea, that particles have properties like position before they are measured. Spin is different, in that the measurement projects the electron spins along the chosen measurement direction, with projection preserving the opposite directions of spin. 


Since each electron has only one unit of electron spin (a magnetic moment equal to one Bohr magneton), we can only say that if measured in a given direction, the spin will be instantly projected, in our example as spin up (1/2 ) for the left electron and the opposite spin down (-1/2) for the right electron.


The table shows six possible outcomes. The spins in directions not measured are indeterminate. A superposition of spin up and down is our best possible prediction +/-.



🎬Videohttps://www.informationphilosopher.com/animations/Animate_EPR.mp4

Werner Heisenberg and later Paul Dirac and others refer to the "free choice" of the experimenter as to which direction is chosen to measure. But then Dirac adds that nature makes an indeterministic choice as to whether we find the electron spin is up (1/2 ) or down (-1/2) in that freely chosen direction.


In his description of three polarizers, Dirac showed that unmeasured directions are in a superposition of states.



Now entanglement adds the nonlocality and non-separability that is caused by the (single) two-particle wave function 
  
    Ψ
    
      12
    
  
 collapsing symmetrically and simultaneously into single-electron wave functions 
  
    Ψ
    
      1
    
  
 and 
  
    Ψ
    
      2
    
  
  in our special frame.
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Entropy, Information, and Probability

For over sixty years, since I first read Arthur Stanley Eddington's The Nature of the Physical World,  I have been struggling, as the "information philosopher," to understand  and to find simpler ways to explain the concept of entropy.


Even more challenging has been to find the best way to teach the mathematical and philosophical connections between entropy and information. A great deal of the literature complains that these concepts are too difficult to understand and may have nothing to do with one another.


Finally, there is the important concept of probability, with its implication of possibilities, one or more of which may become an actuality.

Determinist philosophers (perhaps a majority) and scientists (a strong minority) say that we use probability and statistics only because our finite minds are incapable of understanding reality. Their idea of the universe is that it contains infinite information which only an infinite mind can comprehend. Our observable universe contains a very large but finite amount of information. 


There is a very strong connection between entropy and probability. Ludwig Boltzmann's formula for entropy is S = logW, where W stands for Wahrscheinlichkeit, the German for probability. 


As to the symbol S, I suspect that Rudolf Clausius, who first defined and named entropy, used S in honor of Sadi Carnot, whose study of heat engine efficiency showed that some fraction of available energy is always wasted or dissipated, only a part can be converted back to mechanical work. 


That part of the energy that remains available to be converted to work (sometimes called "free energy") is parallel to the amount of information left in a system that is being dissipated. Entropy is a measure of the information lost to increasing chaos.

S = logW is mathematically identical to Claude Shannon's expression for information I, but with a minus sign and different dimensions. 


Boltzmann entropy: S = k ∑ pi ln pi.        Shannon information: I = - ∑ pi ln pi. 

Boltzmann entropy and Shannon entropy have different dimensions (S = joules/°K, 
I = dimensionless "bits"), but they share the "mathematical isomorphism" of a logarithm of probabilities, which is the basis of both Boltzmann's and Gibbs' statistical mechanics..


The first entropy is material, the latter mathematical - indeed purely immaterial information.


But they have deeply important connections which information philosophy must sort out and explain.


First, both Boltzmann and Shannon expressions contain probabilities and statistics. Many philosophers and scientists deny any ontologicalindeterminism, such as the chance in quantum mechanics discovered by Albert Einstein in 1916. They may accept an epistemologicaluncertainty, as proposed by Werner Heisenberg in 1927.


Today many thinkers propose chaos and complexity theories (both theories are completely deterministic) as adequate explanations, while they deny ontological chance. Ontological chance is the basis for creating any information structure. It explains the variation in species needed for Darwinian evolution. It underlies human freedom and the creation of new ideas.


In statistical mechanics, the summation ∑ is over all the possible distributions of gas particles in a container. If the number of distributions is W , and the probability of all distributions is the same, the pi are all equal to 1/W and entropy is maximal: 
  S
  =
  k
 ∑ 1/W ln 1/W, so  
  S
  =
  k
 ln W. 


In the communication of information, W is the number of possible messages. If the probability of all messages is the same,  pi are identical, I = - lnW. If there are N possible messages, then  N bits of information are communicated by receiving one of them.


On the other hand, if there is only one possible message, its probability is unity, and the information content  is 1 ln 0 = zero.


If there is only one possible message, no new information is communicated. This is the case in a deterministic universe, where past events completely cause present events. The information in a deterministic universe is a constant of nature. Religions that include an omniscient god often believe all that information is in God's mind.


Note that if there are no alternative possibilities in messages, Shannon (following his Bell Labs colleague Ralph Hartley) says there can be no new information. We conclude that the creation of new information structures in the universe is only possible because the universe is in fact indeterministic and our futures are open and free.



Thermodynamic entropy involves matter and energy, Shannon entropy is entirely mathematical, on one level purely immaterial information, though it cannot physically exist without a source of "negative" thermodynamic entropy, as Erwin Schrödinger .taught in his famous essay "What Is Life?"


It is true that information is neither matter nor energy, which are conserved constants of nature (the first law of thermodynamics). But information needs matter to be embodied in an "information structure." And it needs ("free") energy to be communicated over Shannon's information channels.


Boltzmann entropy is intrinsically related to "negative entropy." Without pockets of negative entropy in the universe (and out-of-equilibrium free-energy flows), there would no "information structures" anywhere.


Pockets of negative entropy are involved in the creation of everything interesting in the universe. It is a cosmic creation processwithout a creator.



Visualizing Information


There is a mistaken idea in statistical physics that any particular distribution or arrangement of material particles has exactly the same information content as any other distribution. This is an anachronism from nineteenth-century deterministic statistical physics.

	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]
	Hemoglobin	Diffusing	Completely Mixed Gas


If we measure the positions in phase space of all the atoms in a hemoglobin protein, we get a certain number of bits of data (the x, y, z, vx, vy, vz values). If the chemical bonds are all broken allowing atoms to diffuse, or the atoms are completely randomized into an equilibrium gas with maximum entropy, we get different values, but the same amount of data. Does this mean that any particular distribution has exactly the same information?


This led many statistical physicists to claim that information in a gas is the same wherever the particles are, Macroscopic information is not lost, it just becomes microscopic information that can be completely recovered if the motions of every particle could be reversed. Reversibility allows all the gas particles to go back inside the bottle.


But the information in the hemoglobin is much higher and the disorder (entropy) near zero. A human being is not just a "bag of chemicals," despite plant biologist Anthony Cashmore. Each atom in hemoglobin is not merely in some volume limited by the uncertainty principle ℏ3, it is in a specific quantum cooperative relationship with its neighbors that support its biological function. These precise positional relationships make a passive linear protein into a properly folded active enzyme. Breaking all these quantum chemical bonds destroys life.


Where an information structure is present, the entropy is low and Gibbs free energy is high. 


When gas particles can go anywhere in a container, the number of possible distributions is enormous and entropy is maximal. When atoms are bound to others in the hemoglobin structure, the number of possible distributions is essentially 1, and the logarithm of 1 is 0! 


Even more important, the parts of every living thing are communicating information - signaling - to other parts, near and far, as well as to other living things. Information communication allows each living thing  to maintain itself in a state of homeostasis, balancing all matter and energy entering and leaving, maintaining all vital functions. Statistical physics and chemical thermodynamics know nothing of this biological information.




Source: https://www.informationphilosopher.com/problems/entropy/
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The Horizon Problem

We propose a solution to the horizon problem based on Einstein's insight that in the wave-function collapse something is "traveling" faster than the speed of light. That something is information about possibilities. When the universal wave function 
  Ψ
 collapsed at 
  t
  =
  0
, parts of the universe that are outside our current light horizon were "informed" that it is time to start. It is also consistent with Richard Feynman's path integral (or "sum-over-histories") formulation of quantum mechanics. 


The Flatness Problem

The universe is very likely flat because it was created from an empty universe, which is also flat. A flat universe starts with minimal information. Leibniz' question, "Why is there something rather than nothing?" is simply answered if the universe is made out of something and the equal opposite of that something. 


The Problem of Missing Mass

Given our assumption that the universe is exactly flat, the missing mass problem is that there is not enough observable material so that in Newtonian cosmology the gravitational binding energy can exactly balance the kinetic energy. The visible (luminous mass) accounts for only about 4-5 percent of the needed mass. Studying the rotation curves of galaxies and galaxy clusters reveals an invisible mass (called dark matter) contained inside the galaxies and clusters that amounts to perhaps 6 times the visible matter, which accounts for about 30 percent of the critical mass density needed to make the universe exactly flat. Current theory accounts for the balance by dark energy or the cosmological constant.  But the missing mass could just be more dark matter between the galaxies and clusters, about 3 times their visible and dark matter.  


This material can close the universe and explain its flatness. But it would not explain the apparent expansion acceleration seen in Type 1a supernovae, a probable artifact of the assumption they are perfect "standard candles." Recent evidence suggests that the distant Type 1a supernovae are in a different population than those nearby.



Source: https://www.informationphilosopher.com/problems/cosmology/
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The Flatness Problem

When I was a first-year graduate student in astrophysics at Harvard University in 1958, I encountered two problems that have remained with me all these years. One I might have called the "equilibrium problem," although today it is the fundamental problem of information philosophy - What creates the information structures in the universe?" 

At Brown I had studied physics and especially the second law of thermodynamics. There I had read Arthur Stanley Eddington's wonderful 1927 book The Nature of the Physical World, his Gifford Lectures, and took away two ideas - that entropy had something to do with values, and that Werner Heisenberg's then new uncertainty principle had put a crack in the idea of determinism, through which he could see a "chink of daylight" in the problem of free will. 


I thought I would solve two related problems starting with Eddington's ideas - libertarian free will and the problem of values. 


In my philosophy classes at Brown I learned that continental existentialists thought that we are radically free, but that our freedom is absurd, because there are no objective values to help us make choices. Logical positivists had the very opposite idea. There are values, either utilitarianism or a consequence of our human emotions. But Anglo-American philosophy was solidly determinist, certain that laws of nature explained the workings of the universe and so clearly could explain the human mind. There was no free will for them.

If freedom without values is absurd, I thought, values without freedom are useless. The problems need to be solved together.


Back in astrophysics, I saw cosmology and the second law about the inevitable increase of entropy seemed to be in serious conflict. The best opinion about the beginning of the universe in 1958 was that it had started in a state of equilibrium about ten billion years ago.


The "equilibrium problem" I saw at that time was this. "If the universe began in a state of equilibrium, and the second law says that entropy can only increase, why aren't we still in a state of equilibrium?" I asked anyone who might be interested, "How can we be here having this conversation?" 


At that time, the universe was thought to be positively curved. Hubble's red shifts of distant galaxies showed that they did not have enough kinetic energy to overcome the gravitational potential energy. Textbooks likened the universe to the surface of an expanding balloon decorated with galaxies moving away from one another.


That balloon popped for me when Walter Baade came to Harvard to describe his wartime work at Mount Wilson. During the war, lights in California cities were blacked out and astronomical seeing was great. There was little competition for observing time, as most astronomers were doing defense work. As a German national, Baade was exempt. He took many images with long exposures of nearby galaxies and discovered there are two distinct populations of stars. And in each population there was a different kind of Cepheid variable star. The period of the Cepheid's curve of light variation indicated its absolute brightness, so they could be used as "standard candles" to find the distances to star clusters in the Milky Way. 


Baade then realized that the Cepheids being used to calculate the distance to Andromeda were 1.6 magnitudes brighter than the ones used in our galaxy. Baade said Andromeda must be twice as far away as Hubble had thought.


As I listened to Baade, for me the universe went from being positively curved to negatively curved. It jumped right over the flat universe! 



I used to draw a line with tick marks for powers of ten in density around the critical density ρc. We could increase the density of the universe by thirty powers of ten before it would have the same density as the earth (too dense!). But on the lighter side, there are an infinite number of powers of ten. We can't exclude a universe with average density zero, which still allows us to exist, but little else in the distance. 
[image: image-placeholder]

Couldn't we live happily in a universe with 10-35 grams per cubic centimeter, or even 10-40?


I asked myself how likely is it that the universe is so close to flat that the observational error bars include the flat case? I started telling friends that if the universe is exactly flat, future observations alone could never resolve the question of positive versus negative curvature. We needed a theory of why the universe is exactly flat!



Information philosophy today suggests a solution. The universe began with a minimum of information. Either a positive or negative curvature requires more, so a flat universe is informationally minimal. QED. Zero energy also requires less information to specify than some amount, so this is again an informational minimum case, though I was not yet an information philosopher in the 1960's.


In a Newtonian universe, the flat case is when the kinetic and potential energies exactly balance, when there is no net energy in the universe. The 1/r2 potential goes to zero at infinity, at which point/time (never reached) the asymptotic kinetic energy is zero. 


What I did see is that the universe might consist of equal and opposite amounts of something, such that before t = 0, it was nothing. This would neatly answer Leibniz' great philosophical question, "Why is there something rather than nothing?"



The Flat Universe Today


The standard model of cosmology now assumes that the universe is exactly flat, but that the amount of matter needed is not available in the form of the ordinary matter (baryons, electrons, photons, etc.) that makes up the visible (luminous) universe. The luminous matter can account for only a few percent of the critical density of matter needed for a flat universe.  Another 25% or so of an unknown form of dark matter, plus 70% of a "dark energy," thought to be quantum vacuum energy, makes up the balance of the critical density.

Information philosophy can contribute little to the standard model, but it can support an early universe with very little information (negative entropy). As long as the maximum possible entropy increases with the universe expansion, the cosmic creation process can provide the information (negative entropy) in the galaxies, stars, planets, terrestrial life, etc.  




This is a situation we are actually approaching. All the non-gravitationally bound systems will slip over our light horizon as the expansion takes them higher than the velocity of light. But note that we will always be able to see back to the cosmic microwave background, all the contents of the universe we see today! 



Source: https://www.informationphilosopher.com/problems/cosmology/flatness/
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The Horizon Problem

In the 1960's, Charles Misner pointed out that Big Bang cosmology has regions that were too far apart for them to have been in contact at the origin of the universe. Each point is outside the "observable universe" for the other.
 
This implies a synchronization problem. How did the two areas know to start expanding in sync with the other?


Today we can see this as an information sharing problem. And information philosophy suggests a radical solution, based on the instantaneous information synchronization between entangled quantum particles. 

Einstein was concerned that in a wave-function collapse, something is "traveling" faster than the speed of light. We know that the collapse of the two-particle wave function transmits no matter or energy between the particles (no signaling), but there is instant coordination between the two in order to conserve physical quantities, energy, momentum, angular momentum, and of course spin, which is the quantity conserved in the most famous tests of Bell's Theorem. 


Let us assume that at 
  t
  =
  0
 there is a universal wave function 
  Ψ
, which may have had an infinite time before the beginning of the matter/energy universe to spread itself out in space. Could it have had non-zero values, information about possibilities, in all of spacetime? 


We might then solve the horizon problem by accepting that when the universal wave function 
  Ψ
 collapsed at 
  t
  =
  0
, it collapsed everywhere, so those parts of the universe that were outside our light horizon were "informed" that it was time to start.




Source: https://www.informationphilosopher.com/problems/cosmology/horizon/
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The Problem of Missing Mass

Given our assumption that the universe is exactly flat, the missing mass problem is that there is not enough observable material so that in Newtonian cosmology the gravitational binding energy can exactly balance the kinetic energy, to give total energy zero, as required for a flat universe.  Some physicists argue that in general relativity, the gravitational potential energy is just represented by the curvature term.  But it is not clear that curvature can balance the much larger rest energy term  E = mc2.

The visible (luminous mass) accounts for only about 4-5 percent of the needed mass. Studying the rotation curves of galaxies and galaxy clusters reveals an invisible mass (called dark matter) contained inside the galaxies and clusters that amounts to perhaps 5-6 times the visible matter. 


Current cosmological theory accounts for the balance of missing mass by dark energy, also known as vacuum energy or the cosmological constant.  


An alternative source for the missing mass is that there may be more dark matter between the galaxies and clusters, in the intergalactic medium. This cannot be detected by rotation curve analysis. Matter distributed outside a sphere enclosing a galaxy cannot affect its interior motions.


The intergalactic medium is assumed to be made of visible filamentary structures made of ionized hydrogen plasma surrounding large empty volumes called voids. If the voids contained dark matter, they would still appear to be empty. We find it plausible that the intergalactic medium contains about 3 times the density of visible and dark matter in galaxies and clusters.  


This amount of dark material can close the universe and explain its flatness. But it does not explain the apparent expansion acceleration seen in Type 1a supernovae. This may be an artifact of the assumption they are perfect "standard candles." 

Recent evidence suggests that the distant Type 1a supernovae are in a different population than those nearby.


Calculating Missing Mass in the Intergalactic Medium


Given that there is invisible dark matter inside gravitationally bound galaxies and galaxy clusters, amounting to between 5 and 6 times the visible luminous matter, it seems clear there is some of the same dark matter in the intergalactic medium. There are a number of ways we can estimate the intergalactic dark matter. 

	
We could work by comparison to the dark matter inside the galaxies. It has presumably escaped capture by the luminous objects, for example by accretion to their surfaces. This depends on a balance between stellar winds or radiation pressure that push matter away, and the gravitational pull of the objects.

	
We can calculate the depths of gravitational potential wells of objects inside galaxies and compare it to the estimated temperature of the dark matter. The Boltzmann factor 
e-E/kT will then show how equipartition of energy has distributed matter into energy levels high enough to escape capture by the objects.

	
By comparison, the depths of the gravitational wells of the galaxies and clusters will determine the intergalactic dark matter density, depending on the assumed temperature of the intergalactic medium.

	
As a first approximation, if the wells and temperatures are similar, we would expect a similar ratio of the order of 5 times as much dark matter in the intergalactic medium as the combined visible and dark matter inside the galaxies and clusters. This is more than enough to provide the missing mass. Half that amount would be enough.

	
A computer simulation of moving dark matter inside galaxies and clusters could then be run for matter outside.

	
The visible stellar and galactic objects have significant negative entropy, the result of our cosmic creation process. We might calculate the total negative entropy. The second law of thermodynamics says that an equal or greater amount of positive entropy must have been carried away from the local pockets of low entropy. The positive entropy is presumably in the energy radiated away and matter convected away. The radiation field is known. Can we calculate how much intergalactic matter would be needed to contain the positive entropy required by the second law?





Source: https://www.informationphilosopher.com/problems/cosmology/missing_mass/
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Questions of Infinity include:

Time: Is it infinite? There appears to be only a finite past but an infinite possible future.  

Space: If it is infinite, how did infinitely distance places know how to synchronize their starting time with us (the horizon problem). 

Fields: Do they contain infinite information?  Algorithmic information theory tells us a field contains only the amount needed to specify it. Thus a gravitation field is defined through all space for a large mass M and a test particle m as exerting a force F = GMm/r2. But there is nothing substantial at an arbitrary point r. There is information there, in the form of knowledge about the gravitational force on m iff m is at that point. This is called "action-at-a-distance," but it is also "knowledge-at-a-distance."









Source: https://www.informationphilosopher.com/problems/infinity/
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The Problem of Universals

Universals is another name for the Platonic Ideas or Forms. Plato thought these ideas pre-existed the things in the world to which they correspond. For example, a perfect circle is an idea to which any actual circle would only correspond approximately. Aristotle thought the universals were merely general versions of properties found in common in the particular things. Thus the general idea of a horse would be the bundle of common properties that are found in all particular horses.


The terminology is a bit confusing because Plato regarded these Ideas as "real" where today we regard the things as real and the universals as ideal. The great problem of the universals has been "do they exist?"


Both Plato and Aristotle have anticipated the Information Philosophy view of Universals. The Universal is simply the information which is a limited subset of the common information found in all the particulars. 


The great ontological and existential problem of the universals then becomes clear in Information Philosophy. The tangible existence of an idea depends on it being encoded somewhere, in a mind, in a physical or biological structure, etc. The information encoded might be a mathematical concept, for example a perfect circle as all the points equidistant from a reference point.


The mental abstraction of a universal away from any and all minds remains an issue with two resolutions. First, the universal idea has probably been encoded in human artifacts - books for example - now independent of any particular mind. This is our Sum of all information. Second, with Aristotle, we can imagine that many particulars pre-existed any minds and would remain in the world in the absence of any mind, containing their generals for any future intelligence to discover.





Source: https://www.informationphilosopher.com/problems/universals/
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Philosophers have often anthropomorphized a problem by imagining a demon who accomplished a task that was difficult to understand but seemed to be possible. 

Socrates' demon.  Socrates introduces the first philosophical demon in the Apology. He describes at his trial how he should not be judged an unbeliever, because he hears a voice that is a god (or daimon) telling him his duty is to be a philosopher.

Nietzsche commented on this demon in Twilight of the Idols, "The Problem of Socrates," section 4: 


"And let us not forget those auditory hallucinations which, as 'Socrates' demon', have been interpreted in a religious sense."


Bergson's Demon.Henri Bergson described the difference between his duration and ordinary time by invoking a demon who could speed up time.
Compton's Demon.Arthur Holly Compton imagined a daemon that controlled shutters on two photocells, one leading to a dynamite explosion, the other disabling the explosion. This anticipated Einstein's 1935 suggestion of an explosion set off by a quantum event, which led Schrödinger to invent his Cat.

Descartes' Demon. Descartes in his Meditations imagined that God might deceive us and make knowledge impossible through our senses. Rather than impute evil motives to God, he postulates a demon who does the deceiving. Our sensory evidence is thus not adequate for certain knowledge. Descartes then turns to introspection and concludes that even if the demon is deceiving his senses, he cannot be wrong about his thinking, and therefore his existence. "Cogito, ergo sum." 

James' Demon.William James imagined the unbeatable chess player. 
"Suppose two men before a chessboard,--the one a novice, the other an expert player of the game. The expert intends to beat. But he cannot foresee exactly what any one actual move of his adversary may be. He knows, however, all the possible moves of the latter; and he knows in advance how to meet each of them by a move of his own which leads in the direction of victory. And the victory infallibly arrives, after no matter how devious a course, in the one predestined form of check-mate to the novice's king.

Let now the novice stand for us finite free agents, and the expert for the infinite mind in which the universe lies. Suppose the latter to be thinking out his universe before he actually creates it. Suppose him to say, 'I will lead things to a certain end, but I will not now decide on all the steps thereto. At various points, ambiguous possibilities shall be left open, either of which, at a given instant, may become actual. But whichever branch of these bifurcations becomes real, I know what I shall do at the next bifurcation to keep things from drifting away from the final result I intend.'"



Frankfurt's Demon.Harry Frankfurt proposes a brain monitor and intervener to limit the alternative possibilities for action open to an agent.

Information philosophy has shown that a Frankfurt Controller cannot exist.



Landé's Demon. Alfred Landé can start new causal chains. Quantum events are causa sui.

Laplace's Demon. Pierre Simon Laplace described the great intelligence.

"Given for one instant an intelligence which could comprehend all the forces by which nature is animated and the respective positions of the beings which compose it, if moreover this intelligence were vast enough to submit these data to analysis, it would embrace in the same formula both the movements of the largest bodies in the universe and those of the lightest atom; to it nothing would be uncertain, and the future as the past would be present to its eyes."


Laplace's demon must have been inspired by the extraordinary vision of Leibniz a hundred years earlier, who wrote:

"Everything proceeds mathematically...if someone could have a sufficient insight into the inner parts of things, and in addition had remembrance and intelligence enough to consider all the circumstances and take them into account, he would be a prophet and see the future in the present as in a mirror." 


Information philosophy has shown that a Laplace Demon cannot exist.

Lewis' Demon.C. I. Lewis imagined a demon with infinite qualia at his disposal who deliberately manipulates our experience in an effort to deceive us. Lewis claimed that in this case "knowledge could be made difficult, but not impossible." Mill's Demon was an example. Lewis claimed that Mill confused pure analytic math with its physical application in experience.

Maxwell's Demon could defy the Second Law of Thermodynamics by sorting out fast moving atoms from slow-moving ones. With a tiny door between two containers, the demon opens the door whenever a fast moving particle approaches from the left, or a slow one from the right. Without any energy expediture (it was thought), the right container would heat up and the left cool down.

Loschmidt's Demon. An army of Maxwell demons needed to reverse instantaneously the velocities of all the particles in a gas, to show that the entropy of such a ("time-reversed") system would decrease, violating the second law of thermodynamics and vitiating Boltzmann's H-theorem. 

Mendel's Demon. Contemporary writer Mark Ridley describes a randomizing demon who "stands over each gene in a parent and decides whether it will be inherited in the next generation." Where Maxwell's demon increases the order, Mendel's demon reduces it to increase the diversity needed to produce complex life forms. 

Mill's Demon.John Stuart Mill's demon could, when two pairs were being added, sneak in a fifth item so that our experience would indicate that 2 + 2 = 5.


Mill hoped in this way to prove that arithmetic is not a priori.

Nietzsche's Demon. In Book Four of the Gay Science, section 341, just as he is about to introduce the Eternal Return and its great weight that adds meaning to our choices, Friedrich Nietzsche says 

"What, if some day or night a demon were to steal after you into your loneliest loneliness and say to you: 'This life as you now live it and have lived it, you will have to live once more and innumerable times more; and there will be nothing new in it, but every pain and every joy and every thought and sigh and everything unutterably small or great in your life will have to return to you, all in the same succession and sequence - even this spider and this moonlight between the trees, and even this moment and I myself. The eternal hourglass of existence is turned upside down again and again, and you with it, speck of dust!'"

"Would you not throw yourself down and gnash your teeth and curse the demon who spoke thus? Or have you once experienced a tremendous moment when you would have answered him: 'You are a god and never have I heard anything more divine.'"



Peirce's Demon.Charles Sanders Peirce imagined a tiny demon inside a jar of black and white balls who could bias the outcome of probability trials by preferentially handing up black (or white) balls. Perhaps inspired by Mill's demon.

Popper's Demon. The deaf physicist who could not only predict what Mozart and Beethoven would write, but also how their music would have been different if they had eaten lamb instead of beef...

Russell's Demon. In 1914 Bertrand Russell imagined recording instruments that could perceive the world in place of a human observer. Russell thought that his virtual observer eliminates the subjectivity of perception of what things "really" are. 

 "There is no theoretical limit to what can be done to make mechanical records analogous to what a person would perceive if he were similarly situated." 

"It is quite unnecessary, in considering this problem, to bring in minds or sensations, the whole thing is physical." 


Minds are still needed. And humans record their emotions alongside their perceptions, something a machine might emulate someday. See our ERR.

Wiener's Demon. In his "Human Use of Human Beings,"  Cybernetics founder Norbert Wiener saw the Devil himself increasing entropy everywhere.

For Scholars
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Determinism is the idea that everything that happens, including all human actions, is completely determined by prior events. There is only one possible future, and it is completely predictable in principle, most famously by Laplace's Supreme Intelligent Demon, assuming perfect knowledge of the positions and velocities of all the atoms in the void.

More strictly, determinism should be distinguished from pre-determinism, the idea that the entire past (as well as the future) was determined at the origin of the universe, and from 
pre-destination, the idea that the will of an omniscient supreme being has determined the 
one possible future.


Determinism is sometimes confused with causality, the idea that all events have causes. But some events may be undetermined by prior events. Such an event is indeterminate, sometimes known as a "causa sui" or self-caused event. But it may in turn be the cause for following events that would therefore not be predictable from conditions before the uncaused event. Events are caused, but they are not always predictable or determined. 


Uncaused events are said to break the "causal chain" of events back to a primordial cause or "unmoved mover." Aristotle's "accidents" and Epicurus' "swerve" are such uncaused causes.


Although there is only one basic form of indeterminism, there are many determinisms, depending on what pre-conditions are considered to be determinative of an event or action. We identify more than a dozen distinguishable determinisms below.



There is only one irreducible freedom, based on a genuine randomness that provides for a world with breaks in the causal chain. Quantum mechanics is the fundamental source for indeterminacy and unpredictability in the physical, biological, and human worlds. It generates the Agenda for our Micro Mind in the Cogito model for Free Will.

Philosophers and religious thinkers become quite perplexed when considering the basic conflict between such an irreducible freedom and their own particular determinism. Because interpretations of quantum mechanics are difficult even for physicists, most philosophers dodge the issue and declare themselves agnostic on the truth of determinism or indeterminism.


Even some philosophers who accept the idea of human freedom are uncomfortable with the randomness  implicit in quantum mechanics and the uncertainty principle. True chance is problematic, even for many scientists, including those like Planck and Einstein, who discovered the quantum world. And for traditional philosophers in a religious tradition, chance has been thought to be an atheistic idea for millenia, since it denies  God's foreknowledge. Chance, they say, is only the epistemic problem of human ignorance.



The Determinisms
Behavioral Determinism assumes that our actions are reflex reactions developed in us by environmental conditioning. This is the Nurture side of the famous Nature/Nurture debate - note that both are determinisms. This view was developed to an extreme by B. F. Skinner.
Biological Determinism finds causes for our actions in our genetic makeup. This is the Nature side of the Nature/Nurture debate - both sides are determinisms.

Causal Determinism finds that every event has an antecedent cause in the infinite causal chain going back to Aristotle's Prime Mover. There is nothing uncaused or self-caused (causa sui). Galen Strawson holds this view.

Fatalism is the simple idea that everything is fated to happen, so that humans have no control over their future. Notice that fate has arbitrary power and need not follow any causal or otherwise deterministic laws. It can include the miracles of omnipotent gods.

Historical Determinism is the dialectical idealism of Hegel or the dialectical materialism of Marx that are assumed to govern the course of history.

Logical Determinism reasons that a statement about a future event happening is either true or it is not. If the statement is true, logical certainty necessitates the event (cf. Aristotle's Sea Battle). If the statement is not true, the event can not possibly happen. For logic. the truth is outside of time, like the foreknowledge of God.

Linguistic Determinism claims that our language determines (at least limits) the things we can think and say and thus know. The Sapir-Whorf hypothesis claims that speech patterns in a language community are highly predictable.

Mechanical Determinism explains man as a machine. If Newton's Laws of Classical Mechanics govern the workings of the planets, stars, and galaxies, surely they govern man the same way.

Necessitarianism is a variation of logical and causal determinism that claims everything is simply necessary. 

Physical Determinism extends the laws of physics to every atom in the human mind and assumes the mind will someday be perfectly predictable once enough neuroscientific measurements can made.

Psychological Determinism is the idea that our actions must be determined by the best possible reason or our greatest desire. Otherwise, our acts would be irrational.



    Dogmas of Determinsm
    

Analysis
Being
Causality
Certainty
Logic
Mechanism
Necessity
Physical
Reason
Truth

Religious Determinism is the consequence of the presumed omniscience of God. God has foreknowledge of all events. All times are equally present to the eye of God (Aquinas' totem simul). Note the multiple logical inconsistencies in the idea of an omnipotent, omniscient, benevolent God. If God knows the future, he obviously lacks the power to change it. And benevolence leads to the problem of evil.
Spatio-temporal Determinism is the view of special relativity. The "block universe" of Hermann Minkowski and Albert Einstein assumes that time is simply a fourth dimension that already exists, just like the spatial dimensions. The one possible future is already out there up ahead of where we are now, just like the city blocks to our left and right. J. J. C. Smart is a philosopher who holds this view. He calls himself "somewhat of a fatalist." 

Compatibilism is the idea that Free Will is compatible with Determinism. Compatibilists believe that as long as our Mind is one cause in the causal chain that we can be responsible for our actions, which is reasonable. But they think every cause, including our decisions, are pre-determined. Compatibilists are Determinists.


A close reading of some leading compatibilists, for example Daniel Dennett, reveals that they think (correctly) that it is moral responsibility that is compatible with all these determinisms. 


These thinkers have redefined free will as moral responsibility, a purely linguistic move typical of analytic language philosophers. Even the libertarian philosopher Robert Kane defines free will in terms of "self-forming actions" that depend on moral responsibility. Kane says that free will as moral responsibility is the traditional definition of free will!


Some of these determinisms (behavioral, biological, historical-economic, language, psychological, and religious) have modest to significant evidence that they do limit human freedom.  But others are merely dogmas of determinism, believed for the simple reason that they see no place for random chance in the universe. 

Chance appears to be anathema to most philosophers. William James noted their "antipathy to chance."
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    Honderich: "Determinism is usually the thesis that all our mental states and acts, including choices and decisions, and all our actions are effects necessitated by preceding causes." Oxford Companion to Philosophy, p.293.
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Behavioral Determinism
Behavioral Determinism assumes that our actions are reflex reactions developed in us by environmental conditioning. This is the Nurture side of the famous Nature/Nurture debate - note that both are determinisms.
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Biological Determinism

Biological Determinism finds causes for our actions in our genetic makeup. This is the Nature side of the Nature/Nurture debate - both sides are determinisms.
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Causal Determinism

Causal Determinism finds that every event has an antecedent cause in the infinite causal chain going back to Aristotle's Prime Mover. There is nothing uncaused or self-caused (causa sui).
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Compatibilism

Compatibilism is the idea that Free Will is compatible with Determinism. Compatibilists believe that as long as our Mind is one cause in the causal chain that we can be responsible for our actions, which is reasonable. But they think every cause, including our decisions, are pre-determined. Compatibilists are Determinists.


The important question for Compatibilists is "Which Determinism is is that you think is compatible with Free Will?"


The argument that Free Will is compatible with God's foreknowledge is quite different from the argument for compatibility with Biological Determinism.


Please see our table of compatibilisms for each philosopher.
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Table of Compatibilisms

The important question for Compatibilists is "Which Determinism is it that you think is compatible with Free Will?"


Here is a table of some philosophers or scientists, their positions (Free Will, Compatible, or Determined) and their views on specific determinisms. 

		Position
  	God
  	Causal
  	Logical
  	Physical
  	Other
  
	Democritus	Determined
  		affirm
  		affirm
  	
	Aristotle	Free Will
  		deny
  		deny
  	
	Epicurus	Free Will
  	deny
  	deny
  		deny
  	
	Lucretius	Free Will
  	deny
  	deny
  		deny
  	
	Cicero	Free Will
  	deny
  	deny
  		deny
  	
	Augustine	Compatibile
  	affirm
  	affirm
  	deny
  		
	Aquinas	Compatibile
  	affirm
  	affirm
  	deny
  		
	Duns Scotus	Compatibile
  	affirm
  	deny
  	deny
  		
	Erasmus	Compatibile
  	affirm
  	deny
  	deny
  		
	Luther	Compatibile
  	affirm
  	affirm
  	affirm
  		
	Hobbes	Compatible
  		affirm
  		affirm
  	
	Bramhall	Compatible
  		deny
  		deny
  	
	Descartes	Compatible
  	affirm
  	deny
  		deny
  	
	Leibniz	Compatible
  	affirm
  	affirm
  		deny
  	
	Locke	Compatible
  		affirm
  		affirm
  	
	Berkeley	Compatible
  	affirm
  	affirm
  		affirm
  	
	Hume	Compatible
  	deny
  	affirm
  		affirm
  	
	Kant	Compatible
  	affirm
  	affirm
  	affirm
  	affirm
  	
	Peirce	Compatible
  		deny
  	deny
  	affirm
  	
	Russell	Determined
  	deny?
  	affirm
  	affirm
  	affirm
  	
	Planck	Determined
  		affirm
  	affirm
  	affirm
  	
	Poincaré	Determined
  		affirm
  	affirm
  	affirm
  	
	James	Free Will
  		deny
  	deny
  	deny
  	
	Heisenberg	Compatible
  		affirm
  	deny
  	deny
  	
	Bohr	Compatible
  		affirm
  	deny
  	deny
  	
	Einstein	Determined
  	affirm
  	affirm
  	affirm
  	affirm
  	
	Schrödinger	Determined
  		affirm
  	affirm
  	affirm
  	
	Eddington	Free Will
  		deny
  	deny
  	deny
  	
	Cassirer	Compatible
  		affirm
  	affirm
  	affirm
  	
	Popper	Compatible
  		affirm
  	affirm
  	affirm
  	
	Eccles	Compatible
  		affirm
  	affirm
  	affirm
  	
	Sartre	Free Will
  	deny
  	deny
  		deny
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Fatalism

Fatalism is the simple idea that everything is fated to happen, so that humans have no control over their future. 


Note that unlike some determinisms, Fatalism does not imply any necessary regularity according to law. Events can be quite arbitrary. 
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Historical Determinism

Historical Determinism is the dialectical idealism of Hegel or the dialectical materialism of Marx that govern the course of history. It includes Marx's economic determinism.
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Language Determinism

Language Determinism claims that our language determines the things we can think and say. The Sapir-Whorf hypothesis finds speech patterns in a language community highly predictable.
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Logical Determinism

Logical Determinism reasons that a statement about a future event happening is either true or it is not. If the statement is true, logical certainty necessitates the event (Aristotle's Sea Battle).
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Mechanical Determinism

Mechanical Determinism explains man as a machine. If Newton's Laws of Classical Mechanics govern the workings of the planets, stars, and galaxies, surely they govern man the same way. 
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Physical Determinism

Physical Determinism extends the laws of physics to the human mind. 


If the laws of physics can explain the motions of the heavens as the result of natural laws, the same laws might explain human beings, including the individual mind. 


Few scientists disagree with the view that all chemistry is applied physics, and that biophysics is completely consistent with the known laws of chemistry and physics. 


There are emergent phenomena at the level of chemistry and many more in biology, but none of these require the old idea of "vitalism," phenomena inexplicable in physical terms.


When we come to the human mind, however, Descartes' old dualist ideas of an immaterial mental substance are alive and well. If not a separate substance, most "agent-causal" libertarians are looking for a currently inexplicable ability of the mind to initiate causal chains.


Neuroscientists resist these non-physical explanations. But they are only now beginning to see mental processes in near real time. 
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Psychological Determinism

Psychological Determinism finds events in our childhood that are controlling our actions and mental states today.
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Religious Determinism

Religious Determinism is the logical consequence of the presumed omniscience of God. God has foreknowledge of all events. All times are equally present to His eye (totem simul). 
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Donald Norman

Donald Norman is a Professor Emeritus of Cognitive Science at the University of California, San Diego, where he worked on computer models of the brain with David Rumelhart at the UCSD Institute for Cognitive Science (which Norman founded).


Norman is now the director of The Design Lab at University of California, San Diego. He is best known for his books on design, especially The Design of Everyday Things. Norman is well known for his expertise in the fields of design, user experience, usability engineering, and cognitive science. He has shaped the development of the field of cognitive systems engineering. He is a co-founder of the Nielsen Norman Group, along with Jakob Nielsen. He is also an IDEO fellow and a member of the Board of Trustees of IIT Institute of Design in Chicago.. 
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Language has been intimately tied to philosophy since Plato and his Cratylus searched for deep truths in the etymology of words. But the real disaster has been the last hundred years when so many philosophers sought solutions to (or dissolutions of) philosophical problems in language itself. 
The main medium of philosophy is not its message.

Philosophy has been the history of philosophers (mis)reading their predecessors and rewriting similar arguments using new words for similar concepts.

Socrates played with words and the dangers were apparent, but it was many centuries before Leibniz insisted that philosophy requires an ideal language, one free from the ambiguities that allowed what Kant would call "word juggling." Russell and the early Wittgenstein were the last to attempt an ideal language - molecular sentences logically built up from verifiable atomic facts of sense data. 


Leibniz and Russell both knew that major advances in knowledge are possible when abstract symbols are used to represent physical concepts. Symbols can be inserted in mathematical equations that express a theory analytically, and quantitative predictions become deducible and testable by experiment. Sadly, it was Russell who proved that even simple statements can contain logical paradoxes. 

If language were free of ambiguity, the meaning of a statement we hear or read might be the same meaning intended by the speaker or writer.

Scientists of course use language to explain to their colleagues what they are doing, and at that point introduce the possibility of misunderstanding. But ordinary language, augmented with symbolic logic, with geometric diagrams, with mathematical equations that describe physical theories, and with computer models and simulations, can describe the knowledge that best explains how the world works, that is, science. This augmented language of science is the nearest thing we have to the ideal language of the philosophers.


When philosophers invent new terms or use existing terms in new ways, ambiguities commonly lead to misunderstanding. We hope to produce a short glossary of philosophical terms that describes how different philosophers have used important terms. And for some major concepts we have assembled a timeline of the words used over the centuries, dualisms, for example. 


We quote, in their original language where feasible, the major thoughts of philosophers on our main topics, so you can see for yourself their "word juggling."


We too are guilty of adding new uses for old words, and even coining a word or two. We hope to be very clear about this new jargon. Think of it as putting new philosophical wine in the old bottles Cogito, Ergo, and Sum, and creating a new philosophical bottle, the Ergod.
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Reason is almost as vague a term as its Greek cognate "logos."  Famously mistranslated as "word," the Greek original and the modern English term agree that a reason is an account or story about the causes behind some phenomenon or event.


There have been many attacks on Reason, especially since the failures of "modern" theology in the Middle Ages (by Islam, Judaism, and the Scholastics in that order) to reason to God, and since the Enlightenment failure to reason to human nature and morality.


On one level, a reasoned argument against Reason would appear to be the same vicious circle that led the ancient skeptics to avoid claiming that all knowledge was relative. On another level, the best arguments will rediscover the virtuous circle, the power of Reason inside Ideal Systems, and the natural limits of Reason alone to account for things in the world. 


Since the separation of Science (Natural Philosophy) from Philosophy proper, Reason has come to describe the Scientific Method, with its additions of hypothesis and experimental test to the original sense of Reason as logical and deductive thought. Some thinkers erroneously included inductive thought. 


The problem of induction arises when repeated patterns of events suggest an explanation in terms of causality. If A has always been followed by B, then it suggests that A causes B. This fails because inductive logic alone can never produce knowledge about the contingent world. The correct view is that an inductive pattern may lead to a hypothesis (a theory), which can be experimentally tested. Note that mathematical induction (really a form of deduction?) is a valid form of reasoning.


The identification of Reason with Science led Immanuel Kant to criticize Reason. The fullness of Newton's theories to account for the motions of the entire universe, especially their implied determinism, were unacceptable to Kant, who wanted to make room for human freedom, values, God, and immortality. Romantics of the nineteenth and twentieth centuries went "beyond Reason" to intuition, hermeneutics, to art and the irrational in search of meaning deeper than science alone can provide.

For Scholars




Source: https://www.informationphilosopher.com/solutions/reason/





  
  The Idea of Progress
  

  


  
  Home › Problems › Progress
The Idea of Progress

Information Philosophy can contribute a great deal to the idea of progress.


The ancients debated whether there was progress or only cyclic change. Or perhaps change was an illusion.


Bury, Nisbet, et al. 
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The Ten Dogmas of Determinism

Philosophy today has become hopelessly dogmatic.
	It is as dogmatic as the Renaissance and Enlightenment found the Scholastics and their reliance on established Truths. 
	It is as dogmatic as Kant found his predecessors Leibniz and Wolff with their complete confidence in the explanatory power of Reason.
	It is as dogmatic as Quine found empirical language philosophy with its use of analytic and synthetic distinctions. 



These were all reactions by modern thinkers against the orthodoxy of tradition.


Information philosophers too must waken philosophy from its "dogmatic slumbers." This will require both a modern rethinking of what we can know and a frank post-modern recognition of the tentative and relative foundations of that knowledge.


As with Kant, our method is critical. We must put limits on these dogmas to make room for freedom and creativity, God and values, and knowledge of the external world. 


Limits will make room for the only kinds of constructed knowledge that is possible to man - by nature, by convention, and by abstraction. 
	Natural knowledge arises from theories that correspond to the world as tested in experiments by a community of skeptical inquirers.
	Conventional knowledge is that agreed upon by a community of interpreters.
	Abstract knowledge is the set of axiomatic ideas (universals) that form the core tools of critical logical thinking grounded in information theory.






The ten dogmas of determinism are:
	Analysis - from Pythagoras, Plato, Euclid, Archimedes, and Galileo comes the powerful train of thought that everything can be explained by analytical mathematical functions. Newton's mathematical laws of motion for celestial bodies was the crowning achievement for analysis. For William Blake, breaking things into their component parts to analyze their workings was "murder to dissect."

	Being - from Parmenides and Plato to Heidegger and Sartre, all Becoming and Time has been seen as a corrupt this-worldly illusion, preventing us from seeing the Great Chain of Being. All events are extratemporal and simultaneous in the eyes of God. Aquinas' totem simul.

	Causality - Aristotle and the great Scholastic thinkers imagined a causal chain from the First Cause to the present moment. Although David Hume said we could not prove causality from mere appearances of Regularity, he nevertheless believed deeply in Necessity.

	Certainty - Descartes' quest for an undeniable fact on which he could erect the Truth of Philosophy and the Christian Religion.

	Physical - The first great determinism was that of the earliest physicists and philosophers Leucippus and Democritus. For them there was nothing but atoms moving through a void. Later the Stoic physicists based physical determinism on the Laws of Nature or the Laws of God, since they identified Nature with God.

	Logic - Logical determinism is the simple idea that events in the future must be as true or false today as they will be after they happen.  Aristotle doubted this in his famous discussion of the Sea Battle. 1

	Mechanism - If classical mechanics could explain the motions of the heavens as the result of natural laws, the same laws might explain human beings, including the individual mind and society. Enlightenment philosophers wrote of "Man as Machine." Planetary motions and mental processes were compared to mechanical clockworks.

	Necessity - Necessity is often opposed to chance. In a necessary world there is no chance. Everything that happens is necessitated. Nothing is contingent.  From Leucippus to the Stoics, Leibniz, and Spinoza

	Reason - The idea that the universe must be rational - because its designer was rational, because thought would not be possible without reason, because natural laws must be rational, etc. - convinced many thinkers that reason allows only one future, and only one possible choice for the rational will.

	Truth - The idea that one man, one religion, or one state possesses the One Truth has been one of the most destructive ideas in the history of thought.  
 


These dogmas are closely interrelated and frequently conflated. Some philosophical dictionaries and encyclopedias define them in terms of one another or sometimes equate them. We will see that some philosophers make these dogmas so fundamental that they ignorantly declare that science, knowledge, and even thought itself would not be possible without one or more of them being "true." 

Determinism is not true. The world is indeterministic. There is only an adequate physical determinism in the world. The physical world we see is made up mostly from atoms in continuous motion. While less constrained than atoms in a gas, those in a liquid and solid are still moving with thermal motions, and they are still subject to the uncertainty principle of quantum mechanics. 



Certainty is an ancient concept that grew out of logic. It is often equated with Truth. Today it is a key concept in probability theory. Certainty describes outcomes with probability equal to one.


Three very important certainties are logical certainty, mathematical certainty, and physical certainty. We shall see that all three have been called into question, and for different reasons. 


There are many more determinisms, but they perhaps do not deserve the stigma of being called dogmas. They are hypotheses for which there is modest to significant experimental evidence. Consider behavioral (nature), 
biological (nurture), 
language,  
psychological, 
religious, and social (economic)  
 determinisms. And this is not to discuss chemical dependencies and mind-altering drugs which clearly put significant limits on human freedom. These might best be regarded as external causes, a kind of virtual bondage of the will. 


What do all these determinisms have in common? They deny any randomness in the operation of the world. They deny chance. They turn their eyes away from the underlying chaos in the universe. 


In so doing they fail to see the magnificent greatness of ergodic creative processes that can build adequately determined information structures despite, and essentially on top of, that ever-present chaos. Ergodic processes control, contain, constrain, and co-opt entropic chaos, using it to their own teleonomic ends of biological creativity, and, in the case of animal intelligence, human freedom.


It therefore quite ironic, and a fitting capstone to all the failed dogmas of determinism, that today we have a chaos and complexity theory which is entirely deterministic! Chaos theory studies the fascinating patterns that emerge from calculations when non-linear effects become important, like the turbulent flow in hydrodynamics.   


When chaos theory models are run in a computer program, the results are as random as pseudo-random number generators. That is, the randomness has all the characteristics of true random phenomena, the same deviations from the mean value, etc. But when you start the program from the very same point, it produces the very same pseudo-random sequence. 


This seems to be the view that many philosophers have of the world. Underneath it all, God, or one of their determinisms, could rewind the world and have it play out in the very same random chaotic way. Some more scientifically minded philosophers think it could even play backwards, if time were reversed.   


As William James said succinctly, they have "antipathy to chance."
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     1. Aristotle, in his De Interpretatione IX, raised the question of whether the logical truth of a statement about the future might entail the necessity of the future event:  
     
     "What is, necessarily is, when it is; and what is not, necessarily is not, when it is not. But not everything that is, necessarily is; and not everything that is not, necessarily is not. 
For to say that everything that is, is of necessity, when it is, is not the same as saying unconditionally that it is of necessity. Similarly with what is not. And the same account holds for contradictories: everything necessarily is or is not, and will be or will not be; but one cannot divide and say that one or the other is necessary. 

I mean, for example: it is necessary for there to be or not to be a sea-battle tomorrow; but it is not necessary for a sea-battle to take place tomorrow, nor for one not to take place—though it is necessary for one to take place or not to take place. 

So, since statements are true according to how the actual things are, it is clear that wherever these are such as to allow of contraries as chance has it, the same necessarily holds for the contradictories also. 

This happens with things that are not always so or are not always not so. With these it is necessary for one or the other of the contradictories to be true or false — not, however, this one or that one, but as chance has it; or for one to be true rather than the other, yet not already true or false.


Clearly, then, it is not necessary that of every affirmation and opposite negation one should be true and the other false. For what holds for things that are does not hold for things that are not but may possibly be or not be; with these it is as we have said."
     







Source: https://www.informationphilosopher.com/solutions/dogmas/





  
  Analysis - A Dogma of Determinism
  

  


  
  Home › Solutions › Dogmas › Analysis
Analysis - A Dogma of Determinism

  From Pythagoras, Plato, Euclid, Archimedes, and Galileo comes the powerful train of thought that everything can be explained by analytical mathematical functions. Newton's mathematical laws of motion for celestial bodies was the crowning achievement for analysis. For William Blake, breaking things into their component parts to analyze their workings was "murder to dissect."
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Being - A Dogma of Determinism

  From Parmenides and Plato to Heidegger and Sartre, all Becoming and Time has been seen as a corrupt this-worldly illusion, preventing us from seeing the Great Chain of Being. All events are extratemporal and simultaneous in the eyes of God.
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Logical Determinism

  Logical determinism is the simple idea that events in the future must be as true or false today as they will be after they happen.  


  Socrates, the first logician, argued that some knowledge followed from the nature of argument itself. He invented the syllogism, literally "with logic or argument."  


  The great systematizer of logic was Aristotle.  Aristotle doubted this in his famous discussion of the Sea Battle. De Interpretatione IX

Bertrand Russell said "The law of causation, according to which later events can theoretically be predicted by means of earlier events, has often been held to be a priori, a necessity of thought, a category without which science would not be possible." (Russell, External World p.179) Although he felt some claims for causality might be excessive, he was unwilling to give up strict determinism, saying "Where determinism fails, science fails." (Determinism and Physics, p.18) 

Logic - Aristotle's logic was accepted as the paradigm of truth for over 2000 years until Frege in 1879 and Bertrand Russell's Principia Mathematica in 1910 failed to establish a logical basis for mathematics and found the first of the paradoxes that call logic into question. 1

  The logical positivists thought that the truth of a proposition depended on it being a representation of an independent reality. Logic itself was a regulative principle reflecting laws of nature and reality. Verifiability said that the meaning of a proposition was found in the method of verification, by experience or observation. 

nothing is logically true of the world


Truths of the world are at best provisionally held, subject to further experiment. Nothing is logically true of the world. Just as there is nothing physically certain or necessary. Truth within logic retains its correct formal use, but logic itself has its limits.

For Teachers

     Aristotle, in his De Interpretatione IX, raised the question of whether the logical truth of a statement about the future might entail the necessity of the future event:  
     
     "What is, necessarily is, when it is; and what is not, necessarily is not, when it is not. But not everything that is, necessarily is; and not everything that is not, necessarily is not. 
For to say that everything that is, is of necessity, when it is, is not the same as saying unconditionally that it is of necessity. Similarly with what is not. And the same account holds for contradictories: everything necessarily is or is not, and will be or will not be; but one cannot divide and say that one or the other is necessary. 

I mean, for example: it is necessary for there to be or not to be a sea-battle tomorrow; but it is not necessary for a sea-battle to take place tomorrow, nor for one not to take place—though it is necessary for one to take place or not to take place. 

So, since statements are true according to how the actual things are, it is clear that wherever these are such as to allow of contraries as chance has it, the same necessarily holds for the contradictories also. 

This happens with things that are not always so or are not always not so. With these it is necessary for one or the other of the contradictories to be true or false — not, however, this one or that one, but as chance has it; or for one to be true rather than the other, yet not already true or false.


Clearly, then, it is not necessary that of every affirmation and opposite negation one should be true and the other false. For what holds for things that are does not hold for things that are not but may possibly be or not be; with these it is as we have said."
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Mechanism- A Dogma of Determinism

  Democritus is credited with the first ideas of mechanisms. His atoms had hooked shapes which could fit into one another do build more complex structures. But these were not mechanisms in the sense of the seventeenth and eighteenth centuries. Mechanisms were the product of Galileo and Newton's classical mechanics of matter in motion according to definite mathematical laws.


  Descartes accepted popular materialist views. He described animals as machines, in contrast to human beings, who were in part merely material bodies, but in part minds, made of a non-material substance. He saw no freedom in material things like clockworks. Although many bodily functions could be thought of as clockwork, the soul and free will required mind/body dualism.


  If classical mechanics could explain the motions of the heavens as the result of natural laws, the same laws might explain human beings, including the individual mind and society. Enlightenment philosophers wrote of "Man as Machine." Planetary motions and mental processes were compared to mechanical clockworks. 

As the machines of the industrial revolution became ever more complex, industrial robots approached human performance in many manufacturing tasks.


Machines began to do calculations in the nineteenth century, then sophisticated computing with algorithmic programs in the twentieth. Vast sums were invested by government research to create intelligent machines, in the hopes they could conduct war operations better than humans. Such artificial intelligence has shown that a machine can beat a human at chess, and solve well-defined groups of problems. But they do not think and reason.


In biology, mechanism is opposed to the idea of vitalism, which looks to new principles and laws governing living matter that cannot be explained as matter in motion. Biological processes are often mistakenly described as "mechanisms."

For Teachers
Thomas Hobbes describes human beings as mechanical artifacts in the opening lines of his Leviathan:

"NATURE, the art whereby God hath made and governs the world, is by the art of man, as in many other things, so in this also imitated, that it can make an artificial animal. For seeing life is but a motion of limbs, the beginning whereof is in some principal part within; why may we not say, that all automata (engines that move themselves by springs and wheels as doth a watch) have an artificial life? For what is the heart, but a spring, and the nerves, but so many strings; and the joints, but so many wheels, giving motion to the whole body, such as was intended by the artificer?" 


Descartes clearly describes human beings as machines in his Treatise on Man:

"I suppose the body to be nothing but a statue or machine made of earth, which God forms with the explicit intention of making it as much as possible like us...We see clocks, artificial fountains, mills, and other such machines which, although only man-made, have the power to move of their own accord in many different ways. But I am supposing this machine to be made by the hands of God, and so I think you may reasonably think it capable of a greater variety of movements than I could possibly imagine in it, and of exhibiting more artistry than I could possibly ascribe to it...
Indeed, one may compare the nerves of the machine I am describing with the pipes in the works of  fountains, its muscles and tendons with the various devices and springs which serve to set them in motion, its animal spirits with the water which drives them, the heart with the source of the water, and the cavities of the brain with the storage tanks...I should like you to consider that functions (including passion, memory, and imagination) follow from the mere arrangement of the machine’s organs every bit as naturally as the movements of a clock or other automaton follow from the arrangement of its counter-weights and wheels." 1


     Joseph Needham, the biologist, wrote, just as quantum mechanical uncertainty was being announced, in his Man A Machine (1928):

"The mechanistic theory of life needs a Lucretius, a poet inspired to a red-hot enthusiasm by the inflexible laws of the atoms, by the unshakeable determinism of physico-chemical explanations, and by the exquisite harmonies and adjustments of which pure physico-chemical systems are capable." 



For Scholars

     1. Cottingham, John (1985), The Philosophical Writings of Descartes, p.99  
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We review  a number of physical theories that have profound implications for human freedom, specifically a number of controversial theories that deny the existence of a collapse of the quantum-mechanical wave function, which is the ultimate source of chance, indeterminism, free will, and creativity. 

These theories share a dislike of indeterminism that grew from Albert Einstein's famous dictum "God does not play dice." He also objected, perhaps even more strongly, to the non-local character of quantum reality, which suggested that "influences" were traveling faster than the speed of light, violating his theory of special relativity.



Determinism and Non-Locality
	Chaos
	Complexity
	Decoherence
	Entanglement
	Hidden Variables
	Many Worlds
	Non-Equilibrium



Entropy and Information
	The Conservation of Information
	Maxwell's Demon
	Szilard's Engine
	Brillouin's Flashlight
	Gibbs Paradox
	Perfume Bottle
	Dark Night Sky



The Basic Hypotheses of Quantum Physics
	The Principle of Superposition
	The Axiom of Measurement
	The Projection Postulate



Standard Quantum Physics
	Bell's Theorem
	Collapse of the Wave Function
	Dirac's Three Polarizers
	Einstein Podolsky Rosen
	Heisenberg's Microscope
	Path-length Interferometry
	Schrödinger's Cat
	Two-Slit Experiment
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Chaos is the mathematical theory of dynamical systems that are extremely sensitive to initial conditions. The idea that dynamical systems include particles that are arbitrarily close together at one time and yet with an unpredictably large separation at later times goes back at least to James Clerk Maxwell.
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Decoherence

Decoherence is a broad explanation for the lack of uniquely quantum effects in macroscopic objects. Decoherence theorists say in particular that it explains the absence of superpositions of live and dead Schrödinger Cats. 

The "decoherence program" of H. Dieter Zeh, Wojciech Zurek, and their colleagues is an attempt to describe the "appearance" or "emergence" of a classical world from the microscopic quantum world.


Decoherence theorists trace the emergence of classical properties to the interaction of quantum systems with the environment, generally the exchange of photons between quantum systems and the environment, but also the collisions of particles (which are mediated by virtual photons). No physical system is ever completely isolated from the environment. A perfectly isolated system is by definition unobservable and thus of no interest to an experimental physicist, though theoreticians often work with such ideas. Although isolation is one of the fundamental principles of all physics experiments, it is the case that it is practically impossible to prevent high-energy particles and photons from passing through any experiment.   




Denials of Standard Quantum Physics


Most decoherence theorists subscribe to what they call a "universally valid quantum theory." Despite the name, this theory denies one of the basic hypotheses of standard quantum physics, namely the collapse of the quantum-mechanical wave function (Dirac's projection postulate), which is the ultimate source of chance, indeterminism, free will, and creativity.

"Universally valid" refers to the Wheeler-Everett-DeWitt-Wigner view that replaces the wave-function collapse with a splitting of a universal wave function 
  Ψ
 into separate branches or components, each of which contains all the material of the universe just before the quantum event, typically a quantum measurement. Where standard quantum theory predicts the probabilities of the measurement yielding two or more eigenvalues of the physical observable being measured, the "Many Worlds" theory assumes that new worlds are created with each world realizing one of those eigenvalues, all other things about the new worlds being the same as before the measurement.

John Bell described the many-worlds theory as "extravagant." We find it extremely so, since it blatantly violates the most fundamental conservation laws of physics. In order to create another parallel universe, it must double the amount of energy, mass, charge, etc. And the new universe must be as large as our observable universe. All this because they find the idea of the collapse of the wave function non-intuitive, which in some respects it is. But in other respects it is simply the actualization of a single outcome from among many alternative possibilities.


Some of the decoherence theorists appear to share a dislike of indeterminism, exemplified by Albert Einstein's famous dictum "God does not play dice." Einstein objected to determinism, even more strongly, he objected in his famous EPR paper to the non-local character of quantum reality, which suggested to him that "influences" are traveling faster than the speed of light, violating his theory of special relativity. 


And if Einstein disliked the measurement of one quantum particle instantly altering the properties of another particle a significant distance away (in this universe), what would he have thought about duplicating the entire observable universe contents in an unobservable parallel branch of the universal wave function 
  Ψ
? 


Decoherence in Standard Quantum Physics


Decoherence can be separated from the "many worlds" and "no-collapse" theories. The core idea is that classical macroscopic properties depend on decoherence of quantum properties, especially the interference of different components of a coherent quantum system. We can endorse that view and show that it is not classical properties that "emerge" under conditions of decoherence, but quantum properties that show up when we look at sufficiently isolated systems small enough to exhibit coherence.
Paul Dirac described the breakdown of classical mechanics as "an inadequacy of its concepts to supply us with a description of atomic events." (Dirac, p.3)


The early Greek philosophers Democritus, Leucippus, and Epicurus argued that large objects were made from smaller objects, but there comes a size when something is absolutely small. Quantum mechanics defines the absolutely small as objects that cannot be seen without disturbing them. Decoherence says that the very act of looking at a quantum system destroys the coherence that reflects its fundamental quantum nature. 


Dirac defined an object to be "big" when the disturbance accompanying our observation of it may be neglected, and "small" when the disturbance cannot be neglected. There comes a size when every attempt to minimize the disturbance fails. Dirac says "there is a limit to the fineness of our powers of observation and the smallness of the accompanying disturbance - a limit which is inherent in the nature of things and can never be surpassed by improved techniques or skill on the part of the observer.."


An important consequence of absolute smallness is that we must revise our idea of causality. If a system is small, we cannot observe it without producing a serious disturbance and hence we cannot expect to find causal and deterministic connections connections between our observations. There is an unavoidable indeterminacy in measurement of quantum systems, so that we can only calculate the probability of various possible measurements.


Under pressure from Niels Bohr, Werner Heisenberg modified his original idea that indeterminacy is always a result of observations (see Heisenberg's Microscope). Indeterminacy is an intrinsic property of quantum objects in space and time and does not depend on observations by conscious observers (with Ph.D.'s, as John Bell quipped). 


Note that quantum systems can make information-generating measurements on themselves, which the decoherence theorists accept. 




A Two-State Example of Coherence and Decoherence


Consider the famous Two-Slit Experiment. 
[image: image-placeholder]

We can label the probability-amplitude wave function passing through the left hand slit in the figure ψleft and the waves passing through the right-hand slit ψright. These are coherent and show the characteristic quantum interference fringes on the detector screen (a photographic plate or CCD array). This is the case even if the intensity of particles is so low that only one particle at a time arrives at the screen.


In a dramatic experimental proof of decoherence, Gerhard Rempe sent matter waves of heavy Rubidium atoms through two slits. He then irradiated the left slit with microwaves that could excite the hyperfine structure in Rb atoms passing through that slit. As he turned up the intensity, the interference fringes diminished in proportion to the number of photons falling on the left slit. The photons decohere the otherwise coherent wave functions.



The Quantum-Classical "Boundary"
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David Bohm in 1951 and 1952 proposed "hidden variables" as a way to explain the apparent "nonlocality" of simultaneous measurements of the entangled spins of electrons that are separated at a great distance. The hidden variables provide the information needed at the distant “entangled” particle, so it can coordinate its properties perfectly with the “local” particle.

The hidden variables are thought to be "local," traveling with the particles to exert an "influence" on the particles that can explain their perfect correlations.


Bohm wrote in 1952, 



The usual interpretation of the quantum theory is
based on an assumption having very far-reaching
implications, ~i.e., that the physical state of an individual
system is completely specified by a wave
function that determines only the probabilities of actual
results that can be obtained in a statistical ensemble of
similar experiments. This assumption has been the
object of severe criticisms, notably on the part of
Einstein, who has always believed that, even at the
quantum level, there must exist precisely definable
elements or dynamical variables determining (as in
classical physics) the actual behavior of each individual
system, and not merely its probable behavior. Since
these elements or variables are not now included in the
quantum theory and have not yet been detected experimentally,
Einstein has always regarded the present
form of the quantum theory as incomplete, although he
admits its internal consistency.


Because 1) the measurements are simultaneous, because 2) the particles are in a "space-like" separation, because 3) the spins are randomly up or down according to the uncertainty principle of quantum mechanics, and because 4) measurement of each particle changes the electron spin direction to be aligned with the Stern-Gerlach measuring device, it is mistakenly thought that measurements would result in outcomes that are randomly + -, - +, + +, and - -. 


Some mechanism is thought to be needed to ensure that only perfectly opposite spins of + - and - + are observed. Since the particles are in a space-like separation, any "action-at-a-distance" to ensure their spins are opposite would have to be faster than the speed of light, so impossible.

John Bell in 1964 developed a theorem and proposed an experiment that he said could distinguish between the predictions of "local hidden variables" and standard quantum mechanics.


In the years since, hundreds of such experiments have proved that no such "local hidden variables" exist.


We propose that just before their simultaneous measurements, the two-particle wave function describing the particles has no preferred direction of spins and total spin angular momentum zero, conserving total spin from the spherically symmetric wave function at initial entanglement. 


We call this constant spin zero a "hidden constant of the motion." It is not a "hidden variable" that must act at a distance, but a "hidden constant," the jointly shared property of the two particles, true from their initial state preparation, that provides the conditions needed to measure their spins as + - and - +, provided the two measuring devices are perfectly aligned (by prior agreement).  



References


Belinfante, F. J. (1973) A Survey of Hidden-Variable Theories, Pergamon Press.

Bohm, D. (1951) Quantum Theory. Prentice-Hall.


Bohm, D. (1952) A Suggested Interpretation of the Quantum Theory in Terms of "Hidden" Variables. I

______, A Suggested Interpretation of the Quantum Theory in Terms of "Hidden" Variables. II

Bohm, D. and Y. Aharononov (1957) Discussion of Experimental Proof for the Paradox of Einstein, Rosen, and Podolsky

Einstein A., B.Podolsky, and N. Rosen (1935) "Can Quantum-mechanical Description of Physical Reality Be Considered Complete?," Quantum Theory and Measurement, Ed. Wheeler and Zurek, p.138, Physical Review, 47, 777-80 (PDF)




For Scholars




Source: https://www.informationphilosopher.com/solutions/theories/hidden_variables/





  
  Many Worlds
  

  


  
  Home › Solutions › Theories › Many Worlds
Many Worlds

For Scholars




Source: https://www.informationphilosopher.com/solutions/theories/many_worlds/





  
  The Axiom of Measurement
  

  


  
  Home › Solutions › Theories › Axiom of Measurement
The Axiom of Measurement

For Scholars




Source: https://www.informationphilosopher.com/solutions/theories/measurement/





  
  The Principle of Superposition
  

  


  
  Home › Solutions › Theories › Principle of Superposition
The Principle of Superposition


The Schrōdinger equation is 
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where H is the Hamiltonian operator, ψn is the wave function for state n, and the 
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 are the energy eigenvalues for the states. 



The discrete spectrum energy eigenvalues 
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photons) to specific energy
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In 1913, Niels Bohr postulated that electrons in atoms would be in "stationary states" of energy 
  
    E
    
      n
    
  
, and that energy differences would be of the form 
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 = hν, where ν is the frequency of the observed spectral line.

Albert Einstein, in 1916, derived these two Bohr postulates from basic physical principles in his paper on the emission and absorption processes of atoms. What for Bohr were assumptions, Einstein grounded in quantum physics, though virtually no one appreciated his foundational work at the time, and few appreciate it today, his work eclipsed by the Copenhagen physicists.  



The eigenfunctions 
ψn are orthogonal to each other
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   where the "delta function" 
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Once they are normalized, the ψn form an orthonormal set of
functions (or vectors) which can serve as a basis for
the expansion of an arbitrary wave function φ

  
  The Projection Postulate
  

  


  
  Home › Solutions › Theories › Projection Postulate
The Projection Postulate

The projection postulate is the most controversial of the three basic hypotheses of quantum mechanics.
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After dualisms, the next most popular philosophical architectonic structures are triads, triplicities, or trinities.  

Some philosophers describe their triads as three "worlds," just as dualism is often described in terms of an Ideal World and a Material World. The deep philosophical (and scientific) question is - do these divisions "carve Nature at the joints," as Plato put it in the Phaedrus, (265e)?


We analyze examples, and find that the three worlds are most often simply the canonical Ideal/Material dualism with an interpolated third world corresponding to a human world (or more broadly, the biological world), with its obvious connection to the world of "subjective?" ideas above and the "objective" material world below. 

Gottlob Frege's Three Realms


	An External Realm of Public Physical Things and Events
  
	An Internal Subjective Realm of Private Thoughts
  
	An "Objective" Platonic Realm of Ideal "Senses" (to which sentences refer, providing their meaning)
  

Karl Popper's Three Worlds (clearly influenced by Frege)


	World I - "the realm of physical things and processes"
  
	World II - "the realm of subjective human experience"
  
	World III - "the realm of culture and objective knowledge" - of human artifacts (our Sum)
  

Charles Sanders Peirce's Three Universes of Experience. 


Peirce's first and third worlds are both immaterial (our Sum), with the material world in the middle. So a better triad would have had Signs in the middle as human inventions mediating between the ideal and the material. Peirce's triad of  Objects - Percepts - Concepts is in the correct order. Another related Peircean triad is Tychasm/Chance, Ananchasm/Necessity, and Synechism/Continuity, or Evolutionary Love.


	Firstness - Ideas
  
	Secondness - Things
  
	Thirdness - Signs.
  

Pierre Teilhard de Chardin's Three Phases of Development. 

Teilhard tried to divide evolution into different temporal phases, which maps well onto our three levels of information emergence . 


	Geosphere - Inanimate Matter
  
	Biosphere - Living Things
  
	Noösphere - Human Cognition.
  


[image: image-placeholder]

The Information Philosopher's Three levels of Information Emergence (seen in our tri-color I-Phi logo)
   

	The Physical/Material (green) - Ilya Prigogine's "order out of chaos," when the matter in the universe forms information structures
  
	The Biological/Material (red) -  Erwin Schrödinger's "order out of order," when the material information structures form teleonomic self-replicating biological information structures that communicate and process information
  
	The Mental/Immaterial (blue) - Bob Doyle's abstract "information out of order," when organisms with minds create and externalize information, communicating it to other minds and storing it in the environment for future humans
  

Bob Doyle's Three Sources that "Ground" Authoritative Knowledge


	The Traditional - Knowledge is inherited, handed down, from the great thinkers of the past (compare Frege's "Objective" Platonic Realm of Ideal "Senses" to which sentences "refer," providing their meaning)
  
	The Modern - Knowledge is created by Reason, by providing a rational account (logos) of how things are, augmented by modern empirical science since the Enlightenment
  
	The Post-Modern - all cultural knowledge is "relative" to the culture that invented it. For conservative post-moderns, science can establish knowledge about an objective external world. For radical post-moderns, "anything goes" (Feyerabend), even science "invents/creates reality." There are no grounds/foundations for knowledge, for "justified true beliefs."
  

Terrence Deacon's three kinds of dynamics.


	Homeodynamic- "Any dynamic process that spontaneously reduces a system's
constraints to their minimum and thus more evenly distributes system properties
across space and time. The second law of thermodynamics describes the paradigm case" (thus states of thermodynamic equilibrium, with maximal disorder and with minimal information? If so, "thermodynamic" might be a better term?)
  
	Morphodynamic - "Dynamical organization exhibiting the tendency to become
spontaneously more organized and orderly over time due to constant perturbation,
but without the extrinsic imposition of influences that specifically
impose that regularity" (thus both Prigogine's "order out of chaos" and Schrödinger's "order out of order" are morphodynamic; note that both of these are "negentropic")
  
	Teleodynamic - "A form of dynamical organization exhibiting end-directedness
and consequence-organized features that is constituted by the co-creation,
complementary constraint, and reciprocal synergy of two or more strongly
coupled morphodynamic processes" (end-directedness is usually called "teleonomic")
  

Merlin Donald's levels of Culture Emergence.


	Mimetic: the "copycat" or "monkey see, monkey do" ability of primates facilitated transfer of learning, ritual 
  
	Mythic: language in humans, mental/brain development is influenced by social network of speakers generating symbols for ideas 
  
	Informatic: External storage of knowledge - writing, printing, computers, Internet
  



Types of Triads


	Levels: Material - Biological/Human - Ideal (physis - bios/nomos - logos)

	Inner Levels: Body - Mind/Brain - Spirit 

	Plato: Truth - Goodness - Beauty

	Aristotle/Kant: Epistemology - Ethics - Aesthetics

	Number: One - Two/Many - All (unity - duality/plurality - totality)

	Person: I - You - We (self - other - society/community)

	Truth: Correspondence - Coherence - Consistency (empirical - conventional/pragmatic - logical)

	Time: Past - Present - Future

	Family: Father - Mother - Son

	Dialectic: Thesis - Antithesis - Synthesis (new higher thesis)

	Hume's Relations: Similarity  - Contiguity  - Causality (form - space - time)

	Medieval Trivium: Grammar - Rhetoric - Logic

	Rhetoric: Simile - Metonym - Metaphor

	Peirce: Objects - Percepts - Concepts

	Peirce's Semiotics: Icon - Index - Symbol

	Peirce's Symbol: Ground - Object - Interpretant

	Peirce's Science: Abduction (hypothesis) - Induction - Deduction 

	Grounds: Tradition - Modern - Postmodern

	Beliefs: Naturalism - Humanism - Spiritualism (supernatural/superhuman)

	Matter: Solid - Liquid - Gas (earth - water - air)

	Time: Begin - Middle - End (archos - physis/nomos - telos)

	Journey: Eden - Fall - Atonement (home - travels - homecoming)

	Life: Birth - Life - Death





A Few Tetrads

	Classical Materials:  Earth - Water - Air - Fire (anticipating today's states of matter: solid - liquid - gas - plasma)

	Plato's Divided Line:  Stories - Techniques - Hypotheses - Theories (eikasia - pistis - dianoia - noesis)

	Aristotle's Causes:  Material cause - Efficient cause - Formal cause - Final cause (He considered chance to be a possible fifth cause.)
  

	Graeco-Roman Four Temperaments (or humors):  Choleric (yellow bile), Melancholic (black bile), Sanguine (blood), and Phlegmatic (phlegm)

anticipating the four major neurotransmitters from the brain stem that regulate mood: Serotonin, Dopamine, GABA and Norepinephrine.

	Medieval cosmology:  Earth (below us) - Water (with us) - Air (above us) - Stars (beyond us)

	The medieval scholastic Quadrivium:  Math - Geometry - Music - Astronomy (number - space - time - motion)

	Schopenhauer's Fourfold Root of Sufficient Reason: Being -Becoming - Knowing - Willing

	Heidegger's Geviert (2x2):  Earth - Mortals - Heavens - Gods

	Derrida's Jeu des Cartes




For Scholars

      C.S. Pierce's "response to the anticipated suspicion that he 
attaches a superstitious or fanciful importance to the number 
three, and forces divisions to a Procrustean bed of trichotomy."


"I fully admit that there is a not uncommon craze for trichotomies... I am not so 
afflicted; but I find myself obliged, for truth's sake, to make 
such a large number of trichotomies that I could not [but] wonder if my readers, especially those of them who are in the way of knowing how common the malady is, should suspect, or even 
opine, that I am a victim of it. But I am now and here going 
to convince those who are open to conviction, that it is not so, 
but that there is a good reason why a thorough student of the 
subject of this book should be led to make trichotomies, that 
the nature of the science is such that not only is it to be expected that it should involve real trichotomies, but furthermore, that there is a cause that tends to give this form."
(Collected Papers, C.S.Peirce, Principles of Philosophy, 1.568)



David Hume's discovery of the only three possible bases for the association of ideas.


      "The fact that different ideas are connected is too obvious to be overlooked; yet I have not found any philosopher trying to list or classify all the sources of association. This seems to be worth doing. To me there appear to be only three factors connecting ideas with one another,
namely, �Resemblance, ��Contiguity in time or place, and ��Cause or �Effect.

I don’t think there will be much doubt that our ideas are connected by these factors. �A
picture naturally leads our thoughts to the thing that is depicted in it; �the mention of one room
naturally introduces remarks or questions about other rooms in the same building; and �if we
think of a wound, we can hardly help thinking about the pain that follows it. But it will be hard to prove to anyone’s satisfaction - the reader’s or my own - that this these three are the only sources of association among our ideas. All we can do is to consider a large number of instances where ideas are connected, find in each case what connects them, and eventually develop a really general account of this phenomenon. The more cases we look at, and the more care we employ on them, the more assured we can be that our final list of principles of association is complete." (Enquiry Concerning Human Understanding, Section III, Of the Association of Ideas, David Hume)




       "We have three relationships

        - one to this bodily shell which envelops us

        - one to the Divine cause which is the Source of everything in all things

        - and one to our fellow mortals around us."
       (Marcus Aurelius, Book VIII, 27)


       "“Two things fill the mind with ever new and increasing admiration and awe, the more often and steadily we reflect upon them: the starry heavens above me and the moral law within me"
       (Kant, Critique of Practical Reason, 5:161.33-6)





Source: https://www.informationphilosopher.com/solutions/triads/
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Truth is an ancient concept that grew out of logic. Absolute truth is one of the dogmas of determinism.


Three very important concepts of philosophical truth are 
	truth by correspondence (with the external world)
	truth by consistency (internal to logic)
	truth by coherence (of logic and the world).


A fourth is pragmatic truth, said of beliefs that have practical consequences, as agreed upon by an open community of inquirers in the long run.


Correspondence is also known as synthetic (a posteriori) truth, as "matters of fact." (Leibniz and Hume). 


Consistency is also known as analytic (a priori) truth, truth by definition of terms, sometimes circular and tautological, as "truths of reason" (Leibniz) and "relationship of ideas." (Hume). 


The idea of a fixed absolute timeless Truth in information terms appears to imply that everything is known, and thus determined. 


nothing is logically true of the world


But scientific truths of the world are at best provisionally held, subject to further experiment. Nothing is logically true of the world. Just as there is nothing physically certain or necessary. Truth within logic retains its correct formal use, but logic itself has its limits.


We find very congenial Charles Sanders Peirce's definition of truth about the external world as the current intersubjective agreement of an open community of inquirers.


For Scholars





    Dogmas of Determinsm
    

Analysis
Being
Causality
Certainty
Logic
Mechanism
Necessity
Physical
Reason
Truth


Source: https://www.informationphilosopher.com/solutions/truth/
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Bell's Theorem
John Bell showed in 1964 how the 1935 "thought experiment" of Einstein, Podolsky, and Rosen (EPR) could be made into a real experiment. 

Einstein was especially bothered by the "nonlocal" aspect of quantum mechanics exhibited by a measurement at one place instantaneously determining the properties (position and momentum, and later spin) of a particle detected at another place. The spacelike separation between the two measurements implied something "travelling" faster than the speed of light between the two.  


Actually, at the 1927 Solvay Conference, Einstein had already complained about "action at a distance" and faster-than-light effects when, in a single-slit version of the two-slit experiment, the detection of a single particle at one place instantaneously collapsed the probability (
  Ψ
2) of finding it at a distant place.


And we now know that Einstein probably saw this implicit violation of his theory of special relativity as early as 1905, when he formulated both relativity theory and the light-quantum hypothesis. See our history of Einstein's thought.


EPR proposed the existence of supplementary parameters or "local hidden variables" that could communicate information between the two measurements. 


Einstein's colleagues Erwin Schrödinger, Max Planck,  David Bohm, and others hoped that the hidden variables would allow a return to deterministic physics. 


They wanted to eliminate mysterious quantum phenomena like superposition of states, quantum entanglement and nonlocality, action at a distance, and - perhaps most important for Schrödinger - the irreducible statistical chance associated with the collapse of the wave function. Einstein's famous remark on quantum indeterminacy was that "God does not play dice."


According to Wolfgang Pauli (in correspondence with Max Born), Einstein was less concerned with the return of determinism than he was with the restoration of "local reality" and the elimination of "action at a distance."


In 1964, John Bell put limits on any supplementary parameters or "hidden variables" that might eliminate nonlocality and restore a deterministic physics in the form of what he called an "inequality," the violation of which would confirm standard quantum mechanics. 


Bell also described his key assertions in the simple idea that "local hidden variables" will never be found that give the same results as quantum mechanics. This has come to be known as Bell's Theorem.


In a 1990 lecture at CERN, shortly before his untimely death, Bell made it plain that the violation of his inequality had shown the "Einstein program" to be a failure.


It just is a fact that quantum mechanical predictions and experiments, in so far as they have been done, do not agree with [my] inequality. And that's just a brutal fact of nature... No action at a distance led you to determinism, in the case of parallel polarisers, but determinism, in the case of off-parallel polarisers, leads you back to action at a distance. Now, in my opinion, in answer to the question that you posed at the beginning, I don't know this phrase is too strong and active an assertion, I cannot say that action at a distance is required in physics. But I can say that you cannot get away with no action at a distance. You cannot separate off what happens in one place and what happens in another. Somehow they have to be described and explained jointly. Well, that's just the fact of the situation; the Einstein program fails, that's too bad for Einstein, but should we worry about that?

See a 10-minute video of John Bell on the Einstein failure


Bell's Theorem has been tested in numerous real EPR experiments over the years, by John Clauser, Alain Aspect, Michael Horne, Albert Shimony, and Richard Holt (in various CHSH-type experiments) and most recently by Nicolas Gisin and his colleagues in Geneva with entangled photons sent over miles of fiber optics.


In the 1989 book, Sixty-two Years of Uncertainty, Abner Shimony summarized the significance of various versions of Bell's Theorem.


All versions of Bell's theorem are variations, and usually generalizations, of the pioneering paper of J.S. Bell of 1964, entitled "On the Einstein-Podolsky-Rosen Paradox." All of them consider an ensemble of pairs of particles prepared in a uniform manner, so that statistical correlations may be expected between outcomes of tests performed on the particles of each pair. If each pair in the ensemble is characterized by the same quantum state Φ, then the quantum mechanical predictions for correlations of the outcomes can in principle be calculated when the tests are specified. On the other hand, if it is assumed that the statistical behavior of the pairs is governed by a theory which satisfies certain independence conditions (always similar to the Parameter and Outcome Independence conditions stated below, though the exact details vary from version to version of Bell's theorem), then it is possible to derive a restriction upon the statistical correlations of the outcomes of tests upon the two particles. The restriction is stated in the form of an inequality, known by the collective name of "Bell's Inequality." Each version of Bell's theorem exhibits a choice of Φ and of the tests upon the two particles such that the quantum mechanical predictions of correlations violates one of the Bell's Inequalities. The theorem therefore asserts that no physical theory satisfying the specified  independence conditions can agree in all circumstances with the predictions of quantum mechanics. The theorem becomes physically significant when the Experimental arrangement is such that relativistic locality prima facie requires that the independence conditions be satisfied. Because such arrangements are in principle possible (and, in fact, actually realizable, if certain reasonable assumptions are made), one can restate Bell's Theorem more dramatically as follows: no local physical theory can agree in all circumstances with the predictions of quantum mechanics. 

[image: image-placeholder]

Fig. 1. An ensemble of particle pairs 1 + 2 is emitted in a uniform manner from the source. Particle 1 enters an analyzer with a controllable parameter a, and the possible outcomes are sm
(m = 1,2,...). Particle 2 enters an analyzer with controllable parameter b, and the possible outcomes are tn (n = 1,2,...).


Figure 1 shows a source from which particle pairs, labeled 1 and 2, are emitted in a uniform manner. The complete state of a pair 1+2 is denoted by k, where k belongs to a space K of complete states. No assumption is made about the structure of K, except that probability measures can be defined on it. Because of the uniform experimental control of emission, it is reasonable to suppose that there is a definite probability measure w defined over K which governs the ensemble of pairs; but the uniformity need not be such that w is a delta-function, i.e., that every pair of the ensemble is in the same complete state k. Particle 1 enters an analyzer with a controllable parameter a, which the experimenter can specify, for instance, by turning a knob. Likewise, particle 2 enters an analyzer with a controllable parameter b. 


The reason philosophers like Shimony have difficulty with two-particle wave-function collapses is clear from his exposition. It is quite wrong to describe two distinct particles, 1 and 2, with 1 entering the right analyzer and 2 entering the left analyzer. 


Just as a single particle cannot be localized in the two-slit experiment, neither particle in an EPR experiment is localizable until there is a measurement, at which time both become localized (to within the usual quantum indeterminacy) however far apart they are at that time (in the rest frame of the experiment). 


The reason we know everything about the "other" particle as soon as we measure one is, as Einstein knew well, but later writers often ignore, found in the various conservation laws (of energy, momentum, spin, etc.). If Bell's inequalities were not violated, the much more fundamental laws of conservation of momentum, angular momentum and spin would be violated.


For a correct description of how quantum mechanics describes two particles in an entangled quantum state, see our description of the EPR experiment.
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Collapse of the Wave Function

Why is it that more than half of the modern "interpretations of quantum mechanicsdeny the "collapse of the wave function." 


Why are so many serious physicists and philosophers of science so unhappy with this concept, which was a fundamental part of the "orthodox" theory proposed in the late 1920's by the "founders" of quantum mechanics - Werner Heisenberg, Niels Bohr, Max Born, Paul Dirac, Wolfgang Pauli, and Pascual Jordan.


We can give the simplest answer in a single word - chance.  Albert Einstein, the foremost scientist of all time (and ironically the discoverer of chance in quantum mechanics, which he disliked but never denied was a part of the quantum theory, as far as it could go in his time) adamantly disliked the idea of "uncertainty" or "indeterminism," the thought that some things in the universe were not caused (or only statistically caused). 


The idea of the wave function in quantum mechanics and its indeterministic collapse during a measurement is without doubt the most controversial problem in physics today. Of the several “interpretations” of quantum mechanics, more than half deny the collapse of the wave function. Some of these deny quantum jumps and even the existence of particles!


So it is very important to understand the importance of what Dirac called the projection postulate in quantum mechanics. The “collapse of the wave function”  is also known as the “reduction of the wave packet.” This describes the change from a system that can be seen as having many possible quantum states (Dirac’s principle of superposition) to its randomly being found in only one of those possible states. 



Although the  collapse is historically thought to be caused by a measurement, and thus dependent on the role of the observer in preparing the experiment, collapses can occur whenever quantum systems interact (e.g., collisions between particles) or even spontaneously (radioactive decay).


The claim that an observer is needed to collapse the wave function has injected a severely anthropomorphic element into quantum theory, suggesting that nothing happens in the universe except when physicists are making measurements. An extreme example is Hugh Everett’s Many Worlds theory, which says that the universe splits into two nearly identical universes whenever a measurement is made.



What is the Wave Function?


Perhaps the best illustration of the wave function is to show it passing though the famous slits in a two-slit experiment. It has been known for centuries that water waves passsing through a small opening creates circular waves radiating outward from that opening. If there are two openings, the waves from each opening interfere with those from the other, producing waves twice as tall at the crests (or deep in the troughs) and cancelling perfectly where a crest from one meets a trough from the other.

When we send light waves through tiny slits, we see the same phenomenon. 

[image: image-placeholder]

Most of the light that reaches light detectors at the back lands right behind the barrier between the slits. At some places, no light appears in the interference pattern.


Today we know that light actually consists of large numbers of individual photons, quanta of light. Our experiment can turn down the amount of light so low that we know there is only a single photon, a single particle of light in the experiment at any time. What we see is the very slow accumulation of photons at the detectors, but with exactly the same interference pattern. And this leads to what Richard Feynman called not just "a mystery,” but actually "the only mystery” in quantum mechanics. 


How can a single particle of light interfere with itself, without going through both slits? We can see what would happen if it went through only one slit by closing one or the other slit. We get a completely different interference pattern.


Feynman was right. If you can comprehend, though perhaps not “understand,” this highly non-inuitive phenomenon, one that is impossible in classical physics, you are well on your way to appreciating quantum mechanics.


The wave function in quantum mechanics is a solution to Erwin Schrödinger’s famous wave equation that describes the evolution in time of his wave function ψ,
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Max Born interpreted the wave function ψ(x) at a position x as telling us that the complex square of the wave function, < ψ(x) | ψ(x) >, gives us the probability of finding a particle at that position.


So the quantum wave going through the slits (and this probability amplitude wave ψ(x) does go through both slits) is an abstract number, neither material nor energy, just a probability. It is information about where particles of light (or particles of matter if we shoot electrons at the slits) will be found when we record them.


If we imagine a single particle being sent from a great distance away toward the two slits, the wave function that describes its “time evolution” or motion through space looks like a plane wave - the straight lines of the wave cresta approaching the slits from below in the figure to the left. We have no information about the exact position of the particle. It could be anywhere. Einstein said that quantum mechanics is “incomplete” because the particle has no definite position before a measurement. He was right. When the particle lands on one of the detectors at the screen in back, we can represent it by the dot in the figure below.


Animation of a wave function collapsing - click to restart



The interfering probability amplitude waves disappear instantly everywhere once the particle is detected, but we have left a small fragment of interfering waves in the upper left corner to ask a question first raised by Einstein in 1905.

What happens to the small but finite probability that the particle might have been found at the left side of the screen? How has that probability instantaneously (at faster than light speed) been collected into the unit probability at the dot?


To be clear, when Einstein first asked this question, he thought of the light wave as energy spread out eveywhere in the wave. So it was energy that he thought might be traveling faster than light, violating his brand new principle of relativity (published two months after his light quantum paper).


At the Solvay conference in Brussels in 1927, twenty-two years after Einstein first tried to understand what is happening when the wave collapses,  he noted;



If | ψ |2 were simply regarded as the probability that at a certain point a given particle is found at a given time, it could happen that the same elementary process produces an action in two or several places on the screen. But the interpretation, according to which | ψ |2 expresses the probability that this particle is found at a given point, assumes an entirely peculiar mechanism of action at a distance, which prevents the wave continuously distributed in space from producing an action in two places on the screen.”


Einstein came to call this spukhafte Fernwerkung, “spooky action at a distance.” It is known as nonlocality.

Niels Bohr recalled Einstein’s description. He drew Einstein's figure on a blackboard, but he did not understand what Einstein was saying.



Einstein referred at one of the sessions to the simple example, illustrated by Fig. 1, of a particle (electron or photon) penetrating through a hole or a narrow slit in a diaphragm placed at some distance before a photographic plate.

[image: photon passes through a slit]

On account of the diffraction of the wave connected with the motion of the particle and indicated in the figure by the thin lines, it is under such conditions not possible to predict with certainty at what point the electron will arrive at the photographic plate, but only to calculate the probability that, in an experiment, the electron will be found within any given region of the plate.


The apparent difficulty, in this description, which Einstein felt so acutely, is the fact that, if in the experiment the electron is recorded at one point A of the plate, then it is out of the question of ever observing an effect of this electron at another point (B), although the laws of ordinary wave propagation offer no room for a correlation between two such events.



Information Physics Explains the Two-Slit Experiment


Although we cannot say anything about the particle’s whereabouts, we can say clearly that what goes through the two slits and interferes with itself is information. The wave function tells us the abstract probability of finding the particle somewhere.

The idea of probability - or possibilities - “collapsing” is much easier to understand. When a die is rolled and the number 6 shows up, the possibilites of 1 through 5 disappear instantly. When the wave function collapses to unity in one place and zero elsewhere, nothing physical is moving from one place to the other. Consider a horse race.





When the nose of one horse crosses the finish line, his probability of winning goes to certainty, and the finite probabilities of the other horses, including the one in the rear, instantaneously drop to zero. This happens faster than the speed of light, since the last horse is in a “space-like” separation from the first.

Although horse races are not (normally) influenced by quantum mechanics, the idea of probability collapsing applies to both. The only difference is that in quantum mechanics, we are dealing with a complex probability amplitude that can interfere with itself.


Note that probability, like information, is neither matter nor energy. When a wave function “collapses” or “goes through both slits” in the dazzling two-slit experiment, nothing material is traveling faster than the speed of light or going through the slits. No messages or signals can be sent using this collapse of probability. Only the information has changed.


This is similar to the Einstein-Podolsky-Rosen experiments, where measurement of one particle transmits nothing physical (matter or energy) to the other “entangled” particle. Instead instantaneous information has come into the universe at the new particle positions. That information, together with conservation of angular momentum, makes the state of the coherently entangled second particle certain, however far away it might be after the measurement.


The standard “orthodox” interpretation of quantum mechanics includes the projection postulate. This is the idea that once one of the possibilities becomes actual at one position, the probabilities for actualization at all other positions becomes instantly zero. New information has appeared.


The principle of superposition tells us that before a measurement, a system may be in any one of many possible states. In the two-slit experiment, this includes all the possible positions where |ψ(x)|2 is not zero. Once the quantum system (the photon or electron) interacts with a specific detector at the screen, all other possibilities vanish. It is perhaps unfortunate that the word “collapse” was chosen, since it suggests some great physical motion.


Just as in philosophy, where the language used can be the source of confusion, we find that thinking about the information involved clarifies the problem.



Source: https://www.informationphilosopher.com/solutions/experiments/wave-function_collapse/
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Geiger Counter

A Geiger Counter is one of the earliest measurement tools used in quantum mechanics. Understanding how it works sheds light on the problem of measurement.

The Geiger counter is a vacuum tube filled with a low-pressure gas that is easily ionized by high energy particles like those emitted in radioactive nuclear decay - alpha particles (Helium nuclei), beta particles (electrons), and gamma rays.



The radiation is sensed when an inert gas (usually helium, neon, or argon) at low pressure conducts electrons from its cathode to its anode when a particle or photon of radiation makes the gas conductive by ionization. The Geiger counter amplifies a single ionization event by means of an avalanche of billions of electrons which appears as an easily measured current pulse.

Note that the avalanche dissipates a lot of heat energy, greatly increasing the global entropy, but the measurement of the macroscopic energy pulse also generates a local decrease in entropy - the bit or bits of information about the capture of a particle by the Geiger counter.


All quantum measurements that become observations have a three-step character, which begins when the wave function describing a quantum system, evolving deterministically according to the Schrödinger equation, encounters (perhaps becomes entangled with) a measuring apparatus. 


	In standard quantum theory, the first required element is the collapse of the wave-function. This is the Diracprojection postulate, which John von Neumann called Process 1 in any measurement. 

Note that the collapse might not leave a determinate record. If nothing in the environment is macroscopically affected so as to leave an indelible record of the collapse, we can say that no information about the collapse is created. The overwhelming fraction of collapses are of this kind. Moreover, information might actually be destroyed. For example, collisions between atoms or molecules in a gas that erase past information about their paths.


	If the collapse occurs when the quantum system is entangled with a macroscopic measurement apparatus, a well-designed apparatus will also "collapse" into a correlated "pointer" state that can be seen by an observer as new information. The Geiger counter produces that observable information in the form of the macroscopic electric current pulse.

[image: image-placeholder]

This is the second required element - a determinate record of the event. Note this is impossible without an irreversible thermodynamic process that involves: a) the creation of at least one bit of new information (negative entropy) and b) the transfer away from the measuring apparatus of an amount of positive entropy (generally much, much) greater than the information created. In a primitive Geiger counter, an audible beep may sound. In a more sophisticated unit, the digital display is incremented.

Notice that no conscious observer need be involved. We can generalize this second step to an event in the physical world that was not designed as a measurement apparatus by a physical scientist, but nevertheless leaves an indelible record of the collapse of a quantum state. This might be a highly specific single event, or the macroscopic consequence of billions of atomic-molecular level of events. 


	Finally, the third required element is that the indelible determinate record is looked at by an observer, presumably conscious, although the consciousness itself has nothing to do with the measurement (despite von Neumann's puzzling about some kind of "psycho-physical parallelism"). 




When we have all three of these essential elements, we have what we normally mean by a measurement and an observation, both involving a human being.

When we have only the first two, we can say metaphorically that the "universe is measuring itself," creating an information record of quantum collapse events. For example, every hydrogen atom formed in the early recombination era is a record of the time period when macroscopic bodies could begin to form. A certain pattern of photons records the explosion of a supernova billions of light years away. When detected by the CCD in a telescope, it becomes a potential observation. Craters on the back side of the moon recorded collisions with solar system debris that could become observations only when the first NASA mission circled the moon. 




[image: image-placeholder]

Source: https://www.informationphilosopher.com/solutions/experiments/geiger_counter
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Heisenberg's Microscope

In his draft paper explaining his Uncertainty Principle, Werner Heisenberg proposed a way to visualize the inability to simultaneously measure the position and momentum of an electron. 


Heisenberg's example was a simple microscope that would allow us to see the electron. The problem is that if we use visible light to observe the particle, the wavelength of the photon is very much longer than the dimensions of the particle. Our image is at best fuzzy. 


If on the other hand we use light with a wavelength comparable to the dimensions of the particle (Heisenberg noted that these would be gamma rays), such photons are extremely energetic, and the collision with the particle would cause the position and momentum of the particle to be changed dramatically.


Heisenberg said (erroneously as it turns out) that the act of observing the electron "disturbs" it and causes the resulting uncertainty. Niels Bohr embarrassed Heisenberg with his frank criticism and public discussion of Heisenberg's error in Bohr's 1927 Como Lecture

In the first years of interpreting quantum mechanics, Neils Bohr and Heisenberg thought the uncertainty was epistemic, the result of our inability to measure accurately, a consequence of human ignorance, rather than something intrinsic to nature.


After Einstein in 1935 formalized his criticisms of quantum mechanics in the thought experiment known as the Einstein-Podolsky-Rosen experiment, Bohr changed his mind and announced that the "uncertainty" was not our uncertainty, but an intrinsic "indeterminacy" in the nature of the particles themselves, a consequence of their dual wavelike nature. Indeterminacy (Unbestimmtheit) was the word Heisenberg had originally used for his principle.


The correct view is that the indeterminacy is intrinsic to the electron and has nothing to do with our attempts to measure it.


Many quantum processes in nature are equivalent to "measurements" and they need no conscious observers to make them happen.


In recent years, Gerhard Rempe has shown that simply identifying a particle by putting it into an excited state is enough to destroy the interference pattern in a two-slit experiment. The photon can be a tiny fraction of the energy and momentum of the particle (Rempe used heavy Rubidium atoms), yet the interference pattern is destroyed completely.


[image: image-placeholder]

For an extensive description of the Heisenberg Microscope and its significance see this explanation of Heisenberg's Microscope at the American Institute of Physics.

Note that the AIP agrees that Heisenberg's Microscope is no longer considered the correct explanation for the Heisenberg-Bohr indeterminacy-uncertainty principle. 






Source: https://www.informationphilosopher.com/solutions/experiments/heisenberg_microscope/
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We present our main conclusions, a bibliography and glossary.


We also have a subject and author index, and a colophon.

For Scholars




Source: https://www.informationphilosopher.com/afterwords/
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Colophon

The Information Philosopher is also an experiment in publishing information. It is philosophy in the age of information. More specifically, it is philosophy in the time of Google and Wikipedia, of the Stanford and Routledge Encyclopedias of philosophy, of desktop and web publishing, and of Amazon.com, which has made it possible for us to assemble a working library of all the great philosophers, in their original languages. 


For over two millenia, the principal method of disseminating knowledge has been the written or printed page. Before writing, the oral tradition of encoding knowledge into songs and long narratives worked well to transmit cultural knowledge, but it was seriously error prone. Writing and printing also have transcription errors, but they set the standard for liberating information (our Sum) from any particular place and time.


In the early twentieth century, mechanical typewriters replaced the pen as the principal method of creating texts. In the late twentieth, computers took over and allowed information to be transmitted electronically over digital networks.


As part of the "great conversation" of thinkers from all places and times, the Information Philosopher is created online, stored in a database repository, and primarily delivered in an online electronic form. Part or all of it can be printed out as desired and it will be available in published book form from time to time.


To facilitate delivery through other publishing channels like mobile devices or reading machines for the blind, the content of Information Philosopher is stored as small structured "chunks" of reusable information. These chunks are the smallest amounts of meaningful content that can be reused in multiple contexts, including translation into multiple languages. The chunks can be rearranged in "information maps" for different purposes.




This website version of Information Philosopher has seven parts, each with multiple chapters. Navigation at the bottom of each page will take you to the next or previous part or chapter.


A web page may contain two extra levels of material. The normal page is material for newcomers and students of the Information Philosophy. Two normally hidden levels contain material for teachers (e.g., secondary sources) and for scholars (e.g., footnotes, original language quotations). To see the extra material, click on the Teacher or Scholar links in the page footer.

For Scholars

  Scholar materials will generally include more primary sources, more in-depth technical and scientific discussions where appropriate, and original language versions of quotations. 

  All footnotes for a page will appear in the Scholar materials. The footnote indicators themselves will only be visible in Scholar mode.





Source: https://www.informationphilosopher.com/afterwords/colophon/
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Stern-Gerlach Experiment

The first Stern-Gerlach experiment was in 1922, long before the discovery of electron spin with which it is now associated. 

It was an attempt to prove the existence of "space quantization," the limitation of the direction of angular momentum to a few space directions, as hypothesized by Niels Bohr and Arnold Sommerfeld. 


Even today, Stern-Gerlach is one of the experiments that most directly shows the quantization at the core of quantum mechanics. Understanding how it works sheds light on the problem of measurement.




The Stern-Gerlach apparatus consists of an oven that heats a gas of neutral silver atoms. The rapidly moving atoms escaping from the oven are collimated (limited in the vertical dimension) and sent between two magnets, one of which has a sharp point that concentrates the magnetic field. If the field were homogeneous, there would be no effect of the atoms' trajectories. The inhomogeneous magnetic fields bends the trajectories proportional to the amount of spin.


If the particles' spins had a range of classical values, the trajectories would be smeared out vertically. Because the spins are quantized, half the spins are deflected up, the other half deflected down, by a discrete amount. 


The quantization of spin is clearly visible as two distinct spots. The Stern-Gerlach experiment allows us to visualize the quantization, to see it directly, perhaps better than most quantum experiments.  


We can also study the superposition of probability amplitudes and their deterministic evolution according to the Schrödinger equation of motion as the components of the superposition are pulled apart into two different parts of space, then directly see the collapse of the wave-function when one component encounters a detector in its path.  



Designing a Quantum Measurement Apparatus


The first step in quantum measurement is to build an apparatus that separates a quantum system physically into distinguishable paths or regions of space, where the different regions correspond to (are correlated with) the physical properties we want to measure.


We do not actually distinguish the atoms as following one of the paths at this first step. That would cause the probability amplitude wave function to collapse. This first step is reversible, at least in principle. It is deterministic and an example of John von Neumann's process 2, evolution of the system according to the Schrödinger equation of motion.


We need a beam of atoms (and the ability to reduce the intensity to one atom at a time). Spin-up atoms are deflected upward (shown in blue). Spin-down atoms go down (shown in red in a schematic diagram adapted from photons passing through birefringent filters as going straight). Any given atom has the possibility of being deflected up or down by the inhomogeneous magnetic field in the Stern-Gerlach apparatus. Quantum mechanics describes the single atom as being in a superposition of up and down states. 


[image: image-placeholder]


Note that this first part of our apparatus accomplishes the separation of our two states into distinct physical regions.


We have not actually measured yet, so a single atom passing through our measurement apparatus is described as in a linear combination (a superposition) of spin-up and spin-down states,


ψ > = ( 1/√2) | up > + ( 1/√2) | down >          (1)


This does not mean that there are two atoms, one on each path. It is a statement about probabilities. There is an equal probability that the atom will be found (at random) with its spin up or its spin down.


This is a superposition of probability amplitudes, which can interfere with one another, not a superposition of particles, which cannot. Whenever we measure, we do not find a fraction of a particle, but the whole particle. Nor does it become two particles, one spin-up and one spin-down, as in the popular but mistaken interpretation of the Schrödinger Cat as in a superposition of live and dead cats. 



An Information-Preserving, Reversible Example of Process 2

To show that Von Neumann's process 2 is reversible, we can add a second Stern-Gerlach apparatus, in line with the superposition of the physically separated states,


[image: image-placeholder]



Since we have not made a measurement and do not know the path of the photon, the phase information in the (generally complex) coefficients of equation (1) has been preserved, so when they combine in the second apparatus, they emerge in a state identical to that before entering the first apparatus (black arrow).



An Information-Creating, Irreversible Example of Process 1

But now suppose we insert something between the two apparatuses that is capable of a measurement to produce observable information. We need a detector that locates the atom in one of the two paths.


Let's consider an ideal photographic plate capable of precipitating visible silver grains upon the receipt of a single particle (and subsequent development). Today photography cannot detect single particles, but detectors using charge coupled devices (CCDs) are approaching this sensitivity. We could also use a simple Geiger counter.



Note that we do not literally "see" a spin-up atom. All that we really see is a black spot on a photographic plate or an increment in the numeric display of a Geiger counter. 
We infer that what we see was caused by a spin-up atom, since our detector is located in the path such a particle would travel.


We can write a quantum description of the plate as containing two sensitive collection areas, the part of the apparatus measuring spin-up atoms, | Aup > (shown as the blue spot), and the part of the apparatus measuring spin-down atoms, | Adown > (shown as the red spot)   

[image: image-placeholder]


We treat the detection systems quantum mechanically, and say that each detector has two eigenstates, e.g., | Aup0 >, corresponding to its initial state and correlated with no atoms, and the final state | Aup1 >, in which it has detected a spin-up atom.


When we actually detect the atom, say in a spin-up state with statistical probability 1/2, two "collapses" or "jumps" occur.


The first is the jump of the probability amplitude wave function 
  |
  ψ
  >
 of the atom in equation (1) into the state | up >.


The second is the quantum jump of the spin-up detector from | Aup0 > to | Aup1 >.


These two happen together, as the microscopic quantum states of individual atoms have become correlated with the states of the sensitive detectors in the macroscopic Stern-Gerlach apparatus. 


One can say that the atom has become entangled with the sensitive spin-up detector area, so that the wave function describing their interaction is a superposition of atom and apparatus states that cannot be observed independently.

ψ > + | Aup0 >      =>      | ψ, Aup0 >      =>      | up, Aup1 >  


These jumps destroy (unobservable) phase information (between the possible spin-up and spin-down states), raise the (Boltzmann) entropy of the apparatus, and increase information (Shannon entropy) in the form of the visible spot. The entropy increase takes the form of a large chemical energy release when a photographic spot is developed (or a cascade of electrons in a CCD or Geiger counter). 


We can animate these irreversible and reversible processes, here shown as polarized photons in a birefringent filter, but equally applicable to spin-up and spin-down atoms in the Stern-Gerlach apparatus.

[image: image-placeholder]


We see that our example agrees with Von Neumann. A measurement which finds the atom in a specific state spin-up is thermodynamically irreversible, whereas the deterministic evolution described by Schrödinger's equation up to the moment of detection is reversible.

We thus establish a clear connection between a measurement, which increases the information by some number of bits (Shannon entropy), and the necessary compensating increase in the (Boltzmann) entropy of the macroscopic apparatus, and the cosmic creation process, where new particles form, reducing the entropy locally, and the energy of formation is radiated or conducted away as Boltzmann entropy. 


Note that the Boltzmann entropy can only be radiated away (ultimately into the night sky to the cosmic microwave background) because the expansion of the universe provides a sink for the entropy, as pointed out by David Layzer. Note also that this cosmic information-creating process requires no conscious observer. The universe is its own observer.




All quantum measurements that become observations have a three-step character, which begins when the wave function describing a quantum system, evolving deterministically according to the Schrödinger equation, encounters (perhaps becomes entangled with) a measuring apparatus. 


	In standard quantum theory, the first required element is the collapse of the wave-function. This is the Diracprojection postulate, which John von Neumann called Process 1 in any measurement. 

Note that the collapse might not leave a determinate record. If nothing in the environment is macroscopically affected so as to leave an indelible record of the collapse, we can say that no information about the collapse is created. The overwhelming fraction of collapses are of this kind. Moreover, information might actually be destroyed. For example, collisions between atoms or molecules in a gas that erase past information about their paths.


	If the collapse occurs when the quantum system is entangled with a macroscopic measurement apparatus, a well-designed apparatus will also "collapse" into a correlated "pointer" state that can be seen by an observer as new information. 


This is the second required element - a determinate record of the event. Note this is impossible without an irreversible thermodynamic process that involves: a) the creation of at least one bit of new information (negative entropy) and b) the transfer away from the measuring apparatus of an amount of positive entropy (generally much, much) greater than the information created. 


Notice that no conscious observer need be involved. We can generalize this second step to an event in the physical world that was not designed as a measurement apparatus by a physical scientist, but nevertheless leaves an indelible record of the collapse of a quantum state. This might be a highly specific single event, or the macroscopic consequence of billions of atomic-molecular level of events. 


	Finally, the third required element is that the indelible determinate record is looked at by an observer, presumably conscious, although the consciousness itself has nothing to do with the measurement (despite von Neumann's puzzling about some kind of "psycho-physical parallelism"). 




When we have all three of these essential elements, we have what we normally mean by a measurement and an observation, both involving a human being.

When we have only the first two, we can say metaphorically that the "universe is measuring itself," creating an information record of quantum collapse events. For example, every hydrogen atom formed in the early recombination era is a record of the time period when macroscopic bodies could begin to form. A certain pattern of photons records the explosion of a supernova billions of light years away. When detected by the CCD in a telescope, it becomes a potential observation. Craters on the back side of the moon recorded collisions with solar system debris that could become observations only when the first NASA mission circled the moon. 




[image: image-placeholder]

Source: https://www.informationphilosopher.com/solutions/experiments/stern_gerlach/
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The Ergodic Hypothesis
Ludwig Boltzmann was criticized for his 1872 attempt to prove his H-theorem (that entropy always increases) by a dynamical analysis of molecular collisions. Josef Loschmidt and others pointed out that if the molecular velocities were to be reversed at an instant, Boltzmann's work would show that the entropy should decrease. This was the reversibility objection.


       Entropy as Lost Information about Molecular Positions
    


Entropy increase can be easily understood as the loss of information as a system moves from an initially ordered state to a final disordered state. Ludwig Boltzmann was the first to describe entropy as "missing information." 

Dr. Shannon's work roots back, as von Neumann has pointed out, to Boltzmann's observation, in some of his work on statistical physics (1894), that entropy is related to "missing information," inasmuch as it is related to the number of alternatives which remain possible to a physical system after all the macroscopically observable information concerning it has been recorded. L. Szilard (Zsch. f. Phys. Vol. 53, 1925) extended this idea to a general discussion of information in physics, and von Neumann (Math. Foundation of Quantum Mechanics, Berlin, 1932, Chap. V) treated information in quantum mechanics and particle physics. 

(The Mathematical Theory of Information, Claude Shannon and Warren Weaver, p. 3n)


Although the physical dimensions of thermodynamic entropy (joules/ºK) are not the same as (dimensionless) mathematical information, apart from units they share the same famous formula.

S = ∑ pi ln pi

To see this very simply, let's consider the well-known example of a bottle of perfume in the corner of a room. We can represent the room as a grid of 64 squares. Suppose the air is filled with molecules moving randomly at room temperature (blue circles). In the lower left corner a small number of (red) perfume molecules will be released when we open the bottle (when you start the demonstration animation below). 
[image: image-placeholder]

What is the quantity of information we have about the perfume molecules? At the start we know their location in the lower left square, a bit less than 1/64th of the container. The quantity of information is determined by the minimum number of yes/no questions it takes to locate them. The best questions are those that split the locations evenly (a binary tree).


For example:

	Are they in the upper half of the container? No.
	Are they in the left half of the container? Yes.
	Are they in the upper half of the lower left quadrant? No.
	Are they in the left half of the lower left quadrant? Yes.
	Are they in the upper half of the lower left octant? No.
	Are they in the left half of the lower left octant? Yes.


Answers to these six optimized questions give us six bits of information for each molecule, locating it to 1/64th of the container. This is the amount of information that will be lost for each molecule if it is allowed to escape and diffuse fully into the room. The thermodynamic entropy increase is Boltzmann's constant k multiplied by the number of bits.

If the room had no air, the perfume would rapidly reach an equilibrium state, since the molecular velocity at room temperature is about 400 meters/second. Collisions with air molecules prevent the perfume from dissipating quickly. This lets us see the approach to equilibrium. When the perfume has diffused to one-sixteenth of the room, the entropy will have risen 2 bits for each molecule, to one-quarter of the room, four bits, etc. 


Click here to start a computer visualization of the equilibration process in a new window.
 
    

       Entropy as Evolution to the Most Probable Macrostate
    

In 1877, Boltzmann simply ignored classical dynamics and instead made the assumption that all phase space cells were equally probable. Classical dynamics could not prove that the path of the system in phase space would move through all the cells, let alone spend equal time in all cells. Boltzmann described a system he called "ergode," later called the canonical ensemble by J. Willard Gibbs. Equal a priori probabilities for all the phase space cells came to be called the ergodic hypothesis.


Paul and Tatiana Ehrenfest made the ergodic hypothesis the central question in statistical mechanics. Mathematicians took up the problem of ergodicity in continuous mathematics, which has questionable relevance for problems in discrete particle physics. 


In modern quantum statistical mechanics, the same ergodic hypothesis (equiprobability of phase space cells) shows up in an assumption about transition probabilities between phase space cells. The transition probability for any microstate A to jump to microstate B is assumed to be the same as the reverse quantum jump from B to A.


The matrix element for the A - B transition is the complex conjugate of the reverse transition B - A. This is called Fermi's Golden Rule, although it was first derived by Paul Dirac.


We can see how any system with equal transition probabilities to and from any other state will quickly establish equilibrium populations. If 1000 systems are in state A and none in B, the early transitions will overwhelmingly be from A to B. An equal number of transitions back from B to A is not likely until the populations of A and B are about the same. 


That is the basic idea behind the statistical formulation of Boltzmann's H-theorem. When all phase space cells are equally populated, the number of ways this can be achieved (the number of microstates) is at its maximum. Although cell populations will fluctuate away from this equilbrium condition, it corresponds to the maximum entropy. 

 Number of systems
 Number of cycles
 Transition Probability
StartStop




		The initial distribution of 500 systems in the upper left corner  evolves rapidly to the normal distribution function for  occupation numbers
		



Source: https://www.informationphilosopher.com/solutions/experiments/ergodic_hypothesis
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The Photoelectric Effect
Albert Einstein was awarded the Nobel Prize in 1921 for his discovery of the linear relationship between the wavelength of light and the energy of the ejected electron in the photoelectric effect. 

Einstein's prediction was a very small part of his 1905 paper that hypothesized radiation could best be understood as coming in discrete quanta of energy E = hν. Einstein wondered how an outgoing spherical radiation field could possibly collect itself together instantaneously to be absorbed by a single atom. Einstein wrote:


The wave theory of light, which operates with 
continuous spatial functions, has worked well in 
the representation of purely optical phenomena 
and will probably never be replaced by another 
theory. It should be kept in mind, however, that 
the optical observations refer to time averages 
rather than instantaneous values. In spite of the 
complete experimental confirmation of the theory 
as applied to diffraction, reflection, refraction, 
dispersion, etc., it is still conceivable that the 
theory of light which operates with continuous 
spatial functions may lead to contradictions 
with experience when it is applied to the phenomena of emission and transformation of light.


It seems to me that the observations associated 
with blackbody radiation, fluorescence, the 
production of cathode rays by ultraviolet light, 
and other related phenomena connected with the 
emission or transformation of light are more 
readily understood if one assumes that the energy 
of light is discontinuously distributed in space. 



In accordance with the assumption to be considered here, the energy of a light ray spreading 
out from a point source is not continuously 
distributed over an increasing space but consists 
of a finite number of energy quanta which are 
localized at points in space, which move without 
dividing, and which can only be produced and 
absorbed as complete units. 

We therefore arrive at the conclusion: the 
greater the energy density and the wavelength 
of a radiation, the more useful do the theoretical 
principles we have employed turn out to be; for 
small wavelengths and small radiation densities, 
however, these principles fail us completely.


[W]e further conclude that: Monochromatic radiation of low density (within the 
range of validity of Wien's radiation formula) 
behaves thermodynamically as though it consisted of a number of independent energy quanta.



Thermodynamically, radiation behaves like a gas. 
Light cannot be spread out continuously in all directions 
if the energy is absorbed as a unit that ejects a photo-electron. 


[T]he energy of a light ray spreading 
out from a point source is not continuously 
distributed over an increasing space but consists 
of a finite number of energy quanta which are 
localized at points in space, which move without 
dividing, and which can only be produced and 
absorbed as complete units.

The usual conception, that the energy of light 
is continuously distributed over the space 
through which it propagates, encounters very 
serious difficulties when one attempts to explain 
the photoelectric phenomena,



Why did Bohr not see in 1913, or Einstein point out to him, that when an electron in an atom absorbs or emits energy, the jumping electron is accompanied by a single light quantum?


According to the concept that the incident 
light consists of energy quanta..., however, one can conceive of the ejection 
of electrons by light in the following way. Energy 
quanta penetrate into the surface layer of the 
body, and their energy is transformed, at least in 
part, into kinetic energy of electrons. The simplest 
way to imagine this is that a light quantum 
delivers its entire energy to a single electron; we 
shall assume that this is what happens. 
   


In particular, the photoelectric effect showed discontinuous discrete light quanta, though it was doubted until the Compton Effect in 1923.



According to the concept that the incident
light consists of energy quanta of magnitude
Rβν/N, however, one can conceive of the ejection
of electrons by light in the following way. Energy
quanta penetrate into the surface layer of the
body, and their energy is transformed, at least in
part, into kinetic energy of electrons. The simplest
way to imagine this is that a light quantum
delivers its entire energy to a single electron; we
shall assume that this is what happens...

If the derived formula is correct, then ... when
represented in Cartesian coordinates as a function
of the frequency of the incident light, must
be a straight line whose slope is independent of
the nature of the emitting substance.


As far as I can see, there is no contradiction
between these conceptions and the properties of
the photoelectric effect observed by Herr Lenard.
If each energy quantum of the incident light,
independently of everything else, delivers its
energy to electrons, then the velocity distribution
of the ejected electrons will be independent of the
intensity of the incident light; on the other hand
the number of electrons leaving the body will,
if other conditions are kept constant, be proportional
to the intensity of the incident light.
   



Einstein greatly expanded his light-quantum hypothesis in a presentation at the Salzburg conference in September, 1909. He argued that the interaction of radiation and matter involved elementary processes that are not reversible, a deep insight into the irreversibility of natural processes. While incoming spherical waves of radiation are mathematically possible, they are not practically achievable. Nature appears to be asymmetric in time. He speculates that the continuous electromagnetic field might be made up of large numbers of light quanta - singular points in the field that superimpose to create the wavelike behavior.
   
Consider the laws governing the production of secondary cathode radiation by X-rays. If primary cathode rays impinge on a metal plate P1, they produce X-rays. If these X-rays impinge on a second metal plate P2, cathode rays are again produced whose speed is of the same order as that of the primary cathode rays. 

[image: image-placeholder]



As far as we know today, the speed of the secondary cathode rays depends neither on the distance between P1 and P2, nor on the intensity of the primary cathode rays, but rather entirely on the speed of the primary cathode rays. Let's assume that this is strictly true. What would happen if we reduced the intensity of the primary cathode rays or the size of P1 on which they fall, so that the impact of an electron of the primary cathode rays can be considered an isolated process? 


If the above is really true then, because of the independence of the secondary cathode rays' speed on the primary cathode rays' intensity, we must assume that an electron impinging on P1 will either cause no electrons to be produced at P2, or else a secondary emission of an electron whose speed is of the same order as that of the initial electron impinging on P1. In other words, the elementary process of radiation seems to occur in such a way that it does not scatter the energy of the primary electron in a spherical wave propagating in every direction, as the oscillation theory demands.




In his remarks after the talk, Johannes Stark confirmed that he had observed a single X-ray that traveled as far as ten meters and ejected a similar energy electron from P2.



Source: https://www.informationphilosopher.com/solutions/experiments/photoelectric_effect/
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The Two-Slit Experiment and "One Mystery" of Quantum Mechanics
Richard Feynman said that the two-slit experiment contains the "one mystery" of quantum mechanics. 

I will take just this one experiment, which has been designed to contain all of the mystery of quantum mechanics, to put you up against the paradoxes and mysteries and peculiarities of nature one hundred per cent. Any other situation in quantum mechanics, it turns out, can always be explained by saying, 'You remember the case of the experiment with the two holes? It's the same thing'. 


We will show that the (one) mystery of quantum mechanics is how mere "probabilities" can causally control (statistically) the positions of material particles - how immaterial information can affect the material world. This remains a deep metaphysical mystery.


The two-slit experiment was until recent years for the most part a thought experiment, since it is difficult to build an inexpensive demonstration, but its predictions have been verified in many ways since the 1960's, primarily with electrons. Recently, extremely sensitive CCDs used in photography have been used to collect single-photon events, establishing experimentally everything that Albert Einstein imagined, merely by thinking about it, as early as 1905.


The two-slit experiment demonstrates better than any other experiment that a quantum wave function is a probability amplitude that can interfere with itself, producing places where the probability (the square of the absolute value of the complex probability amplitude) of finding a quantum particle is actually zero.


Perhaps the most non-intuitive aspect of the two-slit experiment is when we first note the pattern of light on the screen with just one slit open, then open the second slit -
 admitting more light into the experiment, but observe that some places on the screen where there was visible light, have now gone dark! And this happens even when we are admitting only one particle of light at a time.


Light waves are often compared to water waves, as are quantum probability waves, but this latter is a serious error. Water waves and light waves (as well as sound waves) contain something substantial like matter or energy. But quantum waves are just abstract information - mathematical possibilities. 


[image: image-placeholder]Young's 1802 drawing of wave interference
Water waves in a pond
Dr. Quantum and the two-slit experiment


The cancellation of crests and troughs in the motion of water and other waves creates high and low points in water waves that have the same shape as bright and dark areas found in the "fringes" of light at the sharp edges of an object. These interference pattern were predicted to occur in double-slit experiments by Thomas Young in the early nineteenth century. 

The two-slit experiment also demonstrates the famous "collapse" of the wave function or "reduction" of the wave packet, which show an inherent probabilistic element in quantum mechanics that is irreducibly ontological and nothing like the epistemological indeterminacy (human ignorance) in classical statistical physics.

 
Note that the probability amplitude is pure information. It is neither matter nor energy. When a wave function "collapses" or "goes through both slits" in this dazzling experiment, nothing material is traveling faster than the speed of light or going through both slits. 


We argue that the particle of matter or energy always goes through just one slit, although the popular Copenhagen interpretation of physics claims we cannot know the particle path, that a path does not even exist until we make a measurement, that the particle may be in more than one place at the same time, and other similar nonsense that deeply bothered Einstein as he hoped for an "objective reality" independent of human observers.


For example, a large number of panpsychists, some philosophers, some scientists, believe that the mind of a conscious observer is needed to cause the collapse of the wave function.


There is something similar in the Einstein-Podolsky-Rosen thought experiments, where measurement of one particle transmits nothing physical (matter or energy) to the other "entangled" particle. We shall show that it is conservation of angular momentum or of spin that makes the state of the coherently entangled second particle determinate, however far away it might be.


In the two-slit experiment, just as in the Dirac Three Polarizers experiment, the critical case to consider is just one photon or electron at a time in the experiment. 


With one particle at a time (whether photon or electron), the quantum object is mistakenly described as interfering with itself, when interference is never seen in a single event. It only shows up in the statistics of large numbers of experiments. 

Indeed, even in the one-slit case, interference fringes are visible when large numbers of particles are present, although this is rarely described in the context of quantum mysteries. 



It is the fundamental relation between a particle and the associated wave that controls its probable locations that raises the "local reality" question first seen in 1905 and described in 1909 by Albert Einstein. Thirty years later, the EPR paper and Erwin Schrödinger's insights into the wave function of two entangled particles, first convinced physicists that there was a deep problem . 


It was not for another thirty years that John Stewart Bell in 1964 imagined an experimental test that could confirm or deny quantum mechanics. Ironically, the goal of Bell's "theorem" was to invalidate the non-intuitive aspects of quantum mechanics and restore Einstein's hope for a more deterministic picture of an "objective reality" at, or perhaps even underlying below, the microscopic level of quantum physics.


At about the same time, in his famous Lectures on Physics at Cal Tech and the Messenger Lectures at Cornell, Richard Feynman described the two-slit experiment as demonstrating what he claimed is the "only mystery" of quantum mechanics. 


We can thus begin the discussion of the two-slit experiment with a section from Feynman's sixth Messenger lecture entitled "Probability and Uncertainty." We provide the complete video and text of the lecture on this page, and a version starting with Feynman's provocative statement that "no one understands quantum mechanics" below.


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=x5RQ3QF9GGI
Open the text of the lecture in a new window so you can read along with the video.


How, Feynman asks, can the particle go through both slits? We will see that the thing that goes through both slits is only immaterial information - the probability amplitude wave function. The particle always goes through a single slit. A particle cannot be divided and in two places at the same time. It is the wave function that interferes with itself. And the highly localized particle can not be identified with the wave widely distributed in space and determined by the boundary conditions of the measuring apparatus.


The immaterial wave function exerts an causal influence over the particles, one that we can jusitifiably call  "mysterious." It results in the statistics of many experiments agreeing with the quantum mechanical predictions with increasing accuracy as we increase the number of identical experiments. 

It is this "influence," no ordinary "force," that is Feynman's "only mystery" in quantum mechanics.

Let's look first at the one-slit case. We prepare a slit that is about the same size as the wavelength of the light in order to see the Fraunhofer diffraction effect most clearly. Parallel waves from a distant source fall on the slit from below. The diagram shows that the wave from the left edge of the slit interferes with the one from the right edge. If the slit width is d and the photon wavelength is λ, at an angle 
  α
  ≈
  λ
  
    /
  
  2
  d
 there will be destructive interference. At an angle 
  α
  ≈
  λ
  
    /
  
  d
, there is constructive interference (which shows up as the fan out of lightening patterns in the interfering waves in the illustration). 


[image: image-placeholder]


The height of the function or curve on the top of the diagram is proportional to the number of photons falling along the screen. At first they are individual pixels in a CCD or grains in a photographic plate, but over time and very large numbers of photons they appear as the continuous gradients of light in the band below (we represent this intensity as the height of the function). 


[image: image-placeholder]


Now what happens if we add a second slit? Perhaps we should start by showing what happens if we run the experiment with the first slit open for a time, and then with the second slit open for an equal time. In this case, the height of the intensity curve is the sum of the curves for the individual slits.


[image: image-placeholder]


But that is not the intensity curve we get when the two slits are open at the same time! Instead, we see many new interference fringes with much narrower width angles 
  α
  ≈
  λ
  
    /
  
  D
, where 
  
    D
  
 is the distance between the two slits. Note that the overall envelope of the curve is similar to that of one big slit of width 
  
    D
  
. And also note many more lightening fan-outs in the overlapping waves.


[image: image-placeholder]



Remembering that the double-slit interference appears even if only one particle at a time is incident on the two slits, we see why many say that the particle interferes with itself. But it is the wave function alone that is interfering with itself. Whichever slit the particle goes through, the interference pattern is what it is because  the two slits are open.


[image: image-placeholder]


This is the deepest metaphysical mystery in quantum mechanics. How can an abstract probability wave influence the particle paths to show interference when large numbers of particles are collected?  


Why interference patterns show up when both slits are open, even when particles go through just one slit, though we cannot know which slit or we lose the interference

	[image: image-placeholder]	[image: image-placeholder]
	[image: image-placeholder]
	When there is only one slit open (here the left slit), the probabilities pattern has one large maximum (directly behind the slit) and small side fringes. If only the right slit were open, this pattern would move behind the right slit. 

If we add up the results of some experiments with the left slit open and others with the right open  we don't see the multiple fringes that appear with two slits open. 
[image: image-placeholder]
	When both slits are open, the maximum is now at the center between the two slits, there are more interference fringes, and these probabilities apply whichever slit the particle enters. The solution of the Schrödinger equation depends on the boundary conditions - different when two holes are open. The "one mystery" remains - how these "probabilities" can exercise causal control (statistically) over matter or energy particles.
Feynman's path integral formulation of quantum mechanics suggests the answer. His "virtual particles" explore all space (the "sum over paths") as they determine the variational minimum for least action, thus the resulting probability amplitude wave function can be said to "know" which holes are open.
 





[image: image-placeholder]

Light at the yellow dot slowly disappears as the second slit opens! 

Adding light causes some light to disappear!



Now let's see what happens if we animate the opening and closing of the right-hand slit. 


[image: image-placeholder]


The wave function depends on which slits are open, not on whether there is a particle in the experiment.

🎬Videohttps://api.codetabs.com/v1/proxy/?quest=https%3A%2F%2Finformationphilosopher.com%2Fsolutions%2Fexperiments%2Ftwo-slit_experiment%2FAnim-1-2.mp4


Collapse of the Wave Function


But how do we interpret the notion of the "collapse" of the wave function? At the moments just before a particle is detected at the CCD or photographic plate, there is a finite non-zero probability that the photon could be detected anywhere that the modulus (complex conjugate squared) of the probability amplitude wave function has a non-zero value. 


If our experiment were physically very large (and it is indeed large compared to the atomic scale), we can say that the finite probability of detecting (potentially measuring) the particle at position 
  
    x
    
      1
    
  
 on the screen "collapses" (goes to zero) and reappears as part of the unit probability (certainty) that the particle is at 
  
    x
    
      2
    
  
, where it is actually measured. 


Since the collapse to zero of the probability at  
  
    x
    
      1
    
  
 is instantaneous with the measurement at 
  
    x
    
      2
    
  
, critics of quantum theory like to say that something traveled faster than the speed of light. This is most clear in the nonlocality and entanglement aspects of the  Einstein-Podolsky-Rosen experiment. But the sum of all the probabilities of measuring anywhere on the screen is not a physical quantity, it is only immaterial information that "collapses" to a point. 



Here is what happens to the probability amplitude wave function (the blue waves) when the particle is detected at the screen (either a photographic plate or CCD) in the second interference fringe to the right (red spot). The probability simply disappears instantly.



Animation of a wave function collapsing - click to restart



🎬Videohttps://api.codetabs.com/v1/proxy/?quest=https%3A%2F%2Finformationphilosopher.com%2Fsolutions%2Fexperiments%2Ftwo-slit_experiment%2FCollapse.mp4



History


The first suggestion of two possible directions through a slit, one of which disappears ("collapses?") when the other is realized (implying a mysterious "nonlocal" correlation between the directions), was made by Albert Einstein at the 1927 Solvay conference on "Electrons and Photons." Niels Bohr remembered the occasion with a somewhat confusing description.
 
Here is his 1949 recollection:



At the general discussion in Como, we all missed the presence of Einstein,
but soon after, in October 1927, I had the opportunity to meet him in Brussels
at the Fifth Physical Conference of the Solvay Institute, which was devoted
to the theme "Electrons and Photons." 

At the Solvay meetings,
Einstein had from their beginning been a most prominent figure, and several
of us came to the conference with great anticipations to learn his reaction
to the latest stage of the development which, to our view, went far in
clarifying the problems which he had himself from the outset elicited so
ingeniously. During the discussions, where the whole subject was reviewed
by contributions from many sides and where also the arguments mentioned
in the preceding pages were again presented, Einstein expressed, however,
a deep concern over the extent to which a causal account in space and time
was abandoned in quantum mechanics. 
To illustrate his attitude, Einstein referred at one of the sessions
to the simple example, illustrated by Fig. 1, of a particle (electron or
photon) penetrating through a hole or a narrow slit in a diaphragm placed
at some distance before a photographic plate. 
[image: photon passes through a slit]

On account of the diffraction of the wave connected with the motion
of the particle and indicated in the figure by the thin lines, it is under
such conditions not possible to predict with certainty at what point the
electron will arrive at the photographic plate, but only to calculate the
probability that, in an experiment, the electron will be found within any
given region of the plate. 


The "nonlocal" effects at point B are just that the probability of an electron being found at point B goes to zero instantly (not an "action at a distance") when an electron is localized at point A


The apparent difficulty, in this description,
which Einstein felt so acutely, is the fact that, if in the experiment
the electron is recorded at one point A of the plate, then it is out of
the question of ever observing an effect of this electron at another point
(B), although the laws of ordinary wave propagation offer no room for a
correlation between two such events. 




Note that they wanted Einstein's reaction to their work, but actually took little interest in Einstein's concern about the nonlocal implications of quantum mechanics, nor did they look at his work on electrons and photons, the theme of the conference!. 


Although Bohr seems to have missed Einstein's point completely, Werner Heisenberg at least came to explain it well. In his 1930 lectures at the University of Chicago, Heisenberg presented a critique of both particle and wave pictures, including a new example of nonlocality that Einstein had apparently developed since 1927. It includes Einstein's concern about "action-at-a-distance" that might violate his principle of relativity, and anticipates the Einstein-Podolsky-Rosen paradox. Heisenberg  wrote:

   

In relation to these considerations, one other idealized experiment (due to Einstein) may be considered. We imagine a photon which is represented by a wave packet built up out of Maxwell waves. It will thus have a certain spatial extension and also a certain range of frequency. By reflection at a semi-transparent mirror, it is possible to decompose it into two parts, a reflected and a transmitted packet. There is then a definite probability for finding the photon either in one part or in the other part of the divided wave packet. After a sufficient time the two parts will be separated by any distance desired; now if an experiment yields the result that the photon is, say, in the reflected part of the packet, then the probability of finding the photon in the other part of the packet immediately becomes zero. The experiment at the position of the reflected packet thus exerts a kind of action (reduction of the wave packet) at the distant point occupied by the transmitted packet, and one sees that this action is propagated with a velocity greater than that of light. However, it is also obvious that this kind of action can never be utilized for the transmission of signals so that it is not in conflict with the postulates of the theory of relativity.

   

Clearly the "kind of action (reduction of the wave packet)" described by Heisenberg is the same "mysterious" influence that the wave function has over the places that the particle will be found statistically in a large number of experiments, including our canonical "mystery," the two-slit experiment.


Apart from the statistical information in the wave function, quantum mechanics gives us only vague and uncertain information about any individual particle. This is the true source of Heisenberg's uncertainty principle. It is the reason that Einstein correctly describes quantum mechanics as "incomplete."


Quantum mechanics does not prove that the particle actually has no position at each instant and a path that conserves its momentum, spin, and other conserved properties. 


In Einstein's view of "objective reality," the particle has those properties, even if quantum mechanics prevents us from knowing them - without a measurement that destroys their interference capabilities or "decoheres" them.



Some Other Animations of the Two-Slit Experiment 


None of these animations, viewed many millions of times, can explain why a particle entering one slit when both are open exhibits the properties of waves characteristic of two open slits. It remains Feynman's "one mystery"  of quantum mechanics.

PBS Digital Studios


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=p-MNSLsjjdo


Veritasium 


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=GzbKb59my3U


Veritasium 


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=Iuv6hY6zsd0


Dr Quantum


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=DfPeprQ7oGc


Wave-Particle Duality Animation


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=qCmtegdqOOA


One good thing in this animation is that it initially shows only particles firing at the slits. This is important historically because Isaac Newton thought that light was a stream of particles traveling along a light ray. He solved many problems in optics by tracing light rays through lenses. But without a clear verbal explanation it is hard to follow.



The Fresnel-Arago Version of the Two-slit Experiment


We look at the Hamamatsu Photonics version of the Fresnel-Arago two-slit experiment.


This experiment puts polarizers at +45 and -45 degrees over the left and right slits.


Let's see how the wave function explains the different results with a third polarizer (analyzer) intermediate between the slits and the screen in vertical or horizontal orientation.


As Paul Dirac explains, a 45 degree polarizer produces photons in a linear combination (or superposition) of vertical |v> and horizontal [h> states.

[image: image-placeholder]

So the photons passing through either slit are 50% vertical and 50% horizontal.


But note that the vertical photons going through both slits are in phase (pointing up), while the horizontal photons going through the right slit (+45 pointing right |→>) are out of phase with those going through the left slit (-45 pointing left |←>).


So when the intermediate polarizer (analyzer) is vertical, it passes photons that are in phase | ↑> |↑> and they constructively interfere, as the Hamamatsu diagrams explain. Horizontally polarized photons are absorbed. The central fringe is bright.

[image: image-placeholder]

When the intermediate polarizer is horizontal, vertically polarized photons are absorbed, left and right photons passing straight through the slits are out of phase, |←>  and |→>, and so destructively interfere,  |←>  |→>. The central fringe is now dark. When the angle of photons going through the slits is to the left or right, the path of light for one slit is longer, and the phase difference goes to zero at the bright fringes on either side of the dark center.

[image: image-placeholder]

The waves (or wave functions) tell us about the probabilities of finding photons, and the angles at which they leave the slits determine their relative phases. 
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Wigner's Friend
Eugene Wigner made quantum physics even more subjective than had John von Neumann or even Erwin Schrödinger with his famous Cat Paradox.  Wigner claimed that a quantum measurement requires a conscious observer, without which nothing ever happens in the universe. 

In 1961 he complicated the problem of the von Neumann or Heisenberg"Schnitt" (or the "shifty split" of John Bell) that forms the dividing line between the quantum world and the classical measurement apparatus. Wigner moved it farther into the conscious mind of the observer. 


Wigner is often said to have extended the problem of Schrödinger's Cat, by adding a second observer inside the laboratory who is commonly known as Wigner's Friend. Popular treatments of Wigner's Friend usually describe it in terms of a live and dead cat. Actually, Wigner's example was a photon and whether its wave function collapsed to cause a flash on a screen or not. Wigner's goal was to show that only consciousness can collapse a wave function. 


The cat example is more vivid. You can see it on Wigner's page. Here we give Wigner's original photon example


The physicist friend inside the lab either sees a photon flash or not. (In a footnote Wigner notes that the human eye can perceive as few as three quanta.) But Wigner is outside the lab and does not know the outcome. Wigner says that without human consciousness, this leaves the world in a superposition of states."


Wigner says that any inanimate material measuring device will leave both himself and his friend in a superposition of states. The only thing he sees that could change this is human consciousness, He resolves the paradox by saying that his friend's consciousness collapses the wave function inside the laboratory.
 

Here is Wigner's complete argument:



Given any object, all the possible knowledge concerning that object
can be given as its wave function. This is a mathematical concept the
exact nature of which need not concern us here—it is composed of a
(countable) infinity of numbers. If one knows these numbers, one can
foresee the behavior of the object as far as it can be foreseen. More precisely,
the wave function permits one to foretell with what probabilities
the object will make one or another impression on us if we let it interact
with us either directly, or indirectly. The object may be a radiation field,
and its wave function will tell us with what probability we shall see a
flash if we put our eyes at certain points, with what probability it will
leave a dark spot on a photographic plate if this is placed at certain
positions. In many cases the probability for one definite sensation will be
so high that it amounts to a certainty—this is always so if classical mechanics
provides a close enough approximation to the quantum laws.
The information given by the wave function is communicable. If
someone else somehow determines the wave function of a system, he
can tell me about it and, according to the theory, the probabilities for
the possible different impressions (or "sensations") will be equally large,
no matter whether he or I interact with the system in a given fashion.
In this sense, the wave function "exists."

It has been mentioned before that even the complete knowledge of
the wave function does not permit one always to foresee with certainty
the sensations one may receive by interacting with a system. In some
cases, one event (seeing a flash) is just as likely as another (not seeing
a flash). However, in most cases the impression (e.g., the knowledge of
having or not having seen a flash) obtained in this way permits one to
foresee later impressions with an increased certainty. Thus, one may be
sure that, if one does not see a flash if one looks in one direction, one
surely does see a flash if one subsequently looks in another direction.
The property of observations to increase our ability for foreseeing the
future follows from the fact that all knowledge of wave functions is
based, in the last analysis, on the "impressions" we receive. In fact, the
wave function is only a suitable language for describing the body of
knowledge—gained by observations—which is relevant for predicting
the future behaviour of the system. For this reason, the interactions
which may create one or another sensation in us are also called observations,
or measurements. One realises that all the information which the
laws of physics provide consists of probability connections between subsequent
impressions that a system makes on one if one interacts with
it repeatedly, i.e., if one makes repeated measurements on it. The wave
function is a convenient summary of that part of the past impressions
which remains relevant for the probabilities of receiving the different
possible impressions when interacting with the system at later times.

An Example

It may be worthwhile to illustrate the point of the preceding section
on a schematic example. Suppose that all our interactions with the system
consist in looking at a certain point in a certain direction at times
t0, t0 + 1, t0 + 2, ... , and our possible sensations are seeing or not seeing
a flash. The relevant law of nature could then be of the form: "If you
see a flash at time t, you will see a flash at time t + 1 with a probability
1/4, no flash with a probability 3/4; if you see no flash, then the next
observation will give a flash with the probability 3/4, no flash with a
probability 1/4; there are no further probability connections." Clearly,
this law can be verified or refuted with arbitrary accuracy by a sufficiently
long series of observations. The wave function in such a case depends
only on the last observation and may be 
  
    Ψ
    
      1
    
  
 if a flash has been seen
at the last interaction, 
  
    Ψ
    
      2
    
  
 if no flash was noted. In the former case, that
is for 
  
    Ψ
    
      1
    
  
, a calculation of the probabilities of flash and no flash after
unit time interval gives the values 1/4 and 3/4; for 
  
    Ψ
    
      2
    
  
 these probabilities
must turn out to be 3/4 and1/4. This agreement of the predictions of the
law in quotation marks with the law obtained through the use of the
wave function is not surprising. One can either say that the wave function
was invented to yield the proper probabilities, or that the law given
in quotation marks has been obtained by having carried out a calculation
with the wave functions, the use of which we have learned from
Schrödinger.


The communicability of the information means, in the present example,
that if someone else looks at time t, and tells us whether he saw a
flash, we can look at timet + 1 and observe a flash with the same probabilities
as if we had seen or not seen the flash at time t ourselves. In
other words, he can tell us what the wave function is: 
  
    Ψ
    
      1
    
  
 if he did, 
  
    Ψ
    
      2
    
  
 if
he did not see a flash.


The preceding example is a very simple one. In general, there are
many types of interactions into which one can enter with the system,
leading to different types of observations or measurements. Also, the
probabilities of the various possible impressions gained at the next
interaction may depend not only on the last, but on the results of many
prior observations. The important point is that the impression which
one gains at an interaction may, and in general does, modify the probabilities
with which one gains the various possible impressions at later
interactions. In other words, the impression which one gains at an interaction,
called also the result of an observation, modifies the wave function
of the system. The modified wave function is, furthermore, in general
unpredictable before the impression gained at the interaction has
entered our consciousness: it is the entering of an impression into our
consciousness which alters the wave function because it modifies our 
appraisal of the probabilities for different impressions which we expect
to receive in the future. It is at this point that the consciousness enters
the theory unavoidably and unalterably. If one speaks in terms of the
wave function, its changes are coupled with the entering of impressions
into our consciousness. If one formulates the laws of quantum mechanics
in terms of probabilities of impressions, these are ipso facto the primary
concepts with which one deals.


It is natural to inquire about the situation if one does not make the
observation oneself but lets someone else carry it out. What is the wave
function if my friend looked at the place where the flash might show
at time t? The answer is that the information available about the object
cannot be described by a wave function. One could attribute a wave
function to the joint system: friend plus object, and this joint system
would have a wave function also after the interaction, that is, after my
friend has looked. I can then enter into interaction with this joint system
by asking my friend whether he saw a flash. If his answer gives me
the impression that he did, the joint wave function of friend + object
will change into one in which they even have separate wave functions
(the total wave function is a product) and the wave function of the
object is 
  
    Ψ
    
      1
    
  
. If he says no, the wave function of the object is 
  
    Ψ
    
      2
    
  
, i.e., the
object behaves from then on as if I had observed it and had seen no
flash. However, even in this case, in which the observation was carried
out by someone else, the typical change in the wave function occurred
only when some information (the yes or no of my friend) entered my
consciousness. It follows that the quantum description of objects is
influenced by impressions entering my consciousness.
 Solipsism may
be logically consistent with present quantum mechanics, monism in
the sense of materialism is not. The case against solipsism was given at
the end of the first section. 

The Reasons for Materialism

The principal argument against materialism is not that illustrated in
the last two sections: that it is incompatible with quantum theory. The
principal argument is that thought processes and consciousness are the
primary concepts, that our knowledge of the external world is the content
of our consciousness and that the consciousness, therefore, cannot
be denied. On the contrary, logically, the external world could be
denied—though it is not very practical to do so. In the words of Niels
Bohr,


 "The word consciousness, applied to ourselves as well as to others,
is indispensable when dealing with the human situation." 


In view of
all this, one may well wonder how materialism, the doctrine
 that "life
could be explained by sophisticated combinations of physical and chemical
laws," could so long be accepted by the majority of scientists.
The reason is probably that it is an emotional necessity to exalt the
problem to which one wants to devote a lifetime. If one admitted anything
like the statement that the laws we study in physics and chemistry
are limiting laws, similar to the laws of mechanics which exclude the
consideration of electric phenomena, or the laws of macroscopic physics
which exclude the consideration of "atoms," we could not devote ourselves
to our study as wholeheartedly as we have to in order to recognise
any new regularity in nature. The regularity which we are trying to
track down must appear as the all-important regularity—if we are to pursue
it with sufficient devotion to be successful. Atoms were also considered
to be an unnecessary figment before macroscopic physics was
essentially complete—and one can well imagine a master, even a great
master, of mechanics to say: "Light may exist but I do not need it in
order to explain the phenomena in which I am interested." The present
biologist uses the same words about mind and consciousness; he uses
them as an expression of his disbelief in these concepts. Philosophers
do not need these illusions and show much more clarity on the subject.
The same is true of most truly great natural scientists, at least in their
years of maturity. It is now true of almost all physicists—possibly, but
not surely, because of the lesson we learned from quantum mechanics.
It is also possible that we learned that the principal problem is no longer
the fight with the adversities of nature but the difficulty of understanding
ourselves if we want to survive.  
Simplest Answer to the Mind-Body Question

Let us first specify the question which is outside the province of
physics and chemistry but is an obviously meaningful (because operationally
defined) question: Given the most complete description of my
body (admitting that the concepts used in this description change as
physics develops), what are my sensations? Or, perhaps, with what
probability will I have one of the several possible sensations? This is
clearly a valid and important question which refers to a concept—sensations—which
does not exist in present-day physics or chemistry. Whether
the question will eventually become a problem of physics or psychology,
or another science, will depend on the development of these
disciplines.


Naturally, I have direct knowledge only of my own sensations and
there is no strict logical reason to believe that others have similar experiences.
However, everybody believes that the phenomenon of sensations
is widely shared by organisms which we consider to be living. It is
very likely that, if certain physico-chemical conditions are satisfied, a
consciousness, that is, the property of having sensations, arises. This
statement will be referred to as our first thesis. The sensations will be
simple and undifferentiated if the physico-chemical substrate is simple;
it will have the miraculous variety and colour which the poets try to
describe if the substrate is as complex and well organized as a human
body.


The physico-chemical conditions and properties of the substrate not
only create the consciousness, they also influence its sensations most
profoundly. Does, conversely, the consciousness influence the physicochemical
conditions? In other words, does the human body deviate from
the laws of physics, as gleaned from the study of inanimate nature? The
traditional answer to this question is, "No": the body influences the
mind but the mind does not influence the body.

 Yet at least two reasons
can be given to support the opposite thesis, which will be referred to
as the second thesis.


The first and, to this writer, less cogent reason is founded on the 
quantum theory of measurements, described earlier in sections 2 and 3.
In order to present this argument, it is necessary to follow my description
of the observation of a "friend" in somewhat more detail than was
done in the example discussed before. Let us assume again that the object
has only two states, 
  
    Ψ
    
      1
    
  
 and 
  
    Ψ
    
      2
    
  
. If the state is, originally, 
  
    Ψ
    
      1
    
  
, the state
of object plus observer will be, after the interaction, 
  
    Ψ
    
      1
    
  
 x Χ1; if the state
of the object is 
  
    Ψ
    
      2
    
  
, the state of object plus observer will be 
  
    Ψ
    
      2
    
  
 x Χ2 after
the interaction. The wave functions Χ1 and Χ2 glve the
 state of the observer;
in the first case he is in a state which responds to the question
"Have you seen a flash?" with "Yes"; in the second state, with "No."
There is nothing absurd in this so far.


Let us consider now an initial state of the object which is a linear
combination 
α 
  
    Ψ
    
      1
    
  
 + β 
  
    Ψ
    
      2
    
  
 of the two states 
  
    Ψ
    
      1
    
  
 and 
  
    Ψ
    
      2
    
  
. It then follows from
the linear nature of the quantum mechanical equations of motion that
the state of object plus observer is, after the interaction, α (
  
    Ψ
    
      1
    
  
 x Χ1 ) + β (
  
    Ψ
    
      2
    
  
 x Χ2). If I now ask the observer whether he saw a flash, he will with
a probability |α|2 
 say that he did, and in this case the object will also
give to me the responses as if it were in the state 
  
    Ψ
    
      1
    
  
. If the observer
answers "No"—the probability for this is |β|2 —the object's responses from
then on will correspond to a wave function 
  
    Ψ
    
      2
    
  
. The probability is zero
that the observer will say "Yes," but the object gives the response which

  
    Ψ
    
      2
    
  
 would give because the wave function α 
  
    Ψ
    
      1
    
  
 + β 
  
    Ψ
    
      2
    
  
 of the
joint system has no 
(
  
    Ψ
    
      2
    
  
 x Χ1) component. Similarly, if the observer denies
having seen a flash, the behavior of the object cannot correspond to Χ1
because the joint wave function has no (
  
    Ψ
    
      1
    
  
 x Χ2) component. All this is
quite satisfactory: the theory of measurement, direct or indirect, is
logically consistent so long as I maintain my privileged position as ultimate
observer.


However, if after having completed the whole experiment I ask my
friend, "What did you feel about the flash before I asked you?" he will
answer, "I told you already, I did [did not] see a flash," as the case may
be. In other words, the question whether he did or did not see the
flash was already decided in his mind, before I asked him.
 If we
accept this, we are driven to the conclusion that the proper wave function immediately after the interaction of friend and object was already
either 
  
    Ψ
    
      1
    
  
 x Χ1
 or 
  
    Ψ
    
      1
    
  
 x Χ2
 and not the linear combination α (
  
    Ψ
    
      1
    
  
 x Χ1 ) + β (
  
    Ψ
    
      2
    
  
 x Χ2). This is a contradiction, because the state described by the wave
function α (
  
    Ψ
    
      1
    
  
 x Χ1 ) + β (
  
    Ψ
    
      2
    
  
 x Χ2) describes a state that has properties
which neither 
  
    Ψ
    
      1
    
  
 x Χ1  nor 
  
    Ψ
    
      2
    
  
 x Χ2 has. If we substitute for "friend" some
simple physical apparatus, such as an atom which may or may not be
excited by the light-flash, this difference has observable effects and
there is no doubt that 
α (
  
    Ψ
    
      1
    
  
 x Χ1 ) + β (
  
    Ψ
    
      2
    
  
 x Χ2) describes the properties
of the joint system correctly, the assumption that the wave function is
either 
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 x Χ1 or 
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 x Χ2 does not. If the atom is replaced by a conscious
being, the wave function 
α (
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 x Χ1 ) + β (
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 x Χ2) (which also follows
from the linearity of the equations) appears absurd because it implies
that my friend was in a state of suspended animation before he answered
my question.



It follows that the being with a consciousness must have a different
role in quantum mechanics than the inanimate measuring device: the
atom considered above. In particular, the quantum mechanical equations
of motion cannot be linear if the preceding argument is accepted.
This argument implies that "my friend" has the same types of impressions
and sensations as I—in particular, that, after interacting with the
object, he is not in that state of suspended animation which corresponds
to the wave function α (
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      1
    
  
 x Χ1 ) + β (
  
    Ψ
    
      2
    
  
 x Χ2). It is not necessary to see
a contradiction here from the point of view of orthodox quantum mechanics,
and there is none if we believe that the alternative is meaningless,
whether my friend's consciousness contains either the impression
of having seen a flash or of not having seen a flash. However, to deny
the existence of the consciousness of a friend to this extent is surely an
unnatural attitude, approaching solipsism, and few people, in their
hearts, will go along with it.


The preceding argument for the difference in the roles of inanimate
observation tools and observers with a consciousness—hence for a violation of physical laws where consciousness plays a role—is entirely cogent
as long as one accepts the tenets of orthodox quantum mechanics in all
their consequences.




The information interpretation of quantum mechanics helps to resolve this paradox as follows,

	
If the physicist friend inside the lab clearly looks for the flash and is seen to record the result in a notebook, we can safely conclude that the superposition of states has "collapsed" (been projected) into either the flash or no flash state. 


	
New information has been created in the universe. Entropy has been radiated away, so the change is irreversible.


	
We can assume that an observation has been made, recorded as a measurement, and, to satisfy Wigner, von Neumann, Wheeler, Bell. and others, the measurement has entered the mind of the "conscious observer," though our information interpretation does not require this step.The wave-function collapse occurs with the creation of new information, without the need for observations or measurements.


	
Since Wigner does not know the actual outcome, he only knows the possibilities and can estimate ordinary probabilities, for example, that there is a 75% chance of a flash and 25% probability of no flash.


	
But here is the resolution of Wigner's paradox. These probabilities are no longer about superposed quantum states interfering with one another. They are no longer quantum probabilities. The flash either occurred and was recorded or not! The chances are no longer ontological. They are epistemic, just human ignorance.


	
So Wigner is wrong to conclude that without consciousness the quantum superposition would remain.


	
When we were doing calculations for probabilities of flash or no flash, we used the quantum superposition as our best estimates. And it was important to include the possible interference effects while the wave function is still coherent. But once we get information about the flash/no flash, the wave function decoheres and we must switch to "classical" probabilities.





Source: https://www.informationphilosopher.com/solutions/experiments/wigners_friend
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  In her 2011 book, Making Sense of Freedom and Responsibility, Nelkin is looking for a "sense of ourselves as free agents" that interprets that sense in a very particular way, namely, as a commitment to the idea that we can choose among multiple undetermined options."

This is a striking defense of the reality of alternative possibilities for action, which give us the ability to do otherwise, something denied by most compatibilists since the work of Harry Frankfurt in the 1980's.


Nelkin says that 


We have an unshakeable sense of ourselves as free and responsible agents. And vet we can easily be made to question whether this sense of ourselves is accurate — by sophisticated philosophical arguments, apparently simple generalizations from cases in which we are clearly not free and responsible, disturbing experimental results in psychology and neuroscience, and more.



Nelkin presents what she calls a "natural theory" that defends against skeptical challenges to the idea that we are free and responsible. She also presents a particular conception of ourselves as agents. She presents a picture of our "sense of freedom and responsibility" in two different senses: first, an account of freedom and responsibility, second, an account of our sense of ourselves as free and responsible.

She says that our sense of ourselves as free agents interprets that sense in a very particular way — namely, as a commitment to the idea that we can choose among multiple undetermined options. This interpretation in turn has been used to motivate a particular picture of freedom itself, one that requires that the world be indeterministic in order for agents to be free. So figuring out exactly what our sense of freedom is that is, what our conception of ourselves is, and why we have it — can have significant implications for the debate about the nature of freedom, and, by extension, about the nature of responsibility, for which freedom has often been thought to be a necessary condition.


Nelkin traces her work back to Immanuel Kant and Thomas Reid, who tried to answer the skeptic about freedom. She quotes Kant and Reid, 


Kant wrote, "Now I say that every being which cannot act in any way other than under the idea of freedom is for this very reason free from a practical point of view".1 The suggestion is that the necessity of thinking of ourselves as free entails that we really are. Reid took a somewhat more cautious, but still bold approach, writing that "This natural conviction of our acting freely, which is acknowledged by many who hold the doctrine of necessity, ought to throw the whole burden of proof upon that side ... '.2 For both Kant and Reid, the discovery that we must think of ourselves as free is a step in answering the skeptic (for Reid, a complete shift of the burden of proof, and for Kant, a decisive refutation — at least if we confine ourselves to conclusions within the practical point of view).


At the same time, I believe that each project has independent importance. For example, determining whether we are in fact "stuck with" a certain view of ourselves, whether as rational agents or as human beings, is interesting in itself. And if the answer to either question is "yes", and yet our view of ourselves is false, it would be interesting, at the least, to learn that one of our central commitments is an illusion. The question of what freedom and responsibility are, and whether they can be and are ever instantiated has immediate implications for the ways that we treat and feel about others, as well as ourselves. So while I believe that my approach to each question helps to illuminate the other, I also believe it is possible for a reader to accept one without the other.
  



Two features of the initial response set it apart from the general "it seems true" strategy. One is emphasized by Reid, who pointed out that the sense of freedom appears to be universal, at least among human beings. Importantly for Reid, our "natural conviction of our acting freely" is natural, existing even in those who deny that we are free. Even if we do not follow Reid himself who thought that this fact "ought to throw the whole burden of proof" on the skeptics, the fact that the conviction seems universal does make it something to be explained and reckoned with. Why, if it is not true, would we be stuck living under an illusion about something so central to our self-conception?
Of course, it is possible that all human beings are, by their nature, simply stuck with a false conviction. After all, human beings are susceptible to perceptual illusions under certain conditions. And we have an explanation for this sort of illusion that involves facts about human perceptual systems. Perhaps our sense of freedom is like such perceptual illusions, and, in both cases, we should consider ourselves fortunate to be able to discover that our natural convictions are false.
Yet, there is an important point of disanalogy between the perceptual illusion case and the sense of freedom case—a disanalogy that would seem to rob us of a ready explanation for our allegedly false sense offreedom. While it is in virtue of being human and so of having the physiology we have that we are subject to perceptual illusions, it is in virtue ofbeing rational deliberators that we have a sense of freedom. In other words, we possess this sense because of our capacity to consider and evaluate reasons for acting with a view to making a decision and ultimately acting. This idea is suggested by Kant:
(K) We must necessarily attribute to every rational being who has a will also the idea of freedom, under which only can such a being act."
Kant went on to make the claim, stronger than Reid's "shift the burden" one, that if we accept this point then we must conclude that such beings are "for this very reason free from a practical point of view".4 It is one
3 Kant (1785/1981, 448. p. 50). emphasis mine. In Kant's temiinology, "will" means "a kind of causality belonging to living beings in so far as they are rational" (p. 49). Without going into a detailed exegesis of Kant. I take it that such a being is similar to what we would call a "deliberative agent", i.e.. a being with the capacity to act on considered reasons. In my terminology, being a rational deliberator is a necessary condition for being a deliberative agent. as a deliberative agent is one who deliberates and acts on those deliberations.
Kant (1785/1981. 448, p. 50).
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Reichenbach headed the Berlin school of German philosophers of science (which included Carl Hempel, Richard von Mises, and David Hilbert). They shared many working assumptions with the Vienna Circle, who sought a unified theory of science established on the basis of the philosophy known as logical empiricism or logical positivism. 


Reichenbach felt strongly that philosophy needed to be reconstructed on a scientific basis. He thought there was more philosophy in the works of Einstein than in that of twentieth-century philosophers.


Reichenbach probably had the best scientific training of all the school, having studied with Albert Einstein, Max Planck, Max Born, Arnold Sommerfeld, and David Hilbert. He also studied with the philosopher Ernst Cassirer, who did so much to keep scientists, including Born, believing in the necessity of determinism.


The Principle of the Common Cause


In his great work, The Direction of Time, Reichenbach formulated his principle of the common cause.
If an improbable coincidence has occurred, then there must have been a common cause.3

If events at A and B are perfectly correlated, then either A causes B, B causes A, or there is a common cause C coming to A and B. If A and B occur simultaneously, neither can cause the other, which suggests a common cause for entangled quantum particles.


The Direction of Time and Free Will


Reichenbach took a great interest in probability (he was a frequentist), in the direction of time, in entropy (he thought Boltzmann's insights into the highly improbable reductions in entropy might be cases where time would reverse), and in the "objective" indeterminism of quantum mechanics, which he thought depended only on recording instruments. Human observers are not required. 


Just before his death, Reichenbach had been invited by Harvard University to give the William James lectures in the Fall of 1953. His subject was to have been "Time and Free Will." The lectures were to be based on the manuscript of his last work, The Direction of Time, which was prepared for publication by his wife Maria. Reichenbach's only prominent remarks about free will in the published work are his strong criticism of Immanuel Kant's strange and unacceptable attempts to escape the flow of time and death.


In his final conclusions about the direction of time, Reichenbach argued that increase of information in human memory defines the direction of subjective time. And in a phrase reminiscent of William James, he says


The present, which separates the future from the past, is the moment when that which was undetermined becomes determined, and "becoming" means the same as "becoming determined".


  On the difference between past and future from The Direction of Time, p.9.

...the past is distinguished from the future as the unchangeable from the unknowable. Is this distinction to mean that the future is still changeable? We would be inclined to answer in the affirmative, because of our simple daily experiences. Our control of the future, though certainly limited in extent, is often sufficient to satisfy our needs. Planned action, based on anticipation of what the future will bring us, has enabled us to turn many of its gifts to practical use. We sow and reap; we provide ourselves with shelter; we organize human society; we build machines that facilitate our daily work.

The scientist, however, might be inclined to question the belief that the future is changeable. Being unknowable, he might argue, does not imply being undetermined; perhaps the future is as determined as the past and the difference between past and future is merely a difference between knowing and not knowing. The apparent asymmetry of time would then be only a matter of knowledge and ignorance; time itself would be symmetrical, its objective nature would be the same in the direction of the past as in the direction of the future. Such conceptions suggest themselves within the scientific approach, because science has accepted the universal validity of causality.

	
Causal laws govern the past as well as the future. We see them at work in past facts; but we also see them confirmed by future facts which we have correctly predicted and which have later become reality. The future is not entirely unknowable. Quite a few occurrences can be predicted. Among these are the motions of the stars, the seasons, the growth of plants, animals, human beings; and certainly death is predictable. What led philosophers to question the reality of time is the fact that some undesirable future facts — in particular, death — are predictable. Why not assume that the future is as determined as the past?


The paradox of determinism and planned action is a genuine one. I shall later analyze it in more precise terms; at the moment it may be sufficient to point out that if time has no direction, planned action appears incomprehensible. We plan to go to a theater tomorrow; but it seems utterly senseless to plan to go to a theater yesterday. Why do we make this distinction? We answer that we cannot change the past; we can only change the future. If we went to the theater yesterday, we did; and if we did not go, we did not; what we think of it today makes no difference. Why do we not argue in the same way about going to the theater tomorrow? In our behavior we express the conviction that time goes in one direction, because planning presupposes time flow. Can scientific analysis support this conviction?




  On Kant's vain attempt to establish human freedom, because it is needed for morality, from The Direction of Time, p.13.

Kant presents us with long arguments in favor of his conceptions. He says that knowledge results from an interaction between physical reality and the human mind, and that the human mind superimposes certain forms on the physical things in order to make them comprehensible and accessible to order. Such forms are space and time. In particular, they are called forms of 'visualization' (Anschauung), a term meaning that space and time determine the way we see things, that is, they impose conditions on our perceptions of things but have no significance for things apart from their relation to a human observer. "It is certain .. . that space and time . . . are merely subjective conditions of all our visualizations," he writes in his Critique of Pure Reason, [2nd ed. p.66] 'This applies even to the happenings in my mind, revealed to me by an "inner sense". "If I myself or some other being could look at me without these conditions of sense perception . . . a knowledge would result in which the conception of time and change would not occur."' Time flow, change, is not a property of Being, said Parmenides; and Kant agrees, adding that time is merely the form in which we experience Being.

How does Kant come to this conception? There is no doubt that his motives are related to those of Parmenides. Like Parmenides, he wanted to escape time flow. That the fear of death determines his philosophy is obvious from his insistence on immortality. But this is not his only motive. He wanted to save freedom of will, the possibility of planned action. Parmenides was not interested in action, which presumably did not appear important to him. But Kant wanted freedom of action; perhaps not so much in order to ensure for man the possibility of improving the world, as in order to make man responsible for what he does. He wanted to establish morality; and how can human action be morally evaluated if it is not free?


Unlike the ancients, Kant faced a deterministic physics of great perfection. Newton's theory of gravitation, embodying conceptions of space and time, had greatly impressed Kant. He saw that determinism offers difficulties for human freedom, so he looked for a way out. He believed that he had discovered a way to save freedom by making time subjective — by interpreting the flow of time as the form in which we human beings experience reality, which in itself is not controlled by time. He thus teaches the ideality of time. In his denial of a realistic interpretation of time, Kant repeats the position of Parmenides; but his argument is derived from scientific developments which the ancients could not have imagined. In fact, if determinism, as formulated in Laplace's simile of a superman, holds, then time is subjective. There can be no time flow if the future as well as the past could be present to a superman's eyes. Kant saw correctly that determinism leaves no alternative. But Kant believed that he still could save free action; and the solution he offers us is to trade in the reality of time flow for the freedom of the will.

		
In order to understand the solution of the freedom problem proposed by Kant, we must include his treatment of causality in our consideration. Kant saw very well the close relationship between time and causality. He saw that we discover time order by examining causal order. The
mere sequence of perceptions, he argues, does not establish a time order of physical happenings; in fact, we may perceive events in the inverse time order of their actual happening. "Mere perception leaves the objective relation of consecutive phenomena undetermined". For instance, even though the first sound impact at the site of a distant explosion preceded the light flash, we would see the light first and hear the sound later. To infer temporal order, we must know causal order.


Now for Kant causal order is as subjective as time. It is one of the categories by means of which we order our experience, but it does not express a property of things-in-themselves. Therefore physics can only tell us how the [phenomenal] world appears to us, not how it is, independent of a human observer. And determinism refers only to the world of appearance — the [noumenal] world in itself is free from the rule of causal laws.


This is a strange doctrine. In order to make time flow subjective, Kant has to make even causality subjective. In order to save freedom and morality, he has to sacrifice physics as a science of objective things; it is for him merely a science of experienced things. He goes beyond Parmenides in exempting Being not only from time flow, but also from causal determination.


It is difficult to understand in what sense Kant could claim that his theory reestablished freedom. When we act, we want to change those occurrences which take place in time; we want to change the future. But temporal happenings, Kant tells us, are subject to causality and determinism. What kind of influence, then, can we have upon them? It does not help us to assume that behind the experienced things there are other things not controlled by physical laws. We want to change those things that are subject to causality and are perceived in our experience; we even use causal laws to control them, knowing very well that if things did not conform to such laws we would be hopelessly lost in our attempts to plan the future. What is a philosophy good for, if it evades answers to questions about what men can do, by telling us that there is another realm of Being which we certainly cannot control? Kant's philosophy of subjective time and subjective causality is a form of escapism. It does not solve the paradox of freedom and determinism; it does not clarify the experience of time flow; it cannot account for the distinction between past and future, between the unchangeable and the realm of what we hope can be changed.


The distinction between the past and the future, the objective interpretation of time as a process of Becoming and not merely a form of human experience, has strong support in common sense. It would not be easy to acquiesce in a philosophy which regards such conceptions as illusions. Yet the convictions of common sense cannot be accepted without criticism by the philosopher. The problem of time cannot be solved by an appeal to intuitive knowledge, which tells us that there must be a process of Becoming, making planned action possible. Reliance on so-called intuition has too often turned out to be misleading. There is such a thing as an escape into common sense as well as an escape into metaphysical speculation. Neither of them offers answers acceptable to those who look for an unprejudiced approach, guided by logical analysis in combination with observation.





  The concluding paragraph of The Direction of Time.

The conclusion of this brief survey of recent developments is that quantum physics does not present us with the time direction denied to us by the atomic occurrences of classical physics. Quantum physics worsens the situation; it makes even time order, not only time direction, a statistical property. Time appears to be a completely macrocosmic phenomenon, which cannot be traced into the microcosm; it is born anew at every moment from the atomic chaos as a statistical relationship. Strangely enough, this origin from disorder does not make macrocosmic time inferior. On the contrary, it will be seen that the birth from an atomic chaos endows the statistical cosmos with a time of exactly those properties which common sense and everyday experience have always regarded as intrinsic characteristics of temporal flow.



  From "Les Fondements logiques de la mechanique des quanta", Annales de l'Institut Henri Poincare, Tome XIII, Fasc. II (Paris, 1953), pp. 156-157. Translated by Maria Reichenbach as an appendix to The Direction of Time,

 The distinction between the indeterminism of the future and the determinism of the past is expressed in the last analysis in the laws of physics. This is the important result of the combination of classical statistics with the indeterminacy relation of quantum physics. The consequences for the time of our experience, that is, the time of every- day life, are obvious. The concept of becoming acquires a meaning in physics: The present, which separates the future from the past, is the moment when that which was undetermined becomes determined, and "becoming" means the same as "becoming determined".

One question remains to be discussed. What is the relation between the time of physics and the time of our experience? Why is the flow of psychological time identical with the direction of increasing entropy?


The answer is simple: Man is a part of nature, and his memory is a registering instrument subject to the laws of information theory. The increase of information defines the direction of subjective time. Yesterday's experiences are registered in our memory, those of tomorrow are not, and they cannot be registered before the tomorrow has become today. The time of our experience is the time which manifests itself through a registering instrument. It is not a human prerogative to define a flow of time; every registering instrument does the same. What we call the time direction, the direction of becoming, is a relation between a registering instrument and its environment; and the statistical isotropy of the universe guarantees that this relation is the same for all such instruments, including human memory.




  From chapter 25, The Indeterminism of Quantum Mechanics, in The Direction of Time. p.223.

With these considerations, we arrive at an objective meaning of indeterminacy. Heisenberg's relation does not express merely a limitation of human capacities of knowing; it formulates, rather, a physical law holding for all physical quantities.

In many presentations of quantum mechanics, the view has been expressed that the uncertainty derives from the disturbance of the object by the human observer, whose intervention changes the observed quantity in an unforeseeable way. Such conceptions have even been put forward with the claim that quantum mechanics defies an empiricist interpretation and requires a return to idealistic philosophies, according to which the ego creates the world, or the world at least could not exist without an observing ego. I do not think that such views are tenable. The human observer is irrelevant to the indeterminacy; it is not he, or his act of observation, which creates the uncertainty. The indeterminacy is a purely physical affair and can be stated as an objective property of the physical world, without reference to an observer.


First of all, not every observation must disturb. Instruments of measurement, including those applied in quantum physics, can be so constructed that they present their indications as figures on a dial. The reading of these figures by a human observer does not disturb the object. Now it is true that when we draw the line between object and observer in such a way that the instrument of measurement belongs to the observer's side, the object is disturbed; but we need not draw the line in this way. When we include the instrument on the side of the object, the line of demarcation is drawn in such a way that the act of observation does not disturb. It is therefore not the human observer who creates the uncertainty. The indeterminacy, which for an experimental arrangement of this kind still exists, appears, rather, as a relationship between the measuring instruments and quantum phenomena, and thus as a relation between physical objects alone.


Since measuring instruments are macrocosmic objects, we may say that the indeterminacy arises when relationships between macrocosm and microcosm are involved. Heisenberg's principle states that there is no way of determining microcosmic quantities in terms of macrocosmic quantities to a higher degree of exactness than that formulated in the inequality (1). This statement expresses a physical law, a relation between macrocosm and microcosm. Since human beings are themselves macrocosmic objects and their perceptual organs respond only to stimuli in the macrocosmic sphere, their inferences concerning the microcosm must be based on macrocosmic observations; this is the reason that human knowledge of the microcosm is limited by the uncertainty principle. We thus arrive at a very empirical interpretation of the limitation of human knowledge with respect to quantum phenomena. There is no need for a relapse into idealistic philosophies, if quantum mechanics is studied under the magnifying glass of logical analysis.
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John Dupré is a philosopher of science who strongly criticizes the familiar notions of causality and determinism. He is skeptical about the idea of causal closure, that every physical event has a necessary and sufficient physical cause. This leads him to reject reductionism, the popular idea that biology is reducible to chemistry, and chemistry to physics.

With determinism rejected, Dupré considers the problem of free will, but could not get beyond the standard argument against free will until his most recent work examining the right role for determinism.


In his 1993 book The Disorder of Things, an attack on the "Unity of Science" movement, he proposed a refutation of reductionism and determinism.


   

The best way to introduce the position against which this book
will argue is to consider the continuing influence of one particularly notorious founding metaphor of modern science, the idea
that the universe should be considered as a gigantic machine.
Traditionally the favored machine has been a clock... 
Anyone who thinks that such mechanical metaphors have faded in significance might reflect on the amount of scientific effort that
has been devoted in recent years to investigation of the hypothesis
that the human brain — and generally also the human mind — is
really a kind of calculating machine, or computer.

The philosophical thesis most intimately connected with this
mechanistic metaphor is determinism. The cosmic clock, we must
assume given its provenance, has always told the correct time and
always will. To achieve such precision its components must exhibit the same unvarying reliability as the whole. Once the clock
is wound up and set in motion, its behavior and that of all its
parts are determined for all eternity.


...the current vogue for chaos theory suggests that certain
aspects of this complexity may be in principle beyond the reach
of certain kinds of comprehension, notably prediction. Nevertheless, the metaphysical conceptions of order that originated in the
picture of the mechanical universe seem to have been little threatened, if sometimes modified, by such developments. The case of chaos theory nicely illustrates this resilience. Prediction, though
long conceived as a very central excellence of scientific understanding, is a goal that has tended to recede rather than approach as
various scientific disciplines have increased their understanding of
the complexity of the phenomena within their domains. Chaos
theory appears to confront prediction not merely with an insuperable practical difficulty, but with a logically impassable obstacle. Yet paradoxically determinism, the metaphysical underlay of
:he possibility of prediction, is strengthened rather than threatened
by this development. For the central mathematical functions of
chaos theory are quite deterministic...Even the
increasing prevalence of probabilistic rather than deterministic hypotheses and methods from quantum mechanics up through the
scientific hierarchy has not, I shall argue, led to the rejection of
some of the most fundamental features of the deterministic world view.
   



Dupré describes the reductionism idea that he is rejecting.

   
To begin with,
it will help to introduce what is perhaps both the clearest and the
strongest version, which I shall call classical reductionism. Assume, first, a hierarchical classification of objects in which the
objects at each level are complex structures of the objects com-
prising the next-lower level. Paul Oppenheim and Hilary Putnam propose the following levels: elementary particles, atoms,
molecules, living cells, multicellular organisms, and social groups.
The investigation of each level is the task of a particular domain
of science, which aims to discern the laws governing the behavior
of the objects at that level. Reduction consists in deriving the laws
at each higher (reduced) level from the laws governing the objects
at the next-lower (reducing) level. Such reduction, in addition to
knowledge of the laws at both the reducing and reduced levels,
will also require so-called bridge principles (or bridge laws) identifying the kinds of objects at the reduced level with particular
structures of the objects at the reducing level. Given the transitivity
of such deductive derivation, the endpoint of this program will
reveal the whole of science to have been derived from nothing but
the laws of the lowest level and the bridge principles. The lowest
level will be the physics of elementary particles. Thus, finally,
truly basic science need concern itself only with the objects described by particle physics. 

   


He asks, what is wrong with this idea of reduction?
   
The argument that must be addressed here turns on the requirement that explanations at different structural levels must at least
be consistent with one another. Certain views about the nature of
causality suggest that only some kind of reductive relation between
higher and lower levels can achieve such consistency. Although it
is not easy to find direct statements of such an argument, I believe
that it underlies a good deal of continued insistence on at least the
weaker versions of reductionism. It also provides a link between
two of the pillars of the mechanistic picture of the world that it is
the aim of this book to oppose. Although I am here considering
how an assumption about causality entails reductionism, it can
equally well serve as an argument from the falsity of reductionism
to the falsity of the view of causality in question.

The crucial assumption about causality is what I shall refer to
as the assumption of causal completeness. This is the assumption
that for every event there is a complete causal story to account for
its occurrence. Obviously enough, this is a view of causality the
roots of which are to be found in the soil of determinism. The
paradigm of a complete causal story is the sufficient (and perhaps
even necessary) antecedent condition provided by a deterministic
causal explanation. However, since the issue of causal completeness at the microphysical level is central to the present discussion,
and since microphysics is generally agreed, in the light of contemporary interpretations of quantum mechanics, to be irreducibly
indeterministic, it is important to consider the indeterministic analogue of deterministic causal completeness. It is not hard to see
what this should be. The basic idea is that there should be some
set of antecedent conditions that together determine some precise
probability of the event in question.


Events and their causal explanations are conceived at particular
levels of organization. The mutual annihilation of an electron and
a positron is an event at the subatomic level; my thinking of the
previous example is an event at the mental level; a supernova is
an event at the astronomic level; and so on. However, events at
lower levels may very well be constituents of events at higher
levels, and it is this that leads readily from the commitment to
causal completeness to an argument for some kind of reductionism. The argument is most easily seen in terms of a simple example. Consider an electron in my index finger. As I move my
finger to type the letter b on my keyboard, the electron must
move. Causal completeness at the level of elementary particles
implies that there is some condition of events at that level sufficient
to explain the movement of the electron. Suppose, then, that I
offer some causal story at the macroscopic level about the movement of my hand. For example, suppose my hand moved because I intended to type the letter b, or, for those who deny that this is
a causal explanation, suppose that my finger was dragged down
by my typing instructor. 


Either story, if it explains the movement
of my finger, also entails the movement of the electron. At the
microlevel, meanwhile, there are presumably sufficient causes operating on every elementary particle in my finger. The causal
efficacy of events at the macrolevel had better at least be consistent
with all these billions of microlevel causal facts. Such consistency
would appear to require either divinely preordained harmony, or
reducibility at least in principle. This point can be made clearer
by noting that the causal completeness of the microphysical directly contradicts the supposition that my intention (or coercion)
could be necessary for the movement of the electron, except insofar
as it is itself a necessary consequence of events at the microlevel.
For the events at the microlevel are, ex hypothesi, themselves sufficient for the movement of the electron, or, in the indeterministic
case, sufficient to determine the precise probability of its movement. 

This is the basis of Jaegwon Kim's attack on non-reductive physicalism, the idea that mental events have causal powers

So it appears that events at the macrolevel, except insofar
as they are understood as aggregates of events at the microlevel —
that is, as reducible to the microlevel at least in principle — are
causally inert. 
This, of course, is the classical picture of Laplacean
determinism, except that it does not depend on determinism, only
the causal completeness, or causal closure, of the microlevel. And
metaphysically, though perhaps not epistemologically, this picture
entails the causal impotence of events at the macrolevel.

A connection should be noted between this argument and
compositional materialism. The negative claims of compositional
materialism are surely necessary conditions for the credibility of
causal completeness at the microlevel. Leaving aside the possibility
of epiphenomenalism (and with even fewer qualms, psychophysical parallelism), the existence of nonphysical minds with any
causal efficacy in the physical world makes causal completeness at
the microlevel impossible. This is simply because the appeal to
reducibility in principle is precluded when the higher-level causal
agent is not, even in a merely compositional sense, identifiable
with any set of microphysical entities. Similar consequences follow
from interventionist deities, ghosts, and so on. Without reducibility in principle, the same goes for interventionist people, animals, or even rocks.


My reaction to this should be clear from what has gone before.
Although I want no truck with the nonphysical substances just
mentioned, a central purpose of the ontological pluralism I have
been defending is to imply that there are genuinely causal entities
at many different levels of organization. And this is enough to
show that causal completeness at one particular level is wholly
incredible. By contrast with even the weakest versions of reductionism, the pluralism I have in mind precludes the privileging of
any particular level. My response to the argument just described
has two main parts. The next two chapters will explain in some
detail why reductionism fails in major parts of biology and psychology. This can be seen, among other things, as preparing the
inversion of the reductionist modus ponens (causal completeness
requires reductionism) into my antireductionist modus tollens (the
failure of reductionism implies the falsity of causal completeness).


Finally I want to introduce in a general way what I take to be the
problems with global reductionism, and also to say a little about
the possible virtues of more local reductionistic strategies.
A first difficulty, already mentioned, is the oversimplification
involved in the hierarchy of levels of organization. To begin with,
a very striking exclusion is the whole of macrophysics. Atoms or
molecules go to make up not only living cells but also many
complex nonliving things. At the very least, science must be
depicted as a branched tree to accommodate gravitation, electromagnetism, cosmology, geology, and so on, although it is in fact
not clear how even these branches should be rooted in microphysics. Nor can the objects with which the macroscopic life
sciences are concerned generally be treated as structures solely of
objects from the next-lower level. A sponge, perhaps, is a multicellular organism that is nothing but an assembly of cells. But
an aardvark would more naturally be treated as an, assembly of
organs and other complex systems. Moreover, many of its essential constituents, such as hormones, are not cells, or parts of cells,
but molecules, whereas ions, also vital for its well-being, are more
nearly atoms. So we find not only an intermediate level of organization, but also items from lower levels. Nor can these lower-
level entities be treated merely as exogenous environmental variables. Their presence may often be determined by very complex
events at the level of organs or organ systems. Consider, for
example, the increase of blood adrenalin of an animal in danger,
a chemical consequence of perhaps a complex perceptual event.
This illustrates what I shall emphasize in the next chapter, the
possibility that lower-level events may perfectly well be determined by what is happening at a higher level.
   



This is Roger Sperry's insight that a turning wheel exerts downward causal control over its atoms.


A Note on Freedom of the Will


Although the problem of freedom of the will is generally understood as involving a conflict between human freedom and determinism, the rejection of determinism has not generally been perceived as providing a solution to the problem of human freedom.
There are good reasons for caution here. It has occasionally been
suggested that quantum mechanics, by showing that certain events
can occur without determining antecedent conditions, shows how
human actions could be free. 

Perhaps a movement is somehow
generated by an amplified quantum event. But a solution to the

problem of freedom of the will is not to be obtained by replacing
the picture of a person as mindless machinery with that of a
random action generator. The idea that people act for reasons
seems more reconcilable with an account under which those reasons turn out to be nothing but states of the machine, than one
which seems to preclude either causes or reasons by placing the
action wholly beyond explanation. Nor is it helpful to move from
determinism to a probabilistic uniformitarianism that claims that
human actions are not determined by antecedent physical conditions, but only made more or less probable. This sounds not so
much like an account of a (metaphysically) free person, as of a
somewhat unreliable one.

But the effect on our conception of human freedom of relaxing
the assumption of determinism can be seen quite differently. One
of the problems with the quantum amplifier account of freedom
is that, just as with human freedom under traditional libertarian
accounts, the quantum indeterminacy is treated as a source of
anomaly in a world otherwise driven by inexorable laws. A more
radical rejection of complete and pervasive causal order suggests
a quite different but much more promising approach.


To the philosophically uncorrupted, what is striking about
humans as compared with other natural phenomena is not their
unpredictability or their role as sources of disorder in an otherwise
reliable and well-ordered universe. Quite the contrary: it is people
who appear as somewhat orderly and predictable entities in a
generally chaotic world. Where we find order, it is generally
because it has been intentionally created by other humans...The point is just
that humans have all kinds of causal capacities that nothing else in
our world has: capacities most notably to make and execute all
manner of plans capable of determining their behavior in complexly organized ways for considerable distances into the future.


There is no good reason for projecting these uniquely human
capacities in a reductionist style onto inanimate bits of matter. Nor
is there anything ultimately mysterious about particular causal
capacities' being exhibited uniquely by certain very complex entities; no more than it is insolubly mysterious that certain weather
patterns can generate tornadoes capable of picking up houses or
that leguminous plants have the capacity to fix nitrogen. Thus the
solution I propose to the free will problem is simply to recognize
that what is problematic about humans is not that they are exceptions to an otherwise seamless web of causal connection, but that
they are extraordinarily dense concentrations of causal capacity in
a world in which such order is in short supply. Scientific investigation of the sources of these capacities may help to explain how
this is possible; but this is to begin to explain, not, as determinists
often want to suggest, increasingly to problematize, this remarkable feature of humans.


It is natural, on the view I am presenting, to feel considerable
sympathy for one aspect of Kant's account of freedom in terms
of autonomy (1785/1948). It is the ability to do what one thinks
one ought to do rather than what, at that moment, one would
like to do that is, arguably, uniquely human, and that makes
possible the execution of long complex schemes. Unlike Kant, I
do not mean to restrict what one ought to do to a narrow sense
of duty (although conceivably this may serve to distinguish a
qualitatively distinct and higher form of conduct), but to include
any prudential "ought" driven by any kind of human project.
Thus planning an armed robbery or a racist political advertisement
is, in the sense I am considering, as much a display of uniquely
human capacities as building a hospital or dismantling a nuclear
weapons system.


The most relevant differentiation from Kant's position that I
want to insist on is that without the commitment to determinism
or even causal completeness, I am under no pressure to engage in
the kind of metaphysical excesses in the noumenal world that have
made Kant's position so implausible. 


This is downward causation

I deny that there is any
problem in reconciling the possibility of directed, intentional human action with the surrounding causal order...there is no reason why changes at
one level may not be explained in terms of causal processes at a
higher, that is, more complex, level. In the case of human action,
the physical changes involved in and resulting from a particular
action may perfectly well be explained in terms of the capacity of
the agent to perform an action of that kind. Unless there is some
reason to think that some part of the physical surroundings is
undergoing some distinct and contrary causal process, there need
be no conflict.


   

Chance is not the direct cause of action. This is the standard argument against 
free will
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1. Introduction


This paper takes up an idea that has interested me for some years: the
idea that, contrary to a very widely shared assumption, a radically indeterministic
metaphysics does provide a way of understanding human freedom
as a real and important feature of the world. However, whereas I used to
think of this as a solution to the free will problem within the tradition of
radical voluntarism, I now prefer to present it under the rubric of indeterminist
compatibilism. In the most crucial respects this position remains true
to the voluntarist tradition, but in its current incarnation it aims to capture
the powerful intuitions that underlie compatibilist thinking.
The paper will begin with a brief summary of the indeterministic metaphysics
to which I subscribe, and indicate some of the grounds for holding
such a set of views. I shall then consider in a general way how human
autonomy could fit into such a metaphysical framework, paying some attention
to the question of the emergence of autonomy in the course of human
ontogeny. In the final section of the paper I shall explain the contrast
between my earlier voluntarist understanding of the issue and the indeterministic
compatibilism I now prefer. This will include an explanation of
how, contrary to a natural suspicion, this position is not oxymoronic. This
section will show how indeterministic compatibilism captures both the
commitment to genuine autonomy that has driven much of the voluntarist
tradition, and at the same time the powerful intuitions that have made
compatibilism so attractive to so many.

2. Indeterministic Metaphysics


I am a committed indeterminist. In one sense, almost everyone is an indeterminist,
of course. We all know that certain physical processes, for example radioactive decay, are indeterministic. 

While these processes happen
with extremely precise probabilities, so that one can say with great
precision how many atoms in a lump of radioactive material will decay in a
particular time period, there appears to be in principle no way of predicting
the decay of a particular atom. 
But without disputing this indeterminism
of certain microscopic processes, most philosophers, I think, still believe
that determinism reasserts itself at the macroscopic level, just as the
behavior of the radioactive lump is deterministic despite problems with
individual atoms.

The indeterminism to which I subscribe is much more radical, and I
suppose that such a version remains an uncommon or even eccentric opinion.
First, I think that indeterminism is rife even at the macroscopic level;
indeed it seems to me the normal default state of things. Determinism is, I
would argue, a rare achievement, occasionally approximated in the manufactures
of highly skilled engineers, or in wonderfully simple systems dominated
by single causal principles, such as the solar system. Moreover, I
don’t think that this indeterminism is typically because the laws that govern
the behavior of things are statistical rather than deterministic; rather, I
doubt whether for most things or systems of things there are typically any
laws of any kind telling them what to do. Order, in short, I see as an occasional
and precious feature of the world, usually hard won by us or by the
eons of evolutionary time.


I won’t, in this paper, attempt to provide a systematic defense of this
general metaphysical outlook. The reader who finds it incredible could either
look up where I have argued for it in more detail (Dupré 1993: Part
III; Cartwright 1999), continue out of curiosity about what might be done
with such a strange view, or give up. My aim in this paper is to make a different
point, namely that contrary to a widely held assumption, abandoning
determinism does point the way to a solution of sorts to the traditional
problem of free will. Perhaps if this argument convinces, it will provide a
reason to reconsider the grounds for determinist convictions. I have defended
a position of this kind for some time (Dupré 1996: 385-402)1, but
recently I have been led to reconceive this defense as a version not, as I
used to think, of radical voluntarism, but rather as a version of compatibilism.
This will be explained in due course. But first I will elaborate the general
metaphysical view a bit further, and describe some consequences that
are especially important for understanding the argument about free will.


  
The only major point I will make here in favor of radical indeterminism
is to ask why we should suppose that the onus of proof should lie with the
claim that some things happen without being mandated by universal laws.
The claim that everything happens in accordance with law is a very strong
one, and one might think that the onus should lie with the defender of
such a strong, positive thesis. Certainly we must acknowledge as much
causal order as is necessary to account for whatever regularities we find,
and for the possibility of exploiting these to produce even greater regularity,
as is evinced by our better machines and our most successful scientific
experiments. But while these force the acknowledgement of some order,
the great difficulty of extracting practically useful or theoretically illuminating
order that is demonstrated by these enterprises surely speaks
against a ready assumption of complete and universal order. Certainly
something more does need to be said here about where whatever order
there is in the world comes from if, as I have claimed, this is far from universal.
To this I next turn.

Implicit in my very brief explanation of why I am not a determinist is
something like a methodological principle: assume as much as is necessary
to explain the empirical phenomena, in this case what regularity there is, but
no more. And the empirical reality, as I see it, is that regularity is a fascinating
but none too common phenomenon. I have mentioned the mechanisms
that we build, of the set-ups we construct for scientific experiment, and the
regularities of celestial mechanics. Perhaps the crucial case, since it is the
one under which we as possibly free agents fall, is that of living things. If, as
is currently very common, we think of life processes as essentially similar to
machines, the realm of deterministic, machine-like causality is beginning to
expand rapidly (Glennan 1996: 49-71)2.



The minimal assumption needed to account for any of these regularities
is that things have (ceteris paribus) dispositions, or capacities. A paradigm
for a scientifically interesting capacity might be the disposition of massive
objects to move at constant velocity in a straight line. This is of course a
much weaker assumption than the universal reign of law; and it might immediately
be noted that massive objects seldom do in fact move at constant
velocity in a straight line. The exceptional case of determination, in a
world containing such capacities, is a set of constraints such that only one
kind of behavior, one way that the relevant capacity or capacities can be
exercised, is possible. So suppose, for example, that an explosion is in
general a largely indeterministic process in which a lot of energy is dissipated
very rapidly somehow and somewhere. If, however, we confine the
explosion to the interior of a sufficiently strong metal cylinder containing
a piston capable of moving a certain distance along its length, then we can
be certain that a large proportion of the energy of the explosion will be
transmitted into the motion of the piston; very roughly speaking, there is
nowhere else for it to go. This is a simple example of how we constrain capacities
(in this case the capacity to generate a lot of energy in a very short
time) to produce highly reliable behavior. A great many other such constraints
need to be ingeniously engineered if the motion of the piston is
going to be translated into the rotation of the wheel, and a great deal more
still is needed to turn this into a usable vehicle. But I propose that the
model of constraining the exercise of capacities will work well throughout
this further elaboration of the workings of a familiar machine.


I should note in passing that I am quite happy to admit that the existence
of capacities may be fully amenable to reductive explanation. I certainly
don’t mean to assert that this is universally the case, and in fact I
don’t believe that it is, but for present purposes I have no reason to deny
it. What I do deny is that there could be a fully reductive account of the
conditions under which the capacity will be exercised. As all the examples
so far have illustrated, that will always or at least typically depend on additional
circumstances beyond the confines of the entity to which the capacity
is attributed. Of course one may attempt at that point to extend the
range of the phenomena on which the reduction is proposed to be based.
But this will bring in capacities of the additional parts of the system, the
exercise of which will again typically depend on further properties beyond
the extended system. To summarize the problem, a truly closed system
may perhaps be amenable to fully reductive explanation, and this is why
the process of making reliable machines can be seen as one of approximating
in many respects the production of a closed system. However in nature
all systems are open, and reductionist explanation is mainly limited to
explaining how things have the capacities they do. It may possibly be that
reductionism is true in the sense that what happens always supervenes on
the total physical state of the universe; this is hardly, however, a possibility
of much relevance to empirical science.


I have mentioned the solar system a couple of times as an example of
an untypically deterministic system, and I should say a little more about
the general topic of physical law to which this example has had such great
historical significance. Let me introduce that discussion with a highly pertinent quote from Elizabeth Anscombe:


The high success of Newton’s astronomy was in one way an intellectual disaster:
it produced an illusion from which we tend still to suffer. This illusion was
created by the circumstance that Newton’s mechanics had a good model in the solar
system. For this gave the impression that we had here an ideal of scientific explanation;
whereas the truth was, it was mere obligingness on the part of the solar
system, by having had so peaceful a history in recorded time, to provide such a
model (Anscombe 1971: 20).


It may even be that part of the legacy of this illusion is the idea that still
underlies so many reductionist intuitions, the belief in the completeness of
physics. Is this view a problem for my indeterministic, disordered, or dappled
view of the casual order? Yes. If physics is the theory that applies to
all the stuff in the world, for physics to be complete is for all that stuff to
be law-governed; and assuming, as I do, that there is nothing in the world
that is not made of physical stuff then under some description, at least, everything
is subject to the laws of physics. These laws may perhaps be indeterministic,
but here is also where it is often argued that the source of indeterminism
in a complete physics, quantum mechanics, is increasingly
negligible as we approach the macroscopic world, and determinism is at
least indefinitely closely approximated. So should we believe that physics
is complete? I am again happy to put a lot of weight on an onus of proof
argument: why should we believe the claims of a theory to govern phenomena
in principle in a realm (the macroscopic world generally) in which
there is no expectation whatever that there could ever be evidence of their
successful application? Of course the enthusiasts for physical law will say
that the formalisms they deploy work perfectly wherever they can be applied
in practice, and they apply in principle to everything. But this is a
feeble argument. There are many features of the macroscopic entities and
processes to which these laws cannot in practice be applied that are not
true of those things to which they can. There are differences in size, complexity,
and so on, which may perfectly make the laws inapplicable in principle
as well as in practice. The evidence-free hypothesis that a set of laws
that has been found empirically applicable to one kind of phenomenon
should be assumed to apply to a much wider range of phenomena for
which there is no evidence of such applicability extant or foreseeable, is
surely the sort of hypothesis that even the slightest reflection on the hazards
of induction should lead us to treat with deep suspicion.
One last piece of philosophical background needs to be considered before
I turn to the question of free will itself. This is the vexed topic of
downward causation. Can the behavior of anything be caused by the
wider system of which it is part? Given my view that causation is a scarce
and special phenomenon, I have generally thought that this should be no
problem. So, anticipating the case in point, if humans are complex systems
with exceptional capacities to impose causal order, then it should be no
surprise that this causal order should encompass the parts of the system:
when I raise my arm, I, the whole system, cause a part, my arm, to rise.
However, I am increasingly sympathetic to the suggestion that it is better
not to describe this issue in causal terms at all. Carl Craver and William
Bechtel (Craver and Bechtel 2007: 547-563) provide a convincing argument
that causation works neither upwards – smaller things causing the
behavior of the wholes of which they are parts – or downwards, but applies
properly only to interactions at a particular level of structural complexity.
The movements of parts or wholes consequent on the behavior of
wholes or parts, respectively, they call “mechanistically mediated effects:”
Mechanistically mediated effects are hybrids of constitutive and causal relations
in a mechanism, where the constitutive relations are interlevel, and the
causal relations are exclusively intralevel. Appeal to top-down causation seems
spooky or incoherent when it cannot be explicated in terms of mechanistically mediated
effects (Craver and Bechtel 2007: 547).

In essence, the point, as I understand it, is just that we should separate
the truism that parts and wholes cannot help but coordinate their actions,
from the substantive question whether there can be autonomous systems
at higher levels, as opposed to merely mechanistically mediated effects of
lower level systems. Again, if I am right that causality, or the rule of law, is
far from universal, there should be no problem in admitting such autonomous
higher level systems. Craver and Bechtel’s analysis, it seems to
me, makes it clear that this is at any rate a possibility that should not be
ruled out merely by reflection on the nature of causation or the intuition
of spookiness that some people find so strongly associated with downward
causation.


3. The Metaphysics of Free Will


Voluntarists have generally felt the need to insist on there being some
kind of gaps in the surrounding causal order that leave space for genuinely
free actions, and the metaphysical views I have just sketched plainly have
no problem meeting this need. They have not, however, generally wanted
to think of the voluntary acts that take advantage of these gaps as being indeterministic
in the sense exemplified by phenomena such as radioactive
decay. 
The standard argument against free will

Thinking of free human acts as merely random is probably even less
attractive to ideals of human autonomy than is thinking of them as deterministically
caused by some phenomena far beyond the control or even
knowledge of the agent, such as the transactions of microphysical particles.
What the voluntarist wants is some kind of determination not only of
a different kind from that in the surrounding causal nexus, but also somehow
independent of it. Attempts to provide such a thing have generally involved
some kind of agent causation, a way of seeing agents as capable of
initiating causal chains in some way independent of the causal nexus in
which they are embedded. My past discussions of this topic (Dupré 1996)
have tended to follow this line, and indeed I do find compelling the idea
that human agents, by virtue of the remarkable organization of their parts,
can impose causal order on their more chaotic surroundings. 

A comprehensive compatibilism is compatible with both determinism and indeterminism, 
in the right places


However, I
have recently come to see that a better way of presenting my views, and
one that avoids the somewhat opaque concept of agent causation, is in
terms of indeterministic compatibilism. The appearance of oxymoron in
this phrase will be dispelled, I hope, in what follows. But before I explain
this any further, I want to talk a little about the development of autonomy
from a biological perspective.

It is still often supposed that the development of a human from zygote
to maturity and beyond is a kind of unfolding of a program encoded in
the genome. But it is now quite clear that this is not the case (e. g. Barnes
and Dupré 2008), and that human development is a flexible process requiring
access to a diverse range of resources including as well as the
genome, a wide array of other chemicals and structures in the maternal
egg, much that is provided by the uterine environment, and subsequent to
birth a great deal of nurture and cognitive enrichment, provided by parents,
hospitals, schools, etc3. If there is such a thing as autonomy, it
emerges at some point in this developmental process, the life cycle: fetuses
surely don’t have it; well-educated adults do, if anything does. It would be
nice to know when this happens, but perhaps more fundamental is the
question, what it is for this to happen.



As any organism develops, it acquires a range of capacities: capacities
to capture and process resources from the environment, to reproduce, and
so on. In the human case, the range of these capacities can be extremely
large. Humans acquire abilities to read, write and reason; to interact with
one another in a range of playful and serious ways; to speak languages, operate
machines, play musical instruments, etc. In the case of relatively simple
organisms these capacities can give rise to good deal of causal regularity.
When a caterpillar emerges from the egg on a suitable vegetable substrate,
equipped with the proper array of mouth parts, digestive equipment,
and so on to feed, it will very predictably munch away at the poor
plant until it has acquired and processed enough chemical resources to
pupate. On the other hand when a domestic cat has acquired the ability to
catch mice, there is little reason to think any deterministic cause forces it
to pursue mice on any particular cue. My cat, at any rate, is often too lazy
to go out and catch anything, especially if the weather is bad. In other
moods, on the contrary, he will in a remarkably short time bring in a fairly
substantial cross section of the small vertebrates that live in our vicinity. If
this is the acting out of a causally determined routine it is far from obviously
so. Of course, extremely well-ordered capacities are deployed in the
process of slaughtering these unfortunate creatures; it is just that whether
they will be deployed at all, or whether they will be used for a long period
of amusement at the victim’s expense or merely for a quick kill and a
snack are highly variable from instance to instance.


In the human case, at any rate, the vision of the exercise of one or some
among the repertoire of capacities being elicited deterministically in response
to particular features of a situation seems incredible. The relevant
kind of causal regularity supposes a systematic response to an environmental
cue. But more complex organisms, and especially humans, respond
to their environments not as reflexive reactions to experienced conditions,
but teleologically, with a view to the production of some among a range of
desired outcomes. (Even for my cat, desired outcomes include, at least,
amusement and nutrition.) Humans not only acquire large numbers of capacities,
abilities to intervene in the world in highly diverse ways, but can
also increase the numbers of their goals. Although the contemporary office
worker might, at one level of abstraction, claim the sole goal of emptying
her email inbox, the experience of confronting a typical inbox is of
confronting a range of different problems not all of which can be solved at
the same time. Particular events – the arrival of a new email, for instance –
may provide particular opportunities to resolve one among these various
problems. Humans, whether working at computers, making works of art,
tending a smallholding, or whatever, will typically have diverse goals and
diverse possible means of achieving those goals. Any of such means will
typically depend on the exercise of several or many of the capacities that
they have acquired over decades of development. Humans thus take flexibility
and the possibility of choice between actions to an unprecedented
level. And human intelligence (itself an exceedingly complex set of capacities)
makes possible both the formulation of goals and the discernment of
routes by which they can be achieved.


All these choices, between ends and between means, could in principle
be conceived on a quasi-hydraulic model. Different ends would have different
pressures, modified by the assessment of the probability that particular
means would achieve them; the greatest pressure would determine action.
A first response to this, or no doubt a more sophisticated possible
variant, is that only the commitment to the universal presence of determining
causes, a commitment I have explicitly disavowed, could draw one
to such a picture. And this is because surely the picture is psychologically
quite implausible. Consider the exercise of will in a case where akrasia is a
pressing option. One might think of this as simply a matter of the composition
of competing forces, but though talk of strength of will and weakness
of will might encourage such a model, it is surely too simple. When a
principle (I have decided to become a non-smoker, say) confronts an occasion
for akrasia (a friend lights a cigarette while we are enjoying a drink
together), this is certainly not experienced as a conflict between desires.
Desire is all on one side; the motivation to act in accordance with a principle,
though it may be entirely decisive, is something different. Although
Kant’s conception of free action as action in accordance with moral duty
seems excessively severe, a slightly less demanding idea of acting in accordance
with commitment to principles or goals even despite immediate desires
to the contrary surely captures something central to the conception
of autonomy. I shall try to make clearer what this might be in the final section
of this paper.


4. Voluntarism vs. Compatibilism


Let me recapitulate the story so far. I see causal order as scarce rather
than omnipresent, but as exceptionally densely realized by organisms and
especially humans. Humans develop multiple and extremely sophisticated
capacities throughout their ontogeny and become the densest and most
diverse concentrations of causal capacity in our experience. Humans can
therefore impose order on their surroundings by acting in ways intended
precisely to do so. Unless you are reading these words in the midst of a
wilderness hike, the chances are that a casual glance at your immediate
surroundings will provide compelling evidence of the ordering powers of
humans. This does not yet amount to autonomy; fully deterministic mechanisms
could perhaps impose order on their environment, though perhaps
as an empirical fact they could only do this if they were thereby realizing
the intentions of a designer. But we at least have more promising materials
for an account of autonomy than are provided by traditional determinisms.
 

We need to limit the randomness to generating alternative possibilities for these "effects," to be evaluated and selected by an adequately determined decision process.


In my earlier work, I presented this picture as the basis of a kind of voluntarism,
which assumed, though did not really explain in much detail,
some kind of agent causation. Humans, on such a view, are a kind of
miniature first cause, sending ripples of effect into the world as they pass
through it. I don’t think this is wrong, but it is rather unhelpful. 
What determines
what effects the passing human launches on the environment? Is
this just a matter of whim? In which case we are little better off than with
the account of free action as pure randomness.

Though I don’t mean to suggest that I have discovered a fatal flaw in
the kind of incompatibilist voluntarism just sketched, recent work by John
Perry (Perry 2010: 93-113)4 convinced me that a much better solution
would be an indeterministic compatibilism, as I shall now explain. The
first thing that is needed is to dispel the air of oxymoron. For Perry, compatibilism
is not the compatibility of voluntary action with a necessarily
deterministic world order, but just with the normal causal order. Recalling
Hume’s classic statement of compatibilism, we might immediately note
that, although there are passages that suggest that Hume may very well
have been a determinist, this is not the main crux of his argument either.
Certainly Hume stresses that in specific cases human behavior may be as
predictable as anything else. Consider, for example, the reflection that: “A
prisoner who has neither money nor interest, discovers the impossibility of
his escape, as well when he considers the obstinacy of the gaoler, as the
walls and bars with which he is surrounded (Hume 1748: Section VIII,
Part I)”. As described in my general remarks about human capacities, the
gaoler has acquired not only the necessary capacities to ensure my incarceration,
but even the firm commitment to the goal of doing so. He can be
relied upon to adopt whatever plan of action seems best suited to pursuing this end. But the situation Hume describes is as readily compatible
with the metaphysics presented in this paper as with a deterministic one.
Gaolers are the sorts of people who are very unlikely to take pity on their
charges and just let them go.



Perry develops the crucial idea for the present discussion by considering
the phrase, notorious in discussions of the topic, “I could have done
otherwise”5. Generally this phrase is taken to encapsulate a problem for
the compatibilist: if I acted freely, it is said, surely I could have done otherwise.
But if determinism is true, then it is never the case that I could
have done otherwise. So freedom is not compatible with determinism; it is
rather the “wretched subterfuge” of Perry’s title (the phrase is borrowed
from Kant).



Perry proposes that the anti-compatibilist argument trades on an ambiguity
in the interpretation of ‘I could’. On the one hand I may mean, (1)
“My capacities do not preclude my having done otherwise. I am causally
competent to act or not act.” This is true of the gaoler. He is quite capable
of operating locks, opening doors, and so on, and could if he chose, release
the prisoner. In fact he is probably better placed to do so than anyone
else. But the incompatibilist assumes a quite different interpretation,
something like, (2) “I might have done otherwise even though it would
have been entirely contrary to my ends, principles, etc.” Note the innocent
shift from ‘could’ to ‘might’. If we replaced ‘might’ with ‘could’ in (2) it
seems unexceptionable; it is just another way of saying what is expressed
by (1). But ‘might’ here suggests that there is some definite probability of
my doing something contrary to my ends, principles, etc. Why should we
accept this?


Doing something contrary to my goals, principles, etc. is what is generally
referred to as akrasia, or weakness of will. In a broadly Kantian vein, it is
generally considered exactly the antithesis of autonomy. Strength of will,
the causal tendency to do what is necessary to achieve the goals to which
one is committed, is on the other hand a condition of genuine autonomy.
So the possibility of not doing what my ends dictate, of exhibiting akrasia,
sometimes licenses statements such as (2), but surely not always. The gaoler
may well have no tendency at all to deviate from his professional responsibility,
and it is just not true that he might have done otherwise. Perry illustrates
this point with a less weighty example. He invites us to imagine (or if
we have the good fortune to hear the spoken version of his paper, to observe)
that he is confronted with some Brussels sprouts, a vegetable which,
he informs us, he detests. Might he nevertheless decide to eat them? Without
bringing in some entirely new motivation, perhaps some kind of
duress, or extreme hunger, the answer is surely no. (The reader is invited to
substitute some food, or indeed non-food, that they find appropriately repulsive.)
Nonetheless, statement (1) is surely true in this case. To have the
capacity to eat sprouts in this sense just means having the ability to convey
the things to one’s mouth, having teeth capable of reducing them to pieces
small enough to swallow, and so on. He could have done otherwise – eaten
the sprouts – but the chance of this happening was zero.
The point can be summarized by saying that what compatibilism insists
on is that human action, certainly free human action, is compatible with
the normal causal order. If the normal causal order is deterministic then,
of course, what happens could not but have happened. Even in this case,
it is still true that I could have done otherwise in the sense that I had all
the necessary causal capacities to do so; it is not the case that I might have
done otherwise, not only because I had no reason to (if I didn’t), but also
because in a deterministic world it is never the case that anything might
have happened except what actually did. Determinists had better not try
to claim that things might have gone differently, and if freedom requires
this possibility, they had better admit that there isn’t any. But they can, at
least, allow a very plausible sense in which agents may claim that they
could have done otherwise.


But indeterminism, or anyhow the kind of indeterminism I advocate,
can now do even better. On my view, the normal causal order is a patchy
one. Sometimes it tightly constrains what happens, sometimes it is thin
and mutable. So John Perry’s aversion to sprouts or the obstinate dedication
to duty of Hume’s gaoler constitute causally well-organized features
of the world. On the other hand sometimes I may not be much committed
to any one course of action. My causal properties may not determine
whether I choose an orange or an apple; which is just to say my preferences
for fruit are not a firmly established part of the normal causal order.


Dupré here discovers the two-stage model of free will. First a "free" stage. Alternative possibilities are generated, some of them creative new ideas that are indeterministic. Then an  adequately determined "will" stage where possibilities are deliberated, evaluated and selected, changing the future causal order, in a way not pre-determined from before the time possibilities were indeterministically generated.


Most interesting, perhaps, are cases that are not yet part of the causal order,
but may become so as a result of deliberation. When Caesar first worries
whether to cross the Rubicon, it may genuinely not be determined
whether he will do so. His consideration of the issue, and his eventual decision, convert the case from one like my indifferent attitude to various
fruit, to one more similar to Perry’s stronger views on the subject of vegetables.
Thus deliberation and decision may change the causal order; the
idea, contrary to the assumption of determinism, that the causal order is
incomplete makes it possible for such cogitative processes to make a difference
to the world. And of course, as in the case of Caesar, these differences
may be highly significant.

As is characteristic of this topic, the question can always be pushed
back a step. Given Caesar’s particular history, patrician education, and so
on, is there any way he could have made any other decision in 49 b.c.e.
than to cross the Rubicon? I shall remain agnostic on this question. The
point I do want to insist on is that the fixing of the causal order that led to
Caesar and his legions crossing the Rubicon was a process that had a history,
culminating in whatever deliberations Caesar may have engaged in
immediately prior to the seminal event. 


Many of the possibilities considered are habits, causally determined by heredity and experience. But as long as the agent can generate creative new possibilities, 
there is free will.

We are the authors 
of our own lives.



It may be that the relevant causal
order was essentially fixed long prior to this time, or it may have been in
the balance until the end. These are details for historians to ponder. The
defender of free will should not want to insist that the agent might have
done otherwise until the moment of action, even if, in the sense Perry clarifies,
they still could have done otherwise. This insistence would lead us towards
the view of action as random that advocates of compatibilism have
so effectively warned against. But the picture of causal determination crystallizing
out against an as yet undetermined background makes it possible
that human thought, commitment, moral reflection, and so on, can play an
essential role in the determination of the future. And that, surely, is everything
that the defender of free will should want.
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Radioactive decay is only statistically and adequately determined. 
It is the paradigm of a process that is not pre-determined.


Source: https://www.informationphilosopher.com/solutions/philosophers/dupre/indeterminism_free_will.html
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It has notoriously been supposed that the doctrine of determinism conflicts
with the belief in human freedom. Yet it is not readily apparent how indeterminism,
the denial of determinism, makes human freedom any less problematic. It
has sometimes been suggested that the arrival of quantum mechanics should
immediately have solved the problem of free will and determinism. It was
proposed, perhaps more often by scientists than by philosophers, that the
brain would need only to be fitted with a device for amplifying indeterministic
quantum phenomena for the bogey of determinism to be defeated. Acts of
free will could then be those that were initiated by such indeterministic
nudges. Recently there has been some inclination to revive such a story
as part of the fallout from the trend for chaos theory. Chaotic systems
in the brain, being indefinitely sensitive to the precise details of initial
conditions, seem to provide fine candidates for the hypothetical amplifiers
of quantum events.


But this whole idea is hopeless. I need only recall that the interest
in establishing free will is not the conviction that humans are random
action generators, but a concern that human autonomy is inconsistent with
the possibility of fully explaining human actions in terms that have no
apparent connection with the wishes and beliefs of the human agent.1
Standard compatibilist claims that human autonomy and mechanistic causal
explanation are not mutually exclusive may or may not be defensible. But
the attempt to reconcile human autonomy with the complete randomness of
human actions is surely hopeless.2 At first sight it appears
that, despite the initial worries about determinism, indeterminism makes
the conception of freedom of the will even less tenable.3
Despite the untenability of the ideas just mentioned, my aim in this
paper will be to show that the solution to the problem of the freedom of
the will does lie, nevertheless, with the truth of indeterminism. To see
how this is so, it is necessary first to distinguish two very different
grades of indeterminism. The indeterminism entailed by the common understanding
of quantum mechanics, while it denies that the causal upshot of a situation
is a determinate function of any fact about that situation, still insists
that there is a complete causal truth about every situation. It is just
that this truth is in the form, not of a unique outcome, but of a range
of outcomes with specific probabilities attached to their occurrence. Thus
situations are still conceived as evolving according to laws, just laws
of a somewhat different kind. I shall refer to both determinism, and this
brand of moderate indeterminism, as versions of the thesis of causal completeness.
Even if determinism is false, causal completeness requires that there be
some quantitatively precise law governing the development of every situation.
If we maintain the doctrine of causal completeness, then the only retreat
from physical determination of our actions is in the direction of more
or less unreliability, hardly a desirable philosophical goal. However,
the indeterminism that I wish to advocate is something quite different,
the denial of causal completeness. I shall maintain that few, if any, situations
have a complete causal truth to be told about them. Causal regularity is
a much rarer feature of the world than is generally supposed. And the real
solution to the problem of freedom of the will, I shall argue, is to recognize
that humans, far from being putative exceptions to an otherwise seamless
web of causal connection, are in fact dense concentrations of causal power
in a world where this is in short supply.


The solution to the problem of human autonomy that I propose, then,
is a complete reversal of traditional non-compatibilist approaches. 


Not only humans, but all life forms, have a causal power that emerges with the ability to create purposeful information structures. It is these information processing abilities, culminating in the human mind, 
which exert downward causation on the 
physical world. 


Such
solutions have assumed that the non-human world consists of a network of
causal connections, the links in which instantiate lawlike, exceptionless
generalizations, but tries to show that humans, somehow, lie outside, or
partially outside this web4. By contrast, I am suggesting that
causal order is everywhere partial and incomplete. But humans, by virtue
of their enormously complex but highly ordered internal structure, provide
oases of order and predictability. Thus the significance of recognizing
indeterminism is not at all to show that human actions are unreliable or
random. It is rather to show that the causal structure that impinges on
a human being, whether externally from macroscopic causal interaction,
or internally, from constitutive microstructural processes, is not such
as to threaten the natural intuition that humans are, sometimes, causally
efficacious in the world around them.


This picture immediately accords with some obvious empirical facts:
among the most apparently orderly features of the external world, such
as straight roads and vertically stable edifices, not to mention complex
machines, are products of human action; and among the most predictable
entities in the world, as Hume, to a rather different purpose, argued,
are people. Plans can be coordinated among many people, and complex human
institutions can function, because human behavior is to a substantial degree
reliable. All of this is quite unproblematic if we see humans as sources
of causal order rather than either as exceptions to a universal external
order or as insignificant components of some all-encompassing cosmic order.
Thus a radical rejection of the traditional mechanistic assumption of causal
completeness does indeed defuse the traditional problem of free will.


I shall expand on these claims at various points in this paper. Prior
to that, however, the main task of the paper will be to render its presuppositions
plausible. In the next part of the paper I want to argue that determinism,
specifically microphysical determinism, really is a problem for an adequate
account of human autonomy. Thus I reject the post-Humean compatibilism
that holds no amount of determinism to provide any difficulty for freedom
of the will. 


The determinism that emerges in the world is only an "adequate" determinism

In the third section, I shall argue that we have, fortunately,
no reason to believe in determinism--or even causal completeness, whether
microphysical or any other kind. The paper will conclude with some further
discussion of how I conceive the rejection of causal completeness to provide
a way out of the traditional problem of free will.



Microphysical Determinism and the Causal Inefficacy of Everything Else

Suppose that there is some set of microscopic entities undecomposable into
any smaller constituents, and of which all larger entities are composed.
Assume that all putative entities that might appear not to be composed
of anything (numbers, abstract objects, universals, etc.) are either wholly
dependent for their existence and behavior on objects made of these microscopic
entities, or non-existent. Though these suppositions could certainly be
questioned, I believe that they would be widely accepted among the many
philosophers who think of themselves as physicalists. Now suppose that
we also have a fully deterministic account of the behavior of these microscopic
entities. 

This is the classic idea of reductionism and "bottom-up" causation.


Although heroic attempts have sometimes been made to deny it,
it seems to follow inevitably from this set of assumptions that the behavior
of everything is fully determined by the laws at the microlevel. This seems
to follow immediately from the assumption that objects at higher levels
are composed entirely and exhaustively of the microscopic objects. For,
given the assumption of determinism, it is true of every individual microscopic
object that its behavior is fully determined by the laws governing microscopic
objects. And surely if the behavior of every constituent of a thing is
determined, so is the behavior of that thing.

This point can be made more graphic by thinking of a constituent of
a human being, say an electron in my finger. 


This is Roger Sperry's insight that a turning wheel exerts downward causal control over its atoms. Later, Donald Campbell developed the more general idea of downward causation

I might be inclined to explain
the movement of that electron by saying, for example, that I was reaching
for a glass of water, and my hand brought the electron along with it. But
clearly this explanation is going to have to be consistent, at the very
least, with the explanation in terms of the microphysical laws acting on
the electron. If we now consider the same condition applying to all the
various electrons and suchlike in my arm, it would appear that only cosmic
coincidence or some kind of dependence of the higher level on the processes
at the lower level could insure this overall compatibility. The bold conclude
at this point that either the higher level phenomena are reducible, in
the sense of derivable, from the lower level phenomena, or they cannot
really exist at all (eliminativists). The more cautious fall back on claims
of supervenience, though as far as I can tell this is merely reductionism
with a modest reticence about the capacity of humans to carry it out. At
any rate, none of these positions allows any genuine autonomy to the higher
structural level5.


The importance of emphasizing the concept of causal completeness rather
than merely determinism is that nothing is significantly altered in the
preceding argument by moving from a deterministic to an indeterministic
but complete system of laws at the microlevel. Given my intention to drink
from the glass of water in front of me, the probability that the electron
referred to in the preceding paragraph will move in a certain direction
is very high. Again there must be some parallel explanation at the microlevel
that also attributes a similar high probability to such a move. And again,
when we aggregate all the particles that compose my arm, some explanation
is required of the apparently extraordinary coincidence between the phenomena
at the two levels.


My general point is just that causal completeness at the microlevel
appears to entail reductionism, at the very least in the sense of the supervenience
of everything else on the microphysical. And even supervenience, I claim,
is sufficient to deny any real causal autonomy to higher structural levels.
The alternative picture I would like to advocate denies causal completeness
at any level. 


This is the idea of emergence, where upper levels in a hierachy can exert downward causation on the lower levels. It is also called non-reductive physicalism


Objects at many, probably all, levels of the structural hierarchy
have causal powers. One of the reasons why these causal powers are never
displayed in universal laws (deterministic or probabilistic) is that objects
at other levels often interfere with the characteristic exercise of these
powers6. I take it that the example of the electron in my hand
is best seen as such a case.7 If that is right, then the behavior
of microlevel objects is very frequently consequential on processes at
higher structural levels. As a simple example in the opposite direction,
a person's plans can be seriously impeded by a dose of radiation. Elsewhere
I have also advocated ontological pluralism at particular structural levels
against the essentialism that tries to insist on a uniquely privileged
position for one set of kinds. My present claim is that the same ontological
tolerance should be accorded between structural levels. As objects are
united into integrated wholes they acquire new causal properties (perhaps
that is exactly what it is for a whole to be--more or less--integrated).
I see no reason why these higher level wholes should not have causal properties
just as real as those of the lower level wholes out of which they are constructed.
But of course many philosophers have seen many such reasons, all grounded,
I suggest, in the conceptual nexus that links determinism (or at least
causal completeness) and reductionism. I believe that both of these doctrines
are inherently implausible, but because the former is more widely, or at
least explicitly, believed, and because it is more closely and traditionally
associated with the question of human freedom, in this paper I shall focus
exclusively on causal completeness. To this, the central task of this paper,
I shall now turn.8


Causal Incompleteness
Determinism emerged in nature when large numbers of microscopic particles assembled into bodies. Laws of nature are statistical and only adequately determined

The thesis of this section of the paper is that there is no plausible ground
for the belief in determinism. I shall address most of the argument to
the doctrine of determinism, but I intend that everything I say will apply
equally to indeterministic versions of causal completeness unless I explicitly
differentiate the two cases. Later in the paper I shall say something about
how I conceive of causal reality in the absence of the assumption of causal
completeness. The basic strategy of my argument will be as follows. Presumably
determinism is a very strong metaphysical assumption. To claim that everything
that happened had to happen, given the totality of prior conditions, is
to impose an enormously strong--indeed the strongest possible--restriction
on the possible evolution of the universe. And even the claim that the
state of the universe at any time fully determines a set of objective probabilities
for its subsequent state is a strong assumption. My point is then that
such strong assumptions require persuasive reasons if they are to have
any plausibility. I do not take seriously the idea that determinism might
be established by means of a transcendental argument of some kind, simply
because, as I shall explain below, an indeterministic, causally incomplete,
world seems to me entirely possible. Thus my question will be whether there
is any basis in our empirical interaction with the world for supposing
that it is causally complete. My answer will be in the negative.

There are two main kinds of experience that might be held to legitimate
a belief in determinism. These are our familiarity with scientific laws
and our everyday causal experience. An important special case of the latter
is our experience of highly organized systems, especially machines and
organisms. I shall deal with these topics in turn, but reserving the special
cases of machines and organisms to a separate section. First, then, do
the results of scientific investigation lend support to the idea that the
world is deterministic, or at any rate causally complete? 


This is more often claimed by philosophers of science, not scientists themselves


Here I must first
dispose of an important red herring. It is often claimed that science must
assume determinism as a methodological imperative. The idea is that it
would be sheer defeatism, when confronted with a phenomenon anomalous in
the light of current belief, to assume that this was simply a phenomenon
outside the causal nexus. We naturally and correctly attempt to broaden
our understanding of the range of phenomena in question so as to remove
the appearance of anomaly. But that, it is claimed, is to assume that the
anomalous phenomenon is in fact part of a uniform and complete causal nexus.
Thus it might be suggested (and this is the non sequitur) that science
must assume determinism; and then perhaps, that the successes of science
provide evidence that the presuppositions of science, in particular determinism,
must be true. But of course to say that science aims to explain phenomena
does not entail that all phenomena can be fully explained. And to say that
science has had some explanatory successes hardly implies that everything
that happens can be fully explained as part of an underlying universal
regularity.


So do the actual results of scientific research provide more direct
evidence for determinism? The most compelling such results, for the reasons
spelled out in the preceding section, would be those that provided evidence
for casual completeness at the microlevel. But clearly there is no such
evidence. Although certain very specialized phenomena in extremely carefully
controlled conditions do exhibit some impressive regularities, this is
the entire extent of such evidence. (As should become apparent later on,
the fact that these regularities are produced in extremely elaborate machines--machines
painstakingly designed for the very purpose of producing these regularities--is
of great significance.) Evidence for causal completeness would require
that increasingly complex systems of physical particles could be shown
to be amenable to causal explanation in terms of the laws said to govern
individual particles, evidence, that is to say, for general reductionism.
I cannot here go into the general difficulties that confront the project
of reductionism. But I do not need to do so. No one has claimed to be able
to explain the behavior even of very small collections of particles in
terms of the behavior of individual particles; the reduction even of relatively
simple parts of chemistry to physics is now looked on with considerable
skepticism; and even physics itself is acknowledged to consist of laws
the relations between which are obscure, though at least the unification
of physics is still looked upon by some physicists as an attainable goal.
At any rate, the view that every physical particle has its behavior fully
determined by microphysical laws must derive any plausibility it has from
some source other than the development of microphysics.9
It appears then that microphysical determinism must be motivated, somewhat
paradoxically in view of the connections between determinism and reductionism,
by experience at the macroscopic level. But before turning to our everyday
experience of causal regularities we might consider the possibility that
microphysical determinism could be motivated by our knowledge of macrophysical
laws. The obvious candidates, since they remain the most widely admired
paradigm of scientific knowledge, would be the laws of Newtonian mechanics.
But here we encounter exactly the same difficulty that we saw at the microlevel.
Whereas scientists have been able to subsume very simple systems such as
the solar system under impressively reliable regularities, the ability
to apply Newtonian laws to more complex systems has proved severely limited.
The notorious failure to solve the three-, let alone N-, body problem marks
this failure. Thus we have no empirical evidence for the general truth
of Newtonian mechanics as applied to complex systems of bodies unless we
are prepared to countenance inductions grounded on one kind of case (very
simple systems) to all cases, most of which are very different from those
empirically studied. 


Both Newtonian and quantum (Schrödinger) equations of motion are only precise in idealized unrealizable conditions of the complete isolation of two particles


Moreover, to reiterate a point emphasized by Nancy
Cartwright(1983), we know that laws such as those
of Newtonian mechanics are true only under a very stringent ceteris
paribus condition, a condition we know to be generally false. Thus,
far from knowing that these laws are universally true, we know that they
are generally false. The assumption that the laws of Newtonian mechanics
are, in some sense, carrying on regardless under the overlay of increasingly
many interfering and counteracting forces is sheer speculation. Thus this
can hardly be a good empirical ground for the alleged universality of microphysical
laws.10
The other common idea, mentioned above, is that determinism is evident
from our everyday experience of causality. This assumption can be seen
in classical regularity theories of causality from David Hume to J.S.Mill
and J.L.Mackie11. 


It is rarely cited, but Hume worried that determinism limits human freedom in ways that none of his compatibilist followers do


Hume appeared to take determinism outside
the human sphere to be so obvious as not to need much discussion. He was
more concerned to show, with well-known examples such as the sure and swift
appropriation of a purse of gold abandoned at Charing Cross, that humans
were subject to regularities just as immutable as those governing the natural
world. Mill was a good deal more sensitive to the complexities of regularities
of the latter kind, realizing that the regularities of common experience
could easily enough be defeated by either the absence of necessary background
or auxiliary conditions, or by the presence of interfering conditions.
Thus a lighted match thrown onto a pile of dry straw will always start
a fire--unless, that is, there is no oxygen, or a fire extinguisher is
simultaneously directed at the straw, etc. While thus acknowledging the
complexity of everyday causal regularities, Mill appears to have thought
that with sufficient care to include all the relevant auxiliary conditions
and exclude all possible blocking conditions, a truly universal regularity
could be discovered. This idea reached its most sophisticated expression
with Mackie's analysis of an everyday cause as an insufficient but non-redundant
part of an unnecessary but sufficient condition, or an "inus" condition.
The sufficient condition in this analysis is the cause with all the auxiliary
conditions and the negation of possible interfering conditions. The non-necessity
of such conditions points to Mackie's additional recognition that there
might be many such complex sufficient conditions of which none, therefore,
would be necessary (a bolt of lightning might equally well have ignited
the pile of straw).


Many objections can be raised against this picture, at least if it is
assumed that it intends one to take seriously the universality of the implied
laws rather than merely to illuminate the relations between miscellaneous
items of causal lore. One may well doubt, to begin with, whether there
is any definite limit beyond human imagination to the number of conditions
that we might need to add to produce a fully universal generalization.
More seriously, the more conditions are added, the further these putative
regularities recede from any possibility of empirical support or refutation.
Indeed the reason we are forced to move from simple regularities (e.g.
lighted matches cause fires in flammable materials) to increasingly complex
and qualified regularities is simply because we recognize the general falsity
of the simpler ones. But as we move to such ever more complex regularities,
first, the amount of evidence even bearing on the truth of the regularity
will rapidly decline; and second, in keeping with the process that brought
us the complex regularity in the first place, were we to find an exception
to the complex regularity we would presumably respond by looking for a
further interfering condition rather than by rejection of the entire regularity.
This suggests that the Mill/Mackie program might better be seen as embodying
a methodological rather than a metaphysical conception of determinism.


A second kind of objection casts doubt on the empirical basis of everyday
causal determinism from a rather different perspective. Many everyday phenomena
give no superficial appearance of being deterministic or even nearly deterministic.
Consider, for example, a tossed coin. Now it is often asserted that this
is a fundamentally deterministic phenomenon, and the only reason we are
unable to predict the outcome is that we have an insufficiently precise
knowledge of the initial conditions. It is much less clear why this is
asserted. Presumably it must be because the kinds of laws involved in such
a process (mainly Newtonian) are assumed to be deterministic. But I have
already considered the weakness of that line of thought. The present case,
since it is one in which we cannot in fact make any such predictions, provides
further support for the argument against basing determinism on macroscopic
scientific laws. At any rate, the thesis that everyday causal experience,
suitably refined in the style of Mill and Mackie, provides grounds for
the belief in determinism, simply ignores the fact that a great deal of
our experience, whether of gambling devices such as tossed coins and roulette
wheels, or just of seemingly quite erratic natural phenomena such as falling
leaves or swirling smoke, provides no such grounds.


The final argument I shall mention is perhaps the most telling. It is
that if there is causal indeterminism anywhere, it will surely be (almost)
everywhere. Suppose, as is sometimes rather bizarrely suggested, that the
only locus of indeterminism is in quantum mechanics. But surely--and here
phenomena such as hypothetical quantum amplifiers in the brain have genuine
significance--it must be impossible to insulate the indeterminacy of quantum
events so fully from consequences at the macroscopic level. Consider again,
for instance, the tossed coin, and suppose that its trajectory deterministically
produces--ceteris paribus--its final outcome. Suppose the coin is
at a point at which it is about to land heads. And suppose finally that
a collision with a fast-moving air molecule is sufficient to reverse this
outcome and produce a toss of tails. If the situation is sufficiently delicately
balanced this must surely be possible. Assuming that the molecular trajectory
is a sufficiently microscopic event to be subject to some degree of quantum
indeterminacy, then we can easily see that the claim to determinacy of
the coin-tossing event cannot be sustained. We cannot treat this as merely
another interfering factor, because whether or not it has any effect on
the final outcome cannot be determined by any amount of knowledge of the
initial conditions.


It is a further advantage of this example that a coin toss is the kind
of event that might imaginably have massively ramifying consequences. Perhaps
the last degenerate scion of some aristocratic line is wagering his fortune
on this coin toss. The outcome will dramatically affect the lives of his
dependents, servants, creditors, etc. and their fortunes will have an increasing
cascade of consequences. (This sort of thing will be familiar to readers
of Victorian novels.) The general point that this argument is intended
to illustrate is that indeterminism anywhere, by virtue of the variety
of causal chains that might be initiated by an indeterministic event, is
liable to infect putatively deterministic phenomena anywhere. It is significant
that this applies equally within and across levels of structural complexity.


One final point will conclude this section. The last argument discussed
is an argument against determinism, but not necessarily against causal
completeness. In the case of the coin toss, provided only there is no correlation
between interfering molecular events and outcomes, we should expect that
these would be equally likely to change heads to tails and vice versa.
So even if these interfering events occurred in accordance with no law
even of a statistical nature, they might not render incomplete the supposed
law that coins of a certain kind come up heads 50% of the time. On the
other hand the preceding arguments, based ultimately on the lack of empirical
support for determinism, seem if anything even more pressing against an
indeterministic version of causal completeness. For any investigation of
a range of phenomena will provide statistical facts. That, for some x,
x% of events of type A are followed by an event of type B, is a matter
of logic. But for this very reason, even if we have excellent grounds for
believing that As really do have a tendency to produce Bs, it is difficult
to see why we should be led to believe that there is any x such that it
is a law that x% of As produce (or are followed by) Bs. The most
plausible basis for such a belief, I suppose, would be microphysical reductionism,
a topic about which I have said as much as I have space for here. We might
better ask, What would it mean for there to be a law of this kind,
as opposed to there merely being a tendency of As to produce Bs, and a
statistical correlation of a certain strength between As and subsequent
Bs? Ignoring for the present purposes a range of widely explored subtleties
concerning spurious and genuine correlations, joint effects of a common
cause, and so on, which would be required for a detailed answer to this
question, the simple answer which is sufficient for my present purposes
is just that a precise causal law should license us to expect that the
proportions measured in a suitably large numbers of trials should be (approximately)
repeated in the future. It seems to me, on the contrary that in practice
such an expectation would often be foolhardy.


In real life, the degree to which we treat statistical experience as
a guide to future expectations will vary from almost zero to almost unity.
No doubt many explanations could be given of the reasonableness of such
a perspective, some consistent with causal completeness. The explanation
which seems to me most consistent with both investigative practice and
the experience of causal regularity, however, has nothing to do with laws
or statistical uniformities at all. Correlations reveal, I believe, (subject
to well-known qualifications) the causal powers of certain objects or events
to produce particular effects. Whether we expect the production of such
effects to occur with a fairly constant frequency depends whether we think
that the frequency of other relevant causal factors is likely to remain
reasonably stable. But without some apparently quite arbitrary way of privileging
a particular constellation of background conditions, there is no such thing
as the quantitatively precise, constant and timeless tendency of As to
produce Bs ceteris paribus. Other things can be a particular way,
and they can be more or less reliably that way. But except in the very
simplest cases, as in Newtonian mechanics where we imagine there being
only two bodies in the universe, and everything else is supposed not equal
but absent, I do not know what everything else being equal even means.
Thus once we have fully appreciated the complexity of the causal nexus,
the thesis of indeterministic causal completeness is seen to be not only
devoid of empirical support, but even to be of dubious intelligibility.



Machines and Organisms

As I have tried to show in the preceding section, I do not think that direct
reflection on our (extremely limited) knowledge of universal regularities
lends much support to the idea of a universe with a complete causal structure.
However it may well be that deterministic intuitions derive more from reflection
on complex and highly organized structures, especially machines and biological
organisms. Since the overall metaphysical vision out of which the whole
problem of free will arose is aptly referred to as mechanism, it is certainly
appropriate to consider the artefacts that have somehow come to provide
a model for the universe; the consideration of organisms, notoriously liable
to be treated as a kind of naturally occurring machine, will bring us back
to the topic with which this paper began, the causal status of humans.

It is easy enough to see why machines should have some tendency to inspire
deterministic intuitions. Machines, good ones anyhow, are extremely predictable.
I am confident that the text I type into my computer is exactly what will
eventually come out of my printer when I connect them up in the right way.
(Though not so confident that I do not occasionally make a hard copy; and
some people, I am told, even make back-ups of their computer files on disks.)
But a little further reflection makes it very puzzling that something like
this, rightly admired as one of the great triumphs of modern technology,
should be taken as a model for the universe in general. If the sort of
regularity that is characteristic of a good computer or car were typical
of the universe it would, one might imagine, be fairly easy to make, or
perhaps even just find, such things. But it is not at all easy, which is
why such technological achievements are admired. If the universe is a machine,
it is far from obviously so.




In fact, our apparently deterministic machines are the product of extremely powerful error detection and correction procedures designed into them to protect against quantum events like cosmic ray collisions, which erase bits of information.


Perhaps a more sympathetic interpretation of the tendency for machines
to inspire determinism is the idea that only if determinism were true would
it be possible to make reliable machines. And since we can make reliable
machines, determinism is proven to be true. Underlying what seems to me
a great exaggeration in the first premise there is, nevertheless, a very
interesting question: what degree of order must exist in the world for
the kinds of reliable machines we possess to be possible? The beginning
of a more temperate answer to this question than the immediate appeal to
determinism is the observation that no machines are completely reliable,
and some are very unreliable. The point of this observation is not to insist--though
strictly speaking it is no doubt true--that there is some possibility,
however remote, that when I type the word "type" on my computer a four-letter
obscenity will instead appear on the screen; or that when the spark ignites
in the combustion chamber of my car the gasoline inside it will spontaneously
liquefy. Rather I want to focus on the question, what is it that makes
machines more or less reliable. And of course the answer is not, at any
rate, that reliable machines have access to more universal laws.


Consider, then, what is by modern standards a fairly simple machine,
an internal combustion engine. If we ask how such a machine operates we
may be content with a very simple story: a mixture of air and gasoline
is exploded in a cylinder, pushing a piston down the cylinder; the cylinder
is connected to a shaft which is rotated by the moving piston. A number
of similar cylinders are connected to this shaft, and a sequence of explosions
keeps the shaft rotating continuously. It seems to me that this is, roughly
speaking, a correct answer to the question how an internal combustion engine
works. But if, on the basis of this explanation, someone lined up some
coffee cans partially filled with gasoline on the kitchen floor, stuck
toilet plungers in the cans and tied the ends of the plungers to a broomstick,
and then posted lighted matches through little holes in the side of the
coffee cans, they would certainly not have built an internal combustion
engine (though I suppose the broomstick might jump about a bit).


I suggest that it is useful to think of how a machine works in two stages.
First there is the question what makes it even possible for the machine
to do what it is supposed to do. A slightly more elaborate version of the
answer sketched in the previous paragraph might be an answer to this question
for an internal combustion engine. Having got that far, however, most of
the details of the internal combustion engine concern the more or less
ingenious auxiliary devices that make sure it really does do what it is
intended to do rather than one of the may other things it has an initial
capacity to do. So, for instance, the cylinder must be strong enough to
avoid simply disintegrating when the gasoline explodes; the crankshaft
must be extremely strong and rigid if it is to reliably convert the linear
momentum of the cylinders to rotational motion; piston-rings prevent the
energy of the explosion from being dissipated between the piston and the
cylinder; oil must be provided to prevent the cylinders getting so hot
as to seize in the cylinder, or for that matter melt; some way must be
found to dissipate excess heat from the running engine; and so on. Even
a Trabant has the capacity to run, and sometimes does so. The difference
between this and a well designed car is that the behavior of the parts
of the latter is so tightly constrained that it can do nothing but what
it is designed to do--though eventually, of course, even the best designed
machine will break free of its constraints. My point so far is just that
this kind of constraint is not something characteristic of nature generally,
but something that engineers devote enormous efforts to attempting, never
with total success, to achieve.


Of course, this account of the reliability of machines does assume the
reliability of various causal relations. Gasoline and air mixtures invariably
explode when sparked; heat will flow from a hot engine to cooling water
circulating over it; and many others. It is interesting that many such
regularities can be seen as reflecting the overall upshot of very large
numbers of similar though indeterministic processes at the microlevel,
which suggests the hypothesis that it is just those macrolevel processes
that can be roughly reduced in this way that reveal this near determinism.
But I do not want to insist on this here. While machines could presumably
not work without exploiting extremely reliable regularities such as those
just mentioned, the regularities that characterize the machines themselves,
as with many other macroscopic causal regularities are only more or less
reliable. Reflection on how good machines are engineered, far from making
us think of mechanism as generally characteristic of the world, should
make us realize how difficult it is to turn even little bits of the world
into bits of mechanism.


Turning now to organisms, it is a familiar idea, especially following
Descartes, that organisms just are machines. Natural theology until the
late nineteenth century considered organisms quite explicitly as the products
of a divine mechanic. No doubt there are aspects of organisms for which
this analogy is illuminating. Indeed the complex but highly stereotyped
performances of many insects in, for example, constructing and provisioning
burrows for egg-laying have many of the characteristics of a well-designed
machine. To the extent that the analogy is appropriate the same remarks
that I made about machines will apply to the relevance of organisms to
the prevalence of causal regularity. Looking, however, at the other end
of the organic scale, and most especially at humans, the parallel with
machines has serious limitations.12
The fact that when, for example, I intend to walk down the garden path,
my legs move in just the right way to maintain my balance and propel me
forward is, I suppose, something that could be explained in a manner strongly
analogous to the performance of a machine, though perhaps more complex
than any machine we have yet managed to construct. I suppose that the physiology
and cell-chemistry of muscle tissue explains how the physical movements
are obtained, and a variety of sensory and neural mechanisms bring it about
that the motion is steady and in the right direction, and that a vertical
posture is maintained. Although this seems significantly analogous to the
account I offered of the working of the internal combustion engine, we
should now note that an internal combustion engine is in reality not a
machine but a part of a machine. If we think now not just of an engine
but of an entire car, an important class of features has yet to be mentioned.
I am thinking of such things as the ignition key, the steering wheel, and
the brake pedal, those devices by which the machine is made to act in a
way conducive to the ends of its human operator. A reliable car, as opposed
to a reliable engine, the latter of course being a necessary but insufficient
component of the former, is one in which there is a reliable correlation
between inputs to these controls and the behavior of the whole machine.
Thus machines are not sources of causal autonomy; they are, at most, instruments
for furthering the causal autonomy of their users. The superficial, and
I think also deep, disanalogy between humans and machines is that humans
have no controls.


It may rightly be objected at this point that insects with simple stereotyped
behaviors have no controls either, yet I have claimed that they are closely
analogous to machines. There are two possible responses. First, a stereotypical
performance might simply be produced in response to nothing at all. More
typically and interestingly, a kind of behavior might be triggered by some
sensory input, the sense organs thus serving as devices for producing behavior
appropriate to the external circumstances. This is primarily what I have
in mind in talking of the stereotypic and machine-like behavior of certain
insects: a certain stimulus triggers a sequence of behavior. There is,
of course, a tradition of psychological investigation of humans that applies
just this model to humans. Though in it crudest behaviorist versions it
has been almost wholly rejected, the idea that sensory inputs, mediated
by "information-processing mechanisms," somehow elicit the appropriate
"emission" of behavior is still widely, perhaps generally, pursued. This
is a mechanistic model, though one in which the complexity of the machine
is such that we as yet have no idea what it is designed to do in the innumerable
situations it encounters.13 Against this model, I propose that
we should recognize that we were not designed at all, and consequently
there is nothing we were designed to do in any situation.


Between two views that I have rejected, that we are random action generators
and that we are machines, can be found the view that makes sense of human
autonomy. Many parts of humans have just the characteristics of machines
that I have emphasized in the preceding discussion, namely complex constraints
that insure the predictable exercise of some capacity of an organ or physiological
system. But humans are fundamentally different from machines in that they
have no controls. Self-control, in the sense of the absence of external
controls, is of course nothing but the autonomy, or free will, that was
the original topic of this paper. I have not attempted to refute the idea
that sense organs might sometimes function as controls, in the sense that
the input to sense organs might determine, via a complex intermediate causal
chain, the behavior of the whole organism. This is presumably roughly true
of simple organisms. But it does not appear to be true of ourselves, except
perhaps in purely reflexive actions, such as ducking to avoid a flying
object. The reason we are so liable to think of ourselves in this machine-like
way is because we are tempted by determinism. If the world is deterministic
then my behavior is causally necessary given the stimuli that impinge on
me; and presumably the most important stimuli are sensory ones. The point
of all the complex machine-like parts of me would then have to be just
to make sure that the causally elicited behavior was appropriate to the
circumstances disclosed by my sense organs. But the rejection of causal
completeness allows a more natural view of things. My complexity of structure
gives me a vast array of causal powers, a range of powers that would be
inconceivable without that intricate machine-like internal structure. But
the exercise of those powers, though obviously influenced by the circumstances
I perceive myself to be in, ultimately depends on an autonomous decision-making
process. Once we see causal order as something special rather than something
universal, there is no obstacle to seeing the human will as an autonomous
source of such order.



Some Concluding Remarks

My reference at the end of the last section to the human will leaves, needless
to say, some questions unresolved. However, it is not my goal here to offer
a detailed account of the will. Rather, my more modest aim is to show that,
contrary to a notorious tradition of philosophical controversy, a reasonable
metaphysics of causality presents no special difficulties for the idea
of human autonomy, and requires neither ghostly nor random nudges of the
physical causal order. In order to give a little more positive philosophical
substance to the view I shall, in this final section, very briefly relate
what I have said to some very famous views on the subject, those of Hume
and of Kant.

Although it may well remain the dominant view of the subject, Hume's
attempt to reconcile human autonomy with a classically deterministic structure
of causal relations seems to me unconvincing14. On the other
hand Hume was surely right that exercises of human freedom were much better
understood as instances of causality than of its complete absence. His
problem, in my view, was his commitment to a universalistic regularity
theory of causality. Given such an account of causality, any departure
from determinism is a failure of causality itself.15 The solution
I have advocated requires espousing an ontology of causal powers of the
kind that Hume so famously attacked.16
Kant also appears to have thought that a deterministic causal structure
was compatible with human autonomy, though the metaphysical excesses to
which he was led in effecting this reconciliation have convinced almost
no one. However his conception of human autonomy might provide--though
here I end on a more speculative note--a vital and final piece in the picture
that I wish to present. My point at the end of the last section was that
human decision could be a real source of causal order in the world. However,
this claim may seem shallow without some further account of the origins
of this order. In particular if one traces human decisions ultimately to
contingent human desires, desires which presumably can themselves be traced
either to our biological heritage or our upbringing, human autonomy seems
at best a focus rather than a source of order. And just such a conception
of human decision-making has been cultivated for a century by economists
and more recently by exponents of so-called rational choice theories in
a variety of disciplines. Some more interesting account of the ultimate
springs of human behavior than the economist's standard refrain, "tastes
are exogenous," is needed if we are to provide a deeper and more interesting
conception of human autonomy.


Without going into what I take to be the deficiencies of the economistic
vision of human behavior, it is clear that something more than an unexplained
appeal to particular tastes or preferences is required to give interest
to the account of human autonomy suggested in this paper. It seems to me
that Kant's account of human action suggests a promising direction in which
to go. Kant, notoriously, distinguished sharply between action motivated
by desire and action motivated by principle. Having dispensed with the
deterministic framework, it is possible to emphasize this distinction without
either the extreme moralistic distinction in favor of action motivated
by duty, or the metaphysically murky appeals to the noumenal world, which
have combined to cast deep suspicion on Kant's conception.


In a world where order is a local and incomplete phenomenon, the importance
of principle as a source of human action is easily stated: it explains
how ideas, the creative acts of the human mind, can change the world. Unlike
Kant, I do not make a fundamental distinction here between moral and more
mundane principles. I conceive of the principle, "Follow the architect's
blueprints in determining where to build the wall," as as genuine a source
of autonomous action as "Do whatever is necessary to end hunger." But despite
this moderation of the Kantian position, the enormous importance of moral
principles in this context should not be downplayed. The most fundamental
reason why we should care about human autonomy is that it holds out the
hope that human action might produce a better world. And what that requires
is action grounded in moral principles. This is something I believe we
are free to choose; and making this choice, I claim, can make a difference.


I conclude with one further speculative and perhaps paradoxical suggestion.
Principles, I take it, are essentially linguistic phenomena. And language
is essentially social. Thus the condition for genuinely free individual
action is the embedding of the individual in society. This will not seem
surprising to those who take seriously the fundamental biological fact
that Homo sapiens is a social animal. It may, however, be an unwelcome
suggestion for the tradition that connects human freedom with the profoundly
individualistic social philosophy and metaphysics dominant in contemporary
English-speaking culture. That, however, is not my concern.17


Notes.

1. No doubt the belief in such indeterministic events was often also connected
with the inchoate hope that these might be sufficiently loose and microscopic
that even an immaterial soul might have a chance of subtly influencing
them. Though this make the idea less absurd from the point of view of understanding
human autonomy, it introduces new absurdities that I cannot attempt to
address here.

2. This point was clearly stated by C. D. Broad (1952).




For a survey of successful attempts to integrate indeterminism without making our actions themselves random, see two-stage models of free will

3. And presumably for this reason the possibility of indeterminism does
not figure largely in recent discussions of the problem of free will. In
a recent anthology on the topic (Fischer 1986), I could find only one extended
discussion of the topic, in the paper "Asymmetrical Freedom" by Susan Wolf.
However even this discussion concerns only the failure of determinism at
the psychological level, and remains agnostic about the relation of this
to underlying physical determinism. Because of this difference in focus,
I shall not try to relate the present discussion in any detail to recent
philosophical work on the topic.


4. A classic statement of such position is that of William James (1884/1956).


5. This is at the basis of Kim's well-known arguments against non-reductive
physicalism (Kim 1993, especially essays 14 and 17) . Kim shows that such
a position requires "downward causation" the causal influence of macroscopic
on microscopic entities. I accept the argument but, as will be clear below
and as I have explained elsewhere (1993), I see no problem with downward
causation.


6. As of course may objects at the same level. This kind of objection
to universal regularities has been emphasized by Cartwright (1983).


7. It will be objected--and may already have been objected--that the
electron will be pushed by the microscopic object or objects immediately
behind it and will push those in front of it, and thus all the particles
are moving in response to microlevel forces. I do not mean to deny this:
certainly it would be absurd to suppose that my intention independently
acted on each particle in my arm. The real issue is whether all these arm-particles
are moving as part of a much wider set of microphysical events (photons
bouncing of the glass, hitting my retina, stimulating my brain, etc.) on
which my intention to drink the water is ultimately a mere epiphenomenon,
or whether, rather, the fundamental explanation for all those particles
pushing one another in a certain direction is that I am thirsty and see
a glass of water I plan to drink. Evidently I prefer the latter view.


8. The various theses referred to briefly in this paragraph are defended
in detail in my book, The Disorder of Things: Metaphysical
Foundations of the Disunity of Science(1993). Part 1 of that
work addresses essentialism, part 2 provides a detailed critique of physicalist
reductionism, and part 3 provides a more extended version of the arguments
against causal completeness developed in the following section of the present
paper.


9. It is of course true that microphysical laws purport
to apply to indefinitely complex systems, in the sense that they determine
how the formalism should, in principle, be applied to such systems. But
in practice they certainly cannot be so applied. And one need hardly be
a radical skeptic about induction to resist extrapolation from a very narrow
and limited set of data to every phenomenon whatever that could in principle
be subsumed under the purported regularity.


10. See Suppes (1994) for a more detailed argument complementary to
the present one.


11. See principally Hume (1748), Mill (1875), and Mackie (1974).


12. I focus here only on what I take to be the extremes of the animal
scale. I assume that higher mammals, birds, and perhaps higher molluscs,
are more like humans than they are like the most machine-like of insects.
But I shall make no attempt to here to draw any more specific lines between
different kinds of organisms.


13. Sociobiologists, evolutionary psychologists, and other extreme enthusiasts
for explanations in terms of natural selection believe that we have been
designed to survive and reproduce. The crudity of attempts to explain human
behavior in any detail on the basis of this thesis has been well documented--if
inadequately appreciated--and will not detain us here.


14. I cannot begin to discuss the enormous literature on this question.
Strawson's (1974) classic paper perhaps brings out as clearly as possible
the consequences of taking physical determinism fully seriously.


15. Recently there has been a prominent movement to provide regularity
theories of indeterministic causality (e.g. Eells 1991). I think there
are deep internal problems with such a position (see Dupré and Cartwright
1988; Dupré 1993, ch.9); and in defence of my commitment in the
present paper to address causal completeness more generally than in its
deterministic version, I think that such a position is fatally lacking
in empirical backing.


16. A detailed response to the Humean view of causality would be beyond
the scope of this paper. Some recent advocates of causal powers include
Harré and Madden (1975), Cartwright (1991), and Dupré (1993,
ch.9).


17. I am indebted to Regenia Gagnier, John Perry, and Debra Satz for
comments on an ealrier version of this paper.
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Chance is not the direct cause of action.This is the standard argument against 
free will. 
If determined, we are not free. 
If random, we are not responsible



Source: https://www.informationphilosopher.com/solutions/philosophers/dupre/solution_free_will.html
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Although Cicero defended human freedom against the determinism of the Stoics, he attacked the randomness implicit in the Epicurean swerve of the atoms. He put the attack into the mouth of his Academic philosopher Cotta, criticizing the Epicurean Velleius, in Book I, section XXV, paragraphs 69 and 70 of De Natura Deorum. 




(69) XXV. "This is a very common practice with your school. You advance a paradox, and then, when you want to escape censure, you adduce in support of it some absolute impossibility; so that you would have done better to abandon the point in dispute rather than to offer so shameless a defence. For instance, Epicurus saw that if the atoms travelled downwards by their own weight; we should have no freedom of the will [nihil fore in nostra potestate], since the motion of the atoms would be determined by necessity. He therefore invented a device to escape from determinism (the point had apparently escaped the notice of Democritus): he said that the atom while travelling vertically downward by the force of gravity makes a very slight swerve to one side. (70) This defence discredits him more than if he had had to abandon his original position. 
(Loeb Classical Library translation, v.40, p.67)


This appears to be the first appearance of the standard argument against free will. Notice that it already appears in the form of a logical proposition, one or the other of determinism or randomness must be true.


(70) XXV. "He does the same in his battle with the logicians. Their accepted doctrine is that in every disjunctive proposition of the form' so-and-so either is or is not,' one of the two alternatives must be true. Epicurus took alarm; if such a proposition as 'Epicurus either will or will not be alive to-morrow' were granted, one or other alternative would be necessary. Accordingly he denied the necessity of a disjunctive proposition altogether. Now what could be stupider than that?

(Loeb Classical Library translation, v.40, p.67) 



Cicero wanted to eliminate the causal determinism implicit in the Stoic doctrine of divine foreknowledge.


   "If there is free will, all things do not happen according to fate; if all things do not happen according to fate, there is not a certain order of causes; and if there is not a certain order of causes, neither is there a certain order of things foreknown by God."   


The irony is that Epicurus had the same goal. His swerve was simply to deny the causal chain of strict Democritean determinism, while also preserving human autonomy from intervention by the gods. 


So Cicero, blinded perhaps by his distaste for Epicurean philosophy, and perhaps because  Lucretius connected the swerve too closely with human freedom and will, misled philosophers for centuries who argue that Epicurean free will involves chance directly in the decision, that for every free action there is a swerve of the atoms in the mind - "one swerve = one decision." 


This is the same mistake as trying to identify a single quantum event in the brain as responsible for a free action.


Epicurus himself distinguished free human actions, for which an agent can be morally responsible, from those fated by necessity or randomly caused by chance:


...some things happen of necessity, others by chance, others through our own agency. ...necessity destroys responsibility and chance is inconstant; whereas our own actions are autonomous, and it is to them that praise and blame naturally attach. (Letter to Menoeceus)


Works of Cicero

De FatoDe Fato (H. Rackham English translation)
On the Nature of the Gods (Francis Brooks English translation)
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The original Latin version...



(69) Hoc persaepe facitis, ut, cum aliquid non veri simile dicatis et effugere reprehensionem velitis, adferatis aliquid, quod omnino ne fieri quidem possit, ut satius fuerit illud ipsum, de quo ambigebatur, concedere quam tam inpudenter resistere. Velut Epicurus, cum videret, si atomi ferrentur in locum inferiorem suopte pondere, nihil fore in nostra potestate, quod esset earum motus certus et necessarius, invenit, quo modo necessitatem effugeret, quod videlicet Democritum fugerat: ait atomum, cum pondere et gravitate directo deorsus feratur, declinare paululum. (70) Hoc dicere turpius est quam illud, quod vult non posse defendere. Idem facit contra dialecticos; a quibus cum traditum sit in omnibus diiunctionibus, in quibus "aut etiam aut non" poneretur, alterum utrum esse verum, pertimuit, ne, si concessum esset huius modi aliquid "aut vivet cras aut non vivet Epicurus", alterutrum fieret necessarium: totum hoc "aut etiam aut non" negavit esse necessarium; quo quid dici potuit obtusius?






Source: https://www.informationphilosopher.com/solutions/philosophers/cicero/
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[1] . . . . quia pertinet ad mores, quod ἧθος illi vocant, nos eam partem philosophiae de moribus appellare solemus, sed decet augentem linguam Latinam nominare moralem; explicandaque vis est ratioque enuntiationum, quae Graeci ἀξιώματα vocant; quae de re futura cum aliquid dicunt deque eo, quod possit fieri aut non possit, quam vim habeant, obscura quaestio est, quam περί δυνατῶν philosophi appellant, totaque est λογική, quam 'rationem disserendi' voco. Quod autem in aliis libris feci, qui sunt de natura deorum, itemque in iis, quos de divinatione edidi, ut in utramque partem perpetua explicaretur oratio, quo facilius id a quoque probaretur, quod cuique maxime probabile videretur, id in hac disputatione de fato casus quidam ne facerem inpedivit. 



 [2]  Nam cum essem in Puteolano Hirtiusque noster, consul designatus, isdem in locis, vir nobis amicissimus et his studiis, in quibus nos a pueritia viximus, deditus, multum una eramus, maxime nos quidem exquirentes ea consilia, quae ad pacem et ad concordiam civium pertinerent. Cum enim omnes post interitum Caesaris novarum perturbationum causae quaeri viderentur iisque esse occurrendum putaremus, omnis fere nostra in his deliberationibus consumebatur oratio, idque et saepe alias et quodam liberiore, quam solebat, et magis vacuo ab interventoribus die, cum ad me ille venisset, primo ea, quae erant cotidiana et quasi legitima nobis, de pace et de otio. 


 [3]  Quibus actis, Quid ergo? inquit ille, quoniam oratorias exercitationes non tu quidem, ut spero, reliquisti, sed certe philosophiam illis anteposuisti, possumne aliquid audire? Tu vero, inquam, vel audire vel dicere; nec enim, id quod recte existimas, oratoria illa studia deserui, quibus etiam te incendi, quamquam flagrantissumum acceperam, nec ea, quae nunc tracto, minuunt, sed augent potius illam facultatem. Nam cum hoc genere philosophiae, quod nos sequimur, magnam habet orator societatem; subtilitatem enim ab Academia mutuatur et ei vicissim reddit ubertatem orationis et ornamenta dicendi. Quam ob rem, inquam, quoniam utriusque studii nostra possessio est, hodie, utro frui malis, optio sit tua. Tum Hirtius: Gratissumum, inquit, et tuorum omnium simile; nihil enim umquam abnuit meo studio voluntas tua. 



 [4]  Sed quoniam rhetorica mihi vestra sunt nota teque in eis et audivimus saepe et audiemus atque hanc Academicorum contra propositum disputandi consuetudinem indicant te suscepisse Tusculanae disputationes, ponere aliquid, ad quod audiam, si tibi non est molestum, volo. An mihi, inquam, potest quicquam esse molestum, quod tibi gratum futurum sit? Sed ita audies, ut Romanum hominem, ut timide ingredientem ad hoc genus disputandi, ut longo intervallo haec studia repetentem. Ita, inquit, audiam te disputantem, ut ea lego, quae scripsisti. Proinde ordire. Considamus hic. 


 [5]  . . . quorum in aliis, ut in Antipatro poeta, ut in brumali die natis, ut in simul aegrotantibus fratribus, ut in urina, ut in unguibus, ut in reliquis eius modi, naturae contagio valet, quam ego non tollo--vis est nulla fatalis; in aliis autem fortuita quaedam esse possunt, ut in illo naufrago, ut in Icadio, ut in Daphita. Quaedam etiam Posidonius (pace magistri dixerim) comminisci videtur; sunt quidem absurda. Quid enim? si Daphitae fatum fuit ex equo cadere atque ita perire, ex hocne equo, qui cum equus non esset, nomen habebat alienum? aut Philippus hasne in capulo quadrigulas vitare monebatur? quasi vero capulo sit occisus. Quid autem magnum aut naufragum illum sine nomine in rivo esse lapsum--quamquam huic quidem hic scribit praedictum in aqua esse pereundum); ne hercule Icadii quidem praedonis video fatum ullum; nihil enim scribit ei praedictum: 


 [6]  quid mirum igitur ex spelunca saxum in crura eius incidisse? puto enim, etiamsi Icadius tum in spelunca non fuisset, saxum tamen illud casurum fuisse. Nam aut nihil omnino est fortuitum, aut hoc ipsum potuit evenire fortuna. Quaero igitur (atque hoc late patebit), si fati omnino nullum nomen, nulla natura, nulla vis esset et forte temere casu aut pleraque fierent aut omnia, num aliter, ac nunc eveniunt, evenirent. Quid ergo adtinet inculcare fatum, cum sine fato ratio omnium rerum ad naturam fortunamve referatur? 



 [7]  Sed Posidonium, sicut aequum est, cum bona gratia dimittamus, ad Chrysippi laqueos revertamur. Cui quidem primum de ipsa contagione rerum respondeamus, reliqua postea persequemur. Inter locorum naturas quantum intersit, videmus; alios esse salubris, alios pestilentis, in aliis esse pituitosos et quasi redundantis, in aliis exsiccatos atque aridos; multaque sunt alia, quae inter locum et locum plurimum differant. Athenis tenue caelum, ex quo etiam acutiores putantur Attici, crassum Thebis, itaque pingues Thebani et valentes. Tamen neque illud tenue caelum efficiet, ut aut Zenonem quis aut Arcesilam aut Theophrastum audiat, neque crassum, ut Nemea potius quam Isthmo victoriam petat. Diiunge longius. 


 [8]  Quid enim loci natura adferre potest, ut in porticu Pompeii potius quam in campo ambulemus? tecum quam cum alio? Idibus potius quam Kalendis? Ut igitur ad quasdam res natura loci pertinet aliquid, ad quasdam autem nihil, sic astrorum adfectio valeat, si vis, ad quasdam res, ad omnis certe non valebit. At enim, quoniam in naturis hominum dissimilitudines sunt, ut alios dulcia, alios subamara delectent, alii libidinosi, alii iracundi aut crudeles aut superbi sint, alii a talibus vitiis abhorreant,--quoniam igitur, inquit, tantum natura a natura distat, quid mirum est has dissimilitudines ex differentibus causis esse factas? 



 [9]  Haec disserens, qua de re agatur, et in quo causa consistat, non videt. Non enim, si alii ad alia propensiores sunt propter causas naturalis et antecedentis, idcirco etiam nostrarum voluntatum atque adpetitionum sunt causae naturales et antecedentes. Nam nihil esset in nostra potestate, si ita se res haberet. Nunc vero fatemur, acuti hebetesne, valentes inbecilline simus, non esse id in nobis. Qui autem ex eo cogi putat, ne ut sedeamus quidem aut ambulemus voluntatis esse, is non videt, quae quamque rem res consequatur. Ut enim et ingeniosi et tardi ita nascantur antecedentibus causis itemque valentes et inbecilli, non sequitur tamen, ut etiam sedere eos et ambulare et rem agere aliquam principalibus causis definitum et constitutum sit. 


 [10]  Stilponem, Megaricum philosophum, acutum sane hominem et probatum temporibus illis accepimus. Hunc scribunt ipsius familiares et ebriosum et mulierosum fuisse, neque haec scribunt vituperantes, sed potius ad laudem; vitiosam enim naturam ab eo sic edomitam et conpressam esse doctrina, ut nemo umquam vinulentum illum, nemo in eo libidinis vestigium viderit. Quid? Socraten nonne legimus quem ad modum notarit Zopyrus physiognomon, qui se profitebatur hominum mores naturasque ex corpore, oculis, vultu, fronte pernoscere? stupidum esse Socraten dixit et bardum, quod iugula concava non haberet -obstructas eas partes et obturatas esse dicebat; addidit etiam mulierosum; in quo Alcibiades cachinnum dicitur sustulisse. 


 [11]  Sed haec ex naturalibus causis vitia nasci possunt, extirpari autem et funditus tolli, ut is ipse, qui ad ea propensus fuerit, a tantis vitiis avocetur, non est id positum in naturalibus causis, sed in voluntate, studio, disciplina. Quae tolluntur omnia, si vis et natura fati ex divinationis ratione firmabitur. Etenim si est divinatio, qualibusnam a perceptis artis proficiscitur? ('percepta' appello, quae dicuntur Graece θεωρήματα)? Non enim credo nullo percepto aut ceteros artifices versari in suo munere, aut eos, qui divinatione utantur, futura praedicere. 



 [12]  Sint igitur astrologorum percepta huius modi: 'Si quis (verbi causa) oriente Canicula natus est, is in mari non morietur.' Vigila, Chrysippe, ne tuam causam, in qua tibi cum Diodoro, valente dialectico, magna luctatio est, deseras. Si enim est verum, quod ita conectitur: 'Si quis oriente Canicula natus est, in mari non morietur', illud quoque verum est: 'Si Fabius oriente Canicula natus est, Fabius in mari non morietur.' Pugnant igitur haec inter se, Fabium oriente Canicula natum esse, et Fabium in mari moriturum; et quoniam certum in Fabio ponitur, natum esse eum Canicula oriente, haec quoque pugnant, et esse Fabium, et in mari esse moriturum. Ergo haec quoque coniunctio est ex repugnantibus: 'Et est Fabius, et in mari Fabius morietur', quod, ut propositum est, ne fieri quidem potest. Ergo illud: 'Morietur in mari Fabius' ex eo genere est, quod fieri non potest. Omne ergo, quod falsum dicitur in futuro, id fieri non potest. 


 [13]  At hoc, Chrysippe, minime vis, maximeque tibi de hoc ipso cum Diodoro certamen est. Ille enim id solum fieri posse dicit, quod aut sit verum aut futurum sit verum, et, quicquid futurum sit, id dicit fieri necesse esse et, quicquid non sit futurum, id negat fieri posse. Tu, et quae non sint futura, posse fieri dicis, ut frangi hanc gemmam, etiamsi id numquam futurum sit, neque necesse fuisse Cypselum regnare Corinthi, quamquam id millensimo ante anno Apollinis oraculo editum esset. At si ista conprobabis divina praedicta, et quae falsa in futuris dicentur, in eis habebis ut ea fieri non possint (ut si dicatur Africanum Karthagine non esse potiturum), et si vere dicatur de futuro, idque ita futurum sit, dicas esse necessarium est; quae est tota Diodori vobis inimica sententia. 



 [14]  Etenim si illud vere conectitur: 'Si oriente Canicula natus es, in mari non moriere', primumque quod est in conexo, 'Natus es oriente Canicula', necessarium est (omnia enim vera in praeteritis necessaria sunt, ut Chrysippo placet dissentienti a magistro Cleanthe, quia sunt inmutabilia nec in falsum e vero praeterita possunt convertere)--si igitur, quod primum in conexo est, necessarium est, fit etiam, quod consequitur, necessarium. Quamquam hoc Chrysippo non videtur valere in omnibus; sed tamen, si naturalis est causa, cur in mari Fabius non moriatur, in mari Fabius mori non potest. 


 [15]  Hoc loco Chrysippus aestuans falli sperat Chaldaeos ceterosque divinos, neque eos usuros esse coniunctionibus, ut ita sua percepta pronuntient: 'Si quis natus est oriente Canicula, is in mari non morietur', sed potius ita dicant: 'Non et natus est quis oriente Canicula, et is in mari morietur.' O licentiam iocularem! ne ipse incidat in Diodorum, docet Chaldaeos, quo pacto eos exponere percepta oporteat. Quaero enim, si Chaldaei ita loquantur, ut negationes infinitarum coniunctionum potius quam infinita conexa ponant, cur idem medici, cur geometrae, cur reliqui facere non possint. Medicus in primis, quod erit ei perspectum in arte, non ita proponet: 'Si cui venae sic moventur, is habet febrim', sed potius illo modo: 'Non et venae sic cui moventur, et is febrim non habet.' Itemque geometres non ita dicet: 'In sphaera maximi orbes medii inter se dividuntur', sed potius illo modo: 'Non et sunt in sphaera maximi orbes, et ei non medii inter se dividuntur.' 


 [16]  Quid est, quod non possit isto modo ex conexo transferri ad coniunctionum negationem? Et quidem aliis modis easdem res efferre possumus. Modo dixi: 'In sphaera maximi orbes medii inter se dividuntur'; possum dicere: 'Si in sphaera maximi orbes erunt', possum dicere: 'Quia in sphaera maximi orbes erunt'. Multa genera sunt enuntiandi nec ullum distortius quam hoc, quo Chrysippus sperat Chaldaeos contentos Stoicorum causa fore. Illorum tamen nemo ita loquitur; maius est enim has contortiones orationis quam signorum ortus obitusque perdiscere. 



 [17] Sed ad illam Diodori contentionem, quam περί δυνατῶν appellant revertamur, in qua quid valeat id quod fieri possit anquiritur. Placet igitur Diodoro id solum fieri posse, quod aut verum sit aut verum futurum sit. Qui locus attingit hanc quaestionem, nihil fieri, quod non necesse fuerit, et, quicquid fieri possit, id aut esse iam aut futurum esse, nec magis commutari ex veris in falsa posse ea, quae futura, quam ea, quae facta sunt; sed in factis inmutabilitatem apparere, in futuris quibusdam, quia non apparet, ne inesse quidem videri, ut in eo, qui mortifero morbo urgeatur, verum sit 'Hic morietur hoc morbo', at hoc idem si vere dicatur in eo, in quo vis morbi tanta non appareat, nihilo minus futurum sit. Ita fit, ut commutatio ex vero in falsum ne in futuro quidem ulla fieri possit. Nam 'Morietur Scipio' talem vim habet, ut, quamquam de futuro dicitur, tamen ut id non possit convertere in falsum; de homine enim dicitur, cui necesse est mori. 


 [18]  Sic si diceretur, 'Morietur noctu in cubiculo suo vi oppressus Scipio', vere diceretur; id enim fore diceretur, quod esset futurum; futurum autem fuisse ex eo, quia factum est, intellegi debet. Nec magis erat verum 'Morietur Scipio' quam 'Morietur illo modo', nec magis necesse mori Scipioni quam illo modo mori, nec magis inmutabile ex vero in falsum 'Necatus est Scipio' quam 'Necabitur Scipio'; nec, cum haec ita sint, est causa, cur Epicurus fatum extimescat et ab atomis petat praesidium easque de via deducat et uno tempore suscipiat res duas inenodabiles, unam, ut sine causa fiat aliquid--, ex quo existet, ut de nihilo quippiam fiat, quod nec ipsi nec cuiquam physico placet--alteram, ut, cum duo individua per inanitatem ferantur, alterum e regione moveatur, alterum declinet. 



 [19]  Licet enim Epicuro concedenti omne enuntiatum aut verum aut falsum esse non vereri, ne omnia fato fieri sit necesse; non enim aeternis causis naturae necessitate manantibus verum est id, quod ita enuntiatur: 'Descendit in Academiam Carneades', nec tamen sine causis, sed interest inter causas fortuito antegressas et inter causas cohibentis in se efficientiam naturalem. Ita et semper verum fuit 'Morietur Epicurus, cum duo et septuaginta annos vixerit, archonte Pytharato', neque tamen erant causae fatales, cur ita accideret, sed, quod ita cecidit, certe casurum sicut cecidit fuit. 


 [20]  Nec ei qui dicunt inmutabilia esse quae futura sint nec posse verum futurum convertere in falsum, fati necessitatem confirmant, sed verborum vim interpretantur. At qui introducunt causarum seriem sempiternam, ei mentem hominis voluntate libera spoliatam necessitate fati devinciunt. Sed haec hactenus; alia videamus. Concludit enim Chrysippus hoc modo: 'Si est motus sine causa, non omnis enuntiatio (quod ἀξίωμα dialectici appellant) aut vera aut falsa erit; causas enim efficientis quod non habebit, id nec verum nec falsum erit; omnis autem enuntiatio aut vera aut falsa est; motus ergo sine causa nullus est. 



 [21]  Quod si ita est, omnia, quae fiunt, causis fiunt antegressis; id si ita est, fato omnia fiunt; efficitur igitur fato fieri, quaecumque fiant.' Hic primum si mihi libeat adsentiri Epicuro et negare omnem enuntiationem aut veram esse aut falsam, eam plagam potius accipiam quam fato omnia fieri conprobem; illa enim sententia habet aliquid disputationis, haec vero non est tolerabilis. Itaque contendit omnis nervos Chrysippus, ut persuadeat omne ἀξίωμα aut verum esse aut falsum. Ut enim Epicurus veretur, ne, si hoc concesserit, concedendum sit fato fieri, quaecumque fiant, (si enim alterum utrum ex aeternitate verum sit, esse id etiam certum et, si certum, etiam necessarium; ita et necessitatem et fatum confirmari putat), sic Chrysippus metuit, ne, si non obtinuerit omne, quod enuntietur, aut verum esse aut falsum, non teneat omnia fato fieri et ex causis aeternis rerum futurarum. 


 [22]  Sed Epicurus declinatione atomi vitari necessitatem fati putat. Itaque tertius quidam motus oritur extra pondus et plagam, cum declinat atomus intervallo minimo (id appellat ἐλάχιστον). Quam declinationem sine causa fieri si minus verbis, re cogitur confiteri. Non enim atomus ab atomo pulsa declinat. Nam qui potest pelli alia ab alia, si gravitate feruntur ad perpendiculum corpora individua rectis lineis, ut Epicuro placet? sequitur autem ut, si alia ab alia numquam depellatur, ne contingat quidem alia aliam; ex quo efficitur, etiamsi sit atomus eaque declinet, declinare sine causa. 



 [23]  Hanc Epicurus rationem induxit ob eam rem, quod veritus est, ne, si semper atomus gravitate ferretur naturali ac necessaria, nihil liberum nobis esset, cum ita moveretur animus, ut atomorum motu cogeretur. Id Democritus, auctor atomorum, accipere maluit, necessitate omnia fieri, quam a corporibus individuis naturalis motus avellere. Acutius Carneades, qui docebat posse Epicureos suam causam sine hac commenticia declinatione defendere. Nam cum docerent esse posse quendam animi motum voluntarium, id fuit defendi melius quam introducere declinationem, cuius praesertim causam reperire non possent; quo defenso facile Chrysippo possent resistere. Cum enim concessissent motum nullum esse sine causa, non concederent omnia, quae fierent, fieri causis antecedentibus; voluntatis enim nostrae non esse causas externas et antecedentis. 


 [24]  Communi igitur consuetudine sermonis abutimur, cum ita dicimus, velle aliquid quempiam aut nolle sine causa; ita enim dicimus 'sine causa', ut dicamus: sine externa et antecedente causa, non sine aliqua; ut, cum vas inane dicimus, non ita loquimur, ut physici, quibus inane esse nihil placet, sed ita, ut verbi causa sine aqua, sine vino, sine oleo vas esse dicamus, sic, cum sine causa animum dicimus moveri, sine antecedente et externa causa moveri, non omnino sine causa dicimus. De ipsa atomo dici potest, cum per inane moveatur gravitate et pondere, sine causa moveri, quia nulla causa accedat extrinsecus. 



 [25]  Rursus autem, ne omnes a physicis inrideamur si dicamus quicquam fieri sine causa, distinguendum est et ita dicendum, ipsius individui hanc esse naturam, ut pondere et gravitate moveatur, eamque ipsam esse causam, cur ita feratur. Similiter ad animorum motus voluntarios non est requirenda externa causa; motus enim voluntarius eam naturam in se ipse continet, ut sit in nostra potestate nobisque pareat, nec id sine causa; eius rei enim causa ipsa natura est. 


 [26]  Quod cum ita sit, quid est, cur non omnis pronuntiatio aut vera aut falsa sit, nisi concesserimus fato fieri, quaecumque fiant? Quia futura vera, inquit, non possunt esse ea, quae causas, cur futura sint, non habent; habeant igitur causas necesse est ea, quae vera sunt; ita, cum evenerint, fato evenerint. Confectum negotium, siquidem concedendum tibi est aut fato omnia fieri, aut quicquam fieri posse sine causa. 


 [27]  An aliter haec enuntiatio vera esse potest, 'Capiet Numantiam Scipio', nisi ex aeternitate causa causam serens hoc erit effectura? An hoc falsum potuisset esse, si esset sescentis saeculis ante dictum? Et si tum non esset vera haec enuntiatio: 'Capiet Numantiam Scipio', ne illa quidem eversa vera est haec enuntiatio: 'Cepit Numantiam Scipio.' Potest igitur quicquam factum esse, quod non verum fuerit futurum esse? Nam ut praeterita ea vera dicimus, quorum superiore tempore vera fuerit instantia, sic futura, quorum consequenti tempore vera erit instantia, ea vera dicemus. 



 [28]  Nec, si omne enuntiatum aut verum aut falsum est, sequitur ilico esse causas inmutabilis, easque aeternas, quae prohibeant quicquam secus cadere, atque casurum sit; fortuitae sunt causae, quae efficiant, ut vere dicantur, quae ita dicentur: 'Veniet in senatum Cato', non inclusae in rerum natura atque mundo; et tamen tam est inmutabile venturum, cum est verum, quam venisse (nec ob eam causam fatum aut necessitas extimescenda est); etenim erit confiteri necesse 'Si hoc enuntiatum, "Veniet in Tusculanum Hortensius," vera non est, sequitur, ut falsa sit.' Quorum isti neutrum volunt; quod fieri non potest. Nec nos impediet illa ignava ratio, quae dicitur; appellatur enim quidam a philosophis ἀργὸς λόγος, cui si pareamus, nihil omnino agamus in vita. Sic enim interrogant: 'Si fatum tibi est ex hoc morbo convalescere, sive tu medicum adhibueris sive non adhibueris, convalesces; 


 [29]  item, si fatum tibi est ex hoc morbo non convalescere, sive tu medicum adhibueris sive non adhibueris, non convalesces; et alterutrum fatum est; medicum ergo adhibere nihil attinet.' Recte genus hoc interrogationis ignavum atque iners nominatum est, quod eadem ratione omnis e vita tolletur actio. Licet etiam inmutare, ut fati nomen ne adiungas et eandem tamen teneas sententiam, hoc modo: 'Si ex aeternitate verum hoc fuit: "Ex isto morbo convalesces", sive adhibueris medicum sive non adhibueris, convalesces; itemque, si ex aeternitate falsum hoc fuit: "Ex isto morbo convalesces", sive adhibueris medicum sive non adhibueris, non convalesces'; deinde cetera. 


 [30]  Haec ratio a Chrysippo reprehenditur. Quaedam enim sunt, inquit, in rebus simplicia, quaedam copulata; simplex est: 'Morietur illo die Socrates'; huic, sive quid fecerit sive non fecerit, finitus est moriendi dies. At si ita fatum est: 'Nascetur Oedipus Laio', non poterit dici: 'sive fuerit Laius cum muliere sive non fuerit'; copulata enim res est et confatalis; sic enim appellat, quia ita fatum sit et concubiturum cum uxore Laium et ex ea Oedipum procreaturum, ut, si esset dictum: 'Luctabitur Olympiis Milo' et referret aliquis: 'Ergo, sive habuerit adversarium sive non habuerit, luctabitur', erraret; est enim copulatum 'luctabitur', quia sine adversario nulla luctatio est. Omnes igitur istius generis captiones eodem modo refelluntur. 'Sive tu adhibueris medicum sive non adhibueris, convalesces' captiosum; tam enim est fatale medicum adhibere quam convalescere. Haec, ut dixi, confatalia ille appellat. 


 [31]  Carneades genus hoc totum non probabat et nimis inconsiderate concludi hanc rationem putabat. Itaque premebat alio modo nec ullam adhibebat calumniam; cuius erat haec conclusio: 'Si omnia antecedentibus causis fiunt, omnia naturali conligatione conserte contexteque fiunt; quod si ita est, omnia necessitas efficit; id si verum est, nihil est in nostra potestate; est autem aliquid in nostra potestate; at, si omnia fato fiunt, omnia causis antecedentibus fiunt; non igitur fato fiunt, quaecumque fiunt.' 


 [32]  Haec artius adstringi ratio non potest. Nam si quis velit idem referre atque ita dicere: 'Si omne futurum ex aeternitate verum est, ut ita certe eveniat, quem ad modum sit futurum, omnia necesse est conligatione naturali conserte contexteque fieri', nihil dicat. Multum enim differt, utrum causa naturalis ex aeternitate futura vera efficiat, an etiam sine aeternitate naturali, futura quae sint, ea vera esse possint intellegi. Itaque dicebat Carneades ne Apollinem quidem futura posse dicere nisi ea, quorum causas natura ita contineret, ut ea fieri necesse esset. 



 [33]  Quid enim spectans deus ipse diceret Marcellum eum, qui ter consul fuit, in mari esse periturum? Erat hoc quidem verum ex aeternitate, sed causas id efficientis non habebat. Ita ne praeterita quidem ea, quorum nulla signa tamquam vestigia extarent, Apollini nota esse censebat; quanto minus futura, causis enim efficientibus quamque rem cognitis posse denique sciri quid futurum esset; ergo nec de Oedipode potuisse Apollinem praedicere nullis in rerum natura causis praepositis, cur ab eo patrem interfici necesse esset, nec quicquam eius modi. Quocirca, si Stoicis, qui omnia fato fieri dicunt, consentaneum est huiusmodi oracula ceteraque, quae ad divinationem pertinent, comprobare, eis autem qui, quae futura sunt ea vera esse ex aeternitate dicunt non idem dicendum est, vide ne non eadem sit illorum causa et Stoicorum; hi enim urguentur angustius, illorum ratio soluta ac libera est. 


 [34]  Quodsi concedatur nihil posse evenire nisi causa antecedente, quid proficiatur, si ea causa non ex aeternis causis apta dicatur? Causa autem ea est, quae id efficit, cuius est causa, ut vulnus mortis, cruditas morbi, ignis ardoris. Itaque non sic causa intellegi debet, ut, quod cuique antecedat, id ei causa sit, sed quod cuique efficienter antecedat, nec, quod in campum descenderim, id fuisse causae, cur pila luderem, nec Hecubam causam interitus fuisse Troianis, quod Alexandrum genuerit, nec Tyndareum Agamemnoni, quod Clytaemnestram. Hoc enim modo viator quoque bene vestitus causa grassatori fuisse dicetur, cur ab eo spoliaretur. 



 [35]  Ex hoc genere illud est Ennii, 


utinam ne in nemore Pelio securibus
 caesae accidissent abiegnae ad terram trabes!


Licuit vel altius: 'Utinam ne in Pelio nata ulla umquam esset arbor!' etiam supra: 'Utinam ne esset mons ullus Pelius!' similiterque superiora repetentem regredi infinite licet. 


Neve inde navis inchoandi exordium cepisset.


 Quorsum haec praeterita? quia sequitur illud, 


 Nam numquam era errans mea domo ecferret pedem
 Medea, animo aegra, amore saevo saucia, 



 non erat ut eae res causam adferrent amoris. 


 [36]  Interesse autem aiunt, utrum eius modi quid sit, sine quo effici aliquid non possit, an eius modi, cum quo effici aliquid necesse sit. Nulla igitur earum est causa, quoniam nulla eam rem sua vi efficit, cuius causa dicitur; nec id, sine quo quippiam non fit, causa est, sed id, quod cum accessit, id, cuius est causa, efficit necessario. Nondum enim ulcerato serpentis morsu Philocteta quae causa in rerum natura continebatur, fore ut is in insula Lemno linqueretur? post autem causa fuit propior et cum exitu iunctior. 


 [37]  Ratio igitur eventus aperuit causam; sed ex aeternitate vera fuit haec enuntiatio: 'Relinquetur in insula Philoctetes', nec hoc ex vero in falsum poterat convertere. Necesse est enim in rebus contrariis duabus--contraria autem hoc loco ea dico, quorum alterum ait quid, alterum negat--ex eis igitur necesse est invito Epicuro alterum verum esse, alterum falsum, ut 'Sauciabitur Philocteta' omnibus ante saeculis verum fuit, 'Non sauciabitur' falsum; nisi forte volumus Epicureorum opinionem sequi, qui tales enuntiationes nec veras nec falsas esse dicunt aut, cum id pudet, illud tamen dicunt, quod est inpudentius, veras esse ex contrariis diiunctiones, sed, quae in his enuntiata sint, eorum neutrum esse verum. 


 [38]  O admirabilem licentiam et miserabilem inscientiam disserendi! Si enim aliquid in eloquendo nec verum nec falsum est, certe id verum non est; quod autem verum non est, qui potest non falsum esse? aut, quod falsum non est, qui potest non verum esse? tenebitur igitur id, quod a Chrysippo defenditur, omnem enuntiationem aut veram aut falsam esse; ratio ipsa coget et ex aeternitate quaedam esse vera, et ea non esse nexa causis aeternis et a fati necessitate esse libera. 


 [39]  Ac mihi quidem videtur, cum duae sententiae fuissent veterum philosophorum, una eorum, qui censerent omnia ita fato fieri, ut id fatum vim necessitatis adferret, in qua sententia Democritus, Heraclitus, Empedocles, Aristoteles fuit, altera eorum, quibus viderentur sine ullo fato esse animorum motus voluntarii, Chrysippus tamquam arbiter honorarius medium ferire voluisse--sed applicat se ad eos potius, qui necessitate motus animos liberatos volunt; dum autem verbis utitur suis, delabitur in eas difficultates, ut necessitatem fati confirmet invitus. 


 [40]  Atque hoc, si placet, quale sit videamus in adsensionibus, quas prima oratione tractavi. Eas enim veteres illi, quibus omnia fato fieri videbantur, vi effici et necessitate dicebant. Qui autem ab eis dissentiebant, fato adsensiones liberabant negabantque fato adsensionibus adhibito necessitatem ab his posse removeri, iique ita disserebant: 'Si omnia fato fiunt, omnia fiunt causa antecedente, et, si adpetitus, illa etiam, quae adpetitum sequuntur, ergo etiam adsensiones; at, si causa adpetitus non est sita in nobis, ne ipse quidem adpetitus est in nostra potestate; quod si ita est, ne illa quidem, quae adpetitu efficiuntur, sunt sita in nobis; non sunt igitur neque adsensiones neque actiones in nostra potestate. Ex quo efficitur, ut nec laudationes iustae sint nec vituperationes nec honores nec supplicia'. Quod cum vitiosum sit, probabiliter concludi putant non omnia fato fieri, quaecumque fiant. 



 [41]  Chrysippus autem cum et necessitatem inprobaret et nihil vellet sine praepositis causis evenire, causarum genera distinguit, ut et necessitatem effugiat et retineat fatum. 'Causarum enim', inquit, 'aliae sunt perfectae et principales, aliae adiuvantes et proximae. Quam ob rem, cum dicimus omnia fato fieri causis antecedentibus, non hoc intellegi volumus: causis perfectis et principalibus, sed causis adiuvantibus et proximis'. Itaque illi rationi, quam paulo ante conclusi, sic occurrit: si omnia fato fiant, sequi illud quidem, ut omnia causis fiant antepositis, verum non principalibus causis et perfectis, sed adiuvantibus et proximis. Quae si ipsae non sunt in nostra potestate, non sequitur, ut ne adpetitus quidem sit in nostra potestate. At hoc sequeretur, si omnia perfectis et principalibus causis fieri diceremus, ut, cum eae causae non essent in nostra potestate, ne ille quidem esset in nostra potestate. 


 [42]  Quam ob rem, qui ita fatum introducunt, ut necessitatem adiungant, in eos valebit illa conclusio; qui autem causas antecedentis non dicent perfectas neque principalis, in eos nihil valebit. Quod enim dicantur adsensiones fieri causis antepositis, id quale sit, facile a se explicari putat. Nam quamquam adsensio non possit fieri nisi commota viso, tamen, cum id visum proximam causam habeat, non principalem, hanc habet rationem, ut Chrysippus vult, quam dudum diximus, non ut illa quidem fieri possit nulla vi extrinsecus excitata (necesse est enim adsensionem viso commoveri), sed revertitur ad cylindrum et ad turbinem suum, quae moveri incipere nisi pulsa non possunt. Id autem cum accidit, suapte natura, quod superest, et cylindrum volvi et versari turbinem putat. 



 [43]  'Ut igitur', inquit, 'qui protrusit cylindrum, dedit ei principium motionis, volubilitatem autem non dedit, sic visum obiectum inprimet illud quidem et quasi signabit in animo suam speciem, sed adsensio nostra erit in potestate, eaque, quem ad modum in cylindro dictum est, extrinsecus pulsa, quod reliquum est, suapte vi et natura movebitur. Quodsi aliqua res efficeretur sine causa antecedente, falsum esset omnia fato fieri; sin omnibus, quaecumque fiunt, veri simile est causam antecedere, quid adferri poterit, cur non omnia fato fieri fatendum sit? modo intellegatur, quae sit causarum distinctio ac dissimilitudo.' 


 [44]  Haec cum ita sint a Chrysippo explicata, si illi, qui negant adsensiones fato fieri, fateantur tamen eas sine viso antecedente fieri, alia ratio est; sed, si concedunt anteire visa, nec tamen fato fieri adsensiones, quod proxima illa et continens causa non moveat adsensionem, vide, ne idem dicant. Neque enim Chrysippus, concedens adsensionis proximam et continentem causam esse in viso positam, eam causam esse ad adsentiendum necessariam concedet, ut, si omnia fato fiant, omnia causis fiant antecedentibus et necessariis; itemque illi, qui ab hoc dissentiunt confitentes non fieri adsensiones sine praecursione visorum, dicent, si omnia fato fierent eius modi, ut nihil fieret nisi praegressione causae, confitendum esse fato fieri omnia; ex quo facile intellectu est, quoniam utrique patefacta atque explicata sententia sua ad eundem exitum veniant, verbis eos, non re dissidere. 


 [45]  Omninoque cum haec sit distinctio, ut quibusdam in rebus vere dici possit, cum hae causae antegressae sint, non esse in nostra potestate, quin illa eveniant, quorum causae fuerint, quibusdam autem in rebus causis antegressis in nostra tamen esse potestate, ut illud aliter eveniat, hanc distinctionem utrique adprobant, sed alteri censent, quibus in rebus, cum causae antecesserint, non sit in nostra potestate, ut aliter illa eveniant, eas fato fieri; quae autem in nostra potestate sint, ab eis fatum abesse . . . . 



 [46]  Hoc modo hanc causam disceptari oportet, non ab atomis errantibus et de via declinantibus petere praesidium. 'Declinat', inquit, 'atomus'. Primum cur? aliam enim quandam vim motus habebant a Democrito inpulsionis, quam plagam ille appellat, a te, Epicure, gravitatis et ponderis. Quae ergo nova causa in natura est, quae declinet atomum? aut num sortiuntur inter se, quae declinet, quae non? aut cur minimo declinent intervallo, maiore non? aut cur declinent uno minimo, non declinent duobus aut tribus? 


 [47]  Optare hoc quidem est, non disputare. Nam neque extrinsecus inpulsam atomum loco moveri et declinare dicis, neque in illo inani, per quod feratur atomus, quicquam fuisse causae, cur ea non e regione ferretur, nec in ipsa atomo mutationis aliquid factum est quam ob rem naturalem motum sui ponderis non teneret. Ita cum attulisset nullam causam, quae istam declinationem efficeret, tamen aliquid sibi dicere videtur, cum id dicat, quod omnium mentes aspernentur ac respuant. 



 [48]  Nec vero quisquam magis confirmasse mihi videtur non modo fatum, verum etiam necessitatem et vim omnium rerum sustulisseque motus animi voluntarios, quam hic, qui aliter obsistere fato fatetur se non potuisse, nisi ad has commenticias declinationes confugisset. Nam, ut essent atomi, quas quidem esse mihi probari nullo modo potest, tamen declinationes istae numquam explicarentur. Nam si atomis, ut gravitate ferantur, tributum est necessitate naturae, quod omne pondus nulla re inpediente moveatur et feratur necesse est, illud quoque necesse est, declinare, quibusdam atomis vel, si volunt, omnibus naturaliter . . . .
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[1]I. ... because it relates to character, called in Greek ethos, while we usually term that part of philosophy 'the study of character,' but the suitable course is to add to the Latin language by giving this subject the name of 'moral science.' It is also necessary to expound the meaning and the theory of propositions, called in Greek axiomata; what
validity these have when they make a statement about a future event and about something that may happen or may not is a difficult field of inquiry, entitled by philosophers Peri Dynaton; and the whole subject is Logike, which I call 'the theory of discourse.' The method which I pursued in other volumes, those on the Nature of the Gods, and also in those which I have published on Divination, was that of setting out a continuous discourse both for and against, to enable each student to accept for himself the view that seems to him most probable; but I was prevented by accident a from adopting it in the present discussion on the subject of Fate. 



 [2]  For I was at my place at Puteoli, and my friend Hirtius, the consul designate, a very close friend of mine and a devoted student of the subjects that have occupied my life from boyhood, was in the neighbourhood. Consequently we were a great deal together, being engrossed as we for our part were in seeking for a line of policy that might lead to peace and concord in the state. For since the death of Caesar it had seemed as if a search was being made for every possible means of causing fresh upheavals, and we thought that resistance must be offered to these tendencies. Consequently almost all our conversation was spent in considering those matters,—and this both on many other occasions and also, on a day less occupied by engagements than usual and less interrupted by visitors, Hirtius having come to my house, we began with our daily and regular topics of peace and tranquillity.



[3]  II. These dealt with, Hirtius remarked, "What now? I hope you have not actually abandoned your oratorical exercises, though you have undoubtedly placed philosophy in front of them; well then, is it possible for me to hear something?"


"Well," I said, "you can either hear something or say something yourself; for you are right in supposing that I have not abandoned my old interest in oratory, — indeed I have kindled it in you also, although you came to me an ardent devotee already; and moreover my oratorical powers are not diminished by the subjects that I now have in hand, but rather increased. 


For there is a close alliance between the orator and the philosophical system of which I am a follower, since the orator borrows subtlety from the Academy and repays the loan by giving to it a copious and flowing style and rhetorical ornament. This being so," I said, "as both fields of study fall within our province, to-day it shall be for you to choose which you prefer to enjoy."

" That is most kind of you," rejoined Hirtius, "and exactly like what you do always; for your willingness never refuses anything to my inclination. 




 [4]  But I am acquainted with the rhetorical discourses of your school, and have often heard and also often shall hear you in them; moreover your Tusculan Disputations show that you have adopted this Academic practice of arguing against a thesis advanced; consequently I am willing to lay down some thesis in order that I may hear the counter-arguments, if this is not disagreeable to you."


"Can anything be disagreeable to me," I said, "that will be agreeable to you? But you will hear me speaking as a true Roman, as one who is nervous in entering on this kind of discussion, and who is returning to these studies after a long interval."


"I shall listen to your discourse in the same spirit as I read your writings; so begin. Let us sit down here."


.       .       .       .       .       .       .       .
 


 [5]  III. " ... a in some of which, for instance in the case of the poet Antipater, in that of persons born on the shortest day, or of brothers who are ill at the same time, in the cases of urine and finger-nails and other things of that kind, natural connexion operates, and this I do not exclude — it is not a predestined compelling force at all; but in other cases there can be some elements of chance, for instance with the shipwrecked sailor we spoke of, or Icadius, or Daphitas. Some cases even seem (if the master a will excuse my saying so) to be the invention of Posidonius; at all events they are ridiculous. 


For consider: suppose it was Daphitas's destiny to fall off his horse and meet his end in that way, was it off this horse, which as it was not a real horse had a name that did not belong to it? or was it against these little four-in-hands on the sword-hilt that Philip used to be warned to be on his guard? just as if it was the hilt of a sword that killed him! Again, what is there remarkable about that nameless shipwrecked sailor's having fallen into a brook? although in his case indeed our authority does write that he had been warned that he was to meet his end in the water. 


Even in the case of the brigand Icadius I swear I can't see any trace of destiny; for the story does not say that he had any warning, 



 [6]  so that if a rock from the roof of a cave did fall on his legs, what is there surprising about it? for I suppose that even if Icadius had not been in the cave at the time, that rock would have fallen all the same, since either nothing at all is fortuitous or it was possible for this particular event to have happened by fortune. 



Why the preference for fate and antipathy to chance? 


What I want to know therefore is (and this is a matter that will have a wide bearing), if there were no such word at all as fate, no such thing, no such force, and if either most things or all things took place by mere casual accident, would the course of events be different from what it is now? What is the point then of harping on fate, when everything can be explained by reference to nature and fortune without bringing fate in?



 [7]  IV. "But let us give Posidonius the polite dismissal that he deserves and return to the subtleties of Chrysippus. And first let us answer him on the actual influence of connexion; the other points we will go on to afterwards. We see the wide difference between the natural characters of different localities: we notice that some are healthy, others unhealthy, that the inhabitants of some are phlegmatic and as it were overcharged with moisture, those of others parched and dried up; and there are a number of other very wide differences between one place and another. Athens has a rarefied climate, which is thought also to cause sharpness of wit above the average in the population; at Thebes the climate is dense, and so the Theban are stout and sturdy. All the same the rarefied air of Athens will not enable a student to choose between the lectures of Zeno, Arcesilas and Theophrastus, and the dense air of Thebes will not make a man try to win a race at Nemea rather than at Corinth. 


 [8]  Carry the distinction further: tell me, can the nature of the locality cause us to take our walk in Pompey's Porch rather than in the Campus? in your company sooner than in someone else's? on the 15th of the month rather than on the 1st? Well then, just as the nature of the locality has some effect on some things but none on others, so the condition of the heavenly bodies may if you like influence some things, but it certainly will not influence everything. 


Some elements of our character are caused by nature - environment (and heredity)


You will say that inasmuch as there are differences in the natures of human beings that cause some to like sweet things, others slightly bitter things, and make some licentious and others prone to anger or cruel or proud, while others shrink in horror from vices of that sort, therefore, we are told, inasmuch as there is so wide a difference between one nature and another, what is there surprising in the view that these points of unlikeness result from different causes?

Chrysippus's idea that our wills and desires are determined by antecedent natural causes would leave nothing in our power and deny free will

[9]  
V. "In putting forward this view Chrysippus fails to see the question at issue and the point with which the argument is dealing. For it does not follow that if differences in men's propensities are due to natural and antecedent causes, therefore our wills and desires are also due to natural and antecedent causes; for if that were the case, we should have no freedom of the will at all [nothing would be in our power]. 

But as it is, though we admit that it does not rest with ourselves whether we are quick-witted or dull, strong or weak, yet the person who thinks that it necessarily follows from this that even our choice between sitting still and walking about is not voluntary fails to discern the true sequence of cause and effect. For granted that clever people and stupid people are born like that, owing to antecedent causes, and that the same is true of the strong and the weak, nevertheless it does not follow that our sitting and walking and performing some action are also settled and fixed by primary causes. 


 [10] The Megarian philosopher Stilpo, we are informed, was undoubtedly a clever person and highly esteemed in his day. Stilpo is described in the writings of his own associates as having been fond of liquor and of women, and they do not record this as a reproach but rather to add to his reputation, for they say that he had so completely mastered and suppressed his vicious nature by study that no one ever saw him the worse for liquor or observed in him a single trace of licentiousness. Again, do we not read how Socrates was stigmatized by the 'physiognomist' Zopyrus, who professed to discover men's entire characters and natures from their body, eyes, face and brow? he said that Socrates was stupid and thick-witted because he had not got hollows in the neck above the collarbone — he used to say that these portions of his anatomy were blocked and stopped up; he also added that he was addicted to women — at which Alcibiades is said to have given a loud guffaw! 



 [11]  But it is possible that these defects may be due to natural causes; but their eradication and entire removal, recalling the man himself from the serious vices to which he was inclined, does not rest with natural causes, but with will, effort, training; and if the potency and the existence of fate is proved from the theory of divination, all of these will be done away with.

VI. "Indeed, if divination exists, what pray is the nature of the scientific observations (I use the term 'observations' to render theoremata) which are its source? For I do not believe that those who practise divination dispense entirely with the use of observation in foretelling future events, any more than do the practitioners of all the other sciences in pursuing their own function.  


 [12]  Well then, here is a specimen of the observations of the astrologers : 'If (for instance) a man was born at the rising of the dogstar, he will not die at sea.' Keep a good lookout, Chrysippus, so as not to leave your position undefended; you have a great tussle about it with that stalwart logician Diodorus. For if the connexion of propositions 'If anyone was born at the rising of the dogstar, he will not die at sea' is true, the following connexion is also true, ' If Fabius a was born at the rising of the dogstar, Fabius will not die at sea.' Consequently the propositions ' Fabius was born at the rising of the dogstar ' and ' Fabius will die at sea ' are incompatible, and since that he was born at the rising of the dogstar is predicated with certainty in the case of Fabius, the propositions ' Fabius exists' and ' Fabius will die at sea' are also incompatible. Therefore also ' Fabius exists and Fabius will die at sea ' is a conjunction of incompatibles, which as propounded is an impossibility. Therefore the proposition ' Fabius will die at sea ' belongs to the class of impossibilities. Therefore every false proposition about the future is an im3 possibility.  



Diodorus Cronus's Master Argument is an ancient argument for logical necessity. Chrysippus denied necessity, but accepted causal determinism and fate 


 [13] 
VII. But this is a view that you, Chrysippus, will not allow at all, and this is the very point about which you are specially at issue with Diodorus. He says that only what either is true or will be true is a possibility, and whatever will be, he says, must necessarily happen, and whatever will not be, according to him cannot possibly happen. You say that things which will not be are also 'possible ' — for instance it is possible for this jewel to be broken even if it never will be —, and that the reign of Cypselus at Corinth was not necessary although it had been announced by the oracle of Apollo a thousand years before. But if you are going to sanction divine prophecies of that sort, you will reckon false statements as to future events (for instance a prophecy that Africanus was not going to take Carthage) as being in the class of things impossible, and also, if a thing is truly stated about the future and it will be so, you would have to say that it is so; but the whole of this is the view of Diodorus, which is alien to your school. 



 [14]  For if the following is a true connexion, ' If you were born at the rising of the dogstar you will not die at sea,' and if the first proposition in the connexion, 'You were born at the rising of the dogstar,' is necessary (for all things true in the past are necessary, as Chrysippus holds, in disagreement with his master Cleanthes, because they are unchangeable and because what is past cannot turn from true into false) — if therefore the first proposition in the connexion is necessary, the proposition that follows also becomes necessary. Although Chrysippus does not think that this holds good universally; but all the same, if there is a natural cause why Fabius should not die at sea, it is not possible for Fabius to die at sea.


 [15]  VIII. "At this point Chrysippus gets nervous and expresses a hope that the Chaldaeans and the rest of the prophets are mistaken, and that they will not employ conjunctions of propositions putting out their observations in the form 'If anyone was born at the rising of the dogstar he will not die at sea,' but rather will say 'It is not the case both that some person was born at the rising of the dogstar and that that person will die at sea.' what amusing presumption! to avoid falling into the hands of Diodorus himself he tutors the Chaldaeans as to the proper form in which to set out their observations! For I ask you, if the Chaldaeans adopt the procedure of setting forth negations of indefinite conjunctions rather than indefinite sequences, why should it not be possible for doctors and geometricians and the other professions to do likewise? Take a doctor to begin with: he will not set forth a scientific principle that he has ascertained in this form, 'If a person's pulse is so and so, he has got a fever,' but rather as follows, 'It is not the case both that a person's pulse is so and so and that he has not got a fever.' And similarly a geometrician will not speak as follows, 'The greatest circles on a sphere bisect each other,' but rather as follows, 'It is not the case both that there are certain circles on the surface of a sphere that are the greatest and that these circles do not bisect each other.'


 [16]  What is there that cannot be carried over in that sort of way from the form of a necessary consequence to that of a negation of conjoined statements? And in fact we can express the same thing in other ways. Just now I said 'The greatest circles on a sphere bisect each other' ; but it is possible for me to say 'If certain circles on a sphere are the greatest,' and it is possible for me to say 'Because certain circles on a sphere will be the greatest.' There are many ways of stating a proposition, and none is more twisted round than this one, which Chrysippus hopes that the Chaldaeans will accommodate the Stoics by accepting. Yet none of the Chaldaeans really use that sort of language, for it is a bigger task to familiarize oneself with these contorted modes of expression than with the risings and settings of the constellations. 




To say that the 'possible' is necessary is to deny alternative possibilities many of which will never be realized.


 [17] IX. "But let us go back to the argument of Diodorus already mentioned, which they term Peri Dynaton, in which the meaning of the term 'possible' is investigated. Well, Diodorus holds that only what either is true or will be true is possible. This position is connected with the argument that nothing happens which was not necessary, and that whatever is possible either is now or will be, and that it is no more possible for things that will be to alter than it is for things that have happened; but that whereas in the things that have happened this immutability is manifest, in some things that are going to happen, because their immutability is not manifest, it does not appear to be there at all, and consequently, while the statement 'This man will die of this disease' is true in the case of a man who is suffering from a deadly disease, if this same statement is made truly in the case of a man in whom so violent an attack of the disease is not manifest, none the less it will happen. It follows that no change from true to false can occur even in the case of the future. For 'Scipio will die' has such validity that although it is a statement about the future it cannot be converted into a falsehood, for it is a statement about a human being, who must inevitably die.  


 [18]  If the form of the statement had been 'Scipio will die by violence in his bedroom at night,' the statement in that form would have been a true one, for it would have been a statement that a thing was going to happen that was going to happen, and that it was going to happen is a necessary inference from the fact that it did happen. Neither was 'Scipio will die' any truer than 'Scipio will die in that manner,' nor was it more inevitable for Scipio to die than it was for him to die in that manner, nor was it more impossible for the statement 'Scipio has been murdered' to change from a truth to a falsehood than for the statement Scipio will be murdered'; 

Epicurus need not have invented his "swerve" of the atoms to defend against arguments for fatalism


nor, these things being so, is there any reason for Epicurus's standing in terror of fate and seeking protection against it from the atoms and making them swerve out of the perpendicular? and entertaining simultaneously two utterly inexplicable propositions, one that something takes place without a cause — from which it will follow that something comes out of nothing, which neither Epicurus nor any natural philosopher allows —, the other that when two atoms are travelling through empty space one moves in a straight line and the other swerves. 




Cicero denies any causal chain (an eternal stream of natural and necessary causation)


 [19]  For it is not necessary for Epicurus to fear lest, when he admits that every proposition is either true or false, all events must necessarily be caused by fate; for the truth of a proposition of the form 'Carneades will go down to the Academy' is not due to an eternal stream of natural and necessary causation, and yet nevertheless it is not uncaused, but there is a difference between causes accidentally precedent [by chance] and causes intrinsically containing a natural efficiency. Thus it is the case both that the statement 'Epicurus will die in the archonship of Pytharatus, at the age of seventy-two,' was always true, and also that nevertheless there were no fore-ordained causes why it should so happen, but, because it did so fall out, it was certainly going to befall by a definite series of causes. 



Causes can determine our actions, but fatalistic prophecies and claims of foreknowledge cannot, being merely words.


 [20]  Moreover those who say that things that are going to be are immutable and that a true future event cannot be changed into a false one, are not asserting the necessity of fate but explaining the meaning of terms; whereas those who bring in an everlasting series of causes rob the human mind of freewill and fetter it in the chains of a fated necessity. 


Chrysippus denies uncaused motion in order to save the truth or falsity of propositions!

X. "But enough of these subjects; let us examine others. For Chrysippus argues thus: If uncaused motion exists, it will not be the case that every proposition (termed by the logicians an axioma) is either true or false, for a thing not possessing efficient causes will be neither true nor false; but every proposition is either true or false; therefore uncaused motion does not exist. 




Precedent causes for all things means fate and causal determinism. It is better to give up the truth/falsity of propositions


 [21]  If this is so, all things that take place take place by precedent causes; if this is so, all take place by fate; it therefore follows that all things that take place take place by fate.' At this point, in the first place if I chose to agree with Epicurus and to say that not every proposition is either true or false, I would rather suffer that nasty knock than agree that all events are caused by fate; for the former opinion has something to be said for it, but the latter is intolerable. Accordingly Chrysippus exerts every effort to prove the view that every axioma is either true or false. For just as Epicurus is afraid that if he admits this he will also have to admit that all events whatever are caused by fate (on the ground that if either of two alternatives is true from all eternity, that alternative is also certain, and if it is certain it is also necessary. This, he thinks, would prove both necessity and fate), similarly Chrysippus fears that if he fails to maintain that every proposition is either true or false he will not carry his point that all things happen by fate and spring from eternal causes governing future events. 



The "swerve" of Epicurus must be uncaused (a causa sui)


 [22]  But Epicurus thinks that the necessity of fate is avoided by the swerve of an atom; and so in addition to gravity and impact there arises a third form of motion, when the atom swerves sideways a minimal space (termed by Epicurus elachiston). Also he is compelled to profess in reality, if not quite explicitly, that this swerve takes place without cause; for the atom does not swerve in consequence of being struck by another atom, since how can impact between them take place if they are indivisible bodies travelling perpendicularly in straight lines by the force of gravity, as Epicurus holds? but it follows that if one is never driven aside by another, one will never even meet another; the consequence is that, even granting that the atom exists and that it swerves, the swerve is uncaused.



Epicurus feared that Democritus's determinism would deny human freedom [nihil liberum nobis esset]


 [23]  "The reason why Epicurus brought in this theory was his fear lest, if the atom were always carried along by the natural and necessary force of gravity, we should have no freedom whatever, since the movement of the mind was controlled by the movement of the atom. The author of the atomic theory, Democritus, preferred to accept the view that all events are caused by necessity, rather than to deprive the atoms of their natural motions.


Carneades said Epicurus should simply have claimed a special power for the mind rather than for the atoms

XI. Carneades showed greater insight: his doctrine was that the school of Epicurus could have maintained its cause without this fictitious swerve. For it would have been better for the dogma of the possibility of some voluntary movement of the mind to be maintained than for them to introduce the swerve, especially as they were unable to invent a cause for it; and by maintaining that dogma they could easily have withstood Chrysippus, for in admitting that no motion is uncaused they would not have been admitting that all events are due to antecedent causes, as they would have said that there are no external and antecedent causes of our volition. 


 [24]  Therefore when we use the expression 'Somebody wishes (or does not wish) something without cause, we are perverting the accepted convention of language; for we are using the phrase 'without cause' in the sense of without an external and antecedent cause,'not without a cause of some kind.' Just as when we say that a vessel is empty we do not use the expression in the sense in which it is used by the natural philosophers, who hold that no absolute vacuum exists, but we employ it to mean that the vessel has (for example) no water in it, or wine, or oil, similarly when we say that the mind moves without cause we mean that it moves without an antecedent external cause, not without any cause at all. Motion without cause can be predicated of the atom itself in moving through void by reason of gravity and weight, because there is no additional cause from outside; 



[25] but on the other hand, for fear lest we all be laughed at by the natural philosophers if we say that anything takes place without a cause, a distinction must be made, and the matter must be put in this way, that it is the nature of the atom itself to be kept in motion by weight and gravity, and that its nature is itself the cause of its travelling in this manner. Similarly no external cause need be sought to explain the voluntary movements of the mind; for voluntary motion possesses the intrinsic property of being in our power and of obeying us, and its obedience is not uncaused, for its nature is itself the cause of this.  



Carneades (and Chrysippus) say future events are not necessitated, but some may be caused (and thus fated)


 [26]  This being so, what is the reason why every proposition is not either true or false, if we do not allow that whatever takes place is caused by fate? The reason is, says he, that future things that have not got causes why they will be in the future cannot be true; therefore those that are true must necessarily have causes; accordingly when they have occurred they will have occurred by fate. 
XII. That ends the business, inasmuch as you are bound to admit either that everything takes place by fate or that something can take place without a cause. 


 [27]  Consider the statement 'Scipio will take Numantia': if an external chain of interlinked causes is not going to bring this about, can it be true in any other manner? could it have been false if it had been said innumerable ages ago? And if the statement 'Scipio will take Numantia' had not been true then, even after Numantia has fallen the statement Scipio has taken Numantia' is not true either. Therefore is it possible for anything to have happened that was not previously going to be true? For just as we speak of past things as true that possessed true actuality at some former time, so we speak of future things as true that will possess true actuality at some following time. 



 [28] Yet it does not immediately follow from the fact that every statement is either true or false that there are immutable causes, eternally existing, that forbid anything to fall out otherwise than it will fall out. The causes which bring it about that statements of the form 'Cato will come into the Senate' are true statements, are fortuitous, they are not inherent in the nature of things and the order of the universe; and nevertheless 'he will come,' when true, is as immutable as 'he has come' (though we need not on that account be haunted by fear of fate or necessity), for it will necessarily be admitted that if the statement Hortensius will come to his place at Tusculum' is not true, it follows that it is false. Our opponents hold that it is neither; which is impossible.


" Nor shall we for our part be hampered by what is called the 'idle argument' — for one argument is named by the philosophers the Argos Logos, because if we yielded to it we should live a life of absolute inaction. For they argue as follows: If it is fated for you to recover from this illness, you will recover whether you call in a doctor or do not;


 [29]  similarly, if it is fated for you not to recover from this illness, you will not recover whether you call in a doctor or do not; and either your recovery or your non-recovery is fated; therefore there is no point in calling in a doctor.' 

XIII. This mode of arguing is rightly called 'idle' and indolent, because the same train of reasoning will lead to the entire abolition of action from life. It is even possible to alter the form by not introducing the word 'fate' and yet to retain the
same meaning, thus If the statement "You will recover from that illness" has been true from all eternity, you will recover whether you call in a doctor or do not; and similarly if the statement "You will recover from that illness" has been false from all eternity, you will not recover whether you call in a doctor or not; the conclusion following as before. 


 [30] This argument is criticized by Chrysippus. For, he says, there exist in actuality two classes of facts, simple and complex. An instance of a simple fact is 'Socrates will die at a given date'; in this case, whether he does some action or does not do it, the day of his death has been determined. But if it is fated that 'Laius will have a son Oedipus,' it will not be possible for the words 'whether Laius mates with woman or does not' to be added, for the matter is complex and condestinate' — he gives that name to it because he thinks it is fated both that Laius will lie with a wife and that he will beget Oedipus by her: in the same way as, supposing it were said that 'Milo will wrestle at Olympia' and somebody replied 'If so, he will wrestle whether he has an opponent or not,' he would be wrong; for 'will wrestle' is a complex statement, because there can be no wrestling without an opponent. Therefore all captious arguments of that sort can be refuted in the same way. 'You will recover whether you call in a doctor or do not' is captious, for calling in a doctor is just as much fated as recovering. These connected events, as I said, are termed by Chrysippus 'condestinate.'


 [31]  XIV. "Carneades refused to accept this class of things entirely, and held the view that the line of argument in question was not quite accurately thought out. In consequence he used to put his case in another manner, and did not employ any trickery; his argument ran like this: If everything takes place with antecedent causes, all events take place in a closely knit web of natural interconnexion; if this is so, all things are caused by necessity; if this is true, nothing is in our power. But something is in our power. 
Yet if all events take place by fate, there are antecedent causes of all events. Therefore it is not the case that whatever events take place take place by fate.' 


 [32]  This line of argument cannot be made more rigidly conclusive. For if anybody chose to repeat the same point and to put it thus, 'If all that will be is from eternity true, so that it must certainly turn out as it will be, events necessarily take place in a closely knit web of natural interconnexion,' he would be talking nonsense. For it makes a great deal of difference whether a natural cause, existing from all eternity, renders future things true, or things that are going to be in the future can be understood to be true even without any natural eternity. 
Accordingly Carneades used to say that not even Apollo could tell any future events except those whose causes were so held together by nature that they must necessarily happen. 



 [33] For what consideration could lead the god himself to say that the Marcellus who was three times consul was going to die at sea? this had indeed been true from all eternity, but it had no efficient causes. 


Carneades says the gods have no foreknowledge of events without causes


Therefore Carneades held the view that Apollo had no knowledge even of these past events which had left behind them no trace of their passage — how much less had he knowledge of future events, for only by knowing the efficient causes of all things was it possible to know the future; therefore it was impossible for Apollo to foretell the fate of Oedipus when there were no causes fore-ordained in the nature of things making it necessary for him to murder his father, nor could he foretell anything of the sort. 
XV. Hence if, while it is consistent for the Stoics, who say that all things happen by fate, to accept oracles of this sort and all the other things connected with divination, yet the same position cannot be held by those who say that the things which are going to happen in the future have been true from all eternity, observe that their case is not the same as that of the Stoics; for their position is more limited and narrow, whereas the Stoic theory is untrammelled and free. 


 [34]  Even if it be admitted that nothing can happen without an antecedent cause, what good would that be unless it be maintained that the cause in question is a link in an eternal chain of causation? But a cause is that which makes the thing of which it is the cause come about — as a wound is the cause of death, failure to digest one's food of illness, fire of heat. 

A cause is more than something preceding an event


Accordingly 'cause' is not to be understood in such a way as to make what precedes a thing the cause of that thing, but what precedes it effectively: the cause of my playing tennis was not my going down into the Campus, nor did Hecuba's giving birth to Alexander make her the cause of the death of Trojans, nor was Tyndareus the cause of Agamemnon's death because he was the father of Clytemnestra. For on those lines a well-dressed traveller also will be said to have been the cause of the highwayman's robbing him of his clothes.  



 [35]  To this class of expression belongs the phrase of Ennius -



Would that in Pelius' glade the pine-tree beams 
Had never fallen to earth by axes hewn!


He might have gone even further back, 'Would that no tree had ever grown on Pelius!' and even further, 'Would that no Mount Pelius existed!' and similarly one may go on recalling preceding events in infinite regress.


Nor thence had made inception of the task

Of laying down a ship.


What is the point of recounting these past events? because what follows is this:


 For were it so, my roving royal mistress, 
Medea, from her home had ne'er set forth, 
Heartsick and by love's cruel weapon wounded. 



It was not the case that those events brought the cause of love.


 [36] XVI. "But they declare that there is a difference whether a thing is of such a kind that something cannot be effected without it, or such that something must necessarily be effected by it. None of the causes mentioned therefore is really a cause, since none by its own force effects the thing of which it is said to be the cause; nor is that which is a condition of a thing's being effected a cause, but that of which the access necessarily produces the thing of which it is the cause. For at the time when the snake-bite had not yet caused Philoctetes to be afflicted with a sore, what cause was contained in the nature of things that would bring it to pass that he would be marooned on the Isle of Lemnos? whereas afterwards the cause was nearer and more closely connected with his death. 



 [37] Therefore it was the principle underlying the result that revealed the cause; but the proposition 'Philoctetes will be marooned on an island' had been true from all eternity, and this could not be turned from a truth into a falsehood. For it is necessary that of two contrary propositions — by contrary I here mean propositions one of which affirms something and the other denies it  — of these two propositions therefore it is necessary, pace Epicurus, that one should be true and the other false; for example, 'Philoctetes will be wounded' was true, and Philoctetes will not be wounded' false, for the whole of the ages of the past; unless perhaps we choose to follow the opinion of the Epicureans, who say that propositions of this sort are neither true nor false, or else, when ashamed of that, they nevertheless make the still more impudent assertion that disjunction consisting of contrary propositions are true, but that the statements contained in the propositions are neither of them true. 



 [38] What marvellous effrontery and pitiable ignorance of logical method! For if anything propounded is neither true nor false, it certainly is not true; but how can something that is not true not be false, or how can something that is not false not be true? We shall therefore hold to the position maintained by Chrysippus, that every proposition is either true or false; reason itself will insist both that certain things are true from all eternity and that they are not involved in a nexus of eternal causes but are free from the necessity of fate.




Cicero is wrong about Aristotle being a necessitarian fatalist


 [39]  XVII. "And my own view at all events is that, as between the two opinions held by the old philosophers, on the one hand the opinion of those who deemed that everything takes place by fate in the sense that this fate exercises the force of necessity — the opinion to which Democritus, Heraclitus, Empedocles and Aristotle adhered — and on the other hand the opinion of those who held that the movements of the mind are voluntary and not at all controlled by fate, Chrysippus stood as unofficial umpire and wished to strike a compromise, — though as a matter of fact he inclines to adhere to those who hold that the mind is released from all necessity of motion; but in employing formulae peculiar to himself he slips into such difficulties that against his will he lends support to the necessity of fate.  



 [40] And let us if you please examine the nature of this doctrine in connexion with the topic of assent, which I treated in my first discourse. Those old philosophers who held that everything takes place by fate used to say that assent is given perforce as the result of necessity. On the other hand those who disagreed with them released assent from bondage to fate, and maintained that if assent were made subject to fate it would be impossible to dissociate it from necessity. They argued as follows: 

Chrysippus says not all future events are necessitated, some may be caused (and thus fated), but if all are fated, there is no justice


If all things take place by fate, all things take place with an antecedent cause; and if desire is caused, those things which follow desire are also caused; therefore assent is also caused. But if the cause of desire is not situated within us, even desire itself is also not in our power; and if this is so, those things which are caused by desire also do not rest with us. It follows therefore that neither assent nor action is in our power. From this it results that there is no justice in either praise or blame, either honours or punishments. But as this is erroneous, they hold that it is a valid inference that not everything that takes place takes place by fate.


 [41]  XVIII. "But Chrysippus, since he refused on the one hand to accept necessity and held on the other hand that nothing happens without fore-ordained causes, distinguishes different kinds of causation, to enable himself at the same time to escape necessity and to retain fate. 'Some causes,' he says, 'are perfect and principal, others auxiliary and proximate. Hence when we say that everything takes place by fate owing to antecedent causes, what we wish to be understood is not perfect and principal causes but auxiliary and proximate causes.' Accordingly he counters the argument that I set out a little time ago by saying that, if everything takes  place by fate, it does indeed follow that everything takes place from antecedent causes, but not from principal and perfect but auxiliary and proximate causes. And if these causes themselves are not in our power, it does not follow that desire also is not in our power. On the other hand if we were to say that all things happen from perfect and principal causes, it would then follow that, as those causes are not in our power, desire would not be in our power either. 



 [42] Hence the train of argument in question will be valid against those who introduce fate in such a manner as to make it involve necessity; but it will have no validity against those who do not allege perfect and principal causes as antecedent. For they think that they can easily explain the meaning of the statement that assent takes place from pre-ordained causes; for although assent cannot take place unless prompted by a sense-presentation, nevertheless since that presentation supplies a proximate and not a principal cause, this, according to Chrysippus, is explained by the theory which we stated just now, not indeed proving that assent can take place without being aroused by any external force (for assent must necessarily be actuated by our seeing an object), but Chrysippus goes back to his roller and spinning-top, which cannot begin to move unless they are pushed or struck, but which when this has happened, he thinks, continue to move of their own nature, the roller rolling forward and the top spinning round. 




 [43]  XIX. 'In the same way therefore,' he says, 'as a person who has pushed a roller forward has given it a beginning of motion, but has not given it the capacity to roll, so a sense-presentation when it impinges will it is true impress and as it were seal its appearance on the mind, but the act of assent will be in our power, and as we said in the case of the roller, though given a push from without, as to the rest will move by its own force and nature. If some event were produced without antecedent cause, it would not be true that all things take place by fate; but if it is probable that with all things whatever that take place there is an antecedent cause, what reason will it be possible to adduce why we should not have to admit that all things take place by fate? — only provided that the nature of the distinction and difference between causes is understood.' 


 [44]  As this is the form in which these doctrines are set out by Chrysippus, if the people who deny that acts of assent take place by fate nevertheless would admit that those acts take place without an antecedent sense-presentation, it is a different theory; but if they allow that sense-presentations come first, yet nevertheless acts of assent do not take place by fate, because assent is not prompted by the proximate and contiguous cause stated, surely this comes to the same thing. For Chrysippus, while admitting that the proximate and contiguous cause of assent is situated in a perceived object, will not admit that this cause is necessary for the act of assenting, so that if all things take place by fate all things take place from antecedent and necessary causes; and also the thinkers who disagree with him in admitting that assent does not take place without the previous passage of sensory images will similarly say that, if everything were caused by fate in such a manner that nothing did take place without the precedent occurrence of a cause, it would have to be admitted that all things take place by fate; and from this it is easy to understand that since both parties, when their opinion has been developed and unfolded, come to the same ultimate position, the difference between them is one of words and not of fact. 



We may have the power to do otherwise

 [45]  And putting it broadly, inasmuch as the distinction can be made that whereas in some things it can truly be said that when certain antecedent causes have occurred it is not in our power to prevent certain results of which they were the causes from happening, yet in some things, although antecedent causes have occurred, it is nevertheless within our power to make the event turn out otherwise, — this distinction is approved by both sides; but one of the two schools holds that although fate does govern those matters in which when antecedent causes have occurred it is not in our power to make the results turn out otherwise, yet fate is not present in the case of matters which are in our power. . . . .  



Philosophers have never seen when and where some chance could make a difference that helps and not hurts


 [46] XX. "This is the proper method of discussing this question, — one should not seek assistance from atoms that roam and swerve out of their path. 'The atom does swerve,' he says. In the first place what causes the swerve? for the motive force that they will get from Democritus is a different one, a driving force termed by him a 'blow'; from you, Epicurus, they will get the force of gravity or weight. What fresh cause therefore exists in nature to make the atom swerve (or do the atoms cast lots among them which is to swerve and which not?) or to serve as the reason for their making a very small swerve and not a large one, or for their making one very small swerve and not two or three swerves?  


 [47] This is wishful thinking, not investigation. For you do not say that the atom moves its position and swerves owing to being driven by an external force, nor that there has been any factor in the void through which the atom travels to cause it not to travel in a straight line, nor that any change has taken place in the atom itself to cause it not to retain the natural motion of its own weight. Accordingly although he introduced no cause to occasion this swerve of yours, nevertheless he thinks that he is talking sense when he is saying something that all men's minds scornfully reject.   



Cicero thinks Epicurus's arguments have only reinforced those of his opponents. 


 [48] And in truth no one in my opinion has done more to uphold not only fate but also an all-controlling necessity, or to abolish voluntary movements of the mind, than has this philosopher who confesses that he has been unable to withstand fate in any other way than by taking refuge in these fictitious swerves. For if one granted the existence of the atoms, although I for my part find it entirely impossible to accept that they do exist, nevertheless there would never be any explanation of those swerves that you talk of; for if it is owing to a necessity of nature that the atoms are assigned the property of travelling by force of gravity, because every heavy body must necessarily move and travel when nothing hinders it, is that alleged swerve also necessary for some atoms, or, if they choose, for all, in the order of nature? . . ."




Cicero's oratory and his philosophy borrow much from the Academy 


Source: https://www.informationphilosopher.com/solutions/philosophers/cicero/de_fato_english.html
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BOOK I.
I.
While there are many questions in philosophy which have not as yet been by any means satisfactorily cleared up, there is in particular, as you, Brutus, are well aware, much difficulty and much obscurity attaching to the inquiry with reference to the nature of the gods, an inquiry which is ennobling in the recognition which it affords of the nature of the soul, and also necessary for the regulation of religious practices. The opinions of the greatest thinkers with regard to it conflict and vary to an extent which should be taken as strong evidence that the cause of their doing so is ignorance, and that the Academics were wise in refusing to make positive assertions upon uncertain data. Is there anything, indeed, so discreditable as rashness, and is there anything rasher and more unworthy of the dignity and strength of character of a wise man than the holding of a false opinion, or the unhesitating defence of what has not been grasped and realised with proper thoroughness? In this inquiry, to give an instance of the diversity of opinion, the greater number of authorities have affirmed the existence of the gods; it is the most likely conclusion, and one to which we are all led by the guidance of nature; but Protagoras said that he was doubtful, and Diagoras the Melian and Theodorus of Cyrene thought that there were no such beings at all. Those, further, who have asserted their existence present so much diversity and disagreement that it would be tedious to enumerate their ideas separately. For a great deal is said about the forms of the gods, and about their locality, dwelling-places, and mode of life, and these points are disputed with the utmost difference of opinion among philosophers; while upon the question in which our subject of discussion is mainly comprised, the question whether the gods do nothing, project nothing, and are free from all charge and administration of affairs, or whether, on the other hand, all things were from the beginning formed and established by them, and are throughout infinity ruled and directed by them,—on this question, especially, there are great differences of opinion, and it is inevitable, unless these are decided, that mankind should be involved in the greatest uncertainty, and in ignorance of things which are of supreme importance.
II.
For there are and have been philosophers who thought that the gods had absolutely no direction of human affairs, and if their opinion is true, what piety can there be, and what holiness, and what obligation of religion? It is right that these should be accorded, in purity and innocence of heart, to the divinity of the gods, but only if the offering is observed by them, and if something has been accorded by the immortal gods to humanity. But if they have neither the power nor the wish to aid us, if they have no care at all for us and take no notice of what we do, if there is nothing that can find its way from them to human life, what reason is there for our rendering to them any worship, or honour, or prayers? On the other hand, in an empty and artificial pretence of faith piety cannot find a place any more than the other virtues; with piety it is necessary that holiness and religious obligation should also disappear, and when these are gone a great confusion and disturbance of life ensues; indeed, when piety towards the gods is removed, I am not so sure that good faith, and human fraternity, and justice, the chief of all the virtues, are not also removed. But there is another school of philosophers, and a great and high-minded one it is, who hold that the entire universe is ordered and ruled by the mind and the intelligence of the gods, and, more than this, that the gods also take counsel and forethought for the life of men; for they think that the crops and other produce of the earth, the variations in the weather, the succession of the seasons, and the changing phenomena of the sky, by means of which everything that the earth bears is ripened and comes to maturity, are gifts bestowed by the immortal gods upon mankind, and they adduce many instances which will be mentioned in the course of these books, and which are of such a kind as to almost make it seem that the immortal gods manufactured these precise things for the benefit of man! Against this school Carneades advanced many arguments, with the result of rousing men of intelligence to a desire for investigating the truth; for there is no question on which there is such marked disagreement, not only amongst the unlearned, but the learned as well, and the fact of their opinions being so various and so mutually opposed makes it of course possible, upon the one hand, that not one of them is true, and certainly impossible, upon the other, that more than one should be true.
III.
Now, with regard to my own works, which within a short space of time I have put forth in considerable number, I notice that a good deal of comment of different kinds has been spreading, proceeding partly from those who wondered whence I had acquired this sudden enthusiasm for philosophy, and partly from those who wished to know what definite convictions I held upon particular points. I have also been conscious that many regarded it as strange that that philosophy, rather than others, should commend itself to me, which, as they would say, robs us of the light and casts a kind of darkness over things, and that the defence of an abandoned and long-neglected system should have been unexpectedly undertaken by me. Well, upon these counts I can pacify friendly objectors and confute malignant fault-finders in a way which will make the latter repent of having taken me to task, and the former glad that they have learnt the truth, for those who admonish in a friendly spirit deserve to be instructed, while those who assail in an unfriendly spirit deserve to meet with a repulse. Now I have not turned suddenly to philosophy, and from an early period of life I have expended no little attention and care upon that study, and when I seemed least devoted to it I was in reality most so. This is shown by the frequency with which the opinions of philosophers occur in my speeches, and by my friendship with the learned, an honour which my house has always enjoyed, and by the fact of such leading men as Diodotus, Philo, Antiochus and Posidonius having been my teachers. If, moreover, all the precepts of philosophy have a bearing upon life, I consider that both in my public and private capacity I have carried out what reason and principle prescribed.
IV.
But if any one asks what considerations induced me to make, at so late a date, these contributions to letters, there is nothing I can more easily explain. It was at the time when I was feeling the languor of inaction, and the condition of the state necessitated its being directed by the will and guidance of one man, that I reflected that philosophy ought, in the first place for the state’s own sake, to be brought before our fellow-countrymen. For I thought that it nearly concerned our honour and glory as a nation that so important and exalted a study should have a place in the Latin literature as well, and I regret my undertaking the less as it is easy for me to perceive how many persons’ enthusiasm I have aroused, not only for learning, but also for exposition. The fact is that several who had been trained in the Greek school were kept from sharing their learning with their countrymen by a doubt whether the knowledge that they had received from the Greeks could be expressed in Latin, but in this department I seem to have been so far successful myself as not to be outdone by the Greeks even in abundance of vocabulary. A second inducement for betaking myself to these studies was my unhappiness of mind in consequence of a great and serious blow dealt me by fortune. If I could have found any greater relief for this unhappiness I would not have taken refuge in this form of it particularly, but there were no means by which I could better enjoy relief itself than by devoting myself not merely to the reading of books, but also to an examination of the whole of philosophy. And all its parts and members are most easily recognised when questions are followed out in all their bearings in writing, for there is in philosophy a notable kind of continuity and connection of subject, so that one part seems to depend upon another, and all to be fitted and joined together.
V.
As for those who ask to know my own opinion upon each point, they display more curiosity than is necessary, for in discussion it is not so much authorities as determining reasons that should be looked for. In fact the authority of those who stand forward as teachers is generally an obstacle in the way of those who wish to learn, for the latter cease to apply their own judgment, and take for granted the conclusions which they find arrived at by the teacher whom they approve. Nor am I in the habit of commending the custom of which we hear in connection with the Pythagoreans, of whom it is said that when they affirmed anything in argument, and were asked why it was so, their usual reply was “the master said it,” “the master” being Pythagoras, and the force of preconceived opinion being so great as to make authority prevail even without the support of reason. To those, again, who wonder at my having followed this school in preference to others, I think that a sufficient answer has been made in the four books of the Academica. Certainly it is no abandoned and neglected system that I have undertaken to defend, for opinions do not also perish because individuals die, though it may happen that they are denied the illumination which is given by an expositor. For instance the philosophical method in question, the method of meeting every position with criticism, and upon no point delivering a straightforward judgment, which started with Socrates, and was taken up again by Arcesilas, and placed upon a firm foundation by Carneades, continued to flourish down to our own times, and yet I see that at the present moment in Greece itself it is left almost in the condition of an orphan. This I think has come about not through the fault of the Academy, but as a consequence of men’s dulness, for if it is a formidable matter to make oneself master of single systems, how much more so is it to make oneself master of all, as must be done by those who look forward to speaking, with a view to the discovery of truth, both for all philosophers, and also against all philosophers. To the mastery of anything so high and difficult as that I do not profess to have attained, though I do make bold to say that I have endeavoured to attain. Still it is impossible that the school which proceeds on this method should have no principle to follow. This is a point which, it is true, has been more thoroughly discussed in another work, but there are some people so dull and unreceptive as to seem to need to be reminded of it frequently. Our school, then, is not one to which nothing seems to be true, but one which says that to all true sensations there are certain false ones attached, which are so like them that the true ones can show no unmistakable mark by which to be judged and accepted as true. From this comes our conclusion that there are many sensations probably true, by which, though they do not represent full perception, the life of a wise man may be directed because they have something marked and distinct in their appearance.
VI.
But now, in order to free myself from all odium, I will bring forward the opinions of philosophers with regard to the nature of the gods, and on this matter methinks the whole world should be summoned to determine which of the opinions is the true one, and I shall only regard the Academy as presumptuous in case either all philosophers prove to be agreed, or some one is discovered who has ascertained the truth. I feel inclined, then, to exclaim in the words of the Synephebi, “By heaven, I invoke and demand, beseech and entreat, weep for and implore the protection of all our fellow-countrymen, of all young men,” not in regard to some mere trifle, as the character in that play complains that “Capital crimes are being committed in the state, a light of love refuses to take money from her lover,” but in order that they may be present, and make inquiry, and take cognizance as to what our convictions ought to be with regard to religious obligation, and piety, and holiness, and ceremonial rites, and honour, and an oath, and with regard to temples, and shrines, and the stated sacrifices, and those very auspices over which our college presides,—for all these questions ought to be considered as connected with our present inquiry concerning the immortal gods. Surely even those who think that they possess some certain knowledge will be forced to begin to doubt by the marked difference of opinion, amongst those of most instruction, on a matter of such great importance.
I have often noticed this difference on other occasions, but I did so most of all at the time of a remarkably thorough and careful discussion on the subject at the house of my friend Caius Cotta. I had gone there at the time of the Latin holidays, at his own request and summons, and found him sitting in a recess off the hall, engaged in discussion with Caius Velleius, a member of the senate, to whom the Epicureans assigned at that time the first place amongst our countrymen. There was also present Quintus Lucilius Balbus, who was so great a proficient in the philosophy of the Stoics as to be compared with the leading Greeks in that field. When Cotta saw me, You come, he said, very opportunely, for a dispute is arising between me and Velleius on a subject of importance, and considering your interest in such matters it is not inappropriate that you should be present at it.
VII.
I too, I said, think that I have come, as you say, opportunely, for here you are met together as the three chief members of three schools, and if Marcus Piso1 were present, not one of, at any rate, the most highly esteemed philosophies would be without a representative. If, replied Cotta, our excellent Antiochus speaks truth in the work which he has lately dedicated to Balbus here, there is no reason why you should regret the absence of your friend Piso, for according to Antiochus the Stoics agree with the Peripatetics in substance, and only differ from them in words. I should like to know what you think of this work, Balbus. What I think? said Balbus. I am surprised that a man of such remarkable acuteness as Antiochus should not have seen that there is a very great difference between the Stoics who separate things honourable from things advantageous not merely in title, but in their entire nature, and the Peripatetics who class them together, making them dissimilar in importance, and, as it were, gradation, but not in nature; for this is no slight difference in words, but a very considerable one in essence. However, that point let us discuss at some other time; for the present let us turn, if you have no objection, to what we had begun upon. I certainly have no objection, said Cotta; but in order that our friend here—looking at me—who came in upon us, may not be in the dark as to what is being discussed, let me explain that the subject was the nature of the gods, and that I, feeling it, as I always do, to be one of great obscurity, was inquiring from Velleius the opinion of Epicurus. So, if you do not mind, Velleius, let us have your first remarks again. I will certainly, he said, though our friend has not come as my auxiliary, but as yours, for you have both of you, he said with a smile, learnt from the same Philo to be sure of nothing. To which I replied: As for what we have learnt, that is Cotta’s business, but I do not wish you to think that I have come as his adherent, but as a hearer, an unbiassed one, moreover, free to judge, and under no obligation to defend, whether I wish it or not, some fixed opinion.
VIII.
Velleius then began, displaying, as is usual with his school, no lack of confidence, and afraid, beyond all things, of seeming to be in doubt upon any point, just as though he had that moment come down from the assembly of the gods and the inter-mundane spaces of Epicurus. Listen, he said, to no groundless and fanciful beliefs; no fabricator and builder of the world, like the god from Plato’s Timæus; no prophetic beldame like the πρόνοια of the Stoics (whom in our own language we may call providence); no world itself, either, endowed with mind and sensation, a round and glowing and whirling deity,—the prodigies and marvels of philosophers who do not reason but dream. Why, by what manner of means could Plato, your pet authority, have beheld the construction of this great work, the construction with which he represents the world as being put together and built by God? How was so vast a fabric set about? What were the tools, and levers, and machines, and agents employed in it? On the other hand how could air, fire, water, and earth have been obedient and submissive to the architect’s will? And whence did those five forms arise from which the other elements are formed, and which are so conveniently adapted for affecting the mind, and producing sensation? It would be tedious to remark upon all his theories, which have more the appearance of day dreams than of ascertained results, but the prize instance is the following: he represented the world not merely as having come into existence, but as having been almost turned out by hand, and yet asserted that it would be everlasting. Now do you think that a man like this, who thinks that anything that has come into being can be eternal, has put, as the saying is, even the surface of his lips to physiologia, in other words, to natural philosophy? For is there any agglomeration that cannot be dissolved, or anything that, having a beginning, has not also an end? As for your πρόνοια, Lucilius, if it is the same as the power we have been discussing, I ask, as I did just now, for the agents, machines, and all the planning and ordering of the entire work. If, on the other hand, it is something different, I ask why it made the world liable to perish, instead of making it everlasting, as was done by the god of Plato.
IX.
And from both of you2 I inquire why these powers suddenly appeared as constructors of the world, and why for innumerable ages they were asleep, for it does not follow, if there was no world, that there were no ages. By ages I do not now mean those that are made up of a number of days and nights by means of the yearly revolutions, for I acknowledge that ages in that sense could not have been attained without a rotatory movement of the heavens, but from infinitely far back there has existed an eternity, the nature of which in point of extent can be conceived, though it was not measured by periods of time.3 I ask, then, Balbus, why during that limitless extent of time your πρόνοια refrained from action. Was it labour that it shunned? But God was not affected by that, nor was there any, since all the elements, the air of heaven, the bodies composed of fire, the lands, and seas, were obedient to the divine will. What reason, again, was there why God should be desirous of decking the world, like an ædile, with figures and lights?4 If he did so in order that he himself might be better lodged, it is clear that for an infinite amount of time previously he had been living in all the darkness of a hovel. And do we regard him as afterwards deriving pleasure from the diversity with which we see heaven and earth adorned? What delight can that be to God? And if it were a delight, he would not have been able to go without it for so long. Or was this universe, as your school is accustomed to assert, established by God for the sake of men? Does that mean for the sake of wise men? In that case it was on behalf of but a small number that so vast a work was constructed. Or was it for the sake of the foolish? In the first place there was no reason why God should do a kindness to the bad, and in the second place what did he effect, seeing that the lot of all the foolish is undoubtedly a most miserable one? The chief reason for this is the fact that they are foolish, for what can we name as being more miserable than folly? and the second is the fact that there are so many ills in life that, while the wise alleviate them by a balance of good, the foolish can neither avoid their approach nor endure their presence.
X.
As for those1 who declared that the world itself was animate and wise, they were far from understanding to what kind of figure2 it is possible for the quality of rational intelligence to belong, a point on which I will myself speak a little later. For the present I will not go farther than to express my astonishment at the dulness of those who represent an animate being, that is immortal and also blessed, as round, because Plato says that there is no shape more beautiful than that. Yet I find more beauty in the shape either of a cylinder, a square, a cone, or a pyramid. And what kind of life is assigned to this round divinity? Why, a kind which consists in his being whirled along at a rate of speed, the like of which cannot even be conceived, and in which I do not see where a foothold can be found for a steadfast mind and blessed life. Why, again, should not that be considered painful in the case of God, which would be painful if it were evidenced1 to the slightest extent in our own bodies? For the earth, since it is a part of the world, is also of course a part of God. But we see vast tracts of the earth uninhabitable and uncultivated, some through being parched by the beating of the sun’s rays, and others through being bound with snow and frost owing to the distance to which the sun withdraws from them; and these, if the world is God, must, since they are parts of the world, be respectively described as glowing and frozen members of God!
These, Lucilius, are the beliefs of your school, but to show what their character is I will retrace them from their farthest source in the past. Thales, then, of Miletus, who was the first to inquire into such subjects, said that water was the first principle of things, and that God was the mind that created everything from water. Now if there can be divinity without sensation, why did he mention mind in addition to water? On the other hand, if mind can exist by itself apart from matter, why did he mention water in addition to mind? Anaximander’s opinion is that the gods have come into being, emerging and disappearing at far distant intervals in the form of innumerable worlds; but how can we conceive of God except as immortal? Anaximenes, who lived later, declared that air was God, that it had come into existence, and that it was unmeasured, infinite, and always in motion; as though air could be God when it is without form, especially when we consider that it is fitting that God should possess not merely some kind of form, but the most beautiful, or as though mortality did not overtake everything that has known a beginning.
XI.
Next Anaxagoras, who derived his system from Anaximenes, was the first to hold that the order and measure of all things was planned and accomplished by the power and intelligence of an infinite mind, in saying which he failed to see that there can be no activity joined with, and allied to, sensation in what is infinite, and no sensation at all in anything that does not feel through its own nature being acted upon. In the next place, if he intended this mind of his to be some kind of living thing, there will be some inner part on the strength of which it may be called living; but there is no part more inward than mind; let mind, therefore, be surrounded with an outer body. Since he objects to this, what we get is pure, unbodied mind, with nothing added by means of which it may be able to receive sensation, a state of things which seems to surpass the powers of conception possessed by man’s understanding. Alcmæo of Croton, who assigned divinity to the sun, and moon, and other heavenly bodies, and also to the soul, was unaware that he was endowing the perishable with immortality. As for Pythagoras, who held that the whole nature of things was traversed and permeated by a soul, from which our own souls are taken, he failed to see that by this division into human souls the divine soul was rent and lacerated, and that when the human souls experienced pain, as most of them would, a portion of the divine soul also suffered, which is impossible. Why, moreover, should the human soul, if it were God, be ignorant of anything? and how, again, would this God, if he were nothing but soul, be either implanted in the universe, or infused into it? Then Xenophanes, who held that the infinite sum of things, combined with mind, constituted divinity, is subject, on the score of mind itself, to the same censure as the others, and to severer censure on the score of infinity, in which there can be no sensation and no connection with anything external. As to Parmenides, he evolves an imaginary something resembling a crown (his word for it is στεϕάνη), a bright ring of unbroken fire which girds the sky, and which he calls God, but in which no one can look for a divine form or for sensation. He is the parent, too, of many other extravagances, for he ranks under the head of divinity war, and strife, and desire, and the other principles of the same kind, which are liable to be brought to an end alike by illness, sleep, forgetfulness, or old age; he makes also the same claim in the case of the stars, but as that has been censured in another it need not now be dwelt upon in him.
XII.
Empedocles, in addition to many other blunders, goes most discreditably astray in his conception of the gods, for he would have the four natural elements, from which he believes that all things are compounded, to be divine, though it is clear that these come into being, and suffer extinction, and lack all sensation. Nor does Protagoras, who denies absolutely the possession of any definite conviction as to their existence, non-existence, or character, seem to have the faintest conception of the divine nature. As for Democritus, when at one moment he reckons among the number of the gods the images of things and their revolutions, at another the natural power that disperses these images and sends them forth, and at another our own apprehension and intelligence, is he not involved in the greatest error? And when he further declares positively that nothing is eternal, because nothing remains perpetually in the self-same state, does he not do away with divinity with a completeness which leaves no idea of it remaining? Then again, how can air, which Diogenes of Apollonia represents as being God, possess sensation or divine form? In the inconsistency of Plato we come to a subject which it would be tedious to discuss. He says in the Timæus that the father of this world cannot be named, and also lays down in the books of the Laws that no inquiry at all ought to be made into the nature of God, and yet both in the Timæus and the Laws he attributes divinity to the world, the sky, the stars, the earth, the souls of men, and the deities that we have received from the religious system of our forefathers, views which are clearly false in themselves and in direct opposition to each other. As to his belief that God exists without a body of any kind, that he is, as the Greeks say, ἀσώματος, it is impossible to conceive what such a condition could be like, for he must then be without sensation, forethought, and pleasure, all of which qualities we embrace in our idea of God. Xenophon, too, makes in fewer words very much the same mistakes. In the record that he has given of the sayings of Socrates he represents Socrates as arguing that the form of God ought not to be made a subject of inquiry, and at the same time asserting the divinity both of the sun and of the soul, and as speaking of God at one moment in the singular, and at another in the plural, which statements are involved in pretty much the same error as those which we quoted from Plato.
XIII.
Antisthenes, again, destroys the significance and essential nature of the gods when he declares in the work entitled “On Natural Philosophy,” that there are many gods believed in by the people, but only one that is known to nature. Nor is Speusippus far different; following in the steps of Plato, who was his uncle, he attempts to wrest from our minds our knowledge of the gods by describing the deity as a kind of living energy, by which all things are directed. Aristotle gives a most confused account, on the same lines as his master, in the third book of his treatise “On Philosophy,” where at one moment he ascribes absolute divinity to mind, at another represents the world itself as divine, at another places the world under the dominion of some other power, to which he assigns the function of guiding and preserving, by means of a kind of retrograde movement, the world’s motion, and at another speaks of the ethereal heaven as God, not understanding that the heaven is a part of that world to which he has himself given the title of God elsewhere. How, moreover, could the divine consciousness of the heaven be maintained when moving at such speed? and where will a place be found for the great number of other gods, if we also count the heaven as God? When he further declares that God is incorporeal, he deprives him of all consciousness, and also of forethought; besides, if God has no body, how can he be moved? on the other hand, if he is constantly in motion, how can he know peace and happiness? Nor is any more discernment in these matters shown by Aristotle’s fellow-pupil Xenocrates, in whose books on the nature of the gods there is no description of a divine form. His account is that there are eight gods, five whom we name in naming the wandering stars, and one formed from all the fixed stars that are in the sky, as though from a number of scattered limbs, whom we are to regard as a single god; for a seventh he adds the sun, and for an eighth the moon,—but how these deities can be conscious of happiness it is impossible to conceive. Heraclides of Pontus, who also belongs to Plato’s school, filled his books with childish stories, and believes at one moment in the divinity of the world, and at another in the divinity of mind; and he also assigns divinity to the wandering stars, thus depriving God of feeling and representing his form as variable, and yet again in the same book he enrols earth and sky among the gods. The inconsistency of Theophrastus is equally insufferable; in one place he ascribes sovereign divinity to mind, in another to the sky, and in another to the stars and constellations of the heavens. Nor does his pupil Strato, who is called the natural philosopher, deserve to be listened to; he holds that all divine force is resident in nature, which contains, he says, the principles of birth, increase, and decay, but which lacks, as we could remind him, all sensation and form.
XIV.
Zeno is of opinion, to come now to your school, Balbus, that the law of nature is divine, and that it fulfils its function by enjoining what is right, and forbidding what is wrong; we cannot understand, however, how he makes this law animate, which nevertheless is what we undoubtedly require God to be. He also speaks elsewhere of æther as God, if that is a conceivable God which is without feeling, and which never presents itself to us at the time of prayers, or petitions, or vows; in other works he supposes a certain reason that pervades the whole nature of things, to be endowed with divine power, and this attribute of divinity he further assigns to the stars, and also to the years, the months, and the different seasons of the year. But it is when he interprets Hesiod’s θεογονία, or "birth of the gods," that he simply puts an end to the ordinary, well-apprehended ideas on the subject of the gods, for he does not include in their number either Jupiter, or Juno, or Vesta, or any one similarly addressed, but declares that these names were assigned with some sort of allegorical meaning to mute and inanimate objects. No less erroneous are the opinions of Zeno’s pupil Aristo, who holds that no form of God is conceivable, and denies him sensation, and is in a state of complete uncertainty as to whether he is, or is not, animate. Cleanthes, who studied under Zeno at the same time as the last-named writer, asserts at one moment that the world itself is God, at another bestows that title upon the mind and intelligence of nature as a whole, and at another finds an undoubted God in the farthest and highest fiery element, called by him æther, which extends in a circle on every hand, surrounding and enclosing the universe on the outside. In the volumes, moreover, which contain his inditement of pleasure, he seems to take leave of his senses, for in one place he delineates a kind of divine form and aspect, in another he ascribes divinity in its fullest sense to the stars, and in another declares that there is nothing so divine as reason, the result of which is that nowhere at all is that god disclosed whom our minds make known to us, and whom we wish to make correspond with the ideal in our soul, as though with an imprinted outline of himself.
XV.
Persæus, who also was a pupil of Zeno, says that it was men who had discovered some great aid to civilisation that were regarded as gods, and that the names of divinities were also bestowed upon actual material objects of use and profit, so that he is not even content to describe these as the creations of God, but makes out that they are themselves divine. Yet what can compare with the absurdity either of endowing mean and unshapely objects with the honours of divinity, or of ranking among the gods men already cut off by death, whose worship would have had to consist entirely in mourning? We come next to Chrysippus, who is considered the most skilful exponent of the fantastic notions of the Stoics, and who gathers together a large band of deities so utterly removed from knowledge that, although our mind seems able to picture in imagination anything whatever, we cannot even form an idea of them by conjecture. For he tells us that divine power resides in reason and in the soul and mind of nature taken as a whole, and then again he declares that the world itself is God and the universal outpouring of its soul, then that it is this same world’s guiding principle, operating in mind and reason, together with the common nature of things and the totality which embraces all existence, then the foreordained might and necessity of the future, then fire and the principle of æther that we have mentioned before, then those elements whose natural state is one of flux and transition, such as water, earth, and air, then the sun, the moon, the stars, the universal existence in which all things are contained, and also those human beings who have attained immortality. He further maintains that æther is that which men call Jove, and that the air which permeates the seas is Neptune, and that the earth is what is known by the name of Ceres, and he treats in similar style the titles of the other gods. He also identifies Jove with the power of uninterrupted, eternal law, the guide of life, as it may be called, and mistress of duty, which he also describes as fore-ordained necessity and the eternal truth of the future, though none of these qualities are such as to give an appearance of divine power being resident in them. All this is in his first book on the nature of the gods; in the second his aim is to harmonise the stories of Orpheus, Musæus, Hesiod, and Homer with what he has himself said on the subject of the immortal gods in the first book, so that even the oldest poets, who had not so much as a conception of such things, are made to seem to have been Stoics. Diogenes of Babylon follows in his steps in the work entitled De Minerva, where he removes from mythology the travail of Jupiter, and birth of the maiden goddess, and transfers them to natural philosophy.
XVI.
I have been setting forth what are more like the ravings of madmen than the judgments of philosophers. In fact, there is not much more absurdity in the utterances, the very attractiveness of which has been the cause of harm, that have been poured forth by the poets, when they have introduced the gods inflamed with anger and furious with desire, and have made us behold their wars, battles, contests, and wounds, their enmities, moreover, and feuds, and discords, their births and deaths, their complaints and lamentations, their passions expending themselves in unmeasured licence, their adulteries, their imprisonments, their unions with mankind, and the generation of a mortal progeny from an immortal being. And with the mistaken notions of the poets may be classed the extravagances of the magi, the delusions entertained on the same subject by the Egyptians, and also the beliefs of the common people, which from ignorance of the truth are involved in the greatest inconsistency.
Any one who should reflect how unthinkingly and recklessly these ideas are advanced, ought to reverence Epicurus and place him among the number of those very beings that form the subject of this inquiry, for it was he alone who perceived, in the first place, the fact of the existence of the gods from the idea of them which nature herself had implanted in all men’s minds. For what nation or race of men is there that does not possess, independently of instruction, a certain preconception of them? It is this which Epicurus calls by the name of πρόληψις, that is, a certain idea of a thing formed by the mind beforehand, without which nothing can be understood, or investigated, or discussed; and we have learnt the purport and advantage of this exercise of the reason from that divine volume of his upon criterion and judgment.
XVII.
You see, then, that what constitutes the foundation of this inquiry is excellently well laid, for since the belief in question was determined by no ordinance, or custom, or law, and since a steadfast unanimity continues to prevail amongst all men without exception, it must be understood that the gods exist. For we have ideas of them implanted, or rather innate, within us, and as that upon which the nature of all men is agreed must needs be true, their existence must be acknowledged. Since their existence is pretty universally admitted not only among philosophers but also among those who are not philosophers, let us own that the following fact is also generally allowed, namely, that we possess a “preconception,” to use my former word, or “previous notion” of the gods (new designations that have to be employed when the objects of designation are new, just as Epicurus himself applied the term πρόληψις to what no one had described by that name before)—we possess, I say, a preconception which makes us think of them as blessed and immortal. For nature that gave us the idea of gods as such, has also engraved in our minds the conviction that they are blessed and eternal. If that is so, there was truth in the doctrine put forward by Epicurus, that what is blessed and eternal knows no trouble itself, and causes none to others, and is therefore unaffected by anger or favour, since, as he said, anything that is so affected is marked by weakness. Enough would have now been said, if our aim were only to worship the gods with piety, and to be freed from superstition, for a divine nature of this exalted kind, being eternal and supremely blessed, would receive the pious worship of mankind (everything that is of surpassing excellence inspiring a just reverence), and also all fear arising from the violence and anger of the gods would have been dispelled, now that it is understood that anger and favour have no place in a blessed and immortal nature, and that, when those feelings have been removed, no terrors threaten us from the powers above. However, in order to confirm this belief, the mind looks for form in God, and for active life, and the working of intelligence.
XVIII.
Now, with regard to form, we are partly prompted by natural instinct, and partly instructed by reason. So far as natural instinct is concerned, no one of us in any nation attributes to the gods any but a human aspect, for under what other shape do they ever present themselves to any one whether waking or asleep? We will not, however, refer everything to primary ideas, when the same declaration is made by reason itself. For since it seems appropriate that the nature which, whether as being blessed or eternal, is the most exalted, should also be the most beautiful, could any arrangement of limbs, or cast of feature, any outline or appearance be more beautiful than man’s? Your school, at any rate, Lucilius,— as for my friend Cotta, his opinions vary — is accustomed, when exhibiting the ingenuity of the divine handiwork, to point out how admirably everything in the human figure is contrived for purposes of beauty as well as use. Now if the human figure surpasses the form of any other animate being, and if God is animate, this figure which is the most beautiful of all, is assuredly possessed by him. Since, moreover, it is understood that the gods are supremely blessed, and since no being can be blessed without virtue, and virtue cannot exist without reason, or reason be found anywhere except in a human form, it must be admitted that the gods have the outward aspect of man, though this is not body, but quasibody, and does not contain blood, but quasi-blood.
XIX.
Though these speculations of Epicurus were too acute, and their exposition too subtle, for every one to be able to appreciate them, still my confidence in your intelligence leads me to state them with less fulness than the subject requires. Well, Epicurus tells us—for he was one who could not only bring obscure and highly recondite questions before his mind’s eye, but positively deals with them as though they were lying in his hands—that the essence and nature of the gods is such that, in the first place, it is perceived by mind and not by sense, and that it does not possess what we may call solidity, or maintain an unvarying self-identity, like the bodies which on account of their compactness he calls στερέμνια.1 His account is that through the images being perceived owing to their similarity and their passage before us, when an infinite series of very similar images is formed from innumerable atoms and streams towards us, our mind, intently fixed and concentrated upon these, arrives with the utmost joy at the conception of a blessed and immortal nature. And this mighty power of infinity, which so well deserves to be much and heedfully contemplated, must needs be conceived of as so constituted that each part in it is balanced by its equivalent, according to what Epicurus calls ἰσονομία, or equal distribution, the result of which distribution is that for a given number of mortal beings there is a no less number of immortal, and that if the agencies which destroy are innumerable, those which preserve must be also without limit.
And then, Balbus, it is usual with your school to inquire from us what the life of the gods is like, and how they spend their days. In a way, you may be certain, which for blessedness and abundant possession of every good cannot be excelled even in imagination. For God does nothing, is involved in no occupations, and projects no works; he rejoices in his own wisdom and virtue, and is assured that his state will always be one of the highest felicity eternally prolonged.
XX.
We should be right in describing this God as blessed, but yours as a slave to toil. For if it is the world itself that is God, what can be less restful—and nothing that is not restful is blessed—than to revolve round the celestial axis without a moment’s pause and at a marvellous rate of speed? If, on the other hand, a god of some kind is resident in the world itself, who is to rule and direct it, to maintain the courses of the stars, and the changes of the seasons, and the ordered alternation of events, to have his eye upon lands and seas, and to guard the well-being and the lives of men, assuredly it is an oppressive and laborious task in which he is involved. We, on the contrary, make blessedness of life depend upon an untroubled mind, and exemption from all duties, for we were taught by him who taught us everything else, that the world was produced by the working of nature, without there having been any need for a process of manufacture, and that what your school declares to be capable of accomplishment only by means of divine intelligence is a thing so easy that nature will produce, and is producing, and has produced worlds innumerable. It is because you do not see how nature can accomplish this without the help of some kind of mind that, like the tragic poets, in your inability to bring the plot to a smooth conclusion, you have recourse to a god. Yet you would certainly feel no need for his agency if you had before your eyes the expanse of region, unmeasured and on every side unbounded, upon which the mind may fasten and concentrate itself, and where it may wander far and wide without seeing any farthermost limit upon which to be able to rest. Now in this immensity of length and breadth and height there floats an infinite quantity of innumerable atoms which, in spite of the intervening void, nevertheless join together, and through one seizing upon one, and another upon another, form themselves into connected wholes, by which means are produced those forms and outlines of the material world which your school is of opinion cannot be produced without bellows and anvils. You have therefore placed our necks beneath the yoke of a perpetual tyrant, of whom we are to go in fear by day and night, for who would not fear a god who foresaw everything, considered everything, noted everything, and looked upon himself as concerned in everything,—a busy and prying god? From this has come, in the first place, your idea of preordained necessity, which you call εἱμαρμένη, meaning by the term that every event that occurs had its origin in eternal truth and the chain of causation—(though what is to be thought of a philosophy that holds the ignorant old crone’s belief that everything happens by destiny?)—and secondly your art of μαντικὴ, or divinatio, as it is called in Latin, which, if we were willing to listen to you, would imbue us with such superstition that we should have to pay regard to soothsayers, augurs, diviners, prophets, and interpreters of dreams. From these terrors we have been released by Epicurus, and claimed for freedom; we do not fear beings of whom we understand that they neither create trouble for themselves, nor seek it for others, and we worship, in piety and holiness, a sublime and exalted nature. My enthusiasm, I fear, has led me into too great length, but it was difficult, although my proper character was rather that of a listener than a speaker, to leave so important and lofty a subject incomplete.
XXI.
To this Cotta replied, with his usual suavity, Nay, Velleius, if you had not said something yourself, you certainly would not have been able to hear anything at any rate from me, for the reasons why a thing should be true do not present themselves to my mind so readily as the reasons why it should be false, and this feeling, which I have experienced on many occasions, I experienced just now when listening to you. If you were to ask me what I thought the nature of the gods to be like, it is possible that I should make no reply, but if you were to inquire whether I supposed it to be like what you have just described it to be, I should say that nothing appeared to me less probable. However, before I come to the arguments that you have advanced, I will tell you what my feeling is about yourself. I have, I think, often heard your friend1 place you unhesitatingly above all our own countrymen, and compare with you only a few of the Epicureans of Greece, but as I perceived that he was very much attached to you, I used to think that there was some exaggeration in what he said, due to his friendliness. I myself, however, though I shrink from praising a man to his face, nevertheless deliver it as my opinion that you have discussed an obscure and difficult subject with clearness, and not only with a fulness of statement, but also with more elegance of diction than is usual with your school. When I was at Athens I frequently attended the lectures of Zeno, whom our own Philo used to call the leading Epicurean; in fact I attended them at Philo’s own suggestion, in order, I suppose, that I might be better able to judge how ably their tenets were refuted, when I had heard from the chief of the school the way in which they were put forth. Now Zeno did not speak as most Epicureans do, but in the same way that you did, clearly, weightily, and elegantly. Nevertheless there came to me a little while ago, when I was listening to you, the same feeling that I often had in his case, one, namely, of impatience that so much ability should have fallen, if you will forgive my saying so, into such trifling, not to say foolish, beliefs. At the same time I shall not now bring forward anything better myself, for, as I said a moment before, in almost all matters, but especially in matters of natural philosophy,1 I should more readily say what a thing is not, than what it is.
XXII.
If you were to ask me what God is, or of what nature, I should plead the authority of Simonides, who, when this same question was put to him by the tyrant Hiero, asked for one day’s deliberation; when the question was repeated on the morrow, he begged for two, and when Hiero, upon his constantly doubling the number of days, inquired wonderingly why he did so, Because, he replied, the longer I reflect, the more obscure does the matter seem to me. Now, in the case of Simonides, whom we hear of as having been not only a delightful poet, but a wise and cultivated man in other ways as well, it is my belief that it was the number of acute and subtle considerations that occurred to him which made him doubt which of them was the truest, and so despair of all truth, whereas your Epicurus, with whom rather than with yourself I prefer to carry on the discussion,—what does he say that would be worthy, I do not say of philosophy, but of ordinary intelligence?
The first question in the inquiry which deals with the nature of the gods is whether they do, or do not exist. “Denial,” I shall be told, “is difficult.” I grant that it would be so if the question were put in a public assembly, but in a conversational gathering of this kind it is perfectly easy. Consequently I myself, though I am pontiff, and hold that the public rites and observances ought to be most piously maintained, should nevertheless be extremely glad to be convinced on this original point of the existence of the gods, not merely as an article of faith, but in accordance with the actual truth; for many disturbing thoughts present themselves to me, so that I am sometimes of opinion that they do not exist. But mark how handsomely I will deal with you. I will not touch upon the points which, like the present, are common to your school with the rest of philosophers; for almost every one, and myself among the foremost,1 allows the existence of the gods. I do not therefore dispute it, but I do think that the reason advanced by you is not sufficiently convincing.
XXIII.
You said that the fact of men of all races and nations being of that opinion was sufficiently good evidence to warrant us in acknowledging the existence of the gods, but the plea is not only trivial in itself, but also untrue. For in the first place how do you know that nations do hold that belief? I think myself that there are many races so barbarously savage as to be without any conception of such beings. And did not Diagoras, who was called ἄθεος, and after him Theodorus, openly do away with the idea of a divine nature? As for Protagoras of Abdera whom you mentioned just now, and who was quite the most eminent sophist of that time, it was in consequence of his stating at the beginning of his work, “With regard to the gods I am unable to say either that they exist or do not exist,”1 that he was banished by a decree of the Athenians from their city and territory, and his books burnt in the public assembly. This, in my opinion, made many people less inclined to confess to unbelief, after a case in which even the expression of doubt had not been able to escape punishment. Then, what are we to say of the sacrilegious, the impious, and the perjured? “If ever,” as Lucilius says, “Lucius Tubulus, or Lupus, or Carbo, true son of Neptune,”2 had believed in the existence of the gods, would they have been guilty of such perjury or impiety? Your reason, then, for establishing the conclusion that your wish is not so certainly made out as it seems, but as it is an argument common to other philosophers as well, I will for the present omit it, preferring to pass on to what is peculiar to your own school.
I grant that the gods exist; do you, then, inform me of their origin and place of abode, and of what they are like in body, mind, and life, for these are the points on which I wish for knowledge. What you do is to press into your service on all occasions the arbitrary rule of the atoms, to which you refer the composition and creation of everything that, as the saying is, “turns up”. But in the first place there are no such things as atoms, for there is nothing [that can move except through a void; now a void is that] which is free from matter,1 and as every spot is encumbered with portions of matter,2 there can be no void and nothing that is indivisible.
XXIV.
These are the oracular utterances of men of science of which I am now delivering myself, whether true or false I know not, but possessing at any rate a greater air of truth than the utterances of your school. That monstrous assertion, for instance, of Democritus, or perhaps before him of Leucippus also, that there are a number of particles some smooth and others rough, some round and others angular and pyramidal, and some hook-shaped and with a kind of curve, from which the sky and earth were formed, not through the compulsion of any natural law, but through a certain accidental concourse,—that belief, Velleius, you have prolonged even to your present age, and you would be as easily diverted from the whole tenor of your life as from your acceptance of its authority. The fact is that you made up your mind that you must be an Epicurean before becoming acquainted with doctrines of that description, and you had, therefore, either to mentally assimilate these outrageous theories, or to forego the title of your adopted philosophy; for what would induce you to cease to be an Epicurean? “For my own part,” you say, “nothing would induce me to abandon truth and the means of a happy life.” Truth, then, is contained in your system? As to happiness of life I raise no contention, for you do not think that that is possessed even by God unless he is positively languid from inactivity. But where is truth resident? In the innumerable worlds, I suppose, of which, in each briefest instant of time, some are coming into being and others perishing. Or is it in the indivisible particles which form such admirable combinations without being directed by any natural law or intelligence? But I embrace too much, forgetting the generosity which I began just now to extend to you. That all things, then, are composed of atoms I will grant, but what has that to do with the question, when it is the nature of the gods into which we are inquiring? Let them by all means be formed from atoms, they are not therefore eternal. For that which is formed from atoms came at some time into being; if so, the gods had no existence anterior to birth, and having known a beginning they must also know an end, as you were urging, a short time back, in the case of Plato’s world. Where then are your attributes of blessedness and eternity, the two words by which you indicate God? When you wish to prove them, you seek the shelter of the thickets, as was shown by your saying that there was no body in God, but quasi-body, and no blood, but quasi-blood.
XXV.
This is a common practice of yours, when you have made some improbable statement, and wish to escape being taken to task for it, to support it by something which is absolutely impossible, with the result that it would have been better to have yielded the original point in dispute than to have shown such impudence in the defence of it. Epicurus, for instance, seeing that if the atoms were carried by their own weight in a downward direction, there would be nothing left in our own power, owing to their movement being fixed and inevitable, hit upon a means for avoiding necessity which we must suppose had not occurred to Democritus: he says that the atom, though its weight and gravity incline it directly downwards, swerves slightly aside, a statement which is more discreditable than to be unable to defend the position that he wishes. He meets the logicians in the same way. They have laid down that in all disjunctive propositions in which the formula, “either is or is not,” is employed, one of the two statements is true, but he was afraid, if a proposition of the following kind, “either Epicurus will be alive to-morrow, or he will not,” were to be admitted, that one of the alternatives would become necessary, and he therefore denied the necessary nature of the whole of the formula, “either is or is not”. Could anything have been said with less intelligence? Then again, there is the question on which Arcesilas used to assail Zeno, Arcesilas himself maintaining that all impressions produced upon the senses were false, and Zeno that some were false, but not all; Epicurus, fearing that none might be true if one were false, declared that all the senses reported what was true. None of these utterances displayed overwhelming adroitness, for he was laying himself open to a heavier blow in order to ward off a lighter one. His tactics are the same with regard to the divine nature; in the effort to avoid an accretion of indivisible particles, for fear it should be overtaken by dispersion and decay, he asserts that the gods have no body, but quasi-body, and no blood, but quasi-blood.
XXVI.
It seems marvellous that one soothsayer should not laugh at the sight of another, but it is more marvellous that you Epicureans should be able to keep from laughter among yourselves. “Not body, but quasi-body.” I should understand what this meant if it were applied to figures of wax or clay, but I cannot understand the meaning of quasi-body and quasi-blood as applied to God,—nor can you either, Velleius, only you do not like to own it. You repeat, as though it were a lesson in dictation, the dreamy maunderings of Epicurus, which he accompanied, as we see in his writings, by boasts that he had had no one for his teacher. Even if he did not proclaim the fact, I should nevertheless myself readily believe him, just as I should believe the boast of the owner of a badly built house that he had had no architect, for he does not present the slightest tincture of the Academy, the Lyceum, or even of the ordinary school-boy training. It was in his power to have heard Xenocrates,—and, great heavens, what a man he was!—and some people think that he did hear him, but he himself scouts the suggestion, and there is no one whose word I take more willingly. A certain Pamphilus, a pupil of Plato, he says was heard by him in Samos, for he lived there as a youth with his father and brothers, his father Neocles having gone there as a settler; the father became, however, a school-master, I suppose because his piece of land was not sufficient for his support. But Epicurus professes the utmost contempt for this follower of Plato, so great is his fear of seeming to have ever owed anything to instruction. In the case of Nausiphanes, the disciple of Democritus, he stands convicted, but though he does not deny having heard him, he assails him at the same time with every kind of abuse. Yet if he had not heard these lectures on Democritus, what was it that he had heard? What is there in the natural philosophy of Epicurus that does not come from Democritus? Some things, certainly, he changed, as in the case of the inclination of the atoms which I mentioned just now, but the greater number he keeps the same, atoms, void, images, infinite space, a countless number of worlds which come into being and depart from it, everything almost that constitutes the subject matter of natural science. But come, what do you understand by your “quasi-body” and “quasi-blood”? That you are better acquainted with such matters than myself is a fact which I not only acknowledge, but submit to with equanimity, but when they have once been stated, what reason is there why Velleius should be able to understand them, and Cotta should not? I understand, then, what body is and what blood is, but what quasi-body is, and quasi-blood, I simply do not understand at all. And it is not that you are keeping anything from me, as Pythagoras used to do from the uninitiated, or are speaking with intentional obscurity like Heraclitus, but if the remark may be allowed between us, you do not understand any better yourself.
XXVII.
I see that your contention is that the gods possess a kind of form which has no compactness, solidity, relief, or prominence, but is without admixture, and volatile, and transparent. Well, we will say of it what we say of the Venus of Cos. That figure is not a body, but resembles a body, that diffused glow intermingled with white is not blood, but a certain semblance of blood, and similarly we will say that in the god of Epicurus there is nothing real, but only the semblances of reality. Suppose me to be convinced of that which cannot even be understood, and acquaint me next with the forms and features of your shadowy deities.
On this question there is not wanting an abundance of arguments by means of which you would be glad to prove that the gods are of human form; firstly, because our minds have formed an idea and preconception of them which makes the human form suggest itself to a man when he thinks of God; secondly, because the divine nature, since it excels in all respects, ought also to possess the most beautiful kind of form, and there is no form more beautiful than man’s; and thirdly, you bring forward the following argument,—because no other figure can be the abiding place of mind. Now I will ask you to consider the nature of each of these arguments in turn, for you seem to me to be arrogating to yourselves, as though in the exercise of a right that you possessed, an assumption that cannot by any means be allowed. Was there ever any one at all who looked upon the world with so blind an eye as not to see that these human figures of yours were attributed to the gods either designedly by wise men, in order that they might the more easily wean uninstructed minds from a degraded mode of life to the worship of the gods, or else in consequence of a superstitious desire for images, in paying homage to which men might believe that they were approaching the gods themselves? This same tendency, moreover, has been increased by the poets, painters, and workers in art, for it was not easy, in imitating other forms, to preserve the appearance of action and effort on the part of the gods. Perhaps, too, the feeling to which you referred contributed its share, man’s belief, I mean, in the superior beauty of man. But do you not see, my good natural philosopher, what an insinuating go-between, and, so to speak, pander to herself dame nature is? Or do you suppose that there is any creature in land or sea that is not most pleased by a creature of its own kind? If that were not the case, why should not a bull take pleasure in union with a mare, or a horse with a cow? Do you believe that an eagle, or lion, or dolphin prefers any shape to its own? And if in the same way nature has enjoined upon man that he should think nothing more beautiful than man, is it at all strange that this feeling should be the cause of our thinking the gods to be like men? Do you not believe that, if animals possessed reason, each species would have assigned pre-eminence to itself?
XXVIII.
Yet really, if I am to express my own sentiments, though not devoid of self-complacency, I do not for all that venture to affirm that I am more beautiful than the bull that carried Europa; for we are considering at this moment outline and form, and not intelligence, or the human faculty of speech. And if it were our pleasure to invent and combine forms for ourselves, should you object to being like the Triton of the deep, who is depicted as riding upon swimming sea-creatures that are attached to a human body? I am touching on difficult ground, for the force of nature is so great that no one who is a man wishes to be like anything but a man,—no, nor an ant, I presume, like anything but an ant! Still, like what kind of man? For it is only a few who are beautiful; when I was at Athens scarcely one would be found in each division of the ephebi.1 I understand why you smile, but nevertheless the fact is so. Besides, those of us who take pleasure, as the ancient philosophers allow us to do, in the society of youths, often find even their imperfections charming. “A mole on a boy’s finger delights Alcæus.” Yet it is a bodily defect. To Alcæus, however, it seemed an ornament. Quintus Catulus, the father of the Quintus Catulus who is our contemporary, and my friend and colleague,2 had a fondness for your fellow-townsman Roscius,3 to whom he also addressed the following verses:—
I chanced to have stood doing reverence to the rising dawn, when suddenly Roscius rises on my left. Powers of heaven, with your leave may I say it, the mortal seemed to be fairer than the god.
Fairer, that is, to him, though Roscius had, as he has to-day, a most pronounced squint. However, what did that matter, if his admirer found the squint itself attractive and becoming? But I return to the consideration of the gods.
XXIX.
Do we suppose that any of them, if not so cross-eyed as Roscius, have still got something of a cast, or are marked with moles, or are snub-nosed, flap-eared, beetle-browed, or top-heavy, defects which exist amongst ourselves? Or is everything in them perfect? Let it be granted to you that the latter is the case; have they also all of them the same aspect? If not, it is necessary that the aspect of one should be more beautiful than that of another, and consequently there is some god that falls short of supreme beauty. If they all have the same aspect, the Academy must needs be the popular school in the upper world, for if there is no difference between god and god, there is no scope amongst them for perception and cognition. And what, Velleius, if your assumption that, when we think of God, the only form that suggests itself to us is that of a man, is itself wholly false? Will you still defend these absurd ideas? To us, perhaps, the suggestion is as you say, for from our childhood we have known Jupiter, Juno, Minerva, Neptune, Vulcan, Apollo, and the other gods, under the aspect which painters and sculptors have laid down for us, and so with regard to their insignia, and age, and attire. But the Egyptians, the Syrians, and almost the whole of the uncivilised world have not so known them. You would find amongst them a firmer belief in certain animals than amongst us in the holiest temples and images of the gods, for many a shrine has, as we see, been plundered by our countrymen, and the images of the gods taken away from the holiest places, but no one has even so much as heard tell of a crocodile, or ibis, or cat having been dishonoured by an Egyptian. What, then, is your opinion? Is it not that Apis, the sacred ox of the Egyptians, is regarded by them as divine? Of course he is, as much as your Juno Sospita is by you, that Juno whom you never see even in your dreams without a goat-skin, a spear, a small shield, and shoes turned up at the toe. As, however, neither the Argive Juno, nor the Roman, is of that description, it follows that the goddess is known under different forms by the Argives, the Lanuvinians, and ourselves. The form, moreover, of our Jupiter of the Capitol is different from that of the Jupiter Hammon of the Africans.
XXX.
Are you not ashamed, then, as a man of science, that is, an explorer and pursuer of nature, to seek a testimony to truth in minds imbued with habit? At that rate it will be open to us to say that Jupiter is always bearded, and Apollo beardless, that Minerva has grey eyes, and Neptune blue. There is, too, at Athens a much admired statue of Vulcan by Alcamenes, a draped, standing figure, in which a lameness which does not amount to deformity is slightly indicated. We shall, therefore, since we have received that account of Vulcan, think of the god as lame. And then do we also represent the gods as having the same names as those by which we call them? Why, in the first place, there are as many names of the gods as there are languages among men, for Vulcan has not the same name in Italy, Africa, and Spain, in the same way that you, wherever you go, remain Velleius. In the second place, even in our pontifical books the number of names is not a large one, and yet you say that the number of gods is infinite. Are they without names? So you are bound to say, for what point is there in their possessing a variety of names, when their aspect is uniform? How much more becoming it would have been, Velleius, for you to have confessed your ignorance of things of which you were ignorant, than to have ejected the nonsense which you did, and aroused your own disgust. Or do you really think that God is like me or you? Of course you do not. Well? Am I to say that the sun, or moon, or sky is God? Is he therefore also blessed? What pleasures does he enjoy to make him so? Is he wise? How can wisdom reside in a block of that kind? These are objections which your own school urges.1 If, then, as I have shown, God does not possess a human aspect, nor, as you are convinced, any aspect of the kind just mentioned, what makes you hesitate to deny the existence of the gods? You do not dare to deny it, and there is wisdom in your not daring, although on an occasion like the present it is not the people of whom you are in fear, no, you are in fear of the gods themselves. I have known Epicureans who worshipped every little image, though I am aware that some people are of opinion that Epicurus, while he retained the gods in word, in order not to fall under the displeasure of the Athenians, in reality did away with them. Thus, amongst his short, selected maxims, which you call κυρίαι δόξαι, the first, I believe, runs as follows: That which is blessed and immortal neither knows trouble, nor does it cause trouble to any.
XXXI.
There are some who think that in this maxim thus expressed Epicurus produced designedly an impression which was due simply to his awkwardness of style; they misjudge a man who is devoid of artifice.2 It is, certainly, doubtful whether his words imply that some blessed and immortal nature does exist, or that, if it existed, it would be of the kind described, but his critics fail to notice that if he has spoken ambiguously in this passage, there are many others in which both he and Metrodorus have spoken as unmistakably as you did just now. The fact is that he believes in their existence, and I have never seen any one with a greater fear of what, according to him, did not need to be feared, I mean of death and the gods. The minds of all living men, he cries, are overcome with terror at what ordinary people do not find so particularly disquieting. So many thousands commit highway robbery with the penalty of death before them, and others plunder all the shrines that they can, terrified, I suppose, respectively by the fear either of death or of religion!
Since, however, you do not dare—and I will address myself now to Epicurus himself—to deny the existence of the gods, what is there that should hinder you from reckoning amongst their number either the sun, or world, or some ever-enduring intelligence? “I have never seen,” he says, “a mind possessed of reason and fore-thought in any but a human form.” Well? Have you ever seen anything like the sun, or moon, or the five wandering stars? The sun bounds his course by the two extreme points of one circle, and accomplishes revolutions of a year’s duration; the moon receives light from his rays, and completes a similar passage over this circle in the space of one month; the five stars observe the same orbit, and some at a less, some at a greater distance from the earth, traverse the same space from the same starting-point in different times. Have you seen anything like it, Epicurus? Then let there be no sun, no moon, or stars, since there can be nothing except what we have touched or seen. Have you seen God himself? Why, then, do you believe him to exist? At that rate let us reject all the fresh facts presented to us by history or science, a principle which leads inland peoples to disbelieve in the existence of the sea. What great poverty of conception this shows! You, for instance, if you had been born in Seriphus, and had never left the island in which you had been in the habit of seeing small hares and foxes, would refuse to believe, when they were described to you, in the existence of lions and panthers, and if any one were to speak of an elephant, you would think that you were being nothing short of trifled with. Can anything, to still pursue the same point, be named that would be more childish than for us to deny the existence of the different kinds of animals that are produced in the Red Sea, or in India? Why, the inquiries of even the keenest investigators do not enable them to hear of all the multitudes of creatures that exist in land and sea, in marshes and rivers; let us, then, deny their existence since we have never seen them.
Yes, and you, Velleius, exchanging your ordinary methods for those of the logicians, with whose processes you and your fraternity are absolutely unacquainted, have drawn up your argument in the form of a syllogism. You have assumed that the gods are blessed, which I allow. And that no one can be blessed without virtue.
XXXII.
I grant that too, and grant it willingly. Next you have assumed that virtue cannot exist without reason, which also must needs be admitted. And reason, you go on to say, is only to be found in a human form. Who do you think will grant you that? If it were a fact, what need would there have been for you to make your way to it step by step? You would have had a right to assume it. And what is the nature of this step by step process? I see that you have advanced by its means from beings that are blessed to virtue, and from virtue to reason, but how do you get from reason to the human form? There you take not the next step downwards, but a flying leap. Besides, I do not understand why Epicurus chose to speak of the gods as being like men, rather than of men as being like the gods. You will ask what the difference is, for if one thing, you will say, is like another, the other is like the first. I recognise that, but what I mean is that the gods did not derive their outline of form from man, for the gods have always been, and never came into being, that is, if they are to be eternal. Men, on the other hand, did come into being, and consequently the human form existed before men existed in that form which belonged to the immortal gods. It is not, therefore, the latter’s form which should be called human, but ours which should be called divine. However, that shall be as you will. I now ask what extraordinary working of fortune there was, for in nature you allow nothing to have happened by design,—I ask, I say, omitting that question, what was this triumph of chance? How did there come to be so opportune a combination of atoms as to result in the sudden creation of men in the form of the gods? Are we to suppose that the seed of the gods fell down upon the earth from above, and that in that way men were born resembling their progenitors? I should like you to say so; kinship with the gods I should acknowledge not unwillingly, but instead of anything of that kind you say that our likeness to the gods was the work of chance. And yet arguments are to be sought by which this may be refuted! I wish I could find the discovery of truth as easy as the exposure of error.
XXXIII.
How easily error can be exposed I will proceed to show. You enumerated accurately and fully, so that I was fain to wonder at the presence of such knowledge in a Roman, the opinions of philosophers, from Thales of Miletus downwards, with respect to the divine nature. Did you regard them all as madmen for deciding that God could exist without hands and feet? When you take into consideration the special usefulness and serviceableness of the limbs in a man’s body, does not even that incline you to the conclusion that human limbs are not required by the gods? What need is there for feet without walking, and for hands if nothing is to be grasped, and for all the other parts of the bodily system, that system in which there is nothing idle, or undesigned, or superfluous? God, then, will possess a tongue, and will not speak; he will possess, without any use for them, teeth, and palate, and throat; the organs with which nature has supplied the body for generative purposes he will possess in vain; and so it will be not only with the outer parts, but the inner as well, the heart, the lungs, the liver, and the rest. And if the usefulness of the latter is taken away, what do they possess in the way of charm? I ask the question because it is with a view to beauty that you require the presence of these organs in God.1
Was it trusting to such dreams as these that not only Epicurus and Metrodorus and Hermarchus spoke against Pythagoras and Plato and Empedocles, but even the courtezan Leontium1 ventured to write against Theophrastus? She did so, it is true, in a neat and Attic style, but still—. Such was the licence assumed by the Garden of Epicurus, yet it is a common thing for you to complain on your own behalf, and Zeno actually went to law.2 Of Albucius it is unnecessary for me to speak. As for Phædrus, though nothing could have exceeded his refinement and urbanity, the old man used to become angry if I said anything at all trenchant, although Epicurus made a most scurrilous attack upon Aristotle, was shamefully abusive to Phædo, the disciple of Socrates, devoted whole volumes to the dissection of Timocrates, the brother of his own intimate companion Metrodorus, because he differed from him upon some point in philosophy, showed ingratitude even towards Democritus, of whom he was a follower, and bore very hardly upon his instructor Nausiphanes, from whom he never would allow that he had learnt anything.
XXXIV.
Zeno, indeed, not only used to assail his contemporaries, Apollodorus, Silus, and the rest, with abuse, but used to say of Socrates himself, the father of philosophy, that he had been the Attic scurra—using the Latin word—and of Chrysippus he never used to speak except as Chrysippa.3 You yourself a little while ago, when calling over the names, so to say, of the philosophic senate, kept describing men of the utmost eminence as idiots, fools, and madmen. Yet if none of these men apprehended the truth as to the nature of the gods, it is to be feared that no such nature exists at all.
As for your own utterances, they are absolute fictions, scarcely worthy to be discussed by old women over their evening work, for you do not realise how much you would have to become liable for if you obtained our consent to an identity of form between men and the gods. All the ways of attending to and managing the body will have to be observed in the same way by God as by man,—walking, running, reclining, stooping, sitting, holding, and lastly, also, the faculty of speech and discourse. I need not discuss your division of the gods into male and female, for you see what follows from that. For my own part I cannot sufficiently wonder how it was that your founder came to entertain such ideas. But your constant cry is that the blessedness and immortality of God must be retained. Well, what prevents his being blessed, if he were something else than a biped? Or why is not this quality, whether we are to call it beatitas or beatitudo—both of them, it is true, harsh-sounding terms,1 but it is for us to make words smooth by using them—why is it not, under whatever name, attributable to the sun above, or to this world of ours, or to some ever-enduring intelligence that is without form and bodily parts? All that you say is, “I have never seen a sun or world that was blessed”. Well, have you ever seen a world besides this one? You will say no. Why did you venture to say, then, not that there were some hundreds of thousands, but a countless number of worlds? “Reason taught me.” And will not reason, considering that what is being sought is a nature of supreme excellence, which is at the same time blessed and eternal, for only a nature with those attributes is divine, teach you that just as we are surpassed by such a nature in immortality, so we are surpassed in excellence of mind, and as in excellence of mind, so also in excellence of body? Why, then, seeing that we are inferior in other respects, are we equal in the matter of form? It was the virtue of man rather than his figure that came nearest to a likeness to God.
XXXV.
But how thoroughly beside the point the argument from resemblance, with which you are so mightily charmed, is in itself. Is not a dog like a wolf? And, as Ennius says:—
How like to us is the degraded ape!
Yet the character in both cases is different. Amongst beasts there is none more sagacious than the elephant, yet what other beast is so unwieldy? I am considering animals, but amongst men themselves is not an unlike character attached to very similar exteriors, and a different exterior to the same character? Why, if we once admit that kind of argument, Velleius, mark where it leads to. You assumed that reason can only exist in the human form. Some one else will assume that it can only exist in a being of this earth, in a being that has been born, that has grown, that has received instruction, that is made up of mind and a frail and feeble body—in short, in a man and a mortal. But if in the case of all these attributes you stand your ground,1 why should the single attribute of form shake you? You have seen reason and intelligence in man accompanied by all these attributes that I have mentioned, yet when they are taken away you say that you still recognise God if the features do but remain. This is not to weigh your utterances, but to choose them blindfold, unless, indeed, you have even failed to observe that in man and tree alike whatever is superfluous, or has no use, is better away. What an affliction it is to have one finger too many! And why? Because the five do not need another either for use or ornament. But it is not one finger that your God has in excess, it is head, throat, neck, flanks, belly, back, knees, hands, feet, thighs, and legs. If it be said that he possesses these in order to ensure his immortality, I ask how far these members, and the face itself, are important to life? The brain, the heart, the lungs, and the liver are more important, for they are the seats of life, whereas the cast of the face has nothing to do with vitality.
XXXVI.
And yet you were abusing those who, judging from results so magnificent and glorious, when they looked upon the universe itself, and upon its parts, the sky, the lands, and the seas, and upon their ornaments, the sun, the moon, and the stars, and when they marked the maturing of the seasons, and their changes and alternations, conceived the existence of a sublime, exalted power that had created these things, and moved, and controlled, and directed them. Even though they stray from the path of true conjecture, still I can understand what principles they follow; but you—come, what great and notable work, with the appearance of having been produced by divine intelligence, can you point to as a foundation for your belief in the existence of the gods? “I had,” you say, “a kind of preconception of God implanted in my mind.” Yes, and of a bearded Jupiter, and helmeted Minerva, but do you then suppose that they answer to that description? How much better this question is treated by the ignorant multitude, who not only assign human limbs to God, but a use for those limbs as well, for they provide bow, arrows, spear, shield, trident, and thunderbolt, and if their vision does not extend to the actions of the gods, at any rate they cannot conceive of God as inactive. Even the much ridiculed Egyptians never deified an animal except with reference to some benefit which they derived from it. For instance, the ibis, being a tall bird, with legs that do not bend, and a long beak of horn, destroys a vast number of serpents; in killing and eating the winged snakes that are brought in by the south-west wind from the Libyan desert, it preserves Egypt from plague, the snakes being thus prevented from causing harm by their bite when living, or by their smell when dead. I could speak of services rendered by the ichneumenon, the crocodile, and the cat, but I do not wish to be lengthy, and will conclude by saying that it was at least in return for benefits that animals were deified by the barbarians, whereas on the part of your gods there not only exists no beneficent action, but not even action of any kind. God has nothing to do, says Epicurus, thinking, we must suppose, like a spoilt child that there is nothing better than idleness.
XXXVII.
Yet even children, even when idle, amuse themselves with some active sport, and do we wish that God’s holiday-keeping should be one of such languid inertia as to make us fear that, if he moved, it would be impossible for him to be happy? Statements of that kind not only deprive the gods of motion and divine activity, but lead to inertness in men as well, if, that is, even God cannot be happy when engaged in action of any kind.
However, let it by all means be granted that God is, as you wish, the image and counterpart of man. What is his dwelling-place, his abode, his sphere? In the next place, what is his course of life? What are the things which make him blessed, as you require him to be? I ask because, to be blessed, one must use and enjoy one’s possessions. With regard to place, even the elements that are without life have each a special place of their own, the earth occupying the lowest, the water flowing over the earth, the upper region being assigned to air, and the topmost to the fires of æther. Of animals, again, some belong to the earth, others to the water, and others with a kind of double nature live in both worlds. There are also some which are believed to be created from fire, and are often seen darting to and fro in blazing furnaces. I ask, then, first, where your God dwells? secondly, what is the cause which leads him to change his position, if indeed he ever does change it? next, what does he seek after, for it is the characteristic of animate beings to seek after something suited to their nature? lastly, to what end does he exercise mental activity and reason? and in conclusion, what is the nature of his blessedness and his immortality? Whichever of these points you touch upon, you touch a sore place, for reasoning so ill grounded as yours can arrive at no result. You were saying, for example, that the form of God is perceived by mind and not by sense, that it possesses no solidity and no unvarying self-identity, that the apprehension of it consists in its being discerned by means of the resemblance of the images and their passage before us, and in there being a never-failing addition, from amongst the countless sum of atoms, of similar images, with the result that our minds, which are intently fixed upon these images, believe the nature in question to be blessed and immortal.
XXXVIII.
Now what, in the name of those very gods of whom we are speaking, does this mean? If they can only impress the thinking faculty, and if their form possesses no solidity or relief, we might as well meditate on a Centaur as on God, for every mental conception of that kind is what other philosophers call a creation of the fancy, though you say that it results from images coming in contact with and entering the mind. In the same way, then, that I, when I seem to see Tiberius Gracchus haranguing in the Capitol, and presenting the urn that is to settle the order of voting on the question of Marcus Octavius, say that that is a creation of the fancy, while you say that the images of Gracchus and Octavius remain in existence, and that after betaking themselves1 to the Capitol they are then carried to my mind,—so, according to you, it is with God, whose aspect constantly impinges on the mind, and who is thus recognised as blessed and eternal. But granting that there are images which impinge upon the mind, it is only some description of form that they indicate to us; do they also indicate why that form should be blessed and eternal? And what is the nature and origin of these images of yours? It is true that this fantastic notion was started by Democritus, but many have blamed him for it, you yourselves can reach no result, and the whole argument limps and totters. Is there anything, indeed, which it is so little possible to accept? Think of the images of all mankind coming before me, Homer, Archilochus, Romulus, Numa, Pythagoras, Plato, and not coming either in the form in which they lived!1 How, then, do those characters suggest themselves to me? And whose are the images which do come? Aristotle tells us that there never existed a poet Orpheus, and it is a tradition of the Pythagoreans that the Orphic poem which we know was the work of one Cercops, yet Orpheus, that is, according to you, his image, presents himself to my mind frequently. And what do you say to the fact that different images of the same man present themselves to my mind and to yours, and that images present themselves of things which never existed at all, and could not have existed, such as Scylla and the Chimæra, and of persons, places, and cities that we have never seen, and that images appear the moment that I wish, and come without being summoned even when one is asleep? The whole thing is a delusion, Velleius, and yet not content with thrusting the images upon our eyes, you thrust them upon our minds as well. So little do you care what nonsense you talk.
XXXIX.
And how extravagant you are! “There is,” you say, “a stream of phenomena constantly passing before us, the multitude of which results in one phenomenon being perceived.” I should be ashamed to say that I did not understand this statement, if you who defend it understood it yourselves. For how do you prove a continuous succession of images? Or, granting that they are continuous, how are they eternal? “There exists,” we are told, “a countless supply of atoms.” Will that, then, make everything immortal? You take refuge in the theory of equilibrium, by which term we will, if you have no objection, render ἰσονομία, and you say that since there is a mortal nature, there must also be an immortal. According to that argument, since men are mortal, some men would be immortal, and since men are born upon the earth, some men would be born upon the water. “And since there are some agencies which destroy, there are others which preserve.” Let there be such by all means, but let them preserve things that are in existence, which I do not perceive your gods to be. In any case, how are all these counterparts of objects formed from indivisible particles? Even if these particles existed, which they do not, though they might perhaps be able to strike against one another, and to be set in motion amongst themselves by the impact, they would not be able to supply form, or outline, or colour, or life. In no way, then, do you prove the immortality of God.
XL.
Now let us consider his blessedness. That certainly is altogether impossible without virtue; but virtue is active, and your God does nothing; he is, therefore, without virtue, and so without blessedness either. What, then, is his life? “An abundance of goods,” you say, “without any intervening ills.” Well, of what kind of goods? Of pleasures, I presume, and of course of those relating to the body, for you are acquainted with no mental pleasure that does not arise from and refer back to the body. I do not look upon you, Velleius, as resembling the rest of the Epicureans in the shame which they feel at certain utterances of Epicurus, in which he avers that he has not even a conception of any good that is unconnected with voluptuous and sensual pleasures, all of which in fact he enumerates by name without a blush. Tell me, then, with what food and drink, or with what different sounds or flowers, or with what appeals to the sense of touch and smell will you ply the gods so as to steep them in pleasures—in the same way that the poets provide banquets, and either Hebe or Ganymede serving the cups. But what will you do, Epicurus? For I do not see either where your god is to get such things from, or how he is to make use of them. Consequently, man’s nature, since it enjoys a greater variety of pleasures, is better equipped for a life of blessedness than God’s. You reply that you regard these as the more trivial pleasures, by which a kind of “titillation,” for so Epicurus calls it, is applied to the senses. How far will you carry your trifling? Why, our own Philo was just as unable as I am to endure from the mouth of the Epicureans a repudiation of effeminate and voluptuous pleasures. He used with marvellous memory to recite, in the very words in which they had been written, a long string of the maxims of Epicurus, while from Metrodorus, who is Epicurus’ colleague in wisdom, he used to quote several utterances of a more shameless kind. For Metrodorus takes his own brother Timocrates to task for hesitating to make the belly the standard in everything relating to blessedness of life, and expresses himself in that way not once only, but many times. I see that you assent, for the facts are known to you; if you denied them, I should produce the book. Nor in thus speaking am I finding fault with you for referring everything to pleasure, which is a different question; what I do urge is that your gods are without pleasure, and therefore, by your own judgment, without blessedness also.
XLI.
But they have no pain, you say. Is that enough to constitute this supremely blessed life which overflows with good? God constantly reflects, we are told, having nothing else to occupy his thoughts, upon his blessedness. Picture then in your mind, and summon before your eyes a God whose only reflection through all eternity is “Capital berth this!” and “Blessed am I!” Yet I do not see how the God who enjoys this blessedness is not afraid of perishing, seeing that he is uninterruptedly beaten and shaken by the never-ending storm of atoms, and that images are constantly emanating from himself. It is thus shown that your God is neither blessed nor eternal.
But Epicurus, it will be said, has also written books on holiness and on piety towards the gods. He has, but how does he speak in these books? In a way which would make you say that you were listening to Tiberius Coruncanius or Publius Scævola, the chief pontiffs, not to the man who did away altogether with all religion, and who overturned with his reasonings, instead of, like Xerxes, with his hands, the temples and altars of the immortal gods. For what ground have you for saying that men ought to pay regard to the gods, when the gods not only show no regard for men, but do not care for or do anything at all? You reply that they possess a nature of a supremely excellent and exalted kind which ought of itself to attract the worship of a wise man. Now can there be anything supremely excellent in a nature which luxuriates in its own well being, and which never has, never does, and never will perform an action? And what piety is owed to a being from whom you have received nothing? What in fact can be owed at all to one from whom no benefit proceeds? Piety is right dealing towards the gods, but what question of right can there be between us and them, when man has no community with God? Holiness, again, consists in the knowledge of how to worship the gods, but why they should be worshipped when no good is either received or expected from them, I do not understand.
XLII.
And what reason is there for our reverencing the gods out of admiration for a nature in which we see nothing excellent? As for the freedom from superstition, of which you are in the habit of boasting, that is easily attained when you have deprived the gods of all their power, unless, indeed, you think it possible that Diagoras or Theodorus, who absolutely denied their existence, should have been superstitious. I do not think myself that that could have been the case even with Protagoras, who was neither satisfied that they existed, nor that they did not exist. The truth is that the opinions of all these men do away not only with superstition, which involves an irrational fear of the gods, but also with religion, which consists in the pious worship of the same. And did not those who declared that the whole belief in immortal gods was manufactured by wise men for purposes of state, in order that those who could not be led to duty by reason might be led by religion, put an end altogether to all religion? How much of it did Prodicus of Ceos leave remaining, who said that it was the things which were serviceable to human life that had been regarded as gods? Are not those, moreover, without a vestige of it who tell us that brave, or famous, or powerful men attained after death to the rank of gods, and that it is these very men whom we are accustomed to worship, and pray to, and venerate? This theory was made most use of by Euhemerus, and his chief expounder and follower has been our own countryman Ennius. Now when Euhemerus proves the death and burial of the gods, does he seem to have established religion, or to have absolutely and wholly done away with it? I will not refer to Eleusis, that august and holy city,
Where the world’s farthest nations are initiated.
Nor will I stop to consider Samothrace, or those rites which at Lemnos
Are celebrated in secret with approach by night, close hid in leafy covert.
When these are explained and placed upon a basis of reason, it is rather the nature of the material universe than that of the gods with which we are made acquainted.1
XLIII.
To me, indeed, even that pre-eminently great man Democritus, from whose springs Epicurus watered his own little “garden,”2 seems to waver on the question of the divine nature. At one time he declares that images endowed with divinity exist in the universal whole; at another he describes as divine the elements of mind, which are contained in the same whole; at another images possessed of life, which are accustomed either to benefit or injure us; and at another certain huge images whose size is so vast that they enclose the whole world externally, all of which statements are more worthy of the birth-place of Democritus1 than of Democritus himself. For who can form an idea of these images? Who can admire them, and regard them as worthy of worship or observance? But it was when he deprived the immortal gods of the attributes of help and benevolence that Epicurus tore religion from men’s hearts by the roots. Although he says that the divine nature is supremely high and excellent, he nevertheless denies the existence of benevolence in God, taking away that which is the most essential characteristic of a supremely high and excellent nature, for there is nothing higher or more excellent than kindness and beneficence. When you assert that God does not possess this, you assert that no one, god or man, is dear to God, that no one is loved by him, and no one esteemed, from which it follows that the gods are not only regardless of men, but are in their own persons mutually regardless of one another.
XLIV.
What a much better account is given by the Stoics, whom you and your school take to task. Why, they maintain that one wise man is friendly to another even when he does not know him. There is, in truth, nothing more lovable than virtue, and the man who has attained to that will possess our affection in whatever part of the world he is. But what harm you yourselves do in describing friendly action and friendly feeling as due to weakness! Putting the question of the divine nature and attributes aside, do you believe that even men would have shown no beneficence and good-will, if it were not for their weakness? Is not one good man naturally dear to another? The word “dear” is in itself a term of affection (verbum amoris), and it is from the latter word that amicitia, or friendship, is derived; if we make it tend to our own advantage instead of to the good of the person to whom we are attached, it will not in that case be friendship, but a kind of self-interested traffic. To meadows and fields and herds of cattle we are attached in that way, because advantages are derived from them, but the affection and friendship of men are given freely. How much more, then, is this the case with the gods, who have no needs, and who are both attached to one another and heedful for the welfare of men. If it were not so, why do we reverence and pray to them? Why do pontiffs preside over the sacred rites, and augurs over the auspices? What is it that we hope from the immortal gods? What is the meaning of our vows?
But there is also a book by Epicurus upon holiness. He is trifling with us, not that he is a humorist so much as a man who abandons himself freely to reckless writing. For what holiness can there be if the gods have no care for human affairs? And what animate nature can there be that has no care for anything? Undoubtedly, then, there is more truth in what our common friend Posidonius urged in his fifth book on the nature of the gods, that Epicurus has no belief in their existence, and that what he said on the subject of the immortal gods he said for the sake of deprecating odium. He would not, surely, have been so foolish as to imagine a god resembling a mere mortal, with only surface features and an unsubstantial body, possessing all the limbs of a man without even the slightest use for them, a kind of attenuated, transparent being who has no consideration for any one, performs no service for any one, cares for nothing at all, and does nothing at all. In the first place the existence of such a nature is impossible, and Epicurus, seeing that, in reality does away with the gods, while verbally retaining them. In the second place, if the main characteristic of God is his emancipation from beneficence and love for man, good-bye to him! Why should I say, “May he be gracious”? He cannot be that to any one, for according to you all service and love arise from weakness.
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I.
How very rash of me, said Velleius, when Cotta had finished, to have attempted to do battle with one who was at the same time an Academic and an orator! An Academic who could not speak, or an orator, however eloquent, who was a stranger to that philosophy, I should not have feared, finding nothing disconcerting either in a stream of empty words, or in exactness of argument when it is accompanied by barrenness of style. But you, Cotta, have shown yourself strong in both respects; it is only the audience and judges that have been wanting to you. However, we will consider what you have said at some other time; let us now, if he himself has no objection, hear Lucilius. For my part, replied the latter, I should have preferred to hear Cotta again, if he will only introduce the true gods with as much eloquence as he removed the false, for it is incumbent upon a philosopher and pontiff, and therefore upon Cotta, that his views with regard to the immortal gods should not shift and vary, like those of the Academics, but should be fixed and definite, like those of our own school. Now enough and to spare has been urged against Epicurus, but I want very much to hear what you, Cotta, believe yourself. Have you, answered Cotta, forgotten what I said at the outset, that I find it easier, especially on such a subject, to say what I do not believe than what I do? And if I possessed a definite conviction, I should still wish, after speaking so much myself, to listen to you in your turn.
I am at your service, said Balbus, and I will speak as briefly as I can, for now that the errors of Epicurus have been exposed, my statement has been relieved of a lengthy topic. Generally speaking, our school divides the whole of this inquiry of yours with regard to the immortal gods into four parts. They show, first, that the gods exist; secondly, of what nature they are; next, that the world is under their charge; and lastly, that they take counsel for the affairs of men. Let us, however, in this discussion take the two points that come first; the third and fourth, as being more important, I think should be deferred to another occasion. By no means, said Cotta, for our time is our own, and besides we are engaged upon a subject which ought to be allowed precedence even over business.
II.
The first point, Lucilius then said, does not seem to even need discussion, for what can be clearer and more obvious, when we have lifted our eyes to the sky, and have gazed upon the heavenly bodies, than that there exists some divine power of exalted intelligence by which these are ruled? If it were not so, how could Ennius have said in words which meet with universal assent,
Look upon yonder dazzling sky, which all address as Jove?
Yes, and not only as Jove, but as lord of the universe, and as ruling all things by his nod, and as the father, as Ennius also says, of gods and men, and as a god swift to aid and very powerful. I certainly do not see why the man who doubted this should not also be capable of doubting whether there is, or is not, a sun. In what respect is the one thing more evident than the other? We know it as the perception and conviction of our minds; otherwise the belief would not endure with such stability, it would not be strengthened by lapse of time, nor could it have become fixed as the ages and generations of men advanced. We see that length of time has made other beliefs, that were false and groundless, decay. Who supposes that a Hippocentaur or Chimæra ever existed, or what old woman can be found foolish enough to tremble at those horrors in the world of the dead which used once to be believed in? Time destroys the figments of the imagination, while confirming the judgments of nature, and that is why both in our own nation and in others the worship of the gods and the holy observances of religion are increasing daily in extent and worthiness. Nor is this a casual or accidental result; there is, in the first place, this reason for it, that the gods frequently manifest their power in actual presence. At Regillus, for instance, in the war with the Latins, when Aulus Postumius, the dictator, was engaged in battle with Octavius Mamilius of Tusculum, Castor and Pollux were seen to fight in our lines on horseback, and within more recent memory the same sons of Tyndareus brought news of the defeat of Perseus. For Publius Vatinius, the grandfather of our young contemporary of that name, when coming to Rome by night from the prefecture of Reate, was told by two young men on white horses that Perseus had that day been taken captive. He carried the news to the senate, and was at first thrown into prison on the charge of having made an unfounded declaration on a matter of state importance; but afterwards, when a despatch sent by Paulus agreed in the same day, the senate granted him land and exemption from military service. It has also been handed down to memory that when the Locrians vanquished the people of Croton in a great battle by the river Sagra, the engagement was heard of that very day at the games at Olympia. The voices of the Fauns have often been heard, and the forms of the gods been seen, forcing the man who was neither destitute of perception, nor impious, to acknowledge the presence of divinity.
III.
And then predictions and premonitions of the future, what is it that they declare if not that the future is indicated, and foreshown, and portended, and predicted to man, whence the terms indications, foreshowings, portents, and prodigies?1 If, however, we believe that the stories told of Mopsus, Tiresias, Amphiaraus, Calchas, and Helenus were invented by the licence of fable, though even fable itself would not have accepted them as augurs if the facts were absolutely opposed to it, will not even the instances in our own history teach us to acknowledge the power of the gods? Shall we remain unimpressed by the tale of the presumptuous conduct of Publius Claudius in the first Punic war, who, when the sacred chickens, on being let out of the coop, refused to feed, ordered them to be plunged into the water, that they might, as he said, drink, since they would not eat? He only ridiculed the gods in jest, but the mockery cost him many a tear (for his fleet was utterly routed), and brought a great disaster upon the Roman people. And did not his colleague Junius in the same war lose his fleet by storm after disobeying the auspices? Claudius was in consequence condemned by the people, and Junius committed suicide. Cælius records that the disregard shown by Caius Flaminius for religion led to his overthrow at Trasimene, which entailed serious injury upon the state, and it may be understood from these men’s disastrous end that it was under the leadership of those who had observed the requirements of religion that the state became great. If, moreover, we care to make a comparison between our own characteristics and those of foreign nations, while the latter will be found equal, or even superior to us in other respects, in religion, that is, in the worship of the gods, we shall be found to far excel them. Is the crooked staff of Attus Navius to be despised with which he marked out the quarters of the vineyard in order to trace his pig? I should believe so, if King Hostilius had not waged great wars under his augury. But through the system of augury having been allowed to drop owing to the carelessness of the nobles,1 the real observance of auspices has come to be despised, and only the form has been retained. Consequently the most important departments of state, including war, on which the safety of the state depends, are administered without auspices. None are observed when crossing a river, none in connection with the spear points,1 and none when the men are summoned to action, so that the practice of making wills on the eve of battle has ceased.2 Indeed, the time at which our generals begin the conduct of wars is when they have laid down the right to take the auspices.3 Amongst our ancestors, on the other hand, the influence of religion was so great that some generals even offered up their own lives to the immortal gods on behalf of their country, veiling their heads and using a set form of speech. There are many instances which I could quote from the Sibylline prophecies and the answers of soothsayers, by which to establish a truth which ought to be doubtful to no one.
IV.
But in the case of the consuls Publius Scipio and Caius Figulus, the science both of our own augurs and of the soothsayers of Etruria was confirmed by actual facts. When Tiberius Gracchus during his second consulship was presiding at their election, the first polling-clerk, as he gave in their names, suddenly died upon the spot. Gracchus nevertheless completed the election, but feeling that the incident had roused religious scruples amongst the people, reported the matter to the senate. The senate decreed that it should be referred to the customary authorities, and the soothsayers, having been introduced, made answer that the holder of the election had not been properly qualified. Upon this, as I have heard my father tell, Gracchus exclaimed in hot anger, “What! I not properly qualified who, when I presided, was both consul, and augur, and had taken the auspices? And is it Tuscans and barbarians like you who control the Roman people’s system of augury, and can interpret the requirements of an election?” So he ordered them on that occasion to withdraw, but afterwards sent a letter to the college1 from his province, saying that when reading the augural books he remembered that his post of observation, which was the gardens of Scipio, had been improperly taken, because, after taking it, he had entered the city boundary line in order to preside at a meeting of the senate, and on his return, when crossing the boundary line again, had forgotten to take the auspices; there had therefore, he said, been a flaw in the election of the consuls. The augurs laid the matter before the senate, who decreed that the consuls should abdicate, which they did. What more striking instances do we seek? The wisest, and perhaps I might say the most eminent man of his time, preferred to confess his fault, though it might have been concealed, rather than that a sense of guilt should attach itself to the state, and the consuls preferred at once to lay down the highest office rather than retain it for an instant in defiance of religion. Would not a man who had these, and innumerable instances of the same kind, before his eyes, be forced to acknowledge the existence of the gods? For beings of whom there exist interpreters, must certainly exist themselves; interpreters of the gods do exist, so let us acknowledge that the gods exist. But it may be that not everything that is predicted comes to pass. Neither do all sick men recover, and therefore, I shall be told, there is no art of healing! Signs of future events are disclosed by the gods, and whenever any one has been mistaken in these, it is not the divine nature, but human conjecture that has been to blame. And so upon the main point all men of all nations are agreed, for the existence of the gods is an idea natural to all, and engraven, as it were, upon the mind. There are different opinions as to their nature, but no one denies that they exist.
V.
Now Cleanthes, who belongs to our own school, said that ideas of the gods had been formed in men’s minds owing to four causes. First he placed the cause just mentioned by me, which had had its origin in premonitions of the future; second, the one which we have found in the greatness of the advantages obtained from temperate climate, the fertility of the earth, and a plentiful number of other sources of benefit; third, the terror caused to the mind by lightning, tempest, storm-clouds, snow, hail, desert places, pestilence, the movements and frequent rumblings of the earth, showers of stones, rain-drops with the appearance of blood, landslips or sudden openings in the earth, monstrous human and animal portents, torch-like appearances in the sky, stars of the kind which the Greeks call cometæ, and our countrymen cincinnatæ,1 which in the recent struggle with Octavius2 were the precursors of great calamities, the phenomenon of a double sun, which I have heard from my father occurred during the consulship of Tuditanus and Aquilius, the very year in which the light of that other sun Publius Africanus was extinguished,—things which by the terror they inspired made men conceive the existence of some kind of divine and heavenly power. As the fourth and most important cause of all he names the uniformity of motion, the revolutions of the heavens, the grouping of the sun, and moon, and all the stars, their serviceableness, beauty, and order, the mere appearance of which things would be a sufficient indication that they were not the result of chance. Just as a man going into a house, or gymnasium, or market-place, would find it impossible, when he saw the plan, and scale, and arrangement of everything, to suppose that these things came into being uncaused, but would understand that there was some one who superintended and was obeyed, so in the case of such vast movements and alternations, in the orderly succession of phenomena so numerous and so mighty, in which the measureless and infinite extent of past time has never deceived expectation, it is much more inevitable that he should conclude that such great operations of nature are directed by some intelligence.
VI.
Chrysippus, again, speaks in a way which, though his own mind is a very keen one, he seems to have learnt direct from nature, rather than to have discovered himself. “For if,” he says, “there is something in nature which the mind, the reason, the strength, and the power of man would be unable to produce, surely that which does produce it is higher than man; now the heavenly bodies, and all those phenomena which observe an everlasting order, cannot be created by man; consequently that by which they are created is higher than man. And what could you say this was rather than God? For if there are no gods, there can be nothing higher in nature than man, since he alone possesses reason, and nothing can surpass reason in excellence. But that there should be a man who thinks that in the whole universe there is nothing higher than himself shows senseless arrogance. There is, then, something higher, and therefore there is assuredly a God.” Is it the fact that if you saw a large and beautiful house, you could not be persuaded, even if you did not see the master, that it had been built for the sake of mice and weasels,1 and would you not present the appearance of downright imbecility if you supposed that all this adornment of the world, all this diversity and beauty of the heavenly bodies, all this might and amplitude of sea and land, were a dwelling-place belonging to you and not to the immortal gods? Is not even this understood by us, that everything above is better, whereas the earth is lowest, and surrounded by the thickest air? For this very reason the same thing which we see to be also characteristic of certain districts and cities, namely an extra degree of sluggishness in the minds of the inhabitants owing to the denser quality of the atmosphere, has befallen the human race, through their having been placed upon the earth, that is, in the quarter of the world where the air is thickest.2 And yet, on the ground even of man’s intelligence, we ought to consider that there exists some mind of the universe, one that is keener than his and divine. “For whence,” as Socrates says in Xenophon, “did man get hold of the mind he has?” Why, if any one were to ask whence we derive the vital juices, the heat that is distributed through the body, even the earthy firmness of the flesh,1 and lastly the breath we draw, the answer is clear, that we have received one element from earth, another from water, another from fire, and another from the air which we take in with our breath.
VII.
And the element which surpasses all these, I mean reason, and if we care to express it by a variety of terms, intelligence, design, reflection, foresight, where did we find, whence did we secure it? Shall the universe possess all other qualities, and not this one which is of most importance? Yet surely in all creation there is nothing nobler than the universe, nothing more excellent and more beautiful. There not only is not, but there cannot even be imagined anything nobler, and if reason and wisdom are the noblest of qualities, it is inevitable that they should exist in that which we acknowledge to be supremely noble. Again, who can help assenting to what I say when he considers the harmonious, concordant, and unbroken connection which there is in things? Would the earth be able to have one and the same time for flowering, and then again one and the same time in which it lies rough? Or could the approach and departure of the sun be known, at the time of the summer and winter solstice, by so many objects spontaneously changing? Or the tides of the sea, and of narrow straits, be affected by the rising or setting of the moon? Or the dissimilar movements of the planets be maintained by the one revolution of the whole sky? It would be certainly impossible for these things to come to pass in this way, with such mutual harmony amongst all parts of the universe, if they were not held together by one divine and all-pervading spirit. And this position, if argued, as I intend to argue it, in a fuller and more flowing style, is better able to escape the cavilling of the Academics, whereas if expressed more briefly and concisely in syllogistic form, as it used to be by Zeno, it is more exposed to criticism. For just as it is either difficult or impossible for a running stream to be tainted, while this may easily happen to water that is confined, so the onward flow of argument sweeps away the detractions of the critic, while that which is confined within narrow limits has hard work to defend itself. These arguments, for instance, which are expanded by modern Stoics, used to be compressed by Zeno as follows:—
VIII.
“That which exercises reason is more excellent than that which does not exercise reason; there is nothing more excellent than the universe, therefore the universe exercises reason”. In the same way it may be proved that the universe is wise, blessed, and eternal, for all objects that possess these qualities are more excellent than those which do not possess them, and there is nothing of greater excellence than the universe. By this means it will be proved that the universe is divine. He has also the following: “No part can be sentient where the whole is not sentient; parts of the universe are sentient, therefore the universe is sentient”. He goes further and urges his point in more precise terms. “Nothing,” he says, “that is inanimate and without reason can produce from itself a being that is animate and possessed of reason; the universe produces beings that are animate and possessed of reason, therefore the universe is animate and possessed of reason.” He also, as his habit frequently was, stated the argument in the form of a comparison, which was to this effect: “If melodiously piping flutes sprang from the olive, would you doubt that a knowledge of flute-playing resided in the olive? And what if plane trees bore harps which gave forth rhythmical sounds? Clearly you would think in the same way that the art of music was possessed by plane trees. Why, then, seeing that the universe gives birth to beings that are animate and wise, should it not be considered animate and wise itself?”
IX.
Since, however, I have begun to treat the subject in a way different from what I announced at starting (for I said that this first part did not need discussion, as the existence of the gods was evident to all), I am now desirous that that point should nevertheless be itself confirmed by considerations of natural philosophy. The facts are these. Everything that receives nurture and increase contains within itself a principle of heat without which nurture and increase would be impossible. For everything in which heat and fire have a place is stirred and made active by a self-imparted movement; where there is nurture and increase, the movement is of a fixed and equable kind, and so long as it endures in us, so long do sensation and vitality endure, but when the heat is cooled and extinguished, we perish and are extinguished ourselves. This fact of the great power of heat in every organism is further enforced by Cleanthes with the following arguments. No food, he says, is so heavy as not to be digested1 in a night and a day, and even in those remnants of it which nature has rejected there is heat. Moreover, the veins and arteries are perpetually throbbing with a kind of fire-like movement, and it has often been observed that the heart of a living creature, when it has been torn out, beats with a rapidity which counterfeits the quick flickering of flame. Everything, therefore, which lives, whether animal or product of the earth, does so by virtue of the heat enclosed within it, which should make it understood that this principle of heat contains in itself a vital force extending through the whole universe. We shall discern this more easily if the whole of this all-pervading element of fire is described more precisely. All the divisions, then, of the universe (I will touch upon the most important) are maintained by the support of heat, as may be perceived first in the case of the element of earth. For we see that by the striking and rubbing together of stones fire is elicited; and that after recent digging the earth is hot and smokes, and that hot water is drawn even from perennial wells, this happening most of all in winter time, because, it is supposed, a great store of heat is held in the hollows of the earth, and in winter the earth, being more compact, holds the heat that has been implanted in it more tightly.
X.
A long exposition and many arguments might be employed in showing that all the seeds which the earth receives in its bosom, and all the things which it holds that have been spontaneously generated, and are attached by means of roots, owe their birth and increase to duly regulated heat. That there has also been an admixture of heat in water is proved, in the first place, simply by the fluidity of water, which would not be turned into ice by frost, or become fixed in the shape of snow and rime, if it did not also liquefy, and break up, and dissolve at the admixture of heat. For this reason moisture solidifies beneath a north wind, and at the application of the other kinds of cold, and is in turn warmed, and softened, and melted by heat. The way, moreover, in which the seas become warm when they have been disturbed by winds makes it easy to be understood that heat has been enclosed in those vast bodies of water, for the warmth in question is not to be regarded as external and acquired, but as evoked by disturbance from the inmost parts of the sea, a principle which operates also in our own bodies when they become heated by motion and exercise. Then again, air itself, which is naturally extremely cold, is by no means without a share of heat; in fact it has received a very considerable admixture of it, for it is itself the result of exhalation from water; that is, the kind of vapour which rises from water must be regarded as constituting air, and this vapour is caused by the movement of the heat which is contained in the water. We may perceive a counterpart to this in water bubbling up when fire has been placed under it. There remains the fourth division of the universe, which is both by nature altogether fiery itself, and bestows a healthful and lifegiving heat upon all other substances. In this way the conclusion is reached that, since all the divisions of the universe are maintained by heat, the long-continued preservation of the universe itself is also due to a like and equivalent principle, all the more so as we are to understand that in the intermingling of this hot and fiery element with every organism, the power to generate, and the cause of production, are resident in that element from which all animate things, and things whose roots are contained in the earth, necessarily derive their birth and increase.
XI.
There is, then, an element which holds together and maintains the entire universe, an element, moreover, which is not without sensation and reason. For it is necessary that every element which is not isolated or simple, but which is joined and linked with something else, should have in itself some ruling principle, as, for instance, mind in the case of man, and in the case of animals something similar to mind, which prompts their desires. In trees, and in things which spring from the earth, the ruling principle is supposed to be placed in their roots. By ruling principle I mean the principle which the Greeks call ἡγεμονικόν, which cannot but hold, and which ought to hold, the highest place in each genus. Consequently the thing in which the ruling principle of the whole of nature is contained, must in the same way be the most perfect of all, and the most worthy of power and dominion over all existence. Now we see that in parts of the universe (for there is nothing in the entire universe which is not a part of the whole), sensation and reason exist. These qualities must therefore exist, and exist more vividly and to a greater extent, in that part in which the ruling principle of the universe resides. Consequently the universe must be intelligent, and the element which holds all things in its embrace must excel in perfection of reason; the universe, therefore, must be divine, and so must the element by which the whole strength of the universe is held together. This fiery glow which the universe possesses is also far purer, clearer, and nimbler, and on that account better fitted to arouse sensation, than this heat of ours, by which the objects known to us are preserved and made strong. Since, then, men and animals are maintained by this heat, and through it possess motion and sensation, it is absurd to say that the universe is without sensation, when it is maintained by a burning heat which is unmixed, and free, and pure, and at the same time in the highest degree vivid and nimble, especially considering that the heat which belongs to the universe is moved by itself and its own action, and is not stirred by anything distinct from itself, or by impact from outside. For what can be mightier than the universe, so as to act upon and set in motion the heat by which the universe is to be held together?
XII.
Let us hear Plato on this question, Plato, the god of philosophers, as he may be called. He holds that there are two kinds of motion, one self-imparted and the other derived, and that a thing which is self-moved by its own action is more divine than that which is set in motion by impact from something else. The former kind of motion he declares to exist in soul alone, and he is of opinion that it was from soul that the first principle of motion was derived. Consequently since all motion arises from the heat possessed by the universe, and since that heat is moved by its own action, and not by impact from anything else, it must of necessity be soul, by which means it is proved that the universe is possessed of soul. It may also be understood that intelligence exists in the universe, from the fact that the universe is undeniably of greater excellence than any form of being. For just as there is no part of our body which is not less important than ourselves, so the whole universe must be more important than a part of the universe. If that is so, the universe must be intelligent, for if it were not, man, who is a part of the universe, would, as participating in reason, necessarily be of more importance than the entire universe. If, again, we wish to trace the advance from the first and rudimentary stages of being to the final and perfect, it is to a divine nature that we must come. For we observe that the first things maintained by nature are those which spring from the earth, to which nature has assigned nothing more than protection by means of nurture and development. To animals she has given sensation, movement, an impulse, combined with a certain desire, towards what is beneficial, and an avoidance of what is hurtful. To man she has given more in having added reason, which was meant to regulate the desires of the mind, at one time allowing them their way, and at another holding them in check.
XIII.
The fourth and highest stage consists of beings who are created naturally good and wise, in whom right reason in an unchanging form is innate from the beginning, that reason which must be regarded as more than human, and must be assigned to what is divine, that is, to the universe, in which this complete and perfect reason must needs exist. For it cannot be said that in any order of things there is not something final and perfect. Just as in the case of vines or cattle, we see that, unless some force interposes, nature arrives by a way of her own at perfection, and just as a certain attainment of consummate workmanship exists in painting and architecture and the other arts, so it is inevitable that in collective nature there should much more be a progress towards completion and perfection. Many external influences can prevent the other kinds of being from reaching perfection, but nothing can stand in the way of universal nature, because it itself limits and contains all kinds of being. That, therefore, must be the fourth and highest stage, which no force can come near. Now it is in that stage that universal nature has its place, and since it is the characteristic of that nature that all things should be inferior to it, and nothing able to stand in its way, it necessarily follows that the universe is intelligent, and more than that wise. Besides, what is more foolish than that the nature which embraces all things should not be declared supremely excellent, or that, being supremely excellent, it should not be in the first place animate, in the second possessed of reason and forethought, and lastly wise? In what other way can it be supremely excellent? For if it resembled plants, or even animals, it would not deserve to be considered of the highest degree of excellence, but rather of the lowest, while if it participated in reason, and yet were not wise from the beginning, the condition of the universe as compared with that of man would be the lower of the two. For man can become wise, but if the universe during the limitless course of past time has been destitute of wisdom, it will assuredly never acquire it, and will therefore be lower than man. Since that is absurd, the universe must be regarded as wise from the beginning, and as divine.
XIV.
It was, indeed, an ingenious remark of Chrysippus that just as the cover was created for the shield, and the sheath for the sword, so all other things with the exception of the universe were created for the sake of something else, the crops and fruits, for instance, which the earth produces, for the sake of animals, and animals for the sake of men, as the horse for carrying, the ox for ploughing, and the dog for hunting and keeping watch. As for man himself, he was born in order to observe and imitate the universe, being in no wise perfect, but a particle, so to speak, of that which is, for it is only the universe to which nothing is wanting, and which is knit together on every side, and is perfect and complete in all its numbers and parts. Now since the universe embraces all things, and there is nothing that is not contained within it, it is perfect at every point. How, then, can that which is of most excellence be lacking to it? There is nothing more excellent than mind and reason, so it is impossible that these should be lacking to the universe. Chrysippus, therefore, is again right when he declares, adding instances, that in what is matured and perfect everything is of higher excellence, in a horse, for example, than in a colt, in a dog than in a whelp, in a man than in a boy, and in like manner that whatever is best in the whole world, must reside in something that is perfect and complete. As there is nothing more perfect than the universe, and nothing more excellent than virtue, it follows that virtue is an attribute of the universe. Human nature is not indeed perfect, yet virtue is attained in man, so how much more easily in the universe! Virtue, then, does exist in the universe, which is therefore wise, and consequently divine.
XV.
Having thus ascertained the divinity of the universe, we must attribute the same quality to the heavenly bodies, which are created from the purest and most mobile portion of æther, without being intermingled with any other element, and are throughout glowing and transparent, so that it is with entire correctness that they too are described as animate, and as possessing feeling and intelligence. That they are throughout of a fiery nature Cleanthes thinks is confirmed by the testimony of two senses, those of touch and sight. For the brightness of the sun, considering how far and wide it shines notwithstanding the immensity of the universe, is more vivid than that of any flame, and its action is such as not only to warm, but often even to consume, neither of which effects would it have unless it were of a fiery nature. “Therefore,” he says, “since the sun is of a fiery nature, and is fed by the moisture of the sea, for no fire would be able to maintain itself without some nourishment, it must either resemble the fire which we employ for purposes of use and sustenance, or that which is contained in the bodies of animate beings. But this fire of ours, which is required by the uses of life, is the destroyer and consumer of all things, and wherever it moves works universal havoc and ruin. The fire, on the other hand, belonging to the body, which is life-promoting and healthful, preserves and nourishes and increases and sustains all things, and endows them with sensation.” He says, therefore, that there is no doubt which of these two fires the sun resembles, since it too causes all things to flourish and ripen, each in its own kind. Consequently, since the fire of the sun resembles the fire which is in the bodies of animate beings, the sun also must be animate, and so indeed must the other stars, as they have their origin in the celestial glow which is called æther or heaven. Now since some forms of life are developed upon the earth, others in the water, and others in the air, it is, according to Aristotle, absurd to suppose that no animate existence is produced in that part which is best fitted for the production of what is animate. But the stars occupy the region of æther, and since that is highly rarefied, always in motion, and of potent quality, it is inevitable that the animate existence which is produced in it should be of the keenest sensitiveness and the readiest mobility. Since, therefore, the stars are produced in that region, it follows consistently that they possess feeling and intelligence, and by this means it is proved that they ought to be ranked among the number of divine beings.
XVI.
We may, indeed, observe an intelligence more acute and quicker of comprehension in those who inhabit districts in which the air is pure and rare, than in those who breathe a thick and cloudy atmosphere; in fact it is even thought to make some difference to mental keenness, what it is that one uses as food. The stars, therefore, may be allowed to possess the highest intelligence, as they are placed in the part of the universe which belongs to æther, and are nourished by moisture from the sea and land, which the long distance between causes to rarefy. Their sentience and intelligence are, moreover, decisively declared by their order and regularity (for it would be impossible for anything to move by rule and measure without forethought), in which there is nothing random, variable, or fortuitous. Now the order of the stars and their regularity through all eternity do not point either to a working of nature,1 for such regularity is altogether rational, or to chance, which inclines to variety and abhors constancy. It follows, therefore, that they move voluntarily of themselves, of their own consciousness and divinity. Aristotle, indeed, is entitled to praise for having laid down that everything which moves does so either by nature, necessity, or choice; the sun, he says, and moon, and all the stars move, but things which move by nature are carried either downwards by their weight or upwards by their lightness, neither of which movements belongs to the stars, since their course is directed in a circle. And it certainly cannot be said that it is some more potent necessity which makes the stars move in a way unknown to nature, for what more potent necessity can there be? It remains, therefore, to conclude that the movement of the stars is voluntary, and the man who should look upon them would be acting impiously as well as foolishly, if he denied the existence of the gods. Whether he does that, or deprives them of all superintendence and action, makes, indeed, little difference, for a being who does nothing does not seem to me to exist at all. That the gods, then, do exist is so evident that I should scarcely regard the man who denied it as being of sound mind.
XVII.
It remains for us to consider what their nature is like, a subject on which it is of the utmost difficulty to disengage the intelligence from the habitual experience of the eyes.1 This difficulty made the general body of the uneducated, and philosophers who resembled them, unable to form any conception of the immortal gods except by assigning to them human shapes, a baseless belief which, as it has been refuted by Cotta, does not need to be discussed by me. The fact is that a firmly fixed idea gives us a preconception of god as being in the first place animate, and in the second place more exalted than anything in the whole of nature, and that being so, I see nothing by which I should sooner satisfy this preconception and idea of ours than by pronouncing, firstly, this universe itself, which nothing can surpass in excellence, to be animate and divine. Here let Epicurus jest as he will (he is not very well suited to the part, and savours but little of his country),1 and let him declare himself unable to understand what a round and whirling deity is like: for all that he will never move me from this position, which is one that even he himself admits. For he does believe in the existence of gods on the ground that there must necessarily be some exalted nature, which nothing transcends in excellence. Now there is certainly nothing more excellent than the universe, and it is undoubted that that which is animate, and possesses feeling, and reason, and intelligence, is more excellent than that which is without these qualities. It is thus proved that the universe is animate, and that it is endowed with feeling, intelligence, and reason, and hence the conclusion that the universe is divine. These facts will, however, be recognised more easily a little later on from the actual working of the universe.
XVIII.
Meanwhile, Velleius, do not, I entreat, parade in your own person the utter ignorance of your school on matters of science. You say that a cone and cylinder and pyramid appear more beautiful to you than a sphere, which even as an ocular judgment is a strange one. However, let it be granted that merely in appearance they are more beautiful, though I do not allow even that. For what is more beautiful than the figure which alone contains all other figures within itself,1 and which it is impossible should have any unevenness of outline, any point against which to impinge, any indentation in the form of angles or curves, any projection, or any depression? And since the globe, for so I propose to render σϕαɩ̂ρα, among solid figures, and the circle or orb, which is called in Greek κύκλος, among plane figures, are the two forms of greatest excellence, it is characteristic of these two forms alone that all their parts are precisely similar, and the circumference at every point equidistant from the centre, which provides the closest possible kind of interconnection. But if you are blind to these facts through never having handled the student’s dust,2 have you not even been able, as natural philosophers, to understand that this uniform motion and unchanging array of the stars could not have been maintained in connection with a different shape? Nothing, therefore, can show greater ignorance than the assertion which is commonly made by your school, your saying, I mean, that the roundness of this world itself is not beyond question, since it may possibly be of another shape, and since there are innumerable worlds in existence which differ in form. If Epicurus had learnt how much twice two was, he certainly would not speak in this way, but while he makes the palate his test of the highest good, he has not lifted his eyes to what Ennius calls “the palate of the sky”.1
XIX.
For inasmuch as there are two kinds of stars, one of which moving in an unchangeable course from east to west never diverts one step of its path, while the other in the same tract and paths performs two unbroken revolutions,2 from each of these facts the rotatory movement of the universe, which would not be possible except in a body of spherical form, and the circular revolutions of the stars are recognised. Now in the first place the motion of the sun, which holds the chief place among the heavenly bodies, is such that after filling the world with abundant light, it leaves it again, first on one side and then on the other, in shade, for it is merely the earth’s shadow coming across the sun which causes night. There is the same regularity in the course of the sun by night as by day. Moreover, its alternate approach and withdrawal, through not being carried to an extreme, temper the degrees of cold and heat, for the describing of three hundred and sixty-five orbits by the sun, with about a quarter of a day added, make up the revolution of the year, and by turning its course now to the north, and now to the south, it brings about summer and winter, and the two seasons of which one has been placed after the decline of winter and the other after that of summer. From the changes of the four seasons the beginnings and causes of everything produced by land and sea are thus derived. The moon, again, in a month’s course equals a year’s revolution of the sun. Its nearest approach to the sun makes its light faintest, its farthest departure, in each case, fullest. Nor is it only its aspect and form which are changed, by its first waxing, and then returning by degrees of diminution to its original shape, but its quarter as well, which is at one time north and another south. There is in its course a kind of counterpart over again of the winter and summer solstice, and many influences distil and flow from it, through which living creatures obtain nurture and increase, and the things which spring from the earth grow and attain maturity.
XX.
But there is most matter for wonder in the movements of the five stars which are falsely called wandering; falsely, because nothing wanders which through all eternity preserves its forward and retrograde courses, and its other movements, constant and unaltered. And this is the more wonderful in the case of these stars of which we are speaking, as they are at one time concealed, and at another restored to view, at one time advancing, at another retreating, at one time preceding the sun, at another following it, sometimes moving with increased, sometimes with diminished speed, and sometimes not even moving at all, but remaining for a time stationary. On their dissimilar movements mathematicians have based what they call the Great Year, which is completed when the sun and moon and the five wandering stars, having accomplished their several courses, have come round again to the same relative positions. How long the revolution takes is a much disputed point, but that it is fixed and definite is a matter of necessity. For instance, the star which is farthest from the earth, which is known as the star of Saturn, and is called by the Greeks Φαίνων, accomplishes its course in about thirty years, and though in that course it does much that is wonderful, first preceding the sun, and then falling off in speed, becoming invisible at the hour of evening, and returning to view in the morning, it never through the unending ages of time makes any variation, but performs the same movements at the same times. Beneath it, and nearer to the earth, moves the planet of Jupiter, which is called in Greek Φαέθων; it completes the same round of the twelve signs in twelve years, and performs in its course the same variations as the planet of Saturn. The circle next below it is held by Πυρόεις, which is called the planet of Mars, and traverses the same round as the two planets above it in four and twenty months, all but, I think, six days. Beneath this is the planet of Mercury, which is called by the Greeks Στίλβων; it traverses the round of the zodiac in about the time of the year’s revolution, and never withdraws more than one sign’s distance from the sun, moving at one time in advance of it, and at another in its rear. The lowest of the five wandering stars, and the one nearest the earth, is the planet of Venus, which is called Φωσϕόρος in Greek, and Lucifer in Latin, when it is preceding the sun, but Ἕσπερος when it is following it; it completes its course in a year, traversing the zodiac both latitudinally and longitudinally, as is also done by the planets above it, and on whichever side of the sun it is, it never departs more than two signs’ distance from it.
XXI.
This constancy, then, among the stars, this marked agreement of times through the whole of eternity, though the movements are so various, I cannot understand as existing without mind and reason and forethought, and since we find that these qualities are possessed by the heavenly bodies, we cannot but assign to those bodies themselves their place among the number of divine beings. Nor indeed are what are called the fixed stars without indications of the same intelligence and foresight. Their revolution is a daily one, and is uniform and constant; their movement is neither caused by the æther, nor, as most writers say in their ignorance of natural science, is it bound up with the movement of the heavens. For the æther is not of such a nature as to envelop the stars and to urge them along by its own force; being rare, and transparent, and suffused with equable heat, it does not seem very well adapted for keeping them in place. The fixed stars have, then, a sphere of their own, which is distinct from the pervading æther, and free. Their movements, which are never-ending and unbroken, and marked by a wonderful and incredible harmony, make it so clear that a divine force and intelligence are resident in them, that the man who did not perceive that these very bodies are possessed of the force of divine beings would seem incapable of perceiving anything at all. In the heavens, then, there is no chance, irregularity, deviation, or falsity, but on the other hand the utmost order, reality, method, and consistency. The things which are without these qualities, phantasmal, unreal, and erratic, move in and around the earth below the moon, which is the lowest of all the heavenly bodies. Any one, therefore, who thinks that there is no intelligence in the marvellous order of the stars and in their extraordinary regularity, from which the preservation and the entire well-being of all things proceed, ought to be considered destitute of intelligence himself. Having laid this foundation, I shall not, I think, do wrong if I make the discussion of this question1 begin with him who led the way in the investigation of truth.
XXII.
Zeno, then, defines nature by saying that it is artistically working fire, which advances by fixed methods to creation. For he maintains that it is the main function of art to create and produce, and that what the hand accomplishes in the productions of the arts which we employ, is accomplished much more artistically by nature, that is, as I said, by artistically working fire, which is the master of the other arts. Indeed, on this principle every department of nature is artistic, since it has, so to speak, a path and prescribed course to follow. But in the case of the universe itself, which encloses and contains all things in its embrace, he says that the nature which exists in that is not only artistic, but in the fullest sense an artificer, taking counsel and provision for everything serviceable and advantageous. And just as it is by their own seeds that the other parts of nature are severally created and increased, and in their own seeds that they are contained, so all the movements which belong to universal nature, and its strivings and desires, which the Greeks call ὁρμαί, are self-imparted, and it fits these with corresponding actions in the same way that we ourselves do, who are moved by feelings and sensations. The mind of the universe being, then, of such a kind, may in consequence be rightly described either as foresight or providence, its Greek name being πρόνοια, and what it is mainly provident for, and chiefly busied with, is in the first place that the universe may be as well equipped as possible for permanence, and in the second that it may lack nothing, but may possess in the highest degree exquisite beauty and completeness of adornment.
XXIII.
We have discussed the universe as a whole, and also the stars, with the result that a multitude of divine beings is now almost apparent who are not idle, and yet perform what they do without laborious and oppressive toil. For they are not made up of veins and nerves and bones, they do not live upon such food or drink as to contract a too sharp or sluggish condition of the vital juices, and their bodies are not of a kind to make them dread a fall or a blow, or be afraid of illness as a consequence of fatiguing the limbs, possibilities the fear of which made Epicurus invent gods who existed only in outline, and did nothing. No; these gods are endowed with a form of the utmost beauty, and have their place in the purest region of the sky, and seem from their movements, and the way in which they direct their course, to have combined together for the preservation and protection of all things.
But there are many other divinities to which on account of their great services a status and a name have been given, not without reason, both by the wisest men of Greece and by our own ancestors, for they thought that whatever conferred great advantage upon the human race did not come into existence except by divine benevolence towards men. And so they used sometimes to describe the object produced by the god by the name of the god himself, as when we speak of corn as Ceres, and wine as Liber, which is the origin of the line of Terence—
Without Ceres and Liber Venus languishes.
Sometimes, again, the actual quality in which some superior potency resides is itself called by the name of god, as in the case of Faith and Mind, both of which we see to have been enshrined upon the Capitol, on the latest occasion by Marcus Æmilius Scaurus, but before that Faith had been installed by Aulus Atilius Calatinus. You see the temple of Virtue, and the temple of Honour, the latter restored by Marcus Marcellus, and dedicated not many years before in the Ligurian war by Quintus Maximus. Why should I speak of those of Plenty, Safety, Concord, Liberty, and Victory? It was because the potency of each of these qualities was too strong to be controlled except by a god1 that the quality itself was given the title of god. Under this class the terms Cupido, Voluptas, and Venus Lubentina have been deified, qualities which, though Velleius thinks otherwise, are vicious and not according to nature; at the same time they are vices by which nature is often fiercely shaken. The greatness of the benefits was, then, the reason why the gods who produced the different benefits received divine rank, and the power residing in each god is indicated by these titles which have just been quoted.
XXIV.
Furthermore, the life and common practice of mankind have admitted of their exalting to the realms above, as the recipients of fame and gratitude, individuals who have excelled in well-doing. To this we owe Hercules, Castor, Pollux, Æsculapius, and also Liber,—I mean by him Liber the son of Semele, not the one whom our forefathers solemnly and piously consecrated in connection with Ceres and Libera, the nature of which consecration may be understood from the mysteries. It was in consequence of liberi being the term that we use of our own children that the children of Ceres were named Liber and Libera, a use which is retained in the case of Libera, but not so in that of Liber. To this we also owe Romulus, who is thought to be the same as Quirinus. These men, since their souls survived and enjoyed immortality, were rightly regarded as gods, for they were of the noblest nature and also immortal.
There is, too, another method, and one moreover based upon natural science, from which a great number of gods have resulted, the clothing of whom in mortal form has supplied poets with stories, but has saturated human life with every kind of superstition. This subject has been treated by Zeno, and afterwards worked out more at length by Cleanthes and Chrysippus. For instance, a long-established belief prevailed over Greece that Cælus had been mutilated by his son Saturn, and Saturn himself bound by his son Jupiter, but in these impious stories a physical theory was contained which was not without point, for they meant that the element which holds the topmost position in the sky, the element of æther, or fire, which creates all things by its own agency, is without that part of the body which in order to generate needs the conjunction of a second part.
XXV.
By Saturn, again, they meant him who controlled the course and revolution of periods and times, the god who in Greek bears that actual name, for he is called Κρόνος, which is the same as χρόνος, that is, a period of time. And he was named Saturn because, it was supposed, he was “made full” (saturo) with years, for it is because time swallows up the periods of time, and is loaded, without being satisfied, with the years of the past, that Saturn is represented as having been accustomed to devour his own offspring, and it was in order that he might not have an unrestricted course, and that Jupiter might fetter him with the yoke of the stars,1 that he is represented as having been bound by Jupiter. Jupiter himself, that is, juvans pater, to whom, by a change of inflections, we give the name of Jove from juvare, is called by the poets “father of gods and men,” and by our forefathers “best and greatest,” “best,” indeed, that is, most beneficent, before “greatest,” because it is a greater, or at any rate a more acceptable thing, to be of universal benefit than to possess great power; well, he, as I said before, is described by Ennius in the following terms:—
Look upon yonder dazzling sky, which all address as Jove,
a clearer statement than when he says elsewhere:—
Wherefore with all my might will I curse yonder shining sky, whatsoever that is.
He is defined in the same way by our augurs, when they say, “when Jove lightens and thunders”.2 Euripides also made, as he often did, an admirable remark when he said:—
You behold the boundless æther diffused on high, which with soft embrace encompasses the earth: consider this the highest god, hold this as Jove.
XXVI.
Air, again, which has its place between the sea and the sky, is, as the Stoics maintain, consecrated under the name of Juno, who is the sister and wife of Jove, because it has both a likeness to æther and the very closest connection with it. Their making it feminine and assigning it to Juno was due to the fact that there is nothing softer than air. As to the name Juno, I believe it to have been derived from juvare. Water and earth remained, so that there might according to the legends be a division into three kingdoms. To Neptune, therefore, who is, they say, one of the two brothers of Jove, the whole of the kingdom of the sea was given, and the name Neptunus was lengthened from nare, like Portunus from portus, the first letters being slightly changed. The whole principle and element of earth, on the other hand, was dedicated to father Dis, that is, Dives, “the wealthy god,” like Πλούτων1 amongst the Greeks, because all things return to the earth and proceed from it. His wife, they tell us, was Proserpina, a name which comes from the Greeks, for she is the goddess who is called in Greek Περσεϕόνη; they identify her with the corn-seed, and have a fancy that when she has been concealed in the ground her mother seeks for her. The name of the mother, derived from the bearing of corn (gerere), is Ceres, as though Geres, and the first letter, as it happened, was changed just as it was by the Greeks, for they on their side named her Δημήτηρ as the equivalent of Γημήτηρ. Mavors, again, was so called because he was the overturner of greatness (magna verteret), and Minerva either because she lessened (minueret) or threatened (minaretur).
XXVII.
Since, moreover, in all things the beginning and the end are of most importance, they assigned the first place in sacrifice to Janus, whose name is derived from ire, to go, the word from which a through way of passage is called janus, and the doors at the entrance of private houses januæ. As for Vesta,1 her name is taken from the Greeks, for she is the goddess who is styled by them Ἑστία. Her functions relate to altars and hearths, and consequently, as she is the guardian of what is most closely domestic, it is with her that all prayer and sacrifice conclude. Not far different from her functions are those of the Penates, whether so called from their name being derived from penus, which is the word used of everything that men eat, or from the fact that they have their abode far within (penitus), on which account they are also called by the poets penetrales. The name of Apollo, in the next place, is Greek, and they hold that he is Sol, while they think that Diana is the same as Luna, Sol being so called either because he alone (solus) of the heavenly bodies is of such a size, or because, when he has risen, all are obscured, and he alone is to be seen, and Luna being named from lucere, to shine, as appears from her other title being Lucina. Just as, therefore, among the Greeks it is Diana,2 with the added designation of Lucifera,3 that is invoked in child-birth, so among us it is Juno Lucina.1 The latter goddess is also known as Diana omnivaga, “the all-wandering,” not from hunting, but because she is reckoned amongst the seven apparently wandering stars, and having the name of Diana because it was felt she created a kind of day (dies) by night. And she is summoned at births because they are completed sometimes in seven, or generally in nine revolutions of the moon, which are called menses, months, because they accomplish a measured space (mensa spatia). There is a remark of Timæus which, like many of his, shows ingenuity; after saying in his history that the temple of the Ephesian Diana had been burnt down on the same night that Alexander was born, he added that that was by no means to be wondered at, since Diana wishing to be present at the delivery of Olympias had been absent from her home. As to Venus, she was so named by our countrymen as being the goddess who came to all things (veniret), and the word venustas, loveliness, is derived from her rather than Venus from venustas.
XXVIII.
Do you see, then, how from the right and useful discovery of natural phenomena a passage was made in thought to imaginary and fictitious deities?—a passage which gave rise to false beliefs, and frantic errors, and superstitions worthy almost of a beldame. For we are made acquainted with the forms, age, dress, and equipment of the gods, as also with their descents, marriages, relationships, and everything in them that has been reduced to the likeness of human frailty. Thus, they are brought before us with their minds a prey to disturbance, for we hear of their desires and sorrows and angers, and they have even, as the stories relate, had experience of wars and battles, not only, as in Homer, when they protected on one side or the other two opposing armies, but they have also waged their own personal wars, as with the Titans and Giants. These are things to which it is in the highest degree foolish to give either utterance or credit, and they abound in futility and the most utter triviality. Nevertheless, while we scorn and reject these stories, we shall be able to understand the being and character of the gods who extend through the nature of each thing, Ceres through the earth, Neptune through the sea, one god through one thing, and another through another, together with the name by which custom has designated them, and it is these gods1 whom we ought to reverence and worship. And the worship of the gods which is best, and also purest, and holiest, and most full of piety, is that we should always reverence them with a mind and voice that are without stain, and guiltless, and uncorrupt; for religion has been dissociated from superstition not only by philosophers but by our own ancestors as well. I may mention as to these two terms that men who used to spend whole days in prayer and sacrifice in order that their children might survive them (essent superstites), were called superstitiosus, a title which afterwards extended more widely, while such as heedfully repeated and, as it were, “regathered” (relegerent) everything that formed a part of divine worship, were named religiosus from relegere, in the same way that elegans is derived from eligere, diligens from diligere, and intellegens from intellegere, for in all these words the force of legere is the same as in religiosus. It was in this way that with the words superstitiosus and religiosus the one became the designation of a fault, the other of an excellence. I have, I think, sufficiently shown both the existence of the gods and their nature.
XXIX.
My next task is to point out that the universe is administered by divine providence. It is undeniably a wide subject, one which is debated by your school, Cotta, and it is of course with you that my whole contention is. For you Epicureans, Velleius, are less well acquainted with the meaning of one’s different statements, as you read only your own literature, giving your affection to that, and condemning every one else with their case unheard. For instance, you yourself said yesterday that the Stoics put forward a prophetic beldame πρόνοια, or providence. In this you spoke mistakenly through thinking that they make providence out to be a kind of distinct deity, who guides and controls the whole universe, whereas the expression is elliptical. Just as, if any one were to say that the state of the Athenians was ruled by the Council, the words “of Areopagus” would be understood, so you must consider that when we say that the universe is administered by providence, the words “of the gods” are understood, and you must take it that the full and complete expression is “that the universe is administered by the providence of the gods”. Do not, then, exhaust in ridiculing us the wit which your fraternity does not possess; in fact, if you listened to me, you would not even attempt the part, which does not become you, and has not been granted you, and of which you are incapable. Not indeed that this applies to you individually, who have been polished by our national culture and Roman grace, but it does apply to the rest of your school, and especially to the begetter of your system, a man without art or reading, who treated every one with insolence, and who had no acuteness, authority, or humour.
XXX.
I say, then, that the universe and all its parts both received their first order from divine providence, and are at all times administered by it. The discussion of this question is generally divided by our school into three parts. The first is contained in the arguments which declare the existence of the gods, for when that is granted it must be acknowledged that the universe is administered by their forethought. The second is that which shows that all existence is subject to a sentient nature1 by which everything is most exquisitely manipulated, since if that is established it follows that this nature was generated from living first principles.2 The third division is based upon the wonder which is felt at the phenomena of the earth and sky.
Now, in the first place, either the existence of the gods must be denied, as Democritus by introducing his phantasms, and Epicurus his images, do more or less deny it, or those who grant their existence must acknowledge that they perform some function, and that function an exalted one; but there is nothing more exalted than the administration of the universe; consequently the universe is administered by the divine fore-thought. If that is not so, there must of course be something of some description which is more excellent and endowed with greater power than god, whether inanimate nature, or necessity speeding on with mighty force, and producing these most beautiful results which we see. The divine nature, then, if it is indeed subject to a power which, whether in the form of nature or necessity, controls the sky and sea and land, is supreme neither in might nor excellence; but there is nothing which surpasses god; the universe, therefore, must needs be controlled by him. God is not, then, obedient or subject to any natural power, consequently he controls the whole of nature himself. Indeed, if we grant that the gods are intelligent we grant that they are also provident, and provident for what is of most importance. Is it then that they are ignorant what things are of most importance, and in what way those things ought to be dealt with and cared for, or is it that they have not the strength with which to sustain and administer what is so vast? But ignorance of things is alien to the divine nature, and difficulty in sustaining a duty because of weakness is by no means consistent with the divine majesty. In this way that which we wish is proved, namely, that the universe is administered by the divine providence.
XXXI.
Now it is necessary, since the gods exist, granting, as is assuredly the case, that they do exist, that they should be animate, and not only animate but also possessed of reason, and bound together by a citizen-like unity and fellowship, ruling a single universe as though it were a corporate state and kind of city. It follows that there is the same reason in them as in the human race, the same truth in both, and the same law, which consists in the enjoining of good and the warding off of evil. From this it is understood that it was from the gods that prudence also and intelligence made their way to men, on which account intelligence, faith, virtue, and concord were, by the regulation of our ancestors, deified and publicly enshrined. How can we reasonably deny, considering that we worship the august and holy images of these qualities, that they belong to the gods? If, on the other hand, intelligence, faith, virtue, and concord exist in mankind, whence could they have descended upon the earth except from the powers above? And since forethought, and reason, and prudence do exist in us, it must needs be that the gods possess these same qualities on a greater scale, and not only possess them, but also employ them in connection with what is supremely great and excellent; but there is nothing greater or more excellent than the universe; the universe must, therefore, be administered by the forethought and providence of the gods. Lastly, since I have sufficiently shown the divinity of these objects whose signal might and brilliant appearance are before our eyes, I mean the sun, the moon, the wandering and fixed stars, the sky, the universe itself, and the multitude of things present in every part of the universe to the great profit and advantage of mankind, it is proved that everything is ruled by the divine intelligence and prudence. On the first part of the question enough has been said.
XXXII.
I have next to show that all things are subject to nature and are most exquisitely administered by it. But first it must be briefly explained what nature is itself, in order that what I wish to establish may be more easily intelligible. For some maintain that nature is a kind of irrational force producing compulsory movements in bodies, others that it is a force possessing reason and order, advancing, as it were, methodically, and showing clearly what it does to achieve each result, and what end it follows,—a force to whose skill no art, or handiwork, or artificer can attain by imitation. For such, they say, is the potency of seed that, although it be extremely small, nevertheless, if it has fallen into a substance which receives and encloses it, and has obtained material from which it can derive nurture and increase, it contrives and effects, each in its own kind, for some things to be simply nourished by their own roots, and for others to be further capable of impressions, feelings, instincts, and the creation from themselves of beings like themselves. Others, again, give the name of nature to the whole sum of things, like Epicurus, according to whose division all existence is made up of bodies, void, and the attributes of these. As for our own school, when we say that the universe is kept together and administered by nature, we do not say so as we would of a clod, or fragment of stone, or something of that kind, in which there is no principle of cohesion, but as we would of a tree or animal, in which there is nothing fortuitous, but in which order and something like art are manifest.
XXXIII.
But if the things which the earth maintains by means of roots owe their life and vigour to the handiwork of nature, surely the earth itself is maintained by the same power, seeing that after it has been impregnated by seed it produces and puts forth from itself all things, nourishes and increases their roots by its embrace, and is in turn nourished itself by the elements above which are external to it. Its own exhalations also nourish the air, æther, and everything on high. If, then, nature upholds and invigorates the earth, there is the same principle of action in the rest of the universe. For, while roots cleave to the earth, living things are sustained by being breathed upon by air, and it is air which aids us in seeing, hearing, and producing sound, for none of these things can be done without air. In fact it even aids us in movement, since wherever we go and wherever we move, it seems, as it were, to give way and yield. The substances, moreover, which are carried towards the centre of the universe, which is its lowest part, and upwards from the centre, and by a circular revolution round the centre,1 make the nature of the universe one and continuous. It is made continuous by the substances, of which there are four kinds, changing one into another, water being formed from earth, air from water, and æther from air, and in the reverse order again air from æther, water from air, and earth, which in position is the lowest, from water. In this way by the passage up and down, and backwards and forwards, of these elements, of which all things are composed, the connection of the parts of the universe is maintained. This connection must either be eternal, under the same form as this which we behold, or at any rate of very considerable duration, lasting on for a long and almost immeasurable time. Taking whichever view you please, it follows that the universe is administered by nature. For the sailing of a fleet, the arrangement of an army, or, to again compare the works of nature, the generating of a vine or tree, the figure, moreover, and formation of limbs of a living creature do not indicate so much skill on nature’s part as the universe itself. Either, then, there is nothing which is ruled by sentient nature, or it must be acknowledged that the universe is so ruled. How, indeed, can that which contains all other forms of nature and their seeds, fail to be itself administered by nature? If any one were to say that teeth, and the hair which is a sign of puberty, were created by nature, but that the man himself, in whom they were created, was not formed by nature, he would similarly fail to understand that the things which produce something from themselves possess a more perfect nature than the thing produced.
XXXIV.
Now of all the things which are administered by nature the universe is, so to speak, the originator, begetter, parent, rearer, and supporter, and it cherishes and contains them as members and parts of itself. But if the parts of the universe are administered by nature, the same must be the case with the universe itself; at any rate there is nothing in the administration of it which can be found fault with, for the best that could have been produced from the elements which there were has been produced. If that is denied, then let some one show that better could have been produced. But no one ever will show this, and whoever wishes to amend anything will either make it worse, or will be regretting the absence of that which could not have been attained. But if all the parts of the universe have been so ordered that they could not have been better adapted for use, or more beautiful as regards appearance, let us see whether they are the work of chance, or whether their arrangement is one in which they could not possibly have been combined except by the guidance of consciousness and the divine providence. If, then, the things achieved by nature are more excellent than those achieved by art, and if art produces nothing without making use of intelligence, nature also ought not to be considered destitute of intelligence. If at the sight of a statue or painted picture you know that art has been employed, and from the distant view of the course of a ship feel sure that it is made to move by art and intelligence, and if you understand on looking at a horologe, whether one marked out with lines,1 or working by means of water, that the hours are indicated by art and not by chance, with what possible consistency can you suppose that the universe which contains these same products of art, and their constructors, and all things, is destitute of forethought and intelligence? Why, if any one were to carry into Scythia or Britain the globe which our friend Posidonius has lately constructed, each one of the revolutions of which brings about the same movement in the sun and moon and five wandering stars as is brought about each day and night in the heavens, no one in those barbarous countries would doubt that that globe was the work of intelligence.
XXXV.
Yet the Epicureans doubt as to whether the universe, from which all things arise and are created, was itself the result of chance or some kind of necessity, or of intelligence and the divine mind, and they think that Archimedes did more in imitating the revolutions of the sphere than nature did in producing them, although the original was wrought with far more cunning than the imitation. Now the shepherd in Accius who had never before seen a ship, when he beheld from a mountain the divinely planned and newly built bark of the Argonauts in the distance, spoke in his first wonder and alarm as follows:—
“So great a mass glides echoing from the deep with loud roar and blast. It rolls the waves before it, and raises eddies by its force, throws itself headlong, and scatters and blows back the sea. And so you might think, now that a deep-edged thunder-cloud was rolling on, now that some rock had been uprooted and was being driven on high by winds or tempests, or that round water-spouts were rising, beaten by the warring billows, unless it be that the sea is preparing ruin for the land, or that Triton, perchance, upheaving with his trident the caves beneath their foundations, far down in the surging waters, is casting up from the depths a rocky mass to the light of heaven.”
He begins by being in doubt as to what this thing is, which he sees, but does not know, and afterwards when he catches sight of the young warriors, and hears the song of the rowers, “So,” he says, “do the swift eager dolphins noisily cleave a way with their snouts”. Many other fancies also occur to him. “Like to the strain of Silvanus is the song and the hearing it gives to the ears.” In the same way, then, that he, though thinking at the first glance that he beholds something inanimate and without consciousness, begins afterwards, upon surer indications, to suspect the nature of that upon which he had been in doubt, so ought philosophers, if the first view of the universe happened to perplex them, to have afterwards understood, when they saw its defined and uniform movements, and how everything was regulated by a settled order and unalterable fixity, that there was in this divine, celestial dwelling-place not only an inhabitant, but also a ruler, controller, and, so to speak, architect of a work and structure so vast.
XXXVI.
As it is, however, they do not seem to me to have even a conception of how wonderful are the things of earth and sky.
The earth, in the first place, which is situated in the centre of the universe, is enveloped on every side by this aerial element which we breathe, the name of which is aer, a Greek word, it is true, but still one which use has made intelligible to our countrymen, for it is in common employment as a Latin word. This is in its turn surrounded by the boundless æther, which consists of the highest fire. I propose that we borrow this word as well, and that æther be Latinised just as much as aer, though Pacuvius translates it:—
This that I speak of our countrymen call sky, the Greeks call æther.
Just as though it was not a Greek that was making the remark. “But he is speaking in Latin,” you will say. There would be something in that if we were not listening to him in the character of a speaker of Greek. That that is so Pacuvius himself shows in another passage:—
His very speech proclaims yonder Greek.
However, let us return to what is of more importance. From æther, then, there proceed innumerable fiery stars of which the chief is the sun, which illumines all things with the brightest light, and is many times greater and larger than the whole earth, while the other stars, which are of untold magnitude, come next. And these fiery bodies, which are so great and numerous, not only do no harm to the earth and what is upon the earth, but are beneficial in this way, that if they were moved from their place the earth would inevitably be consumed by their intense heat, when it had ceased to be controlled and moderated.
XXXVII.
Must I not here express my wonder that any one should exist who persuades himself that there are certain solid and indivisible particles carried along by their own impulse and weight, and that a universe so beautiful and so admirably arrayed is formed from the accidental concourse of those particles? I do not understand why the man who supposes that to have been possible should not also think that if a countless number of the forms of the one and twenty letters, whether in gold or any other material, were to be thrown somewhere, it would be possible, when they had been shaken out upon the ground, for the annals of Ennius to result from them so as to be able to be read consecutively,—a miracle of chance which I incline to think would be impossible even in the case of a single verse. Yet, as the Epicureans assure us, it was from minute particles possessing neither colour, nor any kind of quality (what the Greeks call ποιότης), nor sensation, but coming together by chance and accident, that the world was produced, or rather that innumerable worlds are, within each instant of time, either coming into being or departing from it. But if a concourse of atoms is able to form the universe, why cannot they form a portico, or temple, or house, or city, things which are less, far less elaborate? Really, they talk such heedless nonsense on the subject of the universe as to give me at any rate the impression that they have never looked up to yonder marvellous ordering of the heavens which forms our next topic. We can understand now the excellence of Aristotle’s remark. “If,” he says, “there were men who had always lived underground in fine and well-lit houses which had been adorned with statues and paintings, and equipped with all the things which those who are considered well-to-do possess in abundance, who had, however, never come forth into the upper world, but had learned by fame and hearsay of the existence of certain divine powers and natures, and had then at some time, through the jaws of the earth being opened, been able to come forth from those hidden regions, and to pass into these parts which we inhabit,—when they had suddenly obtained a sight of the land and seas and sky, and had marked the vastness of the clouds, and the force of the winds, and had beheld the sun, and had marked not only its size and beauty, but also its power, since by diffusing light over the whole sky it caused day,—and when, again, after night had overshadowed the earth, they then perceived the whole sky studded and adorned with stars, and the change in the light of the moon as it alternately waxed and waned, and the rising and setting of all these bodies, and the fixity and unchangeableness of their courses through all eternity,—when they saw those things, they would assuredly believe both that the gods existed and that these mighty works proceeded from them.”
XXXVIII.
This is what Aristotle says. For our own part let us imagine a darkness as great as that which is said to have once, in consequence of an eruption of the fires of Ætna, obscured the neighbouring country to such a degree that for the space of two days no human being recognised another, and when the sun began to shine on the third day men felt then as though they had been restored to life. But what aspect would the heavens present if this same sudden view of the light were to come to us after an eternity of darkness? Through daily repetition, however, and constant ocular experience the mind becomes used to the sight; it feels no wonder, and does not look for the reasons of things which it always sees, just as though it were the novelty rather than the importance of things which ought to urge us to inquire into their causes. Why, who would ascribe the intelligence of a man to him who when he saw such regularity in the movements of the heavens, such stability in the order of the stars, such inter-connection and mutual coherence in all things, denied the presence of any reason in these, and described as the result of chance things which are administered with a skill to which we cannot by any skill attain? Or is it that when we see anything such as a globe, or horologe, or numerous other things, moving by means of some kind of mechanism, we make no question of their being the work of intelligence, and yet are sceptical, although we see the heavens rushing on with marvellous speed, and bringing about with the utmost regularity the yearly recurring changes of the seasons by their revolution, ensuring thereby the most complete well-being and preservation of all things,—are we, I say, sceptical as to such phenomena being the result not merely of intelligence, but of an intelligence which is exalted and divine? For we may now set aside the refinements of argument, and survey, as it were, with our eyes the beauty of the things which we say were instituted by the divine providence.
XXXIX.
And in the first place let us note the earth as a whole, which is situated in the central quarter of the universe, and is solid, spherical, gathered at every point into that shape by its own gravity,1 and clothed with flowers, herbs, trees, and fruits, the incredible multitude of all these being set off by a variety which cannot tire. Add to them the cool perennial springs, the liquid transparency of the rivers, the green covering of the banks, the vast hollows of the caves, the rugged rocks, the lofty overhanging mountains, and the boundless plains; add, too, the hidden veins of gold and silver, and the limitless wealth of marble. And what tribes of animals, there are, both tame and wild, and how various! what flights and songs of birds, what grazing of cattle, what forms of woodland life! How shall I next speak of the race of men, the appointed cultivators, as it were, of the earth, who neither allow it to become the lair of savage beasts, nor to be turned into a waste by a rough undergrowth, and whose handiwork makes bright the fields and islands and coasts, dotting them with houses and cities? If we could see these things with our eyes, as we can with our mind, no one, when he gazed upon the earth in its completeness, would doubt as to the divine intelligence. How beautiful, once more, is the sea! how glorious its appearance as a whole! what a number and variety of islands! what delightful shores and coasts! how numerous and dissimilar are the tribes of sea-creatures, some keeping to the depths, some floating and swimming, and some attached by their own shells to the rocks! The sea itself yearns for the earth, and the way in which it plays upon the shore makes it seem as though the two elements had been fused into one. Next to and adjoining the sea is air,1 which shows the contrast of day and night. Sometimes it expands, and rarefies, and mounts upward, sometimes it thickens, and is gathered into cloud, and by forming moisture fertilises the earth with showers, and sometimes by streaming to and fro it produces wind. It is, moreover, the cause of the yearly fluctuations of cold and heat, and it supports also the flight of birds, and through being inhaled with the breath nourishes and sustains the animate creation.
XL.
There remains, farthest and highest from our own dwelling place, and surrounding and enclosing all things, the belt of sky, which is also called æther,—the outermost edge and boundary of the universe, within which the fiery bodies take in so marvellous a manner their prescribed and ordered course. Of these the sun, which far exceeds the earth in size, revolves round the earth itself; by its rising and setting it causes day and night, and in its alternate approach and withdrawal it makes each year a double return in opposite directions from its extreme points; during the interval which is marked by these returns it is at one time contracting, so to speak, the earth’s face with gloom, and at another turning it to gladness, so that earth and sky seem to have been made joyful together. The moon, whose area, as mathematicians show, is more than the half part of the earth’s, moves over the same tract as the sun, but is sometimes drawing near to it, and sometimes turning from it; the light which it has received from the sun it sends upon the earth, and it has itself different gradations of light; at one time, moreover, when it is beneath the sun, and between it and the earth, it obscures the sun’s rays and brightness, at another, when it is in opposition with the sun,1 it comes itself under the shadow of the earth, and is suddenly eclipsed owing to the barrier and interposition of the earth. The wandering stars, as we call them, move round the earth in the same tract, and rise and set in the same way; their course sometimes quickens, sometimes slackens, and is often even brought to a standstill. No sight can be more marvellous or more beautiful. Next there comes the vast multitude of the fixed stars, whose grouping has been so arranged that their resemblance to familiar objects has found them names, and the way in which their constellations have been marked out indicates the presence of divine skill in these great designs.
XLI.
At this point Balbus looked at me and said, I will make use of those verses of Aratus which were translated by you when quite a youth, and which please me so much, being in Latin, that I retain many of them in memory. Well then, as our eyes constantly inform us, without any change or variation, “the rest of the heavenly bodies glide on with rapid course, and by day and night move together with the sky”. No one who wishes to mark the constancy of nature can tire of contemplating them. “And the very endmost tip of either axis is called the pole.” Round it move the two Bears, which never set. “Of these one is named amongst the Greeks Cynosura,2 the other is called Helice.”3 The stars of Helice, which are very bright, we see the whole night. “These our countrymen are wont to call Septentriones.”1 The small Cynosura also traverses the highest part of the sky with an equal number of stars similarly grouped. “In this the Phœnicians trust as a guide by night upon the deep. But Helice shines with stars more clearly marked, and at once after nightfall is seen far and wide, whereas the Cynosura is small, and yet of service to sailors, for it revolves in a narrow circle with its course nearer to the pole.”
XLII.
And to make the aspect of these stars more marvellous, “between them, like a river with rushing torrent, winds the grim Dragon, uncoiling itself above and beneath them, and forming its body into curving folds”. While its appearance as a whole is remarkable, the shape of its head and the brightness of its eyes are especially worthy of note. “Not one star alone shines as the adornment of its head, but its temples are marked with a double gleam, and two glowing lights blaze from its fierce eyes, and its chin is bright with one flashing star. Its head is slanted, drawn back from the rounded neck; you would say that it bent its gaze on the tail of the Greater Bear.” The rest of the Dragon’s body we have in view the whole night. “Its head yonder, sinking beneath the water, hides itself for a little where its risings and settings meet at one point.” Close to the Dragon’s head “there revolves a weary image as of one mourning, which the Greeks call Engonasin,2 because, they say, it moves supported on its knees. In its neighbourhood is placed the brilliant light of yonder Crown.” That is at its back, while by its head is Anguitenens, “whom the Greeks call Opiuchus,1 a bright-shining star. He grips the Snake with the double pressure of his hands, and remains himself bound by its coiling body, for the Snake girdles the man’s waist, creeping beneath his breast. Nevertheless he plants his steps heavily, straining hard, and treads with his feet the eyes and breast of the Scorpion.” The Greater Bear is followed by “Arctophylax,2 who is commonly called Bootes,3 because he drives the Bear before him as though yoked to a wain”. Beneath the breast of this Bootes “there is seen fixed a star with glittering rays, Arcturus of the famous name,” and underneath that moves “Virgo, lustrous in form, holding a bright ear of corn”.
XLIII.
Then comes the continuation of that passage. “And beneath the Bear’s head you will behold the Twins. Under the middle of the Bear is placed the Crab, and the mighty Lion, flashing from his body a quivering flame, is held by the Bear’s feet.” The Charioteer “will be found moving under cover of the Twins upon their left. The head of Helice with fierce gaze confronts him, the bright Goat holds the place of his left shoulder. Now the Goat has been given a great and brilliant sign, but the light which the Kids send forth for mortals is scanty.” Beneath the Charioteer’s feet “is the horned Bull toiling with strong body”. Its head is sprinkled with a cluster of stars. “These the Greeks are wont to call Hyades.” Our countrymen ignorantly call them Suculæ, as though they had been named from the word for pig and not from that for rain.4 Close in the rear of the Lesser Bear Cepheus follows with outstretched hands. “For he himself revolves behind the Bear Cynosura.” Preceding him is “Cassiepia with stars of dim aspect. By her moves Andromeda, bright of form, avoiding sadly her mother’s1 gaze. The Horse yonder, shaking his mane with a twinkling light, touches the top of Andromeda’s head with his belly, and one connecting star, eager to bind their constellations in eternal union, holds their twin forms in one radiance. Next is the fixed star of the Ram with twisted horns.” Near to it are “the Fish, one of which moves on a little in advance, and is visited more by the ruffling breath of the north wind”.
XLIV.
At the feet of Andromeda is the figure of Perseus; “him in the topmost quarter of the sky the blasts of the north wind buffet”. By his left knee “you will see the faint light of the Pleiades. The Lyre is placed next, and in aspect is slightly arched. Next under the broad cover of the sky is the winged Bird.” Close to the Horse’s head is the right hand of Aquarius and the whole of his body in succession. “Then in the great circle comes Capricorn, half animal in form, breathing icy cold from his strong breast. When the Sun has clothed him with continuous light, then at the time of the winter solstice he turns his chariot into another course.” Here, too, is seen “how the Scorpion shows itself rising high, drawing with its strong hinder part the bent Bow. Near to it2 the Bird revolves with straining wings. The Eagle with glowing body bears itself hard by.” Next comes the Dolphin. “Then Orion pushing on with body turned sideways.” Closely following him, “the fiery Dog yonder glows with its light of stars”. The Hare comes in its rear, “its weary body never slackening its course. By the Dog’s tail Argo glides slowly on. It1 is screened by the Ram and the scaly Fish, as it touches with shining breast the banks of the River.” The River you will see gliding in a long stream. “And you will behold the long Chains which hold back the Fish, placed in the region of their tails. Then, by the sting of the bright Scorpion, you will perceive the Altar, upon which the breath of the south wind softly blows.” Hard by the Centaur “moves on, hastening to join a horse’s limbs to the under part of the Claws. He advances stretching out his right hand, in which a huge beast is held, and sternly fells it at the shining Altar. Here, from the region below, the Hydra lifts itself.” Its body spreads far. “In its centre fold the gleaming Bowl shines out; its hinder parts the Raven, straining with feathered body, smites with its beak. Here, too, just beneath the Twins, behold Antecanis, who bears the name Προκύων in Greek.” Can any sane person think that all this grouping of the stars, and this vast ordering of the heavens, could have resulted from atoms coursing to and fro fortuitously and at random? Or could, indeed, any kind of nature that was destitute of mind and intelligence have produced these results, which not only needed intelligence in order to be produced, but which cannot be understood in their nature without a very considerable amount of intelligence?
XLV.
Nor are these things only deserving of our wonder, but there is no more important fact than this, that the universe is so stable, and so closely knit together with a view to permanence, that nothing can even be imagined more compact, all its parts upon every side inclining to the centre with a uniform pressure. Now composite bodies are most permanent when they seem to be bound together by a kind of chain which encircles them, and this is how that natural principle acts which permeates the entire universe, bringing all things to pass by means of intelligence and reason, and which hurries and diverts to the centre what is on the outside. Consequently, if the universe is round, and if for that reason all its parts, which are on every side uniform, are held together by a tendency of their own, the same must necessarily be the case with the earth, so that through all its parts seeking the centre, which in a sphere is the lowest part, there is no break of continuity by which this strong pressure of gravity and weight could be shaken. The sea in the same way, although it is above the earth, is nevertheless, in consequence of its tendency to the earth’s centre, gathered at every point into a uniformly globe-like shape, and never overflows or pours forth. Air, again, which adjoins the sea, notwithstanding that it is carried upwards by its lightness, diffuses itself none the less in all directions; it is, therefore, on the one hand in immediate connection and union with the sea, and yet is carried by its own nature to the sky, whose rarity and heat temper it, and cause it to provide animate beings with healthful, life-sustaining breath. Enclosing it is the highest part of the sky, which is named from æther, and which, while it keeps its own burning heat clear and unclogged by any admixture, is at the same time in contact with the outermost edge of air.
XLVI.
In the æther revolve the stars, which are made spherical by their own gravity, and are thereby held together, while they are maintained in their movements by their actual form and outline; for they are round, and forms of that kind, as I think I said before, are least able to be injured. The stars are of a fiery nature; they are, therefore, fed by those vapours from the earth, and sea, and other waters, which are drawn forth by the sun from soil which it has warmed, and from water, and they and the whole æther, after being fed and renewed by these, pour the same back and draw them again from the same source, so that scarcely anything perishes, or only the very little which the fire of the heavenly bodies and the flame of the æther consume. It is thought by our school that in consequence of this consumption the thing which one used to be told Panætius was inclined to doubt, will come to pass, I mean the final conflagration of the whole universe; for when moisture has been exhausted the earth could not be nourished, and there would be no returning stream of air, as its creation would be impossible when the water had all been used up; nothing, therefore, they say, is left except fire as the agency, vivifying and divine, by which the universe should be renewed again, and the same external order called into being. I do not wish to seem to you unduly prolix on the subject of the stars, and especially so on the subject of what are called the wandering stars; so great is their harmony, which is obtained from the most dissimilar movements, that while the planet of Saturn, which is the highest, causes cold, and the planet of Mars, which is in the middle, causes burning heat, the planet of Jupiter, which is placed between these, has a bright and moderating influence, the two planets1 under Mars move in obedience to the sun, the sun itself fills the whole world with its light, and the moon, which is lit up by the sun, brings pregnancy and parturition and the completed period of birth. The man who is not impressed by this connection between things, this solidarity of nature, conspiring, as it were, for the safety of the universe, has never, I am quite sure, taken any of these facts into consideration.
XLVII.
Well, to pass from the things of the sky to those of the earth, what do the latter contain in which the reason possessed by intelligent nature is not apparent? In the first place, the roots of the things which spring from the earth both give stability to what they sustain, and draw moisture from the earth by which the things maintained by their means may be nourished, while the trunks are covered by rind or bark in order that they may be safer from cold and heat. Vines, again, take hold of the props with tendrils which act like hands, and raise themselves up as though they were endowed with life. Indeed, it is even said that if cabbages have been planted near them, the vines shrink from them as from something deadly and injurious, and come nowhere into contact with them. Then, too, how great a variety of living creatures there are, and what provision is made for their preservation in their different species! Some of them are cased in hides, others clothed with hair, and others are rough and bristly; some we see covered with feathers, and others with scales, some armed with horns, and others possessing a means of escape in wings. As for their food, nature has provided, freely and abundantly, that which was suited to each. I could show in detail what arrangement of the parts there is in the forms of animals for the purpose of receiving and disposing of this food, how skilful and elaborate it is, and how marvellously the limbs are fashioned. Such, indeed, is the nature and position of all the parts enclosed within the body that there is not one of them superfluous, and not one that is not necessary for the maintenance of life. Nature has also given to the brutes both perception and appetite, that through the latter they might have the impulse to obtain their natural food, and through the former might distinguish what is noxious from what is beneficial. Some creatures, again, seek their sustenance by walking, others by crawling, others by flying, and others by swimming; in some cases they obtain hold of their food simply by means of the teeth and the open jaws, in others they seize it by means of tenacious claws or a hooked beak; some animals suck, others browse, some swallow whole, and some chew. Some, moreover, are of such low stature as to easily reach with their mouths the food that grows upon the ground, while those that are taller, such as geese, swans, cranes, and camels, are helped by their length of neck. A trunk was added to the elephant, because, owing to its size of body, it had a difficulty in approaching its food.
XLVIII.
To creatures, on the other hand, that subsisted by feeding upon those of another species, Nature gave either strength or speed. To some a certain power of contrivance and ingenuity was also given, as in the case of spiders, some of which weave a kind of net in order that they may despatch whatever becomes entangled in it, while others lie in wait, and unexpectedly clutch anything that falls into their hiding-place, and consume it. The pina1 (for so it is called in Greek), which has two large shells standing open, forms a kind of partnership for obtaining food with the small pea-crab, according to which it is warned by a bite of the pea-crab when little fish have swum into the open shell, and thereupon closes the valves. In this way food is sought in common by small creatures that are quite unlike each other, and one cannot but wonder in regard to this whether they were united by coming together themselves, or were originally united by Nature herself at the time of birth. There is some further cause for wonder in the aquatic creatures that are born upon the land; crocodiles, for instance, and river tortoises, and some serpents, though they were not born in the water, seek it as soon as they are first able to crawl. Indeed, we often place the eggs of ducks under hens, and the chicks produced from these are at first reared by the hens as though they were their mothers, the hens having hatched and tended them, but afterwards, upon the first sight that they have obtained of the water, which seems to them their natural home, they leave the hens, and run from them when they pursue them. So great is the heed for its own preservation that Nature has implanted in what is animate.
XLIX.
I have also read somewhere that there is a certain bird called the platalea, which seeks its food by flying upon birds of the diver kind, and that when these rise from the water with a fish, it continues to peck at and buffet their heads until they let go their prey, upon which it seizes itself. It is also recorded of this same bird that it is accustomed to fill itself with mussel shells, and to disgorge them after they have been digested by the heat of the stomach, and by that means1 to pick out in them what is edible. The seafrog, again, is said to be in the habit of concealing itself in the sand and moving close by the water, killing and eating the fish when they come up to it, which they do as though to a bait.2 Between the hawk and the crow there is a kind of natural enmity, in consequence of which they destroy each other’s eggs wherever they come across them. And who can help being struck by the fact observed, like so many others, by Aristotle, that cranes, when they cross the sea on their way to warmer climes, form themselves in the shape of a triangle? With its vertical angle they meet the air directly; then the two sides gradually diverge,3 and the course of the birds is aided by the oar-like movement of their wings, while the base of the triangle which they form is helped by the wind, when that is, so to speak, astern. Each bird places its head and neck upon the back of the one flying in front of it, and as the leader himself cannot do so, for he has nothing on which to lean, he flies to the rear, in order that he too may rest; one of those that have been resting succeeds to his place, and this change is continued during the whole course. I could bring forward many facts of that kind, but you see the main type. It is, moreover, even better known with what care animals guard themselves, looking round when they are feeding, and keeping themselves hid when they are couched.
L.
Another wonderful thing is that a dog cures itself by vomiting, and the Egyptian ibis by purging the stomach,—remedies which were discovered in more recent times by the science of physicians. We are told that panthers, which in savage countries are caught by means of poisoned meat, possess some kind of remedy by the use of which they escape death, and that wild goats in Crete, when pierced by the arrows of the hunter, seek a herb called dittany; this they taste, and the arrows then drop out of their body. Deer, moreover, shortly before giving birth, thoroughly purge themselves by means of a small herb named seseli. We see, too, how each animal defends itself against attack and threatened danger by its own weapons, bulls by their horns, boars by their tusks, and lions by their teeth; some creatures protect themselves by flight and others by hiding, the sepia by the discharge of a black fluid, the torpedo-fish by causing numbness, while many animals repel pursuit by an intolerably offensive stench.
LI.
Now in order that the world’s equipment might be permanent, great pains were taken by the divine providence to ensure the continued existence of the different kinds of animals, trees, and of whatever things the earth maintains by means of roots. All the latter contain in themselves seed of such potency that from one plant several others are generated, the seed in question being enclosed in the innermost part of the fruit which is put forth by each plant; these seeds are freely consumed by man, and also serve to fill the earth with a fresh growth of plants of the same species. Need I say how much design, with a view to the constant preservation of their race, is apparent in animals? In the first place they are divided into male and female, a distinction which Nature devised with an eye to their perpetuity, and in the second place their bodily formation is extremely well adapted for procreation and conception, and there is an extraordinary desire in the male and female for intercourse. Now when the seed has established itself in the womb, it draws to itself almost all the food, and enclosed by that1 gives shape to the embryo. As soon as the embryo has passed from the womb and detached itself, almost all the mother’s food, in the case of those creatures that are reared on milk, begins to turn to milk, and the young that have just been produced seek the teats by the guidance of Nature, without being taught, and satisfy themselves from their abundant store. And that we may understand that none of these things are due to chance, but that they are all the result of the forethought and cunning of nature, a great number of teats were given to animals which, like the sow and the dog, bring forth many young at a time, whereas those which give birth to few at a time have few teats. I need not say how much love is shown by the brutes in rearing and guarding their offspring until such time as they are able to defend themselves, although fish, it is said, leave their eggs after laying them, since the eggs are easily preserved by the water, and are easily delivered in it of their contents.
LII.
We hear that tortoises and crocodiles, when they have brought forth upon the land, bury their eggs, and then depart; their young, consequently, come into being of themselves, and rear themselves. Hens and all other birds seek a quiet spot for laying, and build themselves beds and nests, which they line as softly as they can underneath, in order that there may be the greatest possible facility for the eggs being kept safe. Such is their care for the chicks, when they have hatched them from the eggs, that they cherish them with their wings, to prevent their being hurt by the cold, and shield them, if there is heat from the sun. But when the young birds are able to use their wings, which as yet are small, the mothers, though they accompany their flight, are relieved of the rest of their cares. To the preservation and safety of some animals, and of the products of the earth, human skill and diligence also contribute, for there are many beasts and plants that without the care of man cannot escape injury. Great facilities, moreover, are found in different places for human cultivation and abundant harvests. The Nile overflows Egypt, and keeps it buried and inundated the whole summer; after that it retires, leaving the fields, which it has softened and covered with mud, to be sown. The Euphrates fertilises Mesopotamia, bringing it, so to speak, fresh fields every year. The Indus, which is the greatest of all rivers, not only enriches and softens the soil with its water, but sows it as well, for it is said to carry down a great quantity of seeds resembling corn. I could bring forward many other noteworthy phenomena occurring in other places, and many instances of lands variously fertile in different kinds of produce.
LIII.
But how great is Nature’s kindness in producing things to eat in such number and variety, and of so pleasing a kind, and in not restricting them to one period of the year, so that we have the constant gratification of novelty and abundance. How timely, again, are the Etesian1 winds which she has given, and how serviceable not only to the race of men, but of animals also, and lastly to everything that springs from the earth, for it is their breath that tempers the excessive heat, and it is they, too, which direct, swiftly and surely, the course of ships over the sea. There are many facts that must be passed by,2 for it is impossible to enumerate the advantages of rivers, the ebb and flow of the tides of the sea, the clothed and wooded mountains, the salt-pits so far from the sea-shore, the lands so full of healing remedies, and finally the countless arts necessary for subsistence and life. The alternation, moreover, of day and night preserves animate beings by assigning one time for action, and another for rest. The conclusion is thus reached upon every hand, and from every consideration, that everything in this universe is marvellously administered by the divine intelligence and forethought with a view to the safety and preservation of all things.
But it will be asked for whose sake so vast a work was carried out. Was it for the sake of trees and herbs, which though without sensation are nevertheless sustained by Nature? No, that at any rate is absurd. Was it for the sake of animals? It is equally improbable that the gods went to such pains for beings that are dumb and without understanding. For whose sake, then, would one say that the universe was formed? For the sake, undoubtedly, of those animate beings that exercise reason. These are gods and men, whom nothing assuredly transcends in excellence, since reason is the highest of all things. It is thus credibly established that the universe and everything that is in it were made for the sake of gods and men.
LIV.
And that heed was taken by the immortal gods for men will be understood more easily if we examine the whole structure of man, and the entire human figure in its complete development. There being, then, three things by which the life of animate beings is maintained, namely, food, drink, and air, the mouth is peculiarly well adapted for the reception of all these, as owing to its connection with the nostrils it is abundantly supplied with air, while by the compression of the teeth in the mouth the food is chewed, and reduced to fragments, and ground. The front teeth divide the morsels by biting, the back ones, which are called jawteeth, masticate them, and the mastication seems to be aided by the tongue as well. The tongue ends in the gullet, to which its roots are attached, and into which what has been received by the mouth first descends. The gullet reaches upon each side to the tonsils, and is terminated by the inner extremity of the palate; it expels, after receiving it, the food which is passed down, I might almost say, thrust down, by the working and movements of the tongue. Those of its own parts which are below what is being swallowed, expand, those which are above, contract. The rough artery,1 as it is called by physicians, has its opening near to the roots of the tongue, a little above where the latter unites with the gullet, and it extends as far as the lungs, receiving the air which is drawn in by the breath, and exhaling and giving back the same from the lungs. It is therefore covered with a kind of lid, which was given with a view to prevent the breathing being interrupted by any food accidentally falling in. The stomach is placed below the gullet, and there is much in it that is marvellously contrived, for it is the receptacle of food and drink, and air is supplied to it from without by the lungs and heart. It is composed for the most part of fibres, and has many layers and coils; all the substances which it has admitted, whether solid or liquid, it confines and holds, so that they may be able to be changed and digested; it contracts and expands alternately, and whatever it has received it combines and fuses together, in order that everything, after being digested and reduced by the abundant heat which the stomach possesses, and the crushing which the food undergoes, and also by air, may be easily distributed amongst the rest of the body.
LV.
The lungs, again, are of a loose consistency and sponge-like softness, which is admirably adapted for the drawing of breath; they alternately contract in expiration and expand in inspiration, in order that the aerial nutriment by which animate beings are mainly supported, may be constantly inhaled. The juice, in the next place, that is separated from the rest of the food, and upon which our sustenance depends, flows from the intestines to the liver through certain passages directed and carried from the middle intestine as far as what are called the gates of the liver, and these passages extend on to and connect with the liver. Thence a number of passages extend in different directions, through which the chyle1 falls on its dispersion from the liver. When the bile, and the fluid that is discharged from the kidneys, have been separated from the chyle, the rest of it turns to blood, and flows in a body to the before-mentioned gates of the liver, to which all the passages of the blood conduct; after passing through these, it is poured just at that point into what is called the hollow vein, and passes on, as finally digested and assimilated food, through that to the heart, whence it is distributed to the entire body through a vast number of veins extending to every part of the body. The mode in which the food that is left is expelled by the opening and closing of the bowels can be very easily stated, but must nevertheless be passed by, that my discourse may contain nothing offensive. Let me rather set forth the following wonderful contrivance of Nature. The air that is drawn into the lungs by the breath is made warm, in the first place, simply by being inhaled, and in the second place by contact with the lungs; part of it is returned in expiration, part is gathered in a part of the heart called the ventricle of the heart; to this another similar ventricle is attached, into which blood flows from the liver through the hollow vein, and in this way blood is diffused from these parts over the whole body through the veins, and air through the arteries. Both veins and arteries, with which the entire body is thickly and numerously threaded, bear witness to artistic, heavenly workmanship of extraordinary power. What shall I say of the bones which are placed beneath the body and which have wonderful articulations, calculated to ensure stability, and suitable for ending off the joints and for motion and every bodily activity? To these we must add the nerves, by which the joints are kept in place, and which extend in a network over the whole body; like the veins and arteries they are drawn from, and have their starting point in the heart, and are carried through the entire frame.
LVI.
To this extremely careful and skilful provision on the part of Nature many instances can be added from which it may be understood what great and special endowments have been bestowed upon men by the gods. In the first place they made them tall and upright, raised aloft from the ground, that they might be able, through their gaze being turned upon the sky, to obtain a knowledge of the divine existence. For men are formed from the earth, not as its inhabitants and occupants, but as spectators of the things above them in the sky, the spectacle of which is afforded to no other race of animate beings. The senses, again, which act as intermediaries and reporters, have been marvellously created and placed for necessary service in the head, as though in a citadel. Thus, the eyes, like scouts, hold the highest place, from which they may behold most, and so fulfil their function; the ears, since it is their duty to receive sound, which by its nature mounts upward, have been rightly placed in the top part of the body; there is fitness also in the nostrils being high up, for all smell ascends, and it is not without reason that they have sought the neighbourhood of the mouth, for their judgment upon food and drink is a weighty one. Taste, again, since it was meant to appreciate the different kinds of things upon which we subsist, is resident in that part of the mouth where Nature has opened a passage for what is eaten and drunk. Touch, on the other hand, is distributed over the whole body alike, so that we can feel every impact, and every slightest impression both of cold and heat. Moreover, just as in a house the architect diverts from the eyes and nostrils of the master that which, as it flowed forth, would necessarily be to some extent offensive, so Nature has banished the corresponding function to a distance from the senses.
LVII.
And what artificer besides Nature, whose cunning nothing can surpass, would have been able to carry out in the senses so much detailed ingenuity? In the first place she clothed and encased the eyes with the finest membranes, which she made, first of all, transparent, so that they might be able to be seen through, and at the same time firm, that the eye might be held together; to the eyes themselves she gave the power of moving and turning, that they might both avert themselves from anything hurtful, and easily direct their gaze where they wished. The actual point of the eye, by means of which we see, and which is called the pupil, is so small as to easily avoid what might harm it; the eyelids, which are the coverings of the eyes, and extremely soft to the touch, so as not to injure the point of the eye, were most conveniently constructed both for shutting the pupils, that nothing might strike against them, and for opening them, and Nature took means to enable this to be done continually and with the greatest rapidity. The eyelids were protected by a kind of fence of lashes, by which anything falling in when the eyes were open might be stopped, and which might, as it were, muffle the eyes when they rested1 closed in sleep, and we did not need them for seeing. The eyes have, moreover, the advantage of being in a recess, and are enclosed on every side by prominent parts of the face. For in the first place the part above the eyes, which is covered by the eyebrow, keeps off the sweat when it runs down from the head and forehead; then the cheeks protect them on the lower side, being placed beneath them and gradually projecting, while the position of the nose gives it the appearance of having been placed between the eyes like a wall. Hearing, on the other hand, is always open, for it is a sense that we need even when sleeping, and we are actually roused from sleep when sound has been received by it. It has a winding passage in order that nothing may be able to enter, which might happen if the opening were simple and direct; care was also taken that if any tiny creature did attempt to insinuate itself, it should become fixed in the wax of the ear as though in bird-lime. On the outside there project what are called the ears, which were made for the sake of covering and protecting the sense of hearing, and to prevent the sounds that arrived from slipping off and wandering away before they had struck upon the sense. The entrance of the ear is hard and like horn, and has many windings, since it is by substances of this kind that sound is returned and heightened. This is the reason why resonance is attained in the lyre by means of tortoiseshell or horn, and why sounds are given back in greater volume from a place that winds in and out and is enclosed. In like manner the nostrils, which are always open for necessary service, have a somewhat contracted entrance, that nothing may be able to make its way into them that might injure them, and they always contain a moisture that is of use for getting rid of dust and many other things. The sense of taste is admirably protected, for it is enclosed by the mouth in a way which is suited both to its function and to the maintenance of its safety. Moreover, every sense of man far surpasses those of animals.
LVIII.
For, in the first place, in the arts upon which judgment is passed by the eyes, in forms painted, moulded, and graven, and also in the movement and action of the body, there are many things of which the eyes of a man have a subtler discernment. They judge of the beauty, and arrangement, and propriety, if I may so express it, of colours and shapes, and of other matters of more moment as well, since they recognise virtues and vices, the angry man and the good-humoured, the glad and the sorrowful, the brave and the cowardly, the bold and the timid. The ears also have a certain marvellous artistic judgment, by which in the music both of the voice, and of the flute and stringed instruments, the diversity, and intervals, and contrast of sounds are estimated, together with the many different kinds of voice, the clear and husky, the soft and rough, the deep and high, the flexible and hard, of which only the human ear is a judge. The nose also and the sense of taste deliver important judgments, and more arts even than I should wish have been discovered for the purpose of captivating these senses, and enjoying them to the full, for it is evident to what lengths the manufacture of unguents, the seasoning of food, and the meretricious adornment of the body have been carried.
LIX.
Any one, moreover, who fails to perceive that the very mind and intelligence of man, his reason, contrivance, and forethought, were the result of divine care, seems to me to be destitute of these qualities themselves. And I should be glad, Cotta, while discussing this subject, for your eloquence to be bestowed upon me, for what a description you would have given in the first place of the high degree of intelligence that there is in us, and in the second of what a power we have of connecting and including in one survey premisses and conclusions. Through this power we are able to discern what the data in each case prove; we draw the conclusion by a reasoning process, and we define each conception and enclose it within strict limits. The nature and significance of knowledge,1 than which even in God there is nothing more exalted, is thus understood. And how great a fact is that which you Academics impugn and reject, the fact that by means of the senses and intelligence we perceive and realise things external to us; by bringing these together and comparing them, we also call the arts into being, of which some are necessary for the uses of life and others for enjoyment. How glorious, again, and god-like is the power of eloquence, the mistress of things, as you orators1 are wont to call it. It enables us, in the first place, to learn that of which we are ignorant, and to teach to others that which we know, and secondly it is by means of it that we exhort, and persuade, and cheer the afflicted, turn the terrified from fear, restrain the exultant, and extinguish desire and anger; it is this that has knit us together by a common bond of justice and laws and cities, and this that has removed us from a life of savageness and barbarism. It is incredible, moreover, if we look at the facts closely, with what care nature has arranged for the exercise of speech. First of all, the windpipe extends from the lungs as far as the back of the mouth, and through it the voice, which has its origin in the mind, is received and given forth; then in the mouth there is placed the tongue, enclosed by the teeth; this manipulates and restricts the voice, which in its first gush is inarticulate, and makes the sounds distinct and precise by driving them against the teeth and other parts of the mouth. It is thus a common saying with us Stoics that the tongue is like a quill, the teeth like chords, and the nostrils like the horns2 which in playing give back the sound of the strings.
LX.
How apt, again, are the hands which nature has given to man, and to what a number of arts they minister! For the ready contraction and extension of the fingers, owing to the flexibility of the articulations and joints, remain unimpeded in every movement, and consequently, by applying the fingers, the hand is equipped for painting, moulding, carving, and for bringing out the sound of stringed instruments and flutes. These are the arts of pleasure; the following are those of necessity, I mean the cultivation of land, the building of houses, the making of coverings, woven or sewn, for the body, and all the working in brass and iron. From this we learn that it was through the application of the craftsman’s hand to what had been discovered by the intelligence and observed by the senses, that we attained everything which enabled us to be sheltered, and clothed, and preserved in safety, and to possess cities, walls, dwelling-places, and sanctuaries. Then again, it is by the works, that is, by the hands, of men that a variety and abundance of food is also obtained, for the fields produce a number of things secured by means of the hands, and meant either to be consumed at once, or to be laid aside for keeping; besides this we derive sustenance from creatures of the earth and water and from those that fly, partly by capturing, and partly by rearing them. We also, by the mastery we exercise, create a means of conveyance by four-footed creatures, whose speed and strength give speed and strength to ourselves. We place burdens upon some animals, and the yoke upon others; we turn to our own use the elephant’s keenness of sense and the dog’s sagacity; we extract iron, which is necessary for tilling the soil, from the hollows of the earth, we find “far hidden veins of silver, bronze, and gold,” which are both suited for use and beautiful for purposes of ornament, and we cut up trees and make use of every kind of timber that is produced by cultivation or grows wild, partly in order, by providing fire, to give warmth to the body, and to temper the rawness of food, and partly in order to build, so that through having houses to shelter us we may ward off cold and heat. Timber, moreover, affords great facilities for the construction of ships, by the voyages of which all the means to life in every part are made ours; we alone, by our knowledge of seamanship, possess control over the elements of sea and wind, which nature has created full of turbulence, and we have the enjoyment and use of very many products of the sea. All dominion, too, over the resources of the earth belongs to man. We enjoy the mountains and the plains, the rivers and the lakes are ours, we sow the crops and trees, we give fertility to the land by conveying water to it, we confine the streams, we straighten or divert their course—in short, by means of our hands we endeavour to create in nature a kind of second nature.
LXI.
Then again, has not human reason reached as far as to the sky? Yes, for we alone of animate beings have learnt the risings and settings and courses of the stars; the day and month and year have been defined by man, and the nature, extent, and date of the eclipses of the sun and moon have been ascertained and foretold for all future time. By contemplation of these things the mind arrives at a knowledge of the gods, from which knowledge springs piety; with piety justice and the other virtues are bound up,1 and from these a blessed life results, equal and similar to that of the gods, and yielding to that of the heavenly beings in nothing except immortality, which has no connection with right living. By setting forth these facts I think that I have sufficiently shown how far the nature of man surpasses that of all living creatures, and this should make it understood that neither his shape and the disposition of his limbs, nor such powers of ability and intelligence, could have been the result of chance.
It remains for me to show, and so to at length conclude, that everything that there is in this universe, everything of which men make use, was made and prepared for the sake of men.
LXII.
In the first place the universe itself was made for the sake of gods and men, and the things that are in it were prepared and devised for the advantage of men. For the universe is, as it were, the common home of gods and men, or the city belonging to both, since they are the only beings that exercise reason, and live according to justice and law. As, then, we must suppose that Athens and Lacedæmon were established for the sake of the Athenians and Lacedæmonians, and as everything that there is in these cities is rightly described as belonging to those peoples, so whatever there is in the entire universe must be supposed to belong to the gods and to men. Moreover, the revolutions of the sun and moon and other heavenly bodies, though they also contribute to the coherence of the universe, afford, nevertheless, a spectacle at the same time to man; for there is no sight of which it is less possible to tire, none that is more beautiful, and more remarkable for reason and skill. By measuring the courses of these bodies we have learnt the culminating points, and varieties and changes, in their periods, and if these things are known to man alone, it must be concluded that they were created for the sake of man. And does the earth, teeming with crops and the different kinds of leguminous produce, which it puts forth in the utmost profusion, seem to bear these for the sake of beasts or of men? I need not speak of vines and olive-groves, whose abundant and luxuriant fruit exists altogether without reference to animals, for the brutes have no knowledge of sowing, or cultivating, or plucking fruit at the right time and gathering it in, or of storing and laying by, but the practice and charge of all those matters belong to man.
LXIII.
Just as it must be said, then, that lyres and flutes were made for the sake of those able to use them, so it must be acknowledged that the things I have spoken of were prepared only for those who make use of them, and if certain animals steal or seize anything from among them, we will not say that they were created for their sake as well. It is not for mice and ants that men store up provision, but for their own wives and children and households, which is the reason why animals, as I said, enjoy by stealth, but the master of the house openly and freely. It must, then, be admitted that this wealth of things was provided for man, unless, perhaps, it is the great abundance and variety of fruits, and the pleasantness not only of their taste, but also of their smell and appearance, that throws a doubt upon their having been bestowed by nature upon man alone! So far are they from having been also provided for the sake of animals, that we perceive the latter to have been themselves created with a view to man. What other end do sheep serve except that of clothing men with their wool, when it has been prepared and woven? Indeed, without human care and superintendence it would have been impossible for them to have been reared or kept alive, or to have yielded any profit. Then, the faithful watch that is kept by dogs, the loving way in which they fawn upon their masters, their strong dislike to strangers, their marvellous keenness of scent for following a track, their eagerness in the hunt,—what do these indicate if not that dogs were created for the convenience of men? Of oxen it is unnecessary to speak. Their very backs proclaim themselves as not having been shaped for the reception of burdens; on the other hand their necks were meant for the yoke, and the strength and breadth of their shoulders for drawing the plough along. No violence, the poets say, was used towards them by the men of the golden age, because by their means the clods were broken up, and the earth in that way subdued. “But then an offspring of iron suddenly arose, and first dared to forge the deadly sword, and to taste the steer that had been yoked and tamed by man’s hand.” So much advantage was thought to be derived from oxen that it was considered a crime to feed upon their flesh.
LXIV.
It would be tedious to enumerate the advantages, which were undeniably provided for human use, of the mule and of the ass. As for the pig, it possesses no utility beyond that of furnishing food; in fact Chrysippus says that its very life was given it in place of salt, that it might not become rotten. Since it was well adapted for human consumption, nature made it the most prolific animal that she produced. Need I mention the numbers and the delicious taste of birds and fishes? The pleasure obtained from them is so great (and even their capture would be impossible without human intelligence and skill) that it seems sometimes as though our Stoic πρόνοια had been of the Epicurean school, although we do think that certain birds both of the flying and the note-giving kind,1 as they are called by our augurs, were created in order that auspices might be taken on questions. By hunting, again, we obtain possession of wild and savage beasts, in order to make use of them as food, to exercise ourselves in the hunt as in a kind of warlike discipline, to employ them, as for instance we do elephants, when they have been broken in and trained, and to derive from their bodies a number of remedies for diseases and wounds, just as we do from certain plants and herbs, whose useful properties we have ascertained from the practice and experiments of a long period of time. It is possible to survey with the mind’s eye the whole earth and all the seas, when at the first glance you will perceive the fruitful and measureless expanse of the plains, and the dense covering of the mountains, which affords pasturage for cattle, and at the second the marvellously swift voyages of ships over the sea. Nor are useful products confined to the surface of the earth; a large number are also concealed in the darkness of its depths, and are discovered only by men for whose use they were created.
LXV.
The practice, moreover, which you will perhaps each of you seize upon for blame, Cotta because Carneades used to delight in attacking the Stoics, and Velleius because there is nothing that Epicurus so much ridicules as the prediction of the future, seems to me to be the very strongest confirmation of all that heed is taken for human affairs by the divine providence. For divination assuredly exists, showing itself, as it does, in many places and at many times, and in connection with many matters belonging both to private and still more to public life. Many things are discerned by soothsayers, many anticipated by augurs, many declared by oracles, prophecies, dreams, and portents, and by the knowledge thus obtained men have often, to their satisfaction and profit, gained many advantages and also averted many dangers. This power, then, whether in the form of inspiration, or art, or natural faculty, was undoubtedly bestowed by the immortal gods, with a view to a knowledge of the future, upon man, and upon no other being. If the foregoing arguments taken separately do not happen to impress you, still they certainly ought to have done so when viewed collectively in connection and combination with each other.
Nor is it only for mankind as a whole, but also for individuals, that the immortal gods are accustomed to take heed and forethought, since it is possible to narrow down the sum total of mankind, and reduce it gradually to a smaller number, and finally to individuals.
LXVI.
For if we believe, for the reasons previously given, that the gods take heed for all men wherever existing, on whatever shore and in whatever parts of lands remote from this tract of land which we inhabit,1 they do so for these men as well who occupy these lands with us from east to west. But if they take heed for these inhabitants of the vast island-like expanse which we call the world, they also do so for those who occupy the parts of that island,—Europe, Asia, and Africa; consequently, they also cherish the parts of the latter, such as Rome, Athens, Sparta, and Rhodes, and the individual members of those cities apart from the whole community. For instance, in the war with Pyrrhus they showed regard for Curius, Fabricius, and Coruncanius, in the first Punic war for Calatinus, Duellius, Metellus, and Lutatius, in the second for Maximus, Marcellus, and Africanus, at a later date for Paulus and Gracchus, and within the memory of our fathers for Scipio and Lælius; and many other remarkable men have been produced both by our own state and by Greece, not one of whom, we must believe, would have been what they were except by divine aid. This consideration led the poets, and especially Homer, to associate with the chief among the heroes, Ulysses, Diomed, Agamemnon, and Achilles, particular deities as the companions of their risks and dangers. The frequent appearances, moreover, such as I have recorded above, of the gods in person show that the interests both of nations and individuals are consulted by them, as indeed is also understood from the indications of future events, which are foreshadowed to men sometimes in their waking, and sometimes in their sleeping hours. We receive many further warnings from prodigies, from entrails, and a number of other phenomena, of which a long experience has been so observant as to have produced an art of divination. No great man, then, has ever been without some divine inspiration, and to him all circumstances are always good, if, that is, the writers of our own school, and Socrates, the father of philosophy, have sufficiently set forth the fulness and richness of virtue. Nor must we run counter to this by supposing, if a storm has injured any one’s crops or vineyards, or if fortune has taken away any of the good things of life, that the man to whom anything of this kind has happened, was either hateful to God or neglected by him. The gods are careful for great things, but neglect small.
LXVII.
These, or something like them, occurred to me as the remarks which I thought ought to be made on the subject of the divine nature. And you, Cotta, if you took my advice, would plead for the same cause; you would bethink yourself that you are both a leading citizen and pontiff, and since it is open to your school to argue on either side, you would choose this in preference, and bring rather to it that skill in discussion which you acquired from a training in rhetoric, and which the Academy has developed for you. For the practice of arguing in opposition to the gods is wrong and impious, whether one does so honestly or assumes the part.
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I.
After these words from Balbus, Cotta said, looking at him with a smile, You tell me too late, Balbus, what cause I am to defend, for during your discourse I was considering with myself what to say on the other side, not so much for the sake of refuting you, as in order to inquire into the points that I did not perfectly understand, and as every one must follow his own judgment, there is a difficulty in the way of my taking the view which you would wish. Velleius then said, You do not know with what eagerness I shall listen to you, Cotta, for your speech against Epicurus gave pleasure to our friend Balbus, so you will find me in turn an attentive hearer against the Stoics; for I hope that as usual you come well prepared. Indeed, Velleius, I hope so, replied Cotta, for the terms on which I meet Lucilius are not the same as those on which I met you. How so, pray? said Velleius. Because, Cotta answered, your founder Epicurus does not seem to me to make much contention on behalf of the immortal gods; he merely does not dare to deny that they exist, lest he should subject himself in any way to odium or accusation. But when he declares that the gods do nothing and care for nothing, and that they possess the limbs of a man without having any use for those limbs, he appears to be trifling, and to think it enough if he has asserted the existence of some kind of blessed and eternal nature. On the other hand, you noticed, I imagine, how much was said by Balbus, and how connected and coherent it was, even if it missed the truth. I propose, therefore, as I said, not so much to refute his speech, as to ask questions upon what I imperfectly understood, and so I leave it to you, Balbus, to decide whether you would rather reply point by point to my questions upon the things that I did not quite grasp, or hear my speech as a whole. For my part, said Balbus, I would rather answer, if you wish anything explained to you, but if your object in questioning me is not so much to understand as to refute, I will do whichever you like, either answer each of your questions at the time, or reply upon the whole when you have finished. Very good, said Cotta; then let us do as the speech itself shall guide us.
II.
But before I deal with the question I will say a few words about myself. You must know then, Balbus, that I am not a little moved by your authority, and by the closing words of your discourse urging me to remember that I am both Cotta and pontiff, which meant, I suppose, that I should defend the beliefs relating to the immortal gods that we have received from our ancestors, and the sacred rites, and ceremonies, and religious observances. Now I always will and always have defended these, and no one’s utterances, be he learned or unlearned, shall ever move me from those convictions with regard to the worship of the immortal gods that I have inherited from our forefathers. But in questions of religion I follow the chief pontiffs, Tiberius Coruncanius, Publius Scipio, and Publius Scævola, and not Zeno, or Cleanthes, or Chrysippus, and in Caius Lælius, who is at the same time an augur and a philosopher, I have an authority to whose remarks upon religion, in that famous speech of his,1 I prefer to listen rather than to any leader among the Stoics. Since, moreover, the whole religious system of the Roman people has been divided into sacred rites and auspices, with the addition of a third part consisting of the prophetic warnings derived, by the interpreters of the Sibyl or by soothsayers, from portents and prodigies, it has been my opinion that none of these observances ought ever to be treated with contempt, and I have convinced myself that it was by means of auspices and the establishment of sacred rites that Romulus and Numa respectively laid the foundations of our state, which certainly could never have been so great without the most assiduous cultivation of the good will of the immortal gods. You are in possession of my opinions, Balbus, both as an individual and as pontiff; let me now understand yours, for from you who are a philosopher I ought to receive a reasoned account of religion, whereas it is my duty to believe our ancestors even when they offer no such account.
III.
What account, then, said Balbus, do you require from me, Cotta? Your division, replied the latter, was fourfold; first you wished to establish the existence of the gods, next their nature, then that the universe is ruled by them, and lastly that they take heed for human affairs. These, if I remember rightly, were the different heads. Quite right, said Balbus, but I am waiting to hear what it is you want from me.
Let us, said Cotta, examine each point in turn, and if that of the existence of the gods comes first, upon which all but the most impious are agreed, and which cannot possibly be eradicated from my own mind, still you give me no information as to why that very thing, of which I am convinced upon the authority of our ancestors, is so. If you are convinced of it, said Balbus, what reason is there for wishing to receive information from me? Because, replied Cotta, I approach this discussion as though I had never heard and never thought about the immortal gods; take me as an uninstructed learner new to the subject, and give me information upon the points on which I want it. Tell me, then, said Balbus, what it is you want. What I want? said Cotta. In the first place I want to know why you spoke at such length upon the very point which you said in your division did not even need to be discussed, as it was evident and accepted by all. I did so, he said, because I have often noticed that you too, Cotta, when speaking in the forum, if the case only gave you the chance, brought to bear upon the judge as many arguments as you could. The same thing is done by philosophers, and so far as I was able I did it myself. As to your inquiry, it is like asking me why I look at you with both eyes and do not close one, although I could get the same sight with one.
IV.
How far that is a similar case, replied Cotta, is for you to determine. For myself, I am not in the habit, when conducting a case, of advancing proofs if a point is self-evident, so as to be generally agreed upon, since by offering proof its obviousness is lessened; nor if I did so in a law case, should I do the same in a discussion of this exactness. And there would be no reason for your closing one eye, as they both have the same gaze, nature, whom you maintain to be wise, having decreed that we should possess two windows pierced between the mind and the eyes. The fact is that you did not feel confident about the point being so obvious as you wished, and therefore determined to enforce the existence of the gods with a number of arguments. Yet to me one would have been enough, that the belief had come down to us from our fathers. But you despise authorities, and make argument your weapon; allow me, then, to place my arguments over against yours. You bring forward all this evidence for the existence of the gods, and what in my opinion is not doubtful at all you thereby render doubtful. For I committed to memory not only the number, but also the order of your arguments. The first was that when we looked up to the sky we at once understood that there existed some divine power by which the world around us is ruled, and under this head there also came the quotation:—
Look upon yonder dazzling sky, which all address as Jove.
As though, forsooth, any one of us would apply the title of Jove to such a deity rather than to the god of the Capitol, and as though the divinity of those bodies, which Velleius and many others do not even allow to you to be possessed of life, were obvious and universally accepted. You regarded it, too, as a weighty argument that a belief in the immortal gods is both general and constantly increasing. Is it, then, thought well that our judgment on matters of such importance should be determined by the beliefs of fools, especially by your school which says that the foolish are mad?
V.
But I shall be told that we see the actual forms of the gods, as Postumius did at Regillus, and Vatinius on the Via Salaria; and there was also some story or other about the fight of the Locrians by the Sagra. Well, do you think that the Tyndaridæ, as you called them, implying that they were men, and the offspring of a man,1 who according to Homer, who lived soon after their time, were buried at Lacedæmon, came on white nags and without grooms to meet Vatinius, and announced the victory of the Roman people to him, a mere rustic, rather than to Marcus Cato, who was then chief of the senate? Do you, then, also believe that the mark upon the rock, resembling the print of a hoof, which is to be seen to this day at Regillus, was made by the horse of Castor? Are you not more willing to believe that the souls of men of sterling worth, such as these Tyndaridæ were, are divine and eternal,2 —a thing which may be admitted—than that any one who had once been consumed upon the pyre could have ridden and fought in line of battle? Or if you say that this could have happened, you ought to inform us how, and not bring forward old wives’ fables. What! you regard them as fables? said Lucilius. Do you not see a temple dedicated in the forum to Castor and Pollux by Aulus Postumius, and a decree of the senate with regard to Vatinius? I need not speak of Sagra, for there is a proverb in common use among the Greeks themselves, who say of what they assert that it is more certain than what happened at Sagra. Ought you not, then, to be impressed when there exist such authorities as these? You meet me, Balbus, with rumours, replied Cotta, whereas I ask you for arguments.1
VI.
. . . The future follows upon the past, for no one can escape it. Indeed, it is often not even advantageous to know what is going to happen, for it is miserable to be tortured to no purpose, and to lose even the last, yet universal, solace of hope, all the more so as you also say that everything happens by fate, and that by fate is meant that which has always been true from all eternity. What help, then, or means of defence does it give to know that something will happen, when the fact that it is to happen is certain? Besides, what is the origin of this divination of yours? Who discovered the division of the liver? Who observed the note of the crow, and the indications given by lots? I believe in these, and I do not find it possible to despise the staff of Attus Navius, of which you were speaking, but how these signs came to be understood I ought to learn from philosophers, especially as on a great many matters your diviners prophesy wrongly. But physicians also, you said, are often deceived. I ask in reply what resemblance there is between medicine, of which I perceive the principles, and divination, the origin of which is not understood by me. You also think that the gods were propitiated by the self-sacrifice of the Decii, but was their injustice so great that they could not be made propitious to the Roman people except by the death of such men? We see in that act the device of a general, what the Greeks call a στρατήγημα, but they were generals who aimed at their country’s good, and were prodigal of their own lives; for they thought that if they spurred their horses, and flung themselves upon the enemy, they would be followed by their men, which proved to be the case. As for the voice of a Faun, I have never heard it myself; if you say that you have heard it, I will believe you, though I do not at all know what a Faun is.
VII.
So far, then, as you are concerned, Balbus, I do not as yet understand that the gods exist; I believe in their existence myself, but the Stoics make me no wiser. For instance, Cleanthes, as you were saying, thinks that there were four ways in which the idea of divine beings was formed in men’s minds. The first is the one derived from the premonition of future events, which I have sufficiently discussed; the second is derived from the disturbances caused by storms and from the other convulsions of Nature; the third from the serviceableness and abundance of the natural products which we enjoy, and the fourth from the order of the stars and the unchanging phenomena of the sky. The subject of premonition I have considered. As to disturbances in the heavens, and by sea and land, we cannot deny that when they occur there are many who fear them, and who think that they are caused by the immortal gods; but the question is not whether there are some who believe that the gods exist, but whether the gods do exist or not. With regard to the remaining reasons which Cleanthes brings forward, one of which is concerned with the abundance of benefits that we obtain, and the other with the order of the seasons and the uniformity of the heavenly phenomena, we will discuss these when we deal with the question of divine providence, on which you, Balbus, spoke at considerable length; and we will defer till the same point the statement you quoted from Chrysippus to the effect that since there was something in the nature of things that could not be produced by man, there existed something more excellent than man; the comparisons also that you made between a beautiful house and the beauty of the universe, your representations of the symmetry and harmony of the entire universe, and the syllogisms of Zeno, with their conciseness and petty ingenuity, will be deferred to that part of the discourse which I have just mentioned, when, too, all your observations of a scientific kind about the energy of fire, and the heat from which you said everything was generated, will be examined in their own place. I shall also reserve for the same occasion all the reasons that you gave the day before yesterday, when you were attempting to establish the existence of the gods, for the possession of feeling and intelligence by the universe as a whole, and by the sun and moon and stars. But again and again you will hear that same question from me,—by what arguments do you satisfy yourself that the gods exist?
VIII.
For my own part, replied Balbus, I consider that I have provided arguments, but your way of refuting them is, when you seem on the point of questioning me, and I have prepared myself to answer, to change suddenly the course of your speech, and give me no opportunity of answering. Consequently, most important points connected with divination and fate have gone by undiscussed, questions on which you touch slightly, but which it is the custom of our school to treat at length. As, however, a distinction is made between those questions and our present inquiry, I will ask you, if you have no objection, not to make your treatment too comprehensive, so that we may devote this discussion to clearing up that which is the object of our search.
By all means, said Cotta. Since, then, you divided the whole question into four parts, and we have spoken of the first, let us consider the second, my impression of which is that in attempting to show the nature of the gods you showed their non-existence. For though you owned that it was extremely difficult to disengage the intelligence from the habitual experience of the eyes, you declared unhesitatingly that as there was nothing more exalted than God, and nothing in all nature more excellent than the universe, the universe was God. Perhaps so, if we could only conceive of it as animate, or rather have as clear a mental perception of this as we have an ocular one of other things! But when you say that nothing is more excellent than the universe, what do you mean by excellent? If you mean more beautiful, I agree; if you mean better adapted for our convenience, I agree to that also; but if you mean that there is nothing wiser than the universe, I disagree entirely, not because it is difficult to detach the mind from what one sees, but because, the more I do detach it, the less I am able to understand your position.
IX.
There is, you say, nothing in all nature more excellent than the universe. Nor is there anything on earth more excellent than our own city, but do you therefore suppose that it possesses reason, and reflection, and intelligence? On the other hand, do you think that a city of this beauty is to be considered, because it does not possess these qualities, inferior to the ant, since a city is not sentient, whereas the ant is not only sentient, but has also intelligence and, reason, and memory? You ought to ascertain, Balbus, how much is conceded to you, and not assume yourself what you wish. The whole point in question, which has been expanded by later writers, was summarised long ago in the brief and, as you thought, pointed syllogism of Zeno, which he states thus: That which exercises reason is more excellent than that which does not exercise reason; there is nothing more excellent than the universe; therefore the universe exercises reason. If you accept this, you will presently make it appear that the universe is the best reader of a book, for you will be able, following in Zeno’s steps, to draw up an argument in this style: That which is learned is more excellent than that which is not learned; there is nothing more excellent than the universe, therefore the universe is learned. According to that process the universe will also be eloquent, and in fact mathematical and musical, in short it will be instructed in every branch of learning, and finally it will be a philosopher. You said several times that nothing was produced except from the universe, and that nature had not the power to fashion things unlike itself; am I to allow, then, that the universe is not only animate and wise, but also a player of the lute and trumpet, since followers of those arts too are created from it? Such a conclusion shows that there is nothing in what the father of the Stoics brings forward which should make us think that the universe exercises reason, or even that it is animate. The universe, therefore, is not divine, and yet there is nothing more excellent than it, for there is nothing more beautiful, more serviceable to ourselves, more splendid in aspect, and uniform in movement. But if the universe as a whole is not divine, neither are the stars, which you were reckoning in countless hosts among the number of the gods, and with whose regular and never-ending courses you were delighted,—and quite rightly, for they are marked by a wonderful and incredible constancy. But it is not everything that has a fixed and uniform movement, Balbus, that is to be referred to a divine instead of to a natural principle.
X.
Do you think that anything can surpass the uniformity of the Chalcidic Euripus in its continual motion to and fro, or of the Straits of Sicily, or of the sea which rages in that part
Where the devouring wave parts Europe and Libya?
And cannot the ocean tides of Spain or Britain, and their approach or withdrawal at stated times, take place without divine agency? If we say that all motion, and everything that maintains its regularity by observing fixed periods, is divine, I would have you take care lest the same must not also be said of tertian and quartan fevers, for what can be more uniform than their recurrence and activity? But an explanation has to be given of all such phenomena, and when your school is unable to do that, it flies to a divine being as to an altar of refuge.
You thought, too, that there was point in the observation of Chrysippus, who was undoubtedly adroit and skilful (I use the word adroit (versutus) of those whose mind moves quickly (versatur), and skilful (callidus) of those whose intelligence has become skilled (concalluit) by practice, in the same way that the hand does by working). Well, his observation is as follows: If there is something which man could not create, he who does create it is more excellent than man; man cannot create these things that are in the universe; therefore he who was able to create them is superior to man; but no one could be superior to man except god, who is thus shown to exist. All this is involved in the same error as the remarks quoted from Zeno, for the meaning of “more excellent,” and “superior” is not defined, nor is the difference between a natural and rational principle.1 He also says that, if there are no gods, there is nothing in all nature more excellent than man, but he considers it the greatest arrogance for any man to be of opinion that there is nothing more excellent than man. Let us grant by all means that there is arrogance in thinking oneself of more account than the universe, but so far from being a sign of arrogance, it is rather a sign of good sense in a man to feel that he himself possesses consciousness and reason, and that these same qualities are not possessed by Orion and Sirius. Another of the sayings of Chrysippus is: We should infer in the case of a beautiful dwelling-place that it was built for its owners and not for mice; we ought, therefore, in the same way to regard the universe as the dwelling-place of the gods. So certainly I should regard it, if I thought that it had been built, and not, as I shall show, formed by nature.
XI.
But you will remind me that Socrates asks in Xenophon where we got mind from, if there were none resident in the universe. And I ask the same with regard to speech, and rhythm, and tune, unless, indeed, we suppose that when the sun has drawn near to the moon they hold converse together, or that the universe sings in harmony, as Pythagoras thinks. The mind and its faculties, Balbus, are products of nature, not the artistically walking1 nature of which Zeno speaks, as to the meaning of which we will inquire later, but the nature which quickens and stirs all things by its own movements and changes. I was pleased, therefore, by your remarks on the correlation and harmony of nature, which you said was at one with itself as though a common tie connected it throughout; but I did not approve of your denying that this could have been the case unless it were held together by one divine spirit. As a matter of fact it is its own power, and not that of the gods, which makes nature coherent and permanent, and there is in it that oneness of feeling, if the expression may be allowed,2 which the Greeks call συμπάθεια; but the greater nature is of itself, the less must it be thought to be the result of divine reason.
XII.
And how do you dispose of the objections which Carneades used to advance? If, he says, all bodies are liable to mortality, no body is everlasting; but no body is exempt from mortality, no body, even, is indivisible, or incapable of being broken up or torn into parts. Similarly, therefore, if every animate being3 can be severed and divided, no animate being is indivisible or eternal. Since, again, every animate being has a nature susceptible to sensation, there is none that escapes the necessity of receiving some impressions from without, that is, of enduring and suffering, as one might express it, and if every animate being is susceptible in that way, no animate being is exempt from mortality; but every animate being is so constituted as to receive and endure external influences; therefore every animate being is of necessity perishable, and liable to disruption and division. For just as, if all wax possessed the property of changeableness, there would be nothing made of wax that could not be changed, and the same with things made of silver and brass, if the nature of silver and brass were changeable, so it follows that if the elements of which all existing things are composed are changeable, no body can be unchangeable; but in your opinion the elements of which all things are composed are changeable; therefore all bodies are changeable. But if any body were imperishable, all bodies would not be changeable; it is thus proved that all bodies are perishable. For every body is either water, air, earth, or fire, or something compounded from these or from some part of these, and there is none of these elements that does not pass away. For instance, everything of an earthy nature undergoes disintegration, and the liquid element is so yielding that it can be easily compressed and subjected to impact, while air and fire respond with the greatest readiness to every impulse, and are by nature extremely mobile and dissoluble. All these elements, moreover, pass away when they change into another element, as happens when earth changes to water, and air is created from water, and æther from air, and when the same elements return again in the reverse order. But if the elements of which every animate being is composed pass away, no animate being is everlasting.
XIII.
And if we omit these considerations it is still impossible for any animate being to be found that did not at some time come into existence, or that will always remain in existence. For every animate being has perceptions; it is conscious, therefore, of heat and cold, and of sweet things and bitter, and it cannot receive agreeable impressions through any sense without also receiving their opposites; if, then, it receives an impression of pleasure, it also receives one of pain; but that which experiences pain must also experience mortality; it must, therefore, be acknowledged that every animate being is perishable. If, again, there is anything that is not sensitive to pleasure or pain, that thing cannot be animate; but if that which is animate is necessarily sensitive to pleasure and pain, and if that which is sensitive to pleasure and pain cannot be eternal, and if every animate being is sensitive, then no animate being is eternal. Moreover, there cannot be any animate being in which there is not instinctive desire and avoidance; the things desired are those which are in accordance with its nature, the things avoided those which are opposed to it; every animate being does seek after certain things, and does shun others; but that which it shuns is contrary to its nature, and what is contrary to nature has the power of destroying; it is inevitable, therefore, that every animate being should perish. The means by which it may be proved and conclusively established that there is nothing possessing sensation that does not perish, are innumerable; for the very things that produce sensation, such as cold, heat, pleasure, pain, and the rest, are, when carried to excess, destructive; there is no animate being without sensation; therefore no animate being is eternal.
XIV.
Again, the nature of an animate being is either simple, that is, composed either of earth, fire, air, or water, though what such a being is like cannot even be conceived, or it is a compound of several elements,1 each of which has its own sphere, one the lowest, another the highest, and another the one between, to which it is carried by a natural tendency. These elements can cohere for a certain time, but cannot by any means do so always, for it is inevitable that each of them should be caught away to its own sphere. No animate being, therefore, is everlasting.
But your school, Balbus, is accustomed to refer all things to the energy of fire, following, I believe, Heraclitus, who is not himself interpreted by every one in the same way, and as he did not wish what he said to be understood, I propose that we do not take him into account. What you yourselves say is that all energy is fire, and that therefore animate beings perish when their heat fails, and that throughout all nature it is the thing that has heat that lives and is strong. But I do not understand how it is that bodies perish through the extinction of heat, and yet not through the loss of the watery humours or of air, especially as they also perish through a too great amount of heat. Your description, then, of heat applies also to the other elements; but let us see all the same how your position works out. You hold, I believe, that externally, in nature and the universe, there is nothing animate except fire. Why should you not just as much say that there is nothing animate except air (anima), seeing that the soul of animate beings as well1 is composed of it, whence the word animal? And how is it that you assume, as though it were a conceded point, that soul is nothing but fire, when a more admissible explanation seems to be that soul is a certain blending of fire and air? If, again, fire is animate in itself, without the admixture of any other element, since its presence in our bodies makes us sentient, it cannot be otherwise than sentient itself. Our former argument may be repeated; for everything possessing sensation must be sensitive to pleasure and pain, and that which is visited by pain must be also visited by mortality. It follows from this that you are equally unable to prove that fire is eternal. In fact, is it not also a belief of yours that all fire needs sustenance, and cannot by any means endure unless it is fed, and that the sun, and moon, and other heavenly bodies are fed by water, some by fresh water, and some by that of the sea? Cleanthes gives this as the reason
Why the sun returns and advances no farther than the round the summer solstice,
and also no farther than the winter one, that he may not depart too far from his source of nutriment. Into all this question we will inquire by-and-by; for the present let us draw this conclusion, that that which can perish is not in its nature eternal, that fire will perish unless it is fed, and that therefore fire is not in its nature everlasting.
XV.
Then again, what kind of God can we conceive of as possessing no virtue? And yet shall we attribute sagacity to God, which consists in a knowledge of good and evil, and of what is neither good nor evil? What need has he, in whom there is not, and cannot be, any evil, to discriminate between good and evil? And what need has he of reason and apprehension, which we employ for the purpose of obtaining by means of the evident a knowledge of the obscure, whereas to God nothing can be obscure? As for justice, the virtue which assigns to each his due, how is it appropriate to the gods? For it was the product, as you maintain, of human fellowship and association. Temperance, in the next place, consists in foregoing the pleasures of the body, and if body has a place in heaven, so also have pleasures.1 And how can God be conceived of as brave? Is he so in respect to pain, or labour, or danger, not one of which things affects him? How, then, can we conceive of a God who neither exercises reason, nor is possessed of any virtue?
I cannot, moreover, when I consider the things that are said by the Stoics, look down upon the folly of the multitude and the uninstructed. Instances of the conduct of the latter are as follows: the Syrians worship a fish; the Egyptians have deified almost every kind of animal; if we turn to Greece, they have there a number of gods who were once men, the Alabandi Alabandus, the people of Tenedos Tennes, and the whole nation Leucothea, whose mortal name was Ino, and her son Palæmon; while our own countrymen have Hercules, Æsculapius, the Tyndaridæ, Romulus, and several others, who they think were received into heaven like new citizens added to the roll.
XVI.
These, then, are the beliefs of the ignorant. And what do you philosophers do? In what respect better? (I say nothing of the belief I am going to mention, for it is a master-piece: let us by all means grant that the universe itself is divine. This, I suppose, is the meaning of the quotation—
The dazzling sky, which all address as Jove.
Then why do we add more gods? And what a multitude of them there are!1 For you reckon each single constellation as a god, and call these gods by the names either of animals, as the Goat, the Scorpion, the Bull, the Lion, or of inanimate things, as the Argo, the Altar, and the Crown.) But even if we grant this, how can what remains be, I do not say granted, but in any way understood? When we speak of corn as Ceres, and of wine as Liber, we use, it is true, a customary mode of speech, but do you think that any one is so senseless as to believe that what he is eating is the divine substance? And as for those whom you assert to have attained from the human state to the divine, it is for you to give an explanation of how that could have happened, or why it has ceased to happen, and I shall be glad to be informed. In my present mind I do not see how he2 to whose body, as Accius says, “torches were laid on Mount Oeta,” made his way from that conflagration “to his sire’s eternal home,” and in fact Homer represents him as being met in the under world by Ulysses just as the other dead were. At the same time I should certainly like to know which Hercules in particular we are to worship, for the investigators of the more profound and recondite accounts tell us of several. The most ancient is the son of Jupiter, and, moreover, of the most ancient Jupiter (for in the early writings of the Greeks we find also more than one Jupiter); from that Jupiter, then, and Lysithoë comes the Hercules of whom we hear that he struggled with Apollo for the tripod. The second is reported to have been an Egyptian, the son of Nilus, and he, it is said, drew up the Phrygian books. The third is one of the Digiti of Ida,1 and receives funeral honours from the Coans. The fourth is the son of Jupiter and Asteria, the sister of Latona, and is worshipped principally at Tyre, the mother city, according to tradition, of Carthage. The fifth belongs to India, and is called Belus. The sixth is the one we know, born from Alcmena and begotten by Jupiter, that is, by the third Jupiter, for, as I shall proceed to show, we are told of more than one.2
XXI.
I must therefore, Balbus, also take up my tale against those3 who say that the gods familiar to us, whom we all solemnly and devoutly worship, were not actually transferred from the world of men to the sky, but were believed to have been so. In the first place the theologists, as they are called, enumerate three Jupiters, the first and second of whom were born in Arcadia, the one being the son of Æther, and also according to them the father of Proserpine and Liber, while the other was the son of Cælus, and is said to have been father to Minerva, the goddess whom they represent as the first author and founder of war; the third was the son of Saturn and belonged to Crete, and his tomb is shown in that island. The Dioscuri similarly are known amongst the Greeks by a variety of names; there are, firstly, the three who are called at Athens, Anactes,1 the offspring of the most ancient of the Royal Jupiters and of Proserpine,—Tritopatreus, Eubuleus, and Dionysus; secondly Castor and Pollux, the offspring of the third Jupiter and Leda; in the third place some name Alco, Melampus, and Eviolus, the sons of Atreus, who was the son of Pelops. The first set of Muses, again, are four, Thelxinoe, Aœde, Arche, and Melete, daughters of the second Jupiter and . . .; the second have for parents the third Jupiter and Mnemosyne, and are nine in number; the third are the children of Pierus and Antiopa, and are commonly called by the poets Pieridæ and Pieriæ; their names and number are the same as those of the last-mentioned group. And though you say that Sol was so named because he stood alone (solus), what a number of these same Sols are brought forward by the theologists! The first of them is the son of Jupiter and grandson of Æther, the second the son of Hyperion, the third of Vulcan, son of Nilus (the Egyptians believe that the city called Heliopolis is his), the fourth is the one whom in the heroic age Acantho is said to have brought forth at Rhodes, the father of Ialysus, Camirus, and Lindus, and the fifth is the one who is recorded to have had for issue amongst the Colchi Æetes and Circe.
XXII.
There are also several Vulcans. The first is the son of Cælus, and from him and Minerva is said to have been born the Apollo under whose protection the old mythologists considered Athens to be; the second, called Phthas by the Egyptians, is the son of Nilus, and is regarded by the mythologists as the patron deity of Egypt; the third is the son of the third Jupiter and Juno, and is said to have had charge of the forge at Lemnos; the fourth is the son of Menelaus, and held the islands near to Sicily which were called Vulcaniæ. The first Mercury has Cælus and Dies for parents, and is represented by tradition as ithyphallic, an effect due to the sight of Proserpine; the second is the son of Valens and Phoronis, and is the deity in the world below who is also identified with Trophonius; the third is the offspring of the third Jupiter and Maia, and from him and Penelope Pan is said to have been born; the fourth, whose name the Egyptians think it wrong to utter, is the son of Nilus; the fifth is the one worshipped by the Pheneatæ, who is said to have slain Argus, and on that account to have fled to Egypt, where he taught the inhabitants laws and letters. The Egyptians call him Theuth, and the first month of the year is known amongst them by the same name. The first Æsculapius is the son of Apollo; he is worshipped by the Arcadians, and is said to have been the first to invent the probe and to bandage wounds; the second is the brother of the second Mercury; he was struck by lightning, and is said to have been buried at Cynosuræ; the third is the son of Arsippus and Arsinoe, and according to report first introduced purging and the extraction of teeth; his tomb and grove are shown in Arcadia not far from the river Lusius.
XXIII.
The oldest Apollo is the one of whom I spoke just now as the son of Vulcan and protector of Athens; the second is the son of Corybas, and was born in Crete, and is said to have contended for that island with Jupiter himself; the third is the son of the third Jupiter and Latona, and there is a tradition that he came from the land of the Hyperboreans to Delphi; the fourth was born in Arcadia, and is called by the Arcadians Νόμιος, because, they say, they received laws1 from him. There is also more than one Diana; first the daughter of Jupiter and Proserpine, who is said to have given birth to the winged Cupid; secondly a more famous one whom we know as the daughter of the third Jupiter and Latona, and thirdly the one of whom Upis and Glauce are recorded as the parents, and whom the Greeks often call by her father’s name of Upis. We have several bearers of the name Dionysus; the first is the son of Jupiter and Proserpine; the second, who is said to have slain Nysa, is the son of Nilus; the third is the son of Cabirus; he is reported to have been king over Asia, and in his honour the Sabazia were instituted; the fourth is the son of Jupiter and Luna, and it is in connection with him that the Orphic rites are believed to be celebrated; the fifth is the offspring of Nisus and Thyone, and the supposed founder of the Trieterides. The first Venus is the daughter of Cælus and Dies, and the shrine that we have seen at Elis belongs to her; the second was created from the foam, and we are told that from her and Mercury the second Cupid was born; the third is the daughter of Jupiter and Dione, and married Vulcan, but her child Anteros is said to have been born to Mars; the fourth, who is called Astarte, was the offspring of Syria and Cyprus, and it is recorded that she married Adonis. The first Minerva is the one of whom we spoke above as the mother of Apollo; the second is the daughter of Nilus and is worshipped by the Egyptians of Sais; the third is the one whom we have already mentioned as having had Jupiter for father; the fourth is the offspring of Jupiter and Coryphe, daughter of Oceanus; the Arcadians call her Κορία, and have a tradition that she introduced the four-horsed chariot; the fifth is the daughter of Pallas, and is said to have slain her father when he offered her violence; she is represented with winged anklets. The first Cupid is said to have been the son of Mercury and the first Diana; the second of Mercury and the second Venus; and the third, who is the same as Anteros, of Mars and the third Venus. These instances, and others of the kind, have been collected from the old traditions of Greece, and though you, Balbus, are aware of the necessity of opposing them, in order that religious worship may not be disorganised, your school not only does not rebut, but positively confirms them by giving an explanation in each case of their meaning. Let us now, however, return to the point which we abandoned for this digression.
XVII.
And as the discourse has brought me upon this topic, I will show that I have learnt better how to worship the immortal gods, in accordance with pontifical ordinances and the usage of our forefathers, from the small bowls which Numa left us, to which Lælius refers in that glorious speech of his,1 than from the reasonings of the Stoics. For if I take you as my guides, tell me what answer I am to make to any one putting this question to me: if the beings you mention are gods, are the Nymphs also divine? If they are, so also are the little Pans and Satyrs. But the latter are not divine; neither, therefore, are the Nymphs; yet temples of the Nymphs have been publicly vowed and dedicated; therefore the other beings whose temples have been dedicated are just as little divine. Take another instance. You reckon Jupiter and Neptune as gods; therefore Orcus, their brother, is also a god, and Acheron, Cocytus, and Pyriphlegethon, which are said to flow in the under world, must be considered so, together with Charon and Cerberus. But these last conclusions are untenable; therefore Orcus himself is not divine. What do you say, then, with regard to his brothers? This is how Carneades used to argue, not in order to do away with the gods (for what is less suited to a philosopher?), but to prove that the Stoics gave no adequate account of them. For this reason he used to assail their school. Come, he would say, if these brothers are comprised in the number of the gods, can the same be denied of their father Saturn, who in the parts towards the west is the general and chief object of worship? And if he is a god, his father Cælus must also be acknowledged to be one. In that case the parents of Cælus himself, Æther and Dies, must be considered so, and their brothers and sisters, who are named by the old genealogists as follows: Love, Guile, Disease, Fear, Labour, Envy, Fate, Old Age, Death, Darkness, Misery, Lamentation, Partiality, Deceit, Stubbornness, the Fates, the Hesperides, and Dreams, all of whom, they say, were born from Erebus and Night. Either, then, these extravagances must be accepted, or the claims first put forward must be withdrawn.
XVIII.
And will you say that Apollo, Vulcan, Mercury, and the rest are gods, and have doubts as to Hercules, Æsculapius, Liber, Castor, and Pollux? Yet the latter are worshipped as much as the former, and amongst some peoples to an even much greater extent. Are, then, these sons of mortal mothers to be considered gods? And will not Aristæus, the reputed discoverer of the olive, who was the son of Apollo, and Theseus, the son of Neptune, and the others whose fathers were gods, belong to the number of divine beings? And how about those whose mothers were goddesses? They, I imagine, will belong still more, for just as by civil law the son of a free mother is free, so too by natural law the son of a divine mother must be divine. This is why the inhabitants of the island Astypalæa are most devout worshippers of Achilles, and if he is a god, so are both Orpheus and Rhesus, who had a Muse for their mother, unless, perhaps, alliance with a sea deity is placed above one with a land deity. If the fact that Orpheus and Rhesus are nowhere worshipped prevents them from being gods, how is it that the others are so? Consider, then, whether it is not to the virtues of men, as you too seemed to say, Balbus,1 rather than to their immortality, that these honours are rendered. How, again, if you think Latona a goddess, can you refuse to think Hecate one, who is the daughter of Asteria, the sister of Latona? Or is Hecate a goddess as well? We have certainly seen her altars and shrines in Greece. But if she is, why are not the Eumenides? And if they, who have a temple at Athens, and in our own city, according to my interpretation of the name, the grove of Furina,1 are divine, then the Furies are so, I presume as being the watchers and punishers of misdeeds and crime. If, moreover, it is characteristic of the gods to take part in human affairs, Natio, to whom, when we go the round of the shrines in the Æduan territory, we are accustomed to make sacrifice, must also be considered divine; she was so named from the offspring that is born (nascentibus), because, it was supposed, she aids the delivery of matrons. If she is divine, so are all those whom you were mentioning, Honour, Faith, Mind, and Concord, and therefore also Hope, and Memory, and everything that we can conceive by imagination in our own minds. If this is not probable, neither is the position which leads to these results.
XIX.
And if those beings whom we worship and know by tradition are gods, what reason do you give why you should not number Serapis and Isis in the same class, or why, if we do that, we should repudiate the gods of the barbarians? We shall, then, assign to oxen, horses, ibises, hawks, asps, crocodiles, fish, wolves, cats, and a multitude of other creatures their place among the number of divine beings. If we reject these conclusions, this will involve also the rejection of the premises from which they sprang. Now for another case. Shall Ino be considered a goddess, and receive the name of Leucothea from the Greeks, and Matuta from ourselves, though she is but the daughter of Cadmus, and shall Circe and Pasiphae and Æetes, who were born from Perseis, daughter of Oceanus, and have the Sun for their father, not be included in the number of divinities? Yet Circe no less than Ino is devoutly worshipped by our colonists of Circeii. Will you, then, regard her as a goddess? And how will you meet the case of Medea, whose grandfathers, the Sun and Oceanus, were both gods, and whose father was Æetes and mother Idyia? How will you meet the case of her brother Absyrtus? (In Pacuvius he appears as Ægialeus, but the other name is commoner in the old writers.) If these are not gods, I have my fears as to how Ino may fare, for all these claims to divinity are derived from the same source. Or will Amphiaraus and Trophonius be gods? Well, when the lands in Bœotia that belonged to the immortal gods1 were exempted from taxation by the regulation of the censors, our tax-farmers declared that no one was immortal who had ever been a man. But if Amphiaraus and Trophonius are gods, unquestionably Erechtheus is one, whose shrine and priest we have seen at Athens. And if we deify him, what doubt can we have as to Codrus, or the others who have fallen fighting for the liberty of their country? If the last conclusion is not admissible, the premises also from which these conclusions are drawn ought not to be admitted. Besides, in most communities we can see that in order to foster valour, so that the noblest spirits might the more readily encounter danger on behalf of the state, the memory of brave men was hallowed with divine honours. It is for this very reason that Erechtheus and his daughters1 are included at Athens in the number of divine beings, and there is also at Athens a shrine of the daughters of Leos,2 which is called Λεωκόριον, that is, Leonaticum.3 The Alabandi, indeed, worship Alabandus, by whom the city was founded, more devoutly than they do any of the well-known gods, and there was a remark made by Stratonicus, when in their country, which like many of his was not without humour. Some one to whom he had a dislike was maintaining the divinity of Alabandus, and denying that of Hercules. “May I, then,” he said, “experience the anger of Alabandus and you of Hercules.”
XX.
And do you not see, Balbus, how far the conclusions which you derived from the sky and the heavenly bodies extend? You inferred that the sun and moon are divine, the first of which the Greeks identify with Apollo, and the second with Diana. But if the moon is divine, then Lucifer also, and the other wandering stars, will hold rank as gods, and so, therefore, will the fixed stars as well. And why should not a thing with the goodly aspect of the rainbow be assigned its place among the number of divine beings? For there is beauty in the rainbow, and on that account, because it is considered to possess an aspect of marvellous1 fairness, Iris is represented as having been the daughter of Thaumas. If the rainbow is in its nature divine, what will you do with the clouds? For the rainbow is itself composed of clouds which have been coloured in a certain way, and one of the clouds is also said to have given birth to the Centaurs. But if you number the clouds amongst the gods, the same will certainly have to be done with the tempests, which the ritual of the Roman people has consecrated. Consequently rain, and thunder-clouds, and storms, and whirlwinds must be considered divine; indeed, it has been the custom of our generals when setting out by sea to sacrifice a victim to the waves. If, moreover, Ceres (for so you were saying), takes her name from gerere, to bear, the earth itself is a goddess, and is regarded as such, for what else is Tellus than the power which bears? But if the earth is divine, so too is the sea, which you identified with Neptune, and so, therefore, are the rivers and springs. That is why Maso dedicated a shrine of Fons from his Corsican spoils, and why we see the Tiber, the Spino, the Almo, the Nodinus, and other names belonging to neighbouring streams, in the litany of the augurs. Either, then, this principle will extend itself indefinitely, or we will reject every instance of the kind, and will not permit this limitless process of superstition. No instance of the kind, then, is to be admitted.
XXIV.
Do you after this think that these ideas need to be refuted by more elaborate arguments? Why, we see that mind, faith, hope, virtue, honour, victory, safety, concord, and everything else of that kind are in their nature abstractions, and not divinities; for they are either resident in ourselves, as is the case with mind, hope, faith, virtue, and concord, or they are things to be desired by us, as honour, safety, and victory. I see their usefulness, and also their images which have been consecrated, but why they have the force of divinities I shall not understand until I am informed. Fortune in particular is to be included under this head, for no one will dissociate that from caprice and accident, which are certainly unworthy of a divine being. Then again, why does this explanation of fables, and unravelling of names, possess such a charm for you? That Cælus was mutilated by his son, and Saturn in like manner bound by his, these and other statements of the same kind you uphold in a way which gives to the men who invented them the appearance not only of sanity, but of positive wisdom. And in unravelling names the difficulties into which you get are of a pitiable kind. Saturn is so called because he makes himself full (saturat) with years; Mavors because he is the overturner of greatness (magna vertit); Minerva because she lessens (minuo), or threatens (minor); Venus because she comes to all things (venit); and Ceres derives her name from gerere, to bear. What a hazardous principle to go upon! For there are many names over which you will be brought to a stand-still. How will you treat Vejovis and Vulcan? And yet, as you think that the word Neptune was formed from nare (in which you seemed to me to be more at sea than Neptune himself), there will be no name of which you would not be able to trace the derivation so far as one letter is concerned.1 Great and quite unnecessary pains were taken first by Zeno, and afterwards by Cleanthes, and then by Chrysippus to provide an explanation of the legendary stories, and to set forth the reasons for the form of each proper name. Of course in doing so your school acknowledges that the facts are widely different from the popular belief, for you maintain that what are called gods are abstract qualities, and not divine persons.
XXV.
And this error extended so far that even hurtful things had not only the title of gods assigned to them, but also sacred rites instituted in their honour. We see, for instance, the shrine of Fever upon the Palatine, the shrine of Bereavement by the temple of the Lares, and the altar of Evil Fortune dedicated on the Esquiline. Let all the mistaken notions, then, be banished from philosophy which make us, when treating of the immortal gods, bring forward qualities which are unworthy of an immortal nature,—qualities as to which I am prepared with an opinion of my own, but am not prepared to agree with you. You say that Neptune is the intelligent principle which pervades the sea, and you speak in the same way of Ceres, but this intelligence either of the sea or land I am not only unable to understand, but cannot even bring within the scope of imagination. I must, therefore, apply elsewhere in order to be able to learn both that the gods exist, and of what nature they are; the nature which you assign to them . . .1
Let us consider the questions which come next, in the first place whether the universe is ruled by divine providence, and in the second whether the gods consult the interests of men. For these two parts of your division still await me, and I think, if you are willing, that they ought to receive a more elaborate treatment. For my part, said Velleius, I am perfectly willing, for I am looking forward to something more considerable, and at the same time agree heartily with what has been said. Balbus then remarked: I do not wish to interrupt you, Cotta, but we will take another time; I shall certainly make you confess. But . . .1
In no such wise shall this thing fall out; in it there is great strife contained. For is it to be thought that I would extreat them with such soft words, were it not for a gain?
XXVI.
Does she seem to fail in reasoning and in devising shameful ill for herself? Mark with what shrewd judgment this is said.
For him who wishes that his wish should be accomplished, things come to pass according to his handling.
A line which contains the germ of all wrong-doing.
He with purpose all astray has delivered to me to-day the bars2 with which I shall unloose all my wrath, and give destruction to him, and sorrow to myself, grief and ruin to him, and exile to myself.
This is the reasoning faculty which animals, forsooth, do not possess, and which you say was bestowed by divine favour upon man alone. You see, then, do you, how valuable is this gift of the gods with which we are endowed? And the same Medea, flying from her father and native land,
When that her father drew near, and was now well-nigh making ready for her to be seized, slew meanwhile the boy, and severed his limbs joint by joint, and strewed his body on every side over the fields, doing so with this intent, that while the father was picking up the scattered limbs of his son, she might in the meantime escape, that grief might hinder him from pursuing, and she might win safety for herself by the slaughter of her own kin.
There was no lack of guilt in her, and equally no lack of reason. And when Atreus is preparing the fatal banquet for his brother, does he not in his deliberations set reason to work this way and that?
I must stir up a greater coil, a greater mischief, with which to beat down and crush his cruel heart.
XXVII.
At the same time Thyestes himself must not be passed by.
Who thought it not enough to have enticed a wife to dishonour.
As to which Atreus says rightly and most truly,
A deed which in the greatest estate I think the greatest crime, that a royal mother should be defiled, the stock polluted, the race mixed with alloy.
But how great was his guile in committing that very deed, for he aimed by means of adultery at sovereign power.
To this, says Atreus, add the prodigy which the father of the gods sent me as a sign, the stay of my rule, a lamb amongst the flocks shining with golden fleece, and that Thyestes dared to steal it secretly from the palace, in which thing he made my wife his helper.
Does not Thyestes seem to you to have combined with great depravity a no less amount of reasoning power? Nor, indeed, is it only the stage that is full of these crimes, but ordinary life is much fuller of almost greater ones. In each man’s house, in the law-courts, the senate-house, in the assemblies on the Campus Martius, amongst our allies, and in the provinces, it is a matter of experience how by means of reason wrong is done as well as right, the latter by a small number and seldom, and the former by a very large number and constantly, so that it would have been more advantageous for no reasoning power at all to have been given to us by the immortal gods, than for it to have been given with so much disaster attached to it. Just as it is better to use no wine whatever in the treatment of the sick, because it is rarely beneficial and very often injurious, than to rush upon evident calamity in the hope of an uncertain recovery, so, I incline to think, it would have been better for the human race that that swift movement of thought, that keenness and shrewdness which we call reason, since it is destructive to many and profitable to very few, should not have been given at all, than that it should have been given so freely and abundantly. If, then, it is supposed that the divine intelligence and will consulted the interests of men, because it bestowed reason upon them, it consulted the interests only of those whom it endowed with right reason, and we see that these are extremely few, if indeed there are any such. But it cannot be supposed that the immortal gods consulted the interests of only a few; it follows, therefore, that no one’s interests were consulted by them.
XXVIII.
This position you are accustomed to meet thus. It does not, you say, follow that the best provision was not made for us by the gods, because many put their kindness to a wrong use; many men also make an ill use of their patrimony, but the kindness done them by their fathers is none the less a kindness on that account. Does any one deny it? Or what is the point of resemblance in such a comparison? Deianira did not wish to injure Hercules when she gave him the tunic which had been dipped in the blood of the Centaur, nor did the man whose sword laid open the tumour, which the physicians had been unable to cure, wish to benefit Jason of Pheræ. Many, in fact, have done good when they wished to do harm, and done harm when they wished to do good. That which is given, therefore, affords no certain indication of the purpose of the giver, and it does not follow, if the recipient makes a profitable use of that which he has received, that he who gave it did so in a friendly spirit. Then again,1 what lust, or avarice, or crime is either embarqued upon without the exercise of forethought, or accomplished without the mental activity and reflection which constitute reason? For every belief is a manifestation of reason, of right reason, we may add, if it is true, and of wrong if it is false. But from God we have merely reason, if indeed we have that; right reason or its opposite we derive from ourselves. For the divine favour did not bestow reason upon men in the same way that a patrimony is bequeathed, since what else would the gods have given to men, if their wish had been to injure them? From what seeds, moreover, would injustice, intemperance, and timidity spring, if these vices had not reason as their base?
XXIX.
Just now it was Medea and Atreus, heroic characters, whom we were quoting as planning their monstrous crimes by entering upon calculations and balancing results. And are the trifles of comedy always unconnected with reason? Does the character in the Eunuchus argue with any want of acuteness?
What then shall I do? . . . She has denied me entrance; she recalls me. Shall I return? No, not if she should entreat me.
As for the character in the Synephebi, he does not hesitate to bring reason into play, after the manner of the Academics, against common opinion, saying that—
When one is very much in love and very poorly off, it is a pleasure to have a father who is niggardly, churlish, and harsh to his children, who does not love you or concern himself for you.
And to this amazing sentiment he appends some trifling arguments.
You can either cheat him of his revenues, or by means of a letter intercept some debt, or strike terror into him through a slave, and lastly what you obtain from a parsimonious father you can spend with so much more zest!
He also argues that an easy, kindly father is a disadvantage to a son who is in love.
I know not at all in what way to cheat him, nor how to steal from him, nor what guile or plot to set in motion against him; so has my father’s complaisance spoilt all my stratagems and guiles and tricks.
Well? Would these guiles and plots, tell me, these tricks and stratagems, have been possible without reason? Admirable gift of the gods! enabling Phormio to say:—
Send the old man this way; now have I all my plans ready in my breast.
XXX.
But let us leave the theatre and come into the law-courts. The prætor is going to take his seat. What is it that is to be tried? The question of who burnt the record-office. What crime was ever better hidden? Quintus Sosius, a Roman knight of high position from the Picene territory, confessed to the act. The next question is who falsified the public documents. That, again, was done by Lucius Alenus, who imitated the handwriting of the first six treasury clerks. What cleverness could be greater than his? Consider other judicial inquiries, the one in reference to the gold of Tolosa, and the one on the Jugurthine conspiracy. Go back to earlier instances, to the trial of Tubulus for having received a bribe to deliver judgment, and to instances later than that, to the inquiry with regard to incontinence1 made under the bill brought in by Peducæus. Then there are these everyday cases of murder, poisoning, and embezzlement of public money, and also, by a recent law, a permanent court dealing with the forging of wills. It is reason that gave occasion for the form of inditement, “I say that theft was committed by your aid and counsel”; reason that occasioned so many actions for breach of faith, including those in connection with guardianship and commission, those entered into in the capacity of partner, those in connection with trusts, and the other violations of good faith which are committed in buying and selling, letting and hiring; to reason is due the institution of a public process, under the Plætorian law, in a civil case,1 and the action for fraud, that dragnet of every kind of roguery, published by my friend Caius Aquillius,2 who considers that fraud is established when one thing has been pretended and another done. Do we think, then, that this wide sowing of evils was the work of the immortal gods? I put the question in that way because, if the gods gave reason to men, they gave roguery, which is a wily and deceitful employment of reason to do mischief, and they also gave fraud, crime, and the other forms of wrong-doing, not one of which can be either entered upon or carried out without reason. In the same way, then, that the old woman in the Medea utters the wish—
O that in the grove of Pelion the fir-tree had not fallen, smitten by the axe, to the ground!
so one would wish that the gods had not given this adroitness of intelligence to men. Very few make a good use of it, and even they are often overcome by those who make a bad use of it, while a countless number put it to evil uses, so that this heaven-sent gift of reason and forethought seems to have been bestowed upon men for purposes of deceit and not of honesty.
XXXI.
But you insist again and again that that is the fault of men, not of the gods, which is just as though a physician were to denounce the malignity of the disease, or a pilot the fury of the storm. It is true that these are mere men, though even so they would be acting absurdly, for who, it might be asked, would have employed you, if there were not those difficulties? Against God one can argue with more freedom.1 You say that the fault is in the vices of men,—then you ought to have given them such a kind of reason as would have excluded vices and faultiness. And where was there room for error on the part of the gods? For we men leave patrimonies in the hope of bequeathing them advantageously, in which hope it is possible for us to be deceived; but how could God have been deceived? Could he have been deceived as Sol was, when he took his son Phaëthon up into his chariot, or as Neptune was, when Theseus, having received from Neptune, who was his father, the grant of three wishes, brought destruction upon Hippolytus? These are the stories of poets, whereas we wish to be philosophers, the promulgators of facts, not fables. Yet even these gods of poetry, if they had known that the things desired would prove disastrous to their sons, would be thought to have done wrong in granting the favour. Just as, if it is true, as Aristo of Chios used to say, that philosophers do harm to those hearers who put a wrong interpretation upon what was rightly set forth,—for it is possible, he said, for profligates to result from the school of Aristippus, and misanthropes from that of Zeno,—just as it would be far preferable, if the hearers were destined to go away corrupted through misinterpreting the arguments of the philosophers, that the latter should keep silence, than that they should be the cause of harm to those who had listened to them,—so if men divert to purposes of deceit and roguery the reason which was given by the immortal gods with a good intention, it would have been better if reason, instead of being given to mankind, had been withheld. A physician would be greatly to blame if he knew that the sick man, whom he had ordered to take wine, would take it too little diluted, and that the result would be immediate death, and in the same way this providence of yours must be censured for having given reason to those of whom it knew that they would make a wrong and wicked use of it. Perhaps, however, you say that it did not know. I only wish you would, but you will not dare, for I am not ignorant of the high esteem in which you hold its name.
XXXII.
This particular question, however, may now be brought to an end. For if, by the consent of all philosophers, folly is a greater evil than all the evils of fortune and all bodily evils would be, if they were placed on the other side, and if no one attains to wisdom, then we, for whose interests, according to your school, the most admirable provision was made by the immortal gods, are all of us involved in the worst of evils. For just as it makes no difference whether no one is, or whether no one can be, in good health, so I do not see what difference it makes whether no one is, or whether no one can be, wise. We are dwelling too long on a point that is perfectly obvious, but Telamon disposes in a single verse of the whole question of why the gods must be considered to pay no heed to men.
For if they cared for them, it would be well with the good, and ill with the evil, which now is not so.
They ought to have made all men good, if, that is, they had the interests of the human race at heart. If they did not do that, they ought at any rate to have provided for the welfare of the good. Why, then, did the Carthaginians vanquish in Spain those brave and admirable men, the two Scipios? Why did Fabius Maximus carry to the grave his son who had been consul? Why did Marcellus lose his life against Hannibal? Why was Cannæ fatal to Paulus? Why was the body of Regulus exposed to the cruelty of the Carthaginians? Why did not the walls of his own house protect Africanus? But these and very many other instances belong to a remote past; let us look at more recent ones. Why is my uncle Publius Rutilius, a man of spotless integrity and at the same time of the highest culture, in exile? Why was Drusus, my intimate friend, killed in his own house? Why was the chief pontiff Quintus Scævola, that perfect example of moderation and sagacity, butchered before the image of Vesta? Why, too, at an earlier date, were so many of the chief men of the state cut off by Cinna? Why was that falsest of men Caius Marius able to command the death of one of such high eminence as Quintus Catulus? The day would be too short if I wished to enumerate the good men for whom things have turned out ill, and equally so if I were to record the bad men who have prospered. Why, for instance, had Marius the good fortune to die at an advanced age, and in his own house, and while holding his seventh consulship? Why did Cinna, who was unsurpassed for cruelty, exercise despotic power for so long? I shall be told that he paid the penalty.
XXXIII.
It would have been better that he should have been prevented and restrained from putting so many leading men to death, than that he should have eventually paid the penalty himself. The ruthless Quintus Varius expired under torture and suffering of the most intense kind. If this was because he had removed Drusus by the sword, and Metellus by poison, it would have been better that they should have been preserved, than that Varius should have made atonement for the crime. For eight and thirty years Dionysius was tyrant of a wealthy and flourishing state, and before his time for how many years was Pisistratus tyrant in the very foremost city of Greece! It will be said that Phalaris and Apollodorus suffered retribution. They did,—after many had first been tortured and killed by them. And many robbers often pay the penalty, yet we cannot deny that more captives than robbers have been put to a cruel death. It is recorded that Anaxarchus, the follower of Democritus, was butchered by the tyrant of Cyprus, and that Zeno was tortured to death at Elea. I need not speak of Socrates, whose death, when I read Plato, is wont to move me to tears. Do you see, then, that, if the gods observe human affairs, the distinction between good men and bad has been by their ordinance done away with?
XXXIV.
It was, indeed, a common saying of Diogenes the Cynic that Harpalus, who had the reputation in that age of being a successful robber, was a standing witness against the gods, because he lived for so long in that state of good fortune. Dionysius, of whom I spoke above, when sailing to Syracuse after plundering the temple of Proserpine at Locri, said with a laugh, as he held on his way before a favourable wind, “Do you perceive, friends, how prosperous a voyage the immortal gods give to the sacrilegious?” When his keen intelligence had thoroughly and clearly realised this, he remained firm in the same conviction. At the time when he conveyed his fleet to the Peloponnese, he entered the temple of Jupiter at Olympia, and took away from the image a golden mantle of considerable weight, with which the tyrant Gelo had adorned the god out of the money obtained from the Carthaginian spoils, making it also the subject of the following jest, that a golden mantle was heavy in summer, and cold in winter, and he placed a woollen cloak upon the image, with the remark that that was suited to every season of the year. It was he, too, who ordered the golden beard of Æsculapius at Epidaurus to be removed, on the ground that it was not fitting that the son should be bearded, when in every temple the father1 was without a beard. He also commanded the silver tables to be taken away from all the shrines, and as, according to the custom of ancient Greece, they bore the inscription, Of the Good Gods, he said that he desired to avail himself of their goodness. Besides this he used to carry off without scruple the bowls and crowns, and small golden statues of Victory, which were held in the outstretched hands of the images, saying that he did not steal, but accepted them, since it was folly, when the powers from whom we prayed for good things, held them out and gave them, to be unwilling to take them. It is also recorded of him that after robbing the temples of these things which I have mentioned, he brought them out into the market-place and sold them by auction, and that, after calling in the money, he issued a proclamation that all who had in their possession anything from a sanctuary, should return it in each case before a fixed date to the temple to which it belonged. In this way he added injustice to men to impiety towards the gods.
XXXV.
Well, Jupiter on Olympus did not strike him with a thunder-bolt, nor was he worn away by painful and lingering disease, and despatched by Æsculapius, but he died in his own bed, and that the drama of tyranny might have a splendid end,1 was carried to the pyre of Typanis, and as though the power which he had himself acquired by crime were just and lawful, he handed it on as an inheritance to his son. My discourse deals with this subject unwillingly, for it has the appearance of authorising wrong-doing, and that impression would be a correct one, were it not that, without any provision on the part of the gods, the weight of the mere consciousness of virtue or vice, the removal of which causes universal ruin, makes itself felt. Now just as no house or state would seem to have been arranged on any kind of plan or system, if there were in it no rewards for good actions, and no punishments for bad, so assuredly there is no such thing as a divine government of the universe, if no distinction is made in that government between the virtuous and wicked.
It will be said (for so your school argues), that the gods neglect things of small importance, and do not make a strict inquiry as to each individual person’s plot of land and modest vineyard, and that if any one has suffered loss through blight or hail, the fact did not need to be noticed by Jupiter, and that in the same way a king does not pay attention to every trifle in a kingdom,—as though I had been expressing regret just now for Publius Rutilius’ estate at Formiæ, and not for his loss of civic rights!
XXXVI.
Besides, all men are agreed on this point, that it is the external goods, vineyards, corn-fields, olive-groves, teeming crops and fruits, in short all the advantages and successes of life, that they obtain from the gods, whereas no one ever imputed his virtue to God. No doubt it is right not to do so, for we are deservedly praised for virtue, and rightly glory in it, which would not be the case if we possessed that endowment from God instead of from ourselves. On the other hand, when we have been increased in honours or estate, or if we have obtained any other advantage that depends on fortune, or averted any evil, then we render thanks to the gods, and consider that no addition has been made to our own merits. But did any one ever render thanks to the gods because he was good? No, but because he was rich, or honoured, or preserved from injury. And it is for those reasons that we call Jupiter best and greatest, not because he makes us just, or temperate, or wise, but because he gives us safety, and freedom from hurt, and riches, and abundant resources. No one, either, ever engaged to pay a tithe to Hercules in the event of becoming wise, although Pythagoras is said, when he had made some new discovery in geometry, to have sacrificed an ox to the Muses; that, however, I do not believe, since he refused to sacrifice a victim even to the Delian Apollo, that he might not sprinkle the altar with blood. But, to return to the subject, it is the universal judgment of mankind that good fortune is to be sought from God, and wisdom obtained from oneself. We may dedicate temples as we will to Mind, and Virtue, and Faith, but we nevertheless see that these qualities are resident in ourselves, whereas the attainment of Hope, Safety, Wealth, and Victory has to be asked for from the gods. The prosperity, therefore, and success of the wicked refute, as Diogenes used to say, the whole idea of divine power and supremacy.
XXXVII.
It may be urged that sometimes the good come to good ends. Yes, and upon these we seize, and attribute them without any reason to the immortal gods. But when Diagoras, he who is called ἄθεος, having come to Samothrace, was asked by one of his friends whether he who thought that the gods were careless of human affairs, did not perceive from so many painted tablets how many there were whose vows had enabled them to escape the fury of the storm, and to make their way safe into port, “That is so,” he replied, “because there are no pictures anywhere of those who have been shipwrecked and have perished in the sea”. Once also when he was on a voyage, and the passengers, alarmed and terrified by adverse storms, said to him that they deserved to fare as they did for having taken him on board the same ship, he pointed out to them several other ships struggling in the same course, and asked whether they believed that those also had a Diagoras on board. The truth is that it makes no difference, with regard to good or evil fortune, of what character one is, or how one has lived. We are told that the gods do not notice everything, and that kings do not do so either, but what is the resemblance? For a king is greatly to blame if he passes things over knowingly, whereas God is without even the excuse of ignorance.
XXXVIII.
And a pretty defence you and your school make of him, when you say that the power of the gods is such that, even if any one has escaped the penalty of his crime by death, that penalty is demanded from his children, and grandchildren, and posterity. How strange is the divine equity! Would any state listen to the proposer of a law of that kind, a law which provided that the son or grandson should be condemned, if the father or grandfather had done wrong?
What measure can be found for the destruction of the descendants of Tantalus? Or what satiety of vengeance will ever be vouchsafed to the penalties paid for the death of Myrtilus?
Whether it is the poets who have corrupted the Stoics, or the Stoics who have lent authority to the poets, I should not find it easy to say, for they both of them make wild and preposterous statements. The pain, for instance, which possessed those who had smarted under the iambics of Hipponax, or had been stung by the verses of Archilochus, was not sent upon them by God, but was derived from themselves, and when we behold the incontinence of Ægisthus or Paris, we do not look to God for the cause, for we hear their guilt almost proclaiming itself aloud. I am of opinion, too, that many a sick man’s recovery has been due to Hippocrates rather than to Æsculapius, and I will never allow that the system of the Lacedæmonians was given to Sparta by Apollo and not by Lycurgus. I say that it was Critolaus who caused the ruin of Corinth, and Hasdrubal of Carthage. It was they who exterminated the two noblest of maritime cities, they, and not some angry deity, who, according to you, is altogether incapable of anger.
XXXIX.
But at any rate he would have been capable of aiding and preserving those great and glorious cities, for it is one of your own common sayings that there is nothing which God cannot perform, and that without any labour. For just as the limbs of a man are moved without an effort by the mere force of the mind and will, so, you say, everything can be moulded, and moved, and changed by the divine purpose. And you do not say so from a feeling of old-womanish superstition, but in accordance with a consistent scientific theory, which is that the material of things, out of which and in which all things exist, is throughout ductile and plastic, so that there is nothing into which it cannot, however suddenly, be formed and changed; and the moulding and controlling power of all this material is the divine providence, which can accordingly, wherever it turns itself, bring about whatsoever it desires. Either, therefore, God is ignorant of his powers, or is indifferent to human affairs, or is unable to judge what is best. “He has no care,” you say, “for individuals.” It is no wonder; he has none for communities either. None for communities? Then he has just as little for nations and races. But if we find that he despises even these, is there anything wonderful in his having despised the entire human race? And how is it that you who say that the gods do not keep a strict account of everything, at the same time maintain that dreams are divided and apportioned amongst men by the immortal gods? I put this question to you, Balbus, because it is by your school that the belief as to the truth of dreams is held. You are also inconsistent enough to say that it is right to take vows upon oneself. Of course it is individuals who make vows, so that the divine intelligence does give ear even in the case of individuals. Do you perceive from what I have said that this intelligence is not so much occupied as you thought? Even supposing that it is busily employed, that it makes the heavens revolve, and has its eyes upon the earth, and sways the sea, why does it allow so many gods to do nothing and be idle? Why does it not put some of the unoccupied deities, of whom you, Balbus, brought forward an enormous number, in charge of human affairs? This is pretty much what I had to say on the subject of the divine nature, not with a view to disproving its existence, but in order that you might understand how obscure it is, and how difficult to unravel.
XL.
With these words Cotta brought his discourse to an end. Lucilius then said, Well, Cotta, you have inveighed with some warmth against that pious and well-considered doctrine which the Stoics have laid down with regard to the divine providence, but since evening is approaching, you must give us a day at some time, in order that we may meet your arguments. For my contest with you is for altar and hearth, for the temples and shrines of the gods, and the walls of the city, those walls which you and your brother pontiffs declare to be sacred, and you encompass our city with religion more carefully than with actual ramparts; that this cause should be deserted by me, so long at least as I am able to draw breath, I regard as shameful. For my part, replied Cotta, I am anxious to be refuted; besides, I preferred discussing the points that I raised to coming to a decision, and I am sure that I can be easily overcome by you. Yes, said Velleius, Balbus must be irresistible, for he thinks that even dreams are sent to us by Jupiter, though dreams themselves are not so trifling as the utterances of the Stoics on the subject of the divine nature. After these words had passed, we separated, the result attained being that Velleius thought Cotta’s arguments the truer, while I thought that those of Balbus came nearer to what appeared to be the truth.


Source: https://www.informationphilosopher.com/solutions/philosophers/cicero/nature_of_the_gods.html
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Roy Wood Sellars was the father of a famous American philosopher, Wilfrid Sellars. 

The elder Sellars was a founder of the American religious humanism movement (now the American Humanist Association). In his 1916 book, Critical Realism, he defended a philosophical position of critical realism, contrasting it with naive realism.

Naive realists think that we can access concrete physical objects directly and fully with our perceptual sense data. This is sometimes called the "copy theory," that our perceptions are fully apprehending the physical objects, that the content of a perception is the same as the object of perception. In information philosophy terms, naive realism mistakenly assumes that the information in the perceived sense data (or the representation in the mind) is (quantitatively) equal to (a copy of) the information in the physical object. 

Critical realists, like scientists, start with observations and sense data, but they add hypotheses and experiments to develop theories about the physical objects and the abstract concepts in the external world. Nevertheless, the abstract representation in the mind is (quantitatively) much less information than the information in the physical object represented.


In his 1922 book Evolutionary Naturalism, Sellars quoted the epistemological view of H. A. Prichard, whose "axiom of independent reality" claims that "Knowledge unconditionally presupposes that the reality
known exists independently of the knowledge of it, and that
we know it as it exists in this independence." For Sellars, knowledge is "awareness of objects that are independent of the awareness." (p.24)

Evolutionary Naturalism criticizes an older view that identified naturalism with a mechanical and deterministic view of nature. The new biological science of evolution introduces a kind of change and novelty that is unknown in the physical world. The being of an organism is a becoming, he says. Change in biology means growth of an individual, in abilities, in memories, and in character. (p.168) There is nothing like this in physics, a view argued in the later twentieth century by Ernst Mayr.


In his Chapter XIII on Potentiality, Necessity, and Probability, Sellars explores the possibility of "objective chance" or "tychism," as it was called by Charles Sanders Peirce.


"Subjective chance admits objective determinism," he says. (p. 272). Subjective chance is the view of many mathematically-minded philosophers. They say that chance is only epistemic (a question of human ignorance or inaccessible information), not ontologically real. Objective chance is a theory of causality which denies objective necessity.


Objective chance is a theory of causality in nature; and offers itself as a denial of what is vaguely called objective necessity. We have clearly to do here with relative terms.

Tychism seems to be a protest against the exaggeration of a particular type of determinism. Too often science has lapsed into a scholastic realism which thought of laws as governing nature. The critical realist agrees heartily with the tychist so far as he protests against any such logical anthropomorphism. Again, I find in much of current tychism a protest against a dead-level mechanical view of nature which does not take evolution and novelty. The behavior of man cannot be described in terms of mechanics.





Who exactly is "the tychist" Sellars is referring to? Sellars does not mention the most likely candidates - Charles Sanders Peirce or William James. Although Peirce introduced the idea of tychism, it is James' "pluralism" opposing a deterministic "block universe" that Sellars mentions:
 

The new pluralism sympathizes with the tychist in his opposition to a block universe, on the one hand, and to logical determinism on the other hand. But when it comes to the positive teaching of tychism the matter is altered. I would put the case thus. With one interpretation, tychism does not contradict determinism as I understand it. With another interpretation, it does. On the whole, I am inclined to treat tychism as a valuable protest against absurd interpretations of objective necessity.


Sellars speculates that free will may involve chance, but he has no clear model of how this might work. He says:



Does our experience reveal indeterminate spontaneity and genuine caprice? I am not quite certain what the tychist postulates. I do not wish to caricature his position and make him advocate freedom of indifference. My chief quarrel with him is his tendency to misstate the position of the critical determinist. For instance, I find it difficult to distinguish Bergson's idea of free-will from relative self-determination. Once we have turned our back upon fatalism, predestination, a mere spectator-like self moored to an organism and such outgrown fantasies, much of the meaning of the historic controversy about free will has evaporated. The problem modern thought is engaged upon is the discovery of what kind of a creature the human self is. That it is complex and more or less divided against itself appears evident. Such freedom as it has is a positive character. It is the ability to control its surroundings, to realize its aims. And such freedom is obviously relative.

Positive freedom is very evident in moments of decision when we deliberate and do not act from habit. Then we apply all our intellectual capacities to the task confronting us. But is such freedom revealed as caprice? Surely not.



Sellars cites the French philosopher Henri Bergson, who was greatly influenced by both Peirce and James. Bergson's book Time and Free Will (his 1889 Ph.D. thesis, published in English in 1910)  claimed that time might flow at different rates on occasion, opening the possibility of human freedom. 


In the end, Sellars can see no role for chance (tychism) and "harmonizes "empirical freedom" with causal determinism, developing what today we would call a compatibilist position.



the feeling of necessity, of which Hume made so much, in no wise conflicts with our experience of activity and freedom. The same action that we feel free and active in doing will retrospectively appear to follow from our character and the situation in which we were. In action the
self is the character or personality. There is no sense of control by it as something external to the self. Or, to the extent that this is the case, we are divided against ourselves.


Finally, causal processes often lead to novelty, to new combinations, to new wholes having new properties. We must
separate causality and repetition. It follows from all this that causal determinism is perfectly harmonizable with
empirical freedom and self-realization and that both are opposed to fatalism and predestination.



No new information can be created in a Laplacian causal deterministic universe.


Apparently, the "evolution" in Sellars' title is not Darwinian evolution, which uses ontological chance as the source of genetic variations, but rather Henri Bergson's "Creative Evolution," which finds indeterminate variation inadequate, and, in the end, Sellars argues for a "cumulative determinism," somewhat like Charles Sanders Peirce's "synechism," "agapism, or "evolutionary love" that overcome Peirce's "tychism" and "anancasticism."
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  Extended excerpts from Evolutionary Naturalism, Chapter XIII, on Potentiality, Necessity and Novelty 
Subjective Chance versus Objective Chance. — The above
treatment of probability furnishes a good introduction to
the distinction between subjective chance and tychism or
objective chance. We are led back to a consideration of
causality.


There are many closely associated terms in this connection which must jet be distinguished In their interpretation of events, people commonly speak of fate, luck
and chance. They use these terms chiefly when they have
in mind some event which affects themselves or others
favorably or unfavorably. It is the relation of the event
to human beings which is stressed. The element of valuation
comes out clearly in the idea of luck.    In fate and chance,
externality and lack of control are the dominant elements.


Well, we must admit that an individual is only a small
part of the world and has surprisingly little control of
events If the political and physical environments are favorable and stable, the individual can do much and lead a
fairly happy life. The Great War has driven home to the
present generation how helpless the masses of the people
are before a cataclysm To some, events are disastrous,
to others, they are not unfavorable This is the minimum
meaning of lucky and unlucky And so far as these words
are used descriptively and empirically they are terms expressing instrumental value. Things bieak right for some people,
indifferently well for others, and badly for still others We
must, however, be on our guard against exaggeration and
against mythology The activity of a person has very much
to do his with his career With stable conditions and ability,
a healthy person is to-day able to control his fate But after
all the range of such mastery is limited and. in the large,
we must remember that a person's capacities are not of his
making. The individual is a specific organism whose structure and constitution has resulted from past activties. But
human beings do not, as a rule, demand very much from
life after their romantic period is over The capacity for
adjustment and acceptance is very large.


Poetry and religion have surrounded the idea of fate
with mythological implications. Strictly speaking, fate is
simply a factual term, a designation of what happens
History presents the fate of nations . biography, the fate
of conspicuous individuals But the old animistic outlook
still lingers Man tends to think of his life as planned
beforehand In this sense, fate is a product of early man's
helplessness and his anthropomorphism It assumes some
shadowy being which predetermines events, which overrides and uses resistance The Semitic religions have contained this outlook to an abnormal degree. The Greeks,
likewise, pictured something, more ancient and mightier
than Zeus, which decreed what would happen.


There seems no reason to continue this anthropomorphism
which makes events a mere rehearsal of an established
plan. It is impossible to take causality seriously and hold
such a view at the same time We have taken time seriously
as a process of change and, by so doing, have attacked the
intellectual element in fate The emotional element remains.
So long as man feels helpless, he will have a sense of a
larger whole determining his destiny. He will feel passive
and fatalistic As yet, the occidental world has confidence
in what it can do and so feels active and creative.


Subjective chance admits objective determinism. We
have seen this to be the case in the calculation of probabilities We have, again, probability as a mode of our
judgment when the knowledge is insufficient to base certain
prediction upon And this may be due to (1) the number
of the factors, (2) the variation in the situation, or (3) the
variability of an important factor The last reason bulks
very large in the behavior of human individuals Thus
Fabre could predict what a mason-wasp would do under
certain circumstances because instinct is orderly and limited,
but he could not predict what children might do if experimented upon It follows from our whole discussion that
subjective chance is largely irrelevant to any theory of real
causality. It concerns our cognitive position.


Objective chance is a theory of causality in nature; and
offers itself as a denial of what is vaguely called objective
necessity.   We have clearly to do here with relative terms.


Tychism seems to be a protest against the exaggeration of a particular type of determinism. Too often
science has lapsed into a scholastic realism which thought
of laws as governing nature. The critical realist agrees
heartily with the tychist so far as he protests against any
such logical anthropomorphism. Again, I find in much of
current tychism a protest against a dead-level mechanical
view of nature which does not take evolution and novelty
seriously The behavior of man cannot be described in
terms of mechanics It is absurd and unempirical to ignore
the fact that his behavior involves the application of past
experience to the situation which now confronts him. And
this situation is inseparable from his interests and selections.
The situation confronting a lower animal is not, and cannot
be, the situation confronting a human being, In other
words, a situation is a selected aspect of the environment.


The new pluralism sympathizes with the tychist in his
opposition to a block universe, on the one hand, and to logical
determinism on the other hand. But when it comes to the
positive teaching of tychism the matter is altered. I would
put the case thus. With one interpretation, tychism does      
not contradict determinism as I understand it. With another interpretation, it does.   On the whole, I am inclined to treat tychism as a valuable protest against absurd interpretations of objective necessity.


Philosophers who approach nature from the standpoint
of analogy interpret the behavior of atoms and electrons —
so far as they give these terms external validity — as responses similar to the response of an individual to a novel
situation. There must be choice. And is not choice an
instance of spontaneity? After choice is made habit ensues.
Henceforth, there is routine and the mechanical.


My chief objection is that such an argument from
analogy does not take evolution seriously enough I grant
that habit implies a preceding novel adjustment, but I very
much doubt that there is enough similarity between the
response of an atom to its environment and the adjustment
of an organism to make the application of the same terms
meaningful. I grant you that there is an identity, but there
is also a difference The identity lies in the fact that all
response is an expression of the nature of that which
responds, but is not the constitution and capacity of the
organism very different from the much more limited constitution of the element? To employ a physicist's expres-
sion, there are degrees of freedom in the one case not
characteristic of the other I do not believe that it is justifiable to extend the locus of the term habit I feel much
the same toward such categories as impulses and will. I
know that the speculatively inclined Leibnizian will not
agree with me.


Let us, then, shift the venue of the question to human
activity. Does our experience reveal indeterminate spontaneity and genuine caprice? I am not quite certain what
the tychist postulates. I do not wish to caricature his
position and make him advocate freedom of indifference.
My chief quarrel with him is his tendency to misstate the
position of the critical determinist. For instance, I find it
difficult to distinguish Bergson's idea of free-will from relative self-determination Once we have turned our back
upon fatalism, predestination, a mere spectator-like self
moored to an organism and such outgrown fantasies, much
of the meaning of the historic controversy about free will
has evaporated The problem modern thought is engaged
upon is the discovery of what kind of a creature the human
self is. That it is complex and more or less divided against
itself appears evident Such freedom as it has is a positive
character It is the ability to control its surroundings, to
realize its aims. And such freedom is obviously relative.


Positive freedom is very evident in moments of decision
when we deliberate and do not act from habit.5 Then we
apply all our intellectual capacities to the task confronting
us. But is such freedom revealed as caprice? Surely not.
"Our personality shoots, grows and ripens without ceasing.
Each of its movements is something new added to what was
before. We may go further it is not only something new,
but something unforeseeable Doubtless, my present state is
explained by what was in me and by what was acting on me
a moment ago In analyzing it I should find no other elements. But even a superhuman intelligence would not have
been able to foresee the simple indivisible form which gives
to these purely abstract elements their concrete organization."6 The conclusion of this quotation does not have
much meaning for me. Doubtless it is in line with Bergson's
almost mystical emphasis upon internal relations in consciousness. The new pluralist does not apply the hypothesis of a
super-human intelligence It seems to him rather meaningless outside of the domain of mechanism with its definite assumptions and data The significant question is, Of what
would complete knowledge of a person consist? Is a person
stable enough to be the object of complete knowledge? The
nature of this kind of object is the fundamental question.
Is not knowledge — even self-knowledge — largely retrospective? Yet if I could know exactly what the situation
was which confronted an individual, what his valuations and
desires were, what his courage was, etc, I could foretell
his conduct Assuredly the general line of it Why? Because these arc the actual data of his own decision. As
soon as these become stable in deliberation, the choice is
fixed.
5 I agree with Bosanquet that freedom is not most strongly felt in
choice. We feel most free when we are carrying through plans

6 Bergson, Creative Evolution, p. 6.


Bergson has done excellent psychological work in criticizing the mechanical conception of motives as fixed things
pushing from behind Motives are responses of a changing
self and constantly alter. Personality is a process and
not a static thing. And yet we must not go to the other
extreme and ignore the conservative aspect of the self.
Character, habit and heredity indicate the element of continuous identity. More acutely here than anywhere else
do we meet with the union of novelty and permanence.
Growth implies organization and intimate accumulation, an
active harmony of the new and the old. The old meets and
welcomes the new. We must grasp the fact that internal
relations do not involve a complete alteration of the past.
There is something phenomenalistic and superficial about a
kaleidoscopic view of the self. It does not sense the limits
to change Under normal conditions, change is always
secondary to permanence.


Again, there has always been much sentimentalizing
about the self An ideal self is often set up and contrasted
with a baser self The thinker must realize that these are
but parts of the one complex self. This ethical dualism is
usually attached to the traditional soul-body dualism Self-deception gets in its deadly work. We must remember
that the objective self is an object of mediate knowledge
and that there is never complete knowledge of it The total
self is complex, and only part of it is expressed at any one
time. In spite of its many exaggerations, Freudianism has
driven this fact home to the modern thinker. The self
which dominates consciousness is not the whole of the complex self.


I do believe that on many of these problems philosophy
is approaching more of an agreement than is usually supposed. The decay of outgrown assumptions accounts for
much of this convergence of opinion. With the withering
of supernaturalism, the setting of problems has become
much more concrete and empirical. This is peculiarly the
case with the problem of freedom. Freedom is now more
naturally conceived as a positive characteristic of the whole
person It means abilty to control factors in the environment and to realize ends It is a term which applies here
and now to activities in concrete situations It designates
a kind of behavior.


The traditional method of approach began with an
entity called will and asked whether this was free. Free
from what? And what is this entity with which we are
so greatly concerned There was much of the ghostlike
about this will. Its relation to concrete personality was
unclear. Now the whole bio-psychological approach to the
self has changed all this It is seen that the will is a function of a developing complex of instinct and experience.
We do not believe in and do not want a mysterious will
alien to us and issuing its decrees like shots from a pistol
The self is a process of adjustment and growth. In consciousness the individual is on the inside of this process
and an effective part of it. Free will should mean only what
concrete freedom means.


Has the contrast between free will and causal determinism much meaning to-day, once we relinquish freedom of
indifference? I do not see that it has Any intelligible
sort of free will is but a protest against a false sort of
determinism. Like vitalism, it is a protest against inade-
quate views. There are those who make heredity too rigid
a thing rather than a set of tendencies and general capaci-
ties which are modifiable within degrees. There are those
who make the individual the passive victim of economic
conditions The metaphysical determinist replies that the
degree and kind of freedom an individual or a group has
is a question of fact. Freedom implies causal activity and
relations.


Much of the misunderstanding of causal determinism
has been due to a disregard of the importance of time It
has not sufficiently been realized that time is nothing apart
from change That personality is a process and that the
same situation in a literal sense can, therefore, never recur
has not been appreciated Misleading words have also played
their part. If I tell a person that he could not help doing
what he did at a certain time in the past, I am suggesting
that he was struggling against factors seeking to control
him and that he was conquered, whereas he was undoubtedly choosing happily and hopefully All the determinist
should point out is that choice is the expression of the self
of the time in the situation of the time He does not mean
that the individual would act that way again now that he is
a wiser man Nor does he mean that the act was necessarily the expression of the best in the man. The pathos of
action is often that potentiality conflicts with actuality We
may say also that in this conflict lies the significance of repentance and conversion. Few actions are the function of
all the resources of an individual It is quite correct to
say of men that their potentiality is greater than their
action. But a potentiality which is never expressed in any
degree is a myth.


The traditional doctrine of free will was also pointed
against epiphenomenalism It was a protest against the
crude idea that a man's actions were the function of purely
mechanical changes in the organism and in the environment.
Such epiphenomenalism assumed a dualism between mind
and body with which the evolutionary naturalist has no
sympathy. There are levels of activity and behavior in
nature. Mind is a physical category.


We may conclude that the old, deductive, mechanical
necessitarianism which thought of man as a machine and
consciousness as a mere psychic illumination has received
a shrewd blow. The various sciences are becoming more
autonomous, that is, more empirical, and are refusing dictation from anything but their material The categories are
enlarging and becoming more flexible. Man is still regarded
as a part of nature—that is the fundamental thesis of naturalism — but his specific abilities are not ignored. Naturalism has at last decided to take evolution seiiously. Just
because the critical realist distinguishes between knowledge
and its object, he can harmonize all that is valid in both
determinism and tychism As against logical determinism,
he points out that laws are not external realities govern-
ing events. As against tychism, he asserts that spontaneity
can only mean an activity relative to and affected by a
situation. And such activity at once expresses that which
is and modifies it.

Howv Shall We Conceive Necessity? — Necessity for Spinoza was the same as true freedom. Was this a play upon
words? Clearly, if we are to avoid a paradox we must find
out what we mean by necessity The discussion in the
previous section should help us.


To be determined by one's own nature is to be free.
Such determination is self-expression which is the same as
freedom But things are not so simple. Even if we are not
pushed from outside as a culprit is by a policeman, we are
often divided against ourselves The individual is solicited
by various ideas which are incompatible. The victory of one
idea is never complete. The vanquished element is rebellious. The truth is that the past thought too much in
terms of substances of a simple nature The categories of
to-day are those of process and complexity. As we have
already seen, modern pluralism is a revolt against a false
conconception of unity, a conception which thinks of the whole
as above and controlling the parts. Spinoza's was a mystical,
logical substantialism. The evolutionary naturalist has
knowledge of an external world knit loosely together and
permitting localized developments and novel activities in the
parts. Both space and time are more empirically conceived.


It follows that freedom is a category which permits
degrees and that it expresses knowledge of the part played
by one thing among other things While not limited to man,
it has for him a deeper meaning because of his greater
abilities and his fuller knowledge of himself Man has
wants and desires, and is led to measure his freedom by the
extent to which his environment cooperates or can be made
to cooperate with him to their fulfilment. This freedom
has a transverse reference to the setting of his action. The
opposite of freedom is bafflement and frustration; and these
lead to the emotional attitude of fatalism.


The common denominator, so to speak, of the various
levels of causality from the atom to man is a physical system
actively changing. Hence it is obvious that causal necessity
concerns every level and does not differentiate them Freedom, on the other hand, is a category with degrees and expresses specific knowledge of specific things. It is nonsense
to talk of the whole universe as being free unless we think
of it as a single person Freedom has to do with the success
or failure of a part within a larger whole. The causal
determinist of evolutionary, pluralistic persuasion is clearly
a believer in interaction and differentiation He grants
activity and power to the individual In all this he keeps
close to the facts In short there is no conflict between
freedom and causal necessity.


Descartes and Kant are historically to blame for the
prevalent association of determinism with the reign of mechanical laws. But what was an excusable fault with them
is inexcusable to-day. It is one of the merits of the
pragmatist that he has stressed the objective validity of
biological and psychological categories. But because of his
idealistic inheritance and poor epistemology, he did not
always do justice to the inorganic which is man's cosmic
setting. There was at times something comic and boyish
about his lighthearted humanism.


To return to our main argument From the principle
of causal necessity as I have interpreted it, no theory as to
the method of change in any system can be deduced nor
should the creative activity of any object be denied. The
causal determinist can champion invention and the creative
power of intelligence with an even more assured conscience
than can the indeterminist. But I feel certain that this fact
is being realized and that the old controversies arc on the
point of disappearance. Causal determinism is pragmatically
harmless.7

The category of necessity is essentially retrospective and
cognitional. For this reason appeal from it to the sense of
free activity in conduct is quite irrelevant, all the more so
that there is no intellectual conflict When B follows a set of
conditions A and tests show a genuine relation, we are led
to maintain that B necessarily follows from A. This "necessarily" expresses our conviction of an inner relation of
change to that which changes. But it is nonsensical to conclude that the changing system must feel necessitated. It is
in thinking that we feel the necessity. But those who make
the false interpretation argue that our sense of freedom in
action disproves causal necessity. It does not, because there
is nothing in the general theory of determinism which implies that we should have any other experience than we do.


At the risk of being tedious, let me draw together the
threads of my argument. First, any physical system in
process of change determines its changes. Let us call this
self-determination Such self-determination has no logical
connection with any specific theory of the mode and manner
of change. Only empirical investigation can throw light
upon this latter problem. And the facts indicate that there
are different kinds of processes in nature. Second, the
feeling of causal necessity is subjective and retrospective.
7 It is quite evident that James saw this, for he argued finally only
for novelty. Historical Idealism took much the stand of Spinoza but
was, like him, unjust to time and space, novelty and pluralism.

It should not be projected into the process of which we are
gaining knowledge. In free action we have a characteristic
sense of relevant transition. There is a sense of accepted
and even willed unfolding or direction. I believe that Professor Alexander has named this experience enjoyed determination. The opposite of it is a sense of compulsion.
Third, the feeling of necessity, of which Hume made so
much, in no wise conflicts with our experience of activity
and freedom. The same action that we feel free and active
in doing will retrospectively appear to follow from our
character and the situation in which we were. In action the
self is the character or personality. There is no sense of
control by it as something external to the self. Or, to the
extent that this is the case, we are divided against ourselves.
Finally, causal processes often lead to novelty, to new combinations, to new wholes having new properties. We must
separate causality and repetition. It follows from all this
that causal determinism is perfectly harmonizable with
empirical freedom and self-realization and that both are
opposed to fatalism and predestination.


Freedom is a category expressive of the ability of man
to plan and to dominate. At its highest level it implies
thought and judgment. For this reason it is right to say
that only the good man attains the highest degree of freedom. The more man masters himself and his environment the freer will he be. Freedom is at once a transverse
and a temporal category And it is always relative to situation and aims. When individuals ask whether they are free
or necessitated, they have reference to the fact of success
or its absence. And the empirical answer must be that
they are sometimes free and sometimes not. Let us note
that there is just as much causality in the one case as the
other, so that causality, itself, cannot be the distinguishing
mark. It is equally clear that freedom as a category has
most meaning where there are creatures who make plans
and try to carry them out. It is not that physical things
are completely unfree, for they participate in the result
and are never passive.It is rather that the internal situation of conscious beings begets contrasts which were previously non-existent. How far down in the scale of evolution these conditions are found is a question for the comparative psychologist. Evolutionary naturalism does not
ignore man's peculiar abilities since it takes time and
evolution seriously.

A Fresh Return to Potentiality — Early in the present
chapter, we offered a suggestion as to the correct meaning
of potentiality. We saw that it was a complex category
connected with causality. It stood, as it were, midway
between possibility and actuality. It is that upon which
possibility must be based to make it more than a mere play
of the imagination It stands for a recognition of the complex nature of things and of the fact that things are capable
of various expressions according to the conditions brought
to bear upon them It means that what occurs is always a
selection, that other events would have occured! had other
combinations arisen.


Potentiality is, thus, a category which the pluralist must
always emphasize. It stands for the significance and richness of content of terms. What, for example, would I
have been like without a university education? Would not
certain sides of my nature have been partially dormant?
Potentiality signifies that terms are not reducible to their
relations without a remainder. I do not wish to be misunderstood. Relations in nature are not external, but they
are additional and changeable. Potentiality does not mean
an inactive core at the center of the term but it points to
new modes of action under different conditions. It signifies that individuality is cumulative, complex and charged;
that it is not exhausted by any one response but is ready to
express itself again and again and variably. Potentiality
goes with such categories as organization and cumulation
The shallowness of mechanistic naturalism has revealed
itself in its inability to concede potentiality and variability
Nature was all surface as it were


But the larger meaning of potentiality implies a narrower meaning, that of causal continuity. In this sense,
potentiality signifies that the final result of an actual process
is the natural and legitimate expression of the changing
system False potentiality ignores creative activity and
holds that the result was already there in some sense at the
beginning It is an attempt to belittle the significance of
time and change. It is a yearning for continuity overdoing
itself. Both absolutists and mechanists have been guilty
of the false use of potentiality. The reason for this is not
far to seek. Both were opposed to novelty and sought to
interpret it as concealed repetition, as an unveiling of what
already was. The believer in false potentiality loves such
a term as the implicit.


It is somewhat surprising to find that many advocates
of novelty still interpret the principle of continuity in such
a way as to furnish a support for the false notion of potentiality This question comes to a crisis in the problem of
the appearance of consciousness. Let us examine James's
interpretation of the famous passage in Tyndall's Belfast
Address in which he claimed to find in matter the "promise
and potency of every form and quality of life." James
regards this as an appeal to continuity and comments as
follows: "We ought, therefore, ourselves sincerely to try
every possible mode of conceiving the dawn of consciousness
so that it may not appear equivalent to the irruption into
the universe of a new nature, non-existent until then...
Merely to call the consciousness 'nascent' will not serve
our turn... The fact is that discontinuity comes in if a
new nature comes in at all... And consciousness, however
little, is an illegitimate birth in any philosophy that starts
without it, and yet professes to explain all fact by continuous
evolution."8
8 James, Principles of Psychology, p. 149.

I shall argue in the next chapter that consciousness is
not a new stuff in any metaphysical sense and that awareness and cognition are functions of the structure of consciousness and the activity of the organism. But while
psychical contents are inseparable from cerebral states and
are a literal part of their nature, they are novel just as
these states are novel. They cannot be deduced nor foreseen. They are new just as mental capacities are new.
Much, therefore, depends upon what James means by a
new "nature." We must postpone the subtleties of this
point to the discussion of mind and body.


There remains the logical question. Does continuity
imply mere sameness7 Does the principle imply that the
future is like the past and that change can only be repetitions? Surely not. Our whole argument has been against
that. And the facts of science and of human life are as
clearly against any such interpretation. I conclude that
continuity can demand only genetic relationship, the absence
of causal breaks. It has no right to go further and assert
complete logical identity of the sort that comes out in the
formerly popular postulate that the effect must be like the
cause. As a matter of fact, the effect should not be like
the cause, although it should be relevant to it.9
9 Cf. Bosanquet, The Principles of Individuality and Value, Vol.1, Lecture 3..

The idea of continuity is often of a sensuous rather
than of a logical type. Thus the visible confluence of the
parts of a spectrum in which adjacent likeness yet permits
marked differences between widely separated parts is sometimes cited as an example But evolution deals with cumulative change and with new wholes rising on the intimate
combination of recoverable, yet for the time changed, parts.
Shall we say that such a progression involves discontinuity?
If we mean by discontinuity novelty, yes. But if this novelty grows necessarily out of the situation, is there not also
the essential of continuity? Otherwise, continuity means
identity and the postulate conflicts with the obvious fact of
change Let us apply this conclusion to the problem indicated by Tyndall and interpreted by James.


That human behavior and structure is new in the world,
cannot, surely, be doubted by the evolutionist. What is
postulated is that these capacities and activities and organizations can be shown to have grown step by step from preceding stages. It is genetic relationship which is held in
mind. But human consciousness is intertwined functionally
with these capacities and activities. It must therefore be as
new as they, for it is not a sterile and passive stuff which
has no organic relevance to the life of the organism. Any
empirical theory of consciousness makes it correlative, not
to the atoms into which the dead brain can be disintegrated,
but to functional nerve-systems. Why, then, should the
existence of consciousness at a particular stage of evolution
and its non-existence at low levels be any more of a challenge to the principle of continuity than the corresponding
contrast between organic behavior of an intelligent sort and
mere physicochemical process7 Primarily, I presume, because the uncritical mind works up a contrast between an
unorganized matter alien to consciousness and this new thing
called consciousness, and can detect no bridge from one to
the other. Such a change becomes a miracle and genetic
relevance intuitively excluded. But after we have once
relinquished naive pictures of a material stuff known to be
alien to consciousness in its very heart — a view which reflects what may be called natural dualism — we perceive that
the thinker can just as well argue backward and say that the
physical system which contains consciousness must have
grown out of a type of reality capable of bringing it to
birth. I believe that consciousness is an irruption so far
as its novelty is concerned but not as regards its genetic
matrix and conditions. He who denies this assertion of
essential continuity must maintain that only consciousness
can produce consciousness. But to this thesis it can rightly
be rejoined that consciousness is not a productive stuff
which is seen to reproduce itself endlesssly, that consciousness is a complex of contents ever coming and going as
seemingly free gifts, and that both the significance of consciousness and its occurrence appear to be bound up with
the brain, a reality which is more than consciousness though
not alien to it. But we are in danger of forgetting that
we are analyzing only the category of potentiality. In our
later discussion of the mind-body-consciousness problem we
shall be in a better position to gather a11 the necessary
threads of thought together
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William Seager


  William Seager is a Canadian philosopher who specializes in philosophy of mind and philosophy of science. He has written extensively on consciousness, emergence, panpsychism, supervenience,  the mind-body problem, and physicalism.

Seager wrote the Stanford Encyclopedia article on Panpsychism, where he argues that there are only two positions that appear to solve the mind-body problem by integration, panpsychism and emergence. If one does not include mind in the fundamental constituents of the world, he says, then one is an emergentist. He says:
   

Panpsychism's assertion that mind suffuses the universe presents a fundamental and sharp contrast with its basic rival, emergentism, which asserts that mind appears only at certain times, in certain places under certain — probably very special and very rare — conditions. 
   
  
Seager writes that the panpsychism of Alfred North Whitehead (in his great work Process and Reality) was the culmination of nineteenth-century panpsychism at about the same time that emergentist views were at their peak.
 
  

 With his emphasis on the vitality and spontaneity of nature, Whitehead represents a culmination of nineteenth century panpsychist thinking, and probably not coincidentally its presentation was pretty much simultaneous with the culminating development of a robust and serious emergentism (as worked out by, for example, C. Lloyd Morgan (1852-1936) and C. D. Broad (1887-1971)). It may have seemed that, for a moment, the ground was prepared for another great battle between the two basic conflicting ideas about mind's place in the natural world. But history moved in another direction. Big science took center stage, and metaphysics became a bit player in a new kind of philosophical drama. The kind of radical emergentism espoused by thinkers such as Broad was doomed by the huge technological advances and theoretical successes of physical science, in particular quantum mechanics' victory in explaining how chemical complexity arises from purely physical principles, along with the rise of a logical positivist philosophy that derided any philosophical idea that was not cleanly rooted in empirical science. But all this also had the predictable effect of relegating panpsychism, which also required a philosophical extension of scientific belief, to the limbo of unwarranted philosophical intercession into domains beyond its expertise.

Thus for some fifty years after the 1929 publication of Whitehead's panpsychist Process and Reality and the 1925 publication of C. D. Broad's emergentist Mind and Its Place in Nature there was relatively little interest in either doctrine. 
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Introduction Overview

The Information Philosopher has established that quantum mechanics and thermodynamics play a central role in the creation of all things. This finding has enormous implications for philosophy and metaphysics.


Instead of a closed universe that is winding down deterministically from an initial state of high information, we find the universe is open and increasing information indeterministically from an initial state of relatively high entropy and low information. Information is being continuously created in the universe, not least by human beings who are just learning that they are part of the cosmic creative process.


An open indeterministic universe with increasing information suggests three testable philosophical ideas: 
	 a model for free will and creativity that may satisfy determinists and libertarians

	 a value system based on providential processes in the universe

	 an epistemological explanation of knowledge formation and communication.



All three ideas depend on understanding modern physics, cosmology, biology, and neuroscience.


All three have strong connections to information science. They are contributions to a new information philosophy.


If these ideas are accepted, they could change some well-established philosophical positions. Even more important, they provide a new view of how humanity fits into the universe.


Information philosophy also proposes solutions for a number of philosophical and scientific puzzles, such as the problem of evil, the existential status of universals, and the paradox of Schrödinger's Cat. It also throws considerable light on deriving ought from is, the problem of induction, the idea of progress, and the problem of quantum measurement.


Information philosophy offers a mind model that transcends flawed "brain as computer" models. The brain is not a digital computer, though it has information networks. It is not a Turing machine of deterministic states. It is not a mechanism in the seventeenth-century sense of a time-reversible system obeying Newtonian laws of physics, like a clock. Time is of the essence in the mind. The arrow of time traces the irreversible development of unique biological individuals with consciousness of self, others, and a nurturing environment.  


Information philosophy sees the brain as a magnificent information processing and decision system. It is orders of magnitude more capable than the whole of today's internetworked system of computers and multimedia communications channels - at accumulating actionable knowledge, which is the brain's natural purpose, or telos. 


Information philosophy is a systematic philosophy, with a triadic architectonic that would have pleased Kant and Peirce. It is an idealist philosophy, but it is worldly, not other-worldly.  Its information super-structures are properly constructed on a material base. 

Information philosophy is a radical philosophy. It identifies information as the new root (radix) on which to base language, logic, and science. Although it undercuts language analysis as the main method of philosophizing, information may provide a deeper understanding of how language and more general communications work.



Information philosophy identifies and establishes the existence of the Cosmic Good as constructed information structures. Kant's search for a categorical imperative, for a universal duty, them becomes "Be good. Preserve the Good. Do good unto others. Life is Good." The creative ergodic processes generate emergent phenomena that contain all we need to examine, not only Kant's God, Freedom, and Immortality, but also his Platonic dreams of Truth and Goodness, as well as the Enlightenment idea of Progress. 

Evil is not merely the absence of Good, but the destruction of ergodic information structures, always fragile in the presence of entropic forces. 


Information philosophy explains how humans are free to do good. Just as an individual character becomes good through good works (Karma in the Atman), the Sum of all human good works is seen as the manifestation of a "world soul" or matrix of information (Brahman) which can encode the immortality of each individual.      


Information philosophy is a world-historical moment in Hegel's sense of Absolute Spirit, a peak of the meditation in the Nietzsche/Heidegger metaphor, a process philosophy in the Whitehead sense of a return to temporality, and a natural noosphere in Teilhard's image, when the mind realizes and recognizes itself as part of the cosmic ergodic process of information accumulation, as co-creator of the universe.  


Man is Free. God is the Good. And you can Know.

For Scholars

   To hide this material, click on the Teacher or Student link.
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The Information


    The simple definition of information is the act of informing - the communication of knowledge from a sender to a receiver that informs (literally shapes) the receiver. 

By information we mean a quantity that can be understood mathematically and physically. It corresponds to the common-sense meaning of information, in the sense of communicating or informing. It is like the information stored in books and computers. But it also measures the information in any physical object, like a snow crystal or a star like our sun, as well as the information in biological systems, including the genetic code, the cell structure, the messaging inside and between the cells, and the developmental learning of the phenotype.


Although some commentators would like to limit the term "information" to messages sent with an intended purpose, physical scientists have long considered the structure in physical objects as something that can be quantitatively measured by an observer. In our digital "information age," those measurements are reported in digital "bits". 


Now information is neither matter nor energy, though it needs matter to be embodied, and energy to be communicated. 


Information philosophy considers a material object as an "information structure," from which the immaterial information can be abstracted as meaningful knowledge. In addition to structure, much of the information in living things consists of messages that are sent to invoke processes running in biological machines. Biological structures are often digital (DNA, RNA, proteins) and biological messaging greatly resembles a language, with arbitrary symbols, much like human language.


It was the dream of great logicians, from Gottfried Leibniz and Gottlob Frege to Bertrand Russell and Ludwig Wittgenstein, to represent the physical world by "logical atoms."  The later Wittgenstein and twentieth-century language philosophers thought that "what there is" could be described with analytically true statements or "propositions." For Wittgenstein, every true proposition corresponds to a real fact in the world. They were failures, but information philosophy builds on their dreams.


Information philosophy identifies the total information in a material object with the yes/no answers to all the questions that can be asked or with the true/false statements that can be said about the object. In modern information theory terms, information philosophy "digitizes" the object. From each answer or truth value we can, in principle, derive a "bit" of information. 


While "total" information is hopelessly impractical to measure precisely, whatever information we can "abstract" from a "concrete" object gives us a remarkably simple answer to one of the deepest problems in metaphysics, the existential status of ideas, of Platonic "Forms," including the entities of logic and mathematics. 


Rather than simply ask "Do abstract entities like numbers and properties exist," a metaphysicist prefers to ask in what way they might exist that is different from the way in which "concrete" objects exist.


Concrete objects can be seen and touched by our senses. They are purely material, with causal relations that obey the physical, though statistical, laws of nature. 


Abstract entities are immaterial, but some of them can still play a causal role, for example when agents use them to decide on their actions, or when chance events (particularly at the quantum level) go this way instead of that. 


Information philosophy restores so-called "non-existent objects" to our ontology. They consist of the same kind of abstract information that provides the structure and process information of a concrete object. What we call a "concept" about an object is some subset of the information in the object, accurate to the extent that the concept is isomorphic to that subset. By "picking out" different subsets, we can categorize and sort objects into classes or sets according to different concepts.


Information philosophy hope to settle somewhere deep philosophical issues about absolute and relative identity, first posed by Leibniz. All material objects are self-identical, despite concerns about vague boundaries.  All objects have relations with other objects that can be interpreted as relative identities. All objects are relatively identical to other objects in some respects and different qua other respects.


Two numerically distinct objects can be perfectly identical (x = x) internally, if their intrinsic information content is identical. Relational (extrinsic) information with other objects and positions in space and time is ignored. The Greeks called intrinsic information pros heauto or idios poion.  Aristotle and the Stoics called this the peculiar qualities of an individual. 


They distinguished peculiar properties from the material substrate, which they called hupokeimenon, the "underlying. Extrinsic information is found in an object's relations with other objects and space and time. The Greek terms were pros ta alla, toward others, and 
pros ti pos echon, relatively disposed.


Just as the mind is like software in the brain hardware, the abstract information in a material object is the same kind of immaterial stuff as the information in an abstract entity, a concept or a "non-existent object." Some philosophers say that such immaterial things "subsist," rather than exist.


Broadly speaking, the distinction between concrete and abstract objects corresponds to the distinction between the material and the ideal. Ideas in minds are immaterial. They need the matter of the brain to be embodied and some kind of energy to be communicated to other minds. But they are not themselves matter or energy. Those "eliminativists" who believe the natural world contains only material things deny the existence of ideas and immaterial information.


Bits of information are close to the logical atoms of Russell and Wittgenstein.


And information philosophy is a "correspondence theory."  The information we can actually measure in an information structure is a subset, a partial isomorphism, of the total information in the structure. 


In 1929, Leo Szilard calculated the mean value of the quantity of entropy produced by a 1-bit ("yes/no") measurement as


S = k log 2,



where k is Boltzmann's constant. 


Following Szilard, Ludwig von Bertalanffy, Erwin Schrödinger, Norbert Wiener, Claude Shannon, Warren Weaver,  John von Neumann,  Leon Brillouin,  C.F. von Weizsäcker, and of course John Wheeler, with his "It from Bit." They all had similar views of the connection between the physical entropy of matter and the abstract "bits" of information that can be used to describe the physical arrangement of discrete elementary particles.


For Schrödinger, a living organism is "feeding on negative entropy" from the sun. Wiener said "The quantity we define as amount of information is the negative of the quantity usually defined as entropy in similar situations." Brillouin created the term "negentropy" because he said, "One of the most interesting parts in Wiener's Cybernetics is the discussion on "Time series, information, and communication," in which he specifies that a certain "amount of information is the negative of the quantity usually defined as entropy in similar situations." 


Shannon, with a nudge from von Neumann, used the term entropy to describe his estimate of the amount of information that can be communicated over a channel, because his mathematical theory of the communication of information produced a mathematical formula identical to Boltzmann's equation for entropy, except for a minus sign (the negative in negative entropy).


Boltzmann entropy: S = k ∑ pi ln pi.        Shannon information: I = - ∑ pi ln pi.


Entropy is energy divided by temperature (joules/°K) and information is measured in dimensionless bits. Entropy is a physical property of a material object. Information is an immaterial property of many things, material and ideal.


Shannon's communications theory brings us back to information as that found in a message between a sender and a receiver.
He showed that a message that is certain to tell you something you already know contains no new information. 


If everything that happens was certain to happen, as determinist philosophers claim, no new information would ever enter the universe. Information would be a universal constant. There would be "nothing new under the sun." Every past and future event can in principle be known (as Pierre-Simon Laplace suggested) by a super-intelligence with access to such a fixed totality of information.


It is of the deepest philosophical significance that information is based on the mathematics of probability. If all outcomes were certain, there would be no “surprises” in the universe. Information would be conserved and a universal constant, as some mathematicians mistakenly believe. Information philosophy requires the ontological chance and probabilistic outcomes of modern quantum physics to produce new information.


But at the same time, without the extraordinary stability of quantized information structures over cosmological time scales, life and the universe we know would not be possible. Quantum mechanics reveals the architecture of the universe to be discrete rather than continuous, to be digital rather than analog. 

Creation of information structures means that in parts of the universe the local entropy is actually going down. Creation of a low-entropy system is always accompanied by radiation of energy and entropy away from the local structure to distant parts of the universe, to the night sky and the cosmic background.


From Newton’s time to the start of the 19th century, the Laplacian view coincided with the notion of the divine foreknowledge of an omniscient God. On this view, complete, perfect and constant information exists at all times that describes the designed evolution of the universe and of the creatures inhabiting the world. 


From Newton’s time to the start of the 19th century, the Laplacian view coincided with the notion of the divine foreknowledge of an omniscient God. On this view, complete, perfect and constant information exists at all times that describes the designed evolution of the universe and of the creatures inhabiting the world. 

 
In this God’s-eye view, information is a constant of nature. Some mathematicians argue that information must be a conserved quantity, like matter and energy. They are wrong. In Laplace's view, information would be a constant straight line over all time, as shown in the figure.
 

[image: image-placeholder]

If information were a universal constant, there would be “nothing new under the sun.” Every past and future event can in principle be known by Laplace's super-intelligent demon , with its access to such a fixed totality of information.

 
Midway through the 19th century, Lord Kelvin (William Thomson) realized that the newly discovered second law of thermodynamics required that information could not be constant, but would be destroyed as the entropy (disorder) increased. Hermann Helmholtz described this as the “heat death” of the universe.

[image: image-placeholder]



Mathematicians who are convinced that information is always conserved argue that macroscopic order is disappearing into microscopic order, but the information could in principle be recovered, if time could only be reversed. 


This raises the possibility of some connection between the increasing entropy and what Arthur Stanley Eddington called “Time’s Arrow.” 


Kelvin’s claim that information must be destroyed when entropy increases would be correct if the universe were a closed system. But in our open and expanding universe, my Harvard colleague David Layzer showed that the maximum possible entropy is increasing faster than the actual entropy.  The difference between maximum possible entropy and the current entropy is called negative entropy, opening the possibility for complex and stable information structures to develop.


We can see from the figure that it is not only entropy that increases in the direction of the arrow of time, but also the information content of the universe. We can describe the new information as "emerging."


[image: image-placeholder]

Despite the second law of thermodynamics, stable and lawlike information structures evolved out of the initial chaos. First, quantum processes formed microscopic particulate matter – quarks, baryons, nuclei, and electrons. Eventually these became atoms,. Later, under the influence of gravitation – macroscopic galaxies, stars, and planets form. 

[image: image-placeholder]

Every new information structure reduces the entropy locally, so the second law requires an equal (or generally much greater) amount of entropy to be carried away. Without the expansion of the universe, this would be impossible.

The positive entropy carried away (the big dark arrow on the left) is always greater than and generally orders of magnitude larger than the negative entropy in the created information structure (the smaller light arrow on the right).


See the cosmic creation process for the negative entropy flows that lead to human life.
 



Information is emergent, because the universe began in a state of minimal information (thermodynamic equilibrium, maximum disorder - or "entropy").


And there are three distinct kinds of information emergence:

	the "order out of chaos" when the matter in the universe forms information structures 
(this is Prigogine's chaos and complexity theory)
	the "order out of order" when the material information structures form self-replicating biological information structures 

(this is Schrödinger's definition of life as "feeding on negative entropy" 
	the pure "information out of order" when organisms with minds process and externalize information, communicating it to other minds and storing it in the environment 

(this is our information theory of mind)

Information philosophy explains how new information is constantly being created, by nature and by humanity. We are co-creators of our universe.
 
Information theory is the mathematical quantification of communication to describe how information is transmitted and received, in human language, for example.  

Information science is the study of the categorization, classification, manipulation, storage, and retrieval of information. 

Cognitive science is the study of the mental acquisition, retention, and utilization of knowledge, which we can describe as actionable information. 




    Information philosophy is an attempt to examine some classic problems in philosophy from the standpoint of information.
    

What is information that merits its use as the foundation of a new philosophical method of inquiry?
Abstract information is neither matter nor energy, yet it needs matter for its concrete embodiment and energy for its communication. Information is immaterial. 
It is the modern spirit, the ghost in the machine.


 Immaterial information is perhaps as close as a physical or biological scientist can get to the idea of a soul or spirit that departs the body at death. When a living being dies, it is the maintenance of biological information that ceases. The matter remains.


Biological systems are different from purely physical systems primarily because they create, store, and communicate information. Living things store information in a memory of the past that they use to shape their future. Fundamental physical objects like atoms have no history.


And when human beings export some of their personal information to make it a part of human culture, that information moves closer to becoming immortal.


Human beings differ from other animals in their extraordinary ability to communicate information and store it in external artifacts. In the last decade the amount of external information per person may have grown to exceed an individual's purely biological information. 


Information is an excellent basis for philosophy, and for science as well, capable of answering questions about metaphysics (the ontology of things themselves), epistemology (the existential status of ideas and how we know them), idealism (pure information), the mind-body problem, the problem of free will, and the "hard" problem of consciousness. 




    Actionable information has pragmatic value.   
    

    In our information philosophy, knowledge is the sum of all the information created and preserved by humanity. It is all the information in human minds and in artifacts of every kind - from books and internetworked computers to our dwellings and managed environment.   

    We shall see that all information in the universe is created by a single two-part process, the only one capable of generating and maintaining information in spite of the dread second law of thermodynamics, which describes the irresistible increase in disorder or entropy. We call this anti-entropic process ergodic. It should be appreciated as the creative source of everything we can possibly value, and of everything distinguishable from chaos and therefore interesting.


    Enabled by the general relativistic expansion of the universe, the cosmic creative process has formed the macrocosmos of galaxies, stars, and planets. It has also generated the particular forms of microscopic matter - atoms, molecules, and the complex macromolecules that support biological organisms. It includes all quantum cooperative phenomena.


    Quantum phenomena control the evolution of life and human knowledge. They help bring new information into the universe in a fundamentally unpredictable way. They drive biological speciation. They facilitate human creativity and free will. 


    Although information philosophy looks at the universe, life, and intelligence through the single lens of information, it is far from mechanical and reducible to a deterministic physics. The growth of information over time - our principle of increasing information - is the essential reason why time matters and individuals are distinguishable. 


Information is the principal reason that biology is not reducible to chemistry and physics. Increasing information (a combination of perfect replication with occasional copying errors) explains all emergent phenomena, including many "laws of nature."


    In information philosophy, the future is unpredictable for two basic reasons. First, quantum mechanics shows that some events are not predictable. The world is causal, but not pre-determined. Second, the early universe does not contain the information of later times, just as early primates do not contain the information structures for intelligence and verbal communication, and infants do not contain the knowledge and remembered experience they will have as adults.


    In the naive world of Laplace's demon and strict determinism, all the information in the universe is constant at all times. But "determinism" itself is an emergent idea, realized only when large numbers of particles assemble into bodies that can average over the irreducible microscopic indeterminacy of their component atoms.



Information and Entropy


In our open and expanding universe, the maximum possible entropy is increasing faster than the actual entropy. The difference between maximum possible entropy and the current entropy is called negative entropy. There is an intimate connection between the physical quantity negative entropy and information.

To give this very positive quantity of "negative" entropy a positive name, we call it "Ergo" and describe processes capable of generating negative entropy "ergodic."

Ergodic processes provide room to increase the information structures in the universe. As pointed out by David Layzer, the Arrow of Time points not only to increasing disorder but also to increasing information. 


The increase of biological information is primarily by perfect replication of prior existing information, but it is critically important that replication errors occur from time to time. They are the source of new species and creative new ideas. 



The universe is creative. Information structures and processes are emergent.  Some laws of nature are emergent. Adequately deterministic phenomena are emergent. The very idea of determinism is emergent. Knowledge of the present did not all exist in the past. We have only a rough idea of the exact future. 


The creative process continues. Life and humanity are a part of the process. What gets created is in part our responsibility. We can choose to help create and preserve information. Or we can choose to destroy it. 
We are free to create our own future.


Is Everything Information? 


Some recent scientists, especially mathematical physicists, think that the fundamental essence of the universe is information. Like the earliest monists who say All is One, theists who say everything is simply thoughts in the mind of God, or panpsychists for whom our minds are part of a single cosmic consciousness, these arguments that explain everything as one thing, really explain nothing. 

Explanations need details about a large number of particular things for us to generalize and think we know something about all things.


Some specific physicists who have looked to information as the basis for physics include John Wheeler ("it from bit"), Seth Lloyd ("the universe is a computer"), Vlatko Vedral ("the universe is quantum information"), and Erik Verlinde ("matter is made of bits of information").
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The Creation

What is Being Created?

Information philosophy answers the most fundamental question in ontology - what exists and how did it come into existence? We don't answer Gottfried Leibniz's deep question of how matter came into existence from nothing at all, but we have a suggestion about that.

From the beginning of time the most general possible description of what is created is new information. in particular it is abstract and immaterial information that is embodied in material "information structures." The information is the arrangement of the smaller material components that make up the structure.


Neither new matter nor new energy is being created -  actually the total of matter and energy is a constant. Matter is simply being rearranged, producing order out of chaos.


From the formation of atoms to the planets, stars, and galaxies, the forces creating all information structures do not themselves involve information. Formation is passive, under the control of the four fundamental forces, electromagnetism, the weak and strong nuclear interactions, and gravitation. 


Quantum cooperative phenomena indirectly influence these forces, setting limits on the allowed positions of the elementary particles. And the indeterminism of quantum physics introduces the ontological chance behind the emergence of novelty in the universe.   


Our story of the evolution of information starts with quarks and gluons, plus electrons and photons, forming new elementary particles like protons and neutrons, in the first few minutes of cosmic evolution. 


Around 380,000 years later, the temperature fell enough for protons and electrons to form stable hydrogen atoms and the universe became transparent to the ionizing radiation that had been keeping them mostly separated. After this time high temperature radiation from the original plasma gas "fireball" (now cooled to 5000K) could traverse the universe to show up on Earth as the cosmic microwave background radiation, now redshifted and cooled to a mere 2.7K. This is called the era of "recombination," though strictly it was the first stable and lasting "combination" of those new elementary particles and the beginnings of their later combinations into atoms and later molecules.


Between then and a few hundred million years after the "big bang," the sky darkened from intensely bright 5000K in all directions to a deep black, even darker than today's night sky. With the radiation pressure greatly reduced (radiation energy was converted into the binding energy of the atoms) density fluctuations in the hydrogen gas began condensing into clouds. The relatively weak, but very long-range, force of gravity overcame the reduced radiation pressure, and gas clouds collapsed, leading to proto-galaxies, some of which formed "little bangs" that collapsed all the way to black holes. This was the beginning of galactic evolution. 


Some of the hydrogen clouds paused when their centers heated up to temperatures high enough for thermonuclear fusion to start, with internal radiation pressure now increasing again and balancing the force of gravity to form stars, some with very long lifetimes - billions of years. This is the beginning of stellar evolution, in which the stars convert primordial hydrogen to helium in their interiors. Some stars also create some of the lighter elements - lithium, beryllium, boron, carbon, nitrogen and oxygen, for example. This was the beginning of nucleosynthesis, which ultimately creates all the chemical elements in our periodic table, mostly in the center of giant stars that collapse gravitationally as supernovae, scattering these new heavy elements into space to form a second stellar population. 


The centers of these supernovae reach temperatures and pressures that create the heaviest elements. The new elements spread into interstellar space wind up in dust clouds that condensed again to form "second-generation" stars like our Sun as well as the cooler planets like our Earth. 


The deep black sky of this hundred-million-year "dark age" of cosmic evolution was then punctuated with the bright spots of new-born stars, many so bright and hot that they created spheres of ionized gas (and some dust) around them, the so-called nebulae. 


The Earth is composed of all these atomic elements, complex molecules, and some macromolecules. Chemical evolution leads to the emergence of life.  Today, dust clouds in between the stars in our Milky Way contain a surprising number of these complex molecules found in all living things.


There came a time when some information structures on Earth (macromolecules) duplicated themselves. Random errors in replication create "species" of molecules with different reproduction rates, the initial form of evolution. The information in the original structure is the template for the information in the duplicate, but the information itself in no way manages that duplication, as it will in biological evolution. 


There comes a still later time when information structures communicate with one another, allowing the information to actively control the process of its replication. This is the case for all today's living things. 



Creation of Information Always Involves Quantum Mechanics and Thermodynamics.



From the moment two or more particles aggregate to form a larger structure (quarks and gluons to form protons and neutrons in the first few minutes, baryons and electrons to form atoms a few hundred thousand years later, or atoms to form molecules), their combination is a quantum-cooperative phenomenon. It is statistical, a matter of ontological chance whether they succeed in forming a lasting "information structure."  

We can say that the components have (at least two) "alternative possibilities," to form or not to form an information structure. They do not choose between these possibilities. The choice is randomly determined by what Paul Dirac called "Nature's choice." 


As each new emergent information structure adds information to the universe. the new information will not be stable and the structure will not be permanent, unless the reduction in the local entropy (information is negative entropy) is compensated by an increase in the positive global entropy, to satisfy the second law of thermodynamics. Part of this global entropy is the heat (of binding energy) radiated away in an exothermic reaction. 


Three great scientists contributed to our understanding of this pre-biological phase of cosmic evolution, first, Albert Einstein's discovery of quantum chance in 1916 showed that evolution of the universe was not pre-determined by the laws of physics or an intelligent creative agent, second, his theory of general relativity the same year found the universe might be contracting or expanding, though he mistakenly added his famous cosmological constant to make the universe static, because astronomers told him the distant universe contained only "fixed stars."


The second contributor was the scientist and philosopher Arthur Stanley Eddington, whose 1918 observations of starlight bending around the Sun during an eclipse confirmed Einstein's prediction of spatial curvature and made Einstein world famous.  Eddington's 1928 book The Nature of the Physical World said that Werner Heisenberg's  "uncertainty principle" (a consequence of Einstein's chance) had broken detrains and opened the possibility of free will. 


In 1929 astronomer Edwin Hubble confirmed that the universe is expanding and a few years later Eddington suggested that the expansion could escape the supposed "heat death" of the universe implied by the second law of thermodynamics, that entropy and disorder is always increasing.


In 1944, quantum physicist Erwin Schrödinger's short article "What Is Life?" explained 1) how genetic information could be stored in a special macromolecule (now DNA) and 2) how life needs a source energy with negative entropy, so called "free energy" or energy available to do useful work. He speculated that the source of negative entropy is the Sun, and said "life feeds on negative entropy."




Local entropy reduction (information structure creation) is only possible because the universe expansion is providing an energy sink in the form of more coordinate-space cells per particle. Momentum-space cells are in principle infinite but their population diminishes as e -kTwith increasing temperature, as James Clerk Maxwell and Ludwig Boltzmann showed in the 1860's. 

Boltzmann defined entropy S as the logarithm of the number W of possible distributions of particles among the cells in phase space, S = k lnW, where k is Boltzmann's constant. 


The expansion of the universe increases the number of cells in phase space (primarily in coordinate space, momentum space decreases with temperature) along with the maximum possible entropy, and much faster than the actual entropy can catch up. Think of perfume escaping from a bottle into a room and the room expanding faster than the perfume molecules can fill the room evenly.


The universe began in a state of equilibrium some 13.75 billion years ago. It was at a maximum of possible entropy at that time, but far lower entropy than entropy today and far, far lower than today's maximum possible entropy



In thermodynamic equilibrium, there is only motion of the microscopic constituent particles ("the motion we call heat"). The existence of macroscopic structures, such as the stars and planets, and their motions, is a departure from thermodynamic equilibrium. And that departure we call "negative entropy." 


    The second law of thermodynamics says that the entropy (or disorder) of a closed physical system increases until it reaches a maximum, the state of thermodynamic equilibrium. The second law requires that the entropy of the universe is now and has always been increasing. 


    This established fact of increasing entropy led many scientists and philosophers to assume that the universe we have is "running down" to a "heat death." They think that means the universe began in a very high state of information, since the second law requires that any organization or order is susceptible to decay. The information that remains today, in their view, has always been here.  There is nothing new under the sun.  


    But the universe is not a closed system. It is in a dynamic state of expansion that is moving away from thermodynamic equilibrium faster than entropic processes can keep up, as suggested in 1935 by Arthur Stanley Eddington. The maximum possible entropy is increasing much faster than the actual increase in entropy. The difference between the maximum possible entropy and the actual entropy is potential information, as shown graphically in the 1970's by David Layzer. 
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    Creation of information structures means that in parts of the universe the local entropy is actually going down. Creation of a low entropy system is always accompanied by radiation of positive entropy away from the local structures to distant parts of the universe, into the night sky for example.  The total global entropy always increases, satisfying the second law, even if it never reaches the maximum possible entropy.



A few hundred million years after the formation of atoms, gravitational forces pulled together clouds of those atoms and molecules to form the planets, stars, and galaxies. Gravitational attraction involves little chance. Any quantum randomness is averaged out by the immensely large number of particles. This is why the classical mechanics of large objects is "adequately determined."


The creation of astrophysical objects like the planets, stars, and galaxies creates new information, but information itself is not involved in their creation, as it will be for living things. Particles in these objects are passive, acted upon, not themselves "acting."


Around nine billion years later, on planet Earth, some very complex macromolecules began to replicate themselves. They had encoded the information needed to clone themselves. All earlier information structures were formed passively, under the influence of purely physical forces. The information in these macromolecules was actively involved in their own creation.


The creation of living things is a transition from passive participants to active agents. 


A steady flow of energy with low entropy is needed to support life, as Erwin Schrödinger made famous in his 1944 essay, "What Is Life? He wrote that life feeds on low entropy and the Sun is the source of that negative entropy and order.


At some time, active information structures began to notice their neighbors, probably by chemical secretions into the environment. This was the first communication between information structures.


Eventually, the information communicated between some living entities consisted of pure abstract ideas, from one thinking being to another. This information is neither matter nor energy, though it needs matter to be embodied and energy to be communicated. It is the basis for all human knowledge. Information goes "beyond logic and language" in its ability to represent nature.


All along in the history of the cosmic creation process, information can be altered by accidental errors in the stored data or noise in the communicated signals. Sometimes the noise causes a variation or mutation in the genetic structure. Very rarely, the mutation is an improvement that gives the organism greater reproductive success. This of course explains Darwinian evolution of the species. 


To summarize, we can divide the creation and evolution of information structures into four cosmic epochs:



1. From the origin to the formation of atoms (~380,000 years).

2. The formation of planets, stars, and galaxies, even supernovae and black holes (~400 million years).


3. The creation and evolution of life on Earth (~9 billion years).


4. The evolution of the human mind and the creation of abstract information stored outside living beings..


Information philosophy (actually information physics and biology) has identified the two steps in the process needed to create any newinformation structure. 



1. The Quantum Step. Whenever matter is rearranged to create a new information structure, the quantum binding forces involve a collapse of the wave function that introduces an element of chance. Without alternative possibilities, no new information is possible. With those possibilities, things could have been otherwise. 

2) The Thermodynamic Step. The new information structure reduces the local entropy. It cannot be stable unless it transfers away enough positive entropy to satisfy the second law of thermodynamics, which says that the total entropy (disorder) must always increase. The increase in global entropy is the result of the increase in phase-space cells because the universe is expanding. According to Boltzmann's Principle, the entropy 
  S
  =
  k
  l
  n
  W
. The increasing volume of space means there are many more possible arrangements  W of the finite number of particles in the observable universe.  All possibilities are the result of the cosmic expansion.


Epoch 1 begins with extraordinarily high temperature and density.  The temperature is falling and density is decreasing because the universe is expanding. Quarks are packed tightly as independent particles in pre-hadronic matter until the temperature is low enough for them to be frozen out, bound into hadrons (protons, neutrons). These are the first assembled structures.  During much of this epoch the global entropy is near its maximum (disorder, chaos), but is very low compared to what it will become.  And the combination of quarks into baryons is the first formation of relatively negative entropy objects.

The next such phase is when the high-entropy free electron gas starts to bind with protons into the earliest atoms. The free-electron gas was optically thick to the photon gas at temperatures above several thousand degrees, with an extremely short mean free path between scatterings.


There was no observer to see it, but the "sky" at that time was hotter than the surface of today's sun in all directions. Material structures would be instantly melted, vaporized, or ionized. The universe was filled with a "plasma" of ionized hydrogen and a small amount of helium. 


The first neutral atoms did not become stable entities until at least 380,000 years after the origin of the universe when the temperature was about 5000K.


In the first few hundred thousand years of the early universe, when matter was a very hot ionized plasma gas, occasional electrons combined with protons to form a hydrogen atom. In a quantum transition from an unbound quantum state to a bound electronic state, the new atom radiated away the binding energy as a photon,  - the electron's wave function collapsed into one of the possible bound states. 


But immediately, a photon in the hot radiation field re-ionized the new atom. The information in that new atomic structure could not last until the universe cooled down enough to become transparent to radiation. Once the universe became transparent, the radiation could carry away the positive entropy needed to satisfy the second law of thermodynamics globally and new atomic structures left behind were pockets of local negative entropy.


We see those escaping photons, coming today in all directions through the now transparent universe from the cosmic microwave background radiation, the remains of the "Big Bang" nearly 14 billion light years away. Those primordial photons have cooled from 5000K to less than a few degrees Kelvin today. .


Epoch 2. A similar two-step process is needed to form the galaxies, stars, and planets, which were starting to form about 400 million years after the origin. When gravitational forces attract huge volumes of matter, the matter heats up as it collapses.  If a gravitating object could not radiate away that heat, it could not become a new information structure like a star or galaxy.


The space between the forming galaxies, into which positive entropy can be radiated, is provided by the expansion of the universe. Without the expansion, no new information would be possible in the universe.


To be sure, quantum chance plays little or no role in gravitational structures. The force of gravity is overwhelmingly adequately deterministic. The same is true of fundamental particles like protons, neutrons, atoms, and purely chemical molecules. Biological (living) molecules are a completely different story, as we shall see.  Some use their internal information, along with environmental information, to decide what to become.


All these purely physical, cosmic information structures are informationally passive. Their interactions follow simple laws of "bottom-up reductionist physics.


But the biological structures of life on Earth are far from passive. They have the extraordinary active and emergent, "top-down" capability of replicating and processing information, then communicating vital information among their parts. Immaterial information is a causal force managing the matter and energy in a living information structure. 


Living organisms exhibit purposeful behavior called teleonomy or entelechy, not the teleology many philosophers and theologians think must pre-exist their existence. Living things, you and I, are dynamic growing information structures, 
forms through which matter and energy continuously flow. 
And it is information processing that controls those flows!


Information is the modern spirit, the ghost in the machine, the mind in the body. It is the soul, and when we die, it is our information that perishes. The matter remains.


No doubt some of our human purposes are simply inherited, "built-in," as Immanuel Kant thought. They are "teleological" in the sense that their "telos" pre-existed the individual's existence. But not all of our ancestors had those purposes. At some time, some ancestors acquired new purposes.
"What is a priori in an individual was a posteriori in his/her ancestral lineage."



Finally, the same two steps, first random alternative possibilities, then adequately determined outcomes, are involved in our minds when we create a new idea! Most of our ideas are simply inherited as the traditional knowledge of our culture, but some new thoughts are the work of our creative individuals. Albert Einstein called them "free creations of the human mind." In that sense, we are all co-creators of the universe.



Information philosophy tells a story of cosmic and biological evolution that is one creation process all the way from the original cosmic material to the immaterial minds that have now discovered the creation process itself!


Sadly, cosmic creation is horrendously wasteful. In the existential
balance between the forces of destruction and the forces of creation,
there is no contest. The dark side is overwhelming.
By quantitative physical measures of matter and energy content,
there is far more chaos than cosmos in our universe. But it is the
cosmos that we prize, the information that we value.


Information philosophy focuses on the
qualitatively valuable information structures in the universe. The
destructive forces are entropic, they increase entropy and disorder.
Creative forces are anti-entropic. They increase the
order and information. We call them ergodic.




By information we mean a quantity that can be understood mathematically and physically. It corresponds to the common-sense meaning of information, in the sense of communicating or informing. It also corresponds to the information stored in books and computers. But it also measures the information in any physical object, like a stone or a snowflake, in a production process like a recipe or formula, and the information in biological systems, including cell and organ structures and the genetic code.


    Information is mathematically related to the measure of disorder known as the thermodynamic quantity called "entropy."  Ludwig Boltzmann derived a famous formula 
  S
  =
  k
 log W, where S is the entropy and W is the probability - the number of ways that the internal components (the matter and energy particles of the system) can be rearranged and still be the same system. Thus information is related to probability and possibilities for different arrangements of matter.


    The information we mean is closely related to "negative entropy," the departure of a physical system from pure chaos, from "thermodynamic equilibrium." 


"Negative entropy" is simply the difference between the maximum possible entropy (where all the particles in a physical system are in a maximum state of disorder, there is no visible structure) and the actual entropy.


In a state of thermodynamic equilibrium, there is only motion of the microscopic constituent particles ("the motion we call heat"). The existence of macroscopic structures, such as the stars and planets, and their motions, is a departure from thermodynamic equilibrium. And that departure we call the "negative entropy." 


    The second law of thermodynamics says that the entropy (or disorder) of a closed physical system increases until it reaches a maximum, the state of thermodynamic equilibrium. It requires that the entropy of the universe is now and has always been increasing. 


    This established fact of increasing entropy led many scientists and philosophers to assume that the universe we have is "running down" to a "heat death." They thought that meant the universe must have begun in a very high state of information, since the second law requires that any organization or order is susceptible to decay. The information that remains today, in their view, has always been here.  There is nothing new under the sun.  


    But the universe is not a closed system. It is in a dynamic state of expansion that is moving away from thermodynamic equilibrium faster than entropic processes can keep up. The maximum possible entropy is increasing much faster than the actual increase in entropy. The difference between the maximum possible entropy and the actual entropy is potential information, as shown by David Layzer. 
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    Creation of information structures means that in parts of the universe the local entropy is actually going down. Creation of a low entropy system is always accompanied by radiation of entropy away from the local structures to distant parts of the universe, into the night sky for example.  


    
   
As the universe expands (see the figure), both positive and negative entropy
are generated. The normal thermodynamic
entropy, known as the Boltzmann Entropy, is the large black arrow. The negative entropy, often called the Shannon Entropy, is  a measure of the information content in the evolving universe. 
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Entropy and information can thus
increase at the same time in the expanding universe. There are
generally two entropy/information flows. In any process, the positive entropy
increase is always at least equal to, and generally orders of
magnitude larger than, the negative entropy in any created information
structures. Positive entropy must exceed negative, to satisfy the second law of thermodynamics, which says that overall entropy always increases.



Material particles are the first information structures to form
in the universe.. They are quarks, baryons, and atomic nuclei,
which will combine with electrons to form atoms and eventually molecules,
when the temperature is low enough. These material particles are
attracted together by the force of universal gravitation to form the gigantic
information structures of the galaxies, stars, and planets.
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Microscopic quantum mechanical particles and huge self-gravitating
systems are both stable and have extremely long lifetimes.


When stars form, they become another source of radiation after the original Big Bang
cosmic source, which has cooled down to 3 degrees Kelvin (3K)
and shines as the cosmic microwave background radiation.
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Our solar radiation has a high color temperature (5780K) but a low energy-content temperature (273K). It is out of equilibrium
and it is the source of all the information-generating negative
entropy that drives biological evolution on the Earth. 
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Note that
the fraction of the Sun's light falling on Earth is less than a billionth of
that which passes by and is lost in space.


A tiny fraction of the solar energy falling on the earth gets converted
into the information structures of plants and animals. Most
of it gets converted to heat and is radiated away as waste energy to
the night sky.



The Evolution of Life
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Every biological structure is a quantum-mechanical information structure.
DNA has maintained its stable information structure (again, thanks to the extraordinary stability of quantum structures) over billions of years in the constant presence of chaos and noise.


    With the emergence of teleonomic (purposive) information in self-replicating systems, the same core process underlies all biological creation. But now some random changes in information structures are rejected by natural selection, while others reproduce successfully.
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The stable information content of a human being survives many
changes in the material content of the body during a person’s lifetime.
Only with death does the mental information (spirit, soul)
dissipate - unless it is saved somewhere.



   Information increases and we are co-creators of the universe
   

    Creation of information structures means that today there is more information in the universe than at any earlier time. This fact of increasing information fits well with an undetermined universe that is still creating itself.  In this universe, stars are still forming, biological systems are creating new species, and intelligent human beings are co-creators of the world we live in. 

Darwin's evolutionary theory requires random variations followed by natural selection. Once DNA was understood to be carrying the information in the genetic code, it was argued that random point-mutations were the source of the variations needed for new species development. But the enormous information content of DNA, even the gene sequences of the DNA that code for specific proteins, were seen to be too large for random point-mutations to have enough time to produce the known differences in species DNA.


Critics of the modern synthesis said "chance" could not possible explain evolution and looked to other more deterministic mechanisms.


But in recent years we have learned that large meaningful sequences of DNA can randomly "jump" from one place in the chromosomal DNA to another, moving a functional element to another place in the developing organism. James A. Shapiro calls these mobile genetic elements "natural genetic engineering."  They are based on Barbara McClintock's discovery of "jumping genes" in the 1960's. 


We now know that evolutionary change is still driven by "chance," probably still quantum chance, but now instead of two bits of new information (one letter of the genetic code A,G,C,T  is about two bits), random variations can now add many thousands of bits of new information, greatly reducing the time needed to produce meaningful genetic changes in the evolution of life. 



The Evolution of Mind


 The total mental information in a living human is orders of
magnitude less than the information content and information
processing rate of the body. But the information structures created
by humans outside the body, in the form of external knowledge
(we call them the Sum), including the enormous collection of human artifacts,
rival the total biological information content.



Information philosophy views the mind as the immaterial information in the brain, which is seen as a biological information processor. Mind is software in the brain's hardware. 
The "stuff" of mind is pure information. Information is neither matter nor energy, though it needs matter for its embodiment and energy for its communication.


In ancient philosophy, mind and body formed one of the classic dualisms, like idealism versus materialism, the problem of the one (monism) or the many (pluralism), the distinction between essence and existence, between universals and particulars, between the eternal and the ephemeral.


When mind and body are viewed today as a dualism, the emphasis is on the mind, that is to say the information, being fundamentally different from the material brain. Since the universe is continuously creating new information, by rearranging existing matter, this is an important and understandable difference. Matter (and energy) is conserved, a constant of the universe. Information is not conserved, it is the source of genuine novelty, including new thoughts in the mind leading to new things in the human world.



    Mental processes are also the result of the two-step core process that creates all information. It is a combination of two distinct physical processes, one quantum mechanical, the other thermodynamic. Understanding this core creative process is as close as we are likely to come to understanding the idea of an anthropomorphic creator of the universe, a still-present divine providence, the cosmic source of everything good and evil. 


As we have seen, everything created since the origin of the universe over thirteen billion years ago has involved just two fundamental physical processes that combine to form the core of all creative processes. These two steps occur whenever even a single bit of new information is created and comes into the universe. In the mind we describe a two-stage model of creativity and free will.


Given the "laws of nature" and the "fixed past" just before a decision, philosophers wonder how a free agent can have any possible alternatives. This is partly because they imagine a timeline for the decision that shrinks the decision process to a single moment.
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Collapsing the decision to a single moment between the closed fixed past and the open ambiguous future makes it difficult to see the free thoughts of the mind followed by the willed and adequately determined action of the body. 
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But the two-stage Mind Model is not limited to a single step of generating alternative possibilities followed by a single step of determination by the will. It is better understood as a continuous process of possibilities generation by the Micro Mind (parts of the brain that leave themselves open to noise) and adequately determined choices made from time to time by the Macro Mind (the same brain parts, perhaps, but now averaging over and filtering out the noisiness that might otherwise make the determination random).


In particular, note that a special kind of decision might occur when the Macro Mind finds that none of the current options are good enough for the agent's character and values to approve. The Macro Mind then might figuratively say to the Micro Mind, "Think again!"
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Many philosophers have puzzled how an agent could do otherwise in exactly the same circumstances. Since humans are intelligent organisms, and given the myriad of possible circumstances, it is impossible that an agent is ever in exactly the same circumstances. The agent's memory (stored information) of earlier similar circumstances guarantees that.
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This view still makes an artificial separation between Micro Mind creative randomness and Macro Mind deliberative evaluation. These two capabilities of the mind can be going on at the same time. That can be visualized by the occasional decision to go back and think again, when the available alternatives are not good enough to satisfy the demands of the agent's character and values, or by noticing that the subconscious Micro Mind might be still generating possibilities while the Macro Mind is in the middle of its evaluations.


Finally, not all decisions in the two-stage model end with an adequately determined "de-liberation" or perhaps better we can call it simply self-determination. Many times the evaluation of the possibilities produces two or more alternatives that seem more or less of equal value. 


In this case, the agent may choose randomly among those alternatives, yet have very good reasons to take responsibility for whichever one is chosen. This is related to the ancient liberty of indifference. 


I like to call such a decision an undetermined liberty, because it remains undetermined at the moment of the decision. It has not been determined by the deliberations, although we can say that the agent “deliberately” chooses at random.
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    Finally, with the emergence of self-aware organisms and the creation of extra-biological information stored in the environment, the same information-generating core process underlies communication, consciousness, free will, and creativity. 


Many philosophers have looked at the Newtonian mechanical view of the universe and concluded it is indifferent to humanity. The nineteenth-century view of an ultimate heat death for the universe led to a distinctly pessimistic view.


Information philosophy offers a much more optimistic view, one that supports the view of a providential universe. Our "ergodic" information-creating processes are the source of everything of value in the universe.





Something from Nothing


The simplest possible explanation of a universe that was preceded by nothing might be to assume that what came into existence was two things that are exactly opposite to one another, such that should they recombine we would be back to nothing. Zero = +1 and -1.

Matter and anti-matter are not good enough, because when they recombine they become pure energy. So we look for something like a classical mechanical system with potential energy V and the kinetic energy K. Such a simple classical system has the same three cases for the universe expansion and ultimate fate.


	If the binding gravitational energy V exceeds the kinetic energy K, (K - V < 0) the universe will eventually stop expanding and fall back upon itself. This was the case of the "positively curved" universe before Walter Baade found that Andromeda was twice as far away as expected, so today the space of the universe is thought to be negatively curved and expanding  forever.

	
If kinetic energy K exceeds the gravitational potential energy V (K - V > 0), space is negatively curved, the universe will expand forever and will still be expanding when t = ∞.

	
 If K - V = 0, this is the so-called flat universe. It will expand forever, but at t = ∞ the universe will stop moving. The average curvature Is zero.




.



Cosmogenesis


Cosmogenesis was chosen by David Layzer as the title of his most important book, Cosmogenesis: The Growth of Order in the Universe.

It is almost certain that Layzer knew the origin of this fruitful term, though he did not mention it in his book. Cosmogenesis was coined by the great French priest and scientist Pierre Teilhard de Chardin in his most famous book, The Phenomenon of Man. 


Teilhard's cosmogenesis 
    
    
    
For Scholars
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An information structure is distinguished from its components distributed at random. Atoms in molecules have fixed spatial relationships. In the hydrogen molecule the H atoms' distance to O is 0.95 angstrom and the angle between them is 104.5°. 

This is the only possibility for the molecule in its ground state - every hydrogen molecule contains exactly the same internal information as every other hydrogen molecule. By contrast, living biological molecules have large numbers of alternative possibilities.


When molecules are disassociated into their component atoms, the number of possible distributions W is enormous for disconnected components (high entropy S) compared to those in fixed molecular relationships (low entropy). 


It is an error to assume that any particular distribution of N atoms has the same intrinsic information and probability as any other distribution.





Source: https://www.informationphilosopher.com/introduction/creation/
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The Physics

Information physics shows that the core creative process in the universe involves quantum mechanics and thermodynamics. 

To understand information creation, information physics provides new insights into the puzzling "problem of measurement" and the mysterious "collapse of the wave function" in quantum mechanics. It results in a new information interpretation of quantum mechanics that disentangles the Einstein-Podolsky-Rosen paradox and explains the origins of information structures in the universe.


Information physics also probes deeply into the second law of thermodynamics to establish the irreversible increase of entropy on a quantum mechanical basis, something that could not be shown by classical statistical mechanics or even quantum statistical physics..


Although "Information physics" is a new "interpretation" of quantum mechanics, it is not an attempt to alter standard quantum mechanics, for example, extending it to theories such as "hidden variables" to restore determinism or adding terms to the Schrödinger equation to force a  wave function collapse. 


Information physics investigates the quantum mechanical and thermodynamic implications of cosmic information structures, especially those that were created before the existence of human observers. It shows that no "conscious" observers are required as in the work of John von Neumann or Eugene Wigner. An unconscious observer will do, like a computer with a camera or data recorder.


Put simply, it is not the consciousness of the observer that collapses the wave function. It is the observation itself, which is a physical interaction with the system that changes the properties of (the information about) the system. Long before there were humans to make observations, particles were interacting with one another and changing their properties in ways that "did not exist" before their interaction. When the physical environment interacts with a quantum system (for example, a quantum computer), we say that the system "decoheres." No "observers" needed.


Information physics proposes to show that everything created since the origin of the universe over thirteen billion years ago has involved just two fundamental physical processes that combine to form the core of all creative processes. These two steps occur whenever even a single bit of new information is created and comes into the universe.


	Step 1: A quantum process - the "collapse of a wave function."

The formation of even a single bit of information that did not previously exist requires the equivalent of a "measurement." This "measurement" does not involve a "measurer," an experimenter or observer. It happens when the probabilistic wave function that describes the possible outcomes of a measurement "collapses" and a particle of matter or energy is actually found somewhere, with newly existing properties.

	Step 2: A thermodynamic process - local reduction, but cosmic increase, in the entropy.

The second law of thermodynamics requires that the overall cosmic entropy always increases. When new information is created locally in step 1, some energy (with positive entropy greater than the negative entropy of the new information) must be transferred away from the location of the new bits or they will be destroyed, if local thermodynamical equilibrium is restored. This can only happen in a locality where flows of matter and energy with low entropy are passing through, keeping it far from equilibrium.



    This two-step core creative process underlies the formation of microscopic objects like atoms and molecules, as well as macroscopic objects like galaxies, stars, and planets.


    With the emergence of teleonomic (purposive) information in self-replicating systems, the same core process underlies all biological creation. But now some random changes in information structures are rejected by natural selection, while others reproduce successfully.


    Finally, with the emergence of self-aware organisms and the creation of extra-biological information stored in the environment, the same information-generating core process underlies communication, consciousness, free will, and creativity. 


   The two physical processes in the creative process, quantum physics and thermodynamics, are somewhat daunting subjects for philosophers, and even for many scientists.




Information PhysicsFormulations of Quantum Mechanics

Interpretations of Quantum Mechanics

The Information Interpretation
Copenhagen Interpretation
Arrow of Time
Bell's Theorem
Bohr's Complementarity
Collapse of the Wave Function
Decoherence
Dirac's Three Polarizers
Einstein-Podolsky-Rosen
Entanglement
Ergodic Hypothesis
Geiger Counter
Heisenberg "Cut"
Heisenberg's Microscope
Maxwell's Demon
Measurement Problem
Nonlocality
Nonseparability
Photoelectric Effect
Recurrence Problem
Reversibility Problem
Schrödinger's Cat
Stern-Gerlach Experiment
Two-Slit Experiment
Wave-Particle Duality


       Quantum Mechanics 
    

In classical mechanics, the material universe is thought to be made up of tiny particles whose motions are completely determined by forces that act between the particles, forces such as gravitation, electrical attractions and repulsions, etc.

The equations that describe those motions, Newton's laws of motion, were for many centuries thought to be perfect and sufficient to predict the future of any mechanical system. They provided support for many philosophical ideas about determinism.


In classical electrodynamics, electromagnetic radiation (light, radio) was known to have wave properties such as interference. When the crest of one wave meets the trough of another, the two waves cancel one another.  


In quantum mechanics, radiation is found to have some particle-like behavior. Energy comes in discrete physically localized packages. Max Planck in 1900 made the famous assumption that the energy was proportional to the frequency of radiation ν.


  E
  =
  h
  ν



For Planck, this assumption was just a heuristic mathematical device that allowed him to apply Ludwig Boltzmann's work on the statistical mechanics and kinetic theory of gases. Boltzmann had shown in the 1870's that the increase in entropy (the second law) could be explained if gases were made up of enormous numbers of particles. 


Planck applied Boltzmann's statistics of many particles to radiation and derived the distribution of radiation at different frequencies (or wavelengths) just as James Clerk Maxwell and Boltzmann had derived the distribution of velocities (or energies) of the gas particles.


Note the mathematical similarity of Planck's radiation distribution law (photons) and the Maxwell-Boltzmann velocity distribution (molecules). Both curves have a power law increase on one side to a maximum and an exponential decrease on the other side of the maximum. The molecular velocity curves cross one another because the total number of molecules is the same. With increasing temperature T, the number of photons increases at all wavelengths.
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But Planck did not actually believe that radiation came in discrete particles, at least until a dozen years later. In the meantime, Albert Einstein's 1905 paper on the photoelectric effect hypothesized that light comes in discrete particles, subsequently called "photons," analogous to electrons.  


Planck was not happy about the idea of light particles, because his use of Boltmann's statistics implied that chance was real. Boltzmann himself had qualms about the reality of chance. Although Einstein also did not like the idea of chancy statistics, he did believe that energy came in packages of discrete "quanta." It was Einstein, not Planck, who quantized mechanics and electrodynamics. Nevertheless, it was for the introduction of the quantum of action h that Planck was awarded the Nobel prize in 1918.

Louis de Broglie argued that if photons, with their known wavelike properties, could be described as particles, electrons as particles might show wavelike properties with a wavelength λ inversely proportional to their momentum p = mev. 
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Experiments confirmed de Broglie's assumption and led Erwin Schrödinger to derive a "wave equation" to describe the motion of de Broglie's waves. Schrödinger's equation replaces the classical Newton equations of motion. 


Note that Schrödinger's equation describes the motion of only the wave aspect, not the particle aspect, and as such it implies interference. Note also that it is as fully deterministic an equation of motion as Newton's equations.


Schrödinger attempted to interpret his "wave function" for the electron as a probability density for electrical charge, but charge density would be positive everywhere and unable to interfere with itself. 

Max Born shocked the world of physics by suggesting that the absolute values of the wave function ψ squared (|ψ|2) could be interpreted as the probability of finding the electron in various position and momentum states - if a measurement is made. This allows the probability amplitude ψ to interfere with itself, producing highly non-intuitive phenomena such as the two-slit experiment.


Despite the probability amplitude going through two slits and interfering with itself, experimenters never find parts of electrons. They always are found whole. 


In 1932 John von Neumann explained that two fundamentally different processes are going on in quantum mechanics.

	 A non-causal process, in which the measured electron winds up randomly in one of the possible physical states (eigenstates) of the measuring apparatus plus electron. 

The probability for each eigenstate is given by the square of the coefficients cn of the expansion of the original system state (wave function ψ) in an infinite set of wave functions φ that represent the eigenfunctions of the measuring apparatus plus electron.
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This is as close as we get to a description of the motion of the particle aspect of a quantum system. According to von Neumann, the particle simply shows up somewhere as a result of a measurement. Information physics says it shows up whenever a new stable information structure is created.


	 

A causal process, in which the electron wave function ψ evolves deterministically according to Schrödinger's equation of motion for the wavelike aspect. This evolution describes the motion of the probability amplitude wave ψ between measurements.
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Von Neumann claimed there is another major difference between these two processes. Process 1 is thermodynamically irreversible. Process 2 is reversible. This confirms the fundamental connection between quantum mechanics and thermodynamics that is explainable by information physics. 

Information physics establishes that process 1 may create information. Process 2 is information preserving.




       Collapse of the Wave Function
    

Physicists calculate the deterministic evolution of the Schrödinger wave function in time as systems interact or collide. At some point, they make the ad hoc assumption that the wave function "collapses." This produces a set of probabilities of finding the resulting combined system in its various eigenstates. 




Although the collapse appears to be a random and ad hoc addition to the deterministic formalism of the Schrödinger equation, it is very important to note that the experimental accuracy of quantum mechanical predictions is unparalleled in physics, providing the ultimate justification for this theoretical kluge.

Moreover, without wave functions collapsing, no new information can come into the universe. Nothing unpredicatable would ever emerge. Determinism is "information-preserving." All the information we have today would have to have already existed in the original fireball at the universe origin.



       The "Problem" of Measurement
    

Quantum measurement (the irreducibly random process of wave function collapse) is not a part of the mathematical formalism of wave function time evolution (the Schrödinger equation of motion is a perfectly deterministic process). The hypothesized collapse is an ad hoc heuristic description and method of calculation that predicts the probabilities of what will happen when an observer makes a measurement.

In many standard discussions of quantum mechanics, and most popular treatments, it is said that we need the consciousness of a physicist to collapse the wave function. Eugene Wigner and John Wheeler sometimes describe the observer as making up the "mind of the universe."  John Bell sardonically asked whether the observer needs a Ph.D.

Von Neumann contributed a lot to this confusion by claiming that the location of a "cut" (Schnitt) between the microscopic system and macroscopic measurement system could be anywhere - including inside an observer's brain. Information physics will locate the cut (outside the brain).


Measurement requires the interaction of something macroscopic, assumed to be large and adequately determined. In physics experiments, this is the observing apparatus. But in general, measurement does not require a conscious observer. It does require information creation or there will be nothing to observe.


In our discussion of Schrödinger's Cat, the cat can be its own observer. 




The Boundary between the Classical and Quantum Worlds



Some scientists (Werner Heisenberg, John von Neumann, Eugene Wigner and John Bell, for example) have argued that in the absence of a conscious observer, or some "cut" between the microscopic and macroscopic world, the evolution of the quantum system ψ and the macroscopic measuring apparatus A would be described deterministically by Schrödinger's equation of motion for the wave function 
ψ + A > with the Hamiltonian H energy operator,
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Our quantum mechanical analysis of the measurement apparatus in the above case allows us to locate the "cut" or "Schnitt" between the microscopic and macroscopic world at those components of the "adequately classical and deterministic" apparatus that put the apparatus in an irreversible stable state providing new information to the observer. 

John Bell drew a diagram to show the various possible locations for what he called the "shifty split." Information physics shows us that the correct location for the boundary is the first of Bell's possibilities.  
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       Thermodynamics
    

    The second law of thermodynamics says that the entropy (or disorder) of a closed physical system increases until it reaches a maximum, the state of thermodynamic equilibrium. It requires that the entropy of the universe is now and has always been increasing. (The first law is that energy is conserved.)
    

    This established fact of increasing entropy has led many scientists and philosophers to assume that the universe we have is running down. They think that means the universe began in a very high state of information, since the second law requires that any organization or order is susceptible to decay. The information that remains today, in their view, has always been here. This fits nicely with the idea of a deterministic universe. There is nothing new under the sun. Physical determinism is "information-preserving." 
    

    But the universe is not a closed system. It is in a dynamic state of expansion that is moving away from thermodynamic equilibrium faster than entropic processes can keep up. The maximum possible entropy is increasing much faster than the actual increase in entropy. The difference between the maximum possible entropy and the actual entropy is potential information. 
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    Creation of information structures means that in parts of the universe the local entropy is actually going down. Reduction of entropy locally is always accompanied by radiation of entropy away from the local structures to distant parts of the universe, into the night sky for example. Since the total entropy in the universe always increases, the amount of entropy radiated away always exceeds (often by many times) the local reduction in entropy, which mathematically equals the increase in information. 



       "Ergodic" Processes
    

We will describe processes that create information structures, reducing the entropy locally, as "ergodic." 


This is a new use for a term from statistical mechanics that describes a hypothetical property of classical mechanical gases. See the Ergodic Hypothesis.


Ergodic processes (in our new sense of the word) are those that appear to resist the second law of thermodynamics because of a local increase in information or "negative entropy" (Erwin Schrödinger's term). But any local decrease in entropy is more than compensated for by increases elsewhere, satisfying the second law. Normal entropy-increasing processes we will call "entropic".


Encoding new information requires the equivalent of a quantum measurement - each new bit of information produces a local decrease in entropy but requires that at least one bit (generally much much more) of entropy be radiated or conducted away. 


Without violating the inviolable second law of thermodynamics overall, ergodic processes reduce the entropy locally, producing those pockets of cosmos and negative entropy (order and information-rich structures) that are the principal objects in the universe and in life on earth. 



       Entropy and Classical Mechanics
    
Ludwig Boltzmann attempted in the 1870's to prove Rudolf Clausius' second law of thermodynamics, namely that the entropy of a closed system always increases to a maximum and then remains in thermal equilibrium. Clausius predicted that the universe would end with a "heat death" because of the second law.

Boltzmann formulated a mathematical quantity H for a system of n ideal gas particles, showing that it had the property δΗ/δτ ≤ 0, that H always decreased with time. He identified his H as the opposite of Rudolf Clausius' entropy S.


In 1850 Clausius had formulated the second law of thermodynamics. In 1857 he showed that for a typical gas like air at standard temperatures and pressures, the gas particles spend most of their time traveling in straight lines between collisions with the wall of a containing vessel or with other gas particles. He defined the "mean free path" of a particle between collisions. Clausius and essentially all physicists since have assumed that gas particles can be treated as structureless "billiard balls" undergoing "elastic" collisions. Elastic means no motion energy is lost to internal friction. 


Shortly after Clausius first defined the entropy mathematically and named it in 1865, James Clerk Maxwell determined the distribution of velocities of gas particles (Clausius for simplicity had assumed that all particles moved at the average speed 1/2mv2 = 3/2kT).


Maxwell's derivation was very simple. He assumed the velocities in the x, y, and z directions were independent. [more...]


  Boltzmann improved on Maxwell's statistical derivation by equating the number of particles entering a given range of velocities and positions to the number leaving the same volume in 6n-dimensional phase space. This is a necessary state for the gas to be in equilibrium. Boltzmann then used Newtonian physics to get the same result as Maxwell, which is thus called the Maxwell-Boltzmann distribution.


Reversibility objection

Boltzmann's first derivation of his H-theorem (1872) was based on the same classical mechanical analysis he had used to derive Maxwell's distribution function. It was an analytical mathematical consequence of Newton's laws of motion applied to the particles of a gas. But it ran into immediate objections. The objection is the hypothetical and counterfactual idea of time reversibility. If time were reversed, the entropy would simply decrease. Since the fundamental Newtonian equations of motion are time reversible, this appears to be a paradox. How could the irreversibile increase of the macroscopic entropy result from microscopic physical laws that are time reversible?

Lord Kelvin (William Thomson) was the first to point out the time asymmetry in macroscopic processes, but the criticism of Boltzmann's H-theorem is associated with his lifelong friend Joseph Loschmidt. Boltzmann immediately agreed with Loschmidt that the possibility of decreasing entropy could not be ruled out if the classical motion paths were reversed. 


Boltzmann then reformulated his H-theorem (1877). He analyzed a gas into "microstates" of the individual gas particle positions and velocities. For any "macrostate" consistent with certain macroscopic variables like volume, pressure, and temperature, there could be many microstates corresponding to different locations and speeds for the individual particles. 


Any individual microstate of the system was intrinsically as probable as any other specific microstate, he said. But the number of microstates consistent with the disorderly or uniform distribution in the equilibrium case of maximum entropy simply overwhelms the number of microstates consistent with an orderly initial distribution. 


Recurrence objection

About twenty years later, Boltzmann's revised argument that entropy statistically increased ran into another criticism, this time not so counterfactual.  This is the recurrence objection. Given enough time, any system could return to its starting state, which implies that the entropy must at some point decrease.  These reversibility and recurrence objections are still prominent in the physics literature.

The recurrence idea has a long intellectual history. Ancient Babylonian astronomers thought the known planets would, given enough time, return to any given position and thus begin again what they called a "great cycle," estimated by some at 36,000 years. Their belief in an astrological determinism suggested that all events in the world would also recur. Friedrich Nietzsche made this idea famous in the nineteenth century, at the same time as Boltzmann's hypothesis was being debated, as the "eternal return" in his Also Sprach Zarathustra.


The recurrence objection was first noted in the early 1890's by French mathematician and physicist Henri Poincaré. He had found an analytic solution to the three-body problem and noted that the configuration of three bodies returns arbitrarily close to the initial conditions after calculable times. Even for a handful of planets, the recurrence time is longer than the age of the universe, if the positions are specified precisely enough. Poincaré then proposed that the presumed "heat death" of the universe predicted by the second law of thermodynamics could be avoided by "a little patience." Another mathematician, Ernst Zermelo, a young colleague of Max Planck in Berlin, is more famous for this recurrence paradox. 


Boltzmann accepted the recurrence criticism. He calculated the extremely small probability that entropy would decrease noticeably, even for gas with a very small number of particles (1000). He showed the time associated with such an event was 101010 years. But the objections in principle to his work continued, especially from those who thought the atomic hypothesis was wrong.


It is very important to understand that both Maxwell's original derivation of the velocities distribution and Boltzmann's H-theorem showing an entropy increase are only statistical or probabilistic arguments. Boltzmann's work was done twenty years before atoms were established as real and fifty years before the theory of quantum mechanics established that at the microscopic level all interactions of matter and energy are fundamentally and irreducibly statistical and probabilistic.   



       Entropy and Quantum Mechanics
    

A quantum mechanical analysis of the microscopic collisions of gas particles (these are usually molecules - or atoms in a noble gas) can provide revised analyses for the two problems of reversibility and recurrence. Note this requires more than quantum statistical mechanics. It needs the quantum kinetic theory of collisions in gases.

There are great differences between Ideal, Classical, and Quantum Gases.


Boltzmann assumed that collisions would result in random distributions of velocities and positions so that all the possible configurations would be realized in proportion to their number. He called this "molecular chaos." But if the path of a system of n particles in 6n-dimensional phase space should be closed and repeat itself after a short and finite time during which the system occupies only a small fraction of the possible states, Boltzmann's assumptions would be wrong.


What is needed is for collisions to completely randomize the directions of particles after collisions, and this is just what the quantum theory of collisions can provide. Randomization of directions is the norm in some quantum phenomena, for example the absorption and re-emission of photons by atoms as well as Raman scattering of photons.    

   
In the deterministic evolution of the Schrödinger equation, just as in the classical path evolution of the Hamiltonian equations of motion, the time can be reversed and all the coherent information in the wave function will describe a particle that goes back exactly the way it came before the collision.


But if when two particles collide the internal structure of one or both of the particles is changed, and particularly if the two particles form a temporary larger molecule (even a quasi-molecule in an unbound state), then the separating atoms or molecules lose the coherent wave functions that would be needed to allow time reversal back along the original path.


During the collision, one particle can transfer energy from one of its internal quantum states to the other particle. At room temperature, this will typically be a transition between rotational states that are populated. Another possibility is an exchange of energy with the background thermal radiation, which at room temperatures peaks at the frequencies of molecular rotational energy level differences.


Such a quantum event can be analyzed by assuming a short-lived quasi-molecule is formed (the energy levels for such an unbound system are a continuum of, so that almost any photon can cause a change of rotational state of the quasi-molecule.


A short time later, the quasi-molecule dissociates into the two original particles but in different energy states. We can describe the overall process as a quasi-measurement, because there is temporary information present about the new structure. This information is lost as the particles separate in random directions (consistent with conservation of energy, momentum, and angular momentum).


The decoherence associated with this quasi-measurement means that if the post-collision wave functions were to be time reversed, the reverse collision would be very unlikely to send the particles back along their incoming trajectories.


Boltzmann's assumption of random occupancy of possible configurations is no longer necessary. Randomness in the form of "molecular chaos" is assured by quantum mechanics. 


The result is a statistical picture that shows that entropy would normally increase even if time could be reversed.


This does not rule out the kind of departures from equilibrium that occur in small groups of particles as in Brownian motion, which Boltzmann anticipated long before Brown's experiments and Einstein's explanation. These fluctuations can be described as forming short-lived information structures, brief and localized regions of negative entropy, that get destroyed in subsequent interactions.  


Nor does it change the remote possibility of a recurrence of any particular initial microstate of the system. But it does prove that Poincaré was wrong about such a recurrence being periodic. Periodicity depends on the dynamical paths of particles being classical, deterministic, and thus time reversible. Since quantum mechanical paths are fundamentally indeterministic, recurrences are simply statistically improbable departures from equilibrium, like the fluctuations that cause Brownian motion.

    

       Entropy is Lost Information
    


Entropy increase can be easily understood as the loss of information as a system moves from an initially ordered state to a final disordered state. Although the physical dimensions of thermodynamic entropy (joules/ºK) are not the same as (dimensionless) mathematical information, apart from units they share the same famous formula.
S = ∑ pi ln pi

To see this very simply, let's consider the well-known example of a bottle of perfume in the corner of a room. We can represent the room as a grid of 64 squares. Suppose the air is filled with molecules moving randomly at room temperature (blue circles). In the lower left corner the perfume molecules will be released when we open the bottle (when we start the demonstration). 
[image: image-placeholder]

What is the quantity of information we have about the perfume molecules? We know their location in the lower left square, a bit less than 1/64th of the container. The quantity of information is determined by the minimum number of yes/no questions it takes to locate them. The best questions are those that split the locations evenly (a binary tree).


For example:

	Are they in the upper half of the container? No.
	Are they in the left half of the container? Yes.
	Are they in the upper half of the lower left quadrant? No.
	Are they in the left half of the lower left quadrant? Yes.
	Are they in the upper half of the lower left octant? No.
	Are they in the left half of the lower left octant? Yes.


Answers to these six optimized questions give us six bits of information for each molecule, locating it to 1/64th of the container. This is the amount of information that will be lost for each molecule if it is allowed to escape and diffuse fully into the room. The thermodynamic entropy increase is Boltzmann's constant k multiplied by the number of bits.

If the room had no air, the perfume would rapidly reach an equilibrium state, since the molecular velocity at room temperature is about 400 meters/second. Collisions with air molecules prevent the perfume from dissipating quickly. This lets us see the approach to equilibrium. When the perfume has diffused to one-sixteenth of the room, the entropy will have risen 2 bits for each molecule, to one-quarter of the room, four bits, etc. 


For Scholars





Source: https://www.informationphilosopher.com/introduction/physics/
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The Biology

Despite many controversies about the role of information in biology over the past several decades, we can now show that the creation and communication of information is not only necessary to understand biology, but that biology is a proper, if tiny, subset of information creation in the material universe, including the evolution of human minds and the abstract ideas created or discovered by our minds.


Material information creation, in the form of planets, stars, and galaxies, went on for perhaps ten billion years before biological "agents" formed. At some time between three and four billion years ago, multicellular biological agents began to communicate with their component parts and with one another, processing and sharing information.  


With the appearance of life, agency, purpose, meaning, and values entered the universe. 
This is not a teleological purpose that pre-existed life. It is what Colin Pittendrigh, Jacques Monod, and Ernst Mayr suggested we call teleonomy, a "built-in" purpose. Aristotle called it "entelechy," which means "having a purpose within."


Mayr teaches us that biology is unlike physics and chemistry because it has a history. Our atoms and molecules do not contain information about where they have been in the past, nor do they have any control over where they will be in the future. Many mathematical physicists deny this. If determinism were the case, every particle path would contain that information. But a quantum analysis of statistical physics shows how microscopic path information is destroyed.


Mayr's biology is a history that goes back nearly four billion years. In astronomy we can trace the history of cosmic evolution back 13.7 billion years. 


The goal for information philosophy is to write a new story of biological evolution as the growth of information processing, connecting it back into cosmological evolution as the creation of information structures, and illustrating the total dependence of biology on cosmological sources of negative entropy (potential information). 


Material information structures formed in the early universe - the elementary particles, atoms and molecules, galaxies, stars, and planets - all as the result of gravitation and quantum cooperative phenomena. But it is not until the emergence of life that information replication and information processing begins. In  a deep sense, biology is information processing. 


Understanding the origin of life is to understand the concept of living information structures - biological agents that some call "interactors."



Information processing is the signaling between interactors, using signs that have a syntax (linear sequences of symbols like words in a language) and a semantics (meaning), but most important, have pragmatic value. Interactors use meaningful information to control the use of matter and energy as they accomplish their purposes and goals. Interactors are powered by streams of matter and energy with low entropy. This flow of negative entropy (potential information) comes proximately from the Sun but ultimately from the expansion of the universe, which must be the starting point for explaining life.

An interactor is a clearly definable agent who interacts with other agents by signaling, by coding the abstract information of a message into a material or energetic carrier that travels from the sender to the receiver. The receiver decodes the message and takes an action that depends on the meaning in the message.  Interactors are information structures with internal functioning parts that make up an operational organic whole, so messages may be internal to an interactor or external between two interactors. 


The messages between interactors - cells, cell components like organelles, or cell combinations in multicellular organisms or communities of cells - are not (merely) "analogous" to human communication or "helpful metaphors." Biological communications have been present from the origin of life. Human communications are in every sense merely a very recent and very special example of (and homologous to) biological communication, despite the fact that most humans think communication is uniquely human. Without the communication and processing of meaningful information, there would be no life.


To understand biology - and humanity - we must understand how the communication and processing of information allows living information structures to carry out their functions. And, thanks to biological evolution, we have the tool needed to understand biology and our selves, the extraordinary human mind.



Human minds are the most advanced information processors in the known universe. 


Human minds have created everything we know about how abstract immaterial information and concrete information structures (matter and energy with low entropy) have been created in the universe. Humans are co-creators of the universe, specifically the part known as "culture" as opposed to "nature," including all human artifacts and all human knowledge.


Beyond Reductionism? Even Beyond Darwinian Evolution?


Is there something "holistic" happening in biology, something  that cannot be explained by the material parts following the fundamental laws of chemistry and physics? The great quantum physicist Erwin Schrödinger thought life should be reducible to physics and chemistry, but that, he said, might require "new laws" of physics. This led some great scientists to turn from physics to biology to find those new laws. 

In the nineteenth century, "emergentists"  and "vitalists" argued for new properties for complex organisms that are not present in their component parts, or for new "forces" that infuse mere matter with life. The most obvious evidence for something non-material was that life appears to violate the then recently discovered  second law of thermodynamics. Many philosophers and scientists thought that life, and especially mind, could not be possible unless proto-life and proto-mind were already present in all physical particles. This is known as "pan-psychism." 


Panpsychism is still very popular among thinkers at the edges of science and religion. Where René Descartes considered mind (res cogitans) as something ontologically and substantially distinct from matter (res extensa), thus creating the mind-body problem, most of his contemporaries (e.g., Gottfried Wilhelm Leibniz and Baruch  Spinoza) and philosophers down to the twentieth century thought mind an essential aspect of matter.


The idea of emergence was implicit in the work of John Stuart Mill and explicit in 
the work of "emergentists" like George Henry Lewes, Samuel Alexander, C. Lloyd Morgan, and C. D. Broad. Some wanted to explain the direct emergence of mind from matter, to solve the mind-body problem, but as Alexander put it, there are at least two distinct steps -  first life emerges from the physical-chemical, then mind emerges from life. 

Charles Sanders Peirce thought the universe must have a property like mind. He thought the laws of nature were evolving "habits" of such a mind. He thought the chance element in Darwinism made it "greedy." Alfred North Whitehead's "Process Philosophy" is panpsychic, very popular today as "Process Theology." The French philosopher Henri Bergson argued that the creative aspect of evolution cannot be explained by random variation and selection. 
Vitalists like Bergson and Hans Driesch may not have used the term emergence, but they strongly supported the idea of teleological (purposeful), likely non-physical causes, without which they thought that life and mind could not have emerged from physical matter. 


Influenced by his countryman Bergson and the evolutionary philosopher Georg W. F. Hegel, the philosopher and Jesuit priest Pierre Teilhard de Chardin imagined an "Omega Point" toward which the universe and life are evolving, with the mind of man participating in the final evolutionary phase, a "noösphere" or mind sphere similar to what might be called an "infosphere," the locus of our Sum of human knowledge.. 


What these thinkers all have in common is that they believe that the material basis of living things cannot possibly have a creative power. In general, they are all looking for something more powerful than the neo-Darwinian, modern synthesis of biology, in which evolution is driven by variations that depend on ontological chance. A significant fraction of scientists, philosophers, and theologians today have what William James called "antipathy to chance."


The new sciences of complexity and chaos theory are believed by many to provide a new explanation of the origin of life.  Ilya Prigogine correctly described the reductions in local entropy of what he called "dissipative structures" as bringing "order out of chaos." Complexity and chaos are deterministic, dynamical theories that generate epistemological uncertainty, which is enough for some thinkers who dislike ontological chance. Complex phenomena very likely supported the formation of pre-biotic structures, "autocatalytic" combinations of elements that synthesized some of their own parts. But no classical dynamical phenomena can explain the origin of genuinely new information in the universe. That requires quantum chance.



A Benevolent, Providential Universe


Before there was life, the galaxies, stars, and planets had a rich developmental and evolutionary history of their own. Astrophysics tells us that stars radiated energy into space as they dissipated the energy of gravitational collapse (the photons carrying away positive entropy to balance the new spherically symmetric order). The stars paused their collapsing when their interiors reached temperatures high enough to initiate thermonuclear reactions, which converted the lightest elements (hydrogen and helium) into heavier elements. When the fuel is exhausted, the stars resume collapsing, some exploding catastrophically and spreading their newly formed elements out into interstellar space.


Geophysics tells us that the surfaces of planets also go through heating, then cooling, as they radiate away the energy of gravitation. Chemical processes produce ever more complex molecules in the dust and gas clouds of interstellar space and on planetary surfaces. They were produced in the stars as well, but usually they disassociate quickly in a hot star.
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When a planet is bathed by radiation from a nearby star, the radiation field is far from equilibrium. What were positive entropy, high-temperature, high-density photons leaving the stellar surface are now spread out over a huge volume of space. Their temperature is still high, but their energy density corresponds to a much lower temperature. They are now far from thermal equilibrium, but they cannot cool down without interacting with matter. 

When the stream of radiative energy interacts with the planet surface, it provides the necessary "free" energy (with low entropy) to form even more complex information structures, including many of the component macromolecules that are the chemical basis for life. Some of these "prebiotic" macromolecules are produced in small quantities by the ordinary statistics of chemical reactions. These include some macromolecules that play a central role in life today (polynucleotide chains, for example), but they were not organized to work together in any way, and probably had very short lifetimes even though their environment was far from equilibrium.


Life needs the emergence of structures that can replicate macromolecules, multiplying their information. The earliest such replicating information structures probably duplicated a macromolecule on an external template (a catalyst). Replication does not produce new information, only copies of pre-existing information. To be sure, copying errors are new information, and those errors might be themselves replicated to provide the random changes needed in the first step of evolution by variation and natural selection. 


But replication, even "self-replication," is not enough to produce the biological world. Billions of years before human beings invented machines, especially our computing machines, complex biological processes evolved that process information and construct new information structures, in ways that resemble how our computer-controlled machines process abstract information and manufacture new material objects, including new "machines." 


We are tempted to call these biological processes "biological machines," but we must deprecate the terms "machine," "mechanical," "dynamics," and "dynamical," because they imply processes operating under the laws of classical, deterministic, physics and under the constraints of initial and boundary conditions. Such machines are in principle completely predictable, but in practice unpredictable, because of their sensitivity to the initial conditions and boundary conditions (the "constraints"). 



Complexity and chaos theories are classical and dynamical, continuous and causal. They cannot create novelty. 


This unpredictability gives us epistemological randomness. Complexity and chaos make us ignorant about what is happening in the microscopic world. But they cannot provide the ontological chance produced only by events in quantum physics (we also deprecate quantum "mechanics") Without real chance, all the evolution and development of biological species is implicitly pre-existent in the laws of nature, in principle knowable by a super-intelligent Laplacean demon or an infinite omniscient god. 

In such a world, information is a constant quantity, with a conservation law like that for matter and energy. Many, perhaps most, mathematical physicists subscribe to this view. In the world of classical physics, there is no novelty, "nothing new under the sun." For biology, this is consistent with the idea of intelligent design. Believers in an omnipotent god might allow novel changes over time, but this is logically inconsistent with the omniscience of god, for whom there is only one possible future, the one consistent with god's foreknowledge.



A surprisingly large number of thinkers appear to be happy with the idea of a single possible future. 


The recent enthusiasm for complexity and chaos theories, which emphasize the inability to predict the future, in no way gives us the novelty and freedom, the alternative possible futures that are produced by quantum physics. Many scientists and philosophers may be quite content with this view, since it preserves the idea of a controlling, continuous, causal process, even if we cannot know it exactly. The majority of philosophers prefer a free will model that is compatible with determinism. And a significant fraction of scientists hope to deny the collapse of the wave function that generates ontological indeterminacy.

Using the critically important free energy (with low entropy) streaming from the Sun to the Earth (and beyond to the night sky and cosmic microwave background), these extraordinary biological processes manufacture macromolecular "machines" that in turn build macromolecules that cannot be produced spontaneously or reproduced by replication alone, especially the complex proteins (polypeptide chains) that are the moving parts of our biological machines and information processors.





Biological systems can be viewed as patterns of information through which matter and energy flow.


       The Origin of Life
    



The sine qua non of life is a flow of energy with negative entropy. The current major source is the solar energy/entropy/information from the Sun, but a possible source for the original macromolecules of life are the deep-sea vents of residual cooling energy (or radioactive decay energy) at the bottom of the seas.

In either case, the far-from-equilibrium energy flow is essentially a thermodynamic engine, running between the hot energy source of the Sun and the cool sink of the night sky as the earth rotates. Energy flows lead to material flows in gases and liquids that produce dynamic systems with semi-permanent visible structures like convection cells. 


At some moment,  a primitive macromolecule replicated itself. To do this, it created new (duplicate) information, so positive entropy equal to or greater than the new negative entropy must have been carried away from the new information structure (for it to be stable).


Mere replication should not yet be seen as life. And anything like metabolism would just be the flow of the low entropy solar photons that get degraded in the process of providing the available energy needed to form the new molecule. But we might anthropomorphize a bit and say that the apparent purpose of the molecule appears to be replicating itself, increasing its own kind of information structure in the universe. 


Now at some point the replication might have been less than perfect (note the critical element of chance here). 


Imagine now that the new molecule might be even more efficient than the original molecule at replicating itself (it has greater reproductive success). Note that the new molecule has more information in it than the original. Now we might say that this is the beginning of Darwinian evolution, which appears to have a goal or purpose of building richer information structures.


We now have both primitive inheritance (of the information) and a form of variability. Some of these new molecules might not only be more successful replicators, they might have chemical properties that allow them to resist being destroyed by environmental conditions - the energetic extreme ultraviolet photons, for example, or destructive cosmic rays, which might have been the source of the original variations.


The result might be a runaway exponential explosion of the concentration of those molecules (an important characteristic of living systems).


Replication could lead to populations of the molecule that are well beyond the normal populations that would be expected in chemical equilibrium. Chemists might view this as simply an autocatalytic process, in which the molecule catalyzes its own production. But because it is information replicating itself, it is qualitatively different from mere chemical autocatalysis.


At the atomic level, it will be quantum cooperative phenomena that pull the constituent atoms into the desired molecular shape. It is the overall shape (form, information) that produces a dynamical constraint well beyond the mere aggregate of individual atoms interacting.


Grossly speaking, the new, more successful species of molecule have "learned" something, storing the new information internally to pass it on to the next generation.



       Molecular Machines
    

Biological communications, the information
exchanged in messages between biological entities, is far
more important than the particular physical and chemical entities
themselves. These material entities are used up and replaced many
times in the life cycle of a whole organism, while the messaging has
remained constant, not just over the individual life cycle, but that of
the whole species.

In fact most messages, and the specific molecules that embody
and encode those messages, have been only slowly varying for billions
of years.


As a result, the sentences (or statements or “propositions”) in biological
languages may have a very limited vocabulary compared to
human languages. Although the number of words added to human
languages in a typical human lifetime is remarkably small.


Biological information is far more important than matter and
energy for another reason. Beyond biological information as “ways
of talking” in a language, we will show that the messages do much
more than send signals, they encode the architectural plans for biological
machines that have exquisite control over individual molecules,
atoms, and their constituent electrons and nuclei.


Far from the materialist idea that fundamental physical elements
have “causal control” over living things, we find that biological
information processing systems are machines, intelligent robotic
machines, that assemble themselves and build their own replacements
when they fail, and that use the flow of free energy and material
with negative entropy to manipulate their finest parts.


Coming back to the great philosopher of logic and language
Ludwig Wittgenstein, who briefly thought of “models” as explanatory
tools that can “show” what is difficult or impossible to “say” in
a language, we offer dynamic animated models below.


The amazing operations of these machines are so far beyond
man-made machines that it has called into question the ability of
Darwinian evolution to create them by random trials and errors.


But the most complex of these machines have been shown to be
composed of dozens of smaller and simpler parts that did and still
do much simpler tasks in the cell.


The five biological machines that we choose are 


• the ribosome, a massive factory that manufactures thousands of
different possible proteins when messenger RNA carries a request
for one of them from the nuclear DNA,

[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=1PSwhTGFMxs



• ATP synthase, which packages small amounts of energy into a
nucleotide molecule that carries energy to any place in the organism
that needs power to perform its function,


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=3y1dO4nNaKY


• the flagellum, a high-speed motor that moves bacterial cells to
sources of matter and energy in their environment,


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=v1NnMmw8v80


• the ion pump, which moves calcium and potassium ions to rapidly
recharge the activation potential of a neuron so it is ready to fire
again in a fraction of a second so the mind can make its decisions
and take actions to move the body,


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=GTHWig1vOnY


• the chaperone, an error detection and correction system beyond
the ability of our finest computers to protect memories from noise.

Arthur Horwich Yale Lecture
Ken Dill TEDx talk
Chaperonin structure
Visualizing Proteins
Computing Protein Structures?

Drew Berry TEDx talk



Biology cannot prevent the occurrence of random errors. Indeterministic
chance is the original source of variability in our genes that
led to the incredible diversity of life forms, including us humans.


But the nearly perfect operation of our biological machines and
the phenomenal fidelity of copying our many genetic codes over
billions of years shows the stability and “adequate determinism” of
biology in the presence of ontological chance, a consequence of the
noise-immune digital nature of biological information.

    

       The New History of Cosmic and Biological Evolution
    

From an information philosophy perspective, the teleonomic purpose of all life has been to replicate itself and to improve its reproductive success, which is to say to replicate and expand its information.
Richard Dawkins considered the possibility that genes are the driving force in reproduction - of their own information. Thus biological organisms are seen as the means by which the genes replicate. That may be contentious. But there is no question that over time, evolution has produced organisms that can both create and replicate more and more complex information processors, with humans the most complex. 


Through the admittedly narrow lens of information, the story of evolution begins with the cosmic creation of information structures (which do not communicate), followed by the evolution of biological information processors, our "interactors."  These are products of the continuous stream of negative entropy coming from the cosmos, directly from the sun, but made possible by the expansion of the universe.


Those of us living through the twentieth century were the first to see as close to the beginning of the universe as anyone will ever see. We also learned that the future of the universe is essentially infinite, relative to the lifespan of humans. In the middle of that century, around the time of one of the most destructive wars in world history, we transformed the meaning of "information" from informing one another to the analysis of language and all knowledge that breaks them into "bits." 


These "binary digits," "1 or 0" answers to "yes or no" questions, appeared first as the stuff of digital computers and digital communications. But at about the same time, biologists discovered that the hereditary material of all life is similarly encoded. 

Alan Turing, John von Neumann,  and Claude Shannon created digital computers just a few decades after Albert Einstein's prediction about Brownian motion proved the existence of atoms. Matter consists of discrete discontinuous particles. Within a few years , James Watson and Francis Crick showed that life was based on a digital code. The coded sequence of nucleotides in the DNA molecule at the heart of the cell nucleus is transcribed, rewritten as messenger RNA that travels outside the nucleus with instructions to a ribosome to translate the genetic code into a matching linear chain of amino acids, a protein that folds itself to become a three-dimensional active enzyme.


If digital computer codes had not already been invented, might the biological model have inspired them? Instead of computational models of the mind, we might have appreciated the mind as the ultimate extension of biological information processing! 


    

       The Origin and Future of Knowledge

Jumping now to human evolution, we see humanity as a species of multi-molecular, multi-cellular organism that has found a way to not only create but also externalize information, storing it in the environment (culture), where it can be shared with new humans, who continue to add to this external store of knowledge. It is knowledge that has allowed humans to dominate the Earth, for better or for worse.


The sharing of old and new information created with all other humans has enormous economic and moral implications.  


From a cosmologist's perspective, in the macrocosmos the human mind is the universe's means of reflection. In the microcosmos, it is one atom's way of knowing about other atoms.


We call all of human knowledge the Sum, to go along with our free will model, the Cogito, and our basis for objective values, the Ergo.


The Sum of human knowledge is vast of course, but we propose drafting suggestions for the most important things we know that should be known by everyone in the future.


	
In the nineteenth century, Herbert Spencer asked, "What knowledge is of most worth?" Science was his answer.

	Richard Feynman proposed that "If, in some cataclysm, all of scientific knowledge were to be destroyed, and only one sentence passed on to the next generations of creatures, what statement would contain the most information in the fewest words? I believe it is the atomic hypothesis (or the atomic fact, or whatever you wish to call it) that all things are made of atoms—little particles that move around in perpetual motion, attracting each other when they are a little distance apart, but repelling upon being squeezed into one another. In that one sentence, you will see, there is an enormous amount of information about the world, if just a little imagination and thinking are applied."

	
Today we can extend Feynman's insight. The universe consists of discrete, discontinuous, and in some sense "digital," particles. There is no "classical" world, only a quantum world. The "classical" world emerges from the quantum world when a large enough number of particles get together.  The continuous space (and time) in which we locate the particles is but a mathematical construct that allows us to describe the world.There are no continuous "fields" in which particles of matter (electrons, atoms, etc.) are thought to be  singularities. The continuous, causal "forces" like gravity that we postulate are useful fictions. They are only statistical averages over other types of particles (photons, bosons, gravitons) that look continuous when very many such particles are present. At the microscopic level, quantum events are discontinuous and acausal. The analytic integral and differential equations that we assume deterministically govern the motions of material particles are idealizations only accurate for very large bodies.
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Quotes


"Life may be defined operationally as an information processing 
system—a structural hierarchy of functioning units—that has acquired
through evolution the ability to store and process the information
necessary for its own accurate reproduction. The key word in the
definition is information. This definition, like all definitions of life, 
is relative to the environment. My reference system is the natural 
environment we find on this planet. However, I do not think that life
has ever been defined even operationally in terms of information. This
entire book constitutes a first step toward such a definition."

Evidently nature can no longer be seen as matter and energy
alone. Nor can all her secrets be unlocked with the keys of chemistry
and physics, brilliantly successful as these two branches of
science have been in our century. A third component is needed
for any explanation of the world that claims to be complete. To
the powerful theories of chemistry and physics must be added a
late arrival: a theory of information. Nature must be interpreted
as matter, energy, and information.


"A central and fundamental concept of this theory is that of "biological
information." since the material order and the purposiveness
characteristic of living systems are governed completely by
information, which in turn has its foundations at the level of biological
macromolecules . The question of the origin of
life is thus equivalent to the question of the origin of biological
information."


"the evolutionary process is driven by an enormous flow ot thermodynamic information passing through the earth's biosphere."


"Information as the central concept in molecular biology

Information, transcription, translation, code, redundancy, synonymous,
messenger, editing, and proofreading are all appropriate terms in biology.
They take their meaning from information theory (Shannon, 1948) and are
not synonyms, metaphors, or analogies.."





Source: https://www.informationphilosopher.com/introduction/biology/
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The Philosophy

    Information philosophy is an attempt to examine some classic problems in philosophy from the standpoint of information.
    
What is information that merits its use as the foundation of a new philosophical method of inquiry?

Abstract information is neither matter nor energy, yet it needs matter for its concrete embodiment and energy for its communication. Information is immaterial. 
It is the modern spirit, the ghost in the machine.


 Immaterial information is perhaps as close as a physical or biological scientist can get to the idea of a soul or spirit that departs the body at death. When a living being dies, it is the maintenance of biological information that ceases. The matter remains and the information vanishes, unless it has been stored somewhere outside the body.


Biological systems are different from purely physical systems primarily because they create, store, and communicate information. Biological systems are purposeful. They have what the ancients called a "telos." They are called "teleonomic," distinguished from "teleological," the Platonic notion of a pre-existing soul that carried their teleological "essence" before their "existence." 


This purpose of living systems is to build themselves, to maintain themselves, and then to reproduce or replicate themselves, using their biological and mental information. Living things store information (about their experiences, for example) in a memory of the past that they use to shape their future. Fundamental physical objects like atoms have no memory of their history.


And when human beings export some of their personal information to make it a part of human culture, that information moves closer to becoming immortal.


Human beings differ from other animals in their extraordinary ability to communicate information and store it in external artifacts. In the last decade the amount of external information per person may have grown to exceed an individual's purely biological information. 


Information is an excellent basis for philosophy, and for science as well, capable of answering questions about metaphysics (the ontology of things themselves), epistemology (the existential status of ideas and how we know them), idealism (pure information), the mind-body problem, the problem of free will, and the "hard" problem of consciousness.
    

What Can We Hope from Information Philosophy?
    

    A philosophy that is based on quantifiable information promises to solve a number of interesting philosophical problems, and throw considerable light on other philosophical schools.
   
      Cogito, Ergo Sum
   

Information philosophy is a philosophy of action. Our actions are decided upon by the adequately determined will of an agent who selects from alternative possibilities available as abstract information in the agent's immaterial mind. Choosing among undetermined alternative possibilities is the basis of freedom. Information philosophy can solve the problem of free will. We called our solution the Cogito.  
    


    When we started seriously working on philosophy in the 1970's, (the decade after we first saw the outlines of solutions to the problem of value and the problem of free will), we called our solutions Cogito and Ergo. 
    

    Actionable information has pragmatic value. Information philosophy can make a case that information ("negative entropy") is a qualitative, quantitative, and objective good. We called our idea of an objective, human-independent good the Ergo.     


    In information philosophy, knowledge is the sum of all the information created and preserved by humanity. It is all the information in human minds and in artifacts of every kind - from books and internetworked computers to our dwellings and managed environment. We call our solution to the problem of knowledge the  Sum
    Although information philosophy looks at the universe, life, and intelligence through the single lens of information, it is far from mechanical and reducible to deterministic physics. The growth of information over time is the essential reason why time matters and individuals are distinguishable. Increasing information explains all emergent phenomena, including many presumed "laws of nature." "Determinism" is itself an emergent idea, an unjustifiable extrapolation from the apparent, but only "adequate," determinism scientists saw in the Newtonian laws of motion.
   

    Information philosophy shows us the future is unpredictable for two basic reasons. First, quantum mechanics shows that some events are not predictable. The world is causal but not determined. We call it "soft causality" because the causes are not themselves caused. Second, the early universe does not contain the information of later times, just as early primates do not contain the information structures for intelligence and verbal communication, and infants do not contain the knowledge and remembered experience they will have as adults.
   

    In information philosophy, there is an arrow of time that is antithetical to some classical philosophical ideas like the "great chain of being" and timeless truths.
    



    Until the 1980's, we called our philosophy "Ergodic Philosophy." Now it is "Information Philosophy." 
    

     Information philosophy and other modern philosophies
    
Idealism. For Plato the Forms or Ideas pre-exist any particular examples. Information philosophy explains Aristotle's alternative view, that the general Idea is abstracted from common properties shared by a set of particulars. All such particulars come into existence as the universe evolves from a chaotic origin. Information philosophy shows how the information about an idea is embodied in minds and external artifacts. The Absolute Idea of Hegel is in human thoughts (Gedanken) about particular ideas first, but then postulated in an abstract Mind as a universal, where concepts (Begriffe) correspond to the things themselves by reason of their shared information content. 
Positivism. Information philosophy, like positivism, only admits knowledge that can be established scientifically, that is to say via hypotheses that can be tested empirically. But unlike positivism, information philosophy offers an epistemology and metaphysics of the "things themselves," real entities in the external world for which we can access a subset of their intrinsic information. Our information is a "representation" of the external object, adequate for communications about the object between scientists and philosophers. An accurate information representation is one whose knowledge content is isomorphic to the essential information in the object itself.
    
Logical positivism is the vague idea that knowledge can be based on the logical combination of verifiable sentences (atomic facts). It collapsed under the unavoidable ambiguity of language. Language philosophy needs to be reexamined as an information philosophy. We communicate most of our everyday intellectual information with words. Information content can disambiguate words. Although the hope for an ideal language seems unrealizable, information philosophy promises a better mapping of the world of ideas onto the world of things. 
    
Pragmatism. The core idea of pragmatism is that knowledge is valuable if it can be acted on with successful consequences. Our beliefs (hypotheses) are constantly tested by the results of acting on them. Pragmatism is thus a natural scientific method used by individuals in their daily experiences. When a community of inquirers shares their information openly, the sum of their knowledge approaches the ideal of pragmatic truth. Like pragamatism, information philosophy finds value in information that is actionable. 
    
Phenomenology. Phenomenological intentionality is informational. Individual minds reflect on things and through intuition discover a meaning to their being. Epistemological and ontological questions are raised and pondered. Information philosophy shows us we can know the things themselves or answer questions of what it means to be a thing, because we are creating that meaning. Our creations are informational structures, which are adequate and actionable, testable and empirical, to the extent that they contain an accurate subset of the much greater information content of the "thing in itself."  
    
Existentialism says that before anything has an objective essence, it exists in the world. Information philosophy confirms this basic insight of the Existentialists. Things genuinely emerge in the universe. Humans define their own essences and bear full responsibility for creating values and purposes for their lives. Information philosophy confirms that humans are unpredictable and creative, and that they are free, but that, unlike the Existentialists, that human freedom is not absurd. There is objectifiable value in the universe. 
    

For Scholars




Source: https://www.informationphilosopher.com/introduction/philosophy/





  
  The Problems
  

  


  
  Home › Problems
The Problems

Here we review some great questions of philosophy for which information philosophy now provides us with the possibility of fuller understanding, with plausible and practical, if tentative, solutions to philosophical problems that have been known for millennia as well as major problems in physics from the twentieth century.


Several of these are problems that 20th-century philosophers like Ludwig Wittgenstein labeled "philosophical puzzles" and Bertrand Russell called "pseudo-problems." Analytic language philosophers thought many of these problems could be "dis-solved," revealing them to be conceptual errors caused by the misuse of language. 

Analytical philosopher Gilbert Ryle called them "category mistakes" that could be avoided by more careful "conceptual analysis." For example, his critical analysis of the "concept of mind" concluded that a "metaphysical" - an immaterial - mind simply could not exist. 


Using the new methodology of information philosophy, these classic problems are now back under consideration as genuinely important, analyzable and potentially soluble in terms of information. 


Although it is neither matter nor energy, immaterial information can interact causally with the more familiar contents of the physical world. Information philosophy explains how "an idea can move mountains."


Note that the goal of information philosophy is not to remove a problem from philosophy once it is solved. To be sure, where scientists seek solutions, philosophers prefer problems, ones that are teachable as problems. While perhaps necessary for academic careers, agnostic attitudes only serve to prevent progress in philosophy. Bertrand Russell was simply wrong when he said "what science cannot discover, mankind cannot know," and 


"questions which are already capable of definite answers are placed in the sciences, while those only to which, at present, no definite answer can be given, remain to form the residue which is called philosophy." 


Recently, Peter van Inwagen agreed with Russell:


"If some branch of philosophy were suddenly to undergo a revolutionary transformation and began, as a consequence, to yield real information, it would cease to be regarded as a branch of philosophy and would come to be regarded as one of the sciences." 


We disagree. By providing plausible answers to some truly great questions, information philosophy hopes to prevent philosophy from being reduced to "Russell's Residue."



Classical Philosophical Problems

The Problem of Free Will - Over two dozen thinkers since William James in 1884 have proposed "two-stage" models of free will - first "free," then will," - first chance, then choice, - first alternative possibilities, then one actuality. The most plausible and practical solution to the 2400-year old problem of free will is our Cogito model. The critical random component of the first stage is provided by noise in the brain's information processing, generating free thoughts to be followed by adequately determined willed actions. The chance nature of a thought that just "pops into one's head" in no way makes the resulting action, or the agent, random.

The Problem of Value - Information philosophy moves the source of ultimate value beyond man and our created gods, beyond life and the Earth, to its origins in a Cosmic Providence, which creates stable information structures that we call Ergo. Note that quantum mechanics, though normally thought of as adding only indeterminacy, is the source of the stability in most information structures.


The Problem of Knowledge - Epistemology - More correctly the problem of certainknowledge, when our means of perception is limited and fallible. Instead of the classical logical language debates about "justified true belief" since Plato's time, information philosophy looks to information structures in the brain and mind that correspond to external structures in the world and in other minds. Correspondence is the quantitative isomorphism (or overlap) between the internal and external bits of information. 


The Problem of Mental Causation is solved by showing how the information-processing system of life emerges from matter, and mind in turn emerges from life. In both cases we show that there is clear downward causal control of the component atoms by the higher-level information-processing system. We also show that thermal/quantal noise in the lower level blocks "bottom-up" causation. There is no upward flow of information. The emergence of life from matter is "order out of order," as Erwin Schrödinger called it, "life feeding on negative entropy" (via the dephosporylation of ATP). The emergence of mind from life is "pure abstract information from order." And information is the stuff of thought. 


Consciousness can be defined in information terms as the property of an entity (usually a living thing, but we can also include artificially conscious machines or computers) that perceives and reacts to the information (and particularly to changes in the information) in its environment. We call it information consciousness.


The Problem of Evil - Theodicy - "If God is Good, He is not God. If God is God, He is not Good." (J.B., by Archibald MacLeish) The question is not "Does God exist?" The question is "Does Goodness exist?" The solution lies in a dualist world with both bad and good. If ergodic information is an objective good, then entropic destruction of information is "the devil incarnate," as Norbert Wiener put it. Information philosophy offers a test of "revealed truth," specifically visions by inspired thinkers that have no empirical evidence, because these visions are usually in the realm of "pure ideas."


Immortality - Information philosophy implies two kinds of immortality, the material survival of genetic information and the survival of our ideas in the sum of all knowledge and human artifacts. The survival of parts of the genetic code in DNA is the longest approximation to immortality known in living things.


The Problem of Induction - We now understand why David Hume was right that induction does not lead to certain truth. But induction, for example the classic repeated observations of white swans, can count as statistical evidence for or against our hypotheses and theories. Theories are not economical summaries of experiments. Nor are they logically deducible from experiments. They are "free creations of the human mind" (as Albert Einstein called them)  that may be confirmed by experimental evidence.


Metaphysics -  The first claim of a metaphysics based on information is that the physical universe contains more than just matter (and energy) in motion. The Platonic realm of ideas, Immanuel Kant's noumenal realm of "things in themselves" unconstrained by the deterministic laws of matter in motion, an immaterial mind that gives those ideas causal powers, and the immortal aspect of those ideas, all these touch on problems traditionally part of metaphysics. 


Secondly, because the external information is in the things themselves as information structures, information philosophy provides an ontological inventory of what exists in a mind-independent reality that in no way depends on how we came to acquire the knowledge of what exists. A third claim rests on the unqualified existence of immaterial, non-substantial, abstract, universals, some of which are necessary by logical definition, all of them existing in the Platonic and noumenal realm of pure information.


The Mind-Body Problem - Solved in part by our Sum model, which explains how abstract information, an idea, or knowledge is incorporated into a human mind, and how pure ideas act on the physical world. Information is neither energy nor matter, although it needs matter for its embodiment and energy for its communication. Information is the mind in the body, the ghost in the machine, as close to a spirit or soul as science can get. When we die, it is our information that is lost. Our ERR (Experience Recorder and Reproducer) model for the mind is simpler than, yet superior to, "computational" models of the mind/brain as a computer.


One or Many - Is the world a unity? We see this as part of the great dualism between ideal and material, between being and becoming, between mind and matter. The basis for a "neutral monism" may be to see both "thoughts" and "things" as fundamentally part of what William James called "pure experience," the information processing that produces an approximate isomorphism between what is in the world and the knowledge that is in our minds.


The Problem of Other Minds - Solved by understanding information transmission (communication) between minds, the intersubjective agreement of a community of inquirers, and the relationship between communal ideas and objects in the physical world.




Philosophical Problems


Metaphysics
One or Many
Universals

Epistemology
Emergence
Induction
Meaning

Mind
Mind-Body
Consciousness
The Self and Other Minds
Mental Causation

Value (Ethics)
Good
Evil (Theodicy)

God
Immortality

Free Will
Determinism
Moral Responsibility


 
Physics Problems


Measurement
Microscopic Reversibility
Macroscopic Recurrence
The Arrow of Time

The Interpretation of 
Quantum Mechanics
Collapse of the 
Wave Function
Decoherence
Entanglement
EPR Paradox
Nonlocality
Nonseparability
Schrödinger's Cat

Cosmology
Infinity
Flatness Problem
Horizon Problem
Missing Mass




The Problem of Universals - Porphyry's "fateful question, - Do the categories exist?," is seen to be a question of an informational isomorphism between our ideas and things in the world. 


Problems in Modern Physics

The Arrow of Time - Arthur Stanley Eddington connected "Time's Arrow" with the direction of increasing entropy and the second law of thermodynamics. We now show that it is also the direction of increasing information. It is the same direction as the "radiation" arrow (outgoing spherical waves) because 1) incoming spherical waves of radiation are impossible, and 2) the outgoing spherical waves are only the immaterialpossibilities of detecting quanta of energy or material particles. There is no unified field theory, because there are no fields. There are only particles. Fields are averages over particles. The fundamental arrow of time is the expansion of the universe, making all the other arrows possible and observable. 


The "collapse" of the wave function can occur whenever there is an interaction between matter and energy (or matter and matter). Measurements are a miniscule fraction of all interactions. The universe is its own observer.  The mysterious "collapse" is a question about possibilities, probabilities, and actuality. Nothing actually moves in the "collapse." One possibility becomes actual. The others disappear.


Entanglement is a mysterious quantum phenomenon that seems capable of transmitting information over vast distances faster than the speed of light, a property called nonlocality, first seen by Einstein in 1905. Information physics shows that although new information comes into existence simultaneously at space-like separated points, no faster-than-light signaling is possible, since neither matter nor energy is transmitted. Two particles appear simultaneously and far apart, with their properties perfectly correlated to satisfy the conservation principles for mass, energy, momentum, angular momentum, and spin.


 The collapse of the two-particle wave function in the EPR experiment is the same mystery as the one in the two-slit experiment. But now there are two particles and they  appear instantly and simultaneously, despite their space-like separation, because of nonlocality and nonseparability. This can be seen by reformulating the EPR paradox using a special frame of reference in which the source of the entangled particles and the observers are at rest.


When identical and indistinguishable particles are entangled, their later disentanglement happens symmetrically and synchronously in the special frame of reference in which their entanglement source (and their mean motion) is at rest. The EPR paradox is caused by the observer introducing an asymmetry where none exists, privileging "here" and "now" over "there" and "then." Einstein mistakenly introduced this false asymmetry into a perfectly symmetric situation.



The Horizon, Flatness, and Missing Mass Problems in Cosmology - The universe is flat because it was created from an empty universe, which is also flat. Leibniz' question, "Why is there something rather than nothing?" is simply answered. The universe is made out of something and the equal opposite of that something. The missing mass needed to achieve flatness may be dark matter in the intergalactic medium, but this does not explain the apparent acceleration of the universe expansion (dark energy), which may not be real, the result of misinterpretation of observational evidence. 


We solve the horizon problem by accepting Einstein's insight that in the wave-function collapse something appears to be "traveling" faster than the speed of light. That something is information about possibilities. When the universal wave function 
  Ψ
 collapsed at 
  t
  =
  0
, entangled parts of the universe that are now outside our current light horizon were "informed" that it was time to start.  


Questions of Infinity include: Time: Is it infinite? There appears to be only a finite past but an infinite possible future.  2) Space: If it is infinite, how did infinitely distance places know how to synchronize their starting time with us (the horizon problem. 3) Fields: Do they contain infinite information?  Algorithmic information theory tells us a field contains only the amount needed to specify it. Thus a gravitation field is defined through all space for a large mass M and a test particle m as exerting a force F = GMm/r2. But there is nothing substantial at an arbitrary point r. There is information there, in the form of knowledge about the gravitational force on m iff m is at that point. This is called "action-at-a-distance," but is better thought of as "knowledge-at-a-distance."


The "Interpretation" Problem of Quantum Mechanics - The Information Interpretation is the Copenhagen Interpretationplusinformation and minus the Conscious Observer. I-Phi interprets the wave function ψ as a "possibilities" function. I-Phi accepts the principle of superposition, the axiom of measurement, and the projection postulate of standard quantum mechanics. But a conscious observer is not required for the  "collapse of the wave-function". 


The collapse (also known as the "reduction of the wave packet") occurs whenever there is an interaction of a quantum system with another system (a "measurement") that reduces multiple possibilities to a single actuality, generating new information. Contrary to the usual understanding of the second law of thermodynamics, both the entropy and the negative entropy (information) increase. 


The transformation theory of Dirac and Jordan lets us represent ψ by expanding it in a set of basis functions for which the combined quantum system and measurement apparatus has eigenvalues. ψ is now in a superposition of those "possible" eigenfunctions. Quantum mechanics lets us calculate the probabilities of each of those "possibilities." Interaction with the measurement apparatus (or indeed interaction with any other system) may project out one of those possibilities as an actuality. But for this event to be an "observable" (a John Bell "beable"), information must be created and positive entropy must be transferred away from the new information structure, in accordance with our two-stage information creation process.    

Macroscopic Recurrence - Ernst Zermelo argued against Ludwig Boltzmann's H-Theorem (his derivation of the second law of thermodynamics), on the grounds that given enough time, any system would return to the same starting conditions and thus entropy must decrease as well as increase. Information physics shows that exactly the same circumstances can never recur. Friedrich Nietzsche's "Eternal Return of the Same" is a physical impossibility, because of the increasing information in the universe. 


The Measurement Problem - We explain how our measuring instruments, which are usually macroscopic objects and treatable with "adequately determined" classical physics, can give us information about the microscopic world of atoms and subatomic particles like electrons and photons, which are described with quantum physics. The so-called "cut" between the quantum and classical worlds occurs at the moment that stable observable information enters the world. It does not require the consciousness of an observer. The reason that there are no macroscopic superpositions (e.g., Schrödinger's Cat) is that when the "possibilities function" ψ becomes actual, entropy is transferred away from the new "adequately determined" information structure, probability amplitudes become probabilities, and superposition with interference is no longer a "possibility."


Microscopic Reversibility - Joseph Loschmidt also argued against Ludwig Boltzmann's H-Theorem, on the grounds that if time were reversed the entropy would decrease. Boltzmann agreed that it would, according to his initial version of the H-Theorem which was derived from classical dynamical physics. He later defended his case for entropy increase on the basis of probabilities and an assumption of "molecular disorder." A quantum-mechanical treatment of binary (two-particle) collisions confirms the correctness of Boltzmann's "molecular disorder" assumption. Information physics explains the origin of irreversibility, confirming Albert Einstein's insight that the elementary processes of interaction between matter and radiation have no inverses. In particular, there are no incoming spherical waves of radiation.
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The Solutions

The Problems section of our website takes you to many of the "Great Problems in Philosophy and Physics" we have researched over the past sixty years. 

In this new Solutions section, launched in Spring 2020, we summarize the most plausible information-based solutions to several great problems in philosophy and the sciences. 


Problems in Cosmology
The Cosmic Creation Process
Thermodynamics

Problems in Quantum Mechanics
The Two-Slit Experiment
Entanglement

Problems in Philosophy
The Problem of Free Will
The Mind-Body Problem

Problems in Metaphysics

Dis-Solving Some "Pseudo-Problems"
Time Asymmetry
Old Solutions Sections

In earlier versions of the I-Phi website, there were separate drop-down menus for the sections on Problems and Solutions. The Problems menu has been restored and updated. Both sections are now links in the Introduction drop-down menu. The original Solutions section was a motley collection of philosophical ideas we hoped to work on, nothing like our proposed information-based solutions to the great problems of philosophy and the sciences, which we are now developing. 


Here are links to the old sub-sections of Solutions:

Demons
Determinisms
Dogmas
Dualisms
Experiments
Language
Progress
Reason
Theories
Triads
Truth


The original Solutions section had separate entries for the major philosophers and scientists who have contributed to the three classic philosophical problems, knowledge, value, and freedom of the will, for which we hope to reconcile science and philosophy.
Philosophers and Scientists are now entries in the Introduction drop-down menu, as well as having individual links for each thinker in the left navigation on every I-Phi page.

Experiments is now also located in the Introduction menu.


For Scholars
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The Experiments

We review briefly a number of physical experiments that have profound implications for human freedom, values, and communication of ideas. 

We also suggest some simple psychological experiments that could shed light on the workings of the Cogito model of the mind and the Sum model of knowledge creation and communication.



Quantum Indeterminacy and Nonlocality
	Two-Slit Experiment
	Einstein Podolsky Rosen
	Bell's Theorem
	Heisenberg "Cut"
	Heisenberg's Microscope
	Decoherence
	Nonlocality
	Nonseparability



Entropy and Information
	Ergodic Hypothesis
	Maxwell's Demon
	Szilard's Engine
	Brillouin's Flashlight
	Gibbs Paradox
	Perfume Bottle
	Dark Night Sky



Measurement
	Collapse of the Wave Function
	Schrödinger's Cat
	Wigner's Friend
	Dirac Three Polarizers
	Stern-Gerlach Experiment
	The Geiger Counter
	The Photoelectric Effect



Perception
	Gestalt
	Phi - the illusion of continuity
	Cocktail Party Effect
	Eavesdropping Ideas
	Visual field suggestions
	Libet's Time Delay



Eight experimental observations, with philosophical significance, that you can make yourself
	Andromeda galaxy - path integral single photons, older than humanity, yet now!
	Brownian motion - you can see random fluctuations, small departures from equailibrium 
	Cosmic rays - you can see a source of genetic mutations
	Geiger counter - you can hear unpredictable events
	Ice crystals - large scale information structures
	Masking eye saccades
	Oil/water membranes - symmetric cell progenitor
	Soap/water/air bubbles - symmetric order creation from liquid
	Spectral lines - shows atoms do not wear out, their energies do not run down
	Stars and planets - spherical structural symmetry
	Dark sky - implies universe expansion and/or limited age > creation


For Scholars
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       1. The need for a quantum theory
    

CLASSICAL mechanics has been developed continuously from the time of Newton and applied to an ever-widening range of dynamical systems, including the electromagnetic field in interaction with matter. The underlying ideas and the laws governing their application form a simple and elegant scheme, which one would be inclined to think could not be seriously modified without having all its attractive features spoilt. Nevertheless it has been found possible to set up a new scheme, called quantum mechanics, which is more suitable for the description of phenomena on the atomic scale and which is in some respects more elegant and satisfying than the classical scheme. This possibility is due to the changes which the new scheme involves being of a very profound character and not clashing with the features of the classical theory that make it so attractive, as a result of which all these features can be incorporated in the new scheme.


The necessity for a departure from classical mechanics is clearly shown by experimental results. In the first place the forces known in classical electrodynamics are inadequate for the explanation of the remarkable stability of atoms and molecules, which is necessary in order that materials may have any definite physical and chemical properties at all. The introduction of new hypothetical forces will not save the situation, since there exist general principles of classical mechanics, holding for all kinds of forces, leading to results in direct disagreement with observation. For example, if an atomic system has its equilibrium disturbed in any way and is then left alone, it will be set in oscillation and the oscillations will get impressed on the surrounding electromagnetic field, so that their frequencies may be observed with a spectroscope. Now whatever the laws of force governing the equilibrium, one would expect to be able to include the various frequencies in a scheme comprising certain fundamental frequencies and their harmonics. This is not observed to be the case. Instead, there is observed a new and unexpected connexion between the frequencies, called Ritz's Combination Law of Spectroscopy, according to which all the frequencies can be expressed as differences between certain terms, the number of terms being much less than the number of frequencies. This law is quite unintelligible from the classical standpoint.


One might try to get over the difficulty without departing from classical mechanics by assuming each of the spectroscopically observed frequencies to be a fundamental frequency with its own degree of freedom, the laws of force being such that the harmonic vibrations do not occur. Such a theory will not do, however, even apart from the fact that it would give no explanation of the Combination Law, since it would immediately bring one into conflict with the experimental evidence on specific heats. Classical statistical mechanics enables one to establish a general connexion between the total number of degrees of freedom of an assembly of vibrating systems and its specific heat. If one assumes all the spectroscopic frequencies of an atom to correspond to different degrees of freedom, one would get a specific heat for any kind of matter very much greater than the observed value. In fact the observed specific heats at ordinary temperatures are given fairly well by a theory that takes into account merely the motion of each atom as a whole and assigns no internal motion to it at all.


This leads us to a new clash between classical mechanics and the results of experiment. There must certainly be some internal motion in an atom to account for its spectrum, but the internal degrees of freedom, for some classically inexplicable reason, do not contribute to the specific heat. A similar clash is found in connexion with the energy of oscillation of the electromagnetic field in a vacuum. Classical mechanics requires the specific heat corresponding to this energy to be infinite, but it is observed to be quite finite. A general conclusion from experimental results is that oscillations of high frequency do not contribute their classical quota to the specific heat.


As another illustration of the failure of classical mechanics we may consider the behaviour of light. We have, on the one hand, the phenomena of interference and diffraction, which can be explained only on the basis of a wave theory; on the other, phenomena such as photo-electric emission and scattering by free electrons, which show that light is composed of small particles. These particles, which are called photons, have each a definite energy and momentum, depending on the frequency of the light, and appear to have just as real an existence as electrons, or any other particles known in physics. A fraction of a photon is never observed.


Experiments have shown that this anomalous behaviour is not peculiar to light, but is quite general. All material particles have wave properties, which can be exhibited under suitable conditions. We have here a very striking and general example of the breakdown of classical mechanics — not merely an inaccuracy in its laws of motion, but an inadequacy of its concepts to supply us with a description of atomic events.


The necessity to depart from classical ideas when one wishes to account for the ultimate structure of matter may be seen, not only from experimentally established facts, but also from general philosophical grounds. In a classical explanation of the constitution of matter, one would assume it to be made up of a large number of small constituent parts and one would postulate laws for the behaviour of these parts, from which the laws of the matter in bulk could be deduced. This would not complete the explanation, however, since the question of the structure and stability of the constituent parts is left untouched. To go into this question, it becomes necessary to postulate that each constituent part is itself made up of smaller parts, in terms of which its behaviour is to be explained. There is clearly no end to this procedure, so that one can never arrive at the ultimate structure of matter on these lines. So long as big and small are merely relative concepts, it is no help to explain the big in terms of the small. It is therefore necessary to modify classical ideas in such a way as to give an absolute meaning to size.


At this stage it becomes important to remember that science is concerned only with observable things and that we can observe an object only by letting it interact with some outside influence. An act of observation is thus necessarily accompanied by some disturbance of the object observed. We may define an object to be big when the disturbance accompanying our observation of it may be neglected, and small when the disturbance cannot be neglected. This definition is in close agreement with the common meanings of big and small.


It is usually assumed that, by being careful, we may cut down the disturbance accompanying our observation to any desired extent. The concepts of big and small are then purely relative and refer to the gentleness of our means of observation as well as to the object being described. In order to give an absolute meaning to size, such as is required for any theory of the ultimate structure of matter, we have to assume that there is a limit to the fineness of our powers of observation and the smallness of the accompanying disturbance a limit which is
inherent in the nature of things and can never be surpassed by improved technique or increased skill on the part of the observer. If the object under observation is such that the unavoidable limiting disturbance is negligible, then the object is big in the absolute sense and we may apply classical mechanics to it. If, on the other hand, the limiting disturbance is not negligible, then the object is small in the absolute sense and we require a new theory for dealing with it.


A consequence of the preceding discussion is that we must revise our ideas of causality. Causality applies only to a system which is left undisturbed. If a system is small, we cannot observe it without producing a serious disturbance and hence we cannot expect to find any causal connexion between the results of our observations. Causality will still be assumed to apply to undisturbed systems and the equations which will be set up to describe an undisturbed system will be differential equations expressing a causal connexion between conditions at one time and conditions at a later time. These equations will be in close correspondence with the equations of classical mechanics, but they will be connected only indirectly with the results of observations. There is an unavoidable indeterminacy in the calculation of observational results, the theory enabling us to calculate in general only the probability of our obtaining a particular result when we make an observation.



2. The polarization of photons


The discussion in the preceding section about the limit to the gentleness with which observations can be made and the consequent indeterminacy in the results of those observations does not provide any quantitative basis for the building up of quantum mechanics. For this purpose a new set of accurate laws of nature is required. One of the most fundamental and most drastic of these is the Principle of Superposition of States. We shall lead up to a general formulation of this principle through a consideration of some special cases, taking first the example provided by the polarization of light.


It is known experimentally that when plane-polarized light is used for ejecting photo-electrons, there is a preferential direction for the electron emission. Thus the polarization properties of light are closely connected with its corpuscular properties and one must ascribe a polarization to the photons. One must consider, for instance, a beam of light plane-polarized in a certain direction as consisting of photons each of which is plane-polarized in that direction and a beam of circularly polarized light as consisting of photons each circularly polarized. Every photon is in a certain state of polarization, as we shall say. The problem we must now consider is how to fit in these ideas with the known facts about the resolution of light into polarized components and the recombination of these components.


Let us take a definite case. Suppose we have a beam of light passing through a crystal of tourmaline, which has the property of letting through only light plane-polarized perpendicular to its optic axis. Classical electrodynamics tells us what will happen for any given polarization of the incident beam. If this beam is polarized perpendicular to the optic axis, it will all go through the crystal; if parallel to the axis, none of it will go through; while if polarized at an angle α to the axis, a fraction sin2α will go through. How are we to understand these results on a photon basis?


A beam that is plane-polarized in a certain direction is to be pictured as made up of photons each plane-polarized in that direction. This picture leads to no difficulty in the cases when our incident beam is polarized perpendicular or parallel to the optic axis. We merely have to suppose that each photon polarized perpendicular to the axis passes unhindered and unchanged through the crystal, while each photon polarized parallel to the axis is stopped and absorbed. A difficulty arises, however, in the case of the obliquely polarized incident beam. Each of the incident photons is then obliquely polarized and it is not clear what will happen to such a photon when it reaches the tourmaline.


A question about what will happen to a particular photon under certain conditions is not really very precise. To make it precise one must imagine some experiment performed having a bearing on the question and inquire what will be the result of the experiment. Only questions about the results of experiments have a real significance and it is only such questions that theoretical physics has to consider.


In our present example the obvious experiment is to use an incident beam consisting of only a single photon and to observe what appears on the back side of the crystal. According to quantum mechanics the result of this experiment will be that sometimes one will find a whole photon, of energy equal to the energy of the incident photon, on the back side and other times one will find nothing. When one finds a whole photon, it will be polarized perpendicular to the optic axis. One will never find only a part of a photon on the back side. If one repeats the experiment a large number of times, one will find the photon on the back side in a fraction sin2α of the total number of times. Thus we may say that the photon has a probability sin2α of passing through the tourmaline and appearing on the back side polarized perpendicular to the axis and a probability cos2α of being absorbed. These values for the probabilities lead to the correct classical results for an incident beam containing a large number of photons.


In this way we preserve the individuality of the photon in all cases. We are able to do this, however, only because we abandon the determinacy of the classical theory. The result of an experiment is not determined, as it would be according to classical ideas, by the conditions under the control of the experimenter. The most that can be predicted is a set of possible results, with a probability of occurrence for each.


The foregoing discussion about the result of an experiment with a single obliquely polarized photon incident on a crystal of tourmaline answers all that can legitimately be asked about what happens to an obliquely polarized photon when it reaches the tourmaline. Questions about what decides whether the photon is to go through or not and how it changes its direction of polarization when it does go through cannot be investigated by experiment and should be regarded as outside the domain of science. Nevertheless some further description is necessary in order to correlate the results of this experiment with the results of other experiments that might be performed with photons and to fit them all into a general scheme. Such further description should be regarded, not as an attempt to answer questions outside the domain of science, but as an aid to the formulation of rules for expressing concisely the results of large numbers of experiments.


The further description provided by quantum mechanics runs as follows. It is supposed that a photon polarized obliquely to the optic axis may be regarded as being partly in the state of polarization parallel to the axis and partly in the state of polarization perpendicular to the axis. The state of oblique polarization may be considered as the result of some kind of superposition process applied to the two states of parallel and perpendicular polarization. This implies a certain special kind of relationship between the various states of polarization, a relationship similar to that between polarized beams in classical optics, but which is now to be applied, not to beams, but to the states of polarization of one particular photon. This relationship allows any state of polarization to be resolved into, or expressed as a superposition of, any two mutually perpendicular states of polarization.


When we make the photon meet a tourmaline crystal, we are subjecting it to an observation. We are observing whether it is polarized parallel or perpendicular to the optic axis. The effect of making this observation is to force the photon entirely into the state of parallel or entirely into the state of perpendicular polarization. It has to make a sudden jump from being partly in each of these two states to being entirely in one or other of them. Which of the two states it will jump into cannot be predicted, but is governed only by probability laws. If it jumps into the parallel state it gets absorbed and if it jumps into the perpendicular state it passes through the crystal and appears on the other side preserving this state of polarization.



3. Interference of photons


In this section we shall deal with another example of superposition. We shall again take photons. but shall be concerned with their position in space and their momentum instead of their polarization. If we are given a beam of roughly monochromatic light, then we know something about the location and momentum of the associated photons. We know that each of them is located somewhere in the region of space through which the beam is passing and has a momentum in the direction of the beam of magnitude given in terms of the frequency of the beam by Einstein's photo-electric law — momentum equals frequency multiplied by a universal constant, When we have such information about the location and momentum of a photon we shall say that it is in a definite translational state.


We shall discuss the description which quantum mechanics provides of the interference of photons. Let us take a definite experiment demonstrating interference. Suppose we have a beam of light which is passed through some kind of interferometer, so that it gets split up into two components and the two components are subsequently made to interfere. We may, as in the preceding section, take an incident beam consisting of only a single photon and inquire what will happen to it as it goes through the apparatus. This will present to us the difficulty of the conflict between the wave and corpuscular theories of light in an acute form.


Corresponding to the description that we had in the case of the polarization, we must now describe photon as going partly into each of the two components into which the incident beam is split. The photon is then, as we may say, in a translational state given by the superposition of the two translational states associated with the two components. We are thus led to a generalization of the term 'translational state' applied to a photon. For a photon to be in a definite translational state it need not be associated with one single beam of light, but may be associated with two or more beams of light which are the components into which one original beam has been split. † In the accurate mathematical theory each translational state is associated with one of the wave functions of ordinary wave optics, which wave function may describe either a single beam or two or more beams into which one original beam has been split. Translational states are thus superposable in a similar way to wave functions.


Let us consider now what happens when we determine the energy in one of the components. The result of such a determination must be either the whole photon or nothing at all. Thus the photon must change suddenly from being partly in one beam and partly in the other to being entirely in one of the beams. This sudden change is due to the disturbance in the translational state of the photon which the observation necessarily makes. It is impossible to predict in which of the two beams the photon will be found. Only the probability of either result can be calculated from the previous distribution of the photon over the two beams.


One could carry out the energy measurement without destroying the component beam by, for example, reflecting the beam from a movable mirror and observing the recoil. Our description of the photon allows us to infer that, after such an energy measurement, it would not be possible to bring about any interference effects between the two components. So long as the photon is partly in one beam and partly in the other, interference can occur when the two beams are superposed, but this possibility disappears when the photon is forced entirely into one of the beams by an observation. The other beam then no longer enters into the description of the photon, so that it counts as being entirely in the one beam in the ordinary way for any experiment that may subsequently be performed on it.


On these lines quantum mechanics is able to effect a reconciliation of the wave and corpuscular properties of light. The essential point is the association of each of the translational states of a photon with one of the wave functions of ordinary wave optics. The nature of this association cannot be pictured on a basis of classical mechanics, but is something entirely new. It would be quite wrong to picture the photon and its associated wave as interacting in the way in which particles and waves can interact in classical mechanics. The association can be interpreted only statistically, the wave function giving us information about the probability of our finding the photon in any particular place when we make an observation of where it is.


Some time before the discovery of quantum mechanics people realized that the connexion between light waves and photons must be of a statistical character. What they did not clearly realize, however, was that the wave function gives information about the probability of one photon being in a particular place and not the probable number of photons in that place. The importance of the distinction can be made clear in the following way. Suppose we have a beam of light consisting of a large number of photons split up into two components of equal intensity. On the assumption that the intensity of a beam is connected with the probable number of photons in it, we should have half the total number of photons going into each component. If the two components are now made to interfere, we should require a photon in one component to be able to interfere with one in the other. Sometimes these two photons would have to annihilate one another and other times they would have to produce four photons. This would contradict the conservation of energy. The new theory, which connects the wave function with probabilities for one photon, gets over the difficulty by making each photon go partly into each of the two components. Each photon then interferes only with itself. Interference between two different photons never occurs.


The association of particles with waves discussed above is not restricted to the case of light, but is, according to modern theory, of universal applicability. All kinds of particles are associated with waves in this way and conversely all wave motion is associated with particles. Thus all particles can be made to exhibit interference effects and all wave motion has its energy in the form of quanta. The reason why these general phenomena are not more obvious is on account of a law of proportionality between the mass or energy of the particles and the frequency of the waves, the coefficient being such that for waves of familiar frequencies the associated quanta are extremely small, while for particles even as light as electrons the associated wave frequency is so high that it is not easy to demonstrate interference.



       4. Superposition and Indeterminacy
    

The reader may possibly feel dissatisfied with the attempt in the two preceding sections to fit in the existence of photons with the classical theory of light. He may argue that a very strange idea has been introduced — the possibility of a photon being partly in each of two states of polarization, or partly in each of two separate beams — but even with the help of this strange idea no satisfying picture of the fundamental single-photon processes has been given. He may say further that this strange idea did not provide any information about experimental results for the experiments discussed, beyond what could have been obtained from an elementary consideration of photons being guided in some vague way by waves. What, then, is the use of the strange idea?


In answer to the first criticism it may be remarked that the main object of physical science is not the provision of pictures, but is the formulation of laws governing phenomena and the application of these laws to the discovery of new phenomena. If a picture exists, so much the better; but whether a picture exists or not is a matter of only secondary importance. In the case of atomic phenomena no picture can be expected to exist in the usual sense of the word 'picture', by which is meant a model functioning essentially on classical lines. One may, however, extend the meaning of the word `picture' to include any way of looking at the fundamental laws which makes their self-consistency obvious. With this extension, one may gradually acquire a picture of atomic phenomena by becoming familiar with the laws of the quantum theory.


With regard to the second criticism, it may be remarked that for many simple experiments with light, an elementary theory of waves and photons connected in a vague statistical way would be adequate to account for the results. In the case of such experiments quantum mechanics has no further information to give. In the great majority of experiments, however, the conditions are too complex for an elementary theory of this kind to be applicable and some more elaborate scheme, such as is provided by quantum mechanics, is then needed. The method of description that quantum mechanics gives in the more complex cases is applicable also to the simple cases and although it is then not really necessary for accounting for the experimental results, its study in these simple cases is perhaps a suitable introduction to its study in the general case.


There remains an overall criticism that one may make to the whole scheme, namely, that in departing from the determinacy of the classical theory a great complication is introduced into the description of Nature, which is a highly undesirable feature. This complication is undeniable, but it is offset by a great simplification, provided by the general principle of superposition of states, which we shall now go on to consider. But first it is necessary to make precise the important concept of a `state' of a general atomic system.


Let us take any atomic system, composed of particles or bodies with specified properties (mass, moment of inertia, etc.) interacting according to specified laws of force. There will be various possible motions of the particles or bodies consistent with the laws of force. Each such motion is called a state of the system. According to classical ideas one could specify a state by giving numerical values to all the coordinates and velocities of the various component parts of the system at some instant of time, the whole motion being then completely determined. Now the argument of pp. 3 and 4 shows that we cannot observe a small system with that amount of detail which classical theory supposes. The limitation in the power of observation puts a limitation on the number of data that can be assigned to a state. Thus a state of an atomic system must be specified by fewer or more indefinite data than a complete set of numerical values for all the coordinates and velocities at some instant of time. In the case when the system is just a single photon, a state would be completely specified by a given translational state in the sense of § 3 together with a given state of polarization in the sense of § 2.


A state of a system may be defined as an undisturbed motion that is restricted by as many conditions or data as are theoretically possible without mutual interference or contradiction. In practice the conditions could be imposed by a suitable preparation of the system, consisting perhaps in passing it through various kinds of sorting apparatus, such as slits and polarimeters, the system being left undisturbed after the preparation. The word 'state' may be used to mean either the state at one particular time (after the preparation), or the state throughout the whole of time after the preparation. To distinguish these two meanings, the latter will be called a 'state of motion' when there is liable to be ambiguity.


The general principle of superposition of quantum mechanics applies to the states, with either of the above meanings, of any one dynamical system. It requires us to assume that between these states there exist peculiar relationships such that whenever the system is definitely in one state we can consider it as being partly in each of two or more other states. The original state must be regarded as the result of a kind of superposition of the two or more new states, in a way that cannot be conceived on classical ideas. Any state may be considered as the result of a superposition of two or more other states, and indeed in an infinite number of ways. Conversely any two or more states may be superposed to give a new state. The procedure of expressing a state as the result of superposition of a number of other states is a mathematical procedure that is always permissible, independent of any reference to physical conditions, like the procedure of resolving a wave into Fourier components. Whether it is useful in any particular case, though, depends on the special physical conditions of the problem under consideration.


In the two preceding sections examples were given of the superposition principle applied to a system consisting of a single photon.
§ 2 dealt with states differing only with regard to the polarization and
§ 3 with states differing only with regard to the motion of the photon as a whole.


The nature of the relationships which the superposition principle requires to exist between the states of any system is of a kind that cannot be explained in terms of familiar physical concepts. One cannot in the classical sense picture a system being partly in each of two states and see the equivalence of this to the system being completely in some other state. There is an entirely new idea involved, to which one must get accustomed and in terms of which one must proceed to build up an exact mathematical theory, without having any detailed classical picture.


When a state is formed by the superposition of two other states, it will have properties that are in some vague way intermediate between those of the two original states and that approach more or less closely to those of either of them according to the greater or less 'weight' attached to this state in the superposition process. The new state is completely defined by the two original states when their relative weights in the superposition process are known, together with a certain phase difference, the exact meaning of weights and phases being provided in the general case by the mathematical theory. In the case of the polarization of a photon their meaning is that provided by classical optics, so that, for example, When two perpendicularly plane polarized states are superposed with equal weights, the new state may be circularly polarized in either direction, or linearly polarized at an angle π/4, or else elliptically polarized, according to the phase difference.


The non-classical nature of the superposition process is brought out clearly if we consider the superposition of two states, A and B, such that there exists an observation which, when made on the system in state A, is certain to lead to one particular result, a say, and when made on the system in state B is certain to lead to some different result, b say. What will be the result of the observation when made on the system in the superposed state? The answer is that the result will be sometimes a and sometimes b, according to a probability law depending on the relative weights of A and B in the superposition process. It will never be different from both a and b. The intermediate character of the state formed by superposition thus expresses itself through the probability of a particular result for an observation being intermediate between the corresponding probabilities for the original states,† not through the result itself being intermediate between the corresponding results for the original states.

In this way we see that such a drastic departure from ordinary ideas as the assumption of superposition relationships between the states is possible only on account of the recognition of the importance of the disturbance accompanying an observation and of the consequent indeterminacy in the result of the observation. When an observation is made on any atomic system that is in a given state, in general the result will not be determinate, i.e., if the experiment is repeated several times under identical conditions several different results may be obtained. It is a law of nature, though, that if the experiment is repeated a large number of times, each particular result will be obtained in a definite fraction of the total number of times, so that there is a definite probability of its being obtained. This probability is what the theory sets out to calculate. Only in special cases when the probability for some result is unity is the result of the experiment determinate.


The assumption of superposition relationships between the states leads to a mathematical theory in which the equations that define a state are linear in the unknowns. In consequence of this, people have tried to establish analogies with systems in classical mechanics, such as vibrating strings or membranes, which are governed by linear equations and for which, therefore, a superposition principle holds. Such analogies have led to the name 'Wave Mechanics' being sometimes given to quantum mechanics. It is important to remember, however, that the superposition that occurs in quantum mechanics is of an essentially different nature from any occurring in the classical theory, as is shown by the fact that the quantum superposition principle demands indeterminacy in the results of observations in order to be capable of a sensible physical interpretation. The analogies are thus liable to be misleading.



       5. Mathematical formulation of the principle
    

A profound change has taken place during the present century in the opinions physicists have held on the mathematical foundations of their subject. Previously they supposed that the principles of Newtonian mechanics would provide the basis for the description of the whole of physical phenomena and that all the theoretical physicist had to do was suitably to develop and apply these principles. With the recognition that there is no logical reason why Newtonian and other classical principles should be valid outside the domains in which they have been experimentally verified has come the realization that departures from these principles are indeed necessary. Such departures find their expression through the introduction of new mathematical formalisms, new schemes of axioms and rules of manipulation, into the methods of theoretical physics.


Quantum mechanics provides a good example of the new ideas. It requires the states of a dynamical system and the dynamical variables to be interconnected in quite strange ways that are unintelligible from the classical standpoint. The states and dynamical variables have to be represented by mathematical quantities of different natures from those ordinarily used in physics. The new scheme becomes a precise physical theory when all the axioms and rules of manipulation governing the mathematical quantities are specified and when in addition certain laws are laid down connecting physical facts with the mathematical formalism, so that from any given physical conditions equations between the mathematical quantities may be inferred and vice versa. In an application of the theory one would be given certain physical information, which one would proceed to express by equations between the mathematical quantities. One would then deduce new equations with the help of the axioms and rules of manipulation and would conclude by interpreting these new equations as physical conditions. The justification for the whole scheme depends, apart from internal consistency, on the agreement of the final results with experiment.


We shall begin to set up the scheme by dealing with the mathematical relations between the states of a dynamical system at one instant of time, which relations will come from the mathematical formulation of the principle of superposition. The superposition process is a kind of additive process and implies that states can in some way be added to give new states. The states must therefore be connected with mathematical quantities of a kind which can be added together to give other quantities of the same kind. The most obvious of such quantities are vectors. Ordinary vectors, existing in a space of a finite number of dimensions, are not sufficiently general for most of the dynamical systems in quantum mechanics. We have to make a generalization to vectors in a space of an infinite number of dimensions, and the mathematical treatment becomes complicated by questions of convergence. For the present, however, we shall deal merely with some general properties of the vectors, properties which can be deduced on the basis of a simple scheme of axioms, and questions of convergence and related topics will not be gone into until the need arises.


It is desirable to have a special name for describing the vectors which are connected with the states of a system in quantum mechanics, whether they are in a space of a finite or an infinite number of dimensions. We shall call them ket vectors, or simply kets, and denote a general one of them by a special symbol |>. If we want to specify a particular one of them by a label, A say, we insert it in the middle, thus |A>. The suitability of this notation will become clear as the scheme is developed.


Ket vectors may be multiplied by complex numbers and may be added together to give other ket vectors, from two ket vectors | A > and | B > we can form
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say, where c1 and c2 are any two complex numbers. We may also perform more general linear processes with them, such as adding an infinite sequence of them, and if we have a ket vector | x >, depending on and labelled by a parameter x which can take on all values in a certain range, we may integrate it with respect to x, to get another ket vector
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say. A ket vector which is expressible linearly in terms of certain others is said to be dependent on them. A set of ket vectors are called independent if no one of them is expressible linearly in terms of the others.


We now assume that each state of a dynamical system at a particular time corresponds to a ket vector, the correspondence being such that if a state results from the superposition of certain other states, its corresponding ket vector is expressible linearly in terms of the corresponding ket vectors of the other states, and conversely. Thus the state | R > results from a superposition of the states | A >and | B > when the corresponding ket vectors are connected by (1).


The above assumption leads to certain properties of the superposition process, properties which are in fact necessary for the word 'superposition' to be appropriate. When two or more states are superposed, the order in which they occur in the superposition process is unimportant, so the superposition process is symmetrical between the states that are superposed. Again, we see from equation (1) that (excluding the case when the coefficient c1 or c2 is zero) if the state | R > can be formed by superposition of the states | A > and | B >, then the state | A > can be formed by superposition of | B > and | R >, and | B > can be formed by superposition of | A > and | R >. The superposition relationship is symmetrical between all three states | A >, | B >, and | R >.


A state which results from the superposition of certain other states will be said to be dependent on those states. More generally, a state will be said to be dependent on any set of states, finite or infinite in number, if its corresponding ket vector is dependent on the corresponding ket vectors of the set of states. A set of states will be called independent if no one of them is dependent on the others.


To proceed with the mathematical formulation of the superposition principle we must introduce a further assumption, namely the assumption that by superposing a state with itself we cannot form any new state, but only the original state over again. If the original state corresponds to the ket vector | A >, when it is superposed with itself the resulting state will correspond to



c1A > + c2A > = (c1 + c2) | A >,



where c1 and c2 are numbers. Now we may have c1 + c2 = 0, in which case the result of the superposition process would be nothing at all, the two components having cancelled each other by an interference effect. Our new assumption requires that, apart from this special case, the resulting state must be the same as the original one, so that (c1 + c2)| A > must correspond to the same state that | A > does. Now c1 + c2 is an arbitrary complex number and hence we can conclude that if the ket vector corresponding to a state is multiplied by any complex number, not zero, the resulting ket vector will correspond to the same state. Thus a state is specified by the direction of a ket vector and any length one may assign to the ket vector is irrelevant. All the states of the dynamical system are in one - one correspondence with all the possible directions for a ket vector, no distinction being made between the directions of the ket vectors | A > and - | A >.


The assumption just made shows up very clearly the fundamental difference between the superposition of the quantum theory and any kind of classical superposition. In the case of a classical system for which a superposition principle holds, for instance a vibrating membrane, when one superposes a state with itself the result is a different state, with a different magnitude of the oscillations. There is no physical characteristic of a quantum state corresponding to the magnitude of the classical oscillations, as distinct from their quality, described by the ratios of the amplitudes at different points of the membrane. Again, while there exists a classical state with zero amplitude of oscillation everywhere, namely the state of rest, there does not exist any corresponding state for a quantum system, the zero ket vector corresponding to no state at all.


Given two states corresponding to the ket vectors | A > and | B >, the general state formed by superposing them corresponds to a ket vector | R > which is determined by two complex numbers, namely the coefficients c1 and c2 of equation (1). If these two coefficients are multiplied by the same factor (itself a complex number), the ket vector | R > will get multiplied by this factor and the corresponding state will be unaltered. Thus only the ratio of the two coefficients is effective in determining the state R. Hence this state is determined by one complex number, or by two real parameters. Thus from two given states, a twofold infinity of states may be obtained by superposition.


This result is confirmed by the examples discussed in §§ 2 and 3. In the example of § 2 there are just two independent states of polarization for a photon, which may be taken to be the states of plane polarization parallel and perpendicular to some fixed direction, and from the superposition of these two a twofold infinity of states of polarization can be obtained, namely all the states of elliptic polarization, the general one of which requires two parameters to describe it. Again, in the example of § 3, from the superposition of two given translational states for a photon a twofold infinity of translational states may be obtained, the general one of which is described by two parameters, which may be taken to be the ratio of the amplitudes of the two wave functions that are added together and their phase relationship. This confirmation shows the need for allowing complex coefficients in equation (1). If these coefficients were restricted to be real, then, since only their ratio is of importance for determining the direction of the resultant ket vector | R > when | A > and | B > are given, there would be only a simple infinity of states obtainable from the superposition.



      6. Bra and ket vectors
   

Whenever we have a set of vectors in any mathematical theory, we can always set up a second set of vectors, which mathematicians call the dual vectors. The procedure will be described for the case when the original vectors are our ket vectors.


Suppose we have a number φ which is a function of a ket vector | A >, i.e. to each ket vector | A > there corresponds one number and suppose further that the function is a linear one, which means that the number corresponding to | A > + | A' > is the sum of the numbers corresponding to | A > and to | A' >, and the number corresponding to c | A > is c times the number corresponding to | A >, c being any numerical factor. Then the number φ corresponding to any | A > may be looked upon as the scalar product of that | A > with some new vector, there being one of these new vectors for each linear function of the ket vectors | A >. The justification for this way of looking at φ is that, as will be seen later (see equations (5) and (6)), the new vectors may be added together and may be multiplied by numbers to give other vectors of the same kind. The new vectors are, of course, defined only to the extent that their scalar products with the original ket vectors are given numbers, but this is sufficient for one to be able to build up a mathematical theory about them.


We shall call the new vectors bra vectors, or simply bras, and denote a general one of them by the symbol < A |, the mirror image of the symbol for a ket vector. If we want to specify a particular one of them by a label, B say, we write it in the middle, thus < B |. The scalar product of a bra vector < B | and a ket vector | A > will be written < BA >, i.e. as a juxtaposition of the symbols for the bra and ket vectors, that for the bra vector being on the left, and the two vertical lines being contracted to one for brevity.


One may look upon the symbols < and > as a distinctive kind of brackets. A scalar product < BA > now appears as a complete bracket expression and a bra vector < B | or a ket vector | A > as an incomplete bracket expression. We have the rules that any complete bracket expression denotes a number and any incomplete bracket expression denotes a vector, of the bra or ket kind according to whether it contains the first or second part of the brackets.
The condition that the scalar product of < B | and | A > is a linear function of | A > may be expressed symbolically by


 < B | { | A > + | A' >} = < BA > + < BA' >,        (2)
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c being any number.


A bra vector is considered to be completely defined when its scalar product with every ket vector is given, so that if a bra vector has its scalar product with every ket vector vanishing, the bra vector itself must be considered as vanishing. In symbols, if



< PA > = 0, all | A >,
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The sum of two bra vectors < B | and < B' | is defined by the condition that its scalar product with any ket vector | A > is the sum of the scalar products of < B | and < B' | with | A >,
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and the product of a bra vector < B | and a number c is defined by the condition that its scalar product with any ket vector | A > is c times the scalar product of < B | with | A >,
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Equations (2) and (5) show that products of bra and ket vectors satisfy the distributive axiom of multiplication, and equations (3) and (6) show that multiplication by numerical factors satisfies the usual algebraic axioms.


The bra vectors, as they have been here introduced, are quite a different kind of vector from the kets, and so far there is no connexion between them except for the existence of a scalar product of a bra and a ket. We now make the assumption that there is a one-one correspondence between the bras and the kets, such that the bra corresponding to | A > + | A' > is the sum of the bras corresponding to | A > and to | A' >, and the bra corresponding to c | A > is c times the bra corresponding to | A >, c being the conjugate complex number to c. We shall use the same label to specify a ket and the corresponding bra. Thus the bra corresponding to | A > will be written < A |.


The relationship between a ket vector and the corresponding bra makes it reasonable to call one of them the conjugate imaginary of the other. Our bra and ket vectors are complex quantities, since they can be multiplied by complex numbers and are then of the same nature as before, but they are complex quantities of a special kind which cannot be split up into real and pure imaginary parts. The usual method of getting the real part of a complex quantity, by taking half the sum of the quantity itself and its conjugate, cannot be applied since a bra and a ket vector are of different natures and cannot be added together. To call attention to this distinction, we shall use the words 'conjugate complex' to refer to numbers and other complex quantities which can be split up into real and pure imaginary parts, and the words `conjugate imaginary' for bra and ket vectors, which cannot. With the former kind of quantity, we shall use the notation of putting a bar over one of them to get the conjugate complex one.


On account of the one-one correspondence between bra vectors and ket vectors, any state of our dynamical system at a particular time may be specified by the direction of a bra vector just as well as by the direction of a ket vector. In fact the whole theory will be symmetrical in its essentials between bras and kets.


Given any two ket vectors | A > and | B >, we can construct from them a number < BA > by taking the scalar product of the first with the conjugate imaginary of the second. This number depends linearly on | A > and antilinearly on | B >, the antilinear dependence meaning that the number formed from | B > + | B' > is the sum of the numbers formed from | B > and from | B' >, and the number formed from c | B > is c-bar times the number formed from | B >. There is a second way in which we can construct a number which depends linearly on | A > and antilinearly on | B >, namely by forming the scalar product of | B > with the conjugate imaginary of | A > and taking the conjugate complex of this scalar product. We assume that these two numbers are
always equal, i.e.


  <
  B
  
    |
  
  A
  >=
  o
  v
  e
  r
  l
  i
  n
  e
  
    <
    A
    
      |
    
    B
    >
  
  .
        (7)



Putting | B > = | A > here, we find that the number < A | } | A > must be real. We make the further assumption
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except when | A > = 0.


In ordinary space, from any two vectors one can constrict a number — their scalar product — which is a real number and is symmetrical between them. In the space of bra vectors or the space of ket vectors, from any two vectors one can again construct a number — the scalar product of one with the conjugate imaginary of the other — but this number is complex and goes over into the conjugate complex number when the two vectors are interchanged. There is thus a kind of perpendicularity in these spaces, which is a generalization of the perpendicularity in ordinary space. We shall call a bra and a ket vector orthogonal if their scalar product is zero, and two bras or two kets will be called orthogonal if the scalar product of one with the conjugate imaginary of the other is zero. Further, we shall say that two states of our dynamical system are orthogonal if the vectors corresponding to these states are orthogonal.


The length of a bra vector < A | or of the conjugate imaginary ket vector | A > is defined as the square root of the positive number < AA >. When we are given a state and wish to set up a bra or ket vector to correspond to it, only the direction of the vector is given and the vector itself is undetermined to the extent of an arbitrary numerical factor. It is often convenient to choose this numerical factor so that the vector is of length unity. This procedure is called normalization and the vector so chosen is said to be normalized. The vector is not completely determined even then, since one can still multiply it by any number of modulus unity, i.e. any number eiγ where γ is real, without changing its length. We shall call such a number a phase factor.


The foregoing assumptions give the complete scheme of relations between the states of a dynamical system at a particular time. The relations appear in mathematical form, but they imply physical conditions, which will lead to results expressible in terms of observations when the theory is developed further. For instance, if two states are orthogonal, it means at present simply a certain equation in our formalism, but this equation implies a definite physical relationship between the states, which further developments of the theory will enable us to interpret in terms of observational results.
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We include those philosophers whose work made the greatest contribution to our three major information philosophy problems, knowledge, value, and freedom of the will.
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  Introduction

Philosophy, including Reason itself, has been under attack for centuries. Our mission is to restore the greatness of the one while clarifying the meaning and use of the other in the age of science and information theory.


We will show that three developments in the physical sciences of the twentieth century must profoundly influence our thinking about some of the greatest problems (or questions) of traditional philosophy.


In the past, when a part of philosophy made recognizable progress, such as logic or the natural sciences, that part was removed from philosophy, leaving only unanswered - some thought unanswerable - questions. Using recent advances in scientific knowledge to examine three fundamental questions about freedom, value, and knowledge, we hope to reconcile science and philosophy. We will explore...

	
	The connection between quantum mechanics, the uncertainty principle, and freedom of the human will.
	
	
	Negative entropy as the cosmic source of value which underlies all systems of values, material, biological, and human.
	
	
	How exactly knowledge (the sophia) is created in the human mind, communicated to others, then represented as meaningful information. A growing body of knowledge is humanity's greatest legacy to its own future, a mark of progress, and arguably a fundamental human purpose.
	


When these processes are fully understood, philosophy may recover from its current collapsed state. Tragically reduced to the history of philosophical thought and the biographies of philosophical thinkers, misled by a misconception that its questions were "pseudo-problems" to be dis-solved by careful logic and analysis of language, and most recently deconstructed by sophistical arguments whose limits were well understood by the ancients, philosophy could reassume its proper place and once again include natural philosophy. The proper philosophical method should be seen as nothing different from the scientific method.



Source: https://www.informationphilosopher.com/content.html
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The great unsolved problems of philosophy and science.
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The Problems

Here we review some great questions of philosophy for which information philosophy now provides us with the possibility of fuller understanding, with plausible and practical, if tentative, solutions to philosophical problems that have been known for millennia as well as major problems in physics from the twentieth century.


Several of these are problems that 20th-century philosophers like Ludwig Wittgenstein labeled "philosophical puzzles" and Bertrand Russell called "pseudo-problems." Analytic language philosophers thought many of these problems could be "dis-solved," revealing them to be conceptual errors caused by the misuse of language. 

Analytical philosopher Gilbert Ryle called them "category mistakes" that could be avoided by more careful "conceptual analysis." For example, his critical analysis of the "concept of mind" concluded that a "metaphysical" - an immaterial - mind simply could not exist. 


Using the new methodology of information philosophy, these classic problems are now back under consideration as genuinely important, analyzable and potentially soluble in terms of information. 


Although it is neither matter nor energy, immaterial information can interact causally with the more familiar contents of the physical world. Information philosophy explains how "an idea can move mountains."


Note that the goal of information philosophy is not to remove a problem from philosophy once it is solved. To be sure, where scientists seek solutions, philosophers prefer problems, ones that are teachable as problems. While perhaps necessary for academic careers, agnostic attitudes only serve to prevent progress in philosophy. Bertrand Russell was simply wrong when he said "what science cannot discover, mankind cannot know," and 


"questions which are already capable of definite answers are placed in the sciences, while those only to which, at present, no definite answer can be given, remain to form the residue which is called philosophy." 


Recently, Peter van Inwagen agreed with Russell:


"If some branch of philosophy were suddenly to undergo a revolutionary transformation and began, as a consequence, to yield real information, it would cease to be regarded as a branch of philosophy and would come to be regarded as one of the sciences." 


We disagree. By providing plausible answers to some truly great questions, information philosophy hopes to prevent philosophy from being reduced to "Russell's Residue."



Classical Philosophical Problems

The Problem of Free Will - Over two dozen thinkers since William James in 1884 have proposed "two-stage" models of free will - first "free," then will," - first chance, then choice, - first alternative possibilities, then one actuality. The most plausible and practical solution to the 2400-year old problem of free will is our Cogito model. The critical random component of the first stage is provided by noise in the brain's information processing, generating free thoughts to be followed by adequately determined willed actions. The chance nature of a thought that just "pops into one's head" in no way makes the resulting action, or the agent, random.

The Problem of Value - Information philosophy moves the source of ultimate value beyond man and our created gods, beyond life and the Earth, to its origins in a Cosmic Providence, which creates stable information structures that we call Ergo. Note that quantum mechanics, though normally thought of as adding only indeterminacy, is the source of the stability in most information structures.


The Problem of Knowledge - Epistemology - More correctly the problem of certainknowledge, when our means of perception is limited and fallible. Instead of the classical logical language debates about "justified true belief" since Plato's time, information philosophy looks to information structures in the brain and mind that correspond to external structures in the world and in other minds. Correspondence is the quantitative isomorphism (or overlap) between the internal and external bits of information. 


The Problem of Mental Causation is solved by showing how the information-processing system of life emerges from matter, and mind in turn emerges from life. In both cases we show that there is clear downward causal control of the component atoms by the higher-level information-processing system. We also show that thermal/quantal noise in the lower level blocks "bottom-up" causation. There is no upward flow of information. The emergence of life from matter is "order out of order," as Erwin Schrödinger called it, "life feeding on negative entropy" (via the dephosporylation of ATP). The emergence of mind from life is "pure abstract information from order." And information is the stuff of thought. 


Consciousness can be defined in information terms as the property of an entity (usually a living thing, but we can also include artificially conscious machines or computers) that perceives and reacts to the information (and particularly to changes in the information) in its environment. We call it information consciousness.


The Problem of Evil - Theodicy - "If God is Good, He is not God. If God is God, He is not Good." (J.B., by Archibald MacLeish) The question is not "Does God exist?" The question is "Does Goodness exist?" The solution lies in a dualist world with both bad and good. If ergodic information is an objective good, then entropic destruction of information is "the devil incarnate," as Norbert Wiener put it. Information philosophy offers a test of "revealed truth," specifically visions by inspired thinkers that have no empirical evidence, because these visions are usually in the realm of "pure ideas."


Immortality - Information philosophy implies two kinds of immortality, the material survival of genetic information and the survival of our ideas in the sum of all knowledge and human artifacts. The survival of parts of the genetic code in DNA is the longest approximation to immortality known in living things.


The Problem of Induction - We now understand why David Hume was right that induction does not lead to certain truth. But induction, for example the classic repeated observations of white swans, can count as statistical evidence for or against our hypotheses and theories. Theories are not economical summaries of experiments. Nor are they logically deducible from experiments. They are "free creations of the human mind" (as Albert Einstein called them)  that may be confirmed by experimental evidence.


Metaphysics -  The first claim of a metaphysics based on information is that the physical universe contains more than just matter (and energy) in motion. The Platonic realm of ideas, Immanuel Kant's noumenal realm of "things in themselves" unconstrained by the deterministic laws of matter in motion, an immaterial mind that gives those ideas causal powers, and the immortal aspect of those ideas, all these touch on problems traditionally part of metaphysics. 


Secondly, because the external information is in the things themselves as information structures, information philosophy provides an ontological inventory of what exists in a mind-independent reality that in no way depends on how we came to acquire the knowledge of what exists. A third claim rests on the unqualified existence of immaterial, non-substantial, abstract, universals, some of which are necessary by logical definition, all of them existing in the Platonic and noumenal realm of pure information.


The Mind-Body Problem - Solved in part by our Sum model, which explains how abstract information, an idea, or knowledge is incorporated into a human mind, and how pure ideas act on the physical world. Information is neither energy nor matter, although it needs matter for its embodiment and energy for its communication. Information is the mind in the body, the ghost in the machine, as close to a spirit or soul as science can get. When we die, it is our information that is lost. Our ERR (Experience Recorder and Reproducer) model for the mind is simpler than, yet superior to, "computational" models of the mind/brain as a computer.


One or Many - Is the world a unity? We see this as part of the great dualism between ideal and material, between being and becoming, between mind and matter. The basis for a "neutral monism" may be to see both "thoughts" and "things" as fundamentally part of what William James called "pure experience," the information processing that produces an approximate isomorphism between what is in the world and the knowledge that is in our minds.


The Problem of Other Minds - Solved by understanding information transmission (communication) between minds, the intersubjective agreement of a community of inquirers, and the relationship between communal ideas and objects in the physical world.




Philosophical Problems


Metaphysics
One or Many
Universals

Epistemology
Emergence
Induction
Meaning

Mind
Mind-Body
Consciousness
The Self and Other Minds
Mental Causation

Value (Ethics)
Good
Evil (Theodicy)

God
Immortality

Free Will
Determinism
Moral Responsibility


 
Physics Problems


Measurement
Microscopic Reversibility
Macroscopic Recurrence
The Arrow of Time

The Interpretation of 
Quantum Mechanics
Collapse of the 
Wave Function
Decoherence
Entanglement
EPR Paradox
Nonlocality
Nonseparability
Schrödinger's Cat

Cosmology
Infinity
Flatness Problem
Horizon Problem
Missing Mass




The Problem of Universals - Porphyry's "fateful question, - Do the categories exist?," is seen to be a question of an informational isomorphism between our ideas and things in the world. 


Problems in Modern Physics

The Arrow of Time - Arthur Stanley Eddington connected "Time's Arrow" with the direction of increasing entropy and the second law of thermodynamics. We now show that it is also the direction of increasing information. It is the same direction as the "radiation" arrow (outgoing spherical waves) because 1) incoming spherical waves of radiation are impossible, and 2) the outgoing spherical waves are only the immaterialpossibilities of detecting quanta of energy or material particles. There is no unified field theory, because there are no fields. There are only particles. Fields are averages over particles. The fundamental arrow of time is the expansion of the universe, making all the other arrows possible and observable. 


The "collapse" of the wave function can occur whenever there is an interaction between matter and energy (or matter and matter). Measurements are a miniscule fraction of all interactions. The universe is its own observer.  The mysterious "collapse" is a question about possibilities, probabilities, and actuality. Nothing actually moves in the "collapse." One possibility becomes actual. The others disappear.


Entanglement is a mysterious quantum phenomenon that seems capable of transmitting information over vast distances faster than the speed of light, a property called nonlocality, first seen by Einstein in 1905. Information physics shows that although new information comes into existence simultaneously at space-like separated points, no faster-than-light signaling is possible, since neither matter nor energy is transmitted. Two particles appear simultaneously and far apart, with their properties perfectly correlated to satisfy the conservation principles for mass, energy, momentum, angular momentum, and spin.


 The collapse of the two-particle wave function in the EPR experiment is the same mystery as the one in the two-slit experiment. But now there are two particles and they  appear instantly and simultaneously, despite their space-like separation, because of nonlocality and nonseparability. This can be seen by reformulating the EPR paradox using a special frame of reference in which the source of the entangled particles and the observers are at rest.


When identical and indistinguishable particles are entangled, their later disentanglement happens symmetrically and synchronously in the special frame of reference in which their entanglement source (and their mean motion) is at rest. The EPR paradox is caused by the observer introducing an asymmetry where none exists, privileging "here" and "now" over "there" and "then." Einstein mistakenly introduced this false asymmetry into a perfectly symmetric situation.



The Horizon, Flatness, and Missing Mass Problems in Cosmology - The universe is flat because it was created from an empty universe, which is also flat. Leibniz' question, "Why is there something rather than nothing?" is simply answered. The universe is made out of something and the equal opposite of that something. The missing mass needed to achieve flatness may be dark matter in the intergalactic medium, but this does not explain the apparent acceleration of the universe expansion (dark energy), which may not be real, the result of misinterpretation of observational evidence. 


We solve the horizon problem by accepting Einstein's insight that in the wave-function collapse something appears to be "traveling" faster than the speed of light. That something is information about possibilities. When the universal wave function 
  Ψ
 collapsed at 
  t
  =
  0
, entangled parts of the universe that are now outside our current light horizon were "informed" that it was time to start.  


Questions of Infinity include: Time: Is it infinite? There appears to be only a finite past but an infinite possible future.  2) Space: If it is infinite, how did infinitely distance places know how to synchronize their starting time with us (the horizon problem. 3) Fields: Do they contain infinite information?  Algorithmic information theory tells us a field contains only the amount needed to specify it. Thus a gravitation field is defined through all space for a large mass M and a test particle m as exerting a force F = GMm/r2. But there is nothing substantial at an arbitrary point r. There is information there, in the form of knowledge about the gravitational force on m iff m is at that point. This is called "action-at-a-distance," but is better thought of as "knowledge-at-a-distance."


The "Interpretation" Problem of Quantum Mechanics - The Information Interpretation is the Copenhagen Interpretationplusinformation and minus the Conscious Observer. I-Phi interprets the wave function ψ as a "possibilities" function. I-Phi accepts the principle of superposition, the axiom of measurement, and the projection postulate of standard quantum mechanics. But a conscious observer is not required for the  "collapse of the wave-function". 


The collapse (also known as the "reduction of the wave packet") occurs whenever there is an interaction of a quantum system with another system (a "measurement") that reduces multiple possibilities to a single actuality, generating new information. Contrary to the usual understanding of the second law of thermodynamics, both the entropy and the negative entropy (information) increase. 


The transformation theory of Dirac and Jordan lets us represent ψ by expanding it in a set of basis functions for which the combined quantum system and measurement apparatus has eigenvalues. ψ is now in a superposition of those "possible" eigenfunctions. Quantum mechanics lets us calculate the probabilities of each of those "possibilities." Interaction with the measurement apparatus (or indeed interaction with any other system) may project out one of those possibilities as an actuality. But for this event to be an "observable" (a John Bell "beable"), information must be created and positive entropy must be transferred away from the new information structure, in accordance with our two-stage information creation process.    

Macroscopic Recurrence - Ernst Zermelo argued against Ludwig Boltzmann's H-Theorem (his derivation of the second law of thermodynamics), on the grounds that given enough time, any system would return to the same starting conditions and thus entropy must decrease as well as increase. Information physics shows that exactly the same circumstances can never recur. Friedrich Nietzsche's "Eternal Return of the Same" is a physical impossibility, because of the increasing information in the universe. 


The Measurement Problem - We explain how our measuring instruments, which are usually macroscopic objects and treatable with "adequately determined" classical physics, can give us information about the microscopic world of atoms and subatomic particles like electrons and photons, which are described with quantum physics. The so-called "cut" between the quantum and classical worlds occurs at the moment that stable observable information enters the world. It does not require the consciousness of an observer. The reason that there are no macroscopic superpositions (e.g., Schrödinger's Cat) is that when the "possibilities function" ψ becomes actual, entropy is transferred away from the new "adequately determined" information structure, probability amplitudes become probabilities, and superposition with interference is no longer a "possibility."


Microscopic Reversibility - Joseph Loschmidt also argued against Ludwig Boltzmann's H-Theorem, on the grounds that if time were reversed the entropy would decrease. Boltzmann agreed that it would, according to his initial version of the H-Theorem which was derived from classical dynamical physics. He later defended his case for entropy increase on the basis of probabilities and an assumption of "molecular disorder." A quantum-mechanical treatment of binary (two-particle) collisions confirms the correctness of Boltzmann's "molecular disorder" assumption. Information physics explains the origin of irreversibility, confirming Albert Einstein's insight that the elementary processes of interaction between matter and radiation have no inverses. In particular, there are no incoming spherical waves of radiation.


    


Source: https://www.informationphilosopher.com/problems/
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The laws of nature, except the second law of thermodynamics, are symmetric in time. Reversing the time in the dynamical equations of motion simply describes everything going backwards. The second law is different. Entropy must never decrease in time, except statistically and briefly.

However, many natural processes are apparently irreversible. Irreversibility is intimately connected to the direction of time. Identifying the physical reasons for the observed irreversibility, the origin of irreversibility, would contribute greatly to understanding the apparent asymmetry of nature in time, despite nature's apparently perfect symmetry in space.

Arthur Stanley Eddington coined the term "Arrow of Time" in his 1927 Gifford Lectures and his 1928 book The Nature of the Physical World. He connected "Time's Arrow" to the one-way direction of increasing entropy required by the second law of thermodynamics. This is now known as the "thermodynamic arrow."



In his later work, Eddington identified a "cosmological arrow," the direction in which the universe is expanding, as shown by Edwin Hubble about the time Eddington first defined the thermodynamic arrow.





The Nature of Time (and Space)


Many philosophers and scientists have speculated about the "nature" of time (and of space). 

What are they "really"?, they ask. 


Do time and space exist?, in this sense that physical objects exist? No, they do not. Both may depend on the existence of matter, as we shall see.


For Aristotle, time was a measure of motion, of material objects changing their positions in space .  

In Einstein's special relativity, the amount of time and of space between events in spacetime depend on the speed of an observer moving relative to the events. The well-known time dilation of moving objects says that time slows down and approaches zero as an object's speed approaches the speed of light. For light itself, for photons, time does not pass at all. 


Some models of the origin of the universe begin with pure energy, in which case there would be no passage of time until some light was converted to matter, at which moment time could be said to begin. 


Energy is convertible to matter and vice versa by Einstein's famous equation E = mc2, so the amount of matter produced by converting energy E would be E/c2. 


One known mechanism of creation of material particles from light energy is called "pair production," in which an electron (e-) and its anti-particle the positron (e+) are created. The energy of the photon must be higher than the mass of the two new particles multiplied by the velocity of light squared (1.022 MeV = 2x electron rest mass energy).


But there is a problem creating matter in a universe that contains only light energy. In well-known examples of pair production, a high-energy photon (gamma ray) must pass near some matter (typically a heavy atomic nucleus) to satisfy conservation of momentum and energy.  But this means pair production cannot begin without some already existing matter!


An additional problem is that the conversion of light energy to produce matter produces equal amounts of matter and anti-matter and our universe is almost entirely regular matter.  



Other Arrows of Time


There are now at least five other proposed arrows of time (discussed below). We can ask whether one arrow is a "master arrow" that all the others are following, or perhaps time itself is just a given property of nature that is otherwise irreducible to something more basic, as is space. 

Given the four-dimensional space-time picture of special relativity, and given that the laws of nature are symmetric in space, we may expect the laws to be invariant under a change in time direction. The laws do not depend on position or direction in space, they are invariant under translations and rotations, since space is assumed uniform and isotropic. But time is not just another spatial dimension. It enters into calculations of event separations as an imaginary term (multiplied by the square root of minus 1). Nevertheless, all the dynamical laws of motion are symmetric under time reversal.


So the basic problem is - how can macroscopic irreversibility result from microscopic processes that are fundamentally reversible? 


Long before Eddington, scientists asked deep questions about the direction of time. Perhaps the first to explore the connection with physics was Ludwig Boltzmann, who with James Clerk Maxwell investigated the statistical motions of the atoms and molecules of gases.  


If the laws of nature are time symmetric, perhaps the "arrow of time" is to be found in the "initial" conditions, although this may be a circular concept, since "initial,"current," and "final" states are all defined with respect to time. Since the dynamical laws are time reversible, scientists as early as Isaac Newton understood that one could calculate all the motions of a system by assuming "final conditions" and working backwards in time.


Many physicists assume the universe must have begun in a highly ordered (low entropy) state and it has been "running down" (entropy or disorder increasing) ever since. In the nineteenth century, Hermann von Helmholtz called this the "heat death" of the universe. This view has the unfortunate implication that all the information in the current universe was present at the beginning, which is friendly to some theological ideas like pre-destination, but distinctly unfriendly to ideas of human free will. 

Free Will, Determinism, and the Direction of Time


Besides being time reversible, the classical (Newtonian) laws of physics are also deterministic. As made famous by Pierre-Simon Laplace, perfect knowledge of the positions and momenta of all the particles in the universe could tell an infinite intelligence those positions and momenta at every time in the past and the future.


The laws of physics were perfectly compatible with the idea of an omniscient God. That all the information about the current universe was thought present at the origin supports the concept of pre-destination! 


Boltzmann assumed that the universe was infinitely old and that our current state is the consequence of a massive statistical fluctuation away from equilibrium and maximum entropy, a condition to which we must ultimately return.

 
Would time itself be reversed if we could make the entropy decrease? That is unlikely, since entropy decrease anywhere (creating negative entropy or negentropy, a term coined by Leon Brillouin) must be accompanied by an increase elsewhere, to satisfy the second law. Otherwise we could use the local reduction in the entropy to build a perpetual motion machine.


Put another way, if we could reverse the time, would entropy decrease? What can time reversal really mean? A thought experiment suggests not. Consider a closed perfume bottle inside a large empty container. Remove the bottle top and what would happen assuming that time is flowing backwards?  It seems likely that the perfume molecules would leave the bottle whatever "time" is doing.   


Cosmologists ask whether the universe might stop expanding and start contracting. Would time then go backwards? That seems unikely. 


 For practical purposes, many scientists have thought that time reversal is approximated by the reversal of all the velocities or momenta of material particles at an instant, starting from their current positions.


If we could reverse the motions of every material body (a practical impossibility, and perhaps a violation of Heisenberg's uncertainty principle), would that make the entropy decrease? Ludwig Boltzmann agreed that it could, but only for a while. His intuition was that a system could not return to a highly ordered original state, such as every molecule going back into the perfume bottle. 

J. Willard Gibbs thought otherwise. If the detailed path information in all the macroscopic motions is still available as microscopic information (if information is a conserved quantity), then reversal of all the motions should be exactly like a movie played backwards. 



The fundamental question of information philosophy is cosmological and ultimately metaphysical. What is the process that creates information structures in the universe?


    Given the second law of thermodynamics, which says that any system will over time approach a thermodynamic equilibrium of maximum disorder or entropy, in which all information is lost, and given the best current model for the origin of the universe, which says everything began in a state of equilibrium some 13.75 billion years ago, how can it be that living beings are creating and communicating new information every day? Why are we not still in that state of thermal equilibrium? 



It is perhaps easier for us to see the increasing complexity and order of information structures on the earth than it is to notice the increase in chaos that comes with increasing entropy, since the entropy is radiated away from the earth into the night sky, then away to the cosmic microwave background sink of deep space. 
David Layzer is a Harvard cosmologist who in the early 1970's made it clear that in an expanding universe the entropy would increase, as required by the second law of thermodynamics, but that the maximum possible entropy of the universe might increase faster than the actual entropy increase. This would leave room for an increase of order or information at the same time the entropy is increasing!


Layzer pointed out that if the equilibration rate of the matter (the speed with which matter redistributes itself randomly among all the possible states) was slower than the rate of expansion, then the "negative entropy" or "order" (defined as the difference between the maximum possible entropy and the actual entropy) would also increase. Claude Shannon identified this negative entropy with information, though visible structural information in the universe may be less than this "potential" for information. 

[image: image-placeholder]

Layzer called the direction of information increase the "historical arrow."


In a 1975 article for Scientific American called The Arrow of Time, Layzer wrote:
  

  the complexity of the astronomical universe seems puzzling.

Isolated systems inevitably evolve
toward the featureless state of thermodynamic
equilibrium. Since the universe
is in some sense an isolated system, why
has it not settled into equilibrium? One
answer, favored by many cosmologists,
is that the cosmological trend is in fact
toward equilibrium but that too little
time has elapsed for the process to have
reached completion... I shall argue that this view is
fundamentally incorrect. The universe is
not running down, and it need not have
started with a marked degree of disequilibrium;
the initial state may indeed
have been wholly lacking in macroscopic
as well as microscopic information.

Suppose that at some early moment
local thermodynamic equilibrium prevailed
in the universe. The entropy of
any region would then be as large as
possible for the prevailing values of the
mean temperature and density. As the
universe expanded from that hypothetical
state the local values of the mean
density and temperature would change,
and so would the entropy of the region.
For the entropy to remain at its maximum
value (and thus for equilibrium to
be maintained) the distribution of energies
allotted to matter and to radiation
must change, and so must the concentrations
of the various kinds of particles.
The physical processes that mediate
these changes proceed at finite rates;
if these "equilibration" rates are all much
greater than the rate of cosmic expansion,
approximate local thermodynamic
equilibrium will be maintained; if they
are not, the expansion will give rise to
significant local departures from equilibrium.


This is the Layzer's seminal theory of the growth of order in the universe

These departures represent
macroscopic information; the quantity of 
macroscopic information generated by
the expansion is the difference between
the actual value of the entropy and
the theoretical maximum entropy at the
mean temperature and density.



This is the fundamental question of information philosophy

In his 1989 book The Emperor's New Mind, Roger Penrose speculated on the connection between information, entropy, and the arrow of time. 



Recall that the primordial fireball was a thermal state — a hot gas in expanding thermal equilibrium. Recall, also, that the term 'thermal equilibrium' refers to a state of maximum entropy. (This was how we referred to the maximum entropy state of a gas in a box.) However, the second law demands that in its initial state, the entropy of our universe was at some sort of minimum, not a maximum!

What has gone wrong? One 'standard' answer would run roughly as follows:


True, the fireball was effectively in thermal equilibrium at the beginning, but the universe at that time was very tiny. The fireball represented the state of maximum entropy that could be permitted for a universe of that tiny size, but the entropy so permitted would have been minute by comparison with that which is allowed for a universe of the size that we find it to be today. As the universe expanded, the permitted maximum entropy increased with the universe's size, but the actual entropy in the universe lagged well behind this permitted maximum. The second law arises because the actual entropy is always striving to catch up with this permitted maximum.



Penrose's "standard" answer is a clear reference to the pioneering work of Harvard cosmologist David Layzer, especially his 1975 Scientific American article "The Arrow of Time." Layzer explained the the growth of order in the universe as the maximum possible entropy of the expanding universe increasing faster than the actual entropy, because the equilibration rates for matter and radiation are slower than the expansion rate.

Other Arrows of Time


The Radiation Arrow


Whether they be electromagnetic waves or waves in water, we only observe wavelike disturbances that propagate outwards in space away from the disturbance. These waves are described by what is called the retarded potential. In his 1909 discussion of waves and particles, Albert Einstein described the possibility of incoming spherical waves:

According to our prevailing theory, an oscillating ion generates a spherical wave that propagates outwards. The inverse process does not exist as an elementary process. A converging spherical wave is mathematically possible, to be sure; but to approach its realization requires a vast number of emitting entities. The elementary process of emission is not invertible. In this, I believe, our oscillation theory does not hit the mark. Newton's emission theory of light seems to contain more truth with respect to this point than the oscillation theory since, first of all, the energy given to a light particle is not scattered over infinite space, but remains available for an elementary process of absorption.



In 1945, John Wheeler and his student Richard Feynman attempted to symmetrize Maxwell's equations for electromagnetic fields with an "Absorber Theory of Radiation," that combined retarded (outgoing waves) and advanced potentials (incoming spherical waves) for radiation. They later described the theory as a mistake.


The Cosmological Arrow (expansion of the universe)


We can define a cosmological direction of time as the direction in which the universe is expanding. There are excellent reasons for seeing this as the most fundamental of all arrows, even the one driving some of the others. Without expansion, a static and closed universe would settle into thermal equilibrium and there would be no changes. There would be no entropy increase to show Eddington's thermodynamic arrow. There would be no information increase, as seen in Layzer's historical arrow.

Without the cosmological arrow, all the other arrows could not be realized.
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Consciousness can be defined in information terms as a property of an entity (usually a living thing, but we can also include artificially conscious machines or computers) that reacts to the information (and particularly to changes in the information) in its environment.

In the context of information philosophy, we can define this as information consciousness.


Thus an animal in a deep sleep is not conscious because it ignores changes in its environment. And robots may be conscious in our sense. Even the lowliest control system using negative feedback (a thermostat, for example) is in a minimal sense conscious of (aware of, exchanging information about) changes in its environment.


This definition of consciousness fits with our model of the mind as an experience recorder and reproducer (ERR). The ERR model stands in contrast to the popular cognitive science or "computational" model of a mind as a digital computer. No "information processing" (no processing units, algorithms, or stored programs) is needed for the ERR model, although we also see mind as immaterial "software" in the material brain "hardware." 


The physical metaphor for ERR is a non-linear random-access data recorder, where data is stored using content-addressable memory (the memory address is the data content itself). Simpler than a computer with stored algorithms, a better technological metaphor might be a video and sound recorder, enhanced with the ability to simultaneously record smells, tastes, touches, and - critically essential - feelings, something no computer machine can do.


The biological model is neurons that wire together during an organism's experiences, in multiple sensory and limbic systems, such that later firing of even a part of the wired neurons can stimulate firing of all or part of the original complex experience.


The psychological aspect of ERR is that "subjective experience" depends on the diverse and unique past life experiences of each individual, leading to what David Chalmers calls the "hard problem" of consciousness, Thomas Nagel's "what it's like to be...". 


Where neurobiologist Donald Hebb famously argued that "neurons that fire together wire together," our experience recorder and reproducer ERR model assumes that "neurons that have been wired together will fire together." 


If just some of those wired-together neurons are fired by a new experience, many more of them may fire again, explaining many aspects of memory, feelings, and the association  of ideas. 


Neuroscientists are investigating how diverse signals from multiple pathways can be unified in the brain. We offer no specific insight into these "binding" problems. Nor can we shed much light on the question of philosophical "meaning" of any given information structure, beyond the obvious relevance (survival value) for the organism of remembering, and thus learning from, past experiences.


A conscious being is constantly recording information about its perceptions of the external world, and most importantly for ERR, it is simultaneously recording its feelings. Sensory data such as sights, sounds, smells, tastes, and tactile sensations are recorded in a sequence along with pleasure and pain states, fear and comfort levels, etc.


All these experiential and emotional data are recorded in association with one another. This means that when the experiences are reproduced ("played back" when some of their interconnected neurons are fired by something in current experience), the accompanying emotions are once again felt, in synchronization.


The capability of reproducing experiences is critical to learning from past experiences, so as to make them guides for action in future experiences. The ERR model is the minimal mind model that provides for such learning by living organisms.


ERR also explains the uncontrollable and unpleasant recall of past negative experiences that generates post-traumatic stress disorders. 


The ERR model does not need a single "central processor unit (CPU) or even several "parallel processors." It does not use computer-like "data retrieval," based on the "address" of the data, to reproduce past experiences.  All that is required is that past experiences "play back" (are reproduced) whenever they are stimulated by present experiences that resemble the past experiences in one or more ways. 


When the organism recreates past experiences by acting them out, they become "habitual" and "subconscious" information structures.


This repetition, with the random variations caused by noise in recall, subtly changes the recorded experiences over time. 


It is critical that the original emotions also play back, along with any variations in current emotions that are experienced on playback. ERR then becomes an explanatory basis for conditioning experiments, classical Pavlovian and behaviorist operant conditioning, and in general a model for associative learning.

Bernard Baars's Global Workspace Theory uses the metaphor of a "Theater of Consciousness," in which there is an audience of purposeful agents calling for the attention of the executive on stage. 


In the ERR model, vast numbers of past experiences clamor for the attention of the central executive at all times, whenever anything in current experience has some resemblance. 


Global Workspace Theory is a version of  the "blackboard" model of Allan Newell and Herbert Simon, concepts written on the blackboard call up similar concepts by association from deep memory structures. The ERR model supports this view, and explains the mechanism by which concepts (past experiences) are retrieved and come to the blackboard.


In Daniel Dennett's consciousness model, the mind is made up of innumerable functional homunculi, each with its own goals and purposes.


Some of Dennett's homunculi are information structures in the genes, which transmit "learning" or "knowledge" from generation to generation by heredity alone. Others are environmentally and socially conditioned, or consciously learned through cultural transmission of information.


If we define "current experience" as all afferent perceptions plus the current contents of consciousness itself, we get a dynamic self-referential system with plenty of opportunities for negative and positive feedback. 

William James's description of a "stream of consciousness" together with a "blooming, buzzing confusion" of the unconscious appear to describe the ERR model very well.





The Elements of Consciousness




Four "Levels" of Consciousness


Instinctive Consciousness - by animals with little or no learning capability. Automatic reactions to environmental conditions are transmitted genetically. Information about past experiences (by prior generations of the organism) is only present implicitly in the inherited reactions.

Learned Consciousness - for animals whose past experiences guide current choices. Conscious, but mostly habitual, reactions are developed through experience, including instruction by parents and peers. 


Predictive Consciousness - The Sequencer in the ERR system can play back beyond the current situation, allowing the organism to use imagination and foresight to evaluate the future consequences of its choices.


Reflective (Normative) Consciousness– in which conscious deliberation about values influences the choice of behaviors.



All four levels are emergent, in the sense that they did not exist in the lower, earlier levels of biological evolution.



For Scholars




Source: https://www.informationphilosopher.com/problems/consciousness/
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Over the centuries many philosophers have seen a fundamental dualism. Most have invented their own names for this dualism. Not all have meant the very same things, but the great similarities allow us to collect all these dualisms into a quasi-chronological table, where similarities and slight differences become more clear.

Of course many have claimed to be monists. "All is One," they said, as they generally reduced the physical world to the ideal, or vice versa, or argued that the ideal and physical worlds were somehow both something else. But their underlying dualism was inescapable.


Many philosophers saw the need for the two sides to work together.

Immanuel Kant wrote

Gedanken ohne Inhalt sind leer.

Anschauungen ohne Begriffe sind blind.
Charles Sanders Peirce rewrote it as


If Materialism without Idealism is blind,

Idealism without Materialism is void.


With a nod to Kant and Peirce, we can say


Concepts without Percepts are empty.

Percepts without Concepts are blind.


And although Freedom and Values are not a Dualism, they too require one another and we can observe


Freedom without Values is Absurd (Continental Existentialism).

Values without Freedom are Worthless (British Utilitarianism).


In Information Philosophy, we divide the world into three fundamental parts, the material, the ideal (ideas are the same kind of abstraction as pure information), and the biological/human, a middle world that combines ideality and materiality. 


[image: image-placeholder]
The Information Philosopher's three levels are seen in our tri-color I-Phi logo.
   


	The Physical/Material (green) - Ilya Prigogine's "order out of chaos," when the matter in the universe forms information structures
  
	The Biological/Material (red) -  Erwin Schrödinger's "order out of order," when the material information structures form teleonomic self-replicating biological information structures
  
	The Mental/Immaterial (blue) - Bob Doyle's abstract "information out of order," when organisms with minds process and externalize information, communicating it to other minds and storing it in the environment
  


See other important triads and a few tetrads.


Information Philosophy offers a new solution to the Mind-Body Problem, which is perhaps the quintessential version of the Great Dualism that began in ancient times as Idealism and Materialism. 
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The ergodic problem or the problem of ergodicity has a long history going back to Ludwig Boltzmann's development of statistical mechanics.


Today ergodic theory is a set of formal problems in mathematics arising from the dynamics of deterministic and continuous classical mechanics. It is concerned with the path of a hypothetical infinitesimal particle in 6-dimensional phase space, or in the 6N-dimensional path of N particles.


The "ergodic hypothesis" originated with Boltzmann and was used by J. Willard Gibbs and Albert Einstein to replace time averages over the motions of a single dynamical system with average properties of an "ensemble" of identical systems, sometimes loosely described as replacing time averages with "space" averages.


The ergodic problem is intimately connected to the problems of reversibility (Loschmidt's paradox or Umkehreinwand) and recurrence (Zermelo's Paradox or Umwiederkehreinwand) raised by 19th-century critics aginst Boltzmann's theorem about the increase of thermodynamic entropy. 



Information philosophy suggests the solution to this difficult problem is to use indeterministic and discretequantum physics to consider what happens when material particles approach one another.


The phenomenological thermodynamics of Carnot and Clausius uses only macroscopic continuous variables like pressure, volume, temperature, and chemical potentials to discover entropy. 


The statistical mechanics of Boltzmann and James Clerk Maxwell studies the possible distributions of N particles in the 6N dimensions of their phase space. It usually studies gases in an equilibrium state to derive all the results of classical thermodynamics.


Maxwell was first to calculate the distribution of velocities (and therefore energies) of "ideal gas" particles. In an "ideal gas" we assume collisions between particles are "elastic." All energy is in the kinetic energy of the moving particles.


Boltzmann's kinetic theory of gases analyzes the statistics of collisions between gas particles to draw conclusions about systems that may be distant from equilibrium. Boltzmann neglected any three-particle collisions on the assumption that even two-particle collisions are rare. 


Boltzmann's transport equation analyzes the flow of particles in and out of a certain volume. He studied two-particle collisions and assumed that after the collision there was no correlation with the paths and velocities before the collisions. He called this assumption "molecular chaos" or "molecular disorder" (molekular geordnet). 



It uses the Liouville theorem that the phase-space distribution function is constant along the trajectories of the system. The phase space distribution ρ (p,q) determines the probability ρ (p,q)dqdpthat the system will be found in the infinitesimal phase space volume dqdp. The density of system points in the vicinity of a given system point traveling through phase-space is constant in time. 


Statistical mechanics assumes a priori probabilities give us the density. The underlying mechanics is the classical mechanics of Newton.



Loschmidt's Paradox 


In 1874, Josef Loschmidt criticized his younger colleague Ludwig Boltzmann's 1866 attempt to derive from basic classical dynamics the increasing entropy required by the second law of thermodynamics.


Increasing entropy is the intimate connection between time and the second law of thermodynamics that Arthur Stanley Eddington later called the Arrow of Time. (The fundamental arrow of time is the expansion of the universe, which makes room for all the other arrows.) Despite never seeing entropy decrease in an isolated system, attempts to "prove" that it always increases  have been failures. 


Loschmidt's criticism was based on the simple idea that the laws of classical dynamics are time reversible. Consequently, if we just turned the time around, the time evolution of the system should lead to decreasing entropy. Of course we cannot turn time around, but a classical dynamical system will evolve in reverse if all the particles could have their velocities exactly reversed. Apart from the practical impossibility of doing this, Loschmidt had shown that systems could exist for which the entropy should decrease instead of increasing. This is called Loschmidt's "Reversibility Objection" (Umwiederkehreinwand) or "Loschmidt's  paradox." We call it the problem of microscopic reversibility. 


Zermelo's Paradox 


Zermelo's paradox was a criticism of Ludwig Boltzmann's H-Theorem, the attempt to derive the increasing entropy required by the second law of thermodynamics from basic classical dynamics. 

It was the second "paradox" attack on Boltzmann. The first was  Josef Loschmidt's claim that entropy would be reduced if time were reversed. This is the problem of microscopic reversibility.

Ernst Zermelo was an extraordinary mathematician. He was (in 1908) the founder of axiomatic set theory, which with the addition of the axiom of choice (also by Zermelo, in 1904) is the most common foundation of mathematics. The axiom of choice says that given any collection of sets, one can find a way to unambiguously select one object from each set, even if the number of sets is infinite.


Before this amazing work, Zermelo was a young associate of Max Planck in Berlin, one of many German physicists who opposed the work of Boltzmann to establish the existence of atoms. 


Zermelo's criticism was based on the work of Henri Poincaré, an expert in the three-body problem, which, unlike the problem of two particles, has no exact analytic solution. Where two-bodies can move in paths that may repeat exactly after a certain time, three bodies may only come arbitrarily close to an initial configuration, given enough time.


Poincaré had been able to establish limits or bounds on the possible configurations of the three bodies from conservation laws. Planck and Zermelo applied some of Poincaré's thinking to the n particles in a gas. They argued that given a long enough time, the particles would return to a distribution in "phase space" (a 6n dimensional space of possible velocities and positions) that would be indistinguishable from the original distribution. This is called the Poincaré "recurrence time."


Thus, they argued, Boltzmann's formula for the entropy would at some future time go back down, vitiating Boltzmann's claim that his measure of entropy always increases - as the second law of thermodynamics requires. Poincaré' described his view in 1890.




Source: https://www.informationphilosopher.com/problems/ergodicity/
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David Hume states the problem (a problem only for monotheists) plainly: 


"The ultimate author of all our volitions is the creator of 
the world, who first bestowed motion on this immense machine, and placed all beings in that particular position, 
whence every subsequent event, by an inevitable necessity, 
must result. Human actions therefore either can have no 
turpitude at all, as proceeding from so good a cause; or, if 
they have any turpitude, they must involve our creator in 
the same guilt, while he is acknowledged to be their ultimate cause and author. For a man, who fired a mine, is 
answerable for all the consequences, whether the train employed be long or short; so wherever a continued chain of 
necessary causes is fixed, that being, either finite or infinite, 
who produces the first, is likewise the author of all the rest." 


The problem of evil is only a problem for monotheists who see God as omnipotent. "If God is Good, He is not God. If God is God, He is not Good." (J.B., by Archibald MacLeish). The information philosophy solution to the problem if evil is a dualist world with both entropic destruction and ergodic creation. If ergodic information is an objective good, then entropic destruction of information is "the devil incarnate," as Norbert Wiener put it.


The ergodic creation of information is not responsible for its entropic destruction.


For Scholars




Source: https://www.informationphilosopher.com/problems/evil/
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The universe is very likely flat because it was created flat. A flat universe starts with minimal information, which is fine since our cosmic creation process can create all the information that we have in the universe today. 
When I was a first-year graduate student in astrophysics at Harvard University in 1958, I encountered two problems that have remained with me all these years. One was the fundamental problem of information philosophy - “What creates the information structures in the universe?” The other was the flat universe.


At that time, the universe was thought to be positively curved and "closed." A particle traveling in a fixed direction would eventually return to its starting position.  Edwin Hubble’s red shifts of distant galaxies showed that they did not have enough kinetic energy to overcome the gravitational potential energy, so they should all eventually collapse back together in a "Big Crunch." Textbooks likened the universe to the surface of an expanding balloon decorated with galaxies (themselves not expanding) moving away from one another.


[image: image-placeholder]
George Gamow's illustration from his book One Two Three... Infinity


Gamow's balloon popped for me when Walter Baade came to Harvard to describe his work at Mount Wilson during the war years when brownouts made the nighttime California sky dark and his German citizenship prevented him being drafted into war work, like all his America colleagues. So Baade was alone at the telescope, with more observing time and better observing conditions than one individual had ever had. 


Baade took many images with long exposures of nearby galaxies and discovered there are two distinct populations of stars. And in each population there was a different kind of Cepheid variable star. The period of the Cepheid’s curve of light variation indicated its absolute brightness, so they could be used as “standard candles” to find the distances to star clusters in the Milky Way and to our spiral galaxy neighbor Andromeda.


Baade realized that the Cepheids being used to calculate the distance to Andromeda were 1.6 magnitudes brighter than the ones used in our galaxy. Baade said that must mean Andromeda is twice as far away as Hubble had thought.


As I listened to Baade, for me the universe went from being positively curved to negatively curved. It jumped right over the flat universe! I was struck that we seemed to be within observational error of being flat. Some day a physicist will find the reason for perfect flatness, I thought.


I used to draw a line with tick marks for powers of ten in density around the critical density ρc to show how close we are. Given so many orders of magnitude of possible densities, it seemed improbable that we were just close by accident. 

[image: image-placeholder]

We could increase the density of the universe by thirty powers of ten before it would have the same density as the earth (way too dense!). But on the lighter side, there are an infinite number of powers of ten. We can’t exclude a universe with average density zero, which still allows us to exist, but little else in the distance.


In the long run we are approaching a universe with average density zero. Some say all the non-gravitationally bound systems will slip over our light horizon as the expansion takes more and more of them faster than the velocity of light. At this time, galaxies with a redshift greater than z = 1.8 are already over our light horizon. We will always still see them, but can never exchange signals with them.


But note that we may always be able to see back to the cosmic microwave background, so all the same contents of the universe that we see today will always be visible, just extremely red-shifted!


When Alan Guth presented his theory of inflation at Harvard in 1984 as an explanation of how the universe appears to be flat, I asked him the simple question, "What if the universe has always been flat?"  "That's too easy," he replied. 


A few years later Stephen Hawking described a flat universe in his 1988 book A Brief History of Time,


matter in the universe. There are something like ten million million
million million million million million million million million million
million million million (1 with eighty zeroes after it) particles
in the region of the universe that we can observe. Where did they
all come from? The answer is that, in quantum theory, particles
can be created out of energy in the form of particle/antiparticle
pairs. But that just raises the question of where the energy came
from. The answer is that the total energy of the universe is exactly 
zero. The matter in the universe is made out of positive energy. 
However, the matter is all attracting itself by gravity. Two pieces
of matter that are dose to each other have less energy than the same
two pieces a long way apart, because you have to expend energy to
separate them against the gravitational force that is pulling them
together. Thus, in a sense, the gravitational field has negative
energy. In the case of a universe that is approximately uniform in
space one can show that this negative gravitational energy exactly 
cancels the positive energy represented by the matter. So the total
energy of the universe is zero.


When I communicated with Steven Weinberg in the 1980's about the possibility of a flat universe, he replied that flatness might be the simplest solution. 


In the second edition (1993) of his classic book The First Three Minutes, Weinberg described the flat universe as widely suspected (in my case for the observed density being so close to critical density)...



Many astronomers and physicists have suspected for decades that the mass
density of the universe is precisely the critical value. The argument is essentially
aesthetic. As the universe expands, the ratio of its mass density to the critical
value changes with time; in all cases it starts near 100 percent, decreasing if
initially less than 100 percent, and increasing if initially greater than 100 per
cent. Yet now, billions of years after the "big bang," the measured mass density
is still within a factor of ten of the critical value. This is only possible if the mass
density near the beginning (say, in the first few seconds) was incredibly close to
the critical value. It seems hard to understand why the mass density should have
had such a value, unless it always has been precisely at the critical value.


The simplest solution to the flatness problem is therefore correct within observational error.  There is nothing in general relativity theory that can explain this, but experimental measurements have for a half century been strong evidence for the flat universe.. 

And a few years later in his 2008 book Cosmology, Weinberg wrote...


[W]e will see later that the total energy density of the present universe is still a fair fraction of the critical density. How is it that after billions of years, ρ is still not very different from ρcrit? This is sometimes called the flatness problem.

The simplest solution to the flatness problem is just that we are in a spatially flat universe, in which K = 0 and ρ  is always precisely equal to ρcrit. A more popular solution to the flatness problem is provide by the inflationary theories... In these theories K may not vanish. and ρ may not start out close to ρcrit, but there is an early period of rapid growth in which ρ/ρcrit rapidly approaches unity. 



The simplest solution to the flatness problem is therefore correct within observational error.  There is nothing in general relativity theory that can explain that observational fact, but there is another simple observation that might throw light on the overall or average curvature of the universe, as opposed to the well-known observed curvature of space near large gravitating objects.


The Universe is Spherically Symmetric


We can start from the simple fact that the observable universe looks more or less the same in all directions. 

As far back as 380,000 years after the Big Bang, when free electrons were combining with protons to form hydrogen atoms, light that was being scattered by the previously ionized gas (the last remnant of the original plasma) was now free to travel across the now transparent universe. 


Visible light at that time had temperature 5800K (about the same as today's solar surface). It now appears to us as cooled down microwave radiation at 2.7K, as roughly predicted by George Gamow in the 1940's. This cosmic microwave background radiation (CMB) was first discovered by Arno Penzias and Robert Wilson in 1965 as faint radio noise coming in from all directions.


Now the latest sky surveys (see especially the Sloan Digital Sky Survey) show areas of the sky a bit more populated than others, and the CMB is marked with tiny regions that are slightly cooler than others (which may correspond to closer regions with fewer galaxy clusters, or even to the enormous cosmic voids with very little matter inside), but overall the universe is remarkably uniform. 


We can ask what the gravitational force would be on a particle of light or matter traveling through space today. If it's traveling near a large gravitational object, its path will be curved or bent toward that object as Einstein explained.  But what if it's traveling in some part of space far from most masses? 


If we averaged out the matter in all directions, the universe density would be uniformly  ρcrit in all directions, and the net gravitational force on our test particle would be zero!


We can now see that a spherically symmetric universe would exert no net force on a test particle. It would travel in a straight line. It would experience no spatial curvature! 


We conclude that the average curvature of the universe is simply zero, except in the neighborhood of large gravitational masses. When Walter Baade's observations in the 1940's suggested that the universe was not closed and finite as previously thought, the universe could first be seen as open and infinite in all directions. 



The Problem of Missing Mass


Given our assumption that the universe is exactly flat, the missing
mass problem is that there is not enough observable material so
that in Newtonian cosmology the gravitational binding energy can
exactly balance the kinetic energy. The visible (luminous mass)
accounts for only about 4-5 percent of the needed mass. Studying
the rotation curves of galaxies and galaxy clusters reveals an invisible 
mass (called dark matter) contained inside the galaxies and
clusters that amounts to perhaps 5-6 times the visible matter, which then
accounts for about 30 percent of the critical mass density needed
to make the universe exactly flat. Current theory accounts for the
balance by “dark energy,” an interpretation of the cosmological constant Einstein considered adding to his equations as a pressure to
keep it from collapsing. But the missing mass could just be more invisible dark matter between the galaxies and clusters. About three times their dark matter halos around galaxies would do.

This much material can close the universe and explain its flatness.
But it would not explain the apparent acceleration of the expansion seen
in distant Type 1a supernovae. The acceleration might be an artifact of the assumption
the supernovae are perfect “standard candles.” Recent evidence suggests that
distant Type 1a supernovae are in a different population than those
nearby, something like Baade’s two populations of stars.


It seems a bit extravagant to assume the need for an exotic form
of vacuum energy on the basis of observations that could have
unknown but significant sources of error. And I am delighted that
observations of mean density today are within a factor of three of the critical density ρc
(without controversial dark energy).


When Baade found the universe was open in the 1950’s, we
needed thirty times more matter to get back to a flat universe. Now we need
only three times more. 


The discovery of more invisible dark matter will only move us closer to a universe with zero curvature, with no need for the cosmological constant that Einstein told us he never should have added to his general theory of relativity.  


More than ever, the universe is obviously flat! The large-scale average curvature of the universe is zero. 




Something from Nothing?


A possible answer to Gottfried Leibniz’s great question, “Why is there something rather than nothing?” might be “the universe is made out of something and the
opposite of that something.”

In classical Newtonian mechanics, the question of whether the universe was closed or open was usually framed in terms of motion (kinetic) energy and binding (gravitational potential) energy. 


Is the kinetic energy of the receding galaxies less than the gravitational potential energy that is slowing the expansion down? If so, the expansion will slow down, stop, and turn around to a contracting universe. In this case, the universe is closed and bounded (it has a finite volume with edges).


Is the kinetic energy of the receding galaxies greater than the binding gravitational potential energy? Then the universe is open, infinite, and unbounded. It will expand forever. 


So is the classical answer to Leibniz' question that the negative gravitational binding energy Is that exact opposite to the positive kinetic motion energy?  So that the total universe energy is zero. "Nothing can come from nothing," they say. Is the current universe one way of looking at "nothing?" Sadly, no. 


The relativistic Einstein universe is more complicated, but the boundary between open and closed suggests the same flatness problem. Einstein added the cosmological constant to his field equations as a pressure term, a repulsion, to resist the gravitational attraction that he feared would set the universe matter in motion, when he thought observational evidence favored a static universe (the "fixed stars").


The best observational evidence today for mean density puts us within a factor of three of a flat universe, well within the famous "astronomical accuracy" of an order of magnitude (a factor of ten).


What's lacking is a theorist who can explain this without adding ad hoc assumptions like Einstein's cosmological constant or Alan Guth's assumption of early universe inflation.   


In his wonderful 1988 book, A Brief History of Time, Stephen Hawking made the same argument, that negative gravitational binding energy exactly balances positive kinetic motion energy...

 
The matter in the universe is made out of positive energy. 
However, the matter is all attracting itself by gravity. Two pieces
of matter that are close to each other have less energy than the same
two pieces a long way apart, because you have to expend energy to
separate them against the gravitational force that is pulling them
together. Thus, in a sense, the gravitational field has negative
energy. In the case a universe that is approximately uniform in
space, one can show that this negative gravitational energy exactly 
cancels the positive energy represented by the matter. So the total
energy of the universe is zero.



Something from Nothing 2 (from the Cosmic Creation Process page)


The simplest possible explanation of a universe that was preceded by nothing might be to assume that what came into existence was two things that are exactly opposite to one another, such that should they recombine we would be back to nothing. Zero = +1 and -1.

Matter and anti-matter are not good enough, because when they recombine they become pure energy. So we look for something like a classical mechanical system with potential energy V and the kinetic energy K. Such a simple classical system has the same three cases for the universe expansion and ultimate fate.


	If the binding gravitational energy V exceeds the kinetic energy K, (K - V < 0) the universe will eventually stop expanding and fall back upon itself. This was the case of the "positively curved" universe before Walter Baade found that Andromeda was twice as far away as expected, so today the space of the universe is thought to be negatively curved and expanding  forever.

	
If kinetic energy K exceeds the gravitational potential energy V (K - V > 0), space is negatively curved, the universe will expand forever and will still be expanding when t = ∞.

	
 If K - V = 0, this is the so-called flat universe. It will expand forever, but at t = ∞ the universe will stop moving. The average curvature of the universe Is zero, as Stephen Hawking argued (above). 


	
But curvature is not zero in the neighborhood of large gravitating objects like the Sun, so Arthur Stanley Eddington in 1918 could observe starlight bending, confirming Albert Einstein's general theory of relativity and making Einstein world famous!



As noted above, Steven Weinberg, in his 2008 book Cosmology, made a similar observation (he did not cite Hawking)...

the total
energy density of the present universe is still a fair fraction of the critical
density. How is it that after billions of years, ρ is still not very different from
ρcrit? This is sometimes called the flatness problem.

The simplest solution to the flatness problem is just that we are in a
spatially flat universe, in which ρ is always precisely equal to ρcrit.



Einstein's General Relativity and Cosmological Constant


In Einstein's formulation of general relativity, the expression for the positive energy of matter  √g Tμν is found to exactly cancel the negative energy of the gravitational field tμν so the total energy of the universe is zero, or nothing, so the universe could come into existence from nothing.


δν(√g Tμν + tμν) = 0



Source: https://www.informationphilosopher.com/problems/flatness/
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Most of the world's religions have some concept of gods or a God, with some notable exceptions such as Buddhism.

Theologians claim to have discerned the essential attributes of a monotheistic God, such as omniscience (perfect foreknowledge), omnipotence (unlimited power), omnipresence (present everywhere), omnibenevolence (perfect goodness), and a necessary and eternal existence. 


Information philosophy offers a simple test of the "revealed truth" of these attributes, specifically the visions by inspired thinkers that have no empirical evidence. Although these visions are in the realm of "pure ideas," we can speculate that if every world religion agreed completely on the attributes of God, it would increase their believability. As it is, the comparative study of religions with the incredible diversity of their claims, renders the idea of God important but an actual God  implausible


In theism, God is the creator and sustainer of the universe. In deism, God is the creator, but not the sustainer, of the universe, which is now assumed to be running itself following deterministic laws of motion. Open theism denies that God's foreknowledge has already determined the future. Monotheism is the belief in the existence of one God or in the oneness of God. In pantheism, God is the universe itself. Polytheists hold that there are many gods. For atheists, no gods exist. 

Intelligent Design is the anti-evolutionary and creationist idea that God not only sustains the physical universe, but also oversees every step in the creation of new species. Nothing is the result of chance. All the information in the universe is thought to be present in the Mind of God at the earliest moments in the universe (some theologians say that God has this knowledge/information outside of time).


God is sometimes conceived as an immaterial being (without a body), which information philosophy accepts, since God is quintessentially an idea, pure information. Some religions think an avatar of God has come to earth in the past.  Some religions see God as a personal being, answering human supplications and prayers. A God intervening in human affairs is thought to be the source of all moral norms.

 
Logical proofs of God's existence are based on various of the assumed attributes. Now that information philosophy and physics has identified the essential attributes and properties of the cosmic creation process, the problem for theologians is to reconcile their views with these discoveries.



There Was A Creation, But With No Creator?


Modern cosmology confirms that the universe came into existence at a definite time in the past, some 13.8 billion years ago. Although this does not need the Creator that some religions want, it does empirically confirm a creation. Information philosophy attributes this to a cosmic creation process. This process continues today and human beings are co-creators of our world. Deists are wrong about a single creative act at the beginning of time which pre-determines the Newtonian mechanical clockwork universe ever since.



If God Is the Source of Morality, Can Objective Goodness Exist Without God?


Our explanation of the creation of information structures shows that order can arise from initial chaos, despite the second law of thermodynamics which says that time will degrade any order. We identify order with an objective goodness, and disorder with evil. Though we cannot discover an individual agent that creates the universe and it's goodness, we show that goodness comes into existence, and can be a source of morality. and value. 


And What About the The Problem of Evil?  (Theodicy)


The problem of evil is only a problem for monotheists who see God as omnipotent. "If God is Good, He is not God. If God is God, He is not Good." (J.B., by Archibald MacLeish). The information philosophy solution to the problem is a dualist world with both entropic destruction and ergodic creation. If ergodic information is an objective good, then entropic destruction of information is "the devil incarnate," as Norbert Wiener put it.




The Logical Contradiction in an Omniscient and Omnipotent God


The idea of God as an
omniscient and omnipotent being has an internal logical
contradiction that is rarely discussed by the theologians.
If such a being had perfect knowledge of the future, like
Laplace’s demon, who knows the positions, velocities, and
forces for all the particles, such a God would be perfectly impotent, because the future is already determined.
If God had the power to change even one thing
about the future, his presumed perfect knowledge of the future would
have been imperfect. Omniscience entails impotence.
Omnipotence some ignorance. 

Of course, true believers might argue that God has the power to change both the future and his knowledge of the future at any time, as in the Philip K. Dick short story, "Adjustment Team." And perhaps God can even change the past? But then, solutions that explain everything may explain nothing?


The discovery by Albert Einstein of ontological chance poses an even greater threat to the omniscience of God and the idea of foreknowledge. The inventors of probability always regarded chance as atheistic. The use of statistics was to make estimates of outcomes of many independent events when detailed knowledge of those events is not possible because of human ignorance.


In quantum physics, if knowledge exists of which slot a particle will go through in a two-slit experiment, the outcome of the experiment will be different. The characteristic interference caused by the wave function passing through both slits disappears.


See also God, thee Scandal in Religion



Source: https://www.informationphilosopher.com/problems/god/
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Information Identity


In information philosophy, identity depends on the total information in an object or concept. 

We distinguish the intrinsic information inside the object (or concept) from any relational information with respect to other objects that we call extrinsic or external. We can "pick out" the intrinsic information as that which is "self-identical" in an object. The Greeks called this the πρὸς ἑαυτο - self-relation. or ἰδίος ποιὸν, "peculiar qualifications" of the individual. 


Self-identity, then, is the simple fact that the intrinsic information and the extrinsic relational or dispositional information are unique to this single object. No other object can have the same disposition relative to other objects. This is an absolute kind of identity. Some metaphysicians say that such identity is logically necessary. Some say self-identity is the only identity, but we can now support philosophers who argue for a relative identity.




To visualize our concept of information identity, imagine putting yourself in the position of an object. Look out at the world from its vantage point. No other object has that same view, that same relation with the objects around you, especially its relation with you. Now another object could have intrinsic information identicality. We will identify a very large number of objects and concepts in the world that are intrinsically identical, including natural and artifactual kinds, which we may call digital kinds, since they are identical, bit for bit.




A Criterion for Identity


After accepting the fundamental fact that nothing is perfectly identical to anything but itself, the criterion for relative identity, for identical "in some respect," or qua that respect, is that some subset of the information in two different things must be the same information, bit for bit.

Relative Identity means that a can be the same I as b, but not the same E as b, where I is the sum of all the intrinsic properties and relations - internal self-relations between an object's different parts. For physical objects, these could be within some physical boundary, subject to conditions of vagueness. In a biological entity, it includes the vast communications going on inside and between the cells, which makes it much more than a mereological sum of its parts.


The E for an object is the sum of extrinsic relations an object has with things outside, including its disposition in space and time.


Mathematically, ∫iF(x) = ∫iG(x) ,
but ∫eF(x) ≠ ∫eG(x) , which says that F(x) and G(x) are identical over their intrinsic domains (i) but differ over their extrinsic domains (e) .


Set theoretically, in classical propositional calculus, we can say that 
  
    I
    
      a
    
  
 is the set of intrinsic properties and relations that can be predicated in propositions about an object a.  
  
    E
    
      a
    
  
 is the set of extrinsic  relations. We can now describe why absolute identity is limited to self-identity.



If Ia + Ea = Ib + Eb, then a and b are one and the same object.

And, if 
  
    I
    
      a
    
  
  = 
  
    I
    
      b
    
  
, then a and b are relatively identical, qua information content.



Note that while self-identity is reflexive, symmetric, and an equivalence self-relation, relative identity is often none of these. This is because, unlike Max Black's identical spheres, Saul Kripke's natural kinds, and our many digital clones, that part of the information in a and b may be identical, but the information that is not identical may also differ in quantity. We can say that if aRb is 60% identical, bRa may be only 10% identical.


The application of this criterion is the quantitative analysis, the quantification, of the total information in and about both objects.


Extensional quantification over things in analytic language philosophy is about their set membership, which is dependent on language references to the properties of objects. 
By contrast, quantification in information philosophy is a calculation of the total information content in the entities, in principle, free of language ambiguities, in practice, very difficult.




A Criterion for Essence


Information identity suggests a possible definition of the "essence" of an object, what is "essential" about it. Furthermore, if two objects are considered "essentially" the same, we can pick out the subset of information that corresponds to that "essence."

A subset of the intrinsic information may be essential with respect to (qua) some concept of the object. As Edmund Husserl emphasized, our concepts about objects depend on our intentions, our intended uses of the object, which give it different (pragmatic) meanings.  We can say that an essence is the subset of an object's information that is isomorphic to the information in the concept. 


What we call a "concept" about a material object is usually some subset of the information in the object, accurate to the extent that the concept is isomorphic to that subset. By "picking out" different subsets, we can sort objects. We can compare objects, finding them similar qua one concept and different qua another concept. We can say that "a = b" qua color but not qua size.  


But there are concepts that may have little to do with the intrinsic peculiar information about an object. They are concepts imposed on the object by our intended uses of it. 


We must distinguish these extrinsic essences – our external ideas and concepts about what the object is – from the intrinsic essences that depend only on the object itself and its own purposes, if any. The essences we see in an object are subjective, but we may define an objective essence as the total intrinsic information, including internal messaging, in the object.


Husserl and Gottlob Frege both pointed out that our Ideas are dependent on our personal experience. Experience constrains and amplifies our possible concepts. Two persons may get the general "sense" or "meaning" of something referred to, but Frege said the "idea" or representation (Vorstellung) in each mind can be very different, based on that individual's experience. Information philosophy locates the creation of meaning in the responses of the Experience Recorder and Reproducer (ERR) to different stimuli. 


The relation  "identical to," between two numerically distinct concrete or abstract entities, is the source of logical puzzles and language games through the ages that are little more than verbal disputes. Most such disputes are easily resolved or "dis-solved" by paying careful attention to all the information, all the particular properties, intrinsic and extrinsic, of the two entities that may be identical qua some particular properties.  




Background


Identity has been a major problem in philosophy and metaphysics since the Ancients. Even Plato wondered whether two things could be identical:

Soc. It is, then, in your opinion, possible for the mind to regard one thing as another and not as what it is Th. Yes, it is. Soc. Now when one’s mind does this, does it not necessarily have a thought either of both things together or of one or the other of them? Th. Yes, it must; either of both at the same time or in succession. Soc. Then whenever a man has an opinion that one thing is another, he says to himself, we believe, that the one thing is the other. Th. Certainly.
  
  
And here is Aristotle:
  

"The same” means (a) accidentally the same...For it is not true to say that every man is the same as “the cultured”; because universal predications are essential to things, but accidental predications are not so, but are made of individuals and with a single application. ...

Some things are said to be “the same” in this sense, but others (b) in an essential sense, in the same number of senses as “the one” is essentially one; for things whose matter is formally or numerically one, and things whose substance is one, are said to be the same. Thus “sameness" is clearly a kind of unity in the being, either of two or more things, or of one thing treated as more than one; as, e.g., when a thing is consistent with itself; for it is then treated as two.


Things are called “other” of which either the forms or the matter or the definition of essence is more than one; and in general “other” is used in the opposite senses to “same.”


Things are called “different” which, while being in a sense the same, are “other” not only numerically, but formally or generically or analogically; also things whose genus is not the same; and contraries; and all things which contain “otherness” in their essence.
  


The fundamental notion of identity refers only to the substance and the bundle of intrinsic properties (the material substrate and the immaterial form) of a single entity. Literally and etymologically it is "id-entity," same entity, from Latin idem,"same," and entitas. 


In Greek, self-identity is the idios, one's personal, private, peculiar (intrinsic) properties, separate and distinct from the (extrinsic) properties of others and one's relational properties to others. From Aristotle to the Stoics, Greek philosophers distinguished the individual's material substance from the immaterial "peculiar qualifications" of the individual. They were accused by the Academic Skeptics of seeing two things - coinciding objects - where there is only one, but they were only distinguishing the form of an object from its matter. 


The Stoic term for "constituent substance" or substrate, following Aristotle, was ὑποκείμενον ("the underlying"). Their term for the unique person, possibly separate from the material body, was πρὸς ἑαυτο - self-relation, or ἰδίος ποιὸν - the peculiar qualifications of a particular individual "who," for example, Socrates, as opposed to κοινός ποιὸν, a general "whoness," for example, a human being.


The Greeks also carefully distinguished relational or dispositional properties that depend on an individual's position in space and time or its causal interactions with other individuals. They called these the pōs ti alla or pōs echon, usually translated as the relatively dispositional qualifications (cf. D.N. Sedley and A.A. Long, The Hellenistic Philosophers, vol 1. p.163). 
Ignoring this ancient distinction between intrinsic and extrinsic properties (for example, a name) is the source of many confusions in modern identity theory.


Since the seventeenth century, logicians following Gottfried Leibniz have held that necessary truths, including a priori and analytic truths, have the unique property of being "true in all possible worlds." 


Recently, identity figured prominently in discussions of possible worlds. In the 1940's, the concepts of necessity and possibility were added to symbolic logic. Surprisingly, the modal logicians claimed that if two things are identical, they are necessarily identical.  Does the modal logic proof of the necessity of identity allow us to know something about possible worlds? This is the claim of Saul Kripke and David Lewis.


It is a sad fact that the addition of modality found little evidence for the importance of possibilities, let alone contingency, which describes almost everything that is the case in our actual world. The possible worlds of Kripke and Lewis appear to be eliminatively materialist and determinist, with no real contingency.


Is there a sense in which two numerically distinct objects can be identical? Can one of these be in another possible world, what Lewis calls a counterpart object? Metaphysicians puzzle over this and a related question, can two things be in the very same place at the same time? Many metaphysical puzzles and paradoxes start with this flawed assumption.


With information as our analytic tool, we can show that two things that share every property, intrinsic internal properties and extrinsic external relations with all the other objects in the world, including their positions in space and time, can only be perfectly identical if they are actually one and the same object. It seems fine to say that any thing is necessarily itself.  We can also show that two things sharing intrinsic internal properties are relatively identical.


Leibniz and Gottlob Frege both said clearly that two objects claiming to be identical are one object under two names.  A large fraction of the metaphysical literature still ponders this question, (e.g., Hesperus and Phosphorus as two names for Venus).


Absolute identity is simply the relation that any thing has with itself. Everything is identical to itself. Anything else is merely "relative identity," identical in some respect (qua).


Self-identity is a monadic property that applies only to the object itself. Many modal logicians (starting with Ruth Barcan Marcus, David Wiggins, and Saul Kripke) mistakenly thought given two "identical" objects x and y, x's property of being equal to x (x = x) can be a property of y (= x). This is only the case if x and y are the same object. Numerically distinct x and y can only have a relative identity, as we shall see.

Ludwig Wittgenstein described this possibility in Tractatus
5.5303, "Roughly speaking: to say of two things that they are identical is nonsense, and to say of one thing that it is identical with itself is to say nothing." All absolute identity statements are tautologies, which say nothing.





Leibniz on Identity


Most of the metaphysical problems of identity, and especially recent claims about the necessity of identity, can be traced back to the great rationalist philosopher Gottfried Leibniz, who argued for the replacement of ordinary language with a lingua characterica, an ambiguity-free set of terms that would eliminate philosophical  puzzles and paradoxes. Bertrand Russell, Ludwig Wittgenstein, and Rudolf Carnap all believed in this Leibnizian dream of ambiguity-free, logically true, facts about the world that may be true in all possible worlds.


Unfortunately, fundamental limits on logic and language such as the Gödel and Russell paradoxes have prevented Leibniz's ideal language, but many modern paradoxes, including questions about identity and necessity, are resolvable in terms of information, as we shall see.


Leibniz defined an "axiom of identity" as "everything is identical to itself." He called it a "primary truth." He said "There are no two individuals indiscernible from one another." This is sometimes called Leibniz's Law, the Identity of Indiscernibles.  "To suppose two things indiscernible is to suppose the same thing under two names," thus introducing some puzzles about naming that have caused massive confusion in language philosophy and metaphysics for the past seven decades, notably in the work of Willard van Orman Quine.




Leibniz's Laws


More than any other philosopher, Leibniz enunciated clear principles about identity. One is known as "Leibniz's Law," the Identity of Indiscernibles. If we can see no differences between things, they may be identical. This is an empirical fact, and must be tested empirically, as Leibniz knew.

For information philosophy, indiscernibility is an epistemic question. We normally do not know all the information, for example the number of grains in a Sorites heap, or the exact number of water molecules in Peter Unger's cloud. Ontologically, if we could have access to complete information, there would be no vagueness. 


Leibniz also described a corollary or converse, the Indiscernibility of Identicals. But this idea is necessarily true, if  such things as numerically distinct identical objects exist. We shall show that distinct things do have a relative identity, identity in some respects.


Leibniz anticipated the best modern efforts of analytical language philosophers like Frege's distinction between sense (meaning) and reference and Saul Kripke's odd idea that names are metaphysically necessary, when we know well that words are arbitrary symbols.


Leibniz also gave us a principle of substitutability - "things are identical if they can be substituted for one another everywhere with no change in truth value." 


Leibniz wrote:
  

It is not true that two substances resemble each other entirely and differ in number alone.
  

Indeed, every monad must be different from every other, For there are never in nature two beings which are precisely alike, and in which it is not possible to find some difference.
  

There are no two individuals indiscernible from one
another... Two drops of water or milk
looked at under the microscope will be found to be discernible.

To suppose two things indiscernible is to suppose the
same thing under two names.
  




Frege on Identity

Gottlob Frege implemented Leibniz's program of a purely logical language in which statements or sentences with subjects and predicates are replaced with propositional functions, in which a term can be replaced by a variable. In modern terminology, the sentence Socrates is mortal can be replaced, setting the subject Socrates = x, and the predicate "is mortal" with F.  "x is F" is replaced by the propositional function Fx, which is read "x is F," or "x F's." 

Frege developed a calculus of these propositional functions, in which they are evaluated for their truth-functionality, using the formalism of Boole's two-valued logic.  Frege also introduced quantification theory, replacing Aristotle's expression "for all" with a universal quantification operator, now written ∀x or (x). 


Frege repeated Leibniz's idea about identity and developed Leibniz's suggestion of one thing under two names, two distinct references. Where Leibniz had said, "To suppose two things indiscernible is to suppose the same thing under two names," Frege suggested that two names referring to the same thing can be in some respect "identical" because the thing they refer to is identical to itself.


A relation would thereby be
expressed of a thing to itself, and indeed one in which each thing
stands to itself but to no other thing. What is intended to be said by
a = b seems to be that the signs or names "a" and "b" designate the
same thing, so that those signs themselves would be under discussion;
a relation between them would be asserted... It would be mediated by the connection of each of
the two signs with the same designated thing. 


If we found "a = a" and "a = b" to have different cognitive values,
the explanation is that for the purpose of knowledge, the sense of the
sentence, viz., the thought expressed by it, is no less relevant than its
referent, i.e., its truth value. If now a = b, then indeed the referent of
"b" is the same as that of "a," and hence the truth value of "a = b" is
the same as that of "a = a." In spite of this, the sense of "b" may differ
from that of "a," and thereby the sense expressed in "a = b" differs
from that of "a=a." In that case the two sentences do not have the
same cognitive value.






Names and Reference


Although Frege was very clear, generations of philosophers have obscured his clarity by puzzling over different names and/or descriptions referring to the same thing that may lead to logical contradictions – starting with Frege's original example of the Morning Star and Evening Star as names that refer to the planet Venus. Do these names have differing cognitive value? Yes. Can they be defined qua references to uniquely pick out Venus. Yes.  Is identity a relation? No. But the names are relations, words that are references to the objects. And words put us back into the ambiguous realm of language.


Over a hundred years of confusion in logic and language consisted of finding two expressions that can be claimed in some sense to be identical, but upon substitution in another statement, they do not preserve the truth value of the statement. Besides Frege, and a few examples from Bertrand Russell ("Scott" and "the author of Waverly." "bachelor" and "unmarried man"), Willard Van Orman Quine was the most prolific generator of paradoxes ("9" and "the number of planets," "Giorgione" and "Barbarelli," "Cicero" and "Tully," and others). 


Just as information philosophy shows how to pick out information in an object or concept that constitutes the "peculiar qualifications" that individuate it, so we can pick out the information in two designating references that provide what Quine called "purely designative references." Where Quine picks out information that leads to contradictions and paradoxes (he calls this "referential opacity"), we can "qualify" the information, the "sense" or meaning needed to make them referentially transparent when treated "intensionally." 


Frege pointed out that the reference (a name) is not the general "sense" that a person educated in the customary knowledge of their community will have in mind. Nor is the general sense the specific idea or representation that will come to mind. That will be different and dependent on the person's experiences.




Peirce on Identity


Peirce wrote on identity some time in the late nineteenth century, already including Frege's quantization and suggesting notation to express the identity of "second-intention" relatives. 
His papers did not appear until two decades after his death. 


§4. SECOND-INTENTIONAL LOGIC

398. Let us now consider the logic of terms taken in collective
senses. Our notation, so far as we have developed it,
does not show us even how to express that two indices, i and j ,
denote one and the same thing. We may adopt a special token
of second intention, say 1, to express identity, and may write
1*ij. But this relation of identity has peculiar properties. The
first is that if i and j are identical, whatever is true of i is true
of j. This may be written



ΠiΠj{1*ij + xi + xj}. 



The use of the general index of a token, x, here, shows that the
formula is iconical. The other property is that if everything
which is true of i is true of y, then i and j are identical. This is
most naturally written as follows: Let the token, q, signify the
relation of a quality, character, fact, or predicate to its subject.
Then the property we desire to express is



ΠiΠjΣk(1ij + q*kiqkj). 




And identity is defined thus



1ij =Πk (qkiqkj + q*kiq*kj) •




That is, to say that things are identical is to say that every
predicate is true of both or false of both. It may seem circuitous
to introduce the idea of a quality to express identity;
but that impression will be modified by reflecting that qkiqjk,
merely means that i and j are both within the class or collection
k. If we please, we can dispense with the token q, by
using the index of a token and by referring to this in the Quantifier
just as subjacent indices are referred to. That is to say,
we may write 


1ij = Πx (xixj + x*ix*j).






Here we see Leibniz's Law, just as it is presented in the Principia Mathematica

Peirce also commented briefly on Leibniz's principle of the identity of indiscernibles.



They are like two ideal rain drops, distinct but
not different. Leibniz's "principle of indiscernibles" is all
nonsense. No doubt, all things differ; but there is no logical
necessity for it. To say there is, is a logical error going to the
root of metaphysics; but it was an odd hodge-podge, Leibniz's
metaphysics, containing a little to suit every taste.




Principia Mathematica on Identity

It is in the Principia Mathematica that we first encounter identity theory written in symbolic logic terminology, using the mathematical sign of equality. 



Part I, Mathematical Logic


Section B, Theory of Apparent Variables

*13. IDENTITY
The propositional function "x is identical with y" will be written "x = y."
We shall find that this use of the sign of equality covers all the common uses
of equality that occur in mathematics. The definition is as follows:

*13.01.  x = y . = : (φ) : φ ! x . ⊃ . φ ! y Df





Russell does not mention Leibniz or Frege. 

If we read this equality left to right as a conditional, it is Leibniz's Law – the Identity of Indiscernibles, which is a tautology, analytically true. If two things are identical, they share every property. Sharing every intrinsic and extrinsic property is only possible for a thing itself.


If we read it right to left, it is the converse of Leibniz's Law – the Indiscernibilty of Identicals (this converse name suggested by Quine in 1943). This is best understood as a hypothetical and synthetic statement, its validity to be determined empirically. If we discover two things that share every property, they are identical. Leibniz was emphatic that this is not possible for numerically distinct objects.



This definition states that x and y are to be called identical when every
predicative function satisfied by x is also satisfied by y. We cannot state that
every function satisfied by x is to be satisfied by y, because x satisfies functions
of various orders, and these cannot all be covered by one apparent variable.
But in virtue of the axiom of reducibility it follows that, if x = y and x satisfies
ψx, where ψ is any function, predicative or non-predicative, then y also satisfies
ψy (cf. *13.101., below). Hence in effect the definition is as powerful as it
would be if it could be extended to cover all functions of x...

The propositions of the present number are constantly referred to. Most
of them are self-evident, and the proofs offer no difficulty. The most important
of the propositions of this number are the following:

*13.101. ⊢ : x = y. ⊃ . ψx ⊃ ψy


I.e. if x and y are identical, any property of x is a property of y.

*13.12. ⊢  : x = y . ⊃  ψx ≡ ψy


This includes *13.101 together with the fact that if x and y are identical
any property of y is a property of x.

*13.15.16.17. which state that identity is reflexive, symmetrical and transitive.





Wittgenstein on Identity

Wittgenstein also does not mention Leibniz in his section on identity in the Tractatus, but the substance of Leibniz's Law is in his 5.5302.


5.53 
Identity of the object I express by identity of the sign and not by means of a sign of identity. Difference of the objects by difference of the signs.

5.5301 
That identity is not a relation between objects is obvious. This becomes very clear if, for example, one considers the proposition "(x) : fx .  HOOK  . x = a". What this proposition says is simply that only a satisfies the function f, and not that only such things satisfy the function f which have a certain relation to a.


One could of course say that in fact only a has this relation to a, but in order to express this we should need the sign of identity itself.



5.5302 
Russell's definition of "=" won't do; because according to it one cannot say that two objects have all their properties in common. (Even if this proposition is never true, it is nevertheless significant.)


5.5303 
Roughly speaking: to say of two things that they are identical is nonsense, and to say of one thing that it is identical with itself is to say nothing.


5.532 
And analogously: not "( EXISTS x, y) . f(x, y) . x=y", but "( EXISTS x) . f(x, x)"; and not 
"( EXISTS x, y) . f(x, y) . ~x=y", but "( EXISTS x, y) . f(x, y)".


Therefore instead of Russell's "( EXISTS x, y) . f(x, y)" : "( EXISTS x, y) . f(x, y) .v. ( EXISTS x) . f(x, x)".)


5.533 
The identity sign is therefore not an essential constituent of logical notation.


5.534 
And we see that the apparent propositions like: "a=a", "a=b . b=c . HOOK  a=c", "(x) . x=x". "( EXISTS x) . x=a", etc. cannot be written in a correct logical notation at all.


5.535 
So all problems disappear which are connected with such pseudo-propositions.


This is the place to solve all the problems with arise through Russell's "Axiom of Infinity".


What the axiom of infinity is meant to say would be expressed in language by the fact that there is an infinite number of names with different meanings.



Frank Ramsey on Identity
Frank Ramsey criticized the section on identity in Principia Mathematica, He too uses Leibniz's Law.

The third serious defect in Principia Mathematicais the 
treatment of identity. It should be explained that what is
meant is numerical identity, identity in the sense of counting
as one, not as two. Of this the following definition is given:
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That is, two things are identical if they have all their
elementary properties in common...


The real objection to this definition of identity is the same
as that urged above against defining classes as definable
classes: that it is a misinterpretation in that it does not define
the meaning with which the symbol for identity is actually
used. 

This can be easily seen in the following way: the
definition makes it self-contradictory for two things to have
all their elementary properties in common. Yet this is really
perfectly possible, even if, in fact, it never happens. Take
two things, a and b. Then there is nothing self-contradictory
in a having any self-consistent set of elementary properties,
nor in b having this set, nor therefore, obviously, in both a
and b having them, nor therefore in a and b having all their
elementary properties in common. Hence, since this is logically
possible, it is essential to have a symbolism which allows us
to consider this possibility and does not exclude it by
definition.


It is futile to raise the objection that it is not possible to
distinguish two things which have all their properties in
common, since to give them different names would imply
that they had the different properties of having those names.
For although this is perfectly true—that is to say, I cannot,
for the reason given, know of any two particular indistinguishable
things—yet I can perfectly well consider the possibility,
or even know that there are two indistinguishable things
without knowing which they are. 




For distinct objects to be identical in Ramsey's sense, we would have to ignore relational properties and positional properties, and focus only on intrinsic properties



Willard Van Orman Quine on Identity


In his 1940 book Mathematical Logic, Quine commented on identity, explaining it in terms of class membership.



WE TURN now to the problem of so defining 'x = y', in terms of
'∈' and our other primitives, that it will carry the intended sense
'x and y are the same object'. In the trivial case where y is not a
class, indeed, x ∈ y if and only if x = y in this sense (cf. § 22); but
our problem remains, since 'x ∈ y' diverges in meaning from
' x = y' in case y is a class. We must find a formula, composed of
'x' and ' y ' by means of '∈' and our other primitives, which will be
true just in case x and y are the same object — whether a class or
a non-class.
The requirement is met by:


(1) (z)(z ∈ x . = . z ∈ y)



when x and y are classes, since classes are the same when their
members are the same (cf. § 22). Moreover, (1) continues to meet
the requirement when x and y are not classes. For, in this case
'z ∈ x' and 'zl ∈ y ' identify z with x and with y; and (1) as a whole
then says that whatever is the same as x is the same as y, thus
identifying x and y. Both where x and y are classes and where they
are not, therefore, (1) meets our requirements; (1) is true if and
only if x and y are the same. We are thus led to introduce 'x = y'
as an abbreviation of (1)...


Variables and abstracts will be spoken of collectively as terms.
Now let us supplement our Greek-letter conventions to this extent:
just as we use ' φ ', ' ψ ' , and 'χ', to refer to any formulae, and ' α ',
' β ', ' γ ' , and ' δ ' to refer to any variables, so let us use 'ζ ', ' η ' , and
' θ ' (along with their accented and subscripted variants) to refer
in general to any terms. With help of this convention we can express
the general definition of identity as follows, for application to
variables and abstracts indifferently:
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In 1943, a few years before Ruth Barcan Marcus introduced her two new modal operators, ◇  for possibility, and  ◻ for necessity (the square was suggested by her thesis adviser, F. B. Fitch), Quine published an important paper on existence and necessity.


One of the fundamental principles governing identity is that of substitutivity - or, as it might well be called, that of indiscernibility of identicals. It provides that, given a true statement of identity, one of its two terms may be substituted for the other in any true statement and the result will be true. It is easy to find cases contrary to this principle. For example, the statements: 


(1) Giorgione = Barbarelli,

2) Giorgione was so-called because of his size 



are true; however, replacement of the name 'Giorgione' by the name 'Barbarelli' turns (2) into the falsehood: 



Barbarelli was so-called because of his size.






Here is the converse of Leibniz's Law, given its converse name by Quine



Frege had warned about the confusion possible between the bare denotation or name and the sense intended by the speaker and interpreted by the listener. C. I. Lewis said we need to consult the intension, the meaning, to draw the right logical conclusions. Lewis felt Quine's extensionality, based on set membership, is not enough.

 The proper resolution of this word quibble and quasi-paradox is to take the intension of "Barbarelli" as a second name for the same thing named by "Giorgione" - "big George."  Barbarelli, qua Giorgione, was so-called because of his size.


In his brief discussion of necessity, Quine, following Rudolf Carnap, said



Among the various possible senses of the vague adverb 'necessarily', we can single out one - the sense of analytic necessity - according to the following criterion: the result of applying 'necessarily' to a statement is true if, and only if, the original statement is analytic. 


(16) Necessarily no spinster is married,



 for example, is equivalent to: 



(17) 'No spinster is married' is analytic,



 and is therefore true.





Quine concludes that the notion of necessity may simply not be susceptible to quantification, and suggest extensionality is the best approach, because there is no need for intensionality in mathematics!

The effect of these considerations is rather to raise questions than to answer them. The one important result is the recognition that any intensional mode of statement composition, whether based on some notion of "necessity" or, for example, on a notion of "probability" (as in Reichenbach's system), must be carefully examined in relation to its susceptibility to quantification. Per- haps the only useful modes of statement composition susceptible to quantification are the extensional ones, reducible to '-' and '.'. Up to now there is no clear example to the contrary. It is known, in particular, that no intensional mode of statement composition is needed in mathematics.


Ruth Barcan Marcus on Identity



Immediately after Marcus's 1946 paper, Quine said there would be problems interpreting quantified modal logic. Quine himself was the source of most of those problems.

He clearly distinguished a priori, analytic, and necessary truths. The first include only logical signs, the second uses words and the semantics of symbolic logic. Necessity he calls modal and interprets it in terms of analytic.  


All true  statements which (like '(x) (x = x)') contain only logical signs are naturally to
 be classified as logically true. But there are also other logically true statements
 (e. g. 'Socrates is mortal ⊃ Socrates is mortal'). which contain extra-logical
 signs...

 The class of analytic statements is broader than that of logical truths, for it
 contains in addition such statements as 'No bachelor is married.' ...


What is rather in point, I think, is a relation of synonymy, or sameness of meaning, which holds between expressions of real language
 (though there be no standard hierarchy of definitions. In terms of synonym)
 and logical truth we could define analyticity: a statement is analytic if by putting synonyms for synonyms (e.g. 'man not married' for 'bachelor') it can be turned into a logical truth.



 The particular synonymy relation wanted is one of several which have about
 equal right to the name "synonymy" and are all describable as "sameness of
 meaning" - in varying senses of "meaning." Synonymy of the kind which
 renders expressions interchangeable without violence to indirect quotation, for
 example...


Quine uses the new necessity symbol, ' ◻ ', suggested by Ruth Barcan's thesis adviser at Yale, F. B. Fitch, and introduced in her 1946. 


 We need consider only
 the mode of logical necessity, symbolized by ' ◻ '; for the other modal ideas
 (possibility, impossibility, and the strict conditional and biconditional) are
 expressible in terms of necessity in obvious fashion. Now ' ◻ ' is not quite
 interchangeable with 'is analytic,' for this reason: the former attaches to a statement (as ' ~ ' does) to form a statement containing the original statement, whereas
 'is analytic' (like 'is true,' 'is false') attaches to the name of a statement to form a
 statement about the named statement. Grammatically ' ◻ ' is an adverb; 'is
 analytic' is a verb...

 However, ' ◻' can be explained in terms of analyticity as follows:
(i) The result of prefixing ' ◻ ' to any statement is true if and only if the statement
 is analytic.



Quine spent the next several years publishing examples of failure of this substititivity of synonyms without changing meaning



Max Black on Identity


In the same year he and Peter Geach translated Frege's Sinn und Bedeutung (1952), Black wrote an amusing dialogue questioning an identity that allows a = b and his opponent suggested two spheres in otherwise empty space could be identical. He wrote:

B. Then this is a poor way of stating your conclusion. If a
and b are identical, there is just one thing having the two names
' a' and ' b '; and in that case it is absurd to say that a and b
are two. Conversely, once you have supposed there are two
things having all their properties in common, you can't without
contradicting yourself say that they are " identical ".

A. I can't believe you were really misled. I simply meant to
say it is logically impossible for two things to have all their
properties in common. 


I showed that a must have at least
two properties-the property of being identical with a, and the
property of being different from b-neither of which can be a
property of b. Doesn't this prove the principle of Identity of
Indiscernibles ?

B. Perhaps you have proved something. If so, the nature of
your proof should show us exactly what you have proved. If
you want to call " being identical with a " a " property " I
suppose I can't prevent you. But you must then accept the
consequences of this way of talking. All you mean when you
say " a has the property of being identical with a " is that a is a.
And all you mean when you say " b does not have the property
of being identical with a " is that b is not a. So what you have
"proved " is that a is a and b is not a, that is to say, b and a are
different. Similarly, when you said that a, but not b, had the
property of being different from b, you were simply saying that
a and b were different...


Isn't it logically possible that the universe should have
contained nothing but two exactly similar spheres ? We might
suppose that each was made of chemically pure iron, had a diameter
of one mile, that they had the same temperature, colour, and
so on, and that nothing else existed.  




Black says  that b cannot have the self-identical property of " = a." Yet we will find this in many modern arguments (e.g., Wiggins, Kripke)


Black's spheres could of course have identical intrinsic information. We just need to ignore their coordinates and relations to each other.





Ruth Barcan Marcus on Identity


In 1947, Ruth C. Barcan (later Marcus) wrote an article on "The Identity of Individuals, " the first assertion of the "necessity of identity."  Her work was written in the dense expressions of symbolic logic, with little explanation. We present it for historical completeness,


2.33*. ⊢ (β1I(β2) ≡ (β1Im(β2).


                ((βI1m(β2) (β1I(β1) ) ⥽   (β11(β2)     2.21, 2.3, subst, 14.26


                (β1Im(β2)  ⥽   (β1I(β2)                       2.6, 2.32*, subst, adj, 18.61, mod pon  


                (β1I(β2) ≡ (β1Im(β2)                        18.42, 2.23, subst, adj, def 

A direct consequence of 2.33* is

2.34*. ⊢ (β1Im(β2) ⥽ (B1  ≡ B2)



Five years later, Marcus's thesis adviser, Frederick B. Fitch, published his book, Symbolic Logic, which contained the simplest proof ever of the necessity of identity, by the simple mathematical substitution of b for a in the necessity of self-identity statement. 


23.4
(1) a = b, 
(2) ◻[a = a], 
then (3) ◻[a = b], by identity elimination. (p.164)

 
Clearly this is mathematically and logically sound. Fitch substitutes b from (1), for a in the modal context of (2). This would be fine if these are just equations. But as Barcan Marcus knew very well from Lewis's work on strict implication, substitutivity in statements also requires that the substitution is intensionally meaningful. In the sense that b is actually just a, substituting b is equivalent to keeping a there, a tautology, something with no new information.  To be informative and prove the necessary truth of the new statement, we must know more about b, for example, that its intrinsic information in b is identical to that of a.


Fourteen years after her original identity article, Marcus presented her work at a 1961 colloquium at Boston University attended by Quine and Kripke. 


Marcus reprised the proof of her claim about the necessity of identity. She explicitly added Leibniz's Law relating identicals to indiscernibles to her argument.



(x)(y) (x = y) ⊃ ◻ (x = y)


which reads "for all x and for all y, if "x = y," then necessarily "x = y."



 In a formalized language, those symbols
 which name things will be those for which it is meaningful to assert that
I  holds between them, where 'I ' names the identity relation... If 'x' and 'y' are
 individual names then
  
(1) x I y


 Where identity is defined rather than taken  as primitive, it is 
customary to define it in terms of indiscernibility, one form
 of which is



 (2) x Ind y =df (φ)(φx eq φy)



 (3) x eq y =  x I y




Statement (2) is Leibniz's Law,  the indiscernibility of x from y, by definition means that for every property φ, both x and y have that same property, φx eq φy. 




David Wiggins on Identity


David Wiggins and  Peter Geach debated back and forth about the idea of "relative identity" for many years after Geach suggested it in 1962.

Ruth Barcan Marcus pubilshed her original proof of the necessity of identity in 1947 and repeated her argument at a 1961 Boston University colloquium.


Whether Wiggins knew of Marcus 1961 is not clear. He should have known of her 1947, and there is similarity to her 1961 derivation (which uses Leibniz's Law). Wiggins gives no credit to Marcus, a pattern in the literature for the next few decades and still seen today.

Saul Kripke clearly modeled much of his derivation after Wiggins, especially his criticism of the derivation as "paradoxical".  Kripke gives no credit to either Marcus or Wiggins for the steps in the argument, but his quote from Wiggins, that such a claim makes contingent identity statements impossible, when they clearly are possible, at least tells us he has read Wiggins. And we know Kripke heard Marcus present at the 1961 colloquium.


Here is Wiggins (1965),


 
I WANT to try to show (i) that there are insuperable difficulties
any term + relation + term or subject + predicate analysis of
statements of identity, (ii) that, however important and helpful the 
sense-reference distinction is,1 this distinction does not make it
possible to retain the relational or predicative analysis of identity
statements, and (iii) that a realistic and radically new account is
needed both of ' = ' and of the manner in which noun-phrases
occur in identity-statements.

Till we have such an account many questions about identity 
and individuation will be partly unclear, and modal logics will 
continue without the single compelling interpretation one might wish.


The connexion of what I am going to say with modal calculi
can be indicated in the following way. It would seem to be a
necessary truth that if a = b then whatever is truly ascribable to a
is truly ascribable to b and vice versa (Leibniz's Law). This
amounts to the principle



(1)  (x)(y) ((x = y) ⊃ (φ)(φx ≡ φy))


Suppose that identity-statements are ascriptions or predications.
Then the predicate variable in (1) will apparently range over
properties like that expressed by ' ( =a) ' 2 and we shall get as
consequence of (1)



(2)  (x)(y) ((x = y) ⊃ (x = x. ⊃ . y = x))



There is nothing puzzling about this. But if (as many modal
logicians believe), there exist de re modalities of the form



◻ (φa) (i.e., necessarily (φa)),


then something less innocent follows. If '( = a) ' expresses a
property, then '◻ (a = a)', if this too is about the object a, also
ascribes something to a, namely the property ◻ ( = a). For on a
naive and pre-theoretical view of properties, you will reach an
expression for a property whenever you subtract a noun-expression
with material occurrence (something like ' a ' in this case) from a
simple declarative sentence. The property ◻ ( = a) then falls
within the range of the predicate variable in Leibniz's Law
(understood in this intuitive way) and we get


Note (3) is almost Kripke's (3), but with intensional "y = x." Wiggins needs one more step. His (4) is Kripke's (3)



(3) (x) (y) (x = y ⊃ (◻ (x = x). ⊃ .◻ (y = x)))


Hence, reversing the antecedents,



(4) (x) (y) (◻(x = x ). ⊃ (x = y) ⊃ ◻ (x = y)))


But '(◻ (x = x)) ' is a necessary truth, so we can drop this
antecedent and reach



(5) (x) (y) ((x = y). ⊃ .◻ (x = y)))


Now there undoubtedly exist contingent identity-statements.
Let 'a = b' be one of them. From its simple truth and (5) we can
derive '◻ (a = b)'. But how then can there be any contingent
identity-statements?...


4. The derivation of (2) itself, via x's predicate ' ( = x)',
might be blocked by insisting that when expressions for properties
are formed by subtraction of a constant or free variable, then
every occurrence of that constant or free variable must be subtracted.
 '( a = a )' would then yield ' ( = )', and (2) could not be
derived by using ' ( = x ) ' . One would only get the impotent



(2')  (x = y) ⊃ (x = x. ⊃ . y = y)



The paradox could still be derived however. Suppose that a is
contingently b. Then <> ~{a=b); i.e., it is possible that not a=^H
This gives the predicate '◇ ~ (a = ) ' . This is true of b. Then by
(1), if a = b, this predicate is true also of a. This yields '◇ ~
(a = a) '. But ' (x) ◻(x = x)' is a logical truth and implies
' ~ ◇ ~ (a = a)'.





Note that Wiggins predicates the property "= x" of y. Kripke writes this as "x = y," logically equivalent, but intensionally predicating "= y" of x!



Saul Kripke on Identity



Kripke simplifies Wiggins (1965). We can compare the two expositions:

	Wiggins (1965)	Kripke (1971)
	
The connexion of what I am going to say with modal calculi
can be indicated in the following way. It would seem to be a
necessary truth that if a = b then whatever is truly ascribable to a
is truly ascribable to b and vice versa (Leibniz's Law). This
amounts to the principle


(1) (x)(y)((x = y) ⊃ (φ)(φx ≡ φy))


Suppose that identity-statements are ascriptions or predications.!
Then the predicate variable in (1) will apparently range over
properties like that expressed by '( = a) ' and we shall get as
consequence of (1)



(2) (x) (y) ((x = y) ⊃  (x = x . ⊃  . y = x))


There is nothing puzzling about this. But if (as many modal
logicians believe), there exist de re modalities of the form



◻ (φa) (i.e., necessarily (φa)), 


then something less innocent follows. If '( = a ) ' expresses
property, then '◻ (a=a)', if this too is about the object a, also
ascribes something to a, namely the property ◻ ( = a). For on a
naive and pre-theoretical view of properties, you will reach an
expression for a property whenever you subtract a noun-expression
with material occurrence (something like ' a ' in this case) from a
simple declarative sentence. The property 
◻ ( = a) then falls
within the range of the predicate variable in Leibniz's Law
(understood in this intuitive way) and we get



(3) (x) (y) (x = y ⊃ (◻ (x = x). ⊃. ◻(y = x)))


Hence, reversing the antecedents,



(4) (x) (y) ( ◻ (x = x). ⊃. (x = y) ⊃ ◻(x = y))


But (x) ( ◻ (x=x)) ' is a necessary truth, so we can drop this
antecedent and reach



(5) (x)(y)((x = y). ⊃. ◻(x = y))

	
First, the law of the substitutivity of identity says that, for any
objects x and y, if x is identical to y, then if x has a certain
property F, so does y: 


(1)  (x)(y) [(x = y) ⊃ (Fx ⊃ Fy)]


[Note that Kripke omits the critically important universal quantifier (F), "for all F."]


On the other hand, every object surely is necessarily self-identical:



(2) (x) ◻(x = x)


But



(3)  (x)(y) (x = y) ⊃  [◻(x = x) ⊃ ◻ (x = y)]


is a substitution instance of (1), the substitutivity law. From
(2) and (3), we can conclude that, for every x and y, if x equals
y, then, it is necessary that x equals y:



(4) (x)(y) ((x = y) ⊃ ◻ (x=y)) 
 
 
This is because the clause  ◻(x = x) of the conditional drops out
because it is known to be true.





Kripke does not cite Wiggins as the source of the argument, but just after his exposition above, Kripke quotes David Wiggins as saying in his 1965 "Identity-Statements"  



Now there undoubtedly exist contingent identity-statements.
Let a = b be one of them. From its simple truth and (5) [= (4) above] we can derive '◻ ( a = b)'. But how then can there be any contingent identity statements?


Kripke goes on to describe the argument about b sharing the property " = a" of being identical to a,  which we read as merely self-identity, and so may Kripke. 



If x and y are the same things and we can talk about modal
properties of an object at all, that is, in the usual parlance, we can speak
of modality de re and an object necessarily having certain properties as
such, then formula (1), I think, has to hold. Where x is any property
at all, including a property involving modal operators, and if x and y
are the same object and x had a certain property F, then y has to have
the same property F. And this is so even if the property F is itself of 
the form of necessarily having some other property G, in particular
that of necessarily being identical to a certain object. [viz., = x] 
Well, I will not
discuss the formula (4) itself because by itself it does not assert, of any
particular true statement of identity, that it is necessary. It does not
say anything about statements at all. It says for every object x and
object y, if x and y are the same object, then it is necessary that x and
y are the same object. And this, I think, if we think about it (anyway,
if someone does not think so, I will not argue for it here), really
amounts to something very little different from the statement (2).
Since x, by definition of identity, is the only object identical with x,
"(y)(y = x ⊃ Fy)" seems to me to be little more than a garrulous way
of saying 'Fx' and thus (x) (y)(y = x ⊃ Fx) says the same as (x)Fx no
matter what 'F' is — in particular, even if 'F' stands for the property of
necessary identity with x. So if x has this property (of necessary identity
with x), trivially everything identical with x has it, as (4) asserts.
But, from statement (4) one may apparently be able to deduce various
particular statements of identity must be necessary and this is then
supposed to be a very paradoxical consequence.




The indiscernibility of identicals claims that if x = y, then x and y must share all their properties, otherwise there would be a discernible difference. Now Kripke argues that one of the properties of x is that x = x, so if y shares the property of '= x," we can say that y = x. Then, necessarily, x = y.  


However, two distinct things, x and y, cannot be identical, because there is some difference in extrinsic external information between them. Instead of claiming that y has x's property of being identical to x ("= x") , we can say only that y has x's property of being self-identical, thus y = y. Then x and y remain distinct in at least this intrinsic property as well as in extrinsic properties like their distinct positions in space.





Peter Geach on Relative Identity


Geach worked on problems of identity and debated for years with David Wiggins about relative identity. 


For Geach and Wiggins, relative identity means "x is the same F as y," but "x may not be the same G as y." Wiggins argued against this idea of relative identity, but accepted what he called a sortal-dependent identity,  "x is the same F as y." Geach called this a "criterion of identity."



I had here best interject a note on how I mean this term
"criterion of identity". I maintain that it makes no sense to
judge whether x and y are 'the same', or whether x remains 'the
same', unless we add or understand some general term—"the
same F". That in accordance with which we thus judge as to
the identity, I call a criterion of identity; this agrees with the
etymology of "criterion". Frege sees clearly that "one" cannot
significantly stand as a predicate of objects unless it is (at least
understood as) attached to a general term; I am surprised he
did not see that the like holds for the closely allied expression
"the same".

  

In his 1967 article "Identity," in the Review of Metaphysics, Geach wrote

I am arguing for the thesis that identity is relative. When one
says "x is identical with y", this, I hold, is an incomplete expression;
it is short for "x is the same A as y", where "A" represents
some count noun understood from the context of utterance—or
else, it is just a vague expression of a half-formed thought. Frege
emphasized that "x is one" is an incomplete way of saying "x is
one A, a single A", or else has no clear sense; since the connection
of the concepts one and identity comes out just as much in the
German "ein und dasselbe" as in the English "one and the same",
it has always surprised me that Frege did not similarly maintain
the parallel doctrine of relativized identity, which I have just
briefly stated. On the contrary, Frege actually enunciated with
all vigour a doctrine that identity cannot be relativized: "Identity
is a relation given to us in such a specific form that it is inconceivable
that various forms of it should occur" (Grundgesetze,
Vol. II, p. 254).



David Lewis on Identity

David Lewis, the modern metaphysician who built on Leibniz' possible worlds to give us his theory of "modal realism," is just as clear as Leibniz on the problem of identity.


[W]e should not suppose that we have here any problem about identity. We never have. Identity is utterly simple and unproblematic. Everything is identical to itself; nothing is ever identical to anything else except itself. There is never any problem about what makes something identical to itself, nothing can ever fail to be. And there is never any problem about what makes two things identical; two things never can be identical. 
  

Except, says an information philosopher, "in some respects."





Relative Identity



The concept of relative identity, identical in some respect, identical qua, is a property of so-called "interchangeable parts." They can be substituted for one another. The concept of substitutability is an essential concept in mathematics, in symbolic logic, and to some extent in language, where it has generated much confusion. The fundamental ambiguity and polysemy of language, which generates its metaphorical power, means that one word or phrase is never perfectly substitutable for another. 

After accepting the fundamental fact that nothing is perfectly identical to anything but itself, the criterion for relative identity, for identical "in some respect," or qua that respect, is that some subset of the information in two different things must be the same information, bit for bit.


We can define I as the sum of all the intrinsic properties and relations - internal self-relations between an object's different parts. 
And we define E for an object as the sum of extrinsic relations an object has with things outside, including its disposition in space and time.


Relative Identity means that a can be the same I as b, but not the same E as b, For physical objects, these could be within some physical boundary, subject to conditions of vagueness. In a biological entity, it includes the vast communications going on inside and between the cells, which makes it much more than a mereological sum of its parts.


Set theoretically, in classical propositional calculus, we can say that 
  
    I
    
      a
    
  
 is the set of intrinsic properties and relations that can be predicated in propositions about an object a.  
  
    E
    
      a
    
  
 is the set of extrinsic  relations. We can now describe why absolute identity is limited to self-identity. 



If Ia + Ea = Ib + Eb, then a and b are one and the same object.

And, if 
  
    I
    
      a
    
  
  = 
  
    I
    
      b
    
  
, then a and b are relatively identical, qua information content.



Metaphysicians like the notion of kinds or sorts, or even tropes, which are abstract entities that can be used as particular properties. All three of these can be redescribed in information terms. To be of such-and-such a sort, for example, would be to contain the information characteristic of that sort. Numerically distinct entities can then be identical in respect of being of the same sort – identical qua that sort.


Seeing the relative identity between two things is something done by minds. This is a mind's ability to "pick out" the resemblances. The metaphysicist emphasizes resemblances that are mind-independent properties in the objects themselves. But concepts especially are always initially invented by humans and must be scrutinized for the genetic fallacy. 


When information philosophy claims we have knowledge of something (in a mind), it is the claim that what is in the mind is relatively identical to some of the information in the thing. This idea has been criticized as the "picture theory of meaning." Consider Wittgenstein,


A picture is a model of reality.

There must be something identical in a picture and what it depicts, to enable the one to be a picture of the other at all. 



The Experience Recorder and Reproducer (ERR) explains the indirect way in which this happens. The perception of an object is encoded in the brain as an experience. When the reproducer "plays back" the experience, the neurons that were "wired together" during earlier experiences now "fire together" and the brain presents (re-presents) to the mind parts of the original perception. The "decoding" process may activate any or all of the original sensations of the experience, together with any emotions recorded. 

This does not mean that the information stored in the neurons is directly isomorphic to some of the information in the thing itself. Very little in the brain "resembles" the world. Exceptions are mappings of our sensorimotor apparatus, and in some animals, maps of their environment. What the ERR means is that the mind re-experiences some subset of the original experiences. This is actually very close to Wittgenstein's "picture." The "mind's eye" sees before it a "representation," what Arthur Schopenhauer called a Vorstellung. 


There is of course an implicit complicated mapping between neurons and the organs of sensation, somewhat analogous to the complex mapping of bits in a DVD to the colored pixels of a video monitor. But the ERR model goes well beyond a visual picture, since the body experiences a subset of the feelings that were recorded along with the original experience. 




Minds not only single out relative identity, they also see differences, so we have some apparent contradictions in three fundamental facts about identity:


"Everything is both similar and dissimilar to everything else," C.S.Peirce Collected Papers I, Principles of Philosophy, 1.566


Id1. Everything is identical to everything else in some respects.

Id2. Everything is different from everything else in some other respects.


Id3. Everything is identical to itself in all respects at each instant of time, but different in some respects from itself at any other time. 



We can rewrite these observations in terms of information philosophy



I1. Any two things have some information in common.

I2. Any two things have some different information.


I3.The identity of anything over time is changing because the information in it (and about it) is changing with time.



These three observations might be called information axioms. Armed with them, we are in a position to "dis-solve" or deconstruct some of the most famous metaphysical puzzles and paradoxes.



Now I3 requires the metaphysical possibility that information can change with time. The cosmological observation of astronomical objects provides evidence of increases in the total information with time. This is the case despite the fact that the disorder in the universe (the entropy) is also increasing. 


Biological evolution overwhelmingly provides evidence for the increase of biological information since the beginning of terrestrial life. Human beings now create highly abstract forms of information and communicate it as human knowledge, which is increasing exponentially in this "information age." 


Physics tells us that the sum of matter and energy is strictly conserved. How can it be that the total amount of information is not conserved? Information is neither matter nor energy, although information needs matter for its embodiment (just as the mind needs the brain), and information needs energy for its communication. 



Although humans are at an extremum of the creation and communication of information, all living things communicate messages inside and between themselves, driven by metabolizing free energy.


Information can be changing while matter and energy are fixed because information is found in the arrangement and organization of the matter and the motion of the energy. Aristotle called arrangement τὸ σχῆμα τῆς ἰδέας, the configuration of the forms.

David Hume argued that there are only three basic relations between things, contiguity, causality, and resemblance. We can see the first as how things or events are arranged in space, the second as to how they follow one another in time, the third as similarities in their form. Information philosophy condenses these three to information in space and time.




A = A


The mathematical expression "A equals A" (notice there are two distinct A's) is an empty tautology. Its usefulness comes from other equivalences, such as the equation "A = B." Whenever A appears, we may substitute B. 

A and B are substitutable, interchangeable parts, for some practical purpose, like logic,  mathematics, or engineering.


But, when we think and speak carefully, neither in metaphysics nor in ordinary language do we unconditionally accept the statement "A is identical to B." 


Indeed, we see that the expressions "A = A" or "A is A" are not at all innocently true, since there are manifold differences between the two A's, their positions in space, their ink particles on the paper they are printed on, the pixels on your computer screen, etc.


It is the immaterial information content of "A," abstracted from concrete examples of letters, that has a self-identical property, but only in the realm of information. Any single concrete example of an "A" has the property of self-identity, but only in the realm of material, and then only for an instant of time, because everything in the material realm is constantly changing. 


Analytical language philosophers, puzzling over statements like "A is B," say that the identity of the two symbols is because they refer to the same thing. Much philosophical ink has been spilled puzzling over Gottlob Frege's observation that "the morning star is the evening star."  


The total meaningful content of this sentence is not limited to the banal point that two names or designators ("Phosphorus" and "Hesperus") are references (Frege's Bedeutung) to the one planet Venus (a concrete entity). We might call this property "referential identity."


While the statement "the morning star is the morning star" is considered analytically true (like "A is A"), the two terms in the statement have different meanings or senses (Frege's Sinn).


Information philosophers agree that the meanings of the referring terms contain much more knowledge than just the information in planet itself. Either term tells us where Venus is in the sky, where it is compared to the Sun along the ecliptic, when to look for it, etc. But this additional (and differing) information makes paradoxical even analytic linguistic identity.


Indeed the paradox of all analytic philosophy (that all analysis is either trivial of false) can be seen in the fact that all analytic statements are tautologies. If the expression to be analyzed (the analysandum) and the analyzing expression (the analysans) contain identical information, then the analysis is trivial. 


If the analysandum and analysans do not contain the same information, the analysis is false. Willard van Orman Quine threw up his hands and declared (correctly) that all knowledge must be synthetic a posteriori (based on experience).




Identity through Time 


Because all material things change in time (the Heraclitean "flux"),  "identity over time" is fundamentally impossible. Even in the case of a hypothetical completely inert object that could be protected from loss or gain of a single atom, its external dispositional relations (e.g., position coordinates in most spacetime frames) are constantly changing, and these are fundamental "properties", in both classical Aristotelian and modern Kantian categories.


If we identify the essence of something as the total information that makes it identical with itself, then all that information is essential. Several puzzling metaphysical facts follow that do violence to our ordinary way of talking about essence and identity.

Aristotle's distinction between essence or Being (τò ὄν) and accident (συμβεβεκóς) surely did not make every property or quality of an entity essential. But modern metaphysicians do argue for a number of "essentialisms." We shall see that they are mostly the result of the metaphysicians' definitions. They in no way "true at any world" in the sense of a "mind-independent" external world, let alone facts in our world, except for their arbitrary definitions.



Changes in Time


However imperceptibly, every concrete material thing changes both its matter and form with time. The Heraclitean river changes its water constantly at any particular place. Living things change their material elements very rapidly as they ingest low-entropy, high information food and excrete higher-entropy, lower information matter.


It is only immaterialabstract entities that do not change. They have Parmenidean "Being." 

 
Something that changes in time cannot be perfectly identical to what it was in the past. If it were identical, there would be no change. This gives rise to several metaphysical problems that involve different persistence conditions for different properties of an entity. 


Information philosophy shows the way out of this apparent paradox by distinguishing the part or parts of information that are changing from any part which is constant. We can then say that an entity is identical to its earlier self "with respect to" (or "qua"") the unchanged information.


What emerges is the concept of a relative or partial identity over time, accompanied by partial or relative differences in the object.

Change can be in the intrinsic or internal properties of a thing, or in its extrinsic relations to external objects, its dispositional properties such as its coordinates. The primary view of change is a real, metaphysical change in a "thing itself." Some metaphysicians argue that this must be a change of identity.



The conservation of matter and energy requires that there cannot be complete destruction of an entity and creation of a new entity from nothing



But identity never changes completely, because modest changes in the material substrate or the information content (shape and form, internal and external relations and communications) do not invalidate an essential relative identity over time of any object. 

Because of motion and microscopic physical events, all material things change in time. This is the idea of the Heraclitean "flux" or Platonic "Becoming."


Change means that the concept of "perfect or strict identity over time" is fundamentally flawed. Even in the case of a hypothetical completely inert object that could be protected from loss or gain of a single particle, its position coordinates in most spacetime frames are constantly changing. All the other objects in the universe are changing their spatial relations with the object.


Perfect identity over time is limited to unchanging ideas or concepts with Parmenidean "Being." These are some of the abstract entities, like numbers, simple universals, and logical truths. 


The Eleatic followers of Parmenides, notably Zeno, invented his motion paradoxes  – the Arrow, Achilles and the Tortoise – to deny change. Zeno's motion paradoxes and claims denying a plurality of beings  – that "all is one" –  still appear in elementary metaphysics textbooks.


Aristotle's hylomorphic theory of change argued that what persists over time is an underlying substrate (ὑποκείμενον), which he identified with matter (ὕλη ). Here Aristotle anticipated the conservation of mass (now including energy).  


But as with the puzzle of the statue and lump of clay, Aristotle knew that the form (μορφή) is an equal contributor to the essence of a substance (οὐσία). 



Is Aristotle here the source of the four Stoic genera or categories?


The term “substance” (οὐσία) is used, if not in more, at least in four principal cases; for both the essence (εἶναι), and the universal (καθόλου) and the genus (γένος) are held to be the substance of the particular (ἑκάστου), and fourthly the  substrate (ὑποκείμενον). The substrate is that of which the rest are predicated, while it is not itself predicated of anything else. Hence we must first determine its nature, for the primary substrate (ὑποκείμενον) is considered to be in the truest sense substance.


Aristotle clearly sees a statue as both its form/shape and its matter/clay. 
Both matter and form and their combination are said to be substance (οὐσία). 


Now in one sense we call the matter (ὕλη ) the substrate; in another, the shape (μορφή); and in a third, the combination of the two. By matter I mean, for instance, bronze; by shape, the arrangement of the form (τὸ σχῆμα τῆς ἰδέας); and by the combination of the two, the concrete thing: the statue (ἀνδριάς). Thus if the form is prior to the matter and more truly existent, by the same argument it will also be prior to the combination.
 



In some writing, Aristotle regards matter as individuating form. In others, it is the form that is essential. An active agent impresses the form on external matter. The matter assumes/acquires the form. The form of a cat impressed on undifferentiated matter actively gives the matter the form of a cat. The matter changes shape (μορφή).

In other cases, a patient is "informed," by perceiving a form.  A perceiver thinking about something acquires the form without the matter. Acquisition of the form is by "impressing" that form in the material brain, for example embedding the information as an experience that is recorded (ERR).  





Personal Identity


Apart from the obvious fact that every person (individual) is different from every other person, which has been confirmed by the latest understanding of all biological organisms, even an individual person is not perfectly identical to her or his self over time.

If persons were perfectly identical to themselves over time, they would not experience growth, one of the defining, therefore essential, characteristics of living things. 


Moreover, some metaphysicians who claim that material constitutionis identity maintain that even the loss or gain of a tiny bit of matter destroys an individual and replaces that individual with another.


This is a flawed idea put forward by the ancient Skeptics that continues to be taught in modern metaphysics.



Identity and Biology


Since the creation of information and its communication is the outstanding characteristic of life, biological information is perhaps the best way to explain the relative identity, the persistence of living things through time, qua person, for example. An information-based metaphysics can help solve the problem of personal identity.  The genetic code (DNA) remains essentially constant through the life of an individual and should be mentioned first as a uniquely "identifying" piece of information. 

Besides this "Evo" element, there is information that is created and preserved during an individual's growth and development (the "Devo" element). For higher organisms especially, this is its ability to record its past experiences and play them back as a guide to present actions. The experience recorder and reproducer (ERR) is a central component of consciousness and memory. This is the psychological argument for the persistence of personal identity.





Vague Identity


The primary source of vaguenessin philosophy has been vagueness in the language terms used to identify an object, which lack the information content or depth to match the information depth in typical physical objects, let alone living things.

Whether there is ontological vagueness, vagueness in the things themselves, independent of our representations of things, is a deep metaphysical question to which quantum physics may contribute.


There is a deep metaphysical connection between vagueness and possibilities. An object or event that has more than one possible future can be said to be vague not in the usual spatial sense or mereological sense, but in the temporal sense.


The bit-by-bit nature of digital information introduces vagueness in the representation of analog (continuous) objects, if there are any. So one question about the nature of fundamental reality, whether matter is analog or digital, fields or particles, is a deep metaphysical question.  
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"Everything is both similar and dissimilar to everything else," C.S.Peirce Collected Papers I, Principles of Philosophy, 1.566


Source: https://www.informationphilosopher.com/problems/identity/
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The two basic kinds of immortality available today may not satisfy those looking for the "after-life," but they are both very real and important, and there is a medical technology solution visible on the horizon that should satisfy many persons.

The first is the least satisfying - the partial immortality of your genes through your children. This is of no significance to the childless.


The second is the ancient notion of fame or kleos (κλέος) among the Greeks. When Homer sang of Achilles and Odysseus it was to give them undying fame, which they have today among many literate persons.


The third kind of immortality will result from a solution to the problem of aging, almost certainly from stem cell research, which should allow vital organ replacement, and from a cure for runaway cancer cells, which are a devastating entropic force.


This third should satisfy even Woody Allen, who famously said,


I don't want to achieve immortality through my work.

I want to achieve it through not dying.


The second kind we call "information immortality." It is more realizable than ever with the development of world-wide literacy through print and now through the world-wide web, which makes the Information Philosopher available anywhere. In five years time, a majority of the world's population will be carrying a smart phone and thus able to read this work.


The great Wikipedia will be capable of having something about everyone who has made a contribution to human knowledge.


If we don't remember the past, we don't deserve to be remembered by the future. 







Source: https://www.informationphilosopher.com/problems/immortality/
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Induction

Francis Bacon described "genuine Induction" as the new method of science. Opposing his new idea to what he thought Aristotle's approach had been in his Organon (as misinterpreted by the medieval Scholastics), Bacon proposed that science builds up knowledge by the accumulation of data (information), which is of course correct. This is simply the empirical method of collecting piece by piece the (statistical) evidence to support a theory.

The "problem of induction" arises when we ask whether this form of reasoning can lead to apodeictic or "metaphysical" certainty about knowledge, as the Scholastics thought. Thomas Aquinas especially thought that certain knowledge can be built upon first principles, axioms, and deductive or logical reasoning. This certain knowledge does indeed exist, within a system of thought such as logic or mathematics. But it can prove nothing about the natural world.


Bacon understood logical deduction, but like some proto-empiricists among the Scholastics (notably John Duns Scotus and William of Ockham), Bacon argued in his Novum Organum that knowledge of nature comes from studying nature, not from reasoning in the ivory tower.


Bacon likely did not believe certainty can result from inductive reasoning, but his great contribution was to see that (empirical) knowledge gives us power over nature, by discovering what he called the form nature, the real causes underlying events. 


It was of course David Hume who pointed out the lack of certainty or logical necessity in the method of inferring causality from observations of the regular succession of "causes and events." His great model of scientific thinking, Isaac Newton, had championed induction as the source of his ideas. As if his laws of motion were simply there in the data from Tycho Brahe's extensive observations and Johannes Kepler's orbital  ellipses.


"Hypotheses non fingo," Newton famously said, denying the laws were his own ideas. Although since Newton it is obvious that the gravitational influence of the Sun causes the Earth and other planets to move around their orbits, Hume's skepticism led him to question whether we could really know, with certainty, anything about causality, when all we ever see in our inductive study is the regular succession of events.


Thus it was Hume who put forward the "problem of induction" that has bothered philosophers for centuries, spilling a great deal of philosophical ink. Hume's skepticism told him induction could never yield a logical proof. But Hume's mitigated skepticism saw a great deal of practical value gained by inferring a general rule from multiple occurrences, on the basis of what he saw as the uniformity of nature. What we have seen repeatedly in the past is likely to continue in the future.


While Hume was interested in causal sequences in time, his justification of induction also applies to modern statistical thinking. We infer the frequency of some property of an entire population from the statistics of an adequately large sample of that population. 


The Information Philosopher's solution to this problem (more properly a "pseudo-problem," to use the terminology of twentieth-century logical positivists, logical empiricists, and linguistic analysts) is easily seen by examining the information involved in the three (or four) methods of reasoning - logical deduction, empirical induction, mathematical induction (actually a form of deduction), and what Charles Sanders Peirce called "abduction," to complete one of his many philosophical triads.


Mathematical induction is a method of proving some property of all the natural numbers by proving it for one number, then showing that if it is true for the number n, it must also be true for n + 1. In both deduction and mathematical induction, the information content of the conclusion is often no more than that already in the premises. To be sure, the growth of our systems of thought such as logic, mathematics, and perhaps especially geometry, has generated vast amounts of new knowledge, new information, when surprising new theorems are proved within the system. And much of this information has turned out to be isomorphic with information structures in the universe. But the existence of an isomorphism is an empirical, not a logical, finding.


The principal role of deduction in science is to derive, logically or mathematically, predictable consequences of the new theory that might be tested by suitable experiments. This step simply draws out information already present in the hypothesis. Theory, including deductions and predictions, is all done in the realm of ideas, pure information. 


Abduction is the formation of new hypotheses, one step (rarely the first) in what some philosophers of science in the twentieth century described as the scientific method - the hypothetico-deductive-observational method. It can be described more simply as the combination of theories and experiments. Observations are very often the spur to theory formation, as the old inductive method emphasized. A scientist forms a hypothesis about possible causes for what is observed. 


Although the hypothesis is an immaterial idea, pure information, the abduction of a hypothesis creates new information in the universe, albeit in the minds of the scientists.


By contrast, an experiment is a material and energetic interaction with the world that produces new information structures to be compared with theoretical predictions. Experiments are Baconian accumulations of data that can never "prove" a theory (or hypothesis). But confirmation of any theory consists entirely of finding that the statistical outcomes of experiments match the theory's predictions, within reasonable experimental "error bars." The best confirmation of any scientific theory is when it predicts a phenomenon never before seen, such that when an experiment looks, that phenomenon is found to exist.


These "surprising" results of great theories shows the extent to which science is not a mere "economic summary of the facts," as claimed by Ernst Mach, the primary creator of logical positivism in science.


Mach had a great influence on the young Albert Einstein, who employed Mach's idea in discovering his special theory of relativity. The positivists insisted on limiting science to "observable" facts. Atoms were not (yet) observable, so despite the great chemical theories of Dalton explaining molecules, the great statistical mechanical work of James Clerk Maxwell and Ludwig Boltzmann explaining thermodynamics, it remained for Einstein to predict the observable effects of atomic and molecular motions on the motions of visible particles like pollen seeds in a liquid. 


The experimental measurements of those visible motions, with exactly the extent of motion predicted by Einstein, confirmed the reality of atoms. The motions had been observed, almost eighty years earlier, by Robert Brown. Einstein's 1905 hypothesis - a "free creation of the human mind," as he called it and his other extraordinary theories, together with the deduction of mathematically exact predictions from the theory, and followed by the 1908 experiments by Jean Perrin, gives us a paradigmatic example of the scientific method.


In information philosophy terms, the abstract immaterial information in the Einstein theory of Brownian motion, was found to be isomorphic to material and energetic information structures in the universe.


In his early years, Einstein thought himself a disciple of Mach, a positivist. He limited his theories to observable facts. Special relativity grew from the fact that  absolute motions are not observable. 


But later when he realized the source of his greatest works were his own mental inventions, he changed his views. Here is Einstein in 1936,



We now realize, with special clarity, how much in error are those theorists who believe that theory comes inductively from experience. Even the great 
Newton could not free himself from this error ("Hypotheses non fingo")...

There is no inductive method which could lead to the fundamental
concepts of physics. Failure to understand this fact constituted
the basic philosophical error of so many investigators of
the nineteenth century. It was probably the reason why the
molecular theory and Maxwell's theory were able to establish
themselves only at a relatively late date. Logical thinking is
necessarily deductive; it is based upon hypothetical concepts and
axioms. How can we expect to choose the latter so that we
might hope for a confirmation of the consequences derived from
them?


The most satisfactory situation is evidently to be found in
cases where the new fundamental hypotheses are suggested by
the world of experience itself. The hypothesis of the non-existence
of perpetual motion as a basis for thermodynamics affords
such an example of a fundamental hypothesis suggested by experience;
the same holds for Galileo's principle of inertia. In
the same category, moreover, we find the fundamental hypotheses
of the theory of relativity, which theory has led to an
unexpected expansion and broadening of the field theory, and
to the superseding of the foundations of classical mechanics. 





And here, Einstein wrote in his 1949 autobiography,



I have learned something else from the theory of gravitation: No ever so inclusive collection of empirical facts can ever lead to the setting up of such complicated equations. A theory can be tested by experience, but there is no way from experience to the setting up of a theory. Equations of such complexity as are the equations of the gravitational field can be found only through the discovery of a logically simple mathematical condition which determines the equations completely or [at least] almost completely.


Werner Heisenberg told Einstein in 1926 that his new quantum mechanics was based only on "observables," following the example of Einstein's relativity theory that was based on the fact that absolute motion is not observable. For Heisenberg, the orbital path of an electron in an atom is not an observable. Heisenberg said of his first meeting with Einstein,




 I defended myself to begin with by justifying in detail the necessity for abandoning the path concept within the interior of the atom. I pointed out that we cannot, in fact, observe such a path; what we actually record are frequencies of the light radiated by the atom, intensities and transition-probabilities, but no actual path. And since it is but rational to introduce into a theory only such quantities as can be directly observed, the concept of electron paths ought not, in fact, to figure in the theory.

To my astonishment, Einstein was not at all satisfied with this argument. He thought that every theory in fact contains unobservable quantities. The principle of employing only observable quantities simply cannot be consistently carried out. And when I objected that in this I had merely been applying the type of philosophy that he, too, had made the basis of his special theory of relativity, he answered simply "Perhaps I did use such philosophy earlier, and also wrote it, but it is nonsense all the same." Thus Einstein had meanwhile revised his philosophical position on this point. He pointed out to me that the very concept of observation was itself already problematic. Every observation, so he argued, presupposes that there is an unambiguous connection known to us, between the phenomenon to be observed and the sensation which eventually penetrates into our consciousness. But we can only be sure of this connection, if we know the natural laws by which it is determined. If however, as is obviously the case in modern atomic physics, these laws have to be called in question, then even the concept of "observation" loses its clear meaning. In that case it is theory which first determines what can be observed. These considerations were quite new to me, and made a deep impression on me at the time; they also played an important part later in my own work, and have proved extraordinarily fruitful in the development of the new physics.




Einstein himself discovered the transition probabilities between states in the Bohr atom, ten years before this conversation with Heisenberg



Since philosophy has made the "linguistic turn" to abstract propositions, the problem of induction for today's philosophers is subtly different from the one faced by David Hume. It has become an epistemological problem of "justifying true beliefs" about propositions and thus lost the connection to "natural philosophy" it had in Hume's day. Information philosophy hopes to restore at least the "metaphysical" elements of natural philosophy to the domain of philosophy proper. 


In contemporary logic, epistemology, and the philosophy of science, there is now the problem of "enumerative induction" or universal inference, an inference from particular statements to general statements. For example, the inference from propositions


 p1, p2,... pn, which are all F's that are G's


to the general inference that 


all F's are G's.



This is clearly a purely linguistic version of the original problem. Divorcing the problem of induction from nature empties it of the great underlying principle in Hume, Mill, and other philosophers, namely the assumption of the uniformity of nature, which alone can justify our "true?" belief that the sun will come up tomorrow.


In information terms, the problem of induction has been reduced, even impoverished, to become only relations between ideas. Perhaps "ideas" is too strong, much of philosophy has become merely logical relations between statements or propositions. Because of the inherent ambiguity of language, sometimes philosophy appears to have become merely a game played using our ability to make arbitrary meaningless statements, then critically analyze the resulting conceptual paradoxes.

Karl Popper famously reprimanded Ludwig Wittgenstein's claim that there are no real philosophical problems, only puzzles and language games.



 On a close examination, it appears current philosophical practice has reduced the problem of induction to one of permissible linguistic deductions.


Consider these examples from the Stanford Encyclopedia of Philosophy:


	Inductions with general premises and particular conclusions:
	
All observed emeralds have been green.
	
Therefore, the next emerald to be observed will be green.



	Valid deductions with particular premises and general conclusions:
	
New York is east of the Mississippi. 
	
Delaware is east of the Mississippi.
	 
Therefore, everything that is either New York or Delaware is east of the Mississippi.





The first example is clearly inductive, and insofar as it refers to real world objects, it depends on the uniformity of nature. 

But what happens when language modifies the definition/meaning of green. Maybe it's the color,  or maybe it's just the name of the color "green." Maybe it's blue, or Nelson Goodman's inductive riddle "grue?"

The second example is purely deductive, appropriate for philosophical puzzles, which are merely ideas, today merely relations between words. But it does not belong to the historical problem of induction. It is the problem of philosophers redefining the terms of debate!  






Source: https://www.informationphilosopher.com/problems/induction/
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Traditional definitions of life have focused on several important characteristics of living things.
	
Replication (inheritance and transmission to progeny)

	
Variation (random changes with differing reproductive success)

	
Metabolism (harvesting energy and matter from the environment)

	
Encapsulation (membrane enclosure of vital elements)

	
Homeostasis (maintaining a balance of energy and matter in and out of each cell)

	
Growth (from a single eukaryotic cell to maturity and death, bacteria simply divide)

	
Signaling (between cells and cellular components - neurotransmitters, hormones, pheromones. etc.)



NASA offered a simple definition of life as  "A self-sustaining chemical system capable of Darwinian evolution."


In recent decades, inspired by comparisons with modern digital computers, scientists and philosophers have identified additional characteristics they regard as fundamental to life. Some thinkers single out one or two of these characteristics and then claim they have discovered the fundamental nature of life.


Attempts to find the origin of life in the properties of chemical systems have defined a number of these "essential" defining characteristics...


	
Auto-catalytic processes (cf., Melvin Calvin, Manfred Eigen, Terrence Deacon
	
Self-organization (cf., autopoiesis, Francisco Varela,  Humberto Maturana) 

	
Complexity (Harold Morowitz, Ilya Prigogine)

	
Complex Adaptive Systems (Stuart Kauffman,  Santa Fe Institute)

	
Emergence (e.g., order out of chaos, Ilya Prigogine)

	
Nonlinearity, Nonequilibrium (Ilya Prigogine )



Living things exhibit all these characteristics, but none of them explains everything going on at the level of atoms and molecules. 


[Prigogine is perhaps the most famous name in chaos theory and complexity theory. Although he made very few original contributions to these fields, he is famous for them, nevertheless. His work, especially his 1984 book written with Isabel Stengers, Order Out Of Chaos, is a major reference today for popular concepts like "self-organizing, "complex systems," "bifurcation points," "non-linearity,", "attractors," "symmetry breaking," "morphogenesis," "autocatalytic," "constraint," and of course "irreversibility," although none of these terms is originally Prigogine's. The name "dissipative structures" and perhaps the phrase "far from equilibrium" belong to Prigogine, but the thermodynamic concepts essential to understanding life were already in Boltzmann, Bertalanffy, and Schrödinger, and perhaps many others.]



How Information Creation Explains Life


	
A place is required in the universe with a flow of energy of low entropy from a source to a sink. A local pocket of "negative" entropy can form information structures. 

	
For example, the stream of radiation from the Sun retains its high color temperature but has a low equilibrium energy temperature at the Earth distance. The Sun is the source. The Earth equilibrates that radiation to the average Earth temperature. The sink is the dark night sky on the side opposite the Sun. 

	
Another high temperature source is volcanism from the slowly cooling Earth interior. The sink is the cooler ocean water.

	Creation of a genuinely new information structure requires multiple possible outcomes. At a minimum, the creation may succeed or fail. As Claude Shannon showed, if there is only one possible outcome, that outcome is determined. Novelty requires multiple outcome possibilities. Without alternative possibilities, there is no new information. 

	
At the atomic level, whether elements bond is a probabilistic quantum event. If they do bond, the binding energy must be carried away to satisfy the second law of thermodynamics. The bonded elements are lower entropy, but overall total entropy always increases.

	
The new information structure has more order, decreasing entropy, so the energy with high entropy carried away satisfies the requirement that the overall entropy increases. Again, if the positive entropy needed to satisfy the second law is not carried away, a new information structure is not possible.

	
All information creating events have this two-step structure: first quantum processes generate multiple possibilities with in principle calculable probabilities; second, if a low-entropy information structure is created, the high "positive" entropy energy carried away must exceed the low "negative" entropy gain.

	
Many transient structures may form for a moment, for example hydrogen atoms in the early universe, but they are quickly destroyed if the ionizing photons can not be radiated away from the proton and electron.

	
Atoms, molecules, planets, stars, and galaxies are all new information structures. But they are passive structures. 

	
Living information structures are active, communicating between their component parts, and communicating with other living things and their environments.

	
Communicating means signaling, sending and receiving information between cells and between cellular components.

	
Living things actively use information to manage their replication. 

	
Feedback from their component parts allows regulation of their homeostasis.

	
Information coming in from outside makes them aware of their surroundings. In higher animals we call this consciousness.

	
The broadest possible definition of life may be to regard living things as forms through which matter and energy flows, with their activeinformation structures managing that flow. 

	
Those matter and energy flows are of course also information flows. 

	
The information content of a living thing is its metaphysical essence, because the particular matter and energy are mere transients through the largely unchanging form, its "identity."

	Information is neither matter nor energy, though it needs matter to be embodied and energy to communicate with other information structures.

	Physicists think that the material universe obeys "laws of nature" that they have discovered. Some think these laws determine everything that happens. Others think the control is only statistical.  But the "supervening" laws of chemistry and biology can not be reduced to bottom-up control by our component atoms.


	Chemists see life as simply complex chemical processes, enabled by some molecules that catalyze reactions that normally do not occur in equilibrium conditions. Some chemists think that the information in any particular assembly of molecules is the same as any other with the same molecules. A living thing is just "a bag of chemicals" or a huge molecule." The evolution of living things cannot be reduced to chemical evolution.


	Biologists have traditionally denied that "information" is relevant for understanding life, though this is changing with the study of cellular signaling. Concepts like information, knowledge, meaning, and purpose are what philosophers of biology describe as "category errors." Biologists who accept that biology reduces to chemistry, which reduces to physics, are nervous about claims of the "emergence" of "holistic" or "idealistic" properties.


	
All three of these kinds of scientists are often conflicted about the second law of thermodynamics and its derivation from statistical mechanics. 

	
Cosmologists too are often confused about the second law. Order cannot arise out of chaos just because the laws of dynamics are nonlinear, reactions are auto-catalytic, or system structures are complex. 


	
Information philosophy has shown that every bit of information creation in the universe is a two-step process that ends with positive entropy leaving the new information structure and starts with indeterministic quantum-mechanical generation of alternative possibilities. 


	
These possibilities are only possible because of the expansion of the universe! In a closed finite system, entropy always increases everywhere. In a closed system in equilibrium, there is no place for positive entropy to go.


	
But the universe is not a closed system. It is in a dynamic state of expansion that is moving away from thermodynamic equilibrium faster than entropic processes can keep up, as first suggested by Arthur Stanley Eddington in 1935, who said


The expansion of the universe creates new possibilities of distribution faster than the atoms can work through them, and there is no longer any likelihood of a particular distribution being repeated. 



	
The maximum possible entropy is increasing much faster than the actual increase in entropy. The difference between the maximum possible entropy and the actual entropy is potential information, as shown graphically in the 1970's by my colleague in the Harvard astronomy department David Layzer.   
[image: image-placeholder]


	
Pockets of low or "negative" entropy are therefore possible. Locally, an information structure can have less entropy and more information, even though the global entropy has gone up. When a hydrogen atom forms from a proton and electron, its entropy per particle is lower. 

When gravitational forces pull clouds of matter together to form a star, the work performed by gravity heats up the matter. If that heat could not be radiated away from the new star, it would stop collapsing. The expanding space between all objects provides the thermodynamic sink for the positive global entropy.


	
Philosophers of Mind can not explain how mind, with its immaterial "ideas," can be reduced to "materialist" biology, which is then reduced to chemistry, which is reduced to physics. Many accept a form of "pan-psychism," that mind must be a fundamentally intrinsic property of matter. They think that mind cannot possibly have emerged from matter. Information philosophy shows them to be  wrong. Minds are created.





Source: https://www.informationphilosopher.com/problems/life/
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The "Problem of Measurement" in quantum mechanics has been defined in various ways, originally by physicists, and more recently by philosophers of physics who question the "foundations of quantum mechanics." Inspired by Albert Einstein, they seek a more "realistic" explanation of what is going on, one that lets us "visualize" quantum processes in the familiar causal terms in our everyday experiences that can explain classical mechanics

Einstein's idea of realism was that the values found in measurement outcomes must have existed before the measurement, where quantum mechanics says a measurement outcome will be randomly selected from the possible outcome values, in proportion to the calculated  probabilities of each outcome. Quantum outcome values do not pre-exist the measurements. 
Einstein was opposed to random chance despite the fact that he himself discovers quantum chance in his miracle year of 1905.


The founders of the 1925 matrix mechanics formulation of quantum mechanics, Werner Heisenberg, Max Born, and especially Pascual Jordan, were very clear about this, claiming that the measurement by the observer "creates" the outcome. 


The 1926 wave mechanical formulation of quantum mechanics by Erwin Schrödinger was ambivalent. In the classic cat experiment, surely the cat was dead or alive before looking, as could be established by an autopsy, for example. But the cat is a macroscopic object. 

Richard Feynman famously cautioned against looking for such "realistic" visualizations, saying that we cannot "understand" quantum mechanics in terms of a familiar "mechanism." He says "there is no mechanism," leaving us with what he called the one and only mystery of quantum mechanics."


Many physicists define the "problem" of measurement simply as the logical contradiction between two "laws" (one quantum random, the other classically certain ) that appear to contradict one another when describing the motion or "evolution" in space and time of a quantum system. 


The first motion "law" is  the irreversible, non-unitary, discrete, discontinuous, and  indeterministic or "random" collapse of the wave function. P.A.M.Dirac called it his Projection Postulate. A few years later John von Neumann called this Process 1.  At the moment of this "collapse" new information appears in the universe. It is this information that is the "outcome" of a measurement. Werner Heisenberg saw this law as "acausal" and "statistical."


The second motion "law" is the time reversible, unitary, continuous, and deterministic evolution of the Schrödinger equation (von Neumann's Process 2). Nothing observable happens during this motion. No new information appears that might be observed. 

John von Neumann was perhaps first to see a logical problem with these two distinct (indeed, opposing) processes. Later physicists saw no mechanism that can explain the transition from a continuous evolution to the discontinuous state change. The standard formalism of quantum mechanics says that the deterministic continuous evolution "law" describes only the probability of the indeterministic "collapse" of the second "law." 

Max Born summarized this conflict as a paradox: "The motion of the particle follows the laws of probability, but the probability itself propagates in accord with causal laws."


The mathematical formalism of quantum mechanics simply provides no way to predict when the wave function stops evolving in a predictable deterministic fashion and indeterministicallycollapses randomly and unpredictably. 


Starting with Von Neumann, physicists have claimed that the collapse must occur when a microscopic quantum system interacts with a macroscopic (approximately classical) measuring apparatus. The apparatus "measures" the quantum system and the wave-function "collapses," producing the irreversible information that can at a later time be seen by an observer.


But we must note that this classical measurement apparatus has been only an ad hoc assumption that has never produced a model or mechanism of its inner workings. 


Some theorists have added ad hoc non-linear terms to the Schrödinger equation to force the collapse. But these extra terms still do not predict the time of the collapse exactly, nor do they describe what is happening during the collapse process. 


So ultimately, the collapse happens at a random time and at that time macroscopically observable new information appears irreversibly, as first claimed by von Neumann.


To describe the problem of measurement more fully we need diverse concepts in quantum physics such as:

	
"Wave functions" (a/k/a eigenfunctions which are probability amplitudes) evolving unitarily and deterministically (preserving constant information) according to the linear Schrödinger equation, (John von Neumann called this his Process 2),

	
"Superpositions" of quantum states (a/k/a eigenstates). These are linear combinations of wave functions with complex coefficients that carry coherent phase information and produce interference effects (P.A.M. Dirac called this his  principle of superposition),

	
"Quantum jumps" between states accompanied by the "collapse" of the wave function into a particular state that can create or destroy information (Dirac called this his projection postulate, von Neumann called it Process 1),

	
"Probabilities "of collapses and quantum jumps are given by the square of the absolute value of the wave function (the normally complex probability amplitudes) for a given state,

	
Values for the possible measurement "outcomes" given by the eigenvalues associated with the eigenstates of the combined measuring apparatus and measured system (Dirac called it his axiom of measurement. Others call it the eigenstate-eigenvalue link),

	
The Heisenberg *or  uncertainty.html indeterminacy) principle.



The original problem, said to be a consequence of Niels Bohr's "Copenhagen interpretation" of quantum mechanics, was to explain how our measuring instruments, which are usually macroscopic objects and treatable with classical physics, can give us information about the microscopic world of atoms and subatomic particles like electrons and photons. 


Bohr's idea of "complementarity" insisted that a specific experiment could reveal only partial information - for example, either a particle's position or the wavelength of the particle's "dual" complementary wave nature. . "Exhaustive" information requires complementary experiments, for example to determine a particle's position and also its momentum (within the limits of Werner Heisenberg's indeterminacy principle). 


In general, a quantum system with internal structure consists of a number of internal quantum states that can be arranged in a "ground state" with a minimal energy and a number of "excited" states, with increasing "energy levels." As Albert Einstein showed in 1916, the "population" of each energy level (the probable number of systems in that state) decreases with the energy E of the level according to the "Boltzmann factor," e-E/kT. 

P.A.M. Dirac's transformation theory of quantum mechanics describes quantum states as vectors in an abstract space called a "Hilbert space." 


Others define the measurement problem as the failure to observe macroscopic superpositions. For example, the paradoxical idea of Schrödinger's cat being in a superposition of "dead" and "alive" states.

Decoherence theorists. e.g., H. Dieter Zeh and Wojciech Zurek, use various non-standard interpretations of quantum mechanics that deny the projection postulate, quantum jumps, and even the existence of particles. They define the measurement problem as the failure to observe macroscopic superpositions. The deterministic, linear,  and unitary time evolution of the wave function according to the Schrödinger wave equation should produce such macroscopic superpositions, they claim. 


Information physics treats a measuring apparatus quantum mechanically by describing parts of it as in a metastable state like the excited states of an atom, the critically poised electrical potential energy in the discharge tube of a Geiger counter, or the supersaturated water and alcohol molecules of a Wilson cloud chamber. (The pi-bond orbital rotation from cis- to trans- in the light-sensitive retinal molecule is an example of a critically poised apparatus). 


Excited (metastable) states are poised to collapse when an electron (or photon) collides with the sensitive detector elements in the apparatus. This collapse is macroscopic and irreversible, generally a cascade of quantum events that release large amounts of energy, increasing the (Boltzmann) entropy. But in a "measurement" there is also a local decrease in the entropy (negative entropy or information). The global entropy increase is normally orders of magnitude more than the small local decrease in entropy (an increase in stable information or Shannon entropy) that constitutes the "measured" experimental data available to human observers. 



The creation of new information in a measurement thus follows the same two core processes of all information creation - quantum cooperative phenomena and thermodynamics. These two are involved in the formation of microscopic objects like atoms and molecules, as well as macroscopic objects like galaxies, stars, and planets.     


According to the correspondence principle, all the laws of quantum physics asymptotically approach the laws of classical physics in the limit of large quantum numbers and large numbers of particles. Quantum mechanics can be used to describe large macroscopic systems.


Does this mean that the positions and momenta of macroscopic objects are uncertain? Yes, it does, although the uncertainty becomes vanishingly small for large objects, it is not zero. Niels Bohr used the uncertainty of macroscopic objects to defeat Albert Einstein's several objections to quantum mechanics at the 1927 Solvay conference.


But Bohr and Heisenberg also insisted that a measuring apparatus must be a regarded as a purely classical system. They can't have it both ways. Can the macroscopic apparatus also be treated by quantum physics or not? Can it be described by the Schrödinger equation? Can it be regarded as in a superposition of states? 


The most famous examples of macroscopic superposition are perhaps Schrödinger's Cat, which is claimed to be in a superposition of live and dead cats, and the Einstein-Podolsky-Rosen experiment, in which entangled electrons or photons are in a superposition of two-particle states that collapse over macroscopic distances to exhibit properties  "nonlocally" suggesting "actions-at-a-distance" at speeds faster than the speed of light.


These treatments of macroscopic systems with quantum mechanics were intended to expose inconsistencies and incompleteness in quantum theory. Some of the critics hoped to restore determinism and "local reality" to physics. They resulted in some strange and extremely popular "mysteries" about "quantum reality," such as the "many-worlds" interpretation, "hidden variables," and signaling faster than the speed of light. 


We develop a quantum-mechanical treatment of macroscopic systems, especially a measuring apparatus, to show how it can create new information. If the apparatus were describable only by classical deterministic laws, no new information could come into existence. In a deterministic universe, information is a constant at all times, like the total of matter and energy. The apparatus need only be adequately determined, that is to say, "classical" to a sufficient degree of accuracy. 
   


How Classical Is a Macroscopic Measuring Apparatus?


As Landau and Lifshitz described it in their 1958 textbook Quantum Mechanics"

The possibility of a quantitative description of the motion of an electron requires the presence also of physical objects which obey classical mechanics to a sufficient degree of accuracy. If an electron interacts with such a "classical object", the state of the latter is, generally speaking, altered. The nature and magnitude of this change depend on the state of the electron, and therefore may serve to characterise it quantitatively...

We have defined "apparatus" as a physical object which is governed, with sufficient accuracy, by classical mechanics. Such, for instance, is a body of large enough mass. However, it must not be supposed that apparatus is necessarily macroscopic. Under certain conditions, the part of apparatus may also be taken by an object which is microscopic, since the idea of "with sufficient accuracy" depends on the actual problem proposed.


Thus quantum mechanics occupies a very unusual place among physical theories: it contains classical mechanics as a limiting case [correspondence principle], yet at the same time it requires this limiting case for its own formulation.




The measurement problem was analyzed mathematically in 1932 by John von Neumann. Following the work of Niels Bohr and Werner Heisenberg, von Neumann divided the world into a microscopic (atomic-level) quantum system and a macroscopic (classical) measuring apparatus. 

Von Neumann explained that two fundamentally different processes are going on in quantum mechanics.

	 A non-causal process 1, in which the measured electron winds up randomly in one of the possible physical states (eigenstates) of the measuring apparatus plus electron.  

This process came to be called the collapse of the wave function or the reduction of the wave packet.


The probability for finding the electron in a specific eigenstate is given by the square of the coefficients cn of the expansion of the original system state (wave function ψ) in an infinite set of wave functions φ that represent the eigenfunctions of the measuring apparatus plus electron.


This is as close as we get to a description of the motion of the particle aspect of a quantum system. According to von Neumann, the particle simply shows up somewhere as a result of a measurement. 

Information physics says that the particle "shows up" only when a new stable information structure is created, information that subsequently can be observed.

Process 1b. The information created in Von Neumann's Process 1 will only be stable if an amount of positive entropy greater than the negative entropy in the new information structure is transported away, in order to satisfy the second law of thermodynamics. 


	 

A causal process 2, in which the electron wave function ψ evolves deterministically according to Schrödinger's equation of motion for the wavelike aspect. 
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This evolution describes the motion of the probability amplitude wave ψ between measurements. The wave function exhibits interference effects. But interference is destroyed if the particle has a definite position or momentum. 


The particle path can not be observed. 





Von Neumann claimed there is another major difference between these two processes. Process 1 is thermodynamically irreversible. Process 2 is reversible. This confirms the fundamental connection between quantum mechanics and thermodynamics that information physics finds at the heart of all information creation. 

Information physics can show quantum mechanically how process 1 creates information. Indeed, something like process 1 is always involved when any information is created, whether or not the new information is ever "observed" by a human being. 


Process 2 is deterministic and information preserving.



Just as the new information recorded in the measurement apparatus cannot subsist unless a compensating amount of entropy is transferred away from the new information, something similar to Process 1b must happen in the mind of an observer if the new information is to constitute an "observation."


It is only in cases where information persists long enough for a human being to observe it that we can properly describe the observation as a "measurement" and the human being as an "observer." So, following von Neumann's "process" terminology, we can complete his  theory of the measuring process by adding an anthropomorphic 

Process 3 - a conscious observer recording new information in a mind. This is only possible if there are two local reductions in the entropy (the first in the measurement apparatus, the second in the mind), both balanced by even greater increases in positive entropy that must be transported away from the apparatus and the mind, so the overall increase in entropy can satisfy the second law of thermodynamics. 


For some physicists, it is the wave-function collapse that gives rise to the problem of measurement because its randomness prevents us from including it in the mathematical formalism of the deterministic Schrödinger equation in process 2. 



The randomness that is irreducibly involved in all information creation lies at the heart of human freedom. It is the "free" in "free will." The "will" part is as adequately and statistically determined as any macroscopic object.



Designing a Quantum Measurement Apparatus


The first step is to build an apparatus that allows different components of the wave function to evolve along distinguishable paths into different regions of space, where the different regions correspond to (are correlated with) the physical properties we want to measure. We then can locate a detector in these different regions of space to catch particles travelling a particular path.


We do not say that the system is on a particular path in this first step. That would cause the probability amplitude wave function to collapse. This first step is reversible, at least in principle. It is deterministic and an example of von Neumann process 2.


Let's consider the separation of a beam of photons into horizontally and vertically polarized photons by a birefringent crystal.


We need a beam of photons (and the ability to reduce the intensity to a single photon at a time). Vertically polarized photons pass straight through the crystal. They are called the ordinary ray, shown in red. Horizontally polarized photons, however, are deflected at an angle up through the crystal, then exit the crystal back at the original angle. They are called the extraordinary ray, shown in blue.


[image: image-placeholder]


Note that this first part of our apparatus accomplishes the separation of our two states into distinct physical regions.


We have not actually measured yet, so a single photon passing through our measurement apparatus is described as in a linear combination (a superposition) of horizontal and vertical polarization states,


ψ > = ( 1/√2) | h > + ( 1/√2) | v >          (1)


See the Dirac Three Polarizers experiment for more details on polarized photons. 




An Information-Preserving, Reversible Example of Process 2


To show that process 2 is reversible, we can add a second birefringent crystal upside down from the first, but inline with the superposition of physically separated states,


[image: image-placeholder]



Since we have not made a measurement and do not know the path of the photon, the phase information in the (generally complex) coefficients of equation (1) has been preserved, so when they combine in the second crystal, they emerge in a state identical to that before entering the first crystal (black arrow).


Note that the two crystals can be treated classically, according to standard optics.



An Information-Creating, Irreversible Example of Process 1


But now suppose we insert something between the two crystals that is capable of a measurement to produce observable information. We need a detector that locates the photon in one of the two rays.


We can now create an information-creating, irreversible example of process 1. Suppose we insert something between the two crystals that is capable of a measurement to produce observable information. We need detectors, for example two charge-coupled devices that locate the photon in one of the two rays.


We can write a quantum description of the CCDs, one measuring horizontal photons, | Ah > (shown as the blue spot), and the other measuring vertical photons, | Av > (shown as the red spot).
 


[image: image-placeholder]


We treat the detection systems quantum mechanically, and say that each detector has two eigenstates, e.g., | Ah0 >, corresponding to its initial state and correlated with no photons, and the final state | Ah1 >, in which it has detected a horizontal photon.


When we actually detect the photon, say in a horizontal polarization state with statistical probability 1/2, two "collapses" or "jumps" occur.


The first is the jump of the probability amplitude wave function 
  |
  ψ
  >
 of the photon in equation (1) into the horizontally polarized state | h >.


The second is the quantum jump of the horizontal detector from | Ah0 > to | Ah1 >.


These two happen together, as the quantum states have become correlated with the states of the sensitive detectors in the classical apparatus. 


One can say that the photon has become entangled with the sensitive horizontal detector area, so that the wave function describing their interaction is a superposition of photon and apparatus states that cannot be observed independently.

ψ > + | Ah0 >      =>      | ψ, Ah0 >      =>      | h, Ah1 >  


These jumps destroy (unobservable) phase information, raise the (Boltzmann) entropy of the apparatus, and increase visible information (Shannon entropy) in the form of the visible spot. The entropy increase takes the form of a large chemical energy release when the photographic spot is developed (or a cascade of electrons in a CCD). 


Note that the birefringent crystal and the parts of the macroscopic apparatus other than the sensitive detectors are treated classically.


We can animate these irreversible and reversible processes,

[image: image-placeholder]




We see that our example agrees with Von Neumann. A measurement which finds the photon in a specific state n is thermodynamically irreversible, whereas the deterministic evolution described by Schrödinger's equation is reversible as long as the photon is in a superposition of possible states.


We thus establish a clear connection between a measurement, which increases the information by some number of bits (Shannon entropy), and the necessary compensating increase in the (Boltzmann) entropy of the macroscopic apparatus, and the cosmic creation process, where new particles form, reducing the entropy locally, and the energy of formation is radiated or conducted away as Boltzmann entropy. 


Note that the Boltzmann entropy can only be radiated away (ultimately into the night sky to the cosmic microwave background) because the expansion of the universe provides a sink for the entropy, as pointed out by David Layzer. Note also that this cosmic information-creating process requires no conscious observer. The universe is its own observer.



The Boundary between the Classical and Quantum Worlds



Some scientists (John von Neumann and Eugene Wigner, for example) have argued that in the absence of a conscious observer, or some "cut" between the microscopic and macroscopic world, the evolution of the quantum system and the macroscopic measuring apparatus would be described deterministically by Schrödinger's equation of motion for the wave function | ψ + A > with the Hamiltonian H energy operator,
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Our quantum mechanical analysis of the measurement apparatus in the above case allows us to locate the "cut" or "Schnitt" between the microscopic and macroscopic world at those components of the "adequately classical and deterministic" apparatus that put the apparatus in an irreversible stable state providing new information to the observer. 

John Bell drew a diagram to show the various possible locations for what he called the "shifty split." Information physics shows us that the correct location for the boundary is the first of Bell's possibilities.  
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The Role of a Conscious Observer


In 1941, Carl von Weizsäcker described the measurement problem as an interaction between a Subject and an Object, a view shared by the philosopher of science Ernst Cassirer. 

Fritz London and Edmond Bauer made the strongest case for the critical role of a conscious observer in 1939:


So far we have only coupled one apparatus with one object. But a coupling, even with a measuring device, is not yet a measurement. A measurement is achieved only when the position of the pointer has been observed. It is precisely this increase of knowledge, acquired by observation, that gives the observer the right to choose among the different components of the mixture predicted by theory, to reject those which are not observed, and to attribute thenceforth to the object a new wave function, that of the pure case which he has found.

We note the essential role played by the consciousness of the observer in this transition from the mixture to the pure case. Without his effective intervention, one would never obtain a new function. 



 In 1961, Eugene Wigner made quantum physics even more subjective, claiming that a quantum measurement requires a conscious observer, without which nothing ever happens in the universe. 


When the province of physical theory was extended to encompass microscopic phenomena, through the creation of quantum mechanics, the concept of consciousness came to the fore again: it was not possible to formulate the laws of quantum mechanics  in a fully consistent way without reference to the consciousness All that quantum mechanics purports to provide are probability connections between subsequent impressions (also called "apperceptions") of the consciousness, and even though the dividing line between the observer, whose consciousness is being affected, and the observed physical object can be shifted towards the one or the other to a considerable degree [cf., von Neumann] it cannot be eliminated. It may be premature to believe that the present philosophy of quantum mechanics will remain a permanent feature of future physical theories; it will remain remarkable, in whatever way our future concepts may develop, that the very study of the external world led to the conclusion that the content of the consciousness is an ultimate reality.


Other physicists were more circumspect. Niels Bohr contrasted Paul Dirac's view with that of Heisenberg:


These problems were instructively commented upon from different sides at the Solvay meeting, in the same session where Einstein raised his general objections. On that occasion an interesting discussion arose also about how to speak of the appearance of phenomena for which only predictions of statistical character can be made. The question was whether, as to the occurrence of individual effects, we should adopt a terminology proposed by Dirac, that we were concerned with a choice on the part of "nature," or, as suggested by Heisenberg, we should say that we have to do with a choice on the part of the "observer" constructing the measuring instruments and reading their recording. Any such terminology would, however, appear dubious since, on the one hand, it is hardly reasonable to endow nature with volition in the ordinary sense, while, on the other hand, it is certainly not possible for the observer to influence the events which may appear under the conditions he has arranged. To my mind, there is no other alternative than to admit that, in this field of experience, we are dealing with individual phenomena and that our possibilities of handling the measuring instruments allow us only to make a choice between the different complementary types of phenomena we want to study.



Landau and Lifshitz said clearly that quantum physics was independent of any observer:

In this connection the "classical object" is usually called apparatus, and its interaction with the electron is spoken of as measurement. However, it must be most decidedly emphasised that we are here not discussing a process of measurement in which the physicist-observer takes part. By measurement, in quantum mechanics, we understand any process of interaction between classical and quantum objects, occurring apart from and independently of any observer.

David Bohm agreed that what is observed is distinct from the observer:


If it were necessary to give all parts of the world a completely quantum-mechanical description, a person trying to apply quantum theory to the process of observation would be faced with an insoluble paradox. This would be so because he would then have to regard himself as something connected inseparably with the rest of the world. On the other hand,the very idea of making an observation implies that what is observed is totally distinct from the person observing it.


And John Bell said:

It would seem that the [quantum] theory is exclusively concerned about 'results of measurement', and has nothing to say about anything else. What exactly qualifies some physical systems to play the role of 'measurer'? Was the wavefunction of the world waiting to jump for thousands of millions of years until a single-celled living creature appeared? Or did it have to wait a little longer, for some better qualified system...with a Ph.D.? If the theory is to apply to anything but highly idealised laboratory operations, are we not obliged to admit that more or less 'measurement-like' processes are going on more or less all the time, more or less everywhere? Do we not have jumping then all the time?


Three Essential Steps in a "Measurement" and "Observation"


We can distinguish three required elements in a measurement that can clarify the ongoing debate about the role of a conscious observer.
	In standard quantum theory, the first required element is the collapse of the wave-function. This is the Dirac projection postulate and von Neumann Process 1. 

However, the collapse might not leave a determinate record. If nothing in the environment is macroscopically affected so as to leave an indelible record of the collapse, we can say that no information about the collapse is created. The overwhelming fraction of collapses are of this kind. Moreover, information might actually be destroyed. For example, collisions between atoms or molecules in a gas that erase past information about their paths.


	If the collapse occurs when the quantum system is entangled with a macroscopic measurement apparatus, a well-designed apparatus will also "collapse" into a correlated "pointer" state. 

As we showed above for photons, the detector in the upper half of a Stern-Gerlach apparatus will fire, indicating detection of an electron with spin up. As with photons, if the probability amplitude | ↑ > in the upper half does not collapse as the electron is detected, it can still be recombined with the probability amplitude | ↓ > in the lower half to reconstruct the unseparated beam.


When the apparatus detects a particle, the second required element is that it produce a determinate record of the event. But this is impossible without an irreversible thermodynamic process that involves: a) the creation of at least one bit of new information (negative entropy) and b) the transfer away from the measuring apparatus of an amount of positive entropy (generally much, much) greater than teh information created. 


Notice that no conscious observer need be involved. We can generalize this second step to an event in the physical world that was not designed as a measurement apparatus by a physical scientist, but nevertheless leaves an indelible record of the collapse of a quantum state. This might be a highly specific single event, or the macroscopic consequence of billions of atomic-molecular level of events. 


	Finally, the third required element is an indelible determinate record that can be looked at by an observer (presumably conscious, although the consciousness itself has nothing to do with the measurement). 




When we have all three of these essential elements, we have what we normally mean by a measurement and an observation, both involving a human being.

When we have only the first two, we can say metaphorically that the "universe is measuring itself," creating an information record of quantum collapse events. For example, every hydrogen atom formed in the early recombination era is a record of the time period when macroscopic bodies could begin to form. A certain pattern of photons records the explosion of a supernova billions of light years away. When detected by the CCD in a telescope, it becomes a potential observation. Craters on the back side of the moon recorded collisions with solar system debris that could become observations only when the first NASA mission circled the moon. 


For Scholars



John Bell on Measurement


It would seem that the [quantum] theory is exclusively concerned about 'results of measurement', and has nothing to say about anything else. What exactly qualifies some physical systems to play the role of 'measurer'? Was the wavefunction of the world waiting to jump for thousands of millions of years until a single-celled living creature appeared? Or did it have to wait a little longer, for some better qualified system...with a Ph.D.? If the theory is to apply to anything but highly idealised laboratory operations, are we not obliged to admit that more or less 'measurement-like' processes are going on more or less all the time, more or less everywhere? Do we not have jumping then all the time?
	
Does [the 'collapse of the wavefunction'] happen sometimes outside laboratories? Or only in some authorized 'measuring apparatus'? And whereabouts in that apparatus? In the Einstein—Podolsky-Rosen—Bohm experiment, does 'measurement' occur already in the polarizers, or only in the counters? Or does it occur still later, in the computer collecting the data, or only in the eye, or even perhaps only in the brain, or at the brain—mind interface of the experimenter?





David Bohm on Measurement


In his 1950 textbook Quantum Theory, Bohm discusses measurement in chapter 22, section 12. 

12. Irreversibility of Process of Measurement and Its Fundamental Role in Quantum Theory.

 From the previous work it follows that a measurement process is irreversible in the sense that, after it has occurred, re-establishment of definite phase relations between the eigenfunctions of the measured variable is overwhelmingly unlikely. This irreversibility greatly resembles that which appears in thermodynamic processes, where a decrease of entropy is also an overwhelmingly unlikely possibility.*


* There is, in fact, a close connection between entropy and the process of measurement. See L. Szilard, , 53, 840, 1929. The necessity for such a connection can be seen by considering a box divided by a partition into two equal parts, containing an equal number of gas molecules in each part. Suppose that in this box is placed a device that can provide a rough measurement of the position of each atom as it approaches the partition. This device is coupled automatically to a gate in the partition in such a way that the gate will be opened if a molecule approaches the gate from the right, but closed if it approaches from the left. Thus, in time, all the molecules can be made to accumulate on the left-hand side. In this way, the entropy of the gas decreases. If there were no compensating increase of entropy of the mechanism, then the second law of thermodynamics would be violated. We have seen, however, that in practice, every process which can provide a definite measurement disclosing in which side of the box the molecule actually is, must also be attended by irreversible changes in the measuring apparatus. In fact, it can be shown that these changes must be at least large enough to compensate for the decrease in entropy of the gas. Thus, the second law of thermodynamics cannot actually be violated in this way. This means, of course, that Maxwell's famous "sorting demon " cannot operate, if he is made of matter obeying all of the laws of physics. (See L. Brillouin, American Scientist, 38, 594, 1950.)



Because the irreversible behavior of the measuring apparatus is essential for the destruction of definite phase relations and because, in turn, the destruction of definite phase relation's is essential for the consistency of the quantum theory as a whole, it follows that thermodynamic irreversibility enters into the quantum theory in an integral way. This is in remarkable contrast to classical theory, where the concept of thermodynamic irreversibility plays no fundamental role in the basic sciences of mechanics and electrodynamics. Thus, whereas in classical theory fundamental variables (such as position or momentum of an elementary particle) are regarded as having definite values independently of whether the measuring apparatus is reversible or not, in quantum theory we find that such a quantity can take on a well defined value only when the system is coupled indivisibly to a classically  describable system undergoing irreversible processes. The very definition of the state of any one system at the microscopic level therefore requires that matter in the large shall undergo irreversible processes. There is a strong analogy here to the behavior of biological systems, where, likewise, the very existence of the fundamental elements (for example, the cells) depends on the maintenance of irreversible processes involving the oxidation of food throughout an organism as a whole. (A stoppage of these processes would result in the dissolution of the cell.)




John von Neumann on Measurement


In his 1932 Mathematical Foundations of Quantum Mechanics (in German, English edition 1955) John von Neumann explained that two fundamentally different processes are going on in quantum mechanics.
	 A non-causal process, in which the measured electron winds up randomly in one of the possible physical states (eigenstates) of the measuring apparatus plus electron. 

The probability for each eigenstate is given by the square of the coefficients cn of the expansion of the original system state (wave function ψ) in an infinite set of wave functions φ that represent the eigenfunctions of the measuring apparatus plus electron.
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This is as close as we get to a description of the motion of the particle aspect of a quantum system. According to von Neumann, the particle simply shows up somewhere as a result of a measurement. Information physics says it shows up whenever a new stable information structure is created.


	 

A causal process, in which the electron wave function ψ evolves deterministically according to Schrödinger's equation of motion for the wavelike aspect. This evolution describes the motion of the probability amplitude wave ψ between measurements.
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Von Neumann claimed there is another major difference between these two processes. Process 1 is thermodynamically irreversible. Process 2 is reversible. This confirms the fundamental connection between quantum mechanics and thermodynamics that is explainable by information physics. 

Information physics establishes that process 1 may create information. It is always involved when information is created. 


Process 2 is deterministic and information preserving.


The first of these processes has come to be called the collapse of the wave function.


 It gave rise to the so-called  problem of measurement because its randomness prevents it from being a part of the deterministic mathematics of process 2.


Information physics has solved the problem of measurement by identifying the moment and place of the collapse of the wave function with the creation of an observable information structure.


The presence of a conscious observer is not necessary. It is enough that the new information created is observable, should a human observer try to look at it in the future. Information physics is thus subtly involved in the question of what humans can know (epistemology).


The Schnitt

von Neumann described the collapse of the wave function as requiring a "cut" (Schnitt in German) between the microscopic quantum system and the observer. He said it did not matter where this cut was placed, because the mathematics would produce the same experimental results. 


There has been a lot of controversy and confusion about this cut. Some have placed it outside a room which includes the measuring apparatus and an observer A, and just before observer B makes a measurement of the physical state of the room, which is imagined to evolve deterministically according to process 2 and the Schrödinger equation.


The case of Schrödinger's Cat is thought to present a similar paradoxical problem.


von Neumann contributed a lot to this confusion in his discussion of subjective perceptions and "psycho-physical parallelism, which was encouraged by Neils Bohr. Bohr interpreted his "complementarity principle" as explaining the difference between subjectivity and objectivity (as well as several other dualisms). von Neumann wrote:


The difference between these two processes is a very fundamental one: aside from the different behaviors in regard to the principle of causality, they are also different in that the former is (thermodynamically) reversible, while the latter is not.

Let us now compare these circumstances with those which actually exist in nature or in its observation.  First, it is inherently entirely correct that the measurement or the related process of the subjective perception is a new entity relative to the physical environment and
is not reducible to the latter. Indeed, subjective perception leads us into the intellectual inner life of the individual, which is extra-observational by its very nature  (since it must be taken for granted by any conceivable observation or experiment). 


 Nevertheless, it is a fundamental requirement of the scientific viewpoint -- the so-called principle of the psycho-physical parallelism -- that it must be possible so to describe the extra-physical process of the subjective perception as if it were in reality in the physical world -- i.e., to assign to its parts equivalent physical processes in the objective environment, in ordinary space. (Of course, in this correlating procedure there arises the frequent necessity of localizing some of these processes at points which lie within the portion of space occupied by our own bodies. But this does not alter the fact of their belonging to the "world about us," the objective environment referred to above.) 


In a simple example, these concepts might be applied about as follows: We wish to measure a temperature. If we want, we can pursue this process numerically until we have the temperature of the environment of the mercury container of the thermometer, and then say: this temperature is measured by the thermometer. But we can carry the calculation further, and from the properties of the mercury, which can be explained in kinetic and molecular terms, we can calculate its heating, expansion, and the resultant length of the mercury column, and then say: this length is seen by the observer. 


Going still further, and taking the light source into consideration, we could find out the reflection of the light quanta on the opaque mercury column, and the path of the remaining light quanta into the eye of the observer, their refraction in the eye lens, and the formation of an image on the retina, and then we would say: this image is registered by the retina of the observer. 


And were our physiological knowledge more precise than it is today, we could go still further, tracing the chemical reactions which produce the impression of this image on the retina, in the optic nerve tract and in the brain, and then in the end say: these chemical changes of his brain cells are perceived by the observer. But in any case, no matter how far we calculate -- to the mercury vessel, to the scale of the thermometer, to the retina, or into the brain, at some time we must say: and this is perceived by the observer. That is, we must always divide the world into two parts, the one being the observed system, the other the observer. In the former, we can follow up all physical processes (in principle at least) arbitrarily precisely. In the latter, this is meaningless. 



The boundary between the two is arbitrary to a very large extent. In particular we saw in the four different possibilities in the example above, that the observer in this sense needs not to become identified with the body of the actual observer: In one instance in the above example, we included even the thermometer in it, while in another instance, even the eyes and optic nerve tract were not included. That this boundary can be pushed arbitrarily deeply into the interior of the body of the actual observer is the content of the principle of the psycho-physical parallelism -- but this does not change the fact that in each method of description the boundary must be put somewhere, if the method is not to proceed vacuously, i.e., if a comparison with experiment is to be possible. Indeed experience only makes statements of this type: an observer has made a certain (subjective) observation; and never any like this: a physical quantity has a certain value.

Now quantum mechanics describes the events which occur in the observed portions of the world, so long as they do not interact with the observing portion, with the aid of the process 2, but as soon as such an interaction occurs, i.e., a measurement, it requires the application of process 1. The dual form is therefore justified.* However, the danger lies in the fact that 
the principle of the psycho-physical parallelism is violated, so long as it is not shown that the boundary between the observed system and the observer can be displaced arbitrarily in the sense given above.


(The Mathematical Foundations of Quantum Mechanics, pp.418-21)


the Schnitt



Quantum Mechanics, by Albert Messiah, on Measurement


Messiah says a detailed study of the mechanism of measurement will not be made in his book, but he does say this. 

The dynamical state of such a system is represented at a given instant of time by its wave function at that instant. The causal relationship between the wave function γ(to) at an initial time to, and the wave function γ(t) at any later time, is expressed through the Schrödinger equation. However, as soon as it is subjected to observation, the system experiences some reaction from the observing instrument. Moreover, the above reaction is to some extent unpredictable and uncontrollable since there is no sharp separation between the observed system and the observing instrument. They must be treated as an indivisible quantum system whose wave function Ψ(t) depends upon the coordinates of the measuring device as well as upon those of the observed system. During the process of observation, the measured system can no longer be considered separately and the very notion of a dynamical state defined by the simpler wave function γ(t) loses its meaning. Thus the intervention of the observing instrument destroys all causal connection between the state of the system before and after the measurement; this explains why one cannot in general predict with certainty in what state the system will be found after the measurement; one can only make predictions of a statistical nature1
1) The statistical predictions concerning the results of measurement are derived very naturally from the study of the mechanism of the measuring operation itself, a study in which the measuring instrument is treated as a quantized object and the complex (system + measuring instrument) evolves in causal fashion in accordance with the Schrödinger equation. A very concise and simple presentation of the measuring process in Quantum Mechanics is given. in F. London and E. Bauer, La Théorie de l'Observation en Mécanique Quantique (Paris, Hermann, 1939). More detailed discussions of this problem may be found in J. von Neumann, Mathematical Foundations of Quantum Mechanics (Princeton, Princeton University Press, 1955), and in D. Bohm, (Quantum Theory New York, Prentice-Hall, 1951).


Quantum Mechanics, vol. I, p. 157


.


Decoherence Theorists on Measurement


In general, decoherence theorists see the problem of measurement as why do we not see macroscopic superpositions of states. Why do measurements always show a system and its measuring apparatus to be in a particular state - a "pointer state," and not in a superposition?

Our answer is that we never see microscopic systems in a superposition of states either. Dirac's principle of superposition says only that the probability (amplitudes) of finding a system in different states has non-zero values for different states. Measurements always reveal a system to be in one state. Which state is found is a matter of chance. [Decoherence theorists do not like this indeterminism.] The statistics from large numbers of measurements of identically prepared systems verify the predicted probabilities for the different states. The accuracy of these quantum mechanical predictions (1 part in 1015) shows quantum mechanics to be the most accurate theory ever known.  


Guido Bacciagaluppi summarized the view of decoherence theorists in an article for the Stanford Encyclopedia of Philosophy. He defines the measurement problem as the lack of macroscopic superpositions:


The measurement problem, in a nutshell, runs as follows. Quantum mechanical systems are described by wave-like mathematical objects (vectors) of which sums (superpositions) can be formed (see the entry on quantum mechanics). Time evolution (the Schrödinger equation) preserves such sums. Thus, if a quantum mechanical system (say, an electron) is described by a superposition of two given states, say, spin in x-direction equal +1/2 and spin in x-direction equal -1/2, and we let it interact with a measuring apparatus that couples to these states, the final quantum state of the composite will be a sum of two components [that is to say, a macroscopic superposition, which is of course never seen!], one in which the apparatus has coupled to (has registered) x-spin = +1/2, and one in which the apparatus has coupled to (has registered) x-spin = -1/2...

[D]ecoherence as such does not provide a solution to the measurement problem, at least not unless it is combined with an appropriate interpretation of the theory (whether this be one that attempts to solve the measurement problem, such as Bohm, Everett or GRW; or one that attempts to dissolve it, such as various versions of the Copenhagen interpretation). Some of the main workers in the field such as Zeh (2000) and (perhaps) Zurek (1998) suggest that decoherence is most naturally understood in terms of Everett-like interpretations.




Maximilian Schlosshauer situates the problem of measurement in the context of the so-called "quantum-to-classical transition," namely the question of exactly how deterministic classical behavior emerges from the indeterministic microscopic quantum world.


In this section, we shall describe the (in)famous measurement problem of
quantum mechanics that we have already referred to in several places in the
text. The choice of the term "measurement problem" has purely historical
reasons: Certain foundational issues associated with the measurement problem were first illustrated in the context of a quantum-mechanical description of
a measuring apparatus interacting with a system.

However, one may regard the term "measurement problem" as implying
too narrow a scope, chiefly for the following two reasons. First, as we shall see
below, the measurement problem is composed of three distinct issues, so it
would make sense to rather speak of measurement problems. Second, quantum
measurement and the arising foundational problems are but a special case
of the more general problem of the quantum-to-classical transition, i.e., the
question of how effectively classical systems and properties around us emerge
from the underlying quantum domain.


On the one hand, then, the problem of the quantum-to-classical transition
has a much broader scope than the issue of quantum measurement in the
literal sense. On the other hand, however, many interactions between physical
systems can be viewed as measurement-like interactions. For example, light
scattering off an object carries away information about the position of the
object, and it is in this sense that we thus may view these incident photons as
a "measuring device." Such ubiquitous measurement-like interactions lie at
the heart of the explanation of the quantum-to-classical transition by means
of decoherence. Measurement, in the more general sense, thus retains its
paramount importance also in the broader context of the quantum-to-classical
transition, which in turn motivates us not to abandon the term "measurement
problem" altogether in favor of the more general "problem of the quantum-to-classical
transition."


As indicated above, the measurement problem (and the problem of the quantum-to-classical transition) is composed of three parts, all of which we
shall describe in more detail in the following:


1. 
The problem of the preferred basis (Sect. 2.5.2). What singles out the
preferred physical quantities in nature—e.g., why are physical systems
usually observed to be in definite positions rather than in superpositions
of positions?

2. 
The problem of the nonobservability of interference (Sect. 2.5.3). Why
is it so difficult to observe quantum interference effects, especially on
macroscopic scales?


3.
The problem of outcomes (Sect. 2.5.4). Why do measurements have outcomes
at all, and what selects a particular outcome among the different
possibilities described by the quantum probability distribution? [The answer (since Einstein, 1916) is chance.]



Familiarity with these problems will turn out to be important for a proper
understanding of the scope, achievements, and implications of decoherence.
To anticipate, it is fair to conclude that decoherence has essentially resolved
the first two problems. Since these problems and their resolution can be
formulated in purely operational terms within the standard formalism of
quantum mechanics, the role played by decoherence in addressing these two
issues is rather undisputed.

By contrast, the success of decoherence in tackling the third issue — the
problem of outcomes — remains a matter of debate, in particular, because this
issue is almost inextricably linked to the choice of a specific interpretation of
quantum mechanics (which mostly boils down to a matter of personal preference).
In fact, most of the overly optimistic or pessimistic statements about
the ability of decoherence to solve "the" measurement problem can be traced
back to a misunderstanding of the scope that a standard quantum effect
such as decoherence may have in resolving the more interpretive problem of
outcomes.



The main concern of the decoherence theorists then is to recover a deterministic picture of quantum mechanics that would allow them to predict the outcome of a particular experiment. They have what William James called an "antipathy to chance."


Max Tegmark and John Wheeler made this clear in a 2001 article in Scientific American:



The discovery of decoherence, combined
with the ever more elaborate experimental
demonstrations of quantum
weirdness, has caused a noticeable shift
in the views of physicists. The main
motivation for introducing the notion
of wave-function collapse had been to
explain why experiments produced specific
outcomes and not strange superpositions
of outcomes. Now much of that
motivation is gone. Moreover, it is embarrassing
that nobody has provided a
testable deterministic equation specifying
precisely when the mysterious collapse
is supposed to occur.

H. Dieter Zeh, the founder of the "decoherence program," defines the measurement problem as a macroscopic entangled superposition of all possible measurement outcomes:


Because of the dynamical superposition principle, an initial superposition
Σ cn | n > does not lead to definite pointer positions (with their empirically
observed frequencies). If decoherence is neglected, one obtains their
entangled superposition Σ cn | n > | Ψ n >, that is, a state that is different from
all potential measurement outcomes | n > | Ψ n >. This dilemma represents the
"quantum measurement problem" to be discussed in Sect. 2.3. Von Neumann's
interaction is nonetheless regarded as the first step of a measurement
(a "pre-measurement"). Yet, a collapse seems still to be required - now in the
measurement device rather than in the microscopic system. Because of the
entanglement between system and apparatus, it would then affect the total
system.



Zeh continues:


2.3 The Measurement Problem


The superposition of different measurement outcomes, resulting according
to a Schrodinger equation when applied to the total system (as discussed
above), demonstrates that a "naive ensemble interpretation" of quantum mechanics
in terms of incomplete knowledge is ruled out.



It's not clear why the standard ensemble interpretation is "ruled out," but Zeh offers a solution, which is to deny the projection postulate of standard quantum mechanics and use an unconventional interpretation that makes wave-function collapses only "apparent":


A way out of this dilemma within quantum mechanical concepts requires
one of two possibilities: a modification of the Schrodinger equation that
explicitly describes a collapse (also called "spontaneous localization" - see
Chap. 8), or an Everett type interpretation, in which all measurement outcomes
are assumed to exist in one formal superposition, but to be perceived
separately as a consequence of their dynamical autonomy resulting from decoherence.


While this latter suggestion has been called "extravagant" (as it
requires myriads of co-existing quasi-classical "worlds"), it is similar in principle
to the conventional (though nontrivial) assumption, made tacitly in all
classical descriptions of observation, that consciousness is localized in certain
semi-stable and sufficiently complex subsystems (such as human brains or
parts thereof) of a much larger external world. 

Everett rejected the intuitively simple collapse of multiple possibilities to one actual situation. Instead he proposed the instantaneous creation of multiple universes, each with all the matter and energy of the observable universe. Surely his Many Worlds was the most absurd anti-Occam proposal ever made! 



Occam's razor, often applied
to the "other worlds", is a dangerous instrument: philosophers of the past
used it to deny the existence of the interior of stars or of the back side of the
moon, for example. So it appears worth mentioning at this point that environmental
decoherence, derived by tracing out unobserved variables from a
universal wave function, readily describes precisely the apparently observed
"quantum jumps" or "collapse events" (as will be discussed in great detail in
various parts of this book).



It was John Bell who called Everett's Many-Worlds Interpretation "extravagant."

Jeffrey Bub worked with David Bohm to develop Bohm's theory of "hidden variables." They hoped their theory might provide a deterministic basis for quantum theory and support Albert Einstein's view of a physical world independent of observations of the world. The standard theory of quantum mechanics is irreducibly statistical and indeterministic, a consequence of the collapse of the wave function when many possibilities for physical outcomes of an experiment reduce to a single actual outcome. 


This is a book about the interpretation of quantum mechanics, and about the
measurement problem. The conceptual entanglements of the measurement problem
have their source in the orthodox interpretation of 'entangled' states that arise in
quantum mechanical measurement processes...

All standard treatments of quantum mechanics take
an observable as having a determinate value if the quantum state is an eigenstate of that
observable. If the state is not an eigenstate of the observable, no determinate value is
attributed to the observable. This principle - sometimes called the 'eigenvalue-eigenstate
link' - is explicitly endorsed by Dirac (1958, pp. 46-7) and von Neumann
(1955, p. 253), and clearly identified as the 'usual' view by Einstein, Podolsky, and
Rosen (1935) in their classic argument for the incompleteness of quantum mechanics
(see chapter 2). Since the dynamics of quantum mechanics described by Schrödinger's
time-dependent equation of motion is linear, it follows immediately from this orthodox
interpretation principle that, after an interaction between two quantum mechanical
systems that can be interpreted as a measurement by one system on the other, the state
of the composite system is not an eigenstate of the observable measured in the
interaction, and not an eigenstate of the indicator observable functioning as a 'pointer.'
So, on the orthodox interpretation, neither the measured observable nor the pointer
reading have determinate values, after a suitable interaction that correlates pointer
readings with values of the measured observable. This is the measurement problem of
quantum mechanics.
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Mental Causation

The Problem of Mental Causation has been with us at least since René Descartes claimed that mind and body are separate substances. If the body is only physical and material, how can a non-physical and immaterial mind possibly act on the body. More importantly, how can a "mental" action or event in the mind be the cause of a physical action by the body?

Mental causation is a specific case of the more general problem of downward causation, for example the downward control of the motions of a cell's atoms and molecules by supervening biological macromolecules. Is the molecular biology of a cell reducible to the laws governing the motions of its component molecules, or are there emergent laws governing motions at the cellular level, the organ level, the organism level, and so on up to the mental level?


Can emergent properties or laws at the higher levels of a physical-chemical-based biological system prevent those higher levels from being reduced to the properties and laws of the base physical level?


The idea of something like downward causation was implicit in the work of "emergentists" like John Stuart Mill, George Henry Lewes, C. Lloyd Morgan, Samuel Alexander, and C. D. Broad

Although Mill did not use the term "emergent," he made the concept clear enough:


The chemical combination of two substances produces, as is well known, a third substance with properties different from those of either of the two substances separately, or of both of them taken together. Not a trace of the properties of hydrogen or of oxygen is observable in those of their compound, water.


Lewes coined the term "emergent" in 1875:


Although each effect is the resultant of its components, the product of its factors, we cannot always trace the steps of the process, so as to see in the product the mode of operation of each factor. In the latter case, I propose to call the effect an emergent. It arises out of the combined agencies, but in a form which does not display the agents in action. 


In his 1920 book Space, Time, and Deity Samuel Alexander cited Lloyd Morgan as the source of emergentism, and wrote:


Mind is, according to our
interpretation of the facts, an 'emergent' from life, and
life an emergent from a lower physico-chemical level of
existence. 


 Later, in his 1922 Gifford Lectures and 1923 book Emergent Evolution, Lloyd Morgan defined emergent evolution and introduced the related "top-down" concept of hierarchical supervenience:


...in the physical world emergence is no less exemplified in the advent of each new kind of atom, and of each new kind of molecule. It is beyond the wit of man to number the instances of emergence. But if nothing new emerge - if there be only regrouping of pre-existing events and nothing more - then there is no emergent evolution.

Under emergent evolution there is progressive development of stuff which becomes new stuff in virtue of the higher status to which it has become raised under some supervenient kind of substantial gotogetherness. 


Brian McLaughlin dubbed these thinkers the "British Emergentists." He developed an "idealized" version of British Emergentism and synthesisized what most of these thinkers had in common into a coherent and representative picture. He says:


    British Emergentism maintains that everything is made of matter: There are, for example, no Cartesian souls, or entelechies, vital elan, or the like. And it holds that matter is grainy, rather than continuous; indeed, that it bottoms-out into elementary material particles, atoms or more fundamental particles...Moreover, on its view, nothing happens, no change occurs, without some motion of elementary particles. And all motion is to the beat of the laws of mechanics.

    According to British Emergentism, there is a hierarchy of levels of organizational complexity of material particles that includes, in ascending order, the strictly physical, the chemical, the biological, and the psychological level. There are certain kinds of material substances specific to each level. And the kinds of each level are wholly composed of kinds of lower levels, ultimately of kinds of elementary material particles. Moreover, there are certain properties specific to the kinds of substances of a given level. These are the "special properties" of matter...


 What is especially striking about British Emergentism, however, is its view about the causal structure of reality. I turn to that view in the following two paragraphs.


British Emergentism maintains that some special science kinds from each special science can be wholly composed of types of structures of material particles that endow the kinds in question with fundamental causal powers. Subtleties aside, the powers in question "emerge" from the types of structures in question...


Now, the exercise of the causal powers in question will involve the production of movements of various kinds. Indeed, Emergentism maintains that special kinds, in virtue of possessing certain types of minute internal structures, have the power to influence motion. And here is the striking point: They endow the kinds with the power to influence motion in ways unanticipated by laws governing less complex kinds and conditions concerning the arrangements of particles. Emergentism is committed to the nomological possibility of what has been called "downward causation".   



Minute internal (information-processing) structures that control the motions and arrangements of the component particles is the signature aspect of British Emergentism, one that we have demonstrated with ribosomal control of the twenty kinds of amino acids in living systems and ion channel control over the ions two and three at a time in the brain's neural network.
Vitalists like Henri Bergson and Hans Driesch also implicitly supported the idea of emergent or non-physical causes, without which they thought that life and mind could not have emerged from physical matter, and without which mind could not be a causal force in the world.



The Mind-Brain Identity Theory

In the mid-twentieth century a number of philosophers proposed a monistic and physicalistic solution to the mind-body problem by simply identifying the mind and brain as one physical thing, subject to the normal laws of physics. 

Holistic critics attacked this view as reducing the mind to the brain, leaving the mind merely an epiphenomenon or illusion. This fit well into the reductionist program of the logical empiricists of the Vienna Circle, who promoted the idea of the Unity of Science. All events should be reducible to physical events, and in particular, all explanations should be traceable to causes originating in the physical material components of the universe.



The first philosophers to argue for an identity of mind (or consciousness) and brain include Ullin T. Place (1956), Herbert Feigl, and J.J.C.Smart (1959).


Place explicitly describes "consciousness as a brain process," specifically as "patterns" of brain activity. He does not trivialize this identity as a succession of individual "mental events and physical events" in some kind of causal chain. He compares this identity to the idea that "lightning is a motion of electrical charges." 


Herbert Feigl's work was independent of Place's, but he said that the fundamental idea had been held by many earlier materialist (monist) thinkers. He thought it was stated clearly by Vienna Circle philosopher Rudolf Carnap in 1925. Feigl describes his own thesis:


The identity thesis which I wish to clarify and to defend asserts that the states of direct experience which conscious beings "live through" and those which we confidently ascribe to some of the higher animals, are identical with certain (presumably configurational) aspects of the neural processes in these organisms.


J.J.C.Smart clarified and extended the identity theory of his colleague U.T.Place


When I say that a sensation is a brain process or
that lightning is an electric discharge, I am using
"is" in the sense of strict identity. (Just as in
the — in this case necessary — proposition "7 is
identical with the smallest prime number
greater than 5.") When I say that a sensation is a
brain process or that lightning is an electric dis-
charge I do not mean just that the sensation is
somehow spatially or temporally continuous
with the brain process or that the lightning is
just spatially or temporally continuous with the
discharge.


Smart is a strong materialist. He says "A man is a vast arrangement of physical particles, but there are not, over and above this, sensations or states of consciousness." (ibid.) Compare Anthony Cashmore, who says we are "just a bag of chemicals."


In the 1960's the neuroscientist Roger Sperry claimed that higher levels in a hierarchy could act causally on the base level. He cited a wheel rolling downhill as an example of what he called "downward causal control." The atoms and molecules are caught up and overpowered by the higher properties of the whole. Sperry compared the rolling wheel to an ongoing brain process or a progressing train of thought in which the overall properties of the brain process, as a coherent organizational entity, determine the timing and spacing of the firing patterns within its neural infrastructure. A few years later (1974), Donald Campbell coined the phrase "downward causation." 


The locus classicus of recent discussions of mental causation is Donald Davidson's 1970 essay "Mental Events," which was revisited in his 1993 essay, "Thinking Causes," published together with 15 critical essays on Davidson's work in the 1993 book Mental Causation, edited by John Heil and Alfred Mele. 


Davidson claimed three things:

	That mental events are causally related to physical events
	That causal relations are normally backed by strict (deterministic) laws
	But that there are no such strict laws for mental events acting on physical events


Davidson's goal is to deny the reducibility of mental events to physical events in the lower levels, even to deny the physicist's claim that the motions of the atoms and molecules at the lowest level are causally determinative of everything that happens at higher levels. 


Jaegwon Kim says that Davidson's goal of "non-reductive physicalism" is simply not possible. The physical world is "causally closed," says Kim:

what options are there if we set aside the physicalist picture?
Leaving physicalism behind is to abandon ontological physicalism, the view that bits of matter and their aggregates in space-time exhaust the contents of the world. This means that one
would be embracing an ontology that posits entities other than
material substances — that is, immaterial minds, or souls, outside
physical space, with immaterial, nonphysical properties.


Kim diagrams Davidson's view of mental events supervening on physical events, to illustrate his claim that having both mental and physical causes would be "overdetermination" and thus one is redundant and must be excluded. 
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By causal closure of the physical world, Kim says it is the mental events that are superfluous and must go. (ibid., pp.44-45)

This view of the physical and biological world as made up of isolatable and discrete events is too simplistic. A physical "event" is subjectively singled out by a human observer from a practically infinite number of objective physical events at the atomic and molecular level. Its "cause" is arbitrarily abstracted from complex processes with enormous numbers of possible causes. A mental event is embedded in a biological system beyond "astronomical" complexity.



Recap of the Problem of Mental Causation according to Kim.


While the original mind-body problem was simply the puzzle of how an immaterial mind could cause an material body to move, lately the problem of mental causation has been recast as the logical resolution of one basic premise and a conclusion, which we might call the standard argument against mental causation:
	The only causes are physical causes. (These causes need not be deterministic. An indeterministic quantum statistical event gives us the probabilities for subsequent events, "causing" them in a way that is not pre-determined.)
	Therefore, mental events cannot cause physical events.



The Emergence of Life from Matter and Mind from Life.


According to British Emergentism, there is a hierarchy of levels of organizational complexity of material particles that includes, in ascending order, the strictly physical, the chemical, the biological, and the psychological level. As we have seen, upper hierarchical levels have the power to influence motion in ways unanticipated by laws governing less complex kinds and conditions concerning the arrangements of particles. Emergentism is committed to the nomological possibility of what has been called "downward causation," control by an upper level of the component particles of the lower levels. We can now demonstrate that the Emergentists' hypothesis is actually realized in biological systems.

The informational analysis of non-reductive physicalism must show exactly how information does not move in the upward direction between hierarchical levels (fundamentally because noise in the lower level makes motions incoherent), but that information does move down as the higher-level information-processing system uses it to manipulate individual physical particles (maintaining a high signal-to-noise ratio in the upper level), as the British empiricists imagined.  


Quantum Randomness Blocks "Bottom-Up" Causation, 
Information-Processing Structures Enable Downward Causation

We shall now see that quantum and thermal noise breaks any upwardly causal deterministic chains between the physics of the atomic and molecular level and the biophysics of the organic world. It also breaks any upward deterministic chains between the neurobiological brain and the mind, replacing them with a statistical causality that provides us with what William James called “some looseness in the joints.” 


We present two processes that exhibit randomness in the component atoms and molecules, thus blocking any organized upward influences. The first is present in every biological cell. The other is critically important in the operation of neurons. The first separates the living from the simply material. The latter is at the mind/brain boundary.



Ribosomes Build Hemoglobin from Randomly Moving Amino Acids (Life from Matter)


The twenty amino acids move about randomly in a cell, the consequence of thermal and quantum noise. Attached to them are tiny bits of transfer RNA, each with three letters of the genetic code that identify them. They bump randomly into the ribosome, which may be moving along a sequence of the genetic code written in messenger RNA sent from the cell nucleus, which has noticed that more of a specific protein or enzyme is needed. This random motion shows us that no organized or coherent information is present in the unattached tRNAs that could cause something from the bottom up to emerge at a higher level. 


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=TfYf_rPWUdY


[Look at the animation of mRNA translation] Notice the absurdity of the idea that the random motions of the transfer RNA molecules (green in the video at right), each holding a single amino acid (red), are carrying pre-determined information of where they belong in the protein.

It is the information processing of the higher-level ribosome that is in control. As the ribosome moves along the string of mRNA, it reads the next three-letter codon and waits for a tRNA with the matching anti-codon to collide randomly. With over 60 codons for the 20 amino acids, it might be some time before the desired amino acid shows up. Note that it is the high speed of random motions that allows this process to proceed rapidly. Consider the case of hemoglobin.  


When a ribosome assembles 330 amino acids in four symmetric polypeptide chains (globins), each globin traps an iron atom in a heme group at the center to form the hemoglobin protein. This is downward causal control of the amino acids, the heme groups, and the iron atoms by the ribosome. The ribosome is an example of Erwin Schrödinger's emergent "order out of order," life "feeding on the negative entropy" of digested food.


[image: image-placeholder]

When 200 million of the 25 trillion red blood cells in the human body die each second, 100 million new hemoglobins must be assembled in each of 200 million new blood cells . With the order of a few thousand bytes of information in each hemoglobin, this is 10 thousand x 100 million x 200 million = 2 x 1020 bits of information per second, a million times more information processing than today's fastest computer CPU.


The ribosome is an information-processing biological system that has emerged from the lower level of chemistry and physics to exert downward causation on the atomic and molecular components needed to manufacture hemoglobin.



Ion Pumps in Neurons Organize Randomly Moving Individual Atoms (Mind from Life)


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=Q73uJ8WlY_E


When a single neuron fires, the active potential rapidly changes the concentration of sodium (Na+) ions inside the cell and potassium (K+) ions outside the cell. Within milliseconds, thousands of sodium-potassium ion transporters in the thin lipid bilayer of the cell wall must move billions of those ions, two or three at a time between inside and outside the cell wall, to get the neuron ready to fire again.

All the individual ions, atoms, and molecules in the cell are moving rapidly in random directions. The indeterministic motions of the ions randomly move some near the pump opening, where quantum collaborative forces can capture them in a lock-and-key structure. The idea that the physical/chemical base level contains enough information in the motion of its atoms and molecules to cause and completely explain the operations of the higher levels of life and mind is simply absurd.


The emergent biological machinery of a sodium-potassium pump exerts downward causation on the ions, powered by ATP energy carriers (feeding on negative entropy). 


The sodium-potassium pump in our neurons is as close to a
Maxwell's Demon as anything we are ever likely to see.


When many motor neurons fire, innnervating excitatory post-synaptic potentials (EPSPs) that travel down through the thalamus and the spinal cord where they cause muscles to contract, that is as literal as downward causation gets between the mind and the body. When the emergent mind decides to move the body, mental causation is realized as downward causation.



The Information Solution to the Problem of Mental Causation.


Information philosophy understands mental events as immaterial thoughts, which are normally only unrealized possibilities for action. Thoughts are embodied in the neural information structures of the brain, where they are stored along with memories of past experience. As such, they are physical and are temporarily even material, in some sense. 

But when they are transferred (communicated) to other parts of the brain, out to other minds, or for storage in the external environment, thoughts are converted from a material substrate to various forms of energy. Temporarily, they are quite non-material, as philosophers for centuries have imagined thoughts in an immaterial mind might be. Once stored, they are again embodied in matter. 


Of course, thoughts or ideas can be unpredictably altered before storage, by noise in the communication. They can also be altered randomly by irreducibly indeterministic errors in the retrieval of the information. Here lies the basis for creative mistakes, to be evaluated by a process of intelligent selection. (As Augustine noted, the Latin intelligere means "to select.") 



The information solution to the mind-body problem can be interpreted as providing a non-reductivephysical interpretation of mind. This model of mind supervenes on the neural brain structures that embody the information (while it is being stored). But the intellectual content of the information is not the resultant of whatever physical processes are coming from lower layers in a hierarchical structure. The physical brain is a plastic storage medium adequately determined to store the information content of these immaterial thoughts, and normally to store it accurately.


With reference to popular (if flawed) computational theories of mind, we note that the "software" contents of a computer program, as well as the execution of the program, is in no way determined or "caused" by the computer "hardware." Similarly, ideas are not determined by the ink on a printed page or the pixels on a computer screen, but by the human minds that put them there.



"Bottom-up" Physical Processes Are Not Deterministic


When small numbers of atoms and molecules interact, their motions and behaviors are indeterministic, governed by the rules of quantum mechanics.

However, when large numbers of microscopic particle get together in aggregates, the indeterminacy of the individual particles gets averaged over and macroscopic adequately deterministic laws "emerge." 

Determinism is an emergent property that shows up in the macroscopic world.


The "laws of nature," such as Newton's laws of motion, are all statistical laws, however close they appear to being certain. They "emerge" when large numbers of atoms or molecules get together. For large enough numbers, the probabilistic laws of nature approach practical certainty. But the fundamental indeterminism of component atoms never completely disappears.


It therefore follows that physical brain events are not pre-determined by the events in lower hierarchical levels, not events in the base physical level, nor even in the biological level.


And the world is not "causally closed" by deterministic physical laws of nature, as assumed by so many philosophers (e.g., Feigl, Smart, Kim). 


Moreover, since some "mental events" are large enough information structures to be adequately determined, these mental events can act causally on lower biological and physical levels in the hierarchy, in particular, the mind can move the body and all its contained physical particles, thus solving the mind-body problem.


A specific example of the mind causing an action, while not itself being caused by antecedent events is the following. Faced with a decision of what to do next, the mind considers several possible alternatives, at least some of which are creatively invented based on random ideas that just "come to mind." Other possible alternatives might be familiar options, even habits, that have frequently been done in earlier similar situations. 


All these alternatives show up as "neural correlates" - brain neurons firing. When the alternatives are evaluated and one is selected, the selected action results in still other neurons firing, some of which connect to the motor cortex that signals muscles to move the body. 


Apart from the occasional indeterministic generation of creative new alternative ideas, this whole causal process is adequately determined and it is downwardly causal. Mental events are causing physical body events.


Quantum Physics and the Problem of Mental Causation". Presented June 6, 2013 at a conference in Milan on "Quantum Physics Meets the Philosophy of Mind".  
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Information is neither matter nor energy. It is sometimes embodied in matter and sometimes communicated as pure energy. It is the scientific basis for an immaterial, causally open, non-physical mind that can nevertheless affect the physical world. Information is the 
modern spirit.
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Metaphysics based on information philosophy can answer some of the most profound questions about the fundamental origins, nature, and evolution of reality. Immaterial information grounds epistemology, the theory of knowledgeabout reality, in a way not possible in a purely material universe. This is because information-based computer simulations of physical and biological systems provide far better explanations than any number of "true" propositions. 

We have created an entirely new website dedicated to the solutions of classic metaphysical problems by using the methods of information philosophy.

See metaphysicist.com
The Metaphysicist analyzes the information content in twenty classic problems in metaphysics - Abstract Entities,
  Being and Becoming,
  Causality,
  Chance,
  Change,
  Coinciding Objects,
  Composition (Parts and Wholes),
  Constitution,
  Free Will or Determinism,
  God and Immortality,
  Identity,
  Individuation,
  Mind-Body Problem,
  Modality,
  Necessity or Contingency,
  Persistence,
  Possibility and Actuality,
  Space and Time,
  Truth,
  Universals,
  Vagueness, and the 20th-century problem of 
  Wave-Particle Duality.



Metaphysician or Metaphysicist?

Philosophers who specialize in metaphysics have traditionally been called metaphysicians in English (in French they are called a metaphysicien, in German a metaphysiker). Perhaps most modern anglo-american metaphysicians think problems in metaphysics can be treated as problems in language, potentially solved by conceptual analysis. They are analytical language philosophers. Others are specialists in modal logic, some who claim that modal logic is metaphysics.. 

But language is too flexible, too ambiguous, too full of metaphor, to be a metaphysical diagnostic tool. We must go beyond language games and logical puzzles to the underlying information contained in a concept, and to the matter that embodies the immaterial concept. This we do at our new website the Metaphysicist.


Today's metaphysicians are overwhelmingly naturalists. They believe everything can be explained by what they call the "laws of nature." They take those laws to be the laws of classical physics, because few understand modern quantum physics. Even many physicists are baffled by the nonintuitive aspects of quantum mechanics, which have led to dozens of interpretations of quantum mechanics. 


Even more problematic, today's metaphysicians are materialists, even eliminative materialists who thinkk there is "nothing but" matter. They mistakenly believe that only material objects exist. The exceptions are religious metaphysicians who are still seeking a God and immortal souls.


Materialism is the claim that there is nothing in the world beyond the material (including energy), that everything follows "laws of nature," and that these laws are both causal and deterministic. So "supernatural" appears to imply "immaterial" and the freedom to break the laws of nature. Information philosophy denies the supernatural. But it defends immaterial information as that which constitutes the human spirit, or soul, the "ghost in the machine." And it defends ontological chance as the generator of novel, even metaphysical possibilities that are not determined by the "fixed past," opening the door to metaphysical free will.



Historical Background


Metaphysics has signified many things in the history of philosophy, but it has not strayed far from a literal reading of "beyond the physical," which meant beyond the material. The term was invented by the 1st-century BCE head of Aristotle's Peripatetic school, Andronicus of Rhodes. Andronicus edited and arranged Aristotle's works, giving the name Metaphysics (τα μετα τα φυσικα βιβλια), literally "the books beyond the physics," perhaps the books to be read after reading Aristotle's books on nature, which he called the Physics. The Greek for nature is physis, so metaphysical is also "beyond the natural."


Aristotle never used the term metaphysics.  For Plato, Aristotle's master, the realm of abstract ideas was more "real" than that of physical. i.e., material or concrete, objects, because ideas can be more permanent (the Being of Parmenides), whereas material objects are constantly changing (the Becoming of Heraclitus). 

In recent centuries then, metaphysical has become "beyond the material." Metaphysics has become the study of immaterial things, like the mind, which is said to "supervene" on the material brain. Metaphysics is a kind of idealism, in stark contrast to materialism. And metaphysics has failed in proportion to the phenomenal success of naturalism, the idea that the laws of nature alone can completely explain the contents of the universe. For the eliminative materialist and determinist philosopher, who thinks there is "nothing but" matter, metaphysics is dismissed as nonsense.



The books of Aristotle that Andronicus considered "beyond nature" included Aristotle's "First Philosophy" —  ontology (the science of being), cosmology (the fundamental processes and original causes of physical things), and theology (is a god required as "first cause?").


Aristotle's Physics describes the four "causes" or "explanations" (aitia)  of change and movement of objects already existing in the universe (the ideal formal and final causes, vs. the efficient and material causes). Aristotle's metaphysics can then be seen as explanations for existence itself. What exists? What is it to be? What processes can bring things into (or out of) existence? Is there a cause or explanation for the universe as a whole?


In critical philosophical discourse, metaphysics has perhaps been tarnished by its Latinate translation as "supernatural," with its strong theological implications. But from the beginning, Aristotle's books on "First Philosophy" considered God among the possible causes of the fundamental things in the universe. Tracing the regress of causes back in time as an infinite chain, Aristotle postulated a first cause or "uncaused cause." Where every motion needs a prior mover to explain it, he postulated an "unmoved first mover."  These postulates became a major element of theology down to modern times. 


Metaphysics is the division of philosophy which includes ontology, or the science of being, and cosmology, or the science of the fundamental causes and processes of things.  The primary meaning of metaphysics is derived from those discussions by Aristotle which he himself called the First Philosophy or Theology, and which deal with the nature of being as such, with first causes, new beginnings or genesis, and thus with the existence of God. 


For medieval philosophers, metaphysics was understood as the science of the supersensible. Albertus Magnus called it science beyond the physical. Thomas Aquinas narrowed it to the cognition of God. John Duns Scotus disagreed, arguing that only study of the world can yield knowledge of God. Scholastic philosophers mostly returned metaphysics to the study of being in itself, that is, ontology, which again today is the core area of metaphysical arguments. In renaissance Germany, Christian Wolff broadened metaphysics to include psychology, along with ontology, cosmology, and natural or rational theology. In renaissance England, Francis Bacon narrowed metaphysics to the Aristotelian study of formal and final causes, separating it from natural philosophy which he saw as the study of efficient and material causes. 

Descartes made a turn from what exists to knowledge of what exists. He changed the emphasis from a study of being to a study of the conditions of knowledge or epistemology. For empiricists in England like John Locke and David Hume, metaphysics includes the "primary" things beyond psychology and "secondary" sensory experiences. They denied that any knowledge was possible apart from experimental and mathematical reasoning.  Hume thought metaphysics was sophistry and illusion.



If we take in our hand any volume; of divinity or school metaphysics, for instance; let us ask, Does it contain any abstract reasoning concerning quantity or number? No. Does it contain any experimental reasoning concerning matter of fact and existence? No. Commit it then to the flames: for it can contain nothing but sophistry and illusion.



[image: image-placeholder]
Metaphysicist.com is a new website that solves some classic metaphysical problems using the methods and tools of information philosophy


In Germany, Kant's Critiques of Reason claimed a transcendental, non-empirical realm he called noumenal, for pure, or a priori, reason beyond or behind the phenomena. Kant's phenomenal realm is deterministic, matter governed by Newton's laws of motion. Kant's immaterial noumena are in the metaphysical non-empirical realm of the "things themselves" along with freedom, God, and immortality. Kant may have identified ontology not with the things themselves but, influenced by Descartes,  what we can think - and reason - about the things themselves. In either case, Kant thought metaphysical knowledge might be impossible for finite minds.


The notion that metaphysics transcends experience and the material world led to nineteenth-century positivists like August Comte and Ernst Mach, and twentieth-century empiricists like Rudolf Carnap and Moritz Schlick, also denying the possibility of metaphysical knowledge. Carnap maintained that metaphysical statements are meaningless.

Naturalism is the anti-metaphysical claim that there is nothing in the world beyond the material (including energy), that everything follows "laws of nature," and that these laws are both causal and deterministic. So "supernatural" appears to imply "immaterial" and the freedom to break the laws of nature. Information philosophy denies the supernatural. But it defends immaterial information as that which constitutes the human spirit, or soul, the "ghost in the machine." And it defends ontological chance as the generator of novel possibilities that are not determined by the "fixed past."


Positivism is the claim that the only valid source of knowledge is sensory experience, reinforced by logic and mathematics. Together these provide the empirical evidence for science. Comtean positivism rejected metaphysics and theology as obsolete earlier phases in the development of knowledge. 


Mach's positivism claimed that science consists entirely of "economic summaries" of the facts (the results of experiments). He rejected theories about unobservable things like Ludwig Boltzmann's atoms, just a few years before Albert Einstein used Boltzmann's work to prove that atoms exist.



The logical positivism of Bertrand Russell and Ludwig Wittgenstein claims that all valid knowledge is scientific knowledge, though science is often criticized for "reducing" all phenomena to physical or chemical events. The logical positivists may have identified ontology not with the things themselves but what we can say - using concepts and language - about the things themselves. 

Logical positivists and the logical empiricists of the Vienna Circle not only asserted that all knowledge is scientific knowledge derived from experience, i.e., from verifiable observations, they also added the logical analysis of language as the principal tool for solving philosophical problems. They divided statements into those that are reducible to simpler statements about experience and those with no empirical basis. These latter they called "metaphysics" and "meaningless." While language is too slippery and ambiguous to serve as a reliable tool for philosophical analysis, quantitative information, which underlies all language use, is such a tool. 


Logical positivists and empiricists mistakenly claim that physical theories can be logically deduced (or derived) from the results of experiments. A second flaw in all empiricist thinking since Locke et al. is the mistaken idea that all knowledge is derived from experience, written on the blank slate of our minds, etc. In science, this is the flawed idea that all knowledge is ultimately experimental. To paraphrase Kant and Charles Sanders Peirce, theories without experiments may be empty, but experiments without theories are blind.


By contrast, the modern hypothetical-deductive method of science maintains that theories are not the logical (or inductive) consequences of experiments. As Einstein put it, after shaking off his early enthusiasm for Mach's positivistic ideas, theories are "free inventions of the human mind."  Theories begin with hypotheses, mere guesses, "fictions" whose value is shown only when they can be confirmed by the results of experiments. Again and again, theories have predicted behaviors in as yet untested physical conditions that have surprised scientists, often suggesting new experiments that have extended the confirmation of theories, which again surprise us. As pure information, scientific knowledge is far beyond the results of experiments alone.




Metaphysics has been a search for the preconditions of existence, for the meaning of being, for original "first causes" (arche) and final ends (telos), especially for that which is beyond our senses - the "things themselves."   In an epistemological age after Descartes, metaphysics came to include the preconditions for knowledge, especially knowledge of physical things, somehow independent of our sensible experience, and especially certain knowledge - knowledge by abstract reason alone.

Although in recent years metaphysics has become something of a catch-all category for unsolved problems in philosophy and physics, ontology has remained its central concern and we will focus on the ontological status of material objects as "information structures" and the existential status of "immaterial information" about these structures and about information itself, as our basis for knowledge. Immaterial ideas are as real a part of the physical world and its causal structure as is matter, even though they are ideal and not material. 


Beyond synchronic ontology, diachronic cosmology has now traced back the origin and evolution of the material universe to a "Big Bang" some 13.75 billion years ago. But deep metaphysical questions remain. Did time start at the Big Bang? Was there space with nothing in it, before matter came into existence? Could there have been pure information before there was space and time? Did that information include the possibility of the universe? Are space and time only universal ideas, continuous immaterial forms, that help us organize and describe the workings of discontinuous and discrete particulate matter and energy?



How Information Philosophy Solves Some Problems in Metaphysics


The first claim of a metaphysics based on information is that the physical universe contains more than just matter (and energy) in motion. The Platonic realm of ideas, Kant's noumenal realm of "things in themselves" unconstrained by the deterministic laws of matter in motion, an immaterial mind that gives those ideas causal powers, and the immortal aspect of those ideas, all these touch on problems traditionally part of metaphysics.

Information philosophy may never answer "ultimate" questions like Leibniz' "Why is there something rather than nothing?," but it can answer why there appears to be a providential process at work that makes the world comfortable for life in general and man in particular.


For information philosophy, ontology is not about what we can think nor what we can say about the things themselves. Rather, it is about the immaterial information content of things, which is intimately connected with the information in the thoughts in our minds and in the concepts and words used to communicate the information that is in the things themselves. The partial isomorphism between the information in the external world of objects and the internal information about those objects in our minds is a quantitative measure of our knowledge about the objects. 


Thus there is a second claim. Because the external information is in the things themselves, information philosophy provides an ontological inventory of what exists in a mind-independent reality that in no way depends on how we came to acquire the knowledge of what exists. Furthermore, complete information in a thing (while probably rarely obtainable) may contain what it is like to be some thing.


A third claim rests on the unqualified existence of immaterial, non-substantial, abstract, universals, some of which are necessary by logical definition, all of them existing in the Platonic and noumenal realm of pure information. By contrast, substantial concrete particulars are all material (including the pure energy of radiation) and thus contingent and empirical. The third claim is that, although our knowledge of the information realm has come initially from experience, that is from empirical sources, the information realm itself is non-empirical (though physical) and therefore non-reducible to "causally closed" matter in motion. 


Metaphysics asks about the general nature of all things/beings, and Being itself. Information is such an essential property of all things. And it is a quantitative property, much more powerful that linguistic concepts.  It gives form to the matter. Matter without form is not distinguishable, comprehensible, blind/invisible. Form without matter is empty - an essence without an existence. Individuation, instantiation of a form in matter, etc.



Problems in Metaphysics



Many of the problems facing today's metaphysicians concern the fundamental structure of reality, the underlying material substance and the creative process that gives individual objects their shape and form, their qualities or properties. 

Apart from appearances and the sense data of experiences, what is the underlying reality, what is there "really?" What "constitutes" a material object? What is its "principle of individuation?" Does a concrete object maintain its identity as it moves in space and time? 


A surprising number of today's metaphysical questions were first asked over two millennia ago by the ancient Greek philosophers. It is shocking that so little progress has been made toward definitive answers to some of them. 


Perhaps it is because metaphysics is a search for certain knowledge that is beyond the material world, not derivable from experience, and eternally true (in any possible world).  Such knowledge is limited to immaterial ideas in logic ("A is A"), mathematics (7 + 5 = 12), and some sentences or propositions that are true by (conventional) definition.


Can unchanging eternal ideas and truths provide us any knowledge about the constantly changing material world?


And what is the existential (or ontological) status of these abstract ideas? Do numbers exist? If so, is their kind of existence different from that of material objects? Do the past and present exist? Are there immaterialminds apart from material brains? How could they interact?


Although many metaphysicians claim to be exploring the fundamental structure of reality, the overwhelming fraction of their writings is about problems in analytic linguistic philosophy, that is to say problems with words. Many questions appear to be verbal quibbles. Others lack meaning or have no obvious truth value, dissolving into paradoxes.


Based on current practice, we can sharpen the definition of a metaphysician to be an analytic language philosopher who discusses metaphysical problems.


By contrast, a metaphysicist is an information philosopher who is familiar with modern physics, chemistry, and biology, as well as the interpretation of quantum physics. The fundamental structure of reality today must confront the mysteries and puzzles of quantum reality. 


For example, the wave function of a quantum particle is pure information. Some interpretations of quantum mechanics are fundamentally metaphysical, problems for a metaphysicist.


Note that many metaphysical problems are dichotomies, with either/or debates, suggesting that a common underlying theme is some kind of dualism, almost always the dualism between materialism and idealism (pure abstract information). 





This "linguistic turn" and naturalizing of epistemology can be traced back to Kant and perhaps even to Descartes.

Stanford Encyclopedia of Philosophy
Wikipedia


Source: https://www.informationphilosopher.com/problems/metaphysics/
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Information philosophy views the mind as the immaterial information in the brain, which is seen as a biological information processor. Mind is software in the brain's hardware. 
The "stuff" of mind is pure information. Information is neither matter nor energy, though it needs matter for its embodiment and energy for its communication.


In ancient philosophy, mind and body formed one of the classic dualisms, like idealism versus materialism, the problem of the one (monism) or the many (pluralism), the distinction between essence and existence, between universals and particulars, between the eternal and the ephemeral.


When mind and body are viewed today as a dualism, the emphasis is on the mind, that is to say the information, being fundamentally different from the material brain. Since the universe is continuously creating new information, by rearranging existing matter, this is an imprtant and understandable difference. Matter (and energy) is conserved, a constant of the universe. Information is not conserved, it is the source of genuine novelty.


A mind-body dualism coincides with Plato's "ideas" as pure form, Its ontology is different from that of matter. The ancients asked about the existential status of Platonic Ideas. On the other hand, monists can see the mind-body distinction as pure physicalism, since information embodied in matter corresponds to a mere reorganization of the matter. This was Aristotle's more practical view. For him, Plato's Ideas were mere abstractions generalized from many existent particulars.


Mind-body as a "problem" is generally traced to René Descartes, who asked how the immaterial mind (or soul) could influence the material body. Would not the interaction between the two have to partake somehow of the character of both? Descartes famously identified the tiny pineal gland as the point of contact between mind and body.


Descartes made the mind the locus of freedom. For him, the body is a mechanical system of tiny fibres causing movements in the brain (the afferent sensations), which then can pull on other fibres to activate the muscles (the efferent nerve impulses). This is the basis of stimulus and response theory in modern physiology(reflexology). 


The popular idea of animals as machines included the notion that man too is a machine - the body obeys strictly deterministic causal laws - but that man has a soul or spirit that is exempt from determinism and thus from what is known today as "causal closure." But how can the mind both cause something physical to happen and yet itself be exempt from causal chains?  


The Problem of Mental Causation

Philosophers who accept the idea that all laws of nature are deterministic and that the world is causally closed still cannot understand how an immaterial mind can be the cause of an action. On this view, every physical event is reducible to the microscopic motions of physical particles. The laws of biology are reducible to those of physics and chemistry. The mind is reducible to the brain, with no remainder. 


For these philosophers of mind, essentially no progress has been made on the problem of mental causation since Descartes. "Reductionists" who accept "causal closure" think that every brain event must have been determined by causes coming "bottom-up" from the brain's atoms and molecules. Any additional mental cause would be extraneous, according to Jaegwon Kim.



Since the early twentieth century, quantum mechanics adds the possibility that some processes are indeterministic, but random quantum-mechanical events have generally been thought to be unhelpful by philosophers of mind. Adding indeterminism to mental events apparently would only make our actions random and our desires the product of pure chance. If our willed actions are not determined by anything, they say, we are neither morally responsible nor truly free.  Whether mental events are reducible to physical events, or whether mental events can be physical events without such a reduction, the interposition of indeterministic quantum processes apparently adds no explanatory power. And of course if mental events are epiphenomenal, they are not causally related to bodily actions. Epiphenomenal access to quantum physics would not help.


Mental causation is a special case of the more general problem of downward causation, for example the downward control of the motions of a cell's atoms and molecules by supervening biological macromolecules. Is the molecular biology of a cell reducible to the laws governing the motions of its component molecules, or are there emergent laws governing motions at the cellular level, still different laws at the organ level, at the organism level up to the mental level?


Emergent properties or laws at the higher levels of a physical-chemical-based biological system would have to prevent those higher levels from being reduced to the properties and laws of the base physical level? These emergent properties are not a new kind of "stuff," but they are nevertheless often described as an emergent dualism, specifically a property dualism.


Is it illogical to deny reductionist ideas of bottom-up causation (because of indeterministic quantum noise) and yet to defend adequately determined downward causation (because quantum effects are averaged out by macroscopic objects)? The arguments are subtle and depend on the complementary roles of determinism (Schrödinger evolution of the wave function) and indeterminism (wave-function collapse) in quantum physics.



Perhaps the most critically important emergent law of all is the abstract idea of determinism itself. Determinism in the macroscopic world emerges from the indeterministic microscopic quantum world by averaging over vast numbers of atoms and molecules. Even before quantum mechanics, Ludwig Boltzmann knew that the macroscopic gas laws were only adequately determined by the average motions of extremely large numbers of molecules. 

Mind as an Experience Recorder and Reproducer


Our specific Mind Model grows out of the question of what sort of "mind" would provide the greatest survival value for the lowest (or the first) organisms that evolved mind-like capabilities.

We propose a primitive mind that could only "play back" experiences, reproducing the entire complex of the sensations experienced, together with the emotional response to the original experience (pleasure, pain, fear, etc.).


The ERR model stands in contrast to the popular cognitive science or “computational” model of a mind as a digital computer with a "central processor" or even a "parallel processor." No algorithms or stored programs are needed for the ERR model.


The physically realizable equivalent is a non-linear random-access data recorder, where data is stored using "content-addressable" memory (the memory address - a string of bits in a digital computer - is the data content itself). 


Much simpler than a computer with stored algorithms, a better technological metaphor for ERR might be a multi-channel, multi-track analog video and sound recorder, enhanced with the ability to record smells, tastes, touches, and most important, feelings. Imagine one channel for each sense, one track for each neuron. But of course machines currently cannot smell or taste and have no feelings so could not reproduce them (although Gerald Edelman's neural network learning computers have some reward/punishment systems designed in).


The biological basis is very straightforward - neurons that wire together (strengthening synapses) during an organism’s experiences, in multiple sensory and limbic systems, such that later firing of even a part of the wired neurons can stimulate firing of all or part of the original complex, thus "playing back" the original experience (including the reaction to the experience and whether it was a useful reaction). 


Related experiences are likely stored nearby (in the many "dimensions" of visual cortex, hearing pathways, olfactory nerves, etc., etc., plus the amygdala).


The ERR model might then explain the philosophical notion of association of ideas. If it is neighboring neurons that fire, they will likely be closely related in some way (since they were stored based on the fundamental pattern of information in the experience). Similar experiences are likely stored in adjacent neurons. Note that a particular smell could cause the recall of experiences where that smell was present, and similarly for other senses.  


Neuroscientists are investigating how diverse signals from multiple pathways can be unified in the brain. We offer no specific insight into these “binding” problems. Nor can we shed much light on the question of philosophical “meaning” of any given information structure, beyond the obvious relevance (survival value) for the organism of remembering past experiences.

<--


In modern times some philosophers and scientists have proposed interactionist models and have also attempted to locate specific parts of the brain, for example at the synapses between neurons, where quantum effects might be important. The neuroscientist John Eccles and philosopher Karl Popper considered such models in their articles and books over many years.


All the attempts to use the mysterious properties of quantum mechanics to explain the mysterious problems of consciousness and psycho-physical relations between mind and body have been just that, explaining one mystery with another mystery.


Some philosophers identify the mind with the brain. 



Information Philosophy identifies the (immaterial) mind with the incredible biological information processing going on in the brain. This processing operates on two levels. 


At the Macro level, the mind/brain is adequately determined to make its decisions and resulting actions in ways that are causally connected with the agent's character and values. It is everything that determinist and compatibilist philosophers expect it to be.


At the Micro level, the mind/brain leaves itself open to significant thermal and quantal noise in its retrieval of past experiences. This generates creative and unpredictable alternative possibilities for thought and action. This is our best hope for a measure of libertarianism.


Our mind/brain model emphasizes the abstract information content of the mind. Information is neither matter nor energy, yet it needs matter for its concrete embodiment and energy for its communication. Information is the modern spirit, the ghost in the machine.


Because it is embodied in the brain, this mind can control the actions of a body that is macroscopic and is normally unaffected by its own quantum level uncertainty (excepting when we want to be creative and unpredictable.


Thus our mind/body model explains how a relatively immaterial, "free," unpredictable, and creative mind can control the adequately determined material body through the self-determinate and responsible actions selected by the will from an agenda of alternative possibilities. 


Moreover, since some "mental events" are large enough information structures to be adequately determined, these mental events can act causally on lower biological and physical levels in the hierarchy, in particular, the mind can move the body and all its contained physical particles, thus solving the mind-body problem.


A specific example of the mind causing an action, while not itself being caused by antecedent events is the following. Faced with a decision of what to do next, the mind considers several possible alternatives, at least some of which are creatively invented based on random ideas that just "come to mind." Other possible alternatives might be familiar options, even habits, that have frequently been done in earlier similar situations. 


All these mental alternatives show up as "neural correlates" - brain neurons firing. When the alternatives are evaluated and one is selected, the selected action results in still other neurons firing, some of which connect to the motor cortex that signals muscles to move the body. 


Apart from the occasional indeterministic generation of creative new alternative ideas, this whole causal process is adequately determined and it is downwardly causal. Mental events are causing physical body events.  
        

-->



For Scholars





Source: https://www.informationphilosopher.com/problems/mind_body/
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Nonlocality is today strongly associated with the idea of entanglement, but nonlocality was first seen by Einstein as a property of a single quantum of light and its light wave, whereas entanglement is a joint property of two  (or more) quantum particles, depending on an even more subtle property called nonseparability. 


Nonlocality is an essential element of the dual nature of light as both a wave and a particle. We can visualize the wave function of quantum mechanics in the following way. The wave function is a probability amplitude ψ whose squared modulus 
  |
  ψ
  
    |
    
      2
    
  
 gives the probability of finding a particle in a particular (sic) location. As this function spreads out in space, we can think of it as a "possibilities function," showing all the locations in space where there is a non-zero probability of finding a particle. The power of quantum mechanics is that we can calculate the probability of finding the particle for each possibility.


When an electron is freely traveling (as opposed to an electron bound in an atom), or when a photon is emitted from an electron and is traveling though space, there are always many possible locations for an interaction. Therefore we can say that the "possibilities function" (or the more formal quantum wave function) is inherently and intuitively nonlocal! 


Since Werner Heisenberg and Paul Dirac first discussed the "collapse" of the wave function (Dirac's projection postulate), it has been appropriate to say that "one of the many possibilities has been made actual." In the language of nonlocality, we can now even more clearly say that one of the nonlocal possibilities has been actualized or localized! 



In the case of the photon, it is localized when it has been scattered or absorbed by an electron. In the case of an electron, it might be a collision with another particle, or recombining with an ion to become bound in an atom. The electron is actually never found at a single point in four-dimensional space time, but remains nonlocal inside the minimal phase-space volume h3  required by the uncertainty principle (for example, a particular electron orbital wave function). Thus some physicists like to say there are no particles, just the appearance of a particle.

Albert Einstein was first to have seen single-particle nonlocality, in 1905, when he tried to understand how a spherical wave of light that goes off in many directions can be wholly absorbed at a single location. In his famous paper on the photo-electric effect (for which Einstein was awarded the Nobel Prize), he hypothesized that light must transmitted from one place to another as a discrete quantum of energy. 


Einstein did not then use the term nonlocal or "local reality," but we can trace his thoughts backwards from 1935 to see that quantum nonlocality (and later nonseparability) were always major concerns, because neither can be made consistent with a continuous field theory and they may be inconsistent with the principle of relativity. 

 
Einstein clearly described the relation between light-waves and light-quanta as early as 1909, over a dozen years before wave-particle duality was made famous by Louis de Broglie's thesis showed that material particles also have a wavelike property.


When Einstein finished his great project of general relativity in 1916, he turned his attention back to light quanta and showed how electrons in atoms emit and absorb radiation. He found the process of emission was probabilistic (statistical). It is impossible to predict the time and the direction of the emission of a quantum of light, he said, just as Rutherford had shown the decay of a radioactive nucleus was statistical. The time and direction of an alpha particle ejected from a nucleus is pure chance. 


Einstein said it was a "weakness" that the quantum theory was based on chance (Zufall in German). His 1916 work on the emission and absorption of light quanta (later called photons) predicted the amazing phenomenon of stimulated emission of radiation, which led to the development of the laser many decades later. As hard as it is to believe, most physicists, and especially Niels Bohr, refused to accept Einstein's theory of light quanta for another decade.
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At the fifth Solvay conference in 1927, Einstein described his concern about nonlocality, but as we shall see, it appears he was not understood. Then, eight years later, Einstein made his strongest case against both nonlocality and nonseparability, with the famous 1935 Einstein-Podolsky-Rosen paradox paper. At last he was heard, but it brought little resolution to the problem of reconciling waves and particles. And it added the mystery of particles entangled in a two-particle wave function, which combines nonlocality and nonseparability, so that upon collapse the two particles appear in a spacelike separation with perfectly correlated properties, despite the inability to communicate instantaneously at that separation without violating the special theory of relativity.

Let's review Einstein's thinking on nonlocality, starting with his presentation at the fifth Solvay conference. Bohr and Heisenberg tell the story of Einstein at that conference repeatedly attempting to refute the uncertainty principle and perhaps restore deterministic physics. But the fragments that remain of what Einstein said on nonlocality indicate a much deeper criticism of quantum mechanics.  Einstein's nonlocality remarks were not a formal presentation and were not reported in the conference proceedings. We know them only from brief notes on the general discussion and from what others said that Einstein said.


And here are the notes on Einstein's original remarks from the conference. They contain much of his 1935 EPR paper, except in 1927 only one particle is considered. Entanglement in EPR requires two identical particles.

   
[image: image-placeholder]

MR ElNSTEIN. - Despite being conscious of the fact that I have not entered
deeply enough into the essence of quantum mechanics, nevertheless I want to 
present here some general remarks.


One can take two positions towards the theory with respect to its postulated
domain of validity, which I wish to characterise with the aid of a simple example.


Let S be a screen provided with a small opening O (Fig. 2), and P a hemispherical
photographic film of large radius. Electrons impinge on S in the direction of the arrows. Some of these go through O, and because of the smallness of O and the speed of the particles, are dispersed uniformly over the directions of the hemisphere, and act on the film.


Both ways of conceiving the theory now have the following in common. There are de Broglie waves, which impinge approximately normally on S and are diffracted at O. Behind S there are spherical waves, which reach the screen P  and
whose intensity at P is responsible [massgebend] for what happens at P.


We can now characterise the two points of view as follows.


The waves give the probability or possibilities for a single electron being found at different locations in an ensemble of identical experiments. A wave does not describe a cloud of electrons as Schrödinger had hoped.


1. Conception I. - The de Broglie-Schrödinger waves do not correspond to a single electron, but to a cloud of electrons extended in space. The theory gives no information about individual processes, but only about the ensemble of an infinity of elementary processes.


The theory is not complete in this sense. It is a theory that makes probabilistic predictions that are confirmed perfectly by the statistics of many experiments. 


2. Conception II. - The theory claims to be a complete theory of individual processes. Each particle directed towards the screen, as far as can be determined by its position and speed, is described by a packet of de Broglie-Schrödinger waves of short wavelength and small angular width. This wave packet is diffracted and, after diffraction, partly reaches the film P in a state of resolution [un etat de resolution].


According to the first, purely statistical, point of view 
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 expresses the
probability that there exists at the point considered a particular particle of the cloud, for example at a given point on the screen.



By the same particle, Einstein means that the one individual particle has a possibility of being found at more than one (indeed many) locations on the screen. This is so.


According to the second, | ψ |2 expresses the probability that at a given instant
the same particle is present at a given point (for example on the screen). Here, 
the theory refers to an individual process and claims to describe everything that is governed by laws.

The second conception goes further than the first, in the sense that all the
information resulting from I results also from the theory by virtue of II, but
the converse is not true. It is only by virtue of II that the theory contains the
consequence that the conservation laws are valid for the elementary process; it is only from II that the theory can derive the result of the experiment of Geiger and Bothe, and can explain the fact that in the Wilson [cloud] chamber the droplets stemming from an α-particle are situated very nearly on continuous lines.



Einstein is right that the one elementary process has a possibility of action elsewhere, but that could not mean producing an actual second particle. That would contradict conservation laws.

The "mechanism" of action-at-a-distance is simply the disappearance of possibilities elsewhere when a particle is actualized (localized) somewhere  



But on the other hand, I have objections to make to conception II. The scattered
wave directed towards P does not show any privileged direction. If | ψ |2 were
simply regarded as the probability that at a certain point a given particle is found at 
a given time, it could happen that the same elementary process produces an action in two or several places on the screen. But the interpretation, according to which | ψ |2 expresses the probability that this particle is found at a given point, assumes an entirely peculiar mechanism of action at a distance, which prevents the wave continuously distributed in space from producing an action in two places on the
screen.


When a particle appears - just one of the multiple nonlocal possibilities becomes actual or localized - at a specific point P , what becomes of the wave that was going off to in all other directions? Its "collapse" - the instantaneous going to zero of probabilities - appears to Einstein to violate his relativity principle.

In my opinion, one can remove this objection only in the following way, that one
does not describe the process solely by the Schrödinger wave, but that at the same
time one localises the particle during the propagation. I think that Mr de Broglie is
right to search in this direction. If one works solely with the Schrödinger waves,
interpretation II of 
| ψ |2 implies to my mind a contradiction with the postulate of relativity.


The permutation of two identical particles does not produce two different points in multidimensional (configuration space). For example, interchange of the two electrons in the filled first electron shell, 1s2, just produces a change of sign for the two-particle wave function.   


I should also like to point out briefly two arguments which seem to me to speak against the point of view II. This [view] is essentially tied to a multi-dimensional representation (configuration space), since only this mode of representation makes
possible the interpretation of | ψ |2 peculiar to conception II. Now, it seems to me
that objections of principle are opposed to this multi-dimensional representation.
In this representation, indeed, two configurations of a system that are distinguished only by the permutation of two particles of the same species are represented by two different points (in configuration space), which is not in accord with the new results in statistics. Furthermore, the feature of forces of acting only at small spatial distances finds a less natural expression in configuration space than in the space of three or four dimensions.

   


Bohr's reaction to Einstein's presentation has been preserved. He didn't understand a word! He disingenuously claims he does not know what quantum mechanics is. His response is vague and ends with his vague ideas on complementarity and the inability to describe a causal spacetime reality.

   

Does Bohr really not understand? Einstein has been making this general point for many years. Only recently has Bohr taken Einstein's concept of light quanta seriously.


MR BOHR. I feel myself in a very difficult position because I don't understand what precisely is the point which Einstein wants to [make]. No doubt it is my fault.

As regards general problem I feel its difficulties. I would put [the] problem in [an]other way. I do not know what quantum mechanics is. I think we are dealing with some mathematical methods which are adequate for description of our experiments Using a rigorous wave theory we are claiming something which the theory cannot possibly give. [We must realise] that we are away from that state where we could hope of describing things on classical theories. [I] Understand [the] same view is held by Born and Heisenberg. I think that we actually just try to meet, as in all other theories, some requirements of nature, but [the} difficulty is that we must use words which remind [us] of older theories. The whole foundation for causal spacetime description is taken away by quantum theory, for it is based on [the] assumption of observations without interference. ... excluding interference means exclusion of experiment and the whole meaning of space and time observation ... because we [have] interaction [between object and measuring instrument] and thereby we put us on a quite different standpoint than we thought we could take in classical theories. If we speak of observations we play with a statistical problem There are certain features complementary to the wave pictures (existence of individuals). ...



The saying that spacetime is an abstraction might seem a philosophical triviality but nature reminds us that we are dealing with something of practical interest. Depends on how I consider theory. I may not have understood, but I think the whole thing lies [therein that the] theory is nothing else [but] a tool for meeting our requirements and I think it does.

   


Twenty-two years later, in his contribution to the Schilpp memorial volume on Einstein, Bohr had no better response to Einstein's 1927 concerns. But he does remember and provides a picture of what Einstein drew on the blackboard. 


Here is Bohr's 1949 recollection:




At the general discussion in Como, we all missed the presence of Einstein,
but soon after, in October 1927, I had the opportunity to meet him in Brussels
at the Fifth Physical Conference of the Solvay Institute, which was devoted
to the theme "Electrons and Photons." 

Note that they wanted Einstein's reaction to their work, but actually took little interest in Einstein's concern about the nonlocal implications of quantum mechanics.


At the Solvay meetings,
Einstein had from their beginning been a most prominent figure, and several
of us came to the conference with great anticipations to learn his reaction
to the latest stage of the development which, to our view, went far in
clarifying the problems which he had himself from the outset elicited so
ingeniously. During the discussions, where the whole subject was reviewed
by contributions from many sides and where also the arguments mentioned
in the preceding pages were again presented, Einstein expressed, however,
a deep concern over the extent to which a causal account in space and time
was abandoned in quantum mechanics. 
To illustrate his attitude, Einstein referred at one of the sessions
to the simple example, illustrated by Fig. 1, of a particle (electron or
photon) penetrating through a hole or a narrow slit in a diaphragm placed
at some distance before a photographic plate. 
[image: photon passes through a slit]

On account of the diffraction of the wave connected with the motion
of the particle and indicated in the figure by the thin lines, it is under
such conditions not possible to predict with certainty at what point the
electron will arrive at the photographic plate, but only to calculate the
probability that, in an experiment, the electron will be found within any
given region of the plate. 


The "nonlocal" effects at point B are just the probability of an electron being found at point B goes to zero instantly (as if an action at a distance) when an electron is localized at point A


The apparent difficulty, in this description,
which Einstein felt so acutely, is the fact that, if in the experiment
the electron is recorded at one point A of the plate, then it is out of
the question of ever observing an effect of this electron at another point
(B), although the laws of ordinary wave propagation offer no room for a
correlation between two such events. 



Although Bohr seems to have missed Einstein's point completely, Werner Heisenberg at least came to understand it very well. In his 1930 lectures at the University of Chicago, Heisenberg presented a critique of both particle and wave pictures, including a new example of nonlocality that Einstein had apparently developed since 1927. He wrote:

   

In relation to these considerations, one other idealized experiment (due to Einstein) may be considered. We imagine a photon which is represented by a wave packet built up out of Maxwell waves. It will thus have a certain spatial extension and also a certain range of frequency. By reflection at a semi-transparent mirror, it is possible to decompose it into two parts, a reflected and a transmitted packet. There is then a definite probability for finding the photon either in one part or in the other part of the divided wave packet. After a sufficient time the two parts will be separated by any distance desired; now if an experiment yields the result that the photon is, say, in the reflected part of the packet, then the probability of finding the photon in the other part of the packet immediately becomes zero. The experiment at the position of the reflected packet thus exerts a kind of action (reduction of the wave packet) at the distant point occupied by the transmitted packet, and one sees that this action is propagated with a velocity greater than that of light. However, it is also obvious that this kind of action can never be utilized for the transmission of signals so that it is not in conflict with the postulates of the theory of relativity.

   

Working backwards in time to Einstein's 1905 insight into nonlocality, we now review his amazing arguments about wave-particle duality in 1909.



Einstein greatly expanded his light-quantum hypothesis in a presentation at the Salzburg conference in September, 1909. He argued that the interaction of radiation and matter involved elementary processes that are not reversible, a deep insight into the irreversibility of natural processes. While incoming spherical waves of radiation are mathematically possible, they are not practically achievable. Nature appears to be asymmetric in time. He speculates that the continuous electromagnetic field might be made up of large numbers of light quanta - singular points in the field that superimpose to create the wavelike behavior.


Although he could not formulate a mathematical theory that does justice to both the oscillatory and quantum structures - the wave and particle pictures, Einstein argued that they are compatible. This was almost fifteen years before wave mechanics and quantum mechanics. And because gases behave statistically, he knows that the connection between wave and particles may involve probabilistic behavior, which he will prove in 1916. Here he is in 1909:




When light was shown to exhibit interference and diffraction, it seemed almost certain that light should be considered a wave.

The greatest advance in theoretical optics since the introduction of the oscillation theory was Maxwell's brilliant discovery that light can be understood as an electromagnetic process...One became used to treating electric and magnetic fields as fundamental concepts that did not require a mechanical interpretation.


This path leads to the so-called relativity theory. I only wish to bring in one of its consequences, for it brings with it certain modifications of the fundamental ideas of physics. It turns out that the inertial mass of an object decreases by L / c2 when that object emits radiation of energy L...the inertial mass of an object is diminished by the emission of light. 


Now Einstein looks for symmetry and equivalent treatment for interchangeable matter and energy.


The energy given up was part of the mass of the object. One can further conclude that every absorption or release of energy brings with it an increase or decrease in the mass of the object under consideration. Energy and mass seem to be just as equivalent as heat and mechanical energy. 

Relativity theory has changed our views on light. Light is conceived not as a manifestation of the state of some hypothetical medium, but rather as an independent entity like matter. Moreover, this theory shares with the corpuscular theory of light the unusual property that light carries inertial mass from the emitting to the absorbing object. Relativity theory does not alter our conception of radiation's structure; in particular, it does not affect the distribution of energy in radiation-filled space. 


Einstein is about to tell us that the distribution of energy in radiation-filled space may be similar in some respects to the distribution of particles in matter-filled space!


Nevertheless, with respect to this question, I believe that we stand at the beginning of a development of the greatest importance that cannot yet be surveyed. The statements that follow are largely my personal opinion, or the results of considerations that have not yet been checked enough by others. If I present them here in spite of their uncertainty, the reason is not an excessive faith in my own views, but rather the hope to induce one or another of you to deal with the questions considered.

In the kinetic theory of molecules, for every process in which only a few elementary particles participate (e.g., molecular collisions), the inverse process also exists. But that is not the case for the elementary processes of radiation. 


Incoming spherical waves (the advanced potential considered by Wheeler and Feynman in 1945) are never observed in nature. Radiation is irreversible, one of the arrows of time

According to our prevailing theory, an oscillating ion generates a spherical wave that propagates outwards. The inverse process does not exist as an elementary process. A converging spherical wave is mathematically possible, to be sure; but to approach its realization requires a vast number of emitting entities. The elementary process of emission is not invertible. In this, I believe, our oscillation theory does not hit the mark. Newton's emission theory of light seems to contain more truth with respect to this point than the oscillation theory since, first of all, the energy given to a light particle is not scattered over infinite space, but remains available for an elementary process of absorption.

Consider the laws governing the production of secondary cathode radiation by X-rays. If primary cathode rays impinge on a metal plate P1, they produce X-rays. If these X-rays impinge on a second metal plate P2, cathode rays are again produced whose speed is of the same order as that of the primary cathode rays. 


[image: image-placeholder]


As far as we know today, the speed of the secondary cathode rays depends neither on the distance between P1 and P2, nor on the intensity of the primary cathode rays, but rather entirely on the speed of the primary cathode rays. Let's assume that this is strictly true. What would happen if we reduced the intensity of the primary cathode rays or the size of P1 on which they fall, so that the impact of an electron of the primary cathode rays can be considered an isolated process? 


In his remarks after the talk, Johannes Stark confirmed that he had observed a single X-ray that traveled as far as ten meters and ejected a similar energy electron from P2.


If the above is really true then, because of the independence of the secondary cathode rays' speed on the primary cathode rays' intensity, we must assume that an electron impinging on P1 will either cause no electrons to be produced at P2, or else a secondary emission of an electron whose speed is of the same order as that of the initial electron impinging on P1. In other words, the elementary process of radiation seems to occur in such a way that it does not scatter the energy of the primary electron in a spherical wave propagating in every direction, as the oscillation theory demands.


That energy is possibly available "somewhere else" is the key idea of nonlocality that Einstein will present in 1927 at the Solvay conference


Rather, at least a large part of this energy seems to be available at some place on P2, or somewhere else. The elementary process of the emission of radiation appears to be directional. Moreover, one has the impression that the production of X-rays at P1 and the production of secondary cathode rays at P2 are essentially inverse processes.
Therefore, the constitution of radiation seems to be different from what our oscillation theory predicts. The theory of thermal radiation has given important clues about this, mostly by the theory on which Planck based his radiation formula...



Four years before the Bohr atom, Einstein imagines a radiative resonator (an atom) that can only emit or absorb his light quanta in units of hν. 
Planck's "monstrous assumption" is that the resonator/atoms could only have energy states as multiples of hν. We can ask why Bohr didn't refer to these similar ideas. Instead, Bohr refused to accept light quanta (photons) well into the 1920's



Planck's theory leads to the following conjecture. If it is really true that a radiative resonator can only assume energy values that are multiples of hν, the obvious assumption is that the emission and absorption of light occurs only in these energy quantities. On the basis of this hypothesis, the light-quanta hypothesis, the questions raised above about the emission and absorption of light can be answered. As far as we know, the quantitative consequences of this light-quanta hypothesis are confirmed. This provokes the following question. Is it not thinkable that Planck's radiation formula is correct, but that another derivation could be found that does not rest on such a seemingly monstrous assumption as Planck's theory? Is it not possible to replace the light-quanta hypothesis with another assumption, with which one could do justice to known phenomena? If it is necessary to modify the theory's elements, couldn't one keep the propagation laws intact, and only change the conceptions of the elementary processes of emission and absorption?

As far as I know, no mathematical theory has been advanced that does justice to both its oscillatory structure and its quantum structure...


Anyway, this conception seems to me the most natural: that the manifestation of light's electromagnetic waves is constrained at singularity points, like the manifestation of electrostatic fields in the theory of the electron. It cannot be ruled out that, in such a theory, the entire energy of the electromagnetic field could be viewed as localized in these singularities, just like the old theory of action-at-a-distance. I imagine to myself, each such singular point surrounded by a field that has essentially the same character as a plane wave, and whose amplitude decreases with the distance between the singular points. If many such singularities are separated by a distance small with respect to the dimensions of the field of one singular point, their fields will be superimposed, and will form in their totality an oscillating field that is only slightly different from the oscillating field in our present electromagnetic theory of light. Of course, it need not be emphasized that such a picture is worthless unless it leads to an exact theory. I only wished to illustrate that the two structural properties of radiation according to Planck's formula (oscillation structure and quantum structure) should not be considered incompatible with one another.

   


Now, back to 1905.  Einstein's three 1905 papers on relativity, Brownian motion, and the light-quantum hypothesis (mischaracterized by many historians as the photo-electric effect), not only quantize the radiation field (Planck had only quantized matter, the virtual oscillators), but they also show on a careful reading that Einstein was concerned about faster-than-light actions thirty years before his Einstein-Podolsky-Rosen paper popularized the mysteries and paradoxes of quantum nonlocality and entanglement. 


Despite his foundational work quantizing radiation, Einstein rarely gets any credit for his contributions. There are a number of important reasons for this, which lead historians of quantum theory to start with Planck's quantum of action, then jump over Einstein's 1905 papers and his 1909 work on wave-particle duality to Niels Bohr's "old quantum theory" of the atom in 1913. Today, Bohr's "quantum jump" of an electron between stationary states is described as emitting or absorbing a "photon" of energy hν. In actuality, Bohr fought against Einstein's light-quantum hypothesis until the mid-1920's.


Besides quantizing energy and seeing the interchangeability of radiation and matter, E = mc2, Einstein was the first scientist to see many of the most fundamental aspects of quantum physics, e.g., nonlocality and (the appearance of) instantaneous action-at-a-distance (1905), wave-particle duality (1909), statistical elementary processes that introduce indeterminism and acausality whenever matter and radiation interact (1916-17), coherence, interference, and the indistinguishability of elementary particles (1925), and the nonseparability and entanglement of interacting particles (1935). 


Ironically, and even tragically, Einstein could never accept most of his quantum discoveries, because they conflicted with his basic idea that nature is best described by a continuous field theory using differential equations that are functions of "local" variables, primarily the space-time four-vector of his general relativistic theory. Einstein's idea of a "local" reality is one where "action-at-a-distance" is limited to causal effects that propagate at or below the speed of light, according to his theory of relativity. He also famously disliked indeterminism ("God does not play dice").


Einstein's believed that quantum theory, as good as it is (and he saw nothing better), is "incomplete" because its statistical predictions (phenomenally accurate in the limit of large numbers of identical experiments - "ensembles" Einstein called them), tell us nothing about individual systems. 


Even worse, he thought that the wave functions of entangled systems predict faster-than-light correlations of properties between events in a space-like separation, violating his theory of relativity. This was the heart of his famous EPR paradox paper in 1935 (which introduced the concept of nonseparability), but we shall now see that Einstein was already concerned about faster-than-light transfer of energy in his very first paper on quantum theory. 



The light-quantum hypothesis (1905)



How can energy spread continuously over a large volume later be absorbed in its entirety, without contradicting 
his principle of relativity? 
Einstein sees this, but does not say so explicitly, as we saw above, until 1927. 


The energy 
of a ponderable body cannot be subdivided into 
arbitrarily many or arbitrarily small parts, while 
the energy of a beam of light from a point source 
(according to the Maxwellian theory of light or, 
more generally, according to any wave theory) is 
continuously spread over an ever increasing 
volume. 

The wave theory of light, which operates with 
continuous spatial functions, has worked well in 
the representation of purely optical phenomena 
and will probably never be replaced by another 
theory. It should be kept in mind, however, that 
the optical observations refer to time averages 
rather than instantaneous values. In spite of the 
complete experimental confirmation of the theory 
as applied to diffraction, reflection, refraction, 
dispersion, etc., it is still conceivable that the 
theory of light which operates with continuous 
spatial functions may lead to contradictions 
with experience when it is applied to the phenomena of emission and transformation of light.


It seems to me that the observations associated 
with blackbody radiation, fluorescence, the 
production of cathode rays by ultraviolet light, 
and other related phenomena connected with the 
emission or transformation of light are more 
readily understood if one assumes that the energy 
of light is discontinuously distributed in space. 


In particular, the photoelectric effect showed discontinuous discrete light quanta, though it was doubted until the Compton Effect in 1923.



In accordance with the assumption to be considered here, the energy of a light ray spreading 
out from a point source is not continuously 
distributed over an increasing space but consists 
of a finite number of energy quanta which are 
localized at points in space, which move without 
dividing, and which can only be produced and 
absorbed as complete units. 

We therefore arrive at the conclusion: the 
greater the energy density and the wavelength 
of a radiation, the more useful do the theoretical 
principles we have employed turn out to be; for 
small wavelengths and small radiation densities, 
however, these principles fail us completely.



Thermodynamically, radiation behaves like a gas. 
Light cannot be spread out continuously in all directions 
if the energy is absorbed as a unit that ejects a photo-electron in the photo-electric effect. 


[W]e further conclude that: Monochromatic radiation of low density (within the 
range of validity of Wien's radiation formula) 
behaves thermodynamically as though it consisted of a number of independent energy quanta.

The usual conception, that the energy of light 
is continuously distributed over the space 
through which it propagates, encounters very 
serious difficulties when one attempts to explain 
the photoelectric phenomena,



Why did Bohr not see in 1913, or Einstein point out to him, that when an electron in an atom absorbs or emits energy, the jumping electron is accompanied by a single light quantum?


According to the concept that the incident 
light consists of energy quanta..., however, one can conceive of the ejection 
of electrons by light in the following way. Energy 
quanta penetrate into the surface layer of the 
body, and their energy is transformed, at least in 
part, into kinetic energy of electrons. The simplest 
way to imagine this is that a light quantum 
delivers its entire energy to a single electron; we 
shall assume that this is what happens. 
   

Summary



We have shown that ever since Einstein hypothesized that light consists of small quanta of energy, he was concerned about a conflict with the picture of light as a wave.  He saw that in many places distant from the point in space and time where the quantum actually appears as a detected particle, at that instant or a moment before, there existed the possibility (or probability) that the particle might have appeared somewhere else, somewhere separated in space so far as to prohibit signals from the detected quantum to that distant point where the particle did not appear. 

How, he asked, or what sort of "action-at-a-distance" suppressed some sort of action happening at one of those other places where the probability of appearance had been non-zero? While Einstein is vague about the action that he has in mind, it is at least the disappearance, the sudden going to zero, of that probability. He cannot be imagining a second appearance of a particle. That would violate conservation of energy. He may be thinking of the interpretation of the wave function as representing some kind of knowledge about where the associated particle is likely to be found. How does that "knowledge" at the distant point or possible points "learn" that the particle will not in fact be appearing there? 


Why does Einstein think that anything is needed beyond the fact that in this particular experiment, it appeared where it did and nowhere else?  


Many years after the Einstein-Podolsky-Paradox paper, Einstein described what he saw as spooky action at a distance.

But today we can confidently say that although there is no physical action at a distance traveling faster than light, there is definitely nonlocal behavior in the mysterioustwo-slit experiment and in two-particle quantum entanglement.



Scattering is better understood as the absorption and rapid 
re-emission of a photon, as pointed out by Einstein and Paul Ehrenfest in 1933, in response to an article by Wolfgang Pauli 

Source: https://www.informationphilosopher.com/problems/nonlocality/
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Alternative Possibilities are one of the key requirements for the freedom component of free will, critically needed for libertarian free will. They allow for what William James called open and ambiguous futures. 

The old page on Harry Frankfurt's denial of the Principle of Alternate Possibilities (PAP) can be found here. This Possibilities page is now about the philosophical difference between "possibilities" (especially those never realized) and the one realized "actuality."

The existential and ontological status of mere "possibilities" has been debated by philosophers for many centuries. Diodorus Cronus dazzled his contemporaries in the fourth century BCE with sophisticated logical arguments, especially paradoxes, that logically "proved" there could be only one possible future. 


Diodorus' Master Argument is a set of propositions designed to show that the actual is the only possible and that some true statements about the future imply that the future is already determined. This follows logically from his observation that if something in the future is not going to happen, it must have been that statements in the past that it would not happen must have been true.


Modern day "actualists" include Daniel Dennett, for whom determinism guarantees that the actual outcome is and always was the only possible outcome. Dennett, as dazzling as Diodorus, cleverly asks "Change the future? From what to what?"



The ancient philosophers debated the distinction between necessity and contingency (between the a priori and the a posteriori). Necessity includes events or concepts that are logically necessary and physically necessary, contingency those that are logically or physically possible. In the middle ages and the enlightenment, necessity was often contrasted with freedom. In modern times it is often contrasted with mere chance. 

Causality is often confused with necessity, as if a causal chain requires a deterministic necessity. But we can imagine chains where the linked causes are statistical, and modern quantum physics tells us that all events are only statistically caused, even if for large macroscopic objects the statistical likelihood approaches certainty for all practical purposes. The apparent deterministic nature of classical mechanical laws is only an "adequate" determinism, true for macroscopic objects which are large enough, massive enough, to contain so many elementary particles that the indeterministic quantum effects of individual average out.


In modern philosophy, modal theorists like David Lewis discuss counterfactuals that might be true in other "possible worlds." Lewis' work at Princeton may have been inspired by the work of Princeton scientist Hugh Everett III. Everett's interpretation of quantum mechanics replaces the "collapse" of the wave function with a "splitting" of this world into multiple worlds, in each of which everything is completely determined!


The Ontological Status of Alternative Possibilities 


Whereas Actualities are physical events involving material bodies, possibilities normally have no material content. They are immaterial, like our thoughts and ideas. In particular, they are predictions about the future in a universe with multiple possible futures. Actualists (from Diodorus to Dennett) are determinists who believe that the only possible future is the one future that will actually happen. 


Quantum Mechanics and Alternative Possibilities


According to the Schrödinger equation of motion, the time evolution of the wave function describes a "superposition" of possible quantum states. Standard quantum mechanics says that interaction of the quantum system with other objects causes the system to collapse into one of those possible states, with probability given by the square of the "probability amplitude." 


One very important kind of interaction is a measurement by an "observer."


In standard quantum theory, when a measurement is made, the quantum system is "projected" or "collapsed" or "reduced" into a single one of the system's allowed states. If the system was "prepared" in one of these "eigenstates," then the measurement will find it in that state with probability one (that is, with certainty).


However, if the system is prepared in an arbitrary state ψa, this state can be represented as being in a linear combination of the system's basic eigenstates φn. 
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The system ψa is said to be in "superposition" of those basic states φn. The probability Pn of its being found in a particular state φn is
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These probabilities and their information content are ontologically similar to our thoughts and ideas — immaterial predictions about future material events. The astonishing mathematical accuracy of these predictions about the future might appear to put them in the same category as logical statements and mathematical proofs.


But this is not so. Physical theories are only tested statistically, by comparison to the outcomes of large numbers of identical experiments. Scientific theories are not "proven" true or false, neither mathematically nor logically by reasoned arguments. Information philosophy goes "beyond logic and language" to solve great problems in philosophy and physics. 


Possibilities and the Existence of Particle Properties in Quantum Mechanics


When a quantum measurement is made on a system in a superposition of states, which state the system collapses into is quantum random. The means that the particular state did not exist before the measurement. There is no objective reality as Albert Einstein hoped. As the Copenhagen interpretation claimed, the property is brought into existence by the measurement. It creates new information in the universe.
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Source: https://www.informationphilosopher.com/freedom/possibilities.html
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Recurrence

The idea that the macroscopic conditions in the world will repeat after some interval of time is an ancient idea, but it plays a vital role in modern physics as well.

Ancient middle eastern civilizations called it the Great Year. They calculated it as the time after which the planets would realign themselves in identical positions in the sky.



The Great Year should not be confused with the time that the precession of the equinoxes takes to return the equinoxes to the same position along the Zodiac - although this time (about 26,000 years) is of the same order of magnitude as one famous number given by Babylonian astronomers for the Great Year (36,000 years).

Many societies have the concept of the Great Year, but none did calculations as carefully as the Babylonians. But since the planets orbital periods are not really commensurate, they kept increasing the time for the Great Year in the search for a better recurrence time.


The Greek and Roman Stoics thought the Great Year was a sign of the rule of law in nature and the God of reason that lay behind nature.


Nietsche's Eternal Return


In modern philosophy, Friedrich Nietzsche described an eternal return in his Also Sprach Zarathustra. 

Zermelo's Paradox 


Zermelo's paradox was a criticism of Ludwig Boltzmann's H-Theorem, his failed attempt to derive the increasing entropy required by the second law of thermodynamics from basic classical dynamics. 

It was the second "paradox" attack on Boltzmann. The first was  Josef Loschmidt's claim that entropy would be reduced if time were reversed. This is the problem of microscopic reversibility.


The two problems of reversibility (Loschmidt's paradox or Umwiederkehreinwand) and recurrence (Zermelo's Paradox or Wiederkehreinwand) were both raised by 19th-century critics against Boltzmann's failed H-theorem attempt to explain the increase of thermodynamic entropy.

Ernst Zermelo was an extraordinary mathematician. He was (in 1908) the founder of axiomatic set theory, which with the addition of the axiom of choice (also by Zermelo, in 1904) is the most common foundation of mathematics. The axiom of choice says that given any collection of sets, one can find a way to unambiguously select one object from each set, even if the number of sets is infinite.


Before this amazing work, Zermelo was a young associate of Max Planck in Berlin, one of many German physicists who opposed the work of Boltzmann to establish the existence of atoms. 


Zermelo's criticism was based on the work of Henri Poincaré, an expert in the three-body problem, which, unlike the problem of two particles, has no exact analytic solution. Where two-bodies can move in paths that may repeat exactly after a certain time, three bodies may only come arbitrarily close to an initial configuration, given enough time.


Poincaré had been able to establish limits or bounds on the possible configurations of the three bodies from conservation laws. Planck and Zermelo applied some of Poincaré's thinking to the n particles in a gas. They argued that given a long enough time, the particles would return to a distribution in "phase space" (a 6n dimensional space of possible velocities and positions) that would be indistinguishable from the original distribution. This is called the Poincaré "recurrence time."


Thus, they argued, Boltzmann's formula for the entropy would at some future time go back down, vitiating Boltzmann's claim that his measure of entropy always increases - as the second law of thermodynamics requires. Poincaré' described his view in 1890.




A theorem, easy to prove, tells us that a bounded world, governed only by the laws of mechanics, will always pass through a state very close to its initial state. On the other hand, according to accepted experimental laws (if one attributes absolute validity to them, and if one is willing to press their consequences to the extreme), the universe tends toward a certain final state, from which it will never depart. In this final state, which will be a kind of death, all bodies will be at rest at the same temperature.

I do not know if it has been remarked that the English kinetic theories can extricate themselves from this contradiction. The world, according to them, tends at first toward a state where it remains for a long time without apparent change; and this is consistent with experience; but it does not remain that way forever, if the theorem cited above is not violated; it merely stays there for an enormously long time, a time which is longer the more numerous are the molecules. This state will not be the final death of the universe, but a sort of slumber, from which it will awake after millions of millions of centuries.



According to this theory, to see heat pass from a cold body to a warm one, it will not be necessary to have the acute vision, the intelligence, and the dexterity of Maxwell's demon; it will suffice to have a little patience.

One would like to be able to stop at this point and hope that some day the telescope will show us a world in the process of waking up, where the laws of thermodynamics are reversed.





Poincaré's "little patience" would be severely tried by Boltzmann's calculation that even a small number of particles would not recur in his "millions and millions of centuries"

Boltzmann replied that his argument was statistical. He only claimed that entropy increase was overwhelmingly more probable than Zermelo's predicted decrease. Boltzmann calculated the probability of a decrease of a very small gas of only a few hundred particles and found the time needed to realize such a decrease was many orders of magnitude larger than the presumed age of the universe.


The idea that a macroscopic system can return to exactly the same physical conditions is closely related to the idea that an agent may face "exactly the same circumstances" in making a decision. Determinists maintain that given the "fixed past" and the "laws of nature" that the agent would have to make exactly the same decision again.



The Extreme Improbability of Perfect Recurrence


In a classical deterministic universe, such as that of Laplace, where information is constant, Zermelo's recurrence is mathematically possible. Given enough time, the universe can return to the exact circumstance of any earlier instant of time, because it contains the same amount of matter, energy, and information.
[image: image-placeholder]

But, in the real universe, David Layzer has argued that information (and the material content of the universe) expands from a minimum at the origin, to ever larger amounts of information. Consequently, it is statistically and realistically improbable (if not impossible) for the universe as a whole to return to exactly the same circumstance of any earlier time. 

[image: image-placeholder]

Arthur Stanley Eddington was probably the first to see that the expanding universe provides a resolution to Zermelo's objection to Boltzmann.


By accepting the theory of the expanding universe we are relieved of one conclusion which we had felt to be intrinsically absurd. It was argued that every possible configuration of atoms must repeat itself at some distant date. But that was on the assumption that the atoms will have only the same choice of configurations in the future that they have now. In an expanding space any particular congruence becomes more and more improbable. The expansion of the universe creates new possibilities of distribution faster than the atoms can work through them, and there is no longer any likelihood of a particular distribution being repeated. If we continue shuffling a pack of cards we are bound sometime to bring them into their standard order — but not if the conditions are that every morning one more card is added to the pack.


H. Dieter Zeh also sees that the age of the universe being much less than the Poincaré recurrence time may invalidate the recurrence objection.


Another argument against the statistical interpretation of irreversibility, the recurrence objection (or Wiederkehreinwand), was raised much later by Ernst Friedrich Zermelo, a collaborator of Max Planck at a time when the latter still opposed atomism, and instead supported the 'energeticists', who attempted to understand energy and entropy as fundamental 'substances'. This argument is based on a mathematical theorem due to Henri Poincaré, which states that every bounded mechanical system will return as close as one wishes to its initial state within a sufficiently large time. The entropy of a closed system would therefore have to return to its former value, provided only the function F(z) is continuous. This is a special case of the quasiergodic theorem which asserts that every system will corne arbitrarily close to any point on the hypersurface of fixed energy (and possibly with other fixed analytical constants of the motion) within finite time.

While all these theorems are mathematically correct, the recurrence objection fails to apply to reality for quantitative reasons. The age of our Universe is much smaller than the Poincaré recurrence times even for a gas consisting of no more than a few tens of particles. Their recurrence to the vicinity of their initial states (or their coming close to any other similarly specific state) can therefore be excluded in practice. Nonetheless, some 'foundations' of irreversible thermodynamics in the literature rely on formal idealizations that would lead to strictly infinite Poincaré recurrence times (for example the 'thermodynamical limit' of infinite particle number). Such assumptions are not required in our Universe of finite age, and they would not invalidate the reversibility objection (or the equilibrium expectation, mentioned above). However, all foundations of irreversible behavior have to presume some very improbable initial conditions...


In order to reverse the thermodynamical arrow of time in a bounded system, it would not therefore suffice to "go ahead and reverse all momenta" in the system itself, as ironically suggested by Boltzmann as an answer to Loschmidt. In an interacting Laplacean universe, the Poincaré cycles of its subsystems could in general only be those of the whole Universe, since their exact Hamiltonians must always depend on their time-dependent environment.







Source: https://www.informationphilosopher.com/problems/recurrence/
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Reversibility
Max Planck long suspected that it was the interaction between matter and radiation that caused the entropy increase required by the second law of thermodynamics.


We can illustrate this with a collision between matter particles that changes the quantum state of either or both particles.


Classical and Quantum Collisions


We compare two-particle collisions in classical mechanics with collisions that excite internal energy levels of one atom to emit a photon shortly after the collision. This could equally be the absorption of a photon or a change in the internal quantum states of one particle. 


For example, if the particles are atoms, they should be treated as a "quasi-molecule" using molecular wave functions. Rotational quantum states are low energy relative to electronic states. A rotational state change would add one unit ℏ of angular momentum, randomizing future particle paths, erasing past path information.

[image: image-placeholder]

Loschmidt's Paradox 


Loschmidt's criticism was based on the simple idea that the laws of classical dynamics are time reversible. Consequently, if we just turned the time around, the time evolution of the system should lead to decreasing entropy. Of course we cannot turn time around, but a classical dynamical system will evolve in reverse if all the particles could have their velocities exactly reversed. Apart from the practical impossibility of reversing particle directions, Loschmidt had shown that in principle systems could exist for which the entropy should decrease instead of increasing. This is called Loschmidt's "Reversibility Objection" (Umwiederkehreinwand) or "Loschmidt's  paradox." We call it the problem of microscopic reversibility. 




Microscopic time reversibility is one of the foundational assumptions of both classical mechanics and quantum mechanics. It is mistakenly thought to be the basis for the "detailed balancing" of chemical reactions in thermodynamic equilibrium. In fact microscopic reversibility is an assumption that is only statistically valid in the same limits as any "quantum to classical transition." This is the limit when the number of particles is large enough that we can average over quantum effects. Quantum events also approach classical behavior in the limit of large quantum numbers, which Niels Bohr called the "correspondence principle."

What "detailed balancing" means is that in thermodynamic equilibrium, the number of forward reactions is exactly balanced by the number of reverse reactions. And this is correct. 
But microscopic reversibility, while still true when considering averages over time, should not be confused with the time reversibility of a specific individual collision between particles.


We will examine the collision of two atoms and show that if their velocities are reversed at some time after the collision, it is highly improbable that they will retrace their paths. This does not mean that, given enough particle collisions, there will not be statistically many collisions that are essentially the same as the "reverse collisions" needed for detailed balancing in chemical reactions, for transport processes with the Boltzmann equation, and for Lars Onsager's reciprocity relations in non-equilibrium conditions.



The Origin of Irreversibility



Our careful quantum analysis shows that time reversibility fails even in the most ideal conditions (the simplest case of two particles in collision), provided internal quantum structure or the quantum-mechanical interaction with radiation is taken into account. So we find that Max Planck's intuition was correct.

But it was Albert Einstein who was the first to see how this might work, perhaps as early as his 1909 extension of work on the photoelectric effect but definitely in his 1916-17 work on the emission and absorption of radiation. This was the work in which Einstein showed that quantum theory implies ontological chance, which he famously disliked, ("God does not play dice!"). 


This work is sometimes cited as a proof of detailed balancing and microscopic reversibility. (Wikipedia, for example.) In fact, Einstein started with  Boltzmann's assumption of detailed balancing, along with the "Boltzmann principle" that the probability of states with energy E is reduced by the exponential "Boltzmann factor," 
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, to derive his transition probabilities for emission and absorption of radiation. 


In the same paper, Einstein derived Planck's radiation law (one of his four independent derivations of the radiation law) and Niels Bohr's second "quantum postulate" 
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. But Einstein distinctly denied any symmetry in the elementary processes of emission and absorption. The isotropic symmetry of detailed balancing is the result of averaging over a large number of such processes.He called it pseudo-isotropy (Pseudoisotropie).


As early as 1909, Einstein noted that the elementary process of emission is not "invertible," not time reversible. There are outgoing spherical waves of radiation, but incoming spherical waves are never seen.


While in the kinetic theory of molecules, for every process in which only a few elementary particles participate (e.g., molecular collisions), the inverse process also exists. But that is not the case for the elementary processes of radiation. According to our prevailing theory, an oscillating ion generates a spherical wave that propagates outwards. The inverse process does not exist as an elementary process. A converging spherical wave is mathematically possible, to be sure; but to approach its realization requires a vast number of emitting entities. The elementary process of emission is not invertible. In this, I believe, our oscillation theory does not hit the mark. Newton's emission theory of light seems to contain more truth with respect to this point than the oscillation theory since, first of all, the energy given to a light particle is not scattered over infinite space, but remains available for an elementary process of absorption...
  

In a deterministic universe, the path information needed to predict the future motions of all particles would be preserved. If information is a conserved quantity, the future and the past are all contained in the present. The information about future paths is precisely the same information that, if reversed, would predict microscopic reversibility of each and every collision.
The introduction of ontological probabilities and statistics would deny such determinism. If the motions of particles have a chance element, such determinism can not exist. And this is exactly what Einstein did in his papers on the emission and absorption of radiation by matter. He found that quantum theory implies ontological chance. A "weakness in the theory," he called it.



What we might call Einstein's "radiation asymmetry" was introduced with these words,


When a molecule absorbs or emits the energy
ε in the form of radiation during the transition between quantum theoretically possible
states, then this elementary process can be viewed either as a completely or partially
directed one in space, or also as a symmetrical (nondirected) one. It turns out that we
arrive at a theory that is free of contradictions, only if we interpret those elementary
processes as completely directed processes.

Before Einstein the common view of light was that it is radiated in all directions (isotropically) as waves. After 1916, it was known by some, but very few took it seriously, that light is spontaneously emitted as what Einstein called "light quanta" (now known as photons), each in a single and random direction. Spontaneous emissions also occur at random times, exactly like radioactive decays, and for the same reasons.


This randomness is the basis of all chance in the universe. Einstein discovered it ten years before Werner Heisenberg claimed that his "uncertainty principle" had introduced indeterminism and eliminated causality in physics.


Note that Einstein's chance is ontological. Heisenberg's uncertainty is epistemological, the result of limited resolving power in the measurement apparatus.


The elementary process of the emission and absorption of radiation is asymmetric, because the process is directed, as Einstein had explicitly noted first in 1909, and we think he may have seen as early as 1905 in his analysis of the photoelectric effect. The apparent isotropy of the emission of radiation is only what Einstein called "pseudo-isotropy" (Pseudoisotropie), a consequence of time averages over large numbers of events. Einstein often substituted time averages of a single system with "space" averages, or averages over a large "ensemble" of identical systems, as had J. Willard Gibbs in his statistical mechanics.




a quantum theory free
from contradictions can only be obtained if the emission process, just
as absorption, is assumed to be directional. In that case, for each
elementary emission process Zm->Zn a momentum of magnitude
(εm—εn)/c is transferred to the molecule. If the latter is isotropic, we
shall have to assume that all directions of emission are equally probable. 

If the molecule is not isotropic, we arrive at the same statement if the
orientation changes with time in accordance with the laws of chance.
Moreover, such an assumption will also have to be made about the
statistical laws for absorption, (B) and (B'). Otherwise the constants
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 would have to depend on the direction, and this can be
avoided by making the assumption of isotropy or pseudo-isotropy
(using time averages). 



Now the principle of microscopic reversibility is a fundamental assumption of both classical and quantum statistical mechanics. It underlies the principle of "detailed balancing," which is critical to the understanding of chemical reactions. In thermodynamic equilibrium, the number of forward reactions is exactly balanced by the number of reverse reactions.


But microscopic reversibility, while true in the sense of averages over time, should not be confused with the reversibility of individual collisions between molecules.


The equations of classical dynamics are reversible in time. And the deterministic Schrödinger equation of motion in quantum mechanics is also time reversible. But the interactions of photons and material particles like electrons and atoms are distinctly not reversible, whenever transitions between quantum states occur! Transitions involve "">collapses" of the wave function, which are not reversible. 


An explanation of microscopic irreversibility in atomic and molecular collisions would provide the needed justification for Ludwig Boltzmann's assumption of "molecular disorder" and strengthen his H-Theorem. This is what we hope to do.


In quantum mechanics, microscopic time reversibility is assumed true by most scientists because the deterministic Schrödinger equation itself is time reversible. But the Schrödinger equation only describes the deterministic time evolution of the probabilities of various quantum events, which are themselves not deterministic and not reversible. 


When an actual event occurs, the probabilities of multiple possible events collapse to the actual occurrence of one event. In quantum mechanics, this is the irreversible collapse of the wave function that John von Neumann called "Process 1."



Treating two atoms as a temporary molecule means we must use molecular, rather than atomic, wave functions. The quantum description of the molecule now transforms the six independent degrees of freedom into three for the molecule's center of mass and three more that describe vibrational and rotational quantum states.


The possibility of quantum transitions between closely spaced vibrational and rotational energy levels in the "quasi-molecule' introduces indeterminacy in the future paths of the separate atoms. The classical path information needed to ensure the deterministic dynamical behavior has been partially erased. The memory of the past needed to predict the "determined" future has been lost.


Even assuming the practical impossibility of a perfect classical time reversal, in which we simply turn the two particles around, quantum physics would require two measurements to locate the two particles, followed by two state preparations to send them in the opposite direction. These could only be made within the precision of Heisenberg's uncertainty principle and so could not perfectly produce microscopic reversibility, which is thus only a classical idealization, like the idea of determinism..


Heisenberg indeterminacy puts calculable limits on the accuracy with which perfect reversed paths can be achieved. 
[image: image-placeholder]

Let us assume this impossible task can be completed, and it sends the two particles into the reverse collision paths. But on the return path, there is only a finite probability that a "sum over histories" calculation will produce the same (or exactly reversed) quantum transitions between vibrational and rotational states that occurred in the first collision.


Thus a quantum description of a two-particle collision establishes the microscopic irreversibility that Boltzmann sometimes described as his assumption of "molecular disorder." In his second (1877) derivation of the H-theorem, Boltzmann used a statistical approach and the molecular disorder assumption to get away from the time-reversibility assumptions of classical dynamics.


We must develop a deep insight into Einstein's asymmetry between light and matter, one that was appreciated as early as the 1880's by Max Planck's great mentor Gustave Kirchhoff, but was not understood in quantum mechanical terms until Einstein's understanding of nonlocality and the relation between waves and particles in 1909.. 


It is still ignored in quantum statistical mechanics by those who mistakenly think that the time reversible Schrödinger equation means microscopic interactions are reversible.


Maxwell and Boltzmann had shown that collisions between material particles, analyzed statistically, cause the distribution of positions and velocities to approach their equilibrium Maxwell-Boltzmann distribution.


A bit later, Kirchhoff and Planck knew that an extreme non-equilibrium distribution of radiation, for example a monochromatic radiation field, will remain out of equilibrium indefinitely. But if that radiation interacts with even the tiniest amount of matter, a speck of carbon black was their example, all the wavelengths of the spectrum - the Kirchhoff law - soon appear. 


So we can say that the approach to equilibrium of a radiation field has the same origin of irreversibility as that of matter. 

Radiation without matter cannot equilibrate. Photons do not interact, except at the extremely high energies where they can convert to matter and anti-matter.


Our new insight is that matter without radiation also cannot equilibrate in a way that escapes the reversibility and recurrence objections, as is taught in every textbook and review article on statistical mechanics to this day.


It is thus the irreversible interaction of the two, light and matter, photons and electrons, that lies behind the increase of entropy in the universe. The second law of thermodynamics would not explain the increase of entropy except for the microscopic irreversibility that we have shown to be the case.


Microscopic irreversibility not only explains the second law, it validates Boltzmann's brilliant assumption of "molecular disorder" to justify his statistical arguments.



Zermelo's Paradox
Zermelo's paradox was a later criticism of Ludwig Boltzmann's attempt to derive the increasing entropy required by the second law of thermodynamics. It also involves time. Assuming infinite available time, a finite universe with fixed matter, energy, and information will at some point return to any given earlier state. 

We now know that even a finite part of the universe cannot return to exactly the same state, because the surrounding universe will have aged and be in a different information state. This is the information philosophy solution to the problem of eternal recurrence, as seen by Arthur Stanley Eddington and H. Dieter Zeh.  



References
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Information physics claims that microscopic reversibility is actually extremely unlikely and that the intrinsic path information in particles needed to reduce entropy is erased by matter-radiation interactions or by internal quantum transitions in the colliding atoms considered as a "quasi"-molecule.
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"Free Will" - in scare quotes - refers to the common but mistaken notion that the adjective "free" modifies the concept "will." In particular, it indicates that the element of chance, one of the two requirements for free will is present in the determination of the will itself.

Critics of "libertarian free will" usually adopt this meaning in order to attack the idea of randomness in our decisions, which clearly would not help to make us morally responsible. 



Unfortunately, even defenders of libertarian free will (Robert Kane, for example) continue to add indeterminism into the decision itself, making such free will  "unintelligible" by their own account.


Despite their claim that they are better equipped than scientists to make conceptual distinctions and evaluate the cogency of arguments, professional philosophers have mistakenly conflated the concepts of "free" and "will." They (con)fuse them with the muddled term "free will," despite clear warnings from John Locke that this would lead to confusion. 


Locke said very clearly, as had some ancients like Lucretius, it is not the will that is free (in the sense of undetermined), it is the mind. 


John Locke liked the idea of Freedom and Liberty. He thought it was inappropriate to describe the Will itself as Free. The Will is a Determination. It is the Man who is Free. "I think the question is not proper, whether the will be free, but whether a man be free." "This way of talking, nevertheless, has prevailed, and, as I guess, produced great confusion," he said. It has and still does produce confusion


In chapter XXI, Of Power, in his Essay Concerning Human Understanding, Locke calls the question of Freedom of the Will unintelligible. But for Locke, it is only because the adjective "free" applies to the agent, not to the will, which is determined by the mind, and determines the action.  



  Concerning a man's liberty, there yet, therefore, is raised this further question, Whether a man be free to will? which I think is what is meant, when it is disputed whether the will be free. (s.22)

This, then, is evident, That a man is not at liberty to will, or not to will, anything in his power. (s.24)



Freedom of human action requires the randomness of absolute chance to break the causal chain of determinism, yet the conscious knowledge that we are adequately determined to be responsible for our choices.

    Freedom requires some events that are not causally determined by immediately preceding events, events that are unpredictable by any agency, events involving quantum uncertainty. These random events create alternative possibilities for action.
   
Randomness is the "free" in free will.
   

In short, there must be a Randomness Requirement, unpredictable chance events that break the causal chain of determinism. Without this chance, our actions are simply the consequences of events in the remote past. This randomness must be located in a place and time that enhances free will, one that does not reduce it to pure chance. 

(Determinists do not like this requirement.)



    Freedom also requires an adequately determined will that chooses or selects from those alternative possibilities. There is effectively nothing uncertain about this choice. 
   
Adequate determinism is the "will" in free will.
   

So there is also a Determinism Requirement - that our actions be adequately determined by our character and values. This requires that any randomness not be the direct cause of our actions. (Libertarians do not like this requirement.)


    Adequate determinism means that randomness in our thoughts about alternative possibilities does not directly cause our actions.


    A random thought can lead to a determined action, for which we can take full responsibility.



   We must admit indeterminism

but not permit it to produce random actions

as Determinists mistakenly fear.


We must also limit determinism

but not eliminate it as Libertarians mistakenly think necessary.  

   




Philosophers of logic and language are further muddled in their argument that if determinism is false, indeterminism is true. This is of course logically correct. Strict causal determinism with a causal chain of necessary events back to an Aristotelian first cause is indeed false, and modern philosophers know it, though most hold out hope that the quantum mechanical basis of such indeterminism will be disproved someday. Many analytic simply declare themselves agnostic on the truth or falsity of determinism, missing the empirical point. 

These agnostic philosophers go on to argue that the principle of bivalence requires that since determinism and indeterminism are logical contradictories, only one of them can be true. The law of the excluded middle allows no third possibility. Now since neither determinism nor indeterminism allow the kind of free will that supports moral responsibility, they claim that free will is unintelligible or an illusion. This is the standard argument against free will.
 


The practical empirical situation is much more complex than such simple black and white logical linguistic thinking can comprehend. Despite quantum uncertainty, there is clearly adequate determinism in the world, enough to permit the near-perfect predictions of celestial motions, and good enough to send men to the moon and back. But this "near" (Honderich) or "almost" (Fischer) determinism is neither absolute nor required in any way by logical necessity, as Aristotle himself first argued against the determinist atomists, Democritus and Leucippus.  


When we unpack the complex concept of "free will," we find the freedom is in our thoughts, the determination is in our willed acts.


In our Cogito model, "Free Will" combines two distinct concepts. Free is the chance and randomness of the Micro Mind. Will is the adequately determined choice of the Macro Mind. And these occur in a temporal sequence.



Our Thoughts are Free,

they come to us.

Our Actions are Willed,

they come from us.



Compatibilists and Determinists were right about the Will, 
but wrong about Freedom.

Libertarians were right about Freedom, but wrong about the Will,

which is determined enough to insure moral responsibility.
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Determinism is the position that every event is caused, the inevitable and necessary consequence of antecedent events, in a chain of events with just one possible future.

"Hard" and "soft" determinism are terms invented by William James, who lamented the fact that some determinists were co-opting the term freedom for themselves. He called them "soft" determinists, because, abhoring harsh words like fatality, necessity, and even predetermination, they say determinism’s "real name is freedom; for freedom is only necessity understood, and bondage to the highest is identical with true freedom."


"Hard" determinists deny the existence of free will. "Soft" determinists co-opt the term.

Compatibilism is the most common name used today for James' category of soft determinism. For compatibilists, free will is compatible with determinism. 

Semicompatibilists are agnostic about free will and determinism, but claim that moral responsibility is compatible with determinism. Narrow incompatibilism is a similar concept.

Hard incompatibilists think both free will and moral responsibility are not compatible with determinism (they mean pre-determinism). 

Illusionists are hard incompatibilists, who say that free will is an illusion. They usually deny moral responsibility, but some say we can preserve responsibility by maintaining the illusion.

Impossibilists are also hard incompatibilists. They say moral responsibility is impossible.  

Incompatibilism is the idea that free will and determinism are incompatible.  Incompatibilists include both hard determinists and libertarians. Incompatibilists include both hard determinists and libertarians (both yellow in the taxonomy). This confuses the debate by analytic language philosophers - who are normally committed to clear and unambiguous concepts - and adds difficulties for students of philosophy.

Soft incompatibilists says that free will is incompatible with pre-determinism, and that pre-determinism is not true. Using "soft" is preferable to the loose usage of the term "incompatibilist" to describe a libertarian, since "incompatibilist" is ambiguous and also used for determinists, the "hard" incompatibilists.                 

Source and Leeway Incompatibilism locate indeterminism in the Actual Sequence or Alternative Sequences. The first in each pair breaks the causal chain in the actual sequence, the last pair provide alternative possibilities in alternative sequences.

Indeterminism is the position that there are random (chance) events in a world of possible futures. The irreducible indeterminism is quantum indeterminacy.

Libertarians believe that indeterminism makes free will possible. Note that there many philosophers who admit indeterminism may be true but that it does not really explain free will ("hard" indeterminists?). See the standard argument against free will - If our actions are determined, we are not free. If they are  random, we are not responsible for them. So indeterminism is not enough. We need a limited indeterminism in the first stage and also "adequate determinism" in the second stage of a two-stage model.

Agent-causal indeterminists are libertarians who think that agents have originating causes for their actions that are not events. Actions do not depend on any prior causes. Some call this "metaphysical" freedom. 

Non-causal indeterminists simply deny any causes whatsoever for libertarian free will. 

Event-causal indeterminists generally accept the view that random events (most likely quantum mechanical events) occur in the world. Whether in the physical world, in the biological world (where they are a key driver of genetic mutations), or in the mind, randomness and uncaused events are real. They introduce the possibility of accidents, novelty, and human creativity. 

Soft Causality is the idea that most events are adequately determined by normal causes, but that some events are not precisely predictable from prior events, because there are occasional quantum events that start new causal chains with unpredictable futures. These events are said to be causa sui.

Soft Libertarians accept some indeterminism in the Actual Sequence. They are source incompatibilists.


The Valerian Model is Dan Dennett's model of decision making, named after the poet Paul Valéry. It combines indeterminism to generate alternative possibilities, with (in our view, adequate) determinism to choose among the possibilities.
  

  "The model of decision making I am proposing, has the following feature: when we are faced with an important decision, a consideration-generator whose output is to some degree undetermined produces a series of considerations, some of which may of course be immediately rejected as irrelevant by the agent (consciously or unconsciously). Those considerations that are selected by the agent as having a more than negligible bearing on the decision then figure in a reasoning process, and if the agent is in the main reasonable, those considerations ultimately serve as predictors and explicators of the agent's final decision." (Brainstorms, p.295)
  


While microscopic quantum events are powerful enough to deny strict determinism, the magnitude of these events is generally so small, especially for large macroscopic objects, that the world is still overwhelmingly deterministic. We call this "adequate determinism."  


Although random quantum mechanical events break the strictly deterministic causal chain, which has just one possible future, random events are probable causes for later events. They start new causal chains with unpredictable futures. They are said to be causa sui. They need not be the direct cause of human actions, which would make the actions random, but simply provide alternative possibilities for willed actions.



Two-Stage Models – combine limited Determinism and Indeterminism

Two-stage models for free will have been discussed by many thinkers including William James, Henri Poincaré, Arthur Holly Compton, Karl Popper, Daniel Dennett (Valerian Model), Henry Margenau, Robert Kane, John Martin Fischer, Alfred Mele (Modest Libertarianism), Stephen Kosslyn, Bob Doyle (Cogito Model), and Martin Heisenberg.  


These models are a combination of "adequate determinism" and indeterminismlimited to generating alternative possibilities for action. 


It is only pre-determinism that is incompatible with free will.


Thoughts come to us freely. Actions go from us willfully.

 First chance, then choice. First "free," then "will."



Source: https://www.informationphilosopher.com/freedom/taxonomy.html
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Actualism is the idea that there is just one possible future, causally closed and determined - even predetermined - by the "fixed past" and the laws of nature.

Actualism denies the existence of alternative possibilities. The opposite of actualism is possibilism. 


While the extravagant idea of many possible worlds seems to emphasize the possible, these worlds are all inaccessible from our "actual" world. And in each of the other "possible worlds," there are no alternative possibilities. Each world is causally closed, pre-determined (possibly) by laws of nature appropriate "at each world."


Philosophers from Diodorus Cronus to Daniel Dennett argue that actualism is "true," so that there is only one possible actual future. The logical truth of a statement now about the future forces the future to keep the statement true. But what if the future makes the statement false?


This is the problem of future contingency, also discussed by Diodorus, but made famous in Aristotle's example of a Sea-Battle in De Interpretatione 9. Aristotle thought statements about the past and present must be either true or false. But statements about the future are only potentials, possibilities, so they lack any truth value until their potential becomes actual at some time in the future.


Note that this means some things in the past can be changed in the future.  It is the truth value of a statement that was made in the past.  Aristotle's statement "there will be a sea-battle next week," can "actually" be changed if the event does not happen, showing that the concept of a "fixed past," so important in analytic language philosophy debates about free will, has some changeability. In language philosophy, the "fixed past" is far from fixed. 


Actualism appeals to philosophers who want the world to be determined by physical laws and by theologians who want the world to be in the hands of an omnipotent, omniscient, and benevolent god. It makes "foreknowledge" of the future possible, or even complete knowledge "outside space and time." 


The special theory of relativity, for example, describes a four-dimensional "block universe" in which all the possible events of the future already exist. See, for example, J. J. C. Smart.




Source: https://www.informationphilosopher.com/freedom/actualism.html
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The Advance of Science Fallacy is the idea that because science, and especially neuroscience, is discovering more and more contributing causes of actions that we thought were the result of free decisions, that eventually all our decisions will be found to be the consequence of causes not in our control.

It is somewhat related to the Rational Fallacy, that free decisions must be rational decisions. For many philosophers, reason is the distinguishing characteristic of humanity. For theologians, reason is a gift of God along with the gift of free will. 


Ever since the materialists and determinists Democritus and Leucippus, everything happens for a reason. Leucippus said,


"Nothing occurs at random, but everything for a reason and by necessity." 


The Advance of Science Fallacy is the argument that science will eventually discover all the reasons. They will be found to be causes resulting from the laws of nature and the fixed past. 


For naturalist philosophers, humans are animals, biological organisms with many distinguishing features from those we label mere animals, but the distinguishing features are not easily identified as reason and free will.  

Information philosophers see the distinguishing features of humans in their incredible capacities for information creation, management including storage and retrieval, and communication to others. All animals are information processing systems, but humans have externalized vast amounts of actionable information as "knowledge" and "culture." 


The distinguishing feature of living things that set them apart from inanimate physical objects (excluding some human artifacts like computers) is their information content, ready to provide them with a memory of the past that can be used to shape their future.


Because animals create new information that was not present in earlier times, and because the creation of new information involves irreducible quantum randomness, science is very unlikely to ever be able to explain all the contributing causes of human decisions. 


The Advance of Science Fallacy somewhat resembles the Determination Fallacy, that just because some of our decisions are determined by our deliberations it must mean that strict causal determinism is true.


Another mistaken idea is that our decisions must be moral and our actions good in order to be free. This is the another fallacy that we call the Ethical Fallacy.
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Agent-Causality is the idea that agents can start new causal chains that are not pre-determined by the events of the immediate or distant past and the physical laws of nature.

The first agent-causal libertarian was Aristotle, followed by Epicurus, and then Carneades. 


In more recent times, prominent agent-causalists have been Thomas Reid in the 18th century, followed by Roderick Chisholm, Richard Taylor, Keith Lehrer, Timothy O'Connor, and Randolph Clarke in the 20th century.



Aristotle was in many ways the architect of "event" causality as well as agent-causality.


First he described a causal chain back to a prime mover or first cause, and he elaborated the four possible causes (material, efficient, formal, and final). Aristotle's word for these causes was ἀιτία, which translates as causes in the sense of the multiple factors responsible for an event. Aristotle did not subscribe to the simplistic "every event has a (single) cause" idea that was to come later.  
    


[image: image-placeholder]

Then, in his Physics and Metaphysics, Aristotle also said there were "accidents" caused by "chance (τύχη)."  In his Physics, he clearly reckoned chance among the causes. Aristotle might have added chance as a fifth cause - an uncaused or self-caused cause - one he thought happens when two causal chains come together by accident (συμβεβεκός). He noted that the early physicists had found no place for chance among their causes. 

Aristotle opposed his accidental chance to necessity:


Nor is there any definite cause for an accident, but only chance (τυχόν), namely an indefinite (ἀόριστον) cause. 

(Metaphysics, Book V, 1025a25)

It is obvious that there are principles and causes which are generable and destructible apart from the actual processes of generation and destruction; for if this is not true, everything will be of necessity: that is, if there must necessarily be some cause, other than accidental, of that which is generated and destroyed. Will this be, or not? Yes, if this happens; otherwise not. 

(Metaphysics, Book VI, 1027a29) 



Tracing any particular sequence of events back in time will usually come to an accidental event - a "starting point" or "fresh start" (Aristotle calls it an origin or arche (ἀρχῆ) - whose major contributing cause (or causes) was itself uncaused. In modern terms, it involves quantum indeterminacy. 


Whether a particular thing happens, says Aristotle, may depend on a series of causes that


goes back to some starting-point, which does not go back to something else. This, therefore, will be the starting-point of the fortuitous, and nothing else is the cause of its generation. 
 (Metaphysics Book VI 1027b12-14)


In general, many such causal sequences contribute to any event, including human decisions. Each sequence has a different time of origin, some going back before we were born, some originating during our deliberations.

Beyond causal sequences that are the result of chance or necessity, Aristotle felt that some breaks in the causal chain allow us to feel our actions "depend on us" (ἐφ' ἡμῖν). These are the causal chains that originate within us (ἐv ἡμῖν). 


Greek philosophy had no precise term for "free will" as did Latin (liberum arbitrium or libera voluntas). The discussion was in terms of responsibility for actions that are caused by an agent, what Aristotle says "depends on us." 


Aristotle's ἐφ' ἡμῖν is thus a third thing (a tertium quid), beyond necessity and chance, that causes things to happen. This is agent causation.




One generation after Aristotle, Epicurus argued that as atoms moved through the void, there were occasions when they would "swerve" from their otherwise determined paths, thus initiating new causal chains. Epicurus argued that these swerves would allow us to be more responsible for our actions, something impossible if every action was deterministically caused.  For Epicurus, the occasional interventions of arbitrary gods would be preferable to strict determinism.


Epicurus did not say the swerve was directly involved in decisions. His critics, ancient and modern, have claimed mistakenly that Epicurus did assume "one swerve - one decision" and that "free " actions are uncaused. 


But following Aristotle, Epicurus thought human agents have the autonomous ability to transcend necessity and chance (both of which destroy responsibility), so that praise and blame are appropriate. This is a form of agent-causality. It answers the flawed standard argument against free will.. 


...some things happen of necessity, others by chance, others through our own agency. ...necessity destroys responsibility and chance is uncertain; whereas our own actions are autonomous, and it is to them that praise and blame naturally attach.

(Letter to Menoeceus, §133)




Three causes - 

Necessity

Chance

Autonomous Agents


The Stoics and later the Christian church censored much of Epicurean thought and destroyed Epicurus' reputation as a "hedonist" and an atheistic believer in "chance." They led to the modern impression that Epicurus thought his chance "swerve" was his basis for free will. Philosophers today are astonishingly ignorant of Epicurus' actual position on agent autonomy. Can we correct this?

Alexander of Aphrodisias (c.150-210), the most famous commentator on Aristotle, writing 500 years after Aristotle's death, defended a view of moral responsibility we would call libertarianism today, with a strong sense of agent-causality. 



Alexander believed that Aristotle was not a strict determinist like the Stoics, and Alexander himself argued that some events do not have pre-determined causes. In particular, man is responsible for self-caused decisions, and can choose to do or not to do something.


For Alexander, as for Aristotle, a random event "for no reason" provides a fresh start or new beginning (ἀρχή) of a causal chain (ἄλυσις) that can not be traced back indefinitely. This effectively puts an end to the Stoic ideas of foreknowledge and pre-determination.


In particular, he held that man is responsible for self-caused decisions, and can choose to do or not to do something. This appears to be not very different from the Stoic Chrysippus' idea that one can assent or dissent to an action. Chrysippus said actions are pre-determined (fated) but not necessitated.


Alexander denied three things - necessity (ἀνάγκη), the foreknowledge of fated events that was part of the Stoic identification of God and Nature, and determinism in the sense of a sequence of causes that was laid down beforehand (προκαταβεβλημένος) or predetermined by antecedents (προηγουμένος).


Alexander, following Aristotle and Epicurus, saw three main things causing events. They are necessity, chance, and agent-causality - what is "up to  us"                                 
    


    Most of the ancient thinkers recognized the obvious difficulty with chance (or an uncaused cause) as a source of human freedom. Even Aristotle described chance as a "cause obscure to human reason" (ἀιτιάν ἄδελον ἀνθρωπίνᾠ λογισμῶ). 
    

Actions caused by chance are simply random and we cannot feel responsible for them. But we do feel responsible for our actions. 

Despite more than twenty-three centuries of philosophizing, most modern thinkers have not moved significantly beyond this core problem of randomness and free will for libertarians - the confused idea that free actions are caused directly by a random event. 


Caught between the horns of a dilemma, with determinism on one side and randomness on the other, the standard argument against free will continues to render agent-causality and human freedomunintelligible (ἄδελον). 
    

The two-stage model of free will clarifies the argument between libertarians who call themselves "event causalists" (e.g., Robert Kane) and those who are "agent causalists" (e.g., E. Jonathan Lowe and Timothy O'Connor).

Lowe says the ultimate cause of an action must not be some "event" that merely happened. We can agree that physical events do not normally have a purpose. The chance events in the first stage that lead to the alternative possibilities for action are not themselves the "cause" of the agent's decision in the second stage. It is the immaterial mind of the agent that is the responsible cause.


Kane famously said that libertarian free will appeared to require "uncaused causes, immaterial minds, noumenal selves, non-event agent causes, prime movers unmoved, or other examples of what P. F. Strawson called the 'panicky metaphysics' of libertarianism in his influential 1962 essay 'Freedom and Resentment'".


Now that information philosophy has established that some events are indeed "uncaused," that the mind is in fact immaterial, and that Kant's noumenal world is the world of pure information, we can also welcome non-event agent causes. Human beings are prime movers in the sense of authors of their lives and co-creators of the new information in the universe!


We can situate agent-causality in a taxonomy of free-will positions and especially in the context of libertarian positions, all of which admit some indeterminism. The author of "non-causality" is Carl Ginet, who was O'Connors' thesis adviser. Ginet maintains that no cause is needed for human decisions. As Bob Kane says, the agent's decision is the cause of the action. Non-causality is a form of agent-causality. It denies any pre-determining causes.

[image: Taxonomy of Indeterminist Positions]
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An Event Has Many Causes


"Every Event Has A Cause" is a principle of universal causality so sweeping as to be of little practical use. Events have many contributing causes. Selecting the "one" cause of an event is an exercise in story-telling. 

The ancient idea of a "causal chain," with one event being the cause of the next event, and so on ad infinitum, is a philosophical fiction.

Aristotle made it clear that there are many kinds of causes, classifying them as efficient, material, final, and formal. He also added accidental causes. His word for causes, aitia (ἀιτία), has as root meaning "the things responsible for" something. 


Even in a simple mechanical and deterministic world like that of Pierre-Simon Laplace's "super-intelligence," the future motion of each particle is dependent on ("caused by") the positions, momenta, and forces of all the other particles in the world.  


More sophisticated physical determinists refine their idea of determinism, including the notion of every event having a cause, to the idea that the state of the universe at time t is completely determined by the state of the world an instant earlier.


But because of quantum mechanics, we now know that indeterminism is true, irreducible chance exists in the universe, and there are many events that occur only probabilistically.


What this means is that tracing any particular sequence of events back in time will come to one event - a "starting point" or "fresh start" (Aristotle calls it an origin or arche (ἀρκῆ)) - whose major contributing cause (or causes) was itself uncaused, in that it involved quantum indeterminacy. 


Whether a particular thing happens, says Aristotle, may depend on a series of causes that


"goes back to some starting-point, which does not go back to something else. This, therefore, will be the starting-point of the fortuitous, and nothing else is the cause of its generation." 
Metaphysics Book VI 1027b12-14)


We can thus in principle assign times, or ages, to the starting points of the contributing causes of an event. Some of these may in fact go back before the birth of an agent, hereditary causes for example. To the extent that such causes adequately determine an action, we can understand why hard determinists think that the agent has no control over such actions. (Of course if we can opt out of the action at the last moment, we retain a kind of control.)


Other contributing causes may be traceable back to environmental and developmental events, perhaps education, perhaps simply life experiences, that were "character-forming" events. These and hereditary causes would be present in the mind of the agent as fixed habits, with a very high probability of "adequately determining" the agent's actions in many situations.


But other contributing causes of a specific action may have been undetermined up to the very near past, even seconds before an important decision. Most importantly, these will include the free generation of new alternative possibilities during the agent's deliberations.    


Causes with these most recent starting points are the fundamental reason why an agent can do otherwise in what are essentially (up to that starting point) the same circumstances.


These alternatives are likely generated from our internal knowledge of practical possibilities based on our past experience. Those that are handed up for consideration may be filtered to some extent by unconscious processes to be "within reason." They may consist of slight variations of past actions we have willed many times in the past.



The evaluation and selection of one of these possibilities by the will is as deterministic and causal a process as anything that a determinist or compatibilist could ask for, consistent with our current knowledge of the physical world. 


But remember that instead of strict causal determinism, the world offers only adequate determinism. 


Just as determinism is limited, the role of random chance is limited. Rarely or never is chance the direct cause of action.


Consequently, in most cases the indeterminism or chance involved in the generation of alternative possibilities is just an indirect cause of action, and leads to just one of many contributing causes. 



One of these possibilities is selected by our adequately determined will, so we can say that the action was up to us and that we can accept responsibility for it.  


We might select something that we always do for hereditary reasons, of some habit that was formed by our education. But we always have the option of not doing those things, when our evaluation suggests good reasons for not doing them.  And we may often select a brand new creative idea, one that has occurred to us only moments before we closed off deliberation and made our selection.


These new creative ideas originate within us (Aristotle's ἐν ἡμῖν.


If we extend the "moment of choice" backwards to include the deliberation process and its generation of new possibilities, we have captured the essence of an "agent-causal" liberty that is not necessitated by any particular past causes, but instead is the result of many contributing causes, some habitual with causal chains that go back before our deliberations, others distinctly lacking causal chains that go back before our deliberations and free generation of alternative possibilities. 


The Cogito model explains not only human freedom but human creativity.


There is no causal chain back to the big bang


We can see that some causes may be traced back very far indeed. Instinctual acts, such as babies' sucking, or fight or flight reactions, may be traceable back to earlier ancestor species. But it is extremely improbable that the causal chains extend back to the prime mover or big bang of the universe, as some determinists believe.

Given the conservative nature of evolution, the fundamental strategy of random variation followed by lawful selection, a behavioral strategy present in the most primitive life forms (cf. Martin Heisenberg), may well be connected to our two-stage model of "free" possibilities followed by "willed" determinations in the higher animals and humans.


But although this ancient fundamental strategy may be present in human minds, its presence insures that the mind has access to randomness and a break with determinism when it needs it to create new alternative possibilities for totally unexpected situations, or importantly whenever the agent simply wants to be creative and original in thoughts or actions.  
 



Since our decisions may always include options generated immediately before the decision, we can always "opt out" of an action at the very last moment, even if, before that moment, we were otherwise in exactly the same circumstances.
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Aristotle Metaphysics VI iii describes the accidental starting points of new causal chains.

 Clearly, then, the series goes back to some starting-point, which does not go back to something else. This, therefore, will be the starting-point of the fortuitous, and nothing else is the cause of its generation. But to what sort of starting-point and cause this process of tracing back leads, whether to a material or final or moving cause, is a question for careful consideration.

δῆλον ἄρα ὅτι μέχρι τινὸς βαδίζει ἀρχῆς, αὕτη δ᾽ οὐκέτι εἰς ἄλλο. ἔσται οὖν ἡ τοῦ ὁπότερ᾽ ἔτυχεν αὕτη, καὶ αἴτιον τῆς γενέσεως αὐτῆς ἄλλο οὐθέν. ἀλλ᾽ εἰς ἀρχὴν ποίαν καὶ αἴτιον ποῖον ἡ ἀναγωγὴ ἡ   τοιαύτη, πότερον ὡς εἰς ὕλην ἢ ὡς εἰς τὸ οὗ ἕνεκα ἢ ὡς εἰς τὸ κινῆσαν, μάλιστα σκεπτέον.


Nicholas St. John Green debunks the idea of a single "chain of causation" and argues for multiple causes for all events in an 1871 article entitled "Proximate and Remote Cause."


From every point of view from which we look at the facts, a new cause appears. In as many different ways as we view an effect, so many different causes, as the word is generally used, can we find for it. The true, the entire, cause is none of these separate causes taken singly, but all of them taken together. These separate causes are not causes which stand to each other in the relation of proximate and remote, in any intelligible sense in which those words can be used. There is no chain of causation consisting of determinate links ranged in order of proximity to the effect. They are rather mutually interwoven with themselves and the effect, as the meshes of a net are interwoven. As the existence of each adjoining mesh of the net is necessary for the existence of any particular mesh, so the presence of each and every surrounding circumstance, which, taken by itself we may call a cause, is necessary for the production of the effect. 

(American Law Review, vol.4, p. 201) 


Ted Honderich also argues for multiple causes, with people selecting the one they favor. His example is lighting a match only to have the house explode because there was a gas leak. Is the cause person striking the match?, the match itself?, or the gas leak?, or perhaps the fact that the match was dry enough to ignite?




Source: https://www.informationphilosopher.com/freedom/event_has_many_causes.html
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Causa Sui
Causa sui is the Latin name for a self-caused cause, one that is not the result of prior events. 


A main idea in modern quantum mechanical indeterminism is an event that is unpredictable from prior events, or at best can be predicted only with some probability, not certainty.

Can we regard that as a causa sui?


We will see that a quantum event can play a similar role to the causa sui of the ancients, initiating a new causal chain of events in the macroscopic world.


Causa sui in theology is associated with the power of God to perform miracles, which are often thought to cause major changes in the physical world.

In contrast, our quantum-mechanical causa sui will be seen to be almost the least amount of change in the physical world that one might imagine.


Nevertheless, in the right places quantum events can be a difference that makes all the difference.


A quantum mechanical event is initially only one atomic (or subatomic) particle that is here rather than there, or events that do or do not occur - unpredictably.

This unpredictability has been exaggerated beyond reason by some philosophers who claim extravagant possibilities, like fish turning to stone (P. H. Nowell-Smith).


To appreciate how small the typical quantum event is, think of it as one particle in the 1024 atoms that make up human-size objects.



So our quantum-mechanical causa sui is quite minor, yet it can have a major effect - if it is part of a thought.

For it is in immaterial thoughts (pure information) that simple presence or absence can be a most meaningful difference, for example the negation of a thought (or action dependent on that thought).


Our causa sui can be the difference between being and nothingness, between one and zero, between yes and no, something rather than nothing.



The core idea of determinism is closely related to the idea of causality. But we can have causality without determinism, if among the causes is a quantum event that was itself unpredictable and to some extent uncaused. And the departure from strict causality is very slight compared to the miraculous ideas associated with the causa sui of the ancients. 
We call it "soft causality".


Despite David Hume's critical attack on the necessity of causes, many philosophers embrace causality strongly. Some even connect it to the very possibility of logic and reason.


Generally they oppose the idea of a "dreaded causa sui."


Even in a world that contains quantum uncertainty, macroscopic objects are determined to an extraordinary degree. Newton's laws of motion are deterministic enough to send men to the moon and back. 


In our Cogito model, the Macro Mind is large enough to ignore quantum uncertainty for the purpose of the reasoning will. The neural system is robust enough to insure that mental decisions are reliably transmitted to our limbs. 


We call this determinism, limited as it is in extremely small structures, "adequate determinism."  The world is adequately determined to send men to the moon. The presence of quantum uncertainty leads philosophers to call the world "indeterministic." 


They logically and simplistically argue that if determinism is not true, then indeterminism must be true. But indeterminism is seriously misleading when most events in the world are overwhelmingly "adequately determined."


soft causality and adequate determinism


Adequate determinism means that we can usually understand the causes for events, despite the fact that some causes for our actions are surprising, even to us, and after the fact seem to have been unpredictable, the result of a causa sui.  


There is no problem imagining that the three traditional mental faculties of reason - perception, conception, and comprehension - are all carried on deterministically in a physical brain where quantum events do not interfere with normal operations.


There is also no problem imagining a role for randomness in the brain in the form of quantum level noise.  Noise can introduce random errors into stored memories. Noise could create random associations of ideas during memory recall. This randomness may be driven by microscopic fluctuations that are amplified to the macroscopic level. Such randomness is at the heart of the idea of a causa sui.


Our Macro Mind needs the Micro Mind for the free action items and thoughts in an Agenda of alternative possibilities to be de-liberated by the will. The random Micro Mind is the "free" in free will and the source of human creativity. The adequately determined Macro Mind is the "will" in free will that de-liberates, choosing actions for which we can be morally responsible. 


For Scholars





Source: https://www.informationphilosopher.com/freedom/causa_sui.html
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Causal Closure

Causal Closure is the idea that everything that happens in the world is caused by physical objects in the world. Everything that has a cause has a physical cause, according to Jaegwon Kim.

Belief in this kind of causality is deeply held by many philosophers and scientists. Many say it is the basis for all thought and knowledge of the external world. Even indeterministic quantum events, which are only statistically caused, are physical events. Causal closure is a requirement for "physicalist" views in the philosophy of mind. 


Physicalist views of mind regard mental events as identical to physical (brain) events, or perhaps merely epiphenomena.

Donald Davidson and Jaegwon Kim have discussed the possibility of a non-reductive physicalism, in which mental events might not be reducible to physical events. 


Davidson hopes to describe mental events as emergent from lower physical levels in the hierarchy. Kim denies the possibility of such emergence. Both describe mental events as supervenient on events in lower hierarchical levels.


Many philosophers endorse a strict causality closely related to the idea of determinism. But we can have a "soft" causality without strict determinism. and an  adequate determinism that accommodates indeterminism.


And we will see that the departure from strict causality needed to negate determinism is very slight compared to the miraculous ideas associated with the "causa sui" (self-caused cause) of the ancients, which most modern thinkers find unintelligible.



Despite David Hume's critical attack on the logical necessity of causes, which should have made us all skeptics about the logical necessity for causality, many philosophers embrace strict causal determinism strongly. Some even identify causality with the very possibility of logic and reason.

Note that Hume argued that we all have an unshakeable natural belief in causality, despite the impossibility of a logical proof of causality or a successful attack on his logical skepticism.

Bertrand Russell said "The law of causation, according to which later events can theoretically be predicted by means of earlier events, has often been held to be a priori, a necessity of thought, a category without which science would not be possible." (Russell, External World p.179)  


The core idea of indeterminism is closely related to the idea of causality. Indeterminism for some is simply an event without a cause. But we can have an adequate causality without strict determinism, which otherwise implies complete predictability of events and only one possible future. 


An example of an event that is not strictly caused is one that depends on chance, like the flip of a coin. If the outcome is only probable, not certain, then the event can be said to have been caused by the coin flip, but the head or tails result itself was not predictable. So this causality, which recognizes prior events as causes, is undetermined and the result of chance alone. It is statistical causality, actually the only kind of causality we have. 



uncaused events can start new causal chains


We call this "soft" causality. Events are caused by prior (uncaused) events, but are not completely determined by prior events in the causal chain back to a primal first cause. That Aristotelian chain (ἄλυσις) has been broken by the uncaused cause. Uncaused events start new causal chains. Aristotle himself called these events "new beginnings" or archai (ἀρχαί).


Most events are "adequately determined." No events are pre-determined in the Laplacian or theological senses.


Determinism is critical for the question of free will. Strict determinism implies just one possible future. Chance means that the future is open and unpredictable. Chance allows alternative futures and the question becomes how the one actual present is realized from these potential alternatives. 


Even in a world that contains quantum uncertainty, macroscopic objects are determined to an extraordinary degree. Newton's laws of motion are deterministic to the limits of observational error. Our Cogito model of a "Macro Mind" makes it large enough to ignore quantum uncertainty for the purpose of the reasoning will. The neural system is robust enough to insure that mental decisions are reliably transmitted to our limbs. 



we can have causality without determinism


We call this kind of determinism, limited as it is in extremely small structures, "adequate determinism."  The presence of quantum uncertainty leads philosophers to call the world "indeterministic." But indeterminism is seriously misleading when most events are overwhelmingly "adequately determined."


There is no problem imagining that the three traditional mental faculties of reason - perception, conception, and comprehension - are all carried on essentially deterministically in a physical brain where quantum events do not interfere with normal operations.


There is also no problem imagining a role for randomness in the brain in the form of quantum level and thermal noise.  Noise can introduce random errors into stored memories. Noise could create random associations of ideas during memory recall and the important process of memory consolidation. 


Many philosophers and scientists have suggested that microscopic quantum fluctuations are amplified to the macroscopic level. But they need not be the direct cause of human actions.


Our Macro Mind needs the Micro Mind for the free action items and thoughts in an Agenda of alternative possibilities to be de-liberated by the will. The random Micro Mind is the "free" in free will and the source of human creativity. The adequately determined Macro Mind is the "will" in free will that de-liberates, choosing actions for which we can be morally responsible. 


Causality must be disambiguated from its close relatives certainty, determinism, necessity, and predictability.


Free will libertarians have imagined exceptions to causality that they call "agent-causality" and "non-causality." 


The first agent-causal libertarian was Aristotle, followed by Epicurus, and then Carneades. In more recent times, prominent agent-causalists have been Thomas Reid in the 18th century, and Roderick Chisholm, Richard Taylor, Keith Lehrer, Timothy O'Connor, and Randolph Clarke in the 20th century.


The author of "non-causality" is Carl Ginet. He maintains that no cause is needed for human decisions. We can summarize the positions of these libertarians, all of which admit some indeterminism, in a diagram, part of the taxonomy of all free will positions.

[image: Taxonomy of Indeterminist Positions]

For Scholars

          "We must admit that the mind of each one of our greatest geniuses — Aristotle, Kant or Leonardo, Goethe or Beethoven, Dante or Shakespeare — even at the moment of its highest flights of thought or in the most profound inner workings of the soul, was subject to the causal fiat and was a instrument in the hands of an almighty law which governs the world." Max Planck, Where Is Science Going, p.156.


     [In Existentialism, the will condemns all the unchosen alternatives to nothingness as it grants being to the one chosen.]  
     





Source: https://www.informationphilosopher.com/freedom/causal_closure.html
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Causalism

Causalism can be defined as the belief that "everything has a cause." 

It can be extended to the idea that "every event has a cause" and that the physical world consists of a series of events as causes.


This makes causalism more or less synonymous with determinism.


Since it is the essence of scientific research to seek out causes, to find causal explanations for all phenomena, scientists generally lean toward causalism in their work. This biases them toward what William James called "antipathy to chance."


Because a random event does not seem to "explain" anything, scientists and most philosophers generally are opposed to "real" or ontological chance. They regard randomness as an epistemic problem of human ignorance, our inability to determine all the physical variables needed for perfect certainty about the future. They may be called "causalists."


The Greek word for "cause" (aition) also means "explanation."



Causalism in the Philosophy of Action


Causalists believe that motives, reasons, desires, or intentions are the causes of behavior and actions, that actions are the direct result of mental states, not from a conscious free will guiding actions. 


This is consistent with the compatibilist view that our actions are completely determined but this makes them determined by our character (i.e., beliefs, desires, motives, feelings, etc.) which is essential if we are to be responsible for our actions. There is a "causal chain" of events, but our "self-determination" is in that causal chain, so we can be said to cause our actions. 

Two-stage models of free will locate the "free" part of "free will" in the generation of alternative possibilities (new "thoughts") for action. The second "willed" stage is the same as the compatibilist/determinist view, that our actions are the result of the statistically determined evaluation of those possibilities, subsequent deliberation, and then an ultimate choice governed by our character (beliefs, desires, motives) so we are indeed responsible for our actions. 


The two-stage model breaks the causal chain of determinism (actually pre-determinism) and is the most plausible model for human freedom.




Source: https://www.informationphilosopher.com/freedom/causalism.html
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Causality

Belief in Causality is deeply held by many philosophers and scientists. Many say it is the basis for all thought and knowledge of the external world.


The core idea of causality is closely related to the idea of determinism. But we can have a "soft" causality without strict determinism. and an  adequate determinism that accommodates indeterminism.

And we will see that the departure from strict causality needed to negate determinism is very slight compared to the miraculous ideas associated with the "causa sui" (self-caused cause) of the ancients, which most modern thinkers find unintelligible (with the exception of many theists, who accept the idea of miracles).



Despite David Hume's critical attack on the logical necessity of causes, which should have made us all skeptics about the logical necessity for causality, many philosophers embrace strict causal determinism strongly. Some even identify causality with the very possibility of logic and reason.

Few commentators note that Hume's view that we all have an unshakeable natural belief in causality, despite the impossibility of a logical proof of causality or a successful attack on his logical skepticism. 

Bertrand Russell said "The law of causation, according to which later events can theoretically be predicted by means of earlier events, has often been held to be a priori, a necessity of thought, a category without which science would not be possible." (Russell, External World p.179)  


Now the assumption of deterministic causation underlies most successful scientific theories, with the critical exception of quantum mechanics. Some major objections to the causal determinism implied by Newtonian laws of motion are the claim that 

	The complete predictability of future events is possible in principle (Laplace's Demon)
	There is only one possible future, even if it is unpredictable
	The laws of motion are time reversible
	Given enough time, all the positions and motions will recur


Information philosophy shows that all these objections can be removed by admitting a modest form of indeterminism into the world, at the microscopic level of quantum mechanics.

The core idea of indeterminism is an event without a cause. Quantum mechanics does not go so far as to say that events have absolutely no causal connection with the events (the distribution of matter and motions) of the immediate past). What it does do is introduce events with a statistical cause. And quantum mechanics makes extremely accurate predictions of the probabilities for the different random outcomes.



So we can have an adequate or statistical causality without strict determinism, which otherwise implies complete predictability of events and only one possible future. 


An example of an event that is not strictly caused is one that depends on chance, like the flip of a coin. If the outcome is only probable, not certain, then the event can be said to have been caused by the coin flip, but the head or tails result itself was not predictable. So this causality, which recognizes prior events as causes, is undetermined and the result of chance alone. It is statistical causality, actually the only kind of causality we have. 



uncaused events can start new causal chains


We call this "soft" causality. Events are caused by prior (uncaused) events, but are not completely determined by prior events in the causal chain back to a primal first cause. That Aristotelian chain (ἄλυσις) has been broken by the uncaused cause. Uncaused events start new causal chains. Aristotle himself called these events "new beginnings" or archai (ἀρχαί).


Most events are "adequately determined." No events are pre-determined in the Laplacian or theological senses.


Determinism is critical for the question of free will. Strict determinism implies just one possible future. Chance means that the future is open and unpredictable. Chance allows alternative futures and the question becomes how the one actual present is realized from these potential alternatives. 


Even in a world that contains quantum uncertainty, macroscopic objects are determined to an extraordinary degree. Newton's laws of motion are deterministic to the limits of observational error. Our Cogito model of a "Macro Mind" makes it large enough to ignore quantum uncertainty for the purpose of the reasoning will. The neural system is robust enough to insure that mental decisions are reliably transmitted to our limbs. 



we can have causality without determinism


We call this kind of determinism, limited as it is in extremely small structures, "adequate determinism."  The presence of quantum uncertainty leads philosophers to call the world "indeterministic." But indeterminism is seriously misleading when most events are overwhelmingly "adequately determined."


There is no problem imagining that the three traditional mental faculties of reason - perception, conception, and comprehension - are all carried on essentially deterministically in a physical brain where quantum events do not interfere with normal operations.


There is also no problem imagining a role for randomness in the brain in the form of quantum level and thermal noise.  Noise can introduce random errors into stored memories. Noise could create random associations of ideas during memory recall and the important process of memory consolidation. 


Many philosophers and scientists have suggested that microscopic quantum fluctuations are amplified to the macroscopic level. But they need not be the direct cause of human actions.


Our Macro Mind needs the Micro Mind for the free action items and thoughts in an Agenda of alternative possibilities to be de-liberated by the will. The random Micro Mind is the "free" in free will and the source of human creativity. The adequately determined Macro Mind is the "will" in free will that de-liberates, choosing actions for which we can be morally responsible. 


Causality must be disambiguated from its close relatives certainty, determinism, necessity, and predictability.


Free will libertarians have imagined exceptions to causality that they call "agent-causality" and "non-causality." 


The first agent-causal libertarian was Aristotle, followed by Epicurus, and then Carneades. In more recent times, prominent agent-causalists have been Thomas Reid in the 18th century, and Roderick Chisholm, Richard Taylor, Keith Lehrer, Timothy O'Connor, and Randolph Clarke in the 20th century.


The author of "non-causality" is Carl Ginet. He maintains that no cause is needed for human decisions. We can summarize the positions of these libertarians, all of which admit some indeterminism, in a diagram, part of the taxonomy of all free will positions.

[image: Taxonomy of Indeterminist Positions]

For Scholars

          "We must admit that the mind of each one of our greatest geniuses — Aristotle, Kant or Leonardo, Goethe or Beethoven, Dante or Shakespeare — even at the moment of its highest flights of thought or in the most profound inner workings of the soul, was subject to the causal fiat and was a instrument in the hands of an almighty law which governs the world." Max Planck, Where Is Science Going, p.156.


     [In Existentialism, the will condemns all the unchosen alternatives to nothingness as it grants being to the one chosen.]  
     





Source: https://www.informationphilosopher.com/freedom/causality.html
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Certainty

Certainty is a powerful idea that has mesmerized philosophers, and especially religious leaders, throughout the ages. Belief in absolute and certain truth has all too often justified the most inhumane behavior toward those not sharing that truth and that belief. 


Perfect certainty is one of the dogmas of determinism.


The search for philosophical certainty began with Socrates and Plato. They found that denying some ideas led to logical or mathematical contradictions. Socrates, the first logician, argued that some knowledge followed from the nature of argument itself. He invented the syllogism, literally "with logic or argument." 


Plato found geometry, an axiomatic system, to be the perfect model for certain knowledge. Once the axioms and the method of geometric deductions are accepted, knowledge can be demonstrated or proved - Q.E.D.


Aristotle advanced logic to a state that lasted over two thousand years, well into the nineteenth century, when Frege, Gödel, Peirce, and others found tiny cracks in his perfect system. Yet even as he extended this great tool of formal reasoning, Aristotle and his students were well aware of its limitations to the realm of ideas.


Contingent facts about the world had no such certainty or necessity. Aristotle saw them as involving "accidents." It is logically necessary that if A is B, and if all B are C, then A is also C. It is geometrically necessary that the sum of the angles in a plane triangle equals two right angles. 


But it is not necessary that the sky is blue or that the sun will rise tomorrow.  Aristotle still felt these things were "caused," but that's another story. That's  causality.


Ancient skeptics briefly denied that absolute certain knowledge was possible, but caught themselves when they realized this statement itself seemed too absolute. Thus began a descent into relativism that continues to this day.


Certainty must be disambiguated from its close relatives causality, determinism, necessity, and predictability.


For Scholars

     [In Existentialism, the will condemns all the unchosen alternatives to nothingness as it grants being to the one chosen.]  
     




Source: https://www.informationphilosopher.com/freedom/certainty.html
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Chance

Chance is often defined as the opposite of Necessity. The English word derives from the Latin cadere - to fall, especially cadens a fall, falling. The German word for chance is Zufall.

Dictionary definitions refer to the fall of the dice, but the etymology suggests it is related to the grammatical idea of declension, which describes the falling or "leaning" away of the genitive, dative, and accusative cases from the "straight up" nominative case. The word connotes falling in the sense of decadence. 


Leucippus (440 B.C.E.) stated the first dogma of determinism, an absolute necessity.

     Nothing occurs by chance (maton), but there is a reason (logos) and necessity (ananke) for everything.



Chance is regarded as inconsistent with causal determinism and with physical or mechanical determinism.

The idea that Chance and Necessity are the only two logical options, and that neither is compatible with free will and moral responsibility, is the basis for the standard argument against free will.


The first thinker to suggest a physical explanation for chance in the universe was Epicurus. Epicurus was influenced strongly by Aristotle, who regarded chance as a fifth cause. He said there must be cases in which the normally straight paths of atoms in the universe occasionally bend a little and the atoms "swerve" to prevent the universe and ourselves from being completely determined by the mechanical laws of Democritus.



Despite abundant evidence, many philosophers deny that real chance exists. If a single event is determined by chance, then indeterminism would be true, they say, and undermine the very possibility of certain knowledge. Some go to the extreme of saying that chance makes the state of the world totally independent of any earlier states, which is nonsense, but it shows how anxious they are about chance.


The Stoic Chrysippus (200 B.C.E.) said that a single uncaused cause could destroy the universe (cosmos), a concern shared by some modern philosophers, for whom reason itself would fail.

     Everything that happens is followed by something else which depends on it by causal necessity. Likewise, everything that happens is preceded by something with which it is causally connected. For nothing exists or has come into being in the cosmos without a cause. The universe will be disrupted and disintegrate into pieces and cease to be a unity functioning as a single system, if any uncaused movement is introduced into it.



The core idea of chance and indeterminism is closely related to the idea of causality. Indeterminism for some is simply an event without a cause, an uncaused cause or causa sui that starts a new causal chain. If we admit some uncaused causes, we can have an adequate causality without the physical necessity of strict determinism - which implies complete predictability of events and only one possible future. 


An example of an event that is not strictly caused is one that depends on chance, like the flip of a coin. If the outcome is only probable, not certain, then the event can be said to have been caused by the coin flip, but the head or tails result itself was not predictable. So this "soft" causality, which recognizes prior uncaused events as causes, is undetermined and the result of chance alone. 


Even mathematical theorists of games of chance found ways to argue that the chance they described was somehow necessary and chance outcomes were actually determined. The greatest of these, Pierre-Simon Laplace, preferred to call his theory the "calculus of probabilities." With its connotation of approbation, probability was a more respectable term than chance, with its associations of gambling and lawlessness. For Laplace, the random outcomes were not predictable only because we lack the detailed information to predict. As did the ancient Stoics, Laplace explained the appearance of chance as the result of human ignorance. He said,

"The word 'chance,' then expresses only our ignorance of the causes of the phenomena that we observe to occur and to succeed one another in no apparent order."



Decades before Laplace, Abraham de Moivre had discovered the normal distribution (the bell curve) of outcomes for ideal random processes, like the throw of dice. Perfectly random processes produce a regular distribution pattern for many trials (the law of large numbers). Inexplicably, the discovery of these regularities in various social phenomena led Laplace and others to conclude that the phenomena were determined, not random. They simply denied chance in the world. 

[image: image-placeholder]


Chance is closely related to the ideas of uncertainty and indeterminacy. Uncertainty today is best known from Werner Heisenberg's principle in quantum mechanics. It states that the exact position and momentum of an atomic particle can only be known within certain (sic) limits. The product of the position error and the momentum error is equal to a multiple of Planck's constant of action. This irreducible randomness in physical processes established the existence of chance and indeterminism in the world.


But real chance and uncertainty had already entered physics fifty years earlier than Heisenberg, when Ludwig Boltzmann showed in 1877 that random collisions between atomic particles in a gas could explain the increase in entropy that is the Second Law of Thermodynamics. 


In 1866, when Boltzmann first derived Maxwell's velocity distribution of gas particles, he did it assuming that the physical motion of each particle (or atom) was determined exactly by Newton's laws. In 1872, when he showed how his kinetic theory of gases could explain the increase in entropy, he again used strictly deterministic physics. But Boltzmann's former teacher Josef Loschmidt objected to his derivation of the second law. Loschmidt said that if time was reversed, the deterministic laws of classical mechanics require that the entropy would go down, not up.  


So in 1877 Boltzmann reformulated his derivation, assuming that each collision of gas particles was not determined, but random. He assumed that the directions and velocities of particles after a collision depended on chance, as long as energy and momentum were conserved. He could then argue that the particles would be located randomly in "phase space" based on the statistical assumption that individual cells of phase space were equally probable. His H-Theorem produced a quantity which would go only up, independent of the time direction. Laws of nature became statistical. Max Born put statistical mechanics on a firm quantum mechanical basis in 1926, when he showed that Schrödinger's deterministic equation for the wave function predicts only probabilities for directions after an electron collision.  


Boltzmann's student Franz S. Exner defended the idea of absolute chance and indeterminism as a hypothesis that could not be ruled out on the basis of observational evidence. Exner did this in his 1908 inaugural lecture at Vienna University as rector (two years after Boltzmann's death), and ten years later in a book written during World War I. But Exner's view was not the standard view. Ever since the eighteenth-century development of the calculus of probabilities, scientists and philosophers assumed that probabilities and statistical phenomena, including social statistics, were completely determined. They thought that our inability to predict individual events was due simply to our ignorance of the details.  


In his 1922 inaugural address at the University of Zurich, What Is a Law of Nature?, Erwin Schrödinger said about his teacher,

     "It was the experimental physicist, Franz Exner, who for the first time, in 1919, launched a very acute philosophical criticism against the taken-for-granted manner in which the absolute determinism of molecular processes was accepted by everybody. He came to the conclusion that the assertion of determinism was certainly possible, yet by no means necessary, and when more closely examined not at all very probable.

     "Exner's assertion amounts to this: It is quite possible that Nature's laws are of thoroughly statistical character. The demand for an absolute law in the background of the statistical law — a demand which at the present day almost everybody considers imperative — goes beyond the reach of experience."




[Ironically, just four years later, after developing his continuous and deterministic wave theory of quantum mechanics, Schrödinger would himself "go beyond the reach of experience" searching for deterministic laws underlying the discontinuous, discrete, statistical and probabilistic indeterminism of the Bohr-Heisenberg school, to avoid the implications of absolute chance in quantum mechanics. Planck and Einstein too were repulsed by randomness and chance. "God does not play dice," was Einstein's famous remark.]


A major achievement of the Ages of Reason and Enlightenment was to banish absolute chance as unintelligible and atheistic. Newton's Laws provided a powerful example of deterministic laws governing the motions of everything. Surely Leucippus' and Democritus' original insights had been confirmed. 


In 1718 Abraham De Moivre wrote a book called The Doctrine of Chances. It was very popular among gamblers. In the second edition (1738) he derived the mathematical form of the normal distribution of probabilities, but he denied the reality of chance. Because it implied events that God could not know, he labeled it atheistic.  
Chance, in atheistical writings or discourse, is a sound utterly insignificant: It imports no determination to any mode of existence; nor indeed to existence itself, more than to non existence; it can neither be defined nor understood.



As early as 1784, Immanuel Kant had argued that the regularities in social events from year to year showed that they must be determined. 

"Thus marriages, the consequent births and the deaths, since the free will seems to have such a great influence on them, do not seem to be subject to any law according to which one could calculate their number beforehand. Yet the annual (statistical) tables about them in the major countries show that they occur according to stable natural laws."



In the early 1800's Adolphe Quetelet and Henry Thomas Buckle argued that these regularities in social physics proved that individual acts like marriage and suicide were determined by natural law.


Franz Exner was not alone in defending chance before quantum uncertainty. In the nineteenth century in America, Charles Sanders Peirce coined the term "tychism" for his idea that absolute chance was the first step in three steps to "synechism" or continuity. 

Peirce was influenced by the social statisticians, Buckle and Quetelet, by French philosophers Charles Renouvier and Alfred Fouillee, who also argued for some absolute chance, by physicists James Clerk Maxwell and Ludwig Boltzmann, but most importantly by Kant and Hegel, who saw things arranged in the triads that Peirce so loved. 



Quetelet and Buckle thought they had established an absolute deterministic law behind all statistical laws. Buckle went so far as to claim it established the lack of free will. 


Renouvier and Fouillee introduced chance or indeterminism simply to contrast it with determinism, and to discover some way, usually a dialectical argument like that of Hegel, to reconcile the opposites. Renouvier argues for human freedom, but nowhere explains exactly how chance might contribute to that freedom, other than negating determinism. 


Maxwell may have used the normal distribution of Quetelet and Buckle's social physics as his model for the distribution of molecular velocities in a gas. Boltzmann also was impressed with the distribution of social statistics, and was initially convinced that individual particles obeyed strict and deterministic Newtonian laws of motion.


Peirce does not explain much with his Tychism, and with his view that continuity and evolutionary love is supreme, may have had doubts about the importance of chance. Peirce did not propose chance as directly or indirectly providing free will. He never mentions the ancient criticisms that we cannot accept responsibility for chance decisions. He does not really care for chance as the origin of species, preferring a more deterministic and continuous lawful development, under the guidance of evolutionary love. But Peirce does say clearly, well before Exner, that the observational evidence simply does not establish determinism.


It remained for William James, Peirce's close friend, to assert that chance can provide random unpredictable alternatives from which the will can choose or determine one alternative. James was the first thinker to enunciate clearly a two-stage decision process, with chance in a present time of random alternatives, leading to a choice which selects one alternative and transforms an equivocal ambiguous future into an unalterable determined past. There are undetermined alternatives followed by adequately determined choices.

    "The stronghold of the determinist argument is the antipathy to the idea of chance...This notion of alternative possibility, this admission that any one of several things may come to pass is, after all, only a roundabout name for chance...

    What is meant by saying that my choice of which way to walk home after the lecture is ambiguous and matter of chance?...It means that both Divinity Avenue and Oxford Street are called but only one, and that one either one, shall be chosen." (James, The Dilemma of Determinism, in The Will to Believe, 1897, p.155) 




Chance is critically important for the question of free will because strict necessity implies just one possible future. Absolute chance means that the future is fundamentally unpredictable at the levels where chance is dominant. Chance allows alternative futures and the question becomes how the one actual present is realized from these potential alternative futures. 


The amount of chance and the departure from strict causality required for free will is very slight compared to the miraculous ideas often associated with the "causa sui" (self-caused cause) of the ancients. For medieval philosophers, only God could produce a causa sui, a miracle. Modern quantal randomness, unless amplified to the macroscopic world, is often insignificant, not a miracle at all.


Despite David Hume's critical attack on causality, many philosophers embrace causality strongly, including Hume himself in his other writings, where he dogmatically asserts "'tis impossible to admit of any medium betwixt chance and an absolute necessity." Since Chrysippus twenty-two centuries ago, philosophers still connect causality to the very possibility of logic and reason.


   Bertrand Russell said "The law of causation, according to which later events can theoretically be predicted by means of earlier events, has often been held to be a priori, a necessity of thought, a category without which science would not be possible." (Russell, External World p.179)  Although he felt some claims for causality might be excessive, Russell was unwilling to give up strict determinism, saying "Where determinism fails, science fails."(Determinism and Physics, p.18)


Henri Poincaré said "Every phenomenon, however trifling it be, 
has a cause, and a mind infinitely powerful and 
infinitely well-informed concerning the laws of nature 
could have foreseen it from the beginning of the ages. 
If a being with such a mind existed, we could play 
no game of chance with him ; we should always lose.
For him, in fact, the word chance would have no 
meaning, or rather there would be no such thing as
chance." 


We know that even in a world with microscopic chance, macroscopic objects are determined to an extraordinary degree. Newton's laws of motion are deterministic enough to send men to the moon and back. In our Cogito model, the Macro Mind is macroscopic enough to ignore quantum uncertainty for the purpose of the reasoning will. The neural system is robust enough to insure that mental decisions are reliably transmitted to our limbs. 


We call this kind of determinism "adequate determinism."  Despite quantum uncertainty, the world is adequately determined to send men to the moon. Quantum uncertainty leads some philosophers to fear an undetermined world of chance, one where Chrysippus' imagined collapse into chaos would occur and reason itself would fail us.  But the modest indeterminism required for free will is no chaotic irrational threat, since most physical and mental events are overwhelmingly "adequately determined."


There is no problem imagining that the three traditional mental faculties of reason - perception, conception, and comprehension - are all carried on with "adequate determinism" in a physical brain where quantum events and thermal noise do not interfere with normal operations.


There is also no problem imagining a role for chance in the brain in the form of quantum level noise (as well as pre-quantal thermal noise).  Noise can introduce random errors into stored memories. Noise could create random associations of ideas during memory recall. Many scientists have speculated that this randomness may be driven by microscopic fluctuations that are amplified to the macroscopic level. This would not happen in some specific location in the brain. It is most likely a general property of all neurons. 


We distinguish seven increasingly sophisticated ideas about the role of chance and indeterminism in the question of free will. Many libertarians have accepted the first two. Determinist and compatibilist critics of free will make the third their central attack on chance, claiming that it denies moral responsibility.  But very few thinkers appear to have considered all seven essential requirements for chance to contribute to libertarian free will.

	Chance exists in the universe. Quantum mechanics is correct. Indeterminism is true, etc.

	Chance is important for free will because it breaks the causal chain of determinism.

	But chance cannot directly cause our actions. We cannot be  responsible for random actions.

	Chance can only generate random (unpredictable) alternative possibilities for action or thought. The choice or selection of one action must be adequately determined, so that we can take responsibility. And once we choose, the connection between mind/brain and motor control must be adequately determined to see that "our will be done."

	Chance, in the form of noise, both quantum and thermal noise, must always be present. The naive model of a single random microscopic event, amplified to affect the macroscopic brain, never made sense. Under what ad hoc circumstances, at what time, at what place in the brain, would it occur to affect a decision?

	Chance must be overcome or suppressed by the adequately determined will when it decides to act, de-liberating the prior free options that "one could have done."

	To the extent that chance is not completely suppressed by the will, the resulting choice can be considered to have an element of randomness. The agent can still take responsibility for allowing the choice to be partially or completely random, the equivalent of flipping a mental coin.  
 



    Of those thinkers who have considered most of these aspects of chance, a small fraction have also seen the obvious parallel with biological evolution and natural selection, with its microscopic quantum accidents causing variations in the gene pool and macroscopic natural selection of fit genes by their reproductive success.
    

Our Macro Mind needs the Micro Mind for the free action items and thoughts in an Agenda of alternative possibilities to be de-liberated by the will. Chance in the Micro Mind is the "free" in free will and the source of human creativity. The adequately determined Macro Mind is the "will" in free will that de-liberates, choosing actions for which we can be morally responsible. 

The Etymology of Chance

The ancient philosophers used a small number of words to express important philosophical concepts like chance and necessity. Tracing the etymology back to proto-Indo-European produces some surprising insights into what the ancients may have been thinking.

We are not certain of the exact words used by Epicurus to describe his "swerve" of the atoms.  But since the swerve is critically important in the first version of libertarian freedom, it is worth investigating the root meanings for the words Epicurus and Lucretius used. 


	
      Indo-European
    	
      Greek
    	
      Latin
    	
      German
    	
      English
    
	
      ai- (to give, allot), suffixed *ai-t-ya, Greek, aitia (cause), suffixed *ai-ta-, Greek, diaitan (to decide)
    	
      αιτία (cause)
    	
      -
    	
      -
    	
      aetiology, diet
    
	
      ank- (to bend)
    	
      ἀνάγκη (necessity)
    	
      -
    	
      -
    	
      angle, ankle
    
	
      kad- (to fall)
    	
      -
    	
      cadere (to fall)
    	
      -
    	
      decadent, case, chance, accident
    
	
      ked- (to go, yield), suffixed *ne-ked-ti- (necessity)
    	
      -
    	
      cedere (to go away)
    	
      -
    	
      cede, necessity
	
      klei- (to lean)
    	
      κλίνειν
    	
      clinare
    	
      -
    	
      decline
    
	
      -
    	
      μάτην
    	
      -
    	
      -
    	
      random, for no reason
    
	
      -
    	
      τύχη
    	
      -
    	
      -
    	chance



	
      Case names
    	
      Greek
    	
      Latin
    	
      German
    
	
      nominative (name, noun)
    	
      ἠ ὀρθή, ἠ ὀνοματική (πτῶσις)
    	
      nominativus (casus)
    	
      Nominativ (Fall)
    
	
      genitive (kind)
    	
      ἠ γενική 
    	
      genitivus
    	
      Genitiv
    
	
      dative (giving) 
    	
      ἡ δοτική 
    	
      dativus
    	
      Dativ
    
	
      accusative (cause)
    	
      ἡ αἰτιατική 
    	
      accusativus
    	
      Akkusativ
    



All these words carry strong connotations of moral responsibility. More specifically, the connotations for cases (other than the nominative) are negative, of straying from the straight path, of leaning, bending, and falling. By contrast, the nominative is standing upright (ὀρθή - ortho), straight and direct (εὐθεῖα).


Now falling was the fundamental notion of the grammarians (e.g., Dionysius Thrax), when they describe all the cases as declining or falling from the nominative case.  The Greek word for case is πτῶσις (to fall), the Latin casus, from cadere (to fall). The German Fall is the origin of our word fall. 


In English, we inflect nouns, showing that they bend away from the nominative case. In German, Beugung, means bending in the sense of bending the law to pervert justice. We decline the nouns in Latin. As a result, the grammatical cases imply decadence. They are crooked, where the nominative is straight.


The accusative case is very interesting, because the root meaning is (toward the) cause (ad causa). The word "accuse" has all the implications of legal and moral responsibility. In Greek the αιτία are the explanatory causes responsible for an event.


Our English word for chance derives from Latin cadentia. Some take it to mean the fall of the dice in a game of chance, but it seems equally plausible that the idea of falling away from the upright direction of the nominative is also a source of the meaning.


This might explain what Epicurus means when he says an atom "swerves" on occasion. He means it departs from the upright nominative case. The Greek κλίνειν means to lean. Lucretius uses declinando and Cicero inclinando.


Let's look more critically at what Epicurus may have said, according to Lucretius and Cicero especially.

 




For Scholars
The Rise of Statistical Thinking, 1820-1900, by Theodore Porter, (Princeton, 1986) p.219-247, tells how Charles Sanders Peirce embraces chance as "Tychism." Porter also provides a summary of the influences of Renouvier, Fouillee, and Joseph Delbouef on Peirce. 
     
The Taming of Chance, by Ian Hacking, (Cambridge, 1990) p.11, tells how Peirce attacked the doctrine of necessity. Hacking's thesis is that there was an "erosion of determinism" in the nineteenth century culminating in Peirce. 
     

Henri Poincare
     

     "To begin with, what is chance? The ancients 
distinguished between the phenomena which seemed 
to obey harmonious laws, established once for all, 
and those that they attributed to chance, which were 
those that could not be predicted because they were 
not subject to any law.	In each domain the precise 
laws did not decide everything, they only marked 
the limits within which chance was allowed to move. 
In this conception, the word chance had a precise, 
objective meaning; what was chance for one was 
also chance for the other and even for the gods.

"But this conception is not ours. We have become 
complete determinists, and even those who wish to
reserve the right of human free will at least allow 
determinism to reign undisputed in the inorganic 
world. Every phenomenon, however trifling it be, 
has a cause, and a mind infinitely powerful and 
infinitely well-informed concerning the laws of nature 
could have foreseen it from the beginning of the ages. 
If a being with such a mind existed, we could play 
no game of chance with him; we should always lose.


"For him, in fact, the word chance would have no 
meaning, or rather there would be no such thing as
chance." (Science and Method, Henri Poincare, p.64)


Max Planck

     "Just as no physicist will in the last resort acknowledge the play of chance in human nature, so no physiologist will admit the play of chance in the absolute sense."  Max Planck, Where Is Science Going, p.147.
     
     "the assumption of chance in inorganic nature is incompatible with the working principle of natural science." Max Planck, Where Is Science Going, p.154.





     The De Moivre quote is cited in Hacking, Taming of Chance, p.13.
     




Source: https://www.informationphilosopher.com/freedom/chance.html
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Chance NOT the Direct Cause of Human Action


Chance cannot directly cause our actions. We cannot be responsible for random actions. 

    

Because of quantum mechanics, we now know that indeterminism is true and absolute chance exists in the universe.


Chance can generate random and totally unpredictable alternative possibilities for action, our "Agenda" for the Cogito. 


These alternatives are generated from our internal knowledge of practical possibilities. Those that are handed up for consideration may be filtered to some extent by unconscious processes to be "within reason." They may consist of slight variations of past actions we have willed many times in the past.


The selection of one of these possibilities by the will is as deterministic and causal a process as anything that a determinist or compatibilist could ask for, consistent with our knowledge of the physical world. 


Instead of a strict causal determinism, the world offers only adequate determinism. 


Consequently, at the very most, the indeterminism or chance involved in the generation of alternative possibilities is just an indirect cause of action, and just one of many causes. 



One of these possibilities is de-liberated by our causally determined will, so we can say that the action was up to us and that we can accept moral responsibility for it.  


Some unjustified fears about chance

Through the years, a number of sensible philosophers have panicked at the thought of truly chance events, the dreaded "causa sui." 

The Stoic Chrysippus warned in the third century B.C.E.


"Everything that happens is followed by something else which depends on it by causal necessity. Likewise, everything that happens is preceded by something with which it is causally connected. For nothing exists or has come into being in the cosmos without a cause. The universe will be disrupted and disintegrate into pieces and cease to be a unity functioning as a single system, if any uncaused movement is introduced into it."


Here is P. H. Nowell-Smith's concern about randomness (Mind, volume 225, January, 1948)



The fallacy of [Incompatibilism] has often been exposed and the clearest proof that it is mistaken or at least muddled lies in showing that I could not be free to choose what I do unless determinism is correct. For the simplest actions could not be performed in an indeterministic universe. If I decide, say, to eat a piece of fish, I cannot do so if the fish is liable to turn into a stone or to disintegrate in mid-air or to behave in any other utterly unpredictable manner.

J. J. C. Smart is an extreme case of those who believe quantum indeterminism might be a direct cause of action. He is reported to have said:
  

  "Indeterminism does not confer freedom on us: I would feel that my freedom was impaired if I thought that a quantum mechanical trigger in my brain might cause me to leap into the garden and eat a slug."
  
Examples of Chance the Direct Cause of Action


Many modern philosophers, even libertarians, conclude that if indeterminism is true our actions will be simply a matter of random chance.

One of the most influential defenders of libertarianism, Peter van Inwagen, has imagined a situation in which God rewinds the universe to exactly the same circumstances a thousand times. He concludes that an agent will act probabilistically instead of in a way adequately determined by character.


Now let us suppose that God a thousand times caused the universe to revert to exactly the state it was in at t1 (and let us suppose that we are somehow suitably placed, metaphysically speaking, to observe the whole sequence of "replays"). What would have happened? What should we expect to observe? Well, again, we can't say what would have happened, but we can say what would probably have happened: sometimes Alice would have lied and sometimes she would have told the truth. As the number of "replays" increases, we observers shall — almost certainly — observe the ratio of the outcome "truth" to the outcome "lie" settling down to, converging on, some value. We may, for example, observe that, after a fairly large number of replays, Alice lies in thirty percent of the replays and tells the truth in seventy percent of them—and that the figures 'thirty percent' and 'seventy percent' become more and more accurate as the number of replays increases. But let us imagine the simplest case: we observe that Alice tells the truth in about half the replays and lies in about half the replays. If, after one hundred replays, Alice has told the truth fifty-three times and has lied forty-eight times, we'd begin strongly to suspect that the figures after a thousand replays would look something like this: Alice has told the truth four hundred and ninety-three times and has lied five hundred and eight times. Let us suppose that these are indeed the figures after a thousand [1001] replays. Is it not true that as we watch the number of replays increase we shall become convinced that what will happen in the next replay is a matter of chance. 
 ("Free Will Remains a Mystery," in Philosophical Perspectives, vol. 14, 2000, p.14) 


Now van Inwagen reveals that he thinks that indeterminism directly results in actions. No wonder on his account that "free will remains a mystery!" 
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Source: https://www.informationphilosopher.com/freedom/chance_direct_cause.html





  
  Chaos
  

  


  
  Home › Freedom › Chaos
Chaos

Chaos, in many traditional cosmogonies, is the earliest state of the universe. Perhaps surprisingly, this is also the view of modern cosmologists. They see the universe starting in a state of "thermodynamical equilibrium" or maximum entropy about 13.7 billion years ago. 


Chaos is often defined as the complete absence of order, and consequently of information. For the Greeks, the opposite of chaos was cosmos, an ordered and beautiful universe.


The Stoic Chrysippus (200 B.C.E.) said that a single uncaused cause could destroy the universe (cosmos), which would fall into chaos.

     Everything that happens is followed by something else which depends on it by causal necessity. Likewise, everything that happens is preceded by something with which it is causally connected. For nothing exists or has come into being in the cosmos without a cause. The universe will be disrupted and disintegrate into pieces and cease to be a unity functioning as a single system, if any uncaused movement is introduced into it.



Chaos and the Kinetic Theory of Gases



The closest thing to perfect chaos in a physical theory is a gas in thermodynamical equilibrium, a state of maximum disorder or maximum entropy. In such a state, the average number of gas particles per unit volume is the same everywhere in the gas. The distribution of velocities in any small volume large enough to contain a very large number of particles is the Maxwell-Boltzmann distribution. 
[image: image-placeholder]

In thermodynamic equilibriun, the average value of any gas property over time is the same as the average value over a large number of identical systems at the same time. This is called the ergodic theorem.


Note that the kinetic theory of gases is a classical dynamical theory. It is thus a deterministic theory. Gas particles are assumed to follow the laws of Newtonian mechanics. Boltzmann's first attempt to derive his H-Theorem (a proof of the second law of thermodynamics, that entropy should always increase), was criticized by his mentor, Joseph Loschmidt, because since classical mechanical particle paths are time reversible, Boltzmann's proof of entropy increase would mean that if particles could be prepared in a starting with exactly opposite velocities, the entropy should decrease from such a starting state. This was called Loschmidt's reversibility paradox.




Deterministic Chaos


In modern times a mathematical theory of deterministic chaos was developed, largely by computer scientists.  They found that small rounding errors in their computer data (which has a limited number of significant figures) leads to large non-linear instabilities that expand exponentially in time and make long-term prediction impossible.  This is the famous "butterfly wings in Beijing" effect discovered in weather predictions by the founder of chaos theory, the meteorologist Edward Lorenz.

It is important to stress that there is nothing random or undetermined (it involves no quantum indeterminacy) about this mathematical chaos theory. Although it exhibits behaviors that resemble some phenomena in the real world, they are metaphors for behaviors, not physical explanations.


In addition, chaos should not be confused with unpredictability, just as determinism should not be confused with predictability. The fundamental importance of chaos theory is its application to systems that are extremely sensitive to initial conditions. Chaotic systems are deterministic, but not predictable. Their unpredictability does not mean that they are random or indeterministic, as many philosophers and a few scientists who dislike quantum mechanics have mistakenly believed (e.g., Ilya Prigogine.


Some philosophers appear to believe that chaos theory can provide all the randomness need to prevent free will from being deterministic (e.g., Daniel Dennett). Some think that non-linear chaotic behavior disproves the determinism of Laplace's super-intelligent demon. Laplace probably knew that the information required by the demon was unobtainable. Isaac Newton certainly knew that his observations could not confirm his theory to arbitrary accuracy needed to prove perfect determinism. 


Ludwig Boltzmann, his admirer and contemporary Franz Exner, and Exner's student Erwin Schrödinger often pointed out that deterministic theories go beyond the available evidence. Popularization of physical theories has often confused not just the public, but even philosophers of science.


On the three hundredth anniversary of Newton’s
Principia, Sir James Lighthill gave a lecture to the Royal Society, lamenting the confusion between Newton's classical mechanical determinism and the apparent claim of perfect predictability: 


”We are all deeply conscious today that the enthusiasm of our forebears for the marvellous achievements of Newtonian mechanics led them to make generalizations in this area of predictability which, indeed, we may have generally tended to believe before 1960, but which we now recognize were false. We collectively wish to apologize for having misled the general educated public by spreading ideas about determinism of systems satisfying Newton’s laws of motion that, after 1960,
were to be proved incorrect...”


Sensitivity to initial conditions was in fact known long before modern chaos theory and complexity theory. James Clerk Maxwell noted in the 1860's that even if two molecules were adjacent to one another in a hydrodynamic flow, they might find themselves in random places in the container after relatively short mixing times. He wrote:


When the state of things is such that an infinitely small variation of the present state will alter only by an infinitely small quantity the state at some future time, the condition of the system, whether at rest or in motion, is said to be stable; but when an infinitely small variation in the present state may bring about a finite difference in the state of the system in a finite time, the condition of the system is said to be unstable. 


The real world is only approximately classical mechanical (obeying Newton's dynamical laws at all scales). At the small scales of atomic and molecular physics, the world is quantum mechanical. There is nothing corresponding to deterministic chaos in quantum physics. Deterministic chaos requires continuous motion to produce mathematical singularities and exponential non-linearity. Despite unpredictable and spontaneous "quantum jumps," the discrete states of the quantum world are more regular and stable than their classical analogues. Indeed, the long-term stability of quantum structures in their "ground states" is astonishing, as is the complete indistinguishability of elementary particles, which gives rise to extremely non-intuitive statistics. Finally, the long-term stability of quantum cooperative phenomena is evident in the ability of biological macromolecules to maintain (by error detection and correction) their information content. 



The desire to describe randomness and chance in the world with deterministic chaos resembles the view of Adolphe Quételet and Henry Thomas Buckle that statistical regularities in various physical and social phenomena are evidence of an underlying determinism. Is the motivation similar to that which seeks an intelligent designer behind biological evolution? It seems that the "antipathy to chance" observed by William James at the end of the nineteenth century is alive and well in the twenty-first. 


For Scholars
The Rise of Statistical Thinking, 1820-1900, by Theodore Porter, (Princeton, 1986) p.219-247, tells how Charles Sanders Peirce embraces chance as "Tychism." Porter also provides a summary of the influences of Renouvier, Fouillee, and Joseph Delbouef on Peirce. 
     
The Taming of Chance, by Ian Hacking, (Cambridge, 1990) p.11, tells how Peirce attacked the doctrine of necessity. Hacking's thesis is that there was an "erosion of determinism" in the nineteenth century culminating in Peirce. 
     

     "To begin with, what is chance? The ancients 
distinguished between the phenomena which seemed 
to obey harmonious laws, established once for all, 
and those that they attributed to chance, which were 
those that could not be predicted because they were 
not subject to any law.	In each domain the precise 
laws did not decide everything, they only marked 
the limits within which chance was allowed to move. 
In this conception, the word chance had a precise, 
objective meaning; what was chance for one was 
also chance for the other and even for the gods.

But this conception is not ours. We have become 
complete determinists, and even those who wish to
reserve the right of human free will at least allow 
determinism to reign undisputed in the inorganic 
world. Every phenomenon, however trifling it be, 
has a cause, and a mind infinitely powerful and 
infinitely well-informed concerning the laws of nature 
could have foreseen it from the beginning of the ages. 
If a being with such a mind existed, we could play 
no game of chance with him; we should always lose.


For him, in fact, the word chance would have no 
meaning, or rather there would be no such thing as
chance." (Science and Method, Henri Poincare, p.64)


     "Just as no physicist will in the last resort acknowledge the play of chance in human nature, so no physiologist will admit the play of chance in the absolute sense."  Where Is Science Going, p.147.
     
     "the assumption of chance in inorganic nature is incompatible with the working principle of natural science." Max Planck, Where Is Science Going, p.154.
     



     The De Moivre quote is cited in Hacking, Taming of Chance, p.13.
     





The name "gas" was coined by a Dutch chemist as a variation on the word "chaos"


Source: https://www.informationphilosopher.com/freedom/chaos.html
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Compatibilism

Compatibilists argue that determinism is compatible with human freedom, and that indeterminism is not compatible or at best incoherent. They feel (correctly) that there must be a deterministic or causal connection between our will and our actions. This allows us to take responsibility for our actions, including credit for the good and blame for the bad.

As long as the agent is free from external coercion, they have freedom of action, which is the compatibilist freedom we have according to Thomas Hobbes and David Hume.


Compatibilists (or "soft determinists" as they have been known since William James) identify free will with freedom of action - the lack of external constraints. We are free, and we have free will, if we are not in physical chains. But freedom of the will is different from freedom of action.


Many compatibilists accept the view of a causal chain of events going back indefinitely in time, consistent with the laws of nature, with the plan of an omniscient God, or with other determinisms. As long as our own will is included in that causal chain, we are free, they say. And they think causality in nature is related to the very possibility of reason and logic. Without causality, they say, we could not be  of the truths of our arguments. 

Compatibilists don't mind all their decisions being caused by a metaphysical chain of events, as long as they are not in physical chains.

We think compatibilists should be classified according to the particular determinisms they think are compatible with human freedom. It is one thing to claim compatibility with physics, another to claim compatibility with God's foreknowledge, etc.



An increasing number of compatibilists, often reluctantly, accept the view that random quantum mechanical events occur in the world. Whether in the physical world, in the biological world (where they are a key driver of genetic mutations), or in the mind, randomness and uncaused events are real. 

Other compatibilists, Daniel Dennett, for example, simply insist that such genuine irreducible randomness is not needed for evolution or for human freedom. Others point out that even if strict determinism were true (which it isn't), compatibilist freedom of action, in David Hume's sense, would still exist.


Quantum events introduce the possibility of accidents, novelty, and human creativity. Compatibilists who admit such indeterminism might very likely be convinced of a stronger argument for human freedom that still provides an adequately determined will. 


See Giving Determinists What They Say They Want.



Our Cogito model assumes causality and adequate determinism in the critical apparatus of the Macro Mind. From the Micro Mind however, as well as from the external world including other minds, come surprising and unpredictable events to feed the Agenda of possible thoughts and actions. The Cogito is compatibile with both determinism and uncertainty. It lives in Eddington's "halfway house."


Compatibilism explains the will. It cannot explain free. Our new mind model gets us both free (randomness) and will (adequately determined). The Cogito is genuine free will.


For Teachers

Note there is also incompatibilism. There are two kinds of incompatibilists, those who deny human freedom (usually called "hard" determinists) and those who assert it (often called voluntarists, free willists, or metaphysical libertarians - to distinguish them from political libertarians). 
     

For Scholars

      The first compatibilist was Carneades (214-129), the great Skeptic.
     




Source: https://www.informationphilosopher.com/freedom/compatibilism.html
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Complexity Theory


Complexity Theory is the study of how order, patterns, and structure appear in complex, apparently chaotic systems that are far from equilibrium, sharing matter and energy (of low entropy) with their environment and exhibiting "self-organization" and stability, apparently avoiding the degradation (increase of entropy) normally required by the second law of thermodynamics. 

It has historical connections with the General Systems Theory of Ludwig von Bertalanffy. General Systems Theory is a theory of emergence, which was implicit in the work of John Stuart Mill and explicit in "emergentists" like George Henry Lewes (1875), C. Lloyd Morgan (1912), Samuel Alexander (1920), and C. D. Broad (1925).


Many scientists had known for decades before Bertalanffy that living systems somehow avoid the inevitable degradation suffered by physical systems, according to the second law of thermodynamics. Instead of approaching thermodynamic equilibrium (complete chaos) and maximum entropy, living systems maintain themselves in a high state of order (or information) far from equilibrium.  Earlier thinkers had called this a "dynamic equilibrium," but Bertalannfy called it "flow equilibrium." In his 1932 book Theoretische Biologie, he described living systems as open systems that exchange matter and energy with the environment.  


More important than the new terminology, Bertalanffy in 1940 described what was happening in a way made famous five years later by  Erwin Schrödinger in his book What is Life?, namely that energy is not enough, it must be energy with low (or negative) entropy, or what Bertalanffy correctly called "free energy.".


Bertalanffy wrote:


In open systems we have not only production of entropy due to irreversible processes, but also import of negative entropy. This is the case in the living organism which imports [consumes nutrients with] complex molecules that are high in free energy. Thus, living systems, maintaining themselves in a steady state, can avoid the increase of entropy, and may even
develop towards states of increased order and organization.


In his 1945 essay What is Life?, Schrödinger would say that "life feeds on negative entropy." Schrödinger described this as "order out of order" that distinguishes life from the "order out of chaos" exhibited by many complex physical systems studied today.


Ilya Prigogine and his collaborator Isabel Stengers titled their 1984 book Order Out Of Chaos. In it, they focused on physical systems far from equilibrium which exhibit the flow of matter and energy from the environment through an open system. Prigogine called them "dissipative structures" and developed the non-linear thermodynamics needed to describe them mathematically. 

Prigogine thought these dissipative systems showed "self-organizing" characteristics similar to those of biological systems. He also thought their irreversibility could provide a new definition of time beyond classical Newtonian physics, which makes collisions between microscopic particles reversible. 


Prigogine believed that before him, there was "no direction of time, no distinction between past and future," because even quantum mechanics, in the form of Erwin Schrödinger's deterministic wave equation, could not do so (without invoking a collapse of the wave function). Prigogine introduced what he called a "third time" into physics - time as irreversibility. He saw non-equilibrium, dissipative systems far from equilibrium, as a new source of order giving to the system ill-defined "new space-time properties." ("The Meaning of Entropy," in Evolutionary Epistemology, p.63) 
In the 1950's and 1960's, American meteorologist Edward Lorenz found that small rounding errors in his computer data (which has a limited number of significant figures) leads to large non-linear instabilities that expand exponentially in time and make long-term prediction impossible.  This is the famous "Butterfly wings in Beijing" effect discovered in weather predictions.


Lorenz's work led to the mathematical theory of deterministic chaos, a central component of modern complexity theory. Lorenz had discovered that deterministic and linear dynamical laws could not explain the non-linear processes he saw in weather data. This made a non-linear theory necessary.
 


Deterministic Chaos


Chaos theory is the study of systems that are highly sensitive to initial conditions.

It is important to stress that there is nothing random or undetermined  about chaos theory. It involves no quantum indeterminacy, which is the basis for ontological chance.  Although it exhibits behaviors that resemble some phenomena in the real world, they are metaphors for behaviors, not physical explanations.


Chaos should not be confused with unpredictability, just as determinism should not be confused with predictability. The fundamental importance of chaos theory is its application to systems that are extremely sensitive to initial conditions. Chaotic systems are deterministic, but not predictable. Their unpredictability does not mean that they are random or indeterministic, as many philosophers and a few scientists who dislike quantum mechanics have mistakenly believed (e.g., Ilya Prigogine).



Some philosophers appear to believe that chaos theory can provide all the randomness need to prevent free will from being deterministic (e.g., Daniel Dennett). Some think that non-linear chaotic behavior disproves the determinism of Laplace's super-intelligent demon. Laplace probably knew that the information required by the demon was unobtainable. Isaac Newton certainly knew that his observations could not confirm his theory to arbitrary accuracy needed to prove perfect determinism. 

Ludwig Boltzmann, his admirer and contemporary Franz Exner, and Exner's student Erwin Schrödinger, often pointed out that deterministic theories go beyond the available evidence. Popularization of physical theories has often confused not just the public, but even philosophers of science.


On the three hundredth anniversary of Newton’s
Principia, Sir James Lighthill gave a lecture to the Royal Society, lamenting the confusion between Newton's classical mechanical determinism and the apparent claim of perfect predictability: 


”We are all deeply conscious today that the enthusiasm of our forebears for the marvellous achievements of Newtonian mechanics led them to make generalizations in this area of predictability which, indeed, we may have generally tended to believe before 1960, but which we now recognize were false. We collectively wish to apologize for having misled the general educated public by spreading ideas about determinism of systems satisfying Newton’s laws of motion that, after 1960,
were to be proved incorrect...”


Sensitivity to initial conditions was in fact known long before modern chaos theory and complexity theory. James Clerk Maxwell noted in the 1860's that even if two molecules were adjacent to one another in a hydrodynamic flow, they might find themselves in random places in the container after relatively short mixing times. He wrote:


When the state of things is such that an infinitely small variation of the present state will alter only by an infinitely small quantity the state at some future time, the condition of the system, whether at rest or in motion, is said to be stable; but when an infinitely small variation in the present state may bring about a finite difference in the state of the system in a finite time, the condition of the system is said to be unstable. 


Maxwell may have been first, but certainly not the last, to connect this sensitivity to initial conditions to free will (e.g., John Eccles, with his "critically poised neurons.")


The real world is only approximately classical mechanical (obeying Newton's dynamical laws at all scales). At the small scales of atomic and molecular physics, the world is quantum mechanical. There is nothing corresponding to deterministic chaos in quantum physics. Deterministic chaos requires continuous motion to produce mathematical singularities and exponential non-linearity. 


Despite their unpredictable and spontaneous "quantum jumps," the discrete states of the quantum world are more regular and stable than their classical analogues. Indeed, the long-term stability of quantum structures in their "ground states" is astonishing, as is the complete indistinguishability of elementary particles, which gives rise to extremely non-intuitive statistics. Finally, the long-term stability of quantum cooperative phenomena is evident in the ability of biological macromolecules to maintain (by error detection and correction) their information content over billions of years. 



The desire to describe randomness and chance in the world with deterministic chaos resembles the view of Adolphe Quételet and Henry Thomas Buckle that statistical regularities in various physical and social phenomena are evidence of an underlying determinism. Is the motivation similar to that which seeks an intelligent designer behind biological evolution? It seems that the "antipathy to chance" observed by William James at the end of the nineteenth century is alive and well in the twenty-first.


The Santa Fe Institute

 
Scholars at the Santa Fe Institute promote the self-organization aspects of complexity and chaos theories as assisting Darwin's theory of evolution. There is no doubt that in the early stages between non-living and living systems that auto-catalytic molecular evolution might provide one of the steps to biogenesis.

But some of these scholars think that complexity theory adds something that is not provided by the randomness of quantum physics. It may, but it does not provide the purpose (the teleonomy or entelechy) that appears when molecules first discover how to replicate themselves. And more important, it does not add a teleological purpose that pre-exists life. 

Physical systems far from equilibrium use the flow of matter and energy from the environment through an open system to create and maintain information structures. In this respect, they resemble living systems, whaich are information structures, patterns, through which matter and energy flows. They do produce Prigogine's "order from chaos." But they are not information replicators and the information processors that evolve from the simplest organisms. 


Atomic constraints such as the quantum-mechanical bonding of water molecules allow snow crystals to self-organize into spectacular forms, producing order from disorder. Besides crystals, there are whirlpools, Bénard convection cells, basalt columns, and soil polygons, all of which apparently violate the fundamental tendency toward equilibrium and disorder in the universe. These are processes that information philosophy calls ergodic. They can do this only because of the negative entropy flow from the Sun. They all are completely undirected and purposeless, like the formation of the galaxies, stars, and planets. They cannot add meaning to the universe.

Stuart Kauffman is perhaps the best known exponent of complexity as aiding natural selection.

 
The
origin of life, rather than having been vastly improbable, is instead an expected collective
property of complex systems of catalytic polymers and the molecules on which
they act. Life, in a deep sense, crystallized as a collective self-reproducing metabolism
in a space of possible organic reactions. If this is true, then the routes to life are many
and its origin is profound yet simple.


While heretical, this new body of theory is robust in the sense that the conclusions
hold for a wide variety of assumptions about prebiotic chemistry, about the kinds of
polymers involved, and about the capacities of those polymers to catalyze reactions
transforming either themselves or other, very similar polymers. It is also robust in
leading to a fundamental new conclusion: Molecular systems, in principle, can both
reproduce and evolve without having a genome in the familiar sense of a template-replicating
molecular species. It is no small conclusion that heritable variation, and
hence adaptive evolution, can occur in a self-reproducing molecular system lacking a
genome. Since Darwin's theory of evolution, Mendel's discovery of the "atoms" of
heredity, and Weismann 's theory of the germ plasm, biologists have argued that evolution
requires a genome. False, I claim.



Kauffman's ideas about autocatalytic systems are shared by Terrence Deacon. 


Kauffman thought that he might even discover "laws" of self-organization. In his 1995 book, At Home in the Universe, he identified the discovery of such laws as showing that human life followed directly from these pre-existing laws, which would replace the arbitrary and purposeless system of Darwinian natural selection.



For Scholars





Prigogine discounts Boltzmann's work on the second law, which Eddington called the "Arrow of Time"


Source: https://www.informationphilosopher.com/freedom/complexity.html
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Comprehensive Compatibilism


Comprehensive compatibilists believe that Free Will can be reconciled with both determinism (as Hume believed) and indeterminism (as many thinkers since William James believe).



Comprehensive compatibilists believe that actions are adequately determined by deliberations prior to a decision, including one's character and values, and one's feelings and desires, in short, one's reasons and motives. Their model of free will is "reasons responsive."


Comprehensive compatibilists put limits on both determinism and indeterminism.


The role of pure chance, irreducible randomness, or quantum indeterminacy, is limited to generating alternative possibilities for action. Chance events are not direct causes of our thoughts and actions, as "radical" libertarians believe.


"Soft" - or "Adequate" or "Modest" - Libertarians believe that humans are free from strict physical determinism - or pre-determinism, and all the other diverse forms of determinism. They accept the existence of chance, but believe that if chance were the direct cause of actions, it would preclude control of the agent's actions and deny moral responsibility.


Note that for information philosophy and its theory of values, there is a critical separation of the question of free will from questions about moral responsibilty. 


The existence of free will is a scientific question for physics, biology, and psychology. 
Moral responsibility is a cultural question for sociology and the law. 


Information philosophy also separates responsibility from the ideas of retributive punishment, which is still another social and cultural question.




Watch a 10-minute interactive flash video on Comprehensive Compatibilism.


Libertarians in general believe that determinism and freedom are incompatible. Freedom requires some form of indeterminism. But the two-stage models of free will favored by comprehensive compatibilists also require determination of the action by the agent's motives and reasons, following deliberation and evaluation of the alternative possibilities for action provided by that indeterminism.

Critics of libertarianism (both determinists and compatibilists) attack the view of radical libertarians that chance is the direct cause of actions. If an agent's decisions are not connected in any way with character and other personal properties, they rightly claim that the agent can hardly be held  responsible for them. 

Robert Kane's "torn decisions" are an exception to this criticism, because the agent has excellent reasons for acting, whichever way chance takes the ultimate decision.


Many determinists and (perhaps most?) compatibilists now accept the idea that there quantum physics requires real indeterminism in the universe.  Comprehensive compatibilists can agree with them that if indeterministic chance were the direct direct cause of our actions, that would not be freedom with responsibility.


Although any quantum event is probabilistic, quantum processes in macroscopic objects like biological organisms are highhy regular, because of the law of large numbers. Even in microscopic structures like atoms and molecules, it is quantum mechanics that provides the phenomenla stability of such structures over cosmic lifetimes.  


But determinists and compatibilists might also agree that if chance is not a direct cause of our actions, it would do no harm to responsibility. In which case, comprehensive compatibilists should be able to convince some determinists of their position. Galen Strawson agrees that comprehensive compatibilism is a "kind of freedom that is available" to us.


If chance is limited to providing real alternative possibilities to be considered by the adequately determined will, it provides an intelligible freedom and can explain both  freedom and creativity.


Comprehensive compatibilists can give the determinists, at least the compatibilists, the kind of freedom they say they want, one that provides an adequately determined will and actions for which we can take responsibility


Even the current chief spokesman for libertarianism, Robert Kane admits that "radical" libertarian accounts of free will are unintelligible. No coherent idea can be provided for the role of indeterminism and chance, he says. 


But Kane doggedly insists that "something more" is needed beyond simple determination of our actions by our desires and feelings, our character and values, and our motives and reasons, that is, given the alternative possibilities that have been generated in the first stage of a two-stage model.  



For Teachers

     References:

     
    Dennett, D. C. (1978). Brainstorms : philosophical essays on mind and psychology. Montgomery, Vt., Bradford Books. (see "Giving the Libertarians What They Say They Want.")
     

    Kane, R. (2001). The Oxford Handbook of Free Will. Oxford ; New York, Oxford University Press.
     


For Scholars

 Notes:

1. Clarke, Randolph (2003), Libertarian Accounts of Free Will, p.xiii.


Accounts of free will purport to tell us what is required if we are to be free agents, individuals who, at least sometimes when we act, act freely. Libertarian accounts, of course, include a requirement of indeterminism of one sort or another somewhere in the processes leading to free actions. But while proponents of such views take determinism to preclude free will, indeterminism is widely held to be no more hospitable. An undetermined action,  it is said would be random or arbitrary. It could not be rational or rationally explicable. The agent would lack control over her behavior. At best, indeterminism in the processes leading to our actions would be superfluous, adding nothing of value even if it did not detract from what we want.



2. Honderich, Ted (2002), How Free Are You?, p.5.


"Maybe it should have been called determinism-where-it-matters. It allows that there is or may be some indeterminism but only at what is called the micro-level of our existence, the level of the small particles of our bodies."



3. Searle, John (2004), Freedom and Neurobiology, p.74-75.


"First we know that our experiences of free action contain both indeterminism and rationality...Second we know that quantum indeterminacy is the only form of indeterminism that is indisputably established as a fact of nature...it follows that quantum mechanics must enter into the explanation of consciousness."







Source: https://www.informationphilosopher.com/freedom/comprehensive_compatibilism.html
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Conceptual Analysis


We seek to clarify a number of concepts used in debates about free will by separating compound terms into their parts, analyzing them, and then recombining them more clearly.

We propose four critical separations:

	The Separation of "Free" from "Will"

	The Separation of "Moral" from "Responsibility"

	The Separation of "Free Will" from "Moral Responsibility"

	The Separation of "Free Will and Moral Responsibility" from "Retributive Punishment"




The Separation of "Free" from "Will"

 
"Free Will" - in scare quotes - refers to the common but mistaken notion that the adjective "free" modifies the concept "will." In particular, it indicates that the element of chance, one of the two requirements for free will is present in the determination of the will itself.

Critics of "libertarian free will" usually adopt this meaning in order to attack the idea of randomness in our decisions, which clearly would not help to make us morally responsible. 



Unfortunately, even defenders of libertarian free will (Robert Kane, for example) continue to add indeterminism into the decision itself, making such free will  "unintelligible" by their own account.



Despite the claim of some professional philosophers that they are better equipped than scientists to make conceptual distinctions and evaluate the cogency of arguments, they have mistakenly conflated the concepts of "free" and "will." They (con)fuse them with the muddled term "free will," despite clear warnings from John Locke that this would lead to confusion. 


Locke said very clearly, as had some ancients like Lucretius, it is not the will that is free (in the sense of undetermined), it is the mind. 


John Locke liked the idea of Freedom and Liberty. He thought it was inappropriate to describe the Will itself as Free. The Will is a Determination. It is the Man who is Free. "I think the question is not proper, whether the will be free, but whether a man be free." "This way of talking, nevertheless, has prevailed, and, as I guess, produced great confusion," he said. It has and still does produce confusion


In chapter XXI, Of Power, in his Essay Concerning Human Understanding, Locke calls the question of Freedom of the Will unintelligible. But for Locke, it is only because the adjective "free" applies to the agent, not to the will, which is determined by the mind, and determines the action.  




  Concerning a man's liberty, there yet, therefore, is raised this further question, Whether a man be free to will? which I think is what is meant, when it is disputed whether the will be free. (s.22)

This, then, is evident, That a man is not at liberty to will, or not to will, anything in his power. (s.24)



Freedom of human action requires the randomness of absolute chance to break the causal chain of determinism, yet the conscious knowledge that we are adequately determined to be responsible for our choices.


    Freedom requires some events that are not causally determined by immediately preceding events, events that are unpredictable by any agency, events involving quantum uncertainty. These random events create alternative possibilities for action.
   
Randomness is the "free" in free will.
   

In short, there must be a Randomness Requirement, unpredictable chance events that break the causal chain of determinism. Without this chance, our actions are simply the consequences of events in the remote past. This randomness must be located in a place and time that enhances free will, one that does not reduce it to pure chance. 


(Determinists do not like this requirement.)



    Freedom also requires an adequately determined will that chooses or selects from those alternative possibilities. There is effectively nothing uncertain about this choice. 
   
Adequate determinism is the "will" in free will.
   

So there is also a Determinism Requirement - that our actions be adequately determined by our character and values. This requires that any randomness not be the direct cause of our actions. (Libertarians do not like this requirement.)



    Adequate determinism means that randomness in our thoughts about alternative possibilities does not directly cause our actions.


    A random thought can lead to an adequately determined action, for which we can take full responsibility.

 
We must separate the "free" thoughts from the "willed" actions.

Our thoughts come to us. Our actions come from us.



The Separation of "Moral" from "Responsibility"

Responsibility for a willed action can be ascribed to an agent because the "adequately" determined will has started a new causal chain that includes the action and its foreseeable consequences.

But responsibility is not exactly the same as moral responsibility. It is merely a prerequisite for moral responsibility.


Responsibility is similar to accountability. Just as an action can said to be a cause of its consequences, so the agent can be held accountable for the action. 


Different moral codes, which are the business of ethicists, may have different degrees of moral responsibility for the same actions and its consequences.


We must separate "moral" from "responsibility."



The Separation of "Free Will" from "Moral Responsibility"

 
From the earliest beginnings, the problem of "free will" has been intimately connected with the question of moral responsibility. Most of the ancient thinkers on the problem were trying to show that we humans have control over our decisions, that our actions "depend on us", and that they are not pre-determined by fate, by arbitrary gods, by logical necessity, or by a natural causal determinism.  


John Martin Fischer says that some philosophers want to relate these two very strongly:


    Some philosophers do not distinguish between freedom and moral responsibility. Put a bit more carefully, they tend to begin with the notion of moral responsibility, and "work back" to a notion of freedom; this notion of freedom is not given independent content (separate from the analysis of moral responsibility). For such philosophers, "freedom" refers to whatever conditions are involved in choosing or acting in such a way as to be morally responsible. 

(Free Will, vol 1, p. )


The question of the existence of "free will" is an empirical and factual question about the nature of the mind. It does not depend in any way on the existence of "moral responsibility," which is a question for ethics.

Here is an example of the kind of problems caused by conflating free will with moral responsibility. Manuel Vargas follows John Fischer in connecting free will to moral responsibility, then he wonders how and when children can suddenly acquire free will at a certain age. Vargas says:


It is not clear that there is any single thing that people have had in mind by the term "free will." Perhaps the dominant characterization in the history of philosophy is that it is something like the freedom condition on moral responsibility. Roughly, the idea is that to be morally responsible for something, you had to have some amount of freedom, at some suitable time prior to the action or outcome for which you are responsible. That sense of freedom — whatever it amounts to — is what we mean to get at by the phrase "free will." However, there may be things for which free will might be important or other senses of free will that are independent of concerns about moral responsibility. For example, philosophers have worried whether free will is required for some human achievements to have a special worth or value, or for there to be values and valuing in any robust sense. Although I think much of what I will say can be applied to other aspects of thinking about it, I will primarily concerned with free will in its connection to moral responsibility, the sense in which people are appropriately praised or blamed. (Four Views on Free Will, p.128-9)


Vargas then puzzles about children becoming free agents.

Consider the question of how we go from being unfree agents to free agents. This is a puzzle faced by all accounts of responsibility, but there is something pressing about it in the case of libertarianism. As children we either had the indeterministic structures favored by your favorite version of libertarianism or we lacked them. If we lacked them as children, we might wonder how we came to get those structures. We might also wonder what the evidence is for thinking that we do develop said structures. Suppose the libertarian offers us an answer to these questions, and the other empirical challenges I raised in the prior section. We would still face another puzzle. What, exactly, does the indeterminism add? What follows in this section is not so much a metaphysical concern as it is a normative concern. It is a concern about what work the indeterminism does in libertarianism, apart from providing a way to preserve our default self-image as deliberators with genuine, metaphysically robust alternative possibilities. (p.148)


Children have free will from birth. It is part of their biological makeup. It is the moral responsibility that they "come to get" at some age. 

We must separate "free will" from "moral responsibility."




The Separation of "Free Will and Moral Responsibility" from Retributive Punishment (Revenge)

  
Liberal and humanitarian thinkers who see that retributive punishment is sometimes cruel and unproductive should not try to argue that punishment is not "deserved" because free will does not exist.

They have excellent reasons for preferring rehabilitation and education to vengeance.

Naturalists argue that humans are just a form of animal and that we lack free will because animals do. No free will in animals was the old religious argument that God had given man the gift of free will. Whether man - and higher animals too - have free will is an empirical scientific question.


To make it depend on however excellent arguments against vengeance and retributive punishment is to get the cart before the horse.


Equating free will with moral responsibility, then to use spurious arguments to deny free will, and thus to deny moral responsibility - in order to oppose punishment - is fine humanism but poor philosophy, and terrible science.


We must separate "free will and moral responsibility" from "retributive punishment" and vengeance.


Words Can Confuse


David Hume


It might reasonably be expected in questions which have been canvassed and disputed with great eagerness, since the first origin of science, and philosophy, that the meaning of all the terms, at least, should have been agreed upon among the disputants; and our enquiries, in the course of two thousand years, been able to pass from words to the true and real subject of the controversy. For how easy may it seem to give exact definitions of the terms employed in reasoning, and make these definitions, not the mere sound of words, the object of future scrutiny and examination? But if we consider the matter more narrowly, we shall be apt to draw a quite opposite conclusion. From this circumstance alone, that a controversy has been long kept on foot, and remains still undecided, we may presume that there is some ambiguity in the expression, and that the disputants affix different ideas to the terms employed in the controversy...It is true, if men attempt the discussion of questions which lie entirely beyond the reach of human capacity, such as those concerning the origin of worlds, or the economy of the intellectual system or region of spirits, they may long beat the air in their fruitless contests, and never arrive at any determinate conclusion. But if the question regard any subject of common life and experience, nothing, one would think, could preserve the dispute so long undecided but some ambiguous expressions, which keep the antagonists still at a distance, and hinder them from grappling with each other. 


(Enquiry Concerning Human Understanding, Section VIII, "Of Liberty and Necessity," p.80-1)





Source: https://www.informationphilosopher.com/freedom/conceptual_analysis.html
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Contingency



All facts about the world are (necessarily?) empirical and a posteriori, and thus contingent.

Modal logic is the analysis and qualification of statements or propositions as asserting or denying necessity, possibility, impossibility,  and, most problematic, contingency. 


The use of "necessity" and "impossibility" to describe the physical world should be guarded and understood to describe events or "states of affairs" that have extremely high or low probability. The term certainty, when used about knowledge of the physical world, normally represents only extremely high probability. 


Possibility and contingency are not easily constrained to the binary values of true and false. To begin with, possibility is normally understood to include necessity. If something is necessary, it is a fortiori possible. Contingency must be defined as the subset of possibility that excludes necessity.


The modal operators are  a box '◻' for necessity and a diamond ' ◇ ' for possibility. Impossibility is the negation of possibility, ¬◇, and contingency must negate necessity and also negate impossibility, so it is the logical conjunction of "not necessity" and "possibility" (¬◻ ∧ ◇). 


Mathematically, contingency is a continuum of values between impossibility and necessity, the open interval between 0 and 1 that represents all the probabilities (excluding the certainties. It is the negation of the logical disjunction of necessity and impossibility, neither necessary nor impossible.  (¬ (◻ ∨ ¬◇)).


But physically, contingency is the closed interval, including the endpoints of necessity (1) and impossibility (0). Theoretical physics today is often described as probabilistic and statistical, which is sometimes misunderstood to exclude perfect certainties like 0 and 1, but this is not the case. Even quantum physics, the basis of ontological chance in the universe, sometimes predicts certain outcomes, as explained by Paul Dirac.


With its four modes, necessity, possibility, impossibility, and contingency, modal analyses simply contain more than can be confined to two-valued truth-functions, whether in logic, usually called a priori truths, or language analysis, usually called analytic truths, nor in supposed metaphysical truths. 


Truth is a binary relation of ideas, true or false. Facts of the matter have a continuous value somewhere between 0 and 1, with plus or minus estimates of the standard deviation of probable errors around that value.  


In analytic language philosophy, we need more than the "truth" of statements and propositions with their apparent claims about "necessary" facts in the world. The logical empiricists equate necessity in the first-order logic of their "object language" with analyticity in their higher-order "metalanguage" of propositional functions. 


Although we distinguish the a priori truths of logic from the analytic truths of language philosophy, many such "truths" were discovered long before modern methods were invented to demonstrate their "proofs.' In that sense, knowledge is usually discovered a posteriori and ultimately all knowledge is synthetic in the Kantian sense. 


Since facts about the world are empirical and a posteriori, and thus contingent, it is best to restrict the use of the concept "truth" to logic and to analytic discourse about statements and propositions. Truth is an appropriate concept in "ideal" formal systems like philosophical logic and mathematics where the extremes of necessity and impossibility are defined parts of the system. But the world itself cannot be confined to a Procrustean bed of true and false. 


We therefore conclude that the logical empiricist's idea that the laws of nature can be described with linguistic statements or propositions is simply wrong. This is particularly the case for the laws of modern physics, which are now irreducibly probabilistic in view of the indeterministic nature of quantum mechanics, the uncertainty principle, etc.


The "evidence" that "verifies" or validates a physical theory is gathered from a very large number of experiments. No single measurement can establish a fact in the way that a single valid argument can assert the "truth" of an analytic statement. The large number of measurements means that evidence is statistical. Indeed, physical theories make predictions that are probabilities. Theories are  confirmed when the a priori probabilities match the a posteriori statistics. 

Probability is a theory, statistics are the results of experiments.

Information philosophy considers claims such as "If P, then P is true" to be redundant, adding no information to the (true) assertion of the statement or proposition "P." Further redundancies are equally vacuous, such as "If P is true, then P is necessarily true" and "If P is true, then P is necessarily true in all possible worlds."


Logically necessary and analytic statements are tautological and carry no new information. This is the paradox of analyticity. The statement "A is A" tells us nothing. The statement  "A is B" is informative.


Adding "is true" and the like also add no new information. They cannot change the fundamental nature of a statement. For example, they cannot change a contingent statement into a necessary one. Consider the statement "x is contingently y" Prepending the necessity operator, we have "Necessarily, x is contingently y." It changes nothing.  


Consider  Q(x = y), where "'Q' (for questionable) is a contingency operator parallel to ' ◻' and ' ◇ ' Can we interchange  the operators in ◻Q(x = y) to get Q◻(x = y)? Would it change the meaning from x is possibly y and possibly not y?




Future Contingency

Diodorus Cronus (Διόδωρος Κρόνος, Cronus was a nickname, the old 'crone') was a member (or perhaps a late follower) of the Megarian School, whose arguments about the truth and falsity of statements about the future may have influenced or been influenced by Aristotle. But they have certainly influenced modern philosophers who think that philosophical problems and facts in the world can be decided by logic and language games.
 
Diodorus was known as "The Dialectician," testimony to his sophistry with words, or for his ability to create paradoxes. Epictetus wrote a diatribe "Against those who embrace philosophical opinions only in words," in Book 2, Chapter 1, of his Discourses. It is our major reference to Diodorus and his famous Master Argument (the κυριεύων or κύριος λόγος). 


Diodorus' Master Argument is a set of propositions designed to show that the actual is the only possible and that some true statements about the future imply that the future is already determined. This follows logically from his observation that if something in the future is not going to happen, it must have been that statements in the past that it would not happen must have been true.


The Master Argument was central in the Hellenistic debates about determinism, as shown by Cicero's descriptions in On Fate. 


It is closely related to the problem of future contingency, also discussed by Diodorus, but made famous in Aristotle's example of a Sea-Battle in De Interpretatione 9. Aristotle thought that statements about the past and present must be either true or false. But statements about the future are only potentials, possibilities, so they lack any truth value until their potential becomes actual at some time in the future.


Note that there are in fact some things in the past that can be changed in the future.  It is the truth value of a statement made in the past.  The truth value of Aristotle's statement "there will be a sea-battle next week," can "actually" be changed if the event does not happen, showing that the concept of a "fixed past," so important in analytic language philosophy debates about free will, has some changeability. In analytical language philosophy, the "fixed past" is far from fixed. 


Diodorus was a great logician and word-juggler. Like Socrates, he wrote little or nothing and preferred verbal debates. The Dialectician was a precursor of the later language game players, Ludwig Wittgenstein, Jacques Derrida, and Daniel Dennett.


Diodorus applied Democritus' great insight that much knowledge is pure convention (νόμος), but "in reality" there is only atoms and a void.
For Diodorus, language definitions were conventional and quite arbitrary. Perhaps his most famous example (also attributed to Eubulides) was the linguistic puzzle of how to define a "heap" (metaphysicians call this the Sorites puzzle, from Greek σωρείτης so-ri'-tes, meaning "heaped up"). When does a number of grains become a heap? One? No. Two? No. Three? Etc. Or, given a heap of grains, as you take grains away, at which point does it stop being a heap?




Aristotle on Contingency


That Aristotle believes in an open and ambiguous future with alternative possibilities is also shown by his denial of the logical Master Argument for determinism of Diodorus Cronus, in the form of Aristotle's famous "sea battle."


Diodorus argued from an assumed necessity of past truths (which is understandable, if a misapplication of logic to physical reality) that something is impossible that neither is or ever will be true.


Aristotle reframed the argument as the truth or falsity of the statement that a sea battle will occur tomorrow. Despite the law of the excluded middle (or principle of bivalence), which allows no third case (or tertium quid), Aristotle concluded that the statement is neither true nor false, supporting an ambiguous future. 


What is, necessarily is, when it is; and what is not, necessarily is not, when it is not. But not everything that is, necessarily is; and not everything that is not, necessarily is not. For to say that everything that is, is of necessity, when it is, is not the same as saying unconditionally that it is of necessity. Similarly with what is not. And the same account holds for contradictories: everything necessarily is or is not, and will be or will not be; but one cannot divide and say that one or the other is necessary. 

I mean, for example: it is necessary for there to be or not to be a sea-battle tomorrow; but it is not necessary for a sea-battle to take place tomorrow, nor for one not to take place — though it is necessary for one to take place or not to take place. So, since statements are true according to how the actual things are, it is clear that wherever these are such as to allow of contraries as chance has it, the same necessarily holds for the contradictories also. This happens with things that are not always so or are not always not so. With these it is necessary for one or the other of the contradictories to be true or false — not, however, this one or that one, but as chance has it; or for one to be true rather than the other, yet not already true or false.



Aristotle never denied the law of the excluded middle, merely that the truth or falsity of statements about future events does not exist yet. Note that this implies some things in the past may be changed in the future, i.e., the truth values of past statements about the future.



Source: https://www.informationphilosopher.com/freedom/contingency.html
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Control

Control is the idea that our decisions are up to us. 


If we lack control - because our decisions were pre-determined, or they are undetermined or random - then we would not have the accountability for our decisions that is required for moral responsibility.
John Martin Fischer has separated the idea of control into two kinds. The first he calls "legislative control" - the kind needed to choose between alternative possibilities. The second he calls "guidance control" - the kind of control needed to initiate or originate an action, by being "reasons responsive" and taking ownership of the action, meaning the agent can say the action was "up to me."


Since we first need free (alternative possibilities) and then will (adequately determined actions) in a temporal_sequence - first chance, then choice - we can distinguish the amount of control we have at these two stages in the process of "free will."


As the earliest libertarian philosophers like Lucretius knew, and as the great John Locke told us, we need to unpack the concept "free will" into two separate concepts, "free" and "will," in a temporal_sequence.


In the first "free" stage, the development of creative alternative possibilities for thought and action, our control is minimal. Random thoughts appear to "come to us," more than "from us."  Indeed, complete control implies a kind of causal determinism over random events.


These thoughts may be our own, remembrances of past experiences or ideas that are relevant to the current situation.  But they also may be random variations of past experiences and contain many immediate sensory inputs we can not control that suggest new possibilities.


Random alternatives may be generated internal to our minds or come into us from external events that are random and outside our control. Nevertheless, we may have some control over the time we allow our minds to consider new possibilities. And we have control over the process of opening our minds to random new possibilities.


In the second "will" stage, the de-liberation and evaluation of alternative possibilities, we want enough control to say that our decisions are adequately determined to be consistent with our character and values. 


This does not mean we are determined to select from the current possibilities which were randomly generated. If they do not seem good enough in our judgment, we have enough control to send them back for further generation of possible thoughts or actions.   

[image: image-placeholder]>


And we can even decide to make a random choice between alternatives that seem to have what the medieval philosophers called the liberty of indifference, as long as we are prepared to take responsibility either way. We call this an "undetermined liberty."


We call an adequately determined decision, based on our reasons, values, desires, feelings, in short, on our character,  "self-determination."


Our desires, intentions, decisions, and actions all appear to "come from us." We feel we control them because they "depend on us."


Our Thoughts are Free.

They come to us.

Our Actions are Willed.

They come from us.


Control over the generation of new ideas


A final control requirement is that the mind must be able to suppress random noise when it is only interfering with thought, but recruit it when new alternatives are needed for action options, or solving problems, or being creative.

For Scholars




Source: https://www.informationphilosopher.com/freedom/control.html
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Could Have Done Otherwise

The idea that a free agent "could have done otherwise" is a key element in the libertarian argument.


It is seen as a condition for moral responsibility, although freedom in this sense is prior to moral issues. In recent philosophical jargon, it is known as (PAP) the "principle of alternative possibilities." 


 A person is morally responsible for performing a given act only if he could have acted otherwise.


PAP is under attack by many compatibilists and determinists. It has been twisted by compatibilists into sophisticated logical arguments and "thought experiments" that purport to prove that the ability to do otherwise under identical conditions is impossible. 


If such a capability did exist it could only be arbitrary (indeed), capricious (yes), and irrational. And to this day has led even some libertarian thinkers to doubt that an "intelligible" account can be given of free choice.


We will look at some of the arguments, then explain how randomly generated alternative possibilities are all we need to provide the opportunity to do otherwise - and thus be both unpredictable and responsible.  

Robert Kane pointed out (Free Will and Values, p.9) that the idea of alternative possibilities, that "one could have done otherwise," began in modern times with the debates between Thomas Hobbes and Bishop John Bramhall.
  

  For Thomas Hobbes, the first modern compatibilist, the idea of a free agent that could do otherwise was a contradiction and nonsense.
  
  "I hold that ordinary definition of a free agent, namely that a free agent is that which, when all things are present which are needful to produce the effect, can nevertheless not produce it, implies a contradiction and is nonsense; being as much as to say the cause may be sufficient, that is necessary, and yet the effect shall not follow." (Of Liberty and Necessity, § 32)
  

John Bramhall sees no contradiction.
  
  "I cannot see this nonsense nor discover this contradiction. For (a) in these words, 'all things needful' or 'all things requisite', the actual determination of the will is not included. But by 'all things needful or requisite', all necessary power either operative or elective, all necessary instruments and adjuments extrinsical and intrinsical, and all conditions, are intended. As he that has pen and ink and paper, a table, a desk, and leisure, the art of writing, and the free use of his hand, has all things requisite to write if he will; and yet he may forbear if he will.... (b) And indeed if the will were (as he conceives it is) necessitated extrinsically to every act of willing, if it had no power to forbear willing what it does will, nor to will what it does not will, then if the will were wanting, something requisite to the producing of the effect was wanting. But now when science and conscience, reason and religion, our own and other men's experience, do teach us that the will has a dominion over its own acts, to will or nill without extrinsical necessitation, if the power to will be present in actu primo [as a first actuality], determinable by ourselves, then there is no necessary power wanting in this respect to the producing of the effect." (A Defense of Liberty, § 32) 
  

David Hume's compatibilist account of liberty and necessity is similar to Hobbes. Freedom to do otherwise was "unintelligible," a word still very popular with modern compatiblists and even some anxious libertarians.
  
  "I believe we may assign the three following reasons for the prevalence of the doctrine of liberty, however absurd it may be in one sense, and unintelligible in any other. First, After we have perform'd any action; tho' we confess we were influenc'd by particular views and motives; 'tis difficult for us to persuade ourselves we were govern'd by necessity, and that 'twas utterly impossible for us to have acted otherwise; the idea of necessity seeming to imply something of force, and violence, and constraint, of which we are not sensible. Few are capable of distinguishing betwixt the liberty of spontaneity, as it is call'd in the schools, and the liberty of indifference; betwixt that which is oppos'd to violence, and that which means a negation of necessity and causes. (Treatise, Book II, Part III, Sections I-II, p.407) 
  

G. E. Moore argued in 1912 in his Ethics that one could do otherwise, but only if one had chosen to do otherwise. Many later philosophers found this idea to be empty, since under determinism one could not have so chosen.
  
  "It must be remembered that our theory does not assert that any agent ever could have chosen any other action than the one he actually performed. It only asserts, that, in the case of all voluntary actions, he could have acted differently, if he had chosen: not that he could have made the choice. It does not assert, therefore, that right and wrong depend upon what he could choose. As to this, it makes no assertion at all: it neither affirms nor denies that they do so depend. It only asserts that they do depend upon what he could have done or could do, if he chose. In every case of voluntary action, a man could, if he had so chosen just before, have done at least one other action instead. That was the definition of a voluntary action : and it seems quite certain that many actions are voluntary in this sense." (Ethics, p.12)
  

R. E. Hobart (Dickinson S. Miller) claimed in 1934 that free will involved determination and was inconceivable without it.
  
  'I mean free will in the natural and usual sense, in the fullest, the most absolute sense in which for the purposes of the personal and moral life the term is ever employed. I mean it as implying responsibility, merit and demerit, guilt and desert. I mean it as implying, after an act has been performed, that one "could have done otherwise" than one did.'

I am not maintaining that determinism is true; only that it is true in so far as we have free will. That we are free in willing is, broadly speaking, a fact of experience. That broad fact is more assured than any philosophical analysis. It is therefore surer than the deterministic analysis of it, entirely adequate as that in the end appears to be. But it is not here affirmed that there are no small exceptions, no slight undetermined swervings, no ingredient of absolute chance. All that is here said is that such absence of determination, if and so far as it exists, is no gain to freedom, but sheer loss of it; no advantage to the moral life, but blank subtraction from it. 


Thus it is true, after the act of will, that I could have willed otherwise. It is most natural to add, "if I had wanted to"; but the addition is not required. The point is the meaning of "could". I could have willed whichever way I pleased. I had the power to will otherwise, there was nothing to prevent my doing so, and I should have done so if I had wanted. If someone says that the wish I actually had prevented my willing otherwise, so that I could not have done it, he is merely making a slip in the use of the word "could".
  


Moritz Schlick reiterated Moore's view, and included the idea of "exactly the same circumstances" in chapter VII of his 1936 book Problems in Ethics.  Schlick introduced the terminology of a pseudo-problem into the debate in this chapter entitled When Is A Man Responsible?.
  
  The absence of the external power expresses itself in the well-known feeling (usually considered characteristic of the consciousness of freedom) that one could also have acted otherwise. How this indubitable experience ever came to be an argument in favor of indeterminism is incomprehensible to me. It is of course obvious that I should have acted differently had I willed something else; but the feeling never says that I could also have willed something else, even though this is true, if, that is, other motives had been present. And it says even less that under exactly the same inner and outer conditions I could also have willed something else. 
  

P. H. Nowell Smith, in Mind, 1948, provided a lengthy analysis of "could have done otherwise" in his article Free Will and Moral Responsibility. 
  
The problem arises out of a prima facie incompatibility between the freedom of human action and the universality of causal law. It was raised in an acute form when universal determinism was believed to be a necessary presupposition of science; but it was not then new, because the incompatibility, if it exists at all, exists equally between human freedom and the foreknowledge of God. As it appears to the 'plain man ' the problem may be formulated as follows: "Very often I seem to myself to be acting freely, and this freedom, if it exists, implies that I could have acted otherwise than I did. If this freedom is illusory, I shall need a very convincing argument to prove that it is so, since it appears to be something of which I am immediately aware. Moreover, if there is no freedom, there is no moral responsibility; for it would not be right to praise or blame a man for something that he could not help doing. But, if a man could have acted otherwise than he did, his action must have been uncaused, and universal determinism is therefore untrue."

  It is evident that one of the necessary conditions of moral action is that the agent 'could have acted otherwise' and it is to this fact that the Libertarian is drawing attention. His case may be stated as follows: " It is a well-known maxim that 'I ought' implies 'I can'. If I cannot do a certain action, then that action cannot be my duty. On the other hand, 'I ought' as clearly implies 'I need not'; for if I cannot possibly refrain from a certain action, there can be no merit or demerit in doing it. Therefore, in every case of moral choice it is possible for the agent to do the action and also possible for him not to do it; were it not so, there would be no choice; for choice is between possibilities. But this implies that the action is uncaused, because a caused action cannot but occur." The fallacy in this argument lies in supposing that, when we say 'A could have acted otherwise', we mean that A, being what he was and being placed in the circumstances in which he was placed, could have done something other than what he did. But in fact we never do mean this; and if we believe that voluntary action is uncaused action that is only because we believe erroneously that uncaused action is a necessary condition of moral responsibility. The Libertarian believes that an action cannot be a moral one if the agent could not have acted otherwise, and he takes no account of possible differences in the causes that might have prevented him from acting otherwise. The Determinist, on the other hand, holds that the objective possibility of alternative actions is an illusion and that, if A in fact did X, then he could not have done any action incompatible with X.  


If we proceed on the assumption that, to be moral, an action must be uncaused, either we shall find a genuinely uncaused action at the beginning of the chain or we shall not. If we do not, then, according to the Libertarian, there can be no moral praise and blame at all (and it was to account for these that Libertarianism was invented); and, if we do, then we must suppose that, while almost all our actions are caused, and therefore amoral, there was in the distant past some one action that was not caused and for which we can justly be praised or blamed. This bizarre theory has in fact been held; but the objections to it are clear.
  


C. A. Campbell replied to Schlick and to Nowell Smith in his Mind article of 1951 entitled 
Is Free Will A Pseudo-Problem?
  It seems to me that many philosophers (and I suspect that Moritz Schlick is among them) begin their enquiry with so firm a conviction that the contra-causal sort of freedom nowhere exists, that they find it hard to take very seriously the possibility that it is this sort of freedom that moral responsibility implies. For they are loth to abandon the commonsense belief that moral responsibility itself is something real. The implicit reasoning I take to be this. Moral responsibility is real. If moral responsibility is real, the freedom implied in it must be a fact. But contra-causal freedom is not a fact. Therefore contra-causal freedom is not the freedom implied in moral responsibility. I think we should be on our guard against allowing this or some similar train of reasoning (whose premises, after all, are far from indubitable) to seduce us into distorting what we actually find when we set about a direct analysis of moral responsibility and its conditions.

Let us put the argument implicit in the common view a little more sharply. The moral 'ought' implies 'can'. If we say that A morally ought to have done X, we imply that in our opinion, he could have done X. But we assign moral blame to a man only for failing to do what we think he morally ought to have done. Hence if we morally blame A for not having done X, we imply that he could have done X even though in fact he did not. In other words, we imply that A could have acted otherwise than he did. And that means that we imply, as a necessary condition of a man's being morally blameworthy, that he enjoyed a freedom of a kind not compatible with unbroken causal continuity.


  In the course of a recent article in Mind, entitled 'Free Will and Moral Responsibility', Mr Nowell Smith (having earlier affirmed his belief that 'the traditional problem has been solved') explains very concisely the nature of the confusion which, as he thinks, has led to the demand for a contra-causal freedom. He begins by frankly recognizing that 'It is evident that one of the necessary conditions of moral action is that the agent "could have acted otherwise" ' and he adds 'it is to this fact that the Libertarian is drawing attention'. Then, after showing (unexceptionably, I think) how the relationship of 'ought' to 'can' warrants the proposition which he has accepted as evident, and how it induces the Libertarian to assert the existence of action that is 'uncaused', he proceeds to point out, in a crucial passage, the nature of the Libertarian's error:



`The fallacy in the argument (he contends) lies in supposing that when we say "A could have acted otherwise" we mean that A, being what he was and being placed in the circumstances in which he was placed, could have done something other than what he did. But in fact we never do mean this.'



What then do we mean here by 'A could have acted otherwise'? Mr Nowell Smith does not tell us in so many words, but the passage I have quoted leaves little doubt how he would answer. What we really mean by the expression, he implies, is not a categorical but a hypothetical proposition. We mean 'A could have acted otherwise, if he did not happen to be what he in fact was, or if he were placed in circumstances other than those in which he was in fact placed'. Now, these propositions, it is easy to see, are in no way incompatible with acceptance of the causal principle in its full rigour. Accordingly the claim that our fundamental moral thinking obliges us to assert a contra-causal freedom as a condition of moral responsibility is disproved.

  

Nowell Smith published one more criticism of Campbell in his book Ethics in 1954.
  
Campbell takes as a typical and, by implication, the only case of moral choice to which appraisals are relevant, that of a man who knows what he ought to do but is tempted to do something else. Now this, so far from being the only case, is not even the commonest or most important. For in the great majority of cases of moral difficulty what is difficult is not to decide to do what one knows he ought to do, but to decide what one ought to do. 

Perhaps the most crucial objection to the libertarian thesis lies in the sharp discontinuity which it presupposes between moral and non-moral choice and between moral and non-moral appraisal. It is not enough to admit that we can, within broad limits, predict what a man of known habits, tastes, and interests will do and to insist that our powers of prediction only break down in the small, but important area of moral choice...For the rigid distinction between 'formed character' (where determinism reigns) and 'creative choice' (which is in principle unpredictable) it would be better to substitute a conception of continual modification of character in both its moral and its non-moral aspects. 
  


A. J. Ayer's essay Freedom and Necessity (published in his 1954 Philosophical Essays) made it clear what determinism or compatibilism requires
  
"When I am said to have done something of my own free will it is implied that I could have acted otherwise; and it is only when it is believed that I could have acted otherwise that I am held to be morally responsible for what I have done. For a man is not thought to be morally responsible for an action that it was not in his power to avoid. But if human behaviour is entirely governed by causal laws, it is not clear how any action that is done could ever have been avoided. It may be said of the agent that he would have acted otherwise if the causes of his action had been different, but they being what they were, it seems to follow that he was bound to act as he did. Now it is commonly assumed both that men are capable of acting freely, in the sense that is required to make them morally responsible, and that human behaviour is entirely governed by causal laws: and it is the apparent conflict between these two assumptions that gives rise to the philosophical problem of the freedom of the will.

"It seems that it we are to retain this idea of moral responsibility, we must either show that men can be held responsible for actions which they do not do freely, or else find some way of reconciling determinism with the freedom of the will."


"from the fact that my behaviour is capable of being explained, in the sense that it can be subsumed under some natural law, it does not follow that I am acting under constraint.


"If this is correct, to say that I could have acted otherwise is to say, first, that I should have acted otherwise if I had so chosen; secondly, that my action was voluntary in the sense in which the actions, say, of the kleptomaniac are not; and thirdly, that nobody compelled me to choose as I did: and these three conditions may very well be fulfilled. When they are fulfilled, I may be said to have acted freely. But this is not to say that it was a matter of chance that I acted as I did, or, in other words, that my action could not be explained. And that my actions should be capable of being explained is all that is required by the postulate of determinism."
  



  All this talk about "could" and "if" led the ordinary language philosopher J. L. Austin to look closely at what these terms mean in his famous 1956 article "Ifs and Cans". He carefully analyzed both Moore and Nowell Smith, but did not shed the least light on the problem of free will. He suggests that questions about "could have done otherwise" may as well be assigned to grammar as to philosophy.
  
  "It will be clear at once that Nowell Smith, like Moore, is not distinguishing between the contention that 'could have' requires supplementation by an if-clause and the quite different contention that its analysis contains an if-clause. On the whole it seems plain that it is the second (analysis) view that he wishes to argue for: but the argument he produces is that 'could have' is (in important cases) like 'would have,' the point about which is that it needs an if-clause to complete it — as though this, which is an argument in favour of the first view, told in favour of the second view. But it cannot possibly do so: and in any event could have is liable, as we have already seen, to be in important cases a past indicative, so that the contention that it is like would have in requiring a conditional if-clause is unfounded.

Nevertheless, it must be allowed that Nowell Smith may still be right in urging that 'could have' means 'would have if' and that, as he eventually adds, 'can' means 'will if.'


It is not unusual for an audience at a lecture to include some who prefer things to be important, and to them now, in case there are any such present, there is owed a peroration. Why, in short, does all this matter? First, then, it needs no emphasizing that both if and can are highly prevalent and protean words, perplexing both grammatically and philosophically: it is not merely worth while, but essential, in these studies to discover the facts about ifs and cans, and to remove the confusions they engender. In philosophy it is can in particular that we seem so often to uncover, just when we had thought some problem settled, grinning residually up at us like the frog at the bottom of the beer mug. Furthermore and secondly, we have not here been dissecting these two words in general or completely, but in a special connexion which perhaps no one will hold trivial. It has been alleged by very serious philosophers (not only the two I have mentioned) that the things we ordinarily say about what we can do and could have done may actually be consistent with determinism. It is hard to evade all attempt to decide whether this allegation is true — hard even for those who, like myself, are inclined to think that determinism itself is still a name for nothing clear, that has been argued for only incoherently. At least I should like to claim that the arguments considered tonight fail to show that it is true, and indeed in failing go some way to show that it is not. Determinism, whatever it may be, may yet be the case, but at least it appears not consistent with what we ordinarily say and presumably think. And finally there is a third point. Reflecting on the arguments in this lecture, we may well ask ourselves whether they might not be as well assigned to grammar as to philosophy: and this, I think, is a salutary question to end on.
  


J.J.C. Smart tried to refute the idea of free will in his 1961 Mind article Free Will, Praise, and Blame. He explained that "pure chance" (by which he means quantum uncertainty) exists to some extent within the universe. But he does not use it to generate alternative possibilities that would permit one to have done otherwise. Instead he looks for multiple senses of "could have done otherwise."
  
  There are some events that even a superhuman calculator could not predict, however precise his knowledge of however wide a region of the universe at some previous time...It is important to distinguish "pure chance" from "chance" or "accident." Things may happen by chance or accident in a purely deterministic universe...Now there is perhaps a sense of "could not have done otherwise" in which whether or not a person could or could not have done otherwise depends on whether or not the universe is deterministic...But it does not follow that if a person could not have done otherwise in this special sense then he could not have done otherwise in any ordinary sense. Taken in any ordinary sense, within some concrete context of daily life, "he could have done otherwise" has no metaphysical implications. (p.294-296)
  

Roderick Chisholm, in his 1964 Lindley Lecture Human Freedom and the Self (adapted as his essay Freedom and Action), identified "could have done otherwise if  he had chosen otherwise" as a strategem used, among others, by Jonathan Edwards in the early 1700's. Chisholm says it lacks a third step to justify moral responsibility: 
  
  The expression


  (a) He could have done otherwise.


  it is argued means no more or less than


  (b) If he had chosen otherwise, then he would have done otherwise.

  

Chisholm maintains we could not have made an inference to (a) from (b) unless we can also assert:
  
   (c) He could have chosen to to otherwise.
  

Chisholm concludes that this stratagem to ascribe responsibility conflicts with determinism.

  
Keith Lehrer thought he could prove that someone who showed he could do something (by doing it) could equally refrain, and therefore establish that he could always do otherwise. Lehrer thought this argument strong enough to constitute An Empirical Disproof of Determinism, published in his 1966 collection of essays, Freedom and Determinism. He said there (p.177)
  
  "I now wish to argue that we can know empirically that a person could have done otherwise. A person could have done otherwise if he could have done what he did not do. Moreover, if it is true at the present time that a person can now do what he is not now doing, then, later, it will be true that he could have done something at this time which he did not do. This, of course, follows from the fact that "could" is sometimes merely the past indicative of "can." What I now want to argue is that we do sometimes know empirically that a person can do at a certain time what he is not then doing, and, consequently, that he could have done at that time what he did not then do. Moreover, we can obtain empirical
evidence in such a way that our methods will satisfy the most rigorous standards of scientific procedure."
  

Harry Frankfurt, in his article Alternate Possibilities and Moral Responsibility (Journal of Philosophy, 1969), formalized the idea that one "could have done otherwise" as the "principle of alternate possibilities," now known as PAP in current jargon.  
  
  "A dominant role in nearly all recent inquiries into the free-will problem has been played by a principle which I shall call "the principle of alternate possibilities." This principle states that a person is morally responsible for what he has done only if he could have done otherwise."

"But the principle of alternate possibilities is false. A person may well be morally responsible for what he has done even though he could not have done otherwise. The principle's plausibility is an illusion, which can be made to vanish by bringing the relevant moral phenomena into sharper focus."




Peter van Inwagen wrote in his 1983 book Essay On Free Will... 
  
"The Conditional Analysis Argument maintains that statements ascribing to human agents the power or ability to act otherwise are to be analysed as disguised conditionals, which, when their disguise is removed, can be seen to be compatible with determinism.


"To deny the existence of free will commits one to denying the existence of moral responsibility. Until a short while ago, most philosophers would have taken this to be obvious. But if any of these philosophers had been asked to defend this obvious thesis, he would almost certainly have appealed to the following principle: a person can be held morally responsible for what he has done only if he could have done otherwise. In a recent remarkable article, however, Harry Frankfurt has presented convincing counter-examples to this principle...Even if Frankfurt is right, it is none the less true that moral responsibility is possible only if we have free will.


"By 'the thesis that there is such a thing as moral responsibility', I mean the thesis that someone is morally responsible for something — for some act, some event, some state of affairs, the publication of some scurrilous pamphlet, the currency of some malicious rumour, or the decline of classical studies at some university. By 'the free-will thesis', it will be recalled, I mean the thesis that most people, if not all people, are very often, if not always, in the following position: when they are faced with having to choose among various incompatible courses of action, each of these courses of action is such that they can (are able to, have it within their power to) choose it." (Sounds like Frankfurt's PAP.)
  


Daniel Dennett devoted chapter 6 of his 1984 book Elbow Room to the "Could Have Done Otherwise" principle. He says
  
  "l have not yet touched the central issue of free will, for I have not yet declared a position on the "could have done otherwise" principle: the principle that holds that one has acted freely (and responsibly) only if one could have done otherwise. It is time, at last, to turn to this central, stable area in the logical geography of the free will problem. I will show that this widely accepted principle is simply false."

"The "could have done otherwise" principle has been debated for generations, and the favorite strategy of compatibilists -  who must show that free will and determinism are compatible after all — is to maintain that "could have done otherwise" does not mean what it  seems at first to mean; the sense of the phrase denied by determinism is irrelevant to the sense required for freedom."


"Instead of rising to the defense of any of the earlier analyses — many of which are quite defensible so far as I can see — I will go on the offensive. I will argue that whatever "could have done otherwise" actually means, it is not what we are interested in when we care about whether some act was freely and responsibly performed. There is, as van Inwagen notes, something of a tradition of simply assuming that the intuitions favoring the "could have done otherwise" principle are secure. But philosophers who do assume this do so in spite of fairly obvious and familiar grounds for doubt."                                     


"If our responsibility really did hinge, as this major philosophical tradition insists, on the question of whether we ever could do otherwise than we in fact do in exactly those circumstances, we would be faced with a most peculiar problem of ignorance: it would be unlikely in the extreme, given what now seems to be the case in physics, that anyone would ever know whether anyone has ever been responsible. For today's orthodoxy is that indeterminism reigns at the subatomic level of quantum mechanics, so in the absence of any general and accepted argument for universal determinism, it is possible for all we know that our decisions and actions are truly the magnified, macroscopic effects of quantum-level indeterminacies occurring in our brains." (p.131-136)
  


Robert Kane, in his 1985 Free Will and Values, gives a modern specification for "could have done otherwise," which however threatens to make free will "arbitrary, capricious, and irrational." 

 Kane defines what he calls the Indeterminist Condition. An agent S is free at time t to make a decision J or do otherwise. As Kane puts it,
  

   "(The Indeterminist Condition — Second Form): Given all past circumstances relative to t and all laws of nature, (i) it can be the case that S makes J at t, and (ii) it can be the case that S does other than make J at t." (Free Will and Values, p.33)
  

Kane calls the ability to do otherwise the dual power of the self or dual rational self-control. But Kane then says that this is an extremely problematic condition.
   
  "There is, first of all, the problem of explaining why such a condition should be regarded as necessary for free will at all. And, second, there is the problem of explaining how a theory of free will can accommodate a condition of this kind without making free choices arbitrary, capricious, and irrational. (p.33)

"What sort of an argument lies behind these charges? Assume, first, that the indeterminist condition is satisfied for a free choice. This means that the agent may either make the choice or do otherwise given all the same past circumstances and laws of nature. Assume further that the past circumstances include the entire psychological history of the agent prior to choice (as well as a complete account of his or her physiology and environment) and thus all of the agent's earlier formed character traits, prior decisions, processes of reasoning, experiences, motives, and so on. (p.52)


"Some awkward consequences do seem to follow, If the agent might either make a choice or do otherwise, given all the same past circumstances, and the past circumstances include the entire psychological history of the agent, it would seem that no explanation in terms of the agent's psychological history, including prior character motives and deliberation, could account for the actual occurrence of one outcome rather than the other. (p.53)


"I can understand how the outcome of my deliberation may have been different, if I had known other facts, considered other consequences, imagined other scenarios, etc. But what I cannot understand is how I could have reasonably chosen to do otherwise, how I could have reasonably chosen B, given exactly the same prior deliberation that led me to choose A, the same information deployed, the same consequences considered, the same assessments made, and so on." (p.57)


"This way of stating the argument shows what is at stake in the charges of arbitrariness, irrationality, etc., made against the indeterminist condition. If the choice of A was the reasonable outcome of my deliberation, then the choosing otherwise (the choice of B), which may have occurred given the same past circumstances, would have been "arbitrary," "capricious," "irrational," and "inexplicable," relative to my prior deliberation. Similarly, if the choice of B had been the reasonable conclusion of my deliberation, then the choice of A, had it occurred, would have been arbitrary relative to the prior deliberation, In general, where the indeterminist condition is satisfied, and the outcome is the result of prior deliberation, at least one of the outcomes (choosing or doing otherwise) must be arbitrary or irrational in relation to the prior deliberation." (p.57)
  


Richard Double, in his 1991 (The Non-Reality of Free Will, p.194) agrees with Kane, 
  
"Kane's point makes one wonder: why bother to deliberate if you are just as likely to opt for either of two contradictory alternatives? 

"I hope to show that a libertarian account of dual rationality, control, and the ability to choose otherwise also fails.


"The most important [condition] for the libertarian is the requirement that free agents have the ability to choose otherwise under the exact conditions that obtain at the moment of choice. The libertarian's interpretation of this requirement signifies the clearest demarcation between the incompatibilists and the compatibilists and is probably incompatibilism's greatest selling point. The compatibilist's argument that the concept of "can choose otherwise" is analytically definable in terms of the hypothetical notion that agents would have chosen otherwise had some condition been different seems dubious to me. Chisholm rejects the hypothetical analysis by arguing that the categorical statement (a) "He could have done otherwise" is not logically equivalent to the hypothetical statement (b) "If he had chosen to do otherwise, then he would have done otherwise". I think that Chisholm is correct in his rejection of the compatibilist's claim when viewed as linguistic analysis. (p.191)


"the libertarian's commitment to indeterminism guarantees a dual interpretation of the control and rationality conditions. For the libertarian, free agents not only have the ability to choose in two directions, but they must be in control of either choice. This consequence could be deduced from the demands of moral responsibility. If an agent is to be truly responsible for either choice, A or not A, then both outcomes are under the agent's control. The case is likewise with rationality, although a predictable amount of strain is likely to arise. Libertarians, at the very least, need to show how indeterministic choices can be rational whichever way they turn out. Ideally, libertarians will show us how such a dual ability might be, contrary to appearances, a desirable or even necessary element of rational choices. (p                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          .192)
  


The simple answer to Kane's point and Double's is that we are not "just as likely" to opt for something different from "rational self control", but as human beings we can and do choose occasionally to be irrational.
  

  Who said just consider the present case of alternative possibilities - "I can do otherwise."  Then change that to the past tense once the will has chosen - "I could have done otherwise."?
  
For Scholars

From David Wiggins, Towards a reasonable libertarianism, 1975, in Essays on Freedom of Action, ed. T. Honderich.


Maybe it is pointless to debate whether the sentence "he could at t have done otherwise at t" does have the sense I have ascribed to it in the incompatibilist demonstration of Section III above until it has at least been shown that that sense is even a possible sense, or that it could do for the libertarian what he wanted. This is often taken to be equivalent to the following question: can the libertarian even specify a possible world, however different from the actual one, in which there are particular responsible actions which people can (in the libertarian's sense) do but do not do? Hume has been followed by a large number of philosophers in holding that not even a possible world of the required sort could be specified. If it were false that every event and every action were causally determined then the causally undetermined events and actions would surely, to that extent, be simply random. So the argument goes. That a man could have done x would mean no more than that it might have turned out that way - at random. It will be asked if it makes any better sense to hold a man responsible for actions which happen at random than for ones which arise from his character. Surely then, if it doesn't, we ought to prefer that our actions be caused?

Considered simply as an argument this objection is circular, and flagrantly so. 


One cannot prove that determinism is a precondition of free will by an argument which employs as a premiss everything is either causally determined or random. This is nothing other than a form of the conclusion, that whatever is undetermined is random. This is what had to be shown. But in the form of a challenge something in the objection can stand. If an event is undetermined, if an event of different specification might have taken its place, then what does it mean to deny that the event is simply random? What is it justifiably to ascribe the action identical with the event or comprised of the event to an agent whom one holds responsible for that action? In the unclaimed ground between the properly or deterministically caused and the random, what is there in fact to be found?



J.J.C.Smart (Mind 1961)seems to argue this






Source: https://www.informationphilosopher.com/freedom/otherwise.html
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Creativity

Creativity requires that new information come into the world. It must be information that was not implicit in earlier states of the world. 


Human creativity requires the same freedom of thought (generating possibilities) and action needed for free will, our Cogito Model. 


If everything created was predetermined, then all the works of Mozart would have been implicit in the first beat of an aboriginal drum. 


Einstein's E=mc2 would have been in the first Aristotle syllogism. 


Cosmological systems are creative, because atoms and molecules did not exist in the first three minutes of the universe. And the great astrophysical structures made from atoms, like galaxies, stars, and planets, did not exist in the first million years. 

Biological systems are creative. Darwinian evolution accounts for the creation of new species of organisms. 


Many organisms create informational structures outside of themselves, in the world, like beehives, bird nests, and beaver dams.


Humans are the most conspicuous creators and consumers of new informational structures, altering the face of planet Earth. And they create the constructed ideal world of thought, of intellect, of spirit, including the laws of nature, in which we humans play a role as co-creator. We call this the Sum.


All creative processes have the same underlying physics as the cosmic creative process, a combination of quantum mechanics and thermodynamics.


Biological processes add the element of natural selection, which includes the processing of information. This is accomplished by something Jacques Monod called the teleonomic information, 1 the purposive element in all life.



For Scholars

Notes:

1. Monod, Jacques (1971), Chance and Necessity, p. 14.


This allows us to put forward at least the principle of a definition of a species' "teleonomic level." All teleonomic structures and performances can be regarded as corresponding to a certain quantity of information which must be transmitted for these structures to be realized and these performances accomplished. Let us call this quantity "teleonomic information." A given species' "teleonomic level" may then be said to correspond to the quantity of
information which, on the average and per individual, must be transferred to assure the generation-to-generation transmission of the specific content of reproductive invariance.







Source: https://www.informationphilosopher.com/freedom/creativity.html
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De-liberation

De-liberation exploits an alternative etymology for deliberation to emphasize the idea of freedom implicit in it, and especially the sense of both setting free one possibility and yet fixing or freezing it as an actuality in the immediate simple past, so "un-freeing" it as well. 


The meaning of "de-liberation" can be drawn from the observation that free will is a temporal sequence of "free" followed by "will."


First comes the consideration of alternative possibilities, which are generated unpredictably by acausal events (simply noise in neural network communications). This free creation of possible thoughts and actions allow one to feel "I can do otherwise."  


The de-liberation and adequate determination (or self-determination) by the will, the unfreeing of possibilities into actuality, has made the decision that directs the tongue or body to speak or act.


After the de-liberation of the will, the true sentence "I can do otherwise" can be changed to the past tense and remain true as a "hard fact" in the "fixed past," and written "I could have done otherwise."

The Etymology

The usual etymological derivation of deliberate is from the Latin deliberare, to weigh well, to ponder, which is thought to come from prefix de- + librare, to weigh, from libra, scale, or pound.

Thus we have the strong connotation that deliberation is a balancing of two alternatives.


But there is another critical Latin word, liberare, to liberate, from the root liber, free. Another meaning of Latin liber is book.


The English word deliver also comes from middle Latin deliberare, at which time it was thought to mean set free, apparently a reference to the root verb liberare.


We can restore that sense with our own coinage de-liberate, from prefix de- + liberare, to free or un-free. 


Then we have the desirable connotation of un-freeing possibilities and determining one of them as actuality. 


For Teachers
Noesis
Stanford Encyclopedia of Philosophy
Wikipedia
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Source: https://www.informationphilosopher.com/freedom/de-liberation.html
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Default Responsibility
Daniel Dennett formulated the Default Responsibility Principle in his 2003 book, Freedom Evolves. But he mistakenly attributed the idea to Alfred Mele, in a case of what he called "reverse plagiarism."

The account I have sketched of the art of self-making shows it to include an unsettling amount of unconscious or subliminal manipulation along with the exercise of "pure reason." Doesn't this process itself undermine the concept of a responsible self? This question has been explored at length by Alfred Mele in Autonomous Agents (1995). He argues that beyond mere self-control there is autonomy, which he contrasts with heteronomy, in which a self-controlled agent is nevertheless also under the (partial) control of others. He proposes a Default Responsibility Principle: If no one else is responsible for your being in state A, you are. This nicely cuts off the infinite regress feared by Kane; it permits us to pass the buck to brainwashers (if such there be in your past) but not to "society" in general or to the agentless environment. Only if foresighted, purposeful agents have been manipulating you for their own ends are you absolved from personal responsibility for the actions undertaken by your body; those are not your deeds but your brainwashers' deeds in such a case. Fair enough, but educators certainly design their interactions with us in order to further their own ends, in particular the end of turning us into reliable moral agents. How are we to distinguish between good education, dubious propaganda, and bad brainwashing? When are you benefiting from a little help from your friends, and when are you being taken for a ride?

(Freedom Evolves, p.281)


Mele corrected Dennett in his 2006 book, Free Will and Luck

I do not accept the "Default Responsibility Principle" that Dennett attributes to me: "If no one else is responsible for your being in state A, you are" (2003, p. 281). If I am right, sometimes an agent is in state A and no one is responsible for that: the agent is not responsible for that, and no one else is either. In a review of Dennett 2003, Ronald Bailey (2003) reports that one of Dennett's theses "is nicely summed up by philosopher Alfred Mele's notion of a Default Responsibility Principle." Let me just say that I am not responsible for that principle and someone else is.

(Free Will and Luck, p.177)

Harry Frankfurt developed sophisticated (and sophistical) arguments to prove that alternative possibilities and the chance to do otherwise were not required for moral responsibility. He used hypothetical agents, now called "Frankfurt controllers," to show that an agent could be "free," at least in the sense of compatibilist freedom of action (if not libertarian free will), despite the fact that the controllers ensure that the agent could not have done otherwise.

The problem of moral responsibility is intimately connected historically with the problem of free will. But we must be careful to separate responsibility from moral responsibility.


If our actions are causally determined by other entities who manipulate our minds, including neuroscientists that directly manipulate or who implant manipulating devices, as well as more modest manipulators like hypnotists and brainwashers, libertarians do not see how we can feel responsible for such actions. 


It presents the same problem as actions are directly caused by chance. They are simply random and determinists do not see how we can feel responsibility for them. 


To be responsible for our actions, they must have been caused by something within us, they must "depend on us" (the Greeks called this ἐφ ἡμῖν). Modern "agent-causal" theorists demand that something in the agent's mind - perhaps a uniquely mental substance - gives us the power to cause our actions.


In our Cogito model, responsibility comes from an adequately determined will choosing from among randomly generated alternative possibilities. 


Just because another agent (whether Frankfurt controller, nefarious neuroscientist, therapeutic psychiatrist, benevolent educator, or concerned parent) has successfully planted an idea as one of the alternative possibilities that "come to mind," we do not surrender responsibility for the second stage in our two-stage model, where we evaluate our options and decide the one best suited for our reasons, motives, and desires.


So for the default responsibility principle to produce mitigating circumstances or complete exculpation, the heteronomous agent must somehow directly cause an action, not merely suggest or implant actions in the early stage, for our reasoned consideration in the later stage of an adequately determined willed decision. 



For Scholars




Source: https://www.informationphilosopher.com/freedom/default_responsibility.html
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Determination

Determination is the common-sense idea that our decisions are determined by our motives and deliberations, by our character and values, and by our feelkings and desires.

Determination does not mean that strict causal determinism or pre-determinism is true. That would be to commit the Determination Fallacy
Philippa Foot in 1957 correctly doubted that the ordinary language meaning of saying our actions are "determined" by motives has the same meaning as strict physical determinism, which assumes a causal law that determines every event in the future of the universe. 


Foot notes that our normal use of "determined" does not imply universal determinism.


For instance, an action said to be determined by the desires of the man who does it is not necessarily an action for which there is supposed to be a sufficient condition. In saying that it is determined by his desires we may mean merely that he is doing something that he wants to do, or that he is doing it for the sake of something else that he wants. There is nothing in this to suggest determinism. ("Free Will as Involving Determinism," The Philosophical Review, vol LXVI, (1957), p.441)


There are many contributing causes involved in the determination of any decision or action. Many of these may be parts of a causal chain. But as long as some of them can be traced back to uncaused causes, they contribute to freedom from determinism.


Some of these may in fact go back before the birth of an agent, hereditary causes for example. To the extent that such causes adequately determine an action, we can understand why hard determinists think that the agent has no control over such actions. (Of course if we can opt out of the action at the last moment, we retain a kind of control.)


Other contributing causes may be traceable back to environmental and developmental events, perhaps education, perhaps simply life experiences, that were "character-forming" events. These and hereditary causes would be present in the mind of the agent as fixed habits, with a very high probability of "adequately determining" the agent's actions in many situations.


But other contributing causes of a specific action may have been undetermined up to the very near past, even seconds before an important decision. Most importantly, these will include the free generation of new alternative possibilities during the agent's deliberations.    


Causes with these most recent starting points are the fundamental reason why an agent can do otherwise in what are essentially (up to that starting point) the same circumstances.



These alternatives are likely generated from our internal knowledge of practical possibilities based on our past experience. Those that are handed up for consideration may be filtered to some extent by unconscious processes to be "within reason." They may consist of slight variations of past actions we have willed many times in the past.



The evaluation and selection of one of these possibilities by the will is as deterministic and causal a process as anything that a determinist or compatibilist could ask for, consistent with our current knowledge of the physical world. 
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Determination Fallacy

The Determination Fallacy is the mistaken idea that just because some of our decisions are determined by our motives and deliberations, it must mean that strict causal determinism or pre-determinism is true.
Philippa Foot in 1957 correctly doubted that the ordinary language meaning of saying our actions are "determined" by motives has the same meaning as strict physical determinism, which assumes a causal law that determines every event in the future of the universe. 


Foot notes that our normal use of "determined" does not imply universal determinism.


For instance, an action said to be determined by the desires of the man who does it is not necessarily an action for which there is supposed to be a sufficient condition. In saying that it is determined by his desires we may mean merely that he is doing something that he wants to do, or that he is doing it for the sake of something else that he wants. There is nothing in this to suggest determinism. ("Free Will as Involving Determinism," The Philosophical Review, vol LXVI, (1957), p.441)


The Determination Fallacy is somewhat related to the Science Advance Fallacy, the idea that because science, and especially neuroscience, is discovering more and more contributing causes of actions that we thought were the result of free decisions, that eventually all our decisions will be found to be the consequence of causes not in our control.


It is also somewhat related to the Rational Fallacy, that free decisions must be rational decisions. For many philosophers, reason is the distinguishing characteristic of humanity. For theologians, reason is a gift of God along with the gift of free will. 



Another mistaken idea is that our decisions must be moral and our actions good in order to be free. This is another fallacy that we call the Ethical Fallacy.
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Determinism

Determinism is the philosophical idea that every event or state of affairs, including every human decision and action, is the inevitable and necessary consequence of antecedent states of affairs. 

It is also the idea in physics that the laws of nature, such as Isaac Newton's laws of motion, are  causal laws. Newton's laws are mathematical equations, functions of time. Once you know the positions and velocities of all the particles in the universe, you can put in any time in the past or future, and these differential equations tell you everything that has happened and ever can happen.


In this idea of classical mechanics, the universe has but one past, the actual past, but it also has only one future, the only possible future. It is completely determined by those mathematical equations. This is the mechanical view, the materialist view. 


The universe is a machine. Our bodies are machines. Our minds are computers. 


More strictly, determinism includes pre-determinism from the origin, the idea that the entire past (as well as the future) was completely determined at the origin of the universe. 


In terms of information, the information content of the universe is a fixed amount. Information is conserved, like the conservation of matter and energy.


If pre-determinism sounds like the concept of pre-ordination, it is because the two are intimately connected. They are both beliefs. unsupportable by evidence, God's omniscience and omnipotence


Determinism should not be confused with determination, the idea that events (including human actions) can be adequately determined by immediately prior events (such as an agent's reasons, motives, desires), without being pre-determined back to before the agent's birth or even back to the origin of the universe.


Since modern quantum physics shows that the universe is indeterministic, with profound effects on microscopic processes at the atomic scale, we will find it valuable to distinguish pre-determinism from the adequate determinism that we have in the real world. Adequate determinism is the basis for the classical physical laws that apply in the macrocosmos.


Determinism is a modern name (coined in the nineteenth-century) for Democritus' ancient idea that causal deterministic laws control the motion of atoms, and that everything - including human minds - consists merely of atoms in a void.


As Democritus' mentor and fellow materialist Leucippus put it, an absolute necessity leaves no room in the cosmos for chance. 



     "Nothing occurs at random, but everything for a reason and by necessity." 1
     οὐδὲν χρῆμα μάτην γίνεται, ἀλλὰ πάντα ἐκ λόγου τε καὶ ὑπ’ ἀνάγκης    



Determinism, especially the variation of "soft" determinism (cf. William James) or compatibilism, is supported as a theory of free will by a majority of philosophers, each with special vested interests in one or more of the many determinisms. 

Compatibilists accept determinism but argue that man is free as long as his own will is one of the steps in the causal chain, even if his choices are completely predetermined for physical reasons or preordained by God.



And Fatalism is a special form of determinism where every event in the future is fated to happen. Fatalism does not normally require that any causal laws or higher powers are involved. Que sera, sera. 

The core idea of determinism is closely related to the idea of causality. But we can have causality without determinism, especially the "soft" causality that follows an "uncaused" event (a causa sui) that is not predictable from prior events.

Aristotle called such events archai (ἀρχαί) - starting points or "fresh starts" in new causal chains which break the bonds of determinism.


Despite David Hume's critical attack on the necessity of causes, many philosophers embrace causality and determinism strongly. Some even connect it to the very possibility of logic and reason. And Hume himself believed strongly, if inconsistently, in necessity. " 'tis impossible to admit any medium betwixt chance and necessity," he said.

Bertrand Russell said "The law of causation, according to which later events can theoretically be predicted by means of earlier events, has often been held to be a priori, a necessity of thought, a category without which science would not be possible." (Russell, External World p.179)  


The idea of indeterminism appears to threaten causality and the basic idea of causal law. But it does not. 


Indeterminism for some is simply an occasional event without a cause. We can have an adequate causality without strict determinism. Strict determinism means complete predictability (in principle, if not in practice) of events and only one possible future. Adequate determinism provides statistical predictability, which in normal situations for physical objects approaches statistical certainty. 


An example of an event that is not strictly caused is one that depends on chance, like the flip of a coin. If the outcome is only probable, not certain, then the event can be said to have been caused by the coin flip, but the head or tails result itself was not predictable. So this causality, which recognizes prior events as causes, is undetermined and the result of chance alone. 


We call this "soft" causality. Events are caused by prior (uncaused) events, but not determined by events earlier in the causal chain, which has been broken by the uncaused cause.


Determinism is critical for the question of free will. Strict determinism implies just one possible future. Chance means that the future is unpredictable. Chance allows alternative futures and the question becomes how the one actual present is realized from these alternative possibilities. 


The departure required from strict determinism is very slight compared to the miraculous ideas associated with the "causa sui" (self-caused cause) of the ancients.


Even in a world that contains quantum uncertainty, macroscopic objects are determined to an extraordinary degree. But the macroscopic "laws of nature" are just statistical laws that "emerge" when large numbers of atoms or molecules get together. For large enough numbers, the probabilistic laws approach practical certainty. 

Determinism is an emergent property.


Newton's laws of motion are deterministic enough to send men to the moon and back. Our Cogito Model  of the Macro Mind is large enough to ignore quantum uncertainty for the purpose of the reasoning will. The neural system is robust enough to insure that mental decisions are reliably transmitted to our limbs. 



we see a world of 
soft causality and adequate determinism


We call this determinism, only ineffective for extremely small structures, "adequate determinism."  It is adequate enough to predict eclipses for the next thousand years or more with extraordinary precision. 

Belief in strict determinism, in the face of physical evidence for indeterminism, is only tenable today for dogmatic philosophy. We survey ten modern dogmas of determinism. 

Phillipa Foot argued that because our actions are determined by our motives, our character and values, our feelings and desires, in no way leads to the conclusion that they are pre-determined from the beginning of the universe.


The presence of quantum uncertainty leads some philosophers to call the world indetermined. But indeterminism is somewhat misleading, with strong negative connotations, when most events are overwhelmingly "adequately determined." Nevertheless, speaking logically, if a single event is undetermined, then indeterminism is true, and determinism false. 1

There is no problem imagining that the three traditional mental faculties of reason - perception, conception, and comprehension - are all carried on more or less deterministically in a physical brain where quantum events do not interfere with normal operations.


There is also no problem imagining a role for  randomness in the brain in the form of quantum level noise.  Noise can introduce random errors into stored memories. Noise could create random associations of ideas during memory recall. This randomness may be driven by microscopic fluctuations that are amplified to the macroscopic level. 


Our Macro Mind needs the Micro Mind for the free action items and thoughts in an Agenda of alternative possibilities to be de-liberated by the will. The random Micro Mind is the "free" in free will and the source of human creativity. The adequately determined Macro Mind is the "will" in free will that de-liberates, choosing actions for which we can be morally responsible. 


Determinism must be disambiguated from its close relatives causality, certainty, necessity, and predictability.


The Emergence of Determinism


Since the physical world is irreducibly indeterministic at the base level of atoms and molecules, there is actually no strict determinism at any "level" of the physical world.

With random motions at the base level, what emerges  at the higher level of the macroscopic physical world and the human mind is adequate determinism.  Determinism is an abstract theoretical idea that simplifies physical systems enough to allow the use of logical and mathematical methods on idealized abstract "objects" and "events." The apparent "determinism" of classical physics is the consequence of averaging over extremely large numbers of microscopic particles. 


Adequate determinism "emerges" when we have large enough objects to be averaging over vast numbers of atoms and molecules. 

Determinism is an emergent property.



The Etymology of Determinism


The term (sic) determinism is first attested in the late fourteenth century, "to come to an end," also "to settle, decide," from O.Fr. determiner (12c.), from L. determinare "set limits to," from de- "off" + terminare "to mark the end or boundary," from terminus "end, limit." 

The sense of "coming to a firm decision" (to do something) is from 1450. 


Determination as a "quality of being resolute" dates from 1822. 


Before the nineteenth century determinists were called Necessarians. William Belsham contrasted them (favorably) with the incoherent Libertarians in 1789, the first use of Libertarian. Libertarians were thought incoherent because liberty was thought to be unruly, random, unlawful, and - in a related term of the day - libertine.


Determinism appears in 1846 in Sir William Hamilton's edition of Thomas Reid's works as a note on p.87.  


There are two schemes of Necessity - the Necessitation by efficient - the Necessitation by final causes. The former is brute or blind Fate; the latter rational Determinism.


At about the same time, it is used by theologians to describe lack of free will. 

In 1855, William Thomson (later Lord Kelvin) wrote,


The theory of Determinism, in which the will is determined or swayed to a particular course by external inducements and forced habits, so that the consciousness of freedom rests chiefly upon an oblivion of the antecedents of our choice.

Ernst Cassirer claimed (mistakenly?) that Determinism in the philosophical sense of a "doctrine that everything that happens is determined by a necessary chain of causation" dates from the work of Emil du Bois-Reymond in 1876. 


Note that ancient philosophers worried about this causal chain (ἄλυσις), but those philosophers who allowed the existence of chance, (Aristotle, Epicurus, Lucretius, and Alexander of Aphrodisias), denied such a causal chain, while maintaining that human decisions were caused by neither chance nor necessity but by a tertium quid - our autonomous human agency.


The adjective determinist appeared first in the Contemporary Review of October 1874 - "The objections of our modern Determinists." In the Contemporary Review of March 1885 R. H. Hutton described "The necessarian or determinist theory of human action." 

William James's essay on The Dilemma of Determinism appeared at about the same time, in 1884. In it he coined the terms "soft determinism" (today's compatibilism), and "hard determinism" (strict determinsm, indeed, pre-determinism from the beginning of time).  



For Teachers

      C.D.Broad, in 1932, defined Determinism, Indeterminism, and Libertarianism. Reprinted in Morgenbesser (1962) Free Will
And now at last we can define- "determinism" and "indeterminism." Determinism is the doctrine that every event is completely determined, in the sense just defined. Indeterminism, is the doctrine that some, and it may be all, events are not completely determined, in the sense defined. Both  doctrines are, prima facie, intelligible, when defined as I have defined them.	

There is one other point to be noticed. An event might be completely determined, and yet it might have a "causal ancestor" which was not, completely determined. If Y is the total cause of Z and X is the total cause of Y, I call both Y and X "causal ancestors" of Z. Similarly, if W were the total cause of X, I should call Y, X, and W "causal ancestors" of Z. And so on. If at any stage in such a series there is a term, e.g. W, which contains a cause-factor that is not completely determined, the series will stop there, just as the series of human ancestors stops with Adam. Such a term may be called the "causal progenitor" of such a series. If determinism be true, every event has causal ancestors, and therefore there are no causal progenitors. If indeterminism be true, there are causal progenitors in the history of the world.


We are now in a position to define what Ι will call "libertarianism." This doctrine may be summed up in two propositions. (i) Some (and it may be all) voluntary actions have a causal ancestor which contains as a cause factor the putting-forth of an effort which is not completely determined in direction and intensity by occurrent causation. (ii) In such cases the direction and the intensity of the effort are completely determined by non-occurrent causation, in which the self or agent, taken as a substance or continuant, is the non-occurrent total cause. [Broad means a non-physical mind as the non-occurent cause.] Thus, Libertarianism, as defined by me, entails indeterminism, as defined by me; but the converse does not hold.



If I am right, libertarianism is self-evidently impossible, whilst indeterminism is prima facie possible.




      Richard Double's The Nonreality of Free Will (1995?) provided these definitions.

Although the notion of determinism appears frequently through this book, the free will discussion is concerned only with a tiny subset of what might be determined, viz., those events that affect human decision making. Whether there is, e.g., indeterminacy in quantum physics is an empirical matter outside of philosophers' ken and, by itself, does not bear on the free will debate, although some libertarians have argued that quantum indeterminacy could bear on human choices (see Chapter 8). This book is primarily about free will, though, and about determinism only incidentally.
Compatibilism — The view that the theses of free will and determinism can both be true.

Incompatibilism — The view they cannot both be true.

Soft determinism — Technically, compatibilism plus determinism, but in fact, the view that we have free will not as a result of indeterminism, whether or not determinism is true.

Hard determinism — Technically, incompatibilism plus determinism, but the view that humans lack free will because their decisions are determined, again, whether determinism in its fullest generality is true.

Libertarianism — The view that humans have free will as a result of indeterminism in their choices. 




Double's libertarianism is an extreme view that makes chance the direct cause of our choices. But it coincides with Robert Kane's "torn decisions" in which an agent can take responsibility for a random choice either way if there are good reasons for either choice. 
     


For Scholars

     1. C.D.Broad, 1934 "Indeterminism is the doctrine that some, and it may be all, events are not completely determined."  
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Disambiguation of Causality, Determinism, et al.

We must carefully disambiguate causality from its close relatives certainty, determinism, necessity, and predictability.


    
We have causality in the world, in the sense that for every event we can always find preceding events that contributed to the outcome. But some events involve an irreducible randomness or chance. They are unpredictable, uncertain, and indeterministic. We can describe such events with the ancient concept of the uncaused cause or causa sui.


Although almost all philosophers became language philosophers in the twentieth century, they have been notoriously sloppy with definitions of philosophical terminology. They have been especially confused when they attempt to prove things with logic and language about the physical world.


For example, they like to say that if determinism is false, indeterminism is true. This is of course logically correct. Strict causal determinism with a causal chain of necessary events back to an Aristotelian first cause is indeed false, and modern philosophers know it, though most hold out hope that the quantum mechanical basis of such indeterminism will be disproved someday and declare themselves agnostic. 


These agnostic philosophers go on to argue that the principle of bivalence requires that since determinism and indeterminism are logical contradictories, only one of them can be true. The law of the excluded middle allows no third possibility. Now since neither determinism nor indeterminism allow the kind of free will that supports moral responsibility, they claim that free will is unintelligible or an illusion. This is the standard argument against free will.


Finally, despite their claim that professional philosophers are better equipped than scientists to make conceptual distinctions and evaluate the cogency of arguments, they have confounded the concepts of "free" and "will" into the muddled term "free will" despite the clear warnings from John Locke that this would lead to confusion. Locke said very clearly, as had some ancients like Lucretius, it is not the will that is free (in the sense of undetermined), it is the mind.  


The practical empirical situation is much more complex than such simple black and white logical linguistic thinking can comprehend. Despite quantum uncertainty, there is clearly adequate determinism in the world, enough to permit the near-perfect predictions of celestial motions, and good enough to send men to the moon and back. But this "near" (Honderich) or "almost" (Fischer) determinism is neither absolute nor required in any way by logical necessity, as Aristotle himself first argued against the determinist atomists.  


The core idea of causality is closely related to the idea of determinism. But we can have causality without determinism. We call it "soft" causality. The departure from strict causality is very slight compared to the miraculous ideas usually associated with the "causa sui" (self-caused cause) of the ancients.

Causality is a rhetorical tool, It is ad hoc reasoning to identify preceding events that contributed to a current event. We can always find a reason (λόγος) or reasons for events, leading to the ancient dictum "every event has a cause." 


And certainty, necessity, and predictability are all closely related to determinism, but they have their main applicability in slightly different fields - mathematics, logic, and physics - which gives rise to ambiguity when used outside those fields. 


Certainty is a powerful idea that has mesmerized philosophers, and especially religious leaders, throughout the ages. Belief in absolute and certain truth has all too often justified the most inhumane behavior toward those not sharing that truth and that belief.

Certainty is the case of a mathematical probability equal to one. 


Necessity is often opposed to chance. In a necessary world there is no chance. Everything that happens is necessitated. In our real physical world nothing is necessary. There is nothing logically true of the world.
Necessity is just a useful tool as part of our deductive reasoning in logic, where chance is theoretically non-existent.  


Predictability is a characteristic of law-governed phenomena. When the laws are expressible as mathematical functions of time, knowledge of the initial conditions at some time allows us to predict the conditions at all later (and retrospectively earlier) times.


Predictability in like circumstances is the key to the hypothetical-deductive method of experimental science.


For Scholars





Source: https://www.informationphilosopher.com/freedom/disambiguation.html
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Downward Causation

Belief in causality is deeply held by many philosophers and scientists. Many say it is the basis for all thought and knowledge of the external world. The idea that every event has a cause leads to the view of causal closure or causal determinism. The simplest form of physical determinism is the Laplacian view that given the positions and velocities of all the fundamental particles in the world, together with the laws of nature, that there is only one possible future.
Reductionism is the view that material particles and the physical forces between them, which are supposed to be mathematically analytical, can explain all that happens in the world. Chemistry is thought to be reducible to physics, biology reducible to chemistry, psychology (via neuroscience) reducible to biology, and mind/brain (or cognitive science) reducible to psychology.  All these causal relations are called "bottom-up."  


The finest details of brain events are thought by some to be a consequence of motions of the material particles that comprise the brain. Reductionism implies that mind is an epiphenomenon, or worse, just an illusion. The reductionist idea that everything is the consequence of "bottom up" physical causes is often called eliminative materialism.


By contrast, downward causation is a kind of holism that denies reductionism. "Wholes" can enforce constraints on their "parts" to make them move in ways that may be unpredictable, even given the complete information about the parts (ultimately the atoms and molecules) along with the complete information about the state of the universe outside those parts. 

Downward causation is closely related to the concepts of emergence, self-organization, and supervenience. It has become very popular in the study of complex physical systems which exhibit a kind of self-organization and emergence of visible structures when the systems are far from equilibrium conditions. 


Most modern discussions of emergence and self-organization in hierarchical systems start with the early 1950's work of Ilya Prigogine on dissipative structures, physical and chemical systems that are far from equilibrium, through which there is a steady flow of matter and energy. 


Despite the normal tendency to chaos (the second law of thermodynamics and increasing entropy), these dissipative systems develop relatively stable visible structures, such as Bénard convection cells and Turing autocatalytic reactions that show space-dependent, steady-state processes stable against perturbations. These visible structures reduce the entropy locally. They are "information structures" of a very simple kind.


Prigogine's discovery of such "order out of chaos" in physical systems is widely cited as evidence of emergent properties in complex adaptive systems. It lies at the heart of modern complexity theory and chaos theory. But these complex and chaotic information structures are "dumb." They do not contain the internal information processing that marks the emergence of life and mind. These two higher-level emergent information structures are "smart," by comparison. When they exert downward causation, it is extraordinarily fine.


The idea that emergent structures can exert a sort of "holistic" downward causal control on their molecular components was first articulated by Roger Sperry in 1965. Sperry cites a wheel rolling downhill as an example of downward causal control. The atoms and molecules are caught up and overpowered by the higher properties of the whole. Although this is a very gross kind of control over the components, Sperry says that he "worked the new mind-brain ideas into a discussion of holist-reductionist issues, emergent downward control. and ‘nothing but’ fallacies in human value systems, in a broad refutation of the then prevalent ’mechanistic, materialistic, behavioristic, fatalistic, reductionistic view of the 'nature of mind and psyche’."


In 1974 Donald Campbell coined the phrase "downward causation" and he is widely cited in the current literature as the main source of the idea.


Some biologists (e.g., Ernst Mayr) have argued that biology is not reducible to physics and chemistry, although it is completely consistent with the laws of physics. Even the apparent violation of the second law of thermodynamics has been explained because living beings are open systems exchanging matter, energy, and especially information with their environment.

Information is neither matter nor energy, but it needs matter for its embodiment and energy for its communication. 


A living being is a form through which passes a flow of matter and energy (with low or "negative" entropy, the physical equivalent of information). Genetic information is used to build the information-rich matter into an overall information structure that contains a very large number of hierarchically organized information structures. Emergent higher levels exert downward causation on the contents of the lower levels. 



The problem of mental causation is a specific case of downward causal control that is central to the philosophy of mind. 


The idea that minds have powers "over and above" the known physical, chemical, and biological laws is sometimes called "mentalism." It is related to the idea of "vitalism," that biology might involve new laws that cannot be reduced to "nothing but" the laws of physics. 



Examples of Downward Causation
	When the earth turns, or revolves about the sun, or travels with the sun through the spiral arms of our galaxy, everything on earth is carried along with it.

	When a wheel rolls, its component maolecules roll along with it (Roger Sperry's example)

	When the water in a turbulent cell far from equilibrium is convected upward by the heat below, it drags along most of the water molecules that compose it (Ilya Prigogine's example)

	When a ribosome assembles 330 amino acids in four symmetric polypeptide chains (globins). Each traps an iron atom in a heme group at the center to form the hemoglobin protein, this is downward causal control of the amino acids, the heme groups, and the iron atoms
[image: image-placeholder]

When 200 million of the 25 trillion red blood cells die each second, the 100 million hemoglobins in each cell must be replaced immediately. With the order of a few thousand bytes of information in each hemoglobin, this is 10 thousand x 100 million x 200 million = 2 x 1020 bits of information per second, a million times more information processing than today's fastest computer CPU. 


For Scholars

          "We must admit that the mind of each one of our greatest geniuses — Aristotle, Kant or Leonardo, Goethe or Beethoven, Dante or Shakespeare — even at the moment of its highest flights of thought or in the most profound inner workings of the soul, was subject to the causal fiat and was a instrument in the hands of an almighty law which governs the world." Max Planck, Where Is Science Going, p.156.


     [In Existentialism, the will condemns all the unchosen alternatives to nothingness as it grants being to the one chosen.]  
     




Source: https://www.informationphilosopher.com/freedom/downward_causation.html
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Emergent Determinism
Determinism in classical physics is an idealization and an approximation. 

Determinism is an emergent property that shows up for large numbers of elementary particles, which as individuals or in small numbers are more accurately described with indeterministic quantum physics. All the laws of physics are statistical laws. All are the consequence of averaging over the irreducible quantum indeterminacy of the elementary particles. 


Macroscopic (phenomenological) physical laws are arbitrarily accurate in the limit of infinite numbers of particles. But it is beyond the possibility of experimental accuracy to "prove" the idea of perfect determinism. Nevertheless, we can "prove" that small numbers of elementary particles exhibit indeterminate behavior, to within the highest level of experimental accuracy achieved in modern physics.  



Isaac Newton knew his mathematical laws were an approximation. Ludwig Boltzmann, arguably the first scientist to appreciate the atomic nature of matter, also knew it. 
He said that the assumption of perfect determinism "goes beyond experience." His colleague at the University of Vienna Franz Exner said the same thing, as did Exner's student Erwin Schrödinger, before he reversed his views to agree with Einstein, Max Planck, and others to reject quantum indeterminacy.

Here is Boltzmann, for example.


Since today it is popular to look forward to the time when our view of nature will have been completely changed, I will mention the possibility that the fundamental equations for the motion of individual molecules will turn out to be only approximate formulas which give average values, resulting according to the probability calculus from the interactions of many independent moving entities forming the surrounding medium — as for example in meteorology the laws are valid only for average values obtained by long series of observations using the probability calculus. These entities must of course be so numerous and must act so rapidly that the correct average values are attained in millionths of a second. 


And here is Franz Exner.


This significantly restricted version of the law of causality as a purely empirical proposition forces yet another question of fundamental importance: If certain conditions are met, and the lawful flow of phenomena takes place naturally in all its phases, is the state of the system then predetermined (voraus bestimmter) at every moment? Or it is random and is it only the average state that is determined over a period of time? 
If there were for a gas a certain moment when all the speeds and directions of the molecules were given, can we then say that the location and speed for each individual molecule is determined in a subsequent moments? It is certain that an affirmative answer goes beyond our experience. 




This is the classic Laplacian view denied.



Finally, consider Erwin Schrödinger. 
   In his early career, Schrödinger was a great exponent of fundamental chance in the universe. He followed his teacher Franz S. Exner, who was himself a colleague of the great Ludwig Boltzmann at the University of Vienna. Boltzmann used intrinsic randomness in molecular collisions to derive the increasing entropy of the Second Law of Thermodynamics.  


  Most nineteenth-century physicists, mathematicians, and philosophers believed that the chance described by the calculus of probabilities was actually completely determined. For them, chance was subjective and an epistemological problem, not objective and ontological.


(Adolphe Quételet and Henry Thomas Buckle are important examples, very likely influenced by the views of Immanuel Kant.) The "bell curve" or "normal distribution" of random outcomes was itself so frequently observed that it seemed to imply deterministic laws governing individual events. Statistics and probability were thought to be epistemological questions. We simply lack the knowledge necessary to make exact predictions for these individual events. Pierre-Simon Laplace saw in his "calculus of probabilities" a universal law that determines the motions of everything from the largest astronomical objects to the smallest particles.  


  On the other hand, in his inaugural lecture at Zurich in 1922, Schrödinger argued that the evidence did not justify our assumptions that physical laws are deterministic and strictly causal. His inaugural lecture was modeled on the inaugural lecture of Exner in Vienna in 1908.

  

  "Exner's assertion amounts to this: It is quite possible that Nature's laws are of a thoroughly statistical character. The demand for an absolute law in the background of the statistical law — a demand which at the present day almost everybody considers imperative — goes beyond the reach of experience. Such a dual foundation for the orderly course of events in Nature is in itself improbable. The burden of proof falls on those who champion absolute causality, and not on those who question it. For a doubtful attitude in this respect is to-day by far the more natural."
  

  Several years later, Schrödinger wrote
  


  "Fifty years ago it was simply a matter of taste or philosophic prejudice whether the preference was given to determinism or indeterminism. The former was favored by ancient custom, or possibly by an a priori belief. In favor of the latter it could be urged that this ancient habit demonstrably rested on the actual laws which we observe functioning in our surroundings. As soon, however, as the great majority or possibly all of these laws are seen to be of a statistical nature, they cease to provide a rational argument for the retention of determinism.
  
  "If nature is more complicated than a game of chess, a belief to which one tends to incline, then a physical system cannot be determined by a finite number of observations. But in practice a finite number of observations is all that we can make. All that is left to determinism is to believe that an infinite accumulation of observations would in principle enable it completely to determine the system. Such was the standpoint and view of classical physics, which latter certainly had a right to see what it could make of it. But the opposite standpoint has an equal justification: we are not compelled to assume that an infinite number of observations, which cannot in any case be carried out in practice, would suffice to give us a complete determination. 
  



   Despite these strong arguments against determinism, just after he completed the wave mechanical formulation of quantum mechanics in June 1926 (the year Exner died), Schrödinger began to side with the determinists, including especially Max Planck and Albert Einstein, and against those professing statistical interpretations of quantum mechanics, Max Born, Werner Heisenberg, and Niels Bohr. 


Quantum Indeterminacy and Emergent Determinism


When small numbers of atoms and molecules interact, their motions and behaviors are indeterministic, governed by the rules of quantum mechanics. 
Werner Heisenberg's principle of indeterminacy (mistakenly called "uncertainty," as if the problem is epistemic/subjective and not ontological/objective) gives us the minimum error in simultaneous measurements of position x and momentum p,
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where h is Planck's constant of action. To see how "adequate" determinism emerges for large numbers of particles, note that the momentum p = mv, the product of mass and velocity, so we can write the indeterminacy principle in terms of velocities and positions as 
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When large numbers of microscopic particles get together in massive aggregates 
( h / m → 0 ), the indeterminacy of the individual particles gets averaged over and macroscopic "adequately" deterministic laws "emerge." The positions and velocities of large massive objects can be "determined" beyond our ability to measure.

Determinism is an emergent property.


The "laws of nature," such as Newton's laws of motion, are all statistical in nature. They "emerge" when large numbers of atoms or molecules get together. For large enough numbers, the probabilistic laws of nature approach practical certainty. But the fundamental indeterminism of component atoms never completely disappears.


So determinism "emerges" today from microscopic quantum systems as they become a part of larger and more classical systems. But we can says that determinism also emerged in time. In the earliest years of the universe, large massive objects did not yet exist. All matter was microscopic. 


[image: image-placeholder]


We can now identify that time in the evolution of the universe when determinism first could have emerged. Before the so-called "recombination era," when the universe cooled to a few thousand degrees Kelvin, a temperature at which atoms could form out of sub-atomic particles (protons, helium nuclei, and electrons), there were no "macroscopic objects" to exhibit deterministic behavior.   


The early universe was filled with positive ions and negatively charge electrons. The electrons scattered light photons, preventing them from traveling very far. The universe was effectively opaque past very short distances. Then the charged particles combined to form neutral atoms (hydrogen and helium) the photons suddenly could "see" (travel) to enormous distances. The universe first had the transparent sky that we take for granted today (on cloudless nights).


[image: image-placeholder]

Those 3000 degree K photons have cooled as a result of the universe expansion and now appear to us as the 3 degree K "cosmic microwave background" radiation left over from the big bang. We are looking at a moment in time when "classical" objects obeying apparently deterministic causal laws did not yet exist. 



Examples of Emergence

	When the water in a turbulent cell far from equilibrium is convected upward by the heat below, it drags along most of the water molecules that compose it. This is Ilya Prigogine's prime example of a "dissipative structure" exhibiting emergent "order out of chaos."

	When a ribosome assembles 330 amino acids in four symmetric polypeptide chains (globins), each globin traps an iron atom in a heme group at the center to form the hemoglobin protein. This is downward causal control of the amino acids, the heme groups, and the iron atoms by the ribosome. The ribosome is an example of Erwin Schrödinger's emergent "order out of order," life "feeding on the negative entropy" of digested food.  

[image: image-placeholder]

When 200 million of the 25 trillion red blood cells in the human body die each second, in each of 200 million new cells 100 million hemoglobins cell must be assembled. With the order of a few thousand bytes of information in each hemoglobin, this is 10 thousand x 100 million x 200 million = 2 x 1020 bits of information per second, a million times more information processing than today's fastest computer CPU. 



	[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=TfYf_rPWUdY


When a ribosome produces a protein that does not fold properly, a chaperone enzyme, shaped like a tiny trash can, opens its lid and captures the protein. It then closes the lid and squeezes the protein. Upon release, the protein then frequently folds properly. If it does not, the chaperone captures it again and disassembles it back to its amino acids. The chaperone is an emergent that is in no way the result of "bottom-up" processes from its amino acid components. It is also an example of biological error detection and correction. 





	[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=Q73uJ8WlY_E


When a single neuron fires, the active potential rapidly changes the concentration of sodium (Na+) ions inside the cell and potassium (K+) ions outside the cell. Within milliseconds, thousands of sodium-potassium ion channels in the thin lipid bilayer of the cell wall must move billions of those ions from one side to the other. They do it with emergent biological machinery that exerts downward causation on the ions, powered by ATP energy carriers (feeding on negative entropy). Random quantum indeterministic motions of the amino acids drive them near the pump opening, and quantum collaborative forces capture them in a lock-and-key structure. 

	When many motor neurons fire, innnervating excitatory post-synaptic potentials (EPSPs) that travel down through the thalamus and the spinal cord and cause muscles to contract, that is as literal as downward causation gets in the body. 

	When the emergent mind decides to move the body, that mental causation is realized as downward causation. 

	Who saw this first? Consider the great Latin poet, philosopher, and scientist 
Titus Lucretius Carus, who described the action of the mind thus:

 Therefore when the mind so bestirs itself that it wishes to go and to step forwards, at once it strikes all the mass of spirit that is distributed abroad through limbs and frame in all the body. And this is easy to do, since the spirit is held in close combination with it. The spirit in its turn strikes the body, and so the whole mass is gradually pushed on and moves...

 Again, there is no need to be surprised that elements so small can sway so large a body and turn about our whole weight. For indeed the wind, which is thin and has a fine substance, drives and pushes a great ship with mighty momentum, and one hand rules it however fast it may go, and one rudder steers it in any direction; and a machine by its blocks and treadwheels moves many bodies of great weight and uplifts them with small effort.




	When the helmsman turns the wheel of a great sailing ship, he has downward causal control over all the matter of that great ship. 

	When an emergent philosopher rearranges and communicates ideas, verbally in lectures, or as written words in a published paper, or as the bits of information in a computer memory, this is "information out of order," ultimately dependent on the body digesting food, feeding on the energy (ATP) with negative entropy ("order out of order"), but in no way controlled "bottom-up" by the molecules of body or food material, or by the energy consumed. 



Abstract information is neither matter nor energy, yet it needs matter for its concrete embodiment and energy for its communication. Information is the modern spirit, the ghost in the machine.
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Enlightenment

The Age of Enlightenment was approximately the eighteenth century in Europe. It was preceded by the Renaissance, approximately the fifteenth and sixteenth centuries, in which many ideas of ancient classical philosophy were recovered and many religious superstitions were rejected as unsupportable handed-down traditions. The  and by the Reformation, in which protestant Christianity rebelled against the Roman Catholic church. 

Many protestant sects (Lutherism, Calvinism) rejected the Catholic idea that free will is a gift of God that is tenable despite the presumed foreknowledge of an omniscient (and omnipotent) God who knows the future actions of all persons.


Reformation thinking led many philosophers to become determinists or at minimum compatibilists on the question of man's freedom, which are the dominant beliefs of most professional philosophers today. 


In the physical sciences, Isaac Newton's classical laws of motion epitomized the enlightenment idea of a clockwork universe, set in motion by its creator and left to evolve deterministically under the absolute control of the laws of nature.


The reaction to the rationalism and classicism of the deterministic Enlightenment was the early nineteenth-century development of Romanticism, led by the German Idealists of the late eighteenth century, Fichte, Schiller, and the Schlegels, Arthur and Friedrich. 


For the romantics, the moral absolutes and universal values of the Enlightenment were too confining and ignore the emotions and feelings of great artists. For classicists, the romantic notions of creative freedom and progress were simply irrational ideas used to break traditional norms of the perfect world and conservative thought.


The romantic era is sometimes seen as the beginnings of modernity and even the post-modern. But the rationalism of the Enlightenment was itself breaking with many previous traditional norms. So we can see the post-modern as denying the claims of the modernism of the Enlightenment. 




Source: https://www.informationphilosopher.com/freedom/enlightenment.html
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Epistemic Freedom

Epistemic Freedom is a form of compatibilism based on the limits of human knowledge (human ignorance). Determinism implies that there is just one possible future. But physical determinism does not guarantee predictability, and some philosophers have used the unpredictability of the future to argue for a kind of free will called epistemic freedom. 

It is a freedom that we have because we do not know what the future will be. "God only knows," say those religious thinkers who are not bothered by the foreknowledge of a God or gods. Although it is true that we cannot know what an open future will bring, to accept human ignorance as a basis for human freedom seems perverse. 


Why do so many thinkers accept epistemic freedom? Perhaps the idea that deterministic laws or divine foreknowledge might exist relieves them of some moral responsibility?


The Marquis de Laplace imagined an intelligent being (Laplace's Demon who knows the positions and velocities of the constituent atoms and uses Newton's equations of motion to predict the future (and retrodict the past) of the entire universe.


Although many thinkers confuse predictability with determinism, neither Newton nor Laplace likely did so. Newton was painfully aware of the errors made in astronomical observations. Laplace invented his super intelligent being to contrast its infinite mind (like that of God) to the finite minds that must remain infinitely distant from such knowledge. He knew that the information for even one single particle is infinite mathematically.


When physical laws are expressible as mathematical functions of time, knowledge of the initial conditions at some time allows us to predict the conditions at all later (and retrospectively earlier) times.



Long before Laplace, Gottfried Leibniz imagined a scientist who could see the events of all times, just as all times are thought to be present to the mind of God.

"Everything proceeds mathematically...if someone could have a sufficient insight into the inner parts of things, and in addition had remembrance and intelligence enough to consider all the circumstances and take them into account, he would be a prophet and see the future in the present as in a mirror."



Baruch Spinoza held a similar view, and these views deeply impressed Albert Einstein, who remained a confirmed determinist all his life, despite discovering the fundamental randomness (and unpredictability) of quantum mechanics over two decades before Werner Heisenberg!



Predictability and Science


Predictability is an important characteristic of law-governed phenomena. Physical laws allow us to predict as well as possible, but of course not perfectly. This fact of our inability to predict perfectly is not an indicator that we are free from deterministic laws, should they exist (though they don't). Predictability (though limited) is an essential part of the scientific method, sometimes called the hypothetico-deductive-experimental-observation method. 

In the first step, freely invented hypotheses are proposed. In the second, reason, logic, and mathematics are used to deduce quantitative implications of the hypotheses. These deductions suggest observations and experiments (step 3), especially those that can provide quantitative measurements.  The best hypothesis is the one that predicts observations or experiments that confirm (verify) or deny (falsify) the implied theory, and more specifically the one hypothesis that leads to quantitative measurements in agreement with the prediction.


But what does agreement mean? Predictions are never in perfect mathematical agreement with the observations and experimental measurements. When measurements are repeated (as they must be, preferably by independent observers), they scatter randomly around some average value in a "normal distribution." Confirmation of a prediction is when the prediction lies within an acceptable error (usually reported as "number of standard deviations"), a range of values around the average measured value. 

[image: image-placeholder]

Predictability is related to the idea of reproducibility. In order for an experiment to be accepted as scientific evidence, the experiments must be reproducible and repeatable. But, since experimental results are never exact, science offers no "proofs" of knowledge - just best predictions, best explanations, best theories. Like all knowledge, scientific knowledge is merely probable or statistical. 


Probabilities are a priori, produced by theories. 
Statistics are the a posteriori results of experiments.


The reason physical science is so well respected is because the precision and accuracy of its measurements are so high. Quantum physics, the most accurate physical theory, produces measurements accurate to within over fifteen significant figures, that is to say with standard deviations of +/- .0000000000000001. 


Quantum mechanical predictions are unusual in that they contain a minimal indeterminism, consistent with the Heisenberguncertainty (or indeterminacy) principle. Classical deterministic laws of nature have been traditionally thought to be infinitely accurate, that is, to an infinite number of decimal places.


Philosophers (including many philosophers of science) have sometimes misread physical determinism as providing an infinitely accurate predictability. 
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The Ethical Fallacy is the idea that ethical considerations help to solve the problem of free will.  More specifically, it is the assumption by some philosophers (from the Scholastics to Robert Kane) that free decisions must be restricted to moral decisions.

Freedom of thought, of choice, and freedom of action are necessary conditions for moral responsibility, but they are not sufficient conditions for moral behavior. Free will is a prerequisite for ethics, not the other way around.


For many philosophers, free decisions are required to be moral decisions. They fail to distinguish between ordinary responsibilities (fiduciary, financial, leadership) and moral responsibility.


This was a commonplace in ancient times. Socrates and Plato argued that "virtue is knowledge." This meant that a lack of virtue was simply a lack of knowledge. We could not be responsible for our bad actions, because we did them out of ignorance. 

Aristotle disagreed. He said that our bad actions could also depend on us, even when we were doing them as a matter of habits formed long ago, as long as we are at least partially responsible for forming our habits and character.


The Scholastics thought that we are free when our decisions are rational. For them, good meant rational, so this was a variation of the ethical fallacy. We are unfree and slaves to our passions when our decisions are evil. We call this the rational fallacy.

Immanuel Kant said that we are free only when our actions are good. When our actions are bad, he said, we are slaves to our passions.


Some modern thinkers still make morality a criterion for free will, rather than freedom a requirement (some call it a "control condition") for morally responsible behavior. 

Robert Kane argues that free actions, those for which we have "ultimate responsibility," must be difficult moral decisions (cf. C. A. Campbell's "effort"). 

Susan Wolf argues that our freedom must be "within reason" and thus free decisions are those made with full knowledge of "the True and the Good." Wolf combines the rational fallacy and the ethical fallacy. 


Wolf notes an interesting asymmetry between praise and blame that echoes the ancient distinction between good and bad actions. We are quick to give and receive praise for our good actions, even when they result from luck. We tend, however, to look for mitigating circumstances for our bad actions, passing on the blame to bad luck, for example.


As early as 1890, the English philosopher Shadsworth Hodgson pointed out the confusion that freedom requires morality.


"One more remark I would make, before quitting the subject of Free-will. It is, that the kind or quality of the desires or motives, adopted or rejected in deliberation and choice, is wholly irrelevant to the question of freedom. That question concerns, not what we choose, but whether we choose at all, in any real sense of the word. Yet no doctrine is more common, especially among nominal upholders of free-will, than to represent true freedom of the will as consisting in a man's following his best impulses, obeying the dictates of his conscience, or going on to attain ever higher degrees of moral excellence or self-perfection. A great confusion of thought is here involved. Goodness of will is not the same thing as freedom of will. Its freedom is the condition of its goodness and badness alike.

(Mind, Vol. 16, No. 62 (Apr., 1891), p.179)  


"A power to choose only the good is a contradiction in terms; and were such a power (per impossibile) to be attained, it would be at once the highest perfection of the character, and the euthanasia of Free-will. The will would then no longer choose at all; it would have done with choosing; and the brain mechanism would thenceforward work spontaneously and habitually, no longer volitionally. The will in its new shape would indeed be free; - but free from what? From the influence of evil desires and motives, not from impediments to its power of choosing between bad motives and good ones." 

(Mind, Vol. 16, No. 62 (Apr., 1891), p.179)  




Hodgson is well aware of the ethical fallacy


There is of course an undeniable historical connection between free will, determinism, indeterminism, and moral responsibility.


From the beginning of physical determinism (c. 5th century BCE), one of its proponents, Democritus, recognized that it was a threat to moral responsibility. And moral responsibility was very important to him.  Nevertheless, the view of atoms and a void working by natural laws was such a gain over the traditional view of arbitrary fate and capricious gods determining our actions, that Democritus simply insisted that determinism provided humans more control for moral responsibility.



The first indeterminist was Aristotle. In his Physics and Metaphysics he said there were "accidents" caused by "chance (τύχη)." 2 In his Physics, he clearly reckoned chance among the causes. Aristotle might have added chance as a fifth cause - an uncaused or self-caused cause - one that happens when two causal chains come together by accident (συμβεβεκός). He noted that the early physicists found no place for chance among the causes.



Aristotle's goal in the Nichomachean Ethics and Eudemian Ethics was to establish moral responsibility. He probably assumed that the human mind is somehow exempt from the materialist laws of nature, so that our actions depend on us (ἐφ ἡμῖν). In this respect, we can call Aristotle the first agent-causal free-will libertarian.


One generation after Aristotle, Epicurus (c. 4th century BCE), proposed a physical explanation for free choice as a better basis for moral responsibility. His solution was a random "swerve" of the atoms to break the causal chain of determinism, giving us more control than was possible in Democritus' strict determinism. 


Epicurus wanted a purely materialist solution, one we call today event-causal libertarianism. He proposed that his random swerve could happen at any time and place. As long as there were some uncaused events in the past, there would no longer be a chain of causes back before our births. Epicurus did not want a swerve to happen at the moment of decision. That would make our actions random. But he could not explain when and where randomness could occur in his idea of free will to explain moral responsibility.



Although Epicurus' physical model for chance is ingenious and anticipated twentieth-century quantum mechanics, it provides little of deep significance for free will and moral responsibility that is not already implicit in Aristotle.   


The first compatibilist, the Stoic Chryssipus (c. 3rd century BCE), strongly objected to Epicurus' suggestion of randomness, arguing that it would only undermine moral responsibility. He assumed that chance was the direct cause of action. He was also aware of the charge that physical determinism had been equated with a necessitarianism that denied any human freedom. He sought a solution to both these objections to free will and moral responsibility.




For Scholars

Some examples

    From Joshua Greene and Daniel Cohen, Phil Trans. R. Soc. LondonB (2004), 359, p.1777
    
   Many compatibilists sceptically ask what would it mean to give up on free will. Were we to give it up, wouldn't we have to immediately reinvent it? Does not every decision involve an implicit commitment to the idea of free will? And how else would we distinguish between ordinary rational adults and other individuals, such as young children and the mentally ill, whose will - or whatever you want to call it — is clearly compromised? Free will, compatibilists argue, is here to stay; and the challenge for science is to figure out how exactly it works and not to peddle silly arguments that deny the undeniable (Dennett 2003).
    

From Manuel Vargas, "Revisionism," in Four Views on Free Will, p. 148
    

Consider the question of how we go from being unfree agents to free agents. This is a puzzle faced by all accounts of responsibility, but there is something pressing about it in the case of libertarianism. As children we either had the indeterministic structures favored by your favorite version of libertarianism or we lacked them. If we lacked them as children, we might wonder how we came to get those structures. We might also wonder what the evidence is for thinking that we do develop said structures. 
   

From Thomas Pink, Free Will: A Very Short Introduction, Oxford, 2004, p. 22 
   


Note that Pink, Popper, others? think animal behavior is similar to human willed behavior.
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The Ethical Fallacy is the idea that ethical considerations help to solve the problem of free will.  More specifically, it is the assumption by some philosophers (from the Scholastics to Robert Kane) that free decisions must be restricted to moral decisions.

Freedom of thought, of choice, and freedom of action are necessary conditions for moral responsibility, but they are not sufficient conditions for moral behavior. Free will is a prerequisite for ethics, not the other way around.


For many philosophers, free decisions are required to be moral decisions. They fail to distinguish between ordinary responsibilities (fiduciary, financial, leadership) and moral responsibility.


This was a commonplace in ancient times. Socrates and Plato argued that "virtue is knowledge." This meant that a lack of virtue was simply a lack of knowledge. We could not be responsible for our bad actions, because we did them out of ignorance. 

Aristotle disagreed. He said that our bad actions could also depend on us, even when we were doing them as a matter of habits formed long ago, as long as we are at least partially responsible for forming our habits and character.


The Scholastics thought that we are free when our decisions are rational. For them, good meant rational, so this was a variation of the ethical fallacy. We are unfree and slaves to our passions when our decisions are evil. We call this the rational fallacy.

Immanuel Kant said that we are free only when our actions are good. When our actions are bad, he said, we are slaves to our passions.


Some modern thinkers still make morality a criterion for free will, rather than freedom a requirement (some call it a "control condition") for morally responsible behavior. 

Robert Kane argues that free actions, those for which we have "ultimate responsibility," must be difficult moral decisions (cf. C. A. Campbell's "effort"). 

Susan Wolf argues that our freedom must be "within reason" and thus free decisions are those made with full knowledge of "the True and the Good." Wolf combines the rational fallacy and the ethical fallacy. 


Wolf notes an interesting asymmetry between praise and blame that echoes the ancient distinction between good and bad actions. We are quick to give and receive praise for our good actions, even when they result from luck. We tend, however, to look for mitigating circumstances for our bad actions, passing on the blame to bad luck, for example.


As early as 1890, the English philosopher Shadsworth Hodgson pointed out the confusion that freedom requires morality.


"One more remark I would make, before quitting the subject of Free-will. It is, that the kind or quality of the desires or motives, adopted or rejected in deliberation and choice, is wholly irrelevant to the question of freedom. That question concerns, not what we choose, but whether we choose at all, in any real sense of the word. Yet no doctrine is more common, especially among nominal upholders of free-will, than to represent true freedom of the will as consisting in a man's following his best impulses, obeying the dictates of his conscience, or going on to attain ever higher degrees of moral excellence or self-perfection. A great confusion of thought is here involved. Goodness of will is not the same thing as freedom of will. Its freedom is the condition of its goodness and badness alike.

(Mind, Vol. 16, No. 62 (Apr., 1891), p.179)  


"A power to choose only the good is a contradiction in terms; and were such a power (per impossibile) to be attained, it would be at once the highest perfection of the character, and the euthanasia of Free-will. The will would then no longer choose at all; it would have done with choosing; and the brain mechanism would thenceforward work spontaneously and habitually, no longer volitionally. The will in its new shape would indeed be free; - but free from what? From the influence of evil desires and motives, not from impediments to its power of choosing between bad motives and good ones." 

(Mind, Vol. 16, No. 62 (Apr., 1891), p.179)  




Hodgson is well aware of the ethical fallacy


There is of course an undeniable historical connection between free will, determinism, indeterminism, and moral responsibility.


From the beginning of physical determinism (c. 5th century BCE), one of its proponents, Democritus, recognized that it was a threat to moral responsibility. And moral responsibility was very important to him.  Nevertheless, the view of atoms and a void working by natural laws was such a gain over the traditional view of arbitrary fate and capricious gods determining our actions, that Democritus simply insisted that determinism provided humans more control for moral responsibility.



The first indeterminist was Aristotle. In his Physics and Metaphysics he said there were "accidents" caused by "chance (τύχη)." 2 In his Physics, he clearly reckoned chance among the causes. Aristotle might have added chance as a fifth cause - an uncaused or self-caused cause - one that happens when two causal chains come together by accident (συμβεβεκός). He noted that the early physicists found no place for chance among the causes.



Aristotle's goal in the Nichomachean Ethics and Eudemian Ethics was to establish moral responsibility. He probably assumed that the human mind is somehow exempt from the materialist laws of nature, so that our actions depend on us (ἐφ ἡμῖν). In this respect, we can call Aristotle the first agent-causal free-will libertarian.


One generation after Aristotle, Epicurus (c. 4th century BCE), proposed a physical explanation for free choice as a better basis for moral responsibility. His solution was a random "swerve" of the atoms to break the causal chain of determinism, giving us more control than was possible in Democritus' strict determinism. 


Epicurus wanted a purely materialist solution, one we call today event-causal libertarianism. He proposed that his random swerve could happen at any time and place. As long as there were some uncaused events in the past, there would no longer be a chain of causes back before our births. Epicurus did not want a swerve to happen at the moment of decision. That would make our actions random. But he could not explain when and where randomness could occur in his idea of free will to explain moral responsibility.



Although Epicurus' physical model for chance is ingenious and anticipated twentieth-century quantum mechanics, it provides little of deep significance for free will and moral responsibility that is not already implicit in Aristotle.   


The first compatibilist, the Stoic Chryssipus (c. 3rd century BCE), strongly objected to Epicurus' suggestion of randomness, arguing that it would only undermine moral responsibility. He assumed that chance was the direct cause of action. He was also aware of the charge that physical determinism had been equated with a necessitarianism that denied any human freedom. He sought a solution to both these objections to free will and moral responsibility.
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The idea that an agent could not do otherwise in exactly the same circumstances is considered a problem facing both libertarians and determinists. Classical mechanical determinism is "information preserving." And so is the time evolution of the Schrödinger equation in quantum mechanics. 



Information philosophy has a particular importance for this question, because it can be asked whether exactly the same information could ever be present at two different locations in the universe of space and time.

Surprisingly, in the classical mechanical deterministic universe all moments of time contain exactly the same information, since complete knowledge of the universe at any time implies the exact situation at all other times, past and present (cf., Laplace's Demon).


Perhaps equally surprising is the fact that in our expanding universe where information is being destroyed with the increase in entropy, and simultaneously new information is being created - sadly somewhat less than the increase in disorder - we can say that the exact same circumstances never occur.


This dramatic difference is one of the most outstanding disproofs of the metaphysical idea of physical determinism, which is seen to be an illusion.


That the exact same circumstances never occur is nowhere more clear than in systems that clearly store the increased information and so exhibit a record of the change in the universe. Astrophysical objects show signs of their evolution. The geological record of the earth's surface displays a rich past. Most living organisms have encoded traces of their lives. And of course human beings carry a part of their past in their memories.


So, like many philosophical problems, the idea of "exactly the same circumstances" reduces to the practical problem of being in very similar circumstances, which is still an interesting question.


Libertarians who think they require a sort of extreme "metaphysical freedom" have argued for what some call a "plurality condition" or a "dual rational power." They want a "rational" decision to be able to do something different in exactly the same circumstances. This is only possible if genuinely new alternative possibilities are generated for consideration by the rational and adequately determined will. 


The first philosopher to consider the case of exactly the same circumstances was William James in his 1884 essay The Decline of Determinism.


Imagine that I first walk through Divinity Avenue, and then imagine that the powers governing the universe annihilate ten minutes of time with all that it contained, and set me back at the door of this hall just as I was before the choice was made. Imagine then that, everything else being the same, I now make a different choice and traverse Oxford Street. You, as passive spectators, look on and see the two alternative universes,--one of them with me walking through Divinity Avenue in it, the other with the same me walking through Oxford Street. Now, if you are determinists you believe one of these universes to have been from eternity impossible: you believe it to have been impossible because of the intrinsic irrationality or accidentality somewhere involved in it. But looking outwardly at these universes, can you say which is the impossible and accidental one, and which the rational and necessary one? I doubt if the most ironclad determinist among you could have the slightest glimmer of light on this point. In other words, either universe after the fact and once there would, to our means of observation and understanding, appear just as rational as the other. 


(The Will to Believe, 1897, p.155) 


Peter van Inwagen wrote in his 2000 essay "Free Will Is Still A Mystery" about a thought experiment where God reset the circumstances to be the same, and he imagined the outcome of free decisions which have intrinsic unpredictability because they are indeterministic. Van Inwagen argued that there would be a statistical distribution of outcomes, as the agent did different things following the distribution of indeterministic causes.


Now let us suppose that God a thousand times caused the universe to revert to exactly the state it was in at t1 (and let us suppose that we are somehow suitably placed, metaphysically speaking, to observe the whole sequence of "replays"). What would have happened? What should we expect to observe? Well, again, we can't say what would have happened, but we can say what would probably have happened: sometimes Alice would have lied and sometimes she would have told the truth. As the number of "replays" increases, we observers shall — almost certainly — observe the ratio of the outcome "truth" to the outcome "lie" settling down to, converging on, some value. We may, for example, observe that, after a fairly large number of replays, Alice lies in thirty percent of the replays and tells the truth in seventy percent of them—and that the figures 'thirty percent' and 'seventy percent' become more and more accurate as the number of replays increases. But let us imagine the simplest case: we observe that Alice tells the truth in about half the replays and lies in about half the replays. If, after one hundred replays, Alice has told the truth fifty-three times and has lied forty-eight times, we'd begin strongly to suspect that the figures after a thousand replays would look something like this: Alice has told the truth four hundred and ninety-three times and has lied five hundred and eight times. Let us suppose that these are indeed the figures after a thousand [1001] replays. Is it not true that as we watch the number of replays increase we shall become convinced that what will happen in the next replay is a matter of chance. 
 ("Free Will Remains a Mystery," in Philosophical Perspectives, vol. 14, 2000, p.14) 



Although this is consistent with those who think that indeterminism directly affects our actions, it is not at all what our Cogito model suggests. Indeterminism affects only the alternative possibilities available to the agent for choice. These alternative possibilities are likely to vary from circumstance to circumstance, making the agent unpredictable. 


But assuming for the sake of argument that identical alternative possibilities came to mind, the Cogito model predicts that the agent will make the same determination based on character and values. Those libertarians who want something different to happen have an antipathy to determination like that William James found in determinists with their antipathy to chance.


Van Inwagen, Kane, and Determinism compared to the Cogito Model

We can make a quantitative comparison of the outcome of 1000 thought experiments (or "instant replays" by God as van Inwagen imagines) that shows how the indeterminism in the Cogito Model is limited to generating alternative possibilities for action. 

Van Inwagen's results after 1000 experiments are approximately 500 lies and 500 times when Alice tells the truth.


Robert Kane is well aware of the problem that chance reduces moral responsibility, especially in his sense of Ultimate Responsibility (UR).


In order to keep some randomness but add rationality, Kane says perhaps only some small percentage of decisions will be random, thus breaking the deterministic causal chain, but keeping most decisions predictable. Laura Ekstrom and others follow Kane with some indeterminism in the decision.


Let’s say randomness enters Kane’s decisions only ten percent of the time. The other ninety percent of the time, determinism is at work. In those cases, presumably Alice tells the truth. Then Alice’s 500 random lies in van Inwagen’s first example would become only 50.
But this in no way explains moral responsibility for those few cases.


Compare the Information Philosophy Cogito model, which agrees with compatibilism/determinism except in cases where something genuinely new and valuable emerges as a consequence of randomness.


In our two-stage model, we have first “free” – random possibilities, then “will” – adequately determined evaluation of options and selection of the "best" option.


Alice’s random generation of alternative possibilities will include 50 percent of options that are truth-telling, and 50 percent lies.


Alice’s adequately determined will evaluates these possibilities based on her character, values, and current desires.

In the Cogito model, she will almost certainly tell the truth. So it predicts almost the same outcome as a compatibilist/determinist model.


The Cogito model is not identical, however, since it can generate new alternatives.


It is possible that among the genuinely new alternative possibilities generated, there will be some that determinism could not have produced.


It may be that Alice will find one of these options consistent with her character, values, desires, and the current situation she is in. One might include a pragmatic lie, to stay with van Inwagen’s example.


In a more positive example, it may include a creative new idea that information-preserving determinism could not produce.


Alice’s thinking might bring new information into the universe. And she can legitimately accept praise (or blame) for that new action or thought that originates with her.


To summarize the results:

		
    Van Inwagen
   	
    Kane
   	
    Cogito
   	
    Compatiblism
   
	Alice tells truth
  	500
  	950
  	1000*	1000
  
	Alice lies
  	500
  	50
  	0*	0
  

* (Alice tells the truth unless a good reason emerges from her free deliberations in the Cogito Model, in which case, to stay with van Inwagen's actions, she might tell a pragmatic lie.)

Let’s consider the Moral Luck criticism of actions that have a random component in their source.

Alfred Mele would perhaps object that the alternative possibilities depend on luck, and that this compromises moral responsibility.


On the Cogito Model view, Mele is right with respect to moral responsibility. But Mele is wrong that luck compromises free will.


Free will and creativity may very well depend on fortuitous circumstances, having the new idea "coming to mind" at the right time, as Mele says.


The universe we live in includes chance and therefore luck, including moral luck, is very real, but not a valid objection to our libertarian free will model (or Mele's "modest libertarianism").
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"Extreme" libertarians believe that one's actions are not determined by anything prior to a decision, including one's character and values, and one's feelings and desires, in short, one's motives and reasons. Their model of free will is not "reasons responsive."


This idea, that determination by reasons and motives implies or entails strict causal determinism or even pre-determinism, is the Determination Fallacy.


Extreme libertarians insist that pure chance, irreducible randomness, or quantum indeterminacy, must be involved directly in our decisions as causes of our thoughts and actions.


By contrast, "Modest" - or "Adequate" or "Conservative" - libertarians believe that humans are free from strict physical determinism - or pre-determinism, and all the other diverse forms of determinism. But they do not believe that chance is the direct cause of actions. That would preclude control of the agent's actions and deny moral responsibility.



Libertarians are incompatibilists who believe that determinism and free will can not both be "true." Freedom requires some form of indeterminism. This need only be the first stage in a mental deliberation process. This stage generates the alternative possibilities needed for deliberation and evaluation.
Two-stage models of free will also require determination of the action by the agent's motives and reasons, following deliberation and evaluation of the alternative possibilities for action provided by that indeterminism.


Critics of libertarianism (determinists and compatibilists) are really attacking the extreme libertarian view. If an agent's decisions are not connected in any way with character and other personal properties, they rightly claim that the agent can hardly be held  responsible for them. 


Many determinists and compatibilists now accept the idea that there is real indeterminism in the universe.  Conservative libertarians agree with them that if indeterministic chance were the direct direct cause of our actions, that would not be freedom with responsibility.


Even determinists might also agree that if chance is not a direct cause of our actions, it would do no harm to responsibility. In which case, conservative libertarians should be able to convince determinists that if chance is limited to providing real alternative possibilities to be considered by the adequately determined will, it provides an intelligible freedom and can explains creativity.


Conservative libertarians can give the determinists, at least the compatibilists, the kind of freedom they say they want, one that provides an adequately determined will and actions for which we can take responsibility.




Even the current chief spokesman for libertarianism, Robert Kane admits that "extreme" libertarian accounts of free will are unintelligible. No coherent idea can be provided for the role of indeterminism and chance, he says. 


But Kane insists that "something more" is needed beyond simple determination of our thoughts and actions by our desires and feelings, our character and values, and our motives and reasons.  


Yet, as Dennett and Mele also admit, a causal indeterminist view of this deliberative kind does not give us everything libertarians have wanted from free will. For Mike does not have complete control over what chance images and other thoughts enter his mind or influence his deliberation. They simply come as they please. Mike does have some control after the chance considerations have occurred.
	
But then there is no more chance involved. What happens from then on, how he reacts, is determined by desires and beliefs he already has. So it appears that he does not have control in the libertarian sense of what happens after the chance considerations occur as well. Libertarians require more than this for full responsibility and free will. What they would need for free will is for the agent to be able to control which of the chance events occur rather than merely reacting to them in a determined way once they have occurred.


Yet, as Mele points out, while this causal indeterminist view does not give us all the control and responsibility that libertarians have wanted, it does give us many of the things they crave about free will (an open future, a break in the causal order, etc.). And it is clearly a possible view. Perhaps it could be further developed to give us more; or perhaps this is as much as libertarians can hope for. 

(A Contemporary Introduction to Free Will, p.64-5)



The evaluation of alternative possibilities is of course only adequately determined
Two-stage models for free will, especially the latest I-Phi Cogito model that has located the contribution of randomness as noise in information processing, leads us to a new conservative libertarianism that is less "free" perhaps than radical libertarianism, but distinctly more "willful" and more responsible.


For Teachers

     References:

     
    Dennett, D. C. (1978). Brainstorms : philosophical essays on mind and psychology. Montgomery, Vt., Bradford Books. (see "Giving the Libertarians What They Say They Want.")
     

    Kane, R. (2001). The Oxford Handbook of Free Will. Oxford ; New York, Oxford University Press.
     


For Scholars

 Notes:

1. Clarke, Randolph (2003), Libertarian Accounts of Free Will, p.xiii.


Accounts of free will purport to tell us what is required if we are to be free agents, individuals who, at least sometimes when we act, act freely. Libertarian accounts, of course, include a requirement of indeterminism of one sort or another somewhere in the processes leading to free actions. But while proponents of such views take determinism to preclude free will, indeterminism is widely held to be no more hospitable. An undetermined action,  it is said would be random or arbitrary. It could not be rational or rationally explicable. The agent would lack control over her behavior. At best, indeterminism in the processes leading to our actions would be superfluous, adding nothing of value even if it did not detract from what we want.



2. Honderich, Ted (2002), How Free Are You?, p.5.


"Maybe it should have been called determinism-where-it-matters. It allows that there is or may be some indeterminism but only at what is called the micro-level of our existence, the level of the small particles of our bodies."



3. Searle, John (2004), Freedom and Neurobiology, p.74-75.


"First we know that our experiences of free action contain both indeterminism and rationality...Second we know that quantum indeterminacy is the only form of indeterminism that is indisputably established as a fact of nature...it follows that quantum mechanics must enter into the explanation of consciousness."







Source: https://www.informationphilosopher.com/freedom/extreme_libertarianism.html
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Frankfurt Cases - The Principle of Alternate Possibilities

Alternative Possibilities are one of the key requirements for the freedom component of free will, critically needed for libertarian free will. 

Alternative Possibilities have been part of the problem of free will at least from the time of Thomas Hobbes, who denied anyone ever "could have done otherwise". 


In 1961, Harry Frankfurt famously defined what he called "The Principle of Alternate Possibilities" or PAP.

"a person is morally responsible for what he has done only if he could have done otherwise.”



Frankfurt developed sophisticated arguments (thought experiments) to disprove this principle using what is known as a Frankfurt controller, but might be called Frankfurt's Demon.


 The Frankfurt is a hypothetical agent who can control the minds of others, either a "nefarious neuroscientist or a demon inside one's mind that can intervene in our decisions. Considering the absurd nature of his counterfactual intervener, the recent philosophical literature is surprisingly full of articles with "Frankfurt-style cases" supporting Frankfurt, and logical counterexamples to his attack on the principle of alternate possibilities. This work is based on a logical fallacy

  Frankfurt's basic claim is as follows:
  
  "The principle of alternate possibilities is false. A person may well be morally responsible for what he has done even though he could not have done otherwise. The principle's plausibility is an illusion, which can be made to vanish by bringing the relevant moral phenomena into sharper focus."
  


  Libertarians like Robert Kane, David Widerker, and Carl Ginet have mounted attacks on Frankfurt-type examples, in defense of free will.

The basic idea is that in an indeterministic world Frankfurt's demon cannot know in advance what an agent will do. As Widerker put it, there is no "prior sign" of the agent's de-liberatechoice. This is the epistemicKane-Widerker Objection to Frankfurt-style cases.


In information theoretic and ontological terms, the information about the choice does not yet exist in the universe. So in order to block an agent's decision, the intervening demon would have to act in advance. 


That would eliminate the agent's control and destroy the presumed "responsibility" of the agent for the choice, despite no available alternative possibilities. This is the ontologicalInformation Objection.


According to Daniel Dennett's Default Responsibility Principle, the Frankfurt controller is now responsible, not the agent.


Here is a discussion of the problem, from Kane's A Contemporary Introduction to Free Will,  2005, (p.87)
  
5. The Indeterminist World Objection
While the "flicker of freedom" strategy will not suffice to refute Frankfurt, it does lead to a third objection that is more powerful. This third objection is one that has been developed by several philosophers, including myself, David Widerker, Carl Ginet, and Keith Wyma.5 We might call it the Indeterministic World Objection. I discuss this objection in my book Free Will and Values. Following is a summary of this discussion:
  

Suppose Jones's choice is undetermined up to the moment when it occurs, as many incompatibilists and libertarians require of a free choice. Then a Frankfurt controller, such as Black, would face a problem in attempting to control Jones's choice. For if it is undetermined up to the moment when he chooses whether Jones will choose A or B, then the controller Black cannot know before Jones actually chooses what Jones is going to do. Black may wait until Jones actually chooses in order to see what Jones is going to do. But then it will be too late for Black to intervene. Jones will be responsible for the choice in that case, since Black stayed out of it. But Jones will also have had alternative possibilities, since Jones's choice of A or B was undetermined and therefore it could have gone either way. Suppose, by contrast, Black wants to ensure that Jones will make the choice Black wants (choice A). Then Black cannot stay out of it until Jones chooses. He must instead act in advance to bring it about that Jones chooses A. In that case, Jones will indeed have no alternative possibilities, but neither will Jones be responsible for the outcome. Black will be responsible since Black will have intervened in order to bring it about that Jones would choose as Black wanted.
  

In other words, if free choices are undetermined, as incompatibilists require, a Frankfurt controller like Black cannot control them without actually intervening and making the agent choose as the controller wants. If the controller stays out of it, the agent will be responsible but will also have had alternative possibilities because the choice was undetermined. If the controller does intervene, by contrast, the agent will not have alternative possibilities but will also not be responsible (the controller will be). So responsibility and alternative possibilities go together after all, and PAP would remain true—moral responsibility requires alternative possibilities—when free choices are not determined.6
If this objection is correct, it would show that Frankfurt-type examples will not work in an indeterministic world in which some choices or actions are undetermined. In such a world, as David Widerker has put it, there will not always be a reliable prior sign telling the controller in advance what agents are going to do.7 Only in a world in which all of our free actions arc determined can the controller always be certain in advance how the agent is going to act. This means that, if you are a compatibilist, who believes free will could exist in a determined world, you might be convinced by Frankfurt-type examples that moral responsibility does not require alternative possibilities. But if you are an incompatibilist or libertarian, who believes that some of our morally responsible acts must be undetermined you need not be convinced by Frankfurt-type examples that moral responsibility does not require alternative possibilities.
  




Information philosophy establishes that Frankfurt controllers cannot exist


Alternative Possibilities Are NOT Probabilities

One of the major errors in thinking about alternative possibilities is to assume that they are the direct cause of action. This leads many philosophers to make the oversimplified assumption that if there are two possibilities, for example, that they are equally probable, or perhaps one has thirty percent chance of leading to action, the other seventy percent.

Alternative possibilities are simply that - possibilities. They only lead to action following an act of determination by the will that the action is in accord with the agent's character and values. And the will is adequately determined.


Most philosophers who use the standard argument against free will in their work assume that chance alternative possibilities will show up as random behavior. Here is an example from leading libertarian incompatibilist Peter van Inwagen. He imagines a God who can "replay" exactly the same circumstnces to demonstrate the random willings.



Now let us suppose that God a thousand times caused the universe to revert to exactly the state it was in at t1 (and let us suppose that we are somehow suitably placed, metaphysically speaking, to observe the whole sequence of "replays"). What would have happened? What should we expect to observe? Well, again, we can't say what would have happened, but we can say what would probably have happened: sometimes Alice would have lied and sometimes she would have told the truth. As the number of "replays" increases, we observers shall — almost certainly — observe the ratio of the outcome "truth" to the outcome "lie" settling down to, converging on, some value. We may, for example, observe that, after a fairly large number of replays, Alice lies in thirty percent of the replays and tells the truth in seventy percent of them—and that the figures 'thirty percent' and 'seventy percent' become more and more accurate as the number of replays increases. But let us imagine the simplest case: we observe that Alice tells the truth in about half the replays and lies in about half the replays. If, after one hundred replays, Alice has told the truth fifty-three times and has lied forty-eight times, we'd begin strongly to suspect that the figures after a thousand replays would look something like this: Alice has told the truth four hundred and ninety-three times and has lied five hundred and eight times. Let us suppose that these are indeed the figures after a thousand [1001] replays. Is it not true that as we watch the number of replays increase we shall become convinced that what will happen in the next replay is a matter of chance. 
 ("Free Will Remains a Mystery," in Philosophical Perspectives, vol. 14, 2000, p.14) 



In our two-stage model of free will, if Alice is a generally honest person, her character will ensure that she rarely lies even if lying frequently "comes to mind" as one of her alternative possibilities.

Another leading libertarian incompatibilist, Robert Kane, makes this mistake when he introduces his "probability bubbles" model of free will.
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Free Choice

"Free choice" is an important term in the debates about quantum mechanics and physical reality. It was introduced by Niels Bohr in his response to Albert Einstein's famous challenge to the "completeness" of quantum mechanics.

Einstein's first objections were at the 1927 Solvay conference on "Electrons and Photons." 


These problems were instructively commented upon from different sides at the Solvay meeting, in the same session where Einstein raised his general objections [about completeness]. On that occasion an interesting discussion arose also about how to speak of the appearance of phenomena for which only predictions of statistical character can be made. 

The question was whether, as to the occurrence of individual effects, we should adopt a terminology proposed by Dirac, that we were concerned with a choice on the part of "nature" or, as suggested by Heisenberg, we should say that we have to do with a choice on the part of the "observer" constructing the measuring instruments and reading their recording. Any such terminology would, however, appear dubious since, on the one hand, it is hardly reasonable to endow nature with volition in the ordinary sense, while, on the other hand, it is certainly not possible for the observer to influence the events which may appear under the conditions he has arranged. To my mind, there is no other alternative than to admit that, in this field of experience, we are dealing with individual phenomena and that our possibilities of handling the measuring instruments allow us only to make a choice between the different complementary types of phenomena we want to study. 


Henry Stapp distinguishes three processes, Schrödinger, Dirac, and Heisenberg, following this distinction between Dirac and Heisenberg,

Stapp combines this "free choice" with the Quantum Zeno Effect to argue for free will while denying chance


In 1935, Einstein, with his Princeton colleagues Boris Podolsky and Nathan Rosen, claimed that their EPR experiment requires the addition of further parameters or "hidden variables" to restore a deterministic picture of the "elements of reality."


In classical physics, such elements of reality include simultaneous values for the position and momentum of elementary particles like electrons.


In quantum mechanics, Bohr and Werner Heisenberg claimed that such properties could not be said to exist precisely before an experimenter decides to make a measurement.


This "freedom of choice" of the experimenter includes the freedom of which specific property to measure for. If the position is measured accurately, the complementary conjugate (and non-commuting) variable momentum is necessarily indeterminate.


For many years, Heisenberg and Bohr described the reason for this as "uncertainty," as in Heisenberg's famous "uncertainty principle." Uncertainty was initially believed to be an epistemological problem caused by the measuring apparatus "disturbing" a particle in the act of measurement.


The thought experiment Heisenberg's Microscope showed that low-energy long-wavelength photons would not disturb an electron's momentum, but their long waves provided a blurry picture at best, so they lacked the resolving power to measure the position accurately. Conversely, if a high-energy, short wavelength photon was used (e.g., a gamma-ray), it might measure momentum, but the recoil of the electron would be so large that its position became uncertain. 


Bohr abandoned this "disturbance" explanation after Einstein's EPR challenge, which showed that quantum mechanics requires a fundamental "indeterminacy" that is ontological, a characteristic of the wave function whether or not it is observed. The experimenter can get different results, depending on the choice of measurement apparatus and the property or attribute measured. 



EPR argued (mistakenly) that entangled particles could be regarded as separate systems, and since they could choose which type of measurement to make on the first system, it would make an instantaneous difference in the state and properties of the second system, however far away, violating special relativity.


We see therefore that, as a consequence of two different measurements performed upon the first system, the second system may be left in states with two different wave functions. On the other hand, since at the time of measurement the two systems no longer interact, no real change can take place in the second system in consequence of anything that may be done to the first system. This is, of course, merely a statement of what is meant by the absence of an interaction between the two systems. Thus, it is possible to assign two different wave functions to the same reality (the second system after the interaction with the first).


In his 1935 reply to Einstein, Podolsky, and Rosen, Bohr denied that the limitations on simultaneously measuring complementary properties implied any incompleteness:


My main purpose in repeating these simple, and in substance well-known considerations, is to emphasize that in the phenomena concerned we are not dealing with an incomplete description characterized by the arbitrary picking out of different elements of physical reality at the cost of sacrificing other such elements, but with a rational discrimination between essentially different experimental arrangements and procedures which are suited either for an unambiguous use of the idea of space location or for a legitimate application of the conservation theorem of momentum. 

Any remaining appearance of arbitrariness concerns merely our freedom of handling the measuring instruments characteristic of the very idea of experiment. In fact, the renunciation in each experimental arrangement of the one or the other of two aspects of the description of physical phenomena, - the combination of which characterizes the method of classical physics, and which therefore in this sense may be considered as complementary to one another, - depends essentially on the impossibility in the field of quantum theory, of accurately controlling the reaction of the object on the measuring instruments, i.e., the transfer of momentum in case of position measurements, and the displacement in case of momentum measurements. Just in this last respect any comparison between quantum mechanics and ordinary statistical mechanics, - however useful it may be for the formal presentation of the theory, — is essentially irrelevant. 

Not epistemological human ignorance but ontological physical indeterminacy.


Indeed we have in each experimental arrangement suited for the study of proper quantum phenomena not merely to do with an ignorance of the value of certain physical quantities, but with the impossibility of defining these quantities in an unambiguous way.

The last remarks apply equally well to the special problem treated by Einstein, Podolsky and Rosen, which has been referred to above, and which does not actually involve any greater intricacies than the simple examples discussed above. The particular quantum-mechanical state of two free particles, for which they give an explicit mathematical expression, may be reproduced, at least in principle, by a simple experimental arrangement, comprising a rigid diaphragm with two parallel slits, which are very narrow compared with their separation, and through each of which one particle with given initial momentum passes independently of the other. If the momentum of this diaphragm is measured accurately before as well as after the passing of the particles, we shall in fact know the sum of the components perpendicular to the slits of the momenta of the two escaping particles, as well as the difference of their initial positional coordinates in the same direction; while of course the conjugate quantities, i.e., the difference of the components of their momenta, and the sum of their positional coordinates, are entirely unknown.* In this arrangement, it is therefore clear that a subsequent single measurement either of the position or of the momentum of one of the particles will automatically determine the position or momentum, respectively, of the other particle with any accuracy; at least if the wave-length corresponding to the free motion of each particle is sufficiently short compared with the width of the slits. As pointed out by the named authors, we are therefore faced at this stage with a completely free choice whether we want to determine the one or the other of the latter quantities by a process which does not directly interfere with the particle concerned.


Like the above simple case of the choice between the experimental procedures suited for the prediction of the position or the momentum of a single particle which has passed through a slit in a diaphragm, we are, in the "freedom of choice" offered by the last arrangement, just concerned with a discrimination between different experimental procedures which allow of the unambiguous use of complementary classical concepts. In fact to measure the position of one of the particles can mean nothing else than to establish a correlation between its behavior and some instrument rigidly fixed to the support which defines the space frame of reference. Under the experimental conditions described such a measurement will therefore also provide us with the knowledge of the location, otherwise completely unknown, of the diaphragm with respect to this space frame when the particles passed through the slits. Indeed, only in this way we obtain a basis for conclusions about the initial position of the other particle relative to the rest of the apparatus. By allowing an essentially uncontrollable momentum to pass from the first particle into the mentioned support, however, we have by this procedure cut ourselves off from any future possibility of applying the law of conservation of momentum to the system consisting of the diaphragm and the two particles and therefore have lost our only basis for an unambiguous application of the idea of momentum in predictions regarding the behavior of the second particle. Conversely, if we choose to measure the momentum of one of the particles, we lose through the uncontrollable displacement inevitable in such a measurement any possibility of deducing from the behavior of this particle the position of the diaphragm relative to the rest of the apparatus, and have thus no basis whatever for predictions regarding the location of the other particle.


From our point of view we now see that the wording of the above-mentioned criterion of physical reality proposed by Einstein, Podolsky and Rosen contains an ambiguity as regards the meaning of the expression "without in any way disturbing a system." 


EPR was concerned about faster-than-light disturbances or influences between particles with pre-existing properties


Of course there is in a case like that just considered no question of a mechanical disturbance of the system under investigation during the last critical stage of the measuring procedure. But even at this stage there is essentially the question of an influence on the very conditions which define the possible types of predictions regarding the future behavior of the system. 
Since these conditions constitute an inherent element of the description of any phenomenon to which the term "physical reality" can be properly attached, 

Bohr denies the charge of "incompleteness"


we see that the argumentation of the mentioned authors does not justify their conclusion that quantum-mechanical description is essentially incomplete. On the contrary this description, as appears from the preceding discussion, may be characterized as a rational utilization of all possibilities, of unambiguous interpretation of measurements, compatible with the finite and uncontrollable interaction between the object and the measuring instruments in the field of quantum theory. In fact, it is only the mutual exclusion of any two experimental procedures, permitting the unambiguous definition of complementary physical quantities, which provides room for new physical laws the coexistence of which might at first sight appear irreconcilable with the basic principles of science. It is just this entirely new situation as regards the description of physical phenomena that the notion of complementarity aims at characterizing.



Here Bohr introduces the freedom of the experimenter


In his long 1938 essay on "The Causality Problem in Atomic Physics" Bohr again emphasizes the "free choice" of an experimental procedure in his solution to the EPR paradox.

the paradox finds its complete solution within the frame of the quantum mechanical formalism, according to which no well defined use of the concept of "state" can be made as referring to the object separate from the body with which it has been in contact, until the external conditions involved in the definition of this concept are unambiguously fixed by a further suitable control of the auxiliary body. Instead of disclosing any incompleteness of the formalism, the argument outlined entails in fact an unambiguous prescription as to how this formalism is rationally applied under all conceivable manipulations of the measuring instruments. The complete freedom of the procedure in experiments common to all investigations of physical phenomena, is in itself of course contained in our free choice of the experimental arrangement, which again is only dictated by the particular kind of phenomena we wish to investigate.


To be sure, those quantum events that are "measured" in a physics experiment which is set up to measure a certain quantity are dependent on the experimenter and the design of the experiment. To measure the electron spin in a Stern-Gerlach experiment, for example, the experimenter is "free to choose" to measure, for example, the z-component of the spin, rather than the x- or y-component. This will influence (but not determine) quantum level events in the following ways:

	The experimental outcome will produce a definite value for the z-component of the spin (either +1/2 or -1/2)

	The x-component of the spin after the measurement will be in a linear combination/superposition of +1/2 or -1/2 states


  ψ
  >=
  (
  1
  
    /
  
  
    √
  
  2
  )
  
    |
  
  +
  1
  
    /
  
  2
  >
  +
  (
  1
  
    /
  
  
    √
  
  2
  )
  
    |
  
  −
  1
  
    /
  
  2
  >





It is in this sense that Bohr and Heisenberg describe properties of the quantum world as not existing until we make a measurement. We are "free to choose" the experiment to perform. If we measure position for example, the precise position value did not exist in some sense immediately before the measurement. 

On the other hand, we could not create the particular value for the position. This is a random choice made by Nature, as P. A. M. Dirac put it. 



Bell's Theorem and Free Choice


In all the recent EPR experiments to test  Bell's Inequalities, "free choices" of the experimenters are needed when they select the angle of polarization. Note that what determines the second experimenter's results in these tests is simply the first experimenter's measurement, which instantaneously collapses the superposition of two-particle states into a particular state that is now a separable product of independent particle states.


Bell inequality investigators who try to recover the "elements of local reality" that Einstein wanted, and who hope to eliminate the irreducible randomness of quantum mechanics that follows from wave functions as probability amplitudes, often cite "loopholes" in EPR experiments. For example, the "detection loophole" claims that the efficiency of detectors is so low that they are missing many events that might prove Einstein was right. 


Most all the loopholes have now been closed, but there is one loophole that can never be closed because of its metaphysical/philosophical nature. That is the "(pre-)determinism loophole."


If every event occurs for reasons that were established at the beginning of the universe, then the experimenters lack any  and all the careful experimental results are meaningless. John Conway and Simon Kochen have formalized this loophole in what they call the Free Will Theorem.


Conway and Kochen assume three axioms, which they call "SPIN", "TWIN" and "FIN". The spin and twin axioms can be established by entanglement experiments. Fin is a consequence of relativity theory.


   1. SPIN: Measuring the square of the component of spin of certain elementary particles of spin one, taken in three orthogonal directions, results in a permutation of (1,1,0).


   2. TWIN: It is possible to "entangle" two elementary particles, and separate them by a significant distance, so that they give the same answers to corresponding questions. The squared spin results are the same if measured in parallel directions. If the first experimenter A (on Earth) performs a triple experiment for the frame (x, y, z), producing the result
x → j, y → k, z → l while the second experimenter B (on Mars, at least 5 light minutes away) measures a single
spin in direction w, then if w is one of x, y, z, its result is that w → j, k, or l, respectively.


   3. FIN: There is a finite upper bound to the speed with which
information can be effectively transmitted. Conway and Kochen say this is a consequence of "effective causality."


[But the  collapse of the probability amplitude wave function is instantaneous and not so limited. ] 



The formal statement of the Free Will Theorem is then

If the choice of directions in which to perform spin 1 experiments is not a
function of the information accessible to the experimenters, then the responses of the particles are equally not functions of the information accessible to them.



Conway and Kochen say:

Why do we call this result the Free Will theorem? It is usually tacitly
assumed that experimenters have sufficient free will to choose the settings of
their apparatus in a way that is not determined by past history. We make this
assumption explicit precisely because our theorem deduces from it the more surprising fact that the particles’ responses are also not determined by past history.

Thus the theorem asserts that if experimenters have a certain property,
then spin 1 particles have exactly the same property. Since this property for
experimenters is an instance of what is usually called “free will,” we find it
appropriate to use the same term also for particles.



The theorem states that, given the axioms, if the two experimenters in question are free to make choices about what measurements to take, then the results of the measurements cannot be determined by anything previous to the experiments.


[See the discussion of the EPR experiments to see that "free choices" of the experimenters are needed when they select the angle of polarization in tests of Bell's Inequalities Note that what determines the second experimenter's results is simply the first experimenter's measurement, which instantaneously collapses the superposition of two-particle states into a particular state that is a product of independent particle states.]


Since the theorem applies to any arbitrary physical theory consistent with the axioms, it would not even be possible to place the information into the universe's past in an ad hoc way. The argument proceeds from the Kochen-Specker theorem, which shows that the result of any individual measurement of spin was not fixed (pre-determined) independently of the choice of measurements. 


Conway and Kochen describe new bits of information coming into existence in the universe, and we agree that information is the key to understanding both EPR entanglement experiments and human free will. They say 


...there will be a time t0 after x, y, z are chosen with the property that for each time t < t0 no such bit is available, but for every t > t0 some
such bit is available.

But in this case the universe has taken a free decision at time 
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, because the information about it after 
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 is, by definition, not a function of the information available before 
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!



Their anthropomorphization of the universe as "taking a free decision" is too simplistic, but it is essential to solutions of the problem of measurement to recognize that the "cut" between the quantum world and the classical world is the moment when new information enters the universe irreversibly.


In "The Strong Free Will Theorem," Conway and Kochen replace the FIN axiom with a new axiom called MIN, which asserts only that two experimenters separated in a space-like way can make choices of measurements independently of each other. In particular, they are not asserting that all information must travel finitely fast; only the particular information about choices of measurements made by the two experimenters.


Although Conway and Kochen do not claim to have proven free will in humans, they assert that should such a freedom exist, then the same freedom must apply to the elementary particles.


What they are really describing is the indeterminism that quantum mechanics has introduced into the world. While indeterminism is a necessary precondition for human freedom, it is insufficient by itself to provide free will.


See also the free will axiom





Source: https://www.informationphilosopher.com/freedom/free_choice.html
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Free Will Axiom

Many philosophers and scientists claim that one cannot work at all without the assumption of freedom. To do otherwise is to admit that we have no control over anything that happens, because it is "happening to us", not happening because it "depends on us."

René Descartes famously divided  the world into mind (the ideal realm of thoughts) and body (the material world). The physical world is a deterministic machine, but our ideas and thoughts can be free (undetermined) and can change things in the otherwise pre-determined material world (through the pineal gland in the brain, he thought).


Descartes wrote in 1644

The freedom of the will is self-evident.
There is freedom in our will, and that we have power in many cases or withhold our assent at will, is so evident that it must be counted among the first and most common notions that are innate in us.


(Principles of Philosophy, Part One, Section 41, trans. Haldane and Ross, 1911, p.235)



In his 1874 book Principles of Science, the great logician and economist William Stanley Jevons is unequivocal that scientists have a freedom to hypothesize. In a section entitled Freedom of Theorizing, he declares


It would be a complete error to suppose that the great discoverer is one who seizes at once unerringly upon the truth, or has any special method of divining it. In all probability the errors of the great mind far exceed in number those of the less vigorous one. Fertility of imagination and abundance of guesses at truth are among the first requisites of discovery; but the erroneous guesses must almost of necessity be many times as numerous as those which prove well founded. The weakest analogies, the most whimsical notions, the most apparently absurd theories, may pass through the teeming brain, and no record may remain of more than the hundredth part. There is nothing intrinsically absurd except that which proves contrary to logic and experience. The truest theories involve suppositions which are most inconceivable, and no limit can really be placed to the freedom of framing hypotheses.



We know that William James read Jevons. In 1880, he credited Jevons with explaining the creativity of the genius as dependent on random hypotheses. James said,


"To Professor Jevons is due the great credit of having emphatically pointed out how the genius of discovery depends altogether on the number of these random notions and guesses which visit the investigator's mind.  To be fertile in hypotheses is the first requisite, and to be willing to throw them away the moment experience contradicts them is the next."



But James said explictly that he learned to affirm his freedom as a starting point from the French philosopher Charles Renouvier. In an 1876 review of Renouvier's Essais de Critique Générale, James quoted Renouvier, "Let our liberty pronounce on its own real existence," and said



{Freedom] and necessity being alike indemonstrable by any quasi-material process, must be postulated if taken at all.


He quoted Renouvier again,

"I prefer to affirm my liberty and to it by means of my liberty.
. . .My moral and practical certitude begins logically by the certitude of my freedom, just as practically my freedom has always had to intervene in the constitution of my speculative certitude."


So for James it was an axiom, a starting point, that his will was free. As his first act of freedom, he said, he chose to believe his will was free. In his diary entry of April 30, 1870, he wrote,

"I think that yesterday was a crisis in my life. I finished the first part of Renouvier's second Essais and see no reason why his definition of free will — 'the sustaining of a thought because I choose to when I might have other thoughts' — need be the definition of an illusion. At any rate, I will assume for the present — until next year — that it is no illusion. My first act of free will shall be to believe in free will." 


The philosopher John Searle says:


The problem of free will is unusual among contemporary philosophical issues in that we are nowhere remotely near to having a solution. I can give you a pretty good account of consciousness, intentionality, speech acts and of the ontology of society but I do not know how to solve the problem of free will.

Well, why is that important? There are lots of problems we do not have solutions to. The special problem of free will is that we cannot get on with our lives without presupposing free will. Whenever we are in a decision-making situation, or indeed, in any situation that calls for voluntary action, we have to presuppose our own freedom. 


(Freedom and Neurobiology, p.11)



The scientist Nicolas Gisin says:


I know that I enjoy free will much more than I know anything
about physics. Hence, physics will never be able to convince
me that free will is an illusion. Quite the contrary,
any physical hypothesis incompatible with free will is falsified
by the most profound experience I have about free
will.


The scientist Antoine Suarez says:


Free Will is an axiom, like the Free Will Theorem of Conway and Kochen.


Conway and Kochen claim that if experimenters have free will, then so do the elementary particles (of which experimenters are made). This is the reverse of Arthur Stanley Eddington, who said that the freedom (quantum indeterminacy) of the elementary particles cracked opened a door for human freedom. Eddington said,


"The revolution of theory which has expelled determinism from present-day physics has therefore the important consequence that it is no longer necessary to suppose that human actions are competely predetermined. Although the door of human freedom is opened, it is not flung wide open; only a chink of daylight appears." 

(New Pathways in Science, 1935, p.87) 


American philosopher Henry Allison said,



"To take oneself as a rational agent is to assume that one's reason has a practical application or, equivalently, that one has a will. Moreover, one cannot assume this without already presupposing the idea of freedom, which is why one can act, or take oneself to act, only under this idea. It constitutes, as it were, the form of the thought of oneself as a rational agent."

("We Can Act Only under the Idea of Freedom," Proceedings of the American Philosophical Association, 71:2; pp.39-50)
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This Freedom section of Information Philosopher is an extensive history and a critical study of the "problem of free will." 


From the original philosophical debates among the ancient Greeks down to the current day, the arguments of hundreds of philosophers and scientists have been researched and are reported on web pages here, resources for use by students and scholars everywhere.


Dozens of critical concepts in the free will debates, frequently jargon-laden, are presented on individual web pages (linked to from the left-hand column of this Freedom section). 


You will also find briefer definitions of some jargon in our extensive glossary of terms.


Underlined blue hyperlinked words on every page let you jump to detailed explanations.


A Taxonomy of Views on Free Will

[image: A taxonomy of free will positions]

We arrange the arguments and positions in a taxonomy of some two dozen currently popular views for and against libertarian free will.  

Although the Information Philosopher attempts to present the most objective possible account of these philosophical arguments, we have identified two things that readers may want to study first and have in mind as they navigate the web site.



The first is a very strong logical argument against libertarian free will that appears again and again in philosophical writings since ancient times. We call it the standard argument against free will. 
If you master it first, you will be more likely to recognize it in its various forms.

The second thing is what looks to be, after twenty-four centuries of sophisticated and often heated discussion, the most plausible and practical solution to the free will problem. Some readers may want to keep this possible solution in mind when reading the various arguments. Most philosophers and scientists have preferred solutions to the problem that almost invariably bias their accounts. You almost certainly bring your own views to your reading and research. 


Please read on to be aware of our views before you begin.


[image: image-placeholder]
The Standard Argument Against Free Will


The standard argument is very simple and logical.

Either determinism is true or indeterminism is true.


If determinism (actually pre-determinism) is true, we are not free.


If indeterminism is true, our actions are random and we are not responsible for them.


No free will either way.


The Two Requirements Needed To Defeat the Standard Argument



The first requirement is some indeterminism, to break the causal chain of determinism, 

and to generate creative thoughts and alternative possibilities for action.

But this indeterminism must somehow not destroy our moral responsibility.


Thus the second requirement is that our deliberations and evaluations are "adequately" determined,
so that we can be responsible for our choices, so that they are "up to us."


    "Adequate" determinism means that the indeterministic alternative possibilities are not normally the direct cause of our actions. 



    Objective chance means that the alternative possibilities are not causally determined by immediately preceding events, so they are unpredictable by any agency, including us. 



They are the source of the creativity that adds new information to the universe.
   
Randomness gives us the "free" in free will.
   



The Freedom section is now a book.
Click here for info[image: Click for information about <i>Free Will: The Scandal in Philosophy</i>]

Watch a 10-minute animated tutorial on the Two-Stage Solution to
the Free Will Problem


    Freedom also requires an adequately determined will that chooses or selects from those alternative possibilities. There is normally nothing uncertain about this choice. 
   Adequate determinism gives us the "will" in free will.
   

Random thoughts can lead to adequately determined actions, for which we can take moral responsibility. 

Thoughts come to us freely. Actions come from us willfully.



   We must admit indeterminism

but not permit it to produce random actions

as Determinists mistakenly fear.


We must also limit determinism

but not eliminate it

as Libertarians mistakenly think necessary.  

   


Evaluation and careful deliberation of all the available possibilities, both ingrained habits and creative new ideas, must help us to "determine" and thus "cause" our actions.  


    But some event acausality is a prerequisite for any kind of agent causality that is not pre-determined.


    When philosophers in the 1920's looked at the newly discovered quantum uncertainty principle as a means of breaking the iron grip of determinism (actually many determinisms), they found it most unsatisfactory. 


If my action is the direct consequence of a random event, I cannot feel responsibility. That would be mere indeterminism, as unsatisfactory as determinism. 

Determinism and indeterminism are the two horns of the dilemma in the standard argument against free will, a logical and philosophical argument that is seriously flawed, yet alarmingly ubiquitous in philosophy textbooks and classes.


For some philosophers, any indeterminism at all threatens reason itself. Reason seems to require strict causality and perfect certainty for truth. 
    

Arthur Stanley Eddington, one of the first scientists to appreciate the implications of quantum mechanics, and who hoped quantum indeterminacy would throw light on the problem of free will, accepted the standard argument and declared "there is no halfway house" between randomness and determinism.


    The Information Philosopher proposes a model of human freedom that is indeed a halfway house between chance and necessity, one that involves both, first indeterminism to generate freealternative possibilities, then adequate determinism to choose, to will one of those possibilities. 


Without this freedom there can be no explanation for human creativity, which brings unpredictable new information into the universe, "something new under the sun." 


    Our mind model invokes quantum indeterminacy to provide an "Agenda" of unpredictable thoughts and actions, critical to both freedom and creativity.  We call this the "Micro Mind," but it is not in a particular location in the brain. The Micro Mind describes the brain's information processing systems, the storage and retrieval of actionable information, communicated by structures small enough to be affected by quantum uncertainty, by quantum and thermal "noise."


Note that the indeterminacy in a stored idea need not be internal to the brain. It may come from an external event that the brain/mind notices.


And the indeterminacy need not be contemporaneous with current decisions. It may be an internally-generated idea thought of first long ago, only now coming to mind as an option.


Finally, it is extremely unlikely that the indeterminacy can be the result of a specific quantum event that is amplified (as Arthur Holly Compton mistakenly thought) to provide "randomness on demand" - to help with Robert Kane's "torn decision," for example. 


The "Macro Mind" examines the partially undetermined agenda and chooses what to do or say based on its character (the result of past actions and feelings about them), its values, and its current feelings and desires. The Macro Mind has very likely evolved to suppress the microscopic low-level noise. It averages over vast numbers of atoms and molecules in a large enough physical structure to be highly predictable - adequately determined. Its choices are in practice unaffected by quantum indeterminacy.


Our Cogito mind model uses random noise when it needs it for imagination and creativity, but suppresses noise whenever it needs to for consistent behavior and responsibility.
    


    soft causality, but no strict determinism
    

    Our model eliminates the perfect certainty associated with many strict determinisms. Nevertheless, we retain the very important concept of causality - despite the fact that some events are unpredictable from prior events. The world contains an irreducible quantum indeterminacy. 

Each event, as an effect, still has its causes. But some causes are now what ancient philosophers called a causa sui, a cause that includes itself among its causes. This modified or "soft" causality contains the mixture of unpredictability and predictability, of indeterminism and adequate determinism, of acausality and causality, that we need for freedom and creativity on the one hand and responsibility for our actions on the other. 


    In our history of the free will problem, we have found several great thinkers who have anticipated this two-stage solution to the classical problem, among them William James, Henri Poincaré, Arthur Holly Compton, Karl Popper, Daniel Dennett, Henry Margenau, Robert Kane, A. A. Long and David Sedley, Julia Annas, John Martin Fischer, Alfred Mele, Stephen Kosslyn, Alfred Mele, Bob Doyle, and Martin Heisenberg. 


Mele describes the importance of the temporal sequence quite clearly, though he remains agnostic on the truth of determinism and does not see (as others could not see) any location of indeterminism in the brain that does not compromise agent control.


    We also resolve the conundrum of how we could have done otherwise in identical situations.


    We celebrate the first modern philosopher, René Descartes, in naming our mind model, as other psychologists also have, the Cogito. Descartes believed that the human body was a deterministic machine, governed by lawful reflexes of stimuli and responses. But he also believed that his mind could originate undetermined free actions (indeterminata, he called them). Reconciling indeterminism and determinism is at the heart of the mind-body problem.



Descartes thought (as did great theologians before him) that he could reason logically to truths about himself, the world, and God. His hubris about the power of reason undermined reason and philosophy itself, leading to a great fall after David Hume's criticism and Immanuel Kant's desperate attempt to limit reason to make room for freedom, values, God, and immortality. Only today can we glimpse a path to recovery from this crisis of reason.


    The ancient philosophers understood the need for a random element very well. From Aristotle's "accidents" or chance causes to Epicurus' "swerve" (the clinamen), they added the exceptional event that was causa sui, the start of a new causal chain. The Latin word for thinking embodies our mind model in its etymology. Cogito derives from co-agitare, to "shake together." The key concept is that the resulting connections of ideas, and actions based on them, are as unpredictable as when we shake and then roll the dice.


   But even in ancient times, chance, and any willed actions involving chance, were attacked as "obscure and unintelligible," terms still in use in the debates today. The Greeks called chance ἄδηλος (unclear, inscrutable, obscure), and ἄλογος (irrational, inexpressible). Aristotle said chance (τύχη) was "obscure to human reason (ἄδηλος ἀνθρωπίνῳ λογισμῷ - Metaphysics, Book XI, 1065a33)  


    Our Micro Mind is the undetermined source of alternative possibilities, of human creativity, of genuine novelty, something new under the sun, and when this unconscious runs out of control, we'll see it is the way to madness.


    Our Macro Mind is the adequately determined will that de-liberates, and chooses among the alternative possibilities based on an individual’s character, values, past actions, and present circumstances. Every action of the Macro Mind creates new information in the mind.


    Free will is a combination of microscopic 
randomness and macroscopic adequate determinism, in a temporal sequence - first chance, then choice.

Determinists and compatibilists have been right about the will, but wrong about freedom.

Libertarians have been right about freedom, but wrong about the will, which must be adequately determined for us to accept moral responsibility.
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Freedom of Action

Freedom of Action is sometimes regarded by philosophers of "agency" as the real problem of Free Will, but this is a major confusion.


The confusion may have begun as early as Thomas Hobbes and David Hume, the modern founders of compatibilism.


For Hobbes and Hume, to be free to act on one's will is simply to be free of external constraints. Absent any external coercion, an agent is free to do as one wills, even if the will itself is determined (or predetermined) by causal laws of nature.


This was the foremost view in the age of Newtonian deterministic physics, and continued to grow stronger in modern times despite the discovery of real quantum mechanical indeterminism in the early twentieth century. 


Note that the action itself is just as predetermined as the will, since all events are causally linked in a chain going back to the beginning of the universe. So the idea of human freedom as absence of coercion (so-called "negative freedom") is unsatisfying. Immanuel Kant called it a "wretched subterfuge," and William James called it a "quagmire of evasion" and "soft" determinism

By contrast with mere freedom of action, freedom of the will is the positive freedom to do otherwise in the same circumstances. This requires alternative possibilities for thought and action that Hobbes and Hume denied could exist. It implies the existence of absolute chance in the universe, which they thought impossible since all events have necessary causes. And it implies more than one possible future, which may conflict with religious views of God's foreknowledge.
Hobbes called free actions "voluntary" and the actor a "free agent."
He said:
"I hold that ordinary definition of a free agent, namely that a free agent is that which, when all things are present which are needful to produce the effect, can nevertheless not produce it, implies a contradiction and is nonsense; being as much as to say the cause may be sufficient, that is necessary, and yet the effect shall not follow." 

Hobbes was the modern inventor of compatibilism, the idea that necessary causes and voluntary actions are compatible. (In antiquity, compatibilism was first proposed by the Stoic Chrysippus)
"when first a man has an appetite or will to something, to which immediately before he had no appetite nor will, the cause of his will is not the will itself, but something else not in his own disposing. So that whereas it is out of controversy that of voluntary actions the will is the necessary cause, and by this which is said the will is also caused by other things whereof it disposes not, it follows that voluntary actions have all of them necessary causes and therefore are necessitated." 


David Hume agreed:
"By liberty, then, we can only mean a power of acting or not acting, according to the determinations of the will; this is, if we choose to remain at rest, we may; if we choose to move, we also may. Now this hypothetical liberty is universally allowed to belong to every one who is not a prisoner and in chains. Here, then, is no subject of dispute." 


Elizabeth Anscombe wrote an essay on "Soft Determinism," in which she said, perhaps simply agreeing with Hume's view on prisioners in chains, "Everyone will allow that 'A can walk, i.e. has freedom of the will in respect of walking' would be gainsaid by A's being chained up." 

Rogers Albritton severely criticized Anscombe in his 1985 presidential address to the Western division of the American Philosophical Association - "Freedom of Will and Freedom of Action." He clearly  distinguished freedom of action (the freedom to do what we will) from freedom of the will itself.



Most philosophers seem to think it quite easy to rob the will of some freedom. Thus Elizabeth Anscombe, in an essay called "Soft Determinism," appears to suppose that a man who can't walk because he is chained up has lost some freedom of will. He "has no 'freedom of will' to walk," she says, or, again; no "freedom of the will in respect of walking." "Everyone will allow," she says, "that 'A can walk, i.e. has freedom of the will in respect of walking' would be gainsaid by A's being chained up." And again, "External constraint is generally agreed to be incompatible with freedom", by which she seems to mean: incompatible with perfect freedom of will, because incompatible with freedom of will to do, or freedom of the will in respect of doing, whatever the constraint prevents. 


Albritton made it very clear that we could will something even if it proved impossible to do. "Where there's a will, there just isn't always a way," as he put it.


But I do want to dispute, first, what Anscombe thinks "everyone will allow." I don't allow it. I don't see (do you?) that my freedom of will would be reduced at all if you chained me up. You would of course deprive me of considerable freedom of movement if you did that; you would thereby diminish my already unimpressive capacity to do what I will. But I don't see that my will would be any the less free. What about my "freedom of will to walk," you will ask (or perhaps you won't, but there the phrase is, in Anscombe's essay); what about my "freedom of the will in respect of walking"? I reply that I don't understand either of those phrases. They seem to me to mix up incoherently two different things: free will, an obscure idea which is the one I am after, on this expedition, and physical ability to walk, a relatively clear idea which has nothing to do with free will. 






Source: https://www.informationphilosopher.com/freedom/freedom_of_action.html
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Future Contingency

The future is contingent and not physically determined by the past and laws of nature, nor is it necessitated by logical or theological considerations. 


But the very earliest philosophers were concerned that determinism and necessity might imply that there is but one possible future.

Leucippus stated the first dogma of determinism, an absolute necessity which left no room in the cosmos for chance. 



     "Nothing occurs at random, but everything for a reason and by necessity."


His fellow atomist, Democritus, thought that strictly causal laws of nature would free man from control by capricious gods and arbitrary fate. He postulated that everything in the universe is reducible to matter, "atoms in a void," that the motion of the atoms is completely determined by physical laws, and that includes the human mind. 
Diodorus Cronus  was a member (or perhaps a late follower) of the Megarian School, whose arguments about the truth and falsity of statements about the future influenced Aristotle.


The so-called "Master Argument" was apparently first formulated clearly by Diodorus. He argued that the actual is the only possible. He observed that if something in the future is not going to happen, it was therefore true in the past that it would not happen. From this correct observation, he mistakenly claimed that the existence of true statements about the future imply that the future is already determined. 


The Master Argument was central in the Hellenistic debates about determinism, as shown by Cicero's descriptions in On Fate. 


The Master Argument  is closely related to the problem of future contingency, made famous in the example of Aristotle's Sea-Battle in De Interpretatione 9. Aristotle thought statements about the future lack any truth value. They are neither true nor false until the future time when they become true or false.


Modern philosophers like J. J. C. Smart like to think that the future is "already out there" in the relativistic space-time continuum of the "block universe." 


Modern determinists/compatibilists on free will like to argue that just as the past cannot be changed, so the future cannot be changed. "Change it from what to what?," says Daniel Dennett.


But note that the truth value of a statement made in the past can be changed when an event it describes does or does not happen, showing that some aspects of the "fixed past" (i.e., the truth values of past statements) "actually" have some changeability (when their potentials become actual).



Information Philosophy and Future Contingency


Thinking about the problem in terms of the growth of information provides the clearest resolution of the problem of future contingency.

Information is not a constant of nature. The cosmic creation process is constantly creating new information.


When information is created, there is always an irreducible chance element since it is quantum processes that form stable new information structures.

Some information about future events does not come into existence until the potential events become actual.

It is at that time that statements about the future acquire their truth values. Aristotle did not think in information terms, but he had the right answer, one that disturbs modern logical positivists and analytic language philosophers, as shown by Richard Taylor's faux argument for Fatalism in the Psychological Review.


Note that Fatalism is a form of determinism. It is the simple idea that everything is already fated to happen, so that humans have no control over their future. But also note that Fate (personified) has arbitrary power and need not follow any causal or otherwise deterministic laws. It could include the miracles of omnipotent gods, in which case future contingency returns. 


Note further that the gods' omnipotence contradicts the theological assumption that gods are omniscient. They cannot be both. That is a logical contradiction.
   
Aristotle

For Scholars
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Hard  Incompatibilism
Incompatibilism is the position that determinism is incompatible with human freedom.  Hard Incompatibilism is the position that determinism is incompatible with both human freedom and moral responsibility. 



There are two kinds of incompatibilists, those who deny human freedom (a view that William James called "hard determinism,"), and those who assert it (often called voluntarists, free willists, or metaphysical libertarians - to distinguish them from political libertarians). As a result, incompatibilism is a very confusing term in the free will debates.



There is a large group of thinkers who are hard determinists including Richard Double, Ted Honderich, Derk Pereboom, Saul Smilansky, Galen Strawson, and the psychologist Daniel Wegner.


Accordingly, there should be two positions for hard incompatibilists, but the current advocates typically say they are agnostic about the truth of determinism or free will. Some of them say that free will is merely an illusion. 


Adding to the terminological confusion, indeterminism is also said to be incompatible with human freedom and moral responsibility, or at best provides an incoherent and unintelligible account of freedom.
 

If the proximate cause of our actions is undetermined - for example, the result of an uncaused quantum mechanical event in the mind - it would not be freedom of a kind worth having and we should disavow responsibility. 


    Besides hard incompatibilism, incompatibilists have staked out nuanced versions of the familiar positions with new jargon like semicompatibilism, and illusionism. 
    

To see which philosophers hold which positions, take a look at our history of the free will problem.


Let's look at the taxonomy of deterministic positions and see where hard incompatibilism fits.

[image: Taxonomy of Determinist Positions]

Semicompatibilists are narrow incompatibilists who are agnostic about free will and determinism. 
    

Hard incompatibilists think both free will and moral responsibility are not compatible with determinism. Illusionists are incompatibilists who say free will is an illusion. 
    

The old incompatibilism explains freedom. It cannot explain the will. Hard incompatibilism denies both freedom and responsibility. "Soft" incompatibilism gets us both free (random) and will (adequately determined). 


The Cogito is genuine free will.
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Illusionism
Illusionism is the position that free will does not exist and is merely an illusion. 

Many ancient and modern thinkers have made this claim. They have usually been strong determinists, from Hobbes to Einstein. 



Classical compatibilists, from Hobbes and Hume on, have held that free will exists but that it is compatible with determinism (actually many determinisms).


Since the discovery of irreducible quantum mechanical indeterminism, most scientists and some philosophers have come to understand that determinism is a dogmatic belief unsustainable from the evidence. 

It is determinism that is the illusion. 


Nevertheless, most philosophers remain compatibilists, even as the evidence of indeterminism has caused them to declare themselves agnostic on the truth of determinism or indeterminism.


Some illusionists claim it will do society good to recognize the illusion of free will. Many simply want to eliminate all retributive punishment of criminals. Others, following Peter Strawson and David Hume's naturalism, want to hold on to the ideas of blame and praise. They defend a compatibilism between determinism (or indeterminism) and moral responsibility.


Thus a few compatibilist/determinist philosophers have, following Strawson, turned the conversation away from the "unintelligible" free will problem to the problem of moral responsibility. They include John Martin Fischer and a number of his followers, who call their position semicompatibilism. 


They basically abandon free will as incompatible with determinism (or indeterminism) and hold onto moral responsibility as compatible, but their positions are all subtly nuanced, depending on their stance with respect to the existence of alternative possibilities.


Some tougher-minded illusionist philosophers call themselves "hard incompatibilists," including Derk Pereboom, Galen Strawson, and Saul Smilansky.


They deny the existence of both free will and moral responsibility.


Pereboom, Smilansky, Galen Strawson, and the psychologist Daniel Wegner explicitly say that free will is merely an illusion. They differ on whether the illusion is a problem or a benefit for society.



Smilansky, for example, says:
Illusionism is the position that illusion often has a large and positive role to play in the issue of free will. In arguing for the importance of illusion, I claim that we can see why it is useful, that it is a reality, and why by and large it ought to continue to be so. Illusory beliefs are in place concerning free will and moral responsibility, and the role they play is largely positive. Humanity is fortunately deceived on the free will issue, and this seems to be a condition of civilized morality and personal value.




Daniel Wegner describes it very simply, "It usually seems that we consciously will our voluntary actions, but this is an illusion."

In his 2002 book, The Illusion of Conscious Will, he says


So, here you are reading a book on conscious will. How could this have happened? One way to explain it would be to examine the causes of your behavior. A team of scientific psychologists could study your reported thoughts, emotions, and motives, your genetics and your history of learning, experience, and development, your social situation and culture, your memories and reaction times, your physiology and neuroanatomy, and lots of other things as well. If they somehow had access to all the information they could ever want, the assumption of psychology is that they could uncover the mechanisms that give rise to all your behavior and so could certainly explain why you picked up this book at this moment. However, another way to explain the fact of your reading this book is just to say that you decided to pick up the book and begin reading. You consciously willed what you are doing.

These two explanations are both appealing but in different ways. The scientific explanation accounts for behavior as a mechanism and appeals to that part of us that knows how useful science is for understanding the world. It would be wonderful if we could understand people in just the same way. The conscious will explanation, on the other hand, has a much deeper grip on our intuition. We each have a profound sense that we consciously will much of what we do, and we experience ourselves willing our actions many times a day. As William James put it, "The whole sting and excitement of our voluntary life ... depends on our sense that in it things are really being decided from one moment to another, and that it is not the dull rattling off of a chain that was forged innumerable ages ago" (Principles of Psychology, 1890, 453). Quite apart from any resentment we might feel on being cast into the role of mechanisms or robots, we appreciate the notion of conscious will because we experience it so very acutely. We do things, and when we do them, we experience the action in such a way that it seems to flow seamlessly from our consciousness. We feel that we cause ourselves to behave.


The idea of conscious will and the idea of psychological mechanisms have an oil and water relationship, having never been properly reconciled. One way to put them together — the way this book explores — is to say that the mechanistic approach is the explanation preferred for scientific purposes but that the person's experience of conscious will is utterly convincing and important to the person and so must be understood scientifically as well. The mechanisms underlying the experience of will are themselves a fundamental topic of scientific study. We should be able to examine and understand what creates the experience of will and what makes it go away. This means, though, that conscious will is an illusion.


It is an illusion in the sense that the experience of consciously willing an action is not a direct indication that the conscious thought has caused the action.



Now the psychological evidence is overwhelming that many apparently free decisions and actions can be traced back to causes unknown (or unappreciated) by the agent. But to jump to the conclusion that all such actions are out of the agent's control is to make the same error that scientists and philosophers made in the era of classical mechanical physics. 

And in the end it is quantum mechanics that provides the ultimate breaks in the causal chain of all determinisms needed to ensure human freedom and creativity.


The trick is to show that the random chance of quantum uncertainty does not also put actions out of the agent's control, as claimed in the standard argument against free will.
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Impossibilism
Impossibilism is the position that free will does not exist and is simply impossible. 


It seems to be the height of hubris to make such a claim, since logically "proving" that determinism exists is itself "impossible."


A "proof" of determinism is not something that can be done with logic. Determinism is a physical question or theory so it depends on experimental evidence.


But experiments can only provide statistical evidence, with an estimated probability. 

Determinism in classical physics is an idealization and an approximation. 


Determinism is an emergent property that shows up for large numbers of elementary particles, which as individuals or in small numbers are more accurately described with indeterministic quantum physics. All the laws of physics are statistical laws. All are the consequence of averaging over the irreducible quantum indeterminacy of the elementary particles. 


This averaging over large numbers of particles is similar to the "law of large numbers" of random events in statistics and probability theory. The statistics in physical experiments are distributed in a "normal distribution" around a mean value. The larger the numbers of experiments the sharper is the distribution around the mean value. This is known as the "central limit theorem" in mathematics.


Macroscopic (phenomenological) physical laws are arbitrarily accurate in the limit of infinite numbers of microscopic particles. But it is beyond the possibility of experimental accuracy to "prove" the idea of perfect determinism. Nevertheless, in microscopic physics we can "prove" that small numbers of elementary particles exhibit indeterminate behavior, to within the highest level of experimental accuracy achieved in modern physics.


And this indeterminism or randomness can be the generator of alternative possibilities for thoughts and actions in the first stage of our two-stage model of free will. In the second stage, a much larger part of the brain/mind de-liberates and makes a decision or choice that itself is not random, but is "caused" by the agent's values, motives, and feelings. We say that the decision is "adequately" or "statistically determined" by the agent's "character."   


Our thoughts and actions are not pre-determined from time before the agent begins deliberation, let alone from the earliest times of the universe, which determinists believe. 


So although one cannot "prove" the idea of impossibilism, either logically or with experimental evidence, we can prove experimentally (though not logically as philosophers might prefer) that events occur that are not pre-determined. We can thus "disprove" strict determinism.


And that is our first step to explaining human freedom and moral responsibility.


Many illusionists hold a view that is close to impossibilism, including Derk Pereboom, Saul Smilansky, Galen Strawson, and Daniel Wegner.



Source: https://www.informationphilosopher.com/freedom/impossibilism.html
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Incompatibilism

Incompatibilism was historicaly the position in the taxonomy of free will debates that says determinism is incompatible with human freedom. It is a complex idea, because it is not committed to the truth or falsity of determinism. 

But how does this idea of "incompatibilism" differ from the normal idea that free will does not exist if determinism is true? 


The answer is that incompatibilism was invented by Peter van Inwagen as a new free will position that denies the truth of "compatibilism." It is an "anti-compatibilism" that is more subtle than the question of the existence of free will or determinism.


When we recall that compatibilism itself is a "wretched subterfuge" (Immanuel Kant) and a "quagmire of evasion" (William James), it is perhaps no surprise that incompatibilism is a tortured and muddled concept that gives rise to contorted logistical and linguistic debates.  


If compatibilism is a quagmire, incompatibilism is even darker and deeper, perhaps a "tarpit of confusion." It is arguably the worst recent coinage in a philosophical field that is already crowded with conflicted terminology.


To be sure, libertarians have always denied the nonsense of compatibilism, and accepted the idea that free will is incompatible with determinism. Simple enough.


But there is another view, that of determinists who agree that determinism is incompatible with free will. 


So there are two kinds of incompatibilists, those who deny human freedom (usually called "hard" determinists), and those who assert it (often called voluntarists, free willists, or metaphysical libertarians - to distinguish them from political libertarians). As a result, incompatibilism is a very confusing term in the free will debates.


Adding to the confusion, indeterminism is also said to be incompatible with human freedom, or at best provides an incoherent and unintelligible account of freedom. 


If the proximate cause of our actions is undetermined - for example, the result of an uncaused quantum mechanical event in the mind - it would not be freedom of a kind worth having and we should disavow responsibility. 


Some incompatibilists feel (correctly) that there must be a deterministic or causal connection between our will and our actions. This allows us to take responsibility for our actions, including credit for the good and blame for the bad.


Compatibilists accept the view of a causal chain of events going back indefinitely in time, consistent with the laws of nature, with the plan of an omniscient God, or with other determinisms.  As long as our own will is included in that causal chain, we are free, they say.

So what exactly is incompatibilism? It's either to deny the strict causal chain and allow free will, or to deny free will and accept strict determinism. Such an ambiguous concept is one of the reasons that the free will debate has been so muddled.



Let's look at the taxonomy of deterministic positions and see where incompatibilism fits.


    Recently, incompatibilists have staked out nuanced versions of the familiar positions with new jargon, like  semicompatibilism, hard incompatibilism, and illusionism. 
    
[image: Taxonomy of Determinist Positions]

Broad compatibilists think both free will and moral responsibility are compatible with determinism. Narrow compatibilists think free will is not compatible, but moral responsibility is compatible with determinism. 
Semicompatibilists are narrow compatibilists who are agnostic about free will and determinism. 
    

Hard incompatibilists think both free will and moral responsibility are not compatible with determinism. Illusionists are incompatibilists who say free will is an illusion. 
    
Soft incompatibilists think both free will and moral responsibility are incompatible with strict determinism, but both are compatible with an adequate determinism. 
    

Let's also look at the taxonomy of indeterministic positions and see where incompatibilism fits.




Incompatibilists who are indeterminists (denying determinism) generally accept the view that random events (most likely quantum mechanical events) occur in the world. Whether in the physical world, in the biological world (where they are a key driver of genetic mutations), or in the mind, randomness and uncaused events are real. They introduce the possibility of accidents, novelty, and human creativity. 
    

    Although random quantum mechanical events break the strictly deterministic causal chain, which has just one possible future, they nevertheless are causes for successive events. They start new unpredictable causal chains. They generate unpredictable futures. They are said to be causa sui. 
    
Soft causalists are event-causalists who accept causality but admit some unpredictable events that are  causa sui and which start new causal chains.
    

    While microscopic quantum events are powerful enough to deny determinism, the magnitude of these events is generally so small, especially for large macroscopic objects, that the world is still overwhelmingly deterministic. We call this "adequate determinism." 
    

an "adequate" determinism is completely compatible with indeterminism. 


Our Cogito model places "soft" causality and adequate determinism in the critical apparatus of the Macro Mind. From the Micro Mind, and from the external world including other minds, come surprising and unpredictable events to feed the Agenda of possible thoughts and actions. The Cogito is compatibile with both an adequate determinism and uncertainty. It lives in Eddington's "halfway house."


The old incompatibilism explains freedom. It cannot explain the will. A new "soft" incompatibilism gets us both free (random) and will (adequately determined). 


The Cogito is genuine free will.


For Scholars
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Indeterminacy

Indeterminacy describes the physical uncertainty resulting from Werner Heisenberg's Uncertainty Principle in quantum mechanics. It states that the exact position and momentum of an atomic particle can only be known within certain (sic) limits. The product of the position error and the momentum error is greater than or equal to Planck's constant h.
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Indeterminacy (Unbestimmtheit) was Heisenberg's original name for his principle. It is a better name than the more popular uncertainty, which connotes lack of knowledge. The Heisenberg principle is an ontological as well as epistemic lack of information. 



Even in a world that contains quantum uncertainty, macroscopic objects are determined to an extraordinary degree. Newton's laws of motion are deterministic enough to send men to the moon and back. Our Cogito model of the Macro Mind is large enough to ignore quantum uncertainty for the purpose of the reasoning will. The neural system is robust enough to insure that mental decisions are reliably transmitted to our limbs. 


Although it is limited by indeterminacy, we call this determinism, limited as it is in extremely small structures, "adequate determinism."  The world is adequately determined to send men to the moon. The presence of quantum uncertainty leads philosophers to call the world "indetermined." But indeterminism is seriously misleading when most events are overwhelmingly "adequately determined."


There is no problem imagining that the three traditional mental faculties of reason - perception, conception, and comprehension - are all carried on deterministically in a physical brain where quantum events do not interfere with normal operations.


There is also no problem imagining a role for randomness in the brain in the form of quantum level noise.  Noise can introduce random errors into stored memories. Noise could create random associations of ideas during memory recall. This randomness may be driven by microscopic fluctuations that are amplified to the macroscopic level. 


Our Macro Mind needs the Micro Mind for the free action items and thoughts in an Agenda of alternative possibilities to be de-liberated by the will. The random Micro Mind is the "free" in free will and the source of human creativity. The adequately determined Macro Mind is the "will" in free will that de-liberates, choosing actions for which we can be morally responsible. 


For Scholars
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Indeterminism

Indeterminism should be a failure in one or more of the many determinisms. 


The term is most often used in connection with causal determinism and with limits on physical or mechanical determinism.


Logical philosophers describe indeterminism as simply the contrary of determinism. If a single event is undetermined, then indeterminism would be "true", they say, determinism is false, and this would undermine the very possibility of certain knowledge. 1

Some go to the extreme of saying that indeterminism makes the state of the world totally independent of any earlier states, which is nonsense, but it shows how anxious they are about indeterminism.


The core idea of indeterminism is closely related to the idea of causality. Indeterminism for some philosophers is an event without a cause (the ancient causa sui. But we can have an adequate causality without strict determinism, the "hard" determinism which implies complete predictability of events and only one possible future. We can call this "adequate determinism."


Causality does not entail determinism


An example of an event that is not strictly caused is one that depends on chance, like the flip of a coin. If the outcome is only probable, not certain, then the event can be said to have been caused by the coin flip, but the head or tails result was not predictable. So this causality, which recognizes prior events as causes, is undetermined. 


Indeterminism is also closely related to the ideas of uncertainty and indeterminacy. Uncertainty is best known from Werner Heisenberg's principle in quantum mechanics. It states that the exact position and momentum of an atomic particle can only be known within certain (sic) limits. The product of the position error and the momentum error is equal to a multiple of Planck's constant. 


Indeterminism is important for the question of free will because strict determinism implies just one possible future. Indeterminism means that the future is unpredictable. Indeterminism allows alternative futures and the question becomes how the one actual present is realized from these potential alternatives. 


The departure from strict causality is very slight compared to the miraculous ideas associated with the "causa sui" (self-caused cause) of the ancients.


Despite David Hume's critical attack on the necessity of causes, many philosophers embrace causality strongly. Some even connect it to the very possibility of logic and reason.


Even in a world that contains quantum uncertainty, macroscopic objects are determined to an extraordinary degree. Newton's laws of motion are deterministic enough to send men to the moon and back. Our Cogito model of the Macro Mind is large enough to ignore quantum uncertainty for the purpose of the reasoning will. The neural system is robust enough to insure that mental decisions are reliably transmitted to our limbs. 


We call this determinism, limited as it is in extremely small structures, "adequate determinism."  The world is adequately determined to send men to the moon. The presence of quantum uncertainty properly leads logical philosophers to call the world "indetermined." But indeterminism gives a misleading impression when most events are overwhelmingly "adequately determined."


There is no problem imagining that the three traditional mental faculties of reason - perception, conception, and comprehension - are all carried on deterministically in a physical brain where quantum events do not interfere with normal operations.


There is also no problem imagining a role for randomness in the brain in the form of quantum level noise.  Noise can introduce random errors into stored memories. Noise could create random associations of ideas during memory recall. This randomness may be driven by microscopic fluctuations that are amplified to the macroscopic level. 


Our Macro Mind needs the Micro Mind for the free action items and thoughts in an Agenda of alternative possibilities to be de-liberated by the will. The random Micro Mind is the "free" in free will and the source of human creativity. The adequately determined Macro Mind is the "will" in free will that de-liberates, choosing actions for which we can be morally responsible. 


For Scholars

     1. C.D.Broad, 1934 "Indeterminism, is the doctrine that some, and it may be all, events are not completely determined."  
     

     Oxford: "The view that some events have no causes." (sic), Oxford Dictionary of Philosophy, 1994, Simon Blackburn.  
     

     Oxford: Indeterminism means - "Determinism is false. Its negation is true - so long as somewhere in the universe some occurrence violates the thesis of determinism." 


"an extremely strong version of indeterminism is...The world at any time and in all its aspects is totally independent of its state at any earlier time.", Oxford Companion to Philosophy, 1995, Ted Honderich.  
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Some philosophers have attempted to solve the problem of free will by connecting it to the possibility of an infinite number of worlds.

 Others have tried to explain the "mystery" of free will in terms of other mysteries, especially quantum puzzles and paradoxes. 


Mathematical infinities have the extraordinary capability of including all possible possibilities. This idea can be been extended to the natural world, since the universe is now believed to be physically infinite in space, if not in time. 


It appears there was a moment of creation about 13.8 billion years before which the laws of physics as we know them have no explanatory power. Some say that means the universe is not infinite in the direction of past time.


Some popular infinities recruited by philosophers and scientists include 

	Ludwig Boltzmann's Single-World Hypothesis, 
	Jorge Luis Borges's Library of Babel, 
	David Layzer's Strong Cosmological Principle, 
	David Lewis's Multiple Possible Worlds and counterfactualism
	John Wheeler's Many-World Interpretation of quantum mechanics, 



In his 1949 novel, Fredric Brown imagined some of the possibilities for very slight differences in an infinite number of relatively similar worlds.

Out of an infinity of Keith Wintons in an infinity of universes plus an infinity of universes in which there wasn't any Keith Winton plus at least one universe — rather, plus an infinity of universes again — in which
Keith Winton had been but was missing after a rocket flash.

But this universe was a real one now. For a while, at least....

This, he thought, was a universe he'd really settle for.




For Scholars
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Laplace's Demon

In the introduction to his 1814 Essai philosophique sur les probabilités, Pierre-Simon Laplace extended an idea of Gottfried Leibniz which became famous as Laplace's Demon, the locus classicus definition of strict physical determinism, with its one possible future. 

Laplace said,



    "We may regard the present state of the universe as the effect of its past and the cause of its future. An intellect which at a certain moment would know all forces that set nature in motion, and all positions of all items of which nature is composed, if this intellect were also vast enough to submit these data to analysis, it would embrace in a single formula the movements of the greatest bodies of the universe and those of the tiniest atom; for such an intellect nothing would be uncertain and the future just like the past would be present before its eyes." 

Nous devons donc envisager l'état présent de l'universe comme l'effet de son état antérieur, et comme la cause de celui qui va suivre. Une intelligence qui pour un instant donné connaîtrait toutes les forces dont la nature est animée et la situation respective des êtres qui la composent, si d'ailleurs elle était assez vaste pour soumettre ces données à l'analyse, embrasserait dans la même formule les mouvements des plus grands corps de l'universe et ceux du plus léger atome; rien ne serait incertain pour elle, et l'avenir comme le passé serait présent a ses yeux.



Laplace postulates a super-intelligence that could know the positions, velocities, and forces on all the particles in the universe at one time, and thus know the universe for all times. The concept has been criticized for the vast amount of information that would be required, impractical if not impossible to collect instantaneously. And where would the information be kept? If in some part of the universe, there would be an infinite regress of information storage.


If we imagine this as a purely mental exercise, involving only the idea of such knowledge, we can see that Laplace's demon is a secular substitute for an omniscient God with perfect foreknowledge. 


We can compare 'god-willing" in Islam (inshallah) and "everything happens for a reason" in Christianity 


Now Catholics claim we have free will despite God's knowing whereas Reformation protestants following Martin Luther or John Calvin believe that everything is pre-ordained or pre-determined from the time of God's creation..


Laplace's view implies that the past, the present, and the future  always contain exactly the same knowledge.  This makes information a constant of nature. Indeed, some mathematicians think that information is a conserved quantity (the blue line in the figure), like the conservation of mass and energy (for example. Seth Lloyd at MIT, who thinks the universe is a computer).

[image: image-placeholder]

However, midway through the 19th century, Lord Kelvin (William Thomson) realized that the newly discovered second law of thermodynamics required that information could not be constant, but would be destroyed as the entropy (disorder) irreversibly increased. Hermann Helmholtz described this as the heat death of the universe.


Physicists, including Ludwig Boltzmann, described entropy as "lost information," although many mathematicians thought the lost information might be recoverable (for example, by reversing the time).

[image: image-placeholder]

Kelvin’s claim would be correct if the universe were a closed system. But in our open and expanding universe, David Layzer showed that the maximum possible entropy is increasing faster than the actual entropy.  The difference between maximum possible entropy and the current entropy is called negative entropy, opening the possibility for complex and stable information structures. 

[image: image-placeholder]

So the current view of the universe is that it begins with a "heat birth" and ends with  a "cold death."


So we now know that a Laplace Demon is impossible, and for two distinct reasons. The old reason was that modern quantum physics is inherently indeterministic. The future is only probabilistic, though it may be "adequately determined."


The new reason is that there is not enough information in the past (none at all in the early universe) to determine the present.


The "fixed past" and the "laws of nature" pre-determine nothing, despite recent philosophical arguments that Newton's Laws do determine the future..


Similarly, information at the present time does not determine the future. Our future is open. We must create it.
 
It follows that determinism, the philosophical idea that every event or state of affairs, including every human decision and action, is the inevitable and necessary consequence of antecedent states of affairs or causes, is not true. 


More precisely, determinism, or determination by some preceding events as causes, should be distinguished from the pre-determinism of Laplace's time, the idea that the entire past (as well as the future) was determined at the origin of the universe.



Earlier versions of Laplace's idea

Gotfried Leibniz (1646-1716) imagined a scientist who could see the events of all times, just as all times are thought to be present to the mind of God.


"Everything proceeds mathematically...if someone could have a sufficient insight into the inner parts of things, and in addition had remembrance and intelligence enough to consider all the circumstances and take them into account, he would be a prophet and see the future in the present as in a mirror." 



The little-known Serbian scientist Roger Joseph Boscovich (1711-1787) developed an atomic theory, and understood the implications of knowing the positions, velocities, and forces of all the atoms...


Any point of matter, setting aside free motions that arise from the action of arbitrary will, must describe some continuous curved line, the determination of which can be reduced to the following general problem. Given a number of points of matter, & given, for each of them, the point of space that it occupies at any given instant of time; also given the direction & velocity of the initial motion if they were projected, or the tangential velocity if they are already in motion; & given the law of forces expressed by some continuous curve, such as that of Fig. 1, which contains this Theory of mine; it is required to find the path of each of the points, that is to say, the line along which each of them moves. [...] Now, although a problem of such a kind surpasses all the powers of the human intellect, yet any geometer can easily see thus far, that the problem is determinate, & that such curves will all be continuous [...] & a mind which had the powers requisite to deal with such a problem in a proper manner & was brilliant enough to perceive the solutions of it (& such a mind might even be finite, provided the number of points were finite, & the notion of the curve representing the law of forces were given by a finite representation), such a mind, I say, could, from a continuous arc described in an interval of time, no matter how small, by all points of matter, derive the law of forces itself; [...] Now, if the law of forces were known, & the position, velocity & direction of all the points at any given instant, it would be possible for a mind of this type to foresee all the necessary subsequent motions & states, & to predict all the phenomena that necessarily followed from them.


And both of these were anticipated by ancient philosophers, perhaps also influenced by an atomic theory of matter of Democritus and Epicurus.


In his work On Divination, Cicero (106-43) explained the deterministic, even fatalistic,  theory of the Stoics, with their all-knowing God,


Besides, since everything happens by fate, as will be shown elsewhere, if there could
be any mortal who could observe with his mind the interconnection
of all causes, nothing indeed would escape him. For
he who knows the causes of things that are to be necessarily
knows all the things that are going to be. But since no one
but God could do this, what is left for man is that he should
be aware of future things in advance by certain signs which
make clear what will follow. For the things which are going
to be do not come into existence suddenly, but the passage
of time is like the unwinding of a rope, producing nothing
new but unfolding what was there at first.


For Scholars

     1. C.D.Broad, 1934 "Indeterminism is the doctrine that some, and it may be all, events are not completely determined."  
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Libertarianism

Libertarianism is a school of thought that says humans are free from physical determinism and all the other diverse forms of determinism.


Libertarians believe that strict determinism and freedom are incompatible. Freedom seems to require some form of indeterminism.
"Radical" libertarians believe that one's actions are not determined by anything prior to a decision, including one's character and values, and one's feelings and desires. This extreme view, held by leading libertarians such as Robert Kane, Peter van Inwagen and their followers, denies that the will has control over actions.


Critics of libertarianism properly attack this view. If an agent's decisions are not connected in any way with character and other personal properties, they rightly claim that the agent can hardly be held responsible for them.


A more conservative or "modest" libertarianism has been proposed by Daniel Dennett and Alfred Mele. They and many other philosophers and scientists have proposed two-stage models of free will that keep indeterminism in the early stages of deliberation, limiting it to creating alternative possibilities for action.




Most libertarians have been mind/bodydualists who, following René Descartes, explained human freedom by a separate mind substance that somehow manages to act in the physical world. Some, especially Immanuel Kant, believed that our freedom only existed in a transcendental or noumenal world, leaving the physical world to be completely deterministic.  

Religious libertarians say that God has given man a gift of freedom, but at the same time that God's foreknowledge knows everything that man will do.


In recent free will debates, these dualist explanations are called "agent-causal libertarianism." The idea is that humans have a kind of agency (an ability to act) that cannot be explained in terms of physical events. 


One alternative to dualism is called "event-causal libertarianism," in which some events are uncaused or indeterministically caused. Note that eliminating strict determinism does not eliminate causality. 


We can still have events that are caused by indeterministic prior events. And these indeterministic events have prior causes, but the prior causes are not sufficient to determine the events precisely. In modern physics, for example, events are only statistical or probabilistic. We can call this soft causality, meaning not pre-determined but still having a causal explanation.


Still another position is to say that human freedom is uncaused or simply non-causal. This would eliminate causality. Some philosophers think "reasons" or "intentions" are not causes and describe their explanations of libertarian freedom as "non-causal." 


We can thus present a taxonomy of indeterminist positions. 

[image: Taxonomy of Indeterminist Positions]


It is claimed by some philosophers that libertarian accounts of free will are unintelligible. No coherent idea can be provided for the role of indeterminism and chance, they say. They include the current chief spokesman for libertarianism, Robert Kane. 1

The first libertarian, Epicurus, argued that as atoms moved through the void, there were occasions when they would "swerve" from their otherwise determined paths, thus initiating new causal chains. 


The modern equivalent of the Epicurean swerve is quantum mechanical indeterminacy, again a property of atoms. We now know that atoms do not just occasionally swerve, they move unpredictably whenever they are in close contact with other atoms. 


Everything in the material universe is made of atoms in unstoppable perpetual motion. Deterministic paths are only the case for very large objects, where the statistical laws of atomic physics average to become nearly certain dynamical laws for billiard balls and planets.


Many determinists are now willing to admit that there is real indeterminism in the universe. 2,3 Libertarians should agree with them that if indeterministic chance was the direct direct cause of our actions, that would not be freedom with responsibility.


Determinists might also agree that if chance is not a direct cause of our actions, it would do no harm. In which case, libertarians should be able to convince determinists that if chance provides real alternatives to be considered by the adequately determined will, it provides real alternative possibilities for thought and action. It provides freedom and creativity.


Libertarians should give the determinists, at least the compatibilists, the kind of freedom they say they want, one that provides an adequately determined will and actions for which we can take responsibility. 
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 Notes:

1. Clarke, Randolph (2003), Libertarian Accounts of Free Will, p.xiii.


Accounts of free will purport to tell us what is required if we are to be free agents, individuals who, at least sometimes when we act, act freely. Libertarian accounts, of course, include a requirement of indeterminism of one sort or another somewhere in the processes leading to free actions. But while proponents of such views take determinism to preclude free will, indeterminism is widely held to be no more hospitable. An undetermined action,  it is said would be random or arbitrary. It could not be rational or rationally explicable. The agent would lack control over her behavior. At best, indeterminism in the processes leading to our actions would be superfluous, adding nothing of value even if it did not detract from what we want.



2. Honderich, Ted (2002), How Free Are You?, p.5.


"Maybe it should have been called determinism-where-it-matters. It allows that there is or may be some indeterminism but only at what is called the micro-level of our existence, the level of the small particles of our bodies."



3. Searle, John (2004), Freedom and Neurobiology, p.74-75.


"First we know that our experiences of free action contain both indeterminism and rationality...Second we know that quantum indeterminacy is the only form of indeterminism that is indisputably established as a fact of nature...it follows that quantum mechanics must enter into the explanation of consciousness."
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  Liberty of Indifference
  

  


  
  Home › Freedom › Liberty of Indifference
Liberty of Indifference

Liberty of Indifference (liberum arbitrium indifferentiae) is for some philosophers an effort to identify "liberty" as merely some form of indeterminism or chance. This argument is popular with determinist and compatibilist philosophers who want to show that this kind of free will is "not worth having," in Daniel Dennett's apt phrase. 

For some philosophers of mind, it is an example of a mechanical equilibrium so finely balanced that even an immaterial mind could push the body in one direction or the other. 



Liberty of Indifference was very popular among the Scholastics and is discussed extensively by rationalists like Descartes and Spinoza, and by empiricists like Locke, Berkeley, and Hume. It plays a large role in Schopenhauer's prize essay On the Freedom of the Will.
 
The metaphor of an unrealizable perfect balance is popular among philosophers, whose model for mental actions is the resolution of forces like motives or desires. Is the will paralyzed when presented with identical choices? Of course there is no such thing as perfectly identical alternatives, but from ancient times philosophers argued this case, starting with Aristotle.


 "there is this necessity of indifference...of the man who, though exceedingly hungry and thirsty, and both equally, yet being equidistant from food and drink, is therefore bound to stay where he is." (De Caelo, Book II, Sect.13, 295b31-33

 
Aristotle assumed it was obvious that the man would not starve. He used this argument as a sort of reductio ad absurdum. But later Scholastics took this argument very seriously, especially the logician Jean Buridan, who is said to have given the example of an ass placed equidistant between two identical bales of hay. Buridan used it to show a critical difference between man and animals.


The Scholastics claimed the ass would starve to death (which is nonsense), but a human in similar circumstances, with a god-given gift of free will (in this case the liberty of indifference?) would deliberate and choose despite the perfect balance* between identical alternative possibilities.  

 
Liberty of Indifference was often contrasted with Liberty of Spontaneity, another name for the "negative freedom" when one is free from constraints. Liberty of Spontaneity was also called Voluntarism and today is knowns as Freedom of Action. For classical compatibilists like Hume, Voluntarism or Liberty of Spontaneity is compatible with determinism. Since the agent's will is in the causal chain of events, it is one of the causes and that is enough for compatibilist free will. 


Liberty of Indifference, by contrast, was considered a "positive freedom," first, to choose to act or not to act, and in more sophisticated libertarian positions, to choose from alternative actions. 


Liberty of Indifference thus raises the question whether one could have done otherwise. Compatibilists maintain that if this were the case, responsibility would not be possible, since it requires determination by reasons, motives, desires, etc, in short determination by an agent's character.


For David Hume, any liberty at all depends entirely on chance. Hume mistakenly generalized from the Liberty of Indifference where a random choice is quite rational between identical alternatives. He says that liberty is absurd and unintelligible, because it denies causality and necessity:


I believe we may assign the three following reasons for 
the prevalence of the doctrine of liberty, however absurd it 
may be in one sense, and unintelligible in any other. First, 
After we have perform'd any action; tho' we confess we 
were influenc'd by particular views and motives; 'tis difficult 
for us to persuade ourselves we were govern'd by necessity, 
and that 'twas utterly impossible for us to have acted otherwise; the idea of necessity seeming to imply something of 
force, and violence, and constraint, of which we are not 
sensible. Few are capable of distinguishing betwixt the 
liberty of spontaneity, as it is call'd in the schools, and the 
liberty of indifference; betwixt that which is oppos'd to violence, and that which means a negation of necessity and 
causes. 

(Treatise on Human Nature, Book II, Part III, Sections I-II, p.407)


For Hume, liberty (chance) eliminates causality and necessity. The first compatibilist, Chrysippus, had settled for fate and determinism, while denying necessity. He agreed with Aristotle that necessity and freedom were incompatible. 


The modern compatibilists, Hobbes and Hume, restored necessity to their compatibilism and began the trend among modern philosophers, especially those who favor Hume's naturalism, to call free will unintelligible. 

Arthur Schopenhauer's essay "On the Freedom of the Will" won the prize of the Royal Danish Academy of Sciences in 1839. His description of his predecessors' work (pp. 65-90) is extensive. 
Schopenhauer defined absolute freedom - the liberum arbitrium indifferentiae - as not being determined by prior events. "Under given external conditions, two diametrically opposed actions are possible." He found this completely unacceptable. 


If we do not accept the strict necessity of all that happens by means of a causal chain which connects all events without exception, but allow this chain to be broken in countless places by an absolute freedom, then all foreseeing of the future... becomes...absolutely impossible, and so inconceivable.


The future is of course not foreseeable, but chance is the direct cause of action only in those cases where no clear preference exists, the original and sound idea of a liberty of indifference. In those cases flipping a coin is an appropriate rational action. For all other cases, chance simply contributes creativealternative possibilities for the determined will to choose from with a much broader liberty than the restricted cases of indifference.


Robert Kane's Plural Rational Control

Kane developed the idea of dual (or plural) rational control in the case of a “torn decision,” (in which an agent has equally powerful reasons for choosing either way between two alternatives) and yet preserve the sense of responsibility.   As long as the agent is prepared to accept responsibility either way, flipping a coin does no harm to practical responsibility. Kane notes that this was first suggested by Steven M. Cahn in 1977, as an argument against the compatibilist claim that any chance involved in a decision would make the decision irrational and irresponsible.

Kane distinguishes choices with "plural rational control" from the ancient Liberty of Indifference in which there is no meaningful differences between the choices, such as the classic idea of Buridan's Ass. And he thinks these examples where indeterminism is "centered" in the decision itself (as Randolph Clarke described it) is completely unacceptable for moral and prudential decisions. 



Kane's most careful articulation of his position was given in response to the Luck Objection, raised by several critics of Kane's inclusion of indeterminism in his Self-Forming Actions. Kane's critics who found indeterminism unhelpful in all cases included Galen Strawson, Alfred Mele, Bernard Berofsky, Richard Double, and Ishtiyaque Haji. Earlier works on Moral Luck by Thomas Nagel and Bernard Williams had similar implications.  


His critics postulate an example where an agent has an identical person in a nearby possible world, with exactly the same past experience, but chooses A instead of B. Surely, the critics say, it is a matter of luck which the agent did, so it is unjust to hold the agent morally responsible for doing the wrong thing. 


Kane replied to the critics in a 1999 paper, "Responsibility, Luck, and Chance." There he cited a 1977 article by Steven M. Cahn as the origin of the idea that compatibilists are wrong that any chance makes an agent irresponsible. ("Random Choices," Philosophy and Phenomenological Research,
vol. XXXVII, no. 4, 1977, p.549.) 


Kane claims that indeterminism in the brain makes it uncertain as to whether an agent's efforts will succeed. When those efforts do succeed, though indeterminism was involved (thus breaking the deterministic chain), the outcome was undetermined, though not uncaused - it was caused by the agent's efforts, he says.


Suppose two agents had exactly the same pasts up to the point where they were faced with a choice between
distorting the truth for selfish gain or telling the truth at great
personal cost. One agent lies and the other tells the truth... if the pasts of these two agents are really identical in every
way up to the moment of choice, and the difference in their acts results
from chance, would there be any grounds for distinguishing
between them, for saying that one deserves censure for a selfish
decision and the other deserves praise? 
Would it be just to reward the one and punish the other for what appears
to be ultimately the luck of the draw?

On the view just described,
you cannot separate the indeterminism from the effort to
overcome temptation in such a way that first the effort occurs followed
by chance or luck (or vice versa). One must think of the effort
and the indeterminism as fused; the effort is indeterminate and the
indeterminism is a property of the effort, not something separate
that occurs after or before the effort. The fact that the woman's effort
of will has this property of being indeterminate does not make
it any less her effort.


And just as expressions like 'She chose by chance' can mislead us
in these contexts, so can expressions like 'She got lucky'. Ask yourself
this question: Why does the inference 'He got lucky, so he was not
responsible' fail when it does fail? The first part of an answer goes back to the claim that
'luck', like 'chance', has question-begging implications in ordinary
language which are not necessarily implications of "indeterminism"
(which implies only the absence of deterministic causation). The
core meaning of 'He got lucky', which is implied by indeterminism, I
suggest, is that 'He succeeded despite the probability or chance of failure';
and this core meaning does not imply lack of responsibility, if he succeeds.


The inference 'He got
lucky, so he was not responsible' fails because what [the agents} succeeded in doing was what they were trying and
wanting to do all along. When they succeeded, their reaction
was not "Oh dear, that was a mistake, an accident—something
that happened to me, not something I did." Rather, they
endorsed the outcomes as something they were trying and wanting
to do all along, that is to say, knowingly and purposefully, not by
mistake or accident.




In one world, one of the efforts
issued in a choice and in the other world, a different effort issued in
a different choice; but neither was merely accidental or inadvertent
in either world. I would go even further and say that we may also
doubt that the efforts they were both making really were exactly the
same. Where events are indeterminate, as are the efforts they were
making, there is no such thing as exact sameness or difference of
events in different possible worlds. Their efforts were not exactly the
same, nor were they exactly different, because they were not exact.
They were simply unique.



Here Kane adds a difference in the temporal sequences of the otherwise identical cases. Obviously, this is a difference that makes a difference. 
It becomes an example of a second (adequately determined) stage (in a two-stage model). The agent's efforts single out the reasons for the ultimate choice. 


Kane is right that the case of perfectly identical lives is just a logical possibility. And any subsequent indeterminism might make the lives diverge. Just after the moment of indeterminism, the agent's choice may have been influenced by this "ingredient" of indeterminism, making the future the product of chance. To avoid this, Kane says that "the agent's efforts are the cause of the choice," that the reasons behind that choice were not causal, but that the choice itself has now retrospectively made it possible to say that "the agent chose for those reasons." In his 33rd thesis on free will, Kane says



the agents (r1) will have had reasons for choosing as they did; (r2) they will have chosen for those reasons; and (r3) they will have made those reasons the ones they wanted to act on more than any others by choosing for them.

 
When Kane puts the indeterminism earlier in the temporal sequence than the results of the agent's efforts, it becomes a two-stage decision process and is free for that reason. If the indeterminism is "centered" in the decision (as Clarke calls it), then it will be an example of the ancient liberty of indifference (or an undetermined liberty as we call it), but the agent can justifiably describe the decision as rational, as Cahn argued, and it is just for society to hold the agent morally responsible.

For Kane, after the fact of indeterminism, to (1) redefine the indeterminism central to the efforts as merely singling out the reasons that the agent "will have chosen for," and to (2) claim that the indeterministic, statistically caused reasons have been (retrospectively) "made those reasons the ones they wanted to act on more by choosing them," seems to be an attempt to rewrite history simply to avoid the stigma associated with the notion of chance. Kane shares what William James called "antipathy to chance."  


Despite developing Cahn's insightful idea of randomness in the final decision as not invalidating responsibility, Kane is reluctant to use the argument for moral choices and his Self-Forming Actions. The equal weights of the alternatives suggests to Kane the liberty of indifference - the ass equidistant between two bales of hay. If the decision is simply a practical decision, something as unimportant as deciding between chocolate or vanilla, the mental equivalent of "flipping a coin" is acceptable, says Kane. But if it is a serious moral choice between acting ethically (for Kane, ethical means considering the interests of others) or acting in one's own self-interest, then he is appalled at the idea that such a choice should be made indeterministically, by randomly flipping a coin, for example.   


Serious moral choices do not deserve such flippancy, but Kane is hard pressed to identify why a free will model that explains practical responsibility should not also apply to moral responsibility.

 A moral free choice is then simply a free choice that has moral implications. The question of freedom (from determinism) is a question for physicists, physiologists, psychologists, and neuroscientists. The question of morality is one for ethicists and moral philosophers.

The difficulty of articulating a difference beteen free practical choices and free moral choices is compounded because Kane relies on indeterminism to break the chain of determinism in both cases. And he specifically wants quantum indeterminism, which is notorously difficult to locate in the brain/mind. 


Notice that Kane has always accepted chance/indeterminism in the first "free" stage of a two-stage model.  He agrees that chance in the first "deliberative" stage (as Randolph Clarke calls it) does provide other options for the (adequately determined) decision. But Kane accepts chance in the second "will" stage of free will only for practical choices.  What Clarke calls chance "centered" in the decision is acceptable only for practical choices, not for moral choices.


So the question for Kane is, as long as he agrees that indeterministic chance is involved in the final "torn" decision itself, how is that final-stage chance does not make a moral choice (and therefore a Self-Forming Action) random - if final-stage chance makes a practical choice random?


And given that Kane agrees that despite the randomness in the decision, the agent is fully responsible for the choice, which ever way it turns out, why is this not an acceptable description for the responsibility in moral choices? Why does it not explain moral responsibility as well as it explains practical responsibility?


Kane's answer is that a moral choice should not be an event that just happens to the agent, such as waiting for the outcome of a coin flip. Instead, the agent should be actively involved in the decision, which makes it more like agent-causality than event-causality, but Kane appears to oppose agent-causal views. And why shouldn't an agent be just as actively involved in practical decisions?




See why the question of free will must be separated from the question of  moral responsibility
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Libet Experiments

The neurologist Benjamin Libet performed a sequence of remarkable experiments in the early 1980's that were enthusiastically, if mistakenly, adopted by determinists and compatibilists to show that human free will does not exist.

His measurements of the time before a subject is aware of self-initiated actions have had a enormous, mostly negative, impact on the case for human free will, despite Libet's view that his work does nothing to deny human freedom. 


Since free will is best understood as a complex idea combining two antagonistic concepts - freedom and determination, "free" and "will," in a temporal sequence, Libet's work on the timing of events can also be interpreted as supporting our "two-stage model" of free will. 


Indeed, Libet himself argued that there was still room for a veto over a decision that may have been made unconsciously over 300 milliseconds before the agent is consciously aware of the decision to flex a finger, but before the action of muscles flexing. In his 2004 book, Mind Time: The Temporal Factor in Consciousness, he presented a diagram of his work.


[image: image-placeholder]



Libet says the diagram shows room for a "conscious veto."


The finding that the volitional process is initiated unconsciously leads to the question: Is there then any role for conscious will in the performance of a voluntary act (Libet, 1985)? The conscious will (W) does appear 150 msec before the motor act, even though it follows the onset of the cerebral action (1W) by at least 400 msec. That allows it, potentially, to affect or control the final outcome of the volitional process. An interval msec before a muscle is activated is the time for the primary motor cortex to activate the spinal motor nerve cells, and through them, the muscles. During this final 50 msec, the act goes to completion with no possibility of its being stopped by the rest of the cerebral cortex.)

The conscious will could decide to allow the volitional process to go to completion, resulting in the motor act itself. Or, the conscious will could block or "veto" the process, so that no motor act occurs. 



[image: image-placeholder]

The original discovery that an electrical potential (of just a few microvolts - μV) is visible in the brain long before the subject flexes a finger was made by Kornhuber and Deecke (1964).  They called it a "Bereitschaftspotential" or readiness potential.

As shown on Kornhuber's RP diagram, the rise in the readiness potential was clearly visible at about 550 milliseconds before the flex of the wrist (blue arrow). 




The neurobiologist John Eccles speculated that the subject must become conscious of the intention to act before the onset of this readiness potential. Libet had the idea that he should test Eccles's prediction. 

[image: Libet's clock, Click to enlarge image]
 

Libet's 1983 experiments measured the time when the subject became consciously aware of the decision to move the finger. Libet created a dot on the screen of an oscilloscope circulating like the hand of a clock, but more rapidly. The subject was asked to note the position of the moving dot when he/she was aware of the conscious decision to move a finger or wrist. 

Libet found that although conscious awareness of the decision preceded the subject's finger motion by only 200 milliseconds, the rise in the Type II readiness potential was clearly visible at about 550 milliseconds before the flex of the wrist. The subject showed unconscious activity to flex about 350 milliseconds before reporting conscious awareness of the decision to flex (the red arrow above). Indeed an earlier slow and very slight rise in the readiness potential can be seen as early as 1.5 seconds before the action.
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Libet's results were eagerly adopted by the deniers of free will to indicate that the mind had been made up unconsciously, long before any awareness of "conscious will." 


Psychologist Daniel Wegner thinks that conscious will may be just an epiphenomenon, something that is caused by brain events, not the cause of such events. As he put it in his 2002 book The Illusion of Conscious Will,


We don't know what specific unconscious mental processes the RP might represent....The position of conscious will in the time line suggests perhaps that the experience of will is a link in a causal chain leading to action, but in fact it might not even be that. It might just be a loose end — one of those things, like the action, that is caused by prior brain and mental events.

Does the compass steer the ship? In some sense, you could say that it does, because the pilot makes reference to the compass in determining whether adjustments should be made to the ship's course. If it looks as though the ship is headed west into the rocky shore, a calamity can be avoided with a turn north into the harbor. But, of course, the compass does not steer the ship in any physical sense. The needle is just gliding around in the compass housing, doing no actual steering at all. It is thus tempting to relegate the little magnetic pointer to the class of epiphenomena — things that don't really matter in determining where the ship will go.


Conscious will is the mind's compass. As we have seen, the experience of consciously willing action occurs as the result of an interpretive system, a course-sensing mechanism that examines the relations between our thoughts and actions and responds with "I willed this" when the two correspond appropriately. This experience thus serves as a kind of compass, alerting the conscious mind when actions occur that are likely to be the result of one's own agency. The experience of will is therefore an indicator, one of those gauges on the control panel to which we refer as we steer. Like a compass reading, the feeling of doing tells us something about the operation of the ship. But also like a compass reading, this information must be understood as a conscious experience, a candidate for the dreaded "epiphenomenon" label.


Bernard Baars says there are two important time scales of consciousness


Sensory events occurring within a tenth of a second merge into a single conscious sensory experience, suggesting a 100-millisecond scale. But working memory, the domain in which we talk to ourselves or use our visual imagination, stretches out over roughly 10-second steps. The tenth-of-a-second level is automatic, while the 10-second level is shaped by conscious plans and goals.


The kinds of deliberative and evaluative processes that are important for free will involve longer time periods than those studied by Benjamin Libet. 

Note also that the abrupt and rapid decisions to flex a finger measured by Libet bear little resemblance to the kinds of two-stage deliberate decisions for which we can first freely generate alternative possibilities for action, then evaluate which is the best of these possibilities in the light of our reasons, motives, and desires - first "free," then "will."
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We can correlate the beginnings of the readiness potential (350ms before Libet's conscious will time "W" appears) with the early stage of the two-stage model, when alternative possibilities are being generated, in part at random. The early stage may be delegated to the subconscious, which is capable of considering multiple alternatives (William James' "blooming, buzzing confusion") that would congest the single stream of consciousness.

Alfred Mele, in his 2009 book Effective Intentions, the Power of Conscious Will, criticized the interpretation of the Libet results on two grounds. First, the mere appearance of the RP a half-second or more before the action in no way makes the RP the cause of the action. It may simply mark the beginning of forming an intention to act. In our two-stage model, it is the considering of possible options.


Libet himself argued that there is enough time after the W moment (a window of opportunity) to veto the action, but Mele's second criticism points out that such examples of "free won't" would not be captured in Libet experiments, because the recording device is triggered by the action (typically flicking the wrist) itself.


Thus, although all Libet experiments ended with the wrist flicking, we are not justified in assuming that the rise of the RP (well before the moment of conscious will) is a cause of the wrist flicking. Libet knew that there were very likely other times when the RP rose, but which did not lead to a flick of the wrist.



In the August 2102 Proceedings of the National Academy of Sciences, the neuroscientist Aaron Schurger and his colleagues challenged the views of thinkers (e.g., Daniel Wegner, Patrick Haggard, John-Dylan Haynes) who claim that the Libet experiments prove that our conscious will and subsequent actions are caused by prior neural activity - the popular view that "my neurons made me do it."  Schurger says:


The premovement buildup of neuronal activity apparent in the RP and the assumption of causality invested in it have become a cornerstone in the study of volition. Notably, Benjamin Libet (9, 15) tried to measure the temporal relationship between the onset of the RP and the feeling of an “urge” to move. The results of Libet et al.’s experiments (9, 15) suggested that the objective neural events in the brain that cause movement precede the urge to move by 300 ms or more. A recent experiment, using Libet’s paradigm, confirms the same preurge buildup at the single-neuron level (16). Such demonstrations have had an unrivaled influence on the prevailing view that movement is initiated preconsciously and the feeling of intending to move is grafted on after the fact.



Many philosophers have called free will "unintelligible" because of the internal contradiction and the presumed simultaneity and identity of free and will. Specifically, they mistakenly have assumed that "free" is a time-independent adjective modifying "will."



A careful examination of ordinary language usage shows that free will is actually a temporal sequence of two opposing concepts - first "free" and then "will."



First comes the consideration of alternative possibilities, which are generated unpredictably by acausal events (simply noise in neural network communications). This free creation of possible thoughts and actions allow one to feel "I can do otherwise." 



Next comes de-liberation and determination by the will, the unfreeing of possibilities into actuality, the decision that directs the tongue or body to speak or act.



After the deliberation of the will, the true sentence "I can do otherwise" can be changed to the past tense and remain true as a "hard fact" in the "fixed past," and written "I could have done otherwise."



Thus we have the temporal sequence which William James saw so clearly well over a century ago, with chance in a present time of random alternatives, leading to a choice which grants consent to one possibility and transforms an equivocal future into an inalterable and simple past.


Free undetermined alternatives are followed by willed, determined choices. As John Locke knew more than three hundred years ago, "free" is an adjective that describes not the will, but the human mind.
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Luck

Luck is an essential part of any discussion of moral responsibility. Some critics have tried to mistakenly make it an objection to libertarian free will.

Since the world contains irreducible chance, many unintended consequences of our actions are out of our control. 


Nevertheless, we are often held responsible for actions that were intended as good, but that had bad consequences. Similarly, we occasionally are praised for actions that were either neutral or possibly blameworthy, but which had good consequences.


In a deterministic world, it is hard to see how we can be held responsible for any of our actions.


Counterintuitively, semicompatibilist philosophers hold that whether determinism or indeterminism is true, we can still have moral responsibility.  


At the other end of the spectrum, some libertarians are critical of any free will model that involves chance, because the apparent randomness of outcomes would make such free will unintelligible. They say it would be a matter of luck. This is the Luck Objection to free will.


Unfortunately, much of what happens in the real world contains a good deal of luck. Luck gives rise to many of the moral dilemmas that lead to moral skepticism. 


Whether determinist, compatibilist, semicompatibilist, or libertarian, it seems unreasonable to hold persons responsible for the unintended consequences of their actions, good or bad. In many moral and legal systems, it the person's intentions that matter first and foremost.


And in any case, actions need not have moral consequences to be free, that would commit the ethical fallacy.


Free will is a prerequisite for responsibility. Whether a free action involves moral responsibility is a question for the ethicists.



To be responsible for our actions, they must have been caused by something within us, they must "depend on us" (the Greeks called this ἐφ ἡμῖν). Modern "agent-causal" theorists demand that something in the agent's mind - perhaps a uniquely mental substance - gives us the power to cause our actions.

In our Cogito model, responsibility comes from an adequately (statistically) determined will choosing from among randomly generated alternative possibilities. 


But to the extent that the alternative possibilities included randomly generated ones that allowed us to do novel good things, can we properly take credit for them if luck played some role in their generation?


And when we admit some indeterminism into our decision, by flipping a mental coin, can we take responsibility for whichever choice we have made at random?


Four modern philosophers have grappled with the problem of "Moral Luck." They include Thomas Nagel, Bernard Williams, and Alfred Mele, and Nicholas Rescher.



The Luck Objection


Luck is only a problem for moral responsibility. Some critics have mistakenly made it an objection to libertarian free will.

Since the world contains irreducible chance, many unintended consequences of our actions are out of our control. 


Unfortunately, much of what happens in the real world contains a good deal of luck. Luck gives rise to many of the moral dilemmas that lead to moral skepticism. 


Whether determinist, compatibilist, semicompatibilist, or libertarian, it seems unreasonable to hold persons responsible for the unintended consequences of their actions, good or bad. In many moral and legal systems, it the person's intentions that matter first and foremost.


Nevertheless, we are often held responsible for actions that were intended as good, but that had bad consequences. Similarly, we occasionally are praised for actions that were either neutral or possibly blameworthy, but which had good consequences.



Some thinkers are critical of any free will model that involves chance, because the apparent randomness of decisions would make such free will unintelligible. They say our actions would be a matter of luck. This is the Luck Objection to free will.


Thomas Nagel on Moral Luck


In his 1979 essay "Moral Luck," Nagel is pessimistic about finding morally responsible agents in a world that views agents externally, reducing them to happenings, to sequences of events, following natural laws, whether deterministic or indeterministic. Free will and moral responsibility seem to be mere illusions.
   
   Moral judgment of a person is judgment not of what happens to him, but of him.  It does not say merely that a certain event or state of affairs is fortunate or unfortunate or even terrible. It is not an evaluation of a state of the world, or of an individual as part of the world. We are not thinking just that it would be better if he were different, or did not exist, or had not done some of the things he has done. We are judging him, rather than his existence or characteristics. The effect of concentrating on the influence of what is not under his control is to make this responsible self seem to disappear, swallowed up by the order of mere events.

What, however, do we have in mind that a person, must be to be the object of these moral attitudes? While the concept of agency is easily undermined, it is very difficult to give it a
positive characterization. That is familiar from the literature on Free Will.


We cannot simply take an external evaluative view of ourselves - of what we most essentially are and what we do. And this remains true even when we have seen that we are not responsible for our own existence, or our nature, or the choices we have to make, or the circumstances that give our acts the consequences they have. Those acts remain ours and we remain ourselves, despite the persuasiveness of the reasons that seem to argue us out of existence.


It is this internal view that we extend to others in moral judgment - when we judge them rather than their desirability or utility. We extend to others the refusal to limit ourselves to external evaluation, and we accord to them selves like our own. But in both cases this comes up against the brutal inclusion of humans and everything about them in a world from which they cannot be separated and of which they are nothing but contents. The external view forces itself on us at the same time that we resist it. One way this occurs is through the gradual erosion of what we do by the subtraction of what happens.


The inclusion of consequences in the conception of what we have done is an acknowledgment that we are parts of the world, but the paradoxical character of moral luck which emerges from this acknowledgment shows that we are unable to operate with such a view, for it leaves us with no one to be. 


The same thing is revealed in the appearance that determinism obliterates responsibility. Once we see an aspect of what we or someone else does as something that happens, we lose our grip on the idea that it has been done and that we can judge the doer and not just the happening. This explains why the absence of determinism is no more hospitable to the concept of agency than is its presence — a point that has been noticed often. Either way the act is viewed externally, as part of the course of events.


The problem of moral luck cannot be understood without an account of the internal conception of agency and its special connection with the moral attitudes as opposed to other types of value. I do not have such an account. The degree to which the problem has a solution can be determined only by seeing whether in some degree the incompatibility between this conception and the various ways in which we do not control what we do is only apparent. I have nothing to offer on that topic either. But it is not enough to say merely that our basic moral attitudes toward ourselves and others are determined by what is actual; for they are also threatened by the sources of that actuality, and by the external view of action which forces itself on us when we see how everything we do belongs to a world that we have not created.

 (Moral Luck, reprinted in Mortal Questions, Cambridge, 1979, p.37-38)

  




Nagel presents the standard two-part argument against free will
Bernard Williams on Moral Luck


I entirely agree with [Nagel] that the involvement of morality with luck is not something that can simply be accepted without calling our moral conceptions into question. That was part of my original point; I have tried to state it more directly in the present version of this paper. A difference between Nagel and myself is that I am more sceptical about our moral conceptions than he is.

Scepticism about the freedom of morality from luck cannot leave the concept of morality where it was, any more than it can remain undisturbed by scepticism about the very closely related image we have of there being a moral order, within which our actions have a significance which may not be accorded to them by mere social recognition. These forms of scepticism will leave us with a concept of morality, but one less important, certainly, than ours is usually taken to be; and that will not be ours, since one thing that is particularly important about ours is how important it is taken to be.


Alfred Mele on Luck and Free Will

Mele says there is a problem about luck for Libertarians 
 
Agents' control is the yardstick by which the bearing of luck on their freedom and moral responsibility is measured. When luck (good or bad) is problematic, that is because it seems significantly to impede agents' control over themselves or to highlight important gaps or shortcomings in such control. It may seem that to the extent that it is causally open whether or not, for example, an agent intends in accordance with his considered judgment about what it is best to do, he lacks some control over what he intends, and it may be claimed that a positive deterministic connection between considered best judgment and intention would be more conducive to freedom and moral responsibility.

This last claim will be regarded as a nonstarter by anyone who holds that freedom and moral responsibility require agential control and that determinism is incompatible with such control. Sometimes it is claimed that agents do not control anything at all if determinism is true. That claim is false. 


As soon as any agent...judges it best to A, objective probabilities for the various decisions open to the agent are set, and the probability of a decision to A is very high. Larger probabilities get a correspondingly larger segment of a tiny indeterministic neural roulette wheel in the agent's head than do smaller probabilities. A tiny neural ball bounces along the wheel; its landing in a particular segment is the agent's making the corresponding decision. When the ball lands in the segment for a decision to A, its doing so is not just a matter of luck. After all, the design is such that the probability of that happening is very high. But the ball's landing there is partly a matter of luck. 


All libertarians who hold that A's being a free action depends on its being the case that, at the time, the agent was able to do otherwise freely then should tell us what it could possibly be about an agent who freely A-ed at t in virtue of which it is true that, in another world with the same past and laws of nature, he freely does something else at t. Of course, they can say that the answer is "free will." But what they need to explain then is how free will, as they understand it, can be a feature of agents — or, more fully, how this can be so where free will, on their account of it, really does answer the question. To do this, of course, they must provide an account of free will — one that can be tested for adequacy in this connection.

(Free Will and Luck, p.7-9)
  


Free will is a prerequisite for responsibility. Whether a free action involves moral responsibility is a question for the ethicists.




But in any case, to the extent that luck is involved in an agent's free actions, that is a problem for moral responsibility.





For Scholars
Bernard Williams - Moral Luck
Chapter 2 of Moral Luck, Cambridge, 1981, p.20-39
    There has been a strain of philosophical thought which identifies the end of life as happiness, happiness as reflective tranquillity, and tranquillity as the product of self-sufficiency — what is not in the domain of the self is not in its control, and so is subject to luck and the contingent enemies of tranquillity. The most extreme versions of this outlook in the Western tradition are certain doctrines of classical antiquity, though it is a notable fact about them that while the good man, the sage, was immune to the impact of incident luck, it was a matter of what may be called constitutive luck that one was a sage, or capable of becoming one: for the many and vulgar this was not (on the prevailing view) an available course.

The idea that one's whole life can in some such way be rendered immune to luck has perhaps rarely prevailed since (it did not prevail, for instance, in mainstream Christianity), but its place has been taken by the still powerfully influential idea that there is one basic form of value, moral value, which is immune to luck and — in the crucial term of the idea's most rigorous exponent —'unconditioned'. Both the disposition to correct moral judgment, and the objects of such judgment, are on this view free from external contingency, for both are, in their related ways, the product of the unconditioned will. Anything which is the product of happy or unhappy contingency is no proper object of moral assessment, and no proper determinant of it, either.1 just as, in the realm of character, it is motive that counts, not style, or powers, or endowment, so in action it is not changes actually effected in the world, but intention. With these considerations there is supposed to disappear even that constitutive luck from which the ancient sages were happy to benefit. The capacity for moral agency is supposedly present to any rational agent whatsoever, to anyone for whom the question can even present itself. The successful moral life, removed from considerations of birth, lucky upbringing, or indeed of the incomprehensible Grace of a non-Pelagian God, is presented as a career open not merely to the talents, but to a talent which all rational beings necessarily possess in the same degree. Such a conception has an ultimate form of justice at its heart, and that is its allure. Kantianism is only superficially repulsive — despite appearances, it offers an inducement, solace to a sense of the world's unfairness.
   

It can offer that solace, however, only if something more is granted. Even if moral value were radically unconditioned by luck, that would not be very significant if moral value were merely one kind of value among others. Rather, moral value has to possess some special, indeed supreme, kind of dignity or importance. The thought that there is a kind of value which is, unlike others, accessible to all rational agents, offers little encouragement if that kind of value is merely a last resort, the doss-house of the spirit. Rather, it must have a claim on one's most fundamental concerns as a rational agent, and in one's recognition of that one is supposed to grasp, not only morality's immunity to luck, but one's own partial immunity to luck through morality.


Any conception of 'moral luck', on this view, is radically incoherent. The phrase indeed sounds strange. This is because the Kantian conception embodies, in a very pure form, something which is basic to our ideas of morality. Yet the aim of making morality immune to luck is bound to be disappointed. The form of this point which is most familiar, from discussions of freewill, is that the dispositions of morality, however far back they are placed in the direction of motive and intention, are as 'conditioned' as anything else. However, the bitter truth (I take it to be both) that morality is subject, after all, to constitutive luck is not what I am going to discuss. The Kantian conception links, and affects, a range of notions: morality, rationality, justification, and ultimate or supreme value. The linkage between those notions, under the Kantian conception, has a number of consequences for the agent's reflective assessment of his own actions — for instance, that, at the ultimate and most important level, it cannot be a matter of luck whether he was justified in doing what he did.


It is this area that I want to consider. I shall in fact say very little until the end about the moral, concentrating rather on ideas of rational justification. This is the right place to start, I believe, since almost everyone has some commitment to ideas of this kind about rationality ,and justification, while they may be disposed to think, so far as morality is concerned, that all that is in question is the pure Kantian conception, and that conception merely represents an obsessional exaggeration. But it is not merely that, nor is the Kantian attempt to escape luck an arbitrary enterprise. The attempt is so intimate to our notion of morality, in fact, that its failure may rather make us consider whether we should not give up that notion altogether.


I shall use the notion of 'luck' generously, undefinedly, but, I think, comprehensibly. It will be clear that when I say of something that it is a matter of luck, this is not meant to carry any implication that it is uncaused. My procedure in general will be to invite reflection about how to think and feel about some rather less usual situations, in the light of an appeal to how we — many people — tend to think and feel about other more usual situations, not in terms of substantive moral 'opinions' or 'intuitions' but in terms of the experience of those kinds of situation. There is no suggestion that it is impossible for human beings to lack these feelings and experiences. In the case of the less usual there is only the claim that the thoughts and experiences I consider are possible, coherent, and intelligible, and that there is no ground for condemning them as irrational. In the case of the more usual, there are suggestions, with the outline of a reason for them, that unless we were to be merely confused or unreflective, life without these experiences would involve a much vaster reconstruction of our sentiments and our view of ourselves than may be supposed — supposed, in particular, by those philosophers who discuss these matters as though our experience of our own agency and the sense of our regrets not only could be tidied up to accord with a very simple image of rationality, but already had been.


Let us take first an outline example of the creative artist who turns away from definite and pressing human claims on him in order to live a life in which, as he supposes, he can pursue his art. Without feeling that we are limited by any historical facts, let us call him Gauguin. Gauguin might have been a man who was not at all interested in the
claims on him, and simply preferred to live another life, and from that life, and perhaps from that preference, his best paintings came. That sort of case, in which the claims of others simply have no hold on the agent, is not what concerns me here, though it serves to remind us of something related to the present concerns, that while we are sometimes guided by the notion that it would be the best of worlds in which morality were universally respected and all men were of a disposition to affirm it, we have in fact deep and persistent reasons to be grateful that that is not the world we have.


Let us take, rather, a Gauguin who is concerned about these claims and what is involved in their being neglected (we may suppose this to be grim), and that he nevertheless, in the face of that, opts for the other life. This other life he might perhaps not see very determinately under the category of realising his gifts as a painter, but, to make things simpler, let us add that he does see it determinately in that light — it is as a life which will enable him really to be a painter that he opts for it. It will then be clearer what will count for him as eventual success in his project — at least, some possible outcomes will be clear examples of success (which does not  have to be the same thing as recognition), however many others may be unclear.


Whether he will succeed cannot, in the nature of the case, be foreseen. We are not dealing here with the removal of an external obstacle to something which, once that is removed, will fairly predictably go through. Gauguin, in our story, is putting a great deal on a possibility which has not unequivocally declared itself. I want to explore and uphold the claim that in such a situation the only thing that will justify his choice will be success itself. If he fails — and we shall come shortly to what, more precisely, failure may be — then he did the wrong thing, not just in the sense in which that platitudinously follows, but in the sense that having done the wrong thing in those circumstances he has no basis for the thought that he was justified in acting as he did. If he succeeds, he does have a basis for that thought.


As I have already indicated, I will leave to the end the question of how such notions of justification fit in with distinctively moral ideas. One should be warned already, however, that, even if Gauguin can be ultimately justified, that need not provide him with any way of justifying himself to others, or at least to all others. Thus he may have no way of bringing it about that those who suffer from his decision will have no justified ground of reproach. Even if he succeeds, he will not acquire a right that they accept what he has to say; if he fails, he will not even have anything to say.


The justification, if there is to be one, will be essentially retrospective. Gauguin could not do something which is thought to be essential to rationality and to the notion of justification itself, which is that one should be in a position to apply the justifying considerations at the time of the choice and in advance of knowing whether one was right (in the sense of its coming out right). How this can be in general will form a major part of the discussion. I do not want, at this stage of the argument, to lay much weight on the notion of morality, but it may help to throw some light on the matter of prior justification if we bring in briefly the narrower question whether there could be a prior justification for Gauguin's choice in terms of moral rules.


A moral theorist, recognizing that some value attached to the success of Gauguin's project and hence possibly to his choice, might try to accommodate that choice within a framework of moral rules, by forming a subsidiary rule which could, before the outcome, justify that choice What could that rule be? It could not be that one is morally justified in deciding to neglect other claims if one is a great creative artist: apart from doubts about its content, the saving clause begs the question which at the relevant time one is in no position to answer. On the other hand, '...If one is convinced that one is a great creative artist' will serve to make obstinacy and fatuous self-delusion conditions of justification, while '...if one is reasonably convinced that one is a great creative artist' is, if anything, worse. What is reasonable conviction supposed to be in such a case? Should Gauguin consult professors of art? The absurdity of such riders surely expresses an absurdity in the whole enterprise of trying to find a place for such cases within the rules.


Utilitarian formulations are not going to contribute any more to understanding these situations than do formulations in terms of rules. They can offer the thought 'it is better (worse) that he did it', where the force of that is, approximately, 'it is better (worse) that it happened', but this in itself does not help towards a characterization of the agent's decision or its possible justification, and Utilitarianism has no special materials of -its own to help in that. It has its own well-known problems, too, in spelling out the content of the 'better' - on standard doctrine, Gauguin's decision, would seem to have been a better thing, the more popular a painter he eventually became. But there is something more interesting than that kind of difficulty. The Utilitarian perspective, not uniquely but clearly, will miss a very important dimension of such cases, the question of what 'failure' may relevantly be From the perspective of consequences, the goods or benefits for the sake of which Gauguin's choice was made either materialise in some degree, or do not materialise. But it matters considerably to the thoughts we are considering, in what way the project fails to come off, if it fails If Gauguin sustains some injury on the way to Tahiti which prevents his ever painting again, that certainly means that his decision (supposing it now to be irreversible) was for nothing, and indeed there is nothing in the outcome to set against the other people's loss. But that train of events does not provoke the thought in question, that after all he was wrong and unjustified. He does not, and never will, know whether he was wrong. What would prove him wrong in his project would not just be that it failed, but that he failed.


This distinction shows that while Gauguin's justification is in some ways a matter of luck, it is not equally a matter of all kinds of, luck. It matters how intrinsic the cause of failure is to the project itself. The occurrence of an injury is, relative to these undertakings at least, luck of the most external and incident kind. Irreducibly, luck of this kind affects whether he will be justified or not, since if it strikes, he will not be justified. Out it is too external for it to unjustify him, something which only his failure as a painter can do; yet still that is, at another level, luck, the luck of being able to be as he hoped he might be. It might be wondered whether that is luck at all, or, if so, whether it may not be luck of that constitutive kind which affects everything and which we have already left on one side. But it is more than that. It is not merely luck that he is such a man, but luck relative to the deliberations that went into his decision, that he turns out to be such a man: he might (epistemically) not have been. That is what sets the problem.


In some cases, though perhaps not in Gauguin's, success in such decisions might be thought not to be a matter of epistemic luck relative to the decision. There might be grounds for saying that the person who was prepared to take the decision, and was in fact right, actually knew that he would succeed, however subjectively uncertain he may have been. But even if this is right for some cases, it does not help with the problems of retrospective justification. For the concept of knowledge here is itself applied retrospectively, and while there is nothing wrong with that, it does not enable the agent at the time of his decision to make any distinctions he could not already make. As one might say, even if it did turn out in such a case that the agent did know, it was still luck, relative to the considerations available to him at the time and at the level at which he made his decision, that he should turn out to have known.


Some luck, in a decision of Gauguin's kind, is extrinsic to his project, some intrinsic; both are necessary for success, and hence for actual justification, but only the latter relates to unjustification. If we now broaden the range of cases slightly, we shall be able to see more clearly the notion of intrinsic luck. In Gauguin's case the nature of the project is such that two distinctions do, roughly, coincide. One is a distinction between luck intrinsic to the project, and luck extrinsic to it; the other is a distinction between what is, and what is not, determined by him and by what he is) The intrinsic luck in Gauguin's case concentrates itself on virtually the one question of whether he is a genuinely gifted painter who can succeed in doing genuinely valuable work. Not all the conditions of the project's coming off lie in him, obviously, since others' actions and refrainings provide many necessary conditions of its coming off — and that is an important locus of extrinsic luck. But the conditions of its coming off which are relevant to unjustification, the locus of intrinsic luck, largely lie in him — which is of to say, of course, that they depend on his will, though some may. This rough coincidence of two distinctions is a feature of this case. But in others, the locus of intrinsic luck (intrinsic, that is to say, to the project) may lie partly outside the agent, and this is an important, and indeed the more typical, case.


Consider an equally schematized account of another example, that of Anna Karenina. Anna remains conscious in her life with Vronsky of the cost exacted  from others, above all from her son. She might have lived with that consciousness, we may suppose, if things had gone better, and relative to her state of understanding when she left Karenin, they could have gone better. As it turns out, the social situation and her own state of mind are such that the relationship with Vronsky has to carry too much weight, and the more obvious that becomes, the more it has to carry; and that I take that to be a truth not only about society but about her and Vronsky, a truth which, however inevitable Tolstoy ultimately makes it seem, could, relative to her earlier thoughts, have been otherwise. It is, in the present terms, a matter of intrinsic luck, and a failure in the heart of her project. But its locus is not by any means entirely in her; for it also lies in him.


It would have been an intrinsic failure, also, if Vronsky had actually committed suicide. It would not have been that, but rather an extrinsic misfortune, if Vronsky has been accidentally killed. Though her project would have been at an end, it would not have failed as it does fail. This difference illustrates precisely the thoughts we are concerned with. If Anna had then committed suicide, her thought might have been something like: 'there is nothing more for me'. But I take it that as things are, her thought in killing herself is not just that, but relates inescapably also to the past and to what she. has done. What she did, she now finds insupportable, because she could have been justified only by the life she hoped for, and those hopes were not just negated, but refuted, by what happened.


It is such thoughts that I want to place in a structure which will make their sense plainer. The discussion is not in the first place directed to what we or others might say or think of these agents (though it has implications for that), but on what they can be expected coherently to think about themselves. A notion we shall be bound to use in describing their state of mind is regret, and there are certain things that need, first, to be said about this notion.


The constitutive thought of regret in general is something like 'how much better if it had been otherwise', and the feeling can in principle apply to anything of which one can form some conception of how it might have been otherwise, together with consciousness- of how things would then have been better. In this general sense of regret, what are regretted are states of affairs, and they can be regretted, in principle, by anyone who knows of them. But there is a particularly important species of regret, which I shall call 'agent-regret', which a person can feel only towards his own past actions (or, at most, actions in which he regards himself as a participant). In this case, the supposed possible difference is that one might have acted otherwise, and the focus of the regret is on that possibility, the thought being formed in part by first-personal conceptions of how one might have acted otherwise. 'Agent-regret' is not distinguished from regret in general solely or simply in virtue of its subject-matter. There can be cases of regret directed to one's own past actions which are not cases of agent-regret, because the past action is regarded purely externally, as one might regard anyone else's action. Agent-regret requires not merely a first-personal subject-matter, nor yet merely a particular kind of psychological content, but also a particular kind of expression.


The sentiment of agent-regret is by no means restricted to voluntary agency. It can extend far beyond what one intentionally did to almost anything for which one was causally responsible in virtue of something one intentionally did. Yet even at deeply accidental or non-voluntary levels of agency, sentiments of agent-regret are different from regret in general, such as might be felt by a spectator, and are acknowledged in our practice as being different. The lorry driver who, through no fault of his, runs over a child, will feel differently from any spectator, even a spectator next to him in the cab, except perhaps to the extent that the spectator takes on the thought that he himself might have prevented it, an agent's thought. Doubtless, and rightly, people will try, in comforting him, to move the driver from this state of feeling, move him indeed from where he is to something more like the place of a spectator, but it is important that this is seen as something that should need to be done, and indeed some doubt would be felt about it driver who too blandly or readily moved to that posltion. We feel sorry for the driver, but that sentiment co-exists with, indeed presupposes, that there is something special about his relation to this happening, something which cannot merely be eliminated by the consideration that it was not his fault. It may be still more so in cases whore agency is fuller than in such an accident, though still involuntary through ignorance.


The differences between agent-regret and regret felt by a spectator come out not just in thoughts and images that enter into the sentiment, but in differences of expression. The lorry-driver may act in some way which he hopes will constitute or at least symbolise some kind of recompense or restitution, and this will be an expression of his agent-regret. But the willingness to give compensation, even the recognition that one should give it, does not always express agent-regret, and the preparedness to compensate can present itself -at very different levels of significance in these connexions. We may recognize the need to pay compensation for damage we involuntarily cause, and yet this recognition be of an external kind, accompanied only by regret of a general kind, or by no regret at all. It may merely be that it would be unfair for the sufferer to bear the cost if there is an alternative, and there is an alternative to be found in the agent whose intentional activities produced the damage as a side-effect.


In these cases, the relevant consciousness of having done the harmful thing is basically that of its having happened as a consequence of one's acts, together with the thought that the cost of its happening can in the circumstances fairly be allocated to one's account. A test of whether that is an agent's state of mind in acknowledging that he should compensate is offered by the question whether from this point of view insurance cover would do at least as well. Imagine the premiums already paid (by someone else, we might add, if that helps to clarify the test): then if knowledge that the victim received insurance payments would settle any unease the agent feels, then it is for him an external case. It is an obvious and welcome consequence of this test that whether an agent can acceptably regard a given case externally is a function not only of his relations to it, but of what sort of case it is — besides the question of whether he should compensate rather than the insurance company, there is the question whether it is the sort of loss that can be compensated at all by insurance. If it is not, an agent conscious that he was unintentionally responsible for it might still feel that he should do something, not necessarily because he could actually compensate where insurance money could not, but because (if he is lucky) his actions might have some reparative significance other than compensation.


In other cases, again, there is no room for any appropriate action at all. Then only the desire to make reparation remains, with the painful consciousness that nothing can be done about it; some other action, perhaps less directed to the victims, may come to express this. What degree of such feeling is appropriate, and what attempts at reparative action or substitutes for it, are questions for particular cases, and that there is room in the area for irrational and self-punitive excess, no one is likely to deny. But equally it would be a kind of insanity never to experience sentiments of this kind towards anyone, and it would be an insane concept of rationality which insisted that a rational person never would. To insist on such a conception of rationality, moreover, would, apart from other kinds of absurdity, suggest a large falsehood: that we might, if we conducted ourselves clear-headedly enough, entirely detach ourselves from the unintentional aspects of our actions, relegating their costs to, so to speak, the insurance fund, and yet still retain our identity and character as agents. One's history as an agent
is a web in which anything that is the product of the will is surrounded and held up and partly formed by things that are not, in such a way that reflection can go only in one of two directions: either in the direction of saying that responsible agency is a fairly superficial concept, which has a limited use in harmonizing what happens, or else that it is not a superficial concept, but that it cannot ultimately be purified — if one attaches importance to the sense of what one is in terms of what one has done and what in the world one is responsible for, one must accept much that makes its claim on that sense solely in virtue of its being actual.2


The examples of Gauguin and Anna Karenina are, of course, cases of voluntary agency, but they share something with the involuntary cases just mentioned, for the 'luck' of the agents relates to those elements which are essential to the outcome but lie outside their control, and what we are discussing is in this way a very drastic example of determination by the actual, the determination of the agents' judgments on their decisions by what, beyond their will, actually occur. Besides that, the discussion of agent-regret about the involuntary also helps us to get away from a dichotomy which is often relied on in these matters, expressed in such terms as regret and remorse, where 'regret' is identified in effect as the regret of the spectator, while 'remorse' is what we have called 'agent-regret', but under the restriction that it applies only to the voluntary. The fact that we have agent-regret about the involuntary, and would not readily recognize a life without it (though we may think we might), shows already that there is something wrong with this dichotomy: such regret is neither mere spectator's regret, nor (by this definition) remorse.


There is a difference between agent-regret as we have so far discussed it, and the agents' feelings in the present cases. As we elicited it from the non-voluntary examples, agent-regret involved a wish on the agent's part that he had not done it. He deeply wishes that he had made that change which, had he known it, was in his power and which would have altered the outcome. But Gauguin or Anna Karenina, as we have represented them, wish they had acted otherwise only if they are unsuccessful. (At least, that wish attends their unsuccess under the simplifying assumption that their subsequent thoughts and feelings are still essentially formed by the projects we have ascribed to them. This is an oversimplication, since evidently they might form new projects in the course of unsuccess itself; though Anna did not. I shall sustain the assumption in what follows.) Whatever feelings these agents had after their decision, but before the declaration of their success or failure, lacked the fully-developed wish to have acted otherwise — that wish comes only when failure is declared.


Regret necessarily involves a wish that things had, been otherwise, for instance that one had not had to act as one did. But it does not necessarily involve the wish, all things taken together, that one had acted otherwise. An example of this, largely independent of the present issues, is offered by the cases of conflict between two courses of action each of which is morally required, where either course of action, even if it is judged to be for the best, leaves regrets — which are, in our present terms, agent-regrets about something voluntarily done.3 We should not entirely assimilate agent-regret and the wish, all things taken together, to have acted otherwise. We must now look at some connexions of these to each other, and to certain ideas of justification. This will add the last element to our attempt to characterize our cases.

   


It will be helpful to contrast our cases with more straightforward cases of practical deliberation and the types of retrospective reflexion appropriate to them. We may take first the simplest cases of pure egoistic deliberation, where not only is the agent's attention confined to egoistic projects, but moral critics would agree that it is legitimately so confined. Here, in one sense the agent does not have to justify his deliberative processes, since there is no one he is answerable to, but it is usually supposed that there is some sense in which even such an agent's deliberative processes can be justified or unjustified — the sense, that is, in which his decision can be reasonable or unreasonable relative to his situation, whatever its actual outcome. Considerations bearing on this include at least the consistency of his thoughts, the rational assessment of probabilities, and the optimal ordering of actions in time.4


While the language of justification is used in this connexion, it is less clear than is usually assumed what its content is, and, in particular, what the point is of an agent's being retrospectively concerned with the rationality of his decision, and not just with its success. How are we to understand the retrospective thought of one who comes to see a mismatch between his deliberations and the outcome? If he deliberates badly, and as a result of this his projects go wrong, it is easy to see in that case how his regret at the outcome appropriately attaches itself to his deliberations. But if he deliberates well, and things go wrong; particularly if, as sometimes happens, they would have gone better if he had deliberated worse; what is the consciousness that he was `justified' supposed to do for the disposition of his undoubted regret about how things actually turned out? His thought that he was justified seems to carry with it something like this: while he is sorry that things turned out as they did, and, in a sense corresponding to that, he wishes he had acted otherwise, at the same time he does not wish he had acted otherwise, for he stands by the processes of rational deliberation which led to what he did. Similarly with the converse phenomenon, where having made and too late discovered some mistake of deliberation, the agent is by luck successful, and indeed would have been less successful if he had done anything else. Here his gladness that he acted as he did (his lack of a wish to have acted otherwise) operates at a level at which it is compatible with such feelings as self-reproach or retrospective alarm at having acted as he did.


These observations are truisms, but it remains obscure what their real content is. Little is effected by talk of self-reproach or regret at all, still less of co-existent regret and contentment, unless some expression of such sentiments can be identified. Certainly it is not to be identified in this case with any disposition to compensate other persons, for none is affected. Connected with that, criticism by other persons would be on a different basis from criticism offered where they had a grievance, as in a case where an agent risks goods of which he is a trustee, through error, oversight, or (interestingly) merely through the choice of a high-risk strategy to which he would be perfectly entitled if he were acting solely in his own interests. The trustee is not entitled to gamble with the infants' money even if any profits will certainly go to the infants, and success itself will not remove, or start to remove, that objection. That sort of criticism is of course not appropriate in the purely egoistic case, and in fact there is no reason to think that criticism by others is more than a consequential consideration in the egoistic case, derived from others' recommendation of the virtues of rational prudence, which need to be explained first.


Granted that there is no issue of compensation to others in the purely egoistic case, the form of expression of regret seems necessarily to be, as Richards has said, 5 the agent's resolutions for his future deliberations. His regrets about his deliberations express themselves as resolves to think better next time, satisfaction with the deliberation, however disappointing the particular outcome, expresses itself in this, that he finds nothing to be learned from the case, and is sure that he will have no better chance of success (at a given level of pay-off) next time by changing his procedures. If this is right, then the notions of regret or lack of regret at the past level of deliberative excellence makes sense only in the context of a policy or disposition of rational deliberation applied to an on-going class of cases.

   

This is a modest enough conception — it is important to see how modest it is. It implies a class of cases sufficiently similar for deliberative practices to be translated from one to another of them; it does not imply that these cases are all conjointly the subject of deliberative reasoning.I may make a reasoned choice between alternatives of a certain kind today, and, having seen how it turns out, resolve to deal rather differently with the next choice of that kind, but I need not either engage in or resolve to engage in any deliberative reasoning which weighs the options of more than one such occasion together.6

Insofar as the outcomes of different such situations affect one another, there is indeed pressure to say that rational deliberation should in principle consider them together. But if one knew enough, virtually any choice would be seen to affect all later ones, so it has seemed to some that the ideal limit of this process is something which is far more ambitious than the modest notion of an ongoing disposition to rational deliberation. This is the model of rational deliberation as directed to a life-plan, in Rawls' sense, which treats all times of one's life as of equal concern to one.7 The theorists of this picture agree that as a matter of fact ignorance and other factors do usually make it rational to discount over remoteness in time, but these are subsequent considerations brought to a model which is that of one's life as a rectangle, so to speak, presented all at once and to be optimally filled in. This model is presented not only as embodying the ideal fulfilment of a rational urge to harmonize all one's projects. It is also supposed to ,provide a special grounding for the idea that a more fundamental form of regret is directed to deliberative error than to mere mistake. The regret takes the form of self-reproach, and the idea is that we protect ourselves against reproaches from our future self if we act with deliberative rationality: 'nothing can protect us from the ambiguities and limitations of our knowledge, or guarantee that we find the best alternative  open to us. Acting with deliberative rationality can only ensure that our conduct is above reproach, and that we are responsible to ourselves as one person over time.8 These strains come together in Rawls' advocacy of the guiding principle that a rational individual is always to act so that he need never blame himself no matter how things finally transpire'.9

Rawls seems to regard this injunction as, in a sense, formal, and as not determining how risky or conservative a strategy the agent should adopt, but it is worth remarking that if any grounding for self-reproach about deliberative error is to be found in the notion of the recriminations of one's later self, the injunction will in fact have to be taken in a more materially cautious sense. The grounding relies on an analogy with the responsibility to other persons: I am a trustee for my own future. If this has any force at all, it is hard to see why it does not extend to my being required, like any other 

trustee, to adopt a cautious strategy with the entrusted goods — which are, in this case, almost everything I have.
However that may be, the model that gives rise to the injunction is false. Apart from other difficulties,10 it implicitly ignores the obvious fact that what one does and the sort of life one leads condition one's later desires and judgments. The standpoint of that retrospective judge who will be my later self will be the product of my earlier choices. So there is no set of preferences both fixed and relevant, relative to which the various fillings of my life-space can be compared. If the fillings are to be evaluated by reference to what I variously, in them, want, the relevant preferences are not fixed, while if they are to be evaluated by what I now (for instance) want, this will give a fixed set of preferences, but one that is not necessarily relevant. The recourse from this within the life-space model is to assume (as Utilitarianism does) that there is some currency of satisfactions, in terms of which it is possible to compare quite neutrally the value of one set of preferences together with their fulfilments, as against a quite different set of preferences together with their fulfilments. But there is no reason to suppose that there is any such currency, nor that the idea of practical rationality should implicitly presuppose it.

   


If there is no such currency, then we can only to a limited extent ,abstract from the projects and preferences we actually have, and cannot in principle gain a standpoint from which the alternative fillings of our life-rectangle could be compared without prejudice. The perspective of deliberative choice on one's life is constitutively from here. Correspondingly the perspective of assessment with greater knowledge is necessarily from there, and not only can I not guarantee how factually it will then be, but I cannot ultimately guarantee from what standpoint of assessment my major and most fundamental regrets will be.


For many decisions which are part of the agent's ongoing activity (the 'normal science', so to speak, of the moral life) we can see why it is that the presence or absence of regrets is more basically conditioned by the retrospective view of the deliberative processes, than by the particular outcomes. Oneself and one's viewpoint are more basically identified with the dispositions of rational deliberation, applicable to an ongoing series of decisions, than they are with the particular projects which succeed or fail on those occasions. But there are certain other decisions, as in the cases we are considering, which are not like this. There is indeed some room for the presence and subsequent assessment of deliberative rationality. The agents in our cases might well not be taken as seriously as they would otherwise if they did not, to the limited extent that the situation permits, take such rational thought as they can about the realities of their situation. But this is not the aspect under which they will primarily look back on it, nor is it as a contribution to a series of deliberative situations that it will have its importance for them. Though they will learn from it, it will not be in that way. In these cases, the project in the interests of which the decision is made is one with which the agent is identified in such a way that if it succeeds, his stand-point of assessment will be from a life which then derives an important part of its significance for him from that very fact; if he fails, it can, necessarily, have no such significance in his life. If he succeeds, it cannot be that while welcoming the outcome he more basically regrets the decision. If he fails, his standpoint will be of one for whom the ground project of the decision has proved worthless, and this (under the simplifying assumption that other adequate projects are not generated in the process) must leave him with the most basic regrets. So if he' fails, his most basic regrets will attach to his decision, and if he succeeds, they cannot. That is the sense in which his decision can be justified, for him, by success.


On this account, it is clear that the decisions we are concerned with are not merely very risky ones, or even very risky ones with a substantial outcome. The outcome has to be substantial in a special way — in a way which importantly conditions the agent's sense of what is significant in his life, and hence his standpoint of retrospective assessment. It follows from this that they are, indeed, risky, and in a way which helps to explain the importance for such projects of the difference between extrinsic and intrinsic failure. With an intrinsic failure, the project which generated the decision is revealed as an empty thing, incapable of grounding the agent's life. With extrinsic failure, it is not so revealed, and while he must acknowledge that it has failed, nevertheless it has not been discredited, and may, perhaps in the form of some new aspiration, contribute to making sense of what is left. In his retrospective thought, and its allocation of basic regret, he cannot in the fullest sense identify with his decision, and so does not find himself justified; but he is not totally alienated from it either, cannot just see it as a disastrous error, and so does not find himself unjustified.


What is the relation of all this, finally, to morality? Does it have any very direct relation? Thomas Nagel,11 who agrees that morality is deeply and disquietingly subject to luck, denies that an example such as Gauguin's shows that to be so — rather, it shows that Gauguin's most basic retrospective feelings do not have to be moral.

   


One reason that Nagel gives for this understanding of the matter is that (as I suggested earlier) Gauguin may not be able to justify himself to others, in the sense that they will have no justified grievance. However, this consideration just in itself will not carry great weight unless one makes a strong assumption about the nature of ethical consistency, to the effect that, if someone has acted justifiably from a moral point of view, then no-one can justifiably complain, from that point of view, of his so acting. But this as a general requirement is unrealistically strong, as can be seen from political cases, for instance, in which we can have reason to approve of the outcome, and of the agent's choice to produce that outcome, and of his being an agent who is able to make that choice, while conscious that there has been a 'moral cost'. It is not reasonable, in such a case, to expect those particular people who have been cheated, used or injured to approve of the agent's action, nor should they be subjected to the patronising thought that, while their complaints are not justified in terms of the whole picture, they are too closely involved to be able to see that truth. Their complaints are, indeed, justified, and they may quite properly refuse to accept the agent's justification which the rest of us may properly accept. The idea that there has been a moral cost itself implies that something bad has been done, and, very often, that someone has been wronged, and if the people who have been wronged do not accept the justification, then no-one can demand that they should. It is for them to decide how far they are prepared to adopt the perspective within which the justification counts. This is just one of the ways — the distancing of time is another — in which, if the moral sentiments are to be part of life as it is actually experienced, they cannot be modelled on a view of the world in which every happening and every person is at the same distance.


Our cases are admittedly different from the case of the politician. There, the justifying conditions relate to issues of what we want effected, what system of government we want, what persons we want to work within that system, and those wants may themselves be shaped by what are, in an everyday sense, moral considerations. With the agents in our examples, it is not the same, and there is, moreover, a difference between the examples themselves. If Gauguin's project succeeds, it can yield a good for the world as Anna's success could not. The moral spectator has to consider the fact that he has reason to be glad that Gauguin succeeded, and hence that he tried — or if a particular spectator finds that he has no disposition to be grateful for Gauguin's paintings, or for paintings, then there will be some other case.


It may be said that this merely represents our gratitude that morality does not always prevail — that moral values have been treated as one value among others, not as unquestionably supreme. I think that that misdescribes our relation to this Gauguin, at least, but it is important also to bear in mind the grounds, the scope and the significance of that gratitude, which I mentioned earlier, for the limitations of morality. If the moral were really supreme, it would have to be ubiquitous: like Spinoza's substance, if it were to be genuinely unconditioned, there would have to be nothing to condition it.


That is a demand which, only too familiarly, can extend itself among the feelings. The ultimate justice which the Kantian outlook so compellingly demands requires morality, as immune to luck, to be supreme, and while that does not formally require that there be no other sentiments or attachments, in fact it can, like the Robespierrean government to which Heine compared the Kantian system in general, steadily grow to require a wider conformity of the sentiments. justice requires not merely that something I am should be beyond luck, but that what I most fundamentally am should be so, and, in the light of that, admiration or liking or even enjoyment of the happy manifestations of luck can seem to be treachery to moral worth. That guilty levelling of the sentiments can occur even if one recognizes, as Kant recognized, that there are some things that one is responsible for, and others for which one is not. The final destruction occurs when the Kantian sense of justice is joined to a Utilitarian conception of negative responsibility, and one is left, at any level of importance, only with purely moral motivations and no limit to their application. There is, at the end of that, no life of one's own, except perhaps for some small area, hygienically allotted, of meaningless privacy.


Because that is a genuine pathology of the moral life, the limitation of the moral is itself something morally important. But to regard Gauguin's decision simply as a welcome incursion of the amoral is anyway too limited. It will be adequate only if he is the amoral Gauguin we put aside at the beginning. If he is not, then he is himself open to regrets for what he has done to others, and, if he fails, then those regrets are not only all that he has, but, as I have tried to explain, he no longer even has the perspective within which something else could have been laid against them. That can make a difference to the moral spectator. While he may admire the amoral Gauguin's achievements, and indeed admire him, this other Gauguin is someone who shares the same world of moral concerns. The risk these agents run is a risk within morality, a risk which amoral versions of these agents would not run at all.


The fact that these agents' justifications, if they acquired them, would not properly silence all complaints, does not itself lead to the conclusion that they are not moral justifications. However, perhaps we should, all the same, accept that conclusion. Their moral luck, we should then say, does not lie in acquiring a moral justification. It lies rather in the relation of their life, and of their justification or lack of it, to morality. That relation has to be seen in the first instance in their perspective, one in which, if they fail, there is simply regret. But their life is recognizably part of moral life, and it has a significance for us as well.


There is now, however, a pressing question — how much is being done by the concept of the moral, and how much by this stage of the argument does it matter what happens to it? In reminding ourselves of the significance of luck to the moral life — whether it is constitutive luck, or that which affects the relations of one's decisions to morality, or that which affects merely what one will turn out to have done — we essentially use the concept, because we are working out in reflection from central applications of the concept to question what may be a basic motive for using it at all: 13 the motive of establishing a dimension of decision and assessment which can hope to transcend luck. Once that motive is understood and questioned, it has to be asked once more what the concept is for, and, by the same token, how many other features of it can be taken for granted.

   

Scepticism about the freedom of morality from luck cannot leave the concept of morality where it was, any more than it can remain undisturbed by scepticism about the very closely related image we have of there being a moral order, within which our actions have a significance which may not be accorded to them by mere social recognition. These forms of scepticism will leave us with a concept of morality, but one less important, certainly, than ours is usually taken to be; and that will not be ours, since one thing that is particularly important about ours is how important it is taken to be.



Thomas Nagel - Moral Luck

Alfred Mele - Free Will and Luck





Source: https://www.informationphilosopher.com/freedom/luck.html
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Master Argument of Diodorus Cronus
Diodorus Cronus  was a member (or perhaps a late follower) of the Megarian School, whose arguments about the truth and falsity of statements about the future may have influenced Aristotle.


The so-called "Master Argument" (the κυριεύων or κύριος λόγος) was apparently first formulated by Diodorus, although we do not have his specific argument, because he wrote nothing (or at least nothing that survives). Like Socrates, he preferred talking (the dialectic) to writing. He was known as "The Dialectician."


Epictetus reconstructs the lost Master Argument as a logical contradiction between three propositions.

	every past truth must be necessary
	an impossibility does not follow from a  possibility
	something is possible which neither is nor will be true


Given the first two, it is apparent that the third is false, and we can conclude that nothing is possible which is not true and never will be.


The Master Argument was central in the Hellenistic debates about determinism, as shown by Cicero's descriptions in On Fate. 


For the ancients, and for modern sophists, this is the kind of logical linguistic argument used to prove that motion is impossible, Zeno's famous paradox. It is similar to Parmenides' dialectical proof  that all the atoms must be in contact with one another, because there is a void (viz., nothing) between them.


Fundamentally, the Master Argument is a question abut the ontological status of the possible, the potential (δύναμις), as compared to the actual (ὁ κύριος). Epictetus' third proposition that something that neither is or ever will be is "possible" is just the common sense use of the term possible, phrased in such a way as to make it doubtful. How could something that neither is nor ever will be, be possible?


In his sophistic conclusion, that nothing is possible which is not true and never will be, Diodorus is playing language games with the meaning of "possible," just as modern  compatibilist philosophers like Harry Frankfurt deny the existence of . Clearly, the Master Argument applies to the question of whether we are (or ever were) free to do otherwise. 


Diodorus also argued that the actual is the only possible. He observed that if something in the future is not going to happen, it was therefore true in the past that it would not happen. From this correct observation, he mistakenly claimed that the existence of true statements about the future imply that the future is already determined. 


This is the problem of future contingency, made famous in the example of Aristotle's Sea-Battle in De Interpretatione 9. Aristotle thought statements about the future lack any truth value. They are neither true nor false until the future time when they become true or false.


So a better way out might be to note that Diodorus' first proposition is dependent on the use of "truth," especially supposed "true" statements about the future, and we can reduce the Master Argument to the problem of future contingency.


The assumption that logical arguments and their "truths" are timeless is a misapplication of logic, which in any case cannot tell us much about the physical world.


Modern philosophers like C. W. Rietdijk, Hilary Putnam, J. J. C. Smart, Michael Lockwood, and Michael Levin  like to think that the future is "already out there" in the relativistic space-time continuum of a "tenseless" "block universe." 


Because special relativity can treat time as another dimension, philosophers mistakenly think it must have the properties of space, which is "already there." This is similar to the mistakes of both philosophers and mathematicians about chance. Since random events follow distribution laws, they must be lawful and therefore chance is not real, it is an illusion, like free will.


Modern determinists/compatibilists on free will like to argue that just as the past cannot be changed, so the future cannot be changed. "Change it from what to what?," says Daniel Dennett.


But note that the "truth value" of a statement made in the past can be changed when an event it describes does or does not happen, showing that some aspects of the "fixed past" (i.e., the truth values of past statements) "actually" have some changeability (when their potentials become actual).



Information Philosophy and Master Argument


Thinking about the Master Argument in terms of the growth of information provides the clearest resolution of the problem of future contingency.

Information is not a constant of nature. The cosmic creation process is constantly creating new information.


When information is created, there is always an irreducible chance element since it is quantum processes that form stable new information structures.

Some information about future events does not come into existence until the potential events become actual.

It is at that time that statements about the future acquire their truth values. Aristotle did not think in information terms, but he had the right answer to the Master Argument, one that disturbs modern logical positivists and analytic language philosophers, as shown by Richard Taylor's faux argument for Fatalism in the Psychological Review.


Note that Fatalism is a form of determinism. It is the simple idea that everything is already fated to happen, so that humans have no control over their future. But also note that Fate (personified) has arbitrary power and need not follow any causal or otherwise deterministic laws. It could include the miracles of omnipotent gods, in which case future contingency returns. 


Note further that the gods' omnipotence contradicts the theological assumption that gods are omniscient. They cannot be both. That is a logical contradiction.
   


For Scholars

Epictetus on the Master Argument


Ὁ κυριεύων λόγος ἀπὸ τοιούτων τινῶν ἀφορμῶν ἠρωτῆσθαι φαίνεται: κοινῆς γὰρ οὔσης μάχης τοῖς τρισὶ τούτοις πρὸς ἄλληλα, 

τῷ [τὸ] πᾶν παρεληλυθὸς ἀληθὲς ἀναγκαῖον εἶναι 

καὶ τῷ [ἀ]δυνατῷ ἀδύνατον μὴ ἀκολουθεῖν 

καὶ τῷ [*? δυνατὸν εἶναι ὃ οὔτ᾽ ἔστιν ἀληθὲς οὔτ᾽ ἔσται, 


συνιδὼν τὴν μάχην ταύτην ὁ Διόδωρος τῇ τῶν πρώτων δυεῖν πιθανότητι συνεχρήσατο πρὸς παράστασιν 

τοῦ μηδὲν εἶναι δυνατόν, ὃ οὔτ᾽ ἔστιν ἀληθὲς οὔτ᾽ ἔσται. 


[2] λοιπὸν ὁ μέν τις ταῦτα τηρήσει τῶν δυεῖν, ὅτι ἔστι τέ τι δυνατόν, ὃ οὔτ᾽ ἔστιν ἀληθὲς οὔτ᾽ ἔσται, καὶ δυνατῷ ἀδύνατον οὐκ ἀκολουθεῖ: οὐ πᾶν δὲ παρεληλυθὸς ἀληθὲς ἀναγκαῖόν ἐστιν, καθάπερ οἱ περὶ Κλεάνθην φέρεσθαι δοκοῦσιν, οἷς ἐπὶ πολὺ συνηγόρησεν Ἀντίπατρος. [3] οἱ δὲ τἆλλα δύο, ὅτι δυνατόν τ᾽ ἐστίν, ὃ οὔτ᾽ ἔστιν ἀληθὲς οὔτ᾽ ἔσται, καὶ πᾶν παρεληλυθὸς ἀληθὲς ἀναγκαῖόν ἐστιν, δυνατῷ δ᾽ ἀδύνατον ἀκολουθεῖ. [4] τὰ τρία δ᾽ ἐκεῖνα τηρῆσαι ἀμήχανον διὰ τὸ κοινὴν εἶναι αὐτῶν μάχην.

The argument called the ruling argument (ὁ κυριεύων λόγος） appears to have been proposed from such principles as these: there is in fact a common contradiction between one another in these three propositions, each two being in contradiction to the third. The propositions are, 

that every thing past must of necessity be true; 

that an impossibility does not follow a possibility; 

and that a thing is possible which neither is nor will be true. 


Diodorus observing this contradiction employed the probative force of the first two for the demonstration of this proposition, 

That nothing is possible which is not true and never will be. 


Now another will hold these two: That something is possible. which is neither true nor ever will be: and That an impossibility does not follow a possibility. But he will not allow that every thing which is past is necessarily true, as the followers of Cleanthes seem to think, and Antipater copiously defended them. But others maintain the other two propositions, That a thing is possible which is neither true nor will be true: and That everything which is past is necessarily true; but then they will maintain that an impossibility can follow a possibility. But it is impossible to maintain these three propositions, because of their common contradiction.

 

Epictetus continues:

If then any man should ask me, which of these propositions do you maintain? I will answer him, that I do not know; but I have received this story, that Diodorus maintained one opinion, the followers of Panthoides, I think, and Cleanthes maintained another opinion, and those of Chrysippus a third. What then is your opinion? I was not made for this purpose, to examine the appearances that occur to me, and to compare what others say and to form an opinion of my own on the thing. Therefore I differ not at all from the grammarian. 





Source: https://www.informationphilosopher.com/freedom/master_argument.html
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Modest Libertarianism

"Modest" Libertarianism is the name given to two-stage models of free will by Alfred Mele. 


It might also be called "Adequate" Libertarianism (since it involves adequate determinism) or "Conservative" Libertarianism to contrast it with the "Radical" Libertarianism of Robert Kane, Peter van Inwagen, and other recent event-causal libertarians.

"Modest" Libertarians believe that one's actions are adequately determined by events prior to a decision, including one's character and values, one's feelings and desires, in short, one's reasons and motives. Their model of free will is "reasons responsive."


The role of pure chance, irreducible randomness, or quantum indeterminacy, is limited to generating alternative possibilities for action. Chance events are not direct causes of our thoughts and actions, as radical" libertarians believe. Although chance may be involved in cases of the "liberty of indifference."


"Modest" - or "Adequate" or "Conservative" - Libertarians believe that humans are free from strict physical determinism - or pre-determinism, and all the other diverse forms of determinism. They accept the existence of chance, but believe that if chance were the direct cause of actions, it would preclude control of the agent's actions and deny moral responsibility.


Note that information philosophy and its value theory separate free will from moral responsibilty. 


The existence of free will is a scientific question for physics, biology, and psychology. 
Moral responsibility is a cultural question for sociology and the law. 


Information philosophy also separates responsibility from the ideas of retributive punishment, which is still another social and cultural question.




"Conservative Libertarians" on Free Will would be confused with 
Political Libertarians, so modest or adequate seems more appropriate 


Libertarians in general believe that determinism and freedom are incompatible. Freedom requires some form of indeterminism. But the two-stage models of free will favored by modest libertarians also require determination of the action by the agent's motives and reasons, following deliberation and evaluation of the alternative possibilities for action provided by that indeterminism.

Critics of libertarianism (determinists and compatibilists) attack the view of radical libertarians that chance is the direct cause of actions. If an agent's decisions are not connected in any way with character and other personal properties, they rightly claim that the agent can hardly be held  responsible for them. 


Many determinists and compatibilists now accept the idea that there is real indeterminism in the universe.  Conservative libertarians can agree with them that if indeterministic chance were the direct direct cause of our actions, that would not be freedom with responsibility.


But determinists and compatibilists might also agree that if chance is not a direct cause of our actions, it would do no harm to responsibility. In which case, conservative libertarians should be able to convince some determinists of their position. Galen Strawson agrees that conservative libertarianism is a "kind of freedom that is available" to us.


If chance is limited to providing real alternative possibilities to be considered by the adequately determined will, it provides an intelligible freedom and can explain both  freedom and creativity.


Modest libertarians can give the determinists, at least the compatibilists, the kind of freedom they say they want, one that provides an adequately determined will and actions for which we can take responsibility, actions that are up to us.




Even the current chief spokesman for libertarianism, Robert Kane admits that "radical" libertarian accounts of free will are unintelligible. No coherent idea can be provided for the role of indeterminism and chance, he says. 


But Kane insists that "something more" is needed beyond simple determination of our thoughts and actions by our desires and feelings, our character and values, and our motives and reasons. That something more is not just the adequate freedom, but the creativity that comes with a two-stage model of free will. 



For Teachers

     References:

     
    Dennett, D. C. (1978). Brainstorms : philosophical essays on mind and psychology. Montgomery, Vt., Bradford Books. (see "Giving the Libertarians What They Say They Want.")
     

    Kane, R. (2001). The Oxford Handbook of Free Will. Oxford ; New York, Oxford University Press.
     


For Scholars

 Notes:

1. Clarke, Randolph (2003), Libertarian Accounts of Free Will, p.xiii.


Accounts of free will purport to tell us what is required if we are to be free agents, individuals who, at least sometimes when we act, act freely. Libertarian accounts, of course, include a requirement of indeterminism of one sort or another somewhere in the processes leading to free actions. But while proponents of such views take determinism to preclude free will, indeterminism is widely held to be no more hospitable. An undetermined action,  it is said would be random or arbitrary. It could not be rational or rationally explicable. The agent would lack control over her behavior. At best, indeterminism in the processes leading to our actions would be superfluous, adding nothing of value even if it did not detract from what we want.



2. Honderich, Ted (2002), How Free Are You?, p.5.


"Maybe it should have been called determinism-where-it-matters. It allows that there is or may be some indeterminism but only at what is called the micro-level of our existence, the level of the small particles of our bodies."



3. Searle, John (2004), Freedom and Neurobiology, p.74-75.


"First we know that our experiences of free action contain both indeterminism and rationality...Second we know that quantum indeterminacy is the only form of indeterminism that is indisputably established as a fact of nature...it follows that quantum mechanics must enter into the explanation of consciousness."







Source: https://www.informationphilosopher.com/freedom/modest_libertarianism.html
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Moral Necessity

Moral necessity describes the will being (self) determined by an agent's reasons and motives. 


In the eighteenth-century debates about freedom and necessity (free will versus determinism), many thinkers distinguished a moral necessity from physical necessity and logical necessity. Extreme libertarians insisted on a will that was not determined by reasons or motives, fearing that this implies pre-determinism, which it does not. In two-stage models of free will, indeterminism in the generation of alternative possibilities for action breaks the causal chain of determinism.


Not all the eighteenth century debates, by thinkers such as Samuel Clarke, William King, Anthony Collins, David Hume, and Thomas Reid, clearly distinguished logical, physical, and moral necessity.   



Logical necessity is a property of formal systems, predicate and propositional logic, and mathematics, for example. It is logically necessary that only one of two contradictory statements can be true, and the other false. This is the principle of bivalence or the law of the excluded middle.


Physical necessity is the idea that everything that has ever happened and ever will happen is necessary, and can not be otherwise. Necessity is often opposed to chance and contingency. In a necessary world there is no chance. Everything that happens is necessitated. We usually describe this as physical determinism.


Anthony Collins prefaced his 1717 essay, A Philosophical Inquiry Concerning Human Liberty, with this declaration,


When I affirm Necessity, I contend only for what is called Moral Necessity, meaning thereby, that man, who is an intelligent and sensible being, is determined by his reason and his senses; and I deny man to be subject to such necessity as is in clocks, watches, and such other beings, which for want of sensation and intelligence, are subject to an absolute, physical, or mechanical necessity. And here also I have the concurrence of almost all the greatest asserters of Liberty, who either expressly maintain moral necessity, or the thing signified by those words. 



Actions are determined by reasons, but not necessarily directly by the senses. The senses provide the conditions and context, the stimuli, in which an agent must generate alternative possibilities for action, the responses. If men were reactive machines, the responses would be determined directly by the stimuli.

Samuel Clarke was the greatest defender of Newtonian physics and of natural religion based on Newtonian determinism for the physical universe. But Clarke thought the human mind, like the mind of God, was not physically determined. The immaterial mind has "libertarian free will." He claimed correctly that when the will was necessitated by motives, the "moral necessity" was not in fact, necessity at all (either physical or logical), except that once something is actually done, it is impossible that it not has been done. 


As to the...necessity of the will's being determined by the last judgment of the understanding, this is only a necessity upon supposition, that is to say, a necessity that a man should will a thing, when it is supposed that he does will it; just as if one should affirm that everything which is, is therefore necessary to be, because when it is it cannot but be. It is exactly the same kind of argument as that by which the true church is proved to be infallible, because truth cannot err, and they who are in the right cannot possibly, while they are so, be in the wrong. Thus, whatever a man at any time freely wills or does, it is evident (even upon supposition of the most perfect liberty) that he cannot at that time but will or do it, because it is impossible anything should be willed and not willed, whether it be freely or necessarily, or that it should be done and not done at the same time. The necessity of the will's being determined by the last judgment of the understanding is, I say, only a necessity upon supposition, a necessity that a man should will a thing, when it is supposed that he does will it. For the last judgment of the understanding is nothing else but a man's final determining, after more or less consideration, either to choose or not to choose a thing; that is, it is the very same with the act of volition. Or else, if the act of volition he distinguished from the last judgment of the understanding, then the act of volition, or rather the beginning of action consequent upon the last judgment of the understanding, is not determined or caused by that last judgment as by the physical efficient, but only as the moral motive. For the true, proper, immediate, physical efficient cause of faction is the power of self-motion in men, which exerts itself freely in consequence of the last judgment of the understanding. But the last judgment of the understanding is not itself a physical efficient, but merely a moral motive upon which the physical efficient or motive power begins to act.

The necessity, therefore, by which the power of acting follows the judgment of the understanding is only a moral necessity, that is, no necessity at all in the sense wherein the opposers of liberty understand necessity. For moral necessity is evidently consistent with the most perfect natural liberty. 



Logical philosophers argued that necessity implies actualism, that there is only one possible future, thus only one possible willed action. This is based on an ancient paradox developed by Diodorus Cronus, which claimed that only one of two contradictory statements about the future can be true and the other false. Only one answer to a question about a future event can be true. Either Yes or No. Actualism makes Clarke's "last judgment of the understanding" pre-determined by past events.



Aristotle solved Diodorus' paradox by saying that the truth of statements about the future was contingent on the actual future (although many philosophers, logicians, and mathematicians still have trouble with his conclusion)    

    "A sea battle must either take place tomorrow or not, 
    
but it is not necessary that it should take place tomorrow, 
    
neither is it necessary that it should not take place, 
    
yet it is necessary that it either should or should not 
take place to-morrow." 
(De Interpretatione IX, 19 a 30) 


And Clarke's morally necessitated will has the same contingent status. The priniciple of bivalence and the excluded middle apply to timeless (tenseless) logical propositions, but not to tensed potential empirical facts, before they become actual.


The major founder of Stoicism, Chrysippus, took the edge off strict necessity. Like Democritus, Aristotle, and Epicurus before him, Chrysippus wanted to strengthen the argument for moral responsibility, in particular defending it from Aristotle's and Epicurus's indeterminate chance causes.  Whereas the past is unchangeable, Chrysippus argued that some future events that are possible do not occur by necessity from past external factors alone, but might depend on us. We have a choice to assent or not to assent to an action. 



Later, Leibniz distinguished two forms of necessity, necessary necessity and contingent necessity. This basically distinguished logical necessity from physical (or empirical) necessity.



Chance is regarded as inconsistent with logical determinism and with any limits on causal, physical or mechanical determinism.


Despite abundant evidence to the contrary, many philosophers deny that chance exists. If a single event is determined by chance, then indeterminism would be true, they say, and undermine the very possibility of certain knowledge. Some go to the extreme of saying that chance would make the state of the world totally independent of any earlier states, which is nonsense, but it shows how anxious they are about chance.


Bertrand Russell said "The law of causation, according to which later events can theoretically be predicted by means of earlier events, has often been held to be a priori, a necessity of thought, a category without which science would not be possible." (Russell, External World p.179)  


The core idea of indeterminism is closely related to the idea of causality. Indeterminism for some is simply an event without a cause. But we can have an adequate causality without strict determinism, which implies complete predictability of events and only one possible future. 


An example of an event that is not strictly caused is one that depends on chance, like the flip of a coin. If the outcome is only probable, not certain, then the event can be said to have been caused by the coin flip, but the head or tails result was not predictable. So this causality, which recognizes prior events as causes, is undetermined and the result of chance alone. 


We call this "soft" causality. Events are caused by prior (uncaused) events, but not determined by events earlier in the causal chain, which has been broken by the uncaused cause.


Necessity is critical for the question of free will. Strict necessity implies just one possible future. Chance means that the future is unpredictable. Chance allows alternative futures and the question becomes how the one actual present is realized from these potential alternatives. 


The departure required from strict necessity is very slight compared to the miraculous ideas associated with the "causa sui" (self-caused cause) of the ancients.


Despite David Hume's critical attack on the necessity of causes, many philosophers embrace causality strongly. Some even connect it to the very possibility of logic and reason. And Hume himself strongly, if inconsistently, believed in necessity while denying causality. He said "'tis impossible to admit any medium betwixt chance and necessity."


Even in a world with chance, macroscopic objects are determined to an extraordinary degree. Newton's laws of motion are deterministic enough to send men to the moon and back. Our Cogito model of the Macro Mind is large enough to ignore quantum uncertainty for the purpose of the reasoning will. The neural system is robust enough to insure that mental decisions are reliably transmitted to our limbs. 


We call this kind of determinism, limited as it is in extremely small structures, "adequate determinism."  Determinism is adequate enough for us to predict eclipses for the next thousand years or more with extraordinary precision. 


The presence of quantum uncertainty leads some philosophers to call the world indetermined. But indeterminism is misleading, with strong negative connotations, when most events are overwhelmingly "adequately determined."


There is no problem imagining that the three traditional mental faculties of reason - perception, conception, and comprehension - are for all practical purposes carried on deterministically in a physical brain where quantum events do not interfere with normal operations, unless the agent deliberately seeks to be original and creative.


There is also no problem imagining a role for chance in the brain in the form of quantum level noise.  Noise can introduce random errors into stored memories. Noise could create random associations of ideas during memory recall which are the source of novel ideas.


[Necessity must be limited to its proper use in logic, and disambiguated from its close relatives causality, determinism, certainty, and predictability.]
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Moral Sentiments

The problem of moral responsibility is intimately connected with the problem of free will, especially by modern "new compatibilists" who argue that free will may not exist but moral responsibility still does. Their arguments generally depend on obvious moral human behavior.


The first to use moral behavior to defend a compatibilist view of freedom was probably David Hume. Hume's "naturalism" was an empirical study of human nature. 

Although "Hume the Skeptic" thought that causality could not be proved, "Hume the Naturalist" was a confirmed determinist.


Hume identified "moral sentiments" like praise and blame which arise from our sympathy with others.
Hume's close friend Adam Smith wrote a fine essay on human sympathy called The Theory of Moral Sentiments.



The most important recent thinker to employ the moral sentiments in a defense of moral responsibility was Peter Strawson, who pointed to what he called our "reactive attitudes." 

Whether or not determinism is true, Strawson claimed, we would still feel guilt and pride in our own actions, and see Hume's moral sentiments such as praise and blame appropriate for others who were deserving of being thought responsible for their actions. Strawson called these persons "moral participants."  We react to them with a "participant attitude."


We would have no such feelings for persons obviously incapable of being responsible. These persons we treat objectively, analyzing the reasons for their moral failures. We react to them with an "objective attitude."


For Strawson, the existence of "moral sentiments" and "reactive attitudes" is a sort of existence proof for moral responsibility, independent of the truth or falsity of determinism and free will. 


However, we regard the use of moral behavior as a proof of human freedom as an ethical fallacy.


Even more important, we regard efforts by "naturalists" to use proofs of the non-existence of free will to deny moral responsibility equally fallacious.


These naturalists deny free will to reach their noble goal of eliminating "retributivism," harmful and unproductive punishment of moral misbehavior.  Naturalists say that agents do not "deserve" punishment. Since the agents' actions are determined, they can not be held morally responsible. 


Equating free will with moral responsibility, then using spurious arguments to deny free will, and thus to deny moral responsibility - in order to oppose punishment - is fine humanism, but poor philosophy, and terrible science.
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Mysteries

Many philosophers have attempted to solve the "Mystery of Free Will" by using another mystery. Others have found possible answers in mathematical and physical infinities.


The most popular mysteries are the many quantum mysteries, now that most philosophers admit the possibility that quantum mechanics introduces some real randomness and absolute chance into the universe.


Until recently, no thinker has succeeded in getting past the standard argument that indeterminacy may render our decisions random and thus deny us moral responsibility.


Popular quantum mysteries recruited by philosophers include 

	the uncertainty principle,
	wave-particle duality, 
	the two-slit experiment, 
	non-locality or entanglement, cf. EPR paradox,
	hidden variables,
	superposition of states, cf. Schrodinger's Cat,
	the collapse of the wave function,
	the need for conscious observers,
	complementarity in the Copenhagen interpretation,
	the many-worlds interpretation,
	quantum chaos,
	and quantum gravity.

Peter van Inwagen says that "Free Will Remains a Mystery." Colin McGinn calls himself a "New Mysterian."   

Michael Lockwood says


This is a fairly old idea (with little, formerly, to back it up beyond some half-formulated notion that since quantum mechanics is mysterious and so is consciousness, these two mysteries may perhaps be related).


(Mind, Brain, and Quantum Mechanics, 1989, p.36)

John Searle says consciousness is a mystery, free will is a mystery, and quantum mechanics is a mystery. These three mysteries may be related.


In a breakthrough of sorts, Searle admits that he could never see, until recently, the point of introducing quantum mechanics into discussions of consciousness and free will. Now he says we know two things:


First we know that our experiences of free action contain both indeterminism and rationality...Second we know that quantum indeterminacy is the only form of indeterminism that is indisputably established as a fact of nature...it follows that quantum mechanics must enter into the explanation of consciousness." (

David Chalmers describes "Two Mysteries,"



The problem of quantum mechanics is almost as hard as the problem of
consciousness. Quantum mechanics gives us a remarkably successful calculus
for predicting the results of empirical observations, but it is extraordinarily
difficult to make sense of the picture of the world that it delivers. How could
our world be the way it has to be, in order for the predictions of quantum
mechanics to succeed? There is nothing even approaching a consensus on
the answer to this question. Just as with consciousness, it often seems that
no solution to the problem of quantum mechanics can be satisfactory.

Many people have thought that these two most puzzling of problems
might be intimately linked (e.g., Bohm 1980; Hodgson 1988; Lockwood 1989;
Penrose 1989; Squires 1990; Stapp 1993; Wigner 1961). Where there are two
mysteries, it is tempting to suppose that they have a common source. This
temptation is magnified by the fact that the problems in quantum mechanics
seem to be deeply tied to the notion of observership, crucially involving the
relation between a subject's experience and the rest of the world.


 
The connection between consciousness and quantum mechanics was made famous by John von Neumann in his treatment of the measurement problem and the role of the observer in quantum mechanics.
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Naturalism

Naturalism in philosophy, as it is in science, is the search for explanations that involve only Nature, ones that in particular do not involve supernatural ideas, or, more particularly, explanations that involve only material objects and their motions. 
Jean-Paul Sartre wrote over 60 years ago that "Existentialism is a Humanism," basically the idea that we exist (thrown into the world, as Martin Heidegger put it) before we make our own essence, since Friedrich Nietzsche has declared that "God is dead."


Today we can say the "Naturalism is a Materialism." Naturalists are "eliminative materialists," who deny the existence of Mind, just as existentialists denied the existence of God.


Metaphysical or ontological naturalism is the idea that there is nothing in the world but Nature. This leads to difficulties as to the existential status of ideas, abstract concepts like justice, and abstract entities like numbers or a geometric circle.


Methodological naturalism accepts as explanations only arguments based on natural phenomena. If and when abstract ideas are properly understood, it will be because they have natural explanations, as abstract information, embodied in information structures.


Ethical naturalism moves the question of values and their origin outward from early humanist views, first to biological explanations (the evolution of ethics in higher organisms), but ultimately to the universe as a whole. Moral skeptics from Thomas Hobbes to Friedrich Nietzsche see ethics as invented for reasons of self-interest in a social contract.


Natural religion is an attempt to explain religious beliefs about the creation of the universe in wholly natural terms. Though some see this as a conflicted and futile attempt to naturalize supernaturalism, the philosophy of religion began in earnest with David Hume's Dialogues Concerning Natural Religion and The Natural History of Religion. 


Naturalism has a long history in the free will debates, beginning with David Hume's arguments in the Treatise on Human Nature and the Enquiries concerning Human Understanding. He argued that humans have "natural beliefs" that are prior to experience and shape our perceptions. Today we see these as our evolutionary inheritance and partly the conditioning by our environment and culture during our biological and social development.


Anticipating Immanuel Kant's synthetic a priori, Hume argued that a skeptical view of empiricism prevented us from knowing basic things like causality and the external world, but that a "natural belief" in causality and the external world could not be negated by any skeptical arguments. 


Hume hoped to build a science of Human Nature modeled on Isaac Newton's Principia, which had become the canonical model for all science. But his reintroduction of mitigated academic skepticism made any science at all problematic. 


Epistemological theories - that all knowledge is based on reasoning about sense data perceived by a mind that begins as a blank slate - run into the criticism that we can only know those sense data (secondary qualities) , and not the "things themselves" (the primary qualities) in the external world that are producing the perceptions.


For the Scottish School of philosophy, which strongly influenced Hume, transcendental beliefs could trump reason. They were prior to reason. Hume argued that we could not act without beliefs, desires, and passions. Indeed, he argued that an act of will was driven by beliefs and desires, never by reason, which was merely an instrument to evaluate various means to our ends. This is similar to the position of Scholastic philosophers like Thomas Aquinas.


Natural beliefs that Hume felt could not be denied by reasoned arguments, such as the principle of uniformity and the existence of the external world, were incorporated by Kant into his transcendental theory that the mind imposes categories of understanding on the world. Kant's "synthetic a priori" claimed to establish certain truths about the world that could be known without empirical, a posteriori, studies of the world. 


Among Kant's attempts at synthetic a priori truths were Euclidean geometry and determinism, both now shown by modern physics to be not the necessary truths Kant believed them to be. Einstein's general relativity showed actual space to be curved and Einstein's 1916 discovery of indeterminacy in quantum events, confirmed ten years later by the quantum theories of Niels Bohr and Werner Heisenberg showed determinism to be not true.


Kant's arguments that we must limit reason to make room for beliefs seem similar to Hume's view that some beliefs necessarily precede any reason. Both the Humean and Kantian projects are best seen as trying to establish morality in an age of empirical and deterministic science.



Today these beliefs are regarded as assumptions or axioms that are tested by their explanatory power in empirical science. But science and pure reason seem unable to deal with questions of free will and moral responsibility, which for Hume and Kant (and later Wittgenstein) were all-important. 


Hume and Hobbes were the two leading compatibilists of their times, believing that free will is compatible with strict determinism. Both denied the reality of absolute chance. For them, chance was the result of human ignorance. Chance, they thought, is an epistemic question, not the ontological, even metaphysical,  problem that quantum mechanics now presents. 


But in contrast to Hobbes' moral skepticism and the supremacy of self-interest, Hume hoped to establish the foundations of a morality based on natural moral sentiment in An Enquiry concerning the Principles of Morals, Part II


Self-love is a principle in human nature of such extensive energy, and the interest of each individual is, in general, so closely connected with that of the community, that those philosophers were excusable, who fancied, that all our concern for the public might be resolved into a concern for our own happiness and preservation. They saw every moment, instances of approbation or blame, satisfaction or displeasure towards characters and actions; they denominated the objects of these sentiments, virtues, or vices; they observed, that the former had a tendency to encrease the happiness, and the latter the misery of mankind; they asked, whether it were possible that we could have any general concern for society, or any disinterested resentment of the welfare or injury of others; they found it simpler to consider all these sentiments as modifications of self-love; and they discovered a pretence, at least, for this unity of principle, in that close union of interest, which is so observable between the public and each individual.



        But notwithstanding this frequent confusion of interests, it is easy to attain what natural philosophers, after Lord Bacon, have affected to call the experimentum crucis, or that experiment, which points out the right way in any doubt or ambiguity. We have found instances, in which private interest was separate from public; in which it was even contrary; And yet we observed the moral sentiment to continue, notwithstanding this disjunction of interests. And wherever these distinct interests sensibly concurred, we always found a sensible encrease of the sentiment, and a more warm affection to virtue, and detestation of vice, or what we properly call, gratitude and revenge. Compelled by these instances, we must renounce the theory, which accounts for every moral sentiment by the principle of self-love. We must adopt a more public affection, and allow, that the interests of society are not, even on their own account, entirely indifferent to us. Usefulness is only a tendency to a certain end; and it is a contradiction in terms, that any thing pleases as means to an end, where the end itself no wise affects us. If usefulness, therefore, be a source of moral sentiment, and if this usefulness be not always considered with a reference to self; it follows, that every thing, which contributes to the happiness of society recommends itself directly to our approbation and good-will. Here is a principle, which accounts, in great part, for the origin of morality: And what need we seek for abstruse and remote systems, when there occurs one so obvious and natural?




Hume gives the argument for moral sentiment as superior to reason or judgment in Appendix I, Concerning Moral Sentiment, though reason helps with calculations of utility. 

If the foregoing hypothesis be received, it will now be easy for us to determine the question first started, concerning the general principles of morals; and though we postponed the decision of that question, lest it should then involve us in intricate speculations, which are unfit for moral discourses, we may resume it at present, and examine how far either reason or sentiment enters into all decisions of praise or censure.

        One principal foundation of moral praise being supposed to lie in the usefulness of any quality or action; it is evident, that reason must enter for a considerable share in all decisions of this kind; since nothing but that faculty can instruct us in the tendency of qualities and actions, and point out their beneficial consequences to society and to their possessors...And a very accurate reason or judgment is often requisite, to give the true determination, amidst such intricate doubts arising from obscure or opposite utilities.


        But though reason, when fully assisted and improved, be sufficient to instruct us in the pernicious or useful tendency of qualities and actions; it is not alone sufficient to produce any moral blame or approbation. Utility is only a tendency to a certain end; and were the end totally indifferent to us, we should feel the same indifference towards the means. It is requisite a sentiment should here display itself, in order to give a preference to the useful above the pernicious tendencies. This sentiment can be no other than a feeling for the happiness of mankind, and a resentment of their misery; since these are the different ends which virtue and vice have a tendency to promote. Here, therefore, reason instructs us in the several tendencies of actions, and humanity makes a distinction in favour of those which are useful and beneficial. 




In the famous passage where Hume shows that "Ought" cannot be derived from "Is," he again makes the case for natural passions, motives, volitions, thoughts, and feelings as the source for sentiments of morality. There is no matter of fact discernible by reason alone.(Treatise, Book III, Sect I, p.468)  

Nor does this reasoning only prove, that morality consists not in any relations, that are the objects of science; but if examin'd, will prove with equal certainty, that it consists not in any matter of fact, which can be discover'd by the understanding. This is the second part of our argument; and if it can be made evident, we may conclude, that morality is not an object of reason. But can there be any difficulty in proving, that vice and virtue are not matters of fact, whose existence we can infer by reason? Take any action allow'd to be vicious: Wilful murder, for instance. Examine it in all lights, and see if you can find that matter of fact, or real existence, which you call vice. In which-ever way you take it, you find only certain passions, motives, volitions and thoughts. There is no other matter of fact in the case. The vice entirely escapes you, as long as you consider the object. You never can find it, till you turn your reflection into your own breast, and find a sentiment of disapprobation, which arises in you, towards this action. Here is a matter of fact; but `tis the object of feeling, not of reason. It lies in yourself, not in the object. So that when you pronounce any action or character to be vicious, you mean nothing, but that from the constitution of your nature you have a feeling or sentiment of blame from the contemplation of it. Vice and virtue, therefore, may be compar'd to sounds, colours, heat and cold, which, according to modern philosophy, are not qualities in objects, but perceptions in the mind: And this discovery in morals, like that other in physics, is to be regarded as a considerable advancement of the speculative sciences; tho', like that too, it has little or no influence on practice. Nothing can be more real, or concern us more, than our own sentiments of pleasure and uneasiness; and if these be favourable to virtue, and unfavourable to vice, no more can be requisite to the regulation of our conduct and behaviour.



I cannot forbear adding to these reasonings an observation, which may, perhaps, be found of some importance. In every system of morality, which I have hitherto met with, I have always remark'd, that the author proceeds for some time in the ordinary way of reasoning, and establishes the being of a God, or makes observations concerning human affairs; when of a sudden I am surpriz'd to find, that instead of the usual copulations of propositions, is, and is not, I meet with no proposition that is not connected with an ought, or an ought not. This change is imperceptible; but is, however, of the last consequence. For as this ought, or ought not, expresses some new relation or affirmation, `tis necessary that it shou'd be observ'd and explain'd; and at the same time that a reason should be given, for what seems altogether inconceivable, how this new relation can be a deduction from others, which are entirely different from it. But as authors do not commonly use this precaution, I shall presume to recommend it to the readers; and am persuaded, that this small attention wou'd subvert all the vulgar systems of morality, and let us see, that the distinction of vice and virtue is not founded merely on the relations of objects, nor is perceiv'd by reason. 



Hume the skeptic doubts ought can be derived from is. Hume the naturalist has no such problem 


Naturalism and Free Will

Perhaps the most important recent discussion of naturalism and free will is Peter Strawson's 1962 essay Freedom and Resentment, which changed the subject from the truth of determinism or free will to the Humean claim that moral attitudes exist quite independently of the reasoned "truth" of determinism or the free will thesis.

This is of course also Hume's position, since no reasoned argument can cause us to abandon our natural beliefs that lead to sympathy with others and feelings of gratitude and resentment.


Surprisingly, this famous Strawson essay has only a single reference to Hume, a footnote on Hume's denial of any "rational" justification of induction. So, says Strawson, there is no rational denial of moral responsibility, based on what he calls the reactive attitudes. This argument leads directly to John Martin Fischer's semi-compatibilism. 


Strawson arrays "pessimists" - genuine moral skeptics - against "optimists" - apparently compatibilists - and hopes to reconcile them: 


Some philosophers say they do not know what the thesis of determinism is. Others say, or imply, that they do know what it is. Of these, some — the pessimists perhaps — hold that if the thesis is true, then the concepts of moral obligation and responsibility really have no application, and the practices of punishing and blaming, of expressing moral condemnation and approval, are really unjustified. Others—the optimists perhaps—hold that these concepts and practices in no way lose their raison d’être if the thesis of determinism is true. Some hold even that the justification of these concepts and practices requires the truth of the thesis. There is another opinion which is less frequently voiced: the opinion, it might be said, of the genuine moral sceptic. 

This is that the notions of moral guilt, of blame, of moral responsibility are inherently confused and that we can see this to be so if we consider the consequences either of the truth of determinism or of its falsity. The holders of this opinion agree with the pessimists that these notions lack application if determinism is true, and add simply that they also lack it if determinism is false. If I am asked which of these parties I belong to, I must say it is the first of all, the party of those who do not know what the thesis of determinism is. But this does not stop me from having some sympathy with the others, and a wish to reconcile them.



Note the standard two-part argument against free will


In his 1985 book Skepticism and Naturalism, Strawson describes two naturalisms, a "reductive naturalism" (which he also calls strict or hard) and another naturalism, perhaps his own view (which he calls liberal, catholic, or soft). 

He connects reductive naturalism to skepticism and scientism, which he feels denies some evident truths and realities (such as the existence of the world), but thinks the liberal naturalist might be accused of fostering illusions or propagating myths. He then applies these two approaches to his reactive moral attitudes (Skepticism and Naturalism, 1985, p.31-32)


The area I have in mind is that of those attitudes and feelings, or "sentiments," as we used to say, toward ourselves and others, in respect of our and their actions, which can be grouped together under the heads of moral attitudes and judgments and personal reactive attitudes and are indissolubly linked with that sense of agency or freedom or responsibility which we feel in ourselves and attribute to others. 

The fundamental thought is that once we see people and their doings (including ourselves and our doings) objectively, as what they are, namely as natural objects and happenings, occurrences in the course of nature


 — whether causally determined occurrences or chance occurrences — then the veil of illusion cast over them by moral attitudes and reactions must, or should, slip away. What simply happens in nature may be matter for rejoicing or regret, but not for gratitude or resentment, for moral approval or blame, or for moral self-approval or remorse.

Attempts to counter such reasoning by defending the reality of some special condition of freedom or spontaneity or self-determination which human beings enjoy and which supplies a justifying ground for our moral attitudes and judgments have not been notably successful; for no one has been able to state intelligibly what such a condition of freedom, supposed to be necessary to ground our moral attitudes and judgments, would actually consist in.


Such attempts at counter-argument are misguided; and not merely because they are unsuccessful or unintelligible. They are misguided also for the reasons for which counter-arguments to other forms of skepticism have been seen to be misguided; i.e. because the arguments they are directed against are totally inefficacious. We can no more be reasoned out of our proneness to personal and moral reactive attitudes in general than we can be reasoned out of our belief in the existence of body.




Again, neither determinism nor chance can provide free will


A few years after Strawson's Naturalistic arguments for the moral sentiments he called the reactive attitudes, Willard van Orman Quine argued that epistemology should be naturalized.


In his essay Two Dogmas of Empiricism, Quine argued that the distinction between analytic (a priori) and synthetic (a posteriori) knowledge was moot because ultimately the "truth" or validity of analytic statements depended on their applying in the world.


Naturalized epistemology has been called "scientism" because it makes science the last word on whether we know what we think we know. And Quine initially agreed with Bertrand Russell that "what science cannot discover, mankind cannot know." Epistemological naturalism today assumes that science is the final arbiter of public knowledge arrived at by consensus of the community of inquirers. This was Charles Sanders Peirce's idea of pragmatic knowledge. But it also admits some private knowledge that may be unsuitable for such public empirical verification.


We should mention here the Center for Naturalism, who deny that individuals have ultimate responsibility for their actions (in the sense of origination - being the self-caused authors of their actions) and assert that free will is an illusion. Nevertheless, the Center believes that individuals should be held morally responsible for their actions, and should be given appropriate rewards or sanctions, to help control behavior. So their moral responsibility position is similar to that of David Hume, and perhaps to John Martin Fischer's semicompatibilism, although Fischer is agnostic on the free will question, and Hume's free will is compatible with determinism.


We agree with Tom Clark, the director of the Center for Naturalism, that retributive punishment is never justified, even if, as we believe, agents freely choose their actions. Consequentialism, the idea that some combination of punishments, re-education, and possibly even rewards can lead to changes in the agent's future behaviors that make the agent a better member of society, is far superior to the idea that negative punishment is a "just desert." 


Clark recently applied his theory to mitigating the blaming of an addicted person for their addiction, seeing that multiple causes beyond their control have likely been responsible. 
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Necessity

Necessity is the idea that everything that has ever happened and ever will happen is necessary, and can not be otherwise. Necessity is often opposed to chance and contingency. In a necessary world there is no chance. Everything that happens is necessitated. 


The great atomist Leucippus stated the first dogma of determinism, an absolute necessity.

    "Nothing occurs at random, but everything for a reason and by necessity."



But we must distinguish between this claim of physical necessity and the simpler logical necessity of formal systems.
Aristotle's logic defended the logical necessity that only one of two contradictory statements can be true, and the other false. Diodorus Cronus developed the Master Argument to show that only one answer to a question about a future event can be true. Either Yes or No. This led to the Megarian idea of actualism, that there is no future contingency and only one possible future.



Diodorus' paradox was the result of the principle of bivalence or the law of the excluded middle. Only one of two logically contradictory statements can be necessarily true. Aristotle solved the paradox by saying that the truth of statements about the future is contingent on the actual future, as follows,    

    "A sea battle must either take place tomorrow or not, 
    
but it is not necessary that it should take place tomorrow, 
    
neither is it necessary that it should not take place, 
    
yet it is necessary that it either should or should not 
take place to-morrow." 
(De Interpretatione IX, 19 a 30) 


The major founder of Stoicism, Chrysippus, took the edge off strict necessity. Like Democritus, Aristotle, and Epicurus before him, Chrysippus wanted to strengthen the argument for moral responsibility, in particular defending it from Aristotle's and Epicurus's indeterminate chance causes.  Whereas the past is unchangeable, Chrysippus argued that some future events that are possible do not occur by necessity from past external factors alone, but might depend on us. We have a choice to assent or not to assent to an action. 



Later, Leibniz distinguished two forms of necessity, necessary necessity and contingent necessity. This basically distinguished logical necessity from physical (or empirical) necessity.


In the eighteenth century debates about freedom and necessity (free will versus determinism), many thinkers distinguished a moral necessity from physical necessity. Moral necessity describes the will being (self) determined by an agent's reasons and motives. Extreme libertarians insisted on a will that was not determined by reasons, fearing that this implies pre-determinism, which it does not. In two-stage models of free will, indeterminism in the generation of alternative possibilities for action breaks the causal chain of determinism.   



Chance is regarded as inconsistent with logical determinism and with any limits on causal, physical or mechanical determinism.


Despite abundant evidence to the contrary, many philosophers deny that chance exists. If a single event is determined by chance, then indeterminism would be true, they say, and undermine the very possibility of certain knowledge. Some go to the extreme of saying that chance would make the state of the world totally independent of any earlier states, which is nonsense, but it shows how anxious they are about chance.


Bertrand Russell said "The law of causation, according to which later events can theoretically be predicted by means of earlier events, has often been held to be a priori, a necessity of thought, a category without which science would not be possible." (Russell, External World p.179)  


The core idea of indeterminism is closely related to the idea of causality. Indeterminism for some is simply an event without a cause. But we can have an adequate causality without strict determinism, which implies complete predictability of events and only one possible future. 


An example of an event that is not strictly caused is one that depends on chance, like the flip of a coin. If the outcome is only probable, not certain, then the event can be said to have been caused by the coin flip, but the head or tails result was not predictable. So this causality, which recognizes prior events as causes, is undetermined and the result of chance alone. 


We call this "soft" causality. Events are caused by prior (uncaused) events, but not determined by events earlier in the causal chain, which has been broken by the uncaused cause.


Necessity is critical for the question of free will. Strict necessity implies just one possible future. Chance means that the future is unpredictable. Chance allows alternative futures and the question becomes how the one actual present is realized from these potential alternatives. 


The departure required from strict necessity is very slight compared to the miraculous ideas associated with the "causa sui" (self-caused cause) of the ancients.


Despite David Hume's critical attack on the necessity of causes, many philosophers embrace causality strongly. Some even connect it to the very possibility of logic and reason. And Hume himself strongly, if inconsistently, believed in necessity while denying causality. He said "'tis impossible to admit any medium betwixt chance and necessity."


Even in a world with chance, macroscopic objects are determined to an extraordinary degree. This is the basis for physical necessity. Newton's laws of motion are deterministic enough to send men to the moon and back. Our Cogito model of the Macro Mind is large enough to ignore quantum uncertainty for the purpose of the reasoning will. The neural system is robust enough to insure that mental decisions are reliably transmitted to our limbs. Our actions are  determined by our thoughts. But our thoughts themselves are free. This means that our actions were not pre-determined from before we began thinking.


we see a world of 
soft causality and adequate determinism



We call this kind of determinism (determined but not pre-determined) "adequate determinism."  Physical determinism is adequate enough for us to predict eclipses for the next thousand years or more with extraordinary precision. 


The presence of quantum uncertainty leads some philosophers to call the world indetermined. But indeterminism is misleading, with strong negative connotations, when most events are overwhelmingly "adequately determined."


There is no problem imagining that the three traditional mental faculties of reason - perception, conception, and comprehension - are for all practical purposes carried on deterministically in a physical brain where quantum events do not interfere with normal operations, unless the agent deliberately seeks to be original and creative.


There is also no problem imagining a role for chance in the brain in the form of quantum level noise.  Noise can introduce random errors into stored memories. Noise could create random associations of ideas during memory recall which are the source of novel ideas.


Our Macro Mind needs the Micro Mind for the free action items and thoughts in an Agenda of alternative possibilities to be de-liberated by the will. Chance in the Micro Mind is the "free" in free will and the source of human creativity. The adequately determined Macro Mind is the "will" in free will that de-liberates, choosing actions for which we can be morally responsible. 


[Necessity must be limited to its proper use in logic, and disambiguated from its close relatives causality, determinism, certainty, and predictability.]
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Noise

In information science, noise is generally the enemy of information. But some noise is the friend of freedom, since it is the source of novelty, of creativity and invention, and of variation in the biological gene pool. Too much noise is simply entropic and destructive. With the right level of noise, the cosmic creation process is not overcome by the chaos.


When information is stored in any structure, from galaxies to minds, two fundamental physical processes occur. First is a collapse of a quantum mechanical wave function. Second is a local decrease in the entropy corresponding to the increase in information. Entropy greater than that must be transferred away to satisfy the second law of thermodynamics.


If wave functions did not collapse, their evolution over time would be completely deterministic and information-preserving. Nothing new would emerge that was not implicitly present in the earlier states of the universe.


It is ironic that noise, in the form of quantum mechanical wave function collapses, should be the ultimate source of new information (low or negative entropy), the very opposite of noise (positive entropy).


Because quantum level processes introduce noise, information stored may have errors. When information is retrieved, it is again susceptible to noise, This may garble the information content.


Despite the continuous presence of noise around them and inside them, biological systems have maintained and increased their invariant information content over billions of generations. Humans increase our knowledge of the external world, despite logical, mathematical, and physical uncertainty. Biological and intellectual information handling balance random and orderly processes by means of sophisticated error detection and correction schemes. The scheme we use to correct human knowledge is science, a combination of freely invented theories and adequately determined experiments.


In Biology

Molecular biologists have assured neuroscientists for years that the molecular structures involved in neurons are too large to be affected significantly by quantum noise.

But neurobiologists know very well that there is noise in the nervous system in the form of spontaneous firings of an action potential spike, thought to be the result of random chemical changes at the synapses. This may or may not be quantum noise amplified to the macroscopic level.


But there is no problem imagining a role for randomness in the brain in the form of quantum level noise that affects the communication of knowledge. Noise can introduce random errors into stored memories. Noise can create random associations of ideas during memory recall.  



Molecular biologists know that while most biological structures are remarkably stable, and thus adequately determined, quantum effects drive the mutations that provide variation in the gene pool. So our question is how the typical structures of the brain have evolved to deal with microscopic, atomic level, noise - both thermal and quantal noise. Can they ignore it because they are adequately determined large objects, or might they have remained sensitive to the noise for some reason?



We can expect that if quantum noise, or even ordinary thermal noise, offered beneficial advantages, there would have been evolutionary pressure to take advantage of noise. 



Proof that our sensory organs have evolved until they are working at or near quantum limits is evidenced by the eye's ability to detect a single photon (a quantum of light energy), and the nose's ability to smell a single molecule.



Biology provides many examples of ergodic creative processes following a trial and error model.  They harness chance as a possibility generator, followed by an adequately determined selection mechanism with implicit information-value criteria. 



Darwinian evolution is the first and greatest example of a two-stage creative process, random variation followed by critical selection, but we will consider briefly two other such processes. Both are analogous to our two-stage Cogito model for the mind. One is at the heart of the immune system, the other provides quality control in protein/enzyme factories.


Noise in the Cogito model

The insoluble problem for previous two-stage models has been to explain how a random event in the brain can be timed and located - perfectly synchronized! -  so as to be relevant to a specific decision. The answer is it cannot be, for the simple reason that quantum events are totally unpredictable. 

The Cogito solution is not single random events, one per decision, but many random events in the brain as a result of ever-present noise, both quantum and thermal noise, that is inherent in any information storage and communication system.


The mind, like all biological systems, has evolved in the presence of constant noise and is able to ignore that noise, unless the noise provides a significant competitive advantage, which it clearly does as the basis for freedom and creativity.


The only reasonable model for an indeterministic contribution is ever-present noise throughout the neural circuitry. We call it the Micro Mind.


Quantum (and even some thermal) noise in the neurons is all we need to supply random unpredictable alternative possibilities.


And indeterminism is NOT involved in the de-liberating Will. 


The major difference between Micro and Macro is how they process noise in the brain circuits. The first accepts it, the second suppresses it.


Our "adequately determined" Macro Mind can overcome the noise whenever it needs to make a determination on thought or action.



White Noise and Pink Noise.


Noise (specifically audio noise) is described as having a color when the amount of power (energy) in different frequencies is not uniform. By analogy with the amount of energy in different light frequencies (or wavelengths), when the energy is larger than average in longer wavelengths (the red part of the visual spectrum), then the noise is called "pink," although there is nothing visual. 


Computer-generated noise may consist of random binary number sequences (1's and 0's). As long as the sequence is random, no statistical correlations or detectable patterns in the sequence, it is described as white noise. 


The Wiener process, is a mathematical construct based on white noise with a Gaussian probability distribution. 


Many naturally occurring processes exhibit white noise, including the Brownian motion of tiny particles suspended in a liquid. The atmosphere is considered a source of random white noise by Random.org. They use radio antennae tuned between radio stations to generate random digit patterns from "atmospheric" white noise.


Whether this noise is genuinely random in the sense of irreducible quantum randomness is a question of the relationship between thermal noise and quantal noise.


Ultimately, this relationship depends on whether a classical gas is entirely deterministic (cf., deterministic chaos), and whether binary collisions of gas particles can be treated deterministically or must be treated quantum mechanically. If they are deterministic, then collisions are in principle time reversible. 


In quantum mechanics, microscopic time reversibility is taken to mean that the deterministic linear Schrödinger equation is time reversible. 


A careful quantum analysis shows that ideal reversibility fails 
even in the simplest conditions - the case of two particles in collision.


When they collide, even structureless particles should not be treated as individual particles with single-particle wave functions, but as a single system with a two-particle wave function, because they are now entangled.


Treating two atoms as a temporary molecule means we must use molecular, rather than atomic, wave functions. The quantum description of the molecule now transforms the six independent degrees of freedom into three for the molecule's center of mass and three more that describe vibrational and rotational quantum states.



The possibility of quantum transitions between closely spaced 
vibrational and rotational energy levels in the "quasi-molecule' introduces uncertainty, which could be different for the hypothetical perfectly reversed path. 


Stochastic Noise.


In probability theory, stochastic processes are random (indeterministic) processes that are contrasted with deterministic processes.

Robert Kane on Noise

In his latest attempts to find the location of where and when indeterminism contributes to free will, Kane suggests that it is noise. But the noise does not contribute randomness to generating alternative possibilities, as in our Cogito two-stage model. Instead, noise just interferes with decisions and makes them more difficult!

"As it happens, on my libertarian account of free will, one does not need large-scale indeterminism in the brain, in the form, say, of macro-level wave function collapses (in the manner of the Penrose/Hameroff view mentioned by Vargas). Minute indeterminacies in the timings of firings of indeterminism neurons would suffice, because the indeterminism in my view plays only an interfering role, in the form of background noise. Indeterminism does not have to "do the deed" on its own, so to speak. One does not need a downpour of indeterminism in the brain, or a thunderclap, to get free will. Just a sprinkle will do." 
Four Views on Free Will, Fischer et al., p.183)
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Non-Causality

Non-Causality is a variation on Agent-Causality, the idea that agents can start new causal chains that are not pre-determined by the events of the immediate or distant past and the physical laws of nature.

The author of "non-causality" is Carl Ginet. He maintains that no cause is needed for human decisions.  Others who espouse a non-causal theory include Donald Davidson, Stewart Goetz, Hugh McCann, and David Widerker.


Ginet defends a non-causalindeterministlibertarianism that Timothy O'Connor and he call "simple indeterminism," contrasting it with the "agent-causality" of O'Connor and others, including Roderick Chisholm, Richard Taylor, and Thomas Reid, who first advocated mental events as metaphysical agent causation in the eighteenth century. 



Ginet also contrasts his view with the event-causal "indeterminist-causation" view of Robert Kane and Robert Nozick, both of which add some indeterminism to the decision process itself, contributing an element of chance to the direct cause of action. 


For Ginet, there is no chance involved in his volition, his mental event that has a certain "actish" quality, an event not causally necessitated by antecedent events, but simply determined and controlled by him. 
  

  Every action, according to me, either is or begins with a causally simple mental action, that is, a mental event that does not consist of one mental event causing others. A simple mental event is an action if and only if it has a certain intrinsic phenomenal quality, which I've dubbed the "actish" quality and tried to describe by using agent-causation talk radically qualified by "as if": the simple mental event of my volition to exert force with a part of my body phenomenally seems to me to be intrinsically an event that does not just happen to me, that does not occur unbidden, but it is, rather, as if I make it occur, as if I determine that it will happen just when and as it does (likewise for simple mental acts that are not volitions, such as my mentally saying "Shucks!"). A simple mental event's having this intrinsic actish phenomenal quality is sufficient for its being an action. But its having the quality entails nothing either way as to whether it satisfies the incompatibilist requirement for free action (which is that it not be causally necessitated by antecedent events).

An action may be causally complex, may consist of a simple mental action plus consequences of it. For example, my action of voluntarily pushing with my arm and hand against a door begins with a volition, a simple mental act of willing to exert a certain force in a certain direction with my arm and hand, and consists further in that volition's causing my arm and hand to exert such a force. My action of opening the door has a still further component of the door's opening being caused by the force exerted against it by my arm and hand.


Now, as I explained earlier, if an event is not an action of mine — for example, the door's opening — then I can make that event occur only by causing it, that is, by performing some action that causes it. But I make my own free, simple mental acts occur, not by causing them, but simply by being their subject, by their being my acts. They are ipso facto determined or controlled by me, provided they are free, that is, not determined by something else, not causally necessitated by antecedent states and events.
  


Ginet is an incompatibilist who argues that reasons can be considered as causal explanations for actions, but that reasons themselves are "non-causal," allowing us to escape from causal determinism. What he claims is that (contra Donald Davidson) the truth of a reasons explanation of an action does not require that the explaining reason-states (beliefs, desires, etc.) caused the action; but he allows that their causing the action is compatible with the reasons explanation.


So Ginet's non-causality is a form of agent-causality


We can summarize the positions of these libertarians, all of which admit some indeterminism, in a diagram.
[image: Taxonomy of Indeterminist Positions]
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Nonlocality and Entanglement

The idea of something measured in one place "influencing" measurements far away challenged what Einstein thought of as "local reality." It came to be known as "nonlocality," but it always contained something else called "nonseparability." Einstein called it "spukhaft Fernwirkung" or "spooky action at a distance." Erwin Schrödinger called two particles "verschrankt" or "entangled" when their quantum properties had become correlated by an interaction.

The question for Einstein and Schrödinger was how long the particles could retain their correlation as they traveled a great distance apart. Once de-correlated or "decohered," their two-particle wave function can be described as the product of two single-particle wave functions and there will no longer be any quantum interference between them. But entangled particles, it turns out, cannot be decohered without an external interaction of some kind (like a measurement).


Einstein had objected to nonlocal phenomena as early as the Solvay Conference of 1927, when he criticized the collapse of the wave function as "instantaneous-action-at-a-distance" that prevents the spherical outgoing wave from acting at more than one place on the screen.


Einstein's idea of "local reality" was that events at one point in spacetime could depend only on the values of continuous functions at that point.  In a "complete" physical theory all physical variables should be locally determined by his four-dimensional continuous field of space-time. The two-slit experiment showed Einstein that things appeared to happen simultaneously over a large distance in space. That appeared to violate his special theory of relativity. But the two-slit experiment involved just one photon or electron.


In 1935 Einstein and his Princeton colleagues Boris Podolsky and Nathan Rosen proposed their "EPR" thought experiment that implied two particles could remain correlated, perhaps remain "in contact" over large spatial distances. As far as the probabilistic wave function is concerned, there is nothing different here. When the wave function "collapses," its value goes to zero everywhere, just as for a single particle, but it predicts two places where particles will be found. At the moment of collapse, all their properties are still correlated. After the collapse they are decohered and describable as the product of separate single-particle wave functions.


Schrödinger wrote to Einstein immediately and explained that the two-particle wave function could not be "separated" (this came to be called "nonseparability," closely related to nonlocality). Schrödinger said they remain entangled until some interaction "disentangles" them. A measurement would be such an interaction. Einstein stubbornly insisted on what he called a "separation principle" (Trennungsprinzip) that obtains as soon as the particles are in a spacelike separation, beyond where subluminal signals could be exchanged between them. This was needed for his idea of "local reality."


But Schrödinger understood wave mechanics much better than Einstein. The wave function describes only the possibilities for particle locations (with calculable probabilities). In a two-particle wave function, the possibilities mean either particle can be found anywhere the wave function is non-zero. We cannot know where either one will be found until we make a measurement. At that moment, the other particle will instantly be located where the principles of conservation of energy, momentum, angular momentum, and spin require it to be. It is only after the measurement that we can say the particles are separated. This is the core idea of nonseparability.


And this means that any measurement that collapses the two-particle wave function measures both particles! It is not possible to measure "one" (now, here) and then the "other one" (far away, later). Because the particles are indistinguishable, either one could be anywhere just before the measurement, exactly as the single particle in Einstein's 1927 presentation (or in the two-slit experiment) can be anywhere just before the measurement. We cannot say that the two particles are separated beyond the possibility of speed-of-light contact before the measurement.

 
Almost every presentation of the EPR paradox begins with something like "Alice observes one particle..." and concludes with the question "How does the second particle get the information needed so that Bob's later measurements correlate perfectly with Alice?"


There is a fundamental asymmetry in this framing of the EPR experiment. It is a surprise that Einstein, who was so good at seeing deep symmetries, did not consider how to remove the asymmetry.


Consider this reframing: Alice's measurement collapses the two-particle wave function. The two indistinguishable particles simultaneously appear at locations in a space-like separation. The frame of reference in which the source of the two entangled particles and the two experimenters are at rest is a special frame in the following sense.


As Einstein knew very well, there are frames of reference moving with respect to the laboratory frame of the two observers in which the time order of the events can be reversed. In some moving frames Alice measures first, but in others Bob measures first. 


If there is a special frame of reference (not a preferred frame in the relativistic sense), surely it is the one in which the origin of the two entangled particles is at rest. Assuming that Alice and Bob are also at rest in this special frame and equidistant from the origin, we arrive at the simple picture in which any measurement that causes the two-particle wave function to collapse makes both particles appear simultaneously at determinate places with fully correlated properties (just those that are needed to conserve energy, momentum, angular momentum, and spin).


[image: image-placeholder]


In the two-particle case (instead of just one particle making an appearance), when either particle is measured, we know instantly those properties of the other particle that satisfy the conservation laws, including its location equidistant from, but on the opposite side of, the source, and its other properties such as spin.



We can also ask what happens if Bob is not at the same distance from the origin as Alice. This introduces a positional asymmetry. But there is still no time asymmetry from the point of view of the two-particle wave function collapse. 


When Alice detects the particle (with say spin up), at that instant the other particle also becomes determinate (with spin down) at the same distance on the other side of the origin. It now continues, in that determinate state, to Bob's measuring apparatus.




Einstein asked whether a particle has a determinate position just before it is measured. Probably not, but we can say that before Bob's measurement the electron spin he measures was determined from the moment the two-particle wave function collapsed. The two-particle wave function describing the indistinguishable particles cannot be separated into a product of two single-particle wave functions. When either particle is measured, they both become determinate.



Nonlocality, Free Will, and Consciousness


Nonlocality (or entanglement) is a very popular mystery in physics that is cited widely as helping to explain free will and consciousness.

This is another example of using one mystery to solve another mystery. This is rarely successful. What it produces is two mysteries! 
John Searle says consciousness is a mystery, free will is a mystery, and quantum mechanics is a mystery. These mysteries may be related.


Nonlocality is one of the many quantum mysteries, which are connected with free will now that many philosophers accept the possibility that quantum mechanics introduces some real randomness and absolute chance into the universe.


Until recently, few thinkers have succeeded in getting past the standard argument that indeterminacy may render our decisions random and thus deny us moral responsibility.


But randomness is not the essence of the nonlocality phenomenon. This mysterious phenomenon exhibited in the famous Einstein-Podolsky-Rosen experiments is the apparent transfer of something physical faster than the speed of light. What happens actually is merely an instantaneous change in the information about probabilities (actually complex probability amplitudes). 

Roger Penrose thinks that nonlocality can help to explain consciousness.  


The Swiss physicists Nicolas Gisin
 and Antoine Suarez think that nonlocality can explain free will because "something is coming from outside space and time."
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On The Asymmetry Between Determinism And Indeterminism

The standard argument against free will assumes that determinism and indeterminism are two equal horns of the dilemma.


Either determinism or indeterminism is true, goes the basic argument, and either way freedom and/or moral responsibility are impossible.  

In the recent free will debates, many compatibilist and incompatibilist philosophers have declared themselves agnostic on the "truth" of determinism or indeterminism.


However, the differences between determinism and indeterminism are immense and full of historical philosophical significance. We will argue that indeterminism is far more difficult to reconcile with freedom and responsibility than determinism is.


Determinism is rational, causal, nomological (law-like)

The basic idea of determinism behind causal laws is congenial to many ways of thought. As a result, many different determinisms have been invented. 


Indeterminism is irrational, acausal chance

Where there are many determinisms, it appears that there is only one indeterminism, confirmed by modern quantum mechanics to be irreducible chance events that are only probabilistic in nature.

Historically, chance has been vilified in past centuries as atheistic (implying the lack of God's foreknowledge) and incoherent. It is the unintelligibilty of chance that gives libertarian indeterministic free will its bad names.


But we now know that the universe began in a state of chaos, and the microscopic world of particle collisions is still chaotic, a place where chance rules and processes are purely probabilistic. The microworld of atomic particles contains no information, no history, no individuals with memories.


Large scale structures emerge from, and continue to operate "on top of" microscopic chaos, as a result of cosmic information creation processes (we call them ergodic).
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Possibilism

Possibilism is the idea that there are real possibilities available in an open future. 

It stands in contrast to actualism, the idea that the events that do happen are the only possible events that could possibly have happened. 


Actualism denies the existence of alternative possibilities. Actualists are determinists and eliminative materialists. Philosophers from Diodorus Cronus to Daniel Dennett argue that actualism is true, that there is only one possible actual future. How could anything have been otherwise, Dennett asks.


Actualism is closely connected to the mistaken belief, held by some prominent theoretical physicists, that information is a conserved quantity, just like matter and energy. Information philosophy has shown that the total information content has been increasing since the origin of the universe. We have explained the cosmic creation process that allows pockets of negative entropy to appear in what we call "information structures," like the galaxies, stars, and planets, even as the total entropy is increasing, in conformity with the second law of thermodynamics. 


Possibilism should not be confused with the idea of possible worlds, the analytic language philosopher David Lewis's  methodology in modal philosophy for investigating the logic of "nearby possible worlds" that differ only slightly from our world, designed as a tool for examining concepts like truth and falsity, necessity and contingency, possibility and impossibility.


Nor should it be confused with the extravagant idea of "parallel universes" - Hugh Everett's "many worlds" interpretation of quantum mechanics which postulates the world "splitting" into two or more complete universes whenever a quantum experiment requires a "collapse of the wave function."



Possibilism and Possible Worlds

The idea of many possible worlds was first proposed by Gottfried Leibniz, who famously argued that the actual world is "the best of all possible worlds."

The analytic language philosopher David Lewis developed the philosophical methodology known as modal realism based on his claim that for every non-contradictory statement there is a possible world in which that statement is true. 

Hugh Everett III's many-worlds interpretation of quantum mechanics is an attempt to deny the random "collapse" of the wave function and preserve determinism in quantum mechanics. Everett claimed that where the projection postulate of standard quantum mechanics says that one of the possible eigenstates of a quantum system is randomly realized, his many worlds interpretation says that the world "splits" into multiple universes so as to realize all the possible eigenstates, one in each new world. 

David Layzer argues that since the universe is infinite there are places in the universe where any possible situation is being realized. This is a cosmologist's version of philosopher David Lewis's "possible worlds." 



Possibilism and Quantum Physics


Possibilism finds support in the fact that quantum physics is a statistical or probabilistic theory. When a quantum measurement is made, the theory accurately predicts (to many significant figures) the probabilities that the measurement apparatus will end up in one of its possible energy values (eigenvalues).

At the microscopic quantum level, the future is distinctly open to many possibilities. 


According to the information interpretation of quantum mechanics, quantum systems evolve in two ways: 
the first is the wave function deterministically exploring all the possibilities for interaction; the second is the particle randomly choosing one of those possibilities to become actual.


The complex probability amplitude wave function, whose square gives the probabilty (between 0 and 1) of finding the particle somewhere, should perhaps be called the "possibilities function,"because it explores all space and tells us where particles will possibly be found.



The Existential and Ontological Status of Possibilities


Diodorus Cronus, Harry Frankfurt, Daniel Dennett, J. J. C. Smart, and many other determinist philosophers deny the existence of possibilities.

Aristotle asked whether the statement "There will be a sea battle next week," was already true or false. Actualists like Didorus had argued that its truth necessitates its happening in the future.  


A few hundred years later, Porphyry asked what is called his "Fateful Question." Do the Platonic categories exist? Information philosophy answers yes. They exist in the realm of immaterial, but physical, information. It is the realm of thought, the very stuff of philosophy.


In quantum mechanics, especially in the information interpretation, possibilities have calculable probabilities. Their existence is shown by the fact that they interfere with one another, determining the actual outcomes of physical experiments.


In the most plausible solution to the problem of free will, the generation of alternative possibilities  is the first stage. The second stage is the evaluation of those possibilities and the selection of one that is consistent with and statistically determined by the agent's motives, reasons, feelings, etc., as  compatibilists have always insisted.


But what becomes of the many possibilities that are not actualized? Jean-Paul Sartre said they become "nothingness." Would Hugh Everett give each one of them its own universe?


Claude Shannon's information theory requires multiple possible messages or no new information can be communicated. Unless there can be "surprises," no new information is possible. But it goes deeper than that. Without possibilities, no new information can even be created.



Possibilism and Free Will

Chance in quantum physics is the basis for the many possible thoughts that can pop into our heads when we are evaluating alternative possibilities and making a decision. But we must deny that our decisions and actions are the direct result of a random quantum event. 
Two-stage models of free will claim that noise quantum noise in the brain generates alternative possibilities (new "thoughts") for action. But they do not determine the action, because our actions are the result of the statistically determined evaluation of those possibilities, subsequent deliberation, and finally an ultimate choice governed by our character (beliefs, desires, motives) so that we are responsible for our actions.
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Pre-Determinism
Determinism is the philosophical idea that every event or state of affairs, including every human decision and action, is the inevitable and necessary consequence of antecedent states of affairs. 

Pre-determinism implies that all the information in the universe today was implicit in the earliest moments of the universe. It is information conserving. It is consistent with the theological idea of God's foreknowledge (which is logically inconsistent with His omnipotence).


Since modern physics shows that the universe in indeterministic, with profound effects on the atomic scale of microscopic processes, we will find it valuable to distinguish pre-determinism (inevitable causal chains) from the adequate determinism that we have in the real world and obvious in the classical physical laws that apply in the macrocosmos.


Determinism is a modern name (nineteenth-century) for Democritus' ancient idea that strict causal laws control the motion of atoms, and that everything - including human minds - consists merely of atoms in a void.


As Democritus' mentor and fellow materialist Leucippus put it, an absolute necessity leaves no room in the cosmos for chance. Pre-determinism is a better name for this idea of necessity and total absence of chance. 



     "Nothing occurs at random, but everything for a reason and by necessity." 1
     οὐδὲν χρῆμα μάτην γίνεται, ἀλλὰ πάντα ἐκ λόγου τε καὶ ὑπ’ ἀνάγκης    



Determinism, especially the variation of "soft" determinism (cf. William James) or compatibilism, is supported as a theory of free will by a majority of philosophers, each with special vested interests in one or more of the many determinisms. 


Compatibilism is a form of determinism that argues man is free as long as his own will is one of the steps in the causal chain, even if his choices are completely pre-determined for physical reasons or preordained by God.



And Fatalism is a special form of determinism where every event in the future is fated to happen. Fatalism does not normally require that any causal laws or higher powers are involved. Que sera, sera. 

The core idea of determinism is closely related to the idea of causality. But we can have causality without determinism, especially the "soft" causality that follows an "uncaused" event (a causa sui) that is not predictable from prior events.

Aristotle called such events archai (ἀρχαί) - starting points or "fresh starts" in new causal chains which break the bonds of determinism.


Despite David Hume's critical attack on the necessity of causes, many philosophers embrace causality and determinism strongly. Some even connect it to the very possibility of logic and reason. And Hume himself believed strongly, if inconsistently, in necessity. " 'tis impossible to admit any medium betwixt chance and necessity," he said.


Despite this, Hume was disturbed by the implications of pre-determinism in his theory.
Most compatibilists and determinists since Hobbes and Hume never mention the fact that a causal chain of events going back before our birth would not provide the kind of liberty they are looking for. But Hume frankly admits that such a causal chain would be a serious objection to his theory. 


I pretend not to have obviated or removed all objections to this theory, with regard to necessity and liberty. I can foresee other objections, derived from topics which have not here been treated of. It may be said, for instance, that, if voluntary actions be subjected to the same laws of necessity with the operations of matter, there is a continued chain of necessary causes, pre-ordained and pre-determined, reaching from the original cause of all to every single volition, of every human creature. No contingency anywhere in the universe; no indifference; no liberty. While we act, we are, at the same time, acted upon. 



To escape this objection, we must imagine that Hume wanted some kind of agent-causal freedom in voluntarist acts.

Bertrand Russell said "The law of causation, according to which later events can theoretically be predicted by means of earlier events, has often been held to be a priori, a necessity of thought, a category without which science would not be possible." (Russell, External World p.179)  


The idea of indeterminism appears to threaten causality and the basic idea of causal law. But it does not. 

Indeterminism for some is simply an occasional event without a cause. We can have an adequate causality without strict determinism. Strict determinism means complete predictability of events and only one possible future. Adequate determinism provides statistical predictability, which in normal situations for physical objects approaches statistical certainty. 



An example of an event that is not strictly caused is one that depends on chance, like the flip of a coin. If the outcome is only probable, not certain, then the event can be said to have been caused by the coin flip, but the head or tails result itself was not predictable. So this causality, which recognizes prior events as causes, is undetermined and the result of chance alone. 


We call this "soft" causality. Events are caused by prior (uncaused) events, but not determined by events earlier in the causal chain, which has been broken by the uncaused cause.


Determinism is critical for the question of free will. Strict determinism implies just one possible future. Chance means that the future is unpredictable. Chance allows alternative futures and the question becomes how the one actual present is realized from these alternative possibilities. But this


The departure required from strict determinism is very slight compared to the miraculous ideas associated with the "causa sui" (self-caused cause) of the ancients.


Even in a world that contains quantum uncertainty, macroscopic objects are determined to an extraordinary degree. Newton's laws of motion are deterministic enough to send men to the moon and back. Our Cogito Model  of the Macro Mind is large enough to ignore quantum uncertainty for the purpose of the reasoning will. The neural system is robust enough to insure that mental decisions are reliably transmitted to our limbs. 


we see a world of 
soft causality and adequate determinism


We call this determinism, only ineffective for extremely small structures, "adequate determinism."  Determinism is adequate enough for us to predict eclipses for the next thousand years or more with extraordinary precision. 


Belief in strict determinism, in the face of physical evidence for indeterminism, is only tenable today for dogmatic philosophy. We survey ten modern dogmas of determinism. 
Phillipa Foot argued that because our actions are determined by our motives, our character and values, our feelings and desires, in no way leads to the conclusion that they are predetermined from the beginning of the universe.


The presence of quantum uncertainty leads some philosophers to call the world indetermined. But indeterminism is somewhat misleading, with strong negative connotations, when most events are overwhelmingly "adequately determined." Nevertheless, speaking logically, if a single event is undetermined, then indeterminism is true, and determinism false. 1


There is no problem imagining that the three traditional mental faculties of reason - perception, conception, and comprehension - are all carried on deterministically in a physical brain where quantum events do not interfere with normal operations.


There is also no problem imagining a role for  randomness in the brain in the form of quantum level noise.  Noise can introduce random errors into stored memories. Noise could create random associations of ideas during memory recall. This randomness may be driven by microscopic fluctuations that are amplified to the macroscopic level. 


Our Macro Mind needs the Micro Mind for the free action items and thoughts in an Agenda of alternative possibilities to be de-liberated by the will. The random Micro Mind is the "free" in free will and the source of human creativity. The adequately determined Macro Mind is the "will" in free will that de-liberates, choosing actions for which we can be morally responsible. 


Determinism must be disambiguated from its close relatives causality, certainty, necessity, and predictability.

Etymology of Determinism


The term (sic) determinism is first attested in the late fourteenth century, "to come to an end," also "to settle, decide," from O.Fr. determiner (12c.), from L. determinare "set limits to," from de- "off" + terminare "to mark the end or boundary," from terminus "end, limit." 

The sense of "coming to a firm decision" (to do something) is from 1450. 


Determination as a "quality of being resolute" dates from 1822. 


Before the nineteenth century determinists were called Necessarians. William Belsham contrasted them (favorably) with the incoherent Libertarians in 1789, the first use of Libertarian. 


Determinism appears in 1846 in Sir William Hamilton's edition of Thomas Reid's works as a note on p.87.  


There are two schemes of Necessity - the Necessitation by efficient - the Necessitation by final causes. The former is brute or blind Fate; the latter rational Determinism.


At about the same time, it is used by theologians to describe lack of free will. 

In 1855, William Thomson (later Lord Kelvin) wrote,


The theory of Determinism, in which the will is determined or swayed to a particular course by external inducements and forced habits, so that the consciousness of freedom rests chiefly upon an oblivion of the antecedents of our choice.

Ernst Cassirer claimed (mistakenly?) that Determinism in the philosophical sense of a "doctrine that everything that happens is determined by a necessary chain of causation." dates from 1876. 


Note that ancient philosophers worried about this causal chain (ἄλυσις), but those philosophers who allowed the existence of chance, (Aristotle, Epicurus, Lucretius, and Alexander of Aphrodisias), denied such a causal chain, while maintaining that human decisions were caused by neither chance nor necessity but by a tertium quid - our autonomous human agency.


The adjective determinist appeared first in the Contemporary Review of October 1874 - "The objections of our modern Determinists." In the Contemporary Review of March 1885 R. H. Hutton described "The necessarian or determinist theory of human action." 




For Teachers

      C.D.Broad, in 1932, defined Determinism, Indeterminism, and Libertarianism. Reprinted in Morgenbesser (1962) Free Will
And now at last we can define- "determinism" and "indeterminism." Determinism is the doctrine that every event is completely determined, in the sense just defined. Indeterminism, is the doctrine that some, and it may be all, events are not completely determined, in the sense defined. Both  doctrines are, prima facie, intelligible, when defined as I have defined them.	

There is one other point to be noticed. An event might be completely determined, and yet it might have a "causal ancestor" which was not, completely determined. If Y is the total cause of Z and X is the total cause of Y, I call both Y and X "causal ancestors" of Z. Similarly, if W were the total cause of X, I should call Y, X, and W "causal ancestors" of Z. And so on. If at any stage in such a series there is a term, e.g. W, which contains a cause-factor that is not completely determined, the series will stop there, just as the series of human ancestors stops with Adam. Such a term may be called the "causal progenitor" of such a series. If determinism be true, every event has causal ancestors, and therefore there are no causal progenitors. If indeterminism be true, there are causal progenitors in the history of the world.


We are now in a position to define what Ι will call "libertarianism." This doctrine may be summed up in two propositions. (i) Some (and it may be all) voluntary actions have a causal ancestor which contains as a cause factor the putting-forth of an effort which is not completely determined in direction and intensity by occurrent causation. (ii) In such cases the direction and the intensity of the effort are completely determined by non-occurrent causation, in which the self or agent, taken as a substance or continuant, is the non-occurrent total cause. [Broad means a non-physical mind as the non-occurent cause.] Thus, Libertarianism, as defined by me, entails indeterminism, as defined by me; but the converse does not hold.



If I am right, libertarianism is self-evidently impossible, whilst indeterminism is prima facie possible.




      Richard Double,s The Nonreality of Free Will (1995?) provided these definitions.

Although the notion of determinism appears frequently through this book, the free will discussion is concerned only with a tiny subset of what might be determined, viz., those events that affect human decision making. Whether there is, e.g., indeterminacy in quantum physics is an empirical matter outside of philosophers' ken and, by itself, does not bear on the free will debate, although some libertarians have argued that quantum indeterminacy could bear on human choices (see Chapter 8). This book is primarily about free will, though, and about determinism only incidentally.
Compatibilism — The view that the theses of free will and determinism can both be true.

Incompatibilism — The view they cannot both be true.

Soft determinism — Technically, compatibilism plus determinism, but in fact, the view that we have free will not as a result of indeterminism, whether or not determinism is true.

Hard determinism — Technically, incompatibilism plus determinism, but the view that humans lack free will because their decisions are determined, again, whether determinism in its fullest generality is true.

Libertarianism — The view that humans have free will as a result of indeterminism in their choices. {This is an extreme view that makes chance the direct cause of our choices.]





For Scholars

     1. C.D.Broad, 1934 "Indeterminism is the doctrine that some, and it may be all, events are not completely determined."  
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Predictability

Predictability is an important characteristic of law-governed phenomena. It is an essential part of the scientific method, sometimes called the hypothetico-deductive-experimental-observation method. 

In the first step, freely invented hypotheses are proposed. In the second, reason, logic, and mathematics are used to deduce quantitative implications of the hypotheses. These deductions suggest observations and experiments (step 3), especially those that can provide quantitative measurements.  The best hypothesis is the one that predicts observations or experiments that confirm (verify) or deny (falsify) the implied theory, and more specifically the one hypothesis that leads to quantitative measurements in agreement with the prediction.


But what does agreement mean? Predictions are never in perfect mathematical agreement with the observations and experimental measurements. When measurements are repeated (as they must be, preferably by independent observers), they scatter randomly around some average value in a "normal distribution." Confirmation of a prediction is when the prediction lies within an acceptable error (usually reported as "number of standard deviations"), a range of values around the average measured value. 

[image: image-placeholder]

Predictability is related to the idea of reproducibility. In order for an experiment to be accepted as scientific evidence, the experiments must be reproducible and repeatable. But, since experimental results are never exact, a reproducible result is one that gets the same result within the "error bars." 


Experimental science can thus offer no "proofs" of knowledge - just best predictions, best explanations, and best theories. Like all knowledge, scientific knowledge is merely probable or statistical, though it is, at the same time, the most reliable knowledge that we have. 


Probabilities are a priori, produced by theories. 
Statistics are the a posteriori results of experiments.


The reason physical science is so well respected is because the precision and accuracy of its measurements are so high. Quantum physics, the most accurate physical theory, produces measurements accurate to within over fifteen significant figures, that is to say with standard deviations of +/- .0000000000000001. 


Quantum mechanical predictions are unusual in that they contain a minimal indeterminism, consistent with the Heisenberguncertainty (or indeterminacy) principle. Some definitions of science maintain that it must be based on perfectly repeatable experiments. At the level of quantum particles, there is no such thing as a perfectly repeatable experiment.


Classical deterministic laws of nature have been traditionally thought to be infinitely accurate, that is, to an infinite number of decimal places. They are only as accurate as their experimental evidence.


Philosophers (including many philosophers of science) have sometimes misread physical determinism as providing an infinitely accurate predictability. This is impossible.


Ludwig Boltzmann, his admirer and contemporary Franz Exner, and Exner's student Erwin Schrödinger often pointed out that deterministic theories go beyond the available evidence. Popularization of physical theories has often confused not just the public, but even philosophers of science.


On the three hundredth anniversary of Newton’s
Principia, Sir James Lighthill gave a lecture to the Royal Society, lamenting the confusion between Newton's classical mechanical determinism and the apparent claim of perfect predictability: 


”We are all deeply conscious today that the enthusiasm of our forebears for the marvellous achievements of Newtonian mechanics led them to make generalizations in this area of predictability which, indeed, we may have generally tended to believe before 1960, but which we now recognize were false. We collectively wish to apologize for having misled the general educated public by spreading ideas about determinism of systems satisfying Newton’s laws of motion that, after 1960,
were to be proved incorrect...”


The Marquis de Laplace imagined an intelligent being (Laplace's Demon who knows the positions and velocities of the constituent atoms and uses Newton's equations of motion to predict the future (and retrodict the past) of the entire universe.


Predictability, Determinism, and Free Will?


Although many thinkers confuse predictability with determinism, neither Newton nor Laplace likely did so. Newton was painfully aware of the errors made in astronomical observations. Laplace invented his super intelligent being to contrast its infinite mind (like that of God) to the finite minds that must remain infinitely distant from such knowledge. He knew that the information for even one single particle is infinite mathematically.

Philosophers who appreciate that determinism does not imply predictability have used the unpredictability of the future to argue for a kind of free will called epistemic freedom. It is enough freedom that we do not know what the future will be. "God only knows," say those religious thinkers who are not bothered by the foreknowledge of a God or gods. Although it is true that we cannot know what an open future will bring, to accept human ignorance as a basis for human freedom seems perverse.  



When physical laws are expressible as mathematical functions of time, knowledge of the initial conditions at some time allows us to predict the conditions at all later (and retrospectively earlier) times.


Long before Laplace, Gottfried Leibniz imagined a scientist who could see the events of all times, just as all times are thought to be present to the mind of God.

"Everything proceeds mathematically...if someone could have a sufficient insight into the inner parts of things, and in addition had remembrance and intelligence enough to consider all the circumstances and take them into account, he would be a prophet and see the future in the present as in a mirror."



Baruch Spinoza held a similar view, and these views deeply impressed Albert Einstein, who remained a confirmed determinist all his life, despite discovering the fundamental randomness (and unpredictability) of quantum mechanics over two decades before Werner Heisenberg!



For Scholars
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Probability was introduced as an acceptable euphemism for chance in the eighteenth century, by Pierre-Simon Laplace, for example, who called his work the "calculus of probabilities." 

The root meaning of probability was originally "approbation." Something probable was deserving of belief.  This connotation has been lost in modern times as the understanding of mathematical probabilities has become widespread. Although some epistemologists still connect "degrees of belief" with epistemic probabilities.


Chance, on the other hand, was associated with gambling and other disreputable ideas. Something chancy was risky and evoked disapprobation. Many religious philosophers equated belief in chance with atheism. 


We can distinguish probability from statistics by reserving the term probability for the a priori or epistemic sense of the term.
Probabilities are a priori theories. Statistics are a posteriori experiments.

The a priori probability of two dice showing two sixes is 1/36. A priori probability assumes that we have no information that favors one outcome over the others. This is the principle of indifference or principle of insufficient reason. Specifically, it assumes that all outcomes are equally probable. In short, all other things being equal, things are equal.


If we did have information about a difference, we would adjust our probabilities. The increase in our information or "state of knowledge" is the essential idea in Bayesian probability. 


And how might we come by such additional information? By running experimental trials and gathering data on the frequencies of real outcomes. This is the work of statistics.


In the theory of measurements and measurement errors, we find a dispersion in measurements when we are measuring the same thing over and over. These are measurement errors. It is very important to distinguish measurement errors from real variations in the thing measured. But this is not easy, because errors and the natural distribution in values of a measured property normally follow the same distribution function. 


If the values of some property in a population is the consequence of independent random events, for example coin flips that result in heads instead of tails, the distribution can be shown to follow the well-known bell-shaped curve or "normal" distribution.  



  P
  r
  (
  x
  )
  =
  (
  1
  
    /
  
  
    √
  
  (
  2
  π
  )
  )
  
    e
    
      −
      
        x
        
          2
        
      
      
        /
      
      2
    
  



Observational errors themselves are the result of independent random factors, so they follow the same distribution.


This distribution function was discovered in the 1720's by the French mathematician Abraham de Moivre. It was identified with measurement errors by astronomers measuring star positions in the early nineteenth century, notably by the Belgian astronomer Adolphe Quételet.


An unfortunate choice of terms led to this being called the "law of errors." Mathematicians and philosophers both jumped to the erroneous conclusion that if random events followed "laws" that they must in fact be determined by those laws.


De Moivre's work was a famous book called "The Doctrine of Chances." In the 1738 edition he found that in the limit of large numbers of tosses of a coin, the discrete binomial expansion of (p - q)n could be approximated by a continuous mathematical curve (the modern bell curve).

[image: image-placeholder]

This was an era when mathematical analysis and continuity carried an aura of deterministic causal truth, compared to the chance nature of individual random events. 


The curve was first called the "normal distribution" by Charles Sanders Peirce, who better than any other philosopher articulated the difference between a priori probabilities and a posteriori statistics. 


For reasons that are philosophically and physically very deep (basically the fundamental discreteness of nature), we find a similar random distribution of many physical, biological, and social characteristics. Note that the distribution of such characteristics is ontological, not epistemic. It is not a matter of what humans can know, but how things are in a mind-independent external world.. 


Social scientists in the early nineteenth century argued that randomness in many populations was governed by this "law." Adolphe Quetelet was a Belgian astronomer who developed the error distribution as a way to analyze and reduce the data from astronomical observations. He then found the same distribution function in many human statistics, the number of marriages and suicides per year, for example. He found "norms for many human characteristics, such as height, and promoted the concept of the average man (l'homme moyen) .  Quetelet and other social scientists mistakenly concluded that the "lawfulness" of these normal distributions affirmed the fundamental deterministic nature of the world. 


To the modern sensibility, an argument that all events are determined because their characteristics are random and normally distributed seems illogical and a bit perverse. But such was the philosophical and religious commitment of nineteenth-century scientists to the many forms of determinism.



If just one single event is determined by chance, then indeterminism would be true, some philosophers say, which would undermine the very possibility of certain knowledge. Some go to the extreme of saying that chance makes the state of the world totally independent of any earlier states, which is nonsense, but it shows how anxious they are about chance.


In statistical mechanics, the state of least information (equilibrium) can be achieved in many more ways than states with recognizable information. The equilibrium macrostate has the most microstates, each assumed to have equal a priori probability. If a system begins in an initially ordered state (high information), it tends to evolve toward states of disorder (absence of microscopic information). The increase of entropy (second law of thermodynamics) is then seen to be a decrease of information. The mathematical equations for entropy and information turn out to be identical apart from their sign and arbitrary constants.


Both are proportional to the logarithm of the number W of microstates consistent with the macrostate information. 
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Both James Clerk Maxwell and Ludwig Boltzmann were familiar with the work of Adolph Quételet and his English colleague Thomas Buckle. Maxwell, and probably Boltzmann too, used the above law of distribution of random events in the limit of large numbers to help them derive the law for the distribution of molecular velocities in a gas. 




For Scholars

Aristotle on Probability, Rheetoric, Book II, Chapter 24, section 10, line 1402a2
     


[9]
ἄλλος παρὰ τὴν ἔλλειψιν τοῦ πότε καὶ πῶς,  οἷον ὅτι δικαίως Ἀλέξανδρος ἔλαβε τὴν Ἑλένην: αἵρεσις γὰρ αὐτῇ ἐδόθη παρὰ τοῦ πατρός. οὐ γὰρ ἀεὶ ἴσως, ἀλλὰ τὸ πρῶτον: καὶ γὰρ ὁ πατὴρ μέχρι τούτου κύριος.  ἢ εἴ τις φαίη τὸ τύπτειν τοὺς ἐλευθέρους ὕβριν εἶναι: οὐ γὰρ πάντως, ἀλλ᾽ ὅταν ἄρχῃ χειρῶν ἀδίκων.
[10]
ἔτι ὥσπερ ἐν τοῖς ἐριστικοῖς παρὰ τὸ ἁπλῶς καὶ μὴ ἁπλῶς, ἀλλὰ τί, γίγνεται φαινόμενος  συλλογισμός, οἷον ἐν μὲν τοῖς διαλεκτικοῖς ὅτι ἔστι τὸ μὴ ὄν [ὄν], ἔστι γὰρ τὸ μὴ ὂν μὴ ὄν, καὶ ὅτι ἐπιστητὸν τὸ ἄγνωστον, ἔστιν γὰρ ἐπιστητὸν τὸ ἄγνωστον ὅτι ἄγνωστον, οὕτως καὶ ἐν τοῖς ῥητορικοῖς ἐστιν φαινόμενον ἐνθύμημα παρὰ τὸ μὴ ἁπλῶς εἰκὸς ἀλλὰ τὶ εἰκός. ἔστιν δὲ τοῦτο οὐ καθόλου, ὥσπερ  καὶ Ἀγάθων λέγει 

“τάχ᾽ ἄν τις εἰκὸς αὐτὸ τοῦτ᾽ εἶναι λέγοι, 

βροτοῖσι πολλὰ τυγχάνειν οὐκ εἰκότα.


” γίγνεται γὰρ τὸ παρὰ τὸ εἰκός, ὥστε εἰκὸς καὶ τὸ παρὰ τὸ εἰκός, εἰ δὲ τοῦτο, ἔσται τὸ μὴ εἰκὸς εἰκός. ἀλλ᾽ οὐχ ἁπλῶς,  ἀλλ᾽ ὥσπερ καὶ ἐπὶ τῶν ἐριστικῶν τὸ κατὰ τί καὶ πρὸς τί καὶ πῇ οὐ προστιθέμενα ποιεῖ τὴν συκοφαντίαν, καὶ ἐνταῦθα παρὰ τὸ εἰκὸς εἶναι μὴ ἁπλῶς ἀλλὰ τὶ εἰκός.


[11] ἔστι δ᾽ ἐκ τούτου τοῦ τόπου ἡ Κόρακος τέχνη συγκειμένη: “ἄν τε γὰρ μὴ ἔνοχος ᾖ τῇ αἰτίᾳ, οἷον ἀσθενὴς ὢν αἰκίας φεύγει （οὐ γὰρ εἰκός）, κἂν ἔνοχος 
ᾖ, οἷον ἰσχυρὸς ὤν （οὐ γὰρ εἰκός, ὅτι εἰκὸς ἔμελλε δόξειν）”. ὁμοίως δὲ καὶ ἐπὶ τῶν ἄλλων: ἢ γὰρ ἔνοχον ἀνάγκη ἢ μὴ ἔνοχον εἶναι τῇ αἰτίᾳ: φαίνεται μὲν οὖν ἀμφότερα εἰκότα, ἔστι δὲ τὸ μὲν εἰκός, τὸ δὲ οὐχ ἁπλῶς ἀλλ᾽ ὥσπερ εἴρηται: καὶ τὸ τὸν ἥττω δὲ λόγον κρείττω ποιεῖν τοῦτ᾽ ἔστιν. καὶ 
ἐντεῦθεν δικαίως ἐδυσχέραινον οἱ ἄνθρωποι τὸ Πρωταγόρου ἐπάγγελμα: ψεῦδός τε γάρ ἐστιν, καὶ οὐκ ἀληθὲς ἀλλὰ φαινόμενον εἰκός, καὶ ἐν οὐδεμιᾷ τέχνῃ ἀλλ᾽ <ἢ> ἐν ῥητορικῇ καὶ ἐριστικῇ.
     


[10] Further, as in sophistical disputations, an apparent syllogism arises as the result of considering a thing first absolutely, and then not absolutely, but only in a particular case. For instance, in Dialectic, it is argued that that which is not is, for that which is not is that which is not1; also, that the unknown can be known, for it can be known of the unknown that it is unknown. Similarly, in Rhetoric, an apparent enthymeme may arise from that which is not absolutely probable but only in particular cases. But this is not to be understood absolutely, as Agathon says: 


“ One might perhaps say that this very thing is probable, 

that many things happen to men that are not probable;


” for that which is contrary to probability nevertheless does happen, so that that which is contrary to probability is probable. If this is so, that which is improbable will be probable. But not absolutely; but as, in the case of sophistical disputations, the argument becomes fallacious when the circumstances, reference, and manner are not added, so here it will become so owing to the probability being not probable absolutely but only in particular cases.

1 The first “is” means “has a real, absolute existence”; the second “is” merely expresses the identity of the terms of the proposition, and is particular; but the sophistical reasoner takes it in the same sense as the first. The same applies to the argument about the unknown.
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The Idea of Progress is closely related to Change and Creativity.

Ancient philosophers like Parmenides and even Plato, conservative theologians in the middle ages, and the modern philosopher Martin Heidegger, all shared a belief in "Being." A perfect universe is necessarily one without change. 



References


J.B.Bury, The Idea of Progress, An Inguiry into its Origin and Growth

E.R.Dodds, The Ancient Concept of Progress

P.B.Medawar, The Hope of Progress

R.Nesbit, History of the Idea of Progress

F.J.Teggart, The Idea of Progress, A Collection of Readings



Source: https://www.informationphilosopher.com/freedom/progress.html





  
  Radical Libertarianism
  

  


  
  Home › Freedom › Radical Libertarianism
Radical Libertarianism

"Radical" libertarians believe that one's actions are not determined by anything prior to a decision, including one's character and values, and one's feelings and desires, in short, one's motives and reasons. Their model of free will is not "reasons responsive."


This idea, that determination by reasons and motives implies or entails strict causal determinism or even pre-determinism, is the Determination Fallacy.


Radical libertarians insist that pure chance, irreducible randomness, or quantum indeterminacy, must be involved directly in our decisions as causes of our thoughts and actions.


By contrast, "Modest" - or "Adequate" or "Conservative" - libertarians believe that humans are free from strict physical determinism - or pre-determinism, and all the other diverse forms of determinism. But they do not believe that chance is the direct cause of actions. That would preclude control of the agent's actions and deny moral responsibility.



Libertarians are incompatibilists who believe that determinism and free will can not both be "true." Freedom requires some form of indeterminism. This need only be the first stage in a mental deliberation process. This stage generates the alternative possibilities needed for deliberation and evaluation.
Two-stage models of free will also require determination of the action by the agent's motives and reasons, following deliberation and evaluation of the alternative possibilities for action provided by that indeterminism.


Critics of libertarianism (determinists and compatibilists) are really attacking the radical libertarian view. If an agent's decisions are not connected in any way with character and other personal properties, they rightly claim that the agent can hardly be held  responsible for them. 


Many determinists and compatibilists now accept the idea that there is real indeterminism in the universe.  Conservative libertarians agree with them that if indeterministic chance were the direct direct cause of our actions, that would not be freedom with responsibility.


Even determinists might also agree that if chance is not a direct cause of our actions, it would do no harm to responsibility. In which case, conservative libertarians should be able to convince determinists that if chance is limited to providing real alternative possibilities to be considered by the adequately determined will, it provides an intelligible freedom and can explains creativity.


Conservative libertarians can give the determinists, at least the compatibilists, the kind of freedom they say they want, one that provides an adequately determined will and actions for which we can take responsibility.




Even the current chief spokesman for libertarianism, Robert Kane admits that "radical" libertarian accounts of free will are unintelligible. No coherent idea can be provided for the role of indeterminism and chance, he says. 


But Kane insists that "something more" is needed beyond simple determination of our thoughts and actions by our desires and feelings, our character and values, and our motives and reasons.  


Yet, as Dennett and Mele also admit, a causal indeterminist view of this deliberative kind does not give us everything libertarians have wanted from free will. For Mike does not have complete control over what chance images and other thoughts enter his mind or influence his deliberation. They simply come as they please. Mike does have some control after the chance considerations have occurred.
	
But then there is no more chance involved. What happens from then on, how he reacts, is determined by desires and beliefs he already has. So it appears that he does not have control in the libertarian sense of what happens after the chance considerations occur as well. Libertarians require more than this for full responsibility and free will. What they would need for free will is for the agent to be able to control which of the chance events occur rather than merely reacting to them in a determined way once they have occurred.


Yet, as Mele points out, while this causal indeterminist view does not give us all the control and responsibility that libertarians have wanted, it does give us many of the things they crave about free will (an open future, a break in the causal order, etc.). And it is clearly a possible view. Perhaps it could be further developed to give us more; or perhaps this is as much as libertarians can hope for. 

(A Contemporary Introduction to Free Will, p.64-5)



The evaluation of alternative possibilities is of course only adequately determined
Two-stage models for free will, especially the latest I-Phi Cogito model that has located the contribution of randomness as noise in information processing, leads us to a new conservative libertarianism that is less "free" perhaps than radical libertarianism, but distinctly more "willful" and more responsible.


For Teachers

     References:

     
    Dennett, D. C. (1978). Brainstorms : philosophical essays on mind and psychology. Montgomery, Vt., Bradford Books. (see "Giving the Libertarians What They Say They Want.")
     

    Kane, R. (2001). The Oxford Handbook of Free Will. Oxford ; New York, Oxford University Press.
     


For Scholars

 Notes:

1. Clarke, Randolph (2003), Libertarian Accounts of Free Will, p.xiii.


Accounts of free will purport to tell us what is required if we are to be free agents, individuals who, at least sometimes when we act, act freely. Libertarian accounts, of course, include a requirement of indeterminism of one sort or another somewhere in the processes leading to free actions. But while proponents of such views take determinism to preclude free will, indeterminism is widely held to be no more hospitable. An undetermined action,  it is said would be random or arbitrary. It could not be rational or rationally explicable. The agent would lack control over her behavior. At best, indeterminism in the processes leading to our actions would be superfluous, adding nothing of value even if it did not detract from what we want.



2. Honderich, Ted (2002), How Free Are You?, p.5.


"Maybe it should have been called determinism-where-it-matters. It allows that there is or may be some indeterminism but only at what is called the micro-level of our existence, the level of the small particles of our bodies."



3. Searle, John (2004), Freedom and Neurobiology, p.74-75.


"First we know that our experiences of free action contain both indeterminism and rationality...Second we know that quantum indeterminacy is the only form of indeterminism that is indisputably established as a fact of nature...it follows that quantum mechanics must enter into the explanation of consciousness."
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Rational Fallacy

The Rational Fallacy is the idea that a free choice or decision must be a rational choice.


For many philosophers, free decisions are thought to be rational decisions. For many philosophers, reason is the distinguishing characteristic of humanity. For theologians, reason is a gift of God along with the gift of free will.

The Scholastics thought that we are free when our decisions are rational. We are slaves to our passions when our decisions are evil. 


For naturalist philosophers, humans are animals, biological organisms with many distinguishing features from those we label mere animals, but the distinguishing features not easily identified as reason and free will.  

Information philosophers see the distinguishing features of humans in their incredible capacities for information creation, management including storage and retrieval, and communication to others. All animals are information processing systems, but humans have externalized vast amounts of actionable information as "knowledge" and "culture." 


Every human being can benefit, through education, from the efforts of those past humans who have succeeded in adding to the sum of knowledge. This knowledge leads to the perception that we are reasoning beings.  


Modern thinkers who make rationality a criterion for free will, or at least for moral responsibility, include Susan Wolf, who argues that our freedom must be "within reason" and thus decisions must be made with full knowledge of "the True and the Good." 


The idea that our decisions must be moral and our actions good in order to be free is the related ethical fallacy.


For Scholars
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The deep belief in reason alone as capable of understanding the works of the universe began in the works of Christian theologians in the middle ages.

Primarily the work of Scholastic philosopher and theologian Thomas Aquinas, who claimed there could be no conflict between reason and revealed religion, this power of reason was perhaps first developed in the philosophical writings of Plato and Aristotle.


But in Aquinas philosophical and theological arguments converged with the idea that an omnipotent God had used reason to design the universe and had given man the power of reason to understand the universe. In principle then, using reason alone, man can logically deduce all the facts about the natural world. This gave rise to the thinker sitting in an ivory tower explaining the entire world.


This idea was opposed by another Scholastic, John Duns Scotus. Scotus insisted that God's creation of the universe was not bound or determined by laws. Scotus's God had the freedom to create anything he wanted. This means that to understand the universe, one must go out and observe God's work.




The Enlightenment (Age of Reason)

 
The Age of Enlightenment was approximately the eighteenth century in Europe. It was preceded by the Renaissance, approximately the fifteenth and sixteenth centuries, in which many ideas of ancient classical philosophy were recovered and many religious superstitions were rejected as unsupportable handed-down traditions. The  and by the Reformation, in which protestant Christianity rebelled against the Roman Catholic church. 

Many protestant sects (Lutherism, Calvinism) rejected the Catholic idea that free will is a gift of God that is tenable despite the presumed foreknowledge of an omniscient (and omnipotent) God who knows the future actions of all persons.


Reformation thinking led many philosophers to become determinists or at minimum compatibilists on the question of man's freedom, which are the dominant beliefs of most professional philosophers today. 


In the physical sciences, Isaac Newton's classical laws of motion epitomized the enlightenment idea of a clockwork universe, set in motion by its creator and left to evolve deterministically under the absolute control of the laws of nature.


The reaction to the rationalism and classicism of the deterministic Enlightenment was the early nineteenth-century development of Romanticism, led by the German Idealists of the late eighteenth century, Fichte, Schiller, and the Schlegels, Arthur and Friedrich. 


For the romantics, the moral absolutes and universal values of the Enlightenment were too confining and ignore the emotions and feelings of great artists. For classicists, the romantic notions of creative freedom and progress were simply irrational ideas used to break traditional norms of the perfect world and conservative thought.


The romantic era is sometimes seen as the beginnings of modernity and even the post-modern. But the rationalism of the Enlightenment was itself breaking with many previous traditional norms. So we can see the post-modern as denying the claims of the modernism of the Enlightenment. 
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Responsibility

The problem of moral responsibility is intimately connected with the problem of free will. But we must be careful to separateresponsibility from moral responsibility.


If our actions are causally determined by prior events, including a chain of events that goes back before we were born, libertarians do not see how we can feel responsible for them. 

If our actions are directly caused by chance, they are simply random and determinists do not see how we can feel responsibility for them. 


The above two-horned dilemma is the standard argument against free will.


Despite this simple and logical argument, we do feel responsible for many of our actions. 



Despite more than twenty-three centuries of philosophizing, most modern thinkers have not moved significantly beyond this core problem, especially the relationship between randomness and free will - the mistaken idea that free actions are caused directly by a random event.  


To be responsible for our actions, they must have been caused by something within us, they must "depend on us" (the Greeks called this ἐφ ἡμῖν). Modern "agent-causal" theorists demand that something in the agent's mind - perhaps a uniquely mental substance - gives us the power to cause our actions.


In our Cogito model, responsibility comes from an adequately determined will choosing from among randomly generated alternative possibilities. 


We have identified a number of critical requirements for our Cogito model of free will.

Some of these are requirements for freedom. Others are requirements for an adequately determined will.


Free Will is a Prerequisite for Responsibility, not Vice Versa

Since Peter Strawson changed the subject in 1962 from free will to moral responsibility, there has been an increasing tendency to equate free will with moral responsibility.

From the earliest beginnings, the problem of "free will" has been intimately connected with the question of moral responsibility. Most of the ancient thinkers on the problem were trying to show that we humans have control over our decisions, that our actions "depend on us", and that they are not pre-determined by fate, by arbitrary gods, by logical necessity, or by a natural causal determinism.  


But to say that today "free will is understood as the control condition for moral responsibility"  is to make a serious blunder in conceptual analysis and clear thinking. 


John Martin Fischer says:


    Some philosophers do not distinguish between freedom and moral responsibility. Put a bit more carefully, they tend to begin with the notion of moral responsibility, and "work back" to a notion of freedom; this notion of freedom is not given independent content (separate from the analysis of moral responsibility). For such philosophers, "freedom" refers to whatever conditions are involved in choosing or acting in such a way as to be morally responsible. 

(Free Will, vol 1, p. )


Pereboom - "free will is understood as the control condition for moral responsibility"


Kane - free choices are those requiring effort = moral decisions


Kant - free when we do good, otherwise slaves.  --original in Aristotle, virtue is knowledge? Stoics? 


Doyle - ethical (moral) fallacy.  freedom is a physical question.  it is based on arguments about determinism versus indeterminism. The will is in part a psychological question. responsibility is a causality question is the agent properly in the causal chain. moral questions are not physical questions. to confound them is to connect ought with is. moral responsibility is a major field of ethics that can stand on its own without sophisticated attempts to deny free will. e.g., Frankfurt sophistry.


For some Naturalists, this equation is driven by their goal of eliminating punishment and what they see as a "culture of vengeance."


Vargas - age at which children acquire free will 


It is not clear that there is any single thing that people have had in mind by the term "free will." Perhaps the dominant characterization in the history of philosophy is that it is something like the freedom condition on moral responsibility. Roughly, the idea is that to be morally responsible for something, you had to have some amount of freedom, at some suitable time prior to the action or outcome for which you are responsible. That sense of freedom — whatever it amounts to — is what we mean to get at by the phrase "free will." However, there may be things for which free will might be important or other senses of free will that are independent of concerns about moral responsibility. For example, philosophers have worried whether free will is required for sonme human achievements to have a special worth or value, or for there to be values and valuing in any robust sense. Although I think much of what I will say can be applied to other aspects of thinking about it, I will primarily concerned with free will in its connection to moral responsibility, the sense in which people are appropriately praised or blamed. (p.128-9

Consider the question of how we go from being unfree agents to free agents. This is a puzzle faced by all accounts of responsibility, but there is something pressing about it in the case of libertarianism. As children we either had the indeterministic structures favored by your favorite version of libertarianism or we lacked them. If we lacked them as children, we might wonder how we came to get those structures. We might also wonder what the evidence is for thinking that we do develop said structures. Suppose the libertarian offers us an answer to these questions, and the other empirical challenges I raised in the prior section. We would still face another puzzle. What, exactly, does the indeterminism add? What follows in this section is not so much a metaphysical concern as it is a normative concern. It is a concern about what work the indeterminism does in libertarianism, apart from providing a way to preserve our default self-image as deliberators with genuine, metaphysically robust alternative possibilities. (p.148)



Equating free will with moral responsibility, then to use spurious arguments to deny free will, and thus to deny  - in order to oppose punishment - is fine humanism but poor philosophy, and terrible science.

We do not normally seek revenge for animal actions - punish animals. We do kill them, incarcerate them, etc.  

And Responsibility is a Prerequisite for Moral Responsibility, not vice versa
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Responsibility

The problem of moral responsibility is intimately connected with the problem of free will. 


If our actions are causally determined by prior events, including a chain of events that goes back before we were born, libertarians do not see how we can feel responsible for them. 


If our actions are directly caused by chance, they are simply random and determinists do not see how we can feel responsibility for them. 


But we do feel responsible. 


Despite more than twenty-three centuries of philosophizing, most modern thinkers have not moved significantly beyond this core problem of randomness and free will - the mistaken idea that free actions are caused directly by a random event.  


To be responsible for our actions, they must have been caused by something within us, they must "depend on us" (the Greeks called this ἐφ ἡμῖν). Modern "agent-causal" theorists demand that something in the agent's mind - perhaps a uniquely mental substance - gives us the power to cause our actions.


In our Cogito model, responsibility comes from an adequately determined will choosing from among randomly generated alternative possibilities. 


We have identified a number of critical requirements for our Cogito model of free will.

Some of these are requirements for freedom. Others are requirements for an adequately determined will.
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Responsibility Either Way
Robert Kane developed the idea of dual rational control in the case of a "torn decision." 

In a torn decision, an agent has equally powerful reasons for choosing either way between two alternatives. Kane says the agent can choose either way at random and yet preserve the sense of moral responsibility.   As long as the agent is prepared to accept responsibility either way, flipping a coin does no harm to moral responsibility. 

Dual rational control means the agent can go either way, which means to "do otherwise" in exactly the same circumstances. Either way the agent is making a rational decision, and Kane claims the agent is in control of the decision. Some critics deny this is real control if the decision is random.


Kane distinguishes such choices from the ancient liberty of indifference (liberum arbitrium indifferentiae) in which there is no meaningful difference between the choices, such as the classic idea of Buridan's Ass.


The Scholastic Jean Buridan imagined an ass placed equidistant between two identical bales of hay. Buridan used it to show a critical difference between man and animals.


Most Scholastics claimed the ass would starve to death (which is nonsense), but a human in similar circumstances, with a god-given gift of free will, in this case the liberty of indifference, would deliberate and choose despite the perfect balance between identical alternatives.


By contrast, Kane's "torn decisions" are often between a moral choice and an expedient choice. These are the kinds of decisions that Aristotle thought of as  character building and Kane calls "Self-Forming Actions" or SFAs.  


Kane considers the case of a businesswoman on the way to an important meeting when she observes an assault in an alley. She has excellent (moral and humanitarian) reasons to help the victim. She has equally important (practical and self-interested) reasons to continue on and advance her career.


Kane argues that whichever way the businesswoman decides, and even if the torn decision is undetermined as a result of neural noise, she has excellent reasons to take responsibility either way. 


Note that in a two-stage model of free will, the businesswoman might generate more alternatives before her decision. Before she decides (randomly) between the given choices, she may come up with additional alternative possibilities. She might for example continue on to her meeting but get out her cell phone to report the crime and call for assistance. On her way she might tell any passersby to go to the victim’s aid. Note that these creative new options can “come to her” up to and even beyond the moment of choice in this case (while she is on her way to the office).
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Rewinding Time and Replaying a Choice

The idea that a free agent "could have done otherwise" is a key element in the libertarian argument. One way to see that an agent could have done otherwise is to study the choices made in more or less identical conditions.  

Choosing between real alternative possibilities is seen as a condition for moral responsibility, although freedom in this sense is prior to moral issues. In recent philosophical jargon, it is known as (PAP) the "principle of alternative possibilities." 



 A person is morally responsible for performing a given act only if he could have acted otherwise.


PAP is under attack by many compatibilists and determinists. It has been twisted by compatibilists into sophisticated logical arguments and "thought experiments" that purport to prove that the ability to do otherwise under identical conditions is impossible. 


If such a capability did exist, it could only be arbitrary (indeed), capricious (perhaps), and irrational, to this day leading even some libertarian thinkers to doubt that an "intelligible" account can be given of free choice (e.g, Robert Kane).

Keith Lehrer thought he could prove that someone who showed he could do something (by doing it) could equally refrain, and therefore establish that he could always do otherwise. Lehrer thought this argument strong enough to constitute An Empirical Disproof of Determinism, published in his 1966 collection of essays, Freedom and Determinism. He said there (p.177)
  
  "I now wish to argue that we can know empirically that a person could have done otherwise. A person could have done otherwise if he could have done what he did not do. Moreover, if it is true at the present time that a person can now do what he is not now doing, then, later, it will be true that he could have done something at this time which he did not do. This, of course, follows from the fact that "could" is sometimes merely the past indicative of "can." What I now want to argue is that we do sometimes know empirically that a person can do at a certain time what he is not then doing, and, consequently, that he could have done at that time what he did not then do. Moreover, we can obtain empirical
evidence in such a way that our methods will satisfy the most rigorous standards of scientific procedure."
  

Peter van Inwagen wrote in 2000 that "Free Will Remains a Mystery" ... 
  
Van Inwagen dramatized his understanding of the indeterministic brain events needed for agent causation by imagining God "replaying" a situation to create exactly the same circumstances and then arguing that decisions would reflect the indeterministic probabilities. Here he mistakenly assumes that possibilities translate directly into probabilities.


He also mistakenly assumes that random possibilities directly cause human actions.


Now let us suppose that God a thousand times caused the universe to revert to exactly the state it was in at t1 (and let us suppose that we are somehow suitably placed, metaphysically speaking, to observe the whole sequence of "replays"). What would have happened? What should we expect to observe? Well, again, we can't say what would have happened, but we can say what would probably have happened: sometimes Alice would have lied and sometimes she would have told the truth. As the number of "replays" increases, we observers shall — almost certainly — observe the ratio of the outcome "truth" to the outcome "lie" settling down to, converging on, some value. We may, for example, observe that, after a fairly large number of replays, Alice lies in thirty percent of the replays and tells the truth in seventy percent of them—and that the figures 'thirty percent' and 'seventy percent' become more and more accurate as the number of replays increases. But let us imagine the simplest case: we observe that Alice tells the truth in about half the replays and lies in about half the replays. If, after one hundred replays, Alice has told the truth fifty-three times and has lied forty-eight times, we'd begin strongly to suspect that the figures after a thousand replays would look something like this: Alice has told the truth four hundred and ninety-three times and has lied five hundred and eight times. Let us suppose that these are indeed the figures after a thousand [1001] replays. Is it not true that as we watch the number of replays increase we shall become convinced that what will happen in the next replay is a matter of chance. (Philosophical Perspectives, vol. 14, 2000, p.14)


Van Inwagen reveals that he clearly thinks that indeterminism directly causes actions. No wonder on his account that "free will remains a mystery!" 

He repeated the argument more recently:


If God caused Marie's decision to be replayed a very large number of times, sometimes (in thirty percent of the replays, let us say) Marie would have agent-caused the crucial brain event and sometimes (in seventy percent of the replays, let us say) she would not have... I conclude that even if an episode of agent causation is among the causal antecedents of every voluntary human action, these episodes do nothing to undermine the prima facie impossibility of an undetermined free act.

("Van Inwagen on Free Will," in Freedom and Determinism, 2004, ed. Joseph Keim Campbell, et al., p.227)




Van Inwagen, Kane, and Compatibilism compared to the Two-stage Model
Robert Kane has argued that randomnmess in the decision need not be there all the time, just enough to be able to say we are not completely determined.  Even if just a small percentage of decisions are random, we could not be responsible for them.

We can make a quantitative comparison of the outcome of 1000 thought experiments (or "instant replays" by God as van Inwagen imagines) that shows how the indeterminism in the Cogito Model is limited to generating alternative possibilities for action. 


Van Inwagen's results after 1000 experiments are approximately 500 times when Alice lies and 500 times when Alice tells the truth.

Robert Kane is well aware of the problem that chance reduces moral responsibility, especially in his sense of Ultimate Responsibility (UR).


In order to keep some randomness but add rationality, Kane says perhaps only some small percentage of decisions will be random, thus breaking the deterministic causal chain, but keeping most decisions predictable. Laura Ekstrom and others follow Kane with some indeterminism in the decision.


Let’s say randomness enters Kane’s decisions only ten percent of the time. The other ninety percent of the time, determinism is at work. In those cases, presumably Alice tells the truth. Then Alice’s 500 random lies in van Inwagen’s first example would become only 50.
But this in no way explains moral responsibility for those few cases.


Compare the two-stage model of free will, in which decisions are adequately determined, agreeing with compatibilism/determinism except in cases where something genuinely new and valuable emerges as a consequence of randomness.


In the two-stage model, we have first “free” – random possibilities, then “will” – adequately determined evaluation of options and selection of the "best" option.


Alice’s random generation of alternative possibilities will include 50 percent of options that are truth-telling, and 50 percent lies.


Alice’s adequately determined will evaluates these possibilities based on her character, values, and current desires.

In the two-stage model, she will almost certainly tell the truth. So it predicts almost the same outcome as a compatibilist/determinist model.


The two-stage model is not identical, however, since it can generate new alternatives.


It is possible that among the genuinely new alternative possibilities generated, there will be some that determinism could not have produced.


It may be that Alice will find one of these options consistent with her character, values, desires, and the current situation she is in. One might include a pragmatic (little white) lie, to stay with van Inwagen’s example.


In a more positive example, it may include a creative new idea that information-preserving determinism could not produce.


Alice’s thinking might bring new information into the universe. And she can legitimately accept praise (or blame) for that new action or thought that originates with her.


To summarize the results:

		
    Van Inwagen
   	
    Kane
   	

    Two-stage Model
   	
    Compatiblism
   
	Alice tells truth
  	500
  	950
  	1000*	1000
  
	Alice lies
  	500
  	50
  	0*	0
  

* (Alice tells the truth unless a good reason emerges from her free deliberations in the Cogito Model, in which case, to stay with van Inwagen's actions, she might tell a pragmatic lie.)

We should also note the Moral Luck criticism of actions that have a random component in their source.

Alfred Mele would perhaps object that the alternative possibilities depend on luck, and that this compromises moral responsibility.



On the Two-stage Model view, Mele is right with respect to moral responsibility. But Mele is wrong that luck compromises free will.


Free will and creativity may very well depend on fortuitous circumstances, having the new idea "coming to mind" at the right time, as Mele says.


The universe we live in includes chance and therefore luck, including moral luck, is very real, but not a valid objection to our libertarian free will model (or Mele's "Modest Libertarianism").
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Second Thoughts

The well-known feeling that we can have "second thoughts" about an action or decision extends even to the brief time between making that decision and taking the action, during which we might reflect on more of the potential consequences.


This is of course easiest when the decision is to act at some future time. But there always is a temporal sequence in free will and almost always a bit of time for reflection.


Some philosophers think of this as the freedom to "veto" an act of the will. And some have argued that it might be the only freedom. If we don't have Free Will, we might have Free Won't. [need references]

It is of course really nothing different from the rapid contemplation of consequences, the careful consideration of options, the de-liberation of alternative possibilities that goes on when the Macro Mind makes a quick decision about anything. It is just more obvious when there is plenty of time between de-liberation and action, when the mind gets to reflect on "What If..." 



We can think about second thoughts with a modern communications metaphor. The mind, especially the frontal lobe of the brain where much reasoning and planning takes place, has a powerful capability we might call an "Instant Preplay." And from the information theoretic standpoint, the mind with second thoughts has already embodied the information about having made the initial decision. It is that information that we can replay over and over as needed.


Recent research in neuroscience with brain imaging identifies significant activity in the frontal lobe when a decision is vetoed. [reference]


Note that this does not mean a loss of adequate determinism in the will. The decision to send the question back to the Micro Mind for consideration of even more alternative possibilities does reintroduce indeterminism and freedom into the overall process of "free will." But in no way does it compromise the adequately determined Macro Mind.
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Semicompatibilism

Semicompatibilism is the idea that moral responsibility is compatible with determinism. 


The "semi" seems to imply that free will is incompatible with determinism, otherwise, why distinguish it from compatibilism? But John Martin Fischer, who originated the term, says it has nothing to do with freedom. 

Randolph Clarke suggested the term "narrow compatibilism" to distinguish it from the original "broad compatibilism" that makes determinism compatible with both free will and moral responsibility. For Clarke, narrow compatibilism is distinguished from broad by asserting we have moral responsibility, even if determinism is true and libertarian free will does not exist.

Note that Fischer, Alfred Mele, and many others for whom moral responsibility is most important, are generally agnostic about the "truth" of either libertarian free will or determinism. They want moral responsibility even in the absence of "alternative possibilities" and the idea that an agent "could have done otherwise."


Inspired by Peter Strawson, these thinkers affirm moral responsibility and accountability for their "autonomous agents" whatever the outcome of the problem of free will and determinism.


Harry Frankfurt's denial of what he called the "Principle of Alternate Possibilities" was an important step in restoring the possibility of moral responsibility in a deterministic world. 



Let's look at the taxonomy of deterministic positions and see where semicompatibilism fits.


    Recently, incompatibilists have staked out nuanced versions of the familiar positions with new jargon like hard incompatibilism, semicompatibilism, and illusionism. 
    


[image: Taxonomy of Determinist Positions]

Broad compatibilists think both free will and moral responsibility are compatible with determinism. Narrow compatibilists think free will is not compatible, but moral responsibility is compatible with determinism. 
Semicompatibilists are narrow compatibilists who are agnostic about free will and determinism. They think moral responsibility is compatible with determinism or indeterminism, if either is true.
    


Hard incompatibilists think both free will and moral responsibility are not compatible with determinism. Illusionists are incompatibilists who say free will is an illusion. 
    
Soft incompatibilists think both free will and moral responsibility are incompatible with strict determinism, but both are compatible with an adequate determinism. 
    

See the Garden of Forking Paths discussion of semi-compatibilism.
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Soft Causality

Soft Causality is the causality we have in the physical world.

It includes occasional quantum events, which are only probabilistic and statistical. This means that they are not strictly caused by prior events, although they may be causes of subsequent events.


The ancients called such causes "causa sui," or self-caused causes. They depend on chance in the form of irreducible quantum indeterminacy.


Soft Causality is not the strict deterministic causal chain that leads to the idea that there can be but one possible future for the universe. 


Soft Causality is not the causal chain that leads back to an Aristotelian prime mover that some have identified with God. 


Nor is it the idea that information is a constant of nature, so the information available at the Big Bang is all that will exist at the end of the universe, as captured in the 73rd quatrain of Omar Khayyam's Rubaiyat, as translated by Edward Fitzgerald.


With Earth's first Clay, They did the Last Man knead,

And there of the Last Harvest sow'd the Seed:

And the first Morning of Creation wrote

What the Last Dawn of Reckoning shall read. 


Soft Causality is not the deterministic laws of classical physics that allow Laplace's Demon to see all times past and future - sub specie aeternitatis.


Soft Causality is very simply the idea that most events are adequately determined by normal causes, but that some events are not precisely predictable from prior events. Their unpredictability leads us to call them  uncaused events, which in turn become uncaused causes (causa sui) that start new causal chains. 


The unpredictability is usually of minor importance. Uncaused causes do not produce the kind of "miracles" normally associated with the idea of the causa sui in scholastic theology. But they do occasionally break the causal chain of strict determinism, without denying causality.


Soft Causality gives us an Adequate Determinism.
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Stochastic Processes

In probability theory, stochastic processes are random (indeterministic) processes that are contrasted with deterministic processes.

Stochasticity is judged by the distribution of randomness in the process. 


Computer-generated stochastic noise may consist of random binary number sequences (1's and 0's). As long as the sequence is random, no statistical correlations or detectable patterns in the sequence, it is described as stochastic. 


The Wiener process, is a mathematical construct based on white noise with a Gaussian probability distribution.


Many naturally occurring processes exhibit stochasticity, including the Brownian motion of tiny particles suspended in a liquid. 


The atmosphere is considered a source of stochastic noise by Random.org. They use radio antennae tuned between radio stations to generate random digit patterns from "atmospheric" noise.


Whether this noise is genuinely random in the sense of irreducible quantum randomness is a question of the relationship between thermal noise and quantal noise.


Ultimately, this relationship depends on whether a classical gas is entirely deterministic (cf., deterministic chaos), and whether binary collisions of gas particles can be treated deterministically or must be treated quantum mechanically. If they are deterministic, then collisions are in principle time reversible. 


In quantum mechanics, microscopic time reversibility is taken to mean that the deterministic linear Schrödinger equation is time reversible. 


A careful quantum analysis shows that ideal reversibility fails 
even in the simplest conditions - the case of two particles in collision.


When they collide, even structureless particles should not be treated as individual particles with single-particle wave functions, but as a single system with a two-particle wave function, because they are now entangled.


Treating two atoms as a temporary molecule means we must use molecular, rather than atomic, wave functions. The quantum description of the molecule now transforms the six independent degrees of freedom into three for the molecule's center of mass and three more that describe vibrational and rotational quantum states.



The possibility of quantum transitions between closely spaced 
vibrational and rotational energy levels in the "quasi-molecule' introduces uncertainty, which could be different for the hypothetical perfectly reversed path. 






In information science, noise is generally the enemy of information. But some noise is the friend of freedom, since it is the source of novelty, of creativity and invention, and of variation in the biological gene pool. Too much noise is simply entropic and destructive. With the right level of noise, the cosmic creation process is not overcome by the chaos.


When information is stored in any structure, from galaxies to minds, two fundamental physical processes occur. First is a collapse of a quantum mechanical wave function. Second is a local decrease in the entropy corresponding to the increase in information. Entropy greater than that must be transferred away to satisfy the second law of thermodynamics.


If wave functions did not collapse, their evolution over time would be completely deterministic and information-preserving. Nothing new would emerge that was not implicitly present in the earlier states of the universe.


It is ironic that noise, in the form of quantum mechanical wave function collapses, should be the ultimate source of new information (low or negative entropy), the very opposite of noise (positive entropy).


Because quantum level processes introduce noise, information stored may have errors. When information is retrieved, it is again susceptible to noise, This may garble the information content.


Despite the continuous presence of noise around them and inside them, biological systems have maintained and increased their invariant information content over billions of generations. Humans increase our knowledge of the external world, despite logical, mathematical, and physical uncertainty. Biological and intellectual information handling balance random and orderly processes by means of sophisticated error detection and correction schemes. The scheme we use to correct human knowledge is science, a combination of freely invented theories and adequately determined experiments.


In Biology

Molecular biologists have assured neuroscientists for years that the molecular structures involved in neurons are too large to be affected significantly by quantum noise.

But neurobiologists know very well that there is noise in the nervous system in the form of spontaneous firings of an action potential spike, thought to be the result of random chemical changes at the synapses. This may or may not be quantum noise amplified to the macroscopic level.


But there is no problem imagining a role for randomness in the brain in the form of quantum level noise that affects the communication of knowledge. Noise can introduce random errors into stored memories. Noise can create random associations of ideas during memory recall.  



Molecular biologists know that while most biological structures are remarkably stable, and thus adequately determined, quantum effects drive the mutations that provide variation in the gene pool. So our question is how the typical structures of the brain have evolved to deal with microscopic, atomic level, noise - both thermal and quantal noise. Can they ignore it because they are adequately determined large objects, or might they have remained sensitive to the noise for some reason?



We can expect that if quantum noise, or even ordinary thermal noise, offered beneficial advantages, there would have been evolutionary pressure to take advantage of noise. 



Proof that our sensory organs have evolved until they are working at or near quantum limits is evidenced by the eye's ability to detect a single photon (a quantum of light energy), and the nose's ability to smell a single molecule.



Biology provides many examples of ergodic creative processes following a trial and error model.  They harness chance as a possibility generator, followed by an adequately determined selection mechanism with implicit information-value criteria. 



Darwinian evolution is the first and greatest example of a two-stage creative process, random variation followed by critical selection, but we will consider briefly two other such processes. Both are analogous to our two-stage Cogito model for the mind. One is at the heart of the immune system, the other provides quality control in protein/enzyme factories.


Stochastic Noise in the Cogito model

The insoluble problem for previous two-stage models has been to explain how a random event in the brain can be timed and located - perfectly synchronized! -  so as to be relevant to a specific decision. The answer is it cannot be, for the simple reason that quantum events are totally unpredictable. 

The Cogito solution is not single random events, one per decision, but many random events in the brain as a result of ever-present noise, both quantum and thermal noise, that is inherent in any information storage and communication system.


The mind, like all biological systems, has evolved in the presence of stochastic noise and is able to ignore that noise, unless the noise provides a significant competitive advantage, which it clearly does as the basis for freedom and creativity.


The only reasonable model for an indeterministic contribution is ever-present stochastic noise throughout the neural circuitry. We call it the Micro Mind.


Quantum (and even some thermal) noise in the neurons is all we need to supply random unpredictable alternative possibilities.


Not that indeterminism is NOT involved in the de-liberating Will. 


The major difference between Micro and Macro is how they process noise in the brain circuits. The first accepts it, the second suppresses it.


Our "adequately determined" Macro Mind can overcome the noise whenever it needs to make a determination on thought or action.



For Scholars
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Supercompatibilism

Supercompatibilism is the idea that free will is compatible with both determinism and indeterminism, in the sense that free will exists and will continue to exist whether determinism or indeterminism turns out to be true.

Supercompatibilism does for free will what John Martin Fischer's semicompatibilism does for moral responsibility. Fischer was inspired by Peter Strawson. Fischer and his colleague Alfred Mele affirm moral responsibility and accountability for "autonomous agents" whatever the outcome of the problem of free will and determinism.


It is sometimes said that supercompatibilism goes beyond compatibilism by requiring determinism. Does it also require indeterminism, as does comprehensive compatibilism? Note that R.E. Hobart only required determination.     



Randolph Clarke suggested the term "narrow compatibilism" for Fischer's semicompatibilism to distinguish it from the original "broad compatibilism" that makes determinism compatible with both free will and moral responsibility. For Clarke, narrow compatibilism is distinguished from broad by asserting we have moral responsibility, even if determinism is true and libertarian free will does not exist.

Note that Fischer, Alfred Mele, and many others for whom moral responsibility is most important, are generally agnostic about the "truth" of either libertarian free will or determinism. They want moral responsibility even in the absence of "alternative possibilities" and the idea that an agent "could have done otherwise."



Let's look at the taxonomy of deterministic positions and see where supercompatibilism fits.


    Recently, incompatibilists have staked out nuanced versions of the familiar positions with new jargon like hard incompatibilism, semicompatibilism, and illusionism. 
    


[image: Taxonomy of Free Will Positions]

Broad compatibilists think both free will and moral responsibility are compatible with determinism. Narrow compatibilists think free will is not compatible, but moral responsibility is compatible with determinism. 
Semicompatibilists are narrow compatibilists who are agnostic about free will and determinism. They think moral responsibility is compatible with determinism or indeterminism, if either is true.


Similarly, supercompatibilists are broad compatibilists who are supporters of free will. They think free will is compatible with determinism or indeterminism, if either is true. They prepare themselves ready to win the war however the battle of determinism vs. indeterminism come out.


Supercompatibilism is close to our comprehensive compatibilism, which is the claim that indeterminism is true, but there is an adequate determinism that describes large macroscopic objects - like the human brain, so we can have free will if we put indeterminism and adequate determinism in a temporal sequence that we call the two-stage model of free will.


Comprehensive compatibilism limits indeterminism to the generation of alternative possibilities. It uses adequate determinism to describe how an agent evaluates the alternative possibilities and chooses one that is consistent with reasons, values, desires, and feelings, in short, consistent with the agent's character. The choice is a "determination" by the agent. It is the traditional self-determination. Self-determination is not in any sense "random" simply because the agent generates creative possibilities indeterministically.
    


Hard incompatibilists think both free will and moral responsibility are not compatible with determinism. Illusionists are incompatibilists who say free will is an illusion. 
    
Soft incompatibilists think both free will and moral responsibility are incompatible with strict determinism, but both are compatible with an adequate determinism. 
    

See the Garden of Forking Paths discussion of semi-compatibilism.
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Temporal Sequence of Freedom and Determination

Free Will is best understood as a complex idea combining two antagonistic concepts - freedom and determination - in a temporal sequence. 


Many philosophers have called free will "unintelligible" because of the internal contradiction and the presumed simultaneity and identity of free and will. Specifically, they mistakenly have assumed that "free" is a time-independent adjective modifying "will."

A careful examination of ordinary language usage shows that free will is actually a temporal sequence of two opposing concepts - first "free" and then "will."


First comes the consideration of alternative possibilities, which are generated unpredictably by acausal events (simply noise in neural network communications). This free creation of possible thoughts and actions allow one to feel "I can do otherwise." 


Next comes de-liberation and determination by the will, the unfreeing of possibilities into actuality, the decision that directs the tongue or body to speak or act.


After the deliberation of the will, the true sentence "I can do otherwise" can be changed to the past tense and remain true as a "hard fact" in the "fixed past," and written "I could have done otherwise."


Thus we have the temporal sequence which William James saw so clearly a century ago, with chance in a present time of random alternatives, leading to a choice which grants consent to one possibility and transforms an equivocal future into an inalterable and simple past.
  
Free undetermined alternatives are followed by willed, determined choices. As John Locke knew more than three hundred years ago, "free" is an adjective that describes not the will, but the human mind.
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Tertium Quid

Free Will is a tertium quid (a third thing) beyond chance and necessity, beyond indeterminism and determinism, or perhaps it is just an artful combination of the two.

The idea of something more than just chance and necessity was clearly understood in antiquity. It gave rise to the idea of agent-causality.


Enlightment thinkers who held a libertarian view, such as Immanuel Kant, and the Scottish Naturalists following  Thomas Reid, had a metaphysical view of free will. The tertium quid was non-physical, outside of science. Few modern agent-causalist libertarians now accept the idea of a non-physical substance like Kant's noumenal world, and some have given up their agent-causal libertarian views as a result (Randolph Clarke, for example).


For theologians, the tertium quid is a gift from God and inexplicable in the purely physical terms of chance and necessity. In recent years, religious libertarians like Peter van Inwagen say that "Free Will Remains A Mystery" and inexplicable because of his Consequence Argument and Mind Argument. The "New Mysterians" following Colin McGinn share this view.



The Tertium Quid in Antiquity

The Tertium Quid in antiquity was something other than chance or necessity, usually identified as a kind of autonomous (αὐτόματος) or spontaneous agency. Aristotle called it what depends on us, as opposed to what depends on chance (τύχη) or on necessity (ᾶνάγκη).
Aristotle was the first major philosopher to argue convincingly for some indeterminism.  First he described a causal chain (ἄλυσις) back to a prime mover or first cause, and he elaborated the four possible causes (material, efficient, formal, and final). Aristotle's word for these causes was ἀιτία, which translates as causes (or explanations) in the sense of the multiple factors responsible for an event. Aristotle did not subscribe to the simplistic "every event has a (single) cause" idea that was to come later.  


Then, in his Physics and Metaphysics, Aristotle also said there were "accidents" caused by "chance (τύχη)."  In his Physics, he clearly reckoned chance among the causes. Aristotle might have added chance as a fifth cause - an uncaused or self-caused cause - one he thought happens when two causal chains come together by accident (συμβεβεκός). He noted that the early physicists had found no place for chance among their causes. 


Aristotle opposed his accidental chance to necessity:


Nor is there any definite cause for an accident, but only chance (τυχόν), namely an indefinite (ἀόριστον) cause. 

(Metaphysics, Book V, 1025a25)2a
It is obvious that there are principles and causes which are generable and destructible apart from the actual processes of generation and destruction; for if this is not true, everything will be of necessity: that is, if there must necessarily be some cause, other than accidental, of that which is generated and destroyed. Will this be, or not? Yes, if this happens; otherwise not. 

(Metaphysics, Book VI, 1027a29) 



Tracing any particular sequence of events back in time will usually come to an accidental event - a "starting point" or "fresh start" (Aristotle calls it an origin or arche (ἀρχῆ) - whose major contributing cause (or causes) was itself uncaused, e.g., it involved quantum indeterminacy. 


Whether a particular thing happens, says Aristotle, may depend on a series of causes that


goes back to some starting-point, which does not go back to something else. This, therefore, will be the starting-point of the fortuitous, and nothing else is the cause of its generation. 
 (Metaphysics Book VI 1027b12-14)


In general, many such causal sequences contribute to any event, including human decisions. Each sequence has a different time of origin, some going back before we were born, some originating during our deliberations.

Beyond causal sequences that are the result of chance or necessity, Aristotle felt that some breaks in the causal chain allow us to feel our actions "depend on us" (ἐφ' ἡμῖν). These are the causal chains that originate within us (ἐv ἡμῖν).


Aristotle was the first philosopher to identify the tertium quid beyond chance and necessity as an autonomous agent power.  


Aristotle knew that many of our decisions are quite predictable based on habit and character, but they are no less free nor we less responsible if our character itself and predictable habits were developed freely in the past and are changeable in the future. 


    One generation after Aristotle, Epicurus argued that as atoms moved through the void, there were occasions when they would "swerve" from their otherwise determined paths, thus initiating new causal chains. Epicurus argued that these swerves would allow us to be more responsible for our actions, something impossible if every action was deterministically caused.  For Epicurus, the occasional interventions of arbitrary gods would be preferable to strict determinism.


Epicurus did not say the swerve was directly involved in decisions. His critics, ancient and modern, have claimed mistakenly that Epicurus did assume "one swerve - one decision" and that "free " actions are uncaused. But following Aristotle, Epicurus thought human agents have the autonomous ability to transcend necessity and chance (both of which destroy responsibility), so that praise and blame are appropriate.  


...some things happen of necessity, others by chance, others through our own agency. ...necessity destroys responsibility and chance is inconstant; whereas our own actions are autonomous, and it is to them that praise and blame naturally attach.


Parenthetically, we now know that atoms do not occasionally swerve, they move unpredictably whenever they are in close contact with other atoms. Everything in the material universe is made of atoms in unstoppable perpetual motion. Deterministic paths are only the case for very large objects, where the statistical laws of atomic physics average to become nearly certain dynamical laws for billiard balls and planets. 
    


So Epicurus' intuition of a fundamental randomness in nature was correct. And he agreed with Aristotle that there is another basic kind of causes (a tertium quid) beyond  necessity (άνάyκη) and chance (τύχη). They both said that our actions are "up to us" (ἐφ' ἡμῖν or παρ’ ῆμᾶς). How exactly determinism and chance relate to autonomous agent causality is not made clear by either of them, and it remains a challenge for theories of free will.

This challenge can be met by two-stage models of free will.




The Tertium Quid in Two-Stage Models

In two-stage models of free will like the Cogito model, the tertium quid is not metaphysical and beyond chance and necessity, but an artful combination of physicalindeterminism and an adequate determinism.

Conservative Libertarians believe that one's actions are adequately determined by events prior to a decision, including one's character and values, and one's feelings and desires, in short, one's reasons and motives. Their model of free will is "reasons responsive."



The role of pure chance, irreducible randomness, or quantum indeterminacy, is limited to generating alternative possibilities for action. Chance events are not direct causes of our thoughts and actions, as "radical" libertarians believe.


"Conservative" - or "Adequate" or "Modest" - Libertarians believe that humans are free from strict physical determinism - or pre-determinism, and all the other diverse forms of determinism. They accept the existence of chance, but believe that if chance were the direct cause of actions, it would preclude control of the agent's actions and deny moral responsibility.



Note that information philosophy and its value theory separate free will from moral responsibilty. 


The existence of free will is a scientific question for physics, biology, and psychology. 
Moral responsibility is a cultural question for sociology and the law. 



Information philosophy also separates responsibility from the ideas of retributive punishment, which is still another social and cultural question.



Libertarians in general believe that determinism and freedom are incompatible. Freedom requires some form of indeterminism. But the two-stage models of free will favored by conservative libertarians also require determination of the action by the agent's motives and reasons, following deliberation and evaluation of the alternative possibilities for action provided by that indeterminism.


Critics of libertarianism (determinists and compatibilists) attack the view of radical libertarians that chance is the direct cause of actions. If an agent's decisions are not connected in any way with character and other personal properties, they rightly claim that the agent can hardly be held  responsible for them. 


Many determinists and compatibilists now accept the idea that there is real indeterminism in the universe.  Conservative libertarians can agree with them that if indeterministic chance were the direct direct cause of our actions, that would not be freedom with responsibility.


But determinists and compatibilists might also agree that if chance is not a direct cause of our actions, it would do no harm to responsibility. In which case, conservative libertarians should be able to convince some determinists of their position. Galen Strawson agrees that conservative libertarianism is a "kind of freedom that is available" to us.



If chance is limited to providing real alternative possibilities to be considered by the adequately determined will, it provides an intelligible freedom and can explain both  freedom and creativity.


Conservative libertarians can give the determinists, at least the compatibilists, the kind of freedom they say they want, one that provides an adequately determined will and actions for which we can take responsibility


Even the current chief spokesman for libertarianism, Robert Kane, admits that "radical" libertarian accounts of free will are unintelligible. No coherent idea can be provided for the role of indeterminism and chance, he says. 


But Kane's radical libertarianism  doggedly insists that "something more" is needed beyond simple determination of our thoughts and actions by our desires and feelings, our character and values, and our motives and reasons.  
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The Block Universe of Special Relativity


Several philosophers have argued that determinism, indeed pre-determinism, can be proved to be true by the special theory of relativity.

The argument depends on paradoxes (the most famous being the twin paradox) that are the results of moving observers having different ideas about what events in their view correspond to "now." They have different "planes of simultaneity." "Now" means they have synchronized their clocks according to Einstein's famous procedure.


Moving observer A thinks some event in his plane of simultaneous events (say B1) is happening now. At this moment in cosmic time, B is at B0, where and when he thinks that an event A1 is in A's future, but in his (B's) own plane of simultaneity (the dark lines).



[image: image-placeholder]

But this is not a transitive relation. Just because A sees B1 as his "now" at A0 and B sees an event A1 in A's future as B's "now" does not make the event in A's future "now" for A. It does not prove that "the future is now."


For B at B0 to affect A at A1, the "influence" would have to move faster than the speed of light. 
A and B are in a spacelike separation. The earliest possible moment that they could affect one another is if they traveled at the speed of light to meet at C.


The first philosopher to consider whether special relativity could prove determinism was J. J. C. Smart. Smart was a determinist. In 1961, his article in Mind developed the logical standard argument against free will. In 1964, he discussed Hermann Minkowski's 1908 argument for a special-relativistic block universe. Minkowski's work could be interpreted as a "tenseless" view of space-time that says "the future is already out there." Everything that is going to happen has already happened, an idea called actualism. 



Minkowski's Block Universe


Minkowski says his argument is entirely mathematical, though based on experimental physics,

The views of space and time which I wish to lay before you have sprung from the soil of experimental physics, and therein lies their strength. They are radical. Henceforth space by itself, and time by itself, are doomed to fade away into mere shadows, and only a kind of union of the two will preserve an independent reality.

First of all I should like to show how it might be possible, setting out from the accepted mechanics of the present day, along a purely mathematical line of thought, to arrive at changed ideas of space and time...Three-dimensional geometry becomes a chapter in four-dimensional physics.

("Space and Time," in Problems of Space and Time, ed. J.J.C.Smart, p.297)



Minkowski introduces his fundamental axiom:

c2dt2 - dx2 - dy2 - dz2 > 0,


or what comes to the same thing, that any velocity v always proves less than c. 

Accordingly c would stand as the upper limit for all substantial velocities, and that is precisely what would reveal the deeper significance of the magnitude c. In this second form the first impression made by the axiom is not altogether pleasing. But we must bear in mind that a modified form of mechanics, in which the square root of this quadratic differential expression appears, will now make its way, so that cases with a velocity greater than that of light will henceforward play only some such part as that of figures with imaginary co-ordinates in geometry.


("Space and Time," p.302)




J. J. C. Smart


In the introduction to his 1964 book, Smart was not yet committed to the tenseless view of space-time he holds today. In 1964 he was agnostic as to whether "some sort of fatalism must be true" and the future must already exist. He emphasizes the mathematical nature of the work, that space-time is not an ordinary space, and that the four-dimensional picture does not imply determinism.

We must not forget that space-time is a space in the mathematical sense of the word. Quite clearly it cannot be space in the sense of something which endures through time. This is sometimes half-forgotten in popular expositions of relativity. It is sometimes said, for example, that a light signal is propagated from one part of space-time to another. What should be said is that the light signal lies (tenselessly) along a line between these two regions of space-time. Moritz Schlick has expressed this point well when he says: "One may not, for example, say that a point traverses its world-line; or that the three-dimensional section which represents the momentary state of the actual present, wanders along the time-axis through the four-dimensional world. For a wandering of this kind would have to take place
in time; and time is already represented within the model and cannot be introduced again from outside." And if there can be no change in space-time, neither can there be any staying the same. As Schlick points out, it is an error to claim that the Minkowski world is static: it neither changes nor stays the same. Changes and stayings the same can both of course be represented within the world picture, for example a changing velocity by a curved line and a constant velocity by a straight line.

The tenseless way of talking which is appropriate to the four-dimensional space-time world seems to suggest to some people that some sort of fatalism must be true, and that the future is already somehow "laid up." This, however, is a confusion, for the "is" in "is already laid up" is a tensed one and suggests that the future exists now, which is absurd. The event of the future, like those of the past, certainly exist, in the sense in which this verb is used tenselessly, but of course they do not exist now. Nor does the four-dimensional picture imply determinism. It is quite neutral between determinism and indeterminism. The issue between determinism and indeterminism can be put quite easily in the language of space-time. lt is as follows: From a complete knowledge of a certain three-dimensional (spacelike) slice of space-time together with a knowledge of the laws of nature, could the properties of later (and indeed earlier) slices of space-time be deduced? For present purposes let us be agnostic as to the answer to this question.

(Problems of Space and Time, pp.12-13)




C.W. Rietdijk


Two years later, C.W. Rietdijk and Hilary Putnam were not so cautious about proving determinism using special relativity.

Rietdijk was unequivocal. His article in the journal Philosophy of Science was titled "A Rigorous Proof of Determinism Derived from the Special Theory of Relativity." He says,


A proof is given that there does not exist an event, that is not already in the past for some possible distant observer at the (our) moment that the latter is "now" for us. Such event is as "legally" past for that distant observer as is the moment five minutes ago on the sun for us (irrespective of the circumstance that the light of the sun cannot reach us in a period of five minutes). Only an extreme positivism: "that which cannot yet be observed does not yet exist", can possibly withstand the conclusion concerned. Therefore, there is determinism, also in micro-physics.


(Philosophy of Science, Vol. 33, No. 4 (Dec., 1966), pp. 341-344)



Hilary Putnam


One year after Rietdijk, the "realist" philosopher Putnam was ready to prove that future events are already real! [his exclamation]

Putnam says that his argument is remarkable,
   

(1) All (and only) things that exist now are real.

Future things (which do not already exist) are not real (on this
view); although, of course they will be real when the appropriate time
has come to be the present time. Similarly, past things (which have
ceased to exist) are not real, although they were real in the past.


If we assume classical physics and take the relation R
to be the relation of simultaneity, then, on the view (1), it is true that
all and only the things that stand in the relation R to me-now are real.


We now discover something really remarkable. Namely, on every
natural choice of the relation R, it turns out that future things (or
events) are already real!


("Time and Physical Geometry," Journal of Philosophy, 64, (1967) pp.240-247 )



Roger Penrose


In 1989, in his book The Emperor's New Mind, Roger Penrose developed an intergalactic form of the Rietdijk - Putnam argument to prove the universe is pre-determined for special relativistic reasons. 
[image: image-placeholder]

He describes the situation:


"Two people pass each other on the street; and according to one of the two people, an Andromedean space fleet has already set off on its journey, while to the other, the decision as to whether or not the journey will actually take place has not yet been made. How can there still be some uncertainty as to the outcome of that decision? If to either person the decision has already been made, then surely there cannot be any uncertainty. The launching of the space fleet is an inevitability."

The observers cannot see what is happening in Andromeda. It is light-years away. The paradox is that they have different ideas of what is happening "now" in Andromeda.


(The Emperor's New Mind, p.303)




Michael Lockwood


In his 1989 book, Mind, Brain, and the Quantum: the Compound 'I', Michael Lockwood denies the openness of the future, which is "already out there." subscribes to this view.


Time has become a fourth dimension; and an individual persisting object, such as a human body, is to be conceived as a four-dimensional 'worm', laid out in space-time, each three-dimensional time-slice of which corresponds to the object as it is at a particular moment in its history. (The set of space-time points occupied by this 'worm' — if one ignores the fact that it has spatial thickness as well as temporal length — is known as the object's world-line.) In this conception there is no universal march or flow of time. There cannot be, because there is no universal present; and consequently there is no universal past or future...

This makes trouble, incidentally, for a conception of time that many philosophers from Aristotle to the present day have wished to defend, according to which the future is open, partially undefined, in contrast to  the past, which is fixed, closed, a fait accompli. The motivation for such a view lies mainly in a desire to defend free will, to enable us to regard the future (in words I once saw in the Reader's Digest) as 'not there waiting for us, but something we make as we go along'. In the context of relativity (as is pointed out by Hilary Putnam), such a view appears not so much false as meaningless. 


(Mind, Brain, and Quantum Mechanics, p.207)




Michael Levin



In a 2007 article in the Journal of Philosophy, Michael Levin Michael Levin defends compatibilism against the charge that special relativity implies what he calls relativistic fatalism. 

The notion that special relativity can show that the world is deterministic was first proposed by the philosophers C. W. Rietdijk and Hilary Putnam in the 1960's. J.J.C.Smart described a "block universe," in which all space-time events already exist, as a "tenseless" deterministic universe.


Levin cites Michael Lockwood's 2005 book, The Labyrinth of Time, as arguing "with new vigor that the Special Theory of Relativity rules out free will."


Lockwood argues that this is not just a case of causal determinism denying free will. Special relativity, he says, challenges the very notion of cause. If the future is already out there, Lockwood says, causality has little to do with it.


Levin disagrees. He says that special relativity (SR) has room for cause and effect.


Relativistic fatalists...are certainly not compelled to renounce causality by SR alone, which respects standard conditions on the time order of cause and effect. They may therefore find it less disruptive to adopt a non-Aristotelian account of causality consonant with SR, such as energy transmission, and confront compatibilism restated in its terms. Moreover, denial of causality wars with their larger goal, shared by all fatalists, of showing that people are far more constrained than ordinarily supposed. If nothing is causally impossible — causality being an illusion — people are less constrained than ordinarily supposed. From the fatalist's own viewpoint, Lockwood's argument proves too much.


("Compatibilism and Special Relativity," J. Phil, CIV, 9, p.439, 2007) 



The basic idea of using the special theory of relativity to prove determinism is that time can be treated mathematically as a fourth dimension. This gives us excellent results for experiments on moving objects and explains the strange Lorentz contraction of objects in space and dilations of clock speeds for observers in fast moving frames of reference (coordinate systems). 


But these philosophers jump to the unacceptable conclusion that the time dimension is like space and so the "future is already out there," any event that is going to happen has already happened. This is the concept of actualism, that only what actually happens ever could have happened..


Just because an event is placed on a space-time diagram, it is not made actual. It is still in the future. Quantum mechanics has eliminated the physical determinism that Laplace's demon might have used to connect present events causally with events in the future.


Einstein was a confirmed determinist. He might have been surprised to know that so many philosophers attempt to use his theory of special relativity to prove determinism. Einstein believed in determinism as much any scientist. If the special theory of relativity could be used to "prove" determinism, he likely would have.  He did not. He probably knew that it is an absurd argument, an exercise in logic and language, and knew it would fail. 

But Einstein's special relativity has one more important role to play, in the problem of nonlocality and entanglement, which some philosophers connect to problems of consciousness and free will.




Nonlocality and Special Relativity


The mysterious phenomenon exhibited in the famous Einstein-Podolsky-Rosen experiments is the apparent transfer of something physical faster than the speed of light. 


What information philosophy sees that happens actually is merely an instantaneous change in the information about probabilities (actually complex probability amplitudes). 


The idea of something measured in one place "influencing" measurements far away challenged what Einstein thought of as "local reality." It came to be known as "nonlocality." Einstein called it "spukhafte Fernwirkung" or "spooky actions at a distance." 


Einstein had objected to nonlocal phenomena as early as the Solvay Conference of 1927, when he criticized the collapse of the wave function in the two-slit experiment as "instantaneous-action-at-a-distance" that prevents the wave from acting at more than one place on the screen.


Here is an animated explanation of what happens in the two-particle wave-function collapse at the heart of nonlocality.



Animation of a two-particle wave function collapsing - click to restart
[image: image-placeholder]

The idea that something has "traveled" faster than the speed of light was pointed out first by Einstein in 1927. It can be seen in this collapse of the single-particle wave function.



Animation of a wave function collapsing - click to restart


Roger Penrose thinks that nonlocality can help to explain consciousness.  


The Swiss physicists Nicolas Gisin
 and Antoine Suarez think that nonlocality can explain free will because "something is coming from outside space and time."
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The Free Will Scandal
John Searle says it is a scandal that philosophers have not made more progress on the problem of free will. 

The persistence of the free will problem in philosophy seems to me something of a scandal. After all these centuries of writing about free will, it does not seem to me that we have made very much progress.

(Freedom and Neurobiology, p.37) 


Two centuries ago, Immanuel Kant called it a scandal that academic philosophers were so out of touch with the common sense of the masses when they doubted the existence of the external world. David Hume had criticized the Theory of Ideas of his fellow British empiricists John Locke and George Berkeley. If they are right that knowledge is limited to perceptions of sense data, we cannot "know" anything about external objects, even our own bodies.

Kant's main change in the second edition of the Critique of Pure Reason was an attempted refutation of this idealism (B 273). He thought he had a proof of the existence of the external world. Kant thought it a scandal in philosophy that we must accept the existence of things outside ourselves merely as a belief, with no proof. He said that "speculative metaphysics must be investigated 



to prevent the scandal which metaphysical controversies are sure, sooner or later, to cause even to the masses.


However innocent idealism may be considered with respect to the essential purposes of metaphysics (without being so in reality), it remains a scandal to philosophy, and to human reason in general, that we should have to accept the existence of things outside us (from which after all we derive the whole material for our knowledge, even for that of our inner sense) merely on trust, and have no satisfactory proof with which to counter any opponent who chooses to doubt it. 
    (Preface to Second Edition, Critique of Pure Reason)

Martin Heidegger commented on Kant's scandal:


The "scandal of philosophy" is not that this proof has yet to be given, but that such proofs are expected and attempted again and again.

(Being and Time, Macquarrie and Robinson, translators, pp. 249)

Moritz Schlick agreed with Heidegger. He thought it a scandal that so much energy had been wasted on a "pseudo-problem."


This is the so-called problem of the freedom of the will. Moreover, this pseudo-problem has long since been settled by the efforts of certain sensible persons; and, above all, the state of affairs just described has been often disclosed — with exceptional clarity by Hume. Hence it is really one of the greatest scandals of philosophy that again and again so much paper and printer's ink is devoted to this matter, to say nothing of the expenditure of thought, which could have been applied to more important problems. 


The free will scandal is related to the knowledge scandal because so many philosophers and  scientists have thought that they could prove that free will does not exist, that it is an illusion.


Ths most common proof is based on the two-part standard argument against free will.


If our actions are determined, they are not free.



If our actions are directly caused by chance, they are simply random and we cannot be responsible for them. 


Despite more than twenty-three centuries of philosophizing, most modern thinkers have not moved significantly beyond this core problem of randomness and free will - the mistaken idea that free actions are caused directly by a random event.  




The Freedom section is now a book.
Free Will: 
The Scandal in Philosophy
Click here for info[image: Click for information about <i>Free Will: The Scandal in Philosophy</i>]


To be responsible for our actions, they must have been caused by something within us, they must "depend on us" (the Greeks called this ἐφ ἡμῖν). Modern "agent-causal" theorists demand that something in the agent's mind - perhaps a uniquely mental substance - gives us the power to cause our actions.


In two-stage models of free will, responsibility comes from an adequately determined will choosing from among randomly generated alternative possibilities. 


We have identified the critical requirements for a practical and plausible model of free will.

For Scholars




Source: https://www.informationphilosopher.com/freedom/scandal.html





  
  The Free Will Theorem of Conway and Kochen
  

  


  
  Home › Freedom › Free Will Theorem
The Free Will Theorem of Conway and Kochen
John Conway and Simon Kochen assume three axioms, which they call "SPIN", "TWIN" and "FIN". The spin and twin axioms can be established by entanglement experiments. Fin is a consequence of relativity theory.


   1. SPIN: Measuring the square of the component of spin of certain elementary particles of spin one, taken in three orthogonal directions, results in a permutation of (1,1,0).


   2. TWIN: It is possible to "entangle" two elementary particles, and separate them by a significant distance, so that they give the same answers to corresponding questions. The squared spin results are the same if measured in parallel directions. If the first experimenter A (on Earth) performs a triple experiment for the frame (x, y, z), producing the result
x → j, y → k, z → l while the second experimenter B (on Mars, at least 5 light minutes away) measures a single
spin in direction w, then if w is one of x, y, z, its result is that w → j, k, or l, respectively.


   3. FIN: There is a finite upper bound to the speed with which
information can be effectively transmitted. Conway and Kochen say this is a consequence of "effective causality."


[But the  collapse of the probability amplitude wave function is instantaneous and not so limited. ] 



The formal statement of the Free Will Theorem is then

If the choice of directions in which to perform spin 1 experiments is not a
function of the information accessible to the experimenters, then the responses of the particles are equally not functions of the information accessible to them.



Conway and Kochen say:

Why do we call this result the Free Will theorem? It is usually tacitly
assumed that experimenters have sufficient free will to choose the settings of
their apparatus in a way that is not determined by past history. We make this
assumption explicit precisely because our theorem deduces from it the more surprising fact that the particles’ responses are also not determined by past history.

Thus the theorem asserts that if experimenters have a certain property,
then spin 1 particles have exactly the same property. Since this property for
experimenters is an instance of what is usually called “free will,” we find it
appropriate to use the same term also for particles.




The "free choice" of experimenters goes back to the Einstein, Podolsky, Rosen paradox and Niels Bohr's reaction.


The theorem states that, given the axioms, if the two experimenters in question are free to make choices about what measurements to take, then the results of the measurements cannot be determined by anything previous to the experiments.


The idea of a "free choice" of the experimenter goes back to the response of Niels Bohr to Albert Einstein, Podolsky, and Rosen and their EPR paradox.


EPR argued that entangled particles could be regarded as separate systems, and since they could choose which type of measurement to make on the first system, it would make an instantaneous difference in the state and properties of the second system, however far away, violating special relativity.


We see therefore that, as a consequence of two different measurements performed upon the first system, the second system may be left in states with two different wave functions. On the other hand, since at the time of measurement the two systems no longer interact, no real change can take place in the second system in consequence of anything that may be done to the first system. This is, of course, merely a statement of what is meant by the absence of an interaction between the two systems. Thus, it is possible to assign two different wave functions to the same reality (the second system after the interaction with the first).


Bohr replied:


As pointed out by the named authors, we are therefore faced at this stage with a completely free choice whether we want to determine the one or the other of the latter quantities by a process which does not directly interfere with the particle concerned.

...we are, in the "freedom of choice" offered..., just concerned with a discrimination between different experimental procedures which allow of the unambiguous use of complementary classical concepts.



In his long 1938 essay on "The Causality Problem in Atomic Physics" Bohr again emphasizes the "free choice" of an experimental procedure in his solution to the EPR paradox.


the paradox finds its complete solution within the frame of the quantum mechanical formalism, according to which no well defined use of the concept of "state" can be made as referring to the object separate from the body with which it has been in contact, until the external conditions involved in the definition of this concept are unambiguously fixed by a further suitable control of the auxiliary body. Instead of disclosing any incompleteness of the formalism, the argument outlined entails in fact an unambiguous prescription as to how this formalism is rationally applied under all conceivable manipulations of the measuring instruments. The complete freedom of the procedure in experiments common to all investigations of physical phenomena, is in itself of course contained in our free choice of the experimental arrangement, which again is only dictated by the particular kind of phenomena we wish to investigate.


In all recent EPR experiments to test  Bell's Inequalities, "free choices" of the experimenters are needed when they select the angle of polarization. Note that what determines the second experimenter's results is these tests is simply the first experimenter's measurement, which instantaneously collapses the superposition of two-particle states into a particular state that is now a separable product of independent particle states.


Since the free will theorem applies to any arbitrary physical theory consistent with the axioms, it would not even be possible to place the information into the universe's past in an ad hoc way. The argument proceeds from the Kochen-Specker theorem, which shows that the result of any individual measurement of spin was not fixed (pre-determined) independently of the choice of measurements. 


Conway and Kochen describe new bits of information coming into existence in the universe, and we agree that information is the key to understanding both EPR entanglement experiments and human free will. They say 


...there will be a time t0 after x, y, z are chosen with the property that for each time t < t0 no such bit is available, but for every t > t0 some
such bit is available.

But in this case the universe has taken a free decision at time 
  
    t
    
      0
    
  
, because the information about it after 
  
    t
    
      0
    
  
 is, by definition, not a function of the information available before 
  
    t
    
      0
    
  
!



Their anthropomorphization of the universe as "taking a free decision" is too simplistic, but it is essential to solutions of the problem of measurement to recognize that the "cut" between the quantum world and the classical world is the moment when new information enters the universe irreversibly.


In "The Strong Free Will Theorem," Conway and Kochen replace the FIN axiom with a new axiom called MIN, which asserts only that two experimenters separated in a space-like way can make choices of measurements independently of each other. In particular, they are not asserting that all information must travel finitely fast; only the particular information about choices of measurements made by the two experimenters.


In an article on the free will theorem dedicated to John Wheeler, Conway and Kochen write:
   

One advantage of the Free Will Theorem is that by making explicit
the necessary Free Will assumption, it replaces all these dubious ideas by
a simple consequence, FIN, of relativity. A greater one is that it applies
directly to the real world rather than just to theories. It is this that prevents
the existence of local mechanisms for reduction.

The world it presents us with is a fascinating one, in which fundamental
particles are continually making their own decisions. No theory can
predict exactly what these particles will do in the future for the very good
reason that they may not yet have decided what this will be! Most of their
decisions, of course, will not greatly affect things – we can describe them
as mere ineffectual flutterings, which on a large scale almost cancel each
other out, and so can be ignored. The authors strongly believe, however,
that there is a way our brains prevent some of this cancellation, so allowing
us to integrate what remains and producing our own free will.


The mere existence of free will already has consequences for the philosophy
of general relativity. That theory has been thought by some to
show that “the flow of time” is an illusion. We quote only one of many
distinguished authors to that effect: “The objective world simply is, it does
not happen”(Hermann Weyl). It is remarkable that this common opinion,
often referred to as the “block universe” view, has come about merely as
a consequence of the usual way of modeling the mathematics of general
relativity as a theory about the curvature of an eternally existing arena of
space-time. In the light of the Free Will theorem this view is mistaken,
since the future of the universe is not determined. Theodore Roosevelt’s
decision to build the Panama Canal shows that free will moves mountains,
which implies, by general relativity, that even the curvature of space is not
determined. The stage is still being built while the show goes on.


Einstein could not bring himself to believe that “God plays dice with
the world,” but perhaps we could reconcile him to the idea that “God lets
the world run free.”

   


Although Conway and Kochen do not claim to have proven free will in humans, they assert that should such a freedom exist, then the same freedom must apply to the elementary particles. (Recall that Arthur Stanley Eddington was mistakenly charged with the idea that human free will was the same idea as that electrons are "free.") 


What Conway and Kochen are really describing is the indeterminism that quantum mechanics has introduced into the world. While indeterminism is a necessary precondition for human freedom, it is insufficient by itself to provide free will.


Another way of looking at their work is to say that Conway and Kochen are trying to close a "loophole" in the Bell inequality tests. We might call this loophole the "determinism loophole" or better the "pre-determinism loophole." If determinism is true, then all the experimental tests might have been pre-determined to show that quantum mechanics is correct, and indeterminism exists, where the real underlying nature of the universe is deterministic.


This is beyond belief, but not beyond the hope and dreams of many thinkers, especially mathematical physicists, who hope to show that information is conserved, and that Einstein, Schrödinger, de Broglie, Planck, and friends were right, Heisenberg and Bohr were wrong.
     
  





Source: https://www.informationphilosopher.com/freedom/free_will_theorem.html





  
  The Idea of Freedom
  

  


  
  Home › Freedom › Idea of Freedom
The Idea of Freedom

Average persons, unschooled in philosophical reasoning, assume that when they make a choice they are free to choose from among various alternatives, the simplest of which are to assent or deny - to say yes or no - to some simple action.

Humans everywhere have what Immanuel Kant called "The Idea of Freedom" in his great work Groundwork of the Metaphysic of Morals. Kant based his "categorical imperatives" - without which morality and responsibility would be impossible - on the presumed fact that freedom is a universal idea. 


Now determinists generally deny both freedom and moral responsibility, while compatibilists generally assert a special form of free will compatible with determinism that allows them to defend responsibility.


But note the curious fact that all the participants in the free will debates are in basic agreement with Kant that there exists an Idea of Freedom, even as some deny that there is something phenomenally and physically real corresponding to the Idea and others redefine the meaning of the term "free will". 


Very subtle logical arguments, common today among many philosophers, claim that this common sense notion of a "free will" is an illusion. This would seem to require that the burden of proof should be on the shoulders of those determinists, compatibilists, and others who deny the existence of free will in the ordinary common sense usage (that alternative possibilities for action not only exist but can be generated as needed by agents).


Until the mid-twentieth century, compatibilists generally accepted the need for alternative possibilities, but followers of Harry Frankfurt have developed sophisticated arguments to show the "compatibilist free will" does not require the existence of real alternative possibilities. 


Buoyed by widespread acceptance of so-called "Frankfurt Cases" in the philosophical literature, some compatibilists now claim that the burden of proof has shifted back to the libertarians to make an intelligible case for how indeterminism does not make our actions random and destroy our responsibility for them.


Some scientists, by contrast, have asserted a "free will axiom, that science would be impossible if investigators were not free to choose - and to invent - both their hypotheses and their experimental tests. Other scientists claim that deterministic causal laws are the sine qua non of physical science. (René Thom calls the "fascination with chance an antiscientific attitude par excellence")



Kant's Idea of Freedom 


THE CONCEPT OF FREEDOM IS THE KEY TO EXPLAIN AUTONOMY OF THE WILL

WILL is a kind of causality belonging to living beings so far as they are rational. Freedom would then be the property this causality has of being able to work independently of determination by alien causes; just as natural necessity is a property characterizing the causality of all non-rational beings — the property of being determined to activity by the influence of alien causes.


The above definition of freedom is negative and consequently unfruitful as a way of grasping its essence; but there springs from it a positive concept, which, as positive, is richer and more fruitful. The concept of causality carries with it that of laws (Gesetze) in accordance with which, because of something we call a cause, something else — namely, its effect — must be posited (gesetzt). Hence freedom of will, although it is not the property of conforming to laws of nature, is not for this reason lawless: it must rather be a causality conforming to immutable laws, though of a special kind; for otherwise a free will would be self-contradictory. Natural necessity, as we have seen, is a heteronomy of efficient causes; for every effect is possible only in conformity with the law that something else determines the efficient cause to causal action. What else then can freedom of will be but autonomy, that is, the property which will has of being a law to itself? The proposition 'Will is in all its actions a law to itself' expresses, however, only the principle of acting on no maxim other than one which can have for its object itself as at the same time a universal law. This is precisely the formula of the categorical imperative and the principle of morality. Thus a free will and a will under moral laws are one and the same.

 
Consequently if freedom of the will is presupposed, morality, together with its principle, follows by mere analysis of the concept of freedom. Nevertheless the principle of morality is still a synthetic proposition, namely: 'An absolutely good will is one whose maxim can always have as its content itself considered as a universal law'; for we cannot discover this characteristic of its maxim by analysing the concept of an absolutely good will. Such synthetic propositions are possible only because two cognitions are bound to one another by their connexion with a third term in which both of them are to be found. The positive concept of freedom furnishes this third term, which cannot, as in the case of physical causes, be the nature of the sensible world (in the concept of which there come together the concepts of something as cause and of something else as effect in their relation to one another). What this third term is to which freedom directs us and of which we have an Idea a priori, we are not yet in a position to show here straight away, nor can we as yet make intelligible the deduction of the concept of freedom from pure practical reason and so the possibility of a categorical imperative: we require some further preparation.


FREEDOM MUST BE PRESUPPOSED AS A PROPERTY OF THE WILL OF ALL RATIONAL BEINGS


It is not enough to ascribe freedom to our will, on whatever ground, unless we have sufficient reason for attributing the same freedom to all rational beings as well. For since morality is a law for us only as rational beings, it must be equally valid for all rational beings; and since it must be derived solely from the property of freedom, we have got to prove that freedom too is a property of the will of all rational beings. It is not enough to demonstrate freedom from certain alleged experiences of human nature (though to do this is in any case absolutely impossible and freedom can be demonstrated only a priori): we must prove that it belongs universally to the activity of rational beings endowed with a will. Now I assert that every being who cannot act except under the Idea of freedom is by this alone — from a practical point of view - really free; that is to say, for him all the laws inseparably bound up with freedom are valid just as much as if his will could be pronounced free in itself on grounds valid for theoretical philosophy.* And I maintain that to every rational being possessed of a will we must also lend the Idea of freedom as the only one under which he can act. For in such a being we conceive of a reason which is practical — that is, which exercises causality in regard its objects. But we cannot possibly conceive of a reason as being consciously directed from outside in regard to its judgement, for in that case the subject would attribute the determination of his power of judgement, not to his reason, but to an impulsion. Reason must look upon itself as the author of its own principles independently of alien influences. Therefore as practical reason, or as the will of a rational being, it must be regarded by itself as free; that is, the will of a rational being can be a wi11 of his own only under the Idea of freedom, and such a will must therefore — from a practical point of view — be attributed to all rational beings.



Most compatibilists (and even some determinists) admit that on introspection they find that (despite their refined theoretical positions) as a practical matter they continue to deliberate over alternative possibilities, they continue to act on an Idea of Freedom.



Compatibilists argue that determinism is compatible with human freedom, and that indeterminism is not compatible or at best incoherent. If our actions were indeterministic, we could not be responsible for them. (This is a critical part of the standard argument against free will). They feel (correctly) that there must be a deterministic or causal connection between our will and our actions. This, they say, allows us to take responsibility for our actions, including credit for the good and blame for the bad.


As long as the agent is free from external coercion, they have freedom of action, which is the compatibilist freedom we have according to Thomas Hobbes and David Hume.


Compatibilists (or "soft determinists" as they have been known since William James) identify free will with freedom of action - the lack of external constraints. We are free, and we have free will, if we are not in physical chains. But freedom of the will is different from freedom of action.


Some compatibilists accept the view of a causal chain of events going back indefinitely in time, consistent with the laws of nature, with the plan of an omniscient God, or with other determinisms. As long as our own will is included in that causal chain, we are free, they say. And they think causality in nature is related to the very possibility of reason and logic. Without causality, they say, we could not be certain of the truths of our arguments. 

Compatibilists don't mind all their decisions being caused by a metaphysical chain of events, as long as they are not in physical chains.

We think compatibilists should be classified according to the particular determinisms they think are compatible with human freedom. It is one thing to claim compatibility with physics, another to claim compatibility with God's foreknowledge, etc.



An increasing number of compatibilists knowledgeable about modern physics, usually somewhat reluctantly, accept the view that random quantum mechanical events occur in the world. Whether in the physical world, in the biological world (where they are a key driver of genetic mutations), or in the mind, randomness and uncaused events are real. 

Other compatibilists, Daniel Dennett, for example, simply insist that such genuine irreducible randomness is not needed for evolution or for human freedom. Others point out that even if strict determinism were true (which it isn't), compatibilist freedom of action, in David Hume's sense, would still exist.


Quantum events introduce the possibility of accidents, novelty, and human creativity. Compatibilists who admit such indeterminism might very likely be convinced of a stronger argument for human freedom that still provides an adequately determined will. 


See Giving Determinists What They Say They Want.



For Teachers

Note there is also incompatibilism. There are two kinds of incompatibilists, those who deny human freedom (usually called "hard" determinists) and those who assert it (often called voluntarists, free willists, or metaphysical libertarians - to distinguish them from political libertarians). 
     

For Scholars

      The first compatibilist was Carneades (214-129), the great Skeptic.
     




Source: https://www.informationphilosopher.com/freedom/idea_of_freedom.html
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The Illusion of Determinism
Abstract
Adequate (or statistical) determinism is an emergent property in the universe that was initially chaotic and which remains chaotic at atomic and molecular levels. Consequently all physical processes are statistical and all knowledge is only probabilistic. Strict determinism is an illusion, a consequence of idealization. 

    Statistical knowledge always contains errors that are normally distributed according to a universal law that ultimately derives from the discrete quantum nature of matter. 


    The existence of this universal distribution law of errors convinced many scientists and philosophers that the randomness of errors was not real, that strict deterministic laws would be found to explain all phenomena, including human beings. 


    To the extent that randomness is needed to break the causal chain of strict physical determinism, many philosophers continue to think that free will is the illusion.
    



    The fundamental nature of the universe is discrete (all things are particulate - atoms for example) and chaotic (irreducibly random).

    In some parts of the universe however, stable information structures have emerged from a creative process involving indeterministic quantum mechanics (wave function collapse) and transport of entropy away from the new structures to empty parts of the expanding universe. 


    This core process of information creation underlies the formation of microscopic objects like atoms and molecules and macroscopic objects like galaxies, stars, and planets.


    Physically large objects appear to be continuous and highly deterministic, for example the motion of planets around the sun.  Planetary positions are predictable to a very high degree of accuracy, using analytic differential equations of motion. 


    But this apparently perfect determinism is an idealization, an abstraction from reality, which is only statistically deterministic becasue the indeterministic influences of random quantum events are averaged over.


 When small numbers of atoms and molecules interact, their motions and behaviors are indeterministic, governed by the rules of quantum mechanics. 

Werner Heisenberg's principle of indeterminacy (mistakenly called "uncertainty," as if the problem is epistemic/subjective and not ontological/objective) gives us the minimum error in simultaneous measurements of position x and momentum p,



  Δ
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where h is Planck's constant of action. To see how "adequate" determinism emerges for large numbers of particles, note that the momentum p = mv, the product of mass and velocity, so we can write the indeterminacy principle in terms of velocities and positions as 
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When large numbers of microscopic particles get together in massive aggregates 
( h / m → 0 ), the indeterminacy of the individual particles gets averaged over and macroscopic "adequately" deterministic laws "emerge." The positions and velocities of large massive objects can be "determined" beyond our ability to measure.

Determinism is thus an emergent property.


The "laws of nature," such as Newton's laws of motion, are all statistical in nature. They "emerge" when large numbers of atoms or molecules get together. For large enough numbers, the probabilistic laws of nature approach practical certainty. But the fundamental indeterminism of component atoms never completely disappears. And some microscopic randomness may be amplified and appear in the macroscopic world.


   Isaac Newton's laws of motion perfectly explain Kepler's observation that a planet moves in an ellipse around the sun. But this result depends on treating the sun and planet as point masses and ignoring the other planets. If they are included, classical mechanics becomes only approximate and the determinism only adequate (albeit accurate to many significant figures).    


    In addition, measurements of planetary position and motion (indeed all experimental measurements) are only approximate because of observational errors. These errors are a combination of human ignorance (our minds and instruments contain limited information and lack perfect precision) and fundamental randomness -  whose source is quantum uncertainty.


    At the other extreme of physically small objects, James Clerk Maxwell and Ludwig Boltzmann successfully described the motions of atoms or molecules in an "ideal gas" by ignoring the details of their interactions (collisions with one another and with the walls of their container). 


    Maxwell and Boltzmann knew very well that their results were only approximate and statistical. But their statistical mechanics provided a quantitative physical explanation for macroscopic thermodynamic observables that seemed to confirm the deterministic nature of physics.


    The astounding success of deterministic mechanical theories describing the largest and the smallest objects in the universe appeared to late nineteenth-century scientists and philosophers to confirm physical determinism, and by association the many other forms of determinism. 


    But quantum chaos is the fundamental condition of the early universe and the present microcosmos. How can we reconcile this fundamental and irreducible randomness and disorder with the appearance of cosmic order, including life and intelligence? 


The "adequate" determinism of macroscopic structures is simply a consequence of the very large number of quantum particles involved. 


Since the fundamental particles follow the laws of quantum mechanics, their macroscopic behavior approaches classical mechanics in the limit of large quantum numbers (the Bohr correspondence principle)  and as a consequence of the law of large numbers that describes macroscopic objects made up of vast numbers of quantum particles. 


We are of course quite fortunate that the determinism we have, while not the strict, necessary, logical determinism that scientists and philosophers thought, is adequate enough to provide us with a highly predictable and orderly world. Information structures have stability over time scales of the same order as the age of the universe. Parts of DNA have not changed in 2.8 billion years. 


Living systems have learned to manage the underlying chaos (with sophisticated error detection and correction mechanisms). Far from being the problem that many philosophers think it is, randomness is used by living systems to escape the trap of determinism and provide us with the alternative possibilities needed for freedom of action and creativity.


The Calculus of Probabilities


    Many ancient and modern philosophers rejected chance and randomness as unintelligible ideas. Chance was used to describe situations in which humans simply lack the knowledge of what exactly is going on. Randomness was regarded as an epistemological problem, not a metaphysical or ontological reality. 

   The limits on knowledge were considered to be a problem only for humans. Theologians were confident that God could know details of which humans were ignorant. Metaphysical chance was regarded as atheistic.

Gottfried Leibniz and Pierre-Simon Laplace postulated a super intelligence that could know the positions and velocities of all the particles in the universe and thus know the complete future.


   Laplace and contemporary mathematicians were convinced of the deterministic nature of the universe by their discovery of the underlying distribution law that governs chance events - the law of errors (Legendre, Gauss) or normal distribution.


   Laplace named his theory about random events the "calculus of probabilities" to signal approbation of a subject that originated in illicit games of chance. 


   Calculating a priori probabilities is a means to justify degrees of belief, the fundamental basis for epistemology. Admitting the reality of metaphysical chance in the world helps a posteriori to explain events after the fact that do not agree with our expectations.



   Epistemology, the study of what we know, is fundamentally probabilistic. Ontology, the study of what exists, is fundamentally statistical.  
Knowledge is (subjective) information in our minds about (objective) information in external things. 


Chaos Theory

   "Chaos theory" is a deterministic mathematical formalism that describes the dynamics of physical systems near singular points in their motions where infinitesimal differences in position or velocity lead to exponentially large differences at later times. It does not involve quantum uncertainty, simply extreme sensitivity to initial conditions. 
Chaos theorists are determinists who think that chaotic behavior is only apparently random.


   Most complexity theories are also deterministic.

  
Free Will

   In the 1870's Maxwell noted the occurrence of singular points in hydrodynamical flows and argued that something like them in the mind might allow living creatures to escape from strict determinism.

   After the discovery of quantum uncertainty, some scientists (Arthur Stanley Eddington, Arthur Holly Compton, John Eccles, Henry Margenau) proposed quantum randomness as the source of free will.


   But they all admitted failure if chance was the direct cause of our actions. 

Free will is a two-stage process of "free" (random generation of alternative possibilities) followed by "will" (adequately determined selection of the best action).


Source: https://www.informationphilosopher.com/freedom/illusion_of_determinism.html
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The Paradigm-Case Argument

In the early days of ordinary language philosophy at Oxford University, and perhaps inspired by the need for "usage examples" to define a term in a dictionary (consider the great OED), some philosophers called for "paradigm cases" to establish the meaning of a word. Understanding a concept, doing "conceptual analysis," then became simply a matter of finding an appropriate paradigm case.

Very early in the development of such paradigm case arguments, "free will" became a paradigm of analysis by finding a paradigm case. Antony Flew found one in the case of a man who marries the girl he wants to marry, under no social pressure.


The "pressure" reference is, of course, to the absence of any external constraints or compulsions that might limit his "freedom of action" or "compatibilist free will."


Flew says



"The clue to the whole business now seems to lie in
mastering what has recently been usefully named, The Argument of the
Paradigm Case.69 Crudely: if there is any word the meaning of which can
be taught by reference to paradigm cases, then no argument whatever
could ever prove that there are no cases whatever of whatever it is. Thus,
since the meaning of 'of his own freewill' can be taught by reference to
such paradigm cases as that in which a man, under no social pressure,
marries the girl he wants to marry (how else could it be taught ?): it cannot
be right, on any grounds whatsoever, to say that no one ever acts of his own
freewill. For cases such as the paradigm, which must occur if the word is
ever to be thus explained (and which certainly do in fact occur), are not
in that case specimens which might have been wrongly identified: to the
extent that the meaning of the expression is given in terms of them they
are, by definition, what 'acting of one's own freewill' is. As Runyon would
say: If this isn't an x, it will at least (do till an x comes along. A moment's
reflexion will show that analogous arguments can be deployed against
many philosophical paradoxes.

"What such arguments by themselves will certainly not do is to establish
any matter of value, moral or otherwise: and almost every one who has
used them, certainly the present writer, must plead guilty to having from
time to time failed to see this. For one cannot derive any sort of value
proposition: from either a factual proposition about what people value: or
from definitions however disguised of the value terms which people as a
matter of fact employ."


.


The next year Arthur Danto wrote an article, "The Paradigm Case Argument and the Free-Will Problem." He doubted that a paradigm-case argument was useful for the "real problem of free will."  


I wish to show that the sort of argument I have quoted does not in fact close the books even on the ancient issue. And I wish to show that ordinary language so construed is simply
irrelevant to the celebrated problem of the freedom of the will.


Danto nicely points out that what the (comaptibilist and determinist) philosophers of his time considered the "free-will problem" was not the ordinary language use in this paradigm case.

The occasions on which we might use the
expression in ordinary life are really rather
special. There is, of course, the reproachful
use: Smith has botched his marriage and
cries on our shoulder, so we say "Well, you
married of your own free-will." We would
not say this were we sympathetic with
Smith, or felt his problem deeply, or were
being paid to listen to him, or blamed his
wife. Mainly, however, we use the expression
only when someone else has said, or
thought, that somebody was forced to do
something against his will. "He did it of his
own free-will" then serves to deny such an
assertion.

It is a characteristic (and perhaps a crucial)
difference between ordinary and philosophical
denials of free-will that willingness
is not a component of the latter. The
determinist is surely not arguing the patently
false proposition that we always act
unwillingly, contrary to our will. But that,
I think, is nearly always what we mean in
ordinary life when we say that someone did
not act of his own free-will. We mean he
was forced to do it. Furthermore, we never
say, apropos of nothing, that someone did
something of his own free-will. Indeed, were
someone to tell me that Smith married and
add that he did so of his own free-will, I
should wonder what he was insisting upon.
And I would gather that there was more to
the story than I had been aware of.
Now if I am correct in all this, then, I
think, even if determinism came to be universally
accepted, it would leave this part
of ordinary language quite unmodified. For
people would still have inclinations, would
still sometimes be forced to act against
those inclinations, would very likely still
seek extenuation, etc. Or they would sometimes
be released from certain pressures,
restrictions, and obligations. So we should
still require the expressions we now employ,
e.g., "He did it of his own free-will" or "He
is free" (i.e., "no longer in conference,"
"no longer engaged to the girl from Vassar,"
"has broken the habit," "is out of
jail").



Someone might of course complain, once
determinism were universally accepted, that
these expressions smack of an old, wrong
view of things, that new expressions ought
to be found. But what would be the gain?
The distinctions would still need somehow
to be made. And the point is, the expression
"of his own free-will" is used simply to make these distinctions now.



Here Danto anticipates Peter Strawson's changing the subject to moral responsibility in 1962
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The Pseudo-Problem of Free Will

The Pseudo-Problem of Free Will is a misnomer. Free Will is a real problem.


Free will was declared a pseudo-problem by Moritz Schlick in his 1936 essay The Pseudo-Problem of Freedom of the Will. 

Ludwig Wittgenstein had convinced Schlick and his Vienna Circle of logical positivists/empiricists that philosophical problems could not be solved, only dis-solved, by careful attention to the use of language.


  In C. A. Campbell's inaugural address at Glasgow University in 1938, In Defence of Free Will, he attempted to restore sensible discussion to a problem he regarded as unparalleled in the history of metaphysics. Later he attacked Schlick directly in his 1951 Mind article Is Free Will A Pseudo-Problem?

More likely to be Pseudo-Problems are Determinism, which is a dogma, Compatibilism, which is mostly sophistical word play to deny common sense, and Incompatibilism, which simultaneously refers to two opposing ideas - "Hard Determinism" and "Free Will." 


Is it any wonder that such confused and abused language has resulted in the muddle of philosophizing on free will?


Determinism has always been more a matter of faith than an empirically established truth about the world or human beings. There is no scientific evidence for the strict determinism of philosophy. It is merely a dogma.


And the non-intuitive claim, thought true only by cerebral philosophers and brain-washed students of philosophy, that freedom is compatible with determinism is a black mark on the academy. It is the product of logicians who think the tortoise beats the hare and the ass starves to death if equidistant between two piles of hay. To be sure, what compatibilists may want and see correctly is that free will requires a degree of determination. 

R.E.Hobart had part of the idea in his essay Free Will as Involving Determination and Inconceivable Without It. 


Hobart's argument is similar to John Locke's simple insight that The Will Is Not Free, it is The Man Who Is Free. The Will is an Act of Determination. 


Locke says in Essay Concerning Human Understanding, Book II, Chapter XXI,Section 21 Of Power
  "To return, then, to the inquiry about liberty, I think the question is not proper, whether the will be free, but whether a man be free."
  

And Locke knew that language like "free will is incompatible with determinism" was itself the source of philosophical errors.

"This way of talking, nevertheless, has prevailed, and, as I guess, produced great confusion."


Peter van Inwagen had another part of the idea in his Essay on Free Will when he found Incompatibilism to be true but could not see the proper place for Indeterminism.


An improved, new, or strong Compatibilism might be:

Free Will is Compatible with both"Adequate" DeterminismandIndeterminism


Resolution of the Pseudo-Problem of Determinism


The very simple answer is to recognize the term "free will" as a complex of two independent concepts, free and will, arranged in a temporal sequence.

The Free in Free Will is

Compatible with (Some) Indeterminism

And Incompatible with (Strict) Determinism


The Will in Free Will is

Compatible with (Adequate) Determinism

And Incompatible with (Total) Indeterminism





The Free in Free Will Creates and Liberates Alternative Possibilities

The Will in Free Will De-Liberates and Determines
the one Possibility among many
that is to become Actuality 


Chance, in a present time of random alternatives, allows the Mind a Choice which selects one possibility and transforms an equivocal and open future into an unalterable and closed past.  



The Will Is Not Free (per se), as John Locke first pointed out. It is the Mind that is Free.
Free and Will combine to describe the Mind's ability:

	To Choose from among Multiple Alternative Possibilities
 
	To Start New Causal Chains
 
	To Create New Information Structures - information that was not present, implicitly or explicitly, in the immediate past world.   
 
	To Develop Emergent Phenomena
 
	To Make "Hard Facts" or "Truths"
 
	To Be Unpredictable, even to Oneself
 
	To Feel Correctly that One Could Have Done Otherwise.
 
	To Feel Correctly that Our Actions are "Up to Us."
 





Philosophers appear to be logical monists with respect to determinism. Either "Determinism is true" they say or "Determinism is false,"  In which case, they lament, "Indeterminism is true," which many otherwise sensible thinkers take, in a most simple-minded way, to mean that everything is random, that that every event has no cause, that chance is the direct cause of our actions, and that absolute chance rules the world.


Here is P. H. Nowell Smith
The fallacy of [Incompatibilism] has often been exposed and the clearest proof that it is mistaken or at least muddled lies in showing that I could not be free to choose what I do unless determinism is correct. For the simplest actions could not be performed in an indeterministic universe. If I decide, say, to eat a piece of fish, I cannot do so if the fish is liable to turn into a stone or to disintegrate in mid-air or to behave in any other utterly unpredictable manner.



Origin of the Concept and the Term - Pseudo-Problem

Ludwig Wittgenstein was fond of quoting the introduction to Heinrich Hertz's Principles of Mechanics, which traced many problems to confusion in language. Such problems were not really soluble, but could be eliminated by clarifying the language. Wittgenstein's biographer, Ray Monk, says this was the origin of his concept of dis-solving problems.

In The Principles of Mechanics Hertz had proposed that, instead of giving a direct answer to the question: 'What is force?' the problem should be dealt with by restating Newtonian physics without using `force' as a basic concept. Throughout his life, Wittgenstein regarded Hertz's solution to the problem as a perfect model of how philosophical confusion should be dispelled, and frequently cited – as a statement of his own aim in philosophy – the following sentence from Hertz's introduction to The Principles of Mechanics:

When these painful contradictions are removed, the question as to the nature of force will not have been answered; but our minds, no longer vexed, will cease to ask illegitimate questions.


In a conscious echo of this sentence, Wittgenstein wrote:

In my way of doing philosophy, its whole aim is to give an expression such a form that certain disquietudes disappear. (Hertz). [Monk, Ludwig Wittgenstein: The Duty of Genius, p.446]




Wittgenstein used many pseudo-terms in the Tractatus - pseudo-concept, pseudo-relation, and most importantly pseudo-proposition. But he does not use pseudo-problem. 


Recall that Russell and Whitehead had defined knowledge of the world as a set of true propositions. We still find this definition in recent works of analytic philosophers. Here is Wittgenstein in the Tractatus. 

4.11	The totality of true propositions is the whole of natural science (or the whole corpus of the natural sciences).

4.112	Philosophy aims at the logical clarification of thoughts.

          Philosophy is not a body of doctrine [a theory] but an activity. 

          Philosophy does not result in 'philosophical propositions', but rather in the clarification of propositions.

          Without philosophy thoughts are, as it were, cloudy and indistinct: its task is to make them clear and to give them sharp boundaries.
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The Requirements for Free Will

We identify the major and minor requirements for human free will. 


They should be such as to satisfy Libertarians, in that they ensure the unpredictable alternative possibilities needed for freedom.


They should also be such as to satisfy Determinists, in that they ensure the adequate determinism of the will and its actions, causal decisions that are needed for moral responsibility.


The requirements should be coherent and intelligible, to guard against the centuries-old criticisms of free will as "unintelligible."

The Randomness (Freedom) Requirement

Over the centuries the freedom requirement has been described in many ways. We must explicitly clarify those descriptions that are in many cases equivalent. 
	Chance exists. 
	Indeterminism is True. 
	Our Actions are Unpredictable (even to ourselves)
	Our Actions are Up to Us
	We have Alternative Possibilities
	After the Fact, We Could Have Done Otherwise
	We Start New Causal Chains
	We Create New Information.



The Determinism (Will) Requirement

The will requirement has had many forms corresponding to the dogmatic forms of determinism. 


Instead of a strict causal determinism, the world offers only adequate determinism and soft causality. 
	Adequate Determinism Is True
	ChanceMust Not Be The Direct Cause of Action
	Our Will is Adequately Determined
	Our Actions are Causally Determined by Our Will


The Moral Responsibility Requirement

The moral responsibility requirement is a joint consequence of randomness and adequate determinism. 

	Since we always have Alternative Possibilities
	Since we can knowingly say , we Could Have Done Otherwise
	Since our Actions are Causally Determined by Our Will and are Up to Us
	We are Morally Responsible for our Actions
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Torn Decision
Robert Kane developed the idea of dual rational control in the case of a “torn decision.” 

In a torn decision, an agent has equally powerful reasons for choosing either way between two alternatives. Kane says the agent can choose either way at random and yet preserve the sense of moral responsibility.   As long as the agent is prepared to accept responsibility either way, flipping a coin does no harm to moral responsibility. 

Dual rational control means the agent can go either way, which means to "do otherwise" in exactly the same circumstances. Either way the agent is making a rational decision, and Kane claims the agent is in control of the decision. Some critics deny this is real control if the decision is random.


Kane distinguishes such choices from the ancient liberty of indifference (liberum arbitrium indifferentiae) in which there is no meaningful difference between the choices, such as the classic idea of Buridan's Ass.


The Scholastic Jean Buridan is said to have imagined an ass placed equidistant between two identical bales of hay. Buridan used it to show a critical difference between man and animals.


Some Scholastics claimed the ass would starve to death (which is nonsense), but a human in similar circumstances, with a god-given gift of free will, in this case the liberty of indifference, would deliberate and choose despite the perfect balance between identical alternatives.


By contrast, Kane's "torn decisions" are often between a moral choice and an expedient choice. These are the kinds of decisions that Aristotle thought of as  character building and Kane calls "Self-Forming Actions" or SFAs. 


Most two-stage_models of free will locate indeterminism in the early deliberative stage, in order to generate alternative possibilities that are not pre-determined. The other place that indeterminism might be involved is in the decision itself. This would make the decision random, except for Kane's defense of a "torn decision." When this is a moral decision, Kane makes it the basis for his SFAs that provide "ultimate responsibility" (UR).

[image: image-placeholder]

Kane considers the case of a businesswoman on the way to an important meeting when she observes an assault in an alley. She has excellent (moral and humanitarian) reasons to help the victim. She has equally important (practical and self-interested) reasons to continue on and advance her career.


Kane argues that whichever way the businesswoman decides, and even if the torn decision is undetermined as a result of neural noise, she has excellent reasons to take responsibility either way. 


Note that in a two-stage model of free will, the businesswoman might generate more alternatives before her decision. Before she decides (randomly) between the given choices, she may come up with additional alternative possibilities. She might for example continue on to her meeting but get out her cell phone to report the crime and call for assistance. On her way she might tell any passersby to go to the victim’s aid. Note that these creative new options can “come to her” up to and even beyond the moment of choice in this case (while she is on her way to the office).
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Two Standpoints
Immanuel Kant viewed the problem of free will and determinism as an antinomy (an apparent contradiction) that arises from looking at the problem dialectically and from two standpoints, the first theoretical reason, the second practical reason.  

From the standpoint of theoretical reason, human actions are phenomenal events occurring in the natural world and are therefore completely determined by natural physical laws. 


From the standpoint of practical reason, however, actions are noumenal events that result from a free will that deliberates between alternative possibilities, evaluates them, selects one, and thus acts freely by self-determination.  


Humans are determined when viewed (theoretically) from a third-person perspective as an object, but free when viewed (practically) by the "self" from a first-person perspective as a subject.


These two standpoints correspond roughly to to David Hume's fact/value dichotomy, and more recently to Wilfrid SellarsScientific Image and Manifest Image. It is sometimes argued that Kant was a dualist describing two "worlds" - the one phenomenal and the other noumenal.


Kant's Idea of Freedomantinomy was in many respects a response to Hume, which Kant claimed could provide a defense of moral responsibility. But it has satisfied very few philosophers.


Now determinists deny both freedom and moral responsibility, while compatibilists generally assert a special form of free will (a chain of causes in the mind) that is compatible with determinism and allows them to defend responsibility.


But note the curious fact that all the participants in the free will debates are in basic agreement with Kant that there exists an Idea of Freedom, even as some of them deny that there is something phenomenally and physically real corresponding to the Idea and others redefine the meaning of the term "free will". 



Most compatibilists (and even some determinists) admit that on introspection they find that (despite their refined theoretical positions) as a practical matter they continue to deliberate over alternative possibilities, they continue to act on an Idea of Freedom.



Compatibilists argue that determinism is compatible with human freedom, and that indeterminism is not compatible or at best incoherent. If our actions are indeterministic, they say, we cannot be responsible for them. (This is a critical part of the standard argument against free will). They feel (correctly) that there must be a deterministic or causal connection between our will and our actions. This, they say, allows us to take responsibility for our actions, including credit for the good and blame for the bad.


In two-stage models of free will, the indeterminism is limited to the first stage, where alternative possibilities are generated, and the second stage is an act of self-determination.


Two modern philosophers who have tried to make sense of the obviously contradictory (if not, in principle, irrational) standpoints in Kant's Idea of Freedomantinomy, are Christine Korsgaard and Dana Nelkin.


Both these philosophers focus on the "deliberative aspects of practical reason, which require the existence of alternative possibilities to deliberate in an act of self-determination.




For Teachers

Note there is also incompatibilism. There are two kinds of incompatibilists, those who deny human freedom (usually called "hard" determinists) and those who assert it (often called voluntarists, free willists, or metaphysical libertarians - to distinguish them from political libertarians). 
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      The first compatibilist was Carneades (214-129), the great Skeptic.
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Ultimate Responsibility

Ultimate Responsibility (UR) is Robert Kane's concept that we can be responsible for current actions, ones that are essentially determined (this can only be adequate determinism, of course) by our character and values, as long as we formed that character ourselves by earlier free actions that he calls Self-Forming Actions.
Self-Forming Actions (SFAs) are free actions in the distant past that contribute to our character and values. When we act out of habit today, we trace the Ultimate Responsibility (UR) for those actions back to those SFAs. Although current habitual actions may seem (adequately) determined, they are still self-determined and thus free.

Self-Determination is the idea of a positive freedom, a freedom for actions that we originate, actions that are up to us. "Up to us" (in Greek, ἐφ' ἡμῖν) was the phrase used by Aristotle and Epicurus for human freedom.


Such acts constitute the essence of Free Will. Self-Determination is one of Mortimer Adler's terms in his great compilation work The Idea of Freedom, along with  Self-Perfection and Self-Realization.   

Origination is the idea that new causal chains can begin with an agent, something that is not predetermined to happen by events prior to the agent's deliberation (between alternative possibilities) and decision. Origination accounts for human creativity. 

Ted Honderich is "dismayed" because the truth of determinism requires that we give up "origination" with its promise of an open future. For him, limiting freedom to classical compatibilistvoluntarism means we are not the authors of our own actions. 


They are not "up to us."


Kane's Ultimate Responsibility (UR) restores the case for self-determination and origination and makes our actions up to us.
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Uncertainty

Simple uncertainty is the absence of certainty. Certainty was a postulate from the earliest times in such fields as logic, mathematics, and physics. In the late nineteenth century, the work of Frege and others cast doubts on logical certainty. In the nineteen-thirties, Gödel called mathematical certainty into question for all but the simplest systems of arithmetic.


Physical uncertainty today is the consequence of Werner Heisenberg's Uncertainty Principle in quantum mechanics. It states that the exact position and momentum of an atomic particle can only be known within certain (sic) limits. The product of the position error and the momentum error is greater than or equal to Planck's constant h. 
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The Indeterminacy (Unbestimmtheit) Principle was Heisenberg's original name for his principle. It is a better name than the more popular uncertainty, which connotes lack of knowledge. The Heisenberg principle is an ontological as well as epistemic lack of information. 


Even in a world that contains quantum uncertainty, macroscopic objects are determined to an extraordinary degree. Newton's laws of motion are deterministic enough to send men to the moon and back. Our Cogito model of the Macro Mind is large enough to ignore quantum uncertainty for the purpose of the reasoning will. The neural system is robust enough to insure that mental decisions are reliably transmitted to our limbs. 



Although it is limited by indeterminacy in extremely small structures, we call this determinism  "adequate determinism."  The world is adequately determined to send men to the moon. Some philosophers deny quantum uncertainty because it implies that the world is undetermined. But indeterminism is seriously misleading when most events are overwhelmingly "adequately determined."


There is no problem imagining that the three traditional mental faculties of reason - perception, conception, and comprehension - are all carried on deterministically in a physical brain where quantum events do not interfere with normal operations.


There is also no problem imagining a role for uncertainty in the brain in the form of quantum level noise.  Noise can introduce random errors into stored memories. Noise could create random associations of ideas during memory recall. This uncertainty may be driven by microscopic fluctuations that are amplified to the macroscopic level. 


Our Macro Mind needs the Micro Mind for the free action items and thoughts in an Agenda of alternative possibilities to be de-liberated by the will. The uncertain Micro Mind is the "free" in free will and the source of human creativity. The adequately determined Macro Mind is the "will" in free will that de-liberates, choosing actions for which we can be morally responsible. 
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Undetermined Liberty

There are times when the alternative possibilities that are generated in the first stage of a two-stage model include a small number that are adequately determined, by the agent's reasons, motives, and desires, but which evaluation and de-liberation does not select one of them as best.

In this case, the agent may select at random from among the group of alternatives, all of which are acceptable, and still take responsibility for the decision.


We call this an undetermined liberty, because the particular choice was not determined by anything prior to the moment of choice itself.
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Up To Us

The idea that at least some of our actions are "up to us," that we can be the "authors of our own actions," and that they are not caused by external events, is perhaps the most ancient concept of "free will." Although the Romans had the same complex combination of free and will in their term (liberum arbitrium or libera voluntas), the Greeks had no such combination.


For the Greeks, and particularly for Aristotle, the term closest to the modern complex idea of free will, (which combines freedom and determination in an apparent internal contradiction) was ἐφ ἡμῖν - "on us" or "depends on us." 

The original idea was thus supportive of accountability or moral responsibility, that our actions originate "within ourselves" (ἐν ἡμῖν), that as "agents" we are "causes," something that modern "semicompatibilists" like John Martin Fischer want to preserve even as they doubt freedom of the will.


Perhaps this is why Aristotle could not see any "problem" of free will. 


Despite calling free will a "pseudo-problem" that could be resolved (or "dis-solved") by careful attention to the proper use of language, no analytic language philosopher appears to have resolved the one complex idea into two opposing but complementary concepts. 


Analytic philosophers should note that John Locke was in the seventeenth century quite concerned that misuse of language lay behind the problem. In the Essay Concerning Human Understanding, Book II, Chapter XXI, Of Power, we find in section 14 that Locke calls the question of Freedom of the Will "unintelligible" (as had Thomas Hobbes before him). But for Locke, it is only because the adjective "free" applies to the agent, not to the will, which is determined by the mind, and which determines the action. 


This seems to be Aristotle's view as well. Here is how he put it in Nicomachean Ethics, III, v, 6.


εἰ δὲ ταῦτα φαίνεται καὶ μὴ ἔχομεν εἰς ἄλλας ἀρχὰς ἀναγαγεῖν παρὰ τὰς ἐν ἡμῖν, ὧν καὶ αἱ ἀρχαὶ ἐν ἡμῖν, καὶ αὐτὰ ἐφ' ἡμῖν καὶ ἑκούσια. 

But if it is manifest that a man is the author of his own actions, and if we are unable to trace our conduct back to any other origins than those within ourselves, then actions of which the origins are within us (ἐν ἡμῖν), themselves depend upon us (ἐφ' ἡμῖν), and are voluntary. (Loeb translation.)



Aristotle had already argued against the atomists' necessity (Leucippus) and causal determinism (Democritus). He did not care for the atomists' atheistic dismissal of the gods, but he unequivocally endorsed chance, itself an atheistic idea flying in the face of the gods' foreknowledge, as the specific means of breaking the causal chain of determinism and necessity.


Aristotle had also treated a related problem that greatly concerned Epicurus, namely the idea that the current truth or falsity of a statement about the future entails the necessity of the future event. In de Interpretatione, IX, Aristotle argued that statements about future events have no truth value until the event does or does not occur. The future is thus open, to accidental chance for example. Epicurus connected this logical necessity to causal determinism, because, he said, a future event could not be fated and logically necessitated unless the causes of that event are already present. Note that neither Aristotle nor Epicurus are denying the principles of bivalence or non-contradiction. They both think these principles will apply once the future arrives. 


The difference between Aristotle and Epicurus is then very slight as concerns the problem of free will.  Aristotle never acknowledges the existence of a "free will problem." For him, it is transparent and obvious that our voluntary actions are "up to us." The determinism and necessity of the atomists is simply another impractical ideal, as inapplicable to the real world as the transcendental Ideas of his master Plato. And he was explicit that chance exists in the world.


Aristotle sees three causes or explanations for things that happen - necessity, chance, and a third thing (a tertium quid) in the agent-causality that he describes as "up to us."


Since it clearly was Epicurus who first recognized an explicit conflict between determinism/necessity and free will, we can confirm that Epicurus is the first to recognize the traditional "problem of free will."


For Epicurus, the atomic swerve was simply a means to deny the fatalistic future implied by determinism (and necessity). As the Epicurean Roman Lucretius explained the idea,


...if all motion is always one long chain, and new motion arises out of the old in order invariable, and if the first-beginnings do not make by swerving a beginning of motion such as to break the decrees of fate, that cause may not follow cause from infinity, whence comes this freedom in living creatures all over the earth

(De Rerum Natura, Book 2, lines 251-256)


Epicurus did not say the swerve was directly involved in decisions so as to make them random. His critics, ancient and modern, have claimed mistakenly that Epicurus did assume "one swerve - one decision." Some recent philosophers call this the "traditional interpretation" of Epicurean free will. 

On the contrary, following Aristotle, Epicurus thought human agents have an autonomous ability to transcend the necessity and chance of some events. This special ability makes us morally responsible for our actions.


...some things happen of necessity (ἀνάγκη), others by chance (τύχη), others through our own agency (παρ’ ἡμᾶς).

...necessity destroys responsibility and chance is uncertain; whereas our own actions are autonomous, and it is to them that praise and blame naturally attach.

λέγει ἐν ἄλλοις γίνεσθαι ἃ μὲν κατ’ ἀνάγκην, ἃ δὲ ἀπὸ τύχης, ἃ δὲ παρ’ ἡμᾶς, διὰ τὸ τὴν μὲν ἀνάγκην ἀνυπεύθυνον εἶναι, τὴν δὲ τύχην ἄστατον ὁρᾶν, τὸ δὲ παρ’ ἡμᾶς ἀδέσποτον, ᾧ καὶ τὸ μεμπτὸν καὶ τὸ ἐναντίον παρακολουθεῖν πέφυκεν
 

(Letter to Menoeceus, §133)




Epicurus, clearly following Aristotle, finds a tertium quid, beyond necessity (Democritus' physics) and chance
(Epicurus' swerve). 
The tertium quid is agent autonomy

We know Epicurus' work largely from Lucretius and his friend Cicero. Lucretius describes Epicurus' idea of breaking the causal chain of determinism in De Rerum Natura. Indeed, without swerves, nothing would ever have been produced.



One further point in this matter I desire you to understand: that while the first bodies are being carried downwards by their own weight in a straight line through the void, at times quite uncertain and uncertain places, they swerve a little from their course, just so much as you might call a change of motion. For if they were not apt to incline, all would fall downwards like raindrops through the profound void, no collision would take place and no blow would be caused amongst the first-beginnings: thus nature would never have produced anything.

But if by chance anyone believes it to be possible that heavier elements, being carried more quickly straight through the void, fall from above or, the lighter, and so deal blows which can produce generative motions, he is astray and departs far from true reasoning. For whatever things fall through water and through fine air, these must speed their fall in accordance with their weights, because the body of water and the thin nature of air cannot delay each thing equally, but yield sooner overcome by the heavier ; but contrariwise empty void cannot offer any support to anything anywhere or at any time, but it must give way continually, as its nature demands : therefore they must all be carried with equal speed, although not of equal weight, through the unresisting void. So the heavier bodies will never be able to fall from above on the lighter, nor deal blows of themselves so as to produce the various motions by which nature carries on her processes. Therefore again and again I say, the bodies must incline a little; and not more than the least possible, or we shall seem to assume oblique movements, and thus be refuted by the facts. For this we see to be manifest and plain, that weights, as far as in them lies, cannot travel obliquely, when they drop straight from above, as far as one can perceive; but who is there who can perceive that they never swerve ever so little from the straight undeviating course?

(Lucretius, De Rerum Natura), book 2, lines 216-250, Loeb Classical Library, 113-115)



Lucretius may have associated the swerve more closely than did Epicurus himself with human freedom (libera) and with the will (voluntas) in this passage, where he identifies swerving (declinando) with "first-beginnings" of motions and describes our mind as swerving our motions wherever pleasure leads us.

Again, if all motion is always one long chain, and new motion arises out of the old in order invariable, and if the first-beginnings do not make by swerving a beginning of motion such as to break the decrees of fate, that cause may not follow cause from infinity, whence comes this free will (libera) in living creatures all over the earth, whence I say is this will (voluntas) wrested from the fates by which we proceed whither pleasure leads each, swerving also our motions not at fixed times and fixed places, but just where our mind has taken us? For undoubtedly it is his own will in each that begins these things, and from the will movements go rippling through the limbs.

(Lucretius, De Rerum Natura), book 2, lines 251-262, Loeb Classical Library, 115) 


Note that the Loeb translators have made the common error of substituting "free will" for the first (free) part of Lucretius' description of the "libera voluntas." The second part is the will. 


The original text says "whence comes this freedom (libera)," not "whence comes this free will." Epicurus and Lucretius need the swerve only to break the causal chains at some point earlier than our willed actions, so that our will can proceed "whither pleasure leads us" and "just where our mind takes us."


Neither Epicurus nor Lucretius likely assumed we could hold our will morally responsible for actions that are purely random, actions not involving our desires ("whither pleasure") or beliefs ("our mind"). 

 
Nevertheless, both thinkers have been misinterpreted and criticized, starting in antiquity with the Stoics, notably Chrysippus, and later the Academic Skeptic Cicero, who in his De Fato and De Natura Deorum attacks the Epicureans and lampoons the idea of a "free will" based on random atomic motions.


Epicurus saw that if the atoms travelled downwards by their own weight; we should have no freedom of the will [Cicero says literally "nothing would be in our power"], since the motion of the atoms would be determined by necessity. He therefore invented a device to escape from determinism (the point had apparently escaped the notice of Democritus): he said that the atom while travelling vertically downward by the force of gravity makes a very slight swerve to one side. This defence discredits him more than if he had had to abandon his original position.
(Cicero, De Natura Deorum, Loeb Classical Library translation, v.40, p.67) 


This "traditional interpretation" of a libertarian free will dependent on chance has been attacked for centuries as irrational and unintelligible. 


This randomness objection is the second horn in the dilemma of the standard argument against free will. The first horn is the determinism objection and Epicurus was its discoverer.
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Voluntarism

    Voluntarism is the classical compatibilist definition of freedom as freedom from coercions.  Today this negative freedom includes freedom from internal constraints as well, such as addictions or mental disabilities. 
Mortimer Adler and Robert Kane call this self-realization, contrasting the negative freedom of voluntarism with the libertarian positive freedom of self-determination. Honderich calls it voluntariness, contrasting it with the libertarian freedom of origination, without which, he says, we are not the authors of our own actions. 


The ancient Greeks had the ideas of spontaneity and origination, but it is difficult to identify specific Greek terms with these ideas.


For example, the idea that at least some of our actions are "up to us," that we can be the "authors of our own actions," and that they are not caused by external events, is perhaps the most ancient concept of "free will." Although the Romans had the same complex combination of free and will in their term (liberum arbitrium or libera voluntas), the Greeks had no such combination.



For the Greeks, and particularly for Aristotle, the term closest to the modern complex idea of free will, (which combines freedom and determination in an apparent internal contradiction) was ἐφ ἡμῖν - "on us" or "depends on us." 


The original idea was thus supportive of accountability or moral responsibility, that our actions originate "within ourselves" (ἐν ἡμῖν), that as "agents" we are "causes" that are the fresh starting points (ἀρχάι) of new causal chains.



Despite calling free will a "pseudo-problem" that could be resolved (or "dis-solved") by careful attention to the proper use of language, no analytic language philosopher appears to have resolved the one complex idea into two opposing but complementary concepts. 


Analytic philosophers should note that John Locke was in the seventeenth century quite concerned that misuse of language lay behind the problem. In the Essay Concerning Human Understanding, Book II, Chapter XXI, Of Power, we find in section 14 that Locke calls the question of Freedom of the Will "unintelligible" (as had Thomas Hobbes before him). But for Locke, it is only because the adjective "free" applies to the agent, not to the will, which is determined by the mind, and which determines the action. 


This seems to be Aristotle's view as well. Here is how he put it in Nicomachean Ethics, III, v, 6.


εἰ δὲ ταῦτα φαίνεται καὶ μὴ ἔχομεν εἰς ἄλλας ἀρχὰς ἀναγαγεῖν παρὰ τὰς ἐν ἡμῖν, ὧν καὶ αἱ ἀρχαὶ ἐν ἡμῖν, καὶ αὐτὰ ἐφ' ἡμῖν καὶ ἑκούσια. 

But if it is manifest that a man is the author of his own actions, and if we are unable to trace our conduct back to any other origins than those within ourselves, then actions of which the origins are within us, themselves depend upon us, and are voluntary. (Loeb translation.)
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What Determinists Want
Compatibilism is the most common form of determinism today.  


Compatibilists argue that determinism and free will are compatible. They say man is free as long as his own will is one of the steps in the causal chain, even if his choices are completely predetermined for physical reasons or preordained by God.


The core justification for compatibilism is that man can only be morally responsible for his actions if his will is determined by his reasons.  

If our actions are caused directly by chance, there can be no responsibility.  


Given the stark choice between determinism and indeterminism in the standard argument against free will, compatibilists choose determinism so that their actions are adequately determined by their reasons, motives, and desires. 


It is unlikely that many determinists want strict predeterminism, although some may want to believe in the predestination of all events because of God's foreknowledge. But they do want determination of their actions by their reasons for acting and their decisions to act.


As R. E. Hobart and Philippa Foot pointed out years ago, determination of our actions by our reasons does not imply complete predeterminism of those actions back to the origin of the universe. 




Giving Determinists What They Say They Want 1
1. They Want Determinism.  So we ask them two simple questions:  

"First, Do you agree that there is some physical indeterminism in the universe?"  By which of course we mean quantum mechanical indeterminacy. 


"And second, do you agree that quantum mechanical indeterminism normally has no observable effect on large physical structures?" By which we mean that the world is "adequately determined." 


2. They Want Intelligible Freedom. We ask a third  simple question, 

"If the indeterminism only provided genuine possible alternatives for action and thought, if it did not impair the adequately determined will in any way, if it does not directly cause any action, is such a freedom and element of unpredictability acceptable?"


3. They Want Moral Responsibility. Finally, we ask one last question, 
"Would you agree that the adequately determined will, making its selection from among such unpredictable actions or thoughts, can be held morally responsible for its choices?"




An example of an event that is not strictly caused is one that depends on chance, like the flip of a coin. If the outcome is only probable, not certain, then the event can be said to have been caused by the coin flip, but the head or tails result itself was not predictable. So this causality, which recognizes prior events as causes, is undetermined and the result of chance alone. 


We call this "soft" causality. Events are caused by prior (uncaused) events, but not determined by events earlier in the causal chain, which has been broken by the uncaused cause.


The role of determinism is critical for the question of free will. Strict determinism implies just one possible future. Chance means that the future is unpredictable. Chance allows alternative futures and the question becomes how the one actual present is realized from these potential alternatives. 


The departure required from strict determinism is very slight. It does not impair the adequately determined will.


Even in a world that contains quantum uncertainty, macroscopic objects are determined to an extraordinary degree. Newton's laws of motion are deterministic enough to send men to the moon and back. Our Cogito model of the Macro Mind is large enough to ignore quantum uncertainty for the purpose of the reasoning will. The neural system is robust enough to insure that mental decisions are reliably transmitted to our limbs. 


we see a world of 
soft causality and adequate determinism


We call this determinism, only ineffective for extremely small structures, "adequate determinism."  Determinism is adequate enough for us to predict eclipses for the next thousand years or more with extraordinary precision. 


And while there is no deterministic causal chain, events still have causes, albeit some that were themselves not completely predictable. The "causa sui" self-caused causes initiate new "soft" causal chains. 


Belief in strict determinism, in the face of physical evidence for indeterminism, is only tenable today for dogmatic philosophy. We survey ten modern dogmas of determinism. 


The presence of quantum uncertainty leads some philosophers to call the world indetermined. If any event is undetermined, then "indeterminism is true." Logically this is the case, but it is somewhat misleading, with strong negative connotations, when most events are overwhelmingly "adequately determined."


There is no problem imagining that the three traditional mental faculties of reason - perception, conception, and comprehension - are all carried on with adequate determinism in a physical brain where quantum events do not interfere with normal operations.


There is also no problem imagining a role for randomness in the brain in the form of quantum level noise.  Noise can introduce random errors into stored memories. Noise could create random associations of ideas during memory recall. This randomness may be driven by microscopic fluctuations that are amplified to the macroscopic level. 


Our Macro Mind needs the Micro Mind for the free action items and thoughts in an Agenda of alternative possibilities to be de-liberated by the will. The random Micro Mind is the "free" in free will and the source of human creativity. The adequately determined Macro Mind is the "will" in free will that de-liberates, choosing actions for which we can be morally responsible. 


For Teachers

     Excerpts from On Giving Libertarians What They Say They Want, by Daniel Dennett (1978) Chapter 15 of Brainstorms, Bradford Books (p.286)
      
Why is the free will problem so persistent? Partly, I suspect, because it is called the free will problem. 
But we don't have any good theories. Since the case for determinism is persuasive and since we all want to believe we have free will, compatibilism is the strategic favorite, but we must admit that no compatibilism free of problems while full of the traditional flavors of responsibility, has yet been devised.


The alternatives to compatibilism are anything but popular. Both the libertarian and the hard determinist believe that free will and determinism are incompatible. The hard determinist says: "So much of the worse for free will." The libertarian says: "So much the worse for determinism," at least with regard to human action. Both alternatives have been roundly and routinely dismissed as at best obscure, at worst incoherent. But alas for the compatibilist, neither view will oblige us by fading away. Their persistence...probably has many explanations. I hope to diagnose just one of them.


every event is either causally determined or random


In a recent paper, David Wiggins has urged us to look with more sympathy at the program of libertarianism.' Wiggins first points out that a familiar argument often presumed to demolish libertarianism begs the question. The first premise of this argument is that every event is either causally determined or random. Then since the libertarian insists that human actions cannot be both free and determined, the libertarian must be supposing that any and all free actions are random. But one would hardly hold oneself responsible for an action that merely happened at random, so libertarianism, far from securing a necessary condition for responsible action, has unwittingly secured a condition that would defeat responsibility altogether. This standard objection to libertarianism, then, assumes what it must prove; it fails to show that undetermined action would be random action, and hence action for which we could not be held responsible.

But is there in fact any reasonable hope that the libertarian can find some defensible ground between the absurdity of "blind chance" on the one hand and on the other what Wiggins calls the cosmic unfairness of the determinist's view of these matters? Wiggins thinks there is. 

Maxwell's Demon could not defeat the Second Law. And "intelligence" here suggests something non-physical. 


He draws our attention to a speculation of Russell's: "It might be that without infringing the laws of physics, intelligence could make improbable things happen, as Maxwell's demon would have defeated the second law of thermo-dynamics by opening the trap door to fast-moving particles and closing it to slow-moving particles."' Wiggins sees many problems with the speculation, but he does, nevertheless, draw a glimmer of an idea from it.

Let us return then, to Russell's speculation that intelligence might make improbable things happen. Is there any way that something like this could be accomplished? The idea of intelligence exploiting randomness is not unfamiliar. The poet, Paul Valéry, nicely captures the basic idea:


This is Poincaré's idea, as discussed by Hadamard, at a 1937 conference attended by Valéry and many others.


It takes two to invent anything. The one makes up combinations; The other one chooses, recognizes what he wishes and what is important to him in the mass of the things which the former has imparted to him. What we call genius is much less the work of the first one than the readiness of the second one to grasp the value of what has been laid before him and to choose it.*


Here we have the suggestion of an intelligent selection from what may be a partially arbitrary or chaotic or random production, and what we need is the outline of a model for such a process in human decision-making.

This is our Cogito model - free and uncaused alternate possibilities followed by an adequately determined will making a responsible choice.

 

The model of decision making I am proposing has the following feature: when we are faced with an important decision, a consideration-generator whose output is to some degree undetermined produces a series of considerations, some of which may of course be immediately rejected as irrelevant by the agent (consciously or unconsciously). Those considerations that are selected by the agent as having a more than negligible bearing on the decision then figure in a reasoning process, and if the agent is in the main reasonable, those considerations ultimately serve as predictors and explicators of the agent's final decision. What can be said in favor of such a model, bearing in mind that there are many possible substantive variations on the basic theme?	

intelligence makes a difference


First, I think it captures what Russell was looking for. The intelligent selection, rejection and weighting of the considerations that do occur to the subject is a matter of intelligence making the difference. Intelligence makes the difference here because an intelligent selection and assessment procedure determines which microscopic indeterminacies get amplified as it were, into important macroscopic determiners of ultimate behavior.

Second, I think it installs indeterminism in the right place for the libertarian, if there is a right place at all. The libertarian could not have wanted to place the indeterminism at the end of the agent's assessment and deliberation. It would be insane to hope that after all rational deliberation had terminated with an assessment of the best available course of action, indeterminism would then intervene to flip the coin before action. It is a familiar theme in discussions of free will that the important claim that one could have done otherwise under the circumstances is not plausibly construed as the claim that one could have done otherwise given exactly the set of convictions and desires that prevailed at the end of rational deliberation. So if there is to be a crucial undetermined nexus, it had better be prior to the final assessment of the considerations on the stage, which is right where we have located it.


Third, I think that the model is recommended by considerations that have little or nothing to do with the free will problem. It may well turn out to be that from the point of view of biological engineer, it is just more efficient and in the end more rational that decision making should occur in this way. Time rushes on, and people must act, and there may not be time for a person to canvass all his beliefs, conduct all the investigations and experiments that he would see were relevant, assess every preference in his stock before acting, and it may be that the best way to prevent the inertia of Hamlet from overtaking us is for our decision-making processes to be expedited by a process of partially random generation and test. Even in the rare circumstances where we know there is, say, a decision procedure for determining the optimal solution to a decision problem, it is often more reasonable to proceed swiftly and by heuristic methods, and this strategic principle may in fact be incorporated as a design principle at a fairly fundamental level of cognitive-conative organization.


education makes a difference


A fourth observation in favor of the model is that it permits moral education to make a difference, without making all of the difference. A familiar argument against the libertarian is that if our moral decisions were not in fact determined by our moral upbringing, or our moral education, there would be no point in providing such an education for the young. The libertarian who adopted our model could answer that a moral education, while not completely determining the generation of considerations and moral decision-making, can nevertheless have a prior selective effect on the sorts of considerations that will occur. A moral education, like mutual discussion and persuasion generally, could adjust the boundaries and probabilities of the generator without rendering it deterministic. 

we are the authors of our moral decisions


Fifth — and I think this is perhaps the most important thing to be said in favor of this model — it provides some account of our important intuition that we are the authors of our moral decisions. The unreflective compatibilist is apt to view decision-making on the model of a simple balance or scale on which the pros and cons of action are piled. What gets put on the scale is determined by one's nature and one's nurture, and once all the weights are placed, gravity as it were determines which way the scale will tip, and hence determines which way we will act. On such a view, the agent does not seem in any sense to be the author of the decisions, but at best merely the locus at which the environmental and genetic factors bearing on him interact to produce a decision. It all looks terribly mechanical and inevitable,  and seems to leave no room for creativity or genius. The model proposed, however, holds out the promise of a distinction between authorship and mere implication in a causal chain.*

Finally, the model I propose points to the multiplicity of decisions that encircle our moral decisions and suggests that in many cases our ultimate decision as to which way to act is less important phenomenologically as a contributor to our sense of free will than the prior decisions affecting our deliberation process itself: the decision, for instance, not to consider any further, to terminate deliberation; or the decision to ignore certain lines of inquiry.


These prior and subsidiary decisions contribute, I think, to our sense of ourselves as responsible free agents, roughly in the following way: I am faced with an important decision to make, and after a certain amount of deliberation, I say to myself: "That's enough. I've considered this matter enough and now I'm going to act," in the full knowledge that I could have considered further, in the full knowledge that the eventualities may prove that I decided in error, but with the acceptance of responsibility in any case.


I have recounted six recommendations for the suggestion that human decision-making involves a non-deterministic generate-and-test procedure. First, it captures whatever is compelling in Russell's hunch. Second, it installs determinism in the only plausible locus for libertarianism (something we have established by a process of elimination). Third, it makes sense from the point of view of strategies of biological engineering. Fourth, it provides a flexible justification of moral education. Fifth, it accounts at least in part for our sense of authorship of our decisions. Sixth, it acknowledges and explains the importance of decisions internal to the deliberation process. It is embarrassing to note, however, that the very feature of the model that inspired its promulgation is apparently either gratuitous or misdescribed or both, and that is the causal indeterminacy of the generator. We have been supposing, for the sake of the libertarian, that the process that generates considerations for our assessment generates them at least in part by a physically or causally undetermined or random process. But here we seem to be trading  on yet another imprecision or ambiguity in the word "random". When a system designer or programmer relies on a "random" generation process, it is not a physically undetermined process that is required, but simply a patternless process. Computers are typically equipped with a random number generator, but the process that generates the sequence is a perfectly deterministic and determinate process. If it is a good random number generator (and designing one is extraordinarily difficult, it turns out) the sequence will be locally and globally patternless. There will be a complete absence of regularities on which to base predictions about unexamined portions of the sequence.


After an excellent discussion of the benefits of randomness, Dennett blunders by assuming that randomness might be simply deterministic pseudo-randomness, not the real chance of quantum uncertainty.

 
Isn't it the case that the new improved proposed model for human deliberation can do as well with a random-but-deterministic generation process as with a causally undetermined process? Suppose that to the extent that the considerations that occur to me are unpredictable, they are unpredictable simply because they are fortuitously determined by some arbitrary and irrelevant factors, such as the location of the planets or what I had for breakfast. It appears that this alternative supposition		diminishes not one whit the plausibility or utility of the model that I have proposed. Have we in fact given the libertarians what they really want without giving them indeterminism? Perhaps. We have given the libertarians the materials out of which to  construct an account of personal authorship of moral decisions, and this is something that the compatibilistic views have never handled well. But something else has emerged as well. Just as the presence or absence of macroscopic indeterminism in the implementation style of intentional actions turned out to be something essentially undetectable from the vantage point of our Lebenswelt, a feature with no significant repercussions in the "manifest image", to use Sellars' term, so the rival descriptions of the consideration generator, as random-but-causally-deterministic versus random-and-causally-indeterministic, will have no clearly testable and contrary implications at the level of micro-neurophysiology, even if we succeed beyond our most optimistic fantasies in mapping deliberation processes onto neural activity.

That fact does not refute libertarianism, or even discredit the motivation behind it, for what it shows once again is that we  need not fear that causal indeterminism would make our lives unintelligible. There may not be compelling grounds from this quarter for favoring an indeterministic vision of the springs of our action, but if considerations from other quarters favor indeterminism, we can at least be fairly sanguine about the prospects of incorporating indeterminism into our picture of deliberation, even if we cannot yet see what point such an incorporation would have. Wiggins speaks of the cosmic unfairness of determinism, and I do not think the considerations raised here do much to allay our worries about that. Even if one embraces the sort of view I have outlined, the deterministic view of the unbranching and inexorable history of the universe can inspire terror or despair, and perhaps the libertarian is right that there is no way to allay these feelings short of a brute denial of determinism. Perhaps such a denial, and only such a denial, would permit us to make sense of the notion that our actual lives are created by us over time out of possibilities that exist in virtue of our earlier decisions, that we trace a path through a branching maze that both defines who we are and why, to some extent (if we are fortunate enough to maintain against all vicissitudes the integrity of our deliberational machinery) we are responsible for being who we are. That prospect deserves an investigation of its own. All I hope to have shown here is that it is a prospect we can and should take seriously.
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     [In Existentialism, the will condemns all the unchosen alternatives to nothingness as it grants being to the one chosen.]  
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Where and When is Randomness Located?

The physical location of indeterminacy in the brain and the timing of chance mental events relative to the decision are the two most critical problems for any model of libertarian free will.

[image: image-placeholder]

The two-stage model of free will expands the decision from a single point in time between the "fixed past" and the future. 

It becomes a two-stage process, first "free," then "will." 
 
The location and timing of chance as proposed by various philosophers can be displayed in the temporal sequence of the two-stage model.

[image: image-placeholder]

Note that the two-stage model explains how an agent can be in exactly the "same circumstances," and given the fixed past and the laws of nature, the agent can nevertheless act differently, that is to say, choose to do otherwise. This is because the decision is the end point of a temporal process that begins with those "same" circumstances. The decision-making process is not an instant in time.

Note also that the decision is not determined as soon as possibilities are generated and the alternatives evaluated. The agent may decide that none of the options is good enough and, time permitting, go back to "think again," to generate more possibilities.  


Here is the basic two-stage model again. To see where and when each philosopher thinks randomness is involved, select a philosopher from the drop-down menu.


Which philosopher?

Daniel Dennett
Bob Doyle
Robert Kane
Alfred Mele


[image: image-placeholder]
In the past? The past is "fixed" because we can no longer change it. Dan Dennett points out that we also cannot "change" the future. "From what to what?," he asks sophistically. The proper question for free will is can we affect the future, can we create it? Can we at least steer it from one possible option to another that is not pre-determined?

The past may not change, but our memories of the past can and do change. And they change randomly because of noise in our brain's information processing. Moreover, perceptions of things in the past may have contained random errors that could show up now.

In stage 1? Even Dennett admits that possibilities may be generated randomly. These need not be inside the brain. They could be random events happening in the environment, or random suggestions from other persons. Those in the brain might be ideas that "come to mind" as a matter of luck, or may simply be random connections between existing ideas. 

In stage 2, or even in the decision? Randomness during the evaluative stage seems harmful to the forming of intentions. In the decision itself, it is even more so, except for Kane's clever Self-Forming Actions.


Dan Dennett's Valerian Model of decision making adds randomness in the first-stage generation of considerations, but he believes that pseudo-randomness (the kind generated by computer algorithms) is random enough.

Dennett sees no need for genuine irreducible quantum randomness in the mind, although he does not deny that the world contains genuine quantum indeterminacy. He also does not think, as does Jacques Monod, for example, that quantum indeterminacy is necessary for biological evolution. The evolved virtual creatures of artificial life programs demonstrate for Dennett that biological evolution is an algorithmic process.


Dennett says of the second stage that "after a certain amount of deliberation, I say to myself: 'That's enough. I've considered this matter enough and now I'm going to act,' in the full knowledge that I could have considered further, in the full knowledge that the eventualities may prove that I decided in error, but with the acceptance of responsibility in any case." 


He says that "this model...provides some account of our important intuition that we are the authors of our moral decisions." 


Bob Doyle's Cogito Model locates randomness not only in the generation of alternative possibilities, but also in past perceptions and imperfect memories that may have involved quantum indeterminacy.

The brain/mind is an information-processing system susceptible to quantum quantum and thermal noise. Errors are unavoidable in the recording and reproducing of experiences. These errors break the causal chain of pre-determinism back before an agent's birth. They are the source of novelty and creativity. They make us originators and authors of our lives.


The brain very likely also has access to "built-in" quantum randomness that it can turn on and off during the generation of possibilities. It has evolved to the quantum limit, able to see a single photon and smell a single molecule. So if the mind finds an advantage in quantum indeterminacy, it can recruit it when it proves useful, and suppress it when it's a problem. 


This suggests that randomness might sometimes not be suppressed during the otherwise determinative evaluation of alternatives and final decisions. While very unlikely, such randomness might show up as occasional irrationality or "weakness of will." And of course, it would support Bob Kane's "torn decisions" and SFAs.


Bob Kane's Self-Forming Action (SFA) locates randomness (true quantum randomness) in the "torn decision" of an agent between multiple possible actions, each of which has excellent justifying reasons that allows the agent to take full moral responsibility for the choice, however the decision - randomly - comes out. He calls this "plural rational control."

Critics of any decision that is made randomly say that the agent has given up control, and consequently can not be responsible. But Kane cleverly argues for exactly balanced and valid reasons for each action. There is a kind of liberty of indifference about the decision. 


Kane says that if there was an imbalance in favor of one of the options, that would "determine" the decision. This would just be the standard two-stage model of Dennett, Doyle, and Mele, which Kane thinks is inadequate for a moral decision.


Kane distinguishes between moral decisions, prudential decisions (where strong interests are involved), and merely practical decisions. He accepts a two-stage model as sufficient for practical reasoning. But he argues that it is insufficient to establish the "ultimate responsibility" (UR) for moral and prudential decisions.


Al Mele's modest libertarianism provides what he calls an "incompatibilist" first stage (he means indeterminist) and a compatibilist second stage (he means determinist). 

Mele does not (as does Kane? and many philosophers since a mistaken reading of R. E. Hobart's 1934 Mind article) think this determination of the will would imply pre-determinism.


Mele locates the randomness in the incompatibilist first stage of his two-stage model, where alternative possibilities are generated. 


Mele's model is similar to Dennett's, but does not argue for pseudo-random (deterministic) randomness. However, because Mele is agnostic about the truth of determinism and indeterminism, he does not discuss the operation of quantum randomness explicitly.  
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Philosophers who have stressed the importance of locating randomness properly (physically and temporally) include Robert Kane, Laura Waddell Ekstrom, and Alfred Mele. 


These thinkers and others have imagined a number of fanciful randomness-generating mechanisms. These usually involve single quantum-level indeterminate events that are amplified (perhaps by deterministic chaos) to affect the macroscopic brain, at the synapses of neurons, for example.


It is highly unlikely that individual quantum events could be synchronized and located precisely, near or inside the right neurons for example. The "master switch amplifier" concept seems only to have been offered as a source of randomness in the decisions themselves.


The latest two-stage model uses the randomness that is present to some degree everywhere in the brain to generate large numbers of alternative possibilities. 
 



Kane is wary of quantum processes amplified to affect the macroscopic brain. He says about them... 

"We do not know if something similar goes on in the brain of cortically developed creatures like ourselves, but I suspect it must if libertarian theories are to succeed. The main problem is the one addressed by Eccles of locating the master switch and the mechanisms of amplification. We have no substantial empirical evidence on these matters (especially regarding the master switch), merely speculation, and libertarian theories may fail dismally at this juncture. But there is much to be learned yet about the brain; and research exists...suggesting that master switch plus amplifier processes play more roles in the functioning of organisms than was previously supposed.

[L]et us now suppose that there are neurons in the brain "critically poised" in Eccles' sense, whose probability of firing  within a small interval of time is .5. For practical choice, these ordered combinations of firings and non-firings of critically poised neurons would correspond to places on a spinning wheel, most of which would  give rise to chance selected considerations, opening doors to consciousness of possibly relevant memories, triggering associations of ideas and/or images, focussing attention in various ways, etc. Some combinations of firings and non-firings might draw a blank. But the wheel would keep spinning until it hit something worth considering, so long as the practical reasoner or creative thinker were in a receptive, yet reflective, state of mind. Then the relevance of the consideration to deliberation would have to be assessed and the consideration either accepted or rejected.
(Free Will and Values, 1985, p. 168-9)



Kane imagines a spinning wheel on which there are equiprobable segments each containing a "bubble" representing a quantum probability wave. When it is near the top of the enclosing tube, the choice is made according to duty, when the bubble moves down, the choice is made from self-interest. The critical point is that Kane includes randomness in the choice, which is unacceptable, since it makes our choices random.

[image: image-placeholder]
"One might think of this as a picture of an air bubble in a glass tube filled with a liquid, with the lines A and B marked on the outside of the glass as on an ordinary carpenter's level. But this description is merely an aid to the imagination. We are going to give the bubble some extraordinary properties. The bubble may represent either the desire to choose to act from duty (out of equal respect) or the effort made to realize this desire in choice. The respective desire and effort are conceptually related because the desire is defined as the disposition to make the effort; and the intensity of the desire is measured by the intensity of the effort. The lines A and B in the figure represent choice thresholds. If the bubble passes above the line A, the choice is made to act from duty; if it passes below B, the choice is made to act on self interested motives. When the bubble is between the lines, as in the figure, no choice has yet been made.' A downward pull of gravity in the figure may be thought to represent the natural pull of one's self interested motives, which must be counteracted by an effort to resist temptation. [Kane mixes his metaphors of quantum probability waves and matter responding to gravity.]

There is an ambiguity, essential to our problem, about what it means to say that the bubble "passes above" the line A, or "below" the line B. If the bubble passes above A, or below B, then the choice is made to act from duty, or from self interest, respectively. But does this mean that the bubble must be wholly, or only partly, above A, or below B? It is here that we give the bubble some extraordinary properties. We imagine that the bubble represents a probability space, so that, when it is partly above A, there is a corresponding probability, but not certainty that the choice is made to  act from duty, and when it is partly below B there is a corresponding probability, but not certainty, that the choice is made to act from self interest. When the bubble is wholly above A (or below B), it is certain that the choice is 
made to act from duty or self interest). We then imagine a point particle in the
probability space (the bubble) that moves around randomly, while always remaining
within the space. That is, it has an equal probability of appearing in any one of a number of equal sized regions in the space. If part of the bubble is above the line A for a certain time and the point particle is in regions all of which are wholly above the line for the same length of time, then the choice is made to act from duty (and similarly for line B). (Free Will and Values, 1985, p. 144-5)




In Kane's most recent comment on indeterminism in his free will model, he correctly identifies "noise" as a source of randomness, but its contribution is only to interfere with the decision and thus "raise the effort" needed to decide.

"As it happens, on my libertarian account of free will, one does not need large-scale indeterminism in the brain, in the form, say, of macro-level wave function collapses (in the manner of the Penrose/Hameroff view mentioned by Vargas). Minute indeterminacies in the timings of firings of indeterminism neurons would suffice, because the indeterminism in my view plays only an interfering role, in the form of background noise. Indeterminism does not have to "do the deed" on its own, so to speak. One does not need a downpour of indeterminism in the brain, or a thunderclap, to get free will. Just a sprinkle will do." (Four Views on Free Will, Fischer et al., p.183)



Laura Waddell Ekstrom pays a lot of attention to where exactly the indeterminism is located in the process. But like Kane, she thinks she needs to keep some indeterminism in the last, decision phase, otherwise a duplicate agent would make the same choice given the same alternative possibilities (which is exactly what a determined will, acting consistently with its character and values, should do!). She says:
  The First Problem: Indeterminism Where?
  "Libertarians, then, share the problem of providing a positive thesis concerning the metaphysical conditions enabling free will. Without a solution to the where's the indeterminism? problem, libertarian accounts of the nature of free will cannot get off the ground. This problem is the central, most significant difficulty for the endeavor of presenting a plausible incompatibilist account of the nature of free action: locating the requisite indeterminism in the causal history of the act, together with explaining why this precise location is appropriate and important." (Free Will: A Philosophical Study, 2000, p.85)


Any incompatibilist model of freedom is going to have to locate the event-causal indeterminism somewhere in the history of the free act, and the specified place — between the considerations and the decisive formation of preference — seems to me the most reasonable place to locate it. One might, instead, locate the indeterminism prior to some of the considerations that occur to the agent during the deliberative process, so that what is undetermined is which (and perhaps at what points during the process) particular considerations come into the agent's mind. But if this were the only place specified for required indeterminism, then an act might be the purely causally deterministic outcome of the considerations that happen to occur to the agent and yet, on the proposal, count as free. Such an account is too weak to ground agent freedom and deep responsibility, since, given the occurrence of the particular considerations in any case, one particular act follows of physical necessity, as the completely deterministic unfolding of previous events. (p.120)


Consider an agent whose act is, in such a sense, "libertarian free." Now a duplicate agent in exactly similar circumstances governed by the same natural laws and subject to the same occurrence of considerations at the same points in the deliberative process will form exactly the same judgment concerning the best thing to do and will act accordingly. But then, given the consideration pattern that occurs (but might not have), there is no "wiggle room" for the agent in forming an evaluative judgment—it simply falls out, of necessity, from the consideration pattern. Hence such an account does not leave sufficient room for free agency. (p.121)


Where causal indeterminism is best located, instead, is after the considerations (which in the usual case have been determined to occur by previous events, such as how much rest one has had, what one has recently eaten, with whom one has recently spoken, what one has read) yet prior to the decisive formation of preference, such that given the exact consideration pattern, the agent may decide to prefer a and may decide to prefer otherwise. The considerations themselves are indeterministic causes of the preference.
  



Alfred Mele in his 1995 book Autonomous Agents and again in his 2006 Free Will and Luck, proposed a "Modest Libertarianism" for consideration by libertarians. He himself did not endorse the idea. But he made clear, following Daniel Dennett's "Valerian" model in Brainstorms, 1978, that the indeterminism should come early in the overall process. He even describes the latter - decision - part of the process as compatibilist (effectively determinist). 

Mele sees, unlike Kane and Ekstrom, that the requirements for the will must be adequate determinism.



"These observations indicate that it might be worth exploring the possibility of combining a compatibilist conception of the later parts of a process issuing in full blown, deliberative, intentional action with an incompatibilist conception of the earlier parts. For example, it might be possible to gain "ultimate control" while preserving a considerable measure of nonultimate agential control by treating the process from proximal decisive better judgment through overt action in a compatibilist wav and finding a theoretically useful place for indeterminacy in processes leading to proximal decisive better judgments. (p.212)


Recall that compatibilism does not include a commitment to determinism. The thesis is that determinism does not preclude autonomy. Treating the process from proximal decisive better judgment through overt action in a compatibilist way does not require treating it in a determinist way. Compatibilists may, in principle be willing to accept an account of causation that accommodates both deterministic and probabilistic instances, and they are not committed to holding that probabilistic causation in the process just mentioned precludes the freedom of its product. In the same vein, advocates of autonomy who seek a "theoretical useful place" for indeterminism in the springs of action need not insist that indeterminism does not appear at other places, as well, in internal processes issuing in autonomous action. Their claim on that matter may merely be that indeterminism at these other junctures is of no use to them. (p.213)

External indeterminism, as I have already explained, does not give libertarians what they want. That leaves internal indeterminism. Assume, for the sake of argument, that human beings sometimes act autonomously, that acting autonomously requires "ultimate control," and that the latter requires internal indeterminism. Then, with a view to combining ultimate control with robust nonultimate control, we can ask what location(s) for internal indeterminism would do us the most good. (p.213)




Traditional compatibilism says freedom is compatible with determinism?


The Proper Location for Indeterminism in the Mind

The only reasonable model for an indeterministic contribution is ever-present noise throughout the neural circuitry. We call it the Micro Mind.

Quantum (and even some thermal) noise in the neurons is all we need to supply random unpredictable alternative possibilities.


And indeterminism is NOT involved in the de-liberating Will. We call it the Macro Mind. 


The major difference between Micro and Macro is how they process noise in the brain circuits. The first accepts it, the second suppresses it.


Our "adequately determined" Mind can overcome the noise whenever it needs to make a determination on thought or action.



Will neuroscientists ever find information structures in the brain to generate our random agenda, structures small enough to be susceptible to microscopic quantum phenomena? 


Some fanciful mechanisms include a random number generator like those in computer programs. Others imagine a microscopic event like the nuclear decay in Schrödinger's diabolical thought experiment with a cat, plus the amplifier circuitry needed to magnify the event to the macroscopic level.


But nothing physically localized is likely to be found. The randomness of the Micro Mind is simply the result of ever-present noise, both thermal and quantum noise, that is inherent in any information storage and communication system. 


Constant, ever-present noise removes an important technical objection. When and where and how would the random event occur?, said critics of the Epicurean swerve of the atoms. The Cogito model randomly generates contextually appropriate alternative possibilities at all times.


The Cogito model is not a mechanism. It is a process.


Quantum uncertainty adds a "causa sui," an uncaused or self-caused cause, in the causal chain. But it need not directly determine the decision of the macroscopic will. Nor would chance affect the adequately determined action, one which is consistent with character and values. 


Some argue that brain structures are too large to be affected at all by quantum events. But there is little doubt that the brain has evolved to the point where it can access quantum phenomena. The evolutionary advantage for the mind is freedom and creativity. Biophysics tells us the eye can detect a single quantum of light (photon), and the nose can smell a single molecule.


If the Micro Mind is a random generator of frequently outlandish and absurd possibilities, the complementary Macro Mind is a macroscopic structure so large that quantum effects are negligible.  It is the critical apparatus that makes decisions based on our character and values. 


Information about our character and values is probably stored in the same noise-susceptible neural circuits of our brain, in our memory, so Macro Mind and Micro Mind are not necessarily in different locations in the brain. Instead, they are probably the consequence of different information processing methods. The Macro Mind must suppress the noise when it makes an adequately determined decision. 


The Macro Mind has very likely evolved to add enough redundancy, perhaps even error detection and correction, to reduce the noise to levels required for an adequate determinism. Our decisions are then in principle predictable, given knowledge of all our past actions and given the randomly generated possibilities in the instant before decision. However, only we know the contents of our minds, and they exist only within our minds. Thus we can feel fully responsible for our choices, morally and legally.


The Cogito model accounts not just for freedom but for creativity, original thoughts and ideas never before expressed. Unique and new information comes into the world with each new thought and action. 


Biologists will note that the Micro Mind corresponds to random variation in the gene pool (often the direct result of quantum accidents). The Macro Mind corresponds to natural selection by highly determined organisms. See the biology chapter for other examples of random generation followed by adequately determined selection, like the immune system and protein/enzyme factories. Karl Popper may have been the first to point this out.


Psychologists will see the resemblance of Micro Mind and Macro Mind to the Freudian id and super-ego (das Ess und das Über-ich).
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The Problem of Free Will

    The classic problem of free will is to reconcile an element of freedom with the apparent determinism in a world of causes and effects, a world of events in a great causal chain.
    
Determinists deny any such freedom. 
    
Compatibilists redefine freedom. Although our will is determined by prior events in the causal chain, it is in turn causing and determining our actions. Compatibilists say that determinism by our will allows us to take moral responsibility for our actions. 
    
Libertarians think the will is free when a choice can be made that is not determined or necessitated by prior events. The will is free when alternative choices could have been made with the same pre-existing conditions.  

Freedom of the will allows us to say, "I could have chosen (and done) otherwise."


    In a deterministic world, everything that happens follows ineluctably from natural or divine laws. There is but one possible future. 
    

In the more common sense view, we are free to shape our future, to be creative, to be unpredictable.
    

    From the ancient Epicureans to modern quantum mechanical indeterminists, some thinkers have suggested that chance or randomness was an explanation for freedom, an explanation for the unpredictability of a free and creative act. A truly random event would break the causal chain and nullify determinism, providing room for human freedom.
    

    Freedom of human action does require the randomness of absolute unpredictability, but if our actions are the direct consequence of a random event, we cannot feel responsible. That would be mere indeterminism, as unsatisfactory as determinism.  
    

Moreover, indeterminism appears to threaten reason itself, which seems to require certainty and causality to establish truth, knowledge, and the laws of nature. 
    

Most philosophers in all ages have been committed to one or more of the dogmas of determinism, refusing to admit any indeterminism or chance. They described the case of "indeterminism is true" as a disaster for reason. They said chance was "obscure to human reason." They found "no medium betwixt chance and necessity."
    

Many scientists agree that science is predicated on strict causality and predictability, without which science itself, considered as the search for causal laws, would be impossible. 
    

For those scientists, laws of nature would not be "laws" if they were only statistical and probabilistic. Ironically, some laws of nature turn out to be thoroughly statistical and our predictions merely probable, though with probabilities approaching certainty. 
    

Fortunately, for large objects the departure from deterministic laws is practically unobservable. Probabilities become indistinguishable from certainties, and we can show there is an "adequate determinism" and a "soft causality."
    

In the next chapter, we review the history of the free will problem. 
    

We then summarize the requirements for free will, and propose a working solution based on the past and current ideas of those philosophers and scientists who have addressed the free will problem.
    




Recent debate on the free will problem uses a taxonomy of positions that has caused a great deal of confusion, partly logical but mostly linguistic. Let's take a quick look at the terminology. 
    

At the top level, there are two mutually exclusive positions, Determinism and Indeterminism. 
    

Under Determinism, two more positions conflict, Compatibilism and Incompatibilism. 
    

And under Indeterminism, Robert Kane in the Oxford Handbook of Free Will distinguishes three positions recently taken by Libertarians - Non-Causal, Agent-Causal, and Event-Causal.
    
[image: Taxonomy of Free Will Positions]


Instead of directly discussing models for free will, the debate is conducted indirectly. 
    
Is free will compatible with determinism? is a frequently asked question. Most philosophers answer yes and describe themselves as compatibilists. They call libertarians "incompatibilists."  
    
Is determinism true? is another frequent question. The answer, at least in the physical world, is now well known. Determinism is not "true."  The physical world contains quantum randomness - absolute chance.     
Chance does not mean that every event is completely undetermined and uncaused. And it does not mean that chance is the direct cause of our actions, that our actions are random in any way.
    

    Nevertheless, the typical argument of determinists and compatibilists is that if our actions had random causes we could not be morally responsible.
    

To avoid the obvious difficulty for their position, most compatibilist philosophers simply deny the reality of chance. They hope that something will be found to be wrong with quantum mechanical indeterminism. Chance is unintelligible, they say, and thus there is no intelligible account of libertarian free will. Some dismiss free will (as many philosophers denied chance) as an illusion.
    

    Recently, professional philosophers specializing in free will and moral responsibility have staked out nuanced versions of the familiar positions with new jargon, like broad and narrow incompatibilism, semicompatibilism, hard incompatibilism, and illusionism. 
    

Awkwardly, the incompatibilist position includes both "hard" determinists, who deny free will, and libertarians, who deny determinism, making the category very messy. 
    
Broad incompatibilists think both free will and moral responsibility are incompatible with determinism. Narrow incompatibilists think free will is not compatible, but moral responsibility is compatible with determinism. 
Semicompatibilists are narrow compatibilists who are agnostic about free will and determinism but claim moral responsibility is compatible with determinism. 
    

Hard incompatibilists think both free will and moral responsibility are not compatible with determinism. Illusionists are incompatibilists who say free will is an illusion. 
    
Soft incompatibilists think both free will and moral responsibility are incompatible with strict determinism, but both are compatible with an adequate determinism. 
    
Soft causalists are event-causalists who accept causality but admit some unpredictable events that are  causa sui and which start new causal chains.
    

For those who know indeterminism is the case, at least in the microphysical world, many deny that chance and quantum randomness can be important for free will. Oddly, this includes agent-causalists, who postulate a non-physical origin for causes (like reasons in the agent's mind), and non-causalists, who claim volitions and intentions are simply uncaused. 
    

For the "event-causal" theorists of free will, we can distinguish six increasingly sophisticated attitudes toward the role of chance and indeterminism. "Event-causal" theorists embrace the first two, but very few thinkers, if any, appear to have considered all six essential requirements for chance to contribute to libertarian free will.

	Chance exists in the universe. Quantum mechanics is correct. Indeterminism is true, etc.

	Chance is important for free will. It breaks the causal chain of determinism.

	Chance cannot directly cause our actions. We cannot be responsible for random actions.

	Chance can only generate random (unpredictable) alternative possibilities for action or thought. The choice or selection of one action must be adequately determined, so that we can take responsibility. And once we choose, the connection between mind/brain and motor control must be adequately determined to see that "our will be done."

	Chance, in the form of noise, both quantum and thermal, must be ever present. The naive model of a single random microscopic event, amplified to affect the macroscopic brain, never made sense. Under what ad hoc circumstances, at what time, at what place in the brain, would it occur to affect a decision?

	Chance must be overcome or suppressed by the adequately determined will when it decides to act, de-liberating the prior free options that "one could have done."




    Of those thinkers who have considered most of these six aspects of chance, a small fraction have also seen the obvious parallel with biological evolution and natural selection, with its microscopic quantum accidents causing variations in the gene pool and macroscopic natural selection of fit genes by their reproductive success. Biology affords other examples of two-stage processes, with first chance, then adequately determined choice. For example, the immune system.
    
For Scholars

    Cambridge: "a central question is whether humans are free in what they do or are determined by external events beyond their control." Cambridge Dictionary of Philosophy, p.281.
    

    Oxford: "...events can be voluntary or free, where that means that they come about purely because of my willing them when I could have done otherwise." Oxford Dictionary of Philosophy, p.147.
    

    Runes: "The freedom of self-determination consist(s of a) decision independent of external constraint but in accordance with the inner motives and ideals of the agent." Runes Dictionary of Philosophy, p.127.
    




Source: https://www.informationphilosopher.com/freedom/problem/index.html?LanguageCode=none
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History of the Free Will Problem

    From its earliest beginnings, the problem of "free will" has been intimately connected with the question of moral responsibility. Most of the ancient thinkers on the problem were trying to show that we humans have control over our decisions, that our actions "depend on us", and that they are not pre-determined by fate, by arbitrary gods, by logical necessity, or by a natural causal determinism.  
   
    Almost everything written about free will to date has been verbal debate about the precise meaning of philosophical concepts like causality, necessity, and other dogmas of determinism.  


    The "problem of free will" is often described as a question of reconciling "free will" with one or more of the many kinds of determinism. As a result, the "problem of free will" depends on two things, the exact definition of free will and which of the determinisms is being reconciled. 


There is also an even more difficult reconciliation for "libertarian" free will. How can a morally responsible will be reconciled with indeterminism or chance?
    

The standard argument against free will is that it can not possibly be reconciled with either randomness or determinism, and that these two exhaust the logical possibilities. 
    

    Before there was anything called philosophy, religious accounts of man's fate explored the degree of human freedom permitted by superhuman gods. Creation myths often end in adventures of the first humans clearly making choices and being held responsible. But a strong fatalism is present in those tales that foretell the future, based on the idea that the gods have foreknowledge of future events. Anxious not to annoy the gods, the myth-makers rarely challenge the implausible view that the gods' foreknowledge is compatible with human freedom. This was an early form of today's compatibilism, the idea that causal determinism and logical necessity are compatible with free will.



     The first thinkers to look for causes in natural phenomena (rather than gods controlling events) were the Greek physiologoi or cosmologists. The reasons (λόγοι) behind the physical (φύσις) world became the ideal "laws" governing material phenomena. The first cosmologist was Anaximander, who coined the term physis (φύσις). He likely combined cosmos (κόσμος), as organized nature, and logos (λόγοσ), as the law behind nature - cosmology. 
The Greeks had a separate word for the laws (or conventions) of society, nomos (νόμος).

Heraclitus, the philosopher of change, agreed that there were laws or rules (the logos) behind all the change. The early cosmologists' intuition that their laws could produce an ordered cosmos out of chaos was prescient. Our current model of the universe begins with a state of minimal information and maximum disorder. Early cosmologists imagined that the universal laws were all-powerful and must therefore explain the natural causes behind all things, from the regular motions of the heavens to the mind (νοῦς) of man.


     The physiologoi transformed pre-philosophical arguments about gods controlling the human will into arguments about pre-existing causes controlling it. The cosmological problem became a psychological problem. Some saw a causal chain of events leading back to a first cause (later taken by many religious thinkers to be God). Other physiologoi held that although all physical events caused, mental events might not. This is mind/body dualism, perhaps the most important of all great dualisms. If the mind (or soul) is a substance different from matter, it could have its own laws different from the laws of nature for material bodies.


     The materialist philosophers Democritus and Leucippus, again with extraordinary prescience, claimed that all things, including humans, were made of atoms in a void, with individual atomic motions strictly controlled by causal laws. Democritus wanted to wrest control of man's fate from arbitrary gods and make us more responsible for our actions. But ironically, he and Leucippus originated two of the great dogmas of determinism, physical determinism and logical necessity, which lead directly to the modern problem of free will and determinism. 


Leucippus stated the first dogma, an absolute necessity which left no room in the cosmos for chance. 


     "Nothing occurs at random, but everything for a reason and by necessity." 1
     οὐδὲν χρῆμα μάτην γίνεται, ἀλλὰ πάντα ἐκ λόγου τε καὶ ὑπ’ ἀνάγκης
     



The consequence is a world with but one possible future, completely determined by its past. Some even argued for a great cycle of events (an idea borrowed from Middle Eastern sources) repeating themselves over thousands of years. 

      The Pythagoreans, Socrates, and Plato attempted to reconcile an element of human freedom with material determinism and causal law, in order to hold man responsible for his actions. 


The first major philosopher to argue convincingly for some indeterminism was probably Aristotle.  First he described a causal chain back to a prime mover or first cause, and he elaborated the four possible causes (material, efficient, formal, and final). Aristotle's word for these causes was ἀιτία, which translates as causes in the sense of the multiple factors or explanations behind an event. Aristotle did not subscribe to the simplistic "every event has a (single) cause" idea that was to come later.  
    


Then, in his Physics and Metaphysics, Aristotle also said there were "accidents" caused by "chance (τύχη)." 2 In his Physics, he clearly reckoned chance among the causes. Aristotle might have added chance as a fifth cause - an uncaused or self-caused cause - one he thought happens when two causal chains come together by accident (συμβεβεκός). He noted that the early physicists had found no place for chance among their causes. 

Aristotle opposed his accidental chance to necessity:


Nor is there any definite cause for an accident, but only chance (τυχόν), namely an indefinite (ἀόριστον) cause. 

(Metaphysics, Book V, 1025a25)2a
It is obvious that there are principles and causes which are generable and destructible apart from the actual processes of generation and destruction; for if this is not true, everything will be of necessity: that is, if there must necessarily be some cause, other than accidental, of that which is generated and destroyed. Will this be, or not? Yes, if this happens; otherwise not. 

(Metaphysics, Book VI, 1027a29) 



For Aristotle, a break in the causal chain allowed us to feel our actions "depend on us" (ἐφ' ἡμῖν). He knew that many of our decisions are quite predictable based on habit and character, but they are no less free nor are we less responsible if our character itself and our predictable habits were developed freely in the past and are changeable in the future. 

This is the view of some Eastern philosophies and religions. Our Karma has been determined by our past actions (even from past lives), and strongly influences our current actions, but we are free to improve our Karma by good actions.  
    


    One generation after Aristotle, Epicurus argued that as atoms move through the void, there are occasions when they "swerve" from their otherwise determined paths, thus initiating new causal chains. Epicurus argued that these swerves would allow us to be more responsible for our actions, something impossible if every action was deterministically caused.  For Epicurus, the occasional interventions of arbitrary gods would be preferable to strict determinism.

Epicurus did not say the swerve was directly involved in decisions. His critics, ancient and modern, have claimed mistakenly that Epicurus did assume "one swerve - one decision." Following Aristotle, Epicurus thought human agents have the ability to transcend necessity and chance.


...some things happen of necessity, others by chance, others through our own agency. ...necessity destroys responsibility and chance is inconstant; whereas our own actions are autonomous, and it is to them that praise and blame naturally attach.


Parenthetically, we now know that atoms do not occasionally swerve, they move unpredictably whenever they are in close contact with other atoms. Everything in the material universe is made of atoms in unstoppable perpetual motion. Deterministic paths are only the case for very large objects, where the statistical laws of atomic physics average to become nearly certain dynamical laws for billiard balls and planets. 
    


So Epicurus' intuition of a fundamental randomness was correct. We know Epicurus' work largely from the Roman Lucretius and his friend Cicero. 

Lucretius saw the randomness as enabling free will, even if he could not explain how beyond the fact that random swerves would break the causal chain of determinism.


"If all motion is always one long chain, and new motion arises out of the old in order invariable, and if first-beginnings do not make by swerving a beginning of motion so as to break the decrees of fate, whence comes this free will?"



Cicero unequivocally denies fate, strict causal determinism, and God's foreknowledge. 
"If there is free will, all things do not happen according to fate; if all things do not happen according to fate, there is not a certain order of causes; and if there is not a certain order of causes, neither is there a certain order of things foreknown by God." 3


    It was the Stoic school of philosophy that solidified the idea of natural laws controlling all things, including the mind. 4 Their influence persists to this day, in philosophy and religion. Most of the extensive Stoic writings are lost, probably because their doctrine of fate, which identified God with Nature, was considered anathema to the Christian church. The church agreed that the laws of God were the laws of Nature, but that God and Nature were two different entities. In either case strict determinism follows by universal Reason (logos) from an omnipotent God. Stoic virtue called for men to resist futile passions like anger and envy. The fine Stoic morality that all men (including slaves and women) were equal children of God coincided with (or was adopted by) the church. Stoic logic and physics freed those fields from ancient superstitions, but strengthened the dogmas of determinism that dominate modern science and philosophy, especially when they explicitly denied Aristotle's chance as a cause. 5

    The major founder of Stoicism, Chrysippus, took the edge off strict determinism. Like Democritus, Aristotle, and Epicurus before him, he wanted to strengthen the argument for moral responsibility, in particular defending it from Aristotle's and Epicurus's indeterminate chance causes.  Whereas the past is unchangeable, Chrysippus argued that some future events that are possible do not occur by necessity from past external factors alone, but might depend on us. We have a choice to assent or not to assent to an action. 

Chrysippus said our actions are determined (in part by ourselves as causes) and fated (because of God's foreknowledge), but he also said correctly that they are not necessitated. Chrysippus would be seen today as a compatibilist, as was the Stoic Epictetus. 6

Alexander of Aphrodisias, the most famous commentator on Aristotle, wrote 500 years after Aristotle's death, at a time when Aristotle and Plato were rather forgotten minor philosophers in the age of Stoics, Epicureans, and Skeptics. Alexander defended a view of moral responsibility we would call libertarianism today. Greek philosophy had no precise term for "free will" as did Latin (liberum arbitrium or libera voluntas). The discussion was in terms of responsibility, what "depends on us" (in Greek ἐφ ἡμῖν). 

Alexander believed that Aristotle was not a strict determinist like the Stoics, and Alexander himself argued that some events do not have predetermined causes. In particular, man is responsible for self-caused decisions, and can choose to do or not to do something. Alexander denied the foreknowledge of events that was part of the Stoic identification of God and Nature.7


    Most of the ancient thinkers recognized the obvious difficulty with chance (or an uncaused cause) as the source of human freedom. Even Aristotle described chance as a "cause obscure to human reason" (ἀιτιάν ἄδελον ἀνθρωπίνω λογισμῶ). 
    

Actions caused by chance are simply random and we cannot feel responsible for them. But we do feel responsible. Despite more than twenty-three centuries of philosophizing, most modern thinkers have not moved significantly beyond this core problem of randomness and free will for libertarians - the confused idea that free actions are caused directly by a random event. 

Caught between the horns of a dilemma, with determinism on one side and randomness on the other, the standard argument against free will continues to render human freedomunintelligible. 
    


    A couple of centuries after Alexander, a subtle argument for free will was favored by early Christian theologians. They wanted human free will in order to absolve an omnipotent God of responsibility for evil actions. This is called the problem of evil. Those who held God to be omniscient, Augustine for example, maintained that God's foreknowledge was compatible with human freedom, an illogical position still held today by most theologians. His more sensible contemporary, the British monk Pelagius (Morgan) held, with Cicero, that human freedom prohibited divine foreknowledge. The success of Augustine's ideas led the church to judge Pelagius a heretic. 8

    The Scholastics were medieval theologians who tried to use Reason to establish the Truth of Religion. Because they used Reason, instead of accepting traditional views based on faith and scripture alone, they were called moderns. Thomas Aquinas maintained that man was free but also held there was a divine necessity in God's omniscience, that God himself was ruled by laws of Reason. Dun Scotus took the opposite view, that God's own freedom demanded that God's actions not be necessitated, even by Reason. Both argued that human freedom was compatible with divine foreknowledge, using sophisticated arguments originally proposed by Augustine, that God's knowing was outside of time, arguments used again later in the Renaissance and by Immanuel Kant in the Enlightenment. 9

    Great Jewish thinkers like Maimonides in his Guide for the Perplexed and Chapters on Ethics argued for human freedom, especially against the idea of omniscience in the Christian God, though in more popular commentaries he embraced a natural law and divine foreknowledge that controlled much human action. 10 Islamic thinkers hotly debated God's will, with the Sunni generally determinist and the Shia inclined toward freedom. 11 Asian religions like Buddhism, which do not have the paradox of an omniscient God, embrace human freedom in Karma, which includes a person's character and values that tend to shape one's behavior, but can always be changed by acts of will. 12

    Renaissance thinkers like Pico della Mirandola and Giordano Bruno questioned the teachings of the church and asserted a perfectibility of man that required the freedom to improve as well as to fail. 13 Lorenzo Valla and Pietro Pomponazzi followed the Scholastics and argued that God's foreknowledge of human actions was outside of time. 14 The Dutch humanist Erasmus and protestant reformer Martin Luther exchanged diatribes on free will. Luther's was frankly called "The Bondage of the Will." He saw nothing new in Erasmus' work, nor do we. 15

    Modern philosophy began with René Descartes and the other continental rationalists, Gottfried Leibniz and Baruch Spinoza. They were called modern because they tried to use Reason to establish the certainty of Truth (including Religion). Descartes found the realm of human freedom in the Mind, which he thought was a separate substance from the material Body. He advocated a mind/body dualism in which matter or body is determined and spirit or mind is free and by its nature unconstrainable. 16 Spinoza objected to Descartes's freedom. It involves an uncaused cause, which Spinoza felt was impossible. Spinoza's freedom was compatible with necessity. 17
Thomas Hobbes and John Bramhall were contemporaries of Descartes living in Europe as expatriates during the English Civil War. They debated Liberty and Necessity circa 1650. Hobbes held that liberty was simply the absence of external impediments to action, because the voluntary actions of a "free will" all have prior necessary causes and are thus determined. He equated necessity to the decree of God. 18 Bramhall saw liberty as a freedom from inevitability and predetermination, but saw it consistent with the prescience of God. 19 Both were compatibilists, Hobbes' freedom was compatible with causal determinism and Bramhall's with religious determinism. 
    

     The British empiricist philosophers - George Berkeley20, John Locke21, and David Hume - essentially all found chance or indeterminism unacceptable. Determinism was obviously required for us to be responsible for our actions. Hume, a modern Skeptic, doubted the existence of certain knowledge and questioned causality, but he thought (correctly, if inconsistently) that our actions proceeded from causes in our character. Free will at best was compatible with determinism in the sense that our will caused our actions, even though the willed action was the consequence of prior causes. An uncaused cause (the "causa sui" or self-cause), or a free action generated randomly with no regard for earlier conditions ("sui generis" or self-generated), was considered absurd and unintelligible. Hume said "'tis impossible to admit of any medium betwixt chance and an absolute necessity." 22
John Locke liked the idea of Freedom and Liberty but was disturbed by the confusing debates about "free will". He thought it was inappropriate to describe the Will itself as Free. The Will is a Determination. It is the Man who is Free. "I think the question is not proper, whether the will be free, but whether a man be free." "This way of talking, nevertheless, has prevailed, and, as I guess, produced great confusion."
    


     The empiricists saw new evidence for strict causality and determinism in natural science. Isaac Newton's mathematical theory of motion (classical mechanics) could predict the motions of all things based on knowledge of their starting points, their velocities, and the forces between them. 23 Surely the forces that controlled the heavenly bodies controlled everything else, including our minds. Thus the rationale for determinism was shifting from theological or religious determinism back to the physical/causal determinism of the Greek cosmologists and atomists. Leibniz imagined a scientist who could see the events of all times, just as all times are thought to be present to the mind of God.

"Everything proceeds mathematically...if someone could have a sufficient insight into the inner parts of things, and in addition had remembrance and intelligence enough to consider all the circumstances and take them into account, he would be a prophet and see the future in the present as in a mirror." 24

Pierre-Simon Laplace particularized this Leibniz vision as an intelligent being who knows the positions and velocities of all the atoms in the universe and uses Newton's equations of motion to predict the future. Laplace's Demon has become a cliché for physical determinism.   
    

    One might naively think that the development of modern probability theory and statistics would have encouraged acceptance of chance in human affairs, but surprisingly, the major theorists of probability were determinists. The mathematical distribution of possible outcomes in games of chance was formally derived independently by a number of great mathematicians in the eighteenth century - Abraham De Moivre (1667-1754), Daniel Bernoulli (1700-1782), Laplace (1749-1827), and Carl Friedrich Gauss (1777-1855). Laplace disliked the disreputable origins of this theory and renamed it the "calculus of probabilities." 
    
Immanuel Kant's reaction to Newtonian determinism, and to David Hume's criticism of obtaining certain knowledge based only on our sense perceptions, was to admit determinism as correct in the physical or phenomenal world, but he set limits on this determinism . Kant subsumed causality and determinism under his idea of Pure Reason. Indeed he made determinism a precondition for rational thought. But he set limits on the Practical Reason to make room for God, freedom, and immortality.
 
In his Practical Reason, Kant imagined two worlds (another mind/body dualism), the world of phenomena and a "noumenal" world of mind (nous) - a subtle variation on the realms of Plato's Ideas, the Scholastic and Renaissance idea of a God outside of time, and Descartes' Mind - in which Kant based rational belief in freedom, God, and immortality, as well as values. 25


    At the same time that Kant was inventing his most fanciful other-worldly explanation of free will, his contemporary Samuel Johnson uttered his brief analysis of the problem.
  
  "We know our will is free, and there's an end on't."
  


       Free Will Since Kant
    

    Since Kant's time very few philosophers have offered genuinely new ideas for reconciling our sense of human freedom with physical determinism, which for most thinkers also implies causality, certainty, necessity, and predictability of the one possible future consistent with determinism.  
    

    This is despite three great advances in science that critically depend on the existence of real chance in the universe and two developments in logic and mathematics that question the status of philosophical certainty. 
    
Evolution - Charles Darwin's explanation of biological evolution in 1859 requires chance to create variation in the gene pool. The alternative is a deterministic law controlling such change, which implies that information about all species has existed for all time. Or perhaps the idea that there is no real change. The "Great Chain of Being" from Plato's Timaeus to the middle ages maintained that all the species - from the smallest organisms, through man at the pinnacle of the natural world, then up to God through various types of supernatural angels - had existed for all time, at least since the creation. Darwin's work confirmed that Becoming was as real and important as Being (another great dualism). 26
Thermodynamics - Ludwig Boltzmann's attempts, starting in 1866, to derive the second law of thermodynamics (increasing entropy and irreversibility) from the classical mechanical motions of gas particles (atoms) failed until he introduced probability (chance) and treated the atoms statistically. He was ridiculed by his physicist colleagues in Germany, who rejected the idea of atoms, let alone real chance in the universe. 27
Quantum Mechanics - Werner Heisenberg's indeteminacy principle in 1927 is believed by many thinkers to have put an end to the absolute determinism implied by Newton's laws, at least for atoms. Classical mechanics is now seen as simply the limiting case of quantum mechanics for macroscopic (large) systems. Even before Heisenberg, Max Born had shown in 1926 that in collisions of atomic particles we could only predict the probabilities for the atomic paths, confirming Boltzmann's requirement for microscopic randomness. So the original case for irreducible randomness, made by Boltzmann in the 1870's, implicit in the work of Darwin in 1859, and explicitly promoted as Charles Sanders Peirce's tychism, has been largely forgotten. 28

Logic - Aristotle's logic was accepted as the paradigm of truth for over 2000 years until Frege in 1879 and Bertrand Russell's Principia Mathematica in 1910 failed to establish a logical basis for mathematics and found the first of the paradoxes that call logic into question. 29
Mathematics - Kurt Gödel's incompleteness theorem in 1937 proved there would always be propositions that could not be proved in a consistent mathematical system. 30


    We briefly review philosophers since Kant who expressed important views on freedom, and then examine some failed suggestions to include real chance and quantum indeterminacy in the process of free will. We can broadly classify these thinkers as determinists, compatibilists, or libertarians, 
    
Determinists - Few modern philosophers admit to being "hard" determinists (as William James called them 31), who maintain that there is just one possible future, but all determinists believe in "strict" causality. Some argue that without causality knowledge would be impossible, since we could not be sure of our reasoning process and deduced truths. Note that there are as many kinds of determinists as there are determinisms.
   
Compatibilists claim that free will is compatible with determinism, since if determinism did not hold, they think that their will could not determine their actions. William James called them "soft" determinists. Though our will is itself caused, these causes include our own character, and this is enough freedom for them, even if our character was itself determined by prior causes. 32
Libertarians argue that free will is incompatible with determinism and thus are called incompatibilists. Many libertarians still hold a dualist view, with Mind able to circumvent causal laws that constrain the Body. Critics call the libertarian view incoherent and unintelligible if it denies determinism and causality, which they take to be a basic requirement for modern science - indeed the basis for logic and reason. And many libertarians admit their unhappiness with chance as the source of freedom. 33

    Note that hard determinists are also (with libertarians) called incompatibilists, since they deny free will. We see they also deny chance, arguing, as Aristotle thought his predecessors had argued, that everything must be caused. Some of them admit their discomfort with the implications of quantum mechanical indeterminism, and express hope that quantum mechanics will be found to include hidden variables that restore determinism. 34

    Broadly speaking, philosophers after Kant can be divided into four main groups, 
    	those who continued to accept compatibilism (or even determinism),
	those who simply asserted human freedom (some even admitting chance as a factor),
	those philosophers and scientists who reacted, most of them negatively, to the specific new form of chance and "indeterminism" introduced by quantum mechanics in the 1920's,
	and those active in recent renewed debates about free will, with lots of philosophical analysis and logic chopping but virtually nothing new to add.



       Compatibilists (and Determinists)
    
Georg Wilhelm Friedrich Hegel's greatest contribution to philosophy was to stress the importance of time and process over mechanism, with its implicit predictability. Just as Aristotle was more this-worldly than his mentor Plato, so Hegel brings Kantian ideas down from the timeless noumenal realm into an evolving world. He spoke of an absolute freedom of the individual "in itself," a concept following Kant, the "an sich." But in his dialectical idealism, the individual subject (or being) goes on to see itself in the light of others as objects (the non-being). He calls this the "for itself," Kant's "für sich." The final stage of his "aufhebung" unites these to become the "in and for itself," At this point, Hegel's freedom is a will that is the will of a community (Being). He says, "Freedom and will are for us the unity of subjective and objective."  "Freedom also lies neither in indeterminateness nor in determinateness, but in both.” 35(Philosophy of Right, Introduction, Sects. 5 and 8)

     Hegel's idealist colleagues Fichte and Schelling were very enthusiastic about freedom for the individual, the "I," which was Kant's "transcendental subject." They wanted the I to be "unconditioned," an undetermined thing in itself (unbedingtes Ding an sich). For Friedrich Wilhelm Joseph Schelling, this freedom was freedom from both Nature and God.  35
     "The defenders of Freedom usually only think of showing the independence of man from nature, which is indeed easy. But they leave alone man's inner independence from God, his Freedom even with respect to God, because this is the most difficult problem.

"Thus since man occupies a middle place between the non-being of nature and the absolute Being, God, he is free from both. He is free from God through having an independent root in nature; free from nature through the fact that the divine is awakened in him, that which in the midst of nature is above nature."
    


Arthur Schopenhauer's essay "On the Freedom of the Will" won the prize of the Royal Danish Academy of Sciences in 1839. His description of his predecessors' work (pp. 65-90) is extensive.
He defined absolute freedom - the liberum arbitrium indifferentiae - as not being determined by prior grounds. "Under given external conditions, two diametrically opposed actions are possible." Schopenhauer found this completely unacceptable. "If we do not accept the strict necessity of all that happens by means of a causal chain which connects all events without exception, but allow this chain to be broken in countless places by an absolute freedom, then all foreseeing of the future... becomes...absolutely impossible, and so inconceivable." 36

    In the 1820's the great French mathematician Joseph Fourier noticed that statistics on the number of births, deaths, marriages, suicides, and various crimes in the city of Paris had remarkably stable averages from year to year. The mean values in a "normal distribution" (one that follows the bell curve or "law of errors") of statistics took on the prestige of a social law. The Belgian astronomer and statistician Adolphe Quételet did more than anyone to claim these statistical regularities were evidence of determinism. 
    

Individuals might think marriage was their decision, but since the number of total marriages was relatively stable from year to year, Quételet claimed the individuals were determined to marry. Quételet used Auguste Comte's term "social physics, to describe his discovery of "laws of human nature," prompting Comte to rename his theory sociology.
    

  Quételet's argument for determinism in human events is quite illogical.  It appears to go something like this:
	Perfectly random, unpredictable individual events (like the throw of dice in games of chance) show statistical regularities that become more and more certain with more trials (the law of large numbers).
	Human events show statistical regularities.
	Human events are determined.

 
Quételet might more reasonably have concluded that individual human events are unpredictable and random. Were they determined, they might be expected to show a non-random pattern, perhaps a signature of the Determiner.
  

    In England, Henry Thomas Buckle developed the ideas of Quetelet and argued that statistical regularities proved that human free will was nonexistent.
    
John Stuart Mill (1806-1873) did great work on probability in his System of Logic, but like the continental mathematicians was a confirmed determinist. 
    

    Mill's godson Bertrand Russell also had no doubt that causality and determinism were needed to do science.  "Where determinism fails, science fails," he said. Russell could not find in himself "any specific occurrence that I could call 'will'." 37

       Libertarians
    

    A few thinkers questioned the idea that individual random events were actually determined simply because their statistical averages appeared to be determined. Bernard Bolzano (1781-1848) and Franz Exner (1802-1880) were both professors at Prague in the 1830's and 40's. They had a famous correspondence in which they discussed the possibility of free will. Bolzano, a Catholic priest, was stripped of his teaching post because his ideas were anathema to the Catholic Austrian government that paid his salary. One outcome of the revolution of 1848 was a reform of Austrian education aimed at diminishing the power of the Catholic religion, especially in education. Exner was the principal architect of this curriculum reform, and a central secular tenet was to teach the concept of probability, to encourage students to take responsibility for their own lives.
    

    In France, two thinkers, Charles Renouvier (1815-1903) and Alfred Fouillée (1838-1912), argued for human freedom and based it on the existence of absolute chance. In his Essais de critique générale, Renouvier generally followed Kant, but he moved human freedom from Kant's imaginary noumenal realm into the phenomenal world, which for Renouvier included contingent events. In La Liberté et le déterminisme, Fouillée denied necessity and determinism.
    

    Every philosopher after Charles Darwin's Origin of Species was affected by the explanation of evolution as random variation followed by natural selection. A few embraced it, and found that it gave support to their ideas of human freedom, based on the liberating notion of chance. But few offered a convincing idea of how exactly chance as a cause could be made consistent with moral responsibility. 
    
Charles Sanders Peirce was deeply impressed by chance as a way to bring diversity and "progress" (in the form of increasingly complex organisms) to the world. Obviously modeling his thinking on the work of Charles Darwin, Peirce was unequivocal that chance was a real property of the world. He named it tyche, and made tychism the basis for the evolutionary growth of variety, of irregular departures from an otherwise mechanical universe, including life and Peirce's own original thoughts. But Peirce did not like Darwin's fortuitous variation and natural selection. He falsely associated it with the Social Darwinist thinking of his time and called it a "greed philosophy." Peirce also rejected the deterministic evolution scheme of Herbert Spencer, and proposed his own grand scheme for the evolution of everything including the laws of Nature! He called this synechism, a coined term for continuity, in clear contrast to the random events of his tychism. 

[Necessity claims] "that the state of things existing at any time, together with certain immutable laws, completely determine the state of things at every other time (for a limitation to future time is indefensible). Thus, given the state of the universe in the original nebula, and given the laws of mechanics, a sufficiently powerful mind could deduce from these data the precise form of every curlicue of every letter I am now writing." 37a

William James,in The Will to Believe, simply asserted that his will was free. As his first act of freedom, he said, he chose to believe his will was free. He was encouraged to do this by reading Charles Renouvier.
    

James coined the terms "hard determinism" and "soft determinism" in his lecture on "The Dilemma of Determinism." He described chance as neither of these, but "indeterminism."  He said, 

"The stronghold of the determinist argument is the antipathy to the idea of chance...This notion of alternative possibility, this admission that any one of several things may come to pass is, after all, only a roundabout name for chance." 38

James was the first thinker to enunciate clearly a two-stage decision process, with chance in a present time of random alternatives, leading to a choice which grants consent to one possibility and transforms an equivocal future into an unalterable and simple past. There are undetermined alternatives followed by determined choices. 


"What is meant by saying that my choice of which way to walk home after the lecture is ambiguous and matter of chance?...It means that both Divinity Avenue and Oxford Street are called but only one, and that one either one, shall be chosen." 39 (James, The Will to Believe, 1897, p.155)



    James very likely had the model of Darwinian evolution in mind. Unlike his colleague Charles Peirce, from whom he learned much about chance, James accepted Darwin's explanation of human evolution.
    
Henri Bergson, in his "Time and Free Will," argued that time in the mind (he called it dureé or duration) was different from physical time. In particular, because minds were evolving living things with memories of all their past experience, they could not be treated as collections of mechanical atoms with no such memories, so minds were not subject to deterministic laws.  
    
Friedrich Nietzsche knew Darwin and perhaps knew of the debates in the German universities about probability and irreversibility. He may have been impressed by mechanistic explanations for everything including human affairs. His "eternal return" is consistent with microscopic particles (atoms) following deterministic paths that eventually repeat themselves. His aphoristic and polemical writing style makes his real position  on free will hard to fathom. Nietzsche both denied the will and even more strongly claimed that as overmen we must choose to make ourselves. This choice has even greater weight because it would be repeated again and again in his vision of an eternal return. 
    
Henri Poincaré describes a two-stage process in mathematical discoveries, in his lectures to the Paris Société de Psychologie around 1907. The first stage is random combinations, which he likens to Epicurus' "hooked atoms" ploughing through space in all directions, like a "swarm of gnats." He apologizes for the crude comparison, but says 

"the right combination is to be found by strict calculations [which] demand discipline, will, and consequently consciousness. In the subliminal ego, on the contrary, there reigns what I would call liberty, if one could give this name to the mere absence of discipline and to disorder born of chance." 40

In 1937, at the Paris Centre de Synthése, a week of lectures was delivered on inventions of various kinds, including experimental science, mathematics, and poetry.  The mathematician Jacques Hadamard described the conference in his book The Psychology of Invention in the Mathematical Field (1949) Hadamard's emphasis was on the discovery or invention of mathematical theories and his main subject was Henri Poincaré.

Hadamard assures us that Poincaré's observations do not impute discovery directly to pure chance. He says "Indeed, it is obvious that invention or discovery, be it in mathematics or anywhere else, takes place by combining ideas." "It cannot be avoided that this first operation takes place, to a certain extent, at random, so that the role of chance is hardly doubtful in this first step of the mental process. But we see that the intervention of chance occurs inside the unconscious." The first step is only the beginning of creation, for the following step, says Hadamard, "Invention is discernment, choice...it is clear that no significant discovery or invention can take place without the will of finding." 41

Poincaré is apparently the second thinker, after William James, to see random combinations of ideas in the unconscious mind, followed by willful decisions or choices made consciously.
    


       The Quantum Mechanics Debate
    

    In 1925 Max Born, Werner Heisenberg, and Pascal Jordan, formulated their matrix mechanics version of quantum mechanics as a superior formulation of Neils Bohr's old quantum theory. The matrix mechanics confirmed discrete states and "quantum jumps" of electrons between the energy levels, with emission or absorption of photons. 
    

In 1926, Erwin Schrödinger developed wave mechanics as an alternative formulation of quantum mechanics. Schrödinger disliked the abrupt jumps. His wave mechanics was a continuous theory.
    

Within months of the new wave mechanics, Max Born showed that while Schrödinger's wave function evolved over time deterministically, it only predicted the positions and velocities of atomic particles probabilistically. 
    

    Heisenberg used Schrödinger's wave functions to calculate the "transition probabilities" for electrons to jump from one energy level to another. Schrödinger's  wave mechanics was easier to visualize and much easier to calculate than Heisenberg's own matrix mechanics. 
    

In early 1927, Heisenberg announced his indeterminacy principle limiting our knowledge of the simultaneous position and velocity of atomic particles, and declared that the new quantum theory disproved causality. "We cannot - and here is where the causal law breaks down - explain why a particular atom will decay at one moment and not the next, or what causes it to emit an electron in this direction rather than that." 42

More popularly known as the Uncertainty Principle in quantum mechanics, it states that the exact position and momentum of an atomic particle can only be known within certain (sic) limits. The product of the position error and the momentum error is greater than or equal to Planck's constant h/2π. 
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Indeterminacy (Unbestimmtheit) was Heisenberg's original name for his principle. It is a better name than the more popular uncertainty, which connotes lack of knowledge. The Heisenberg principle is an ontological as well as epistemic lack of information. 




Later in 1927, Bohr announced his complementarity principle and the Copenhagen interpretation of quantum mechanics that argued for a dualist combination of wave and particle aspects for atoms and electrons.
    

Schrodinger argued vociferously against the random quantum jumps of Bohr and Heisenberg and for a return to his easily visualized deterministic and continuous physics. 
    
Albert Einstein, Max Planck, Schrödinger, and other leading physicists were appalled at Born's assertion that quantum mechanics was probabilistic and Heisenberg's claim that strict causality was no longer tenable. Einstein's famous remark was "The Lord God does not play dice." Planck said, "the assumption of absolute chance in inorganic nature is incompatible with the working principle of physical science." "This means that the postulate of complete determinism is accepted as a necessary condition for the progress of psychological research." 43

Just a few years earlier, in 1919, Schrödinger and his mentor Franz Serafin Exner (son of the 19th-century educator) had been strong disciples of Ludwig Boltzmann. They were convinced that Boltzmann's kinetic theory of gases required a microscopic world of random and chaotic atomic motions.  Why did Schrödinger switch from an indeterminist to a determinist philosophy, then adhere to it the rest of his life?  Perhaps because his work now put him in the company of Einstein and Planck? Planck stepped down from his chair of theoretical physics at the University of Berlin and gave it to Schrödinger, who won the Nobel prize in 1933. It took nearly thirty more years and another world war before the Nobel committee gave Max Born the prize for his probabilistic interpretation of the wave function. 
    

   In his Gifford Lectures of 1927, Arthur Stanley Eddington had described himself as unable "to form a satisfactory conception of any kind of law or causal sequence which shall be other than deterministic." 44 Eddington had already established himself as the leading interpreter of the new relativity and quantum physics. His astronomical measurements of light bending as it passes the sun had confirmed Einstein's general relativity theory.
    

A year later, in response to Heisenberg's uncertainty principle, Eddington revised his lectures for publication as The Nature of the Physical World. There he announced "It is a consequence of the advent of the quantum theory that physics is no longer pledged to a scheme of deterministic law," 45 and enthusiastically identified indeterminism with freedom of the will. 
    

But Eddington left himself open to the charge since Epicurus' time, that chance could not be identified with freedom. He was apparently unaware of the work of William James or Henri Poincaré to make deliberation a two-stage process - first random possibilities, then a choice. A decade later, in his 1939 book The Philosophy of Physical Science, just a few years before his death, he reluctantly concluded there is no "halfway house" 46 between randomness and determinism - an echo of Hume's "no medium betwixt chance and an absolute necessity."
    
Niels Bohr mentioned the free will and causality discussions in 1929, but he spoke vaguely, with his vision of complementarity, and likened them to subjective and objective views:
   
 "Just as the freedom of the will is an experiential category of our psychic life, causality may be considered as a mode of perception by which we reduce our sense impressions to order...the feeling of volition and the demand for causality are equally indispensable elements in the relation between subject and object which forms the core of the problem of knowledge." 46a


    The German philosopher Ernst Cassirer was close to many of the physicists in this debate and had a profound influence on some of them. Cassirer also influenced the predominantly deterministic views of other philosophers, themselves untrained in physics, who tried to understand the implications of quantum indeterminism for their philosophies. In his 1936 book Determinism and Indeterminism in Modern Physics, Cassirer made the case an ethical one, saying 
   
"all truly ethical action must spring from the unity and persistence of a definite ethical character. This in itself shows us that it would be fatal for ethics to tie itself to and, as it were, fling itself into the arms of a limitless indeterminism." 47

Max Born had been first to see that chance and probability were essential to quantum mechanics, as they had been to the statistical laws of physics since Boltzmann. Unfortunately Born was strongly influenced by Cassirer, the non-scientist philosopher who said "we cannot do away with the guiding concept of determinism." Born concluded somewhat dialectically that free will was just a subjective phenomenon, 
   
"I think that the philosophical treatment of the problem of free will suffers often from an insufficient distinction between the subjective and objective aspect." 48 (Cause and Chance, p. 127). 
   

Born approvingly quotes Cassirer, from the last chapter of Determinism and Indeterminism in Modern Physics, 
   
"whether causality in nature is regarded in the form of rigorous 'dynamical' laws or of merely statistical laws...In neither way does there remain open that sphere of 'freedom' which is claimed by ethics." 49 (source, Cassirer, p. 209)
   


Some biologists quickly objected to the idea of physical uncertainty in the human mind because large amounts of matter insure adequate regularity of the statistical laws. 50 (C.G.Darwin, Science, 1931).
    

 But physicist Arthur Holly Compton defended the Eddington suggestion, with the idea of an amplifier that would allow microscopic random events to produce macroscopic random events. 51 Four years earlier, the biologist Ralph Lillie had argued that natural selection was such an amplifier of microscopic randomness. (in Science, 1927,  Arthur Holly Compton, Science, 1931). 
    

This naive model for free will came to be known as the massive switch amplifier. It was open to the ancient criticism that we can not take responsibility for random actions caused by chance. Compton defended the amplifier in The Freedom of Man (1935), but like Eddington, later denied he was trying to show that human freedom was a direct consequence of the uncertainty principle. If physics were the sole source of our information, he said (in The Human Meaning of Science, 1940), we should expect men's actions to follow certain (sic) rules of chance. 52

In the Atlantic Monthly of 1957, Compton saw the two-stage process of chance preceding choice. 

"When one exercises freedom, by his act of choice he is himself adding a factor not supplied by the [random] physical conditions and is thus himself determining what will occur." 52a

John Eccles, the great neurophysiologist, took Eddington's suggestions seriously and looked for places in the brain where quantum uncertainty might be important. He decided on the synapses, where the axon of one neuron communicates with the dendrite of another neuron across a narrow gap (less than 1000 Angstroms). In his 1953 book The Neurophysiological Basis of Mind, Eccles calculated the positional uncertainty of the tiny synaptic knob. He found it to be 20 Angstroms in 1 second, a relatively tiny but perhaps significant fraction of the synaptic gap or cleft.
    

   One other scientist and sometime philosopher, Henry Margenau, saw quantum uncertainty as necessary for free will, but that there were "more steps" needed to explain freedom. In his Wimmer Lecture of 1968, he said 
   
"Freedom cannot appear in the domains of physiology and psychology if it is not already lodged in physics...embracing the belief that freedom is made possible by indeterminacies in nature will not solve the problem of freedom...it permits only one first step towards its solution." 52a. 
   

Ιnstead of Ernst Cassirer's view "that it would be fatal for ethics to tie itself to and, as it were, fling itself into the arms of a limitless indeterminism," Margenau embraced indeterminism as the first step toward a solution of the problem of human freedom.
    

  Margenau lamented that his position "forces us to part company with many distinguished moral philosophers who see the autonomy of ethics threatened when a relation of any sort is assumed to exist between that august discipline and science." Margenau clearly means his longtime mentor. 
   
"Ethics, says Cassirer, should not be forced to build its nests in the gaps of physical causation, but he fails to tell where else it should build them, if at all."
   


    Then in his book Einstein's Space and Van Gogh's Sky of 1982, Margenau condensed his model into a single paragraph, with two components - Compton's chance and choice. 
   
   Our thesis is that quantum mechanics leaves our body, our brain, at any moment in a state with numerous (because of its complexity we might say innumerable) possible futures, each with a predetermined probability. Freedom involves two components: chance (existence of a genuine set of alternatives) and choice. Quantum mechanics provides the chance, and we shall argue that only the mind can make the choice by selecting (not energetically enforcing) among the possible future courses.
   


    We note sadly that Margenau does not cite the earlier work of Compton (or the philosopher Karl Popper's adaptation of Compton - see below). Perhaps because free will was not a topic for mainstream scientific journals, he felt no need for rigorous references and scrupulous priority of ideas. But then his own work does not get referred to by later thinkers.
    

    Most other Nobel-prize-winning scientists and their philosophical interpreters could not reconcile quantum mechanics and the uncertainty principle with human freedom, concluding only that strict determinism was certainly not the case for the physical or phenomenal world.
    

    We should mention a few bizarre suggestions by scientists of how some of the more mysterious properties of "quantum reality" might help explain consciousness and free will. 
    
Roger Penrose claims, in his 1989 book The Emperor's New Mind that non-locality and quantum gravity are involved in the mind. Like Eccles, he speculates that single-quantum sensitive neurons are playing an important role deep inside the brain. But he needs large numbers of neurons to cooperate:
   
   "Such co-operation, I am maintaining, must be achieved quantum-mechanically; and the way that this is done is by many different combined arrangements of atoms being 'tried' simultaneously in linear superposition perhaps a little like the quantum computer...The selection of an appropriate (though probably not the best) solution to the minimizing problem must be achieved as the one-graviton criterion (or appropriate alternative) is reached - which would presumably only occur when the physical conditions are right"  (p. 437)
   

David Hodgson extended Penrose's ideas in his 1991 book Mind Matters. He claims that  
   
   "My discussion of quantum mechanics has confirmed [the mind's] indeterministic character; and has also suggested that quantum mechanics shows that matter is ultimately 'non-material' and non-local, and that perhaps mind and matter are interdependent." (p.381) 
   


    Penrose went further in 1994 in his book Shadows of the Mind, calculating that tens of thousands of neurons could exist in a coherent correlated superposition of states for one-fortieth of a second (the fundamental alpha-rhythm rate). He cites the idea of a dualistic "mind-stuff" influencing the "quantum choices" with its "free will."    
   
   "With the possibility that quantum effects might indeed trigger much larger activities within the brain, some people have expressed the hope that, in such circumstances, quantum indeterminacy might be what provides an opening for the mind to influence the physical brain. Here, a dualistic viewpoint would be likely to be adopted, either explicitly or implicitly. Perhaps the 'free will' of an 'external mind' might be able to influence the quantum choices that actually result from such non-deterministic processes. On this view, it is presumably through the action of quantum theory's R-process that the dualist's 'mind-stuff' would have its influence on the behaviour of the brain." (p.349)
   

This resembles Eddington's rough ideas and later remarks by Eccles that since wave functions are neither matter nor energy they are the ideal vehicle for the interaction between non-physical mind and physical matter. Eccles said this idea was suggested by Henry Margenau.

Penrose provides considerable evidence for correlated states in the microtubules within the cell's cytoskeleton, then descibes chemical evidence for connecting the microtubules and consciousness in anaesthesia. (p.357-370) 
    

Henry Stapp is another physicist employing quantum strangeness. In his 2003 Mind, Matter, and Quantum Mechanics, Stapp argues that mental intentions and strong "mental efforts" can influence quantum wave functions and produce correlated behaviors over large regions of the brain. Resembling Penrose's arguments (without any reference), Stapp says:
   
   "It should be mentioned here that the actions P are nonlocal: they must act over extended regions, which can, and are expected to, cover large regions of the brain. Each conscious act is associated with a Process I action [collapse of the wave function] that coordinates and integrates activities in diverse parts of the brain. A conscious thought, as represented by the von Neumann Process I, effectively grasps as a whole an entire quasi-stable macroscopic brain activity." (p.252)
   


  In 2009, the neurobiologist and geneticist Martin Heisenberg, son of quantum physicist Werner Heisenberg, found evidence for a combination of random and lawful behavior in animals and unicellular bacteria. 

Evidence of randomly generated action — action that is distinct from reaction because it does not depend upon external stimuli — can be found in unicellular organisms. Take the way the bacterium Escherichia coli moves. It has a flagellum that can rotate around its longitudinal axis in either direction: one way drives the bacterium forward, the other causes it to tumble at random so that it ends up facing in a new direction ready for the next phase of forward motion. This ‘random walk’ can be modulated by sensory receptors, enabling the bacterium to find food and the right temperature.


In higher organisms, Heisenberg finds that the brain still may include elements that do a random walk among options for action.

As with a bacterium’s locomotion, the activation of behavioural modules is based on the interplay between chance and lawfulness in the brain. Insufficiently equipped, insufficiently informed and short of time, animals have to find a module that is adaptive. Their brains, in a kind of random walk, continuously preactivate, discard and reconfigure their options, and evaluate their possible short-term and long-term consequences.


(Nature, 14 May 2009, p.165)


This is clearly another example of a two-stage model for "free" followed by "will."

       Recent Philosophers who Specialize in the Free Will Problem.
    

    In the late 1950's, Mortimer Adler compiled a massive two-volume history of The Idea of Freedom. It covers at great length ideas of political freedom and freedom from external constraints, as well as the central freedom of the individual will to choose from among possibilities that are not necessary or predictable. 

In an attempt to classify types of freedom, Adler invents three categories that he hopes are "dialectically neutral" - the circumstantial freedom of self-realization (freedom from coercion, political end economic freedom, etc.), the acquired freedom of self-perfection (making decisions for moral reasons rather than desires and passions), and the natural freedom of self-determination (the normal freedom of the will). 

Self-perfection is the idea from Plato to Kant that we are only free when our decisions are for reasons and we are not slaves to our passions. Adler also includes many theologically minded philosophers who argue that man is only free when following a divine moral law. Sinners, they say, do not have free will, which is odd because sinners are presumably responsible for evil in the world despite an omniscient and omnipotent God. 

Self-determination covers the classic problem of free will. Do we determine our will, or is it simply part of a causal chain? Most of Adler's natural freedoms are compatibilisms. They include Hegel's freedom of a stone falling according to Newton's law of gravity. 


In his over 1400 pages, Adler devotes only six pages to brief comments on quantum mechanical indeterminism 53 (v.1, p.461-466). Adler depends heavily on the thoughts of Max Planck and Erwin Schrödinger, who along with major thinkers like Einstein, Louis de Broglie, and David Bohm, rejected indeterminism. 
    


    The philosopher Karl Popper had a famous collaboration over some decades with the neuroscientist John Eccles. The two were mind/body or mind/brain dualists who hoped to discover the mind to be more than a mere "epiphenomenon" of the material brain. They briefly considered quantum effects, initially to dismiss them, and then to reconsider them. 
    

In their dialogue X, Eccles said, "It is not possible I think to utilize quantum indeterminacy." Popper replied, "I do of course agree that quantum theoretical indeterminacy in a sense cannot help, because this leads merely to probabilistic laws, and we do not wish to say that such things as free decisions are just probabilistic affairs. The trouble with quantum mechanical indeterminacy is twofold. First, it is probabilistic, and this doesn't help much with the free-will problem, which is not just a chance affair. Second, it gives us only indeterminism." 54

To this point, Popper reflects the overall negative reaction of the scientific and philosophical communities to indeterminism. But in his 1965 Arthur Holly Compton memorial lecture Of Clouds and Clocks, Popper celebrated Compton's contributons to the question of human freedom, including the insufficient idea of the quantum uncertainty amplifier. But then he goes on to describe a two-stage decision process modeled on Darwinian natural selection. Can we doubt these were directly inspired by Compton's later remarks and Compton's 1931 references to Ralph Lillie and evolution? 


Any intelligible explanation for free will must include both indeterminism and adequate determinism, as does biological evolution.
    


"New ideas have a striking similarity to genetic mutations," Popper says, "Mutations are, it seems, brought about by quantum theoretical indeterminacy (including radiation effects). On them there subsequently operates natural selection which eliminates inappropriate mutations. Now we could conceive of a similar process with respect to new ideas and to free-will decisions. That is to say, a range of possibilities is brought about by a probabilistic and quantum mechanically characterized set of proposals, as it were - of possibilities brought forward by the brain. On these there operates a kind of selective procedure which eliminates those proposals and those probabilities which are not acceptable to the mind." 55(The Self and its Brain, 1977, pp.539-540)

In 1977 Popper gave the first Darwin Lecture, at Darwin College, Cambridge. He called it Natural Selection and the Emergence of Mind. In it he said he had changed his mind (a rare admission by a philosopher) about two things. First he now thought that natural selection was not a "tautology" that made it an unfalsifiable theory. Second, he had come to accept the random variation and selection of ideas as a model of free will.



The selection of a kind of behavior out of a randomly offered repertoire may be an act of indeterminism; and in discussing indeterminism I have often regretfully pointed out that quantum indeterminacy does not seem to help us; for the amplification of something like, say, radioactive disintegration processes would not lead to human action or even animal action, but only to random movements. 


I have changed my mind on this issue. A choice process may be a selection process, and the selection may be from some repertoire of random events, without being random in its turn. This seems to me to offer a promising solution to one of our most vexing problems, and one by downward causation.


This is now the leading two-stage model of free will.


Popper is thus the third thinker (or fourth, if we liberally interpret Compton) to describe a two-stage mental process, after James and Poincaré. He also solves the problem of indeterminism directly causing our decisions. Note Popper's not so subtle shift of the realm of chance to the material body (his "World 1") and the realm of determination to the mind (his "World 2"). The traditional dualism from the ancients to Kant made the material body the realm of phenomenal determinism and the mind or spirit the noumenal realm of freedom, God, and immortality.
    


    The physicist Richard Feynman also proposed a Compton-style Geiger-counter event followed by a bomb explosion. This caught the attention of Wittgenstein scholar Elizabeth Anscombe in her inaugural lecture at Cambridge University, where she said 
   
   It has taken the inventions of indeterministic physics to shake the rather common dogmatic conviction that determinism is a presupposition or perhaps a conclusion, of scientific knowledge. Feynman's example of the bomb and Geiger counter smashes this conception; but as far as I can judge it takes time for the lesson to be learned. I find deterministic assumptions more common now among people at large, and among philosophers, than when I was an undergraduate.
  


In his 1961 landmark essay Freedom and Resentment, Peter Strawsonchanged the subject from free will itself to the question of moral responsibility.60a Strawson said he could make no sense of the truth or falsity of determinism, indeterminism, or free will. But even if determinism were true, he argued, we would continue to act as if persons were morally responsible and deserving of praise and blame, gratitude and resentment.
 Strawson was following David Hume's naturalist arguments that our moral sentiments are simply given facts beyond the skepticism of logic and critical thought. Hume the Naturalist had no problem deriving Ought from Is - something shown logically impossible by Hume the Skeptic. 


In 1969 Harry Frankfurtchanged the debate on free will and moral responsibility with a famous thought experiment that challenged the existence of alternative possibilities for action. The traditional argument for free will requires alternative possibilities so that an agent could have done otherwise, without which there is no moral responsibility.


Frankfurt posited a counterfactual demon who can intervene in an agent's decisions if the agent is about to do something different from what the demon wants the agent to do. Frankfurt's demon will block any alternative possibilities, but leave the agent to "freely choose" to do the one possibility desired by the demon. Frankfurt claimed the existence of the hypothetical control mechanisms blocking alternative possibilities would be irrelevant to the agent's free choice. This is true when the agent's choice agrees with the demon, but obviously false should the agent disagree. In that case, the demon would have to block the agent's will and the agent would surely notice.


Compatibilists had long been bothered by alternative possibilities, needed in order that agents "could do otherwise. They knew that determinism allows only a single future - one actual causal chain of events - and were delighted to get behind Frankfurt's examples as proofs that alternative possibilities, perhaps generated in part by random events, did not exist. Frankfurt, like Strawson, argued for moral responsibility without libertarian free will. 


Note, however, that Frankfurt assumes that genuine alternative possibilities do exist. If not, there is nothing for his counterfactual intervening demon to block. Furthermore, without alternatives, Frankfurt would have to admit that there is only one "actual sequence" of events leading to one possible future. "Alternative sequences" would be ruled out. Since Frankfurt's demon, much like Laplace's demon, has no way of knowing the actual information about future events - such as agent's decisions - until that information comes into existence, such demons are not possible and Frankfurt-style thought experiments, entertaining as they are, can not establish the compatibilist version of free will.   



Daniel Dennett, perhaps the leading spokesman for Compatibilism, is a strong critic of any genuine indeterminism in free will. Yet in his book "Brainstorms" in 1978, he proposed an influential "model of decision making" with a two-stage account of free will. In his chapter "On Giving Libertarians What They Say They Want" (p.286), Dennett clearly separates random possibilities from determined choices. 57
But does Dennett, following James, Poincaré, and Popper, see that this solves the problem of indeterminism in free will that has plagued philosophy since Epicurus' "swerve" of the atoms? He says, a bit sarcastically, that his model "puts indeterminism in the right place for the libertarian, if there is a right place at all [my emphasis]."


And after giving six excellent reasons why his suggestion is what libertarians are looking for, Dennett then suggests that the randomness generator might as well have been a computer-generated pseudo-random number generator.  He says "Isn't it the case that the new improved proposed model for human deliberation can do as well with a random-but-deterministic generation process as with a causally undetermined process?" 

This completely misses the libertarian's point, which is a randomness that breaks the causal chain of pre-determinism back to the universe origin.! But then Dennett's argument for libertarianism may just be a compatibilist's straw man. He does not pursue it in his later works, such as Elbow Room, The Varieties of Free Will Worth Wanting (Dennett, 1984) or the more recent Freedom Evolves (2003).


Dennett's model was inspired by many sources. One was David Wiggins' Towards a resonable libertarianism, which cited Bertrand Russell and Arthur Stanley Eddington as suggesting quantum indeterminism. . Another was Herbert Simon's 1969 two-stage "generate and test" model for creating computer artifacts 59 (Simon,  1969, p.), itself a computer version of Darwin's random variation and natural selection model for biological evolution. Another source was Hadamard's book. Dennett (p.293) quotes the poet Paul Valéry (from Hadamard, p.30), who imagines two agents (in one mind?) 


"It takes two to invent anything. The one makes up combinations; the other one chooses." 60

But as we have seen, this was Poincaré's idea which Valéry picked up at the 1937 conference. Some evidence now exists that Poincaré's work was in fact inspired by William James. They both say that alternative possibilities "present themselves." 

 Nevertheless, Dennett's article is so influential in the philosophical community that two-stage models for free will are sometimes called "Valerian." We discuss Dennett's seminal article, with significant excerpts, in Giving Determinists What They Say They Want.



    The (politically) Libertarian philosopher Robert Nozick sketched a view of free will in his 1981 book Philosophical Explanations, but admitted he found the problem intractable. 

Peter van Inwagen, in his 1983 "An Essay on Free Will," caused a stir by arguing that compatibilism is demonstrably false, even admitting Frankfurt's denial of alternative possibilities, in what has come to be called the Consequence Argument. In short, if compatibilism traces the causes of our actions, in the one "actual sequence" of events, back to events before we existed, then our actions are simply the consequences of those earlier events and are "not up to us." Speaking as a logical philosopher, he concludes that "the free-will thesis and determinism are incompatible. That is, incompatibilism is true." "To deny the free-will thesis is to deny the existence of moral responsibility, which is absurd...Therefore, we should reject determinism." 61 This has been obvious to libertarians since Epicurus, and was argued for example by Carl Ginet in 1966.

Robert Kane is the leading spokesman for Libertarianism. Before Kane, in the late twentieth century, Anglo-American philosophers had largely dismissed free will as a "pseudo-problem." Although like the others, Kane does not find any libertarian position, including his own, "intelligible," he developed the view that even if most of our actions are determined entirely by our character, these "self-formed actions" can be free if we at times in the past freely created our own character (and if we remain free to change it). This was Aristotle's view and agrees with Buddhist ideas of Karma.


In his 1985 book Free Will and Values, aware of earlier proposals by Eccles, Popper, and Dennett, but working independently, proposed an ambitious amplifier model for a quantum randomizer in the brain - a spinning wheel of fortune with probability bubbles corresponding to alternative possibilities, in the massive switch amplifier tradition of Compton and Gomes. Kane says (p.147):
  

  "neurological processes must exist corresponding to the randomizing activity of the spinning wheel and the partitioning of the wheel into equiprobable segments (red, blue, etc.) corresponding to the relevant R-alternatives."
  

Kane's model combines free will and values. Kane claimed his free choice is moral and made in accord with Kant's concept of duty. This may be an ethical fallacy.
  
  "the succession of random selections among equiprobable alternatives is meant to be a continuing reminder (a mental or neurological representation) of the fact that the reason sets of other persons are to be treated equally."
  

  Kane is not satisfied with his solution. He explains that the main reason for failure is   

"locating the master switch and the mechanism of amplification...We do not know if something similar goes on in the brains of cortically developed creatures like ourselves, but I suspect it must if libertarian theories are to succeed." (p.168)
  

  Kane's basic failure is his location of indeterminism in the decision process itself, making chance the direct cause of action.
    

  Kane's major accomplishment, however, is to identify "torn" decisions that were made at random, but because there exist equally good reasons whichever way the decisions go, the agent can still claim moral responsibility, against the critics of chance who say that indeterminism  necessarily destroys the kind of control needed for moral responsibility.



    Kane claims that the major criticism of all indeterminist libertarian models is explaining the power to choose or do otherwise in "exactly the same conditions," something he calls "dual rational self-control." Given that A was the rational choice, how can one defend doing B under exactly the same circumstances? (Kane, 1985, p.59) Kane is concerned that such a "dual power" is arbitrary, capricious, and irrational. 
    

Apart from the fact that information-rich systems with a history are never in the exact same conditions, and ignoring the fact that random alternative possibilities are unlikely to repeat, an adequately determined will would very likely make the same choice, for the same reasons, from the same set of alternate possibilities. But it might on the other hand exercise its irrational prerogative! We humans are unpredictable, which makes us occasionally capricious and arbitrary. Why the problem?
    
Richard Double, in his 1991 book The Non-Reality of Free Will, agrees with Kane that libertarian free will must have the "dual ability" to choose otherwise with rational control. But he says:
  
  "My conclusion is that the deep reason why no libertarian view can satisfy all three conditions [ability-to-choose-otherwise, control, and rationality] is that the conditions are logically incompatible. Hence, libertarianism, despite its intuitive appeal, turns out to be incoherent." (p.190)
  


    There is a rich history of linguistic and logical quibbles among compatibilists over the ability to do otherwise. G. E. Moore and A. J. Ayer said that one could have done otherwise, if one had chosen to do so, i.e., if things in the past had been different. But since the "fixed past" could never be different (in retrospect) one could not have so chosen, according to compatibilists (and determinists).
    

    In 1987 two classicists, Anthony Long and David Sedley, speculated that Epicurus' swerve of the atoms might be limited to providing undetermined alternative possibilities for action, from which the mind's power of volition could choose in a way that reflects character and values, desires and feelings. 

"It does so, we may speculate, not by overriding the laws of physics, but by choosing between the alternative possibilities which the laws of physics leave open."


Sedley and Long assume a non-physical (metaphysical) ability of the volition to affect the atoms, which is implausible. But the idea that a physical volition chooses - (consistent with and adequately determined by its character and values and its desires and feelings) from among alternative possibilities provided randomly by atomic indeterminacy - is quite plausible.
    
Ted Honderich - the major spokesman for "Hard Determinism" - in 1988 published his 750-page The Theory of Determinism, with excursions into quantum mechanics, neuroscience, and consciousness. 

Unlike most of his colleagues specializing in free will, Honderich did not succumb to the easy path of Compatibilism, by simply declaring that the free will we have (and should want, say some) is completely consistent with determinism, namely a "voluntarism" in which our will is completely caused by prior events.  



Nor does he go down the path of Incompatibilism, looking for non-physical substances, dualist forms of agency, or simply identifying freedom with Epicurean chance, as have many scientists with ideas of brain mechanisms amplifying quantum mechanical indeterminism to help with the uncaused "origination" of actions and decisions. 


Honderich does not claim to have found a solution to the problem of free will or determinism, but he does claim to have confronted the problem of the consequences of determinism. He is "dismayed" because the truth of determinism requires that we give up "origination" with its promise of an open future, restricting - though not eliminating - our "life hopes."


Though he is determinism's foremost champion, Honderich characterizes it as a "black thing" and passionately feels the loss when he follows his reason to accept the truth of determinism.


Honderich faults the Compatibilists and Incompatibilists on three counts. First, he says that moral responsibility is not all that is at stake, there are personal feelings, reactive attitudes, problems of knowledge, and rationalizing punishment with ideas of limited responsibility. Second, these problems can not be resolved by logical "proofs" nor by linguistic analyses of propositions designed to show "free" and "determined" are logically compatible. And third, he faults their simplistic idea that one or the other of them must be right. 


And unlike some of his colleagues, Honderich does not competely dismiss indeterminism and considers the suggestion of "near-determinism." He says, "Maybe it should have been called determinism-where-it-matters. It allows that there is or may be some indeterminism but only at what is called the micro-level of our existence, the level of the small particles of our bodies." 63

Albert Mele, in his 1995 book Autonomous Agents, argued, mostly following Dennett, that libertarians should admit that the final stages of deliberation are (adequately) determined and only allow indeterminism in the early stages of the decision process. While he himself has made no commitment to such indeterminism, and wonders how it could be physically possible, he offers the idea to others as a "modest libertarianism." 62 (p.211-220). Mele's model satisfies the temporal sequencerequirements for libertarian free will, even if he does not see the possible location of indeterminism in the brain. 
    
Paul Russell, also in 1995, suggested that the location of the break in the causal chain might be put between willings, which might be uncaused, and actions, which would be determined. This goes against the common sense use of the word "will," but Russell correctly puts something "free" before a final "will."
    
Randolph Clarke assessed the Dennett and Mele suggestions in his 2003 Libertarian Accounts of Free Will and found them inadequate. His work, he says, was carried out by thinking alone and required no specialized knowledge of natural science. At best, he concludes, indeterminism in processes leading to our actions is superfluous, adding nothing of value and possibly detracting from what we want. In a 2000 article called "Modest Libertarianism," he ignores Mele's suggestion and "places indeterminism in the direct production of the decision," as did Kane and Laura Waddell Ekstrom. 
    

    Robert Kane, in addition to his work to find some pathway through the "free will labyrinth" to an intelligible account of freedom, in 2002 assembled in one place perhaps the best collection of modern positions on free will, from theology and fatalism to mostly dualist libertarian perspectives. His massive sourcebook, The Oxford Handbook of Free Will, has contributions from over two dozen contemporary philosophers with strong ideas about free will. Sadly most continue to be wordy jargon-laden debates and attempts to logically refute one position or another. 

That there is nothing new, that it is mostly compatibilist, and that overall it is dismissive of freedom as either "unintelligible" or "metaphysical," makes the Oxford Handbook an accurate reflection of the current state of the free will problem. Kane cites Anscombe's remark, that determinism is becoming more common, and insightfully notes that "One may legitimately wonder why worries about determinism persist at all in the twenty-first century, when the physical sciences - once the stronghold of determinist thinking - seem to have turned away from determinism." Indeed, today it is determinism that is "metaphysical."64

Then in 2005, Kane published A Contemporary Introduction to Free Will, a comprehensive survey of the recent positions on free will, perhaps the most comprehensive since Mortimer Adler. Kane adds two more freedom classifications to Adler's three categories.

Self-control is a variation on Adler's acquired freedom of Self-perfection to include the arguments of the many "New Compatibilists" who are more concerned about moral responsibility than free will, such as Harry Frankfurt and John Martin Fischer.

Self-formation is a variation of Adler's Self-determination to include Kane's own "self-forming actions" (SFA) that are a subset of self-determining actions. Kane requires that an SFA is an indeterministic "will-setting action" that helps form our character. Later, other actions can be determined by our character, but we can still assert "ultimate responsibility" (UR) for those actions, because they can be traced back to the SFA. 
    


    Besides Kane, a few more recent libertarian philosophers defend "incompatibilism," but cannot agree on an "intelligible" account of how, when, and perhaps most importantly, whereindeterminism enters the picture - without  making our actions purely random. 
    

They include Randolph Clarke, Laura Waddell Ekstrom, Carl Ginet, Timothy O'Connor, Peter Van Inwagen, and David Wiggins. David Widerker has extended Kane's strong 1985 criticism of Frankfurt-style examples, in defense of incompatibilist libertarian free will.

Unfortunately, their works are full of a dense jargon defining (sometimes obscuring) subtle differences in their views - agent causation, event causation, non-occurrent causation, reasons as causes, intentions, undefeated authorization of preferences as causes, noncausal accounts, dual control, plurality conditions, origination, actual sequences and alternative sequences, source and leeway compatibilism, revisionism, restrictivism, semicompatibilism, and narrow and broad incompatibilism. 
    

See our Glossary of Terms for clarification of this dense jargon.



A few compatibilist/determinist philosophers have, following Peter Strawson, turned the conversation away from the "unintelligible" free will problem to the problem of moral responsibility. Peter's son Galen Strawson is one. He accepts determinism outright on the grounds that a causa sui is simply impossible. Where Sir Peter says that the truth of determinism would not change our attitudes about moral responsibility, his son says it makes moral responsibility impossible.
John Martin Fischer calls his position semicompatibilism. Also included are Derk Pereboom, and Saul Smilansky, followers of Ted Honderich's hard determinism, who define their position as "hard incompatibilism," denying both human freedom and moral responsibility.


Fischer says free will may or may not be incompatible with determinism, but his main interest, moral responsibility, is not incompatible. Fischer has recently edited a 4-volume, 46-contributor, 1300+ pages compendium of articles on moral responsibility - entitled Free Will, a reference work in the Critical Concepts in Philosophy series (Routledge 2005).


In it, Fischer explains his colleagues setting aside the "unintelligible" problem of free will.


Some philosophers do not distinguish between freedom and moral responsibility. Put a bit more carefully, they tend to begin with the notion of moral responsibility, and "work back" to a notion of freedom; this notion of freedom is not given independent content (separate from the analysis of moral responsibility). For such philosophers, "freedom" refers to whatever conditions are involved in choosing or acting in such a way as to be morally responsible. (Vol.1, p.xxiii)

Pereboom, Smilansky, Galen Strawson, and the psychologist Daniel Wegner are hard incompatibilists who follow many earlier thinkers and say that free will is merely an illusion. Strawson argues that moral responsibility is impossible.


Unlike the others who find it uplifting and therapeutic to disabuse the public of illusions about free will, Saul Smilansky may share the "dismay" that Ted Honderich sees in the apparent loss of control implicit in determinism. Smilansky thinks we need to maintain the public illusion of free will as a contribution to maintaining public morality. 
    


Taxonomies of Free Will and Determinism Positions
[image: Taxonomy of Determinist Positions]
Determinism is the position that every event has a cause, in a chain of causal events with just one possible future.

    

"Soft" and "hard" determinism are terms invented by William James who lamented the fact that some determinists were co-opting the term freedom for themselves. He called them "soft" determinists, "because they abhor harsh words, and, repudiating fatality, necessity, and even predetermination, say that its real name is freedom; for freedom is only necessity understood, and bondage to the highest is identical with true freedom." 

"Hard" determinists (Honderich) simply deny the existence of free will.
    

Compatibilism (Dennett) is the most common name used for James's category of soft determinism.
    
Semicompatibilists (Fischer) are narrow incompatibilists who are agnostic about free will and determinism but claim that moral responsibility is compatible with determinism.  
    
Hard incompatibilists (Pereboom) think both free will and moral responsibility are not compatible with determinism.
Illusionists (Smilansky, Wegner) are hard incompatibilists who say free will is an illusion and usually deny moral responsibility. 

Impossibilists (Galen Strawson) are hard incompatibilists who say free will and moral responsibility are impossible. 
    


Let's also look at a taxonomy of indeterministic positions.



Indeterminism is the position that there are random (chance) events in a world with many possible futures.
Libertarians believe that the indeterminism makes free will possible. Note that there many philosophers who admit indeterminism may be true but that it does not provide free will ("hard" indeterminists?). See the standard argument against free will.
   

Agent-causal indeterminists (O'Connor) are libertarians who think that agents have originating causes for their actions that are not events. Actions do not depend on prior causes. Some call this “metaphysical” freedom.  
Non-causal indeterminists (Ginet) simply deny any causes whatsoever for libertarian free will.
    

Event-causal indeterminists (Kane) generally accept the view that random events (most likely quantum mechanical events) occur in the world. Whether in the physical world, in the biological world (where they are a key driver of genetic mutations), or in the mind, randomness and uncaused events are real. They introduce the possibility of accidents, novelty, and human creativity. 

    Although random quantum mechanical events break the strictly deterministic causal chain, which has just one possible future, they nevertheless are causes for successive events. They start new unpredictable causal chains. They generate unpredictable futures. They are said to be causa sui. They need not be the direct cause of human actions. 


    While microscopic quantum events are powerful enough to deny determinism, the magnitude of these events is generally so small, especially for large macroscopic objects, that the world is still overwhelmingly deterministic. We call this "adequate determinism." 

Soft causalists (Doyle) are event-causalists who accept causality but admit some unpredictable events that are  causa sui and which start new causal chains.


Soft causalists say that indeterministic event acausality should be considered a prerequisite for adequately determined agent causality. 

Compatibilism and Incompatibilism

We can combine these determinist and indeterminist taxonomies with a taxonomy of incompatibilist positions. The result is a bit complex, because incompatibilists contain both determinists and libertarians, making for a very confused debate by thinkers who are nominally committed to clear concepts as called for by analytic language philosophy.




Incompatibilists who are “hard” determinists (denying free will) have recently assumed extreme positions that they call "hard incompatibilism." Some of them attempt to remain agnostic on free will and determinism, but others are willing to call free will an "illusion" and moral responsibility "impossible."


Incompatibilists who are indeterminists generally accept the view that random events (most likely quantum mechanical events) occur in the world and are important for free will. 
    
Broad incompatibilists think both free will and moral responsibility are incompatible with determinism.

Narrow incompatibilism is the idea that moral responsibility is compatible with determinism, even though free will is not compatible. This is similar to semicompatibilism.
  

Soft incompatibilism is the idea that both free will and moral responsibility are incompatible with strict determinism (really pre-determinism) but both are compatible with adequate determinism.
Comprehensive compatibilism is a new term proposed by Doyle. It describes his two-stage model that reconciles free will with both a limited determinism and a limited indeterminism. Doyle locates the first-stage indeterminism not in any particular time and place in the brain, but the result of inevitable noise in any information processing system. Noise shows up in the brain as (storage) errors of perception and (retrieval) errors of memory recall.
  



  Another popular effort in recent years has been to invoke mysterious properties of quantum mechanics (beyond simple indeterminism) to explain free will and consciousness. Notable contributors include Roger Penrose, who combines non-local quantum effects with quantum gravity in his Emperor's New Mind. Henry Stapp also invokes non-local quantum mechanics, as does Australian jurist turned philosopher David Hodgson.
    
John Searle recently wrote in his 2007 Freedom and Neurobiology, "The persistence of the free will problem in philosophy seems to me something of a scandal. After all these centuries of writing about free will, it does not seem to me that we have made very much progress." 65 (p.37) In a breakthrough of sorts, Searle admits that he could never see, until now, the point of introducing quantum mechanics into discussions of consciousness and free will. Now he says we know two things, "First we know that our experiences of free action contain both indeterminism and rationality...Second we know that quantum indeterminacy is the only form of indeterminism that is indisputably established as a fact of nature...it follows that quantum mechanics must enter into the explanation of consciousness." (p.74-75)


    Indeed it does. Despite a century of failed attempts, can we convince Searle and other philosophers that indeterminism followed by an adequate if not strict determinism is the right two-stage model for free will? See our Cogito model.


Why have most philosophers been unable for millenia to see that the common sense view of human freedom is correct?  It is partly because their logic and language preoccupation likes to say that either determinism or indeterminism is true, and the other must be false. 

Determinism and indeterminism are the horns of the dilemma presented as the standard argument against free will, which we can trace back unchanged to the earliest discussions of freedom, determinism, and moral responsibility.  



Our physical world includes both, though the determinism we have is only an adequate description for large objects. So any intelligible explanation for free will must include both a limited indeterminism and an adequate determinism, in a temporal sequence that createsinformation.



For Teachers

     Some anthologies on free will, with contributing authors:

     	Hook, S. and New York University. (1958). Determinism and freedom in the age of modern science; a philosophical symposium. New York, New York University Press. 
[Blanshard, Black, Barrett, Bridgman, Munitz, Landé, Sciama, Hart, Edwards, Hospers,Beardsley, Brandt, Chisholm, Ducasse, Hempel, Hintz, Hook, Lerner, E.Nagel, Northrop, Pap, Schultz, R.Taylor, Weiss, Wilson.]
	Morgenbesser, S. and J. J. Walsh (1962). Free will. Englewood Cliffs, N.J., Prentice-Hall. 
[Augustine, Aquinas, Scotus, Hobbes, Mill, Foot, R.Taylor, Sartre, Broad, Aristotle, Hart.]
	Berofsky, B. (1966). Free will and determinism. New York,, Harper & Row. 
[Hospers, Hook, Schlick, Hobart, Foot, Campbell. Broad, Mill, Sartre, Melden, Davidson, MacIntyre, Bradley, Augustine, R.Taylor, Austin, Nowell Smith, Chisholm, Campbell, Nowell Smith.]
	Lehrer, K. (1966). Freedom and determinism. New York,, Random House. 
Chisholm, Danto, Taylor, Ginet, Sellars, Lehrer.]
	Dworkin, G. (1970). Determinism, free will, and moral responsibility. Englewood Cliffs, N.J.,, Prentice-Hall. 
[Hume, Peirce, Nagel, Reid, Campbell, De Valla, Ginet, Moore, Thomas, Broad, Lehrer, Smart.]
	Honderich, T. (1973). Essays on freedom of action. London, Boston,, Routledge and Kegan Paul. 
[Warnock, Watling, Wiggins, Frankfurt, Kenny, Pears, Davidson, Dennett, Honderich.]
	Watson, G. (1982). Free will. Oxford Oxfordshire ; New York, Oxford University Press. 
[Ayer, Chisholm, Aune, Lehrer, van Inwagen, P.Strawson, Frankfurt, Watson, C.Taylor, Malcolm, T.Nagel.]
	O'Connor, T. (1995). Agents, Causes, and Events: Essays on Indeterminism and Free Will. New York/Oxford , Oxford University Press.  
[G.Strawson, T.Nagel, Dennett, Double, Ginet, Chisholm, Nozick, Kane, Rowe, O'Connor, Clarke, van Inwagen, Fischer, Ravizza.]
	Pereboom, D. (1997). Free will. Indianapolis/Cambridge, Hackett Publishing  
[Aristotle,Stoics, Lucretius,Augustine, Aquinas, Hume, Kant, Ayer, P.Strawson, Chisholm, Frankfurt, van Inwagen, Wolf, Fischer, Pereboom, Clarke.]
	Ekstrom, L. W. (2001). Agency and responsibility : essays on the metaphysics of freedom. Boulder, Colo., Westview Press. 
[van Inwagen, Lewis, Fischer, Anscombe, Frankfurt, Watson, Bratman, Chisholm, Ekstrom, Kane, P.Strawson, Wolf, Widerker, Mele and Robb.]
	Kane, R. (2002). The Oxford handbook of free will. Oxford ; New York, Oxford University Press. 
[Kane, Zagzebski, Bernstein, Hodgson, Bishop, Kapitan, van Inwagen, Berofsky, Haji, Russell, C.Taylor and Dennett, Fischer, Ekstrom, Widerker, O'Connor, Clarke, Ginet, G.Strawson, Honderich, Pereboom, Smilansky, Double, Mele, Libet, Walter.]
	Kane, R. (2002). Free will. Malden, MA, Blackwell Publishers. 
[Skinner, Nielsen, Chisholm, Edwards, van Inwagen, Dennett, Fischer, Pereboom, Frankfurt, Wolf, Watson, O'Connor, Ginet, Kane, Hodgson, Augustine, Hasker.]
	Watson, G. (2003). Free will. Oxford/New York, Oxford University Press. 
[Chisholm, van Inwagen, Smart, P.Strawson, Wiggins, Lewis, Bok, Frankfurt, Widerker, Fischer, G.Strawson, T.Nagel, O'Connor, Clarke, Kane, Watson, Scanlon, Wolf, Pettit and Smith, Albritton, Wallace.]
	Campbell, J. K., M. O'Rourke, and D Shier. (2004). Freedom and Determinism. MIT Press. 
[Earman, Lehrer, Kane, Ginet, Nelkin, Haji, Long, Arpaly, Fischer, van Inwagen, Perry, Feldman, Gier, Kjellberg, Honderich.]




Some important quotes on free will.


Aristotle (384-322): "If we are unable to trace conduct back to any other origins than those within ourselves, then actions of which the origins are within us, themselves depend upon us, and are voluntary (ekousia - will). Nichomachean Ethics, III.v.6"


Titus Lucretius Carus (99-55): "If all motion is always one long chain, and new motion arises out of the old in order invariable, and if first-beginnings do not make by swerving a beginning of motion so as to break the decrees of fate, whence comes this free will?" De Rerum Natura, Book II, line 251.


Marcus Tullius Cicero (106-43): "If there is free will, all things do not happen according to fate; if all things do not happen according to fate, there is not a certain order of causes; and if there is not a certain order of causes, neither is there a certain order of things foreknown by God."


Augustine (354-430): "No action would be either a sin or a good deed if it were not performed by the will, and so both punishment and reward would be unjust if human beings had no free will. Therefore, God must needs have given free will to man."  On Free Choice of the Will, Book 2, I, 7.


Thomas Aquinas (1225-1274): "Man has free will: otherwise counsels, exhortations, commands, prohibitions, rewards, and punishments would be in vain... (man) acts from free judgment and retains the power of being inclined to various things. For reason in contingent matters may follow opposite courses...  for as much as man is rational is it necessary that man have a free will." Summa Theologicae, First part, a, Question 83, Article 1

Giovanni Pico Della Mirandola (1463-1494): 
"According to your desires and judgment, you will have and possess whatever place to live, whatever form, and whatever functions you yourself choose. All other things have a limited and fixed nature prescribed and bounded by our laws. You, with no limit or no bound, may choose for yourself the limits and bounds of your nature...  To man it is allowed to be whatever he chooses to be!" Oration on the Dignity of Man

Martin Luther (1483-1546): "God foreknows...and does all things according to His immutable, eternal, and infallible will. This thunderbolt throws free will flat and utterly dashes it to pieces."  Discourse on Free Will, p.106 (Weimar Ausgabe, 615).


Thomas Hobbes (1588-1679): "That which necessitates and determinates every action...is the sum of all those things which, now being existent [without which] the effect could not be produced. This concourse of causes, whereof every one is determined to be such as it is by a like concourse of former causes, may well be called the decree of God."  Of Liberty and Necessity, p.20.


Eddy Nahmias on the Garden of Forking Paths blog counted compatibilist and incompatibilist philosophers in 2006. He found a 2:1 ratio among philosophers specializing in the free will problem, and thinks this is similar to the ratio among philosophers in general.
Compatibilists

David Lewis, John Perry, Bill Lycan, Harry Frankfurt, Daniel Dennett, Michael Bratman, Peter Strawson, Gary Watson, Susan Wolf, Hilary Bok, Michael McKenna, Thomas Scanlon, Bernard Berofsky, Gerald Dworkin, Bruce Waller, Jay Wallace, Dana Nelkin, Joe Campbell, Thomas Kapitan, Keith Lehrer, Paul Russell, David Sanford, Phillip Pettit, Michael Smith, Terry Horgan, David Velleman

I think they count as compatibilists but please confirm: Michael Slote? Kadri Vihvelin? Kai Nielson? David Hunt? Paul Benson? Susan Buss? Ish Haji? David Zimmerman? Gideon Yaffe? Nomy Arpaly? Robert Audi? Mark Ravizza?


John Fischer? Tricky case but I think he should count as a compatibilist.
Al Mele?? (come on, Al, come out of the agnostic camp, though as far as I can tell, if you remain there, you get to be on a list all by yourself!)



Incompatibilists
Peter Van Inwagen, Ted A. "Fritz" Warfield, Timothy O’Connor, David Widerker, Randolph Clarke, Carl Ginet, Robert Kane, Laura Ekstrom, David Wiggins, William Rowe, Roderick Chisholm, Richard Taylor


Incompatibilist skeptics
Derk Pereboom, Galen Strawson, Saul Smilansky, Richard Double, Ted Honderich, Thomas Nagel


Is Eleanor Stump an incompatibilist?


For Scholars

Notes:

1. Leucippus, quoted by Kirk, G.S., J.E.Raven, and M.Schofield, The Presocratic Philosophers, Second edition, Cambridge, 1983, Fragment 569 (from Fr. 2 Actius I, 25, 4).



2. Aristotle, Physics B4, 196a24. 


"We often allege chance (τυχη) or spontaneity (ἀυταματον) as causes, saying that something came about 'by chance' or 'spontaneously.'"

Metaphysics, 1025a25. 

"Nor is there any definite cause for an accident (συμβεβηκός), but only chance (τυχη), namely an indefinite (ἀόριστον) cause."

Metaphysics, 1065a33.

"Causes from which chance results might happen are indeterminate; hence chance is obscure to human reason and is a cause by accident."



3. Cicero, cited by Augustine, City of God, Book V, Ch.9,  


See also De Divinatione  Book II, x 25


  si enim provideri nihil potest futurum esse eorum quae casu fiunt, quia esse certa non possunt, divinatio nulla est



4. A.A.Long, Problems in Stoicism 1996, R.Sorabji Necessity, Cause, and Blame 1980, p.70


"In antiquity the Stoics gained the reputation of being strict determinists, and this reputation has generally persisted up to the present day.", Long, p.173. 

"the Stoics committed themselves to postulating that all events occur of necessity.", Sorabji, p.70. 



5. Sambursky, Physics of the Stoics, p.73-76.                                                                                                                                                                                                                              


...further light is shed on Aristotle's rejection of determinism in his statement on chance: "Causes from which chance results might happen are indeterminate; hence chance is obscure to human calculation and is a cause by accident." Expressed in the language of modern determinism this would mean that according to Aristotle even a Laplacean intelligence could not predict events of the sub-lunar world because they are contingent by their very nature, and may happen thus or otherwise.

Obviously the Stoics had to discard the former notion of the possible which signified an objective contingency in a non-deterministic world, and to replace it by something compatible with determinism. They did so very logically by making it a subjective category and basing it on human ignorance of the future... The meaning of "chance" underwent a change which was linked up with the new significance of the possible. It is interesting to note that the Aristotelian definition of tyche was taken over literally by the Stoics and thereby the "obscurity to human calculation" was given a new meaning. 




6. Sharples 1983, p.8, Long, 1986, p.101, Sharples 1996, p.8.  


"For Chrysippus argues thus: ' If uncaused motion exists, it will not be the case that every proposition (termed by the logicians an axiom) is either true or false, for a thing not possessing efficient causes will be neither true nor false; but every proposition is either true or false; therefore uncaused motion does not exist. If this is so, all things that take place take place by precedent causes; if this is so, all take place by fate; it therefore follows that all things that take place take place by fate.'" Cicero, De Fato, X, 22 

[Concludit enim Chrysippus hoc modo: 'Si est motus sine causa, non omnis enuntiatio (quod αχιωμα dialectics appellant) aut vera aut falsa erit, causas enim efficientes quod non habebit id nec verum nec falsum erit; omnis autem enuntiatio aut vera aut falsa est; motus ergo sine causa nullus est. Quod si ita est, omnia quae fiunt causis fiunt antegressis; id si ita est, omnia fato fiunt; efficitur igitur fato fieri quaecumque fiant.']



But Long is convinced that Chrysippus thought men were free and that Stoics had a positive conception of freedom, that freedom was the "possibility of determining one's actions." 


"The Stoics, though removing the possibility of choosing and performing either of two contrary actions, assert that what occurs through our instrumentality (δι ημων) is attributable to (in the power of, εφ ημιω) us. For, they argue, since things and events have different natures ... the result of any individual's action accords with its specific nature." Long, p.180.



7. Sharples 1983.


"One crucial point that is however clear is that Alexander's own conception of responsibility is a libertarian one." Sharples, p.21


Alexander himself denies the gods have foreknowledge.  

"To say that it is reasonable that the gods should have
foreknowledge of the things that will be, because it is absurd to say
that they fail to know anything of the things that will be, and assuming this, to try to establish by means of it that all things come
to be of necessity and in accordance with fate — [this] is neither true
nor reasonable." Alexander, De Fato, XXX, 1



8. Augustine, On Free Choice of the Will.


"God foreknows all the things of which He Himself is the Cause, and yet He is not the Cause of all that He foreknows. He is not the evil cause of these acts, though He justly avenges them. You may understand from this, therefore, how justly God punishes sins; for He does not do the things which He knows will happen.", Book Three, IV, 40



9. Aquinas, Duns Scotus



10. Maimonides, see the Argument from Free Will in the wikipedia.


"Does God know or does He not know that a certain individual will be good or bad? If thou sayest 'He knows', then it necessarily follows that [that] man is compelled to act as God knew beforehand he would act, otherwise God's knowledge would be imperfect..."



11. Islam



12. Hinduism, Buddhism



13. Pico della Mirandola, Giordano Bruno



14. Lorenzo Valla, Pietro Pomponazzi



15. Erasmus, Martin Luther



16.  Descartes



17. Spinoza 



18. Thomas Hobbes



19. John Bramhall



20. George Berkeley



21. John Locke



22. David Hume, A Treatise of Human Nature, p.171. See also the later Enquiries, pp.95-96, where Hume said:


...liberty when opposed to necessity, not to constraint, is the same thing with chance; which is universally allowed to have no existence.



23. Isaac Newton



24. Leibniz



25. Kant



26. Darwin



27. Ludwig Boltzmann



28. Werner Heisenberg, Max Born



29. Bertrand Russell



30. Kurt Gödel



31. William James



32. Thomas Hobbes, William James



33. Libertarian



34. Incompatibilism



35. G.W.F.Hegel



36. Arthur Schopenhauer 


could do otherwise if we had a different character.



37. Bertrand Russell



38. Charles Sanders Peirce



39. Poincaré, Science and Method, 1914, pp.62-63.



41, Hadamard, 1949, pp.29-31.





43. Planck, 1933, p.154-5.









































64. Kane 1985, p.9, and Handbook of Free Will 2002, p.7
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Freedom Overview

This Freedom section of Information Philosopher is an extensive history and a critical study of the "problem of free will." 


From the original philosophical debates among the ancient Greeks down to the current day, the arguments of hundreds of philosophers and scientists have been researched and are reported on web pages here, resources for use by students and scholars everywhere.


Dozens of critical concepts in the free will debates, frequently jargon-laden, are presented on individual web pages (linked to from the left-hand column of this Freedom section). 


You will also find briefer definitions of some jargon in our extensive glossary of terms.


Underlined blue hyperlinked words on every page let you jump to detailed explanations.


A Taxonomy of Views on Free Will

[image: A taxonomy of free will positions]

We arrange the arguments and positions in a taxonomy of some two dozen currently popular views for and against libertarian free will.  

Although the Information Philosopher attempts to present the most objective possible account of these philosophical arguments, we have identified two things that readers may want to study first and have in mind as they navigate the web site.



The first is a very strong logical argument against libertarian free will that appears again and again in philosophical writings since ancient times. We call it the standard argument against free will. 
If you master it first, you will be more likely to recognize it in its various forms.

The second thing is what looks to be, after twenty-four centuries of sophisticated and often heated discussion, the most plausible and practical solution to the free will problem. Some readers may want to keep this possible solution in mind when reading the various arguments. Most philosophers and scientists have preferred solutions to the problem that almost invariably bias their accounts. You almost certainly bring your own views to your reading and research. 


Please read on to be aware of our views before you begin.


[image: image-placeholder]
The Standard Argument Against Free Will


The standard argument is very simple and logical.

Either determinism is true or indeterminism is true.


If determinism (actually pre-determinism) is true, we are not free.


If indeterminism is true, our actions are random and we are not responsible for them.


No free will either way.


The Two Requirements Needed To Defeat the Standard Argument



The first requirement is some indeterminism, to break the causal chain of determinism, 

and to generate creative thoughts and alternative possibilities for action.

But this indeterminism must somehow not destroy our moral responsibility.


Thus the second requirement is that our deliberations and evaluations are "adequately" determined,
so that we can be responsible for our choices, so that they are "up to us."


    "Adequate" determinism means that the indeterministic alternative possibilities are not normally the direct cause of our actions. 



    Objective chance means that the alternative possibilities are not causally determined by immediately preceding events, so they are unpredictable by any agency, including us. 



They are the source of the creativity that adds new information to the universe.
   
Randomness gives us the "free" in free will.
   



The Freedom section is now a book.
Click here for info[image: Click for information about <i>Free Will: The Scandal in Philosophy</i>]

Watch a 10-minute animated tutorial on the Two-Stage Solution to
the Free Will Problem


    Freedom also requires an adequately determined will that chooses or selects from those alternative possibilities. There is normally nothing uncertain about this choice. 
   Adequate determinism gives us the "will" in free will.
   

Random thoughts can lead to adequately determined actions, for which we can take moral responsibility. 

Thoughts come to us freely. Actions come from us willfully.



   We must admit indeterminism

but not permit it to produce random actions

as Determinists mistakenly fear.


We must also limit determinism

but not eliminate it

as Libertarians mistakenly think necessary.  

   


Evaluation and careful deliberation of all the available possibilities, both ingrained habits and creative new ideas, must help us to "determine" and thus "cause" our actions.  


    But some event acausality is a prerequisite for any kind of agent causality that is not pre-determined.


    When philosophers in the 1920's looked at the newly discovered quantum uncertainty principle as a means of breaking the iron grip of determinism (actually many determinisms), they found it most unsatisfactory. 


If my action is the direct consequence of a random event, I cannot feel responsibility. That would be mere indeterminism, as unsatisfactory as determinism. 

Determinism and indeterminism are the two horns of the dilemma in the standard argument against free will, a logical and philosophical argument that is seriously flawed, yet alarmingly ubiquitous in philosophy textbooks and classes.


For some philosophers, any indeterminism at all threatens reason itself. Reason seems to require strict causality and perfect certainty for truth. 
    

Arthur Stanley Eddington, one of the first scientists to appreciate the implications of quantum mechanics, and who hoped quantum indeterminacy would throw light on the problem of free will, accepted the standard argument and declared "there is no halfway house" between randomness and determinism.


    The Information Philosopher proposes a model of human freedom that is indeed a halfway house between chance and necessity, one that involves both, first indeterminism to generate freealternative possibilities, then adequate determinism to choose, to will one of those possibilities. 


Without this freedom there can be no explanation for human creativity, which brings unpredictable new information into the universe, "something new under the sun." 


    Our mind model invokes quantum indeterminacy to provide an "Agenda" of unpredictable thoughts and actions, critical to both freedom and creativity.  We call this the "Micro Mind," but it is not in a particular location in the brain. The Micro Mind describes the brain's information processing systems, the storage and retrieval of actionable information, communicated by structures small enough to be affected by quantum uncertainty, by quantum and thermal "noise."


Note that the indeterminacy in a stored idea need not be internal to the brain. It may come from an external event that the brain/mind notices.


And the indeterminacy need not be contemporaneous with current decisions. It may be an internally-generated idea thought of first long ago, only now coming to mind as an option.


Finally, it is extremely unlikely that the indeterminacy can be the result of a specific quantum event that is amplified (as Arthur Holly Compton mistakenly thought) to provide "randomness on demand" - to help with Robert Kane's "torn decision," for example. 


The "Macro Mind" examines the partially undetermined agenda and chooses what to do or say based on its character (the result of past actions and feelings about them), its values, and its current feelings and desires. The Macro Mind has very likely evolved to suppress the microscopic low-level noise. It averages over vast numbers of atoms and molecules in a large enough physical structure to be highly predictable - adequately determined. Its choices are in practice unaffected by quantum indeterminacy.


Our Cogito mind model uses random noise when it needs it for imagination and creativity, but suppresses noise whenever it needs to for consistent behavior and responsibility.
    


    soft causality, but no strict determinism
    

    Our model eliminates the perfect certainty associated with many strict determinisms. Nevertheless, we retain the very important concept of causality - despite the fact that some events are unpredictable from prior events. The world contains an irreducible quantum indeterminacy. 

Each event, as an effect, still has its causes. But some causes are now what ancient philosophers called a causa sui, a cause that includes itself among its causes. This modified or "soft" causality contains the mixture of unpredictability and predictability, of indeterminism and adequate determinism, of acausality and causality, that we need for freedom and creativity on the one hand and responsibility for our actions on the other. 


    In our history of the free will problem, we have found several great thinkers who have anticipated this two-stage solution to the classical problem, among them William James, Henri Poincaré, Arthur Holly Compton, Karl Popper, Daniel Dennett, Henry Margenau, Robert Kane, A. A. Long and David Sedley, Julia Annas, John Martin Fischer, Alfred Mele, Stephen Kosslyn, Alfred Mele, Bob Doyle, and Martin Heisenberg. 


Mele describes the importance of the temporal sequence quite clearly, though he remains agnostic on the truth of determinism and does not see (as others could not see) any location of indeterminism in the brain that does not compromise agent control.


    We also resolve the conundrum of how we could have done otherwise in identical situations.


    We celebrate the first modern philosopher, René Descartes, in naming our mind model, as other psychologists also have, the Cogito. Descartes believed that the human body was a deterministic machine, governed by lawful reflexes of stimuli and responses. But he also believed that his mind could originate undetermined free actions (indeterminata, he called them). Reconciling indeterminism and determinism is at the heart of the mind-body problem.



Descartes thought (as did great theologians before him) that he could reason logically to truths about himself, the world, and God. His hubris about the power of reason undermined reason and philosophy itself, leading to a great fall after David Hume's criticism and Immanuel Kant's desperate attempt to limit reason to make room for freedom, values, God, and immortality. Only today can we glimpse a path to recovery from this crisis of reason.


    The ancient philosophers understood the need for a random element very well. From Aristotle's "accidents" or chance causes to Epicurus' "swerve" (the clinamen), they added the exceptional event that was causa sui, the start of a new causal chain. The Latin word for thinking embodies our mind model in its etymology. Cogito derives from co-agitare, to "shake together." The key concept is that the resulting connections of ideas, and actions based on them, are as unpredictable as when we shake and then roll the dice.


   But even in ancient times, chance, and any willed actions involving chance, were attacked as "obscure and unintelligible," terms still in use in the debates today. The Greeks called chance ἄδηλος (unclear, inscrutable, obscure), and ἄλογος (irrational, inexpressible). Aristotle said chance (τύχη) was "obscure to human reason (ἄδηλος ἀνθρωπίνῳ λογισμῷ - Metaphysics, Book XI, 1065a33)  


    Our Micro Mind is the undetermined source of alternative possibilities, of human creativity, of genuine novelty, something new under the sun, and when this unconscious runs out of control, we'll see it is the way to madness.


    Our Macro Mind is the adequately determined will that de-liberates, and chooses among the alternative possibilities based on an individual’s character, values, past actions, and present circumstances. Every action of the Macro Mind creates new information in the mind.


    Free will is a combination of microscopic 
randomness and macroscopic adequate determinism, in a temporal sequence - first chance, then choice.

Determinists and compatibilists have been right about the will, but wrong about freedom.

Libertarians have been right about freedom, but wrong about the will, which must be adequately determined for us to accept moral responsibility.



For Scholars




Source: https://www.informationphilosopher.com/freedom/
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The Cogito

Cogito Model is the name that Bob Doyle, the Information Philosopher, gave to his two-stage model of free will in the 1970's, at the same time as he chose Ergo as a positive name for "negative" entropy, and Sum as the sum of all human knowledge.  It was a gesture of appreciation to the father of modern philosophy, René Descartes, who first asserted that reason is the ultimate justification for knowledge. 

In his fifty years of philosophical research since then, Doyle has found another two dozen thinkers, some earlier - some later, who more or less independently argued for a two-stage model of free will. The Cogito Model has been refined to incorporate the best thinking of all those models and the best understanding of quantum physics and neuroscience. But this page preserves some of Doyle's earliest thinking - the Micro Mind and Macro Mind as id and superego, for example


The Cogito Model of human freedom locates randomness (either ancient chance or modern quantum indeterminacy) in the mind, in a way that breaks the causal chain of strict physical determinism, while doing no harm to responsibility.


The Cogito Model combines indeterminacy - first microscopic quantum randomness 

and unpredictability, then "adequate" or statistical determinism and macroscopic predictability, 

in a temporal sequence that creates newinformation. 


Important elements of the model have been proposed by many philosophers since Aristotle, the first indeterminist. A number of modern philosophers and scientists, starting with William James, have proposed similar two-stage models of free will. But none of them has been able to locate the randomness so as to make free will "intelligible," as the libertarian "free-willist" philosopher Robert Kane puts it.


The insoluble problem for previous two-stage models has been to explain how a random event in the brain can be timed and located - perfectly synchronized! -  so as to be relevant to a specific decision. The answer is it cannot be, for the simple reason that quantum events are totally unpredictable. 


The Cogito solution is not single random events, one per decision, but many random events in the brain as a result of ever-present noise, both quantum and thermal noise, that is inherent in any information storage and communication system.


The mind, like all biological systems, has evolved in the presence of constant noise and is able to ignore that noise, unless the noise provides a significant competitive advantage, which it clearly does as the basis for freedom and creativity.


Let's see how randomness in the Cogito Model is never the direct cause of our decisions. Decisions are always adequately determined.


We assume that there are always many contributing causes for any event, and in particular for a mental decision. In the Newell-Simon "Blackboard" model and Bernard Baars' "Theater of Consciousness" and "Global Workspace" models, there are many competing possibilities for our next thought or action.


Each of these possibilities is the result of a sequence of events that goes back in an assumed causal chain until its beginning in an uncaused event. Aristotle called this original event an arche (ἀρχῆ), one whose major contributing cause (or causes) was itself uncaused. Today we would say it involved quantum indeterminacy. 


What this means is that tracing any particular sequence of events back in time will come to one event - a "starting point" or "fresh start." Aristotle called it an origin or arche (ἀρχῆ)) - whose major contributing cause (or causes) was itself uncaused, a consequence of chance (τύχη). 


Whether a particular thing happens, says Aristotle, may depend on a series of causes that


"goes back to some starting-point, which does not go back to something else. This, therefore, will be the starting-point of the fortuitous, and nothing else is the cause of its generation." 
Metaphysics Book VI 1027b12-14)


We can thus in principle assign times, or ages, to the starting points of the contributing causes of a decision. Some of these may in fact go back before the birth of an agent, hereditary causes for example. To the extent that such causes adequately determine an action, we can understand why hard determinists think that the agent has no control over such actions. (Of course if we can opt out of the action at the last moment, we retain a kind of control.)


Other contributing causes may be traceable back to environmental and developmental events, perhaps education, perhaps simply life experiences, that were "character-forming" events. These and hereditary causes would be present in the mind of the agent as fixed habits, with a very high probability of "adequately determining" the agent's actions in many situations.


But other contributing causes of a specific action may have been undetermined up to the very near past, even fractions of a second before an important decision. The causal chains for these contributing causes originate in the noisy brain. They include the free generation of new alternative possibilities for thought or action during the agent's deliberations. They fit Aristotle's criteria for causes that "depend on us" (ἐφ' ἡμῖν) and originate "within us" (ἐv ἡμῖν).    


Causes with these most recent starting points are the fundamental reason why an agent can do otherwise in what are essentially (up to that starting point) the same circumstances.


These alternatives are likely generated from our internal knowledge of practical possibilities based on our past experiences. (See our Experience Recorder and Reproducer.) Those that are handed up for consideration to Baars' "executive function" may be filtered to some extent by unconscious processes to be "within reason." They likely consist of random variations of past actions we have willed many times in the past.



Note that the evaluation and selection of one of these possibilities by the will is as deterministic and causal a process as anything that a determinist or compatibilist could ask for, consistent with our current knowledge of the physical world. 


But remember that instead of strict causal determinism, the world offers only adequate determinism, and the random origins of possibilities provides libertarian freedom of thought and action. 



Why have philosophers been unable for millennia to accept the common sense view that humans are free?  Partly because their logic and language preoccupation makes them say that either determinism or indeterminism is true, and the other must be false. 

This is the standard (but flawed) argument against free will.


Our physical world includes both, although the determinism we have is only an adequate description for large objects. So any intelligible explanation for free will must include both indeterminism and adequate determinism.




Micro Mind and Macro Mind

Imagine a Micro Mind with a randomly assembled "agenda" of possible things to say or to do.  These are drawn from our memory of past thoughts and actions, but randomly varied by unpredictable negations, associations of a part of one idea with a part or all of another, and by substitutions of words, images, feelings, and actions drawn from our experience. In information communication terms, there is cross-talk and noise in our neural circuitry. 


In a "content-addressable" information model, memories are stored based on their content - typically bundles of simultaneous images, sounds, smells, feelings, etc. So a new experience is likely to be stored in neural pathways alongside closely related past experiences. And a fresh experience, or active thinking about an experience that presents a decision problem, is likely to activate nearby brain circuits, ones that have strong associations with our current circumstances. These are likely to begin firing randomly, to provide unpredictable raw material for actionable possibilities. 


The strong feeling that sometimes "we don't know what we think until we hear what we say" reflects our capability for original and creative thoughts, different from anything we have consciously learned. Something as simple as substituting a synonymous word, or more complex replacements with associated words (metonyms) or wild leaps of fancy (metaphor) are examples of building unpredictable thoughts. Picturing ourselves doing something we have seen others do, from "monkey see, monkey do" childhood mimicry to adult imitations, is a source for action items on the agenda, with the random element as simple as if and when we choose to do them.


The etymology of cogito is Latin co-agitare, to shake together. Why do we need quantum uncertainty involved in the shaking together of our agenda items? Will neuroscientists ever find information structures in the brain to generate our random agenda, structures small enough to be susceptible to microscopic quantum phenomena? Some fanciful mechanisms include a random number generator like those in computer programs. Others imagine a microscopic event like the nuclear decay in Schrödinger's diabolical thought experiment with a cat, plus the amplifier circuitry needed to magnify the event to the macroscopic level where it is naively thought to help make the decision.  But chance cannot be the direct cause of our actions.


Nothing physically localized is likely to be found. The randomness of the Micro Mind is simply the result of ever-present noise, both thermal and quantum noise, that is inherent in any information storage and communication system. 

Constant, ever-present noise removes an important technical objection.  Critics of the Epicurean swerve of the atoms asked when and where and how would the random event occur?. The Cogito model randomly generates contextually appropriate alternative possibilitiesat all times.


The Cogito model is not a mechanism. It is a process, and information philosophy is a process philosophy.


the brain can access quantum phenomena


Quantum uncertainty adds a "causa sui," an uncaused or self-caused cause, in the causal chain. But it need not directly determine the decision of the macroscopic will or the fully determined resulting action which is consistent with character and values. 


Some argue that brain structures are too large to be affected at all by quantum events. But there is little doubt that the brain has evolved to the point where it can access quantum phenomena. The evolutionary advantage for the mind is freedom and creativity. Biophysics tells us the eye can detect a single quantum of light (photon), and the nose can smell a single molecule.


If the Micro Mind is a random generator of frequently outlandish and absurd possibilities, the complementary Macro Mind is a macroscopic structure so large that quantum effects are negligible.  It is the critical apparatus that makes decisions based on our character and values. 


Information about our character and values is probably stored in the same noise-susceptible neural circuits of our brain, in our memory, so Macro Mind and Micro Mind are not necessarily in different locations in the brain. Instead, they are probably the consequence of different information processing methods. The Macro Mind must suppress the noise when it makes an adequately determined decision. 


The Macro Mind has very likely evolved to add enough redundancy, perhaps even error detection and correction, to reduce the noise to levels required for an adequate determinism. Our decisions are then in principle predictable, given knowledge of all our past actions and given the randomly generated possibilities in the instant before decision. However, only we know the contents of our minds, and they exist only within our minds. Thus we can feel fully responsible for our choices, morally and legally.


The  model accounts not just for freedom but for creativity, original thoughts and ideas never before expressed. Unique and new information comes into the world with each new thought and action. 


Biologists will note that the Micro Mind corresponds to random variation in the gene pool (often the direct result of quantum accidents). The Macro Mind corresponds to natural selection by highly determined organisms. See the biology chapter for other examples of random generation followed by adequately determined selection, like the immune system and protein/enzyme factories. Karl Popper may have been the first to point this out.


Psychologists will see the resemblance of Micro Mind and Macro Mind to the Freudian id and super-ego (das Ess und das Über-ich).


the educated mind is more free


The model accounts quantitatively for the concept of wisdom. The greater the amount of knowledge and experience, the more likely that the random agenda will contain more useful and "intelligent" thoughts and actions as alternative possibilities. It also implies that an educated mind is "more free" because it can generate a wider agenda and options for action. It suggests that "narrow" and "closed" minds may simply be lacking the capabilities of the Micro Mind. And if the Macro Mind were weak, it might point to the high correlation between creativity and madness suggested by a Micro Mind out of control.


Philosophers of Mind, whether hard determinist or compatibilist, should recognize this Macro Mind as everything they say is needed to make a carefully reasoned free choice. But now choices include self-generated random possibilities for thought and action that no external agent can predict. Thus the choice of the will and the resulting willed action are unpredictable. The origin of the chosen causal chain is entirely within the agent, a condition noted first by Aristotle for voluntary action, his ἐν ἡμῖν ("in us"). 


The combination of microscopic randomness and macroscopic determinism in our Cogito model for human freedom means it is both unpredictable and yet fully responsible for its willed actions. Chance never leads directly to - never directly  "causes" - an action. 


Chance only provides the variety of alternative possibilities, each the possible start of a new causal chain, from which the deterministic judgment can choose an alternative that is consistent with its character and values. Our will is adequately determined and in control of our actions.  


In summary, we distinguish six increasingly sophisticated ideas about the role of chance and indeterminism in the question of free will. Many libertarians have accepted the first two. Determinist and compatibilist critics of free will make the third their central attack on chance.  But very few thinkers appear to have considered all six essential requirements for chance to contribute to our Cogito model of libertarian free will, specifically the last three requirements - that chance must be present but suppressible at will.


	Chance exists in the universe. Quantum mechanics is correct. Indeterminism is true, etc.

	Chance is important for free will. It breaks the causal chain of determinism.

	Chance cannot directly cause our actions. We cannot be responsible for random actions.

	Chance can only generate random (unpredictable) alternative possibilities for action or thought. The choice or selection of one action must be adequately determined, so that we can take responsibility. And once we choose, the connection between mind/brain and motor control must be adequately determined to see that "our will be done."

	Chance, in the form of noise, both quantum and thermal, must be ever present. The naive model of a single random microscopic event, amplified to affect the macroscopic brain, never made any sense. Under what ad hoc circumstances, at what time, at what place in the brain, would it occur to affect a decision?

	Chance must be overcome or suppressed by the adequately determined will when it decides to act, de-liberating the prior free options that "one could have done otherwise."




In our Cogito model, "Free Will" combines two distinct concepts. Free is the chance and randomness of the Micro Mind. Will is the  adequately determinedchoice of the Macro Mind. And these occur in a temporal sequence. 

Since the chance suggestions for alternative possibilities appear first in the theater of consciousness (though they are largely unconscious and competing for attention), the delay before a conscious choice by the frontal lobe could easily account for the results of Benjamin Libet's experiments.



Compatibilists and Determinists were right about the Will, 
but wrong about Freedom.Libertarians were right about Freedom, but wrong about the Will.




The Temporal Sequence of Freedom and Determination

Free Will is best understood as a complex idea combining two antagonistic concepts - freedom and determination.  


Many philosophers have called free will "unintelligible" because of this internal contradiction and the presumed simultaneity and identity of free and will. Specifically, they mistakenly have assumed that "free" is a time-independent adjective modifying "will." And they have often taken "free" pejoratively to mean "random."


A careful examination of ordinary language usage shows that free will is actually a temporal sequence of two opposing concepts - first "free" and then "will."


First comes the consideration of alternative possibilities, which are generated unpredictably by acausal events (simply noise in neural network communications). This free creation of possible thoughts and actions allows one to feel "I can do otherwise." 


Next comes de-liberation and determination by the will, the unfreeing of possibilities into actuality, the decision that directs the tongue or body to speak or act.


After the deliberation of the will, the true sentence "I can do otherwise" can be changed to the past tense and remain true as a "hard fact" in the "fixed past," and written "I could have done otherwise."


Thus we have the temporal sequence which William James saw so clearly a century ago, with chance in a present time of random alternatives, leading to a choice which grants consent to one possibility and transforms an equivocal future into an unalterable and simple past.
Free undetermined alternatives are followed by willed, determined choices. As John Locke knew more than three hundred years ago, "free" is an adjective that describes not the will, but the human mind.


Just as "free" needs to be separated from "will," we think "moral" should be separated from "responsibility."  Furthermore "free will" should be separated from "moral responsibility" and "moral responsibility" should be separated from "retributive punishment" and vengeance. See our argument for this critical conceptual analysis of concepts in the free will debates. 



A More Detailed Look


Given the "laws of nature" and the "fixed past" just before a decision, philosophers wonder how a free agent can have any possible alternatives. This is partly because they imagine a timeline for the decision that shrinks the decision process to a single moment.
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Collapsing the decision to a single moment between the closed fixed past and the open ambiguous future makes it difficult to see the free thoughts of the mind followed by the willed and adequately determined action of the body. 
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But the Cogito Mind Model is not limited to a single step of generating alternative possibilities followed by a single step of determination by the will. It is better understood as a continuous process of possibilities generation by the Micro Mind (parts of the brain that leave themselves open to noise) and adequately determined choices made from time to time by the Macro Mind (the same brain parts, perhaps, but now averaging over and filtering out the noisiness that might otherwise make the determination random).


In particular, note that a special kind of decision might occur when the Macro Mind finds that none of the current options are good enough for the agent's character and values to approve. The Macro Mind then might figuratively say to the Micro Mind, "Think again!"
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Many philosophers have puzzled how an agent could do otherwise in exactly the same circumstances. Since humans are intelligent organisms, and given the myriad of possible circumstances, it is impossible that an agent is ever in exactly the same circumstances. The agent's memory (stored information) of earlier similar circumstances guarantees that.
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This view still makes an artificial separation between Micro Mind creative randomness and Macro Mind deliberative evaluation. These two capabilities of the mind can be going on at the same time. That can be visualized by the occasional decision to go back and think again, when the available alternatives are not good enough to satisfy the demands of the agent's character and values, or by noticing that the subconscious Micro Mind might be still generating possibilities while the Macro Mind is in the middle of its evaluations.


Finally, not all decisions in the Cogito model end with an adequately determined "de-liberation" or perhaps better we can call it simply self-determination. Many times the evaluation of the possibilities produces two or more alternatives that seem more or less of equal value. 


In this case, the agent may choose randomly among those alternatives, yet have very good reasons to take responsibility for whichever one is chosen. This is related to the ancient liberty of indifference. 


I like to call such a decision an undetermined liberty, because it remains undetermined at the moment of the decision. It has not been determined by the deliberations, although we can say that the agent “deliberately” chooses at random.
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Undetermined liberties include Robert Kane’s Self-Forming Actions, although Kane limits his SFAs to “torn” decisions between moral and self-interested alternatives. Kane likes to say in his model that the decision is not made until the actual choice is made (at random). 


Thoughts are Free


Our thoughts are free and often appear to come to us. Our actions are adequately determined for moral responsibility and appear to come from us. They are up to us (Aristotle's ἐφ' ἡμῖν). 

What then are the sources of alternative possibilities? To what extent are they our creations? 
We can distinguish three important sources, all of them capable of producing indeterministic options for thoughts and actions. 


The first source is the external world that arrives through our perceptions. It is perhaps the major driving force in our lives, constantly requiring our conscious attention. Indeed, consciousness can be understood in large part as the exchange of actionable information between organism and environment. Although the indeterminisitic origin of such ideas is outside us, we can take full responsibility for them if they influence our adequately determined willed actions.


The second source of options is other persons. The unique human ability to communicate information means that alternative possibilities for our actions are being generated by our reactions to other minds. Peter Strawson's reactive attitudes come to mind.


Finally, and most importantly, our Micro Mind generates possibilities internally. These are the possibilities that truly originate within us (Aristotle's ἐν ἡμῖν). 


Note that the sources of random options not only need not be internal, they need not be contemporaneous with the current decision, as long as they come to mind as alternatives. They may have been generated at much earlier times in the agent's life, and only now get reconsidered and perhaps get acted upon. 



How does the Cogito Model Compare to Other Mind Models?


Determinism

Determinists think everything that happens is strictly caused by the prior states of the world, so there is no free will or moral responsibility. Free will is an illusion. Free will is impossible.


Compatibilism

Compatibilists say it is freedom enough if we are not externally coerced. Since our will is one of the causes in the chain of causes, that is enough to make us morally responsible for our actions. 


Libertarianism

Libertarians demand that there are breaks in the causal chain of determinism. These breaks can be random events in the past, random events in our deliberations immediately before decisions, or randomness in our decisions themselves. These are called "event-causal" views. 

The breaks could also be caused by metaphysical powers in the agent that can start new causal chains. These are called "agent-causal or "non-causal" views. An extreme form of "substance dualism" makes the mind a different substance from the body.



The Cogito Model in the Spectrum of Free Will Positions


The Cogito Model lies between and combines elements of Determinism and Agent-Causal Libertarianism

The Cogito Model is less libertarian than typical event-causal Libertarians and more libertarian than some recent event-causal models proposed by Compatibilists that attempt to "give Libertarians what they want."  


The Cogito Model is in part an "event-causal" view that locates the breaks in the causal chain in our deliberations, These include the internal uncaused generation of new possibilities as well as external random sensory inputs. 


It is less radically libertarian and more determinist than the typical models of Libertarians Robert Kane, Laura Waddell Ekstrom, and Mark Balaguer which locate randomness in the decisions themselves.


The Cogito Model is compatibilist in the sense that it is compatible with "adequate" determinism.


It is very similar to the two-stage models of Daniel Dennett and Alfred Mele. But unlike Dennett, the model needs quantum randomness and not simply computational "pseudo-randomness" to generate alternative possibilities.  And unlike Mele, we believe that science has shown indeterminism to be true and determinism to be false. Mele remains an agnostic on these important questions. 


Again, beyond the Dennett and Mele models, the Cogito Model proposes a specific process that avoids the single "quantum event in the brain" that gets amplified perfectly in time with our thought processes to help with free will. There are billions of quantum events in the brain every second. The miracle of the mind is that it can manage the resulting noise, averaging over these events when it needs to, utilizing them when it wants to. 


Because the agent is actively controlling the process of deliberation up to the instant of the determining decision at the 'moment of choice,' the Cogito Model shares much with agent-causal views, without being metaphysical.


The "free" stage of the Cogito Model depends on thermal and quantal noise in the neural circuitry of the brain. This noise introduces errors in the storage and retrieval of information, noise that may be helpful in generating alternative possibilities for action. 


The "will" stage of the Cogito Model suppresses this noise for the adequately determined process of evaluation and decision, unless the will is satisfied with a random choice in special cases of the liberty of indifference.       


The Cogito Model is  compatible with indeterminism suitably located and determinism appropriately limited.


It is thus "doubly compatible" with indeterminism and "adequate" determinism. This suggests what we  call a Comprehensive Compatibilism.


The Cogito Model is arguably closer to the common sense or "folk" view of free will than any other free will model.



Objections to the Cogito Model


The earliest objections were the concerns of some of the inventors of two-stage models themselves. Mostly they could not see how to reconcile the randomness of indeterminism with the determinism required for responsibility. They also tended to be metaphysical dualists, so they did not have a purely physical model for free will.
Arthur Holly Compton adhered to a view that human freedom might only be visible from the inside (subjectively), that from the outside a person would be seen (objectively) as deterministic. This was a variation on Neils Bohr's dualist complementarity principle, which was popular among physicists at the time.

Karl Popper, in his collaborations with the neurobiologist John Eccles, wanted the will to involve a metaphysical interaction between the mind (or soul) and the body. This was another form of dualism. Later (1977), Popper endorsed the idea of a two-stage model with quantum indeterminacy in the first stage, and a lawful determined selection process similar to Darwinian evoltuion.

Henry Margenau wrestled with his mentor Ernst Cassirer's views on determinism and indeterminism in physics. Cassirer also had strong Kantian dualism tendencies, but in the end he insisted that only determinism could provide the causality needed as a basis for science. Margenau reluctantly accepted indeterminism as the "first step" in an explanation of human freedom and possibly providing insight into ethical problems.



Daniel Dennett's Objections to his own Valerian model



In 1978, Daniel Dennett proposed a two-stage model that would "give the libertarians what they want." But he had serious reservations about his "Valerian" model, most important that he could find no place in it for quantum indeterminism.

Dennett's model for decision making started with elements from Henri Poincaré random combinations model (via Jacques Hadamard and the poet Paul Valery, at the 1936 Synthese conference in Paris exploring creativity). Dennett mentioned the amplification of a quantum event in the brain, which was first suggested by Arthur Holly Compton in 1931. Dennett had also read Karl Popper, who had criticized Compton's "massive switch amplifier." He knew Popper's analogy of free will with natural selection as a two-stage process. Dennett's decision-making model was a variation of computer scientist Herbert Simon's "generate and test" two-stage model for computer problem solving.


Dennett made an excellent case for his model as something that libertarians should want. Sadly, no libertarian saw the power in Dennett's two-stage model.


Because Dennett saw very clearly what was good about the model for Libertarians, he also could see what they might not accept. 


Dennett knew that some libertarians insisted on indeterministic quantum events in the brain, but he could not understand the place for a quantum event, how exactly and when and where a quantum event in the brain could be amplified to help with decision making and not harm our control and responsibility for our actions. 


As a determinist, Dennett said that a model with pseudo-random number generation in the first stage would be all that is needed. He found no value in adding true quantum randomness.


Robert Kane's Objections to Dennett's two-stage model


Bob Kane had independently developed the two-stage model before Dennett published Brainstorms. He had read the same sources (Compton and Popper), but he thought that something more was needed.

Basically, Kane felt that at the completion of the first stage in the model, when all the random considerations have been generated, there is a finite time, however small, during which the model assumes that the willed decision, the choice between alternative possibilities, is determined.


This is unacceptable for an incompatibilist. Libertarian free will requires that the decision not be determined, even by the agents desires and beliefs. It must remain undetermined up to the moment of choice. It is determined by the choice, says Kane.


The agent does not have complete control over the random considerations that get generated. The agent can decide to stop generating new possibilities. And if evaluation finds none satisfactory, can go back and generate more. But after the last new random option is generated, and during that time, however small, before the decision is made, Kane is concerned that the choice is already determined by the agent's character, reasons, motives, etc. 


Kane is correct. In our Cogito model, the decision could be reliably (though not perfectly) predicted by a super-psychiatrist who knew everything about the agent and was aware of all the alternative possibilities. This is because the second ("will") stage evaluation and decision process is indeed adequately determined.


We agree with Kane that the second stage is determined, in the sense of adequately determined, but note that it is in no way pre-determined.


And Kane agrees that, before the first stage of the two stage model, the decision is not determined. It is at that time undetermined. 


Now Kane has found a way to maintain that in some cases, the agent's decision may not be determined by anything other than the agent's choice, which can be rational (made for properly evaluated reasons), but nevertheless might have been otherwise and yet be equally rational.


He calls this "dual (or plural) rational control.


We shall see that this is an acceptable extension of the Cogito model. Let's see how it works. 



To find a way around the determined second stage, without invoking metaphysical agent-causality, Kane adds event-causal randomness in the decision itself. Randolph Clarke calls such randomness "centered" in the decision, as opposed to chance located earlier in the "deliberative" stage (our first "free" stage). Kane calls this The Indeterminist Condition:


"the agent should be able to act and act otherwise (choose different possible futures), given the same past circumstances and laws of nature." ( A Contemporary Introduction to Free Will, 2005, p.38)


In the Cogito model, the agent has the capacity to "act otherwise" at the start of the first, "free" stage of the two-stage model. At the beginning of the second ("will") stage, the choice and the act has been adequately determined.  


But now Kane adds "something more" to the two-stage model.


There are times when the deliberation and evaluation process is not at all simple and straightforward. The agent may be seriously conflicted, especially in difficult moral decisions, which Kane says contribute to what he calls Self-forming Actions (SFAs).


In such cases, the agent has developed excellent reasons for more than one option. This conflict requires extra effort on the part of the agent to make the decision, which Kane says may generate noise in the brain's neural circuitry . This noise may make the decision random and indeterminate, although it selects from among options that are all defended by reasons. 


Kane deftly sidesteps the charge of critics who the agent cannot be responsible for any decision involving randomness. In Kane's model, the agent can claim responsibility however the "torn" decision is made. 


Kane's followers today, Laura Waddell Ekstrom and Mark Balaguer, for example, continue to argue for randomness directly in the decision as the only way to resolve "torn decisions." Here is Ekstrom's position, for example:


Consider an agent whose act is, in such a sense, "libertarian free." Now a duplicate agent in exactly similar circumstances governed by the same natural laws and subject to the same occurrence of considerations at the same points in the deliberative process will form exactly the same judgment concerning the best thing to do and will act accordingly. But then, given the consideration pattern that occurs (but might not have), there is no "wiggle room" for the agent in forming an evaluative judgment — it simply falls out, of necessity, from the consideration pattern. Hence such an account does not leave sufficient room for free agency.
(Ekstrom, Free Will: A Philosophical Study, 2000, p.121)

Richard Double's Objections to Kane's "dual rational control."


Kane's position is not without its critics. Double's objections are mostly directed at Kane's efforts to establish moral responsibility. Double develops challenges to three of Kane's requirements: the ability to have chosen otherwise, control, and rationality.   

Double noted that Dennett's Valerian models introduce indeterminism in the early stages of deliberation, before the decision itself.


He therefore calls Kane's views "Non-Valerian." These allow indeterminism in the decision process itself, which means that chance is sometimes the direct cause of actions, which Double feels jeopardizes agent control.


The last is his own theory, which he calls "Delay Libertarianism." The main idea is to recognize that free will is a process that takes place over a period of time. This gives Double the opportunity to locate the indeterminism in a delay between deliberations and resultant decisions.


Double notes that the deliberations "set the stage" for whatever decision will be made - if any decision is made. He does not show how delayed indeterminism can resolve the randomness objection. 


Double recognizes that the act of the will might be simply to avoid a decision, and send the problem back for more deliberations, which could involve generating more alternative possibilities, as in our Cogito Model.


But in the end, says Double, delay libertarianism fails, for the same reason as the others, the dual rational control condition.

 
Dual rational control is Kane's claim that the agent can do otherwise (randomly) and have the alternative (dual) action be just as rational and demonstrate just as much control as the original action. Double is right to reject this view, but unfortunately he rejects all libertarianism, titling his book The Non-Reality of Free Will.

Alfred Mele's Reservations about his "Modest Libertarianism."


Mele's "Modest Libertianism" is essentially the same as Dennett's "Valerian" model: 

The modest indeterminism at issue allows agents ample control over their deliberation. Suppose a belief, hypothesis, or desire that is indirectly relevant to a deliberator's present practical question comes to mind during deliberation but was not deterministically caused to do so. Presumably, a normal agent would be able to assess this consideration. And upon reflection might rationally reject the belief as unwarranted, rationally judge that the hypothesis does not merit investigation, or rationally decide that the desire should be given little or no weight in his deliberation. Alternatively reflection might rationally lead him to retain the belief, to pursue the hypothesis to give the desire significant weight. That a consideration is indeterministically caused to come to mind does not entail that the agent has no control over how he responds to it. Considerations that are indeterministically caused to come to mind (like considerations that are deterministically caused to come to mind) are nothing more than input to deliberation. Their coming to mind has at most an indirect effect on what the agent decides, an effect that is mediated by the agent's assessment of them. They do not settle matters. Moreover, not only do agents have the opportunity to assess these considerations, but they also have the opportunity to search for additional relevant considerations before they decide, thereby increasing the probability that other relevant considerations will be indeterministically caused to come to mind. They have, then, at least sometimes, the opportunity to counteract instances of bad luck — for example, an indeterministically caused coming to mind of a misleading consideration or, a chance failure to notice a relevant consideration. And given a suitable indeterminism regarding what comes to mind in an assessment process, there are causally open alternative possibilities for the conclusion or outcome of that process.

Compatibilists who hold that we act freely even when we are not in control of what happens at certain specific junctures in the process leading to action are in no position to hold that an indeterministic agent's lacking control at the same junctures precludes free action. And, again, real human beings are not in control of the coming to mind of everything that comes to mind during typical processes of deliberation. If this lack of perfect proximal control does not preclude its being the case that free actions sometimes issue from typical deliberation on the assumption that we are deterministic agents, it also does not preclude this on the assumption that we are indeterministic agents.


Now, even if garden-variety compatibilists can be led to see that the problem of luck is surmountable by a libertarian, how are theorists of other kinds likely to respond to the libertarian position that I have been sketching? There are, of course, philosophers who contend that moral responsibility and freedom are illusions and that we lack these properties whether our universe is deterministic or indeterministic — for example, Richard Double and Galen Strawson.


Modest libertarians can also anticipate trouble from traditional libertarians, who want more than the modest indeterminism that I have described can offer. Clarke, who has done as much as anyone to develop an agent-causal libertarian view, criticizes event-causal libertarianism on the grounds that it adds no "positive" power of control to compatibilist control but simply places compatibilist control in an indeterministic setting. Of course, given that combining compatibilist control with indeterminism in a certain psychological sphere was my explicit strategy in constructing a modest libertarian position, I do not see this as an objection. In any case, traditional libertarians need to show that what they want is coherent.

(Free Will and Luck, p.9) 


 
Mele is correct that his model will not satisfy Libertarians wanting more, whether "agent-causal" libertarians like Timothy O'Connor or "event-causal" libertarians Robert Kane wanting randomness in their decisions.


Randolph Clarke's Objections to Dennett, Mele, Ekstrom, and Kane.


Clarke defines new terms in his Libertarian Accounts of Free Will for Double's "Valerian" and "Non-Valerian." He calls Dennett's model "deliberative," since randomness internal to the mind is limited to the deliberations.  And he calls Kane's model "centered," by which he means that Kane's (quantum) randomness is in the center of the decision itself.

Clarke accepts the Kane and Ekstrom views that if the agent's decision simply results from indeterministic events in the deliberation phase that that could not be what he calls "directly free." Clarke calls this deliberative freedom "indirect." "Indirectly free" is a reasonable description for our Cogito Model, which limits indeterminism to the "free" deliberation stage and has a limited but "adequate" determinism in the "will" stage. 


Although Clarke says that a "centered event-causal libertarian view provides a conceptually adequate account of free will," he doubts that it can provide for moral responsibility. He says that 


An event-causal libertarian view secures ultimate control, which no compatibilist account provides. But the secured ultimacy is wholly negative: it is just (on a centered view) a matter of the absence of any determining cause of a directly free action. The active control that is exercised on such a view is just the same as that exercised on an event-causal compatibilist account.


It is a bit puzzling to see how the active control of a libertarian decision based on quantum randomness is "just the same as that exercised" on a compatibilist account, unless it means, as Double argued, no control at all. So it may be worth quoting Clarke at length.

Dennett requires only that the coming to mind of certain beliefs be undetermined; Mele maintains that (in combination with the satisfaction of compatibilist requirements) this would suffice, as would the undetermined coming to mind of certain desires.

Likewise, on Ekstrom's view, we have undetermined actions — the formations of preferences — among the causes of free decisions. But she does not require that these preference-formations either be or result from free actions. Nor can she require this. Any free action, she holds, must be preceded by a preference-formation. An infinite regress would be generated if these preference-formations had to either be or result from free actions. And a similar regress would result if Dennett or Mele required that the undetermined comings-to-mind, attendings, or makings of judgments that figure in their accounts had to either be or result from free actions.


Thus, given the basic features of these views, all three must allow that an action can be free even if it is causally determined and none of its causes, direct or indirect, is a free action by that agent. Setting aside the authors currently under discussion, it appears that all libertarians disallow such a thing. What might be the basis for this virtual unanimity?


When an agent acts with direct freedom — freedom that is not derived from the freedom of any earlier action— she is able to do other than what she, in fact, does. Incompatibilists (libertarians included) maintain that, if events prior to one's birth (indirectly) causally determine all of one's actions, then one is never able to do other than perform the actions that one actually performs, for one is never able to prevent either those earlier events or the obtaining of the laws of nature.



Clarke now claims that even prior events thought up freely by the agent during deliberations will "determine" the agent's decision. This is roughly what the Cogito Model claims. After indeterminism in the "free" deliberation stage, we need "adequate" determinism in the "will" stage to insure that our actions are consistent with our character and values (including Kane's SFAs), with our habits and (Ekstrom's) preferences, and with our current feelings and desires.

Clarke oddly attempts to equate events prior to our births with events in our deliberations, claiming that they are equally determinist. He says,


If this is correct, then a time-indexed version of the same claim is correct, too. If events that have occurred by time t causally determine some subsequent action, then the agent is not able at t to do other than perform that action, for one is not able at t to prevent either events that have occurred by t or the obtaining of the laws of nature. An incompatibilist will judge, then, that, on Dennett's and Mele's views, it is allowed that once the agent has made an evaluative judgment, she is not able to do other than make the decision that she will, in fact, make, and that, on Ekstrom's view, it is allowed that once the preference is formed, again the agent is not able to avoid making the decision that she will, in fact, make. If direct freedom requires that, until an action is performed, the agent be able to do otherwise, then these views do not secure the direct freedom of such decisions. 

Mele confronts this line of thinking head-on. Some libertarians, he acknowledges, do hold that a decision is directly free only if, until it is made, the agent is able to do other than make that decision, where this is taken to require that, until the action occurs, there is a chance that it will not occur. But such a position, Mele charges, is "mere dogmatism" (1995a: 218). It generates the problem of control that he (along with Dennett and Ekstrom) seeks to evade, and hence libertarians would do well to reject this position.


There is, however, a decisive reason for libertarians not to reject this position, a reason that stems from the common belief — one held by compatibilists and incompatibilists alike — that, in acting freely, agents make a difference, by exercises of active control, to how things go. The difference is made, on this common conception, in the performance of a directly free action itself, not in the occurrence of some event prior to the action, even if that prior event is an agent-involving occurrence causation of the action by which importantly connects the agent, as a person, to her action. On a libertarian understanding of this difference-making, some things that happen had a chance of not happening, and some things that do not happen had a chance of happening, and in performing directly free actions, agents make the difference. If an agent is, in the very performance of a free action, to make a difference in this libertarian way, then that action itself must not be causally determined by its immediate antecedents. In order to secure this libertarian variety of difference-making, an account must locate openness and freedom-level active control in the same event — the free action itself — rather separate these two as do deliberative libertarian views.


On the views of Dennett, Ekstrom, and Mele, agents might be said to make a difference between what happens but might not have and what does not happen but might have, but such a difference is made in the occurrence of something nonactive or unfree prior to the action that is said to be free, not in the performance of the allegedly free action itself. Failure to secure for directly free actions this libertarian variety of difference-making constitutes a fundamental inadequacy of deliberative libertarian accounts of free action.


(Libertarian Accounts of Free Will, p.63-4)	



To see that the Cogito Model allows the agent to make a real difference, we need only extend the process of decision to include everything from the start of free deliberations to the moment of willed choice  The agent is justified saying "I could have done otherwise," "This action was up to me," and "I am the originator of my actions and the author of my life."

Clarke goes on to consider his "centered" event-causal view, and initially claims that it provides an adequate account of free will, but his "adequate" is damning with faint praise.


If merely narrow incompatibilism is correct, then an unadorned, centered event-causal libertarian view provides a conceptually adequate account of free will. Such a view provides adequately for fully rational free action and for the rational explanation — simple, as well as contrastive — of free action. The indeterminism required by such a view does not diminish the active control that is exercised when one acts. Given incompatibilism of this variety, a libertarian account of this type secures both the openness of alternatives and the exercise of active control that are required for free will.

It is thus unnecessary to restrict indeterminism, as deliberative accounts do, to locations earlier in the processes leading to free actions. Indeed, so restricting indeterminism undermines the adequacy of an event-causal view. Any adequate libertarian account must locate the openness of alternatives and freedom-level active control in the same event — in a directly free action itself. For this reason, an adequate event-causal view must require that a directly free action be nondeterministically caused by its immediate causal antecedents


If, on the other hand, broad incompatibilism is correct, then no event-causal account is adequate. An event-causal libertarian view secures ultimate control, which no compatibilist account provides. But the secured ultimacy is wholly negative: it is just (on a centered view) a matter of the absence of any determining cause of a directly free action. The active control that is exercised on such a view is just the same as that exercised on an event-causal compatibilist account.


This sort of libertarian view fails to secure the agent's exercise of any further positive powers to causally influence which of the alternative courses of events that are open will become actual. For this reason, if moral responsibility is precluded by determinism, the freedom required for responsibility is not secured by any event-causal libertarian account. (ibid., pp.219-20)




So for Clarke all libertarian accounts fail if broad incompatiblism is true(viz. if determinism is incompatible with moral responsibility, if semicompatibilism is not true).



The Luck Objections of Thomas Nagel, Bernard Williams, and Alfred Mele.  


Luck is only a problem for moral responsibility. Some critics have mistakenly made it an objection to libertarian free will.

Since the world contains irreducible chance, many unintended consequences of our actions are out of our control. 


Unfortunately, much of what happens in the real world contains a good deal of luck. Luck gives rise to many of the moral dilemmas that lead to moral skepticism. 


Whether determinist, compatibilist, semicompatibilist, or libertarian, it seems unreasonable to hold persons responsible for the unintended and unforeseeable consequences of their actions, good or bad. In many moral and legal systems, it the person's intentions that matter first and foremost.


Nevertheless, we are often held responsible for actions that were intended as good, but that had bad consequences. Similarly, we occasionally are praised for actions that were either neutral or possibly blameworthy, but which had good consequences.



Some thinkers are critical of any free will model that involves chance, because the apparent randomness of decisions would make such free will unintelligible. They say our actions would be a matter of luck. This is the Luck Objection to free will.


Thomas Nagel


In his 1979 essay "Moral Luck," Nagel is pessimistic about finding morally responsible agents in a world that views agents externally, reducing them to happenings, to sequences of events, following natural laws, whether deterministic or indeterministic. Free will and moral responsibility seem to be mere illusions.
   
   Moral judgment of a person is judgment not of what happens to him, but of him.  It does not say merely that a certain event or state of affairs is fortunate or unfortunate or even terrible. It is not an evaluation of a state of the world, or of an individual as part of the world. We are not thinking just that it would be better if he were different, or did not exist, or had not done some of the things he has done. We are judging him, rather than his existence or characteristics. The effect of concentrating on the influence of what is not under his control is to make this responsible self seem to disappear, swallowed up by the order of mere events.

What, however, do we have in mind that a person, must be to be the object of these moral attitudes? While the concept of agency is easily undermined, it is very difficult to give it a
positive characterization. That is familiar from the literature on Free Will.


We cannot simply take an external evaluative view of ourselves - of what we most essentially are and what we do. And this remains true even when we have seen that we are not responsible for our own existence, or our nature, or the choices we have to make, or the circumstances that give our acts the consequences they have. Those acts remain ours and we remain ourselves, despite the persuasiveness of the reasons that seem to argue us out of existence.


It is this internal view that we extend to others in moral judgment - when we judge them rather than their desirability or utility. We extend to others the refusal to limit ourselves to external evaluation, and we accord to them selves like our own. But in both cases this comes up against the brutal inclusion of humans and everything about them in a world from which they cannot be separated and of which they are nothing but contents. The external view forces itself on us at the same time that we resist it. One way this occurs is through the gradual erosion of what we do by the subtraction of what happens.


The inclusion of consequences in the conception of what we have done is an acknowledgment that we are parts of the world, but the paradoxical character of moral luck which emerges from this acknowledgment shows that we are unable to operate with such a view, for it leaves us with no one to be. 


The same thing is revealed in the appearance that determinism obliterates responsibility. Once we see an aspect of what we or someone else does as something that happens, we lose our grip on the idea that it has been done and that we can judge the doer and not just the happening. This explains why the absence of determinism is no more hospitable to the concept of agency than is its presence — a point that has been noticed often. Either way the act is viewed externally, as part of the course of events.


The problem of moral luck cannot be understood without an account of the internal conception of agency and its special connection with the moral attitudes as opposed to other types of value. I do not have such an account. The degree to which the problem has a solution can be determined only by seeing whether in some degree the incompatibility between this conception and the various ways in which we do not control what we do is only apparent. I have nothing to offer on that topic either. But it is not enough to say merely that our basic moral attitudes toward ourselves and others are determined by what is actual; for they are also threatened by the sources of that actuality, and by the external view of action which forces itself on us when we see how everything we do belongs to a world that we have not created.

 (Moral Luck, reprinted in Mortal Questions, Cambridge, 1979, p.37-38)

  




Nagel presents the standard two-part argument against free will
Bernard Williams

I entirely agree with [Nagel] that the involvement of morality with luck is not something that can simply be accepted without calling our moral conceptions into question. That was part of my original point; I have tried to state it more directly in the present version of this paper. A difference between Nagel and myself is that I am more sceptical about our moral conceptions than he is.

Scepticism about the freedom of morality from luck cannot leave the concept of morality where it was, any more than it can remain undisturbed by scepticism about the very closely related image we have of there being a moral order, within which our actions have a significance which may not be accorded to them by mere social recognition. These forms of scepticism will leave us with a concept of morality, but one less important, certainly, than ours is usually taken to be; and that will not be ours, since one thing that is particularly important about ours is how important it is taken to be.



Alfred Mele

Mele says there is a problem about luck for Libertarians 
 
Agents' control is the yardstick by which the bearing of luck on their freedom and moral responsibility is measured. When luck (good or bad) is problematic, that is because it seems significantly to impede agents' control over themselves or to highlight important gaps or shortcomings in such control. It may seem that to the extent that it is causally open whether or not, for example, an agent intends in accordance with his considered judgment about what it is best to do, he lacks some control over what he intends, and it may be claimed that a positive deterministic connection between considered best judgment and intention would be more conducive to freedom and moral responsibility.

This last claim will be regarded as a nonstarter by anyone who holds that freedom and moral responsibility require agential control and that determinism is incompatible with such control. Sometimes it is claimed that agents do not control anything at all if determinism is true. That claim is false. 


As soon as any agent...judges it best to A, objective probabilities for the various decisions open to the agent are set, and the probability of a decision to A is very high. Larger probabilities get a correspondingly larger segment of a tiny indeterministic neural roulette wheel in the agent's head than do smaller probabilities. A tiny neural ball bounces along the wheel; its landing in a particular segment is the agent's making the corresponding decision. When the ball lands in the segment for a decision to A, its doing so is not just a matter of luck. After all, the design is such that the probability of that happening is very high. But the ball's landing there is partly a matter of luck. 


All libertarians who hold that A's being a free action depends on its being the case that, at the time, the agent was able to do otherwise freely then should tell us what it could possibly be about an agent who freely A-ed at t in virtue of which it is true that, in another world with the same past and laws of nature, he freely does something else at t. Of course, they can say that the answer is "free will." But what they need to explain then is how free will, as they understand it, can be a feature of agents — or, more fully, how this can be so where free will, on their account of it, really does answer the question. To do this, of course, they must provide an account of free will — one that can be tested for adequacy in this connection.

(Free Will and Luck, p.7-9)
  


Free will is a prerequisite for responsibility. Whether a free action involves moral responsibility is a question for the ethicists.




But in any case, to the extent that luck is involved in an agent's free actions, that is a problem for moral responsibility, which we can separate from the problem of free will.




For Scholars





Source: https://www.informationphilosopher.com/freedom/cogito/





  
  The Problem of Free Will
  

  


  
  Home › Freedom › The Problem
The Problem of Free Will

    The classic problem of free will is to reconcile an element of freedom with the apparent determinism in a world of causes and effects, a world of events in a great causal chain.
    
Determinists deny any such freedom. 
    
Compatibilists redefine freedom. Although our will is determined by prior events in the causal chain, it is in turn causing and determining our actions. Compatibilists say that determinism by our will allows us to take moral responsibility for our actions. 
    
Libertarians think the will is free when a choice can be made that is not determined or necessitated by prior events. The will is free when alternative choices could have been made with the same pre-existing conditions.  

Freedom of the will allows us to say, "I could have chosen (and done) otherwise."


    In a deterministic world, everything that happens follows ineluctably from natural or divine laws. There is but one possible future. 
    

In the more common sense view, we are free to shape our future, to be creative, to be unpredictable.
    

    From the ancient Epicureans to modern quantum mechanical indeterminists, some thinkers have suggested that chance or randomness was an explanation for freedom, an explanation for the unpredictability of a free and creative act. A truly random event would break the causal chain and nullify determinism, providing room for human freedom.
    

    Freedom of human action does require the randomness of absolute unpredictability, but if our actions are the direct consequence of a random event, we cannot feel responsible. That would be mere indeterminism, as unsatisfactory as determinism.  
    

Moreover, indeterminism appears to threaten reason itself, which seems to require certainty and causality to establish truth, knowledge, and the laws of nature. 
    

Most philosophers in all ages have been committed to one or more of the dogmas of determinism, refusing to admit any indeterminism or chance. They described the case of "indeterminism is true" as a disaster for reason. They said chance was "obscure to human reason." They found "no medium betwixt chance and necessity."
    

Many scientists agree that science is predicated on strict causality and predictability, without which science itself, considered as the search for causal laws, would be impossible. 
    

For those scientists, laws of nature would not be "laws" if they were only statistical and probabilistic. Ironically, some laws of nature turn out to be thoroughly statistical and our predictions merely probable, though with probabilities approaching certainty. 
    

Fortunately, for large objects the departure from deterministic laws is practically unobservable. Probabilities become indistinguishable from certainties, and we can show there is an "adequate determinism" and a "soft causality."
    

In the next chapter, we review the history of the free will problem. 
    

We then summarize the requirements for free will, and propose a working solution based on the past and current ideas of those philosophers and scientists who have addressed the free will problem.
    




Recent debate on the free will problem uses a taxonomy of positions that has caused a great deal of confusion, partly logical but mostly linguistic. Let's take a quick look at the terminology. 
    

At the top level, there are two mutually exclusive positions, Determinism and Indeterminism. 
    

Under Determinism, two more positions conflict, Compatibilism and Incompatibilism. 
    

And under Indeterminism, Robert Kane in the Oxford Handbook of Free Will distinguishes three positions recently taken by Libertarians - Non-Causal, Agent-Causal, and Event-Causal.
    
[image: Taxonomy of Free Will Positions]


Instead of directly discussing models for free will, the debate is conducted indirectly. 
    
Is free will compatible with determinism? is a frequently asked question. Most philosophers answer yes and describe themselves as compatibilists. They call libertarians "incompatibilists."  
    
Is determinism true? is another frequent question. The answer, at least in the physical world, is now well known. Determinism is not "true."  The physical world contains quantum randomness - absolute chance.     
Chance does not mean that every event is completely undetermined and uncaused. And it does not mean that chance is the direct cause of our actions, that our actions are random in any way.
    

    Nevertheless, the typical argument of determinists and compatibilists is that if our actions had random causes we could not be morally responsible.
    

To avoid the obvious difficulty for their position, most compatibilist philosophers simply deny the reality of chance. They hope that something will be found to be wrong with quantum mechanical indeterminism. Chance is unintelligible, they say, and thus there is no intelligible account of libertarian free will. Some dismiss free will (as many philosophers denied chance) as an illusion.
    

    Recently, professional philosophers specializing in free will and moral responsibility have staked out nuanced versions of the familiar positions with new jargon, like broad and narrow incompatibilism, semicompatibilism, hard incompatibilism, and illusionism. 
    

Awkwardly, the incompatibilist position includes both "hard" determinists, who deny free will, and libertarians, who deny determinism, making the category very messy. 
    
Broad incompatibilists think both free will and moral responsibility are incompatible with determinism. Narrow incompatibilists think free will is not compatible, but moral responsibility is compatible with determinism. 
Semicompatibilists are narrow compatibilists who are agnostic about free will and determinism but claim moral responsibility is compatible with determinism. 
    

Hard incompatibilists think both free will and moral responsibility are not compatible with determinism. Illusionists are incompatibilists who say free will is an illusion. 
    
Soft incompatibilists think both free will and moral responsibility are incompatible with strict determinism, but both are compatible with an adequate determinism. 
    
Soft causalists are event-causalists who accept causality but admit some unpredictable events that are  causa sui and which start new causal chains.
    

For those who know indeterminism is the case, at least in the microphysical world, many deny that chance and quantum randomness can be important for free will. Oddly, this includes agent-causalists, who postulate a non-physical origin for causes (like reasons in the agent's mind), and non-causalists, who claim volitions and intentions are simply uncaused. 
    

For the "event-causal" theorists of free will, we can distinguish six increasingly sophisticated attitudes toward the role of chance and indeterminism. "Event-causal" theorists embrace the first two, but very few thinkers, if any, appear to have considered all six essential requirements for chance to contribute to libertarian free will.

	Chance exists in the universe. Quantum mechanics is correct. Indeterminism is true, etc.

	Chance is important for free will. It breaks the causal chain of determinism.

	Chance cannot directly cause our actions. We cannot be responsible for random actions.

	Chance can only generate random (unpredictable) alternative possibilities for action or thought. The choice or selection of one action must be adequately determined, so that we can take responsibility. And once we choose, the connection between mind/brain and motor control must be adequately determined to see that "our will be done."

	Chance, in the form of noise, both quantum and thermal, must be ever present. The naive model of a single random microscopic event, amplified to affect the macroscopic brain, never made sense. Under what ad hoc circumstances, at what time, at what place in the brain, would it occur to affect a decision?

	Chance must be overcome or suppressed by the adequately determined will when it decides to act, de-liberating the prior free options that "one could have done."




    Of those thinkers who have considered most of these six aspects of chance, a small fraction have also seen the obvious parallel with biological evolution and natural selection, with its microscopic quantum accidents causing variations in the gene pool and macroscopic natural selection of fit genes by their reproductive success. Biology affords other examples of two-stage processes, with first chance, then adequately determined choice. For example, the immune system.
    
For Scholars

    Cambridge: "a central question is whether humans are free in what they do or are determined by external events beyond their control." Cambridge Dictionary of Philosophy, p.281.
    

    Oxford: "...events can be voluntary or free, where that means that they come about purely because of my willing them when I could have done otherwise." Oxford Dictionary of Philosophy, p.147.
    

    Runes: "The freedom of self-determination consist(s of a) decision independent of external constraint but in accordance with the inner motives and ideals of the agent." Runes Dictionary of Philosophy, p.127.
    




Source: https://www.informationphilosopher.com/freedom/problem/
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The History of Free Will

    From its earliest beginnings, the problem of "free will" has been intimately connected with the question of moral responsibility. Most of the ancient thinkers on the problem were trying to show that we humans have control over our decisions, that our actions "depend on us", and that they are not pre-determined by fate, by arbitrary gods, by logical necessity, or by a natural causal determinism.  
   
    Almost everything written about free will to date has been verbal debate about the precise meaning of philosophical concepts like causality, necessity, and other dogmas of determinism.  


    The "problem of free will" is often described as a question of reconciling "free will" with one or more of the many kinds of determinism. As a result, the "problem of free will" depends on two things, the exact definition of free will and which of the determinisms is being reconciled. 


There is also an even more difficult reconciliation for "libertarian" free will. How can a morally responsible will be reconciled with indeterminism or chance?
    

The standard argument against free will is that it can not possibly be reconciled with either randomness or determinism, and that these two exhaust the logical possibilities. 
    

    Before there was anything called philosophy, religious accounts of man's fate explored the degree of human freedom permitted by superhuman gods. Creation myths often end in adventures of the first humans clearly making choices and being held responsible. But a strong fatalism is present in those tales that foretell the future, based on the idea that the gods have foreknowledge of future events. Anxious not to annoy the gods, the myth-makers rarely challenge the implausible view that the gods' foreknowledge is compatible with human freedom. This was an early form of today's compatibilism, the idea that causal determinism and logical necessity are compatible with free will.



     The first thinkers to look for causes in natural phenomena (rather than gods controlling events) were the Greek physiologoi or cosmologists. The reasons (λόγοι) behind the physical (φύσις) world became the ideal "laws" governing material phenomena. The first cosmologist was Anaximander, who coined the term physis (φύσις). He likely combined cosmos (κόσμος), as organized nature, and logos (λόγοσ), as the law behind nature - cosmology. 
The Greeks had a separate word for the laws (or conventions) of society, nomos (νόμος).

Heraclitus, the philosopher of change, agreed that there were laws or rules (the logos) behind all the change. The early cosmologists' intuition that their laws could produce an ordered cosmos out of chaos was prescient. Our current model of the universe begins with a state of minimal information and maximum disorder. Early cosmologists imagined that the universal laws were all-powerful and must therefore explain the natural causes behind all things, from the regular motions of the heavens to the mind (νοῦς) of man.


     The physiologoi transformed pre-philosophical arguments about gods controlling the human will into arguments about pre-existing causes controlling it. The cosmological problem became a psychological problem. Some saw a causal chain of events leading back to a first cause (later taken by many religious thinkers to be God). Other physiologoi held that although all physical events caused, mental events might not. This is mind/body dualism, perhaps the most important of all great dualisms. If the mind (or soul) is a substance different from matter, it could have its own laws different from the laws of nature for material bodies.


     The materialist philosophers Democritus and Leucippus, again with extraordinary prescience, claimed that all things, including humans, were made of atoms in a void, with individual atomic motions strictly controlled by causal laws. Democritus wanted to wrest control of man's fate from arbitrary gods and make us more responsible for our actions. But ironically, he and Leucippus originated two of the great dogmas of determinism, physical determinism and logical necessity, which lead directly to the modern problem of free will and determinism. 


Leucippus stated the first dogma, an absolute necessity which left no room in the cosmos for chance. 


     "Nothing occurs at random, but everything for a reason and by necessity." 1
     οὐδὲν χρῆμα μάτην γίνεται, ἀλλὰ πάντα ἐκ λόγου τε καὶ ὑπ’ ἀνάγκης
     



The consequence is a world with but one possible future, completely determined by its past. Some even argued for a great cycle of events (an idea borrowed from Middle Eastern sources) repeating themselves over thousands of years. 

      The Pythagoreans, Socrates, and Plato attempted to reconcile an element of human freedom with material determinism and causal law, in order to hold man responsible for his actions. 


The first major philosopher to argue convincingly for some indeterminism was probably Aristotle.  First he described a causal chain back to a prime mover or first cause, and he elaborated the four possible causes (material, efficient, formal, and final). Aristotle's word for these causes was ἀιτία, which translates as causes in the sense of the multiple factors or explanations behind an event. Aristotle did not subscribe to the simplistic "every event has a (single) cause" idea that was to come later.  
    


Then, in his Physics and Metaphysics, Aristotle also said there were "accidents" caused by "chance (τύχη)." 2 In his Physics, he clearly reckoned chance among the causes. Aristotle might have added chance as a fifth cause - an uncaused or self-caused cause - one he thought happens when two causal chains come together by accident (συμβεβεκός). He noted that the early physicists had found no place for chance among their causes. 

Aristotle opposed his accidental chance to necessity:


Nor is there any definite cause for an accident, but only chance (τυχόν), namely an indefinite (ἀόριστον) cause. 

(Metaphysics, Book V, 1025a25)2a
It is obvious that there are principles and causes which are generable and destructible apart from the actual processes of generation and destruction; for if this is not true, everything will be of necessity: that is, if there must necessarily be some cause, other than accidental, of that which is generated and destroyed. Will this be, or not? Yes, if this happens; otherwise not. 

(Metaphysics, Book VI, 1027a29) 



For Aristotle, a break in the causal chain allowed us to feel our actions "depend on us" (ἐφ' ἡμῖν). He knew that many of our decisions are quite predictable based on habit and character, but they are no less free nor are we less responsible if our character itself and our predictable habits were developed freely in the past and are changeable in the future. 

This is the view of some Eastern philosophies and religions. Our Karma has been determined by our past actions (even from past lives), and strongly influences our current actions, but we are free to improve our Karma by good actions.  
    


    One generation after Aristotle, Epicurus argued that as atoms move through the void, there are occasions when they "swerve" from their otherwise determined paths, thus initiating new causal chains. Epicurus argued that these swerves would allow us to be more responsible for our actions, something impossible if every action was deterministically caused.  For Epicurus, the occasional interventions of arbitrary gods would be preferable to strict determinism.

Epicurus did not say the swerve was directly involved in decisions. His critics, ancient and modern, have claimed mistakenly that Epicurus did assume "one swerve - one decision." Following Aristotle, Epicurus thought human agents have the ability to transcend necessity and chance.


...some things happen of necessity, others by chance, others through our own agency. ...necessity destroys responsibility and chance is inconstant; whereas our own actions are autonomous, and it is to them that praise and blame naturally attach.


Parenthetically, we now know that atoms do not occasionally swerve, they move unpredictably whenever they are in close contact with other atoms. Everything in the material universe is made of atoms in unstoppable perpetual motion. Deterministic paths are only the case for very large objects, where the statistical laws of atomic physics average to become nearly certain dynamical laws for billiard balls and planets. 
    


So Epicurus' intuition of a fundamental randomness was correct. We know Epicurus' work largely from the Roman Lucretius and his friend Cicero. 

Lucretius saw the randomness as enabling free will, even if he could not explain how beyond the fact that random swerves would break the causal chain of determinism.


"If all motion is always one long chain, and new motion arises out of the old in order invariable, and if first-beginnings do not make by swerving a beginning of motion so as to break the decrees of fate, whence comes this free will?"



Cicero unequivocally denies fate, strict causal determinism, and God's foreknowledge. 
"If there is free will, all things do not happen according to fate; if all things do not happen according to fate, there is not a certain order of causes; and if there is not a certain order of causes, neither is there a certain order of things foreknown by God." 3


    It was the Stoic school of philosophy that solidified the idea of natural laws controlling all things, including the mind. 4 Their influence persists to this day, in philosophy and religion. Most of the extensive Stoic writings are lost, probably because their doctrine of fate, which identified God with Nature, was considered anathema to the Christian church. The church agreed that the laws of God were the laws of Nature, but that God and Nature were two different entities. In either case strict determinism follows by universal Reason (logos) from an omnipotent God. Stoic virtue called for men to resist futile passions like anger and envy. The fine Stoic morality that all men (including slaves and women) were equal children of God coincided with (or was adopted by) the church. Stoic logic and physics freed those fields from ancient superstitions, but strengthened the dogmas of determinism that dominate modern science and philosophy, especially when they explicitly denied Aristotle's chance as a cause. 5

    The major founder of Stoicism, Chrysippus, took the edge off strict determinism. Like Democritus, Aristotle, and Epicurus before him, he wanted to strengthen the argument for moral responsibility, in particular defending it from Aristotle's and Epicurus's indeterminate chance causes.  Whereas the past is unchangeable, Chrysippus argued that some future events that are possible do not occur by necessity from past external factors alone, but might depend on us. We have a choice to assent or not to assent to an action. 

Chrysippus said our actions are determined (in part by ourselves as causes) and fated (because of God's foreknowledge), but he also said correctly that they are not necessitated. Chrysippus would be seen today as a compatibilist, as was the Stoic Epictetus. 6

Alexander of Aphrodisias, the most famous commentator on Aristotle, wrote 500 years after Aristotle's death, at a time when Aristotle and Plato were rather forgotten minor philosophers in the age of Stoics, Epicureans, and Skeptics. Alexander defended a view of moral responsibility we would call libertarianism today. Greek philosophy had no precise term for "free will" as did Latin (liberum arbitrium or libera voluntas). The discussion was in terms of responsibility, what "depends on us" (in Greek ἐφ ἡμῖν). 

Alexander believed that Aristotle was not a strict determinist like the Stoics, and Alexander himself argued that some events do not have predetermined causes. In particular, man is responsible for self-caused decisions, and can choose to do or not to do something. Alexander denied the foreknowledge of events that was part of the Stoic identification of God and Nature.7


    Most of the ancient thinkers recognized the obvious difficulty with chance (or an uncaused cause) as the source of human freedom. Even Aristotle described chance as a "cause obscure to human reason" (ἀιτιάν ἄδελον ἀνθρωπίνω λογισμῶ). 
    

Actions caused by chance are simply random and we cannot feel responsible for them. But we do feel responsible. Despite more than twenty-three centuries of philosophizing, most modern thinkers have not moved significantly beyond this core problem of randomness and free will for libertarians - the confused idea that free actions are caused directly by a random event. 

Caught between the horns of a dilemma, with determinism on one side and randomness on the other, the standard argument against free will continues to render human freedomunintelligible. 
    


    A couple of centuries after Alexander, a subtle argument for free will was favored by early Christian theologians. They wanted human free will in order to absolve an omnipotent God of responsibility for evil actions. This is called the problem of evil. Those who held God to be omniscient, Augustine for example, maintained that God's foreknowledge was compatible with human freedom, an illogical position still held today by most theologians. His more sensible contemporary, the British monk Pelagius (Morgan) held, with Cicero, that human freedom prohibited divine foreknowledge. The success of Augustine's ideas led the church to judge Pelagius a heretic. 8

    The Scholastics were medieval theologians who tried to use Reason to establish the Truth of Religion. Because they used Reason, instead of accepting traditional views based on faith and scripture alone, they were called moderns. Thomas Aquinas maintained that man was free but also held there was a divine necessity in God's omniscience, that God himself was ruled by laws of Reason. Dun Scotus took the opposite view, that God's own freedom demanded that God's actions not be necessitated, even by Reason. Both argued that human freedom was compatible with divine foreknowledge, using sophisticated arguments originally proposed by Augustine, that God's knowing was outside of time, arguments used again later in the Renaissance and by Immanuel Kant in the Enlightenment. 9

    Great Jewish thinkers like Maimonides in his Guide for the Perplexed and Chapters on Ethics argued for human freedom, especially against the idea of omniscience in the Christian God, though in more popular commentaries he embraced a natural law and divine foreknowledge that controlled much human action. 10 Islamic thinkers hotly debated God's will, with the Sunni generally determinist and the Shia inclined toward freedom. 11 Asian religions like Buddhism, which do not have the paradox of an omniscient God, embrace human freedom in Karma, which includes a person's character and values that tend to shape one's behavior, but can always be changed by acts of will. 12

    Renaissance thinkers like Pico della Mirandola and Giordano Bruno questioned the teachings of the church and asserted a perfectibility of man that required the freedom to improve as well as to fail. 13 Lorenzo Valla and Pietro Pomponazzi followed the Scholastics and argued that God's foreknowledge of human actions was outside of time. 14 The Dutch humanist Erasmus and protestant reformer Martin Luther exchanged diatribes on free will. Luther's was frankly called "The Bondage of the Will." He saw nothing new in Erasmus' work, nor do we. 15

    Modern philosophy began with René Descartes and the other continental rationalists, Gottfried Leibniz and Baruch Spinoza. They were called modern because they tried to use Reason to establish the certainty of Truth (including Religion). Descartes found the realm of human freedom in the Mind, which he thought was a separate substance from the material Body. He advocated a mind/body dualism in which matter or body is determined and spirit or mind is free and by its nature unconstrainable. 16 Spinoza objected to Descartes's freedom. It involves an uncaused cause, which Spinoza felt was impossible. Spinoza's freedom was compatible with necessity. 17
Thomas Hobbes and John Bramhall were contemporaries of Descartes living in Europe as expatriates during the English Civil War. They debated Liberty and Necessity circa 1650. Hobbes held that liberty was simply the absence of external impediments to action, because the voluntary actions of a "free will" all have prior necessary causes and are thus determined. He equated necessity to the decree of God. 18 Bramhall saw liberty as a freedom from inevitability and predetermination, but saw it consistent with the prescience of God. 19 Both were compatibilists, Hobbes' freedom was compatible with causal determinism and Bramhall's with religious determinism. 
    

     The British empiricist philosophers - George Berkeley20, John Locke21, and David Hume - essentially all found chance or indeterminism unacceptable. Determinism was obviously required for us to be responsible for our actions. Hume, a modern Skeptic, doubted the existence of certain knowledge and questioned causality, but he thought (correctly, if inconsistently) that our actions proceeded from causes in our character. Free will at best was compatible with determinism in the sense that our will caused our actions, even though the willed action was the consequence of prior causes. An uncaused cause (the "causa sui" or self-cause), or a free action generated randomly with no regard for earlier conditions ("sui generis" or self-generated), was considered absurd and unintelligible. Hume said "'tis impossible to admit of any medium betwixt chance and an absolute necessity." 22
John Locke liked the idea of Freedom and Liberty but was disturbed by the confusing debates about "free will". He thought it was inappropriate to describe the Will itself as Free. The Will is a Determination. It is the Man who is Free. "I think the question is not proper, whether the will be free, but whether a man be free." "This way of talking, nevertheless, has prevailed, and, as I guess, produced great confusion."
    


     The empiricists saw new evidence for strict causality and determinism in natural science. Isaac Newton's mathematical theory of motion (classical mechanics) could predict the motions of all things based on knowledge of their starting points, their velocities, and the forces between them. 23 Surely the forces that controlled the heavenly bodies controlled everything else, including our minds. Thus the rationale for determinism was shifting from theological or religious determinism back to the physical/causal determinism of the Greek cosmologists and atomists. Leibniz imagined a scientist who could see the events of all times, just as all times are thought to be present to the mind of God.

"Everything proceeds mathematically...if someone could have a sufficient insight into the inner parts of things, and in addition had remembrance and intelligence enough to consider all the circumstances and take them into account, he would be a prophet and see the future in the present as in a mirror." 24

Pierre-Simon Laplace particularized this Leibniz vision as an intelligent being who knows the positions and velocities of all the atoms in the universe and uses Newton's equations of motion to predict the future. Laplace's Demon has become a cliché for physical determinism.   
    

    One might naively think that the development of modern probability theory and statistics would have encouraged acceptance of chance in human affairs, but surprisingly, the major theorists of probability were determinists. The mathematical distribution of possible outcomes in games of chance was formally derived independently by a number of great mathematicians in the eighteenth century - Abraham De Moivre (1667-1754), Daniel Bernoulli (1700-1782), Laplace (1749-1827), and Carl Friedrich Gauss (1777-1855). Laplace disliked the disreputable origins of this theory and renamed it the "calculus of probabilities." 
    
Immanuel Kant's reaction to Newtonian determinism, and to David Hume's criticism of obtaining certain knowledge based only on our sense perceptions, was to admit determinism as correct in the physical or phenomenal world, but he set limits on this determinism . Kant subsumed causality and determinism under his idea of Pure Reason. Indeed he made determinism a precondition for rational thought. But he set limits on the Practical Reason to make room for God, freedom, and immortality.
 
In his Practical Reason, Kant imagined two worlds (another mind/body dualism), the world of phenomena and a "noumenal" world of mind (nous) - a subtle variation on the realms of Plato's Ideas, the Scholastic and Renaissance idea of a God outside of time, and Descartes' Mind - in which Kant based rational belief in freedom, God, and immortality, as well as values. 25


    At the same time that Kant was inventing his most fanciful other-worldly explanation of free will, his contemporary Samuel Johnson uttered his brief analysis of the problem.
  
  "We know our will is free, and there's an end on't."
  


       Free Will Since Kant
    

    Since Kant's time very few philosophers have offered genuinely new ideas for reconciling our sense of human freedom with physical determinism, which for most thinkers also implies causality, certainty, necessity, and predictability of the one possible future consistent with determinism.  
    

    This is despite three great advances in science that critically depend on the existence of real chance in the universe and two developments in logic and mathematics that question the status of philosophical certainty. 
    
Evolution - Charles Darwin's explanation of biological evolution in 1859 requires chance to create variation in the gene pool. The alternative is a deterministic law controlling such change, which implies that information about all species has existed for all time. Or perhaps the idea that there is no real change. The "Great Chain of Being" from Plato's Timaeus to the middle ages maintained that all the species - from the smallest organisms, through man at the pinnacle of the natural world, then up to God through various types of supernatural angels - had existed for all time, at least since the creation. Darwin's work confirmed that Becoming was as real and important as Being (another great dualism). 26
Thermodynamics - Ludwig Boltzmann's attempts, starting in 1866, to derive the second law of thermodynamics (increasing entropy and irreversibility) from the classical mechanical motions of gas particles (atoms) failed until he introduced probability (chance) and treated the atoms statistically. He was ridiculed by his physicist colleagues in Germany, who rejected the idea of atoms, let alone real chance in the universe. 27
Quantum Mechanics - Werner Heisenberg's indeteminacy principle in 1927 is believed by many thinkers to have put an end to the absolute determinism implied by Newton's laws, at least for atoms. Classical mechanics is now seen as simply the limiting case of quantum mechanics for macroscopic (large) systems. Even before Heisenberg, Max Born had shown in 1926 that in collisions of atomic particles we could only predict the probabilities for the atomic paths, confirming Boltzmann's requirement for microscopic randomness. So the original case for irreducible randomness, made by Boltzmann in the 1870's, implicit in the work of Darwin in 1859, and explicitly promoted as Charles Sanders Peirce's tychism, has been largely forgotten. 28

Logic - Aristotle's logic was accepted as the paradigm of truth for over 2000 years until Frege in 1879 and Bertrand Russell's Principia Mathematica in 1910 failed to establish a logical basis for mathematics and found the first of the paradoxes that call logic into question. 29
Mathematics - Kurt Gödel's incompleteness theorem in 1937 proved there would always be propositions that could not be proved in a consistent mathematical system. 30


    We briefly review philosophers since Kant who expressed important views on freedom, and then examine some failed suggestions to include real chance and quantum indeterminacy in the process of free will. We can broadly classify these thinkers as determinists, compatibilists, or libertarians, 
    
Determinists - Few modern philosophers admit to being "hard" determinists (as William James called them 31), who maintain that there is just one possible future, but all determinists believe in "strict" causality. Some argue that without causality knowledge would be impossible, since we could not be sure of our reasoning process and deduced truths. Note that there are as many kinds of determinists as there are determinisms.
   
Compatibilists claim that free will is compatible with determinism, since if determinism did not hold, they think that their will could not determine their actions. William James called them "soft" determinists. Though our will is itself caused, these causes include our own character, and this is enough freedom for them, even if our character was itself determined by prior causes. 32
Libertarians argue that free will is incompatible with determinism and thus are called incompatibilists. Many libertarians still hold a dualist view, with Mind able to circumvent causal laws that constrain the Body. Critics call the libertarian view incoherent and unintelligible if it denies determinism and causality, which they take to be a basic requirement for modern science - indeed the basis for logic and reason. And many libertarians admit their unhappiness with chance as the source of freedom. 33

    Note that hard determinists are also (with libertarians) called incompatibilists, since they deny free will. We see they also deny chance, arguing, as Aristotle thought his predecessors had argued, that everything must be caused. Some of them admit their discomfort with the implications of quantum mechanical indeterminism, and express hope that quantum mechanics will be found to include hidden variables that restore determinism. 34

    Broadly speaking, philosophers after Kant can be divided into four main groups, 
    	those who continued to accept compatibilism (or even determinism),
	those who simply asserted human freedom (some even admitting chance as a factor),
	those philosophers and scientists who reacted, most of them negatively, to the specific new form of chance and "indeterminism" introduced by quantum mechanics in the 1920's,
	and those active in recent renewed debates about free will, with lots of philosophical analysis and logic chopping but virtually nothing new to add.



       Compatibilists (and Determinists)
    
Georg Wilhelm Friedrich Hegel's greatest contribution to philosophy was to stress the importance of time and process over mechanism, with its implicit predictability. Just as Aristotle was more this-worldly than his mentor Plato, so Hegel brings Kantian ideas down from the timeless noumenal realm into an evolving world. He spoke of an absolute freedom of the individual "in itself," a concept following Kant, the "an sich." But in his dialectical idealism, the individual subject (or being) goes on to see itself in the light of others as objects (the non-being). He calls this the "for itself," Kant's "für sich." The final stage of his "aufhebung" unites these to become the "in and for itself," At this point, Hegel's freedom is a will that is the will of a community (Being). He says, "Freedom and will are for us the unity of subjective and objective."  "Freedom also lies neither in indeterminateness nor in determinateness, but in both.” 35(Philosophy of Right, Introduction, Sects. 5 and 8)

     Hegel's idealist colleagues Fichte and Schelling were very enthusiastic about freedom for the individual, the "I," which was Kant's "transcendental subject." They wanted the I to be "unconditioned," an undetermined thing in itself (unbedingtes Ding an sich). For Friedrich Wilhelm Joseph Schelling, this freedom was freedom from both Nature and God.  35
     "The defenders of Freedom usually only think of showing the independence of man from nature, which is indeed easy. But they leave alone man's inner independence from God, his Freedom even with respect to God, because this is the most difficult problem.

"Thus since man occupies a middle place between the non-being of nature and the absolute Being, God, he is free from both. He is free from God through having an independent root in nature; free from nature through the fact that the divine is awakened in him, that which in the midst of nature is above nature."
    


Arthur Schopenhauer's essay "On the Freedom of the Will" won the prize of the Royal Danish Academy of Sciences in 1839. His description of his predecessors' work (pp. 65-90) is extensive.
He defined absolute freedom - the liberum arbitrium indifferentiae - as not being determined by prior grounds. "Under given external conditions, two diametrically opposed actions are possible." Schopenhauer found this completely unacceptable. "If we do not accept the strict necessity of all that happens by means of a causal chain which connects all events without exception, but allow this chain to be broken in countless places by an absolute freedom, then all foreseeing of the future... becomes...absolutely impossible, and so inconceivable." 36

    In the 1820's the great French mathematician Joseph Fourier noticed that statistics on the number of births, deaths, marriages, suicides, and various crimes in the city of Paris had remarkably stable averages from year to year. The mean values in a "normal distribution" (one that follows the bell curve or "law of errors") of statistics took on the prestige of a social law. The Belgian astronomer and statistician Adolphe Quételet did more than anyone to claim these statistical regularities were evidence of determinism. 
    

Individuals might think marriage was their decision, but since the number of total marriages was relatively stable from year to year, Quételet claimed the individuals were determined to marry. Quételet used Auguste Comte's term "social physics, to describe his discovery of "laws of human nature," prompting Comte to rename his theory sociology.
    

  Quételet's argument for determinism in human events is quite illogical.  It appears to go something like this:
	Perfectly random, unpredictable individual events (like the throw of dice in games of chance) show statistical regularities that become more and more certain with more trials (the law of large numbers).
	Human events show statistical regularities.
	Human events are determined.

 
Quételet might more reasonably have concluded that individual human events are unpredictable and random. Were they determined, they might be expected to show a non-random pattern, perhaps a signature of the Determiner.
  

    In England, Henry Thomas Buckle developed the ideas of Quetelet and argued that statistical regularities proved that human free will was nonexistent.
    
John Stuart Mill (1806-1873) did great work on probability in his System of Logic, but like the continental mathematicians was a confirmed determinist. 
    

    Mill's godson Bertrand Russell also had no doubt that causality and determinism were needed to do science.  "Where determinism fails, science fails," he said. Russell could not find in himself "any specific occurrence that I could call 'will'." 37

       Libertarians
    

    A few thinkers questioned the idea that individual random events were actually determined simply because their statistical averages appeared to be determined. Bernard Bolzano (1781-1848) and Franz Exner (1802-1880) were both professors at Prague in the 1830's and 40's. They had a famous correspondence in which they discussed the possibility of free will. Bolzano, a Catholic priest, was stripped of his teaching post because his ideas were anathema to the Catholic Austrian government that paid his salary. One outcome of the revolution of 1848 was a reform of Austrian education aimed at diminishing the power of the Catholic religion, especially in education. Exner was the principal architect of this curriculum reform, and a central secular tenet was to teach the concept of probability, to encourage students to take responsibility for their own lives.
    

    In France, two thinkers, Charles Renouvier (1815-1903) and Alfred Fouillée (1838-1912), argued for human freedom and based it on the existence of absolute chance. In his Essais de critique générale, Renouvier generally followed Kant, but he moved human freedom from Kant's imaginary noumenal realm into the phenomenal world, which for Renouvier included contingent events. In La Liberté et le déterminisme, Fouillée denied necessity and determinism.
    

    Every philosopher after Charles Darwin's Origin of Species was affected by the explanation of evolution as random variation followed by natural selection. A few embraced it, and found that it gave support to their ideas of human freedom, based on the liberating notion of chance. But few offered a convincing idea of how exactly chance as a cause could be made consistent with moral responsibility. 
    
Charles Sanders Peirce was deeply impressed by chance as a way to bring diversity and "progress" (in the form of increasingly complex organisms) to the world. Obviously modeling his thinking on the work of Charles Darwin, Peirce was unequivocal that chance was a real property of the world. He named it tyche, and made tychism the basis for the evolutionary growth of variety, of irregular departures from an otherwise mechanical universe, including life and Peirce's own original thoughts. But Peirce did not like Darwin's fortuitous variation and natural selection. He falsely associated it with the Social Darwinist thinking of his time and called it a "greed philosophy." Peirce also rejected the deterministic evolution scheme of Herbert Spencer, and proposed his own grand scheme for the evolution of everything including the laws of Nature! He called this synechism, a coined term for continuity, in clear contrast to the random events of his tychism. 

[Necessity claims] "that the state of things existing at any time, together with certain immutable laws, completely determine the state of things at every other time (for a limitation to future time is indefensible). Thus, given the state of the universe in the original nebula, and given the laws of mechanics, a sufficiently powerful mind could deduce from these data the precise form of every curlicue of every letter I am now writing." 37a

William James,in The Will to Believe, simply asserted that his will was free. As his first act of freedom, he said, he chose to believe his will was free. He was encouraged to do this by reading Charles Renouvier.
    

James coined the terms "hard determinism" and "soft determinism" in his lecture on "The Dilemma of Determinism." He described chance as neither of these, but "indeterminism."  He said, 

"The stronghold of the determinist argument is the antipathy to the idea of chance...This notion of alternative possibility, this admission that any one of several things may come to pass is, after all, only a roundabout name for chance." 38

James was the first thinker to enunciate clearly a two-stage decision process, with chance in a present time of random alternatives, leading to a choice which grants consent to one possibility and transforms an equivocal future into an unalterable and simple past. There are undetermined alternatives followed by determined choices. 


"What is meant by saying that my choice of which way to walk home after the lecture is ambiguous and matter of chance?...It means that both Divinity Avenue and Oxford Street are called but only one, and that one either one, shall be chosen." 39 (James, The Will to Believe, 1897, p.155)



    James very likely had the model of Darwinian evolution in mind. Unlike his colleague Charles Peirce, from whom he learned much about chance, James accepted Darwin's explanation of human evolution.
    
Henri Bergson, in his "Time and Free Will," argued that time in the mind (he called it dureé or duration) was different from physical time. In particular, because minds were evolving living things with memories of all their past experience, they could not be treated as collections of mechanical atoms with no such memories, so minds were not subject to deterministic laws.  
    
Friedrich Nietzsche knew Darwin and perhaps knew of the debates in the German universities about probability and irreversibility. He may have been impressed by mechanistic explanations for everything including human affairs. His "eternal return" is consistent with microscopic particles (atoms) following deterministic paths that eventually repeat themselves. His aphoristic and polemical writing style makes his real position  on free will hard to fathom. Nietzsche both denied the will and even more strongly claimed that as overmen we must choose to make ourselves. This choice has even greater weight because it would be repeated again and again in his vision of an eternal return. 
    
Henri Poincaré describes a two-stage process in mathematical discoveries, in his lectures to the Paris Société de Psychologie around 1907. The first stage is random combinations, which he likens to Epicurus' "hooked atoms" ploughing through space in all directions, like a "swarm of gnats." He apologizes for the crude comparison, but says 

"the right combination is to be found by strict calculations [which] demand discipline, will, and consequently consciousness. In the subliminal ego, on the contrary, there reigns what I would call liberty, if one could give this name to the mere absence of discipline and to disorder born of chance." 40

In 1937, at the Paris Centre de Synthése, a week of lectures was delivered on inventions of various kinds, including experimental science, mathematics, and poetry.  The mathematician Jacques Hadamard described the conference in his book The Psychology of Invention in the Mathematical Field (1949) Hadamard's emphasis was on the discovery or invention of mathematical theories and his main subject was Henri Poincaré.

Hadamard assures us that Poincaré's observations do not impute discovery directly to pure chance. He says "Indeed, it is obvious that invention or discovery, be it in mathematics or anywhere else, takes place by combining ideas." "It cannot be avoided that this first operation takes place, to a certain extent, at random, so that the role of chance is hardly doubtful in this first step of the mental process. But we see that the intervention of chance occurs inside the unconscious." The first step is only the beginning of creation, for the following step, says Hadamard, "Invention is discernment, choice...it is clear that no significant discovery or invention can take place without the will of finding." 41

Poincaré is apparently the second thinker, after William James, to see random combinations of ideas in the unconscious mind, followed by willful decisions or choices made consciously.
    


       The Quantum Mechanics Debate
    

    In 1925 Max Born, Werner Heisenberg, and Pascal Jordan, formulated their matrix mechanics version of quantum mechanics as a superior formulation of Neils Bohr's old quantum theory. The matrix mechanics confirmed discrete states and "quantum jumps" of electrons between the energy levels, with emission or absorption of photons. 
    

In 1926, Erwin Schrödinger developed wave mechanics as an alternative formulation of quantum mechanics. Schrödinger disliked the abrupt jumps. His wave mechanics was a continuous theory.
    

Within months of the new wave mechanics, Max Born showed that while Schrödinger's wave function evolved over time deterministically, it only predicted the positions and velocities of atomic particles probabilistically. 
    

    Heisenberg used Schrödinger's wave functions to calculate the "transition probabilities" for electrons to jump from one energy level to another. Schrödinger's  wave mechanics was easier to visualize and much easier to calculate than Heisenberg's own matrix mechanics. 
    

In early 1927, Heisenberg announced his indeterminacy principle limiting our knowledge of the simultaneous position and velocity of atomic particles, and declared that the new quantum theory disproved causality. "We cannot - and here is where the causal law breaks down - explain why a particular atom will decay at one moment and not the next, or what causes it to emit an electron in this direction rather than that." 42

More popularly known as the Uncertainty Principle in quantum mechanics, it states that the exact position and momentum of an atomic particle can only be known within certain (sic) limits. The product of the position error and the momentum error is greater than or equal to Planck's constant h/2π. 
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Indeterminacy (Unbestimmtheit) was Heisenberg's original name for his principle. It is a better name than the more popular uncertainty, which connotes lack of knowledge. The Heisenberg principle is an ontological as well as epistemic lack of information. 




Later in 1927, Bohr announced his complementarity principle and the Copenhagen interpretation of quantum mechanics that argued for a dualist combination of wave and particle aspects for atoms and electrons.
    

Schrodinger argued vociferously against the random quantum jumps of Bohr and Heisenberg and for a return to his easily visualized deterministic and continuous physics. 
    
Albert Einstein, Max Planck, Schrödinger, and other leading physicists were appalled at Born's assertion that quantum mechanics was probabilistic and Heisenberg's claim that strict causality was no longer tenable. Einstein's famous remark was "The Lord God does not play dice." Planck said, "the assumption of absolute chance in inorganic nature is incompatible with the working principle of physical science." "This means that the postulate of complete determinism is accepted as a necessary condition for the progress of psychological research." 43

Just a few years earlier, in 1919, Schrödinger and his mentor Franz Serafin Exner (son of the 19th-century educator) had been strong disciples of Ludwig Boltzmann. They were convinced that Boltzmann's kinetic theory of gases required a microscopic world of random and chaotic atomic motions.  Why did Schrödinger switch from an indeterminist to a determinist philosophy, then adhere to it the rest of his life?  Perhaps because his work now put him in the company of Einstein and Planck? Planck stepped down from his chair of theoretical physics at the University of Berlin and gave it to Schrödinger, who won the Nobel prize in 1933. It took nearly thirty more years and another world war before the Nobel committee gave Max Born the prize for his probabilistic interpretation of the wave function. 
    

   In his Gifford Lectures of 1927, Arthur Stanley Eddington had described himself as unable "to form a satisfactory conception of any kind of law or causal sequence which shall be other than deterministic." 44 Eddington had already established himself as the leading interpreter of the new relativity and quantum physics. His astronomical measurements of light bending as it passes the sun had confirmed Einstein's general relativity theory.
    

A year later, in response to Heisenberg's uncertainty principle, Eddington revised his lectures for publication as The Nature of the Physical World. There he announced "It is a consequence of the advent of the quantum theory that physics is no longer pledged to a scheme of deterministic law," 45 and enthusiastically identified indeterminism with freedom of the will. 
    

But Eddington left himself open to the charge since Epicurus' time, that chance could not be identified with freedom. He was apparently unaware of the work of William James or Henri Poincaré to make deliberation a two-stage process - first random possibilities, then a choice. A decade later, in his 1939 book The Philosophy of Physical Science, just a few years before his death, he reluctantly concluded there is no "halfway house" 46 between randomness and determinism - an echo of Hume's "no medium betwixt chance and an absolute necessity."
    
Niels Bohr mentioned the free will and causality discussions in 1929, but he spoke vaguely, with his vision of complementarity, and likened them to subjective and objective views:
   
 "Just as the freedom of the will is an experiential category of our psychic life, causality may be considered as a mode of perception by which we reduce our sense impressions to order...the feeling of volition and the demand for causality are equally indispensable elements in the relation between subject and object which forms the core of the problem of knowledge." 46a


    The German philosopher Ernst Cassirer was close to many of the physicists in this debate and had a profound influence on some of them. Cassirer also influenced the predominantly deterministic views of other philosophers, themselves untrained in physics, who tried to understand the implications of quantum indeterminism for their philosophies. In his 1936 book Determinism and Indeterminism in Modern Physics, Cassirer made the case an ethical one, saying 
   
"all truly ethical action must spring from the unity and persistence of a definite ethical character. This in itself shows us that it would be fatal for ethics to tie itself to and, as it were, fling itself into the arms of a limitless indeterminism." 47

Max Born had been first to see that chance and probability were essential to quantum mechanics, as they had been to the statistical laws of physics since Boltzmann. Unfortunately Born was strongly influenced by Cassirer, the non-scientist philosopher who said "we cannot do away with the guiding concept of determinism." Born concluded somewhat dialectically that free will was just a subjective phenomenon, 
   
"I think that the philosophical treatment of the problem of free will suffers often from an insufficient distinction between the subjective and objective aspect." 48 (Cause and Chance, p. 127). 
   

Born approvingly quotes Cassirer, from the last chapter of Determinism and Indeterminism in Modern Physics, 
   
"whether causality in nature is regarded in the form of rigorous 'dynamical' laws or of merely statistical laws...In neither way does there remain open that sphere of 'freedom' which is claimed by ethics." 49 (source, Cassirer, p. 209)
   


Some biologists quickly objected to the idea of physical uncertainty in the human mind because large amounts of matter insure adequate regularity of the statistical laws. 50 (C.G.Darwin, Science, 1931).
    

 But physicist Arthur Holly Compton defended the Eddington suggestion, with the idea of an amplifier that would allow microscopic random events to produce macroscopic random events. 51 Four years earlier, the biologist Ralph Lillie had argued that natural selection was such an amplifier of microscopic randomness. (in Science, 1927,  Arthur Holly Compton, Science, 1931). 
    

This naive model for free will came to be known as the massive switch amplifier. It was open to the ancient criticism that we can not take responsibility for random actions caused by chance. Compton defended the amplifier in The Freedom of Man (1935), but like Eddington, later denied he was trying to show that human freedom was a direct consequence of the uncertainty principle. If physics were the sole source of our information, he said (in The Human Meaning of Science, 1940), we should expect men's actions to follow certain (sic) rules of chance. 52

In the Atlantic Monthly of 1957, Compton saw the two-stage process of chance preceding choice. 

"When one exercises freedom, by his act of choice he is himself adding a factor not supplied by the [random] physical conditions and is thus himself determining what will occur." 52a

John Eccles, the great neurophysiologist, took Eddington's suggestions seriously and looked for places in the brain where quantum uncertainty might be important. He decided on the synapses, where the axon of one neuron communicates with the dendrite of another neuron across a narrow gap (less than 1000 Angstroms). In his 1953 book The Neurophysiological Basis of Mind, Eccles calculated the positional uncertainty of the tiny synaptic knob. He found it to be 20 Angstroms in 1 second, a relatively tiny but perhaps significant fraction of the synaptic gap or cleft.
    

   One other scientist and sometime philosopher, Henry Margenau, saw quantum uncertainty as necessary for free will, but that there were "more steps" needed to explain freedom. In his Wimmer Lecture of 1968, he said 
   
"Freedom cannot appear in the domains of physiology and psychology if it is not already lodged in physics...embracing the belief that freedom is made possible by indeterminacies in nature will not solve the problem of freedom...it permits only one first step towards its solution." 52a. 
   

Ιnstead of Ernst Cassirer's view "that it would be fatal for ethics to tie itself to and, as it were, fling itself into the arms of a limitless indeterminism," Margenau embraced indeterminism as the first step toward a solution of the problem of human freedom.
    

  Margenau lamented that his position "forces us to part company with many distinguished moral philosophers who see the autonomy of ethics threatened when a relation of any sort is assumed to exist between that august discipline and science." Margenau clearly means his longtime mentor. 
   
"Ethics, says Cassirer, should not be forced to build its nests in the gaps of physical causation, but he fails to tell where else it should build them, if at all."
   


    Then in his book Einstein's Space and Van Gogh's Sky of 1982, Margenau condensed his model into a single paragraph, with two components - Compton's chance and choice. 
   
   Our thesis is that quantum mechanics leaves our body, our brain, at any moment in a state with numerous (because of its complexity we might say innumerable) possible futures, each with a predetermined probability. Freedom involves two components: chance (existence of a genuine set of alternatives) and choice. Quantum mechanics provides the chance, and we shall argue that only the mind can make the choice by selecting (not energetically enforcing) among the possible future courses.
   


    We note sadly that Margenau does not cite the earlier work of Compton (or the philosopher Karl Popper's adaptation of Compton - see below). Perhaps because free will was not a topic for mainstream scientific journals, he felt no need for rigorous references and scrupulous priority of ideas. But then his own work does not get referred to by later thinkers.
    

    Most other Nobel-prize-winning scientists and their philosophical interpreters could not reconcile quantum mechanics and the uncertainty principle with human freedom, concluding only that strict determinism was certainly not the case for the physical or phenomenal world.
    

    We should mention a few bizarre suggestions by scientists of how some of the more mysterious properties of "quantum reality" might help explain consciousness and free will. 
    
Roger Penrose claims, in his 1989 book The Emperor's New Mind that non-locality and quantum gravity are involved in the mind. Like Eccles, he speculates that single-quantum sensitive neurons are playing an important role deep inside the brain. But he needs large numbers of neurons to cooperate:
   
   "Such co-operation, I am maintaining, must be achieved quantum-mechanically; and the way that this is done is by many different combined arrangements of atoms being 'tried' simultaneously in linear superposition perhaps a little like the quantum computer...The selection of an appropriate (though probably not the best) solution to the minimizing problem must be achieved as the one-graviton criterion (or appropriate alternative) is reached - which would presumably only occur when the physical conditions are right"  (p. 437)
   

David Hodgson extended Penrose's ideas in his 1991 book Mind Matters. He claims that  
   
   "My discussion of quantum mechanics has confirmed [the mind's] indeterministic character; and has also suggested that quantum mechanics shows that matter is ultimately 'non-material' and non-local, and that perhaps mind and matter are interdependent." (p.381) 
   


    Penrose went further in 1994 in his book Shadows of the Mind, calculating that tens of thousands of neurons could exist in a coherent correlated superposition of states for one-fortieth of a second (the fundamental alpha-rhythm rate). He cites the idea of a dualistic "mind-stuff" influencing the "quantum choices" with its "free will."    
   
   "With the possibility that quantum effects might indeed trigger much larger activities within the brain, some people have expressed the hope that, in such circumstances, quantum indeterminacy might be what provides an opening for the mind to influence the physical brain. Here, a dualistic viewpoint would be likely to be adopted, either explicitly or implicitly. Perhaps the 'free will' of an 'external mind' might be able to influence the quantum choices that actually result from such non-deterministic processes. On this view, it is presumably through the action of quantum theory's R-process that the dualist's 'mind-stuff' would have its influence on the behaviour of the brain." (p.349)
   

This resembles Eddington's rough ideas and later remarks by Eccles that since wave functions are neither matter nor energy they are the ideal vehicle for the interaction between non-physical mind and physical matter. Eccles said this idea was suggested by Henry Margenau.

Penrose provides considerable evidence for correlated states in the microtubules within the cell's cytoskeleton, then descibes chemical evidence for connecting the microtubules and consciousness in anaesthesia. (p.357-370) 
    

Henry Stapp is another physicist employing quantum strangeness. In his 2003 Mind, Matter, and Quantum Mechanics, Stapp argues that mental intentions and strong "mental efforts" can influence quantum wave functions and produce correlated behaviors over large regions of the brain. Resembling Penrose's arguments (without any reference), Stapp says:
   
   "It should be mentioned here that the actions P are nonlocal: they must act over extended regions, which can, and are expected to, cover large regions of the brain. Each conscious act is associated with a Process I action [collapse of the wave function] that coordinates and integrates activities in diverse parts of the brain. A conscious thought, as represented by the von Neumann Process I, effectively grasps as a whole an entire quasi-stable macroscopic brain activity." (p.252)
   


  In 2009, the neurobiologist and geneticist Martin Heisenberg, son of quantum physicist Werner Heisenberg, found evidence for a combination of random and lawful behavior in animals and unicellular bacteria. 

Evidence of randomly generated action — action that is distinct from reaction because it does not depend upon external stimuli — can be found in unicellular organisms. Take the way the bacterium Escherichia coli moves. It has a flagellum that can rotate around its longitudinal axis in either direction: one way drives the bacterium forward, the other causes it to tumble at random so that it ends up facing in a new direction ready for the next phase of forward motion. This ‘random walk’ can be modulated by sensory receptors, enabling the bacterium to find food and the right temperature.


In higher organisms, Heisenberg finds that the brain still may include elements that do a random walk among options for action.

As with a bacterium’s locomotion, the activation of behavioural modules is based on the interplay between chance and lawfulness in the brain. Insufficiently equipped, insufficiently informed and short of time, animals have to find a module that is adaptive. Their brains, in a kind of random walk, continuously preactivate, discard and reconfigure their options, and evaluate their possible short-term and long-term consequences.


(Nature, 14 May 2009, p.165)


This is clearly another example of a two-stage model for "free" followed by "will."

       Recent Philosophers who Specialize in the Free Will Problem.
    

    In the late 1950's, Mortimer Adler compiled a massive two-volume history of The Idea of Freedom. It covers at great length ideas of political freedom and freedom from external constraints, as well as the central freedom of the individual will to choose from among possibilities that are not necessary or predictable. 

In an attempt to classify types of freedom, Adler invents three categories that he hopes are "dialectically neutral" - the circumstantial freedom of self-realization (freedom from coercion, political end economic freedom, etc.), the acquired freedom of self-perfection (making decisions for moral reasons rather than desires and passions), and the natural freedom of self-determination (the normal freedom of the will). 

Self-perfection is the idea from Plato to Kant that we are only free when our decisions are for reasons and we are not slaves to our passions. Adler also includes many theologically minded philosophers who argue that man is only free when following a divine moral law. Sinners, they say, do not have free will, which is odd because sinners are presumably responsible for evil in the world despite an omniscient and omnipotent God. 

Self-determination covers the classic problem of free will. Do we determine our will, or is it simply part of a causal chain? Most of Adler's natural freedoms are compatibilisms. They include Hegel's freedom of a stone falling according to Newton's law of gravity. 


In his over 1400 pages, Adler devotes only six pages to brief comments on quantum mechanical indeterminism 53 (v.1, p.461-466). Adler depends heavily on the thoughts of Max Planck and Erwin Schrödinger, who along with major thinkers like Einstein, Louis de Broglie, and David Bohm, rejected indeterminism. 
    


    The philosopher Karl Popper had a famous collaboration over some decades with the neuroscientist John Eccles. The two were mind/body or mind/brain dualists who hoped to discover the mind to be more than a mere "epiphenomenon" of the material brain. They briefly considered quantum effects, initially to dismiss them, and then to reconsider them. 
    

In their dialogue X, Eccles said, "It is not possible I think to utilize quantum indeterminacy." Popper replied, "I do of course agree that quantum theoretical indeterminacy in a sense cannot help, because this leads merely to probabilistic laws, and we do not wish to say that such things as free decisions are just probabilistic affairs. The trouble with quantum mechanical indeterminacy is twofold. First, it is probabilistic, and this doesn't help much with the free-will problem, which is not just a chance affair. Second, it gives us only indeterminism." 54

To this point, Popper reflects the overall negative reaction of the scientific and philosophical communities to indeterminism. But in his 1965 Arthur Holly Compton memorial lecture Of Clouds and Clocks, Popper celebrated Compton's contributons to the question of human freedom, including the insufficient idea of the quantum uncertainty amplifier. But then he goes on to describe a two-stage decision process modeled on Darwinian natural selection. Can we doubt these were directly inspired by Compton's later remarks and Compton's 1931 references to Ralph Lillie and evolution? 


Any intelligible explanation for free will must include both indeterminism and adequate determinism, as does biological evolution.
    


"New ideas have a striking similarity to genetic mutations," Popper says, "Mutations are, it seems, brought about by quantum theoretical indeterminacy (including radiation effects). On them there subsequently operates natural selection which eliminates inappropriate mutations. Now we could conceive of a similar process with respect to new ideas and to free-will decisions. That is to say, a range of possibilities is brought about by a probabilistic and quantum mechanically characterized set of proposals, as it were - of possibilities brought forward by the brain. On these there operates a kind of selective procedure which eliminates those proposals and those probabilities which are not acceptable to the mind." 55(The Self and its Brain, 1977, pp.539-540)

In 1977 Popper gave the first Darwin Lecture, at Darwin College, Cambridge. He called it Natural Selection and the Emergence of Mind. In it he said he had changed his mind (a rare admission by a philosopher) about two things. First he now thought that natural selection was not a "tautology" that made it an unfalsifiable theory. Second, he had come to accept the random variation and selection of ideas as a model of free will.



The selection of a kind of behavior out of a randomly offered repertoire may be an act of indeterminism; and in discussing indeterminism I have often regretfully pointed out that quantum indeterminacy does not seem to help us; for the amplification of something like, say, radioactive disintegration processes would not lead to human action or even animal action, but only to random movements. 


I have changed my mind on this issue. A choice process may be a selection process, and the selection may be from some repertoire of random events, without being random in its turn. This seems to me to offer a promising solution to one of our most vexing problems, and one by downward causation.


This is now the leading two-stage model of free will.


Popper is thus the third thinker (or fourth, if we liberally interpret Compton) to describe a two-stage mental process, after James and Poincaré. He also solves the problem of indeterminism directly causing our decisions. Note Popper's not so subtle shift of the realm of chance to the material body (his "World 1") and the realm of determination to the mind (his "World 2"). The traditional dualism from the ancients to Kant made the material body the realm of phenomenal determinism and the mind or spirit the noumenal realm of freedom, God, and immortality.
    


    The physicist Richard Feynman also proposed a Compton-style Geiger-counter event followed by a bomb explosion. This caught the attention of Wittgenstein scholar Elizabeth Anscombe in her inaugural lecture at Cambridge University, where she said 
   
   It has taken the inventions of indeterministic physics to shake the rather common dogmatic conviction that determinism is a presupposition or perhaps a conclusion, of scientific knowledge. Feynman's example of the bomb and Geiger counter smashes this conception; but as far as I can judge it takes time for the lesson to be learned. I find deterministic assumptions more common now among people at large, and among philosophers, than when I was an undergraduate.
  


In his 1961 landmark essay Freedom and Resentment, Peter Strawsonchanged the subject from free will itself to the question of moral responsibility.60a Strawson said he could make no sense of the truth or falsity of determinism, indeterminism, or free will. But even if determinism were true, he argued, we would continue to act as if persons were morally responsible and deserving of praise and blame, gratitude and resentment.
 Strawson was following David Hume's naturalist arguments that our moral sentiments are simply given facts beyond the skepticism of logic and critical thought. Hume the Naturalist had no problem deriving Ought from Is - something shown logically impossible by Hume the Skeptic. 


In 1969 Harry Frankfurtchanged the debate on free will and moral responsibility with a famous thought experiment that challenged the existence of alternative possibilities for action. The traditional argument for free will requires alternative possibilities so that an agent could have done otherwise, without which there is no moral responsibility.


Frankfurt posited a counterfactual demon who can intervene in an agent's decisions if the agent is about to do something different from what the demon wants the agent to do. Frankfurt's demon will block any alternative possibilities, but leave the agent to "freely choose" to do the one possibility desired by the demon. Frankfurt claimed the existence of the hypothetical control mechanisms blocking alternative possibilities would be irrelevant to the agent's free choice. This is true when the agent's choice agrees with the demon, but obviously false should the agent disagree. In that case, the demon would have to block the agent's will and the agent would surely notice.


Compatibilists had long been bothered by alternative possibilities, needed in order that agents "could do otherwise. They knew that determinism allows only a single future - one actual causal chain of events - and were delighted to get behind Frankfurt's examples as proofs that alternative possibilities, perhaps generated in part by random events, did not exist. Frankfurt, like Strawson, argued for moral responsibility without libertarian free will. 


Note, however, that Frankfurt assumes that genuine alternative possibilities do exist. If not, there is nothing for his counterfactual intervening demon to block. Furthermore, without alternatives, Frankfurt would have to admit that there is only one "actual sequence" of events leading to one possible future. "Alternative sequences" would be ruled out. Since Frankfurt's demon, much like Laplace's demon, has no way of knowing the actual information about future events - such as agent's decisions - until that information comes into existence, such demons are not possible and Frankfurt-style thought experiments, entertaining as they are, can not establish the compatibilist version of free will.   



Daniel Dennett, perhaps the leading spokesman for Compatibilism, is a strong critic of any genuine indeterminism in free will. Yet in his book "Brainstorms" in 1978, he proposed an influential "model of decision making" with a two-stage account of free will. In his chapter "On Giving Libertarians What They Say They Want" (p.286), Dennett clearly separates random possibilities from determined choices. 57
But does Dennett, following James, Poincaré, and Popper, see that this solves the problem of indeterminism in free will that has plagued philosophy since Epicurus' "swerve" of the atoms? He says, a bit sarcastically, that his model "puts indeterminism in the right place for the libertarian, if there is a right place at all [my emphasis]."


And after giving six excellent reasons why his suggestion is what libertarians are looking for, Dennett then suggests that the randomness generator might as well have been a computer-generated pseudo-random number generator.  He says "Isn't it the case that the new improved proposed model for human deliberation can do as well with a random-but-deterministic generation process as with a causally undetermined process?" 

This completely misses the libertarian's point, which is a randomness that breaks the causal chain of pre-determinism back to the universe origin.! But then Dennett's argument for libertarianism may just be a compatibilist's straw man. He does not pursue it in his later works, such as Elbow Room, The Varieties of Free Will Worth Wanting (Dennett, 1984) or the more recent Freedom Evolves (2003).


Dennett's model was inspired by many sources. One was David Wiggins' Towards a resonable libertarianism, which cited Bertrand Russell and Arthur Stanley Eddington as suggesting quantum indeterminism. . Another was Herbert Simon's 1969 two-stage "generate and test" model for creating computer artifacts 59 (Simon,  1969, p.), itself a computer version of Darwin's random variation and natural selection model for biological evolution. Another source was Hadamard's book. Dennett (p.293) quotes the poet Paul Valéry (from Hadamard, p.30), who imagines two agents (in one mind?) 


"It takes two to invent anything. The one makes up combinations; the other one chooses." 60

But as we have seen, this was Poincaré's idea which Valéry picked up at the 1937 conference. Some evidence now exists that Poincaré's work was in fact inspired by William James. They both say that alternative possibilities "present themselves." 

 Nevertheless, Dennett's article is so influential in the philosophical community that two-stage models for free will are sometimes called "Valerian." We discuss Dennett's seminal article, with significant excerpts, in Giving Determinists What They Say They Want.



    The (politically) Libertarian philosopher Robert Nozick sketched a view of free will in his 1981 book Philosophical Explanations, but admitted he found the problem intractable. 

Peter van Inwagen, in his 1983 "An Essay on Free Will," caused a stir by arguing that compatibilism is demonstrably false, even admitting Frankfurt's denial of alternative possibilities, in what has come to be called the Consequence Argument. In short, if compatibilism traces the causes of our actions, in the one "actual sequence" of events, back to events before we existed, then our actions are simply the consequences of those earlier events and are "not up to us." Speaking as a logical philosopher, he concludes that "the free-will thesis and determinism are incompatible. That is, incompatibilism is true." "To deny the free-will thesis is to deny the existence of moral responsibility, which is absurd...Therefore, we should reject determinism." 61 This has been obvious to libertarians since Epicurus, and was argued for example by Carl Ginet in 1966.

Robert Kane is the leading spokesman for Libertarianism. Before Kane, in the late twentieth century, Anglo-American philosophers had largely dismissed free will as a "pseudo-problem." Although like the others, Kane does not find any libertarian position, including his own, "intelligible," he developed the view that even if most of our actions are determined entirely by our character, these "self-formed actions" can be free if we at times in the past freely created our own character (and if we remain free to change it). This was Aristotle's view and agrees with Buddhist ideas of Karma.


In his 1985 book Free Will and Values, aware of earlier proposals by Eccles, Popper, and Dennett, but working independently, proposed an ambitious amplifier model for a quantum randomizer in the brain - a spinning wheel of fortune with probability bubbles corresponding to alternative possibilities, in the massive switch amplifier tradition of Compton and Gomes. Kane says (p.147):
  

  "neurological processes must exist corresponding to the randomizing activity of the spinning wheel and the partitioning of the wheel into equiprobable segments (red, blue, etc.) corresponding to the relevant R-alternatives."
  

Kane's model combines free will and values. Kane claimed his free choice is moral and made in accord with Kant's concept of duty. This may be an ethical fallacy.
  
  "the succession of random selections among equiprobable alternatives is meant to be a continuing reminder (a mental or neurological representation) of the fact that the reason sets of other persons are to be treated equally."
  

  Kane is not satisfied with his solution. He explains that the main reason for failure is   

"locating the master switch and the mechanism of amplification...We do not know if something similar goes on in the brains of cortically developed creatures like ourselves, but I suspect it must if libertarian theories are to succeed." (p.168)
  

  Kane's basic failure is his location of indeterminism in the decision process itself, making chance the direct cause of action.
    

  Kane's major accomplishment, however, is to identify "torn" decisions that were made at random, but because there exist equally good reasons whichever way the decisions go, the agent can still claim moral responsibility, against the critics of chance who say that indeterminism  necessarily destroys the kind of control needed for moral responsibility.



    Kane claims that the major criticism of all indeterminist libertarian models is explaining the power to choose or do otherwise in "exactly the same conditions," something he calls "dual rational self-control." Given that A was the rational choice, how can one defend doing B under exactly the same circumstances? (Kane, 1985, p.59) Kane is concerned that such a "dual power" is arbitrary, capricious, and irrational. 
    

Apart from the fact that information-rich systems with a history are never in the exact same conditions, and ignoring the fact that random alternative possibilities are unlikely to repeat, an adequately determined will would very likely make the same choice, for the same reasons, from the same set of alternate possibilities. But it might on the other hand exercise its irrational prerogative! We humans are unpredictable, which makes us occasionally capricious and arbitrary. Why the problem?
    
Richard Double, in his 1991 book The Non-Reality of Free Will, agrees with Kane that libertarian free will must have the "dual ability" to choose otherwise with rational control. But he says:
  
  "My conclusion is that the deep reason why no libertarian view can satisfy all three conditions [ability-to-choose-otherwise, control, and rationality] is that the conditions are logically incompatible. Hence, libertarianism, despite its intuitive appeal, turns out to be incoherent." (p.190)
  


    There is a rich history of linguistic and logical quibbles among compatibilists over the ability to do otherwise. G. E. Moore and A. J. Ayer said that one could have done otherwise, if one had chosen to do so, i.e., if things in the past had been different. But since the "fixed past" could never be different (in retrospect) one could not have so chosen, according to compatibilists (and determinists).
    

    In 1987 two classicists, Anthony Long and David Sedley, speculated that Epicurus' swerve of the atoms might be limited to providing undetermined alternative possibilities for action, from which the mind's power of volition could choose in a way that reflects character and values, desires and feelings. 

"It does so, we may speculate, not by overriding the laws of physics, but by choosing between the alternative possibilities which the laws of physics leave open."


Sedley and Long assume a non-physical (metaphysical) ability of the volition to affect the atoms, which is implausible. But the idea that a physical volition chooses - (consistent with and adequately determined by its character and values and its desires and feelings) from among alternative possibilities provided randomly by atomic indeterminacy - is quite plausible.
    
Ted Honderich - the major spokesman for "Hard Determinism" - in 1988 published his 750-page The Theory of Determinism, with excursions into quantum mechanics, neuroscience, and consciousness. 

Unlike most of his colleagues specializing in free will, Honderich did not succumb to the easy path of Compatibilism, by simply declaring that the free will we have (and should want, say some) is completely consistent with determinism, namely a "voluntarism" in which our will is completely caused by prior events.  



Nor does he go down the path of Incompatibilism, looking for non-physical substances, dualist forms of agency, or simply identifying freedom with Epicurean chance, as have many scientists with ideas of brain mechanisms amplifying quantum mechanical indeterminism to help with the uncaused "origination" of actions and decisions. 


Honderich does not claim to have found a solution to the problem of free will or determinism, but he does claim to have confronted the problem of the consequences of determinism. He is "dismayed" because the truth of determinism requires that we give up "origination" with its promise of an open future, restricting - though not eliminating - our "life hopes."


Though he is determinism's foremost champion, Honderich characterizes it as a "black thing" and passionately feels the loss when he follows his reason to accept the truth of determinism.


Honderich faults the Compatibilists and Incompatibilists on three counts. First, he says that moral responsibility is not all that is at stake, there are personal feelings, reactive attitudes, problems of knowledge, and rationalizing punishment with ideas of limited responsibility. Second, these problems can not be resolved by logical "proofs" nor by linguistic analyses of propositions designed to show "free" and "determined" are logically compatible. And third, he faults their simplistic idea that one or the other of them must be right. 


And unlike some of his colleagues, Honderich does not competely dismiss indeterminism and considers the suggestion of "near-determinism." He says, "Maybe it should have been called determinism-where-it-matters. It allows that there is or may be some indeterminism but only at what is called the micro-level of our existence, the level of the small particles of our bodies." 63

Albert Mele, in his 1995 book Autonomous Agents, argued, mostly following Dennett, that libertarians should admit that the final stages of deliberation are (adequately) determined and only allow indeterminism in the early stages of the decision process. While he himself has made no commitment to such indeterminism, and wonders how it could be physically possible, he offers the idea to others as a "modest libertarianism." 62 (p.211-220). Mele's model satisfies the temporal sequencerequirements for libertarian free will, even if he does not see the possible location of indeterminism in the brain. 
    
Paul Russell, also in 1995, suggested that the location of the break in the causal chain might be put between willings, which might be uncaused, and actions, which would be determined. This goes against the common sense use of the word "will," but Russell correctly puts something "free" before a final "will."
    
Randolph Clarke assessed the Dennett and Mele suggestions in his 2003 Libertarian Accounts of Free Will and found them inadequate. His work, he says, was carried out by thinking alone and required no specialized knowledge of natural science. At best, he concludes, indeterminism in processes leading to our actions is superfluous, adding nothing of value and possibly detracting from what we want. In a 2000 article called "Modest Libertarianism," he ignores Mele's suggestion and "places indeterminism in the direct production of the decision," as did Kane and Laura Waddell Ekstrom. 
    

    Robert Kane, in addition to his work to find some pathway through the "free will labyrinth" to an intelligible account of freedom, in 2002 assembled in one place perhaps the best collection of modern positions on free will, from theology and fatalism to mostly dualist libertarian perspectives. His massive sourcebook, The Oxford Handbook of Free Will, has contributions from over two dozen contemporary philosophers with strong ideas about free will. Sadly most continue to be wordy jargon-laden debates and attempts to logically refute one position or another. 

That there is nothing new, that it is mostly compatibilist, and that overall it is dismissive of freedom as either "unintelligible" or "metaphysical," makes the Oxford Handbook an accurate reflection of the current state of the free will problem. Kane cites Anscombe's remark, that determinism is becoming more common, and insightfully notes that "One may legitimately wonder why worries about determinism persist at all in the twenty-first century, when the physical sciences - once the stronghold of determinist thinking - seem to have turned away from determinism." Indeed, today it is determinism that is "metaphysical."64

Then in 2005, Kane published A Contemporary Introduction to Free Will, a comprehensive survey of the recent positions on free will, perhaps the most comprehensive since Mortimer Adler. Kane adds two more freedom classifications to Adler's three categories.

Self-control is a variation on Adler's acquired freedom of Self-perfection to include the arguments of the many "New Compatibilists" who are more concerned about moral responsibility than free will, such as Harry Frankfurt and John Martin Fischer.

Self-formation is a variation of Adler's Self-determination to include Kane's own "self-forming actions" (SFA) that are a subset of self-determining actions. Kane requires that an SFA is an indeterministic "will-setting action" that helps form our character. Later, other actions can be determined by our character, but we can still assert "ultimate responsibility" (UR) for those actions, because they can be traced back to the SFA. 
    


    Besides Kane, a few more recent libertarian philosophers defend "incompatibilism," but cannot agree on an "intelligible" account of how, when, and perhaps most importantly, whereindeterminism enters the picture - without  making our actions purely random. 
    

They include Randolph Clarke, Laura Waddell Ekstrom, Carl Ginet, Timothy O'Connor, Peter Van Inwagen, and David Wiggins. David Widerker has extended Kane's strong 1985 criticism of Frankfurt-style examples, in defense of incompatibilist libertarian free will.

Unfortunately, their works are full of a dense jargon defining (sometimes obscuring) subtle differences in their views - agent causation, event causation, non-occurrent causation, reasons as causes, intentions, undefeated authorization of preferences as causes, noncausal accounts, dual control, plurality conditions, origination, actual sequences and alternative sequences, source and leeway compatibilism, revisionism, restrictivism, semicompatibilism, and narrow and broad incompatibilism. 
    

See our Glossary of Terms for clarification of this dense jargon.



A few compatibilist/determinist philosophers have, following Peter Strawson, turned the conversation away from the "unintelligible" free will problem to the problem of moral responsibility. Peter's son Galen Strawson is one. He accepts determinism outright on the grounds that a causa sui is simply impossible. Where Sir Peter says that the truth of determinism would not change our attitudes about moral responsibility, his son says it makes moral responsibility impossible.
John Martin Fischer calls his position semicompatibilism. Also included are Derk Pereboom, and Saul Smilansky, followers of Ted Honderich's hard determinism, who define their position as "hard incompatibilism," denying both human freedom and moral responsibility.


Fischer says free will may or may not be incompatible with determinism, but his main interest, moral responsibility, is not incompatible. Fischer has recently edited a 4-volume, 46-contributor, 1300+ pages compendium of articles on moral responsibility - entitled Free Will, a reference work in the Critical Concepts in Philosophy series (Routledge 2005).


In it, Fischer explains his colleagues setting aside the "unintelligible" problem of free will.


Some philosophers do not distinguish between freedom and moral responsibility. Put a bit more carefully, they tend to begin with the notion of moral responsibility, and "work back" to a notion of freedom; this notion of freedom is not given independent content (separate from the analysis of moral responsibility). For such philosophers, "freedom" refers to whatever conditions are involved in choosing or acting in such a way as to be morally responsible. (Vol.1, p.xxiii)

Pereboom, Smilansky, Galen Strawson, and the psychologist Daniel Wegner are hard incompatibilists who follow many earlier thinkers and say that free will is merely an illusion. Strawson argues that moral responsibility is impossible.


Unlike the others who find it uplifting and therapeutic to disabuse the public of illusions about free will, Saul Smilansky may share the "dismay" that Ted Honderich sees in the apparent loss of control implicit in determinism. Smilansky thinks we need to maintain the public illusion of free will as a contribution to maintaining public morality. 
    


Taxonomies of Free Will and Determinism Positions
[image: Taxonomy of Determinist Positions]
Determinism is the position that every event has a cause, in a chain of causal events with just one possible future.

    

"Soft" and "hard" determinism are terms invented by William James who lamented the fact that some determinists were co-opting the term freedom for themselves. He called them "soft" determinists, "because they abhor harsh words, and, repudiating fatality, necessity, and even predetermination, say that its real name is freedom; for freedom is only necessity understood, and bondage to the highest is identical with true freedom." 

"Hard" determinists (Honderich) simply deny the existence of free will.
    

Compatibilism (Dennett) is the most common name used for James's category of soft determinism.
    
Semicompatibilists (Fischer) are narrow incompatibilists who are agnostic about free will and determinism but claim that moral responsibility is compatible with determinism.  
    
Hard incompatibilists (Pereboom) think both free will and moral responsibility are not compatible with determinism.
Illusionists (Smilansky, Wegner) are hard incompatibilists who say free will is an illusion and usually deny moral responsibility. 

Impossibilists (Galen Strawson) are hard incompatibilists who say free will and moral responsibility are impossible. 
    


Let's also look at a taxonomy of indeterministic positions.



Indeterminism is the position that there are random (chance) events in a world with many possible futures.
Libertarians believe that the indeterminism makes free will possible. Note that there many philosophers who admit indeterminism may be true but that it does not provide free will ("hard" indeterminists?). See the standard argument against free will.
   

Agent-causal indeterminists (O'Connor) are libertarians who think that agents have originating causes for their actions that are not events. Actions do not depend on prior causes. Some call this “metaphysical” freedom.  
Non-causal indeterminists (Ginet) simply deny any causes whatsoever for libertarian free will.
    

Event-causal indeterminists (Kane) generally accept the view that random events (most likely quantum mechanical events) occur in the world. Whether in the physical world, in the biological world (where they are a key driver of genetic mutations), or in the mind, randomness and uncaused events are real. They introduce the possibility of accidents, novelty, and human creativity. 

    Although random quantum mechanical events break the strictly deterministic causal chain, which has just one possible future, they nevertheless are causes for successive events. They start new unpredictable causal chains. They generate unpredictable futures. They are said to be causa sui. They need not be the direct cause of human actions. 


    While microscopic quantum events are powerful enough to deny determinism, the magnitude of these events is generally so small, especially for large macroscopic objects, that the world is still overwhelmingly deterministic. We call this "adequate determinism." 

Soft causalists (Doyle) are event-causalists who accept causality but admit some unpredictable events that are  causa sui and which start new causal chains.


Soft causalists say that indeterministic event acausality should be considered a prerequisite for adequately determined agent causality. 

Compatibilism and Incompatibilism

We can combine these determinist and indeterminist taxonomies with a taxonomy of incompatibilist positions. The result is a bit complex, because incompatibilists contain both determinists and libertarians, making for a very confused debate by thinkers who are nominally committed to clear concepts as called for by analytic language philosophy.




Incompatibilists who are “hard” determinists (denying free will) have recently assumed extreme positions that they call "hard incompatibilism." Some of them attempt to remain agnostic on free will and determinism, but others are willing to call free will an "illusion" and moral responsibility "impossible."


Incompatibilists who are indeterminists generally accept the view that random events (most likely quantum mechanical events) occur in the world and are important for free will. 
    
Broad incompatibilists think both free will and moral responsibility are incompatible with determinism.

Narrow incompatibilism is the idea that moral responsibility is compatible with determinism, even though free will is not compatible. This is similar to semicompatibilism.
  

Soft incompatibilism is the idea that both free will and moral responsibility are incompatible with strict determinism (really pre-determinism) but both are compatible with adequate determinism.
Comprehensive compatibilism is a new term proposed by Doyle. It describes his two-stage model that reconciles free will with both a limited determinism and a limited indeterminism. Doyle locates the first-stage indeterminism not in any particular time and place in the brain, but the result of inevitable noise in any information processing system. Noise shows up in the brain as (storage) errors of perception and (retrieval) errors of memory recall.
  



  Another popular effort in recent years has been to invoke mysterious properties of quantum mechanics (beyond simple indeterminism) to explain free will and consciousness. Notable contributors include Roger Penrose, who combines non-local quantum effects with quantum gravity in his Emperor's New Mind. Henry Stapp also invokes non-local quantum mechanics, as does Australian jurist turned philosopher David Hodgson.
    
John Searle recently wrote in his 2007 Freedom and Neurobiology, "The persistence of the free will problem in philosophy seems to me something of a scandal. After all these centuries of writing about free will, it does not seem to me that we have made very much progress." 65 (p.37) In a breakthrough of sorts, Searle admits that he could never see, until now, the point of introducing quantum mechanics into discussions of consciousness and free will. Now he says we know two things, "First we know that our experiences of free action contain both indeterminism and rationality...Second we know that quantum indeterminacy is the only form of indeterminism that is indisputably established as a fact of nature...it follows that quantum mechanics must enter into the explanation of consciousness." (p.74-75)


    Indeed it does. Despite a century of failed attempts, can we convince Searle and other philosophers that indeterminism followed by an adequate if not strict determinism is the right two-stage model for free will? See our Cogito model.


Why have most philosophers been unable for millenia to see that the common sense view of human freedom is correct?  It is partly because their logic and language preoccupation likes to say that either determinism or indeterminism is true, and the other must be false. 

Determinism and indeterminism are the horns of the dilemma presented as the standard argument against free will, which we can trace back unchanged to the earliest discussions of freedom, determinism, and moral responsibility.  



Our physical world includes both, though the determinism we have is only an adequate description for large objects. So any intelligible explanation for free will must include both a limited indeterminism and an adequate determinism, in a temporal sequence that createsinformation.



For Teachers

     Some anthologies on free will, with contributing authors:

     	Hook, S. and New York University. (1958). Determinism and freedom in the age of modern science; a philosophical symposium. New York, New York University Press. 
[Blanshard, Black, Barrett, Bridgman, Munitz, Landé, Sciama, Hart, Edwards, Hospers,Beardsley, Brandt, Chisholm, Ducasse, Hempel, Hintz, Hook, Lerner, E.Nagel, Northrop, Pap, Schultz, R.Taylor, Weiss, Wilson.]
	Morgenbesser, S. and J. J. Walsh (1962). Free will. Englewood Cliffs, N.J., Prentice-Hall. 
[Augustine, Aquinas, Scotus, Hobbes, Mill, Foot, R.Taylor, Sartre, Broad, Aristotle, Hart.]
	Berofsky, B. (1966). Free will and determinism. New York,, Harper & Row. 
[Hospers, Hook, Schlick, Hobart, Foot, Campbell. Broad, Mill, Sartre, Melden, Davidson, MacIntyre, Bradley, Augustine, R.Taylor, Austin, Nowell Smith, Chisholm, Campbell, Nowell Smith.]
	Lehrer, K. (1966). Freedom and determinism. New York,, Random House. 
Chisholm, Danto, Taylor, Ginet, Sellars, Lehrer.]
	Dworkin, G. (1970). Determinism, free will, and moral responsibility. Englewood Cliffs, N.J.,, Prentice-Hall. 
[Hume, Peirce, Nagel, Reid, Campbell, De Valla, Ginet, Moore, Thomas, Broad, Lehrer, Smart.]
	Honderich, T. (1973). Essays on freedom of action. London, Boston,, Routledge and Kegan Paul. 
[Warnock, Watling, Wiggins, Frankfurt, Kenny, Pears, Davidson, Dennett, Honderich.]
	Watson, G. (1982). Free will. Oxford Oxfordshire ; New York, Oxford University Press. 
[Ayer, Chisholm, Aune, Lehrer, van Inwagen, P.Strawson, Frankfurt, Watson, C.Taylor, Malcolm, T.Nagel.]
	O'Connor, T. (1995). Agents, Causes, and Events: Essays on Indeterminism and Free Will. New York/Oxford , Oxford University Press.  
[G.Strawson, T.Nagel, Dennett, Double, Ginet, Chisholm, Nozick, Kane, Rowe, O'Connor, Clarke, van Inwagen, Fischer, Ravizza.]
	Pereboom, D. (1997). Free will. Indianapolis/Cambridge, Hackett Publishing  
[Aristotle,Stoics, Lucretius,Augustine, Aquinas, Hume, Kant, Ayer, P.Strawson, Chisholm, Frankfurt, van Inwagen, Wolf, Fischer, Pereboom, Clarke.]
	Ekstrom, L. W. (2001). Agency and responsibility : essays on the metaphysics of freedom. Boulder, Colo., Westview Press. 
[van Inwagen, Lewis, Fischer, Anscombe, Frankfurt, Watson, Bratman, Chisholm, Ekstrom, Kane, P.Strawson, Wolf, Widerker, Mele and Robb.]
	Kane, R. (2002). The Oxford handbook of free will. Oxford ; New York, Oxford University Press. 
[Kane, Zagzebski, Bernstein, Hodgson, Bishop, Kapitan, van Inwagen, Berofsky, Haji, Russell, C.Taylor and Dennett, Fischer, Ekstrom, Widerker, O'Connor, Clarke, Ginet, G.Strawson, Honderich, Pereboom, Smilansky, Double, Mele, Libet, Walter.]
	Kane, R. (2002). Free will. Malden, MA, Blackwell Publishers. 
[Skinner, Nielsen, Chisholm, Edwards, van Inwagen, Dennett, Fischer, Pereboom, Frankfurt, Wolf, Watson, O'Connor, Ginet, Kane, Hodgson, Augustine, Hasker.]
	Watson, G. (2003). Free will. Oxford/New York, Oxford University Press. 
[Chisholm, van Inwagen, Smart, P.Strawson, Wiggins, Lewis, Bok, Frankfurt, Widerker, Fischer, G.Strawson, T.Nagel, O'Connor, Clarke, Kane, Watson, Scanlon, Wolf, Pettit and Smith, Albritton, Wallace.]
	Campbell, J. K., M. O'Rourke, and D Shier. (2004). Freedom and Determinism. MIT Press. 
[Earman, Lehrer, Kane, Ginet, Nelkin, Haji, Long, Arpaly, Fischer, van Inwagen, Perry, Feldman, Gier, Kjellberg, Honderich.]




Some important quotes on free will.


Aristotle (384-322): "If we are unable to trace conduct back to any other origins than those within ourselves, then actions of which the origins are within us, themselves depend upon us, and are voluntary (ekousia - will). Nichomachean Ethics, III.v.6"


Titus Lucretius Carus (99-55): "If all motion is always one long chain, and new motion arises out of the old in order invariable, and if first-beginnings do not make by swerving a beginning of motion so as to break the decrees of fate, whence comes this free will?" De Rerum Natura, Book II, line 251.


Marcus Tullius Cicero (106-43): "If there is free will, all things do not happen according to fate; if all things do not happen according to fate, there is not a certain order of causes; and if there is not a certain order of causes, neither is there a certain order of things foreknown by God."


Augustine (354-430): "No action would be either a sin or a good deed if it were not performed by the will, and so both punishment and reward would be unjust if human beings had no free will. Therefore, God must needs have given free will to man."  On Free Choice of the Will, Book 2, I, 7.


Thomas Aquinas (1225-1274): "Man has free will: otherwise counsels, exhortations, commands, prohibitions, rewards, and punishments would be in vain... (man) acts from free judgment and retains the power of being inclined to various things. For reason in contingent matters may follow opposite courses...  for as much as man is rational is it necessary that man have a free will." Summa Theologicae, First part, a, Question 83, Article 1

Giovanni Pico Della Mirandola (1463-1494): 
"According to your desires and judgment, you will have and possess whatever place to live, whatever form, and whatever functions you yourself choose. All other things have a limited and fixed nature prescribed and bounded by our laws. You, with no limit or no bound, may choose for yourself the limits and bounds of your nature...  To man it is allowed to be whatever he chooses to be!" Oration on the Dignity of Man

Martin Luther (1483-1546): "God foreknows...and does all things according to His immutable, eternal, and infallible will. This thunderbolt throws free will flat and utterly dashes it to pieces."  Discourse on Free Will, p.106 (Weimar Ausgabe, 615).


Thomas Hobbes (1588-1679): "That which necessitates and determinates every action...is the sum of all those things which, now being existent [without which] the effect could not be produced. This concourse of causes, whereof every one is determined to be such as it is by a like concourse of former causes, may well be called the decree of God."  Of Liberty and Necessity, p.20.


Eddy Nahmias on the Garden of Forking Paths blog counted compatibilist and incompatibilist philosophers in 2006. He found a 2:1 ratio among philosophers specializing in the free will problem, and thinks this is similar to the ratio among philosophers in general.
Compatibilists

David Lewis, John Perry, Bill Lycan, Harry Frankfurt, Daniel Dennett, Michael Bratman, Peter Strawson, Gary Watson, Susan Wolf, Hilary Bok, Michael McKenna, Thomas Scanlon, Bernard Berofsky, Gerald Dworkin, Bruce Waller, Jay Wallace, Dana Nelkin, Joe Campbell, Thomas Kapitan, Keith Lehrer, Paul Russell, David Sanford, Phillip Pettit, Michael Smith, Terry Horgan, David Velleman

I think they count as compatibilists but please confirm: Michael Slote? Kadri Vihvelin? Kai Nielson? David Hunt? Paul Benson? Susan Buss? Ish Haji? David Zimmerman? Gideon Yaffe? Nomy Arpaly? Robert Audi? Mark Ravizza?


John Fischer? Tricky case but I think he should count as a compatibilist.
Al Mele?? (come on, Al, come out of the agnostic camp, though as far as I can tell, if you remain there, you get to be on a list all by yourself!)



Incompatibilists
Peter Van Inwagen, Ted A. "Fritz" Warfield, Timothy O’Connor, David Widerker, Randolph Clarke, Carl Ginet, Robert Kane, Laura Ekstrom, David Wiggins, William Rowe, Roderick Chisholm, Richard Taylor


Incompatibilist skeptics
Derk Pereboom, Galen Strawson, Saul Smilansky, Richard Double, Ted Honderich, Thomas Nagel


Is Eleanor Stump an incompatibilist?


For Scholars

Notes:

1. Leucippus, quoted by Kirk, G.S., J.E.Raven, and M.Schofield, The Presocratic Philosophers, Second edition, Cambridge, 1983, Fragment 569 (from Fr. 2 Actius I, 25, 4).



2. Aristotle, Physics B4, 196a24. 


"We often allege chance (τυχη) or spontaneity (ἀυταματον) as causes, saying that something came about 'by chance' or 'spontaneously.'"

Metaphysics, 1025a25. 

"Nor is there any definite cause for an accident (συμβεβηκός), but only chance (τυχη), namely an indefinite (ἀόριστον) cause."

Metaphysics, 1065a33.

"Causes from which chance results might happen are indeterminate; hence chance is obscure to human reason and is a cause by accident."



3. Cicero, cited by Augustine, City of God, Book V, Ch.9,  


See also De Divinatione  Book II, x 25


  si enim provideri nihil potest futurum esse eorum quae casu fiunt, quia esse certa non possunt, divinatio nulla est



4. A.A.Long, Problems in Stoicism 1996, R.Sorabji Necessity, Cause, and Blame 1980, p.70


"In antiquity the Stoics gained the reputation of being strict determinists, and this reputation has generally persisted up to the present day.", Long, p.173. 

"the Stoics committed themselves to postulating that all events occur of necessity.", Sorabji, p.70. 



5. Sambursky, Physics of the Stoics, p.73-76.                                                                                                                                                                                                                              


...further light is shed on Aristotle's rejection of determinism in his statement on chance: "Causes from which chance results might happen are indeterminate; hence chance is obscure to human calculation and is a cause by accident." Expressed in the language of modern determinism this would mean that according to Aristotle even a Laplacean intelligence could not predict events of the sub-lunar world because they are contingent by their very nature, and may happen thus or otherwise.

Obviously the Stoics had to discard the former notion of the possible which signified an objective contingency in a non-deterministic world, and to replace it by something compatible with determinism. They did so very logically by making it a subjective category and basing it on human ignorance of the future... The meaning of "chance" underwent a change which was linked up with the new significance of the possible. It is interesting to note that the Aristotelian definition of tyche was taken over literally by the Stoics and thereby the "obscurity to human calculation" was given a new meaning. 




6. Sharples 1983, p.8, Long, 1986, p.101, Sharples 1996, p.8.  


"For Chrysippus argues thus: ' If uncaused motion exists, it will not be the case that every proposition (termed by the logicians an axiom) is either true or false, for a thing not possessing efficient causes will be neither true nor false; but every proposition is either true or false; therefore uncaused motion does not exist. If this is so, all things that take place take place by precedent causes; if this is so, all take place by fate; it therefore follows that all things that take place take place by fate.'" Cicero, De Fato, X, 22 

[Concludit enim Chrysippus hoc modo: 'Si est motus sine causa, non omnis enuntiatio (quod αχιωμα dialectics appellant) aut vera aut falsa erit, causas enim efficientes quod non habebit id nec verum nec falsum erit; omnis autem enuntiatio aut vera aut falsa est; motus ergo sine causa nullus est. Quod si ita est, omnia quae fiunt causis fiunt antegressis; id si ita est, omnia fato fiunt; efficitur igitur fato fieri quaecumque fiant.']



But Long is convinced that Chrysippus thought men were free and that Stoics had a positive conception of freedom, that freedom was the "possibility of determining one's actions." 


"The Stoics, though removing the possibility of choosing and performing either of two contrary actions, assert that what occurs through our instrumentality (δι ημων) is attributable to (in the power of, εφ ημιω) us. For, they argue, since things and events have different natures ... the result of any individual's action accords with its specific nature." Long, p.180.



7. Sharples 1983.


"One crucial point that is however clear is that Alexander's own conception of responsibility is a libertarian one." Sharples, p.21


Alexander himself denies the gods have foreknowledge.  

"To say that it is reasonable that the gods should have
foreknowledge of the things that will be, because it is absurd to say
that they fail to know anything of the things that will be, and assuming this, to try to establish by means of it that all things come
to be of necessity and in accordance with fate — [this] is neither true
nor reasonable." Alexander, De Fato, XXX, 1



8. Augustine, On Free Choice of the Will.


"God foreknows all the things of which He Himself is the Cause, and yet He is not the Cause of all that He foreknows. He is not the evil cause of these acts, though He justly avenges them. You may understand from this, therefore, how justly God punishes sins; for He does not do the things which He knows will happen.", Book Three, IV, 40



9. Aquinas, Duns Scotus



10. Maimonides, see the Argument from Free Will in the wikipedia.


"Does God know or does He not know that a certain individual will be good or bad? If thou sayest 'He knows', then it necessarily follows that [that] man is compelled to act as God knew beforehand he would act, otherwise God's knowledge would be imperfect..."



11. Islam



12. Hinduism, Buddhism



13. Pico della Mirandola, Giordano Bruno



14. Lorenzo Valla, Pietro Pomponazzi



15. Erasmus, Martin Luther



16.  Descartes



17. Spinoza 



18. Thomas Hobbes



19. John Bramhall



20. George Berkeley



21. John Locke



22. David Hume, A Treatise of Human Nature, p.171. See also the later Enquiries, pp.95-96, where Hume said:


...liberty when opposed to necessity, not to constraint, is the same thing with chance; which is universally allowed to have no existence.



23. Isaac Newton



24. Leibniz



25. Kant



26. Darwin



27. Ludwig Boltzmann



28. Werner Heisenberg, Max Born



29. Bertrand Russell



30. Kurt Gödel



31. William James



32. Thomas Hobbes, William James



33. Libertarian



34. Incompatibilism



35. G.W.F.Hegel



36. Arthur Schopenhauer 


could do otherwise if we had a different character.



37. Bertrand Russell



38. Charles Sanders Peirce



39. Poincaré, Science and Method, 1914, pp.62-63.



41, Hadamard, 1949, pp.29-31.





43. Planck, 1933, p.154-5.









































64. Kane 1985, p.9, and Handbook of Free Will 2002, p.7
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 Historians of the free will problem disagree about who exactly was first to take positions as determinist, libertarian, and compatibilist in antiquity, but there is wide agreement that these views were essentially fully formed over 2000 years ago. 

Candidates for the first thinkers to form these views, as well as the idea of a non-physical "agent-causal" libertarianism, include Democritus (460-370), Aristotle (384-322), Epicurus (341-270), Chrysippus (280-207), and Carneades (214-129). 


After a brief review of the history, we will also look at the arguments of modern classicists and historians of philosophy who have scrutinized the textual evidence for each of these philosophers.


These modern thinkers include Carlo Giussani, Cyril Bailey, David Furley, Pamela Huby, Richard Sorabji, R. W. Sharples, Don Fowler, A. A. Long and D. N. Sedley, Walter Englert, Julia Annas, Jeffrey S. Purinton, Susanne Bobzien, Tim O'Keefe, Ricardo Salles, Dorothea Frede, and John Dudley. 


All of these modern analyses make implicit or explicit comparisons to sophisticated modern ideas of determinism and libertarianism. Since these ideas are quite complex, we need to identify and separate the original problems from their modern counterparts. And we need to separate the distinct ideas of logical necessity,  physical determinism, fatalism, future contingency (denied on the basis of the principle of bivalence), and divine foreknowledge that are often scrambled together in the work of the ancient thinkers.



    The very first free will "problem" was whether freedom was compatible with intervention and foreknowledge of the gods. 

Before there was anything called philosophy, religious accounts of man's fate explored the degree of human freedom permitted by superhuman gods. Creation myths often end in adventures of the first humans making choices and being held responsible. But a strong fatalism is present in those tales that foretell the future, based on the idea that the gods have foreknowledge of future events. Anxious not to annoy the gods, the myth-makers rarely challenged the implausible view that the gods' foreknowledge is compatible with human freedom. This was an early form of today's compatibilism, the idea that causal determinism and logical necessity are compatible with free will.



     The first thinkers to look for explanatory causes (ἀιτία) in natural phenomena (rather than gods controlling events) were the Greek physiologoi or cosmologists. The reasons or rules (λόγοι) behind the physical (φύσις) world became the ideal "laws" governing material phenomena. The first cosmologist was Anaximander (610-546), who coined the term physis (φύσις) and perhaps even the cosmological combination of cosmos (κόσμος), as organized nature, and logos (λόγοσ), as the law behind nature. The Greeks had a separate word for the laws (or conventions) of society, nomos (νόμος).

Heraclitus (535-475) claimed that everything changes ("you can't step twice into the same river") but that there were laws or rules (the logos) behind all the change. The early cosmologists' intuition that their laws could produce an ordered cosmos out of chaos was prescient. Our current model of the universe begins with a state of minimal information and maximum disorder. Early cosmologists imagined that the universal laws were all-powerful and must therefore explain the natural causes behind all things, from the regular motions of the heavens to the mind (νοῦς) of man.


     The physiologoi transformed pre-philosophical arguments about gods controlling the human will into arguments about pre-existing causes controlling it. The cosmological problem became a psychological problem. Some saw a causal chain of events leading back to a first cause (later taken by many religious thinkers to be God). Other physiologoi held that although all physical events are caused, mental events might not be. This is mind/body dualism, perhaps the most important of all great dualisms. If the mind (or soul) is a substance different from matter, it could have its own laws different from the laws of nature for material bodies, and agents might originate new causal chains.


     The materialist philosophers Democritus and his mentor Leucippus were the first determinists.  With extraordinary prescience, they claimed that all things, including humans, were made of atoms in a void, with individual atomic motions strictly controlled by causal laws. Democritus said:


"By convention (nomos) color, by convention sweet, by convention bitter, but in reality atoms and a void." 

νόμῳ χροιή, νόμῳ γλυκύ, νόμῳ πικρόν, ἑτεῇ δ’ ἄτομα καὶ κενόν (Diels Kranz, fragment B125)  



Democritus wanted to wrest control of man's fate from arbitrary gods and make us more responsible for our actions. But ironically, he and Leucippus originated two of the great dogmas of determinism, physical determinism and logical necessity, which lead directly to the traditional and modern problem of free will and determinism. 


Leucippus stated the first dogma, an absolute necessity which left no room in the cosmos for chance. 


     "Nothing occurs at random (maten), but everything for a reason (logos) and by necessity." 
     οὐδὲν χρῆμα μάτηῳ γίνεται, ἀλλὰ πάντα ἐκ λόγου τε καὶ ὑπ’ ἀνάγκης
     



The consequence is a world with but one possible future, completely determined by its past. Some even argued for a great cycle of events (an idea borrowed from Middle Eastern sources) repeating themselves over thousands of years. 


The first major philosopher to argue convincingly for some indeterminism was probably Aristotle.  First he described a causal chain (ἄλυσις) back to a prime mover or first cause, and he elaborated four possible causes (material, efficient, formal, and final). Aristotle's word for these causes was ἀιτία, which translates as causes in the sense of the multiple factors responsible for an event. Aristotle did not subscribe to the simplistic "every event has a (single) cause" idea that was to come later.  
    


Then, in his Physics and Metaphysics, Aristotle also said there were "accidents" caused by "chance (τυχή)."  In his Physics, he clearly reckoned chance among the causes. Aristotle might have added chance as a fifth cause - an uncaused or self-caused cause - one he thought happens when two causal chains come together by accident (συμβεβεκός). He noted that the early physicists had found no place for chance among their causes. 

Aristotle opposed his accidental chance to necessity:


Nor is there any definite cause for an accident, but only chance (τυχόν), namely an indefinite (ἀόριστον) cause. 

(Metaphysics, Book V, 1025a25)2a
It is obvious that there are principles and causes which are generable and destructible apart from the actual processes of generation and destruction; for if this is not true, everything will be of necessity: that is, if there must necessarily be some cause, other than accidental, of that which is generated and destroyed. Will this be, or not? Yes, if this happens; otherwise not. 

(Metaphysics, Book VI, 1027a29) 



Tracing any particular sequence of events back in time will usually come to an accidental event - a "starting point" or "fresh start" (Aristotle calls it an origin or arche (ἀρχῆ) - whose major contributing cause (or causes) was itself uncaused, e.g., it involved irreducible chance (today's quantum indeterminacy). 


Whether a particular thing happens, says Aristotle, may depend on a series of causes that


goes back to some starting-point, which does not go back to something else. This, therefore, will be the starting-point of the fortuitous, and nothing else is the cause of its generation. 
 (Metaphysics Book VI 1027b12-14)


In general, many such causal sequences contribute to any event, including human decisions. Each sequence has a different time of origin, some going back before we were born, some originating during our deliberations.

A tertium quid beyond chance and necessity

Beyond causal sequences that are the result of chance or necessity, Aristotle felt that some breaks in the causal chain allow us to feel our actions "depend on us" (ἐφ' ἡμῖν). These are the causal chains that originate within us (ἐv ἡμῖν). 


But if it is manifest that a man is the author of his own actions, if we are unable to trace conduct back to any other origins than those within ourselves, then actions of which the origins are within us (ἐν ἡμῖν), themselves depend upon us (ἐφ' ἡμῖν), and are voluntary (ἐκούσια - willed). 

(Nichomachean Ethics, III.v.6, 1113b21-22) 



Aristotle defends chance (τυχή) as providing a break in any causal chain, but he never says that human free choices are made by chance. Instead, he introduces a tertium quid, a "third thing" that is neither chance (τύχη) nor necessity (ᾶνάγκη). For Aristotle, our decisions are "up to us" (ἐφ ἡμῖν), a phrase that comes closest to our modern free will.



Aristotle knew that many of our decisions are quite predictable based on habit and character, but they are no less free nor we less responsible if our character itself and predictable habits were developed freely in the past and are changeable in the future.  


This is the view of some Eastern philosophies and religions. Our Karma has been determined by past actions (even from past lives), and strongly influences our current actions, but we are free to improve our Karma by good actions.  
    


    One generation after Aristotle, Epicurus argued that as atoms moved through the void, there were occasions when they would "swerve" from their otherwise determined paths, thus initiating new causal chains. Epicurus argued that these swerves would allow us to be more responsible for our actions, something impossible if every action was deterministically caused.  For Epicurus, the occasional interventions of arbitrary gods would be preferable to strict determinism.

Epicurus did not say the swerve was directly involved in decisions. His critics, ancient and modern, have claimed mistakenly that Epicurus did assume "one swerve - one decision" and that "free " actions are uncaused. But following Aristotle, Epicurus thought human agents have the autonomous ability to transcend necessity and chance (both of which destroy responsibility), so that praise and blame are appropriate. 


...some things happen of necessity (ἀνάγκη), others by chance (τύχη), others through our own agency (παρ’ ἡμᾶς).
...necessity destroys responsibility and chance is inconstant; whereas our own actions are autonomous, and it is to them that praise and blame naturally attach.

λέγει ἐν ἄλλοις γίνεσθαι ἃ μὲν κατ’ ἀνάγκην, ἃ δὲ ἀπὸ τύχης, ἃ δὲ παρ’ ἡμᾶς, διὰ τὸ τὴν μὲν ἀνάγκην ἀνυπεύθυνον εἶναι, τὴν δὲ τύχην ἄστατον ὁρᾶν, τὸ δὲ παρ’ ἡμᾶς ἀδέσποτον, ᾧ καὶ τὸ μεμπτὸν καὶ τὸ ἐναντίον παρακολουθεῖν πέφυκεν
 

(Letter to Menoeceus, §133)




Epicurus, clearly following Aristotle, finds a tertium quid, beyond necessity (Democritus' physics) and chance
(Epicurus' swerve). 
The tertium quid is agent autonomy

Parenthetically, we now know that atoms do not occasionally swerve, they move unpredictably whenever they are in close contact with other atoms. Everything in the material universe is made of atoms in unstoppable perpetual motion. Deterministic paths are only the case for very large objects, where the statistical laws of atomic physics average to become nearly certain dynamical laws for billiard balls and planets. 
    


So Epicurus' intuition of a fundamental randomness in nature was correct. And he agreed with Aristotle that there is another basic kind of causes beyond  necessity (άνάyκη) and chance (τυχῆ). They both said our actions are "up to us" (ἐφ' ἡμῖν or παρ’ ῆμᾶς). How exactly determinism and chance relate to autonomous agent causality is not made clear by either of them, and it remains a challenge for theories of free will.

We know Epicurus' work largely from the Roman Lucretius and his friend Cicero. 


Lucretius, a strong supporter of Epicurus, saw the randomness as enabling free will, even if he could not explain exactly how, beyond the fact that random swerves would break the causal chain of determinism.


Again, if all motion is always one long chain, and new motion arises out of the old in order invariable, and if the first-beginnings do not make by swerving a beginning of motion such as to break the decrees of fate, that cause may not follow cause from infinity, whence comes this freedom (libera) in living creatures all over the earth, whence I say is this will (voluntas) wrested from the fates by which we proceed whither pleasure leads each, swerving also our motions not at fixed times and fixed places, but just where our mind has taken us? For undoubtedly it is his own will in each that begins these things, and from the will movements go rippling through the limbs.


Lucretius' "first beginning" (primordia motus principium) seems to be a reference to Aristotle's starting point (ἀρχῆ)) and a kind of causa sui that would start additional new causal chains under the control of the mind ("just where our mind has taken us").


The Latin original libera in "whence comes this freedom" has often been translated as "free will," influenced perhaps by the centuries-old free will debate.  


But Lucretius himself clearly distinguishes the "free" (libera) from the "will" (voluntas). 


Cicero, a severe critic of Epicurus, unequivocally denies fate, strict causal determinism, and God's foreknowledge. 

If there is free will, all things do not happen according to fate; if all things do not happen according to fate, there is not a certain order of causes; and if there is not a certain order of causes, neither is there a certain order of things foreknown by God. 
 
Although he defends human freedom, Cicero ridicules the presumptive Epicurean idea of a chance swerve as the cause of our decisions. (Note that Epicurus did not involve chance in decisions that are "up to us." For him chance simply breaks the chain of causal determinism.) Cicero's implication has created the mistaken notion that for libertarians, chance is the direct cause of action. 

Epicurus saw that if the atoms travelled downwards by their own weight; we should have no freedom of the will [nihil fore in nostra potestate], since the motion of the atoms would be determined by necessity. He therefore invented a device to escape from determinism: he said that the atom while travelling vertically downward by the force of gravity makes a very slight swerve to one side. This defence discredits him more than if he had had to abandon his original position.



    It was the Stoic school of philosophy that solidified the idea of natural laws controlling all things, including the mind.  Zeno of Citium, the original founder of Stoicism, had a very simplistic but powerful idea of the causal chain compared to Aristotle. 

Zeno said that every event has a cause, and that cause necessitates the event. Given exactly the same circumstances, exactly the same result will occur. 


It is impossible that the cause be present yet that of which it is the cause not obtain. 

ἀδύνατον δ’ εἴναι τὸ μὲν αἴτιον παρεῖναι, οὖ δέ ἐστιν αἴτιον μὴ ὑπάρχειν.



The Stoic influence persists to this day, in philosophy and religion. Most of the extensive Stoic writings are lost, probably because their doctrine of fate, which identified God with Nature, was considered anathema to the Christian church. The church agreed that the laws of God were the laws of Nature, but that God and Nature were two different entities. In either case strict determinism follows by universal Reason (logos) from an omnipotent God. Stoic virtue called for men to resist futile passions like anger and envy. The fine Stoic morality that all men (including slaves and women) were equal children of God coincided with (or was adopted by) the church. Stoic logic and physics freed those fields from ancient superstitions, but strengthened the dogmas of determinism that dominate modern science and philosophy, especially when they explicitly denied Aristotle's chance as a possible cause. 


    The major developer of Stoicism, Chrysippus, took the edge off strict necessity. Like Democritus, Aristotle, and Epicurus before him, he wanted to strengthen the argument for moral responsibility, in particular defending it from Aristotle's and Epicurus' indeterminate chance causes.  

Whereas the past is unchangeable, Chrysippus argued that some future events that are possible do not occur by necessity from past external factors alone, but might (as Aristotle and Epicurus maintained) depend on us. We have a choice to assent or not to assent to an action. This is a controversial idea and may be inconsistent with orthodox Stoic doctrines, since it suggests the existence of alternative possibilities and the capacity to do otherwise.


Chrysippus said our actions are determined (in part by ourselves as causes) and fated (because of God's foreknowledge), but he also said correctly that they are not necessitated, i.e., pre-determined from the distant past. Chrysippus would be seen today as a compatibilist, as was the Stoic Epictetus. He also has a strong element of agent-causalism.

Alexander of Aphrodisias (c.150-210), the most famous commentator on Aristotle, wrote 500 years after Aristotle's death, at a time when Aristotle and Plato were rather forgotten minor philosophers in the age of Stoics, Epicureans, and Skeptics. Alexander defended a view of moral responsibility we would call libertarianism today. Greek philosophy had no precise term for "free will" as did Latin (liberum arbitrium or libera voluntas). The discussion was in terms of responsibility, what "depends on us" (in Greek ἐφ ἡμῖν). 

Alexander believed that Aristotle was not a strict determinist like the Stoics, and Alexander himself argued that some events do not have pre-determined causes. In particular, man is responsible for self-caused decisions, and can choose to do or not to do something, as Chrysippus argued. However, Alexander denied the foreknowledge of events that was part of the Stoic identification of God and Nature.


    Most of the ancient thinkers recognized the obvious difficulty with chance (or an uncaused cause) as the source of human freedom. Even Aristotle described chance as a "cause obscure to human reason" (ἀιτιάν ἄδελον ἀνθρωπίνᾠ λογισμῶ). 
    

Actions caused by chance are simply random and we cannot feel responsible for them. But we do feel responsible. Despite more than twenty-three centuries of philosophizing, most modern thinkers have not moved significantly beyond this core problem of randomness and free will for libertarians - the confused idea that free actions are caused directly by a random event. 

Caught between the horns of a dilemma, with determinism on one side and randomness on the other, the standard argument against free will continues to render human freedomunintelligible (ἄδελον). 
    


Modern Classicists and Historians of Philosophy on Free Will 


Carlo Giussani

In his 1896 Studi lucreziani (p.126),Giussani put forward the idea that Epicurus' atomic swerves are involved directly in every case of human free action, not just somewhere in the past that breaks the causal chain of determinism. This goes beyond Epicurus and leads to the mistaken conclusion that the swerves directly cause actions.

The complete conception of the will according to Epicurus comprises two elements, a complex atomic movement which has the characteristic of spontaneity, that is, is withdrawn from the necessity of mechanical causation: and then the sensus, or self-consciousness in virtue of which the will, illuminated by previous movements of sensation, thought, and emotion, profits by the peculiar liberty or spontaneity of the atomic motions, to direct or not to direct these in a direction seen or selected. (Cyril Bailey translation)


Cyril Bailey

In 1928 Bailey agreed with Giussani that the atoms of the mind-soul provide a break in the continuity of atomic motions, otherwise actions would be necessitated. Bailey imagined complexes of mind-atoms that work together to form a consciousness that is not determined, but also not susceptible to the pure randomness of individual atomic swerves, something that could constitute Epicurus' idea of actions being "up to us" (πὰρ' ἡμάς).

It is a commonplace to state that Epicurus, like his follower Lucretius, intended primarily to combat the 'myths' of the orthodox religion, to show by his demonstration of the unfailing laws of nature the falseness of the old notions of the arbitrary action of the gods and so to relieve humanity from the terrors of superstition. But it is sometimes forgotten that Epicurus viewed with almost greater horror the conception of irresistible 'destiny' or 'necessity', which is the logical outcome of the notion of natural law pressed to its conclusion. This conclusion had been accepted in its fulness by Democritus, but Epicurus conspicuously broke away from him: 'it were better to follow the myths about the gods than to become a slave to the "destiny" of the natural philosophers: for the former suggests a hope of placating the gods by worship, whereas the latter involves a necessity which knows no placation'. Diogenes of Oenoanda brings out the close connexion with moral teaching: 'if destiny be believed in, then all advice and rebuke is annihilated'. If any ethical system is to be effective it must postulate the freedom of the will. If in the sphere of human action too 'destiny' is master, if every action is the direct and inevitable outcome of all preceding conditions and man's belief in his own freedom of choice is a mere delusion, then a moral system is useless: it is futile to tell a man what he ought or ought not to do, if he is not at liberty to do it. Here at all events 'destiny' must be eliminated. It is a more fatal enemy than superstition, for it means complete paralysis: spontaneity — voluntas — must be at all costs maintained.

But why, in order to secure this very remote object, should a protest against 'inexorable necessity' be made at this point in the physical system? It would have been easy, one might think, to accomplish the immediate purpose of securing the meeting of the atoms in their fall through space by some device, such as the Stoic notion that all things tend to the centre,' which should not be a breach of the fundamental law of causality, instead of this sporadic spontaneous deviation. And in what sense can this 'swerve' be said to be vital for the freedom of the will, with which Lucretius so emphatically connects it? The answer must be looked for in the very material notions of Epicurus' psychology, which may be briefly anticipated here. The mind (νοῦς) is a concentration in the breast of an aggregate of very fine atoms, the same in character as those which, distributed all over the body and intermingling with the body atoms, form the vital principle (ψυχή). This aggregation of atoms may be set in motion by images, whether coming directly from external things or stored up as an 'anticipation' (πρόληχις) in the mind itself. Suppose, for instance, that in this way there comes before my mind the image of myself walking: ultimately the atoms of the mind being themselves stirred, will set in motion the atoms of the vital principle: they in turn will stir the atoms of body, the limbs will be moved and I shall walk. But before this can happen another process must take place, the process of volitional choice. 


When the image is presented to the mind it does not of itself immediately and inevitably start the chain of motions which results in the physical movement; I can at will either accept or reject the idea which it suggests, I can decide either to walk or not to walk. This is a matter of universal experience and it must I not be denied or rejected. 

Bailey identifies one swerve with volition


But how is this process of choice to be explained on purely material lines? It is due, said Epicurus, to the spontaneous swerving of the atoms: the act of volition is neither more nor less than the 'swerve' of the fine atoms which compose the mind. The fortuitous indeterminate movement of the individual atoms in the void 'is in the conscious complex (concilium) of the mind transformed into an act of deliberate will. The vital connexion, indeed the identity of the two processes is clearly brought out by Lucretius at the close of his exposition of the theory: 'but that the very mind feels not some necessity within in doing all things, and is not constrained like a conquered thing to bear and suffer, this is brought about by the tiny swerve of the first-beginnings in no determined direction of place and at no determined time'. It is not merely, as has been suggested, that Epicurus decided to get over two difficult problems in his system economically by adopting a single solution, but that he perceived an essential connexion between them: if freedom is to be preserved, it must be asserted at the very basis of the physical world.

The 'swerve' of the atoms is, no doubt, as the critics have always pointed out, a breach of the fundamental laws of cause and effect, for it is the assertion of a force for which no cause can be given and no explanation offered. For if it be said that the atom swerves because it is its nature to do so, that is merely to put 'nature' as a deus ex machina on a level with 'necessity' as it was conceived by some of the early physicists, a force which came in to do what could not otherwise be explained. But it was no slip or oversight on Epicurus' part which a more careful consideration of his principles might have rectified. On the contrary it was a very deliberate breach in the creed of 'necessity' and is in a sense the hinge on which the whole of his system turns. He wished to secure 'freedom' as an occasional breach of 'natural law'. If criticism is to be brought against him, it must not be on the technical ground of inconsistency in this detail, but on the broader ground that in his system as a whole he was attempting the impossible. To escape from the old notion of the divine guidance of the world, the Atomists had set up a materialist philosophy directed solely by uniform laws of cause and effect. Democritus saw that this, if pursued to its logical conclusion, must lead to an unflinching determinism, which with more scientific insight perhaps, but less care for his ethical precepts, he had wholly accepted. Epicurus, unwilling in this way to risk his moral system, tried to escape from the impasse without abandoning a materialist position. 


Bailey says some metaphysical agency is necessary to explain freedom


Such a compromise is in reality impossible: a wholly materialist view of the world, which excludes altogether the spiritual and the supernatural, must lead to determinism, and there is no real path of escape, except in the acknowledgement of other than material conditions and causes. From the point of view of ultimate consistency, the 'swerve' is a flaw in Epicureanism, but it is not to be treated as a petty expedient to get over a temporary difficulty, or an unintelligent mistake which betrays the superficial thinker.

It may not be uninteresting to notice that a parallel difficulty arises for modern thinkers and that a solution not unlike that of Epicurus' atomic swerve has sometimes been propounded. 

(Bailey, The Greek Atomists and Epicurus, pp. 318-321)



In a single atom the swerve is merely random chance


Of what nature then is this self-initiated movement? In the individual atom it is automatic, spontaneous, and wholly undetermined in occasion or direction. Is the movement of the mind in will merely the result of such a movement in one of its component atoms, or even the sum of many such movements? If so it too must be automatic and undetermined. When the image of action is presented to the mind, it is impossible to foretell in what way the movement will occur, or even whether it will occur at all. In other words the mind is not really self-determined, but is at the mercy of wholly undetermined movements inside itself, and freewill after all its careful preservation turns out to be nothing better than chance. This is indeed the conclusion reached by one modern critic, and it is not to be wondered at that he is unwilling to believe that Epicurus himself can have rested the claim for freewill on the atomic 'swerve'. But the solution of this difficulty lies once again to the Epicurean conception of a compound body (concilium, conciliatus). 

In a large number of atoms compounded as a "mind," the swerve of many atoms becomes the free volition of an undetermined consciousness.


The compound is more than a mere aggregate of independent atoms: it is their union in a complex, which has a new individuality of its own in which it may acquire qualities and even powers which are not possessed by the individual component atoms. The soul or mind is a compound body of such peculiar constitution in the nature of its component atoms and their motions among themselves, that it acquires the power of sensation or consciousness. 
The automatic swerve of the individual atoms then is translated in the complex of the mind into a consciously spontaneous movement, in other words into a movement of volition. 

Giussani's two elements look like a temporal sequence - free spontaneous thoughts illuminate the subsequent decision of the will to act  


'The complete conception of the will according to Epicurus, Giussani argues in an admirable summary of his position, 'comprises two elements, a complex atomic movement which has the characteristic of spontaneity, that is, is withdrawn from the necessity of mechanical causation: and then the sensus, or self-consciousness in virtue of which the will, illuminated by previous movements of sensation, thought, and emotion, profits by the peculiar liberty or spontaneity of the atomic motions, to direct or not to direct these in a direction seen or selected.' In other words the blind primitive 'swerve' of the atom has become the conscious psychic act. It may be that this account presses the Epicurean doctrine slightly beyond the point to which the master had thought it out for himself, but it is a direct deduction from undoubted Epicurean conceptions and is a satisfactory explanation of what Epicurus meant: 

Epicurus did not identify freedom of the will with chance

that he should have thought that the freedom of the will was chance, and fought hard to maintain it as chance and no more, is inconceivable.

And if the further question is asked how can a complex of blind spontaneous movements of atoms become the conscious act of volition of the mind, we are only thrown back once more on the ultimate difficulty, which has made itself felt all through this account of the soul. For indeed, if we look back over it, we find that here and there crudities of thought or incoherences in the connexion of ideas have been noted, yet as a whole the general theory is self-consistent and complete; but at the back of it always lies the difficulty which must beset Epicureanism or any other form of materialism: can the movement of insensible particles produce or account for consciousness? That all forms of consciousness have their physical counterpart, that sensation, thought, will are accompanied by material movements of parts of the physical organism is credible, and indeed scientific investigation seems to be revealing this parallelism more and more clearly to us. The more material thinkers of our own time are content to say that consciousness 'supervenes' as an 'epiphenomenon' on the movements of matter: Epicurus went the step farther and was prepared to say that consciousness, sensation, thought, and will are the movements of the soul-atoms. Such an idea is to most modern minds, as it was to the majority of philosophers in Epicurus' day, unthinkable: between the one set of facts and the other there is a great gulf fixed: nothing can bridge the gulf that lies between the most elementary sensation and the atomic vibrations which accompany and condition it. If we accept a purely materialistic system in any form, its conclusions will have to be mutatis mutandis something like those of Epicurus: but he has done nothing to bridge over the abyss or to make the gulf seem less wide. Consequitur sensus, inde voluntas fit, his pupil says glibly, but each time rouses in us the same feeling that this is just what can never be understood.


And if it is impossible to accept his account of the nature of the soul and its workings, so the inference from it cannot be admitted. If the soul is a mere atomic complex, a 'body', then no doubt like the body it perishes and cannot have any sort of existence after death. But if that account be unsatisfactory, then the problem of survival remains open: the soul may or may not survive bodily death, but the question cannot be decided on the basis of a purely material analysis.


It is impossible in dealing with a material system to refrain from pointing out its fundamental weakness, but in an attempt to estimate Epicurus as a thinker, it is less profitable to quarrel with his base-principles than to think of the superstructure he has built upon them. And once again in examining the account of the soul, for all its weaknesses, we are conscious of the workings of a great mind, capable of grasping alike broad ideas and minute details of elaboration. We are certainly not left with the picture of a moral teacher, who merely patched together any kind of physics and metaphysics to back up his ethical preaching. 

(Bailey, The Greek Atomists and Epicurus, pp. 435-37)




We can choose to do otherwise

David Furley

In 1967 Furley examined the ideas of Giussani and Bailey and de-emphasized the importance of the swerve in both Epicurus and Lucretius so as to defend Epicurus from the "extreme" libertarian view that our actions are caused directly by random swerves.  (Bailey had also denied this "traditional interpretation.") Furley argues for a strong connection between the ideas of Aristotle and Epicurus on autonomous actions that are "up to us." 

If we now put together the introduction to Lucretius' passage on voluntas and Aristotle's theory of the voluntary, we can see how the swerve of atoms was supposed to do its work. Aristotle's criterion of the voluntary was a negative one: the source of the voluntary action is in the agent himself, in the sense that it cannot be traced back beyond or outside the agent himself. Lucretius says that voluntas must be saved from a succession of causes which can be traced back to infinity. All he needs to satisfy the Aristotelian criterion is a break in the succession of causes, so that the source of an action cannot be traced back to something occurring before the birth of the agent. A single swerve of a single atom in the individual's psyche would be enough for this purpose, if all actions are to be referred to the whole of the psyche. 

But there is no evidence about the number of swerves. One would be enough, and there must not be so many that the psyche exhibits no order at all; between these limits any number would satisfy the requirements of the theory.

The swerve, then, plays a purely negative part in Epicurean psychology. It saves voluntas from necessity, as Lucretius says it does, but it does not feature in every act of voluntas. There is no need to scrutinize the psychology of a voluntary action to find an uncaused or spontaneous element in it. The peculiar vulnerability of Epicurean freedom — that it seemed to fit random actions, rather than deliberate and purposive ones — is a myth, if this explanation is correct.


We can now understand why the swerve gets no mention in Lucretius' account of voluntary action. It gets no mention because it plays no direct part in it. The theory of the swerve asserts merely that our actions are not caused conjointly by the environment and our parentage. There was no need for Lucretius to mention this in his account of the psychology of action, any more than there was for Aristotle to insist on his negative criterion of the voluntary in De Motu Animalium.


It may be objected that a swerve in the psyche must have been supposed to produce some observable effect. But not even this is true. We have already glanced at Lucretius' doctrine that the mind has before it innumerable simulacra which never reach the level of consciousness, because the time interval during which they are present is imperceptibly small. But if the impact of those complicated atomic configurations which constitute simulacra could have no observable effect, it is a safe inference that the minute swerve of a single atom would be undetectable. So we can, after all, make use of the Epicurean concept of the concilium in our explanation. I argued previously against Bailey's use of it in saying that "what in the individual atom is a matter of chance, in the conscious complex of the animus is 'conscious chance.'" It is impossible to see how the random motion of an individual atom can by itself account for the end-directed motions of the complex of which it is a part. It is perfectly reasonable, however, that the random motion of a single atom should be concealed by the fact that it is just one element in a complex.


The Epicurean psychology of action, if I am right, was in outline as follows.


Each person is born with a psyche of a particular character, determined by the proportions of atoms of the four different kinds which constitute a psyche. From the beginning of life, reactions occur between the psyche and the external world, through the medium of atomic eidola which flow from all objects and may reach the psyche through the sense organs and the mind. From the beginning, the child experiences feelings of pleasure and pain; in atomic terms, pain is a disturbance of the motions of the psyche atoms caused by a lack of something, and pleasure is either the restoration of the undisturbed motions which constitute tranquillity, or else the state of tranquillity itself. The child learns to associate external objects with one or other of these feelings. A feeling of something lacking constitutes a motive to make good the lack, and so creates an impulse towards an object in the external world which the child has learned will supply the deficiency.


A person's feelings, and therefore his motives and his behavior, are to some extent determined by his genetic inheritance of a psyche of such and such a constitution. 


Swerves allow psychological character development (cf. Robert Kane's "self-forming actions")


But the motions of the psyche (and it is in its motions that all its character and action consists) are not determined ab initio, because a discontinuity is brought about by the atomic swerve. The swerve of an atom or atoms in the psyche means that the inherited motions are disturbed, and this allows new patterns of motion to be established which cannot be explained by the initial constitution of the psyche.

There is both continuity and discontinuity. The character of the person is to some extent still determined by the initial constitution of his psyche, because the proportions of atoms of different types in it remain the same. But to a much greater extent his character is adaptable, because the motions of the atoms are not determined and can be changed by learning.


A person learns by experience. He learns what desires must be satisfied, and what objects satisfy them, simply by constant repetition of the experience of desire and satisfaction. He can learn by individual trial and error, or by precept and example from others. If he is indoctrinated in the Epicurean philosophy, he learns to distinguish desires which arise from nature and must be satisfied from those which arise from nature but need not be satisfied and from those which do not arise from nature and are best eliminated. He learns that the limit of pleasure is the absence of pain, and so ceases to feel pain through desire for some extra pleasure. His feelings become disciplined, so that an improper object—one that brings more pain than pleasure in the long run—no longer arouses desire in him. He learns not so much to reject some of the things he desires as to cease to desire the things he ought to reject.


The wise Epicurean is not to be pictured as asserting himself by repeated "acts of volition" against the temptations of the world, but as having learned not to be tempted. His "freedom" does not consist in being presented with possible alternatives, and in choosing one when he might have chosen the other. It consists rather in the fact that his psyche is the product of his own actions and is not unalterably shaped by some "destiny" from the time before his birth.


The weakness of this theory of "freedom," both in its Epicurean and in its Aristotelian form, is to be found chiefly in its refusal to consider the processes of character formation. When Aristotle says that children should be brought up from the beginning to feel pleasure and pain in the right objects, he obviously does not consider such education to be equivalent to compulsion. He stresses that educators and lawgivers use punishments and other incentives to make people behave in the right way, and at the same time insists that the acts which create virtuous dispositions are not to be referred to causes outside ourselves." It is curious that he does not see this as a problem, since it was clearly raised by Gorgias in his Praise of Helen, almost a century before, when he offered as one of his excuses for Helen's behavior the possibility that she was persuaded by argument. It might well have arisen, too, from a consideration of Democritus' ethical opinions. Part of the explanation is probably that persuasion was commonly seen as an antithesis to compulsion? But Aristotle should have seen the need to reestablish this antithesis, since he had to some extent broken it down himself in talking of a class of actions which were a mixture of the voluntary and the involuntary.


If Aristotle had seriously examined the reasons why he took the results of education to be "in our own power," he would have been compelled to specify more exactly what he meant by saying "the source is in us." He might then have been led to say that the criterion of morality (that is to say, the criterion that determines whether an action is liable to moral appraisal or not) is to be found precisely in our ability to be influenced by persuasion as opposed to force. If he had stressed this, then I think Epicurus might after all have thought the swerve unnecessary (unnecessary, that is to say, in his psychology; it was still needed in his cosmology). For in his theory, the effects of persuasion would be similarly explained whether the swerve were there or not. Persuasion is by words, and words, in the crude atomism of the time, do their work by collisions, through the medium of the sense organs. The swerve is not needed for them to have this effect. 


In his conclusion, Furley seems comfortable with modern compatibilism

I leave it to others to decide whether the Epicurean theory, without the swerve, would have been "determinist" as opposed to "libertarian," because I do not yet see how to define this particular antithesis. But if it would be determinist, I think it would be a sort of determinism that is compatible with morality.

(Furley, Two Studies in the Greek Atomists, pp.232-236)



Multiple random events can average out to produce an adequate determinism

Pamela Huby

In the same year 1967, Huby suggested that Epicurus was the original discoverer of the "freewill problem." Huby noted that there had been two main free will problems, corresponding to different determinisms, namely theological determinism (predestination and foreknowledge) and the physical causal determinism of Democritus.   


It is unfortunate that our knowledge of the early history of the Stoics is so fragmentary, and that we have no agreed account of the relations between them and Epicurus. On the evidence we have, however, it seems to me more probable that Epicurus was the originator of the freewill controversy, and that it was only taken up with enthusiasm among the Stoics by Chrysippus, the third head of the school. 

The outlines of Epicurus' approach are familiar enough. He took over the atomic theory of Democritus almost unchanged, but introduced one significant new point, the swerve of the atoms, a slight change of direction that could occur without any cause. According to tradition this was to solve two problems for him: the change of direction would enable atoms otherwise falling all in the same direction and at the same speed to collide and so enter into larger combinations, and the fact that it occurred without cause would break the otherwise continuous chain of causation and so allow room for freedom of action by men, whose minds were composed of atoms and therefore subject to the same laws as everything else. 


In spite of the poverty of our evidence, it is quite clear that one main reason Epicurus had for introducing the swerve, or rather the swerve as a random, uncaused event, was as a solution to the problem of freewill. Unlike Aristotle, he fully appreciated that there was a problem. He believed in free will, because it seemed to him manifestly clear that men could originate action, but he could not, like Aristotle, regard this as the end of the matter. We may not think much of the solution he offers, but he deserves full credit for appreciating the problem.

 There are now two main points to be cleared up: (1) was Epicurus the first to appreciate the problem, or was he anticipated by the Stoics or someone else? (2) If he was the first, how did he come to do so, and what exactly was the nature of the problem as he saw it?


...we have to explain why Aristotle was so resistant to determinism, and Epicurus so impressed by it. The answer must surely lie, in part at least, in their differing attitudes to Democritus. Aristotle was indeed steeped in Democritus, and had a considerable admiration for him, but at the same time found his system quite unacceptable. We can see why this was so. Aristotle's thought was dominated by a teleological view of causality, in which the paradigm of what guides change is the tendency of an organism to develop into a certain kind of thing. This made the idea of a causal chain in which the future is entirely determined by the past strange and irrelevant.


...in Book K (1064b 35) Aristotle takes his stand on the point that we know very well that some things happen kata symbebekos, which is in opposition to ex anankes, and that, in this context, means causally determined in our sense. What happens kata symbebekos is, then, undetermined. Aristotle then had two reasons for rejecting determinism, (i) that some things obviously happened kata symbebekos, and (ii) that men had free will [Aristotle only says some actions are "up to us."] At the same time it is putting it too strongly to say that he rejected determinism: rather it seems that it was for him a non-starter. This is clearly in sharp contrast to the views of Epicurus and the Stoics, both of whom made valiant if unsuccessful attempts to reconcile freedom and determinism.


...the fact remains, on the evidence of Cicero and Lucretius, that Epicurus still ultimately traced the freedom of the will to the swerve of the atoms. How exactly he did this remains a mystery.


The philosophical, as distinct from the historical, conclusion of my argument is twofold, first that it was possible for men like Plato and Aristotle to hold many educational and psychological beliefs in common with us without being aware of any freewill problem because they had no notion of thorough-going psychological determinism, and, second, that once the problem had been formulated it was appreciated by philosophers of many different schools throughout later antiquity as if it were indeed a natural problem.

(Pamela Huby, "The First Discovery of the Freewill Problem", Philosophy, 42 (1867), pp.353-62) 



Richard Sorabji

Sorabji's 1980 Necessity, Cause, and Blame surveyed Aristotle's positions on causation and necessity, comparing them to his predecessors and successors, especially the Stoics and Epicurus. Sorabji argues that Aristotle was an indeterminist, that real chance and uncaused events exist, but never that human actions are uncaused in the extreme libertarian sense that some commentators mistakenly attribute to Epicurus. 

Aristotle accepted the past as fixed, in the sense that past events were irrevocable. But future events cannot be necessitated by claims about the present truth value of statements about the future. Aristotle does not deny the excluded middle (either p or not p), only that the truth value of p does not exist yet. Indeed, although the past is fixed, the truth value of past statements about the future can be changed by the outcome of future events.


This book centres on Aristotle's treatment of determinism and culpability. One of the advantages of studying Aristotle's treatment of determinism is that we get a sense of what a multiform thesis it is. Arguments from causation are by no means the only ones that have been used to support it, and Aristotle is the grandfather, even if not the father, of many  of these arguments. I am not myself convinced by any of the arguments for determinism, nor by the arguments that it would be compatible with moral responsibility. But in order to discuss the question, I shall have to consider some very diverse topics: cause, explanation, time, necessity, essence and purpose in nature.

These are all subjects of intense controversy today, and time and again Aristotle's discussions are intimately bound up with modern ones. Often, I believe and shall argue, we can benefit from going back to the views of another period, views which are sometimes refreshingly different from our own. I shall try to explain, when necessary, where those differences lie. The discussion will not be confined to Aristotle. I shall try to supply a historical perspective and a sense of continuity, by seeing how the views of his successors and predecessors fit on to his own. But at the same time it will remain a central aim to build up a picture of Aristotle's own position on determinism and culpability, by tracing it through the many areas of his thought.


By determinism I shall mean the view that whatever happens has all along been necessary, that is, fixed or inevitable. I say 'whatever happens', meaning to cover not merely every event, but every aspect of every event — every state of affairs, one might say.  I shall make no further attempt to define necessity, although various kinds of necessity will come to be distinguished as we go along. I have deliberately defined determinism by reference, not to causation, but to necessity. I have not defined determinism as a view which denies us moral responsibility. The latter idea, often known as `hard' determinism is comparatively rare, and was rarer still in antiquity. Many determinists have tried to argue that it is not a consequence of their position. I believe that it is a consequence, but not usually an intended one. I have spoken of things as having 'all along' been necessary, because there would be little moral interest in a view which declared that things became necessary at the last moment, or irrevocable once they had happened. Indeed, Aristotle admits the point about irrevocability; what he denies is that everything has been necessary all along.


I shall be representing Aristotle as an indeterminist; but opinions on
this issue have been diverse since the earliest times...


It is not always recognised that Aristotle gave any consideration to causal determinism, that is, to determinism based on causal considerations. But I shall argue that in a little-understood passage he maintains that coincidences lack causes. To understand why he thinks so; we must recall his view that a cause is one of four kinds of explanation. On both counts, I think he is right. His account of cause, I believe, is more promising than any of those current today, and also justifies the denial that coincidences have causes. 


There is another strut in the causal determinist's case. Besides the view that everything has a cause, he holds that whatever is caused or explicable is necessitated. If this idea is once accepted, he has a powerful argument, already wielded by the Stoics, against the indeterminist: any action that is not necessitated becomes causeless, inexplicable and hence a thing for which  no one can be held responsible.  On this issue, regrettably, Aristotle is less firm; he wavers on whether what is caused is necessitated. But insofar as he sometimes implies that it is not, we will be better placed, later in the book, to understand the argument of Nicomachean Ethics III 5. In denying that voluntary actions have been necessary all along, Aristotle need not be implying that something is uncaused.


The best-known arguments in Aristotle on determinism have to do with time rather than cause. In Int. 9, he tries to reply to the deterministic 'sea battle' argument which is based on considerations of time and truth...I shall distinguish certain further deterministic arguments based on the necessity of the past, or on divine foreknowledge. The only one of these arguments articulated by Aristotle (and opposed by him) is the sea battle argument. But he is a more or less remote ancestor of many of the others, and of some of the answers to them.


I shall have shown by the end of Chapter Eight why I think Aristotle an indeterminist. I do not believe that he came close to the determinism of Diodorus Cronus, or of the author of the sea battle, nor that he treated coincidences as necessary. In a later chapter (Fourteen), I shall further deny that he treated all human action as necessary. But it will be time in Chapter Nine to guard against the ascription to him of too extreme an indeterminism. His occasional denials that natural events can ever occur of necessity seem to be contradicted elsewhere. Certainly, his belief that there is purpose in nature does not require, and is not thought by to require, the denial of causal necessitation. To show why such a denial is not required, I shall have to try to show how Aristotle's purposive explanations in biology work. It will be argued that they work in several different ways, and that most of these ways leave Aristotle immune to modern criticisms of purposive explanation in biology. Criticism of Aristotle here has been widepread and vitriolic; I hope to show that it is largely mistaken.

(Necessity, Cause, and Blame, pp. ix-xii)



 

Sorabji claims that he can separate necessity from causality, with implications for causal determinism. In particular, he defends indeterminists against the charge that libertarian decisions are unintelligible.


[If] some of our decisions are not necessitated, it by no means follows that they are uncaused or inexplicable. If this is correct, it should answer the causal determinist's argument that, if some of our decisions are not necessary in advance, they will be inexplicable and mysterious happenings of which we cannot be held responsible. The answer suggested here is that from our decisions being unnecessitated it would not follow that they were inexplicable, or uncaused.

The above reflections have implications not only for the common charge against the indeterminist - that he renders decisions inexplicable, but also for some of the premises that are typically used for establishing the determinist's case. For we have been led to doubt the premises that every state of affairs has a cause and that whatever is caused is necessitated.


Even these two premises together would not be enough to yield the determinist's view that whatever happens is necessary in advance. To obtain that result, he may appeal to the idea of a sequence of causes: each state of affairs has a prior state of affairs as its cause. If this seems implausible, because the dent in a springy cushion is caused by the contemporary presence of a weight, it will suffice if in any causal chain a proportion of the causes are prior. On the other hand, if the determinist allows that a cause is only a part of some necessitating conditions, he will have to be willing to argue that the complete set of necessitating conditions commonly exists in advance of its effect.

(p. 32)



Sorabji considers the suggestions that quantum uncertainty disproves determinism, and he finds that Aristotle described "starting points" (ἄρχαι) for new causal chains that resemble probabilistic quantum events.


 
The appeal to the totality of laws and of initial conditions brings us closer to the classic formulation of causal determinism by Laplace.

[But], the current state of physics no longer offers the encouragement that was once expected. By an ambitious extrapolation from the successes of Newtonian mechanics in the field of astronomy, Laplace was able to think of science as on the determinist's side. But the majority" of quantum physicists now maintain  that their science actually contradicts determinism. or certain micro-events are not made necessary in advance of their occurrence. Sometimes an attempt is made to admit this conclusion, but reduce its interest, by maintaining that indeterminacy at the level of micro-events will not lead to indeterminacy at the level of the large-scale events that concern us in real life. But against this we have already noticed examples of a small-scale indeterminacy being amplified into a large-scale indeterminacy through radio-active material being connected to a bomb or a living organ.

(pp. 35-6)


None of this is intended to rule out the causal determinst's view as possible. I do not know how to do that. But it is meant to place an onus on him to argue for his case, if he wants it to seem at all plausible. I cannot say that I think of it at the moment as having any plausibility.
And I should certainly hope that it was false. For I believe it is determinism that rules out moral responsibility and other things we believe in. I believe it is a necessary, though a sufficient, condition of our being morally responsible agents that actions should not all along have been necessary. I do not think the indeterminacies of quantum physics help in any direct way to preserve moral responsibility. What is important is that, in the different sphere of
human conduct, there should be actions which are explicable without being necessitated.

(pp. 37)


 
Finally, although he thinks Aristotle was not aware of the "problem" of free will vis-a-vis determinism (as first described by Epicurus), Sorabji thinks Aristotle's position on the question is clear enough. Voluntariness is too important to fall before theoretical arguments about necessity and determinism.

I come now to the question of how determinism is related to involuntariness. Many commentators nowadays hold one or more parts of the following view. Determinism creates a problem for belief in the voluntariness of actions. Regrettably, but inevitably, Aristotle was unaware of this problem, and so failed to cope with it. Indeed, the problem was not discovered until Hellenistic times, perhaps by Epicurus, who was over forty years junior to Aristotle, and who reached Athens just too late to hear his lectures. In Aristotle's time no one had yet propounded a universal determinism, so that he knew of no such theory. His inevitable failure to see the threat to voluntariness is all the more regrettable in that he himself entertained a deterministic account of actions, which exacerbated the problem of how any could be voluntary. I shall argue that this account misrepresents the situation.

First, Aristotle is aware of the idea that everything is determined, whether causally or non-causally. He considers a non-causal determinism in Int. 9, and a causal determinism not only in Metaph. VI 3, but also in Phys. II 4, where he remarks that some people had denied that there was such a thing as chance, on the grounds that a cause could always be found for everything (195b36 — 196a11). Admittedly, he takes the falsity of determinism as fairly obvious in Metaph. VI 3, and feels little need to discuss it in NE III, or in GC II 11. Indeed, in the last passage he asks whether all coming to be is necessary, but whether any is. None the less, he does sometimes produce arguments against determinism (Int. 9, 18b26 — 19a22; Phys. II 5, 196b14; GC II 11, 337b3-7). And he also thinks that in the light of its falsity, he needs to do some explaining, and to show how there can be events without a cause (accidental conjunctions, Metaph. VI 3), or how some predictions can avoid being already true 
 (Int. 9, 19a22—b4, on the traditional interpretation).


What Aristotle failed to discuss was not determinism, but something that William James was later to call 'hard' determinism,' the view not only is determinism true, but that also, because of it, there is no thing as moral responsibility or voluntary action. The commentators mentioned above are right insofar as they only want to say this. But what is debatable is whether we should see Aristotle's silence about `hard' determinism as simply a failure to see a problem, and how far the subsequent Hellenistic period differed from Aristotle in their readiness to discuss 'hard' determinism. Determinists in antiquity did not make it a triumphant conclusion that all actions are involuntary. Rather, they would have thought it an objection to their view, if they had to banish voluntariness. There is a whole battery of arguments, which turn up in treatise after treatise, urging against determinism, that it would do away with many of our conceptions about conduct and morality. In the De Fato of Alexander of Aphrodisias (fl. c. A.D. 200), where many of these arguments are used, it becomes clear that the Stoics, against whom they were directed, replied not by conceding the point, but by urging that fate did not exclude the standard moral concepts (chs 13-14, 33, 35-8 Occasionally, they seem to have gone over to the offensive, and argued like certain modern philosophers,5 that the standard moral concepts actually presuppose determinism. But... they felt little attraction towards 'hard' determinism, even if their founder Zeno (fl c. 300 B. C.) deployed an argument in an ad hominem way which is used also by hard determinists, that our moral practices are inevitable, whether justifiable, or not (Diogenes Laertius 7 1 23).  Most ancients would have said, and so would Aristotle, that, if there is a genuine incompatibility between determinism and voluntariness, this is so much the worse for determinism, not for voluntariness; and even in modern times, 'hard' determinism is much rarer than 'soft'.


Aristotle himself, so far from failing to observe any incompatibility between determinism and our ordinary ways of thinking about conduct, actually tended to see such incompatibilities too readily. Moreover, so far from his successors starting a new tradition, they are often simply echoing Aristotle's own comments, when they argue that there is an incompatibility, and that it counts against determinism. We have seen that Aristotle thinks voluntariness incompatible with an action's having all along been necessary, and further that he goes so far as to argue (wrongly) against determinism that it is incompatible with the efficacy of effort or deliberation (Int. 9, 18b31-3, 19a7-8). This latter was echoed in one of the famous named arguments of antiquity, the Lazy Argument, according to which belief in determinism would make us lazy. A related argument, which we have already noticed, appears in NE II 5 (1113b21-30), where Aristotle claims (again wrongly) that since punishment and honours influence conduct, good and bad conduct must be up to us. Aristotle may here have been ignoring, rather than answering, the idea that wicked conduct is determined, and may have been concentrating instead on the point that our conduct is in some way dependent on us. But his successors used arguments like this one in order to attack determinism, and he too might have been willing to use the argument against a determinist, if he had felt himself to be confronted by one. Aristotle often repeats that we do not deliberate about what is necessary (NE III 3, 1112a21-6; VI 1, 1139a13; VI 2, 113967-9; VI 5, 1140a 31—b1; VI 7, 1141b10-11; III 3, 1112a30-1 with III 5, 1113b7-8; EE II 10, 1226a20-30; Rhet. I 2, 1357a8), and only once comes at all close to adding the desirable qualification 'unless we do not realise that such and such a course is necessary'. If determinism is incompatible with deliberation, it will also be incompatible with praxis, the distinctively human kind of action, and with moral virtue, both of which presuppose deliberation. Similar views on the relation of deliberation to determinism reappeared among Aristotle's ancient and modern successors. And they also turned against determinism the comment, which Aristotle makes in another context, that we cannot bestow praise and blame for what happens of necessity (NE III 5, 1114a23-9; EE II 6, 1223a10; II 11 1228a5), although we can bestow honour, e.g. on the gods (NE 1101b10 — 1102a4).


Those who think that determinism endangers voluntariness have every right to disagree with Aristotle's view that our ways of thinking about conduct endanger determinism. But they should recognise it as an alternative view. It misrepresents the situation to suggest that Aristotle was merely not yet in a position to appreciate the problem; he would not have agreed that the problem was one for believers in voluntariness. And the succeeding age would have supported him.

(pp. 243-6)



R. W. Sharples

Sharples' great translation and commentary Alexander of Aphrodisias On Fate appeared in 1983.  He described Alexander's De Fato as perhaps the most comprehensive treatment surviving from classical antiquity of the problem of responsibility (τὸ ἐφ’ ἡμίν) and determinism. It especially shed a great deal of light on Aristotle's position on free will and on the Stoic attempt to make responsibility compatible with determinism.

Sharples thinks that the problem of determinism and responsibility was not realised, in the
form in which it was eventually passed on to post-classical
thinkers, until relatively late in the history of Greek thought - at least not until after Aristotle.


Although there are passages in which it is recognised that there is something problematic in holding someone responsible for an action that a god has foretold he will perform, it is generally misleading in the interpretation of the literature of the fifth century B.C. and earlier to assume that the difficulty is always as obvious or as important as it  seems to  us. The mechanistic atomism of Democritus (born 460-457 B.C.) may well seem to us to raise difficulties for human responsibility, and it seemed to  do so to  Epicurus, but Democritus himself apparently felt no such problem. The question of the relation between destiny and human choice is raised, in mythical form, at the end of the Republic of Plato (c. 429-347B.C.), in a passage that was to be important for later discussion; but it only attains its full significance in the context of a theory claiming that all events in the physical world are governed by a rigid determinism, and this is not present in Plato, for whom what admits of absolute regularity with no exceptions is to be found among the Ideas rather than in sensible phenomena.

The classic notion of determinism — of a system in which every state of affairs is a necessary consequence of any and every preceding state of affairs — is almost entirely absent from the approach to the physical world of Aristotle (384-322 B.C.) also; more important for him is the contrast between, on the one hand, the absolute necessity and invariance which applies to the motions of the heavenly bodies, to mathematical truths, and to certain attributes of beings in the sublunary world — the mortality of all men, for example — and, on the other hand, the irregularity and variation of many aspects of the sublunary world, where the most that can be said of many things is that they happen for the most part but not always, and where there are many accidental connections that fall outside the scope of scientific knowledge — concerned with what is always or usually the case — altogether.


Aristotle's picture of the consequences of an event is not one of chains of cause and effect interwoven in a nexus extending to infinity...Aristotle can assert that there are fresh beginnings (archai), not confined to human agency, without supposing that there is a deterministic causal nexus occasionally interrupted by undetermined events; he simply does not see the question in these terms. He does discuss the question whether all events are determined by necessary chains of causation at Metaphysics E 3  1027a30 — b14, and there denies this possibility insisting that not everything is necessary; but here as elsewhere it is not clear that he distinguishes between (i) the claim that there are events which are not predetermined, and (ii) the lesser claim that there are some things that do not always happen in the same way — which does not exclude their being predetermined by different factors on each occasion. He certainly holds that there are events which result from chance rather than necessity; but as has often been pointed out his treatment of chance events in terms of coincidence is not incompatible with determinism. He is in fact interested in a different question, that of explanation; it may well be that chance events have no scientific explanation, without their thereby involving indeterminism. It would indeed be rash to claim that there are no passages where Aristotle intends to assert freedom from determinism as later philosophers would understand it; but this is not, in dealing with the universe as a whole, his main concern. And Aristotle's emphasis on other questions, particularly that of the presence or absence of a variation which may well be entirely predetermined, was highly influential on later thinkers, Alexander among them, who were concerned with the problem of determinism.


Aristotle did however discuss the issue of the analysis of responsible human action in a way which, although it does not form part of a treatment of determinism in the world as a whole, was nevertheless to be influential when this topic was later discussed. In Nicomachean Ethics III.1 he defines voluntary (hekousion) action as that where there is no external compulsion, so that the source (arche) of the action is in the agent, and where the agent is not ignorant of the particular details of what he is doing. In this chapter he is concerned with the practical, quasi-legal problem of the imputability of actions to their agents, rather than with a philosophical analysis of freedom of choice, but the question of the presence or absence of external compulsion was to be important in  later discussion.


In Nicomachean Ethics III1.5 Aristotle asserts that responsible actions — those which 'depend on us' — involve the possibility of choosing otherwise (1113b7). He then meets the objection that a man's character may be such that he cannot choose other than actions of a particular sort by arguing that, since dispositions develop as a result of actions, even if a man cannot now choose not to act in a certain way, it is his responsibility that he came to be like this in the first place (1114a3-31). This argument, however, only pushes the problem back into the past, till one comes
to influences in our childhood — natural endowment, training and education — for which we can hardly be regarded as responsible.


Aristotle is not indeed arguing against the background of a determinist system, and it would be a mistake to press his argument too closely so as to extract deterministic implications from it. It seems that he is operating with basically libertarian assumptions, starting from the position that responsibility involves freedom to choose between different courses of action, and dealing with difficulties arising from the determination of action by character only as a subordinate issue. It is true that 'the possibility of choosing otherwise' could be interpreted in a qualified sense which would make it acceptable to a determinist, but there is no explicit indication of this in Aristotle's text, and it seems likely that such ,attempts to reconcile determinism and responsibility only arose later as a reaction to the explicit assertion of the necessity of choosing between determinism and indeterminism. However, Aristotle's treatment is not entirely satisfactory, and its limitations and difficulties do become apparent when later thinkers, and above all Alexander, use it as a basis from which to argue against determinism.


It is with Epicurus and the Stoics that clearly indeterministic and deterministic positions are first formulated. Epicurus (341-270 B.C.) claimed that human freedom could only be maintained in the atomist system by the unpredetermined swerve of certain atoms from the paths which they would otherwise follow. 


The problems of this position, which seems to reduce responsible human choice to pure randomness, have often been pointed out; however, analogous problems seem involved in any attempt to treat responsibility in terms of the possibility of choosing otherwise, if this is to be combined with a rational explanation of why men do, or should, choose in a particular way. 

The Stoic position, given definitive expression by Chrysippus (c. 280-207 B.C.), the third head of the school, represents not the opposite extreme from that of Epicurus but an attempt to compromise, to combine determinism and responsibility. Their theory of the universe is indeed a completely deterministic one; everything is governed by fate, identified with the sequence of causes; nothing could happen otherwise than it does, and in any given set of circumstances one and only one result can follow — otherwise an uncaused motion would occur. Fate is also identified with providence and with god, and thus with pneuma or spirit, the divine active principle — or perhaps better the instrument or vehicle of the divine will — which penetrates the entire universe, bringing about and governing all processes within it and giving each thing its character.


Chrysippus was however concerned to preserve human responsibility in the context of his determinist system. His position was thus one of 'soft determinism', as opposed on the one hand to that of the 'hard determinist' who claims that determinism excludes responsibility, and on the other to that of the libertarian who agrees on the incompatibility but responsibility by determinism. The Greek to eph' hemin, 'what depends on us', like the English 'responsibility', was used both by libertarians and by soft determinists, though they differed as to what it involved; thus he occurrence of the expression is not a safe guide to the type of position involved. The situation is complicated by the fact that the debate is in Greek philosophy conducted entirely in terms of responsibility (to eph' hemin) rather than of freedom or free will;  nevertheless it can be shown that some thinkers, Alexander among them, have a libertarian rather than a soft-determinist conception of  responsibility, and in such cases I have not hesitated to use expressions like 'freedom'. The expression 'free will' is employed in discussions of the problem in ancient Latin writers.


Chrysippus argued that we are responsible for those actions which, even though they are predetermined, depend chiefly on ourselves rather than on external factors. 


Again the misinterpretation of Epicurus


(Epicurus, by contrast, insisted that free actions must be free not only from external necessity but also from necessitation by factors internal to the agent).

 Certain ancient authors put forward arguments for praise, blame, punishment and reward in a determinist system with no appeal to responsbility — arguments which may therefore be classified as hard determinist. The wrongdoer should be punished for the protection of others whether or not he is responsible for his actions, just as noxious plants or animals are destroyed. A Stoic source for these 
arguments cannot be ruled out, for the Stoics may well have reinforced soft-determinist arguments justifying praise, blame, punishment and reward by others not referring to responsibility.


In addition to physical, causal determinism one may also speak of 'logical' determinism. In chapter 9 of his De Interpretatione, the famous 'Sea-Battle' passage, Aristotle poses the problem that, if a prediction is either true or false, it seems that what is predicted must in the one case necessarily occur and in the other necessarily not occur. Aristotle's  own solution to the problem is obscure. Both Epicurus and the Stoics accepted a connection between the truth or falsity of the prediction and the eventual outcome's being predetermined, Epicurus rejecting determinism and consequently denying that all future-tense propositions are true or false, the Stoics arguing that all propositions are true or false and using this as an argument to support determinism. Carneades (214/3-129/8 B.C.), the founder of the sceptical New Academy, argued against both schools that the necessary connection between the truth of the prediction and the occurence of the event is simply an indication of what is meant by describing a proposition as true, and does not have any deterministic implications. The predominant interpretation of Aristotle's own position in later antiquity was that a prediction of a future contingent event does have a truth value —  it is true or false — but not a  'definite' one," this position first appears in the last section of quaestio 1.4 attributed to Alexander, but is not found in the de fato. It was probably advanced as a defence against those who attacked Aristotle as denying that predictions of contingent events had any truth value at all; Cicero indeed attributes this position to Epicurus and not to Aristotle (whom he regards as a determinist), but we know that both Stoics and others had attacked Aristotle for holding such a view.


A form of logical determinism which the Stoics however found less acceptable was that involved in the Master Argument of Diodorus Cronus (fl. c. 315-284 B.C.), a member of the Dialectical school.From the premisses 'all that is past and true is necessary' and 'what is impossible does not follow from what is possible,' Diodorus claimed to infer that only what is, or will be, true is possible. Both Chrysippus and his predecessor Cleanthes (331-232 B.C.), however, rejected this conclusion, Cleanthes rejecting the first premiss, Chrysippus the second. For the Stoics there are things that are possible even though they will not happen and even though it is predetermined that they will not. Nevertheless, Cicero (106-43 B.C.), in his de fato, and other anti-determinist critics of the Stoics claimed that this was not compatible with their determinist position, and that they were committed to Diodorus' definition of the possible whether they liked it or not. The issue is really one of the point of view taken. Even in a determinist system it may be useful to distinguish between things which could happen (given certain circumstances) but may or may not actually do so, depending on factors which may be obscure to us, and others which cannot happen at all. But those who are opposed to determinism are likely to find all such distinctions beside the point as long as it is still admitted that the actual outcome in each case is predetermined.


Cicero's treatise, of which unfortunately only the later part is extant, apart from a few fragments, is of particular importance for its presentation of the arguments advanced by Carneades, from whom the greater part of the treatise seems ultimately to derive. Just as in the case of the problem of the truth of predictions Carneades endeavoured to show that both the Stoic and the Epicurean position rested on a common misconception, so in the case of physical determinism he argued that there was a middle ground between universal determinism on the one hand, and the occurrence of uncaused events on the other. Chance events are caused, in that they have accidental causes, but not predetermined; human actions are not uncaused because their cause is in the nature of voluntary motion itself. Both these claims are similar to ones made by Alexander.


It was probably Carneades, too, who made popular a series of arguments from the alleged practical consequences of determinism, reflected in later authors and among them Alexander (f. XVI-XX). Our information on the place of Carneades in this tradition would probably be much better if we still possessed the lost part of Cicero's de fato.




This is a misreading of Epicurus by his opponents that is still popular today

  
As to the thought of Alexander himself, Sharples notes that in his attack on the Stoics Alexander does not name any individual thinkers and makes his arguments very general.

Alexander throughout speaks as if fate and necessity, for the determinists, were identical; the Stoics may indeed have been prepared in certain contexts to say that all things were necessary, but it does not seem that they laid such emphasis on the necessity of all things as does Alexander in stating his opponents' position. But since Alexander finds his opponents' attempts to separate fate and necessity trivial, from his own point of view his presentation of the determinist position is legitimate. It follows, however, that his statements must be used with considerable caution as evidence for the Stoic position.

Alexander's own position becomes apparent not only in the constructive argument of de fato but also in his polemic against the determinists, though the structure of his treatise has the consequence that his own position is not always clear — his arguments against the determinists are often dialectical, and he is concerned to refute them on diverse topics rather than to construct a systematic position of his own.


One crucial point that is however clear is that Alexander's own conception of responsibility is a libertarian one. He objects not just to determination of our actions by external causes alone, but to that resulting from a combination of internal and external factors; it is not enough that an individual contributes something to the result, if that contribution is predetermined. This shows that his repeated descriptions of responsbility in terms of the power or capacity for opposite courses of action"' are to be understood in terms of an unqualified, unrestricted possibility. At the same time, like Carneades, he claims to avoid the Stoic charge of introducing uncaused motion. Epicurus is nowhere mentioned in the de fato in connection with determinism, but only with reference to his denial of divine providence; possibly consideration of the Epicurean atomic swerve would have exposed difficulties in Alexander's own position. He stresses the connection between responsibility and reason, which shows that his libertarian conception of responsibility is not just one of arbitrary caprice; at the same time, he faces very real difficulties in combining his libertarian position with an account of the rational element in human behaviour, and does not really solve it. (For the Stoics and Neoplatonists, on the other hand, freedom is located not in the possibility for alternatives but precisely in choosing the most rational course of action.)'"



Don Fowler

In his 1983 thesis, "Lucretius on the Clinamen and 'Free Will'," Fowler criticized Furley's limits on the swerve and defended the ancient - but seriously mistaken -  claim that Epicurus proposed random swerves as directly causing our actions. This mistaken claim has become common in current interpretations of Epicurus.

[The discussion of the swerve in Book II of De rerum natura] has received brilliant treatment from D. J. Furley in a work which is in many ways a model for the analysis of ancient philosophical texts. Yet it still seems to me that there is more to be said. I want here to try briefly to offer a fresh analysis of the argument of the vital paragraph 251-93, and to situate it within an Epicurean context. Inevitably this will involve criticism of Furley; let me state again at the outset my admiration of his work.

("Lucretius on the Clinamen and 'Free Will'", Συζήτησισ: Studi sull'epicureismo greco e romano offerti a Marcello Gigante, (Naples, 1983), p.330)


(The thesis is reprinted as Appendix A in Lucretius on Atomic Motion, 2002, p.407) 

I turn to the overall interpretation. Lucretius is arguing from the existence of voluntas to the existence of the clinamen; nothing comes to be out of nothing, therefore voluntas must have a cause at the atomic level, viz. the clinamen. 

The most natural interpretation of this is that every act of voluntas is caused by a swerve in the atoms of the animal's mind. The σημείωσις of L. 2. 125-41 is exactly parallel; the visible motions of the dust-particles are a σημεῖον [ἀπὸ τῶν φαινομένον] (128 significant) for the invisible atomic motions which are their cause. There is a close causal, physical relationship between the macroscopic and the atomic. Furley, however, argued that the relationship between voluntas and the clinamen was very different; not every act of volition was accompanied by a swerve in the soul-atoms, but the clinamen was only an occasional event which broke the chain of causation between the σύστασις of our mind at birth and the 'engendered' state (τὸ ἀπογεγεννημένον) which determines our actions. 

Epicurus would not want actions that are "up to us" to be randomly caused


Its role in Epicureanism is merely to make a formal break with physical determinism, and it has no real effect on the outcome of particular actions.

(p.338) 

For Furley, both of these accounts are essentially ones of stimulus and response; action follows automatically upon perception, and the nature of the action is determined by our constitution, the sort of person we are. In accordance with this, he analyses the passage from De rerum natura Book 4 as follows:


(1) Simulacra meandi must strike our minds, among the innumerable other simulacra which are always abroad in the air (881-885).
(2) The mind must be focussed, as it were, on walking, so that these simulacra form an image while others do not (882-886).

(3) Voluntas fit . . . animus sese ita commovet ut velit ire (883, 886). (4) The mind transmits motion to the limbs, bit by bit (887-891).



Here the occurrence of voluntas is consequent on the focusing of the mind. But that is not what Lucretius says; a more accurate analysis of the paragraph would be:

(1) 881-2. First simulacra strike the mind, as explained previously.
(2) 883-5. Next voluntas occurs; for the mind does not begin any action before the process of 'prevision' has taken place. An imago is formed of what the mind anticipates. 

(3) 886-90. Therefore, when the animus moves itself in such a
way as to want to go, straight away it transmits its motion to the anima. Then the anima strikes the body . . .



Lucretius is concerned in this passage with how we move when we wish to, not with how we come to wish to move; hence there is no explanation of how voluntas occurs. But there is certainly no evidence for the idea that voluntas is caused by sense perception directly, and hence that there is no room for the occurrence of a clinamen in the soul-atoms. Simulacra are striking our mind all the time, but we do not 'see' them unless we concentrate on them in an ἐπιβολή τῆσ διανοίας, as Lucretius explains in 4. 802-17. What we concentrate on depends on our voluntas. Once the image is clearly visualized — once we have a φαντασία — then indeed the bodily reactions proceed from that automatically. But voluntas comes before, not after, the production of the image; as K. Kleve remarks, 'wir können selbst wählen, welche Bilder wir bemerken wollen, d.h. auf welche Bilder wir unsere Aufmerksamkeit (ἐπιβολή) richten wollen'. Furley argues that we cannot situate voluntas at this stage 'because Lucretius goes to great lengths to give a causal explanation of why the mind focuses on some things rather than others'. The passage
referred to is 4. 962-1036, and in particular 973-83. But Lucretius is clearly there describing an exceptional and involuntary experience which offers an analogy for the phenomenon of dreaming. There is no suggestion that that is what ordinary perception and thought, still less action, are like. 

For Furley, Epicurus' clinamen is only an occasional event which breaks the chain of causation. So voluntas might be an agent-causal will that is "up to us".


There is therefore no reason to doubt that in 4. 881-90 Lucretius situates voluntas before the act of ἐπιβολή and therefore no reason to see voluntas as causally conditioned by perception. Ample room is left for the clinamen to fill; and indeed what else could fill it?


(p.341)

For Lucretius, voluntas takes place in the mind, the animus, but it is also a purely
physical occurrence. There is no disembodied faculty of the will separate from the physical constitution of the animal." Voluntas is not, moreover, in Lucretius' view merely the object of introspection; we can see it occurring in others. It takes place when the mind decides to focus on certain simulacra in an ἐπιβολή τῆσ διανοίας, and is thus situated between sense perception and the formation of a specific φαντασία which leads to action. It is caused by a random swerve in the downward motion of an atom or atoms in the 'fourth substance' of the animus, which causes an alteration in the atomic motions which eventually leads to a specific action. What action, if any, a swerve issues in is determined by which atoms swerve and by the constitution of the animus. On any particular occasion, what action the animal will take is unpredictable, but over a series of actions his reactions to the external world will be broadly consistent with the sort of being he is. This theory has usually been greeted with contempt, in ancient and modern times. And its special problems are undoubtedly immense, quite apart from those which face any traditional account of the will as a distinct psychological phenomenon. But it is also a bold imaginative scheme, and an attempt to produce a precise physical account of puzzling psychological problems; it is surely, other considerations apart, a more interesting theory than a mere rehash of Aristotelianism would have been, however philosophically more respectable. It was not the whole of Epicurus' answer to the problems of human freedom; I have not touched at all on Epicurus' denial of a truth-value to statements about the future, which was designed to refute logical determinism as the clinamen did physical. The relationship between this move and the introduction of the clinamen is not clear, and requires further study. But I hope I have shown that the theory of the clinamen as presented by Lucretius is a self-consistent, reasoned theory
in itself, firmly embedded in the Epicurean system as a whole and designed to answer real philosophical problems, rather than merely an awkward embarrassment.

(p.351-2)


(Don Fowler, "Lucretius on the Clinamen and 'Free Will'", Συζήτησισ: Studi sull'epicureismo greco e romano offerti a Marcello Gigante, (Naples, 1983) 329-52)




This is not an interpretation that  would have been acceptable to Epicurus

A. A. Long and D. N. Sedley

In their great 1987 work The Hellenistic Philosophers (dedicated to David Furley), Long and Sedley discussed Epicurus and the free will problem at length, with references to the principal original Greek and Latin sources. (Long and Sedley did for the Hellenistic philosophers what Diels-Kranz did for the Pre-Socratics. Letter references below are to the fragments in Long and Sedley volume 2. Number references are to sections of volume 1.)

Epicurus' problem is this: if it has been necessary all along that we should act as we do, it cannot be up to us, with the result that we would not be morally responsible for our actions at all (especially A, E 3, F 1, G). Thus posing the problem of determinism he becomes arguably the first philosopher to recognize the philosophical centrality of what we know as the Free Will Question. His strongly libertarian approach to it can be usefully contrasted with the Stoics' acceptance of determinism (see 62).

Epicurus certainly saw the Democritean atomism which he had inherited as vulnerable to such a challenge, since it made all phenomena, including human behaviour, fully accountable in terms of rigid physical laws of atomic motion, and hence necessary: see A 2, C 13-14, E 3, G. It is perhaps the most widely known fact about Epicurus that he for this reason modified the deterministic Democritean system by introducing a slight element of indeterminacy to atomic motion, the 'swerve' (on which see also 11H with commentary): E 2-3, F, G. But taken in isolation such a solution is notoriously unsatisfactory. 


Randomness is no better than necessity in the 
standard argument against free will

It promises to liberate us from rigid necessity only to substitute an alternative human mechanism, perhaps more undependable and eccentric but hardly more autonomous. Epicurus' remarks in A 1, where 'that which depends on us' (or 'that which is up to us') is contrasted with unstable fortune as well as with necessity, suggest that he meant to avoid this trap. In order to see how, we must defer discussion of the swerve for now..



Long and Sedley agree with Pamela Huby that Epicurus was first to see the free will problem

Given today's quantum mechanical indeterminacy, Epicurus' intuition of a fundamental randomness in nature was correct. But he did not think the swerves were the direct causes of our actions. He agreed with Aristotle that beyond necessity (άνάyκη) and chance (τυχῆ), there is a third kind of basic cause - agent causes (ἐφ' ἡμῖν or παρ’ ῆμᾶς). How exactly determinism and chance relate to autonomous agent causality is not made clear, but Aristotle and Epicurus should be classed today as "agent-causal libertarians."


The swerve is not even mentioned in the surviving papyrus fragments [B,C] of Epicurus' book on the issue of responsibility from which B and C are drawn But the book still sheds abundant light on the question. In C he conducts a running debate with a Democritean determinist. Democritus himself, we are told, simply failed to see the implications of his determinism for human action (C 13-14). Epicurus' principal target in C 2-12, on the other hand, is someone who consciously applies mechanistic determinism to all human behaviour, including his own. He probably has in mind such fourth-century Democriteans as his own reviled teacher Nausiphanes — the heirs of Democritus derided C 13, as perhaps also implicitly in G. (The early Stoics have sometimes been identified as his target, but cf. 62 with commentary; 'natural philosophers', A 2. would not normally be used of Stoics, in any case.)


In C 1 Epicurus is arguing that since we start with a wide range of potentials ('seeds') for character development our actual direction of development is not physically predetermined but 'up to us'. There are physical influences, but we can control them (cf. 15D 7-8). If it were they that controlled us, our moral and critical attitudes to each other would make no sense (C 2). This leads him into his anti-determinist digression, which continues until its express conclusion at C 15. The determinist may simply regard these attitudes as themselves necessitated (C 3). But this does not save him from the charge of self-refutation (C 5, and perhaps already in the very fragmentary C 4): his own critical attitude in this very debate still implies what he wishes to deny, that the parties to the debate are responsible for their own views. The determinist will resort to the defence that he is compelled to behave in this way; when challenged once again for continuing to argue, will repeat the defence; and so on ad infinitum. Epicurus' objection to this infinite regress (C 6) is not that it is in itself vicious, but rather that it leaves the inconsistency untouched: at every stage of the regress the determinist's behaviour in continuing to argue his case as if with a responsible agent contradicts his thesis that everything, including our beliefs, is mechanically necessitated.


In the second stage of the digression, C 8-12, Epicurus suggests that determinism cannot amount to a substantive thesis about the world, and that its application of 'necessity' to human agency will turn out to be no more than a change of terminology. First (C 8) comes an appeal to 'preconception' (on which as a criterion, see 17 above). We all share a preconception of our own agency as that which is responsible for our behaviour: to defuse the evidential force of this, the determinist would have to show how the alleged preconception has come to embody a faulty 'delineation' (cf. 17E 2, 5) of the facts. (Compare Epicurus' own grounds for dismissing the alleged preconception of the gods as provident, 23B—C below.) If he cannot, the preconception remains valid and the determinist's contribution is merely a new name for it. Second (C 9), his thesis is pragmatically empty. Since he denies us an internal source of self-determination (an 'auxiliary element or impulse in us') he can never expect his arguments to dissuade us from any action. In this Epicurus contrasts him with someone who has a proper grasp (as recommended in A 1) of the difference between the necessitated and the unnecessitated, and who consequently can expect to dissuade us from actions which would involve resisting necessity (C to) perhaps, for example, dissuade us from a vain desire to evade the inevitability of death, because unlike the determinist he can appreciate that while death is necessary our wishes are up to us. Third (C II), the determinist leaves himself no tools for analysing 'mixed' actions (as they are called by Aristotle, Nicomachean ethics in. I), those performed freely but reluctantly in avoidance of a greater evil, since he is unable to distinguish the voluntary from the necessitated elements in them.


The final stage of the argument, C 13-14, is pragmatic, appealing to the disastrous practical consequences that would have ensued had Democritus remembered to apply his thesis of universal necessitation to himself. No illustration is given, but one easy example would be the abandonment of decision-making (cf. 55S).
It is remarkable how closely the internal structure of this anti-determinist argument matches that of 16A's anti-sceptic argument, with the sequence of a self-refutation challenge (C 3-7; cf. 16A 1), an appeal to preconception and word-meaning (C 8-12; cf. 16A 2-3), and a pragmatic argument (C 13-14; cf. 16A 9-10). So too its function as a digression added late in the book to justify the preceding positive account of psychological causation matches the role of 16A in relation to Lucretius' preceding positive account of sense-perception. None of this is likely to be mere coincidence. For scepticism and the kind of mechanistic determinism envisaged here were seen as joint consequences of Democritus' reductionist atomism. If phenomenal properties were reducible to mere configurations of atoms and void, it seemed to follow that the atoms and void alone were real while the sensible properties were arbitrary constructions placed upon them by our cognitive organs. The result was scepticism about the sensible world, which had become the characteristic stance of most fourth-century Democriteans (see further, 1 and 16). Similarly, if the 'self' and its volitions were reducible to mere sequences of atomic motion in the soul, human action would easily appear to be mechanistic, fully explicable in terms of primary physical laws, with no additional explanatory or descriptive role left for such psychological entities as belief and volition. And that is just the kind of theory under attack in C (cf. especially C 2, 9).


Given the extent of this parallelism between scepticism and determinism, and between Epicurus' respective refutations of them, we might expect his own positive alternatives to them to be similarly comparable. And so they are. 


Just as his answer to scepticism is to affirm the reality of phenomenal properties and the truth of sense-impressions of them (see on 7 and 16), so too his answer to mechanism is to affirm the reality and causal efficacy of the self and its volitions as something over and above the underlying patterns of atomic motion. This plainly emerges from B, despite the lack of context and certain difficulties of interpretation. Epicurus is speaking of self-determining animals. (Volitional autonomy is not restricted to human beings, cf. F 1-2; but elsewhere in the book, j in vol. 2, wild animals seem to be excluded, as lacking self-determination and hence as exempt from moral criticism, though not from hate.) Their misbehaviour is quite explicitly said (B 1-4) to be attributable not to their atoms but to their selves and their 'developments'. The latter term, which is crucial to the entire book's discussion, is explicated at B 5. The kind of 'development' which contributes psychological autonomy is one which is distinct from the underlying atoms in a 'differential' way ('transcendent' would be a tempting translation of the Greek word) — a way more radical than 'the way which is like viewing from a different distance'. The point is apparently that all bodies have certain properties, e.g. colour, over and above their constituent atoms, but that there the main difference is one of scale, one between macroscopic and microscopic analysis; whereas the 'developments' which supply autonomy differ from the atoms in a much more fundamental way. The fragmentary state of the text leaves us to guess at the nature of this difference, although it is hard to doubt that it includes the intentional properties associated with consciousness. How do these psychological entities relate metaphysically and causally to the mind's atoms? They can only be, technically speaking, 'accidental attributes' of those atoms (cf. 7). But they are not mere epiphenomena, supervenient on atomic motions and causally determined by them. For Epicurus is quite explicit in attributing to them a causal efficacy distinct from that of the atoms. Hence, although atomic make-up may be responsible for disorderly motions of the mind-atoms (B 4), it does not follow that we cannot make decisions which override those motions, and according to B 6 psychological causation actually operates on our component atoms. This throws immediate light on Lucretius' insistence at 14D 5 that although atomic composition of the soul determines our natural temperament, we can learn through reason to overcome that temperament. Perhaps, for instance, a natural coward can learn courage through rational reflection. His disorderly motions of soul atoms may then be stabilized, so that he ceases to suffer even the physical sensations of fear.

By now the familiar 'materialist' label is beginning to fit Epicurus less neatly. Although he holds prima facie an Identity Theory of mind (see 14), he does not regard mental states as capable of straightforward physical analysis, for although properties of the corporeal mind they are not mere physical states of it. We have here, then, an interactionist dualism of the mental and the physical. But there is no hint of Cartesian dualism. A better comparison would be with the modern notion of Emergence. In Epicurus' view, matter in certain complex states can take on non-physical properties, which in turn bring entirely new causal laws into operation.


B 7 emphasizes that the distinction between physical and psychological causation is crucial to an understanding of responsibility. And certainly it does constitute at least the beginning of an answer to determinism. The 'self' which is responsible for our actions is, Epicurus will say, more than a mere bundle of atoms, and therefore is not reducible to a link in a physical causal chain. Indeed Carneades, in defending Epicurean libertarianism for his own dialectical purposes (see 70G and commentary), suggested that this was already a sufficient answer to determinism: E 4-7. But how, it will be asked, can this emergent property of the corporeal mind so effectively take control of the soul, and through it of the body, as to move their atoms in ways in which according to the laws of physics alone they should not have moved? If the laws of physics are sufficient to determine the precise trajectory of every atom in us, how can the self be anything more than a helpless spectator of the body's actions?


Here at last a significant role for the swerve leaps to the eye. For it is to answer just this question, according to Cicero at E 3, that the swerve was introduced. The evident power of the self and its volitions to intervene in the physical processes of soul and body would be inexplicable if physical laws alone were sufficient to determine the precise trajectory of every atom. Therefore physical laws are not sufficient to determine the precise trajectory of every atom. There is a minimal degree of physical indeterminism — the swerve. An unimpeded atom may at any given moment continue its present trajectory, but equally may `swerve' into one of the adjacent parallel trajectories (see commentary on 11H).


As far as physics is concerned there is simply no reason for its following one rather than another of these trajectories. Normally, then, the result will be, in this minimal degree, random. But in the special case of the mind there is also a non-physical cause, volition, which can affect the atoms of which it is a property. 


Long and Sedley here arrive at our Cogito model, speculating that randomness provides the alternative possibilities from which an adequately determined volition can choose


It does so, we may speculate, not by overriding the laws of physics, but by choosing between the alternative possibilities which the laws of physics leave open. In this way a large group of soul atoms might simultaneously be diverted into a new pattern of motion, and thus radically redirect the motion of the body. Such an event, requiring as it does the coincidence of numerous swerves, would be statistically most improbable according to the laws of physics alone. But it is still, on the swerve theory, an intrinsically possible one, which volition might therefore be held to bring about. For a very similar thesis relating free will to modern quantum indeterminism, see A. S. Eddington, The nature of the physical world (1928). (It may be objected that swerves are meant to be entirely uncaused; but, as E 2 shows, that was only an inference by Epicurus' critics, made plausible by concentrating on the swerve's cosmogonic function, cf. 11H, for there it must indeed occur at random and without the intervention of volition.)



Epicurus's reaction to skepticism is similar to David Hume's "naturalism" or "realism."


Sedley here assumes a non-physical (metaphysical) ability of the volition to affect the atoms, which is implausible. But the idea that the volition chooses (consistent with and adequately determined by its character and values and its desires and feelings - from among alternative possibilities provided randomly by the atoms - is quite plausible.   

Lucretius' evidence in F does not explicitly state the swerve's relation to volition, although numerous attempts have been made to discover it there. But if the above account of Epicurus' theory is justified by the other testimonia, it becomes clear that F is, at least, fully consistent with it. For the dominant theme of F 1-3 is precisely the evident power of volition to redirect the bodily mass in defiance of its purely mechanical patterns of motion. This is said, in F 1 and 4, to be explicable only if there is an undetermined swerve of atoms, since if impact and weight were the only causes of atomic motion the mind's behaviour would be rigidly mechanistic. Some have also seen in F 1 the further implication that the initiation of every new course of action directly involves the swerve. All this fits the above account comfortably enough. What is missing, of course, is an explanation of the non-physical character of psychological causation — not surprisingly, given that Lucretius' poem is about physics and that his sole object in the context is to complete his account of the laws of atomic motion (cf. 11).

One further dimension to the debate emerges from E 1, H and I. Epicurus saw the threat of universal necessitation not only in unbreakable chains of physical causation, but also in the logical principle of bivalence according to which every proposition is either true or false, including those about the future. His solution of denying the principle as far as certain future-tensed propositions are concerned (the denial is slightly garbled in I's version, where 'one or the other is necessary' ought to read 'one or the other is true'; but the example is clearly authentic — Hermarchus was Epicurus' pupil and successor) was essentially that of Aristotle, according to the traditional reading of his celebrated Sea Battle discussion at De interpretatione 9. But Epicurus, like the Stoic with whom he is contrasted in E I (see further, 38G), saw physical and logical determinism as two aspects of a single thesis. The two formulations of determinism tend to be treated as interchangeable, as do the two respective solutions, the swerve and the denial of bivalence (cf. Cicero, On fate 18-19, and perhaps E 1-3). This conflation seems to rest on the assumed equivalence of 'true in advance' with 'determined by pre-existing causes'; cf. also the telling comment at the end of I.


The interpretation of the swerve theory adopted above may help explain how it could be thought interchangeable with the denial of bivalance. Neither doctrine is involved in analysing the nature of volition itself (as many have thought the swerve to be). Their shared function is to guarantee the efficacy of volition, by keeping alternative possibilities genuinely open.


(Long and Sedley, The Hellenistic Philosophers, section 20, "Free Will," pp.107-112)


Walter Englert

In his 1987 book, Epicurus on the Swerve and Voluntary Action, Walter Ebnglert agreed with Furley that Epicurus did not introduce the swerve to explain "either free or deliberate choice, but rather to prevent human character from being rigidly fixed at birth." (p.3)


Englert argues that fundamentally Epicurus wanted to defend moral responsibility. Ironically, this is the same thing Democritus was trying to achieve with his idea of determinism, namely, to convince humans that they have the reponsibility, not gods arbitrarily interfering in human actions.



Earlier scholars have not thought it significant that our ancient sources differ in reporting what Epicurus was attempting to account for with the swerve. I have argued that the Lucretius passage presents Epicurus' analysis of how the swerve preserves τὸ ἐκούσιον, voluntary action, and Plutarch in one passage specifies τὸ ἐκούσιον as the reason Epicurus posited the swerve. But several other passages from Plutarch, Cicero, and Philodemus report that Epicurus sought to account for τὸ ἐφ’ ἡμῖv, τὸ παπ’ ἡμᾶς, and in nostra potentate with the swerve. All three expressions are equivalent and refer to the topic treated in the preceding chapter, τὸ ἐφ’ ἡμῖv "that which depends on us", or simply, "moral responsibility". I take it that for Epicurus, as for Aristotle, τὸ ἐκούσιον is the broader classification of which τὸ ἐφ’ ἡμῖv is a sub-class. All living creatures (including the horses in the Lucretius passage) can act voluntarily (τὸ ἐκούσιο), but only human beings are responsible for their actions (τὸ ἐφ’ ἡμῖv). What I will try to show in this section is how Epicurus, once he had developed the theory of the swerve and applied it to the problem of voluntary action, also made use of it in his defense of moral responsibility.


(Epicurus on the Swerve, p.129)



Epicurus, given his very different views about the nature of the universe, its physical structure, and the nature of the gods, could not take refuge as the Stoics did in divine providence. In the Letter to Menoeceus (section 134) he clearly states his view on necessity:

For, indeed, it were better to follow the myths about the gods than to become a slave to the destiny of the natural philsophers; for the former suggests a hope of placating the gods by worship, whereas the latter involves a necessity which knows no placation. (C. Bailey's translation)


Epicurus, who believed that the gods existed but took no interest in human affairs or in running the universe, could not, as the Stoics did, offer comfort to people by teaching that the world of which we are a part is ruled by the providence of a divine being. 


(Epicurus on the Swerve, p.132)



If our actions are simply parts of a much larger causal nexus, the notion of τὸ ἐφ’ ἡμῖv, "what depends on us", becomes very problematical. On Epicurus' account our actions would not be part of an overall divine plan, but simply necessary events in what is ultimately analyzable as an atomic chain of causation. If true, in what sense could actions be up to us? How ultimately could we be sure that we can control our lives, and thus attain happiness?

Epicurus developed the means to avoid the alternative the Stoics preferred. Rejecting the theory of eternal chains of causation, and the principle of bivalence which he felt depended on it, he was able to maintain that τὸ ἐφ’ ἡμῖv and related terms used to express the concept of moral responsibility were meaningful. The main evidence for how he attempted to preserve moral responsibility is found in Cicero's De Fato, in Plutarch, and in the fragments from a book of Epicurus' On Nature.


(Epicurus on the Swerve, p.133)




Englert cites Cicero's understanding of Epicurus,

Nor, since these things are so, is there a reason for Epicurus to be so frightened at fate, and seek protection [sc. against fate] from the atoms, and lead them from their the path [= the swerve]...


(Cicero, De Fato, 18-19)


In the passage from the De Fato quoted above, Cicero relates that Epicurus introduced the swerve out of fear that without it the chain of causation would not be broken. Where does this break in causation occur? There seem to be at least two possibilities. 


First, given his views on atomic motion, Epicurus could deny that anything, including the motions of inanimate and animate objects, is necessary in a strict sense. He maintained that any atom has the possibility of swerving at any time...Such an analysis gives Epicurus a plausible means of denying that the principle of bivalence holds true for future propositions and that all events are connected by a chain of causation, and may have allowed him to argue for the existence of chance in the universe, but it does not directly explain why he felt the swerve preserved moral responsibility.


This brings us to the second alternative, where his analysis of τὸ ἐφ’ ἡμῖv becomes crucial. The question of how τὸ ἐφ’ ἡμῖv was to be preserved in the context of this discussion focused primarily on one question: If the actions of human beings are analyzed as simply part of a larger causal chain, are they not caused, and therefore completely determined, by the external causes that precede them? In this context, a philosopher who wanted to show how our actions are τὸ ἐφ’ ἡμῖv had to demonstrate that they are not completely determined by external causes.


(Epicurus on the Swerve, p.133-34)



Englert says that Cicero made it clear that Epicurus's swerve was precisely to provide human freedom and responsability.

Epicurus introduced this theory [sc. of the swerve] for the following reason. He feared that, if the atom is always carried along by natural and necessary weight, nothing would be free for us, since the mind is moved as it is forced by the motion of atoms.


(Cicero, De Fato, 23)




Julia Annas

In her 1992 book, The Hellenistic Philosophy of Mind, Annas finds it hard to see how random swerves can help to explain free action. But she sees clearly that randomness can provide alternative possibilities for the will to choose from. She says, "there would be no point in having free will if there were no genuinely open possibilities between which to select," anticipating the two-stage model of free will.

...since swerves are random, it is hard to see how they help to explain free action. We can scarcely expect
there to be a random swerve before every free action. Free actions are frequent, and (fairly) reliable. Random swerves cannot account for either of these features. This problem would be lessened if we could assume that swerves are very frequent, so that there is always likely to be one around before an action. However, if swerves are frequent, we face the problem that stones and trees ought to be enabled to act freely. And even in the case of humans random swerves would seem to produce, if anything, random actions; we still lack any clue as to how they could produce actions which are free.

An influential modern line of thought avoids these problems by arguing that our evidence does not demand that there be a swerve for each free action [Furley]. Rather, swerves explain the fact that people have characters capable of change and reaction that goes beyond mechanical response to stimuli. We act freely because we have characters that are flexible and spontaneous, and this is because we are composed of atoms which swerve occasionally. On this account, swerves do not have to be frequent, since they are not part of any mechanism of action; one swerve in your soul is enough for the kind of character flexibility that is required. Such an account avoids the problems attaching to any account that brings swerves into free action, but at the cost of not answering very closely to the evidence; the Lucretius passage certainly suggests that swerves are in some way relevant at the point of action.


Another kind of suggestion is that swerves are not the causes of free actions at all. Rather, they come into the process whereby free actions are brought about. Swerves are supposed to explain something about the nature of free agency and how it works, but they do not cause free actions (by cutting across causal chains, for example). This suggestion can be developed in several ways. The boldest version holds that swerves do not explain the existence of free volitions at all; [Sedley] rather Epicurus holds anyway that volitions are nonphysical, "emergent" entities. 


The role of swerves is to provide alternative possibilities for volitions to choose between, for there would be no point in having free will if there were no genuinely open possibilities between which to select. This suggestion depends on the strong thesis that Epicurus regards the mind as something nonphysical, which we have seen to be highly contentious; and also it likewise does not really answer to the evidence, in which it is not merely the possibility of swerves, but actual swerves, which play a role at the level of action. A second kind of account gives the swerve a role in enabling the mind to focus on one thing rather than another by way of the mind's selective "grasp" or epibole tes dianoias. A third sees it as parallel to Aristotle's use of the connate pneuma; that is, it creates a new kind of physical substance which explains, within a physicalist system, how human minds can be active, and in particular can initiate action.

It is undoubtedly more attractive to find a role for swerves in the mechanism of free action, rather than as mysterious events enabling free action to come about. However, all such accounts face the problem of evidence: Lucretius, the only source who gives us much detail about the swerve in human action, associates it with the formation of impulse (voluntas), not with any subsequent mechanism to carry it out. However embarrassing we may find the thesis that the swerve explains the formation of free impulses, and in some way explains how they are free, that remains the view best supported by the ancient evidence.


As we have seen, however, occasional random swerves cannot produce reliable free actions. The only way that the theory has a hope of working is on the assumption that swerves are extremely frequent, so as to produce a standing physical con 
dition. How, though, do we avoid the obvious objection that trees and stones would also contain frequent swerves, given that it is an important aspect of Epicureanism that human beings are parts of nature, atomic compounds like the others? We can meet this objection by the consideration that swerves are indeed everywhere frequent, but that they produce effects only in human souls, perhaps indeed only in the rational parts of human souls. This is because the human rational soul is a compound of the finest and most tenuous atoms, and only this kind of compound permits swerves to have effects. Thus we are free, and trees are not, because of a physical difference: in our minds atomic swerves produce effects, which somehow enable us to act freely. While the mechanism remains somewhat sketchy, we can see the general idea. Swerves do not operate one per action; rather, because we (and some animals) are the kinds of atomic compound that we are, we are able to act freely, in a way that genuinely chooses between alternatives.


But now we find a striking redundancy, for Epicurus has already postulated the nameless atoms in the soul to account for the complexity of sentient and intelligent behavior. Why do we need swerves as well to account for the same fact? Impressive as the fact may be, we hardly need two such physical differences to account for it. It might be objected that nameless atoms account only for agency, while we need swerves to account for free agency. But it is quite unclear from our evidence what this difference would be taken to consist in. This is especially so since Lucretius uses animal behavior as an example of free agency, ruling out the otherwise promising idea that freedom might be a matter of informed choice between alternatives, or something similar which is plausibly found only in humans.


It is very hard not to feel pressured here toward a developmental hypothesis, namely, that Epicurus had both these ideas, but not at the same time. It has been suspected on other grounds that the swerve was a late idea of Epicurus', one developed after he had written his major works, possibly in response to objections. It is also possible that Epicurus himself had no very definite theory of how the swerve underpins free agency, and that later Epicureans filled in the story, possibly in divergent ways, just as modern scholars do. It is hard to conclude, however, that the swerve was a good idea, and the disproportionate emphasis which it has received in discussion of Epicurus' ideas about the mind has been unfortunate.

(Julia Annas, The Hellenistic Philosophy of Mind, pp.184-88)




Random swerves provide alternative possibilities for an adequately determined will to choose from


Jeffrey Purinton

In a 1999 Phronesis article, Purinton agrees with Fowler that random swerves directly cause volitions and actions. The ideas of Furley and Fowler do not do justice to Epicurus' libertarianism, he says, "since they do not make volition itself a fresh start of motion, and Sedley's view does not do justice to his atomism...It seems to me, therefore, that there is no good reason to reject the thesis that Epicurus held that swerves cause volitions from the bottom up. And there are a number of good reasons to accept it." 

(1) First and foremost, there is De Rerum Natura 2.251-93, where Lucretius presents what I shall call 'the libertarian argument' for the thesis that atoms swerve. Lucretius maintains that the swerve is that "whence" (unde) arises the "free volition" (libera voluntas) whereby "we likewise swerve our motions" (declinamus item motus) when and where we wish. And the natural way to read this is as claiming that swerves cause volitions from the bottom up. (I shall call this 'the argument from Lucretius.') 


Purinton simply identifies swerves (one or more) with volitions


(2) Other than Lucretius, none of the authors who mention the swerve gives any account at all of the relation between swerves and volitions. That is not very surprising, if the relation between swerves and volitions is so simple that it can go without saying (as it is on my view, according to which volitions 'at bottom' just are swerves). But it would be very surprising, if Epicurus had a complicated view of the relation of swerves to volitions, such as that swerves are very rare events which are not directly linked to volitions, but function only to break the chain of causation every once in a long while (as Furley would have it) or that swerves cause us to focus on images of actions, which then cause volitions (as Fowler would have it) or that first volitions occur and then, after a short wait, swerves occur to trigger the desired bodily motion (as Englert would have it) or that swerves are caused by volitions, as emergent properties of the mind, from the top down (as Sedley would have it). For none of our sources say any such thing. (I shall call this 'the argument from silence.') 


Purinton is wrong here. As Long and Sedley argued, our thoughts and alternative possibilities can be free, and our willed actions adequately determined

(3) Now set aside all textual evidence and simply ask what a would-be libertarian atomist is obliged to say. Since, to be a libertarian, one must say that volitions are fresh starts of motion, and since, to be an atomist, one must say that all mental events are caused from the bottom up by the motions of the mind's constituent atoms, a would-be libertarian atomist is obliged to say that volitions are caused from the bottom up by fresh starts of atomic motion. (I shall call this 'the a priori argument,' since it does not depend on any textual evidence.) 

(4) At Ennead 3.1.1, Plotinus formulates the problem with Epicurus' position thus: 


One must not admit the uncaused by positing vain swerves or a sudden motion of bodies which happens with no antecedent cause or a sudden volition (ὁρμή) of the soul with nothing moving it toward doing what it was not doing before. Or else, by this very thing, a greater necessity would hold the soul, that of not belonging to itself, but of being borne along with such motions as are undesired and uncaused. 


Plotinus does not mention Epicurus here, but the allusions to "the uncaused" and "swerves" strongly suggest that it is Epicurus' view that Plotinus is here criticizing. And that is significant. For the objection that Plotinus makes - that we would not be in control of our own lives if we were borne along by random atomic motions - is basically Furley's objection to the view that swerves cause volitions from the bottom up. But, whereas Furley presents this as an objection to the thesis that Epicurus held such a view, Plotinus presents it as an argument against Epicurus' view. And that supports my thesis that, as a matter of historical fact, Epicurus did hold that swerves cause volitions from the bottom up. (I shall call this 'the argument from Plotinus.') 

Notice, by the way, that Plotinus speaks here of "swerves" in the plural but of "volition" in the singular. This raises a question: what are we to say is Epicurus' view of volition in the singular? We can be sure that, according to Epicurus, just as a mind is at bottom a plurality of atoms, so a volition, as a motion of the mind, is at bottom the motions of a plurality of atoms. But, in a given volition, how many of these many atomic motions are swerves? All of them? Only one? Some, but neither all nor only one? My guess is that Epicurus did not believe that, in a typical volition, only one atom swerves. He rather believed that many do, and that more do the more strenuous the action; more mind-atoms swerve when one tries to turn one's body sharply, for instance, than when one tries to deviate just a little from one's path. But this is just guesswork, which I want to keep separate from my main thesis. So here is how I shall formulate in the singular my thesis that Epicurus held that volitions (in the plural) are caused by swerves from the bottom up: Epicurus held that an agent's volition (in the singular) is caused from the bottom up by that agent's mind's atoms' motions, at least one of which is a swerve. 

That is my main thesis.

(Jeffrey Purinton, "Epicurus on 'Free Volition' and the Atomic Swerve,' Phronesis, 44, pp.256-59)




Purinton makes the all-too-common common error of translating Lucretius' libera as 'free volition'


Susanne Bobzien

In Bobzien's 1998 book Determinism and Freedom in Stoic Philosophy she made a detailed analysis of arguments, especially those of Chrysippus, for the compatibilism of freedom with causal determinism. 


In her book and a 1998 article in Phronesis (Vol. 43, No. 2 (May, 1998), pp. 133-175), Bobzien identified several variations on the theme of human freedom that were important in antiquity. Three of them are indeterminist freedoms, by which she means the decision is partly or wholly a matter of chance, and does not involve the character and values of the agent:



1) freedom to do otherwise: I am free to do otherwise if, being the same agent, with the same desires and beliefs, and being in the same circumstances, it is possible for me to do or not to do something in the sense that it is not fully causally determined whether or not I do it. 

2) freedom of decision: a subtype of freedom to do otherwise. I am free in my decision, if being the same agent, with the same desires and beliefs, and being in the same circumstances, it is possible for me to decide between alternative courses of action in the sense that it is not fully causally determined which way I decide. 1) differs from 2) in that it leaves it undecided in which way it is possible for the agent to do or not to do something. 


3) freedom of the will: a subtype of freedom of decision. I act from free will, if I am in the possession of a will, i.e. a specific part or faculty of the soul by means of which I can decide between alternative courses of actions independently of my desires and beliefs, in the sense that it is not fully causally determined in which way I decide. 2) differs from 3) in that the latter postulates a specific causally independent faculty or part of the soul which functions as a "decision making faculty."


(Phronesis, p.133)



Then in 2000 Bobzien challenged Pamela Huby's 1967 assertion that Epicurus discovered the "free will problem." She did not mention that Long and Sedley shared that view.

In 1967 Epicurus was credited with the discovery of the problem of free will and determinism. Among the contestants were Aristotle and the early Stoics. 

Epicurus emerged victorious, because — so the argument went — Aristotle did not yet have the problem, and the Stoics inherited it from Epicurus. In the same year David Furley published his essay 'Aristotle and Epicurus on Voluntary Action', in which he argued that Epicurus' problem was not the free will problem. In the thirty-odd years since then, a lot has been published about Epicurus on freedom and determinism.
 
But it has only rarely been questioned whether Epicurus, in one way or another, found himself face to face with some version of the free will problem. In this paper I intend to take up the case for those who have questioned the point, combining a fresh perspective on the debate with a selection of new arguments and a detailed textual analysis of the relevant passages. Let me begin with a brief sketch of the problem of freedom and determinism which Epicurus is widely taken to have been concerned with.


The determinism Epicurus defends himself against is usually understood as causal determinism: every event is fully determined in all its details by preceding causes. These causes are commonly pictured as forming an uninterrupted chain or network, reaching back infinitely into the past, and as governed by an all-embracing set of laws of nature, or as manifestations of such a set of laws of nature.



Freedom to do otherwise, freedom of decision, and extreme freedom of the will Bobzien now labels "two-sided" freedom


On the side of freedom, Epicurus is generally understood to have been concerned with freedom of decision (the freedom to decide whether or not to do some action) or freedom of choice (the freedom to choose between doing and not doing some action) or freedom of the will (where the freedom to will to do something entails the freedom to will not to do it, and vice versa; I call this two-sided freedom of the will). Epicurus is taken to have introduced an indeterminist conception of free decision or free choice or two-sided free will: agents are free in this sense only if they are causally undetermined (or not fully causally determined) in their decision whether or not to act on their choice between alternative courses of action; undetermined, that is, by external and internal causal factors alike. There is assumed to be a gap in the causal chain immediately before, or simultaneously with, the decision or choice, a gap which allows the
coming into being of a spontaneous motion. 

Epicurus did not make actions directly the result of random atomic swerves, but he and Aristotle did think volitions were "up to us."


In this way every human decision or choice is directly linked with causal indeterminism. The assumption of such indeterminist free decision, free choice, or two-sided free will does not presuppose that one specifies an independent mental faculty, like e.g. a will, and indeed it is not usually assumed that Epicurus' theory involved such a faculty.

The 'free will problem' that Epicurus is assumed to have faced is then roughly as follows: If determinism is true, every decision or choice of an agent between alternative courses of actions is fully determined by preceding causes, and forms part of an uninterrupted causal chain. On the other hand, if an agent has (two-sided) freedom of the will, it seems that the agent's decision or choice must not be fully determined by preceding causes. Hence, it appears, determinism and freedom of the will (freedom of decision, freedom of choice) are incompatible.


I do not believe that Epicurus ever considered a problem along the lines of the one just described. In particular, I am sceptical about the assumption that he shared in a conception of free decision or free choice akin to the one I have sketched. (I also have my doubts that he ever conceived of a determinism characterized by a comprehensive set of laws of nature; but this is a point I only mention in passing.) To avoid misunderstandings, I should stress that I do believe that Epicurus was an indeterminist of sorts — only that he did not advocate indeterminist free decision or indeterminist free choice.





Furley merely de-emphasized the direct involvement of the random swerve in volition, as had Bailey before him, to avoid the standard argument against free will

Bobzien is of course right that Epicurus did not think that our decisions were made at random with no regard for our character and values, or for our feelings and desires. This is a straw argument put up by critics of Epicurean philosophy, notably the Stoic Chryssipus and the Academic Skeptic Cicero. 

But Bobzien is wrong to suggest that Epicurus did not see a problem between human freedom and the causal determinism of his fellow atomist Democritus, and that his atomic swerve was not his proposed solution to that "free will problem." She notes that


Whether Epicurus discussed free will depends on what one means by 'free will'. For example, if one intends 'free will' to render Lucretius "libera voluntas," and to mean whatever element of Epicurus' doctrine Lucretius meant to capture by this phrase, then Epicurus evidently was concerned with free will. My concern is only to show that he did not discuss a problem of free will that involves a conception of freedom of decision or choice as adumbrated in the main text. [namely, "extreme" libertarianism in which chance is the direct cause of action.]


Tim O'Keefe

In his 2005 study Epicurus on Freedom, O'Keefe concluded that Epicurus was mostly concerned with defending an open future against fatalism and the logical necessity of statements about future events. If it is true that there will be a sea battle on Monday, the future event is necessitated.

My own thesis is that Epicurus' main concern is not with justified praise and blame, but with preserving the rationality and efficacy of deliberating about one's future actions, although he thinks that determinism is incompatible with both. The reason for this is that a necessary condition on effective deliberation is the openness and contingency of the future, and determinism makes the future necessary. Furthermore, even though Epicurus posits the swerve in order to render causal determinism false, the sort of deterministic argument that Epicurus is concerned to rebut is the fatalist argument given in de Int. 9 and by the Megarians, which moves from considerations of future truth, to the fixity of the future, to the pointlessness of deliberation. Epicurus thinks that, if the Principle of Bivalence (the principle that every statement either is true or is false) held universally, this would make the future fixed in a way such as to render us helpless. (And so we can call my view the 'bivalence' interpretation.) Epicurus thinks that both logical and causal determinism are incompatible with the contingency of the future, and the swerve renders both false, since logical and causal determinism are mutually entailing. 

The swerve plays no direct role in the production of action or the formation of character.

The main textual support for attributing this role for the swerve to Epicurus is Cicero's De fato. There is precedent for the sort of position Epicurus adopts in Aristotle's rejection of the Principle of Bivalence for similar reasons in de Int. 9. If I am right about this, to assimilate Epicurus' concerns to those of modern libertarians is highly misleading.


In order to establish the 'bivalence interpretation,' I need to go through the texts that bear on the Epicurean position regarding human freedom. Rut before doing so, let me first establish its initial plausibility by showing that none of the terminology Epicureans use when discussing human freedom preclude it, and that the sort of 'free will and determinism' problem that I take Epicurus to be concerned with is one he should be concerned with, given his ethics and psychology, whereas — even apart from considerations of how successfully the swerve addresses these problems the other sorts of free will and determinism problems should not even trouble Epicurus at all.


Epicurus is concerned to defend human freedom, but none of the terminology he uses (or that others use who report on the Epicurean position) show that he is worried about preserving the ability of an agent to do otherwise than he does, much less that he conceived of this two-way ability in libertarian terms. Libera voluntas is often translated `free will,' but depending on the context, it can mean something like 'unfettered impulse.' After all, Cicero is willing to describe even the compatibilist Chrysippus, who certainly did not have a two-sided libertarian conception of freedom of will, as wanting to free (libero) our minds from necessity of motion and to accommodate the views of those who think that the movements of our minds are voluntary (voluntarius)." (For this reason, I will usually translate voluntas as 'volition,' since it is not potentially misleading in the way 'will' is, and while I think that the Epicurean theory of libera voluntas actually ends up being something like a theory of 'unfettered impulse,' using that as a translation would be highly tendentious.)



Likewise, Epicurus says that how we act and develop "depends on us" (παρ’ ῆμᾶς) and that our actions arise through us ourselves or from us ourselves (δι’ ἡμῶν αὑτῶν or ἑξ ἡμῶν αὑτῶν). That our actions are παρ’ ῆμᾶς is compatible with them simply being caused by us (e.g., that I caused myself to walk, so that my walking "depended on me"), and need not imply that, however we act, it is "up to us" whether to act one way rather than another (e.g., that it was up to me whether or not to walk). In fact, Bobzien argues at length, and I think convincingly, that to say our actions are παρ’ ῆμᾶς is more naturally read as indicating that we are causally responsible for our actions (what she calls a 'one-sided causative' παρ’ ῆμᾶς and has no implications about free choice." To say that actions are δι’ ἡμῶν αὑτῶν or ἑξ ἡμῶν αὑτῶν also has no implications of free choice. In fact, Chrysippus defends the thesis that certain things originate "from us" (ἑξ ἡμῶν), and when the Stoics are concerned to describe precisely what type of agency we do have and are at pains to deny the thesis that freedom is a matter of having free choice between opposite actions, they say repeatedly that what is up to us is what happens through us (δι’ ἡμῶν)"


The passages which report the Epicurean views on determinism and freedom indicate that Epicurus is concerned about defending something like the view that we have moral responsibility. The much later Epicurean Diogenes of Oinoanda claims that all censure and admonition would be abolished if fate controlled what we did, and Cicero, in reporting the worry that motivates the various parties to the fate and free volition debate, says that if fate were operative, there would be no justice in either praise or blame. Epicurus, likewise, when arguing that some things 'depend on us,' says praise and blame properly attach to such things, and in his anti-fatalist argument in On Nature 25, he asserts that our practices of rebuking, opposing and reforming each other presuppose that the cause of actions is 'in ourselves.'


However, even more prominent in Epicurean thought is the theme that determinism would render us helpless. When Lucretius describes the libera voluntas that the swerve snatches from the fates, he says nothing about responsibility, praise, or blame. Instead, libera voluntas is what allows each animal to go where pleasure leads it and the mind to move itself (DRN 2 257-260). Although Lucretius' later discussions of voluntas do not mention the swerve, they do confirm that it is voluntas that allows us to act as we wish to act — to visualize what we wish to visualize, to move our limbs as we desire, etc. (DRN 4 777-780, 877-880) So, if determinism threatens this voluntas, the implication is that determinism would render us unable to act as we wish to act, to move our limbs as we will, etc.


A similar concern with fatalism lurks in Epicurus' discussion of the "fate of the natural philosophers" in Ep. Men. 133-134. Epicurus contrasts what is ἁνάγκη, which is ἁνυπεύθυνος; — 'unanswerable' or 'beyond human control' — with what is παρ’ ῆμᾶς, which is ἁδέσποτος; — 'without master' or 'autonomous.' He then goes on to say that it would better to believe in the meddling Olympian gods than to be a 'slave' to the fate of the natural philosophers, since at least one can try to placate the Olympian gods, whereas the necessity of the natural philosophers is inescapable. In On Nature 25, the target of Epicurus' argument is a fatalist: this person denies that our decisions make any difference; what we do is not a cause or explanation (aitia) of what happens.' Finally, Cicero's discussions of the Epicurean and Stoic positions in the De fato show that a major concern of theirs was whether, if what will occur in the future has always been true and always been causally determined, the future is necessary in a way that makes all deliberation and action pointless.


Now, before going through the texts, let's step back and ask: given Epicurus' ethics and his psychology, what sort of freedom should he be worried about? Epicurean ethics is egoistic and hedonistic. In every choice, one should strive to attain the 'goal of nature,' pleasure (KD 25). 


This extreme form of libertarianism, in which chance is the direct cause of action, developed by Epicurus critics to attack him, is unlikely to have been what he had in mind


The problem with most of the traditional 'libertarian' interpretations of Epicurus is that they dissociate one's actions not only from external causation but also from being caused by the psychological states of the agent present at the moment of choice: his beliefs, desires, and character, since being causally determined by these states is incompatible with a robust ability to do otherwise than one does.

Let us leave aside, for the moment, the objection that a random atomic swerving in one's mind is an unpromising basis for the production of free and responsible actions, instead of random and blameless twitches. Why should Epicureans be concerned to try to defend this sort of freedom of choice in the first place? If one has correct beliefs about the workings of the world and the limits of what is required for happiness, and one knows what one needs to do in the present situation to attain a pleasurable life, then having one's actions determined by these psychological states would not be ethically problematic — in fact, it is exactly what one would want to happen. This is the state of the Epicurean Sage. It is hard to see how having a 'two-sided' libertarian freedom of choice would help in the pursuit of ataraxia, or tranquility, which Epicurus maintains is the chief constituent of the happy life. And if this freedom would not help in the pursuit of ataraxia, it is hard to see why any good Epicurean should care about defending its possibility against the threat of determinism.





If the swerve caused the action, it would be random.



O'Keefe, following Bobzien (and probably with his own mentor, Robert Kane in mind), makes libertarian freedom a will that ignores character and values, desires and feelings. Actions that are the direct result of random chance were never in Epicurus's picture of what actions are "up to us".


Ricardo Salles

In 2005, Salles published The Stoics on Determinism and Compatibilism. In it, he makes the strongest possible case that the doctrine of Chrysippus provides enough control for agents to claim that our actions are "up to us." His evidence comes from  Cicero ,  Alexander of Aphrodisias, and Nemesius of Emesa.

Salles discusses several aspects of Stoicism that seem to demand complete determinism.

	
The Principle of Bivalence: Statements about the future are already true or false. A true statement about the future necessitates future events, the causes for which must already exist. 

(Tc) For any event S that occurs at some future time t, the proposition S occurs at t cannot be true now, unless there is a cause now (that is, a causal chain stretching from the present to the future time t) for S's occurring at t.


Chrysippus infers causation from prior truth through (Tc). This inference, in turn, explains why the first premiss of Chrysippus' argument: - If there were causeless events, propositions about future occurrents would lack a truth value' - holds true and, in particular, why propositions second premiss of the argument — 'propositions about future occurrents are already either true or false' — yields that no future event is causeless.

We may generalize the thesis to all times, which is Chrysippus' intended conclusion ('motus ergo sine causa nullus est'). Since in the past what is now present was in the future and what is now past was present, then, for any present event, there was in the past a true proposition asserting its future occurrence; in consequence, there was at that time a cause of its (then) future occurrence; so every event in the present has a cause; mutatis mutandis, every event in the past has a cause; thus, every event (past, present and future) has a cause. (Salles, pp.8-9)



	
Eternal Recurrence: After a given world-cycle, the planets are arranged as they were at the start, and everything that happened in one cycle now reoccurs. Nothing can be discernibly different (ἀπαράλλακτος). 
Stoic indiscernibility is metaphysical and conveys numerical identity. It is metaphysical, as opposed to merely epistemological, because it does not mean just that no observer can register the differences — it also means that there are no differences there to be registered between them; and it conveys numerical identity because if A and B are indiscernible, A and B are not really 'two' discrete things, but rather one and the same object numerically. It is because they are indiscernible that they are in fact numerically the same. As applied to everlasting recurrence, indiscernibility implies that the world of the present cycle is the same in all respects (and hence the same even in number)" as the world of any other cycle: in the qualities of its objects, in how each of them is intrinsically disposed, and in how they are related to each other." As Nemesius indicates further down in his report: 'Everything will be just the same and indiscernible down to the smallest details.' (Salles, p.23)


	
Predetermination: The Stoic God foreknows everything about the world, being essentially synonymous with the laws of Nature.

Since (a) divine providence presupposes predetermination and (b) predetermination, in turn, presupposes foreknowledge. Providence implies predetermination because, to ensure that the world as a whole (in extension and duration) turns out to be as good as possible, god has to predetermine right from the start of the cycle everything that will happen and exist in it. And predetermination implies foreknowledge because god could not be said to predetermine X to happen unless he thereby acquires foreknowledge that X will happen. Divine foreknowledge is not just a sufficient condition for predetermination, but also a necessary one (god predetermines X to happen if and only if god foreknows that X will happen). (Salles, p.27)


	
The Future Is Already Fixed: This is a special form of Stoic fatalism.

Fatalism, or the idea that propositions about future occurrents are already true or false and that the future is already fixed, is earlier than Stoic philosophy. It is a position that was already the target of Aristotelian criticism in the difficult chapter 9 of the de interpretatione. And it is to Aristotle that we owe the objection that fatalism encourages idleness: if it is already true that I will win the elections (or already false that I will lose), why should I do a campaign? Is not a campaign superfluous? And if it is, why should I not sit back and relax until the elections? Chrysippus attempted a defence of fatalism against this objection. He provided strong reasons for thinking that fatalism does not render our actions and efforts superfluous. 


	
Everything Has A Cause, and Causation is Necessitating: Given the same circumstances, the same effects must obtain. This idea goes back to the first Stoic, Zeno of Citium

'It is impossible that the cause be present
yet that of which it is the cause not obtain' (ἀδύνατον δ’ εἴναι τὸ μὲν αἴτιον παρεῖναι, οὖ δέ ἐστιν αἴτιον μὴ ὑπάρχειν). 




Salles distinguishes three forms of determinism that can be distinguished from Stoic determinism - general determinism, crude fatalism, and external determinism.
	
General determinism:

General determinism holds that every counterfactual state or event is forever impossible and, correlatively, that every factual state or event is forever necessary. An example of a state that is subject to this kind of necessity — which I shall call `general' necessity — is that expressed by the factual proposition snow is cold. As a matter of fact, snow is always cold, and it cannot be hot so long as it remains snow. This proposition expresses a state that does seem to be subject to a general necessity, hut is every factual state and event subject to this kind of necessity? According to general determinism the answer should be in the affirmative.  (Salles, p.xiv)


	
Crude fatalism:

Crude fatalism departs from general determinism in that it is compatible with the possibility of change. In particular, the crude fatalist plainly accepts that the future may differ from the present and the present from the past. However, according to crude fatalism, the future is already fixed in a way that what is due to happen, or be the case, will happen regardless of what states or events obtain in the present or the past. For example, if I am ill but am due to recover, then I will recover whether or not I call in a doctor and follow his prescriptions. More generally, the obtention of states and events at a particular time is not dependent upon the obtention of earlier states or events — a point that one may express by saying that the former would have obtained even if, per impossibile, the latter hadn't. This sheds light on an important aspect of crude fatalism: factual states and events at a particular time do not obtain because of the states or events that obtained earlier. There is no explanatory relation between past, present and future. To pursue the example, if I do call in the doctor and recover from illness, then, given that I would have recovered even if I had not called in a doctor, I did not recover because I called in the doctor. (Salles, p.xv)


	
External determinism

External determinism maintains that any event or state is contingent upon earlier events or states. The distinctive claim of external determinism is that the prior causes of what we do and of what we are may all be traced back to things that are external to us: our present environment, our teachers, our family and even the biological make-up of our ancestors. In consequence, everything we do and everything we are is, in fact, ultimately fully determined by external causes alone. Now, external determinism does not seem to be compatible with responsibility, either in a moral or in a legal sense of the term 'responsibility'. To take one example, I cannot be morally blamed for having missed my daughter's graduation ceremony if the reason why I missed it is that I was kidnapped by some ruffians. There is one exception to this principle: I may be responsible for something that happens to me, if it happens to me as a result of some earlier thing that I did and for which I am responsible. For example, I am morally blameworthy for being at the mercy of the ruffians who kidnapped me if the cause of my kidnap was, to some extent, my lack of care in circumstances that I knew were dangerous. However, this is precisely what external determinism denies is possible. According to external determinism, all the states or events that we supposedly bring about, or to the production of which we supposedly contribute, are ultimately fully determined by causes external to us. My lack of care, the external determinist would argue, is itself ultimately fully determined by external factors alone.

Some philosophers have argued that any form of causal determinism is, willingly or not, a form of external determinism. In fact, by the time of Aristotle, 'force', or fully external determination (βία), was already one of the connotations of the term 'necessity' (ἀνάγκη) and its cognates. (Salles, p.xvii)





Salles notes that Chrysippus deals with the threat of external determism by adding an "internality requirement," so that an event is not solely determined by factors external to us.

The philosophical question addressed is whether this `internality requirement', as I shall call it, can be met in a world governed by determinism. One major objection against compatibilism turns on this issue. The objection (henceforth the 'externalist objection') is that, if every state and event is determined by prior causes, then everything we do is in fact fully determined by external factors alone. In consequence, the internality requirement cannot be met and causal determinism would remove any possible ground for the justified ascription of responsibility. But is the externalist objection cogent? A central compatibilist argument developed by Chrysippus was designed to rebut it. On his view 'everything is determined by prior causes' does not have to imply that we are always at the mercy of purely external forces. The internality requirement, which is a necessary condition for responsibility (either legal or moral, as Aristotle claims), can in some relevant cases be perfectly met in a world governed by determinism. (Salles, p.33)


Can Salles possibly make this "perfect" case for Chrysippus' compatibilism? In fact, he says the argument contains some of the same intuitions put forward by the modern compatibilist Harry Frankfurt. The dual capacity to do something or to do otherwise is not needed, he says. But Chrysippus requires more than just automatic acceptance of an impression (φαωτασία) and assent to the impulse. What is required is critical reflection (κρίσις), similar to Frankfurt's second-order desires.

Frankfurt and Chrysippus explain moral responsibility by appealing to factors that are substantially the same. In Frankfurt's theory, the responsibility for the action derives from the agent's decision to perform it, but also from that decision's being based on a previous all-things-considered practical reflection. Similarly, the responsibility for the action in Chrysippus derives from the agent's exercise of an impulse for it (or his assenting to the impression where the action is presented as valuable), but also, and crucially, from the impulse's being fully rational, which involves a reflection concerning the all-things-considered desirability or appropriateness of the action. It is noteworthy that in some of his later works Frankfurt's account lays a certain emphasis on second-order desires: To be responsible for Φ-ing, it is sufficient to desire having the desire to Φ, provided that the former, second-order, desire is based on a previous practical reflection concerning the desirability of the latter: the agent is responsible because he came to have the desire to desire to Φ as a result of a reflection about whether the desire to Φ is worth having. Therefore, the question addressed in the reflection is mainly 'should I desire to Φ?' Its focus is a desire — whether or not one should have it. In the Chrysippean account, by contrast, the focus of the reflection is on action. As we have seen, the question it addresses is 'Is it appropriate for me to Φ (given the present circumstances)?' (Salles, p.66)

 
Salles discusses the difficulty that Chrysippus may have inconsistently argued, for metaphysical reasons, that alternative possibilities for action (or specifically the possibilities of assenting or not assenting) exist and that these possibilities are consistent with causal determination (p.86). Chrysippus held that though the future is causally determined and fated, it may not be logically necessitated in all senses. In spite of determinism, an individual action may be contingent. The agent may or may not perform it at a specific time. (p.69)  Salles analyzes the denial of necessity as the result of two senses of necessity in Chrysippus
I Φ is capable of being true if I am fit, or strong, enough to Φ; and it is capable of being false if I have the physical strength to refrain from Φ-ing. As for the other condition — being or not being prevented by external factors (τὰ ἐκτός) from being true or false — it refers to the presence or absence of factors external to us that either prevent us from acting in a certain way or force an event or state to take place at us. In contrast with the former condition, the latter is an innovation of Chrysippus.

The non-necessity of a proposition in this modal system is compatible with there being necessitating causes for the event in question. Consider a situation where my action is to stand still. I now have the intrinsic fitness required for walking and nothing external prevents me from doing so. Therefore, the proposition I stand still now is non-necessary in the sense envisaged by this modal system. Yet, my standing still is causally necessitated, namely by the whole rational process by which I came to the conclusion that I should remain still and that caused me to act accordingly. In other words, the proposition I stand still now is non-necessary in Chrysippus' modal system, even though my action is, at the same time, necessary in a causal sense. In fact, as has been hypothesized in recent scholarship, there seems to be two kinds, or at least senses, of necessity in Chrysippean Stoicism. One sense is that required by the modal system just described, whose aim, as I shall argue in some detail later on in this section, is twofold: (i) to establish that some states and events that are counterfactual at all times are nevertheless possible; (ii) to preserve the interdefinability of the four central modal notions. It follows from (i) and (ii) that a factual action whose opposite is counterfactual at all times but possible is, thereby, non-necessary.


The other sense of necessity is that required by Stoic causation, according to which an effect is necessitated by its cause — an idea that Chrysippus never contradicted and that goes back, as we know, to Zeno: 'it is impossible that the cause be present
yet that of which it is the cause not obtain' (ἀδύνατον δ’ εἴναι τὸ μὲν αἴτιον παρεῖναι, οὖ δέ ἐστιν αἴτιον μὴ ὑπάρχειν). Thus, a factual event necessitated by its cause may nevertheless be non-necessary from the point of view of Chrysippus' modal system. There is no contradiction as long as we bear in mind that these are two different kinds or senses of necessity that were not meant by Chrysippus to be equivalent to each other. (Salles, pp.82-84)



Dorothea Frede

Frede examined the comments of Alexander of Aphrodisias in an article on the Stanford Encyclopedia of Philosophy. She says that Alexanders' treatise On Fate (which should be compared to Cicero's work On Fate) is "the most comprehensive surviving document in the centuries-long debate on fate, determinism, and free will that was carried on between the Stoics, the Epicureans and the Academic Skeptics."

Frede makes the case that Alexander was first "libertarian." 


She writes,


It is unclear whether there had been a genuinely Peripatetic contribution to this debate before Alexander. If there was not, Alexander clearly filled a significant gap. Though Aristotle himself in a way touches on all important aspects of the problem of determinism — logical, physical, and ethical — in different works, he was not greatly concerned with this issue, nor does he entertain the notion of fate (heimarmene) as a rational cosmic ordering-force (as do the Stoics). In De interpretatione 9, he famously proposed to solve the problem of ‘future truth’ by not assigning truth-values to statements in the future tense about individual contingent events. In his ethics he deals with the question of whether individuals have free choice, once their character is settled. As Aristotle sees it, there is little or no leeway in moral decision, but he holds individuals responsible for their actions because they at least collaborated in the acquisition of their character (EN III, 1-5). In his physical works Aristotle limits strict necessity to the motions of the stars, while allowing for a wide range of events in the sublunary realm that do not happen of necessity but only for the most part or by chance (Phys. II, 4-6). Though he subscribes to the principle that the same causal constellations have the same effects, he also allows for ‘fresh starts’ in a causal series (Metaph. E 3). Given these various limitations, Aristotle had no reason to treat determinism as a central philosophical problem either in his ethics or in his physics. The situation changed, however, once the Stoics had established a rigorously physicalist system ruled by an all-pervasive divine mind. It is this radicalization of the determinist position that sharpened the general consciousness of the problematic, as witnessed by the relentless attacks of the Stoics’ opponents, most of all the Academic skeptics and the Epicureans, which lasted for centuries.

This long-standing debate prompted Alexander to develop an Aristotelian concept of fate by identifying it with the natural constitution of things, including human nature (On Fate, ch. 2-6). 


Since there is always the possibility that something happens against the natural and normal order of things, there are exceptions to what is ‘fated’ and there is room for chance and the fortuitous. Most of the treatise is occupied not with the defense of this peripatetic position, but rather with attacks on the various aspects of the determinist position. Alexander claims to show why the Stoics’ attempt (though he nowhere names them) to defend a compatibilist position must fail. The determinists, he says, are neither entitled to maintain a coherent concept of luck and the fortuitous, nor of contingency and possibility, nor of deliberation and potency. The bulk of this polemical discussion concentrates on the difficulties for the Stoic position by claiming that their concept of fate makes human deliberation superfluous and therefore imports disastrous consequences for human morality and life in general (chs. 7-21). Alexander also presents, albeit in a dialectical fashion intended to lead to the defeat of the Stoic tenets, the arguments used by the Stoics in their defense of contingency, chance, and human responsibility. 

For Alexander, Stoic claims of responsibility are mere words


As he claims time and again, the Stoics can defend the use of these terms, but only in a purely verbal sense. In addition, their notion of divine foreknowledge and prophecy turns out to be incoherent (chs. 22-35). The stringency and originality of Alexander's critique cannot be discussed here (cf. Sharples 1983; Bobzien 1998). While his presentation is not free from repetition and while the order of the arguments leaves something to be desired, it is an interesting text that displays a lively engagement with the issues and quite a bit of philosophical sophistication. 

For Alexander, free action requires genuine alternative possibilities

He argues that truly free action requires that at the time one acts, it is open to one both to do and not to do what one does in fact then do. Thus Alexander originates the position later known as ‘libertarianism’ in the theory of free action. Alexander's construction of an Aristotelian account of fate and divine providence that limits them to nature and its overall benign order represents quite a weak conception of fate; but it is clearly the only one that Alexander regarded as compatible with the principles of Aristotelian philosophy of nature and ethics. That the concept of fate greatly intrigued him is confirmed by the fact that he returns to the issue in his addendum (‘Mantissa’) to the treatise On the Soul and in some of his Problems (2.4.5, cf. Sharples 1983, esp. the Introduction).



Alexander sees chance as limiting strict determinism, but so did Aristotle and Epicurus


John Dudley

In his definitive 2011 monograph Aristotle's Concept of Chance, Dudley makes it clear that Aristotle rejects determinism. He says that Aristotle offers three causes  (ἀιτία) that are not themselves caused. These are human free choice (ἐφ' ἡμῖν), accidents (συμβεβεκός), and chance (τυχή for humans, and ταὐτόματον for animals and nature). These uncaused causes break the chain of "necessary" causes (ἀνάγκη), explain future contingency, and make the future inherently unpredictable (p.268). He says in conlusion,

It may be said, then, that Aristotle not only was not a determinist, but that he provided an epistemological and metaphysical explanation for the inadequacy of determinism. He argued profoundly not only that human free choices are not the only exception in an otherwise determined world, but that all events on earth are in the final analysis contingent, since they can all be traced back to a contingent starting-point. This contingent starting-point can be a free choice or a [sc. unusual] accident or chance, which can be based on both. Science is only possible to the extent that accidental causes can be excluded from predictions. The scope of science is, therefore, very limited. Science is dependent on the reduction of events to per se causes. However, per se causes are not sufficient to account for events. Events are, therefore, contingent.

For Aristotle it is not legitimate to view the present condition of the world as the outcome of the interaction of chains of necessary causes, as many contemporary scientists and philosophers would hold. For Aristotle the human intellect can only trace back one chain of causes at a time, and will always have to stop the process when it reaches a free choice or a [.. unusual] accidental cause, both of which introduce contingency into chains of causes, since the effect of free choices and [sc. unusual] accidents on the course of events is inherently unpredictable. While the intellect is tracing one chain of causes, the outcome or final member of any other relevant chain of causes has the status of an accident in relation to the chain of causes under construction. Thus Aristotle's rejection of determinism due to unusual causes is based on the working of the intellect in tracing individual chains of causes. If pushed to its logical conclusion, Aristotle's objection to the determinist standpoint — based on his view as set out above — would have to be of a rather Kantian nature, namely that the vision of "the world" as "the outcome of the interaction of chains of necessary causes" is an invalid mental construction, since it does not take account of [sc. unusual] accidents.


(Aristotle's Concept of Chance, p.310





So Who Was First?
The First Determinist was Democritus
The First Indeterminist was Aristotle 
The First Incompatibilist was Epicurus
The First Agent-Causal Libertarian was Aristotle, followed by Epicurus, then Carneades
The First Event-Causal Libertarian was  Epicurus, according to the untrustworthy accounts of the Epicurean Lucretius and the anti-Epicurean Sceptic Cicero
The First Compatibilist was Chrysippus
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Epicurus' view of chance as uncertain (unsteady, unstable)


ἄστᾰτος, ον, (ἵσταμαι) never standing still, unresting, τὸ κύκλῳ σῶμα Arist.﻿Metaph.﻿1073a31; ἄ. τροχός Mesom.﻿Nem.﻿7. Adv.﻿ -τως, φορεῖσθαι Ph.﻿1.181, cf.﻿ Vett.Val.﻿27.1.

2. unsteady, unstable, τύχη Epicur.﻿Ep.﻿3. p.65 U., cf.﻿ Phld.﻿Rh.﻿1.166 S. (Sup.﻿), Ph.﻿1.230, al.﻿, Diog.Oen.﻿18, Diogenian.Epicur.﻿2.60, Plu.﻿2.103f; of persons, ἄ. τὴν διάνοιαν Onos.﻿3.

3; τύχῃ δ᾽ ὡς ἀστάτῳ πιστευτέον ἑταίρᾳ Iamb.﻿Protr.﻿2; ἄ. αἰών IG﻿7.2543; θνητῶν βίος Epigr.Gr.﻿699, cf.﻿ Ph.﻿1.651; of a house, ruinous, PLond.﻿ined.2194.

3. uncertain, θεωρία Plb.﻿6.57.2.


4. Act.﻿, making it impossible to stand, πόνος, πάθος, Luc.﻿Ocyp.﻿36,71.



Source: Liddell, Henry George;  Scott, Robert;  Jones, Henry Stuart;   McKenzie, Roderick: A Greek-English Lexicon. Rev. and augm. throughout. Oxford;  New York : Clarendon Press;  Oxford University Press, 1996, S. 260





Source: https://www.informationphilosopher.com/freedom/free_will_in_antiquity.html
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Free Will Mechanisms

Over the years, a number of philosophers and scientists have proposed specific brain mechanisms that could provide the unpredictability expected of "Freedom." 


Most of these thinkers erroneously assumed that indeterministicchance could be the direct cause of our free actions.

And most imagined mechanisms so close to perfect balance that an infinitesimal amount of energy could make them go this way or that way. Inspired by the ancient liberum arbitrium indifferentiae, they wanted the mental effort involved to be nil, because the very idea of a mental substance affecting the material body was considered a problem.


In English and Romance languages, the term used to describe the decision process, deliberation, is normally assumed to be derived from the Latin verb delibrare, to balance (from libra, scale). This fits with the simple idea that judgments are always balancing two options.

 But it is more likely that the options we face are extremely different in many ways that make them hard to evaluate. Difficult moral choices may not be properly characterized as "indifferent" decisions, nearly in balance (the liberum arbitrium indifferentiae).  


And it is still more likely that we are always facing not two but multiple alternate possibilities. Our alternative etymology would be to derive deliberation from Latin deliberare, based on liberare, to liberate or set free. 


Here are some of the mechanisms suggested to underlie the free will.  

	James Clerk Maxwell's "Singularities" (1856)
  
	Arthur Stanley Eddington's "Free Electrons" (1928)
  
	Arthur Holly Compton's Photocell Amplifier (1931)
  
	John Eccles' "Critically Poised Neurons" (1953)
  
	A. O. Gomes' Quantum Composer (1964)
  
	Daniel Dennett's Pseudo-Random Number Generator (1978)
  
	Robert Kane's Probability Bubbles (1985)
  
	Alfred Mele's Roulette Wheel (1999)
  




James Clerk Maxwell's "Singularities"

Maxwell looked for free will in physical conditions that were poised on a knife edge of going this way or that way and which the mind could push in either direction with minimal (ideally zero) energy required. Note that Maxwell anticipates the theory of modern deterministic "chaos" in which infinitesimal differences lead to massive global changes. This is a characteristic of most "amplifier" theories. They demonstrate that microscopic indeterminism can lead to macroscopic effects.

When the state of things is such that an infinitely small variation of the present state will alter only by an infinitely small quantity the state at some future time, the condition of the system, whether at rest or in motion, is said to be stable; but when an infinitely small variation in the present state may bring about a finite difference in the state of the system in a finite time, the condition of the system is said to be unstable.

It is manifest that the existence of unstable conditions renders impossible the prediction of future events, if our knowledge of the present state is only approximate, and not accurate.


It has been well pointed out by Professor Balfour Stewart that physical stability is the characteristic of those systems from the contemplation of which determinists draw their arguments, and physical instability that of those living bodies, and moral instability that of those developable souls, which furnish to consciousness the conviction of free will.


Having thus pointed out some of the relations of physical science to the question, we are the better prepared to inquire what is meant by determination and what by free will.


No one, I suppose, would assign to free will a more than infinitesimal range. No leopard can change his spots, nor can any one by merely wishing it, or, as some say, willing it, introduce discontinuity into his course of existence. Our free will at the best is like that of Lucretius's atoms — which at quite uncertain times and places deviate in an uncertain manner from their course. In the course of this our mortal life we more or less frequently find ourselves on a physical or moral watershed, where an imperceptible deviation is sufficient to determine into which of two valleys we shall descend. The doctrine of free will asserts that in some such cases the Ego alone is the determining cause. The doctrine of Determinism asserts that in every case. without exception, the result is determined by the previous conditions of the subject, whether bodily or mental, and that Ego is mistaken in supposing himself in any way the cause of the actual result, as both what he is pleased to call decisions and the resultant action are corresponding events due to the same fixed laws.


(Essay on Science and Free Will, 1873)





  Six years later, Maxwell was intrigued by the work of three Frenchmen, Boussinesq, Cournot, and St Venant, on singular points in the solution of hydrodynamic equations which suggested complete unpredictability of future states. These resembled Lucretius' (really Epicurus') atomic swerves, and they anticipate modern non-linear, deterministic chaos. Although Maxwell did not find the idea really satisfactory, it did challenge the metaphysics of strict causal determinism. 
  

Maxwell wrote in a letter to Francis Galton2 (who never responded to the suggestion):


There are certain cases in which a material system, when it comes to a phase in which the particular path which it is describing coincides with the envelope of all such paths may either continue in the particular path or take to the envelope (which in these cases is also a possible path) and which course it takes is not determined by the forces of the system (which are the same for both cases) but when the bifurcation of path occurs, the system, ipso facto, invokes some determining principle which is extra physical (but not extra natural) to determine which of the two paths it is to follow. 

When it is on the enveloping path it may at any instant, at its own sweet will, without exerting any force or spending any energy, go off along that one of the particular paths which happens to coincide with the actual condition of the system at that instant.


I think Boussinesq's method is a very powerful one against metaphysical arguments about cause and effect




Arthur Stanley Eddington's "Free Electrons"


It is extremely unlikely that Eddington believed that "free electrons" had the same kind of freedom he wanted for human beings, but he did speak loosely of the uncertainty associated with the electron breaking the hold on physical determinism. But his critics, especially L. Susan Stebbing accused Eddington of this. She said

"There is no way of discovering when an electron will jump, nor to which orbit it will jump. The initial state does not determine the final state; hence, the final state is unpredictable. It is unfortunate that this unpredictability has often been expressed by saying that the electron is 'free to choose' where it will jump. Such language is wholly inappropriate and has led to much confusion in
discussions concerning the bearing of recent developments in physics upon the problem of free will." (Philosophy and the Physicists, 1937, p.178)


Eddington himself was more cautious, but he did hint the some "speck of brain matter" might be subject to indetermininism.

"There is in a human being some portion of the brain, perhaps a mere speck of brain-matter, perhaps an extensive region, in which the physical effects of his volitions begin,." (The Philosophy of Physical Science, 1938, p.182)


"The indeterminacy recognised in modern quantum theory is only a partial step towards freeing our actions from deterministic control." (The Nature of the Physical World, 1928, 313)



"The revolution of theory which has expelled determinism from present-day physics has therefore the important consequence that it is no longer necessary to suppose that human actions are competely predetermined. Although the door of human freedom is opened, it is not flung wide open; only a chink of daylight appears." (New Pathways in Science, 1935, p.87)



"I would even say that in the present indeterministic theory of the physical universe we have reached something which a reasonable man might almost believe." (New Pathways in Science, 1935, p.91)




Arthur Holly Compton's Photocell Amplifier


   In his 1931 Terry Lectures at Yale and the 1935 book, The Freedom of Man, and again in the 1940 book The Human Meaning of Science, Arthur Holly Compton developed this idea of the amplifier and added a daemon that might control a shutter, stopping "bad" photons. He imagined that a similar scheme whereby "consciousness could select the desirable brain current."

  Imagine, as in Figure 1,  a faint ray of light passing through a tiny hole, which then spreads by diffraction into a broad beam. In the path of this broad beam we may place two photoelectric cells, A and B, each connected with an amplifier. These will be made so sensitive that the entrance of a single photon, i.e., particle of light, into either cell is recorded. A shutter in the path of the light ray remains open long enough to transmit a single photon. Into which cell will the photon fall ?

[image: photocells and amplifiers]
Figure 1





There is no way in which we can be sure. We have found that light has the dual aspect of waves and particles. The photon (particle) follows the light wave, and if we try to make its path more definite by using a smaller hole to transmit the ray, we merely make the transmitted beam of waves more diffuse by diffraction. Though the first photon may enter one cell, with the initial conditions identical as far as any test can show, the next photon may enter the other cell. The result is thus not reproducible. It is, as far as we can see, truly a matter of chance. That is what we mean by saying that the law of causality does not hold: knowledge of the initial conditions does not enable us to predict what will happen, for with the same initial conditions we cannot consistently produce the same effect.


According to modern physics, we thus live in a world of chance. 


We might connect one of our amplifiers with an electrical device which will explode a stick of dynamite, and the other amplifier with a switch which will open the circuit. Now what will happen when the shutter transmits a photon? If it enters one cell the dynamite will explode, and the apparatus will be blown to bits. If the photon enters the other cell, the switch will be pulled and the apparatus is no longer in danger. Both events are equally probable. Similarly any event which depends at some stage upon the outcome of a small-scale event is essentially unpredictable on the basis of previous history.


A daemon controlling the shutter might be conscious of their qualities. The daemon controlling the shutter might consider a photon which would enter the photoelectric cell that would result in exploding the dynamite a "bad" photon, and one which would enter the cell where it would prevent the catastrophe a "good" photon. Being directly conscious, of these nonphysical characteristics which will determine their direction, the daemon may then close the shutter to all approaching "bad" photons until a "good" photon has passed through and saved the day. Has the daemon in this way contravened any physical laws?


The point is that the event under consideration is really an individual act, to which, since it can be performed but once, the laws of statistics do not apply. Whether the switch is opened or the dynamite exploded by the first photon, in either case the experiment is complete. This corresponds closely to human action, considered in the light of habit. An experiment involving deliberation can be performed on a person only once; for afterwards his condition is not the same. Habit will now enter into the determination of his action. Thus deliberate actions likewise are individual events, and are not therefore predictable from laws of probability. Faced by the necessity for an individual decision, all one's physiological structure, his environment, and previous history determine what Warren Weaver describes as a "spectrum of action probability," within which "spectrum" it is possible for any action to be chosen. There will be greater probability for certain modes of action than others; but these probabilities do not specify the choice of the individual act.


It would be easy to outline a closely parallel scheme whereby consciousness could select the desirable brain current, even though the undesirable one might be equally probable from statistical considerations, thus leading to the performance of the desirable act rather than its alternative. It is not necessary to elaborate any particular brain mechanism for performing the selection, for the example just given shows that it is possible to select one of a number of physically possible acts without violating or modifying any physical law. In this way the determination of a man's actions by his will is, I believe, shown to be consistent with the principles of physics is they are now understood.




Compton's demon - a close relative of Maxwell's demon

The Freedom of Man, pp.37-39




John Eccles' "Critically Poised Neurons"

Eccles had as early as 1953 used Eddington's estimates of the uncertainty in neuron-sized structures to explore the possible interaction between a mental substance and brain matter. He made calculations of how far and fast a small unpredictable disturbance might radiate outward in a simplified model of a neural network.
The Neurophysiological Problem of Will

An important neurophysiological problem arises as soon as we attempt to consider in detail the events that would occur in the cerebral cortex when, by exercise of "will," some change is induced in the response to a given situation. As argued above, in a situation where "will" is operative, there will be a changed pattern of discharge down the pyramidal tract and this change must be brought about because there is a change in the spatio-temporal pattern of influences playing upon the pyramidal cells in the motor cortex. If the "will" really can modify our reactions in a given situation, we have somewhere in the complex patterned behaviour of the cortex to find that the spatiotemporal pattern which is evolving in that given situation is modified or deflected into some different pattern.


Quantitative Aspect of Spread of Activity in Neuronal Networks

In the formulation of problems concerning activity in neuronal network: it is of value to have a model of the simplest possible network (Fig. 28 A cf. BURNS, 1951, Fig. 10). Each neurone is assumed to have only two excitatory synaptic knobs on its surface and its axon has only two excitatory knobs on two other neurones. Further it is assumed that the synaptic connexions so formed are of a two-dimensional pattern that allows the neurones to be arranged schematically in the rectangular net-like form of Fig. 28A, where it will be noticed that there is virtual radial symmetry from any point and the possibility of indefinite extension in every direction. 



[image: schematic model]


If each neurone receives and gives three synaptic contacts, a similar construction with radial symmetry is possible in three-dimensional network (Fig. 28 B). As shown in Fig. 28 these constructions would give alternating direction of transmission in the successive lines in any plane. Similarly, if each neurone gave and received n synapses, the pattern could be accommodated to an n-dimensional network.
The problem of the mode of action of the will can be simplified and sharpened by considering firstly the behavior of a single neurone in the active neuronal network of the cortex. Suppose some small "influence" were exerted at a node that would make a neurone discharge an impulse at a level of synaptic excitation which would otherwise have been just ineffective, that is, in general to raise the probability of its discharge. Such a discharged impulse would in turn have an excitatory effect on all the other nodes on which it impinges, raising the probability of their discharge, and so on. If we assume, as above, that the transmission time from node to node occupies 1 msec, then, even on the two-dimensional net of Fig. 28 A, a spread to a large number of neurones is possible in, say, 20 msec, a time that is chosen because it is at the lower limit of duration of discrete mental events.

In order to frame a precise problem, we can firstly consider the schematic neuronal networks of Fig. 28 which are assumed to be cortical neurones — both the pyramidal cells and the very numerous stellate cells. We make the postulates that at zero time a neurone (for example X in Fig. 28 A) is caused to discharge an impulse into the quiescent network and that activation of one synapse is adequate to cause any neurone to discharge an impulse. For the network of Fig. 28 A. the total number of neurones, N, caused to discharge impulses is given by the formula (SAWYER, 1951):

N = 2m2 — 2m +  2

where m is the number of nodes traversed. In 20 msec m=20, the internodal time being assumed as 1 msec; hence the number of neurones activated is 762.


On the same assumptions, but with a multi-dimensional network constructed according to the conventions of Fig. 28, the number of activated neurones, N, is given, where m is large relative to n, by the general formula (SAWYER, 1951):

N ≈ (2n/n!) m2


when m = 20 (i. e. within 20 msec) and with n = 3 (Fig. 28 B), N is of the order 104. With n = 4 and 5 respectively, N is of the order 105 and 8 x 105.




These calculations are intended merely to give some indication of the large number of cortical neurones that could be affected by a discharge originating in any one. In order to apply them to our problem of how "will" could act on the cerebral cortex, it is necessary to take into account the evidence that "will" can act on the cortical neuronal network only when a considerable part of it is at a relatively high level of excitation, i.e. we have to assume that, for "will" to be operative, large population, of cortical neurones are subjected to strong synaptic bombardment, and are stimulated thereby to discharge impulses which bombard other neurones. Under such dynamic conditions it may be conservatively estimated that, out of the hundred or more synaptic contacts made by any one neurone, at least four or five would be critically effective (when summed with synaptic bombardments by other neurones) in evoking the discharge of neurones next in series. The remainder would be ineffective because the recipient neurones would not be poised at this critical level of excitability, being either at a too low level of excitation, or at a too high level, so that the neuronal discharge occurs regardless of this additional synaptic bombardment. Thus at any instant the postulated action of the "will" on any one neurone would be effectively detected by the "critically poised neurones" on which it acts synaptically.


So long as the assumed number of critically effective synaptic excitatory actions by each neurone is kept at the low levels used in the above calculations, it is probable that the conventions of the network structures of Fig. 28 give an approximate method of allowing for all the mass of feed-back connections that occur in the closed-chain linkages of the cerebral cortex (LORENTE DE NO, 1933, 1934, 1943). Further, since the cortex is approximately 3 mm thick and the mean density of neurones 40,000 per sq. mm of surface (THOMPSON, 1899), the spread to some hundreds of thousands of neurones can be treated as spreading indefinitely in all directions without serious restriction by the sheet-like structure of the cortex. Hence we may conclude that, when a region of the cortical neuronal network is at a high level of activity, the discharge of an impulse by any one neurone will have contributed directly and indirectly to the excitation of hundreds of thousands of other neurones within the very brief time of 20 msec.

A Neurophysiological Hypothesis of Will

As a restatement of the conclusion of the preceding section we may say that in the active cerebral cortex within 20 msec the pattern of discharge of even hundreds of thousands of neurones would be modified as a result of an "influence " that initially caused the discharge of merely one neurone. But further, if we assume that this "influence" is exerted not only at one node of the active network, but also over the whole field of nodes in some sort of spatio-temporal patterning, then it will be evident that potentially the network is capable of integrating the whole aggregate of "influences" to bring about some modification of its patterned activity, that otherwise would be determined by the pattern of afferent input and its own inherent structural and functional properties. Such integration would occur over hundreds of thousands of nodes in a few milliseconds, the effects exerted on any and every node being correlated in the resultant patterned activity of the surrounding hundreds of thousands of neurones. Thus in general. the spatio-temporal pattern of activity would be determined not only by (i) the micro-structure of the neural net and its functional properties as built up by genetic and conditioning factors and (ii) the afferent input over the period of short-term memory, but also (iii) by the postulated "field of mind influence." For example, in Fig. 29 the spatio-temporal pattern determined by factors (i) and (ii) is shown diagrammatically by the shaded structure bounded by the continuous line, while a possible modification by factor (iii) is indicated by the paths outlined by broken lines at B and C. Fig. 29 can be considered as showing boundaries of multilane neuronal traffic as indicated in Figs. 10 and 12.


[image: schematic model]


It can be claimed that no physical instrument would bear comparison with the postulated performance of the active cerebral cortex as a detector of minute "fields of influence" spread over a microscopic pattern am with temporal sequences of milliseconds. The integration, within a few milliseconds, of "influences" picked up at hundreds of thousands of nodes would be unique, particularly when it is remembered that the integration is no mere addition, but is exerted to modify in some specific way "a shifting harmony of sub-patterns" of neuronal activity, achieving expression through the modifications so produced.

Thus, the neurophysiological hypothesis is that the "will" modifies the spatiotemporal activity of the neuronal network by exerting spatiotemporal "fields of influence" that become effective through this unique detector function of the active cerebral cortex. It will be noted that this hypothesis assumes that the "will" or "mind influence" has itself some spatio-temporal patterned character in order to allow it this operative effectiveness.



A. O. Gomes' Quantum Composer


While the Gomes model is little more than an elaboration of Arthur Holly Compton's amplifier, it is at least more peaceful. Where Compton's photocell amplifiers blow up dynamite, Gomes' multiple electron detectors and computer algorithms play music on a piano.


A MERELY PHYSICAL ILLUSTRATION
In truth, if a machine is steered by a complex interlocking of several units of indeterminate and determinate control, the number of states it can come to under the determining influence of the overall controlling situations of the steerage system can be as large, in principle, as the number of the combinations among the differentiated indeterminate configurations possible for each unit of indeterminate control. Yet, while planning the system, we can easily do it in such a way that only the controlling situations which can be interpreted as orderly are allowed to work out their influence. But the selection among these would still be indeterminate, because dependent on physically uncertain processes. This principle can be true both of the final situations of the machine considered statically, and of the successions among them — which means that these successions themselves can also be made at the same time well ordered and indeterminate.


It would be convenient to introduce a concrete illustration of a case of this nature. To this effect, let us imagine, as a unit of indeterminate control, a cylindrical vacuum chamber with a very tiny aperture in the center of one of its transversal walls, and a ring with a certain number of differentiated parts electrically insulated from one another and each of them connected to a high-sensitivity detector amplifier capable of responding to discrete manifestations of electrons of very low energy over the corresponding area of the ring. Let its also suppose a source of low-energy electrons before the aperture in the first wall, and a low accelerating difference of potential between the two ends of the chamber. If the aperture is small enough, each electron which penetrates the chamber will have its spatial localization very sharply defined, and will consequently suffer a physically indeterminate disturbance of momentum, with the magnitude given by the uncertainty relations of Heisenberg. The chamber can be so constructed that the medium diameter of the ring in the second transversal wall coincides with the region of the most probable manifestation of the indeterminately disturbed electrons. The place where each electron will appear upon this ring — and thus upon one or other of its several differentiated parts — is completely indeterminated, and the laws of microphysics require only that in sets of relatively large numbers of individual manifestations their distribution be uniform along the circumference of the ring, and thus that the number of the discrete arrivals upon each part of it be approximately equal for all of them. There is, however, absolutely no law for the localization of a particular manifestation upon the ring or for the step-to-step successions.

[image: an orderly but physically indeterminate machine]


If we connect some macrophysical gadget to each of the detector amplifiers coupled to the several elements of the ring, and have those gadgets performing some macrophysical operation under the switch-on, switch-off command of the detector amplifiers, in such a way that they are put to work or to rest every time that a disturbed electron manifests itself upon the corresponding part of the ring, the assembly as a whole will constitute a macrophysical system completely undetermined in the order of its final operations. We can imagine, for instance, a jukebox with the selection of its records commanded by a unit of indeterminate control, or some sort of roulette under the same guidance.


So far, our device illustrates only physical indetermination in a series of macrophysical processes which can be in themselves either very simple — the case of the roulette — or very elaborate — the case of the reproduction of a record in the jukebox. With the further purpose of illustrating order which is significantly indeterminate all along its development, let us now imagine a piano Fig. 18.1 with a certain number of keys — say, 100 — and the activation of each of these keys decided by the output of one indeterminate control with a corresponding number of possible different states. Let the connection between this device of indeterminate control and the final mechanism of activation of the keys pass through circuitry specially designed to switch it off every time that the message started a unit that does not conform to a set of rules of musical composition which can be translated into the intermediary circuitry. This circuitry may, of course, incorporate a recording mechanism for all the operations of the system; and the rules of composition may accordingly state that after the successful activation of one key of the piano, only a few other keys — say, 5 among the 100 — may follow. The rules may also be such that in certain special cases they condition the activation of a new key in a sequence, not only to the immediately preceding element, but also to whole previous passages of the sequence; and they may as well comprehend other factors of musical composition such as rhythm and harmony of simultaneously sounding notes. Yet, as long as each new step in the musical succession admits more than one possibility which is in turn decided by the indeterminate control, the output of the instrument will also remain undetermined,
irrespectively of the high degree of order and organization which it can maintain.



Now, if elaborate and ordered, but physically uncertain and, in not very long runs, statistically irregular work is thus possible for merely physical machines, it is clearly also possible, in principle, for living beings — very specially for those with a highly developed nervous system. Such a nervous system may house millions or billions of nearly simultaneous processes equivalent to those described in connection with a unit of indeterminate control, and have all these connected according to the most elaborate interlocking; hence it can afford the opportunity for the accomplishment of sequences of meaningful, organized, and not-statistically monotonous behavior, very far exceeding in length of time the span of individual life.




Daniel Dennett's Pseudo-random Number Generator


In his 1978 book Brainstorms, Daniel Dennett proposed an influential "model of decision making" with a two-stage account of free will. In his chapter "On Giving Libertarians What They Say They Want" (p.286), Dennett clearly separates random possibilities from determined choices.  

But does Dennett, following James, Poincaré, and Popper, see that this solves the problem of indeterminism in free will that has plagued philosophy since Epicurus' "swerve" of the atoms? He says, a bit sarcastically, that his model "puts indeterminism in the right place for the libertarian, if there is a right place at all [my emphasis]."



And after giving six excellent reasons why his suggestion is what libertarians are looking for, Dennett then mistakenly suggests that the randomness generator might as well have been a computer-generated pseudo-random number generator.  He says "Isn't it the case that the new improved proposed model for human deliberation can do as well with a random-but-deterministic generation process as with a causally undetermined process?" 

This completely misses the libertarian's point! But then Dennett's argument for libertarianism may just be a compatibilist's straw man. He does not pursue it in his later works, such as Elbow Room, The Varieties of Free Will Worth Wanting (Dennett, 1984).


Here is Dennett's suggestion (Brainstorms, p.295):

The model of decision making I am proposing, has the following feature: when we are faced with an important decision, a consideration-generator whose output is to some degree undetermined produces a series of considerations, some of which may of course be immediately rejected as irrelevant by the agent (consciously or unconsciously). Those considerations that are selected by the agent as having a more than negligible bearing on the decision then figure in a reasoning process, and if the agent is in the main reasonable, those considerations ultimately serve as predictors and explicators of the agent's final decision. What can be said in favor of such a model, bearing in mind that there are many possible substantive variations on the basic theme?

I have recounted six recommendations for the suggestion that human decision-making involves a non-deterministic generate-and-test procedure. First, it captures whatever is compelling in Russell's hunch. Second, it installs determinism in the only plausible locus for libertarianism (something we have established by a process of elimination). Third, it makes sense from the point of view of strategies of biological engineering. Fourth, it provides a flexible justification of moral education. Fifth, it accounts at least in part for our sense of authorship of our decisions. Sixth, it acknowledges and explains the importance of decisions internal to the deliberation process.


It is embarrassing to note, however, that the very feature of the model that inspired its promulgation is apparently either gratuitous or misdescribed or both, and that is the causal indeterminacy of the generator. We have been supposing, for the sake of the libertarian, that the process that generates considerations for our assessment generates them at least in part by a physically or causally undetermined or random process. 


But here we seem to be trading on yet another imprecision or ambiguity in the word "random". When a system designer or programmer relies on a "random" generation process, it is not a physically undetermined process that is required, but simply a patternless process. Computers are typically equipped with a random number generator, but the process that generates the sequence is a perfectly deterministic and determinate process. If it is a good random number generator (and designing one is extraordinarily difficult, it turns out) the sequence will be locally and globally patternless. There will be a complete absence of regularities on which to base predictions about unexamined portions of the sequence.


Dennett completely misses the point that quantum indeterminacy is needed to invalidate causal determinism


Isn't it the case that the new improved proposed model for human deliberation can do as well with a random-but-deterministic generation process as with a causally undetermined process? Suppose that to the extent that the considerations that occur to me are unpredictable, they are unpredictable simply because they are fortuitously determined by some arbitrary and irrelevant factors, such as the location of the planets or what I had for breakfast. It appears that this alternative supposition diminishes not one whit the plausibility or utility of the model that I have proposed. Have we in fact given the libertarians what they really want without giving them indeterminism? Perhaps. We have given the libertarians the materials out of which to construct an account of personal authorship of moral decisions, and this is something that the compatibilistic views have never handled well. But something else has emerged as well...the rival descriptions of the consideration generator, as random-but-causally-deterministic versus random-and-causally-indeterministic, will have no clearly testable and contrary implications at the level of micro-neurophysiology, even if we succeed beyond our most optimistic fantasies in mapping deliberation processes onto neural activity.

That fact does not refute libertarianism, or even discredit the motivation behind it, for what it shows once again is that we need not fear that causal indeterminism would make our lives unintelligible. There may not be compelling grounds from this quarter for favoring an indeterministic vision of the springs of our action, but if considerations from other quarters favor indeterminism, we can at least be fairly sanguine about the prospects of incorporating indeterminism into our picture of deliberation, even if we cannot yet see what point such an incorporation would have. Wiggins speaks of the cosmic unfairness of determinism, and I do not think the considerations raised here do much to allay our worries about that. Even if one embraces the sort of view I have outlined, the deterministic view of the unbranching and inexorable history of the universe can inspire terror or despair, and perhaps the libertarian is right that there is no way to allay these feelings short of a brute denial of determinism. Perhaps such a denial, and only such a denial, would permit us to make sense of the notion that our actual lives are created by us over time out of possibilities that exist in virtue of our earlier decisions; that we trace a path through a branching maze that both defines who we are, and why, to some extent (if we are fortunate enough to maintain against all vicissitudes the integrity of our deliberational machinery) we are responsible for being who we are. That prospect deserves an investigation of its own. All I hope to have shown here is that it is a prospect we can and should take seriously. 





Dennett mistakenly thinks that indeterminism is not what is needed, but merely a "perfectly deterministic" pseudo-random patternless number generator



Robert Kane's Probability Bubbles


In his 1985 book Free Will and Values, aware of earlier proposals by Eccles, Popper, and Dennett, but working independently, Kane proposed an ambitious amplifier model for a quantum randomizer in the brain - a spinning wheel of fortune with probability bubbles corresponding to alternative possibilities. in the massive switch amplifier tradition of Compton and Gomes. 


Kane's work is squarely in the massive switch amplifier (MSA) tradition of Compton and Gomes.


Kane says (p.169):


What I would like to  do then, is to show how an MSA model, using Eccles' notion of critically poised neurons as a working hypothesis, might be adapted to the theory of practical, moral and prudential decision making.

Keeping these points in mind, let us now suppose that there are neurons in the brain "critically poised" in Eccles' sense, whose probability of firing  within a small interval of time is .5. (We	shall tamper with this simplifying assumption in a moment.) For every n such neurons, there are 2n possible ordered combinations of firings and non-firings, which may be represented by sequences, such as (101... ), (01101... ), where the "1" 's indicate firings, the "0" 's non-firings, and the dots indicate that the sequences are continued with "0" 's up to n figures. A reasonably small number of such neurons, say a dozen, would yield ordered combinations, in the thousands, enough for the purposes of the theory. As indicated in 8.4, the exact number of possible alternatives or partitionings does not matter so long as it is large; it would likely depend on the exigencies of neurological programming rather than the demands of the theory.


For practical choice, these ordered combinations of firings and non-firings of critically poised neurons would correspond to places on a spinning wheel, most of which would give rise to chance selected considerations, opening doors to consciousness of possibly relevant memories, triggering associations of ideas and/or images, focussing attention in various ways, etc. Some combinations of firings and non-firings might draw a blank. But the wheel would keep spinning until it hit something worth considering, so long as the practical reasoner or creative thinker were in a receptive, yet reflective, state of mind. Then the relevance of the consideration to deliberation would have to be assessed and the consideration either accepted or rejected.


  
Kane introduces a probability bubble.
[image: bubble inexactness]

One might think of this as a picture of an air bubble in a glass tube filled with a liquid, with the lines A and B marked on the outside of the glass as on an ordinary carpenter's level. But this description is merely an aid to the imagination. We are going to give the bubble some extraordinary properties. The bubble may represent either the desire to choose to act from duty (out of equal respect) or the effort made to realize this desire in choice. The respective desire and effort are conceptually related because the desire is defined as the disposition to make the effort; and the intensity of the desire is measured by the intensity of the effort. The lines A and B in the figure represent choice thresholds. If the bubble passes above the line A, the choice is made to act from duty; if it passes below B, the choice is made to act on self interested motives. When the bubble is between the lines, as in the figure, no choice has yet been made. A downward pull of gravity in the figure may be thought to represent the natural pull of one's self interested motives, which must be counteracted by an effort to resist temptation. 


There is an ambiguity, essential to our problem, about what it means to say that the bubble "passes above" the line A, or "below" the line B. If the bubble passes above A, or below B, then the choice is made to act from duty, or from self interest, respectively. But does this mean that the bubble must be wholly, or only partly, above A, or below B? It is here that we give the bubble some extraordinary properties. We imagine that the bubble represents a probability space, so that, when it is partly above A, there is a corresponding  probability, but not certain that the choice is mate to act from duty, and when it is partly below B there is a corresponding probability, but not certainty, that the choice is made to act from self interest. When the bubble is wholly above A (or below B), it is certain that the choice is made to act from duty (or self interest). We	then imagine a point particle in the  
probability space (the bubble) that moves around randomly, while always remaining within the space. That is, it has an equal probability of appearing in any one of a number of equal sized regions in the space. (There will be further comment on this partitioning and its significance in a moment.) If part of the bubble is above the line A for a certain time and the point particle is in regions all of which are wholly above the line for the same length of time, then the choice is made to act from duty (and similarly for line B).


To complicate matters further, we want to assume that the bubble or probability space does not have an exact position vis a vis the thresholds at any given time and that this inexactness of position is also due to the undetermined movement of the point particle in the regions. There are a number of ways to represent this in the diagram, but the simplest way is the following.
Imagine, as in the following figure, that the choice thresholds A and B have indeterminate position so that they can be anywhere between (or on) the extremes A'-A" and B'-B" respectively:

[image: bubble inexactness]

The distances between any two possible threshold positions for A (or any two for B) are equal and each possible threshold position corresponds to a region in the bubble such that, if the point particle is in that region, the threshold is at the corresponding position. But adjacent regions in the bubble need not correspond to adjacent positions of the thresholds and higher or lower regions of the bubble need not correspond to higher and lower threshold positions respectively.


What all this means is that the intensity of the effort to overcome temptation at any given time, which is measure of the intensity of the desire to act from duty (represented by the position of the bubble vis a vis the thresholds and the position of the point particle within the bubble) is indeterminate. And, as a consequence, the outcome of the choice situation at a given time is undetermined and unpredictable as long as the bubble is not wholly above A' or wholly below B".




  "neurological processes must exist corresponding to the randomizing activity of the spinning wheel and the partitioning of the wheel into equiprobable segments (red, blue, etc.) corresponding to the relevant R-alternatives."
  

Kane's model combines free will and values. Kane claimed his free choice is moral and made in accord with Kant's concept of duty. Claiming that the only free actions are moral decisions is an ethical fallacy.
  
  "the succession of random selections among equiprobable alternatives is meant to be a continuing reminder (a mental or neurological representation) of the fact that the reason sets of other persons are to be treated equally."
  

  Kane is not satisfied with his free will solution. He explains that the main reason for failure is   
  

"locating the master switch and the mechanism of amplification...We do not know if something similar goes on in the brains of cortically developed creatures like ourselves, but I suspect it must if libertarian theories are to succeed." (p.168)
  


  Kane's basic failure is his location of indeterminism in the decision process itself, making chance the direct cause of action.



Alfred Mele's Roulette Wheel

Mele describes how indeterminism shows up as a problem of moral luck for libertarians. 

Mele, like Kane, clearly makes chance at least partly the direct cause of action.


In his book Free Will and Luck, p.7, he says...


As soon as any agent...judges it best to A, objective probabilities for the various decisions open to the agent are set, and the probability of a decision to A is very high. Larger probabilities get a correspondingly larger segment of a tiny indeterministic neural roulette wheel in the agent's head than do smaller probabilities. A tiny neural ball bounces along the wheel; its landing in a particular segment is the agent's making the corresponding decision. When the ball lands in the segment for a decision to A, its doing so is not just a matter of luck. After all, the design is such that the probability of that happening is very high. But the ball's landing there is partly a matter of luck. 



For Scholars





Source: https://www.informationphilosopher.com/freedom/mechanisms.html
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The Physics of Freedom

For information philosopy, the classical problem of reconciling free will with physical determinism is now seen to have been the wrong problem. The real problem is reconciling free will with indeterminism. The physical world is fundamentally undetermined, it began in chaos and remains chaotic and random at the atomic scale (as well as some macroscopic regions of the cosmos). 


Even for large objects, the laws of physics are statistical laws. We have known this since Ludwig Boltzmann's work in 1877. Statistical physics was brilliantly confirmed at the level of atomic collisions by Max Born in 1926, and by Werner Heisenberg in 1927, with his quantum mechanical uncertainty principle. Unfortunately, antipathy to chance led many prominent physicists, then and now, to deny indeterminism and cling to a necessitarian deterministic physics.


Biologists knew even earlier, from Charles Darwin's work in 1859, that chance was the driver for evolution and so chance must be a real part of the universe. Indeed, it is known that quantum collisions of high-energy radiation with the macromolecules carrying genetic information create mutations that are a source of variation in the gene pool.

Charles Sanders Peirce, strongly influenced by Darwin, was the greatest philosopher to embrace chance, and he convinced his friend William James of it. James described the role of chance in free will in his essay, The Dilemma of Determinism.


Information philosophy has identified the cosmic creative processes (we call them "ergodic") that can overcome the chaotic tendency of indeterministic atomic collisions and create macroscopic, information-rich, structures. When these emergent structures are large enough, like the sun and planets, their motions become very well ordered and incredibly stable over time. 


DNA has maintained its informational stability for nearly four billion years by adding error detection and correction processes. 


Early Greeks like Anaximander saw the universe as a "cosmos" and imagined laws of nature that would explain the cosmos. Later the Stoic physicists identified these laws of nature with laws of God, proclaimed nature to be God, and said both were completely determined. 


For the Greeks, the heavens became the paradigm of perfection and orderly repetitive motions without change. The sublunary world was the realm of change and decay. When, two thousand years later, Isaac Newton discovered apparently perfectly accurate dynamical laws of motion for the planets, he seemed to confirm a deterministic universe. But as Newton knew, and as Peirce and later Karl Popper were to argue, we never had observational evidence to support the presumed perfection. The physical laws had become a dogma of determinism.



Why is quantum uncertainty involved in the shaking together (co-agitare) of our agenda items, the real alternative possibilities for thought or action that allow us to say we "could have done otherwise?" There are three important reasons:
	
Before quantum uncertainty, many philosophers, mathematicians, and statistical scientists argued that chance was just a name for our ignorance of underlying deterministic processes. They denied the existence of real chance in the universe.

	
As soon as quantum mechanics was established in the 1920's, first scientists and then philosophers began claiming that quantum indeterminism could explain free will. We will look briefly at their proposed explanations. After a few years thought, the scientists generally qualified their enthusiasm or reported admissions of failure. Libertarian philosophers have been reluctant to give up on quantum indeterminism. 

	
Quantum uncertainty remains the best explanation for breaks in the causal chain of strict determinism. But attempts to use the strange non-intuitive aspects of quantum mechanics - such as unpredictable quantum jumps between energy levels, "collapse" of the wave function in physical measurements, non-local behavior of particles that have become "entangled," spontaneous decay of "metastable" states, etc. - as models for the decision process have been hopeless failures. We must identify the critical aspect of quantum mechanical uncertainty that makes an "intelligible" contribution to human freedom while preserving moral responsibility. 




Neuroscientists have doubted we could ever locate a randomness generator in the brain. It needs to be small enough to be susceptible to microscopic quantum phenomena, yet capable of affecting the large macromolecular structures like neurons. Let's look at some of the proposals for quantum randomness in the brain. 





Probably the first scientist to connect quantum uncertainty to free will was Arthur Stanley Eddington, who until 1927 (in his Gifford Lectures) was a staunch supporter of physical determinism. He then said in 1928 with the "advent of the quantum theory that physics is no longer pledged to a scheme of deterministic law."  "We may note that science thereby withdraws its moral opposition to free will." 


Eddington's critics accused him of confusing "free" electrons with human freedom. And a decade later, he backed away from quantum randomness as an explanation. He reluctantly concluded there is no "halfway house" between randomness and determinism - an echo of Hume's "no medium betwixt chance and an absolute necessity."


In 1929 Neils Bohr described his views of "complementarity" in the Fundamental Principles underlying the Description of Nature. He applied complementarity to life and organic nature, to mind and body, to subject and object, and, most importantly, to free volition and causality. Although his ideas are vaguely stated, we can see the dialectical reconciling of chance and determinism that goes back to Hegel, James, and Poincaré and forward to Compton, Gomes, Popper, Margenau, and Eccles.

Arthur Holly Compton had shown in 1922 that photons (X-rays) could collide with electrons, showing both matter and radiation had wave-particle properties. In 1931 he proposed that photoelectric cells could work as amplifiers of random quantum events and provide room for human freedom. 

Compton's naive model for free will came to be known as the massive switch amplifier. It was open to the ancient criticism that we can not take responsibility for random actions caused by chance. Compton defended the amplifier, but like Eddington, later denied he was trying to show that human freedom was a direct consequence of the uncertainty principle. 


If physics were the sole source of our information, he said, we should expect men's actions to follow certain (sic) rules of chance. He said in 1957 that "When one exercises freedom, by his act of choice he is himself adding a factor not supplied by the [random] physical conditions and is thus himself determining what will occur." 




Compton was probably a dualist who thought mind was a separate substance. Other scientists who relied on quantum uncertainty to provide alternate possibilities, to be selected among by a non-physical mind, were John Eccles and Henry Margenau.






Our Cogito model simply identifies the source of randomness as the inevitable noise, both thermal noise and quantum noise, that affects both proper storage of information and accurate retrieval of that information at later times. These read/write errors are an appropriately random source of unpredictable new ideas and alternative action possibilities. 


We need not look for tiny random-noise generators and amplifiers in specific parts of the brain, any more than the homunculi sometimes evoked by philosophers to parody an internal free agent like a Maxwell's Demon of the mind.



If the Micro Mind is a random generator of frequently outlandish and absurd possibilities (think of the unconscious and the Freudian id), the complementary Macro Mind is a macroscopic structure so large that quantum effects are neglible. This is the critical apparatus that makes predictable - and adequately determined -  decisions based on our character and values. Thus we can feel fully responsible for our choices, morally and legally.


Philosophers of Mind, whether hard determinist or compatibilist, should recognize this Macro Mind as everything we need to make a carefully reasoned choice that provides moral responsibility. 


But now it is clear that our choices include self-generated random possibilities for thought and action that no external agent, natural or supernatural, and not even ourselves looking internally, can predict.


Our Cogito model gives the determinists what they say they want, an intelligible account of free will in which our decisions are adequately determined, yet completely free and sometimes unpredictable by any external agent and even by ourselves some of the time. We are unpredictably creative. 

For Scholars


   "As it has oftren been remarked, a few light quanta are sufficient to produce a visual impression." (Neils Bohr, Atomic Theory and the Description of Nature, p.117)



Giving determinists what they say they want

Source: https://www.informationphilosopher.com/freedom/physics/
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Molecular biologists have assured neuroscientists for years that the molecular structures involved in neurons are too large to be affected significantly by quantum phenomena.


They know that while most biological structures are remarkably stable, and thus adequately determined, quantum effects drive the mutations that provide variation in the gene pool. So our question is how the typical structures of the brain have evolved to deal with microscopic, atomic level, noise. Can they ignore it because they are adequately determined large objects, or might they have remained sensitive to the noise?


We can expect that if quantum noise, or even ordinary thermal noise, offered beneficial advantages, there would have been evolutionary pressure to take advantage of noise. 


Proof that our sensory organs have evolved until they are working at or near quantum limits is evidenced by the eye's ability to detect a single photon (a quantum of light energy), and the nose's ability to smell a single molecule.


Biology provides many examples of ergodic creative processes following a trial and error model.  They harness chance as a possibility generator, followed by an adequately determined selection mechanism with implicit information-value criteria. 


Darwinian evolution is the first and greatest example of a two-stage creative process, random variation followed by critical selection, but we will consider briefly two other such processes. Both are analogous to our two-stage Cogito model for the mind. One is at the heart of the immune system, the other provides quality control in protein/enzyme factories.


       Creativity in the Immune System
    

Consider the great problem faced by the immune system. It stands by ready to develop antibodies to attack an invading antigen at any moment, with no advance knowledge of what the antigen may be. In information terms, it needs to discover some part of the antigen that is unique. Its method is not unlike Poincaré's two-stage method of solving a mathematical problem. First put together lots of random combinations, then subject them to tests. 


Biological information is stored in the the "genetic code," the sequence of genes along a chromosome in our DNA. "Sequencing" the DNA refers to establishing the exact arrangement of nucleotides that code for specific proteins/enzymes. All the advances in molecular genetics are based on this sequencing ability. 


The white blood cells have evolved a powerful strategy to discover unique information in the antigen. What they have done is evolve a "re-sequencing" capability. Using the same gene splicing techniques that biologists have now developed to insert characteristics from one organism into another, the white blood cells have a very-high-speed process that shuffles genes around at random. They cut genes out of one location and splice them at random in other locations. This combinatorial diversity provides a variation in the gene pool like the Darwinian mutations that drive species evolution. 


But the marvelous immune system gets even more random. It has a lower-level diversity generator that randomly scrambles the individual nucleotides at the junctions between genes. The splicing of genes is randomly done with errors that add or subtract nucleotides, creating what is called junctional diversity. 


Rapid Eye Motions


Free Flight and Crowd Navigation


"Free flight" in birds might resemble the way humans navigate crowds by random small variations in their walking paths followed by rapid feedback corrections to avoid bumping others?

Enzyme Chaperones - An Error Detection and Correction System


Errors in protein synthesis are arguably quantal. If errors prevent proper folding, the chaperone functions as an information error detection and correction system. If it succeeds in helping the protein to fold, the protein is released, otherwise destroyed.


Neurotransmitter Release


 Since information flows across the synapses, randomness of release times for transmitter quanta may be a source of information noise in memory storage and recall. [Neurotransmitter "quanta" are of course huge compared to atomic-level quantum processes - maybe thousands of molecules).


Bacterial chemotaxis

  
The smallest organisms are equipped with sensors and motion capability that let them make two-stage decisions about which way to go. They must move in the direction of nutrients and away from toxic chemicals. They do this with tiny flagella that rotate in two directions.  Flagella rotating clockwise cause the bacterium to tumble and face random new directions.

[image: image-placeholder]


When the bacterium moves, receptors on the bacterium surface detect gradients of chemicals. 

When the gradient indicates “food ahead” or “danger behind” the bacterium maintains the flagella rotation direction, which keeps the bacterium moving straight ahead.


[image: image-placeholder]



Single photons can be seen and a single molecule can be smelled
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Molecular biologists have assured neuroscientists for years that the molecular structures involved in neurons are too large to be affected significantly by quantum phenomena.


They know that while most biological structures are remarkably stable, and thus apparently determined, quantum effects drive the mutations that provide variation in the gene pool. So our question is how the typical structures of the brain have evolved to deal with microscopic, atomic level, noise. Can they ignore it because they are adequately determined large objects, or might they have remained sensitive to the noise?


We can expect that if quantum noise, or even ordinary thermal noise, offered beneficial advantages, there would have been evolutionary pressure to take advantage of noise. 


Proof that our sensory organs have evolved until they are working at or near quantum limits is evidenced by the eye's ability to detect a single photon (a quantum of light energy), and the nose's ability to smell a single molecule.


Biology provides many examples of ergodic creative processes following a trial and error model. They harness chance as a possibility generator, followed by an adequately determined selection mechanism with implicit information-value criteria. Whether such randomness plays a role in the mind has been challenged. For decades, neuroscientists have looked to the experiments of Benjamin Libet to prove that the brain contains a deterministic mechanism that makes a decision long before the human being is conscious of the decision.


Libet Experiments


The neurologist Benjamin Libet performed a sequence of remarkable experiments in the early 1980's that were enthusiastically, if mistakenly, adopted by determinists and compatibilists to show that human free will does not exist.

His measurements of the time before a subject is aware of self-initiated actions have had a enormous, mostly negative, impact on the case for human free will, despite Libet's view that his work does nothing to deny human freedom. 


Since free will is best understood as a complex idea combining two antagonistic concepts - freedom and determination, "free" and "will," in a temporal sequence, Libet's work on the timing of events can also be interpreted as supporting our "two-stage model" of free will. 


Indeed, Libet himself argued that there was still room for a veto over a decision that may have been made unconsciously over 300 milliseconds before the agent is consciously aware of the decision to flex a finger, but before the action of muscles flexing. In his 2004 book, Mind Time: The Temporal Factor in Consciousness, he presented a diagram of his work.


[image: image-placeholder]



Libet says the diagram shows room for a "conscious veto."


The finding that the volitional process is initiated unconsciously leads to the question: Is there then any role for conscious will in the performance of a voluntary act (Libet, 1985)? The conscious will (W) does appear 150 msec before the motor act, even though it follows the onset of the cerebral action (1W) by at least 400 msec. That allows it, potentially, to affect or control the final outcome of the volitional process. An interval msec before a muscle is activated is the time for the primary motor cortex to activate the spinal motor nerve cells, and through them, the muscles. During this final 50 msec, the act goes to completion with no possibility of its being stopped by the rest of the cerebral cortex.)

The conscious will could decide to allow the volitional process to go to completion, resulting in the motor act itself. Or, the conscious will could block or "veto" the process, so that no motor act occurs. 



[image: image-placeholder]

The original discovery that an electrical potential (of just a few microvolts - μV) is visible in the brain long before the subject flexes a finger was made by Kornhuber and Deecke (1964).  They called it a "Bereitschaftspotential" or readiness potential.

As shown on Kornhuber's RP diagram, the rise in the readiness potential was clearly visible at about 550 milliseconds before the flex of the wrist (blue arrow). 




The neurobiologist John Eccles speculated that the subject must become conscious of the intention to act before the onset of this readiness potential. Libet had the idea that he should test Eccles's prediction. 

[image: Libet's clock, Click to enlarge image]
 

Libet's 1983 experiments measured the time when the subject became consciously aware of the decision to move the finger. Libet created a dot on the screen of an oscilloscope circulating like the hand of a clock, but more rapidly. The subject was asked to note the position of the moving dot when he/she was aware of the conscious decision to move a finger or wrist. 

Libet found that although conscious awareness of the decision preceded the subject's finger motion by only 200 milliseconds, the rise in the Type II readiness potential was clearly visible at about 550 milliseconds before the flex of the wrist. The subject showed unconscious activity to flex about 350 milliseconds before reporting conscious awareness of the decision to flex (the red arrow above). Indeed an earlier slow and very slight rise in the readiness potential can be seen as early as 1.5 seconds before the action.

[image: image-placeholder]

Libet's results were eagerly adopted by the deniers of free will to indicate that the mind had been made up unconsciously, long before any awareness of "conscious will." 


Psychologist Daniel Wegner thinks that conscious will may be just an epiphenomenon, something that is caused by brain events, not the cause of such events. As he put it in his 2002 book The Illusion of Conscious Will,


We don't know what specific unconscious mental processes the RP might represent....The position of conscious will in the time line suggests perhaps that the experience of will is a link in a causal chain leading to action, but in fact it might not even be that. It might just be a loose end — one of those things, like the action, that is caused by prior brain and mental events.

Does the compass steer the ship? In some sense, you could say that it does, because the pilot makes reference to the compass in determining whether adjustments should be made to the ship's course. If it looks as though the ship is headed west into the rocky shore, a calamity can be avoided with a turn north into the harbor. But, of course, the compass does not steer the ship in any physical sense. The needle is just gliding around in the compass housing, doing no actual steering at all. It is thus tempting to relegate the little magnetic pointer to the class of epiphenomena — things that don't really matter in determining where the ship will go.


Conscious will is the mind's compass. As we have seen, the experience of consciously willing action occurs as the result of an interpretive system, a course-sensing mechanism that examines the relations between our thoughts and actions and responds with "I willed this" when the two correspond appropriately. This experience thus serves as a kind of compass, alerting the conscious mind when actions occur that are likely to be the result of one's own agency. The experience of will is therefore an indicator, one of those gauges on the control panel to which we refer as we steer. Like a compass reading, the feeling of doing tells us something about the operation of the ship. But also like a compass reading, this information must be understood as a conscious experience, a candidate for the dreaded "epiphenomenon" label.


Bernard Baars says there are two important time scales of consciousness


Sensory events occurring within a tenth of a second merge into a single conscious sensory experience, suggesting a 100-millisecond scale. But working memory, the domain in which we talk to ourselves or use our visual imagination, stretches out over roughly 10-second steps. The tenth-of-a-second level is automatic, while the 10-second level is shaped by conscious plans and goals.


The kinds of deliberative and evaluative processes that are important for free will involve longer time periods than those studied by Benjamin Libet. 

Note also that the abrupt and rapid decisions to flex a finger measured by Libet bear little resemblance to the kinds of two-stage deliberate decisions for which we can first freely generate alternative possibilities for action, then evaluate which is the best of these possibilities in the light of our reasons, motives, and desires - first "free," then "will."
[image: image-placeholder]


[image: image-placeholder]

We can correlate the beginnings of the readiness potential (350ms before Libet's conscious will time "W" appears) with the early stage of the two-stage model, when alternative possibilities are being generated, in part at random. The early stage may be delegated to the subconscious, which is capable of considering multiple alternatives (William James' "blooming, buzzing confusion") that would congest the single stream of consciousness.

Alfred Mele, in his 2009 book Effective Intentions, the Power of Conscious Will, criticized the interpretation of the Libet results on two grounds. First, the mere appearance of the RP a half-second or more before the action in no way makes the RP the cause of the action. It may simply mark the beginning of forming an intention to act. In our two-stage model, it is the considering of possible options.


Libet himself argued that there is enough time after the W moment (a window of opportunity) to veto the action, but Mele's second criticism points out that such examples of "free won't" would not be captured in Libet experiments, because the recording device is triggered by the action (typically flicking the wrist) itself.


Thus, although all Libet experiments ended with the wrist flicking, we are not justified in assuming that the rise of the RP (well before the moment of conscious will) is a cause of the wrist flicking. Libet knew that there were very likely other times when the RP rose, but which did not lead to a flick of the wrist.
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Alternative Possibilities are one of the key requirements for the freedom component of free will, critically needed for libertarian free will. For discussion on the difference between multiple possibilities and the one realized actuality, go here.

Alternative Possibilities have been part of the problem of free will at least from the time of Thomas Hobbes, who denied anyone ever "could have done otherwise". 

Harry Frankfurt famously defined what he called "The Principle of Alternate Possibilities" or PAP.


"a person is morally responsible for what he has done only if he could have done otherwise.”


Frankfurt developed sophisticated arguments (thought experiments) to disprove this principle using what might be called Frankfurt's Demon.


 Frankfurt asks us to imagine an agent who can control the minds of others, or a demon inside one's mind that can intervene in our decisions. Considering the absurd nature of his hypothetical and counterfactual intervener, the recent philosophical literature is surprisingly full of articles with "Frankfurt-type cases" supporting Frankfurt, and logical counterexamples to his attack on the principle of alternate possibilities. This work is based on a logical fallacy


  "The principle of alternate possibilities is false. A person may well be morally responsible for what he has done even though he could not have done otherwise. The principle's plausibility is an illusion, which can be made to vanish by bringing the relevant moral phenomena into sharper focus."
  

  Libertarians like Robert Kane, David Widerker, and Carl Ginet have mounted attacks on Frankfurt-type examples, in defense of free will.


Their basic criticism is that in an indeterministic world Frankfurt's demon cannot know in advance what an agent will do. As Widerker put it, there is no "prior sign" of the agent's de-liberatechoice. This is the epistemicKane-Widerker Objection to Frankfurt-style cases. 


In information theoretic and ontological terms, the information about the agent's choice does not yet exist in an indeterministic universe. To block an agent's decision the intervening demon would have to act in advance, without actually know if blocking is necessary. As pointed out first by Kane in 1985, Frankfurt cases "beg the question" by assuming determinism is true (in which case the demon could predict the agent's choice).

John Martin Fischer refers to these situations as "flickers of freedom."   


Determinism would eliminate the agent's control and destroy the presumed "responsibility" of the agent for the choice, despite no available alternative possibilities. This is the ontologicalInformation Objection.


Here is a discussion of the problem, from Kane's A Contemporary Introduction to Free Will,  2005, (p.87)
  
5. The Indeterminist World Objection
While the "flicker of freedom" strategy will not suffice to refute Frankfurt, it does lead to a third objection that is more powerful. This third objection is one that has been developed by several philosophers, including myself, David Widerker, Carl Ginet, and Keith Wyma.5 We might call it the Indeterministic World Objection. I discuss this objection in my book Free Will and Values. Following is a summary of this discussion:
  

Suppose Jones's choice is undetermined up to the moment when it occurs, as many incompatibilists and libertarians require of a free choice. Then a Frankfurt controller, such as Black, would face a problem in attempting to control Jones's choice. For if it is undetermined up to the moment when he chooses whether Jones will choose A or B, then the controller Black cannot know before Jones actually chooses what Jones is going to do. Black may wait until Jones actually chooses in order to see what Jones is going to do. But then it will be too late for Black to intervene. Jones will be responsible for the choice in that case, since Black stayed out of it. But Jones will also have had alternative possibilities, since Jones's choice of A or B was undetermined and therefore it could have gone either way. Suppose, by contrast, Black wants to ensure that Jones will make the choice Black wants (choice A). Then Black cannot stay out of it until Jones chooses. He must instead act in advance to bring it about that Jones chooses A. In that case, Jones will indeed have no alternative possibilities, but neither will Jones be responsible for the outcome. Black will be responsible since Black will have intervened in order to bring it about that Jones would choose as Black wanted.
  

In other words, if free choices are undetermined, as incompatibilists require, a Frankfurt controller like Black cannot control them without actually intervening and making the agent choose as the controller wants. If the controller stays out of it, the agent will be responsible but will also have had alternative possibilities because the choice was undetermined. If the controller does intervene, by contrast, the agent will not have alternative possibilities but will also not be responsible (the controller will be). So responsibility and alternative possibilities go together after all, and PAP would remain true—moral responsibility requires alternative possibilities—when free choices are not determined.6
If this objection is correct, it would show that Frankfurt-type examples will not work in an indeterministic world in which some choices or actions are undetermined. In such a world, as David Widerker has put it, there will not always be a reliable prior sign telling the controller in advance what agents are going to do.7 Only in a world in which all of our free actions arc determined can the controller always be certain in advance how the agent is going to act. This means that, if you are a compatibilist, who believes free will could exist in a determined world, you might be convinced by Frankfurt-type examples that moral responsibility does not require alternative possibilities. But if you are an incompatibilist or libertarian, who believes that some of our morally responsible acts must be undetermined you need not be convinced by Frankfurt-type examples that moral responsibility does not require alternative possibilities.
  



Alternative Possibilities Are NOT Probabilities

One of the major errors in thinking about alternative possibilities is to assume that they are the direct cause of action. This leads many philosophers to make the oversimplified assumption that if there are two possibilities, for example, that they are equally probable, or perhaps one has thirty percent chance of leading to action, the other seventy percent.

Alternative possibilities are simply that - possibilities. They only lead to action following an act of determination by the will that the action is in accord with the agent's character and values. And the will is adequately determined.


Most philosophers who use the standard argument against free will in their work assume that chance alternative possibilities will show up as random behavior. Here is an example from leading libertarian incompatibilist Peter van Inwagen. He imagines a God who can "replay" exactly the same circumstnces to demonstrate the random willings.



Now let us suppose that God a thousand times caused the universe to revert to exactly the state it was in at t1 (and let us suppose that we are somehow suitably placed, metaphysically speaking, to observe the whole sequence of "replays"). What would have happened? What should we expect to observe? Well, again, we can't say what would have happened, but we can say what would probably have happened: sometimes Alice would have lied and sometimes she would have told the truth. As the number of "replays" increases, we observers shall — almost certainly — observe the ratio of the outcome "truth" to the outcome "lie" settling down to, converging on, some value. We may, for example, observe that, after a fairly large number of replays, Alice lies in thirty percent of the replays and tells the truth in seventy percent of them—and that the figures 'thirty percent' and 'seventy percent' become more and more accurate as the number of replays increases. But let us imagine the simplest case: we observe that Alice tells the truth in about half the replays and lies in about half the replays. If, after one hundred replays, Alice has told the truth fifty-three times and has lied forty-eight times, we'd begin strongly to suspect that the figures after a thousand replays would look something like this: Alice has told the truth four hundred and ninety-three times and has lied five hundred and eight times. Let us suppose that these are indeed the figures after a thousand [1001] replays. Is it not true that as we watch the number of replays increase we shall become convinced that what will happen in the next replay is a matter of chance. 



In our two-stage model of free will, if Alice is a generally honest person, her character will ensure that she rarely if ever lies even if lying "comes to mind" as one of her alternative possibilities.


Another leading libertarian incompatibilist, Robert Kane, makes this mistake when he introduces his "probability bubbles" model of free will, in which indeterminism is in both stages of free will.
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Adequate Determinism is the kind of determinism we have in the world. It is a statistical determinism, where the statistics are near to certainty for large macroscopic objects.  Adequate Determinism also includes indeterminism, an irreducible property of the microscopic quantum world.. 


There is actually no strict determinism at any "level" of the physical world. Determinism is an abstract theoretical ideal that simplifies physical systems to allow the use of logical and mathematical methods like differential equations. The macroscopic statistical "determinism" we see is the consequence of averaging over extremely large numbers of microscopic particles. Statistical determinism is a corollary of the probabilistic "law of large numbers" when dealing with a great many independent events.


Adequate determinism is the determinism of Newtonian physics, capable of sending men to the moon and back with astonishing accuracy. It is the determinism of those physiologists who think that quantum uncertainty is insignificant in the macromolecular structures of cell biology.



We are happy to agree with scientists and philosophers who feel that quantum effects are for the most part negligible in the macroscopic world. We particularly agree that they are negligible when considering the causally determined will and the causally determined actions set in motion by decisions of that will.


In particular, adequate or statistical determinism is all that determinist philosophers ever wanted or needed for moral responsibility. 

Chance is need not be a direct cause of human actions. Quantum chance is primarily needed to generate unpredictable and "free" alternative possibilities for action.


Adequate determinism gives compatibilists the kind of free will that they need and that they say they want, namely the causal connection between motives, feelings, reason, character, values, etc. and the actions chosen from freely generated possibilities.


However, quantum mechanics is not negligible in some important cases. We know that quantum indeterminacy exists in the world. Sometimes microsopic indeterminism is amplified to produce unpredictable and uncaused events that show up in the macroscopic world to break the causal chains we normally see in adequate or statistical determinism. 


Such new "uncaused causes" (causa sui) have not resulted in the collapse of reason or stopped the progress of science, as some philosophers and scientists feared. The Stoic Chrysippus, warned in the third century B.C.E.

"Everything that happens is followed by something else which depends on it by causal necessity. Likewise, everything that happens is preceded by something with which it is causally connected. For nothing exists or has come into being in the cosmos without a cause. The universe will be disrupted and disintegrate into pieces and cease to be a unity functioning as a single system, if any uncaused movement is introduced into it."



Certain "thought experiments" magnify microscopic quantum uncertainty to macroscopic levels. Perhaps the most famous is Schrödinger's Cat. Perhaps the most common are simple Geiger counters, which record the spontaneous radioactive decay of unstable atoms, much of it driven by cosmic radiation, a major source of genetic variation that drives natural selection. 


None of these totally random events interferes in any significant way with the adequate determinism of the macroscopic world.


But it is random events that drive the creation of new species in biology and we can show that they underlie all creativity, all actions that bring new information into the universe, whether the formation of stars and galaxies or the writing of a new play.


Adequate determinism is one of the critical requirements for free will.
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Just as we separated the concept "free" from the concept of "will" in order to better understand "free will," so we need to separate "moral" and "responsibility."

We then need to go even further and clarify the relationship between free will and moral responsibility. Some philosophers deflect direct discussion of free will and study it only as the "control condition for moral responsibility."


Finally, we should explore the connection between moral responsibility and retributive punishment (revenge). All these separations are  addressed together on our conceptual analysis page. 


Peter Strawson Changed the Subject from Free Will to Moral Responsibility
Peter Strawson argued in 1962 that whatever the deep metaphysical truth on the issues of determinism and free will, people would not give up talking about and feeling moral responsibility - praise and blame, guilt and pride, crime and punishment, gratitude, resentment, and forgiveness. 
  


These "reactive attitudes" were for Strawson more real than whether they could be explained by fruitless disputes about free will, compatibilism, and determinism. They were "facts" of our natural human commitment to ordinary inter-personal attitudes. He said it was "a pity that talk of the moral sentiments has fallen out of favour," since such talk was "the only possibility of reconciling these disputants to each other and the facts."   
  

  Strawson himself was optimistic that compatibilism could reconcile determinism with moral obligation and responsibility. He accepted the facts of determinism. He felt that determinism was true. But he was concerned to salvage the reality of our attitudes even for libertarians, whom he described as pessimists about determinism. 
  

  "What I have called the participant reactive attitudes are essentially natural human reactions to the good or ill will or indifference of others towards us, as displayed in their attitudes and actions. The question we have to ask is: What effect would, or should, the acceptance of the truth of a general thesis of determinism have upon these reactive attitudes? More specifically, would, or should, the acceptance of the truth of the thesis lead to the decay or the repudiation of all such attitudes? Would, or should, it mean the end of gratitude, resentment, and forgiveness; of all reciprocated adult loves; of all the essentially personal antagonisms?" 
 


Since Peter Strawson changed the subject in 1962 from free will to moral responsibility, there has been an increasing tendency to equate free will with moral responsibility. 

From the earliest beginnings, the problem of "free will" has been intimately connected with the question of moral responsibility. Most of the ancient thinkers on the problem were trying to show that we humans have control over our decisions, that our actions "depend on us", and that they are not pre-determined by fate, by arbitrary gods, by logical necessity, or by a natural causal determinism.  


But to say that today "free will is understood as the control condition for moral responsibility" is to make a serious blunder in conceptual analysis and clear thinking. Free will is clearly a prerequisite for responsibility. Whether the responsibility is a moral responsibility depends on our ideas of morality.


Here are some recent examples of conflating free will and moral responsibility, which we regard as an ethical fallacy. 


John Martin Fischer says:


    Some philosophers do not distinguish between freedom and moral responsibility. Put a bit more carefully, they tend to begin with the notion of moral responsibility, and "work back" to a notion of freedom; this notion of freedom is not given independent content (separate from the analysis of moral responsibility). For such philosophers, "freedom" refers to whatever conditions are involved in choosing or acting in such a way as to be morally responsible. 

(Free Will, vol 1, p. )


Manuel Vargas says:


It is not clear that there is any single thing that people have had in mind by the term "free will." Perhaps the dominant characterization in the history of philosophy is that it is something like the freedom condition on moral responsibility. Roughly, the idea is that to be morally responsible for something, you had to have some amount of freedom, at some suitable time prior to the action or outcome for which you are responsible. That sense of freedom — whatever it amounts to — is what we mean to get at by the phrase "free will." However, there may be things for which free will might be important or other senses of free will that are independent of concerns about moral responsibility. For example, philosophers have worried whether free will is required for some human achievements to have a special worth or value, or for there to be values and valuing in any robust sense. Although I think much of what I will say can be applied to other aspects of thinking about it, I will primarily concerned with free will in its connection to moral responsibility, the sense in which people are appropriately praised or blamed. (Four Views on Free Will, p.128-9)


Derk Pereboom says simply


free will is understood as the control condition for moral responsibility.


Starting with his 1985 book, Free Will and Values, Robert Kane has argued that free choices are those moral decisions requiring great effort because the arguments pro and con the decision are equally balanced (the liberty of indifference). 


The ancients and medieval thinkers argued that freedom could be equated with morality. Men were free to do good. If they did evil, it was the influence of some nefarious power preventing them from doing good. 


Kant - free when we do good, otherwise slaves.  --original in Aristotle, virtue is knowledge? Stoics? 


Doyle - ethical (moral) fallacy.  freedom is a physical question.  it is based on arguments about determinism versus indeterminism. The will is in part a psychological question. responsibility is a causality question is the agent properly in the causal chain. moral questions are not physical questions. to confound them is to connect ought with is. moral responsibility is a major field of ethics that can stand on its own without sophisticated attempts to deny free will. e.g., Frankfurt sophistry.


For some Naturalists, the equation of free will and moral responsibility is driven by their goal of eliminating punishment and what they see as a "culture of vengeance." The fallacious reasoning goes something like this - "If free will is required for moral responsibility, we can deny moral responsibility be denying free will."


Naturalists seem to naively accepted the ancient religious arguments that free will is an exclusive property of humans (some religions limit it to males). One strand in the naturalist argument then is to say that humans are animals and so lack free will. It will be interesting to see how they react to the establishment of a biophysical basis for behavioral freedom in lower animals. This behavioral freedom is conserved and show up in higher animals and humans as freedom of their wills. 


Vargas - age at which children acquire free will 



Consider the question of how we go from being unfree agents to free agents. This is a puzzle faced by all accounts of responsibility, but there is something pressing about it in the case of libertarianism. As children we either had the indeterministic structures favored by your favorite version of libertarianism or we lacked them. If we lacked them as children, we might wonder how we came to get those structures. We might also wonder what the evidence is for thinking that we do develop said structures. Suppose the libertarian offers us an answer to these questions, and the other empirical challenges I raised in the prior section. We would still face another puzzle. What, exactly, does the indeterminism add? What follows in this section is not so much a metaphysical concern as it is a normative concern. It is a concern about what work the indeterminism does in libertarianism, apart from providing a way to preserve our default self-image as deliberators with genuine, metaphysically robust alternative possibilities. (p.148)


Equating free will with moral responsibility, then to use spurious arguments to deny free will, and thus to deny moral responsibility - in order to oppose punishment - is fine humanism but poor philosophy, and terrible science.

Children have free will from birth. It is part of their biological makeup.



The solution to the Vargas puzzle is that it is moral responsibility that children “come to get” at some age.


Can We Separate Free Will and Moral Responsibility?

	
In recent years, "free will” has become whatJohn Fischercalls an “umbrella-term” for a large range of phenomena. He says (in his recent 4-volume Routledge anthology “Free Will,” vol.I, p.xxiii)
The term is used differently by different philosophers, and I think that it is most helpful to think of it as an “umbrella-term” used to describe some sort of freedom that connects in important ways with moral responsibility, and, ultimately, person-hood. More specifically, the domain of free will includes various sorts of freedom (freedom of choice, of action, choosing and acting freely, and so forth), and the practices constitutive of moral responsibility (moral praise and blame, punishment and moral reward, and a set of distinctively moral attitudes, such as indignation, resentment, gratitude, respect, and so forth).

Some philosophers do not distinguish between freedom and moral responsibility. Put a bit more carefully, they tend to begin with the notion of moral responsibility, and “work back” to a notion of freedom; this notion of freedom is not given independent content (separate from the analysis of moral responsibility). For such philosophers, “freedom” refers to whatever conditions are involved in choosing or acting in such a way as to be morally responsible.


And in the recent page on Free Will in the Stanford Encylopedia on Philosophy, Timothy O'Connor wrote:

Most philosophers suppose that the concept of free will is very closely connected to the concept of moral responsibility. Acting with free will, on such views, is just to satisfy the metaphysical requirement on being responsible for one's action.


O'Connor wants to deny free will to animals, who do not have moral responsibility, but may have freedom of action. 

On a minimalist account, free will is the ability to select a course of action as a means of fulfilling some desire. David Hume, for example, defines liberty as “a power of acting or of not acting, according to the determination of the will.” (1748, sect.viii, part 1). 

One reason to deem this insufficient is that it is consistent with the goal-directed behavior of some animals whom we do not suppose to be morally responsible agents. Such animals lack not only an awareness of the moral implications of their actions but also any capacity to reflect on their alternatives and their long-term consequences.


In the spirit of a careful conceptual (and linguistic) analysis, there are benefits to separating free will from moral responsibility and from three additional separations:
1) The separation of “free” from “will.”

2) The separation of “moral” from “responsibility”

3) The separation of “moral responsibility” from “retributive punishment” (revenge).

The Separation of “Free” from “Will”
“Free Will” - in scare quotes - refers to the common but mistaken notion that the adjective “free” modifies the concept “will.” In particular, it indicates that the element of chance, one of thetwo requirements for free will, is present in the determination of the will itself.
Critics of “libertarian free will” usually adopt this meaning in order to attack the idea of randomness in our decisions, which clearly would not help to make us morally responsible.
Unfortunately, prominent defenders of libertarian free will (Robert Kane, for example) continue to add indeterminism into the decision itself, making such free will “unintelligible” by their own account.
Freedom of human action requires the randomness of absolute chance to break the causal chain of determinism, yet the conscious knowledge that we areadequately determinedto be responsible for our choices.
Freedom requires some events that are not causally determined by immediately preceding events, events that are unpredictable by any agency, events involving quantum uncertainty. These random events createalternative possibilitiesfor action.
Randomnessis the “free” in free will.
In short, there must be a Randomness Requirement, unpredictable chance events that break the causal chain of determinism. Without this chance, our actions are simply the consequences of events in the remote past. This randomness must belocated in a place and time that enhances free will, one that does not reduce it to pure chance.
(Determinists do not like this requirement.)
Freedom also requires an adequately determined will that chooses or selects from those alternative possibilities. There is effectively nothing uncertain about this choice.
Adequate determinismis the “will” in free will.
So there is also a Determinism Requirement - that our actions be adequately determined by our character and values, and by our feelings and desires. This requires that any randomness not be the direct cause of our actions.
(Libertarians do not like this requirement.)
Adequate determinism means that randomness in our thoughts about alternative possibilities doesnot directly cause our actions.
A random thought can lead to an adequately determined action, for which we can take full responsibility.


We must separate the “free” thoughts from the “willed” actions.
Our thoughtscome to us. Our actionscome from us.
The Separation of “Moral” from “Responsibility”
Responsibility for a willed action can be ascribed to an agent because the “adequately” determined will has started a new causal chain that includes the action and its foreseeable consequences.
But responsibility is not exactly the same as moral responsibility. It is merely a prerequisite for moral responsibility.
Responsibility is similar to accountability. Just as an action can said to be a cause of its consequences, so the agent can be held accountable for the action.
Different moral codes, which are the business of ethicists, may have different degrees of moral responsibility for the same actions and its consequences.
Can we separate “moral” from “responsibility?”
The Separation of “Free Will and Moral Responsibility” from Retributive Punishment (Revenge)
Liberal and humanitarian thinkers who see that retributive punishment is sometimes cruel and unproductive should not try to argue that punishment is not “deserved” because free will does not exist.
They have excellent reasons for preferring rehabilitation and education to vengeance.
Naturalists argue that humans are just a form of animal and that we lack free will because animals do. No free will in animals was the old religious argument that God had given man the gift of free will. Whether man - and higher animals too - have free will is an empirical scientific question.
To make it depend on however excellent arguments against vengeance and retributive punishment is to get the cart before the horse.
Equating free will with moral responsibility, then to use spurious arguments to deny free will, and thus to deny moral responsibility - in order to oppose punishment - is fine humanism but poor philosophy, and terrible science.
Can we separate “free will and moral responsibility” from “retributive punishment” and vengeance?
The Separation of “Free Will” from “Moral Responsibility”
From the earliest beginnings, the problem of “free will” has been intimately connected with the question of moral responsibility. Most of the ancient thinkers on the problem were trying to show that we humans have control over our decisions, that our actions “depend on us”, and that they are not pre-determined by fate, by arbitrary gods, by logical necessity, or by a natural causal determinism.
The question of the existence of “free will” is an empirical and factual question about the nature of the mind. It does not depend in any way on the existence of “moral responsibility,” which is a question for ethics.
Here is an example of the kind of problems caused by conflating free will with moral responsibility.
Manuel Vargasfollows John Fischer in connecting free will to moral responsibility, then he wonders how and when children can suddenly acquire free will at a certain age. Vargas says:
It is not clear that there is any single thing that people have had in mind by the term “free will.” Perhaps the dominant characterization in the history of philosophy is that it is something like the freedom condition on moral responsibility. Roughly, the idea is that to be morally responsible for something, you had to have some amount of freedom, at some suitable time prior to the action or outcome for which you are responsible. That sense of freedom — whatever it amounts to — is what we mean to get at by the phrase “free will.” However, there may be things for which free will might be important or other senses of free will that are independent of concerns about moral responsibility. For example, philosophers have worried whether free will is required for some human achievements to have a special worth or value, or for there to be values and valuing in any robust sense. Although I think much of what I will say can be applied to other aspects of thinking about it, I will primarily concerned with free will in its connection to moral responsibility, the sense in which people are appropriately praised or blamed. (Four Views on Free Will, p.128-9)
Vargas then puzzles about children.
Consider the question of how we go from being unfree agents to free agents. This is a puzzle faced by all accounts of responsibility, but there is something pressing about it in the case of libertarianism. As children we either had the indeterministic structures favored by your favorite version of libertarianism or we lacked them. If we lacked them as children, we might wonder how we came to get those structures. We might also wonder what the evidence is for thinking that we do develop said structures. Suppose the libertarian offers us an answer to these questions, and the other empirical challenges I raised in the prior section. We would still face another puzzle. What, exactly, does the indeterminism add? What follows in this section is not so much a metaphysical concern as it is a normative concern. It is a concern about what work the indeterminism does in libertarianism, apart from providing a way to preserve our default self-image as deliberators with genuine, metaphysically robust alternative possibilities. (p.148)
Children have free will from birth. It is part of their biological makeup.
In the June 2009 issue of Nature, I made the case that all animals have a biophysical capability for behavioral freedom. In higher organisms with a “will,” this capability becomes the biophysical basis for free will.
We may not havemetaphysicalfree will, but we do havebiophysicalfree will.
The solution to the Vargas puzzle is that it ismoral responsibilitythat children “come to get” at some age.
Can we separate “free will” from “moral responsibility?”



Source: https://www.informationphilosopher.com/freedom/moral_responsibility.html
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Self-Determination

Self-determination is the common-sense idea that our decisions are determined by our motives and deliberations, by our character and values, and by our feelings and desires.

Self-determination does not mean that strict causal determinism or pre-determinism is true. The idea of a free self at the core of a human agent involves a combination of limited forms of indeterminism and determinism. 


The indeterminism enables the generation of alternative possibilities that were in no way pre-determined from the moment before de-liberations commence. This indeterminism is normally limited to the first stage of a two-stage model of free will.


Because the world is fundamentally indeterministic at the quantum level, the determinism we have in the second stage, where we evaluate and select from multiple possible alternatives, is only what we call adequate or statistical determinism. The "laws of nature" appear deterministic because they are averages over large numbers of indeterministic particles. 


It is thus a serious error to assume that the laws of nature imply the existence of "causal chains" back to the origin of the universe.

[image: image-placeholder]
Philippa Foot in 1957 correctly doubted that the ordinary language meaning of saying our actions are "determined" by motives has the same meaning as strict physical determinism, which assumes a causal law that determines every event in the future of the universe. 



Foot notes that our normal use of "determined" does not imply universal determinism.


For instance, an action said to be determined by the desires of the man who does it is not necessarily an action for which there is supposed to be a sufficient condition. In saying that it is determined by his desires we may mean merely that he is doing something that he wants to do, or that he is doing it for the sake of something else that he wants. There is nothing in this to suggest determinism. ("Free Will as Involving Determinism," The Philosophical Review, vol LXVI, (1957), p.441)


There are many contributing causes involved in the determination of any decision or action. Many of these may be parts of a causal chain. But as long as some of them can be traced back to uncaused causes, they contribute to freedom from determinism.


Some of these may in fact go back before the birth of an agent, hereditary causes for example. To the extent that such causes adequately determine an action, we can understand why hard determinists think that the agent has no control over such actions. (Of course if we can opt out of the action at the last moment, we retain a kind of control.)


Other contributing causes may be traceable back to environmental and developmental events, perhaps education, perhaps simply life experiences, that were "character-forming" events. These and hereditary causes would be present in the mind of the agent as fixed habits, with a very high probability of "adequately determining" the agent's actions in many situations.


But other contributing causes of a specific action may have been undetermined up to the very near past, even seconds before an important decision. Most importantly, these will include the free generation of new alternative possibilities during the agent's deliberations.    


Causes with these most recent starting points are the fundamental reason why an agent can do otherwise in what are essentially (up to that starting point) the same circumstances.



These alternatives are likely generated from our internal knowledge of practical possibilities based on our past experience. Those that are handed up for consideration may be filtered to some extent by unconscious processes to be "within reason." They may consist of slight variations of past actions we have willed many times in the past.



The evaluation and selection of one of these possibilities by the will is as deterministic and causal a process as anything that a determinist or compatibilist could ask for, consistent with our current knowledge of the physical world. 



For Scholars




Source: https://www.informationphilosopher.com/freedom/self-determination.html
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Separability of Free and Will

Four Degrees of Separation:

	The Separation of "Free" from "Will"

	The Separation of "Responsibility" from "Moral Responsibility"

	The Separation of "Free Will" from "Moral Responsibility"

	The Separation of "Free Will and Moral Responsibility" from "Punishment" - both Retributive and Consequentialist



We must separate the concept "free" from the concept of "will" in order to better understand "free will," as John Locke recommended we do to avoid verbal confusion. He said, "I think the question is not proper, whether the will be free, but whether a man be free." 
(Essay Concerning Human Understanding, Book II, Chapter XXI, Of Power, s.21) 


We must also separate "moral responsibility" from ordinary "responsibility" or simple accountability. If our intentions and decisions caused an action, we are responsible for it, but moral responsibility requires that the action has moral consequences. Immanuel Kant and the modern free willist Robert Kane think that only moral decisions can be free decisions. We think that is an "ethical fallacy." 


We must go even further and clarify the relationship between free will and moral responsibility. Some philosophers (e.g., John Martin Fischer, Derk Pereboom, and Manuel Vargas) deflect direct discussion of free will and study it only as the "control condition for moral responsibility."


Finally, we should explore the connection between moral responsibility and punishment, both backward-looking retributive punishment (revenge or restitution) and forward-looking consequentialism (re-education and rehabilitation).

[image: image-placeholder]



1) The Separation of "Free" from "Will"

 
"Free Will" - in scare quotes - refers to the common but mistaken notion that the adjective "free" modifies the concept "will." In particular, it suggests that the element of chance, one of the two requirements for free will is present in the determination of the will itself (in the second stage of our two-stage model of free will).

Critics of "libertarian free will" usually adopt this meaning in order to attack the idea of randomness in our decisions, which clearly can not help to make us morally responsible. 


We like to say "first free, then will," or "first multiple possibilities, some randomly generated, then an adequate determination by the will to choose one possibility."
    


Unfortunately, some defenders of libertarian free will, Robert Kane and his followers, Mark Balaguer, for example) continue to add indeterminism into the "torn" decision itself, making such free will  "unintelligible" by their own account.



Despite the claim of some professional philosophers that they are better equipped than scientists to make conceptual distinctions and evaluate the cogency of arguments, they often mistakenly conflate the concepts of "free" and "will." They (con)fuse them with the muddled term "free will," despite clear warnings from John Locke that this would lead to confusion. 


Locke said very clearly, as had some ancients like Lucretius, it is not the will that is free (in the sense of undetermined), it is the mind or the man. 


Locke liked the idea of Freedom and Liberty. He thought it was inappropriate to describe the Will itself as Free. The Will is a Determination. It is the Man who is Free. "I think the question is not proper, whether the will be free, but whether a man be free." "This way of talking, nevertheless, has prevailed, and, as I guess, produced great confusion," he said. It has and still does produce confusion


In chapter XXI, Of Power, in his Essay Concerning Human Understanding, Locke calls the question of Freedom of the Will unintelligible. But for Locke, it is only because the adjective "free" applies to the agent, not to the will, which is determined by thoughts in the mind, and the adequately determined choice of which thought determines the action.  



  Concerning a man's liberty, there yet, therefore, is raised this further question, Whether a man be free to will? which I think is what is meant, when it is disputed whether the will be free. (s.22)

This, then, is evident, That a man is not at liberty to will, or not to will, anything in his power. (s.24)



Freedom of human action requires the randomness of absolute chance somewhere to break the causal chain of physical determinism, yet the conscious knowledge that we are adequately determined to be responsible for our choices.


    Freedom, and the creation of new information in the universe (e.g, the evolution of new species), requires some events that are not causally determined by immediately preceding events, events that are unpredictable by any agency, events involving quantum uncertainty. These random events create alternative possibilities for action. The original idea of a random element goes back thousands of years to Epicurus and his "swerve" and to the philosopher Lucretius with his "clinamen."
   
Randomness is the "free" in free will.
   

In short, there must be a Randomness Requirement, unpredictable chance events that break the causal chain of determinism. Without this chance, our actions are simply the consequences of events in the remote past. This randomness must be located in a place and time that enhances free will, one that does not reduce it to pure chance. 


(Determinists do not like this requirement.)



    Freedom also requires an adequately determined will that chooses or selects from those alternative possibilities. There is effectively nothing uncertain about this choice. 
   
Adequate determinism is the "will" in free will.
   

So there is also a Determinism Requirement - that our actions be adequately determined by our character and values. This requires that any randomness not be the direct cause of our actions. (Some libertarians do not like this requirement.)



    Adequate determinism means that randomness in our thoughts about alternative possibilities does not directly cause our actions.


    A random thought can lead to an adequately determined action, for which we can take full responsibility.

 
We must separate our "free" thoughts from our "willed" actions.

Our thoughts come to us (some randomly). Our actions come from us (usually deliberately).




2) The Separation of "Moral" from "Responsibility"

Responsibility for a willed action can be ascribed to an agent because the "adequately" determined will has started a new causal chain that includes the action and its foreseeable consequences.

But responsibility is not exactly the same as moral responsibility. It is merely a prerequisite for moral responsibility.


Responsibility is similar to accountability. Just as an action can said to be a cause of its consequences, so the agent can be held accountable for the action. 


Different moral codes, which are the business of ethicists, may have different degrees of moral responsibility for the same actions and its consequences.


We must separate "moral" from "responsibility."




3) The Separation of "Free Will" from "Moral Responsibility"

 
From the earliest beginnings, the problem of "free will" has been intimately connected with the question of moral responsibility. Most of the ancient thinkers on the problem were trying to show that we humans have control over our decisions, that our actions "depend on us", and that they are not pre-determined by fate, by arbitrary gods, by logical necessity, or by a natural causal determinism.  

John Martin Fischer says that some philosophers want to relate these two very strongly:


    Some philosophers do not distinguish between freedom and moral responsibility. Put a bit more carefully, they tend to begin with the notion of moral responsibility, and "work back" to a notion of freedom; this notion of freedom is not given independent content (separate from the analysis of moral responsibility). For such philosophers, "freedom" refers to whatever conditions are involved in choosing or acting in such a way as to be morally responsible. 

(Free Will, vol 1, p. )


The question of the existence of "free will" is an empirical and factual question about the nature of the mind and the physical world. It does not depend in any way on the existence of "moral responsibility," which is a question for ethics.

Here is an example of the kind of problems caused by conflating free will with moral responsibility. Manuel Vargas follows Fischer in connecting free will to moral responsibility, then he wonders how and when children can suddenly acquire free will at a certain age. Vargas says:


It is not clear that there is any single thing that people have had in mind by the term "free will." Perhaps the dominant characterization in the history of philosophy is that it is something like the freedom condition on moral responsibility. Roughly, the idea is that to be morally responsible for something, you had to have some amount of freedom, at some suitable time prior to the action or outcome for which you are responsible. That sense of freedom — whatever it amounts to — is what we mean to get at by the phrase "free will." However, there may be things for which free will might be important or other senses of free will that are independent of concerns about moral responsibility. For example, philosophers have worried whether free will is required for some human achievements to have a special worth or value, or for there to be values and valuing in any robust sense. Although I think much of what I will say can be applied to other aspects of thinking about it, I will primarily concerned with free will in its connection to moral responsibility, the sense in which people are appropriately praised or blamed. (Four Views on Free Will, p.128-9)


Vargas then puzzles about children becoming free agents.

Consider the question of how we go from being unfree agents to free agents. This is a puzzle faced by all accounts of responsibility, but there is something pressing about it in the case of libertarianism. As children we either had the indeterministic structures favored by your favorite version of libertarianism or we lacked them. If we lacked them as children, we might wonder how we came to get those structures. We might also wonder what the evidence is for thinking that we do develop said structures. Suppose the libertarian offers us an answer to these questions, and the other empirical challenges I raised in the prior section. We would still face another puzzle. What, exactly, does the indeterminism add? What follows in this section is not so much a metaphysical concern as it is a normative concern. It is a concern about what work the indeterminism does in libertarianism, apart from providing a way to preserve our default self-image as deliberators with genuine, metaphysically robust alternative possibilities. (p.148)


Children, like larger animals, have free will from birth. It is part of their biological makeup. It is the moral responsibility that they "come to get" at some age. 

We must separate "free will" from "moral responsibility."





4) The Separation of "Free Will and Moral Responsibility" from Retributive Punishment (Revenge, Restitution) and Consequentialist Punishment (Education, Rehabilitation)

  
Liberal and humanitarian thinkers who see that retributive punishment is sometimes cruel and unproductive should not try to argue that punishment is not "deserved" because free will does not exist.

They have excellent reasons for preferring rehabilitation and education to vengeance.

Naturalists argue that humans are just a form of animal and that we lack free will because animals do. The idea that there is no free will in animals, that they are completely determined, was the old religious argument that God had given man the gift of free will. The new version is that animals lack moral responsibility, which is now being questioned in many sociobiological studies. 


Whether man - and higher animals too - have free will is an empirical scientific question. Whether they have moral responsibility is a social and cultural question.


To make it depend on arguments against vengeance and retributive punishment is to get the cart before the horse.


Equating free will with moral responsibility, then to use spurious arguments to deny free will, and thus to deny moral responsibility - in order to oppose punishment - is fine humanism but poor philosophy, and terrible science.


We must separate "free will and moral responsibility" from "punishment," retributive or consequentialist.


Retribution (revenge) is backward looking and unproductive. Our justice system should recognize the many negative factors in the past life of a criminal that contributed to bad behavior and offer treatment and re-education to reduce or prevent future criminal behavior.






Source: https://www.informationphilosopher.com/freedom/separability.html
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The Standard Argument has two parts.

First, if determinism is the case, the will is not free. 
We call this the Determinism Objection.



Second, if indeterminism  and real chance exist, our will would not be in our control, we could not be   responsible for random actions. 
We call this the Randomness Objection.




Together, these objections can be combined in the Responsibility Objection, namely that no Free Will model has yet provided us an intelligible account of the agent control needed for moral responsibility. 

Both parts are logically and practically flawed, partly from abuse of language that led some 20th-century philosophers to call free will a "pseudo-problem," and partly from claims to knowledge that are based on faulty evidence. We shall consider the evidence and show how to detect and correct errors in the reasoning. 


Part One - The Determinism Objection
Determinism is true. All events are caused. All our actions are therefore pre-determined. There is no free will or moral responsibility.
Errors and evidence...

	Determinism is not "true." If anything physical is "true," it is indeterminism.

	Physical determinism is not "true" because physics is empirical, not logical. The evidence has never justified the assumption of strict determinism.

	Quantum mechanical indeterminism is extremely well established. While also not logically "true," the evidence for quantum mechanics is better established than classical physical determinism.

	Just because some events are adequately determined does not justify the widespread belief in an absolute universal determinism.

	Some events are unpredictable from prior events. They are causa sui, starting new causal chains.

	The "chain" of events behind a particular cause may go back to inherited characteristics before we were born, others may go back to environmental and educational factors, but some may go back to uncaused creative events in our minds during deliberations. 
Decisions have many contributing causes.

	We say correctly that our actions are "determined" by our (adequately determined) will. This determination does not imply universal strict determinism (as R. E. Hobart and Philippa Foot showed. 

	Our will chooses from free alternative possibilities, at least some of which are creative and unpredictable.

	The will itself is indeed not "free" (in the sense of uncaused), but we are free.




Part Two - The Randomness Objection
Chance exists. If our actions are caused by chance, we lack control. We can not call that free will because we could not be held morally responsible for random actions.
Errors and evidence...

	Randomness in some microscopic quantum events is indeed chance.

	But microscopic chance does little to affect adequate macroscopic determinism.

	
Just because some events are uncaused and involve chance does not justify the widespread fear that all events might be undetermined and random.

	Chance only generates alternative possibilities for thought and action. 

It is not the direct cause of actions.

	We are free, in control, and morally responsible for our choices and actions, because they are adequately determined.





Examples of the Standard Argument

Can you see the two standard objections and the flaws in reasoning or claims of truth that are based on faulty evidence? (These are modern examples of arguments that are at least as old as the Epicureans, Stoics, and Skeptics. See arguments from antiquity.)

Cicero's Version

  "Epicurus saw that if the atoms travelled downwards by their own weight; we should have no freedom of the will [nihil fore in nostra potestate], since the motion of the atoms would be determined by necessity. He therefore invented a device to escape from determinism (the point had apparently escaped the notice of Democritus): he said that the atom while travelling vertically downward by the force of gravity makes a very slight swerve to one side. (70) This defence discredits him more than if he had had to abandon his original position. "

(De Natura Deorum, Book I, section XXV, ¶¶ 69-70, Loeb Classical Library, v.40, p.67)


Notice that Cicero's argument already appears in the form of a logical proposition, one or the other of determinism or randomness must be true. He claims that Epicurus must be denying such logical disjunctions.



(70) XXV. "He does the same in his battle with the logicians. Their accepted doctrine is that in every disjunctive proposition of the form' so-and-so either is or is not,' one of the two alternatives must be true. Epicurus took alarm; if such a proposition as 'Epicurus either will or will not be alive to-morrow' were granted, one or other alternative would be necessary. Accordingly he denied the necessity of a disjunctive proposition altogether. Now what could be stupider than that?

(Loeb Classical Library translation, v.40, p.67) 


Immanuel Kant's Version

  "Volitions are either caused or they are not. If they are not caused, an inexorable logic brings us to the absurdities just mentioned. If they are caused, the free-will doctrine is annihilated."

(Critique of Pure Reason, Third Conflict of the Transcendental Ideas, 


John Fiske's Version

  "Volitions are either caused or they are not. If they are not caused, an inexorable logic brings us to the absurdities just mentioned. If they are caused, the free-will doctrine is annihilated."

(Outline of Cosmic Philosophy, part. H. chap. xvii, cited in James, William, 1950 (1895) Principles of Psychology, Vol. 2. Dover Publications, p. 577)


Max Planck's Version

  "Let us ask for a moment whether the human will is free or whether it is determined in a strictly causal way. These two alternatives seem definitely to exclude one another. And as the former has obviously to be answered in the affirmative, so the assumption of a law of strict causality operating in the universe seems to be reduced to an absurdity in at least this one instance. In other words, if we assume the law of strict dynamic causality as existing throughout the universe, how can we logically exclude the human will from its operation?...

"Recent developments in physical science [viz., quantum indeterminacy] have come into play here, and the freedom of the human will has been put forward as offering logical grounds for the acceptance of only a statistical causality operative in the physical universe. As I have already stated on other occasions, I do not at all agree with this attitude. If we should accept it, then the logical result would be to reduce the human will to an organ which would be subject to the sway of mere blind chance."

(Where Is Science Going?, Ox Bow Press, 1981 (1933), p.101-105)



Arthur Stanley Eddington's Version

  "There is no half-way house between random and correlated behavior. Either the behavior is wholly a matter of chance, in which case the precise behavior within the Heisenberg limits of uncertainty depends on chance and not volition. Or it is not wholly a matter of chance, in which case the Heisenberg limits...are irrelevant."

(The Philosophy of Physical Science,, MacMillan, 1939, p.182)


L. Susan Stebbing's Version

  "If previous physical events completely determine all the movements of my body, then the movements of my pen are also completely determined by previous physical events....But if the movements of my pen are completely determined by previous physical events, how can it be held that my mental processes have anything to do with the movements made by my pen....I do not think that it can reasonably be maintained that physical indeterminism is capable of affording any help in this problem."

(Philosophy and the Physicists, Dover, 1958 (1939), pp.216-7)


Norbert Wiener's Version

Wiener sees no advantage in quantum mechanical indeterminism.   

Tyche [chance] is as relentless a mistress as Ananke [necessity].

(Cybernetics, MIT Press, 1948, p.49)


A. J. Ayer's Version

Ayer is extremely clear that the "truth" of determinism cannot be proved. He says that the determinist's  

"belief that all human actions are subservient to causal laws still remains to be justified. If, indeed, it is necessary that every event should have a cause, then the rule must apply to human behaviour as much as to anything else. But why should it be supposed that every event must have a cause? The contrary is not unthinkable. Nor is the law of universal causation a necessary presupposition of scientific thought.

 

But nevertheless he states the standard argument succinctly:
 
But now we must ask how it is that I come to make my choice. Either it is an accident that I choose to act as I do or it is not. If it is an accident, then it is merely a matter of chance that I did not choose otherwise; and if it is merely a matter of chance that I did not choose otherwise, it is surely irrational to hold me morally responsible for choosing as I did. But if it is not an accident that I choose to do one thing rather than another, then presumably there is some causal explanation of my choice: and in that case we are led back to determinism.



(Philosophical Essays, 1954, p.275)


J. J. C. Smart's Version

Smart states two definitions - one for determinism and one for randomness and declares them to be exhaustive of all possibilities.

Dl. I shall state the view that there is "unbroken causal continuity" in the universe as follows. It is in principle possible to make a sufficiently precise determination of the state of a sufficiently wide region of the universe at time to, and sufficient laws of nature are in principle ascertainable to enable a superhuman calculator to be able to predict any event occurring within that region at an already given time t'.


D2. I shall define the view that "pure chance" reigns to some extent within the universe as follows. There are some events that even a superhuman calculator could not predict, however precise his knowledge of however wide a region of the universe at some previous time.


For the believer in free will holds that no theory of a deterministic sort or of a pure chance sort will apply to everything in the universe: he must therefore envisage a theory of a type which is neither deterministic nor indeterministic in the senses of these words which I have specified by the two definitions DI and D2; and I shall argue that no such theory is possible.

  ("Free-Will, Praise and Blame," Mind, July 1961, reprinted in Dworkin, 1970)


P. F. Strawson's Version

...the notions of moral guilt, of blame, of moral responsibility are inherently confused and that we can see this to be so if we consider the consequences either of the truth of determinism or of its falsity. The holders of this opinion agree with the pessimists that these notions lack application if determinism is true, and add simply that they also lack it if determinism is false.

(Freedom and Resentment, 1962, reprinted in Watson (ed.), Free Will)  


Roderick Chisholm's Version

The metaphysical problem of human freedom might be summarized in the following way: "Human beings are responsible agents; but this fact appears to conflict with a deterministic view of human action (the view that every event that is involved in an act is caused by some other event); and it also appears to conflict with an indeterministic view of human action (the view that the act, or some event. that is essential to the act, is not caused at all)." To solve the problem, I believe, we must make somewhat far-reaching assumptions about the self of the agent — about the man who performs the act.

("Freedom and Action," 1964, in Freedom and Determinism, ed. Keith Lehrer, 1966, p.11)


Richard Taylor's Version

If determinism is true, as the theory of soft determinism holds it to be, all those inner states which cause my body to behave in what ever ways it behaves must arise from circumstances that existed before I was born; for the chain of causes and effects is infinite, and none could have  been the least different, given those that preceded.

Both determinism and simple indeterminism are loaded with difficulties, and no one who has thought much on them can affirm either of them without some embarrassment. Simple indeterminism has nothing whatever to be said for it, except that it appears to remove the grossest difficulties of determinism, only, however, to imply perfect absurdities of its own. 

Taylor sees the asymmetry in favor of determinism over indeterminism


Determinism, on the other hand, is at least initially plausible. Men seem to have a natural inclination to believe in it; it is, indeed, almost required for the very exercise of practical intelligence. And beyond this, our experience appears always to confirm it, so long as we are dealing with everyday facts of common experience, as distinguished from the esoteric researches of theoretical physics. But determinism, as applied to human behavior, has implications which few men can casually accept, and they appear to be implications which no modification of the theory can efface..

(Metaphysics, 1963, p.46)


Here Taylor clearly states Peter van Inwagen's famous Consequence Argument

David Wiggins' Version

If it were false that every event and every action were causally determined then the causally undetermined events and actions would surely, to that extent, be simply random. So the argument goes. That a man could have done x would mean no more than it might have turned out that way - at random. 
It will be asked if it makes any better sense to hold the man responsible for actions which happen at random that for ones which arise from his character. Surely then, if it doesn't, we ought to prefer that our actions be caused?

("Towards a Reasonable Libertarianism," in T. Honderich, ed., Essays on Freedom of Action, 1973, p.50)


Wiggins also prefers determinism to indeterminism, to insure that actions are caused by character


Robert Nozick's Version

Without free will, we seem diminished, merely the playthings of external forces. How, then, can we maintain an exalted view of ourselves? Determinism seems to undercut human dignity, it seems to undermine our value.

Some would deny what this question accepts as given, and save free will by denying determinism of (some) actions. Yet if an uncaused action is a random happening, then this no more comports with human value than does determinism. Random acts and caused acts alike seem to leave us not as the valuable originators of action but as an arena, a place where things happen, whether through earlier causes or spontaneously.

("Free Will", chapter 4 of Philosophical Explanations, 1981, p.291-2) 



Peter van Inwagen's Version

Here is an argument that I think is obvious (I don't mean it's obviously right; I mean it's one that should occur pretty quickly to any philosopher who asked himself what arguments could be found to support incompatibilism):

If determinism is true, then our acts are the consequences of the laws of nature and events in the remote past. But it is not up to us what went on before we were born, and neither is it up to us what the laws of nature are. Therefore, the consequences of these things (including our present acts) are not up to us.


I shall call this argument the Consequence Argument.

[A variant argument van Inwagen called the Mind Argument] proceeds by identifying indeterminism with chance and by arguing that an act that occurs by chance, if an event that occurs by chance can be called an act, cannot be under the control of its alleged agent and hence cannot have been performed freely. Proponents of [this argument] conclude, therefore, that free will is not only compatible with determinism but entails determinism. [This has been dubbed "supercompatibilism."]

(Essay on Free Will, 1983, p.16)



Van Inwagen dramatized his understanding of the indeterministic brain events needed for agent causation by imagining God "replaying" a situation to create exactly the same circumstances and then arguing that decisions would reflect the indeterministic probabilities.


If God caused Marie's decision to be replayed a very large number of times, sometimes (in thirty percent of the replays, let us say) Marie would have agent-caused the crucial brain event and sometimes (in seventy percent of the replays, let us say) she would not have... I conclude that even if an episode of agent causation is among the causal antecedents of every voluntary human action, these episodes do nothing to undermine the prima facie impossibility of an undetermined free act.

("Van Inwagen on Free Will," in Freedom and Determinism, 2004, ed. Joseph Keim Campbell, et al., p.227)


John Searle's Version

Searle argues that individual particles have statistically predictable paths.

As far as human freedom is concerned, it doesn't matter whether physics is deterministic, as Newtonian physics was, or whether it allows for an indeterminacy at the level of particle physics, as contemporary quantum mechanics does.  Indeterminism at the level of particles in physics is really no support at all to any doctrine of the freedom of the will; because first, the statistical indeterminacy at the level of particles does not show any indeterminacy at the level of the objects that matter to us – human bodies, for example. And secondly, even if there is an element of indeterminacy in the behaviour of physical particles – even if they are only statistically predictable – still, that by itself gives no scope for human freedom of the will; because it doesn't follow from the fact that particles are only statistically determined that the human mind can force the statistically-determined particles to swerve from their paths. Indeterminism is no evidence that there is or could be some mental energy of human freedom that can move molecules in directions that they were not otherwise going to move. So it really does look as if everything we know about physics forces us to some form of denial of human freedom. 

(Mind, Brains, and Science, 1984, pp.86-7)


Galen Strawson's Version

Strawson notes the argument is familiar and cites Henry Sidgwick's 1874 Methods of Ethics. Actually Sidgwick, with the 19th century view that freedom is metaphysical, is a firm determinist and only cites the Determinist Objection to free will. 

It is a compelling objection. Surely we cannot be free agents, in the ordinary, strong, true-responsibility-entailing sense, if determinism is true and we and our actions are ultimately wholly determined by "causes anterior to [our] personal existence"* And surely we can no more be free if determinism is false and it is, ultimately, either wholly or partly a matter of chance or random outcome that we and our actions are as they are?

(Freedom and Belief, 1986, p.25)


Colin McGinn's Version

The argument is exceedingly familiar, and runs as follows. Either determinism is true or it is not. If it is true, then all our chosen actions are uniquely necessitated by prior states of the world, just like every other event. But then it cannot be the case that we could have acted otherwise, since this would require a possibility determinism rules out. Once the initial conditions are set and the laws fixed, causality excludes genuine freedom. 

On the other hand, if indeterminism is true, then, though things could have happened otherwise, it is not the case that we could have chosen otherwise, since a merely random event is no kind of free choice. That some events occur causelessly, or are not subject to law, or only to probabilistic law, is not sufficient for those events to be free choices. 



Thus one horn of the dilemma represents choices as predetermined happenings in a predictable causal sequence, while the other construes them as inexplicable lurches to which the universe is randomly prone. Neither alternative supplies what the notion of free will requires, and no other alternative suggests itself. Therefore freedom is not possible in any kind of possible world. The concept contains the seeds of its own destruction.

(Problems in Philosophy: The Limits of Inquiry, 1993, p.80)




Paul Russell's Version

  ...the well-known dilemma of determinism. One horn of this dilemma is the argument that if an action was caused or necessitated, then it could not have been done freely, and hence the agent is not responsible for it. The other horn is the argument that if the action was not caused, then it is inexplicable and random, and thus it cannot be attributed to the agent, and hence, again, the agent cannot be responsible for it. In other words, if our actions are caused, then we cannot he responsible for them; if they are not caused, we cannot be responsible for them. Whether we affirm or deny necessity and determinism, it is impossible to make any coherent sense of moral freedom and responsibility.

(Freedom and Moral Sentiment, 1995, p.14)


Derk Pereboom on the Randomness and Responsibility Objections

Let  us now consider the libertarians, who claim that we have a capacity for indeterministically free action, and that we are thereby morally responsible. According to one libertarian view, what makes actions free is just their being constituted (partially) of indeterministic natural events. Lucretius, for example, maintains that actions are free just in virtue of being made up partially of random swerves in the downward paths of atoms. These swerves, and the actions they underlie, are random (at least) in the sense that they are not determined by any prior state of the universe. 

If quantum theory is true, the position and momentum of micro-particles exhibit randomness in this same sense, and natural indeterminacy of this sort might also be conceived as the metaphysical foundation of indeterministically free action. But natural indeterminacies of these types cannot, by themselves, account for freedom of the sort required for moral responsibility. 


As has often been pointed out, such random physical events are no more within our control than are causally determined physical events, and thus, we can no more be morally responsible for them than, in the indeterminist opinion, we can be for events that are causally determined. 
(Noûs 29, 1995, reprinted in Free Will, ed. D. Pereboom, 1997, p.252) 



Steven Pinker's One-sentence Version

a random event does not fit the concept of free will any more than a lawful one does, and could not serve as the long-sought locus of moral responsibility. (How The Mind Works, 1997, p.54)


Ishtiyaque Haji's Version 

Among the grandest of philosophical puzzles is a riddle about moral responsibility. Almost all of us believe that each one of us is, has been, or will be responsible for at least some of our behavior. But how can this be so if determinism is true and all our thoughts, decisions, choices, and actions are simply droplets in a river of deterministic events that began its flow long, long before we were ever born? The specter of determinism, as it were, devours agents, for if determinism is true, then arguably we never initiate or control our actions; there is no driver in the driver's seat; we are simply one transitional link in an extended deterministic chain originating long before our time. The, puzzle is tantalizingly gripping and ever so perplexing — because even if determinism is false, responsibility seems impossible: how can we be morally accountable for behavior that issues from an "actional pathway" in which there is an indeterministic break? Such a break might free us from domination or regulation by the past, but how can it possibly help to ensure that the reins of control are now in our hands?

(Moral Appraisability, 1998, p.vii)


Bernard Berofsky's Version 

Basically, the compatibilists charged the opposition with two confusions. Causation, which is not freedom undermining even in its deterministic forms, is confused with compulsion or coercion, which, of course, is freedom-undermining. A physical barrier or even an internal compulsion or addiction can be an impediment to action; but when one acts simply because one wants to, one is not being impeded from acting otherwise. Hence, one is expressing one's freedom by doing what one wants. Second, although determinism entails that all human behavior is subsumable under universal law, freedom is not thereby threatened, for the sorts of laws involved are merely descriptive (natural, scientific), not prescriptive, like the laws of a legislative body. They just describe the way in which people behave; they do not force or constrain adherence. Finally, the compatibilists argued that indeterminism would not be more desirable since, under indeterminism, behavior is random and not under the control of the agent, a situation actually antithetical to freedom.

("Ifs, Cans, and Free Will," in The Oxford Handbook of Free Will, 2002, p.182)


Owen Flanagan's Version 

Free actions, if there are any, are not deterministically caused nor are they caused by random processes of the sort countenanced by quantum physicists or complexity theorists. Free actions need to be caused by me, in a nondetermined and nonrandom manner.

(The Problem of the Soul, 2002, p.135)


Randolph Clarke's Version 

Accounts of free will purport to tell us what is required if we are to be free agents, individuals who, at least sometimes when we act, act freely. Libertarian accounts, of course, include a requirement of indeterminism of one sort or another somewhere in the processes leading to free actions. But while proponents of such views take determinism to preclude free will, indeterminism is widely held to be no more hospitable. An undetermined action, It is said would be random or arbitrary. It could not be rational or rationally explicable. The agent would lack control over her behavior. At best, indeterminism in the processes leading to our actions would be superfluous, adding nothing of value even if it did not detract from what we want.

(Libertarian Accounts of Free Will. Oxford, 2003, p. xiii)

If the truth of determinism would preclude free will, it is far from obvious how indeterminism would help.

(Incompatibilist (Nondeterministic) Theories of Free Will. Stanford Encyclopedia of Philosophy, September 2008)



Mark Balaguer's Version 

Any event that’s undetermined is uncaused and, hence, accidental. That is,
it just happens; i.e., happens randomly. Thus, if our decisions are undetermined,
then they are random, and so they couldn’t possibly be ‘‘appropriately
non-random’’. Or to put the point the other way around, if our
decisions are appropriately non-random, then they are authored and
controlled by us; that is, we determine what we choose and what we don’t
choose, presumably for rational reasons. Thus, if our decisions are
appropriately non-random, then they couldn’t possibly be undetermined.
Therefore, libertarianism is simply incoherent: it is not possible for a decision
to be undetermined and appropriately non-random at the same time.

(A Coherent, Naturalistic, and Plausible
Formulation of Libertarian Free Will, NOÛS 38:3 (2004) 379–406) 


In his book "Free Will as an Open Scientific Question," (MIT Press, 2009) Balaguer reduces his argument to J.J.C.Smart's exhaustive determinism or indeterminism. He calls it "D-or-R-ism."
Determined-or-Randomism (D-or-R-ism): None of our decisions is both undetermined and appropriately nonrandom; that is, all of our decisions are either (i) causally determined by prior events or (ii) random in the sense that they're not appropriately nonrandom. (p.8)


Thomas Pink's Version 

There are but these two alternatives. Either an action is causally determined. Or, to the extent that it is causally undetermined, its occurrence depends on chance. But chance alone does not constitute freedom. On its own, chance comes to nothing more than randomness. And one thing does seem to be clear. Randomness, the operation of mere chance, clearly excludes control.

(Free Will: A Very Short Introduction, Oxford, 2004, p. 16) 


Peter Lipton's Version 

First, everything that happens in the world is either determined or not. Second, if everything is determined, there is no free will. For then every action would be fixed by earlier events, indeed events that took place before the actor was born. Third, if on the other hand not everything is determined, then there is no free will either. For in this case any given action is either determined, which is no good, or undetermined. But if what you do is undetermined then you are not controlling it, so it is not an exercise of free will. Finally, we have the conclusion: there is no free will.

("Genetic and generic
determinism: a new threat
to free will?," in The New Brain Sciences: Perils and Prospects, ed. D. Rees and S. Rose. Cambridge University Press, 2004, pp.89.) 


John Martin Fischer's Version 

Fischer mistakenly attributes this dilemma to William James's Dilemma of Determinism, which was actually a dilemma about regret in a deterministic world.

Either causal determinism is true, or it is not. If it is true, then we would lack freedom (in the alternative-possibilities and source senses). If it is false, then we would lack freedom in that we would not select the path into the future — we would not be the source of our behavior. Indeterminism appears to entail that it is not the agent who is the locus of control. 

(Free Will:Critical Concepts in Philosophy, Routledge, 2005, vol. I, p. xxix) 


Joshua Greene and Jonathan Cohen's Version

There are three standard responses to the problem of free will. The first, known as 'hard determinism', accepts the incompatibility of free will and determinism ('incompatibilism'), and asserts determinism, thus rejecting free will. The second response is libertarianism (again, no relation to the political philosophy), which accepts incompatibilism, but denies that determinism is true. This may seem like a promising approach. After all, has not modern physics shown us that the universe is indeterministic? The problem here is that the sort of indeterminism afforded by modern physics is not the sort the libertarian needs or desires. If it turns out that your ordering soup is completely determined by the laws of physics, the state of the universe 10,000 years ago, and the outcomes of myriad subatomic coin flips, your appetizer is no more freely chosen than before. Indeed, it is randomly chosen, which is no help to the libertarian.

(Philosophical Transactions of the Royal Society of London B (2004) 359, p.1776) 


Kadri Vihvelin's Version 

Either determinism is true or it's not. If determinism is true, then my choices are ultimately caused by events and conditions outside my control, so I am not their first cause and therefore...I am neither free nor responsible. If determinism is false, then something that happens inside me (something that I call “my choice” or “my decision”) might be the first event in a causal chain leading to a sequence of body movements that I call “my action”. But since this event is not causally determined, whether or not it happens is a matter of chance or luck. Whether or not it happens has nothing to do with me; it is not under my control any more than an involuntary knee jerk is under my control. Therefore, if determinism is false, I am not the first cause or ultimate source of my choices and...I am neither free nor responsible.

(Arguments for Incompatibilism. Stanford Encyclopedia of Philosophy, 2007)


Robert Kane's Ascent and Descent Version

Kane offers what may be the most attractive version of the standard argument against free will, with a memorable diagram. He describes the usual determinism and randomness objections (the two horns of the Libertarian Dilemma) as the ascent and descent of what he calls "Incompatibilism Mountain."
[image: image-placeholder]

The ascent problem is to show free will is incompatible with determinism. The descent problem is to show that free will is compatible with indeterminism. 



Kane says that if free will is not compatible with determinism, it does not seem to be compatible with indeterminism either.


Let us call this the "Libertarian Dilemma." Events that are undetermined, such as quantum
jumps in atoms, happen merely by chance. 

So if free actions must be undetermined, as libertarians claim, it seems that they too would happen by chance. But how can chance events be free and responsible actions? To solve the Libertarian Dilemma, libertarians must not only show that free will is incompatible with determinism, they must also show how free will can be compatible with indeterminism.

Imagine that the task for libertarians in solving this dilemma is to ascend to the top of a mountain and get down the other side. (Call the mountain "Incompatibilist Mountain": figure 4.1). Getting to the top consists in showing that free will is incompatible with determinism. (Call it the Ascent Problem.) Getting down the other side (call it the Descent Problem) involves showing how one can make sense of a free will that requires indeterminism. 

 (A Contemporary Introduction to Free Will, 2005, p.34)



David Hume reconciled freedom with determinism. Two-stage models also reconcile free will with indeterminism. 


Note that compatiblism with determinism has always been a great deal easier to accept than compatibilism with indeterminism. Professed "agnostics" on the truth of determinism and indeterminism implicitly equate the two difficulties, whereas there is a great asymmetry between the two. Indeterminism (irrational chance) is much more difficult to reconcile with freedom than is (causal and rational) determinism.


What's Wrong with the Standard Argument?
The most straightforward way to attack the standard argument is to see that the three objections really need to become three requirements for free will.


First, there is a Determinism Requirement - that our actions be adequately determined by our character and values. This requires that randomness not be the direct cause of our actions. 
Libertarians do not like this requirement. 


Determinists who think that determinism is all they need for free will call themselves compatibilists.



Next, there must be a Randomness Requirement, unpredictable chance events that break the causal chain of determinism. Without this chance, our actions simply the consequences of events in the remote past. This randomness must be located in a place and time that enhances free will, not one that reduces it to pure chance. 
Determinists do not like this requirement. 


Libertarians say that randomness in the decision itself is all they need for human freedom.



If we can meet these two requirements, we will satisfy the Responsibility Requirement.

We do this by showing 

	that the determinism we really have in the world is only adequate determinism and

	that the randomness we have (especially quantum indeterminism) has negligible effect on that adequate determinism, but provides the alternative possibilities from which our determined will can choose, can make a selection for which we can be responsible.


See the Cogito model for the details and some lesser requirements.


How Do the Determinists (and Compatibilists) Go Wrong?

Determinists and Compatibilists go wrong when they mistakenly assume that any chance or indeterminism will lead directly to random actions for which we cannot be morally responsible.

Though they are metaphysical determinists, they lack confidence in the personal determination of the will, guaranteed by the adequate physical determinism of our macroscopic minds. And as William James said, they have an "antipathy to chance."


Our adequately determined will gives us adequate control of microscopic chaos and chance. 


Some of the compatibilists' fears of randomness are quite funny.


"Indeterminism does not confer freedom on us: I would feel that my freedom was impaired if I thought that a quantum mechanical trigger in my brain might cause me to leap into the garden and eat a slug." (J. J. C. Smart)

"For the simplest actions could not be performed in an indeterministic universe. If I decide, say, to eat a piece of fish, I cannot do so if the fish is liable to turn into a stone or to disintegrate in mid-air or to behave in any other utterly unpredictable manner." (P.H.Nowell-Smith)



How Do the Libertarians Go Wrong?

Libertarians go wrong when they try to keep some "freedom" (i.e., indeterminism) in the act of the determining will.

Their particular concern is that an agent must be able to do something different in exactly the same circumstances. Agents could not do otherwise, they say, if they are determined by any preceding events, including the results of their immediately prior "free" deliberations.


Although this is not the pre-determination of the strict causal chain in metaphysical determinism going back to the big bang, libertarians over-react. They have what William James might call an "antipathy to determinism." 


Despite advice from Daniel Dennett and Alfred Mele to keep indeterminism in the early pre-deliberation stages, libertarians like Robert Kane, Peter van Inwagen, Laura Waddell Ekstrom, and Mark Balaguer want indeterminism in the decision itself. Kane calls it The Indeterminist Condition:


the agent should be able to act and act otherwise (choose different possible futures), given the same past circumstances and laws of nature. ( A Contemporary Introduction to Free Will, 2005, p.38)


But personal determination of the will is only acting consistently, in character and according to values expressed in one's habits and customs, when one does the same thing in the same circumstances. (Note that identical circumstances are essentially impossible, given the information of the past stored in the world and the agent's memory.)


An adequately determined will, given genuinely unpredictable alternative possibilities, many of which are generated within the agent's mind (thus "up to us"), gives us real choice and gives us control over chaos and chance.


However, an additional mistake made by many libertarians is to assume that these alternative possibilities are probabilities. This shows how even libertartians can mistakenly think that chance is the direct cause of action. 

Robert Kane makes this "possibilities imply probabilities" mistake in his "probability bubbles" model of free will.

 Peter van Inwagen makes this mistake in his instant replays by God.


The libertarians' fears of determinism are not quite as funny, but are equally misplaced.


Consider an agent whose act is, in such a sense, "libertarian free." Now a duplicate agent in exactly similar circumstances governed by the same natural laws and subject to the same occurrence of considerations at the same points in the deliberative process will form exactly the same judgment concerning the best thing to do and will act accordingly. But then, given the consideration pattern that occurs (but might not have), there is no "wiggle room" for the agent in forming an evaluative judgment — it simply falls out, of necessity, from the consideration pattern. Hence such an account does not leave sufficient room for free agency.
(Ekstrom, Free Will: A Philosophical Study, 2000, p.121)

Mike does not have complete control over what chance images and other thoughts enter his mind or influence his deliberation. They simply come as they please. Mike does have some control after the chance considerations have occurred. But then there is no more chance involved. What happens from then on, how he reacts, is determined by desires and beliefs he already has. So it appears that he does not have control in the libertarian sense of what happens after the chance considerations occur as well. Libertarians require more than this for full responsibility and free will. What they would need for free will is for the agent to be able to control which of the chance events occur rather than merely reacting to them in a determined way once they have occurred. (Kane, A Contemporary Introduction to Free Will, 2005, p.65)



A New Comprehensive Compatibilism

The "New Compatibilists" are philosophers who mostly declare themselves to be agnostic on the "truth" of either determinism or indeterminism, and on the question of the compatibilism of free will and determinism. Some are very interested in the independent possibility of the compatibilism of moral responsibility and determinism (or indeterminism).

It should only strengthen their hopes for moral responsibility - and the power of origination needed to make our own futures - if they would recognize what we can define as the 
Comprehensive Compatibilism of Adequate Determinism and Free Will as well as the Compatibilism of Limited Indeterminism and Free Will:


The common sense idea of free will is compatible with the adequate physical determinism of the real world. We can be responsible for the actions of our adequately determined will.

This idea is also compatible with a limited  indeterminism because the will has adequate macroscopic control over microscopic randomness and chance. Microscopic noise can be suppressed when needed, so that chance is never the direct cause of action.


 See our Cogito model.



Two Questions for the New Compatibilists
Immanuel Kant taught us to limit Reason to make room for Belief in Freedom. Here are two specific limits we must place on over-reaching reason.

Question 1. Can We Limit Determinism?
Do you believe that quantum mechanics has added indeterminism to the world, so that strict causal physical determinism is not "true?"

Question 2. Can We Limit Indeterminism?

If an Anti-Frankfurt Demon created some realistic options for your actions, and especially if some of the options were generated randomly, could you feel responsible for your de-liberate choice from among these possible actions? 


The Standard Argument in Antiquity

In view of the basic conflict between human freedom and physical causal determinism, it is hard to believe that one of the inventors of determinism, Democritus (c. 5th century BCE), intended it to liberate humans from the arbitrary interventions of the gods in our affairs.

Democritus saw divine intervention and foreknowledge as a threat to moral responsibility. His reduction of mind to atoms and a void working by natural laws was such a gain over the traditional view of arbitrary fate and capricious gods determining our actions, that Democritus simply insisted that determinism provided humans more control for moral responsibility.


We can say that the determinist objection, the first part of the standard argument against free will, was recognized at the creation of determinism, with the creator simply denying its importance.


The first indeterminist was Aristotle. In his Physics and Metaphysics he said there were "accidents" caused by "chance (τυχῆ)." 2 In his Physics, he clearly reckoned chance among the causes. Aristotle might have added chance as a fifth cause - an uncaused or self-caused cause - one that happens when two causal chains come together by accident (συμβεβεκός). He noted that the early physicists found no place for chance among the causes.


Aristotle's solution to the problem of free will (though he very likely did not see any problem) was metaphysical. He probably assumed that the human mind was somehow exempt from the materialist laws of nature, whether causally determined or accidental chance, so that our actions can depend on us (ἐφ ἡμῖν). In this respect, we can call Aristotle the first agent-causal free-will libertarian.


One generation after Aristotle, Epicurus (c. 4th century BCE), proposed a physical explanation for free choice as a better basis for moral responsibility. His solution was a random "swerve" of the atoms to break the causal chain of determinism, giving us more control than was possible in Democritus' strict determinism. 


Summarizing Aristotle's position, Epicurus saw three possibilities for causes - necessity, chance, and autonomous human agency (a "tertium quid"). 


...some things happen of necessity, others by chance, others through our own agency. For he sees that necessity destroys responsibility and that chance is inconstant; whereas our own actions are autonomous, and it is to them that praise and blame naturally attach. It were better, indeed, to accept the legends of the gods than to bow beneath that yoke of destiny which the natural philosophers have imposed. The one holds out some faint hope that we may escape if we honor the gods, while the necessity of the naturalists is deaf to all entreaties. (Letter to Menoeceus)



Epicurus wanted a purely materialist solution to the conflict with determinism. He proposed that his random swerves could happen at any time and place. As long as there were some uncaused events in the past, there would no longer be a chain of causes back before our births limiting human agency. Many subsequent philosophers argued mistakenly that Epicurus wanted a swerve to happen at the moment of decision - one swerve for each decision. But this is implausible. That would make our actions random. Epicurus could not explain when and where randomness could occur in his idea of free will to explain moral responsibility.

Although Epicurus' physical model for chance is ingenious and anticipated twentieth-century quantum mechanics, it provides little of deep significance for free will and moral responsibility that is not already implicit in Aristotle.   


Nevertheless, we can say that the randomness objection, the second part of the standard argument against free will, was recognized at the creation of indeterminism. Epicurus provided no specific idea of how his free will model would meet the objection.



The first compatibilist, the Stoic Chryssipus (c. 3rd century BCE), strongly objected to Epicurus' suggestion of randomness, arguing that it would only undermine moral responsibility if chance was the direct cause of action. Chryssipus was also aware of the charge that physical determinism had been equated with a necessitarianism that denied any human freedom. He sought a solution to both these objections to free will and moral responsibility.


So we can also say that the responsibility objection, the two parts of the standard argument against free will, were recognized at the creation of compatibilism, with its creator rejecting Epicurean randomness but also claiming there is no Leucippean necessity for our human decisions. Chryssipus agreed with Aristotle that our decisions depend on us (πάρ’ ἡμᾶς). They need our assent or choice (ἁιρήσις) to act or not act, even if our actions are fated.


Chryssipus felt that his compatibilism handled both objections, and it continues to this day as the most common model for free will among professional philosophers. 


A generation later, Carneades, the head of the Platonic Academy in the 2nd century BCE, chastised Epicurus for suggesting the swerve of the atoms as a solution to the free will problem. It would be better, he said, for Epicurus to have given a special power to the mind than to the atoms. In this regard, Carneades was favoring a metaphysical agent causalism.
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Other names and terms for the Standard Argument

Peter lipton "the philosopher's classic free will dilemma."
John Martin Fischer calls it the Dilemma of Determinism and mistakenly credits it to the William James essay of that name.

Paul Russell also describes it as the Dilemma of Determinism.


It can be seen as liberty of indifference (chance) vs. (or and) the liberty of spontaneity (will).

Peter Strawson makes the argument between optimists and pessimists. 






Source: https://www.informationphilosopher.com/freedom/standard_argument.html
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Superdeterminism

Superdeterminism is a term introduced in the 1980's by John Bell to explain the mysterious correlation of results for spacelike-separated measurements in the Einstein-Podolsky-Rosen experiments.

During an interview on BBC Radio 3 conducted by Paul Davies, Bell proposed the idea of a "superdeterminism" that could explain the correlation of results in spacelike-separated two-particle experiments without the need for faster-than-light signaling. The two experiments need only have been pre-determined by causes reaching both experiments from an earlier time.
   

Davies - I was going to ask whether it is still possible to maintain, in the
light of experimental experience, the idea of a deterministic universe?
Bell - You know, one of the ways of understanding this business is to
say that the world is super-deterministic. That not only is inanimate
nature deterministic, but we, the experimenters who
imagine we can choose to do one experiment rather than another,
are also determined. If so, the difficulty which this experimental
result creates disappears.


Davies - Free will is an illusion - that gets us out of the crisis, does it?

Bell - That's correct. In the analysis it is assumed that free will is
genuine, and as a result of that one finds that the intervention of
the experimenter at one point has to have consequences at a
remote point, in a way that influences restricted by the finite
velocity of light would not permit. If the experimenter is not free
to make this intervention, if that also is determined in advance,
the difficulty disappears.
   


Superdeterminism would deny the important "free choice" of the experimenter (originally suggested by Niels Bohr and Werner Heisenberg) and later explored by John Conway and Simon Kochen. Conway and Kochen claim that the experimenters' free choice requires that atoms must have free will, something they call their Free Will Theorem. 


Following John Bell, Nicholas Gisin and Antoine Suarez argue that something might be coming from "outside space and time" to correlate results in their own experimental tests of Bell's Theorem.



In his 1996 book, Time's Arrow and Archimedes' Point, Huw Price proposes an Archimedean point "outside space and time" as a solution to the problem of nonlocality in the Bell experiments in the form of an "advanced action." 


Rather than a "superdeterministic" common cause coming from "outside space and time" (as proposed by Bell, Gisin, Suarez, and others), Price argues that there might be a cause coming backwards in time from some interaction in the future. 

Roger Penrose and Stuart Hameroff have also promoted this idea of "backward causation," sending information backward in time in the EPR experiments.
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Two-Stage Models

In our history of the free will problem, we have found several great thinkers who have developed two-stage solutions to the classical problem of free will, among them William James, Henri Poincaré, Jacques Hadamard, Arthur Holly Compton, Karl Popper, Daniel Dennett, Henry Margenau, Robert Kane, David Sedley and Anthony Long, Roger Penrose, David Layzer, Julia Annas, Alfred Mele, John Martin Fischer, Stephen Kosslyn, Storrs McCall and E. J. Lowe, John Searle, Uwe Meixner, and Martin Heisenberg.

The first two-stage model, by William James (1884)


The genius of the Jamesian picture of free will is that indeterminism is the source for what James calls "alternative possibilities" and "ambiguous futures."  The chance generation of such alternative possibilities for action does not in any way limit his choice to one of them. Notice that for James chance is not the direct cause of actions.  James makes it clear that it is his choice that “grants consent” to one of them.

In 1884, James asked some Harvard Divinity School students to consider his choice for walking home after his talk.


"What is meant by saying that my choice of which way to walk home after the lecture is ambiguous and matter of chance?...It means that both Divinity Avenue and Oxford Street are called but only one, and that one either one, shall be chosen." 


With this simple example, James was the first thinker to enunciate clearly a two-stage decision process, with chance in a present time of random alternatives, leading to a choice which grants consent to one possibility and transforms an equivocal ambiguous future into an unalterable and simple past. There is a temporal sequence of undetermined alternative possibilities followed by an adequately determined choice where chance is no longer a factor.

James also asked the students to imagine his actions repeated in exactly the same circumstances, a condition which is regarded today as one of the great challenges to libertarian free will. In the following passage, James anticipates much of modern philosophical modal reasoning and physical theories of multiple universes.


"Imagine that I first walk through Divinity Avenue, and then imagine that the powers governing the universe annihilate ten minutes of time with all that it contained, and set me back at the door of this hall just as I was before the choice was made. Imagine then that, everything else being the same, I now make a different choice and traverse Oxford Street. You, as passive spectators, look on and see the two alternative universes,--one of them with me walking through Divinity Avenue in it, the other with the same me walking through Oxford Street. Now, if you are determinists you believe one of these universes to have been from eternity impossible: you believe it to have been impossible because of the intrinsic irrationality or accidentality somewhere involved in it. But looking outwardly at these universes, can you say which is the impossible and accidental one, and which the rational and necessary one? I doubt if the most ironclad determinist among you could have the slightest glimmer of light on this point." 


James’s two-stage model effectively separates chance (the indeterministic free element) from choice (an arguably determinate decision that follows causally from one’s character, values, and especially feelings and desires at the moment of decision).
In The Principles of Psychology, James said there were five types of decision. In the first, the reasonable type, 


"arguments for and against a given course seem to settle themselves in the mind and to end by leaving a clear balance in favor of one alternative…. In this easy transition from doubt to assurance we seem to ourselves almost passive; the reasons which decide us appearing to flow in from the nature of things, and to owe nothing to our will. We have, however, a perfect sense of being free, in that we are devoid of any feeling of coercion…. It may be said in general that a great part of every deliberation consists in the turning over of all the possible modes of conceiving the doing or not doing of the act in point. The moment we hit upon a conception which lets us apply some principle of action which is a fixed and stable part of our Ego, our state of doubt is at an end."

    
Where do the alternative possibilities for action come from? From past experiences - initially involuntary and later from observing the experiences of others, all of these the results of chance - we build up a stock of possibilities in our memory.
 
"We learn all our possibilities by the way of experience. When a particular movement, having once occurred in a random, reflex, or involuntary way, has left an image of itself in the memory, then the movement can be desired again, proposed as an end, and deliberately willed. 
"A supply of ideas of the various movements that are possible left in the memory by experiences of their involuntary performance is thus the first prerequisite of the voluntary life."

      
In the fifth kind of decision, James sees room for creativity that allows us to do something beyond what the given reasons would logically imply. Note that in a deterministic universe, there are no genuinely new creative acts. Determinism is "information-preserving." There is "nothing new under the sun." 

"In the fifth and final type of decision, the feeling that the evidence is all in, and that reason has balanced the books, may be either present or absent. But in either case we feel, in deciding, as if we ourselves by our own wilful act inclined the beam; in the former case by adding our living effort to the weight of the logical reason which, taken alone, seems powerless to make the act discharge; in the latter by a kind of creative contribution of something instead of a reason which does a reason's work."


James was the only thinker with such a model in the nineteenth century. In the twentieth and twenty-first, eight more philosophers and scientists and two classicists, mostly independent of one another, and apparently unaware of James work, devised similar two-stage models that separate "free" from "will."
They include the French mathematician and scientist Henri Poincaré (about 1906), the physicist Arthur Holly Compton (1931, 1955), the philosopher Karl Popper (1965, 1977), the physicist and philosopher Henry Margenau (1968, 1982), the philosophers Daniel Dennett (1978), Robert Kane (1984), the classicists Anthony Long and David Sedley (1987), Alfred Mele (1995), and most recently, the neurogeneticist and biologist Martin Heisenberg (2009), son of the physicist Werner Heisenberg.



The Two-Stage Model of Henri Poincaré (1906)


Henri Poincaré was called the "last universalist" because he was a great contributor to so many fields in mathematics, but his work was also broad in physics, philosophy, and psychology. William James read Poincaré and the great thinker knew James work, but there is no sign of direct influence.

Poincaré speculated on how his mind works when he is solving mathematical problems. He had the critical insight that random combinations and possibilities are generated, some in an unconscious way with chance involved, then they are selected among, perhaps initially also by an unconscious process, but then by a definite conscious process of validation. 


"It is certain that the combinations which present themselves to the mind in a kind of sudden illumination after a somewhat prolonged period of unconscious work are generally useful and fruitful combinations… all the combinations are formed as a result of the automatic action of the subliminal ego, but those only which are interesting find their way into the field of consciousness… A few only are harmonious, and consequently at once useful and beautiful, and they will be capable of affecting the geometrician's special sensibility I have been speaking of; which, once aroused, will direct our attention upon them, and will thus give them the opportunity of becoming conscious… In the subliminal ego, on the contrary, there reigns what I would call liberty, if one could give this name to the mere absence of discipline and to disorder born of chance."  


Poincaré was thus the second thinker to propose the two-stage process of random alternatives followed by selection of one choice.


The Two-Stage Model of Jacques Hadamard (1945) 


In his 1945 book Psychology of Invention in the Mathematical Field, Hadamard described the Synthèse conference in Paris in 1936 to study creativity. In Chapter III, Hadamard described how the combination of random ideas could lead to a choice of the best combination. Chance alone is not enough.


...it is obvious that invention or discovery, be it in mathematics or anywhere else, takes place by combining ideas.

However, to find these, it has been necessary to construct the very numerous possible combinations, among which the useful ones are to be found.


It cannot be avoided that this first operation take place, to a certain extent, at random, so that the role of chance is hardly doubtful in this first step of the mental process.


It is obvious that this first process, this building up of numerous combinations, is only the beginning of creation, even, as we should say, preliminary to it...Invention is discernment, choice.

To Invent Is to Choose. This very remarkable conclusion appears the more striking if we compare it with what Paul Valéry writes in the Nouvelle Revue Française: "It takes two to invent anything. The one makes up combinations; the other one chooses, recognizes what he wishes and what is important to him in the mass of the things which the former has imparted to him.


"What we call genius is much less the work of the first one than the readiness of the second one to grasp the value of what has been laid before him and to choose it."




Cogito and Intelligo


In an important footnote to these thoughts, Hadamard mentions that Max Müller observed that the Latin verb "cogito," for "to think," etymologically means "to shake together." St. Augustine had already noticed that and also observed that "intelligo" means to "select among," In a curious connection with what we say in the text. 


The Two-Stage Model of Arthur Holly Compton (1931, 1955) 


In 1931, Nobel prize-winning physicist Compton championed the idea of human freedom based on quantum uncertainty and invented the notion of amplification of microscopic quantum events to bring chance into the macroscopic world. In his somewhat bizarre mechanism, he imagined sticks of dynamite attached to his amplifier, anticipating the Schrödinger's Cat paradox. 

Years later, Compton clarified the two-stage nature of his idea in an Atlantic Monthly article in 1955.


"A set of known physical conditions is not adequate to specify precisely what a forthcoming event will be. These conditions, insofar as they can be known, define instead a range of possible events from among which some particular event will occur. When one exercises freedom, by his act of choice he is himself adding a factor not supplied by the physical conditions and is thus himself determining what will occur. That he does so is known only to the person himself. From the outside one can see in his act only the working of physical law. It is the inner knowledge that he is in fact doing what he intends to do that tells the actor himself that he is free."  



The Two-Stage Model of Karl Popper (1965, 1977) 


Compton's work was no doubt closely read by philosopher Karl Popper, especially when Popper was selected to give the first Arthur Holly Compton Memorial Lecture in 1965. 
At  first Popper dismissed quantum mechanics as being no help with free will, but later he describes a two-stage model that parallels Darwinian evolution, with genetic mutations being probabilistic and involving quantum uncertainty.
In his Compton lectures, he criticizes Compton’s amplifier idea 

"The idea that the only alternative to determinism is just sheer chance was taken over by Schlick, together with many of his views on the subject, from Hume, who asserted that 

'the removal' of what he called 'physical necessity' must always result in
    'the same thing with chance. As objects must either be conjoin'd or not, . . . 'tis impossible to admit of any medium betwixt chance and an absolute necessity'. 



"I shall later argue against this important doctrine according to which the alternative to determinism is sheer chance. Yet I must admit that the doctrine seems to hold good for the quantum-theoretical models which have been designed to explain, or at least to illustrate, the possibility of human freedom. This seems to be the reason why these models are so very unsatisfactory.

"Compton himself designed such a model, though he did not particularly like it. It uses quantum indeterminacy, and the unpredictability of a quantum jump, as a model of a human decision of great moment. It consists of an amplifier which amplifies the effect of a single quantum jump in such a way that it may either cause an explosion or destroy the relay necessary for bringing the explosion about. In this way one single quantum jump may be equivalent to a major decision. But in my opinion the model has no similarity to any rational decision, being probabilistic and involving quantum uncertainty.


"Hume's and Schlick's ontological thesis that there cannot exist anything intermediate between chance and determinism seems to me not only highly dogmatic (not to say doctrinaire) but clearly absurd; and it is understandable only on the assumption that they believed in a complete determinism in which chance has no status except as a symptom of our ignorance." 



  
Popper called for a combination of randomness and control to explain freedom, though not yet explicitly in two stages with random chance before the controlled decision.

  "freedom is not just chance but, rather, the result of a subtle interplay between something almost random or haphazard, and something like a restrictive or selective control." 

 
In his 1977 book with John Eccles, The Self and its Brain, Popper finally formulates the two-stage model in a temporal sequence, and makes the comparison with evolution and natural selection,

"New ideas have a striking similarity to genetic mutations. Now, let us look for a moment at genetic mutations. Mutations are, it seems, brought about by quantum theoretical indeterminacy (including radiation effects). Accordingly, they are also probabilistic and not in themselves originally selected or adequate, but on them there subsequently operates natural selection which eliminates inappropriate mutations. Now we could conceive of a similar process with respect to new ideas and to free-will decisions, and similar things.

"That is to say, a range of possibilities is brought about by a probabilistic and quantum mechanically characterized set of proposals, as it were - of possibilities brought forward by the brain. On these there then operates a kind of selective procedure which eliminates those proposals and those possibilities which are not acceptable to the mind."  




In 1977 Popper gave the first Darwin Lecture, at Darwin College, Cambridge. He called it Natural Selection and the Emergence of Mind. In it he said he had changed his mind (a rare admission by a philosopher) about two things. First he now thought that natural selection was not a "tautology" that made it an unfalsifiable theory. Second, he had come to accept the random variation and selection of ideas as a model of free will.


The selection of a kind of behavior out of a randomly offered repertoire may be an act of choice, even an act of free will. I am an indeterminist; and in discussing indeterminism I have often regretfully pointed out that quantum indeterminacy does not seem to help us;1 for the amplification of something like, say, radioactive disintegration processes would not lead to human action or even animal action, but only to random movements. 


I have changed my mind on this issue.2 A choice process may be a selection process, and the selection may be from some repertoire of random events, without being random in its turn. This seems to me to offer a promising solution to one of our most vexing problems, and one by downward causation.




This is now the leading two-stage model of free will.


The Two-Stage Model of Henry Margenau (1968, 1982) 


In 1968, physicist Margenau was invited to give the Wimmer Lecture at St. Vincent College in Pennsylvania. His topic was Scientific Indeterminism and Human Freedom. Margenau embraced indeterminism as the first step toward a solution of the problem of human freedom.

Then in 1982, with co-author Lawrence LeShan, Margenau called his model of free will a "solution" to what had heretofore had been seen as mere "paradox and illusion." He very neatly separates "free" and "will" in a temporal sequence, as William James had done, naming them simply "chance" followed by "choice."


"Our thesis is that quantum mechanics leaves our body, our brain, at any moment in a state with numerous (because of its complexity we might say innumerable) possible futures, each with a predetermined probability. Freedom involves two components: chance (existence of a genuine set of alternatives) and choice. Quantum mechanics provides the chance, and we shall argue that only the mind can make the choice by selecting (not energetically enforcing) among the possible future courses."



The Two-Stage Model of Daniel Dennett (1978) 


While he is a confirmed compatibilist, in On Giving Libertarians What They Say They Want - Chapter 15 of his 1978 book Brainstorms  - Tufts philosopher Daniel Dennett articulated the case for a two-stage model of free will better than any libertarian.
 
Dennett named his model of decision-making "Valerian" after the poet Paul Valery, who took part in a 1936 conference in Paris with Jacques Hadamard.  The conference focused on Henri Poincare’s two-stage approach to problem solving, in which the unconscious generates random combinations. In his book, The Psychology of Invention in the Mathematical Mind, Hadamard quoted Valery (as did Dennett later  ), summarizing the conference opinion,


"It takes two to invent anything. The one makes up combinations; the other one chooses, recognizes what is important to him in the mass of things which the former has imparted to him."

 
Although Valery describes two persons, this is clearly William James's temporal sequence of random chance (“free”) followed by a determining choice (“will”). For James, chance and choice are part of a single mind. This two-stage mind model is better named "Jamesian" free will.

Dennett makes his version of a two-stage model very clear.  And he defends it with six excellent reasons. His arguments are more persuasive than any other philosopher or scientist, including William James himself. Ironically, Dennett remains a firm believer in determinism and calls himself a compatibilist. 


  "The model of decision making I am proposing has the following feature: when we are faced with an important decision, a consideration-generator  whose output is to some degree undetermined produces a series of considerations, some of which may of course be immediately rejected as irrelevant by the agent (consciously or unconsciously). Those considerations that are selected by the agent as having a more than negligible bearing on the decision then figure in a reasoning process, and if the agent is in the main reasonable, those considerations ultimately serve as predictors and explicators of the agent's final decision." 

 
Dennett gives his reasons why this is the kind of free will that libertarians say they want. 
 
   1. "First...The intelligent selection, rejection, and weighing of the considerations that do occur to the subject is a matter of intelligence making the difference."
 
   2. "Second, I think it installs indeterminism in the right place for the libertarian, if there is a right place at all."

 
   3. "Third...from the point of view of biological engineering, it is just more efficient and in the end more rational that decision making should occur in this way."

 
   4. "A fourth observation in favor of the model is that it permits moral education to make a difference, without making all of the difference."

 
   5. "Fifth - and I think this is perhaps the most important thing to be said in favor of this model - it provides some account of our important intuition that we are the authors of our moral decisions."

 
   6. "Finally, the model I propose points to the multiplicity of decisions that encircle our moral decisions and suggests that in many cases our ultimate decision as to which way to act is less important phenomenologically as a contributor to our sense of free will than the prior decisions affecting our deliberation process itself: the decision, for instance, not to consider any further, to terminate deliberation; or the decision to ignore certain lines of inquiry.

 
 "These prior and subsidiary decisions contribute, I think, to our sense of ourselves as responsible free agents, roughly in the following way: I am faced with an important decision to make, and after a certain amount of deliberation, I say to myself: "That's enough. I've considered this matter enough and now I'm going to act," in the full knowledge that I could have considered further, in the full knowledge that the eventualities may prove that I decided in error, but with the acceptance of responsibility in any case."  




In his Brainstorms 40th Edition, Dennett accepts his two-stage model!


In his introduction to the 40th edition of Brainstorms, Dennett writes (most generously)...


Chapter 15, "On Giving Libertarians What They Want," contains a model of free will that I viewed as an instructive throwaway when I concocted it, but it has recently found champions who credit me with finding the only defensible path (the "Valerian model") to a libertarian position on free will! I have conceded this much to Bob Doyle (the "Information Philosopher"—see http://www.informationphilosopher.com): Thanks to his relentless questioning I can now conceive of a situation in which I, compatibilist that I am, would ardently wish for the truth of genuine indeterminism so that I could act with absolute freedom: if I were playing rock-paper-scissors with God for high stakes! An omniscient and antagonistic (I'm an atheist after all) God could foil me in this competition unless my choice was quantum indeterministic, not merely chaotic and practically unpredictable. Some version of the Valerian model—minus the [in?]determinism—is all we need for free will worth wanting in this Godless world. 


The Two-Stage Model of Robert Kane, (1984) 


In his 1985 book Free Will and Values Kane carefully considered the work of Compton, Popper, Eccles, and Dennett. He developed his own two-stage model in the book but in the end he did not endorse it because it "did not go far enough." 

Kane was actually quite bleak about the possibilities for a satisfactory libertarian model. He felt


"that any construction which escaped confusion and emptiness was likely to fall short of some libertarian aspirations - aspirations that I believe cannot ultimately be fulfilled." (p.165)


His model was a choice between "relativistic alternatives." The choice was in part rational and in part random. It could be explained by the agent giving his reasons. Even if the choice is by chance,


"the agent has agreed beforehand to accept the chance selected outcome and to endorse reasons for it in a special way. That is, the selection is going to be 'willed to be so' on a provisional basis by the agent, whichever way it goes." (p.96)


Kane hoped to combine some rationality with some freedom in this model, so both determinists and libertarians would be happy. Unfortunately, neither was happy.

Although the two-stage model of earlier thinkers is an "essential and important part" of any adequate libertarian conception of free will, it does not go far enough because it does not fully capture the notion of ultimate responsibility (Kane's UR) during rare "self-forming actions" (SFAs). It is merely a "significant piece in the overall puzzle of a libertarian freedom." (p.104)


"The reason is that the chance ("free") part is not in the control of the agent and the "will" part is fully determined by a combination of the chance part and other determining factors, so the final choice is determined by factors, none of which the agent has control over at the time of choice. If all of our choices are determined at the time of choice that would not be libertarian freedom even if some chance events in the past were responsible for forming some of the determining factors that now determine our choice because however the determining factors were formed in the past, all of our choices would be determined when they are made." (personal communication)


Kane wants what he calls "dual rational control" which is the ability to choose otherwise in exactly the same circumstances. He thinks this requires randomness in the decision itself.

Perhaps more important, Kane wants free choices to be "moral choices." This we believe is an ethical fallacy. Free will is a prerequisite for responsibility in the sense of accountability, the extent to which the agent's actions are in the causal chain of actions. That is an empirical question. Moral responsibility is an ethical question. We must not confuse "ought" with "is." 


Kane's latest suggestion for his occasional self-forming actions argues that the tension and uncertainty in our minds stirs up "chaos" that is sensitive to micro-indeterminacies at the neuronal level.


All free acts do not have to be undetermined on the libertarian view, but only those acts by which we made ourselves into the kinds of persons we are, namely the "will-setting" or "self-forming actions" (SFAs) that are required for ultimate responsibility. (p.26)

Now I believe these undetermined self-forming actions or SFAs occur at those difficult times of life when we are torn between competing visions of what we should do or become. Perhaps we are torn between doing the moral thing or acting from ambition, or between powerful present desires and long-term goals, or we are faced with difficult tasks for which we have aversions. 


In all such cases, we are faced with competing motivations and have to make an effort to overcome temptation to do something else we also strongly want. There is tension and uncertainty in our minds about what to do at such times, I suggest, that is reflected in appropriate regions of our brains by movement away from thermodynamic equilibrium — in short, a kind of "stirring up of chaos" in the brain that makes it sensitive to micro-indeterminacies at the neuronal level. The uncertainty and inner tension we feel at such soul-searching moments of self-formation is thus reflected in the indeterminacy of our neural processes themselves. What we experience internally as uncertainty about what to do on such occasions would then correspond physically to the opening of a window of opportunity that temporarily screens off complete determination by influences of the past.  (p.26)



note that SFAs are cases of the "liberty of indifference"

 
But Kane wants to keep his rationality and control at the same time as his chance element, just as he has argued since the 1980's.

 
"Just as indeterminism need not undermine rationality and voluntariness of choices, so indeterminism in and of itself need not undermine control and responsibility. (p.27)

"If indeterminism is involved in a process so that its outcome is undetermined, one might argue that the outcome must merely happen and therefore cannot be somebody's choice. But there is no reason to assume such a claim is true. A choice is the formation of an intention or purpose to do something. It resolves uncertainty and indecision in the mind about what to do. Nothing in such a description implies that there could not be some indeterminism in the deliberation and neural processes of an agent preceding choice corresponding to the agent's prior uncertainty about what to do. Recall from the preceding arguments that the presence of indeterminism does not mean the outcome happened merely by chance and not by the agent's effort. Self-forming choices are undetermined, but not uncaused. They are caused by the agent's efforts. (p.33)



So does Kane see that the determining element is the agent's final choice? Since he is primarily interested in cases of "liberty of indifference," the strong indeterminism might raise the objection of loss of control, but Kane says the agent can beforehand decide to assume reponsibility whichever way she randomly chose. This seems more like rationalization than reason, but Kane defends it.  


"Suppose we were to say to such persons: 'But look, you didn't have sufficient or conclusive prior reasons for choosing as you did since you also had viable reasons for choosing the other way.' They might reply. 'True enough. But I did have good reasons for choosing as I did, which I'm willing to stand by and take responsibility for. If these reasons were not sufficient or conclusive reasons, that's because, like the heroine of the novel, I was not a fully formed person before I chose (and still am not, for that matter). Like the author of the novel, I am in the process of writing an unfinished story and forming an unfinished character who, in my case, is myself.'" (p.41-2) 



The Two-Stage Model of David Sedley and Anthony Long (1987) 


David Sedley and Anthony Long speculated in their masterwork The Hellenistic Philosophers that Epicurus' swerve of the atoms might be limited to providing undetermined alternative possibilities for action, from which the mind's power of volition could choose in a way that reflects character and values, desires and feelings.

Here at last a significant role for the swerve leaps to the eye. For it is to answer just this question, according to Cicero, that the swerve was introduced. The evident power of the self and its volitions to intervene in the physical processes of soul and body would be inexplicable if physical laws alone were sufficient to determine the precise trajectory of every atom. Therefore physical laws are not sufficient to determine the precise trajectory of every atom. There is a minimal degree of physical indeterminism — the swerve. An unimpeded atom may at any given moment continue its present trajectory, but equally may `swerve' into one of the adjacent parallel trajectories.

As far as physics is concerned there is simply no reason for its following one rather than another of these trajectories. Normally, then, the result will be, in this minimal degree, random. But in the special case of the mind there is also a non-physical cause, volition, which can affect the atoms of which it is a property. 



Sedley and Long assume a non-physical (metaphysical) ability of the volition to affect the atoms, which is implausible. But the idea that a physical volition chooses - (consistent with and adequately determined by its character and values and its desires and feelings) from among alternative possibilities provided randomly by the atoms - is quite plausible. 

It does so, we may speculate, not by overriding the laws of physics, but by choosing between the alternative possibilities which the laws of physics leave open. In this way a large group of soul atoms might simultaneously be diverted into a new pattern of motion, and thus radically redirect the motion of the body. Such an event, requiring as it does the coincidence of numerous swerves, would be statistically most improbable according to the laws of physics alone. But it is still, on the swerve theory, an intrinsically possible one, which volition might therefore be held to bring about. For a very similar thesis relating free will to modern quantum indeterminism, see A. S. Eddington, The nature of the physical world (1928). (It may be objected that swerves are meant to be entirely uncaused; but...that was only an inference by Epicurus' critics, made plausible by concentrating on the swerve's cosmogonic function...for there it must indeed occur at random and without the intervention of volition.)




The Two-Stage Model of Roger Penrose, (1989) 


In his 1989 book The Emperor's New Mind, Penrose suggests a two-stage process but is skeptical of the value of randomness in the first step. His thinking follows that of Jacques Hadamard and Henri Poincaré, who he has just discussed in the previous pages.

In relation to this, the question of what constitutes genuine originality should be raised. It seems to me that there are two factors involved, namely a 'putting-up' and a 'shooting-down' process. I imagine that the putting-up could be largely unconscious and the shooting-down largely conscious. Without an effective putting-up process, one would have no new ideas at all. But, just by itself, this procedure would have little value. One needs an effective procedure for forming judgements, so that only those ideas with a reasonable chance of success will survive. In dreams, for example, unusual ideas may easily come to mind, but only very rarely do they survive the critical judgements of the wakeful consciousness. In my opinion, it is the conscious shooting-down (judgement) process that is central to the issue of originality, rather than the unconscious putting-up process; but I am aware that many others might hold to a contrary view. 



The Two-Stage Model of David Layzer, (1990) 


In his 1990 book, Cosmogenesis, on the growth of order in the universe, Layzer claimed that a new source of objective indeterminacy results from his Strong Cosmological Principle. He describes the decision process as including new thoughts that are not pre-determined in advance

Consider the process of making a decision. Shall I do A or B? My head says A; my heart says B. I agonize. I try to imagine the consequences first of A, then of B. Suddenly, a new thought occurs to me: C. Yes, I'll do C. The essential aspect of such commonplace experiences is that their outcomes aren't determined in advance but are created by the process of deliberation itself, a process unfolding in time. All creative processes have this character...

If, then, the outcome of a deliberative or creative process seems undetermined at the outset, if it seems to us that such processes create their outcomes, perhaps the reason is that the outcomes of the underlying cerebral processes are, in some objective sense, undetermined, are, in some objective sense, created by the processes themselves.



Thoughts come to us freely

Layzer also wants the decision process to result in actions with a deliberate causal chain.

A freely taken decision or a creative act doesn't just come into being. It is the necessary — and hence law-abiding — outcome of a complex process. Free actions also have predictable — and hence lawful - consequences; otherwise, planning and foresight would be futile. Thus every free act belongs to a causal chain: it is the necessary outcome of a deliberative or creative process, and it has predictable consequences.


Actions go from us willfully


The Two-Stage Model of Julia Annas, (1992) 


In her 1992 book, The Hellenistic Philosophy of Mind, Annas finds it hard to see how random swerves can help to explain free action. But she sees clearly that randomness can provide alternative possibilities for the will to choose from. She says, "there would be no point in having free will if there were no genuinely open possibilities between which to select," anticipating the two-stage model of free will.

Perhaps influnced by her classicist colleagues Sedley and Long, or maybe just coming to the same conclusions from reading the ancients, especially Epicurus and his swerve, Annas says. 


...since swerves are random, it is hard to see how they help to explain free action. We can scarcely expect
there to be a random swerve before every free action...random swerves would seem to produce, if anything, random actions; we still lack any clue as to how they could produce actions which are free.

An influential modern line of thought avoids these problems by arguing that our evidence does not demand that there be a swerve for each free action [Furley]. Rather, swerves explain the fact that people have characters capable of change and reaction that goes beyond mechanical response to stimuli. We act freely because we have characters that are flexible and spontaneous, and this is because we are composed of atoms which swerve occasionally. On this account, swerves do not have to be frequent, since they are not part of any mechanism of action; one swerve in your soul is enough for the kind of character flexibility that is required. Such an account avoids the problems attaching to any account that brings swerves into free action, but at the cost of not answering very closely to the evidence; the Lucretius passage certainly suggests that swerves are in some way relevant at the point of action.


Another kind of suggestion is that swerves are not the causes of free actions at all. Rather, they come into the process whereby free actions are brought about. Swerves are supposed to explain something about the nature of free agency and how it works, but they do not cause free actions (by cutting across causal chains, for example). This suggestion can be developed in several ways...


The role of swerves is to provide alternative possibilities for volitions to choose between, for there would be no point in having free will if there were no genuinely open possibilities between which to select.


(The Hellenistic Philosophy of Mind, pp.184-88)



The Two-Stage Model of Alfred Mele, (1995) 


In 1995 Alfred Mele, clearly influenced by Daniel Dennett and Robert Kane, proposed his "Modest Libertarianism," a two-stage process that combines an incompatibilist early phase followed by a compatibilist control phase.

"it might be worth exploring the possibility of combining a compatibilist conception of the later parts of a process issuing in full blown, deliberative, intentional action with an incompatibilist conception of the earlier parts. For example, it might be possible to gain "ultimate control" while preserving a considerable measure of nonultimate agential control by treating the process from proximal decisive better judgment through overt action in a compatibilist way and finding a theoretically useful place for indeterminacy in processes leading to proximal decisive better judgments". 


"That a consideration is indeterministically caused to come to mind does not entail that the agent has no control over how he responds to it".  



Mele sees that chance need not be the direct cause of action

Mele is very concerned about the location of any indeterminism, the problem of where and when indeterminism could occur in a way that helps and does not harm agent control. 

The Problem of Luck


Mele has written extensively about the question whether chance events in our causal history mean that many of our actions are a matter of luck. Since chance is very real, many things are the result of good or bad luck. This is a not a problem for free will, but it is one for moral responsibility.



The Two-Stage Model of John Martin Fischer, (1995) 


Also in 1995, John Martin Fischer argued for a model based on Daniel Dennett's 1978 work. Fischer is best known for the idea of semicompatibilism,  the idea that moral responsibility is compatible with determinism. Fischer is agnostic on whether free will itself is compatible or incompatible with determinism.

Fischer is most concerned to establish the control needed for responsibility, especially given Frankfurt-style example challenging control. In any case, Fischer uses the Dennett idea - that the indeterminism comes at an early stage of the overall deliberation-decision process - to locate a Frankfurt-style "prior sign" needed by the hypothetical intervener at a place deterministically linked to the decision and subsequent action.


Fischer's main criticism of alternative possibilities for action is that it is implausible to suppose that one's moral responsibility is grounded on the possibility of forming a certain sort of judgment about what is best: a judgment on behalf of doing something there are no good reasons to do. The responsibility for doing good is not grounded in the possibility of doing bad. Note that freedom of action is completely independent of, and merely a prerequisite to, moral responsibility. Otherwise it would be the ethical fallacy.


Fischer hopes to develop "another sort of libertarianism." He says he does not have the space to lay out his "second family of libertarian accounts," and gives us very little on how it differs from Dennett. He says "Dennett argues that it is the only sort of libertarianism that is plausible, and I believe that it is at least minimally plausible. I also believe that it is libertarianism." Fischer may be simply constructing a libertarianism with a built-in place for the Frankfurt intervener, in order to support the absence of alternative possibilities and Fischer's semicompatibilism. Here is Fischer's sketch of his main idea. 



I wish to develop (in an extremely sketchy way) another sort of libertarianism; on this kind of approach, the relationship between the relevant "sign" or "signal" and the subsequent choice is causally deterministic, but there is nevertheless a lack of causal determination along the sequence that issues in the decision (and action). And I shall point out that this approach also seems to lead to the view that an agent can be morally responsible for making a choice even though he could not have (at any relevant time) made a different choice.

I do not have the space here to lay out this second family of libertarian accounts fully or carefully. But I shall simply sketch the main ideas and hope that enough of the content of the approach will emerge to convince the reader that this family of views constitutes a minimally plausible, serious libertarian approach - worth further elaboration and evaluation in the context of the issues under discussion here. In his article, "On Giving Libertarians What They Say They Want," Daniel Dennett has presented this family of approaches; he does not necessarily endorse the view, but presents it as the most plausible and appealing version of libertarianism.


What is crucial to Dennett's view is that indeterminacy be installed at the appropriate place, and Dennett argues that this is not between the judgment that a particular act is the best among one's alternatives and the subsequent choice. He says, "Clearly, what the libertarian has in mind is indeterminism at some earlier point, prior to the ultimate decision or formation of intention...." Rather, Dennett argues that there can be lack of causal determinism (of a certain sort) within the process of deliberation that leads to the agent's judgment as to what is the best option (under the circumstances). 


So Dennett's picture suggested on behalf of the libertarian involves some lack of causal determination in the process of deliberation, but no such lack in the link between the judgment as to what is best and the formation of an intention (or the making of a decision). Let me emphasize that I am not in a position here fully to lay out this view (or set of views) or to defend it. Dennett argues that it is the only sort of libertarianism that is plausible, and I believe that it is at least minimally plausible. I also believe that it is libertarianism.



The Two-Stage Model of Stephen Kosslyn, (2002) 


In 2002, Stephen Kosslyn wrote a foreword to Benjamin Libet's book Mind Time. In a few brief paragraphs, he put forward a two-stage model of alternative choices that our constructed in part chaotically by nondeterministic processes, followed by decisions that are based on our character and values - "what one is."  He sees a role for a causa sui.


The rationales and anticipated consequences — and even, depending on the situation, the alternative courses of action — are not simply "looked up" in memory, having been stashed away like notes in a file after previous encounters. 
Rather, one constructs rationales and anticipated consequences, as appropriate for the specific situation at hand. This construction process may rely in part on chaotic processes. Such processes are not entirely determined by one's learning history (even as filtered by one's genes). By analogy, consider the path of a raindrop dribbling down a pane of glass. It zigs, it zags, tracing a path best explained with the aid of chaotic principles. The same raindrop, striking precisely the same place on that pane on a warmer day (which would cause the glass to be in a slightly different state) would take a different path. In chaotic systems, very small differences in start state can produce large differences downstream. The pane of glass is like the state of the brain at any instant. Depending on what one was just thinking about, the brain is in a different "start state" (i.e., different information is partially activated, different associations are primed) when one constructs rationales and anticipated consequences — which will affect how one decides. (Note that this idea does not simply move the problem back a step: What one was just thinking itself was in part a result of nondeterministic processes.) Our thoughts, feelings and behavior are not determined; we can have novel insights as well as "second thoughts."



Given the choices, rationales, and anticipated consequences, one decides what do on the basis of "what one is" (mentally speaking, to use [Galen] Strawson's term, which includes one's knowledge, goals, values, and beliefs). 


Here Kosslyn considers a second  stage of willed decisions that are determined by our goals, values, and beliefs - 
"what one is"


"What one is" consists in part of information in memory, which plays a key role in the processes that construct the alternatives, rationales, and anticipated consequences. In addition, "what one is" governs how one actually makes the decisions. And making that decision and experiencing the actual consequences in turn modifies "what one is," which then affects both how one constructs alternatives, rationales and anticipated consequences and how one makes decisions in the future. Thus, with time one's decisions construct what one is.

We are not simply accumulators of environmental events, filtered by our genetic make-ups. We bring something novel and unique to each situation — ourselves. Nietzsche (1886, as quoted in Strawson, 1994, p. 15) commented, "The causa sui is the best self-contradiction that has been conceived so far." Maybe not.




Here Kosslyn considers a first stage of free creation of alternative courses of action


The Two-Stage Model of  Storrs McCall and E. Jonathan Lowe (2005) 



McCall and Lowe show "that libertarianism is a consistent philosophical thesis." They draw out the notion of an instantaneous choice (which compatibilists usually attack as necessarily either determined or random, according to the standard argument against free will) into a continuous temporal process of deliberation that culminates in the decision.

They locate the indeterminism in the early part of deliberation, as do all two-stage models of free will. The decision itself they say is caused  not by chance, but by the character and reasons of the agent.


McCall and Lowe are correct that both Peter van Inwagen and Robert Nozick locate the indeterminism in the wrong place, namely in the decision itself.


They trace the source of their separation of indeterministic deliberation from choice back to Aristotle's distinction between bouleuesis and prohairesis.



The Two-Stage Model of  John Searle (2007) 


John Searle has written extensively on the problem of consciousness and almost always reflects on the problem of free will. His position rarely changed over the decades, but in his recent short essays on Freedom and Neurobiology he has tackled the problem more directly and for the first time embraced indeterminism as a positive factor. Indeed, he goes as far as to say that quantum indeterminism is a requirement for consciousness.

In a breakthrough of sorts, Searle admits that he could never see, until now, the point of introducing quantum mechanics into discussions of consciousness and free will. Now he says we know two things, which correspond to the two requirements for free will:


First we know that our experiences of free action contain both indeterminism and rationality...Second we know that quantum indeterminacy is the only form of indeterminism that is indisputably established as a fact of nature...it follows that quantum mechanics must enter into the explanation of consciousness." (p.74-75)


Searle describes "open" alternative courses of action. It is very important to place the "gap" or causa sui before or during the generation of these alternative possibilities for deliberation to be followed by willed action. The result is a two-stage, temporal-sequence model.


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=vCyKNtocdZE


Then in a 2007 lecture at Google (available on YouTube), Searle 
describes his "Hypothesis 2" for free will. 

He says three things are necessary:

	some quantum indeterminism must be involved, but at "a lower level,"
	a quantum explanation of consciousness is needed,
	the higher-level of consciousness must inherit the indeterminism, but without inheriting the randomness.


Compare Karl Popper above, "A choice process may be a selection process, and the selection may be from some repertoire of random events, without being random in its turn." [Popper's italics]



The Two-Stage Model of  Uwe Meixner (2008) 


Meixner opposes strict determinism and then proposes the indeterministic generation of alternative possibilities by the same accidental source as genetic mutations:
 
Under macroscopic physical determinism,
the structural complexity of every apparatus, natural or artificial, is
pointless that makes in advance provision for realizing at a time t one
or another of several incompatible alternatives regarding the physical
macro-world. where each of these alternatives is possible at time t.
Why provide for the realization of one or another among several such
alternatives — even if only in such a manner that the realization
merely amounts to a law-determined reaction to a given physical condition,
as in a multi-possibility reactor — if, under macroscopic physical
determinism, it is true of only one thing at any moment in time that it
can happen in the physical macro-world (namely, the one that does in
fact happen)? When evolution ran a course that led, let’s suppose,
merely by (microscopic) accidental mutation and subsequent natural
selection to the development of macroscopic devices that are geared
for implementing choices (made — by the devices themselves or by
something else—between at least two incompatible alternatives that
are each possible at the time in question), had evolution then forgotten
that macroscopic physical determinism is true? Was it ignoring it?
 
  Meixner, whose two-stage model of free will has clearly been inspired by Daniel Dennett's "Valerian model," reacts to Dennett's compatibilist/determinist suggestion that the random alternatives might have been generated by a deterministic pseudo-random generator. 

Why would nature have evolved a computer simulated randomness, when irreducible indeterminism already exists?, Meixner asks: 
   

I am of course not saying that the development of the above mentioned
devices for implementing choices is logically incompatible
with macroscopic physical determinism; for this determinism could, in
principle, be of such a kind that the emergence of, say, multi-possibility
reactors was itself determined. This would be an absurd — that is, an
unnecessarily expensive — course for nature to take, and therefore a
rather unlikely course (even for a complete mechanist regarding nature 
it remains true that nature normally follows the course which is themost
economical), but it is not a logically impossible one.
Therefore, in asserting that if determinism ruled in the physical
macro-world brains would never have developed, I am relying on an
implicit inference to the best explanation...

I prefer to regard the
impressive emergence of brains in the course of evolution as an indication
of the great extent to which the terrestrial physical macro-world
is undetermined (prior to additional determination). Given this massive
macro-indetermination, the unpredictability with which brains
are confronted in their monitoring and governing activity must indeed
more often than not betoken indetermination.
  


The Two-Stage Model of  Martin Heisenberg (2009) 


The most recent thinker to describe a two-stage model is Martin Heisenberg (son of physicist Werner), chair of the University of Wurzburg’s BioZentrum genetics and neurobiology section.

Since the indeterminacy principle was his father’s work, Heisenberg’s position that the physical universe is no longer determined and that nature is inherently unpredictable comes as no surprise. What is unusual is that Heisenberg finds evidence of free behavior in animals, including some very simple ones such as Drosophila, on which he is a world expert. Heisenberg argues for some randomness even in unicellular bacteria, followed by more lawful behaviors such as moving toward food.


"Evidence of randomly generated action — action that is distinct from reaction because it does not depend upon external stimuli — can be found in unicellular organisms. Take the way the bacterium Escherichia coli moves. It has a flagellum that can rotate around its longitudinal axis in either direction: one way drives the bacterium forward, the other causes it to tumble at random so that it ends up facing in a new direction ready for the next phase of forward motion. This 'random walk' can be modulated by sensory receptors, enabling the bacterium to find food and the right temperature."

 
In higher organisms, the brain still may include elements that do a random walk among options for action. The capability to generate new and unpredictable behaviors would have great survival value, and would likely be incorporated in higher organisms.

"the activation of behavioural modules is based on the interplay between chance and lawfulness in the brain. Insufficiently equipped, insufficiently informed and short of time, animals have to find a module that is adaptive. Their brains, in a kind of random walk, continuously preactivate, discard and reconfigure their options, and evaluate their possible short-term and long-term consequences.

"The physiology of how this happens has been little investigated. But there is plenty of evidence that an animal’s behaviour cannot be reduced to responses. For example, my lab has demonstrated that fruit flies, in situations they have never encountered, can modify their expectations about the consequences of their actions. They can solve problems that no individual fly in the evolutionary history of the species has solved before. Our experiments show that they actively initiate behaviour."  



Heisenberg’s combination of some randomness followed by some "lawful" behavior looks very much like William James’ two-stage model, but now we have evidence for it in many animals. James would have been pleased.




The Cogito Model of the Information Philosopher

Given the "laws of nature" and the "fixed past" just before a decision, philosophers wonder how a free agent can have any possible alternatives. This is partly because they imagine a timeline for the decision that shrinks the decision process to a single moment.

[image: image-placeholder]


Collapsing the decision to a single moment between the closed fixed past and the open ambiguous future makes it difficult to see the free thoughts of the mind followed by the willed and adequately determined action of the agent. 


First chance, then choice. First "free," then "will."


[image: image-placeholder]


But the Cogito Model is not limited to a single step of generating alternative possibilities followed by a single step of self-determination by the will. It is better understood as a continuous process of possibilities generation by the Micro Mind (parts of the brain that leave themselves open to noise) and adequately determined choices made from time to time by the Macro Mind (the same brain parts, perhaps, but now averaging over and filtering out the microscopic noisiness that might otherwise make the determination random).


In particular, note that a special kind of decision might occur when the Macro Mind finds that none of the current options are good enough for the agent's character and values to approve. The Macro Mind then might figuratively say to the Micro Mind, "Think again!"


[image: image-placeholder]


Many philosophers have puzzled how an agent could do otherwise in exactly the same circumstances. Since humans are intelligent organisms, and given the myriad of possible circumstances, it is impossible that an agent is ever in exactly the same circumstances. The agent's memory (stored information) of earlier similar circumstances guarantees that.


[image: image-placeholder]


This view still makes an artificial separation between first-stage creative randomness and second-stage deliberative evaluation. These two capabilities of the mind can be going on at the same time. That can be visualized by the occasional decision to go back and think again, when the available alternatives are not good enough to satisfy the demands of the agent's character and values, or by noticing that the subconscious Micro Mind might be still generating possibilities while the Macro Mind is in the middle of its evaluations.


The two-stage Cogito model lies between the work of Libertarians and Compatibilists. 


The leading Libertarian model is that of Robert Kane and his followers Laura Waddell Ekstrom and Mark Balaguer. They and Kane's critic Richard Double have all reached for the difficult dream of genuine indeterminacy in the "moment of choice," while nevertheless achieving agential control over actions. 


Double started out trying to justify the three Kane conditions for free will - control, rationality, and dual/plural alternative possibilities that allow the agent to choose otherwise in exactly the same circumstances.


But in the end Double concluded that these three conditions could not be met by Kane's model and said so in his 1990 book The Non-Reality of Free Will. To be sure, Double may have thrown in his lot with "Impossibilists" like 
Derk Pereboom and Saul Smilansky because he shared their goals to deny moral responsibility and eliminate moral "desert" and retributive punishment. 


Let’s diagram Kane’s "Self-Forming Action" (SFA) to place it in the temporal sequence of events between the “fixed past” at the start of a decision process, and the decision itself, which marks the beginning of the future.


[image: image-placeholder]

In the end, Kane's model, resolving "torn decisions" by an indeterministic choice between alternatives that are all motivated by good reasons, is an important supplement to the two-stage model. He calls this “plural rational control.” We call them "undetermined liberties."  They nicely complement decisions that are arrived at in an adequately determined way, which we call self-determination.



The leading Compatibilists to have proposed (but not endorsed) a two-stage model are Daniel Dennett and Albert Mele.


The Cogito model is less "free" than some Libertarian models, but more responsible.


The Cogito model is less "determined" (not at all predetermined) than the Compatiblist models, but more creative.


The Cogito model is less "event-causal" and more "agent causal." The agent has creative powers in the extended "moment of choice" that are like those sought by Libertarians Roderick Chisholm, Richard Taylor, and Keith Lehrer. 


Nothing in the events of the "fixed past" (and the laws of nature, as compatibilists like to say) immediately preceding the "moment of choice" predetermines the agent's decision. The Cogito model lets the agent choose otherwise in  exactly the same circumstances.




Source: https://www.informationphilosopher.com/freedom/two-stage_models.html
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Source: https://www.informationphilosopher.com/value/biology/
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Source: https://www.informationphilosopher.com/value/cosmology/
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The Idea of the Good began with Plato, the philosopher who first defined the notion of abstract Ideas in his Theory of Forms. At the end of Book VI of the Republic (509D-513E), Plato describes what he called a "divided line," at the top of which is the "Form of the Good."

	Intelligible World 	Theories (noesis)Hypotheses (dianoia) 
	World of Ideas, Concepts
                
e.g., God, the Good	Immaterial Information
	Visible World	Techniques (pistis)Stories (eikasia)
	World of Things, Objects
                
e.g., Information Structures	Physical Matter


Plato describes the visible world of perceived physical objects and the images we make of them (in our drawings, for example). The Sun, he said, not only provides the visibility of the objects, but also generates them and is the source of their growth and nurture. Many primitive religions identify the sun with God, for good reason.


Later philosophers (esp. Immanuel Kant) called Plato's visible world the phenomenal world.


Above and beyond Plato's visible world  lies an intelligible world that Kant called noumenal after the Greek nous (νοῦς). Plato described the intelligible world as (metaphorically) illuminated by "the Good" (τον ἀγαθὸν), just as the visible world is illuminated by the Sun.


Plato's Line is also a division between Body and Mind. He says (510E) the upper half of the divided line is Illuminated by "the Good" and is seen by the Greek nous (νοῦς), by the Mind rather than by the Eye. Nous is the origin of Teilhard de Chardin's concept of a noösphere.


The division of Plato's Line between Visible and Intelligible is then a divide between the Material and the Ideal, the foundation of most Dualisms. Plato may have coined the word "idea" (ἰδέα), using it somewhat interchangeably with the Greek word for shape or form (εἶδος). The word idea derives from past participle in Greek "to have seen." 


In many ways, Plato's theory of immaterial forms existing outside space and time and providing the shape of material things is consonant with information philosophy's focus on immaterial information as the basis for thought, for mind, for knowledge, and for the abstractable elements of information structures in the real world. 


Plato's distinction between Form and Matter stands at the beginning of the great dualism between Idealism and Materialism.


Information philosophy is a return to a kind of Idealism. It situates the Good in the Platonic realm of Ideas, which we now recognize as immaterial information. And it shows how immaterial ideas can have causal force in the world of matter and energy, solving the Mind-Body problem, among others. 


Now the Good in an information structure such as a material thing, a living thing, or a complex system, can in principle be calculated as the quantitative amount of negative entropy (or free energy) that it contains. Perhaps it is equally easy to see the Bad in something by measuring its destructive force. Think of the evil in a thermonuclear weapon, whose design was to destroy a city and its population. 


But it is plain that no single monotonic value can decide between the goodness of two things, since values are deeply context dependent. Indeed, Kenneth Arrow's theorem in economics shows that values are not strictly transitive. A can be preferred to B, B preferred to C, and yet C can be preferred to A.


Nevertheless, however imperfect it may be, information, or more generally negative entropy, provides an objective, human-independent, starting point for comparisons, without which all preferences are hopelessly subjective and relative to the individual or to the society. This is as it should be. Facts of the matter are questions for science. What should be or ought to be are cultural question for society or individual persons. 

Free will is a scientific question. Moral responsibility is a cultural and conventional question for society. Nevertheless, those answering the conventional questions of right and wrong can consult the informational and entropic implications of different choices.


Consider utilitarianism, which hopes to achieve the "greatest good for the greatest number." The measure of utility in something correlates strongly with the amount of free or available energy (negative entropy) in that thing. 



Evil


It is a sad but necessary observation to note that our definition of Evil as the creation of Entropy or Disorder - essentially the destruction of Information or Negative Entropy - may mean that the greater of dualistic forces at work in the universe is not the Cosmos but the Chaos.

The unavoidable Second Law of Thermodynamics, the Entropy Law, has been confirmed in the kinetic theory of gases by Ludwig Boltzmann with his H-Theorem, and in statistical mechanics and quantum mechanics by Albert Einstein with his analysis of fluctuations in the entropy.


As the universe evolves, the increase in the total entropy, the disorder and chaos, is unstoppable. Fortunately, there are important places where the entropy is reduced locally, leaving behind information structures, pockets of negative entropy or cosmos.


    The established fact of increasing entropy led many scientists and philosophers to assume that the universe we have is "running down" to a "heat death." They think that means the universe began in a very high state of information, since the second law requires that any organization or order is susceptible to decay. The information that remains today, in their view, has always been here.  There is "nothing new under the sun."  


    But the universe is not a closed system. It is in a dynamic state of expansion that is moving away from thermodynamic equilibrium faster than entropic processes can keep up. The maximum possible entropy is increasing much faster than the actual increase in entropy. The difference between the maximum possible entropy and the actual entropy is potential information. 

[image: image-placeholder]

    Creation of information structures means that in parts of the universe the local entropy is actually going down. Our Sun-Earth system is one such place. All life depends on the flow of negative entropy from Sun to Earth. Creation of a low entropy system (the Good) is always accompanied by radiation of entropy (the Bad) away from the local structures to distant parts of the universe, into the night sky for example and away through our transparent universe to the most distant cosmic microwave background.  





Source: https://www.informationphilosopher.com/value/good/
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Ergodic



Ergodic processes (in our new technical use of the term) are those that resist the terrible and universal Second Law of Thermodynamics, which commands the increase of chaos and entropy (disorder). Without violating that inviolable law overall, ergodic processes reduce the entropy locally, producing pockets of cosmos and negative entropy (order and information-rich structures). We call all this cosmic order the Ergo. It is the ultimate sine qua non.

Our new use of the powerful adjective Ergodic puts us squarely in conflict with an existing term in statistical physics. The term was invented in the nineteenth century to describe the behavior of gaseous systems that were assumed over time to occupy all the possible states consistent with certain macroscopic properties like number of particles, volume, and temperature. This was known to include highly unlikely distributions of the particles, such as all the particles in one small corner of the container, which would have very low entropy.


Think of a small perfume bottle in a large room. Open the perfume and over time the perfume molecules have dispersed throughout the room. Time reverse a movie of what you saw, and in principle all the perfume molecules would return to the open bottle (at least for a moment). 


Statistical physics can calculate the practically infinitesimal probability that the molecules will all return randomly. It is the ratio of all the states of the system with perfume molecules in the bottle to the number of ways the molecules can be arranged throughout the room.


Ergodic was derived from Greek ergon (energy) and Greek hodos (path), to get a word meaning "the path followed by energy." And this meaning seems perfect to describe processes that concentrate potential (usable) energy in local pockets of cosmos that resist the general rise of entropy and chaos overall. 


There may be deep physical reasons for the perfume molecules never reassembling themselves in the perfume bottle. This is the problem of microscopic reversibility.


    
For Scholars




Source: https://www.informationphilosopher.com/value/ergo/ergodicity.html
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Is the Good something that exists in the world? Existentialists thought not. They thought we have freedom, but saw this freedom as absurd because there is nothing to help us evaluate our options. Without values, no evaluations. Most religions place the origin of good in a supernatural Being. Existentialists denied that Being. "God is dead," they said, and thus denied any essential objective Good. 

The traditional source of normative values, of morality, of ethics, of what one "ought to do," has been religion. It is often said that science, the empirical study of the natural world, cannot possibly help us to define the good. David Hume is often cited as saying we cannot derive "Ought" from "Is."  This is sometimes called the "fact/value" dichotomy. Science, it is said, can help us to do what we decide to do. It can help with prudential or instrumental decisions about "means," but not with moral decisions that depend on the intrinsic value of "ends." 


It is difficult to generalize about the thousands of religions invented over the ages by their prophets and founders, but most include a code of moral behavior. Some founders told their followers that they had simply discovered the correct moral codes. Some prophets claim to have been explicitly told the "truth" about good and evil in a conversation with a href="/God, or by a mystical vision. With founders and prophets mostly long gone today, moral codes are typically handed down by various traditions.  


The power of the institutions that has grown up around world religions lies entirely in their ability to limit the knowledge of their members to their beliefs about the "truth." Where these traditions vary in their beliefs, and they do disagree in fundamental ways, they cannot possibly all be right, unless all cultural beliefs are relative, which they may well be at the present time. 


Humanists think that good and evil are human inventions, that value systems are relative to a local community or society. "Man is the measure of all things," said Protagoras. Comparative ethics is the study of disparate value systems in the hope of finding some commonly held rules, for which one can claim some universal or objective significance, for example, the golden rule, "Do unto others" or commandments like "Thou shall not kill." Some philosophers make human life an objective good. Some make one own's life the ultimate good. Some think the good is the maximization of pleasure, or happiness, or well-being, for all humans (or maybe just one own's family, tribe, community, or nation?), John Stuart Mill, for example.


Modern bioethicists hope to avoid all this relativism by situating value in all life, seeing humanism as short-sighted, if generalized, self-interest. A variety of ancient religions looked to the Sun as the sustainer of all life and thus found an objective good outside of human life. They anthropomorphized the sun or the "bright sky" as God. Dark and night were stigmatized as evil and "fallen." Echoes of these ancient views persist in our metaphors of light, of enlightenment, as good. 


Philosophers have ever longed to discover a cosmic good. The ideal source of a cosmic good is perhaps as remote as possible from the Earth in space and as distant in time. Some theologians and philosophers think the Good must be "outside space and time." For Plato, it was a timeless Good to be found in Being itself. For his student Aristotle, it was a property of the first principles that set the world in motion. For Immanuel Kant, it was a transcendental and "noumenal" God outside the everyday "phenomenal" world of experience. 



Information philosophy has found that the story of human evolution does not start with Darwin and DNA. It starts much, much earlier, at the very beginning of the universe. For those of you thinking that your origins and place in the universe might be found outside of animal evolution, beyond a mere material explanation, you might be happy to learn that your most distant beginning was in the primeval formation of immaterial, abstract information, a kind of metaphysical spirituality you can tie directly to the information content of your innermost thoughts.



Has information philosophy discovered the cosmic good? Does it at least identify the prerequisite source of anything resembling the Good? Yes, it does. Does it resemble the Good anthropomorphized as a God personally concerned about our individual goods? No, not really. But it has one outstanding characteristic of such a God. It is Providence. Information philosophy has discovered the fundamental process in the universe that provides for our well-being. It provides the light, it supports life, it enables intelligence. For all of these things, should we not be thankful and reverent toward such a cosmic creative process, attitudes humans normally feel towards a providential god?



Information philosophy replaces the difficult problem of “Does God exist?” with the more tractable problem “Does Goodness exist?” Humanists situate values in reason or human nature. Bioethicists seek to move the source of goodness to the biosphere. Life itself becomes the summum bonum. Information philosophers look out to the universe as a whole, beyond the obviously beneficent Sun to find a cosmos that grew from a chaos. The growth of that cosmos continues today, in a cosmic creative process that formed the galaxies, stars, and planets, that led to life and then to the evolution of the information-processing minds that created language and logic. It is this process that we propose creates objective value.


Exactly how that is possible requires a subtle understanding of the second law of thermodynamics in an expanding and open universe. The second law is the tendency of isolated systems to become more disorderly, to increase the "entropy," a quantitative measure of disorder. When entropy increases in the system, information can be destroyed irreversibly. 


A very small number of processes that we call ergodic can reduce the entropy locally to create macroscopic information structures like stars and planets as well as microscopic ones like atoms and molecules. And most important to human beings, this creative process is not only responsible for our existence, it has made us creative individuals in its own image! In what sense? It is that we are creative beings. We are co-creators of the world we live in, wielding a power to create, for better or for worse, that is unparalleled in the history of the world.


Every living thing is an information processor. But the handling of information suggests four different levels of processing among the animals.

	
The lowest organisms are created with a fixed amount of information that is essentially constant their entire lives. Their behavioral repertoire is almost completely instinctive. They have little or no learning capability. Their automatic reactions to environmental conditions are "built in," transmitted genetically. Information about past experiences (by prior generations of the organism) is only present implicitly in those inherited reactions. 

	
Animals with a learning capability can acquire new information during their lifetimes. Their past experiences condition their current choices. Mostly habitual reactions are developed through experience, including instruction by parents and peers.

	
The ability to predict the future evolved in animals with an Experience Recorder and Reproducer that can play back experiences relevant to the current situation. Past experiences provide animals with foresight and imagination that help them evaluate the future consequences of their choices. They can generate alternative possibilities for future actions, and decide between them based on the playback of multiple past experiences in similar situations.

	
Normative information appears in human societies that have externalized and codified their past social experiences. Future actions are evaluated based in part on ideas about the past, in addition to the individual's actual experiences. Conscious deliberation about community and universal values influences the choice of behaviors.




All four levels are emergent, in the sense that they did not exist in the lower, earlier levels of biological evolution. The emergence of human beings also marks the emergence of information and information processing that is going on outside of biological organisms. The storage and retrieval of information in the form of writing, then printing, and now the world-wide web, has enabled the transmission of knowledge to leap over vast distances in space and time.  
Francis Bacon saw clearly that knowledge is power. Information philosophy defines knowledge as information that has meaning for humans, in the sense that it expands the possible alternative actions to let us choose the best means to achieve our ends.  The power of this knowledge is shown in the exponential growth of humanity on the planet. A mere ten thousand years ago the biomass of humans and their domesticated animals was about one percent of the biomass of all terrestrial vertebrates. Today it is near ninety percent. Humans have taken over the planet.



The Sum of human knowledge will soon be accessible to anyone in the world with a tablet computer or smartphone. We estimate this will be nearly the entire human population by the year 2020. If this comes to be the case, there is an opportunity to expose young children to the most universal of human values, perhaps before they have been indoctrinated by their local cultural values.


This may be vehemently opposed by conservative governments and fundamentalist religious forces whose hold on power depends on keeping young minds closed to "outside" ideas.  



A battle rages between cosmic ergodic processes and chaotic entropic processes that destroy structure and information. Anthropomorphizing these processes as good and evil gives us a dualist image that nicely solves the monotheistic problem of evil."  If God is the Good, God is not responsible for the Evil. Instead, we can clearly see an impersonal Ergodic process behind Divine Providence – the cosmic source without which we would not exist and so a proper object of our reverence. And Entropy is the "devil incarnate," as Norbert Wiener saw.


The fundamental moral guide to action found in information philosophy is then very simple  – when faced with a moral dilemma, choose to preserve information structures against the entropy. But the discovery of a cosmic source of value also suggest a basis for societal ethical and legal norms, as we explore below. 



Celebrating the first modern philosopher, René Descartes, we call our model for value the Ergo. For those who want to anthropomorphize on the slender thread of discovering the natural Providence, we might call it Ergod. No God can be God without being Ergodic, standing in opposition to the forces of increasing entropy, darkness and destruction.

Ergodic processes are those that resist the terrible and universal Second Law of Thermodynamics, which commands the increase of chaos and entropy (disorder). Without violating that inviolable law overall, ergodic processes reduce the entropy locally, producing pockets of cosmos and negative entropy (order and information-rich structures). We call all this cosmic order the Ergo. It is the ultimate sine qua non.



Information Theory of Value


A Science of Morality?


The idea of a moral science has a long history. John Stuart Mill's Logic of the Moral Sciences was a major influence. Translated into German as Geisteswissenschaft, or science of the spirit, Mill's "moral science" was then back-translated into English as the Human Sciences or what has become the humanities in today's universities. Of course, David Hume and his great English colleague, Adam Smith, had given us a hundred years earlier great insights into what they saw as "natural" moral sentiments or feelings. Hume thought he could make a science of human nature based on laws as definite as Newton's laws of motion. But this was to be a failure.

Maybe so, but we believe a moral society should be and can be informed by the best scientific knowledge about human origins, human capacities, and our current status in the universe.



An Information-based Moral Code?


The first rule of an information-based morality is that all choices should be made so as to minimize the destruction of abstract information and concrete information structures. All natural processes increase the entropy. Some can decrease the entropy locally. These we call ergodic. In principle, one should calculate the entropy increase and the negative entropy gain for each choice and maximize the production and preservation of information.


Because abstract information can be duplicated and disseminated at near-zero cost in the information age, our second rule is that we should share all information (our knowledge Sum) to the maximum possible extent. Practically, this means nourishing and educating all the world's children, especially the females, who are more likely to assist in this project of nourishing and education than are the males.  


By contrast, a concrete "information structure," or "wealth" in the form of low-entropy information-rich matter and energy, is subject to the laws of economic scarcity. The natural distribution of wealth and income among individuals follows statistics like Pareto's "80/20" rule, where the largest percentage of wealth is "normally" concentrated in a minority of the population. 


Some inequality is the unavoidable consequence of the "normal" distribution of human intelligence and capability due to chance. It is also the avoidable consequence of the historically random distribution of opportunity, including the inheritance of material property.  Redistribution of wealth through a progressive taxation system is the means to regulate income and wealth inequality to a societally acceptable norm that allows even the least capable humans to exercise their creative freedom to their limits.




A Minimum Moral/Political Message?


Information philosophy has established that every human being is uniquely capable of creating new information. This includes the abstract ideas that are the Sum of human knowledge. It also includes the creation of concrete information structures which add to the stock of material wealth, although material objects are subject to the laws of economic scarcity. From this, we can formulate our basic insight into human freedom and creativity, 


Our Thoughts Are Free, 
Our Actions Are Willed,
Self-Determined,
 
Limited Only by Our  
Creative Control Over Matter and Energy


Everything we know and much of the material value that we enjoy today is the product of past and present creative human beings. It is therefore of vital interest, a core value, for human society to protect that free creative power for everyone.   


Deriving ought from is, we can say that human beings should have the right to exercise their ergodic freedom to create new ideas to the maximum of their individual potential.


This right requires a minimum standard of well-being and education, and a minimum of constraints on self-expression so society can hear those new ideas.  


The right to exercise this creative freedom comes with a responsibility, an obligation to protect that freedom and opportunity for others, and to see that the fruits of that creativity are distributed as fairly as possible to all humanity, while preserving adequate property rights for the creator.


This is a kind of freedom that some philosophers have only dreamt of. Sadly, many more have denied this creative freedom as logically or physically impossible. We are finite beings, they say, compared to the infinite powers that they mistakenly imagine are in charge. Ironically, it is their limited finite minds that have created the idea of such infinite powers. 


The fact is that human beings are the universe's highest form of pure information creator, a natural outgrowth of the universe's cosmic creative process. Humans are inferior to the cosmic process in its power over useful matter and energy. That is the providential gift of incoming negative entropy or Ergo. But humans are superior to it as the creators of ideas. Our ideas are immaterial and potentially immortal if added to the Sum of human knowledge. 


Those additions ensure that the lives of our descendants can always be richer and fuller than those of our ancestors, both materially and spiritually. As Einstein knew, it is our "free creation of ideas" that let us comprehend the almost incomprehensible power of the universe.  



An Information-based Social Contract?


With reference to past declarations of human rights, the discovery of a universal and objective standard of value by information philosophy suggests the following elements of a universal social contract, to be accepted by individuals reaching the age of consent, in order to have full participation in the society. 

As a person coming of age in human society, I freely consent to the following limits on my natural free agency, in order to preserve a more perfect society.


	
As I seek maximum freedom and opportunity for myself, I will protect equal freedom and opportunity for all other human beings.

	
As I am free to think whatever thoughts come to my mind, my self-determined actions will be responsible, limited by the equal rights of others. 

	
As I seek to gain my maximum allowable share of economic wealth and personal well-being, I will do my best to help others earn their own maximal shares.

	
As I seek to acquire the knowledge that will ensure my own future well-being, I will help disseminate that knowledge to the world, insofar as knowledge is our common human creation and inheritance from our ancestors, made possible by the cosmic creation process that radiates negative entropy on all people equally.

	
I will do nothing to others, nor advocate such things, that I do not expect would be done to me in similar circumstances, according to the laws of society. Liberty consists of doing anything which does not harm others. 

	
I respect the limited protection of an individual's right to their created intellectual and material property, but eventually some ideas become common properties and these include the laws that govern our social behaviors. Laws can forbid only actions harmful to society. Anything which is not forbidden by law cannot be impeded.

	
All persons can contribute personally or through representatives to the formation of the laws. Laws must be the same for all, either as they protect, or as they punish.

	
All persons, being equal in the eyes of the law, are equally admissible to all public places and employments, according to their capacity and without distinction other than that of their virtues and of their talents.

	
Since the laws are our common property, I will not use my financial or political power to change those laws in order to advance my own personal cause, or that of my family, my business, my community, not even my nation. My power to change the laws I will limit to my powers of persuasion and my power through the ballot box to approve legislation.

	
I will respect the right of others to hold and to express their conflicting beliefs. But I will not impose my beliefs on others, for example, by insisting they be encoded as laws of society, and I will not allow others to impose their own beliefs on me, other than by their powers of public persuasion.

	
My right to think freely and to determine my own actions means that I take responsibility for them, and will accept punishment for my illegal acts which harm others.

	
No one can be punished except under a law approved by the legislature, with information about the law published before the fact of any particular offending action.

	
Punishment may include incarceration to prevent further physical harm to others. Government has a monopoly on the use of force to arrest illegal behavior, because it is necessary for the common good. But that force must be only that necessary and must minimize harm to the offending person.

	
A person is presumed innocent until proven guilty, but if arrested for cause, does not have the right to resist arrest by authorities. Resistance is itself illegal. However, if the arrest is found to have been unjustifiable, a person is deserving of appropriate compensation for the harm, the loss of abstract freedom, and possibly loss of concrete material value such as wages.

	
No one should face arrest for an act that does no physical harm or dangerously threaten such harm to others. No law should prevent behavior simply because others find that behavior objectionable.

	
No form of speech expressing unpopular opinions, however harmful to the feelings of others, shall be cause for arrest.
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The Ergo

Celebrating René Descartes, the first modern philosopher, and his famous phrase Ego cogito, ergo sum, we call our model for an objective value, independent of humanity, the Ergo. 

Our model for human knowledge we call the Sum. Our two-stage model for free will we call the Cogito. And our model for the mind we call the Ego.


Energy with Negative Entropy is perhaps the most positive thing in the universe, so we decided it needed a positive name. 


We took the international unit of energy, the erg (derived from the Greek word for work, ergon), and added a zero to it, inspired by the fundamental energy state E0 and the thermodynamic "free energy," often designated G0, for  J. Willard Gibbs. G0 is the free energy at constant temperature and pressure, suitable for calculations in the Earth's environment.  


Gibbs free energy is proportional to a system's thermodynamic information (negative entropy).



  G
  =
  U
  +
  P
  V
  −
  T
  S
,



where U is the internal heat content, PV is the work, T is the temperature, and S is the entropy. 


Erg0 led us to a play on words with Descartes' Ergo,Cogito, and Sum, .

 
In retrospect, coining neologisms like Ergo was unfortunate, the work of an amateur writer trying to appear profound. Gibbs free energy was already a positive term. Though not negative entropy so not information, it is proportional to negative entropy. 



But the powerful adjective Ergodic puts us squarely in conflict with an existing term in statistical physics. We feel it's not the first time that a word takes on an entirely new meaning in a closely related field. See our justification (again amateurish, in retrospect).



In information philosophy and physics, ergodic processes are those that resist the terrible and universal Second Law of Thermodynamics, which commands the increase of chaos and entropy (disorder). Ergodic processes createinformation structures.

Without violating that inviolable second law overall, ergodic processes reduce the entropy locally, bringing pockets of cosmos and negative entropy (order and information-rich structures). 


We call all this cosmic order the Ergo. It is the ultimate sine qua non.


We can also call the more common natural processes that increase the entropy entropic.


The theomorphic variation Ergod looked to be useful philosophically, if not theologically. 

Norbert Wiener famously viewed entropy as "the devil incarnate."


We sympathize with Wiener and see ergodic and entropic processes as a universal objective basis for Good and Evil.
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Free Energy

Free Energy is a thermodynamic potential defined in terms of classic thermodynamic variables temperature, pressure, density, internal energy, and entropy, by Herman von Helmholtz and 
J. Willard Gibbs.


The Free Energy Principle is a mathematical concept defined by Karl Friston. It has nothing to do with thermodynamics.
  

Helmholtz Free Energy

The Helmholtz free energy is a thermodynamic potential that measures the useful work obtainable from a closed thermodynamic system at a constant temperature (isothermal). The change in the Helmholtz energy during a process is equal to the maximum amount of work that the system can perform in a thermodynamic process in which temperature is held constant. At constant temperature, the Helmholtz free energy is minimized at equilibrium.

The Helmholtz free energy is defined as


A ≡ U - TS,


where

	
U is the internal energy of the system (SI: joules, CGS: ergs),

	
T is the absolute temperature (kelvins) of the surroundings, modelled as a heat bath,

	
S is the entropy of the system (SI: joules per kelvin, CGS: ergs per kelvin).



Gibbs Free Energy

The Gibbs energy is the thermodynamic potential  that is minimized when a system reaches chemical equilibrium at constant temperature  (isothermal) and pressure  (isobaric).
In thermodynamics, the Gibbs free energy is a thermodynamic potential that can be used to calculate the maximum amount of work, other than pressure–volume work, that may be performed by a thermodynamically closed system at constant temperature and pressure.  

The Gibbs free energy is defined as


G(p,T) ≡ U + pV - TS = H + pV}

 
where

	
p is the pressure of the system),

	
V is the volume of the system,

	
H is the Helmholtz free energy.



Friston  Free Energy Principle
Karl Friston describes his "free energy principle" as a mathematical principle of information physics. Its application to fMRI brain imaging data as a theoretical framework suggests that the brain reduces surprise or uncertainty by making predictions based on internal models and uses sensory input to update its models (Bayesian inference) so as to improve the accuracy of its predictions




Source: https://www.informationphilosopher.com/value/free_energy/
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The Problem of Value

Does "Goodness" exist? We find this a much more tractable problem than whether God exists. And identifying objective goodness or value will uncover the nature of some things often attributed to a God.

The Existentialists thought good did not exist, that values were "absurd." Most religions place the origin of the good in a supernatural Being. Humanists felt that good was a human invention. "Man is the measure of all things." and "Nothing either good or bad, but thinking makes it so."



Modern bioethicists situate value in all life. Environmentalists have a slightly broader view. the biosphere, embracing all our planetary resources.


A variety of ancient religions looked to the Sun as the source of all life and thus good. If not the Sun itself, they anthropomorphized the "bright sky" as God. Dark and the night were stigmatized forever as evil and "fallen."


Philosophers have ever longed to discover a cosmic good. Their ideal source of the good was remote as possible from the Earth in space and in time.  Some wanted it outside space and time.


For Plato a timeless Good was found in Being itself. For his student Aristotle, Good was a property of the first principles that set the world in motion. For Kant it needed a transcendental God in a noumenal realm outside space, time, and the phenomena.


Can we discover a cosmic good? At least identify the source of anything resembling the Good? Yes, we can.


Does it resemble the Good anthropomorphized as a God personally concerned about our individual good, a God intervening in the world to respond to prayer? No, it does not. 

It is more like the Divine Providence of the Stoics, Spinoza, and Einstein.


Our source of goodness has one outstanding characteristic of such a God. We can accurately say it is Providence, in the sense of that which has provided for our existence. We have discovered that which provides. It provides the light, it provides life, it provides intelligence.


Again celebrating the first modern philosopher, René Descartes, we name our model for value and Goodness the Ergo. 


We call "ergodic" those few processes that resist the terrible and universal Second Law of Thermodynamics, which describes the increase of chaos and entropy (disorder). Without violating the Second Law, ergodic processes reduce the entropy locally, producing pockets of negative entropy (order and information-rich structures). We will see that ergodic processes radiate away (or dissipate) positive entropy, far more than the local reduction in entropy, thus satisfying the Second Law.


We call all this cosmic order the Ergo. It is the ultimate sine qua non. All else is chaos. 


For those who want to anthropomorphize on the slender thread of discovering the natural Providence, they might call it the Ergod. No God can be God without being Ergodic.



Ought from Is?


You Can't Get Ought from Is. Descriptions cannot lead to prescriptions. Science can have no bearing on ethics. Man is the measure of all things. Nothing is either good or bad, but thinking makes it so. All these truisms get us nowhere without an objective standard of value. We propose to value information, negative entropy, free energy.
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The History of Value

Does "Goodness" exist? We find this a much more tractable problem than whether God exists. And identifying goodness will discover something often attributed to a God.


The Existentialists thought good did not exist . Most religions place its origin in a supernatural Being. Humanists felt it a human invention. Modern bioethicists situate value in all life. A variety of ancient religions looked to the sun as the source of all life and thus good. If not the sun itself, they anthropomorphized the "bright sky" as God. Dark and the night were stigmatized forever as evil and "fallen."




Core Concepts


The Ergo
Ergod
Ergodic


Philosophers have ever longed to discover a cosmic good. Their ideal source of the good was remote as possible from the Earth in space and in time.  For Plato a timeless Good was found in Being itself. For his student Aristotle, Good was a property of the first principles that set the world in motion. For Kant it needed a transcendental God in a noumenal realm outside space, time, and the phenomena.


Can we discover a cosmic good? At least identify the source of anything resembling the Good? Yes, we can. 


Does it resemble the Good anthropomorphized as a God personally concerned about our individual goods? No, it does not. 


But our source of goodness has one outstanding characteristic of such a God. We can say it is Providence, that which has provided for our existence. We have discovered that which provides. It provides the light, it provides life, it provides intelligence.


Again celebrating the first modern philosopher, René Descartes, we name our model for value and Goodness the Ergo. 


We call "ergodic" those few processes that resist the terrible and universal Second Law of Thermodynamics, which describes the increase of chaos and entropy (disorder). Without violating the Second Law, ergodic processes reduce the entropy locally, producing pockets of negative entropy (order and information-rich structures). We will see that ergodic processes radiate away positive entropy, far more than the local reduction, thus satisfying the Second Law.


We call all this cosmic order the Ergo. It is the ultimate sine qua non. All else is chaos. 


For those who want to anthropomorphize on the slender thread of discovering the natural Providence, they might call it the Ergod. No God can be God without being Ergodic.


For Scholars





Source: https://www.informationphilosopher.com/value/history/
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The Good

The Idea of the Good began with Plato, the philosopher who first defined the notion of abstract Ideas in his Theory of Forms. At the end of Book VI of the Republic (509D-513E), Plato describes what he called a "divided line," at the top of which is the "Form of the Good."

	Intelligible World 	Theories (noesis)Hypotheses (dianoia) 
	World of Ideas, Concepts
                
e.g., God, the Good	Immaterial Information
	Visible World	Techniques (pistis)Stories (eikasia)
	World of Things, Objects
                
e.g., Information Structures	Physical Matter


Plato describes the visible world of perceived physical objects and the images we make of them (in our drawings, for example). The Sun, he said, not only provides the visibility of the objects, but also generates them and is the source of their growth and nurture. Many primitive religions identify the sun with God, for good reason.


Later philosophers (esp. Immanuel Kant) called Plato's visible world the phenomenal world.


Above and beyond Plato's visible world  lies an intelligible world that Kant called noumenal after the Greek nous (νοῦς). Plato described the intelligible world as (metaphorically) illuminated by "the Good" (τον ἀγαθὸν), just as the visible world is illuminated by the Sun.


Plato's Line is also a division between Body and Mind. He says (510E) the upper half of the divided line is Illuminated by "the Good" and is seen by the Greek nous (νοῦς), by the Mind rather than by the Eye. Nous is the origin of Teilhard de Chardin's concept of a noösphere.


The division of Plato's Line between Visible and Intelligible is then a divide between the Material and the Ideal, the foundation of most Dualisms. Plato may have coined the word "idea" (ἰδέα), using it somewhat interchangeably with the Greek word for shape or form (εἶδος). The word idea derives from past participle in Greek "to have seen." 


In many ways, Plato's theory of immaterial forms existing outside space and time and providing the shape of material things is consonant with information philosophy's focus on immaterial information as the basis for thought, for mind, for knowledge, and for the abstractable elements of information structures in the real world. 


Plato's distinction between Form and Matter stands at the beginning of the great dualism between Idealism and Materialism.


Information philosophy is a return to a kind of Idealism. It situates the Good in the Platonic realm of Ideas, which we now recognize as immaterial information. And it shows how immaterial ideas can have causal force in the world of matter and energy, solving the Mind-Body problem, among others. 


Now the Good in an information structure such as a material thing, a living thing, or a complex system, can in principle be calculated as the quantitative amount of negative entropy (or free energy) that it contains. Perhaps it is equally easy to see the Bad in something by measuring its destructive force. Think of the evil in a thermonuclear weapon, whose design was to destroy a city and its population. 


But it is plain that no single monotonic value can decide between the goodness of two things, since values are deeply context dependent. Indeed, Kenneth Arrow's theorem in economics shows that values are not strictly transitive. A can be preferred to B, B preferred to C, and yet C can be preferred to A.


Nevertheless, however imperfect it may be, information, or more generally negative entropy, provides an objective, human-independent, starting point for comparisons, without which all preferences are hopelessly subjective and relative to the individual or to the society. This is as it should be. Facts of the matter are questions for science. What should be or ought to be are cultural question for society or individual persons. 

Free will is a scientific question. Moral responsibility is a cultural and conventional question for society. Nevertheless, those answering the conventional questions of right and wrong can consult the informational and entropic implications of different choices.


Consider utilitarianism, which hopes to achieve the "greatest good for the greatest number." The measure of utility in something correlates strongly with the amount of free or available energy (negative entropy) in that thing. 



Evil


It is a sad but necessary observation to note that our definition of Evil as the creation of Entropy or Disorder - essentially the destruction of Information or Negative Entropy - may mean that the greater of dualistic forces at work in the universe is not the Cosmos but the Chaos.

The unavoidable Second Law of Thermodynamics, the Entropy Law, has been confirmed in the kinetic theory of gases by Ludwig Boltzmann with his H-Theorem, and in statistical mechanics and quantum mechanics by Albert Einstein with his analysis of fluctuations in the entropy.


As the universe evolves, the increase in the total entropy, the disorder and chaos, is unstoppable. Fortunately, there are important places where the entropy is reduced locally, leaving behind information structures, pockets of negative entropy or cosmos.


    The established fact of increasing entropy led many scientists and philosophers to assume that the universe we have is "running down" to a "heat death." They think that means the universe began in a very high state of information, since the second law requires that any organization or order is susceptible to decay. The information that remains today, in their view, has always been here.  There is "nothing new under the sun."  


    But the universe is not a closed system. It is in a dynamic state of expansion that is moving away from thermodynamic equilibrium faster than entropic processes can keep up. The maximum possible entropy is increasing much faster than the actual increase in entropy. The difference between the maximum possible entropy and the actual entropy is potential information. 

[image: image-placeholder]

    Creation of information structures means that in parts of the universe the local entropy is actually going down. Our Sun-Earth system is one such place. All life depends on the flow of negative entropy from Sun to Earth. Creation of a low entropy system (the Good) is always accompanied by radiation of entropy (the Bad) away from the local structures to distant parts of the universe, into the night sky for example and away through our transparent universe to the most distant cosmic microwave background.  





Source: https://www.informationphilosopher.com/value/good/
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At the beginnings of philosophy, Plato defined the Good as a Form, as an Idea. He said the Good is not something "visible," something that can be seen by the Eye. 

For Plato, the Good is seen by the Mind, by what he called nous (νοῦς). God, the imagined source of the Good, is also an Idea, something intelligible to the Mind, not visible to the Eye.


In modern religions, such transcendent, incorporeal entities are said to be spiritual, concerns of the immaterial soul. Many believers look for meaning or purpose in their lives in that spiritual realm that is thought to be spatially above and temporally before the physical world. 


They are understandably inspired to feel a reverence, a thankfulness, toward this providence, this gift of Life. We suggest this reverence should be simply directed toward Life Itself. 


Information philosophy has identified the process that produces cosmic Order out of Chaos as the source of a material Good that is in turn the source of Life in our terrestrial Biosphere. 

Erwin Schrödinger told us that Life "feeds on negative entropy" from the Sun, but he did not know how such a star could form. We can trace the Sun's generation of free energy to that one cosmic process. 


Our Cosmic Creation Process proceeds by two distinct stages or steps.


The first stage is the random creation of alternative possibilities. 


The second is the adequately determinedselection of one possibilitiy to become actual.



These two stages or steps explain 


1) The Emergence of Order out of Chaos,  


2) Charles Darwin's theory of Variation and Natural Selection, 


3) Freedom of the Human Will, and 


4) Claude Shannon's theory of the communication of information. 


The universe began 13.7 billion years ago in a state of thermal equilibrium (chaos) at an extremely high temperature and density and with maximum entropy or disorder.


The second law of thermodynamics says that the entropy of a closed system can only increase (the Arrow of Time). 


Following a suggestion by the English scientist Arthur Stanley Eddington, Harvard cosmologist David Layzer explained how both global positive entropy and local pockets of negative entropy could be increasing at the same time. The cause? - the expansion of the universe!


In his 1990 book Cosmogenesis: The Growth of Order in the universe, Layzer argued that the increase of actual entropy was slower than the growth of maximum possible entropy, providing room for the growth of negative entropy, free energy. and material information structures.

[image: image-placeholder]


What about Values, Meaning, Purpose, 
about Agency, Mind, and Consciousness?

 
Although before life was created, there were no "agents" with "purposes" or "goals" and no "conscious minds," there was objective value in the universe before the existence of life! 

It was the creation for nine billion years of negative entropy and free energy, most critically their flow from the Sun to the Earth (as Schrödinger told us) which would eventually support the evolution and development of life in our biosphere, our true "home in the universe."


And for most of those billion years there were meaningful information structures, from atoms and molecules to planets, stars, and galaxies. There were just no living beings in the abiotic universe to observe them, to learn and know about them, and to appreciate their meaning.





What about the Evolution and Development of the Universe

by Universal Darwinism and Cosmological Natural Selection? 


That is to say, Lee Smolin's theory that black holes are giving birth to multiple baby universes.

In Smolin's theory a collapsing black hole causes the emergence of a new universe on the "other side", whose fundamental constant parameters (masses of elementary particles, Planck constant, elementary charge, and so forth) may differ slightly from those of the universe where the black hole collapsed. Each universe thus gives rise to as many new universes as it has black holes. The theory contains the evolutionary ideas of "variation" and "natural selection" of universes, and so is formally analogous to models of population biology.


Smolin's theory is based on the "many worlds" of Hugh Everett and the "multiverse" of Max Tegmark, so we can say that such universes can never be observed and never studied by scientists on Earth in this universe. Such hypothetical universes are the largest violation of the conservation laws for matter and energy and prima facie are science fiction, not science.   


Source: https://www.informationphilosopher.com/value/origin/
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Evil (Theodicy)


David Hume states the problem (a problem only for monotheists) plainly: 


"The ultimate author of all our volitions is the creator of 
the world, who first bestowed motion on this immense machine, and placed all beings in that particular position, 
whence every subsequent event, by an inevitable necessity, 
must result. Human actions therefore either can have no 
turpitude at all, as proceeding from so good a cause; or, if 
they have any turpitude, they must involve our creator in 
the same guilt, while he is acknowledged to be their ultimate cause and author. For a man, who fired a mine, is 
answerable for all the consequences, whether the train employed be long or short; so wherever a continued chain of 
necessary causes is fixed, that being, either finite or infinite, 
who produces the first, is likewise the author of all the rest." 


The problem of evil is only a problem for monotheists who see God as omnipotent. "If God is Good, He is not God. If God is God, He is not Good." (J.B., by Archibald MacLeish). The information philosophy solution to the problem if evil is a dualist world with both entropic destruction and ergodic (free energy) creation. If ergodic information is an objective good, then entropic destruction of information is "the devil incarnate," as Norbert Wiener put it.


The ergodic creation of information is not responsible for its entropic destruction.


For Scholars
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The Ergod

There is absolutely nothing supernatural about the cosmic creation process, but it is the source of support for human life. Many theologically-minded thinkers have long assumed that life and mind were  given to humanity by a divine providence. 

The main product of the cosmic creation process is all the negative entropy in the universe. While thermodynamics calls it "negative," information philosophy sees it as the ultimate positive and deserving of a better name. So we call it the Ergo, which etymologically suggests a fundamental kind of energy ("erg" zero), e.g., the "Gibbs free energy," 
  
    G
    
      0
    
  
, that is available to do work (and do good!) because it has low entropy. 


We co-opted the technical term "ergodic" from statistical mechanics as a replacement for anti-entropic, and because it contains "ergod." 


Entropy was coined in 1865 by the Rudolf Clausius, from the Greek words έν-, "in", and τροπη, "a trope or turning", in analogy with energy. Energy came from ancient Greek ἐνέργεια (enérgeia, “action, act, work”), itself from έργον (ergon: "work").  Ludwig Boltzmann coined the term "ergodic" (the path followed by energy)  from the ancient Greek words έργον (ergon: "work") and οδός (hodos: "path" or "way"). 


In statistical mechanics, Boltzmann's idea of ergodicity amounts to the assumption that particles explore in time all the possible paths in phase space (the product of ordinary coordinate space and momentum space) as uniformly as possible. Each location has an equal possibility of being occupied as any other, although the likelihood of the higher energy momentum states is reduced by the “Boltzmann principle” that the probability of states with energy E is reduced by the exponential “Boltzmann factor,” f(E) ~ e-E/kT. This corresponds in quantum mechanics to the equal probability for all the smallest possible volumes or "microstates" allowed according to the Heisenberg uncertainty principle, h3 = (Δp Δx)3.


We must admit the name Ergo was chosen in the early days of information philosophy (1960's), when we called it "ergodic philosophy." Our two major problems then were freedom and values, the interdependent pair, each diminished without the other. We had studied western analytic language philosophy and continental existentialism and found them both wanting. We prepared a chiasmos figure of speech that captured the dilemma.

Freedom without values is absurd (as continental existentialists like Jean-Paul Sartre thought). Values without freedom are worthless (as British utilitarians and later positivists thought).


We think that the first modern philosopher, René Descartes, was right when he made the mind immaterial and the locus of freedom. If there is any freedom for humans, it is especially freedom of thought, although this freedom has to be exercised very cautiously in religious societies where "unbelievers" may be killed for their ideas.


So we named our two-stage model for free will the Cogito. And we named our postulate that negative entropy might be considered a basis for objective values the Ergo. 


We wondered for many years what significance we might find in the third term in our triad, the Sum, but it worked out wonderfully as the abstract and immaterial subset of the Ergo that is the sum of human knowledge.



An anthropomorphization (or theomorphization) of the process that creates all the energy with low entropy that we call Ergo has a number of beneficial consequences. Most all human cultures look for the source of their existence in something "higher" than their mundane existence. This intuition of a cosmic force, a providence that deserves reverence, is validated in part by the discovery of what we can provocatively call "Ergod," as the ultimate source of life. 

Such an Ergod has the power to resist the terrible and universal Second Law of Thermodynamics, which commands the increase of chaos and entropy (disorder). The great mathematician and inventor of Cybernetics, Norbert Wiener, saw Entropy as the Devil incarnate, a most apt theological metaphor. 


Without violating that inviolable Second Law overall, the Ergod reduces the entropy locally, creating pockets of cosmos and negative entropy (order and information-rich structures). All human life, and any possible extraterrestrial life, lives in one of these pockets.


Note that the opposition of Ergod and Entropy, of Ergodic processes and Entropic processes, coincides with the ancient Zarathustrian image of a battle between the forces of light (Ahura Mazda) and darkness (Angra Manyu), of good and evil, of heaven and hell. Many religions have variations on this dualist theme, and the three major Western religions all share the same Biblical source, probably incorporated into Judaism during the Babylonian exile.


The Ergod is "present" and we can say enthusiastically is "in us." The Ergod's work is to create new information, so when we create and share information we are doing the Ergod's work.


[image: image-placeholder]

Finally, note that as the primary and primeval creator of information, the Ergod's realm straddles our three worlds, the material, the biological, and the ideal worlds. Neither matter nor energy, information is the modern spirit, the soul, the ghost in the machine. 



Caveat emptor. Theomorphisms are dangerous and the source of many evils in the world. Pretenders claim they have special access to a god and exploit those seeking the "truth" and deep "beliefs," by promising deliverance of unrealizable goods. 

An "afterlife" is perhaps the most deceitful and historically the most successful marketing scheme of all time. It costs nothing to produce and no customer will ever claim to be unsatisfied. Despite the absurd and conflicting claims of different "brands," its diverse promoters have amassed untold power over the people, both financial and political.


For Scholars
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Belief

Belief is traditionally the basis for knowledge, specifically knowledge is justified true belief. 

For Scholars





Source: https://www.informationphilosopher.com/knowledge/induction.html
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Causality

Belief in Causality is deeply held by many philosophers and scientists. Many say it is the basis for all thought and knowledge of the external world.
Causal closure is the idea that everything that happens in the world is caused by physical objects in the world.


The core idea of causality is closely related to the idea of determinism. But we can have causality without determinism. And we will see that the departure from strict causality needed to negate determinism is very slight compared to the miraculous ideas associated with the "causa sui" (self-caused cause) of the ancients, which some found unintelligible.



Despite David Hume's critical attack on the necessity of causes, which should have made us all skeptics about the logical necessity for causality, many philosophers embrace it strongly. Some even identify causality with the very possibility of logic and reason.


Bertrand Russell said "The law of causation, according to which later events can theoretically be predicted by means of earlier events, has often been held to be a priori, a necessity of thought, a category without which science would not be possible." (Russell, External World p.179)  


The core idea of indeterminism is closely related to the idea of causality. Indeterminism for some is simply an event without a cause. But we can have an adequate causality without strict determinism, which otherwise implies complete predictability of events and only one possible future. 


An example of an event that is not strictly caused is one that depends on chance, like the flip of a coin. If the outcome is only probable, not certain, then the event can be said to have been caused by the coin flip, but the head or tails result itself was not predictable. So this causality, which recognizes prior events as causes, is undetermined and the result of chance alone. 


uncaused events start new causal chains


We call this "soft" causality. Events are caused by prior (uncaused) events, but not completely determined by prior events in the causal chain back to a primal first cause. That Aristotelian chain has been broken by the uncaused cause. Uncaused events start new causal chains.


Determinism is critical for the question of free will. Strict determinism implies just one possible future. Chance means that the future is unpredictable. Chance allows alternative futures and the question becomes how the one actual present is realized from these potential alternatives. 


Even in a world that contains quantum uncertainty, macroscopic objects are determined to an extraordinary degree. Newton's laws of motion are deterministic enough to send men to the moon and back. Our Cogito model of the Macro Mind is large enough to ignore quantum uncertainty for the purpose of the reasoning will. The neural system is robust enough to insure that mental decisions are reliably transmitted to our limbs. 


we can have causality without determinism


We call this determinism, limited as it is in extremely small structures, "adequate determinism."  The world is adequately determined to send men to the moon. The presence of quantum uncertainty leads philosophers to call the world "indetermined." But indeterminism is seriously misleading when most events are overwhelmingly "adequately determined."


There is no problem imagining that the three traditional mental faculties of reason - perception, conception, and comprehension - are all carried on deterministically in a physical brain where quantum events do not interfere with normal operations.


There is also no problem imagining a role for randomness in the brain in the form of quantum level noise.  Noise can introduce random errors into stored memories. Noise could create random associations of ideas during memory recall. This randomness may be driven by microscopic fluctuations that are amplified to the macroscopic level. 


Our Macro Mind needs the Micro Mind for the free action items and thoughts in an Agenda of alternative possibilities to be de-liberated by the will. The random Micro Mind is the "free" in free will and the source of human creativity. The adequately determined Macro Mind is the "will" in free will that de-liberates, choosing actions for which we can be morally responsible. 


Causality must be disambiguated from its close relatives certainty, determinism, necessity, and predictability.


For Scholars

          "We must admit that the mind of each one of our greatest geniuses — Aristotle, Kant or Leonardo, Goethe or Beethoven, Dante or Shakespeare — even at the moment of its highest flights of thought or in the most profound inner workings of the soul, was subject to the causal fiat and was a instrument in the hands of an almighty law which governs the world." Max Planck, Where Is Science Going, p.156.


     [In Existentialism, the will condemns all the unchosen alternatives to nothingness as it grants being to the one chosen.]  
     





Source: https://www.informationphilosopher.com/knowledge/causality.html
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Certainty

Certainty is a powerful idea that has mesmerized philosophers, and especially religious leaders, throughout the ages. Belief in absolute and certain truth has all too often justified the most inhumane behavior toward those not sharing that truth and that belief. 


Perfect certainty is one of the dogmas of determinism.


The search for philosophical certainty began with Socrates and Plato. They found that denying some ideas led to logical or mathematical contradictions. Socrates, the first logician, argued that some knowledge followed from the nature of argument itself. He invented the syllogism, literally "with logic or argument." 


Plato found geometry, an axiomatic system, to be the perfect model for certain knowledge. Once the axioms and the method of geometric deductions are accepted, knowledge can be demonstrated or proved - Q.E.D.

Aristotle advanced logic to a state that lasted over two thousand years, well into the nineteenth century, when Frege, Peirce, Russell, Gödel, and others found tiny cracks in Aristotle's system of logic. Yet even as he built this great tool of formal reasoning, Aristotle and his students were well aware of its limitations to the realm of ideas.


Contingent facts about the world had no certainty or necessity. Aristotle saw them as involving "accidents." It is logically necessary that if A is B, and if all B are C, then A is also C. It is geometrically necessary that the sum of the angles in a plane triangle equals two right angles. 


But it is not necessary that the sky is blue or that the sun will rise tomorrow.  Aristotle still felt these things were "caused," but that's another story. That's  causality.


Ancient skeptics briefly denied that absolute certain knowledge was possible, but caught themselves when they realized this statement itself seemed too absolute. Thus began a descent into relativism that continues to this day.


Certainty must be disambiguated from its close relatives causality, determinism, necessity, and predictability.


For Scholars

     [In Existentialism, the will condemns all the unchosen alternatives to nothingness as it grants being to the one chosen.]  
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Chance

Chance is often defined as the opposite of Necessity. 


Leucippus (440 B.C.E.) stated the first dogma of determinism, an absolute necessity.

     Nothing occurs by chance (maton), but there is a reason (logos) and necessity (ananke) for everything.



Chance is regarded as inconsistent with causal determinism and with physical or mechanical determinism.


The first thinker to suggest a physical explanation for chance in the universe was Epicurus. Influenced strongly by Aristotle, who regarded chance as a fifth cause, Epicurus said that the determined path of atoms in the universe must occasionally "swerve" to prevent the universe and ourselves from being completely determined.


Despite abundant evidence, many philosophers deny that real chance exists. If a single event is determined by chance, then indeterminism would be true, they say, and undermine the very possibility of certain knowledge. Some go to the extreme of saying that chance makes the state of the world totally independent of any earlier states, which is nonsense, but it shows how anxious they are about chance.


The Stoic Chrysippus (200 B.C.E.) said that a single uncaused cause could destroy the universe (cosmos), a concern shared by some modern philosophers, for whom reason itself would fail.

     Everything that happens is followed by something else which depends on it by causal necessity. Likewise, everything that happens is preceded by something with which it is causally connected. For nothing exists or has come into being in the cosmos without a cause. The universe will be disrupted and disintegrate into pieces and cease to be a unity functioning as a single system, if any uncaused movement is introduced into it.



The core idea of chance and indeterminism is closely related to the idea of causality. Indeterminism for some is simply an event without a cause, an uncaused cause or causa sui that starts a new causal chain. If we admit some uncaused causes, we can have an adequate causality without the physical necessity of strict determinism - which implies complete predictability of events and only one possible future. 


An example of an event that is not strictly caused is one that depends on chance, like the flip of a coin. If the outcome is only probable, not certain, then the event can be said to have been caused by the coin flip, but the head or tails result itself was not predictable. So this "soft" causality, which recognizes prior uncaused events as causes, is undetermined and the result of chance alone. 


Even mathematical theorists of games of chance found ways to argue that the chance they described was somehow necessary and chance outcomes were actually determined. The greatest of these, Pierre-Simon Laplace, preferred to call his theory the "calculus of probabilities." With its connotation of approbation, probability was a more respectable term than chance, with its associations of gambling and lawlessness. For Laplace, the random outcomes were not predictable only because we lack the detailed information to predict. As did the ancient Stoics, Laplace explained the appearance of chance as the result of human ignorance. 


Laplace and other mathematicians in the eighteenth century had discovered the normal distribution (the bell curve) of outcomes for ideal random processes, like the throw of dice. Perfectly random processes produce a regular distribution pattern for many trials (the law of large numbers). Inexplicably, the discovery of these regularities in various social phenomena led them to conclude that the phenomena were determined, not random. They simply denied chance in the world. 


Chance is closely related to the ideas of uncertainty and indeterminacy. Uncertainty today is best known from Werner Heisenberg's principle in quantum mechanics. It states that the exact position and momentum of an atomic particle can only be known within certain (sic) limits. The product of the position error and the momentum error is equal to a multiple of Planck's constant of action. This irreducible randomness in physical processes established the existence of chance and indeterminism in the world.


But real chance and uncertainty had already entered physics fifty years earlier than Heisenberg, when Ludwig Boltzmann showed in 1877 that random collisions between atomic particles in a gas could explain the increase in entropy that is the Second Law of Thermodynamics. 


In 1866, when Boltzmann first derived Maxwell's velocity distribution of gas particles, he did it assuming that the physical motion of each particle (or atom) was determined exactly by Newton's laws. In 1872, when he showed how his kinetic theory of gases could explain the increase in entropy, he again used strictly deterministic physics. But Boltzmann's former teacher Josef Loschmidt objected to his derivation of the second law. Loschmidt said that if time was reversed, the deterministic laws of classical mechanics require that the entropy would go down, not up.  


So in 1877 Boltzmann reformulated his derivation, assuming that each collision of gas particles was not determined, but random. He assumed that the directions and velocities of particles after a collision depended on chance, as long as energy and momentum were conserved. He could then argue that the particles would be located randomly in "phase space" based on the statistical assumption that individual cells of phase space were equally probable. His H-Theorem produced a quantity which would go only up, independent of the time direction. Laws of nature became statistical. Max Born put statistical mechanics on a firm quantum mechanical basis in 1926, when he showed that Schrödinger's deterministic equation for the wave function predicts only probabilities for directions after an electron collision.  


Boltzmann's student Franz S. Exner defended the idea of absolute chance and indeterminism as a hypothesis that could not be ruled out on the basis of observational evidence. Exner did this in his 1908 inaugural lecture at Vienna University as rector (two years after Boltzmann's death), and ten years later in a book written during World War I. But Exner's view was not the standard view. Ever since the eighteenth-century development of the calculus of probabilities, scientists and philosophers assumed that probabilities and statistical phenomena, including social statistics, were completely determined. They thought that our inability to predict individual events was due simply to our ignorance of the details.  


In his 1922 inaugural address at the University of Zurich, What Is a Law of Nature?, Erwin Schrödinger said about his teacher,

     "It was the experimental physicist, Franz Exner, who for the first time, in 1919, launched a very acute philosophical criticism against the taken-for-granted manner in which the absolute determinism of molecular processes was accepted by everybody. He came to the conclusion that the assertion of determinism was certainly possible, yet by no means necessary, and when more closely examined not at all very probable.

     "Exner's assertion amounts to this: It is quite possible that Nature's laws are of thoroughly statistical character. The demand for an absolute law in the background of the statistical law — a demand which at the present day almost everybody considers imperative — goes beyond the reach of experience."




[Ironically, just four years later, after developing his continuous and deterministic wave theory of quantum mechanics, Schrödinger would himself "go beyond the reach of experience" searching for deterministic laws underlying the discontinuous, discrete, statistical and probabilistic indeterminism of the Bohr-Heisenberg school, to avoid the implications of absolute chance in quantum mechanics. Planck and Einstein too were repulsed by randomness and chance. "God does not play dice," was Einstein's famous remark.]


A major achievement of the Ages of Reason and Enlightenment was to banish absolute chance as unintelligible and atheistic. Newton's Laws provided a powerful example of deterministic laws governing the motions of everything. Surely Leucippus' and Democritus' original insights had been confirmed. 


In 1711 Abraham De Moivre wrote a book called The Doctrine of Chances. It was very popular among gamblers. He derived the mathematical form of the normal distribution of probabilities, but he denied the reality of chance. Because it implied events that God could not know, he labeled it atheistic.  
Chance, in atheistical writings or discourse, is a sound utterly insignificant: It imports no determination to any mode of existence; nor indeed to existence itself, more than to non existence; it can neither be defined nor understood.



As early as 1784, Immanuel Kant had argued that the regularities in social events from year to year showed that they must be determined. 

"Thus marriages, the consequent births and the deaths, since the free will seems to have such a great influence on them, do not seem to be subject to any law according to which one could calculate their number beforehand. Yet the annual (statistical) tables about them in the major countries show that they occur according to stable natural laws."



In the early 1800's Adolphe Quetelet and Henry Thomas Buckle argued that these regularities in social physics proved that individual acts like marriage and suicide were determined by natural law.


Franz Exner was not alone in defending chance before quantum uncertainty. In the nineteenth century in America, Charles Sanders Peirce coined the term "tychism" for his idea that absolute chance was the first step in three steps to "synechism" or continuity. Peirce was influenced by the social statisticians, Buckle and Quetelet, by French philosophers Charles Renouvier and Alfred Fouillee, who also argued for some absolute chance, by physicists James Clerk Maxwell and Ludwig Boltzmann, but most importantly by Kant and Hegel, who saw things arranged in the triads that Peirce so loved. 


Quetelet and Buckle thought they had established an absolute deterministic law behind all statistical laws. Buckle went so far as to claim it established the lack of free will. 


Renouvier and Fouillee introduced chance or indeterminism simply to contrast it with determinism, and to discover some way, usually a dialectical argument like that of Hegel, to reconcile the opposites. Renouvier argues for human freedom, but nowhere explains exactly how chance might contribute to that freedom, other than negating determinism. 


Maxwell used the normal distribution of Quetelet and Buckle's social physics as his model for the distribution of molecular velocities in a gas. Boltzmann too was impressed with the distribution of social statistics, and was initially convinced that individual particles obeyed strict and deterministic Newtonian laws of motion.


Peirce does not explain much with his Tychism. He did not propose it as directly providing free will. He never mentions the ancient criticisms that we cannot accept responsibility for chance decisions. He does not really care for chance as the origin of species, preferring a more deterministic and continuous lawful development, under the guidance of evolutionary love. But Peirce does say clearly, well before Exner, that the observational evidence simply does not establish determinism.


It remained for William James, Peirce's close friend, to assert that chance can provide random unpredictable alternatives from which the will can choose or determine one alternative. James was the first thinker to enunciate clearly a two-stage decision process, with chance in a present time of random alternatives, leading to a choice which selects one alternative and transforms an equivocal ambiguous future into an unalterable determined past. There are undetermined alternatives followed by adequately determined choices.

    "The stronghold of the determinist argument is the antipathy to the idea of chance...This notion of alternative possibility, this admission that any one of several things may come to pass is, after all, only a roundabout name for chance...

    What is meant by saying that my choice of which way to walk home after the lecture is ambiguous and matter of chance?...It means that both Divinity Avenue and Oxford Street are called but only one, and that one either one, shall be chosen." (James, The Dilemma of Determinism, in The Will to Believe, 1897, p.155) 




Chance is critically important for the question of free will because strict necessity implies just one possible future. Absolute chance means that the future is fundamentally unpredictable at the levels where chance is dominant. Chance allows alternative futures and the question becomes how the one actual present is realized from these potential alternative futures. 


The amount of chance and the departure from strict causality required for free will is very slight compared to the miraculous ideas often associated with the "causa sui" (self-caused cause) of the ancients. For medieval philosophers, only God could produce a causa sui, a miracle. Modern quantal randomness, unless amplified to the macroscopic world, is often insignificant, not a miracle at all.


Despite David Hume's critical attack on causality, many philosophers embrace causality strongly, including Hume himself in his other writings, where he dogmatically asserts "'tis impossible to admit of any medium betwixt chance and an absolute necessity." Since Chrysippus twenty-two centuries ago, philosophers still connect causality to the very possibility of logic and reason.


   Bertrand Russell said "The law of causation, according to which later events can theoretically be predicted by means of earlier events, has often been held to be a priori, a necessity of thought, a category without which science would not be possible." (Russell, External World p.179)  Although he felt some claims for causality might be excessive, Russell was unwilling to give up strict determinism, saying "Where determinism fails, science fails."(Determinism and Physics, p.18)


Henri Poincaré said "Every phenomenon, however trifling it be, 
has a cause, and a mind infinitely powerful and 
infinitely well-informed concerning the laws of nature 
could have foreseen it from the beginning of the ages. 
If a being with such a mind existed, we could play 
no game of chance with him ; we should always lose.
For him, in fact, the word chance would have no 
meaning, or rather there would be no such thing as
chance." 


We know that even in a world with microscopic chance, macroscopic objects are determined to an extraordinary degree. Newton's laws of motion are deterministic enough to send men to the moon and back. In our Cogito model, the Macro Mind is macroscopic enough to ignore quantum uncertainty for the purpose of the reasoning will. The neural system is robust enough to insure that mental decisions are reliably transmitted to our limbs. 


We call this kind of determinism "adequate determinism."  Despite quantum uncertainty, the world is adequately determined to send men to the moon. Quantum uncertainty leads some philosophers to fear an undetermined world of chance, one where Chrysippus' imagined collapse into chaos would occur and reason itself would fail us.  But the modest indeterminism required for free will is no chaotic irrational threat, since most physical and mental events are overwhelmingly "adequately determined."


There is no problem imagining that the three traditional mental faculties of reason - perception, conception, and comprehension - are all carried on with "adequate determinism" in a physical brain where quantum events and thermal noise do not interfere with normal operations.


There is also no problem imagining a role for chance in the brain in the form of quantum level noise (as well as pre-quantal thermal noise).  Noise can introduce random errors into stored memories. Noise could create random associations of ideas during memory recall. Many scientists have speculated that this randomness may be driven by microscopic fluctuations that are amplified to the macroscopic level. This would not happen in some specific location in the brain. It is most likely a general property of all neurons. 


We distinguish six increasingly sophisticated ideas about the role of chance and indeterminism in the question of free will. Many libertarians have accepted the first two. Determinist and compatibilist critics of free will make the third their central attack on chance, claiming that it denies moral responsibility.  But very few thinkers appear to have considered all six essential requirements for chance to contribute to libertarian free will.

	Chance exists in the universe. Quantum mechanics is correct. Indeterminism is true, etc.

	Chance is important for free will. It breaks the causal chain of determinism.

	Chance cannot directly cause our actions. We cannot be  responsible for random actions.

	Chance can only generate random (unpredictable) alternative possibilities for action or thought. The choice or selection of one action must be adequately determined, so that we can take responsibility. And once we choose, the connection between mind/brain and motor control must be adequately determined to see that "our will be done."

	Chance, in the form of noise, both quantum and thermal, must be ever present. The naive model of a single random microscopic event, amplified to affect the macroscopic brain, never made sense. Under what ad hoc circumstances, at what time, at what place in the brain, would it occur to affect a decision?

	Chance must be overcome or suppressed by the adequately determined will when it decides to act, de-liberating the prior free options that "one could have done."




    Of those thinkers who have considered most of these six aspects of chance, a small fraction have also seen the obvious parallel with biological evolution and natural selection, with its microscopic quantum accidents causing variations in the gene pool and macroscopic natural selection of fit genes by their reproductive success.
    

Our Macro Mind needs the Micro Mind for the free action items and thoughts in an Agenda of alternative possibilities to be de-liberated by the will. Chance in the Micro Mind is the "free" in free will and the source of human creativity. The adequately determined Macro Mind is the "will" in free will that de-liberates, choosing actions for which we can be morally responsible. 


For Scholars
The Rise of Statistical Thinking, 1820-1900, by Theodore Porter, (Princeton, 1986) p.219-247, tells how Charles Sanders Peirce embraces chance as "Tychism." Porter also provides a summary of the influences of Renouvier, Fouillee, and Joseph Delbouef on Peirce. 
     
The Taming of Chance, by Ian Hacking, (Cambridge, 1990) p.11, tells how Peirce attacked the doctrine of necessity. Hacking's thesis is that there was an "erosion of determinism" in the nineteenth century culminating in Peirce. 
     

     "To begin with, what is chance? The ancients 
distinguished between the phenomena which seemed 
to obey harmonious laws, established once for all, 
and those that they attributed to chance, which were 
those that could not be predicted because they were 
not subject to any law.	In each domain the precise 
laws did not decide everything, they only marked 
the limits within which chance was allowed to move. 
In this conception, the word chance had a precise, 
objective meaning; what was chance for one was 
also chance for the other and even for the gods.

But this conception is not ours. We have become 
complete determinists, and even those who wish to
reserve the right of human free will at least allow 
determinism to reign undisputed in the inorganic 
world. Every phenomenon, however trifling it be, 
has a cause, and a mind infinitely powerful and 
infinitely well-informed concerning the laws of nature 
could have foreseen it from the beginning of the ages. 
If a being with such a mind existed, we could play 
no game of chance with him; we should always lose.


For him, in fact, the word chance would have no 
meaning, or rather there would be no such thing as
chance." (Science and Method, Henri Poincare, p.64)


     "Just as no physicist will in the last resort acknowledge the play of chance in human nature, so no physiologist will admit the play of chance in the absolute sense."  Where Is Science Going, p.147.
     
     "the assumption of chance in inorganic nature is incompatible with the working principle of natural science." Max Planck, Where Is Science Going, p.154.
     



     The De Moivre quote is cited in Hacking, Taming of Chance, p.13.
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A coherence theory bases the truth of a belief on the degree to which it coheres ("hangs together") with all the other beliefs in a system of beliefs (typically one person's beliefs, but it could be any body of knowledge).

     
In philosophies of idealism, all the ideas or beliefs are said to cohere with one another, perhaps because the world is reason itself or created by a rational agent. 


In scientific theories, every new observational fact must be integrated with existing facts to make them maximally coherent. Perfect coherence is not to be expected, of course. Charles Sanders Peirce's theory of pragmatic truth is the coherent inter-subjective agreement of an open community of inquirers.

 
In analytic language philosophy, the truth of a proposition depends on its agreement with some larger set of propositions, ideally all known true propositions and any logical inferences from those propositions. 


In traditional epistemology, the coherence may be internal to a personal set of beliefs that are accessible to a subject. In this case, coherence is one way to justify a belief. 


The coherence theory is close to the consistency theory of truth. But consistency is only possible for relatively modest logical and mathematical systems. In a system of belief as large as the culture of a society, there are many conflicting beliefs. Even in the mind of a single subject, consistency of beliefs is more demanding than coherence, but neither is very likely.


Coherence and consistency are best understood as desirable conditions for any theory of truth, including the correspondence theory of truth.  


For Teachers
Coherence Theory of Truth, Stanford Encyclopedia of Philosophy

For Scholars
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In correspondence theory, the truth or falsity of a statement of fact is determined by its relationship to the part of the world described by the statement. This is a very old idea, at least since Plato. 

Then that speech which says things as they are is true, and that which says them as they are not is false? (Cratylus, 385B)


But Socrates knew that words (names) might not be able to correspond truly to things.
Socrates. But if the primary names are to be representations of any things, can you suggest any better way of making them representations than by making them as much as possible like the things which they I are to represent? Or do you prefer the theory advanced by Hermogenes and many others, who  claim that names are conventional and represent things to those who established the convention and knew the things beforehand, and that convention is the sole principle of correctness in names, and it makes no difference whether we accept the existing convention or adopt an opposite one according to which small would be called great and great small? Which of these two theories do you prefer?
Cratylus. Representing by likeness (ὁμοιώματι) the thing represented is absolutely and entirely superior to representation by chance signs.  (Cratylus, 433D)



The great problem for the correspondence theory is how words and statements can possibly adequately correspond to (be like) things in the world.
Aristotle knew that our thoughts were in some sense the likenesses to things that Socrates was looking for, but can our thoughts be adequately expressed in words and statements?


Words spoken are symbols or signs of affections or impressions of the soul; written words are the signs of words spoken. As writing, so also is speech not the same for all races of men. But the mental affections themselves, of which these words are primarily signs, are the same for the whole of mankind, as are also the objects of which those affections are representations or likenesses (ὁμοιώματα), images, copies. (De Interpretatione, 16a)


The basic idea was named correspondence by early analytic language philosophers, especially Bertand Russell, the early Wittgenstein, and their followers in the Vienna Circle, Rudolf Carnap and Moritz Schlick, who had something like a picture theory of language. They hoped to find propositions (statements) that would be the "logical atoms" of verifiable knowledge of the world.


Here is how Russell connects a belief with the truth.


Thus a belief is true when it corresponds to a certain associated complex, and false when it does not. Assuming, for the sake of definiteness, that the objects of the belief are two terms and a relation, the terms being put in a certain order by the 'sense' of the believing, then if the two terms in that order are united by the relation into a complex, the belief is true; if not, it is false. This constitutes the definition of truth and falsehood that we were in search of. Judging or believing is a certain complex unity of which a mind is a constituent; if the remaining constituents, taken in the order which they have in the belief, form a complex unity, then the belief is true; if not, it is false.

Thus although truth and falsehood are properties of beliefs, yet they are in a sense extrinsic properties, for the condition of the truth of a belief is something not involving beliefs, or (in general) any mind at all, but only the objects of the belief. A mind, which believes, believes truly when there is a corresponding complex not involving the mind, but only its objects. This correspondence ensures truth, and its absence entails falsehood. Hence we account simultaneously for the two facts that beliefs (a) depend on minds for their existence, (b) do not depend on minds for their truth.


...Thus a belief is true when there is a corresponding fact, and is false when there is no corresponding fact.


It will be seen that minds do not create truth or falsehood. They create beliefs, but when once the beliefs are created, the mind cannot make them true or false, except in the special case where they concern future things which are within the power of the person believing, such as catching trains. What makes a belief true is a fact, and this fact does not (except in exceptional cases) in any way involve the mind of the person who has the belief.


Having now decided what we mean by truth and falsehood, we have next to consider what ways there are of knowing whether this or that belief is true or false. (The Problems of Philosophy, 1912, p.128-30) 



But how can words in an arbitrary human language or even logical propositions represent likenesses, images, copies? Only if they are icons, and not indexes or symbols, the other two possible types of signs according to Charles Sanders Peirce's semiotic theory. Human language sentences are at best a set of symbols that evoke ideas in our minds that may have "true" likenesses to the world of objects and facts. They cannot "mirror" reality directly.


Correspondence Theory in Information Philosophy

The relations between ideas and things is much more straightforward in information philosophy.  

To the extent of the correspondence, the isomorphism, the one-to-one mapping, between information structures (and processes) in the world and representative structures and functions in the mind, information philosophy claims that we have quantifiable personal or subjective knowledge of the world.


To the extent of the agreement (again a correspondence or isomorphism) between information in the minds of an open community of inquirers seeking the best explanations for phenomena, information philosophy further claims that we have quantifiable inter-subjective knowledge of other minds and an external world. This is as close as we come to "objective" knowledge, and knowledge of objects - Kant's "things in themselves."



For Teachers
Correspondence Theory of Truth, Stanford Encyclopedia of Philosophy

For Scholars





Source: https://www.informationphilosopher.com/knowledge/correspondence.html
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The "decoherence program" of H. Dieter Zeh, Erich Joos, Wojciech Zurek, John Wheeler, Max Tegmark, and others has multiple aims - 
	 to show how classical physics emerges from quantum physics. They call this the "quantum to classical transition."

	to explain the lack of macroscopic superpositions of quantum states (e.g., Schrödinger's Cat as a superposition of live and dead cats).

	in particular, to identify the mechanism that suppresses ("decoheres") interference between states as something involving the "environment" beyond the system and measuring apparatus.

	to explain the appearance of particles following paths (they say there are no "particles," and maybe no paths).

	
to explain the appearance of discontinuous transitions between quantum states (there are no "quantum jumps" either)

	 to champion a "universal wave function" (as a superposition of states) that evolves in a "unitary" fashion (i.e., deterministically) according to the Schrödinger equation.

	 to clarify and perhaps solve the measurement problem, which they define as the lack of macroscopic superpositions.

	 to explain the "arrow of time."

	 to revise the foundations of quantum mechanics by changing some of its assumptions, notably challenging the "collapse" of the wave function or "projection postulate."

Decoherence theorists say that they add no new elements to quantum mechanics (such as "hidden variables") but they do deny one of the three basic assumptions - namely Dirac's projection postulate. This is the method used to calculate the probabilities of various outcomes, which probabilities are confirmed to several significant figures by the statistics of large numbers of identically prepared experiments.


They accept (even overemphasize) Dirac's principle of superposition. Some also accept the axiom of measurement, although some of them question the link between eigenstates and eigenvalues.



 
The decoherence program hopes to offer insights into several other important phenomena:


	What Zurek calls the "einselection" (environment-induced superselection) of preferred states (the so-called "pointer states") in a measurement apparatus.

	The role of the observer in quantum measurements.

	Nonlocality and quantum entanglement (which is used to "derive" decoherence).

	The origin of irreversibility (by "continuous monitoring").

	The approach to thermal equilibrium.



The decoherence program finds unacceptable these aspects of the standard quantum theory:


	Quantum "jumps" between energy eigenstates.

	The "apparent" collapse of the wave function.

	In particular, explanation of the collapse as a "mere" increase of information.

	The "appearance" of "particles."

	The "inconsistent" Copenhagen Interpretation - quantum "system," classical "apparatus."

	The "insufficient" Ehrenfest Theorems.



Decoherence theorists admit that some problems remain to be addressed:

	The "problem of outcomes." Without the collapse postulate, it is not clear how definite outcomes are to be explained.



As Tegmark and Wheeler put it:


 The main
motivation for introducing the notion
of wave-function collapse had been to
explain why experiments produced specific
outcomes and not strange superpositions
of outcomes...it is embarrassing
that nobody has provided a
testable deterministic equation specifying
precisely when the mysterious collapse
is supposed to occur.


Some of the controversial positions in decoherence theory, including the denial of collapses and particles,  come straight from the work of Erwin Schrödinger, for example in his 1952 essays "Are There Quantum Jumps?" (Part I and Part II), where he denies the existence of "particles," claiming that everything can be understood as waves.

 
Other sources include: Hugh Everett III and his "relative state" or "many world" interpretations of quantum mechanics; Eugene Wigner's article on the problem of measurement; and John Bell's reprise of Schrödinger's arguments on quantum jumps.  



Decoherence advocates therefore look to other attempts to formulate quantum mechanics. Also called "interpretations," these are more often reformulations, with different basic assumptions about the foundations of quantum mechanics. Most begin from the "universal" applicability of the unitary time evolution that results from the Schrödinger wave equation. They include:


	The DeBroglie-Bohm "pilot-wave" or "hidden variables" formulation.
	The Everett-DeWitt "relative-state" or "many worlds" formulation.
	The Ghirardi-Rimini-Weber "spontaneous collapse" formulation.


Note that these "interpretations" are often in serious conflict with one another. Where Erwin Schrödinger thinks that waves alone can explain everything (there are no particles in his theory), David Bohm thinks that particles not only exist but that every particle has a definite position that is a "hidden parameter" of his theory. H. Dieter Zeh, the founder of decoherence, sees



one of two possibilities: a modification of the Schrödinger equation that explicitly describes a collapse (also called "spontaneous localization") or an Everett type interpretation, in which all measurement outcomes are assumed to exist in one formal superposition, but to be perceived separately as a consequence of their dynamical autonomy resulting from decoherence. 

While this latter suggestion has been called "extravagant" (as it requires myriads of co-existing quasi-classical "worlds"), it is similar in principle to the conventional (though nontrivial) assumption, made tacitly in all
classical descriptions of observation, that consciousness is localized in certain semi-stable and sufficiently complex subsystems (such as human brains or parts thereof) of a much larger external world. Occam's razor, often applied
to the "other worlds", is a dangerous instrument: philosophers of the past used it to deny the existence of the interior of stars or of the back side of the moon, for example. So it appears worth mentioning at this point that environmental decoherence, derived by tracing out unobserved variables from a universal wave function, readily describes precisely the apparently observed "quantum jumps" or "collapse events."



It was John Bell who called Everett's many-worlds picture "extravagant,"



The Information Interpretation of quantum mechanics also has explanations for the measurement problem, the arrow of time, and the emergence of adequately, i.e., statistically determined classical objects.  However, I-Phi does it while accepting the standard assumptions of orthodox quantum physics. See below.


We briefly review the standard theory of quantum mechanics and compare it to the "decoherence program," with a focus on the details of the measurement process. We divide measurement into several distinct steps, in order to clarify the supposed "measurement problem" (mostly the lack of macroscopic state superpositions) and perhaps "solve" it. 



The most famous example of probability-amplitude-wave interference is the two-slit experiment. Interference is between the probability amplitudes whose absolute value squared gives us the probability of finding the particle at various locations behind the screen with the two slits in it. 

Finding the particle at a specific location is said to be a "measurement."


In standard quantum theory, a measurement is made when the quantum system is "projected" or "collapsed" or "reduced" into a single one of the system's allowed states. If the system was "prepared" in one of these "eigenstates," then the measurement will find it in that state with probability one (that is, with certainty).


However, if the system is prepared in an arbitrary state ψa, it can be represented as being in a linear combination of the system's basic energy states φn. 
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It is said to be in "superposition" of those basic states. The probability Pn of its being found in state φn is
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Between measurements, the time evolution of a quantum system in such a superposition of states is described by a unitary transformation U (t, t0) that preserves the same superposition of states as long as the system does not interact with another system, such as a measuring apparatus. As long as the quantum system is completely isolated from any external influences, it evolves continuously and deterministically in an exactly predictable (causal) manner.   


Whenever the quantum system does interact however, with another particle or an external field, its behavior ceases to be causal and it evolves discontinuously and indeterministically. This acausal behavior is uniquely quantum mechanical. Nothing like it is possible in classical mechanics. Most attempts to "reinterpret" or "reformulate" quantum mechanics are attempts to eliminate this discontinuous acausal behavior and replace it with a deterministic process.  


We must clarify what we mean by "the quantum system" and "it evolves" in the previous two paragraphs. This brings us to the mysterious notion of "wave-particle duality." In the wave picture, the "quantum system" refers to the deterministic time evolution of the complex probability amplitude or quantum state vector ψa, according to the "equation of motion" for the probability amplitude wave ψa, which is the Schrödinger equation, 
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The probability amplitude looks like a wave and the Schrödinger equation is a wave equation. But the wave is an abstract quantity whose absolute square is the probability of finding a quantum particle somewhere. It is distinctly not the particle, whose exact position is unknowable while the quantum system is evolving deterministically. It is the probability amplitude wave that interferes with itself. Particles, as such, never interfere (although they may collide). 


Note that we never "see" the superposition of particles in distinct states. There is no microscopic superposition in the sense of the macroscopic superposition of live and dead cats (See Schrödinger's Cat).


When the particle interacts, with the measurement apparatus for example, we always find the whole particle. It suddenly appears. For example, an electron "jumps" from one orbit to another, absorbing or emitting a discrete amount of energy (a photon). When a photon or electron is fired at the two slits, its appearance at the photographic plate is sudden and discontinuous. The probability wave instantaneously becomes concentrated at the location of the particle. 


There is now unit probability (certainty) that the particle is located where we find it to be. This is described as the "collapse" of the wave function. Where the probability amplitude might have evolved under the unitary transformation of the Schrödinger equation to have significant non-zero values in a very large volume of phase space, all that probability suddenly "collapses" (faster than the speed of light, which deeply bothered Albert Einstein) to the location of the particle. 


Einstein said that some mysterious "spooky action-at-a-distance" must act to prevent the appearance of a second particle at a distant point where a finite probability of appearing had existed just an instant earlier.


Animation of a wave function collapsing - click to restart




Whereas the abstract probability amplitude moves continuously and deterministically throughout space, the concrete particle moves discontinuously and indeterministically to a particular point in space.



For this collapse to be a "measurement," the new information about which location (or state) the system has collapsed into must be recorded somewhere in order for it to be "observable" by a scientist. But the vast majority of quantum events - e.g., particle collisions that change the particular states of quantum particles before and after the collision - do not leave an indelible record of their new states anywhere (except implicitly in the particles themselves). 


We can imagine that a quantum system initially in state ψa has interacted with another system and as a result is in a new state φn, without any macroscopic apparatus around to record this new state for a "conscious observer." 


H. D. Zeh describes how quantum systems may be "measured" without the recording of information. 


It is therefore a plausible experimental result that the interference disappears also when the passage [of an electron through a slit] is "measured" without registration of a definite result. The latter may be assumed to have become a "classical fact" as soon as the measurement has irreversibly "occurred". A quantum phenomenon may thus "become a phenomenon" without being observed. This is in contrast to Heisenberg's remark about a trajectory coming into being by its observation, or a wave function describing "human knowledge". Bohr later spoke of objective irreversible events occurring in the counter. However, what precisely is an irreversible quantum event? According to Bohr this event can not be dynamically analyzed.

Analysis within the quantum mechanical formalism demonstrates nonetheless that the essential condition for this "decoherence" is that complete information about the passage is carried away in some objective physical form. This means that the state of the environment is now quantum correlated (entangled) with the relevant property of the system (such as a passage through a specific slit). This need not happen in a controllable way (as in a measurement): the "information" may as well form uncontrollable "noise", or anything else that is part of reality. In contrast to statistical correlations, quantum correlations characterize real (though nonlocal) quantum states - not any lack of information. In particular, they may describe individual physical properties, such as the non-additive total angular momentum J2 of a composite system at any distance.




The Measurement Process


In order to clarify the measurement process, we separate it into several distinct stages, as follows:
	A particle collides with another microscopic particle or with a macroscopic object (which might be a measuring apparatus).

	In this scattering problem, we ignore the internal details of the collision and say that the incoming initial state ψa has changed asymptotically (discontinuously, and randomly = wave-function collapse) into the new outgoing final state φn.

	[Note that if we prepare a very large number of identical initial states ψa, the fraction of those ending up in the final state φn is just the probability < ψa | φn >2]

	The information that the system was in state ψa has been lost (its path information has been erased; it is now "noise," as Zeh describes it). New information exists (implicitly in the particle, if not stored anywhere else) that the particle is in state φn.

	If the collision is with a large enough (macroscopic) apparatus, it might be capable of recording the new system state information, by changing the quantum state of the apparatus into a "pointer state" correlated with the new system state. 
"Pointers" could include the precipitated silver-bromide molecules of a photographic emulsion, the condensed vapor of a Wilson cloud chamber, or the cascaded discharge of a particle detector.


	But this new information will not be indelibly recorded unless the recording apparatus can transfer entropy away from the apparatus greater than the negative entropy equivalent of the new information (to satisfy the second law of thermodynamics). This is the second requirement in every two-step creation of new information in the universe.

	[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=Q73uJ8WlY_E


The new information could be useful (it is negative entropy) to an information processing system, for example, a biological cell like a brain neuron. 



The collision of a sodium ion (Na+) with a sodium/potassium pump (an ion channel) in the cell wall could result in the sodium ion being transported outside the cell, resetting conditions for the next firing of the neuron's action potential, for example.


	

The new information could be meaningful to an information processing agent who could not only observe it but understand it. Now neurons would fire in the mind of the conscious observer that John von Neumann and Eugene Wigner thought was necessary for the measurement process to occur at all.


Von Neumann (perhaps influenced by the mystical thoughts of Neils Bohr about mind and body as examples of his "complementarity.") saw three levels in a measurement; 

	the system to be observed, including light up to the retina of the observer.
	the observer's retina, nerve tracts, and brain
	the observer's abstract "ego."



	[image: image-placeholder]
John Bell asked tongue-in-cheek whether no wave function could collapse until a scientist with a Ph.D. was there to observe it. He drew a famous diagram of what he called von Neumann's "shifty split." 


Bell shows that one could place the arbitrary "cut" (Heisenberg called it the "Schnitt") at various levels without making any difference. 


But an "objective" observer-independent measurement process ends when irreversible new information has been indelibly recorded (in the photographic plate of Bell's drawing).  


Von Neumann's physical and mental levels are better discussed as the mind-body problem, not the measurement problem.






The Measurement Problem


So what exactly is the "measurement problem?"


For decoherence theorists, the unitary transformation of the Schrödinger equation cannot alter a superposition of microscopic states. Why then, when microscopic states are time evolved into macroscopic ones, don't macroscopic superpositions emerge? According to H. D. Zeh:


Because of the dynamical superposition principle, an initial superposition 
Σ cn | n > does not lead to definite pointer positions (with their empirically observed frequencies). If decoherence is neglected, one obtains their entangled superpositionΣ cn | n > | Φn >, that is, a state that is different from all potential measurement outcomes. 

And according to Erich Joos, another founder of decoherence:


It remains unexplained why macro-objects come only in narrow wave packets, even though the superposition principle allows far more "nonclassical" states (while micro-objects are usually found in energy eigenstates). Measurement-like processes would necessarily produce nonclassical macroscopic states as a consequence of the unitary Schrödinger dynamics.
An example is the infamous Schrödinger cat, steered into a superposition of "alive" and "dead". 


The fact that we don't see superpositions of macroscopic objects is the "measurement problem," according to Zeh and Joos.


An additional problem is that decoherence is a completely unitary process (Schrödinger dynamics) which implies time reversibility. What then do decoherence theorists see as the origin of irreversibility? Can we time reverse the decoherence process and see the quantum-to-classical transition reverse itself and recover the original coherent quantum world?


To "relocalize" the superposition of the original system, we need only have complete control over the environmental interaction. This is of course not practical, just as Ludwig Boltzmann found in the case of Josef Loschmidt's reversibility objection.  


Does irreversibility in decoherence have the same rationale - "not possible for all practical purposes" - as in classical statistical mechanics? 


According to more conventional thinkers, the measurement problem is the failure of the standard quantum mechanical formalism (Schrödinger equation) to completely describe the nonunitary "collapse" process. Since the collapse is irreducibly indeterministic, the time of the collapse is completely unpredictable and unknowable. Indeterministic quantum jumps are one of the defining characteristics of quantum mechanics, both the "old" quantum theory, where Bohr wanted radiation to be emitted and absorbed discontinuously when his atom jumpped between staionary states, and the modern standard theory with the Born-Jordan-Heisenberg-Dirac "projection postulate." 


To add new terms to the Schrödinger equation in order to control the time of collapse is to misunderstand the irreducible chance at the heart of quantum mechanics, as first seen clearly, in 1917, by Albert Einstein. When he derived his A and B coefficients for the emission and absorption of radiation, he found that an outgoing light particle must impart momentum hν/c to the atom or molecule, but the direction of the momentum can not be predicted! Neither can the theory predict the time when the light quantum will be emitted. 


Such a random time was not unknown to physics. When Ernest Rutherford derived the law for radioactive decay of unstable atomic nuclei in 1900, he could only give the probability of decay time. Einstein saw the connection with radiation emission:



It speaks in favor of the theory that the statistical law assumed for [spontaneous] emission is nothing but the Rutherford law of radioactive decay. 


But the inability to predict both the time and direction of light particle emissions, said Einstein in 1917, is "a weakness in the theory..., that it leaves time and direction of elementary processes to chance (Zufall, ibid.)." It is only a weakness for Einstein, of course, because his God does not play dice. Decoherence theorists too appear to have what William James called an "antipathy to chance."



In the original "old" quantum mechanics, Neils Bohr made two assumptions. One was that atoms could only be found in what he called stationary energy states, later called eigenstates. The second was that the observed spectral lines were discontinuous sudden transitions of the atom between the states. The emission or absorption of quanta of light with energy equal to the energy difference between the states (or energy levels) with frequency ν was given by the formula
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where h is Planck's constant, derived from his radiation law that quantized the allowed values of energy.


In the now standard quantum theory, formulated by Werner Heisenberg, Max Born, Pascual Jordan, Erwin Schrödinger, Paul Dirac, and others, three foundational assumptions were made: the principle of superposition, the axiom of measurement, and the projection postulate. Since decoherence challenges some of these ideas, we review the standard definitions.



The Principle of Superposition 

 
The fundamental equation of motion in quantum mechanics is Schrödinger's famous wave equation that describes the evolution in time of his wave function ψ, 
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For a single particle in idealized complete isolation, and for a Hamiltonian H that does not involve magnetic fields, the Schrödinger equation is a unitary transformation that is time-reversible (the principle of microscopic reversibility)


Max Born interpreted the square of the absolute value of Schrödinger's wave
function as providing the probability of fi
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Belief in causality is deeply held by many philosophers and scientists. Many say it is the basis for all thought and knowledge of the external world. The idea that every event has a cause leads to the view of causal closure or causal determinism. The simplest form of physical determinism is the Laplacian view that given the positions and velocities of all the fundamental particles in the world, together with the laws of nature, that there is only one possible future.
Reductionism is the view that material particles and the physical forces between them, which are supposed to be mathematically analytical, can explain all that happens in the world. Chemistry is thought to be reducible to physics, biology reducible to chemistry, psychology (via neuroscience) reducible to biology, and mind/brain (or cognitive science) reducible to psychology.  All these causal relations are called "bottom-up."  


The finest details of brain events are thought by some to be a consequence of motions of the material particles that comprise the brain. Reductionism implies that mind is an epiphenomenon, or worse, just an illusion. The reductionist idea that everything is the consequence of "bottom up" physical causes is often called eliminative materialism.


By contrast, downward causation is a kind of holism that denies reductionism. "Wholes" can enforce constraints on their "parts" to make them move in ways that may be unpredictable, even given the complete information about the parts (ultimately the atoms and molecules) along with the complete information about the state of the universe outside those parts. 

Downward causation is closely related to the concepts of emergence, self-organization, and supervenience. It has become very popular in the study of complex physical systems which exhibit a kind of self-organization and emergence of visible structures when the systems are far from equilibrium conditions. 


Most modern discussions of emergence and self-organization in hierarchical systems start with the early 1950's work of Ilya Prigogine on dissipative structures, physical and chemical systems that are far from equilibrium, through which there is a steady flow of matter and energy. 


Despite the normal tendency to chaos (the second law of thermodynamics and increasing entropy), these dissipative systems develop relatively stable visible structures, such as Bénard convection cells and Turing autocatalytic reactions that show space-dependent, steady-state processes stable against perturbations. These visible structures reduce the entropy locally. Prigogine's discovery of such "order out of chaos" in physical systems is widely cited as evidence of emergent   properties in complex adaptive systems. It lies at the heart of modern complexity theory and chaos theory.


The idea that the emergent structures exert downward causal control on their molecular components was perhaps first articulated by Roger Sperry in 1965. Sperry cites a wheel rolling downhill as an example of downward causal control. The atoms and molecules are caught up and overpowered by the higher properties of the whole. He says that he "worked the new mind-brain ideas into a discussion of holist-reductionist issues, emergent downward control. and ‘nothing but’ fallacies in human value systems, in a broad refutation of the then prevalent ’mechanistic, materialistic, behavioristic, fatalistic, reductionistic view of the 'nature of mind and psyche’."


But Sperry's downward control over atoms is a gross and "dumb" sort of control. What British emergentists were looking for, according to Brian McLaughlin, is a fine and "intelligent" control over individual atoms and molecules of the kind seen in biological systems, which Erwin Schrödinger called "order out of order."


In 1974 Donald Campbell coined the phrase "downward causation" and Campbell is widely cited in the current literature as the main source of the idea.


Some biologists (e.g., Ernst Mayr) have argued that biology is not reducible to physics and chemistry, although it is completely consistent with the laws of physics. Even the apparent violation of the second law of thermodynamics has been explained because living beings are open systems exchanging matter, energy, and especially information with their environment. In particular, biological systems have a history that physical systems do not, they store knowledge that allows them to be cognitive systems, and they process information at a very fine (atomic/molecular) level.

Information is neither matter nor energy, but it needs matter for its embodiment and energy for its communication. 


A living being is a form through which passes a flow of matter and energy (with low or "negative" entropy, the physical equivalent of information). Genetic information is used to build the information-rich matter into an overall information structure that contains a very large number of hierarchically organized information structures. Emergent higher levels exert downward causation on the contents of the lower levels. 



The problem of mental causation is a specific case of downward causal control that is central to the philosophy of mind. 


The idea that minds have powers "over and above" the known physical, chemical, and biological laws is sometimes called "mentalism." It is related to the idea of "vitalism," that biology might involve new laws that cannot be reduced to "nothing but" the laws of physics. 


But when biologists look closely at the "vital" processes going on in our cells, they see nothing but information processing and "self-assembly" going on at a rate that makes our best computers and manufacturing robots pale by comparison.


Examples of Downward Causation
	When the earth turns, or revolves about the sun, or travels with the sun through the spiral arms of our galaxy, everything on earth is carried along with it. The planets were the paradigm example of deterministiccausation that led philosophers and scientists to assume that every motion in the universe must be similarly caused.

	When a wheel rolls, its component molecules roll along with it. This is Roger Sperry's original example of "downward causal control."

	When the water in a turbulent cell far from equilibrium is convected upward by the heat below, it drags along most of the water molecules that compose it. This is Ilya Prigogine's prime example of a "dissipative structure" exhibiting emergent "order out of chaos."

	When a ribosome assembles 330 amino acids in four symmetric polypeptide chains (globins), each globin traps an iron atom in a heme group at the center to form the hemoglobin protein. This is downward causal control of the amino acids, the heme groups, and the iron atoms by the ribosome. This is an example of Erwin Schrödinger's "order out of order," life "feeding on the negative entropy" of digested food. 

[image: image-placeholder]

When 200 million of the 25 trillion red blood cells in the human body die each second, in each of 200 million new cells 100 million hemoglobins cell must be assembled. With the order of a few thousand bytes of information in each hemoglobin, this is 10 thousand x 100 million x 200 million = 2 x 1020 bits of information per second, a million times more information processing than today's fastest computer CPU. 



	[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=TfYf_rPWUdY

When a ribosome produces a protein that does not fold properly, a chaperone enzyme, shaped like a tiny trash can, opens its lid and captures the protein. It then closes the lid and squeezes the protein. Upon release, the protein then frequently folds properly. If it does not, the chaperone captures it again and disassembles it back to its amino acids. This is cellular-level downward causation by a huge macromolecular cellular substructure. It is also an example of biological error detection and correction. 





	[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=Q73uJ8WlY_E


When a single neuron fires, the active potential rapidly changes the concentration of sodium (Na+) ions inside the cell and potassium (K+) ions outside the cell. Within milliseconds, thousands of sodium-potassium ion channels in the thin lipid bilayer of the cell wall must move billions of those ions from one side to the other to restore the chemical potential needed to support neuron firing. They do it with exquisite biological machinery that exerts downward causation on the ions, powered by ATP energy carriers. Random quantum indeterministic motions of the ions drive them near the pump opening, and quantum collaborative forces capture them in a lock-and-key structure as shown in the animation. 
The ion pump is as close to a Maxwell demon as we are ever likely to see.


	When many motor neurons fire, innnervating excitatory post-synaptic potentials (EPSPs) that travel down through the thalamus and the spinal cord and cause muscles to contract, that is as literal as downward causation gets in the body. 

	When the mind decides to move the body, that mental causation is realized as downward causation. 

	Who saw this first? Consider the great Latin poet, philosopher, and scientist 
Titus Lucretius Carus, who described downward causation thus:

 Therefore when the mind so bestirs itself that it wishes to go and to step forwards, at once it strikes all the mass of spirit that is distributed abroad through limbs and frame in all the body. And this is easy to do, since the spirit is held in close combination with it. The spirit in its turn strikes the body, and so the whole mass is gradually pushed on and moves...

 Again, there is no need to be surprised that elements so small can sway so large a body and turn about our whole weight. For indeed the wind, which is thin and has a fine substance, drives and pushes a great ship with mighty momentum, and one hand rules it however fast it may go, and one rudder steers it in any direction; and a machine by its blocks and treadwheels moves many bodies of great weight and uplifts them with small effort.




	When the helmsman turns the wheel of a great sailing ship, he has downward causal control over all the matter of that great ship. 

	When a philosopher rearranges and communicates ideas, verbally in lectures, or as written words in a published paper, or as the bits of information in a computer memory, this is "information out of order." 



For Scholars

          "We must admit that the mind of each one of our greatest geniuses — Aristotle, Kant or Leonardo, Goethe or Beethoven, Dante or Shakespeare — even at the moment of its highest flights of thought or in the most profound inner workings of the soul, was subject to the causal fiat and was a instrument in the hands of an almighty law which governs the world." Max Planck, Where Is Science Going, p.156.


     [In Existentialism, the will condemns all the unchosen alternatives to nothingness as it grants being to the one chosen.]  
     




Source: https://www.informationphilosopher.com/knowledge/downward_causation.html
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Belief in causality is deeply held by many philosophers and scientists. Many say it is the basis for all thought and knowledge of the external world. The idea that every event has a cause leads to the view of causal closure or causal determinism. The simplest form of physical determinism is the Laplacian view that given the positions and velocities of all the fundamental particles in the world, together with the laws of nature, that there is only one possible future.
Reductionism is the view that material particles and the physical forces between them, which are supposed to be mathematically analytical, can explain all that happens in the world. Chemistry is thought to be reducible to physics, biology reducible to chemistry, psychology (via neuroscience) reducible to biology, and mind/brain (or cognitive science) reducible to psychology.  All these causal relations are called "bottom-up."  


The finest details of brain events are thought by some to be a consequence of motions of the material particles that comprise the brain. Reductionism implies that mind is an epiphenomenon, or worse, just an illusion. The reductionist idea that everything is the consequence of "bottom up" physical causes is often called eliminative materialism.


By contrast, downward causation is a kind of holism that denies reductionism. "Wholes" can enforce constraints on their "parts" to make them move in ways that may be unpredictable, even given the complete information about the parts (ultimately the atoms and molecules) along with the complete information about the state of the universe outside those parts. 

Downward causation is closely related to the concepts of emergence, self-organization, and supervenience. It has become very popular in the study of complex physical systems which exhibit a kind of self-organization and emergence of visible structures when the systems are far from equilibrium conditions. 


Most modern discussions of emergence and self-organization in hierarchical systems start with the early 1950's work of Ilya Prigogine on dissipative structures, physical and chemical systems that are far from equilibrium, through which there is a steady flow of matter and energy. 


Despite the normal tendency to chaos (the second law of thermodynamics and increasing entropy), these dissipative systems develop relatively stable visible structures, such as Bénard convection cells and Turing autocatalytic reactions that show space-dependent, steady-state processes stable against perturbations. These visible structures reduce the entropy locally. Prigogine's discovery of such "order out of chaos" in physical systems is widely cited as evidence of emergent   properties in complex adaptive systems. It lies at the heart of modern complexity theory and chaos theory.


The idea that the emergent structures exert downward causal control on their molecular components was perhaps first articulated by Roger Sperry in 1965. Sperry cites a wheel rolling downhill as an example of downward causal control. The atoms and molecules are caught up and overpowered by the higher properties of the whole. He says that he "worked the new mind-brain ideas into a discussion of holist-reductionist issues, emergent downward control. and ‘nothing but’ fallacies in human value systems, in a broad refutation of the then prevalent ’mechanistic, materialistic, behavioristic, fatalistic, reductionistic view of the 'nature of mind and psyche’."


But Sperry's downward control over atoms is a gross and "dumb" sort of control. What British emergentists were looking for, according to Brian McLaughlin, is a fine and "intelligent" control over individual atoms and molecules of the kind seen in biological systems, which Erwin Schrödinger called "order out of order."


In 1974 Donald Campbell coined the phrase "downward causation" and Campbell is widely cited in the current literature as the main source of the idea.


Some biologists (e.g., Ernst Mayr) have argued that biology is not reducible to physics and chemistry, although it is completely consistent with the laws of physics. Even the apparent violation of the second law of thermodynamics has been explained because living beings are open systems exchanging matter, energy, and especially information with their environment. In particular, biological systems have a history that physical systems do not, they store knowledge that allows them to be cognitive systems, and they process information at a very fine (atomic/molecular) level.

Information is neither matter nor energy, but it needs matter for its embodiment and energy for its communication. 


A living being is a form through which passes a flow of matter and energy (with low or "negative" entropy, the physical equivalent of information). Genetic information is used to build the information-rich matter into an overall information structure that contains a very large number of hierarchically organized information structures. Emergent higher levels exert downward causation on the contents of the lower levels. 



The problem of mental causation is a specific case of downward causal control that is central to the philosophy of mind. 


The idea that minds have powers "over and above" the known physical, chemical, and biological laws is sometimes called "mentalism." It is related to the idea of "vitalism," that biology might involve new laws that cannot be reduced to "nothing but" the laws of physics. 


But when biologists look closely at the "vital" processes going on in our cells, they see nothing but information processing and "self-assembly" going on at a rate that makes our best computers and manufacturing robots pale by comparison.


Examples of Downward Causation
	When the earth turns, or revolves about the sun, or travels with the sun through the spiral arms of our galaxy, everything on earth is carried along with it. The planets were the paradigm example of deterministiccausation that led philosophers and scientists to assume that every motion in the universe must be similarly caused.

	When a wheel rolls, its component molecules roll along with it. This is Roger Sperry's original example of "downward causal control."

	When the water in a turbulent cell far from equilibrium is convected upward by the heat below, it drags along most of the water molecules that compose it. This is Ilya Prigogine's prime example of a "dissipative structure" exhibiting emergent "order out of chaos."

	When a ribosome assembles 330 amino acids in four symmetric polypeptide chains (globins), each globin traps an iron atom in a heme group at the center to form the hemoglobin protein. This is downward causal control of the amino acids, the heme groups, and the iron atoms by the ribosome. This is an example of Erwin Schrödinger's "order out of order," life "feeding on the negative entropy" of digested food. 
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When 200 million of the 25 trillion red blood cells in the human body die each second, in each of 200 million new cells 100 million hemoglobins cell must be assembled. With the order of a few thousand bytes of information in each hemoglobin, this is 10 thousand x 100 million x 200 million = 2 x 1020 bits of information per second, a million times more information processing than today's fastest computer CPU. 
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When a ribosome produces a protein that does not fold properly, a chaperone enzyme, shaped like a tiny trash can, opens its lid and captures the protein. It then closes the lid and squeezes the protein. Upon release, the protein then frequently folds properly. If it does not, the chaperone captures it again and disassembles it back to its amino acids. This is cellular-level downward causation by a huge macromolecular cellular substructure. It is also an example of biological error detection and correction. 
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When a single neuron fires, the active potential rapidly changes the concentration of sodium (Na+) ions inside the cell and potassium (K+) ions outside the cell. Within milliseconds, thousands of sodium-potassium ion channels in the thin lipid bilayer of the cell wall must move billions of those ions from one side to the other to restore the chemical potential needed to support neuron firing. They do it with exquisite biological machinery that exerts downward causation on the ions, powered by ATP energy carriers. Random quantum indeterministic motions of the ions drive them near the pump opening, and quantum collaborative forces capture them in a lock-and-key structure as shown in the animation. 
The ion pump is as close to a Maxwell demon as we are ever likely to see.


	When many motor neurons fire, innnervating excitatory post-synaptic potentials (EPSPs) that travel down through the thalamus and the spinal cord and cause muscles to contract, that is as literal as downward causation gets in the body. 

	When the mind decides to move the body, that mental causation is realized as downward causation. 

	Who saw this first? Consider the great Latin poet, philosopher, and scientist 
Titus Lucretius Carus, who described downward causation thus:

 Therefore when the mind so bestirs itself that it wishes to go and to step forwards, at once it strikes all the mass of spirit that is distributed abroad through limbs and frame in all the body. And this is easy to do, since the spirit is held in close combination with it. The spirit in its turn strikes the body, and so the whole mass is gradually pushed on and moves...

 Again, there is no need to be surprised that elements so small can sway so large a body and turn about our whole weight. For indeed the wind, which is thin and has a fine substance, drives and pushes a great ship with mighty momentum, and one hand rules it however fast it may go, and one rudder steers it in any direction; and a machine by its blocks and treadwheels moves many bodies of great weight and uplifts them with small effort.




	When the helmsman turns the wheel of a great sailing ship, he has downward causal control over all the matter of that great ship. 

	When a philosopher rearranges and communicates ideas, verbally in lectures, or as written words in a published paper, or as the bits of information in a computer memory, this is "information out of order." 



For Scholars

          "We must admit that the mind of each one of our greatest geniuses — Aristotle, Kant or Leonardo, Goethe or Beethoven, Dante or Shakespeare — even at the moment of its highest flights of thought or in the most profound inner workings of the soul, was subject to the causal fiat and was a instrument in the hands of an almighty law which governs the world." Max Planck, Where Is Science Going, p.156.
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Source: https://www.informationphilosopher.com/knowledge/downward_causation
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Although the concept of emergence has become very popular in the last few decades in connection with the development of chaos and complexity theories, it is actually a very old idea, dating at least to the nineteenth century, with some hints of it in ancient and medieval philosophy.

The idea of emergence was implicit in the work of John Stuart Mill and explicit in "emergentists" like George Henry Lewes, Samuel Alexander, C. Lloyd Morgan, and C. D. Broad.


John Stuart Mill discusses the Laws of Nature in his System of Logic, Book III, chapter IV and describes the Law of Universal Causation in chapter V ("The truth that every fact which has a beginning has a cause"). Then, in chapter VI, Mill explores the "Composition of Causes" in mechanics where the parallelogram of two vector forces explains the resultant force. However, this simple principle from dynamics, says Mill, does not apply to materialist chemistry nor to more complex biological life.


Although Mill did not use the term "emergent," he makes the concept clear enough:


This principle [of simple composition], however, by no means prevails in all departments of the
field of nature. The chemical combination of two substances produces, as is
well known, a third substance with properties different from those of either
of the two substances separately, or of both of them taken together. Not a
trace of the properties of hydrogen or of oxygen is observable in those of
their compound, water. The taste of sugar of lead is not the sum of the tastes
of its component elements, acetic acid and lead or its oxide; nor is the colour
blue vitriol a mixture of the colours of sulphuric acid and copper. This
explains why mechanics is a deductive or demonstrative science, and chemistry not. In the one, we can compute the effects of m combinations of causes,
whether real or hypothetical, from the laws which we know to govern those
causes when acting separately; because they continue to observe the same
laws when in combination which they observed when separate: whatever
could have happened in consequence of each cause taken by itself, happens
when they are together, and we have only to "cast up" the results. Not so in
the phenomena which are the peculiar subject of the science of chemistry.
There, most of the uniformities to which the causes conformed when separate cease altogether when they are conjoined; and we are not, at least in the
present state of our knowledge, able to foresee what result will follow from
any new combination, until we have tried the specific experiment.

If this be true of chemical combinations, it is still more true of those far
more complex combinations of elements which constitute organized bodies;
and in which those extraordinary new uniformities arise, which are called the
laws of life. All organized bodies are composed of parts similar to those
composing inorganic nature, and which have even themselves existed in an
organic state; but the phenomena of life, which result from the juxtaposition of those parts in a certain manner, bear no analogy to any of the
effects which would be produced by the action of the component substances
considered as mere physical agents. 




George Henry Lewes also used Mill's example of the properties of water not being reducible to those of oxygen and hydrogen. If all effects are only the consequences of their components, everything would be completely determined by mathematical laws, he said, and then coined the term "emergent":


Although each effect is the resultant of its components, the product of its factors, we cannot always trace the steps of the process, so as to see in the product the mode of operation of each factor. In the latter case, I propose to call the effect an emergent. It arises out of the combined agencies, but in a form which does not display the agents in action. 


In his 1912 book Instinct and Experience, C. Lloyd Morgan revived the term "emergent". 


In his 1920 book Space, Time, and Deity Samuel Alexander initially cited Lloyd Morgan as the source of emergentism, but Lloyd Morgan reminded Alexander about Lewes' 1875 work. Alexander wrote:


much of what I have to say has been already said by Mr. Lloyd Morgan in the
concluding chapter of his work on Instinct and Experience. The argument is that mind has certain specific characters to which there is or even can be no neural counterpart.    It is not enough to say that there is no mechanical
counterpart, for the neural  structure is not mechanical
but physiological and has life. Mind is, according to our
interpretation of the facts, an 'emergent' from life, and
life an emergent from a lower physico-chemical level of
existence. It may well be that, as some think, life itself
implies some independent entity and is indeed only mind
in a lower form. But this is a different question, which
does not concern us yet.If life is mind, and is a non-physical entity, arguments derived from the conscious features of mind are at best only corroborative, and it is
an inconvenience in these discussions that the two sets
of arguments are sometimes combined. Accordingly. I
may neglect such considerations as the selectiveness of
mind which it shares with all vital structures.


 Later, in his 1922 Gifford Lectures and 1923 book Emergent Evolution, Lloyd Morgan defined emergent evolution and introduced the related "top-down" concept of hierarchical supervenience:


...in the physical world emergence is no less exemplified in the advent of each new kind of atom, and of each new kind of molecule. It is beyond the wit of man to number the instances of emergence. But if nothing new emerge - if there be only regrouping of pre-existing events and nothing more - then there is no emergent evolution.

Such emergence of the new is now widely accepted where life and mind are concerned. It is a doctrine untiringly advocated by Professor Bergson.


One could not foretell the emergent character of vital events from the fullest possible knowledge of physico-chemical events only...Such is the hypothesis of emergent evolution.


Under emergent evolution there is progressive development of stuff which becomes new stuff in virtue of the higher status to which it has become raised under some supervenient kind of substantial gotogetherness.



But Lloyd Morgan's idea of emergent novelty may have been an epistemic rather than an ontological claim. The laws of nature may still pre-determine all the higher-level properties, though our understanding of the laws may not be enough to allow us to predict the higher levels: 

May we bring emergence itself under the rubric of causation?...Is emergent evolution itself the expression of an orderly and progressive development? If so (and such is my contention), then emergence itself takes rank, as Mill and Lewes also contended, among the "laws of nature." We may be unable to predict the probable nature of a character that is emergently new. We could not have foretold on the basis of physico-chemical events only what the nature of life would be. But that is due to our ignorance before the event of the law of its emergence. May we then, say:

...That such novelty is for us unpredictable owing to our partial knowledge of the plan of emergence up to date, and our necessary ignorance of what the further development of that plan will be.


Vitalists like Henri Bergson and Hans Driesch may not have used the term emergence, but they strongly supported the idea of teleological (purposeful), likely non-physical causes, without which they thought that life and mind could not have emerged from physical matter.



Emergence supports the idea of mental causation in particular and the more general problem of downward causation, for example the downward control of the motions of a cell's atoms and molecules by supervening on biological macromolecules. Is the molecular biology of a cell reducible to the laws governing the motions of its component molecules, or are there emergent laws governing motions at the cellular level, the organ level, the organism level, and so on up to the mental level?


The locus classicus of recent discussions of mental causation is Donald Davidson's 1970 essay "Mental Events," which was revisited in his 1993 essay, "Thinking Causes," published together with 15 critical essays on Davidson's work in the 1993 book Mental Causation, edited by John Heil and Alfred Mele. 


Davidson claimed three things:

	That mental events are causally related to physical events
	That causal relations are normally backed by strict (deterministic) laws
	But that there are no such strict laws for mental events acting on physical events


Davidson's goal is to deny the reducibility of mental events to physical events in the lower levels, even to deny the physicist's claim that the motions of the atoms and molecules at the lowest level are causally determinative of everything that happens at higher levels. 


Jaegwon Kim says that Davidson's goal of "non-reductive physicalism" is simply not possible. The physical world is "causally closed," says Kim:

what options are there if we set aside the physicalist picture?
Leaving physicalism behind is to abandon ontological physicalism, the view that bits of matter and their aggregates in space-time exhaust the contents of the world. This means that one
would be embracing an ontology that posits entities other than
material substances — that is, immaterial minds, or souls, outside
physical space, with immaterial, nonphysical properties.


Kim diagrams Davidson's view of mental events supervening on physical events, to illustrate Kim's claim that having both mental and physical causes would be "overdetermination" and thus one is redundant and must be excluded. 
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By causal closure of the physical world, Kim says it is the mental events that are superfluous and must go. 
(Physicalism, or Something Near Enough, pp.44-45)
This view of the physical and biological world as made up of isolatable and discrete events is most simplistic. An "event" is singled out by a human observer. Its "cause" is arbitrarily abstracted from complex processes with enormous numbers of possible causes.



Emergence Denied


Prominent philosophers of science - committed to the ability of physical science to explain everything as "unified science" - were confident that "emergence" would go the way of "holism" and "vitalism."

For example, the former member of the Vienna Circle and leading reductionistHerbert Feigl wrote in 1958:


Inseparably connected with holism and the Gestalt philosophy is the
doctrine of emergence. The old slogan "the whole is greater than
the sum of its parts" has of course no very clear meaning. Much of its
obscurity is due to the lack of a definition of the phrase "the sum of the
parts". Recent analyses of the still controversial significance of "organic wholeness" and of "emergent novelty" have contributed a great
deal to the clarification of the issues. There is no imperative need for
us to enter into details here. It will be sufficient for our concerns to
realize that in modern natural science no sharp distinction can be made
between resultants (as in the composition, i.e. vectorial addition of
forces or velocities) and emergents. In the explanation of the properties and the behavior of complexes and wholes we always need laws of
composition—be they as simple as the straightforward arithmetical addition of volumes, masses, electric charges, etc., or slightly more complicated as is vector addition, (or just a trifle more involved as is the
relativistic "addition" formula for velocities), or extremely complex as
are the so far not fully formulated composition laws which would be
required for the prediction of the behavior of organisms on the basis
of a complete knowledge of their microstructure and the dynamic laws
interrelating their component micro-constituents.

Modern quantum physics, on a very basic level, employs laws which
have "organismic" character, as for instance the exclusion principle of
W. Pauli which holds even for single atoms. It is conceivable that
much of what is called "emergent novelty" on the chemical and biological levels of complexity may ultimately be explained in terms of
the organismic or holistic features of the laws of atomic and molecular
dynamics; and that, given those basic micro-laws, the only composition
laws (which scientists often take for granted like "silent partners") are
simply the postulates and theorems of geometry and kinematics. This
is indeed my own, admittedly risky and speculative, guess; that is to
say, I believe that once quantum dynamics is able to explain the facts
and regularities of organic chemistry (i.e. of non-living, but complex
compounds) it will in principle also be capable of explaining the facts
and regularities of organic life. 




The Three Kinds of Information Emergence


    Note there are three distinct kinds of emergence:
	the order out of chaos when the matter in the universe forms information structures
	the order out of order when the material information structures form self-replicating biological information structures
	the pure information out of order when organisms with minds externalize information, communicating it to other minds and storing it in the environment


    Information philosophy claims that everything created since the origin of the universe over thirteen billion years ago has involved just two fundamental physical processes that combine to form the core of all creative processes.


    This two-step core creative process underlies the formation of microscopic objects like atoms and molecules, as well as macroscopic objects like galaxies, stars, and planets. (Note that the formation of self-organizing physical systems in conditions far from equilibrium that are the subjects of chaos and complexity theories are this basic, non-teleonomic form of emergence.)


    With the emergence of teleonomic (purposive) information in self-replicating systems, the same core process underlies all biological creation. But now some random changes in information structures are rejected by natural selection, while others reproduce successfully.


    Finally, with the emergence of self-aware organisms and the creation of extra-biological information stored in the environment, the same information-generating core process underlies communication, consciousness, free will, and creativity. 


   The two physical processes in the core creative process are quantum cooperative phenomena and thermodynamics.
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Information is neither matter nor energy. It is sometimes embodied in matter and sometimes is communicated as pure energy. It is the scientific basis for an immaterial, non-physical mind that can nevertheless affect the physical world. Information is the modern spirit.





Source: https://www.informationphilosopher.com/knowledge/emergent_determinism.html
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Emergent Dualism

Most of the great philosophical dualisms are based on the ancient Greek division into the "apparent" material world and Plato's "real" world of immaterial ideas. 

Note that the traditional dualisms have usually consisted of two different substances, including the most famous dualism of modern times, the Cartesian mind-body dualism .


These dualisms have not normally been thought to be an explicit function of time, although the emergence of life from physics and chemistry was surely understood to happen when life first evolved from matter, and purpose entered the universe. Vitalism is the claim that a dualistic additional power, force, or substance is required for life to emerge from matter.


Emergence does not require the emerging level to consist of a fundamentally different substance from the base level. The higher level might simply have properties or capabilities that are not under the "bottom up" control of the lower level.  This is property dualism.


The most important capability of an emergent level is its ability to exert downward causal control over some or all of the lower levels.


Information philosophy and physics now can fill in the timeline of the first emergence of multiple higher levels in a hierarchy starting from the base physical level. In addition, it can show exactly how the information needed for higher levels is fundamentally lacking in the lower levels, often erased by indeterministic quantum processes there. 


Otherwise, the upper level is said to be reducible to the lower level. All the information needed for the upper level is said to be determined "bottom up" by processes and events in the lower level. All the causes of events in the upper level are traceable to lower level events.

Reductionist physicalists like Jaegwon Kim argue for the causal closure of the world. Causal closure is the idea that everything that is caused to happen in the world is caused by (earlier) physical events in the world. This eliminates the possibility of a "non-reductive" physicalism, in which higher level emergence properties and capabilities are not reducible to purely physical causes. Closure under physical causes denies the emergence of levels, in particular a non-reducible mental level, capable of downward causation. 



Mental Processes as Immaterial Information Processing

Can information provide the basis for a different kind of mental substance?
Abstract information is neither matter nor energy, yet it needs matter for its concrete embodiment and energy for its communication. Information is immaterial. 
It is the modern spirit, the ghost in the machine.

Immaterial information is perhaps as close as a physical or biological scientist can get to the idea of a soul or spirit that departs the body at death. When a living being dies, it is the maintenance of biological and mental information that ceases. The matter remains.


Information philosophy proposes a mind-body dualism in which thoughts (pure information processing) in our minds have genuine causal power over the body. This is not a metaphysical mind. It is purely biological and entirely dependent on the brain, which is one of the multiple realizations of physical/material "hardware" that can implement the "software" of our ideas.


For example, when one person teaches another some new technique, or transmits some purely intellectual knowledge, the other person is another physical realization, different hardware now running the same software.


To make this case, we need to establish the following:

	that the information in a mind can be regarded as an immaterial substance

	that the information in a mind, while dependent on the body, has genuine causal (adequately determined) power over the body

	that the information in a mind has not been pre-determined by the sum of genetic inputs and life experiences, but has at least in part been created by the agent, with inputs from some indeterministic processes.






Source: https://www.informationphilosopher.com/knowledge/emergent_dualism.html
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Information

    Information philosophy is an attempt to examine many classic problems in philosophy from the standpoint of information.
    
What is information that merits its use as the foundation of a new philosophical method of inquiry?

    The simple definition of information is the act of informing - the communication of knowledge from a sender to a receiver that informs (literally shapes) the receiver.  
    
 
    Information theory is the mathematical quantification of communication to describe how information is transmitted and received.  Information science is the study of the categorization, classification, manipulation, storage, and retrieval of information. Cognitive science is the study of mental acquisition, retention, and utilization of knowledge, which we can describe as actionable information. 
    

    Actionable information has pragmatic value.   
    

    In our information philosophy, knowledge is the sum of all the information created and preserved by humanity. It is all the information in human minds and in artifacts of every kind - from books and internetworked computers to our dwellings and managed environment.   
    

    We shall see that all information in the universe is created by a single process, the only one capable of generating and maintaining information against the dread second law of thermodynamics, which describes the irresistible increase in disorder or entropy. We call this anti-entropic process ergodic. It should be appreciated as the creative source of everything we can possibly value, and of everything distinguishable from chaos and therefore interesting.
    

    Enabled by the general relativistic expansion of the universe, the cosmic creative process has formed the macrocosmos of galaxies, stars, and planets. It has also generated the particular forms of microscopic matter - atoms, molecules, and the complex macromolecules that support biological organisms. It includes all quantum cooperative phenomena.
    

    Quantum phenomena control the evolution of life and human knowledge. They help bring new information into the universe in a fundamentally unpredictable way. They drive biological speciation. They facilitate human creativity and free will. 
    

    Although information philosophy looks at the universe, life, and intelligence through the single lens of information, it is far from mechanical and reducible to deterministic physics. The growth of information over time - our principle of increasing information - is the essential reason why time matters and individuals are distinguishable. 
    

Information is the principal reason that biology is not reducible to chemistry and physics. Increasing information explains all emergent phenomena, including many "laws of nature."
    

    In information philosophy, the future is unpredictable for two basic reasons. First, quantum mechanics shows that some events are not predictable. The world is causal but not determined. Second, the early universe does not contain the information of later times, just as early primates do not contain the information structures for intelligence and verbal communication, and infants do not contain the knowledge and remembered experience they will have as adults.
    

    In the naive world of Laplace's demon and strict determinism, all the information in the universe is constant at all times, perhaps consistent with an omniscient God. 
Creative cosmic processes suggest another image of God.
    

     Two principles of information philosophy and a corollary
    
The Principle of Increasing Information. In our open and expanding universe, the maximum possible entropy is increasing faster than the actual entropy. The difference between maximum possible entropy and the current entropy is called negative entropy. 
[image: image-placeholder]

To give this very positive quantity a positive name, we call it "Ergo." 

Ergodic processes have room to increase the information structures in the universe. As pointed out by David Layzer, the Arrow of Time points not only to increasing disorder but also to increasing information. 
The universe is its own observer.

The Principle of "Soft" Causality. Events are always caused but not always determined. An event is caused by prior and proximate events (technically those within its relativistic light cone from the past), but not every event is predictable. Indeed, as logical philosophers would put it, determinism is not true. The determinism we have is merely "adequate determinism". 
Soft causality does not entail strict determinism.
The Corollary. The universe is creative. Information structures and processes are emergent. Deterministic phenomena are emergent. Some laws of nature are emergent. Knowledge of the present did not all exist in the past. The creative process continues. Life and humanity are a part of the process. What gets created is in part our responsibility. We can choose to help create and preserve information. Or we can choose to destroy it. 
We are free to create our own future.

For Scholars



Source: https://www.informationphilosopher.com/knowledge/information.html





  
  Intension and Extension
  

  


  
  Home › Knowledge › Intension and Extension
Intension and Extension

Intension and Extension describe two ways of indicating the meaning of a word or name.

Intension assumes the word has an intrinsic meaning, perhaps simply by definition and thus "analytic."


Extension is the set of objects in the world to which the word corresponds. There is a special kind of definition called "ostensive" which defines a word by pointing to those objects. Because extension involves things in the world it is called "synthetic."


The mathematician Gottlob Frege distinguished intension and extension by the German words Sinn and Bedeutung (which translate usually as Sense and Meaning).


Most logicians follow Frege’s distinction between the reference (denotation, name) and the sense (meaning) of a word. But few know that Frege limited the “sense” to the everyday meaning attached to a word by the users of the language. Frege also described the “idea” or “representation” (Vorstellung) that would form in the mind of the message receiver. This, he said, would be different in every mind, since it is dependent on the peculiar experiences of each person. 


This fits perfectly with our experience recorder and reproducer (ERR) as a model of mind, memory, and knowledge.

Vienna Circle philosophers, notably Rudolf Carnap described intension and extension as semantisch and pragmatisch (semantic and pragmatic). 


The idea that meaning is "semantic" captures perfectly the post-modern idea that words are trapped in a "circle of signifiers" and Derridean deconstruction. It is the fundamental ambiguity of words that makes them unacceptable as the basis for philosophy and science. We need to go "beyond language and logic." 

Willard van Orman Quine used the terms Meaning and Reference for intension and extension. 


Note the rough correlation between a priori and a posteriori and the ideas of intension and extension. Intensions are theoretical, "ideas" in minds." Extensions attempt to represent empirically what is "out there" in the external world.


Thus intension/extension can thus be seen to be part of the "great dualism."
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Intersubjectivism

The concept of Intersubjectivism is implicit in Charles Sanders Peirce's notion of an open community of inquires and their shared knowledge of the world. His pragmatic "truth" is something that is only approached over time by the open community of inquirers.   


The term "intersubjectivity" appears prominently in philosophy first in 1905 in the Phenomenology of Edmund Husserl (Zur Phänomenologie der Intersubjektivität).  

Later Rudolf Carnap used the concept to escape the egocentric "metaphysical/methodological solipsism" of his Aufbau theory, in which the starting point of knowledge is subjective perceptions.


Information philosophy makes a similar move from subjective to intersubjective knowledge 

    
To the extent of the correspondence, the isomorphism, the one-to-one mapping, between information structures (and processes) in the world and representative structures and functions in the mind, information philosophy claims that we have quantifiable personal or subjective knowledge of the world.


To the extent of the agreement (again a correspondence or isomorphism) between information in the minds of an open community of inquirers seeking the best explanations for phenomena, information philosophy further claims that we have quantifiable inter-subjective knowledge of other minds and an external world. This is as close as we come to "objective" knowledge, to knowledge of objects and their "primary qualities," which John Locke thought inaccessible, and to Immanuel Kant's "things in themselves."
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Justification

Justification is one of the three traditional conditions for knowledge.

Plato in the Theatetus defined knowledge as justified truebelief.


Unfortunately, the notion of justification of a belief by providing reasons is vague. It involves circularity or an infinite regress of reasons. 


What reasons can be given that themselves do not have just reasons? In view of (i) and (ii) what value is there in a "justification" that is fallible, or worse false?
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Materialism

Materialism is the idea that nothing exists in the universe except material objects. This extreme view is often called eliminative materialism, to indicate its elimination of anything immaterial, like a mind or an abstract idea (pure  information).


Idealism was the claim of the British empiricist George Berkeley, who argued that since all our knowledge of the world is limited to our perceptions of sense data, we have access only to what John Locke called the "secondary qualities" and could never know anything about the "primary qualities" of what Immanuel Kant came to call the "things themselves."


Berkeley's idealism therefore assumed the world can consist only of the ideas in our minds about the world. He was an eliminative idealist.


Materialism and idealism are both monisms. They are usually contrasted in a famous dualism between materialism and idealism .


Materialist metaphysicians hold that the fundamental nature of underlying reality is matter, which is partly correct. They think that all mental phenomena, e.g., consciousness, can be explained as material interactions. This is incorrect.


We must also investigate the arrangement and organization of matter (in short, its  information), and we must investigate the communications between material things (the communication of immaterial information, inside living things and between living things).


Human beings are biological information processors. They are processing ideas.




Source: https://www.informationphilosopher.com/knowledge/materialism.html
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Meaning

The confusion at the heart of much analytic or linguistic philosophy over the correct interpretation of concepts and the terms (words) used to name them is perhaps nowhere more obvious than in the term "meaning." 

Simple dictionary definitions


Languages - Bedeutung, sens, significatio, νόημα, 


And for "sense" - Sinn, sens, sensu, έννοια


C.K.Ogden and I.A.Richards book "The Meaning of Meaning." (Six editions from 1923 - shortly after translating Wittgenstein's Tractatus into English - to 1946)


The "meaning" of any word, concept, or object is different for different people, depending on their information about (their knowledge of) the word, concept, or object.


This may be closest to Wittgenstein's picture theory of meaning?
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Mind-Body Identity Theory

Mind-Body Identity Theory is the idea that the mind is just a part of the physical body.

Mind-brain identity theorists like to say that "mental states" are "brain states," but we will see that much more than abstract "states," "events," "properties," and "laws" are involved in explaining how the mind emerges from the brain.


A more extreme position is to simply deny the existence of mind (there is only a brain), or to say that mind is at best an epiphenomenon, with no causal influences on the physical  world.


Most identity theorists have been materialists who argued for a form of eliminative materialism or reductionism. Ultimately, they regard physics as the foundational science. They expect that molecules are reducible to atoms, biological cells are reducible to molecules, the brain is reducible to its neurons, and the mind is reducible to the brain.


Other philosophers argue that the mind somehow "emerges" from the brain. They see emergence as producing new "laws" at each hierarchical level of "self-organization." Thus, cells have complex biological laws that emerge from simpler molecular laws. On this view, the mind has "states," "events," "properties," and "laws" that are not predictable based on those of the brain.


Some emergentists believe that the new laws in an upper hierarchical level are not reducible to those of the lower levels. They can thus claim to be materialists or physicalists but deny reductionism. This is known as "non-redcutive physicalism." Other philosophers describe the relationship between hierarchical levels as one of supervenience. They claim that "mental events" supervene on "physical events." 


Many writers over the centuries have simply identified the mind with the brain, noticing the empirical fact that when the brain is damaged, mental properties are also impaired. But others, following René Descartes, have assumed that mind is an immaterial, non-physical substance. Descartes and others simply assumed that the mental world could influence the physical world and vice versa, but the mystery of exactly how this might be possible led to the "mind-body problem" the question how two unlike substances, one material, the other immaterial, can interact. Identity theory is one solution to that problem. 


The other solution is dualism and a theory of interactionism (notably the work of Karl Popper and John Eccles).


Twentieth-century philosophers best known to argue for an identity of mind (or consciousness) and brain include Ullin T. Place (1956), Herbert Feigl (1958), and J.J.C.Smart (1959).


Place explicitly describes "consciousness as a brain process," specifically as "patterns" of brain activity. He does not trivialize this identity as a succession of individual "mental events and physical events" in some kind of causal chain. He compares this identity to the idea that "lightning is a motion of electrical charges." 


Herbert Feigl's work was independent of Place's, but he said that the fundamental idea had been held by many earlier materialist (monist) thinkers. He thought it was implied strongly in the reduction of all sciences to physics by Rudolf Carnap's "unity of science" view in 1925. Feigl describes his own thesis:


The identity thesis which I wish to clarify and to defend asserts that the states of direct experience which conscious beings "live through" and those which we confidently ascribe to some of the higher animals, are identical with certain (presumably configurational) aspects of the neural processes in these organisms.


J.J.C.Smart clarified and extended the identity theory of his colleague U.T.Place


When I say that a sensation is a brain process or
that lightning is an electric discharge, I am using
"is" in the sense of strict identity. (Just as in
the — in this case necessary — proposition "7 is
identical with the smallest prime number
greater than 5.") When I say that a sensation is a
brain process or that lightning is an electric dis-
charge I do not mean just that the sensation is
somehow spatially or temporally continuous
with the brain process or that the lightning is
just spatially or temporally continuous with the
discharge.


Smart is a strong materialist. He says "A man is a vast arrangement of physical particles, but there are not, over and above this, sensations or states of consciousness." (ibid.) Smart wrote the 2007 article on mind-body identity theory for the Stanford Encyclopedia of Philosophy, in which he says:


Some philosophers hold that though experiences are brain processes they nevertheless have fundamentally non-physical, psychical, properties, sometimes called ‘qualia’... Identity theorists often describe themselves as ‘materialists’ but ‘physicalists’ may be a better word. That is, one might be a materialist about mind but nevertheless hold that there are entities referred to in physics that are not happily described as ‘material’.



The Mind-Body Solution of Information Philosophy 


Information Philosophy rejects the Identity Thesis. The mind is an immaterial and non-physical process going on in the physical and material brain.

 The human mind is the most highly evolved form of the biological information processing that goes on in all organisms. Information philosophy sees the mind as a biological information processing system. 


Our mind/brain model emphasizes the abstract information content of the mind. Abstract information is neither matter nor energy, yet it needs matter for its concrete embodiment and energy for its communication. Information fits well with the common-sense notion of spirit, or with behaviorist philosopher Gilbert Ryle's derisive  "ghost in the machine."


When we are conceived, it is information in our parental DNA (plus the vastly greater information in the human cell) that starts our life. When we die, mere matter remains. What is lost is our developmental and experiential information - our life history, excepting that which may have been stored externally in other minds or in the Sum of human knowledge.

Because it is embodied in the brain, the mind can control the actions of a body. The mind is normally unaffected by its own quantum level uncertainty (excepting when we want to be creative and unpredictable).


Thus our mind/body model explains how a relatively immaterial, "free," unpredictable, and creative mind can exert downward causal control over the adequately determined material body through the self-determinate and responsible actions selected by the will from an agenda of alternative possibilities.         


See the Experience-Recorder-Reproducer model of the mind. 
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Naturalism

Naturalism in philosophy, as it is in science, is the search for explanations that involve only Nature, ones that in particular do not involve supernatural ideas.


Metaphysical or ontological naturalism is the idea that there is nothing in the world but Nature. This lead to difficulties as to the existential status of ideas, abstract concepts like justice, and entities like numbers or a geometric circle.

Methodological naturalism accepts as explanations only arguments based on natural phenomena. If and when abstract ideas are properly understood, it will be because they have natural explanations.


Ethical naturalism moves the question of values and their origin outward from early humanist views, first to biological explanations (the evolution of ethics in higher organisms), but ultimately to the universe as a whole. Moral skeptics from Thomas Hobbes to Friedrich Nietzsche see ethics as invented for reasons of self-interest in a social contract.


Natural religion is an attempt to explain religious beliefs about the creation of the universe in wholly natural terms. Though some see this as a conflicted and futile attempt to naturalize supernaturalism, the philosophy of religion began in earnest with David Hume's Dialogues Concerning Natural Religion and The Natural History of Religion. 


Naturalism has a long history in the free will debates, beginning with Hume's arguments in the Treatise on Human Nature and the Enquiries that humans have "natural beliefs" that are prior to experience and shape our perceptions.


Anticipating Immanuel Kant's synthetic a priori, Hume argued that a skeptical view of empiricism prevented us from knowing basic things like causality and the external world, but that a "natural belief" in causality and the external world could not be negated by any skeptical arguments. 


Hume hoped to build a science of Human Nature modeled on Isaac Newton's Principia, which had become the canonical model for all science. But his reintroduction of mitigated academic skepticism made any science at all problematic. 


Epistemological theories that all knowledge was based on reasoning about sense data perceived by a mind that began as a blank slate run into the criticism that we can only know those sense data, and not the "things themselves" in the external world that are producing the perceptions.


For the Scottish School of philosophy, which strongly influenced Hume, transcendental beliefs could trump reason. They were prior to reason. Hume argued that we could not reason without beliefs, desires, and passions. Indeed, he argued that an act of will was driven by beliefs and desires, never by reason, which was merely an instrument to evaluate various means to our ends. This was similar to the position of Scholastic philosophers like Thomas Aquinas.


Natural beliefs that Hume felt could not be denied by reasoned arguments, such as the principle of uniformity and the existence of the external world, were incorporated by Kant into his transcendental theory that the mind imposed categories of understanding on the world. Kant's "synthetic a priori" claimed to establish certain truths about the world that could be known without empirical, a posteriori, studies of the world. 


Among Kant's attempts at synthetic a priori truths were Euclidean geometry and determinism. 


Kant's arguments that we must limit reason to make room for beliefs seem similar to Hume's view that some beliefs necessarily precede any reason. Both the Humean and Kantian projects are best seen as trying to establish morality in an age of empirical and deterministic science.



Today these beliefs are regarded as assumptions or axioms that are tested by their explanatory power in empirical science. But science and pure reason seem unable to deal with questions of free will and moral responsibility, which for Hume and Kant (and later Wittgenstein) were all-important. 


Hume and Hobbes were the two leading compatibilists of their times, believing that free will was compatible with strict determinism. Both denied the reality of absolute chance. For them, chance was the result of human ignorance. Chance is an epistemic question, not an ontological problem. 


But in contrast to Hobbes' moral skepticism and the supremacy of self-interest, Hume hoped to establish the foundations of a morality based on natural moral sentiment in An Enquiry concerning the Principles of Morals, Part II


Self-love is a principle in human nature of such extensive energy, and the interest of each individual is, in general, so closely connected with that of the community, that those philosophers were excusable, who fancied, that all our concern for the public might be resolved into a concern for our own happiness and preservation. They saw every moment, instances of approbation or blame, satisfaction or displeasure towards characters and actions; they denominated the objects of these sentiments, virtues, or vices; they observed, that the former had a tendency to encrease the happiness, and the latter the misery of mankind; they asked, whether it were possible that we could have any general concern for society, or any disinterested resentment of the welfare or injury of others; they found it simpler to consider all these sentiments as modifications of self-love; and they discovered a pretence, at least, for this unity of principle, in that close union of interest, which is so observable between the public and each individual.



        But notwithstanding this frequent confusion of interests, it is easy to attain what natural philosophers, after Lord Bacon, have affected to call the experimentum crucis, or that experiment, which points out the right way in any doubt or ambiguity. We have found instances, in which private interest was separate from public; in which it was even contrary; And yet we observed the moral sentiment to continue, notwithstanding this disjunction of interests. And wherever these distinct interests sensibly concurred, we always found a sensible encrease of the sentiment, and a more warm affection to virtue, and detestation of vice, or what we properly call, gratitude and revenge. Compelled by these instances, we must renounce the theory, which accounts for every moral sentiment by the principle of self-love. We must adopt a more public affection, and allow, that the interests of society are not, even on their own account, entirely indifferent to us. Usefulness is only a tendency to a certain end; and it is a contradiction in terms, that any thing pleases as means to an end, where the end itself no wise affects us. If usefulness, therefore, be a source of moral sentiment, and if this usefulness be not always considered with a reference to self; it follows, that every thing, which contributes to the happiness of society recommends itself directly to our approbation and good-will. Here is a principle, which accounts, in great part, for the origin of morality: And what need we seek for abstruse and remote systems, when there occurs one so obvious and natural?




Hume gives the argument for moral sentiment as superior to reason or judgment in Appendix I, Concerning Moral Sentiment, though reason helps with calculations of utility. 

If the foregoing hypothesis be received, it will now be easy for us to determine the question first started, concerning the general principles of morals; and though we postponed the decision of that question, lest it should then involve us in intricate speculations, which are unfit for moral discourses, we may resume it at present, and examine how far either reason or sentiment enters into all decisions of praise or censure.

        One principal foundation of moral praise being supposed to lie in the usefulness of any quality or action; it is evident, that reason must enter for a considerable share in all decisions of this kind; since nothing but that faculty can instruct us in the tendency of qualities and actions, and point out their beneficial consequences to society and to their possessors...And a very accurate reason or judgment is often requisite, to give the true determination, amidst such intricate doubts arising from obscure or opposite utilities.


        But though reason, when fully assisted and improved, be sufficient to instruct us in the pernicious or useful tendency of qualities and actions; it is not alone sufficient to produce any moral blame or approbation. Utility is only a tendency to a certain end; and were the end totally indifferent to us, we should feel the same indifference towards the means. It is requisite a sentiment should here display itself, in order to give a preference to the useful above the pernicious tendencies. This sentiment can be no other than a feeling for the happiness of mankind, and a resentment of their misery; since these are the different ends which virtue and vice have a tendency to promote. Here, therefore, reason instructs us in the several tendencies of actions, and humanity makes a distinction in favour of those which are useful and beneficial. 




In the famous passage where Hume shows that "Ought" cannot be derived from "Is," he again makes the case for natural passions, motives, volitions, thoughts, and feelings as the source for sentiments of morality. There is no matter of fact discernible by reason alone.(Treatise, Book III, Sect I, p.468)  

Nor does this reasoning only prove, that morality consists not in any relations, that are the objects of science; but if examin'd, will prove with equal certainty, that it consists not in any matter of fact, which can be discover'd by the understanding. This is the second part of our argument; and if it can be made evident, we may conclude, that morality is not an object of reason. But can there be any difficulty in proving, that vice and virtue are not matters of fact, whose existence we can infer by reason? Take any action allow'd to be vicious: Wilful murder, for instance. Examine it in all lights, and see if you can find that matter of fact, or real existence, which you call vice. In which-ever way you take it, you find only certain passions, motives, volitions and thoughts. There is no other matter of fact in the case. The vice entirely escapes you, as long as you consider the object. You never can find it, till you turn your reflection into your own breast, and find a sentiment of disapprobation, which arises in you, towards this action. Here is a matter of fact; but `tis the object of feeling, not of reason. It lies in yourself, not in the object. So that when you pronounce any action or character to be vicious, you mean nothing, but that from the constitution of your nature you have a feeling or sentiment of blame from the contemplation of it. Vice and virtue, therefore, may be compar'd to sounds, colours, heat and cold, which, according to modern philosophy, are not qualities in objects, but perceptions in the mind: And this discovery in morals, like that other in physics, is to be regarded as a considerable advancement of the speculative sciences; tho', like that too, it has little or no influence on practice. Nothing can be more real, or concern us more, than our own sentiments of pleasure and uneasiness; and if these be favourable to virtue, and unfavourable to vice, no more can be requisite to the regulation of our conduct and behaviour.



I cannot forbear adding to these reasonings an observation, which may, perhaps, be found of some importance. In every system of morality, which I have hitherto met with, I have always remark'd, that the author proceeds for some time in the ordinary way of reasoning, and establishes the being of a God, or makes observations concerning human affairs; when of a sudden I am surpriz'd to find, that instead of the usual copulations of propositions, is, and is not, I meet with no proposition that is not connected with an ought, or an ought not. This change is imperceptible; but is, however, of the last consequence. For as this ought, or ought not, expresses some new relation or affirmation, `tis necessary that it shou'd be observ'd and explain'd; and at the same time that a reason should be given, for what seems altogether inconceivable, how this new relation can be a deduction from others, which are entirely different from it. But as authors do not commonly use this precaution, I shall presume to recommend it to the readers; and am persuaded, that this small attention wou'd subvert all the vulgar systems of morality, and let us see, that the distinction of vice and virtue is not founded merely on the relations of objects, nor is perceiv'd by reason. 



Hume the skeptic doubts ought can be derived from is. Hume the naturalist has no such problem 


Naturalism and Free Will

Perhaps the most important recent discussion of naturalism and free will is Peter Strawson's 1962 essay Freedom and Resentment, which changed the subject from the truth of determinism or free will to the Humean claim that moral attitudes exist quite independently of the reasoned "truth" of determinism or the free will thesis.

This is of course also Hume's position, since no reasoned argument can cause us to abandon our natural beliefs that lead to sympathy with others and feelings of gratitude and resentment.


Surprisingly, this famous Strawson essay has only a single reference to Hume, a footnote on Hume's denial of any "rational" justification of induction. So, says Strawson, there is no rational denial of moral responsibility, based on what he calls the reactive attitudes. This argument leads directly to John Martin Fischer's semi-compatibilism. 


Strawson arrays "pessimists" - genuine moral skeptics - against "optimists" - apparently compatibilists - and hopes to reconcile them: 


Some philosophers say they do not know what the thesis of determinism is. Others say, or imply, that they do know what it is. Of these, some — the pessimists perhaps — hold that if the thesis is true, then the concepts of moral obligation and responsibility really have no application, and the practices of punishing and blaming, of expressing moral condemnation and approval, are really unjustified. Others—the optimists perhaps—hold that these concepts and practices in no way lose their raison d’être if the thesis of determinism is true. Some hold even that the justification of these concepts and practices requires the truth of the thesis. There is another opinion which is less frequently voiced: the opinion, it might be said, of the genuine moral sceptic. 

This is that the notions of moral guilt, of blame, of moral responsibility are inherently confused and that we can see this to be so if we consider the consequences either of the truth of determinism or of its falsity. The holders of this opinion agree with the pessimists that these notions lack application if determinism is true, and add simply that they also lack it if determinism is false. If I am asked which of these parties I belong to, I must say it is the first of all, the party of those who do not know what the thesis of determinism is. But this does not stop me from having some sympathy with the others, and a wish to reconcile them.



Note the standard two-part argument against free will


In his 1985 book Skepticism and Naturalism, Strawson describes two naturalisms, a "reductive naturalism" (which he also calls strict or hard) and another naturalism, perhaps his own view (which he calls liberal, catholic, or soft). 

He connects reductive naturalism to skepticism and scientism, which he feels denies some evident truths and realities (such as the existence of the world), but thinks the liberal naturalist might be accused of fostering illusions or propagating myths. He then applies these two approaches to his reactive moral attitudes (Skepticism and Naturalism, 1985, p.31-32)


The area I have in mind is that of those attitudes and feelings, or "sentiments," as we used to say, toward ourselves and others, in respect of our and their actions, which can be grouped together under the heads of moral attitudes and judgments and personal reactive attitudes and are indissolubly linked with that sense of agency or freedom or responsibility which we feel in ourselves and attribute to others. 

The fundamental thought is that once we see people and their doings (including ourselves and our doings) objectively, as what they are, namely as natural objects and happenings, occurrences in the course of nature


 — whether causally determined occurrences or chance occurrences — then the veil of illusion cast over them by moral attitudes and reactions must, or should, slip away. What simply happens in nature may be matter for rejoicing or regret, but not for gratitude or resentment, for moral approval or blame, or for moral self-approval or remorse.

Attempts to counter such reasoning by defending the reality of some special condition of freedom or spontaneity or self-determination which human beings enjoy and which supplies a justifying ground for our moral attitudes and judgments have not been notably successful; for no one has been able to state intelligibly what such a condition of freedom, supposed to be necessary to ground our moral attitudes and judgments, would actually consist in.


Such attempts at counter-argument are misguided; and not merely because they are unsuccessful or unintelligible. They are misguided also for the reasons for which counter-arguments to other forms of skepticism have been seen to be misguided; i.e. because the arguments they are directed against are totally inefficacious. We can no more be reasoned out of our proneness to personal and moral reactive attitudes in general than we can be reasoned out of our belief in the existence of body.




Again, neither determinism nor chance can provide free will


A few years after Strawson's Naturalistic arguments for the moral sentiments he called the reactive attitudes, Willard van Orman Quine argued that epistemology should be naturalized.


In his essay Two Dogmas of Empiricism, Quine argued that the distinction between analytic (a priori) and synthetic (a posteriori) knowledge was moot because ultimately the "truth" or validity of analytic statements depended on their applying in the world.


Naturalized epistemology has been called "scientism" because it makes science the last word on whether we know what we think we know. And Quine initially agreed with Bertrand Russell that "what science cannot discover, mankind cannot know." Epistemological naturalism today assumes that science is the final arbiter of public knowledge arrived at by consensus of the community of inquirers. This was Charles Sanders Peirce's idea of pragmatic knowledge. But it also admits some private knowledge that may be unsuitable for such public empirical verification.


We should mention here the Center for Naturalism, who deny that individuals have ultimate responsibility for their actions (in the sense of origination - being the self-caused authors of their actions) and assert that free will is an illusion. Nevertheless, the Center believes that individuals should be held morally responsible for their actions, and should be given appropriate rewards or sanctions, to help control behavior. So their moral responsiblility position is similar to that of David Hume, and perhaps to John Martin Fischer's semicompatibilism, although Fischer is agnostic on the free will question, and Hume's free will is compatible with determinism.
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Necessity

Necessity is the idea that everything that has ever happened and ever will happen is necessary, and can not be otherwise. Necessity is often opposed to chance and contingency. In a necessary world there is no chance. Everything that happens is necessitated. 


The great atomist Leucippus stated the first dogma of determinism, an absolute necessity.

    "Nothing occurs at random, but everything for a reason and by necessity."


Aristotle confronted the logical necessity that only one of two contradictory statements can be true and the other false. Diodorus Cronus had said that only one answer to the question "Will there be a sea battle tomorrow?" can be true. Either Yes or No.


Diodorus' paradox was that only one of these was already necessarily true. Aristotle solved the paradox by saying that the truth of statements about the future was contingent on the actual future,     

    "A sea battle must either take place tomorrow or not, 
    
but it is not necessary that it should take place tomorrow, 
    
neither is it necessary that it should not take place, 
    
yet it is necessary that it either should or should not 
take place to-morrow." 
(De Interpretatione IX, 19 a 30) 


Later, Leibniz distinguished two forms of necessity, necessary necessity and contingent necessity.


Chance is regarded as inconsistent with logical determinism and with any limits on causal, physical or mechanical determinism.


Despite abundant evidence to the contrary, many philosophers deny that chance exists. If a single event is determined by chance, then indeterminism would be true, they say, and undermine the very possibility of certain knowledge. Some go to the extreme of saying that chance would make the state of the world totally independent of any earlier states, which is nonsense, but it shows how anxious they are about chance.


Bertrand Russell said "The law of causation, according to which later events can theoretically be predicted by means of earlier events, has often been held to be a priori, a necessity of thought, a category without which science would not be possible." (Russell, External World p.179)  


The core idea of indeterminism is closely related to the idea of causality. Indeterminism for some is simply an event without a cause. But we can have an adequate causality without strict determinism, which implies complete predictability of events and only one possible future. 


An example of an event that is not strictly caused is one that depends on chance, like the flip of a coin. If the outcome is only probable, not certain, then the event can be said to have been caused by the coin flip, but the head or tails result was not predictable. So this causality, which recognizes prior events as causes, is undetermined and the result of chance alone. 


We call this "soft" causality. Events are caused by prior (uncaused) events, but not determined by events earlier in the causal chain, which has been broken by the uncaused cause.


Necessity is critical for the question of free will. Strict necessity implies just one possible future. Chance means that the future is unpredictable. Chance allows alternative futures and the question becomes how the one actual present is realized from these potential alternatives. 


The departure required from strict necessity is very slight compared to the miraculous ideas associated with the "causa sui" (self-caused cause) of the ancients.


Despite David Hume's critical attack on the necessity of causes, many philosophers embrace causality strongly. Some even connect it to the very possibility of logic and reason. And Hume himself strongly, if inconsistently, believed in necessity while denying causality. He said "'tis impossible to admit any medium betwixt chance and necessity."


Even in a world with chance, macroscopic objects are determined to an extraordinary degree. Newton's laws of motion are deterministic enough to send men to the moon and back. Our Cogito model of the Macro Mind is large enough to ignore quantum uncertainty for the purpose of the reasoning will. The neural system is robust enough to insure that mental decisions are reliably transmitted to our limbs. 


we see a world of 
soft causality and adequate determinism



We call this determinism, limited as it is in extremely small structures, "adequate determinism."  Determinism is adequate enough for us to predict eclipses for the next thousand years or more with extraordinary precision. 


The presence of quantum uncertainty leads some philosophers to call the world indetermined. But indeterminism is misleading, with strong negative connotations, when most events are overwhelmingly "adequately determined."


There is no problem imagining that the three traditional mental faculties of reason - perception, conception, and comprehension - are all carried on deterministically in a physical brain where quantum events do not interfere with normal operations.


There is also no problem imagining a role for chance in the brain in the form of quantum level noise.  Noise can introduce random errors into stored memories. Noise could create random associations of ideas during memory recall. This randomness may be driven by microscopic fluctuations that are amplified to the macroscopic level. 


Our Macro Mind needs the Micro Mind for the free action items and thoughts in an Agenda of alternative possibilities to be de-liberated by the will. Chance in the Micro Mind is the "free" in free will and the source of human creativity. The adequately determined Macro Mind is the "will" in free will that de-liberates, choosing actions for which we can be morally responsible. 


[Necessity must be limited to its proper use in logic, and disambiguated from its close relatives causality, determinism, certainty, and predictability.]
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Plato's Divided Line

At the end of Book VI of the Republic (509D-513E), Plato describes the visible world of perceived physical objects and the images we make of them (in our minds and in our drawings, for example). The sun, he said, not only provides the visibility of the objects, but also generates them and is the source of their growth and nurture. Many primitive religions identify the sun with God, for good reason.

Beyond this visible world, which later philosophers (esp. Immanuel Kant) would call the phenomenal world, lies an intelligible world (that Kant will call noumenal. The intelligible world is (metaphorically) illuminated by "the Good" (τον ἀγαθὸν), just as the visible world is illuminated by the sun.


The division of Plato's Line between Visible and Intelligible is then a divide between the Material and the Ideal, the foundation of most Dualisms. Plato may have coined the word "idea" (ἰδέα), using it somewhat interchangeably with the Greek word for shape or form (εἶδος ). The word idea derives from the Greek for "to have seen." 


Plato's Line is also a division between Body and Mind. The upper half of the divided line is usually called Intelligible as opposed to Visible, meaning that it is "seen" by the mind (510E), by the Greek Nous (νοῦς), rather than by the eye. 


In Republic, Book VI, 507C, Plato describes these two classes of things, those that can be seen but not thought, and those that can be thought but not seen:

καὶ τὰ μὲν δὴ ὁρᾶσθαί φαμεν, νοεῖσθαι δ᾽ οὔ, τὰς δ᾽ αὖ ἰδέας νοεῖσθαι μέν, ὁρᾶσθαι δ᾽ οὔ.


[image: Plato's Divided Line]


At Republic, Book VI, 508B-C, Plato makes an analogy between the role of the sun, whose light gives us our vision to see (ὄψις) and visible things to be seen (ὁρώμενα) and the role of the Good (τἀγαθὸν).  The sun rules over our vision and the things we see. The Good rules over our (hypothetical) knowledge and the (real) objects of our knowledge (the forms, the ideas): 


“This, then, you must understand that I meant by the offspring of the good which the good begot to stand in a proportion with itself: as the good is in the intelligible region to reason [CD] and the objects of reason [DE], so is this (sc. the sun) in the visible world to vision [AB] and the objects of vision [BC].”

φάναι με λέγειν τὸν τοῦ ἀγαθοῦ ἔκγονον, ὃν τἀγαθὸν ἐγέννησεν ἀνάλογον ἑαυτῷ, ὅτιπερ αὐτὸἐν τῷ νοητῷ τόπῳ πρός τε νοῦν καὶ τὰ νοούμενα, τοῦτο τοῦτον ἐν τῷ ὁρατῷ πρός τε ὄψιν καὶ τὰ ὁρώμενα.




At 509D-510A, Plato describes the line as divided into two sections that are not the same (ἄνισα) size.  Most modern versions represent the Intelligible section as larger than the Visible. But there are strong reasons to think that for Plato the Intelligible (being unitary abstraction) is to the Visible (with its many concrete particulars) as the One is to the Many. 


We don't know whether Plato imagined the Intelligible or the Visible to be the larger section, but it seems clear that he pictures the Intelligible section above the Visible, so we use a vertical line. 


Plato then further divides each of the Intelligible and the Visible sections into two. He argues that the new divisions are in the same ratio as the fundamental division. 



“Represent them then, as it were, by a line divided into two unequal sections and cut each section again in the same ratio (the section, that is, of the visible and that of the intelligible order), and then as an expression of the ratio of their comparative clearness and obscurity you will have, as one of the sections of the visible world, images. By images I mean, first, shadows, and then reflections in water and on surfaces of dense, smooth and bright texture, and everything of that kind, if you apprehend.” 

“I do.” 

“As the second section assume that of which this is a likeness or an image, that is, the animals about us and all plants and the whole class of objects made by man.”
 
“I so assume it,” he said. 

“Would you be willing to say,” said I, “that the division in respect of reality and truth or the opposite is expressed by the proportion: as is the opinable (δόξα) to the knowable (γνῶσις) so is the likeness (ὁμοιωθὲν) to that of which it is a likeness (ὡμοιώθη)?”

ὥσπερ τοίνυν γραμμὴν δίχα τετμημένην λαβὼν ἄνισα τμήματα, πάλιν τέμνε ἑκάτερον τὸ τμῆμα ἀνὰ τὸν αὐτὸν λόγον, τό τε τοῦ ὁρωμένου γένους καὶ τὸ τοῦ νοουμένου, καί σοι ἔσται σαφηνείᾳ καὶ ἀσαφείᾳ πρὸς ἄλληλα ἐν μὲν τῷ ὁρωμένῳ τὸ μὲν ἕτερον τμῆμα εἰκόνες — λέγω δὲ τὰς εἰκόνας πρῶτον μὲν τὰς σκιάς, ἔπειτα τὰ ἐν τοῖς ὕδασι φαντάσματα καὶ ἐν τοῖς ὅσα πυκνά τε καὶ λεῖα καὶ φανὰ συνέστηκεν, καὶ πᾶν τὸ τοιοῦτον, εἰ κατανοεῖς. 

ἀλλὰ κατανοῶ.

τὸ τοίνυν ἕτερον τίθει ᾧ τοῦτο ἔοικεν, τά τε περὶ ἡμᾶς ζῷς καὶ πᾶν τὸ φυτευτὸν καὶ τὸ σκευαστὸν ὅλον γένος.

τίθημι, ἔφη.

ἦ καὶ ἐθέλοις ἂν αὐτὸ φάναι, ἦν δ᾽ ἐγώ, διῃρῆσθαι ἀληθείᾳ τε καὶ μή, ὡς τὸ δοξαστὸν πρὸς τὸ γνωστόν, οὕτω τὸ ὁμοιωθὲν πρὸς τὸ ᾧ ὡμοιώθη;




Later, at 511D-E, Plato summarizes the four sections of the divided line


“Your interpretation is quite sufficient,” I said; “and now, answering to these four sections, assume these four affections occurring in the soul: intellection (νόησιν) or reason for the highest [DE], understanding (διάνοια) for the second [CD]; assign belief (πίστις) to the third [BC], and to the last picture-thinking or conjecture (εἰκασία) [AB], and arrange them in a proportion, considering that they participate in clearness and precision in the same degree as their objects partake of truth and reality.”

ἱκανώτατα, ἦν δ᾽ ἐγώ, ἀπεδέξω. καί μοι ἐπὶ τοῖς τέτταρσι τμήμασι τέτταρα ταῦτα παθήματα ἐν τῇ ψυχῇ γιγνόμενα λαβέ, νόησιν μὲν ἐπὶ τῷ ἀνωτάτω, διάνοιανδὲ ἐπὶ τῷ δευτέρῳ, τῷ τρίτῳ δὲ πίστιν ἀπόδος καὶ τῷ τελευταίῳ εἰκασίαν, καὶ τάξον αὐτὰ ἀνὰ λόγον, ὥσπερ ἐφ᾽ οἷς ἐστιν ἀληθείας μετέχει, οὕτω ταῦτα σαφηνείας ἡγησάμενος μετέχειν.



We can collect the various terms that Plato has used to describe the components of his divided line. Some terms are ontological, describing the contents of the four sections. Some are epistemological, describing how it is we know those contents.


	
     509D-510A
    	
      likenesses, images, shadows, imitations, our vision (ὄψις, ὁμοιωθὲν)
    	
      the physical things that we see/perceive with our senses (ὁρώμενα, ὁμοιωθὲν)
    	
      opinion, beliefs (δόξα, νοῦν)
    	
      knowledge (γνῶσις, νοούμενα)
    
	
    511D-E	
      conjectures, images, (εἰκασία)
    	
      trust, confidence, belief (πίστις)
    	
      understanding, hypothesis (διανόια)
    	
      intellection, the objects of reason (νόησις, ἰδέαι, ἐπιστήμην)
    


By insisting that the ratio or proportion of the division of the visibles (AB:BC) and the division of the intelligibles (CD:DE) are in the same ratio or proportion as the visibles to the intelligibles (AC:CE), Plato has made BC = CD. And indeed Plato at one point identifies the contents of these two sections. He says (510B) that in CD the soul is compelled to investigate by treating as images the things imitated in the former division (BC).


“Consider then again the way in which we are to make the division of the intelligible section.” 

“In what way?” 

“By the distinction that there is one section of it [CD] which the soul is compelled to investigate by treating as images the things imitated in the former division [BC], and by means of assumptions from which it proceeds not up to a first principle but down to a conclusion, while there is another section in which it advances from its assumption to a beginning or principle that transcends assumption (ἀρχὴν ἀνυπόθετον), and in which it makes no use of the images employed by the other section, relying on ideas only and progressing systematically through ideas.”

σκόπει δὴ αὖ καὶ τὴν τοῦ νοητοῦ τομὴν ᾗ τμητέον.

πῇ;

ἧι τὸ μὲν αὐτοῦ τοῖς τότε μιμηθεῖσιν ὡς εἰκόσιν χρωμένη ψυχὴ ζητεῖν ἀναγκάζεται ἐξ ὑποθέσεων, οὐκ ἐπ᾽ ἀρχὴν πορευομένη ἀλλ᾽ ἐπὶ τελευτήν, τὸ δ᾽ αὖ ἕτερον—τὸ ἐπ᾽ ἀρχὴν ἀνυπόθετον—ἐξ ὑποθέσεως ἰοῦσα καὶ ἄνευ τῶν περὶ ἐκεῖνο εἰκόνων, αὐτοῖς εἴδεσι δι᾽ αὐτῶν τὴν μέθοδον ποιουμένη.



Plato distinguishes two methods here. The first (the method of the mathematician or scientist) starts with assumptions or hypotheses (ὑποθέσεων) - Aristotle called them axioms - and proceeds to a conclusion (τελευτήν) which remains dependent on the hypotheses or axioms. The second (the dialectician or philosopher) advances from assumptions to a beginning or first principle (ἀρχὴν) that transcends the hypotheses (ἀνυπόθετον), relying on ideas only and progressing systematically through ideas.


The question whether and in what way such first principles exist is the subject of "first philosophy" that Aristotle's editors called Μetaphysics. Ιn the traditional order of Aristotle's works, these books came after the Physics and were so titled - ΤΟΝ ΜΕΤΑ ΤΑ ΦΥΣΙΚΑ. The Neoplatonist philosopher Porphyry is said to have asked the "fateful question" of whether Plato's ideas (forms or essences) really exist. Aristotle unequivocally thought that the Platonic ideas were simply abstractions from concrete existents. In the twentieth-century jargon of Existentialism, "existence precedes essence."

Platonism (sometimes called Platonic Realism or Platonic Idealism) is the view that the ideas exist, but since they are not physical, their existence is outside space and time. In the nineteenth and early twentieth centuries a view called psychologism (or conceptualism) was developed, arguing that the ideas exist as concepts only in human minds. Anti-Realism (also called Nominalism) denies the separate abstract existence of the ideas, claiming that the number 3, for example, exists only in all the concrete sets of three things. The abstract concept of redness exists in the set of all red things. This was Aristotle's view.



Plato claims that the dialectical method is more holistic and capable of reaching a higher form of knowledge, possibly related to his notion that the eternal soul has "seen" all these truths in past lives (incarnations) and before (we might call it the beforelife).


Aristotle's divided line!


Plato's idea that the Good (τον ἀγαθὸν) is the creator (δεμιύργος) of all the ideas (the forms of the Good) resembles our information philosophy view that ergodic processes are the source of everything of positive value (our Ergo).


Plato does not identify the Good with material things or even with the abstract ideas and forms. The Good is the creative process that generates the forms.
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Possible Worlds

Possible worlds and modal reasoning have made "counterfactual" arguments extremely popular in current philosophy. Possible worlds, especially the idea of "nearby worlds" that differ only slightly from the actual world,  are used to examine the validity of modal notions such as necessity and contingency, possibility and impossibility, truth and falsity. 


Information philosophy can quantify over the information in different possible worlds and thus establish the relative possibilities or "information distance" from our actual world. 


In ancient times, Lucretius commented on possible worlds. 
In his De Rerum Natura, he wrote in Book V,


for which of these causes holds in our world it
is difficult to say for certain ; but what may be done
and is done through the whole universe in the various 
worlds made in various ways, that is what I teach,
proceeding to set forth several causes which may
account for the movements of the stars throughout
the whole universe; one of which, however, must
be that which gives force to the movement of the
signs in our world also; but which may be the true
one,


The sixteenth-century philosopher Giordano Bruno speculated about an infinite universe, with room for unlimited numbers of other stars and their own planets.



Philotheo. This is indeed what I had to add; for, having pronounced that the universe must itself be infinite because of the capacity and aptness of infinite space; on account also of the possibility and convenience of accepting the existence of innumerable worlds like to our own; it remaineth still to prove it. 

I say that the universe is entirely infinite because it hath neither edge, limit, nor surfaces. But I say that the universe is not all-comprehensive infinity because each of the parts thereof that we can examine is finite and each of the innumerable worlds contained therein is finite.


There hath never been found a learned and worthy philosopher who, under any kind of pretext, hath wished to deduce from such a proposition the necessity of human action and thus to destroy free will. Thus, Plato and Aristotle among others, in postulating the necessity and immutability of God, posit no less the moral liberty and power of our free will, for they know well and understand how compatible are that necessity and that free will. 


Theophilo. For the solution that you seek you must realize Firstly, that since the universe is infinite and immobile, there is no need to seek the motive power thereof, Secondly, the worlds contained therein such as earths, fires and other species of body named stars are infinite in number, and all move by the internal principle which is their own soul, as we have shewn elsewhere;  wherefore it is vain to persist in seeking an extrinsic cause of their motion. Thirdly, these worlds move in the ethereal regions and are not fixed or nailed down on to any body, any more than is our earth, which is one of them. And we prove that this earth doth from innate animal instinct, circle around her own centre in diverse fashion and around the sun. These matters having been thus declared, we are not, according to our principles, obliged to demonstrate either active or passive motion arising from infinite intensive force, for the moving body, as also the motor power, is infinite; moving soul and moved body meet in a finite subject, that is, in each of the aforesaid stars which are worlds. So that the Prime Origin is not that which moveth; but itself still and immobile, it giveth the power to generate their own motion to an infinity of worlds, great and small animals placed in the vast space of the universe, each with a pattern of mobility, of motion and of other accidents, conditioned by its own nature.





The idea of many possible worlds was also proposed by Gottfried Leibniz, who famously argued that the actual world is "the best of all possible worlds." Leibniz says to Arnauld in a letter from 14 July 1686,


I think there is an infinity of possible ways in which to create the world, according to the different designs which God could form, and that each possible world depends on certain principal designs or purposes of God which are distinctive of it, that is, certain primary free decrees (conceived sub ratione possibilitatis) or certain laws of the general order of this possible universe with which they are in accord and whose concept they determine, as they do also the concepts of all the individual substances which must enter into this same universe.


Leibniz' notion of a substance was so complete that it could be used to deduce from it all the predicates of the subject to which this notion is attributed.



Hugh Everett III

Hugh Everett  was one of John Wheeler's most famous graduate students. Others included Richard Feynman. Wheeler supervised more Ph.D. theses than any other Princeton physics professor.

Everett took mathematical physics classes with Eugene Wigner, who argued that human consciousness (and perhaps some form of cosmic consciousness) was essential to the collapse of the wave function.


In his Ph.D thesis finally accepted in 1957, Everett was the inventor of the "universal wave function" and the "relative state" formulation of quantum mechanics, later known as the "many-worlds interpretation."


Everett's many-worlds interpretation of quantum mechanics is an attempt to deny the random "collapse" of the wave function and preserve determinism in quantum mechanics. Everett claims that every time an experimenter makes a quantum measurement with two possible outcomes, the entire universe splits into two new universes, each with the same material content as the original, but each with a different outcome. Everett's thesis violates the conservation of mass/energy in the most extreme way. John Bell called it "extravagant," which by Occam's Razor must be an extreme understatement.


Everett described the results of a measurment by an observer. 


As soon as the observation is performed, the composite state is split into
a superposition for which each element describes a different object-system
state and an observer with (different) knowledge of it. Only the totality
of these observer states, with their diverse knowledge, contains complete
information about the original object-system state - but there is no possible
communication between the observers described by these separate states. 
Any single observer can therefore possess knowledge only of the
relative state function (relative to his state) of any systems, which is in
any case all that is of any importance to him.


David Lewis


In the early 1970's, the analytic language philosopher David Lewis developed the philosophical methodology known as modal realism based on the idea of many possible worlds. Lewis, who was at Princeton in philosophy, may well have been influenced by Hugh Everett, who was at Princeton in physics, and whose meeting with Einstein motivated him to restore determinism to quantum physics. 

Lewis claims that

	Possible worlds exist and are just as real as our world.
	Possible worlds are the same sort of things as our world – they differ in content, not in kind.
	Possible worlds cannot be reduced to something more basic – they are irreducible entities in their own right.
	Actuality is indexical. When we distinguish our world from other possible worlds by claiming that it alone is actual, we mean only that it is our world.
	Possible worlds are unified by the spatiotemporal interrelations of their parts; every world is spatiotemporally isolated from every other world.
	Possible worlds are causally isolated from each other.

Modal realism implies the existence of infinitely many parallel universes, an idea similar to Hugh Everett III's many-worlds interpretation of quantum mechanics. In the information interpretation of quantum mechanics, quantum systems evolve in two ways: 
the first is the wave function deterministically exploring all the possibilities for interaction; 
the second is the particle randomly choosing one of those possibilities to become actual.


But David Lewis is a materialist and determinist who believes that our world, the actual world, could not have been otherwise. Thus, Lewis is not a true modal realist. He insists that all his possible worlds are real and actual (cf. Hegel's "the real is the actual"). In each of Lewis's possible worlds, there are no possibilities other than the completely determined actualities. 
All of David Lewis's possible worlds are actual worlds!


There are no real possibilities in any of David Lewis's possible worlds. For information philosophy, possibilities are of course not real in the sense of actual, but are realized when they are actualized. Possibilities have the same existential or ontological status as ideas, especially multiple ideas in a mind that are evaluated as .alternative possibilities for action.


Possible worlds and modal reasoning made "counterfactual" arguments extremely popular in current philosophy. Possible worlds, especially the idea of "nearby worlds" that differ only slightly from the actual world,  are used to examine the validity of modal notions such as necessity and contingency, possibility and impossibility, truth and falsity. 


But counterfactuals and Lewis's counterpart theory are just language games, ways of talking, that analytic language philosophers and metaphysicians have found productive. They do have an ontological commitment to possibilities or ideas.


Lewis appears to have believed that the truth of his counterfactuals was a result of believing that for every non-contradictory statement there is a possible world in which that statement is true. 


	True propositions are those that are true in the actual world.
	False propositions are those that are false in the actual world.
	Necessarily true propositions are those that are true in all possible worlds.
	Contingent propositions are those that are true in some possible worlds and false in others.
	Possible propositions are those that are true in at least one possible world.
	Impossible propositions are those that are true in no possible world .


Saul Kripke


In the 1960's, Saul Kripke recommended that his "possible worlds" should be regarded as "possible states (or histories) of the world," or just "counterfactual situations," or simply "ways the world might have been."


Kripke appears to endorse the idea of alternative possibilities, that things could have been otherwise. 



I will say something briefly about 'possible worlds'. (I hope
to elaborate elsewhere.) In the present monograph I argued
against those misuses of the concept that regard possible worlds
as something like distant planets, like our own surroundings
but somehow existing in a different dimension, or that lead to
spurious problems of 'transworld identification'. Further, if
one wishes to avoid the Weltangst and philosophical confusions
that many philosophers have associated with the 'worlds'
terminology, I recommended that 'possible state (or history)
of the world', or 'counterfactual situation' might be better...
Perhaps such confusions would
have been less likely but for the terminological accident that
'possible worlds' rather than 'possible states', or 'histories', of
the world, or 'counterfactual situations' had been used. 
   

Kripke is not talking about different worlds, with different persons  who might be identified as the same person in some respects (a  'transworld identification'). They are "nearby" worlds that describe a single individual and the alternative counterfactual situations that might have obtained.


In his discussion of the counterfactual situation that Humphrey wins the presidential election in 1968, he says.
    

although someone other
than the U.S. President in 1970 might have been the U.S.
President in 1970 (e.g., Humphrey might have), no one other
than Nixon might have been Nixon...

proper names
are rigid designators, although the man (Nixon) might not
have been the President, it is not the case that he might not
have been Nixon (though he might not have been called
'Nixon'). Those who have argued that to make sense of the
notion of rigid designator, we must antecedently make sense
of 'criteria of transworld identity' have precisely reversed the
cart and the horse; it is because we can refer (rigidly) to Nixon,
and stipulate that we are speaking of what might have happened
to him (under certain circumstances), that 'transworld identifications'
are unproblematic in such cases.


  

Where Saul Kripke appears to accept the existence in this world of alternative possibilities, David Lewis was a materialist and determinist. His "modal realism" imagined "possible worlds," but denied the existence of  alternative possibilities in any of his worlds. Even more important, for Lewis an individual can exist in only one world. His version of the Nixon/Humphrey counterfactual would be that the Nixon who lost the election would not be the same ("transworld") individual but a "counterpart," as similar to the "actual" Nixon as desired..

Lewis said his counterpart theory avoids what he called the problem of "accidental intrinsics," a single individual both having and not having specific properties. In Kripke's "counterfactual situations," it is the same Nixon, though he does not both win and lose, but is either the winner or the loser depending on what "happens." Lewis's counterparts are not identical. His counterpart relation is only a similarity relation, where Kripke's identity is a reflexive, symmetric, and transitive relation. 


Kripke criticizes Lewis's approach...



Strictly speaking, Lewis's view is not a view of 'transworld identification'.
Rather, he thinks that similarities across possible worlds determine a counterpart
relation which need be neither symmetric nor transitive. The counterpart
of something in another possible world is never identical with the thing itself.
Thus if we say 'Humphrey might have won the election (if only he had done
such-and-such), we are not talking about something that might have happened
to Humphrey but to someone else, a "counterpart".' Probably, however,
Humphrey could not care less whether someone else, no matter how much
resembling him, would have been victorious in another possible world. Thus,
Lewis's view seems to me even more bizarre than the usual notions of transworld
identification that it replaces. The important issues, however, are
common to the two views: the supposition that other possible worlds are like
other dimensions of a more inclusive universe, that they can be given only by
purely qualitative descriptions, and that therefore either the identity relation
or the counterpart relation must be established in terms of qualitative
resemblance.

Many have pointed out to me that the father of counterpart theory is
probably Leibnitz. I will not go into such a historical question here. It would
also be interesting to compare Lewis's views with the Wheeler-Everett
interpretation of quantum mechanics. I suspect that this view of physics may
suffer from philosophical problems analogous to Lewis's counterpart theory;
it is certainly very similar in spirit.




David Layzer


The Harvard cosmologist David Layzer argues from the nature of mathematical infinity that every possible "world" is realized somewhere in the physical universe.

He asks:


Do We Exist in Multiple Copies?

Are the assemblies we have been discussing "real"? Does the Strong Cosmological Principle imply that somewhere in the Universe there is a star very much like the Sun; and orbiting that star, a planet very much like the Earth; and on that planet, a person very much like you, the reader, reading a book very much like this one? Of course, such near-replicas of the Earth and its inhabitants would be
very thinly distributed in space. Although I haven't made a serious estimate, I am
confident that the nearest one would lie well beyond the most distant galaxy we could observe, even with infinitely sensitive instruments, Even so, the idea is unsettling, however familiar it may be to readers of science fiction.




Layzer commented on the connection between himself and Everett.

The interpretation of quantum theory discussed in this chapter resembles in some respects the "many-worlds" interpretation proposed by Hugh Everett in 1957. Everett, in a Ph.D. thesis supervised by John Wheeler, suggested that every measurement or measurement-like process causes the Universe to split into a vast number of "parallel universes," in each of which one possible outcome of the measurement is realized. In one set of universes, Schroedinger's cat lives; in another, it dies. Quantum theory, according to this interpretation, doesn't describe individual physical systems, as in the orthodox and instrumental interpretations; nor does it describe assemblies of physical systems, as in the interpretation based on the Strong Cosmological Principle. It describes a multitude of universes, each of which splits at every moment into a multitude of parallel universes. All these universes are equally real, but only the one we happen to be in is real to us; all the others are completely inaccessible to us.

According to the many-worlds interpretation, the probability that a measurement has a given outcome is equal to the fraction of the parallel universes in which that outcome occurs. Since probabilities are real numbers that can assume any value between zero and one, the set of parallel universes must be infinite. Every measurement or measurement-like process in every universe therefore creates an infinity of new parallel universes.


The many-worlds interpretation shares two attractive features of the interpretation based on the Strong Cosmological Principle. It avoids the paradoxes that result from the conventional assumption that quantum theory describes individual systems. And it predicts, instead of merely positing, the basic rule mentioned earlier for calculating the probabilities of experimental outcomes. [Probabilities are proportional to the number of outcomes in the assembly.]




Max Tegmark


Possible Worlds Without Possibilitiesl



In our two-stage model of free will, we might imagine the alternative possibilities for action generated by an agent in the first stage to be "possible worlds" in Kripke's sense. They are counterfactual situations, involving a single individual, alternative ways one person's world may be. 

Note that Kripke's possible worlds are extremely close to one another. The quantification of information in each case shows a very small number of bits as the difference between them, especially when compared to the typical examples given in possible worlds cases. In the case of Humphrey winning the election, millions of persons must have done something different. Such worlds are hardly "nearby." For typical cases of a free decision, the possible worlds require only small differences in the mind of a single person. Kripke's worlds are simply ways that our world might be (or become).


By comparison, the possible worlds of Hugh Everett, David Lewis, and David Layzer in general may bear very little resemblance to one another. But note that they all include Layzer's solution to the problem of free will, at least in those worlds with thinking beings, because the inhabitants do not know which of all the possible worlds they are in.


It is important to note that the Everett and Lewis worlds are individually materialist and deterministic. Since Layzer discounts microscopic quantum indeterminism in a given world and locates macroscopic indeterminism as something between worlds, there appears to be no alternative possibilitieswithin each world.


Layzer believes that his macroscopic indeterminism solves the free will problem. The human ignorance of not knowing which universe we are in introduces indeterminacy in the form of the unpredictability of our futures. If Layzer is right, the logically possible worlds of David Lewis and the many physical worlds of Hugh Everett also solve the free will problem in his sense.





This is Everett's radical thesis that the observation "splits" the single observer into a superposition of multiple observers, each one of which has knowledge only of the new object-system state (interpreted later by Bryce DeWitt as different "parallel universes") 



Source: https://www.informationphilosopher.com/knowledge/possible_worlds.html
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Quantum Measurement

Quantum measurement is not a part of the mathematical formalism of quantum mechanics. It is an ad hoc heuristic description and method of calculation that predicts the probabilities of what will happen when an observer makes a measurement.   


In standard quantum theory, an isolated system is prepared in a known state at time t. This consists of making a quantum measurement on the system and finding the experimental value for some observable quantity S(t). 


The future development of the system is completely described by a fully deterministic time evolution operator H(t). H(t) describes a complex probability function ψ(t) for all future times. This is the "wave function" invented by Erwin Schrödinger, whose formulation of quantum mechanics is called wave mechanics.  


Without any further observation, the best knowledge we have of the system state at later times depends on the (real) square ψ*ψ of this (complex) probability amplitude function ψ. 


A measurement might result in knowing that the system is one of the definite eigenstates of the system, ψn. 


We can then calculate the probability of finding the system in another state at a later time t as ψn(t)*ψn(t) or <ψn|ψn> in Dirac notation.


We get ψ(t) from the time evolution operator, ψ(t) = H(t)ψ(t)


Measurement requires the interaction of an observing instrument, assumed to be large and adequately determined. It does not require a conscious observer. 


We have seen in our discussion of Schrödinger's Cat that the physical universe can be its own observer. 


Whenever information is encoded in information structures, we do not need the consciousness of physicists to collapse the wave function and make up the mind of the universe, as Heisenberg, Wigner, Wheeler, and others speculated.

For Teachers
Wikipedia article "Quantum measurement."
Wikipedia article "Measurement in quantum mechanics."
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     Werner Heisenberg's comments on knowledge of the observer:

    The laws of nature which we formulate mathematically in quantum theory deal no longer with the particles themselves but with our knowledge of the elementary particles.
   
    The conception of objective reality … evaporated into the … mathematics that represents no longer the behavior of elementary particles but rather our knowledge of this behavior.










Core Concepts


Indeterminacy
Uncertainty
Quantum measurement
Irreversibility
Arrow of Time


Source: https://www.informationphilosopher.com/knowledge/measurement.html
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Realism is the view that a "reality" of material objects, and possibly of abstract concepts, exists in an external world independently of our minds and perceptions.

Historically, realism is a metaphysical claim about this independently existing world. Since Aristotle's Metaphysics, two kinds of questions (ontological and epistemological ) are raised - what exists, and how can we know what exists.


The ontological status of abstract concepts is a completely different question from the ontology of concrete material objects, though these questions have often been confounded in the history of philosophy. 


Information philosophy provides distinct answers to these two ontological questions. Material objects exist in the world of space and time. They are information structures embodied in matter and interacting with energy. Abstract concepts are pure information, neither matter nor energy, although they need matter for their embodiment and energy for their communication.


The contrast between material objects and abstract concepts can be illustrated by the difference between invention and discovery. 


We discover physical objects through our perceptions of them. To be sure, we invent our ideas about these objects, their descriptions, their names, theories of how they are structured and how they interact energetically - with one another and with us. But we cannot arbitrarily invent the natural world. We must test our theories with experiment. This makes our knowledge of an independent external world scientific.


By contrast, we humans invent abstract concepts like truth, justice, and beauty. We know that these cultural constructs exist nowhere in nature as physical structures. We created them. Cultural knowledge is relative to and dependent on the society that creates it.


However, some of our invented abstract concepts seem to have an existence that is independent of us.

Platonic Realism is the view that abstract things like numbers, perfect geometric figures, and other things that Plato called the Forms or the Ideas, have a real and independent existence, though they are not material objects. For Aristotle, these "universals" exist only in the concrete objects which share some property. The universal idea of a perfect circle is a shared property of the many actual circles in nature.


Naive realists think that we can access concrete physical objects directly and fully with our perceptual sense data. This is sometimes called the "copy theory," that our perceptions are fully apprehending the physical objects, that the content of a perception is the same as the object of perception. In information philosophy terms, naive realism mistakenly assumes that the information in the perceived sense data (or the representation in the mind) is (quantitatively) equal to (a copy of) the information in the physical object. 

Critical realists, like scientists, start with observations and sense data, but they add hypotheses and experiments to develop theories about the physical objects and the abstract concepts in the external world. Nevertheless, the abstract representation in the mind is (quantitatively) much less information than the information in the physical object represented.


The "axiom of independent reality" claims that "Knowledge unconditionally presupposes that the reality
known exists independently of the knowledge of it, and that
we know it as it exists in this independence." (H. A. Prichard.)


The British empiricists Locke and  Hume argued that what we were "given" in our perceptions of sense data was limited to so-called "secondary qualities." These are properties that produce the sensations in the observer's senses - color, taste, smell, sound, and touch. Knowledge that comes from secondary qualities does not provide objective facts about things "in themselves."

Kant described these secondary qualities as "phenomena" that could tell us nothing about the "noumena," which the empiricists called the "primary qualities."  These are properties the objects have that are independent of any observer, such as solidity, extension, motion, number and figure. These qualities exist in the thing itself (Kant's "Ding an sich"). Kant thought that some of these qualities can be determined with certainty, as "synthetic a priori truths. Some of these qualities are analytic truths, defined by the logical meanings of linguistic terms. For example, a round circle cannot be a square.






For Teachers
Noesis
Stanford Encyclopedia of Philosophy
Wikipedia
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Source: https://www.informationphilosopher.com/knowledge/realism.html
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Schrödinger's Cat (and Wigner's Friend)

To understand and resolve the paradox of Schrödinger's Cat, it helps to understand that Erwin Schrödinger invented his paradox to poke holes in some implications of quantum physics that he regarded as unacceptable. Like Albert Einstein, Max Planck, and others prominent in the new physics, Schrödinger disliked the indeterminacy, the element of chance and apparent loss of strict causality, in quantum mechanics.   


Schrödinger's diabolical thought experiment was designed to amplify microscopic quantum uncertainty into the macroscopic world.


The I-PHI key to dissolving the paradox is to focus on the information present at each time in the experiment. 


In standard quantum theory, an isolated system is prepared in a known state at time t. This consists of making a quantum measurement on the system and finding the experimental value for some observable quantity S(t). The future development of the system is completely described by a time evolution operator H(t) which yields a complex probability function ψ(t). This is the "wave function" invented by Schrödinger, whose formulation of quantum mechanics is called wave mechanics.  


Without any further observation, the best knowledge we have of the system state at later times depends on the (real) square of this (complex) probability amplitude function. If there are a finite number of states, we can calculate the probability of finding the system in each state. Schrödinger's thought experiment imagines two possible states for the cat, alive and dead. His ghoulish Geiger counter apparatus is arranged to have a fifty percent chance of detecting an unpredictable radioactive decay and releasing cyanide to kill the cat in one hour.


So what is known, what information exists in the world, at that time one hour into the experiment?


For an external observer, complete knowledge is the paradoxical superposition of the two ψ-functions for live and dead cats. If we really did this fiendish experiment many times, our estimated probabilities would agree very well with the total observed outcomes.


But what about the cat as a participant observer? For example, if the cat is killed one minute into the experiment, information will be encoded in the universe, information that can be read later in the cat's autopsy. The collapse of the wave function when the atom decayed could also have been registered on a chart recorder monitoring the Geiger counter electrical output.

More details on Schrödinger's Cat is in the Experiments section. 



These are two examples of how the physical universe can be its own observer. Whenever information is encoded in information structures, we do not need the consciousness of physicists to collapse the wave function and make up the mind of the universe, as Werner Heisenberg, Eugene Wigner, John Wheeler, and others speculated.



In his "Remarks on the Mind-Body Question," Wigner imagines a friend who performs an experiment (it was a randomly generated flash of light, but it could be a Schrödinger's cat experiment) while Wigner is out of the room. When Wigner comes into the room, he learns the outcome.  During the time only his friend knew, he wonders whether the state of the system is a superposition of "flash seen" and "flash not seen," or was it known at some previous point? 


Clearly the most Wigner could know would be the probabilities he would calculate from the "flash seen" and "flash not seen" wave functions. But equally clearly, Wigner sees that the wave functions have collapsed, since the information has already been encoded in the mind of his friend.


He then substitutes a machine for his friend and decides that the situation is again indeterminate, with just a much larger box. Now it is his consciousness that collapses the wave function. He concludes (incorrectly) not only that mind is necessary to observe the physical universe, but also that mind is not material, a strange contribution to the classic mind-body problem. 

For Teachers
Wikipedia article "Consciousness causes (the wave function to) collapse."
Wikipedia article "Wigner's friend."
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      Erwin Schrödinger's thought experiment:

One can even set up quite ridiculous cases. A cat is penned up in a steel chamber, along with the following device (which must be secured against direct interference by the cat): in a Geiger counter there is a tiny bit of radioactive substance, so small, that perhaps in the course of the hour one of the atoms decays, but also, with equal probability, perhaps none; if it happens, the counter tube discharges and through a relay releases a hammer which shatters a small flask of hydrocyanic acid. If one has left this entire system to itself for an hour, one would say that the cat still lives if meanwhile no atom has decayed. The psi-function of the entire system would express this by having in it the living and dead cat (pardon the expression) mixed or smeared out in equal parts. 

It is typical of these cases that an indeterminacy originally restricted to the atomic domain becomes transformed into macroscopic indeterminacy, which can then be resolved by direct observation. That prevents us from so naively accepting as valid a "blurred model" for representing reality. In itself it would not embody anything unclear or contradictory. There is a difference between a shaky or out-of-focus photograph and a snapshot of clouds and fog banks. 





      Eugene Wigner's Consciousness:

When the province of physical theory was extended to encompass microscopic phenomena, through the creation of quantum mechanics, the concept of consciousness came to the fore again: it was not possible to formulate the laws of quantum mechanics without reference to the consciousness. All that quantum mechanics purports to describe are probability connections between subsequent impressions (also called ‘apperceptions’) of consciousness, and even though the dividing line between the observer, whose consciousness is being affected, and the observed physical object can be shifted towards one or the other to a considerable degree, it cannot be eliminated.




     Werner Heisenberg's comments on knowledge of the observer:

    The laws of nature which we formulate mathematically in quantum theory deal no longer with the particles themselves but with our knowledge of the elementary particles.
   
    The conception of objective reality … evaporated into the … mathematics that represents no longer the behavior of elementary particles but rather our knowledge of this behavior.










Core Concepts


Indeterminacy
Uncertainty
Quantum measurement
Irreversibility
Arrow of Time


Source: https://www.informationphilosopher.com/knowledge/schrodinger_cat.html
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Supervenience

Supervenience as a concept in philosophy was first introduced as a description of properties in a complex system that supervene on the lower-level (called "base" or subvenient) properties of the system's components. For example, the laws and properties of chemistry are consistent with, but supervenient on, the laws of physics.

More specifically, the properties of molecules supervene on atoms, the properties of biological cells supervene on molecules, plants and animal supervene on cells, etc. This view of supervenience was held by the "British emergentists," - C. Lloyd Morgan, Samuel Alexander, and C.D. Broad. 


This is not to claim that the upper level emergents can be completely explained by and are reducible to the subvenient or "base" properties.

Reductionists are those who claim that causal laws of nature in the base level must causally determine the laws of the supervenient or emergent level. These thinkers usually have a highly simplistic, materialistic, and deterministic view of the most fundamental laws of nature, namely the laws of classical physics. 



For example, Jaegwon Kim, the leading critic of supervenience as a non-reductive physicalism that explains mental causation, says:

The most fundamental tenet of physicalism concerns the ontology of the world. It claims that the content of the world is
wholly exhausted by matter. Material things are all the things
that there are; there is nothing inside the spacetime world that
isn't material, and of course there is nothing outside it either.
The spacetime world is the whole world, and material things,
bits of matter and complex structures made up of bits of matter, are its only inhabitants.

Donald Davidson gave the term supervenience a specific philosophical meaning within analytic philosophy in his 1970 essay "Mental Events." 


In order to allow mental events to cause physical events, yet not be reducible to them, Davidson developed the following set of arguments.

	"there cannot be two events alike in all physical respects, but differing in mental respects"
	"at least some mental events interact causally with physical events"
	"where there is causality, there must be a law: events related as cause and effect fall under strict deterministic laws."
	"there are no strict deterministic laws on the basis of which mental events can be predicted and explained."


This last idea Davidson described as mental events being "anomalous."  He viewed his work as extending that of Immanuel Kant on reconciling (eliminating the anomalous contradiction between) freedom and necessity. Davidson's rejection of strict deterministic laws for mental events is consistent with two-stage models of free will.


Supervenience is seen as the last hope for a nonreductive physicalism, which does not reduce the mental to the physical, the psychological to the neurophysiological.  Davidson set two requirements:

	a domain can be supervenient on another without being reducible to it (non reduction)
	if a domain supervenes, it must be dependent on and be determined by the subvenient domain (dependence)


It is hard to see how the mind, if causally determined by the subvenient brain, is not therefore reducible to it. So we might assume that Davidson's point 2 implies a kind of "one-way causality," with mental causing physical, but not vice versa.

In his 1989 presidential address to  the APA, Kim formulated the idea of  "global supervenience" in terms of multiple possible worlds.


"Worlds that are indiscernible in all physical events are indiscernible in all mental events." 




This view of the physical world completely ignores energy, which since E=mc2, is a form of matter. The universe was all energy before the temperature declined enough to allow matter to form. But most importantly, this view ignores information, which is neither matter nor energy (though it requires matter for its embodiment and energy for its communication).

For Scholars





Source: https://www.informationphilosopher.com/knowledge/supervenience.html





  
  The Arrow of Time
  

  


  
  Home › Knowledge › Arrow of Time
The Arrow of Time
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Source: https://www.informationphilosopher.com/knowledge/arrow_of_time/
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The Experience Recorder and Reproducer


The experience recorder and reproducer (ERR) is an information model for the
mind.  The ERR is simpler than, but superior to, the computational
models of the mind popular in today's neuroscience and cognitive science, the "software in the brain hardware." 

Although we agree that the mind is, like software, immaterialinformation, we think that man is not a machine, the brain is not a computer, and the mind is not storing and processing digital information.


The ERR may give us deep insight into the problem of "meaning," the so-called "binding problem," as well as David Chalmers' "hard problem" of  consciousness.


Our ERR mind model grows out of the biological question of what sort of "mind" would provide the greatest survival value for the lowest (or the first) organisms that evolved mind-like capabilities.


We propose that a minimal primitive mind would need only to "play back" past experiences that resemble any part of current experience. Remembering past experiences has obvious relevance (survival value) for an organism. But beyond survival value, the ERR touches on the philosophical problem of "meaning." We suggest the epistemological "meaning" of information perceived may be found in the past experiences that are reproduced by the ERR, when stimulated by a new perception that resembles past experiences in some way.


The ERR model is an extension of neuroscientist Donald Hebb's famous insight that "neurons that fire together wire together." Our experience recorder and reproducer ERR model simply assumes that "
neurons that have been wired together in the past will fire together in the future (reproducing all or part of relevant past experiences)."


Ours is not the first such suggestion. Giulio Tononi and colleagues wrote this in the Proceedings of the National Academy of Sciences in 2008, and referenced two earlier suggestion from the 1990's. 


Consider neurons that are coactivated during learning tasks and become more strongly connected, in line with Hebbian principles (fire together, wire together). After learning, the same neurons show an increase in correlated firing when they are spontaneously active, both in quiet wakefulness and during sleep (wire together, fire together) 


The earlier suggestions were by sleep researcher Bruce L. McNaughton and his colleagues, who noted that... 


Cells that fired together when the animal occupied particular locations in
the environment exhibited an increased tendency to fire together during subsequent sleep.


The ERR explains very simply where the information is stored in the brain. It is in the many neurons that have been wired together (in a Hebbian assembly). The stored information does not get recalled or retrieved (as computers do) to create a representation that can be viewed (indeed, who would look at it?). It just needs to be re-activated. We might more accurately call the reproduction a "re-presentation."


Our hypothesis is that when wired-together neurons fire again because a new experience has something in common (and there might be multiple Hebbian assemblies sharing those newly firing neurons, creating William James' "blooming, buzzing confusion" of alternative possibilities, one of which will get the mind's "attention" and "focus"); since each Hebbian assembly is connected to multiple regions in the neocortex, e.g., visual, auditory, olfactory, somatosensory cortices, and to multiple nuclei in the sub-cortical basal ganglia, like the hippocampus and amygdala.


Very simply, everything going on in the original experience appears to the mind to be happening again, perhaps weakened compared to the original, as David Hume feared for his "impressions."  The mind is "seeing" the original experience, not because the brain has produced a visual representation or display for the conscious observer to look at. The brain/mind is also "feeling" the original experience, seeing it in color, solving Chalmers' "hard problem" of the subjective qualia.


The stored information does not get "recalled" to appear as a duplicate of the information somewhere else in the mind, as computational neuroscientists know that a digital computer must do. 


The ERR is simply reproducing or "re-presenting" the original experience in all parts of the mind connected by the original neural assembly. This solves the "binding problem"  and the "unification of experience," because the information stored is distributed throughout the Hebbian assembly to all the same brain elements its neurons were originally connected to.


The ERR is a presentation or re-presentation to the conscious mind, not a representation on a screen as in the "theater of consciousness" in Bernard Baars' "Global Workspace Theory" or on the "blackboard" model of Herbert Simon and Allen Newell .


The ERR model is also based on Eric Kandel's memory model for long-term potentiation in the neocortical synapses. Short-term memory must have a much faster storage mechanism. While permanent storage in the neocortex is slow, we shall see that ERR re-activation is very fast, and it does not fade as does short-term working memory.


We propose that the ERR reproduces the entire complex of past sensations experienced, together with the emotional response to the original experience (pleasure, pain, fear, etc.). Playback of past experiences may be stimulated by anything in the current experience that resembles something in the past experiences, in the five dimensions of the senses (sound, sight, touch, smell, and taste).


The ERR model stands in contrast to the popular cognitive science or “computational” model of a mind as a digital computer with a "central processor" or even many "parallel processors." No algorithms or stored programs are needed for the ERR model. There is nothing comparable to the addresses and data buses used to store and retrieve information in a digital computer.



[image: image-placeholder]Santiago Ramón y Cajal’s extraordinary drawings 
of the arborization of neurons needed for the ERR




No modern computer can surpass the amazing information storage capability and rapidity of search and retrieval of information as that of the human neocortex.


As can be seen in Ramón y Cajal's drawings made at the end of the nineteenth century, the neocortex consists primarily of six horizontal layers segregated principally by cell type and neuronal connections.


The neurons are arranged in vertical structures called cortical columns, with a diameter of about 1 mm. A given column may respond to a sensory stimulus coming from a certain body part or region of sound or vision. These columns are similar, and can be thought of as the basic repeating functional units of the neocortex. In humans, a column contains approximately 70,000 neurons and the neocortex consists of about 500,000 columns.


The visible structure of the neocortex is regular, but the initial connections between its over 10 billion axons apparently form at random, each neuron with over 10,000 dendritic connections to other neurons. Those synapses of neurons that fire get strengthened and preserved (perhaps for a lifetime), where those that are unused are "pruned." 


The biological basis for our proposed ERR is very straightforward. 

	The ERR Recorder: Neurons become wired together (strengthening their synapses and dendritic connections to other neurons) during an organism’s experiences, across multiple sensory and limbic systems. 



We now say simply that "neurons that have been wired together will fire together." 

	The ERR Reproducer: Later firing of even a part of the previously wired neurons can stimulate firing of all or part of the original complex, thus "playing back" similar past experiences (including the critically important emotional reaction to those original experiences). 



It is of course well-known that when a spot in the neocortex is stimulated electrically, past experiences are reproduced (reactivated, re-presented to the mind).


The ERR model hypothesizes that for higher animals related experiences are likely stored "nearby" (in the many "dimensions" of visual cortex, hearing pathways, olfactory nerves, etc., etc., plus the amygdala).  In humans this may include the multiple connections from the amygdala into the prefrontal cortex, both the dorsolateral and ventromedial PFC that have been discovered to react to pleasure/pain differences and utility evaluations.


If similar experiences are short distances apart (since storage location is entirely determined by the "pattern" or "shape" of the experience in each sensory dimension), then thermal or quantum noise in the glia separating neurons may contribute a random element as to which experiences come to mind or "pop into our heads."  


The ERR model might then nicely explain the philosophical notion of association of ideas. If it is neighboring neurons that fire, they will likely be closely related in some way (since they were stored based on the fundamental pattern of information in the experience). Similar experiences are likely stored in adjacent neurons. Note that a particular smell could cause the recall of experiences where that smell was present, and similarly for other senses. Smell/taste may be the primitive senses of the smallest organisms, e.g., bacterial cells, that have been conserved in higher forms. 


Although individual cells likely have nothing like pleasure and pain, we might see the bacterial cell's binary possibilities in a homologous relationship to the "fight or flight" reaction in higher animals. 

Martin Heisenberg has shown that the tumbling behavior of the bacterial cell  corresponds to the alternative possibilities in our two-stage model of free will. Even a bacterium's behavior is not pre-determined from moments before its decision.



The Binding Problem


Neuroscientists are investigating how diverse signals from multiple pathways can possibly be unified in the brain. The ERR model offers an extremely simple insight into this so-called “binding” problem. There is an intrinsic binding of the multiple sensory and limbic systems present in the original wiring or "recording" of a complex experience. So although one or more experiences may be stimulated to play back because of a new experience with even just a single sense, the "binding" of all the original senses and emotion in each experience is simply the result of the Hebbian "wiring" of neurons during the original experience

We assume that whenever a particular experience plays back, it refreshes and strengthens the synaptic connections. It might also be the case that the current conditions can modify the connections somewhat, both slightly modifying the memories of the experience and the emotions associated with the experience. ERR might then become an explanatory basis for conditioning experiments, classical Pavlovian and operant conditioning, and in general a model for associative learning.


The capability of reproducing experiences is critical to learning from past experiences, so as to make them guides for action in future experiences. The ERR model is the minimal mind model that provides for such learning by living organisms. It is critical that the original emotions also play back, along with any differences from past emotions that are newly experienced during playback. 



Speed and Power of the ERR


You might not normally notice the speed with which you can recall the name of a sixth-grade teacher or childhood friend that has not occurred to you for decades. Or that a few notes might bring back music and lyrics of a song not sung for many years. An odd smell might evoke memories of a foreign country. A taste might bring on feelings of nausea first experienced long ago. All the senses, not just visual stimulation, can replay complex, multi-sensory original events. How does it work so fast? 

Sometimes when you consciously try to recall a particular name, it does not come immediately to mind, but you can feel it on "the tip of your tongue." Then hours, even days later the forgotten name just "pops into your head."  It suggests unnoticeable "unconscious" information processing by the Experience Recorder and Reproducer. 


To make a crude estimate of the speed and power of the brain as a biological information processor, we can calculate the information creation going on in the body overall. Estimating how much power the body consumes (metabolizing of food as negative entropy), we can then use the fact that the brain uses about 20 percent of that energy.


We can take just one bodily process that is also vital to thought, the continuous replacement of red blood cells, which consumes a significant fraction of available energy. When 200 million of the 25 trillion red blood cells in the human body die each second, 100 million new hemoglobins must be assembled in each of 200 million new blood cells . With the order of a few thousand bytes of information in each hemoglobin, this is 10 thousand x 100 million x 200 million = 2 x 1020 bits of information per second, a million times more information processing than today's fastest computer CPU.

 
What is the brain doing with such immense power consumption and potential information generation.  It could be the "blooming, buzzing, confusion" that William James imagined going on just below his "stream of consciousness."

 
How can the mind "focus attention," as James put it? 
Think of how the eye can instantly be drawn to a tiny dark speck moving in our peripheral vision.

 
The ERR's operation is nothing like the way a computer searches and retrieves information. ERR does not decide what to search for and then look systematically through all the information structures to find it.


We can compare Google's "distributed search" algorithms, which send a search phrase to hundreds of thousands of computers in centers around the world. After vast amounts of "parallel distributed processing," each computer returns its relevant pages within a fraction of a second. These are then assembled into the Google "results" pages. The ERR works nothing like that.


A more appropriate example would be today's natural language translation systems. For decades, computer engineers were convinced thed could write algorithmic translation programs. They only needed to understand ("reverse engineer")  Noam Chomsky's "deep grammar" that generates all possible language. The U.S. Department of Defense invested $20 million over twenty years before declaring machine translation (MT) a failure. Today machine translation uses a database of known translation pairs in a giant database called translation memory (TM).


The largest such TM systems use incredibly large databases gathered from translated articles on the Internet. They then work something like our ERR. 


Google Translate takes a sentence and searches for matches of all or part of the string of letters and retrieves matches, returning them ordered by the closeness of a match, to the translator. 


So where machine translation is algorithmic and a failure, and the current statistical translation approach based on astounding amounts of "big data" is a reasonable success, we are tempted to say that storage of a vast amount of personal "big data" in the mind/brain gets closer to a plausible model for a mind. We do not know, but Google's search technology may store data at an address that is the data itself (so-called "content-addressable" data storage, in which the address bus is the data bus), making the search algorithm very simple.  



By comparison in the ERR, the current experience travels into the brain on neurons which process it in the normal way for storage, based on its analysis (breakdown) of the multi-sensory content of the image. This seems similar to "content-addressing." The sensations travel into the neocortex, processed by the various visual areas, auditory areas, etc., all connected through the association areas, based solely on the information content. Our hypothesis is that similar data will then be stored in similar areas.


Neurons that start firing will stimulate those previously wired together and others nearby to fire, reproducing a vast number of past real (and perhaps imaginary) experiences that were (at least partially) recorded to the newly firing neurons.   Presented with an experience, the action potentials moving through the forest of axons and dendritic connections start nearby neurons firing which are experienced (we assume mostly unconsciously) just as if a past experience is happening again. 


Since the number of reproduced experiences could be huge, it may sound absurd to suggest that the mind can pick out anything useful from such a cacophony. James did imagine complete confusion. But it is precisely all the past similar experiences retrieved that provide the context for the current experience to be "meaningful." If there were nothing played back, like the infant brain, there would be no "meaning" in the experience. In the adult mind, a lifetime of experience is available, usually instantly played back unconsciously, without us ever having to consciously ask for it. 


We can say that "what it's like to be" a certain animal depends entirely on what its ERR chooses to record and reproduce. A frog, for example, famously allows only the signals from certain shapes to go beyond the frog's eye to its brain. In our ERR model, the frog has no experience recorded of concave-shaped objects moving in its visual field. Such information then is literally "meaningless."



The ERR and Consciousness

Humans are conscious of our experiences because they are recorded in (and reproduced on demand from) the information structures in our brains. Mental information houses the content of an individual character - the fabric of values, desires, and reasons used to evaluate alternatives for action and thus to make choices. The information in a human brain vastly exceeds our genetic information. Because humans store and retrieve information outside their minds, it has allowed human beings to dominate the planet. Animals may exceed us in strength and speed, but we have experience, memory, wisdom, and skill (Anaxagoras DK B 21b) that has accumulated over thousands of generations.


The relatively small amount transmitted genetically is tiny compared to that stored in the Experience Recorder and Reproducer of a single human mind. But even that enormous amount is being rivalled by the total knowledge stored externally, the Sum, now becoming available to all humans because it is being stored on the world-wide web and Internet.


Consciousness can be defined in information terms as a property of an entity (usually a living thing but we can also include artificially conscious machines or computers) that reacts appropriately to the information (and particularly to changes in the information) in its environment.


In the context of information philosophy, the Experience Recorder and Reproducer can provide us with what we can define as information consciousness.


An animal in a deep sleep is not conscious because it ignores changes in its environment. By contrast, an inanimate robot may be conscious in our sense. Even the lowliest control system using negative feedback (a thermostat, for example) is in a minimal sense conscious of (aware of, exchanging information about) changes in its environment.


This definition of consciousness fits with our model of the mind as an experience recorder and reproducer (ERR). Can we say that an organism is "unconscious" If no past experiences are playing back during its current experiences? Can we say that a frog is "not conscious" of the concave objects flying by? 


A conscious being is constantly recording information about its perceptions of the external world, and most importantly for ERR, it is simultaneously recording its feelings. Sensory data such as sights, sounds, smells, tastes, and tactile sensations are recorded in a sequence along with pleasure and pain states, fear and comfort levels, etc. We sometimes speak of a "heightened" consciousness that excels at this recording.


All these experiential and emotional data are recorded in association with one another. This means that when the experiences are reproduced (played back in a temporal sequence), the accompanying emotions are once again felt, in synchronization. Although past experiences played back internally are not the same as the current external, they can make us currently "conscious" of past pleasure and pain states, fear and comfort levels, and so forth.

Bernard Baars's Global Workspace Theory uses the metaphor of a "Theater of Consciousness," in which there is an audience of purposeful agents calling for the attention of the executive on stage.


In the ERR parallel, vast numbers of past experiences are clamoring for the attention of the conscious mind at all times, whenever anything in current experience has some resemblance to past experiences. 


If we define "current experience" as all afferent perceptions plus the current contents of consciousness itself, we get a dynamic self-referential system with plenty of opportunities for negative and positive feedback. 


The "Blackboard model" of Allan Newell and Herbert Simon imagines pictures or words (concepts, say) being written on a mental blackboard by our current perceptions. Deep memory structures are watching what is written on the blackboard. They call up similar concepts by association and write them to the blackboard, which is visible to our conscious mind selecting the next things to think about. The ERR model clearly supports this view and explains the neural mechanism by which concepts (past experiences) are retrieved and come to the blackboard.


In Daniel Dennett's consciousness model, the mind is made up of innumerable functional homunculi, each with its own goals and purposes.


Some of these homunculi are information structures in the genes, which transmit "learning" or "knowledge" from generation to generation by heredity alone. Others are environmentally and socially conditioned, or consciously learned through cultural transmission of information.




Four "Levels" of the ERR


We identify four evolutionary stages in the development of the Experience Recorder and Reproducer.

Instinct. These  animals with little or no learning capability. The ERR in such animals does no recording.  Reactions to environmental conditions have been transmitted genetically. Information about past experiences (by prior generations of the organism) is is "built in" as inherited reactions. 

Learning. Here past experiences of animals guide their current choices. Conscious, but mostly habitual, reactions are developed through recorded experiences, including instruction by parents and peers. 


Prediction. - The Sequencer in the ERR system can play back beyond the current situation, allowing the organism to use imagination and foresight to evaluate the future consequences of its choices.


Reflection. Here conscious deliberation about values influences the choice of behaviors. The ERR plays back a range of similar experiences including the reactions and feelings expressed by others to those experiences. 



All four levels are emergent, in the sense that they did not exist in the lower, earlier levels of biological evolution.



Even the most primitive of biological systems are cognitive, in the sense that they use their internal information structure to guide their actions. Some of the simplest organisms can learn from experience. The most primitive minds are the earliest experience recorders. They reproduce past experiences as alternative possibilities for current actions.


In humans, the information-processing structures create new actionable information (knowledge) by consciously and unconsciously reworking the experiences stored in the mind.  

Emergent higher mental levels exert downward causation on the contents of the lower bodily levels, ultimately supporting mental causation and free will. 


There are characteristic differences between the mental and the physical that modern science, even neuroscience, may never fully explain. The most important is the internal and private first-person point of view, the essential subjectivity, the “I” and the “eye” of the mind, its capability of introspection and reflection, its intentionality, its purposiveness, its consciousness. The mind records an individual’s experiences as internal information structures and then can play back these recordings to compare them to new perceptions, new external events. The recordings include an individual’s emotional reactions to past experiences, our feelings. The reproduction of recorded personal experiences, stimulated by similarities in current experience, provide the core of “what it’s like to be” an individual.


The external and public physical world, by contrast, is studied from the third-person point of view. Although putatively “objective,” science in fact is the composite “intersubjective” view of the “community of inquirers,” as Charles Sanders Peirce put it.  Although this shared subjectivity can never directly experience what goes on in the mind of an individual member of the community, science is in some sense the collective mind of the physical world.  It is a pale record of the world’s experiences, because it lacks the emotional aspect of personal experience.


The physical world itself has no sense of its history. It does not introspect or reflect. It lacks an ERR and so lacks consciousness, that problem in philosophy of mind second only to the basic mind-body problem itself.



  The ERR and Schemata


Since the ERR retrieves (re-presents to the mind) those experiences that resemble the present experience in some important ways, we can ask how the ERR can accomplish such a retrieval process and note that it greatly resembles the way Immanuel Kant described his concepts of the understanding (Verstandesbegriffe) in The Critique of Pure Reason.

Kant wrote:


[T]he only manner in which objects can be given to us is by modification of our sensibility;...This formal and pure condition of sensibility to which the employment of the concept of understanding is restricted, we shall entitle the schema of the
concept. The procedure of understanding in these schemata we shall entitle the schematism of pure understanding.

The schema is in itself always a product of imagination. Since, however, the synthesis of imagination aims at no
special intuition, but only at unity in the determination of sensibility, the schema has to be distinguished from the image...This representation of a universal procedure of imagination providing an image for a concept, I entitle the
schema of this concept.


Indeed it is schemata, not images of objects, which underlie our pure sensible concepts. No image could ever be adequate
to the concept of a triangle in general. It would never attain that universality of the concept which renders it valid of all
triangles, whether right-angled, obtuse-angled, or acute-angled; it would always be limited to a part only of this
sphere. The schema of the triangle can exist nowhere but in thought. It is a rule of synthesis of the imagination, in respect
to pure figures in space.

Critique of Pure Reason, Transcendental Doctrine of Judgment, Chapter I, The Schematism of the Pure Concepts of Understanding, A140, B140




Computational neuroscientists hope that distributed parallel processors in the brain could analyze images to find quantitative similarities that would include them in a particular schema. Computers do just that in deep and machine learning. Is a quantitative measure of similarity between two Hebbian assemblies available? 


Since the information content of an experience is simply those neurons that are wired together in the experience, a quantitative meaasure of relevance or salience of an earlier experience could be the number or percentage of neurons shared (presently firing together) between them. Just how that quantity could be sensed neurobiologically is something that should be studied.



  The ERR and Associationism


Theory of Mind


A theory of mind is needed because the minds of others are not directly observable. The minds of others are assumed to exist by analogy with one's own mind. Much of the discussion in the philosophy of mind is about the existence of "mental states" and their causal powers or lack thereof. 

The ERR avoids the vague idea of a "mental state," whatever that may be. The ERR stores specific information in the brain's neural networks about all the perceptual elements (sight, sound, touch, taste, smell) of an experience, along with emotions felt during the experience. The information is stored in whatever neurons fire together. Later, any new perceptual element that fires the same (or nearby) neurons can activate the neural network to replay the original experience, complete with its emotional content. The unconscious mind is a "blooming, buzzing confusion" playing back many similar experiences, to some of which we focus our attention, as William James pointed out. 


This rich spectrum of past experiences provides the alternative possibilities for action that James said was the first stage in his two-stage model of free will

Instead of a general idea of a "mental state," ERR describes a mind full of many possible specific mental states simultaneously, any one of which may become the freely chosen thought that leads to the next action "self-determined" by the brain and body.


ERR finds support in the idea of empathy and the recent discoveries of "mirror neurons" in higher primates. Observing another person having an experience brings out the observer's similar experiences, along with emotional reactions to those earlier experiences. 



Experimental Evidence for the Experience Recorder and Reproducer


From Wilder Penfield's Research on Epilepsy... 



It has long been known that visual or auditory hallucinations sometimes
come to patients with seizures...Similar "psychical" states are sometimes produced, during operation,
by electrical stimulation of the cerebral cortex. Those that are in fact
hallucinations of things previously seen or heard or experienced, we have
called experiential responses.

Twenty-five years ago, one of us reported electrical activation of such
phenomena for the first time (Penfield, 1938). A past experience, which
had occurred regularly as part of the patient's seizure pattern, was reproduced
by electrical stimulation of the cortex of the temporal lobe.


In some cases it could not be proved by witnesses that the experience
was from the patient's past. But in most cases he was confident that it
came from his previous experience. When the experience was fragmentary,
his present awareness might be invaded by no more than a picture.


In addition to the experiential states that we have described above,
gentle electrical stimulation of temporal lobe cortex also produced
sudden "feelings"—sometimes the feeling of familiarity that clinicians
had been in the habit of calling déjà vu,


Because of the association of the temporal cortex with these two classes
of psychical phenomena (recall of past experience, and interpretation of
present experience) the term interpretive cortex was used for descriptive
purposes (Penfield, 1959).


Let us now reconsider these findings. The psychical phenomena that
are produced by activations within the areas of interpretive cortex are of
two types: (a) altered interpretation of the present; and (b) a state of
mind. You may call the latter an experiential hallucination if you like.
The true nature of such hallucinations becomes quite clear when the
records of the stimulation responses are studied. They are reproductions
of past experience.


The remembrance of the original experience
and its record may have been modified by dreams and by re-experiencing...
But at operation it is usually quite clear that the evoked
experiential response is a random reproduction of whatever composed
the stream of consciousness during some interval of the patient's past
waking life.


We have argued before, that since excision of these areas does not
abolish memory, they do not contain the actual record of the past. They
are, however, functionally connected with that neuronal record (Penfield,
19586). Since stimulation produces at times detailed recall of past experience
in these areas and nowhere else, and since, at other times, it produces
a sudden alteration in the patient's present interpretation of things heard
or seen, it seems likely that these areas play in adult life some role in the
subconscious recall of past experience making it available for present
interpretation. This recall makes possible that sudden flash of awareness
that things have been seen or heard or experienced before, or that they are
dangerous, coming near, or changing pace.


We have argued before, also, that past experience, when it is recalled
electrically, seems to be complete including all the things of which an
individual was aware at the time; also that, since the events were often
unimportant, it seemed likely that the whole stream of consciousness must
be so recorded somewhere, quite beyond the reach of voluntary summons
(Penfield, 19546).


There is within the adult human brain a remarkable record of the
stream of each individual's awareness or consciousness. Stimulation of
certain areas of cortex, lying on the temporal lobe between the auditory
sensory and the visual sensory areas, causes previous experience to
return to the mind of a conscious patient. There is no real overlap
between this interpretive cortex and the areas devoted to visual and
auditory sensation, no overlap with the zone of cortex devoted to the
ideational processes of speech.


In such repetitions of previous experience perceptions are largely
auditory, or visual, or both. Time seems to unroll at its normal tempo.
The return of the content of consciousness thus evoked, is quite at
random, except that there is some evidence of cortical conditioning.
The evolving detail is far greater than in memories which can be summoned
voluntarily.


This demonstrates the existence of a functional system devoted to
subconscious recall of past experience and to the interpretation of present
experience. Like the motor and sensory cerebral systems, this functional
unit is partially separable from the overall activity of the brain. Like
speech, it depends on an acquired system of functional neuronal
connexions.


The challenge that lies before clinician and physiologist, electronics
expert and psychologist, is this: How are these partially separable functional
systems integrated into normal brain activity, and how is this total
integration related to the mind? Final understanding of man's own
brain and mind may seem very far away, but that is the ultimate goal of
investigation. It may well prove to be man's most difficult achievement,
to understand himself and the means by which this understanding is
achieved.



Over four decades later, BRAIN published a review of Penfield's 1963 report...



The subtitle of Wilder Penfield’s paper, written at the age of
72 years, suggests, like the closing bars of Götterdämmerung,
the conclusion to a monumental work of outstanding originality
but, in Penfield’s case, born not out of Teutonic mythology
but from experimental neurology. Penfield had dedicated
his first classic monograph, written with Theodore Erickson
(Epilepsy and Cerebral Localisation, 1941) to John
Hughlings Jackson and Charles Sherrington. Later, he gave
the fifth Sherrington Lecture in the University of Liverpool
(1958). The introduction to this final summary of his life’s
work, based in part on the Lister Oration (1961) and the
Hughlings Jackson Lecture (Montreal, 1961) quotes Jackson:
‘he who is faithfully analysing many different cases of epilepsy
is doing far more than studying epilepsy’; and almost
100 pages later Penfield closes with the same quotation. The
story is of Jackson’s ‘dreamy states’ and of their illumination
based on Penfield’s observations over a period of 25 years on
experiential hallucinations and experiential responses to focal
cortical electrical stimulation. He found these to be both simple
and complex; in the domains of language, sound or vision;
with the emotional conviction of past experience; and, where
factual corroboration proved possible, founded on genuine
events now recalled. [I-Phi emphasis] Proustian, therefore, in its scope (and
biblical in its resonances of Ecclesiastes 3: 1–8), this is an
account of the cortical substrates for ‘remembrances of past
experiences’



Consider Marcel Proust's childhood experience when tasting a Madeleine.

In which the taste of a tea-soaked cookie (long-ago recorded in his ERR) reproduces the associated visual memories of a past event...


And so it was that, for a long time afterwards, when I lay awake at night and revived old memories of Combray, I saw no more of it than this sort of luminous panel, sharply defined against a vague and shadowy background, like the panels which a Bengal fire or some electric sign will illuminate and dissect from the front of a building the other parts of which remain plunged in darkness: broad enough at its base, the little parlour, the dining-room, the alluring shadows of the path along which would come M. Swann, the unconscious author of my sufferings, the hall through which I would journey to the first step of that staircase, so hard to climb, which constituted, all by itself, the tapering 'elevation' of an irregular pyramid; and, at the summit, my bedroom, with the little passage through whose glazed door Mamma would enter; in a word, seen always at the same evening hour, isolated from all its possible surroundings, detached and solitary against its shadowy background, the bare minimum of scenery necessary (like the setting one sees printed at the head of an old play, for its performance in the provinces) to the drama of my undressing, as though all Combray had consisted of but two floors joined by a slender staircase, and as though there had been no time there but seven o'clock at night. I must own that I could have assured any questioner that Combray did include other scenes and did exist at other hours than these. But since the facts which I should then have recalled would have been prompted only by an exercise of the will, by my intellectual memory, and since the pictures which that kind of memory shews us of the past preserve nothing of the past itself, I should never have had any wish to ponder over this residue of Combray. To me it was in reality all dead.
Permanently dead? Very possibly.

There is a large element of hazard in these matters, and a second hazard, that of our own death, often prevents us from awaiting for any length of time the favours of the first.


I feel that there is much to be said for the Celtic belief that the souls of those whom we have lost are held captive in some inferior being, in an animal, in a plant, in some inanimate object, and so effectively lost to us until the day (which to many never comes) when we happen to pass by the tree or to obtain possession of the object which forms their prison. Then they start and tremble, they call us by our name, and as soon as we have recognised their voice the spell is broken. We have delivered them: they have overcome death and return to share our life.


And so it is with our own past. It is a labour in vain to attempt to recapture it: all the efforts of our intellect must prove futile. The past is hidden somewhere outside the realm, beyond the reach of intellect, in some material object (in the sensation which that material object will give us) which we do not suspect. And as for that object, it depends on chance whether we come upon it or not before we ourselves must die.

[image: image-placeholder]

Many years had elapsed during which nothing of Combray, save what was comprised in the theatre and the drama of my going to bed there, had any existence for me, when one day in winter, as I came home, my mother, seeing that I was cold, offered me some tea, a thing I did not ordinarily take. I declined at first, and then, for no particular reason, changed my mind. She sent out for one of those short, plump little cakes called 'petites madeleines,' which look as though they had been moulded in the fluted scallop of a pilgrim's shell. And soon, mechanically, weary after a dull day with the prospect of a depressing morrow, I raised to my lips a spoonful of the tea in which I had soaked a morsel of the cake. No sooner had the warm liquid, and the crumbs with it, touched my palate than a shudder ran through my whole body, and I stopped, intent upon the extraordinary changes that were taking place. An exquisite pleasure had invaded my senses, but individual, detached, with no suggestion of its origin. And at once the vicissitudes of life had become indifferent to me, its disasters innocuous, its brevity illusory—this new sensation having had on me the effect which love has of filling me with a precious essence; or rather this essence was not in me, it was myself. I had ceased now to feel mediocre, accidental, mortal. Whence could it have come to me, this all-powerful joy? I was conscious that it was connected with the taste of tea and cake, but that it infinitely transcended those savours, could not, indeed, be of the same nature as theirs. Whence did it come? What did it signify? How could I seize upon and define it?


I drink a second mouthful, in which I find nothing more than in the first, a third, which gives me rather less than the second. It is time to stop; the potion is losing its magic. It is plain that the object of my quest, the truth, lies not in the cup but in myself. The tea has called up in me, but does not itself understand, and can only repeat indefinitely with a gradual loss of strength, the same testimony; which I, too, cannot interpret, though I hope at least to be able to call upon the tea for it again and to find it there presently, intact and at my disposal, for my final enlightenment. I put down my cup and examine my own mind. It is for it to discover the truth. But how? What an abyss of uncertainty whenever the mind feels that some part of it has strayed beyond its own borders; when it, the seeker, is at once the dark region through which it must go seeking, where all its equipment will avail it nothing. Seek? More than that: create. It is face to face with something which does not so far exist, to which it alone can give reality and substance, which it alone can bring into the light of day.


And I begin again to ask myself what it could have been, this unremembered state which brought with it no logical proof of its existence, but only the sense that it was a happy, that it was a real state in whose presence other states of consciousness melted and vanished. I decide to attempt to make it reappear. I retrace my thoughts to the moment at which I drank the first spoonful of tea. I find again the same state, illumined by no fresh light. I compel my mind to make one further effort, to follow and recapture once again the fleeting sensation. And that nothing may interrupt it in its course I shut out every obstacle, every extraneous idea, I stop my ears and inhibit all attention to the sounds which come from the next room. And then, feeling that my mind is growing fatigued without having any success to report, I compel it for a change to enjoy that distraction which I have just denied it, to think of other things, to rest and refresh itself before the supreme attempt. And then for the second time I clear an empty space in front of it. I place in position before my mind's eye the still recent taste of that first mouthful, and I feel something start within me, something that leaves its resting-place and attempts to rise, something that has been embedded like an anchor at a great depth; I do not know yet what it is, but I can feel it mounting slowly; I can measure the resistance, I can hear the echo of great spaces traversed.


Undoubtedly what is thus palpitating in the depths of my being must be the image, the visual memory which, being linked to that taste, has tried to follow it into my conscious mind. But its struggles are too far off, too much confused; scarcely can I perceive the colourless reflection in which are blended the uncapturable whirling medley of radiant hues, and I cannot distinguish its form, cannot invite it, as the one possible interpreter, to translate to me the evidence of its contemporary, its inseparable paramour, the taste of cake soaked in tea; cannot ask it to inform me what special circumstance is in question, of what period in my past life.


Will it ultimately reach the clear surface of my consciousness, this memory, this old, dead moment which the magnetism of an identical moment has travelled so far to importune, to disturb, to raise up out of the very depths of my being? I cannot tell. Now that I feel nothing, it has stopped, has perhaps gone down again into its darkness, from which who can say whether it will ever rise? Ten times over I must essay the task, must lean down over the abyss. And each time the natural laziness which deters us from every difficult enterprise, every work of importance, has urged me to leave the thing alone, to drink my tea and to think merely of the worries of to-day and of my hopes for to-morrow, which let themselves be pondered over without effort or distress of mind.


And suddenly the memory returns. The taste was that of the little crumb of madeleine which on Sunday mornings at Combray (because on those mornings I did not go out before church-time), when I went to say good day to her in her bedroom, my aunt Léonie used to give me, dipping it first in her own cup of real or of lime-flower tea. The sight of the little madeleine had recalled nothing to my mind before I tasted it; perhaps because I had so often seen such things in the interval, without tasting them, on the trays in pastry-cooks' windows, that their image had dissociated itself from those Combray days to take its place among others more recent; perhaps because of those memories, so long abandoned and put out of mind, nothing now survived, everything was scattered; the forms of things, including that of the little scallop-shell of pastry, so richly sensual under its severe, religious folds, were either obliterated or had been so long dormant as to have lost the power of expansion which would have allowed them to resume their place in my consciousness. But when from a long-distant past nothing subsists, after the people are dead, after the things are broken and scattered, still, alone, more fragile, but with more vitality, more unsubstantial, more persistent, more faithful, the smell and taste of things remain poised a long time, like souls, ready to remind us, waiting and hoping for their moment, amid the ruins of all the rest; and bear unfaltering, in the tiny and almost impalpable drop of their essence, the vast structure of recollection.


And once I had recognized the taste of the crumb of madeleine soaked in her decoction of lime-flowers which my aunt used to give me (although I did not yet know and must long postpone the discovery of why this memory made me so happy) immediately the old grey house upon the street, where her room was, rose up like the scenery of a theatre to attach itself to the little pavilion, opening on to the garden, which had been built out behind it for my parents (the isolated panel which until that moment had been all that I could see); and with the house the town, from morning to night and in all weathers, the Square where I was sent before luncheon, the streets along which I used to run errands, the country roads we took when it was fine. And just as the Japanese amuse themselves by filling a porcelain bowl with water and steeping in it little crumbs of paper which until then are without character or form, but, the moment they become wet, stretch themselves and bend, take on colour and distinctive shape, become flowers or houses or people, permanent and recognisable, so in that moment all the flowers in our garden and in M. Swann's park, and the water-lilies on the Vivonne and the good folk of the village and their little dwellings and the parish church and the whole of Combray and of its surroundings, taking their proper shapes and growing solid, sprang into being, town and gardens alike, from my cup of tea.



Summary


The biological model for the Experience Recorder and Reproducer is neurons that wire together during an animal's experiences, in multiple sensory and limbic systems, such that later firing of even a part of the wired neurons can stimulate firing of all or part of the original complex.


Where Donald Hebb famously argued that "neurons that fire together wire together," our experience recorder and reproducer ERR model assumes that "neurons that have been wired together will fire together." 


Neuroscientists are investigating how diverse signals from multiple pathways can be unified in the brain. ERR offers a simple solution to this "binding" problem. The sensory components are bound together when initially stored in the ERR (together with the accompanying emotion). They remain bound on playback. They do not have to be assembled together by an algorithmic scheme.


Beyond the obvious relevance (survival value) for an organism of remembering past experiences, we suggest the "meaning" of  newly perceived information is found in those experiences reproduced by the ERR, when presented with that new information. Without prior similar experience, new perceptions will be "meaningless."


A conscious being is constantly recording information about its perceptions of the external world, and most importantly for ERR, it is simultaneously recording its feelings. Sensory data such as sights, sounds, smells, tastes, and tactile sensations are recorded in a sequence along with pleasure and pain states, fear and comfort levels, etc.


All these experiential and emotional data are recorded in association with one another. This means that when the experiences are reproduced (played back in a temporal sequence), the accompanying emotions are once again felt, in synchronization.


The capability of reproducing experiences is critical to learning from past experiences, so as to make them guides for action in future experiences. The ERR model is the minimal mind model that provides for such (Hebbian) learning by living organisms.






The neuroscientist Donald Hebb said in 1949 that "neurons that fire together wire together."


Source: https://www.informationphilosopher.com/knowledge/ERR/
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Truth is one of the three traditional conditions for knowledge.

Plato in the Theatetus defined knowledge as justified true belief. 
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Source: https://www.informationphilosopher.com/knowledge/truth.html
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Metaphysics is the study of what there is, what exists, and how we know that it exists. The ancients described it as the problem of Being. We cannot know what there is without knowing how we can know anything.

Knowing how we know is the sub-discipline of metaphysics called epistemology. What there is is the study of ontology. 



Knowing how we know is a fundamentally circular problem when it is described in human language, normally as a set of logical propositions. And knowing something about what exists adds another complex circle, if the knowing being must itself be one of those things that exists.


These circular definitions and inferences need not be vicious circles. They may simply be a coherent set of ideas that we use to describe ourselves and the external world. If the descriptions are logically valid and/or verifiable empirically, we think we are approaching the "truth" about things and acquiring knowledge.


How then do we describe the knowledge itself - as an existing thing in our existent minds and in the existing external world. Information philosophy does it by basing everything on the abstract but quantitative notion of information. 


All information in the universe is created by a single two-step process. We call it the cosmic creation process. 


In the first step, something new and different is created at random. If it was determined by the past, it would not be new information. New information is a local reduction in the entropy. 


To satisfy the second law of thermodynamics, positive entropy must travel away from the new information structure, to the sink of the expanding universe. This is the second step. If it fails, the new information structure is destroyed, returning to its prior equilibrium state.


Information (or negative entropy) lies in the arrangement of matter. Boltzmann's definition of entropy is the logarithm of the number of microscopic arrangements of matter that are consistent with the macroscopic properties (the thermodynamics).  
  S
  =
  k
  l
  n
  W
.


For the first nine billion years or so, information structures were created by known physical forces like the combination of elementary particles into  subatomic particles, then into atoms. Eventually gravitation condensed these randomly distributed atoms into astrophysical objects like the planets, stars, and galaxies.


Then, on our planet, some complex molecules accidentally began to replicate themselves. Random accidents in replication began the process of biological evolution. Some very complicated replicants began to share information about their neighbors, perhaps by atoms or small molecules secreted by them into the environment. This was the beginning of communications between information structures.


This is the beginning of knowledge. 

Information is stored or encoded in physical and biological structures. Structures in the world build themselves, following natural laws, including physical and biological laws. Structures in the mind are partly built by biological processes and partly built by intelligence, which is free, creative, and unpredictable.


For information philosophy, knowledge is information created and stored in minds and in human artifacts like stories, books, and internetworked computers. 


Information is neither matter nor energy, though it requires matter for its embodiment and energy for its communication.


Knowledge is actionable information that forms the basis for thoughts and actions, by the higher animals and humans. 


Knowledge includes all the cultural information created by human societies. We call it the Sum. It includes the theories and experiments of scientists, who collaborate to establish our knowledge of the external world. Scientific knowledge comes the closest of any knowledge to being independent of any human mind, though it is still dependent on an open interdependent community of fundamentally subjective inquirers. 


To the extent of the correspondence, the isomorphism, the one-to-one mapping, between information structures (and processes) in the world and representative structures and functions in the mind, information philosophy claims that we as individuals have quantifiable personal or subjective knowledge of the world.


To the extent of the agreement (again a correspondence or isomorphism) between information in the minds of an open community of inquirers seeking the best explanations for phenomena, information philosophy further claims that we have quantifiable inter-subjective knowledge of other minds and of an external world. Although science depends on their inter-subjective agreement, this is as close as we come to "objective" knowledge, to knowledge of objects, the Kantian "things in themselves." Empiricists like John Locke thought "primary" qualities of objects are inaccessible. He believed our senses are only able to receive "secondary" qualities. Information philosophy makes this a distinction without a difference.


Analytic language philosophers have a much narrower definition of knowledge. They identify it with language, logic, and human beliefs. For them, epistemology has been reduced to the "truth" of statements and propositions that can be logically analyzed and validated. 


Epistemologists say persons have knowledge only 1) if a statement is true, 2) if they believe that a statement is true, and 3) if their belief is "justified," where justification may be because their belief was the consequence of a "reliable" cognitive process, or because the belief was "caused" by facts in the world about the belief.    


They trace their three-step conditions for knowledge back to Plato's Theaetetus and Aristotle's Posterior Analytics. Plato did talk about opinions, which could be true or false. The true or "right" opinions could be further supported by giving an "account" of the reasons why an opinion is "true" and not "false." But like many Platonic dialogues, there was no resolution or agreement in the Theaetetus that these three elements could indeed produce knowledge. The Greek word Plato used for knowledge was episteme, which translates more nearly as "know how" than the "know that" associated with knowledge of the "facts" in propositions.


Our English word for knowledge comes from the Indo-European and later Greek gno as in gnosis. In Greek it meant a mark or token that was familiar and immediately recognizable, with an act of cognition or cognizance. It gives us the word ken (our close relatives are "kin"), the German cognate kennen, and the French connaisance.

Bertrand Russell distinguished "knowledge by acquaintance" as immediate (viz. non-mediated) direct awareness of a particular thing.  He contrasted such basic knowledge with knowledge of concepts, ideas or "universals," which can be used to describe many particular things. He called this "knowledge by description."  He included the sense data of "red, here, now" in immediate knowledge, knowledge we less likely to doubt and that serves as a logical foundation. 


All this works well for one idea of knowledge, but unfortunately for analytic language philosophy, the English language is philosophically impoverished, lacking another word for knowledge that is found in all other European languages, one based on words whose root means "to have seen."           



Justified True Belief


Nevertheless, the modern field of epistemology has generally defined knowledge in three parts as "justified true belief," specifically the truth of beliefs about statements or propositions. For example, 

    S knows that P if and only if	

       (i) S believes that P, 

       (ii) P is true, and

       (iii) S is justified in believing that P. 



In the long history of the problem of knowledge, all three of these knowledge or belief "conditions" have proven very difficult for epistemologists. Among the reasons...


    	
       (i) A belief is an internal mental state beyond the full comprehension of expert external observers. Even the subject herself has limited immediate access to all she knows or believes. On deeper reflection, or consulting external sources of knowledge, she might "change her mind."
       (ii) The truth about any fact in the world is vulnerable to skeptical or sophistical attack. The concept of truth should be limited to uses within logical and mathematical systems of thought. Real world "truths" are always fallible and revisable in the light of new knowledge.

       (iii) The notion of justification of a belief by providing reasons is vague, circular or an infinite regress. What reasons can be given that themselves do not have just reasons? In view of (i) and (ii) what value is there in a "justification" that is fallible, or worse false?

       (iv) Epistemologists have primarily studied personal or subjective beliefs. Fearful of competition from empirical science and its method for establishing knowledge, they emphasize that justification must be based on reasons internally accessible to the subject. 

       (v) The emphasis on logic has led some epistemologists to claim that knowledge is closed under (strict or material) implication. This assumes that the process of ordinary knowing is informed by logic, in particular that 
  

  (Closure) If S knows that P, and P implies Q, then S knows that Q.
  

  We can only say that S is in a position to deduce Q, if she is trained in logic.  


It is no surprise that epistemologists have failed in every effort to put knowledge on a sound basis, let alone establish knowledge with apodeictic certainty, as Plato and Aristotle expected and René Descartes thought he had established beyond any reasonable doubt.    


Perhaps overreacting to the threat from science as a demonstrably more successful method for establishing knowledge, epistemologists have hoped to differentiate and preserve their own philosophical approach. Some have held on to the goal of logical positivism (e.g., Russell, early Wittgenstein, and the Vienna Circle) that philosophical analysis would provide an a priori normative ground for merely empirical scientific knowledge. 


Logical positivist arguments for the non-inferential self-validation of logical atomic perceptions like "red, here, now" have perhaps misled some epistemologists to think that personal perceptions can directly justify some "foundationalist" beliefs.


The philosophical method of linguistic analysis (inspired by the later Wittgenstein) has not achieved much more. It is unlikely that knowledge of any kind reduces simply to the careful conceptual analysis of sentences, statements, and propositions.


Information philosophy looks deeper than the surface ambiguities of language. 



Information philosophy distinguishes at least three kinds of knowledge, each requiring its own special epistemological analysis:

	Subjective or personal knowledge, including introspection and intuition, as well as communications with and perceptions of other persons ("other minds").
	Communal or social knowledge of cultural creations, including fiction, myths, conventions, laws, history, etc. 
	Knowledge of a mind-independent physical external world.


This last kind of knowledge is based on the "scientific method," roughly defined as a combination of 

	Systematic observations of the external world.
	Arbitrary, even random, hypotheses (theories) that might explain the observations.
	Logical, rational deductions from the hypotheses that make (usually quantitative) predictions about further observations.
	Experiments (measurements) that can be reproduced by other scientists in an open-minded community of inquirers to confirm (verify) or deny (falsify) those predictions, and thus, the theories.
	A combination of the theories to reduce their number. Theories that grow to explain greater and greater numbers of predictions are considered closer to the "truth" about reality, and are often described as "laws of nature".



The totality of scientific knowledge gives us our most reliable "information" about the world. How exactly do we acquire and maintain this knowledge?

When information is stored in any structure, whether in the world, in human artifacts like books and the Internet, or in human minds, two fundamental physical processes occur. These are the two parts of the cosmic creative process.


First is a collapse of a quantum mechanical wave function that is needed to create even a single "bit" of new information in an experimental measurement. 


Second is a local decrease in the entropy corresponding to the increase in information. Without this, the new bit would be erased and the system returned to equilibrium. Entropy greater than the increase in information (negative entropy) must be transferred away from the location of the new information to satisfy the second law of thermodynamics.

Leo Szilard calculated the mean value of the quantity of entropy produced by a 1-bit measurement as

S = k log 2,  


where k is Boltzmann's constant. The base-2 logarithm reflects the binary decision. The amount of entropy generated by the measurement may, of course, always be greater than this fundamental amount, but not smaller, or the second law would be violated.



These quantum level processes are susceptible to noise. Information stored may have errors. When information is retrieved, it is again susceptible to noise, This may garble the information content. In information science, noise is generally the enemy of information. But some noise is the friend of freedom, since it is the source of novelty, of creativity and invention, and of variation in the biological gene pool.


Biological systems have maintained and increased their invariant information content over billions of generations. Humans increase our knowledge of the external world, despite logical, mathematical, and physical uncertainty or indeterminacy. Both do it in the face of random noise, bringing order (or cosmos) out of chaos. Both do it with sophisticated error detection and correction schemes that limit the effects of chance.  


The scheme we use to correct human knowledge is science, a combination of freely invented theories and adequately determined experiments.
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Celebrating René Descartes, the first modern philosopher, and his famous phrase Ego cogito, ergo sum, we call our model for human knowledge the Sum. 

Our model for an objective value, independent of humanity, we call Ergo. Our two-stage model for free will we call the Cogito. And our model for the mind we call the Ego.



The Sum of all the information created by human beings is a miniscule fraction of the  Ergo (negative entropy or information) in the universe. But it is the sum of all human knowledge, and in human intellectual terms we can regard it as the highest and most valuable form of information.


Knowledge is information stored in human minds and in human artifacts like stories, books, and internetworked computers. Knowledge is information that forms the basis for human thoughts and actions. Among these are theories and experiments of scientists, who collaborate to establish our knowledge of the external world.




Information is stored or encoded in structures. Structures in the world build themselves, following natural laws, including physical and biological laws. Structures in the mind are partly built by biological processes and partly built by human intelligence, which is free, creative, and unpredictable.

To the extent of the correspondence, the isomorphism, the one-to-one mapping, between structures (and processes) in the world and representative structures in the mind, we can claim to have knowledge of the world.


The Sum is all of that knowledge, in all human minds and their works.
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Philosophers have historically treated the problem of knowledge as establishing the conditions for personal "justified true belief" in the presence of philosophical skepticism and relativism. Epistemologists since Plato's Theatetus have developed a bewildering number of theories of knowledge. 


Second only to Kant 's "scandal" that philosophers cannot logically prove the existence of the external world, it is scandalous that professional philosophers are in such profound disagreement about what it means to know something. They may not all be wrong, but very few of them are likely to be right.


This is especially dismaying for those epistemologists who still see a normative role for philosophy that could provide a foundation, perhaps even a priori, for scientific or empirical, a posteriori knowledge.


In recent years, professional epistemologists have been reduced to quibbling over clever sophistical examples and counterexamples that defeat the reasoned justifications for true beliefs.



Information Epistemology avoids the traditional identification of knowledge with belief. Belief is a psychological state that may be disjunct from knowledge. We may empirically verify that a person knows something by analyzing her behavior, without her consciously articulating or holding a belief in that knowledge. A famous example is knowing the grammatical rules for one's language without being able to state those rules. Those rules have been learned tacitly, by multiple trials and errors, and stored in a person's mind.


Human knowledge is information stored in the mind and in human artifacts like stories, books, buildings, and internetworked computers. Knowledge is information that forms the basis for human thoughts and actions. Among the sources of knowledge are theories and experiments of natural scientists, who collaborate to establish our knowledge of the external world, social scientists who study our cultures, and psychologists, cognitive scientists, and neuroscientists, who investigate our personal worlds.

Since information is also stored in animal minds, we can escape the exceptionalist fiction that only humans can have knowledge. Where humans are exceptional is their ability to communicate their knowledge - and their reasons for their beliefs - symbolically by means of language. This is why Plato described the justification condition as a reasoned account (λόγος). For him, true opinion accompanied by reason is knowledge. (δόξαν ἀληθῆ μετὰ λόγου ἐπιστήμην εἶναι, Theatetus, 202C) 


Information is stored or encoded in structures. Structures in the natural world build themselves, following natural laws, including physical and biological laws. Structures in the mind are partly built by biological processes and partly built by human intelligence, which is free, creative, and unpredictable.


To the extent of the correspondence, the isomorphism, the one-to-one mapping, between structures (and processes) in the world and representative structures in our minds, we can claim to have knowledge of the world, and of other minds.

In Information Philosophy, knowledge is information that is "actionable," meaning that if we act on the basis of the information our actions will have fruitful consequences. The validity or "truth" of knowledge is to be found in those consequences.


Note that a large amount of the sum of human knowledge is now stored external to minds. 


Stored Knowledge and the Cosmic Creation Process

When information is stored in any structure, from galaxies to minds, two fundamental physical processes occur. First is a collapse of a quantum mechanical wave function. Second is a local decrease in the entropy corresponding to the increase in information. Entropy greater than that must be transferred away to satisfy the second law.


These quantum level processes introduce noise. Information stored may have errors. When information is retrieved, it is again susceptible to noise, This may garble the information content. In information science, noise is generally the enemy of information. But some noise is the friend of freedom, since it is the source of novelty, of creativity and invention, and of variation in the biological gene pool. Too much noise is simply entropic and destructive, so the cosmic creation process must not be overcome by the chaos. 


Biological systems have maintained and increased their invariant information content over billions of generations. Humans increase our knowledge of the external world, despite logical, mathematical, and physical uncertainty. Both do it in the face of noise. Both do it with sophisticated error detection and correction schemes.  The scheme we use to correct human knowledge is science, a combination of freely invented theories and adequately determined experiments.
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Although the English word "epistemology" is relatively new (coined in the 19th century), it has been known for centuries as the Problem of Knowledge (Erkenntnisproblem in German), and appears in the earliest philosophical works - by the Presocratics, Plato and Aristotle, and especially by the Skeptics, who doubted that it could be proved that knowledge is possible.


Sophists


The great sophist Gorgias challenged the many physicists (φυσικοι) who lectured and wrote on "what there is" in treatises called "Peri Physis" (Περι Φύσις) - roughly, About Nature, or The Nature of the Physical World. 

The content of the typical physicist/philosopher lectures was usually in three parts:

	 Things exist
	 You can know what things exist
	 You can tell others about what exists


Gorgias is reported to have dazzled and delighted his audiences by proving the opposites, by using nearly identical arguments:

	 Nothing exists
	 If by chance something did exist, you could not know anything about it
	 If you did accidentally learn something about it, there is no way you could communicate your knowledge to others

    
The lesson we can take away from Gorgias is that arguments, especially verbal reasoning alone, can be used to prove anything by clever rhetoreticians.  Logical and linguistic arguments can tell us nothing "true" about the physical world.

This is the problem of knowledge. How can we know - how can we be certain about - what we know? It is related closely to the question of what abstract concepts and physical objects (ontology and cosmology) exist in the universe - "the things themselves" -  for us to know. How is what we perceive through our senses related to the physical things and the abstract concepts that our reason tells us lies behind the laws of nature (metaphysics).


Plato/Socrates


    In his Theaetetus, Plato tells us that Socrates considered, but ultimately rejected, three possibilities for what knowledge (ἐπιστήμη) is and how we come to have it. 

The first is perception (αἴσθησις). Our perceptions are "true" (ἀληθῆ), at least to us, a kind of private knowledge. But they may be dreams or illusions. (160D)


The second is true (ἀληθῆ) opinion or belief (δόξαν). Socrates asserts that Protagoras' relativistic argument that "man is the measure of all things," means "what is true is what is true for me." But "myriad" others may properly judge your opinion false (ψευδῆ).(170D)


The third is true belief that had some reasons (λόγος) or justification (συλλογισμῶ), a rational explanation for the belief. True (or right) opinion accompanied by reason is knowledge. (δόξαν ἀληθῆ μετὰ λόγου ἐπιστήμην εἶναι) (202C)


This third possibility that knowledge is "justified true belief" has come down to modern times as the three-part "traditional" theory of knowledge. 


Although Socrates' "negative" dialectic never established any certain knowledge, Plato believed that Socrates' method of inquiry (ἔλεγχος) was the way to achieve knowledge.  


Nevertheless, the Theaetetus ends with Socrates' utter rejection of perception, true belief, or true belief combined with reasons or explanations as justification. Socrates says:


And it is utterly silly, when we are looking for a definition of knowledge, to say that it is right opinion with knowledge, whether of difference or of anything else whatsoever. So neither perception, Theaetetus, nor true opinion, nor reason or explanation combined with true opinion could be knowledge (epistéme). (Harold Fowler translation)

καὶ παντάπασί γε εὔηθες, ζητούντων ἡμῶν ἐπιστήμην, δόξαν φάναι ὀρθὴν εἶναι μετ᾽ ἐπιστήμης εἴτε διαφορότητος εἴτε ὁτουοῦν. οὔτε ἄρα αἴσθησις, ὦ Θεαίτητε, οὔτε δόξα ἀληθὴς οὔτε μετ᾽ ἀληθοῦς δόξης λόγος προσγιγνόμενος ἐπιστήμη ἂν εἴη.




Aristotle
Aristotle  revised his master Plato's theory of Forms and Ideas. Although he too sought the fundamental essences of things and ideas (their Being - τὸ ὄν), for Aristotle all things were a combination of form (εἴδος) and matter (ὑλῆ), and understanding how real physical things change (their Becoming) was as important as knowing their essences (their Being). 


In his Metaphysics, Aristotle dealt with the problem of knowledge (epistemology) and with the question of Being (ontology of both physical and abstract things). The opening line of Book I of the Metaphysics is "All men desire knowledge (to know) by nature." (πάντες ἄνθρωποι τοῦ εἰδέναι ὀρέγονται φύσει.)


Aristotle sharpened the use of language (dialectic) and logic as our means of knowing to a level still in use today. He analyzed subject-predicate sentences and puzzled over the relationship between being or essence and the copula "is." He elucidated the simplest rules of logic - needed for the reasoning (συλλόγος) behind justification of knowledge - the Law of Identity (A is A), the Law of Non-Contradiction, and the Law of the Excluded Middle. And he developed the rules for logical inference, identifying many types of syllogism (Socrates had identified the simplest syllogism - S is M, M is P, therefore S is P).


But Aristotle went beyond reason and Platonic dialectic. He added the need for demonstration (ἀποδειξις) to discover the cause (ἀιτια) and explanation of a phenomenon. This was the beginning of empirical knowledge, the observations and experiments that form the basis of modern science, as opposed to the kind of personal and subjective knowledge available directly to our perception, intuition, or reflective introspection. 


Aristotle identified four basic causes (material, formal, efficient, and final) and said that chance might be a fifth cause. Not everything happens of causal necessity, but some things as chance will have it. 


He distinguished certain a priori knowledge, for example logic and mathematics, which was true by necessity, from the merely probable and contingent a posteriori knowledge of ethics and politics. He denied that the truth of a proposition about the future entailed the necessity of a future event (as claimed by Diodorus Cronus with his actualism). 


For Aristotle, there were different methods of inquiry and different kinds of knowledge depending on the subject matter, for example knowledge of the things themselves in the external world (ontology and metaphysics) that we would call today the physical sciences, and knowledge about people (ethics and politics) that today we would call the social sciences. We might add psychology, especially the subjective and reflective knowledge of self by introspection. And although he wanted to be more empirical than Plato, he held onto some necessary truths or first principles that were self-evident. He also recognized "theses" (θέσισ) and "axioms" (ἄξιος).


And Aristotle distinguished many kinds of logical argument. When the premises are true and certain (he does not explain how this can be the case except for those that are self-evident "first principles" - ἀρχὴ or πρῶτων), and the deductive syllogism is correct so that the conclusions follow, Aristotle calls this a demonstration, the truth of it is apodeictic (ἀπόδειξις), a logical proof. The resulting knowledge is demonstrative knowledge (ἀποδεικτικὲω ἐπιστήμην). 


Aristotle realized that not all reasons given to justify beliefs could themselves have reasons without an infinite regress or circular argument, so he proposed that some reasons could be "self-evident" axioms, worth believing on their own merits or because they are popular opinion. 


Returning to Plato here, Aristotle says that all parts of this demonstration - premises, deductions, and conclusions - are necessary. When the premises are popular opinion, their truth merely probable, the argument is dialectical. When the premises are false, the argument is sophistical, and can prove anything. Much of modern epistemology feels somewhat sophistical.

    

Skeptics

Shortly after Aristotle, Pyhrro of Ellis reacted to the many methods of inquiry (σκέπσις) and their knowledge claims by denying all of them. His skeptical followers argued that happiness and serenity could be achieved by avoiding unjustified and dogmatic knowledge claims and simply follow traditional customs as a guide to life. 

Plato's Academy itself came to adopt skepticism under Arcesilaus in the third century. Arcesilaus doubted that the senses could discover truths about the physical world. Skeptics, especially Carneades, who followed Arcesilaus as leader of the Academy, denied the claims of their opponent Stoics as mere dogmatism.   


Philo of Larissa, the last leader of Academic Skepticism in Athens, escaped the Mithradatic wars and went in 88 BCE to Rome where he mentored Marcus Tullius Cicero. Cicero gave us perhaps the best ancient comparison of the Stoic, Epicurean, and Skeptical schools of philosophy in his dialogue De Natura Deorum (On the Nature of the Gods). 


Aenesidemus, the first-century leader of Academic skepticism in Alexandria, qualified the obvious self-referential error in the skeptical claim that nothing could be known. He encouraged a return to Pyrrho's suspension (εποχή) of any judgment. Aenesidemus identified ten tropes or modes of knowing by perception through different senses, which he showed can be mutually inconsistent.  Epistemological justification of any absolute objective knowledge is therefore impossible.


According to Sextus Empiricus (Outlines of Pyrrhonism, 1.164-77), these ten tropes were reduced by Agrippa to five

	Disagreement among the philosophers
	An infinite regress of justification
	Relativity - all concepts are meaningful only in some context
	Hypotheses cannot be self-evident
	Circular reasoning


And finally, Sextus Empiricus says (1.178-79) the reasons to suspend judgment can be reduced to only the first two. 

That nothing can be apprehended through itself (immediate knowledge) or through another thing (mediate knowledge) is shown by the controversies among the philosophers. And the infinite regress of reasons is caused by the lack of a criterion for truth (κριτεριόν τῆσ ἀληθείας). These two problems are still very much with us today, 


An infinite regress arises when we ask what are the justifications for the reasons themselves.


If the reasons count as knowledge, they must themselves be justified with reasons for the reasons, etc., ad infinitum.

    

Stoics
Chrysippus, the greatest of the Stoic leaders, separated the idea of necessity in certain knowledge from human actions, without denying Stoic belief in physical determinism and fate. He helped to develop propositional logic, a language advance on Aristotle's predicate logic that was revived in the 20th century as a propositional calculus.

Chrysippus saw logic as the core of a divine reason that rules the universe. The Laws of Nature are synonymous with the Laws of God, since Stoics identified God with Nature. In his time, Chrysippus' logic was considered superior to Aristotle's.
    


The Search for Knowledge Turns Inward
"What can I know with certainty?" asked René Descartes. What is it that cannot logically be doubted? Starting with his famous "Cogito, ergo sum," Descartes said he could not doubt his own existence, then - since "God is no deceiver" - he could not be wrong about his perceptions. This is despite Plato, who knew perceptions could be illusions, like the stick appearing bent in the water.

Descartes shifted the emphasis of knowledge from the external world to his internal thoughts, and began an effort to find indubitable truths as foundations for all knowledge. Descartes' introspective "quest for certainty" changed the focus of problem of knowledge to what 20th-century philosophy would come to call "foundationalism and "internalism"." 
    

Even if Descartes could have arrived at subjective knowledge that he personally could not doubt, such knowledge would be inaccessible to others. And others would be properly skeptical of his egocentric knowledge claims. 

Gottfried Leibniz argued that certainty could be had for necessary truths that were "true in all possible worlds." Leibniz' Principle of Sufficient Reason was a claim that knowledge of the physical future was implicit in the fact that every event has a sufficient cause. This is despite Aristotle, who knew that future events might or might not happen. 
    
David Hume, skeptical that anything could be proved true by induction, declared causality to be simply a matter of repeated conjunctions of apparent cause and effect. With his empirical colleagues, Locke and Berkeley, he denied any knowledge of the "things themselves" behind our perceptions. We have only sense impressions of Locke's "secondary qualities."
    

Hume, following Leibniz, admitted as knowledge only two things, analytical mathematical logical reasoning, and empirical facts. This is essentially the analytic-synthetic knowledge distinction.


 If we take into our hand any volume; of divinity or school metaphysics, for instance; let us ask, Does it contain any abstract reasoning concerning quantity or number? No. Does it contain any experimental reasoning concerning matter of fact and existence? No. Consign it then to the flames: For it can contain nothing but sophistry and illusion.


    Despite his skepticism about causality, Hume's "naturalism" convinced him of the practical truth of strict causal determinism.

"What can I know?" asked Immanuel Kant. Faced with the skepticism of Hume which put into doubt all phenomenal knowledge gained by perception alone, he postulated a noumenal world accessible to the mind by introspection. There the "things themselves" exist along with God, human freedom, and immortality. But since they are outside the phenomenal world - the physical world governed by strict causal deterministic laws of motion - Kant's claim to knowledge was as weak as Hume's skeptical claim was strong.
    

Kant accepted Hume's (and Aritotle's) distinction between abstract analytic a priori knowledge and experimental or empirical synthetic a posteriori knowledge. But he claimed that the human mind imposed certain categories of understanding on the world, leading to some necessary empirical truths, or what he called synthetic a priori knowledge. Among these are that space must necessarily be Euclidean, that "7 + 5 = 12" is mathematically necessary, and that the deterministic laws of Newton must be strictly true.
    

Although all these "truths" have been found empirically to be false, modern developmental psychology finds that some ideas are indeed "built-in" to the mind, as Kant held. Infants are born able to recognize  continuity, contiguity, causality, and form. These conceptual abilities are immediately available. They do not need a set of prior experiences from which to abstract. Thus Locke's tabula rasa dictum that everything that is known comes first through the senses is wrong.
    

The 19th-century hermeneuticists Schleirmacher and Dilthey argued for some knowledge accessible in non-scientific ways. They claimed that cultural knowledge can only be appreciated and understood by someone immersed in the culture. 

Charles Sanders Peirce defined knowledge - truths about the real world - as that knowledge that would eventually be agreed upon "intersubjectively" by a community of inquirers who follow an open scientific method of hypothesis, deduction, and experimental testing of predictions by means of observations. 


As to Descartes' search for indubitable certain knowledge, Peirce agreed that any knowledge can be doubted. But, explaining Descartes' error, Peirce says first that everything can not be doubted at the same time. And second, that nothing is ever certain because the method of science always leaves open the possibility for improvements in our knowledge. His pragmatic "truth" is something that is only asymptotically approached over time by the open community of inquirers.  


Peirce's "pragmatic" philosophy identified truth with beliefs that informed action and had valuable consequences. This led to John Dewey's idea of truth as "warranted assertability," with the warrants to be found in the empirical consequences.

Bertrand Russell declared that science is the only source of knowledge, "What science cannot discover, mankind cannot know." This came to be called "scientism."


Logical empiricists, following Russell's student and colleague Ludwig Wittgenstein, could never agree on the method of justification. The Vienna Circle philosophers, Rudolf Carnap and Moritz Schlick, never could get general agreement on the "verification" of a proposition about the world.

A. J. Ayer, who sat in on some Vienna Circle meetings, put their ideas forward in his Language, Truth, and Logic. He said (again following Hume and Aristotle) that two kinds of propositions are meaningful - analytic sentences (tautologies and definitions of language terms) or statements that can be empirically verified.

Karl Popper denied that "verification" could ever lead to certain knowledge, but argued that a negative experimental result could "falsify" a proposition.  


In the early 1950's, Willard van Orman Quine challenged the ancient analytic-synthetic distinction, arguing that in the end the "truth" of analytic statements, the proofs of mathematical theorems, and the use of logic, also depend on some empirical verification.


The key idea of Quine's empiricism is to deny the existence of any a priori knowledge of the world (or of words - statements, propositions), whether analytic or synthetic. As Peirce had said, nothing is logically and necessarily true of the physical world. Logical truths like the Principles of Non-Contradiction and Bivalence (Excluded Middle) might be true in all possible worlds, but they tell us nothing about our physical world, unless they are applicable and empirically verified. 




Gettier Problems

In 1963, Edmund Gettier published two logical counterexamples to knowledge defined as justified true belief. His counterexamples were true, but not for the reasons cited as the evidence for justification. So the result is a justified false belief, or perhaps simply not knowledge.

The conditions postulated in Gettier-type examples are extraordinarily unlikely to occur, but the mere possibility demonstrates the difficulty of making logical arguments about contingent real world situations. The most sophisticated linguistic analysis is problematic as a source of "truth" or justification. 


There is a technical similarity between Gettier cases and Frankfurt-type examples of an agent who apparently acts "freely" but a counterfactual demon insures that there is only one possibility for action. In 1969 Harry Frankfurt developed logical counterexamples to the traditional idea that alternative possibilities are a prerequisite for free agency.. 


Gettier cases artificially construct a "true" situation which is not true for the apparent reasons. Frankfurt cases artificially construct a "free" action in which the agent actually is not free to choose the apparent alternative possibilities.


Gettier and Frankfurt cases have spawned a vast philosophical literature in the past few decades. But they have produced little advance in understanding either knowledge or freedom. They are little more than clever sophisticated examples of analytic language philosophy. 


Skepticism alone should have indicated that logical proofs of knowledge, or logical analyses of any justification scheme for knowledge, were bound to fail.


Gettier and Frankfurt cases are applied skepticism or sophistry that cast doubt on the likely validity of common sense justifications and knowledge by developing extremely unlikely if not implausible cases. 


They depreciate the value of the central project of epistemology, which is to help us to know (if only in a virtuous circle) when our arguments for knowledge are as strong as we can make them. 



Epistemology Returns to "Externalist" Justification

Until the 1960's, debates in epistemology were primarily divided between Cartesian foundationalist and coherentist theories of justification, both of which focused on egocentric subjective "internalist" theories.

Until Descartes's turn inward, theories of knowledge all assumed that justification included the relation of beliefs to objects and events in the world.


Descarte's "internalist" turn continued well into the twentieth century, with most epistemologists endorsing his "foundationalist" theory of knowledge. They included C.I. Lewis (1946), Roderick Chisholm, John Pollock (1986), Richard Foley (1987), Paul Moser (1989), William P. Alston (1989), and Robert Audi (1993).


But several philosophers moved toward an "external" view of epistemology.


As early as the 1920's, Frank Ramsey had proposed the idea of reliability, which depends on some kind of external causal process. He said that a belief was knowledge if it was (i) true, (ii) certain, (iii) obtained by a reliable process. 


In 1967, Alvin Goldman amplified the Ramsey view, endorsing both a "causalist" theory of knowledge and what he called "reliabilism."He claimed that justification for a belief is to be found in the natural cause of the belief. 



In 1971, Fred Dretske offered what he called "Conclusive Reasons" as a form of justification. They included evidence, grounds, and reasons.


In 1973, David Armstrong called for a return to what he called "externalism," defined as "a certain relation holding between the believer and the world." 


For example, one can not only believe, but know, that the room is hot because the excessive heat one feels is the cause of one's belief.


Armstrong further divided externalist theories into "causal" (like Goldman) and "reliability" (like Dretske and Ramsey) theories.


 There are other externalist theories, including naturalism, evidentialism, and evolutionary epistemology.


Epistemology Naturalized

In the late 1960's, Willard van Orman Quine argued that epistemology, the justification of knowledge claims, should be "naturalized." All knowledge claims should be reduced to verification by the methods of natural science. "For suppose we hold," he says, "with the old empiricist Peirce, that the very meaning of a statement consists in the difference its truth would make to possible experience."

The Vienna Circle espoused a verification theory of meaning but did not take it seriously enough. If we recognize with Peirce that the meaning of a sentence turns purely on what would count as evidence for its truth, and if we recognize with Duhem that theoretical sentences have their evidence not as single sentences but only as larger blocks of theory, then the indeterminacy of translation of theoretical sentences is the natural conclusion.

Philosophers have rightly despaired of translating everything into observational and logico-mathematical terms. They have despaired of this even when they have not recognized, as the reason for this irreducibility, that the statements largely do not have their private bundles of empirical consequences. And some philosophers have seen in this irreducibility the bankruptcy of epistemology. Carnap and the other logical positivists of the Vienna Circle had already pressed the term "metaphysics" into pejorative use, as connoting meaninglessness; and the term "epistemology" was next. Wittgenstein and his followers, mainly at Oxford, found a residual philosophical vocation in therapy: curing philosophers of the delusion that there were epistemological problems. 


Epistemology, or something like it, simply falls into place as a chapter of psychology and hence of natural science. It studies a natural phenomenon, viz., a physical human subject...


The old epistemology aspired to contain, in a sense, natural science; it would construct it somehow from sense data. Epistemology in its new setting, conversely, is contained in natural science, as a chapter of psychology. But the old containment remains valid too, in its way... There is thus reciprocal containment, though containment in different senses: epistemology in natural science and natural science in epistemology. 


 
Although Quine's reciprocal containment suggested that epistemology might still play a foundational role in scientific understanding, his work appeared to many to reduce epistemology to psychology. Quine seemed to deny the normative role of traditional epistemology, which hoped to justify all knowledge, including scientific knowledge.
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Belief

Belief is one of the three traditional conditions for knowledge. 

Plato in the Theatetus defined knowledge as justifiedtrue belief. 


A belief is an internal mental state beyond the full comprehension of expert external observers. Even the subject herself has limited immediate access to all she knows or believes. On deeper reflection, or after consulting external sources of knowledge, she might "change her mind."
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Complexity


Complexity Theory is the study of how order, patterns, and structure appear in complex, apparently chaotic systems that are far from equilibrium, sharing matter and energy (of low entropy) with their environment and exhibiting "self-organization" and stability, apparently avoiding the degradation (increase of entropy) normally required by the second law of thermodynamics. 

It has historical connections with the General Systems Theory of Ludwig von Bertalanffy. General Systems Theory is a theory of emergence, which was implicit in the work of John Stuart Mill and explicit in "emergentists" like George Henry Lewes (1875), C. Lloyd Morgan (1912), Samuel Alexander (1920), and C. D. Broad (1925).


Many scientists had known for decades before Bertalanffy that living systems somehow avoid the inevitable degradation suffered by physical systems, according to the second law of thermodynamics. Instead of approaching thermodynamic equilibrium (complete chaos) and maximum entropy, living systems maintain themselves in a high state of order (or information) far from equilibrium.  Earlier thinkers had called this a "dynamic equilibrium," but Bertalannfy called it "flow equilibrium." In his 1932 book Theoretische Biologie, he described living systems as open systems that exchange matter and energy with the environment.  


More important than the new terminology, Bertalanffy in 1940 described what was happening in a way made famous five years later by  Erwin Schrödinger in his book What is Life?, namely that energy is not enough, it must be energy with low (or negative) entropy, or what Bertalanffy correctly called "free energy.".


Bertalanffy wrote:


In open systems we have not only production of entropy due to irreversible processes, but also import of negative entropy. This is the case in the living organism which imports [consumes nutrients with] complex molecules that are high in free energy. Thus, living systems, maintaining themselves in a steady state, can avoid the increase of entropy, and may even
develop towards states of increased order and organization.


In his 1945 essay What is Life?, Schrödinger would say that "life feeds on negative entropy." Schrödinger described this as "order out of order" that distinguishes life from the "order out of chaos" exhibited by many complex physical systems studied today.


Ilya Prigogine and his collaborator Isabel Stengers titled their 1984 book Order Out Of Chaos. In it, they focused on physical systems far from equilibrium, specifically Bénard convection cells, which exhibit the flow of matter and energy from the environment through an open system. Prigogine called them "dissipative structures" and developed the non-linear thermodynamics needed to describe them mathematically. 

Prigogine described these dissipative systems as showing "self-organizing" characteristics similar to those of biological systems. He also thought their irreversibility could provide a new definition of time beyond classical Newtonian physics, which makes collisions between microscopic particles reversible. 


Prigogine believed that before him, there was "no direction of time, no distinction between past and future," because even quantum mechanics, in the form of Erwin Schrödinger's deterministic wave equation, could not do so (without invoking a collapse of the wave function). Prigogine introduced what he called a "third time" into physics - time as irreversibility. He saw non-equilibrium, dissipative systems far from equilibrium, as a new source of order giving to the system ill-defined "new space-time properties." ("The Meaning of Entropy," in Evolutionary Epistemology, p.63) 
In the 1950's and 1960's, American meteorologist Edward Lorenz found that small rounding errors in his computer data (which has a limited number of significant figures) leads to large non-linear instabilities that expand exponentially in time and make long-term prediction impossible.  This is the famous "Butterfly wings in Beijing" effect discovered in weather predictions.


Lorenz's work led to the mathematical theory of deterministic chaos, a central component of modern complexity theory. Lorenz had discovered that deterministic and linear dynamical laws could not explain the non-linear processes he saw in weather data. This made a non-linear theory necessary.
 


Deterministic Chaos


Chaos theory is the study of systems that are highly sensitive to initial conditions.

It is important to stress that there is nothing random or undetermined  about chaos theory. It involves no quantum indeterminacy, which is the basis for ontological chance.  Although it exhibits behaviors that resemble some phenomena in the real world, they are metaphors for behaviors, not physical explanations.


Chaos should not be confused with unpredictability, just as determinism should not be confused with predictability. The fundamental importance of chaos theory is its application to systems that are extremely sensitive to initial conditions. Chaotic systems are deterministic, but not predictable. Their unpredictability does not mean that they are random or indeterministic, as many philosophers and a few scientists who dislike quantum mechanics have mistakenly believed (e.g., Ilya Prigogine).



Some philosophers appear to believe that chaos theory can provide all the randomness need to prevent free will from being deterministic (e.g., Daniel Dennett). Some think that non-linear chaotic behavior disproves the determinism of Laplace's super-intelligent demon. Laplace probably knew that the information required by the demon was unobtainable. Isaac Newton certainly knew that his observations could not confirm his theory to arbitrary accuracy needed to prove perfect determinism. 

Ludwig Boltzmann, his admirer and contemporary Franz Exner, and Exner's student Erwin Schrödinger, often pointed out that deterministic theories go beyond the available evidence. Popularization of physical theories has often confused not just the public, but even philosophers of science.


On the three hundredth anniversary of Newton’s
Principia, Sir James Lighthill gave a lecture to the Royal Society, lamenting the confusion between Newton's classical mechanical determinism and the apparent claim of perfect predictability: 


”We are all deeply conscious today that the enthusiasm of our forebears for the marvellous achievements of Newtonian mechanics led them to make generalizations in this area of predictability which, indeed, we may have generally tended to believe before 1960, but which we now recognize were false. We collectively wish to apologize for having misled the general educated public by spreading ideas about determinism of systems satisfying Newton’s laws of motion that, after 1960,
were to be proved incorrect...”


Sensitivity to initial conditions was in fact known long before modern chaos theory and complexity theory. James Clerk Maxwell noted in the 1860's that even if two molecules were adjacent to one another in a hydrodynamic flow, they might find themselves in random places in the container after relatively short mixing times. He wrote:


When the state of things is such that an infinitely small variation of the present state will alter only by an infinitely small quantity the state at some future time, the condition of the system, whether at rest or in motion, is said to be stable; but when an infinitely small variation in the present state may bring about a finite difference in the state of the system in a finite time, the condition of the system is said to be unstable. 


Maxwell may have been first, but certainly not the last, to connect this sensitivity to initial conditions to free will (e.g., John Eccles, with his "critically poised neurons.")


The real world is only approximately classical mechanical (obeying Newton's dynamical laws at all scales). At the small scales of atomic and molecular physics, the world is quantum mechanical. There is nothing corresponding to deterministic chaos in quantum physics. Deterministic chaos requires continuous motion to produce mathematical singularities and exponential non-linearity. 


Despite their unpredictable and spontaneous "quantum jumps," the discrete states of the quantum world are more regular and stable than their classical analogues. Indeed, the long-term stability of quantum structures in their "ground states" is astonishing, as is the complete indistinguishability of elementary particles, which gives rise to extremely non-intuitive statistics. Finally, the long-term stability of quantum cooperative phenomena is evident in the ability of biological macromolecules to maintain (by error detection and correction) their information content over billions of years. 



The desire to describe randomness and chance in the world with deterministic chaos resembles the view of Adolphe Quételet and Henry Thomas Buckle that statistical regularities in various physical and social phenomena are evidence of an underlying determinism. Is the motivation similar to that which seeks an intelligent designer behind biological evolution? It seems that the "antipathy to chance" observed by William James at the end of the nineteenth century is alive and well in the twenty-first.


The Santa Fe Institute

 
Scholars at the Santa Fe Institute promote the self-organization aspects of complexity and chaos theories as assisting Darwin's theory of evolution. There is no doubt that in the early stages between non-living and living systems that auto-catalytic molecular evolution might provide one of the steps to biogenesis.

But some of these scholars think that complexity theory adds something that is not provided by the randomness of quantum physics. It may, but it does not provide the purpose (the teleonomy or entelechy) that appears when molecules first discover how to replicate themselves. And more important, it does not add a teleological purpose that pre-exists life. 

Physical systems far from equilibrium use the flow of matter and energy from the environment through an open system to create and maintain information structures. In this respect, they resemble living systems, which are information structures, patterns, through which matter and energy flows. They do produce Prigogine's "order from chaos." But they are not information replicators and the information processors that evolve from the simplest organisms. 


Atomic constraints such as the quantum-mechanical bonding of water molecules allow snow crystals to self-organize into spectacular forms, producing order from disorder. Besides crystals, there are whirlpools, Bénard convection cells, basalt columns, and soil polygons, all of which apparently violate the fundamental tendency toward equilibrium and disorder in the universe. These are processes that information philosophy calls ergodic. They can do this only because of the negative entropy flow from the Sun. They all are completely undirected and purposeless, like the formation of the galaxies, stars, and planets. Purely physical systems cannot add purpose to the universe.

Stuart Kauffman, one of the original founders of the Santa Fe Institute, is perhaps the best known exponent of complexity as aiding natural selection.



The
origin of life, rather than having been vastly improbable, is instead an expected collective
property of complex systems of catalytic polymers and the molecules on which
they act. Life, in a deep sense, crystallized as a collective self-reproducing metabolism
in a space of possible organic reactions. If this is true, then the routes to life are many
and its origin is profound yet simple.


While heretical, this new body of theory is robust in the sense that the conclusions
hold for a wide variety of assumptions about prebiotic chemistry, about the kinds of
polymers involved, and about the capacities of those polymers to catalyze reactions
transforming either themselves or other, very similar polymers. It is also robust in
leading to a fundamental new conclusion: Molecular systems, in principle, can both
reproduce and evolve without having a genome in the familiar sense of a template-replicating
molecular species. It is no small conclusion that heritable variation, and
hence adaptive evolution, can occur in a self-reproducing molecular system lacking a
genome. Since Darwin's theory of evolution, Mendel's discovery of the "atoms" of
heredity, and Weismann 's theory of the germ plasm, biologists have argued that evolution
requires a genome. False, I claim.



Kauffman's ideas about autocatalytic systems are shared by Terrence Deacon. 


Kauffman thought that he might even discover "laws" of self-organization. In his 1995 book, 
At Home in the Universe, he identified the discovery of such laws as showing that human life followed directly from these pre-existing laws, which would replace the arbitrary and supposedly purposeless system of Darwinian natural selection. Every living thing, evolved according to Darwinian natural selection, is purposeful, the only known such beings in the universe.




Complexity Is a Description, not an Explanation


The first use of the term complexity was just two years before Charles Darwin used it to describe life.  Herbert Spencer introduced complexity in his 1857  essay, "Progress: Its Law and Cause." This essay later formed the basis of his 1862 book First Principles of a New System of Philosophy. In it Spencer expounded a theory of evolution which posits that all structures in the universe develop from a simple, undifferentiated, homogeneity to a complex, differentiated, heterogeneity while undergoing increasing integration of the differentiated parts. This evolutionary process can be observed, Spencer believed, throughout the cosmos. It is a universal law, applying to biological organisms, to human social organisation, and to the human mind.

The Oxford English Dictionary does not cite Spencer, but one of its earliest citations is Charles Darwin's 1859  Life and Letters, vII, p.219, where he writes "A tendency to advance in complexity of organization." It's very likely that Darwin's usage followed Spencer's, so from the beginning complexity was a key, perhaps a defining, attribute of living things.


Describing life as "complex or a "complex system," as organization or "self-organization," and as emergence, does not provide any understanding of the biological processes that are the scientific explanation of life. Emergentists understandably describe"bottom-up" Reductionism as not capable of explaining the "top-down" emergence of Purpose in the universe.

Ilya Prigogine's 1984 book Order out of Chaos made "complexity" famous. It also made two other terms very popular, "far from equilibrium": and "dissipative systems." Like "complexity," these two terms describe life, but provide no scientific, i.e., biological explanation. Since the origin, the expansion of the universe has moved it far away from equilibrium. And since a href="/solutions/scientists/schrodinger/">Erwin Schrödinger explained that "life feeds on negative entropy," the first step in the cosmic creation process reduces entropy locally, requiring a second step to increase entropy globally to satisfy the second law. This second step is what Prigogine calls "dissipative." It's only half of the story.


For more, see the History of Complexity Theory.


For Scholars




Prigogine discounts Boltzmann's work on the second law, which Eddington called the "Arrow of Time"


Source: https://www.informationphilosopher.com/knowledge/complexity/
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My search for the origin of complexity and complex systems has taken me back to Herbert Spencer's 1857  essay, "Progress: Its Law and Cause." This essay later formed the basis of his 1862 book First Principles of a New System of Philosophy. In it Spencer expounded a theory of evolution which posits that all structures in the universe develop from a simple, undifferentiated, homogeneity to a complex, differentiated, heterogeneity while undergoing increasing integration of the differentiated parts. This evolutionary process can be observed, Spencer believed, throughout the cosmos. It is a universal law, applying to biological organisms, to human social organisation, and to the human mind.


The Oxford English Dictionary does not cite Spencer, but one of its earliest citations is Charles Darwin's 1859  Life and Letters, vII, p.219, where he writes "A tendency to advance in complexity of organization." It's very likely that Darwin's usage followed Spencer's, so from the beginning complexity was a key, perhaps a defining, attribute of living things.


In Herbert Simon's 1969 book The Sciences of the Artificial, he referenced his 1962 essay The Architecture of Complexity, where he traces the history back to the idea of a general systems theory, like that of Ludwig von Bertalanffy. Simon writes...


A NUMBER of proposals have been advanced in
recent years for the development of "general systems theory" which, abstracting from properties
peculiar to physical, biological, or social systems,
would be applicable to all of them. We might
well feel that, while the goal is laudable, systems
of such diverse kinds could hardly be expected to
have any nontrivial properties in common. Metaphor and analogy can be helpful, or they can be
misleading. All depends on whether the similarities the metaphor captures are significant or
superficial.

It may not be entirely vain, however, to search
for common properties among diverse kinds of
complex systems. The ideas that go by the name
of cybernetics constitute, if not a theory, at least
a point of view that has been proving fruitful over
a wide range of application. It has been useful
to look at the behavior of adaptive systems in
terms of the concepts of feedback and homeostasis,
and to analyze adaptiveness in terms of the theory
of selective information. The ideas of feedback
and information provide a frame of reference for
viewing a wide range of situations, just as do the
ideas of evolution, of relativism, of axiomatic
method, and of operationalism.


In this paper I should like to report on some
things we have been learning about particular
kinds of complex systems encountered in the behavioral sciences. 



In 1977 the Belgian physical chemist Ilya Prigogine won the Nobel prize for investigating the irreversibility of processes in complex physical systems far from equilibrium conditions.


These are physical or chemical systems far from equilibrium conditions that appear to develop "order out of chaos" and look to be "self-organizing." Like biological systems, matter and energy (of low entropy) flows through the "dissipative" structure. It is primarily free energy and negative entropy that is being "dissipated." 


This similarity to biological systems (in just one very important thermodynamic respect) was exploited by Prigogine to say he had discovered "new laws of nature" that could connect the natural sciences to the human sciences. Dissipation also implies irreversibility, a very important characteristic of life.


Prigogine had no physical explanation for irreversibility - beyond the fact that his physical "dissipative structures" and biological systems - exhibited it. He generally attacked classical Newtonian dynamics as being time reversible and thus providing no understanding of time. His understanding of time was based on the work of Henri Bergson and the uneven flow of time Bergson called "duration." 


The Nobel committee wrote...


The great contribution of Prigogine to thermodynamic theory in his successful extension of it to systems which are far from thermodynamic equilibrium. This is extremely interesting as large differences compared to conditions close to equilibrium had to be expected. Prigogine has demonstrated that a new form of ordered structures can exist under such conditions, and he has given them the name ''dissipative structures" to stress that they only exist in conjunction with their environment.


Prigogine is perhaps the most famous name in chaos theory and complexity theory. Although he made very few original contributions to these fields, he is famous for them, nevertheless. His work (especially his 1984 book written with Isabel Stengers, Order Out Of Chaos) is a major reference today for popular concepts like "self-organizing, "complex systems," "bifurcation points," "non-linearity,", "attractors," "symmetry breaking," "morphogenesis," "autocatalytic," "constraint," and of course "irreversibility," although none of these terms is originally Prigogine's. The name "dissipative structures" and perhaps the phrase "far from equilibrium" belong to Prigogine, but the thermodynamic concepts were already in Boltzmann, Bertalanffy, and Schrödinger, and perhaps many others. 



In 1984 the Santa Fe Institute was founded by Los Alamos scientists George A Cowan, Murray Gell-Mann, and others. See this history.

Cowan also recounts the history in his 2010 book Manhattan Project to the Santa Fe Institute and this hour-long video interview

The Santa Fe Institute became famous for their studies of complexity and complex systems. Their mission is "Searching for Order in the Complexity of Evolving Worlds" and they write...


What is Complex Systems Science?


Complexity arises in any system in which many agents interact and adapt to one another and their environments. Examples of these complex systems include the nervous system, the Internet, ecosystems, economies, cities, and civilizations. As individual agents interact and adapt within these systems, evolutionary processes and often surprising "emergent" behaviors arise at the macro level. Complexity science attempts to find common mechanisms that lead to complexity in nominally distinct physical, biological, social, and technological systems


In 1989, a 5-day workshop on Complexity, Entropy, and the Physics of Information was attended by over 40 of the world's top scientists in those subjects (a key exception was Prigogine).. They published a manifesto in 1990...                               

COMPLEXITY, ENTROPY, AND THE PHYSICS OF
INFORMATION - A MANIFESTO 


The specter of information is haunting sciences. Thermodynamics, much of the foundation ol statistlcaf mechanics, the quantum theory of measurement, the physics of
computation, and many of the issues of the theory of dynamical systems, molecular
biology, genetics and computer science share information as a common theme.
Among the better established, but still mysterious, hints about the role of information
are:

■ A deep analogy between thermodynamic entropy and Shannon's infornation
theoretic entropy. Since the introduction of Maxwell's Demon and, partiularly,
since the celebrated paper of Szilard and even earlier discussions of Smolu
chowski, the operation equivalence of the gain of information and the decrease
of entropy has been widely appreciated. Yet, the notion that a subjective quantity
such as infofmatton could influence "objective" thermodynamic properties
of the system remains highly controversial.


It is, however, difficult to deny that the process of informalion can be
directly tied to the ability to extract useful work. Thus, questions concerning thermodynamics,
the second law, and the arrow of time have become intertwined with
a half-century-old puzzle, that of the problem of measurements in quantum physics.

■ Quantum meanrements are usually analyzed in abstract terms or wave functions
and hamiltonians. Only very few discussions of the measurement problem
in quantum theory make an explicit effort to consider the crucial issue - the
transfer of information. Yet obtaining knowledge is the very reason for making
a measurement. Formulating quantum measurements and, more generally,
quantum phenomena in terms of information should throw a new light on the
problem of measurement, which has become difficult to ignore in light of new
experiments on quantum behavior in macroscopic systems.


The distinction between what is and what is known to be, so clear in classical
physics, is blurred, and perhaps does not exist at all on a quantum level. For
instance, energetically insignificant interactions of an object with its quantum environment
suffice to destroy its quantum nature. It is as if the "watchful eye" of
the environment "monitoring" the state of the quantum system forced it to behave
in an effectively classical manner. Yet, even phenomena involving gravity, which
happen on the most macroscopic of all the scales, bear the imprint of quantum
mechanics.

In fact it was recently suggested that the whole Universe - including configurations
of its gravitational field - may and should be described by means of quantum
theory. Interpreting results of the calculations performed on such a "Wavefunction
of the Universe" is difficult, as the rules of thumb usually involved in discussions
of experiments on atoms, photons, and electrons assume that the "measuring apparatus"
as well as "the observer" are much larger than the quantum system. This
is clearly not the case when the quantum system is the whole Universe. Moreover,
the transition from quantum to classical in the early epochs of the existence of the
Universe is likely to have influenced its present appearance.


■ Black hole thermodynamics has established a deep and still largely mysterious
connection between general relativity, quantum, and statistical mechanics.
Related questions about the information capacity of physical systems, fundamental
limits on the capacity of communication channels, the origin of entropy
in the Universe, etc., are a subject of much recent research.


The three subjects above lie largely in the domain of physics. The following issues
forge connections between the natural sciences and the science of computation,
or, rather, the subject of information processing regarded in the broadest sense of
the word.

■ Physics of computation explores limitations imposed by the laws of physics
on the processing of information. It is now established that both classical and
quantum systems can be used to perform computations reversibly. That is,
computation can be "undone" by running the computer backwards. It appears
also conceivable that approximately reversible computer "chips" can be realized
in practice. These results are of fundamental importance, as they demonstrate
that, at least in principle, processing of information can be accomplished at
no thermodynamic cost. Moreover, such considerations lead one to recognize
that it is actually the erasure of the information which results in the increase
of entropy.


The information which is being processed by the computer is a concrete
"record," a definite sequence of symbols. Its information content cannot be represented
adequately in terms of Shannon's probabilistic definition of information. One
must instead quantify the information content of the specific, well-known "record"
in the memory of the computer - and not its probability or frequency of occurrence,
as Shannon's formalism would demand. Fortunately, a relatively new developmenta
novel formulation of the information theory - has been already put forward.

■ Algorithmic randomness - an alternative definition of the information content
of an object based on the theory of computation rather than on probabilities was
introduced more then two decades ago by Solomonof. Kolmogorov, and
Chaitin. It is equal to the size of the shortest message which describes this
object. For instance, a string of 105 0's and 1 's:


01010101010101 ...



can be concisely described as "5 • 104 01 pairs." By contrast, no concise description
can be found for a typical, equally long string of 0's and l's generated
by flipping a coin. To make this definition more rigorous, the universal Turing
Machine - a "generic" universal computer - is usually considered to be the "addressee"
of the message. The size of the message is then equal to the length - in
the number of bits - of the shortest program which can generate a sufficiently
detailed description (for example, a plot) of the object in question.


It is tempting to suggest that physical entropy - the quantity which determines
how much work can be extracted from a physical system - should take into account
its algorithmic randomness. This suggestion can be substantiated by detailed discussions
of examples of computer-operated engines as well as by results concerning
the evolution of entropy and algorithmic randomness in the course of measurements.
It provides a direct link between thermodynamics, measurements, and the theory
of computation. Moreover, it is relevant to the definition of complexity.

■ Complerity, its meaning, its measures, its relation to entropy and information,
and its role in physical, biological, computational, and other contexts have
become an object of active research in the past few years.




The Santa Fe Institute took a turn toward theology (and teleology) at a 1999 conference at Santa Fe organized by Paul Davies, who had just four years earlier won a $1-million Templeton Prize. Significantly, Sir John Templeton attended the 1999 conference personally.


Presentations at the conference were reported in the 2003 book From Complexity to Life, edited by theologian Niels Hendrick Gregersen. It included papers by Davies, Charles Bennett, Gregory Chaitin, Stuart Kauffman, Werner Loewenstein, and Harold Morowitz. One paper was by William Dembski, the major proponent of Intelligent Design.


In 2010 Davies and Gregersen jointly edited the book Information and the Nature of Reality, which was a report on a 2006 conference in Copenhagen that included several important writers on complex systems, including Terrence Deacon, Jesper Hoffmeyer, Seth Lloyd, and Henry Stapp, as well as several prominent Christian theologians. 




Source: https://www.informationphilosopher.com/knowledge/complexity/history
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The Demarcation Problem


Through the centuries many philosophers and scientists have struggled to distinguish between science and other disciplines that make epistemic claims to have knowledge, often with the claim that their knowledge is more certain (apodictictruth goes back to the Greeks) than physical science, which is based on less than perfect, merely statistical empirical evidence.

Simply saying that demarcation distinguishes science from pseudo-science is far too broad. Analyzing the information content of different disciplines may provide a much finer diagnostic tool. 


	
	
	
	
	

Karl Popper


Source: https://www.informationphilosopher.com/knowledge/demarcation/
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Although the concept of emergence has become very popular in the last few decades in connection with the development of chaos and complexity theories, it is actually a very old idea, dating at least to the nineteenth century, with some hints of it in ancient and medieval philosophy.

The basic idea of emergence is that there are properties - perhaps even "laws" - at the upper hierarchical levels of nature that are not derivable from or reducible to the properties and laws of the lower levels. Thus chemistry has properties not derivable from physics, biology properties not derivable from chemistry, and psychology properties not derivable from biology. 

Reductionism, by contrast, argues that everything can be explained by (reduced to) the basic laws of physics. The world is said to be "causally closed." "Physicalism" is the idea that everything that is caused has a physical cause. 


Usually this is taken to mean that deterministic physical laws will eventually be found that explain everything. Though even if there were an indeterministic "uncaused" cause (a causa sui), it would still be a physical cause. 

Reductionism is the idea that all causes are coming up from the fundamental level of physical objects. This is called bottom-up causation. 


By contrast,Emergence is the idea that some causes are coming down from the fundamental level of physical objects. This is called top-down causation. 


Bottom-up causation is sometimes called "weak emergence." The system is reducible to its parts plus the physical laws that describe the interactions of the parts. 

Top-down causation is also known as "strong emergence." A complex system is more than the sum of its parts. It is said to be "holistic."



How Information Philosophy Explains Emergence


Information is neither matter nor energy, although it needs matter to be embodied and energy to be communicated. 


Matter and energy are conserved. There is just the same total amount of matter and energy today as there was at the universe origin. See the cosmic creation process.


But information is not conserved. It has been increasing since the beginning of time. Everything emergent  is new information. What idealist,  holists, and gestaltists think they see is actually this increase of immaterial information.


Living things are dynamic and growing information structures, forms through which matter and energy continuously flow. As they grow, their information increases, new capabilities emerge.


And information in living things (ideas, thoughts, intentions, purposes) can exert causal control over material things. This is the solution to the mind-body problem and the free will problem, which depends on the possibility of choosing between different actions. 


Information is the fundamental metaphysical connection between idealism and materialism. Information philosophy replaces the metaphysical necessity of reductionist naturalism and eliminative materialism with genuine metaphysical possibility. 


Determinist reductionists and eliminative materialists assume that causal control works "bottom-up." The motions and forces between the physical particles determine everything chemical, biological, and psychological. Mental causation is then redundant, rendering mental events epiphenomenal or non-existent, just an illusion. 

Emergence of new properties at the higher biological and psychological levels, on the other hand, requires that upper levels can exert "top-down" causal control on the motions of particles in lower levels - or at least that "bottom-up" causes can somehow be blocked. 
This is the notion of downward causation, the highest version of which is mental causation. 


Can we defend "top-down" causation" and at the same time deny "bottom-up" causation?


The idea of emergence was implicit in the work of John Stuart Mill and explicit in 
the work of "emergentists" like George Henry Lewes, Samuel Alexander, C. Lloyd Morgan, and C. D. Broad. Some wanted to explain the direct emergence of mind from matter, to solve the mind-body problem, but as Alexander put it, there are at least two distinct steps - 
mind emerges from life, just as life emerges from the physical-chemical. 

Information philosophy explores how information emerges at all these fundamental levels - matter, life, and mind - material information, biological information, and mental information.


John Stuart Mill discusses the Laws of Nature in his System of Logic, Book III, chapter IV and describes the Law of Universal Causation in chapter V ("The truth that every fact which has a beginning has a cause"). Then, in chapter VI, Mill explores the "Composition of Causes" in mechanics where the parallelogram of two vector forces explains the resultant force. However, this simple principle from dynamics, says Mill, does not apply to materialist chemistry nor to more complex biological life.


Although Mill did not use the term "emergent," he makes the concept clear enough:


This principle [of simple composition], however, by no means prevails in all departments of the
field of nature. The chemical combination of two substances produces, as is
well known, a third substance with properties different from those of either
of the two substances separately, or of both of them taken together. Not a
trace of the properties of hydrogen or of oxygen is observable in those of
their compound, water. The taste of sugar of lead is not the sum of the tastes
of its component elements, acetic acid and lead or its oxide; nor is the colour
blue vitriol a mixture of the colours of sulphuric acid and copper. This
explains why mechanics is a deductive or demonstrative science, and chemistry not. In the one, we can compute the effects of m combinations of causes,
whether real or hypothetical, from the laws which we know to govern those
causes when acting separately; because they continue to observe the same
laws when in combination which they observed when separate: whatever
could have happened in consequence of each cause taken by itself, happens
when they are together, and we have only to "cast up" the results. Not so in
the phenomena which are the peculiar subject of the science of chemistry.
There, most of the uniformities to which the causes conformed when separate cease altogether when they are conjoined; and we are not, at least in the
present state of our knowledge, able to foresee what result will follow from
any new combination, until we have tried the specific experiment.

If this be true of chemical combinations, it is still more true of those far
more complex combinations of elements which constitute organized bodies;
and in which those extraordinary new uniformities arise, which are called the
laws of life. All organized bodies are composed of parts similar to those
composing inorganic nature, and which have even themselves existed in an
organic state; but the phenomena of life, which result from the juxtaposition of those parts in a certain manner, bear no analogy to any of the
effects which would be produced by the action of the component substances
considered as mere physical agents. To whatever degree we might imagine our knowledge of the properties of the several ingredients of a living body to be extended and perfected, it is certain that no mere summing up of the separate actions of those elements will ever amount to the action of the living body itself.



Brian McLaughlin, who dubbed all these thinkers the "British Emergentists, calls Mill "the father of British Emergentism." 

George Henry Lewes also used Mill's example of the properties of water not being reducible to those of oxygen and hydrogen. If all effects are only the consequences of their components, everything would be completely determined by mathematical laws, he said, and then coined the term "emergent":


Although each effect is the resultant of its components, the product of its factors, we cannot always trace the steps of the process, so as to see in the product the mode of operation of each factor. In the latter case, I propose to call the effect an emergent. It arises out of the combined agencies, but in a form which does not display the agents in action. 


In his 1912 book Instinct and Experience, C. Lloyd Morgan revived the term "emergent". 


In his 1920 book Space, Time, and Deity Samuel Alexander initially cited Lloyd Morgan as the source of emergentism, but Lloyd Morgan reminded Alexander about Lewes' 1875 work. Alexander wrote:


much of what I have to say has been already said by Mr. Lloyd Morgan in the
concluding chapter of his work on Instinct and Experience. The argument is that mind has certain specific characters to which there is or even can be no neural counterpart.    It is not enough to say that there is no mechanical
counterpart, for the neural  structure is not mechanical
but physiological and has life. Mind is, according to our
interpretation of the facts, an 'emergent' from life, and
life an emergent from a lower physico-chemical level of
existence. It may well be that, as some think, life itself
implies some independent entity and is indeed only mind
in a lower form. But this is a different question, which
does not concern us yet. If life is mind, and is a non-physical entity, arguments derived from the conscious features of mind are at best only corroborative, and it is
an inconvenience in these discussions that the two sets
of arguments are sometimes combined. Accordingly. I
may neglect such considerations as the selectiveness of
mind which it shares with all vital structures.


 Later, in his 1922 Gifford Lectures and 1923 book Emergent Evolution, Lloyd Morgan defined emergent evolution and introduced the related "top-down" concept of hierarchical supervenience:


...in the physical world emergence is no less exemplified in the advent of each new kind of atom, and of each new kind of molecule. It is beyond the wit of man to number the instances of emergence. But if nothing new emerge - if there be only regrouping of pre-existing events and nothing more - then there is no emergent evolution.

Such emergence of the new is now widely accepted where life and mind are concerned. It is a doctrine untiringly advocated by Professor Bergson.


One could not foretell the emergent character of vital events from the fullest possible knowledge of physico-chemical events only...Such is the hypothesis of emergent evolution.


Under emergent evolution there is progressive development of stuff which becomes new stuff in virtue of the higher status to which it has become raised under some supervenient kind of substantial gotogetherness.



But Lloyd Morgan's idea of emergent novelty may have been an epistemic rather than an ontological claim. The laws of nature may still pre-determine all the higher-level properties, though our understanding of the laws may not be enough to allow us to predict the higher levels: 

May we bring emergence itself under the rubric of causation?...Is emergent evolution itself the expression of an orderly and progressive development? If so (and such is my contention), then emergence itself takes rank, as Mill and Lewes also contended, among the "laws of nature." We may be unable to predict the probable nature of a character that is emergently new. We could not have foretold on the basis of physico-chemical events only what the nature of life would be. But that is due to our ignorance before the event of the law of its emergence. May we then, say:

...That such novelty is for us unpredictable owing to our partial knowledge of the plan of emergence up to date, and our necessary ignorance of what the further development of that plan will be.


Vitalists like Henri Bergson and Hans Driesch may not have used the term emergence, but they strongly supported the idea of teleological (purposeful), likely non-physical causes, without which they thought that life and mind could not have emerged from physical matter.

C. D. Broad's view of the mind was emergentist and vitalist. 


But Broad distinguished between what he called "Substantial Vitalism" (a dualist theory of an immaterial substance as a vital force, for example, Bergson's élan vital) and what Broad called "Emergent Vitalism" (some kind of non-reductive materialism, in which the vital property emerges from the body, and in the case of mind, from the highest bodily level - the brain). 


Broad says he borrowed the adjective "emergent" from C. Lloyd Morgan and Samuel Alexander. 

Broad contrasted the two forms of Substantial and Emergent Vitalism with what he called "Biological Mechanism," which is essentially a reduction of biology to physics and chemistry. All the emergentists were of course also anti-mechanists or anti-reductionists.


Broad also mentioned Hans Driesch, another anti-mechanist who developed a sophisticated form of vitalism that he called "neovitalism." 


Driesch saw clear evidence of a kind of teleology in the ability of lower organisms to rebuild their lost limbs and other vital parts. He used Aristotle's term "entelechy" (loosely translated as "having the final cause in") to describe the organism's capacity to rebuild. Driesch said this disproved the theory of preformation from an original cell. Driesch studied the original cells of a sea urchin, after they had divided into two cells, then four, then eight. At each of these stages, Driesch separated out single cells and found that the separated cells went on to develop into  complete organisms. This is regarded as the first example of biological cloning. 


Broad rejected Driesch's idea of entelechy as a non-material, non-spatial agent that is neither energy nor a material substance of a special kind, but we should note that it well describes the information content of any cell that lets it develop into a complete organism. Driesch himself maintained that his entelechy theory was something very different from the substance dualism of older vitalisms. So what was Broad's criticism of Driesch? Neither thinker could produce a clear description of their vital element. 


Broad was sophisticated in his discussion of emergence. He saw that the kind of emergence that leads to water and its unique chemical properties, when compared to the properties of its molecular components hydrogen and oxygen, has no element of purpose or teleology. The emergence of life (and mind) from physics and chemistry, however, clearly introduces a kind of design or purpose. Modern biologists call it teleonomy, to distinguish it from a metaphysical telos that pre-exists the organism. "The goal of every cell is to become two cells."


It seems likely that both Driesch and Broad were trying to grasp this teleonomy.


Emergence supports the idea of mental causation in particular and the more general problem of downward causation, for example the downward control of the motions of a cell's atoms and molecules by supervening on biological macromolecules. Is the molecular biology of a cell reducible to the laws governing the motions of its component molecules, or are there emergent laws governing motions at the cellular level, the organ level, the organism level, and so on up to the mental level?


The locus classicus of recent discussions of mental causation is Donald Davidson's 1970 essay "Mental Events," which was revisited in his 1993 essay, "Thinking Causes," published together with 15 critical essays on Davidson's work in the 1993 book Mental Causation, edited by John Heil and Alfred Mele. 


Davidson claimed three things:

	That mental events are causally related to physical events
	That causal relations are normally backed by strict (deterministic) laws
	But that there are no such strict laws for mental events acting on physical events


Davidson's goal is to deny the reducibility of mental events to physical events in the lower levels, even to deny the physicist's claim that the motions of the atoms and molecules at the lowest level are causally determinative of everything that happens at higher levels. 


Jaegwon Kim says that Davidson's goal of "non-reductive physicalism" is simply not possible. The physical world is "causally closed," says Kim:

what options are there if we set aside the physicalist picture?
Leaving physicalism behind is to abandon ontological physicalism, the view that bits of matter and their aggregates in space-time exhaust the contents of the world. This means that one
would be embracing an ontology that posits entities other than
material substances — that is, immaterial minds, or souls, outside
physical space, with immaterial, nonphysical properties.


Kim diagrams Davidson's view of mental events supervening on physical events, to illustrate Kim's claim that having both mental and physical causes would be "overdetermination" and thus one is redundant and must be excluded. 
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By causal closure of the physical world, Kim says it is the mental events that are superfluous and must go. 
(Physicalism, or Something Near Enough, pp.44-45)
This view of the physical and biological world as made up of isolatable and discrete events is most simplistic. An "event" is singled out by a human observer. Its "cause" is arbitrarily abstracted from complex processes with enormous numbers of possible causes.



Emergence Denied


Prominent philosophers of science - committed to the ability of physical science to explain everything as "unified science" - were confident that "emergence" would go the way of "holism" and "vitalism."

For example, the former member of the Vienna Circle and leading reductionistHerbert Feigl wrote in 1958:


Inseparably connected with holism and the Gestalt philosophy is the
doctrine of emergence. The old slogan "the whole is greater than
the sum of its parts" has of course no very clear meaning. Much of its
obscurity is due to the lack of a definition of the phrase "the sum of the
parts". Recent analyses of the still controversial significance of "organic wholeness" and of "emergent novelty" have contributed a great
deal to the clarification of the issues. There is no imperative need for
us to enter into details here. It will be sufficient for our concerns to
realize that in modern natural science no sharp distinction can be made
between resultants (as in the composition, i.e. vectorial addition of
forces or velocities) and emergents. In the explanation of the properties and the behavior of complexes and wholes we always need laws of
composition—be they as simple as the straightforward arithmetical addition of volumes, masses, electric charges, etc., or slightly more complicated as is vector addition, (or just a trifle more involved as is the
relativistic "addition" formula for velocities), or extremely complex as
are the so far not fully formulated composition laws which would be
required for the prediction of the behavior of organisms on the basis
of a complete knowledge of their microstructure and the dynamic laws
interrelating their component micro-constituents.

Modern quantum physics, on a very basic level, employs laws which
have "organismic" character, as for instance the exclusion principle of
W. Pauli which holds even for single atoms. It is conceivable that
much of what is called "emergent novelty" on the chemical and biological levels of complexity may ultimately be explained in terms of
the organismic or holistic features of the laws of atomic and molecular
dynamics; and that, given those basic micro-laws, the only composition
laws (which scientists often take for granted like "silent partners") are
simply the postulates and theorems of geometry and kinematics. This
is indeed my own, admittedly risky and speculative, guess; that is to
say, I believe that once quantum dynamics is able to explain the facts
and regularities of organic chemistry (i.e. of non-living, but complex
compounds) it will in principle also be capable of explaining the facts
and regularities of organic life. 




The Three Kinds of Information Emergence


    Note there are three distinct kinds of emergence, at the material, biological, and mental levels:
	the "order out of chaos" when the matter in the universe forms information structures
	the "order out of order" when the material information structures form self-replicating biological information structures, feeding on negative entropy from the sun
	the "pure information out of order" when organisms with minds externalize information, communicating it to other minds and storing it in the environment


    Information philosophy claims that everything created since the origin of the universe over thirteen billion years ago has involved just two fundamental physical processes that combine to form the core of all creative processes at all three levels.


    This two-step core creative process underlies the formation of microscopic objects like atoms and molecules, as well as macroscopic objects like galaxies, stars, and planets. (Note that the formation of self-organizing physical systems in conditions far from equilibrium that are the subjects of chaos and complexity theories are this basic, non-teleonomic form of emergence.)


    With the emergence of teleonomic (purposive) information in self-replicating systems, the same core process underlies all biological creation. But now some random changes in information structures are rejected by natural selection, while others reproduce successfully.


    Finally, with the emergence of self-aware organisms and the creation of extra-biological information stored in the environment, the same information-generating core process underlies communication, consciousness, free will, and creativity. 


   The two physical processes in the core creative process are quantum cooperative phenomena (involving the mysterious "collapse" of the wave function necessary for the appearance of particles) and thermodynamics, which requires the transfer of entropy away from newly emergent information structures to ensure their stability.


The Emergence of (the Idea of) Determinism


When small numbers of atoms and molecules interact, their motions and behaviors are indeterministic, governed by the rules of quantum mechanics. 
Werner Heisenberg's principle of indeterminacy (mistakenly called "uncertainty," as if the problem is epistemic/subjective and not ontological/objective) gives us the minimum error in simultaneous measurements of position x and momentum p,
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where h is Planck's constant of action. To see how "adequate" determinism emerges for large numbers of particles, note that the momentum p = mv, the product of mass and velocity, so we can write the indeterminacy principle in terms of velocities and positions as 
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When large numbers of microscopic particles get together in massive aggregates 
( h / m approaches zero ), the indeterminacy of the individual particles gets averaged over and macroscopic "adequately" deterministic laws "emerge." The positions and velocities of large massive objects can be "determined" beyond our ability to measure.

Determinism is an emergent property.


The "laws of nature," such as Newton's laws of motion, are all statistical in nature. They "emerge" when large numbers of atoms or molecules get together. For large enough numbers, the probabilistic laws of nature approach practical certainty. But the fundamental indeterminism of component atoms never completely disappears.

A Time When There Was No Determinism

So determinism "emerges" today from microscopic quantum systems as they become a part of larger and more classical systems. But we can says that determinism also emerged in time. In the earliest years of the universe, large massive objects did not yet exist. All matter was microscopic and quantal. 


[image: image-placeholder]


We can now identify that time in the evolution of the universe when determinism first could have emerged. Before the so-called "recombination era," when the universe cooled to a few thousand degrees Kelvin, a temperature at which atoms could form out of sub-atomic particles (protons, helium nuclei, and electrons), there were no "macroscopic objects" to exhibit deterministic behavior.   


The early universe was filled with positive ions and negatively charge electrons. The electrons scattered light photons, preventing them from traveling very far. The universe was effectively opaque past very short distances. Then the charged particles combined to form neutral atoms (hydrogen and helium) the photons suddenly could "see" (travel) to enormous distances. The universe first had the transparent sky that we take for granted today (on cloudless nights).


[image: image-placeholder]

Those 3000 degree K photons have cooled as a result of the universe expansion and now appear to us as the 3 degree K "cosmic microwave background" radiation left over from the big bang. We are looking at a moment in time when "classical" objects obeying apparently deterministic causal laws did not yet exist. 



Examples of Emergence

	When the water in a turbulent cell far from equilibrium is convected upward by the heat below, it drags along most of the water molecules that compose it. This is Ilya Prigogine's prime example of a "dissipative structure" exhibiting emergent "order out of chaos."

	When a ribosome assembles 330 amino acids in four symmetric polypeptide chains (globins), each globin traps an iron atom in a heme group at the center to form the hemoglobin protein. This is downward causal control of the amino acids, the heme groups, and the iron atoms by the ribosome. The ribosome is an example of Erwin Schrödinger's emergent "order out of order," life "feeding on the negative entropy" of digested food.  

[image: image-placeholder]

When 200 million of the 25 trillion red blood cells in the human body die each second, in each of 200 million new cells 100 million hemoglobins cell must be assembled. With the order of a few thousand bytes of information in each hemoglobin, this is 10 thousand x 100 million x 200 million = 2 x 1020 bits of information per second, a million times more information processing than today's fastest computer CPU. 



	[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=TfYf_rPWUdY


When a ribosome produces a protein that does not fold properly, a chaperone enzyme, shaped like a tiny trash can, opens its lid and captures the protein. It then closes the lid and squeezes the protein. Upon release, the protein then frequently folds properly. If it does not, the chaperone captures it again and disassembles it back to its amino acids. The chaperone is an emergent that is in no way the result of "bottom-up" processes from its amino acid components. It is also an example of biological error detection and correction. 





	[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=Q73uJ8WlY_E


When a single neuron fires, the active potential rapidly changes the concentration of sodium (Na+) ions inside the cell and potassium (K+) ions outside the cell. Within milliseconds, thousands of sodium-potassium ion channels in the thin lipid bilayer of the cell wall must move billions of those ions from one side to the other. They do it with emergent biological machinery that exerts downward causation on the ions, powered by ATP energy carriers (feeding on negative entropy). Random quantum indeterministic motions of the ions put some near the pump opening, where quantum collaborative forces capture them in a lock-and-key structure. 

	When many motor neurons fire, innnervating excitatory post-synaptic potentials (EPSPs) that travel down through the thalamus and the spinal cord and cause muscles to contract, that is as literal as downward causation gets in the body. 

	When the emergent mind decides to move the body, that mental causation is realized as downward causation. 

	Who saw this first? Consider the great Latin poet, philosopher, and scientist 
Titus Lucretius Carus, who described the action of the mind thus:

 Therefore when the mind so bestirs itself that it wishes to go and to step forwards, at once it strikes all the mass of spirit that is distributed abroad through limbs and frame in all the body. And this is easy to do, since the spirit is held in close combination with it. The spirit in its turn strikes the body, and so the whole mass is gradually pushed on and moves...

 Again, there is no need to be surprised that elements so small can sway so large a body and turn about our whole weight. For indeed the wind, which is thin and has a fine substance, drives and pushes a great ship with mighty momentum, and one hand rules it however fast it may go, and one rudder steers it in any direction; and a machine by its blocks and treadwheels moves many bodies of great weight and uplifts them with small effort.




	When the helmsman turns the wheel of a great sailing ship, he has downward causal control over all the matter of that great ship. 

	When an emergent philosopher rearranges and communicates ideas, verbally in lectures, or as written words in a published paper, or as the bits of information in a computer memory, this is "information out of order," ultimately dependent on the body digesting food, feeding on the energy (ATP) with negative entropy ("order out of order"), but in no way controlled "bottom-up" by the molecules of body or food material, or by the energy consumed. 



Abstract information is neither matter nor energy, yet it needs matter for its concrete embodiment and energy for its communication. Information is the modern spirit, the ghost in the machine.


The Emergence of Immaterial Information Processing

Can information provide the basis for a different kind of mental substance?
Abstract information is neither matter nor energy, yet it needs matter for its concrete embodiment and energy for its communication. Information is immaterial. 
It is the modern spirit, the ghost in the machine.

Immaterial information is perhaps as close as a physical or biological scientist can get to the idea of a soul or spirit that departs the body at death. When a living being dies, it is the maintenance of biological and mental information that ceases. The matter remains.


Information philosophy proposes a mind-body dualism in which thoughts (pure information processing) in our minds have genuine causal power over the body. This is not a metaphysical mind. It is purely biological and entirely dependent on the brain, which is one of the multiple realizations of physical/material "hardware" that can implement the "software" of our ideas.


For example, when one person teaches another some new technique, or transmits some purely intellectual knowledge, the other person is another physical realization, different hardware now running the same software.


To make this case, we need to establish the following:

	that the information in a mind can be regarded as an immaterial substance

	that the information in a mind, while dependent on the body, has genuine causal (adequately determined) power over the body

	that the information in a mind has not been pre-determined by the sum of genetic inputs and life experiences, but has at least in part been created by the agent, with inputs from some indeterministic processes.
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Information is neither matter nor energy. It is sometimes embodied in matter and sometimes is communicated as pure energy. It is the scientific basis for an immaterial, yet physical mind that can affect the material world. Information is the modern spirit.
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Infinite Regress
Plato in the Theaetetus (200D-201C) defined knowledge as justifiedtrue belief. Justification was providing some reasons (λόγος or συλλογισμῶ), a rational explanation for the belief. True opinion accompanied by reason is knowledge. (δόξαν ἀληθῆ μετὰ λόγου ἐπιστήμην εἶναι) (202C)    

Although "justified true belief" is the traditional philosophical definition of knowledge, still in use in modern positions on epistemology, the ancients were already skeptical of this Platonic idea. Socratic dialogues normally did not reach any positive conclusions; they were "negative dialectics."  


Indeed, the Theaetetus ends with Socrates' utter rejection of perception, true belief, or true belief combined with reasons or explanations as justification. Socrates says:


And it is utterly silly, when we are looking for a definition of knowledge, to say that it is right opinion with knowledge, whether of difference or of anything else whatsoever. So neither perception, Theaetetus, nor true opinion, nor reason or explanation combined with true opinion could be knowledge (epistéme). 

καὶ παντάπασί γε εὔηθες, ζητούντων ἡμῶν ἐπιστήμην, δόξαν φάναι ὀρθὴν εἶναι μετ᾽ ἐπιστήμης εἴτε διαφορότητος εἴτε ὁτουοῦν. οὔτε ἄρα αἴσθησις, ὦ Θεαίτητε, οὔτε δόξα ἀληθὴς οὔτε μετ᾽ ἀληθοῦς δόξης λόγος προσγιγνόμενος ἐπιστήμη ἂν εἴη.



An infinite regress arises when we ask what are the justifications for the reasons themselves.


If the reasons count as knowledge, they must themselves be justified with reasons for the reasons, and so on, ad infinitum.


The problem of the infinite regress was a critical argument of the Skeptics in ancient philosophy.


Sextus Empiricus tells us there are two basic Pyrrhonian modes or tropes that lead the skeptic to suspension of judgment (ἐποχῆ):


They [skeptics] hand down also two other modes leading to suspension of judgement. Since every object of apprehension seems to be apprehended either through itself or through another object, by showing that nothing is apprehended either through itself or through another thing, they introduce doubt, as they suppose, about everything. That nothing is apprehended through itself is plain, they say, from the controversy which exists amongst the physicists regarding, I imagine, all things, both sensibles and intelligibles; which controversy admits of no settlement because we can neither employ a sensible nor an intelligible criterion, since every criterion we may adopt is controverted and therefore discredited. 

And the reason why they do not allow that anything is apprehended through something else is this: If that through which an object is apprehended must always itself be apprehended through some other thing, one is involved in a process of circular reasoning or in regress ad infinitum. And if, on the other hand, one should choose to assume that the thing through which another object is apprehended is itself apprehended through itself, this is refuted by the fact that, for the reasons already stated, nothing is apprehended through itself. But as to how what conflicts with itself can possibly be apprehended either through itself or through some other thing we remain in doubt, so long as the criterion of truth or of apprehension is not apparent, and signs, even apart from demonstration, are rejected.

(Outlines of Pyrrhonism, Loeb Library, R.G.Bury tr., 1.178-79)




The skeptic can always ask a philosopher for justifying reasons. When those reasons are given, he can demand their justification, and this in turn leads to an infinite regress of justifications.

The endless controversy and disagreement of all philosophers cautions us against accepting any of their arguments as knowledge. It is said by some that philosophy has been two thousand years of failed attempts to refute these skeptical arguments.



Second only to Kant 's "scandal" that philosophers cannot logically prove the existence of the external world, it is scandalous that professional philosophers to this day are in such profound disagreement about what it means to know something. 


Epistemologists may not all be wrong, but with their conflicting theories of knowledge, how many of them are likely to be right?


This is especially dismaying for those epistemologists who still see a normative role for philosophy that could provide an a priorifoundation for scientific or empirical a posteriori knowledge. Kant called this the synthetic a priori.



In recent years, professional epistemologists have been reduced to quibbling over "Gettier problems" - clever sophistical examples and counterexamples that defeat the reasoned justifications for true beliefs.



[image: image-placeholder]
Following some unpublished work of Gregory O'Hair, David Armstrong identifies and diagrams several possible ways to escape the Skeptic's infinite regress, including:

	Skepticism - knowledge is impossible

	The regress is infinite but virtuous

	The regress is finite, but has no end 
(Coherence view)

	The regress ends in self-evident truths, the axioms of geometry, for example 
(Foundationalist view)

	Non-inferential credibility, such as direct sense perceptions

	Externalist theories (O'Hair is the source of the term "externalist")

	Causal view (Ramsey)

	Reliability view (Ramsey)
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The "meaning" of any word, concept, or object is different for different individuals, depending on the information (knowledge) about the word, concept, or object currently available to them. All meaning is "contextual" and the most important context is what is currently in the individual's mind. This obviously includes the immediate external context, for example, the word being heard or read is surrounded by text, both explicitly and implicitly - those alternative words that could substitute with little change in meaning. 


The dependence of meaning on an individual's experiences was perhaps best described by the logician and philosopher Gottlob Frege.  


In our information theory of mind, it is the past experiences that are reproduced (played back) from the Experience Recorder and Reproducer (ERR) that provide most of the meaningful context for a word or object. For example, if the agent has had no past experiences that resemble the current experience in some way, the agent may not find any meaning at all. The simplest case would be a new word, seen or heard for the very first time.    


If the word is not isolated, the meanings of the familiar surrounding text will bring back their past uses clearly enough to allow the agent to guess the meaning of the new word, in that context. In any case this fresh experience with the word will be stored away along with that context for future reference.


The problem of the "Meaning of Meaning" has a rich history in the past century or two of analytic language philosophy. Gottfried Leibniz hoped for an ambiguity-free ideal language with exactly one term for each concept. It would reduce language to a kind of mathematics where the meaning of complex combinations of terms could be worked out precisely. In the middle of the nineteenth century, John Stuart Mill tried to simplify proper nouns by insisting that they are just names for the things we are talking about in sentences or propositions. Nouns are subjects, predicates are the attributes of the subject.


Leibniz was an inspiration for Bertrand Russell, whose logical positivism imagined "logical atoms" of meaning that could combine following strict rules to form complex concepts. But Russell and the great logician Gottlob Frege tangled over exactly how words describe, denote, or refer to concepts and objects. 


Is an absolute meaning to be found in the dictionary definitions of how a word refers to an object, independent of the intentions of a speaker or inferences of the hearer? Frege distinguished between the straight reference of a word and what he called the "sense." Why does the statement "Aristotle is the author of De Anima" carry more information than the identity statement "Aristotle is Aristotle." Our information theory of meaning finds the answer in the reader's past experience (or none) of De Anima.


Frege famously distinguished intension and extension (or W. V. O. Quine's ostension) by the German words Sinn and Bedeutung (which translate usually as Sense and Reference).


Most logicians follow Frege’s distinction between the reference (denotation, name) and the sense (meaning, concept) of a word. But few know that Frege limited the “sense” to the everyday meaning attached to a word by the users of the language. Frege also described the “idea” or “representation” (Vorstellung) that would form in the mind of the message receiver. This concept or idea, he said, would be different in every mind, since it is dependent on the peculiar experiences of each person. Frege wrote


...one need have no scruples in speaking simply
of  the sense, whereas in the case of a conception one must precisely
indicate to whom it belongs and at what time. It might perhaps be
said: Just as one man connects this conception and another that conception
with the same word, so also one man can associate this sense
and another that sense. But there still remains a difference in the mode
of connection. They are not prevented from grasping the same sense;
but they cannot have the same conception. Si duo idem faciunt, non est
idem.  
If two persons conceive the same, each still has his own conception. 

It is indeed sometimes possible to establish differences in the conceptions,
or even in the sensations, of different men; but an exact
comparison is not possible, because we cannot have both conceptions
together in the same consciousness. 



This fits perfectly with our experience recorder and reproducer (ERR) as a model of mind, memory, and knowledge.


Russell's young collaborator in early logical positivism, Ludwig Wittgenstein, broke with Russell and insisted that meaning depends on the use to which a word is being put. There is no objective independent meaning for a word as the object it "stands for." This relativism became more extreme when Jacques Derrida showed how the meaning of a word can be deferred and disseminated by the words following it in time. 

Charles Sanders Peirce, and the great linguist and inventor of structuralism, Ferdinand de Saussure had accepted straightforward connections, like Peirce's triad object-percept-concept and Saussure's dual signifier/signified s/S for a symbol and the object. These were captured in the book, "The Meaning of Meaning," by Ogden and Richards as their "semantic triangle," symbol (word), reference (thought/concept), and object (word). 

Willard van Orman Quine thought he could escape ambiguities in meaning. In his book, "Word and Object" he urged "naturalizing" epistemology by focusing on the empirical connections made by speakers when they say what they mean. Favoring extensionality over intentionality (or intensionality as he preferred), he said to look at how a speaker of another language says what a word means, or how a baby learns the meaning of new worlds, by a process of behavioral conditioning and ostension (pointing at things). He said one may not be a behaviorist in psychology, but cannot avoid being a behaviorist in linguistics. 


But post-moderns like Derrida and  Roland Barthes showed that fundamental ambiguities of language cannot be removed, that the dictionary definitions summarizing the past uses in a community of discourse only trap meaning in a "circle of signifiers" without a referent object (s/Z). New uses are always being created, a consequence of our theory of humans as "co-creators" of our universe.


Are we then living in a Humpty Dumpty world of "When I use a word, it means just what I choose it to mean - neither more nor less." H. P. Grice insisted that the intentions of the "utterer" are carrying the meaning. Or do we need to consider the "reader response" to any text. In Claude Shannon's theory of the communication of information, the emphasis is on the new information at the receiver carried in the message from the sender. But Shannon never claimed the meaning was carried in the message itself. It depends on the information in the message, but only in the context of the information in the receiver's experience recorder and reproducer (ERR).



Information in an Object or Concept


The information content in a material object is independent of any human. In particular. it is independent of human language, the words, names, or descriptions that humans use to communicate about the object.  This is because most language consists of symbols or signs that have an arbitrary relation to the object or concept being signified, as shown by the semiotics of Charles Sanders Peirce and the semiology of H. P. Grice. 


But both Saussure and Peirce recognized that some natural signs are not arbitrary, because they contain some information that is isomorphic with some of the information in the object or concept. These especially include icons, abstract pictures of some aspect of the object. 


Information philosophy generalizes this insight well beyond two-dimensional images or "pictures," that Ludwig Wittgenstein briefly considered as a theory of meaning, atomic facts that could be shown, if not said, for example, Tractatus 2.16, "In order to be a picture a fact must have something in common with what it pictures."                 .


Information philosophy identifies the total information in a material object with the yes/no answers to all the questions that can be asked or with the true/false statements that can be said about the object. In modern information theory terms, information philosophy "digitizes" the object. From each answer or truth value we can, in principle, derive a "bit" of information. 


While "total" information is hopelessly impractical to measure precisely, whatever information we can "abstract" from a "concrete" object gives us a remarkably simple answer to one of the deepest problems in metaphysics, the existential status of ideas, of Platonic "Forms," including the entities of logic and mathematics. 



Information in Minds


The information theory of meaning starts with the information philosophy model of the mind, which asserts that the mind is the abstract information being processed by the brain, a material information structure, which works as a biological information processor.


The meaning in a message incoming to the mind, which could be just a perception of sensations from the environment and not necessarily from another human being with intentions, is found in the past experiences of the agent that are brought to mind by the Experience Recorder and Reproducer (ERR) based on the content of the message. This nicely captures the subjectivism or relativism of meaning.


It also gets close to answering Thomas Nagel's provocative question "What Is It Like To Be a Bat?" 
The past experiences reproduced, complete with their feelings, depends on what has been recorded and what can be reproduced (played back). A frog cannot play back the experience of concave objects flying by, because the frog's eye has filtered them out from reaching the brain and its experience recorder.




Meaning and Knowledge

Knowledge can be defined as information in minds that is a partial isomorphism (mapping) of the information structures in the external world. Information philosophy is a correspondence theory.

Sadly, there is no isomorphism, no information in common, between words and objects. This accounts for much of the failing of analytic language philosophy in the past century.


Although language is an excellent tool for human communication, it is arbitrary, ambiguous, and ill-suited to represent the world directly. Human languages do not picture reality. Information is the lingua franca of the universe.

The extraordinarily sophisticated connection between words and objects is made in human minds, mediated by the brain's experience recorder and reproducer (ERR). Words stimulate neurons to start firing and to play back any similar experiences that include relevant objects and events.


Neurons that were wired together in our earliest experiences fire together at later times, contextualizing our new experiences, giving them meaning. And by replaying emotional reactions to those for similar earlier experiences, it makes then "subjective experiences," giving us the feeling of "what it's like to be me" and solving the "hard problem" of consciousness.

in conclusion, we can say that the meaning of a specific amount of information is subjective for each individual, dependent on their past experiences (their knowledge) and their values. But that same information may have been given an intersubjective meaning by the agreement of a cultural community, or by a scientific community of inquirers, as proposed by Charles Sanders Peirce.


As to an objective meaning of some physical entity, we can say that might be the original information content, together with any information processing being done by the entity..
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Ontology
Ontology asks the question “what is there?”
Eliminative materialism claims that nothing exists but material particles, which makes many problems in ancient and modern philosophy difficult if not insoluble. To be sure, we are made of the same material as the ancients. With every breath we take, we inspire 10 or 20 of the fixed number of molecules of air that sustained Aristotle. We can calculate this because the material in the universe is a constant, conserved quantity.


But information is not a fixed quantity. The stuff of thought and creativity, information has been increasing since the beginning of the universe. It is also the question of ontology.  What exists in the world? Ontology is intimately connected with epistemology - how can we know what exist in the world?


The ontological status of abstract concepts is a completely different question from the ontology of concrete physical objects, though these questions have often been confounded in the history of philosophy.


Information philosophy provides distinct answers to these two ontological questions. Physical objects are pure material or particles of energy that exist in the world of space and time. Abstract concepts (like redness) are pure information, neither matter nor energy, although they need matter for their embodiment and energy for their communication. For example, the abstract idea of two is embodied in two objects. The idea of a circle is embodied in a round object. Redness is embodied in the red photons being emitted or reflected from an object. The arrangement of material objects, whether continuous matter like the wood in a table top, or the momentary position of billiard balls, is pure information. 


The ancients sometimes said that these abstract concepts do not “exist,” but rather are said to “subsist.” Information philosophy claims that the “form” of an object can not be separated from the matter and so deserves to be ontological.


The contrast between physical objects and abstract concepts can be illustrated by the difference between invention and discovery.


We discover physical objects through our perceptions of them. To be sure, we invent our ideas about these objects, their descriptions, their names, theories of how they are structured and how they interact energetically - with one another and with us. But we cannot arbitrarily invent the natural world. We must test our theories with experiment. The experimental results select those theories that best fit the data, the information coming to us from the world. This makes our knowledge of an independent external world scientific knowledge.


By contrast, we humans invent many abstract concepts such as the names we give to objects. We know that these cultural constructs do not exist somewhere in nature as physical structures before we create them. Cultural knowledge is relative to and dependent on the society that creates it.


However, some of our invented abstract concepts seem to clearly have an existence that is independent of us, like the numbers and the force of gravity.


Consider the shape of a given object. The abstract representation of the shape in the mind, or in a computer model, is (quantitatively) much less information than the total information in the shape of the physical object. 


But when the representation is accurate, it is isomorphic with a proper subset of the information in the object itself. We can assert that at least the same information is in the world and should be included in our ontology.


The “axiom of independent reality” claims that “Knowledge unconditionally presupposes that the reality known exists independently of the knowledge of it, and that we know it as it exists in this independence.” (H. A. Prichard.)


The British empiricists John Locke and David Hume argued that what we are “given” in our perceptions of sense data is limited to so-called “secondary qualities.” These are properties that produce the sensations in the observer’s senses - color, taste, smell, sound, and touch. Knowledge that comes from secondary qualities does not provide objective facts about things “in themselves.”


Immanuel Kant described these secondary qualities as “phenomena” that could tell us nothing about the “noumena,” which the empiricists called the “primary qualities.” These are properties the objects have that are independent of any observer, such as solidity, extension, motion, number and figure. These qualities exist in the thing itself (Kant’s “Ding an sich”). Kant thought that some of these qualities can be determined with certainty, as “synthetic a priori” truths. Some of these qualities are analytic truths, defined by the logical meanings of linguistic terms. For example, a round circle cannot be a square.


But information philosophy can claim that extension and figure, for example, are both in the object and in our information representation.
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Some philosophers are monists, arguing that the world must be a unity, one unchanging thing, and that all the multiplicity and change that we see is mere illusion.

Some are dualists, puzzled how the immaterial One (usually Mind or the Ideal) can possibly interact with the material Many (the Body or the World). There are other kinds of dualists, but the idealism/materialism divide has a long history in philosophy under dozens of different names through the ages.


Monists generally reduce the physical world to the ideal, or vice versa, or argued that the ideal and physical worlds were somehow both something else - a "neutral monism.". But their underlying dualism is inescapable.


Many philosophers prefer triads, triplicities, or trinities as their fundamental structures, and in these we may find the most sensible way to divide the world as we know it into “worlds,” realms, or orders.


Those who divide their philosophy into four usually arrange it two by two (Schopenhauer, Heidegger, Derrida - who did it in jest, and against Christian trinitues). There are a few who think a pentad has explanatory power. Another handful look to the mystical seven (the number of planets and thus days of the week) for understanding.
Since the Pythagoreans drew their triangular diagram of the tetractus, ten has been a divine number for some. Aristotle found ten categories. The neo-Platonist Kabalists have ten sephiroth. In string theory, there are ten dimensions reflecting the components of Einstein’s general relativity equations.


The most important philosopher since Aristotle, Immanuel Kant, structured his architectonic into twelve categories, arranged four by three.
We will scrutinize these architectures to see if the thinkers divide their worlds the same way, whatever they call their divisions. There is a surprising amount of agreement among them, considering their disagreements on terminology.


One of the "founders" of quantum mechanics. Niels Bohr, saw the wave-particle dual nature of quantum mechanics as connected to many other philosophical dualisms.
We have compiled a semi-chronological list of various philosophical terms used through the ages that seem highly correlated with the fundamental ideal-material duality.


Over the centuries many philosophers have seen a fundamental dualism. Most have invented their own names for this dualism. Not all have meant the very same things, but the great similarities allow us to collect all these dualisms into a quasi-chronological table, where similarities and slight differences become more clear.


Of course many have claimed to be monists. "All is One," they said, as they generally reduced the physical world to the ideal, or vice versa, or argued that the ideal and physical worlds were somehow both something else. But their underlying dualism was inescapable.


Many philosophers saw the need for the two sides to work together.

Immanuel Kant wrote

Gedanken ohne Inhalt sind leer.

Anschauungen ohne Begriffe sind blind.
Charles Sanders Peirce rewrote it as


If Materialism without Idealism is blind,

Idealism without Materialism is void.


With a nod to Kant and Peirce, we can say


Concepts without Percepts are empty.

Percepts without Concepts are blind.


And although Freedom and Values are not a Dualism, they too require one another and we can observe


Freedom without Values is Absurd (Continental Existentialism).

Values without Freedom are Worthless (British Utilitarianism).


	The ONE	The MANY
	Monism	Pluralism
	IDEALISM	MATERIALISM
	Being	Becoming
	Necessity	Contingency
	Plato's Divided Line
	Theories (noesis)   Hypotheses (dianoia)	Techniques (pistis)   Stories (eikasia)
	Eternal	Ephemeral
	ESSENCE	EXISTENCE
	Universals	Accidentals / Particulars
	Aristotle's Four Causes
	Final Cause   Formal Cause	Efficient Cause   Material Cause
	Realism	Nominalism
	Intelligible	Sensible
	Form	Content
	General	Particular
	Absolute	Relative
	Abstract	Concrete
	RATIONALISM	EMPIRICISM
	MIND	BODY
	a priori	a posteriori
	Certainty	Probability
	Intellect	Tabula Rasa
	Innate	Learned
	Nature	Nurture
	Analytic	Synthetic
	Kant's Transcendental Critique
	Noumena	Phenomena
	Concepts/Thoughts	Percepts/Senses
	Freedom	Law
	Concept	Object
	Dialectical IDEALISM	Dialectical MATERIALISM
	Superstructure	Base
	Romanticism	Positivism
	Transcendentalism	Pragmatism
	Supernaturalism	Naturalism
	Phenomenology	Behaviorism/Existentialism
	Linguistic Analysis
	Ideal Language	Ordinary Language
	Intension	Extension
	Semantic	Pragmatic
	Autonomy	Mimesis
	Deduction	Induction
	Theory	Experiment
	Consistency	Correspondence
	Quantum Complementarity
	WAVE	PARTICLE
	Possible	Actual
	Thought	Action 



After dualisms, the next most popular philosophical architectonic structures are triads, triplicities, or trinities.  


Some philosophers describe their triads as three "worlds," just as dualism is often described in terms of an Ideal World and a Material World. The deep philosophical (and scientific) question is - do these divisions "carve Nature at the joints," as Plato put it in the Phaedrus, (265e)?


We analyze examples, and find that the three worlds are most often simply the canonical Ideal/Material dualism with an interpolated third world corresponding to a human world (or more broadly, the biological world), with its obvious connection to the world of "subjective?" ideas above and the "objective" material world below. 

Gottlob Frege's Three Realms


	An External Realm of Public Physical Things and Events
  
	An Internal Subjective Realm of Private Thoughts
  
	An "Objective" Platonic Realm of Ideal "Senses" (to which sentences refer, providing their meaning)
  

Karl Popper's Three Worlds (clearly influenced by Frege)


	World I - "the realm of physical things and processes"
  
	World II - "the realm of subjective human experience"
  
	World III - "the realm of culture and objective knowledge" - of human artifacts (our Sum)
  

Charles Sanders Peirce's Three Universes of Experience. 

Peirce's first and third worlds are both immaterial (our Sum), with the material world in the middle. So a better triad would have had Signs in the middle as human inventions mediating between the ideal and the material. Peirce's triad of  Objects - Percepts - Concepts is in the correct order.


	Firstness - Ideas
  
	Secondness - Things
  
	Thirdness - Signs.
  


[image: image-placeholder]

The Information Philosopher's Three levels of Information Emergence (seen in our tri-color I-Phi logo)
   

	The Physical/Material (green) - Ilya Prigogine's "order out of chaos," when the matter in the universe forms information structures
  
	The Biological/Material (red) -  Erwin Schrödinger's "order out of order," when the material information structures form teleonomic self-replicating biological information structures
  
	The Mental/Immaterial (blue) - Bob Doyle's abstract "information out of order," when organisms with minds process and externalize information, communicating it to other minds and storing it in the environment
  

Bob Doyle's Three Sources that "Ground" Authoritative Knowledge


	The Traditional - Knowledge is inherited, handed down, discovered in stories (mythos) from the great thinkers of the past (compare Frege's "Objective" Platonic Realm of Ideal "Senses" to which sentences "refer," providing their meaning)
  
	The Modern - Knowledge is grounded by Reason, by providing a rational account (logos) of how things are, augmented by modern empirical science since the Enlightenment
  
	The Post-Modern - all cultural knowledge is "relative" to conventions in the culture (nomos) that invents them. 


For conservative post-moderns, science can establish knowledge about an objective external world. 


For radical post-moderns, "anything goes" (Feyerabend), even science "invents/creates reality." There are no grounds/foundations for knowledge, for "justified true beliefs."
  

Terrence Deacon's three kinds of dynamics.


	Homeodynamic- "Any dynamic process that spontaneously reduces a system's
constraints to their minimum and thus more evenly distributes system properties
across space and time. The second law of thermodynamics describes the paradigm case" (thus states of thermodynamic equilibrium, with maximal disorder and with minimal information? If so, "thermodynamic" might be a better term?)
  
	Morphodynamic - "Dynamical organization exhibiting the tendency to become
spontaneously more organized and orderly over time due to constant perturbation,
but without the extrinsic imposition of influences that specifically
impose that regularity" (thus both Prigogine's "order out of chaos" and Schrödinger's "order out of order" are morphodynamic; note that both of these are "negentropic")
  
	Teleodynamic - "A form of dynamical organization exhibiting end-directedness
and consequence-organized features that is constituted by the co-creation,
complementary constraint, and reciprocal synergy of two or more strongly
coupled morphodynamic processes" (end-directedness is usually called "teleonomic")
  

Merlin Donald's levels of Culture Emergence.


	Mimetic: the "copycat" or "monkey see, monkey do" ability of primates facilitated transfer of learning, ritual 
  
	Mythic: language in humans, mental/brain development is influenced by social network of speakers generating symbols for ideas 
  
	Informatic: External storage of knowledge - writing, printing, computers, Internet
  



Types of Triads


	Levels: Material - Biological/Human - Ideal (physis - bios/nomos - logos)

	Inner Levels: Body - Mind/Brain - Spirit 

	Plato: Truth - Goodness - Beauty

	Aristotle/Kant: Epistemology - Ethics - Aesthetics

	Number: One - Two/Many - All (unity - duality/plurality - totality)

	Person: I - You - We (self - other - society/community)

	Truth: Correspondence - Coherence - Consistency (empirical - conventional/pragmatic - logical)

	Time: Past - Present - Future

	Family: Father - Mother - Son

	Dialectic: Thesis - Antithesis - Synthesis (new higher thesis)

	Hume's Relations: Similarity  - Contiguity  - Causality (form - space - time)

	Medieval Trivium: Grammar - Rhetoric - Logic

	Rhetoric: Simile - Metonym - Metaphor

	Peirce: Objects - Percepts - Concepts

	Peirce's Semiotics: Icon - Index - Symbol

	Peirce's Symbol: Ground - Object - Interpretant

	Peirce's Science: Abduction (hypothesis) - Induction - Deduction 

	Grounds: Tradition - Modern - Postmodern

	Grounds: Mythos-Logos-Nomos

	Greek literature: Epic (Homer/Hesiod) - Lyric (Sappho/Pindar) - Dramatic (Euripides)

	Beliefs: Naturalism - Humanism - Spiritualism (supernatural/superhuman)

	Matter: Solid - Liquid - Gas (earth - water - air)

	Time: Begin - Middle - End (archos - physis/nomos - telos)

	Journey: Eden - Fall - Atonement (home - travels - homecoming)

	Life: Birth - Life - Death




A Few Tetrads

	Classical Materialism:  Earth - Water - Air - Fire (anticipating today's states of matter solid - liquid - gas - plasma)

	Plato's Divided Line:  Stories - Techniques - Hypotheses - Theories (eikasia - pistis - dianoia - noesis)

	Aristotle's Causes:  Material cause - Efficient cause - Formal cause - Final cause (He considered chance to be a possible fifth cause.)
  

	Graeco-Roman Four Temperaments (or humors):  Choleric (yellow bile), Melancholic (black bile), Sanguine (blood), and Phlegmatic (phlegm)

	Medieval cosmology:  Earth (below us) - Water (with us) - Air (above us) - Stars (beyond us)

	The medieval scholastic Quadrivium:  Math - Geometry - Music - Astronomy (number - space - time - motion)

	Schopenhauer's Fourfold Root of Sufficient Reason

	Heidegger's Geviert (2x2):  Earth - Mortals - Heavens - Gods

	Derrida's Jeu des Cartes




Those who divide their philosophy into four usually arrange it two by two (Schopenhauer, Heidegger, Derrida - in jest). There are a few who think a pentad has explanatory power. Another handful look to the mystical seven (the number of planets and thus days) for understanding.


Since the Pythagoreans drew their triangular diagram of the tetractus, ten has been a divine number for some. Aristotle found ten categories. The neo-Platonist Kabalists have ten sephiroth. 


The most important philosopher since Aristotle, Immanuel Kant, structured his architectonic into twelve categories, arranged four by three.


We will scrutinize these architectures to see if the various thinkers divide their worlds the same way, whatever they call their divisions. We'll see that there is a surprising amount of agreement among them, especially considering their disagreements on terminology. 
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A "universal" in metaphysics is a property that is shared by many particular objects (or concepts). It has a subtle relationship to the problem of the one or the many. 

Is there just one fundamental thing in the world? Or are there many? Perhaps the world is a dichotomy or dualism, for example, between the Ideal and the Material? Some philosophers prefer to think of "three worlds," often adding a third world between the Ideal and the Material.



The "problem of universals" is the existential status of such a shared property. Does the one universal property exist apart from the many instances in particular objects? Plato thought it does. Aristotle thought it does not.


Consider the property having the color red. Is there an abstract concept of redness or "being red?" Granted the idea of a concept of redness, in what way and where in particular does it exist? Nominalists (sometimes called anti-realists) say that it exists only in the particular instances, and that redness is the name of this property. Conceptualists say that the concept of redness exists only in the minds of those persons who have grasped the concept of redness. They might exclude color-blind persons who cannot perceive red.

Realism is the view that a "reality" of physical objects, and possibly of abstract concepts like redness, exists in an external world independently of our minds and perceptions.

Platonic Realism is the view that abstract things like numbers, perfect geometric figures, and other things that Plato called the Forms or the Ideas, have a real and independent existence, though they are not material objects. 


But for his student, Aristotle, these "universals" exist only in the concrete objects which share some property. For him, the universal idea of a perfect circle is a shared property of the many actual circles in nature.


Naive realists think that we can access concrete physical objects directly and fully with our perceptual sense data. This is sometimes called the "copy theory." Our perceptions are fully apprehending the physical objects, so that the content of a perception is the same as the object of perception. In information philosophy terms, naive realism mistakenly assumes that the information in the perceived sense data (or the representation in the mind) is (quantitatively) equal to (a copy of) the information in the physical object. In the case of the abstract concept of redness, it may be that the copy-theory is most tenable. The perception of a red object may in a strong sense bring the concept of redness into existence (at least in the observer's mind).


Historically, realism is a metaphysical claim about this independently existing world where redness might be found. Since Aristotle's Metaphysics, two kinds of metaphysical questions (ontological and epistemological ) are raised - what exists, and how can we know what exists.


The ontological status of abstract concepts is a completely different question from the ontology of concrete physical objects, though these questions have often been confounded in the history of philosophy. 


Information philosophy provides distinct answers to these two ontological questions. Physical objects exist in the world of space and time. They are information structures embodied in matter and interacting with energy. Abstract concepts (like redness) are pure information, neither matter nor energy, although they need matter for their embodiment and energy for their communication.


The contrast between physical objects and abstract concepts can be illustrated by the difference between invention and discovery. 


We discover physical objects through our perceptions of them. To be sure, we invent our ideas about these objects, their descriptions, their names, theories of how they are structured and how they interact energetically - with one another and with us. But we cannot arbitrarily invent the natural world. We must test our theories with experiment. The experimental results select those theories that best fit the data, the information coming to us from the world. This makes our knowledge of an independent external world scientific knowledge.


By contrast, we humans invent abstract concepts like redness. We know that these cultural constructs exist nowhere in nature as physical structures. We create them. Cultural knowledge is relative to and dependent on the society that creates it.


However, some of our invented abstract concepts seem to have an existence that is independent of us, like the numbers and the force of gravity.


Critical realists, like scientists, start with observations and sense data, but they add hypotheses and experiments to develop theories about the physical objects and the abstract concepts in the external world. Nevertheless, the abstract representation in the mind is (quantitatively) much less information than the information in the physical object represented.


The "axiom of independent reality" claims that "Knowledge unconditionally presupposes that the reality
known exists independently of the knowledge of it, and that
we know it as it exists in this independence." (H. A. Prichard.)


The British empiricists Locke and  Hume argued that what we were "given" in our perceptions of sense data was limited to so-called "secondary qualities." These are properties that produce the sensations in the observer's senses - color, taste, smell, sound, and touch. Knowledge that comes from secondary qualities does not provide objective facts about things "in themselves."

Kant described these secondary qualities as "phenomena" that could tell us nothing about the "noumena," which the empiricists called the "primary qualities."  These are properties the objects have that are independent of any observer, such as solidity, extension, motion, number and figure. These qualities exist in the thing itself (Kant's "Ding an sich"). Kant thought that some of these qualities can be determined with certainty, as "synthetic a priori truths. Some of these qualities are analytic truths, defined by the logical meanings of linguistic terms. For example, a round circle cannot be a square.
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Belief is one of the three traditional conditions for knowledge. 

Plato in the Theatetus defined knowledge as justifiedtrue belief. 


A belief is an internal mental state beyond the full comprehension of expert external observers. Even the subject herself has limited immediate access to all she knows or believes. On deeper reflection, or after consulting external sources of knowledge, she might "change her mind."
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Francis Bacon described "genuine Induction" as the new method of science. Opposing his new idea to what he thought Aristotle's approach had been in his Organon (as misinterpreted by the medieval Scholastics), Bacon proposed that science builds up knowledge by the accumulation of data (information), which is of course correct. This is simply the empirical method of collecting piece by piece the (statistical) evidence to support a theory.

The "problem of induction" arises when we ask whether this form of reasoning can lead to apodeictic or "metaphysical" certainty about knowledge, as the Scholastics thought. Thomas Aquinas especially thought that certain knowledge can be built upon first principles, axioms, and deductive or logical reasoning. This certain knowledge does indeed exist, within a system of thought such as logic or mathematics. But it can prove nothing about the natural world.


Bacon understood logical deduction, but like some proto-empiricists among the Scholastics (notably John Duns Scotus and William of Ockham), Bacon argued in his Novum Organum that knowledge of nature comes from studying nature, not from reasoning in the ivory tower.


Bacon likely did not believe certainty can result from inductive reasoning, but his great contribution was to see that (empirical) knowledge gives us power over nature, by discovering what he called the form nature, the real causes underlying events. 


It was of course David Hume who pointed out the lack of certainty or logical necessity in the method of inferring causality from observations of the regular succession of "causes and events." His great model of scientific thinking, Isaac Newton, had championed induction as the source of his ideas. As if his laws of motion were simply there in the data from Tycho Brahe's extensive observations and Johannes Kepler's orbital  ellipses.


"Hypotheses non fingo," Newton famously said, denying the laws were his own ideas. Although since Newton it is obvious that the gravitational influence of the Sun causes the Earth and other planets to move around their orbits, Hume's skepticism led him to question whether we could really know, with certainty, anything about causality, when all we ever see in our inductive study is the regular succession of events.


Thus it was Hume who put forward the "problem of induction" that has bothered philosophers for centuries, spilling a great deal of philosophical ink. Hume's skepticism told him induction could never yield a logical proof. But Hume's mitigated skepticism saw a great deal of practical value gained by inferring a general rule from multiple occurrences, on the basis of what he saw as the uniformity of nature. What we have seen repeatedly in the past is likely to continue in the future.


While Hume was interested in causal sequences in time, his justification of induction also applies to modern statistical thinking. We infer the frequency of some property of an entire population from the statistics of an adequately large sample of that population. 


The Information Philosopher's solution to this problem (more properly a "pseudo-problem," to use the terminology of twentieth-century logical positivists, logical empiricists, and linguistic analysts) is easily seen by examining the information involved in the three (or four) methods of reasoning - logical deduction, empirical induction, mathematical induction (actually a form of deduction), and what Charles Sanders Peirce called "abduction," to complete one of his many philosophical triads.


Mathematical induction is a method of proving some property of all the natural numbers by proving it for one number, then showing that if it is true for the number n, it must also be true for n + 1. In both deduction and mathematical induction, the information content of the conclusion is often no more than that already in the premises. To be sure, the growth of our systems of thought such as logic, mathematics, and perhaps especially geometry, has generated vast amounts of new knowledge, new information, when surprising new theorems are proved within the system. And much of this information has turned out to be isomorphic with information structures in the universe. But the existence of an isomorphism is an empirical, not a logical, finding.


The principal role of deduction in science is to derive, logically or mathematically, predictable consequences of the new theory that might be tested by suitable experiments. This step simply draws out information already present in the hypothesis. Theory, including deductions and predictions, is all done in the realm of ideas, pure information. 


Abduction is the formation of new hypotheses, one step (rarely the first) in what some philosophers of science in the twentieth century described as the scientific method - the hypothetico-deductive-observational method. It can be described more simply as the combination of theories and experiments. Observations are very often the spur to theory formation, as the old inductive method emphasized. A scientist forms a hypothesis about possible causes for what is observed. 


Although the hypothesis is an immaterial idea, pure information, the abduction of a hypothesis creates new information in the universe, albeit in the minds of the scientists.


By contrast, an experiment is a material and energetic interaction with the world that produces new information structures to be compared with theoretical predictions. Experiments are Baconian accumulations of data that can never "prove" a theory (or hypothesis). But confirmation of any theory consists entirely of finding that the statistical outcomes of experiments match the theory's predictions, within reasonable experimental "error bars." The best confirmation of any scientific theory is when it predicts a phenomenon never before seen, such that when an experiment looks, that phenomenon is found to exist.


These "surprising" results of great theories shows the extent to which science is not a mere "economic summary of the facts," as claimed by Ernst Mach, the primary creator of logical positivism in science.


Mach had a great influence on the young Albert Einstein, who employed Mach's idea in discovering his special theory of relativity. The positivists insisted on limiting science to "observable" facts. Atoms were not (yet) observable, so despite the great chemical theories of Dalton explaining molecules, the great statistical mechanical work of James Clerk Maxwell and Ludwig Boltzmann explaining thermodynamics, it remained for Einstein to predict the observable effects of atomic and molecular motions on the motions of visible particles like pollen seeds in a liquid. 


The experimental measurements of those visible motions, with exactly the extent of motion predicted by Einstein, confirmed the reality of atoms. The motions had been observed, almost eighty years earlier, by Robert Brown. Einstein's 1905 hypothesis - a "free creation of the human mind," as he called it and his other extraordinary theories, together with the deduction of mathematically exact predictions from the theory, and followed by the 1908 experiments by Jean Perrin, gives us a paradigmatic example of the scientific method.


In information philosophy terms, the abstract immaterial information in the Einstein theory of Brownian motion, was found to be isomorphic to material and energetic information structures in the universe.


In his early years, Einstein thought himself a disciple of Mach, a positivist. He limited his theories to observable facts. Special relativity grew from the fact that  absolute motions are not observable. 


But later when he realized the source of his greatest works were his own mental inventions, he changed his views. Here is Einstein in 1936,



We now realize, with special clarity, how much in error are those theorists who believe that theory comes inductively from experience. Even the great 
Newton could not free himself from this error ("Hypotheses non fingo")...

There is no inductive method which could lead to the fundamental
concepts of physics. Failure to understand this fact constituted
the basic philosophical error of so many investigators of
the nineteenth century. It was probably the reason why the
molecular theory and Maxwell's theory were able to establish
themselves only at a relatively late date. Logical thinking is
necessarily deductive; it is based upon hypothetical concepts and
axioms. How can we expect to choose the latter so that we
might hope for a confirmation of the consequences derived from
them?


The most satisfactory situation is evidently to be found in
cases where the new fundamental hypotheses are suggested by
the world of experience itself. The hypothesis of the non-existence
of perpetual motion as a basis for thermodynamics affords
such an example of a fundamental hypothesis suggested by experience;
the same holds for Galileo's principle of inertia. In
the same category, moreover, we find the fundamental hypotheses
of the theory of relativity, which theory has led to an
unexpected expansion and broadening of the field theory, and
to the superseding of the foundations of classical mechanics. 





And here, Einstein wrote in his 1949 autobiography,



I have learned something else from the theory of gravitation: No ever so inclusive collection of empirical facts can ever lead to the setting up of such complicated equations. A theory can be tested by experience, but there is no way from experience to the setting up of a theory. Equations of such complexity as are the equations of the gravitational field can be found only through the discovery of a logically simple mathematical condition which determines the equations completely or [at least] almost completely.


Werner Heisenberg told Einstein in 1926 that his new quantum mechanics was based only on "observables," following the example of Einstein's relativity theory that was based on the fact that absolute motion is not observable. For Heisenberg, the orbital path of an electron in an atom is not an observable. Heisenberg said of his first meeting with Einstein,




 I defended myself to begin with by justifying in detail the necessity for abandoning the path concept within the interior of the atom. I pointed out that we cannot, in fact, observe such a path; what we actually record are frequencies of the light radiated by the atom, intensities and transition-probabilities, but no actual path. And since it is but rational to introduce into a theory only such quantities as can be directly observed, the concept of electron paths ought not, in fact, to figure in the theory.

To my astonishment, Einstein was not at all satisfied with this argument. He thought that every theory in fact contains unobservable quantities. The principle of employing only observable quantities simply cannot be consistently carried out. And when I objected that in this I had merely been applying the type of philosophy that he, too, had made the basis of his special theory of relativity, he answered simply "Perhaps I did use such philosophy earlier, and also wrote it, but it is nonsense all the same." Thus Einstein had meanwhile revised his philosophical position on this point. He pointed out to me that the very concept of observation was itself already problematic. Every observation, so he argued, presupposes that there is an unambiguous connection known to us, between the phenomenon to be observed and the sensation which eventually penetrates into our consciousness. But we can only be sure of this connection, if we know the natural laws by which it is determined. If however, as is obviously the case in modern atomic physics, these laws have to be called in question, then even the concept of "observation" loses its clear meaning. In that case it is theory which first determines what can be observed. These considerations were quite new to me, and made a deep impression on me at the time; they also played an important part later in my own work, and have proved extraordinarily fruitful in the development of the new physics.




Einstein himself discovered the transition probabilities between states in the Bohr atom, ten years before this conversation with Heisenberg



Since philosophy has made the "linguistic turn" to abstract propositions, the problem of induction for today's philosophers is subtly different from the one faced by David Hume. It has become an epistemological problem of "justifying true beliefs" about propositions and thus lost the connection to "natural philosophy" it had in Hume's day. Information philosophy hopes to restore at least the "metaphysical" elements of natural philosophy to the domain of philosophy proper. 


In contemporary logic, epistemology, and the philosophy of science, there is now the problem of "enumerative induction" or universal inference, an inference from particular statements to general statements. For example, the inference from propositions


 p1, p2,... pn, which are all F's that are G's


to the general inference that 


all F's are G's.



This is clearly a purely linguistic version of the original problem. Divorcing the problem of induction from nature empties it of the great underlying principle in Hume, Mill, and other philosophers, namely the assumption of the uniformity of nature, which alone can justify our "true?" belief that the sun will come up tomorrow.


In information terms, the problem of induction has been reduced, even impoverished, to become only relations between ideas. Perhaps "ideas" is too strong, much of philosophy has become merely logical relations between statements or propositions. Because of the inherent ambiguity of language, sometimes philosophy appears to have become merely a game played using our ability to make arbitrary meaningless statements, then critically analyze the resulting conceptual paradoxes.

Karl Popper famously reprimanded Ludwig Wittgenstein's claim that there are no real philosophical problems, only puzzles and language games.



 On a close examination, it appears current philosophical practice has reduced the problem of induction to one of permissible linguistic deductions.


Consider these examples from the Stanford Encyclopedia of Philosophy:


	Inductions with general premises and particular conclusions:
	
All observed emeralds have been green.
	
Therefore, the next emerald to be observed will be green.



	Valid deductions with particular premises and general conclusions:
	
New York is east of the Mississippi. 
	
Delaware is east of the Mississippi.
	 
Therefore, everything that is either New York or Delaware is east of the Mississippi.





The first example is clearly inductive, and insofar as it refers to real world objects, it depends on the uniformity of nature. 

But what happens when language modifies the definition/meaning of green. Maybe it's the color,  or maybe it's just the name of the color "green." Maybe it's blue, or Nelson Goodman's inductive riddle "grue?"

The second example is purely deductive, appropriate for philosophical puzzles, which are merely ideas, today merely relations between words. But it does not belong to the historical problem of induction. It is the problem of philosophers redefining the terms of debate!  






Source: https://www.informationphilosopher.com/problems/induction/
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Metaphysics based on information philosophy can answer some of the most profound questions about the fundamental origins, nature, and evolution of reality. Immaterial information grounds epistemology, the theory of knowledgeabout reality, in a way not possible in a purely material universe. This is because information-based computer simulations of physical and biological systems provide far better explanations than any number of "true" propositions. 

We have created an entirely new website dedicated to the solutions of classic metaphysical problems by using the methods of information philosophy.

See metaphysicist.com
The Metaphysicist analyzes the information content in twenty classic problems in metaphysics - Abstract Entities,
  Being and Becoming,
  Causality,
  Chance,
  Change,
  Coinciding Objects,
  Composition (Parts and Wholes),
  Constitution,
  Free Will or Determinism,
  God and Immortality,
  Identity,
  Individuation,
  Mind-Body Problem,
  Modality,
  Necessity or Contingency,
  Persistence,
  Possibility and Actuality,
  Space and Time,
  Truth,
  Universals,
  Vagueness, and the 20th-century problem of 
  Wave-Particle Duality.



Metaphysician or Metaphysicist?

Philosophers who specialize in metaphysics have traditionally been called metaphysicians in English (in French they are called a metaphysicien, in German a metaphysiker). Perhaps most modern anglo-american metaphysicians think problems in metaphysics can be treated as problems in language, potentially solved by conceptual analysis. They are analytical language philosophers. Others are specialists in modal logic, some who claim that modal logic is metaphysics.. 

But language is too flexible, too ambiguous, too full of metaphor, to be a metaphysical diagnostic tool. We must go beyond language games and logical puzzles to the underlying information contained in a concept, and to the matter that embodies the immaterial concept. This we do at our new website the Metaphysicist.


Today's metaphysicians are overwhelmingly naturalists. They believe everything can be explained by what they call the "laws of nature." They take those laws to be the laws of classical physics, because few understand modern quantum physics. Even many physicists are baffled by the nonintuitive aspects of quantum mechanics, which have led to dozens of interpretations of quantum mechanics. 


Even more problematic, today's metaphysicians are materialists, even eliminative materialists who thinkk there is "nothing but" matter. They mistakenly believe that only material objects exist. The exceptions are religious metaphysicians who are still seeking a God and immortal souls.


Materialism is the claim that there is nothing in the world beyond the material (including energy), that everything follows "laws of nature," and that these laws are both causal and deterministic. So "supernatural" appears to imply "immaterial" and the freedom to break the laws of nature. Information philosophy denies the supernatural. But it defends immaterial information as that which constitutes the human spirit, or soul, the "ghost in the machine." And it defends ontological chance as the generator of novel, even metaphysical possibilities that are not determined by the "fixed past," opening the door to metaphysical free will.



Historical Background


Metaphysics has signified many things in the history of philosophy, but it has not strayed far from a literal reading of "beyond the physical," which meant beyond the material. The term was invented by the 1st-century BCE head of Aristotle's Peripatetic school, Andronicus of Rhodes. Andronicus edited and arranged Aristotle's works, giving the name Metaphysics (τα μετα τα φυσικα βιβλια), literally "the books beyond the physics," perhaps the books to be read after reading Aristotle's books on nature, which he called the Physics. The Greek for nature is physis, so metaphysical is also "beyond the natural."


Aristotle never used the term metaphysics.  For Plato, Aristotle's master, the realm of abstract ideas was more "real" than that of physical. i.e., material or concrete, objects, because ideas can be more permanent (the Being of Parmenides), whereas material objects are constantly changing (the Becoming of Heraclitus). 

In recent centuries then, metaphysical has become "beyond the material." Metaphysics has become the study of immaterial things, like the mind, which is said to "supervene" on the material brain. Metaphysics is a kind of idealism, in stark contrast to materialism. And metaphysics has failed in proportion to the phenomenal success of naturalism, the idea that the laws of nature alone can completely explain the contents of the universe. For the eliminative materialist and determinist philosopher, who thinks there is "nothing but" matter, metaphysics is dismissed as nonsense.



The books of Aristotle that Andronicus considered "beyond nature" included Aristotle's "First Philosophy" —  ontology (the science of being), cosmology (the fundamental processes and original causes of physical things), and theology (is a god required as "first cause?").


Aristotle's Physics describes the four "causes" or "explanations" (aitia)  of change and movement of objects already existing in the universe (the ideal formal and final causes, vs. the efficient and material causes). Aristotle's metaphysics can then be seen as explanations for existence itself. What exists? What is it to be? What processes can bring things into (or out of) existence? Is there a cause or explanation for the universe as a whole?


In critical philosophical discourse, metaphysics has perhaps been tarnished by its Latinate translation as "supernatural," with its strong theological implications. But from the beginning, Aristotle's books on "First Philosophy" considered God among the possible causes of the fundamental things in the universe. Tracing the regress of causes back in time as an infinite chain, Aristotle postulated a first cause or "uncaused cause." Where every motion needs a prior mover to explain it, he postulated an "unmoved first mover."  These postulates became a major element of theology down to modern times. 


Metaphysics is the division of philosophy which includes ontology, or the science of being, and cosmology, or the science of the fundamental causes and processes of things.  The primary meaning of metaphysics is derived from those discussions by Aristotle which he himself called the First Philosophy or Theology, and which deal with the nature of being as such, with first causes, new beginnings or genesis, and thus with the existence of God. 


For medieval philosophers, metaphysics was understood as the science of the supersensible. Albertus Magnus called it science beyond the physical. Thomas Aquinas narrowed it to the cognition of God. John Duns Scotus disagreed, arguing that only study of the world can yield knowledge of God. Scholastic philosophers mostly returned metaphysics to the study of being in itself, that is, ontology, which again today is the core area of metaphysical arguments. In renaissance Germany, Christian Wolff broadened metaphysics to include psychology, along with ontology, cosmology, and natural or rational theology. In renaissance England, Francis Bacon narrowed metaphysics to the Aristotelian study of formal and final causes, separating it from natural philosophy which he saw as the study of efficient and material causes. 

Descartes made a turn from what exists to knowledge of what exists. He changed the emphasis from a study of being to a study of the conditions of knowledge or epistemology. For empiricists in England like John Locke and David Hume, metaphysics includes the "primary" things beyond psychology and "secondary" sensory experiences. They denied that any knowledge was possible apart from experimental and mathematical reasoning.  Hume thought metaphysics was sophistry and illusion.



If we take in our hand any volume; of divinity or school metaphysics, for instance; let us ask, Does it contain any abstract reasoning concerning quantity or number? No. Does it contain any experimental reasoning concerning matter of fact and existence? No. Commit it then to the flames: for it can contain nothing but sophistry and illusion.



[image: image-placeholder]
Metaphysicist.com is a new website that solves some classic metaphysical problems using the methods and tools of information philosophy


In Germany, Kant's Critiques of Reason claimed a transcendental, non-empirical realm he called noumenal, for pure, or a priori, reason beyond or behind the phenomena. Kant's phenomenal realm is deterministic, matter governed by Newton's laws of motion. Kant's immaterial noumena are in the metaphysical non-empirical realm of the "things themselves" along with freedom, God, and immortality. Kant may have identified ontology not with the things themselves but, influenced by Descartes,  what we can think - and reason - about the things themselves. In either case, Kant thought metaphysical knowledge might be impossible for finite minds.


The notion that metaphysics transcends experience and the material world led to nineteenth-century positivists like August Comte and Ernst Mach, and twentieth-century empiricists like Rudolf Carnap and Moritz Schlick, also denying the possibility of metaphysical knowledge. Carnap maintained that metaphysical statements are meaningless.

Naturalism is the anti-metaphysical claim that there is nothing in the world beyond the material (including energy), that everything follows "laws of nature," and that these laws are both causal and deterministic. So "supernatural" appears to imply "immaterial" and the freedom to break the laws of nature. Information philosophy denies the supernatural. But it defends immaterial information as that which constitutes the human spirit, or soul, the "ghost in the machine." And it defends ontological chance as the generator of novel possibilities that are not determined by the "fixed past."


Positivism is the claim that the only valid source of knowledge is sensory experience, reinforced by logic and mathematics. Together these provide the empirical evidence for science. Comtean positivism rejected metaphysics and theology as obsolete earlier phases in the development of knowledge. 


Mach's positivism claimed that science consists entirely of "economic summaries" of the facts (the results of experiments). He rejected theories about unobservable things like Ludwig Boltzmann's atoms, just a few years before Albert Einstein used Boltzmann's work to prove that atoms exist.



The logical positivism of Bertrand Russell and Ludwig Wittgenstein claims that all valid knowledge is scientific knowledge, though science is often criticized for "reducing" all phenomena to physical or chemical events. The logical positivists may have identified ontology not with the things themselves but what we can say - using concepts and language - about the things themselves. 

Logical positivists and the logical empiricists of the Vienna Circle not only asserted that all knowledge is scientific knowledge derived from experience, i.e., from verifiable observations, they also added the logical analysis of language as the principal tool for solving philosophical problems. They divided statements into those that are reducible to simpler statements about experience and those with no empirical basis. These latter they called "metaphysics" and "meaningless." While language is too slippery and ambiguous to serve as a reliable tool for philosophical analysis, quantitative information, which underlies all language use, is such a tool. 


Logical positivists and empiricists mistakenly claim that physical theories can be logically deduced (or derived) from the results of experiments. A second flaw in all empiricist thinking since Locke et al. is the mistaken idea that all knowledge is derived from experience, written on the blank slate of our minds, etc. In science, this is the flawed idea that all knowledge is ultimately experimental. To paraphrase Kant and Charles Sanders Peirce, theories without experiments may be empty, but experiments without theories are blind.


By contrast, the modern hypothetical-deductive method of science maintains that theories are not the logical (or inductive) consequences of experiments. As Einstein put it, after shaking off his early enthusiasm for Mach's positivistic ideas, theories are "free inventions of the human mind."  Theories begin with hypotheses, mere guesses, "fictions" whose value is shown only when they can be confirmed by the results of experiments. Again and again, theories have predicted behaviors in as yet untested physical conditions that have surprised scientists, often suggesting new experiments that have extended the confirmation of theories, which again surprise us. As pure information, scientific knowledge is far beyond the results of experiments alone.




Metaphysics has been a search for the preconditions of existence, for the meaning of being, for original "first causes" (arche) and final ends (telos), especially for that which is beyond our senses - the "things themselves."   In an epistemological age after Descartes, metaphysics came to include the preconditions for knowledge, especially knowledge of physical things, somehow independent of our sensible experience, and especially certain knowledge - knowledge by abstract reason alone.

Although in recent years metaphysics has become something of a catch-all category for unsolved problems in philosophy and physics, ontology has remained its central concern and we will focus on the ontological status of material objects as "information structures" and the existential status of "immaterial information" about these structures and about information itself, as our basis for knowledge. Immaterial ideas are as real a part of the physical world and its causal structure as is matter, even though they are ideal and not material. 


Beyond synchronic ontology, diachronic cosmology has now traced back the origin and evolution of the material universe to a "Big Bang" some 13.75 billion years ago. But deep metaphysical questions remain. Did time start at the Big Bang? Was there space with nothing in it, before matter came into existence? Could there have been pure information before there was space and time? Did that information include the possibility of the universe? Are space and time only universal ideas, continuous immaterial forms, that help us organize and describe the workings of discontinuous and discrete particulate matter and energy?



How Information Philosophy Solves Some Problems in Metaphysics


The first claim of a metaphysics based on information is that the physical universe contains more than just matter (and energy) in motion. The Platonic realm of ideas, Kant's noumenal realm of "things in themselves" unconstrained by the deterministic laws of matter in motion, an immaterial mind that gives those ideas causal powers, and the immortal aspect of those ideas, all these touch on problems traditionally part of metaphysics.

Information philosophy may never answer "ultimate" questions like Leibniz' "Why is there something rather than nothing?," but it can answer why there appears to be a providential process at work that makes the world comfortable for life in general and man in particular.


For information philosophy, ontology is not about what we can think nor what we can say about the things themselves. Rather, it is about the immaterial information content of things, which is intimately connected with the information in the thoughts in our minds and in the concepts and words used to communicate the information that is in the things themselves. The partial isomorphism between the information in the external world of objects and the internal information about those objects in our minds is a quantitative measure of our knowledge about the objects. 


Thus there is a second claim. Because the external information is in the things themselves, information philosophy provides an ontological inventory of what exists in a mind-independent reality that in no way depends on how we came to acquire the knowledge of what exists. Furthermore, complete information in a thing (while probably rarely obtainable) may contain what it is like to be some thing.


A third claim rests on the unqualified existence of immaterial, non-substantial, abstract, universals, some of which are necessary by logical definition, all of them existing in the Platonic and noumenal realm of pure information. By contrast, substantial concrete particulars are all material (including the pure energy of radiation) and thus contingent and empirical. The third claim is that, although our knowledge of the information realm has come initially from experience, that is from empirical sources, the information realm itself is non-empirical (though physical) and therefore non-reducible to "causally closed" matter in motion. 


Metaphysics asks about the general nature of all things/beings, and Being itself. Information is such an essential property of all things. And it is a quantitative property, much more powerful that linguistic concepts.  It gives form to the matter. Matter without form is not distinguishable, comprehensible, blind/invisible. Form without matter is empty - an essence without an existence. Individuation, instantiation of a form in matter, etc.



Problems in Metaphysics



Many of the problems facing today's metaphysicians concern the fundamental structure of reality, the underlying material substance and the creative process that gives individual objects their shape and form, their qualities or properties. 

Apart from appearances and the sense data of experiences, what is the underlying reality, what is there "really?" What "constitutes" a material object? What is its "principle of individuation?" Does a concrete object maintain its identity as it moves in space and time? 


A surprising number of today's metaphysical questions were first asked over two millennia ago by the ancient Greek philosophers. It is shocking that so little progress has been made toward definitive answers to some of them. 


Perhaps it is because metaphysics is a search for certain knowledge that is beyond the material world, not derivable from experience, and eternally true (in any possible world).  Such knowledge is limited to immaterial ideas in logic ("A is A"), mathematics (7 + 5 = 12), and some sentences or propositions that are true by (conventional) definition.


Can unchanging eternal ideas and truths provide us any knowledge about the constantly changing material world?


And what is the existential (or ontological) status of these abstract ideas? Do numbers exist? If so, is their kind of existence different from that of material objects? Do the past and present exist? Are there immaterialminds apart from material brains? How could they interact?


Although many metaphysicians claim to be exploring the fundamental structure of reality, the overwhelming fraction of their writings is about problems in analytic linguistic philosophy, that is to say problems with words. Many questions appear to be verbal quibbles. Others lack meaning or have no obvious truth value, dissolving into paradoxes.


Based on current practice, we can sharpen the definition of a metaphysician to be an analytic language philosopher who discusses metaphysical problems.


By contrast, a metaphysicist is an information philosopher who is familiar with modern physics, chemistry, and biology, as well as the interpretation of quantum physics. The fundamental structure of reality today must confront the mysteries and puzzles of quantum reality. 


For example, the wave function of a quantum particle is pure information. Some interpretations of quantum mechanics are fundamentally metaphysical, problems for a metaphysicist.


Note that many metaphysical problems are dichotomies, with either/or debates, suggesting that a common underlying theme is some kind of dualism, almost always the dualism between materialism and idealism (pure abstract information). 





This "linguistic turn" and naturalizing of epistemology can be traced back to Kant and perhaps even to Descartes.

Stanford Encyclopedia of Philosophy
Wikipedia


Source: https://www.informationphilosopher.com/problems/metaphysics/
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Definition of Life

There have been many dozens of definitions of life over the years by philosophers and by scientists, especially by biologists. 


Most definitions have included characteristic properties like homeostasis (the ability to maintain its internal chemical and physical conditions, like temperature), metabolism, the conversion of matter and energy to build components like proteins, fats, nucleic acids and eliminate waste, are composed of cells, and are capable of growth. Some add that they can respond to stimuli, adapt to their environment, reproduce, and evolve according to Darwin's natural selection.


The latter two are questionable because sterile animals like mules and animals that die childless are/were clearly living things.


Information philosophy expands the notion of responding to a stimulus to the properties of sentience, receiving signals from the environment, including other living things, and agency, reacting to external signals with deliberate responses that are not simply deterministic reflexes, but actions that have been decided upon by an intelligent analysis of options - choices between alternative possible actions. All living things "communicate" immaterial  information and use that information to actively manage the flow of matter and energy through themselves.  


Inanimate objects are passive information structures where the arrangement of their material contents is entirely controlled by physical and chemical processes that are governed by natural laws. Macroscopic objects are adequately determined by the law of age numbers averaging over myriad quantum events. The outcomes of microscopic processes involve quantum chance.


Living things combine microscopic chance and macroscopic determinism when they create new information.



Source: https://www.informationphilosopher.com/life/definition/
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The origin, nature, and purpose of life — from biology to teleology.
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Life Overview

Since ancient times living things have been distinguished from inanimate objects by their ability to move themselves. Yet when such an animated "self" dies, it returns to inert physical matter. An inanimate object can only move as the result of physical forces imposed on it by other objects. Is there some "vital" immaterial element added to the material body, a "breath of life" that leaves the body at death? This was the ancient idea of an immaterial spirit or soul (psyche) inhabiting the body. Information philosophy has identified that immaterial entity in living things.

 
This spirit or soul is somewhat similar to the idea popular in recent centuries known as "vitalism." French philosopher Henri Bergson called it the elán vital." This was something, perhaps a substance, that distinguishes living things from the non-living. Information philosophy finds no such material substance.


While modern biology has discredited the idea of vital force explaining life, many modern philosophers and psychologists have not abandoned a similar idea that all matter includes a psychic or mental aspect. Pan-psychism is the belief that all material particles have a mental capacity and some elemental consciousness.


Pan-psychists do not believe that minds could emerge from matter. So they simply assume that even the most elementary particles of matter must contain a mind-like element and, moreover, all particles share in a kind of "cosmic consciousness." As a scientific explanation, this is less satisfactory than one that shows how mind (and life) can appear later than those times when physical conditions were extremely hostile to living and thinking organisms. 


This is the goal of information philosophy's cosmic creation process, which starts by explaining how inanimate "information structures" can come into existence or "emerge" despite the second law of thermodynamics. This law claims that any order or information in a closed system must eventually be destroyed by the increasing entropy or disorder.  But the universe is not a closed system. It is open and rapidly expanding, which provides more possibilities for novel Information structures, including galaxies, stars, and planets, which were impossible in the early universe. Even atoms and molecules were not stable in the very early universe.


We cannot today explain how the universe itself might have a "beginning" at time = zero, the emergence of "something from nothing," although we have made a radical suggestion. But information philosophy, based on cosmology and physics, can describe the first appearance of orderly physical objects that stand out as distinguishable from their disorderly surroundings. 


This includes the emergence of neutrons and protons (nuclear particles) from combinations of quarks. Protons could not combine with electrons to form stable hydrogen atoms until 380,000 years after the universe origin, when the temperature fell below 5000 degrees Kelvin. At that temperature, the entire sky was as bright and hot as the surface of our Sun today. Above this temperature,  a newly formed hydrogen atom would be instantly ionized back to an electron and proton by the hot thermal radiation (photons). 


Below that temperature, the electrons bound into hydrogen atoms no longer scatter those photons as strongly as free electrons scatter them. Photons then could suddenly travel great distances in straight lines. Some of those travelled for nearly 14 billion light years through space, where our radio telescopes today see them as the sky-filling uniform cosmic background radiation of the early universe, red-shifted and cooled down to the extremely low temperature of just a few degrees above absolute zero.


The expanding universe continued to cool and the sky darkened.


It would be millions of years before the universe temperature was low enough that the force of gravity could collapse the warm dust and gas (hydrogen mostly) into large astronomical objects like the planets and stars visible today. The earliest stars to form may have had so much mass that they quickly passed through the stages of stellar evolution and exploded violently, distributing heavy elements enriching the cosmic dust.


Our own solar system with its life-supporting planet did not form until nearly nine billion years after the universe origin. By that time the dust of the solar nebular disk had all the elements necessary for life, like carbon, nitrogen, oxygen, phosphorous, etc.


See the cosmic creation process for details, including our radical suggestion of creating something from nothing.


Source: https://www.informationphilosopher.com/life/
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Agency

Agency entered the universe with the emergence of Life. So far the search for extraterrestrial life has not found anyone. So our."Home in the Universe." as two important books in the mid-1990's  with identical titles by  John Wheeler and by Stuart Kauffman  described it, is the terrestrial biosphere and the Gaia hypothesis of 

Many writers hope to find agency, purpose, and meaning, and value in the evolution and development of the universe since the origin, and many search for that agency even earlier in a divine creator or intelligent designer of the universe. 


We can say that value and meaning did exist from the origin of the complex information structures of the universe. 


The  value was in the free energy, liberated from the second law by the expansion of the universe, as shown by Arthur Stanley Eddington and  David Layzer. 


The purely material universe was meaningful, but its meaning was not seen or appreciated fully until living systems experienced it.


Among the philosophers (and some scientists) searching for God we can include the ancient Greeks, Plato and Aristotle, moderns like Kant, 


Information philosophy is satisfied to have identified a process, the cosmic creation process,  which explains how the universe evolution escaped the second law of thermodynamics to generate all the elementary material particles  of the passive information structures in the universe, as well as the immaterialinformation in material objects as well as the immaterial concepts in minds and in the Sum of externally stored human knowledge.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
Reductionismpassive information structures                                                                               a                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  





Source: https://www.informationphilosopher.com/life/agency/
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Autopoiesis

Autopoesis is the name that the Chilean neuroscientist Umberto Maturana and his student Francisco Varela gave to complex systems that "self-organize"  and "self-assemble."  In their Santiago Theory of Cognition, they say "Living systems are cognitive systems, and living as a process is a process of cognition. This statement is valid for all organisms, with or without a nervous system."


Our information philosophy model of a living system is one that communicates information between all of its parts to maintain homeostasis. Cellular signaling is the most basic requirement for a cognitive system.




Source: https://www.informationphilosopher.com/life/autopoesis/
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Beyond Darwinism?

Beyond Darwinism describes efforts to go beyond the Modern Synthesis or "Neo-Darwinian" evolution developed in the early twentieth century by Julian Huxley, Theodosius Dobzhansky, Ernst Mayr, and others.


They include Evolutionary Development Biology or "Evo-Devo" theory, the Extended Evolutionary Synthesis, the Third Way of Evolution (TWE) project, and Evolution 2.0


Evolutionary Developmental Biology or "Evo-Devo"


Evolutionary developmental biology, informally known as evo-devo, grew from 19th-century beginnings, where embryology faced a mystery: zoologists did not know how embryonic development was controlled at the molecular level. Charles Darwin noted that having similar embryos implied common ancestry, but little progress was made until the 1970s. Then, recombinant DNA technology at last brought embryology together with molecular genetics. 

One is deep homology, the finding that dissimilar organs such as the eyes of insects, vertebrates and cephalopod molluscs, long thought to have evolved separately, are controlled by similar genes such as pax-6, from the evo-devo gene toolkit. Another is deep homology,  that dissimilar organs such as the eyes of insects,  long thought to have evolved separately, are controlled by similar genes such as pax-6, from the evo-devo gene toolkit. Still another possibility is the neo-Lamarckian theory that epigenetic changes are being inherited along with changes in DNA.


In 1977, a revolution in thinking about evolution and developmental biology began, with the arrival of recombinant DNA technology in genetics, the book Ontogeny and Phylogeny by Stephen J. Gould and the paper "Evolution and Tinkering"[28] by François Jacob. Gould laid to rest Haeckel's interpretation of evolutionary embryology, while Jacob set out an alternative theory. This led to a second synthesis, at last including embryology as well as molecular genetics, phylogeny, and evolutionary biology to form evo-devo.


In 1978, Edward B. Lewis discovered homeotic (homeobox, HOX) genes that regulate embryonic development in Drosophila fruit flies, which like all insects are arthropods, one of the major phyla of invertebrate animals. There were evidently strong similarities in the genes that controlled development across all the eukaryotes.


In 2001, a seminar entitled "From Embryology to Evo-Devo" (Evolutionary Biology) was held at the Marine Biology Laboratory at Woods Hole MA.


This Evo-Devo theory should not be confused with the Evo Devo Universe community.



Extended_Evolutionary_Synthesis


The Extended Evolutionary Synthesis (EES) augments the  Modern Synthesis  with additional causative factors. It includes multilevel selection, transgenerational epigenetic inheritance, niche construction, evolvability, and several concepts from evolutionary developmental biology
EES consists of a set of theoretical concepts argued to be more comprehensive than the earlier modern synthesis of evolutionary biology that took place between 1918 and 1942. The extended evolutionary synthesis was called for in the 1950s by C. H. Waddington, argued for on the basis of punctuated equilibrium by Stephen Jay Gould and Niles Eldredge in the 1980s.


EES was reconceptualized in 2007 by Gerd Müller and Massimo Pigliucci and their 2010 book Evolution: The Extended Synthesis, which is the current basis for work on the extended synthesis.


See the 2017 Royal Society article "Why an extended evolutionary synthesis is necessary" for further details.



The Third Way of Evolution

Denis Noble and James A. Shapiro established The Third Way of Evolution (TWE) project in 2014. The TWE, which is also known as the "Integrated Synthesis," shares many similarities with the extended evolutionary synthesis but is more radical in its claims. The TWE consists of a group of researchers who provide a "Third Way" alternative to creationism and the modern synthesis. The TWE predicts that the modern synthesis will be replaced with an entirely new evolutionary framework. Similar to the extended evolutionary synthesis (EES), advocates cite examples of developmental bias, genetic assimilation, niche construction, non-genetic inheritance, phenotypic plasticity and other evolutionary processes. Shapiro's natural genetic engineering, a process described to account for novelty created in biological evolution is also important for the TWE. 

The difference between the extended synthesis and the TWE is that TWE calls for an entire replacement of the modern synthesis rather than an extension.


Noble has proposed Ten Principles of Systems Biology:[


Biological functionality is multi-level


Transmission of information is not one way


DNA is not the sole transmitter of inheritance


The theory of biological relativity: there is no privileged level of causality


Gene ontology will fail without higher-level insight


There is no genetic program


There are no programs at any other level


There are no programs in the brain


The self is not an object


There are many more to be discovered; a genuine 'theory of biology' does not yet exist

[image: image-placeholder]
Venn diagram of the Integrated Synthesis of TWE

James A. Shapiro has discovered 
regulatory networks that adapt to stress conditions to maximize the probability of survival.


All living cells sense and respond to changes in external or internal
conditions. Without that cognitive capacity, they could not obtain nutrition
essential for growth, survive inevitable ecological changes, or correct
accidents in the complex processes of reproduction. Wherever examined,
even the smallest living cells (prokaryotes) display sophisticated regulatory
networks establishing appropriate adaptations to stress conditions that
maximize the probability of survival. Supposedly “simple” prokaryotic
organisms also display remarkable capabilities for intercellular signalling
and multicellular coordination.

These observations indicate that all living cells are cognitive.



Shapiro explicitly explains that this cognitive behavior is "purposeful"... 


Rather than being the passive beneficiaries of random mutations and natural selection, all organisms play an active role in their hereditary variation and natural selection by activating transposable elements in response to ecological challenges.



These "purposeful" internal regulatory networks may be invisible, but they complement the clearly visible and purposeful behaviors of the simplest prokaryotes like bacteria rotating their flagella counterclockwise when measurement along their cell surface signals better conditions ahead, but who rotate clockwise and tumble, then start off in a random direction in search of better conditions. 



Evolution 2.0


Denis Noble is also a major participant in an ambitious program called Evolution 2.0. Noble,  Harvard geneticist  George Church and advertising strategist Perry Marshall, are offering an incentive prize ten times the size of the Nobel – believed to be the largest single award ever in basic science –  to the person or team solving the largest mystery in history: how genetic code inside cells got there, and how cells intentionally self-organize, communicate, then purposely adapt. This $10 million challenge, the Evolution 2.0 Prize can be found at herox.com/evolution2.0.


Do Efforts to Get Beyond the Modern Synthesis (Variation in DNA) Really Get Beyond Darwinism?


Evolutionary Developmental Biology or "Evo-Devo," the Extended Evolutionary Synthesis (EES), and the Third Way of Evolution (TWE) have all added new sources of variation in what gets inherited in the next generation.

But there is no change in Darwin's fundamental idea of natural selection, popularly known as "Survival of the Fittest." Indeed, Darwin knew nothing of DNA and the Genetic Code.


Many thinkers who want to get Beyond Darwinism seem to oppose the random (chance) source of variation and are looking to find "purpose in the universe, even before the origin of life." 


The Evo Devo Universe


The 

Source: https://www.informationphilosopher.com/life/beyond/
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Biosemiotics

This web page is adapted from slides presented in June 2015 at the U.C. Berkeley Symposium - 
"From Information to Semiosis."


You may link to the dynamic presentation slides here - informationphilosopher.com/presentations/Biosemiotics,.


There you can advance forward and backward in the presentation. 


Below the slides are static in this one vertical page.
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The Experience Recorder and Reproducer



What is the minimal mind model that a primitive organism needs to process the information needed for biosemiotic interpretant power?


The neuroscientist Donald Hebb said in 1949 that 

"neurons that fire together wire together."


Information philosopher Bob Doyle suggests that 

“neurons that have been wired together will fire together.”

The ERR Recorder: Neurons become wired together 
(strengthening their synaptic connections to other 
neurons) during an organism’s experiences, across 
multiple sensory and limbic systems.

The ERR Reproducer: Later firing of even a part of 
the previously wired neurons can stimulate firing of
 all or part of many original complexes, thus "playing
 back" the original experiences (including the very 
important emotional reactions to the original experiences)
producing William James’ “blooming, buzzing, confusion.”

Man is not a machine. And the mind is not a computer.

The ERR model stands in contrast to the popular cognitive science or “computational” model of a mind as a digital computer with a "central processor" or even many "parallel processors." No algorithms or stored programs are needed for the ERR model. There is nothing comparable to the addresses and data buses used to store and retrieve information in a digital computer. The mind is a biological information processor.


[image: image-placeholder]


The ERR and Consciousness



At a conference on Free Will in Barcelona in 2010, Martin Heisenberg asked if I could develop proposals for evolutionary steps between his 
bacterial level and the human levels of free will. I decided to regard them as levels of consciousness about experiences in
the Experience Recorder and Reproducer

Instinctive Consciousness - by animals with little or no
learning capability. Automatic reactions to environmental conditions are transmitted genetically. Information about past experiences (by prior generations of the organism) is only present implicitly
in the inherited reactions. (Konrad Lorenz- “What’s a priori in the phenotype was a posteriori in the genotype.”)
Learned Consciousness - for animals whose past experiences
guide current choices (along with inherited experience). Conscious, but mostly habitual, reactions are developed through experience, including instruction by parents and peers.

Predictive Consciousness - A sequencer in the ERR system
can play back beyond the current situation, allowing the organism
to use imagination and foresight to evaluate the future
consequences of its possible choices.

Reflective (Normative) Consciousness– in which conscious
deliberation about individual values and the shared values of the species influences the choice of alternative behaviors. 




The Two-Stage Model of Free Will



The Standard Argument Against Free Will

If we are determined, we are not free.

If our actions are random, we are not responsible.






Philosophers Think Free Will Acts at a Moment

[image: image-placeholder]





The Temporal Sequence of first Free, then Will

[image: image-placeholder]






Most philosophers and scientists are compatibilists, who want their actions to be caused by their reasons, motives, feelings, etc. and not be random. They think free will is compatible with determinism.


In the two-stage model, ontological chance or indeterminism of quantum mechanics is limited to the free generation of alternative possibilities.



In the second stage, the evaluation of alternatives is an adequately (statistically) determined process that leads to a willed act of self-determination.



This should be all that a compatibilist could want. It adds the fact that our actions are not pre-determined from moments before the decision process begins.

[image: image-placeholder]

Downward Causation



Is it illogical to claim that biological information processing systems can have one-way causality?

The philosopher of mind Jaegwon Kim claims that the physical world is "causally closed," that the mind is epiphenomenal, that every mental event has a 
corresponding physical event that is the efficient cause of our actions. Mental events are redundant!


A study of the behavior of atoms and molecules in ribosomes in normal cells and in ion channels in neurons shows that semiotic information control flows only downward at the 
biological/chemical and mental/biological interfaces. 


The lower level atoms and molecules are shown to be in thermal equilibrium. Their paths do not contain the information (Gibbs/Boltzmann “molecular order”) that would be needed for lower levels to be “in charge” of the upper levels. The intuitions of the emergentists are confirmed that biology cannot be reduced to chemistry and physics, nor can mind be reduced to the brain/body. 


Biosemiotic control has one-way causality.



	[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=TfYf_rPWUdY

Ribosomes exercise "one-way" control, organizing molecules that are clearly in thermal equilibrium

	[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=Q73uJ8WlY_E

Ion pumps pick out ions that are in thermal equilibrium



[image: image-placeholder]


A Ribosome at the Biology/Matter Boundary


	[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=TfYf_rPWUdY

	[image: image-placeholder]
See The Cosmic Creation Process.




The twenty amino acids move about randomly in a cell, the consequence of thermal and quantum noise. Attached to them are tiny bits of transfer RNA, each with three letters of the genetic code that identify them. They bump randomly into the ribosome, which may be moving along a sequence of the genetic code written in the messenger RNA sent from the cell nucleus, signaling that more of a specific protein or enzyme is needed. The random motion shows us that no organized or coherent information is present in the unattached tRNAs that could cause something from the bottom up to control the higher level.


Notice the absurdity of the idea that the random motions of the transfer RNA molecules (green in the video), each holding a single amino acid (red), are carrying the pre-determined information about where they belong in the protein. Reductionism is nonsense.


It is the information processing of the higher-level ribosome that is in control. As the ribosome moves along the string of mRNA, it reads the next three-letter codon and waits for a tRNA with the matching anti-codon to collide randomly. With over 60 codons for the 20 amino acids, it might be some time before the desired amino acid shows up. Note that it is the high speed of the random thermal motions that allows this process to proceed rapidly. 



An Ion Pump at the Mind/Brain Boundary


	[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=Q73uJ8WlY_E
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See The Cosmic Creation Process.




When a single neuron fires, the active potential rapidly changes the concentration of sodium (Na+) ions inside the cell and potassium (K+) ions outside the cell. 


Within milliseconds, thousands of sodium-potassium ion transporters in the thin lipid bilayer of the cell wall must move billions of those ions, two or three at a time between inside and outside the cell wall, to get the neuron ready to fire again.


All the individual ions, atoms, and molecules in the cell are moving rapidly in random directions. The indeterministic motions of the ions randomly move some near the pump opening, where quantum collaborative forces can capture them in a lock-and-key structure. The idea that the physical/chemical base level contains enough information in the motion of its atoms and molecules to cause and explain the operations of the higher levels of life and mind is simply absurd.


The emergent biology of a sodium-potassium pump exerts downward causation on the ions, powered by ATP energy carriers (feeding on negative entropy).


The sodium-potassium pump in our neurons 
is as close to a Maxwell’s Demon as anything 
we are ever likely to see.



Biological Information Processing Turns Matter Into Life



When a ribosome assembles 330 amino acids in four symmetric polypeptide chains (globins), each globin traps an iron atom in a heme group at the center to form the hemoglobin protein. This is downward causal control of the amino acids, the heme groups, and the iron atoms by the ribosome. The ribosome is an example of Erwin Schrödinger's emergent "order out of order," life "feeding on the negative entropy" of digested food.  


The random motions of the molecules in the cytosol insure that there is no organized "bottom-up" causation directing the ribosome.


Notice the absurdity of the idea that the random motions of the transfer RNA molecules (green in the video at right), each holding a single amino acid (red), are carrying pre-determined information of where they belong in the protein. 



[image: image-placeholder]

When 200 million of the 25 trillion red blood cells in the human body die each second, 100 million new hemoglobins must be assembled in each of 200 million new blood cells . With the order of a few thousand bytes of information in each hemoglobin, this is 10 thousand x 100 million x 200 million = 2 x 1020 bits of information per second, a million times more information processing than today's fastest computer CPU. 


The ribosome is an information-processing biological system that has emerged from the lower level of chemistry and physics to exert downward causation on the atomic and molecular components needed to manufacture hemoglobin. 



Claude Shannon's Communication of Information 


[image: image-placeholder]


Roman Jakobson's Communications Functions


[image: image-placeholder]

Jakobson's work on communications functions appeared in Thomas Sebeok's 1960 book, Style in Language.



Writing about ten years after Claude Shannon, and making no specific reference to his theory of the communication of information, Jakobson's diagrams clearly reflect Shannon's influence.  Jakobson distinguished six communication functions, each associated with a dimension or factor of the communication process. 


Context was perhaps Jakobson's most important addition to semiotics. Adding context gives us the difference between semantics (the standard dictionary meaning of a word according to the normal "rules" of the language) versus pragmatics, the meaning that may be intended by the sender, or should be inferred by the receiver/interpreter because of the current situation. Jakobson calls this contextual information "denotative," "cognitive," "referential,"  the "leading task" of a message.  Context-dependence alters the "meaning" to suit the purpose of a communication.

Notes:

	referential (: the denotative or connotative "aboutness," contextual information, the "third person," someone or something the message is about)
	aesthetic/poetic (: information )
	emotive (: the addressee's self-expression, attitude, intention, first person)
	conative (: vocative or imperative addressing of receiver, second person)
	phatic (: no information, checking channel working, are you still there?)
	metalingual (: "about" the language itself, checking code working, agreement on the meanings of words)


Jakobson's famous but mysterious dictum "the poetic function projects the principle of equivalence from the axis of selection to the axis of combination" presages the fall of Saussure's synchronic, time-independent structuralism to the post-structuralist and post-modernist diachronic view, notably Jacques Derrida's "différance" whose meaning of deferral can only be seen and not heard, to displace the Platonic privileging of voice over text. 


Derrida showed that  meaning is deferred, disseminated, that Saussure's claim that meaning is "différence" is not the whole story. And Roland Barthes showed the dyadic Saussurean s/S becomes the "circle of signifiers" s/Z if one is trapped in Jakobson's "selection axis" of looking up words in a dictionary of dead (non-evolving) languages.



Umberto Eco's Communications Model


[image: image-placeholder]

In his book, A Theory of Semiotics, written between 1967 and 1974, Umberto Eco rewrote the "usual communications model" as above (p.141), with strong influences from Claude Shannon and possibly Roman Jakobson.


He wrote:


The information of the message is only reduced by the addressee when he selects a definite interpretation.



He also wrote a paradoxical example of the problem facing the interpretant:
i vitelli dei romani sono belli

"Go Vitellius, to the sound of war of the Roman gods?"

"The lambs of the Romans are beautiful?"



Charles Sanders Peirce's Theory of Semiotics


[image: image-placeholder]


Three Worlds


[image: image-placeholder]


A Biosemiotic Flow Chart


[image: image-placeholder]


Concepts and Percepts (without Objects)



Immanuel Kant wrote this famous chiasmos (figure of speech)

Gedanken ohne Inhalt sind leer.

Anschauungen ohne Begriffe sind blind.KrV B 75.16. Note that Kant had earlier (B 74.19) used "Begriffe ohne Anschauungen" so his chiasmos might have 
been symmetric before Peirce. His "ohne Inhalt" is unfortunate. Everything without content is empty!


Charles Sanders Peirce adapted this for  a beautifully symmetric chiasmos about the fundamental dualism.


If Materialism without Idealism is blind,

Idealism without Materialism is void.


With a nod to Kant and Peirce, we can say


Kantcepts without Peircepts are empty.

Peircepts without Kantcepts are blind.


And although Freedom and Values are not a dualism, they too require one another and we can observe,


Freedom without Values is Absurd (Continental Existentialism).

Values without Freedom are Worthless (British Utilitarianism).




Link to this presentation: http://informationphilosopher.com/presentations/Biosemiotics/
Email me:BobDoyle@InformationPhilosopher.comorrodoyle@fas.harvard.edu




Source: https://www.informationphilosopher.com/life/biosemiotics/
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The term "biosphere" first appeared in 1875 in a work by the Austrian geologist Eduard Suess as a thin layer of the lower atmosphere and the lithosphere. But it was made famous by Vladimir Vernadsky as the title of his 1926 book The Biosphere.


The term influenced Teilhard de Chardin in his naming of a "mind-sphere" as the "noösphere." Teilhard introduced the term noösphere in a 1922 publication on his theory of cosmogony that he called "Cosmogenesis."


The idea of the earth and sky being populated with life was surely in the minds of James Lovelock and Lynn Margulis as they formulated their Gaia hypothesis in the 1970's.




Source: https://www.informationphilosopher.com/life/biosphere/
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Complexity Theory is the study of how order, patterns, and structure appear in complex, apparently chaotic, systems that are far from equilibrium, sharing matter and energy (of low entropy) with their environment and exhibiting "self-organization" and stability, apparently avoiding the degradation (increase of entropy) normally required by the second law of thermodynamics. 

It has historical connections with the General Systems Theory of Ludwig von Bertalanffy. General Systems Theory is a theory of emergence, which was implicit in the work of John Stuart Mill and explicit in "emergentists" like George Henry Lewes (1875), C. Lloyd Morgan (1912), Samuel Alexander (1920), and C. D. Broad (1925).


Many scientists had known for decades before Bertalanffy that living systems somehow avoid the inevitable degradation suffered by physical systems, according to the second law of thermodynamics. Instead of approaching thermodynamic equilibrium (complete chaos) and maximum entropy, living systems maintain themselves in a high state of order (or information) far from equilibrium.  Earlier thinkers had called this a "dynamic equilibrium," but Bertalannfy called it "flow equilibrium." In his 1932 book Theoretische Biologie, he described living systems as open systems that exchange matter and energy with the environment.  


More important than the new terminology, Bertalanffy in 1940 described what was happening in a way made famous five years later by  Erwin Schrödinger in his book What is Life?, namely that energy is not enough, it must be energy with low (or negative) entropy, or what Bertalanffy correctly called "free energy.".


Bertalanffy wrote:


In open systems we have not only production of entropy due to irreversible processes, but also import of negative entropy. This is the case in the living organism which imports [consumes nutrients with] complex molecules that are high in free energy. Thus, living systems, maintaining themselves in a steady state, can avoid the increase of entropy, and may even
develop towards states of increased order and organization.


In his 1945 essay What is Life?, Schrödinger would say that "life feeds on negative entropy." Schrödinger described this as "order out of order" that distinguishes life from the "order out of chaos" exhibited by many complex physical systems studied today.


Ilya Prigogine and his collaborator Isabel Stengers titled their 1984 book Order Out Of Chaos. In it, they focused on physical systems far from equilibrium which exhibit the flow of matter and energy from the environment through an open system. Prigogine called them "dissipative structures" and developed the non-linear thermodynamics needed to describe them mathematically. 

Prigogine thought these dissipative systems showed "self-organizing" characteristics similar to those of biological systems. He also thought their irreversibility could provide a new definition of time beyond classical Newtonian physics, which makes collisions between microscopic particles reversible. 


Prigogine believed that before him, there was "no direction of time, no distinction between past and future," because even quantum mechanics, in the form of Erwin Schrödinger's deterministic wave equation, could not do so (without invoking a collapse of the wave function). Prigogine introduced what he called a "third time" into physics - time as irreversibility. He saw non-equilibrium, dissipative systems far from equilibrium, as a new source of order giving to the system ill-defined "new space-time properties." ("The Meaning of Entropy," in Evolutionary Epistemology, p.63) 
In the 1950's and 1960's, American meteorologist Edward Lorenz found that small rounding errors in his computer data (which has a limited number of significant figures) leads to large non-linear instabilities that expand exponentially in time and make long-term prediction impossible.  This is the famous "Butterfly wings in Beijing" effect discovered in weather predictions.


Lorenz's work led to the mathematical theory of deterministic chaos, a central component of modern complexity theory. Lorenz had discovered that deterministic and linear dynamical laws could not explain the non-linear processes he saw in weather data. This made a non-linear theory necessary.
 


Deterministic Chaos


Chaos theory is the study of systems that are highly sensitive to initial conditions.

It is important to stress that there is nothing random or undetermined  about chaos theory. It involves no quantum indeterminacy, which is the basis for ontological chance.  Although it exhibits behaviors that resemble some phenomena in the real world, they are metaphors for behaviors, not physical explanations.


Chaos should not be confused with unpredictability, just as determinism should not be confused with predictability. The fundamental importance of chaos theory is its application to systems that are extremely sensitive to initial conditions. Chaotic systems are deterministic, but not predictable. Their unpredictability does not mean that they are random or indeterministic, as many philosophers and a few scientists who dislike quantum mechanics have mistakenly believed (e.g., Ilya Prigogine).



Some philosophers appear to believe that chaos theory can provide all the randomness need to prevent free will from being deterministic (e.g., Daniel Dennett). Some think that non-linear chaotic behavior disproves the determinism of Laplace's super-intelligent demon. Laplace probably knew that the information required by the demon was unobtainable. Isaac Newton certainly knew that his observations could not confirm his theory to arbitrary accuracy needed to prove perfect determinism. 

Ludwig Boltzmann, his admirer and contemporary Franz Exner, and Exner's student Erwin Schrödinger, often pointed out that deterministic theories go beyond the available evidence. Popularization of physical theories has often confused not just the public, but even philosophers of science.


On the three hundredth anniversary of Newton’s
Principia, Sir James Lighthill gave a lecture to the Royal Society, lamenting the confusion between Newton's classical mechanical determinism and the apparent claim of perfect predictability: 


”We are all deeply conscious today that the enthusiasm of our forebears for the marvellous achievements of Newtonian mechanics led them to make generalizations in this area of predictability which, indeed, we may have generally tended to believe before 1960, but which we now recognize were false. We collectively wish to apologize for having misled the general educated public by spreading ideas about determinism of systems satisfying Newton’s laws of motion that, after 1960,
were to be proved incorrect...”


Sensitivity to initial conditions was in fact known long before modern chaos theory and complexity theory. James Clerk Maxwell noted in the 1860's that even if two molecules were adjacent to one another in a hydrodynamic flow, they might find themselves in random places in the container after relatively short mixing times. He wrote:


When the state of things is such that an infinitely small variation of the present state will alter only by an infinitely small quantity the state at some future time, the condition of the system, whether at rest or in motion, is said to be stable; but when an infinitely small variation in the present state may bring about a finite difference in the state of the system in a finite time, the condition of the system is said to be unstable. 


Maxwell may have been first, but certainly not the last, to connect this sensitivity to initial conditions to free will (e.g., John Eccles, with his "critically poised neurons.")


The real world is only approximately classical mechanical (obeying Newton's dynamical laws at all scales). At the small scales of atomic and molecular physics, the world is quantum mechanical. There is nothing corresponding to deterministic chaos in quantum physics. Deterministic chaos requires continuous motion to produce mathematical singularities and exponential non-linearity. 


Despite their unpredictable and spontaneous "quantum jumps," the discrete states of the quantum world are more regular and stable than their classical analogues. Indeed, the long-term stability of quantum structures in their "ground states" is astonishing, as is the complete indistinguishability of elementary particles, which gives rise to extremely non-intuitive statistics. Finally, the long-term stability of quantum cooperative phenomena is evident in the ability of biological macromolecules to maintain (by error detection and correction) their information content over billions of years. 



The desire to describe randomness and chance in the world with deterministic chaos resembles the view of Adolphe Quételet and Henry Thomas Buckle that statistical regularities in various physical and social phenomena are evidence of an underlying determinism. Is the motivation similar to that which seeks an intelligent designer behind biological evolution? It seems that the "antipathy to chance" observed by William James at the end of the nineteenth century is alive and well in the twenty-first.


The Santa Fe Institute

 
Scholars at the Santa Fe Institute promote the self-organization aspects of complexity and chaos theories as assisting Darwin's theory of evolution. There is no doubt that in the early stages between non-living and living systems that auto-catalytic molecular evolution might provide one of the steps to biogenesis.

But some of these scholars think that complexity theory adds something that is not provided by the randomness of quantum physics. It may, but it does not provide the purpose (the teleonomy or entelechy) that appears when molecules first discover how to replicate themselves. And more important, it does not add a teleological purpose that pre-exists life. 

Physical systems far from equilibrium use the flow of matter and energy from the environment through an open system to create and maintain information structures. In this respect, they resemble living systems, whaich are information structures, patterns, through which matter and energy flows. They do produce Prigogine's "order from chaos." But they are not information replicators and the information processors that evolve from the simplest organisms. 


Atomic constraints such as the quantum-mechanical bonding of water molecules allow snow crystals to self-organize into spectacular forms, producing order from disorder. Besides crystals, there are whirlpools, Bénard convection cells, basalt columns, and soil polygons, all of which apparently violate the fundamental tendency toward equilibrium and disorder in the universe. These are processes that information philosophy calls ergodic. They can do this only because of the negative entropy flow from the Sun. They all are completely undirected and purposeless, like the formation of the galaxies, stars, and planets. They cannot add meaning to the universe.

Stuart Kauffman is perhaps the best known exponent of complexity as aiding natural selection.

 
The
origin of life, rather than having been vastly improbable, is instead an expected collective
property of complex systems of catalytic polymers and the molecules on which
they act. Life, in a deep sense, crystallized as a collective self-reproducing metabolism
in a space of possible organic reactions. If this is true, then the routes to life are many
and its origin is profound yet simple.


While heretical, this new body of theory is robust in the sense that the conclusions
hold for a wide variety of assumptions about prebiotic chemistry, about the kinds of
polymers involved, and about the capacities of those polymers to catalyze reactions
transforming either themselves or other, very similar polymers. It is also robust in
leading to a fundamental new conclusion: Molecular systems, in principle, can both
reproduce and evolve without having a genome in the familiar sense of a template-replicating
molecular species. It is no small conclusion that heritable variation, and
hence adaptive evolution, can occur in a self-reproducing molecular system lacking a
genome. Since Darwin's theory of evolution, Mendel's discovery of the "atoms" of
heredity, and Weismann 's theory of the germ plasm, biologists have argued that evolution
requires a genome. False, I claim.



Kauffman's ideas about autocatalytic systems are shared by Terrence Deacon. 


Kauffman thought that he might even discover "laws" of self-organization. In his 1995 book, At Home in the Universe, he identified the discovery of such laws as showing that human life followed directly from these pre-existing laws, which would replace the arbitrary and purposeless system of Darwinian natural selection.



For Scholars




Prigogine discounts Boltzmann's work on the second law, which Eddington called the "Arrow of Time"


Source: https://www.informationphilosopher.com/life/complexity/
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Although the concept of emergence has become very popular in the last few decades in connection with the development of chaos and complexity theories, it is actually a very old idea, dating at least to the nineteenth century, with some hints of it in ancient and medieval philosophy.

The basic idea of emergence is that there are properties - perhaps even "laws" - at the upper hierarchical levels of nature that are not derivable from or reducible to the properties and laws of the lower levels. Thus chemistry has properties not derivable from physics, biology properties not derivable from chemistry, and psychology properties not derivable from biology. 

Reductionism, by contrast, argues that everything can be explained by (reduced to) the basic laws of physics. The world is said to be "causally closed." "Physicalism" is the idea that everything that is caused has a physical cause. 


Usually this is taken to mean that deterministic physical laws will eventually be found that explain everything. Though even if there were an indeterministic "uncaused" cause (a causa sui), it would still be a physical cause. 


How Information Philosophy Explains Emergence


Information is neither matter nor energy, although it needs matter to be embodied and energy to be communicated. 


Matter and energy are conserved. There is just the same total amount of matter and energy today as there was at the universe origin. See the cosmic creation process.


But information is not conserved. It has been increasing since the beginning of time. Everything emergent  is new information. What idealist,  holists, and gestaltists think they see is actually this increase of immaterial information.


Living things are dynamic and growing information structures, forms through which matter and energy continuously flow. As they grow, their information increases, new capabilities emerge.


And information in living things (ideas, thoughts, intentions, purposes) can exert causal control over material things. This is the solution to the mind-body problem and the free will problem, which depends on the possibility of choosing between different actions. 


Information is the fundamental metaphysical connection between idealism and materialism. Information philosophy replaces the metaphysical necessity of reductionist naturalism and eliminative materialism with genuine metaphysical possibility. 


Determinist reductionists and eliminative materialists assume that causal control works "bottom-up." The motions and forces between the physical particles determine everything chemical, biological, and psychological. Mental causation is then redundant, rendering mental events epiphenomenal or non-existent, just an illusion. 

Emergence of new properties at the higher biological and psychological levels, on the other hand, requires that upper levels can exert "top-down" causal control on the motions of particles in lower levels - or at least that "bottom-up" causes can somehow be blocked. 
This is the notion of downward causation, the highest version of which is mental causation. 


Can we defend "top-down" causation" and at the same time deny "bottom-up" causation?


The idea of emergence was implicit in the work of John Stuart Mill and explicit in 
the work of "emergentists" like George Henry Lewes, Samuel Alexander, C. Lloyd Morgan, and C. D. Broad. Some wanted to explain the direct emergence of mind from matter, to solve the mind-body problem, but as Alexander put it, there are at least two distinct steps - 
mind emerges from life, just as life emerges from the physical-chemical. 

Information philosophy explores how information emerges at all these fundamental levels - matter, life, and mind - material information, biological information, and mental information.


John Stuart Mill discusses the Laws of Nature in his System of Logic, Book III, chapter IV and describes the Law of Universal Causation in chapter V ("The truth that every fact which has a beginning has a cause"). Then, in chapter VI, Mill explores the "Composition of Causes" in mechanics where the parallelogram of two vector forces explains the resultant force. However, this simple principle from dynamics, says Mill, does not apply to materialist chemistry nor to more complex biological life.


Although Mill did not use the term "emergent," he makes the concept clear enough:


This principle [of simple composition], however, by no means prevails in all departments of the
field of nature. The chemical combination of two substances produces, as is
well known, a third substance with properties different from those of either
of the two substances separately, or of both of them taken together. Not a
trace of the properties of hydrogen or of oxygen is observable in those of
their compound, water. The taste of sugar of lead is not the sum of the tastes
of its component elements, acetic acid and lead or its oxide; nor is the colour
blue vitriol a mixture of the colours of sulphuric acid and copper. This
explains why mechanics is a deductive or demonstrative science, and chemistry not. In the one, we can compute the effects of m combinations of causes,
whether real or hypothetical, from the laws which we know to govern those
causes when acting separately; because they continue to observe the same
laws when in combination which they observed when separate: whatever
could have happened in consequence of each cause taken by itself, happens
when they are together, and we have only to "cast up" the results. Not so in
the phenomena which are the peculiar subject of the science of chemistry.
There, most of the uniformities to which the causes conformed when separate cease altogether when they are conjoined; and we are not, at least in the
present state of our knowledge, able to foresee what result will follow from
any new combination, until we have tried the specific experiment.

If this be true of chemical combinations, it is still more true of those far
more complex combinations of elements which constitute organized bodies;
and in which those extraordinary new uniformities arise, which are called the
laws of life. All organized bodies are composed of parts similar to those
composing inorganic nature, and which have even themselves existed in an
organic state; but the phenomena of life, which result from the juxtaposition of those parts in a certain manner, bear no analogy to any of the
effects which would be produced by the action of the component substances
considered as mere physical agents. To whatever degree we might imagine our knowledge of the properties of the several ingredients of a living body to be extended and perfected, it is certain that no mere summing up of the separate actions of those elements will ever amount to the action of the living body itself.



Brian McLaughlin, who dubbed all these thinkers the "British Emergentists, calls Mill "the father of British Emergentism." 

George Henry Lewes also used Mill's example of the properties of water not being reducible to those of oxygen and hydrogen. If all effects are only the consequences of their components, everything would be completely determined by mathematical laws, he said, and then coined the term "emergent":


Although each effect is the resultant of its components, the product of its factors, we cannot always trace the steps of the process, so as to see in the product the mode of operation of each factor. In the latter case, I propose to call the effect an emergent. It arises out of the combined agencies, but in a form which does not display the agents in action. 


In his 1912 book Instinct and Experience, C. Lloyd Morgan revived the term "emergent". 


In his 1920 book Space, Time, and Deity Samuel Alexander initially cited Lloyd Morgan as the source of emergentism, but Lloyd Morgan reminded Alexander about Lewes' 1875 work. Alexander wrote:


much of what I have to say has been already said by Mr. Lloyd Morgan in the
concluding chapter of his work on Instinct and Experience. The argument is that mind has certain specific characters to which there is or even can be no neural counterpart.    It is not enough to say that there is no mechanical
counterpart, for the neural  structure is not mechanical
but physiological and has life. Mind is, according to our
interpretation of the facts, an 'emergent' from life, and
life an emergent from a lower physico-chemical level of
existence. It may well be that, as some think, life itself
implies some independent entity and is indeed only mind
in a lower form. But this is a different question, which
does not concern us yet. If life is mind, and is a non-physical entity, arguments derived from the conscious features of mind are at best only corroborative, and it is
an inconvenience in these discussions that the two sets
of arguments are sometimes combined. Accordingly. I
may neglect such considerations as the selectiveness of
mind which it shares with all vital structures.


 Later, in his 1922 Gifford Lectures and 1923 book Emergent Evolution, Lloyd Morgan defined emergent evolution and introduced the related "top-down" concept of hierarchical supervenience:


...in the physical world emergence is no less exemplified in the advent of each new kind of atom, and of each new kind of molecule. It is beyond the wit of man to number the instances of emergence. But if nothing new emerge - if there be only regrouping of pre-existing events and nothing more - then there is no emergent evolution.

Such emergence of the new is now widely accepted where life and mind are concerned. It is a doctrine untiringly advocated by Professor Bergson.


One could not foretell the emergent character of vital events from the fullest possible knowledge of physico-chemical events only...Such is the hypothesis of emergent evolution.


Under emergent evolution there is progressive development of stuff which becomes new stuff in virtue of the higher status to which it has become raised under some supervenient kind of substantial gotogetherness.



But Lloyd Morgan's idea of emergent novelty may have been an epistemic rather than an ontological claim. The laws of nature may still pre-determine all the higher-level properties, though our understanding of the laws may not be enough to allow us to predict the higher levels: 

May we bring emergence itself under the rubric of causation?...Is emergent evolution itself the expression of an orderly and progressive development? If so (and such is my contention), then emergence itself takes rank, as Mill and Lewes also contended, among the "laws of nature." We may be unable to predict the probable nature of a character that is emergently new. We could not have foretold on the basis of physico-chemical events only what the nature of life would be. But that is due to our ignorance before the event of the law of its emergence. May we then, say:

...That such novelty is for us unpredictable owing to our partial knowledge of the plan of emergence up to date, and our necessary ignorance of what the further development of that plan will be.


Vitalists like Henri Bergson and Hans Driesch may not have used the term emergence, but they strongly supported the idea of teleological (purposeful), likely non-physical causes, without which they thought that life and mind could not have emerged from physical matter.

C. D. Broad's view of the mind was emergentist and vitalist. 


But Broad distinguished between what he called "Substantial Vitalism" (a dualist theory of an immaterial substance as a vital force, for example, Bergson's élan vital) and what Broad called "Emergent Vitalism" (some kind of non-reductive materialism, in which the vital property emerges from the body, and in the case of mind, from the highest bodily level - the brain). 


Broad says he borrowed the adjective "emergent" from C. Lloyd Morgan and Samuel Alexander. 

Broad contrasted the two forms of Substantial and Emergent Vitalism with what he called "Biological Mechanism," which is essentially a reduction of biology to physics and chemistry. All the emergentists were of course also anti-mechanists or anti-reductionists.


Broad also mentioned Hans Driesch, another anti-mechanist who developed a sophisticated form of vitalism that he called "neovitalism." 


Driesch saw clear evidence of a kind of teleology in the ability of lower organisms to rebuild their lost limbs and other vital parts. He used Aristotle's term "entelechy" (loosely translated as "having the final cause in") to describe the organism's capacity to rebuild. Driesch said this disproved the theory of preformation from an original cell. Driesch studied the original cells of a sea urchin, after they had divided into two cells, then four, then eight. At each of these stages, Driesch separated out single cells and found that the separated cells went on to develop into  complete organisms. This is regarded as the first example of biological cloning. 


Broad rejected Driesch's idea of entelechy as a non-material, non-spatial agent that is neither energy nor a material substance of a special kind, but we should note that it well describes the information content of any cell that lets it develop into a complete organism. Driesch himself maintained that his entelechy theory was something very different from the substance dualism of older vitalisms. So what was Broad's criticism of Driesch? Neither thinker could produce a clear description of their vital element. 


Broad was sophisticated in his discussion of emergence. He saw that the kind of emergence that leads to water and its unique chemical properties, when compared to the properties of its molecular components hydrogen and oxygen, has no element of purpose or teleology. The emergence of life (and mind) from physics and chemistry, however, clearly introduces a kind of design or purpose. Modern biologists call it teleonomy, to distinguish it from a metaphysical telos that pre-exists the organism. "The goal of every cell is to become two cells."


It seems likely that both Driesch and Broad were trying to grasp this teleonomy.


Emergence supports the idea of mental causation in particular and the more general problem of downward causation, for example the downward control of the motions of a cell's atoms and molecules by supervening on biological macromolecules. Is the molecular biology of a cell reducible to the laws governing the motions of its component molecules, or are there emergent laws governing motions at the cellular level, the organ level, the organism level, and so on up to the mental level?


The locus classicus of recent discussions of mental causation is Donald Davidson's 1970 essay "Mental Events," which was revisited in his 1993 essay, "Thinking Causes," published together with 15 critical essays on Davidson's work in the 1993 book Mental Causation, edited by John Heil and Alfred Mele. 


Davidson claimed three things:

	That mental events are causally related to physical events
	That causal relations are normally backed by strict (deterministic) laws
	But that there are no such strict laws for mental events acting on physical events


Davidson's goal is to deny the reducibility of mental events to physical events in the lower levels, even to deny the physicist's claim that the motions of the atoms and molecules at the lowest level are causally determinative of everything that happens at higher levels. 


Jaegwon Kim says that Davidson's goal of "non-reductive physicalism" is simply not possible. The physical world is "causally closed," says Kim:

what options are there if we set aside the physicalist picture?
Leaving physicalism behind is to abandon ontological physicalism, the view that bits of matter and their aggregates in space-time exhaust the contents of the world. This means that one
would be embracing an ontology that posits entities other than
material substances — that is, immaterial minds, or souls, outside
physical space, with immaterial, nonphysical properties.


Kim diagrams Davidson's view of mental events supervening on physical events, to illustrate Kim's claim that having both mental and physical causes would be "overdetermination" and thus one is redundant and must be excluded. 
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By causal closure of the physical world, Kim says it is the mental events that are superfluous and must go. 
(Physicalism, or Something Near Enough, pp.44-45)
This view of the physical and biological world as made up of isolatable and discrete events is most simplistic. An "event" is singled out by a human observer. Its "cause" is arbitrarily abstracted from complex processes with enormous numbers of possible causes.



Emergence Denied


Prominent philosophers of science - committed to the ability of physical science to explain everything as "unified science" - were confident that "emergence" would go the way of "holism" and "vitalism."

For example, the former member of the Vienna Circle and leading reductionistHerbert Feigl wrote in 1958:


Inseparably connected with holism and the Gestalt philosophy is the
doctrine of emergence. The old slogan "the whole is greater than
the sum of its parts" has of course no very clear meaning. Much of its
obscurity is due to the lack of a definition of the phrase "the sum of the
parts". Recent analyses of the still controversial significance of "organic wholeness" and of "emergent novelty" have contributed a great
deal to the clarification of the issues. There is no imperative need for
us to enter into details here. It will be sufficient for our concerns to
realize that in modern natural science no sharp distinction can be made
between resultants (as in the composition, i.e. vectorial addition of
forces or velocities) and emergents. In the explanation of the properties and the behavior of complexes and wholes we always need laws of
composition—be they as simple as the straightforward arithmetical addition of volumes, masses, electric charges, etc., or slightly more complicated as is vector addition, (or just a trifle more involved as is the
relativistic "addition" formula for velocities), or extremely complex as
are the so far not fully formulated composition laws which would be
required for the prediction of the behavior of organisms on the basis
of a complete knowledge of their microstructure and the dynamic laws
interrelating their component micro-constituents.

Modern quantum physics, on a very basic level, employs laws which
have "organismic" character, as for instance the exclusion principle of
W. Pauli which holds even for single atoms. It is conceivable that
much of what is called "emergent novelty" on the chemical and biological levels of complexity may ultimately be explained in terms of
the organismic or holistic features of the laws of atomic and molecular
dynamics; and that, given those basic micro-laws, the only composition
laws (which scientists often take for granted like "silent partners") are
simply the postulates and theorems of geometry and kinematics. This
is indeed my own, admittedly risky and speculative, guess; that is to
say, I believe that once quantum dynamics is able to explain the facts
and regularities of organic chemistry (i.e. of non-living, but complex
compounds) it will in principle also be capable of explaining the facts
and regularities of organic life. 




The Three Kinds of Information Emergence


    Note there are three distinct kinds of emergence, at the material, biological, and mental levels:
	the "order out of chaos" when the matter in the universe forms information structures
	the "order out of order" when the material information structures form self-replicating biological information structures, feeding on negative entropy from the sun
	the "pure information out of order" when organisms with minds externalize information, communicating it to other minds and storing it in the environment


    Information philosophy claims that everything created since the origin of the universe over thirteen billion years ago has involved just two fundamental physical processes that combine to form the core of all creative processes at all three levels.


    This two-step core creative process underlies the formation of microscopic objects like atoms and molecules, as well as macroscopic objects like galaxies, stars, and planets. (Note that the formation of self-organizing physical systems in conditions far from equilibrium that are the subjects of chaos and complexity theories are this basic, non-teleonomic form of emergence.)


    With the emergence of teleonomic (purposive) information in self-replicating systems, the same core process underlies all biological creation. But now some random changes in information structures are rejected by natural selection, while others reproduce successfully.


    Finally, with the emergence of self-aware organisms and the creation of extra-biological information stored in the environment, the same information-generating core process underlies communication, consciousness, free will, and creativity. 


   The two physical processes in the core creative process are quantum cooperative phenomena (involving the mysterious "collapse" of the wave function necessary for the appearance of particles) and thermodynamics, which requires the transfer of entropy away from newly emergent information structures to ensure their stability.


The Emergence of (the Idea of) Determinism


When small numbers of atoms and molecules interact, their motions and behaviors are indeterministic, governed by the rules of quantum mechanics. 
Werner Heisenberg's principle of indeterminacy (mistakenly called "uncertainty," as if the problem is epistemic/subjective and not ontological/objective) gives us the minimum error in simultaneous measurements of position x and momentum p,
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where h is Planck's constant of action. To see how "adequate" determinism emerges for large numbers of particles, note that the momentum p = mv, the product of mass and velocity, so we can write the indeterminacy principle in terms of velocities and positions as 
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When large numbers of microscopic particles get together in massive aggregates 
( h / m approaches zero ), the indeterminacy of the individual particles gets averaged over and macroscopic "adequately" deterministic laws "emerge." The positions and velocities of large massive objects can be "determined" beyond our ability to measure.

Determinism is an emergent property.


The "laws of nature," such as Newton's laws of motion, are all statistical in nature. They "emerge" when large numbers of atoms or molecules get together. For large enough numbers, the probabilistic laws of nature approach practical certainty. But the fundamental indeterminism of component atoms never completely disappears.

A Time When There Was No Determinism

So determinism "emerges" today from microscopic quantum systems as they become a part of larger and more classical systems. But we can says that determinism also emerged in time. In the earliest years of the universe, large massive objects did not yet exist. All matter was microscopic and quantal. 


[image: image-placeholder]


We can now identify that time in the evolution of the universe when determinism first could have emerged. Before the so-called "recombination era," when the universe cooled to a few thousand degrees Kelvin, a temperature at which atoms could form out of sub-atomic particles (protons, helium nuclei, and electrons), there were no "macroscopic objects" to exhibit deterministic behavior.   


The early universe was filled with positive ions and negatively charge electrons. The electrons scattered light photons, preventing them from traveling very far. The universe was effectively opaque past very short distances. Then the charged particles combined to form neutral atoms (hydrogen and helium) the photons suddenly could "see" (travel) to enormous distances. The universe first had the transparent sky that we take for granted today (on cloudless nights).


[image: image-placeholder]

Those 3000 degree K photons have cooled as a result of the universe expansion and now appear to us as the 3 degree K "cosmic microwave background" radiation left over from the big bang. We are looking at a moment in time when "classical" objects obeying apparently deterministic causal laws did not yet exist. 



Examples of Emergence

	When the water in a turbulent cell far from equilibrium is convected upward by the heat below, it drags along most of the water molecules that compose it. This is Ilya Prigogine's prime example of a "dissipative structure" exhibiting emergent "order out of chaos."

	When a ribosome assembles 330 amino acids in four symmetric polypeptide chains (globins), each globin traps an iron atom in a heme group at the center to form the hemoglobin protein. This is downward causal control of the amino acids, the heme groups, and the iron atoms by the ribosome. The ribosome is an example of Erwin Schrödinger's emergent "order out of order," life "feeding on the negative entropy" of digested food.  

[image: image-placeholder]

When 200 million of the 25 trillion red blood cells in the human body die each second, in each of 200 million new cells 100 million hemoglobins cell must be assembled. With the order of a few thousand bytes of information in each hemoglobin, this is 10 thousand x 100 million x 200 million = 2 x 1020 bits of information per second, a million times more information processing than today's fastest computer CPU. 



	[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=TfYf_rPWUdY


When a ribosome produces a protein that does not fold properly, a chaperone enzyme, shaped like a tiny trash can, opens its lid and captures the protein. It then closes the lid and squeezes the protein. Upon release, the protein then frequently folds properly. If it does not, the chaperone captures it again and disassembles it back to its amino acids. The chaperone is an emergent that is in no way the result of "bottom-up" processes from its amino acid components. It is also an example of biological error detection and correction. 





	[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=Q73uJ8WlY_E


When a single neuron fires, the active potential rapidly changes the concentration of sodium (Na+) ions inside the cell and potassium (K+) ions outside the cell. Within milliseconds, thousands of sodium-potassium ion channels in the thin lipid bilayer of the cell wall must move billions of those ions from one side to the other. They do it with emergent biological machinery that exerts downward causation on the ions, powered by ATP energy carriers (feeding on negative entropy). Random quantum indeterministic motions of the ions put some near the pump opening, where quantum collaborative forces capture them in a lock-and-key structure. 

	When many motor neurons fire, innnervating excitatory post-synaptic potentials (EPSPs) that travel down through the thalamus and the spinal cord and cause muscles to contract, that is as literal as downward causation gets in the body. 

	When the emergent mind decides to move the body, that mental causation is realized as downward causation. 

	Who saw this first? Consider the great Latin poet, philosopher, and scientist 
Titus Lucretius Carus, who described the action of the mind thus:

 Therefore when the mind so bestirs itself that it wishes to go and to step forwards, at once it strikes all the mass of spirit that is distributed abroad through limbs and frame in all the body. And this is easy to do, since the spirit is held in close combination with it. The spirit in its turn strikes the body, and so the whole mass is gradually pushed on and moves...

 Again, there is no need to be surprised that elements so small can sway so large a body and turn about our whole weight. For indeed the wind, which is thin and has a fine substance, drives and pushes a great ship with mighty momentum, and one hand rules it however fast it may go, and one rudder steers it in any direction; and a machine by its blocks and treadwheels moves many bodies of great weight and uplifts them with small effort.




	When the helmsman turns the wheel of a great sailing ship, he has downward causal control over all the matter of that great ship. 

	When an emergent philosopher rearranges and communicates ideas, verbally in lectures, or as written words in a published paper, or as the bits of information in a computer memory, this is "information out of order," ultimately dependent on the body digesting food, feeding on the energy (ATP) with negative entropy ("order out of order"), but in no way controlled "bottom-up" by the molecules of body or food material, or by the energy consumed. 



Abstract information is neither matter nor energy, yet it needs matter for its concrete embodiment and energy for its communication. Information is the modern spirit, the ghost in the machine.


The Emergence of Immaterial Information Processing

Can information provide the basis for a different kind of mental substance?
Abstract information is neither matter nor energy, yet it needs matter for its concrete embodiment and energy for its communication. Information is immaterial. 
It is the modern spirit, the ghost in the machine.

Immaterial information is perhaps as close as a physical or biological scientist can get to the idea of a soul or spirit that departs the body at death. When a living being dies, it is the maintenance of biological and mental information that ceases. The matter remains.


Information philosophy proposes a mind-body dualism in which thoughts (pure information processing) in our minds have genuine causal power over the body. This is not a metaphysical mind. It is purely biological and entirely dependent on the brain, which is one of the multiple realizations of physical/material "hardware" that can implement the "software" of our ideas.


For example, when one person teaches another some new technique, or transmits some purely intellectual knowledge, the other person is another physical realization, different hardware now running the same software.


To make this case, we need to establish the following:

	that the information in a mind can be regarded as an immaterial substance

	that the information in a mind, while dependent on the body, has genuine causal (adequately determined) power over the body

	that the information in a mind has not been pre-determined by the sum of genetic inputs and life experiences, but has at least in part been created by the agent, with inputs from some indeterministic processes.
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For Scholars



Information is neither matter nor energy. It is sometimes embodied in matter and sometimes is communicated as pure energy. It is the scientific basis for an immaterial, yet physical mind that can affect the material world. Information is the modern spirit.





Source: https://www.informationphilosopher.com/life/emergence/
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Entelechy


In his Metaphysics, Aristotle himself introduced the idea of an entity that has developed an internal purpose. He called it "entelechy," which has confused many modern thinkers. But it is very close to the idea of teleonomy, the modern biologist's replacement for the Aristotelian "fourth cause" or teleology.


Aristotle combined three Greek words - εν (in), τελος, and εχειν (to have), so Greek  εντελεχεια has the meaning of "having a telos/purpose within." 


This is what biologist Colin Pittendrigh and many later biologists see going on in all living things, clearly their "'ends' of feeding, defense, and survival generally." The "goal" of living things is to survive and multiply. 


Contemplating purpose, the biologist François Jacob famously said simply "the goal of a cell is to become two cells."

Hans Driesch made entelechy famous in biology. He was a philosopher and biologist who in the nineteenth century cloned the first animal, a sea urchin. Driesch was a student of Ernst Haeckel, famous for the debunked theory "ontogeny recapitulates phylogeny."  Driesch's discovery that many parts of the sea urchin embryo were capable of producing a complete animal refuted the theory of "preformation," in which the very first cell alone contained the entire future development of an organism. Preformation suggested that starting with one cell taken from the two-cell - or four-cell - stage, would lead to one-half - or one-quarter - of the organism. In reality, every cell contains complete genetic information. 


Driesch saw clear evidence of a kind of teleology in the ability of lower organisms to rebuild their lost limbs and other vital parts. He used Aristotle's term "entelechy" (loosely translated as "having the final cause in") to describe the organism's capacity to rebuild. Driesch said this disproved the theory of preformation. Driesch studied the original cells of a sea urchin, after they had divided into two cells, then four, then eight. At each of these stages, Driesch separated out single cells and found that the separated cells went on to develop into complete organisms (instead of just one-half, or one-quarter, etc. of the organism). His work is regarded as the first example of biological cloning.


Today, entelechy is rarely mentioned in chemistry or in biology. But the word is found today in the human potential movement. It often refers to the realization of potential or the vital force driving development and self-fulfillment. It appears in discussions about ethics, education, and psychology, sometimes paralleling concepts like self-actualization. It's also used in educational contexts, where curricula are sometimes designed to help students realize their full potential. 





Source: https://www.informationphilosopher.com/life/entelechy/
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Entropy

For over sixty years, since I first read Arthur Stanley Eddington's The Nature of the Physical World in the 1950's,  I've been struggling, as the "information philosopher," to understand and to find simpler ways to explain the concept of entropy, and its close relation to information.


Even more challenging has been to find the best way to teach the mathematical and philosophical connections between entropy and information. Much of the literature complains these concepts are too difficult to understand and may have nothing to do with one another.


Finally, there is the important concept of probability, with its implication of possibilities, one of which may become an actuality.

Determinist philosophers (perhaps a majority) and scientists (a strong minority) say that we use probability and statistics only because our finite minds are incapable of understanding reality. They think the universe contains infinite information which only an infinite mind can comprehend. Our observable universe contains a very large but finite amount of information. 


There is a very strong connection between entropy and probability. In Ludwig Boltzmann's formula for entropy is S = logW, W stands for Wahrscheinlichkeit, German for probability. 


As to the symbol S, I suspect that Rudolf Clausius, who first defined and named entropy, used S in honor of Sadi Carnot, whose study of heat engine efficiency showed that some fraction of available energy is always wasted or dissipated, only a part can be converted back to mechanical work. 


That part of the energy that remains available to be converted to work (called Gibbs "free energy") is a measure of the information left in a system that is being dissipated. Entropy is a measure of the information lost to disorder and increasing chaos.

S = logW is mathematically identical to Claude Shannon's expression for information I, but with a minus sign and different dimensions. 


Boltzmann entropy: S = k ∑ pi ln pi.        Shannon information: I = - ∑ pi ln pi. 

Boltzmann entropy and Shannon entropy have different dimensions (S = joules/°K, 
I = dimensionless "bits"), but they share the "mathematical isomorphism" of a logarithm of probabilities, which is the basis of both Boltzmann's and Gibbs' statistical mechanics..


The first entropy is material, the latter mathematical - indeed purely immaterial information.


But they have deeply important connections which information philosophy must sort out and explain.


First, both Boltzmann and Shannon expressions contain probabilities and statistics. Many philosophers and scientists deny any ontologicalindeterminism, such as the chance in quantum mechanics discovered by Albert Einstein in 1916. They may accept an epistemologicaluncertainty, as proposed by Werner Heisenberg in 1927.


Today many thinkers propose chaos and complexity theories (both theories are completely deterministic) as adequate explanations, while they deny ontological chance. Ontological chance is the basis for creating any new information structure. It explains the species variations in Darwinian evolution. It underlies human freedom and the creation of new ideas.


In statistical mechanics, the summation ∑ is over all the possible distributions of gas particles in a container. If the number of distributions is W , and the probability of all distributions is the same, the pi are all equal to 1/W and entropy is maximal: 
  S
  =
  k
 ∑ 1/W ln 1/W, so  
  S
  =
  k
 ln W. 


In the communication of information, W is the number of possible messages. If the probability of all messages is the same,  pi are identical, I = - lnW. If there are N possible messages, then  N bits of information are communicated by receiving one of them.


On the other hand, if there is only one possible message, its probability is unity, and the information content  is 1 ln 0 = zero.


If there is only one possible message, no new information is communicated. This is the case in a deterministic universe, where past events completely cause present events. The information in a deterministic universe is a constant of nature. Religions that include an omniscient god often believe all that information is in God's mind.


Note that if there are no alternative possibilities in messages, Shannon (following his Bell Labs colleague Ralph Hartley) says there can be no new information. We conclude that the creation of new information structures in the universe is only possible because the universe is in fact indeterministic and our futures are open and free.



Thermodynamic entropy involves matter and energy, Shannon entropy is entirely mathematical, on one level purely immaterial information, though it cannot physically exist without a source of "negative" thermodynamic entropy, as Erwin Schrödinger .taught in his famous essay "What Is Life?"


It is true that information is neither matter nor energy, which are conserved constants of nature (the first law of thermodynamics). But information needs matter to be embodied in an "information structure." And it needs ("free") energy to be communicated over Shannon's information channels.


Boltzmann entropy is intrinsically related to "negative entropy." Without pockets of negative entropy in the universe (and out-of-equilibrium free-energy flows), there would no "information structures" anywhere.


Pockets of negative entropy are involved in the creation of everything interesting in the universe. It is a cosmic creation processwithout a creator.



Visualizing Information


There is a mistaken idea in statistical physics that any particular distribution or arrangement of material particles has exactly the same information content as any other distribution. This is an anachronism from nineteenth-century deterministic statistical physics.

	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]
	Hemoglobin	Diffusing	Completely Mixed Gas


If we measure the positions in phase space of all the atoms in a hemoglobin protein, we get a certain number of bits of data (the x, y, z, vx, vy, vz values). If the chemical bonds are all broken allowing atoms to diffuse, or the atoms are completely randomized into an equilibrium gas with maximum entropy, we get different values, but the same amount of data. Does this mean that any particular distribution has exactly the same information?


This led many statistical physicists to claim that information in a gas is the same wherever the particles are, Macroscopic information is not lost, it just becomes microscopic information that can be completely recovered if the motions of every particle could be reversed. Reversibility allows all the gas particles to go back inside the bottle.


But the information in the hemoglobin is much higher and the disorder (entropy) near zero. A human being is not just a "bag of chemicals," despite plant biologist Anthony Cashmore. Each atom in hemoglobin is not merely in some volume limited by the uncertainty principle ℏ3, it is in a specific quantum cooperative relationship with its neighbors that support its biological function. These precise positional relationships make a passive linear protein into a properly folded active enzyme. Breaking all these quantum chemical bonds destroys life.


Where an information structure is present, the entropy is low and Gibbs free energy is high. 


When gas particles can go anywhere in a container, the number of possible distributions is enormous and entropy is maximal. When atoms are bound to others in the hemoglobin structure, the number of possible distributions is essentially 1, and the logarithm of 1 is 0! 


Even more important, the parts of every living thing are communicating information - signaling - to other parts, near and far, as well as to other living things. Information communication allows each living thing  to maintain itself in a state of homeostasis, balancing all matter and energy entering and leaving, maintaining all vital functions. Statistical physics and chemical thermodynamics know nothing of this biological information.




Source: https://www.informationphilosopher.com/life/entropy/
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Epigenetics

Epigenetics is the study of changes in gene expression that occur without altering the DNA sequence. Epigenetics usually involves changes that persist through cell division, and affect the regulation of gene expression. Such effects on cellular and physiological traits may result from environmental factors, or be part of normal development.


The term also refers to the mechanism behind these changes: functionally relevant alterations to the genome that do not involve mutations in the nucleotide sequence. Examples of mechanisms that produce such changes are DNA methylation and histone modification, each of which alters how genes are expressed without altering the underlying DNA sequence. Further, non-coding RNA sequences have been shown to play a key role in the regulation of gene expression. Gene expression can be controlled through the action of repressor proteins that attach to silencer regions of the DNA. These epigenetic changes may last through cell divisions for the duration of the cell's life, and may also last for multiple generations, even though they do not involve changes in the underlying DNA sequence of the organism; instead, non-genetic factors cause the organism's genes to behave (or "express themselves") differently.


The idea that heritable genetic evolution can occur without changes in the genetic code (DNA) has called for revisions or extensions of the Modern Synthesis or Neo-Darwinism of the twentieth century. 


The idea of extending the modern synthesis was called for in the 1950s by C. H. Waddington, argued for on the basis of punctuated equilibrium by Stephen Jay Gould and Niles Eldredge in the 1980s, and was reconceptualized in 2007 by Massimo Pigliucci and Gerd B. Müller.


The Extended Evolutionary synthesis revisits the relative importance of different factors at play, examining several assumptions of the earlier synthesis, and augmenting it with additional causative factors. It includes multilevel selection, transgenerational epigenetic inheritance, niche construction, evolvability, and several concepts from evolutionary developmental (Evo-Devo) biology.




Source: https://www.informationphilosopher.com/life/epigenetics/
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Gaia
James Lovelock formulated the Gaia hypothesis in the 1960s resulting from his work for NASA concerned with detecting life on Mars. The hypothesis proposes that living and non-living parts of the Earth form a complex interacting system that can be thought of as a single organism. He named it after the Greek goddess Gaia at the suggestion of novelist William Golding. The hypothesis also postulates that the biosphere has a regulatory effect on the Earth's environment that acts to sustain life.


The GAIA hypothesis was largely popularized widely by Lynn Margulis, who transformed and fundamentally framed current understanding of the evolution of cells with nuclei by proposing it to have been the result of biosymbiotic mergers of bacteria (prokaryotes. 3.5 million years ago) with later eukaryotes  (2.7 million years ago). 


Where standard Darwinian evolution holds that evolution proceeds because of random mutations of DNA, Margulis identified evolution by combination of existing species, prokaryotic cells moving to live inside eukaryotes, bringing their ATP energy-generating machinery with them. Margulis' original paper in 1967 that cell organelles such as mitochondria and chloroplasts were once independent bacteria was largely ignored for another decade. The paper was "rejected by about fifteen scientific journals," she recalled.


Margulis met with Lovelock in the early 1970's. He explained his hypothesis to her, and very soon they began an intense collaborative effort on GAIA.




Source: https://www.informationphilosopher.com/life/gaia/
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Intelligent Design

Intelligent Design is a replacement for the older term Creationism, which lost battles in various courts which prevent its teaching in American schools.


Intelligent Design is the anti-evolutionary and creationist idea that God not only is the Creator of the physical universe, but also oversees every step in the creation of new species. Nothing is the result of chance. All the information in the universe is said to be present in the Mind of God at the earliest moments in the universe (some theologians say that God has this knowledge/information outside of time).

 
Information philosophy has shown that there is a cosmic creation process at work, but there is no evidence of a Creator or a Designer. 



Source: https://www.informationphilosopher.com/life/design/





  
  Meaning
  

  


  
  Home › Life › Meaning
Meaning

Philosophers who search for the "meaning" of a human life often look to properties that distinguish humans from other animals.


They ask questions such as "What is the meaning of life?", "What is the purpose of existence?", and "Why are we here?" There have been many proposed answers to these questions from many different cultural and ideological backgrounds. The search for life's meaning has produced much philosophical, scientific, metaphysical, and theological speculation throughout history.


For example, in positive psychology, meaning in life refers to finding a sense of purpose and understanding that makes one's life significant. It involves contributing to something larger than oneself and experiencing personal growth.


On a personal level, many individuals pose the question, "What is the meaning of my life?"


Theological speculation generally claims that human lives would be meaningless without a creator God that provides them with values, including love, justice, compassion, humility, peace, and truth, often grounded in sacred texts like the Bible and interpreted through specific doctrines and traditions, influencing everything from personal conduct to societal engagement. 


See the Wikipedia entry "Meaning of Life" for an extensive account. 



Meaning in the Biosphere

Rather than searching for the origins of Meaning, Purpose,Values,  Agency, Mind, and Consciousness in a God who created the Universe (about whom we can never have knowledge), or in other universes that preceded our universe in the "Many Worlds or "Multiverse" theories (again by definition unobservable since they are outside or before our "observable universe"), we propose finding the origin of all these vital entities right here in our own universe and particularly in our immediate biosphere.

Consider the fact that 99% of the DNA in the human genome is not unique to us, but shared with other living things and the life forms that preceded us and them. There are  3.2 billion DNA base-pairs in our DNA, about one base-pair added per year of evolution! But only 30 million are unique to humans. Why are we carrying around the rest? Perhaps they are information for James Shapiro's natural genetic engineering to make use of?


Incidentally, Paul Davies points out that every human call contains more bits of information than all the books in the Library of Congress.


Consider also the mitochondrial DNA that is in every one of our eukaryotic cells, generating free energy, converting the food we digest into ATP.


Finally, consider the billions, maybe trillions, of prokaryotic bacteria, viruses, and other microbes populating the biome in our gut, again helping us to digest that food source, but also supporting our immune system. communicating with our brain, supplying most of our serotonin, a key mood regulator. and even synthesizing vitamins. Are the 99% of our genetic code possibly carrying vestiges of all the simpler life forms the preceded us?


Every one of those forms earlier than us on the tree of life were purposeful agents with freedom of action. Even the lowliest bacterium can detect adverse conditions in their direction of travel, then stop and tumble to select another random direction.  Martin Heisenberg showed that his fruit flies have that freedom, when he endorsed the two-stage model of free will.


Humans have inherited and are now carrying vital information from the billions of years of biological evolution that preceded us.  As the Japanese worship their ancestors, should we not thank life that preceded us for their providence? Should we not feel reverence toward that earlier life and all the present life in our biosphere as Albert Schweitzer famously did?


Why should we look to an unknowable entity outside our world, when it would simply raise the recursive problem of "turtles all the way down"?


We are simply the product of billions of years of meaningful and purposeful living beings. 
We owe them everything.



Meaning in Language and Knowledge


The "meaning" of any word, concept, or object is different for different individuals, depending on the information (knowledge) about the word, concept, or object currently available to them. All meaning is "contextual" and the most important context is what is currently in the individual's mind. This obviously includes the immediate external context, for example, the word being heard or read is surrounded by text, both explicitly and implicitly - those alternative words that could substitute with little change in meaning. 


The dependence of meaning on an individual's experiences was perhaps best described by the logician and philosopher Gottlob Frege. He wrote


...one need have no scruples in speaking simply
of the sense, whereas in the case of a conception one must precisely
indicate to whom it belongs and at what time. It might perhaps be
said: Just as one man connects this conception and another that conception
with the same word, so also one man can associate this sense
and another that sense.
If two persons conceive the same, each still has his own conception... 


It is indeed sometimes possible to establish differences in the conceptions,
or even in the sensations, of different men; but an exact
comparison is not possible, because we cannot have both conceptions
together in the same consciousness. 



This fits perfectly with our experience recorder and reproducer (ERR) as a model of mind.



In our information theory of mind, it is the past experiences that are reproduced (played back) from the Experience Recorder and Reproducer (ERR) that provide most of the meaningful context for a word or object. For example, if the agent has had no past experiences that resemble the current experience in some way, the agent may not find any meaning at all. The simplest case would be a new word, seen or heard for the very first time.    


If the word is not isolated, the meanings of the familiar surrounding text will bring back their past uses clearly enough to allow the agent to guess the meaning of the new word, in that context. In any case this fresh experience with the word will be stored away along with that context for future reference.



Meaning of "Meaning"


Besides the entertaining 1989 book Meaning of Meaning by C. K. Ogden (and I. A. Richards, the problem of the "Meaning of Meaning" has a rich history in the past century or two of analytic language philosophy. Gottfried Leibniz hoped for an ambiguity-free ideal language with exactly one term for each concept. It would reduce language to a kind of mathematics where the meaning of complex combinations of terms could be worked out precisely. In the middle of the nineteenth century, John Stuart Mill tried to simplify proper nouns by insisting that they are just names for the things we are talking about in sentences or propositions. Nouns are subjects, predicates are the attributes of the subject.

Leibniz was an inspiration for Bertrand Russell, whose logical positivism imagined "logical atoms" of meaning that could combine following strict rules to form complex concepts. But Russell and the great logician Gottlob Frege tangled over exactly how words describe, denote, or refer to concepts and objects. 


Is an absolute meaning to be found in the dictionary definitions of how a word refers to an object, independent of the intentions of a speaker or inferences of the hearer? Frege distinguished between the straight reference of a word and what he called the "sense." Why does the statement "Aristotle is the author of De Anima" carry more information than the identity statement "Aristotle is Aristotle." Our information theory of meaning finds the answer in the reader's past experience (or none) of De Anima.


Frege famously distinguished intension and extension (or W. V. O. Quine's ostension) by the German words Sinn and Bedeutung (which translate usually as Sense and Reference).


Most logicians follow Frege’s distinction between the reference (denotation, name) and the sense (meaning, concept) of a word. But few know that Frege limited the “sense” to the everyday meaning attached to a word by the users of the language. Frege also described the “idea” or “representation” (Vorstellung) that would form in the mind of the message receiver. This concept or idea, he said, would be different in every mind, since it is dependent on the peculiar experiences of each person. Frege wrote


...one need have no scruples in speaking simply
of  the sense, whereas in the case of a conception one must precisely
indicate to whom it belongs and at what time. It might perhaps be
said: Just as one man connects this conception and another that conception
with the same word, so also one man can associate this sense
and another that sense. But there still remains a difference in the mode
of connection. They are not prevented from grasping the same sense;
but they cannot have the same conception. Si duo idem faciunt, non est
idem.  
If two persons conceive the same, each still has his own conception. 

It is indeed sometimes possible to establish differences in the conceptions,
or even in the sensations, of different men; but an exact
comparison is not possible, because we cannot have both conceptions
together in the same consciousness. 



This fits perfectly with our experience recorder and reproducer (ERR) as a model of mind, memory, and knowledge.


Russell's young collaborator in early logical positivism, Ludwig Wittgenstein, broke with Russell and insisted that meaning depends on the use to which a word is being put. There is no objective independent meaning for a word as the object it "stands for." This relativism became more extreme when Jacques Derrida showed how the meaning of a word can be deferred and disseminated by the words following it in time. 

Charles Sanders Peirce, and the great linguist and inventor of structuralism, Ferdinand de Saussure had accepted straightforward connections, like Peirce's triad object-percept-concept and Saussure's dual signifier/signified s/S for a symbol and the object. These were captured in the book, "The Meaning of Meaning," by Ogden and Richards as their "semantic triangle," symbol (word), reference (thought/concept), and object (word). 

Willard van Orman Quine thought he could escape ambiguities in meaning. In his book, "Word and Object" he urged "naturalizing" epistemology by focusing on the empirical connections made by speakers when they say what they mean. Favoring extensionality over intentionality (or intensionality as he preferred), he said to look at how a speaker of another language says what a word means, or how a baby learns the meaning of new worlds, by a process of behavioral conditioning and ostension (pointing at things). He said one may not be a behaviorist in psychology, but cannot avoid being a behaviorist in linguistics. 


But post-moderns like Derrida and  Roland Barthes showed that fundamental ambiguities of language cannot be removed, that the dictionary definitions summarizing the past uses in a community of discourse only trap meaning in a "circle of signifiers" without a referent object (s/Z). New uses are always being created, a consequence of our theory of humans as "co-creators" of our universe.


Are we then living in a Humpty Dumpty world of "When I use a word, it means just what I choose it to mean - neither more nor less." H. P. Grice insisted that the intentions of the "utterer" are carrying the meaning. Or do we need to consider the "reader response" to any text. In Claude Shannon's theory of the communication of information, the emphasis is on the new information at the receiver carried in the message from the sender. But Shannon never claimed the meaning was carried in the message itself. It depends on the information in the message, but only in the context of the information in the receiver's experience recorder and reproducer (ERR).



Information in an Object or Concept


The information content in a material object is independent of any human. In particular. it is independent of human language, the words, names, or descriptions that humans use to communicate about the object.  This is because most language consists of symbols or signs that have an arbitrary relation to the object or concept being signified, as shown by the semiotics of Charles Sanders Peirce and the semiology of H. P. Grice. 


But both Saussure and Peirce recognized that some natural signs are not arbitrary, because they contain some information that is isomorphic with some of the information in the object or concept. These especially include icons, abstract pictures of some aspect of the object. 


Information philosophy generalizes this insight well beyond two-dimensional images or "pictures," that Ludwig Wittgenstein briefly considered as a theory of meaning, atomic facts that could be shown, if not said, for example, Tractatus 2.16, "In order to be a picture a fact must have something in common with what it pictures."                 .


Information philosophy identifies the total information in a material object with the yes/no answers to all the questions that can be asked or with the true/false statements that can be said about the object. In modern information theory terms, information philosophy "digitizes" the object. From each answer or truth value we can, in principle, derive a "bit" of information. 


While "total" information is hopelessly impractical to measure precisely, whatever information we can "abstract" from a "concrete" object gives us a remarkably simple answer to one of the deepest problems in metaphysics, the existential status of ideas, of Platonic "Forms," including the entities of logic and mathematics. 



Information in Minds


The information theory of meaning starts with the information philosophy model of the mind, which asserts that the mind is the abstract information being processed by the brain, a material information structure, which works as a biological information processor.


The meaning in a message incoming to the mind, which could be just a perception of sensations from the environment and not necessarily from another human being with intentions, is found in the past experiences of the agent that are brought to mind by the Experience Recorder and Reproducer (ERR) based on the content of the message. This nicely captures the subjectivism or relativism of meaning.


It also gets close to answering Thomas Nagel's provocative question "What Is It Like To Be a Bat?" 
The past experiences reproduced, complete with their feelings, depends on what has been recorded and what can be reproduced (played back). A frog cannot play back the experience of concave objects flying by, because the frog's eye has filtered them out from reaching the brain and its experience recorder.




Meaning and Knowledge

Knowledge can be defined as information in minds that is a partial isomorphism (mapping) of the information structures in the external world. Information philosophy is a correspondence theory.

Sadly, there is no isomorphism, no information in common, between words and objects. This accounts for much of the failing of analytic language philosophy in the past century.


Although language is an excellent tool for human communication, it is arbitrary, ambiguous, and ill-suited to represent the world directly. Human languages do not picture reality. Information is the lingua franca of the universe.

The extraordinarily sophisticated connection between words and objects is made in human minds, mediated by the brain's experience recorder and reproducer (ERR). Words stimulate neurons to start firing and to play back any similar experiences that include relevant objects and events.


Neurons that were wired together in our earliest experiences fire together at later times, contextualizing our new experiences, giving them meaning. And by replaying emotional reactions to those for similar earlier experiences, it makes then "subjective experiences," giving us the feeling of "what it's like to be me" and solving the "hard problem" of consciousness.

in conclusion, we can say that the meaning of a specific amount of information is subjective for each individual, dependent on their past experiences (their knowledge) and their values. But that same information may have been given an intersubjective meaning by the agreement of a cultural community, or by a scientific community of inquirers, as proposed by Charles Sanders Peirce.


As to an objective meaning of some physical entity, we can say that might be the original information content, together with any information processing being done by the entity..



Source: https://www.informationphilosopher.com/life/meaning/





  
  Origins of Life
  

  


  
  Home › Life › Origins
Origins of Life

Despite many controversies about the role of information in biology over the past several decades, we can now show that the creation of information is not only necessary to understand biology, but that biology is a proper subset of information creation in the universe, including the evolution of human minds, which have created the knowledge that we have about abstract immaterial information and concrete information structures. These structures are material, but many also contain energy flows with low entropy that is called "free energy" (energy available to do work). New concrete structures, new immaterial information, and "negative entropy flows" have been and are continuously being created in the universe.


A new story of biological evolution is needed, integrating it into the story of cosmic evolution and illustrating the total dependence of life on cosmological sources of negative entropy (free energy and information structures). We cannot appreciate the origin of life without first understanding the origin of information.


The first information structures formed in the early universe. Elementary particles, atoms and molecules, galaxies, stars, and planets, are all the result of microscopic quantum cooperative phenomena and macroscopic gravitational forces. These are the very special anti-entropic processes that we call ergodic (information creating).


But it is not until the emergence of life that information replication, information communication, and information processing begins. Only then is information itself used in the creation of new information structures. Living things are biological information processors, forms through which matter and energy flows, with capabilities far beyond the electronic digital computers that cognitive scientists think provide a “computational theory of mind.” 


Most important, living things have “purposes.” They engage in high level communications of information with other living things and with their environment. Their messaging is meaningful, allowing them to be active users of information, compared to passive material things, whose structural information is largely inert and meaningless in itself. Living things also have histories, unlike the elementary particles of physics and chemistry. 


Since the total of matter and energy in the universe is a conserved constant, it's the arrangement of the matter and energy that is the information. Information philosophy (and science) tells us who or what is doing the arranging.


History and Evolution in the Universe


Long before there was life, the galaxies, stars, and planets had a rich developmental or evolutionary history of their own. Astrophysics tells us that stars radiated energy into space as they dissipated the energy of gravitational collapse (the photons carried away positive entropy to balance the new spherically symmetric order). The stars paused their collapsing when their interiors reached temperatures high enough to initiate thermonuclear reactions, which convert the lightest elements (hydrogen and helium) into heavier elements. Matter is converted to energy (E = mc2). When the fuel is exhausted, the stars resume collapsing, some exploding catastrophically and spewing out into interstellar space their newly formed elements, especially the heavy elements needed for life.


Geophysics tells us that the surfaces of planets also go through heating, then cooling, as they radiate away the energy of gravitational binding. Chemical processes produce ever more complex molecules on planetary surfaces, and astrobiology now finds pre-biological organic molecules everywhere in space.




Source: https://www.informationphilosopher.com/life/origins/
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Purpose

Beyond the fundamental question "What Is Life," there is the deep question, what is the purpose of life.


Information Philosophy argues that purpose first appeared in the universe with the emergence of mind and consciousness, on Earth and perhaps for other life in the universe. For higher animals, it was when living things began to record their "subjective" experiences, needed to give meaning to later similar experiences.


Since information is a universal property of matter, it "goes all the way down," so in one sense, the basis of mentality - information - is present in the simplest physical structures.  


But mind is a property of living things and artificial intelligent machines only. We can see the first proto-mind developing in the earliest macromolecules that could replicate their information structures.  Roughly speaking, a purpose of living things is to stay alive and to create more of their species.


The concept "purpose" appeared in classical philosophy as the Greek "telos" (τέλος), meaning the "end." Aristotle made it the last of his four causes (αιτια), material, formal, efficient, and final. The final cause Aristotle regarded as the "end" or "purpose." 


Biologists for decades had a problematic relationship with the idea of telos that preexisted life, a "teleology," which the philosopher/theologian and Jesuit priest Pierre Teilhard de Chardin  described as an "omega point" in the future of his  noösphere (the realm of mind, Greek νουσ) , which Teilhard sees "pulling" all creation towards it, ultimately to a theological reunion with Christ, which another Teilhard coinage described as "Christogenesis."  


There is nothing like reflective awareness in passive information structures like the galaxies. stars, and planets, but that something resembling purpose appears in all four  "levels" of consciousness...



Instinctive Consciousness - by animals with little or no learning capability. Automatic reactions to environmental conditions are transmitted genetically. Information about past experiences (by prior generations of the organism) is only present implicitly in the inherited reactions. Purpose is in the species.

Learned Consciousness - for animals whose past experiences guide current choices. Conscious, but mostly habitual, reactions are developed through experience, including instruction by parents and peers. Purpose is now in the individual.


Predictive Consciousness - The Sequencer in the ERR system can play back beyond the current situation, allowing the organism to use imagination and foresight to evaluate the future consequences of its choices. 


Reflective (Normative) Consciousness– in which conscious deliberation about values influences the choice of behaviors. 



All four levels are emergent, in the sense that they did not exist in the lower, earlier levels of biological evolution.


It is only living things, that use information processing to manage the flow of matter and energy through their information structures, that have the awareness and the (sometimes emotional) reactions to their environments that explains consciousness, agency, and purpose in higher beings.  Information philosophy and the experience recorder and reproducer (ERR) explain "subjective experiences" and "what it's like to be" a living thing.


There is nothing in the lower forms of life like the accumulated experiences recorded in the brains of higher animals that make their "conscious" reactions to similar events quite diverse. This accounts for the first-person, "subjective" nature of experience that David Chalmers calls the "hard problem" of consciousness.


Material objects react "dynamically" and "objectively" in their interactions with other objects. Living things, with their immaterial minds, react "subjectively" to events in the world. They have "behaviors," which are the products of their individual life experiences that have been acquired environmentally ("nurture") as well as the past experiences of their species, which are transmitted genetically ("nature"). Higher organisms with two stages of freedom and creativity are agents who can create genuinely new behaviors and add to the increasing sum of human knowledge.



Purpose and Meaning

Source: https://www.informationphilosopher.com/life/goal/
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Reductionism

Reductionism is a concept in philosophy that claims a description of properties in a complex system can be "reduced" to the lower-level properties of the system's components. For example, the laws and properties of chemistry can be reduced to the laws of physics.

More specifically, the properties of molecules can be reduced to those of atoms, the properties of biological cells can be reduced to those of molecules, plants and animals can be reduced to those of cells, and mind can be reduced to neurons in the brain. 


Beyond the properties, reductionists claim that causal laws of nature in the base level must causally determine the laws of a higher level. These thinkers usually have a highly simplistic, materialistic, and deterministic view of the most fundamental laws of nature, namely the laws of classical physics, or the interpretations of quantum physics that deny indeterminism. 

Anti-reductionists deny claims that deterministic causal laws can in principle reduce everything, including life and mind, to the fundamental particles of physics. They include emergentists, who think at least some higher level properties and laws cannot be reduced, but must emerge as sui generis entities that need new explanations. They also include vitalists, who believe that a dualistic, non-physical, immaterial substance is needed to explain life, mind, and consciousness.  




For example, Jaegwon Kim, the leading analyst of supervenience (as a non-reductive physicalism that might explain mental causation) puts it this way:

The most fundamental tenet of physicalism concerns the ontology of the world. It claims that the content of the world is
wholly exhausted by matter. Material things are all the things
that there are; there is nothing inside the spacetime world that
isn't material, and of course there is nothing outside it either.
The spacetime world is the whole world, and material things,
bits of matter and complex structures made up of bits of matter, are its only inhabitants.


The original reductionists were the ancient Greek materialists, Democritus and Leucippus, who argued that the world consists only of "atoms and the void." But their fellow materialist, Epicurus,
had added an element of chance to provide still more control and moral responsibility, and indeed agency, than physical determinism alone can provide. He said, in his Letter to Menoeceus, §134, 


It is better to follow the myth about the gods than to be a slave of the "fate" of the physicists: for the former suggests a hope of forgiveness, in return for honor, but the latter has an ineluctable necessity. 

ἐπεὶ κρεῖττον ἦν τῷ περὶ θεῶν μύθῳ κατακολουθεῖν ἢ τῇ τῶν φυσικῶν εἱμαρμένῃ δουλεύειν· ὁ μὲν γὰρ ἐλπίδα παραιτή- σεως ὑπογράφει θεῶν διὰ τιμῆς, ἣ δὲ ἀπαραίτητον ἔχει τὴν ἀνάγκην 



It is critically important to note that there is very little new of importance in Epicurus - except the specific mechanism of the atomic swerve - that was not already there in Aristotle's treatment of moral responsibility in the Nichomachean Ethics and the Metaphysics.


Aristotle had already argued against the atomists' necessity (Leucippus) and causal determinism (Democritus). He did not care for the atomists' atheistic dismissal of the gods, but he unequivocally endorsed chance, itself an atheistic idea flying in the face of the gods' foreknowledge, as the specific means of breaking the causal chain of determinism and necessity.


Reductionism and the Meaning of Life

Reductionism denied by the Cosmic Creation Process

Since reductionists claim that causal laws of nature in the base level must causally determine the laws of a higher level, these thinkers usually have a highly simplistic, materialistic, and deterministic view, that the contents of the world today were knowable by a Laplacian demon (or God) at the origin of the world.

Our cosmic reaction process, by contrast, shows that new information has been entering the universe since its origin, at many levels, from the formation of elementary partials like protons and neutrons, to atoms and molecules, to planets, stars, and galaxies, and beyond to life, mind, and consciousness.


The cosmic creation process shows that Jaegwon Kim's physicalism and the determinism of the Unity of Science movement are epistemologically and ontologically flawed.




This view of the physical world completely ignores energy. The universe was matter and energy. And most importantly, this view ignores information, which is neither matter nor energy (though it requires matter for its embodiment and energy for its communication).

For Scholars





Source: https://www.informationphilosopher.com/life/reductionism/
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Reverence for Life

"Reverence for Life" was the name Albert Schweitzer gave to his work and philosophy, for which he won the Nobel Peace Prize in 1952.


Reverence for Life is the appropriate attitude for human beings who feel thankful to a "providence," to the source of our lives, to the process in the universe that created all life and human life in particular.


Most religions look for that source in a divine being who has simply  created the universe single-handedly. 


But we now know exactly the sequence of steps in the cosmic creation process, from the creation of the universe, to the creations of galaxies, stars, and planets, to our own planet Earth, which at this time is the only known place in the universe where biological life has evolved and continues to evolve and develop.


In the nineteenth century the Austrian geologist Eduard Suess gave the name "biosphere" to a thin layer of the lower atmosphere and the lithosphere. But the biosphere  was made famous by Vladimir Vernadsky as the title of his 1926 book The Biosphere.


The term "biosphere" also influenced Teilhard de Chardin in his naming of a "mind-sphere" as the "noösphere." Teilhard introduced the term noösphere in a 1922 publication on his theory of cosmogony that he called "Cosmogenesis."


The idea of the earth and sky being populated with life was surely in the minds of James Lovelock and Lynn Margulis as they formulated their Gaia hypothesis in the 1970's.


Many philosophers, almost all theologians, and essentially all religions hope to explain our existence by finding something outside the biosphere, something before the biosphere - even before the universe itself - came into existence.


Thousands of popular books and articles, as well as hundreds of "organized" religions promise to tell you the "ultimate meaning" and the "purpose" of life. 


Philosophers who search for the "meaning" of a human life often look to properties that distinguish humans from other animals.


They ask questions such as "What is the meaning of life?", "What is the purpose of existence?", and "Why are we here?" There have been many proposed answers to these questions from many different cultural and ideological backgrounds. The search for life's meaning has produced much philosophical, scientific, metaphysical, and theological speculation throughout history.


Most of the answers to these questions involve the idea of a supreme being, cast in the image of a man (not the other way around), a creator of the universe, who thereby infuses his creation with purpose and meaning.


Could We Be Thankful Simply for Life Itself?

The science of biology has given us excellent evidence of life and how it works. We have direct evidence of life.


But we do not have direct evidence of the origin of life, or direct evidence of the creative processes and their sources of free energy (negative entropy) that were the necessary precursors of life.




Source: https://www.informationphilosopher.com/life/reverence/
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To understand the modern term teleonomy, we need to understand the ancient Greek τέλος, which meant simply goal or purpose or "end."  


Aristotle's notion of a fourth cause (after material, efficient, and formal causes), which we translate "final cause," Aristotle called the telos (τελος). It is the root of Teleology, the idea that the purpose of life can be found in a final cause that existed before life itself began.



The idea of teleology is not taken seriously by biological scientists today, but biologist Colin Pittendrigh proposed the term "teleonomy" to distinguish the appearance of purpose in biological evolution, specifically Darwinian natural selection, from the ancient idea of "teleology," from Aristotle's "telos" or "final cause," a cosmic purpose supposedly pre-existing the appearance of life.

Jacques Monod made use of the term teleonomy in his great 1971 work, Chance and Necessity. without mentioning Pittendrigh.

Ernst Mayr provided the Pittendrigh reference in a 1974 article in Boston Studies in the Philosophy of Science. But Mayr thought the uses of "teleology" needed clearer definitions:



The teleological dilemma, then consists in the fact that numerous and seemingly weighty objections against the use of teleological language have been raised by various critics, and yet biologists have insisted that they would lose a great deal, methodologically and heuristically, if they were prevented from using such language. It is my endeavor to resolve this dilemma by a new analysis, and particularly by a new classification of the various phenomena that have been traditionally designated as 'teleological'.


Pittendrigh wrote to Mayr explaining his concept of teleonomy. Mayr reported Pittendrigh's view:



I wanted a word that would allow me (all of us biologists) to describe, stress or simply to allude to – without offense – this end-directedness of a perfectly respectable mechanistic system. Teleology would not do, carrying with it that implication that the end is causally effective in the current operation of the machine. Teleonomic, it is hoped, escapes that plain falsity which is anyhow unnecessary. Haldane was, in this sense wrong (surely a rare event): we can live without teleology.The crux of the problem lies of course in unconfounding the mechanism of evolutionary change and the physiological mechanism of the organism abstracted from the evolutionary time scale. The most general of all biological 'ends', or 'purposes' is of course perpetuation by reproduction. That end [and all its subsidiary 'ends' of feeding, defense and survival generally] is in some sense effective in causing natural selection; in causing evolutionary change; but not in causing itself. In brief, we have failed in the past to unconfound causation in the historical origins of a system and causation in the contemporary working of the system…

You ask in your letter whether or not one of the 'information' people didn't introduce it. They did not, unless you wish to call me an information bloke. It is, however, true that my own thinking about the whole thing was very significantly affected by a paper which was published by Wiener and Bigelow with the intriguing title 'Purposeful machines'. This pointed out that in the then newly-emerging computer period it was possible to design and build machines that had ends or purposes without implying that the purposes were the cause of the immediate operation of the machine.




In his Metaphysics, Aristotle himself introduced the idea of an entity that has developed an internal purpose. He called it "entelechy," which has confused many modern thinkers. But it is very close to the idea of teleonomy.


Aristotle combined three Greek words - εν (in), τελος, and εχειν (to have), so εντελεχεια has the meaning of "having the telos/purpose within." This is what Pittendrigh and many later biologists see going on in all living things, clearly their "'ends' of feeding, defense, and survival generally."


So Blanche, all the above is material that I should add to a new I-Phi page on Teleonomy itself.


And I can also start a web page on Assembly Theory, if I can understand what exactly the authors think they are adding to physics or biology.


I will read your reference more closely and get back to you. First off, in the right sidebar there is a reference to George F. R. Ellis. I have written a page on Ellis, who I found  also hoped to add intentionality and purpose back into physics.


https://informationphilosopher.com/solutions/scientists/ellis/


Ellis has written extensively on science and religion and was awarded the Templeton Prize in 2004.


His deep knowledge of physics has influenced major Christian theologians who integrate the indeterminism of quantum physics into their concept of a divine being. Traditional theologians have argued that randomness in the universe is in direct conflict with a God who is omnipotent and omniscient.


As has been argued since Anselm in the eleventh century, God cannot be both omnipotent and omniscient. Moreover, random events invalidate the idea of God's foreknowledge.


The Christian concept of a benevolent and providential God is in further conflict with both classical deterministic physics and indeterministic quantum physics.


Ellis was a major contributor to a multi-year collaborative research program on the role of randomness in nature sponsored in part by the Vatican Observatory and the John Templeton Foundation.


In an important article in Nature, Ellis argued that complexity of hierarchical systems can explain the intentionality of human purpose, goal-directed action. He wrote


It is possible that what actually happened was the contextual emergence of complexity: the existence of human beings and their creations was not uniquely implied by the initial data in the early Universe; rather the underlying physics together with that initial data created a context that made the existence of human beings possible. Conditions at the time of the decoupling of matter and radiation 14 billion years ago were such as to lead to the eventual development of minds that are autonomously effective...With this view, the higher levels in the hierarchy of complexity have autonomous causal powers that are functionally independent of lower-level processes. Top-down causation takes place as well as bottom-up action, with higher-level contexts determining the outcome of lower-level functioning, and even modifying the nature of lower-level constituents.


Stored information plays a key role, resulting in non-linear dynamics that are non-local in space and time...Consequently physics per se cannot causally determine the outcome of human creativity; rather it creates the ‘possibility space’ to allow human intelligence to function autonomously...


So far, attempts to relate physics to complexity... take us only a small step on this road.


"Physics, Complexity, Causality," Nature, v.435, p.743, 2005



Source: https://www.informationphilosopher.com/life/teleonomy/
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Universal Darwinism is the idea that mechanisms of variation, selection, and heredity can be applied to many other fields, including knowledge (the "evolutionary epistemology" of Karl Popper and  Donald Campbell), science, linguistics, economics, sociology, and computer science, perhaps to evolution of the universe itself. Things that have been postulated to undergo variation and selection, and thus adaptation, are genes, ideas (which Richard Dawkins called memes in his 1976 book The Selfish Gene), theories, technologies, neurons and their network connections, words, computer programs, firms, antibodies, institutions, law and judicial systems, quantum states (Wojciech Zurek's Quantum Darwinism) and even whole universes.


This process can be conceived as an evolutionary algorithm that searches the space of possible forms (the fitness landscape) for the ones that are best adapted. 


	
Variation of a given form or template. This is considered to be blind or random, in biology it happens typically by mutation or recombination. 

	
Selection of the fittest variants, i.e. those that are best suited to survive and reproduce in their given environment. The unfit variants are eliminated.

	
Heredity or retention, meaning that the features of the fit variants are retained and passed on, in the offspring of the next generation



The first two steps involve

	
 the generation of indeterministicalternative possibilities
	
the adequately determined choice or selection of one actual possibility.




Examples include 


	
 The two-step process of biological evolution, chance variations or mutations in the genetic code followed by natural selection of those with greater reproductive success.

	
 The two-stage model of freedom of the human will, first random alternative possibilities followed by an adequately determined practical or moral choice to make one actual.

	Claude Shannon's theory of the communication of information also involves these two steps or stages (the Shannon principle). The amount of information communicated  depends on the number of possible messages.  



If there is only one possible message, like the determinist's one possible future, no new information is communicated. If there is only one possible future, the future and the entire past have been completely determined from time zero, and the information in the universe would be a conserved constant, as many physicists, and some world religions, mistakenly believe.

Quantum Darwinism


Quantum Darwinism is the application of Darwinian evolutionary steps to quantum systems that evolve to classical systems under Wojciech Zurek's concepts of environmental decoherence, einselection, and pointer states.
Quantum Darwinism, Nature Physics, vol. 5, pp. 181-188 (2009)



History of Universal Darwinism


Evolutionary theorizing about cultural, social, and economic phenomena preceded Darwin, but it did not have the concept of natural selection. Darwin himself, together with subsequent 19th-century thinkers such as Herbert Spencer and William James , were quick to apply the idea of selection to other domains, such as language, psychology, society, and culture (James notably to free will). This evolutionary tradition was essentially banned from the social sciences in the beginning of the 20th century, in part because of the bad reputation of Social Darwinism, an attempt to use Darwinism to justify social inequality.

The term "Universal Darwinism" appeared as the title of a 1983 article by Richard Dawkins.
Since that time it has been widened to include the evolution of the universe, especially by the work of John O. Campbell, based on the work of Lee Smolin.


The Evo Devo Universe is a community of scholars extending Universal Darwinism to the entire universe. They say...


The Darwinian paradigm has been successfully applied to numerous fields outside of biology: including the social and behavioral sciences and most recently to the physical sciences. Longstanding concepts in physics and information theory, including the free energy principle and Bayesian inference, are now being used to model how information becomes knowledge in a great variety of adaptive systems, including quantum, molecular, cellular, neural, cultural, and technological systems, and even to contemplate our universe itself as an autopoietic (evo-devo) learning system. Such autopoietic, model-centric, and selectionist approaches promise a conceptual unification of many branches of science.


But the extension to the abiotic universe cannot add any ultimate meaning or purpose because it contains no intelligent agents. The only known (and knowing) agents in the universe are in the Earth's biosphere. 

To be sure, the abiotic universe contains good in the free energy (negative entropy) that drives the growth of order in complex adaptive systems and evil in entropy, which Norbert Wiener called "the devil incarnate." 


And note that the abiotic universe also contains meaningful information, but without a living intelligent agent, that information cannot be experienced. This is similar to AI large language models, which contain vast amounts of information, but they don't "experience," or "feel" anything. They lack moral responsibility.



Source: https://www.informationphilosopher.com/life/universal_darwinism/
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In the nineteenth century many thinkers could not understand how life could emerge from non-living matter. They hypothesized a vital force. A much earlier idea was the pre-Christian Stoic philosopher Posidonius'  "vital force" emanated by the Sun to all living creatures on the Earth's surface (which anticipates Erwin Schrödinger's 1944 idea that life feeds on negative entropy from the Sun).


But the best known idea of vitalism is Henri Bergson's élan vital, introduced in his 1907 book Creative Evolution.


Bergson's concept of élan vital is similar to Baruch Spinoza's concept of conatus as well as Arthur Schopenhauer's concept of the will-to-live and the Sanskrit āyus or "life principle".


But his élan vital was opposed to the idea of physical determinism and the reversibility of Newtonian laws of physics.



In Creative Evolution, Bergson had made clear his opposition to psychological determinism. Bergson was greatly influenced by William James' earlier (1880's) two-stage model of free will, especially James' idea of alternative possibilities:


The rо̂le of life is to insert some indetermination into matter. Indeterminate, i.e., unforeseeable, are the forms it creates in the course of its evolution. More and more indeterminate also, more and more free, is the activity to which these forms serve as a vehicle.


Bergson's  élan vital also opposed the idea that the "reversibility" of physical systems can be applied to living things. Reversibility was popular in the late nineteenth century as a criticism of the second law of thermodynamics, especially the derivation of this law from statistical mechanics by Ludwig Boltzmann. The laws of Newtonian mechanics are time reversible. Atoms and molecules have no memory of their past. Living systems learn from their memory of different past actions chosen in similar circumstances.  


Let us also note that the law of the conservation of energy can only be intelligibly applied to a system of which the points, after moving, can return to their former positions. This return is at least conceived of as possible, and it is supposed that under these conditions nothing would be changed in the original state of the system as a whole or of its elements...Here duration certainly seems to act like a cause, and the idea of putting things back in their place at the end of a certain time involves a kind of absurdity, since such a turning backwards has never been accomplished in the case of a living being...The same does not here remain the same, but is reinforced and swollen by the whole of its past, while the material point, as mechanics understands it, remains in an eternal present, the past is a reality perhaps for living bodies, and certainly for conscious beings. While past time is neither a gain nor a loss for a system assumed to be conservative, it may be a gain for the living being, and it is indisputably one for the conscious being. Such being the case, is there not much to be said for the hypothesis of a conscious force or free will, which, subject to the action of time and storing up duration, may thereby escape the law of the conservation of energy?


Hans Driesch was another anti-mechanist who developed a sophisticated form of vitalism that he called "neovitalism." 


Driesch saw clear evidence of a kind of teleology in the ability of lower organisms to rebuild their lost limbs and other vital parts. He used Aristotle's term "entelechy" (loosely translated as "having the final cause in") to describe the organism's capacity to rebuild. Driesch said this disproved the theory of preformation from an original cell. Driesch studied the original cells of a sea urchin, after they had divided into two cells, then four, then eight. At each of these stages, Driesch separated out single cells and found that the separated cells went on to develop into  complete organisms. This is regarded as the first example of biological cloning. 


Many biologists rejected Driesch's idea of entelechy as a non-material, non-spatial agent that is neither energy nor a material substance of a special kind, but we should note that it well describes the information content of any cell that lets it develop into a complete organism. Driesch himself maintained that his entelechy theory was something very different from the substance dualism of older vitalisms. So what was the criticism of Driesch?  


Broad was sophisticated in his discussion of emergence. He saw that the kind of emergence that leads to water and its unique chemical properties, when compared to the properties of its molecular components hydrogen and oxygen, has no element of purpose or teleology. The emergence of life (and mind) from physics and chemistry, however, clearly introduces a kind of design or purpose. Modern biologists call it teleonomy, to distinguish it from a metaphysical telos that pre-exists the organism. "The goal of every cell is to become two cells."





Source: https://www.informationphilosopher.com/life/vitalism/
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The Problem of Mental Causation has been with us at least since René Descartes claimed that mind and body are separate substances. If the body is only physical and material, how can a non-physical and immaterial mind possibly act on the body. More importantly, how can a "mental" action or event in the mind be the cause of a physical action by the body?

Mental causation is a specific case of the more general problem of downward causation, for example the downward control of the motions of a cell's atoms and molecules by supervening biological macromolecules. Is the molecular biology of a cell reducible to the laws governing the motions of its component molecules, or are there emergent laws governing motions at the cellular level, the organ level, the organism level, and so on up to the mental level?


Can emergent properties or laws at the higher levels of a physical-chemical-based biological system prevent those higher levels from being reduced to the properties and laws of the base physical level?


The idea of something like downward causation was implicit in the work of "emergentists" like John Stuart Mill, George Henry Lewes, C. Lloyd Morgan, Samuel Alexander, and C. D. Broad

Although Mill did not use the term "emergent," he made the concept clear enough:


The chemical combination of two substances produces, as is well known, a third substance with properties different from those of either of the two substances separately, or of both of them taken together. Not a trace of the properties of hydrogen or of oxygen is observable in those of their compound, water.


Lewes coined the term "emergent" in 1875:


Although each effect is the resultant of its components, the product of its factors, we cannot always trace the steps of the process, so as to see in the product the mode of operation of each factor. In the latter case, I propose to call the effect an emergent. It arises out of the combined agencies, but in a form which does not display the agents in action. 


In his 1920 book Space, Time, and Deity Samuel Alexander cited Lloyd Morgan as the source of emergentism, and wrote:


Mind is, according to our
interpretation of the facts, an 'emergent' from life, and
life an emergent from a lower physico-chemical level of
existence. 


 Later, in his 1922 Gifford Lectures and 1923 book Emergent Evolution, Lloyd Morgan defined emergent evolution and introduced the related "top-down" concept of hierarchical supervenience:


...in the physical world emergence is no less exemplified in the advent of each new kind of atom, and of each new kind of molecule. It is beyond the wit of man to number the instances of emergence. But if nothing new emerge - if there be only regrouping of pre-existing events and nothing more - then there is no emergent evolution.

Under emergent evolution there is progressive development of stuff which becomes new stuff in virtue of the higher status to which it has become raised under some supervenient kind of substantial gotogetherness. 


Brian McLaughlin dubbed these thinkers the "British Emergentists." He developed an "idealized" version of British Emergentism and synthesisized what most of these thinkers had in common into a coherent and representative picture. He says:


    British Emergentism maintains that everything is made of matter: There are, for example, no Cartesian souls, or entelechies, vital elan, or the like. And it holds that matter is grainy, rather than continuous; indeed, that it bottoms-out into elementary material particles, atoms or more fundamental particles...Moreover, on its view, nothing happens, no change occurs, without some motion of elementary particles. And all motion is to the beat of the laws of mechanics.

    According to British Emergentism, there is a hierarchy of levels of organizational complexity of material particles that includes, in ascending order, the strictly physical, the chemical, the biological, and the psychological level. There are certain kinds of material substances specific to each level. And the kinds of each level are wholly composed of kinds of lower levels, ultimately of kinds of elementary material particles. Moreover, there are certain properties specific to the kinds of substances of a given level. These are the "special properties" of matter...


 What is especially striking about British Emergentism, however, is its view about the causal structure of reality. I turn to that view in the following two paragraphs.


British Emergentism maintains that some special science kinds from each special science can be wholly composed of types of structures of material particles that endow the kinds in question with fundamental causal powers. Subtleties aside, the powers in question "emerge" from the types of structures in question...


Now, the exercise of the causal powers in question will involve the production of movements of various kinds. Indeed, Emergentism maintains that special kinds, in virtue of possessing certain types of minute internal structures, have the power to influence motion. And here is the striking point: They endow the kinds with the power to influence motion in ways unanticipated by laws governing less complex kinds and conditions concerning the arrangements of particles. Emergentism is committed to the nomological possibility of what has been called "downward causation".   



Minute internal (information-processing) structures that control the motions and arrangements of the component particles is the signature aspect of British Emergentism, one that we have demonstrated with ribosomal control of the twenty kinds of amino acids in living systems and ion channel control over the ions two and three at a time in the brain's neural network.
Vitalists like Henri Bergson and Hans Driesch also implicitly supported the idea of emergent or non-physical causes, without which they thought that life and mind could not have emerged from physical matter, and without which mind could not be a causal force in the world.



The Mind-Brain Identity Theory

In the mid-twentieth century a number of philosophers proposed a monistic and physicalistic solution to the mind-body problem by simply identifying the mind and brain as one physical thing, subject to the normal laws of physics. 

Holistic critics attacked this view as reducing the mind to the brain, leaving the mind merely an epiphenomenon or illusion. This fit well into the reductionist program of the logical empiricists of the Vienna Circle, who promoted the idea of the Unity of Science. All events should be reducible to physical events, and in particular, all explanations should be traceable to causes originating in the physical material components of the universe.



The first philosophers to argue for an identity of mind (or consciousness) and brain include Ullin T. Place (1956), Herbert Feigl, and J.J.C.Smart (1959).


Place explicitly describes "consciousness as a brain process," specifically as "patterns" of brain activity. He does not trivialize this identity as a succession of individual "mental events and physical events" in some kind of causal chain. He compares this identity to the idea that "lightning is a motion of electrical charges." 


Herbert Feigl's work was independent of Place's, but he said that the fundamental idea had been held by many earlier materialist (monist) thinkers. He thought it was stated clearly by Vienna Circle philosopher Rudolf Carnap in 1925. Feigl describes his own thesis:


The identity thesis which I wish to clarify and to defend asserts that the states of direct experience which conscious beings "live through" and those which we confidently ascribe to some of the higher animals, are identical with certain (presumably configurational) aspects of the neural processes in these organisms.


J.J.C.Smart clarified and extended the identity theory of his colleague U.T.Place


When I say that a sensation is a brain process or
that lightning is an electric discharge, I am using
"is" in the sense of strict identity. (Just as in
the — in this case necessary — proposition "7 is
identical with the smallest prime number
greater than 5.") When I say that a sensation is a
brain process or that lightning is an electric dis-
charge I do not mean just that the sensation is
somehow spatially or temporally continuous
with the brain process or that the lightning is
just spatially or temporally continuous with the
discharge.


Smart is a strong materialist. He says "A man is a vast arrangement of physical particles, but there are not, over and above this, sensations or states of consciousness." (ibid.) Compare Anthony Cashmore, who says we are "just a bag of chemicals."


In the 1960's the neuroscientist Roger Sperry claimed that higher levels in a hierarchy could act causally on the base level. He cited a wheel rolling downhill as an example of what he called "downward causal control." The atoms and molecules are caught up and overpowered by the higher properties of the whole. Sperry compared the rolling wheel to an ongoing brain process or a progressing train of thought in which the overall properties of the brain process, as a coherent organizational entity, determine the timing and spacing of the firing patterns within its neural infrastructure. A few years later (1974), Donald Campbell coined the phrase "downward causation." 


The locus classicus of recent discussions of mental causation is Donald Davidson's 1970 essay "Mental Events," which was revisited in his 1993 essay, "Thinking Causes," published together with 15 critical essays on Davidson's work in the 1993 book Mental Causation, edited by John Heil and Alfred Mele. 


Davidson claimed three things:

	That mental events are causally related to physical events
	That causal relations are normally backed by strict (deterministic) laws
	But that there are no such strict laws for mental events acting on physical events


Davidson's goal is to deny the reducibility of mental events to physical events in the lower levels, even to deny the physicist's claim that the motions of the atoms and molecules at the lowest level are causally determinative of everything that happens at higher levels. 


Jaegwon Kim says that Davidson's goal of "non-reductive physicalism" is simply not possible. The physical world is "causally closed," says Kim:

what options are there if we set aside the physicalist picture?
Leaving physicalism behind is to abandon ontological physicalism, the view that bits of matter and their aggregates in space-time exhaust the contents of the world. This means that one
would be embracing an ontology that posits entities other than
material substances — that is, immaterial minds, or souls, outside
physical space, with immaterial, nonphysical properties.


Kim diagrams Davidson's view of mental events supervening on physical events, to illustrate his claim that having both mental and physical causes would be "overdetermination" and thus one is redundant and must be excluded. 

	M1		M2
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on

	P1	
- causes - 
	P2


By causal closure of the physical world, Kim says it is the mental events that are superfluous and must go. (ibid., pp.44-45)

This view of the physical and biological world as made up of isolatable and discrete events is too simplistic. A physical "event" is subjectively singled out by a human observer from a practically infinite number of objective physical events at the atomic and molecular level. Its "cause" is arbitrarily abstracted from complex processes with enormous numbers of possible causes. A mental event is embedded in a biological system beyond "astronomical" complexity.



Recap of the Problem of Mental Causation according to Kim.


While the original mind-body problem was simply the puzzle of how an immaterial mind could cause an material body to move, lately the problem of mental causation has been recast as the logical resolution of one basic premise and a conclusion, which we might call the standard argument against mental causation:
	The only causes are physical causes. (These causes need not be deterministic. An indeterministic quantum statistical event gives us the probabilities for subsequent events, "causing" them in a way that is not pre-determined.)
	Therefore, mental events cannot cause physical events.



The Emergence of Life from Matter and Mind from Life.


According to British Emergentism, there is a hierarchy of levels of organizational complexity of material particles that includes, in ascending order, the strictly physical, the chemical, the biological, and the psychological level. As we have seen, upper hierarchical levels have the power to influence motion in ways unanticipated by laws governing less complex kinds and conditions concerning the arrangements of particles. Emergentism is committed to the nomological possibility of what has been called "downward causation," control by an upper level of the component particles of the lower levels. We can now demonstrate that the Emergentists' hypothesis is actually realized in biological systems.

The informational analysis of non-reductive physicalism must show exactly how information does not move in the upward direction between hierarchical levels (fundamentally because noise in the lower level makes motions incoherent), but that information does move down as the higher-level information-processing system uses it to manipulate individual physical particles (maintaining a high signal-to-noise ratio in the upper level), as the British empiricists imagined.  


Quantum Randomness Blocks "Bottom-Up" Causation, 
Information-Processing Structures Enable Downward Causation

We shall now see that quantum and thermal noise breaks any upwardly causal deterministic chains between the physics of the atomic and molecular level and the biophysics of the organic world. It also breaks any upward deterministic chains between the neurobiological brain and the mind, replacing them with a statistical causality that provides us with what William James called “some looseness in the joints.” 


We present two processes that exhibit randomness in the component atoms and molecules, thus blocking any organized upward influences. The first is present in every biological cell. The other is critically important in the operation of neurons. The first separates the living from the simply material. The latter is at the mind/brain boundary.



Ribosomes Build Hemoglobin from Randomly Moving Amino Acids (Life from Matter)


The twenty amino acids move about randomly in a cell, the consequence of thermal and quantum noise. Attached to them are tiny bits of transfer RNA, each with three letters of the genetic code that identify them. They bump randomly into the ribosome, which may be moving along a sequence of the genetic code written in messenger RNA sent from the cell nucleus, which has noticed that more of a specific protein or enzyme is needed. This random motion shows us that no organized or coherent information is present in the unattached tRNAs that could cause something from the bottom up to emerge at a higher level. 


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=TfYf_rPWUdY


[Look at the animation of mRNA translation] Notice the absurdity of the idea that the random motions of the transfer RNA molecules (green in the video at right), each holding a single amino acid (red), are carrying pre-determined information of where they belong in the protein.

It is the information processing of the higher-level ribosome that is in control. As the ribosome moves along the string of mRNA, it reads the next three-letter codon and waits for a tRNA with the matching anti-codon to collide randomly. With over 60 codons for the 20 amino acids, it might be some time before the desired amino acid shows up. Note that it is the high speed of random motions that allows this process to proceed rapidly. Consider the case of hemoglobin.  


When a ribosome assembles 330 amino acids in four symmetric polypeptide chains (globins), each globin traps an iron atom in a heme group at the center to form the hemoglobin protein. This is downward causal control of the amino acids, the heme groups, and the iron atoms by the ribosome. The ribosome is an example of Erwin Schrödinger's emergent "order out of order," life "feeding on the negative entropy" of digested food.


[image: image-placeholder]

When 200 million of the 25 trillion red blood cells in the human body die each second, 100 million new hemoglobins must be assembled in each of 200 million new blood cells . With the order of a few thousand bytes of information in each hemoglobin, this is 10 thousand x 100 million x 200 million = 
2 x 1020 bits of information per second, a million times more information processing than today's fastest computer CPU.


The ribosome is an information-processing biological system that has emerged from the lower level of chemistry and physics to exert downward causation on the atomic and molecular components needed to manufacture hemoglobin.



Ion Pumps in Neurons Organize Randomly Moving Individual Atoms (Mind from Life)


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=Q73uJ8WlY_E


When a single neuron fires, the active potential rapidly changes the concentration of sodium (Na+) ions inside the cell and potassium (K+) ions outside the cell. Within milliseconds, thousands of sodium-potassium ion transporters in the thin lipid bilayer of the cell wall must move billions of those ions, two or three at a time between inside and outside the cell wall, to get the neuron ready to fire again.

All the individual ions, atoms, and molecules in the cell are moving rapidly in random directions. The indeterministic motions of the ions randomly move some near the pump opening, where quantum collaborative forces can capture them in a lock-and-key structure. The idea that the physical/chemical base level contains enough information in the motion of its atoms and molecules to cause and completely explain the operations of the higher levels of life and mind is simply absurd.


The emergent biological machinery of a sodium-potassium pump exerts downward causation on the ions, powered by ATP energy carriers (feeding on negative entropy). 


The sodium-potassium pump in our neurons is as close to a
Maxwell's Demon as anything we are ever likely to see.


When many motor neurons fire, innnervating excitatory post-synaptic potentials (EPSPs) that travel down through the thalamus and the spinal cord where they cause muscles to contract, that is as literal as downward causation gets between the mind and the body. When the emergent mind decides to move the body, mental causation is realized as downward causation.



The Information Solution to the Problem of Mental Causation.


Information philosophy understands mental events as immaterial thoughts, which are normally only unrealized possibilities for action. Thoughts are embodied in the neural information structures of the brain, where they are stored along with memories of past experience. As such, they are physical and are temporarily even material, in some sense. 

But when they are transferred (communicated) to other parts of the brain, out to other minds, or for storage in the external environment, thoughts are converted from a material substrate to various forms of energy. Temporarily, they are quite non-material, as philosophers for centuries have imagined thoughts in an immaterial mind might be. Once stored, they are again embodied in matter. 


Of course, thoughts or ideas can be unpredictably altered before storage, by noise in the communication. They can also be altered randomly by irreducibly indeterministic errors in the retrieval of the information. Here lies the basis for creative mistakes, to be evaluated by a process of intelligent selection. (As Augustine noted, the Latin intelligere means "to select.") 



The information solution to the mind-body problem can be interpreted as providing a non-reductivephysical interpretation of mind. This model of mind supervenes on the neural brain structures that embody the information (while it is being stored). But the intellectual content of the information is not the resultant of whatever physical processes are coming from lower layers in a hierarchical structure. The physical brain is a plastic storage medium adequately determined to store the information content of these immaterial thoughts, and normally to store it accurately.


With reference to popular (if flawed) computational theories of mind, we note that the "software" contents of a computer program, as well as the execution of the program, is in no way determined or "caused" by the computer "hardware." Similarly, ideas are not determined by the ink on a printed page or the pixels on a computer screen, but by the human minds that put them there.



"Bottom-up" Physical Processes Are Not Deterministic


When small numbers of atoms and molecules interact, their motions and behaviors are indeterministic, governed by the rules of quantum mechanics.

However, when large numbers of microscopic particle get together in aggregates, the indeterminacy of the individual particles gets averaged over and macroscopic adequately deterministic laws "emerge." 

Determinism is an emergent property that shows up in the macroscopic world.


The "laws of nature," such as Newton's laws of motion, are all statistical laws, however close they appear to being certain. They "emerge" when large numbers of atoms or molecules get together. For large enough numbers, the probabilistic laws of nature approach practical certainty. But the fundamental indeterminism of component atoms never completely disappears.


It therefore follows that physical brain events are not pre-determined by the events in lower hierarchical levels, not events in the base physical level, nor even in the biological level.


And the world is not "causally closed" by deterministic physical laws of nature, as assumed by so many philosophers (e.g., Feigl, Smart, Kim). 


Moreover, since some "mental events" are large enough information structures to be adequately determined, these mental events can act causally on lower biological and physical levels in the hierarchy, in particular, the mind can move the body and all its contained physical particles, thus solving the mind-body problem.


A specific example of the mind causing an action, while not itself being caused by antecedent events is the following. Faced with a decision of what to do next, the mind considers several possible alternatives, at least some of which are creatively invented based on random ideas that just "come to mind." Other possible alternatives might be familiar options, even habits, that have frequently been done in earlier similar situations. 


All these alternatives show up as "neural correlates" - brain neurons firing. When the alternatives are evaluated and one is selected, the selected action results in still other neurons firing, some of which connect to the motor cortex that signals muscles to move the body. 


Apart from the occasional indeterministic generation of creative new alternative ideas, this whole causal process is adequately determined and it is downwardly causal. Mental events are causing physical body events.


Quantum Physics and the Problem of Mental Causation". Presented June 6, 2013 at a conference in Milan on "Quantum Physics Meets the Philosophy of Mind".  
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Information is neither matter nor energy. It is sometimes embodied in matter and sometimes communicated as pure energy. It is the scientific basis for an immaterial, causally open, non-physical mind that can nevertheless affect the physical world. Information is the 
modern spirit.
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Neuroscience and the Mind


Neuroscience, both the single-neuron probes and the amazing brain imaging by PET scans and functional MRI, allows us to see (though the pictures are still very blurry and far from the temporal and spatial resolution needed) what is happening in the brain as the mind thinks about various things.

It is unlikely that even the most detailed mapping of the brain will let us see how the brain reasons and makes decisions, but it may well show us the activity of the brain that underlies conscious awareness, so helping to solve the problem of consciousness. 
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Representation

For most of the history of psychology and cognitive science, the great thinkers, from William James to Michael Gazzaniga to Stephen Kosslyn to David Marr, were certain that our ideas, especially our images,  were somehow represented in the mind.


If one could only look into the neocortex, with FMRI or MEG, one should be able to see the thoughts or images


They all ignored the great warning of Gottfried Leibniz whose words in the Monadology  anticipate the work of today's computational neuroscientists to buid a machine that can see, think, and feel like a human being.


  Suppose that there were a machine so constructed as to produce thought, feeling, and perception, we could imagine it increased in size while retaining the same proportions, so that one could enter as one might a mill [e.g., a flour mill]. On going inside we should only see the parts impinging on one another; we should not see anything which would explain a perception.
   


Source: https://www.informationphilosopher.com/mind/representation/
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The Self, Spirit, Soul, or Psyche


Celebrating René Descartes, the first modern philosopher, and his famous phrase Ego cogito, ergo sum, we call our model for mind the Ego. 

Our two-stage model for free will we call the Cogito. Our model for an objectivevalue in the universe, independent of humanity, we call Ergo. And our model for the totality of human knowledge we call the Sum.


The Ego is more or less synonymous with the Self, the Soul, or the Spirit - Gilbert Ryle's "ghost in the machine." We see it as immaterialinformation. An immaterial self with causal power is almost universally denied by modern philosophers as metaphysical, along with related ideas such as consciousness and libertarian or indeterministic free will. 



It is important to note that Descartes made the mind both immaterial and the locus of undeterminedfreedom.  For him, the body is a deterministic mechanical system of tiny fibres causing movements in the brain (the afferent sensations), which then can pull on other fibres to activate the muscles (the efferent nerve impulses).  This is the basis of stimulus and response theory in modern physiology (reflexology). It is also the basis behind connectionist theories of mind. An appropriate neural network (with all the necessary logical connections) need only connect the afferent to the efferent signals. Descartes thought no thinking mind is needed for animals.


Descartes' suggestion that animals are machines included the notion that man too is in part a machine - the human body obeys deterministic causal laws. But for Descartes man also has a soul or spirit that is exempt from determinism and thus from what is known today as "">causal closure." But how, we must ask, can the mind both cause something physical to happen and yet itself be acausal, exempt from causal chains? 



Our Thoughts Are Free, 
Our Actions Are Willed,
Self-Determined,
 
Limited Only by Our  
Creative Control Over Matter and Energy


Most simply, it derives from the discovery by information philosophy that our thoughts are indeterministic and free, whereas our actions are adequately determined by our will. This combination of ideas is the basis for our two-stage model of free will and self-determination.

The "self" or ego, the psyche or spirit or soul, is the self of this self-determination. Self-determination is of course limited by our ability to control matter and energy, but within those physical constraints our selves can act and can take responsibility for our actions.


The Self is often identified with one's "character." This is the basis for saying that our choices and decisions are made by evaluating the alternative possibilities in accordance with our reasons, motives, feelings, desires, etc. These are in turn often the consequence of our past experiences, along with inherited (biologically built-in) preferences. And this bundle of motivating factors is essentially what is known as our character. Someone familiar with all of our preferences would be able to predict our actions with some certainty, though not perfectly, when faced with particular options and the circumstances. The self is the agent that is responsible for those actions.


The self is also often described as the seat of consciousness. Information philosophy defines consciousness as awareness of and attention to information coming in to the mind and the resulting actions that are responsive to the external stimuli (or to bodily proprioceptions). Consciousness thus depends in part on past experiences which are recalled by the Experience Recorder and Reproducer (ERR) as responses to external stimuli.  In this way, "what it's like to be" a conscious agent depends on the kinds of experiences that the agent has had in the past and whose resemblances to present experience provide contextual meaning. 

David Hume's so-called "bundle theory" of the self is quite consistent with the information philosophy view. His fundamental ideas of causality, contiguity, and resemblance as the basis for the association of ideas are essential aspects of the Experience Recorder and Reproducer. He said,


It is plain, that in the course of our thinking, and in the constant revolution of our ideas, our imagination runs easily from one idea to any other that resembles it, and that this quality alone is to the fancy a sufficient bond and association. It is likewise evident that as the senses, in changing their objects, are necessitated to change them regularly, and take them as they lie contiguous to each other, the imagination must by long custom acquire the same method of thinking, and run along the parts of space and time in conceiving its objects.


The frog's eye famously filters out some visual events (moving concave images) while triggering strong reactions to others, like sticking out a tongue to capture moving convex objects. What it's like to be a frog depends then on those experiences that are recorded and thus meaningful to the frog. Hume might say the perception has no resemblance to anything in the mind of the frog. The frog's self is therefore not conscious of those sensations that are filtered out of its perceptions.



The Problem of Other Minds


The problem of other minds is often posed as just one more problem in epistemology, that is, how can be certain about the existence of other minds, since I can't be certain about anything in the external world. But can also be seen as a problem about meaningful communications and agreement about shared concepts in two minds. This makes information philosophy an excellent tool for approaching the classic problem.

For some philosophers, the problem of other minds is dis-solved by denying the existence of the mind in general - as merely an epiphenomenon with no causal powers. Other philosophers identify the problem with Hume's claim that when he looked inside he saw no self. Our positing the self as the immaterial information about stored past experiences clearly helps here.


Still others admit that they have perceptions and sensations, but how could they possibly know what another person is experiencing. For example, I know when I feel pain, but I don't know what is really happening in another person who looks to be feeling pain.


The standard answer here is that other persons seem in most respect to be similar to myself, and so by analogy their experiences must be similar to mine. This analogical inference is weak because of its literal superficiality, because we don't get an inside view of the other mind.   


For information philosophy, the problem of knowledge can solved by identifying partial isomorphisms in external information structures with the pure information in a mind. This suggests the solution of other minds. Looked at this way, the problem of other minds is easier to solve than the general epistemological problem. The general problem must compare different things, the pure information of mental ideas with the information abstracted from a concrete external information structure. The problem of other minds compares similar things (concepts).


When, by interpersonal communications, we compare the pure information content in two different minds, we are reaching directly into the other mind in its innermost immaterial nature. To be sure, we have not felt the same sensations nor had identical experiences. We have not "felt the other's pain." But we can plant ideas in the other mind, and then watch it alter the other person's actions in a way totally identical to what that information, that knowledge, has been used for in our own actions. 


This establishes the existence, behind the external bodily (material) behaviors of the other person, of the same immaterial, metaphysical mind model, the same theory of mind, in the other mind, as the one in our own.  




[image: image-placeholder]
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Of all the problems that information philosophy may help to solve, few are more important than the question of Mind. There is little in philosophy that is more dehumanizing than the logic chopping and sophistic word juggling that denies the existence of mind, consciousness, and the immaterial human spirit, free from deterministic Laws of Nature governing Matter. 

Some of the earliest philosophers saw an immaterial Mind as the source of eternal Truths about Reality that could not be based on mere physical phenomena - unreliable Sensations emanating from Matter,

Plato thought his abstract noumenal Forms and Ideas precede the concrete objects of the physical and phenomenal world, inspiring theologians to imagine an omniscient and omnipotent creator of those ideas and the material universe. 

Aristotle dramatically reversed the roles of Mind and Matter. He saw his master's Ideal Forms, like the perfect circle, as simply abstractions of a shared common feature found in nature; Plato's perfect circle is simply the abstraction from so many concrete circular objects. 


And Aristotle saw the Mind, the entity dealing with immaterial abstractions as itself immaterial. 


If thinking is like perceiving, it must be either a process in which the soul is acted upon by what is capable of being thought, or a process different from but analogous to that. The thinking part of the soul must therefore be, while impassible, capable of receiving the form of an object; that is, must be potentially identical in character with its object without being the object. Thought must be related to what is thinkable, as sense is to what is sensible...

Thus that in the soul which is called thought (by thought I mean that whereby soul thinks and judges) is, before it thinks, not actually any real thing. For this reason it cannot reasonably be regarded as blended with the body: if so, it would acquire some quality, e.g. warmth or cold, or even have an organ like the sensitive faculty: as it is, it has none. It was a good idea to call the soul 'the place of forms', though this description holds only of the thinking soul, and even this is the forms only potentially, not actually.


René Descartes' dualism reduced the bodies of all animals to deterministic living machines, but he left room for a non-­mechanistic, immaterial, and indeterministic Mind above and beyond the deterministic limits set by the laws of material nature. 

Immanuel Kant renamed the ancient division of sensible and intelligible worlds, locating God, freedom, and immortality in his noumenal world, while pure sensation exists in his completely deterministic phenomenal world. But like Descartes, Kant could never explain the connections between these mental and physical worlds.


Many modern philosophers and psychologists believe that all matter includes a psychic or mental aspect. Pan-psychism is the belief that all material particles have a mental capacity and some elemental consciousness.


These pan-psychists do not believe that immaterial minds could have emerged from matter. They simply assume that even the most elementary particles of matter must contain a mind-like element and, moreover, all elementary particles share in a kind of "cosmic consciousness" that is connecting (entangling?) everything in a "holistic" universe. 



Information philosophy hopes to show that information is itself that immaterial “substance” above and beyond matter and energy that the ancients, Descartes, and Kant were all looking for. And although passive information structures appeared and evolved in the billions of years before life appeared, it was living things that put immaterial information to active use. This was "mind over matter."  


And that long sought for connection between noumenal and phenomenal, between mental and physical, is simply that ideas in minds have causal power, through their effects on the decisions and actions of living agents. With the appearance of living things, agency and purpose entered the universe.



Mind as Immaterial Information in a 
      Biological Information Processor 


Information philosophy views the mind as the immaterial information in the material brain. The brain is seen as a biological information processor. Mind is "software" in the brain’s "hardware," although the hardware is altogether different from the logic gates, bit storage, algorithms, computations, and input/output systems of the type of digital computer used as a "computational model of mind" by today's cognitive scientists.

The “stuff” of thought is pure information, neither matter nor energy, though it needs matter for its embodiment and energy for its communication. Information is the modern spirit, the soul in the body, the "ghost in the machine." 


In ancient philosophy, mind/soul versus body was one of the classic dualisms, such as idealism versus materialism, the problem of the one (monism) or the many (pluralism), the distinction between essence and existence, between universals and particulars, between necessity and contingency, between eternal and ephemeral, but most important, the difference between the intelligible world of the noumena and the ​sensible world of mere appearances or phenomena.


When mind and body are viewed today as a dualism, it is because the mind is considered to be fundamentally different from the material brain, though perhaps not another “substance.” We propose an easily understandable and critically important difference between physical  matter and immaterial information. Whereas the total amount of matter/energy is conserved, the universe is continuously creating new information - by rearranging existing matter into new "information structures". The total amount of information (a kind of order) in the universe is increasing, despite the second law of thermodynamics, which - counterintuitively, but also correctly - says that the total amount of disorder (entropy) is also increasing. My Harvard mentor David Layzer showed that both have been increasing since the origin of the universe.


Matter, along with energy (mc2), cannot increase. It is conserved, a constant of the universe. Information is not conserved, despite the claims of some modern scientists. As information grows, it is the source of genuine novelty in the universe. The future is not determined by the past and present, because the future contains unpredictable new information. New information is continuously created in the physical and the biological universe.


If mind and matter then are to be considered part of a dualism, it will not be a "material substance" dualism, but it can still be a "physical substance" dualism, since mind and matter are both physical and "substantial," in the sense of having real causal power. We recognize that something immaterial with causal power also fits the description of the metaphysical.




The Evolution of Information Structures to Become Minds


How did material substances come to be able to think? Ancient philosophers assumed that mind and thought must be primordial, perhaps even prior to the creation of matter. But we can now outline the creation and evolution of information from an initial state of the universe (with minimal, essentially zero information and perhaps even no material at all, only energy) to the “information age” of today. We call it the cosmic creation process
Information philosophy makes the straightforward claim that human beings, especially their minds, are the most highly evolved form of information generation and processing system in the known universe. Recognizing this simple fact provides a radically new perspective on the central problems of psychology, neuroscience, and philosophy of mind.


In a very deep sense, we are information.


The story of evolution from the universe origin to the information-processing brain/mind can be told in three major emergences:

	
From the earliest moments in the evolution of matter, some of it was organized into passive information structures by external forces. Their components were arranged by quantum, chemical, or gravitational forces. The first stable atoms appeared three-hundred-eighty-thousand years after the origin of the universe, The first stars and galaxies took a few hundred million years to form.

	
Four billion years ago in the evolution of life, active information structures emerged that create and transmit information by natural selection, variation, and heredity. They use information to control the flow of matter and energy through their bodies. Every component, from molecules to cells and their interconnections is arranged by biological information stored in the cell and its DNA. 

	
A few hundred thousand years ago human minds emerged, which create, store, and transmit vast amounts of information external to their bodies, the basis for human knowledge and cultural/social organization.



With the appearance of life, purpose entered the universe. The fundamental purpose of all life is to survive, at least long enough to replicate. For most species, all of the information needed to survive is transmitted in the genes and the biological machinery of the cell. To benefit from the experiences of an ancestor, those experiences must somehow be encoded genetically, so they show up as a priori, built-in capabilities of the offspring.
Konrad Lorenz said that what is a priori for an individual (ontogeny) was a posteriori for its ancestors (phylogeny).

The appearance of human minds marks the beginning of significant amounts of knowledge stored extra-biologically. Externally stored information (our "Sum") needed for human survival is transmitted culturally between the generations. The development of the highest forms of philosophical and scientific thought would have been impossible without the externally stored information we call the Sum. Arguably, even language itself could not have developed. A child deprived of its senses for access to human culture would never speak. According to Merlin Donald, human culture did not develop because humans had acquired language to communicate. We developed language to improve on the primitive communication capabilities (miming, pointing, signing) of pre-linguistic humans. 


Humans are conscious of our experiences because they are recorded in (and reproduced on demand from) the information structures in our brains. We call it the Experience Recorder and Reproducer (ERR). Mental information houses the content of an individual character - the fabric of values, desires, and reasons used to evaluate alternatives for action and thus to make choices. The information in a human brain vastly exceeds our genetic information. And because human information can be stored and retrieved externally, the Sum of human knowledge has allowed human beings to dominate the planet, for better or worse. Animals may exceed us in strength and speed, but we have experience, memory, wisdom, and skill (Anaxagoras DK B 21b) that has accumulated over tens of thousands of generations.


Mind-body as a dualism coincides with Plato’s “Ideas” or “Forms” as pure form, with an ontology different from that of matter. The immaterial Forms, seen by the intellect (nous), allow us to understand the world. On the other hand, mind-body as a monism can picture both sides of the mind-body distinction as pure physicalism, since information embodied in matter corresponds simply to a reorganization of the matter. This was Aristotle’s more practical view. For him, Plato’s Ideas were mere abstractions generalized from many existent particulars. 


Form without matter is empty, matter without form is inconceivable, unimaginable. Kant rewrote this pre-Socratic observation somewhat obscurely as “Thoughts without content are empty, intuitions without concepts are blind.”  


But there are other characteristic differences between the mental and the physical that modern science, even neuroscience, may never fully explain. The most important is the internal and private first-person point of view, the essential subjectivity of the self, the “I” and the “eye” of the mind, its capability of introspection and reflection, its intentionality, its purposiveness, its consciousness. 


The mind records an individual’s experiences as internal information structures and then can play back these recordings to compare them to new perceptions, new external events. The recordings include an individual’s emotional reactions to past experiences, our feelings of pleasure/pain, of hopes and fears, of good and evil. The reproduction of recorded personal experiences, stimulated by similarities in a new experience, provides the core of “what it’s like to be” an individual. Without the context provided by past similar experiences, the new experience would lack all meaning and significance, though it would be duly recorded to provide meaning for future experiences. 


The external and public physical world, by contrast, is studied from the third-person point of view. Although putatively “objective,” science in fact is the composite “intersubjective” view of the “community of inquirers,” as Charles Sanders Peirce put it.  Although this shared subjectivity can never directly experience what goes on in the mind of an individual member of the community, science is in some sense the collective mind of the physical world.  It is a pale record of the world’s experiences, because it lacks the emotional aspect of personal experience.
The physical world itself has no sense of its history. It does not introspect or reflect. It lacks consciousness, that problem in philosophy of mind second only to the basic mind-body problem itself. We see consciousness as based on a highly evolved Experience Recorder and Reproducer (ERR) that even the lowest organisms may have in the form of experiences recorded in their DNA .

Aristotle, in his Book III, Parts IV and V, of De Anima (On the Soul), perhaps the most controversial and confusing part of his entire corpus, says that the soul (psyche) or mind is immaterial. He was right. For Aristotle, Intellect (nous) is that part of the soul whose active thinking gives it a causal (aition) power (dynamis) over the material (hyle) body (soma). This claim appears to anticipate the mind-body problem of René Descartes - how exactly does an immaterial thing (substance) or property exert a causal force on the material body? [We shall see a similar puzzle in quantum mechanics  where the immaterial wave function influences the motion of material particles, albeit statistically.]


It is important to note that Descartes made the mind the locus of undeterminedfreedom.  For him, the body is a deterministic mechanical system of tiny fibres causing movements in the brain (the afferent sensations), which then can pull on other fibres to activate the muscles (the efferent nerve impulses).  This is the basis of stimulus and response theory in modern physiology (reflexology). It is also the basis behind connectionist theories of mind. An appropriate network need only connect the afferent to the efferent signals. No thinking mind is needed for animals (or computers where inputs completely determine outputs).


The popular idea of animals as machines included the notion that man too is in part a machine - the human body obeys strictly deterministic causal laws. But for Descartes man also has a soul or spirit that is exempt from determinism and thus from what is known today as “causal closure.” But how, we must ask, can the mind both cause something physical to happen and yet itself be acausal, exempt from causal chains? This is the problem of mental causation.


Since Immanuel Kant, this problem has become even more severe. The freedom in Kant’s noumenal world - outside space and time - has no apparent connection with the deterministic phenomenal world. For Kant, causality is a category of understanding applicable only to the phenomenal world. In the twentieth century, Gilbert Ryle called the concept of Mind a “category mistake.” 


Information philosophy hopes to solve the mind/body problem, the problem of mental causation, the “hard problem” of consciousness, and the problem of other minds, not by postulating a non-physical world, but instead a world that answers to the ancient description of metaphysical, because it is non-material. This "world of ideas" is the locus of everything Aristotle included in his first philosophy, the laws of thought and today the laws of physics. 


The world of information is abstract, not concrete, intangible, yet with causal power as Aristotle thought. The material world is made up in part of information structures. (We shall see that most of the matter in the universe is chaotic and contains little or no information.) Material information structures can be perceived and their abstract information content represented as our knowledge of the world.


But is our knowledge of the world in our minds representations of information structures in the universe? Clearly our minds contain enormous amounts of information. And they "process" that information as they think and act in the world. But does the mind/brain contain images of things in the world? Do brain structures contain innate rules of language, as Noam Chomsky maintains? 


As neuroscientists get finer and faster fMRI and MEG tools to examine our neurons more closely, will they find our ideas stored there as digital data?  


No. Man is not a machine and the brain is not a computer. Neuronal synapses are not logic gates, parts of a central processing unit (CPU) or parallel distributed processors throughout the brain, as the computational model of the mind claims. 


Our brains invented, discovered, and created the sum of human knowledge but we store most of it in external artifacts like our books, our world-wide web, and our built world. The tiny fraction of human knowledge in an individual mind is a record of a lifetime of experiences that we call the Experience Recorder and Reproducer, built on top of the genetically evolved human brain.   



Information philosophy goes “beyond logic and language.”
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Mind-body as a dualism coincides with Plato's "Ideas" or “Forms” as pure form, with an ontology different from that of matter. The immaterial Forms, seen by the intellect (nous), allow us to understand the world. On the other hand, mind-body as a monism can picture both sides of the mind-body distinction as pure physicalism, since information embodied in matter corresponds to a mere reorganization of the matter. This was Aristotle's more practical view. For him, Plato's Ideas were mere abstractions generalized from many existent particulars. Form without matter is empty, matter without form is inconceivable, unimaginable.

In De Anima (On the Soul, Peri Psyches), Book III, Parts 4 and 5, perhaps the most controversial and confusing part of his entire corpus, Aristotle says that the soul (psyche) or mind is immaterial.   He was right. For Aristotle, Intellect (nous) is that part of the soul whose active thinking gives it a causal (aitia) power (dynamis) over the material (hyle) body (soma). This claim appears to anticipate the mind-body problem of René Descartes, how exactly does an immaterial thing (substance) or a property exert a causal force on the material body?


It is important to note that Descartes made the mind the locus of undeterminedfreedom.  For him, the body is a deterministic mechanical system of tiny fibres causing movements in the brain (the afferent sensations), which then can pull on other fibres to activate the muscles (the efferent nerve impulses).  This is the basis of stimulus and response theory in modern physiology (reflexology). It is also the basis behind connectionist theories of mind. An appropriate neural network (with all the necessary logical connections) need only connect the afferent to the efferent signals. No thinking mind is needed for animals.


Descartes' suggestion that animals are machines included the notion that man too is in part a machine - the human body obeys deterministic causal laws. But for Descartes man also has a soul or spirit that is exempt from determinism and thus from what is known today as "causal closure." But how, we must ask, can the mind both cause something physical to happen and yet itself be acausal, exempt from causal chains? 
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Information philosophy views the mind as the immaterial information in the brain, which is seen as a biological information processor. Mind is software in the brain's hardware. 
The "stuff" of mind is pure information. Information is neither matter nor energy, though it needs matter for its embodiment and energy for its communication.


In ancient philosophy, mind and body formed one of the classic dualisms, like idealism versus materialism, the problem of the one (monism) or the many (pluralism), the distinction between essence and existence, between universals and particulars, between the eternal and the ephemeral.


When mind and body are viewed today as a dualism, the emphasis is on the mind, that is to say the information, being fundamentally different from the material brain. Since the universe is continuously creating new information, by rearranging existing matter, this is an imprtant and understandable difference. Matter (and energy) is conserved, a constant of the universe. Information is not conserved, it is the source of genuine novelty.


A mind-body dualism coincides with Plato's "ideas" as pure form, Its ontology is different from that of matter. The ancients asked about the existential status of Platonic Ideas. On the other hand, monists can see the mind-body distinction as pure physicalism, since information embodied in matter corresponds to a mere reorganization of the matter. This was Aristotle's more practical view. For him, Plato's Ideas were mere abstractions generalized from many existent particulars.


Mind-body as a "problem" is generally traced to René Descartes, who asked how the immaterial mind (or soul) could influence the material body. Would not the interaction between the two have to partake somehow of the character of both? Descartes famously identified the tiny pineal gland as the point of contact between mind and body.


Descartes made the mind the locus of freedom. For him, the body is a mechanical system of tiny fibres causing movements in the brain (the afferent sensations), which then can pull on other fibres to activate the muscles (the efferent nerve impulses). This is the basis of stimulus and response theory in modern physiology(reflexology). 


The popular idea of animals as machines included the notion that man too is a machine - the body obeys strictly deterministic causal laws - but that man has a soul or spirit that is exempt from determinism and thus from what is known today as "causal closure." But how can the mind both cause something physical to happen and yet itself be exempt from causal chains?  


The Problem of Mental Causation

Philosophers who accept the idea that all laws of nature are deterministic and that the world is causally closed still cannot understand how an immaterial mind can be the cause of an action. On this view, every physical event is reducible to the microscopic motions of physical particles. The laws of biology are reducible to those of physics and chemistry. The mind is reducible to the brain, with no remainder. 


For these philosophers of mind, essentially no progress has been made on the problem of mental causation since Descartes. "Reductionists" who accept "causal closure" think that every brain event must have been determined by causes coming "bottom-up" from the brain's atoms and molecules. Any additional mental cause would be extraneous, according to Jaegwon Kim.



Since the early twentieth century, quantum mechanics adds the possibility that some processes are indeterministic, but random quantum-mechanical events have generally been thought to be unhelpful by philosophers of mind. Adding indeterminism to mental events apparently would only make our actions random and our desires the product of pure chance. If our willed actions are not determined by anything, they say, we are neither morally responsible nor truly free.  Whether mental events are reducible to physical events, or whether mental events can be physical events without such a reduction, the interposition of indeterministic quantum processes apparently adds no explanatory power. And of course if mental events are epiphenomenal, they are not causally related to bodily actions. Epiphenomenal access to quantum physics would not help.


Mental causation is a special case of the more general problem of downward causation, for example the downward control of the motions of a cell's atoms and molecules by supervening biological macromolecules. Is the molecular biology of a cell reducible to the laws governing the motions of its component molecules, or are there emergent laws governing motions at the cellular level, still different laws at the organ level, at the organism level up to the mental level?


Emergent properties or laws at the higher levels of a physical-chemical-based biological system would have to prevent those higher levels from being reduced to the properties and laws of the base physical level? These emergent properties are not a new kind of "stuff," but they are nevertheless often described as an emergent dualism, specifically a property dualism.


Is it illogical to deny reductionist ideas of bottom-up causation (because of indeterministic quantum noise) and yet to defend adequately determined downward causation (because quantum effects are averaged out by macroscopic objects)? The arguments are subtle and depend on the complementary roles of determinism (Schrödinger evolution of the wave function) and indeterminism (wave-function collapse) in quantum physics.



Perhaps the most critically important emergent law of all is the abstract idea of determinism itself. Determinism in the macroscopic world emerges from the indeterministic microscopic quantum world by averaging over vast numbers of atoms and molecules. Even before quantum mechanics, Ludwig Boltzmann knew that the macroscopic gas laws were only adequately determined by the average motions of extremely large numbers of molecules. 

Mind as an Experience Recorder and Reproducer


Our specific Mind Model grows out of the question of what sort of "mind" would provide the greatest survival value for the lowest (or the first) organisms that evolved mind-like capabilities.

We propose a primitive mind that could only "play back" experiences, reproducing the entire complex of the sensations experienced, together with the emotional response to the original experience (pleasure, pain, fear, etc.).


The ERR model stands in contrast to the popular cognitive science or “computational” model of a mind as a digital computer with a "central processor" or even a "parallel processor." No algorithms or stored programs are needed for the ERR model.


The physically realizable equivalent is a non-linear random-access data recorder, where data is stored using "content-addressable" memory (the memory address - a string of bits in a digital computer - is the data content itself). 


Much simpler than a computer with stored algorithms, a better technological metaphor for ERR might be a multi-channel, multi-track analog video and sound recorder, enhanced with the ability to record smells, tastes, touches, and most important, feelings. Imagine one channel for each sense, one track for each neuron. But of course machines currently cannot smell or taste and have no feelings so could not reproduce them (although Gerald Edelman's neural network learning computers have some reward/punishment systems designed in).


The biological basis is very straightforward - neurons that wire together (strengthening synapses) during an organism’s experiences, in multiple sensory and limbic systems, such that later firing of even a part of the wired neurons can stimulate firing of all or part of the original complex, thus "playing back" the original experience (including the reaction to the experience and whether it was a useful reaction). 


Related experiences are likely stored nearby (in the many "dimensions" of visual cortex, hearing pathways, olfactory nerves, etc., etc., plus the amygdala).


The ERR model might then explain the philosophical notion of association of ideas. If it is neighboring neurons that fire, they will likely be closely related in some way (since they were stored based on the fundamental pattern of information in the experience). Similar experiences are likely stored in adjacent neurons. Note that a particular smell could cause the recall of experiences where that smell was present, and similarly for other senses.  


Neuroscientists are investigating how diverse signals from multiple pathways can be unified in the brain. We offer no specific insight into these “binding” problems. Nor can we shed much light on the question of philosophical “meaning” of any given information structure, beyond the obvious relevance (survival value) for the organism of remembering past experiences.

<--


In modern times some philosophers and scientists have proposed interactionist models and have also attempted to locate specific parts of the brain, for example at the synapses between neurons, where quantum effects might be important. The neuroscientist John Eccles and philosopher Karl Popper considered such models in their articles and books over many years.


All the attempts to use the mysterious properties of quantum mechanics to explain the mysterious problems of consciousness and psycho-physical relations between mind and body have been just that, explaining one mystery with another mystery.


Some philosophers identify the mind with the brain. 



Information Philosophy identifies the (immaterial) mind with the incredible biological information processing going on in the brain. This processing operates on two levels. 


At the Macro level, the mind/brain is adequately determined to make its decisions and resulting actions in ways that are causally connected with the agent's character and values. It is everything that determinist and compatibilist philosophers expect it to be.


At the Micro level, the mind/brain leaves itself open to significant thermal and quantal noise in its retrieval of past experiences. This generates creative and unpredictable alternative possibilities for thought and action. This is our best hope for a measure of libertarianism.


Our mind/brain model emphasizes the abstract information content of the mind. Information is neither matter nor energy, yet it needs matter for its concrete embodiment and energy for its communication. Information is the modern spirit, the ghost in the machine.


Because it is embodied in the brain, this mind can control the actions of a body that is macroscopic and is normally unaffected by its own quantum level uncertainty (excepting when we want to be creative and unpredictable.


Thus our mind/body model explains how a relatively immaterial, "free," unpredictable, and creative mind can control the adequately determined material body through the self-determinate and responsible actions selected by the will from an agenda of alternative possibilities. 


Moreover, since some "mental events" are large enough information structures to be adequately determined, these mental events can act causally on lower biological and physical levels in the hierarchy, in particular, the mind can move the body and all its contained physical particles, thus solving the mind-body problem.


A specific example of the mind causing an action, while not itself being caused by antecedent events is the following. Faced with a decision of what to do next, the mind considers several possible alternatives, at least some of which are creatively invented based on random ideas that just "come to mind." Other possible alternatives might be familiar options, even habits, that have frequently been done in earlier similar situations. 


All these mental alternatives show up as "neural correlates" - brain neurons firing. When the alternatives are evaluated and one is selected, the selected action results in still other neurons firing, some of which connect to the motor cortex that signals muscles to move the body. 


Apart from the occasional indeterministic generation of creative new alternative ideas, this whole causal process is adequately determined and it is downwardly causal. Mental events are causing physical body events.  
        

-->
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Consciousness can be defined in information terms as a property of an entity (usually a living thing, but we can also include artificially conscious machines or computers) that reacts to the information (and particularly to changes in the information) in its environment.

In the context of information philosophy, we can define this as information consciousness.


Thus an animal in a deep sleep is not conscious because it ignores changes in its environment. And robots may be conscious in our sense. Even the lowliest control system using negative feedback (a thermostat, for example) is in a minimal sense conscious of (aware of, exchanging information about) changes in its environment.


This definition of consciousness fits with our model of the mind as an experience recorder and reproducer (ERR). The ERR model stands in contrast to the popular cognitive science or "computational" model of a mind as a digital computer. No "information processing" (no processing units, algorithms, or stored programs) is needed for the ERR model, although we also see mind as immaterial "software" in the material brain "hardware." 


The physical metaphor for ERR is a non-linear random-access data recorder, where data is stored using content-addressable memory (the memory address is the data content itself). Simpler than a computer with stored algorithms, a better technological metaphor might be a video and sound recorder, enhanced with the ability to simultaneously record smells, tastes, touches, and - critically essential - feelings, something no computer machine can do.


The biological model is neurons that wire together during an organism's experiences, in multiple sensory and limbic systems, such that later firing of even a part of the wired neurons can stimulate firing of all or part of the original complex experience.


The psychological aspect of ERR is that "subjective experience" depends on the diverse and unique past life experiences of each individual, leading to what David Chalmers calls the "hard problem" of consciousness, Thomas Nagel's "what it's like to be...". 


Where neurobiologist Donald Hebb famously argued that "neurons that fire together wire together," our experience recorder and reproducer ERR model assumes that "neurons that have been wired together will fire together." 


If just some of those wired-together neurons are fired by a new experience, many more of them may fire again, explaining many aspects of memory, feelings, and the association  of ideas. 


Neuroscientists are investigating how diverse signals from multiple pathways can be unified in the brain. We offer no specific insight into these "binding" problems. Nor can we shed much light on the question of philosophical "meaning" of any given information structure, beyond the obvious relevance (survival value) for the organism of remembering, and thus learning from, past experiences.


A conscious being is constantly recording information about its perceptions of the external world, and most importantly for ERR, it is simultaneously recording its feelings. Sensory data such as sights, sounds, smells, tastes, and tactile sensations are recorded in a sequence along with pleasure and pain states, fear and comfort levels, etc.


All these experiential and emotional data are recorded in association with one another. This means that when the experiences are reproduced ("played back" when some of their interconnected neurons are fired by something in current experience), the accompanying emotions are once again felt, in synchronization.


The capability of reproducing experiences is critical to learning from past experiences, so as to make them guides for action in future experiences. The ERR model is the minimal mind model that provides for such learning by living organisms.


ERR also explains the uncontrollable and unpleasant recall of past negative experiences that generates post-traumatic stress disorders. 


The ERR model does not need a single "central processor unit (CPU) or even several "parallel processors." It does not use computer-like "data retrieval," based on the "address" of the data, to reproduce past experiences.  All that is required is that past experiences "play back" (are reproduced) whenever they are stimulated by present experiences that resemble the past experiences in one or more ways. 


When the organism recreates past experiences by acting them out, they become "habitual" and "subconscious" information structures.


This repetition, with the random variations caused by noise in recall, subtly changes the recorded experiences over time. 


It is critical that the original emotions also play back, along with any variations in current emotions that are experienced on playback. ERR then becomes an explanatory basis for conditioning experiments, classical Pavlovian and behaviorist operant conditioning, and in general a model for associative learning.

Bernard Baars's Global Workspace Theory uses the metaphor of a "Theater of Consciousness," in which there is an audience of purposeful agents calling for the attention of the executive on stage. 


In the ERR model, vast numbers of past experiences clamor for the attention of the central executive at all times, whenever anything in current experience has some resemblance. 


Global Workspace Theory is a version of  the "blackboard" model of Allan Newell and Herbert Simon, concepts written on the blackboard call up similar concepts by association from deep memory structures. The ERR model supports this view, and explains the mechanism by which concepts (past experiences) are retrieved and come to the blackboard.


In Daniel Dennett's consciousness model, the mind is made up of innumerable functional homunculi, each with its own goals and purposes.


Some of Dennett's homunculi are information structures in the genes, which transmit "learning" or "knowledge" from generation to generation by heredity alone. Others are environmentally and socially conditioned, or consciously learned through cultural transmission of information.


If we define "current experience" as all afferent perceptions plus the current contents of consciousness itself, we get a dynamic self-referential system with plenty of opportunities for negative and positive feedback. 

William James's description of a "stream of consciousness" together with a "blooming, buzzing confusion" of the unconscious appear to describe the ERR model very well.






Four "Levels" of Consciousness


Instinctive Consciousness - by animals with little or no learning capability. Automatic reactions to environmental conditions are transmitted genetically. Information about past experiences (by prior generations of the organism) is only present implicitly in the inherited reactions.

Learned Consciousness - for animals whose past experiences guide current choices. Conscious, but mostly habitual, reactions are developed through experience, including instruction by parents and peers. 


Predictive Consciousness - The Sequencer in the ERR system can play back beyond the current situation, allowing the organism to use imagination and foresight to evaluate the future consequences of its choices.


Reflective (Normative) Consciousness– in which conscious deliberation about values influences the choice of behaviors.



All four levels are emergent, in the sense that they did not exist in the lower, earlier levels of biological evolution.
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The idea of searching for the neural correlates of consciousness was set in motion over thirty years ago by 
Francis Crick and Christof Koch
in their Scientific American article in 1992 "The Problem of Consciousness." 


In 1998 David Chalmers presented a paper at the second Tucson conference of 
consciousness entitled "On the Search for the Neural Correlate of Consciousness.


At about this time, at a conference in Germany, Koch made a bet with Chalmers that the NCC would be discovered in the 
next 25 years. In June 2023 Koch admitted he had lost the bet (New York Times).
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We can trace the origin of the idea of the brain as a computer to a paper written seven years after Alan Turing had proposed his "universal computing machine," and just a few years before the first digital computer was built (ENIAC, 1946).



In their 1943 paper, "A Logical Calculus of the Ideas Immanent in Nervous Activity," twenty-year old Walter Pitts and his older colleague Warren McCulloch wrote


Because of the “all-or-none” character of nervous activity, neural events and the relations among
them can be treated by means of propositional logic. It is found that the behavior of every net can
be described in these terms, with the addition of more complicated logical means for nets
containing circles; and that for any logical expression satisfying certain conditions, one can find a
net behaving in the fashion it describes. It is shown that many particular choices among possible
neurophysiological assumptions are equivalent, in the sense that for every net behaving under
one assumption, there exists another net which behaves under the other and gives the same
results, although perhaps not in the same time. Various applications of the calculus are
discussed. 


McCulloch said his ideas that neural networks are similar to arguments in propositional (and symbolic) logic dates back many years.



Many years ago one of us, by considerations impertinent to this argument,
was led to conceive of the response of any neuron as factually equivalent to a
proposition which proposed its adequate stimulus. He therefore attempted to
record the behavior of complicated nets in the notation of the symbolic logic of
propositions. The “all-or-none” law of nervous activity is sufficient to insure
that the activity of any neuron may be represented as a proposition.
Physiological relations existing among nervous activities correspond, of 
course, to relations among the propositions; and the utility of the representation
 depends upon the identity of these relations with those of the logic of
propositions. To each reaction of any neuron there is a corresponding assertion
of a simple proposition. This, in turn, implies either some other simple
proposition or the disjunction of the conjunction, with or without negation, of
similar propositions, according to the configuration of the synapses upon and
the threshold of the neuron in question. 




The McCulloch-Pitts article compared the neurons behavior to that of a Turing Machine, which Alan Turing had proposed in a 1936 paper. McCulloch and Pitts  compared the computational ability of a neural network to the Church-Turing thesis about computability.


One more thing is to be remarked in conclusion. It is easily shown: first, that
every net, if furnished with a tape, scanners connected to afferents, and suitable
efferents to perform the necessary motor-operations, can compute only such
numbers as can a Turing machine; second, that each of the latter numbers can
be computed by such a net; and that nets with circles can be computed by such a
net; and that nets with circles can compute, without scanners and a tape, some
of the numbers the machine can, but no others, and not all of them. This is of
interest as affording a psychological justification of the Turing definition of
computability and its equivalents, Church’s λ-definability and Kleene’s
primitive recursiveness: if any number can be computed by an organism, it is
computable by these definitions, and conversely. 


Psychology struggled for decades to establish a "science of the mind," first by "introspecting" what is going on inside the mind (William James), then adopting "behaviorism" which denies the existence of the unobservable immaterial mind and allows only verifiable "observations of human behavior (John Watson, B.F.Skinner). 

John B. Watson was the creator of behaviorism, He proposed to replace the "science of the mind" with the "science of human behavior."


Psychology had studied the mind and consciousness by introspection. Watson claimed that subjective internal states of mind and consciousness are unobservable, unmeasurable, and even nonexistent. Psychology should only study the measurable, objective, external behaviors of man and animals.

B.F.Skinner added the idea of reinforcement schedules to Watson's conditioning techniques. His work led to "mind" and "consciousness" becoming unspeakable concepts in many psychology departments. A survey of today’s four leading textbooks on psychology has only one that defines psychology as “the science of mind.” Another has for its main index entry, “mind, theory of, see theory of mind. A third has “mind, see brain.” And the last has no entry at all under “mind.” The historian of psychology A.A.Roback said psychology had lost its mind. Can there be psychology without a psyche?


Behavorism was replaced with "cognitive science" in the 1950's, especially at the Massachusetts Institute of Technology, where an important meeting of cognitive scientists took place. George A. Miller presented his "The Magical Number Seven, Plus or Minus Two" paper while Noam Chomsky, Allen  Newell, and Herbert Simon presented their findings on computer science. Ulric Neisser, the "father of cognitive psychology," commented on many of the findings at this meeting in his 1967 book Cognitive Psychology. 


Behaviorists such as Miller began to focus on the representation of language rather than general behavior. Vision scientist David Marr concluded that one should understand any cognitive process at three levels of analysis. These levels include the computational, the algorithmic/representational, and physical levels of analysis.


Since the foundational ideas of Warren McCulloch and Walter Pitts in the 1940's, a number of major textbooks were devoted to cognitive science or cognitive psychology, developing the idea that the brain is an information processing system like a computer. Out of all these excellent books, we can quote an article from the early 1990's by two of the major players in computational neuroscience, Patricia S. Churchland and Terrence Sejnowski, authors of The Computational Brain.


	Cognition essentially involves representations and computations. Representations are, in general, symbolic structures, and
computations are, in general, rules (such as rules of logic) for manipulating those symbolic structures.

A good model for understanding mind-brain functions is the computer - that is, a machine based on the same logical foundations
as a Turing machine and the von Neumann architecture for a digital computer. Such machines are ideally suited for the manipulation of symbols according to rules. The computer metaphor suggests that the mind-brain, at the information processing level, can be understood as a kind of digital computer; the problem for cognitive psychology is to determine the program that our brains run.





We can list the major functions of a digital computer that computational neuroscience hopes to locate somewhere in the brain/mind.


Hypothetical Digital Computer Functions in a Brain/Mind

	A central logic processing unit or distributed parallel processors
	Systems for input and output of data (information)
	Data storage of digital bits - 1s or 0s
	In the von Neumann architecture, the programs are stored in the same memory as other data
	Algorithms to recall that data to create representations of the information
	Circuits to communicate information (messages) from place to place
	Processors to prepare and transmit messages and to receive and interpret them



Source: https://www.informationphilosopher.com/mind/cogscience/
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Is Mind a Large Language Model?

The mind/brain has been compared to the software and hardware in a digital computer by decades of "computationalist" cognitive scientists. 


We suggest that a much better, and much simpler, computer science parallel with human mental activity is the large language model (LLM) in today's artificial intelligence (AI). A chatbot reply to a question is prepared from pre-trained sequences of words and sentences similar to (with high "transition probabilities" from) the sequence of words and sentences in the question. Brain hardware may not be computer hardware, but brain software may closely resemble today's state of the art AI software.


Consider the past experiences reproduced by the Experience Recorder and Reproducer (ERR)1. They are past experiences which are stimulated to fire again because the pattern of current somatosensory inputs, or simply our current thinking in the prefrontal cortex, resembles the past stored experiences in some way. The ERR model is an extension of Donald Hebb's hypothesis that "neurons that fire together get wired together." The ERR model assumes that neurons that have been wired together in the past will fire together in the future, as suggested by Giulio Tononi.2

We can say that the brain is being "trained" by past experiences, just as a large language model is trained with sequences of words and sentences. And like the LLM, a new experience or our current decision making will recall/reproduce past experiences that are statistically similar, providing the brain/mind with the context needed to interpret, to find meaning in, the new experience and to provide options for our decisions.2

A new experience that is nothing like any past experience is essentially meaningless. It is without context.


Does this parallel between artificial intelligence software running on digital computer hardware and human natural intelligence software running on analog brain hardware make sense? 

In the most popular consciousness models, such as Bernard Baars' Global Workspace Theory or the Global Neuronal Workspace Theory of Stanislas Dehaene and Jean-Pierre Changeux, the fundamental idea is that information is retrieved from its storage location and displayed as a representation of the information to be processed digitally and viewed by some sort of executive agency (or Central Ego as Daniel Dennett called it).


Unlike computational models, which have no idea where information is stored in the brain, the ERR explains very simply where the information is stored. It is in the thousands of neurons that have been wired together (in various Hebbian assemblies). The stored information does not get recalled or retrieved (as computers do) to create a representation that can be viewed in a mental display. We can more accurately call it a direct reproduction or re-presentation to the mind. 


Our hypothesis is that when (perhaps several)  Hebbian assemblies of wired-together neurons fire again because a new experience has something in common with all of them, they could create what William James' called a "blooming, buzzing confusion" in the "stream of consciousness." They would generate what James called alternative possibilities, one of which will get the mind's "attention" and its "focus." Since each Hebbian assembly is connected to multiple regions in the neocortex, e.g., visual, auditory, olfactory, somatosensory cortices, and to multiple nuclei in the sub-cortical basal ganglia, like the hippocampus and amygdala, when one experience is freely3 chosen all those brain regions that were activated by the original experience will be immediately bound together again.

 
Compare the way computational neuroscience stores and recalls an experience in memory. A central serial processor, or many parallel distributed processors in the connectionist picture, must digitize all the sensory inputs and transmit the data over the neural network, storing the bits at digital addresses that can be used to retrieve the data when it is needed later. The logical bits of data are presumably stored in individual neurons whose "all-or-none" firing corresponds somehow to the ones and zeros of digital information. 


When the computer brain recalls a past experience, it must reverse the above, copying the stored data and sending the copy back across the neural network to form a "representation" of the original experience to be viewed. At this moment there must exist two copies of the original information at different places in the brain. We know very little about the cycle time of each instruction in the presumed algorithms used to store and recall memories of experiences, but it is likely very long compared to the instruction cycle time of modern computers. So computational neuroscience requires twice the memory store and is very slow. 


A serious additional problem for computational neuroscience is how would the brain know which of the myriad past experiences to recall? A brute force approach would be to build and continuosly maintain an up-to-date index database of all possibly salient properties. Consider the taste and smell of Marcel Proust's madeleines!  Such essential properties are biologically embedded (not digitally encoded) in the Hebbian assembly of the original experience. 


By comparison, the experience recorder and reproducer (ERR) re-presents everything in an original experience instantly, though no doubt with images weakened compared to the original, as David Hume feared for his "impressions."  The mind is "seeing" an original experience, not because the brain has produced a visual representation or display for a conscious observer to look at. This would require the computer equivalent of Descartes' homunculus! The brain/mind is also "feeling" the emotions of the original experience, as well as seeing it in color, solving David Chalmers' "hard problem" of the subjective qualia.


As to how the ERR knows which past experiences are relevant to the current experience, no massive database of indexable properties is needed. Just as ChatGPT returns text that is statistically close to the language content of a query, those Hebbian assemblies that fire again in the ERR are those with neurons statistically close to, perhaps firing in, those in the new incoming experience. 


The ERR is simply reproducing or "re-presenting" original experiences in all parts of the mind connected by the neural assemblies, solving the so-called "binding problem."  This unification of each experience is because the information stored is distributed throughout each Hebbian assembly. All the cortical and subcortical centers that its neurons were connected to are immediately connected again. 


The ERR is a presentation or re-presentation to the conscious mind, not a separate representation on a screen as in a Global Workspace Theory and its "theater of consciousness." The fundamental philosophical question of how and where information is created, stored, and utilized in brain memory is answered very simply. It is in the strengthened synapses of the neurons that get wired together by each new experience. That information is never "processed," nor is it communicated or transmitted to other regions of the brain to be processed. It lives forever in a Hebbian assembly as long as the synaptic connections remain healthy. Much, if not all, lasts a human lifetime, although recalling it, reproducing it, "playing it back," may fail for reasons of "long term depression" (LTD).  


In a break from computational neuroscience models of the mind, we can assert that man is not a machine, the brain is not a computer, and although the mind is full of immaterial information stored in the material brain, there are no "mental representations" as such, and mental information is not being processed digitally by a central processor or distributed parallel processors. A number of relevant experiences are simply "turned on" again, in an instant, likely faster than any computer program, considering the large number of ideas that simply "come to mind," automatically detected by elements in past experiences that are salient to the current experience.


We can also identify the Crick and Koch neural correlates6 of a conscious experience. They just those neurons that were wired together in the Hebbian assembly created by the experience. 


Our Natural Intelligence LLM is human intelligence, built on the ERR model and the two-stage model of free will endorsed by Martin Heisenberg in 2010 as explaining "behavioral freedom" in lower animals such as fruit flies and even bacterial chemotaxis.4 As such, the human mind can be seen as evolved from the lowest animal intelligence and even from single-celled organism intelligence, although bacterial experiences are not learned but acquired genetically.


In summary, we ask why decades of computational neuroscientists have imagined multiple digital processors moving bits of information from place to place in the brain, when the multiple neural pathways through the body and brain that are activated by an experience can simply be re-activated on demand, our memories played back in full by the experience recorder and reproducer, a purely biological capability created by natural evolution in almost all animals? 


It's all because two brilliant thinkers (Warren McCulloch and Walter Pitts) imagined a logical machine could be built someday that would rival the ability of humans to solve problems in propositional logic put forward by Immanuel Kant, Gottfried Leibniz, Bertrand Russell, Ludwig Wittgenstein, Rudolf Carnap, Ruth Barcan Marcus, Willard van Orman Quine, and Saul Kripke.  See our history of computational models.


I wish experimantal neuroscientists would spend more time studying the mechanism that strengthens synapses (long-term potentiation) and weakens them (long-term depression).



Stephen Wolfram has concisely explained the workings of an LLM...
What Is ChatGPT Doing... and Why Does It Work?

It’s Just Adding One Word at a Time

That ChatGPT can automatically generate something that reads even superficially like human-written text is remarkable, and unexpected. But how does it do it? And why does it work? My purpose here is to give a rough outline of what’s going on inside ChatGPT— and then to explore why it is that it can do so well in producing what we might consider to be meaningful text. I should say at the outset that I’m going to focus on the big picture of what’s going on — and while I’ll mention some engineering details, I won’t get deeply into them. (And the essence of what I’ll say applies just as well to other current “large language models” [LLMs] as to ChatGPT.)


The first thing to explain is that what ChatGPT is always fundamentally trying to do is to produce a “reasonable continuation” of whatever text it’s got so far, where by “reasonable” we mean “what one might expect someone to write after seeing what people have written on billions of webpages, etc.”


So let’s say we’ve got the text “The best thing about AI is its ability to”. Imagine scanning billions of pages of human-written text (say on the web and in digitized books) and finding all instances of this text—then seeing what word comes next what fraction of the time. ChatGPT effectively does something like this, except that (as I’ll explain) it doesn’t look at literal text; it looks for things that in a certain sense “match in meaning”. But the end result is that it produces a ranked list of words that might follow, together with “probabilities” 5






Source: https://www.informationphilosopher.com/mind/llm/
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The Experience Recorder (ERR)

The Experience Recorder and Reproducer


The experience recorder and reproducer (ERR) is an information model for the
mind.  The ERR is simpler than, but superior to, the computational
models of the mind popular in today's neuroscience and cognitive science, the "software in the brain hardware." 

Although we agree that the mind is, like software, immaterialinformation, we think that man is not a machine, the brain is not a computer, and the mind is not storing and processing digital information.


The ERR may give us deep insight into the problem of "meaning," the so-called "binding problem," as well as David Chalmers' "hard problem" of  consciousness.


Our ERR mind model grows out of the biological question of what sort of "mind" would provide the greatest survival value for the lowest (or the first) organisms that evolved mind-like capabilities.


We propose that a minimal primitive mind would need only to "play back" past experiences that resemble any part of current experience. Remembering past experiences has obvious relevance (survival value) for an organism. But beyond survival value, the ERR touches on the philosophical problem of "meaning." We suggest the epistemological "meaning" of information perceived may be found in the past experiences that are reproduced by the ERR, when stimulated by a new perception that resembles past experiences in some way.


The ERR model is an extension of neuroscientist Donald Hebb's famous insight that "neurons that fire together wire together." Our experience recorder and reproducer ERR model simply assumes that "
neurons that have been wired together in the past will fire together in the future (reproducing all or part of relevant past experiences)."


Ours is not the first such suggestion. Giulio Tononi and colleagues wrote this in the Proceedings of the National Academy of Sciences in 2008, and referenced two earlier suggestion from the 1990's. 


Consider neurons that are coactivated during learning tasks and become more strongly connected, in line with Hebbian principles (fire together, wire together). After learning, the same neurons show an increase in correlated firing when they are spontaneously active, both in quiet wakefulness and during sleep (wire together, fire together) 


The earlier suggestions were by sleep researcher Bruce L. McNaughton and his colleagues, who noted that... 


Cells that fired together when the animal occupied particular locations in
the environment exhibited an increased tendency to fire together during subsequent sleep.


The ERR explains very simply where the information is stored in the brain. It is in the many neurons that have been wired together (in a Hebbian assembly). The stored information does not get recalled or retrieved (as computers do) to create a representation that can be viewed (indeed, who would look at it?). It just needs to be re-activated. We might more accurately call the reproduction a "re-presentation."


Our hypothesis is that when wired-together neurons fire again because a new experience has something in common (and there might be multiple Hebbian assemblies sharing those newly firing neurons, creating William James' "blooming, buzzing confusion" of alternative possibilities, one of which will get the mind's "attention" and "focus"); since each Hebbian assembly is connected to multiple regions in the neocortex, e.g., visual, auditory, olfactory, somatosensory cortices, and to multiple nuclei in the sub-cortical basal ganglia, like the hippocampus and amygdala.


Very simply, everything going on in the original experience appears to the mind to be happening again, perhaps weakened compared to the original, as David Hume feared for his "impressions."  The mind is "seeing" the original experience, not because the brain has produced a visual representation or display for the conscious observer to look at. The brain/mind is also "feeling" the original experience, seeing it in color, solving Chalmers' "hard problem" of the subjective qualia.


The stored information does not get "recalled" to appear as a duplicate of the information somewhere else in the mind, as computational neuroscientists know that a digital computer must do. 


The ERR is simply reproducing or "re-presenting" the original experience in all parts of the mind connected by the original neural assembly. This solves the "binding problem"  and the "unification of experience," because the information stored is distributed throughout the Hebbian assembly to all the same brain elements its neurons were originally connected to.


The ERR is a presentation or re-presentation to the conscious mind, not a representation on a screen as in the "theater of consciousness" in Bernard Baars' "Global Workspace Theory" or on the "blackboard" model of Herbert Simon and Allen Newell .


The ERR model is also based on Eric Kandel's memory model for long-term potentiation in the neocortical synapses. Short-term memory must have a much faster storage mechanism. While permanent storage in the neocortex is slow, we shall see that ERR re-activation is very fast, and it does not fade as does short-term working memory.


We propose that the ERR reproduces the entire complex of past sensations experienced, together with the emotional response to the original experience (pleasure, pain, fear, etc.). Playback of past experiences may be stimulated by anything in the current experience that resembles something in the past experiences, in the five dimensions of the senses (sound, sight, touch, smell, and taste).


The ERR model stands in contrast to the popular cognitive science or “computational” model of a mind as a digital computer with a "central processor" or even many "parallel processors." No algorithms or stored programs are needed for the ERR model. There is nothing comparable to the addresses and data buses used to store and retrieve information in a digital computer.



[image: image-placeholder]Santiago Ramón y Cajal’s extraordinary drawings 
of the arborization of neurons needed for the ERR




No modern computer can surpass the amazing information storage capability and rapidity of search and retrieval of information as that of the human neocortex.


As can be seen in Ramón y Cajal's drawings made at the end of the nineteenth century, the neocortex consists primarily of six horizontal layers segregated principally by cell type and neuronal connections.


The neurons are arranged in vertical structures called cortical columns, with a diameter of about 1 mm. A given column may respond to a sensory stimulus coming from a certain body part or region of sound or vision. These columns are similar, and can be thought of as the basic repeating functional units of the neocortex. In humans, a column contains approximately 70,000 neurons and the neocortex consists of about 500,000 columns.


The visible structure of the neocortex is regular, but the initial connections between its over 10 billion axons apparently form at random, each neuron with over 10,000 dendritic connections to other neurons. Those synapses of neurons that fire get strengthened and preserved (perhaps for a lifetime), where those that are unused are "pruned." 


The biological basis for our proposed ERR is very straightforward. 

	The ERR Recorder: Neurons become wired together (strengthening their synapses and dendritic connections to other neurons) during an organism’s experiences, across multiple sensory and limbic systems. 



We now say simply that "neurons that have been wired together will fire together." 

	The ERR Reproducer: Later firing of even a part of the previously wired neurons can stimulate firing of all or part of the original complex, thus "playing back" similar past experiences (including the critically important emotional reaction to those original experiences). 



It is of course well-known that when a spot in the neocortex is stimulated electrically, past experiences are reproduced (reactivated, re-presented to the mind).


The ERR model hypothesizes that for higher animals related experiences are likely stored "nearby" (in the many "dimensions" of visual cortex, hearing pathways, olfactory nerves, etc., etc., plus the amygdala).  In humans this may include the multiple connections from the amygdala into the prefrontal cortex, both the dorsolateral and ventromedial PFC that have been discovered to react to pleasure/pain differences and utility evaluations.


If similar experiences are short distances apart (since storage location is entirely determined by the "pattern" or "shape" of the experience in each sensory dimension), then thermal or quantum noise in the glia separating neurons may contribute a random element as to which experiences come to mind or "pop into our heads."  


The ERR model might then nicely explain the philosophical notion of association of ideas. If it is neighboring neurons that fire, they will likely be closely related in some way (since they were stored based on the fundamental pattern of information in the experience). Similar experiences are likely stored in adjacent neurons. Note that a particular smell could cause the recall of experiences where that smell was present, and similarly for other senses. Smell/taste may be the primitive senses of the smallest organisms, e.g., bacterial cells, that have been conserved in higher forms. 


Although individual cells likely have nothing like pleasure and pain, we might see the bacterial cell's binary possibilities in a homologous relationship to the "fight or flight" reaction in higher animals. 

Martin Heisenberg has shown that the tumbling behavior of the bacterial cell  corresponds to the alternative possibilities in our two-stage model of free will. Even a bacterium's behavior is not pre-determined from moments before its decision.



The Binding Problem


Neuroscientists are investigating how diverse signals from multiple pathways can possibly be unified in the brain. The ERR model offers an extremely simple insight into this so-called “binding” problem. There is an intrinsic binding of the multiple sensory and limbic systems present in the original wiring or "recording" of a complex experience. So although one or more experiences may be stimulated to play back because of a new experience with even just a single sense, the "binding" of all the original senses and emotion in each experience is simply the result of the Hebbian "wiring" of neurons during the original experience

We assume that whenever a particular experience plays back, it refreshes and strengthens the synaptic connections. It might also be the case that the current conditions can modify the connections somewhat, both slightly modifying the memories of the experience and the emotions associated with the experience. ERR might then become an explanatory basis for conditioning experiments, classical Pavlovian and operant conditioning, and in general a model for associative learning.


The capability of reproducing experiences is critical to learning from past experiences, so as to make them guides for action in future experiences. The ERR model is the minimal mind model that provides for such learning by living organisms. It is critical that the original emotions also play back, along with any differences from past emotions that are newly experienced during playback. 



Speed and Power of the ERR


You might not normally notice the speed with which you can recall the name of a sixth-grade teacher or childhood friend that has not occurred to you for decades. Or that a few notes might bring back music and lyrics of a song not sung for many years. An odd smell might evoke memories of a foreign country. A taste might bring on feelings of nausea first experienced long ago. All the senses, not just visual stimulation, can replay complex, multi-sensory original events. How does it work so fast? 

Sometimes when you consciously try to recall a particular name, it does not come immediately to mind, but you can feel it on "the tip of your tongue." Then hours, even days later the forgotten name just "pops into your head."  It suggests unnoticeable "unconscious" information processing by the Experience Recorder and Reproducer. 


To make a crude estimate of the speed and power of the brain as a biological information processor, we can calculate the information creation going on in the body overall. Estimating how much power the body consumes (metabolizing of food as negative entropy), we can then use the fact that the brain uses about 20 percent of that energy.


We can take just one bodily process that is also vital to thought, the continuous replacement of red blood cells, which consumes a significant fraction of available energy. When 200 million of the 25 trillion red blood cells in the human body die each second, 100 million new hemoglobins must be assembled in each of 200 million new blood cells . With the order of a few thousand bytes of information in each hemoglobin, this is 10 thousand x 100 million x 200 million = 2 x 1020 bits of information per second, a million times more information processing than today's fastest computer CPU.

 
What is the brain doing with such immense power consumption and potential information generation.  It could be the "blooming, buzzing, confusion" that William James imagined going on just below his "stream of consciousness."

 
How can the mind "focus attention," as James put it? 
Think of how the eye can instantly be drawn to a tiny dark speck moving in our peripheral vision.

 
The ERR's operation is nothing like the way a computer searches and retrieves information. ERR does not decide what to search for and then look systematically through all the information structures to find it.


We can compare Google's "distributed search" algorithms, which send a search phrase to hundreds of thousands of computers in centers around the world. After vast amounts of "parallel distributed processing," each computer returns its relevant pages within a fraction of a second. These are then assembled into the Google "results" pages. The ERR works nothing like that.


A more appropriate example would be today's natural language translation systems. For decades, computer engineers were convinced thed could write algorithmic translation programs. They only needed to understand ("reverse engineer")  Noam Chomsky's "deep grammar" that generates all possible language. The U.S. Department of Defense invested $20 million over twenty years before declaring machine translation (MT) a failure. Today machine translation uses a database of known translation pairs in a giant database called translation memory (TM).


The largest such TM systems use incredibly large databases gathered from translated articles on the Internet. They then work something like our ERR. 


Google Translate takes a sentence and searches for matches of all or part of the string of letters and retrieves matches, returning them ordered by the closeness of a match, to the translator. 


So where machine translation is algorithmic and a failure, and the current statistical translation approach based on astounding amounts of "big data" is a reasonable success, we are tempted to say that storage of a vast amount of personal "big data" in the mind/brain gets closer to a plausible model for a mind. We do not know, but Google's search technology may store data at an address that is the data itself (so-called "content-addressable" data storage, in which the address bus is the data bus), making the search algorithm very simple.  



By comparison in the ERR, the current experience travels into the brain on neurons which process it in the normal way for storage, based on its analysis (breakdown) of the multi-sensory content of the image. This seems similar to "content-addressing." The sensations travel into the neocortex, processed by the various visual areas, auditory areas, etc., all connected through the association areas, based solely on the information content. Our hypothesis is that similar data will then be stored in similar areas.


Neurons that start firing will stimulate those previously wired together and others nearby to fire, reproducing a vast number of past real (and perhaps imaginary) experiences that were (at least partially) recorded to the newly firing neurons.   Presented with an experience, the action potentials moving through the forest of axons and dendritic connections start nearby neurons firing which are experienced (we assume mostly unconsciously) just as if a past experience is happening again. 


Since the number of reproduced experiences could be huge, it may sound absurd to suggest that the mind can pick out anything useful from such a cacophony. James did imagine complete confusion. But it is precisely all the past similar experiences retrieved that provide the context for the current experience to be "meaningful." If there were nothing played back, like the infant brain, there would be no "meaning" in the experience. In the adult mind, a lifetime of experience is available, usually instantly played back unconsciously, without us ever having to consciously ask for it. 


We can say that "what it's like to be" a certain animal depends entirely on what its ERR chooses to record and reproduce. A frog, for example, famously allows only the signals from certain shapes to go beyond the frog's eye to its brain. In our ERR model, the frog has no experience recorded of concave-shaped objects moving in its visual field. Such information then is literally "meaningless."



The ERR Sequencer (ERRS)


So far the Reproducer part of the ERR simply "re-presents" an earlier similar experience when a new experience fires some of the neurons in the original experience. Those neurons that fire now stimulate all the neurons that were wired together in the original experience to fire, recovering or "re-presenting" that original experience.

Donald Hebb said "neurons that fire together get wired together." The ERR mind model says "neurons that were wired together in the past will again fire together when some of them are fired by a new experience." In psychological terms, something in the new experience "resembles" something in the old, the new "reminds us" of the old. Being "re-minded" is the basis for memory.



The ERR and Consciousness

Humans are conscious of our experiences because they are recorded in (and reproduced on demand from) the information structures in our brains. Mental information houses the content of an individual character - the fabric of values, desires, and reasons used to evaluate alternatives for action and thus to make choices. The information in a human brain vastly exceeds our genetic information. Because humans store and retrieve information outside their minds, it has allowed human beings to dominate the planet. Animals may exceed us in strength and speed, but we have experience, memory, wisdom, and skill (Anaxagoras DK B 21b) that has accumulated over thousands of generations.


The relatively small amount transmitted genetically is tiny compared to that stored in the Experience Recorder and Reproducer of a single human mind. But even that enormous amount is being rivalled by the total knowledge stored externally, the Sum, now becoming available instantly to all humans because it is being stored on the world-wide web and Internet.


Consciousness can be defined in information terms as a property of an entity (usually a living thing but we can also include artificially conscious machines or computers) that reacts appropriately to the information (and particularly to changes in the information) in its environment.


In the context of information philosophy, the Experience Recorder and Reproducer can provide us with what we can define as information consciousness.


An animal in a deep sleep is not conscious because it ignores changes in its environment. By contrast, an inanimate robot may be conscious in our sense. Even the lowliest control system using negative feedback (a thermostat, for example) is in a minimal sense conscious of (aware of, exchanging information about) changes in its environment.


This definition of consciousness fits with our model of the mind as an experience recorder and reproducer (ERR). Can we say that an organism is "unconscious" If no past experiences are playing back during its current experiences? Can we say that a frog is "not conscious" of the concave objects flying by, since it only reacts to concave objects? 


A conscious being is constantly recording information about its perceptions of the external world, and most importantly for ERR, it is simultaneously recording its feelings. Sensory data such as sights, sounds, smells, tastes, and tactile sensations are recorded in a sequence along with pleasure and pain states, fear and comfort levels, etc. We sometimes speak of a "heightened" consciousness that excels at this recording.


All these experiential and emotional data are recorded in association with one another. This means that when the experiences are reproduced (played back in a temporal sequence, the ERRS), the accompanying emotions are once again felt, in synchronization. Although past experiences played back internally are not the same as the current external, they can make us currently "conscious" of past pleasure and pain states, fear and comfort levels, and so forth.

Bernard Baars's Global Workspace Theory uses the metaphor of a "Theater of Consciousness," in which there is an audience of purposeful agents calling for the attention of the executive on stage.


In the ERR parallel, vast numbers of past experiences are clamoring for the attention of the conscious mind at all times, whenever anything in current experience has some resemblance to past experiences. 


If we define "current experience" as all afferent perceptions plus the current contents of consciousness itself, we get a dynamic self-referential system with plenty of opportunities for negative and positive feedback. 


The "Blackboard model" of Allan Newell and Herbert Simon imagines pictures or words (concepts, say) being written on a mental blackboard by our current perceptions. Deep memory structures are watching what is written on the blackboard. They call up similar concepts by association and write them to the blackboard, which is visible to our conscious mind selecting the next things to think about. The ERR model clearly supports this view and explains the neural mechanism by which concepts (past experiences) are retrieved and come to the blackboard.


In Daniel Dennett's consciousness model, the mind is made up of innumerable functional homunculi, each with its own goals and purposes.


Some of these homunculi are information structures in the genes, which transmit "learning" or "knowledge" from generation to generation by heredity alone. Others are environmentally and socially conditioned, or consciously learned through cultural transmission of information.




Four "Levels" of the ERR


We identify four evolutionary stages in the development of the Experience Recorder and Reproducer.

Instinct. These  animals with little or no learning capability. The ERR in such animals does no recording.  Reactions to environmental conditions have been transmitted genetically. Information about past experiences (by prior generations of the organism) is is "built in" as inherited reactions. 

Learning. Here past experiences of animals guide their current choices. Conscious, but mostly habitual, reactions are developed through recorded experiences, including instruction by parents and peers. 


Prediction. - The Sequencer in the ERR system can play back beyond the current situation, allowing the organism to use imagination and foresight to evaluate the future consequences of its choices.


Reflection. Here conscious deliberation about values influences the choice of behaviors. The ERR plays back a range of similar experiences including the reactions and feelings expressed by others to those experiences. 



All four levels are emergent, in the sense that they did not exist in the lower, earlier levels of biological evolution.



Even the most primitive of biological systems are cognitive, in the sense that they use their internal information structure to guide their actions. Some of the simplest organisms can learn from experience. The most primitive minds are the earliest experience recorders. They reproduce past experiences as alternative possibilities for current actions.


In humans, the information-processing structures create new actionable information (knowledge) by consciously and unconsciously reworking the experiences stored in the mind.  

Emergent higher mental levels exert downward causation on the contents of the lower bodily levels, ultimately supporting mental causation and free will. 


There are characteristic differences between the mental and the physical that modern science, even neuroscience, may never fully explain. The most important is the internal and private first-person point of view, the essential subjectivity, the “I” and the “eye” of the mind, its capability of introspection and reflection, its intentionality, its purposiveness, its consciousness. The mind records an individual’s experiences as internal information structures and then can play back these recordings to compare them to new perceptions, new external events. The recordings include an individual’s emotional reactions to past experiences, our feelings. The reproduction of recorded personal experiences, stimulated by similarities in current experience, provide the core of “what it’s like to be” an individual.


The external and public physical world, by contrast, is studied from the third-person point of view. Although putatively “objective,” science in fact is the composite “intersubjective” view of the “community of inquirers,” as Charles Sanders Peirce put it.  Although this shared subjectivity can never directly experience what goes on in the mind of an individual member of the community, science is in some sense the collective mind of the physical world.  It is a pale record of the world’s experiences, because it lacks the emotional aspect of personal experience.


The physical world itself has no sense of its history. It does not introspect or reflect. It lacks an ERR and so lacks consciousness, that problem in philosophy of mind second only to the basic mind-body problem itself.



  The ERR and Schemata


Since the ERR retrieves (re-presents to the mind) those experiences that resemble the present experience in some important ways, we can ask how the ERR can accomplish such a retrieval process and note that it greatly resembles the way Immanuel Kant described his concepts of the understanding (Verstandesbegriffe) in The Critique of Pure Reason.

Kant wrote:


[T]he only manner in which objects can be given to us is by modification of our sensibility;...This formal and pure condition of sensibility to which the employment of the concept of understanding is restricted, we shall entitle the schema of the
concept. The procedure of understanding in these schemata we shall entitle the schematism of pure understanding.

The schema is in itself always a product of imagination. Since, however, the synthesis of imagination aims at no
special intuition, but only at unity in the determination of sensibility, the schema has to be distinguished from the image...This representation of a universal procedure of imagination providing an image for a concept, I entitle the
schema of this concept.


Indeed it is schemata, not images of objects, which underlie our pure sensible concepts. No image could ever be adequate
to the concept of a triangle in general. It would never attain that universality of the concept which renders it valid of all
triangles, whether right-angled, obtuse-angled, or acute-angled; it would always be limited to a part only of this
sphere. The schema of the triangle can exist nowhere but in thought. It is a rule of synthesis of the imagination, in respect
to pure figures in space.

Critique of Pure Reason, Transcendental Doctrine of Judgment, Chapter I, The Schematism of the Pure Concepts of Understanding, A140, B140




Computational neuroscientists hope that distributed parallel processors in the brain could analyze images to find quantitative similarities that would include them in a particular schema. Computers do just that in deep and machine learning. Is a quantitative measure of similarity between two Hebbian assemblies available? 


Since the information content of an experience is simply those neurons that are wired together in the experience, a quantitative meaasure of relevance or salience of an earlier experience could be the number or percentage of neurons shared (presently firing together) between them. Just how that quantity could be sensed neurobiologically is something that should be studied.



  The ERR and Associationism


Theory of Mind


A theory of mind is needed because the minds of others are not directly observable. The minds of others are assumed to exist by analogy with one's own mind. Much of the discussion in the philosophy of mind is about the existence of "mental states" and their causal powers or lack thereof. 

The ERR avoids the vague idea of a "mental state," whatever that may be. The ERR stores specific information in the brain's neural networks about all the perceptual elements (sight, sound, touch, taste, smell) of an experience, along with emotions felt during the experience. The information is stored in whatever neurons fire together. Later, any new perceptual element that fires the same (or nearby) neurons can activate the neural network to replay the original experience, complete with its emotional content. The unconscious mind is a "blooming, buzzing confusion" playing back many similar experiences, to some of which we focus our attention, as William James pointed out. 


This rich spectrum of past experiences provides the alternative possibilities for action that James said was the first stage in his two-stage model of free will

Instead of a general idea of a "mental state," ERR describes a mind full of many possible specific mental states simultaneously, any one of which may become the freely chosen thought that leads to the next action "self-determined" by the brain and body.


ERR finds support in the idea of empathy and the recent discoveries of "mirror neurons" in higher primates. Observing another person having an experience brings out the observer's similar experiences, along with emotional reactions to those earlier experiences. 



Experimental Evidence for the Experience Recorder and Reproducer


From Wilder Penfield's Research on Epilepsy... 



It has long been known that visual or auditory hallucinations sometimes
come to patients with seizures...Similar "psychical" states are sometimes produced, during operation,
by electrical stimulation of the cerebral cortex. Those that are in fact
hallucinations of things previously seen or heard or experienced, we have
called experiential responses.

Twenty-five years ago, one of us reported electrical activation of such
phenomena for the first time (Penfield, 1938). A past experience, which
had occurred regularly as part of the patient's seizure pattern, was reproduced
by electrical stimulation of the cortex of the temporal lobe.


In some cases it could not be proved by witnesses that the experience
was from the patient's past. But in most cases he was confident that it
came from his previous experience. When the experience was fragmentary,
his present awareness might be invaded by no more than a picture.


In addition to the experiential states that we have described above,
gentle electrical stimulation of temporal lobe cortex also produced
sudden "feelings"—sometimes the feeling of familiarity that clinicians
had been in the habit of calling déjà vu,


Because of the association of the temporal cortex with these two classes
of psychical phenomena (recall of past experience, and interpretation of
present experience) the term interpretive cortex was used for descriptive
purposes (Penfield, 1959).


Let us now reconsider these findings. The psychical phenomena that
are produced by activations within the areas of interpretive cortex are of
two types: (a) altered interpretation of the present; and (b) a state of
mind. You may call the latter an experiential hallucination if you like.
The true nature of such hallucinations becomes quite clear when the
records of the stimulation responses are studied. They are reproductions
of past experience.


The remembrance of the original experience
and its record may have been modified by dreams and by re-experiencing...
But at operation it is usually quite clear that the evoked
experiential response is a random reproduction of whatever composed
the stream of consciousness during some interval of the patient's past
waking life.


We have argued before, that since excision of these areas does not
abolish memory, they do not contain the actual record of the past. They
are, however, functionally connected with that neuronal record (Penfield,
19586). Since stimulation produces at times detailed recall of past experience
in these areas and nowhere else, and since, at other times, it produces
a sudden alteration in the patient's present interpretation of things heard
or seen, it seems likely that these areas play in adult life some role in the
subconscious recall of past experience making it available for present
interpretation. This recall makes possible that sudden flash of awareness
that things have been seen or heard or experienced before, or that they are
dangerous, coming near, or changing pace.


We have argued before, also, that past experience, when it is recalled
electrically, seems to be complete including all the things of which an
individual was aware at the time; also that, since the events were often
unimportant, it seemed likely that the whole stream of consciousness must
be so recorded somewhere, quite beyond the reach of voluntary summons
(Penfield, 19546).


There is within the adult human brain a remarkable record of the
stream of each individual's awareness or consciousness. Stimulation of
certain areas of cortex, lying on the temporal lobe between the auditory
sensory and the visual sensory areas, causes previous experience to
return to the mind of a conscious patient. There is no real overlap
between this interpretive cortex and the areas devoted to visual and
auditory sensation, no overlap with the zone of cortex devoted to the
ideational processes of speech.


In such repetitions of previous experience perceptions are largely
auditory, or visual, or both. Time seems to unroll at its normal tempo.
The return of the content of consciousness thus evoked, is quite at
random, except that there is some evidence of cortical conditioning.
The evolving detail is far greater than in memories which can be summoned
voluntarily.


This demonstrates the existence of a functional system devoted to
subconscious recall of past experience and to the interpretation of present
experience. Like the motor and sensory cerebral systems, this functional
unit is partially separable from the overall activity of the brain. Like
speech, it depends on an acquired system of functional neuronal
connexions.


The challenge that lies before clinician and physiologist, electronics
expert and psychologist, is this: How are these partially separable functional
systems integrated into normal brain activity, and how is this total
integration related to the mind? Final understanding of man's own
brain and mind may seem very far away, but that is the ultimate goal of
investigation. It may well prove to be man's most difficult achievement,
to understand himself and the means by which this understanding is
achieved.



Over four decades later, BRAIN published a review of Penfield's 1963 report...



The subtitle of Wilder Penfield’s paper, written at the age of
72 years, suggests, like the closing bars of Götterdämmerung,
the conclusion to a monumental work of outstanding originality
but, in Penfield’s case, born not out of Teutonic mythology
but from experimental neurology. Penfield had dedicated
his first classic monograph, written with Theodore Erickson
(Epilepsy and Cerebral Localisation, 1941) to John
Hughlings Jackson and Charles Sherrington. Later, he gave
the fifth Sherrington Lecture in the University of Liverpool
(1958). The introduction to this final summary of his life’s
work, based in part on the Lister Oration (1961) and the
Hughlings Jackson Lecture (Montreal, 1961) quotes Jackson:
‘he who is faithfully analysing many different cases of epilepsy
is doing far more than studying epilepsy’; and almost
100 pages later Penfield closes with the same quotation. The
story is of Jackson’s ‘dreamy states’ and of their illumination
based on Penfield’s observations over a period of 25 years on
experiential hallucinations and experiential responses to focal
cortical electrical stimulation. He found these to be both simple
and complex; in the domains of language, sound or vision;
with the emotional conviction of past experience; and, where
factual corroboration proved possible, founded on genuine
events now recalled. [I-Phi emphasis] Proustian, therefore, in its scope (and
biblical in its resonances of Ecclesiastes 3: 1–8), this is an
account of the cortical substrates for ‘remembrances of past
experiences’



Consider Marcel Proust's childhood experience when tasting a Madeleine.

In which the taste of a tea-soaked cookie (long-ago recorded in his ERR) reproduces the associated visual memories of a past event...


And so it was that, for a long time afterwards, when I lay awake at night and revived old memories of Combray, I saw no more of it than this sort of luminous panel, sharply defined against a vague and shadowy background, like the panels which a Bengal fire or some electric sign will illuminate and dissect from the front of a building the other parts of which remain plunged in darkness: broad enough at its base, the little parlour, the dining-room, the alluring shadows of the path along which would come M. Swann, the unconscious author of my sufferings, the hall through which I would journey to the first step of that staircase, so hard to climb, which constituted, all by itself, the tapering 'elevation' of an irregular pyramid; and, at the summit, my bedroom, with the little passage through whose glazed door Mamma would enter; in a word, seen always at the same evening hour, isolated from all its possible surroundings, detached and solitary against its shadowy background, the bare minimum of scenery necessary (like the setting one sees printed at the head of an old play, for its performance in the provinces) to the drama of my undressing, as though all Combray had consisted of but two floors joined by a slender staircase, and as though there had been no time there but seven o'clock at night. I must own that I could have assured any questioner that Combray did include other scenes and did exist at other hours than these. But since the facts which I should then have recalled would have been prompted only by an exercise of the will, by my intellectual memory, and since the pictures which that kind of memory shews us of the past preserve nothing of the past itself, I should never have had any wish to ponder over this residue of Combray. To me it was in reality all dead.
Permanently dead? Very possibly.

There is a large element of hazard in these matters, and a second hazard, that of our own death, often prevents us from awaiting for any length of time the favours of the first.


I feel that there is much to be said for the Celtic belief that the souls of those whom we have lost are held captive in some inferior being, in an animal, in a plant, in some inanimate object, and so effectively lost to us until the day (which to many never comes) when we happen to pass by the tree or to obtain possession of the object which forms their prison. Then they start and tremble, they call us by our name, and as soon as we have recognised their voice the spell is broken. We have delivered them: they have overcome death and return to share our life.


And so it is with our own past. It is a labour in vain to attempt to recapture it: all the efforts of our intellect must prove futile. The past is hidden somewhere outside the realm, beyond the reach of intellect, in some material object (in the sensation which that material object will give us) which we do not suspect. And as for that object, it depends on chance whether we come upon it or not before we ourselves must die.

[image: image-placeholder]

Many years had elapsed during which nothing of Combray, save what was comprised in the theatre and the drama of my going to bed there, had any existence for me, when one day in winter, as I came home, my mother, seeing that I was cold, offered me some tea, a thing I did not ordinarily take. I declined at first, and then, for no particular reason, changed my mind. She sent out for one of those short, plump little cakes called 'petites madeleines,' which look as though they had been moulded in the fluted scallop of a pilgrim's shell. And soon, mechanically, weary after a dull day with the prospect of a depressing morrow, I raised to my lips a spoonful of the tea in which I had soaked a morsel of the cake. No sooner had the warm liquid, and the crumbs with it, touched my palate than a shudder ran through my whole body, and I stopped, intent upon the extraordinary changes that were taking place. An exquisite pleasure had invaded my senses, but individual, detached, with no suggestion of its origin. And at once the vicissitudes of life had become indifferent to me, its disasters innocuous, its brevity illusory—this new sensation having had on me the effect which love has of filling me with a precious essence; or rather this essence was not in me, it was myself. I had ceased now to feel mediocre, accidental, mortal. Whence could it have come to me, this all-powerful joy? I was conscious that it was connected with the taste of tea and cake, but that it infinitely transcended those savours, could not, indeed, be of the same nature as theirs. Whence did it come? What did it signify? How could I seize upon and define it?


I drink a second mouthful, in which I find nothing more than in the first, a third, which gives me rather less than the second. It is time to stop; the potion is losing its magic. It is plain that the object of my quest, the truth, lies not in the cup but in myself. The tea has called up in me, but does not itself understand, and can only repeat indefinitely with a gradual loss of strength, the same testimony; which I, too, cannot interpret, though I hope at least to be able to call upon the tea for it again and to find it there presently, intact and at my disposal, for my final enlightenment. I put down my cup and examine my own mind. It is for it to discover the truth. But how? What an abyss of uncertainty whenever the mind feels that some part of it has strayed beyond its own borders; when it, the seeker, is at once the dark region through which it must go seeking, where all its equipment will avail it nothing. Seek? More than that: create. It is face to face with something which does not so far exist, to which it alone can give reality and substance, which it alone can bring into the light of day.


And I begin again to ask myself what it could have been, this unremembered state which brought with it no logical proof of its existence, but only the sense that it was a happy, that it was a real state in whose presence other states of consciousness melted and vanished. I decide to attempt to make it reappear. I retrace my thoughts to the moment at which I drank the first spoonful of tea. I find again the same state, illumined by no fresh light. I compel my mind to make one further effort, to follow and recapture once again the fleeting sensation. And that nothing may interrupt it in its course I shut out every obstacle, every extraneous idea, I stop my ears and inhibit all attention to the sounds which come from the next room. And then, feeling that my mind is growing fatigued without having any success to report, I compel it for a change to enjoy that distraction which I have just denied it, to think of other things, to rest and refresh itself before the supreme attempt. And then for the second time I clear an empty space in front of it. I place in position before my mind's eye the still recent taste of that first mouthful, and I feel something start within me, something that leaves its resting-place and attempts to rise, something that has been embedded like an anchor at a great depth; I do not know yet what it is, but I can feel it mounting slowly; I can measure the resistance, I can hear the echo of great spaces traversed.


Undoubtedly what is thus palpitating in the depths of my being must be the image, the visual memory which, being linked to that taste, has tried to follow it into my conscious mind. But its struggles are too far off, too much confused; scarcely can I perceive the colourless reflection in which are blended the uncapturable whirling medley of radiant hues, and I cannot distinguish its form, cannot invite it, as the one possible interpreter, to translate to me the evidence of its contemporary, its inseparable paramour, the taste of cake soaked in tea; cannot ask it to inform me what special circumstance is in question, of what period in my past life.


Will it ultimately reach the clear surface of my consciousness, this memory, this old, dead moment which the magnetism of an identical moment has travelled so far to importune, to disturb, to raise up out of the very depths of my being? I cannot tell. Now that I feel nothing, it has stopped, has perhaps gone down again into its darkness, from which who can say whether it will ever rise? Ten times over I must essay the task, must lean down over the abyss. And each time the natural laziness which deters us from every difficult enterprise, every work of importance, has urged me to leave the thing alone, to drink my tea and to think merely of the worries of to-day and of my hopes for to-morrow, which let themselves be pondered over without effort or distress of mind.


And suddenly the memory returns. The taste was that of the little crumb of madeleine which on Sunday mornings at Combray (because on those mornings I did not go out before church-time), when I went to say good day to her in her bedroom, my aunt Léonie used to give me, dipping it first in her own cup of real or of lime-flower tea. The sight of the little madeleine had recalled nothing to my mind before I tasted it; perhaps because I had so often seen such things in the interval, without tasting them, on the trays in pastry-cooks' windows, that their image had dissociated itself from those Combray days to take its place among others more recent; perhaps because of those memories, so long abandoned and put out of mind, nothing now survived, everything was scattered; the forms of things, including that of the little scallop-shell of pastry, so richly sensual under its severe, religious folds, were either obliterated or had been so long dormant as to have lost the power of expansion which would have allowed them to resume their place in my consciousness. But when from a long-distant past nothing subsists, after the people are dead, after the things are broken and scattered, still, alone, more fragile, but with more vitality, more unsubstantial, more persistent, more faithful, the smell and taste of things remain poised a long time, like souls, ready to remind us, waiting and hoping for their moment, amid the ruins of all the rest; and bear unfaltering, in the tiny and almost impalpable drop of their essence, the vast structure of recollection.


And once I had recognized the taste of the crumb of madeleine soaked in her decoction of lime-flowers which my aunt used to give me (although I did not yet know and must long postpone the discovery of why this memory made me so happy) immediately the old grey house upon the street, where her room was, rose up like the scenery of a theatre to attach itself to the little pavilion, opening on to the garden, which had been built out behind it for my parents (the isolated panel which until that moment had been all that I could see); and with the house the town, from morning to night and in all weathers, the Square where I was sent before luncheon, the streets along which I used to run errands, the country roads we took when it was fine. And just as the Japanese amuse themselves by filling a porcelain bowl with water and steeping in it little crumbs of paper which until then are without character or form, but, the moment they become wet, stretch themselves and bend, take on colour and distinctive shape, become flowers or houses or people, permanent and recognisable, so in that moment all the flowers in our garden and in M. Swann's park, and the water-lilies on the Vivonne and the good folk of the village and their little dwellings and the parish church and the whole of Combray and of its surroundings, taking their proper shapes and growing solid, sprang into being, town and gardens alike, from my cup of tea.



Summary


The biological model for the Experience Recorder and Reproducer is neurons that wire together during an animal's experiences, in multiple sensory and limbic systems, such that later firing of even a part of the wired neurons can stimulate firing of all or part of the original complex.


Where Donald Hebb famously argued that "neurons that fire together wire together," our experience recorder and reproducer ERR model assumes that "neurons that have been wired together will fire together." 


Neuroscientists are investigating how diverse signals from multiple pathways can be unified in the brain. ERR offers a simple solution to this "binding" problem. The sensory components are bound together when initially stored in the ERR (together with the accompanying emotion). They remain bound on playback. They do not have to be assembled together by an algorithmic scheme.


Beyond the obvious relevance (survival value) for an organism of remembering past experiences, we suggest the "meaning" of  newly perceived information is found in those experiences reproduced by the ERR, when presented with that new information. Without prior similar experience, new perceptions will be "meaningless."


A conscious being is constantly recording information about its perceptions of the external world, and most importantly for ERR, it is simultaneously recording its feelings. Sensory data such as sights, sounds, smells, tastes, and tactile sensations are recorded in a sequence along with pleasure and pain states, fear and comfort levels, etc.


All these experiential and emotional data are recorded in association with one another. This means that when the experiences are reproduced (played back in a temporal sequence), the accompanying emotions are once again felt, in synchronization.


The capability of reproducing experiences is critical to learning from past experiences, so as to make them guides for action in future experiences. The ERR model is the minimal mind model that provides for such (Hebbian) learning by living organisms.






The neuroscientist Donald Hebb said in 1949 that "neurons that fire together wire together."


Source: https://www.informationphilosopher.com/mind/ERR/
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The experimental evidence for mirror neurons is very strong. Functional magnetic resonance (fMRI) scans of human, monkey, and rat brains show the activation of neurons in the brain area that correspond to brain areas likely active in the mind of another human (or monkey, rat) being observed. Giacomo Rizzolati and his colleagues at the University of Parma discovered this activity in the brain of a macaque monkey who was observing another macaque grasping for a piece of fruit.

The neurons activated in the observing monkey are in the same brain area as in the observed monkey when it reaches for a piece of fruit, thus assumed to "mirror" the thought processes of the observed monkey. In humans, philosophers of mind describe the observer as having a "theory of mind" about or "mind reading" the observed person. The correlation between mirror neurons is said to explain human empathy. 


However, there is no obvious causal physical connection between neurons in the two brains, let alone between the specific brain areas (although many speculative articles suggest that quantum entanglement may be connecting them). So what activates the observer's neurons, causing them to fire in the same brain areas?


In our Experience Recorder and Reproducer model of the mind, neurons that have been wired together by earlier experiences will fire together when presented with a new experience that is similar in some way.  Like a tape recorder, our "Experience Recorder" simply "plays back" related experiences.

Donald Hebb famously argued that  when a particular experience fires a network of neurons, these neurons get "wired together." Our ERR model simply extends the Hebbian hypothesis to include the idea that when a future experience resembles the original in some way, those neurons "wired together" will again fire together, reproducing (re-presenting?) that original experience. 


The ERR model postulates that our conscious thoughts consist of past experiences that resemble the content of current thoughts, providing alternative possibilities for new thoughts and actions. Similar related past experiences, perhaps with different outcomes, can provide the context needed for decisions about what to do next. 


Being "aware" of those past related experiences, including our past feelings, is the essence of consciousness. This is a version of William James' "stream of consciousness" and the alternative possibilities of his  "two-stage model" of free will.


We can understand the "mirroring" of neurons as caused by the observer thinking about what the observed person is doing! 

Importantly, what the observed person is doing includes their facial expressions and bodily motions, which can reveal how the observed person is feeling. Ever since Charles Darwin's epic 1872 study The Expression of the Emotions in Man and Animals, it is well known that facial expressions and bodily positions display a range of emotions in humans and animals. He wrote "the young and the old of widely different races, both with man and animals, express the same state of mind by the same movements." The actions of the observed person allow the observer to understand what that person is thinking.


Darwin thought these expressions are innate (i.e., genetic). He wrote "Whenever the same movements of the features or body express the same emotions in several distinct races of man, we may infer with much probability, that such expressions are true ones, —that is, are innate or instinctive."  


Where Noam Chomsky's "universal grammar" of human languages may not be innate, observing another's feelings seems to be built-in to all animals, but can be refined in the observer by their learned experiences.


Consider the lowly rat. Christian Keysers, a member of Rizzolati's original team at Parma, moved to Groningen in the Netherlands, where he and his team published "Experience Modulates Vicarious Freezing in Rats: A Model for Empathy," (PLoS One. 2011; 6(7): e21855)  They wrote "By comparing the reaction of witnesses with or without previous footshock experience, we examine the role of prior experience as a modulator of empathy." They concluded that their research provides "a paradigm to study empathy as a social loop."  


Now our Experience Recorder and Reproducer model of the mind shows how information about feelings (aka "qualia") can "come to mind" without the "central" or "parallel distributed" processing of "computational neuroscience."  Man is not a machine and the brain is not a computer. The ERR is a purely neurobiological model. Neuronal synapses are not AND and OR gates doing symbolic or propositional logic (paceMcCulloch and Pitts in 1943, who first thought the brain might be doing calculations, solving problems in propositional logic).


Information philosophy sees the mind as the immaterial information that is embodied in the material brain.  That information is not "processed" in the sense of computers and "artificially intelligent" machines. A computer retrieves data from storage and processes it to prepare a representation of the data. When the wired-together neurons fire together again, they simply re-present the information in the original version of the experience.


The survival value of recalling, reproducing, and re-presenting related past experiences is obvious. Critically important is the recall of any emotions felt in the original experiences. If the wired together neurons include thalamo-cortical connections to basil ganglia, then the amygdala and hippocampus nuclei can re-produce the original pleasure or pain, or the unique feelings that psychologists and philosophers of mind call the "qualia." 


As William James realized, recalling multiple related experiences may produce a "blooming, buzzing, confusion." But knowledge of the consequences of past similar situations, and focusing on or giving attention to the one with the most positive outcome, is the basis of the Jamesian two-stage model for making free choices that are morally responsible and practically valuable, consistent with the agent's beliefs, motives, and desires.   




Source: https://www.informationphilosopher.com/mind/mirror_neurons/
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The Problem of Mental Causation has been with us at least since René Descartes claimed that mind and body are separate substances. If the body is only physical and material, how can a non-physical and immaterial mind possibly act on the body. More importantly, how can a "mental" action or event in the mind be the cause of a physical action by the body?

Mental causation is a specific case of the more general problem of downward causation, for example the downward control of the motions of a cell's atoms and molecules by supervening biological macromolecules. Is the molecular biology of a cell reducible to the laws governing the motions of its component molecules, or are there emergent laws governing motions at the cellular level, the organ level, the organism level, and so on up to the mental level?


Can emergent properties or laws at the higher levels of a physical-chemical-based biological system prevent those higher levels from being reduced to the properties and laws of the base physical level?


The idea of something like downward causation was implicit in the work of "emergentists" like John Stuart Mill, George Henry Lewes, C. Lloyd Morgan, Samuel Alexander, and C. D. Broad

Although Mill did not use the term "emergent," he made the concept clear enough:


The chemical combination of two substances produces, as is well known, a third substance with properties different from those of either of the two substances separately, or of both of them taken together. Not a trace of the properties of hydrogen or of oxygen is observable in those of their compound, water.


Lewes coined the term "emergent" in 1875:


Although each effect is the resultant of its components, the product of its factors, we cannot always trace the steps of the process, so as to see in the product the mode of operation of each factor. In the latter case, I propose to call the effect an emergent. It arises out of the combined agencies, but in a form which does not display the agents in action. 


In his 1920 book Space, Time, and Deity Samuel Alexander cited Lloyd Morgan as the source of emergentism, and wrote:


Mind is, according to our
interpretation of the facts, an 'emergent' from life, and
life an emergent from a lower physico-chemical level of
existence. 


 Later, in his 1922 Gifford Lectures and 1923 book Emergent Evolution, Lloyd Morgan defined emergent evolution and introduced the related "top-down" concept of hierarchical supervenience:


...in the physical world emergence is no less exemplified in the advent of each new kind of atom, and of each new kind of molecule. It is beyond the wit of man to number the instances of emergence. But if nothing new emerge - if there be only regrouping of pre-existing events and nothing more - then there is no emergent evolution.

Under emergent evolution there is progressive development of stuff which becomes new stuff in virtue of the higher status to which it has become raised under some supervenient kind of substantial gotogetherness. 


Brian McLaughlin dubbed these thinkers the "British Emergentists." He developed an "idealized" version of British Emergentism and synthesisized what most of these thinkers had in common into a coherent and representative picture. He says:


    British Emergentism maintains that everything is made of matter: There are, for example, no Cartesian souls, or entelechies, vital elan, or the like. And it holds that matter is grainy, rather than continuous; indeed, that it bottoms-out into elementary material particles, atoms or more fundamental particles...Moreover, on its view, nothing happens, no change occurs, without some motion of elementary particles. And all motion is to the beat of the laws of mechanics.

    According to British Emergentism, there is a hierarchy of levels of organizational complexity of material particles that includes, in ascending order, the strictly physical, the chemical, the biological, and the psychological level. There are certain kinds of material substances specific to each level. And the kinds of each level are wholly composed of kinds of lower levels, ultimately of kinds of elementary material particles. Moreover, there are certain properties specific to the kinds of substances of a given level. These are the "special properties" of matter...


 What is especially striking about British Emergentism, however, is its view about the causal structure of reality. I turn to that view in the following two paragraphs.


British Emergentism maintains that some special science kinds from each special science can be wholly composed of types of structures of material particles that endow the kinds in question with fundamental causal powers. Subtleties aside, the powers in question "emerge" from the types of structures in question...


Now, the exercise of the causal powers in question will involve the production of movements of various kinds. Indeed, Emergentism maintains that special kinds, in virtue of possessing certain types of minute internal structures, have the power to influence motion. And here is the striking point: They endow the kinds with the power to influence motion in ways unanticipated by laws governing less complex kinds and conditions concerning the arrangements of particles. Emergentism is committed to the nomological possibility of what has been called "downward causation".   



Minute internal (information-processing) structures that control the motions and arrangements of the component particles is the signature aspect of British Emergentism, one that we have demonstrated with ribosomal control of the twenty kinds of amino acids in living systems and ion channel control over the ions two and three at a time in the brain's neural network.
Vitalists like Henri Bergson and Hans Driesch also implicitly supported the idea of emergent or non-physical causes, without which they thought that life and mind could not have emerged from physical matter, and without which mind could not be a causal force in the world.



The Mind-Brain Identity Theory

In the mid-twentieth century a number of philosophers proposed a monistic and physicalistic solution to the mind-body problem by simply identifying the mind and brain as one physical thing, subject to the normal laws of physics. 

Holistic critics attacked this view as reducing the mind to the brain, leaving the mind merely an epiphenomenon or illusion. This fit well into the reductionist program of the logical empiricists of the Vienna Circle, who promoted the idea of the Unity of Science. All events should be reducible to physical events, and in particular, all explanations should be traceable to causes originating in the physical material components of the universe.



The first philosophers to argue for an identity of mind (or consciousness) and brain include Ullin T. Place (1956), Herbert Feigl, and J.J.C.Smart (1959).


Place explicitly describes "consciousness as a brain process," specifically as "patterns" of brain activity. He does not trivialize this identity as a succession of individual "mental events and physical events" in some kind of causal chain. He compares this identity to the idea that "lightning is a motion of electrical charges." 


Herbert Feigl's work was independent of Place's, but he said that the fundamental idea had been held by many earlier materialist (monist) thinkers. He thought it was stated clearly by Vienna Circle philosopher Rudolf Carnap in 1925. Feigl describes his own thesis:


The identity thesis which I wish to clarify and to defend asserts that the states of direct experience which conscious beings "live through" and those which we confidently ascribe to some of the higher animals, are identical with certain (presumably configurational) aspects of the neural processes in these organisms.


J.J.C.Smart clarified and extended the identity theory of his colleague U.T.Place


When I say that a sensation is a brain process or
that lightning is an electric discharge, I am using
"is" in the sense of strict identity. (Just as in
the — in this case necessary — proposition "7 is
identical with the smallest prime number
greater than 5.") When I say that a sensation is a
brain process or that lightning is an electric dis-
charge I do not mean just that the sensation is
somehow spatially or temporally continuous
with the brain process or that the lightning is
just spatially or temporally continuous with the
discharge.


Smart is a strong materialist. He says "A man is a vast arrangement of physical particles, but there are not, over and above this, sensations or states of consciousness." (ibid.) Compare Anthony Cashmore, who says we are "just a bag of chemicals."


In the 1960's the neuroscientist Roger Sperry claimed that higher levels in a hierarchy could act causally on the base level. He cited a wheel rolling downhill as an example of what he called "downward causal control." The atoms and molecules are caught up and overpowered by the higher properties of the whole. Sperry compared the rolling wheel to an ongoing brain process or a progressing train of thought in which the overall properties of the brain process, as a coherent organizational entity, determine the timing and spacing of the firing patterns within its neural infrastructure. A few years later (1974), Donald Campbell coined the phrase "downward causation." 


The locus classicus of recent discussions of mental causation is Donald Davidson's 1970 essay "Mental Events," which was revisited in his 1993 essay, "Thinking Causes," published together with 15 critical essays on Davidson's work in the 1993 book Mental Causation, edited by John Heil and Alfred Mele. 


Davidson claimed three things:

	That mental events are causally related to physical events
	That causal relations are normally backed by strict (deterministic) laws
	But that there are no such strict laws for mental events acting on physical events


Davidson's goal is to deny the reducibility of mental events to physical events in the lower levels, even to deny the physicist's claim that the motions of the atoms and molecules at the lowest level are causally determinative of everything that happens at higher levels. 


Jaegwon Kim says that Davidson's goal of "non-reductive physicalism" is simply not possible. The physical world is "causally closed," says Kim:

what options are there if we set aside the physicalist picture?
Leaving physicalism behind is to abandon ontological physicalism, the view that bits of matter and their aggregates in space-time exhaust the contents of the world. This means that one
would be embracing an ontology that posits entities other than
material substances — that is, immaterial minds, or souls, outside
physical space, with immaterial, nonphysical properties.


Kim diagrams Davidson's view of mental events supervening on physical events, to illustrate his claim that having both mental and physical causes would be "overdetermination" and thus one is redundant and must be excluded. 
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	P1	
- causes - 
	P2


By causal closure of the physical world, Kim says it is the mental events that are superfluous and must go. (ibid., pp.44-45)

This view of the physical and biological world as made up of isolatable and discrete events is too simplistic. A physical "event" is subjectively singled out by a human observer from a practically infinite number of objective physical events at the atomic and molecular level. Its "cause" is arbitrarily abstracted from complex processes with enormous numbers of possible causes. A mental event is embedded in a biological system beyond "astronomical" complexity.



Recap of the Problem of Mental Causation according to Kim.


While the original mind-body problem was simply the puzzle of how an immaterial mind could cause a material body to move, lately the problem of mental causation has been recast as the logical resolution of one basic premise and a conclusion, which we might call the standard argument against mental causation:
	The only causes are physical causes. (These causes need not be deterministic. An indeterministic quantum statistical event gives us the probabilities for subsequent events, "causing" them in a way that is not pre-determined.)
	Therefore, mental events cannot cause physical events.



The Emergence of Life from Matter and Mind from Life.


According to British Emergentism, there is a hierarchy of levels of organizational complexity of material particles that includes, in ascending order, the strictly physical, the chemical, the biological, and the psychological level. As we have seen, upper hierarchical levels have the power to influence motion in ways unanticipated by laws governing less complex kinds and conditions concerning the arrangements of particles. Emergentism is committed to the nomological possibility of what has been called "downward causation," control by an upper level of the component particles of the lower levels. We can now demonstrate that the Emergentists' hypothesis is actually realized in biological systems.

The informational analysis of non-reductive physicalism must show exactly how information does not move in the upward direction between hierarchical levels (fundamentally because noise in the lower level makes motions incoherent), but that information does move down as the higher-level information-processing system uses it to manipulate individual physical particles (maintaining a high signal-to-noise ratio in the upper level), as the British empiricists imagined.  


Quantum Randomness Blocks "Bottom-Up" Causation, 
Information-Processing Structures Enable Downward Causation

We shall now see that quantum and thermal noise breaks any upwardly causal deterministic chains between the physics of the atomic and molecular level and the biophysics of the organic world. It also breaks any upward deterministic chains between the neurobiological brain and the mind, replacing them with a statistical causality that provides us with what William James called “some looseness in the joints.” 


We present two processes that exhibit randomness in the component atoms and molecules, thus blocking any organized upward influences. The first is present in every biological cell. The other is critically important in the operation of neurons. The first separates the living from the simply material. The latter is at the mind/brain boundary.



Ribosomes Build Hemoglobin from Randomly Moving Amino Acids (Life from Matter)


The twenty amino acids move about randomly in a cell, the consequence of thermal and quantum noise. Attached to them are tiny bits of transfer RNA, each with three letters of the genetic code that identify them. They bump randomly into the ribosome, which may be moving along a sequence of the genetic code written in messenger RNA sent from the cell nucleus, which has noticed that more of a specific protein or enzyme is needed. This random motion shows us that no organized or coherent information is present in the unattached tRNAs that could cause something from the bottom up to emerge at a higher level. 


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=TfYf_rPWUdY


[Look at the animation of mRNA translation] Notice the absurdity of the idea that the random motions of the transfer RNA molecules (green in the video at right), each holding a single amino acid (red), are carrying pre-determined information of where they belong in the protein.

It is the information processing of the higher-level ribosome that is in control. As the ribosome moves along the string of mRNA, it reads the next three-letter codon and waits for a tRNA with the matching anti-codon to collide randomly. With over 60 codons for the 20 amino acids, it might be some time before the desired amino acid shows up. Note that it is the high speed of random motions that allows this process to proceed rapidly. Consider the case of hemoglobin.  


When a ribosome assembles 330 amino acids in four symmetric polypeptide chains (globins), each globin traps an iron atom in a heme group at the center to form the hemoglobin protein. This is downward causal control of the amino acids, the heme groups, and the iron atoms by the ribosome. The ribosome is an example of Erwin Schrödinger's emergent "order out of order," life "feeding on the negative entropy" of digested food.


[image: image-placeholder]

When 200 million of the 25 trillion red blood cells in the human body die each second, 100 million new hemoglobins must be assembled in each of 200 million new blood cells . With the order of a few thousand bytes of information in each hemoglobin, this is 10 thousand x 100 million x 200 million = 
2 x 1020 bits of information per second, a million times more information processing than today's fastest computer CPU.


The ribosome is an information-processing biological system that has emerged from the lower level of chemistry and physics to exert downward causation on the atomic and molecular components needed to manufacture hemoglobin.



Ion Pumps in Neurons Organize Randomly Moving Individual Atoms (Mind from Life)


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=Q73uJ8WlY_E


When a single neuron fires, the active potential rapidly changes the concentration of sodium (Na+) ions inside the cell and potassium (K+) ions outside the cell. Within milliseconds, thousands of sodium-potassium ion transporters in the thin lipid bilayer of the cell wall must move billions of those ions, two or three at a time between inside and outside the cell wall, to get the neuron ready to fire again.

All the individual ions, atoms, and molecules in the cell are moving rapidly in random directions. The indeterministic motions of the ions randomly move some near the pump opening, where quantum collaborative forces can capture them in a lock-and-key structure. The idea that the physical/chemical base level contains enough information in the motion of its atoms and molecules to cause and completely explain the operations of the higher levels of life and mind is simply absurd.


The emergent biological machinery of a sodium-potassium pump exerts downward causation on the ions, powered by ATP energy carriers (feeding on negative entropy). 


The sodium-potassium pump in our neurons is as close to a
Maxwell's Demon as anything we are ever likely to see.


When many motor neurons fire, innnervating excitatory post-synaptic potentials (EPSPs) that travel down through the thalamus and the spinal cord where they cause muscles to contract, that is as literal as downward causation gets between the mind and the body. When the emergent mind decides to move the body, mental causation is realized as downward causation.



The Information Solution to the Problem of Mental Causation.


Information philosophy understands mental events as immaterial thoughts, which are normally only unrealized possibilities for action. Thoughts are embodied in the neural information structures of the brain, where they are stored along with memories of past experience. As such, they are physical and are temporarily even material, in some sense. 

But when they are transferred (communicated) to other parts of the brain, out to other minds, or for storage in the external environment, thoughts are converted from a material substrate to various forms of energy. Temporarily, they are quite non-material, as philosophers for centuries have imagined thoughts in an immaterial mind might be. Once stored, they are again embodied in matter. 


Of course, thoughts or ideas can be unpredictably altered before storage, by noise in the communication. They can also be altered randomly by irreducibly indeterministic errors in the retrieval of the information. Here lies the basis for creative mistakes, to be evaluated by a process of intelligent selection. (As Augustine noted, the Latin intelligere means "to select.") 



The information solution to the mind-body problem can be interpreted as providing a non-reductivephysical interpretation of mind. This model of mind supervenes on the neural brain structures that embody the information (while it is being stored). But the intellectual content of the information is not the resultant of whatever physical processes are coming from lower layers in a hierarchical structure. The physical brain is a plastic storage medium adequately determined to store the information content of these immaterial thoughts, and normally to store it accurately.


With reference to popular (if flawed) computational theories of mind, we note that the "software" contents of a computer program, as well as the execution of the program, is in no way determined or "caused" by the computer "hardware." Similarly, ideas are not determined by the ink on a printed page or the pixels on a computer screen, but by the human minds that put them there.



"Bottom-up" Physical Processes Are Not Deterministic


When small numbers of atoms and molecules interact, their motions and behaviors are indeterministic, governed by the rules of quantum mechanics.


Note that this is the reverse of the normal view that microscopic processes are time reversible and deterministic, where macroscopic processes for unaggregated gas particles are statistical and irreversible.


However, when large numbers of microscopic particle get together in chemically or gravitationally bound aggregates, the indeterminacy of the individual particles gets averaged over and macroscopic adequately deterministic laws "emerge." 
Determinism is an emergent property that shows up in the macroscopic world.


The "laws of nature," such as Newton's laws of motion, are all statistical laws, however close they appear to being certain. They "emerge" when large numbers of atoms or molecules get together. For large enough numbers, the probabilistic laws of nature approach practical certainty. But the fundamental indeterminism of component atoms never completely disappears.


It therefore follows that physical brain events are not pre-determined by the events in lower hierarchical levels, not events in the base physical level, nor even in the biological level.


And the world is not "causally closed" by deterministic physical laws of nature, as assumed by so many philosophers (e.g., Feigl, Smart, Kim). 


Moreover, since some "mental events" are large enough information structures to be adequately determined, these mental events can act causally on lower biological and physical levels in the hierarchy, in particular, the mind can move the body and all its contained physical particles, thus solving the mind-body problem.


A specific example of the mind causing an action, while not itself being caused by antecedent events is the following. Faced with a decision of what to do next, the mind considers several possible alternatives, at least some of which are creatively invented based on random ideas that just "come to mind." Other possible alternatives might be familiar options, even habits, that have frequently been done in earlier similar situations. 


All these alternatives show up as "neural correlates" - brain neurons firing. When the alternatives are evaluated and one is selected, the selected action results in still other neurons firing, some of which connect to the motor cortex that signals muscles to move the body. 


Apart from the occasional indeterministic generation of creative new alternative ideas, this whole causal process is adequately determined and it is downwardly causal. Mental events are causing physical body events.


Quantum Physics and the Problem of Mental Causation". Presented June 6, 2013 at a conference in Milan on "Quantum Physics Meets the Philosophy of Mind".  


The Experience Recorder and Reproducer: How Our Immaterial Thoughts Downwardly Cause our Material Physical Actions.


The experience recorder and reproducer (ERR) is an information model for the
mind.  The ERR is simpler than, but superior to, the computational
models of the mind popular in today's neuroscience and cognitive science, the "software in the brain hardware." 

Although we agree that the mind is, like software, immaterialinformation, we think that man is not a machine, the brain is not a computer, and the mind is not storing and processing digital information.


The ERR may give us deep insight into the problem of "meaning," the so-called "binding problem," as well as David Chalmers' "hard problem" of  consciousness.


Our ERR mind model grows out of the biological question of what sort of "mind" would provide the greatest survival value for the lowest (or the first) organisms that evolved mind-like capabilities.


We propose that a minimal primitive mind would need only to "play back" past experiences that resemble any part of current experience. Remembering past experiences has obvious relevance (survival value) for an organism. But beyond survival value, the ERR touches on the philosophical problem of "meaning." We suggest the epistemological "meaning" of information perceived may be found in the past experiences that are reproduced by the ERR, when stimulated by a new perception that resembles past experiences in some way.


The ERR model is an extension of neuroscientist Donald Hebb's famous insight that "neurons that fire together wire together." Our experience recorder and reproducer ERR model simply assumes that "
neurons that have been wired together in the past will fire together in the future (reproducing all or part of relevant past experiences)."


The ERR explains very simply where the information is stored in the brain. It is in the many neurons that have been wired together (in a Hebbian assembly). The stored information does not get recalled or retrieved (as computers do) to create a representation that can be viewed (indeed, who would look at it?). It just needs to be re-activated. We might more accurately call the reproduction a "re-presentation."


Our hypothesis is that when wired-together neurons fire again because a new experience has something in common (and there might be multiple Hebbian assemblies sharing those newly firing neurons, creating William James' "blooming, buzzing confusion" of alternative possibilities, one of which will get the mind's "attention" and "focus"); since each Hebbian assembly is connected to multiple regions in the neocortex, e.g., visual, auditory, olfactory, somatosensory cortices, and to multiple nuclei in the sub-cortical basal ganglia, like the hippocampus and amygdala.


Very simply, everything going on in the original experience appears to the mind to be happening again, perhaps weakened compared to the original, as David Hume feared for his "impressions."  The mind is "seeing" the original experience, not because the brain has produced a visual representation or display for the conscious observer to look at. The brain/mind is also "feeling" the original experience, seeing it in color, solving Chalmers' "hard problem" of the subjective qualia.


The stored information does not get "recalled" to appear as a duplicate of the information somewhere else in the mind, as computational neuroscientists know that a digital computer must do. 


The ERR is simply reproducing or "re-presenting" the original experience in all parts of the mind connected by the original neural assembly. This solves the "binding problem"  and the "unification of experience," because the information stored is distributed throughout the Hebbian assembly to all the same brain elements its neurons were originally connected to.


The ERR is a presentation or re-presentation to the conscious mind, not a representation on a screen as in the "theater of consciousness" in Bernard Baars' "Global Workspace Theory" or on the "blackboard" model of Herbert Simon and Allen Newell .


The ERR model is also based on Eric Kandel's memory model for long-term potentiation in the neocortical synapses. Short-term memory must have a much faster storage mechanism. While permanent storage in the neocortex is slow, we shall see that ERR re-activation is very fast, and it does not fade as does short-term working memory.


We propose that the ERR reproduces the entire complex of past sensations experienced, together with the emotional response to the original experience (pleasure, pain, fear, etc.). Playback of past experiences may be stimulated by anything in the current experience that resembles something in the past experiences, in the five dimensions of the senses (sound, sight, touch, smell, and taste).


The ERR model stands in contrast to the popular cognitive science or “computational” model of a mind as a digital computer with a "central processor" or even many "parallel processors." No algorithms or stored programs are needed for the ERR model. There is nothing comparable to the addresses and data buses used to store and retrieve information in a digital computer.


An approximation might be a non-linear random-access data recorder, where data is stored using "content-addressable" memory (the memory address - a string of bits in a digital computer - would be the data content itself). 


Much simpler than a computer with stored data structures, a better technological metaphor for ERR might be a multi-channel, multi-track analog video and sound recorder, enhanced with the ability to record smells, tastes, touches, and most important, feelings. Imagine one channel for each sense, one track for each neuron. But of course machines currently do not smell or taste and have no feelings, so could not reproduce them. 


No modern computer can surpass the amazing information storage capability and rapidity of search and retrieval of information as that of the human neocortex.


The biological basis for our proposed ERR is very straightforward. 


The neuroscientist Donald Hebb said in 1949 that "neurons that fire together wire together."

	The ERR Recorder: Neurons become wired together (strengthening their synapses and dendritic connections to other neurons) during an organism’s experiences, across multiple sensory and limbic systems. 



We now say simply that "neurons that have been wired together will fire together." 

	The ERR Reproducer: Later firing of even a part of the previously wired neurons can stimulate firing of all or part of the original complex, thus "playing back" similar past experiences (including the critically important emotional reaction to those original experiences). 



It is of course well-known that when a spot in the neocortex is stimulated electrically, past experiences are reproduced (reactivated, re-presented to the mind).


The ERR model hypothesizes that for higher animals related experiences are likely stored "nearby" (in the many "dimensions" of visual cortex, hearing pathways, olfactory nerves, etc., etc., plus the amygdala).  In humans this may include the multiple connections from the amygdala into the prefrontal cortex, both the dorsolateral and ventromedial PFC that have been discovered to react to pleasure/pain differences and utility evaluations.


If similar experiences are short distances apart (since storage location is entirely determined by the "pattern" or "shape" of the experience in each sensory dimension), then thermal or quantum noise in the glia separating neurons may contribute a random element as to which experiences come to mind or "pop into our heads."  


The ERR model might then nicely explain the philosophical notion of association of ideas. If it is neighboring neurons that fire, they will likely be closely related in some way (since they were stored based on the fundamental pattern of information in the experience). Similar experiences are likely stored in adjacent neurons. Note that a particular smell could cause the recall of experiences where that smell was present, and similarly for other senses. Smell/taste may be the primitive senses of the smallest organisms, e.g., bacterial cells, that have been conserved in higher forms. 


Although individual cells likely have nothing like pleasure and pain, we might see the bacterial cell's binary possibilities in a homologous relationship to the "fight or flight" reaction in higher animals. 

Martin Heisenberg has shown that the tumbling behavior of the bacterial cell  corresponds to the alternative possibilities in our two-stage model of free will. Even a bacterium's behavior is not pre-determined from moments before its decision.
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Information is neither matter nor energy. It is sometimes embodied in matter and sometimes communicated as pure energy. It is the scientific basis for an immaterial, causally open, non-physical mind that can nevertheless affect the physical world. Information is the 
modern spirit.
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Panpsychism

The Information Philosophy Mind-Model identifies the correct divide between psychic and non-psychic objects in the universe. It shows that the emergence of mind and consciousness on Earth was when living things began to record their "subjective" experiences, needed to give meaning to later similar experiences.

The basic argument of the panpsychist is that the mind cannot emerge from material objects lacking a mind. They therefore conclude that all matter must contain the necessary elements of mind, that mind is a property of all matter. This is a logical leap too far. 


Since information is a universal property of matter, it "goes all the way down," so in one sense, the basis of mentality - information - is present in the simplest physical structures.  


But since mind is a property of living things and artificial intelligent machines only, we can see the first proto-mind developing in the earliest macromolecules that could replicate their information structures. 


Information philosophy shows that there is nothing like reflective awareness in passive information structures like the galaxies. stars, and planets. 


It is only living things, that use information processing to manage the flow of matter and energy through their information structures, that have the awareness and the (sometimes emotional) reactions to their environments that can be called consciousness in higher beings.  Information philosophy and the experience recorder and reproducer (ERR) explain "subjective experiences" and Thomas Nagel's question "what it is like to be" a living thing.


There is nothing in the lower forms of life like the accumulated experiences recorded in the brains of higher animals that make their "conscious" reactions to similar events quite diverse. This accounts for the first-person, "subjective" nature of experience that David Chalmers calls the "hard problem" of consciousness.


Material objects react "objectively" in their interactions with other objects. Living things, with their immaterial minds, react "subjectively" to events in the world. They have "behaviors," which are the products of their individual life experiences that have been acquired environmentally ("nurture") as well as the past experiences of their species, which are transmitted genetically ("nature"). Higher organisms with two stages of freedom and creativity also can create genuinely new behaviors and add to the increasing sum of human knowledge.



We have surveyed many philosophers and scientists who turned to panpsychism, including William James, Alfred North Whitehead, Wolfgang Pauli (greatly influenced by Carl Jung), Gregory Bateson, Thomas Nagel, William Seager, Roger Penrose, Henry Stapp, Michael Lockwood, Stuart Hameroff, Harald Atmanspacher, Ulrich Mohrhoff, Uwe Meixner, David Chalmers,  and Galen Strawson. 


Some early quantum physicists who thought the mind plays a significant role on quantum mechanics also had an interest in panpsychism, notably Eugene Wigner, and perhaps John von Neumann, who thought the mind of the conscious observer is involved in the collapse of the wave function.


Information philosophy sees the mind and the wave function as both immaterial entities, abstract information about the material world. The wave function gives us only probabilities about possibilities. 


Quantum waves are immaterial. Waves and particles are on the two sides of the ancient idealism/materialism duality. 





[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=6Uy5-mOGgC8
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Information Philosophy argues that purpose first appeared in the universe with the emergence of mind and consciousness, on Earth and perhaps for other life in the universe. For higher animals, it was when living things began to record their "subjective" experiences, needed to give meaning to later similar experiences.

Since information is a universal property of matter, it "goes all the way down," so in one sense, the basis of mentality - information - is present in the simplest physical structures.  


But mind is a property of living things and artificial intelligent machines only. We can see the first proto-mind developing in the earliest macromolecules that could replicate their information structures.  Roughly speaking, a purpose of living things is to stay alive and to create more of their species.


The concept "purpose" appeared in classical philosophy as the Greek "telos" (τέλος), meaning the "end." Aristotle made it the last of his four causes (αιτια), material, formal, efficient, and final. The final cause Aristotle regarded as the "end" or "purpose." 


Biologists for decades had a problematic relationship with the idea of telos that preexisted life, a "teleology," which the philosopher/theologian and Jesuit priest Pierre Teilhard de Chardin  described as an "omega point" in the future of his  noösphere (the realm of mind, Greek νουσ) , which Teilhard sees "pulling" all creation towards it, ultimately to a theological reunion with Christ, which another Teilhard coinage described as "Christogenesis."  


There is nothing like reflective awareness in passive information structures like the galaxies. stars, and planets, but that something resembling purpose appears in all four  "levels" of consciousness...



Instinctive Consciousness - by animals with little or no learning capability. Automatic reactions to environmental conditions are transmitted genetically. Information about past experiences (by prior generations of the organism) is only present implicitly in the inherited reactions. Purpose is in the species.

Learned Consciousness - for animals whose past experiences guide current choices. Conscious, but mostly habitual, reactions are developed through experience, including instruction by parents and peers. Purpose is now in the individual.


Predictive Consciousness - The Sequencer in the ERR system can play back beyond the current situation, allowing the organism to use imagination and foresight to evaluate the future consequences of its choices. 


Reflective (Normative) Consciousness– in which conscious deliberation about values influences the choice of behaviors. 



All four levels are emergent, in the sense that they did not exist in the lower, earlier levels of biological evolution.


It is only living things, that use information processing to manage the flow of matter and energy through their information structures, that have the awareness and the (sometimes emotional) reactions to their environments that explains consciousness, agency, and purpose in higher beings.  Information philosophy and the experience recorder and reproducer (ERR) explain "subjective experiences" and "what it's like to be" a living thing.


There is nothing in the lower forms of life like the accumulated experiences recorded in the brains of higher animals that make their "conscious" reactions to similar events quite diverse. This accounts for the first-person, "subjective" nature of experience that David Chalmers calls the "hard problem" of consciousness.


Material objects react "dynamically" and "objectively" in their interactions with other objects. Living things, with their immaterial minds, react "subjectively" to events in the world. They have "behaviors," which are the products of their individual life experiences that have been acquired environmentally ("nurture") as well as the past experiences of their species, which are transmitted genetically ("nature"). Higher organisms with two stages of freedom and creativity are agents who can create genuinely new behaviors and add to the increasing sum of human knowledge.
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Agency is the philosophical and psychological idea there are entities that act with intentions and purposes and are causallyresponsible for future events.
Agent-Causality is the (perhaps metaphysical?) idea that agents can start new causal chains that are not pre-determined by the events of the immediate or distant past and the physical laws of nature.


The first agent-causal libertarian was Aristotle, followed by Epicurus, and then Carneades. 


In more recent times, prominent agent-causalists have been Thomas Reid in the 18th century, followed by Roderick Chisholm, Richard Taylor, Keith Lehrer, Timothy O'Connor, and Randolph Clarke in the 20th century.


Aristotle was in many ways the architect of causality as well as agent-causality.


First he described a causal chain back to a prime mover or first cause, and he elaborated the four possible causes (material, efficient, formal, and final). Aristotle's word for these causes was ἀιτία, which translates as causes in the sense of the multiple factors responsible for an event. Aristotle did not subscribe to the simplistic "every event has a (single) cause" idea that was to come later.  
    


[image: image-placeholder]

Then, in his Physics and Metaphysics, Aristotle also said there were "accidents" caused by "chance (τύχη)."  In his Physics, he clearly reckoned chance among the causes. Aristotle might have added chance as a fifth cause - an uncaused or self-caused cause - one he thought happens when two causal chains come together by accident (συμβεβεκός). He noted that the early physicists had found no place for chance among their causes. 

Aristotle opposed his accidental chance to necessity:


Nor is there any definite cause for an accident, but only chance (τυχόν), namely an indefinite (ἀόριστον) cause. 

(Metaphysics, Book V, 1025a25)

It is obvious that there are principles and causes which are generable and destructible apart from the actual processes of generation and destruction; for if this is not true, everything will be of necessity: that is, if there must necessarily be some cause, other than accidental, of that which is generated and destroyed. Will this be, or not? Yes, if this happens; otherwise not. 

(Metaphysics, Book VI, 1027a29) 



Tracing any particular sequence of events back in time will usually come to an accidental event - a "starting point" or "fresh start" (Aristotle calls it an origin or arche (ἀρχῆ) - whose major contributing cause (or causes) was itself uncaused. In modern terms, it involves quantum indeterminacy. 


Whether a particular thing happens, says Aristotle, may depend on a series of causes that


goes back to some starting-point, which does not go back to something else. This, therefore, will be the starting-point of the fortuitous, and nothing else is the cause of its generation. 
 (Metaphysics Book VI 1027b12-14)


In general, many such causal sequences contribute to any event, including human decisions. Each sequence has a different time of origin, some going back before we were born, some originating during our deliberations.

Beyond causal sequences that are the result of chance or necessity, Aristotle felt that some breaks in the causal chain allow us to feel our actions "depend on us" (ἐφ' ἡμῖν). These are the causal chains that originate within us (ἐv ἡμῖν). 


Greek philosophy had no precise term for "free will" as did Latin (liberum arbitrium or libera voluntas). The discussion was in terms of responsibility for actions that are caused by an agent, what Aristotle says "depends on us." 


Aristotle's ἐφ' ἡμῖν is thus a third thing (a tertium quid), beyond necessity and chance, that causes things to happen. This is agent causation.




One generation after Aristotle, Epicurus argued that as atoms moved through the void, there were occasions when they would "swerve" from their otherwise determined paths, thus initiating new causal chains. Epicurus argued that these swerves would allow us to be more responsible for our actions, something impossible if every action was deterministically caused.  For Epicurus, the occasional interventions of arbitrary gods would be preferable to strict determinism.


Epicurus did not say the swerve was directly involved in decisions. His critics, ancient and modern, have claimed mistakenly that Epicurus did assume "one swerve - one decision" and that "free " actions are uncaused. 


But following Aristotle, Epicurus thought human agents have the autonomous ability to transcend necessity and chance (both of which destroy responsibility), so that praise and blame are appropriate. This is a form of agent-causality. It answers the flawed standard argument against free will.. 


...some things happen of necessity, others by chance, others through our own agency. ...necessity destroys responsibility and chance is uncertain; whereas our own actions are autonomous, and it is to them that praise and blame naturally attach.

(Letter to Menoeceus, §133)




Three causes - 

Necessity

Chance

Autonomous Agents


The Stoics and later the Christian church censored much of Epicurean thought and destroyed Epicurus' reputation as a "hedonist" and an atheistic believer in "chance." They led to the modern impression that Epicurus thought his chance "swerve" was his basis for free will. Philosophers today are astonishingly ignorant of Epicurus' actual position on agent autonomy. Can we correct this?

Alexander of Aphrodisias (c.150-210), the most famous commentator on Aristotle, writing 500 years after Aristotle's death, defended a view of moral responsibility we would call libertarianism today, with a strong sense of agent-causality. 



Alexander believed that Aristotle was not a strict determinist like the Stoics, and Alexander himself argued that some events do not have pre-determined causes. In particular, man is responsible for self-caused decisions, and can choose to do or not to do something.


For Alexander, as for Aristotle, a random event "for no reason" provides a fresh start or new beginning (ἀρχή) of a causal chain (ἄλυσις) that can not be traced back indefinitely. This effectively puts an end to the Stoic ideas of foreknowledge and pre-determination.


In particular, he held that man is responsible for self-caused decisions, and can choose to do or not to do something. This appears to be not very different from the Stoic Chrysippus' idea that one can assent or dissent to an action. Chrysippus said actions are pre-determined (fated) but not necessitated.


Alexander denied three things - necessity (ἀνάγκη), the foreknowledge of fated events that was part of the Stoic identification of God and Nature, and determinism in the sense of a sequence of causes that was laid down beforehand (προκαταβεβλημένος) or predetermined by antecedents (προηγουμένος).


Alexander, following Aristotle and Epicurus, saw three main things causing events. They are necessity, chance, and agent-causality - what is "up to  us"                                 
    


    Most of the ancient thinkers recognized the obvious difficulty with chance (or an uncaused cause) as a source of human freedom. Even Aristotle described chance as a "cause obscure to human reason" (ἀιτιάν ἄδελον ἀνθρωπίνᾠ λογισμῶ). 
    

Actions caused by chance are simply random and we cannot feel responsible for them. But we do feel responsible for our actions. 

Despite more than twenty-three centuries of philosophizing, most modern thinkers have not moved significantly beyond this core problem of randomness and free will for libertarians - the confused idea that free actions are caused directly by a random event. 


Caught between the horns of a dilemma, with determinism on one side and randomness on the other, the standard argument against free will continues to render agent-causality and human freedomunintelligible (ἄδελον). 
    

The two-stage model of free will clarifies the argument between libertarians who call themselves "event causalists" (e.g., Robert Kane) and those who are "agent causalists" (e.g., E. Jonathan Lowe and Timothy O'Connor).

Lowe says the ultimate cause of an action must not be some "event" that merely happened. We can agree that physical events do not normally have a purpose. The chance events in the first stage that lead to the alternative possibilities for action are not themselves the "cause" of the agent's decision in the second stage. It is the immaterial mind of the agent that is the responsible cause.


Kane famously said that libertarian free will appeared to require "uncaused causes, immaterial minds, noumenal selves, non-event agent causes, prime movers unmoved, or other examples of what P. F. Strawson called the 'panicky metaphysics' of libertarianism in his influential 1962 essay 'Freedom and Resentment'".


Now that information philosophy has established that some events are indeed "uncaused," that the mind is in fact immaterial, and that Kant's noumenal world is the world of pure information, we can also welcome non-event agent causes. Human beings are prime movers in the sense of authors of their lives and co-creators of the new information in the universe!


We can situate agent-causality in a taxonomy of free-will positions and especially in the context of libertarian positions, all of which admit some indeterminism. The author of "non-causality" is Carl Ginet, who was O'Connors' thesis adviser. Ginet maintains that no cause is needed for human decisions. As Bob Kane says, the agent's decision is the cause of the action. Non-causality is a form of agent-causality. It denies any pre-determining causes.

[image: Taxonomy of Indeterminist Positions]
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Reductionism is a concept in philosophy that claims a description of properties in a complex system can be "reduced" to the lower-level properties of the system's components. For example, the laws and properties of chemistry can be reduced to the laws of physics.

More specifically, the properties of molecules can be reduced to those of atoms, the properties of biological cells can be reduced to those of molecules, plants and animals can be reduced to those of cells, and mind can be reduced to neurons in the brain. 


Beyond the properties, reductionists claim that causal laws of nature in the base level must causally determine the laws of a higher level. These thinkers usually have a highly simplistic, materialistic, and deterministic view of the most fundamental laws of nature, namely the laws of classical physics, or the interpretations of quantum physics that deny indeterminism. 

Anti-reductionists deny claims that deterministic causal laws can in principle reduce everything, including life and mind, to the fundamental particles of physics. They include emergentists, who think at least some higher level properties and laws cannot be reduced, but must emerge as sui generis entities that need new explanations. They also include vitalists, who believe that a dualistic, non-physical, immaterial substance is needed to explain life, mind, and consciousness.  




For example, Jaegwon Kim, the leading analyst of supervenience (as a non-reductive physicalism that might explain mental causation) puts it this way:

The most fundamental tenet of physicalism concerns the ontology of the world. It claims that the content of the world is
wholly exhausted by matter. Material things are all the things
that there are; there is nothing inside the spacetime world that
isn't material, and of course there is nothing outside it either.
The spacetime world is the whole world, and material things,
bits of matter and complex structures made up of bits of matter, are its only inhabitants.


The original reductionists were the ancient Greek materialists, Democritus and Leucippus, who argued that the world consists only of "atoms and the void." But their fellow materialist, Epicurus,
had added an element of chance to provide still more control and moral responsibility, and indeed agency, than physical determinism alone can provide. He said, in his Letter to Menoeceus, §134, 


It is better to follow the myth about the gods than to be a slave of the "fate" of the physicists: for the former suggests a hope of forgiveness, in return for honor, but the latter has an ineluctable necessity. 

ἐπεὶ κρεῖττον ἦν τῷ περὶ θεῶν μύθῳ κατακολουθεῖν ἢ τῇ τῶν φυσικῶν εἱμαρμένῃ δουλεύειν· ὁ μὲν γὰρ ἐλπίδα παραιτή- σεως ὑπογράφει θεῶν διὰ τιμῆς, ἣ δὲ ἀπαραίτητον ἔχει τὴν ἀνάγκην 



It is critically important to note that there is very little new of importance in Epicurus - except the specific mechanism of the atomic swerve - that was not already there in Aristotle's treatment of moral responsibility in the Nichomachean Ethics and the Metaphysics.


Aristotle had already argued against the atomists' necessity (Leucippus) and causal determinism (Democritus). He did not care for the atomists' atheistic dismissal of the gods, but he unequivocally endorsed chance, itself an atheistic idea flying in the face of the gods' foreknowledge, as the specific means of breaking the causal chain of determinism and necessity.


Reductionism denied by the Cosmic Creation Process

Since reductionists claim that causal laws of nature in the base level must causally determine the laws of a higher level, these thinkers usually have a highly simplistic, materialistic, and deterministic view, that the contents of the world today were knowable by a Laplacian demon (or God) at the origin of the world.

Our cosmic reaction process, by contrast, shows that new information has been entering the universe since its origin, at many levels, from the formation of elementary partials like protons and neutrons, to atoms and molecules, to planets, stars, and galaxies, and beyond to life, mind, and consciousness.


The cosmic creation process shows that Jaegwon Kim's physicalism and the determinism of the Unity of Science movement are epistemologically and ontologically flawed.




This view of the physical world completely ignores energy. The universe was matter and energy. And most importantly, this view ignores information, which is neither matter nor energy (though it requires matter for its embodiment and energy for its communication).
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For most of the history of psychology and cognitive science, the great thinkers, from William James to Michael Gazzaniga to Stephen Kosslyn to David Marr, were certain that our ideas, especially our images,  were somehow represented in the mind.


If one could only look into the neocortex, with FMRI or MEG, one should be able to see the thoughts or images


They all ignored the great warning of Gottfried Leibniz whose words in the Monadology  anticipate the work of today's computational neuroscientists to buid a machine that can see, think, and feel like a human being.


  Suppose that there were a machine so constructed as to produce thought, feeling, and perception, we could imagine it increased in size while retaining the same proportions, so that one could enter as one might a mill [e.g., a flour mill]. On going inside we should only see the parts impinging on one another; we should not see anything which would explain a perception.
   


Source: https://www.informationphilosopher.com/knowledge/representation/
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Mind-Body Problem

Information philosophy views the mind as the immaterial information in the brain, which is seen as a biological information processor. Mind is software in the brain's hardware. 
The "stuff" of mind is pure information. Information is neither matter nor energy, though it needs matter for its embodiment and energy for its communication.


In ancient philosophy, mind and body formed one of the classic dualisms, like idealism versus materialism, the problem of the one (monism) or the many (pluralism), the distinction between essence and existence, between universals and particulars, between the eternal and the ephemeral.


When mind and body are viewed today as a dualism, the emphasis is on the mind, that is to say the information, being fundamentally different from the material brain. Since the universe is continuously creating new information, by rearranging existing matter, this is an imprtant and understandable difference. Matter (and energy) is conserved, a constant of the universe. Information is not conserved, it is the source of genuine novelty.


A mind-body dualism coincides with Plato's "ideas" as pure form, Its ontology is different from that of matter. The ancients asked about the existential status of Platonic Ideas. On the other hand, monists can see the mind-body distinction as pure physicalism, since information embodied in matter corresponds to a mere reorganization of the matter. This was Aristotle's more practical view. For him, Plato's Ideas were mere abstractions generalized from many existent particulars.


Mind-body as a "problem" is generally traced to René Descartes, who asked how the immaterial mind (or soul) could influence the material body. Would not the interaction between the two have to partake somehow of the character of both? Descartes famously identified the tiny pineal gland as the point of contact between mind and body.


Descartes made the mind the locus of freedom. For him, the body is a mechanical system of tiny fibres causing movements in the brain (the afferent sensations), which then can pull on other fibres to activate the muscles (the efferent nerve impulses). This is the basis of stimulus and response theory in modern physiology(reflexology). 


The popular idea of animals as machines included the notion that man too is a machine - the body obeys strictly deterministic causal laws - but that man has a soul or spirit that is exempt from determinism and thus from what is known today as "causal closure." But how can the mind both cause something physical to happen and yet itself be exempt from causal chains?  


The Problem of Mental Causation

Philosophers who accept the idea that all laws of nature are deterministic and that the world is causally closed still cannot understand how an immaterial mind can be the cause of an action. On this view, every physical event is reducible to the microscopic motions of physical particles. The laws of biology are reducible to those of physics and chemistry. The mind is reducible to the brain, with no remainder. 


For these philosophers of mind, essentially no progress has been made on the problem of mental causation since Descartes. "Reductionists" who accept "causal closure" think that every brain event must have been determined by causes coming "bottom-up" from the brain's atoms and molecules. Any additional mental cause would be extraneous, according to Jaegwon Kim.



Since the early twentieth century, quantum mechanics adds the possibility that some processes are indeterministic, but random quantum-mechanical events have generally been thought to be unhelpful by philosophers of mind. Adding indeterminism to mental events apparently would only make our actions random and our desires the product of pure chance. If our willed actions are not determined by anything, they say, we are neither morally responsible nor truly free.  Whether mental events are reducible to physical events, or whether mental events can be physical events without such a reduction, the interposition of indeterministic quantum processes apparently adds no explanatory power. And of course if mental events are epiphenomenal, they are not causally related to bodily actions. Epiphenomenal access to quantum physics would not help.


Mental causation is a special case of the more general problem of downward causation, for example the downward control of the motions of a cell's atoms and molecules by supervening biological macromolecules. Is the molecular biology of a cell reducible to the laws governing the motions of its component molecules, or are there emergent laws governing motions at the cellular level, still different laws at the organ level, at the organism level up to the mental level?


Emergent properties or laws at the higher levels of a physical-chemical-based biological system would have to prevent those higher levels from being reduced to the properties and laws of the base physical level? These emergent properties are not a new kind of "stuff," but they are nevertheless often described as an emergent dualism, specifically a property dualism.


Is it illogical to deny reductionist ideas of bottom-up causation (because of indeterministic quantum noise) and yet to defend adequately determined downward causation (because quantum effects are averaged out by macroscopic objects)? The arguments are subtle and depend on the complementary roles of determinism (Schrödinger evolution of the wave function) and indeterminism (wave-function collapse) in quantum physics.



Perhaps the most critically important emergent law of all is the abstract idea of determinism itself. Determinism in the macroscopic world emerges from the indeterministic microscopic quantum world by averaging over vast numbers of atoms and molecules. Even before quantum mechanics, Ludwig Boltzmann knew that the macroscopic gas laws were only adequately determined by the average motions of extremely large numbers of molecules. 

Mind as an Experience Recorder and Reproducer


Our specific Mind Model grows out of the question of what sort of "mind" would provide the greatest survival value for the lowest (or the first) organisms that evolved mind-like capabilities.

We propose a primitive mind that could only "play back" experiences, reproducing the entire complex of the sensations experienced, together with the emotional response to the original experience (pleasure, pain, fear, etc.).


The ERR model stands in contrast to the popular cognitive science or “computational” model of a mind as a digital computer with a "central processor" or even a "parallel processor." No algorithms or stored programs are needed for the ERR model.


The physically realizable equivalent is a non-linear random-access data recorder, where data is stored using "content-addressable" memory (the memory address - a string of bits in a digital computer - is the data content itself). 


Much simpler than a computer with stored algorithms, a better technological metaphor for ERR might be a multi-channel, multi-track analog video and sound recorder, enhanced with the ability to record smells, tastes, touches, and most important, feelings. Imagine one channel for each sense, one track for each neuron. But of course machines currently cannot smell or taste and have no feelings so could not reproduce them (although Gerald Edelman's neural network learning computers have some reward/punishment systems designed in).


The biological basis is very straightforward - neurons that wire together (strengthening synapses) during an organism’s experiences, in multiple sensory and limbic systems, such that later firing of even a part of the wired neurons can stimulate firing of all or part of the original complex, thus "playing back" the original experience (including the reaction to the experience and whether it was a useful reaction). 


Related experiences are likely stored nearby (in the many "dimensions" of visual cortex, hearing pathways, olfactory nerves, etc., etc., plus the amygdala).


The ERR model might then explain the philosophical notion of association of ideas. If it is neighboring neurons that fire, they will likely be closely related in some way (since they were stored based on the fundamental pattern of information in the experience). Similar experiences are likely stored in adjacent neurons. Note that a particular smell could cause the recall of experiences where that smell was present, and similarly for other senses.  


Neuroscientists are investigating how diverse signals from multiple pathways can be unified in the brain. We offer no specific insight into these “binding” problems. Nor can we shed much light on the question of philosophical “meaning” of any given information structure, beyond the obvious relevance (survival value) for the organism of remembering past experiences.

<--


In modern times some philosophers and scientists have proposed interactionist models and have also attempted to locate specific parts of the brain, for example at the synapses between neurons, where quantum effects might be important. The neuroscientist John Eccles and philosopher Karl Popper considered such models in their articles and books over many years.


All the attempts to use the mysterious properties of quantum mechanics to explain the mysterious problems of consciousness and psycho-physical relations between mind and body have been just that, explaining one mystery with another mystery.


Some philosophers identify the mind with the brain. 



Information Philosophy identifies the (immaterial) mind with the incredible biological information processing going on in the brain. This processing operates on two levels. 


At the Macro level, the mind/brain is adequately determined to make its decisions and resulting actions in ways that are causally connected with the agent's character and values. It is everything that determinist and compatibilist philosophers expect it to be.


At the Micro level, the mind/brain leaves itself open to significant thermal and quantal noise in its retrieval of past experiences. This generates creative and unpredictable alternative possibilities for thought and action. This is our best hope for a measure of libertarianism.


Our mind/brain model emphasizes the abstract information content of the mind. Information is neither matter nor energy, yet it needs matter for its concrete embodiment and energy for its communication. Information is the modern spirit, the ghost in the machine.


Because it is embodied in the brain, this mind can control the actions of a body that is macroscopic and is normally unaffected by its own quantum level uncertainty (excepting when we want to be creative and unpredictable.


Thus our mind/body model explains how a relatively immaterial, "free," unpredictable, and creative mind can control the adequately determined material body through the self-determinate and responsible actions selected by the will from an agenda of alternative possibilities. 


Moreover, since some "mental events" are large enough information structures to be adequately determined, these mental events can act causally on lower biological and physical levels in the hierarchy, in particular, the mind can move the body and all its contained physical particles, thus solving the mind-body problem.


A specific example of the mind causing an action, while not itself being caused by antecedent events is the following. Faced with a decision of what to do next, the mind considers several possible alternatives, at least some of which are creatively invented based on random ideas that just "come to mind." Other possible alternatives might be familiar options, even habits, that have frequently been done in earlier similar situations. 


All these mental alternatives show up as "neural correlates" - brain neurons firing. When the alternatives are evaluated and one is selected, the selected action results in still other neurons firing, some of which connect to the motor cortex that signals muscles to move the body. 


Apart from the occasional indeterministic generation of creative new alternative ideas, this whole causal process is adequately determined and it is downwardly causal. Mental events are causing physical body events.  
        

-->
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Neural Correlates of Consciousness

The idea of searching for the neural correlates of consciousness was set in motion over thirty years ago by 
Francis Crick and Christof Koch
in their Scientific American article in 1992 "The Problem of Consciousness." 


In 1998 David Chalmers presented a paper at the second Tucson conference of 
consciousness entitled "On the Search for the Neural Correlate of Consciousness.


At about this time, at a conference in Germany, Koch made a bet with Chalmers that the NCC would be discovered in the 
next 25 years. In June 2023 Koch admitted he had lost the bet (New York Times).



Source: https://www.informationphilosopher.com/mind/ncc/
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Albert Einstein - Autobiography (Excerpts)
Comments on Quantum Mechanics

Before I enter upon the question of the completion of the
general theory of relativity, I must take a stand with reference
to the most successful physical theory of our period, viz., the
statistical quantum theory which, about twenty-five years ago,
took on a consistent logical form (Schrödinger, Heisenberg,
Dirac, Born). This is the only theory at present which permits
a unitary grasp of experiences concerning the quantum character
of micro-mechanical events. 

This theory, on the one
hand, and the theory of relativity on the other, are both considered
correct in a certain sense, although their combination
has resisted all efforts up to now. This is probably the reason
why among contemporary theoretical physicists there exist entirely
differing opinions concerning the question as to how the
theoretical foundation of the physics of the future will appear.
Will it be a field theory; will it be in essence a statistical theory?
I shall briefly indicate my own thoughts on this point.

Physics is an attempt conceptually to grasp reality as it is 
thought independently of its being observed. In this sense one 
speaks of "physical reality." In pre-quantum physics there was 
no doubt as to how this was to be understood. In Newton's 
theory reality was determined by a material point in space and
time; in Maxwell's theory, by the field in space and time. In
quantum mechanics it is not so easily seen. If one asks: does a
ψ-function of the quantum theory represent a real factual
situation in the same sense in which this is the case of a material
system of points or of an electromagnetic field, one hesitates
to reply with a simple "yes" or "no"} why? What the ψ-function
(at a definite time) asserts, is this: What is the probability
for finding a definite physical magnitude q (or p) in a definitely
given interval, if I measure it at time t? The probability is
here to be viewed as an empirically determinable, and therefore
certainly as a "real" quantity which I may determine if I
create the same ψ-function very often and perform a q measurement
each time. 




Einstein's fateful question: Is there but one possible measurement before the actual measurement?


But what about the single measured
value of q? Did the respective individual system have this
q-value even before the measurement? To this question there
is no definite answer within the framework of the [existing]
theory, since the measurement is a process which implies a
finite disturbance of the system from the outside; it would
therefore be thinkable that the system obtains a definite numerical
value for q (or p), i.e., the measured numerical value,
only through the measurement itself. For the further discussion
I shall assume two physicists, A and B, who represent a different
conception with reference to the real situation as described by
the ψ-function.


According to Einstein's "objective reality," a system variable has a single determinate value between measurements.  The only possible measurement is the actual measurement.

A. The individual system (before the measurement) has a
definite value of q (i.e., p) for all variables of the system,
and more specifically, that value which is determined by a
measurement of this variable. Proceeding from this conception,
he will state: The ψ-function is no exhaustive description
of the real situation of the system but an incomplete
description} it expresses only what we know on the
basis of former measurements concerning the system.


The Copenhagen Interpretation asserts that there are at every instant  multiple possible values for a system variable. One of these becomes actual in a measurement.

B. The individual system (before the measurement) has no
definite value of q (i.e., p). The value of the measurement
only arises in cooperation with the unique probability which
is given to it in view of the ψ-function only through the
act of measurement itself. Proceeding from this conception,
he will (or, at least, he may) state: the ψ-function is an exhaustive
description of the real situation of the system.

We now present to these two physicists the following instance:
There is to be a system which at the time t of our observation
consists of two partial systems 
  
    S
    
      1
    
  
 and 
  
    S
    
      2
    
  
, which at
this time are spatially separated and (in the sense of the classical
physics) are without significant reciprocity. The total system
is to be completely described through a known ψ-function
ψ12 in the sense of quantum mechanics. All quantum theoreticians
now agree upon the following: If I make a complete measurement
of 
  
    S
    
      1
    
  
, I get from the results of the measurement and
from ψ12 an entirely definite ψ-function ψ2 of the system ψ2.
The character of ψ2 then depends upon what kind of measurement
I undertake on ψ1.


Now it appears to me that one may speak of the real factual
situation of the partial system 
  
    S
    
      2
    
  
. Of this real factual situation,
we know to begin with, before the measurement of 
  
    S
    
      1
    
  
, even less
than we know of a system described by the ψ-function. But on
one supposition we should, in my opinion, absolutely hold fast:
the real factual situation of the system 
  
    S
    
      2
    
  
 is independent of
what is done with the system 
  
    S
    
      1
    
  
, which is spatially separated
from the former. 


If we measure the z-component of S1 electron spin, then the z-component of S2 must be found to be in the opposite direction, to conserve total spin = zero.


According to the type of measurement which
I make of S1, I get, however, a very different ψ2 for the second
partial system ( Ψ2, Ψ21,... ). Now, however, the real situation
of S2 must be independent of what happens to S1. For the
same real situation of S2 it is possible therefore to find, according
to one's choice, different types of ψ-function. 

Schrödinger says that ψ12 is a single wave function describing the two particles. A measurement anywhere collapses both particles into single-particle  Ψ2 and Ψ2. Both are measured, e.g., in z-direction, conserving all properties for both.


(One can escape
from this conclusion only by either assuming that the measurement
of S1 ((telepathically)) changes the real situation of
S2 or by denying independent real situations as such to things
which are spatially separated from each other. Both alternatives
appear to me entirely unacceptable.)

If now the physicists, A and B, accept this consideration as
valid, then B will have to give up his position that the ψ-function constitutes a complete description of a real factual situation.
For in this case it would be impossible that two different
types of ψ-functions could be co-ordinated with the identical
factual situation of 
  
    S
    
      2
    
  
.


The statistical character of the present theory would then
have to be a necessary consequence of the incompleteness of the
description of the systems in quantum mechanics, and there
would no longer exist any ground for the supposition that a
future basis of physics must be based upon statistics. - - -


It is my opinion that the contemporary quantum theory by
means of certain definitely laid down basic concepts, which on
the whole have been taken over from classical mechanics, constitutes
an optimum formulation of the connections. 


In his final remarks, Einstein said any future theory will probably incorporate quantum theory!

I believe,
however, that this theory offers no useful point of departure for
future development. This is the point at which my expectation
departs most widely from that of contemporary physicists. They
are convinced that it is impossible to account for the essential
aspects of quantum phenomena (apparently discontinuous and
temporally not determined changes of the situation of a system,
and at the same time corpuscular and undulatory qualities
of the elementary bodies of energy) by means of a theory which
describes the real state of things [objects] by continuous functions
of space for which differential equations are valid. They
are also of the opinion that in this way one can not understand
the atomic structure of matter and of radiation. They rather
expect that systems of differential equations, which could come
under consideration for such a theory, in any case would have
no solutions which would be regular (free from singularity)
everywhere in four-dimensional space. Above everything else,
however, they believe that the apparently discontinuous character
of elementary events can be described only by means of an
essentially statistical theory, in which the discontinuous changes
of the systems are taken into account by way of the continuous
changes of the probabilities of the possible states.

All of these remarks seem to me to be quite impressive. However,
the question which is really determinative appears to me
to be as follows: What can be attempted with some hope of
success in view of the present situation of physical theory? At
this point it is the experiences with the theory of gravitation
which determine my expectations. These equations give, from
my point of view, more warrant for the expectation to assert
something precise than all other equations of physics. One
may, for example, call on Maxwell's equations of empty space
by way of comparison. These are formulations which coincide
with the experiences of infinitely weak electro-magnetic fields.
This empirical origin already determines their linear form; it
has, however, already been emphasized above that the true
laws can not be linear. Such linear laws fulfill the super-position-principle for their solutions, but contain no assertions concerning
the interaction of elementary bodies. The true laws
can not be linear nor can they be derived from such. I have
learned something else from the theory of gravitation: No ever
so inclusive collection of empirical facts can ever lead to the
setting up of such complicated equations. A theory can be tested
by experience, but there is no way from experience to the setting
up of a theory. Equations of such complexity as are the
equations of the gravitational field can be found only through
the discovery of a logically simple mathematical condition which
determines the equations completely or [at least] almost completely.
Once one has those sufficiently strong formal conditions,
one requires only little knowledge of facts for the setting
up of a theory; in the case of the equations of gravitation it is
the four-dimensionality and the symmetric tensor as expression
for the structure of space which, together with the invariance
concerning the continuous transformation-group, determine the
equations almost completely.


Our problem is that of finding the field equations for the
total field. The desired structure must be a generalization of
the symmetric tensor. The group must not be any narrower than
that of the continuous transformations of co-ordinates...


A Brief Note on Completeness


Now it would of course be possible to object: If singularities
are permitted at the positions of the material points, what justification
is there for forbidding the occurrence of singularities
in the rest of space? This objection would be justified if the
equations of gravitation were to be considered as equations of
the total field. [Since this is not the case], however, one will
have to say that the field of a material particle may the less be
viewed as a pure gravitational field the closer one comes to
the position of the particle. If one had the field-equation of the
total field, one would be compelled to demand that the particles
themselves would everywhere be describable as singularity-free
solutions of the completed field-equations. Only then
would the general theory of relativity be a complete theory.

[So for Einstein, even his four-dimensional field theory is not yet complete. Completeness would eliminate possibilities in favor of a single determinate actuality; if only one possibility, there are no probabilities. All is certain. No new information is possible in the universe. 
And there is no irreversibility. All times are present in a deterministic block universe. 
See Einstein's remarks on Kurt Gödel's ideas on an arrow of time.


Note that Einstein's views about quantum mechanics in 1949 were essentially unchanged from his views in 1930. See his explanation of how field theories came to be a part of our description of reality - alongside material particles - as a result of Maxwell's equations in his 1931 article "Maxwell's Influence on the Evolution of the Idea of Physical Reality."


And Einstein arguably grew pessimistic about the possibilities for deterministic continuous field theories (by comparison with indeterministic and statistical discontinuous particle theories) in his later years:


To  Leopold Infeld he wrote in 1941, 

"I tend more and more to the opinion that one cannot come
further with a continuum theory."


And to his dear friend Michele Besso he wrote in 1954,


"I consider it quite possible that physics cannot be based on the field concept, i.e:,
on continuous structures. In that case, nothing remains of my entire castle in the
air, gravitation theory included, [and of] the rest of modern physics."
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Einstein's concern about nonlocality is that it may violate his principle of relativity.


Source: https://www.informationphilosopher.com/solutions/scientists/einstein/autobiography.html
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Albert Einstein - Emission and Absorption of Radiation in Quantum Theory



Sixteen years ago, when Planck created quantum theory by deriving his radiation
formula, he took the following approach. He calculated the mean energy Ē of a
resonator as a function of temperature according to his newly found quantum-theoretic basic principles, and determined from this the radiation density ρ as a
function of frequency ν and temperature. He accomplished this by deriving — based
upon electromagnetic considerations — a relation between radiation density and
resonator energy Ē:


  Ē
  =
  
    c
    
      3
    
  
  ρ
  
    /
  
  8
  π
  
    ν
    
      2
    
  
       
(1)



His derivation was of unparalleled boldness, but found brilliant confirmation. Not
only the radiation formula proper and the calculated value of the elementary quantum
in it was confirmed, but also the quantum-theoretically calculated value of Ē was
confirmed by later investigations on specific heat. In this manner, equation (1),
originally found by electromagnetic reasoning, was also confirmed. However, it
remained unsatisfactory that the electromagnetic-mechanical analysis, which led to
(1), is incompatible with quantum theory, and it is not surprising that Planck himself
and all theoreticians who work on this topic incessantly tried to modify the theory
such as to base it on noncontradictory foundations.


Since Bohr's theory of spectra has achieved its great successes, it seems no
longer doubtful that the basic idea of quantum theory must be maintained. It so
appears that the uniformity of the theory must be established such that the
electromagneto-mechanical considerations, which led Planck to equation (1), are to
be replaced by quantum-theoretical contemplations on the interaction between matter
and radiation. In this endeavor I feel galvanized by the following consideration
which is attractive both for its simplicity and generality.



§1. PLANCK's Resonator in a Field of Radiation



The behavior of a monochromatic resonator in a field of radiation, according to the
classical theory, can be easily understood if one recalls the manner of treatment that
was first used in the theory of Brownian movement. Let E be the energy of the
resonator at a given moment in time; we ask for the energy after time τ has elapsed.
Hereby, τ is assumed to be large compared to the period of oscillation of the
resonator, but still so small that the percentage change of E during τ can be treated as infinitely small. Two kinds of change can be distinguished. First the change



  
    Δ
    
      1
    
  
  E
  =
  −
  A
  
    E
    
      τ
    
  




effected by emission; and second, the change Δ2E caused by the work done by the
electric field on the resonator. This second change increases with the radiation density
and has a "chance"-dependent value and a "chance"-dependent sign. An electromagnetic, statistical consideration yields the mean-value relation



  <
  
    Δ
    
      2
    
  
  E
  >=
  −
  B
  ρ
  τ




The constants A and B can be calculated in known manner. We call Δ1E the
energy change due to emitted radiation, Δ2E the energy change due to incident
radiation. Since the mean value of E, taken over many resonators, is supposed to be
independent of time, there has to be



< E + Δ1E + Δ2E > = Ē



or



  Ē
  =
  −
  (
  B
  
    /
  
  A
  )
  ρ




One obtains relation (1) if one calculates B and A for the monochromatic
resonator in the known way with the help of electromagnetism and mechanics.
We now want to undertake corresponding considerations, but on a quantum-theoretical basis and without specialized suppositions about the interaction between 
radiation and those structures which we want to call "molecules."



§2. Quantum Theory and Radiation



We consider a gas of identical molecules that are in static equilibrium with thermal
radiation. Let each molecule be able to assume only a discrete sequence Z1, Z2, etc.,
of states with energy values ε1, ε2, respectively. Then it follows in known manner
and in analogy to statistical mechanics, or directly from Boltzmann's principle, or
finally from thermodynamic considerations, that the probability 
  
    W
    
      n
    
  
 of state 
  
    Z
    
      n
    
  
 (or the relative number of molecules which were in state 
  
    Z
    
      n
    
  
) is given by
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        /
      
      k
      T
    
  
        (2)




where k is the well-known Boltzmann constant. pn is the statistical "weight" of
state 
  
    Z
    
      n
    
  
, i.e., a constant that is characteristic of the quantum state of the molecule but
independent of the gas temperature T.


We shall now assume that a molecule can go from state 
  
    Z
    
      n
    
  
 to state 
  
    Z
    
      m
    
  
 by
absorbing radiation of the distinct frequency ν = νnm ; and likewise from state 
  
    Z
    
      m
    
  

to state 
  
    Z
    
      n
    
  
 by emitting such radiation. The radiation energy involved is εm - εn. In
general, this is possible for any combination of two indices m and n. With respect to
any of these elementary processes there must be a statistical equilibrium in thermal
equilibrium. Therefore, we can confine ourselves to a single elementary process
belonging to a distinct pair of indices (n,m).


At the thermal equilibrium, as many molecules per time unit will change from
state 
  
    Z
    
      n
    
  
 to state 
  
    Z
    
      m
    
  
 under absorption of radiation, as molecules will go from state 
  
    Z
    
      m
    
  

to state 
  
    Z
    
      n
    
  
 with emission of radiation. We shall state simple hypotheses about these
transitions, where our guiding principle is the limiting case of classical theory, as it
has been briefly outlined above.


We shall distinguish here also two types of transitions:


a) Emission of Radiation. This will be a transition from state 
  
    Z
    
      m
    
  

to state 
  
    Z
    
      n
    
  
 with
emission of the radiation energy εm - εn. This transition will take place without
external influence. One can hardly imagine it to be other than similar to radioactive
reactions. The number of transitions per time unit will have to be put at


Amn Nm,





where Amn is a constant that is characteristic of the combination of the states 
  
    Z
    
      m
    
  
 and

  
    Z
    
      n
    
  
, and 
  
    N
    
      m
    
  
 is the number of molecules in state 
  
    Z
    
      m
    
  
.


b) Incidence of Radiation. Incidence is determined by the radiation within which
the molecule resides; let it be proportional to the radiation density ρ of the effective
frequency. In case of the resonator it may cause a loss in energy as well as an
increase in energy; that is, in our case, it may cause a transition 
  
    Z
    
      n
    
  
 → 
  
    Z
    
      m
    
  
 as well as
a transition 
  
    Z
    
      m
    
  
 →

  
    Z
    
      n
    
  
. The number of transitions 
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 → 
  
    Z
    
      m
    
  
 per unit time is then
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and the number of transitions 
  
    Z
    
      m
    
  
 →

  
    Z
    
      n
    
  
 is to be expressed as
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where Bnm, Bmn are constants related to the combination of states  
  
    Z
    
      n
    
  
, 
  
    Z
    
      m
    
  
.


As a condition for the statistical equilibrium between the reactions 
  
    Z
    
      n
    
  
 → 
  
    Z
    
      m
    
  
 and 
  
    Z
    
      m
    
  
 → 
  
    Z
    
      n
    
  
 one finds, therefore, the equation
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Equation (2), on the other hand, yields
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From (3) and (4) follows
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ρ is the radiation density of that frequency which is emitted with the transition
Zm → Zn and is absorbed with Zn → Zm. Our equation shows the relation between
T and ρ at this frequency. 

If we postulate that ρ must approach infinity with ever increasing T, then we necessarily have



  
    B
    
      n
    
    
      m
    
  
  
    p
    
      n
    
  
  =
  
    B
    
      m
    
    
      n
    
  
  
    p
    
      m
    
  
        (6)



Introducing the abbreviation



  
    A
    
      m
    
    
      n
    
  
  
    /
  
  
    B
    
      m
    
    
      n
    
  
  
    p
    
      m
    
  
  =
  
    α
    
      m
      n
    
  
  ,
        (7)




one finds
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This is Planck's relation between ρ and T with the constants left indeterminate.
The constants Amn and Bmn could be calculated directly if we possessed a modified
version of electrodynamics and mechanics that is in compliance with the quantum
hypothesis.


Einstein derives Bohr's second postulate


The fact that ρ must be a universal function of T and ν implies that αmn and
εm - εn cannot depend upon the specific constitution of the molecule, but only upon
the effective frequency ν. From Wien's law follows furthermore that αmn must be
proportional to the third power, and εm - εn to the first power of ν . Consequently,
one has
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where hν is a constant.

While the three hypotheses concerning emission and incidence of radiation lead
to Planck's radiation formula, I am of course very willing to admit that this does not
elevate them to confirmed results. But the simplicity of the hypotheses, the generality
with which the analysis can be carried out so effortlessly, and the natural connection
to Planck's linear oscillator (as a limiting case of classical electrodynamics and
mechanics) seem to make it highly probable that these are basic traits of a future
theoretical representation. The postulated statistical law of emission is nothing but
Rutherford's law of radioactive decay, and the law expressed by (8), in conjunction
with (5a), is identical with the second basic hypothesis in Bohr's theory of
spectra — this too speaks in favor of the theory presented here.




§3. Remark on the Photochemical Law of Equivalence




The photochemical law of equivalence falls in line with our train of thoughts in the
following manner. Let there be a gas of such low temperature that the thermal
radiation of frequency ν, which leads from state Zm to state Zn, does not practically
occur.

According to (2) and (5a), the state 
  
    Z
    
      m
    
  
 will be quite rare compared to state 
  
    Z
    
      n
    
  
,
and we shall assume that almost all gas molecules are in state 
  
    Z
    
      n
    
  
. Aside from the
previously considered process 
  
    Z
    
      m
    
  
 → 
  
    Z
    
      n
    
  
, let the molecule in state 
  
    Z
    
      m
    
  
 also have the
capability of another elementary "chemical" process, e.g., monomolecular dissociation. Let us furthermore assume that the reaction rate of this dissociation is large
compared to the rate of occurrence of the reaction 
  
    Z
    
      m
    
  
 → 
  
    Z
    
      n
    
  
.


What will happen now if we irradiate the gas with the effective frequency? Under
absorption of the radiation energy εm - εn = hν, molecules will continually go from
state 
  
    Z
    
      n
    
  
 to state 
  
    Z
    
      m
    
  
. Only a very small fraction of these molecules will return to
state 
  
    Z
    
      n
    
  
 by emission or absorption. Most, by far, will suffer chemical dissociation,
corresponding to the postulated higher reaction rate of this process. This means that
per dissociating molecule, we will practically find that the radiation energy hν has
been absorbed, just as the law of equivalence demands.


The essence of this interpretation is that molecular dissociation is achieved by the
absorption of light via the quantum state 
  
    Z
    
      m
    
  
, but not directly without this intermediate state. In consequence, one need not distinguish between a chemically effective
and a chemically ineffective absorption of radiation. The absorption of light and the
chemical process appear as independent processes.
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Einstein has derived Planck's blackbody law


Source: https://www.informationphilosopher.com/solutions/scientists/einstein/1916_A-B.html
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Albert Einstein - Reply to Criticisms
REMARKS CONCERNING THE ESSAYS BROUGHT TOGETHER IN THIS CO-OPERATIVE VOLUME

By way of introduction I must remark that it was not easy
for me to do justice to the task of expressing myself concerning the essays contained in this volume. The reason lies in
the fact that the essays refer to entirely too many subjects,
which, at the present state of our knowledge, are only loosely
connected with each other. I first attempted to discuss the essays
individually. However, I abandoned this procedure because
nothing even approximately homogeneous resulted, so that the
reading of it could hardly have been either useful or enjoyable.
I finally decided, therefore, to order these remarks, as far as
possible, according to topical considerations.


Furthermore, after some vain efforts, I discovered that the
mentality which underlies a few of the essays differs so radically
from my own, that I am incapable of saying anything useful
about them. This is not to be interpreted that I regard those
essays — insofar as their content is at all meaningful to me —
less highly than I do those which lie closer to my own ways of
thinking, to which [latter] I dedicate the following remarks.


To begin with I refer to the essays of Wolfgang Pauli and
Max Born. They describe the content of my work concerning
quanta and statistics in general in their inner consistency and
in their participation in the evolution of physics during the last
half century. It is meritorious that they have done this: For
only those who have successfully wrestled with the problematic
situations of their own age can have a deep insight into those
situations} unlike the later historian, who finds it difficult to make
abstractions from those concepts and views which appear to his
generation as established, or even as self-evident. Both authors
[p.666] deprecate the fact that I reject the basic idea of contemporary
statistical quantum theory, insofar as I do not believe that this
fundamental concept will provide a useful basis for the whole
of physics. More of this later.


I now come to what is probably the most interesting subject
which absolutely must be discussed in connection with the detailed arguments of my highly esteemed colleagues Born, Pauli,
Heitler, Bohr, and Margenau. They are all firmly convinced
that the riddle of the double nature of all corpuscles (corpuscular and undulatory character) has in essence found its final
solution in the statistical quantum theory. 


On the strength of
the successes of this theory they consider it proved that a theoretically complete description of a system can, in essence, involve only statistical assertions concerning the measurable quantities of this system. They are apparently all of the opinion
that Heisenberg's indeterminacy-relation (the correctness of
which is, from my own point of view, rightfully regarded as
finally demonstrated) is essentially prejudicial in favor of the
character of all thinkable reasonable physical theories in the
mentioned sense. In what follows I wish to adduce reasons
which keep me from falling in line with the opinion of almost
all contemporary theoretical physicists. 

Einstein's major criticism of quantum theory. 
If it is statistical, 
then it is incomplete

I am, in fact, firmly convinced that the essentially statistical character of contemporary
quantum theory is solely to be ascribed to the fact that this
[theory] operates with an incomplete description of physical systems.

Above all, however, the reader should be convinced that I
fully recognize the very important progress which the statistical
quantum theory has brought to theoretical physics. 


Einstein endorses the statistical quantum theory. It explains the wave-particle duality he called for in 1909. 
It is a complete theory, up to the indeterminacy relation. 
Any future theory will probably incorporate this quantum theory.
But in his autobiography, he was doubtful


In the field
of mechanical problems — i.e., wherever it is possible to consider
the interaction of structures and of their parts with sufficient
accuracy by postulating a potential energy between material
points — [this theory] even now presents a system which, in its
closed character, correctly describes the empirical relations between statable phenomena as they were theoretically to be expected. This theory is until now the only one which unites the
corpuscular and undulatory dual character of matter in a
logically satisfactory fashion; and the  (testable)  relations,
[p.667] 
which are contained in it, are, within the natural limits fixed
by the indeterminacy-relation, complete. The formal relations
which are given in this theory — i.e., its entire mathematical
formalism — will probably have to be contained, in the form of
logical inferences, in every useful future theory.

What does not satisfy me in that theory, from the standpoint of principle, is its attitude towards that which appears to
me to be the programmatic aim of all physics: the complete description of any (individual) real situation (as it supposedly
exists irrespective of any act of observation or substantiation).
Whenever the positivistically inclined modern physicist hears
such a formulation his reaction is that of a pitying smile. He
says to himself: "there we have the naked formulation of a
metaphysical prejudice, empty of content, a prejudice, moreover, the conquest of which constitutes the major epistemological achievement of physicists within the last quarter-century.
Has any man ever perceived a 'real physical situation'? How is
it possible that a reasonable person could today still believe
that he can refute our essential knowledge and understanding
by drawing up such a bloodless ghost?" Patience! The above
laconic characterization was not meant to convince anyone; it
was merely to indicate the point of view around which the following elementary considerations freely group themselves. In
doing this I shall proceed as follows: I shall first of all show in
simple special cases what seems essential to me, and then I shall
make a few remarks about some more general ideas which are
involved.


We consider as a physical system, in the first instance, a radioactive atom of definite average decay time, which is practically
exactly localized at a point of the co-ordinate system. The
radioactive process consists in the emission of a (comparatively
light) particle. For the sake of simplicity we neglect the motion of the residual atom after the disintegration-process. Then
it is possible for us, following Gamow, to replace the rest of
the atom by a space of atomic order of magnitude, surrounded
by a closed potential energy barrier which, at a time t = 0,
encloses the particle to be emitted. The radioactive process
thus schematized is then, as is well known, to be described — in

[p.668] 
the sense of elementary quantum mechanics — by a ψ-function
in three dimensions, which at the time t = 0 is different from
zero only inside of the barrier, but which, for positive times,
expands into the outer space. This ψ-function yields the probability that the particle, at some chosen instant, is actually in a
chosen part of space (i.e., is actually found there by a measurement of position). On the other hand, the ψ-function does not
imply any assertion concerning the time instant of the disintegration of the radioactive atom.
Now we raise the question: Can this theoretical description
be taken as the complete description of the disintegration of a
single individual atom? The immediately plausible answer is:
No. 


Compare Einstein in 1917: It is "a weakness in the theory..., that it leaves time and direction of elementary processes to chance (Zufall, ibid.)." 

Einstein is right that statistical quantum mechanics describes only ensembles of systems.



For one is, first of all, inclined to assume that the individual atom decays at a definite time; however, such a definite time-value is not implied in the description by the ψ-function.
If, therefore, the individual atom has a definite disintegration-time, then as regards the individual atom its description by
means of the ψ-function must be interpreted as an incomplete
description. In this case the ψ-function is to be taken as the
description, not of a singular system, but of an ideal ensemble
of systems. In this case one is driven to the conviction that a
complete description of a single system should, after all, be
possible; but for such complete description there is no room in
the conceptual world of statistical quantum theory.

To this the quantum theorist will reply: This consideration
stands and falls with the assertion that there actually is such
a thing as a definite time of disintegration of the individual
atom (an instant of time existing independently of any observation). But this assertion is, from my point of view, not merely arbitrary but actually meaningless. The assertion of the
existence of a definite time-instant for the disintegration makes
sense only if I can in principle determine this time-instant empirically. Such an assertion, however, (which, finally, leads
to the attempt to prove the existence of the particle outside of
the force barrier), involves a definite disturbance of the system
in which we are interested; so that the result of the determination does not permit a conclusion concerning the status of the
undisturbed system. The supposition, therefore, that a radio
[p.669]
active atom has a definite disintegration-time is not justified by
anything whatsoever} it is, therefore, not demonstrated either
that the ψ-function can not be conceived as a complete description of the individual system. The entire alleged difficulty
proceeds from the fact that one postulates something not observable as "real." (This the answer of the quantum theorist.)


What I dislike in this kind of argumentation is the basic
positivistic attitude, which from my point of view is untenable,
and which seems to me to come to the same thing as Berkeley's
principle, esse est percipi. "Being" is always something which
is mentally constructed by us, that is, something which we freely posit (in the logical sense). The justification of such constructs does not lie in their derivation from what is given by
the senses. Such a type of derivation (in the sense of logical
deducibility) is nowhere to be had, not even in the domain
of pre-scientific thinking. The justification of the constructs,
which represent "reality" for us, lies alone in their quality of
making intelligible what is sensorily given (the vague character
of this expression is here forced upon me by my striving for
brevity). Applied to the specifically chosen example this consideration tells us the following:


One may not merely ask: "Does a definite time instant for
the transformation of a single atom exist?" but rather: "Is it,
within the framework of our theoretical total construction, reasonable to posit the existence of a definite point of time for the
transformation of a single atom?" One may not even ask what
this assertion means. One can only ask whether such a proposition, within the framework of the chosen conceptual system —
with a view to its ability to grasp theoretically what is empirically
given — is reasonable or not.


Insofar, then, as a quantum-theoretician takes the position that the description by means of a ψ-function refers
only to an ideal systematic totality but in no wise to the individual system, he may calmly assume a definite point of time
for the transformation. But, if he represents the assumption
that his description by way of the ψ-function is to be taken
as the complete description of the individual system, then he
must reject the postulation of a specific decay-time. He can
[p.670] justifiably point to the fact that a determination of the instant
of disintegration is not possible on an isolated system, but would
require disturbances of such a character that they must not be
neglected in the critical examination of the situation. It would,
for example, not be possible to conclude from the empirical
statement that the transformation has already taken place, that
this would have been the case if the disturbances of the system had not taken place.


As far as I know, it was E. Schrödinger who first called
attention to a modification of this consideration, which shows an
interpretation of this type to be impracticable. Rather than
considering a system which comprises only a radioactive atom
(and its process of transformation), one considers a system
which includes also the means for ascertaining the radioactive
transformation — for example, a Geiger-counter with automatic
registration-mechanism. Let this latter include a registration-
strip, moved by a clockwork, upon which a mark is made by
tripping the counter. True, from the point of view of quantum
mechanics this total system is very complex and its configuration space is of very high dimension. But there is in principle
no objection to treating this entire system from the standpoint
of quantum mechanics. Here too the theory determines the
probability of each configuration of all its co-ordinates for every
time instant. If one considers all configurations of the coordinates, for a time large compared with the average decay-time of the radioactive atom, there will be (at most) one such
registration-mark on the paper strip. To each co-ordinate-configuration corresponds a definite position of the mark on the
paper strip. But, inasmuch as the theory yields only the relative probability of the thinkable co-ordinate-configurations, it
also offers only relative probabilities for the positions of the
mark on the paperstrip, but no definite location for this mark.
In this consideration the location of the mark on the strip
plays the role played in the original consideration by the time
of the disintegration. The reason for the introduction of the
system supplemented by the registration-mechanism lies in the
following. The location of the mark on the registration-strip
concepts, in contradistinction to the instant of disintegration of
a single atom. If we attempt [to work with] the interpretation
that the quantum-theoretical description is to be understood
as a complete description of the individual system, we are
forced to the interpretation that the location of the mark on
the strip is nothing which belongs to the system per se, but
that the existence of that location is essentially dependent upon
the carrying out of an observation made on the registration-strip. Such an interpretation is certainly by no means absurd
from a purely logical standpoint; yet there is hardly likely
to be anyone who would be inclined to consider it seriously.
For, in the macroscopic sphere it simply is considered certain
that one must adhere to the program of a realistic description
in space and time; whereas in the sphere of microscopic situations one is more readily inclined to give up, or at least to modify, this program.



Einstein is right that statistical quantum theory does not produce a "complete" description. But missing information is not the result of human ignorance as in classical statistical mechanics


This discussion was only to bring out the following. One
arrives at very implausible theoretical conceptions, if one attempts to maintain the thesis that the statistical quantum theory
is in principle capable of producing a complete description of
an individual physical system. On the other hand, those difficulties of theoretical interpretation disappear, if one views the
quantum-mechanical description as the description of ensembles
of systems.

I reached this conclusion as the result of quite different types
of considerations. I am convinced that everyone who will take
the trouble to carry through such reflections conscientiously
will find himself finally driven to this interpretation of quantum-theoretical description (the ψ-function is to be understood as the description not of a single system but of an ensemble of
systems).


Roughly stated the conclusion is this: Within the framework of statistical quantum theory there is no such thing as a
complete description of the individual system. More cautiously
it might be put as follows: The attempt to conceive the quantum-theoretical description as the complete description of the
individual systems leads to unnatural theoretical interpretations, which become immediately unnecessary if one accepts the
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interpretation that the description refers to ensembles of systems and not to individual systems. In that case the whole
"egg-walking" performed in order to avoid the "physically
real" becomes superfluous. There exists, however, a simple
psychological reason for the fact that this most nearly obvious
interpretation is being shunned. For if the statistical quantum
theory does not pretend to describe the individual system (and
its development in time) completely, it appears unavoidable to
look elsewhere for a complete description of the individual system^ in doing so it would be clear from the very beginning
that the elements of such a description are not contained within
the conceptual scheme of the statistical quantum theory. With
this one would admit that, in principle, this scheme could not
serve as the basis of theoretical physics. Assuming the success
of efforts to accomplish a complete physical description, the
statistical quantum theory would, within the framework of
future physics, take an approximately analogous position to the
statistical mechanics within the framework of classical mechanics. I am rather firmly convinced that the development of
theoretical physics will be of this type; but the path will be
lengthy and difficult.


I now imagine a quantum theoretician who may even admit
that the quantum-theoretical description refers to ensembles of
systems and not to individual systems, but who, nevertheless,
clings to the idea that the type of description of the statistical
quantum theory will, in its essential features, be retained in
the future. He may argue as follows: True, I admit that the
quantum-theoretical description is an incomplete description
of the individual system. I even admit that a complete theoretical description is, in principle, thinkable. But I consider it
proven that the search for such a complete description would
be aimless. For the lawfulness of nature is thus constituted
that the laws can be completely and suitably formulated within
the framework of our incomplete description.


To this I can only reply as follows: Your point of view —
taken as theoretical possibility — is incontestable. For me, however, the expectation that the adequate formulation of the
universal laws involves the use of all conceptual elements
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which are necessary for a complete description, is more natural.
It is furthermore not at all surprising that, by using an incomplete description, (in the main) only statistical statements can
be obtained out of such description. If it should be possible to
move forward to a complete description, it is likely that the
laws would represent relations among all the conceptual elements
of this description which, per se, have nothing to do with statistics.


A few more remarks of a general nature concerning concepts „
and [also] concerning the insinuation that a concept — for example that of the real — is something metaphysical (and therefore to be rejected). A basic conceptual distinction, which is a necessary prerequisite of scientific and pre-scientific thinking,
is the distinction between "sense-impressions" (and the recollection of such) on the one hand and mere ideas on the other.

There is no such thing as a conceptual definition of this distinction (aside from circular definitions, i.e., of such as make a
hidden use of the object to be defined). Nor can it be maintained that at the base of this distinction there is a type of evidence, such as underlies, for example, the distinction between
red and blue. Yet, one needs this distinction in order to be able
to overcome solipsism. Solution: we shall make use of this
distinction unconcerned with the reproach that, in doing so, we
are guilty of the metaphysical "original sin." We regard the distinction as a category which we use in order that we might the
better find our way in the world of immediate sensations. The
"sense" and the justification of this distinction lies simply in
this achievement. But this is only a first step. We represent
the sense-impressions as conditioned by an "objective" and by
a "subjective" factor. For this conceptual distinction the/e also
is no logical-philosophical justification. But if we reject it, we
cannot escape solipsism. It is also the presupposition of every
kind of physical thinking. Here too, the only justification lies
in its usefulness. We are here concerned with "categories" or
schemes of thought, the selection of which is, in principle, entirely open to us and whose qualification can only be judged by
the degree to which its use contributes to making the totality
of the  contents of consciousness  "intelligible."  The above
[p.674]
mentioned "objective factor" is the totality of such concepts
and conceptual relations as are thought of as independent of experience, viz., of perceptions. So long as we move within the
thus programmatically fixed sphere of thought we are thinking physically. Insofar as physical thinking justifies itself, in
the more than once indicated sense, by its ability to grasp experiences intellectually, we regard it as "knowledge of the
real."


After what has been said, the "real" in physics is to be
taken as a type of program, to which we are, however, not
forced to cling a priori. No one is likely to be inclined to attempt to give up this program within the realm of the "macroscopic" (location of the mark on the paperstrip "real"). But
the "macroscopic" and the "microscopic" are so inter-related
that it appears impracticable to give up this program in the
"microscopic" alone. Nor can I see any occasion anywhere
within the observable facts of the quantum-field for doing so,
unless, indeed, one clings a priori to the thesis that the description of nature by the statistical scheme of quantum-mechanics
is final.


The theoretical attitude here advocated is distinct from that
of Kant only by the fact that we do not conceive of the "categories" as unalterable (conditioned by the nature of the understanding) but as (in the logical sense) free conventions. They
appear to be a priori only insofar as thinking without the positing of categories and of concepts in general would be as impossible as is breathing in a vacuum.
From these meager remarks one will see that to me it must
seem a mistake to permit theoretical description to be directly
dependent upon acts of empirical assertions, as it seems to me
to be intended [for example] in Bohr's principle of complementarity, the sharp formulation of which, moreover, I have
been unable to achieve despite much effort which I have expended on it. From my point of view [such] statements or
measurements can occur only as special instances, viz., parts, of
physical description, to which I cannot ascribe any exceptional
position above the rest.
The above mentioned essays by Bohr and Pauli contain a 
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historical appreciation of my efforts in the area of physical statistics and quanta and, in addition, an accusation which is brought
forward in the friendliest of fashion. In briefest formulation
this latter runs as follows: "Rigid adherence to classical
theory." This accusation demands either a defense or the confession of guilt. The one or the other is, however, being rendered much more difficult because it is by no means immediately clear what is meant by "classical theory." Newton's theory
deserves the name of a classical theory. It has nevertheless been
abandoned since Maxwell and Hertz have shown that the
idea of forces at a distance has to be relinquished and that one
cannot manage without the idea of continuous "fields." 


Eintein's goal is to explain everything in terms of a field theory.


The
opinion that continuous fields are to be viewed as the only acceptable basic concepts, which must also [be assumed to]
underlie the theory of the material particles, soon won out.
Now this conception became, so to speak, "classical;" but a
proper, and in principle complete, theory has not grown out of
it. Maxwell's theory of the electric field remained a torso, because it was unable to set up laws for the behavior of electric
density, without which there can, of course, be no such thing
as an electro-magnetic field. Analogously the general theory of
relativity furnished then a field theory of gravitation, but no
theory of the field-creating masses. (These remarks presuppose
it as self-evident that a field-theory may not contain any singularities, i.e., any positions or parts in space in which the field-
laws are not valid.)

Einstien's program is field theory.


Consequently there is, strictly speaking, today no such thing as
a classical field-theory; one can, therefore, also not rigidly adhere to it. Nevertheless, field-theory does exist as a program;
"Continuous functions in the four-dimensional  [continuum]
as basic concepts of the theory. Rigid adherence to this program can rightfully be asserted of me. The deeper ground for
this lies in the following: The theory of gravitation showed
me that the non-linearity of these equations results in the fact
that this theory yields interactions among structures (localized
things) at all. But the theoretical search for non-linear equations is hopeless (because of too great variety of possibilities),
if one does not use the general principle of relativity (invariance
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under general continuous co-ordinate-transformations).
In the meantime, however, it does not seem possible to formulate this principle, if one seeks to deviate from the above
program. Herein lies a coercion which I cannot evade. This for
my justification.

Nevertheless I am forced to weaken this justification by a
confession. If one disregards quantum structure, one can justify the introduction of the gik "operationally" by pointing to
the fact that one can hardly doubt the physical reality of the
elementary light cone which belongs to a point. In doing so one
implicitly makes use of the existence of an arbitrarily sharp
optical signal. Such a signal, however, as regards the quantum
facts, involves infinitely high frequencies and energies, and
therefore a complete destruction of the field to be determined.
That kind of a physical justification for the introduction of the
gik falls by the wayside, unless one limits himself to the
"macroscopic." The application of the formal basis of the
general theory of relativity to the "microscopic" can, therefore,
be based only upon the fact that that tensor is the formally
simplest covariant structure which can come under consideration. Such argumentation, however, carries no weight with anyone who doubts that we have to adhere to the continuum at
all. All honor to his doubt — but where else is there a passable
road?


Now I come to the theme of the relation of the theory of
relativity to philosophy. Here it is Reichenbach's piece of
work which, by the precision of deductions and by the sharpness
of his assertions, irresistibly invites a brief commentary. Robertson's lucid discussion also is interesting mainly from the standpoint of general epistemology, although it limits itself to the
narrower theme of "the theory of relativity and geometry."
To the question: Do you consider true what Reichenbach has
here asserted, I can answer only with Pilate's famous question:
"What is truth?"
Let us first take a good look at the question: Is a geometry
—looked at from the physical point of view—verifiable (viz.,
falsifiable) or not? Reichenbach, together with Helmholtz, says:
Yes, provided that the empirically given solid body realizes the
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concept of "distance." Poincare says no and consequently is
condemned by Reichenbach. Now the following short conversation takes place:

Poincaré: The empirically given bodies are not rigid, and
consequently can not be used for the embodiment of geometric
intervals. Therefore, the theorems of geometry are not verifiable.

Reichenbach: I admit that there are no bodies which can
be immediately adduced for the "real definition" of the interval. Nevertheless, this real definition can be achieved by taking
the thermal volume-dependence, elasticity, electro- and
magneto-striction, etc., into consideration. That this is really
[and] without contradiction: possible, classical physics has surely
demonstrated.

Poincaré: In gaining the real definition improved by yourself you have made use of physical laws, the formulation of
which presupposes (in this case) Euclidean geometry. The
verification, of which you have spoken, refers, therefore, not
merely to geometry but to the entire system of physical laws
which constitute its foundation. An examination of geometry
by itself is consequently not thinkable. — Why should it consequently not be entirely up to me to choose geometry according to my own convenience (i.e., Euclidean) and to fit the remaining (in the usual sense "physical") laws to this choice in
such manner that there can arise no contradiction of the whole
with experience?


(The conversation cannot be continued in this fashion because
the respect of the [present] writer for Poincaré's superiority as
thinker and author does not permit it; in what follows therefore, an anonymous non-positivist is substituted for Poincaré.—)

Reichenbach: There is something quite attractive in this conception. But, on the other hand, it is noteworthy that the adherence to the objective meaning of length and to the interpretation of the differences of co-ordinates as distances (in pre-relativistic physics) has not led to complications. Should we not,
on the basis of this astounding fact, be justified in operating
further at least tentatively with the concept of the measurable
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length, as if there were such things as rigid measuring-rods? In
any case it would have been impossible for Einstein de facto
(even if not theoretically) to set up the theory of general relativity, if he had not adhered to the objective meaning of length.


Against Poincaré's suggestion it is to be pointed out that
what really matters is not merely the greatest possible simplicity
of the geometry alone, but rather the greatest possible simplicity of all of physics (inclusive of geometry). This is what
is, in the first instance, involved in the fact that today we must
decline as unsuitable the suggestion to adhere to Euclidean
geometry.

Non-Positivist: If, under the stated circumstances, you hold
distance to be a legitimate concept, how then is it with your basic
principle (meaning = verifiability)? Do you not have to reach
the point where you must deny the meaning of geometrical
concepts and theorems and to acknowledge meaning only within the completely developed theory of relativity (which, however, does not yet exist at all as a finished product)? Do you
not have to admit that, in your sense of the word, no "meaning" can be attributed to the individual concepts and assertions
of a physical theory at all, and to the entire system only insofar
as it makes what is given in experience "intelligible?" Why do
the individual concepts which occur in a theory require any
specific justification anyway, if they are only indispensable
within the framework of the logical structure of the theory,
and the theory only in its entirety validates itself?


It seems to me, moreover, that you have not at all done
justice to the really significant philosophical achievement of
Kant. From Hume Kant had learned that there are concepts
(as, for example, that of causal connection), which play a
dominating role in our thinking, and which, nevertheless, can
not be deduced by means of a logical process from the empirically given (a fact which several empiricists recognize, it is
true, but seem always again to forget). What justifies the use
of such concepts? Suppose he had replied in this sense: Think-
ing is necessary in order to understand the empirically given,
and concepts and "categories" are necessary as indispensable
elements of thinking. If he had remained satisfied with this type
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of an answer, he would have avoided scepticism and you would
not have been able to find fault with him. He, however, was
misled by the erroneous opinion — difficult to avoid in his time
— that Euclidean geometry is necessary to thinking and offers
assured (i.e., not dependent upon sensory experience) knowledge concerning the objects of "external" perception. From
this easily understandable error he concluded the existence of
synthetic judgments a priori, which are produced by the reason
alone, and which, consequently, can lay claim to absolute
validity. I think your censure is directed less against Kant himself than against those who today still adhere to the errors of "synthetic judgments a priori." —
I can hardly think of anything more stimulating as the basis
for discussion in an epistemological seminar than this brief
essay by Reichenbach (best taken together with Robertson's
essay).


What has been discussed thus far is closely related to
Bridgman's essay, so that it will be possible for me to express
myself quite briefly without having to harbor too much fear
that I shall be misunderstood. In order to be able to consider
a logical system as physical theory it is not necessary to demand
that all of its assertions can be independently interpreted and
"tested" "operationally}" de facto this has never yet been
achieved by any theory and can not at all be achieved. In order
to be able to consider a theory as a physical theory it is only
necessary that it implies empirically testable assertions in
general.


This formulation is insofar entirely unprecise as "testability"
is a quality which refers not merely to the assertion itself but
also to the co-ordination of concepts, contained in it, with experience. But it is probably hardly necessary for me to enter
upon a discussion of this ticklish problem, inasmuch as it is
not likely that there exist any essential differences of opinion at
this point. —

Margenau. This essay contains several original specific remarks, which I must consider separately:


To his Sec. 1: "Einstein's position . . . contains features
of rationalism and extreme empiricism. . . ." This remark Is
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entirely correct. From whence comes this fluctuation? A logical
conceptual system is physics insofar as its concepts and assertions are necessarily brought into relationship with the world
of experiences. Whoever desires to set up such a system will
find a dangerous obstacle in arbitrary choice (embarras de
richesse). This is why he seeks to connect his concepts as directly
and necessarily as possible with the world of experience. In this
case his attitude is empirical. This path is often fruitful, but it
is always open to doubt, because the specific concept and the
individual assertion can, after all, assert something confronted
by the empirically given only in connection with the entire system. He then recognizes that there exists no logical path from
the empirically given to that conceptual world. His attitude becomes then more nearly rationalistic, because he recognizes the
logical independence of the system. The danger in this attitude
lies in the fact that in the search for the system one can lose
every contact with the world of experience. A wavering between these extremes appears to me unavoidable.


To his Sec. 2: I did not grow up in the Kantian tradition,
but came to understand the truly valuable which is to be found
in his doctrine, alongside of errors which today are quite obvious, only quite late. It is contained in the sentence: "The
real is not given to us, but put to us (aufgegeben) (by way
of a riddle)." This obviously means: There is such a thing as
a conceptual construction for the grasping of the inter-personal,
the authority of which lies purely in its validation. This conceptual construction refers precisely to the "real" (by definition), and every further question concerning the "nature of the
real" appears empty.


To his Sec. 4: This discussion has not convinced me at all.
For it is clear per se that every magnitude and every assertion
of a theory lays claim to "objective meaning" (within the
framework of the theory). A problem arises only when we
ascribe group-characteristics to a theory, i.e., if we assume or
postulate that the same physical situation admits of several
ways of description, each of which is to be viewed as equally
justified. For in this case we obviously cannot ascribe complete
objective  meaning   (for  example  the x-component of  the
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velocity of a particle or its x-co-ordinates) to the individual
(not eliminable) magnitudes. In this case, which has always
existed in physics, we have to limt ourselves to ascribing objective meaning to the general laws of the theory, i.e., we have
to demand that these laws are valid for every description of
the system which is recognized as justified by the group. It is,
therefore, not true that "objectivity" presupposes a group-
characteristic, but that the group-characteristic forces a refinement of the concept of objectivity. The positing of group characteristics is heuristically so important for theory, because this
characteristic always considerably limits the variety of the
mathematically meaningful laws.


Now there follows a claim that the group-characteristics
determine that the laws must have the form of differential
equations} I can not at all see this. Then Margenau insists that
the laws expressed by way of the differential equations (especially the partial ones) are "least specific." Upon what does
he base this contention? If they could be proved to be correct,
it is true that the attempt to ground physics upon differential
equations would then turn out to be hopeless. We are, however,
far from being able to judge whether differential laws of the
type to be considered have any solutions at all which are everywhere singularity-free; and, if so, whether there are too many
such solutions.


And now just a remark concerning the discussions about
the Einstein-Podolski-Rosen Paradox. I do not think that Margenau's defense of the "orthodox" ("orthodox" refers to the
thesis that the ψ-function characterizes the individual system
exhaustively) quantum position hits the essential [aspects].
Of the "orthodox" quantum theoreticians whose position I
know, Niels Bohr's seems to me to come nearest to doing justice
to the problem. Translated into my own way of putting it, he
argues as follows:



A two-particle ψ cannot be separated into the product of single-particle ψ's


If the partial systems A and B form a total system which is
described by its ψ-function ψ/(AB), there is no reason why
any mutually independent existence (state of reality) should be
ascribed to the partial systems A and B viewed separately, not
even if the partial systems are spatially separated from each
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other at the particular time under consideration. 

Einstein is troubled by the appearance of non-local behavior


The assertion
that, in this latter case, the real situation of B could not be
(directly) influenced by any measurement taken on A is, therefore, within the framework of quantum theory, unfounded and
(as the paradox shows) unacceptable.

By this way of looking at the matter it becomes evident that
the paradox forces us to relinquish one of the following two
assertions:


(i) the description by means of the ψ-function is complete

(2) the real states of spatially separated objects are independent of each other.



If the separated systems are entangled, they cannot be independent


On the other hand, it is possible to adhere to (2), if one
regards the ψ-function as the description of a (statistical) ensemble of systems (and therefore relinquishes (1)). However,
this view blasts the framework of the "orthodox quantum
theory."

One more remark to Margenau's Sec. 7. In the characterization of quantum mechanics the brief little sentence will be
found: "on the classical level it corresponds to ordinary dynamics." This is entirely correct — cum grano salis; and it is
precisely this granum salis which is significant for the question
of interpretation.


If our concern is with macroscopic masses (billiard balls or
stars), we are operating with very short de Broglie-waves,
which are determinative for the behavior of the center of
gravity of such masses. This is the reason why it is possible to
arrange the quantum-theoretical description for a reasonable
time in such a manner that for the macroscopic way of viewing
things, it becomes sufficiently precise in position as well as in
momentum. It is true also that this sharpness remains for a
long time and that the quasi-points thus represented behave
just like the mass-points of classical mechanics. However, the
theory shows also that, after a sufficiently long time, the point-
like character of the ψ-function is completely lost to the center
of gravity-co-ordinates, so that one can no longer speak of any
quasi-localisation of the centers of gravity. The picture then
becomes, for example in the case of a single macro-mass-point,
quite similar to that involved in a single free electron.
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If now, in accordance with the orthodox position, I view the
ψ-function as the complete description of a real matter of fact
for the individual case, I cannot but consider the essentially
unlimited lack of sharpness of the position of the (macroscopic)
body as real. 


The idea that light falling on an object makes it more classical is assumed by the theory of decoherence

On the other hand, however, we know that, by
illuminating the body by means of a lantern at rest against the
system of co-ordinates, we get a (macroscopically judged)
sharp determination of position. In order to comprehend this I
must assume that that sharply defined position is determined
not merely by the real situation of the observed body, but also
by the act of illumination. This is again a paradox (similar to
the mark on the paperstrip in the above mentioned example).
The spook disappears only if one relinquishes the orthodox
standpoint, according to which the ψ-function is accepted as a
complete description of the single system.

It may appear as if all such considerations were just superfluous learned hairsplitting, which have nothing to do with
physics proper. However, it depends precisely upon such considerations in which direction one believes one must look for the
future conceptual basis of physics.
I close these expositions, which have grown rather lengthy,
concerning the interpretation of quantum theory with the reproduction of a brief conversation which I had with an important
theoretical physicist. He: "I am inclined to believe in telepathy." I: "This has probably more to do with physics than
with psychology." He: "Yes." —


The essays by Lenzen and Northrop both aim to treat my
occasional utterances of epistemological content systematically.
From those utterances Lenzen constructs a synoptic total picture, in which what is missing in the utterances is carefully and
with delicacy of feeling supplied. Everything said therein appears to me convincing and correct. Northrop uses these utterances as point of departure for a comparative critique of the
major epistemological systems. I see in this critique a masterpiece of unbiased thinking and concise discussion, which nowhere permits itself to be diverted from the essential.
The reciprocal relationship of epistemology and science is of
noteworthy kind. They are dependent upon each other. Epistemology
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 without contact with science becomes an empty
scheme. Science without epistemology is — insofar as it is think-
able at all — primitive and muddled. However, no sooner has
the epistemologist, who is seeking a clear system, fought his way
through to such a system, than he is inclined to interpret the
thought-content of science in the sense of his system and to
reject whatever does not fit into his system. The scientist, however, cannot afford to carry his striving for epistemological
systematic that far. He accepts gratefully the epistemological
conceptual analysis; but the external conditions, which are set
for him by the facts of experience, do not permit him to let
himself be too much restricted in the construction of his conceptual world by the adherence to an epistemological system.
He therefore must appear to the systematic epistemologist as
a type of unscrupulous opportunist: he appears as realist insofar
as he seeks to describe a world independent of the acts of
perception; as idealist insofar as he looks upon the concepts and
theories as the free inventions of the human spirit (not logically
derivable from what is empirically given); as positivist insofar
as he considers his concepts and theories justified only to the
extent to which they furnish a logical representation of relations
among sensory experiences. He may even appear as Platonist or
Pythagorean insofar as he considers the viewpoint of logical
simplicity as an indispensable and effective tool of his research.


All of this is splendidly elucidated in Lenzen's and North-
rop's essays.-----


And now a few remarks concerning the essays by E. A. Milne,
G. Lemaitre, and L. Infeld as concerns the cosmological problem:


Concerning Milne's ingenious reflections I can only say that
I find their theoretical basis too narrow. From my point of
view one cannot arrive, by way of theory, at any at least somewhat reliable results in the field of cosmology, if one makes
no use of the principle of general relativity.


As concerns Lemaitre's arguments in favor of the so-called
"cosmological constant" in the equations of gravitation, I must
admit that these arguments do not appear to me as sufficiently
convincing in view of the present state of our knowledge.
The introduction of such a constant implies a considerable
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renunciation of the logical simplicity of theory, a renunciation
which appeared to me unavoidable only so long as one had no
reason to doubt the essentially static nature of space. After
Hubble's discovery of the "expansion" of the stellar system,
and since Friedmann's discovery that the unsupplemented equations involve the possibility of the existence of an average
(positive) density of matter in an expanding universe, the introduction of such a constant appears to me, from the theoretical
standpoint, at present unjustified.


The situation becomes complicated by the fact that the entire duration of the expansion of space to the present, based on
the equations in their simplest form, turns out smaller than
appears credible in view of the reliably known age of terrestrial
minerals. But the introduction of the "cosmological constant'"
offers absolutely no natural escape from the difficulty. This
latter difficulty is given by way of the numerical value of
Hubble's expansion-constant and the age-measurement of
minerals, completely independent of any cosmological theory,
provided that one interprets the Hubble-effect as Doppler-effect.


Everything finally depends upon the question: Can a spec-
tral line be considered as a measure of a "proper time" (EigenZeit) ds (ds2 = gik dxi dxk), (if one takes into consideration
regions of cosmic dimensions)? Is there such a thing as a
natural object which incorporates the "natural-measuring-stick"
independently of its position in four-dimensional space? The
affirmation of this question made the invention of the general
theory of relativity psychologically possible) however this supposition is logically not necessary. For the construction of the
present theory of relativity the following is essential:


(1) Physical things are described by continuous functions,
field-variables of four co-ordinates. As long as the topological connection is preserved, these latter can be freely chosen.


(2)   The field-variables are tensor-components; among the
tensors is a symmetrical tensor gik for the description
of the gravitational field.


(3)  There are physical objects, which (in the macroscopic
field) measure the invariant ds.
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If (1) and (2) are accepted, (3) is plausible, but not necessary. The construction of mathematical theory rests exclusively
upon (1) and (2).
A complete theory of physics as a totality, in accordance with
(1) and (2) does not yet exist. If it did exist, there would be
no room for the supposition (3). For the objects used as tools
for measurement do not lead an independent existence alongside of the objects implicated by the field-equations. -  -  It is
not necessary that one should permit one's cosmological considerations to be restrained by such a sceptical attitude; but
neither should one close one's mind towards them from the
very beginning. - - - 

These reflections bring me to Karl Menger's essay. For the
quantum-facts suggest the suspicion that doubt may also be
raised concerning the ultimate usefulness of the program characterized in (1) and (2). There exists the possibility of doubting only (2) and, in doing so, to question the possibility of
being able adequately to formulate the laws by means of differential equations, without dropping (1). The more radical
effort of surrendering (1) with (2) appears to me — and I
believe to Dr. Menger also — to lie more closely at hand. So
long as no one has new concepts, which appear to have sufficient
constructive power, mere doubt remains; this is, unfortunately,
my own situation. Adhering to the continuum originates with
me not in a prejudice, but arises out of the fact that I have
been unable to think up anything organic to take its place. How
is one to conserve four-dimensionality in essence (or in near
approximation) and [at the same time] surrender the continuum? 


L. Infeld's essay is an independently understandable, excellent introduction into the so-called "cosmological problem" of
the theory of relativity, which critically examines all essential
points. - - -


Max von Laue: An historical investigation of the development of the conservation postulates, which, in my opinion, is of
lasting value. I think it would be worth while to make this essay
easily accessible to students by way of independent publication. - - -
[p.687]

In spite of serious efforts I have not succeeded in quite understanding H. Dingle's essay, not even as concerns its aim. Is the
idea of the special theory of relativity to be expanded in the
sense that new group-characteristics, which are not implied by
the Lorentz-invariance, are to be postulated? Are these postulates empirically founded or only by way of a trial "posited"?
Upon what does the confidence in the existence of such group-characteristics rest? - - -


Kurt Gödel's essay constitutes, in my opinion, an important
contribution to the general theory of relativity, especially to
the analysis of the concept of time. The problem here involved
disturbed me already at the time of the building up of the general theory of relativity, without my having succeeded in
clarifying it. Entirely aside from the relation of the theory
of relativity to idealistic philosophy or to any philosophical
formulation of questions, the problem presents itself as follows:


[image: image-placeholder]

If P is a world-point, a "light-cone"
(ds2 = 0) belongs to it. We draw
a "time-like" world-line through P
and on this line observe the close
world-points B and A, separated by
P. Does it make any sense to provide
the world-line with an arrow, and to
assert that B is before P, Aafter P? Is
what remains of temporal connection
between world-points in the theory
of relativity an asymmetrical relation,
or would one be just as much justified, from the physical point
of view, to indicate the arrow in the opposite direction and to
assert that A is before P, Bafter P?

In the first instance the alternative is decided in the negative,
if we are justified in saying: If it is possible to send (to telegraph) a signal (also passing by in the close proximity of P )
from B to A, but not from A to B ) then the one-sided (asymmetrical) character of time is secured, i.e., there exists no free
choice for the direction of the arrow. What is essential in this is
the fact that the sending of a signal is, in the sense of thermodynamics, an irreversible process, a process which is connected
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with the growth of entropy (whereas, according to our present
knowledge, all elementary processes are reversible).
If, therefore, B and A are two, sufficiently neighboring,
world-points, which can be connected by a time-like line, then
the assertion: "B is before A" makes physical sense. But does
this assertion still make sense, if the points, which are connectable by the time-like line, are arbitrarily far separated from
each other? Certainly not, if there exist point-series connectable
by time-like lines in such a way that each point precedes temporally the preceding one, and if the series is closed in itself.
In that case the distinction "earlier - later" is abandoned for
world-points which lie far apart in a cosmological sense, and
those paradoxes, regarding the direction of the causal connection, arise, of which Mr. Gödel has spoken.


Such cosmological solutions of the gravitation-equations (with
not vanishing Λ-constant) have been found by Mr. Gödel. It will
be interesting to weigh whether these are not to be excluded on
physical grounds.



*           *          *          *          *          *



I have the distressing feeling that I have expressed myself,
in this reply, not merely somewhat longwindedly but also
rather sharply. This observation may serve as my excuse: one
can really quarrel only with his brothers or close friends}
others are too alien [for that]. —

P.S. The preceding remarks refer to essays which were in
my hands at the end of January 1949. Inasmuch as the volume
was to have appeared in March, it was high time to write down
these reflections.


After they had been concluded I learned that the publication of the volume would experience a further delay and that
some additional important essays had come in. I decided,
nevertheless, not to expand my remarks further, which had already become too long, and to desist from taking any position
with reference to those essays which came into my hands after
the conclusion of my remarks.
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Here "complete" means less than simultaneous accurate values of position and momentum. For Einstein, this is still "incomplete."


Source: https://www.informationphilosopher.com/solutions/scientists/einstein/reply_to_criticisms.html
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CAN QUANTUM-MECHANICAL DESCRIPTION OF PHYSICAL REALITY BE CONSIDERED COMPLETE?

Albert Einstein, Boris Podolsky, and Nathan Rosen


In a complete theory there is an element corresponding
to each element of reality. A sufficient condition for the
reality of a physical quantity is the possibility of predicting
it with certainty, without disturbing the system. In
quantum mechanics in the case of two physical quantities
described by non-commuting operators, the knowledge of
one precludes the knowledge of the other. Then either (1)
the description of reality given by the wave function in
quantum mechanics is not complete or (2) these two
quantities cannot have simultaneous reality. Consideration
of the problem of making predictions concerning a system
on the basis of measurements made on another system that
had previously interacted with it leads to the result that if
(1) is false then (2) is also false. One is thus led to conclude
that the description of reality as given by a wave function
is not complete.


1.



Any serious consideration of a physical
theory must take into account the distinction between the objective reality, which is
independent of any theory, and the physical
concepts with which the theory operates. These
concepts are intended to correspond with the
objective reality, and by means of these concepts
we picture this reality to ourselves.


In attempting to judge the success of a
physical theory, we may ask ourselves two questions: (1) "Is the theory correct?" and (2) "Is
the description given by the theory complete?"
It is only in the case in which positive answers
may be given to both of these questions, that the
concepts of the theory may be said to be satisfactory. The correctness of the theory is judged
by the degree of agreement between the conclusions of the theory and human experience.
This experience, which alone enables us to make
inferences about reality, in physics takes the
form of experiment and measurement. It is the
second question that we wish to consider here, as
applied to quantum mechanics.


Whatever the meaning assigned to the term
complete, the following requirement for a complete theory seems to be a necessary one: every
element of the physical reality must have a counterpart in the physical theory. We shall call this the
condition of completeness. The second question
is thus easily answered, as soon as we are able to
decide what are the elements of the physical
reality.


The elements of the physical reality cannot
be determined by a priori philosophical considerations, but must be found by an appeal to
results of experiments and measurements. A
comprehensive definition of reality is, however,
unnecessary for our purpose. 


We shall be satisfied
with the following criterion, which we regard as
reasonable. If, without in any way disturbing a
system, we can predict with certainty {i.e., with
probability equal to unity) the value of a physical
quantity, then there exists an element of physical
reality corresponding to this physical quantity. It
seems to us that this criterion, while far from
exhausting all possible ways of recognizing a
physical reality, at least provides us with one
such way, whenever the conditions set down in
it occur. Regarded not as a necessary, but
merely as a sufficient, condition of reality, this
criterion is in agreement with classical as well as
quantum-mechanical ideas of reality.

To illustrate the ideas involved let us consider
the quantum-mechanical description of the
behavior of a particle having a single degree of
freedom. The fundamental concept of the theory
is the concept of state, which is supposed to be
completely characterized by the wave function
ψ, which is a function of the variables chosen to
describe the particle's behavior. Corresponding
to each physically observable quantity A there
is an operator, which may be designated by the
same letter.
If ψ is an eigenfunction of the operator A, that
is, if



  
    ψ
    ′
  
  ≡
  A
  ψ
  =
  a
  ψ
  ,
       (1)



where a is a number, then the physical quantity
A has with certainty the value α whenever the
particle is in the state given by ψ. In accordance
with our criterion of reality, for a particle in the
state given by ψ for which Eq. (1) holds, there
is an element of physical reality corresponding
to the physical quantity A. Let, for example,
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where h is Planck's constant, p0 is some constant
number, and x the independent variable. Since
the operator corresponding to the momentum of
the particle is



  p
  =
  (
  h
  
    /
  
  2
  π
  i
  )
  δ
  
    /
  
  δ
  x
  =
  
    p
    
      0
    
  
  x
  ,
       (3)



we obtain
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Thus, in the state given by Eq. (2), the momentum has certainly the value p0. It thus has
meaning to say that the momentum of the particle in the state given by Eq. (2) is real.


On the other hand if Eq. (1) does not hold,
we can no longer speak of the physical quantity
A having a particular value. This is the case, for
example, with the coordinate of the particle. The
operator corresponding to it, say q, is the operator
of multiplication by the independent variable.
Thus,



  q
  ψ
  =
  q
  ψ
  ≠
  a
  ψ
  ,
       (5)



In accordance with quantum mechanics we can
only say that the relative probability that a
measurement of the coordinate will give a result
lying between a and b is



  P
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Since this probability is independent of a, but
depends only upon the difference b — a, we see
that all values of the coordinate are equally
probable.


A definite value of the coordinate, for a particle in the state given by Eq. (2), is thus not
predictable, but may be obtained only by a
direct measurement. Such a measurement however disturbs the particle and thus alters its
state. After the coordinate is determined, the
particle will no longer be in the state given by
Eq. (2). The usual conclusion from this in
quantum mechanics is that when the momentum
of a particle is known, its coordinate has no physical
reality.


More generally, it is shown in quantum mechanics that, if the operators corresponding to
two physical quantities, say A and B, do not
commute, that is, if AB ≠ BA, then the precise
knowledge of one of them precludes such a
knowledge of the other. Furthermore, any
attempt to determine the latter experimentally
will alter the state of the system in such a way
as to destroy the knowledge of the first.


From this follows that either (1) the quantum-mechanical description of reality given by the wave
function is not complete or (2) when the operators
corresponding to two physical quantities do not
commute the two quantities cannot have simultaneous reality. For if both of them had simultaneous reality — and thus definite values — these
values would enter into the complete description,
according to the condition of completeness. If
then the wave function provided such a complete
description of reality, it would contain these
values; these would then be predictable. This
not being the case, we are left with the alternatives stated.


In quantum mechanics it is usually assumed
that the wave function does contain a complete
description of the physical reality of the system
in the state to which  it corresponds. At first
sight this assumption is entirely reasonable, for
the information obtainable from a wave function
seems to correspond exactly to what can be
measured without altering the state of the
system. We shall show, however, that this assumption, together with the criterion of reality
given above, leads to a contradiction.



2.




For this purpose let us suppose that we have
two systems, I and II, which we permit to inter-
act from the time 
  t
  =
  0
 to 
  t
  =
  T
, after which time
we suppose that there is no longer any interaction
between the two parts. We suppose further that
the states of the two systems before 
  t
  =
  0
 were
known. We can then calculate with the help of
Schrödinger's equation the state of the combined
system I + II at any subsequent time; in particular, for any t > T. Let us designate the corresponding wave function by 
  Ψ
. We cannot,
however, calculate the state in which either one
of the two systems is left after the interaction.
This, according to quantum mechanics, can be
done only with the help of further measurements,,
by a process known as the reduction of the wave
packet. Let us consider the essentials of this
process.


Let a1, a2, a3,... be the eigenvalues of some
physical quantity A pertaining to system I and 
u1 (x1), u2 (x1), u3 (x1), ... the corresponding
eigenfunctions, where x1 stands for the variables
used to describe the first system. Then 
  Ψ
, considered as a function of x1, can be expressed as
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where 
  
    x
    
      2
    
  
 stands for the variables used to describe
the second system. Here ψn (x2) are to be regarded
merely as the coefficients of the expansion of 
  Ψ

into a series of orthogonal functions un (x1).
Suppose now that the quantity A is measured
and it is found that it has the value 
  
    a
    
      k
    
  
. It is then
concluded that after the measurement the first
system is left in the state given by the 
wave function uk (x1), and that the second system is
left in the state given by the wave function
ψk (x2).

This is the process of reduction of the
wave packet; the wave  packet given  by the
infinite series  (7)  is reduced to a single term
ψk (x2) uk (x1)

The set of functions un (x1) is determined by
the choice of the physical quantity A. If, instead
of this, we had chosen another quantity, say B,
having the eigenvalues b1, b2, b3,...and eigen-
functions v1 (x1), v2 (x1), v3 (x1), ... we should
have obtained, instead of Eq. (7), the expansion
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where φs's are the new coefficients. If now the
quantity B is measured and is found to have the
value br, we conclude that after the measurement
the first system is left in the state given by vr (x1)
and the second system is left in the state given
by φs (x2 ).


We see therefore that, as a consequence of two
different measurements performed upon the first
system, the second system may be left in states
with two different wave functions. 


Here is the error in most discussions of EPR. At the time of the measurement, a coherent two-particle wave function ψ12 describes both particles. Measurement that locates one particle simultaneously determines the properties of the second particle (in the preferred frame in which the particles source is at rest). 
Only then does ψ12 → ψ1 ψ2

On the other
hand, since at the time of measurement the two
systems no longer interact, no real change can
take place in the second system in consequence
of anything that may be done to the first system.
This is, of course, merely a statement of what is
meant by the absence of an interaction between
the two systems. Thus, it is possible to assign two
different wave functions (in our example ψk and
φr to the same reality (the second system after
the interaction with the first).

Now, it may happen that the two wave functions, ψk and
φr, are eigenfunctions of two non-commuting operators corresponding to some
physical quantities P and Q, respectively. That
this may actually be the case can best be shown
by an example. Let us suppose that the two
systems are two particles, and that
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where x0 is some constant. Let A be the momentum of the first particle; then, as we have seen
in Eq. (4), its eigenfunctions will be
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corresponding to the eigenvalue p. Since we have
here the case of a continuous spectrum, Eq. (7)
will   now   be   written
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where
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(12)
This ψp however is the eigenfunction of the
operator
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corresponding to the eigenvalue — p of the
momentum of the second particle. On the other
hand, if B is the coordinate of the first particle,
it has for eigenfunctions
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corresponding to the eigenvalue x, where
δ ( x1 - x ) is the well-known Dirac delta-function.
Eq. (8) in this case becomes
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where
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This φx, however, is the eigenfunction of the
operator



  Q
  =
  
    x
    
      2
    
  
  ,
       (17)




corresponding  to  the eigenvalue x + x0 of the
coordinate of the second particle. Since
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we have shown that it is in general possible for
ψk and φr to be eigenfunctions of two noncommuting operators, corresponding to physical
quantities.


Returning now to the general case contemplated in Eqs. (7) and (8), we assume that ψk and φr are indeed eigenfunctions of some noncommuting operators P and Q, corresponding to
the eigenvalues pk and qr, respectively. Thus, by
measuring either A or B we are in a position to
predict with certainty, and without in any way
disturbing the second system, either the value
of the quantity P (that is pk) or the value of the
quantity Q (that is qr). In accordance with our
criterion of reality, in the first case we must
consider the quantity P as being an element of
reality, in the second case the quantity Q is an
element of reality. But, as we have seen, both 
wave functions ψk and φr belong to the same
reality.


Previously we proved that either (1) the
quantum-mechanical description of reality given
by the wave function is not complete or (2) when
the operators corresponding to two physical
quantities do not commute the two quantities
cannot have simultaneous reality. Starting then
with the assumption that the wave function
does give a complete description of the physical
reality, we arrived at the conclusion that two
physical quantities, with noncommuting operators, can have simultaneous reality. Thus the
negation of (1) leads to the negation of the only
other alternative (2). We are thus forced to
conclude that the quantum-mechanical description of physical reality given by wave functions
is not complete.


One could object to this conclusion on the
grounds that our criterion of reality is not sufficiently restrictive. Indeed, one would not arrive
at our conclusion if one insisted that two or more
physical quantities can be regarded as simultaneous elements of reality only when they can be
simultaneously measured or predicted. On this
point of view, since either one or the other, but
not both simultaneously, of the quantities P and Q can be predicted, they are not simultaneously real. This makes the reality of P and Q
depend upon the process of measurement carried
out on the first system, which does not disturb
the second system in any way. No reasonable
definition of reality could be expected to permit
this.


While we have thus shown that the wave
function does not provide a complete description
of the physical reality, we left open the question
of whether or not such a description exists. We
believe, however, that such a theory is possible.



For a modern analysis of this paradox, see EPR.
Physical Review article
Niels Bohr's reply
For Scholars






In quantum mechanics, expectation values can generally only be specified probabilistically, with confirmation provided statistically. 
For Einstein, a statistical theory is incomplete

Source: https://www.informationphilosopher.com/solutions/scientists/einstein/EPR.html
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On the Development of Our Views Concerning the Nature and Constitution of Radiation
When light was shown to exhibit interference and diffraction, it seemed almost certain that light should be considered a wave. Since light can also propagate through empty space, one had to imagine a strange substance, an ether, that mediated the propagation of light waves. Since light also propagates in material objects, one had to assume that this ether was also present in material objects, and was chiefly responsible for the propagation of light in material objects. The existence of the ether seemed beyond doubt. In the first volume of Chwolson's excellent physics textbook, he states in the introduction to ether, "The hypothesis of this one agent's existence is extraordinarily close to certainty."
Today, however, we regard the ether hypothesis as obsolete. A large body of facts shows undeniably that light has certain fundamental properties that are better explained by Newton's emission theory of light than by the oscillation theory. For this reason, I believe that the next phase in the development of theoretical physics will bring us a theory of light that can be considered a fusion of the oscillation and emission theories. The purpose of the following remarks is to justify this belief and to show that a profound change in our views on the composition and essence of light is imperative.
The greatest advance in theoretical optics since the introduction of the oscillation theory was Maxwell's brilliant discovery that light can be understood as an electromagnetic process. This theory replaces mechanical quantities (the deformation and velocity of the ether's parts) with the electromagnetic state of the ether and the material under consideration. It reduces optical problems to electromagnetic problems. As the electromagnetic theory developed, it became ever less of a concern whether the electromagnetic processes could be explained by mechanical processes. One became used to treating electric and magnetic fields as fundamental concepts that did not require a mechanical interpretation.
The introduction of the electromagnetic theory simplified the elements of theoretical optics and reduced the number of arbitrary hypotheses. The old question about the oscillation direction of polarized light became irrelevant. The difficulties concerning the boundary conditions between two media were resolved using the theory's fundamental principles. An arbitrary hypothesis was no longer needed to eliminate longitudinal light waves. A consequence of the theory was the pressure of light, which plays such an important role in radiation theory and which has just recently been confirmed experimentally. I don't want to make an exhaustive list of well-known accomplishments, but rather concentrate on one main point, on which the electromagnetic and the mechanical theories of light agree — or rather, seem to agree.
In both theories, light is essentially an embodiment of the state of a hypothetical medium, the ether, which exists everywhere, even in the absence of light. It was therefore assumed that motions of this medium would influence optical and electromagnetic phenomena. The search for laws describing this influence caused a change in the basic ideas about the nature of radiation. Let us briefly examine the progression of this change.
The main outstanding question was the following: does the ether participate in the motions of matter, or does the ether inside moving matter move differently or, perhaps, does the ether ignore the motions of matter and remain forever at rest? To decide this question, Fizeau performed an important interference experiment, based on the following line of reasoning. Assume that light propagates with speed V in a certain object, if the object is at rest. If the object, when moved, takes its ether along with it, the light will propagate in the same way as when the object was at rest. Therefore, the speed of propagation in the object will again be V. However, taken absolutely, i.e., relative to an observer not moving with the object, the speed of propagation will be the geometric sum of V and the velocity v of the object. If the motion and propagation are along the same axis and have the same sense, the 
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This is a consequence of assuming that the ether participates in the motion of its object.
To test whether this prediction was true, Fizeau let two coherent, monochromatic beams pass axially each through their own water-filled pipe and then interfere with one another. Then he set the water in the pipes moving, one in the direction of the light's propagation and the other opposite to it. In this way, a shift of the interference pattern was produced, from which Fizeau could derive the influence of the object's velocity on the absolute velocity.
As is well-known, the change is smaller than predicted by the hypothesis of complete participation, although the sense of the change is as expected. Expressed mathematically,
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where α is always smaller than one. Ignoring dispersion,

  α
  =
  1
  −
  1
  
    /
  
  
    n
    
      2
    
  



This experiment demonstrated that matter does not completely carry along its ether but, in general, the ether is moving relative to matter. Now the Earth is a material object, which moves in different directions over the course of a year relative to the solar system. The ether in our laboratories was assumed to not participate in the Earth's motion completely, just as the ether did not participate in the water's motion completely in Fizeau's experiment. Thus, the conclusion was that the ether was moving relative to our instruments, and that this relative motion changed over the course of a day and of a year. This relative motion was expected to produce a visible anisotropy of space, i.e., optical phenomena were expected to depend on the orientation of the apparatus. The most diverse experiments were performed without detecting the expected dependence of phenomena on orientation.
This contradiction was chiefly eliminated by the pioneering work of H. A. Lorentz in 1895. Lorentz showed that if the ether were taken to be at rest and did not participate at all in the motions of matter, no other hypotheses were necessary to arrive at a theory that did justice to almost all of the phenomena. In particular, Fizeau's experiments were explained, as well as the negative results of the above-mentioned attempts to detect the Earth's motion relative to the ether. Only one experiment seemed incompatible with Lorentz's theory, namely, the interference experiment of Michelson and Morley.
According to Lorentz's theory, a uniform translational motion of the apparatus of optical experiments does not affect light's progress, if we ignore second- and higher-order terms of the quotient (speed of apparatus)/(speed of light). The Michelson and Morley interference experiment showed that, in a special case, second-order terms also cannot be detected, although they were expected from the standpoint of the ether-at-rest theory. To include this experiment in the theory, Lorentz and FitzGerald introduced the postulate that all objects, including the parts of Michelson and Morley's experimental set-up, changed their form in a certain way, if they moved relative to the ether.
This state of affairs was very unsatisfying. The only useful and fundamentally basic theory was that of Lorentz, which depended on a completely immobile ether. The Earth had to be seen as moving relative to this ether. But every experiment designed to demonstrate this ether had a negative result, so that one was driven to a very strange hypothesis to understand why such a relative motion was not detectable.
Michelson's experiment suggests the axiom that all phenomena obey the same laws relative to the Earth's reference frame or, more generally, relative to any reference frame in unaccelerated motion. For brevity, let us call this postulate the relativity principle. Before we tackle the problem of whether it is possible to maintain the relativity principle, let us briefly consider what happens to the ether hypothesis, if we maintain the relativity principle.
The foundation of the ether hypothesis is the experimentally based assumption that the ether is at rest. The relativity principle states that all natural laws that hold in a reference frame K' moving uniformly relative to the ether are identical with those that hold in K, a reference frame at rest relative to the ether. If that is so, we can just as well imagine the ether is at rest relative to K', not K. It is completely unnatural to distinguish the two reference frames K' and K by introducing an ether that is at rest in one. A satisfying theory can only be reached if we dispense with the ether hypothesis. Then the electromagnetic fields that make up light no longer appear as a state of a hypothetical medium, but rather as independent entities that the light source gives off, just as in Newton's emission theory of light. As in that theory, space that is free of matter and radiation is truly empty.
Superficial consideration suggests that the essential parts of Lorentz's theory cannot be reconciled with the relativity principle. According to Lorentz's theory, if a light beam propagates through space, it does so with a speed c in the resting frame  K of the ether, independently of the state of motion of the emitting object. Let's call this the constancy of the speed of light principle. The theorem of the addition of speeds states that the same light beam will not propagate at speed c in a different frame K' moving uniformly relative to the ether. The laws of propagation thus seem to be different in the two frames and, hence, the relativity principle seems to be incompatible with the laws governing light's propagation.
However, the theorem of the addition of speeds rests on arbitrary axioms. It presupposes that information about time and the form of moving objects has meaning independent of the motion of the moving reference frame. But one can convince oneself that the definitions of time and the form of moving objects require the introduction of clocks at rest in the reference frame under consideration. These concepts must be defined for each reference frame, and it is not self-evident that these definitions will produce the same time values in two frames K and K' moving relative to one another. Similarly, it cannot be said a priori that statements about the form of objects in K will also be valid in K'.
Hence, the hitherto prevailing transformation equations in passing from one frame to another moving relative to it rest on arbitrary assumptions. If these are abandoned, the essence of Lorentz's theory or, more generally, the "constancy of the speed of light" principle can be reconciled with the relativity principle. These two principles lead to certain unambiguous transformation equations characterized by the identity
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for an appropriate choice of initial origins. In this equation, c is the speed of light in vacuo, x, y, z, t are the space-time coordinates in K, and x', y', z', t' are those in K'.
This path leads to the so-called relativity theory. I only wish to bring in one of its consequences, for it brings with it certain modifications of the fundamental ideas of physics. It turns out that the inertial mass of an object decreases by L / c2 when that object emits radiation of energy L. This can be derived as follows.
We consider a free object at rest that emits the same amount of radiative energy in two opposing directions. In doing so, it remains at rest. Let the object's energy prior to emission be denoted E, and its energy after emission e and let L be the energy of the emitted radiation. By the energy principle, we have
E = e + L


Now consider the object and the same emitted radiation from a reference frame moving with velocity relative to the object. Relativity theory gives us the means of calculating the energy emitted in the new reference frame. One obtains the value
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Since the conservation of energy principle must also hold in the new reference frame, one obtains analogously
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Subtracting and ignoring fourth- and higher-order terms in v/c, we get
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But E' - E is the object's kinetic energy before the light emission and e' - e is its kinetic energy after the light emission. If we call its mass before emission M and its mass after emission m then, by ignoring terms higher than second order, we can write
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or
M = m + L / c2


Thus, the inertial mass of an object is diminished by the emission of light. The energy given up was part of the mass of the object. One can further conclude that every absorption or release of energy brings with it an increase or decrease in the mass of the object under consideration. Energy and mass seem to be just as equivalent as heat and mechanical energy.
Relativity theory has changed our views on light. Light is conceived not as a manifestation of the state of some hypothetical medium, but rather as an independent entity like matter. Moreover, this theory shares with the corpuscular theory of light the unusual property that light carries inertial mass from the emitting to the absorbing object. Relativity theory does not alter our conception of radiation's structure; in particular, it does not affect the distribution of energy in radiation-filled space. Nevertheless, with respect to this question, I believe that we stand at the beginning of a development of the greatest importance that cannot yet be surveyed. The statements that follow are largely my personal opinion, or the results of considerations that have not yet been checked enough by others. If I present them here in spite of their uncertainty, the reason is not an excessive faith in my own views, but rather the hope to induce one or another of you to deal with the questions considered.
Even without delving deeply into theory, one notices that our theory of light cannot explain certain fundamental properties of phenomena associated with light. Why does the color of light, and not its intensity, determine whether a certain photochemical reaction occurs? Why is light of short wavelength generally more effective chemically than light of longer wavelength? Why is the speed of photoelectrically produced cathode rays independent of the light's intensity? Why are higher temperatures (and, thus, higher molecular energies) required to add a short-wavelength component to the radiation emitted by an object?
The oscillation theory, in its present formulation, gives no answers to these questions. In particular, it is completely incomprehensible why cathode rays produced photoelectrically or by X-rays acquire such a considerable velocity independent of the light's intensity. The appearance of such great amounts of energy in molecular entities under the influence of a light source in which the energy is distributed so thinly (as we must assume for light radiation and X-rays, given the oscillation theory) drove competent physicists to take refuge in a rather far-out hypothesis. They assumed that light played merely a releasing role in the process, and that the molecular energies produced were of a radioactive nature. Since this hypothesis has already been abandoned, I won't bring any arguments against it.
The fundamental property of the oscillation theory that engenders these difficulties seems to me the following. In the kinetic theory of molecules, for every process in which only a few elementary particles participate (e.g., molecular collisions), the inverse process also exists. But that is not the case for the elementary processes of radiation. According to our prevailing theory, an oscillating ion generates a spherical wave that propagates outwards. The inverse process does not exist as an elementary process. A converging spherical wave is mathematically possible, to be sure; but to approach its realization requires a vast number of emitting entities. The elementary process of emission is not invertible. In this, I believe, our oscillation theory does not hit the mark. Newton's emission theory of light seems to contain more truth with respect to this point than the oscillation theory since, first of all, the energy given to a light particle is not scattered over infinite space, but remains available for an elementary process of absorption.
Consider the laws governing the production of secondary cathode radiation by X-rays. If primary cathode rays impinge on a metal plate P1, they produce X-rays. If these X-rays impinge on a second metal plate P2, cathode rays are again produced whose speed is of the same order as that of the primary cathode rays. 


As far as we know today, the speed of the secondary cathode rays depends neither on the distance between P1 and P2, nor on the intensity of the primary cathode rays, but rather entirely on the speed of the primary cathode rays. Let's assume that this is strictly true. What would happen if we reduced the intensity of the primary cathode rays or the size of P1 on which they fall, so that the impact of an electron of the primary cathode rays can be considered an isolated process? If the above is really true then, because of the independence of the secondary cathode rays' speed on the primary cathode rays' intensity, we must assume that an electron impinging on P1 will either cause no electrons to be produced at P2, or else a secondary emission of an electron whose speed is of the same order as that of the initial electron impinging on P1. In other words, the elementary process of radiation seems to occur in such a way that it does not scatter the energy of the primary electron in a spherical wave propagating in every direction, as the oscillation theory demands. Rather, at least a large part of this energy seems to be available at some place on P2, or somewhere else. The elementary process of the emission of radiation appears to be directional. Moreover, one has the impression that the production of X-rays at P1 and the production of secondary cathode rays at P2 are essentially inverse processes.
Therefore, the constitution of radiation seems to be different from what our oscillation theory predicts. The theory of thermal radiation has given important clues about this, mostly by the theory on which Planck based his radiation formula. Since I cannot assume that everyone is familiar with this theory, I will cover its essential points briefly.
A radiation of definite constitution occupies the interior of a cavity of temperature T, and is independent of the cavity's material composition. The cavity contains an energy density ρ dν for frequencies between ν and ν + dν. Finding ρ as a function of ν and T poses a problem. If an electric resonator of eigenfrequency ν and negligible damping occupies the cavity, the time average of the resonator's energy E as a function of ρ(ν) can be calculated from the electromagnetic theory of radiation. The problem is thereby reduced to that of determining E as a function of T. However, the latter problem can also be reduced to the following. Let the cavity contain very many resonators of frequency ν; how does the entropy of the system depend on its energy?
To resolve this question, Planck utilized the general relationship between entropy and the probability of a state, as derived by Boltzmann from his investigations in the theory of gases. In general

entropy = k logW


where k is a universal constant, and W is the probability of the state under consideration. This probability is measured by the number of "configurations", a number that counts the number of ways the state under consideration can be realized. In the case above, the state of the resonator system is defined by its total energy, so the question to be answered reads: how many ways can a given total energy be distributed among N resonators? To find this out, Planck divided the total energy into parts of equal energy ε. A configuration is determined by the number of parts ε allotted to each resonator. The number of such configurations that result in the given total energy is calculated and set equal to W.
From Wien's displacement law, which can be derived from thermodynamic principles, Planck concluded that ε must be set equal to hν, where h is independent of ν. In this way, he found his radiation formula, which agrees with all of our experience hitherto
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It might seem that, in accordance with this derivation, Planck's radiation formula follows from the present electromagnetic theory. This is not the case, for the following reason. The number of configurations, of which we were just speaking, can be thought of as expressing the multiplicity of the distribution possibilities of the total energy among N resonators, if every imaginable distribution of energy approached within some approximation of the calculated number of configurations W. This requires that the energy ε be small compared to average resonator energy E for all ν. But simple calculation shows that, for a wavelength of 0.5 μm and an absolute temperature T = 1700 K, ε / E is not only not small compared to one, but is very big compared to one; the value is approximately 6.5 x 107. This numerical example shows that the counting of the states must have gone awry, if the resonator's energy can only assume the value zero or 6.5 x 107 times its average energy (or a multiple thereof). Clearly, in such a process, only a vanishingly small part of those energy distributions, which must be possible according the fundamental principles of the theory, are drawn upon to determine the entropy. Therefore, according to the fundamental principles of the theory, the number of configurations is not an expression for the probability in Boltzmann's sense. In my opinion, accepting Planck's theory means denying the precepts of our radiation theory.
I have already attempted to show that the present principles of the theory of radiation must be abandoned. In any event, it is unthinkable to reject Planck's theory because it does not fit those fundamental principles. This theory has led to a determination of the elementary quanta, which has been splendidly confirmed by the most recent measurements on alpha-particles. For the elementary quantum of electricity, Rutherford and Geiger obtained the mean value 4.65 x 10-10, Regener 4.79 x 10-10, while Planck, using his radiation theory, determined the intermediate value 4.69 x 10-10 from the constants of the radiation formula.
Planck's theory leads to the following conjecture. If it is really true that a radiative resonator can only assume energy values that are multiples of hν, the obvious assumption is that the emission and absorption of light occurs only in these energy quantities. On the basis of this hypothesis, the light-quanta hypothesis, the questions raised above about the emission and absorption of light can be answered. As far as we know, the quantitative consequences of this light-quanta hypothesis are confirmed. This provokes the following question. Is it not thinkable that Planck's radiation formula is correct, but that another derivation could be found that does not rest on such a seemingly monstrous assumption as Planck's theory? Is it not possible to replace the light-quanta hypothesis with another assumption, with which one could do justice to known phenomena? If it is necessary to modify the theory's elements, couldn't one keep the propagation laws intact, and only change the conceptions of the elementary processes of emission and absorption?
To arrive at a certain answer to this question, let us proceed in the opposite direction of Planck in his radiation theory. Let us view Planck's radiation formula as correct, and ask ourselves whether something concerning the composition of radiation can be derived from it. Of two considerations that I have carried out, I wish to sketch one for you, which seems especially convincing to me because it can be imagined so clearly.
Let there be an ideal gas inside a cavity, as well as a solid plate that is free to move perpendicularly to its plane. Because of the irregularity of the collisions between the gas molecules and the plate, the latter is moved such that its average kinetic energy is one-third of the kinetic energy of a monatomic gas molecule. (This follows from statistical mechanics.) Besides this gas (which we can imagine as consisting of only a few molecules), we assume that there is also thermal radiation at the gas temperature. This will be the case if the walls of the cavity are also at the same temperature T, do not let radiation pass through and are not completely reflective. Furthermore, we assume that our plate is completely reflective on both sides. In this situation, both the gas and the radiation will affect the plate. If the plate is at rest, the pressures are equal. If the plate is moved, however, the pressure on the forward side pushing back is greater than its counterpart pushing in the opposite direction. Hence, there will be a net force that opposes the motion of the plate, and increases with the speed of the plate. Let us call this force the "radiation friction".
If we assume for the moment that we have taken into account all the radiation's mechanical influence, we can summarize as follows. Collisions with gas molecules at irregular intervals give the plate irregular momentum. The speed of the plate decreases continuously between two such collisions, due to the radiation friction, which transforms the kinetic energy of the plate into radiative energy. As a result, the energy of the gas molecules would be continuously transformed into the energy of radiation, until all the available energy had turned into energy of radiation. There would be no equilibrium between gas and radiation.
This argument is fallacious because, similar to gaseous pressure, the radiation pressure on the plate cannot be considered constant in time and free of irregular variations. To allow thermal equilibrium, the variations in the radiation presure must be such that, on average, it compensates for the plate's loss of speed due to radiation friction. Remember that the average kinetic energy of the plate is one-third that of a monatomic gas molecule. Given the radiation law, the radiation friction can be calculated and, thence, the average amount of momentum the plate must receive from variations in the light-pressure to maintain a statistical equilibrium.
The argument becomes even more interesting if we choose a plate that completely reflects only frequencies between ν and ν + dν, and is transparent to all other radiation. This gives the variations in the radiation pressure for that frequency band. I merely state the result here. Let Δ be the magnitude of the motion communicated to the plate in time t by irregular variations in the radiation pressure. The average value of Δ2 is given by the expression
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First of all, the simplicity of this expression is noteworthy. Planck's theory seems to be the only one that agrees with experiment to within observational error and yields such a simple expression for the statistical properties of the radiation pressure.
In trying to understand this expression, one notices at once that it is the sum of two terms. It is as if two independent causes were working to produce variations in the radiation pressure. One can conclude from the fact that Δ2 is proportional to A that the pressure variations for two neighboring regions are completely independent of each other, if the regions have dimensions large compared to the wavelength of the reflection frequency ν. The second term of the expression for Δ2 can be explained by the oscillation theory. According to that theory, light rays of slightly different direction, frequency and polarization interfere with one another; variations in the radiation presure correspond to uncorrelated occurrences of interference in the whole. Simple dimensional analysis shows that this variation must be of the form of the second term of our formula. Clearly, the oscillatory structure of radiation does indeed give rise to variations in the radiation pressure, as predicted.
How can the first term be explained? It is by no means negligible; it is completely dominant in the regime where Wien's radiation formula holds. For a wavelength of 0.5 μm and a temperature T = 1700 K, this term is approximately 6.5 x 107 times larger than the second. It turns out that the first term of our formula results from assuming that radiation consists of localized groupings of energy hν that are reflected and move through space independently of one another — an idea presented by the most primitive picture of the light-quanta hypothesis.
Therefore, I believe one must conclude the following from the above formula derived from Planck's radiation formula: In addition to the spatial irregularities in the distribution of radiation's energy that arise from the oscillation theory, there are also other irregularities in the same spatial distribution that completely dominate the first-mentioned irregularities when the energy density of the radiation is small. I add that another argument involving the spatial distribution of the energy gives exactly the same results as those given above.
As far as I know, no mathematical theory has been advanced that does justice to both its oscillatory structure and its quantum structure, which we derived from the first term of the above formula. The difficulty lies in the fact that the variational properties of radiation, as expressed in the above formula, offer few reference points for setting up such a theory. One might imagine a situation in which diffraction and interference were still unknown, but one knew that the average magnitude of the irregular variations of the radiation pressure was determined by the second term of the above equation, where ν is a parameter of unknown meaning that determines the color. On this basis, who would have enough imagination to construct an oscillatory theory of light?
Anyway, this conception seems to me the most natural: that the manifestation of light's electromagnetic waves is constrained at singularity points, like the manifestation of electrostatic fields in the theory of the electron. It cannot be ruled out that, in such a theory, the entire energy of the electromagnetic field could be viewed as localized in these singularities, just like the old theory of action-at-a-distance. I imagine to myself, each such singular point surrounded by a field that has essentially the same character as a plane wave, and whose amplitude decreases with the distance between the singular points. If many such singularities are separated by a distance small with respect to the dimensions of the field of one singular point, their fields will be superimposed, and will form in their totality an oscillating field that is only slightly different from the oscillating field in our present electromagnetic theory of light. Of course, it need not be emphasized that such a picture is worthless unless it leads to an exact theory. I only wished to illustrate that the two structural properties of radiation according to Planck's formula (oscillation structure and quantum structure) should not be considered incompatible with one another.
For Scholars






In his remarks after the talk, Johannes Stark confirmed that a single X-ray had traveled as far as ten meters and ejected an equal energy electron from P2.


Source: https://www.informationphilosopher.com/solutions/scientists/einstein/1909.html
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In what follows I shall explain briefly and in an elementary way why I
consider the methods of quantum mechanics fundamentally unsatisfactory.
I want to say straight away, however, that I will not deny that this
theory represents an important, in a certain sense even final, advance in
physical knowledge. I imagine that this theory may well become a part of
a subsequent one, in the same way as geometrical optics is now incorporated
in wave optics: the inter-relationships will remain, but the foundation
will be deepened or replaced by a more comprehensive one.


I consider a free particle described at a certain time by a spatially
restricted ψ-function (completely described - in the sense of quantum
mechanics). According to this, the particle possesses neither a sharply
defined momentum nor a sharply defined position. In which sense shall I
imagine that this representation describes a real, individual state of
affairs? Two possible points of view seem to me possible and obvious and
we will weigh one against the other:


(a) The (free) particle really has a definite position and a definite
momentum, even if they cannot both be ascertained by measurement in
the same individual case. According to this point of view, the ψ-function
represents an incomplete description of the real state of affairs.
This point of view is not the one physicists accept. Its acceptance
would lead to an attempt to obtain a complete description of the real
state of affairs as well as the incomplete one, and to discover physical
laws for such a description. The theoretical framework of quantum
mechanics would then be exploded.


(b) In reality the particle has neither a definite momentum nor a definite
position; the description by ψ-function is in principle a complete
description. The sharply-defined position of the particle, obtained by
measuring the position, cannot be interpreted as the position of the
particle prior to the measurement. The sharp localisation which appears
as a result of the measurement is brought about only as a result of the
unavoidable (but not unimportant) operation of measurement. The
result of the measurement depends not only on the real particle situation
but also on the nature of the measuring mechanism, which in principle
is incompletely known. An analogous situation arises when the
momentum or any other observable relating to the particle is being measured.
This is presumably the interpretation preferred by physicists at
present; and one has to admit that it alone does justice in a natural way
to the empirical state of affairs expressed in Heisenberg's principle
within the framework of quantum mechanics.


According to this point of view, two ψ-functions which differ in more
than trivialities always describe two different real situations (for example,
the particle with well-defined position and one with well-defined
momentum).


The above is also valid, mutatis mutandis, to describe systems which
consist of several particles. Here, too, we assume (in the sense of interpretation
Ib) that the ψ-function completely describes a real state of
affairs, and that two (essentially) different ψ-functions describe two different
real states of affairs, even if they could lead to identical results
when a complete measurement is made. If the results of the measurement
tally, it is put down to the influence, partly unknown, of the measurement
arrangements.


II



If one asks what, irrespective of quantum mechanics, is characteristic of
the world of ideas of physics, one is first of all struck by the following: the
concepts of physics relate to a real outside world, that is, ideas are established
relating to things such as bodies, fields, etc., which claim a 'real
existence' that is independent of the perceiving subject - ideas which,
on the other hand, have been brought into as secure a relationship as
possible with the sense-data. It is further characteristic of these physical 
objects that they are thought of as arranged in a space-time continuum.
An essential aspect of this arrangement of things in physics is that they
lay claim, at a certain time, to an existence independent of one another,
provided these objects 'are situated in different parts of space'. Unless
one makes this kind of assumption about the independence of the existence
(the 'being-thus') of objects which are far apart from one another
in space which stems in the first place from everyday thinking - physical
thinking in the familiar sense would not be possible. It is also hard to see
any way of formulating and testing the laws of physics unless one makes
a clear distinction of this kind. 

Einstein's local reality means all properties are determined by functions in the infinitesimally small volume around a point (no "action-at-a-distance").


This principle has been carried to
extremes in the field theory by localizing the elementary objects on
which it is based and which exist independently of each other, as well as
the elementary laws which have been postulated for it, in the infinitely
small (four-dimensional) elements of space.

The following idea characterizes the relative independence of objects
far apart in space (A and B): external influence on A has no direct influence
on B; this is known as the 'principle of contiguity', which is used
consistently only in the field theory. If this axiom were to be completely
abolished, the idea of the existence of (quasi-) enclosed systems, and
thereby the postulation of laws which can be checked empirically in the
accepted sense, would become impossible.


III


I now make the assertion that the interpretation of quantum mechanics
(according to Ib) is not consistent with principle II. Let us consider a
physical system S12 which consists of two part-systems S1 and S2. These
two part-systems may have been in a state of mutual physical interaction
at an earlier time. We are, however, considering them at a time when 
this interaction is an at end. 


Here Einstein accepts Schrödinger's 1935 criticism of his "separation principle," now being called contiguity.


Let the entire system be completely
described in the quantum mechanical sense by a ψ-function ψ12 of the
coordinates q1,... and q2,... of the two part-systems (ψ12 cannot be represented
as a product of the form ψ1ψ2 but only as a sum of such products).
At time t let the two part-systems be separated from each other in
space, in such a way that ψ12 only differs from 0 when q1,... belong to a 
limited part R1 of space and q2, ...belong to a part R2 separated from R1.

The ψ-functions of the single part-systems S1 and S2 are then
unknown to begin with, that is, they do not exist at all. The methods of
quantum mechanics, however, allow us to determine ψ2 of S2 from ψ12
if a complete measurement of the part-system S1 in the sense of quantum
mechanics is also available. Instead of the original ψ12 of S12, one
thus obtains the ψ-function ψ2 of the part-system S2.


But the kind of complete measurement, in the quantum theoretical
sense, that is undertaken on the part system S1, that is, which observable
we are measuring, is crucial for this determination. For example, if
S1 consists of a single particle, then we have the choice of measuring
either its position or its momentum components. 


Any "measurement" instantaneously collapses the two-particle wave function ψ12. There is no "later" collapse when measuring the "other" system S2. 


The resulting ψ2
depends on this choice, so that different kinds of (statistical) predictions
regarding measurements to be carried out later on S2 are obtained,
according to the choice of measurement carried out on S1. This means,
from the point of view of the interpretations of Ib, that according to the
choice of complete measurement of S1 a different real situation is being
created in regard to S2, which can be described variously by ψ2, ψ2', ψ2'', etc. 

Seen from the point of view of quantum mechanics alone, this does
not present any difficulty. For, according to the choice of measurement
to be carried out on S1, a different real situation is created, and the
necessity of having to attach two or more different ψ-functions ψ2, ψ2', ... to one and the same system S1 cannot arise.


It is a different matter, however, when one tries to adhere to the principles
of quantum mechanics and to principle II, i.e. the independent
existence of the real state of affairs existing in two separate parts of space
R1 and R2. For in our example the complete measurement on S1 represents
a physical operation which only affects part R1 of space. 


Einstein cannot accept the fundamental fact of "entangled" systems explained to him by Schrödinger, that they cannot be separated. 


Such an
operation, however, can have no direct influence on the physical reality
in a remote part R2 of space. It follows that every statement about S2
which we arrive at as a result of a complete measurement of S1 has to be
valid for the system S2, even if no measurement whatsoever is carried out
on S1. This would mean that all statements which can be deduced from
the settlement of ψ2 or ψ2'  must simultaneously be valid for S2. This is, of
course, impossible, if ψ2, ψ2', etc. should represent different real states
of affairs for S2, that is, one comes into conflict with the Ib interpretation
of the ψ-function.

There seems to me no doubt that those physicists who regard the
descriptive methods of quantum mechanics as definitive in principle
would react to this line of thought in the following way: they would drop
the requirement II for the independent existence of the physical reality 
present in different parts of space; they would be justified in pointing out
that the quantum theory nowhere makes explicit use of this
requirement.


I admit this, but would point out: when I consider the physical phenomena
known to me, and especially those which are being so successfully
encompassed by quantum mechanics, I still cannot find any fact
anywhere which would make it appear likely that requirement II will
have to be abandoned.


I am therefore inclined to believe that the description of quantum
mechanics in the sense of Ia has to be regarded as an incomplete and
indirect description of reality, to be replaced at some later date by a
more complete and direct one.



Einstein knows that he too is a dogmatist


At all events, one should beware, in my opinion, of committing oneself
too dogmatically to the present theory in searching for a unified
basis [i.e., a continuous field theory] for the whole of physics.
A. Einstein (This English translation is based on the translation in chapter X of Max Born's 1949 book The Natural Philosophy of Cause and Chance and in the 1964 Born-Einstein Letters, pp.166-170.)

Max Born's Reaction


This 1948 article on his view of "reality" was one of Einstein's last attempts to get Born to understand him (if not to agree with him).

Before 1948, the two scientists had jousted over Born's comments on Einstein in an essay for Einstein's Schilpp volume, Albert Einstein: Philosopher-Scientist, Born's review of Einstein's work in Born's Waynflete lectures, Natural Philosophy of Cause and Chance, and Einstein's contribution to the Born volume, Scientific Papers presented to Max Born.


As early as 1944, Einstein recognized that he and Born were completely at odds, repeating his famous remark about the "God who places dice."



We have become Antipodean in our scientific expectations. You
believe in the God who plays dice, and I in complete law and order in a
world which objectively exists, and which I, in a wildly speculative way,
am trying to capture. I firmly believe, but I hope that someone will discover
a more realistic way, or rather a more tangible basis than it has
been my lot to find. Even the great initial success of the quantum theory
does not make me believe in the fundamental dice-game, although I am
well aware that our younger colleagues interpret this as a consequence
of senility. No doubt the day will come when we will see whose instinctive
attitude was the correct one.


In March of 1947, Einstein commented to Born on his contribution to the Schilpp volume


I cannot make a case for my attitude in physics which you would consider
at all reasonable. I admit, of course, that there is a considerable
amount of validity in the statistical approach which you were the first to
recognise clearly as necessary given the framework of the existing formalism.

Einstein's reality is a four-dimensional space-time continuum, with none of the instantaneous "action-at-a-distance" he mistakenly thinks is part of quantum mechanics.


I cannot seriously believe in it because the theory cannot be reconciled
with the idea that physics should represent a reality in time and
space, free from spooky actions at a distance. I am, however, not yet
firmly convinced that it can really be achieved with a continuous field
theory, although I have discovered a possible way of doing this which so
far seems quite reasonable. The calculation difficulties are so great that I
will be biting the dust long before I myself can be fully convinced of it.
But I am quite convinced that someone will eventually come up with a
theory whose objects, connected by laws, are not probabilities but considered
facts, as used to be taken for granted until quite recently. I
cannot, however, base this conviction on logical reasons, but can only
produce my little finger as witness, that is, I offer no authority which
would be able to command any kind of respect outside of my own hand.


Born used these two letters from Einstein in the final chapter of his book, Natural Philosophy of Cause and Chance. Born does not mention Einstein's central concern, the "spooky action at a distance," instead focusing on Einstein's dislike of Born's statistical interpretation and hope for a return to a continuous field theory with laws that "are not probabilities."

Metaphysical Conclusions
The statistical interpretation which I have presented in the last
section is now generally accepted by physicists all over the world,
with a few exceptions, amongst them a most remarkable one.
As I have mentioned before, Einstein does not accept it, but still
believes in and works on a return to a deterministic theory. To
illustrate his opinion, let me quote passages from two letters.
The first is dated 7 November 1944, and contains these lines:


'In unserer wissenschaftlichen Erwartung haben wir uns zu Antipoden
entwickelt. Du glaubst an den würfelnden Gott und ich an volle Gesetzlichkeit
in einer Welt von etwas objektiv Seiendem, das ich auf wild
spekulativem Weg zu erhaschen suche. Ich hoffe, dass einer einen mehr
realistischen Weg, bezw. eine mehr greif bare Unterlage für eine solche
Auffassung finden wird, als es mir gegeben ist. Der grosse anfangliche
Erfolg der Quantentheorie kann mich doch nicht zum Glauben an das
fundamentale Würfelspiel bringen.'


(In our scientific expectations we have progressed towards antipodes.
You believe in the dice-playing god, and I in the perfect rule of law in a
world of something objectively existing which I try to catch in a wildly
speculative way. I hope that somebody will find a more realistic way,
or a more tangible foundation for such a conception than that which is
given to me. The great initial success of quantum theory cannot convert
me to believe in that fundamental game of dice.)


The second letter, which arrived just when I was writing these
pages (dated 3 December 1947), contains this passage:


'Meine physikalische Haltung kann ich Dir nicht so begründen, dass
Du sie irgendwie vernünftig finden würdest. Ich sehe naturlich ein, dass
die principiell statistische Behandlungsweise, deren Notwendigkeit im
Rahmen des bestehenden Formalismus ja zuerst von Dir klar erkannt
wurde, einen bedeutenden Wahrheitsgehalt hat. Ich kann aber deshalb
nicht ernsthaft daran glauben, weil die Theorie mit dem Grundsatz
unvereinbar ist, dass die Physik eine Wirklichkeit in Zeit und Baum
darstellen soll, ohne spukhafte Fernwirkungen.... Davon bin ich fest
uberzeugt, dass man schliesslich bei einer Theorie landen wird, deren
gesetzmassig verbundene Dinge nicht Wahrscheinlichkeiten, sondern
gedachte Tatbestande sind, wie man es bis vor kurzem als selbstverstandlich
betrachtet hat. Zur Begründung dieser Überzeugung kann
ich aber nicht logische Gründe, sondern nur meinen kleinen Finger als
Zeugen beibringen, also keine Autoritat, die ausserhalb meiner Haut
irgendwelchen Respekt einflossen kann.'


(I cannot substantiate my attitude to physics in such a manner that
you would find it in any way rational. I see of course that the statistical
interpretation (the necessity of which in the frame of the existing formalism
has been first clearly recognized by yourself) has a considerable
content of truth. Yet I cannot seriously believe it because the theory
is inconsistent with the principle that physics has to represent a reality
in space and time without phantom actions over distances.... I am
absolutely convinced that one will eventually arrive at a theory in which
the objects connected by laws are not probabilities, but conceived facts,
as one took for granted only a short time ago. However, I cannot provide
logical arguments for my conviction, but can only call on my little finger
as a witness, which cannot claim any authority to be respected outside
my own skin.)


I have quoted these letters because I think that the opinion
of the greatest living physicist, who has done more than anybody
else to establish modern ideas, must not be by-passed. Einstein
does not share the opinion held by most of us that there is overwhelming
evidence for quantum mechanics. Yet he concedes
'initial success' and 'a considerable degree of truth'. He obviously
agrees that we have at present nothing better, but he
hopes that this will be achieved later, for he rejects the 'dice-playing
god'. I have discussed the chances of a return to determinism
and found them slight. I have tried to show that classical
physics is involved in no less formidable conceptional difficulties
and had eventually to incorporate chance in its system. We
mortals have to play dice anyhow if we wish to deal with atomic
systems. Einstein's principle of the existence of an objective
real world is therefore rather academic. On the other hand, his
contention that quantum theory has given up this principle is
not justified, if the conception of reality is properly understood.
Of this I shall say more presently.


Einstein's letters teach us impressively the fact that even an
exact science like physics is based on fundamental beliefs. The
words ich glaube appear repeatedly, and once they are underlined.
I shall not further discuss the difference between Einstein's
principles and those which I have tried to extract from
the history of physics up to the present day. But I wish to
collect some of the fundamental assumptions which cannot be
further reduced but have to be accepted by an act of faith.


Causality is such a principle, if it is defined as the belief in the
existence of mutual physical dependence of observable situations.
However, all specifications of this dependence in regard
to space and time (contiguity, antecedence) and to the infinite
sharpness of observation (determinism) seem to me not fundamental,
but consequences of the actual empirical laws.


Another metaphysical principle is incorporated in the notion
of probability. It is the belief that the predictions of statistical
calculations are more than an exercise of the brain, that they can
be trusted in the real world. This holds just as well for ordinary
probability as for the more refined mixture of probability and
mechanics formulated by quantum theory.



In March of 1948, Einstein complained to Born about errors in these quotations from his letters. Einstein sent his criticisms as marginal comments. Notice that there is no mention here of determinism.


Remark: you should not interpret
the omission of marginal comments in the latter part of your article
as agreement. The whole thing is rather sloppily thought out, and for
this I must respectfully clip your ear. I just want to explain what I mean
when I say that we should try to hold on to physical reality. We all of us
have some idea of what the basic axioms in physics will turn out to be.
The quantum or the particle will surely not be amongst them; the field,
in Faraday's and Maxwell's sense, could possibly be, but it is not certain.
But whatever we regard as existing (real) should somehow be localised 
in time and space. That is, the real in part of space A should (in theory)
somehow 'exist' independently of what is thought of as real in space B.
When a system in physics extends over the parts of space A and B, then
that which exists in B should somehow exist independently of that
which exists in A. That which really exists in B should therefore not
depend on what kind of measurement is carried out in part of space A; it
should also be independent of whether or not any measurement at all is
carried out in space A. If one adheres to this programme, one can hardly
consider the quantum-theoretical description as a complete representation
of the physically real. If one tries to do so in spite of this, one has to
assume that the physically real in B suffers a sudden change as a result of
a measurement in A. My instinct for physics bristles at this. However, if
one abandons the assumption that what exists in different parts of space
has its own, independent, real existence, then I simply cannot see what
it is that physics is meant to describe. For what is thought to be a 'system'
is, after all, just a convention, and I cannot see how one could divide the
world objectively in such a way that one could make statements about
parts of it.


A month later, in April 1948, Einstein sent Born the above article "Quantum Mechanics and Reality," which had been recommended by Wolfgang Pauli for publication in the new Swiss journal, Dialectica. Here is Einstein's accompanying note to Born, hoping that Born would overcome his objections enough to understand Einstein's argument (by Born's own later admissions, he perhaps never did.) For his part, Einstein never came to accept the non-separability of entangled particles, for which Born gives him the too-simple example of a beam-splitter and a stream of polarized photons. Niels Bohr reports* that Einstein had very early and frequently called attention to the case of a single photon split and then reflected back on itself to interfere. This was perhaps the earliest case of the two-slit experiment.

Here is Born's reply.

Dear Einstein

I am very sorry not to have replied at once to your letter of April 5th
with the manuscript...I am
pleased that you seem to attach some importance to my opinion. I have
the feeling that I hardly deserve it. But, if you like, you shall hear what
came into my mind while reading your manuscript.



Einstein himself had given a simple example of two particles leaving a center with equal and opposite velocities. Measure one and you know the other by conservation of momentum. 
He did not like it


Let me begin with an example. A beam of light falls on to a plate of
doubly refracting crystal, and is split into two beams. The direction of
polarisation of one of the beams is determined by measurement: it is
then possible to deduce that that of the second beam is perpendicular to
the first. In this way one has been able to make a statement about a
system in a certain part of space as a result of a measurement carried out
on a system in another part of space. That this is possible depends on the
knowledge that both beams have originated from one beam which has
passed through a crystal; in the language of optics, that they are coherent. It seems to me that this case is closely related to your abstract example,
which is apparently connected with collision theory. But it is
simpler and shows that such things happen within the framework of
ordinary optics. All quantum mechanics has done is to generalise it.


Born is quite right. If ψ12 is separable into ψ1 and ψ2, the off-diagonal interference terms vanish and coherence is lost. 


It seems to me that your axiom of the 'independence of spatially separated
objects A and B', is not as convincing as you make out. It does not
take into account the fact of coherence; objects far apart in space which
have a common origin need not be independent. I believe that this
cannot be denied and simply has to he accepted. Dirac has based his
whole book on this. You say: The methods of quantum mechanics 
enable one to determine ψ2 of S2 from ψ12 provided a complete measurement, in the quantum mechanical sense, of the spatial system S2 exists as well. You evidently assume that ψ12 is already known. Therefore a measurement in S2 does not really give any information about
events occurring in far distant S2, but only in association with the information about 
ψ12, that is, with the help of additional earlier measurements. In the optical example, we have the information that both partial
beams are produced from one single beam by one crystal.

Your example is too abstract for me and insufficiently precise to be
useful as a beginning. 'Measurement' is often loosely defined in quantum
mechanics. It means either the determination of the possible
eigenvalues of a quantity, or the determination of the actual state corresponding
to the particular eigenvalue of a system, or, more generally,
the determination of the weight | an2 corresponding to the different
eigenvalues n = 1,2, ... in the mixture ψ (x,y) = Σ an ψn(x). It is not
clear to me what you mean by 'measurement' in your example. I would
find it more convenient to consider a real collision process, in which
two originally independent particles collide and are deflected. The
wave functions after the collision would then correspond to your ψ1
and ψ2...




Born added further remarks in the late 1960's: 

The root of the difference of opinion between Einstein and me was the
axiom that events which happen in different places A and B are independent
of one another, in the sense that an observation of the state of
affairs at B cannot teach us anything about the state of affairs at A. My
argument against this assumption is taken from optics, and is based on
the concept of coherence. When a beam of light is split in two by reflection,
double-refraction, etc., and these two beams take different paths,
one can deduce the state of one of the beams at a remote point B from an
observation at point A. It is curious that Einstein did not admit this
objection to his axiom as valid, although he had been one of the first
theoreticians to recognize the significance of de Broglie's work on wave
mechanics and had drawn our attention to it. The axiom certainly does
not apply to light; but if the movement of matter can be described as
'wave motion' - and it was Einstein himself, after all, who supplied some
powerful arguments for this - then the concept of coherence can be
applied to beams of matter from this it follows that, as in the case of
light, one can under certain circumstances draw conclusions about the
state at B by determining the state at A. Einstein declared that any
theory which could lead to such conclusions was incomplete. Therefore,
in his eyes, the theory of light must be considered to be incomplete as
well. He looked forward to the creation of a more profound theory
which would do away with this state of imperfection. So far his hopes
have not been realized, and physicists have good reasons for believing
this to be impossible, based mainly on studies carried out by J. von
Neumann.


Einstein replied in June 1948, perhaps somewhat hurt.


Your letter about the interpretation of the quantum theory goes into
quite a lot of detail but does not keep to my logical system, so that I am
unable to reply without fatiguing you with tiresome repetitions. Perhaps
one day we will have that personal discussion after all. I should just like
to add that I am by no means mad about the so-called classical system,
but I do consider it necessary to do justice to the principle of general relativity
in some way or other, for its heuristic quality is indispensable to
real progress.



And Born commented later (1960's), after Einstein's death, and a few years after John Bell and his theorem.  Bell's work made Einstein's claims about "spooky actions at a distance," nonlocality and nonseparability famous. The tests of Bell's Theorem led to Erwin Schrödinger's concept of entanglement becoming the basis of the "second revolution" in quantum mechanics, leading to today's quantum cryptography and quantum computing.


As regards Einstein's remarks about physics at the conclusion of his
letter, his reproach that I had not kept to his logical system seems to me
quite unjustified. He was so thoroughly convinced that his ideas were
right that he could not accept any different method, while he for his part
reproached me for doing the same. We had come to different philosophical
points of view between which there could be no bridge. But, even so,
I believe that I followed the teaching of the young Einstein, as defined by
him in his obituary for Ernst Mach...

For Scholars






Einstein's reality includes "bodies" and "fields." Unfortunately, continuous fields are an idealization, an abstraction, compared to material bodies. Even radiation, thought by Maxwell to be a continuous field, may be averages over the light quanta that Einstein himself discovered.


Source: https://www.informationphilosopher.com/solutions/scientists/einstein/dialectica.html
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Chance Overview

Chance is often defined as the opposite of Necessity.  

Dictionary definitions refer to the fall of the dice in games of chance. Perhaps the most famous die ever cast was the one Caesar threw to decide whether to cross the Rubicon, his Roman civil war. The Latin was iacta alea est, from the Greek Ἀνερρίφθω κύβος (anerriphtho kybos - "let the cube be thrown"), which Caesar quoted in Greek. The fundamental idea was for random chance to cause a necessary and irreversible future.  


Leucippus (440 B.C.E.) stated the first dogma of determinism, an absolute necessity.

     Nothing occurs by chance (maton), but there is a reason (logos) and necessity (ananke) for everything.


Chance is regarded as inconsistent with causal determinism and with physical or mechanical determinism.


The idea that Chance and Necessity are the only two logical options, and that neither is compatible with free will and moral responsibility, is the basis for the standard argument against free will.


The first thinker to suggest a physical explanation for chance in the universe was Epicurus. Epicurus was influenced strongly by Aristotle, who regarded chance as a fifth cause. Epicurus said there must be cases in which the normally straight paths of atoms in the universe occasionally bend a little and the atoms "swerve" to prevent the universe and ourselves from being completely determined by the mechanical laws of Democritus.


For Epicurus, the chance in his atomic swerve was simply a means to deny the fatalistic future implied by determinism (and necessity). As the Epicurean Roman Lucretius explained the idea,


...if all motion is always one long chain, and new motion arises out of the old in order invariable, and if the first-beginnings do not make by swerving a beginning of motion such as to break the decrees of fate, that cause may not follow cause from infinity, whence comes this freedom in living creatures all over the earth

(De Rerum Natura, Book 2, lines 251-256)


Epicurus did not say the swerve was directly involved in decisions so as to make them random. His critics, ancient and modern, have claimed mistakenly that Epicurus did assume "one swerve - one decision." Some recent philosophers call this the "traditional interpretation" of Epicurean free will. 

On the contrary, following Aristotle, Epicurus thought human agents have an autonomous ability to transcend the necessity and chance of some events. He said that this special ability makes us morally responsible for our actions.


...some things happen of necessity (ἀνάγκη), others by chance (τύχη), others through our own agency (παρ’ ἡμᾶς).

...necessity destroys responsibility and chance is uncertain; whereas our own actions are autonomous, and it is to them that praise and blame naturally attach.

λέγει ἐν ἄλλοις γίνεσθαι ἃ μὲν κατ’ ἀνάγκην, ἃ δὲ ἀπὸ τύχης, ἃ δὲ παρ’ ἡμᾶς, διὰ τὸ τὴν μὲν ἀνάγκην ἀνυπεύθυνον εἶναι, τὴν δὲ τύχην ἄστατον ὁρᾶν, τὸ δὲ παρ’ ἡμᾶς ἀδέσποτον, ᾧ καὶ τὸ μεμπτὸν καὶ τὸ ἐναντίον παρακολουθεῖν πέφυκεν
 

(Letter to Menoeceus, §133)




Epicurus, clearly following Aristotle, finds a tertium quid, beyond necessity (Democritus' physics) and chance
(Epicurus' swerve). 
The tertium quid is agent autonomy


Despite abundant evidence, many philosophers deny that real chance exists. If a single event is determined by chance, then indeterminism would be true, they say, and undermine the very possibility of certain knowledge. Some go to the extreme of saying that chance makes the state of the world totally independent of any earlier states, which is nonsense, but it shows how anxious they are about chance.


The Stoic Chrysippus (200 B.C.E.) said that a single uncaused cause could destroy the universe (cosmos), a concern shared by some modern philosophers, for whom reason itself would fail.


     Everything that happens is followed by something else which depends on it by causal necessity. Likewise, everything that happens is preceded by something with which it is causally connected. For nothing exists or has come into being in the cosmos without a cause. The universe will be disrupted and disintegrate into pieces and cease to be a unity functioning as a single system, if any uncaused movement is introduced into it.



A major achievement of the Ages of Reason and Enlightenment was to banish absolute chance as unintelligible and atheistic. In the seventeenth century, Newton's Laws provided a powerful example of deterministic laws governing the motions of everything. Surely Leucippus' and Democritus' original insights into materialistic determinism had been confirmed by Newton. 


In 1718, Abraham De Moivre wrote a book called The Doctrine of Chances. It was very popular among gamblers. In the second edition (1738), he derived the mathematical form of the normal distribution of probabilities, but he denied the reality of chance. Because it implied events that God could not know, he labeled it atheistic.  

Chance, in atheistical writings or discourse, is a sound utterly insignificant: It imports no determination to any mode of existence; nor indeed to existence itself, more than to non existence; it can neither be defined nor understood.


De Moivre's book (in three editions between 1718 and 1756) was basically a handbook for gamblers. It enabled them to know how to bet in various games of chance.


It begins...


The Probability of an Event is greater or less, according to the number of Chances by which it may happen, compared with the whole number of Chances by which it may happen or fail.

 
This brief statement contains the assumption that all states are equally probable, assuming that we have no information that indicates otherwise. 

While this describes our information epistemically, making it a matter of human knowledge, we can say ontologically that the world contains no information that would make any state more probable than the others. Such information simply does not exist. This is sometimes called the principle of insufficient reason or the principle of indifference.


If that information did exist, it could and would be revealed in large numbers of experimental trials, which provide the statistics on the different "states." 

Probabilities are a priori theories. 

Statistics are a posteriori, the results of experiments.

In the philosophical controversies between a priori or epistemic (e.g., "propensity") interpretations of probability and a posteriori or ontological interpretations, the latter are often said to be "frequency" interpretations of probability. We prefer to use the term statistics.


The frequencies of outcomes in experimental statistics confirm the correctness of probability theories based on the number of different ways independent and equiprobable events can combine, e.g, the number of white balls versus black balls in an urn, or the number of ways cards can combine to provide a royal straight flush. 


The complex coefficients of different quantum states (vectors) in the expansion of an arbitrary state in terms of basis states, when squared, give us the probabilities of finding a system in one of those otherwise equally probable basis states. 


De Moivre discovered the normal distribution (the bell curve) of outcomes for ideal random processes, like the throw of dice. Perfectly random processes produce a regular distribution pattern for many trials. The law of large numbers in probability theory ensures that the agreement between theoretical probabilities and experimental statistics approaches perfection as the number of trials approaches infinity. 


Paradoxically, the discovery of regularities in various social phenomena led many mathematicians to conclude that the phenomena are determined, perhaps by unknown laws. They do not believe events are  ontologically random. Most all the mathematicians of probability have denied the existence of real chance in the world. 

[image: image-placeholder]


As early as 1784, the great Immanuel Kant argued in his Idea for a Universal History with a Cosmopolitan Intent that the regularities in social events from year to year show that they must be determined. 



No matter what conception may form of the freedom of the will in metaphysics, the phenomenal appearances of the will, i.e., human actions, are determined by general laws of nature like any other event of nature. History is concerned with telling about these events. History allows one to hope that when history considers in the large the play of the freedom of human will, it will be possible to discover the regular progressions thereof. Thus (it is to be hoped) that what appears to be complicated and accidental in individuals, may yet be understood as a steady, progressive, though slow, evolution of the original endowments of the entire species. Thus, given that the free will of humans has such a great influence on marriages, on the births that result from these, and on dying, it would seem that there is no rule to which these events are subject and according to which one could calculate their number in advance. And yet the relevant statistics compiled annually in large countries demonstrate that these events occur just as much in accordance with constant natural laws as do inconstancies in the weather, which cannot be determined individually in advance, but which, taken together, do not fail to maintain a consistent and uninterrupted process in the growth of the plants, the flow of the rivers, and other natural arrangements.


Following de Moivre, mathematical theorists of games of chance found ways to argue that the chance they described was somehow necessary and that chance outcomes were actually determined. The most famous of these, Pierre-Simon Laplace, preferred to call his theory the "calculus of probabilities." With its connotation of approbation, probability is a more respectable term than chance, which had dark associations with gambling and lawlessness. For Laplace, random outcomes are not predictable only because we lack the detailed information to predict. As did the ancient Stoics, Laplace explained the appearance of chance as the result of human ignorance. It is epistemic, in modern terms. Laplace said,


"The word 'chance,' then expresses only our ignorance of the causes of the phenomena that we observe to occur and to succeed one another in no apparent order."



Laplace's several works on probability (Théorie des probabilités , Théorie analytique des probabilités ,  and Essai philosophique sur les probabilités) establish many of the techniques and results of modern probability and statistics, including the method of least squares for assessing observational data. His "central limit theorem" of 1811 was a mathematical expression for how the law of large numbers reduces the dispersion around mean values.  Perhaps most importantly, Laplace defended the idea of a priori probabilities that can be used to reason about future events.  


In the introduction to the Essai, he extended an idea of Gottfried Leibniz which became famous as Laplace's Demon, a key vision of strict physical determinism. He said


"We may regard the present state of the universe as the effect of its past and the cause of its future. An intellect which at a certain moment would know all forces that set nature in motion, and all positions of all items of which nature is composed, if this intellect were also vast enough to submit these data to analysis, it would embrace in a single formula the movements of the greatest bodies of the universe and those of the tiniest atom; for such an intellect nothing would be uncertain and the future just like the past would be present before its eyes."


In the 1820's, perhaps following Kant,  Adolphe Quetelet and Henry Thomas Buckle argued that regularities in social behavior prove that individual acts like marriage and suicide are determined by natural law.


   Adolphe Quételet was a Belgian astronomer, mathematician, and sociologist. He interpreted the "statistical" information being gathered by modern states, especially the voluminous  statistical data collected in Paris by  the great French mathematician Joseph Fourier, as evidence that some phenomena like marriages and suicides were somehow being determined by an unknown law. Fourier noticed that statistics on the number of births, deaths, marriages, suicides, and various crimes in the city of Paris had remarkably stable averages from year to year. 


Individuals might think marriage was their decision, but since the number of total marriages was relatively stable from year to year, Quételet claimed the individuals were determined to marry. Quételet used Auguste Comte's term "social physics, to describe his discovery of "laws of human nature." This forced Comte to rename his own work "sociologie."


 Quételet's argument for determinism in human events is quite illogical.  It appears to go something like this:

	Perfectly random, unpredictable individual events (like the throw of dice in games of chance) show statistical regularities that become more and more certain with more trials (the law of large numbers).
	Human events show statistical regularities.
	Therefore, human events are determined.

 
Quételet might more reasonably have concluded that individual human events are unpredictable and random. Were they determined, they might be expected to show a non-random pattern, perhaps a signature of the Determiner.

Buckle made a great contribution to the discussion of Free Will in the long Introduction to his three-volume History of Civilization in England in 1872. His work had fully digested the implications of Immanuel Kant's Critiques, which put human freedom in a realm beyond observation and ordinary understanding. Buckle's work should perhaps be seen as following the prescription of Kant in his Idea for a Universal History with a Cosmopolitan Intent.

Buckle mistakenly concluded that


In regard to nature, events apparently the most irregular and capricious have been explained, and have been shown to be in accordance with certain fixed and universal laws. This has been done because, men of ability, and, above all, men of patient, untiring thought, have studied natural events with the view of discovering their regularity: and if human events were subjected to a similar treatment, we have every right to expect similar results. 


When he published his epochal Origin of Species in 1859, Charles Darwin had just a few words about the role of chance as the source of the genetic variations needed for his theory of natural selection. His use of the word "chance" is overwhelmingly to describe the chances of acquiring new characters and the chances of survival, and only rarely to the role of chance in the genetic variations that drive natural selection. He is reluctant to describe the details of genetic variation, perhaps because ascribing it simply to chance is scientifically unsatisfying. When he does come to connect chance to variation, he takes chance to be the result of human ignorance, leaving the door open to a better explanation in the future?


I HAVE hitherto sometimes spoken as if the variations so common and multiform in organic beings under domestication, and in a lesser degree in those in a state of nature had been due to chance. This, of course, is a wholly incorrect expression, but it serves to acknowledge plainly our ignorance of the cause of each particular variation. Some authors believe it to be as much the function of the reproductive system to produce individual differences, or very slight deviations of structure, as to make the child like its parents. But the much greater variability, as well as the greater frequency of monstrosities, under domestication or cultivation, than under nature, leads me to believe that deviations of structure are in some way due to the nature of the conditions of life, to which the parents and their more remote ancestors have been exposed during several generations.

(The Origin of Species, chapter V, Laws of Variation.)


But Darwin's Notebooks, especially his "transmutation notebooks," and the later M and N metaphysical notebooks, record some of Darwin's brief musings on the connection between "free will" and chance. 


In his Notebooks on Man, Mind and Materialism, Darwin says...


Now it is not a little remarkable that the fixed laws of nature should be /universally/ thought to be the will of a superior being, whose nature can only be rudely traced out. When one sees this, one suspects that our will may /arise from/  fixed laws of organization. M. le Comte argues against all contrivance — it is what my views tend to.




Darwin thinks the fixed laws of nature are enough to explain the world in materialistic terms. No superior contriving being is required. Darwin connects free will with chance, but it is epistemic chance. It produces random new possibilities, but they are completely determined by natural laws. 


the free will (if so called) makes change in bodily organization of oyster, so may free will make change in man. — the real argument fixes on hereditary disposition & instincts. — Put it so. — Probably some error in argument, should be grateful if it were pointed out. My wish to improve my temper, what does it arise from, but organization, that organization may have been affected by circumstances & education & by the choice which at that time organization gave me to will — Verily the faults of the fathers, corporeal & bodily, are visited upon the children.— 



Darwin sees a multiplicity of causes - hereditary, education, circumstances - that appear random and may not be known exactly. They show up as new organization (information structures?) in the individual. 

The above views would make a man a predestinarian of a new kind, because he would tend to be an atheist... It may be doubted whether a man intentionally can wag his finger from real caprice. it is chance which way it will be, but yet it is settled by reason. 


Darwin's new kind of predestination is purely material - the result of physical laws - and not the "contrivances" or "designs" of a deity. He appears to combine chance and reason in a two-stage view - "chance it will be, yet settled by reason" - that sounds like evolution?


what they teach by the same means & therefore properly no free will. — we may easily fancy there is, as we fancy there is such a thing as chance. — chance governs the descent of a farthing, free will determines our throwing it up, — equally true the two statements...


I verily believe free will & chance are synonymous. — Shake ten thousand grains of sand together & one will be uppermost, — so in thoughts, one will rise according to law.


Darwin drew a bracket of emphasis alongside the sentence above in his notebook. The preliminary random shaking stage, followed by a lawful rise, strongly suggests a combination of indeterministic chance and some level of determinism as in the Cogito two-stage model. The etymology of cogito is to shake together (co-agitare).

The work of Quételet and Buckle on social statistics, and their mathematical expression in the form of a "bell curve" or "normal" distribution (also called Gaussian), may have led James Clerk Maxwell to derive his famous distribution of molecule velocities in a gas that has reached thermal equilibrium. But in 1860 Maxwell found a significant departure from the symmetric Gaussian in the distribution of molecular velocities.


Where "normal" errors are distributed symmetrically around the mean value, falling away from the mean as e - x2, the Maxwell-Boltzmann distribution of velocities increases as v2 for low velocity particles. It reaches a peak value, then declines according to the Gaussian exponential e - v2 for high velocities.
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  Maxwell's criticism of his countryman Buckle was clear. 


We thus meet with a new kind of regularity — the regularity of averages — a regularity which when we are dealing with millions of millions of individuals is so unvarying that we are almost in danger of confounding it with absolute uniformity.


Laplace in his theory of Probability has given many examples of this kind of statistical regularity and has shown how this regularity is consistent with the utmost irregularity among the individual instances which are enumerated in making up the results. In the hands of Mr Buckle facts of the same kind were brought forward as instances of the unalterable character of natural laws.  But the stability of the averages of large numbers of variable events must be carefully distinguished from that absolute uniformity of sequence according to which we suppose that every individual event is determined by its antecedents.2


Maxwell comes close to asserting ontological chance, but he may only be saying one cannot derive determinism from statistical regularities



In 1866, Ludwig Boltzmann rederived Maxwell's velocity distribution of gas particles. He did it assuming that the physical motion of each particle (or atom) was determined exactly by Newton's laws. And in 1872, when he first showed how his kinetic theory of gases could explain the increase in entropy, Boltzmann again used strictly deterministic physics. But his former teacher Josef Loschmidt objected to Boltzmann's derivation of the second law. Loschmidt said that if time were reversed, the deterministic laws of classical mechanics would require that the entropy would go down, not up.  


So in 1877 Boltzmann reformulated his H-Theorem, his proof of entropy increase. assuming that each collision of gas particles was not determined, but random. He assumed that the directions and velocities of particles after a collision depended on chance, as long as energy and momentum were conserved. He could then argue that the particles would be distributed randomly in "phase space" based on the statistical assumption that individual cells of phase space were equally probable. His H-Theorem produced a quantity which (statistically) would go only up, independent of the time direction. 


Where Maxwell had used math from social statistics, Boltzmann declared that the fundamental interactions of microscopic particles was in fact statistical. Much later he came to call it "molecular disorder." A law of nature, the second law of thermodynamics, had become statistical. Did Boltzmann believe that ontological chance existed? Or was this just the use of probability because the number of variables is too great to know the microscopic details? 



Boltzmann explained that probabilities can give definite macroscopic results because of the large number of particles in a gas, but that the use of probabilities and lack of microscopic predictability does not imply significant macroscopic uncertainty in the theory of heat.


The mechanical theory of heat assumes that the molecules of a gas are not at rest, but rather are in the liveliest motion. Hence, even though the body does not change its state, its individual molecules are always changing their states of motion, and the various molecules take up many different positions with respect to each other. The fact that we nevertheless observe completely definite laws of behaviour of warm bodies is to be attributed to the circumstance that the most random events, when they occur in the same proportions, give the same average value. For the molecules of the body are indeed so numerous, and their motion is so rapid, that we can perceive nothing more than average values. 

One might compare the regularity of these average values with the amazing constancy of the average numbers provided by statistics, which are also derived from processes each of which is determined by a completely unpredictable interaction with many other factors. The molecules are likewise just so many individuals having the most varied states of motion, and it is only because the number of them that have, on the average, a particular state of motion is constant, that the properties of the gas remain unchanged. 
The determination of average values is the task of probability theory. Hence, the problems of the mechanical theory of heat are also problems of probability theory. 

In the 1870's, Boltzmann clearly sees probability as a deterministic theory.


It would, however, be erroneous to believe that the mechanical theory of heat is therefore afflicted with some uncertainty because the principles of probability theory are used. One must not confuse an incompletely known law, whose validity is therefore in doubt, with a completely known law of the calculus of probabilities; the latter, like the result of any other calculus, is a necessary consequence of definite premises, and is confirmed, insofar as these are correct, by experiment, provided sufficiently many observations have been made, which is always the case in the mechanical theory of heat because of the enormous number of molecules involved.



Boltzmann refers to the social statistics of Adolphe Quételet and Henry Thomas Buckle

One of Boltzmann's students, Franz S. Exner, defended the idea of absolute chance and indeterminism as a hypothesis that could not be ruled out on the basis of observational evidence. Exner did this in his 1908 inaugural lecture at Vienna University as rector (two years after Boltzmann's death), and ten years later in a book written during World War I. But Exner's view was not the standard view. Ever since the eighteenth-century development of the calculus of probabilities, scientists and philosophers assumed that probabilities and statistical phenomena, including social statistics, were completely determined. They thought that our inability to predict individual events was due simply to our ignorance of the details.  


In his 1922 inaugural address at the University of Zurich, What Is a Law of Nature?, Erwin Schrödinger said about Exner, who had been his teacher,


     "It was the experimental physicist, Franz Exner, who for the first time, in 1919, launched a very acute philosophical criticism against the taken-for-granted manner in which the absolute determinism of molecular processes was accepted by everybody. He came to the conclusion that the assertion of determinism was certainly possible, yet by no means necessary, and when more closely examined not at all very probable.

     "Exner's assertion amounts to this: It is quite possible that Nature's laws are of thoroughly statistical character. The demand for an absolute law in the background of the statistical law — a demand which at the present day almost everybody considers imperative — goes beyond the reach of experience."



Ironically, just four years later, after developing his continuous and deterministic wave theory of quantum mechanics, Schrödinger would himself "go beyond the reach of experience" searching for deterministic laws underlying the discontinuous, discrete, statistical and probabilistic indeterminism of the Bohr-Heisenberg school, to avoid the implications of absolute chance in quantum mechanics. Max Planck and Albert Einstein too were repulsed by randomness and chance. "God does not play dice," was Einstein's famous remark. But we shall show that in 1916 Einstein was the first person to see the ontological chance that is fundamental to quantum theory.


Franz Exner was not alone in defending chance before quantum uncertainty. In the nineteenth century in America, Charles Sanders Peirce coined the term "tychism" for his idea that absolute chance was the first step in three steps to "synechism" or continuity. 


Peirce was influenced by the social statisticians Buckle and Quetelet, and by French philosophers Charles Renouvier and Alfred Fouillee, who also argued for some absolute chance, by physicists Maxwell and Boltzmann, but most importantly by Kant and Hegel, who saw things arranged in the triads that Peirce so loved. 


Renouvier and Fouillee introduced chance or indeterminism simply to contrast it with determinism, and to discover some way, usually a dialectical argument like that of Hegel, to reconcile opposites. Renouvier argues for human freedom, but nowhere explains exactly how chance might contribute to that freedom, other than negating determinism. 


Peirce does not explain much with his Tychism, and with his view that continuity and evolutionary love is supreme, may have had doubts about the importance of chance. Peirce did not propose chance as directly or indirectly providing free will. He never mentions the ancient criticisms that we cannot accept responsibility for chance decisions. He does not really care for chance as the origin of species, preferring a more deterministic and continuous lawful development, under the guidance of evolutionary love. But Peirce does say clearly, well before Exner, that the observational evidence simply does not establish determinism.


It remained for William James, Peirce's close friend, to assert that chance can provide random unpredictable alternative possibilities from which the will can choose or determine one alternative. James was the first thinker to enunciate clearly a two-stage decision process, with chance in a present time of random alternatives, leading to a choice which selects one alternative and transforms an equivocal ambiguous future into an unalterable determined past. There are undetermined alternatives followed by adequately determined choices.


    "The stronghold of the determinist argument is the antipathy to the idea of chance...This notion of alternative possibility, this admission that any one of several things may come to pass is, after all, only a roundabout name for chance...

    What is meant by saying that my choice of which way to walk home after the lecture is ambiguous and matter of chance?...It means that both Divinity Avenue and Oxford Street are called but only one, and that one either one, shall be chosen." (James, The Dilemma of Determinism, in The Will to Believe, 1897, p.155) 



Chance is critically important for the question of free will because strict necessity implies just one possible future. Absolute chance means that the future is fundamentally unpredictable at the levels where chance is dominant. Chance allows alternative futures and the question becomes how the one actual present is realized from these potential alternative futures. 


The amount of chance and the departure from strict causality required for free will is very slight compared to the miraculous ideas often associated with the "causa sui" (self-caused cause) of the ancients. For medieval philosophers, only God could produce a causa sui, a miracle. Modern quantal randomness, unless amplified to the macroscopic world, is generally insignificant, not a miracle at all.


Despite David Hume's critical attack on causality, many philosophers embrace causality strongly, including Hume himself in his other writings, where he dogmatically asserts "'tis impossible to admit of any medium betwixt chance and an absolute necessity." Since Chrysippus twenty-two centuries ago, philosophers still connect causality to the very possibility of logic and reason.

Bertrand Russell wrote in 1914:

"The law of causation, according to which later events can theoretically be predicted by means of earlier events, has often been held to be a priori, a necessity of thought, a category without which science would not be possible."


Although he felt some claims for causality might be excessive, Russell was unwilling to give up strict determinism, saying "Where determinism fails, science fails,"  and "What science cannot discover, mankind cannot know." (Determinism and Physics, p.18)


Also in 1914, the great polymath Henri Poincaré wrote 


"How can we venture to speak of the laws of chance? Is not chance the antithesis of all law?" It is thus that Bertrand expresses himself at the beginning of his "Calculus of Probabilities." Probability is the opposite of certainty; it is thus what we are ignorant of, and consequently it would seem to be what we cannot calculate. There is here at least an apparent contradiction, and one on which much has already been written

To begin with, what is chance? The ancients distinguished between the phenomena which seemed to obey harmonious laws, established once for all, and those that they attributed to chance, which were those that could not be predicted because they were not subject to any law. In each domain the precise laws did not decide everything, they only marked the limits within which chance was allowed to move. In this conception, the word chance had a precise, objective meaning ; what was chance for one was also chance for the other and even for the gods.


But this conception is not ours. We have become complete determinists, and even those who wish to reserve the right of human free will at least allow determinism to reign undisputed in the inorganic world. Every phenomenon, however trifling it be, has a cause, and a mind infinitely powerful and infinitely well-informed concerning the laws of nature could have foreseen it from the beginning of the ages. If a being with such a mind existed, we could play no game of chance with him, we should always lose.


For him, in fact, the word chance would have no meaning, or rather there would be no such thing as chance. That there is for us is only on account of our frailty and our ignorance. And even without going beyond our frail humanity, what is chance for the ignorant is no longer chance for the learned. Chance is only the measure of our ignorance. Fortuitous phenomena are, by definition, those whose laws we are ignorant of...



Despite this powerful renunciation of chance, when he turned to the question of how new ideas and theories are generated by mathematicians and scientists, Poincaré found a possible place for chance. In chapter 3 of Science and Method on Mathematical Discovery he says


   It is certain that the combinations which present themselves to the mind in a kind of sudden illumination after a somewhat prolonged period of unconscious work are generally useful and fruitful combinations, which appear to be the result of a preliminary sifting. Does it follow from this that the subliminal ego, having divined by a delicate intuition that these combinations could be useful, has formed none but these, or has it formed a great many others which were devoid of interest, and remained unconscious?

Under this second aspect, all the combinations are formed as a result of the automatic action of the subliminal ego, but those only which are interesting find their way into the field of consciousness. This, too, is most mysterious. 


How can we explain the fact that, of the thousand products of our unconscious activity, some are invited to cross the threshold, while others remain outside? Is it mere chance that gives them this privilege? Evidently not...

What follows, then? Of the very large number of combinations which the subliminal ego blindly forms almost all are without interest and without utility. But, for that very reason, they are without action on the aesthetic sensibility; the consciousness will never know them. 


Focusing attention, as James pointed out, can make an adequately determined selection from random alternative possibilities which come to consciousness


A few only are harmonious, and consequently at once useful and beautiful, and they will be capable of affecting the geometrician's special sensibility I have been speaking of; which, once aroused, will direct our attention upon them, and will thus give them the opportunity of becoming conscious...   

In the subliminal ego, on the contrary, there reigns what I would call liberty, if one could give this name to the mere absence of discipline and to disorder born of chance. Only, this very disorder permits of unexpected couplings.



Poincaré knows that chance can not be the direct cause of our actions


At the end of the nineteenth and in the early years of the twentieth century, we have seen that opposition to chance was near universal among philosopher, physicists, and mathematicians. This was true for Max Planck, the first scientist who was to hypothesize discontinuity and discreteness in the physical world. In 1900, Planck assumed that energy could be "quantized," not that he believed that it really was, but that this radical hypothesis could explain the distribution of radiation among different colors.

Planck's radical assumption quickly led to the quantum theory we have today. Just five years after Planck, Albert Einstein took Planck's idea and found that light quanta - discrete discontinuous particles - must exist even as continuous light waves also exist. This would lead Einstein to show that ontological chance exists in the universe, a consequence he could never accept because of his deep beliefs in natural laws, as we shall see. 


Planck said:


  "Just as no physicist will in the last resort acknowledge the play of chance in human nature, so no physiologist will admit the play of chance in the absolute sense."  
     
  "the assumption of chance in inorganic nature is incompatible with the working principle of natural science."  




We know that even in a world with microscopic chance, macroscopic objects are adequately determined to an extraordinary degree. Newton's laws of motion are deterministic enough to send men to the moon and back. In our Cogito model, the Macro Mind is macroscopic enough to ignore quantum uncertainty for the purpose of the reasoning will. The neural system is robust enough to insure that mental decisions are reliably transmitted to our limbs. 


We call this kind of determinism "adequate determinism."  Despite quantum uncertainty, the world is adequately determined to send men to the moon. Quantum uncertainty leads some philosophers to fear an undetermined world of chance, one where Chrysippus' imagined collapse into chaos would occur and reason itself would fail us.  But the modest indeterminism required for free will is no chaotic irrational threat, since most physical and mental events are overwhelmingly "adequately determined," determined "for all practical purposes."


There is no problem imagining that the three traditional mental faculties of reason - perception, conception, and comprehension - are all carried on with "adequate determinism" in a physical brain where quantum events and thermal noise do not interfere with normal operations.


There is also no problem imagining a role for chance in the brain in the form of quantum level noise (as well as pre-quantal thermal noise).  Noise can introduce random errors into stored memories. Noise could create random associations of ideas during memory recall. Many scientists have speculated that this randomness may be driven by microscopic fluctuations that are amplified to the macroscopic level. This would not happen in some specific location in the brain. It is most likely a general property of all neurons. 


We distinguish seven increasingly sophisticated ideas about the role of chance and indeterminism in the question of free will. Many libertarians have accepted the first two. Determinist and compatibilist critics of free will make the third their central attack on chance, claiming that it denies moral responsibility.  But very few thinkers appear to have considered all seven essential requirements for chance to contribute to libertarian free will.


	Chance exists in the universe. Quantum mechanics is correct. Indeterminism is true, etc.

	Chance is important for free will because it breaks the causal chain of determinism.

	But chance cannot directly cause our actions. We cannot be  responsible for random actions.

	Chance can only generate random (unpredictable) alternative possibilities for action or thought. The choice or selection of one action must be adequately determined, so that we can take responsibility. And once we choose, the connection between mind/brain and motor control must be adequately determined to see that "our will be done."

	Chance, in the form of noise, both quantum and thermal noise, must always be present. The naive model of a single random microscopic event, amplified to affect the macroscopic brain, never made sense. Under what ad hoc circumstances, at what time, at what place in the brain, would it occur to affect a decision?

	Chance must be overcome or suppressed by the adequately determined will when it decides to act, de-liberating the prior free options that "one could have done."

	To the extent that chance is not completely suppressed by the will, the resulting choice can be considered to have an element of randomness. The agent can still take responsibility for allowing the choice to be partially or completely random, the equivalent of flipping a mental coin.  
 


For Scholars
The Rise of Statistical Thinking, 1820-1900, by Theodore Porter, (Princeton, 1986) p.219-247, tells how Charles Sanders Peirce embraces chance as "Tychism." Porter also provides a summary of the influences of Renouvier, Fouillee, and Joseph Delbouef on Peirce. 
     
The Taming of Chance, by Ian Hacking, (Cambridge, 1990) p.11, tells how Peirce attacked the doctrine of necessity. Hacking's thesis is that there was an "erosion of determinism" in the nineteenth century culminating in Peirce. 
     


Max Planck

     "Just as no physicist will in the last resort acknowledge the play of chance in human nature, so no physiologist will admit the play of chance in the absolute sense."  Max Planck, Where Is Science Going, p.147.
     
     "the assumption of chance in inorganic nature is incompatible with the working principle of natural science." Max Planck, Where Is Science Going, p.154.





     The De Moivre quote is cited in Hacking, Taming of Chance, p.13.
     




Source: https://www.informationphilosopher.com/chance/
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Chance is often defined as the opposite of Necessity. The English word derives from the Latin cadere - to fall, especially cadens a fall, falling. 

Dictionary definitions refer to the fall of the dice, but the etymology suggests it is related to the grammatical idea of declension, which describes the falling or "leaning" away of the genitive, dative, and accusative cases from the "straight up" nominative case. The word connotes falling in the sense of decadence. Note the German for chance is Zufall.


Leucippus (440 B.C.E.) stated the first dogma of determinism, an absolute necessity.

     Nothing occurs by chance (maton), but there is a reason (logos) and necessity (ananke) for everything.


Chance is regarded as inconsistent with causal determinism and with physical or mechanical determinism.


The idea that Chance and Necessity are the only two logical options, and that neither is compatible with free will and moral responsibility, is the basis for the standard argument against free will.


The first thinker to suggest a physical explanation for chance in the universe was Epicurus. Epicurus was influenced strongly by Aristotle, who regarded chance as a fifth cause. He said there must be cases in which the normally straight paths of atoms in the universe occasionally bend a little and the atoms "swerve" to prevent the universe and ourselves from being completely determined by the mechanical laws of Democritus.


For Epicurus, the chance in his atomic swerve was simply a means to deny the fatalistic future implied by determinism (and necessity). As the Epicurean Roman Lucretius explained the idea,


...if all motion is always one long chain, and new motion arises out of the old in order invariable, and if the first-beginnings do not make by swerving a beginning of motion such as to break the decrees of fate, that cause may not follow cause from infinity, whence comes this freedom in living creatures all over the earth

(De Rerum Natura, Book 2, lines 251-256)


Epicurus did not say the swerve was directly involved in decisions so as to make them random. His critics, ancient and modern, have claimed mistakenly that Epicurus did assume "one swerve - one decision." Some recent philosophers call this the "traditional interpretation" of Epicurean free will. 

On the contrary, following Aristotle, Epicurus thought human agents have an autonomous ability to transcend the necessity and chance of some events. This special ability makes us morally responsible for our actions.


...some things happen of necessity (ἀνάγκη), others by chance (τύχη), others through our own agency (παρ’ ἡμᾶς).

...necessity destroys responsibility and chance is uncertain; whereas our own actions are autonomous, and it is to them that praise and blame naturally attach.

λέγει ἐν ἄλλοις γίνεσθαι ἃ μὲν κατ’ ἀνάγκην, ἃ δὲ ἀπὸ τύχης, ἃ δὲ παρ’ ἡμᾶς, διὰ τὸ τὴν μὲν ἀνάγκην ἀνυπεύθυνον εἶναι, τὴν δὲ τύχην ἄστατον ὁρᾶν, τὸ δὲ παρ’ ἡμᾶς ἀδέσποτον, ᾧ καὶ τὸ μεμπτὸν καὶ τὸ ἐναντίον παρακολουθεῖν πέφυκεν
 

(Letter to Menoeceus, §133)




Epicurus, clearly following Aristotle, finds a tertium quid, beyond necessity (Democritus' physics) and chance
(Epicurus' swerve). 
The tertium quid is agent autonomy


Despite abundant evidence, many philosophers deny that real chance exists. If a single event is determined by chance, then indeterminism would be true, they say, and undermine the very possibility of certain knowledge. Some go to the extreme of saying that chance makes the state of the world totally independent of any earlier states, which is nonsense, but it shows how anxious they are about chance.


The Stoic Chrysippus (200 B.C.E.) said that a single uncaused cause could destroy the universe (cosmos), a concern shared by some modern philosophers, for whom reason itself would fail.


     Everything that happens is followed by something else which depends on it by causal necessity. Likewise, everything that happens is preceded by something with which it is causally connected. For nothing exists or has come into being in the cosmos without a cause. The universe will be disrupted and disintegrate into pieces and cease to be a unity functioning as a single system, if any uncaused movement is introduced into it.


The core idea of chance and indeterminism is closely related to the idea of causality. Indeterminism for some is simply an event without a cause, an uncaused cause or causa sui that starts a new causal chain. If we admit some uncaused causes, we can have an adequate causality without the physical necessity of strict determinism - which implies complete predictability of events and only one possible future. 


An example of an event that is not strictly caused is one that depends on chance, like the flip of a coin. If the outcome is only probable, not certain, then the event can be said to have been caused by the coin flip, but the head or tails result itself was not predictable. So this "soft" causality, which recognizes prior uncaused events as causes, is undetermined and the result of chance alone. 


Even mathematical theorists of games of chance found ways to argue that the chance they described was somehow necessary and chance outcomes were actually determined. The greatest of these, Pierre-Simon Laplace, preferred to call his theory the "calculus of probabilities." With its connotation of approbation, probability was a more respectable term than chance, with its associations of gambling and lawlessness. For Laplace, the random outcomes were not predictable only because we lack the detailed information to predict. As did the ancient Stoics, Laplace explained the appearance of chance as the result of human ignorance. He said,


"The word 'chance,' then expresses only our ignorance of the causes of the phenomena that we observe to occur and to succeed one another in no apparent order."


Decades before Laplace, Abraham de Moivre had discovered the normal distribution (the bell curve) of outcomes for ideal random processes, like the throw of dice. Perfectly random processes produce a regular distribution pattern for many trials (the law of large numbers). Inexplicably, the discovery of these regularities in various social phenomena led Laplace and others to conclude that the phenomena were determined, not random. They simply denied chance in the world. 
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Chance is closely related to the ideas of uncertainty and indeterminacy. Uncertainty today is best known from Werner Heisenberg's principle in quantum mechanics. It states that the exact position and momentum of an atomic particle can only be known within certain (sic) limits. The product of the position error and the momentum error is equal to a multiple of Planck's constant of action. This irreducible randomness in physical processes established the existence of chance and indeterminism in the world.


But real chance and uncertainty had already entered physics fifty years earlier than Heisenberg, when Ludwig Boltzmann showed in 1877 that random collisions between atomic particles in a gas could explain the increase in entropy that is the Second Law of Thermodynamics. 


In 1866, when Boltzmann first derived Maxwell's velocity distribution of gas particles, he did it assuming that the physical motion of each particle (or atom) was determined exactly by Newton's laws. In 1872, when he showed how his kinetic theory of gases could explain the increase in entropy, he again used strictly deterministic physics. But Boltzmann's former teacher Josef Loschmidt objected to his derivation of the second law. Loschmidt said that if time was reversed, the deterministic laws of classical mechanics require that the entropy would go down, not up.  


So in 1877 Boltzmann reformulated his derivation, assuming that each collision of gas particles was not determined, but random. He assumed that the directions and velocities of particles after a collision depended on chance, as long as energy and momentum were conserved. He could then argue that the particles would be located randomly in "phase space" based on the statistical assumption that individual cells of phase space were equally probable. His H-Theorem produced a quantity which would go only up, independent of the time direction. Laws of nature became statistical. Max Born put statistical mechanics on a firm quantum mechanical basis in 1926, when he showed that Schrödinger's deterministic equation for the wave function predicts only probabilities for directions after an electron collision.  


Boltzmann's student Franz S. Exner defended the idea of absolute chance and indeterminism as a hypothesis that could not be ruled out on the basis of observational evidence. Exner did this in his 1908 inaugural lecture at Vienna University as rector (two years after Boltzmann's death), and ten years later in a book written during World War I. But Exner's view was not the standard view. Ever since the eighteenth-century development of the calculus of probabilities, scientists and philosophers assumed that probabilities and statistical phenomena, including social statistics, were completely determined. They thought that our inability to predict individual events was due simply to our ignorance of the details.  


In his 1922 inaugural address at the University of Zurich, What Is a Law of Nature?, Erwin Schrödinger said about his teacher,


     "It was the experimental physicist, Franz Exner, who for the first time, in 1919, launched a very acute philosophical criticism against the taken-for-granted manner in which the absolute determinism of molecular processes was accepted by everybody. He came to the conclusion that the assertion of determinism was certainly possible, yet by no means necessary, and when more closely examined not at all very probable.

     "Exner's assertion amounts to this: It is quite possible that Nature's laws are of thoroughly statistical character. The demand for an absolute law in the background of the statistical law — a demand which at the present day almost everybody considers imperative — goes beyond the reach of experience."



[Ironically, just four years later, after developing his continuous and deterministic wave theory of quantum mechanics, Schrödinger would himself "go beyond the reach of experience" searching for deterministic laws underlying the discontinuous, discrete, statistical and probabilistic indeterminism of the Bohr-Heisenberg school, to avoid the implications of absolute chance in quantum mechanics. Planck and Einstein too were repulsed by randomness and chance. "God does not play dice," was Einstein's famous remark.]


A major achievement of the Ages of Reason and Enlightenment was to banish absolute chance as unintelligible and atheistic. Newton's Laws provided a powerful example of deterministic laws governing the motions of everything. Surely Leucippus' and Democritus' original insights had been confirmed. 


In 1718 Abraham De Moivre wrote a book called The Doctrine of Chances. It was very popular among gamblers. In the second edition (1738) he derived the mathematical form of the normal distribution of probabilities, but he denied the reality of chance. Because it implied events that God could not know, he labeled it atheistic.  

Chance, in atheistical writings or discourse, is a sound utterly insignificant: It imports no determination to any mode of existence; nor indeed to existence itself, more than to non existence; it can neither be defined nor understood.


As early as 1784, Immanuel Kant had argued that the regularities in social events from year to year showed that they must be determined. 


"Thus marriages, the consequent births and the deaths, since the free will seems to have such a great influence on them, do not seem to be subject to any law according to which one could calculate their number beforehand. Yet the annual (statistical) tables about them in the major countries show that they occur according to stable natural laws."


In the early 1800's Adolphe Quetelet and Henry Thomas Buckle argued that these regularities in social physics proved that individual acts like marriage and suicide were determined by natural law.


Franz Exner was not alone in defending chance before quantum uncertainty. In the nineteenth century in America, Charles Sanders Peirce coined the term "tychism" for his idea that absolute chance was the first step in three steps to "synechism" or continuity. 


Peirce was influenced by the social statisticians, Buckle and Quetelet, by French philosophers Charles Renouvier and Alfred Fouillee, who also argued for some absolute chance, by physicists James Clerk Maxwell and Ludwig Boltzmann, but most importantly by Kant and Hegel, who saw things arranged in the triads that Peirce so loved. 


Quetelet and Buckle thought they had established an absolute deterministic law behind all statistical laws. Buckle went so far as to claim it established the lack of free will. 


Renouvier and Fouillee introduced chance or indeterminism simply to contrast it with determinism, and to discover some way, usually a dialectical argument like that of Hegel, to reconcile the opposites. Renouvier argues for human freedom, but nowhere explains exactly how chance might contribute to that freedom, other than negating determinism. 


Maxwell may have used the normal distribution of Quetelet and Buckle's social physics as his model for the distribution of molecular velocities in a gas. Boltzmann also was impressed with the distribution of social statistics, and was initially convinced that individual particles obeyed strict and deterministic Newtonian laws of motion.


Peirce does not explain much with his Tychism, and with his view that continuity and evolutionary love is supreme, may have had doubts about the importance of chance. Peirce did not propose chance as directly or indirectly providing free will. He never mentions the ancient criticisms that we cannot accept responsibility for chance decisions. He does not really care for chance as the origin of species, preferring a more deterministic and continuous lawful development, under the guidance of evolutionary love. But Peirce does say clearly, well before Exner, that the observational evidence simply does not establish determinism.


It remained for William James, Peirce's close friend, to assert that chance can provide random unpredictable alternatives from which the will can choose or determine one alternative. James was the first thinker to enunciate clearly a two-stage decision process, with chance in a present time of random alternatives, leading to a choice which selects one alternative and transforms an equivocal ambiguous future into an unalterable determined past. There are undetermined alternatives followed by adequately determined choices.


    "The stronghold of the determinist argument is the antipathy to the idea of chance...This notion of alternative possibility, this admission that any one of several things may come to pass is, after all, only a roundabout name for chance...

    What is meant by saying that my choice of which way to walk home after the lecture is ambiguous and matter of chance?...It means that both Divinity Avenue and Oxford Street are called but only one, and that one either one, shall be chosen." (James, The Dilemma of Determinism, in The Will to Believe, 1897, p.155) 



Chance is critically important for the question of free will because strict necessity implies just one possible future. Absolute chance means that the future is fundamentally unpredictable at the levels where chance is dominant. Chance allows alternative futures and the question becomes how the one actual present is realized from these potential alternative futures. 


The amount of chance and the departure from strict causality required for free will is very slight compared to the miraculous ideas often associated with the "causa sui" (self-caused cause) of the ancients. For medieval philosophers, only God could produce a causa sui, a miracle. Modern quantal randomness, unless amplified to the macroscopic world, is often insignificant, not a miracle at all.


Despite David Hume's critical attack on causality, many philosophers embrace causality strongly, including Hume himself in his other writings, where he dogmatically asserts "'tis impossible to admit of any medium betwixt chance and an absolute necessity." Since Chrysippus twenty-two centuries ago, philosophers still connect causality to the very possibility of logic and reason.


   Bertrand Russell said "The law of causation, according to which later events can theoretically be predicted by means of earlier events, has often been held to be a priori, a necessity of thought, a category without which science would not be possible." (Russell, External World p.179)  Although he felt some claims for causality might be excessive, Russell was unwilling to give up strict determinism, saying "Where determinism fails, science fails."(Determinism and Physics, p.18)


Henri Poincaré said "Every phenomenon, however trifling it be, 
has a cause, and a mind infinitely powerful and 
infinitely well-informed concerning the laws of nature 
could have foreseen it from the beginning of the ages. 
If a being with such a mind existed, we could play 
no game of chance with him; we should always lose.
For him, in fact, the word chance would have no 
meaning, or rather there would be no such thing as
chance." 


We know that even in a world with microscopic chance, macroscopic objects are determined to an extraordinary degree. Newton's laws of motion are deterministic enough to send men to the moon and back. In our Cogito model, the Macro Mind is macroscopic enough to ignore quantum uncertainty for the purpose of the reasoning will. The neural system is robust enough to insure that mental decisions are reliably transmitted to our limbs. 


We call this kind of determinism "adequate determinism."  Despite quantum uncertainty, the world is adequately determined to send men to the moon. Quantum uncertainty leads some philosophers to fear an undetermined world of chance, one where Chrysippus' imagined collapse into chaos would occur and reason itself would fail us.  But the modest indeterminism required for free will is no chaotic irrational threat, since most physical and mental events are overwhelmingly "adequately determined."


There is no problem imagining that the three traditional mental faculties of reason - perception, conception, and comprehension - are all carried on with "adequate determinism" in a physical brain where quantum events and thermal noise do not interfere with normal operations.


There is also no problem imagining a role for chance in the brain in the form of quantum level noise (as well as pre-quantal thermal noise).  Noise can introduce random errors into stored memories. Noise could create random associations of ideas during memory recall. Many scientists have speculated that this randomness may be driven by microscopic fluctuations that are amplified to the macroscopic level. This would not happen in some specific location in the brain. It is most likely a general property of all neurons. 


We distinguish seven increasingly sophisticated ideas about the role of chance and indeterminism in the question of free will. Many libertarians have accepted the first two. Determinist and compatibilist critics of free will make the third their central attack on chance, claiming that it denies moral responsibility.  But very few thinkers appear to have considered all seven essential requirements for chance to contribute to libertarian free will.


	Chance exists in the universe. Quantum mechanics is correct. Indeterminism is true, etc.

	Chance is important for free will because it breaks the causal chain of determinism.

	But chance cannot directly cause our actions. We cannot be  responsible for random actions.

	Chance can only generate random (unpredictable) alternative possibilities for action or thought. The choice or selection of one action must be adequately determined, so that we can take responsibility. And once we choose, the connection between mind/brain and motor control must be adequately determined to see that "our will be done."

	Chance, in the form of noise, both quantum and thermal noise, must always be present. The naive model of a single random microscopic event, amplified to affect the macroscopic brain, never made sense. Under what ad hoc circumstances, at what time, at what place in the brain, would it occur to affect a decision?

	Chance must be overcome or suppressed by the adequately determined will when it decides to act, de-liberating the prior free options that "one could have done."

	To the extent that chance is not completely suppressed by the will, the resulting choice can be considered to have an element of randomness. The agent can still take responsibility for allowing the choice to be partially or completely random, the equivalent of flipping a mental coin.  
 



For Scholars



Source: https://www.informationphilosopher.com/chance/history/
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Entropy and Probability

Although twentieth-century quantum physics provides the strongest evidence for the existence of ontological chance and randomness in the universe, statistics and probability entered physics long before the famous "uncertainty" principle in quantum mechanics was proposed by Werner Heisenberg in 1927.


Every scientist who made major contributions to the probabilistic nature of the world had some doubts as to whether the use of probability implies that chance is real. Is the appearance of randomness a consequence of the limits on human knowledge and merely epistemological? Or is randomness a fundamental part of the external world and thus ontological? 


Heisenberg himself often maintained that our understanding of reality is limited by what we can know about the microscopic world. But he also said quantum mechanics makes the world acausal. His choice of "uncertainty" was unfortunate. Is the world fundamentally indeterministic? Or is it only because we cannot discover - we are uncertain about - the underlying determinism that gives rise to the appearance of indeterminism? Like the mathematicians who invented the calculus of probabilities, the physicists who reduced thermodynamics to statistical mechanics were skeptical about ontological randomness.


In 1860, James Clerk Maxwell, the first physicist to use statistics and probability, discovered the distribution of velocities of atoms or molecules in a gas. Although there was no evidence for the existence of atoms until Albert Einstein's work on Brownian motion in 1905, Maxwell and Ludwig Boltzmann showed that the macroscopic laws of thermodynamics could be explained if gases consist of microscopic atoms in motion. They used the calculus of probabilities to reduce thermodynamics to statistical mechanics.


Paradoxically, ignorance of the details of processes at the atomic level is overcome by the power of averages over large numbers of cases. Mean values of any property get more and more accurate as the number of independent events gets large. The number of gas particles in a cubic centimeter of air is truly astronomical, close to the number of stars in the observable universe. For this reason, gas laws like 
  P
  V
  =
  N
  R
  T
 derived from statistical mechanics appear to be adequately or statistically deterministic.



Discrete Particles


To refine a famous comment by Richard Feynman, if there is just one bit of information that could survive the destruction of knowledge, so as to give future scientists the fastest recovery of physics, it would be that the contents of the universe are made up of discrete particles. This is now the standard model of particle physics. It grew out of the study of ordinary gases.

Gas particles are distributed in ordinary coordinate space (x, y, z) and in a conjugate momentum (or energy) space (px, py, pz). These two spaces are combined to form a six-dimensional space called a "phase space," one element of which is Δx Δy Δz Δpx Δpy Δpz.  Particles are found distributed in proportion to the volume of those spaces.  But phase space elements are weighted by an exponential factor that reduces the probability of particles being found in higher energy spaces. The factor is 
e - p2/2mkT = e - E / kT, today known as the "Boltzmann factor," though it was first found by Maxwell. 

E is the particle energy, p is the particle momentum ( = mv, mass times velocity), T is the absolute temperature (in degrees Kelvin), e is the base of natural logarithms, and k is Boltzmann's constant (so named by Max Planck). As E increases, the probability of finding particles with that energy decreases exponentially.  But as the temperature T rises, the probability of finding particles with any given energy E increases. 


With the hindsight of quantum physics, we can envision the distribution of particles as the integer number of particles (or "occupation number") that are in the smallest possible volumes of this 6-dimensional "phase space" allowed by quantum mechanics. These have the dimensions of h3, where h is Planck's constant. h has the dimensions of action (equal to momentum times position) and is called the quantum of action. 


This minimum phase space volume of h3 is the result of Heisenberg's uncertainty principle for each dimension, Δp Δx = h. It is as if space itself is divided into these small "cells." But space is continuous, like time. Space and time are abstract tools for assigning numbers to particle properties like location and motion. The minimum volume h3 corresponds to locations and speeds where there is a non-zero probability of finding a discrete particle.


Although classical statistical mechanics did not include these quantum volumes, Boltzmann did divide phase space into discrete "coarse-grained" volumes for calculation purposes. The important new insight of classical statistical mechanics was accepting the radical idea of the ancient Greeks that matter comes in invisible discrete discontinuous lumps.


Maxwell not only accepted the idea of atoms and molecules, he deduced their distribution among different possible velocities, 
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The figure shows the number of particles with a given velocity at different temperatures. When heat is added and the temperature rises, the average velocity gets higher and there are fewer particles with low velocities, since the total number of molecules is a constant. Note that it was Maxwell who first found the exponential decay at higher energies e - mv2 / 2kT  , now called the "Boltzmann factor."
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Maxwell did not know about the future Boltzmann's constant and its temperature relationship, but he knew that the term α2 is a measure of the average velocity squared, and so of the average energy ( mv2 / 2 ).


Maxwell did know the factor of √π from the normal distribution of independent random events.

[image: image-placeholder]

The velocity distribution has two distinction regions which were critically important in Max Planck's attempt to discover the distribution of electromagnetic radiation. For very low energies, the number rises as the square of the velocity. It then turns around at a maximum near the average velocity, very like the errors curve. It then declines slowly like the long exponential tail of the normal distribution of errors because of the Boltzmann factor. 


Ludwig Boltzmann explained that probabilities can give definite results because of the large number of particles in a gas, but that the use of probabilities does not imply any uncertainty.


The mechanical theory of heat assumes that the molecules of a gas are not at rest, but rather are in the liveliest motion. Hence, even though the body does not change its state, its individual molecules are always changing their states of motion, and the various molecules take up many different positions with respect to each other. The fact that we nevertheless observe completely definite laws of behaviour of warm bodies is to be attributed to the circumstance that the most random events, when they occur in the same proportions, give the same average value. For the molecules of the body are indeed so numerous, and their motion is so rapid, that we can perceive nothing more than average values. 

One might compare the regularity of these average values with the amazing constancy of the average numbers provided by statistics, which are also derived from processes each of which is determined by a completely unpredictable interaction with many other factors. The molecules are likewise just so many individuals having the most varied states of motion, and it is only because the number of them that have, on the average, a particular state of motion is constant, that the properties of the gas remain unchanged. 
The determination of average values is the task of probability theory. Hence, the problems of the mechanical theory of heat are also problems of probability theory. 

It would, however, be erroneous to believe that the mechanical theory of heat is therefore afflicted with some uncertainty because the principles of probability theory are used. One must not confuse an incompletely known law, whose validity is therefore in doubt, with a completely known law of the calculus of probabilities; the latter, like the result of any other calculus, is a necessary consequence of definite premises, and is confirmed, insofar as these are correct, by experiment, provided sufficiently many observations have been made, which is always the case in the mechanical theory of heat because of the enormous number of molecules involved.



Boltzmann refers to the social statistics of Adolphe Quételet and Henry Thomas Buckle

	
	
This visualization of a small number of gas molecules in coordinate space lets you see the equilibrating effect of collisions. Note that a small number of molecules have low speeds or high speeds. Most have medium speeds according to the Maxwell-Boltzmann distribution. If you pick out a fast-moving molecule, you will see the most probable next collision will take it back to a more average velocity. 

This is what Boltzmann argued with his mathematical H-Theorem.

Restart the animation

		      
Visualizing hundreds of thousands of molecules in coordinate space shows that occasional high density fluctuations occur, but they are very quickly eliminated, as Boltzmann expected. 

The darkest spots are condensations, white spots are voids, both are slight local reductions of the local entropy. But they cannot be maintained.  Although the microscopic motions are violent and random, as Boltzmann showed, the overall average of motions is remarkably stable.





The Second Law of Thermodynamics


Beyond his ability to visualize the above "liveliest states of motion" for atoms, Boltzmann's greatest work was his attempt to prove the second law of thermodynamics. The second law says that isolated systems always approach thermal equilibrium. Boltzmann showed that if the velocities of gas molecules were initially not in the Maxwell distribution above, they would always approach that distribution, and do it rapidly at standard temperatures and pressures (as we all know from experience).

Boltzmann then developed a mathematical expression for entropy, the quantity in classical thermodynamics that is a maximum for systems in thermal equilibrium. 


At first Boltzmann tried to do this with the dynamical theories of classical mechanics. The particles in his system would move around in phase space according to deterministic Newtonian laws. They collide with one another as hard spheres (elastic collisions). Only two-particle collisions were included, assuming three-particle collisions are rare. As it turns out, three-particle collisions would be essential for proving Boltzmann's insights.


But Boltzmann's mentor, Josef Loschmidt, criticized the results. Any dynamical system, he said, will evolve in reverse if all the particles could have their velocities reversed. Apart from the practical impossibility of doing this, Loschmidt had shown that systems could exist for which the entropy should decrease instead of increasing. This is called Loschmidt's Reversibility Objection, or the problem of microscopic reversibility. 


Loschmidt's criticism forced Boltzmann to reformulate his proof of the second law with purely statistical considerations based on probability theory. 


He looked at all the possible distributions for particles in phase space consistent with a given total energy. Since phase space is continuous, there is an infinity of positions for every particle. So Boltzmann started by limiting possible energy values to discrete amounts ε, 2ε, 3ε, etc. He thought he would eventually let ε go to zero, but his discrete "coarse-graining" gets him much closer to modern quantum physics. He replaced all his integrals by discrete sums (something the "founders of quantum mechanics" in the nineteen-twenties would do).


In 1948, Claude Shannon found a similar expression to describe the amount of information, 
Σi  pi log pi, thus connecting his information to Boltzmann's entropy.



Boltzmann then found an expression that summed over all the possible discrete energy states which had the desired property of irreversible statistical increase,
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where f (E) is the fraction of states with energy E. 


Today scientists identity this quantity with the thermodynamic entropy S, defined as the change of heat Q added to a system divided by the temperature T,
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In terms of a sum over possible states, S is now written as the logarithm of the total number of possible states W multiplied by Boltzmann's constant, 



  S
  =
  k
 log  W.




Boltzmann was discouraged to find that a group of scientists who still hoped to deny the existence of atoms continued to criticize his "H-Theorem." They included Henri Poincaré, an expert on the three-body problem, Max Planck, who himself hoped to prove the second law, and a young student of Planck's named Ernst Zermelo who was an extraordinary mathematician, later the founder of axiomatic set theory.


Poincaré's three-body problem suggested that, given enough time, a bounded world, governed only by the laws of mechanics, will always pass through a state very close to its initial state. Zermelo accepted Boltzmann's claim that a system will most likely be found in a macrostate with the largest number of microstates, but he argued that given enough time it would return to a less probable state. Boltzmann's H-Theorem of perpetual increase of entropy must therefore be incorrect.


Information physics has shown that, when quantum physics and the interaction of electromagnetic radiation with matter are taken into account, the Loschmidt objection and the Zermelo objection fail to prevent entropy from increasing in our open universe.

 Unfortunately for Boltzmann, he died before the significance of radiation and the quantum were appreciated, and before Einstein proved the existence of his atoms. And ironically, it was Max Planck, who was Zermelo's mentor and one of those strongly opposing both Boltzmann's ideas of atoms and his use of statistics, who was to find the distribution law for electromagnetic radiation.


Adding to the injustice, Planck used Boltzmann's statistical ideas, his assumption about discrete energies, and his ideas about entropy to develop the Planck radiation law. The radiation  distribution has almost exactly the same shape as the Maxwell-Boltzmann distribution for particle velocities.  You can see the initial rise as the square of the radiation frequency v, and after the maximum the decline according to the Boltzmann factor  e - hv / kT, where the energy 
  E
  =
  h
  v
 is Planck's new constant h times the radiation frequency. The reason for the similarity is profound - electromagnetic radiation - light- is also made of particles.



Nv dv = (2 v2 / c 2) e - hv / kT dv.



The figure shows the number of photons with a given frequency at different temperatures. When heat is added and the temperature rises, the average energy gets higher at all frequencies. The frequency at which energy is a maximum moves to higher frequencies. Unlike the Maxwell-Boltzmann distribution above, where the total number of molecules is a constant, additional heat shows up as more photons at all frequencies. The number of photons is not conserved.


(Planck's radiation distribution law is historically presented as a function of wavelength rather than frequency, but this masks the similarity with the Maxwell-Boltzmann distribution.)
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Compounding the irony and injustice for Boltzmann still further, Planck, long the opponent of his discrete particles and statistical mechanics, used Boltzmann's assumption that energies come in discrete amounts,  ε, 2ε, 3ε,, etc. Planck called them quanta of energy  hv, 2 hv, 3 hv,, proportional to frequency v, where h is a new constant, now named for Planck. He thereby launched the twentieth-century development of quantum mechanics, without really understanding the full implications of quantizing the energy. He thought quantization was just a mathematical trick to get the right formula for the blackbody radiation law. 


Albert Einstein said that "the formal similarity between the curve of the chromatic distribution of thermal radiation and the Maxwellian distribution law of velocities for gas particles is so striking that it could not have been hidden for long." But for over twenty years few others than Einstein saw so clearly that it implies that light itself is a localizable quantized discrete particle just as any particle of matter! Planck refused to believe this for many years. 


So did Niels Bohr, despite his famous 1913 work that quantized the energy levels for electrons in his Bohr model of the atom. Bohr postulated two things, 1) that the energy levels in the atom are discrete and 2) that when an electron jumps between levels it emits or absorbs energy 
  E
  =
  h
  v
, where the radiated energy E is the difference between the two energy levels in the atom, E = En - Em. 


After independently developing the theory of statistical mechanics in 1902-1904, extending it well beyond Boltzmann, Einstein hypothesized in 1905 that light comes in bundles of localized energy that he called light quanta (now known as photons). Although it is hard to believe, Niels Bohr denied the existence of photons well into the nineteen-twenties, although today's textbooks teach that quantum jumps in the Bohr atom emit or absorb photons, in this case an injustice to Einstein. Bohr pictured the radiation in his discrete quantum jumps as a continuous wave. He was reluctant to depart from the Maxwell's classical laws of electromagnetism. 


Einstein told friends that his hypothesis of light quanta was more revolutionary than his theory of special relativity published the same year. It was Einstein, not Planck or Bohr or Heisenberg, who should be recognized as the father of quantum theory. He first saw the mysterious aspects of quantum physics like wave-particle duality, nonlocality,  and the ontological nature of chance, more deeply than any other physicist has ever seen them.


Einstein famously abhorred chance ("God does not play dice"), but he did not hesitate to tell other physicists that chance seems to be an unavoidable part of quantum theory.





In 1948, Claude Shannon found a similar expression to describe the amount of information, 
Σi  pi log pi, thus connecting his information to Boltzmann's entropy.


Source: https://www.informationphilosopher.com/introduction/physics/statistical_mechanics.html
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The American philosopher Charles Sanders Peirce was deeply impressed by chance as a way to bring diversity and "progress" (in the form of increasingly complex organisms) into the world, including the mind. Peirce was unequivocal that chance was a real property of the world. He named it Tyche (τύχη). He writes in his third Monist article, "The Law of Mind,"

102. In an article published in The Monist for January, 1891, I endeavored to show what ideas ought to form the warp of a system of philosophy, and particularly emphasized that of absolute chance. In the number of April, 1892, I argued further in favor of that way of thinking, which it will be convenient to christen tychism (from τύχη, chance). A serious student of philosophy will be in no haste to accept or reject this doctrine; but he will see in it one of the chief attitudes which speculative thought may take, feeling that it is not for an individual, nor for an age, to pronounce upon a fundamental question of philosophy. That is a task for a whole era to work out. I have begun by showing that tychism must give birth to an evolutionary cosmology, in which all the regularities of nature and of mind are regarded as products of growth, and to a Schelling-fashioned idealism which holds matter to be mere specialized and partially deadened mind.



Peirce's idea of Tychism was inspired by the writings of Charles Renouvier and Alfred Fouillée, who were proponents of irreducible chance and indeterminism decades before quantum mechanics. It was also inspired by the evolutionary theory of Charles Darwin. 

Chance in Darwin's time, however, was regarded as the product of human ignorance, that is to say chance is merely epistemic, not real like the ontological randomness of today's quantum indeterminacy. 


Real chance was regarded as atheistic by most physical scientists since Newton, by philosophers like David Hume, and especially by the great mathematicians who developed the theories of probability and statistics that made chance a quantitative concept.

Abraham de Moivre, Pierre-Simon Laplace, and Adolphe Quételet all believed that chance was not real. They saw chance as an artifact of man's limited mind. Only an unlimited or infinite mind (cf. a god or a Laplacian superior intelligence) could know everything about the world and see the pre-determined future as clearly as the past or present. 


Darwin's use of the word "chance" in The Origin of Species is overwhelmingly to describe the chances of acquiring new characters and the chances of survival, and only rarely to the role of chance in the genetic variations that drive natural selection. He is reluctant to describe the details of genetic variation, perhaps because ascribing it simply to chance is scientifically unsatisfying. When he does come to connect chance to variation, he takes chance to be the result of human ignorance, leaving the door open to a better explanation in the future?


I HAVE hitherto sometimes spoken as if the variations so common and multiform in organic beings under domestication, and in a lesser degree in those in a state of nature had been due to chance. This, of course, is a wholly incorrect expression, but it serves to acknowledge plainly our ignorance of the cause of each particular variation. Some authors believe it to be as much the function of the reproductive system to produce individual differences, or very slight deviations of structure, as to make the child like its parents. But the much greater variability, as well as the greater frequency of monstrosities, under domestication or cultivation, than under nature, leads me to believe that deviations of structure are in some way due to the nature of the conditions of life, to which the parents and their more remote ancestors have been exposed during several generations.
(The Origin of Species, chapter V, Laws of Variation.)


For Scholars




Source: https://www.informationphilosopher.com/chance/tyche/
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Through Einstein's Eyes

Albert Einstein's work on quantum mechanics is of major importance to information philosophy, because we depend on a limitedindeterminism and an "adequate" or statisticaldeterminism to explain the possibilities in an open future needed to create new information. Einstein was in 1916 the discoverer of indeterminism and ontological chance, though he was reluctant to fully accept chance in his final theory. "God Does Not Play Dice!""

We will show that in the two decades preceding the "founding" of quantum mechanics by Niels Bohr, Werner Heisenberg, Max Born, Pascual Jordan, P. A. M. Dirac, Erwin Schrödinger, and Wolfgang Pauli, Einstein discovered ontologicalchance in quantum physics, without which no new information can be created.  Without chance and new information, there can be no "free creations of the human mind," which Einstein correctly recognized as the fundamental source of new scientific theories.



Einstein saw a wave randomly "collapse" twenty years before there was a "wave function" and the Schrödinger wave equation. He discovered the existence of indeterministicchance as a "weakness" in quantum theory over a decade before Heisenberg published his uncertainty principle.
He deplored his discoveries.


Since the validity of any theory rests on its experimental confirmation, as Einstein knew very well, we can say that the extraordinary confirmation of quantum mechanics, especially its probabilistic nature,  makes it the best supported theory in the history of science, but nevertheless it is a statistical theory.

Paradoxically, ironically perhaps, and even tragically, only a handful of scientists and philosophers recognize the full range of Einstein's contributions, primarily because he disavowed his own quantum discoveries as contrary to his fundamental beliefs about the workings of the universe.  Few of us are immune to the power of beliefs that prevent the acceptance of scientifically established facts. As exceptional a scientist as Einstein was, he was no exception there. Randomness was not his only concern, maybe not even his main concern, as we shall see. Quantum mechanics appears to conflict with special relativity, and its nonlocality may conflict with general relativity and Einstein's dream of a "unified field theory."


All his life, Einstein had grave doubts about field theories. They became more extreme in his later years, when he wrote



One can give good reasons why reality cannot at all
be represented by a continuous field. From the quantum
phenomena it appears to follow with certainty that a finite
system of finite energy can be completely described by a
finite set of numbers (quantum numbers). This does not
seem to be in accordance with a continuum theory, and
must lead to an attempt to find a purely algebraic theory
for the description of reality. But nobody knows how to
obtain the basis of such a theory.
   

In principle, continuous field theories contain an infinite amount of information. The differential equations that describe classical physics in space and time assume there are an infinite number of infinitesimal points along any finite line segment. But Einstein saw that any finite volume (even the whole observable universe) can contain only a finite number of discrete quanta of matter or energy. Quantum mechanics can thus in principle be described with simpler difference equations in what Einstein described as an "algebraic" theory. 

 Ludwig Boltzmann had shown that he could derive his entropy law assuming that space can be described as "coarse grained" into small enough discrete volumes, though still large enough to contain many particles. 
 


Quite apart from his great deterministic and continuous theories of special and general relativity, Einstein was one of the most important creators (both discoverer and inventor) of the indeterministic and discrete theory of quantum mechanics. In his 1905 paper on the light-quantum hypothesis and photoelectric effect, he quantized the radiation field, where Max Planck had only quantized the energy in his virtual oscillators. Einstein was first to see that electromagnetic radiation is particulate. And in his very next paper he proved the existence of atoms. In that one year he saw both matter and energy as particulate and how they are converted into one another, E = mc2.


Einstein thus saw that both the material and the energetic universe have discrete and discontinuous properties! His 1905 paper on Brownian motion predicted sizes and motions for atoms that were confirmed just a few years later. And although he waited ten years to do so, Einstein stated unequivocally that quantum processes are fundamentally indeterministic, a matter of chance. "A weakness in the theory," he called it in 1916. He lamented at that time to his friend Michele Besso that he was the only scientist who believed in the reality of what we now call photons, "I do not doubt anymore the reality of radiation quanta, although I still stand quite alone in this conviction." 


On a careful reading of his 1905 photoelectric effect paper, we can see that Einstein was already concerned about faster-than-light actions, thirty years before his Einstein-Podolsky-Rosen paper popularized the mysteries and paradoxes of quantum nonlocality and entanglement. We hope to show that many of today's controversies in the interpretations of quantum mechanics can be resolved by seeing these problems through Einstein's eyes. 


Despite his foundational work quantizing radiation, Einstein rarely gets any credit for his contributions to quantum mechanics. There are a number of important reasons for this, which lead historians of quantum theory to start with Planck's quantum of action, then jump over Einstein's 1905 papers and his 1909 work on wave-particle duality to Niels Bohr's "old quantum theory" of the atom in 1913. Today, Bohr's "quantum jump" of an electron between stationary states is described as emitting or absorbing a "photon" of energy hν. In actuality, Bohr fought against Einstein's light-quantum hypothesis and denied the existence of photons until the mid-1920's. 


Bohr's work in 1924 with H. A. Kramers and John Slater was the last defense of continuous, as opposed to discrete, radiation. The Bohr-Kramers-Slater theory claimed that energy was not conserved in each matter-radiation interaction, but only conserved statistically. Immediately, Einstein suggested multiple experiments to Walther Bothe that could disprove the BKS claim. In 1925, Bothe and Hans Geiger developed two experiments that disproved the BKS theory. At this point, Bohr finally accepted, though never enthusiastically,  Einstein's light quanta as real, twenty years after Einstein's insight in his 1905 "miracle year."


Besides quantizing light energy and seeing its interchangeability with matter, E = mc2, Einstein was the first scientist to see many of the most fundamental aspects of quantum physics, e.g., nonlocality and instantaneous action-at-a-distance (1905), wave-particle duality (1909), emission and absorption processes that introduce indeterminism and acausality whenever matter and radiation interact (1916-17.) He predicted the stimulated emission of radiation behind today's lasers, the indistinguishability of elementary particles with their strange quantum statistics (1925), and the nonseparability and entanglement of interacting identical particles (1935). Just because Einstein did not regard any of these discoveries as part of a fundamental "local" reality that Einstein wanted is no reason to deny him credit for them all.


Einstein's description of wave-particle duality is as good as anything written today. He saw the relation between the wave and the particle as the relation between  probable possibilities and the realization of one possibility as an actual event. He saw the wave spreading out in space and giving us the probability of finding a particle in different locations.  Where Einstein saw the particle as concrete and material, he described the wave as a "ghostly field," which is exactly right according to the information interpretation of quantum mechanics. The wave is neither matter nor energy, but pure abstract information about locating concrete matter and energy.


The information about probabilities and possibilities in the wave function is immaterial, but that abstract information has real causal powers. The wave's interference with itself predicts null points where no particles should be found. And experiments confirm that no particles are found there. Immaterial information is a kind of modern "spirit." Einstein also described the wave function as a ""guiding field" (Führungsfeld),  an idea taken up later by Louis de Broglie as his "pilot waves." Following de Broglie, Schrödinger developed his equation that gives us the value of the wave function ψ at each point and describes how the probability-amplitude wave function moves through space deterministically.  This restoration of some determinism was a brief bright moment for Einstein. He saw a possible return to a deterministic theory for quantum mechanics and his continuous field theory. But it was not to be, despite the large number of present-day physicists who are still pursuing Einstein's and Schrödinger's deterministic dreams, by denying indeterminism and "quantum jumping."


The linearity of the Schrödinger wave equation produces the mysterious superposition of states and the projection postulate - the wave function "collapse." In a linear equation, the sum of two solutions is also a solution. Although the projection postulate is basically a formalization of Einstein's 1916 transition probabilities from an excited state to more than one lower state, although he had been first to see a light wave collapse into a photon that could eject an electron in his 1905 photoelectric effect paper, and although he had been first to proclaim ontological chance as a part of the quantum theory, it must have been a disappointment to Einstein to find that the determinism in Schrödinger's wave equation could only determine his probabilities and  that ontological chance is still real.


Einstein could never accept most of his quantum discoveries because they conflicted with his basic idea that nature is best described by a continuous field theory using partial differential equations that are functions of "local" variables, primarily the space-time four-vector of his general relativistic theory. Einstein's idea of a "local" reality is one where "action-at-a-distance" is limited to causal effects that propagate at or below the speed of light, according to his theory of relativity. 


Einstein believed that quantum theory, as good as it is (and he never saw anything better), is "incomplete." This is so, because its statistical predictions (phenomenally accurate in the limit of large numbers of identical experiments - "ensembles" Einstein called them), tell us nothing but "probabilities" about individual systems. Even worse, he saw that the wave functions of entangled two-particle systems predict faster-than-light correlations of properties between events in a space-like separation. He mistakenly thought this violated his theory of relativity. Although this was the heart of his famous EPR paradox paper in 1935, we shall see that Einstein was already concerned about faster-than-light transfer of energy and that he saw spherical light waves "collapsing" instantaneously in his very first paper on quantum theory. 


In most general histories, and in the brief histories included in modern quantum mechanics textbooks, the problems raised by Einstein are usually presented as arising after the "founders" of quantum mechanics and their Copenhagen Interpretation in the late 1920's. Modern attention to Einstein's work on quantum physics often starts with the Einstein-Podolsky-Rosen paper of 1935, when the mysteries of nonlocality, nonseparability, and entanglement are first clearly understood by Einstein's opponents. Physicists today think of quantum mechanics as beginning with the Heisenberg (particle) formulation and the Schrödinger (wave) formulation. The popular image of Einstein post-EPR is either in the role of critic trying to expose fundamental flaws in the "new" quantum mechanics or as an old man who simply didn't understand the new quantum theory. Both these images of Einstein are seriously flawed, as we shall see. 


Many histories of quantum theory, most starting from the Copenhagen perspective of Bohr, Heisenberg, Born, Jordan, and Pauli, focus on Einstein's failed attempts in debates with Bohr to challenge the uncertainty principle. EPR is described as failing to show that quantum mechanics is "incomplete." This is a verbal quibble. Quantum mechanics is indeed incomplete in that it cannot predict simultaneously the position and momentum of a particle, nor the "real" path of a particle between measurements. Most important, QM is only a statistical theory, as Einstein maintained. Its results are only confirmed by large numbers of identical experiments. Continuous matter and radiation only appear when we average over large numbers of discrete particles.


Few histories point out that it was Einstein who over three decades invented (or discovered) nonlocality and entanglement, as well as the ontological chance in quantum mechanics that is the real basis of the acausality that Heisenberg later saw in his uncertainty principle.





The Light-Quantum Hypothesis (1905)



Here Einstein first argues for a fundamental symmetry between matter and radiation. 
He does not yet mention E = mc2. 
That Einstein said in 1906.


A profound formal distinction exists between the theoretical 
concepts which physicists have formed regarding gases and other 
ponderable bodies and the Maxwellian theory of 
electromagnetic processes in so-called empty 
space. While we consider the state of a body to 
be completely determined by the positions and 
velocities of a very large, yet finite, number of 
atoms and electrons, we make use of continuous 
spatial functions to describe the electromagnetic 
state of a given volume, and a finite number of 
parameters cannot be regarded as sufficient for 
the complete determination of such a state. According 
to the Maxwellian theory, energy is to 
be considered a continuous spatial function in 
the case of all purely electromagnetic phenomena 
including light, while the energy of a ponderable 
object should, according to the present conceptions 
of physicists, be represented as a sum 
carried over the atoms and electrons. 


How can energy spread continuously over a large volume and later be absorbed in its entirety, without contradicting 
his principle of relativity? 
Einstein sees this here, but does not say so explicitly until 1927. 


The energy 
of a ponderable body cannot be subdivided into 
arbitrarily many or arbitrarily small parts, while 
the energy of a beam of light from a point source 
(according to the Maxwellian theory of light or, 
more generally, according to any wave theory) is 
continuously spread over an ever increasing 
volume. 

The wave theory of light, which operates with 
continuous spatial functions, has worked well in 
the representation of purely optical phenomena 
and will probably never be replaced by another 
theory. It should be kept in mind, however, that 
the optical observations refer to time averages 
rather than instantaneous values. In spite of the 
complete experimental confirmation of the theory 
as applied to diffraction, reflection, refraction, 
dispersion, etc., it is still conceivable that the 
theory of light which operates with continuous 
spatial functions may lead to contradictions 
with experience when it is applied to the phenomena 
of emission and transformation of light.


It seems to me that the observations associated 
with blackbody radiation, fluorescence, the 
production of cathode rays by ultraviolet light, 
and other related phenomena connected with the 
emission or transformation of light are more 
readily understood if one assumes that the energy 
of light is discontinuously distributed in space. 


In particular, the photoelectric effect showed discontinuous and  discrete light quanta absorbed by single electrons, though it was doubted until the discovery of the Compton Effect in 1923.



In accordance with the assumption to be considered here, the energy of a light ray spreading 
out from a point source is not continuously 
distributed over an increasing space but consists 
of a finite number of energy quanta which are 
localized at points in space, which move without 
dividing, and which can only be produced and 
absorbed as complete units. 

We therefore arrive at the conclusion: the 
greater the energy density and the wavelength 
of a radiation, the more useful do the theoretical 
principles we have employed turn out to be; for 
small wavelengths and small radiation densities, 
however, these principles fail us completely.



Thermodynamically, radiation behaves like gas particles. Light cannot be spread out continuously in all directions if the energy is absorbed as a unit that ejects a photoelectron in the photoelectric effect. 


[W]e further conclude that: Monochromatic radiation of low density (within the 
range of validity of Wien's radiation formula) 
behaves thermodynamically as though it consisted of a number of independent energy quanta.



The Photoelectric Effect (1905)


Einstein had very strong reasons for imagining that light must be concentrated in a physically localized bundle of energy. He described it in section 8 of this same paper, explaining the photoelectric effect, the emission of electrons from surfaces illuminated by radiation.  He wrote:

   

The usual conception, that the energy of light
is continuously distributed over the space
through which it propagates, encounters very
serious difficulties when one attempts to explain
the photoelectric phenomena, as has been pointed
out in Herr Lenard's pioneering paper.
[image: image-placeholder]
According to the concept that the incident
light consists of energy quanta of magnitude
Rβν/N, however, one can conceive of the ejection
of electrons by light in the following way. Energy quanta penetrate into the surface layer of the
body, and their energy is transformed, at least in
part, into kinetic energy of electrons. The simplest
way to imagine this is that a light quantum
delivers its entire energy to a single electron; we
shall assume that this is what happens...

[image: image-placeholder]

An electron to which kinetic energy has been
imparted in the interior of the body will have
lost some of this energy by the time it reaches
the surface. Furthermore, we shall assume that
in leaving the body each electron must perform
an amount of work P characteristic of the substance...



Why did Bohr not see in 1913, or Einstein point out to him, that when a jumping electron in an atom absorbs or emits energy, the energy is a single light quantum particle? He surely knew that was what was happening in the Bohr atom!


If each energy quantum of the incident light,
independently of everything else, delivers its
energy to electrons, then the velocity distribution
of the ejected electrons will be independent of the
intensity of the incident light; on the other hand
the number of electrons leaving the body will,
if other conditions are kept constant, be proportional
to the intensity of the incident light...

In the foregoing it has been assumed that the
energy of at least some of the quanta of the
incident light is delivered completely to individual
electrons

   


Einstein shows here that the whole energy of an incident light quantum is absorbed by a single electron. Some of that energy is P, the work needed to escape from the metal.  The rest is the kinetic energy E = ½ m v2 of the electron. Einstein's "photoelectric equation" is 


  E
  =
  h
  ν
  −
  P



This equation predicts a linear relationship between the frequency of Einstein's light quantum hν, and the energy E of the ejected electron. It wasn't until ten years later that R. A. Millikan confirmed Einstein's photoelectric equation. Millikan nevertheless denied that it proved Einstein's radical but clairvoyant ideas about light quanta!


If the energy travels as a spherical light wave radiated into space in all directions, how can it instantaneously collect itself together to be absorbed into a single electron. Einstein already in 1905 sees something nonlocal about the photon and that there is both a wave aspect and a particle aspect to electromagnetic radiation. He will make those aspects more clear and in 1909 describe the wave-particle relationship more clearly than it is usually presented today, with all the confusion about whether photons and electrons are waves or particles or both.



Wave-particle duality (1909)


Einstein greatly expanded his light-quantum hypothesis in a presentation at the Salzburg conference in September, 1909. He argued that the interaction of radiation and matter involves elementary processes that are not "invertible," a deep insight into the irreversibility of natural processes. While incoming spherical waves of radiation are mathematically possible, they are not practically achievable. Nature appears to be asymmetric in time. He speculates that the continuous electromagnetic field might be made up of large numbers of light quanta - singular points in a field that superimpose collectively to create the wavelike behavior.


Although he could not formulate a mathematical theory that does justice to both the continuous oscillatory waves and the discrete particle pictures, Einstein argued that they could be "fused" and made compatible. This was over a decade before Erwin Schrödinger's wave mechanics and Werner Heisenberg's quantum mechanics. And because gases behave statistically, he knows that the connection between the wave and particles may involve probabilistic behavior. 



When light was shown to exhibit interference and diffraction, it seemed almost certain that light should be considered a wave.

The greatest advance in theoretical optics since the introduction of the oscillation theory was Maxwell's brilliant discovery that light can be understood as an electromagnetic process...One became used to treating electric and magnetic fields as fundamental concepts that did not require a mechanical interpretation.


This path leads to the so-called relativity theory. I only wish to bring in one of its consequences, for it brings with it certain modifications of the fundamental ideas of physics. It turns out that the inertial mass of an object decreases by L / c2 when that object emits radiation of energy L...the inertial mass of an object is diminished by the emission of light. 


Now Einstein looks for symmetry and equivalent treatment for interchangeable matter and energy.


The energy given up was part of the mass of the object. One can further conclude that every absorption or release of energy brings with it an increase or decrease in the mass of the object under consideration. Energy and mass seem to be just as equivalent as heat and mechanical energy. 

Relativity theory has changed our views on light. Light is conceived not as a manifestation of the state of some hypothetical medium, but rather as an independent entity like matter. Moreover, this theory shares with the corpuscular theory of light the unusual property that light carries inertial mass from the emitting to the absorbing object. Relativity theory does not alter our conception of radiation's structure; in particular, it does not affect the distribution of energy in radiation-filled space. 


Einstein is about to tell us that the distribution of energy in radiation-filled space may be similar in some respects to the distribution of particles in matter-filled space!


Nevertheless, with respect to this question, I believe that we stand at the beginning of a development of the greatest importance that cannot yet be surveyed. The statements that follow are largely my personal opinion, or the results of considerations that have not yet been checked enough by others. If I present them here in spite of their uncertainty, the reason is not an excessive faith in my own views, but rather the hope to induce one or another of you to deal with the questions considered.

In the kinetic theory of molecules, for every process in which only a few elementary particles participate (e.g., molecular collisions), the inverse process also exists. But that is not the case for the elementary processes of radiation. 


Incoming spherical waves (the advanced potential considered by Wheeler and Feynman in 1945) are never observed in nature. Radiation is irreversible, one of the arrows of time

According to our prevailing theory, an oscillating ion generates a spherical wave that propagates outwards. The inverse process does not exist as an elementary process. A converging spherical wave is mathematically possible, to be sure; but to approach its realization requires a vast number of emitting entities. The elementary process of emission is not invertible. In this, I believe, our oscillation theory does not hit the mark. Newton's emission theory of light seems to contain more truth with respect to this point than the oscillation theory since, first of all, the energy given to a light particle is not scattered over infinite space, but remains available for an elementary process of absorption.

Consider the laws governing the production of secondary cathode radiation by X-rays. If primary cathode rays impinge on a metal plate P1, they produce X-rays. If these X-rays impinge on a second metal plate P2, cathode rays are again produced whose speed is of the same order as that of the primary cathode rays. 


[image: image-placeholder]


As far as we know today, the speed of the secondary cathode rays depends neither on the distance between P1 and P2, nor on the intensity of the primary cathode rays, but rather entirely on the speed of the primary cathode rays. Let's assume that this is strictly true. What would happen if we reduced the intensity of the primary cathode rays or the size of P1 on which they fall, so that the impact of an electron of the primary cathode rays can be considered an isolated process? 


In his remarks after the talk, Johannes Stark confirmed that he had observed a single X-ray that traveled as far as ten meters and ejected a similar energy electron from P2.


If the above is really true then, because of the independence of the secondary cathode rays' speed on the primary cathode rays' intensity, we must assume that an electron impinging on P1 will either cause no electrons to be produced at P2, or else a secondary emission of an electron whose speed is of the same order as that of the initial electron impinging on P1. In other words, the elementary process of radiation seems to occur in such a way that it does not scatter the energy of the primary electron in a spherical wave propagating in every direction, as the oscillation theory demands.


That energy is possibly available "somewhere else" is the key idea of nonlocality that Einstein will present in 1927 at the Solvay conference


Rather, at least a large part of this energy seems to be available at some place on P2, or somewhere else. The elementary process of the emission of radiation appears to be directional. Moreover, one has the impression that the production of X-rays at P1 and the production of secondary cathode rays at P2 are essentially inverse processes.
Therefore, the constitution of radiation seems to be different from what our oscillation theory predicts. The theory of thermal radiation has given important clues about this, mostly by the theory on which Planck based his radiation formula...


Planck's theory leads to the following conjecture. If it is really true that a radiative resonator can only assume energy values that are multiples of hν, the obvious assumption is that the emission and absorption of light occurs only in these energy quantities. On the basis of this hypothesis, the light-quanta hypothesis, the questions raised above about the emission and absorption of light can be answered. As far as we know, the quantitative consequences of this light-quanta hypothesis are confirmed. This provokes the following question. Is it not thinkable that Planck's radiation formula is correct, but that another derivation could be found that does not rest on such a seemingly monstrous assumption as Planck's theory? Is it not possible to replace the light-quanta hypothesis with another assumption, with which one could do justice to known phenomena? If it is necessary to modify the theory's elements, couldn't one keep the propagation laws intact, and only change the conceptions of the elementary processes of emission and absorption?


As far as I know, no mathematical theory has been advanced that does justice to both its oscillatory structure and its quantum structure...


Anyway, this conception seems to me the most natural: that the manifestation of light's electromagnetic waves is constrained at singularity points, like the manifestation of electrostatic fields in the theory of the electron. It cannot be ruled out that, in such a theory, the entire energy of the electromagnetic field could be viewed as localized in these singularities, just like the old theory of action-at-a-distance. I imagine to myself, each such singular point surrounded by a field that has essentially the same character as a plane wave, and whose amplitude decreases with the distance between the singular points. If many such singularities are separated by a distance small with respect to the dimensions of the field of one singular point, their fields will be superimposed, and will form in their totality an oscillating field that is only slightly different from the oscillating field in our present electromagnetic theory of light. Of course, it need not be emphasized that such a picture is worthless unless it leads to an exact theory. I only wished to illustrate that the two structural properties of radiation according to Planck's formula (oscillation structure and quantum structure) should not be considered incompatible with one another.

   


The Emission and Absorption of Radiation (1916)



When he finished the years needed to complete his general theory of relativity, Einstein turned back to quantum theory and to Bohr's 1913 postulates about electrons jumping between stationary (non-radiating) states and radiating energy Em - En = hν. Where Bohr's two postulates provided amazingly accurate explanations of the Balmer and Lyman lines in the hydrogen spectrum, Einstein showed how to derive those postulates along with his latest, and so far simplest, derivation of the Planck radiation law. 

Where Bohr and Planck had manipulated mathematical expressions to correspond with spectroscopic data, Einstein found the statistical probabilities for absorption and emission of light quanta when an electron jumps between discrete energy states, showing his deep physical understanding of interactions between electrons and radiation, going back over ten years. He predicted the existence of "stimulated emission" and showed quantum theory is the source of ontological chance. 



At this time, Einstein felt very much alone in believing the reality (his emphasis) of light quanta:


I do not doubt anymore the reality of radiation quanta, although I still stand quite alone in this conviction 


Einstein derived "transition probabilities" for quantum jumps, described as A and B coefficients for the processes of absorption, spontaneous emission, and (his newly predicted) stimulated emission of radiation. In two papers, "Emission and Absorption of Radiation in Quantum Theory," and "On the Quantum Theory of Radiation," he again derived the Planck law (for Planck it was mostly a guess at the formula needed to fit spectroscopic observations), he derived Planck's postulate E = hν, and he derived Bohr's second postulate 
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 = hν. Einstein did this by exploiting the obvious relationship between the Maxwell-Boltzmann distribution of gas particle velocities and the distribution of radiation in Planck's law.



The formal similarity between the chromatic distribution curve for
thermal radiation and the Maxwell velocity-distribution law is too
striking to have remained hidden for long. In fact, it was this similarity
which led W. Wien, some time ago, to an extension of the radiation
formula in his important theoretical paper, in which he derived his
displacement law...Not long ago I discovered a derivation of Planck's formula which
was closely related to Wien's original argument and which was based
on the fundamental assumption of quantum theory. This derivation
displays the relationship between Maxwell's curve and the chromatic
distribution curve and deserves attention not only because of its
simplicity, but especially because it seems to throw some light on the
mechanism of emission and absorption of radiation by matter, a
process which is still obscure to us.


 

But the introduction of Maxwell-Boltzmann statistical mechanical thinking to electromagnetic theory has produced what Einstein called a "weakness in the theory." It introduces the reality of an irreducible objective chance! 

If light quanta are particles with energy 
  E
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  h
  ν
 traveling at the velocity of light c, then they should have a momentum 
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. When light is absorbed by material particles, this momentum will clearly be transferred to the particle. But when light is emitted by an atom or molecule, a problem appears. 



The "statistical interpretation" of Max Born tells us the outgoing wave is the probability amplitude wave function Ψ, whose absolute square is the probability of finding a light particle in an arbitrary direction, as Einstein qualitatively knew well but never published.


Conservation of momentum requires that the momentum of the emitted particle will cause an atom to recoil with momentum hν/c in the opposite direction. However, the standard theory of spontaneous emission of radiation is that it produces a spherical wave going out in all directions. A spherically symmetric wave has no preferred direction. In which direction does the atom recoil? Einstein asked:


Does the molecule receive an impulse when it absorbs or emits the energy ε? For example, let us look at emission from the point of view of classical electrodynamics. When a body emits the
radiation ε it suffers a recoil (momentum) ε/c if the entire amount of radiation energy
is emitted in the same direction. If, however, the emission is a spatially symmetric
process, e.g., a spherical wave, no recoil at all occurs. This alternative also plays a
role in the quantum theory of radiation. When a molecule absorbs or emits the energy
ε in the form of radiation during the transition between quantum theoretically possible
states, then this elementary process can be viewed either as a completely or partially
directed one in space, or also as a symmetrical (nondirected) one. It turns out that we
arrive at a theory that is free of contradictions, only if we interpret those elementary
processes as completely directed processes.
One can give good reasons why reality cannot at all
be represented by a continuous field. From the quantum
phenomena it appears to follow with certainty that a finite
system of finite energy can be completely described by a
finite set of numbers (quantum numbers). This does not
seem to be in accordance with a continuum theory, and
must lead to an attempt to find a purely algebraic theory
for the description of reality. But nobody knows how to
obtain the basis of such a theory.
   

It speaks in favor of the theory that the statistical law assumed for [spontaneous] emission is nothing but the Rutherford law of radioactive decay. 


But the inability to predict both the time and direction of light particle emissions, said Einstein in 1917, is "a weakness in the theory..., that it leaves time and direction of elementary processes to chance (Zufall, ibid.)." It is only a weakness for Einstein, of course, because his God does not play dice.

Einstein clearly saw, as none of his contemporaries did, that since spontaneous emission is a statistical process, it cannot possibly be described with classical physics.  


The properties of elementary processes required...make it seem almost inevitable to formulate a truly quantized theory of radiation.


Einstein may not have liked this conceptual crisis, but his insights into the indeterminism involved in quantizing matter and energy were known, if largely ignored, for another decade until Heisenberg's quantum theory introduced his famous uncertainty principle in 1927. Heisenberg states that the exact position and momentum of an atomic particle can only be known within certain (sic) limits. The product of the position error and the momentum error is greater than or equal to Planck's constant h/2π. 
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The Interaction of Radiation and Matter as the Origin of Irreversibility (1916)


In his two papers on quantum mechanics in 1916-17, Einstein's discovery of ontological chance is the most important contribution to physics and philosophy. But his insight into the asymmetry of the emission and absorption processes may be used to discover the origin of irreversibility and an explanation for Boltzmann's hypothesis of "molecular disorder."


What we might call Einstein's "radiation asymmetry" was introduced with these words,


When a molecule absorbs or emits the energy
ε in the form of radiation during the transition between quantum theoretically possible
states, then this elementary process can be viewed either as a completely or partially
directed one in space, or also as a symmetrical (nondirected) one. It turns out that we
arrive at a theory that is free of contradictions, only if we interpret those elementary
processes as completely directed processes.

The elementary process of the emission and absorption of radiation is asymmetric, because the process is directed, as Einstein had explicitly noted first in 1909, and we know he had seen as early as 1905. The apparent isotropy of the emission of radiation is only what Einstein called "pseudo-isotropy" (Pseudoisotropie), a consequence of time averages over large numbers of events. Einstein often substitutes time averages for space averages, or averages over the possible states of a system in statistical mechanics.




a quantum theory free
from contradictions can only be obtained if the emission process, just
as absorption, is assumed to be directional. In that case, for each
elementary emission process Zm->Zn a momentum of magnitude
(εm—εn)/c is transferred to the molecule. If the latter is isotropic, we
shall have to assume that all directions of emission are equally probable. 

If the molecule is not isotropic, we arrive at the same statement if the
orientation changes with time in accordance with the laws of chance.
Moreover, such an assumption will also have to be made about the
statistical laws for absorption, (B) and (B'). Otherwise the constants
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 would have to depend on the direction, and this can be
avoided by making the assumption of isotropy or pseudo-isotropy
(using time averages). 



Now the principle of microscopic reversibility is a fundamental assumption of statistical mechanics. It underlies the principle of "detailed balancing," which is critical to the understanding of chemical reactions. In thermodynamic equilibrium, the number of forward reactions is exactly balanced by the number of reverse reactions.
But microscopic reversibility, while true in the sense of averages over time, should not be confused with the reversibility of individual collisions between molecules.


The equations of classical dynamics are reversible in time. And the deterministic Schrödinger equation of motion in quantum mechanics is also time reversible. Irreversibility thus depends on the "projection" of a superposition of states into a single state, the so-called "collapse" of the wave function.


The Quantum Statistics for Photons (1924)


In 1924, Einstein received an amazing very short paper from India by Satyendra Nath Bose. Einstein must have been pleased to read the title, "Planck's Law and the Hypothesis of Light Quanta." It was more attention to Einstein's 1905 work than anyone had paid in nearly twenty years. The paper began by claiming that the "phase space" (a combination of 3-dimensional coordinate space and 3-dimensional momentum space) should be divided into small volumes of h3, the cube of Planck's constant. By counting the number of possible distributions of light quanta over these cells, Bose claimed he could calculate the entropy and all other thermodynamic properties of the radiation.

Bose easily derived the inverse exponential function, Einstein too had derived this. Maxwell and Boltzmann derived it, without the additional -1, by analogy from the Gaussian exponential tail of probability and the theory of errors.
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(Planck had simply guessed this expression from Wien's law  by adding the term - 1 in the denominator of  Wien's a / e - bν / T). 



All previous derivations of the Planck law, including Einstein's of 1916-17 (which Bose called "remarkably elegant"), used classical electromagnetic theory to derive the density of radiation, the number of "modes" or "degrees of freedom" of the radiation field,
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But now Bose showed he could get this quantity with a simple statistical mechanical argument remarkably like that Maxwell used to derive his distribution of molecular velocities. Where Maxwell said that the three directions of velocities for particles are independent of one another, but of course equal to the total momentum,



px2 + py2 + pz2 = p2,



Bose just used Einstein's relation for the momentum of a photon,
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and he wrote 
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This led him to calculate a frequency interval in phase space as 
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which he simply divided by  h3, multiplied by 2 to account for two polarization degrees of freedom, and he had derived the number of cells belonging to dν,
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without using classical radiation laws, a correspondence principle, or even Wien's law. His derivation was purely statistical mechanical, based only on the number of cells in phase space and the number of ways N photons can be distributed among them.


Einstein immediately translated the Bose paper into German and had it published in Zeitschrift für Physik, without even telling Bose.  More importantly, Einstein then went on to discuss a new quantum statistics that predicted low-temperature condensation of any particles with integer values of the spin. So called Bose-Einstein statistics were quickly shown by Dirac to lead to the quantum statistics of half-integer spin particles called Fermi-Dirac statistics. Fermions are half-integer spin particles that obey Pauli's exclusion principle so a maximum of two particles, with opposite spins, can be found in the fundamental h3 volume of phase space identified by Bose.


Einstein's 1916 work on transition probabilities predicted the stimulated emission of radiation that brought us lasers (light amplification by the stimulated emission of radiation). Now his work on quantum statistics brought us the Bose-Einstein condensation. Either work would have made their discoverer a giant in physics, but these are more often attributed to Bose, just as Einstein's quantum discoveries before the Copenhagen Interpretation are mostly forgotten by historians and today's textbooks, or attributed to others.


This may have been Einstein's last positive contribution to quantum physics. Some judge his next efforts as purely negative attempts to discredit quantum mechanics, by graphically illustrating quantum phenomena that seem logically impossible or at least in violation of fundamental theories like his relativity. But information philosophy hopes to provide explanations for Einstein's paradoxes that depend on the immaterial nature of information. 


The phenomena of nonlocality, nonseparability, and entanglement may not be made intuitive by our explanations, but they can be made understandable. And they can be visualized in a way that Einstein and Schrödinger might have liked, even if they might still have found the phenomena difficult to believe. We hope even the layperson will see our animations as providing them an understanding of what quantum mechanics is doing in the microscopic world. The animations present standard quantum physics as Einstein saw it, though Schrödinger never accepted the "collapse" of the wave function and the existence of particles making quantum jumps.




The Fifth Solvay Conference, On Electrons and Photons (1927)


Sadly, despite Einstein's two decades of pioneering work on the interaction of photons and electrons, his ideas and concerns were given little attention at this Solvay, though the conference was dedicated to electrons and photons.

The conference was dominated by papers on the new quantum theory delivered by Louis de Broglie, Niels Bohr, Max Born and Werner Heisenberg. It is best known for Einstein's after-hours suggestions to Niels Bohr and Werner Heisenberg probing for faults in the uncertainty principle.  Accounts of these events have been told largely by the victors (there are no holes in uncertainty) but Einstein has said they often missed or ignored his important point. That point was the nonlocal behavior of a spherical light wave as it collapses to get absorbed by a single electron. This was Einstein's only contribution mentioned in the published proceedings. 


Here are the notes on Einstein's original remarks at the conference and Bohr's brief response. They contain much of Einstein's 1935 EPR paper, except in 1927 only one particle is involved. Entanglement in EPR requires two identical particles.


Notice how Einstein's diagram clearly shows his concerns of over two decades about reconciling a spherical wave (his example is now an electron) and its collapse to being measured at just one point as if it is a particle. At this point in the history of quantum mechanics, wave-particle duality is seen as the debate between Schrödinger's wave mechanics and Heisenberg's particle mechanics.


[image: image-placeholder]

MR ElNSTEIN. - Despite being conscious of the fact that I have not entered
deeply enough into the essence of quantum mechanics, nevertheless I want to 
present here some general remarks.


One can take two positions towards the theory with respect to its postulated
domain of validity, which I wish to characterise with the aid of a simple example.


Let S be a screen provided with a small opening O, and P a hemispherical
photographic film of large radius. Electrons impinge on S in the direction of the arrows. Some of these go through O, and because of the smallness of O and the speed of the particles, are dispersed uniformly over the directions of the hemisphere, and act on the film.


Both ways of conceiving the theory now have the following in common. There are de Broglie waves, which impinge approximately normally on S and are diffracted at O. Behind S there are spherical waves, which reach the screen P  and
whose intensity at P is responsible [massgebend] for what happens at P.


We can now characterise the two points of view as follows.


The waves give the probability or possibilities for a single electron being found at different locations in an ensemble of identical experiments. A wave does not describe a cloud of electrons as Schrödinger had hoped. Einstein's ensemble theory is the correct interpretation.


1. Conception I. - The de Broglie-Schrödinger waves do not correspond to a single electron, but to a cloud of electrons extended in space. The theory gives no information about individual processes, but only about the ensemble of an infinity of elementary processes.


Quantum theory is not complete in this sense. Representing each particle as a narrow wave packet aiming at the point P is mistaken.


2. Conception II. - The theory claims to be a complete theory of individual processes. Each particle directed towards the screen, as far as can be determined by its position and speed, is described by a packet of de Broglie-Schrödinger waves of short wavelength and small angular width. This wave packet is diffracted and, after diffraction, partly reaches the film P in a state of resolution [un etat de resolution].


According to the first, purely statistical, point of view 
  |
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 expresses the
probability that there exists at the point considered a particular particle of the cloud, for example at a given point on the screen.



If by the same particle, Einstein means that the one individual particle has a possibility of being found at more than one (indeed many) locations on the screen. This is so, but this seems to be conception I?


According to the second, | ψ |2 expresses the probability that at a given instant
the same particle is present at a given point (for example on the screen). Here, 
the theory refers to an individual process and claims to describe everything that is governed by laws.

The second conception goes further than the first, in the sense that all the
information resulting from I results also from the theory by virtue of II, but
the converse is not true. It is only by virtue of II that the theory contains the
consequence that the conservation laws are valid for the elementary process; it is only from II that the theory can derive the result of the experiment of Geiger and Bothe, and can explain the fact that in the Wilson [cloud] chamber the droplets stemming from an α-particle are situated very nearly on continuous lines.



Einstein is right that the one elementary process has a possibility of action elsewhere, but that could not mean producing an actual second particle. That would contradict conservation laws.

The "mechanism" of action-at-a-distance is simply the disappearance of possibilities elsewhere when a particle is actualized (localized) somewhere  



But on the other hand, I have objections to make to conception II. The scattered
wave directed towards P does not show any privileged direction. If | ψ |2 were
simply regarded as the probability that at a certain point a given particle is found at 
a given time, it could happen that the same elementary process produces an action in two or several places on the screen. But the interpretation, according to which | ψ |2 expresses the probability that this particle is found at a given point, assumes an entirely peculiar mechanism of action at a distance, which prevents the wave continuously distributed in space from producing an action in two places on the
screen.


When a particle appears - just one of the multiple nonlocal possibilities becomes actual or localized - at a specific point P , what becomes of the wave that was going off in all other directions? Its "collapse" - the instantaneous going to zero of probabilities - mistakenly appears to Einstein to violate his relativity principle.

In my opinion, one can remove this objection only in the following way, that one
does not describe the process solely by the Schrödinger wave, but that at the same
time one localises the particle during the propagation. I think that Mr de Broglie is
right to search in this direction. If one works solely with the Schrödinger waves,
interpretation II of | ψ |2 implies to my mind a contradiction with the postulate of relativity.


The permutation of two identical particles does not produce two different points in multidimensional (configuration space).  
Einstein and Bose discovered  the new quantum statistics and indistinguishability. Dirac and Fermi extended it to electrons.
For example, interchange of the two electrons in the filled first electron shell, 1s2, just produces a change of sign for the two-particle wave function.


I should also like to point out briefly two arguments which seem to me to speak against the point of view II. This [view] is essentially tied to a multi-dimensional representation (configuration space), since only this mode of representation makes
possible the interpretation of | ψ |2 peculiar to conception II. Now, it seems to me
that objections of principle are opposed to this multi-dimensional representation.
In this representation, indeed, two configurations of a system that are distinguished only by the permutation of two particles of the same species are represented by two different points (in configuration space), which is not in accord with the new results in statistics. Furthermore, the feature of forces of acting only at small spatial distances finds a less natural expression in configuration space than in the space of three or four dimensions.

   


Bohr's reaction to Einstein's presentation has been preserved. He didn't understand a word! He disingenuously claims he does not know what quantum mechanics is. His response is vague and ends with his ideas on complementarity and the inability to describe a causal spacetime reality.

   

Does Bohr really not understand? As we have seen, Einstein has been making this general point for many years. Only recently has Bohr taken Einstein's concept of light quanta seriously.


MR BOHR. I feel myself in a very difficult position because I don't understand what precisely is the point which Einstein wants to [make]. No doubt it is my fault.

As regards general problem I feel its difficulties. I would put [the] problem in [an]other way. I do not know what quantum mechanics is. I think we are dealing with some mathematical methods which are adequate for description of our experiments. Using a rigorous wave theory we are claiming something which the theory cannot possibly give. [We must realise] that we are away from that state where we could hope of describing things on classical theories. [I] Understand [the] same view is held by Born and Heisenberg. I think that we actually just try to meet, as in all other theories, some requirements of nature, but [the} difficulty is that we must use words which remind [us] of older theories. The whole foundation for causal spacetime description is taken away by quantum theory, for it is based on [the] assumption of observations without interference. ... excluding interference means exclusion of experiment and the whole meaning of space and time observation ... because we [have] interaction [between object and measuring instrument] and thereby we put us on a quite different standpoint than we thought we could take in classical theories. If we speak of observations we play with a statistical problem There are certain features complementary to the wave pictures (existence of individuals). ...



The saying that spacetime is an abstraction might seem a philosophical triviality but nature reminds us that we are dealing with something of practical interest. Depends on how I consider theory. I may not have understood, but I think the whole thing lies [therein that the] theory is nothing else [but] a tool for meeting our requirements and I think it does.

   


Twenty-two years later, in his contribution to the Schilpp memorial volume on Einstein, Bohr had no better response to Einstein's 1927 concerns. But he does remember vividly and provides a picture of what Einstein drew on the blackboard. 


Here is Bohr's 1949 recollection:




At the general discussion in Como, we all missed the presence of Einstein,
but soon after, in October 1927, I had the opportunity to meet him in Brussels
at the Fifth Physical Conference of the Solvay Institute, which was devoted
to the theme "Electrons and Photons." 

Note that they wanted Einstein's reaction to their work, but actually took little interest in Einstein's concern about the nonlocal implications of quantum mechanics, nor did they look at his work on electrons and photons, despite the conference title. 


At the Solvay meetings,
Einstein had from their beginning been a most prominent figure, and several
of us came to the conference with great anticipations to learn his reaction
to the latest stage of the development which, to our view, went far in
clarifying the problems which he had himself from the outset elicited so
ingeniously. During the discussions, where the whole subject was reviewed
by contributions from many sides and where also the arguments mentioned
in the preceding pages were again presented, Einstein expressed, however,
a deep concern over the extent to which a causal account in space and time
was abandoned in quantum mechanics. 
To illustrate his attitude, Einstein referred at one of the sessions
to the simple example, illustrated by Fig. 1, of a particle (electron or
photon) penetrating through a hole or a narrow slit in a diaphragm placed
at some distance before a photographic plate. 
[image: photon passes through a slit]

On account of the diffraction of the wave connected with the motion
of the particle and indicated in the figure by the thin lines, it is under
such conditions not possible to predict with certainty at what point the
electron will arrive at the photographic plate, but only to calculate the
probability that, in an experiment, the electron will be found within any
given region of the plate. 


Bohr's labels for points A and B are helpful. The "nonlocal" effects at point B are just that the probability of an electron being found at point B goes to zero instantly (not an "action at a distance") when an electron is localized at point A


The apparent difficulty, in this description,
which Einstein felt so acutely, is the fact that, if in the experiment
the electron is recorded at one point A of the plate, then it is out of
the question of ever observing an effect of this electron at another point
(B), although the laws of ordinary wave propagation offer no room for a
correlation between two such events. 



Although Bohr seems to have missed Einstein's point completely, Werner Heisenberg at least came to explain it well. In his 1930 lectures at the University of Chicago, Heisenberg presented a critique of both particle and wave pictures, including a new example of nonlocality that Einstein had apparently developed since 1927. It includes Einstein's concern about "action-at-a-distance" that might violate his principle of relativity, and anticipates the Einstein-Podolsky-Rosen paradox. Heisenberg  wrote:

   

In relation to these considerations, one other idealized experiment (due to Einstein) may be considered. We imagine a photon which is represented by a wave packet built up out of Maxwell waves. It will thus have a certain spatial extension and also a certain range of frequency. By reflection at a semi-transparent mirror, it is possible to decompose it into two parts, a reflected and a transmitted packet. There is then a definite probability for finding the photon either in one part or in the other part of the divided wave packet. After a sufficient time the two parts will be separated by any distance desired; now if an experiment yields the result that the photon is, say, in the reflected part of the packet, then the probability of finding the photon in the other part of the packet immediately becomes zero. The experiment at the position of the reflected packet thus exerts a kind of action (reduction of the wave packet) at the distant point occupied by the transmitted packet, and one sees that this action is propagated with a velocity greater than that of light. However, it is also obvious that this kind of action can never be utilized for the transmission of signals so that it is not in conflict with the postulates of the theory of relativity.

   



Einstein visualizes Two-Particle Nonlocality (1933)



In 1933, shortly before he left Germany to emigrate to America, 
Einstein attended a lecture on quantum electrodynamics by Leon
Rosenfeld. Keep in mind that Rosenfeld was perhaps the most
dogged defender of the Copenhagen Interpretation. After the talk,
Einstein asked Rosenfeld, 

“What do you think of this situation?”
Suppose two particles are set in motion towards each other with
the same, very large, momentum, and they interact with each
other for a very short time when they pass at known positions.
Consider now an observer who gets hold of one of the particles,
far away from the region of interaction, and measures its
momentum: then, from the conditions of the experiment, he will
obviously be able to deduce the momentum of the other particle.
If, however, he chooses to measure the position of the first
particle, he will be able tell where the other particle is.


It is most unfortunate that Einstein did not explain that measuring the momentum of the first particle allows us to deduce the momentum of the second particle because of the conservation of linear momentum.


The same conservation principle explains as Einstein says, "If, however, he chooses to measure the position of the first
particle, he will be able tell where the other particle is." If Einstein had called this ability to tell "knowledge (information) at a distance," instead of "spooky action at a distance," entanglement might never have been thought "spooky" at all, just a correlation of properties.   


We can diagram a simple case of Einstein’s question as follows after the particles have interacted and separate from the center. We use electrons instead of generic particles, an anachronism introduced by David Bohm in 1952.


[image: image-placeholder]


Recall that it was Einstein who discovered in 1924 the identical nature, indistinguishability, and interchangeability of some quantum particles. He found that identical particles are not independent, altering their quantum statistics.

 Note the anachronism of electrons as Einstein's generic particles. It was David Bohm in 1952 who proposed that Einstein's EPR problem use electrons.  Today many if not most accounts of the EPR paradox describe it with electrons.


After the particles interact at t1, quantum mechanics describes them with a single two-particle wave function that is not the product of independent single-particle wave functions. In the case of electrons, which are indistinguishable interchangeable particles, it is not proper to say electron 1 goes this way and electron 2 that way. (Nevertheless, it is convenient to label the particles, as we do in the illustration.) 

Einstein then asked Rosenfeld, “How can the final state of the second
particle be influenced by a measurement performed on the first
after all interaction has ceased between them?” This was the germ
of the EPR paradox, and ultimately the problem of two-particle
entanglement.


Why does Einstein question Rosenfeld and describe this as an
“influence,” suggesting an “action-at-a-distance?”


It is only paradoxical in the context of Rosenfeld’s Copenhagen
Interpretation, since the second particle is not itself measured and
yet we know something about its properties, which the Copenhagen Interpretation
says we cannot know without an explicit measurement..


Einstein was clearly correct to tell Rosenfeld that at a later time 
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      2
    
  
, a measurement of one particle's position would instantly establish the position of the other particle - without measuring it. Einstein simply used conservation of linear momentum implicitly to calculate (and know) the position of the second particle.


Two years later, reacting to EPR, Schrödinger described two such particles as becoming "entangled" (verschränkt) at their first interaction, so "nonlocal" phenomena are also known as "quantum entanglement." 


Although conservation laws are rarely cited as the explanation, they are the physical reason that entangled particles always produce correlated results for all properties. If the results were not always correlated, the implied violation of a fundamental conservation law would cause a much bigger controversy than entanglement itself, as puzzling as that is.



Einstein Accepts Quantum Mechanics But Still Hopes For A Continuum Theory (1934)


In 1934, Einstein described one way to reconcile nonlocality with a four-dimensional spacetime continuum theory. At this time, Einstein is clearly supportive of Heisenberg's uncertainty principle and the probabilistic nature of quantum theory:

   

The idea that the light wave (or wave function) gives the probabilities of finding a particle was seen by Einstein decades earlier, though he never published his idea of a ghost field (Gespensterfeld). Einstein is too modest.


The modern quantum theory, as associated with the names of
de Broglie, Schrödinger, and Dirac, which of course operates
with continuous functions, has overcome this difficulty by means
of a daring interpretation, first given in a clear form by Max
Born: - the space functions which appear in the equations make
no claim to be a mathematical model of atomic objects. These
functions are only supposed to determine in a mathematical way
the probabilities of encountering those objects in a particular
place or in a particular state of motion, if we make a measurement.
This conception is logically unexceptionable, and has
led to important successes...


Einstein sees that nonlocality may be unavoidable.


On the other hand, it seems to me certain
that we have to give up the notion of an absolute localization of
the particles in a theoretical model. This seems to me to be the
correct theoretical interpretation of Heisenberg's indeterminacy
relation. And yet a theory may perfectly well exist, which is in a
genuine sense an atomistic one (and not merely on the basis of a
particular interpretation), in which there is no localizing of the
particles in a mathematical model. For example, in order to
include the atomistic character of electricity, the field equations
only need to involve that a three-dimensional volume of space on
whose boundary the electrical density vanishes everywhere,
contains a total electrical charge of an integral amount. Thus in
a continuum theory, the atomistic character could be satisfactorily
expressed by integral propositions without localizing the
particles which constitute the atomistic system.

Only if this sort of representation of the atomistic structure
be obtained could I regard the quantum problem within the framework
of a continuum theory as solved. 
 
   



Einstein-Podolsky-Rosen and Entanglement (1935)



Einstein and colleagues Boris Podolsky and Nathan Rosen, proposed in 1935 a paradox (known by their initials as EPR or as the Einstein-Podolsy-Rosen paradox) to exhibit internal contradictions in the new quantum physics. They hoped to show that quantum theory could not describe certain intuitive "elements of reality" and thus was  incomplete. They said that, as far as it goes, quantum mechanics is correct, just not "complete."

Einstein was correct that quantum theory is "incomplete" relative to classical physics, which has twice as many dynamical variables that can be known with arbitrary precision. But half of this information is missing in quantum physics, due to the indeterminacy principle which allows only one of each pair of non-commuting observables (for example momentum or position) to be known with arbitrary accuracy. Even more important, an individual particle, cannot be said to have a known position before a measurement, since evolution described by the unitary and deterministic Schrödinger equation provides us only probabilities. 


The most that can be said is that the particle can be found anywhere the probability amplitude is non-zero. This was the core idea of Einstein's claim of "incompleteness." For Bohr to deny this and call quantum mechanics "complete" was just to play word games, which infuriated Einstein.


Einstein was also correct that indeterminacy makes quantum theory an irreducibly discontinuous and statistical theory. Its predictions and highly accurate experimental results are statistical in that they depend on an ensemble of identical experiments, not on any individual experiment. Einstein wanted physics to be a continuous field theory, in which all physical variables are completely and locally determined by the four-dimensional field of space-time in his theory of relativity.


Einstein and his colleagues Erwin Schrödinger, Max Planck, (later David Bohm), and others hoped for a return to deterministic physics, and the elimination of mysterious quantum phenomena like the superposition of states, the mysterious "collapse" of the wave function, and Schrödinger's famous cat.  EPR continues to fascinate determinist philosophers of science who hope to prove that quantum indeterminacy does not exist. 



What happens according to the information interpretation of quantum mechanics is an instantaneous change in the information about probabilities (actually complex probability amplitudes). Nothing physical (matter or energy) is moving anywhere.



But Einstein was also bothered by what is known as "nonlocality," as we saw at the 1927 Solvay conference. This mysterious phenomenon was even more clearly exhibited in EPR experiments as the apparent transfer of something physical faster than the speed of light. Einstein may have already seen this inconsistency with his relativity theory in his 1905 papers. 

The 1935 EPR paper was based on a question of Einstein's about two electrons fired in opposite directions from a central source with equal velocities. He imagined them starting at 
  
    t
    
      0
    
  
 some distance apart and approaching one another with high velocities. Then for a short time interval from 
  
    t
    
      1
    
  
 to t1 + Δt the particles are in contact with one another. 



Most accounts of entanglement and nonlocality begin with the idea that distinguishable particles separate - particle 1 goes one way and particle 2 the other. But indistinguishable particles cannot be separated. And neither one has a distinct path between measurements.


After the particles are measured and become entangled at t1, quantum mechanics describes them with a single two-particle wave function that is not the product of two one-particle wave functions. Because electrons are indistinguishable particles, it is not proper to say electron 1 goes this way and electron 2 that way. (Nevertheless, it is convenient to label the particles, as we do in illustrations below.) It is misleading to think that specific particles have distinguishable paths.

Einstein said correctly that at a later time 
  
    t
    
      2
    
  
, a measurement of one electron's position would instantly establish the position of the other electron - without measuring it explicitly. And this is correct, just as after the collision of two billiard balls, measurement of one ball tells us exactly where the other one is due to conservation of momentum. But this is not "action at a distance." It is more nearly "knowledge at a distance."


Note that Einstein used conservation of linear momentum to calculate the position of the second electron. Although conservation laws are rarely cited as the explanation, they are the physical reason that entangled particles always produce correlated results. If the results were not always correlated, the implied violation of a fundamental conservation law would be a much bigger story than mysterious entanglement itself, as interesting as that is.
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This idea of something measured in one place "influencing" measurements far away challenged what Einstein thought of as "local reality." It came to be known as "nonlocality." Einstein called it "spukhaft Fernwirkung" or "spooky action at a distance." Schrödinger described the two electrons as "entangled" (verschränkt) at their first measurement. Verschränkt means something like cross-linked. It describes someone standing with arms crossed. Today EPR is the classic example of entanglement.

Einstein  criticized the collapse of the wave function  as "instantaneous-action-at-a-distance."
This criticism resembles the criticisms of Newton's theory of gravitation. Newton's opponents charged that his theory was "action at a distance" and instantaneous. Einstein's own field theory of general relativity shows that gravitational influences travel at the speed of light and are mediated by a gravitational field that shows up as curved space-time.


For Einstein, fields like gravitation and electromagnetism are ponderable, a disturbance of the field at one place is propagated at some finite velocity to other parts of the field. But mathematical probability is not a ponderable field in this sense.


When a probability function collapses to unity in one place and zero elsewhere, nothing physical, neither matter nor energy, is moving from one place to the other. Only information changes. 



Visualizing Entanglement, Nonlocality, and Nonseparability

Schrödinger said that his "Wave Mechanics" provided more "visualizability" (Anschaulichkeit) than the "damned quantum jumps" of the Copenhagen school, as he called them. He was right. We can use the wave function to visualize EPR.

But we must focus on the probability amplitude wave function of the prepared two-particle state. We must not attempt to describe the paths or locations of independent particles - at least until after some measurement has been made. We must also keep in mind the conservation laws that Einstein used to describe nonlocal behavior in the first place. Then we can see that the "mystery" of nonlocality for two particles is primarily the same mystery as the single-particle collapse of the wave function. But there is an extra mystery, one we might call an "enigma," that results from the nonseparability of identical indistinguishable particles.


As Richard Feynman said, there is only one mystery in quantum mechanics (the superposition of states, the probabilities of collapse into one state, and the consequent statistical outcomes). The only difference in two-particle entanglement and nonlocality is that two particles appear simultaneously (in their original interaction frame) when their wave function collapses.


We choose to examine a phenomenon which is impossible, absolutely impossible, to explain in any classical way, and which has in it the heart of quantum mechanics. In reality, it contains the only mystery. We cannot make the mystery go away by "explaining" how it works. We will just tell you how it works. In telling you how it works we will have told you about the basic peculiarities of all quantum mechanics.


In the time evolution of an entangled two-particle state according to the Schrödinger equation, we can visualize it - as we visualize the single-particle wave function - as collapsing when a measurement is made. The discontinuous "jump" is also described as the "reduction of the wave packet." This is apt in the two-particle case, where the superposition of | + - > and | - + > states is "projected"  or "reduced" to one of these states, and then further reduced to the product of independent one-particle states.


In the two-particle case (instead of just one particle making an appearance), when either particle is measured we know instantly those now determinate properties of the other particle that satisfy the conservation laws, including its location equidistant from, but on the opposite side of, the source.



Animation of a two-particle wave function collapsing - click to restart

[image: image-placeholder]


Some commentators say that nonlocality and entanglement are a "second revolution" in quantum mechanics, "the greatest mystery in physics," or "science's strangest phenomenon," and that quantum physics has been "reborn." They usually quote Erwin Schrödinger as saying


"I consider [entanglement] not as one, but as the characteristic trait of quantum mechanics, the one that enforces its entire departure from classical lines of thought."


Schrödinger knew that his two-particle wave function could not have the same simple interpretation as the single particle, which can be visualized in ordinary 3-dimensional configuration space. And he is right that entanglement exhibits a richer form of the "action-at-a-distance" and nonlocality that Einstein had already identified in the collapse of the single particle wave function. 

But the main difference is that two particles acquire new properties instead of one, and they do it instantaneously (at faster than light speeds), just as in the case of a single-particle measurement, where the finite probability of appearing at various distant locations collapses to zero at the instant the particle is found somewhere.



We can enhance our visualization of what might be happening between the time two entangled electrons are emitted with opposite spins and the time one or both electrons are detected.


Quantum mechanics describes the state of the two electrons as in a linear combination of | + - > and | - + > states.  We can visualize the electron moving left to be both spin up | + > and spin down | - >. And the electron moving right would be both spin down | - > and spin up | + >.  We could require that when the left electron is spin up | + >, the right electron must be  spin down | - >, so that total spin is always conserved.


Consider this possible animation of the experiment, which illustrates the assumption that each electron is in a linear combination of up and down spin. It imitates the superposition (or linear combination) with up and down arrows on each electron oscillating quickly. 


Notice that if you move the animation frame by frame by dragging the dot in the timeline, you will see that total spin = 0 is conserved. When one electron is spin up the other is always spin down.


🎬Videohttps://www.informationphilosopher.com/animations/Animate_EPR_Osc.mp4


Since quantum mechanics says we cannot know the spin until it is measured, our best estimate is a 50/50 probability between up and down.


This is the same as assuming Schrödinger's Cat is 50/50 alive and dead. But what this means of course is simply that if we do a large number of identical experiments, the statistics for live and dead cats will be approximately 50/50%. We never observe/measure a cat that is both dead and alive!


As Einstein noted, QM tells us nothing about individual cats. Quantum mechanics is incomplete in this respect. He is correct, although Bohr and Heisenberg insisted QM is complete, because we cannot know more before we measure, and reality is created (they say) when we do measure.


Despite accepting that a particular value of an "observable" can only be known by a measurement (knowledge is an epistemological problem, Einstein asked whether the particle actually (really, ontologically) has a path and position before we measure it?  His answer was yes.


Here is an animation that illustrates the unprovable assumption that the two electrons are randomly produced in a spin-up and a spin-down state, and that they remain in those states no matter how far they separate, provided neither interacts until the measurement.  An interaction does what is described as decohering the two states.


🎬Videohttps://www.informationphilosopher.com/animations/Animate_EPR.mp4



How Mysterious Is  Entanglement?


Some commentators say that nonlocality and entanglement are a "second revolution" in quantum mechanics, "the greatest mystery in physics," or "science's strangest phenomenon," and that quantum physics has been "reborn." They usually quote Erwin Schrödinger as saying

"I consider [entanglement] not as one, but as the characteristic trait of quantum mechanics, the one that enforces its entire departure from classical lines of thought."


Schrödinger knew that his two-particle wave function could not have the same simple interpretation as the single particle, which can be visualized in ordinary 3-dimensional configuration space. And he is right that entanglement exhibits a richer form of the "action-at-a-distance" and nonlocality that Einstein had already identified in the collapse of the single particle wave function. 

But the main difference is that two particles acquire new properties instead of one, and they do it instantaneously (at faster than light speeds), just as in the case of a single-particle measurement.


Nonlocality and entanglement are thus just another manifestation of Richard Feynman's "only" mystery. In both single-particle and two-particle cases paradoxes appear only when we attempt to describe independent particles following a path to measurement by observer A (and/or observer B). 




Can a Special Frame Resolve the EPR Paradox?


Is it remotely possible that Einstein deliberately added an asymmetry to a problem that he knew is symmetric, in order to get physicists thinking more seriously about the questions he had been raising for decades, with no one ever taking them. or him, seriously? 



Almost every presentation of the EPR paradox begins with something like "Alice observes one particle..." and concludes with the question "How does the second particle get the information needed so that Bob's measurements correlate perfectly with Alice?"

There is a fundamental asymmetry in this framing of the EPR experiment. It is a surprise that Einstein, who was so good at seeing deep symmetries, did not consider how to remove the asymmetry.


Consider this reframing: Alice's measurement collapses the two-particle wave function. The two indistinguishable particles simultaneously appear at locations in a space-like separation. The frame of reference in which the source of the two entangled particles and the two experimenters are at rest is a special frame in the following sense.


As Einstein knew very well, there are frames of reference moving with respect to the laboratory frame of the two observers in which the time order of the events can be reversed. In some moving frames Alice measures first, but in others Bob measures first. 


If there is a special frame of reference (not a preferred frame in the relativistic sense), surely it is the one in which the origin of the two entangled particles is at rest. Assuming that Alice and Bob are also at rest in this special frame and equidistant from the origin, we arrive at the simple picture in which any measurement that causes the two-particle wave function to collapse makes both particles appear simultaneously at determinate places with fully correlated properties (just those that are needed to conserve energy, momentum, angular momentum, and spin).


[image: image-placeholder]


In the two-particle case (instead of just one particle making an appearance), when either particle is measured, we know instantly those properties of the other particle that satisfy the conservation laws, including its location equidistant from, but on the opposite side of, the source, and its other properties such as spin.


We can also ask what happens if Bob is not at the same distance from the origin as Alice. This introduces a positional asymmetry. But there is still no time asymmetry from the point of view of the two-particle wave function collapse. 


When Alice detects the particle (with say spin up), at that instant the other particle also becomes determinate (with spin down) at the same distance on the other side of the origin. It now continues, in that determinate state, to Bob's measuring apparatus.




Einstein asked whether the particle has a determinate position(or spin) just before it is measured. Even if it does not, we can say that the electron spin was determined from the moment the two-particle wave function collapsed. Recall that the two-particle wave function describing the indistinguishable particles cannot be separated into a product of two single-particle wave functions. When either particle is measured, they both become determinate.



Why Did Einstein De-emphasize Symmetry and Conservation Principles? 

The experiment with two entangled particles was introduced by Einstein in the 1935 EPR paradox paper in the context of conserving momentum. In David Bohm's entangled electrons with total spin zero,  the Copenhagen assumption that each particle is in a random unknown combination of spin up and spin down, independent of the other particle, simply because we have not yet measured either particle, is wrong and the source of the “paradox.” Just as a particle has an unknown but definite position, those entangled particles have opposing spins, even if the spins are unknown individually, they are interdependent jointly.
 
Einstein lived only a few years after Bohm's version and never commented on it as far as we know. But might he have said, following his use of momentum conservation in 1935, and in his 1933 remarks to Leon Rosenfeld, the following. When two particles travel away from the central source, with initial total spin zero, if one is ever measured as spin up, the other must be found with spin down? The operative principle for Einstein here would be conservation of spin. To assume that their spins are independent is to consider the absurd outcome that spins could be found both up (or down), a violation of a conservation principle that is much more egregious than the amazing fact spins are always perfectly correlated in any measurements.


Why also did Einstein not say that the overall problem is symmetric. It thus makes no sense to say that one particle is measured first, the other second, if they are in a space-like separation. In some other moving reference frames it will be the other particle that is measured first. Is Einstein setting a trap for lesser thinkers?



Einstein's Dream of a Continuous Field Theory


Einstein's dream of a continuous and deterministic unified field theory as a "theory of everything" gets in the way of his accepting the nonlocal and nonseparable, indeterministic and asymmetric character of radiation interactions with matter in quantum theory. 

Einstein’s main objection to the Copenhagen Interpretation of quantum mechanics was its claim that a particle has no position, or indeed any other observable property, until the particle is measured. He famously told the philosopher Hilary Putnam “Look, I don’t believe that when I am not in my bedroom my bed spreads out all over the room, and whenever I open the door and come in it jumps into the corner.”


Despite his reputation as the major critic of quantum mechanics, Einstein came to accept its indeterminism and statistical nature. As we have seen, he had himself discovered these aspects of quantum mechanics. If it is merely constructed on data derived from experience, he said quantum mechanics can only be approximate. 


Einstein always hoped to discover - or invent - a more fundamental theory, preferably a field theory like the work of Newton and Maxwell and his own relativity theories. He dreamed of a single theory that would unite the gravitational field, the electromagnetic field, the “spinor field,” and even what he called the “ghost field” or “guiding field” of quantum mechanics.


Such a theory would use partial differential equations that predict field values continuously for all space and time. That theory would be a free invention of the human mind. Pure thought, he said, could comprehend the real, as the ancients dreamed. 
 

Einstein wanted a field theory based on absolute principles such as the constant velocity of light, the conservation laws for energy and momentum, Ehrenfest’s adiabatic principle, symmetry principles, or Boltzmann’s principle that the entropy of a system depends on the possible distributions of its components.
 

We can now see the elements of Einstein’s interpretation, because fields are not substantial, like particles. They are abstract immaterial information that predicts the behavior of a particle at a given point in space and time, should one be there!


Fields are information. Particles are information structures.


A gravitational field describes paths in curved space that moving particles follow. An electromagnetic field describes the forces felt by an electric charge at each point. The wave function 
  Ψ
 of quantum mechanics - we can think of it as a possibility field -  provides probabilities that a particle will be found at a given point.


In all three cases continuous immaterial information describes causal influences over discrete material objects.


Note that the local values of all these fields depend on the distribution of matter in the rest of space, the so-called “boundary conditions.”  Curvature of space depends on the distribution of masses. Electric fields depend on the distribution of charges. And quantum possibility fields depend on whether there are one or two slits open in the famous and mysterious experiment. 


The quantum possibility field, calculated from the deterministically evolving Schrödinger equation, is a property of space. Like all fields, it exists whether or not there is a particle present. It only depends on the particle through the particle's wavelength.

[image: image-placeholder]

Experiments with one-slit and two-slits open, showing the possibilities field calculated from | ψ |2. The possibilities field for two slits open applies whichever slit the particle enters. It is a property of the boundary conditions for the space.


Following Einstein's objective reality view that particles have paths even if they cannot be measured, we can now animate the above cases of one slit open or two.  Note that with two slits open, the paths start from one slit or the other, distributing themselves randomly between the interference fringes. 

[image: image-placeholder]

We can now summarize Einstein’s thinking about field theories, resulting in a new interpretation of quantum mechanics. 


Einstein's Thoughts About Quantum Mechanics


1. Individual particles have the usual classical properties, like position and momentum, plus uniquely quantum properties, like spin, but these properties can only be established statistically. The quantum theory gives us statistical information about an individual particle position, probable values of all possible properties. A particle like an electron is a compact information structure with a definite position and momentum, even if it is unknown.

2. The quantum wave functions are fields. Einstein called them  ghost fields or guiding fields. The fields are not the particles. The fields have values in many places at the same time. Particles are at one place at a time. Quantum field values are complex numbers which allow interference effects, causing some places to have no particles. Fields are not localized. Einstein showed that a particle of matter or energy is always localized. Light quanta are emitted  and absorbed only as units, for example when one ejects an electron in the photoelectric effect.  


3. Because quantum physics does not give us precise information about a particle’s location, it is incomplete when compared to classical physics. Quantum mechanics is a statistical theory and contains only probable information about an individual particle.


4. The Copenhagen notion of complementarity, that a quantum object is both a particle and a wave, or sometimes one and sometimes the other, depending on the measurements performed, is confusing and simply wrong. A particle is always a particle and the wave behavior of its probability field is simply one of the particle’s properties, like its mass, charge, spin, etc. 


5. While the probability wave field is abstract and immaterial information, it causally influences the matter or energy, just as the particle’s spin dramatically alters its statistical properties, in particular its allowed positions, as Einstein showed in his 1924 discovery of quantum statistics. These nonintuitive behaviors are simply impossible in classical physics.


6. Although Niels Bohr deserves credit for arranging atoms in the periodic table, the deep reasons for two particles in the first shell and eight in the second were only clear after Einstein discovered spin statistics in 1924, following a suggestion by S. N. Bose.


7. In the two-slit experiment, Einstein’s localized particle always goes through one slit or the other, but when the two slits are open the probability wave function, which influences where the particle can land, is different from the wave function when one slit is open. The possibilities field (a wave) is determined by the boundary conditions of the experiment, which are different when only one slit is open. The particle does not go through both slits. It does not “interfere with itself.” It is never in two places at the same time. 


8. The experiment with two entangled particles was introduced by Einstein in the 1935 EPR paradox paper. The Copenhagen assumption that each particle is in a random unknown combination of spin up and spin down, independent of the other particle, simply because we have not yet measured either particle, is wrong and the source of the “paradox.” Just as a particle has an unknown but definite position, entangled particles have definite spins, even if they are unknown individually, they are interdependent jointly. 


Here is an animation that illustrates the assumption that the two electrons are randomly produced in a spin-up and a spin-down state, and that they remain in those states no matter how far they separate, provided neither interacts until the measurement.  Any interaction does what is described as decohering the two states.


🎬Videohttps://api.codetabs.com/v1/proxy/?quest=http%3A%2F%2Finformationphilosopher.com%2Fanimations%2FAnimate_EPR.mp4


When the particles travel away from the central source, with total spin zero, one is at all times spin up, the other is spin down. The operative principle for Einstein is conservation of spin. To assume that their spins are independent is to consider the absurd outcome that spins could be found both up (or down), a violation of a conservation principle that is much more egregious than the amazing fact spins are always perfectly correlated in any measurements. 


9. Erwin Schródinger explained to Einstein in 1936 that two entangled particles share a single wave function that can not be separated into the product of two single-particle wave functions, at least not until there is an interaction with another system that decoheres their perfect correlation.


10. Einstein ultimately accepted the indeterminism in quantum mechanics and the uncertainty in conjugate variables, despite the clumsy attempt by his colleagues Podolsky and Rosen to challenge uncertainty and restore determinism in the EPR paper.  


11. In 1931 Einstein called P.A.M.Dirac’s transformation theory “the most perfect exposition, logically, of this [quantum] theory” even though it lacks “enough information to enable one to decide” a particle’s exact properties.  In 1933 Dirac reformulated quantum physics using a Lagrangian rather than the standard Hamiltonian representation.  The time integral of the Lagrangian has the dimensions of action, the same as Planck’s quantum of action h. And the principle of least action visualizes  the solution of dynamical equations like Hamilton’s as exploring all paths to find that path with minimum action.


Dirac’s work led Richard Feynman to invent the path-integral formulation of quantum mechanics.  The transactional interpretations  of John Cramer and Ruth Kastner have a similar view.  The basic idea of exploring all paths is in many ways equivalent to saying that the probabilities of various paths are determined by a solution of the wave equation using the boundary conditions of the experiment. As we saw above, such solutions involve whether one or two slits are open, leading directly to the predicted interference patterns, given only the wavelength of the particle.  


12. In the end, of course, Einstein held out for a continuous field theory, one that could not be established on the basis of any number of empirical facts about measuring particles, but must be based on the discovery of principles, logically simple mathematical conditions which determine the field with differential equations. His lifelong dream was a “unified field theory,” one that at least combined the gravitational field and electromagnetic field, and one that might provide an underpinning for quantum mechanics someday.


Einstein was clear that even if his unified field theory was to be deterministic and causal, the statistical indeterminism of quantum mechanics itself would have to be preserved. 


This seemingly impossible requirement is easily met if we confine the determinism to Einstein’s continuous field theories, which are pure abstract immaterial information.  Einstein’s discovery of indeterminism and the statistical nature of physics we apply only to particles, which are information structures, new information in the universe created by the rearrangement of matter, while subject to the second law of thermodynamics.  





Summary of Einstein's Objections to Quantum Mechanics



Perhaps the major reason for historians of quantum mechanics (writing since the Copenhagen Interpretation) to largely ignore Einstein is that he was the single most important critic of the quantum mechanics formulated in the late 1920's by Niels Bohr, Werner Heisenberg, Max Born, Pascual Jordan, Wolfgang Pauli, and Paul DIrac, whose work became the "standard orthodox" interpretation of quantum mechanics. So Einstein today is remembered more for his later attacks than for his truly extraordinary fundamental contributions to quantum theory before its so-called "founding.".

Einstein's major objection was that quantum mechanics is a statistical theory, one that predicts probable results for a large number of experiments, but nothing about specific events, like the exact time of a radioactive decay or the direction of spontaneous emission of a photon. This "chance" behavior of individual systems was something that Einstein himself had pointed out in his early papers. But without the ability to predict individual events with certainty, he maintained that quantum mechanics must remain an incomplete theory. 


Quantum mechanics can precisely specify fewer physical variables than classical mechanics. Because of the indeterminacy principle, only one of each pair of non-commuting observables (momentum or position, for example) can be specified precisely. In this sense, classical theory is more complete. It contains more information.  But rather than simply accept Einstein's description and terminology, Bohr, Heisenberg and others engaged in linguistic debates, claiming that quantum theory is itself "complete." They simply denied that more could be known about an underlying reality.   


A second concern for Einstein was that the wave function ψ for an isolated free particle evolves in time to occupy all space. All positions become equally probable. Yet when we observe the particle, it is always located at some particular place. This does not prove that the particle had a particular place before the observation, but Einstein had a commitment to "elements of reality" that he thought no one could doubt. One of those elements is a particle's position. He asked the question, "Does the particle have a precise position the moment before it is measured?" The Copenhagen answer was sometimes "no," more often it was "we don't know."


If there is only one possible prior position for the particle, its path in four-dimensional space-time is fixed and determinate independently of the time. Complete path information is constant for all time. Quantum theory, by contrast, allows alternative possibilities (with calculable probabilities) that are critical if there is to be more than one possible future. 

A third (and related) problem for Einstein was the appearance of "nonlocal" behavior, in the "collapse" of the wave function, in the two-slit experiment, and in the EPR experiment "entangling" two particles. Einstein thought in 1927 at the Solvay conference that nonlocality violated his theory of special relativity. 


He drew a diagram on the blackboard illustrating the problem for a single particle. When the particle appears at point P on the right, what becomes of the wave that was going off to the left? Its "collapse" appears to violate his relativity principle.  All the modern collapse-deniers (Bohm, Everett, Zeh, Zurek) are following Einstein and Schrödinger, thinking that the wave function might be something tangible and real.


Beyond nonlocality, but closely connected, a fourth problem was the nonseparability of indistinguishable particles. It was the centerpiece of his 1935 criticisms of quantum theory. Already in 1927 Einstein expressed concerns about wave functions that describe two particles. He said that two configurations of a system that are distinguished only by the permutation of two particles of the same species are represented by two different points (in configuration space), which is not in accord with his new results in quantum gas statistics. 



For an animated visualization of a "nonlocal" and "nonseparable" two-particle wave function collapse, see our EPR page.


A two-particle wave function cannot be the product of independent wave functions for the two components, not even if the partial systems are found to be spatially separated from each other at the moment when they are measured. They had no determinate positions (they were indistinguishable and inseparable) just before the measurements. Einstein thought something must be traveling faster than light speed. That something is only abstract information about probability. 

When Einstein published the EPR paper in 1935, it was thirty years since he first had seen the conflict between quantization and relativity. Virtually no other physicists have seen this as clearly as Einstein, and much of the confusion and mystery surrounding entanglement and nonlocality is reduced to the one single mystery (as Richard Feynman described it) of quantum mechanics, the superposition of states and  collapse of the wave function, whether a single-particle or two-particle wave function!  


A fifth difficulty arose from Einstein's deep belief that any physical theory must be based on a continuous field. For Einstein, physical objects must be described by continuous functions of field variables in four-dimensional space-time coordinates. In quantum field theory (QFT), particles are functions of (singularities in) these fields. In quantum electrodynamics (QED), fields are merely properties of aggregated particles. Which then are the more fundamental? 
It appears to be particles, especially today when the last fundamental particle predicted by the standard theory (the Higgs boson) has been found. Einstein knew that his dream of a unified field theory may not be possible. In 1949 he asked about the theoretical foundation of physics in the future, "Will it be a field theory [or] will it be a statistical theory?"


Heisenberg and Bohr did not require a "conscious observer" to collapse the wave function in a measurement, but only the connection to the observer's mind for the results of an experiment to become human knowledge.


A sixth objection was the "Copenhagen interpretation" of the measurement process as requiring a conscious "observer" to produce "collapses" of the wave function. Einstein thought it absurd that his bed would diffuse throughout his bedroom until the moment that he opened the door and looked at it. It is not human observation that collapses wave functions, but any interaction of one quantum system with another. Focusing on information created or destroyed in particle interactions solves the famous "measurement problem."

A related objection was Bohr's philosophical commitment to "complementarity," which Einstein compared to Kant's dualistic subjective-objective and phenomenal-noumenal thinking. Einstein said he could not understand complementarity "despite much effort which I have expended on it." Rather than directly answer, indeed accept,  Einstein's claims that quantum theory is statistical and therefore incomplete, Bohr amateurishly philosophized about "complementary" classical and quantum realities. There is only one quantum reality, which converges in the limit of large numbers of particles (whether radiation or matter) to appear "classical" and adequately determined for most practical purposes.  


To summarize, Einstein disagreed initially with the fundamental indeterminism and statistical character of quantum theory. Inspired by his Spinozan deterministic theory of nature, Einstein repeatedly asserted that "God does not play dice." Ironically, it was Einstein himself who first clearly identified quantum-level indeterminism (over a decade before Heisenberg's discovery of uncertainty and acausality). Einstein saw that the decay time of a radioactive nucleus and the direction of a spontaneously emitted photon are nothing but the consequence of "chance" (Zufall) in quantum theory.

On the other hand, his determinism did not prevent Einstein from saying that physical concepts and the laws of nature are "free creations of the human mind." Einstein's magnificent contributions to quantum theory are not only such "free creations," but "chance" is half of the best explanation for the existence of human creativity and freedom of the will from pre-determinism. The adequate determinism of macroscopic structures (like human beings) is the other half of the two-stage model of free will.



Brief Review of the Chronology


Although it was Max Planck who introduced the notion of quantization (in 1900) to develop his blackbody radiation law, Planck did not believe for many years that radiation itself was quantized. It was Einstein who introduced the light quantum hypothesis, in 1905. Planck did not accept Einstein's light quanta for several years. He said in the discussion period following Einstein's 1909 paper, "That seems to me to be a step that, in my opinion, is not yet called for." Bohr opposed light quanta for two decades after Einstein's hypothesis, and rarely gave him much credit thereafter.


In 1913, Neils Bohr's "old quantum theory" introduced stationary eigenstates in his "Bohr atom," but he continued to believe that the radiation emitted in "quantum jumps" between those states is continuous and classical until the middle 1920's. Bohr postulated that the radiation emitted or absorbed was given by the formula E = hν, but it was Planck who first proposed this relation and Einstein who derived (proved) this result (in 1916). Bohr did not accept the reality of light quanta (photons) until after the failure of his Bohr-Kramers-Slater attempt to combine discontinuous electron jumps with continuous radiation emission in 1924.


As early as 1921, Einstein spoke to several colleagues about the wave as an immaterial "ghost field" (Gespensterfeld) that predicts the probability of finding his light quanta and as a leading or pilot field  (Führungsfeld) that guides the paths of the energy quanta. 

In 1924, Louis deBroglie predicted the wave theory of matter. It was based on Einstein's writings on wave-particle duality fifteen years earlier and perhaps on Einstein's speculations about a pilot field. Einstein was an enthusiastic supporter of deBroglie's wave theory. It brought the symmetry and equivalence between matter and radiation that Einstein asked for in his earliest works.


In 1926, Erwin Schrödinger developed his wave equation and "wave mechanics," which he showed could produce exactly the same results as Heisenberg-Jordan-Born "matrix mechanics" (and considerably simplify calculations, to Heisenberg's embarrassment). Schrödinger said he was inspired by Einstein's "short but infinitely far-seeing remarks" into the wave and particle theories of radiation. 


Also in 1926, Max Born offered his "statistical interpretation" of the wave function for a scattered particle. Einstein's picture of the quantum theory of radiation had interpreted the wave picture as the density of the statistical distribution of photons. Following the Einstein precedent that waves predicted the probabilities or number of light quanta (later photons), Born described deBroglie-Schrödinger matter waves as predicting the probabilities for different paths in atom and electron collision processes. Few commentators, give Einstein credit for the statistical interpretation, presumably because Einstein was so critical of it. Born himself wrote Einstein, that he got "my idea, to conceive of the Schrödinger wave field as a ghost field in your sense," viz., Einstein's "Gespensterfeld".


For Einstein, Born's work on material particles (which mirrored Einstein's own light quanta insights) confirmed quantum theory as an incompletestatistical theory. Schrödinger violently disagreed with Born's statistical view. He even denied the reality of "quantum jumps," as did later followers of Einstein and Schrödinger like David Bohm, John Wheeler, John Bell, Hugh Everett, H. Dieter Zeh, Wojciech Zurek, and many other "collapse-deniers" to this day.


In 1927, Werner Heisenberg announced his indeterminacy principle and claimed that nature was acausal. But Einstein first found that chance was the only possible explanation for the spontaneous emission of radiation and the spontaneous decay of radioactive nuclei (again in 1916). Einstein saw acausality in nature a decade before Heisenberg. To be sure, such "chance" bothered Einstein. He called it a "weakness in the theory." But he still deserves some credit for seeing the discrete, discontinuous, and acausal nature of quantum physics long before those who do get the credit.


At the Solvay conference in 1927, Bohr and Heisenberg claimed that Einstein suggested a number of thought experiments to disprove Heisenberg's indeterminacy principle. Heisenberg said that Bohr defended the principle successfully again and again. And at Solvay Einstein made perfectly clear his concern that faster-than-light effects might be involved as the probability wave of quantum mechanics collapsed instantly when the particle is discovered at a particular location. Did Einstein already see this as early as 1905 (when he enunciated his principle of relativity)? There he wondered how energy in a light wave spread out into a large volume of space could get itself all together again to be absorbed by another atom.


Eight years later, Einstein made his most famous attack on the statistical and incomplete nature of  quantum mechanics with two Princeton colleagues, Boris Podolsky and Nathan Rosen. The Einstein-Podolsky-Rosen paper, and a Schrödinger paper (on his famous cat) the same year, made famous the concepts of "nonlocality," "nonseparability," and "entanglement" that are so popular today with some scientists and many philosophers of science who dislike the irreducible statistical and indeterministic aspects of quantum theory. 



Born gives Einstein Credit for the Statistical Interpretation


I had therefore been at pains, as early
as the end of 1925, to extend the matrix method, which obviously covered only
oscillatory processes, in such a way as to be applicable to aperiodic processes. I
was at that time the guest of the Massachusetts Institute of Technology in the
U.S.A., and there I found in NORBERT WIENER a distinguished collaborator. In
our joint paper [16] we replaced the matrix by the general concept of an operator
and, in this way, made possible the description of aperiodic processes. Yet we missed
the true approach, which was reserved for SCHRÖDINGER;  and I immediately took

up his method, since it promised to lead to an interpretation of the ψ-function.

Once more an idea of EINSTEIN'S  gave the lead. He had sought to make the duality 

 of particles (light quanta or photons) and waves comprehensible by interpreting the 

square of the optical wave amplitudes as probability density for the occurrence of

photons. This idea could at once be extended to the ψ-function: 
|ψ|2  must represent

the probability density for electrons (or other particles).



the idea of electron waves was familiar to me when Schrödinger's papers on the structure of simple atoms appeared. At that time it was clear that

the proper interpretation of quantum mechanics must be of a statistical type.

There were several attempts to formulate this, all based on matrix mechanics,

by Heisenberg, Bohr, Kramers, and others. I do not remember when and how

the idea struck me that collision processes, i.e. aperiodic motions, must

provide the clue for the solution; for the relative numbers of the incoming and

outgoing particles could be counted and regarded as empirical probability

values. I think this must have been already in my mind when I was at M.I.T.

and tried, together with Norbert Wiener, to find a formulation of quantum

mechanics for aperiodic motions. As soon as I had digested Schrödinger's

papers I saw the right way to approach this, guided by a remark of Einstein's

about the meaning of intensity of light (i.e. of an electromagnetic wave) in

terms of photons: this intensity must represent the number of photons; but the

latter was of course to be understood statistically, as the average over a certain

photon distribution. Einstein had considered in depth the statistical nature of

this distribution, particularly the fluctuations about the mean, which are

closely connected with Planck's radiation formula. These investigations were

well known to me, and they led immediately to the conjecture that the

intensity of the de Broglie wave, i.e. the (absolute) square of Schrödinger's

wave function, must be regarded as the probability density, which is the

probability of finding a particle in a unit of volume.




Details from Einstein's 1905-1935 Papers


Long before the best known arguments for quantum mechanics by Heisenberg, Born, Jordan and others in the late nineteen-twenties, Einstein had followed Max Planck's postulate of a "quantum of action" (for Planck this was just a mathematical device applied to hypothetical resonant oscillators needed to derive his radiation law) to the conclusion that electromagnetic radiation consists of discrete particles of light (Einstein called them "lichtquant") that are emitted and absorbed as indivisible units. As matter is composed of atomic units, Einstein argued that energy itself is also quantized and can be emitted and absorbed only in whole units. 


He described his light quantum hypothesis in 1905:


On the modern quantum view, what spreads out is a wave of probability amplitude ψ for absorbing a whole photon somewhere. Einstein may be already concerned that an energy quantum spread out over space could not instantly collect itself in one place (to be absorbed by another atom) without traveling faster than the speed of light


In accordance with the assumption to be considered here, the energy of a light ray spreading
out from a point source is not continuously
distributed over an increasing space but consists
of a finite number of energy quanta which are
localized at points in space, which move without
dividing, and which can only be produced and
absorbed as whole units.



Planck in 1900 explained the spectral distribution of colors (wavelengths) in blackbody electromagnetic radiation by using Boltzmann’s principle that the entropy S of a gas is related to the probabilities W for random distribution of molecules in different places in its container (S = k logW, where k is Boltzmann’s constant). Boltzmann’s calculations of probabilities used the number of ways that particles can be distributed in various volumes of space. Planck used the same combinatorial analysis, but now for the number of ways that discrete elements of energy could be distributed among a number of radiation oscillators. 

To simplify calculations, both Boltzmann and Planck assumed that energies (for matter) could be considered multiples of a unit of energy, E = ε, 2ε, 3ε ... Plank regarded this quantum hypothesis as a mathematically convenient device, but not necessarily representing reality. He found the density of radiation with frequency ν to be 
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Planck's "blackbody" radiation law was the first known connection between the mechanical laws of matter and the laws of electromagnetic energy. Planck realized that he had made a great step in physical understanding, "the greatest discovery in physics since Newton," he reportedly told his seven-year-old son in 1900. 

In particular, Planck found that Boltzmann's statistical mechanics constant 
  k
  =
  R
  
    /
  
  N
, derived from the distribution of velocities of material gas particles, appears in his new law for the distribution of electromagnetic radiation energy. 


Planck established an independent and very accurate value for Boltzmann's constant (he gave it the symbol k). His blackbody radiation distribution law of course also includes the new Planck constant h (the "quantum of action"). Planck also found a value for Avogadro's number of molecules in a mole (gram molecular weight) of a gas. This experimental agreement greatly impressed Einstein.


Einstein was impressed with the experimental accuracy of the Planck radiation law. But beyond that, Einstein was very interested in the interaction between radiation and matter that Planck had now probed. 


Five years later, Einstein published three famous papers, all exploring the interaction between radiation and matter. He showed that there are fundamental similarities between light and material particles. Best known is his theory of special relativity (connecting energy and matter - as did Planck - but now with the famous equation E = mc2), his theory of Brownian motion, and his explanation of the photoelectric effect (for which he was awarded the Nobel Prize). But in this third paper, Einstein proposed that electromagnetic radiation really consists of discrete quantities of light (he called them lichtquant, light quanta, today they are called photons). Einstein added physical significance to Planck's equation for radiant energy, 
  E
  =
  h
  ν
, where h is Planck’s constant and ν is the frequency of the radiation.


Einstein also derived the blackbody radiation law. His assumptions were more physical, where Planck's were heuristic guesses chosen to fit the data. And Einstein saw the profound physical implications of assuming that both matter and radiation come in discrete particles or quanta (an idea that Einstein pointed out went back to Newton, before Maxwell's theory of electromagnetism introduced the concept of continuous fields - which Einstein made the basis of all his future work in general relativity). 


Boltzmann had made the laws of physics merely statistical laws. Where Planck did not accept the reality of quanta until some years after Einstein's work, Einstein was alone among physicists believing in the reality of light quanta and, at least in his early work, believing in the statistical nature of physics, even if he decried it as a "weakness in the theory."


When in 1913 Neils Bohr published his work on the quantization of energy levels in atoms (the so-called "old" quantum theory), he did not imagine that the discrete transitions - "quantum jumps" - between energy levels involved quantized light particles. Bohr thought the electron jumps between "orbits" were quantum and discontinuous, but he thought the radiation emitted was discrete, Em -  En= hν, a classical and continuous wave going out in all directions.


In 1909, Einstein speculated about the connection between wave and particle views:


This is wave-particle duality fourteen years before deBroglie's matter waves and Schrödinger's 
wave equation and 
his wave mechanics


When light was shown to exhibit interference and diffraction, it seemed almost certain that light should be considered a wave...A large body of facts shows undeniably that light has certain fundamental properties that are better explained by Newton's emission theory of light than by the oscillation theory. For this reason, I believe that the next phase in the development of theoretical physics will bring us a theory of light that can be considered a fusion of the oscillation and emission theories... 

Even without delving deeply into theory, one notices that our theory of light cannot explain certain fundamental properties of phenomena associated with light. Why does the color of light, and not its intensity, determine whether a certain photochemical reaction occurs? Why is light of short wavelength generally more effective chemically than light of longer wavelength? Why is the speed of photoelectrically produced cathode rays independent of the light's intensity? Why are higher temperatures (and, thus, higher molecular energies) required to add a short-wavelength component to the radiation emitted by an object? 


The fundamental property of the oscillation theory that engenders these difficulties seems to me the following. In the kinetic theory of molecules, for every process in which only a few elementary particles participate (e.g., molecular collisions), the inverse process also exists. But that is not the case for the elementary processes of radiation. 


Einstein's view since 1905 was that light quanta are emitted in particular directions. There are no outgoing spherical waves (except the probability amplitude waves of modern quantum mechanics). Even less likely 
are incoming 
spherical waves. 


According to our prevailing theory, an oscillating ion generates a spherical wave that propagates outwards. The inverse process does not exist as an elementary process. A converging spherical wave is mathematically possible, to be sure; but to approach its realization requires a vast number of emitting entities. The elementary process of emission is not invertible. In this, I believe, our oscillation theory does not hit the mark. Newton's emission theory of light seems to contain more truth with respect to this point than the oscillation theory since, first of all, the energy given to a light particle is not scattered over infinite space, but remains available for an elementary process of absorption.


As late as 1917, Einstein felt very much alone in believing the reality (his emphasis) of light quanta:


I do not doubt anymore the reality of radiation quanta, although I still stand quite alone in this conviction 


Einstein in 1916 had just derived his A and B coefficients describing the absorption, spontaneous emission, and (his newly predicted) stimulated emission of radiation. In two papers, "Emission and Absorption of Radiation in Quantum Theory," and "On the Quantum Theory of Radiation," he derived the Planck law (for Planck it was mostly a guess at the formula), he derived Planck's postulate E = hν, and he derived Bohr's second postulate 
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 = hν. Einstein did this by exploiting the obvious relationship between the Maxwell-Boltzmann distribution of gas particle velocities and the distribution of radiation in Planck's law.



The formal similarity between the chromatic distribution curve for
thermal radiation and the Maxwell velocity-distribution law is too
striking to have remained hidden for long. In fact, it was this similarity
which led W. Wien, some time ago, to an extension of the radiation
formula in his important theoretical paper, in which he derived his
displacement law...Not long ago I discovered a derivation of Planck's formula whichFnote that
was closely related to Wien's original argument and which was based
on the fundamental assumption of quantum theory. This derivation
displays the relationship between Maxwell's curve and the chromatic
distribution curve and deserves attention not only because of its
simplicity, but especially because it seems to throw some light on the
mechanism of emission and absorption of radiation by matter, a
process which is still obscure to us.


But the introduction of Maxwell-Boltzmann statistical mechanical thinking to electromagnetic theory has produced what Einstein called a "weakness in the theory." It introduces the reality of an irreducible objective chance! 


If light quanta are particles with energy 
  E
  =
  h
  ν
 traveling at the velocity of light c, then they should have a momentum 
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. When light is absorbed by material particles, this momentum will clearly be transferred to the particle. But when light is emitted by an atom or molecule, a problem appears. 



The "statistical interpretation" of Max Born tells us the outgoing wave is the probability amplitude wave function Ψ, whose absolute square is the probability of finding a light particle in an arbitrary direction.


Conservation of momentum requires that the momentum of the emitted particle will cause an atom to recoil with momentum hν/c in the opposite direction. However, the standard theory of spontaneous emission of radiation is that it produces a spherical wave going out in all directions. A spherically symmetric wave has no preferred direction. In which direction does the atom recoil? Einstein asked:


Does the molecule receive an impulse when it absorbs or emits the energy ε? For example, let us look at emission from the point of view of classical electrodynamics. When a body emits the
radiation ε it suffers a recoil (momentum) ε/c if the entire amount of radiation energy
is emitted in the same direction. If, however, the emission is a spatially symmetric
process, e.g., a spherical wave, no recoil at all occurs. This alternative also plays a
role in the quantum theory of radiation. When a molecule absorbs or emits the energy
ε in the form of radiation during the transition between quantum theoretically possible
states, then this elementary process can be viewed either as a completely or partially
directed one in space, or also as a symmetrical (nondirected) one. It turns out that we
arrive at a theory that is free of contradictions, only if we interpret those elementary
processes as completely directed processes.

An outgoing light particle must impart momentum hν/c to the atom or molecule, but the direction of the momentum can not be predicted! Neither can the theory predict the time when the light quantum will be emitted.  Einstein called this weakness by its German name - Zufall (chance).


Such a random time was not unknown to physics. When Ernest Rutherford derived the law for radioactive decay of unstable atomic nuclei in 1900, he could only give the probability of decay time. Einstein saw the connection with radiation emission:


It speaks in favor of the theory that the statistical law assumed for [spontaneous] emission is nothing but the Rutherford law of radioactive decay. 


But the inability to predict both the time and direction of light particle emissions, said Einstein in 1917, is "a weakness in the theory..., that it leaves time and direction of elementary processes to chance (Zufall, ibid.)." It is only a weakness for Einstein, of course, because his God does not play dice.

Einstein clearly saw, as none of his contemporaries did, that since spontaneous emission is a statistical process, it cannot possibly be described with classical physics.  


The properties of elementary processes required...make it seem almost inevitable to formulate a truly quantized theory of radiation.


Einstein may not have liked this conceptual crisis, but his insights into the indeterminism involved in quantizing matter and energy were known, if largely ignored, over a decade before Heisenberg's quantum theory introduced his famous uncertainty principle in 1927. Heisenberg states that the exact position and momentum of an atomic particle can only be known within certain (sic) limits. The product of the position error and the momentum error is greater than or equal to Planck's constant h/2π. 
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Indeterminacy (Unbestimmtheit) was Heisenberg's original name for his principle. It is a better name than the more popular uncertainty, which connotes lack of knowledge. Quantum indeterminacy is ontological as well as epistemic lack of information. 


Heisenberg declared that the new quantum theory disproved causality with facts that were first described by Einstein years earlier. He did not reference Einstein's 1916 work on the breakdown of causality. Heisenberg simply says:


We cannot - and here is where the causal law breaks down - explain why a particular atom will decay at one moment and not the next, or what causes it to emit an electron in this direction rather than that.

Heisenberg (and Bohr) were not convinced about Einstein's light quanta as late as 1926! 


Whether or not I should believe in light quanta, I cannot say at this stage. Radiation quite obviously involves the discontinuous elements to which you refer as light quanta. On the other hand, there is a continuous element, which appears, for instance, in interference phenomena, and which is much more simply described by the wave theory of light. But you are of course quite right to ask whether quantum mechanics has anything new to say on these terribly difficult problems. I believe that we may at least hope that it will one day. 


It is important to note that Einstein's indeterminism of time and direction is an intrinsic property of the interaction of radiation with matter. It does not depend on limits put on measurements, as Heisenberg's "uncertainty" suggests, nor on the presence of a conscious observer, as Bohr's Copenhagen interpretation seems to imply. Where Bohr and Heisenberg describe epistemic limits to knowledge, Einstein's light quanta shows us an ontologically indeterministic world, independent of any observation or measurement. Einstein says:


If the molecule suffers a loss of energy in the amount of hν without external
stimulation, i.e., by emitting the energy in the form of radiation (spontaneous
emission), then this process too is a directional one. There is no emission of radiation
in the form of spherical waves. The molecule suffers a recoil in the amount of hν/c
during this elementary process of emission of radiation; the direction of the recoil is,
at the present state of theory, determined by "chance"...

The weakness of the theory is, on the one hand, that it does not bring
us closer to a link-up with the undulation theory; on the other hand, it also leaves
time of occurrence and direction of the elementary processes a matter of "chance."
Nevertheless, I fully trust in the reliability of the road taken.



Although Einstein initially was a strong critic of quantum theory and its implications for indeterminism and a statistical nature of reality, from the 1930's on he never said that quantum mechanics is "incorrect" - as far as it goes - only that something else would likely be added to quantum physics in the future, making it "complete."



Above all, however, the reader should be convinced that I
fully recognize the very important progress which the statistical
quantum theory has brought to theoretical physics. 

Einstein endorses the statistical quantum theory as correct. It explains the wave-particle duality he called for in 1909. 
It is a complete theory, up to the indeterminacy relation. 
Any future theory will probably incorporate this quantum theory.



In the field
of mechanical problems — i.e., wherever it is possible to consider
the interaction of structures and of their parts with sufficient
accuracy by postulating a potential energy between material
points — [the quantum theory] even now presents a system which, in its
closed character, correctly describes the empirical relations between statable phenomena as they were theoretically to be expected. This theory is until now the only one which unites the
corpuscular and undulatory dual character of matter in a
logically satisfactory fashion; and the  (testable)  relations,
which are contained in it, are, within the natural limits fixed
by the indeterminacy-relation, complete. The formal relations
which are given in this theory — i.e., its entire mathematical
formalism — will probably have to be contained, in the form of
logical inferences, in every useful future theory.



As early as 1930, Einstein marveled at the logical strength of the quantum theory, especially its formulation by Paul Dirac, "to whom, in my opinion, we owe the most perfect exposition, logically, of this [quantum] theory."


Note that Einstein's views about quantum mechanics in 1949 were essentially unchanged from his views in 1930, and his basic concerns about particles acting like waves and thus violating his theory of relativity go back to 1909 or even 1905. See Einstein's explanation of how continuous field theories came to be a part of our description of reality - alongside material particles - as a result of Maxwell's equations - in the 1931 article "Maxwell's Influence on the Evolution of the Idea of Physical Reality."


Einstein in his later years grew pessimistic about the possibilities for deterministic continuous field theories, by comparison with indeterministic and statistical discontinuous particle theories like those of quantum mechanics. 


To Leopold Infeld he wrote in 1941,


 "I tend more and more to the opinion that one cannot come
further with a continuum theory."



In his 1949 autobiography (he called it his obituary) for his Schilpp volume he wrote an extensive analysis of his criticism of the quantum theory, repeating the concerns he had first developed in 1935. It is worth looking at them completely here.


I must take a stand with reference to the most successful physical theory of our period, viz., the statistical quantum theory which, about twenty-five years ago, took on a consistent logical form (Schrödinger, Heisenberg, Dirac, Born). This is the only theory at present which permits a unitary grasp of experiences concerning the quantum character of micro-mechanical events. This theory, on the one hand, and the theory of relativity on the other, are both considered correct in a certain sense, although their combination has resisted all efforts up to now. This is probably the reason why among contemporary theoretical physicists there exist entirely differing opinions concerning the question as to how the theoretical foundation of the physics of the future will appear. 

Einstein's dream of a continuous field theory is fading fast


Will it be a field theory; will it be in essence a statistical theory? I shall briefly indicate my own thoughts on this point.

Physics is an attempt conceptually to grasp reality as it is thought independently of its being observed. In this sense one speaks of "physical reality." In pre-quantum physics there was no doubt as to how this was to be understood. In Newton's theory reality was determined by a material point in space and time; in Maxwell's theory, by the field in space and time. In quantum mechanics it is not so easily seen. 


The ψ-function does not describe a material particle at a point. It is only the probability of finding a particle near a point, within the h3 phase-space volume of the uncertainty principle, as Einstein knows


If one asks: does a ψ-function of the quantum theory represent a real factual situation in the same sense in which this is the case of a material system of points or of an electromagnetic field, one hesitates to reply with a simple "yes" or "no"; why? What the ψ-function (at a definite time) asserts, is this: What is the probability for finding a definite physical magnitude q (or p) in a definitely given interval, if I measure it at time t? The probability is here to be viewed as an empirically determinable, and therefore certainly as a "real" quantity which I may determine if I create the same ψ-function very often and perform a q-measurement each time. 

Does the individual system have this q-value before the measurement, or only after it randomly jumps into a position from somewhere else?


But what about the single measured value of q? Did the respective individual system have this q-value even before the measurement? To this question there is no definite answer within the framework of the [existing] theory, since the measurement is a process which implies a finite disturbance of the system from the outside; it would therefore be thinkable that the system obtains a definite numerical value for q (or p), i.e., the measured numerical value, only through the measurement itself. For the further discussion I shall assume two physicists, A and B, who represent a different conception with reference to the real situation as described by the ψ-function.

This is Einstein's interpretation


A. The individual system (before the measurement) has a definite value of q (i.e., p) for all variables of the system, and more specifically, that value which is determined by a measurement of this variable. Proceeding from this conception, he will state: The ψ-function is no exhaustive description of the real situation of the system but an incomplete description; it expresses only what we know on the basis of former measurements concerning the system.


This is Bohr's Copenhagen interpretation


B. The individual system (before the measurement) has no definite value of q (i.e., p). The value of the measurement only arises in cooperation with the unique probability which is given to it in view of the ψ-function only through the act of measurement itself. Proceeding from this conception, he will (or, at least, he may) state: the ψ-function is an exhaustive description of the real situation of the system.


We now present to these two physicists the following instance: 


"Spatial separation" is not the problem. It is whether the two particles in ψ12 are still coherently "entangled." If they are still entangled, a measurement of ψ12 can find either of the two indistinguishable particles anywhere ψ12 has a non-zero value. 
A measurement of ψ12measures both particles, so both appear instantaneously with their properties conserved (e.g., total spin zero)


There is to be a system which at the time t of our observation consists of two partial systems S1 and S2, which at this time are spatially separated and (in the sense of the classical physics) are without significant reciprocity. The total system is to be completely described through a known ψ-function ψ12 in the sense of quantum mechanics. All quantum theoreticians now agree upon the following: If I make a complete measurement of S1, I get from the results of the measurement and from ψ12 an entirely definite ψ-function ψ2 of the system S2. The character of ψ2 then depends upon what kind of measurement I undertake on S1.

Now it appears to me that one may speak of the real factual situation of the partial system 
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. Of this real factual situation,
we know to begin with, before the measurement of 
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, even less than we know of a system described by the ψ-function. 


As Schrödinger made clear to Einstein in 1935, they are only separated if they have become disentangled, by some interaction with the environment, for example. If ψ12 has decohered, it can then be represented by the product of independent ψ-functions ψ1 * ψ2, and then what Einstein says about independent systems S1 and  S2 would be entirely  correct.


But on one supposition we should, in my opinion, absolutely hold fast: the real factual situation of the system S2 is independent of what is done with the system S1, which is spatially separated from the former. According to the type of measurement which I make of S1. I get, however, a very different ψ2 for the second partial system (ψ2, ψ21, ...). Now, however, the real situation of S2 must be independent of what happens to S1. For the same real situation of S2 it is possible therefore to find, according to one's choice, different types of ψ-function. (One can escape from this conclusion only by either assuming that the measurement of S1 ((telepathically)) changes the real situation of S2 or by denying independent real situations as such to things which are spatially separated from each other. Both alternatives appear to me entirely unacceptable.)

If now the physicists, A and B, accept this consideration as valid, then B will have to give up his position that the ψ-function constitutes a complete description of a real factual situation. For in this case it would be impossible that two different types of ψ-functions could be co-ordinated with the identical factual situation of 
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.


The statistical character of the present theory would then
have to be a necessary consequence of the incompleteness of the description of the systems in quantum mechanics, and there would no longer exist any ground for the supposition that a future basis of physics must be based upon statistics.---


It is my opinion that the contemporary quantum theory by means of certain definitely laid down basic concepts, which on the whole have been taken over from classical mechanics, constitutes an optimum formulation of the connections. I believe, however, that this theory offers no useful point of departure for future development. This is the point at which my expectation departs most widely from that of contemporary physicists. They are convinced that it is impossible to account for the essential aspects of quantum phenomena (apparently discontinuous and temporally not determined changes of the situation of a system, and at the same time corpuscular and undulatory qualities of the elementary bodies of energy) by means of a theory which describes the real state of things [objects] by continuous functions of space for which differential equations are valid. They are also of the opinion that in this way one can not understand the atomic structure of matter and of radiation. They rather expect that systems of differential equations, which could come under consideration for such a theory, in any case would have no solutions which would be regular (free from singularity) everywhere in four-dimensional space. 


Einstein is right here. As he himself was first to see in 1905, the wave is a continuous deterministically evolving process (the Schrödinger equation of motion). Statistics then describe the discontinuous events that happen when measurements are made


Above everything else, however, they believe that the apparently discontinuous character of elementary events can be described only by means of an essentially statistical theory, in which the discontinuous changes
of the systems are taken into account by way of the continuous changes of the probabilities of the possible states.

All of these remarks seem to me to be quite impressive. However, the question which is really determinative appears to me 
to be as follows: What can be attempted with some hope of success in view of the present situation of physical theory? At
this point it is the experiences with the theory of gravitation which determine my expectations. These equations give, from
my point of view, more warrant for the expectation to assert something precise than all other equations of physics. One
may, for example, call on Maxwell's equations of empty space by way of comparison. These are formulations which coincide
with the experiences of infinitely weak electro-magnetic fields.


This empirical origin already determines their linear form; it has, however, already been emphasized above that the true
laws can not be linear. Such linear laws fulfill the superposition-principle for their solutions, but contain no assertions concerning the interaction of elementary bodies. The true laws can not be linear nor can they be derived from such. I have learned something else from the theory of gravitation: No ever so inclusive collection of empirical facts can ever lead to the setting up of such complicated equations. A theory can be tested by experience, but there is no way from experience to the setting up of a theory. Equations of such complexity as are the equations of the gravitational field can be found only through the discovery of a logically simple mathematical condition which determines the equations completely or [at least] almost completely.
   


Einstein wrote his friend Michele Besso in 1954 to express his lost hopes for a continuous field theory like that of electromagnetism or gravitation,
 


"I consider it quite possible that physics cannot be based on the field concept, i.e:,
on continuous structures. In that case, nothing remains of my entire castle in the
air, gravitation theory included, [and of] the rest of modern physics."
   

The fifth edition of The Meaning of Relativity included a new appendix on Einstein's field theory of gravitation. In the final paragraphs of this work, his last, published posthumously in 1956, Einstein wrote:


Is it conceivable that a field theory permits one to
understand the atomistic and quantum structure of reality ?
Almost everybody will answer this question with "no"...

One can give good reasons why reality cannot at all
be represented by a continuous field. From the quantum
phenomena it appears to follow with certainty that a finite
system of finite energy can be completely described by a
finite set of numbers (quantum numbers). This does not
seem to be in accordance with a continuum theory, and
must lead to an attempt to find a purely algebraic theory
for the description of reality. But nobody knows how to
obtain the basis of such a theory.
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1954
Foreword to Max Jammer's "Concepts of Space"
For Teachers

What Einstein Really Wanted

	Field theory - universal and unified - (at least for the waves of the wave-particle duality)
	Particles as singularities in the field? Maybe not, he hoped for a singularity-free theory
	A continuum - "to give up the continuous... is to breath in airless space" 
	Changes in the field travel at speeds less than or equal to light
	Determinism - Herr Gott nicht würfelt
	Objective reality at level of particles, a "complete" theory is possible, describing the motions of individual particles


What Einstein Disliked, But Understood Might Be The Case

	Particles of matter As opposed to singularities in a space-time field, though his 1905 Brownian motion analysis shows how we can observe them. 
	Particles of light, though his 1905 light-quantum hypothesis and his 1916 analysis of absorption and emission showed that the interaction of light and matter is indeterministic long before Heisenberg's indeterminacy
	Fields as the average properties of many particles
	Discontinuities/Discreteness
	Nonlocality - the [insubstantial] probability that a particle is at x goes to zero instantly when the particle is found at y.
	Chance (Zufall, Unbestimmtheit) Die Welt ist alles, was der Fall (mit Zufall) ist.
	Statistical theories - they are "incomplete." Quantum theory - the best theory so far - is incomplete and unsatisfactory as the ultimate theory, which should describe individual quantum systems. Does the particle have a position before it is measured?
	Bohr's epistemological notion that all we have is "knowledge" but there is no objective quantum-level reality. Did Bohr deny the "reality of the quantum?" Did he make chance and the statistical interpretation of quantum mechanics merely epistemological?
	Born may have thought quantum mechanics was "subjective." (Cassirer)


Critical Einstein Quantum Ideas

	1905 Light-quantum hypothesis (8 years before Bohr atom)  
	1905 Brownian motion = "observations" of gas particle collisions - atoms are real 
	1905 Special relativity E = mc2  = hν
	1906 Specific Heat, Quantum Energy Levels 
	1909 Wave-particle duality (14 years before de Broglie)
	1916-17 analysis of absorption and emission showed that the interaction of light and matter is statistical and indeterministic long before Heisenberg's  uncertainty or  indeterminacy. The elementary process of emission and absorption is not invertible. Einstein's radiation asymmetry. No incoming spherical waves. Cf. Wheeler-Feynman Absorber Theory.
	Derivation of Planck law and Bohr second postulate E2 - E1  = hν
	Light emission is random - pure chance when or which way - no spherical waves.
	Light emission is statistical.


	1921 The wave as a "ghost field" (Gespensterfeld)that guides the particles
	1923 spin statistics (with Bose).



The Comprensibility of the Universe


I learned as a young physics student this wonderful quotation of Einstein that I repeated to my students for many years. 

"The most incomprehensible thing about the universe is that it is comprehensible."


It has therefore been disturbing in recent years to find versions that eliminate Einstein's beautiful symmetry, or asymmetry, or perhaps even anti-symmetry?, with respect to comprehensibility.


Many have no doubt been guided by the version in Alice Calaprice's definitive collection of quotations, taken from the English translation of Einstein's essay "Physik und Realität," originally published in German by the Journal of the Franklin Institute in 1936, then translated and republished in 1954 as "Physics and Reality," for Einstein's book "Ideas and Opinions".


“the eternal mystery of the world is its comprehensibility...the fact that it is comprehensible is a miracle."
   
  
Calaprice describes it as 'popularly rephrased as' "The most incomprehensible thing about the universe is that it is comprehensible."

Einstein's original German version "Physik und Realität," shows that Einstein himself used the more poetic and rhetorically strong anti-symmetric words Unbegreifliche and Begreiflichkeit, i.e., incomprehensible and comprehensibility, n.b., an adjective and a noun.


And it shows that Caprice's version is a composite elided (...) from two different sentences in Einstein's text, one mistranslating "ewig Unbegreiflich" as "eternal mystery," the other properly translating "ein Wunder" as "a miracle."


"Man kann sagen: Das ewig Unbegreifliche an der Welt ist ihre Begreiflichkeit." (Einstein's anti-symmetry is clear here)

"In diesem Sinne ist die Welt unserer Sinneserlebnissen begreifbar, und dass sie es ist, ist ein Wunder.
  


We can note that a better (e.g., Google) translation for Einstein's original words would be.


"The eternally incomprehensible (thing) about the world is its comprehensibility."

or even


 "The eternally inconceivable thing about the world is its conceivability," 


since Einstein is describing the concepts (Begriffen) that he says are "free creations of the human mind" based on our sense perceptions or sensory experiences (Sinneserlebnissen or Sinneserfahrungen). 
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Einstein's Objective Reality


Einstein and Schrödinger complained (and joked!) for years about the Bohr (or "orthodox") interpretation of quantum mechanics. The "orthodox" theory is actually the work of  Niels Bohr, Max Born, P.A.M. Dirac, Werner Heisenberg,  Wolfgang Pauii , and Pascual Jordan. 

Echoes of Einstein's and Schrödinger's complaints appear in the many popular books today arguing that there is something wrong with quantum mechanics.  
But there is little doubt that Einstein and Schrödinger understood quantum mechanics better than most of today's 
For Scholars
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Source: https://www.informationphilosopher.com/solutions/scientists/einstein/
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Bohmian Mechanics

Bohmian Mechanics builds on the 1952 work of David Bohm, who in turn had recovered some work by Louis de Broglie in the 1920's, around the time that Werner Heisenberg's "matrix mechanics" and Erwin Schrödinger's "wave mechanics" were being formulated.

Following Albert Einstein of a "Führungsfeld" or "guiding field," De Broglie interpreted the wave function of quantum mechanics as a "pilot wave" carrying a material particle along with it. De Broglie accepted Einstein's idea, made famous by Max Born as his "statistical interpretation," that the (square of the) wave function gives us the probability of finding a particle. 


The de Broglie-Bohm pilot wave wave goes through both slits in the two-slit experiment, interfering with itself and accounting for the interference pattern, though the particle enters only through one slit, maintaining its discreteness. Which slit a particle passes through and its ultimate location on the detector are completely determined by its initial position and the wave function, according to Bohm. 


Bohmian mechanics is also known as the "de Broglie-Bohm theory," the "pilot wave theory," and the "causal interpretation" of quantum mechanics. It is a completely deterministic theory and claims to be completely compatible with and to make exactly the same predictions as standard quantum mechanics. This is hard to believe, because quantum mechanics is indeterministic, accounting for radioactive decay and the random times and directions of atomic radiative transitions, for example.


It is called "causal" because it is a deterministic theory, with "hidden variables" suggested by Bohm as "completing" the quantum mechanics that Einstein argued was "incomplete" and "statistical." The hidden variables provide the positions of all the particles as "riding on" the waves at places where the waves have maximum intensity or amplitude. 


Bohm thought that known positions would provide the determinacy and explain away the nonlocal behaviors predicted by Albert Einstein in his EPR paper. John Bell proved that if Bohm's hidden variables did exist, they would still be "nonlocal." They could not restore Einstein's locality.


Bohmian mechanics denies the "collapse of the wave function," since a collapse is associated with indeterminism. The deterministic Schrödinger equation provides no information that predicts the time, position, or direction of a collapse. 


Some physicists who believe that the wave function never collapses, such as Erwin Schrödinger, decoherentists like Dieter Zeh and Wojczech Zurek, and even John Bell, even deny the existence or particles and "quantum jumps." Bohm does accept particles, while being somewhat unclear on quantum jumps.


Note that the collapse of the wave function, or "reduction of the wave packet," is one of Paul Dirac's three fundamental postulates, the others being the principle of superposition and the axiom of measurement, also known as the eigenstate-eigenvalue relation.


Bohmian mechanics also denies the role of a "conscious observer," which has been associated with the Copenhagen Interpretation of quantum mechanics and was defended by John von Neumann and Eugene Wigner.


Bohmian mechanics has a large and enthusiastic following of philosophers of science and theoretical physicists, including David Z. Albert, Jeffrey Bub (a student of Bohm), Jean Bricmont, Detlef Dürr, Sheldon Goldstein, and Tim Maudlin.


They all agree that testable predictions of Bohmian mechanics are identical to those of standard quantum mechanics, so the Bohmian view is only an interpretation of quantum mechanics.



Bohmian Mechanics Compared to Other Interpretations
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Can A Common Cause Explain Entanglement?

See how a Common Cause, Constant of the Motion, and Spherical Symmetry are needed to produce the perfectly correlated (and random) outcomes of two-particle Bell experiments.  


Abstract

Two local causal interactions inside the entanglement apparatus project the entangled particles into a spherically symmetric two-particle quantum state ΨAB that Erwin Schrödinger said cannot be represented as a simple product of two independent single-particle states ΨAΨB. As the particles travel away from the central apparatus C in opposite directions toward measurement devices at A and B the two-particle wave function is in a spherically symmetric singlet state with total spin angular momentum zero.
The wave function is a linear combination or superposition of ΨA ↑ΨB ↓ + ΨA ↓ΨB ↑. The total spin zero is conserved as a constant of the motion until a local causal interaction at either A or B collapses the two-particle wave function, decohering it to a product of single-particle states, either  ΨA ↑ΨB ↓ or ΨA ↓ΨB ↑ The particles are then  disentangled. As long as local measurements are made at the same pre-agreed upon angle their planar symmetry will maintain total spin zero, the particles will have correlated opposite spin states, either up-down or down-up, and individual spin states will be randomly up or down. Should measurements at A and B not be made in the same plane, with angles differing by angle θ, perfect correlations will be reduced by cos2θ, as quantum mechanics predicts.  We note that no information is communicated (at any speed) between A and B. The two bits of information are locally created at A and at B, distally caused by the initial entanglement at C. These bits of information did not exist as the particles were in transit to A and B. They were proximally caused by the local measurements at A and at B.

 
We propose that simultaneous measurement outcomes at two entangled particles widely separated in space are caused to be perfectly correlated as the result of 1) local causes at initial entanglement, 2) a conservation principle as the particles travel to the measurement devices, and 3) measurements at A and B that are made in a (previously agreed upon arbitrary) single plane that replaces the spherical symmetry of the two-particle wave function with the planar symmetry that guarantees the perfectly correlated measurement outcomes. 

We regard this "causal chain" of events as a "common cause" in the sense of Hans Reichenbach's Common Cause Principle

If an improbable coincidence has occurred, then there must have been a common cause.3

In our case, if events at A and B are perfectly correlated, then either A causes B, B causes A, or there is a common cause C coming to A and B. Since A and B occur simultaneously, neither can cause the other. 

The initial local causes in the causal center C put the entangled particles in a spherically symmetric two-particle quantum state 
  Ψ
AB that Erwin Schrödinger said cannot be represented as a simple product of two independent single-particle states 
  Ψ
A 
  Ψ
B. Instead it is a linear combination or superposition of 
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Conservation of total spin zero maintains the spherical symmetry of this wave function 
  Ψ
AB as the particles travel to A and B (provided no environmental interaction disturbs the symmetry).


The initial local causes are in the past light cone of the final measurement events, as is required for a common cause. They are distal causes.  The proximal causes are the two local causal measurements at A and at B that create two bits of new information. 


The final local causes produce perfectly correlated outcomes. But there is no faster-than-light communication or interaction between the separated measurement events at A and B.


As Einstein saw clearly, some moving inertial frames of reference exist in which A measures first, others in which B measures first. In our picture of a common cause, neither A nor B measures first. 


This model opposes the standard view, developed over five decades by Albert Einstein and many others, that some kind of faster-than-light instantaneous and nonlocal interaction between a particle and its wave function, or between two particles, is needed to explain entanglement.


Instead, it is the instantaneous "collapse" of the wave function, in which nothing is actually moving, but in which values of the wave function 
  Ψ
AB are instantly changed everywhere, specifically they are changed simultaneously at A and B whatever their separation in spacetime, at the moment that either of them causes the wave function to "collapse."    


Einstein first saw an instantaneous (nonlocal) change across the front of a widespread light wave in his 1905 photoelectric effect work. 


In his later years, Einstein famously called two-particle entanglement "spooky action at a distance" (spukhafte Fernwirkung) in a March 3, 1947 letter to Max Born.


Although our focus is on experiments and their data correlations, we will also describe the mathematical quantum theory, its wave functions, and their superpositions or linear combinations of product states that perfectly predict the puzzling correlations. 


Our model of a "common cause" explaining entanglement is a causal chain of events that begins with the local causes in the entangling apparatus C that establishes the initial symmetry of the entangled particles.



A ← C → B



As the particles travel away from the central apparatus C in opposite directions toward measurement devices at A and B the two-particle wave function 
  Ψ
AB is in a spherically symmetric singlet state with total spin angular momentum zero. This total spin zero is conserved as a constant of the motion. 

Emmy Noether's theorem on the fundamental relationship between symmetry and conservation principles is extremely simple:


For any property of a physical system that is symmetric, there is a corresponding conservation law.


Conservation is thus not a causal process in the sense of a causal interaction. Indeed, it demands the lack of any causal interaction with the environment which might decohere the two-particle wave function. But we might say that the conserved property of total electron spin zero is also "local" in the sense that it is traveling along with each particle just as David Bohm's "hidden variables" or David Mermin's "instruction sets" were thought to do.


Galileo's law of Inertia, which became Newton's first law of motion, is a conservation principle. If a particle experiences no causal interactions it will maintain its state of motion, including remaining at rest. 


The final causal interactions in our "causal chain" of events are the two measurements at A and B, which create two bits of digital information.  As long as local measurements are made at the same pre-agreed upon angle their planar symmetry will maintain total spin zero, the particles will have correlated opposite spin states up-down or down-up, and individual spin states will be randomly up or down. Should measurements at A and B differ by angle θ, perfect correlations will be reduced by cos2θ, as predicted by quantum mechanics.


There is no physical mechanism or interactions between the particles that maintains the total angular momentum from moment to moment as they travel from initial state preparation to final measurements, just as quantum mechanics cannot explain many "motions," e.g., the "jumps" of electrons in and between different shells or orbitals in atoms and molecules or their passage through the slits in the two-slit experiment. As Richard Feynman told us, we can't find any "machinery" that explains what he called this one and only mystery in quantum mechanics.


We criticize the claim by David Bohm1 that the three components of spin angular momentum must exist and be defined in all spatial directions, x, y, and z (which is impossible), in order for experiments to find the spins perfectly correlated and in opposite directions when measured. Similar is the claim by David Mermin2 that photon polarizations must exist in all directions!. The correct requirement is that there be no preferred spin direction at all (spherical symmetry) in initial entanglement and as the particles travel to A and B. 


It is the arbitrary but agreed upon angle chosen for the two final measurements that introduces the preferred direction. The planar symmetry of the measurement devices maintains the spin symmetry. Each final spin measurement creates a single bit of information. No information is communicated from A to B as Einstein feared. 


Summary of Three Steps to Explain Entanglement


In our explanation of two-particle entanglement the first step is the formation of the spherical symmetric singlet state. 


The second step is the conservation of the total spin angular momentum (and its spherical symmetry), which is a constant of the motion as the entangled particles fly apart. 


The third step is the conserved spherical symmetry. As long as the two measurement devices are set at a (pre-agreed upon) same angle, they will have planar symmetry which bisects the spherical symmetry. Their measurement angle can then be arbitrary and the interactions will still produce perfectly correlated results.


Measurements made at different angles would destroy that symmetry, causing correlations to be reduced by cos2θ, where θ is the angle difference. This is the well-known "law of Malus."



We shall critically examine the details of entanglement state preparations and the experimental data from particle measurements in six different kinds of entanglement experiments. 


The first three (from the 1930's to 1960's) were thought ("gedanken") experiments (really hypothetical theories) involving material particles, atoms and electrons. 


The first was Einstein's theoretical work starting in 1905 and culminating in the 1935 EPR paradox paper, his most cited work and the touchstone for all subsequent research on entanglement. David Bohm's proposal in the 1950's that hidden variables could explain entanglement is the second kind of thought experiment. The third is the great work of John Stewart Bell in the 1960's, including his Bell Theorem and his claim that if hidden variables exist they must be non-local.    


The fourth and the sixth kind of experiments were actual physical experiments done in laboratories with light particles (photons) entangled by atomic cascades in calcium atoms. In the 1970's John Clauser and Stuart Freedman did the first experiments that violated Bell's inequality. They confirmed the correctness of quantum physics and showed that any "hidden variable" must be non-local. In the 1980's Alain Aspect used fast switching to ensure the particles were already in flight when the choice of measurment angle is made. In the 1990's Anton Zeilinger and his colleagues in Vienna developed spontaneous parametric down conversion(SPDC) techniques to generate entangled photons that are now used in most entanglement experiments. Clauser, Aspect, and Zeilinger received the 2022 Nobel Prize in Physics for their work.


Our fifth kind of entanglement study was the very popular thought experiment of David Mermin in the 1980's. 



1) Einstein and the EPR paradox.


Einstein first described two particles exhibiting nonlocal behavior in a conversation with Leon Rosenfeld at a meeting in Berlin in 1933. Before this, nonlocality was between a single light quantum and its light wave.


In 1933, shortly before he left Germany to emigrate to America, 
Einstein attended a lecture on quantum electrodynamics by Léon
Rosenfeld. Keep in mind that Rosenfeld was perhaps the most
dogged defender of the Copenhagen Interpretation. After the talk,
Einstein asked Rosenfeld, 


“What do you think of this situation?”
Suppose two particles are set in motion towards each other with
the same, very large, momentum, and they interact with each
other for a very short time when they pass at known positions.
Consider now an observer who gets hold of one of the particles,
far away from the region of interaction, and measures its
momentum: then, from the conditions of the experiment, he will
obviously be able to deduce the momentum of the other particle.
If, however, he chooses to measure the position of the first
particle, he will be able tell where the other particle is.


It is most unfortunate that Einstein did not explain that measuring the momentum of the first particle allows us to deduce the momentum of the second particle because of the conservation of linear momentum.


The same conservation principle explains, as Einstein says, "If, however, he chooses to measure the position of the first
particle, he will be able to tell where the other particle is." 


If Einstein had called this ability "knowledge (information) at a distance," instead of "spooky action at a distance," entanglement might never have been thought "spooky". It would be just a correlation of physical properties resulting from a common cause and a conservation law.


Einstein and colleagues Boris Podolsky and Nathan Rosen, proposed in 1935 a paradox (known by their initials as EPR or as the Einstein-Podolsy-Rosen paradox) to exhibit internal contradictions in the new quantum physics. They hoped to show that quantum theory could not describe certain intuitive "elements of reality" and thus was  incomplete. They said that, as far as it goes, quantum mechanics is correct, just not "complete."


Einstein was correct that quantum theory is "incomplete" relative to classical physics, which has twice as many dynamical variables that can be known with arbitrary precision. But half of this information is missing in quantum physics, due to the indeterminacy principle which allows only one of each pair of non-commuting observables (for example momentum or position) to be known with arbitrary accuracy. Even more important, an individual particle, cannot be said to have a known position before a measurement, since evolution described by the unitary and deterministic Schrödinger equation provides us only probabilities. 


The most that can be said is that the particle can be found anywhere the probability amplitude is non-zero. This was the core idea of Einstein's claim of "incompleteness." For Bohr to deny this and call quantum mechanics "complete" was just to play word games, which infuriated Einstein.


Einstein was also correct that indeterminacy makes quantum theory an irreducibly discontinuous and statistical theory. Its predictions and highly accurate experimental results are statistical in that they depend on an ensemble of identical experiments, not on any individual experiment. Einstein wanted physics to be a continuous field theory, in which all physical variables are completely and locally determined by the four-dimensional field of space-time in his theory of relativity.


Einstein and his colleagues Erwin Schrödinger, Max Planck, (later David Bohm), and others hoped for a return to deterministic physics, and the elimination of mysterious quantum phenomena like the superposition of states, the mysterious "collapse" of the wave function, and Schrödinger's famous cat.  EPR continues to fascinate determinist philosophers of science who hope to prove that quantum indeterminacy does not exist. 




As we've seen, Einstein had been bothered by "nonlocal" phenomena between a light quantum and its light wave (function) since his 1905 photoelectric paper. But this phenomenon was even more clearly exhibited in EPR experiments as the apparent transfer of something physical, an "action," from one particle to another particle faster than the speed of light.  

The 1935 paper was based on Einstein's 1933 question to Leon Rosenfeld about two material particles fired in opposite directions from a central source with equal velocities. He imagined them starting at 
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 some distance apart and approaching one another with high velocities. Then for a short time interval from 
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 to t1 + Δt the particles are in contact with one another. 


After the particles are measured and become entangled at 
  
    t
    
      1
    
  
, quantum mechanics describes them with a single two-particle wave function 
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Einstein said that at a later time 
  
    t
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, a measurement of one particle's position would instantly establish the position of the other particle - without measuring it explicitly. And this is correct, just as after the collision of two billiard balls, measurement of one ball tells us exactly where the other one is due to conservation of momentum. But this is not "action at a distance." It is more nearly "knowledge at a distance."


Note that Einstein is implicitly using conservation of linear momentum to know the position of the second particle. Although conservation laws are rarely cited as the explanation, they may be the physical reason that entangled particles always produce correlated results. If the results were not always correlated, the implied violation of a fundamental conservation law would be a much bigger story than mysterious entanglement itself, as interesting and important as that is.


This idea of something measured in one place "influencing" measurements far away challenged what Einstein thought of as "local reality." Einstein thought that when the particles moved far enough apart they could be treated as separated, with independent wave functions 
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.


But Erwin Schrödinger quickly replied to the EPR paper, telling Einstein that his "separation principle" (Trennungsprinzip) was not correct. Today this is known as nonseparability.


The particles can not be separated into a product of independent wave functions, for example, particle A definitely in state 1, particle B in state 2, 
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Instead, particles A and B are each randomly found in state 1 or 2. But Particle B is certain to be in state 2 if particle A is measured in state 1, and vice versa.
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Quantum mechanics says that the particles are not in "pure" quantum states, but a "mixture" of two states, which maintain the coherent phase relations that allow them to interfere with one another.


Schrödinger used Paul Dirac's 1926 principle of superposition and John von Neumann's 1932 motion of "mixed states" in the "density matrix" to create two of the most popular and controversial ideas in quantum mechanics. 


First, Schrödinger described the two particles as "entangled" at their first encounter. He called it verschränkt in German.  Verschränkt means something like cross-linked. It describes someone standing with arms crossed, where each arm reaches out to touch the other. Today EPR is the classic example of entanglement.


Second, Schrödinger introduced his famous cat, claiming it is in a mixed state or a superposition of live and dead cats!


It was at this point in quantum history that the most controversial two-particle equation above appeared. It combines the ontological chance that Einstein discovered in 1916 with the idea that one quantum state can be described as in a linear combination or superposition of two other states that Dirac introduced in his 1927 "transformation theory" of quantum mechanics. 


In Dirac's theory, the coefficients of the two states (
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  2
) when squared (1/2) give us the 50% probabilities of finding the particles in the one or the other state. 


The equation combines quantum randomness with quantum interference. Interference was made famous in the two-slit experiment, which Richard Feynman almost thirty years after EPR called the “one mystery,” the only mystery at the heart of all quantum mechanics.


Note that the equation does not describe two material particles interacting with one another but their abstract immaterial wave functions 
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interfering with one another. 


These quantum mechanical wave functions, solutions to Schrödinger’s equations of motion (which replace Newton's equations of motion in classical mechanics), were thought by Schrödinger to be describing matter or energy, photons for light waves, mass and perhaps electric charge for electrons.


But in the quantum mechanics of Heisenberg, Jordan, Born, and Dirac the wave functions became “probability amplitudes,” whose absolute squares predict the probability of finding the values of observable quantum properties. And those predictions have been confirmed with extraordinary accuracy by countless experiments.


Let’s look at the equation in its simplest form that describes the superposition state of Schrödinger’s cat.
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Although this equation predicts interference between the cat states, such interference is never seen in cats, though it has been measured in surprisingly large macroscopic objects. 


Nevertheless, squaring the coefficients 
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 tells us that there is 50% chance of finding such a cat in either the live or dead state, i.e., which is confirmed in principle.
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Let's see how this simple equation also describes the two-slit experiment.
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The wave function beyond the two slits is a linear combination or superposition of the wave function passing the left slit | Left > with the wave function passing the right slit | Right >.


Note that whichever slit the particle passes through (and it must go through just one, because a quantum particle cannot become two (violating conservation of mass and/or energy), the probabilities of finding it on the screen are determined by the two-slit superposition. If a particle was detected passing through the left slit, or if the right slit were closed, the interference pattern would depend on a wave function passing through only that slit | Left >.  


Given that the double-slit interference appears even if only one particle at a time is incident on the two slits, we see why many say that the particle interferes with itself. But it is the wave function alone that is interfering with itself. Whichever slit the particle goes through, it is the probability amplitude ψ, whose squared modulus |ψ|2 gives us the probability of finding a particle somewhere, the interference pattern. It is what it is because the two slits are open.


[image: image-placeholder]


This is the deepest metaphysical mystery in quantum mechanics. How can an abstract immaterial probability wave influence the material particle paths to show interference when large numbers of independent particles are collected?  


Why interference patterns show up when both slits are open, even when particles go through just one slit, though we cannot know which slit or we lose the interference.


	[image: image-placeholder]	[image: image-placeholder]
	[image: image-placeholder]
	When there is only one slit open (here the left slit), the probabilities pattern has one large maximum (directly behind the slit) and small side fringes. If only the right slit were open, this pattern would move behind the right slit. 

If we add up the results of some experiments with the left slit open and others with the right open  we don't see the multiple fringes that appear with two slits open. 
[image: image-placeholder]
	When both slits are open, the maximum is now at the center between the two slits, there are more interference fringes, and these probabilities apply whichever slit the particle enters. The solution of the Schrödinger equation depends on the boundary conditions - different when two holes are open. The "one mystery" remains - how these "probabilities" can exercise causal control (statistically) over matter or energy particles.
Feynman's path integral formulation of quantum mechanics suggests the answer. His "virtual particles" explore all space (the "sum over paths") as they determine the variational minimum for least action, thus the resulting probability amplitude wave function can be said to "know" which holes are open.
 






What happens according to the information interpretation of quantum mechanics is an instantaneous change in the information about probabilities (actually complex probability amplitudes). Nothing physical (matter or energy) is moving anywhere.


Einstein  criticized the collapse of the wave function  as "instantaneous-action-at-a-distance."
This criticism resembles the criticisms of Newton's theory of gravitation. Newton's opponents charged that his theory was "action at a distance" and instantaneous. Einstein's own field theory of general relativity shows that gravitational influences travel at the speed of light and are mediated by a gravitational field that shows up as curved space-time.


For Einstein, fields like gravitation and electromagnetism are "ponderable." A disturbance of the field at one place is propagated at some finite velocity to other parts of the field. But the mathematical probability of a wave function is not a ponderable field in this sense.


When a probability function collapses to unity in one place and zero elsewhere, nothing physical, neither matter nor energy, is moving from one place to the other. Only information changes.    


For a detailed history of Einstein's concerns about single-particle nonlocality over the thirty years before EPR, see this page.


2) David Bohm and "hidden variables."


In our second kind of "thought experiment," David Bohm replaced Einstein's separating particles with a hydrogen molecule disassociating into two hydrogen atoms, each with ℏ/2 of spin angular momentum.


Instead of measuring linear momentum, Bohm proposed using two hydrogen atoms that are prepared in an initial state of known total spin angular momentum zero (the H2 molecule). Momentum and position are continuous variables. Spin is discrete. Bohm argued that measurements of discrete variables would be more precise. Bohm also proposed local "hidden variables" might be needed to explain the correlations. Here is his description. Note that it includes the two-particle wave function describing the superposition of mixed states.



We consider a molecule of total spin zero consisting
of two atoms, each of spin one-half. The wave function
of the system is therefore
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where  ψ+ (1) refers to the wave function of the atomic
state in which one particle (A) has spin +ℏ/2, etc. The
two atoms are then separated by a method that does
not influence the total spin. After they have separated
enough so that they cease to interact, any desired component
of the spin of the first particle (A) is measured.
Then, because the total spin is still zero, it can immediately
be concluded that the same component of the
spin of the other particle (B) is opposite to that of A.



Note that when Bohm says "because the total spin is still zero, it can immediately
be concluded that the same component of the
spin of the other particle (B) is opposite to that of A," he is implicitly using the conservation of total spin angular momentum. 


Note also that our superposition equation for the two particles predicts a 50% chance that the first particle will be spin up (ψ+ (1)) and the second down (ψ- (2)) and a 50% chance of the reverse, that the first particle will be spin down (ψ- (1)) and the second will be up (ψ+ (2)). In either case the total spin is always certain to be conserved as zero. 


Next note that while the total spin is certain to be zero, the outcome for each particle is completely random, half the outcomes are found up and the other half outcomes down. 


Finally note that these amazing predictions of outcomes individually random but together perfectly correlated, as confirmed by numerous experiments, provide us with no mechanisms, no interactions between the particles that produce these perfectly correlated outcomes. It is simply that as Bohm says, "because the total spin is still zero, it can immediately be concluded that the same component of the
spin of the other particle (B) is opposite to that of A." 


We can ask ourselves whether the first thought experiment (EPR) really needed some mechanism, some interaction, an "action-at-a-distance," as Einstein called it, to keep the particles moving symmetrically away from their center? In the absence of an external asymmetric force, all motions are mirror images, preserving their original symmetry and their perfect conservation of total linear momentum, as well as spin angular momentum.  


If linear momentum is conserved (by symmetry) without continuing interactions between particles, isn't conservation of spin angular momentum a much more plausible explanation than impossible faster-than-light interactions? 


In 1964, John Bell made a study of EPR and David Bohm's suggestion that local hidden variables could provide a mechanism that would explain entanglement. 


Instead of electrons, Bell proposed an experiment using photons and polarizers that measures the angular dependence of the falloff in perfect correlations when experimenters at A and B (usually called Alice and Bob) don't set their polarizers at the same angle (which we argue is needed to preserve the symmetry of the initial entanglement and the conservation of critical properties like spin angular momentum).


Correlations are perfect when they measure at the same (pre-agreed-upon) angle. When their polarizer angles differ by ninety degrees, all correlations are lost.


At intermediate angle differences θ, correlations diminish proportional to the square of the cosine of their angle difference - cos2θ, and not in a straight line as John Bell's theorem about inequalities mistakenly assumed.  



Arguments Against a Common Cause

David Bohm gave the best known (but mistaken) criticism of a common cause explanation. He said that the electron spins would need to have pre-determined values in all three x, y, z directions at initial entanglement, but that this is impossible. 


Only one spin component can have a definite value, say sz. When sz has the value ℏ, the other two components sy and sx are indeterminate. 


Bohm and his colleague Yakir Aharonov wrote in 1957 that in classical mechanics, the molecule could have all three components of the spin well-defined, but this is impossible for quantum mechanics, since at most one component of the spin can be well-defined...


If this were a classical system, there would be no
difficulty in interpreting the above results, because all
components of the spin of each particle are well defined
at each instant of time. Thus, in the molecule, each
component of the spin of particle A has, from the very
beginning, a value opposite to that of the same component of B; and this relationship does not change
when the atom disintegrates. In other words, the two
spin vectors are correlated. Hence, the measurement of
any component of the spin of A permits us to conclude
also that the same component of B is opposite in value.
The possibility of obtaining knowledge of the spin of
particle B in this way evidently does not imply any
interaction of the apparatus with particle B or any
interaction between A and B.

In quantum theory, a difficulty arises, in the interpretation of the above experiment, because only one
component of the spin of each particle can have a
definite value at a given time. Thus, if the x component
is definite, then the y and z components are indeterminate and we may regard them more or less as in a
kind of random fluctuation.


N David Mermin made a similar argument in 1988, claiming that in the absence of spooky actions, it appears that both photons must have definite polarizations along every conceivable direction...   



Both photons must have had definite polarizations along α. Furthermore,
since the conclusion that one photon has a definite
polarization along the direction α does not require an actual
measurement of the polarization of the other along that direction
(again, in the absence of spooky connections), and since not
measuring polarization along a direction α is the same as not
measuring it along any other direction, we are led to conclude
that both photons must have definite polarizations along every
conceivable direction.


Finally, John Clauser and Abner Shimony repeated Bohm's criticisms of a common cause.



Suppose that one measures the spin of
particle 1 along the x axis. The outcome is not predetermined by the description [wave function] Ψ12.
But from it, one can predict that if particle 1 is found to have its spin parallel to the
x axis, then particle 2 will be found to have its spin antiparallel to the x axis if the x component of its spin is also measured. 

Thus, an experimenter can arrange the
apparatus in such a way that he can predict the value of the x component of spin of
particle 2 presumably without interacting with it (if there is no action-at-a-distance).


Likewise, he can arrange the apparatus so that he can predict any other component
of the spin of particle 2. The conclusion of the argument is that all components of
spin of each particle are definite, which of course is not so in the quantum-mechanical
description. Hence, a hidden-variables theory seems to be required. 



In our analysis we show how a hidden constant of the motion (the conserved spin angular momentum) can carry common causes of entanglement to the "separated" particles. It is not that atoms and electrons must have spins along all three directions (Bohm, Clauser, Shimony) or that photons must have definite polarizations along every conceivable direction (Mermin) .


It is that the two-particle wave function is spherically symmetric with no definite spins in any direction, that is, until the measurements at A and B, which each create one bit of information. 


The perfectly correlated spins appear in the pre-agreed upon direction of measurement. This direction was not present at the initial entanglement, which needs only to create a spherically symmetric state like the singlet state of the hydrogen molecule or the helium atom. Similarly, the two bits of information created by the final measurements did not exist as the particles traveled to points A and B.


The final measurement outcomes were not determined by the local causes at the initial entanglement. Nor were the outcomes known as the particles travelled to A and B. The outcomes were the indeterministic results of the final local causes. They did not exist before the final measurements.



What Then About the Nonlocality of Entanglement? 


Ever since Albert Einstein in 1905 thought a light wave had collapsed instantaneously everywhere when a part of it ejected a photo-electron somewhere, the quantum wave function has appeared to be producing "nonlocal" phenomena. All his life he thought these nonlocal "influences" were a "spooky action at a distance."

The wave function that goes through both slits, even as the particle must go through just one slit (by conservation of mass), can be seen as acting nonlocally. But this nonlocality, the one and only mystery of quantum mechanics, cannot be explained as a "causal chain" of multiple local causes as we have done for entanglement. As Feynman says, "there is no machinery."


Our proposal has identified "machinery" in the initial entanglement and in the final measurements which produces the appearance of Alice's measurement "influencing" Bob's measurement. No machinery is needed for the conserved constant of the motion.



Is There a Preferred Reference Frame? 


There is no preferred reference frame in the sense of special relativity, which sees all inertial frames as equivalent (the relativity principle). But there clearly are inertial frames which provide different "points of view," some clarifying, some confusing the order of events.

The architect of special relativity himself chose to look at nonlocality from A's inertial frame and point of view.  Both Einstein's first two-particle version of nonlocal events in 1933 speaking with Léon Rosenfeld and his second two-particle version in the 1935 EPR paradox paper, Einstein starts with measurement A, suggesting (falsely) that the (simultaneous) measurements at B must be acted upon at a distance to be correlated with A.


If there is what we might call a special frame to analyze entanglement it is surely the frame in which the entanglement apparatus at the causal center C is at rest along with measurement devices at A and B. The causal order of events is clear. The causal center is the physical and temporal origin of the "causal chain" of events.
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"Free choice" is an important term in the debates about quantum mechanics and physical reality. It was introduced by Niels Bohr in his response to Albert Einstein's famous challenge to the "completeness" of quantum mechanics.

Einstein's first objections were at the 1927 Solvay conference on "Electrons and Photons." 


These problems were instructively commented upon from different sides at the Solvay meeting, in the same session where Einstein raised his general objections [about completeness]. On that occasion an interesting discussion arose also about how to speak of the appearance of phenomena for which only predictions of statistical character can be made. 

The question was whether, as to the occurrence of individual effects, we should adopt a terminology proposed by Dirac, that we were concerned with a choice on the part of "nature" or, as suggested by Heisenberg, we should say that we have to do with a choice on the part of the "observer" constructing the measuring instruments and reading their recording. Any such terminology would, however, appear dubious since, on the one hand, it is hardly reasonable to endow nature with volition in the ordinary sense, while, on the other hand, it is certainly not possible for the observer to influence the events which may appear under the conditions he has arranged. To my mind, there is no other alternative than to admit that, in this field of experience, we are dealing with individual phenomena and that our possibilities of handling the measuring instruments allow us only to make a choice between the different complementary types of phenomena we want to study. 


Henry Stapp distinguishes three processes, Schrödinger, Dirac, and Heisenberg, following this distinction between Dirac and Heisenberg,

Stapp combines this "free choice" with the Quantum Zeno Effect to argue for free will while denying chance


In 1935, Einstein, with his Princeton colleagues Boris Podolsky and Nathan Rosen, claimed that their EPR experiment requires the addition of further parameters or "hidden variables" to restore a deterministic picture of the "elements of reality."


In classical physics, such elements of reality include simultaneous values for the position and momentum of elementary particles like electrons.


In quantum mechanics, Bohr and Werner Heisenberg claimed that such properties could not be said to exist precisely before an experimenter decides to make a measurement.


This "freedom of choice" of the experimenter includes the freedom of which specific property to measure for. If the position is measured accurately, the complementary conjugate (and non-commuting) variable momentum is necessarily indeterminate.


For many years, Heisenberg and Bohr described the reason for this as "uncertainty," as in Heisenberg's famous "uncertainty principle." Uncertainty was initially believed to be an epistemological problem caused by the measuring apparatus "disturbing" a particle in the act of measurement.


The thought experiment Heisenberg's Microscope showed that low-energy long-wavelength photons would not disturb an electron's momentum, but their long waves provided a blurry picture at best, so they lacked the resolving power to measure the position accurately. Conversely, if a high-energy, short wavelength photon was used (e.g., a gamma-ray), it might measure momentum, but the recoil of the electron would be so large that its position became uncertain. 


Bohr abandoned this "disturbance" explanation after Einstein's EPR challenge, which showed that quantum mechanics requires a fundamental "indeterminacy" that is ontological, a characteristic of the wave function whether or not it is observed. The experimenter can get different results, depending on the choice of measurement apparatus and the property or attribute measured. 



EPR argued (mistakenly) that entangled particles could be regarded as separate systems, and since they could choose which type of measurement to make on the first system, it would make an instantaneous difference in the state and properties of the second system, however far away, violating special relativity.


We see therefore that, as a consequence of two different measurements performed upon the first system, the second system may be left in states with two different wave functions. On the other hand, since at the time of measurement the two systems no longer interact, no real change can take place in the second system in consequence of anything that may be done to the first system. This is, of course, merely a statement of what is meant by the absence of an interaction between the two systems. Thus, it is possible to assign two different wave functions to the same reality (the second system after the interaction with the first).


In his 1935 reply to Einstein, Podolsky, and Rosen, Bohr denied that the limitations on simultaneously measuring complementary properties implied any incompleteness:


My main purpose in repeating these simple, and in substance well-known considerations, is to emphasize that in the phenomena concerned we are not dealing with an incomplete description characterized by the arbitrary picking out of different elements of physical reality at the cost of sacrificing other such elements, but with a rational discrimination between essentially different experimental arrangements and procedures which are suited either for an unambiguous use of the idea of space location or for a legitimate application of the conservation theorem of momentum. 

Any remaining appearance of arbitrariness concerns merely our freedom of handling the measuring instruments characteristic of the very idea of experiment. In fact, the renunciation in each experimental arrangement of the one or the other of two aspects of the description of physical phenomena, - the combination of which characterizes the method of classical physics, and which therefore in this sense may be considered as complementary to one another, - depends essentially on the impossibility in the field of quantum theory, of accurately controlling the reaction of the object on the measuring instruments, i.e., the transfer of momentum in case of position measurements, and the displacement in case of momentum measurements. Just in this last respect any comparison between quantum mechanics and ordinary statistical mechanics, - however useful it may be for the formal presentation of the theory, — is essentially irrelevant. 

Not epistemological human ignorance but ontological physical indeterminacy.


Indeed we have in each experimental arrangement suited for the study of proper quantum phenomena not merely to do with an ignorance of the value of certain physical quantities, but with the impossibility of defining these quantities in an unambiguous way.

The last remarks apply equally well to the special problem treated by Einstein, Podolsky and Rosen, which has been referred to above, and which does not actually involve any greater intricacies than the simple examples discussed above. The particular quantum-mechanical state of two free particles, for which they give an explicit mathematical expression, may be reproduced, at least in principle, by a simple experimental arrangement, comprising a rigid diaphragm with two parallel slits, which are very narrow compared with their separation, and through each of which one particle with given initial momentum passes independently of the other. If the momentum of this diaphragm is measured accurately before as well as after the passing of the particles, we shall in fact know the sum of the components perpendicular to the slits of the momenta of the two escaping particles, as well as the difference of their initial positional coordinates in the same direction; while of course the conjugate quantities, i.e., the difference of the components of their momenta, and the sum of their positional coordinates, are entirely unknown.* In this arrangement, it is therefore clear that a subsequent single measurement either of the position or of the momentum of one of the particles will automatically determine the position or momentum, respectively, of the other particle with any accuracy; at least if the wave-length corresponding to the free motion of each particle is sufficiently short compared with the width of the slits. As pointed out by the named authors, we are therefore faced at this stage with a completely free choice whether we want to determine the one or the other of the latter quantities by a process which does not directly interfere with the particle concerned.


Like the above simple case of the choice between the experimental procedures suited for the prediction of the position or the momentum of a single particle which has passed through a slit in a diaphragm, we are, in the "freedom of choice" offered by the last arrangement, just concerned with a discrimination between different experimental procedures which allow of the unambiguous use of complementary classical concepts. In fact to measure the position of one of the particles can mean nothing else than to establish a correlation between its behavior and some instrument rigidly fixed to the support which defines the space frame of reference. Under the experimental conditions described such a measurement will therefore also provide us with the knowledge of the location, otherwise completely unknown, of the diaphragm with respect to this space frame when the particles passed through the slits. Indeed, only in this way we obtain a basis for conclusions about the initial position of the other particle relative to the rest of the apparatus. By allowing an essentially uncontrollable momentum to pass from the first particle into the mentioned support, however, we have by this procedure cut ourselves off from any future possibility of applying the law of conservation of momentum to the system consisting of the diaphragm and the two particles and therefore have lost our only basis for an unambiguous application of the idea of momentum in predictions regarding the behavior of the second particle. Conversely, if we choose to measure the momentum of one of the particles, we lose through the uncontrollable displacement inevitable in such a measurement any possibility of deducing from the behavior of this particle the position of the diaphragm relative to the rest of the apparatus, and have thus no basis whatever for predictions regarding the location of the other particle.


From our point of view we now see that the wording of the above-mentioned criterion of physical reality proposed by Einstein, Podolsky and Rosen contains an ambiguity as regards the meaning of the expression "without in any way disturbing a system." 


EPR was concerned about faster-than-light disturbances or influences between particles with pre-existing properties


Of course there is in a case like that just considered no question of a mechanical disturbance of the system under investigation during the last critical stage of the measuring procedure. But even at this stage there is essentially the question of an influence on the very conditions which define the possible types of predictions regarding the future behavior of the system. 
Since these conditions constitute an inherent element of the description of any phenomenon to which the term "physical reality" can be properly attached, 

Bohr denies the charge of "incompleteness"


we see that the argumentation of the mentioned authors does not justify their conclusion that quantum-mechanical description is essentially incomplete. On the contrary this description, as appears from the preceding discussion, may be characterized as a rational utilization of all possibilities, of unambiguous interpretation of measurements, compatible with the finite and uncontrollable interaction between the object and the measuring instruments in the field of quantum theory. In fact, it is only the mutual exclusion of any two experimental procedures, permitting the unambiguous definition of complementary physical quantities, which provides room for new physical laws the coexistence of which might at first sight appear irreconcilable with the basic principles of science. It is just this entirely new situation as regards the description of physical phenomena that the notion of complementarity aims at characterizing.



Here Bohr introduces the freedom of the experimenter


In his long 1938 essay on "The Causality Problem in Atomic Physics" Bohr again emphasizes the "free choice" of an experimental procedure in his solution to the EPR paradox.

the paradox finds its complete solution within the frame of the quantum mechanical formalism, according to which no well defined use of the concept of "state" can be made as referring to the object separate from the body with which it has been in contact, until the external conditions involved in the definition of this concept are unambiguously fixed by a further suitable control of the auxiliary body. Instead of disclosing any incompleteness of the formalism, the argument outlined entails in fact an unambiguous prescription as to how this formalism is rationally applied under all conceivable manipulations of the measuring instruments. The complete freedom of the procedure in experiments common to all investigations of physical phenomena, is in itself of course contained in our free choice of the experimental arrangement, which again is only dictated by the particular kind of phenomena we wish to investigate.


Free Choice versus "Nature's Choice."


To be sure, those quantum events that are "measured" in a physics experiment which is set up to measure a certain quantity are dependent on the experimenter and the design of the experiment. To measure the electron spin in a Stern-Gerlach experiment, for example, the experimenter is "free to choose" to measure, for example, the z-component of the spin, rather than the x- or y-component. This will influence (but not determine) quantum level events in the following ways:

	The experimental outcome will produce a definite value for the z-component of the spin (either +1/2 or -1/2)

	The x-component of the spin after the measurement will be in a linear combination/superposition of +1/2 or -1/2 states
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It is in this sense that Bohr and Heisenberg describe properties of the quantum world as not existing until we make a measurement. We are "free to choose" the experiment to perform. If we measure position for example, the precise position value did not exist in some sense immediately before the measurement. 

On the other hand, we could not create the particular value for the position. This is a random choice made by Nature, as P. A. M. Dirac put it. 



Bell's Theorem and Free Choice


In all the recent EPR experiments to test  Bell's Inequalities, "free choices" of the experimenters are needed when they select the angle of polarization. Note that what determines the second experimenter's results in these tests is simply the first experimenter's measurement, which instantaneously collapses the superposition of two-particle states into a particular state that is now a separable product of independent particle states.


Bell inequality investigators who try to recover the "elements of local reality" that Einstein wanted, and who hope to eliminate the irreducible randomness of quantum mechanics that follows from wave functions as probability amplitudes, often cite "loopholes" in EPR experiments. For example, the "detection loophole" claims that the efficiency of detectors is so low that they are missing many events that might prove Einstein was right. 


Most all the loopholes have now been closed, but there is one loophole that can never be closed because of its metaphysical/philosophical nature. That is the "(pre-)determinism loophole."


If every event occurs for reasons that were established at the beginning of the universe, then the experimenters lack any  and all the careful experimental results are meaningless. John Conway and Simon Kochen have formalized this loophole in what they call the Free Will Theorem.


Conway and Kochen assume three axioms, which they call "SPIN", "TWIN" and "FIN". The spin and twin axioms can be established by entanglement experiments. Fin is a consequence of relativity theory.


   1. SPIN: Measuring the square of the component of spin of certain elementary particles of spin one, taken in three orthogonal directions, results in a permutation of (1,1,0).


   2. TWIN: It is possible to "entangle" two elementary particles, and separate them by a significant distance, so that they give the same answers to corresponding questions. The squared spin results are the same if measured in parallel directions. If the first experimenter A (on Earth) performs a triple experiment for the frame (x, y, z), producing the result
x → j, y → k, z → l while the second experimenter B (on Mars, at least 5 light minutes away) measures a single
spin in direction w, then if w is one of x, y, z, its result is that w → j, k, or l, respectively.


   3. FIN: There is a finite upper bound to the speed with which
information can be effectively transmitted. Conway and Kochen say this is a consequence of "effective causality."


[But the  collapse of the probability amplitude wave function is instantaneous and not so limited. ] 



The formal statement of the Free Will Theorem is then

If the choice of directions in which to perform spin 1 experiments is not a
function of the information accessible to the experimenters, then the responses of the particles are equally not functions of the information accessible to them.



Conway and Kochen say:

Why do we call this result the Free Will theorem? It is usually tacitly
assumed that experimenters have sufficient free will to choose the settings of
their apparatus in a way that is not determined by past history. We make this
assumption explicit precisely because our theorem deduces from it the more surprising fact that the particles’ responses are also not determined by past history.

Thus the theorem asserts that if experimenters have a certain property,
then spin 1 particles have exactly the same property. Since this property for
experimenters is an instance of what is usually called “free will,” we find it
appropriate to use the same term also for particles.



The theorem states that, given the axioms, if the two experimenters in question are free to make choices about what measurements to take, then the results of the measurements cannot be determined by anything previous to the experiments.


[See the discussion of the EPR experiments to see that "free choices" of the experimenters are needed when they select the angle of polarization in tests of Bell's Inequalities Note that what determines the second experimenter's results is simply the first experimenter's measurement, which instantaneously collapses the superposition of two-particle states into a particular state that is a product of independent particle states.]


Since the theorem applies to any arbitrary physical theory consistent with the axioms, it would not even be possible to place the information into the universe's past in an ad hoc way. The argument proceeds from the Kochen-Specker theorem, which shows that the result of any individual measurement of spin was not fixed (pre-determined) independently of the choice of measurements. 


Conway and Kochen describe new bits of information coming into existence in the universe, and we agree that information is the key to understanding both EPR entanglement experiments and human free will. They say 


...there will be a time t0 after x, y, z are chosen with the property that for each time t < t0 no such bit is available, but for every t > t0 some
such bit is available.

But in this case the universe has taken a free decision at time 
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 is, by definition, not a function of the information available before 
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!



Their anthropomorphization of the universe as "taking a free decision" is too simplistic, but it is essential to solutions of the problem of measurement to recognize that the "cut" between the quantum world and the classical world is the moment when new information enters the universe irreversibly.


In "The Strong Free Will Theorem," Conway and Kochen replace the FIN axiom with a new axiom called MIN, which asserts only that two experimenters separated in a space-like way can make choices of measurements independently of each other. In particular, they are not asserting that all information must travel finitely fast; only the particular information about choices of measurements made by the two experimenters.


Although Conway and Kochen do not claim to have proven free will in humans, they assert that should such a freedom exist, then the same freedom must apply to the elementary particles.


What they are really describing is the indeterminism that quantum mechanics has introduced into the world. While indeterminism is a necessary precondition for human freedom, it is insufficient by itself to provide free will.


See also the free will axiom





Source: https://www.informationphilosopher.com/quantum/choice/
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Hidden Variables? No, but a Hidden Constant?

In 1964, John Bell put limits on David Bohm's "hidden variables." Bell found they would be "nonlocal."


Although we find no need for "hidden variables," whether local or non-local, we might say that the conservation laws give us a "hidden constant." Conservation of a particular property is often described as a "constant of the motion." These constants might be viewed as "local," in that they travel along with particles at all times, or as "global," in that they are a property of the two-particle probability amplitude wave function 
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 as it spreads out in space. 


This agrees with Bohm, and especially with Bell, who says that the spin of particle 2 is "predetermined" to be found up if (and only if) particle 1 is measured to be down (when measured in the same direction). They are implicitly using conservation of angular momentum.


But recall that the Copenhagen Interpretation says we cannot know a spin property until it is measured. So some claim that both spins are in an unknown combination of spin down and spin up until the measurements. It is this that suggests the possibility that both spins might be found in the same direction, violating the conservation laws. 


Since electron spins in this situation are never found experimentally in the same direction, this gave rise to the idea of a hidden variable as some sort of signal that could travel to particle 2 after the measurement of particle 1, causing it to change its spin to be opposite that of particle 1. What sort of signal might this be? And what mechanism exists in a bare electron that could cause it to change a property like its spin without an external force of some kind?

Eugene Wigner's explicit view that a conservation law is operating, and the implicit claims of Bohm and Bell that the electron spins are created in opposite states, give us the simplest and clearest explanation of the entanglement paradox.               


Despite accepting that a particular value of some "observables" can only be "known" by a measurement (knowledge is an epistemological problem) Einstein asked whether the particle actually (really, ontologically) has a path and position, even other properties, before we measure it?  His answer was yes.


Einstein might have thought that the two particles have had their spins predetermined from the time of their entangling interaction. But as we have shown, the perfectly correlated  properties were not created at the initial entanglement preparation but at the later measurements by Alice and/or Bob. What must pre-exist is the joint property of conserved total momentum in all directions, a symmetry property of the initial entanglement of the two particles. 


Here is a crude animation illustrating the assumption that the two electrons are prepared, one in a spin-up, the other in a spin-down state. They remain in opposite states no matter how far they separate, provided neither interacts with anything else until the measurements at A and B. 


"Hidden constants" of the motion, requiring one spin up, one down, at all times, so total spin is always zero and the two-particle wave function is rotationally symmetric, completely explain the fact of perfect correlations of opposing spins. "Nature's" random choice of up-down versus down-up explains why the two perfectly correlated bit strings can be used in quantum cryptography.  That the two strings appear at widely separated places without the possibility of an eavesdropper between them makes this the preferred method for quantum key distribution (QKD). 


🎬Videohttps://www.informationphilosopher.com/animations/Animate_EPR.mp4
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Abstract

Whether a calcium cascade or a spontaneous parametric down-conversion, at initial entanglement the spins of two particles are projected into a singlet state whose wave function is spherically symmetric with total spin zero. It has no preferred spatial direction. As the particles travel to the distant measurement devices at A and B the spherical symmetry and total spin zero are conserved in the absence of environmental interactions and is a constant of the motion. We can picture the two particle spins as at all times perfectly opposite one another, because otherwise they would be violating the fundamental law conserving angular momentum. As long as the two measurement devices are set at the same pre-agreed upon arbitrary angle, their planar symmetry and the wave function spherical symmetry ensure that measurements will produce perfectly correlated results. 




The Arguments Against a Common Cause


The basic argument against a common cause is that it would create a definite spin direction in the initial entanglement.  The agreed-upon spin direction chosen for final measurements is arbitrary, so it's nearly impossible to be that initial spin direction.  Initial spins in any fixed direction φ could not produce the perfect correlations seen in the arbitrary direction θ agreed upon for the experimenters. Measurements would be degraded by the "law of Malus" cos²(θ-φ).

David Bohm gave the earliest and best known (but mistaken) criticism of a common cause explanation. He said that the electron spins would need to have pre-determined values in all three x, y, z directions at initial entanglement, but that this is impossible. 


Only one spin component can have a definite value, say sz. When sz has the value ℏ, the other two components sy and sx are indeterminate. 


Bohm and his colleague Yakir Aharonov wrote in 1957 that in classical mechanics, the molecule could have all three components of the spin well-defined, but this is impossible for quantum mechanics, since at most one component of the spin can be well-defined...


If this were a classical system, there would be no
difficulty in interpreting the above results, because all
components of the spin of each particle are well defined
at each instant of time. Thus, in the molecule, each
component of the spin of particle A has, from the very
beginning, a value opposite to that of the same component of B; and this relationship does not change
when the atom disintegrates. In other words, the two
spin vectors are correlated. Hence, the measurement of
any component of the spin of A permits us to conclude
also that the same component of B is opposite in value.
The possibility of obtaining knowledge of the spin of
particle B in this way evidently does not imply any
interaction of the apparatus with particle B or any
interaction between A and B.

In quantum theory, a difficulty arises, in the interpretation of the above experiment, because only one
component of the spin of each particle can have a
definite value at a given time. Thus, if the x component
is definite, then the y and z components are indeterminate and we may regard them more or less as in a
kind of random fluctuation.


John Clauser and Abner Shimony published a variation of Bohm's criticisms of a common cause in 1978.



Suppose that one measures the spin of
particle 1 along the x axis. The outcome is not predetermined by the description [wave function] Ψ12.
But from it, one can predict that if particle 1 is found to have its spin parallel to the
x axis, then particle 2 will be found to have its spin antiparallel to the x axis if the x component of its spin is also measured. 

Thus, an experimenter can arrange the
apparatus in such a way that he can predict the value of the x component of spin of
particle 2 presumably without interacting with it (if there is no action-at-a-distance).


Likewise, he can arrange the apparatus so that he can predict any other component
of the spin of particle 2. The conclusion of the argument is that all components of
spin of each particle are definite, which of course is not so in the quantum-mechanical
description. Hence, a hidden-variables theory seems to be required. 


N David Mermin made a similar argument for photons in 1988, claiming that in the absence of spooky actions, it appears that both photons must have definite polarizations along every conceivable direction...   


Both photons must have had definite polarizations along α. Furthermore,
since the conclusion that one photon has a definite
polarization along the direction α does not require an actual
measurement of the polarization of the other along that direction
(again, in the absence of spooky connections), and since not
measuring polarization along a direction α is the same as not
measuring it along any other direction, we are led to conclude
that both photons must have definite polarizations along every
conceivable direction.



Arguments For Momentum Conservation and a Constant of the Motion

Eugene Wigner wrote in 1963


If a measurement of the momentum of one of the particles is carried out — the possibility of this is never questioned — and gives the result p, the state vector of the other particle suddenly becomes a (slightly damped) plane wave with the momentum -p. This statement is synonymous with the statement that a measurement of the momentum of the second particle would give the result -p, as follows from the conservation law for linear momentum. The same conclusion can be arrived at also by a formal calculation of the possible results of a joint measurement of the momenta of the two particles.

 
One can go even further: instead of measuring the linear momentum of one particle, one can measure its angular momentum about a fixed axis. If this measurement yields the value mℏ, the state vector of the other particle suddenly becomes a cylindrical wave for which the same component of the angular momentum is -mℏ. This statement is again synonymous with the statement that a measurement of the said component of the angular momentum of the second particle certainly would give the value -mℏ. This can be inferred again from the conservation law of the angular momentum (which is zero for the two particles together) or by means of a formal analysis. 


Writing a few years after Bohm, and one year before Bell, Wigner explicitly describes Einstein's conservation of momentum example as well as the conservation of angular momentum (spin) that explains perfect correlations between angular momentum (spin) components measured in the same direction


In 2004, C.S.Unnikrishnan of the Tata Institute of Fundamental Research in Mumbai, India wrote


Bell’s inequalities can be obeyed only by violating a conservation law. 


Although Wigner and Unnikrishnan are explicit that the correlations are the result of conservation of spin angular momentum, the other great physicists who discovered nonlocality and entanglement, Bohm, Bell, and even Einstein himself, were using conservation of momentum implicitly with statements like these: 


"Then, because the total spin is still zero, it can immediately be concluded that the same component of the spin of the other particle (B) is opposite to that of A," 
Bohm and Aharonov (1957); 

"If measurement of the component σ1 • a, where a is some unit vector, yields the value + 1 then, according to quantum mechanics, measurement of σ2 • a must yield the value — 1 " 
Bell (1964); 

"Suppose two particles are set in motion towards each other with the same, very large, momentum, and they interact with each other for a very short time when they pass at known positions. Consider now an observer who gets hold of one of the particles, far away from the region of interaction, and measures its momentum: then, from the conditions of the experiment, he will obviously be able to deduce the momentum of the other particle. 
Einstein (1933)". 



The Critical Importance of Spherical Symmetry 


The spherical symmetry of the two-particle wave function ensures that if measurements are made symmetrically (viz, at the same angle in the same central plane) the two spins will be exactly opposite and the total spin zero of the particles conserved. If the two measurement angles (or planes) differ by θ, the correlations will be reduced by cos2θ, but this is not because overall angular momentum is not strictly conserved! The lost angular momentum of one particle is gained by the massive measurement device at the divergent angle.

This author discovered the spherical symmetry of the two-particle wave function while working on his Ph.D. thesis The Continuous Spectrum of the Hydrogen Quasi-Molecule at Harvard in 1968. The hydrogen "quasi-molecule" is two hydrogen atoms absorbing and emitting light while they are colliding and separating. Their lowest energy molecular state is a spherically symmetric 1Σg singlet state.


These molecular orbitals are spheres with the electrons equally likely to appear at any point, though if both could be found they would most likely be located opposite one another because of their mutual repulsion. The total spin angular momentum is zero. 


As the hydrogen atoms "separate," the quasi-molecular wave function remains rotationally symmetric around the molecular axis. The total spin angular momentum remains zero at all times, unless the atoms are disturbed by the environment or a measurement is made. This is exactly like David Bohm's 1952 proposal for a hidden variables experiment with a hydrogen molecule that dissociates into two hydrogen atoms.



The Discovery of Nonlocality (But No Action at a Distance!)



Between 1905 and 1927 Albert Einstein had concerns about instantaneous interactions or "influences" between his light quanta and light waves. By 1933 his concerns were about two particles that he thought had been long "separated." In 1935 his colleagues Boris Podolsky and Nathan Rosen formulated the EPR paradox. In 1947 Einstein called it "spooky action at a distance." Such events are today called "nonlocal" or "entangled." There is no superluminal and physically causal action at a distance.

Today hundreds of experiments with two entangled particles confirm that measurements made at arbitrarily large separations show the two particles' properties are perfectly correlated, even though the individual particle properties are found to be random, an unusual combination of determined and indeterministic.


Widely separated events, happening simultaneously in a frame of reference that includes the entanglement preparation at the center between the particles, can give the mistaken impression of one event influencing the other at speeds much greater than the velocity of light. 


Despite Einstein's great physical insight, and despite his deep understanding of conservation principles and mathematical and geometrical symmetries, he may have introduced a false asymmetry into a symmetric situation.


In the 1935 Einstein-Podolsky-Rosen paper, the properties measured were momentum and position, which are continuous variables. Since David Bohm in 1952, the entangled property studied is spin angular momentum, which has discrete values much easier to measure precisely. 


Bohm proposed "hidden variables" might be found traveling along "locally" with the particles to explain their perfect correlations. No working physical model for such hidden variables has been found. 


Entanglement experiments are usually described with two widely separated experiments at points A and B with experimenters, Alice and Bob, typically located symmetrically about the center C where the two particles are initially entangled. 

 A ← C → B 



Einstein focused on point A and suspected some action must travel from A to B to synchronize the experiments. He might equally have focused on B sending a synchronizing action to A! However, we shall see nothing is communicated from Alice to Bob or from Bob to Alice!


Einstein and all modern experimenters know very well that the experiments at A and B occur simultaneously in the frame of reference in which the center C and the two measurement devices are at rest. So neither experiment can possibly "influence" the other. Nevertheless, entanglement is popularly suspected as involving faster than light communications between Alice and Bob to coordinate or correlate their measurement results. 


We suggest that the perfectly correlated results depend on a conserved physical quantity established at the causal center when the particles were initially entangled. The conserved property is the total spin angular momentum of zero.  When a property like momentum is conserved it is known as a "constant of the motion." There may be no "hidden" variables, but we argue that a "hidden" constant may very simply explain the puzzling correlations.

Erwin Schrödinger replied immediately to the EPR paper, telling Einstein that the particles that had interacted could not be separated without some interaction or disturbance. He called them "entangled" (verschränkt in German).

Erwin Schrödinger replied immediately to the EPR paper, saying the quantum state of two entangled particles cannot be represented by a wave function that is the product of two independent single states 
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. Instead, the two-particle wave function 
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 is a linear combination or what Paul Dirac called a "superposition" of "two-particle" states. 


Schrödinger's two-particle quantum wave function looks a bit complicated but it has a simple interpretation that predicts precisely the perfect correlations of entangled particle spins when they are measured. 


Consider two particles we label 1 and 2 which can each be in one of two states, + or -.  
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We can read the first two-particle state | 1+ 2- > as particle 1 being plus (or spin-up) and particle 2 being minus (or spin-down). The particles are in opposite spin states.  

The second two-particle state | 1- 2+ > reverses the signs of the two particles.


We can also simplify the notation for later discussions as
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Dirac explains that the coefficients 1/√2 multiplying each two-particle state are a "probability amplitude" (which is often a complex number). The absolute square of a coefficient gives us the probability of finding the particles in that state. Squaring 1/√2 gives us 1/2 so the wave function tells us the particles will be found half the time in the state | + - > or "up-down" and the other half in | - + > or "down-up."
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 is a prediction about probabilities of different outcomes. It does NOT mean the physical system is actually in both states, as many physicists and philosophers of science have claimed! 


This started of course with Erwin Schrödinger and his cat simultaneously dead and alive. 


Just one of these two possible up-down (+ -) and down-up (- +) states can become actual when measured. The 
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 coefficient, when squared, tells us that the two states have probability 1/2. 


This sounds simple enough, but note that the wave function 
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 perfectly predicts that strange combination of determined and indeterministic outcomes we see in all the entanglement experiments. 


When we consider an individual particle its outcomes are random, either up or down, + or -.  But when we look at the joint outcomes of two particles they are perfectly correlated, always one up and the other down, conserving the total spin zero, which is our "constant of the motion."


Bell's Theorem and a closer look at the experiment outcomes


Between Alice and Bob is an apparatus C that prepares entangled particles and ejects them in opposite directions heading towards the measurement devices at A and B, which can be arranged at different angles. As Alice and Bob look in the direction of the initial entanglement, they can agree on angles called "up" and "down," as well as "left" and "right" which are perpendicular to the "up-down" directions. 

Each of the measuring devices can be freely rotated from the "up" direction, which we can call zero degrees, turning it clockwise around 90 degrees to the "right" direction," on to 180 degrees in the "down" direction, then to 270 degrees in the "left" direction, and finally ninety more degrees points the device back to the "up " direction.

John Bell's famous theorem made predictions about the results Alice and Bob should measure at various angle settings. But what do experimental results show? We can describe the results as "up" or "down," or plus or minus, or with digital bit sequences 1 or 0. 


Alice's measurement sequences appear to her to be completely random, like this, with approximately equal numbers of  1's and 0's, approaching equality for longer bit sequences.


00010011011110101100011011000001



And Bob's sequence looks to him to be equally random, with 1's and 0's approaching 50/50.  


11101100100001010011100100111110



But amazingly, should Alice send her bit sequence to Bob for comparison, he discovers that when he lines the bit strings up with one another, they are perfectly anti-correlated. Where Alice measured a 1, Bob measures 0, and vice versa. How can this be?


00010011011110101100011011000001

11101100100001010011100100111110



[Note that these random but perfectly correlated bit sequences are perfect for use as one-time pads for encrypting coded messages. And the sequences have not been "communicated" or "distributed" over an ordinary communication channel. They have been created independently and locally at Alice and Bob in a secure way that is invulnerable to eavesdroppers, solving the problem of quantum key distribution (QKD).] 

 
Although he initially objected, Einstein came to accept that quantum mechanics predicts a random, uncertain outcome for the measurement of an individual particle, following Werner Heisenberg's "uncertainty principle," or Paul Dirac's "projection postulate," which says the particle is statistically found in a state proportional to the probability for each possible state.   


But if the two particle states are individually random (indeterminism), how can together they always are found jointly correlated (determinism)?



Many scientists, starting with David Bohm in 1952, think there must be "local hidden variables," traveling along with each particle, carrying "instructions" that tell each particle how to correlate with the other.

John Bell's test experiments were said to distinguish between "local" and "nonlocal" hidden variables. Bell concluded that if hidden variables do exist, they must be "nonlocal." But no reasonable physical explanation for how such variables work, local or nonlocal, has been given.  



How a "hidden" constant of the motion produces the exact results predicted by the two-particle wave function ψ12.


Our proposed explanation for events that are independently random but are perfectly correlated jointly is a "condition" or "constraint" that travels along with the particles from their initial entanglement, so it is a phenomenon local to each particle, coming from a point in space that is in the past light cone of both particles.  

The "condition" is a consequence of a deep principle that is fundamental to both quantum physics and classical physics. It's the law of conservation of certain quantities, like mass, charge, linear momentum, and angular momentum. As Emmy Noether taught us, conservation laws are the consequence of geometrical symmetries.    


So our "condition" depends on the spherical symmetry of the wave function for two particles in a so-called "singlet" state. The two 1s electrons in the filled shell of the helium atom are in such a spherically symmetric state. These molecular orbitals are spheres with the electrons equally likely to appear at any point, though if both could be found they would most likely be located opposite one another because of their mutual repulsion. The total spin angular momentum is zero. Electron spins are exactly opposite at all times.


A similar situation is the 1Σg singlet state of the two atoms in a hydrogen molecule. The two hydrogen atoms in the hydrogen molecule ground state 1Σg+ are rotationally symmetric about the molecule axis. David Bohm's hidden variable experiment in 1952 started with a hydrogen molecule that was dissociating into two hydrogen atoms with total spin zero. 


As the hydrogen atoms "separate," the quasi-molecular wave function remains rotationally symmetric around the molecular axis. The total spin angular momentum remains zero at all times, unless the atoms are disturbed by the environment or a measurement is made.


This conservation of total spin angular momentum is equal to zero at all times, up to and including the measurements made by Alice and Bob, but if, and only if, 1) nothing external has disturbed their state since entanglement, and 2) their two measurements are made at exactly the same measurement angles, preserving the overall symmetry. Alice and Bob must agree before they experiment to the free choice of one angle in which to measure.


They must also measure at the same time (assuming the initial entanglement is centered between their measurement devices), to ensure they are measuring the correct pair of particles. 


Should Alice and Bob measure at different angles, say angles separated by angle θ, they will lose the perfect correlations. Correlations will decline proportional to the square of the cosine of that angle difference, cos2θ. If they measure at right angles to one another, there will be no correlations, since the cosine of 90 degrees is zero.


[Since Alice and Bob can measure at any angle (as long as they choose the same angle), their outcomes support the idea that the particles cannot have had the observed spins before their measurements, confirming Pascual Jordan's view that the observed properties are created by the measurements !]


For reasons that are hard to discern, John Bell's theorem predicts this falloff in correlations would have a different angular dependence for quantum physics (curved) than for local hidden variables (linear). We discuss his results below and on Bell's web page.



A conserved physical quantity that does not change as particles move around is called a "constant of the motion." Since we believe it can fulfill the function that David Bohm and John Bell thought their hidden variables could do, we have chosen to call the conserved total spin angular momentum zero a "hidden constant of the motion." 

There has not been any proposal as to how hidden variables might causally act on the two particles to produce that "action at a distance" that produces the particles with opposite spins.


Our proposal starts with two local causal interactions at initial entanglement in the causal center C followed by the conserved constant of the motion as the particles travel to A and B. It ends with two local causal interactions which create one bit of information in each of the measurements at A and B. No information travels between A and B.



Our "hidden constant" does not involve any faster-than-light "spooky" actions-at-a-distance to produce the opposite spins. As long as there is no asymmetric actions on the separating particles that would change their conserved states of opposite spin, the "hidden constant" gives us the perfect correlation that is experimentally observed. 



Between 1905 and 1927 Einstein puzzled over "nonlocal," apparently faster-than light, effects between a light quantum (a photon) and its light wave, between a material particle (an electron) and its deBroglie matter wave, then between the abstract Schrödinger "wave function" ψ and a single particle. This is the modern problem of wave-particle duality and the so-called "collapse" of the wave function.. 


It was not until 1933, in a conversation with Leon Rosenfeld, that Einstein first considered what he thought were "nonlocal" effects between two particles that had collided and separated with equal and opposite velocities. Measuring the position of one would tell us the position of the other, he said. This is true because the two particles have travelled equal distances from the collision, but not because they are still interacting, as Einstein feared. It is simply the conservation of total linear momentum they puts them at the same distance from the collision. We wish it had been called "knowledge at a distance."


In 1935, Einstein and his colleagues Boris Podolsky and Nathan Rosen suggested in their EPR paradox paper1 that quantum mechanics is not "complete" and that additional parameters might be needed to complete it. Their argument suggested simultaneous measurements of position and momentum that might violate Heisenberg's uncertainty principle. In later years, Einstein distanced himself from this attack on uncertainty and said his concern was ony "nonlocal" behavior. 


What Einstein twelve years later called "spooky actions at a distance" conflicted with his view of physical reality as limiting interactions to "local" forces or fields, with any interactions proceeding at the speed of light or less.  


But Erwin Schrödinger, in his reply to EPR, promptly told Einstein that the "entangled" two-particle wave function ψ12 cannot be "separated" into the product of independent single-particle wave functions ψ1 and ψ2 without a "disturbance" or a "measurement."


In 1952 David Bohm reformulated the two material particles of EPR as two atoms in a hydrogen molecule in the singlet 1Σg state separating as the molecule dissociates into two atoms in 1s states (with spins at all time in opposite directions to conserve spin angular momentum equal to zero)
. Bohm replace the continuous properties of position and momentum of EPR with the discrete ℏ spins of the two atoms.


Until the two-particle wave function ψ12 has decohered and the particles have been disentangled by a disturbance or a measurement, Schrödinger said the particles are in a linear combination or "superposition" of states, according to the modern transformational theory of quantum mechanics formulated by Paul Dirac, which combined the 1925 matrix mechanics of Werner Heisenberg and the 1926 wave mechanics of Erwin Schrödinger.
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Measurements will find particles randomly in either the ψ+1 ψ-2 state or the ψ-1 ψ+2 state. 


Quantum mechanics says that the resulting states of the two particles "did not exist" before the measurement. Dirac says the particles are "projected" into their states probabilistically, statistically, or indeterministically. Heisenberg said the states are "created" by the measurement. 


We showed above that the final measured spin states of the individual particles could not have been determined at their original entanglement, but that the spherical symmetry of the two-particle wave function was determined at that time. And as long as the wave function is not decohered by the environment as it expands and the particles "separate," and as long as the measurements are made at A and B at the same measurement angle to preserve the spherical symmetry, the spin measurements will be opposite and perfectly correlated. 


Each individual particle will be found 50/50 randomly in a + state (a spin-up state) or in a - state (a spin-down state).


But counterintuitively, the fact that two spins are always found opposite one another (either + - or - +, either up-down or down-up) is not random, indeterministic, or uncertain. It is determined because the total spin is conserved to be zero from the time of the particles initial entanglement. The total spin angular momentum of the two particles is zero from the initial entanglement up to and after the measurement, a "constant of the motion," unless the measurements are made asymmetrically (at different angles), destroying the spherical symmetry of the original two-particle state.


Even in this case the fundamental conservation law for total spin angular momentum is not violated. The asymmetric measurements have acted on the particles differently, and their equal and opposite reactions have been different. But momentum exchange between each particle and its measuring apparatus will exactly balance and conserve total angular momentum of particles and apparatus, as it must.


So total spin angular momentum zero will be found conserved if, and only if, the spin measurements are made in exactly the same direction (detector angle or polarization angle), preserving the (now planar) symmetry.


Measurements whose detector or polarization angles differ by angle θ would introduce an asymmetry that reduces the correlations between distant measurements. This falloff in correlations as the angle of measurements between A and B increases is at the heart of John Bell's famous "inequality" theorem, which Bell said could distinguish between local and nonlocal phenomena.


If measurements are made at angles different by θ the total spin of the particles will no longer be zero and the correlations will no longer be perfect. Quantum mechanics predicts that the correlations will be reduced by cos2θ, the square of the cosine of the difference in measurement direction or in polarization angles. This has long been known as the "law of Malus" for crossed polarizers. 


In 1952 David Bohm,2 inspired by Einstein's hope for "completeness," proposed "hidden variables" that could travel along with the particles (thus be considered "local") from their initial entanglement to ensure their perfect correlation of properties in any later measurements. 


In 1964 John Bell4 proposed a theorem and experimental tests that could confirm (or deny) these "local hidden variables." Critical experimental tests made between 1972 (Stuart Freedman and John Clauser5) and 1982 (Alain Aspect6) denied the existence of local hidden variables by violating the Bell "inequalities."


The Bell-test experiments confirmed the existence of the mysterious "nonlocal" behavior and the failure of what Einstein called his "separability principle (Trennungsprinzip)." 

Entanglement is thus a physically "real," if "weird," phenomenon which became the basis for the so-called "second quantum revolution," leading to quantum cryptography, quantum teleportation, and quantum computing.


The 2022 Nobel Prize in Physics was awarded to Clauser, Aspect, and Anton Zeilinger for their experiments confirming entanglement. The Nobel Prize committee mistakenly said that these experiments mean that "quantum mechanics cannot be replaced by a theory that uses hidden variables." But the work of John Bell and the dozens of experimenters who confirmed his predictions only denied the existence of "local" hidden variables. We will show that their work confirms the appearance of nonlocality, but not the actual reality of "faster-than light" nonlocal behavior, which is simply impossible according to Einstein's principle of special relativity.  


We propose the conservation of spin angular momentum zero in the original spherically symmetric singlet state is a "constant of the motion," necessarily true at all times as long as the particles are not disturbed by the environment. This "constant of the motion"  determines that the particle spins will jointly be found opposite one another at the distant points A and B, despite the randomness for each of the individual particles' spin direction when measured. Particle measurements are independently random but joint measurements are determined to be opposite and perfectly correlated.


There is no "instantaneous" interaction between the distant particles, or any "influence" of one particle on the other, at the time of measurement, rather there was a pair of interdependent actions that were "simultaneous" in the past in the frame of reference and at the time of the original entangling state preparation. These initial entangling actions can be considered "local," happening inside the atomic or molecular wave functions of the particles.  

  
The "constant of the motion" can be "understood" as a "common cause" coming from the shared past light cone ot the particles. This explains the perfect correlations found in Bell-test experiments as "caused" by the "condition" on total spin imposed on the particles at their creation.  It is not a mechanical model of instantaneous particle "interactions" pushing and pulling, which would violate relativity and is no more realistic than Niels Bohr's semi-classical model of electron "orbits" in atoms.


The perfectly correlated opposite spins are also not the specific spin directions created at initial entanglement. Such specific spin directions would only accidentally align with the experimenters' freely chosen directions (which preserve a planar symmetry) at A and B. The constant of the motion is the total spin zero state, symmetric in all directions, which means as long as the same measurement direction is freely chosen at A and B (by prior agreement), the particles will be found in perfectly correlated opposite states!


Exactly how the bit strings of data at A and at B are indeterministically random, even as the combined A and B results appear to be deterministically correlated, is only explained by the "collapse" of the "superposition" of states above. Whether spin is up or down for each particle "did not exist" before the measurements, as the Copenhagen interpretation maintains. The particles spins are individually random but jointly determined.  


Let's look more closely at the extraordinary mathematical predictions of quantum mechanics. Equation 1 can be written more simply with Dirac's <bra| and |ket> notation as
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[The plus sign in the middle applies to photons and other bosons which are symmetric under interchange of identical particles and the minus sign applies to electrons and other fermions that are anti-symmetric (they change sign) when interchanged.] 


We square the coefficient 
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 to predict that 1/2 of the outcomes will be | + > | - > and the other half will be | - > | + >.


The individual particles are randomly | + > or | - >, but the total spin is determined to be always zero, always opposite spins, whether | + > |  - > or | - > | + >.


Quantum mechanics does not predict outcomes like | + > | + > or | - > | - >. They are never seen in "perfect" experiments, although they may be found in practice because of system noise or other experimental errors. For example, the measurement directions might not be exactly parallel.


Should outcomes like | + > | + > or | - > | - > be observed, they would violate a conservation law, and conservation laws are the most fundamental laws of both quantum physics and classical physics.   




Why Action at a Distance Cannot Explain Nonlocality



There are several easy-to-understand reasons why no physical cause can travel from Alice to Bob to force Bob's particle to assume a spin opposite to that of Alice's measurement, assuming that Alice's random measurement result - and Bob's random outcome - demand a physical causal explanation for Bob's perfectly correlated spin.

	
First, there is the well-known reason that Alice and Bob's measurements are made at the same time in the reference frame that includes Alice and Bob and the entanglement's causal canter between them. So the nonlocal result appears to violate Einstein's special theory of relativity, as Einstein said repeatedly from 1905 to the EPR Paradox.


	
Second, assuming that Alice measures spin up in her direction and that Bob's particle is in a random linear combination (a superposition) of spin up and spin down, what would the physical "influence" look like and how would it force Bob's particle into a spin opposite to Alice's?
	
First, it might need to measure the current spin to know how much change is needed. Or the measurement could simply make the change?  

	
But second, how could such a measurement device be sent from Alice to Bob's location?  

	
And third, a measurement with an S-G device, for example, cannot force a definite outcome. Its outcomes are random. And Bob's outcomes are also random, but perfectly correlated with Alice's. 




	
Third, apart from sending a physical "influence," can non-physical immaterial information be exchanged from Bob to Alice or vice versa?
	
First, Bob's particle (and Alice's) have been moving away from the causal center very quickly (if a photon, at the speed of light). How could any information catch up? 

	
And second, if Alice requests information, Bob's particle response, and Alice's physical action/influence transmission would require three round trips, when even one seems impossible.

	
And third, the immaterial information that makes perfect correlation possible is not transmitted after Alice's measurement, but before the two measurements are made, simply by prior agreement to measure at the same angle. 




	
Fourth, when Einstein in EPR and in his 1933 question to Rosenfeld, he asked about two particles flying apart with equal and opposite momentum, measuring one gave him information about the other without the "spooky" action at a distance he mistakenly thought was needed!


In 1933, shortly before he left Germany to emigrate to America, 
Einstein attended a lecture on quantum electrodynamics by Léon
Rosenfeld. Keep in mind that Rosenfeld was perhaps the most
dogged defender of the Copenhagen Interpretation. After the talk,
Einstein asked Rosenfeld, 


“What do you think of this situation?”
Suppose two particles are set in motion towards each other with
the same, very large, momentum, and they interact with each
other for a very short time when they pass at known positions.
Consider now an observer who gets hold of one of the particles,
far away from the region of interaction, and measures its
momentum: then, from the conditions of the experiment, he will
obviously be able to deduce the momentum of the other particle.
If, however, he chooses to measure the position of the first
particle, he will be able tell where the other particle is.


It is most unfortunate that Einstein did not explain that measuring the momentum of the first particle simply allows us to deduce the momentum of the second particle because of the conservation of linear momentum.


The same conservation principle explains, as Einstein says, "If, however, he chooses to measure the position of the first
particle, he will be able to tell where the other particle is." In both cases, he simply learns something that is true.


If Einstein had called this ability "knowledge (information) at a distance," instead of "spooky action at a distance," entanglement might never have been thought "spooky". It would be just a correlation of physical properties resulting from a common cause and a conservation law.


Einstein was bothered by the claim of quantum mechanics that particles do not have definite properties until they are measured, while in classical mechanics the particles would have determined momentum and positions at all times. Heisenberg's uncertainty principle says the indeterminism in position times the indeterminism in momentum is equal to Planck's constant. Does this randomness in in momentum and position values suggest that momentum may not be conserved? 


When Neils Bohr, Hendrik Kramers, and John Slater proposed in 1924 that energy may only be conserved statistically, Einstein suggested an experiment to test their theory and within the year Walther Bothe and Hans Geiger had done the experiment, disproving the BKS hypothesis and confirming the more fundamental conservation principle.


Just as in entanglement, randomness in the individual measurements does not imply the failure of conservation of momentum. The random spin angular momentum of entangled particles does not prevent the perfectly correlated joint spins, which are always conserving total spin angular momentum.



	
Finally, quantum mechanics predicts experimental entanglement outcomes exactly. What more could we ask? Einstein of course wants to know what is really going on.
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What quantum mechanics provides is a prediction, pure information, that is always confirmed by experiment. As Richard Feynman told us, "There is no mechanism" that can explain this. 




The History of Single-particle Nonlocality and Two-particle Entanglement


We argue that the problems of nonlocality and entanglement began with Einstein's photoelectric effect paper in 1905 and cannot be fully understood by starting thirty years later with the famous Einstein-Podolsky-Rosen paper, as is done by most commentators on entanglement. Einstein's efforts are here.
 

Introduction

As Louisa Gilder has written,11 we live in "The Age of Entanglement." Entanglement is the basis of powerful new technologies like quantum cryptography, quantum teleportation, and quantum computing, which Lars Jaeger20 and others call "The Second Quantum Revolution."

Although these technologies are new, the "weirdness" of entanglement is not something new. 


We will show that it is partly based on what Richard Feynman called the "central mystery of quantum mechanics," the "general mystery," and the "only mystery" in quantum mechanics, which led Feynman to famously say "nobody understands quantum mechanics." 


Feynman's central mystery is the two-slit experiment, the problem of a particle (or its "wave") appearing to go through two slits and "interfering" with itself to produce characteristic diffraction patterns on a distant screen.


Feynman told us we cannot hope to "understand" what is going on in quantum mechanics in terms of processes we have learned from our everyday experiences of classical mechanics. But he said he could describe what is happening for us in the two-slit experiment.


In a similar vein,  Paul Dirac argued that the non-intuitive concepts of quantum mechanics, though impossible to understand in terms of continuous classical concepts, could be mastered through long familiarity with them. He wrote...


The new theories, if one looks apart from their mathematical setting, are built up from physical concepts which cannot be explained in terms of things previously known to the student, which cannot even be explained adequately in words at all. Like the fundamental concepts (e.g. proximity, identity) which every one must learn on his arrival into the world, the newer concepts of physics can be mastered only by long familiarity with their properties and uses.


By contrast with Feynman and Dirac, Niels Bohr and Werner Heisenberg, in their Copenhagen interpretation of quantum mechanics,  said that the results of quantum measurements must be expressible in classical concepts because it is the language that humans can understand. Sadly, the Copenhagen Interpretation has led to a great deal of confusion.

 
Following Feynman's and Dirac's suggestion of simply making you familiar with quantum phenomena, we try to describe, with words, diagrams, and a minimum of equations, several essential quantum phenomena... 

1) Feynman's "only mystery," the two-slit experiment.


2) Wave-particle duality. 
3) Erwin Schrödinger's "wave function" ψ that describes the wave as well as 


4) 
  |
  ψ
  
    |
    
      2
    
  
, the absolute square of the wave function, 

which first Einstein and later Max Born interpreted as giving us the probabilities of finding the particle at one of its possible locations (which is now the "standard" interpretation of quantum mechanics).


Einstein said this about the wave function...



 |ψ|2 expresses the probability that there exists at the point considered a particular particle of the cloud, for example at a given point on the screen.
   
5) the so-called "collapse" of the wave function 

which describes the random appearance of a particle at a certain location and with random properties when measured. This indeterminism and probabilistic or statistical aspect of quantum mechanics greatly bothered Einstein, who hoped such properties existed before their measurement.


But we are not there yet. It takes two particles to be entangled.


The two-slit experiment involves a single particle and its wave (function) going through two slits. 

Entanglement involves two particles measured when their two-particle wave function ψ12 has spread out in all directions at the speed of light, so that when measured they are most likely to be found a great distance apart, but not yet physically "separated!" 


Schrödinger said that a wave function describing two entangled particles must be in what Paul Dirac called a 
superposition

We must also explain the deep meaning of superposition of states, which is frequently and mistakenly described as "being in two states (or places) at the same time." Schrödinger poked fun at Dirac's superposition and its probabilities (which Schrödinger and Einstein did not like) with his famous cat that was dead and alive at the same time.


Although he was skeptical about superpositions of states in the late 1920's, Schrödinger wrote Einstein in 1935 that the two-particle wave function would keep the particles entangled and "not separated" until a measurement would produce either | + - > or | - + > which he said could be rewritten as the product of two single-particle states, either | + > | - > or | - > | + >, both of which will have decohered and disentangled and become independent of one another.


Note that the random appearance of either | + - > or | - + > means that the bit string of values for each particle is a random sequence, but the two particles are always in opposite states, never violating the conservation of total spin zero. 


Beyond superposition, we must also say something about

7) Werner Heisenberg's 1927 uncertainty principle.

Heisenberg said his principle introduced indeterminism and acausality into quantum mechanics, but Einstein had shown in 1916 that the emission of light quanta involves ontological chance. And the collapse of the two-particle superposition of states into a product of single-particle states is ontologically random.


Heisenberg said the product of uncertainty in the position ∆x multiplied by the uncertainty in momentum ∆p is equal to Planck's constant ℏ. The more certain we are of position, the less certain we are of momentum. He wrote


∆p∆x = ℏ


We may think about Heisenberg's uncertain position as the dimension in position space where Schrödinger's wave function is non-zero, and the uncertain momentum as the dimension of momentum space where Schrödinger's wave function is non-zero, so the dimension of so-called phase space (position x momentum) as ℏ, and the minimum phase-space volume that can be occupied by two spin 1/2 particles is ℏ3, the volume of the first electron shell in atoms. 


We should note that Heisenberg's uncertainty in 1927 was already implicit in Schrödinger's wave function, which Einstein had long interpreted as the probability of finding particles, though he gave full credit to Max Born for the idea, which became known as Born's Rule. 


And Einstein's interpretation of quantum theory as probabilistic and quantum experiments as statistical goes back to his 1916 discovery of ontological chance in the emission and absorption of light quanta by atoms. But Einstein called this fundamental randomness a "weakness in the theory" and spent the rest of his life exploring the possibility of a deterministic theory underlying indeterministic quantum mechanics, making him the foremost critic of quantum mechanics, though all his life he was more concerned about nonlocal effects between particles and between particles and their waves.


Finally, we need to describe principles that are fundamental to both quantum mechanics and classical mechanics. 

8) Conservation Laws

The principle is the conservation of some fundamental properties of physics, like mass, energy, and momentum. According to Emmy Noether these conserved properties emerge from certain symmetries in space. 



Our proposed explanation of entanglement as resulting from the spherical symmetry of the two-particle wave function and the conservation of spin angular momentum as a "constant of the motion" will therefore not be simple, but we hope to make it as clear as possible.



Chapters (of book) Parts (of this web page)


In part 1 we show that Einstein's concerns about nonlocality can be glimpsed as early as his "miracle year" of 1905 in his photoelectric paper. See Photoelectric Effect
In 1909 Einstein described how a high-energy electron could eject a high energy light wave from a metal plate and radiate in all directions. A small part of the wave could hit a second plate and eject an electron with energy almost equal to the original electron, but in a random direction. See Wave-Particle

Einstein drew an illustration of the nonlocality problem on a blackboard at the Solvay conference in 1927. See Einstein at Solvay

He challenged Leon Rosenfeld to explain two-particle nonlocality in 1933. See Rosenfeld Lecture

This was just two years before Einstein's colleagues Boris Podolsky and Nathan Rosen published the famous "EPR Paradox," the most cited scientific paper in history. In a letter to Max Born in 1947 Einstein described it as "spooky action at a distance." And in his 1949 "Autobiography" he said the measurement of one particle "telepathically changes the real situation" of the second particle.   


In part 2, we discuss the famous EPR paradox of 1935 and Einstein's fears about possible violations of special relativity.


In part 3, we see that Erwin Schrödinger replied to the EPR paper by saying that his two-particle wave function ψ12 would keep the particles "entangled" until a measurement projects them (i.e., collapses the two-particle wave function) into a product of two single-particle wave functions ψ1 and ψ2, only after which the particles would be "disentangled" (decohered) and could then actually "separate," as Einstein insisted. 



In part 4, we see how David Bohm in 1952 replaced Einstein's continuous variables of position and momentum with the discrete variables of electron spins, making future experimental measurements practically possible. Bohm also revived Louis de Broglie's "pilot-wave" theory which offered a way of imagining hidden variables that are "guiding" the particles and suggested a new (Bohmian) mechanics that could restore determinism, eliminating quantum indeterminism.


We can now show that Dirac's principle of superposition of states <
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) | 1-2+>, which for Schrödinger led to his famous "cat both dead and alive," can explain both the 50/50 randomness of outcomes and the perfect correlations (or anti-correlations) of spin measurements.  


In part 5, we explain why the perfectly correlated electron spins could not have been determined at the time of the initial entanglement preparation, with one spin up and the other down in a particular direction. Some physicists said that the electron spins would have to have been defined in all three dimensions - x-spin, y-spin, and z-spin. But this is impossible. In 1957 Bohm and Aharonov showed that that electron spins could be defined in at most a single direction, and this would not be the random freely chosen direction of the experimenters...


In quantum theory, a difficulty arises, in the interpretation of the above experiment, because only one component of the spin of each particle can have a
definite value at a given time. Thus, if the x component
is definite, then the y and z components are indeterminate and we may regard them more or less as in a
kind of random fluctuation.


But having opposite spins in even a single preferred direction would not explain the experimental data!


Had there been a single preferred direction (or angle) for electron spins in the initial entanglement preparation, there is essentially zero chance that Alice and Bob could observe in precisely that (unknown) direction or angle. And observations at angle θ to that initial preferred direction will produce decorrelated results + + and - - proportional to  sin2θ.


In part 6, we will show that no preferred direction exists in the initial entanglement preparation. The original entangled state with total spin angular momentum zero is rotationally and spherically symmetric, the same in all directions. The preferred direction of measurement or angle for Alice and Bob is introduced by them, agreed to before they measure! Total spin angular momentum is conserved as zero at all times from the initial entanglement to their measurements (assuming that no environmental interaction disturbs either particle). As long as Alice and Bob now measure in the same plane (same direction, same angle), a new planar symmetry replaces the spherical symmetry and defines the one component of electron spin that Bohm and Aharonov say is allowed. The conservation of total angular momentum zero continues. As long as Alice and Bob measure in the chosen plane (preserving the symmetry), they maintain that conservation of total spin angular momentum. The conserved total spin zero is a candidate for a "hidden constant of the motion." 



In part 7, we examine  John Bell's theorem predicting how correlations between measurements made at differing angles could distinguish between local hidden variables and quantum mechanics. We show how the correlations would be reduced if Alice and Bob's measurement angles differ by θ degrees. And we will examine Bell's hypothesis about how the falloff of correlations with increasing angle θ is different for local hidden variables (straight line function of θ) and for quantum mechanics (curved cosθ function). 


In part 8, we comment on the origin of the flawed idea that something must be traveling from Alice to Bob. Assuming, for the moment, that the entangled particles do not have perfectly correlated opposing spins, what kind of interaction could Alice's measurement produce to bring Bob's spin angular momentum into agreement. Would it not first have to detect the amount of angular deviation? And then what kind of torque could it exert from far away to rotate the remote particle precisely into agreement?


In part 9, we criticize the argument that perfectly opposed spins at the time of the Alice and Bob measurements (and in the arbitrary direction chosen by them) would require that the spins be defined in all three axial directions, which is impossible. When spins are defined in one direction, they are necessarily undefined in the other two directions. 


In part 10, we review the work of some physicists, starting with Einstein, who used conservation principles to explain some aspects of entanglement, but without them seeing exactly how conservation of momentum could produce the appearance of Einstein's "spooky action at a distance." 


In part 11, we discuss the relation between conservation principles and geometric symmetries. Einstein was normally quite aware of symmetries and he greatly favored theories based on "principles" over those that are "constructed" to fit experimental data.


In part 12, we comment on the idea of "instruction sets" accompanying the particles as "hidden variables." We trace the origin of this idea to Schrödinger's suggestion that the particles seemed to know the answers to all possible questions that would be asked of them when measured. What process could prepare such information and what mechanism could read the information in the "instructions" and then change the electron spin of the distant particle as required?  


In part 13, we conclude with a summary of the "hidden constant" hypothesis.



Part 1 Einstein and Nonlocality, from 1905 to 1927                     


We show that Einstein's concerns about nonlocality can be glimpsed as early as his "miracle year" of 1905 in his light quantum/photoelectric effect paper. Einstein wrote...

How can energy spread continuously over a large volume and later be absorbed in its entirety, without contradicting 
his principle of relativity? 
Einstein sees this here, but does not say so explicitly until 1927. 


The energy 
of a ponderable body cannot be subdivided into 
arbitrarily many or arbitrarily small parts, while 
the energy of a beam of light from a point source 
(according to the Maxwellian theory of light or, 
more generally, according to any wave theory) is 
continuously spread over an ever increasing 
volume. 

The wave theory of light, which operates with 
continuous spatial functions, has worked well in 
the representation of purely optical phenomena 
and will probably never be replaced by another 
theory. It should be kept in mind, however, that 
the optical observations refer to time averages 
rather than instantaneous values. In spite of the 
complete experimental confirmation of the theory 
as applied to diffraction, reflection, refraction, 
dispersion, etc., it is still conceivable that the 
theory of light which operates with continuous 
spatial functions may lead to contradictions 
with experience when it is applied to the phenomena 
of emission and transformation of light.


It seems to me that the observations associated 
with blackbody radiation, fluorescence, the 
production of cathode rays by ultraviolet light, 
and other related phenomena connected with the 
emission or transformation of light are more 
readily understood if one assumes that the energy 
of light is discontinuously distributed in space. 


In particular, the photoelectric effect showed discontinuous and  discrete light quanta absorbed by single electrons, though it was doubted until the discovery of the Compton Effect in 1923.


In accordance with the assumption to be considered here, the energy of a light ray spreading 
out from a point source is not continuously 
distributed over an increasing space but consists 
of a finite number of energy quanta which are 
localized at points in space, which move without 
dividing, and which can only be produced and 
absorbed as complete units.
   


In 1909 Einstein described how a high-energy electron could eject a high energy light wave radiating in all directions, a small part of which could hit a plate and eject an electron with energy almost equal to the original electron. In this work, Einstein gave us the first clear picture of wave-particle duality.


In a presentation at the Salzburg conference in September, 1909, Einstein argued that the interaction of radiation and matter involves elementary processes that are not "invertible," a deep insight into the irreversibility of natural processes. While incoming spherical waves of radiation are mathematically possible, they are not practically achievable. Nature appears to be asymmetric in time. He speculated that the continuous electromagnetic field might be made up of large numbers of light quanta - singular points in a field that superimpose collectively to create the wavelike behavior.


Although he could not formulate a mathematical theory that does justice to both the continuous oscillatory waves and the discrete particle pictures, Einstein argued that they could be "fused" and made compatible.  This was over a decade before Erwin Schrödinger's wave mechanics and Werner Heisenberg's quantum mechanics. And because gases behave statistically, he knows that the connection between the wave and particles may involve probabilistic behavior. 




When light was shown to exhibit interference and diffraction, it seemed almost certain that light should be considered a wave.

The greatest advance in theoretical optics since the introduction of the oscillation theory was Maxwell's brilliant discovery that light can be understood as an electromagnetic process...One became used to treating electric and magnetic fields as fundamental concepts that did not require a mechanical interpretation.


This path leads to the so-called relativity theory. I only wish to bring in one of its consequences, for it brings with it certain modifications of the fundamental ideas of physics. It turns out that the inertial mass of an object decreases by L / c2 when that object emits radiation of energy L...the inertial mass of an object is diminished by the emission of light. 


Now Einstein looks for symmetry and equivalent treatment for interchangeable matter and energy.


The energy given up was part of the mass of the object. One can further conclude that every absorption or release of energy brings with it an increase or decrease in the mass of the object under consideration. Energy and mass seem to be just as equivalent as heat and mechanical energy. 

Relativity theory has changed our views on light. Light is conceived not as a manifestation of the state of some hypothetical medium, but rather as an independent entity like matter. Moreover, this theory shares with the corpuscular theory of light the unusual property that light carries inertial mass from the emitting to the absorbing object. Relativity theory does not alter our conception of radiation's structure; in particular, it does not affect the distribution of energy in radiation-filled space. 


Einstein is about to tell us that the distribution of energy in radiation-filled space may be similar in some respects to the distribution of particles in matter-filled space!


Nevertheless, with respect to this question, I believe that we stand at the beginning of a development of the greatest importance that cannot yet be surveyed. The statements that follow are largely my personal opinion, or the results of considerations that have not yet been checked enough by others. If I present them here in spite of their uncertainty, the reason is not an excessive faith in my own views, but rather the hope to induce one or another of you to deal with the questions considered.

In the kinetic theory of molecules, for every process in which only a few elementary particles participate (e.g., molecular collisions), the inverse process also exists. But that is not the case for the elementary processes of radiation. 


Incoming spherical waves (the advanced potential considered by Wheeler and Feynman in 1945) are never observed in nature. Radiation is irreversible, one of the arrows of time

According to our prevailing theory, an oscillating ion generates a spherical wave that propagates outwards. The inverse process does not exist as an elementary process. A converging spherical wave is mathematically possible, to be sure; but to approach its realization requires a vast number of emitting entities. The elementary process of emission is not invertible. In this, I believe, our oscillation theory does not hit the mark. Newton's emission theory of light seems to contain more truth with respect to this point than the oscillation theory since, first of all, the energy given to a light particle is not scattered over infinite space, but remains available for an elementary process of absorption.

Consider the laws governing the production of secondary cathode radiation by X-rays. If primary cathode rays impinge on a metal plate P1, they produce X-rays. If these X-rays impinge on a second metal plate P2, cathode rays are again produced whose speed is of the same order as that of the primary cathode rays. 


[image: image-placeholder]


As far as we know today, the speed of the secondary cathode rays depends neither on the distance between P1 and P2, nor on the intensity of the primary cathode rays, but rather entirely on the speed of the primary cathode rays. Let's assume that this is strictly true. What would happen if we reduced the intensity of the primary cathode rays or the size of P1 on which they fall, so that the impact of an electron of the primary cathode rays can be considered an isolated process? 


In his remarks after the talk, Johannes Stark confirmed that he had observed a single X-ray that traveled as far as ten meters and ejected a similar energy electron from P2.


If the above is really true then, because of the independence of the secondary cathode rays' speed on the primary cathode rays' intensity, we must assume that an electron impinging on P1 will either cause no electrons to be produced at P2, or else a secondary emission of an electron whose speed is of the same order as that of the initial electron impinging on P1. In other words, the elementary process of radiation seems to occur in such a way that it does not scatter the energy of the primary electron in a spherical wave propagating in every direction, as the oscillation theory demands.


That energy is possibly available "somewhere else" is the key idea of nonlocality that Einstein will present in 1927 at the Solvay conference


Rather, at least a large part of this energy seems to be available at some place on P2, or somewhere else. The elementary process of the emission of radiation appears to be directional. Moreover, one has the impression that the production of X-rays at P1 and the production of secondary cathode rays at P2 are essentially inverse processes.
Therefore, the constitution of radiation seems to be different from what our oscillation theory predicts. The theory of thermal radiation has given important clues about this, mostly by the theory on which Planck based his radiation formula...


Planck's theory leads to the following conjecture. If it is really true that a radiative resonator can only assume energy values that are multiples of hν, the obvious assumption is that the emission and absorption of light occurs only in these energy quantities. On the basis of this hypothesis, the light-quanta hypothesis, the questions raised above about the emission and absorption of light can be answered. As far as we know, the quantitative consequences of this light-quanta hypothesis are confirmed. This provokes the following question. Is it not thinkable that Planck's radiation formula is correct, but that another derivation could be found that does not rest on such a seemingly monstrous assumption as Planck's theory? Is it not possible to replace the light-quanta hypothesis with another assumption, with which one could do justice to known phenomena? If it is necessary to modify the theory's elements, couldn't one keep the propagation laws intact, and only change the conceptions of the elementary processes of emission and absorption?


As far as I know, no mathematical theory has been advanced that does justice to both its oscillatory structure and its quantum structure...


Anyway, this conception seems to me the most natural: that the manifestation of light's electromagnetic waves is constrained at singularity points, like the manifestation of electrostatic fields in the theory of the electron. It cannot be ruled out that, in such a theory, the entire energy of the electromagnetic field could be viewed as localized in these singularities, just like the old theory of action-at-a-distance. I imagine to myself, each such singular point surrounded by a field that has essentially the same character as a plane wave, and whose amplitude decreases with the distance between the singular points. If many such singularities are separated by a distance small with respect to the dimensions of the field of one singular point, their fields will be superimposed, and will form in their totality an oscillating field that is only slightly different from the oscillating field in our present electromagnetic theory of light. Of course, it need not be emphasized that such a picture is worthless unless it leads to an exact theory. I only wished to illustrate that the two structural properties of radiation according to Planck's formula (oscillation structure and quantum structure) should not be considered incompatible with one another.

   


In 1927, Einstein drew an illustration of the nonlocality problem on a blackboard at the fifth Solvay Conference in Brussels, Belgium. Sadly, despite Einstein's two decades of pioneering work on the interaction of photons and electrons, his ideas and concerns were given little attention at this Solvay, even though the conference was dedicated to electrons and photons!


The conference was dominated by papers on the new quantum theory delivered by Louis de Broglie, Niels Bohr, Max Born, and Werner Heisenberg. It is best known for Einstein's after-hours suggestions to Bohr and Heisenberg probing for faults in the uncertainty principle.  Accounts of these events have been told largely by the victors (there are no holes in uncertainty) but Einstein has said they often missed or ignored his important point. That point was the nonlocal behavior of a spherical light wave as it collapses to get absorbed by a single electron. This was Einstein's only contribution mentioned in the published proceedings. 


Here are the notes on Einstein's original remarks at the conference and Bohr's brief and confused response. They contain much of Einstein's future 1935 EPR paper, except in 1927 only one particle is involved. Entanglement in EPR requires two identical particles.


Notice how Einstein's diagram clearly shows his concerns of over two decades about reconciling a spherical wave (his example is now an electron) and its collapse to being measured at just one point where it appears as a particle. At this point in the history of quantum mechanics, wave-particle duality is seen as the debate between Schrödinger's wave mechanics and Heisenberg's particle mechanics.
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MR ElNSTEIN. - Despite being conscious of the fact that I have not entered
deeply enough into the essence of quantum mechanics, nevertheless I want to 
present here some general remarks.


One can take two positions towards the theory with respect to its postulated
domain of validity, which I wish to characterise with the aid of a simple example.


Let S be a screen provided with a small opening O, and P a hemispherical
photographic film of large radius. Electrons impinge on S in the direction of the arrows. Some of these go through O, and because of the smallness of O and the speed of the particles, are dispersed uniformly over the directions of the hemisphere, and act on the film.


Both ways of conceiving the theory now have the following in common. There are de Broglie waves, which impinge approximately normally on S and are diffracted at O. Behind S there are spherical waves, which reach the screen P  and
whose intensity at P is responsible [massgebend] for what happens at P.


We can now characterise the two points of view as follows.


The waves give the probability or possibilities for a single electron being found at different locations in an ensemble of identical experiments. A wave does not describe a cloud of electrons as Schrödinger had hoped. Einstein's ensemble theory is the correct interpretation.


1. Conception I. - The de Broglie-Schrödinger waves do not correspond to a single electron, but to a cloud of electrons extended in space. The theory gives no information about individual processes, but only about the ensemble of an infinity of elementary processes.


Quantum theory is not complete in this sense. Representing each particle as a narrow wave packet aiming at the point P is mistaken.


2. Conception II. - The theory claims to be a complete theory of individual processes. Each particle directed towards the screen, as far as can be determined by its position and speed, is described by a packet of de Broglie-Schrödinger waves of short wavelength and small angular width. This wave packet is diffracted and, after diffraction, partly reaches the film P in a state of resolution [un etat de resolution].


According to the first, purely statistical, point of view 
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 expresses the
probability that there exists at the point considered a particular particle of the cloud, for example at a given point on the screen.



If by the same particle, Einstein means that the one individual particle has a possibility of being found at more than one (indeed many) locations on the screen. This is so, but this seems to be conception I?


According to the second, | ψ |2 expresses the probability that at a given instant
the same particle is present at a given point (for example on the screen). Here, 
the theory refers to an individual process and claims to describe everything that is governed by laws.

The second conception goes further than the first, in the sense that all the
information resulting from I results also from the theory by virtue of II, but
the converse is not true. It is only by virtue of II that the theory contains the
consequence that the conservation laws are valid for the elementary process; it is only from II that the theory can derive the result of the experiment of Geiger and Bothe, and can explain the fact that in the Wilson [cloud] chamber the droplets stemming from an α-particle are situated very nearly on continuous lines.



Einstein is right that the one elementary process has a possibility of action elsewhere, but that could not mean producing an actual second particle. That would contradict conservation laws.

The "mechanism" of action-at-a-distance is simply the disappearance of possibilities elsewhere when a particle is actualized (localized) somewhere.


Note that Einstein is using Max Born's new rule that the square of the wave function 
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 gives us the probabilities of finding a particle somewhere. Born later said he based his rule on an older idea of Einstein's that Einstein called a "ghost field" (Gespensterfeld) or a "guiding field" (Führungfeld)  



But on the other hand, I have objections to make to conception II. The scattered
wave directed towards P does not show any privileged direction. If | ψ |2 were
simply regarded as the probability that at a certain point a given particle is found at 
a given time, it could happen that the same elementary process produces an action in two or several places on the screen. But the interpretation, according to which | ψ |2 expresses the probability that this particle is found at a given point, assumes an entirely peculiar mechanism of action at a distance, which prevents the wave continuously distributed in space from producing an action in two places on the
screen.


When a particle appears - just one of the multiple nonlocal possibilities becomes actual or localized - at a specific point P , what becomes of the wave that was going off in all other directions? Its "collapse" - the instantaneous going to zero of probabilities - mistakenly appears to Einstein to violate his relativity principle.

In my opinion, one can remove this objection only in the following way, that one
does not describe the process solely by the Schrödinger wave, but that at the same
time one localises the particle during the propagation. I think that Mr de Broglie is
right to search in this direction. If one works solely with the Schrödinger waves,
interpretation II of | ψ |2 implies to my mind a contradiction with the postulate of relativity.


The permutation of two identical particles does not produce two different points in multidimensional (configuration space).  
Einstein and Bose discovered  the new quantum statistics and indistinguishability. Dirac and Fermi extended it to electrons.
For example, interchange of the two electrons in the filled first electron shell, 1s2, just produces a change of sign for the two-particle wave function.


I should also like to point out briefly two arguments which seem to me to speak against the point of view II. This [view] is essentially tied to a multi-dimensional representation (configuration space), since only this mode of representation makes
possible the interpretation of | ψ |2 peculiar to conception II. Now, it seems to me
that objections of principle are opposed to this multi-dimensional representation.
In this representation, indeed, two configurations of a system that are distinguished only by the permutation of two particles of the same species are represented by two different points (in configuration space), which is not in accord with the new results in statistics. Furthermore, the feature of forces of acting only at small spatial distances finds a less natural expression in configuration space than in the space of three or four dimensions.

   


Bohr's reaction to Einstein's presentation has been preserved. He didn't understand a word! He disingenuously claims he does not know what quantum mechanics is. His response is vague and ends with his ideas on complementarity and the inability to describe a causal spacetime reality.

   

Does Bohr really not understand? As we have seen, Einstein has been making this general point for many years. And only recently had Bohr started taking Einstein's concept of light quanta seriously.


MR BOHR. I feel myself in a very difficult position because I don't understand what precisely is the point which Einstein wants to [make]. No doubt it is my fault.

As regards general problem I feel its difficulties. I would put [the] problem in [an]other way. I do not know what quantum mechanics is. I think we are dealing with some mathematical methods which are adequate for description of our experiments. Using a rigorous wave theory we are claiming something which the theory cannot possibly give. [We must realise] that we are away from that state where we could hope of describing things on classical theories. [I] Understand [the] same view is held by Born and Heisenberg. I think that we actually just try to meet, as in all other theories, some requirements of nature, but [the} difficulty is that we must use words which remind [us] of older theories. The whole foundation for causal spacetime description is taken away by quantum theory, for it is based on [the] assumption of observations without interference. ... excluding interference means exclusion of experiment and the whole meaning of space and time observation ... because we [have] interaction [between object and measuring instrument] and thereby we put us on a quite different standpoint than we thought we could take in classical theories. If we speak of observations we play with a statistical problem There are certain features complementary to the wave pictures (existence of individuals). ...



The saying that spacetime is an abstraction might seem a philosophical triviality but nature reminds us that we are dealing with something of practical interest. Depends on how I consider theory. I may not have understood, but I think the whole thing lies [therein that the] theory is nothing else [but] a tool for meeting our requirements and I think it does.

   


Twenty-two years later, in his contribution to the Schilpp memorial volume on Einstein, Bohr had no better response to Einstein's 1927 concerns. But he does remember vividly and provides a picture of what Einstein drew on the blackboard. 


Here is Bohr's 1949 recollection of Einstein's 1927 presentation:




At the general discussion in Como, we all missed the presence of Einstein,
but soon after, in October 1927, I had the opportunity to meet him in Brussels
at the Fifth Physical Conference of the Solvay Institute, which was devoted
to the theme "Electrons and Photons." 

Note that they wanted Einstein's reaction to their work, but actually took little interest in Einstein's concern about the nonlocal implications of quantum mechanics, nor did they look at his work on electrons and photons, despite the conference title. 


At the Solvay meetings,
Einstein had from their beginning been a most prominent figure, and several
of us came to the conference with great anticipations to learn his reaction
to the latest stage of the development which, to our view, went far in
clarifying the problems which he had himself from the outset elicited so
ingeniously. During the discussions, where the whole subject was reviewed
by contributions from many sides and where also the arguments mentioned
in the preceding pages were again presented, Einstein expressed, however,
a deep concern over the extent to which a causal account in space and time
was abandoned in quantum mechanics. 
To illustrate his attitude, Einstein referred at one of the sessions
to the simple example, illustrated by Fig. 1, of a particle (electron or
photon) penetrating through a hole or a narrow slit in a diaphragm placed
at some distance before a photographic plate. 
[image: photon passes through a slit]

On account of the diffraction of the wave connected with the motion
of the particle and indicated in the figure by the thin lines, it is under
such conditions not possible to predict with certainty at what point the
electron will arrive at the photographic plate, but only to calculate the
probability that, in an experiment, the electron will be found within any
given region of the plate. 


Bohr's labels for points A and B are helpful. The "nonlocal" effects at point B are just that the probability of an electron being found at point B goes to zero instantly (not an "action at a distance") when an electron is localized at point A


The apparent difficulty, in this description,
which Einstein felt so acutely, is the fact that, if in the experiment
the electron is recorded at one point A of the plate, then it is out of
the question of ever observing an effect of this electron at another point
(B), although the laws of ordinary wave propagation offer no room for a
correlation between two such events. 



Although Bohr seems to have missed Einstein's point completely, Werner Heisenberg at least came to explain the 1927 presentation well. In his 1930 lectures at the University of Chicago, Heisenberg presented a critique of both particle and wave pictures, including a new example of nonlocality that Einstein had apparently developed since 1927. It includes Einstein's concern about "action-at-a-distance" that might violate his principle of relativity, and Heisenberg anticipates the Einstein-Podolsky-Rosen paradox. Heisenberg  wrote:

   

In relation to these considerations, one other idealized experiment (due to Einstein) may be considered. We imagine a photon which is represented by a wave packet built up out of Maxwell waves. It will thus have a certain spatial extension and also a certain range of frequency. By reflection at a semi-transparent mirror, it is possible to decompose it into two parts, a reflected and a transmitted packet. There is then a definite probability for finding the photon either in one part or in the other part of the divided wave packet. After a sufficient time the two parts will be separated by any distance desired; now if an experiment yields the result that the photon is, say, in the reflected part of the packet, then the probability of finding the photon in the other part of the packet immediately becomes zero. The experiment at the position of the reflected packet thus exerts a kind of action (reduction of the wave packet) at the distant point occupied by the transmitted packet, and one sees that this action is propagated with a velocity greater than that of light. However, it is also obvious that this kind of action can never be utilized for the transmission of signals so that it is not in conflict with the postulates of the theory of relativity.

   

Part 2 EPR, Entanglement, and Suspected Violations of Special Relativity 



Just two years before his colleagues Boris Podolsky and Nathan Rosen published the famous "EPR Paradox," the most cited scientific paper in history, in 1933 Einstein challenged Leon Rosenfeld to explain two-particle nonlocality. You will see that EPR is a version of this challenge to Rosenfeld. 



Shortly before Einstein left Germany to emigrate to America, 
Einstein attended a lecture on quantum electrodynamics by Leon
Rosenfeld. Keep in mind that Rosenfeld was perhaps the most
dogged defender of the Copenhagen Interpretation. After the talk,
Einstein asked Rosenfeld, 


“What do you think of this situation?”
Suppose two particles are set in motion towards each other with
the same, very large, momentum, and they interact with each
other for a very short time when they pass at known positions.
Consider now an observer who gets hold of one of the particles,
far away from the region of interaction, and measures its
momentum: then, from the conditions of the experiment, he will
obviously be able to deduce the momentum of the other particle.
If, however, he chooses to measure the position of the first
particle, he will be able tell where the other particle is.


We can diagram a simple case of Einstein’s question as follows after the particles have interacted and separate from the center. We use electrons instead of Einstein's generic particles, an anachronism introduced by David Bohm in 1952.


[image: image-placeholder]


Recall that it was Einstein who discovered in 1924 the identical nature, indistinguishability, and interchangeability of some quantum particles. He found that identical particles are not independent, altering their quantum statistics.

 Note the anachronism of electrons as Einstein's generic particles. It was David Bohm in 1952 who proposed that Einstein's EPR problem use electrons.  Today many if not most accounts of the EPR paradox describe it with electrons. Many mistakenly say that Einstein was describing electrons.


After the particles interact at t1, quantum mechanics describes them with a single two-particle wave function that is not the product of independent single-particle wave functions. In the case of electrons, which are indistinguishable and interchangeable particles, it is not proper to say electron 1 goes this way and electron 2 that way. (Nevertheless, it is convenient to label the particles, as we do in the illustration.) 

Einstein then asked Rosenfeld, “How can the final state of the second
particle be influenced by a measurement performed on the first
after all interaction has ceased between them?” This was the germ
of the EPR paradox, and ultimately the paradoxical problem of two-particle entanglement.


Why does Einstein question Rosenfeld and describe this as an “influence,” suggesting an “action-at-a-distance?”


One Einstein concern could see a paradox in the context of Rosenfeld’s Copenhagen
Interpretation, since the second particle is not itself measured and
yet we know something about its properties, whereas the Copenhagen Interpretation
says we cannot know any properties without an explicit measurement...


Einstein was clearly correct to tell Rosenfeld that at a later time 
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, a measurement of one particle's position would instantly establish the position of the other particle - without measuring it. Einstein was implicitly using the conservation of linear momentum to calculate (and to know) the position of the second particle.


Another of Einstein's concerns may have been Werner Heisenberg's uncertainty principle. It suggests that knowing the exact position of the second particle is not possible. In any case, if the second particle were to be measured, it should be found in a range of positions Δx ≥ h/2πΔp. And this might contradict the conservation of linear momentum, as Nathan Rosen appears to have considered in the later EPR paper.


Two years later, reacting to EPR, Schrödinger described two such particles as becoming "entangled" (verschränkt) at their first interaction, so "nonlocal" phenomena are also known as "quantum entanglement." 


Although conservation laws are rarely cited as the explanation, we argue that they are the physical reason that entangled particles always produce correlated results for all properties, linear momentum, angular momentum, and energy. If the results were not always correlated, the implied violation of a fundamental conservation law would cause a much bigger controversy than entanglement itself, as puzzling as that phenomenon is.


The hypothesis that the conservation principle gives us a "hidden constant" of the motion like the above linear momentum (perhaps three hidden constants to include angular momentum and energy?), can explain the above results.



In his 1935 EPR paper, Einstein cleverly introduced two particles instead of one, and in the same year Erwin Schrödinger would create a two-particle wave function that describes both particles. EPR described the particles as widely separated, one "here" and measurable "now" and the other distant and to be measured "later."   


Here we must explain the asymmetry that Einstein mistakenly introduced into a perfectly symmetric situation, making entanglement such a mystery.


The two entangled particles must normally be measured at the same time (synchronously) to ensure that just one entangled pair is involved. This means the measuring devices are placed equidistant (symmetrically) from the central location of initial entanglement. Most accounts of entanglement say that Alice measures "first" and then must interact instantaneously with Bob's particle to align its spin with hers. This is a false asymmetry and an impossible interaction, as it is a violation of special relativity.


At creation, the wave function of the entangled pair is rotationally and spherically symmetric.


The measurement devices must be arranged symmetrically. in the same plane with the origin. If the measurements differ by an angle θ, the perfect correlations would be reduced by cos2θ. 


The normal interactions between the separating particles (electromagnetic forces) do not exceed the speed of light and have the translational, rotational, and temporal invariance symmetries needed to conserve the total spin zero (as well as total linear momentum zero and total energy) created at initial entanglement.


All these symmetries are essential to creating perfectly correlated outcomes.


What could have led Einstein to see an asymmetry as an instantaneous action a distance. In his 1905 photoelectric study it was likely the view that the light wave was radiation energy spread out in space that had to collect itself into the photoelectron. In his 1909 wave-particle duality electron article, it was likely the view shared by Schrödinger that the wave was spread out electric charge. It lies behind the current concern with the collapse of the wave function. 


The EPR paradox has been reframed since David Bohm in 1952 as two entangled electrons instead of generic particles conserving their total linear momentum zero. In this case, the particles are identical, indistinguishable, and interchangeable, with indeterminate positions according to the uncertainty principle.   


We can diagram a simple case of indistinguishable electrons separating from their point of entanglement to be measured at a later time when they are far apart. 

[image: image-placeholder]



As we saw in part 1, this idea of something measured in one place "influencing" measurements far away challenged what Einstein thought of as "local reality." It came to be known as "nonlocality." In 1947, Einstein called it "spukhaft Fernwirkung" or "spooky action at a distance." And in his 1949 "Autobiography" he said the measurement of one particle "telepathically changes the real situation" of the second particle. From our standpoint of information philosophy, it is better to think of it as "knowledge-at-a-distance." And according to our hypothesis of a "hidden constant of the motion," the measurement of one particle sends no signal, telepathic or otherwise, to the second particle. The electrons produce perfectly correlated outcomes because they conserve their total spin angular momentum as zero.


As we also saw, Einstein had considered nonlocal phenomena as early as 1905 and objected publicly to nonlocal phenomena at the Solvay Conference of 1927, when he criticized the collapse of the wave function  as "instantaneous-action-at-a-distance." He said that the probability wave 
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 could not act simultaneously at different places on the screen, which are in a "space-like" separation, without violating his theory of relativity.  


Einstein's criticism resembles the criticisms made of Newton's theory of gravitation. Newton's opponents charged that his theory was instantaneous "action at a distance."  Einstein's new theory of general relativity shows that gravitational "influences" travel at the speed of light and are mediated by a gravitational field that shows up as curved space-time. An allowable "action-at-a-distance" is one that is caused by "local" events, those in its past light-cone.


Both gravitation and electromagnetism are field theories, in which physical variables are functions of the four "local" space-time coordinates of Einstein's theory of relativity. Any disturbance at one point in the field can only "influence" another distant point by propagating to that point at the speed of light or less. But the quantum-mechanical wave-function is different. It is neither matter nor energy, nothing physical, only information and a "probability amplitude" whose square gives us probabilities and intensities of quantum phenomena. 


Note that when a probability function collapses to unity in one place and zero elsewhere, nothing physical, no matter or energy, is moving from one place to another. When the nose of one horse crosses the finish line, its probability of winning goes to certainty, and the finite probabilities of the other horses, including the one in the rear, instantaneously drop to zero. This happens faster than the speed of light, since the last horse is in a "space-like" separation.  


Quantum theory, especially Paul Dirac's "transformation theory,"  describes the two electrons as in a superposition of states, either state equally likely to be randomly found by an experiment. The first state | +- > is spin up ( + ) and spin down ( - ), the second | -+ > is spin down ( - ) and spin up ( + ),
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, when squared, tell us the probabilities of either state being found is 1/2.


Dirac's superposition) can provide only the probabilities of finding the entangled system in either the | +- > state or the | -+ > state. Quantum mechanics does not and cannot describe the paths or the spins of the individual particles as the wave function expands at the speed of light. Note that should measurements result in | ++ > or | -- > state, that would violate the conservation of angular momentum. We call the conserved total spin zero a "hidden constant of the motion". It is the implicit reason why David Bohm, John Bell, and many others say that when one particle is measured spin-up, we instantly know the other must be spin-down.



Part 3  Erwin Schrödinger, Entanglement, and his Two-Particle Wave Function                     


Erwin Schrödinger replied to the EPR paper by telling Einstein that his two-particle wave function ψ12 would keep the particles coherently "entangled" until a measurement projects them into a product of single-particle wave functions ψ1 and ψ2. We show that the Schrödinger/Dirac superposition of states <1/√2) | 1+2- > -  1/√2) | 1-2+ > can explain both the 50/50 randomness of outcomes and the perfect correlations (or anti-correlations) of measurements, provided the spin angular momentum is conserved.

Schrödinger said that the entangled particles have jointly shared properties that cannot be changed independently, until after they have become disentangled, decoherent, and independent of one another. Though Schrödinger did not mention it, one of those properties is total linear momentum, key to the EPR paper.


But like Einstein's other reactions to quantum mechanics, he could not accept that particles he regarded as separated could change their properties simultaneously. Einstein did not explicitly recognize that the joint properties of the two particles would need to obey conservation laws, though he had implicitly used the conservation of linear momentum in 1933 and 1935, when he said the second particle position must be symmetrically placed.


Conservation laws are the consequence of extremely deep properties of nature that arise from simple considerations of symmetry. We regard these laws as "cosmological principles." Physical laws do not depend on the absolute place and time of experiments, nor their particular direction in space. Conservation of linear momentum depends on the translation invariance of physical systems, conservation of energy the independence of time, and conservation of angular momentum the invariance under rotations. Conservation laws are the consequence of symmetries, as explained by Emmy Noether.


Recall that the EPR experiment (Bohm version) starts with two electrons (or photons) prepared in an entangled state that is a mixture of pure two-particle states, each of which conserves the total angular momentum and, of course, conserves the linear momentum as in Einstein's original EPR example. This information about the linear and angular momenta is established by the initial state preparation (a measurement).


Quantum mechanics describes the probability amplitude wave function 
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 of the two-particle system as in a superposition of two-particle states. It is not a product of single-particle states, and there is no information about the identical indistinguishable electrons traveling along distinguishable paths. With slightly different notation, we can write equation (1) as 
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The probability amplitude wave function 
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 travels away from the source (at the speed of light or less). Let's assume that at 
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 observer A finds an electron (e1) with spin up.


At the time of this "first" measurement, by observer A or B, new information comes into existence telling us that the wave function 
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 has "collapsed" into the state | 1+2- > 
(or into | 1-2+ >). Just as in the two-slit experiment, probabilities have now become certainties, one possibility is now an actuality. If the first measurement finds a particular component of electron 1 spin is up, so the same spin component of entangled electron 2 must be down to conserve angular momentum.


And conservation of linear momentum tells us that at 
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 the second electron is equidistant from the source in the opposite direction.  




As with any wave-function "collapse", the probability amplitude information changes (it does not "travel" anywhere). Nothing really "collapses." Nothing is moving. Only information is changing.

Unlike the two-slit experiment, where the "collapse" goes to a specific point in 3-dimensional configuration space, the "collapse" here is a "jump" (Bohr) or a "projection" (Dirac) or a "reduction" (Heisenberg) into one of the two possible 6-dimensional two-particle quantum states | +- > or | -+ >. This makes "visualization" (Schrödinger's Anschaulichkeit) difficult or impossible, but the parallel with the collapse in the two-slit case provides an intuitive insight of sorts. In both cases, the local values of the probability wave function change instantly over a wide range of space. 


This is what Einstein saw in 1905 with the light wave spread out everywhere collapsing into a photon, in 1927 with the probability of a particle being found everywhere on a spherical surface collapses to the spot where it is found, and again in 1933 where observing a particle in one place tells us exactly where the other one is far away.


If the measurement finds an electron (call it electron 1) as spin-up, then at that moment of new information creation, the two-particle wave function collapses to the state | +- > and electron 2 "jumps" into a spin-down state with probability unity (certainty). The results of observer B's measurement at a later time 
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 is therefore determined to be spin down. 


Notice that Einstein's intuition that the result seems already "determined" or "fixed" before the second measurement is in fact correct. The result is determined by the law of conservation of momentum.


But as with the distinction between determinism and pre-determinism in the free-will debates, the measurement by observer B was not pre-determined before observer A's measurement. 
It was simply determined by her measurement.



Part 4 David Bohm, Atoms, Electron Spins, and Hidden Variables                      


As we saw in part 2, the first practical and workable experiments to test the EPR paradox were suggested in 1952 by David Bohm (though experiments were not realized for almost two decades). Instead of using continuous linear momenta in opposite directions, Bohm proposed using two atoms (or electrons) in discrete electronic spin states. The atoms are prepared in an initial molecular state of known total spin zero. 


[image: image-placeholder]

Bohm also revived Louis de Broglie's "pilot-wave" theory which offered a way of imagining hidden variables "guiding" the particles and suggested a new (Bohmian) mechanics that could restore determinism and eliminate quantum indeterminism. 


The Bohm version of EPR starts with a hydrogen molecule in a spherically symmetric "singlet" state, with total spin angular momentum zero, which disassociates into two hydrogen atoms.  Bohm-EPR is describable by a two-particle wave function we can call ψ12 which is the linear combination of two terms, each the product of two single-particle wave functions, ψ1 and ψ2.
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The coefficients 
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, when squared, tell us there is a 50-50 chance of finding the separated atoms in ψ1ψ2 or in ψ2ψ1. In either case the atomic spins are always found in opposite directions, when measurements are made in the same direction, preserving the symmetry, and conserving the total spin angular momentum as zero, the same as the original molecule.


It is this physical fact that let Bohm in 1951 write


Suppose that we have a molecule containing two atoms in a state in which the total spin is zero and that the spin of each atom is ℏ/2. Roughly speaking, this means that the spin of each atom points in a direction exactly opposite to that of the other, insofar as the spin may be said to have any definite direction at all. [Indeed, we can only say that the total spin zero of the two atoms means that their two-particle wave function ψ12 is spherically symmetric with no preferred direction - the singlet state.] Now suppose that the molecule is disintegrated by some process that does not change the total angular momentum. The two atoms will begin to separate and will soon cease to interact appreciably. [But Erwin Schrödinger tells us that they will not become independent and "cease to interact" until some measurement disentangles them, decohering their phases, and allowing their two-particle wave function to be replaced with the product of two single-particle wave functions ψ1ψ2 or ψ2ψ1.] Their combined spin angular momentum, however, remains equal to zero, because no torques have acted on the system...

Suppose now that one measures the spin angular momentum ofany one of the particles, say No.1. Because of the existence of correlations we can immediately conclude that the angular momentum vector of the other particle (No.2) is equal and opposite to that on No.1. In this way, we can indirectly measure the angular momentum of particle No.2 by measuring the corresponding vector of particle No.1.



Bohm and Yakir Aharonov said the equivalent in 1957 


Then, because the total spin is still zero, it can immediately
be concluded that the same component of the
spin of the other particle (B) is opposite to that of A.


Finally, in John Bell's first paper, he wrote in 1964                                                                                                                                     


With the example advocated by Bohm and Aharonov, the EPR argument is the following. Consider a pair of spin one-half particles formed somehow in the singlet spin state and moving freely in opposite directions. Measurements can be made, say by Stern-Gerlach magnets, on selected components of the spins σ1 and σ2. If measurement of the component σ1 • a, where a is some unit vector, yields the value + 1 then, according to quantum mechanics, measurement of σ2 • a must yield the value — 1 and vice versa.


Now why, we may ask, did not Bohm, or Bell, or modern commentators on Bell's theorem, consider the conservation of total spin angular momentum zero as a "common cause"  explanation for the perfect measurement correlations? The conservation is true at all times for the "separating" particles (now known as a "quasi-molecule" because it is described with a molecular wave function and not the product of two atomic wave functions). Conservation will remain true as long as the forces involved in Stern-Gerlach spin measurements are symmetric, the two SG devices oriented in the same plane to preserve the symmetry. When the devices measure in planes at an angle to one another, the correlations fall off as the cosine squared of that angle (Malus's law).


This "common cause" is just a shared/joint property of the two particles, true at all times, not just for measurements. It is not one particle's measurement acting (instantaneously at a distance) on the other particle.  


The constant total spin zero is thus a "constant of the motion." Since it achieves the goal of hypothetical "local hidden variables" traveling with the particles, we might call it a "hidden constant of the motion."  



Part 5  Were the Spin Variables Created at the Initial Entanglement?                     


We comment on the flawed idea that something (hidden variables?) must be traveling between Alice and Bob. Assuming, for the moment, that the entangled electrons do not already have perfectly correlated opposing spins (which they will have if the electrons are conserving total spin angular momentum zero), 1) what kind of sensor would Alice need to measure the deviation between their electron spins and 2) what kind of interaction could Alice's measurement generate and send to Bob to bring his spin angular momentum into agreement? Alice must first detect the amount of Bob's angular deviation from her measurement angle. (Keep in mind that an electron spin measuring device, for example, a Stern-Gerlach device, would change the electron spin to be in the direction of the SG device. But Alice could not send an SG device to Bob, especially instantaneously!) Otherwise, what kind of torque could Alice exert on Bob's remote electron from far away to rotate it precisely into agreement? Any such two-part interaction, first signals about his orientation (pure information) from Bob to Alice and then mechanical forces back from Alice to Bob, applied to his electron in a distant space-like separation. Both violate the no-signaling theorem and the principle of relativity.


We explain why the perfectly correlated electron spins in the direction of measurements could not have been determined at the time of the initial entanglement preparation, with one spin up and the other down in the particular direction of measurements. Some physicists say that the electron spins would have to have been defined in all three dimensions - x-spin, y-spin, and z-spin. But this is impossible. 


Bohm in 1951 and Bohm and Aharonov in 1957 argued that electron spins could be defined in at most a single direction, and this direction would very likely not be the random freely chosen direction of the experimenters. This is a serious misunderstanding...



Here, the investigator can measure either the x, y, or z component of the spin of article No.1, but not more than one of these components, in any particular experiment. Nevertheless, it still turns out as we shall see that whichever component is measured, the results are correlated, so that if the same component of the spin of No.2 is measured, it will always turn out to have the opposite value. This means that a measurement of any component of the spin of atom No.1 provides, as in classical theory, an indirect measurement of atom No.2. Since, by hypothesis, the two particles no longer interact, we have obtained a way of measuring an arbitrary component of the spin of particle No.2 without in any way disturbing that particle. Since this can be accomplished without in any way disturbing the second atom, we conclude that...precisely defined elements of reality must exist in the second atom, corresponding to the simultaneous definition of all three components of its spin. [This is a gravely flawed conclusion. It is not that components of spin are defined in all (3) direction, but that total spin zero means the spins will be found with opposite values in whatever agreed-upon direction they are measured!] ...Because the wave function can specify, at most, only one of these components at a time with complete precision, we are then led to the conclusion that the wave function does not provide a complete description of all elements of reality existing in the second atom. [The spherically symmetric (singlet state) wave function actually has no preferred direction, so as long as measurements are made symmetrically by the Stern-Gerlach devices, the atoms will be found to have perfectly correlated opposite spin values in that direction (which the observers must freely choose by previous agreement to be in the same direction, otherwise correlations will be reduced by the square of the cosine of the angle between them.]  


In 1957, Bohm and Aharonov expanded this description...



In quantum theory, a difficulty arises, in the interpretation of the above experiment, because only one component of the spin of each particle can have a definite value at a given time. Thus, if the x component
is definite, then the y and z components are indeterminate and we may regard them more or less as in a
kind of random fluctuation.


But having opposite spins in even a single preferred direction would not explain the experimental data!


Had there been a single preferred direction (or angle) for electron spins in the initial entanglement preparation, there is essentially zero chance that Alice and Bob could observe in precisely that (unknown) direction or angle. And observations at angle θ to that initial preferred direction will produce decorrelated results + + and - - proportional to  sin2θ.



Part 6  No Preferred Direction in the Spherically Symmetric Wave Function                     


No preferred direction exists in the initial entanglement preparation. The original entangled state with total spin angular momentum zero is rotationally and spherically symmetric, the same in all directions. The arbitrary direction of measurement or angle for Alice and Bob is introduced by them, agreed to before they measure! Total spin angular momentum is conserved as zero at all times from the initial entanglement to their measurements (assuming that no environmental interaction disturbs either particle). 

As long as Alice and Bob now measure in the same plane (same direction, same angle), a new planar symmetry replaces the spherical symmetry and defines the one component of electron spin that Bohm and Aharonov say is allowed. The conservation of total spin angular momentum zero continues. As long as Alice and Bob measure in their "freely chosen" plane (preserving the symmetry), conservation of total spin angular momentum continues. There are no "local hidden variables" traveling with the particles to maintain perfect correlations, but conserved total spin zero might be called a "hidden constant of the motion" that provides the needed "common cause" for the correlations.



Part 7  John Bell and his Inequalities Theorem                     


We examine John Bell's theorem predicting how correlations between measurements made at differing angles could distinguish between local hidden variables and quantum mechanics. Bell predicted how the correlations would be reduced if Alice and Bob did not measure in the same direction, but chose measurement angles different by θ degrees. And we will examine Bell's hypothesis about how the falloff of correlations with increasing angle θ is different for local hidden variables (a straight line function of θ) and for quantum mechanics (a curved cosθ function).

[image: image-placeholder]
 

We can illustrate the straight-line predictions of Bell's inequalities for local hidden variables, the cosine curves predicted by quantum mechanics and conservation of angular momentum, and the odd "kinks" at angles 0°, 90°, 180°, and 270°, with what is called a "Popescu-Rorhlich box."
 
The "PR Box" shows Bell’s local hidden variables prediction as four straight lines of the inner square. The circular region of quantum mechanics correlations are found outside Bell's straight lines, "violating" his inequalities. Quantum mechanics and Bell's inequalities meet at the corners, where Bell's predictions show a distinctly non-physical right-angle that Bell called a "kink."


All experimental results have been found to lie along the curved quantum predictions called the "Tsirelson bound." 



[image: image-placeholder]

In 1976, Bell gave us this diagram of the "kinks" in his local hidden variables inequality. He says,


Unlike the quantum correlation, which is stationary in θ at θ = 0, at the hidden variable correlation must have a kink there




In his famous 1981 article on "Bertlmann's Socks," Bell explains that the predictions for his "ad hoc" model are linear in the angle difference |a - b|, and he notes the fact that his inequality only agrees with the quantum predictions at the corners of the square of linear predictions above, and not at intermediate angles.

To account then for the Einstein-Podolsky-Rosen-Bohm correlations we have only to assume that the two particles emitted by the source have oppositely directed magnetic axes. Then if the magnetic axis of one particle is more nearly along (than against) one Stern-Gerlach field, the magnetic axes of the other particle will be more nearly against (than along) a parallel Stern- Gerlach field. So when one particle is deflected up, the other is deflected down, and vice versa. There is nothing whatever problematic or mind-boggling about these correlations, with parallel Stern-Gerlach analyzers, from the Einsteinian point of view.

So far so good. But now go a little further than before, and consider non-parallel Stern-Gerlach magnets. Let the first be rotated away from some standard position, about the particle line of flight, by an angle a. Let the second be rotated likewise by an angle b. Then if the magnetic axis of either particle separately is randomly oriented, but if the axes of the particles of a given pair are always oppositely oriented, a short calculation gives for the probabilities of the various possible results, in the ad hoc model,...


P(up, down) = P(down, up) = 1/2 - |a-b|/2π


where ‘up’ and ‘down’ are defined with respect to the magnetic fields of the two magnets. However, a quantum mechanical calculation gives


P(up, down) = P(down, up) = 1/2 - 1/2(sin(a - b)/2)2 [= 1/2(cos(a - b)/2)2]


Thus the ad hoc model does what is required of it (i.e., reproduces quantum mechanical results) only at (a — b) = 0, (a - b) = π/2 and (a — b) = π, but not at intermediate angles.



What was Bell's "short calculation" that gives "the probabilities of possible results" in his ad hoc model as linearly proportional to the angle |a-b|? 


Bell does not give us any underlying physical reasons for the linear dependence on angle. He clearly knows that his linear "inequality" is a strong challenge to the curved cosine prediction of quantum mechanics. 


And Bell's odd prediction of sharp corners or "kinks" where his straight lines turn ninety degrees (it is only at these corners where his linear inequality agrees with the curving quantum mechanics), surely should have prompted Bell to give us a deeper physical explanation of his theorem?


And what exactly was Bell's "quantum mechanical calculation" that gives us probabilities proportional to the cosine of the angle |a-b| squared? This more physical picture coincides with falloff of light polarization when polarizers are crossed at an angle (Malus's Law). 

 
Conservation of total spin angular momentum zero (our "hidden constant of the motion") perfectly matches Bell's quantum mechanics predictions.



Part 8 Were the Correlations Predetermined?                    


Could the measurement outcomes have been predetermined at the initial entanglement?


John Bell considered this a possibility. In his very first paper on EPR, he wrote...


Since we can predict in advance the result of measuring any chosen component of σ2, by previously measuring the same component of σ1, it follows that the result of any such measurement must actually be predetermined. 

Since the initial quantum mechanical wave function does not determine the result of an individual measurement, this predetermination implies the possibility of a more complete specification of the state.



Over a decade later, Bell still considered predeterminism...


Some people find this situation paradoxical. They may, for example, have come to think of quantum mechanics as fundamentally indeterministic. In particular they may have come to think of the result of a spin measurement on an unpolarized particle (and each particle, considered separately, is unpolarized here) as utterly indefinite until it has happened. And yet here is a situation where the result of such a measurement is perfectly definitely known in advance. 


It did become determined (but it was not predetermined beforehand) by the measurement which collapses the entangled two-particle wave function


Did it only become determined at the instant when the distant particle passed the distant filter? But how could what happens a long way off change the situation here? Is it not more reasonable to assume that the result was somehow predetermined all along?


During a mid-1980's interview by BBC Radio 3 organized by P. C. W. Davies and J. R. Brown, Bell proposed the idea of a "superdeterminism" that could explain the correlation of results in two-particle experiments without the need for faster-than-light signaling. The two experiments need only have been pre-determined by causes reaching both experiments from an earlier time.
   I was going to ask whether it is still possible to maintain, in the
light of experimental experience, the idea of a deterministic universe?
You know, one of the ways of understanding this business is to
say that the world is super-deterministic. That not only is inanimate
nature deterministic, but we, the experimenters who
imagine we can choose to do one experiment rather than another,
are also determined. If so, the difficulty which this experimental
result creates disappears.

Free will is an illusion - that gets us out of the crisis, does it?

That's correct. In the analysis it is assumed that free will is
genuine, and as a result of that one finds that the intervention of
the experimenter at one point has to have consequences at a
remote point, in a way that influences restricted by the finite
velocity of light would not permit. If the experimenter is not free
to make this intervention, if that also is determined in advance,
the difficulty disappears.
   



The freely chosen direction of measurement angle previously agreed upon by Alice and Bob can only be implemented at the time of their measurements and not before. As shown in parts 5 and 6, the only dependence on the original entanglement is that its spherically symmetric singlet state has total spin zero and no preferred direction. The specific measurement direction/angle, freely chosen by Alice and Bob, and the specific correlations at that measurement angle (specifically either + - or - +), results from the "collapse" of the Dirac/Schrödinger two-particle wave function (a "superposition" of + - and - + states) one of those states which is randomly realized. 


These random results are "created" long after the particles were together at entanglement, when the particles have apparently become "separated" by arbitrarily large distances. The phenomenon therefore appears distinctly "nonlocal," but it does not involve any physical interaction or information transfer between the particles. It is "caused" by a condition (the conserved total spin angular momentum zero) that has been true from the moment of initial entanglement, as long as neither particle is disturbed by any asymmetric environmental interaction.



Part 9 Do Spins Found Correlated in One Direction Mean Correlated in All?                     


In his 1951 textbook Quantum Theory, Bohm wrote...


Suppose that we have a molecule containing two atoms in a state in which the total spin is zero and that the spin of each atom is ℏ/2. Roughly speaking, this means that the spin of each atom points in a direction exactly opposite to that of the other, insofar as the spin may be said to have any definite direction at all. [Indeed, we can only say that the total spin zero of the two atoms means that their two-particle wave function ψ12 is spherically symmetric with no preferred direction - the singlet state.] Now suppose that the molecule is disintegrated by some process that does not change the total angular momentum. The two atoms will begin to separate and will soon cease to interact appreciably. [But Erwin Schrödinger tells us that they will not become independent and "cease to interact" until some measurement disentangles them, decohering their phases, and allowing their two-particle wave function ψ12 to be replaced with the product of two single-particle wave functions ψ12ψ2 or ψ2ψ1.] Their combined spin angular momentum, however, remains equal to zero, because no torques have acted on the system...

Suppose now that one measures the spin angular momentum of any one of the particles, say No.1. Because of the existence of correlations we can immediately conclude that the angular momentum vector of the other particle (No.2) is equal and opposite to that on No.1. In this way, we can indirectly measure the angular momentum of particle No.2 by measuring the corresponding vector of particle No.1.



The Bohm and Aharonov argument that perfectly opposed spins at the time of the Alice and Bob measurements (and in the arbitrary direction chosen by them) would require that the spins would have to be defined in all three axial directions (which is impossible). This is a flawed argument. When spins are measured in one direction, they are necessarily undefined in the other two directions, as Bohm and Aharonov later said. 


The original entangled state with total spin zero is rotationally symmetric, with no preferred direction, so that the preferred plane or direction of measurement for Alice and Bob is introduced by them. This symmetry ensures the conservation of total angular momentum zero until the time of measurement. As long as Alice and Bob measure in the same plane (preserving the symmetry), they maintain the conservation of angular momentum, our proposed "hidden constant of the motion."



Part 10 Physicists Who May Have Seen Conservation Principles                      


We review the work of some physicists to show they were clearly using conservation principles to explain some aspects of entanglement, but without their necessarily seeing how conservation of linear or angular momentum could produce the appearance of Einstein's "spooky action at a distance" without any interaction or "influence" between the particles.


David Bohm                      


Bohm and his Israeli student Yakir Aharonov reformulated the original EPR argument in terms of electron spin. They said experimental tests with continuous variables would be much more difficult than tests with discrete quantities, such as the spin of electrons or polarization of photons. 
Bohm and Aharonov described the preparation of two particles, such that a measurement of one at a later time determines a measurement in the same direction of the other particle at any distance away.


We consider a molecule of total spin zero consisting
of two atoms, each of spin one-half. The wave function
of the system is therefore
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where  ψ+ (1)  refers to the wave function of the atomic
state in which one particle (A) has spin +ℏ/2, etc. The
two atoms are then separated by a method that does
not influence the total spin. After they have separated
enough so that they cease to interact, any desired component
of the spin of the first particle (A) is measured.
Then, because the total spin is still zero, it can immediately
be concluded that the same component of the
spin of the other particle (B) is opposite to that of A.



Their statement "because the total spin is still zero, it can immediately
be concluded that the same component of the
spin of the other particle (B) is opposite to that of A." surely is true because of the conservation of spin angular momentum.


Eugene Wigner                       


In an important article written after Bohm and before Bell's 1964 "theorem" paper, Eugene Wigner in 1963 said very clearly that the symmetrically placed positions (for the EPR paper) are caused by conservation of linear momentum and the perfectly opposite electron spins (for David Bohm's version of nonlocality with electrons) are the result of conservation of angular momentum. Wigner wrote

If a measurement of the momentum of one of the particles is carried out — the possibility of this is never questioned — and gives the result p, the state vector of the other particle suddenly becomes a (slightly damped) plane wave with the momentum -p. This statement is synonymous with the statement that a measurement of the momentum of the second particle would give the result -p, as follows from the conservation law for linear momentum. The same conclusion can be arrived at also by a formal calculation of the possible results of a joint measurement of the momenta of the two particles.

One can go even further: instead of measuring the linear momentum of one particle, one can measure its angular momentum about a fixed axis. If this measurement yields the value mℏ, the state vector of the other particle suddenly becomes a cylindrical wave for which the same component of the angular momentum is -mℏ. This statement is again synonymous with the statement that a measurement of the said component of the angular momentum of the second particle certainly would give the value -mℏ. This can be inferred again from the conservation law of the angular momentum (which is zero for the two particles together) or by means of a formal analysis. 
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John Bell                       


We can ask why John Bell, with the prior writings of Bohm and Wigner, never explicitly considered the conservation of linear momentum in the EPR experiment, and conservation of spin angular momentum as explaining the perfectly opposite electron spins found in Bohm's version of EPR. But we can see in Bell's description that, like Bohm, he is implicitly using conservation of angular momentum.


In his 1964 paper "On the Einstein-Podolsky-Rosen Paradox," Bell made the case for nonlocality. 


With the example advocated by Bohm and Aharonov, the EPR argument is the following. Consider a pair of spin one-half particles formed somehow in the singlet spin state and moving freely in opposite directions. Measurements can be made, say by Stern-Gerlach magnets, on selected components of the spins σ1 and σ2. If measurement of the component σ1 • a, where a is some unit vector, yields the value + 1 then, according to quantum mechanics, measurement of σ2 • a must yield the value — 1 and vice versa.  

Here Bell is implicitly conserving total spin angular momentum. His hypothesis that one measurement does not "influence" the other is correct. 

 
Now we make the hypothesis, and it seems one at least worth considering, that if the two measurements are made at places remote from one another the orientation of one magnet does not influence the result obtained with the other. 



During a mid-1980's interview by BBC Radio 3 organized by P. C. W. Davies and J. R. Brown, Bell proposed the idea of a "superdeterminism" that could explain the correlation of results in two-particle experiments without the need for faster-than-light signaling. The two experiments need only have been pre-determined by causes reaching both experiments from an earlier time.
   I was going to ask whether it is still possible to maintain, in the
light of experimental experience, the idea of a deterministic universe?
You know, one of the ways of understanding this business is to
say that the world is super-deterministic. That not only is inanimate
nature deterministic, but we, the experimenters who
imagine we can choose to do one experiment rather than another,
are also determined. If so, the difficulty which this experimental
result creates disappears.
   

 
But the obvious fact that the total spin angular momentum at zero is conserved for all times since the initial entanglement means that the two particles are indeed "determined by causes reaching both experiments from an earlier time," though not "superdetermined from the origin of the universe.   



C.S.Unnikrishnan                      


In 2005, C.S.Unnikrishnan of the Tata Institute of Fundamental Research in Mumbai, India was an exception. He proposed explicitly that the conservation law of angular momentum can correlate measurements of entangled electrons, explaining the perfect correlations of entangled particles, without the faster-than-light interactions-at-a-distance or "hidden variables" often invoked to explain nonlocaiity.

Unnikrishnan wrote


Bell’s inequalities can be obeyed only by violating a conservation law. 


Unnikrishnan argues that conservation of angular momentum (electron spin) produces the same perfect correlations (or anti-correlations) found in all Bell test experiments when both experimenters measure at the same (pre-agreed upon) measurement angle.


However, Unnikrishnan is concerned that "for individual measurements of the two-point correlation, the conservation law cannot be invoked, since only the conditional probabilities are predicted by quantum mechanics." He uses instead averages of measurements.  


Unnikrishnan's apparent concern is that individual measurements will have random outcomes of up-down, down-up, and possibly even some up-up and down-down. He mistakenly thinks quantum mechanics predicts separate probabilities for each electron. The latter two product states (up-up and down-down) would violate conservation of angular momentum. 



Part 11  Conservation Laws and Constants of the Motion                     


Conservation laws are the consequence of extremely deep properties of nature that arise from simple considerations of symmetry. We regard these laws as "cosmological principles." Physical laws do not depend on the absolute place and time of experiments, nor their particular direction in space. Conservation of linear momentum depends on the translation invariance of physical systems, conservation of energy the independence of time, and conservation of angular momentum the invariance under rotations. Conservation laws are the consequence of these spatial symmetries, as explained by Emmy Noether.
David Bohm's version of the EPR experiment starts with two electrons (or photons) prepared in an entangled state that is a superposition of two-particle states, each of which conserves the total angular momentum and, of course, conserves the linear momentum as in Einstein's original EPR example. 

Quantum mechanics describes the probability amplitude wave function 
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 of the two-particle system as in a superposition of two-particle states. It is not a product of single-particle states, as Erwin Schrödinger told Einstein in his reaction to the EPR paper. We can write this as 
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The probability amplitude wave function 
  
    Ψ
    
      12
    
  
 travels away from the source (at the speed of light or less). The total spin zero wave function is rotationally symmetric and isotropic, the same in all directions. 


Let's assume that at 
  
    t
    
      0
    
  
 an observer finds a particle with spin up in the x direction. This measurement breaks the rotational symmetry. The new symmetry is planar, including the chosen x direction and the z direction back to the origin of the entangled particles.


Before the measurement, the spin has a possibility of being found in any direction. Rotational symmetry says the probability is the same in all directions. This does not mean a particle has spins in all directions at all times, which is impossible.


At the time of this "first" measurement, say by observer A, new information comes into existence telling us that the wave function 
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 has "collapsed" into the state | 1+2- >. Probabilities have now become certainties, one possibility is now an actuality. If the first measurement finds particle 1's x-component spin is up, so the same spin component of entangled particle 2 must be down to conserve total angular momentum.


And conservation of linear momentum tells us that at 
  
    t
    
      0
    
  
 the second electron is equidistant from the source in the opposite direction.  

As with any wave-function "collapse", the probability amplitude information changes. Nothing really "collapses." Nothing physical, no matter or energy, is moving. Only information is changing. The wave function is updated to reflect the new information that comes into existence as the result of the measurement.


When the "first" measurement finds particle 1 as spin-up at t0, at that moment of new information creation, particle 2 will be found (if measured simultaneously or later) in a spin-down state with probability unity (certainty). And the results of observer B's measurement at t0 or any later time 
  
    t
    
      1
    
  
 is therefore determined to be spin down (if and only if, B measures in a pre-agreed upon same direction). 


Notice that Einstein's intuition that observer B's result seems already "determined" or "fixed" before the second measurement is in fact correct. Observer B's outcome is determined by the law of conservation of momentum. 


But the measurement by observer B was not pre-determinedbefore observer A's measurement. It was simply determined by her measurement. The measured values of particle 1 spin-up and particle 2 spin-down did not exist before the "free choice" of observer A brought them into existence, as Werner Heisenberg insisted.


Which of the two-particle quantum states | +- > or | -+ > occurs is completely random. It is the result of "Nature's choice," as Paul Dirac described it. 


Note also that before the measurement the two-particle wave function was rotationally symmetric. No preferred angular direction existed. The preferred angle also comes into existence as a result of what Heisenberg called the "free choice" of the ("first") experimenter. Of course neither Alice nor Bob measures first, as their measurements of a single entangled pair reaching their experiments are normally made simultaneously.


This "free choice" of a measurement angle breaks the rotational symmetry of the original two-particle wave function. As Erwin Schrödinger described it to Einstein in his 1935 response to the EPR paper, the measurement disentangles the particles and projects the pure-state superposition into a mixed-state product of single-particle wave functions, either 
+- > or | -+ >.


Many critics have pointed out that the two particles cannot already have opposite spin values in a specific direction long before the measurements. That would require them to have spin values in all three x, y, and z directions, say some physicists (e.g., David Bohm) which is impossible, they say. They only need to acquire opposite spins when measured along an agreed upon direction that breaks the rotational symmetry of the two-particle wave function. 


Finally note that conservation of total spin zero requires no instantaeous superluminal influence or interaction by one particle on the other. It only requires that interactions between the particles preserve the symmetry needed for the conservation law. 


Many other critics have insisted that some mechanism will be found to explain the mysterious entanglement 


That symmetry has become linear and planar, as the rotational symmetry disappears, leaving symmetry only along the plane between the electrons that includes the chosen measurement direction.


If the two particles did not conserve total spin zero (and every Bell test shows that they do conserve total spin), the violation of the conservation law would likely be met with more criticism than hypothetical superluminal interactions, which are of course impossible.


What about the uncertainty principle? In the case of EPR measuring the position x (or the momentum p) of the two particles, won't their values be "fuzzy" (ΔxΔp ~ħ) and therefore not conserve momentum exactly, but only statistically for large numbers of examples? No, the conservation laws require that if x1 is found less than the expected value by an amount -δ, that  x2 would be greater by the opposite amount +δ, so that the two particles are equidistant from the origin. This ensures the conservation of linear momentum, just as Einstein in 1924 proved that the Bohr-Kramers-Slater theory that energy is only conserved statistically was wrong. Momentum is conserved exactly in every measurement, although the uncertainty principle may prevent this from being shown experimentally.


Furthermore, in the Bohm version of nonlocality the quantities are discrete spins, not continuous positions or momenta. Electron spins are always measured to be either up or down, with nothing fuzzy about these values. And all the experimental results from all the Bell tests have always found the two spins opposite as long as both measurements are made in exactly the same direction, thus conserving total spin zero. 


There is still indeterminism (uncertainty) in the spin measurement results. We don't know which electron will be up and which down. It is this property that "does not exist" before the measurement. 


Physics has not found any hidden variables, local or nonlocal, as the cause of the perfect opposite spins. Is the conserved total spin zero acceptable as what we call a "hidden constant of the motion" that completely accounts for the perfectly opposite spins?


	[image: image-placeholder]	
      We can take the x-axis to be vertical along 0° to 180°, the y-axis horizontal along 270° to 90°, and the z-axis to be into the diagram along the line from observer A through the origin to observer B. Observer A (red line) breaks the rotational symmetry by choosing to measure along angle 0° to 180°, finding her spin in the plane x-z, shown as the line from 0°to 180°. If observer B measures along the same pre-agreed angle 0° to 180°, then both measurements are in the plane x-z, shown superposed (purple line) from 0° to 180°. The observers have perfectly correlated spins.
    


	[image: image-placeholder]	
      If both observers measure along a different pre-agreed angle 45° to 225°, then rotational symmetry is again broken, replaced by a new planar symmetry at the 45° angle, but again with perfectly correlated measurements. We see that electron spins cannot exist at 0° and 45° at the same time, but the rotational symmetry of the total spin zero state can be broken and replaced by planar symmetry in any direction. 
    


	[image: image-placeholder]	
      If observer A measures at 0° to 180° (red line) and observer B measures at a different angle 45°, shown as the blue line, their perfect correlations are lost, reduced by the factor cos45° (wave amplitude), and by cos245° (intensities).
    


	[image: image-placeholder]	John Bell's theorem maintains that his inequalities for local hidden variables should be a straight-line function of the angle between observer A and observer B, shown as the facets of the square LHV polytope inscribed in the circle of quantum physics predictions. At angle 45°, if Bell's predicted inequality is less than or equal to 1, the distance to the quantum prediction is √2 ≈ 1.414. All the Bell experiments to date have found the the Bell inequalities have been violated by approximately 41%, an amazing confirmation of the accuracy of quantum mechanics.
    



Part 12 David Mermin's Instruction Sets as Hidden Variables                      


We trace the modern idea of "instruction sets" accompanying the particles as "hidden variables" to Erwin Schrödinger's suggestion that the particles seem to know the answers to all possible questions that would be asked of them when measured. What process could prepare such information for the particles and what mechanism could read the information in the "instructions" and then change the particle properties as required? 

In his 1936 paper "Property Relations Between Separated Systems," Schrödinger wrote


Years ago I pointed out that when two systems separate far enough
to make it possible to experiment on one of them without interfering with the
other, they are bound to pass, during the process of separation, through stages
which were beyond the range of quantum mechanics as it stood then...

It seems worth noticing that the paradox could be avoided by a very simple
assumption, namely if the situation after separating were described by the
expansion [
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, as assumed in EPR], but with the additional statement that the knowledge of the phase relations between the complex constants 
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 has been entirely lost in consequence of the process of separation. 


When some interaction, like a measurement, causes a separation, the two-particle wave function Ψ12 collapses, the system decoheres into the product Ψ1Ψ2, losing their coherent phase relation so there is no longer "interference," and we have a mixed state rather than a pure state.


This would mean that not only the parts,
but the whole system, would be in the situation of a mixture, not of a pure state.
It would not preclude the possibility of determining the state of the first system
by suitable measurements in the second one or vice versa. But it would utterly
eliminate the experimenters influence on the state of that system which he does
not touch.
  

Schrödinger refers to the central claim of the EPR paradox, in terms of the information available to the particles...



the result of measuring p1 serves to predict the result for p2 and vice versa.
But of course every one of the four observations in question, when actually performed, disentangles the systems, furnishing each of them with an independent representative of its own. A second observation, whatever it is and on whichever system it is executed, produces no further change in the representative of the other system.

Yet since I can predict either x1 or p1 without interfering with system No. 1 and since system No. 1, like a scholar in examination, cannot possibly know which of the two questions I am going to ask it first: it so seems that our scholar is prepared to give the right answer to the first question he is asked, anyhow. Therefore he must know both answers; which is an amazing knowledge.
 



Part 13. Summary of the "Hidden Constant" hypothesis


Standard quantum mechanics plus the principle of angular momentum conservation (true for quantum and classical mechanics) predicts:

	A measurement of either particle will project both particles into a random product of spin states that did not pre-exist the measurement.

	Conservation is a joint or shared property of the two particles, not a pre-existing property of the individual particles.

	Opposite spin outcomes conserve the total spin zero, without superluminal influences of one particle on the other.

	This conservation of total spin zero has been true at all times from the initial entanglement to the measurements, as long as neither particle is disturbed.

	The usual assumption, made by David Bohm, John Bell, and nearly every philosopher of science and science writer who has commented on entanglement, that the two particles are spinning in random directions, so that one must act instantaneously at a distance to align the second particle, is unjustified by theory and the experimental data.

	The normal interactions between the particles (electromagnetic and gravitational forces) as they separate do not exceed the speed of light and have the translational, rotational, and temporal invariance symmetries needed to conserve the total spin zero created at initial entanglement.

	The particular angle or direction in which to measure the two spins is the "free choice" of the experimenters, as Werner Heisenberg called it. It did not exist before this choice and its implementation.

	Moreover, which spin is up, which down, did not exist before the measurements and is "Nature's choice," as Paul Dirac called it. Before the measurements, quantum physics describes the particles as in a quantum "superposition," a linear combination of up/down and down/up< states, with equal probabilities of being found in either state.

	These predicted outcomes (both random individually and perfectly correlated) have been experimentally confirmed by thousands of Bell test experiments, as long as the entangled particles are measured at the (pre-agreed upon) same angle.

	Should the measurement angles differ by angle θ, the correlations fall off as cosθ (wave amplitude), and by cos2θ (intensities), as known from measurements of light polarizers crossed at different angles (the "law of Malus").

	The measured falloff in correlations with angle is said to violate the Bell "inequalities" and confirm the predictions of quantum mechanics.

	One could not hope for better agreement between hypothesis and experiment.

	The hypothesis of a "hidden constant" is based on deep (conservation) "principles" and is not what Einstein called a "constructed" theory, fitted to experimental data.

	This hypothesis explains the perfectly correlated random bit strings needed for quantum cryptography.

	The quantum teleportation of qubits uses subluminal communication of information. It does not depend on superluminal interaction at a distance, so is consistent with the hypothesis of a "hidden constant of the motion."

	Quantum computing involves very short distances for qubit manipulations and also is unaffected by a "hidden constant" as the explanation for entanglement.

	None of these three parts of the "second quantum revolution" depend on "spooky action-at-a-distance."

	The hypothesis of a "hidden constant" changes nothing about quantum physics but it eliminates the "weirdness" popularly associated with entanglement.

	Do you see a flaw in hypothesis of a "hidden constant?" Please write bobdoyle@informationphilosopher.com.

	Of course the constant is "hidden in plain sight" of the conservation law!



The "hidden constant of the motion" was introduced in chapter 45 of My God, He Plays Dice, How Albert Einstein Invented Most of Quantum Mechanics, 2019, p.376. 


If the conservation of angular momentum (spin) is not the "common cause" of the perfect correlations, the vast experimental evidence for those correlations, so critical to the twin random bit strings needed for quantum cryptography, tells us that conservation of spin is an experimentally proven fact of the matter! 


We can also note that a subsequent measurement by either observer at a different angle will destroy the planar symmetry. The original linear combination or superposition of states 
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will become a mixture of product states that have decohered(their pure-state coherent phase relations  lost). They are disentangled, as Erwin Schrödinger argued in 1936.  Measuring one can still tell us something about the other. he said. But they have decohered and can no longer interfere with one another and cannot remain correlated after future measurements. They have then truly separated and "independent," but they had not become independent before the disentanglement, as Einstein had hoped with his separability principle (Trennungsprinzip).





Perhaps "hidden constant" is too clever, although it travels along with the particles just as David Bohm's hidden variables or David Mermin's "instruction sets" do.

A more modest name is simply a common cause, coming from that event in the shared light cone of the two particles, when they were initially entangled. But there is a distinction between a physical cause and a conservation principle that needs explaining. 
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Problems in Quantum Physics


We have identified several problems in quantum physics that have plausible solutions when analyzed in terms of information.

	
The  "Collapse" of the Wave Function
	
The "Conscious Observer" and Heisenberg "Cut"
	Decoherence
	Disentangling the EPR Paradox
	Entanglement
	
The "Free Choice" of the Experimenter
	
The Interpretation of Quantum Mechanics
	
The Irreversibility of Atomic Collisions (Loschmidt's Paradox)

	
The Measurement Problem
	Nonlocality ("Spooky" Action-at-a-Distance)

	Nonseparability
	
The Quantum to Classical Transition
	
The Recurrence Problem (Zermelo's Paradox)

	Schrödinger's Cat
	
The Two-Slit Experiment
	Wave-Particle Duality


For Scholars




Source: https://www.informationphilosopher.com/quantum/problems/
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A quantum computer is said to solve problems in minutes that would take millions of year for a classical computer to solve.


Although many billions of dollars have been invested in quantum computers, and perhaps even more in China, quantum computing may be farther away than nuclear fusion.


The memory system of a quantum computer uses qubits ("quantum bits"). They are the quantum counterpart of the classical "bit" of a digital computer. The "bit" is an abbreviation of "binary digit." 


Where classical bits can have the value "0" or "1," qubits are in a coherent superposition or linear combination of |0> or |1> quantum states, as Paul Dirac described in his 1930 text Principles of Quantum Mechanics.

Measurement of a qubit projects the qubit randomly into either single-particle state |0> or |1>, with probability 1/2 following Dirac's "projection postulate."
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The 1/2 probability of each state is the square of the "probability amplitude" 
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When two qubits a and b are entangled, their wave function 
  Ψ
 is a linear combination (or superposition of two-particle"product" states |01>  and |10>,
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The two-particle wave function 
  
    Ψ
    
      a
      b
    
  
 describes the behavior of two entangled particles (electrons, photons, or atoms) with spin angular momentum up |↑> or down |↓> that have traveled far apart. 


When either a or b is measured, the two-particle wave function 
  
    Ψ
    
      a
      b
    
  
collapses, both particles are individually projected into random states up (|↑> or down |↓>), but jointly they always appear perfectly correlated in one of the two product states up-down |↑↓> or down-up |↓↑>.


Either of these product states conserves the total spin angular momentum of the initial prepared entangled state, although particular spin directions are not defined. 


We describe this conserved total angular momentum as a hidden constant of the motion.



See the Wikipedia article.



Source: https://www.informationphilosopher.com/quantum/computer/
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Quantum Eraser

The quantum eraser, like Wheeler's delayed choice experiment, and the Mach-Zender interferometer, involves a superposition of quantum states like those in entanglement, the two-slit experiment, and Schrödinger's Cat.  


Depending on the experimental setup, the outcomes can be misinterpreted as sending signals instantaneously (faster than light speed and violating relativity), a particle thought to be in two places at the same time, events that happened in the distant past being changed, an interference pattern remotely disappearing and reappearing, and other weird phenomena of which cats simultaneously dead and alive is probably the most well-known.


These weird phenomena are described in many popular books that misunderstand or misinterpret what quantum particles and quantum wave functions are actually or "really" doing. While "nobody understands quantum mechanics," as Richard Feynman famously said, we hope to explain how Albert Einstein's "spooky action at a distance" has given rise to the amazing new technologies of the "second quantum revolution." 


These "quantum resources" include the generation of quantum random bit strings used as unbreakable cryptographic codes ("quantum keys") for secure communications, and the entangled "qubits" that may become the basis for quantum computing. 


An excellent video on quantum eraser and John Wheeler's "delayed choice" is on YouTube,
https://youtu.be/7iKebDDs2Pg.




Source: https://www.informationphilosopher.com/quantum/eraser/
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Quantum Key Distribution



Source: https://www.informationphilosopher.com/quantum/qkd/
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Some Background

From the earliest days of quantum theory, when Max Planck in 1900 hypothesized an abstract "quantum of action" and Albert Einstein in 1905 hypothesized that energy comes in discrete physical quanta, there have been disagreements about "interpretations," misunderstandings about the underlying "reality" of the external world that could account for the apparent agreement between quantum theory and the observed experimental facts, without abandoning the classical physics ideas of continuity,  causality, and determinism.


For example, Planck, the inventor of the quantum of action, used his constant h as a heuristic device to calculate the probabilities of various virtual oscillators (distributing them among energy states using Boltzmann's statistical mechanics ideas, the partition function, etc.). Planck quantized these mechanical oscillators, but not the radiation field itself. In 1913, Bohr similarly quantized the oscillators (electrons) in the "old quantum theory" and his planetary model of the electrons orbiting the Rutherford nucleus. Bohr's electrons "jump" discontinuously from orbit to orbit, emitting or absorbing discrete amounts of energy En - Em where n and m are orbital "quantum numbers." But Bohr insisted that the energy radiated in a quantum jump was continuous, not particulate, ignoring, even rejecting, Einstein's light-quantum hypothesis.



By comparison to Planck, Einstein had already in 1905 quantized the continuous electromagnetic radiation field as particles, he called them light quanta (today's photons). Planck denied the physical "reality" of any quanta (including his own virtual oscillators) until 1910 at the earliest. And Bohr did not accept discrete photons as being emitted and absorbed during quantum jumps until twenty years after Einstein proposed them. Photons are now universally accepted, of course, and (sadly) standard quantum mechanics says they are emitted and absorbed during Bohr's "quantum jumps" of the electrons.

Einstein saw clearly that if the radiation emitted by an atom were to spread out diffusely as a classical wave into a large volume of space, how could the energy collect itself together again instantly to be absorbed by another atom - without having that energy travel faster than light speed as it gathered itself together in the absorbing atom? He clearly saw that a discrete, discontinuous "jump" was involved, something denied by many of the modern "interpretations" of quantum mechanics.



Einstein feared that if energy in a light wave spread out in space had to move instantly to a given point, it would violate his principle of relativity. Thus began the conflict between quantum mechanics and relativity.

It was not Born who first interpreted the wave function as giving us probabilities. It was Einstein.



He also saw that the wave that filled space moments before the detection of the whole quantum of energy must disappear instantly as all the energy in the quantum is absorbed by a single atom in a particular location. This was seen as a "collapse" of a light wave twenty years before there was a "wave function" and Erwin Schrōdinger's wave equation! Later Einstein interpreted the wave at a point as the probability of light quanta at that point, many years before the so-called "Born Rule." Max Born said many times that his  "statistical interpretation" of the wave function was based on Einstein's original suggestion.

The idea of something (later called the wave function) associated with the particle led to the problem of wave-particle duality, described first by Einstein in 1909. In 1927, he expressed concern that what came to be called nonlocality violates his special theory of relativity. To this day, it is the idea that quantum physics cannot be reconciled with relativity. 



The Copenhagen Interpretation

The nadir of interpretation was probably the most famous interpretation of all, the one developed in Copenhagen, the one Niels Bohr's assistant Leon Rosenfeld said was not an interpretation at all, but simply the "standard orthodox theory" of quantum mechanics.

It was the nadir of interpretation because Copenhagen wanted to put a stop to "interpretation" in the sense of understanding or "visualizing"  an underlying reality. The Copenhageners said we should not try to "visualize" what is going on behind the collection of observable experimental data. Just as Kant said we could never know anything about the "thing in itself," the Ding-an-sich, so the positivist philosophy of Comte, Mach, Russell, and Carnap and the British empiricists Locke and Hume claim that knowledge stops at the "secondary" sense data or perceptions of phenomena, preventing access to the primary "objects" of "reality."


Einstein's views on quantum mechanics have been seriously distorted (and his early work largely forgotten), perhaps because of his famous criticisms of Born's "statistical interpretation" and Werner Heisenberg's claim that quantum mechanics was "complete" without describing what particles are doing from moment to moment. 


Though its foremost critic, Einstein frequently said that quantum mechanics was a most successful theory, the very best theory so far at explaining microscopic phenomena, but that he hoped his ideas for a continuous field theory would someday add to the discrete particle theory and its "non-local" phenomena. It would allow us to get a deeper understanding of underlying reality, though at the end Einstein despaired for his continuous field theory compared to particle theories.  


Many of the "interpretations" of quantum mechanics deny a central element of quantum theory, one that Einstein himself established in 1916, namely the role of indeterminism, or "chance," to use its traditional name, as Einstein did in physics (in German, Zufall) and as William James did in philosophy in the 1880's. These interpretations generally hope to restore the determinism of classical mechanics. Einstein hoped for a return to deterministic physics, but even more important for him was a physics based on continuous fields, rather than discrete discontinuous particles.


We can therefore classify various interpretations by whether they accept or deny chance, especially in the form of the so-called "collapse" of the wave function, also known as the "reduction" of the wave packet or what Paul Dirac called the "projection postulate." Most "no-collapse" theories are deterministic. "Collapses" in standard quantum mechanics are irreducibly indeterministic.


Many interpretations are attempts to wrestle with still another problem that Einstein saw as early as 1905, in "non-local" events something appears to be moving faster than light and thus violating his special theory of relativity (which he formulated in 1905). 


So we can classify interpretations by whether they accept the instantaneous nature of the collapse, especially the collapse of the two-particle wave function of "entangled" systems, where two particles appear instantly in widely separated places, with correlated properties that conserve energy, momentum, angular momentum, spin, etc. These interpretations are concerned about nonlocality - the idea that "reality" is "nonlocal" with simultaneous events in widely separated places correlated perfectly - a sort of "action-at-a-distance."


Many interpretations prefer wave mechanics to quantum mechanics, seeing wave theories as continuous field theories. They like to regard the wave function as a real entity rather than an abstract immaterial possibilities function. De Broglie's pilot-wave theory and its variations (e.g., Bohmian mechanics, Schrödinger's view) hoped to represent the particle as a "wave packet" composed of many waves of different frequencies, such that the packet has non-zero values in a small volume of space. Sadly, Schrödinger and others found such a wave packet rapidly disperses, which particles cannot do.


Finally, we may also classify interpretations by their definitions of what constitutes a "measurement," and particularly what they see as the famous  "problem of measurement." Niels Bohr, Werner Heisenberg, and John von Neumann had a special role for the "conscious observer"in a measurement.  Eugene Wigner claimed that the observer's conscious mind causes the wave function to collapse in a measurement.


So we have three major characterizations - indeterministic-discrete-discontinuous "collapse" vs. deterministic-continuous "no-collapse" theories, nonlocality-faster-than-light vs. local "elements of reality" in "realistic theories, and the role of the observer.


Another way to look at an interpretation is to ask which basic element (or elements) of standard quantum mechanics does the interpretation question or just deny?  For example, some interpretations deny the existence of particles. They admit only waves that evolve unitarily under the Schrōdinger equation.


 We can begin by describing those elements, using the formulation of quantum mechanics that Einstein thought most perfect, that of P. A. M. Dirac.





A Brief Introduction to Basic Quantum Mechanics 


Einstein said of Dirac in 1930,
"Dirac, to whom, in my opinion, we owe the most perfect exposition, logically, of this 
[quantum] theory"

  
All of quantum mechanics rests on the Schrōdinger equation of motion 
that deterministically describes the time evolution of the 
probabilistic wave function, plus three basic
assumptions, the principle of superposition (of wave functions), the
axiom of measurement (of expectation values for observables), and the projection
postulate (which describes the collapse of the wave function that introduces indeterminism or chance during interactions). 

Dirac's "transformation theory" then allows us 
to "represent" the initial wave function (before an interaction) in terms of a "basis set" of 
"eigenfunctions" appropriate for the possible quantum states of 
our measuring instruments that will describe the interaction. 


Elements in the "transformation matrix" immediately 
give us the probabilities of measuring the system and finding it 
in one of the possible quantum states or "eigenstates," each eigenstate 
corresponding to an "eigenvalue" for a dynamical operator like 
the energy, momentum, angular momentum, spin, polarization, etc.


 
Diagonal (n, n) elements in the transformation matrix give us the eigenvalues for observables in quantum state n. Off-diagonal (n, m) matrix elements give us transition probabilities between quantum states n and m.


Notice the sequence - possibilities > probabilities > actuality: the wave function gives us the possibilities, for which we can calculate probabilities. Each experiment gives us one actuality. A very large number of identical experiments confirms our probabilistic predictions to thirteen significant figures (decimal places), the most accurate physical theory ever discovered.



1. The Schrōdinger Equation. 


The
fundamental equation of motion in quantum
mechanics is Erwin Schrōdinger's famous
wave equation that describes the
evolution in time of his wave function ψ.
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Max Born interpreted the square of
the absolute value of Schrōdinger's wave
function |ψn2  
(or < ψn | ψn > 
in Dirac notation) as providing the probability of
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Black holes are such extraordinarily compact objects they require a theory that involves general relativity (the theory of gravitation) and quantum mechanics (the theory of microscopic particles), in short a theory of quantum gravity.


But the idea of a material object with so much mass that it could trap light was conceived centuries before general relativity and quantum mechanics. It was proposed in the 18th century by English astronomer and clergyman John Michell and independently by French scientist Pierre-Simon Laplace. Both scholars proposed very large stars in contrast to the modern concept of an extremely dense object. Michell called it a "dark star" and Laplace an étoile occlu.


The popular definition of a black hole is a region of space having a gravitational field so intense that no matter or radiation can escape. When the gravitational attraction of the mass at the center singularity is greater than the centrifugal force of a particle grazing the event horizon, the particle will be drawn into the black hole, never to escape.  


The centrifugal force on a particle with mass m traveling around a circle with radius r at velocity v is ½(mv2/r). The gravitational attraction of a mass M at the center is GMm/r2.


Equating these, and assuming v = c, the velocity of light,  the Schwarzscild radius R = 2GM/c2.

Jacob Bekenstein showed that adding a low-energy photon with a wavelength the size of a black hole would add an area one Planck-length squared to its event horizon.1
Leonard Susskind argued that the photon adds one bit of lost (or hidden) information to the internal entropy of the black hole (i.e., in the singularity at it's center) and one bit of information at the event horizon. Susskind's "holographic universe" interprets the event horizon as a hologram of the lost (or hidden) information inside a black hole.


But the event horizon is not a material structure capable of storing information. As first calculated by Karl Schwarzschild  and Albert Einstein in the 1920's, the horizon is simply an abstract mathematical surface where the pull of gravity from the condensed matter of the singularity at the center prevents anything, including light, from crossing the horizon and escaping the black hole.

Stephen Hawking and Roger Penrose  showed that all the matter in a black hole would be crushed into its center at a singularity they said would be infinitesimal in size but infinite in density. There is nothing but empty space in a black hole between the singularity at the center and the event horizon. Any particle that enters the horizon will very rapidly fall to the center.

John Wheeler showed that the event horizon would be featureless, it would have "no hair."  
This is strictly correct. No visible radiation is coming through the event horizon, but we will see that immense amounts of radiation are being produced by the extreme activity in the immediate vicinity of the black hole event horizon.

 
Hawking denied the idea that black holes have "no hair," that the event horizon is featureless.


He said that black holes are not so black after all, because they are radiating information. This needs careful explanation. 

 
His idea is that "virtual particle" pairs are appearing just outside the event horizon, with one particle going into the black hole and the other radiating away what is known as "Hawking radiation." Now there is a vast amount of radiative activity around all observed black holes, otherwise they would not be observable, only discoverable by their gravitational effect on their luminous neighbors. 


For supermassive black holes at the center of galaxies, all this activity is caused by the vast amounts of intergalactic material falling into the black hole. These active galactic nuclei were first detected as "quasars" or quasi-stellar sources. The largest are today called "blazers."  They are the most powerful and brightest objects in the universe.


Hawking's second idea was that his radiation would be evaporating a black hole. This needs very careful examination. First, there is no evidence that black holes are evaporating any time soon. All observed black holes appear to be growing, fed by the intergalactic material they are accreting. Even that single virtual particle Hawking saw falling in (as its partner radiates away) does not reduce, it adds to the black hole mass. We can note that Hawking's pair production might be happening inside the event horizon a short distance. As long as the gravitational red shift is not enough to reduce the energy to zero, a weakened photon can pass through the event horizon. 


The second law of thermodynamics suggests that even black holes that are currently unobservable are also growing and not evaporating. The intergalactic material is very sparse and very cold, warmed only by the 2.7K cosmic background radiation. But a black hole singularity is thought to be much, much colder, perhaps a millionth of a degree Kelvin. Heat flows from hot to cold, carrying the atoms of the intergalactic medium (perhaps as little as a few hydrogen atoms per cubic meter) into the black hole. 


Hawking's third idea, and perhaps most important, was that information is being lost to the black hole. This is very likely correct


But multiple physicists claimed Hawking was wrong. Some made bets. 


Susskind described this as the "black hole war" which, he said, was fought to "make the world safe for quantum mechanics." His argument was based on the argument that "information never dies."  This is a "law of physics that may be even more fundamental than energy conservation. It's sometimes called reversibility, but let's just call it information conversation."2.



Is the Black Hole Singularity an Infinitesimal Point?


As we saw, Roger Penrose and Stephen Hawking thought so. But their mathematical analysis of one-dimensional geodesic curves in general relativity said nothing about the distribution of collapsed matter around their singular point. 

The mass of gravitationally collapsed objects ranges from a fraction of a solar mass to 100 billion solar masses.  We can estimate the radius of Phoenix A, whose mass is 100 billion solar masses or approximately 1041 kg/m3. 

At the density of the universe shortly after the origin, its radius would be 10-9 meters, a bit larger than a hydrogen atom. At the Planck density, 10-19 meters or a billionth of an Angstrom.



What forces or pressures can stop gravitational collapse?


Central temperatures of terrestrial planets  never reach levels that support thermonuclear reactions. Chemical forces support the planets against further gravitational collapse. 

The smallest and dimmest stars are red dwarfs as little as .08 of a solar mass. They burn their hydrogen fuel so slowly they can live for billions of years. The largest stars are a thousand times more massive and are very short lived. 


When the Sun consumes its core hydrogen, further collapse will begin to burn hydrogen in a shell around the depleted core, expanding the solar surface as a red giant star that over five billion years will swallow Mercury and Venus and approach the orbit of Earth. A final collapse and explosion of the energy-genertaing core can blow off the  rest of the Sun as a planetary nebula, leaving the core slowly cooling as a white dwarf. Further collapse of the white dwarf is prevented by the pressure of a degenerate electron gas.


Slightly larger stars explode as supernovae.  Gravitational collapse of the core forces their electrons to combine with protons converting them to neutrons, whose degeneracy prevents further collapse to a black hole. The resulting neutron star may rotate rapidly and appear as a flashing pulsar.


So what about the matter in the largest black holes, which can contain many millions of solar masses? Neither electron nor neutron degeneracy can stop their cores from collapsing until all nucleons have combined into quarks. Extremely dense and high temperature quark matter would resemble the origin of the universe, though now contracting instead of expanding. Lots of little crunches.


They could be called "quarkstars" except that their radiation cannot escape beyond its distant event horizon (John Michell originally proposed "dark stars").  That radiation and the mass of quarks would likely occupy more than the zero volume of the supposed infinitesimal point singularity, although from outside the event horizon their actual size can never be observed.  



Black Holes and Baby Universes


In April 1988, Stephen Hawking gave a lecture at University of California, Berkeley entitled "Black Holes and Baby Universes" He asked what would happen to objects falling into a black hole. Then he suggested...                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
According to some recent work of mine, the answer is that they will go off into a little baby universe of their own. A small, self-contained universe branches off from our region of the universe. This baby universe may join on again to our region of space-time. If it does, it would appear to us to be another black hole that formed and then evaporated. Particles that fell into one black hole would appear as particles emitted by the other black hole, and vice versa.

Notes

	
The Schwarzschild radius is the radius of a spherical boundary around a massive object; if the object's entire mass collapses within this radius, it becomes a black hole. This boundary, also known as the event horizon, is the point of no return, where the escape velocity equals the speed of light. The formula for the Schwarzschild radius is 

R = 2GM/c2


where G is the gravitational constant, M the mass of the object, and c the speed of light.  

	
Susskind, The Black Hole War, p.87





Source: https://www.informationphilosopher.com/quantum/black_holes/
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Collapse of the Wave Function

Why is it that more than half of the modern "interpretations" of quantum mechanicsdeny the "collapse of the wave function?," also known as Paul Dirac's "projection postulate." 
See Dirac's three principles.


Why are so many serious physicists and philosophers of science unhappy with this concept, which is a fundamental part of the "orthodox" theory proposed in the late 1920's by the "founders" of quantum mechanics - Werner Heisenberg, Niels Bohr, Max Born, Wolfgang Pauli, Pascual Jordan, and Dirac.


The main criticism is a logical argument, that there is a logical inconsistency between the linear Schrödinger equation, which evolves deterministically, and the sudden "collapse," which happens at a random, unpredictable time and produces a random outcome. 


For many critics, the problem is the existence of ontologicalchance.  

Albert Einstein, the foremost scientist of all time adamantly disliked the idea of "uncertainty" or "indeterminism," the thought that some things in the universe were not caused (or only statistically caused).  Ironically, Einstein was the discoverer of chance in quantum mechanics, which he disliked. But he never denied that indeterminism was a part of a statistical quantum theory.


The idea of the wave function in quantum mechanics and its indeterministic collapse during a "measurement" is without a doubt among the three most controversial problems in quantum physics today, the others being the two-slit experiment and entanglement.


So it is very important to understand the importance of what Dirac called the projection postulate in quantum mechanics. The “collapse of the wave function”  is also known as the “reduction of the wave packet.” This describes the change from a system that can be seen as having many possible quantum states (Dirac’s principle of superposition) to its randomly being found in only one of those possible states. 


Although the  collapse is historically thought to be caused by a measurement, and thus dependent on the role of the observer in preparing and running the experiment, collapses can occur whenever quantum systems interact (e.g., collisions between particles) or even spontaneously (e.g., in the decay of radioactive nuclei).


The claim that an observer is needed to collapse the wave function has injected an unacceptable anthropomorphic element into quantum theory, suggesting that nothing happens in the universe except when physicists are making measurements. An extreme example is Hugh Everett’s Many Worlds theory, which says that the universe splits into two nearly identical universes whenever a physical measurement is made.



What is the Wave Function?


As Einstein’s blackboard drawing at the fifth Solvay Conference shows us, the wave function propagates like a light wave, but when the particle appears, it is found at a single point P. 
[image: image-placeholder]

In 1905 Einstein's wave was the energy in a light wave radiating out in all directions, but then instantly gathering all its energy at one location to eject a photoelectron carrying all that energy.


Is this perhaps the origin of seeing the event as a collapse"? Einstein already in 1905 saw something nonlocal about the photon and that there is both a wave aspect and a particle aspect to electromagnetic radiation. He will make those aspects more clear and in 1909 describe the wave-particle relationship more clearly than it is usually presented today, with all the confusion about whether photons and electrons are waves or particles or both.

Louis de Broglie in 1924 suggested there is a matter wave associated with any material particle. For Erwin Schrodinger, the wave was the distributed mass of the electron, or perhaps its "smeared out" charge?


Today the wave is an abstract complex wave function 
  Ψ
 whose square gives us the probability of finding a particle. Many locations have some probability  of being the position until the moment when the particle is found somewhere. At that moment, the probability of its being anywhere else goes instantly to zero. 


This abrupt change of probability to unity at one location and zero everywhere else has been interpreted as a “collapse.” If the wave had been carrying energy in all directions, or matter/charge as de Broglie and Schrödinger thought, energy and matter would indeed have had to “collapse” to the point. 


But nothing substantial is moving in the "collapse" of an abstract probability to one of many possibilities. Only immaterial information (our knowledge ) has changed.


Note that should another particle enter through one of the slits, its wave function 
  Ψ
 would be the same, since the boundary conditions used to calculate 
  Ψ
 have not changed. 


Perhaps the best illustration of the wave function is to show it passing though the famous slits in a two-slit experiment. It has been known for centuries that water waves passing through a small opening create circular waves radiating outward from that opening. If there are two openings, the waves from each opening interfere with those from the other, producing waves twice as high in the crests (or twice as deep in the troughs) and cancelling perfectly where a crest from one meets a trough from the other.


When we send light through tiny slits, we see a similar wave phenomenon. Despite the standard description, and although light energy is obviously moving, we will show that the wave is not moving and does not really "collapse." In the water example, there is actually very little, if any, water moving forward. A cork bobs up and down as waves pass it but water does not not pass the cork.  The wave function is the solution of the Schrödinger equation, given the wavelength of the particle and the boundary conditions of the experiment.


We can regard it as a standing wave, with locations for null points (where the probability of finding a particle is zero) fixed at locations on the detection screen.

[image: image-placeholder]

Most of the light that reaches light detectors in the screen at the back lands right behind the barrier between the two slits. At some places, no light appears in the interference pattern.


If we look closely, the interference pattern is a kind of substructure inside an envelope that corresponds to the Fraunhofer diffraction pattern if the two slits were replaced by one large slit.

[image: image-placeholder]

Today, thanks to the perseverance of Einstein, we know that light actually consists of large numbers of individual photons, quanta of light. Our experiment can turn down the amount of light so low that we know there is only a single photon, a single particle of light in the experiment at any time. What we see is the very slow accumulation of photons at the detectors, but with exactly the same interference pattern when a large number of photons has been detected. And this leads to what Richard Feynman called not just "a mystery,” but actually "the only mystery” in quantum mechanics. 


How can a single particle of light interfere with itself, without going through both slits? We can see what would happen if it went through only one slit by closing one of them. We get a completely different interference pattern. Information philosophy now lets us visualize this highly non-intuitive phenomenon, one that Dirac says is impossible in classical physics. If you can follow, you are well on your way to comprehending, though perhaps not fully “understanding," quantum mechanics. 

[image: image-placeholder]

From the time I first taught my students about the two-slit experiment in the late 1950's, I have always said that "something must be moving through both slits."  But I am now questioning the idea that the wave function must be moving to explain the "collapse." Has the choice of words muddied the waters, so to speak? Let's start with the view that the wave function moves.


The wave function in quantum mechanics is a solution to Erwin Schrödinger’s famous wave equation that describes the evolution in time of his wave function ψ,


  i
  h
  
    /
  
  2
  π
  δ
  ψ
  
    /
  
  δ
  t
  =
  H
  ψ
  .


Following suggestions by Einstein about light waves and light particles in the years before 1920, Max Born in 1926 interpreted the wave function ψ(x) for a material particle at a position x as telling us that the complex square of the wave function, < ψ(x) | ψ(x) >, gives us the probability of finding a particle at that position. He was generalizing Einstein's radical idea, from nearly ten years earlier, that a light wave's amplitude (its energy) at a point is a measure of finding a light quantum there. Einstein is rarely given credit today, but Max Born gave him credit                                                                                                                                                                                                                                                                                                 .



So the idea of a "physical-material" wave traveling through the two slits is not correct.  The probability amplitude wave ψ(x) does not "go through" the slits. It does not move. It is simply an abstract function , neither material nor energy, just a probability. It is immaterial  information about where particles of light (or particles of matter if we shoot electrons at the slits) will be found when we record a large number of them. It is the particle electron or photon) that travels through one or the other slit, in proportion to the square of the probability amplitude at each slit ψ2(x). Conservation of matter says it can go through only one slit.

If we imagine a single particle being sent from a great distance away toward the two slits, the wave function that describes its “time evolution” or motion through space looks like a plane wave - the nearly straight lines of the wave crests approaching the slits from below in the figure to the left. We have no information about the exact position of the particle. It could be anywhere. Einstein said that the Copenhagen interpretation of quantum mechanics is “incomplete” because the particle has no definite position before a measurement. He was right. When the particle lands on one of the detectors at the screen in back, we can represent it by the dot in the figure below.


Animation of a wave function collapsing - click to restart



The interfering probability amplitude waves disappear instantly everywhere once the particle is detected, but we have left a small fragment of interfering waves in the upper left corner to ask a question first seen by Einstein in 1905, then made explicit at the 1927 Solvay Conference..

What happens to the small but finite probability that the particle might have been found at the left side of the screen? How has that probability instantaneously (at faster than light speed) been collected into the unit probability at the dot?


To be clear, when Einstein first asked this question, he thought of the light wave as energy spread out everywhere in the wave. So it was energy that he thought might be traveling faster than light, violating his brand new principle of relativity (published two months after his light quantum paper).


At the Solvay conference in Brussels in 1927, twenty-two years after Einstein first tried to understand what is happening when the wave collapses,  he noted;



If | ψ |2 were simply regarded as the probability that at a certain point a given particle is found at a given time, it could happen that the same elementary process produces an action in two or several places on the screen. But the interpretation, according to which | ψ |2 expresses the probability that this particle is found at a given point, assumes an entirely peculiar mechanism of action at a distance, which prevents the wave continuously distributed in space from producing an action in two places on the screen.”


Einstein came to call this spukhafte Fernwerkung, “spooky action at a distance.” It is known today as  nonlocality.

Niels Bohr recalled Einstein’s description. He drew Einstein's figure on a blackboard, but he did not understand what Einstein was saying.



Einstein referred at one of the sessions to the simple example, illustrated by Fig. 1, of a particle (electron or photon) penetrating through a hole or a narrow slit in a diaphragm placed at some distance before a photographic plate.

[image: photon passes through a slit]

On account of the diffraction of the wave connected with the motion of the particle and indicated in the figure by the thin lines, it is under such conditions not possible to predict with certainty at what point the electron will arrive at the photographic plate, but only to calculate the probability that, in an experiment, the electron will be found within any given region of the plate.


The apparent difficulty, in this description, which Einstein felt so acutely, is the fact that, if in the experiment the electron is recorded at one point A of the plate, then it is out of the question of ever observing an effect of this electron at another point (B), although the laws of ordinary wave propagation offer no room for a correlation between two such events.



Bohr's point A is the dot in our animation where the particle is found. His point B is Einstein's concern about another point where there is/was a non-zero probability of finding the particle.


How Information Physics Explains the Two-Slit Experiment

Although we cannot say anything about the particle’s whereabouts, we can say clearly that what goes through the two slits and interferes with itself is information. The wave function tells us the abstract probability of finding the particle somewhere. 

In our latest information interpretation of quantum mechanics, we ask where the information about the probabilities of finding a particle are really coming from?



	[image: image-placeholder]
	[image: image-placeholder]



Note that probability, like information, is neither matter nor energy. When a wave function “collapses” or “goes through both slits” in the dazzling two-slit experiment, nothing material is traveling faster than the speed of light or going through the slits. No messages or signals can be sent using this collapse of probability. Only the information has changed.


This is similar to the Einstein-Podolsky-Rosen experiments, where measurement of one particle transmits nothing physical (matter or energy) to the other “entangled” particle. Instead instantaneous information has come into the universe at the new particle positions. That information, together with conservation of momentum, makes the state of the coherently entangled second particle certain, however far away it might be after the measurement.


The conservation of total spin angular momentum of the two particles can be regarded as a "hidden" constant of the motion.


The standard “orthodox” interpretation of quantum mechanics includes the projection postulate. This is the idea that once one of the possibilities becomes actual at one position, the probabilities for actualization at all other positions becomes instantly zero. New information has appeared.


The principle of superposition tells us that before a measurement, a system may be in any one of many possible states. In the two-slit experiment, this includes all the possible positions where |ψ(x)|2 is not zero. Once the quantum system (the photon or electron) interacts with a specific detector at the screen, all other possibilities vanish. It is perhaps unfortunate that the word “collapse” was chosen, since it suggests some great physical motion.


Just as in philosophy, where the language used can be the source of confusion, we find that thinking about the information involved clarifies the problem.




Compare David Bohm's "pilot wave" that enters both slits, where the particle being carried along by the wave enters only one. The wave interferes with itself, creating the interference


Source: https://www.informationphilosopher.com/quantum/collapse/
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Conscious Observer


Can We Have Quantum Measurement Without an Observer?
Niels Bohr, Werner Heisenberg, John von Neumann, and Eugene Wigner
insisted that a measurement depends on the mind of a conscious observer.

Pascual Jordan, David Bohm, John Bell, and textbook authors like Landau and Lifshitz, Albert Messiah, and Kurt Gottfried denied this.

Hugh Everett invented automatic measuring equipment without a mind.
John Bell asked whether the observer needs a Ph.D.?


 
Without Recorded Information, an Observation Is Not Possible.


Every interaction between quantum systems may lead to a collapse of the wave function. But most collapses are never recorded.


When a change of quantum state is recorded as information in a macroscopic apparatus, it becomes available for observation at a later time.  Most measurements in quantum physics are made by complex, computer-controlled apparatus, whose data may wait for days, weeks, or even months to be completely analyzed and thought about by physicists.


Once Recorded, the Observer Can Then Look at the "Observable."

When the new information is observed (recorded in a human mind), it becomes an observation. This last stage has no effect on the measurement (it's after the fact!), 
but it does increase human knowledge. 


So When Does the Wave Function Collapse Without an Observer?


At some random time and place, before which ψ evolution is unitary, time-reversible, and deterministic.
For example, when a radioactive nucleus decays, when a spontaneous photon is emitted, when an electron jumps between eigenstates of an atom, or when a collision between atoms changes their internal states. 


If we could predict exactly when these events will happen, it would not be quantum mechanics.


The Heisenberg "Cut" or "Schnitt"

Werner Heisenberg described the collapse of the wave function as requiring a "cut" (Schnitt in German) somewhere along the transition from the microscopic quantum system through the "classical" apparatus to the observer and the observer's "knowledge" about the quantum system. He asked, "Where is the cut to be between the description by the wave function and the classical description?" He said it did not matter where this cut was placed, because the mathematics would produce the same experimental results wherever it was placed. 


Like Niels Bohr, his goal was to describe quantum mechanical observations in the normal everyday language about a classically understandable measuring system. For Heisenberg, an observing system could be the human eye or a familiar photograph, because for the Bohr-Heisenberg "Copenhagen Interpretation" the final aim of  physics is to describe experiments and their results like we describe the things and events in everyday life, i. e., by intuitive, common sense concepts of the space-time world and in the words we use for this classical space-time world. 


The "cut" is frequently conflated with the "quantum to classical transition, the point at which the "classical" laws of physics, for example Newton's laws of motion, emerge from the quantum world.


There has been a lot of controversy and confusion about the location of this cut. Eugene Wigner placed it outside a room which includes the measuring apparatus and an observer A, and just before observer B makes a measurement of the physical state of the room, which is imagined to evolve deterministically according to John von Neumann's "process 2" according to the Schrödinger equation.


The case of Schrödinger's Cat is thought to present a similar paradoxical problem. Is the cat simultaneously (in a "superposition" of) dead and alive just before the observer learns which is the case? The simple answer is that live and dead are "possibilities," with calculable probabilities.

John von Neumann contributed a lot to this confusion in his discussion of subjective perceptions and "psycho-physical parallelism," which was encouraged by Neils Bohr. Bohr interpreted his "complementarity principle" as explaining the difference between subjectivity and objectivity (as well as several other dualisms). von Neumann wrote:


The difference between these two processes is a very fundamental one: aside from the different behaviors in regard to the principle of causality, they are also different in that the former is (thermodynamically) reversible, while the latter is not.

Let us now compare these circumstances with those which actually exist in nature or in its observation.  First, it is inherently entirely correct that the measurement or the related process of the subjective perception is a new entity relative to the physical environment and
is not reducible to the latter. Indeed, subjective perception leads us into the intellectual inner life of the individual, which is extra-observational by its very nature  (since it must be taken for granted by any conceivable observation or experiment). 


 Nevertheless, it is a fundamental requirement of the scientific viewpoint -- the so-called principle of the psycho-physical parallelism -- that it must be possible so to describe the extra-physical process of the subjective perception as if it were in reality in the physical world -- i.e., to assign to its parts equivalent physical processes in the objective environment, in ordinary space. (Of course, in this correlating procedure there arises the frequent necessity of localizing some of these processes at points which lie within the portion of space occupied by our own bodies. But this does not alter the fact of their belonging to the "world about us," the objective environment referred to above.) 


In a simple example, these concepts might be applied about as follows: We wish to measure a temperature. If we want, we can pursue this process numerically until we have the temperature of the environment of the mercury container of the thermometer, and then say: this temperature is measured by the thermometer. But we can carry the calculation further, and from the properties of the mercury, which can be explained in kinetic and molecular terms, we can calculate its heating, expansion, and the resultant length of the mercury column, and then say: this length is seen by the observer. 


Going still further, and taking the light source into consideration, we could find out the reflection of the light quanta on the opaque mercury column, and the path of the remaining light quanta into the eye of the observer, their refraction in the eye lens, and the formation of an image on the retina, and then we would say: this image is registered by the retina of the observer. 


And were our physiological knowledge more precise than it is today, we could go still further, tracing the chemical reactions which produce the impression of this image on the retina, in the optic nerve tract and in the brain, and then in the end say: these chemical changes of his brain cells are perceived by the observer. But in any case, no matter how far we calculate -- to the mercury vessel, to the scale of the thermometer, to the retina, or into the brain, at some time we must say: and this is perceived by the observer. That is, we must always divide the world into two parts, the one being the observed system, the other the observer. In the former, we can follow up all physical processes (in principle at least) arbitrarily precisely. In the latter, this is meaningless. 



The boundary between the two is arbitrary to a very large extent. In particular we saw in the four different possibilities in the example above, that the observer in this sense needs not to become identified with the body of the actual observer: In one instance in the above example, we included even the thermometer in it, while in another instance, even the eyes and optic nerve tract were not included. That this boundary can be pushed arbitrarily deeply into the interior of the body of the actual observer is the content of the principle of the psycho-physical parallelism -- but this does not change the fact that in each method of description the boundary must be put somewhere, if the method is not to proceed vacuously, i.e., if a comparison with experiment is to be possible. Indeed experience only makes statements of this type: an observer has made a certain (subjective) observation; and never any like this: a physical quantity has a certain value.

Now quantum mechanics describes the events which occur in the observed portions of the world, so long as they do not interact with the observing portion, with the aid of the process 2, but as soon as such an interaction occurs, i.e., a measurement, it requires the application of process 1. The dual form is therefore justified.* However, the danger lies in the fact that 
the principle of the psycho-physical parallelism is violated, so long as it is not shown that the boundary between the observed system and the observer can be displaced arbitrarily in the sense given above.


(The Mathematical Foundations of Quantum Mechanics, pp.418-21)


the Schnitt
Information physics places the cut or boundary at the place and time of information creation. It is only after information is created that an observer could make an observation. Beforehand, there is no information to be observed.


Information creation occurs as a result of the interaction between the microscopic system and the measuring apparatus. It was a severe case of anthropomorphism to think it required the consciousness of an observer for the wave function to collapse. 

The collapse of a wave function and information creation has been going on in the universe for billions of years before human consciousness emerged.




Fifty years after Heisenberg and von Neumann, John Bell drew a diagram of possible locations for the "cut" which he called his "shifty split." The Bell diagram identifies the correct moment when irreversible information enters the universe.


[image: image-placeholder]



In the information physics solution to the problem of measurement, the timing and location of Bell's "shifty split" (the "cut" or "Schnitt" of Heisenberg and von Neumann) are identified with the interaction between quantum system and classical apparatus that leaves the apparatus in an irreversible stable state providing information to the observer. 


As Bell may have seen, it is therefore not a "measurement" by a conscious observer that is needed to "collapse" wave functions. It is the irreversibleinteraction of the quantum system with another system, whether quantum or approximately classical. The interaction must be one that changes the information about the system. And that means a local entropy decrease (the recorded information) and overall entropy increase to make the information stable enough to be observed by an experimenter and therefore be a measurement.





Source: https://www.informationphilosopher.com/quantum/observer/





  
  Copenhagen Interpretation
  

  


  
  Home › Quantum › Copenhagen
Copenhagen Interpretation

The idea that there was a Copenhagen way of thinking was christened as the "Kopenhagener Geist der Quantentheorie" by Werner Heisenberg in the introduction to his 1930 textbook The Physical Principles of Quantum Theory, based on his 1929 lectures in Chicago (given at the invitation of Arthur Holly Compton).



At the 1927 Solvay conference on physics entitled "Electrons and Photons,"  Niels Bohr and Heisenberg consolidated their Copenhagen view as a "complete" picture of quantum physics, despite the fact that they could not, or would not, visualize or otherwise explain exactly what is going on in the microscopic world of "quantum reality." 

From the earliest presentations of the ideas of the supposed "founders" of quantum mechanics, Albert Einstein had deep misgivings of the work going on in Copenhagen, although he never doubted the calculating power of their new mathematical methods. He described their work as incomplete because it is based on the statistical results of many experiments so only makes probabilistic predictions about individual experiments. Einstein hoped to visualize what is going on in an underlying "objective reality."


Bohr seemed to deny the existence of a fundamental "reality," but he clearly knew and said that the physical world is largely independent of human observations. In classical physics, the physical world is assumed to be completely independent of the act of observing the world. In quantum physics, Heisenberg said that the result of an experiment depends on the free choice of the experimenter as to what to measure. The quantum world of photons and electrons might look like waves or look like particles depending on what we look for, rather than what they "are" as "things in themselves." 



The information interpretation of quantum mechanics says there is only one world, the quantum world. Averaging over large numbers of quantum events explains why large objects appear to be classical

Copenhageners were proud of their limited ability to know. Bohr said:

There is no quantum world. There is only an abstract quantum physical description. It is wrong to think that the task of physics is to find out how nature is. Physics concerns what we can say about nature.


Bohr thus put severe epistemological limits on knowing the Kantian "things in themselves," just as Immanuel Kant had put limits on reason. The British empiricist philosophers John Locke and David Hume had put the "primary" objects beyond the reach of our "secondary" sensory perceptions. In this respect, Bohr shared the positivist views of many other empirical scientists, Ernst Mach for example. Twentieth-century analytic language philosophers thought that philosophy (and even physics) could not solve some basic problems, but only "dis-solve" them by showing them to be conceptual errors.



Neither Bohr nor Heisenberg thought that macroscopic objects actually are classical. They both saw them as composed of microscopic quantum objects.


On the other hand, Bohr and Heisenberg emphasized the importance of conventional classical-physics language as a tool for knowledge. Since language evolved to describe the familiar world of "classical" objects in space and time, they insisted that somewhere between the quantum world and the classical world there must come a point when our observations and measurements can be expressible in classical concepts. They argued that a measurement apparatus and a particular observation must be describable classically in order for it to be understood and become knowledge in the mind of the observer. 

The exact location of that transition from the quantum to the classically describable world was arbitrary, said Heisenberg. He called it a "cut" (Schnitt). Heisenberg's and especially John von Neumann's and Eugene Wigner's insistence on a critical role for a "conscious observer" has led to a great deal of nonsense being associated with the Copenhagen Interpretation and in the philosophy of quantum physics. Heisenberg may only have been trying to explain how knowledge reaches the observer's mind. For von Neumann and Wigner, the mind was considered a causal factor in the behavior of the quantum system.


Today, a large number of panpsychists, some philosophers, and a small number of  scientists, still believe that the mind of a conscious observer is needed to cause the so-called "collapse" of the wave function. A relatively large number of scientists opposing the Copenhagen Interpretation believe that there are never any "collapses" in a universal wave function.


In the mid 1950's, Heisenberg reacted to David Bohm's 1952 "pilot-wave" interpretation of quantum mechanics by calling his own work the "Copenhagen Interpretation" and the only correct interpretation of quantum mechanics. A significant fraction of working quantum physicists say they agree with Heisenberg, though few have ever looked carefully into the fundamental assumptions of the Copenhagen Interpretation.


This is because they pick out from the Copenhagen Interpretation just the parts they need to make quantum mechanical calculations. Most textbooks start the story of quantum mechanics with the picture provided by the work of Heisenberg, Bohr, Max Born, Pascual Jordan, Paul Dirac, and of course Erwin Schrödinger.


What Exactly Is in the Copenhagen Interpretation?


There are several major components to the Copenhagen Interpretation, which most historians and philosophers of science agree on: 
	The quantum postulates. Bohr postulated that quantum systems (beginning with his "Bohr atom" in 1913) have "stationary states" which make discontinuous "quantum jumps" between the states with the emission or absorption of radiation. Until at least 1925 Bohr insisted the radiation itself is continuous. Einstein said radiation is a discrete "light quantum" (later called a photon) as early as 1905. 
Ironically, largely ignorant of the history of quantum mechanics (dominated by Bohr's account), many of today's textbooks teach the "Bohr atom" as emitting or absorbing photons - Einstein light quanta! 


Also, although Bohr made a passing reference, virtually no one today knows that discrete energy states or quantized energy levels in matter were first discovered by Einstein in his 1907 work on specific heat.

	Wave-particle duality. 
The complementarity of waves and particles, including a synthesis of the particle-matrix mechanics theory of Heisenberg, Max Born, and Pascual Jordan, with the wave mechanical theory of Louis deBroglie and Erwin Schrödinger.
Again ironically, wave-particle duality was first described by Einstein in 1909. Heisenberg had to have his arm twisted by Bohr to accept the wave picture. 

	Indeterminacy principle. Heisenberg sometimes called it his "uncertainty" principle, which could imply human ignorance, implying an epistemological (knowledge) problem rather than an ontology (reality) problem. 
Bohr considered indeterminacy as another example of his complementarity, between the non-commuting conjugate variables momentum and position, for example, Δp Δx ≥ h (also between energy and time and between action and angle variables).


	Correspondence principle. Bohr maintained that in the limit of large quantum numbers, the atomic structure of quantum systems approaches the behavior of classical systems. Bohr and Heisenberg both described this case as when Planck's quantum of action  h  can be neglected. They mistakenly described this as  h -> 0. But  h  is a fundamental constant. 

The quantum-to-classical transition is when the action of a macroscopic object is large compared to  h . As the number of quantum particles increases (as mass increases), large macroscopic objects behave like classical objects. Position and velocity become arbitrarily accurate as  h / m -> 0. 
Δv Δx ≥ h / m. 

There is only one world. It is a quantum world. Ontologically it is indeterministic, but epistemically, common sense and everyday experience inclines us to see it as deterministic. Bohr and Heisenberg insisted we must use classical (deterministic?) concepts and language to communicate our knowledge about quantum processes!


	Completeness. Schrödinger's wave function ψ provides a "complete" description of a quantum system, despite the fact that conjugate variables like position and momentum cannot both be known with arbitrary accuracy, as they can in classical systems. There is less information in the world than classical physics implies. 

The wave function ψ evolves according to the unitary deterministic Schrödinger equation of motion, conserving that information. When one possibility becomes actual (discontinuously), new information may be irreversibly created and recorded by a measurement apparatus, or simply show up as a new information structure in the world.

By comparison, Einstein maintained that quantum mechanics is incomplete, because it provides only statistical information about ensembles of quantum systems. He also was deeply concerned about nonlocality and nonseparability, things not addressed at all by the Copenhagen interpretation. 


	Irreversible recording of information in the measuring apparatus. Without this record (a pointer reading, blackened photographic plate, Geiger counter firing, etc.), there would be nothing for observers to see and to know.

Information must come into the universe long before any scientist can "observe" it. In today's high-energy physics experiments and space research, the data-analysis time between the initial measurements and the scientists seeing the results can be measured in months or years.


All the founders of quantum mechanics mention the need for irreversibility. The need for positive entropy transfer away from the experiment to stabilize new information (negative entropy) so it can be observed was first shown by Leo Szilard in 1929, and later by Leon Brillouin and Rolf Landauer.



	Classical apparatus?. Bohr required that the macroscopic measurement apparatus be described in ordinary "classical" language. This is a third "complementarity," now between the quantum system and the "classical apparatus"

But Born and Heisenberg never said the measuring apparatus is "classical." They knew that everything is fundamentally a quantum system.


Lev Landau and Evgeny Lifshitz saw a circularity in this view, "quantum mechanics occupies a very unusual place among physical theories: it contains classical mechanics as a limiting case [correspondence principle], yet at the same time it requires this limiting case for its own formulation.


	Statistical interpretation (acausality). Born interpreted the square modulus of Schrödinger's complex wave function as the probability of finding a particle. Einstein's "ghost field" or "guiding field," deBroglie's pilot or guide wave, and Schrödinger's wave function as the distribution of the electric charge density were similar views in much earlier years.  Born sometimes pointed out that his direct inspiration was Einstein.

All the predicted properties of physical systems and the "laws of nature" are only probabilistic (acausal, indeterministic ). All results of physical experiments are statistical. 
Briefly, theories give us probabilities, experiments give us statistics. 
Large numbers of identical experiments provide the statistical evidence for the theoretical probabilities predicted by quantum mechanics.


Bohr's emphasis on epistemological questions suggests he thought that the statistical uncertainty may only be in our knowledge. They may not describe nature itself. Or at least Bohr thought that we can not describe a "reality" for quantum objects, certainly not with classical concepts and language. However, the new concept of an immaterial possibilities function (pure information) moving through space may make quantum phenomena "visualizable."


Ontological acausality, chance, and a probabilistic or statistical nature were first seen by Einstein in 1916, as Born later acknowledged. But Einstein disliked this chance. He and most scientists appear to have what William James called an "antipathy to chance."


	No Visualizability?. Bohr and Heisenberg both thought we could never produce models of what is going on at the quantum level. Bohr thought that since the wave function cannot be observed we can't say anything about it. Heisenberg said probability is real and the basis for the statistical nature of quantum mechanics.
Whenever we draw a diagram of the waves impinging on the two-slits, we are in fact visualizing the wave function as possible locations for a particle, with calculable probabilities for each possible location.


Today we can visualize with animations many puzzles in physics, including the two-slit experiment, entanglement, and microscopic irreversibility. 



	No Path?. Bohr, Heisenberg, Dirac and others said we cannot describe a particle as having a path. The path comes into existence when we observe it, Heisenberg maintained. (Die “Bahn” entsteht erst dadurch, dass wir sie beobachten)
Einstein's "objective reality" hoped for a deeper level of physics in which particles do have paths and, in particular, they obey conservation principles, though intermediate measurements needed to observe this fact would interfere with the experiments.


	Paul Dirac formalized quantum mechanics with these three fundamental concepts, all very familiar and accepted by Bohr, Heisenberg, and the other Copenhageners:
	Axiom of measurement. Bohr's stationary quantum states have eigenvalues with corresponding eigenfunctions (the eigenvalue-eigenstate link). 

	Superposition principle. According to Dirac's transformation theory, ψ can be represented as a linear combination of vectors that are a proper basis for the combined target quantum system and the measurement apparatus. 

	Projection postulate. The collapse of the wave functionψ, which is irreversible,  upon interacting with the measurement apparatus and creating new information.  



	Two-slit experiment. A "gedanken" experiment in the 1920's, but a real experiment today, exhibits the combination of wave and particle properties.
Note that what two-slit experiment really shows is 

	first, the wave function deterministically and continuously exploring all the possibilities for interaction,
	second, the particle randomly and discontinuously choosing one of those possibilities to become actual. 





There are many more elements that play lesser roles, some making the Copenhagen Interpretation very unpopular among philosophers of science and spawning new interpretations or even "formulations" of quantum mechanics. Some of these are misreadings or later accretions. They include:  


	The "conscious observer." The claim that quantum systems cannot change their states without an observation being made by a conscious observer. Does the collapse only occur when an observer "looks at" the system? How exactly does the mind of the observer have causal power over the physical world? (the mind-body problem).

Einstein objected to the idea that his bed had diffused throughout the room and only gathered itself back together when he opened the bedroom door and looked in.

John von Neumann and Eugene Wigner seemed to believe that the mind of the observer was essential, but it is not found in the original work of Bohr and Heisenberg, so should perhaps not be a part of the Copenhagen Interpretation? It has no place in standard quantum physics today


	The measurement problem, including the insistence that the measuring apparatus must be described classically when it is made of quantum particles. There are actually at least three definitions of the measurement problem. 
	
The claim that the two dynamical laws, unitary deterministic time evolution according to the Schrödinger equation and indeterministic collapse according to Dirac's projection postulate are logically inconsistent. They cannot both be true, it's claimed.
The proper interpretation is simply that the two laws laws apply at different times in the evolution of a quantum object, one for possibilities, the other for actuality (as Heisenberg knew):

	first, the unitary deterministic evolution moves through space exploring all the possibilities for interaction,
	second, the indeterministic collapse  randomly (acausally) selects one of those possibilities to become actual. 



	
The original concern that the "collapse dynamics" (von Neumann Process 1) is not a part of the formalism (von Neumann Process 2) but is an ad hoc element, with no rules for when to apply it.
If there was a deterministic law that predicted a collapse, or the decay of a radioactive nucleus, it would not be quantum mechanics! 


	Decoherence theorists say that the measurement problem is the failure to observe macroscopic superpositions, such as Schrödinger's Cat. 



	The many unreasonable philosophical claims for "complementarity:" e.g., that it solves the mind-body problem?, 

	
The basic "subjectivity" of the Copenhagen interpretation. It deals with epistemological knowledge of things, rather than the "things themselves." 



Opposition to the Copenhagen Interpretation

Albert Einstein, Louis deBroglie, and especially Erwin Schrödinger insisted on a more "complete" picture, not merely what can be said, but what we can "see," a visualization (Anschaulichkeit) of the microscopic world. But de Broglie and Schrödinger's emphasis on the wave picture made it difficult to understand material particles and their "quantum jumps." Indeed, Schrödinger and more recent physicists like John Bell and the decoherence theorists H. D. Zeh and Wojciech Zurek deny the existence of particles and the collapse of the wave function, which is central to the Copenhagen Interpretation.


Perhaps the main claim of those today denying the Copenhagen Interpretation (and standard quantum mechanics) began with Schrödinger's (nd later Bell's) claim that "there are no quantum jumps." Decoherence theorists and others favoring Everett's Many-Worlds Interpretation reject Dirac's projection postulate, a cornerstone of quantum theory.


Heisenberg had initially insisted on his own "matrix mechanics" of particles and their discrete, discontinuous, indeterministic behavior, the "quantum postulate" of unpredictable events that undermine the classical physics of causality. But Bohr told Heisenberg that his matrix mechanics was too narrow a view of the problem. This disappointed Heisenberg and almost ruptured their relationship. But Heisenberg came to accept the criticism and he eventually endorsed all of Bohr's deep philosophical view of quantum reality as unvisualizable.


In his September Como Lecture, a month before the 1927 Solvay conference, Bohr introduced his theory of "complementarity" as a "complete" theory. It combines the contradictory notions of wave and particle. Since both are required, they complement (and "complete") one another.


Although Bohr is often credited with integrating the dualism of waves and particles, it was Einstein who predicted this would be necessary as early as 1909. But in doing so, Bohr obfuscated further what was already a mysterious picture. How could something possibly be both a discrete particle and a continuous wave? Did Bohr endorse the continuous deterministic wave-mechanical views of Schrödinger? Not exactly, but Bohr's accepting Schrödinger's wave mechanics as equal to and complementing his matrix mechanics was most upsetting to Heisenberg.

Bohr's Como Lecture astonished Heisenberg by actually deriving (instead of Heisenberg's heuristic microscope argument) the uncertainty principle from the space-time wave picture alone, with no reference to the acausal dynamics of Heisenberg's picture!
 After this, Heisenberg did the same derivation in his 1930 text and subsequently completely accepted complementarity. Heisenberg spent the next several years widely promoting Bohr's views to scientists and philosophers around the world, though he frequently lectured on his mistaken, but easily understood, argument that looking at particles disturbs them. His microscope is even today included in many elementary physics textbooks.


Bohr said these contradictory wave and particle pictures are "complementary" and that both are needed for a "complete" picture. He co-opted Einstein's claim to a more "complete" picture of an objective" reality, one that might restore simultaneous knowledge of position and momentum, for example. Classical physics has twice the number of independent variables (and twice the information) as quantum physics. In this sense, it does seem more "complete." 


Many critics of Copenhagen thought that Bohr deliberately and provocatively embraced logically contradictory notions - of continuous deterministic waves and discrete indeterministic particles - perhaps as evidence of Kantian limits on reason and human knowledge. Kant called such contradictory truths "antinomies." The contradictions only strengthened Bohr's epistemological resolve and his insistence that physics required a subjective view unable to reach the objective nature of the "things in themselves." As Heisenberg described it in his explanation of the Copenhagen Interpretation,


This again emphasizes a subjective element in
the description of atomic events, since the measuring device has
been constructed by the observer, and we have to remember that
what we observe is not nature in itself but nature exposed to our
method of questioning. Our scientific work in physics consists in
asking questions about nature in the language that we possess
and trying to get an answer from experiment by the means that
are at our disposal.
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For Scholars
	Born's statistical interpretation - brings in Schrödinger waves, which upset Heisenberg
	uncertainty principle, March 1927
	complementarity - waves and particles, wave mechanics and matrix mechanics, again upsets Heisenberg
	the two-slit experiment
	measurements, observers, "disturb" a quantum system, - Microscope echo
	loss of causality (Einstein knew), unsharp space-time description (wave-packet)
	classical apparatus, quantum system
	our goal not to understand reality, but to acquire knowledge Rosenfeld quote
	
	Experimenter must choose either particle-like or wave-like experiment - need examples
	Heisenberg uncertainty was discontinuity, intrusion of instruments, for Bohr it was "the general complementary character of description" - wave or particle
	Complementarity a general framework, Heisenberg particle uncertainty a particular example 
	Einstein/Schrödinger want a field theory and continuous/waves only? Bohr wants sometimes waves, sometimes particles. Bohr wants always both waves and particles.
	Combines Heisenberg's "free choice" of experimenter as to what to measure, with Dirac's "free choice" of Nature with deterministic evolution of possibilities followed by discontinuous and random appearance of one actual from all the possibles.





It is a sad fact that Einstein,  who had found more than any other scientist on the quantum interaction of electrons and photons, was largely ignored or misunderstood at this Solvay, when he again clearly described nonlocality

Source: https://www.informationphilosopher.com/quantum/copenhagen/
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Decoherence is the study of interactions between a quantum system (generally a very small number of microscopic particles like electrons, photons, atoms, molecules, etc. - often just a single particle) and the larger macroscopic environment, which is normally treated "classically," that is, by ignoring quantum effects, but which decoherence theorists study quantum mechanically. Decoherence theorists attribute the absence of macroscopic quantum effects like interference (which is a coherent process) to interactions between a quantum system and the larger macroscopic environment. They maintain that no system can be completely isolated from the environment. The decoherence (which accounts for the disappearance) of macroscopic quantum effects is shown experimentally to be correlated with the loss of isolation. 
Niels Bohr maintained that a macroscopic apparatus used to "measure" quantum systems must be treated classically. John von Neumann, on the other hand, assumed that everything is made of quantum particles, even the mind of the observer. This led him and Werner Heisenberg to say that a "cut" must be located somewhere between the quantum system and the mind, which would operate in a sort of "psycho-physical parallelism."


A main characteristic of quantum systems is the appearance of wavelike interference effects. These only show up in large numbers of repeated identical experiments that make measurements on single particles at a time. Interference is never directly "observed" in a single experiment. When interference is present in a system, the system is called "coherent." Decoherence then is the loss or suppression of that interference.


Interference experiments require that the system of interest is extremely well isolated from the environment, except for the "measurement apparatus." This apparatus must be capable of recording the information about what has been measured. It can be a photographic plate or an electron counter, anything capable of registering a quantum level event, usually by releasing a cascade of metastable processes that amplify the quantum-level event to the macroscopic "classical" world, where an "observer" can see the result.     


This does not mean that specific quantum level events are determined by that observer (as noted by several of the great quantum physicists - Max Born, Pascual Jordan, Erwin Schrödinger, Paul Dirac, and textbook authors Landau and Lifshitz, Albert Messiah, and Kurt Gottfried, among others). Quantum processes are happening all the time. Most quantum events are never observed, though they can be inferred from macroscopic phenomenological observations. 


To be sure, those quantum events that are "measured" in a physics experiment which is set up to measure a certain quantity are dependent on the experimenter and the design of the experiment. To measure the electron spin in a Stern-Gerlach experiment, for example, the experimenter is "free to choose" to measure, for example, the z-component of the spin, rather than the x- or y-component. This will influence quantum level events in the following ways:

	The x-component of the spin before the measurement will be in a linear combination/superposition of +1/2 or -1/2 states
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	The experimental outcome will produce a definite value for the z-component of the spin (either +1/2 or -1/2)




It is in this sense that Bohr and Heisenberg describe properties of the quantum world as not existing until we make a measurement. We are "free to choose" the experiment to perform. If we measure position for example, the precise position value did not exist in some sense immediately before the measurement. 

On the other hand, we could not create the particular value for the position. This is a random choice made by Nature, as P. A. M. Dirac put it. 




The "decoherence program" of H. Dieter Zeh, Erich Joos, Wojciech Zurek, John Wheeler, Max Tegmark, and others has multiple aims - 
	 to show how classical physics emerges from quantum physics. They call this the "quantum to classical transition."

	to explain the lack of macroscopic superpositions of quantum states (e.g., Schrödinger's Cat as a superposition of live and dead cats).

	in particular, to identify the mechanism that suppresses ("decoheres") interference between states as something involving the "environment" beyond the system and measuring apparatus.

	to explain the appearance of particles following paths (they say there are no "particles," and maybe no paths).

	
to explain the appearance of discontinuous transitions between quantum states (there are no "quantum jumps" either)

	 to champion a "universal wave function" (as a superposition of states) that evolves in a "unitary" fashion (i.e., deterministically) according to the Schrödinger equation.

	 to clarify and perhaps solve the measurement problem, which they define as the lack of macroscopic superpositions.

	 to explain the "arrow of time."

	 to revise the foundations of quantum mechanics by changing some of its assumptions, notably challenging the "collapse" of the wave function or "projection postulate."

Decoherence theorists say that they add no new elements to quantum mechanics (such as "hidden variables") but they do deny one of the three basic assumptions - namely Dirac's projection postulate. This is the method used to calculate the probabilities of various outcomes, which probabilities are confirmed to several significant figures by the statistics of large numbers of identically prepared experiments.


They accept (even overemphasize) Dirac's principle of superposition. Some also accept the axiom of measurement, although some of them question the link between eigenstates and eigenvalues.



 
The decoherence program hopes to offer insights into several other important phenomena:


	What Zurek calls the "einselection" (environment-induced superselection) of preferred states (the so-called "pointer states") in a measurement apparatus.

	The role of the observer in quantum measurements.

	Nonlocality and quantum entanglement (which is used to "derive" decoherence).

	The origin of irreversibility (by "continuous monitoring").

	The approach to thermal equilibrium.



The decoherence program finds unacceptable these aspects of the standard quantum theory:


	Quantum "jumps" between energy eigenstates.

	The "apparent" collapse of the wave function.

	In particular, explanation of the collapse as a "mere" increase of information.

	The "appearance" of "particles."

	The "inconsistent" Copenhagen Interpretation - quantum "system," classical "apparatus."

	The "insufficient" Ehrenfest Theorems.



Decoherence theorists admit that some problems remain to be addressed:

	The "problem of outcomes." Without the collapse postulate, it is not clear how definite outcomes are to be explained.

	
Why macroscopic superpositions are never observed



As Tegmark and Wheeler put it:


 The main
motivation for introducing the notion
of wave-function collapse had been to
explain why experiments produced specific
outcomes and not strange superpositions
of outcomes...it is embarrassing
that nobody has provided a
testable deterministic equation specifying
precisely when the mysterious collapse
is supposed to occur.


Robert Griffiths wrote...


Quantum measurements, when interpreted using  a suitable framework, can be understood as revealing properties of a measured system before the measurement took place.


Guido Bacciagaluppi wrote...


Decoherence in the sense of this abstract formalism is thus defined simply by the condition that the quantum probabilities for later events can be calculated as if the state had collapsed at the intermediate times. [by interaction with the environment]


Some of the controversial positions in decoherence theory, including the denial of collapses and particles,  come straight from the work of Erwin Schrödinger, for example in his 1952 essays "Are There Quantum Jumps?" (Part I and Part II), where he denies the existence of "particles," claiming that everything can be understood as waves.

 
Other sources include: Hugh Everett III and his "relative state" or "many world" interpretations of quantum mechanics; Eugene Wigner's article on the problem of measurement; and John Bell's reprise of Schrödinger's arguments on quantum jumps.  



Decoherence advocates therefore look to other attempts to formulate quantum mechanics. Also called "interpretations," these are more often reformulations, with different basic assumptions about the foundations of quantum mechanics. Most begin from the "universal" applicability of the unitary time evolution of the Schrödinger wave equation. They include:


	The De Broglie-Bohm "pilot-wave" or "hidden variables" formulation.
	The Everett-DeWitt "relative-state" or "many worlds" formulation.
	The Ghirardi-Rimini-Weber "spontaneous collapse" formulation.
	The Zeh-Zurek "decoherence" formulation.
	The Griffiths-Omnes "consistent histories" formulation.


Note that these "interpretations" are often in serious conflict with one another. Where Erwin Schrödinger thinks that waves alone can explain everything (there are no particles in his theory), David Bohm thinks that particles not only exist but that every particle has a definite position that is a "hidden parameter" of his theory. H. Dieter Zeh, the founder of decoherence, sees



one of two possibilities: a modification of the Schrödinger equation that explicitly describes a collapse (also called "spontaneous localization") or an Everett type interpretation, in which all measurement outcomes are assumed to exist in one formal superposition, but to be perceived separately as a consequence of their dynamical autonomy resulting from decoherence. 

While this latter suggestion has been called "extravagant" (as it requires myriads of co-existing quasi-classical "worlds"), it is similar in principle to the conventional (though nontrivial) assumption, made tacitly in all
classical descriptions of observation, that consciousness is localized in certain semi-stable and sufficiently complex subsystems (such as human brains or parts thereof) of a much larger external world. Occam's razor, often applied
to the "other worlds", is a dangerous instrument: philosophers of the past used it to deny the existence of the interior of stars or of the back side of the moon, for example. So it appears worth mentioning at this point that environmental decoherence, derived by tracing out unobserved variables from a universal wave function, readily describes precisely the apparently observed "quantum jumps" or "collapse events."



It was John Bell who called Everett's many-worlds picture "extravagant,"




The Consistent Histories Interpretation of Quantum Mechanics 

The Consistent Histories Interpretation is also known as the Decoherent Histories Interpretation. Decoherence in the sense of consistent histories is defined simply by the condition that the quantum probabilities for later events can be calculated as if decoherence by interaction with the environment had collapsed the state at intermediate times.  


Thus, for example the coherent superposition of  |+1/2> and  |-1/2> in the equation above has decohered to one state, either |+1/2> or  |-1/2>, well before any "measurement."...
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The Information Interpretation of Quantum Mechanics


The Information Interpretation of quantum mechanics also has explanations for the measurement problem, the arrow of time, and the emergence of adequately, i.e., statistically determined classical objects.  However, I-Phi does it while accepting the standard assumptions of orthodox quantum physics. 

We briefly review the standard theory of quantum mechanics and compare it to the "decoherence program," with a focus on the details of the measurement process. We divide measurement into several distinct steps, in order to clarify the supposed "measurement problem" (mostly the lack of macroscopic state superpositions) and perhaps "solve" it. 



The most famous example of probability-amplitude-wave interference is the two-slit experiment. Interference is between the probability amplitudes whose absolute value squared gives us the probability of finding the particle at various locations behind the screen with the two slits in it. 

Finding the particle at a specific location is said to be a "measurement."


In standard quantum theory, a measurement is made when the quantum system is "projected" or "collapsed" or "reduced" into a single one of the system's allowed states. If the system was "prepared" in one of these "eigenstates," then the measurement will find it in that state with probability one (that is, with certainty).


However, if the system is prepared in an arbitrary state ψa, it can be represented as being in a linear combination of the system's basic energy states φn. 



  
    ψ
    
      a
    
  
  =
  Σ
  
    c
    
      n
    
  
  
    |
  
  n
  >
  .



where


  
    c
    
      n
    
  
  =<
  
    ψ
    
      a
    
  
  
    |
  
  
    φ
    
      n
    
  
  >
  .



It is said to be in "superposition" of those basic states. The probability Pn of its being found in state φn is
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Between measurements, the time evolution of a quantum system in such a superposition of states is described by a unitary transformation U (t, t0) that preserves the same superposition of states as long as the system does not interact with another system, such as a measuring apparatus. As long as the quantum system is completely isolated from any external influences, it evolves continuously and deterministically in an exactly predictable (causal) manner.   


Whenever the quantum system does interact however, with another particle or an external field, its behavior ceases to be causal and it evolves discontinuously and indeterministically. This acausal behavior is uniquely quantum mechanical. Nothing like it is possible in classical mechanics. Most attempts to "reinterpret" or "reformulate" quantum mechanics are attempts to eliminate this discontinuous acausal behavior and replace it with a deterministic process.  


We must clarify what we mean by "the quantum system" and "it evolves" in the previous two paragraphs. This brings us to the mysterious notion of "wave-particle duality." In the wave picture, the "quantum system" refers to the deterministic time evolution of the complex probability amplitude or quantum state vector ψa, according to the "equation of motion" for the probability amplitude wave ψa, which is the Schrödinger equation, 
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The probability amplitude looks like a wave and the Schrödinger equation is a wave equation. But the wave is an abstract quantity whose absolute square is the probability of finding a quantum particle somewhere. It is distinctly not the particle, whose exact position is unknowable while the quantum system is evolving deterministically. It is the probability amplitude wave that interferes with itself. Particles, as such, never interfere (although they may collide). 


Note that we never "see" the superposition of particles in distinct states. There is no microscopic superposition in the sense of the macroscopic superposition of live and dead cats (See Schrödinger's Cat).


When the particle interacts, with the measurement apparatus for example, we always find the whole particle. It suddenly appears. For example, an electron "jumps" from one orbit to another, absorbing or emitting a discrete amount of energy (a photon). When a photon or electron is fired at the two slits, its appearance at the photographic plate is sudden and discontinuous. The probability wave instantaneously becomes concentrated at the location of the particle. 


There is now unit probability (certainty) that the particle is located where we find it to be. This is described as the "collapse" of the wave function. Where the probability amplitude might have evolved under the unitary transformation of the Schrödinger equation to have significant non-zero values in a very large volume of phase space, all that probability suddenly "collapses" (faster than the speed of light, which deeply bothered Albert Einstein) to the location of the particle. 


Einstein said that some mysterious "spooky action-at-a-distance" must act to prevent the appearance of a second particle at a distant point where a finite probability of appearing had existed just an instant earlier.


Animation of a wave function collapsing - click to restart




Whereas the abstract probability amplitude moves continuously and deterministically throughout space, the concrete particle moves discontinuously and indeterministically to a particular point in space.



For this collapse to be a "measurement," the new information about which location (or state) the system has collapsed into must be recorded somewhere in order for it to be "observable" by a scientist. But the vast majority of quantum events - e.g., particle collisions that change the particular states of quantum particles before and after the collision - do not leave an indelible record of their new states anywhere (except implicitly in the particles themselves). 


We can imagine that a quantum system initially in state ψa has interacted with another system and as a result is in a new state φn, without any macroscopic apparatus around to record this new state for a "conscious observer." 


H. D. Zeh describes how quantum systems may be "measured" without the recording of information. 


It is therefore a plausible experimental result that the interference disappears also when the passage [of an electron through a slit] is "measured" without registration of a definite result. The latter may be assumed to have become a "classical fact" as soon as the measurement has irreversibly "occurred". A quantum phenomenon may thus "become a phenomenon" without being observed. This is in contrast to Heisenberg's remark about a trajectory coming into being by its observation, or a wave function describing "human knowledge". Bohr later spoke of objective irreversible events occurring in the counter. However, what precisely is an irreversible quantum event? According to Bohr this event can not be dynamically analyzed.

Analysis within the quantum mechanical formalism demonstrates nonetheless that the essential condition for this "decoherence" is that complete information about the passage is carried away in some objective physical form. This means that the state of the environment is now quantum correlated (entangled) with the relevant property of the system (such as a passage through a specific slit). This need not happen in a controllable way (as in a measurement): the "information" may as well form uncontrollable "noise", or anything else that is part of reality. In contrast to statistical correlations, quantum correlations characterize real (though nonlocal) quantum states - not any lack of information. In particular, they may describe individual physical properties, such as the non-additive total angular momentum J2 of a composite system at any distance.




The Measurement Process


In order to clarify the measurement process, we separate it into several distinct stages, as follows:
	A particle collides with another microscopic particle or with a macroscopic object (which might be a measuring apparatus).

	In this scattering problem, we ignore the internal details of the collision and say that the incoming initial state ψa has changed asymptotically (discontinuously, and randomly = wave-function collapse) into the new outgoing final state φn.

	[Note that if we prepare a very large number of identical initial states ψa, the fraction of those ending up in the final state φn is just the probability < ψa | φn >2]

	The information that the system was in state ψa has been lost (its path information has been erased; it is now "noise," as Zeh describes it). New information exists (implicitly in the particle, if not stored anywhere else) that the particle is in state φn.

	If the collision is with a large enough (macroscopic) apparatus, it might be capable of recording the new system state information, by changing the quantum state of the apparatus into a "pointer state" correlated with the new system state. 
"Pointers" could include the precipitated silver-bromide molecules of a photographic emulsion, the condensed vapor of a Wilson cloud chamber, or the cascaded discharge of a particle detector.


	But this new information will not be indelibly recorded unless the recording apparatus can transfer entropy away from the apparatus greater than the negative entropy equivalent of the new information (to satisfy the second law of thermodynamics). This is the second requirement in every two-step creation of new information in the universe.

	[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=Q73uJ8WlY_E


The new information could be useful (it is negative entropy) to an information processing system, for example, a biological cell like a brain neuron. 



The collision of a sodium ion (Na+) with a sodium/potassium pump (an ion channel) in the cell wall could result in the sodium ion being transported outside the cell, resetting conditions for the next firing of the neuron's action potential, for example.


	

The new information could be meaningful to an information processing agent who could not only observe it but understand it. Now neurons would fire in the mind of the conscious observer that John von Neumann and Eugene Wigner thought was necessary for the measurement process to occur at all.


Von Neumann (perhaps influenced by the mystical thoughts of Neils Bohr about mind and body as examples of his "complementarity.") saw three levels in a measurement; 

	the system to be observed, including light up to the retina of the observer.
	the observer's retina, nerve tracts, and brain
	the observer's abstract "ego."



	[image: image-placeholder]
John Bell asked tongue-in-cheek whether no wave function could collapse until a scientist with a Ph.D. was there to observe it. He drew a famous diagram of what he called von Neumann's "shifty split." 


Bell shows that one could place the arbitrary "cut" (Heisenberg called it the "Schnitt") at various levels without making any difference. 


But an "objective" observer-independent measurement process ends when irreversible new information has been indelibly recorded (in the photographic plate of Bell's drawing).  


Von Neumann's physical and mental levels are better discussed as the mind-body problem, not the measurement problem.






The Measurement Problem


So what exactly is the "measurement problem?"


For decoherence theorists, the unitary transformation of the Schrödinger equation cannot alter a superposition of microscopic states. Why then, when microscopic states are time evolved into macroscopic ones, don't macroscopic superpositions emerge? According to H. D. Zeh:


Because of the dynamical superposition principle, an initial superposition 
Σ cn | n > does not lead to definite pointer positions (with their empirically observed frequencies). If decoherence is neglected, one obtains their entangled superposition
Σ cn | n > | Φn >, that is, a state that is different from all potential measurement outcomes. 

And according to Erich Joos, another founder of decoherence:


It remains unexplained why macro-objects come only in narrow wave packets, even though the superposition principle allows far more "nonclassical" states (while micro-objects are usually found in energy eigenstates). Measurement-like processes would necessarily produce nonclassical macroscopic states as a consequence of the unitary Schrödinger dynamics.
An example is the infamous Schrödinger cat, steered into a superposition of "alive" and "dead". 


The fact that we don't see superpositions of macroscopic objects is the "measurement problem," according to Zeh and Joos.


An additional problem is that decoherence is a completely unitary process (Schrödinger dynamics) which implies time reversibility. What then do decoherence theorists see as the origin of irreversibility? Can we time reverse the decoherence process and see the quantum-to-classical transition reverse itself and recover the original coherent quantum world?


To "relocalize" the superposition of the original system, we need only have complete control over the environmental interaction. This is of course not practical, just as Ludwig Boltzmann found in the case of Josef Loschmidt's reversibility objection.  


Does irreversibility in decoherence have the same rationale - "not possible for all practical purposes" - as in classical statistical mechanics? 


According to more conventional thinkers, the measurement problem is the failure of the standard quantum mechanical formalism (Schrödinger equation) to completely describe the nonunitary "collapse" process. Since the collapse is irreducibly indeterministic, the time of the collapse is completely unpredictable and unknowable. Indeterministic quantum jumps are one of the defining characteristics of quantum mechanics, both the "old" quantum theory, where Bohr wanted radiation to be emitted and absorbed discontinuously when his atom jumpped between staionary states, and the modern standard theory with the Born-Jordan-Heisenberg-Dirac "projection postulate." 


To add new terms to the Schrödinger equation in order to control the time of collapse is to misunderstand the irreducible chance at the heart of quantum mechanics, as first seen clearly, in 1917, by Albert Einstein. When he derived his A and B coefficients for the emission and absorption of radiation, he found that an outgoing light particle must impart momentum hν/c to the atom or molecule, but the direction of the momentum can not be predicted! Neither can the theory predict the time when the light quantum will be emitted. 


Such a random time was not unknown to physics. When Ernest Rutherford derived the law for radioactive decay of unstable atomic nuclei in 1900, he could only give the probability of decay time. Einstein saw the connection with radiation emission:



It speaks in favor of the theory that the statistical law assumed for [spontaneous] emission is nothing but the Rutherford law of radioactive decay. 


But the inability to predict both the time and direction of light particle emissions, said Einstein in 1917, is "a weakness in the theory..., that it leaves time and direction of elementary processes to chance (Zufall, ibid.)." It is only a weakness for Einstein, of course, because his God does not play dice. Decoherence theorists too appear to have what William James called an "antipathy to chance."



In the original "old" quantum mechanics, Neils Bohr made two assumptions. One was that atoms could only be found in what he called stationary energy states, later called eigenstates. The second was that the observed spectral lines were discontinuous sudden transitions of the atom between the states. The emission or absorption of quanta of light with energy equal to the energy difference between the states (or energy levels) with frequency ν was given by the formula
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where h is Planck's constant, derived from his radiation law that quantized the allowed values of energy.


In the now standard quantum theory, formulated by Werner Heisenberg, Max Born, Pascual Jordan, Erwin Schrödinger, Paul Dirac, and others, three foundational assumptions were made: the principle of superposition, the axiom of measurement, and the projection postulate. Since decoherence challenges some of these ideas, we review the standard definitions.



The Principle of Superposition 

 
The fundamental equation of motion in quantum mechanics is Schrödinger's famous wave equation that describes the evolution in time of his wave function ψ, 
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  .



For a single particle in idealized complete isolation, and for a Hamiltonian H that does not involve magnetic fields, the Schrödinger equation is a unitary transformation that is time-reversible (the principle of microscopic reversibility)


Max Born interpreted the square of the absolute value of Schrödinger's wave
function as providing the probability of fi
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Determinism

Determinism is the philosophical idea that every event or state of affairs, including every human decision and action, is the inevitable and necessary consequence of antecedent states of affairs. 

It is also the idea in physics that the laws of nature, such as Isaac Newton's laws of motion, are  causal laws. Newton's laws are mathematical equations, functions of time. Once you know the positions and velocities of all the particles in the universe, you can put in any time in the past or future, and these differential equations tell you everything that has happened and ever can happen.


In this idea of classical mechanics, the universe has but one past, the actual past, but it also has only one future, the only possible future. It is completely determined by those mathematical equations. This is the mechanical view, the materialist view. 


The universe is a machine. Our bodies are machines. Our minds are computers. 


More strictly, determinism includes pre-determinism from the origin, the idea that the entire past (as well as the future) was completely determined at the origin of the universe. 


In terms of information, the information content of the universe is a fixed amount. Information is conserved, like the conservation of matter and energy.


If pre-determinism sounds like the concept of pre-ordination, it is because the two are intimately connected. They are both beliefs. unsupportable by evidence., omniscience. omnipotence


Determinism should not be confused with determination, the idea that events (including human actions) can be adequately determined by immediately prior events (such as an agent's reasons, motives, desires), without being pre-determined back to before the agent's birth or even back to the origin of the universe.


Since modern quantum physics shows that the universe is indeterministic, with profound effects on microscopic processes at the atomic scale, we will find it valuable to distinguish pre-determinism from the adequate determinism that we have in the real world. Adequate determinism is the basis for the classical physical laws that apply in the macrocosmos.


Determinism is a modern name (coined in the nineteenth-century) for Democritus' ancient idea that causal deterministic laws control the motion of atoms, and that everything - including human minds - consists merely of atoms in a void.


As Democritus' mentor and fellow materialist Leucippus put it, an absolute necessity leaves no room in the cosmos for chance. 



     "Nothing occurs at random, but everything for a reason and by necessity." 1
     οὐδὲν χρῆμα μάτην γίνεται, ἀλλὰ πάντα ἐκ λόγου τε καὶ ὑπ’ ἀνάγκης    



Determinism, especially the variation of "soft" determinism (cf. William James) or compatibilism, is supported as a theory of free will by a majority of philosophers, each with special vested interests in one or more of the many determinisms. 

Compatibilists accept determinism but argue that man is free as long as his own will is one of the steps in the causal chain, even if his choices are completely predetermined for physical reasons or preordained by God.



And Fatalism is a special form of determinism where every event in the future is fated to happen. Fatalism does not normally require that any causal laws or higher powers are involved. Que sera, sera. 

The core idea of determinism is closely related to the idea of causality. But we can have causality without determinism, especially the "soft" causality that follows an "uncaused" event (a causa sui) that is not predictable from prior events.

Aristotle called such events archai (ἀρχαί) - starting points or "fresh starts" in new causal chains which break the bonds of determinism.


Despite David Hume's critical attack on the necessity of causes, many philosophers embrace causality and determinism strongly. Some even connect it to the very possibility of logic and reason. And Hume himself believed strongly, if inconsistently, in necessity. " 'tis impossible to admit any medium betwixt chance and necessity," he said.

Bertrand Russell said "The law of causation, according to which later events can theoretically be predicted by means of earlier events, has often been held to be a priori, a necessity of thought, a category without which science would not be possible." (Russell, External World p.179)  


The idea of indeterminism appears to threaten causality and the basic idea of causal law. But it does not. 


Indeterminism for some is simply an occasional event without a cause. We can have an adequate causality without strict determinism. Strict determinism means complete predictability (in principle, if not in practice) of events and only one possible future. Adequate determinism provides statistical predictability, which in normal situations for physical objects approaches statistical certainty. 


An example of an event that is not strictly caused is one that depends on chance, like the flip of a coin. If the outcome is only probable, not certain, then the event can be said to have been caused by the coin flip, but the head or tails result itself was not predictable. So this causality, which recognizes prior events as causes, is undetermined and the result of chance alone. 


We call this "soft" causality. Events are caused by prior (uncaused) events, but not determined by events earlier in the causal chain, which has been broken by the uncaused cause.


Determinism is critical for the question of free will. Strict determinism implies just one possible future. Chance means that the future is unpredictable. Chance allows alternative futures and the question becomes how the one actual present is realized from these alternative possibilities. 


The departure required from strict determinism is very slight compared to the miraculous ideas associated with the "causa sui" (self-caused cause) of the ancients.


Even in a world that contains quantum uncertainty, macroscopic objects are determined to an extraordinary degree. But the macroscopic "laws of nature" are just statistical laws that "emerge" when large numbers of atoms or molecules get together. For large enough numbers, the probabilistic laws approach practical certainty. 

Determinism is an emergent property.


Newton's laws of motion are deterministic enough to send men to the moon and back. Our Cogito Model  of the Macro Mind is large enough to ignore quantum uncertainty for the purpose of the reasoning will. The neural system is robust enough to insure that mental decisions are reliably transmitted to our limbs. 



we see a world of 
soft causality and adequate determinism


We call this determinism, only ineffective for extremely small structures, "adequate determinism."  It is adequate enough to predict eclipses for the next thousand years or more with extraordinary precision. 

Belief in strict determinism, in the face of physical evidence for indeterminism, is only tenable today for dogmatic philosophy. We survey ten modern dogmas of determinism. 

Phillipa Foot argued that because our actions are determined by our motives, our character and values, our feelings and desires, in no way leads to the conclusion that they are pre-determined from the beginning of the universe.


The presence of quantum uncertainty leads some philosophers to call the world indetermined. But indeterminism is somewhat misleading, with strong negative connotations, when most events are overwhelmingly "adequately determined." Nevertheless, speaking logically, if a single event is undetermined, then indeterminism is true, and determinism false. 1

There is no problem imagining that the three traditional mental faculties of reason - perception, conception, and comprehension - are all carried on more or less deterministically in a physical brain where quantum events do not interfere with normal operations.


There is also no problem imagining a role for  randomness in the brain in the form of quantum level noise.  Noise can introduce random errors into stored memories. Noise could create random associations of ideas during memory recall. This randomness may be driven by microscopic fluctuations that are amplified to the macroscopic level. 


Our Macro Mind needs the Micro Mind for the free action items and thoughts in an Agenda of alternative possibilities to be de-liberated by the will. The random Micro Mind is the "free" in free will and the source of human creativity. The adequately determined Macro Mind is the "will" in free will that de-liberates, choosing actions for which we can be morally responsible. 


Determinism must be disambiguated from its close relatives causality, certainty, necessity, and predictability.


The Emergence of Determinism


Since the physical world is irreducibly indeterministic at the base level of atoms and molecules, there is actually no strict determinism at any "level" of the physical world.

With random motions at the base level, what emerges  at the higher level of the macroscopic physical world and the human mind is adequate determinism.  Determinism is an abstract theoretical idea that simplifies physical systems enough to allow the use of logical and mathematical methods on idealized abstract "objects" and "events." The apparent "determinism" of classical physics is the consequence of averaging over extremely large numbers of microscopic particles. 


Adequate determinism "emerges" when we have large enough objects to be averaging over vast numbers of atoms and molecules. 

Determinism is an emergent property.



The Etymology of Determinism


The term (sic) determinism is first attested in the late fourteenth century, "to come to an end," also "to settle, decide," from O.Fr. determiner (12c.), from L. determinare "set limits to," from de- "off" + terminare "to mark the end or boundary," from terminus "end, limit." 

The sense of "coming to a firm decision" (to do something) is from 1450. 


Determination as a "quality of being resolute" dates from 1822. 


Before the nineteenth century determinists were called Necessarians. William Belsham contrasted them (favorably) with the incoherent Libertarians in 1789, the first use of Libertarian. Libertarians were thought incoherent because liberty was thought to be unruly, random, unlawful, and - in a related term of the day - libertine.


Determinism appears in 1846 in Sir William Hamilton's edition of Thomas Reid's works as a note on p.87.  


There are two schemes of Necessity - the Necessitation by efficient - the Necessitation by final causes. The former is brute or blind Fate; the latter rational Determinism.


At about the same time, it is used by theologians to describe lack of free will. 

In 1855, William Thomson (later Lord Kelvin) wrote,


The theory of Determinism, in which the will is determined or swayed to a particular course by external inducements and forced habits, so that the consciousness of freedom rests chiefly upon an oblivion of the antecedents of our choice.

Ernst Cassirer claimed (mistakenly?) that Determinism in the philosophical sense of a "doctrine that everything that happens is determined by a necessary chain of causation" dates from the work of Emil du Bois-Reymond in 1876. 


Note that ancient philosophers worried about this causal chain (ἄλυσις), but those philosophers who allowed the existence of chance, (Aristotle, Epicurus, Lucretius, and Alexander of Aphrodisias), denied such a causal chain, while maintaining that human decisions were caused by neither chance nor necessity but by a tertium quid - our autonomous human agency.


The adjective determinist appeared first in the Contemporary Review of October 1874 - "The objections of our modern Determinists." In the Contemporary Review of March 1885 R. H. Hutton described "The necessarian or determinist theory of human action." 

William James's essay on The Dilemma of Determinism appeared at about the same time, in 1884. In it he coined the terms "soft determinism" (today's compatibilism), and "hard determinism" (strict determinsm, indeed, pre-determinism from the beginning of time).  



For Teachers

      C.D.Broad, in 1932, defined Determinism, Indeterminism, and Libertarianism. Reprinted in Morgenbesser (1962) Free Will
And now at last we can define- "determinism" and "indeterminism." Determinism is the doctrine that every event is completely determined, in the sense just defined. Indeterminism, is the doctrine that some, and it may be all, events are not completely determined, in the sense defined. Both  doctrines are, prima facie, intelligible, when defined as I have defined them.	

There is one other point to be noticed. An event might be completely determined, and yet it might have a "causal ancestor" which was not, completely determined. If Y is the total cause of Z and X is the total cause of Y, I call both Y and X "causal ancestors" of Z. Similarly, if W were the total cause of X, I should call Y, X, and W "causal ancestors" of Z. And so on. If at any stage in such a series there is a term, e.g. W, which contains a cause-factor that is not completely determined, the series will stop there, just as the series of human ancestors stops with Adam. Such a term may be called the "causal progenitor" of such a series. If determinism be true, every event has causal ancestors, and therefore there are no causal progenitors. If indeterminism be true, there are causal progenitors in the history of the world.


We are now in a position to define what Ι will call "libertarianism." This doctrine may be summed up in two propositions. (i) Some (and it may be all) voluntary actions have a causal ancestor which contains as a cause factor the putting-forth of an effort which is not completely determined in direction and intensity by occurrent causation. (ii) In such cases the direction and the intensity of the effort are completely determined by non-occurrent causation, in which the self or agent, taken as a substance or continuant, is the non-occurrent total cause. [Broad means a non-physical mind as the non-occurent cause.] Thus, Libertarianism, as defined by me, entails indeterminism, as defined by me; but the converse does not hold.



If I am right, libertarianism is self-evidently impossible, whilst indeterminism is prima facie possible.




      Richard Double,s The Nonreality of Free Will (1995?) provided these definitions.

Although the notion of determinism appears frequently through this book, the free will discussion is concerned only with a tiny subset of what might be determined, viz., those events that affect human decision making. Whether there is, e.g., indeterminacy in quantum physics is an empirical matter outside of philosophers' ken and, by itself, does not bear on the free will debate, although some libertarians have argued that quantum indeterminacy could bear on human choices (see Chapter 8). This book is primarily about free will, though, and about determinism only incidentally.
Compatibilism — The view that the theses of free will and determinism can both be true.

Incompatibilism — The view they cannot both be true.

Soft determinism — Technically, compatibilism plus determinism, but in fact, the view that we have free will not as a result of indeterminism, whether or not determinism is true.

Hard determinism — Technically, incompatibilism plus determinism, but the view that humans lack free will because their decisions are determined, again, whether determinism in its fullest generality is true.

Libertarianism — The view that humans have free will as a result of indeterminism in their choices. 




Double's libertarianism is an extreme view that makes chance the direct cause of our choices. But it coincides with Robert Kane's "torn decisions" in which an agent can take responsibility for a random choice either way if there are good reasons for either choice. 
     


For Scholars

     1. C.D.Broad, 1934 "Indeterminism is the doctrine that some, and it may be all, events are not completely determined."  
     



Source: https://www.informationphilosopher.com/quantum/determinism/
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Indeterminism


In 1916 Albert Einstein found that at the microscopic quantum level the physical world is indeterministic and acausal for much deeper reasons than Werner Heisenberg's  1927 uncertainty principle<.

This quantum  indeterminism, or in fact quantum "chance," as Einstein called it (Zufall in German), appears when light interacts with matter (photons with electrons or atoms), as Max Planck had suspected decades earlier.


Einstein wrote an article on The Quantum Theory of Radiation in  1916...


If the hypotheses which I introduced about the interaction between
radiation and matter are correct, they must provide more than
merely the correct statistical distribution of the inner energy
of the molecules. Because, during absorption and emission
of radiation there occurs also a transfer of momentum upon
the molecules. This transfer effects a certain distribution of
velocities of the molecules, by way of the mere interaction
between radiation and the molecules. This distribution must
be identical to the one which results from the mutual collision
of the molecules, i.e., it must be identical with the Maxwell
distribution...

When a molecule absorbs or emits the energy e in the form of
radiation during the transition between quantum theoretically
possible states, then this elementary process can be viewed
either as a completely or partially directed one in space, or also
as a symmetrical (nondirected) one. It turns out that we arrive
at a theory that is free of contradictions, only if we interpret
those elementary processes as completely directed processes.


If light quanta are particles with energy 
  E
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  h
  ν
 traveling at the
velocity of light c, then they should have a momentum 
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  c
. When light is absorbed by material particles, this momentum
will clearly be transferred to the particle. But when light is emitted
by an atom or molecule, Einstein says that a problem appears.


If a beam of radiation effects the targeted molecule to 
either accept or reject the quantity of energy hv in the form
of radiation by an elementary process (induced radiation
process), then there is always a transfer of momentum hv/c
to the molecule, specifically in the direction of propagation
of the beam when energy is absorbed by the molecule, in the
opposite direction if the molecule releases the energy. If the
molecule is exposed to the action of several directed beams of
radiation, then always only one of them takes part in an induced
elementary process; only this beam alone determines the direc-
tion of the momentum that is transferred to this molecule. If the
molecule suffers a loss of energy in the amount of hv without
external stimulation, i.e., by emitting the energy in the form
of radiation (spontaneous emission), then this process too is a
directional one. There is no emission of radiation in the form of
spherical waves. The molecule suffers a recoil in the amount of
hv/c during this elementary process of emission of radiation; the
direction of the recoil is, at the present state of theory, deter-
mined by “chance.” The properties of the elementary processes
that are demanded by [Planck’s] equation let the establishment
of a quantumlike theory of radiation appear as almost unavoidable. 
The weakness of the theory is, on the one hand, that it does
not bring us closer to a link-up with the undulation theory; on
the other hand, it also leaves time of occurrence and direction
of the elementary processes a matter of “chance.” Nevertheless, I
fully trust in the reliability of the road taken.


Conservation of momentum requires that the momentum of
the emitted particle will cause an atom to recoil with momentum
hν/c in the opposite direction. However, the standard theory of
spontaneous emission of radiation is that it produces a spherical
wave going out in all directions. A spherically symmetric wave has
no preferred direction. In which direction does the atom recoil?

              
An outgoing light particle must impart momentum hν/c to the
atom or molecule, but the direction of the momentum can not be
predicted! Neither can the theory predict the time when the light
quantum will be emitted. Einstein called this “weakness in the
theory” by its German name - Zufall (chance), and he put it in scare
quotes. It is only a weakness for Einstein, of course, because his God
does not play dice.


Such a random time was not unknown to physics. When Ernest
Rutherford derived the law for radioactive decay of unstable
atomic nuclei in 1900, he could only give the probability of decay
time. Einstein saw the connection with radiation emission:


It speaks in favor of the theory that the statistical law assumed
for [spontaneous] emission is nothing but the Rutherford law of
radioactive decay.



Einstein clearly saw that the element of chance that he discovered
threatens causality. It introduces indeterminism into physics.

The indeterminism involved in quantizing matter and energy
was known, if largely ignored, for another decade until Werner
Heisenberg’s quantum theory introduced his famous uncertainty
(or indeterminacy) principle in 1927, which he said was acausal.


Where Einstein’s indeterminism is qualitative, Heisenberg’s
principle is quantitative, stating that the exact position and momen-
tum of an atomic particle can only be known within certain (sic)
limits. The product of the position error and the momentum error
is greater than or equal to Planck’s constant h/2π.
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Einstein's indeterminism is central to understanding the origin of irreversibility in statistical mechanics. 


For further information, see our 2014 Origin of Irreversibility paper







Source: https://www.informationphilosopher.com/quantum/indeterminism/
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Dirac's Principles


In his great textbook The Principles of Quantum Mechanics, P. A. M. (Paul) Dirac gave us his three basic concepts from which all of non-relativistic quantum mechanics follows. 

He actually gave us just one principle, one axiom, and one postulate.



1. The Principle of Superposition. 


The Schrōdinger equation (1) is a linear
equation. It has no quadratic or
higher power terms, and this introduces
a profound - and for many scientists
and philosophers a disturbing - feature of
quantum mechanics, one that is impossible
in classical physics, namely the principle
of superposition of quantum states. If
ψa and ψb are both solutions of equation
(1), then an arbitrary linear combination of
these,
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with complex coefficients ca and cb, is
also a solution.


Together with Born's probabilistic (statistical) interpretation
of the wave function, the
principle of superposition accounts for
the major mysteries of quantum theory,
some of which we hope to resolve,
or at least reduce, with an objective
(observer-independent) explanation of irreversibleinformation
creation during quantum processes.


Observable information is critically necessary for 
measurements, though observers can come along anytime after the information comes into existence as a consequence of the interaction of a quantum system and a measuring apparatus.


The quantum (discrete) nature of physical
systems results from there generally
being a large number of solutions ψn
(called eigenfunctions) of equation (1) in
its time independent form, with energy eigenvalues
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The discrete spectrum of energy eigenvalues 
  
    E
    
      n
    
  
 limit interactions (for example, with
photons) to discrete energy differences 
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In the old quantum theory, Bohr postulated that electrons in atoms would be in "stationary states" of energy 
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, and that energy differences would be of the form 
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 = hν, where ν is the frequency of the observed spectral line.


Einstein, in 1916, derived these two Bohr postulates from basic physical principles in his paper on the emission and absorption processes of atoms. What for Bohr were assumptions, Einstein grounded in quantum physics, though virtually no one appreciated his foundational work at the time, and few appreciate it today, his work eclipsed by the Copenhagen physicists.  



The eigenfunctions 
ψn are orthogonal to each other
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   where the "delta function" 
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Once they are normalized, the ψn form an orthonormal set of
functions (or vectors) which can serve as a basis for
the expansion of an arbitrary wave function φ
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Dirac's 3 Polarizers

         In his 1930 textbook The Principles of Quantum Mechanics, Paul Dirac introduced the uniquely quantum concepts of superposition and indeterminacy using polarized photons.


Dirac's examples suggest a very simple and inexpensive experiment to demonstrate 
the notions of quantum states, the representation of a given state vector in another basis set of vectors, the preparation of quantum systems in states with known properties, and the measurement of various properties. 




Any measuring apparatus is also a state preparation system.  We know that after a measurement of a photon which has shown it to be in a state of vertical polarization, for example, a second measurement with the same (vertical polarization detecting) capability will show the photon to be in the same state with probability unity. Quantum mechanics is not always uncertain. There is also no uncertainty if we measure the vertically polarized photon with a horizontal polarization detector. There is zero probability of the vertically polarized photon passing through a horizontal polarizer. It is completely absorbed.

Since any measurement increases the amount of information, there must be a compensating increase in entropy absorbed by or radiated away from the measuring apparatus. This is the Ludwig-Landauer Principle.


The natural basis set of vectors is usually one whose eigenvalues are the observables of our measurement system.  In Dirac's bra and  ket notation, the orthogonal basis vectors in our example are  | v >, the photon in a vertically polarized state, and | h >, the photon in a horizontally polarized state. These two states are eigenstates of our measuring apparatus.


The interesting case to consider is a third measuring apparatus that prepares a photon in a diagonally polarized state 45° between | v > and | h >.


Dirac tells us this diagonally polarized photon can be represented as a  superposition of vertical and horizontal states, with complex number coefficients that represent "probability amplitudes." 

Thus, 
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Note that vector lengths are normalized to unity, and the sum of the squares of the probability amplitudes is also unity. This is the orthonormality condition needed to interpret the (squares of the) wave functions as probabilities, as first proposed by Max Born in 1927. 


When these complex number coefficients are squared (actually when they are multiplied by their complex conjugates to produce positive real numbers), the numbers represent the probabilities of finding the photon in one or the other state, should a measurement be made. Dirac's bra vector is the complex conjugate of the corresponding ket vector. 


It is these  probability amplitudes that interfere in the two-slit experiment. To get the probabilities of finding a photon, we must square the probability amplitudes. Actually we must calculate the expectation value of some operator that represents an observable. The probability P of finding the photon in state |ψ> at location (in configuration space) r is
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No single experiment can convey all the wonder and non-intuitive character of quantum mechanics. But we believe Dirac's simple examples of polarized photons can teach us a lot. He thought that his simple examples provided a good introduction to the subject and we agree.



The Three Polarizers



We use three squares of polarizing sheet material to illustrate Dirac's explanation of quantum superposition of states and the collapse of a mixture of states to a pure state upon measurement or state preparation.

Here are the three polarizing sheets. They are a neutral gray color because they lose half of the light coming though them. The lost light is absorbed by the polarizer, converted to heat, and this accounts for the (Boltzmann) entropy gain required by our new information (Shannon entropy) about the exact polarization state of the transmitted photons.


	[image: image-placeholder]
	
      Fig.1. Polarizers A, B, and C
    


In figure 2, polarizers A and B are superimposed to show that the same amount of light comes through two polarizers, as long as the polarizing direction is the same. The first polarizer prepares the photon in a given state of polarization. The second is then certain to find it in the same state. Let's say the direction of light polarization is vertical when the letters are upright.
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      Fig.2. Polarizers A and B aligned vertically
    


If one polarizer, say B, is turned 90°, its polarization direction will be horizontal and if it is on top of vertical polarizer A, no light will pass through it, as we see in figure 3.


	[image: image-placeholder]
	
      Fig.3. Polarizer B is rotated to horizontal polarization. No light comes through.
    


The Wonder and Mystery of the Oblique Polarizer


As you would expect, any quantum mechanics experiment must contain an element of “Wow, that’s impossible!” or we are not getting to the non-intuitive and unique difference between quantum mechanics and the everyday classical mechanics. So let’s look at the amazing aspect of what Dirac is getting to, and then we will see how quantum mechanics explains it. 


We turn the third polarizer C so its polarization is along the diagonal. Dirac tells us that the wave function of light passing through this polarizer can be regarded as in a mixed state, a superposition of vertical and horizontal states. As Einstein agreed, the information as to the exact state in which the photon will be found following a measurement does not exist.


We can make a measurement that detects vertically polarized  photons by holding up the vertical polarizer A in front of the oblique polarizer C. Either a photon comes through A or it does not. Similarly, we can hold up the horizontal polarizer B in front of C. If we see a photon, it is horizontally polarized.


From equation (1) we see that the probability of detecting a photon diagonally polarized by C, if our measuring apparatus (polarizer B) is measuring for horizontally polarized photons, is 1/2. Similarly, if we were to measure for vertically polarized photons, we have the same 50% chance of detecting a photon.


Going back to polarizers A and B crossed at a 90° angle, we know that no light comes through when we cross the polarizers.
If we hold up polarizer C along the 45 degree diagonal and place it in front of (or behind) the cross polarizers, nothing changes. No light is getting through.


But here is the amazing, impossible part. If you insert polarizer C between A and B along a 45-degree diagonal, some light now gets through. Note that C is slipped between A (in the rear) and B (in front).
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      Fig.4. Some light now gets through where  Polarizer C overlaps A and B. 
Note that C is slipped between A (in the rear) and B (in front).
    


Let's start by removing the A polarizer from the back. This is the polarizer that prepared the state of the photons in vertical polarization state | v >. The light now comes through polarizer C first, which prepares it in a state of diagonal polarization | d >. We recall from equation (1) that | d > is a superposition of the basis vectors | v > and | h >.


Only some of the diagonally polarized light from C gets through the horizontal polarizer B. 
What is happening here quantum mechanically?
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      Fig.5. Polarizer C transmits diagonally polarized photons, only some of which get through the horizontal polarizer B. 
    


If A crossed with B blocks all light, how can adding another polarization filter add light? It is much less light than through C alone. We shall see why.



The Quantum Physics Explanation


Let’s start with the A polarizer in the back. It prepares the the photons in the vertical polarization state | v >. If we now had just polarizer B, it would measure for horizontal photons. None are coming through A, so no photons get through B.


When we interpose C at the oblique angle, it measures for diagonal photons. The vertically polarized photons coming through A can be considered in a superposition of states at a 45 degree angle and a -45 degree angle. Photons at -45 degrees are absorbed by C. Those at +45 degrees pass through C. 


C makes a measurement of 45 degree photons. It can also be viewed as a preparation of 45 degree photons. Only half the photons  come through polarizer C, but they have been prepared in a state of diagonal polarization | d >. 


The original vertical photons coming through A had no chance of getting through B, but the diagonal photons passing through C (half the original photons) can now be regarded as in a linear superposition of vertical and horizontal photons, and the horizontal photons can now pass through B. Those vertically polarized will get absorbed by B, as usual.


Recall from equation (1) that | d > is a superposition of the basis vectors | v > and | h >, with coefficients 
  1
  
    /
  
  
    √
  
  2
, which when squared give us probabilities 1/2. Fifty percent of these photons emerging from C will pass though B. One quarter or 25% of the original A photons make it through.


This happens if we send just one photon through at a time, just as with the two-slit experiment. Just as we can not say that the photon passes through a particular slit , we cannot know which state a particular polarized photon is in after passing through C. Statistically, it is in either horizontal or vertical polarization.   When a measurement is made by polarizer B, one half of the 25% that came through C will pass though B, or one-eighth of the original light. 



Dirac's Description of the Three Polarizers 


In chapter 1 of his book The Principles of Quantum Mechanics, Paul Dirac describes the experiment. (complete text of Chapter 1)

from section 2, The Polarization of photons, pp.5-7
Suppose we have a beam of light passing through a [horizontal polarizer B], which has the property of letting through only light plane-polarized [horizontally]. Classical electrodynamics tells us what will happen for any given polarization of the incident beam. If this beam is [horizontally] polarized..., it will all go through the [polarizer]; if [vertically polarized], none of it will go through; while if polarized at an angle α, a fraction sin2α will go through. How are we to understand these results on a photon basis?



Vertically polarized photons are absorbed (turned to heat), increasing the entropy to compensate for the new information about photons now in the horizontal state


A beam that is plane-polarized in a certain direction is to be pictured as made up of photons each plane-polarized in that direction. This picture leads to no difficulty in the cases when our incident beam is polarized [in the vertical or horizontal directions]. We merely have to suppose that each photon polarized [horizontally] passes unhindered and unchanged..., while each photon polarized [vertically] is stopped and absorbed. A difficulty arises, however, in the case of the obliquely polarized incident beam. Each of the incident photons is then obliquely polarized and it is not clear what will happen to such a photon when it reaches the [polarizer].

A question about what will happen to a particular photon under certain conditions is not really very precise. To make it precise one must imagine some experiment performed having a bearing on the question and inquire what will be the result of the experiment. Only questions about the results of experiments have a real significance and it is only such questions that theoretical physics has to consider.


In our present example the obvious experiment is to use an incident beam consisting of only a single photon and to observe what appears on the back side of the [polarizer]. According to quantum mechanics the result of this experiment will be that sometimes one will find a whole photon, of energy equal to the energy of the incident photon, on the back side and other times one will find nothing. When one finds a whole photon, it will be polarized [horizontally]. One will never find only a part of a photon on the back side. If one repeats the experiment a large number of times, one will find the photon on the back side in a fraction sin2α of the total number of times. Thus we may say that the photon has a probability sin2α of passing through the [polarizer] ...and a probability cos2α of being absorbed. These values for the probabilities lead to the correct classical results for an incident beam containing a large number of photons.



Here quantum indeterminacy enters the picture


In this way we preserve the individuality of the photon in all cases. We are able to do this, however, only because we abandon the determinacy of the classical theory. The result of an experiment is not determined, as it would be according to classical ideas, by the conditions under the control of the experimenter. The most that can be predicted is a set of possible results, with a probability of occurrence for each. 

The foregoing discussion about the result of an experiment with a single obliquely polarized photon incident on a [polarizer] answers all that can legitimately be asked about what happens to an obliquely polarized photon when it reaches the [polarizer]. Questions about what decides whether the photon is to go through or not and how it changes its direction of polarization when it does go through cannot be investigated by experiment and should be regarded as outside the domain of science. Nevertheless some further description is necessary in order to correlate the results of this experiment with the results of other experiments that might be performed with photons and to fit them all into a general scheme. Such further description should be regarded, not as an attempt to answer questions outside the domain of science, but as an aid to the formulation of rules for expressing concisely the results of large numbers of experiments.



The further description provided by quantum mechanics runs as follows. It is supposed that a photon polarized obliquely may be regarded as being partly in the state of [vertical] polarization and partly in the state of [horizontal] polarization... The state of oblique polarization may be considered as the result of some kind of superposition process applied to the two states of [vertical] and [horizontal] polarization. This implies a certain special kind of relationship between the various states of polarization, a relationship similar to that between polarized beams in classical optics, but which is now to be applied, not to beams, but to the states of polarization of one particular photon. This relationship allows any state of polarization to be resolved into, or expressed as a superposition of, any two mutually perpendicular states of polarization.
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   Fig.6. The obliquely polarized  photon is prepared in the state | d >, which can also be represented as a superposition of the mutually perpendicular states | v > and | h >.
    



Observation or "measurement" introduces the "collapse" of the wave function, a sudden jump from the mixed state to one or the other pure states, with calculable probability

 
When we make the photon meet a [polarizer], we are subjecting it to an observation. We are observing whether it is polarized [vertically or horizontally]. The effect of making this observation is to force the photon entirely into the state of [horizontal] or entirely into the state of [vertical] polarization. It has to make a sudden jump from being partly in each of these two states to being entirely in one or other of them. Which of the two states it will jump into cannot be predicted, but is governed only by probability laws. If it jumps into the [vertical] state it gets absorbed and if it jumps into the [horizontal] state it passes through the [polarizer] and appears on the other side preserving this state of polarization.
from section 3, Interference of photons, p.9

Some time before the discovery of quantum mechanics people realized that the connexion between light waves and photons must be of a statistical character. What they did not clearly realize, however, was that the wave function gives information about the probability of one photon being in a particular place and not the probable number of photons in that place. The importance of the distinction can be made clear in the following way. Suppose we have a beam of light consisting of a large number of photons split up into two components of equal intensity. On the assumption that the intensity of a beam is connected with the probable number of photons in it, we should have half the total number of photons going into each component. 


Dirac's  statement that a "photon interferes with itself" is unfortunate. The interference patterns in the two-slit experiment are created by the interference of the photon's 
wave function with itself. 
The wave function is not the photon.


If the two components are now made to interfere, we should require a photon in one component to be able to interfere with one in the other. Sometimes these two photons would have to annihilate one another and other times they would have to produce four photons. This would contradict the conservation of energy. The new theory, which connects the wave function with probabilities for one photon, gets over the difficulty by making each photon go partly into each of the two components. Each photon then interferes only with itself. Interference between two different photons never occurs.
from section 4, Superposition and indeterminacy, pp, 10-11

The reader may possibly feel dissatisfied with the attempt in the two preceding sections to fit in the existence of photons with the classical theory of light. He may argue that a very strange idea has been introduced — the possibility of a photon being partly in each of two states of polarization, or partly in each of two separate beams — but even with the help of this strange idea no satisfying picture of the fundamental single-photon processes has been given. He may say further that this strange idea did not provide any information about experimental results for the experiments discussed, beyond what could have been obtained from an elementary consideration of photons being guided in some vague way by waves. What, then, is the use of the strange idea?


In answer to the first criticism it may be remarked that the main object of physical science is not the provision of pictures, but is the formulation of laws governing phenomena and the application of these laws to the discovery of new phenomena. If a picture exists, so much the better; but whether a picture exists or not is a matter of only secondary importance. In the case of atomic phenomena no picture can be expected to exist in the usual sense of the word 'picture', by which is meant a model functioning essentially on classical lines. One may, however, extend the meaning of the word 'picture' to include any way of looking at the fundamental laws which makes their self-consistency obvious. With this extension, one may gradually acquire a picture of atomic phenomena by becoming familiar with the laws of the quantum theory.


With regard to the second criticism, it may be remarked that for many simple experiments with light, an elementary theory of waves and photons connected in a vague statistical way would be adequate to account for the results. In the case of such experiments quantum mechanics has no further information to give. In the great majority of experiments, however, the conditions are too complex for an elementary theory of this kind to be applicable and some more elaborate scheme, such as is provided by quantum mechanics, is then needed. The method of description that quantum mechanics gives in the more complex cases is applicable also to the simple cases and although it is then not really necessary for accounting for the experimental results, its study in these simple cases is perhaps a suitable introduction to its study in the general case.


There remains an overall criticism that one may make to the whole scheme, namely, that in departing from the determinacy of the classical theory a great complication is introduced into the description of Nature, which is a highly undesirable feature. This complication is undeniable, but it is offset by a great simplification, provided by the general principle of superposition of states.
 



Dirac describes the superposition of states with further comments on indeterminacy.


Einstein and Schrödinger attacked the idea of superposition by arguing it would apply to macroscopic objects like Schrödinger's Cat being partly alive and partly dead

from section 4, Superposition and indeterminacy, pp, 12-14

The general principle of superposition of quantum mechanics...
 requires us to assume that between these states there exist peculiar relationships such that whenever the system is definitely in one state we can consider it as being partly in each of two or more other states. The original state must be regarded as the result of a kind of superposition of the two or more new states, in a way that cannot be conceived on classical ideas. Any state may be considered as the result of a superposition of two or more other states, and indeed in an infinite number of ways. Conversely any two or more states may be superposed to give a new state. The procedure of expressing a state as the result of superposition of a number of other states is a mathematical procedure that is always permissible, independent of any reference to physical conditions, like the procedure of resolving a wave into Fourier components. Whether it is useful in any particular case, though, depends on the special physical conditions of the problem under consideration. 


[Our example deals] with states differing only with regard to the polarization.


The nature of the relationships which the superposition principle requires to exist between the states of any system is of a kind that cannot be explained in terms of familiar physical concepts. One cannot in the classical sense picture a system being partly in each of two states and see the equivalence of this to the system being completely in some other state. There is an entirely new idea involved, to which one must get accustomed and in terms of which one must proceed to build up an exact mathematical theory, without having any detailed classical picture.


When a state is formed by the superposition of two other states, it will have properties that are in some vague way intermediate between those of the two original states and that approach more or less closely to those of either of them according to the greater or less 'weight' attached to this state in the superposition process. The new state is completely defined by the two original states when their relative weights in the superposition process are known, together with a certain phase difference, the exact meaning of weights and phases being provided in the general case by the mathematical theory. In the case of the polarization of a photon their meaning is that provided by classical optics, so that, for example, When two perpendicularly plane polarized states are superposed with equal weights, the new state may be circularly polarized in either direction, or linearly polarized at an angle π/4, or else elliptically polarized, according to the phase difference.


The non-classical nature of the superposition process is brought out clearly if we consider the superposition of two states, A and B, such that there exists an observation which, when made on the system in state A, is certain to lead to one particular result, a say, and when made on the system in state B is certain to lead to some different result, b say. 

Applying this rule to the Schrödinger's Cat experiment, all quantum mechanics tells us is the probabilities of finding a live or a dead cat  


What will be the result of the observation when made on the system in the superposed state? The answer is that the result will be sometimes a and sometimes b, according to a probability law depending on the relative weights of A and B in the superposition process. It will never be different from both a and b. The intermediate character of the state formed by superposition thus expresses itself through the probability of a particular result for an observation being intermediate between the corresponding probabilities for the original states,† not through the result itself being intermediate between the corresponding results for the original states.

In this way we see that such a drastic departure from ordinary ideas as the assumption of superposition relationships between the states is possible only on account of the recognition of the importance of the disturbance accompanying an observation and of the consequent indeterminacy in the result of the observation. When an observation is made on any atomic system that is in a given state, in general the result will not be determinate, i.e., if the experiment is repeated several times under identical conditions several different results may be obtained. It is a law of nature, though, that if the experiment is repeated a large number of times, each particular result will be obtained in a definite fraction of the total number of times, so that there is a definite probability of its being obtained. This probability is what the theory sets out to calculate. Only in special cases when the probability for some result is unity is the result of the experiment determinate.


The assumption of superposition relationships between the states leads to a mathematical theory in which the equations that define a state are linear in the unknowns. In consequence of this, people have tried to establish analogies with systems in classical mechanics, such as vibrating strings or membranes, which are governed by linear equations and for which, therefore, a superposition principle holds. Such analogies have led to the name 'Wave Mechanics' being sometimes given to quantum mechanics. It is important to remember, however, that the superposition that occurs in quantum mechanics is of an essentially different nature from any occurring in the classical theory, as is shown by the fact that the quantum superposition principle demands indeterminacy in the results of observations in order to be capable of a sensible physical interpretation. The analogies are thus liable to be misleading.
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      Fig.7. If a photon was initially prepared in the state | v > by polarizer A, it can also be represented as a superposition of states | d > and | d' >. There is thus a 50% chance of such a d photon getting through polarizer C. Photons passing through C can then be represented as in  a superposition of states | v > and | h >.  The | h > photons can easily pass through polarizer B, since it is turned to be horizontally polarized, blocking polarizer A's vertical polarized light...
     




 
We animated Dirac's idea of introducing an oblique polarizer between the two crossed polarizers A and B that are blocking all light. Adding this filter actually allows more photons to pass through, which is counter-intuitive.
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Measuring a system again after preparing it 
in a known state is a 
Pauli measurement 
of the first kind

Source: https://www.informationphilosopher.com/solutions/experiments/dirac_3-polarizers/
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The Foundations of Quantum Mechanics is a research effort to explain the puzzling aspects of quantum mechanics, especially the weirdness of quantum entanglement, which appears to permit nonlocal communications between widely separated quantum systems at faster than light speed, violating the special theory of relativity.


The search for new foundations may be traced back to the great debates between Niels Bohr and Albert Einstein in the 1920's and 1930's.


Bohr worked with Werner Heisenberg to develop the Copenhagen Interpretation of quantum mechanics which became the "orthodox" interpretation for many decades.  Bohr discouraged efforts to try to understand what is really going on at the microscopic level in quantum systems.



Copenhageners were proud of their limited ability to know. Bohr famously said:

There is no quantum world. There is only an abstract quantum physical description. It is wrong to think that the task of physics is to find out how nature is. Physics concerns what we can say about nature.


Bohr thus put severe epistemological limits on knowing the Kantian "things in themselves," just as Immanuel Kant had put limits on reason. The British empiricist philosophers John Locke and David Hume had put the "primary" objects beyond the reach of our "secondary" sensory perceptions. In this respect, Bohr shared the positivist views of many other empirical scientists, Ernst Mach for example. Twentieth-century analytic language philosophers thought that philosophy (and even physics) could not solve some basic problems, but only "dis-solve" them by showing them to include conceptual errors.



Neither Bohr nor Heisenberg thought that macroscopic objects actually are classical. They both saw them as composed of microscopic quantum objects.


On the other hand, Bohr and Heisenberg emphasized the importance of conventional classical-physics language as a tool for knowledge. Since language evolved to describe the familiar world of "classical" objects in space and time, they insisted that somewhere between the quantum world and the classical world there must come a point when our observations and measurements can be expressible in classical concepts. They argued that a measurement apparatus and a particular observation must be describable classically in order for it to be understood and become knowledge in the mind of the observer. 

Einstein discovered nonlocal behavior in 1905 and spent the rest of his life hoping for a return to a "reality" that does not depend on measurements and human observers. Bohr and Heisenberg said that properties of quantum objects come into existence when the object is observed, they are created by their measurement. 


In the 1960's Richard Feynman doubled down on attempts to understand in classical terms what is going on in quantum mechanics. 


In his famous Lectures on Physics (some of the lectures were repeated in the 1967 Messenger Lectures at Cornell and published as The Character of Physical Law), Feynman  famously said that "nobody understands quantum mechanics" and that the two-slit experiment contains "all of the mystery of quantum mechanics." 


I will take just this one experiment, which has been designed to contain all of the mystery of quantum mechanics, to put you up against the paradoxes and mysteries and peculiarities of nature one hundred per cent. Any other situation in quantum mechanics, it turns out, can always be explained by saying, 'You remember the case of the experiment with the two holes? It's the same thing'.  I am going to tell you about the experiment with the two holes. It does contain the general mystery; I am avoiding nothing; I am baring nature in her most elegant and difficult form.




The journal Foundations of Quantum Mechanics was founded 





The information interpretation of quantum mechanics says there is only one world, the quantum world. Averaging over large numbers of quantum events explains why large objects appear to be classical

Source: https://www.informationphilosopher.com/quantum/foundations/
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Wikipedia has a most comprehensive page on the Interpretations of Quantum Mechanics.

As with our analysis of positions on the free will problem, there are many interpretations, some very popular (with many adherents), some with only a few supporters. The popular views are defended in hundreds or journal articles and recently published books. Just as with philosophers, the supporters of an interpretation often have their own jargon which sometimes makes communication between the different positions difficult.


Our "information interpretation" is based on  the standard “orthodox” theory of Niels Bohr, Max Born, P.A.M. Dirac, Werner Heisenberg, Erwin Schrödinger, and critically important, Albert Einstein.  


The standard "orthodox" interpretation of quantum mechanics includes a projection postulate. This is the idea that once one of the possible locations for a particle becomes actual at one position, the probabilities for actualization at all other positions becomes instantly zero. This sudden disappearance of possibilities/probabilities at locations remote from where a particle is actually found is called nonlocality. It was first seen as early as 1905 by Albert Einstein, who thought the energy of a spherical light wave going out in all directions could instantly be collected at a single point to eject a photoelectron. 


"Projection" or "reduction of the wave packet" is known as the "collapse of the wave function," although the wave itself function does not "collapse" in the sense of gathering itself together at the single point where a particle is found. All that changes is our knowledge about the particle, where it is actually found. What changes is only abstract immaterialinformation about the particle's location.  No material or energy is moving or "collapsing", as is popularly believed. 


In the two-slit experiment, for example, the wave function actually does not change at all, since it just depends on the boundary conditions in the experiment, which do not change because one particle has been found. Every future experiment with the same conditions has exactly the same wave function and thus the same probabilities for finding a particle. Unless, of course, we change from one slit open to both open, or vice versa.


Another similar particle entering the same space, after the first particle has been detected and thus removed from the space, would have the same probability distribution, since the wave function is determined by the solution of the Schrödinger equation, given the boundary conditions for the space and the wavelength of the particle.


The wave function is simply immaterial information. It remains a mystery how it controls (if it controls) the motions of individual particles so their the predicted probabilities agree perfectly with the statistics of large numbers of identical experiments. 



Today there appear to be about as many unorthodox interpretations, denying Paul Dirac projection postulate, as there are more standard views.

    

     No-Collapse Interpretations
    
Pilot-Wave Theory - deterministic, non-local, hidden variables, no observer, particles

(de Broglie-Bohm, 1952)  
    
Many-Worlds Interpretation - deterministic, local, hidden variables, no observer

(Everett-De Witt, 1957)  
    
Time-Symmetric Theory
(Aharonov, 1964)  
    
Decoherence - deterministic, local, no particles 

(Zeh-Zurek, 1970)  
    
ç - local

(Griffiths-Omnès-Gell-Mann-Hartle, 1984)  
    
Cosmological Interpretation
(Aguirre and Tegmark, 2012)  
    

     Collapse Interpretations  
    
Copenhagen Interpretation - indeterministic, non-local, observer

(Bohr-Heisenberg-Born-Jordan, 1927)  
    
Conscious Observer - indeterministic, non-local, observer

(Von Neumann-Wigner)  
    
Statistical Ensemble - indeterministic, non-local, no observer

(Einstein-Born- Ballentine)  
    
Objective Collapse - indeterministic, non-local, no observer

(Ghirardi-Rimini-Weber, 1986; Penrose, 1989)  
    
Transactional Interpretation - indeterministic, non-local, no observer, no particles

(Cramer, 1986)  
    
Relational Interpretation - local, observer

(Rovelli, 1994)  
    
Pondicherry Interpretation - indeterministic, non-local, no observer

(Mohrhoff, 2005)  
    
Information Interpretation - indeterministic, non-local, no observer

(Doyle, 2015)  
    

From the earliest days of quantum theory, when Max Planck in 1900 hypothesized an abstract "quantum of action" and Albert Einstein in 1905 hypothesized that energy comes in physical quanta, there have been disagreements about "interpretations," misunderstandings about the underlying "reality" of the external world that could account for the apparent agreement between quantum theory and the observed experimental facts.


For example, the inventor of the quantum of action used his constant h as a heuristic device to calculate the probabilities of various virtual oscillators (distributing them among energy states using Boltzmann's statistical mechanics ideas, the partition function, etc.). He quantized these mechanical oscillators, but not the radiation field itself. In 1913, Bohr similarly quantized the oscillators (electrons) in the "old quantum theory" and his planetary model of the electrons orbiting the Rutherford nucleus. Bohr's electrons "jump" discontinuously from orbit to orbit, emitting or absorbing discrete amounts of energy En - Em where n and m are orbital "quantum numbers." But Bohr insisted that the energy radiated in a quantum jump was continuous, ignoring Einstein's hypothesis.



By comparison to Planck, Einstein had already in 1905 quantized the continuous electromagnetic radiation field as light quanta (today's photons). Planck denied the physical "reality" of any quanta (including his own) until 1910 at the earliest. And Bohr did not accept photons as being emitted and absorbed during quantum jumps until twenty years after Einstein proposed them - if then. Photons are now universally accepted, of course, and (sadly) standard quantum mechanics says they are emitted and absorbed during Bohr's "quantum jumps" of the electrons.

Einstein saw clearly that if the radiation emitted by an atom were to spread out diffusely as a classical wave into a large volume of space, how could the energy collect itself together again instantly to be absorbed by another atom - without having that energy travel faster than light speed as it gathered itself together in the absorbing atom? He clearly saw that a discrete, discontinuous "jump" was involved, something denied by many of the modern "interpretations" of quantum mechanics.


He also saw that the wave that filled space moments before the detection of the whole quantum of energy must disappear instantly as all the energy in the quantum is absorbed by a single atom in a particular location. This was a collapse of a light wave twenty years before there was a "wave function" and Erwin Schrōdinger's wave equation! Later Einstein interpreted the wave at a point as the probability of light quanta at that point. many years before Max Born's statistical interpretation of the wave function! 


The idea of something (later called the wave function) associated with the particle led to the problem of wave-particle duality, described first by Einstein in 1909. In 1927, he expressed concern that what came to be called nonlocality violates his special theory of relativity. To this day, it drives the idea that quantum physics cannot be reconciled with relativity. It can.


The nadir of interpretation was probably the most famous interpretation of all, the one developed in Copenhagen, the one Niels Bohr's assistant Leon Rosenfeld said was not an interpretation at all, but simply the "standard orthodox theory" of quantum mechanics.


It was the nadir of interpretation because Copenhagen wanted to put a stop to "interpretation" in the sense of understanding or "visualizing"  an underlying reality. The Copenhageners said we should not try to "visualize" what is going on behind the collection of observable experimental data. Just as Kant said we could never know anything about the "thing in itself," the Ding-an-sich, so the positivist philosophy of Comte, Mach, Russell, and Carnap and the British empiricists Locke and Hume claim that knowledge stops at the "secondary" sense data or perceptions of phenomena, preventing access to the primary "objects."


Einstein's views on quantum mechanics have been seriously distorted (and his early work largely forgotten), perhaps because of his famous criticisms of Born's "statistical interpretation" and Werner Heisenberg's claim that quantum mechanics was "complete" without describing what particles are doing from moment to moment. 


Though its foremost critic, Einstein frequently said that quantum mechanics was a most successful theory, the very best theory so far at explaining microscopic phenomena, but that he hoped his ideas for a continuous field theory would someday add to the discrete particle theory and its "non-local" phenomena. It would allow us to get a deeper understanding of underlying reality, though at the end he despaired for his continuous field theory compared to particle theories.  


Many of the "interpretations" of quantum mechanics deny a central element of quantum theory, one that Einstein himself established in 1916, namely the role of indeterminism, or "chance," to use its traditional name, as Einstein did in physics (in German, Zufall) and as William James did in philosophy in the 1880's. These interpretations hope to restore the determinism of classical mechanics. Einstein hoped for a return to deterministic physics, but even more important for him was a physics based on continuous fields, rather than discrete discontinuous particles.


We can therefore classify various interpretations by whether they accept or deny chance, especially in the form of the so-called "collapse" of the wave function, also known as the "reduction" of the wave packet or what Paul Dirac called the "projection postulate." Most "no-collapse" theories are deterministic. "Collapses" in standard quantum mechanics are irreducibly indeterministic. And a great surprise is that the wave function in fact does not collapse!


Many interpretations are attempts to wrestle with still another problem that Einstein saw as early as 1905, in "non-local" events something appears to be moving faster than light and thus violating his special theory of relativity (which he formulated in 1905). 


So we can classify interpretations by whether they accept the instantaneous nature of the collapse, especially the collapse of the two-particle wave function of "entangled" systems, where two particles appear instantly in widely separated places, with correlated properties that conserve energy, momentum, angular momentum, spin, etc. These interpretations are concerned about nonlocality - the idea that "reality" is "nonlocal" with simultaneous events in widely separated places correlated perfectly - a sort of "action-at-a-distance."


Many interpretations prefer wave mechanics to quantum mechanics, seeing wave theories as continuous field theories. They like to regard the wave function as a real entity rather than an abstract possibilities function. De Broglie's pilot-wave theory and its variations (e.g., Bohmian mechanics, Schrödinger's view) hoped to represent the particle as a "wave packet" composed of many waves of different frequencies, such that the packet has non-zero values in a small volume of space. Schrödinger and others found such a wave packet rapidly disperses .


Finally, we may also classify interpretations by their definitions of what constitutes a "measurement," and particularly what they see as the famous  "problem of measurement." Niels Bohr, Werner Heisenberg, and John von Neumann had a special role for the "conscious observer"in a measurement.  Eugene Wigner claimed that the observer's conscious mind caused the wave function to collapse in a measurement.


So we have three major characterizations - indeterministic-discrete-discontinuous "collapse" vs. deterministic-continuous "no-collapse" theories, nonlocality-faster-than-light vs. local "elements of reality" in "realistic theories, and the role of the observer.


Another way to look at an interpretation is to ask which basic element (or elements) of standard quantum mechanics does the interpretation question or just deny?  For example, some interpretations deny the existence of particles. They admit only waves that evolve unitarily under the Schrōdinger equation.


 We can begin by describing those elements, using the formulation of quantum mechanics that Einstein thought most perfect, that of P. A. M. Dirac.





A Brief Introduction to Basic Quantum Mechanics 


Einstein said of Dirac in 1930,
"Dirac, to whom, in my opinion, we owe the most perfect exposition, logically, of this 
[quantum] theory"

  
All of quantum mechanics rests on the Schrōdinger equation of motion 
that deterministically describes the time evolution of the 
probabilistic wave function, plus three basic
assumptions, the principle of superposition (of wave functions), the
axiom of measurement (of expectation values for observables), and the projection
postulate (which describes the collapse of the wave function that introduces indeterminism or chance during interactions). 

Dirac's "transformation theory" then allows us 
to "represent" the initial wave function (before an interaction) in terms of a "basis set" of 
"eigenfunctions" appropriate for the possible quantum states of 
our measuring instruments that will describe the interaction. 


Elements in the "transformation matrix" immediately 
give us the probabilities of measuring the system and finding it 
in one of the possible quantum states or "eigenstates," each eigenstate 
corresponding to an "eigenvalue" for a dynamical operator like 
the energy, momentum, angular momentum, spin, polarization, etc.


 
Diagonal (n, n) elements in the transformation matrix give us the eigenvalues for observables in quantum state n. Off-diagonal (n, m) matrix elements give us transition probabilities between quantum states n and m.


Notice the sequence - possibilities > probabilities > actuality: the wave function gives us the possibilities, for which we can calculate probabilities. Each experiment gives us one actuality. A very large number of identical experiments confirms our probabilistic predictions to thirteen significant figures (decimal places), the most accurate physical theory ever discovered.



1. The Schrōdinger Equation. 


The
fundamental equation of motion in quantum
mechanics is Erwin Schrōdinger's famous
wave equation that describes the
evolution in time of his wave function ψ.
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Max Born interpreted the square of
the absolute value of Schrōdinger's wave
function |ψn2  
(or < ψn | ψn > 
in Dirac notation) as providing the probability of
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The "Problem of Measurement" in quantum mechanics has been defined in various ways, originally by physicists, and more recently by philosophers of physics who question the "foundations of quantum mechanics." Inspired by Albert Einstein, they seek a more "realistic" explanation of what is going on, one that lets us "visualize" quantum processes in the familiar causal terms in our everyday experiences that can explain classical mechanics

Einstein's idea of realism was that the values found in measurement outcomes must have existed before the measurement, where quantum mechanics says a measurement outcome will be randomly selected from the possible outcome values, in proportion to the calculated  probabilities of each outcome. Quantum outcome values do not pre-exist the measurements. 
Einstein was opposed to random chance despite the fact that he himself discovers quantum chance in his miracle year of 1905.


The founders of the 1925 matrix mechanics formulation of quantum mechanics, Werner Heisenberg, Max Born, and especially Pascual Jordan, were very clear about this, claiming that the measurement by the observer "creates" the outcome. 


The 1926 wave mechanical formulation of quantum mechanics by Erwin Schrödinger was ambivalent. In the classic cat experiment, surely the cat was dead or alive before looking, as could be established by an autopsy, for example. But the cat is a macroscopic object. 

Richard Feynman famously cautioned against looking for such "realistic" visualizations, saying that we cannot "understand" quantum mechanics in terms of a familiar "mechanism." He says "there is no mechanism," leaving us with what he called the one and only mystery of quantum mechanics."


Many physicists define the "problem" of measurement simply as the logical contradiction between two "laws" (one quantum random, the other classically certain ) that appear to contradict one another when describing the motion or "evolution" in space and time of a quantum system. 


The first motion "law" is  the irreversible, non-unitary, discrete, discontinuous, and  indeterministic or "random" collapse of the wave function. P.A.M.Dirac called it his Projection Postulate. A few years later John von Neumann called this Process 1.  At the moment of this "collapse" new information appears in the universe. It is this information that is the "outcome" of a measurement. Werner Heisenberg saw this law as "acausal" and "statistical."


The second motion "law" is the time reversible, unitary, continuous, and deterministic evolution of the Schrödinger equation (von Neumann's Process 2). Nothing observable happens during this motion. No new information appears that might be observed. 

John von Neumann was perhaps first to see a logical problem with these two distinct (indeed, opposing) processes. Later physicists saw no mechanism that can explain the transition from a continuous evolution to the discontinuous state change. The standard formalism of quantum mechanics says that the deterministic continuous evolution "law" describes only the probability of the indeterministic "collapse" of the second "law." 

Max Born summarized this conflict as a paradox: "The motion of the particle follows the laws of probability, but the probability itself propagates in accord with causal laws."


The mathematical formalism of quantum mechanics simply provides no way to predict when the wave function stops evolving in a predictable deterministic fashion and indeterministicallycollapses randomly and unpredictably. 


Starting with Von Neumann, physicists have claimed that the collapse must occur when a microscopic quantum system interacts with a macroscopic (approximately classical) measuring apparatus. The apparatus "measures" the quantum system and the wave-function "collapses," producing the irreversible information that can at a later time be seen by an observer.


But we must note that this classical measurement apparatus has been only an ad hoc assumption that has never produced a model or mechanism of its inner workings. 


Some theorists have added ad hoc non-linear terms to the Schrödinger equation to force the collapse. But these extra terms still do not predict the time of the collapse exactly, nor do they describe what is happening during the collapse process. 


So ultimately, the collapse happens at a random time and at that time macroscopically observable new information appears irreversibly, as first claimed by von Neumann.


To describe the problem of measurement more fully we need diverse concepts in quantum physics such as:

	
"Wave functions" (a/k/a eigenfunctions which are probability amplitudes) evolving unitarily and deterministically (preserving constant information) according to the linear Schrödinger equation, (John von Neumann called this his Process 2),

	
"Superpositions" of quantum states (a/k/a eigenstates). These are linear combinations of wave functions with complex coefficients that carry coherent phase information and produce interference effects (P.A.M. Dirac called this his  principle of superposition),

	
"Quantum jumps" between states accompanied by the "collapse" of the wave function into a particular state that can create or destroy information (Dirac called this his projection postulate, von Neumann called it Process 1),

	
"Probabilities "of collapses and quantum jumps are given by the square of the absolute value of the wave function (the normally complex probability amplitudes) for a given state,

	
Values for the possible measurement "outcomes" given by the eigenvalues associated with the eigenstates of the combined measuring apparatus and measured system (Dirac called it his axiom of measurement. Others call it the eigenstate-eigenvalue link),

	
The Heisenberg *or  uncertainty.html indeterminacy) principle.



The original problem, said to be a consequence of Niels Bohr's "Copenhagen interpretation" of quantum mechanics, was to explain how our measuring instruments, which are usually macroscopic objects and treatable with classical physics, can give us information about the microscopic world of atoms and subatomic particles like electrons and photons. 


Bohr's idea of "complementarity" insisted that a specific experiment could reveal only partial information - for example, either a particle's position or the wavelength of the particle's "dual" complementary wave nature. . "Exhaustive" information requires complementary experiments, for example to determine a particle's position and also its momentum (within the limits of Werner Heisenberg's indeterminacy principle). 


In general, a quantum system with internal structure consists of a number of internal quantum states that can be arranged in a "ground state" with a minimal energy and a number of "excited" states, with increasing "energy levels." As Albert Einstein showed in 1916, the "population" of each energy level (the probable number of systems in that state) decreases with the energy E of the level according to the "Boltzmann factor," e-E/kT. 

P.A.M. Dirac's transformation theory of quantum mechanics describes quantum states as vectors in an abstract space called a "Hilbert space." 


Others define the measurement problem as the failure to observe macroscopic superpositions. For example, the paradoxical idea of Schrödinger's cat being in a superposition of "dead" and "alive" states.

Decoherence theorists. e.g., H. Dieter Zeh and Wojciech Zurek, use various non-standard interpretations of quantum mechanics that deny the projection postulate, quantum jumps, and even the existence of particles. They define the measurement problem as the failure to observe macroscopic superpositions. The deterministic, linear,  and unitary time evolution of the wave function according to the Schrödinger wave equation should produce such macroscopic superpositions, they claim. 


Information physics treats a measuring apparatus quantum mechanically by describing parts of it as in a metastable state like the excited states of an atom, the critically poised electrical potential energy in the discharge tube of a Geiger counter, or the supersaturated water and alcohol molecules of a Wilson cloud chamber. (The pi-bond orbital rotation from cis- to trans- in the light-sensitive retinal molecule is an example of a critically poised apparatus). 


Excited (metastable) states are poised to collapse when an electron (or photon) collides with the sensitive detector elements in the apparatus. This collapse is macroscopic and irreversible, generally a cascade of quantum events that release large amounts of energy, increasing the (Boltzmann) entropy. But in a "measurement" there is also a local decrease in the entropy (negative entropy or information). The global entropy increase is normally orders of magnitude more than the small local decrease in entropy (an increase in stable information or Shannon entropy) that constitutes the "measured" experimental data available to human observers. 



The creation of new information in a measurement thus follows the same two core processes of all information creation - quantum cooperative phenomena and thermodynamics. These two are involved in the formation of microscopic objects like atoms and molecules, as well as macroscopic objects like galaxies, stars, and planets.     


According to the correspondence principle, all the laws of quantum physics asymptotically approach the laws of classical physics in the limit of large quantum numbers and large numbers of particles. Quantum mechanics can be used to describe large macroscopic systems.


Does this mean that the positions and momenta of macroscopic objects are uncertain? Yes, it does, although the uncertainty becomes vanishingly small for large objects, it is not zero. Niels Bohr used the uncertainty of macroscopic objects to defeat Albert Einstein's several objections to quantum mechanics at the 1927 Solvay conference.


But Bohr and Heisenberg also insisted that a measuring apparatus must be a regarded as a purely classical system. They can't have it both ways. Can the macroscopic apparatus also be treated by quantum physics or not? Can it be described by the Schrödinger equation? Can it be regarded as in a superposition of states? 


The most famous examples of macroscopic superposition are perhaps Schrödinger's Cat, which is claimed to be in a superposition of live and dead cats, and the Einstein-Podolsky-Rosen experiment, in which entangled electrons or photons are in a superposition of two-particle states that collapse over macroscopic distances to exhibit properties  "nonlocally" suggesting "actions-at-a-distance" at speeds faster than the speed of light.


These treatments of macroscopic systems with quantum mechanics were intended to expose inconsistencies and incompleteness in quantum theory. Some of the critics hoped to restore determinism and "local reality" to physics. They resulted in some strange and extremely popular "mysteries" about "quantum reality," such as the "many-worlds" interpretation, "hidden variables," and signaling faster than the speed of light. 


We develop a quantum-mechanical treatment of macroscopic systems, especially a measuring apparatus, to show how it can create new information. If the apparatus were describable only by classical deterministic laws, no new information could come into existence. In a deterministic universe, information is a constant at all times, like the total of matter and energy. The apparatus need only be adequately determined, that is to say, "classical" to a sufficient degree of accuracy. 
   


How Classical Is a Macroscopic Measuring Apparatus?


As Landau and Lifshitz described it in their 1958 textbook Quantum Mechanics"

The possibility of a quantitative description of the motion of an electron requires the presence also of physical objects which obey classical mechanics to a sufficient degree of accuracy. If an electron interacts with such a "classical object", the state of the latter is, generally speaking, altered. The nature and magnitude of this change depend on the state of the electron, and therefore may serve to characterise it quantitatively...

We have defined "apparatus" as a physical object which is governed, with sufficient accuracy, by classical mechanics. Such, for instance, is a body of large enough mass. However, it must not be supposed that apparatus is necessarily macroscopic. Under certain conditions, the part of apparatus may also be taken by an object which is microscopic, since the idea of "with sufficient accuracy" depends on the actual problem proposed.


Thus quantum mechanics occupies a very unusual place among physical theories: it contains classical mechanics as a limiting case [correspondence principle], yet at the same time it requires this limiting case for its own formulation.




The measurement problem was analyzed mathematically in 1932 by John von Neumann. Following the work of Niels Bohr and Werner Heisenberg, von Neumann divided the world into a microscopic (atomic-level) quantum system and a macroscopic (classical) measuring apparatus. 

Von Neumann explained that two fundamentally different processes are going on in quantum mechanics.

	 A non-causal process 1, in which the measured electron winds up randomly in one of the possible physical states (eigenstates) of the measuring apparatus plus electron.  

This process came to be called the collapse of the wave function or the reduction of the wave packet.


The probability for finding the electron in a specific eigenstate is given by the square of the coefficients cn of the expansion of the original system state (wave function ψ) in an infinite set of wave functions φ that represent the eigenfunctions of the measuring apparatus plus electron.


This is as close as we get to a description of the motion of the particle aspect of a quantum system. According to von Neumann, the particle simply shows up somewhere as a result of a measurement. 

Information physics says that the particle "shows up" only when a new stable information structure is created, information that subsequently can be observed.

Process 1b. The information created in Von Neumann's Process 1 will only be stable if an amount of positive entropy greater than the negative entropy in the new information structure is transported away, in order to satisfy the second law of thermodynamics. 


	 

A causal process 2, in which the electron wave function ψ evolves deterministically according to Schrödinger's equation of motion for the wavelike aspect. 


  (
  i
  h
  
    /
  
  2
  π
  )
  
    ∂
  
  ψ
  
    /
  
  
    ∂
  
  t
  =
  H
  ψ
  .



This evolution describes the motion of the probability amplitude wave ψ between measurements. The wave function exhibits interference effects. But interference is destroyed if the particle has a definite position or momentum. 


The particle path can not be observed. 





Von Neumann claimed there is another major difference between these two processes. Process 1 is thermodynamically irreversible. Process 2 is reversible. This confirms the fundamental connection between quantum mechanics and thermodynamics that information physics finds at the heart of all information creation. 

Information physics can show quantum mechanically how process 1 creates information. Indeed, something like process 1 is always involved when any information is created, whether or not the new information is ever "observed" by a human being. 


Process 2 is deterministic and information preserving.



Just as the new information recorded in the measurement apparatus cannot subsist unless a compensating amount of entropy is transferred away from the new information, something similar to Process 1b must happen in the mind of an observer if the new information is to constitute an "observation."


It is only in cases where information persists long enough for a human being to observe it that we can properly describe the observation as a "measurement" and the human being as an "observer." So, following von Neumann's "process" terminology, we can complete his  theory of the measuring process by adding an anthropomorphic 

Process 3 - a conscious observer recording new information in a mind. This is only possible if there are two local reductions in the entropy (the first in the measurement apparatus, the second in the mind), both balanced by even greater increases in positive entropy that must be transported away from the apparatus and the mind, so the overall increase in entropy can satisfy the second law of thermodynamics. 


For some physicists, it is the wave-function collapse that gives rise to the problem of measurement because its randomness prevents us from including it in the mathematical formalism of the deterministic Schrödinger equation in process 2. 



The randomness that is irreducibly involved in all information creation lies at the heart of human freedom. It is the "free" in "free will." The "will" part is as adequately and statistically determined as any macroscopic object.



Designing a Quantum Measurement Apparatus


The first step is to build an apparatus that allows different components of the wave function to evolve along distinguishable paths into different regions of space, where the different regions correspond to (are correlated with) the physical properties we want to measure. We then can locate a detector in these different regions of space to catch particles travelling a particular path.


We do not say that the system is on a particular path in this first step. That would cause the probability amplitude wave function to collapse. This first step is reversible, at least in principle. It is deterministic and an example of von Neumann process 2.


Let's consider the separation of a beam of photons into horizontally and vertically polarized photons by a birefringent crystal.


We need a beam of photons (and the ability to reduce the intensity to a single photon at a time). Vertically polarized photons pass straight through the crystal. They are called the ordinary ray, shown in red. Horizontally polarized photons, however, are deflected at an angle up through the crystal, then exit the crystal back at the original angle. They are called the extraordinary ray, shown in blue.


[image: image-placeholder]


Note that this first part of our apparatus accomplishes the separation of our two states into distinct physical regions.


We have not actually measured yet, so a single photon passing through our measurement apparatus is described as in a linear combination (a superposition) of horizontal and vertical polarization states,


ψ > = ( 1/√2) | h > + ( 1/√2) | v >          (1)


See the Dirac Three Polarizers experiment for more details on polarized photons. 




An Information-Preserving, Reversible Example of Process 2


To show that process 2 is reversible, we can add a second birefringent crystal upside down from the first, but inline with the superposition of physically separated states,
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Since we have not made a measurement and do not know the path of the photon, the phase information in the (generally complex) coefficients of equation (1) has been preserved, so when they combine in the second crystal, they emerge in a state identical to that before entering the first crystal (black arrow).


Note that the two crystals can be treated classically, according to standard optics.



An Information-Creating, Irreversible Example of Process 1


But now suppose we insert something between the two crystals that is capable of a measurement to produce observable information. We need a detector that locates the photon in one of the two rays.


We can now create an information-creating, irreversible example of process 1. Suppose we insert something between the two crystals that is capable of a measurement to produce observable information. We need detectors, for example two charge-coupled devices that locate the photon in one of the two rays.


We can write a quantum description of the CCDs, one measuring horizontal photons, | Ah > (shown as the blue spot), and the other measuring vertical photons, | Av > (shown as the red spot).
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We treat the detection systems quantum mechanically, and say that each detector has two eigenstates, e.g., | Ah0 >, corresponding to its initial state and correlated with no photons, and the final state | Ah1 >, in which it has detected a horizontal photon.


When we actually detect the photon, say in a horizontal polarization state with statistical probability 1/2, two "collapses" or "jumps" occur.


The first is the jump of the probability amplitude wave function 
  |
  ψ
  >
 of the photon in equation (1) into the horizontally polarized state | h >.


The second is the quantum jump of the horizontal detector from | Ah0 > to | Ah1 >.


These two happen together, as the quantum states have become correlated with the states of the sensitive detectors in the classical apparatus. 


One can say that the photon has become entangled with the sensitive horizontal detector area, so that the wave function describing their interaction is a superposition of photon and apparatus states that cannot be observed independently.

ψ > + | Ah0 >      =>      | ψ, Ah0 >      =>      | h, Ah1 >  


These jumps destroy (unobservable) phase information, raise the (Boltzmann) entropy of the apparatus, and increase visible information (Shannon entropy) in the form of the visible spot. The entropy increase takes the form of a large chemical energy release when the photographic spot is developed (or a cascade of electrons in a CCD). 


Note that the birefringent crystal and the parts of the macroscopic apparatus other than the sensitive detectors are treated classically.


We can animate these irreversible and reversible processes,
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We see that our example agrees with Von Neumann. A measurement which finds the photon in a specific state n is thermodynamically irreversible, whereas the deterministic evolution described by Schrödinger's equation is reversible as long as the photon is in a superposition of possible states.


We thus establish a clear connection between a measurement, which increases the information by some number of bits (Shannon entropy), and the necessary compensating increase in the (Boltzmann) entropy of the macroscopic apparatus, and the cosmic creation process, where new particles form, reducing the entropy locally, and the energy of formation is radiated or conducted away as Boltzmann entropy. 


Note that the Boltzmann entropy can only be radiated away (ultimately into the night sky to the cosmic microwave background) because the expansion of the universe provides a sink for the entropy, as pointed out by David Layzer. Note also that this cosmic information-creating process requires no conscious observer. The universe is its own observer.



The Boundary between the Classical and Quantum Worlds



Some scientists (John von Neumann and Eugene Wigner, for example) have argued that in the absence of a conscious observer, or some "cut" between the microscopic and macroscopic world, the evolution of the quantum system and the macroscopic measuring apparatus would be described deterministically by Schrödinger's equation of motion for the wave function | ψ + A > with the Hamiltonian H energy operator,
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Our quantum mechanical analysis of the measurement apparatus in the above case allows us to locate the "cut" or "Schnitt" between the microscopic and macroscopic world at those components of the "adequately classical and deterministic" apparatus that put the apparatus in an irreversible stable state providing new information to the observer. 

John Bell drew a diagram to show the various possible locations for what he called the "shifty split." Information physics shows us that the correct location for the boundary is the first of Bell's possibilities.  
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The Role of a Conscious Observer


In 1941, Carl von Weizsäcker described the measurement problem as an interaction between a Subject and an Object, a view shared by the philosopher of science Ernst Cassirer. 

Fritz London and Edmond Bauer made the strongest case for the critical role of a conscious observer in 1939:


So far we have only coupled one apparatus with one object. But a coupling, even with a measuring device, is not yet a measurement. A measurement is achieved only when the position of the pointer has been observed. It is precisely this increase of knowledge, acquired by observation, that gives the observer the right to choose among the different components of the mixture predicted by theory, to reject those which are not observed, and to attribute thenceforth to the object a new wave function, that of the pure case which he has found.

We note the essential role played by the consciousness of the observer in this transition from the mixture to the pure case. Without his effective intervention, one would never obtain a new function. 



 In 1961, Eugene Wigner made quantum physics even more subjective, claiming that a quantum measurement requires a conscious observer, without which nothing ever happens in the universe. 


When the province of physical theory was extended to encompass microscopic phenomena, through the creation of quantum mechanics, the concept of consciousness came to the fore again: it was not possible to formulate the laws of quantum mechanics  in a fully consistent way without reference to the consciousness All that quantum mechanics purports to provide are probability connections between subsequent impressions (also called "apperceptions") of the consciousness, and even though the dividing line between the observer, whose consciousness is being affected, and the observed physical object can be shifted towards the one or the other to a considerable degree [cf., von Neumann] it cannot be eliminated. It may be premature to believe that the present philosophy of quantum mechanics will remain a permanent feature of future physical theories; it will remain remarkable, in whatever way our future concepts may develop, that the very study of the external world led to the conclusion that the content of the consciousness is an ultimate reality.


Other physicists were more circumspect. Niels Bohr contrasted Paul Dirac's view with that of Heisenberg:


These problems were instructively commented upon from different sides at the Solvay meeting, in the same session where Einstein raised his general objections. On that occasion an interesting discussion arose also about how to speak of the appearance of phenomena for which only predictions of statistical character can be made. The question was whether, as to the occurrence of individual effects, we should adopt a terminology proposed by Dirac, that we were concerned with a choice on the part of "nature," or, as suggested by Heisenberg, we should say that we have to do with a choice on the part of the "observer" constructing the measuring instruments and reading their recording. Any such terminology would, however, appear dubious since, on the one hand, it is hardly reasonable to endow nature with volition in the ordinary sense, while, on the other hand, it is certainly not possible for the observer to influence the events which may appear under the conditions he has arranged. To my mind, there is no other alternative than to admit that, in this field of experience, we are dealing with individual phenomena and that our possibilities of handling the measuring instruments allow us only to make a choice between the different complementary types of phenomena we want to study.



Landau and Lifshitz said clearly that quantum physics was independent of any observer:

In this connection the "classical object" is usually called apparatus, and its interaction with the electron is spoken of as measurement. However, it must be most decidedly emphasised that we are here not discussing a process of measurement in which the physicist-observer takes part. By measurement, in quantum mechanics, we understand any process of interaction between classical and quantum objects, occurring apart from and independently of any observer.

David Bohm agreed that what is observed is distinct from the observer:


If it were necessary to give all parts of the world a completely quantum-mechanical description, a person trying to apply quantum theory to the process of observation would be faced with an insoluble paradox. This would be so because he would then have to regard himself as something connected inseparably with the rest of the world. On the other hand,the very idea of making an observation implies that what is observed is totally distinct from the person observing it.


And John Bell said:

It would seem that the [quantum] theory is exclusively concerned about 'results of measurement', and has nothing to say about anything else. What exactly qualifies some physical systems to play the role of 'measurer'? Was the wavefunction of the world waiting to jump for thousands of millions of years until a single-celled living creature appeared? Or did it have to wait a little longer, for some better qualified system...with a Ph.D.? If the theory is to apply to anything but highly idealised laboratory operations, are we not obliged to admit that more or less 'measurement-like' processes are going on more or less all the time, more or less everywhere? Do we not have jumping then all the time?


Three Essential Steps in a "Measurement" and "Observation"


We can distinguish three required elements in a measurement that can clarify the ongoing debate about the role of a conscious observer.
	In standard quantum theory, the first required element is the collapse of the wave-function. This is the Dirac projection postulate and von Neumann Process 1. 

However, the collapse might not leave a determinate record. If nothing in the environment is macroscopically affected so as to leave an indelible record of the collapse, we can say that no information about the collapse is created. The overwhelming fraction of collapses are of this kind. Moreover, information might actually be destroyed. For example, collisions between atoms or molecules in a gas that erase past information about their paths.


	If the collapse occurs when the quantum system is entangled with a macroscopic measurement apparatus, a well-designed apparatus will also "collapse" into a correlated "pointer" state. 

As we showed above for photons, the detector in the upper half of a Stern-Gerlach apparatus will fire, indicating detection of an electron with spin up. As with photons, if the probability amplitude | ↑ > in the upper half does not collapse as the electron is detected, it can still be recombined with the probability amplitude | ↓ > in the lower half to reconstruct the unseparated beam.


When the apparatus detects a particle, the second required element is that it produce a determinate record of the event. But this is impossible without an irreversible thermodynamic process that involves: a) the creation of at least one bit of new information (negative entropy) and b) the transfer away from the measuring apparatus of an amount of positive entropy (generally much, much) greater than teh information created. 


Notice that no conscious observer need be involved. We can generalize this second step to an event in the physical world that was not designed as a measurement apparatus by a physical scientist, but nevertheless leaves an indelible record of the collapse of a quantum state. This might be a highly specific single event, or the macroscopic consequence of billions of atomic-molecular level of events. 


	Finally, the third required element is an indelible determinate record that can be looked at by an observer (presumably conscious, although the consciousness itself has nothing to do with the measurement). 




When we have all three of these essential elements, we have what we normally mean by a measurement and an observation, both involving a human being.

When we have only the first two, we can say metaphorically that the "universe is measuring itself," creating an information record of quantum collapse events. For example, every hydrogen atom formed in the early recombination era is a record of the time period when macroscopic bodies could begin to form. A certain pattern of photons records the explosion of a supernova billions of light years away. When detected by the CCD in a telescope, it becomes a potential observation. Craters on the back side of the moon recorded collisions with solar system debris that could become observations only when the first NASA mission circled the moon. 


For Scholars



John Bell on Measurement


It would seem that the [quantum] theory is exclusively concerned about 'results of measurement', and has nothing to say about anything else. What exactly qualifies some physical systems to play the role of 'measurer'? Was the wavefunction of the world waiting to jump for thousands of millions of years until a single-celled living creature appeared? Or did it have to wait a little longer, for some better qualified system...with a Ph.D.? If the theory is to apply to anything but highly idealised laboratory operations, are we not obliged to admit that more or less 'measurement-like' processes are going on more or less all the time, more or less everywhere? Do we not have jumping then all the time?
	
Does [the 'collapse of the wavefunction'] happen sometimes outside laboratories? Or only in some authorized 'measuring apparatus'? And whereabouts in that apparatus? In the Einstein—Podolsky-Rosen—Bohm experiment, does 'measurement' occur already in the polarizers, or only in the counters? Or does it occur still later, in the computer collecting the data, or only in the eye, or even perhaps only in the brain, or at the brain—mind interface of the experimenter?





David Bohm on Measurement


In his 1950 textbook Quantum Theory, Bohm discusses measurement in chapter 22, section 12. 

12. Irreversibility of Process of Measurement and Its Fundamental Role in Quantum Theory.

 From the previous work it follows that a measurement process is irreversible in the sense that, after it has occurred, re-establishment of definite phase relations between the eigenfunctions of the measured variable is overwhelmingly unlikely. This irreversibility greatly resembles that which appears in thermodynamic processes, where a decrease of entropy is also an overwhelmingly unlikely possibility.*


* There is, in fact, a close connection between entropy and the process of measurement. See L. Szilard, , 53, 840, 1929. The necessity for such a connection can be seen by considering a box divided by a partition into two equal parts, containing an equal number of gas molecules in each part. Suppose that in this box is placed a device that can provide a rough measurement of the position of each atom as it approaches the partition. This device is coupled automatically to a gate in the partition in such a way that the gate will be opened if a molecule approaches the gate from the right, but closed if it approaches from the left. Thus, in time, all the molecules can be made to accumulate on the left-hand side. In this way, the entropy of the gas decreases. If there were no compensating increase of entropy of the mechanism, then the second law of thermodynamics would be violated. We have seen, however, that in practice, every process which can provide a definite measurement disclosing in which side of the box the molecule actually is, must also be attended by irreversible changes in the measuring apparatus. In fact, it can be shown that these changes must be at least large enough to compensate for the decrease in entropy of the gas. Thus, the second law of thermodynamics cannot actually be violated in this way. This means, of course, that Maxwell's famous "sorting demon " cannot operate, if he is made of matter obeying all of the laws of physics. (See L. Brillouin, American Scientist, 38, 594, 1950.)



Because the irreversible behavior of the measuring apparatus is essential for the destruction of definite phase relations and because, in turn, the destruction of definite phase relation's is essential for the consistency of the quantum theory as a whole, it follows that thermodynamic irreversibility enters into the quantum theory in an integral way. This is in remarkable contrast to classical theory, where the concept of thermodynamic irreversibility plays no fundamental role in the basic sciences of mechanics and electrodynamics. Thus, whereas in classical theory fundamental variables (such as position or momentum of an elementary particle) are regarded as having definite values independently of whether the measuring apparatus is reversible or not, in quantum theory we find that such a quantity can take on a well defined value only when the system is coupled indivisibly to a classically  describable system undergoing irreversible processes. The very definition of the state of any one system at the microscopic level therefore requires that matter in the large shall undergo irreversible processes. There is a strong analogy here to the behavior of biological systems, where, likewise, the very existence of the fundamental elements (for example, the cells) depends on the maintenance of irreversible processes involving the oxidation of food throughout an organism as a whole. (A stoppage of these processes would result in the dissolution of the cell.)




John von Neumann on Measurement


In his 1932 Mathematical Foundations of Quantum Mechanics (in German, English edition 1955) John von Neumann explained that two fundamentally different processes are going on in quantum mechanics.
	 A non-causal process, in which the measured electron winds up randomly in one of the possible physical states (eigenstates) of the measuring apparatus plus electron. 

The probability for each eigenstate is given by the square of the coefficients cn of the expansion of the original system state (wave function ψ) in an infinite set of wave functions φ that represent the eigenfunctions of the measuring apparatus plus electron.
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This is as close as we get to a description of the motion of the particle aspect of a quantum system. According to von Neumann, the particle simply shows up somewhere as a result of a measurement. Information physics says it shows up whenever a new stable information structure is created.


	 

A causal process, in which the electron wave function ψ evolves deterministically according to Schrödinger's equation of motion for the wavelike aspect. This evolution describes the motion of the probability amplitude wave ψ between measurements.
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Von Neumann claimed there is another major difference between these two processes. Process 1 is thermodynamically irreversible. Process 2 is reversible. This confirms the fundamental connection between quantum mechanics and thermodynamics that is explainable by information physics. 

Information physics establishes that process 1 may create information. It is always involved when information is created. 


Process 2 is deterministic and information preserving.


The first of these processes has come to be called the collapse of the wave function.


 It gave rise to the so-called  problem of measurement because its randomness prevents it from being a part of the deterministic mathematics of process 2.


Information physics has solved the problem of measurement by identifying the moment and place of the collapse of the wave function with the creation of an observable information structure.


The presence of a conscious observer is not necessary. It is enough that the new information created is observable, should a human observer try to look at it in the future. Information physics is thus subtly involved in the question of what humans can know (epistemology).


The Schnitt

von Neumann described the collapse of the wave function as requiring a "cut" (Schnitt in German) between the microscopic quantum system and the observer. He said it did not matter where this cut was placed, because the mathematics would produce the same experimental results. 


There has been a lot of controversy and confusion about this cut. Some have placed it outside a room which includes the measuring apparatus and an observer A, and just before observer B makes a measurement of the physical state of the room, which is imagined to evolve deterministically according to process 2 and the Schrödinger equation.


The case of Schrödinger's Cat is thought to present a similar paradoxical problem.


von Neumann contributed a lot to this confusion in his discussion of subjective perceptions and "psycho-physical parallelism, which was encouraged by Neils Bohr. Bohr interpreted his "complementarity principle" as explaining the difference between subjectivity and objectivity (as well as several other dualisms). von Neumann wrote:


The difference between these two processes is a very fundamental one: aside from the different behaviors in regard to the principle of causality, they are also different in that the former is (thermodynamically) reversible, while the latter is not.

Let us now compare these circumstances with those which actually exist in nature or in its observation.  First, it is inherently entirely correct that the measurement or the related process of the subjective perception is a new entity relative to the physical environment and
is not reducible to the latter. Indeed, subjective perception leads us into the intellectual inner life of the individual, which is extra-observational by its very nature  (since it must be taken for granted by any conceivable observation or experiment). 


 Nevertheless, it is a fundamental requirement of the scientific viewpoint -- the so-called principle of the psycho-physical parallelism -- that it must be possible so to describe the extra-physical process of the subjective perception as if it were in reality in the physical world -- i.e., to assign to its parts equivalent physical processes in the objective environment, in ordinary space. (Of course, in this correlating procedure there arises the frequent necessity of localizing some of these processes at points which lie within the portion of space occupied by our own bodies. But this does not alter the fact of their belonging to the "world about us," the objective environment referred to above.) 


In a simple example, these concepts might be applied about as follows: We wish to measure a temperature. If we want, we can pursue this process numerically until we have the temperature of the environment of the mercury container of the thermometer, and then say: this temperature is measured by the thermometer. But we can carry the calculation further, and from the properties of the mercury, which can be explained in kinetic and molecular terms, we can calculate its heating, expansion, and the resultant length of the mercury column, and then say: this length is seen by the observer. 


Going still further, and taking the light source into consideration, we could find out the reflection of the light quanta on the opaque mercury column, and the path of the remaining light quanta into the eye of the observer, their refraction in the eye lens, and the formation of an image on the retina, and then we would say: this image is registered by the retina of the observer. 


And were our physiological knowledge more precise than it is today, we could go still further, tracing the chemical reactions which produce the impression of this image on the retina, in the optic nerve tract and in the brain, and then in the end say: these chemical changes of his brain cells are perceived by the observer. But in any case, no matter how far we calculate -- to the mercury vessel, to the scale of the thermometer, to the retina, or into the brain, at some time we must say: and this is perceived by the observer. That is, we must always divide the world into two parts, the one being the observed system, the other the observer. In the former, we can follow up all physical processes (in principle at least) arbitrarily precisely. In the latter, this is meaningless. 



The boundary between the two is arbitrary to a very large extent. In particular we saw in the four different possibilities in the example above, that the observer in this sense needs not to become identified with the body of the actual observer: In one instance in the above example, we included even the thermometer in it, while in another instance, even the eyes and optic nerve tract were not included. That this boundary can be pushed arbitrarily deeply into the interior of the body of the actual observer is the content of the principle of the psycho-physical parallelism -- but this does not change the fact that in each method of description the boundary must be put somewhere, if the method is not to proceed vacuously, i.e., if a comparison with experiment is to be possible. Indeed experience only makes statements of this type: an observer has made a certain (subjective) observation; and never any like this: a physical quantity has a certain value.

Now quantum mechanics describes the events which occur in the observed portions of the world, so long as they do not interact with the observing portion, with the aid of the process 2, but as soon as such an interaction occurs, i.e., a measurement, it requires the application of process 1. The dual form is therefore justified.* However, the danger lies in the fact that 
the principle of the psycho-physical parallelism is violated, so long as it is not shown that the boundary between the observed system and the observer can be displaced arbitrarily in the sense given above.


(The Mathematical Foundations of Quantum Mechanics, pp.418-21)


the Schnitt



Quantum Mechanics, by Albert Messiah, on Measurement


Messiah says a detailed study of the mechanism of measurement will not be made in his book, but he does say this. 

The dynamical state of such a system is represented at a given instant of time by its wave function at that instant. The causal relationship between the wave function γ(to) at an initial time to, and the wave function γ(t) at any later time, is expressed through the Schrödinger equation. However, as soon as it is subjected to observation, the system experiences some reaction from the observing instrument. Moreover, the above reaction is to some extent unpredictable and uncontrollable since there is no sharp separation between the observed system and the observing instrument. They must be treated as an indivisible quantum system whose wave function Ψ(t) depends upon the coordinates of the measuring device as well as upon those of the observed system. During the process of observation, the measured system can no longer be considered separately and the very notion of a dynamical state defined by the simpler wave function γ(t) loses its meaning. Thus the intervention of the observing instrument destroys all causal connection between the state of the system before and after the measurement; this explains why one cannot in general predict with certainty in what state the system will be found after the measurement; one can only make predictions of a statistical nature1
1) The statistical predictions concerning the results of measurement are derived very naturally from the study of the mechanism of the measuring operation itself, a study in which the measuring instrument is treated as a quantized object and the complex (system + measuring instrument) evolves in causal fashion in accordance with the Schrödinger equation. A very concise and simple presentation of the measuring process in Quantum Mechanics is given. in F. London and E. Bauer, La Théorie de l'Observation en Mécanique Quantique (Paris, Hermann, 1939). More detailed discussions of this problem may be found in J. von Neumann, Mathematical Foundations of Quantum Mechanics (Princeton, Princeton University Press, 1955), and in D. Bohm, (Quantum Theory New York, Prentice-Hall, 1951).


Quantum Mechanics, vol. I, p. 157


.


Decoherence Theorists on Measurement


In general, decoherence theorists see the problem of measurement as why do we not see macroscopic superpositions of states. Why do measurements always show a system and its measuring apparatus to be in a particular state - a "pointer state," and not in a superposition?

Our answer is that we never see microscopic systems in a superposition of states either. Dirac's principle of superposition says only that the probability (amplitudes) of finding a system in different states has non-zero values for different states. Measurements always reveal a system to be in one state. Which state is found is a matter of chance. [Decoherence theorists do not like this indeterminism.] The statistics from large numbers of measurements of identically prepared systems verify the predicted probabilities for the different states. The accuracy of these quantum mechanical predictions (1 part in 1015) shows quantum mechanics to be the most accurate theory ever known.  


Guido Bacciagaluppi summarized the view of decoherence theorists in an article for the Stanford Encyclopedia of Philosophy. He defines the measurement problem as the lack of macroscopic superpositions:


The measurement problem, in a nutshell, runs as follows. Quantum mechanical systems are described by wave-like mathematical objects (vectors) of which sums (superpositions) can be formed (see the entry on quantum mechanics). Time evolution (the Schrödinger equation) preserves such sums. Thus, if a quantum mechanical system (say, an electron) is described by a superposition of two given states, say, spin in x-direction equal +1/2 and spin in x-direction equal -1/2, and we let it interact with a measuring apparatus that couples to these states, the final quantum state of the composite will be a sum of two components [that is to say, a macroscopic superposition, which is of course never seen!], one in which the apparatus has coupled to (has registered) x-spin = +1/2, and one in which the apparatus has coupled to (has registered) x-spin = -1/2...

[D]ecoherence as such does not provide a solution to the measurement problem, at least not unless it is combined with an appropriate interpretation of the theory (whether this be one that attempts to solve the measurement problem, such as Bohm, Everett or GRW; or one that attempts to dissolve it, such as various versions of the Copenhagen interpretation). Some of the main workers in the field such as Zeh (2000) and (perhaps) Zurek (1998) suggest that decoherence is most naturally understood in terms of Everett-like interpretations.




Maximilian Schlosshauer situates the problem of measurement in the context of the so-called "quantum-to-classical transition," namely the question of exactly how deterministic classical behavior emerges from the indeterministic microscopic quantum world.


In this section, we shall describe the (in)famous measurement problem of
quantum mechanics that we have already referred to in several places in the
text. The choice of the term "measurement problem" has purely historical
reasons: Certain foundational issues associated with the measurement problem were first illustrated in the context of a quantum-mechanical description of
a measuring apparatus interacting with a system.

However, one may regard the term "measurement problem" as implying
too narrow a scope, chiefly for the following two reasons. First, as we shall see
below, the measurement problem is composed of three distinct issues, so it
would make sense to rather speak of measurement problems. Second, quantum
measurement and the arising foundational problems are but a special case
of the more general problem of the quantum-to-classical transition, i.e., the
question of how effectively classical systems and properties around us emerge
from the underlying quantum domain.


On the one hand, then, the problem of the quantum-to-classical transition
has a much broader scope than the issue of quantum measurement in the
literal sense. On the other hand, however, many interactions between physical
systems can be viewed as measurement-like interactions. For example, light
scattering off an object carries away information about the position of the
object, and it is in this sense that we thus may view these incident photons as
a "measuring device." Such ubiquitous measurement-like interactions lie at
the heart of the explanation of the quantum-to-classical transition by means
of decoherence. Measurement, in the more general sense, thus retains its
paramount importance also in the broader context of the quantum-to-classical
transition, which in turn motivates us not to abandon the term "measurement
problem" altogether in favor of the more general "problem of the quantum-to-classical
transition."


As indicated above, the measurement problem (and the problem of the quantum-to-classical transition) is composed of three parts, all of which we
shall describe in more detail in the following:


1. 
The problem of the preferred basis (Sect. 2.5.2). What singles out the
preferred physical quantities in nature—e.g., why are physical systems
usually observed to be in definite positions rather than in superpositions
of positions?

2. 
The problem of the nonobservability of interference (Sect. 2.5.3). Why
is it so difficult to observe quantum interference effects, especially on
macroscopic scales?


3.
The problem of outcomes (Sect. 2.5.4). Why do measurements have outcomes
at all, and what selects a particular outcome among the different
possibilities described by the quantum probability distribution? [The answer (since Einstein, 1916) is chance.]



Familiarity with these problems will turn out to be important for a proper
understanding of the scope, achievements, and implications of decoherence.
To anticipate, it is fair to conclude that decoherence has essentially resolved
the first two problems. Since these problems and their resolution can be
formulated in purely operational terms within the standard formalism of
quantum mechanics, the role played by decoherence in addressing these two
issues is rather undisputed.

By contrast, the success of decoherence in tackling the third issue — the
problem of outcomes — remains a matter of debate, in particular, because this
issue is almost inextricably linked to the choice of a specific interpretation of
quantum mechanics (which mostly boils down to a matter of personal preference).
In fact, most of the overly optimistic or pessimistic statements about
the ability of decoherence to solve "the" measurement problem can be traced
back to a misunderstanding of the scope that a standard quantum effect
such as decoherence may have in resolving the more interpretive problem of
outcomes.



The main concern of the decoherence theorists then is to recover a deterministic picture of quantum mechanics that would allow them to predict the outcome of a particular experiment. They have what William James called an "antipathy to chance."


Max Tegmark and John Wheeler made this clear in a 2001 article in Scientific American:



The discovery of decoherence, combined
with the ever more elaborate experimental
demonstrations of quantum
weirdness, has caused a noticeable shift
in the views of physicists. The main
motivation for introducing the notion
of wave-function collapse had been to
explain why experiments produced specific
outcomes and not strange superpositions
of outcomes. Now much of that
motivation is gone. Moreover, it is embarrassing
that nobody has provided a
testable deterministic equation specifying
precisely when the mysterious collapse
is supposed to occur.

H. Dieter Zeh, the founder of the "decoherence program," defines the measurement problem as a macroscopic entangled superposition of all possible measurement outcomes:


Because of the dynamical superposition principle, an initial superposition
Σ cn | n > does not lead to definite pointer positions (with their empirically
observed frequencies). If decoherence is neglected, one obtains their
entangled superposition Σ cn | n > | Ψ n >, that is, a state that is different from
all potential measurement outcomes | n > | Ψ n >. This dilemma represents the
"quantum measurement problem" to be discussed in Sect. 2.3. Von Neumann's
interaction is nonetheless regarded as the first step of a measurement
(a "pre-measurement"). Yet, a collapse seems still to be required - now in the
measurement device rather than in the microscopic system. Because of the
entanglement between system and apparatus, it would then affect the total
system.



Zeh continues:


2.3 The Measurement Problem


The superposition of different measurement outcomes, resulting according
to a Schrodinger equation when applied to the total system (as discussed
above), demonstrates that a "naive ensemble interpretation" of quantum mechanics
in terms of incomplete knowledge is ruled out.



It's not clear why the standard ensemble interpretation is "ruled out," but Zeh offers a solution, which is to deny the projection postulate of standard quantum mechanics and use an unconventional interpretation that makes wave-function collapses only "apparent":


A way out of this dilemma within quantum mechanical concepts requires
one of two possibilities: a modification of the Schrodinger equation that
explicitly describes a collapse (also called "spontaneous localization" - see
Chap. 8), or an Everett type interpretation, in which all measurement outcomes
are assumed to exist in one formal superposition, but to be perceived
separately as a consequence of their dynamical autonomy resulting from decoherence.


While this latter suggestion has been called "extravagant" (as it
requires myriads of co-existing quasi-classical "worlds"), it is similar in principle
to the conventional (though nontrivial) assumption, made tacitly in all
classical descriptions of observation, that consciousness is localized in certain
semi-stable and sufficiently complex subsystems (such as human brains or
parts thereof) of a much larger external world. 

Everett rejected the intuitively simple collapse of multiple possibilities to one actual situation. Instead he proposed the instantaneous creation of multiple universes, each with all the matter and energy of the observable universe. Surely his Many Worlds was the most absurd anti-Occam proposal ever made! 



Occam's razor, often applied
to the "other worlds", is a dangerous instrument: philosophers of the past
used it to deny the existence of the interior of stars or of the back side of the
moon, for example. So it appears worth mentioning at this point that environmental
decoherence, derived by tracing out unobserved variables from a
universal wave function, readily describes precisely the apparently observed
"quantum jumps" or "collapse events" (as will be discussed in great detail in
various parts of this book).



It was John Bell who called Everett's Many-Worlds Interpretation "extravagant."

Jeffrey Bub worked with David Bohm to develop Bohm's theory of "hidden variables." They hoped their theory might provide a deterministic basis for quantum theory and support Albert Einstein's view of a physical world independent of observations of the world. The standard theory of quantum mechanics is irreducibly statistical and indeterministic, a consequence of the collapse of the wave function when many possibilities for physical outcomes of an experiment reduce to a single actual outcome. 


This is a book about the interpretation of quantum mechanics, and about the
measurement problem. The conceptual entanglements of the measurement problem
have their source in the orthodox interpretation of 'entangled' states that arise in
quantum mechanical measurement processes...

All standard treatments of quantum mechanics take
an observable as having a determinate value if the quantum state is an eigenstate of that
observable. If the state is not an eigenstate of the observable, no determinate value is
attributed to the observable. This principle - sometimes called the 'eigenvalue-eigenstate
link' - is explicitly endorsed by Dirac (1958, pp. 46-7) and von Neumann
(1955, p. 253), and clearly identified as the 'usual' view by Einstein, Podolsky, and
Rosen (1935) in their classic argument for the incompleteness of quantum mechanics
(see chapter 2). Since the dynamics of quantum mechanics described by Schrödinger's
time-dependent equation of motion is linear, it follows immediately from this orthodox
interpretation principle that, after an interaction between two quantum mechanical
systems that can be interpreted as a measurement by one system on the other, the state
of the composite system is not an eigenstate of the observable measured in the
interaction, and not an eigenstate of the indicator observable functioning as a 'pointer.'
So, on the orthodox interpretation, neither the measured observable nor the pointer
reading have determinate values, after a suitable interaction that correlates pointer
readings with values of the measured observable. This is the measurement problem of
quantum mechanics.


References

     Bacciagaluppi, Guido, The Role of Decoherence in Quantum Mechanics, first published Mon Nov 3, 2003; substantive revision Mon Apr 16, 2012


Jeffrey Bub, Interpreting the Quantum World. Cambridge University, 1997, p.2.


     Adriana Daneri, A. Loinger, and G. M. Prosperi, Nuclear Physics, 33 (1962) pp.297-319. (W&Z, p.657)


Erich Joos, H. Dieter Zeh, et al., Decoherence and the Appearance of a Classical World in Quantum Theory. Springer, 2010,  


Gunter Ludwig, Zeitschrift für Physik, 135 (1953) p.483 


Maximilian Schlosshauer, Decoherence and the Quantum-to-Classical Transition. Springer, 2007, pp.49-50



  Leo Szilard, Behavioral Science, 9 (1964) pp.301-10. (W&Z, p.539)

 
  Max Tegmark and John Wheeler, Scientific American, February (2001) pp.68-75. 

 
     John von Neumann, The Mathematical Foundations of Quantum Mechanics, (Princeton, NJ, Princeton U. Press, 1955), pp.347-445. (W&Z, p.549)


John Wheeler and Wojciech Zurek, Quantum Theory and Measurement (Princeton, NJ, Princeton U. Press, 1983) (= W&Z) 


     Eugene Wigner, "The Problem of Measurement," Symmetries and Reflections (Bloomington, IN, Indiana U. Press, 1967) pp.153-70. (W&Z, p.324)
   




Source: https://www.informationphilosopher.com/problems/measurement/





  
  Quantum, Thermo, Info
  

  


  
  Home › Quantum Physics › Thermodynamics and Information
Quantum, Thermo, Info


The core creative process in the universe involves quantum mechanics and thermodynamics. 

To understand information creation, information physics provides new insights into the puzzling "problem of measurement" and the mysterious "collapse of the wave function" in quantum mechanics. 


Information physics also probes deeply into the second law of thermodynamics to establish the irreversible increase of entropy on a quantum mechanical basis.


"Information physics" is not a new "interpretation" of quantum mechanics. It is not an attempt to alter the standard quantum mechanics, extending it to theories such as "hidden variables," for example. Information physics simply follows the quantum mechanical and thermodynamic implications of cosmic information structures, especially those that were created before the existence of human observers. 


Information physics explains the origin of information structures in the universe.
 



       Quantum Mechanics 
    

In classical mechanics, the material universe is thought to be made up of tiny particles whose motions are completely determined by forces that act between the particles, forces such as gravitation, electrical attractions and repulsions, etc.

The equations that describe those motions, Newton's laws of motion, were for many centuries thought to be perfect and sufficient to predict the future of any mechanical system. They provided support for many philosophical ideas about determinism.


In classical electrodynamics, electromagnetic radiation (light, radio) was known to have wave properties such as interference. When the crest of one wave meets the trough of another, the two waves cancel one another.  


In quantum mechanics, radiation is found to have some particle-like behavior. Energy comes in discrete physically localized packages. Max Planck in 1900 made the famous assumption that the energy was proportional to the frequency of radiation ν.


  E
  =
  h
  ν



For Planck, this assumption was just a heuristic mathematical device that allowed him to apply Ludwig Boltzmann's work on the statistical mechanics and kinetic theory of gases. Boltzmann had shown in the 1870's that the increase in entropy (the second law) could be explained if gases were made up of enormous numbers of particles. Where Boltzmann's statistics assumed that the gas particles are distinguishable from one another, Planck's counting did not. 

 
Planck applied his modified form of Boltzmann's statistics of many particles to radiation and derived the distribution of radiation at different frequencies (or wavelengths) just as James Clerk Maxwell and Boltzmann had derived the distribution of velocities (or energies) of the gas particles. But Planck did not think he was describing light particles. It was Einstein who first realized this is what his mathematics was doing.


Note the mathematical similarity of Planck's radiation distribution law (light particles) and the Maxwell-Boltzmann velocity distribution (material particles). Both curves have a power law increase on one side to a maximum and an exponential decrease on the other side of the maximum. When energy is added to matter, it speeds up all the gas particles, but preserves their number. The molecular velocity curves for different temperatures cross one another because the total number of molecules is the same. With increasing temperature T, however, the number of photons increases at all wavelengths. 


	[image: image-placeholder]	[image: image-placeholder]


Planck did not actually believe that radiation came in discrete particles, at least until a dozen years later, and even then he had his doubts. In the meantime, Albert Einstein's 1905 paper on the photoelectric effect showed that light came in discrete particles, subsequently called "photons," analogous to electrons.  


Planck was not happy about the idea of light particles, because his use of Boltmann's statistics implied that chance was real. Boltzmann himself had qualms about the reality of chance. Although Einstein also did not like the idea of chancy statistics, he did believe that energy came in packages of discrete "quanta." It was Einstein, not Planck, who quantized mechanics and electrodynamics. Nevertheless, it was for the introduction of the quantum of action h that Planck was awarded the Nobel prize in 1918.

Louis de Broglie argued that if photons, with their known wavelike properties, could be described as particles, electrons as particles might show wavelike properties with a wavelength λ inversely proportional to their momentum p = mev. 
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Experiments confirmed de Broglie's assumption and led Erwin Schrödinger to derive a "wave equation" to describe the motion of de Broglie's waves. Schrödinger's equation replaces the classical Newton equations of motion. 


Note that Schrödinger's equation describes the motion of only the wave aspect, not the particle aspect, and as such it implies interference. Note also that it is as fully deterministic an equation of motion as Newton's equations.


Schrödinger attempted to interpret his "wave function" for the electron as a probability density for electrical charge, but charge density would be positive everywhere and unable to interfere with itself. 

Max Born shocked the world of physics by suggesting that the absolute values of the wave function ψ squared (|ψ|2) could be interpreted as the probability of finding the electron in various position and momentum states - if a measurement is made. This allows the probability amplitude ψ to interfere with itself, producing highly non-intuitive phenomena such as the two-slit experiment.


Despite the probability amplitude going through two slits and interfering with itself, experimenters never find parts of electrons. They always are found whole. 


In 1932 John von Neumann explained that two fundamentally different processes are going on in quantum mechanics.

	 A non-causal process, in which the measured electron winds up randomly in one of the possible physical states (eigenstates) of the measuring apparatus plus electron. 

The probability for each eigenstate is given by the square of the coefficients cn of the expansion of the original system state (wave function ψ) in an infinite set of wave functions φ that represent the eigenfunctions of the measuring apparatus plus electron.
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This is as close as we get to a description of the motion of the particle aspect of a quantum system. According to von Neumann, the particle simply shows up somewhere as a result of a measurement. Information physics says it shows up whenever a new stable information structure is created.


	 

A causal process, in which the electron wave function ψ evolves deterministically according to Schrödinger's equation of motion for the wavelike aspect. This evolution describes the motion of the probability amplitude wave ψ between measurements.
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Von Neumann claimed there is another major difference between these two processes. Process 1 is thermodynamically irreversible. Process 2 is reversible. This confirms the fundamental connection between quantum mechanics and thermodynamics that is explainable by information physics. 

Information physics establishes that process 1 may create information. Process 2 is information preserving.




       Collapse of the Wave Function
    

Physicists calculate the deterministic evolution of the Schrödinger wave function in time as systems interact or collide. At some point, they make the ad hoc assumption that the wave function "collapses." This produces a set of probabilities of finding the resulting combined system in its various eigenstates. 




Although the collapse appears to be a random and ad hoc addition to the deterministic formalism of the Schrödinger equation, It is very important to note that the experimental accuracy of quantum mechanical predictions is unparalleled in physics, providing the ultimate justification for this theoretical kluge.

Moreover, without wave functions collapsing, no new information can come into the universe. Nothing unpredicatable would ever emerge. Determinism is "information-preserving." All the information we have today would have to have already existed in the original fireball.



       The "Problem" of Measurement
    

Quantum measurement (the irreducibly random process of wave function collapse) is not a part of the mathematical formalism (a perfectly deterministic process) of wave function time evolution. It is an ad hoc heuristic description and method of calculation that predicts the probabilities of what will happen when an observer makes a measurement.

In many standard discussions of quantum mechanics, and most every popular treatment, it is said that we need the consciousness of a physicist to collapse the wave function. Eugene Wigner and John Wheeler sometimes describe the observer as making up the "mind of the universe."    

Von Neumann contributed a lot to this confusion by his location of the cut (Schnitt) between the microscopic system and macroscopic measurement being anywhere including inside an observer's brain. 


Measurement requires the interaction of something macroscopic, assumed to be large and adequately determined. In physics experiments, this is the observing apparatus. But in general, measurement does not require a conscious observer. It does require information creation or there will be nothing to observe.


In our discussion of Schrödinger's Cat, the cat can be its own observer. 




       Thermodynamics
    

    The second law of thermodynamics says that the entropy (or disorder) of a closed physical system increases until it reaches a maximum, the state of thermodynamic equilibrium. It requires that the entropy of the universe is now and has always been increasing. (The first law is that energy is conserved.)
    

    This established fact of increasing entropy has led many scientists and philosophers to assume that the universe we have is running down. They think that means the universe began in a very high state of information, since the second law requires that any organization or order is susceptible to decay. The information that remains today, in their view, has always been here. This fits nicely with the idea of a deterministic universe. There is nothing new under the sun. Physical determinism is "information-preserving." 
    

    But the universe is not a closed system. It is in a dynamic state of expansion that is moving away from thermodynamic equilibrium faster than entropic processes can keep up. The maximum possible entropy is increasing much faster than the actual increase in entropy. The difference between the maximum possible entropy and the actual entropy is potential information. 
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    Creation of information structures means that in parts of the universe the local entropy is actually going down. Reduction of entropy locally is always accompanied by radiation of entropy away from the local structures to distant parts of the universe, into the night sky for example. Since the total entropy in the universe always increases, the amount of entropy radiated away always exceeds (often by many times) the local reduction in entropy, which mathematically equals the increase in information. 



       "Ergodic" Processes
    

We will describe processes that create information structures, reducing the entropy locally, as "ergodic." 


This is a new use for a term from statistical mechanics that describes a hypothetical property of classical mechanical gases. See the Ergodic Hypothesis.


Ergodic processes (in our new sense of the word) are those that appear to resist the second law of thermodynamics because of a local increase in information or "negative entropy" (Erwin Schrödinger's term). But any local decrease in entropy is more than compensated for by increases elsewhere, satisfying the second law. Normal entropy-increasing processes we will call "entropic".


Encoding new information requires the equivalent of a quantum measurement - each new bit of information produces a local decrease in entropy but requires that at least one bit (generally much much more) of entropy be radiated or conducted away. 


Without violating the inviolable second law of thermodynamics overall, ergodic processes reduce the entropy locally, producing those pockets of cosmos and negative entropy (order and information-rich structures) that are the principal objects in the universe and in life on earth. 



       Entropy and Classical Mechanics
    
Ludwig Boltzmann attempted in the 1870's to prove Rudolf Clausius' second law of thermodynamics, namely that the entropy of a closed system always increases to a maximum and then remains in thermal equilibrium. Clausius predicted that the universe would end with a "heat death" because of the second law.

Boltzmann formulated a mathematical quantity H for a system of n ideal gas particles, showing that it had the property δΗ/δτ ≤ 0, that H always decreased with time. He identified his H as the opposite of Rudolf Clausius' entropy S.


In 1850 Clausius had formulated the second law of thermodynamics. In 1857 he showed that for a typical gas like air at standard temperatures and pressures, the gas particles spend most of their time traveling in straight lines between collisions with the wall of a containing vessel or with other gas particles. He defined the "mean free path" of a particle between collisions. Clausius and essentially all physicists since have assumed that gas particles can be treated as structureless "billiard balls" undergoing "elastic" collisions. Elastic means no motion energy is lost to internal friction. 


Shortly after Clausius first defined the entropy mathematically and named it in 1865, James Clerk Maxwell determined the distribution of velocities of gas particles (Clausius for simplicity had assumed that all particles moved at the average speed 1/2mv2 = 3/2kT).


Maxwell's derivation was very simple. He assumed the velocities in the x, y, and z directions were independent. [more...]


  Boltzmann improved on Maxwell's statistical derivation by equating the number of particles entering a given range of velocities and positions to the number leaving the same volume in 6n-dimensional phase space. This is a necessary state for the gas to be in equilibrium. Boltzmann then used Newtonian physics to get the same result as Maxwell, which is thus called the Maxwell-Boltzmann distribution.


Reversibility objection

Boltzmann's first derivation of his H-theorem (1872) was based on the same classical mechanical analysis he had used to derive Maxwell's distribution function. It was an analytical mathematical consequence of Newton's laws of motion applied to the particles of a gas. But it ran into immediate objections. The objection is the hypothetical and counterfactual idea of time reversibility. If time were reversed, the entropy would simply decrease. Since the fundamental Newtonian equations of motion are time reversible, this appears to be a paradox. How could the irreversibile increase of the macroscopic entropy result from microscopic physical laws that are time reversible?

Lord Kelvin (William Thomson) was the first to point out the time asymmetry in macroscopic processes, but the criticism of Boltzmann's H-theorem is associated with his lifelong friend Joseph Loschmidt. Boltzmann immediately agreed with Loschmidt that the possibility of decreasing entropy could not be ruled out if the classical motion paths were reversed. 


Boltzmann then reformulated his H-theorem (1877). He analyzed a gas into "microstates" of the individual gas particle positions and velocities. For any "macrostate" consistent with certain macroscopic variables like volume, pressure, and temperature, there could be many microstates corresponding to different locations and speeds for the individual particles. 


Any individual microstate of the system was intrinsically as probable as any other specific microstate, he said. But the number of microstates consistent with the disorderly or uniform distribution in the equilibrium case of maximum entropy simply overwhelms the number of microstates consistent with an orderly initial distribution. 


Recurrence objection

About twenty years later, Boltzmann's revised argument that entropy statistically increased ran into another criticism, this time not so counterfactual.  This is the recurrence objection. Given enough time, any system could return to its starting state, which implies that the entropy must at some point decrease.  These reversibility and recurrence objections are still prominent in the physics literature.

The recurrence idea has a long intellectual history. Ancient Babylonian astronomers thought the known planets would, given enough time, return to any given position and thus begin again what they called a "great cycle," estimated by some at 36,000 years. Their belief in an astrological determinism suggested that all events in the world would also recur. Friedrich Nietzsche made this idea famous in the nineteenth century, at the same time as Boltzmann's hypothesis was being debated, as the "eternal return" in his Also Sprach Zarathustra.


The recurrence objection was first noted in the early 1890's by French mathematician and physicist Henri Poincaré. He had found an analytic solution to the three-body problem and noted that the configuration of three bodies returns arbitrarily close to the initial conditions after calculable times. Even for a handful of planets, the recurrence time is longer than the age of the universe, if the positions are specified precisely enough. Poincaré then proposed that the presumed "heat death" of the universe predicted by the second law of thermodynamics could be avoided by "a little patience." Another mathematician, Ernst Zermelo, a young colleague of Max Planck in Berlin, is more famous for this recurrence paradox. 


Boltzmann accepted the recurrence criticism. He calculated the extremely small probability that entropy would decrease noticeably, even for gas with a very small number of particles (1000). He showed the time associated with such an event was 101010 years. But the objections in principle to his work continued, especially from those who thought the atomic hypothesis was wrong.


It is very important to understand that both Maxwell's original derivation of the velocities distribution and Boltzmann's H-theorem showing an entropy increase are only statistical or probabilistic arguments. Boltzmann's work was done twenty years before atoms were established as real and fifty years before the theory of quantum mechanics established that at the microscopic level all interactions of matter and energy are fundamentally and irreducibly statistical and probabilistic.   



       Entropy and Quantum Mechanics
    

A quantum mechanical analysis of the microscopic collisions of gas particles (these are usually molecules - or atoms in a noble gas) can provide revised analyses for the two problems of reversibility and recurrence. Note this requires more than quantum statistical mechanics. It needs the quantum kinetic theory of collisions in gases.

There are great differences between Ideal, Classical, and Quantum Gases.


Boltzmann assumed that collisions would result in random distributions of velocities and positions so that all the possible configurations would be realized in proportion to their number. He called this "molecular chaos." But if the path of a system of n particles in 6n-dimensional phase space should be closed and repeat itself after a short and finite time during which the system occupies only a small fraction of the possible states, Boltzmann's assumptions would be wrong.


What is needed is for collisions to completely randomize the directions of particles after collisions, and this is just what the quantum theory of collisions can provide. Randomization of directions is the norm in some quantum phenomena, for example the absorption and re-emission of photons by atoms as well as Raman scattering of photons.    

   
In the deterministic evolution of the Schrödinger equation, just as in the classical path evolution of the Hamiltonian equations of motion, the time can be reversed and all the coherent information in the wave function will describe a particle that goes back exactly the way it came before the collision.


But if when two particles collide the internal structure of one or both of the particles is changed, and particularly if the two particles form a temporary larger molecule (even a quasi-molecule in an unbound state), then the separating atoms or molecules lose the coherent wave functions that would be needed to allow time reversal back along the original path.


During the collision, one particle can transfer energy from one of its internal quantum states to the other particle. At room temperature, this will typically be a transition between rotational states that are populated. Another possibility is an exchange of energy with the background thermal radiation, which at room temperatures peaks at the frequencies of molecular rotational energy level differences.


Such a quantum event can be analyzed by assuming a short-lived quasi-molecule is formed (the energy levels for such an unbound system are a continuum of, so that almost any photon can cause a change of rotational state of the quasi-molecule.


A short time later, the quasi-molecule dissociates into the two original particles but in different energy states. We can describe the overall process as a quasi-measurement, because there is temporary information present about the new structure. This information is lost as the particles separate in random directions (consistent with conservation of energy, momentum, and angular momentum).


The decoherence associated with this quasi-measurement means that if the post-collision wave functions were to be time reversed, the reverse collision would be very unlikely to send the particles back along their incoming trajectories.


Boltzmann's assumption of random occupancy of possible configurations is no longer necessary. Randomness in the form of "molecular chaos" is assured by quantum mechanics. 


The result is a statistical picture that shows that entropy would normally increase even if time could be reversed.


This does not rule out the kind of departures from equilibrium that occur in small groups of particles as in Brownian motion, which Boltzmann anticipated long before Brown's experiments and Einstein's explanation. These fluctuations can be described as forming short-lived information structures, brief and localized regions of negative entropy, that get destroyed in subsequent interactions.  


Nor does it change the remote possibility of a recurrence of any particular initial microstate of the system. But it does prove that Poincaré was wrong about such a recurrence being periodic. Periodicity depends on the dynamical paths of particles being classical, deterministic, and thus time reversible. Since quantum mechanical paths are fundamentally indeterministic, recurrences are simply statistically improbable departures from equilibrium, like the fluctuations that cause Brownian motion.

    

       Entropy is Lost Information
    


Entropy increase can be easily understood as the loss of information as a system moves from an initially ordered state to a final disordered state. Although the physical dimensions of thermodynamic entropy (joules/ºK) are not the same as (dimensionless) mathematical information, apart from units they share the same famous formula.
S = ∑ pi ln pi

To see this very simply, let's consider the well-known example of a bottle of perfume in the corner of a room. We can represent the room as a grid of 64 squares. Suppose the air is filled with molecules moving randomly at room temperature (blue circles). In the lower left corner the perfume molecules will be released when we open the bottle (when we start the demonstration). 
[image: image-placeholder]

What is the quantity of information we have about the perfume molecules? We know their location in the lower left square, a bit less than 1/64th of the container. The quantity of information is determined by the minimum number of yes/no questions it takes to locate them. The best questions are those that split the locations evenly (a binary tree).


For example:

	Are they in the upper half of the container? No.
	Are they in the left half of the container? Yes.
	Are they in the upper half of the lower left quadrant? No.
	Are they in the left half of the lower left quadrant? Yes.
	Are they in the upper half of the lower left octant? No.
	Are they in the left half of the lower left octant? Yes.


Answers to these six optimized questions give us six bits of information for each molecule, locating it to 1/64th of the container. This is the amount of information that will be lost for each molecule if it is allowed to escape and diffuse fully into the room. The thermodynamic entropy increase is Boltzmann's constant k multiplied by the number of bits.

If the room had no air, the perfume would rapidly reach an equilibrium state, since the molecular velocity at room temperature is about 400 meters/second. Collisions with air molecules prevent the perfume from dissipating quickly. This lets us see the approach to equilibrium. When the perfume has diffused to one-sixteenth of the room, the entropy will have risen 2 bits for each molecule, to one-quarter of the room, four bits, etc. 


Let's look at a computer visualization of the equilibration process in a new window.

    

For Scholars



Source: https://www.informationphilosopher.com/quantum/physics/
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Quantum to Classical


Information physics claims there is only one world, the quantum world, and that the appearance of a "quantum to classical transition" occurs for any large macroscopic object that contains a large number of atoms. For large enough systems, independent quantum events are "averaged over." The uncertainty in position and momentum of the object (Δv Δx > h / m) becomes less than observational accuracy as m gets large and  h / m goes to zero. 

Note that macroscopic objects are quantum objects. But the uncertainty in their position and momentum is not detectable by our measuring instruments. The classical laws of motion appear to apply perfectly to macroscopic objects, because quantum effects can be neglected.



Bohr called the discontinuous (and indeterministic) "quantum jumps" in his model for the atom the "quantum postulate." 

Niels Bohr correctly insisted that classical physics plays an essential role in quantum mechanics. His Correspondence Principle allowed him to recover some important physical constants by assuming that the discontinuous quantum jumps for low quantum numbers (low "orbits" in his old quantum theory model) converged in the limit of large quantum numbers to the continuous radiation emission and absorption of classical electromagnetic theory.

We know that in macroscopic bodies with enormous numbers of quantum particles, quantum effects are averaged over. So that although the uncertainty in position and momentum of a large body still obeys Heisenberg's indeterminacy principle, the uncertainty is for all practical purposes unmeasurable and the body can be treated classically. We can say that the quantum description of matter also converges to a classical description in the limit of large numbers of quantum particles. We call this "adequate" or statistical determinism. It is the apparent determinism we find behind Newton's laws of motion for objects as large as planets. The statistics of averaging over many independent quantum events then produces the "quantum to classical transition" for the same reason as the "law of large numbers" results in the "central limit theorem" in probability theory.


Both Bohr and Heisenberg suggested that just as relativistic effects can be ignored when the velocity is small compared to the velocity of light (v / c → 0), so quantum effects might be ignorable when Planck's quantum of action h → 0. But this is quite wrong, because h is a constant that never goes to zero. In the information interpretation, the world is always a quantum world. The correct conditions needed for ignoring quantum indeterminacy are when the mass of the macroscopic "classical" object is large. 


Noting that the momentum p is the product of mass and velocity mv, Heisenberg's indeterminacy principle, Δp Δx > h, can be rewritten as Δv Δx > h / m. It is thus not when h is small, but when h / m is small enough, that errors in the position and momentum of macroscopic objects become smaller that can be measured. The quantum to classical transition occurs then when  h / m becomes small.


A similar limit can be seen by analogy with optics. When the wavelength of light is large compared to the dimensions of the system, wave optics must be used and diffraction effects become important. On the other hand, when the wavelength of light is small compared to the apertures in the optical system, geometrical optics is applicable (ray tracing). Similarly, classical mechanics is applicable when the de Broglie wavelength λ = h / p  is small compared to the dimensions of the experimental measurement apparatus. Once again, the quantum to classical transition is when h / p = h / mv becomes small.




Note that the macromolecules of biology are large enough to stabilize their information structures.  DNA has been replicating its essential information for billions of years, resisting equilibrium and keeping its entropy very low despite the second law of thermodynamics and occasional radiation damage


The creation of irreversible new information also marks the transition between the quantum world and the "adequately deterministic" classical world, because the information structure itself must be large enough (and stable enough) to be seen. The typical measurement apparatus is macroscopic, so the quantum of action h becomes small compared to the mass m and h / m approaches zero.


Decoherence Theory and the Quantum to Classical Transition


Decoherence theorists say that the quantum-to-classical transition occurs because of interactions with the environment, for example ever-present thermal photons. The cosmic microwave background is a constant source of low-energy photons. Without specifying the mechanics of the interaction between the photons and the quantum system being described, the decoherence theorists say that the photons cause the "selection" of preferred pointer positions, for example, the eigenvalues of the combined target quantum system and the measurement apparatus.  They call this "einselection," a word coined from "environmentally induced superselection."

Decoherence theorists say einselection explains the appearance of wave function collapse (they deny actual collapses) and the emergence of classical descriptions of reality from quantum descriptions. Information physics agrees that classicality is an emergent property, but it is not induced in open quantum systems by their environments. Macroscopic quantum objects, with h / m so small that the uncertainty Δp Δx > h is undetectable, appear classical in both open and closed environments.


Unlike information physics, which identifies exactly how radiation interactions with matter (the emission, absorption, and scattering of photons) erase path information about correlations between the molecules of a gas, thus proving Boltzmann's H-Theorem and his assumption of "molecular chaos," decoherence arguments about environmental photons are merely "hand waving."


Decoherence theorists also say that our failure to see quantum superpositions in the macroscopic world is the measurement problem.

  

The information interpretation of quantum mechanics explains clearly why quantum superpositions like Schrödinger's Cat are not seen in the macroscopic world. Stable new information structures in the dying cat reduce the quantum possibilities (and their potential interference effects) to a classical actuality. Just before opening the box, quantum mechanics provides the two possibilities of "live" and "dead" cat, with calculable probabilities. Upon opening the box and finding a dead cat, an autopsy will reveal that the time of death was recorded and in some sense "observed." A human experimenter is not needed to collapse the wave function. The macroscopic cat is its own measuring apparatus and observer. 


Not only do objects appear to be "classical" when they are large enough, the classical laws of motion, with their implicit determinism and strict causality,  emerge when microscopic events can be ignored, but this determinism is fundamentally statistical.  


Information philosophy interprets the wave function ψ as a "possibilities" function. With this simple change in terminology, the mysterious process of a wave function "collapsing" becomes a much more intuitive discussion of ψ exploring possibilities (with mathematically calculable probabilities), followed by a single actuality, at which time alternative probabilities go to zero ("collapse") instantaneously.



Information physics is standard quantum physics. It accepts the Schrödinger equation of motion, the principle of superposition, the axiom of measurement (now including the actual information "bits" measured), and - most important - the projection postulate of standard quantum mechanics (the "collapse" that so many interpretations deny). 


But the conscious observer of the Copenhagen Interpretation is not required for a projection, for the wave-function to "collapse", for one of the possibilities to become an actuality. What it does require is an interaction between systems that creates irreversible and observable, but not necessarily observed, information.  


Among the founders of quantum mechanics, almost everyone agreed that irreversibility was a key requirement for a measurement. Irreversibility introduces thermodynamics into a proper formulation of quantum mechanics, and this is what the information interpretation does. 



 Information is not a conserved quantity like energy and mass, despite the view of many mathematical physicists, who generally accept determinism. The universe began in a state of equilibrium with minimal information, and information is being created every day, despite the second law of thermodynamics


Classical interactions between large macroscopic bodies do not generate new information. Newton's laws of motion imply that the information in any configuration of bodies, motions, and force is enough to know all past and future configurations. Classical mechanics conserves information. 

In the absence of interactions, an isolated quantum system evolves according to the unitary Schrödingerequation of motion. Just like classical systems, the deterministic Schrödinger equation conserves information. 


Unlike classical systems however, when there is an interaction between quantum systems, the two systems become entangled and there may be a change of state in either or both systems. This change of state may create new information.


If that information is instantly destroyed, as in most interactions, it may never be observed macroscopically. If, on the other hand, the information is stabilized for some length of time, it may be seen by an observer and considered to be a "measurement." But it need not be seen by anyone to become new information in the universe. The universe is its own observer!

Compare Schrödinger's Cat as its own observer.


For the information (negative entropy) to be stabilized, the second law of thermodynamics requires that an amount of positive entropy greater than the negative entropy must be transferred away from the new information structure. 


Note that despite the Heisenberg principle, quantum mechanical measurements are not always uncertain. When a system is measured (prepared) in an eigenstate, a subsequent measurement (Pauli's measurement of the first kind) will find it in the same state with perfect certainty. 



What then are the possibilities for new quantum states? The transformation theory of Dirac and Jordan lets us represent ψ in a set of basis functions for which the combination of quantum systems (one may be a measurement apparatus) has eigenvalues (the axiom of measurement). We represent ψ as in a linear combination (the principle of superposition) of those "possible" eigenfunctions. Quantum mechanics lets us calculate the probabilities of each of those "possibilities." 

Interaction with the measurement apparatus (or indeed interaction with any other system) may select out (the projection postulate) one of those possibilities as an actuality. But for this event to be an "observable" (a John Bell "beable"), information must be created and positive entropy must be transferred away from the new information structure, in accordance with our two-stage information creation process.    



All interpretations of quantum mechanics predict the same experimental results. 
Information physics is no exception, because the experimental data from quantum experiments is the most accurate in the history of science.


Where interpretations differ is in the picture (the visualization) they provide of what is "really" going on in the microscopic world - the so-called "quantum reality." The "orthodox" Copenhagen interpretation of Neils Bohr and Werner Heisenberg discourages such attempts to understand the nature of the "quantum world," because they say that all our experience is derived from the "classical world" and should be described in ordinary language. This is why Bohr and Heisenberg insisted on the path and the "cut" between the quantum event and the mind of an observer. 


The information interpretation encourages visualization. Schrödinger called it Anschaulichkeit. He and Einstein were right that we should be able to picture quantum reality. But that demands that we accept the reality of quantum possibilities and discontinuous random  "quantum jumps," something many modern interpretations do not do. (See our visualization of the two-slit experiment, our EPR experiment visualizations, and Dirac's three polarizers to visualize the superposition of states and the projection or "collapse" of a wave function.)

Related to the Heisenberg Cut, but really quite different. 



Three Examples of a "Classical" Apparatus - the Photographic Plate, a CCD, the cloud chamber.


A macroscopic object with a vast number of quantum-scale systems prepared in "metastable" states. 


The Decoherence Explanation


Schlosshauer agrees there is only one world - the quantum world. But there is no universal wave function, which is a construction to prevent any new information being created and establish determinism. 



There is only one world. 
It is a quantum world. 
Ontologically it is indeterministic, but epistemically, our common sense and experience with large objects inclines us to see the world as deterministic

Source: https://www.informationphilosopher.com/introduction/physics/quantum_to_classical.html
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Recurrence

The idea that the macroscopic conditions in the world will repeat after some interval of time is an ancient idea, but it plays a vital role in modern physics as well.

Ancient middle eastern civilizations called it the Great Year. They calculated it as the time after which the planets would realign themselves in identical positions in the sky.



The Great Year should not be confused with the time that the precession of the equinoxes takes to return the equinoxes to the same position along the Zodiac - although this time (about 26,000 years) is of the same order of magnitude as one famous number given by Babylonian astronomers for the Great Year (36,000 years).

Many societies have the concept of the Great Year, but none did calculations as carefully as the Babylonians. But since the planets orbital periods are not really commensurate, they kept increasing the time for the Great Year in the search for a better recurrence time.


The Greek and Roman Stoics thought the Great Year was a sign of the rule of law in nature and the God of reason that lay behind nature.


Nietsche's Eternal Return


In modern philosophy, Friedrich Nietzsche described an eternal return in his Also Sprach Zarathustra. 

Zermelo's Paradox 


Zermelo's paradox was a criticism of Ludwig Boltzmann's H-Theorem, his failed attempt to derive the increasing entropy required by the second law of thermodynamics from basic classical dynamics. 

It was the second "paradox" attack on Boltzmann. The first was  Josef Loschmidt's claim that entropy would be reduced if time were reversed. This is the problem of microscopic reversibility.


The two problems of reversibility (Loschmidt's paradox or Umwiederkehreinwand) and recurrence (Zermelo's Paradox or Wiederkehreinwand) were both raised by 19th-century critics against Boltzmann's failed H-theorem attempt to explain the increase of thermodynamic entropy.

Ernst Zermelo was an extraordinary mathematician. He was (in 1908) the founder of axiomatic set theory, which with the addition of the axiom of choice (also by Zermelo, in 1904) is the most common foundation of mathematics. The axiom of choice says that given any collection of sets, one can find a way to unambiguously select one object from each set, even if the number of sets is infinite.


Before this amazing work, Zermelo was a young associate of Max Planck in Berlin, one of many German physicists who opposed the work of Boltzmann to establish the existence of atoms. 


Zermelo's criticism was based on the work of Henri Poincaré, an expert in the three-body problem, which, unlike the problem of two particles, has no exact analytic solution. Where two-bodies can move in paths that may repeat exactly after a certain time, three bodies may only come arbitrarily close to an initial configuration, given enough time.


Poincaré had been able to establish limits or bounds on the possible configurations of the three bodies from conservation laws. Planck and Zermelo applied some of Poincaré's thinking to the n particles in a gas. They argued that given a long enough time, the particles would return to a distribution in "phase space" (a 6n dimensional space of possible velocities and positions) that would be indistinguishable from the original distribution. This is called the Poincaré "recurrence time."


Thus, they argued, Boltzmann's formula for the entropy would at some future time go back down, vitiating Boltzmann's claim that his measure of entropy always increases - as the second law of thermodynamics requires. Poincaré' described his view in 1890.




A theorem, easy to prove, tells us that a bounded world, governed only by the laws of mechanics, will always pass through a state very close to its initial state. On the other hand, according to accepted experimental laws (if one attributes absolute validity to them, and if one is willing to press their consequences to the extreme), the universe tends toward a certain final state, from which it will never depart. In this final state, which will be a kind of death, all bodies will be at rest at the same temperature.

I do not know if it has been remarked that the English kinetic theories can extricate themselves from this contradiction. The world, according to them, tends at first toward a state where it remains for a long time without apparent change; and this is consistent with experience; but it does not remain that way forever, if the theorem cited above is not violated; it merely stays there for an enormously long time, a time which is longer the more numerous are the molecules. This state will not be the final death of the universe, but a sort of slumber, from which it will awake after millions of millions of centuries.



According to this theory, to see heat pass from a cold body to a warm one, it will not be necessary to have the acute vision, the intelligence, and the dexterity of Maxwell's demon; it will suffice to have a little patience.

One would like to be able to stop at this point and hope that some day the telescope will show us a world in the process of waking up, where the laws of thermodynamics are reversed.





Poincaré's "little patience" would be severely tried by Boltzmann's calculation that even a small number of particles would not recur in his "millions and millions of centuries"

Boltzmann replied that his argument was statistical. He only claimed that entropy increase was overwhelmingly more probable than Zermelo's predicted decrease. Boltzmann calculated the probability of a decrease of a very small gas of only a few hundred particles and found the time needed to realize such a decrease was many orders of magnitude larger than the presumed age of the universe.


The idea that a macroscopic system can return to exactly the same physical conditions is closely related to the idea that an agent may face "exactly the same circumstances" in making a decision. Determinists maintain that given the "fixed past" and the "laws of nature" that the agent would have to make exactly the same decision again.



The Extreme Improbability of Perfect Recurrence


In a classical deterministic universe, such as that of Laplace, where information is constant, Zermelo's recurrence is mathematically possible. Given enough time, the universe can return to the exact circumstance of any earlier instant of time, because it contains the same amount of matter, energy, and information.
[image: image-placeholder]

But, in the real universe, David Layzer has argued that information (and the material content of the universe) expands from a minimum at the origin, to ever larger amounts of information. Consequently, it is statistically and realistically improbable (if not impossible) for the universe as a whole to return to exactly the same circumstance of any earlier time. 

[image: image-placeholder]

Arthur Stanley Eddington was probably the first to see that the expanding universe provides a resolution to Zermelo's objection to Boltzmann.


By accepting the theory of the expanding universe we are relieved of one conclusion which we had felt to be intrinsically absurd. It was argued that every possible configuration of atoms must repeat itself at some distant date. But that was on the assumption that the atoms will have only the same choice of configurations in the future that they have now. In an expanding space any particular congruence becomes more and more improbable. The expansion of the universe creates new possibilities of distribution faster than the atoms can work through them, and there is no longer any likelihood of a particular distribution being repeated. If we continue shuffling a pack of cards we are bound sometime to bring them into their standard order — but not if the conditions are that every morning one more card is added to the pack.


H. Dieter Zeh also sees that the age of the universe being much less than the Poincaré recurrence time may invalidate the recurrence objection.


Another argument against the statistical interpretation of irreversibility, the recurrence objection (or Wiederkehreinwand), was raised much later by Ernst Friedrich Zermelo, a collaborator of Max Planck at a time when the latter still opposed atomism, and instead supported the 'energeticists', who attempted to understand energy and entropy as fundamental 'substances'. This argument is based on a mathematical theorem due to Henri Poincaré, which states that every bounded mechanical system will return as close as one wishes to its initial state within a sufficiently large time. The entropy of a closed system would therefore have to return to its former value, provided only the function F(z) is continuous. This is a special case of the quasiergodic theorem which asserts that every system will corne arbitrarily close to any point on the hypersurface of fixed energy (and possibly with other fixed analytical constants of the motion) within finite time.

While all these theorems are mathematically correct, the recurrence objection fails to apply to reality for quantitative reasons. The age of our Universe is much smaller than the Poincaré recurrence times even for a gas consisting of no more than a few tens of particles. Their recurrence to the vicinity of their initial states (or their coming close to any other similarly specific state) can therefore be excluded in practice. Nonetheless, some 'foundations' of irreversible thermodynamics in the literature rely on formal idealizations that would lead to strictly infinite Poincaré recurrence times (for example the 'thermodynamical limit' of infinite particle number). Such assumptions are not required in our Universe of finite age, and they would not invalidate the reversibility objection (or the equilibrium expectation, mentioned above). However, all foundations of irreversible behavior have to presume some very improbable initial conditions...


In order to reverse the thermodynamical arrow of time in a bounded system, it would not therefore suffice to "go ahead and reverse all momenta" in the system itself, as ironically suggested by Boltzmann as an answer to Loschmidt. In an interacting Laplacean universe, the Poincaré cycles of its subsystems could in general only be those of the whole Universe, since their exact Hamiltonians must always depend on their time-dependent environment.







Source: https://www.informationphilosopher.com/problems/recurrence/
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Schrödinger's Cat
Erwin Schrödinger's intention for his infamous cat-killing box was to discredit certain non-intuitive implications of quantum mechanics, of which his wave mechanics was the second formulation. Schrödinger's wave mechanics is more continuous mathematically, and apparently more deterministic, than Werner Heisenberg's matrix mechanics. 

Schrödinger did not like Niels Bohr's idea of "quantum jumps" between Bohr's "stationary states" - the different "energy levels" in an atom. Bohr's "quantum postulate" said that the jumps between discrete states emitted (or absorbed) energy in the amount 
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Bohr did not accept Albert Einstein's 1905 hypothesis that the radiation was a spatially localized quantum of energy hν. Until well into the 1920's, Bohr (and Max Planck, the inventor of the quantum hypothesis himself) believed radiation was a continuous wave. This was the question of wave-particle duality, which Einstein saw as early as 1909.


It was Einstein who originated the suggestion that the superposition of Schrödinger's wave functions implied that two different physical states could exist at the same time. This was a serious interpretational error that plagues the foundation of quantum physics to this day. 


This error is found frequently in discussions of so-called "entangled" states (see the Einstein-Podolsky-Rosen experiment).


Entanglement occurs only for atomic level phenomena and over limited distances that preserve the coherence of two-particle wave functions by isolating the systems (and their eigenfunctions) from interactions with the environment. 


We never actually "see" or measure any system (whether a microscopic electron or a macroscopic cat) in two distinct states. Quantum mechanics simply predicts a significant probability of the system being found in these different states. And these probability predictions are borne out by the statistics of large numbers of identical experiments.



The Pauli Exclusion Principle says (correctly) that two identical indistinguishable (fermion) particles cannot be in the same place at the same time. Entanglement is often interpreted (incorrectly) as saying that a single particle can be in two places at the same time. Dirac's Principle of Superposition does not say that a particle is in two states at the same time, only that there is a non-zero probability of finding it in either state should it be measured.

Max Born described the somewhat paradoxical result:


The motion of the particle follows the laws of probability, but the probability itself propagates in accord with causal laws.


Einstein wrote to Schrödinger with the idea that the decay of a radioactive nucleus could be arranged to set off a large explosion. Since the moment of decay is unknown, Einstein argued that the superposition of decayed and undecayed nuclear states implies the superposition of an explosion and no explosion. It does not. In both the microscopic and macroscopic cases, quantum mechanics simply estimates the probability amplitudes for the two cases. 


Many years later, Richard Feynman made Einstein's suggestion into a nuclear explosion! (What is it about some scientists?)


Einstein and Schrödinger did not like the fundamental randomness implied by quantum mechanics. They wanted to restore determinism to physics. Indeed Schrödinger's wave equation predicts a perfectly deterministic time evolution of the wave function. But what is evolving deterministically is only abstract probabilities. And these probabilities are confirmed only in the statistics of large numbers of identically prepared experiments. Randomness enters only when a measurement is made and the wave function "collapses" into one of the possible states of the system.



Schrödinger devised a variation in which the random radioactive decay would kill a cat. Observers could not know what happened until the box is opened.

The details of the tasteless experiment include:

	 a Geiger counter which produces an avalanche of electrons when an alpha particle passes through it
	 a bit of radioactive material with a decay half-life likely to emit an alpha particle in the direction of the Geiger counter during a time T
	 an electrical circuit energized by the electrons which drops a hammer
	 a flask of a deadly hydrocyanic acid gas, smashed open by the hammer. 


The gas will kill the cat, but the exact time of death is unpredictable and random because of the irreducible quantum indeterminacy in the time of decay (and the direction of the decay particle, which might miss the Geiger counter!).


This thought experiment is widely misunderstood. It was meant (by both Einstein and Schrödinger) to suggest that quantum mechanics describes the simultaneous (and obviously contradictory) existence of a live and dead cat. Here is the famous diagram with a cat both dead and alive.

[image: image-placeholder]
What's wrong with this picture?

Quantum mechanics claims only that the time evolution of the Schrödinger wave functions for the probability amplitudes of nuclear decay accurately predict the proportion of nuclear decays that will occur in a given time interval. 


More specifically, quantum mechanics provides us with the accurate prediction that if this experiment is repeated many times (the SPCA would disapprove), half of the experiments will result in dead cats. 

Note that this is a problem in epistemology. What knowledge is it that quantum physics provides? 


If we open the box at the time T when there is a 50% probability of an alpha particle emission, the most a physicist can know is that there is a 50% chance that the radioactive decay will have occurred and the cat will be observed as dead or dying.


If the box were opened earlier, say at T/2, there is only a 25% chance that the cat has died. Schrödinger's superposition of live and dead cats would look like this. 

[image: image-placeholder]

If the box were opened later, say at 2T, there is only a 25% chance that the cat is still alive. Quantum mechanics is giving us only statistical information - knowledge about probabilities.  

[image: image-placeholder]

Schrödinger is simply wrong that the mixture of nuclear wave functions that accurately describes decay can be magnified to the macroscopic world to describe a similar mixture of live cat and dead cat wave functions and the simultaneous existence of live and dead cats.


The kind of coherent superposition of states needed to describe an atomic system as in a linear combination of states (see Paul Dirac's explanation of superposition using three polarizers) does not describe macroscopic systems.


Instead of a linear combination of pure quantum states, with quantum interference between the states, i.e., 
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quantum mechanics tells us only that there is 50% chance of finding the cat in either the live or dead state, i.e.,
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Just as in the quantum case, this probability prediction is confirmed by the statistics of repeated identical experiments, but no interference between these states is seen.


What do exist simultaneously in the macroscopic world are genuine alternative possibilities for future events. There is the real possibility of a live or dead cat in any particular experiment. Which one is found is irreducibly random, unpredictable, and a matter of pure chance.


Genuine alternative possibilities is what bothered physicists like Einstein, Schrödinger, and Max Planck who wanted a return to deterministic physics. It also bothers determinist and  compatibilist philosophers who have what William James calls an "antipathy to chance." Ironically, it was Einstein himself, in 1916, who discovered the existence of irreducible chance, in the elementary interactions of matter and radiation.


Until the information comes into existence, the future is indeterministic. Once information is macroscopically encoded, the past is determined.


How does information physics resolve the paradox?


As soon as the alpha particle sets off the avalanche of electrons in the Geiger counter (an irreversible event with a significant entropy increase), new information is created in the world. 

For example, a simple pen-chart recorder attached to the Geiger counter could record the time of decay, which a human observer could read at any later time. Notice that, as usual in information creation, the energy expended by a recorder increases the entropy more than the increased information decreases it, thus satisfying the second law of thermodynamics.

[image: image-placeholder]

Even without a mechanical recorder, the cat's death sets in motion biological processes that constitute an equivalent, if gruesome, recording. When a dead cat is the result, a sophisticated autopsy can provide an approximate time of death, because the cat's body is acting as an event recorder. There never is a superposition (in the sense of the simultaneous existence) of live and dead cats.


The paradox points clearly to the Information Philosophy solution to the problem of measurement. Human observers are not required to make measurements. In this case, the cat is the observer.


In most physics measurements, the new information is captured by apparatus well before any physicist has a chance to read any dials or pointers that indicate what happened. Indeed, in today's high-energy particle interaction experiments, the data may be captured but not fully analyzed until many days or even months of computer processing establishes what was observed. In this case, the experimental apparatus is the observer.


And, in general, the universe is its own observer, able to record (and sometimes preserve) the information created.




The basic assumption made in Schrödinger's cat thought experiments is that the deterministic Schrödinger equation describing a microscopic superposition of decayed and non-decayed radioactive nuclei evolves deterministically into a macroscopic superposition of live and dead cats.


But since the essence of a "measurement" is an interaction with another system (quantum or classical) that creates information to be seen (later) by an observer, the interaction between the nucleus and the cat is more than enough to collapse the wave function. Calculating the probabilities for that collapse allows us to estimate the probabilities of live and dead cats. These are probabilities, not probability amplitudes. They do not interfere with one another. 


After the interaction, they are not in a superposition of states. We always have either a live cat or a dead cat, just as we always observe a complete photon after a polarization measurement and not a superposition of photon states, as P.A.M.Dirac explains so simply and clearly.



According to quantum mechanics the result of this experiment will be that sometimes one will find a whole photon, of energy equal to the energy of the incident photon, on the back side and other times one will find nothing. When one finds a whole photon, it will be polarized perpendicular to the optic axis. One will never find only a part of a photon on the back side. If one repeats the experiment a large number of times, one will find the photon on the back side in a fraction sin2α of the total number of times. 

Quantum mechanics similarly gives us only the probability of finding live cats (or dead cats) in a large number of identically prepared experiments (pace the SPCA)


Thus we may say that the photon has a probability sin2α of passing through the tourmaline and appearing on the back side polarized perpendicular to the axis and a probability cos2α of being absorbed. These values for the probabilities lead to the correct classical results for an incident beam containing a large number of photons. 

In this way we preserve the individuality of the photon in all cases. We are able to do this, however, only because we abandon the determinacy of the classical theory. The result of an experiment is not determined, as it would be according to classical ideas, by the conditions under the control of the experimenter. The most that can be predicted is a set of possible results, with a probability of occurrence for each...


When we make the photon meet a tourmaline crystal, we are subjecting it to an observation. We are observing whether it is polarized parallel or perpendicular to the optic axis. The effect of making this observation is to force the photon entirely into the state of parallel or entirely into the state of perpendicular polarization. It has to make a sudden jump from being partly in each of these two states to being entirely in one or other of them. Which of the two states it will jump into cannot be predicted, but is governed only by probability laws. If it jumps into the parallel state it gets absorbed and if it jumps into the perpendicular state it passes through the crystal and appears on the other side preserving this state of polarization.


Superposition and Indeterminacy 


The non-classical nature of the superposition process is brought out clearly if we consider the superposition of two states, A and B, such that there exists an observation which, when made on the system in state A, is certain to lead to one particular result, a say, and when made on the system in state B is certain to lead to some different result, b say. What will be the result of the observation when made on the system in the superposed state? The answer is that the result will be sometimes a and sometimes b, according to a probability law depending on the relative weights of A and B in the superposition process. It will never be different from both a and b. 

There is no justification for assuming an intermediate (and absurd) condition of simultaneous live and dead cats. The thing that is "intermediate" is the probability, not the outcome.

The intermediate character of the state formed by superposition thus expresses itself through the probability of a particular result for an observation being intermediate between the corresponding probabilities for the original states,† not through the result itself being intermediate between the corresponding results for the original states.

In this way we see that such a drastic departure from ordinary ideas as the assumption of superposition relationships between the states is possible only on account of the recognition of the importance of the disturbance accompanying an observation and of the consequent indeterminacy in the result of the observation. When an observation is made on any atomic system that is in a given state, in general the result will not be determinate, i.e., if the experiment is repeated several times under identical conditions several different results may be obtained. It is a law of nature, though, that if the experiment is repeated a large number of times, each particular result will be obtained in a definite fraction of the total number of times, so that there is a definite probability of its being obtained. This probability is what the theory sets out to calculate.



Decoherence and the Lack of Macroscopic Superpositions

 
Despite the claims of decoherence theorists, microscopic superpositions of quantum states do not allow us to "see" a system in two different states. Quantum mechanics simply predicts a significant probability of the system being found in these different states. Thus it is no surprise that we do not see macroscopic "superpositions of live and dead cats" at the same time. What does exist at any given time is the probabilities of the two states (in the macroscopic world) and the probability amplitude of the two states (which can coherently interfere with one another) in the microscopic world.

Decoherence theorists claim that they explain the "mysterious" non-appearance of macroscopic superpositions of states. But quantum mechanics does not predict such states, despite the popular idea of macroscopic superposition of live and dead cats.



An Historical Note



This was not Schrödinger's original idea. It was a version of an idea of Einstein's about gunpowder that could be in two quantum states. He sent this to Schrödinger in 1935...

The system is a substance in chemically unstable equilibrium, perhaps a charge of gunpowder that, by means of intrinsic forces, can spontaneously combust, and where the average life span of the whole setup is a year. In principle this can quite easily be represented quantum-mechanically. In the beginning the psi-function characterizes a reasonably well-defined macroscopic state. But, according to your equation [i.e., the Schrödinger equation], after the course of a year this is no longer the case. Rather, the psi-function then describes a sort of blend of not-yet and already-exploded systems. Through no art of interpretation can this psi-function be turned into an adequate description of a real state of affairs; in reality there is no intermediary between exploded and not-exploded. 


Schrödinger turned the gunpowder into his Cat.




(Classical) probabilities (no interference between terms) simply predict the number of live and dead cats that will be observed in a large number of identical experiments.


Quantum "probability amplitudes" do allow interference between the possible states of a quantum object, but not between macroscopic objects like live and dead cats



Source: https://www.informationphilosopher.com/solutions/experiments/schrodingerscat/
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Schrödinger Equation


1. The Schrōdinger Equation. 


The
fundamental equation of motion in quantum
mechanics is Erwin Schrōdinger's famous
wave equation that describes the
evolution in time of his wave function ψ.
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Max Born interpreted the square of
the absolute value of Schrōdinger's wave
function |ψn2  
(or < ψn | ψn > 
in Dirac notation) as providing the probability of
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SpaceTime

Space and Time are what Albert Einstein called "free inventions of the human mind."

They are not as physically "real" as the particles of matter and energy that they contain. Space and Time are mathematical constructs we use to quantify the relations between events, especially the distance between events and the elapsed time between them.


Matter and energy are known as "substances, from the most ancient times in physics, such as Aristotle's.


Aristotle defines substance (Greek: οὐσία ousia) as ultimate reality, in that substance does not belong to any other category of being, and in that substance is the category of being on which every other category of being is based. Aristotle also describes substance as an underlying reality, or as the substratum of all existing things.  




Source: https://www.informationphilosopher.com/quantum/spacetime/
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Statistical Interpretation

It is often said that Max Born gave us the “statistical
interpretation” of quantum mechanics that lies at the heart of Niels
Bohr’s and Werner Heisenberg’s principle of complementarity
and so was included in their “Copenhagen Interpretation” of quantum mechanics.


But Born himself said many times he had only applied an idea of
Albert Einstein that had circulated privately for many years. To
be sure, Born and Einstein quarreled for years over determinism
and causality, but as we have seen, it was Einstein who in 1916
discovered “chance” in the statistical or "chance" interaction of matter and radiation,
even if he considered chance a “weakness in the theory.”


Probability and statistics
were very important in the two centuries before Born’s work, but
most physicists and philosophers saw the implied randomness
to be “epistemic,” the consequence of human ignorance.
Random distributions of all kinds were thought to be completely
deterministic at the particle level, with collisions between atoms
following Newton’s time-reversible dynamical laws. Ludwig Boltzmann’s
transport equation and H-Theorem showed that the increase of
entropy is statistically irreversible at the macroscopic level, even if
the motions of individual particles were time reversible.


Boltzmann did speculate that there might be some kind of
molecular “chaos” or “disorder” that could cause particles traveling
between collisions to lose the “correlations” or information about
their past paths that would be needed for the paths to be time
reversible and deterministic, but nothing came of this idea.


In his early career, Erwin Schrödinger was a great exponent
of fundamental chance in the universe. He followed his mentor
Franz S. Exner, who as a colleague of Boltzmann at the University
of Vienna was a great promoter of statistical thinking.


In his inaugural lecture at Zurich in 1922, Schrödinger argued
that available evidence can not justify our assumptions that
physical laws are deterministic and strictly causal. His inaugural
lecture was modeled on that of Exner in 1908. 


Exner’s assertion amounts to this: It is quite possible that
Nature’s laws are of thoroughly statistical character. The
demand for an absolute law in the background of the statistical
law — a demand which at the present day almost everybody
considers imperative — goes beyond the reach of experience.

Such a dual foundation for the orderly course of events in
Nature is in itself improbable. The burden of proof falls on
those who champion absolute causality, and not on those who
question it. For a doubtful attitude in this respect is to-day by
far the more natural.



Exner and Boltzmann both said that determinism goes beyond experience


Several years later, Schrödinger presented a paper on
“Indeterminism in Physics” to the June, 1931 Congress of A Society
for Philosophical Instruction in Berlin. He supported the idea of
Boltzmann that “an actual continuum must consist of an infinite
number of parts; but an infinite number is undefinable..”


If nature is more complicated than a game of chess, a belief to
which one tends to incline, then a physical system cannot be
determined by a finite number of observations. But in practice
a finite number of observations is all that we can make.
All that is left to determinism is to believe that an infinite
accumulation of observations would in principle enable it
completely to determine the system. Such was the standpoint
and view of classical physics, which latter certainly had a right
to see what it could make of it. But the opposite standpoint
has an equal justification: we are not compelled to assume that
an infinite number of observations, which cannot in any case
be carried out in practice, would suffice to give us a complete
determination.



In the history of science it is hard to find ears more likely to
be sympathetic to a new idea than Schrödinger should have been
to Max Born’s suggestion that the absolute modulus of the amplitude of
Schrödinger’s wave function |ψ|2
should be interpreted statistically
as the likelihood of finding a particle. And Schrödinger should
have known Einstein thought quantum mechanics is statistical.
Yet Schrödinger objected strenuously, not so much to the
probability and statistics as to the conviction of Born and his
brilliant student Heisenberg that quantum phenomena, like 
quantum jumps between atomic energy levels, were only predictable
statistically, and that there is a fundamental indeterminacy in the
classical idea that particles have simultaneously knowable exact
positions and velocities (momenta). Born, Heisenberg, and Bohr
had declared classical determinism and causality untrue of the
physical world.

It is likely that Schrödinger was ecstatic that his wave equation
implied a deterministic physical theory. His wave function ψ
evolves in time to give exact values for itself for all times and
places. Perhaps Schrödinger thought that the waves themselves
could provide a field theory of physics, much as fields in Newton's
gravitational theory and in Maxwell's electromagnetic theory
provide complete descriptions of nature. Schrödinger began to wonder
whether nature might be only waves, no particles.


In July of 1926, Born used Louis de Broglie’s matter waves
for electrons, as described by Schrödinger’s wave equation, but he
interpreted the wave as the probability of finding an electron going
off in a specific collision direction, proportional to the square of
the wave function ψ, with ψnow seen as a "probability amplitude."


Born's interpretation of the quantum mechanical wave function
of a material particle as the probability (amplitude) of finding the
material particle was a direct extension of Einstein's interpretation
of light waves giving probability of finding photons.


To be sure, Einstein's interpretation may be considered only
qualitative, where Born's was quantitative, since the new quantum
mechanics now allowed exact calculations and measurements to test its predictions.


Born initially gave Einstein full credit for the statistical
interpretation as Einstein had described his "ghost field" idea. Although
the original idea is pure Einstein, it is widely referred to today
as “Born’s statistical interpretation” or "Born's Rule," another example of others
getting credit for a concept first seen by Einstein.


Born described his insights in 1926,



Collision processes not only yield the most convincing
experimental proof of the basic assumptions of quantum
theory, but also seem suitable for explaining the physical
meaning of the formal laws of the so-called “quantum 
mechanics.”... The matrix form of quantum mechanics that was
founded by Heisenberg and developed by him and the author of
this article starts from the thought that an exact representation
of processes in space and time is quite impossible and that
one must then content oneself with presenting the relations
between the observed quantities, which can only be interpreted
as properties of the motions in the limiting classical cases. On
the other hand, Schrödinger (3) seems to have ascribed a reality
of the same kind that light waves possessed to the waves that
he regards as the carriers of atomic processes by using the de
Broglie procedure; he attempts “to construct wave packets that
have relatively small dimensions in all directions,” and which can
obviously represent the moving corpuscle directly.
Neither of these viewpoints seems satisfactory to me. Here, I
would like to try to give a third interpretation and probe its
utility in collision processes. I shall recall a remark that Einstein
made about the behavior of the wave field and light quanta. He
said that perhaps the waves only have to be wherever one needs
to know the path of the corpuscular light quanta, and in that
sense, he spoke of a “ghost field.” It determines the probability
that a light quantum - viz., the carrier of energy and impulse
– follows a certain path; however, the field itself is ascribed no
energy and no impulse.

One would do better to postpone these thoughts, when coupled
directly to quantum mechanics, until the place of the electromagnetic field in the formalism has been established. However,
from the complete analogy between light quanta and electrons,
one might consider formulating the laws of electron motion
in a similar manner. This is closely related to regarding the
de Broglie-Schrödinger waves as “ghost fields,” or better yet,
“guiding fields.”


I would then like to pursue the following idea heuristically:
The guiding field, which is represented by a scalar function ψ
of the coordinates of all particles that are involved and time,
propagates according to Schrödinger’s differential equation.
However, impulse and energy will be carried along as when
corpuscles (i.e., electrons) are actually flying around. The paths
of these corpuscles are determined only to the extent that they
are constrained by the law of energy and impulse; moreover,
only a probability that a certain path will be followed will be 
determined by the function ψ. One can perhaps summarize this,
somewhat paradoxically, as: The motion of the particle follows
the laws of probability, but the probability itself propagates in
accord with causal laws. 



This last sentence is a remarkably concise description of the
dualism in quantum mechanics, a strange mixture of indeterminism
and determinism, of chance and necessity.



In his 1948 Waynflete lectures, Born elaborated on his
understanding of chance,



There is no doubt that the formalism of quantum mechanics
and its statistical interpretation are extremely successful in
ordering and predicting physical experiences. But can our desire
of understanding, our wish to explain things, be satisfied by a
theory which is frankly and shamelessly statistical and indeterministic? 
Can we be content with accepting chance, not cause, as
the supreme law of the physical world?

To this last question I answer that not causality, properly
understood, is eliminated, but only a traditional interpretation of
it, consisting in its identification with determinism. I have taken
pains to show that these two concepts are not identical. Causality
in my definition is the postulate that one physical situation
depends on the other, and causal research means the discovery
of such dependence. This is still true in quantum physics, though
the objects of observation for which a dependence is claimed
are different: they are the probabilities of elementary events, not
those single events themselves. 




Ever since 1930, when Born's young graduate student Heisenberg
had been selected for the Nobel Prize in physics although much of
the theory was his own work, Born felt he had been treated unfairly.
He finally received recognition, with the Nobel Prize for physics
in 1954, for his "statistical interpretation." But Born's voluminous
correspondence with Einstein reveals that he had perhaps come to
think that Einstein's supposed determinism meant Einstein did not
believe in the statistical nature of quantum physics, so this idea may
now rightfully belong to Born. He called it "his own" in the 1950's.




Source: https://www.informationphilosopher.com/quantum/statistical/
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The Schrōdinger equation is 

  H
  
    ψ
    
      n
    
  
  =
  
    E
    
      n
    
  
  
    ψ
    
      n
    
  
  ,
        (1)



where H is the Hamiltonian operator, ψn is the wave function for state n, and the 
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 are the energy eigenvalues for the states. 



The eigenfunctions 
ψn are orthogonal to each other
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Once they are normalized, the ψn form an orthonormal set of
functions (or vectors) which can serve as a basis for
the expansion of an arbitrary wave function φ

  
  The Only Mystery
  

  


  
  Home › Quantum › The Only Mystery
The Only Mystery


In section 37-1 of volume I and section 1-1 of volume III of his 1964 Lectures on Physics, Richard Feynman wrote the following on the mystery of quantum behavior.



We choose to examine a phenomenon which is impossible, absolutely impossible, to explain in any classical way, and which has in it the heart of quantum mechanics. In reality, it contains the only mystery. We cannot make the mystery go away by “explaining” how it works. We will just tell you how it works. In telling you how it works we will have told you about the basic peculiarities of all quantum mechanics.



In his 1967 Messenger Lectures at Cornell which were published as The Character of Physical Law), Feynman famously said that "nobody understands quantum mechanics" (p.129) and that the two-slit experiment contains "all of the mystery of quantum mechanics." 


I will take just this one experiment, which has been designed to contain all of the mystery of quantum mechanics, to put you up against the paradoxes and mysteries and peculiarities of nature one hundred per cent. Any other situation in quantum mechanics, it turns out, can always be explained by saying, 'You remember the case of the experiment with the two holes? It's the same thing'.  I am going to tell you about the experiment with the two holes. It does contain the general mystery; I am avoiding nothing; I am baring nature in her most elegant and difficult form.


What then is this "only mystery?" And why doesn't Feynman tell us more about it beyond simply describing the two-slit experiment? Information philosophy reframes the question and proposes a deeper question that is without an answer...



How Can Immaterial Waves of Information Influence the Behavior of Material Particles?



How can the pure mathematics of the Schrödinger equation (immaterial information) control the results of physical experiments? A great theoretical physicist like Feynman can appreciate this as "nature in her most elegant and difficult form." Feynman knows how electrons and photons behave, but he says that he (and we) cannot "understand it!"   

Now we know how the electrons and light behave. But what can I call it? If I say they behave like particles I give the wrong impression; also if I say they behave like waves. ...They behave in a way that is like nothing that you have ever seen before. 


Feynman says particles don't behave like oscillating weights on a spring, nor tiny planets going around in orbits (p.128). What he knows and might have said is that the waves (actually the wave functions 
  Ψ
 that are the solutions to Schrödinger's wave equation H
  Ψ
 = E
  Ψ
) are not forces like those moving weights or planets! They are just mathematical probabilities for different possible places where experimental measurements will find the particles.


As information philosophy sees it, the deepest mystery is how abstract mathematical predictions (information) about where particles will be found is "influencing" the particles to move to those predicted positions, without concrete forces to push or pull them!


Should Feynman have explained this mystery as something immaterial affecting something material? Do you see the resemblance to René Descartes' Mind-Body Problem?



Can a theory of mechanics survive with such a deep mystery?


A theory we can describe but not explain? A theory that predicts the positions where particles will be found but cannot explain what moves them to those positions. Does it even deserve the name "mechanics"?

Feynman explicitly says "The question now is, how does it really work? What machinery is actually producing this thing?  Nobody knows any machinery."(Character of Physical Law, p.144) 


We can compare John Bell's paper on the EPR Paradox, which also claimed there must be a mechanism...


In a theory in which parameters are added to quantum mechanics to determine the results of individual measurements, without changing the statistical predictions, there must be a mechanism whereby the setting of one measuring device can influence the reading of another instrument, however remote. Moreover, the signal involved must propagate instantaneously, so that such a theory could not be Lorentz invariant. 


Did Feynman think that entanglement is just another "situation in quantum mechanics [which] can...be explained by saying, 'You remember the case of the experiment with the two holes? It's the same thing'"? Not entirely. In his very brief comments on Bell's Theorem, Feynman said it was "no big deal," just another way of presenting what quantum mechanics already knows. See YouTube.com. But entanglement involves something more than the mysterious wave function. 


A scientific theory can only be judged by its agreement with experiments. Although the experimental results are only statistical, quantum theory predictions are more accurate by several orders of magnitude than classical physics! 


And entanglement is no exception. The two-particle wave function 
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 predicts the outcomes perfectly and completely. First, it predicts that the sequence of spins for each particle will be completely random! Secondly (and counterintuitively) it predicts that the total spin will be the same as it was at initial entanglement, conserving total spin angular momentum. 


Quantum mechanics predicts that although the first measurement is perfectly random, the second measurement, no matter how far away when measured, will be exactly what is needed to conserve total spin, leading so many thinkers for nearly a century to believe that the first measurement must have "influenced" the second, that the particles are "communicating" at faster than light speed! 


And thousands of Bell experiments have confirmed these theoretical predictions perfectly!


Is the "weirdness" of entanglement a part of the "only mystery" of quantum mechanics? It is, but not the only part, because quantum mechanics tells us precisely what causes the two particles to always appear perfectly correlated. The total spin of the particles is a constant of the motion that is conserved at all times, constraining the spins to always agree. We can view this constraint as a common cause in the past light cone of the two particles, coming from the apparatus that initially entangled them, located centrally between the two measurements. 


The great exaggeration of entanglement capabilities comes from thinking that Alice and Bob are communicating at faster than light speed with one another. They are not. Alice and Bob's measurements are creating bits of information when they collapse the two-particle wave function coming from the entanglement apparatus located centrally between them. Neither is any meaningful information being communicated from the causal center to Alice and Bob, since the bits are randomly generated. Nevertheless, these randomly generate bit strings have value as quantum keys for cryptography.
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Does "Quantum Reality" depend on Conscious Observers?


Starting most prominently with Einstein himself, critics of the Copenhagen Interpretation say that it denies a "reality" independent of (conscious) "observers." 
This is extreme and seriously flawed, especially the absurd claim that particles "do not exist" when they are not being observed. What does not exist is the particular value of properties which quantum mechanics says has different possible values when measured. 


The conservation of matter and energy means that a material particle cannot go in and out of "existence."


"Do you really believe the moon is not there when you are not looking at it?," Einstein famously asked his colleague and later biographer, Abraham Pais (Rev. Mod. Phys. 51, 863–914 (1979), p. 907).


What "doesn't exist" when no one is observing is up-to-date information (knowledge) about a particle's properties, where is it exactly, how is it moving, what is its internal state, etc. 


And when an observer does make a measurement, the so-called collapse of the wave function does not mean that anything physical is moving! It is just information changing!


The foolish idea that a particle goes out of existence and returns when observed contradicts a basic principle of physics, more fundamental then the mechanical laws of motion, namely the conservation of mass and energy, as well as conservation of properties like angular momentum and electron spin, which are critical to explaining entanglement.



Source: https://www.informationphilosopher.com/quantum/mystery/
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Two-Slit Experiment
Richard Feynman said that the two-slit experiment contains the "one mystery" of quantum mechanics. 

I will take just this one experiment, which has been designed to contain all of the mystery of quantum mechanics, to put you up against the paradoxes and mysteries and peculiarities of nature one hundred per cent. Any other situation in quantum mechanics, it turns out, can always be explained by saying, 'You remember the case of the experiment with the two holes? It's the same thing'. 


We will show that the (one) mystery of quantum mechanics is how mere "probabilities" can causally control (statistically) the positions of material particles - how immaterial information can affect the material world. This remains a deep metaphysical mystery.


The two-slit experiment was until recent years for the most part a thought experiment, since it is difficult to build an inexpensive demonstration, but its predictions have been verified in many ways since the 1960's, primarily with electrons. Recently, extremely sensitive CCDs used in photography have been used to collect single-photon events, establishing experimentally everything that Albert Einstein imagined, merely by thinking about it, as early as 1905.


The two-slit experiment demonstrates better than any other experiment that a quantum wave function ψ is a probability amplitude that can interfere with itself, producing places where the probability |ψ|2 (the square of the absolute value of the complex probability amplitude) of finding a quantum particle is actually zero.


Perhaps the most non-intuitive aspect of the two-slit experiment is when we first note the pattern of light on the screen with just one slit open, then open the second slit -
 admitting more light into the experiment, and observe that some places on the screen where there was visible light through on slit, have now gone dark! And this happens even when we are admitting only one particle of light at a time. How Feynman asked, can that single particle know that two slits are open?


Light waves are often compared to water waves, as are quantum probability waves, but this latter is a serious error. Water waves and light waves (as well as sound waves) contain something substantial like matter or energy. But quantum waves are just abstract information - mathematical possibilities. As Paul Dirac tells us, quantum wave functions are not substances.


[image: image-placeholder]Young's 1802 drawing of wave interference
Water waves in a pond
Dr. Quantum and the two-slit experiment


The cancellation of crests and troughs in the motion of water and other waves creates high and low points in water waves that have the same shape as bright and dark areas found in the "fringes" of light at the sharp edges of an object. These interference pattern were predicted to occur in double-slit experiments by Thomas Young in the early nineteenth century. 

The two-slit experiment is thought to demonstrate the famous "collapse" of the wave function or "reduction" of the wave packet, which show an inherent probabilistic element in quantum mechanics that is irreducibly ontological and nothing like the epistemological indeterminacy (human ignorance) in classical statistical physics. We shall see below that the idea of the light wave "collapsing" instantaneously to become a particle was first seen by Einstein in 1905. This is a mistake, one still widely taught. 

 
Note that the probability amplitude ψ is pure information. It is neither matter nor energy. When a wave function "collapses" or "goes through both slits" in this dazzling experiment, nothing material or energetic is traveling faster than the speed of light or going through both slits. 


We argue that the particle of matter or energy always goes through just one slit, although the popular Copenhagen interpretation of physics claims we cannot know the particle path, that a path does not even exist until we make a measurement, that the particle may be in more than one place at the same time, and other similar nonsense that deeply bothered Einstein as he hoped for an "objective reality" independent of human observers. (David Bohm's "pilot-wave theory" agrees that an objectively real particle travels through one slit, guided by its pilot wave, which travels through both.)


A large number of panpsychists, some philosophers, and some scientists, believe that the mind of a conscious observer is needed to cause the collapse of the wave function.


There is something similar going on in the Einstein-Podolsky-Rosen thought experiments, where measurement of a particular spin component of one particle means that the other particle now has the exact opposite value of its same spin component, to conserve total spin zero. Nothing physical (matter or energy) is transmitted to the other "entangled" particle. The idea that an immaterial bit of information is "teleported" to the other particle is also mistaken. The anti-parallel spins are created together simultaneously, in a special frame of reference. There is no violation of relativity.  We shall show that it is conservation of angular momentum or of spin that makes the state of the coherently entangled second particle determinate, however far away it might be after the measurement.


In the two-slit experiment, just as in the Dirac Three Polarizers experiment, the critical case to consider is just one photon or electron at a time in the experiment. 


With one particle at a time (whether photon or electron), the quantum object is mistakenly described as interfering with itself, when interference is never seen in a single event. Interference only shows up in the statistics of large numbers of experiments. 


Even in the one-slit case, interference fringes are visible when large numbers of particles are present, although this is rarely described in the context of the two-slit quantum mystery. 



It is the fundamental relation between a particle and the associated wave that controls a particle's probable location that raises the "local reality" question first seen in 1905 and described in 1909 by Albert Einstein. Thirty years later, the EPR paper and Erwin Schrödinger's insights into the wave function of two entangled particles, first convinced physicists that there was a deep problem . 


It was not for another thirty years that John Stewart Bell in 1964 imagined an experimental test that could confirm or deny quantum mechanics. Ironically, the goal of Bell's "theorem" was to invalidate the non-intuitive aspects of quantum mechanics and restore Einstein's hope for a more deterministic picture of an "objective reality" at, or perhaps even underlying below, the microscopic level of quantum physics.


At about the same time, in his famous Lectures on Physics at Cal Tech and the Messenger Lectures at Cornell, Richard Feynman described the two-slit experiment as demonstrating what he claimed is the "only mystery" of quantum mechanics. 


We can thus begin the discussion of the two-slit experiment with a section from Feynman's sixth Messenger lecture entitled "Probability and Uncertainty." We provide the complete video and text of the lecture on this page, and a version starting with Feynman's provocative statement that "no one understands quantum mechanics" below.


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=b0EChbwSuuQ
Open the text of the lecture in a new window so you can read along with the video.


How, Feynman asks, can a single particle go through both slits? Our answer (and David Bohm's) is that each particle goes though one sit, conserving matter and energy.  The particle always goes through a single slit. A particle cannot be divided and in two places at the same time. It is the wave function that interferes with itself. And the highly localized particle can not be identified with the wave widely distributed in space.  The wave function ψ is determined by solving the Schrödinger equation given the boundary conditions of the measuring apparatus (the container). We will see that the thing that goes through both slits is only immaterial information - the probability amplitude wave function ψ (t) if we solve the time-dependent Schrödinger equation. 


The immaterial wave function exerts a causal influence over the particles, one that we can justifiably call  "mysterious." It results in the statistics of many experiments agreeing with the quantum mechanical predictions. with increasing accuracy as we increase the number of identical experiments. 

It is this "influence," no ordinary "force," that is Feynman's "only mystery" in quantum mechanics.

Let's look first at the one-slit case. We prepare a slit that is about the same size as the wavelength of the light in order to see the Fraunhofer diffraction effects most clearly. Parallel waves from a distant source fall on the slit from below. The diagram shows that the wave from the left edge of the slit interferes with the one from the right edge. If the slit width is d and the photon wavelength is λ, at an angle 
  α
  ≈
  λ
  
    /
  
  2
  d
 there will be destructive interference. At an angle 
  α
  ≈
  λ
  
    /
  
  d
, there is constructive interference (which shows up as the fanning out of lightening patterns in the interfering waves in the illustration).  The light constructive interference leads toward the peaks in the interference pattern.  


[image: image-placeholder]


The height of the function or curve on the top of the diagram is proportional to the number of photons falling along the screen. At first they are individual pixels in a CCD or grains in a photographic plate, but over time and very large numbers of photons they appear as the continuous gradients of light in the band below (we represent this intensity as the height of the function). 


[image: image-placeholder]


Now what happens if we add a second slit? Perhaps we should start by showing what happens if we run the experiment with the first slit open for a time, and then with the second slit open for an equal time. In this case, the height of the intensity curve is the sum of the curves for the individual slits.


[image: image-placeholder]


But that is not the intensity curve we get when the two slits are open at the same time! Instead, we see many new interference fringes with much narrower width angles 
  α
  ≈
  λ
  
    /
  
  D
, where 
  
    D
  
 is now the distance between the two slits. Note that the overall envelope of the curve is similar to that of one big slit of width 
  
    D
  
. And also note many more lightening fan-outs of constructive interference in the overlapping waves.


[image: image-placeholder]



Remembering that the double-slit interference appears even if only one particle at a time is incident on the two slits, we see why many say that the particle interferes with itself. But it is the wave function alone that is interfering with itself. Whichever slit the particle goes through, it is the probability amplitude ψ, whose squared modulus |ψ|2 gives us  the probability of finding a particle somewhere, the interference pattern. It is what it is because the two slits are open.


[image: image-placeholder]


This is the deepest metaphysical mystery in quantum mechanics. How can an abstract probability wave influence the particle paths to show interference when large numbers of particles are collected?  


Why interference patterns show up when both slits are open, even when particles go through just one slit, though we cannot know which slit or we lose the interference

	[image: image-placeholder]	[image: image-placeholder]
	[image: image-placeholder]
	When there is only one slit open (here the left slit), the probabilities pattern has one large maximum (directly behind the slit) and small side fringes. If only the right slit were open, this pattern would move behind the right slit. 

If we add up the results of some experiments with the left slit open and others with the right open  we don't see the multiple fringes that appear with two slits open. 
[image: image-placeholder]
	When both slits are open, the maximum is now at the center between the two slits, there are more interference fringes, and these probabilities apply whichever slit the particle enters. The solution of the Schrödinger equation depends on the boundary conditions - different when two holes are open. The "one mystery" remains - how these "probabilities" can exercise causal control (statistically) over matter or energy particles.
Feynman's path integral formulation of quantum mechanics suggests the answer. His "virtual particles" explore all space (the "sum over paths") as they determine the variational minimum for least action, thus the resulting probability amplitude wave function can be said to "know" which holes are open.
 





[image: image-placeholder]

Light at the yellow dot slowly disappears as the second slit opens! 

Adding light causes some light to disappear!



Now let's slow down the opening and closing of the right-hand slit so we can see more closely what's happening. 


[image: image-placeholder]


The wave function depends on which slits are open, not on whether there is a particle in the experiment.

🎬Videohttps://api.codetabs.com/v1/proxy/?quest=http%3A%2F%2Finformationphilosopher.com%2Fsolutions%2Fexperiments%2Ftwo-slit_experiment%2FAnim-1-2.mp4


Collapse of the Wave Function


But how do we interpret the notion of the "collapse" of the wave function? At the moments just before a particle is detected at the CCD or photographic plate, there is a finite non-zero probability that the photon could be detected anywhere that the modulus (complex conjugate squared) of the probability amplitude wave function has a non-zero value. 


If our experiment were physically very large (and it is indeed large compared to the atomic scale), we can say that the finite probability of detecting (potentially measuring) the particle at position 
  
    x
    
      1
    
  
 on the screen "collapses" (goes to zero) and reappears as part of the unit probability (certainty) that the particle is at 
  
    x
    
      2
    
  
, where it is actually measured. 


Since the collapse to zero of the probability at  
  
    x
    
      1
    
  
 is instantaneous with the measurement at 
  
    x
    
      2
    
  
, critics of quantum theory like to say that something traveled faster than the speed of light. This is most clear in the nonlocality and entanglement aspects of the  Einstein-Podolsky-Rosen experiment. But the sum of all the probabilities of measuring anywhere on the screen is not a physical quantity, it is only immaterial information that "collapses" to a point. 



Here is what happens to the probability amplitude wave function (the blue waves) when the particle is detected at the screen (either a photographic plate or CCD) in the second interference fringe to the right (red spot). The probability simply disappears instantly.



Animation of a wave function collapsing - click to restart



Here is another version of this animation


[image: image-placeholder]



History


The first suggestion of two possible directions through a slit, one of which disappears ("collapses?") when the other is realized (implying a mysterious "nonlocal" correlation between the directions), was made by Albert Einstein at the 1927 Solvay conference on "Electrons and Photons." Niels Bohr remembered the occasion with a somewhat confusing description.
 
Here is his 1949 recollection:



At the general discussion in Como, we all missed the presence of Einstein,
but soon after, in October 1927, I had the opportunity to meet him in Brussels
at the Fifth Physical Conference of the Solvay Institute, which was devoted
to the theme "Electrons and Photons." 

At the Solvay meetings,
Einstein had from their beginning been a most prominent figure, and several
of us came to the conference with great anticipations to learn his reaction
to the latest stage of the development which, to our view, went far in
clarifying the problems which he had himself from the outset elicited so
ingeniously. During the discussions, where the whole subject was reviewed
by contributions from many sides and where also the arguments mentioned
in the preceding pages were again presented, Einstein expressed, however,
a deep concern over the extent to which a causal account in space and time
was abandoned in quantum mechanics. 
To illustrate his attitude, Einstein referred at one of the sessions
to the simple example, illustrated by Fig. 1, of a particle (electron or
photon) penetrating through a hole or a narrow slit in a diaphragm placed
at some distance before a photographic plate. 
[image: photon passes through a slit]

On account of the diffraction of the wave connected with the motion
of the particle and indicated in the figure by the thin lines, it is under
such conditions not possible to predict with certainty at what point the
electron will arrive at the photographic plate, but only to calculate the
probability that, in an experiment, the electron will be found within any
given region of the plate. 


The "nonlocal" effects at point B are just that the probability of an electron being found at point B goes to zero instantly (not an "action at a distance") when an electron is localized at point A


The apparent difficulty, in this description,
which Einstein felt so acutely, is the fact that, if in the experiment
the electron is recorded at one point A of the plate, then it is out of
the question of ever observing an effect of this electron at another point
(B), although the laws of ordinary wave propagation offer no room for a
correlation between two such events. 




Note that they wanted Einstein's reaction to their work, but actually took little interest in Einstein's concern about the nonlocal implications of quantum mechanics, nor did they look at his work on electrons and photons, the theme of the conference!. 


Although Bohr seems to have missed Einstein's point completely, Werner Heisenberg at least came to explain it well. In his 1930 lectures at the University of Chicago, Heisenberg presented a critique of both particle and wave pictures, including a new example of nonlocality that Einstein had apparently developed since 1927. It includes Einstein's concern about "action-at-a-distance" that might violate his principle of relativity, and anticipates the Einstein-Podolsky-Rosen paradox. Heisenberg  wrote:

   

In relation to these considerations, one other idealized experiment (due to Einstein) may be considered. We imagine a photon which is represented by a wave packet built up out of Maxwell waves. It will thus have a certain spatial extension and also a certain range of frequency. By reflection at a semi-transparent mirror, it is possible to decompose it into two parts, a reflected and a transmitted packet. There is then a definite probability for finding the photon either in one part or in the other part of the divided wave packet. After a sufficient time the two parts will be separated by any distance desired; now if an experiment yields the result that the photon is, say, in the reflected part of the packet, then the probability of finding the photon in the other part of the packet immediately becomes zero. The experiment at the position of the reflected packet thus exerts a kind of action (reduction of the wave packet) at the distant point occupied by the transmitted packet, and one sees that this action is propagated with a velocity greater than that of light. However, it is also obvious that this kind of action can never be utilized for the transmission of signals so that it is not in conflict with the postulates of the theory of relativity.

   

Clearly the "kind of action (reduction of the wave packet)" described by Heisenberg is the same "mysterious" influence that the wave function has over the places that the particle will be found statistically in a large number of experiments, including our canonical "mystery," the two-slit experiment.


Apart from the statistical information in the wave function, quantum mechanics gives us only vague and uncertain information about any individual particle. This is the true source of Heisenberg's uncertainty principle. It is the reason that Einstein correctly describes quantum mechanics as "incomplete."


Quantum mechanics does not prove that the particle actually has no position at each instant and a path that conserves its momentum, spin, and other conserved properties. 


In Einstein's view of "objective reality," the particle has those properties, even if quantum mechanics prevents us from knowing them - without a measurement that destroys their interference capabilities or "decoheres" them.



Some Other Animations of the Two-Slit Experiment 


None of these animations, viewed many millions of times, can explain why a particle entering one slit when both are open exhibits the properties of waves characteristic of two open slits. It remains Feynman's "one mystery"  of quantum mechanics.

PBS Digital Studios


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=p-MNSLsjjdo


Veritasium 


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=GzbKb59my3U


Veritasium 


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=Iuv6hY6zsd0


Wave-Particle Duality Animation


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=qCmtegdqOOA


One good thing in this animation is that it initially shows only particles firing at the slits. This is important historically because Isaac Newton thought that light was a stream of particles traveling along a light ray. He solved many problems in optics by tracing light rays through lenses. But without a clear verbal explanation it is hard to follow.


This researcher shows the interference pattern that appears when only one slit is open (as animated above). Many mistakenly say there is no interference when only one slit is open.


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=fbzHNBT0nl0



The Fresnel-Arago Version of the Two-slit Experiment


We look at the Hamamatsu Photonics version of the Fresnel-Arago two-slit experiment.


This experiment puts polarizers at +45 and -45 degrees over the left and right slits.


Let's see how the wave function explains the different results with a third polarizer (analyzer) intermediate between the slits and the screen in vertical or horizontal orientation.


As Paul Dirac explains, a 45 degree polarizer produces photons in a linear combination (or superposition) of vertical |v> and horizontal [h> states.
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So the photons passing through either the left or right slit are 50% vertical and 50% horizontal.


But note that the vertical photons going through both slits are in phase (pointing up), while the horizontal photons going through the right slit (+45 pointing right |→>) are out of phase with those going through the left slit (-45 pointing left |←>).


So when the intermediate polarizer (analyzer) is vertical, it passes photons that are in phase | ↑> |↑> and they constructively interfere, as the Hamamatsu diagrams explain. Horizontally polarized photons are absorbed. The central fringe is bright.

[image: image-placeholder]

When the intermediate polarizer is horizontal, vertically polarized photons are absorbed, left and right photons passing straight through the slits are out of phase, |←>  and |→>, and so destructively interfere,  |←>  |→>. The central fringe is now dark. When the angle of photons going through the slits is to the left or right, the path of light for one slit is longer, and the phase difference goes to zero at the bright fringes on either side of the dark center.

[image: image-placeholder]

The waves (or wave functions) tell us about the probabilities of finding photons, and the angles at which they leave the slits determine their relative phases. 
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Uncertainty Principle

Simple uncertainty is the absence of certainty. Certainty was a postulate from the earliest times in such fields as logic, mathematics, and physics. In the late nineteenth century, the work of Frege and others cast doubts on logical certainty. In the nineteen-thirties, Gödel called mathematical certainty into question for all but the simplest systems of arithmetic.


Physical uncertainty today is the consequence of Werner Heisenberg's Uncertainty Principle in quantum mechanics. It states that the exact position and momentum of an atomic particle can only be known within certain (sic) limits. The product of the position error and the momentum error is greater than or equal to Planck's constant h. 
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The Indeterminacy (Unbestimmtheit) Principle was Heisenberg's original name for his principle. It is a better name than the more popular uncertainty, which connotes lack of knowledge. The Heisenberg principle is an ontological as well as epistemic lack of information. 


Even in a world that contains quantum uncertainty, macroscopic objects are determined to an extraordinary degree. Newton's laws of motion are deterministic enough to send men to the moon and back. Our Cogito model of the Macro Mind is large enough to ignore quantum uncertainty for the purpose of the reasoning will. The neural system is robust enough to insure that mental decisions are reliably transmitted to our limbs. 



Although it is limited by indeterminacy in extremely small structures, we call this determinism  "adequate determinism."  The world is adequately determined to send men to the moon. Some philosophers deny quantum uncertainty because it implies that the world is undetermined. But indeterminism is seriously misleading when most events are overwhelmingly "adequately determined."


There is no problem imagining that the three traditional mental faculties of reason - perception, conception, and comprehension - are all carried on deterministically in a physical brain where quantum events do not interfere with normal operations.


There is also no problem imagining a role for uncertainty in the brain in the form of quantum level noise.  Noise can introduce random errors into stored memories. Noise could create random associations of ideas during memory recall. This uncertainty may be driven by microscopic fluctuations that are amplified to the macroscopic level. 


Our Macro Mind needs the Micro Mind for the free action items and thoughts in an Agenda of alternative possibilities to be de-liberated by the will. The uncertain Micro Mind is the "free" in free will and the source of human creativity. The adequately determined Macro Mind is the "will" in free will that de-liberates, choosing actions for which we can be morally responsible. 

For Scholars
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Wave-Particle Duality

In what sense can something be, at one and the same time, both a discrete particle (Werner Heisenberg) and a continuous wave (Erwin Schrödinger)? This is a source of great confusion.


The information interpretation of quantum mechanics argues that the wave function is purely abstract immaterialinformation about the probabilities where concrete material particles will be found statistically when a large number of particles are measured. 


Waves and particles are the quantum physics version of the most fundamental philosophical dualism - Idealism versus Materialism.


Quantum waves are never seen. They are not "observables," which Heisenberg made his chief criterion for the new quantum mechanics. He declared that the electron orbits of the "old" quantum theory of the Bohr atom simply do not exist because they are not observable. Only the spectral lines of light given off by transitions between energy levels are observable, he said.


Following the traditional Copenhagen Interpretation, many physicists today describe a quantum object as either a wave or a particle, depending on the free choice of the experimenter. But we will argue that the continuous "waves" are never observable except as averages over a larger number of discrete particles. 


The continuous waves are an idea, a mathematical invention, a calculation tool, that allows us to make amazingly accurate predictions about where discrete material particles will be found when we make experimental measurements.   


Information philosophy sees wave-particle duality as an example of the many dualisms seen in the ideal (noumenal) and material (phenomenal) worlds of ancient and modern philosophy.  


A physicist describing the evolution of a quantum system, an electron or a photon, for example, generally proceeds in two stages. 

Between measurements there is a wave stage in which the wave function explores all the possibilities available, given the configuration of surrounding particles, especially those nearby, which represent the boundary conditions for the Schrödinger equation of motion for the wave function. Because the space where the possibilities are non-zero is large, we say that the wave function (or "possibilities function") is nonlocal. Albert Einstein always hoped for a local "objective reality" and not what might seem merely "subjective" possibilities.



An observer can not gain any empirical knowledge unless new information has first been irreversibly recorded, e.g., when a particle has been localized and recorded in the experimental apparatus. 


The other stage is measurement, when the photon or electron interacts with one or more of the surrounding particles, including the measurement apparatus. At this point, one of the nonlocal possibilities may be "actualized" or localized.

We can characterize the wave stage as "theory" and the measurement stage as "experiment." Theories are our ideas. Experiments are our interactions with the material world. 


When we "visualize" the quantum wave moving through space (in the time-dependent quantum theory) or even the "standing waves" we imagine (in the time-independent theory), there is absolutely no material or energy at all the positions in space. What we visualize in our minds is not "real."


So we can also characterize the wave stage as the statistical or probabilistic or "possibilities" stage, where the experiment stage gives us "actualities" or "realizations."


The quantum process raises deep metaphysical questions about possibilities, with their calculable probabilities, and their measurable actualities.


Information about the new interaction may or may not be recorded. If the new information is irreversibly recorded, it may later be observed. It must be recorded before it can be observed. A "conscious observer" is not involved in the recording of the measurement. The recording of a measurement happens before the observer makes an observation. In modern physics, that can be days or weeks before the observation which may require further lengthy calculations and "data reduction."


When you hear or read that electrons are both waves and particles, you might think "either-or" -  between measurements a wave of possibilities, at the measurement an actual particle.


Or you might prefer Albert Einstein's deeply help belief that it is always a particle with a path and definite properties, despite the practical impossibility of making measurements everywhere along the path.


That a continuous light wave might actually be composed of discrete quantum particles was first proposed by Einstein in 1905 as his "light-quantum hypothesis." 


He wrote:


On the modern quantum view, what spreads out is a "nonlocal" wave of probability amplitude ψ, 
 whose absolute square |ψ|2 gives us the possibilities and probabilities for absorption, followed by a whole photon actually being absorbed ("localized") somewhere.


In accordance with the assumption to be considered here, the energy of a light ray spreading
out from a point source is not continuously
distributed over an increasing space but consists
of a finite number of energy quanta which are
localized at points in space, which move without
dividing, and which can only be produced and
absorbed as whole units.


In 1909, Einstein speculated about the connection between wave and particle views:


This is wave-particle duality fourteen years before Louis deBroglie's matter waves and Erwin Schrödinger's wave equation and wave mechanics


When light was shown to exhibit interference and diffraction, it seemed almost certain that light should be considered a wave...A large body of facts shows undeniably that light has certain fundamental properties that are better explained by Newton's emission theory of light than by the oscillation theory. For this reason, I believe that the next phase in the development of theoretical physics will bring us a theory of light that can be considered a fusion of the oscillation and emission theories... 

Even without delving deeply into theory, one notices that our theory of light cannot explain certain fundamental properties of phenomena associated with light. Why does the color of light, and not its intensity, determine whether a certain photochemical reaction occurs? Why is light of short wavelength generally more effective chemically than light of longer wavelength? Why is the speed of photoelectrically produced cathode rays independent of the light's intensity? Why are higher temperatures (and, thus, higher molecular energies) required to add a short-wavelength component to the radiation emitted by an object? 


The fundamental property of the oscillation theory that engenders these difficulties seems to me the following. In the kinetic theory of molecules, for every process in which only a few elementary particles participate (e.g., molecular collisions), the inverse process also exists. But that is not the case for the elementary processes of radiation. 


Einstein's view since 1905 was that light quanta are emitted in particular directions. There are no outgoing spherical waves (except probability amplitude or "possibilities" waves). Even less likely are incoming spherical waves, never seen in nature 


According to our prevailing theory, an oscillating ion generates a spherical wave that propagates outwards. The inverse process does not exist as an elementary process. A converging spherical wave is mathematically possible, to be sure; but to approach its realization requires a vast number of emitting entities. The elementary process of emission is not invertible. In this, I believe, our oscillation theory does not hit the mark. Newton's emission theory of light seems to contain more truth with respect to this point than the oscillation theory since, first of all, the energy given to a light particle is not scattered over infinite space, but remains available for an elementary process of absorption.


Also in 1909, Einstein’s imagined an experiment in which the energy of an electron (a cathode ray) is converted to a light quantum and back.


Consider the laws governing the production of secondary cathode radiation by X-rays. If primary cathode rays impinge on a metal 
plate P1, they produce X-rays. If these X-rays impinge on a second metal plate P2, cathode rays are again produced whose speed is of the same order as that of the primary cathode rays.
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As far as we know today, the speed of the secondary cathode rays depends neither on the distance between P1 and P2, nor on the intensity of the primary cathode rays, but rather entirely on the speed of the primary cathode rays. Let’s assume that this is strictly true. What would happen if we reduced the intensity of the primary cathode rays or the size of P1 on which they fall, so that the impact of an electron of the primary cathode rays can be considered an isolated process? 


If the above is really true then, because of the independence of the secondary cathode rays’ speed on the primary cathode rays’ intensity, we must assume that an electron impinging on P1 will either cause no electrons to be produced at P2, or else a secondary emission of an electron whose speed is of the same order as that of the initial electron impinging on P1. In other words, the elementary process of radiation seems to occur in such a way that it does not scatter the energy of the primary electron in a spherical wave propagating in every direction, as the oscillation theory demands.



Extending his 1905 hypothesis, Einstein shows energy can not spread out like a wave continuously over a large volume, because it is absorbed in its entirety to produce an ejected electron at P2, with essentially the same energy as the original electron absorbed at P1.



Rather, at least a large part of this energy seems to be available at some place on P2, or somewhere else. The elementary process of the emission of radiation appears to be directional. Moreover, one has the impression that the production of X-rays at P1 and the production of secondary cathode rays at P2 are essentially inverse processes...Therefore, the constitution of radiation seems to be different from what our oscillation theory predicts. 

The theory of thermal radiation has given important clues about this, mostly by the theory on which Planck based his radiation formula...Planck’s theory leads to the following conjecture. If it is really true that a radiative resonator can only assume energy values that are multiples of hν, the obvious assumption is that the emission and absorption of light occurs only in these energy quantities. On the basis of this hypothesis, the light-quanta hypothesis, the questions raised above about the emission and absorption of light can be answered. As far as we know, the quantitative consequences of this light-quanta hypothesis are confirmed. This provokes the following question. Is it not thinkable that Planck’s radiation formula is correct, but that another derivation could be found that does not rest on such a seemingly monstrous assumption as Planck’s theory? Is it not possible to replace the light-quanta hypothesis with another assumption, with which one could do justice to known phenomena? If it is necessary to modify the theory’s elements, couldn’t one keep the propagation laws intact, and only change the conceptions of the elementary processes of emission and absorption?


This conception seems to me the most natural: that the manifestation of light’s electromagnetic waves is constrained at singularity points, like the manifestation of electrostatic fields in the theory of the electron. I imagine to myself, each such singular point surrounded by a field that has essentially the same character as a plane wave, and whose amplitude decreases with the distance between the singular points. If many such singularities are separated by a distance small with respect to the dimensions of the field of one singular point, their fields will be superimposed, and will form in their totality an oscillating field that is only slightly different from the oscillating field in our present electromagnetic theory of light. 




Einstein thus imagines many singular points (his light quanta) whose average behavior has the shape of a light wave. 


Just as a large number of randomly distributed discrete points approaches the smooth continuous appearance of the normal distribution, Einstein imagines the “totality” of points would look like an oscillating light wave or field. 
Einstein never published the implicit idea that the light wave would be stronger where there are many particles, less where there are few.  But he described to many friends, including Max Born, the idea of a “ghost field” (Gespensterfeld) or “guiding field” (Führungsfeld) that represents the probability of finding a particle at different positions.


Our modern view of the relationship between waves and particles is straightforward. The wave is a complex function with values at every place in space whose absolute square gives us the probability of finding a discrete particle there. The wave (later the wave function ψ) is similar to the continuous gravitational or electromagnetic fields that specify the force on a test particle at any place in space and time. These “probability” fields are not substantial or as Einstein called them “ponderable.” 


The “fusion of wave and emission theories of light” that Einstein expected is now seen to consist of a theoretical continuous field that provides abstract information (calculable probabilities and predictions) about the outcomes of experiments on localized discrete particles.




Dueling Wave and Particle Theories


Not only do we have the problem of understanding wave-particle duality in a quantum system, we have a full-blown wave mechanical theory (deBroglie and Schrödinger) versus a particle mechanics theory (Heisenberg, Max Born, Pascual Jordan).

Before either of these theories was developed in the mid-1920's, Einstein in 1916 showed how both wave-like and particle-like behaviors are seen in light quanta, and that the emission of light is done at random times and in random directions. This was the introduction of ontologicalchance (Zufall) into physics, over a decade before Heisenberg announced that quantum mechanics is acausal in his "uncertainty principle" paper of 1927.



As late as 1917, Einstein felt very much alone in believing the reality (his emphasis) of light quanta:


I do not doubt anymore the reality of radiation quanta, although I still stand quite alone in this conviction 


Einstein in 1916 had just derived his A and B coefficients describing the absorption, spontaneous emission, and (his newly predicted) stimulated emission of radiation. In two papers, "Emission and Absorption of Radiation in Quantum Theory," and "On the Quantum Theory of Radiation," he derived the Planck law (for Planck it was mostly a guess at the formula), he derived Planck's postulate E = hν, and he derived Bohr's second postulate 
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 = hν. Einstein did this by exploiting the obvious relationship between the Maxwell-Boltzmann distribution of gas particle velocities and the distribution of radiation in Planck's law.
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Einstein wrote:


The formal similarity between the chromatic distribution curve for
thermal radiation and the Maxwell velocity-distribution law is too
striking to have remained hidden for long. In fact, it was this similarity
which led W. Wien, some time ago, to an extension of the radiation
formula in his important theoretical paper, in which he derived his
displacement law...Not long ago I discovered a derivation of Planck's formula which
was closely related to Wien's original argument and which was based
on the fundamental assumption of quantum theory. This derivation
displays the relationship between Maxwell's curve and the chromatic
distribution curve and deserves attention not only because of its
simplicity, but especially because it seems to throw some light on the
mechanism of emission and absorption of radiation by matter, a
process which is still obscure to us.


 

But the introduction of Maxwell-Boltzmann statistical mechanical thinking to electromagnetic theory has produced what Einstein called a "weakness in the theory." It introduces the reality of an irreducible objective chance! 

If light quanta are particles with energy 
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 traveling at the velocity of light c, then they should have a momentum 
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. When light is absorbed by material particles, this momentum will clearly be transferred to the particle. But when light is emitted by an atom or molecule, a problem appears. 



The "statistical interpretation" of Max Born, which was based on Einstein's ideas about a "ghost field" (Gespensterfeld) or "guiding field" (Führungsfeld), tells us the outgoing wave is the probability amplitude wave function Ψ, whose absolute square is the probability of finding a light particle in an arbitrary direction.


Conservation of momentum requires that the momentum of the emitted particle will cause an atom to recoil with momentum hν/c in the opposite direction. However, the standard theory of spontaneous emission of radiation is that it produces a spherical wave going out in all directions. A spherically symmetric wave has no preferred direction. In which direction does the atom recoil? Einstein asked:


Does the molecule receive an impulse when it absorbs or emits the energy ε? For example, let us look at emission from the point of view of classical electrodynamics. When a body emits the
radiation ε it suffers a recoil (momentum) ε/c if the entire amount of radiation energy
is emitted in the same direction. If, however, the emission is a spatially symmetric
process, e.g., a spherical wave, no recoil at all occurs. This alternative also plays a
role in the quantum theory of radiation. When a molecule absorbs or emits the energy
ε in the form of radiation during the transition between quantum theoretically possible
states, then this elementary process can be viewed either as a completely or partially
directed one in space, or also as a symmetrical (nondirected) one. It turns out that we
arrive at a theory that is free of contradictions, only if we interpret those elementary
processes as completely directed processes.

An outgoing light particle must impart momentum hν/c to the atom or molecule, but the direction of the momentum can not be predicted! Neither can the theory predict the time when the light quantum will be emitted.  


Such a random time was not unknown to physics. When Ernest Rutherford derived the law for radioactive decay of unstable atomic nuclei in 1900, he could only give the probability of decay time. Einstein saw the connection with radiation emission:


It speaks in favor of the theory that the statistical law assumed for [spontaneous] emission is nothing but the Rutherford law of radioactive decay. 


But the inability to predict both the time and direction of light particle emissions, said Einstein in 1917, is "a weakness in the theory..., that it leaves time and direction of elementary processes to chance (Zufall, ibid.)." It is only a weakness for Einstein, of course, because his God does not play dice.

Einstein clearly saw, as none of his contemporaries did, that since spontaneous emission is a statistical process, it cannot possibly be described with classical physics.  


The properties of elementary processes required...make it seem almost inevitable to formulate a truly quantized theory of radiation.



How Einstein Discovered Wave-Particle Duality


Einstein was bothered by Planck's discovery of the blackbody radiation law. He said that it "rests on a seemingly monstrous assumption." 
Planck had assumed that energy levels were discrete (compare Bohr's stationery states in the old quantum theory). Einstein saw that transitions between those levels should be discrete quanta. When Bohr formulated his atom theory (and for the next dozen years), he ignored Einstein's light quanta, as did Planck for 24 years!


Planck's theory leads to the following conjecture. If it is really true that a radiative resonator can only assume energy values that are multiples of hν, the obvious assumption is that the emission and absorption of light occurs only in these energy quantities. On the basis of this hypothesis, the light-quanta hypothesis, the questions raised above about the emission and absorption of light can be answered. As far as we know, the quantitative consequences of this light-quanta hypothesis are confirmed. This provokes the following question. Is it not thinkable that Planck's radiation formula is correct, but that another derivation could be found that does not rest on such a seemingly monstrous assumption as Planck's theory? Is it not possible to replace the light-quanta hypothesis with another assumption, with which one could do justice to known phenomena? If it is necessary to modify the theory's elements, couldn't one keep the propagation laws intact, and only change the conceptions of the elementary processes of emission and absorption?
To arrive at a certain answer to this question, let us proceed in the opposite direction of Planck in his radiation theory. Let us view Planck's radiation formula as correct, and ask ourselves whether something concerning the composition of radiation can be derived from it.



Eight years later, in his paper on the A and B coefficients (transition probabilities) for the emission and absorption of radiation, Einstein carried through his attempt to understand the Planck law. He confirmed that light behaves sometimes like waves (notably when a great number of particles are present and for low energies), at other times like the particles of a gas (for few particles and high energies).   



Dirac on Wave-Particle Duality


Quantum mechanics is able to effect a reconciliation of the wave and corpuscular properties of light. The essential point is the association of each of the translational states of a photon with one of the wave functions of ordinary wave optics. The nature of this association cannot be pictured on a basis of classical mechanics, but is something entirely new. It would be quite wrong to picture the photon and its associated wave as interacting in the way in which particles and waves can interact in classical mechanics. The association can be interpreted only statistically, the wave function giving us information about the probability of our finding the photon in any particular place when we make an observation of where it is.


Note that the information about the possibility of a photon at a given point does not have to be "knowledge" for some conscious observer. It is statistical information about the photon, even if it is never observed


Some time before the discovery of quantum mechanics people [viz., Einstein!] realized that the connexion between light waves and photons must be of a statistical character. What they did not clearly realize, however, was that the wave function gives information about the probability of one photon being in a particular place and not the probable number of photons in that place. 

Einstein, deBroglie,  and Schrödinger had all argued that the light wave at some point might be the probable number of photons at that point. 

But if we accept that Einstein always conceived the particle as indivisible and located at a given point in space and time (his local "objective reality"), we can agree with Dirac that the wave function gives us the probability of the individual particle "being in a particular place."



Feynman on Wave-Particle Duality 
(The "One Mystery" of Quantum Mechanics)


Let us start with the history of light. At first light was assumed to behave very much like a shower of particles, of corpuscles, like rain, or like bullets from a gun. Then with further research it was clear that this was not right, that the light actually behaved like waves, like water waves for instance. Then in the twentieth century, on further research, it appeared again that light actually behaved in many ways like particles. In the photo-electric effect you could count these particles — they are called photons now. Electrons, when they were first discovered, behaved exactly like particles or bullets, very simply. Further research showed, from electron diffraction experiments for example, that they behaved like waves. As time went on there was a growing confusion about how these things really behaved — waves or particles, particles or waves? Everything looked like both...

How they behave, therefore, takes a great deal of imagination to appreciate, because we are going to describe something which is different from anything you know about...


It will be difficult. But the difficulty really is psychological and exists in the perpetual torment that results from your saying to yourself, 'But how can it be like that?' which is a reflection of uncontrolled but utterly vain desire to see it in terms of something familiar. I will not describe it in terms of an analogy with something familiar; I will simply describe it...


I will take just this one experiment, which has been designed to contain all of the mystery of quantum mechanics, to put you up against the paradoxes and mysteries and peculiarities of nature one hundred per cent. Any other situation in quantum mechanics, it turns out, can always be explained by saying, 'You remember the case of the experiment with the two holes ? It's the same thing'. I am going to tell you about the experiment with the two holes. It does contain the general mystery; I am avoiding nothing; I am baring nature in her most elegant and difficult form.
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Source: https://www.informationphilosopher.com/introduction/physics/wave-particle_duality.html
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The Foundations of Quantum Mechanics is a research effort to explain the puzzling aspects of quantum mechanics, especially the weirdness of quantum entanglement, which appears to permit nonlocal communications between widely separated quantum systems at faster than light speed, violating the special theory of relativity.


The search for new foundations may be traced back to the great debates between Niels Bohr and Albert Einstein in the 1920's and 1930's.


Bohr worked with Werner Heisenberg to develop the Copenhagen Interpretation of quantum mechanics which became the "orthodox" interpretation for many decades.  Bohr discouraged efforts to try to understand what is really going on at the microscopic level in quantum systems.



Copenhageners were proud of their limited ability to know. Bohr famously said:

There is no quantum world. There is only an abstract quantum physical description. It is wrong to think that the task of physics is to find out how nature is. Physics concerns what we can say about nature.


Bohr thus put severe epistemological limits on knowing the Kantian "things in themselves," just as Immanuel Kant had put limits on reason. The British empiricist philosophers John Locke and David Hume had put the "primary" objects beyond the reach of our "secondary" sensory perceptions. In this respect, Bohr shared the positivist views of many other empirical scientists, Ernst Mach for example. Twentieth-century analytic language philosophers thought that philosophy (and even physics) could not solve some basic problems, but only "dis-solve" them by showing them to include conceptual errors.



Neither Bohr nor Heisenberg thought that macroscopic objects actually are classical. They both saw them as composed of microscopic quantum objects.


On the other hand, Bohr and Heisenberg emphasized the importance of conventional classical-physics language as a tool for knowledge. Since language evolved to describe the familiar world of "classical" objects in space and time, they insisted that somewhere between the quantum world and the classical world there must come a point when our observations and measurements can be expressible in classical concepts. They argued that a measurement apparatus and a particular observation must be describable classically in order for it to be understood and become knowledge in the mind of the observer. 

Einstein discovered nonlocal behavior in 1905 and spent the rest of his life hoping for a return to a "reality" that does not depend on measurements and human observers. Bohr and Heisenberg said that properties of quantum objects come into existence when the object is observed, they are created by their measurement. 


In the 1960's Richard Feynman doubled down on attempts to understand in classical terms what is going on in quantum mechanics. 


In his famous Lectures on Physics (some of the lectures were repeated in the 1967 Messenger Lectures at Cornell and published as The Character of Physical Law), Feynman  famously said that "nobody understands quantum mechanics" and that the two-slit experiment contains "all of the mystery of quantum mechanics." 


I will take just this one experiment, which has been designed to contain all of the mystery of quantum mechanics, to put you up against the paradoxes and mysteries and peculiarities of nature one hundred per cent. Any other situation in quantum mechanics, it turns out, can always be explained by saying, 'You remember the case of the experiment with the two holes? It's the same thing'.  I am going to tell you about the experiment with the two holes. It does contain the general mystery; I am avoiding nothing; I am baring nature in her most elegant and difficult form.




The journal Foundations of Quantum Mechanics was founded 





The information interpretation of quantum mechanics says there is only one world, the quantum world. Averaging over large numbers of quantum events explains why large objects appear to be classical

Source: https://www.informationphilosopher.com/quantum/foundations/
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Max Planck long suspected that it was the interaction between matter and radiation that caused the entropy increase required by the second law of thermodynamics.


We can illustrate this with a collision between matter particles that changes the quantum state of either or both particles.


Classical and Quantum Collisions


We compare two-particle collisions in classical mechanics with collisions that excite internal energy levels of one atom to emit a photon shortly after the collision. This could equally be the absorption of a photon or a change in the internal quantum states of one particle. 


For example, if the particles are atoms, they should be treated as a "quasi-molecule" using molecular wave functions. Rotational quantum states are low energy relative to electronic states. A rotational state change would add one unit ℏ of angular momentum, randomizing future particle paths, erasing past path information.
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Loschmidt's Paradox 


Loschmidt's criticism was based on the simple idea that the laws of classical dynamics are time reversible. Consequently, if we just turned the time around, the time evolution of the system should lead to decreasing entropy. Of course we cannot turn time around, but a classical dynamical system will evolve in reverse if all the particles could have their velocities exactly reversed. Apart from the practical impossibility of reversing particle directions, Loschmidt had shown that in principle systems could exist for which the entropy should decrease instead of increasing. This is called Loschmidt's "Reversibility Objection" (Umwiederkehreinwand) or "Loschmidt's  paradox." We call it the problem of microscopic reversibility. 




Microscopic time reversibility is one of the foundational assumptions of both classical mechanics and quantum mechanics. It is mistakenly thought to be the basis for the "detailed balancing" of chemical reactions in thermodynamic equilibrium. In fact microscopic reversibility is an assumption that is only statistically valid in the same limits as any "quantum to classical transition." This is the limit when the number of particles is large enough that we can average over quantum effects. Quantum events also approach classical behavior in the limit of large quantum numbers, which Niels Bohr called the "correspondence principle."

What "detailed balancing" means is that in thermodynamic equilibrium, the number of forward reactions is exactly balanced by the number of reverse reactions. And this is correct. 
But microscopic reversibility, while still true when considering averages over time, should not be confused with the time reversibility of a specific individual collision between particles.


We will examine the collision of two atoms and show that if their velocities are reversed at some time after the collision, it is highly improbable that they will retrace their paths. This does not mean that, given enough particle collisions, there will not be statistically many collisions that are essentially the same as the "reverse collisions" needed for detailed balancing in chemical reactions, for transport processes with the Boltzmann equation, and for Lars Onsager's reciprocity relations in non-equilibrium conditions.



The Origin of Irreversibility



Our careful quantum analysis shows that time reversibility fails even in the most ideal conditions (the simplest case of two particles in collision), provided internal quantum structure or the quantum-mechanical interaction with radiation is taken into account. So we find that Max Planck's intuition was correct.

But it was Albert Einstein who was the first to see how this might work, perhaps as early as his 1909 extension of work on the photoelectric effect but definitely in his 1916-17 work on the emission and absorption of radiation. This was the work in which Einstein showed that quantum theory implies ontological chance, which he famously disliked, ("God does not play dice!"). 


This work is sometimes cited as a proof of detailed balancing and microscopic reversibility. (Wikipedia, for example.) In fact, Einstein started with  Boltzmann's assumption of detailed balancing, along with the "Boltzmann principle" that the probability of states with energy E is reduced by the exponential "Boltzmann factor," 
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, to derive his transition probabilities for emission and absorption of radiation. 


In the same paper, Einstein derived Planck's radiation law (one of his four independent derivations of the radiation law) and Niels Bohr's second "quantum postulate" 
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. But Einstein distinctly denied any symmetry in the elementary processes of emission and absorption. The isotropic symmetry of detailed balancing is the result of averaging over a large number of such processes.He called it pseudo-isotropy (Pseudoisotropie).


As early as 1909, Einstein noted that the elementary process of emission is not "invertible," not time reversible. There are outgoing spherical waves of radiation, but incoming spherical waves are never seen.


While in the kinetic theory of molecules, for every process in which only a few elementary particles participate (e.g., molecular collisions), the inverse process also exists. But that is not the case for the elementary processes of radiation. According to our prevailing theory, an oscillating ion generates a spherical wave that propagates outwards. The inverse process does not exist as an elementary process. A converging spherical wave is mathematically possible, to be sure; but to approach its realization requires a vast number of emitting entities. The elementary process of emission is not invertible. In this, I believe, our oscillation theory does not hit the mark. Newton's emission theory of light seems to contain more truth with respect to this point than the oscillation theory since, first of all, the energy given to a light particle is not scattered over infinite space, but remains available for an elementary process of absorption...
  

In a deterministic universe, the path information needed to predict the future motions of all particles would be preserved. If information is a conserved quantity, the future and the past are all contained in the present. The information about future paths is precisely the same information that, if reversed, would predict microscopic reversibility of each and every collision.
The introduction of ontological probabilities and statistics would deny such determinism. If the motions of particles have a chance element, such determinism can not exist. And this is exactly what Einstein did in his papers on the emission and absorption of radiation by matter. He found that quantum theory implies ontological chance. A "weakness in the theory," he called it.



What we might call Einstein's "radiation asymmetry" was introduced with these words,


When a molecule absorbs or emits the energy
ε in the form of radiation during the transition between quantum theoretically possible
states, then this elementary process can be viewed either as a completely or partially
directed one in space, or also as a symmetrical (nondirected) one. It turns out that we
arrive at a theory that is free of contradictions, only if we interpret those elementary
processes as completely directed processes.

Before Einstein the common view of light was that it is radiated in all directions (isotropically) as waves. After 1916, it was known by some, but very few took it seriously, that light is spontaneously emitted as what Einstein called "light quanta" (now known as photons), each in a single and random direction. Spontaneous emissions also occur at random times, exactly like radioactive decays, and for the same reasons.


This randomness is the basis of all chance in the universe. Einstein discovered it ten years before Werner Heisenberg claimed that his "uncertainty principle" had introduced indeterminism and eliminated causality in physics.


Note that Einstein's chance is ontological. Heisenberg's uncertainty is epistemological, the result of limited resolving power in the measurement apparatus.


The elementary process of the emission and absorption of radiation is asymmetric, because the process is directed, as Einstein had explicitly noted first in 1909, and we think he may have seen as early as 1905 in his analysis of the photoelectric effect. The apparent isotropy of the emission of radiation is only what Einstein called "pseudo-isotropy" (Pseudoisotropie), a consequence of time averages over large numbers of events. Einstein often substituted time averages of a single system with "space" averages, or averages over a large "ensemble" of identical systems, as had J. Willard Gibbs in his statistical mechanics.




a quantum theory free
from contradictions can only be obtained if the emission process, just
as absorption, is assumed to be directional. In that case, for each
elementary emission process Zm->Zn a momentum of magnitude
(εm—εn)/c is transferred to the molecule. If the latter is isotropic, we
shall have to assume that all directions of emission are equally probable. 

If the molecule is not isotropic, we arrive at the same statement if the
orientation changes with time in accordance with the laws of chance.
Moreover, such an assumption will also have to be made about the
statistical laws for absorption, (B) and (B'). Otherwise the constants
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 would have to depend on the direction, and this can be
avoided by making the assumption of isotropy or pseudo-isotropy
(using time averages). 



Now the principle of microscopic reversibility is a fundamental assumption of both classical and quantum statistical mechanics. It underlies the principle of "detailed balancing," which is critical to the understanding of chemical reactions. In thermodynamic equilibrium, the number of forward reactions is exactly balanced by the number of reverse reactions.


But microscopic reversibility, while true in the sense of averages over time, should not be confused with the reversibility of individual collisions between molecules.


The equations of classical dynamics are reversible in time. And the deterministic Schrödinger equation of motion in quantum mechanics is also time reversible. But the interactions of photons and material particles like electrons and atoms are distinctly not reversible, whenever transitions between quantum states occur! Transitions involve "">collapses" of the wave function, which are not reversible. 


An explanation of microscopic irreversibility in atomic and molecular collisions would provide the needed justification for Ludwig Boltzmann's assumption of "molecular disorder" and strengthen his H-Theorem. This is what we hope to do.


In quantum mechanics, microscopic time reversibility is assumed true by most scientists because the deterministic Schrödinger equation itself is time reversible. But the Schrödinger equation only describes the deterministic time evolution of the probabilities of various quantum events, which are themselves not deterministic and not reversible. 


When an actual event occurs, the probabilities of multiple possible events collapse to the actual occurrence of one event. In quantum mechanics, this is the irreversible collapse of the wave function that John von Neumann called "Process 1."



Treating two atoms as a temporary molecule means we must use molecular, rather than atomic, wave functions. The quantum description of the molecule now transforms the six independent degrees of freedom into three for the molecule's center of mass and three more that describe vibrational and rotational quantum states.


The possibility of quantum transitions between closely spaced vibrational and rotational energy levels in the "quasi-molecule' introduces indeterminacy in the future paths of the separate atoms. The classical path information needed to ensure the deterministic dynamical behavior has been partially erased. The memory of the past needed to predict the "determined" future has been lost.


Even assuming the practical impossibility of a perfect classical time reversal, in which we simply turn the two particles around, quantum physics would require two measurements to locate the two particles, followed by two state preparations to send them in the opposite direction. These could only be made within the precision of Heisenberg's uncertainty principle and so could not perfectly produce microscopic reversibility, which is thus only a classical idealization, like the idea of determinism..


Heisenberg indeterminacy puts calculable limits on the accuracy with which perfect reversed paths can be achieved. 
[image: image-placeholder]

Let us assume this impossible task can be completed, and it sends the two particles into the reverse collision paths. But on the return path, there is only a finite probability that a "sum over histories" calculation will produce the same (or exactly reversed) quantum transitions between vibrational and rotational states that occurred in the first collision.


Thus a quantum description of a two-particle collision establishes the microscopic irreversibility that Boltzmann sometimes described as his assumption of "molecular disorder." In his second (1877) derivation of the H-theorem, Boltzmann used a statistical approach and the molecular disorder assumption to get away from the time-reversibility assumptions of classical dynamics.


We must develop a deep insight into Einstein's asymmetry between light and matter, one that was appreciated as early as the 1880's by Max Planck's great mentor Gustave Kirchhoff, but was not understood in quantum mechanical terms until Einstein's understanding of nonlocality and the relation between waves and particles in 1909.. 


It is still ignored in quantum statistical mechanics by those who mistakenly think that the time reversible Schrödinger equation means microscopic interactions are reversible.


Maxwell and Boltzmann had shown that collisions between material particles, analyzed statistically, cause the distribution of positions and velocities to approach their equilibrium Maxwell-Boltzmann distribution.


A bit later, Kirchhoff and Planck knew that an extreme non-equilibrium distribution of radiation, for example a monochromatic radiation field, will remain out of equilibrium indefinitely. But if that radiation interacts with even the tiniest amount of matter, a speck of carbon black was their example, all the wavelengths of the spectrum - the Kirchhoff law - soon appear. 


So we can say that the approach to equilibrium of a radiation field has the same origin of irreversibility as that of matter. 

Radiation without matter cannot equilibrate. Photons do not interact, except at the extremely high energies where they can convert to matter and anti-matter.


Our new insight is that matter without radiation also cannot equilibrate in a way that escapes the reversibility and recurrence objections, as is taught in every textbook and review article on statistical mechanics to this day.


It is thus the irreversible interaction of the two, light and matter, photons and electrons, that lies behind the increase of entropy in the universe. The second law of thermodynamics would not explain the increase of entropy except for the microscopic irreversibility that we have shown to be the case.


Microscopic irreversibility not only explains the second law, it validates Boltzmann's brilliant assumption of "molecular disorder" to justify his statistical arguments.



Zermelo's Paradox
Zermelo's paradox was a later criticism of Ludwig Boltzmann's attempt to derive the increasing entropy required by the second law of thermodynamics. It also involves time. Assuming infinite available time, a finite universe with fixed matter, energy, and information will at some point return to any given earlier state. 

We now know that even a finite part of the universe cannot return to exactly the same state, because the surrounding universe will have aged and be in a different information state. This is the information philosophy solution to the problem of eternal recurrence, as seen by Arthur Stanley Eddington and H. Dieter Zeh.  
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Information physics claims that microscopic reversibility is actually extremely unlikely and that the intrinsic path information in particles needed to reduce entropy is erased by matter-radiation interactions or by internal quantum transitions in the colliding atoms considered as a "quasi"-molecule.
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Entanglement Overview

Entanglement is a mysterious quantum phenomenon that is widely, but mistakenly, described as capable of transmitting information over vast distances faster than the speed of light. It has proved very popular with science writers, philosophers of science, and many scientists who hope to use the mystery to deny some of the basic concepts underlying quantum physics. Beyond this claim, which violates the principle of relativity, is the claim that entanglement "connects" every particle in the universe with every other particle, implying a "holistic" or "implicate" order in the universe, which is popular with "new age" thinkers and other mystics who see in it pan-psychism, or "cosmic consciousness," or at a minimum "telepathic powers" between entangled minds.


Entanglement depends on two quantum properties that are thought to be impossible in "classical" physics. One is called nonlocality. We shall argue that Albert Einstein first caught a glimpse of nonlocality as early as his photoelectric effect paper, published in June of 1905, when he questioned how a continuous light wave spread out in space could instantly collapse all its energy to become localized in the discrete quantum of energy needed to eject an electron. We call this "collapse" because it was the first insight into what the founders of quantum mechanics over twenty years later would call the "collapse of the wave function." At this early time, Einstein already said explicitly that the instantaneous relocation of the light wave appeared to violate his brand new relativity principle, published in September of that "miracle year." 


Einstein again discussed the fundamental connection between a particle and its wave nature in 1909, when he said that physics in the future will require a "fusion" of the wave and particle pictures. Einstein saw the continuous light wave as a "ghost field" or "guiding field" somehow determining the probabilities of locating the discrete light quanta. That was years before Louis de Broglie argued that material particles have associated "pilot waves" (1924), leading Erwin Schrödinger to develop his wave function ψ and his wave mechanics (1926). 


Einstein made a clear public statement about the connection between the wave function and the photon particle twenty-two years after his photoelectric effect paper, at the 1927 Solvay conference on "Electrons and Photons." 



 |ψ|2 expresses the probability that there exists at the point considered a particular particle of the cloud, for example at a given point on the screen.
   

Einstein's remarks were misunderstood but well reported by Niels Bohr. These concerns of Einstein's about nonlocality were ignored by most physicists until 1935 and the appearance of the famous Einstein-Podolsky-Rosen paper, in which Einstein feared there was some kind of "spooky action-at-a-distance."


The other "impossible" quantum property is nonseparability, which Einstein also was first to see, even as he attacked the idea.  Note that this negative reaction was just as Einstein had reacted to his unwelcome discovery of indeterminism in 1916, when he attacked the appearance of chance (Zufall) in the direction of emitted photons as a "weakness in the theory."


Both ontological chance and the "holistic" nonseparability of particles described by a single wave function were first seen by Einstein long before they became standard elements in quantum mechanics.


In 1933 Einstein suggested we can know the position or the momentum of one particle simply by measuring the position or momentum of another particle with which it had interacted in the past.  Since it requires no interaction between the particles, we can call this "knowledge-at-a-distance." It depends only on the classical laws of motion and especially the conservation laws for energy, linear momentum, and angular momentum.


In the 1935 EPR paper Einstein extended nonlocality beyond the relation between a light-quantum particle and its "wave function."  Back in 1926 Erwin Schrödinger invented the "wave function" 
  Ψ
 as the solution to his "wave equation." In 1927 Max Born had identified 
  
    Ψ
    
      2
    
  
 as the probability of finding a quantum particle somewhere, following a suggestion of Einstein in the early 1920's.


Before 1933 the great difficulty was understanding the relationship between a single particle and its wave function 
  Ψ
. What Einstein did now was a thought experiment about two particles and their two-particle wave function 
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. Einstein thought the particles would at some point separate so their properties would be independent. He called it a "separability pronciple (Trennungsprinzip). 


Nonlocality was now extended by Einstein from a light particle and its light wave, to perfect "correlations" between one material particle and another with which it had interacted in the past.  In his response to the EPR paper,  Schrödinger called particles with such correlated properties "entangled" and he told Einstein about the necessary conditions under which 
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 could be "separated" into 
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 and 
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. A measurement or interaction that "disentangles" them and "decoheres" the wave function would separate them into single-particle wave functions 
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 and 
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.



Einstein's Discovery of Nonlocality and Nonseparability

Einstein was the first to see nonlocal behavior in quantum phenomena. He may have seen it as early as 1905 in the photoelectric effect, the same year he published his special theory of relativity. But it was perfectly clear to him 22 years later (ten years after his general theory of relativity and his explanation of how quanta of light are randomly emitted and absorbed by atoms), when he described nonlocality with a diagram on the blackboard at an international conference of physicists in Belgium in 1927 at the fifth Solvay conference. 


In his contribution to the 1949 Schilpp memorial volume on Einstein, Niels Bohr gave us a picture of what Einstein drew on that blackboard. 



At the general discussion in Como, we all missed the presence of Einstein, but soon after, in October 1927, I had the opportunity to meet him in Brussels
at the Fifth Physical Conference of the Solvay Institute, which was devoted
to the theme "Electrons and Photons." 

At the Solvay meetings,
Einstein had from their beginning been a most prominent figure, and several
of us came to the conference with great anticipations to learn his reaction
to the latest stage of the development which, to our view, went far in
clarifying the problems which he had himself from the outset elicited so
ingeniously. During the discussions, where the whole subject was reviewed
by contributions from many sides and where also the arguments mentioned
in the preceding pages were again presented, Einstein expressed, however,
a deep concern over the extent to which a causal account in space and time
was abandoned in quantum mechanics. 
To illustrate his attitude, Einstein referred at one of the sessions
to the simple example, illustrated by Fig. 1, of a particle (electron or
photon) penetrating through a hole or a narrow slit in a diaphragm placed
at some distance before a photographic plate. 
[image: photon passes through a slit]

On account of the diffraction of the wave connected with the motion
of the particle and indicated in the figure by the thin lines, it is under
such conditions not possible to predict with certainty at what point the
electron will arrive at the photographic plate, but only to calculate the
probability that, in an experiment, the electron will be found within any
given region of the plate. 


The apparent difficulty, in this description,
which Einstein felt so acutely, is the fact that, if in the experiment
the electron is recorded at one point A of the plate, then it is out of
the question of ever observing an effect of this electron at another point
(B), although the laws of ordinary wave propagation offer no room for a
correlation between two such events. 




Note that they wanted Einstein's reaction to their work, but actually took little interest in Einstein's concern about the nonlocal implications of quantum mechanics.


Bohr is telling us that in 1927 Einstein saw instantaneous "correlations" of events widely separated ("as if actions-at-a-distance"), which exactly describes today's perfect "nonlocal" correlations of widely separated entangled particles. 


Later. in 1935, Einstein, Boris Podolsky, and Nathan Rosen proposed a thought experiment (known by their initials as EPR) to exhibit internal contradictions in the new quantum physics. They hoped to show that quantum theory could not describe certain intuitive "elements of reality" and thus was either incomplete or, as they might have hoped, demonstrably incorrect. 


Einstein and his colleagues Erwin Schrödinger, Max Planck, and others hoped for a return to deterministic physics, and the elimination of mysterious quantum phenomena like superposition of states and "collapse" of the wave function.  EPR continues to fascinate determinist philosophers of science hoping to prove that quantum indeterminacy (ontological randomness) does not exist. 


Beyond the problem of nonlocality, the EPR thought experiment introduced the problem of "nonseparability." In his response to the EPR paper, Schrödinger in 1935 told Einstein that his "separability principle" (Trennungsprinzip) was simply wrong.  Schrödinger's two-particle wave function 
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 can not be separated into the product of single-particle wave functions 
  
    Ψ
    
      1
    
  
 and 
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. The two particles share some properties. Instantaneous (simultaneous) knowledge of a distant particle's property (position or momentum or spin) can be gained by measurement of the same property of a local particle that interacted with the distant particle sometime in the past.


The 1935 EPR paper was based on an earlier question of Einstein's about two particles fired toward one another with equal and opposite velocities. He imagined them starting at 
  
    t
    
      0
    
  
 some distance apart and approaching one another with equal high velocities. Then for a short time interval from 
  
    t
    
      1
    
  
 to t1 + Δt the particles are in contact with one another. 


Einstein described this situation to Léon Rosenfeld in 1933.
Shortly before he left Germany to emigrate to America, 
Einstein attended a lecture on quantum electrodynamics by
Rosenfeld. Keep in mind that Rosenfeld was perhaps the most
dogged defender of the Copenhagen Interpretation, 
which maintains that a particle has no properties until it is measured.

 After the talk,
Einstein asked Rosenfeld, “What do you think of this situation?”



Suppose two particles are set in motion towards each other with
the same, very large, momentum, and they interact with each
other for a very short time when they pass at known positions.
Consider now an observer who gets hold of one of the particles,
far away from the region of interaction, and measures its
momentum: then, from the conditions of the experiment, he will
obviously be able to deduce the momentum of the other particle.
If, however, he chooses to measure the position of the first
particle, he will be able tell where the other particle is.


We can diagram a simple case of Einstein’s question as follows after the particles have interacted at the center, using indistinguishable electrons rather than generic particles. 


[image: image-placeholder]


Recall that it was Einstein who discovered in 1924 the identical nature, indistinguishability, and interchangeability of some quantum particles. He found that identical particles are not independent, altering their quantum statistics.

 Note that it was David Bohm in 1952 who proposed Einstein's problem use electrons. Today many if not most accounts of the EPR paradox describe it with electrons.


After the particles interact at t1, quantum mechanics describes them with a single two-particle wave function Ψ12 that is not the product of independent single-particle wave functions Ψ1 and Ψ2. In the case of electrons, which are indistinguishable interchangeable particles, it is not proper to say electron 1 goes this way and electron 2 that way. (Nevertheless, it is convenient to label the particles, as we do in the illustration.) 

Einstein then asked Rosenfeld, “How can the final state of the second
particle be influenced by a measurement performed on the first
after all interaction has ceased between them?” This was the germ
of the EPR paradox, and ultimately the problem of two-particle
entanglement.


Why does Einstein question Rosenfeld and describe this as an
“influence,” suggesting what he will later call a spooky “action-at-a-distance?”


It is only paradoxical in the context of Rosenfeld’s Copenhagen
Interpretation. The second particle is not itself measured and
yet we know something about its properties. The Copenhagen Interpretation
says we cannot know properties without an explicit measurement. They say some properties don't even exist until after a measurement.


Einstein was clearly correct to tell Rosenfeld that at a later time 
  
    t
    
      2
    
  
, a measurement of one particle's position would instantly establish the position of the other particle - without measuring it. Einstein obviously was using conservation of linear momentum implicitly to calculate (and know) the position of the second particle. But this not need be "action-at-a-distance." It is more likely simply "knowledge-at-a-distance."


Conservation laws are principles that are much deeper than classical mechanical laws or quantum mechanics. They are the consequence of symmetries in the motions.


Einstein's particles that have the same, but opposite, momentum move apart like mirror images of one another. Newton's first law of motion says that they will continue their motions unless some interaction disturbs them. No "influence" or action-at-a-distance by one particle on the other is needed for the motion of the particles to remain symmetric mirror images. It is precisely the lack of interactions that maintains the conservation of momentum. 


Shortly after EPR, Schrödinger described two such particles as becoming "entangled" (verschränkt) at their first interaction, so "nonlocal" phenomena are also known as "quantum entanglement." 


Although conservation laws are rarely cited as the explanation, they are the physical reason that entangled particles always produce correlated results for all properties. If the results were not always correlated, the implied violation of a fundamental conservation law would cause a much bigger controversy than entanglement itself, as puzzling as that is.


This idea of something measured in one place "influencing" measurements far away challenged what Einstein thought of as "local reality." It came to be known as "nonlocality." Einstein called it a "spukhaft Fernwirkung" or "spooky action at a distance." 


We prefer to describe this phenomenon as "knowledge at a distance." No action has been performed on the distant particle simply because we learn about its position (or spin). Note that this assumes the distant particle has not been disturbed by an intermediate interaction (e.g., decoherence) with the environment after the original entanglement. 



What Would "Action-At-A-Distance" Require?


Where EPR used correlated positions of the two particles, modern examples follow David Bohm's correlated electron spins. We can ask how the measurement of one particle could possibly influence" or "act on" its distant companion to cause its position or its spin to become correlated perfectly, should it not already be correlated, as we argue, by the symmetry of conservation principles.


No correlations between properties of particles at the "separated" positions would mean that 1) in EPR their positions would not be exactly opposite and equidistant from the initial entanglement position, and 2) in Bohm's version, their spins are not exactly opposite in direction, conserving total spin zero of teh original spherically symmetric singlet state of the molecule.


How would action-at-a-distance then work to create correlations? 


The first particle would have to measure the actual position or spin of the distant particle. Next, the first particle would by mechanical means have to change those distant properties to become correlated with itself. The interaction would have to "do work" on the distant particle and accomplish these steps "instantaneously," that is to say these mechanical operations would have to be achieved at speeds much greater than light speed. 


There is nothing in classical or quantum mechanics that suggests this kind of remote interaction. There is no conceivable communication or signal that could tell the distant particle how exactly it must change itself. There is no self-action by which the second particle can change its own state when told to do so by the first, upon receiving the information about their differences. 



Can Particles Have Specific Properties Determined Before They Are Measured? No. But Perfectly Correlated Indeterministic (Random) Properties Can Be Created By The Measurements, As Long As Alice And Bob Measure In Exactly the Same Direction, Preserving The Symmetry 


In classical mechanics, the second EPR particle always does have the exact position needed to conserve linear momentum. In that case, Einstein was right. For quantum mechanics, however, Heisenberg's uncertainty principle limits the position (and momentum) accuracy. Podolsky and Rosen may have hoped to use EPR to deny the uncertainty principle. Einstein criticized their clumsy attempt.


For Bohm's spin measurements, the situation is more complex. It is impossible for the particles before measurement to have known spin in all three possible measurement directions, let alone in the direction (angle) Alice and Bob plan to measure. When spin is known/measured in the x-direction, spin in the y- and z-directions becomes indeterminate.


So can the spins be initially entangled in the exact direction that Alice or Bob choose to measure? No/ There are two problems with this assumption of a preferred direction created during the initial entanglement. 


1) If Alice and Bob are free to choose their measurement direction, there is little chance they would choose that preferred initial direction. If they measure at an angle θ to that direction, correlations will no longer be perfect, falling off as the cosine squared of the angle θ, with no correlation at all for θ = 90°. Since Alice and Bob get perfect correlations in any direction, assuming they agree in advance on the direction and both measure in their chosen direction, there appears to be no initial preferred direction. The symmetry before their measurement is preserved by their symmetric measurements in the same direction. 


2) The initial entangled state has total spin zero (the so-called singlet state). It is rotationally symmetric, isotropic, the same in all directions. If there were an initial preferred direction, that rotational symmetry would be destroyed. If there had been an initial preferred direction, it could not be known to Alice and Bob.


We will see how the perfect rotational symmetry of the initial entangled state with total spin zero can provide the explanation for Alice and Bob getting perfect (but random) correlations whatever their choice of measurement angle.


Their choice of a measurement direction breaks the rotational symmetry (in all directions) of the initial total spin zero state. But it preserves the planar symmetry (and total spin zero) in their pre-agreed-upon chosen direction, conserving total spin angular momentum. If it did not, a conservation law would have been violated.  That cannot be. Conservation is a principle deeper than mere mechanical laws, classical or quantum.


We can say that a joint (shared) property of total spin zero existed before (and then after) their measurements. It existed in all directions and at all times. What did not exist before their measurements is the random up-down or down-up result of their measurements.

Erwin Schrödinger's two-particle wave function describes the two entangled particles as in a linear combination (a superposition) of up-down and down-up states.  Their measurement randomly produces one of these states.


This is the sense in which observers "create reality" with an experimental measurement. Niels Bohr and Werner Heisenberg made the "free choice" as to what to measure a central element of their Copenhagen Interpretation. Alice and Bob freely choose the direction in which they measure. But whether their measurement outcomes are up-down or down-up is totally random (indeterministic). Paul Dirac called this "Nature's choice," not controllable by the experimenters but caused/created by their measurements.


The "free choice" of direction breaks the rotational symmetry of the total spin zero state. But it preserves the planar symmetry defined by Alice and Bob's (pre-agreed upon) measurement direction. This preserves the symmetry needed to conserve angular momentum in the chosen direction. But "Nature's choice" of outcome, whether Alice up-Bob down or Alice down-Bob up, creates the random but perfectly correlated spin properties that the Copenhagen Interpretation correctly says did not exist before the measurement.


Our analysis shows these random properties could not have existed at the initial entanglement. They are brought into existence by the experimenters' "free choice."


So the conservation of angular momentum alone can explain the perfect correlation of entangled electron spins with no needed faster-than-light interaction "at a distance" between the particles, as long as Alice and Bob measure in their previously agreed upon chosen direction. 

 
Particles do not have the exact properties needed before the measurements. Quantum theory and the conservation principle predicts that measurements in a pre-agreed-upon direction can create perfectly correlated random properties. And thousands of Bell's theorem test experiments have confirmed that theory, explaining how perfectly correlated random bit strings can be created by Alice and Bob at vastly separated places, without any "spooky action-at-a-distance," just what is needed for quantum cryptography. 



A Hidden Constant?


Because the conservation of total spin angular momentum is true from the moment of entanglement state preparation until after the measurements by Alice and Bob at arbitrarily large separations (as long as no external interactions take place), we describe the conserved total spin as providing a "hidden constant of the motion." Physicists from David Bohm to John Bell hoped to find "hidden variables" that could travel with the entangled particles, to ensure that their spins would be found opposite to one another.    

The principle of conservation of angular momentum together with the experimental fact that spins in Bell test experiments are always found opposite one another gives us confidence that, although the (random) spin directions are unknown, they are opposite in the moment before measurements by Alice and Bob and thus opposite when measured. 


See our hypothesis of a Hidden Constant of the Motion, all that is necessary to explain entanglement without superluminal "spooky action-at-a-distance."


Perhaps "hidden constant" is too cute, although it travels along with the particles just as David Bohm's hidden variables or David Mermin's "instruction sets" do.


A more modest name might be a common cause in the past history of the two particles. 



Disentanglement


In the year following the Einstein-Podsky-Rosen paper, Erwin Schrödinger looked more carefully at Einstein's "separability" assumption (Trennungsprinzip) that an entangled system can be separated enough to be regarded as two systems with independent wave functions. 
  

Years ago I pointed out that when two systems separate far enough
to make it possible to experiment on one of them without interfering with the
other, they are bound to pass, during the process of separation, through stages
which were beyond the range of quantum mechanics as it stood then. For it
seems hard to imagine a complete separation, whilst the systems are still so
close to each other, that, from the classical point of view, their interaction could
still be described as an unretarded actio in distans. And ordinary quantum
mechanics, on account of its thoroughly unrelativistic character, really only deals
with the actio in distans case. The whole system (comprising in our case both
systems) has to be small enough to be able to neglect the time that light takes
to travel across the system, compared with such periods of the system as are
essentially involved in the changes that take place...

It seems worth noticing that the paradox could be avoided by a very simple
assumption, namely if the situation after separating were described by the
expansion 
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 (as assumed in EPR], 
but with the additional statement that the knowledge of the
phase relations between the complex constants 
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 has been entirely lost in consequence
of the process of separation. 


When some interaction, like a measurement, causes a separation, the two-particle wave function Ψ12 collapses, the system decoheres into the product of single-particle wave functions Ψ1Ψ2. Loss of coherent phase relations means the two particles no longer can interfere, but properties of the second system can still be determined by (nonlocal) measurements on the first (or vice versa).


This would mean that not only the parts,
but the whole system, would be in the situation of a mixture, not of a pure state.
It would not preclude the possibility of determining the state of the first system
by suitable measurements in the second one or vice versa. But it would utterly
eliminate the experimenters influence on the state of that system which he does
not touch.
  


Schrödinger says that the entangled system may become disentangled (Einstein's separation) and yet some perfect correlations between later measurements might remain. Note that the entangled system could simply decohere as a result of interactions with the environment, as proposed by decoherence theorists. The perfectly correlated results of Bell-inequality experiments might nevertheless be preserved, depending on the interaction.


Schrödinger tells us that the two-particle wave function 
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 will be disentangled into the product of single-particle wave functions 
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 and 
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 by a measurement of either particle, for example, by either Alice's or Bob's measurements in the case of Bell's Theorem. 


As we saw, Einstein had objected to nonlocal phenomena as early as the Solvay Conference of 1927, when he criticized the collapse of the wave function as "instantaneous-action-at-a-distance" that prevents the wave from "acting at more than one place on the screen."  


The simultaneous events at points A and B in Einstein's 1927 Figure 1 above are the same kind of nonlocality as the two entangled particles acquiring perfectly correlated properties while in a spacelike separation that he suggested to Rosenfeld in 1933, and which Podolsky and Rosen developed into the EPR paradox in 1935.   


Einstein's 1927 concern was based on the idea that the light wave might contain some kind of ponderable energy. At that time Schrödinger thought it might be distributed electricity. In these cases the instantaneous "collapse" of the wave function might violate Einstein's principle of relativity, a concern he first expressed in 1909. When we recognize that the wave function is only pure information about the probability of finding a particle (or particles) somewhere, we see that there is no matter or energy (or in particular no information or signal of any kind) traveling faster than the speed of light in the so-called "collapse." 


Einstein's criticism somewhat resembles the criticisms by Descartes and others about Newton's theory of gravitation. Newton's opponents charged that his theory was "action at a distance" and instantaneous. Einstein's own theory of general relativity shows that gravitational influences travel at the speed of light and are mediated by a gravitational field that can be described as curved space-time.


When a probability function collapses to unity in one place and zero elsewhere, nothing physical is moving from one place to the other. When the nose of one horse crosses the finish line, its probability of winning goes to certainty, and the finite probabilities of the other horses, including the one in the rear, instantaneously drop to zero. This happens faster than the speed of light, since the last horse is in a "space-like" separation. But this does not violate relativity. Only abstract "information" or "knowledge" is changing.


The first practical and workable experiments to test the 1935 "thought experiments" of Einstein, Podolsky, and Rosen (EPR)  were suggested by David Bohm in 1952. Instead of measuring linear momentum, Bohm proposed using two hydrogen atoms that are prepared in an initial state of known total spin angular momentum zero. Momentum and position are continuous variables. Spin is discrete. Bohm argued that measurements of discrete variables would be more precise. Bohm also proposed local "hidden variables" might be needed to explain the correlations. Here is Bohm's description



We consider a molecule of total spin zero consisting
of two atoms, each of spin one-half. The wave function
of the system is therefore
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where  ψ+ (1) refers to the wave function of the atomic
state in which one particle (A) has spin +ℏ/2, etc. The
two atoms are then separated by a method that does
not influence the total spin. After they have separated
enough so that they cease to interact, any desired component
of the spin of the first particle (A) is measured.
Then, because the total spin is still zero, it can immediately
be concluded that the same component of the
spin of the other particle (B) is opposite to that of A.



Note that when Bohm says "because the total spin is still zero, it can immediately
be concluded that the same component of the
spin of the other particle (B) is opposite to that of A," he is implicitly using the conservation of total spin. 


Can you see that our "hidden" constant of the motion hypothesis is implicit in Bohm's description? 


In 1964, John Bell put limits on Bohm's "hidden variables" that might restore a deterministic physics in the form of what he called an inequality, the violation of which would confirm standard quantum mechanics. Here is Bell's description. As with Bohm, conservation is not mentioned explicitly, but it involves spin components measured in the same direction at A and B.  



With the example advocated by Bohm and Aharonov, the EPR argument is the following. Consider a pair of spin one-half particles formed somehow in the singlet spin state and moving freely in opposite directions. Measurements can be made, say by Stern-Gerlach magnets, on selected components of the spins σ1 and σ2. If measurement of the component σ1 • a, where a is some unit vector, yields the value + 1 then, according to quantum mechanics, measurement of σ2 • a must yield the value — 1 and vice versa. Now we make the hypothesis, and it seems one at least worth considering, that if the two measurements are made at places remote from one another the orientation of one magnet does not influence the result obtained with the other. 

"pre-determination" is too strong a term. The first measurement just "determines" the later measurement. We shall see that the second measurement is synchronous with the "first" in a "special" frame


Since we can predict in advance the result of measuring any chosen component of σ2, by previously measuring the same component of σ1, it follows that the result of any such measurement must actually be predetermined. 

Since the initial quantum mechanical wave function does not determine the result of an individual measurement, this predetermination implies the possibility of a more complete specification of the state.



In his 1980 book, Wholeness and the Implicate Order, Bohm emphasized even more strongly that no interaction between particles is needed

Consider a molecule of zero total spin, consisting of two atoms of spin ℏ/2. Let this molecule be disintegrated by a method not influencing the spin of either atom. The total spin then remains zero, even while the atoms are flying apart and have ceased to
interact appreciably.

Now, if any component of the spin of one of the atoms (say A)
is measured, then because the total spin is zero, we can immediately
conclude that this component of the spin of the other atom
(B) is precisely opposite. Thus, by measuring any component of
the spin of the atom A, we can obtain this component of the spin
of atom B, without interacting with atom B in any way...



The two spins are correlated and this permits us to know the spin of atom
B when we measure that of A.
 

Bohm and Bell are implicitly using the conservation of total spin, supporting our "hidden constant" hypothesis. 


If one electron spin is ℏ/2 in the up direction and the other is spin down or -ℏ/2, the total spin is zero. The underlying physical law of importance is not conservation of linear momentum (as Einstein used in EPR). Bohm and Bell use the conservation of angular momentum (or spin). If electron 1 is prepared with spin down and electron 2 with spin up, the total angular momentum is zero. This is called the singlet state. 


[image: image-placeholder]

Bohm and Bell agree that quantum theory describes the two electrons as in a superposition of spin up ( + ) and spin down ( - ) states, 
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The principles of quantum mechanics say that the prepared system is in a linear combination (or superposition) of these two states, and can provide only the probabilities of finding the entangled system in either the | +- > state or the | -+ > state. 


The 
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    √
  
  2
 coefficients of the probability amplitude for each term, when squared, give us the probabilities (1/2) that the system will be found in the state | +- > or in the state | -+ >.  The actual outcome is random (Paul Dirac called it "Nature's choice." But the individual electron spin outcomes are not individually and separately random, because the particles are not independent. One is always up and the other down, as the conservation law and our "hidden constant" hypothesis require. 


Should measurements ever show both spins in the same state, either | ++ > or | -- >, that would violate the conservation of angular momentum. Quantum mechanics does not include such terms in the wave function. So they are not predicted and they are never observed, when measurements by Alice and Bob are made in the pre-agreed upon same direction.   


EPR tests can be done more easily with polarized photons than with electrons, which require a vacuum and complex magnetic fields. The first of these was done in 1972 by Stuart Freedman and John Clauser at UC Berkeley.   Their data, in agreement with quantum mechanics, violated the Bell's inequalities to high statistical accuracy, thus providing strong evidence against local hidden-variable theories. If hidden variables exist, they must be non-local, said Bell.


For more on superposition of states and the physics of photons, see the Dirac 3-polarizers experiment.


John Clauser, Michael Horne, Abner Shimony, and Richard Holt (known collectively as CHSH) and later Alain Aspect did more sophisticated tests. The outputs of the polarization analyzers were fed to a coincidence detector that records the instantaneous measurements, described as + -, - +, + +, and - - . The first two ( + - and  - + ) conserve the spin angular momentum and are the only types ever observed in these nonlocality/entanglement tests, when measurements are made in the same direction.





With the exception of some of Holt's early results that were found to be erroneous, no evidence has so far been found of any failure of standard quantum mechanics. And as experimental accuracy has improved by orders of magnitude, quantum physics has correspondingly been confirmed to one part in 1018, and the transfer speed of the probability information between particles has a lower limit of 106 times the speed of light. There has been no evidence for local "hidden variables."


Nevertheless, experimenters continue to look for possible "loopholes" in the experimental results, such as detector inefficiencies that might be hiding results favorable to Einstein's picture of "local reality." 

Nicolas Gisin and his colleagues have extended the polarized photon tests of EPR and the Bell inequalities to a separation of 18 kilometers near Geneva. They continue to find 100% correlation and no evidence of the "hidden variables" sought after by Einstein and David Bohm.




An interesting use of the special theory of relativity was proposed by Gisin's colleagues, Antoine Suarez and Valerio Scarani. They use the idea of hyperplanes of simultaneity. Back in the 1960's, C. W. Rietdijk and Hilary Putnam argued that physical determinism could be proved to be true by considering the experiments and observers A and B in the above diagram to be moving at high speed with respect to one another.  Roger Penrose developed a similar argument in his book The Emperor's New Mind. He called it the Andromeda Paradox.


Suarez and Scarani showed that for some relative speeds between the two observers A and B, observer A could "see" the measurement of observer B to be in his future, and vice versa.


Because the two experiments have a "spacelike" separation (neither is inside the causal light cone of the other), each observer thinks he does his own measurement before the other. Gisin tested the limits on this effect by moving mirrors in the path to the birefringent crystals and showed that, like all other Bell experiments, the "before-before" suggestion of Suarez and Scarani did nothing to invalidate quantum mechanics.


These experiments were able to put a lower limit on the speed with which the information about probabilities collapses, estimating it as at least thousands - perhaps millions - of times the speed of light and showed empirically that probability collapses are essentially instantaneous. 


Despite all his experimental tests verifying quantum physics, including the "reality" of nonlocality and entanglement, Gisin continues to explore the EPR paradox, considering the possibility that signals are coming to the entangled particles from "outside space-time."




How Information Physics Explains Nonlocality, Nonseparability, and Entanglement


Information physics starts with the fact that measurements bring new stable and irreversibleinformation into existence. In EPR the information in the prepared state of the two particles includes the fact that the total linear momentum and the total angular momentum are zero.

New information requires an irreversible process that also increases the entropy more than enough to compensate for the information increase, to satisfy the second law of thermodynamics. It is this moment of irreversibility and the creation of new observable information that is the "cut" or Schnitt" described by Werner Heisenberg and John von Neumann in the famous problem of measurement

Note that the new observable information does not require a "conscious observer" as Eugene Wigner and some other scientists thought. The information is ontological (really in the world) and not merely epistemic (in the mind). Without new information encoded in the world, there would be nothing for the observers to observe.

Initially Prepared Information Plus Conservation Laws


Conservation laws are the consequence of extremely deep properties of nature that arise from simple considerations of symmetry. We regard these laws as "cosmological principles." Physical laws do not depend on the absolute place and time of experiments, nor their particular direction in space. Conservation of linear momentum depends on the translation invariance of physical systems, conservation of energy the independence of time, and conservation of angular momentum the invariance under rotations. Conservation laws are the consequence of symmetries, as explained by Emmy Noether.


Recall that the EPR experiment (Bohm version) starts with two electrons (or photons) prepared in an entangled state that is a mixture of pure two-particle states, each of which conserves the total angular momentum and, of course, conserves the linear momentum as in Einstein's original EPR example. This information about the linear and angular momenta is established by the initial state preparation (a measurement).


Quantum mechanics describes the probability amplitude wave function 
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 of the two-particle system as in a superposition of two-particle states. It is not a product of single-particle states, and there is no information about the identical indistinguishable electrons traveling along distinguishable paths. With slightly different notation, we can write equation (1) as 
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The probability amplitude wave function 
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 travels away from the source (at the speed of light or less). Let's assume that at 
  
    t
    
      0
    
  
 observer A finds an electron (e1) with spin up.


At the time of this "first" measurement, by observer A or B, new information comes into existence telling us that the wave function 
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 has "collapsed" into the state | 1+2- > 
(or into | 1-2+ >). Just as in the two-slit experiment, probabilities have now become certainties, one possibility is now an actuality. If the first measurement finds a particular component of electron 1 spin is up, so the same spin component of entangled electron 2 must be down to conserve angular momentum.


And conservation of linear momentum tells us that at 
  
    t
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 the second electron is equidistant from the source in the opposite direction.  




As with any wave-function "collapse", the probability amplitude information changes (it does not "travel" anywhere). Nothing really "collapses." Nothing is moving. Only information is changing.

Unlike the two-slit experiment, where the "collapse" goes to a specific point in 3-dimensional configuration space, the "collapse" here is a "jump" (Bohr) or a "projection" (Dirac) or a "reduction" (Heisenberg) into one of the two possible 6-dimensional two-particle quantum states | +- > or | -+ >. This makes "visualization" (Schrödinger's Anschaulichkeit) difficult or impossible, but the parallel with the collapse in the two-slit case provides an intuitive insight of sorts. In both cases, the values of the probability wave function changes instantly over a wide range of space. 


This is what Einstein saw in 1905 with the light wave spread out everywhere collapsing into a photon, in 1927 with the probability of a particle being found everywhere on a spherical surface collapses to the spot where it is found, and again in 1933 where observing a particle in one place tells us exactly where the other one is far away.


If the measurement finds an electron (call it electron 1) as spin-up, then at that moment of new information creation, the two-particle wave function collapses to the state | +- > and electron 2 "jumps" into a spin-down state with probability unity (certainty). The results of observer B's measurement at a later time 
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 is therefore determined to be spin down. 


Notice that Einstein's intuition that the result seems already "determined" or "fixed" before the second measurement is in fact correct. The result is determined by the law of conservation of momentum.


But as with the distinction between determinism and pre-determinism in the free-will debates, the measurement by observer B was not pre-determined before observer A's measurement. 
It was simply determined by her measurement.



Why do so few accounts of entanglement mention conservation laws?

 
Although Einstein mentioned conservation in the original EPR paper, it is noticeably absent from later work. Bohm and Bell are obviously using it without an explicit mention.  A prominent exception is Eugene Wigner, writing on the problem of measurement in 1963: 

If a measurement of the momentum of one of the particles is carried out — the possibility of this is never questioned — and gives the result p, the state vector of the other particle suddenly becomes a (slightly damped) plane wave with the momentum -p. This statement is synonymous with the statement that a measurement of the momentum of the second particle would give the result -p, as follows from the conservation law for linear momentum. The same conclusion can be arrived at also by a formal calculation of the possible results of a joint measurement of the momenta of the two particles.


Writing a few years after Bohm, and one year before Bell, Wigner explicitly describes Einstein's conservation of linear momentum in EPR as well as the conservation of angular momentum (spin) that explains perfect correlations between angular momentum (spin) components if (and only if) measured in the same direction

 
One can go even further: instead of measuring the linear momentum of one particle, one can measure its angular momentum about a fixed axis. If this measurement yields the value mℏ, the state vector of the other particle suddenly becomes a cylindrical wave for which the same component of the angular momentum is -mℏ. This statement is again synonymous with the statement that a measurement of the said component of the angular momentum of the second particle certainly would give the value -mℏ. This can be inferred again from the conservation law of the angular momentum (which is zero for the two particles together) or by means of a formal analysis. 



Visualizing Entanglement and Nonlocality

Schrödinger said that his "Wave Mechanics" provided more "visualizability" (Anschaulichkeit) than the Copenhagen school and its "damned quantum jumps" as he called them. He was right.

But we must focus on the probability amplitude wave function of the prepared two-particle state, and not attempt to describe the paths or locations of independent particles - at least until after some measurement has been made. We must also keep in mind the conservation laws that Einstein used to discover nonlocal behavior in the first place. Then we can see that the "mystery" of nonlocality is primarily the same mystery as the single-particle collapse of the wave function. 


As Richard Feynman said, there is only one mystery in quantum mechanics (the collapse of probability and the consequent statistical outcomes). 


We choose to examine a phenomenon which is impossible, absolutely impossible, to explain in any classical way, and which has in it the heart of quantum mechanics. In reality, it contains the only mystery. We cannot make the mystery go away by "explaining" how it works. We will just tell you how it works. In telling you how it works we will have told you about the basic peculiarities of all quantum mechanics.


In his 1935 paper, Schrödinger described the two particles in EPR as "entangled" in English, and verschränkt in German, which means something like cross-linked. It describes someone standing with arms crossed.


In the time evolution of an entangled two-particle state according to the Schrödinger equation, we can visualize it - as we visualize the single-particle wave function - as collapsing when a measurement is made. The discontinuous "jump" is also described as the "reduction of the wave packet." This is apt in the two-particle case, where the superposition of | + - > and | - + > states is "projected"  or "reduced: to one of these states, and then further reduced to the product of independent one-particle states | + > and | - >.


In the two-particle case (instead of just one particle making an appearance), when either particle is measured we know instantly those properties of the other particle that satisfy the conservation laws, including its location equidistant from, but on the opposite side of, the source, and its other properties such as spin.


Here is an animation showing the two particles simultaneously acquiring their opposite spins when either is measured.







How Mysterious Is Entanglement?


Some commentators say that nonlocality and entanglement are a "second revolution" in quantum mechanics, "the greatest mystery in physics," or "science's strangest phenomenon," and that quantum physics has been "reborn." They usually quote Erwin Schrödinger as saying

"I consider [entanglement] not as one, but as the characteristic trait of quantum mechanics, the one that enforces its entire departure from classical lines of thought."


Schrödinger knew that his two-particle wave function Ψ12 cannot have the same simple interpretation as the single particle, which can be visualized in ordinary 3-dimensional configuration space. And he is right that entanglement exhibits a richer form of the "action-at-a-distance" and nonlocality that Einstein had already identified in the "collapse" of the single particle wave function. 

But the main difference is that on measurement two particles acquire new properties instead of one particle, and they do it instantaneously (simultaneously), just as the single-particle wave function changes instantly over large volumes in the case of a single-particle measurement.


Nonlocality and entanglement are thus another manifestation of Richard Feynman's "only" mystery in the two-slit experiment. 



Is There an Asymmetry Here? 


Here we must explain the asymmetry that Einstein and Schrödinger have introduced into a perfectly symmetric situation, making entanglement such a mystery. Every follower of their early thinking introduces this false asymmetry.

The classic EPR idea is completely symmetric about the origin of the state preparation. Einstein introduced the mistaken idea of measuring one particle "first" and then asking how it influences subsequent measurements of the "second" particle. By contrast, Schrödinger's two-particle wave function "collapses" at all positions in an instant of time. Both particles then appear in a space-like separation.   


The perfectly symmetric picture shows that neither Alice nor Bob can in any way influence the other's experiment, as can be seen best in what we can call a special frame.


There is a special frame in which the collapse of the two-particle wave function is best visualized. It is not a preferred frame in the special relativistic sense (e.g., an inertial frame). But observers in all other frames in relative motion along the experiment axis will see one of the measurements before the other. Relativity contributes confusion to what is going on.


Almost every presentation of the EPR paradox begins with something like "Alice observes one particle..." and concludes with the question "How does the second particle get the information needed so that Bob's measurements correlate perfectly with Alice?"


There is a fundamental asymmetry in this framing of the EPR experiment. It is a surprise that Einstein, who was so good at seeing deep symmetries, did not consider how to remove the asymmetry. Even more puzzling, why did he introduce it? Why do most all subsequent scientists accept it without question?


Consider this reframing: Alice's measurement collapses the two-particle wave function. The two indistinguishable particles simultaneously appear at locations in a space-like separation. The frame of reference in which the source of the two entangled particles and the two experimenters are at rest is a special frame in the following sense.


As Einstein knew very well, there are frames of reference moving with respect to the laboratory frame of the two observers in which the time order of the events can be reversed. In some moving frames Alice measures first, but in others Bob measures first. 


If there is a special frame of reference (not a preferred frame in the relativistic sense), surely it is the one in which the origin of the two entangled particles is at rest. Assuming that Alice and Bob are also at rest in this special frame and equidistant from the origin, we arrive at the simple picture in which any measurement that causes the two-particle wave function to collapse makes both particles appear simultaneously at determinate places with fully correlated properties (just those that are needed to conserve energy, momentum, angular momentum, and spin).


[image: image-placeholder]


In the two-particle case (instead of just one particle making an appearance), when either particle is measured, we know instantly those properties of the other particle that satisfy the conservation laws, including its location equidistant from, but on the opposite side of, the entangling interaction, and all other properties such as spin. It's just "knowledge-at-a-distance."



No "Hidden Variables," But Perhaps A "Hidden Constant?"


Although we find no need for "hidden variables," whether local or non-local, we might say that the conservation laws give us a "hidden constant." Conservation of a particular property is often described as a "constant of the motion." Such a constant might be viewed as "local," in that it travels along with the particles as a shared property, true at all times, or as "global," in that it is a property of the two-particle probability amplitude wave function 
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 as it spreads out in space. 


This agrees with Bohm, and especially with Bell, who says that if the spin of particle 1 is measured to be up, then particle 2 is "predetermined" to be found to be down (if, and only if, 
the two particles are measured in the same direction). 


But recall that the Copenhagen Interpretation says we cannot know a spin property until it is measured. So some claim that both spins are in an unknown value of spin or and spin up until the measurements. It is this that suggests the possibility that both spins might be found in the same direction, both up or both down, which would violate the conservation laws. 


Since electron spins in this situation are never found experimentally in the same direction, this gave rise to the idea of a hidden variable as some sort of signal that could travel to particle 2 after the measurement of particle 1, causing it to change its spin to be opposite that of particle 1. What sort of signal might this be? And what mechanism exists in a bare electron that could cause it to change a property like its spin without an external force of some kind?


Clearly, Wigner's explicit view that a conservation law is operating, and the implicit claims of Bohm and Bell that the electron spins were created in opposite states, are the simplest and clearest explanations of the entanglement mystery.               


Despite accepting that a particular value of some "observables" can only be known by a measurement (knowledge is an epistemological problem) Einstein asked whether the particle actually (really, ontologically) paths and positions, even other properties, before we measure this?  His answer was yes.


Einstein might have thought that the two particles have had their spins predetermined from the time of their entangling interaction. But as we have shown, the perfectly correlated  properties were not created at the initial entanglement preparation but at the measurements by Alice and Bob, who freely chose an agreed upon direction to measure. 


What must pre-exist is the jointly shared property of conserved total spin angular momentum zero in all directions, a symmetry property of the initial entanglement of the two particles, so that whatever direction is freely chosen, the result will be opposite spins to maintain total spin zero, either + -, or - +. 


Note that if Alice and Bob were to measure at angles differing by an angle θ, the perfect correlations would be reduced by cos2θ. That would introduce measurements of + + and - -, which violate the conservation of total spin zero, proportional to sin2θ. 



Why Pre-Determination Is Not Possible At Initial State Preparation


The simple and intuitive idea that the two particles acquired their specific opposite spins when they were prepared, at the moment of entanglement interaction above is unfortunately wrong. Quantum theory tells us that the spins of both particles are undetermined in all directions.

Here is a crude animation illustrating the assumption that the two electrons are prepared, one in a spin-up, the other in a spin-down state. They remain in opposite states no matter how far they separate, provided neither interacts with anything else until the measurements at A and B. 


Two "hidden constants" of the motion, one spin up, one down, might explain the fact of perfect correlations of opposing spins. That "Nature's" initial choice of up-down versus down-up is quantum random explains why the bit strings can be used in quantum encryption.   


🎬Videohttps://www.informationphilosopher.com/animations/Animate_EPR.mp4



What Schrödinger told us in 1935 is that neither particle has a definite spin direction until a measurement is made of either particle. Schrödinger described the situation before measurement as in a linear combination (a superposition) of particle 1 spin up, particle 2 spin down and particle 1 spin down, particle 2 spin up.


The proper quantum description is that the two-particle wave function 
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 is in a linear combination (or superposition) of up-down and down-up states. 
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 is a prediction about probabilities of different outcomes. It does NOT mean the physical system is actually in both states! 


Just one of these two possible up-down (+ -) and down-up (- +) states can become actual when measured. The 
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 coefficient, when squared, tells us that the two states have probability 1/2. 


The spin directions and spin values (perfectly correlated) for Alice and Bob do not appear until one of them makes a measurement. And only then if Alice and Bob both measure in the same, previously agreed upon, direction, as we will visualize below.


Note that while individual spin values and directions of the two particles are indeterministic before measurement, the joint or shared property of total spin zero is not indeterministic. While there is no information in this equation about the individual particle spins, the equation contains the certain information that if one particle is measured spin-down, the other must be found spin-up 
 
Because the two-particle wave function 
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 has total spin zero, as Schrödinger showed, when they are disentangled and become the product of two single-particle wave functions 
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 and  
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, whichever of the two possible products of single-particle wave functions appears,  up-down (+ -) or down-up (- +), both will continue to conserve total spin!



If 
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 is measured with spin up, then 
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 must have spin down in the exact opposite direction, conserving total spin (angular momentum). This lets us know that 
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 is spin down without measuring it. We believe that this should be called "knowledge-at-a-distance." There is no superluminal signaling, no physical influence, no "action-at-a-distance."


We describe this situation as a single "hidden constant" of the motion. The hidden constant is the total spin zero, a shared property of the two-particle wave function 
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. Spin is a constant because of the principle of conservation of angular momentum, based on the rotational symmetry of the two-particle wave function. And this "hidden" constant achieves everything the David Bohm and John Bell hoped their "hidden variables" could do!



The "Free Choice" of the Experimenter

 
We can establish the fact that there is no preferred spatial direction for the rotationally symmetric two-particle entangled wave function. The founders of quantum mechanics, especially Werner Heisenberg, insists that the experimenter has a "free choice" as to which direction (or component of spin) to measure. It is therefore Alice's "free choice" that introduces the preferred direction into the problem. And it is only measurements by Bob in that same (or opposite) direction that will yield the perfectly correlated (or anti-correlated) values needed for quantum encryption. 

This preferred direction did not exist before Alice's measurement. And note that although Alice can choose the direction, she cannot choose the outcome, spin up or spin down. As Paul Dirac showed, the outcome is indeterministic, a matter of chance that he called "Nature's Choice." 


There is no interaction or action-at-a-distance from Alice to Bob. When the two-particle 
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 collapses into disentangled 
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, the new single-particle wave functions have opposite spins in the direction Alice chose to measure. 


Here is a crude two-dimensional animation of this picture,


🎬Videohttps://www.informationphilosopher.com/animations/Animate_EPR_Osc.mp4


If you move the timeline playhead slowly you can see the two spins are oscillating back and forth, always keeping the total spin zero. Richard Feynman described them as arrows spinning randomly in all directions, but this visualization does not do justice to the underlying fact that there is no preferred direction for the rotationally symmetric total spin zero state of the entangled 
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 wave function. 


Principle Theories and Constructivist Theories 


In his 1933 essay, "On the Method of Theoretical Physics," Albert Einstein argued that the greatest physical theories would be built on "principles," not on constructions derived from physical experience. His theory of special relativity was based on the principle of relativity, that the laws of physics are the same in all inertial frames, along with the constant velocity of light in all frames.


Our explanation of entanglement as the result of "hidden constants" of the motion is based on conservation laws, which, as Emmy Noether showed, are based on still deeper principles of symmetry.


This "principle" explanation is, of course, also based solidly on the empirical fact that electron spins are always experimentally (constructively) found in opposite directions.



Summary Explanation of Quantum Entanglement


As Einstein should have seen in his discussion with Leon Rosenfeld, the conservation of total zero momentum of identical particles separating with equal but opposite velocities does not depend on any interaction between the particles. Neither particle is "influencing" the motion of the other one to keep their momenta perfectly opposite. They each conserve their own momentum.

The case is similar with two quantum particles, whether electrons, photons, atoms, or "buckyballs. " The two-particle wave function 
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 describes the probability of finding the two particles somewhere if a measurement is made. As with any quantum wave function, particles can be found anywhere the squared modulus |
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| is not zero. 


Just as we can say nothing about where a single particle is located before measurement, so we cannot know where the two particles will be found when observed. But we can know that their relative spin directions will always be found to be exactly opposite one another, just as Einstein's two particles with opposite linear momentum will be located symmetrically about their original collision. 


The perfect rotational symmetry of the two-particle wave function 
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 ensures that every direction angle is equally probable. As Werner Heisenberg and Pascual Jordan liked to describe it, the specific properties of particles are "created" by the measurement, when one of the possible locations and angle directions becomes actual. Alice's "free choice" of direction to measure ensures that the spin will be found along that angle direction, but randomly up or down in that direction, according to Paul Dirac's idea that this is "Nature's choice." As long as Bob measures at the same pre-agreed angle, he will always find his spin opposite to the direction that Alice found, establishing the perfect anti-correlation of bits needed for quantum encryption.


The proper quantum description is that the two-particle wave function is in a linear combination of up-down and down-up states, as described by Bohm in 1952 and Bell in 1964. 
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Either of these possible states can become actual when measured. Both will conserve spin angular momentum, our "hidden constant of the motion."


We might attempt a rough visualization (Schrödinger's Anschaulichkeit) of the spins of the entangled particles. It is something like an ice-skating couple holding hands while they rotate around one another. But the analogy Is weak, because quantum spins are not in ordinary 3-dimensional space. 


Below is a 3D visualization that demonstrates the rotational symmetry of two entangled atoms about their molecular axis, for example the hydrogen molecule made up of two hydrogen atoms. You can rotate the molecule to view it from a point on the molecular axis that is outside the molecule. 


🔗moleculehttps://sketchfab.com/playlists/embed?collection=701416332d8f425b876a01832b9930d3&autostart=0

molecule
        by Eliam113
        on Sketchfab

Click on the play icon and rotate the H2 molecule in any direction. The ground state of the H2 molecule is a 1s21Σ+g singlet state with total spin angular momentum zero because the spins of the two electrons are always found in opposite directions. 

[image: image-placeholder]

The H2 molecule is almost spherically symmetric, distorted slightly from the homologous covalent 1sσ2 state of the helium atom (which is perfectly spherical) by splitting the He atom into two positive nuclei and separating them to the internuclear distance of the molecule.

The ground state being a Σ state, it
must have rotational symmetry
about the nuclear axis.
It is also symmetrical in the two electrons and in the nuclei.


In David Bohm's version of EPR he wrote


We consider a molecule of total spin zero consisting
of two atoms, each of spin one-half... 

 The
two atoms are then separated by a method that does
not influence the total spin. After they have separated
enough so that they cease to interact, any desired component
of the spin of the first particle (A) is measured.
Then, because the total spin is still zero, it can immediately
be concluded that the same component of the
spin of the other particle (B) is opposite to that of A.



But the measurements by Alice and Bob must be made in the same direction (at the same pre-agreed upon angle) to preserve the symmetry and get that perfectly opposite outcome. We can visualize the positions of their Stern-Gerlach devices located on the extension of the molecule's internuclear axis. If you rotate the animation until you are looking along the internuclear axis, it looks like a perfect circle. In this position you see the rotational symmetry about that axis. 


If Alice measures "first" at angle α and Bob then measures at a different angle β, since Bohm tells us Bob's particle must be found oriented perfectly opposite at -α, Bob's measurements will be decorrelated by 
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Note that the rotational symmetry about the internuclear axis means that this result happens whichever angle Alice starts with.


In experimental terms, the fact that the results don't depend on Alice's choice of angle together with the observed 
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 decorrelation seen in all the Bell experiments proves (confirms) that the two-particle wave function is symmetric about the inter-particle axis. which is the flight path of the separating particles. 


If Bob measures at a different angle from Alice, this destroys the rotational symmetry. As Bohm warned, this would influence the total spin of the two particles, which would no longer be zero. But that would not violate conservation of angular momentum, because the spin of the two Stern-Gerlach devices would also be changed, exactly conserving the combined total angular momentum of the particles and the measurement devices.     



Response to Criticisms of Our Explanation of Quantum Entanglement


Critics say that we mistakenly assume that the entangled particles acquire their (perfectly correlated) properties (spin values, positions) before Alice's or Bob's  measurement. We don't. We agree their individual properties are indeterministic. But we insist that their shared property of total spin zero (our "hidden constant") is determined by their initial entanglement and remains that constant unless the particles are disturbed an environmental interaction.

Critics also say the only way that Alice and Bob can get perfect correlations at whichever angle they agree on is if the particles have definite correlated values in all possible directions, e.g., all x,y,z components. David Bohm made this objection in 1957.


In quantum theory, a difficulty arises, in the interpretation
of the above experiment, because only one
component of the spin of each particle can have a
definite value at a given time.

David Mermin described the same difficulty in his article "Spooky actions as a distance" in his 1990 book Boojums All The Way Through, p.162, where he writes "we are led to conclude that both photons must have definite polarizations along every conceivable direction." 

This is simply impossible, as Bohm said clearly. The correct answer is that the spherically symmetric wave function 
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 will present two particles with perfectly correlated spins in opposite directions, conserving total spin, in whichever direction Alice and Bob agree to jointly measure.


The Copenhagen Interpretation and many others agree that quantum properties (spin, position, momentum) normally do not exist before their measurement. (Exceptions are cases of a "state preparation" where a system is put into a definite state. A subsequent measurement finds it in the same state - Pauli measurements of the first kind.) The initial entanglement is such a state preparation.


Properties acquired during a measurement are cases in which we say that the observer "creates reality." And we agree that Alice's measurement of spin-up or spin-down in some direction did not exist before her measurement. It was truly random. Dirac calls it Nature's choice". But note that her choice of measurement direction (angle) was her own (Heisenberg's "free choice"). 


Alice is creating the reality of the spin in her chosen direction. Bob will only get a perfectly correlated (or anti-correlated) result if he measures at exactly the same angle (by pre-agreement with Alice). Only in this case can Alice and Bob generate the correlated sequences of random bits needed for quantum cryptography.


So we agree with our critics who say the specific properties created by Alice and Bob (spin and direction angle) do not pre-exist their measurements. However, the critics are also correct that our explanation does require something to exist before the measurements. But what pre-exists is not individual particle properties. 


It is instead the shared or joint property of total spin angular momentum zero that the entangled particles acquired when they were initially entangled, and which they carry with them as they travel. We describe this shared property as a "hidden constant of the motion" because it functions just like the "hidden variables" that David Bohm and John Bell hoped for. 


We believe this "hidden constant" fully explains the non-local behavior of entangled particles and the apparent violation of relativity.


The "hidden constant" for entangled particles is the total spin zero state the particles are in. Without any external interaction (or decoherence by the environment), the total spin remains zero at all times by the law of conservation of angular momentum.  


Critics are correct that we do not know (epistemology) and the particles do not have (ontology) specific spin directions or positions. But we do know, and the particles do have, the joint or shared property of total spin zero at all times. (The two-particle wave function 
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 is rotationally symmetric, a symmetry that underlies the conservation of angular momentum, according to Emmy Noether.)


Specifically, conservation of momentum laws mean that just before the measurement, whatever the unknown spins and positions of the entangled particles, their spins are always found exactly opposite to one another, and whatever the unknown positions of the particles, they are equidistant from and on opposite sides of the initial entanglement, as Einstein described to Leon Rosenfeld in 1933 and the 1935 EPR authors called "elements of reality" and a "paradox."


Again, although we do not know those spins and directions, because they are ontologically indeterminate, 
the fact that at the instant of Alice's measurement Bob's particle must have exactly opposite properties is not because an "influence" travels from Alice to Bob faster than the speed of light (Einstein's "spooky action at a distance"). It is because the particles must have opposite momenta when measured because the total momentum is prepared to be zero and remains zero at all times up to and including their measurements.


If without any external interaction the conservation of angular momentum law were violated at some moment, it would be a much greater problem for physics than entanglement itself, however mysterious and puzzling entanglement may seem. 


We are surprised that Einstein did not notice this fact. When Bohr, Kramers, and Slater suggested in 1924 that the conservation laws might only be statistically conserved, Einstein immediately suggested the experiment (to Walter Bothe and Hans Geiger) that would disprove the BKS hypothesis and confirm the conservation principles that are fundamental to both classical physics and quantum physics.
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Recall that it was Einstein who discovered in 1924 the identical nature, indistinguishability, and interchangeability of some quantum particles. He found that identical particles are not independent, altering their quantum statistics.

 Note that it was David Bohm in 1952 who proposed Einstein's problem use electrons. Today many if not most accounts of the EPR paradox describe it with electrons.


Source: https://www.informationphilosopher.com/entanglement/
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Bell's Theorem
John Bell showed in 1964 how the 1935 "thought experiment" of Einstein, Podolsky, and Rosen (EPR) could be made into a real experiment. 

Einstein was especially bothered by the "nonlocal" aspect of quantum mechanics exhibited by a measurement at one place instantaneously determining the properties (position and momentum, and later spin) of a particle detected at another place. The spacelike separation between the two measurements implied something "travelling" faster than the speed of light between the two.  


Actually, at the 1927 Solvay Conference, Einstein had already complained about "action at a distance" and faster-than-light effects when, in a single-slit version of the two-slit experiment, the detection of a single particle at one place instantaneously collapsed the probability (
  Ψ
2) of finding it at a distant place.


And we now know that Einstein probably saw this implicit violation of his theory of special relativity as early as 1905, when he formulated both relativity theory and the light-quantum hypothesis. See our history of Einstein's thought.


EPR proposed the existence of supplementary parameters or "local hidden variables" that could communicate information between the two measurements. 


Einstein's colleagues Erwin Schrödinger, Max Planck,  David Bohm, and others hoped that the hidden variables would allow a return to deterministic physics. 


They wanted to eliminate mysterious quantum phenomena like superposition of states, quantum entanglement and nonlocality, action at a distance, and - perhaps most important for Schrödinger - the irreducible statistical chance associated with the collapse of the wave function. Einstein's famous remark on quantum indeterminacy was that "God does not play dice."


According to Wolfgang Pauli (in correspondence with Max Born), Einstein was less concerned with the return of determinism than he was with the restoration of "local reality" and the elimination of "action at a distance." What local reality meant for Einstein was that the properties of physical objects exist before they are measured, independently of the observer. What Einstein called "spooky action at a distance" was the simultaneous projection of quantum particles into correlated states despite their great separation.


In 1964, John Bell put limits on any supplementary parameters or "hidden variables" that might eliminate nonlocality and restore a deterministic physics in the form of what he called an "inequality," the violation of which would confirm standard quantum mechanics. 


Bell also described his key assertions in the simple idea that "local hidden variables" will never be found that give the same results as quantum mechanics. This has come to be known as Bell's Theorem.


In a 1990 lecture at CERN, shortly before his untimely death, Bell made it plain that the violation of his inequality had shown the "Einstein program" to be a failure.


It just is a fact that quantum mechanical predictions and experiments, in so far as they have been done, do not agree with [my] inequality. And that's just a brutal fact of nature... No action at a distance led you to determinism, in the case of parallel polarisers, but determinism, in the case of off-parallel polarisers, leads you back to action at a distance. Now, in my opinion, in answer to the question that you posed at the beginning, I don't know this phrase is too strong and active an assertion, I cannot say that action at a distance is required in physics. But I can say that you cannot get away with no action at a distance. You cannot separate off what happens in one place and what happens in another. Somehow they have to be described and explained jointly. Well, that's just the fact of the situation; the Einstein program fails, that's too bad for Einstein, but should we worry about that?

See a 10-minute video of John Bell on the Einstein failure


Bell's Theorem has been tested in numerous real EPR experiments over the years, by John Clauser, Alain Aspect, Michael Horne, Albert Shimony, and Richard Holt (in various CHSH-type experiments) and most recently by Nicolas Gisin and his colleagues in Geneva with entangled photons sent over miles of fiber optics.


In the 1989 book, Sixty-two Years of Uncertainty, Abner Shimony summarized the significance of various versions of Bell's Theorem.


All versions of Bell's theorem are variations, and usually generalizations, of the pioneering paper of J.S. Bell of 1964, entitled "On the Einstein-Podolsky-Rosen Paradox." All of them consider an ensemble of pairs of particles prepared in a uniform manner, so that statistical correlations may be expected between outcomes of tests performed on the particles of each pair. If each pair in the ensemble is characterized by the same quantum state Φ, then the quantum mechanical predictions for correlations of the outcomes can in principle be calculated when the tests are specified. On the other hand, if it is assumed that the statistical behavior of the pairs is governed by a theory which satisfies certain independence conditions (always similar to the Parameter and Outcome Independence conditions stated below, though the exact details vary from version to version of Bell's theorem), then it is possible to derive a restriction upon the statistical correlations of the outcomes of tests upon the two particles. The restriction is stated in the form of an inequality, known by the collective name of "Bell's Inequality." Each version of Bell's theorem exhibits a choice of Φ and of the tests upon the two particles such that the quantum mechanical predictions of correlations violates one of the Bell's Inequalities. The theorem therefore asserts that no physical theory satisfying the specified  independence conditions can agree in all circumstances with the predictions of quantum mechanics. The theorem becomes physically significant when the experimental arrangement is such that relativistic locality prima facie requires that the independence conditions be satisfied. Because such arrangements are in principle possible (and, in fact, actually realizable, if certain reasonable assumptions are made), one can restate Bell's Theorem more dramatically as follows: no local physical theory can agree in all circumstances with the predictions of quantum mechanics. 

[image: image-placeholder]

Fig. 1. An ensemble of particle pairs 1 + 2 is emitted in a uniform manner from the source. Particle 1 enters an analyzer with a controllable parameter a, and the possible outcomes are sm
(m = 1,2,...). Particle 2 enters an analyzer with controllable parameter b, and the possible outcomes are tn (n = 1,2,...).


Figure 1 shows a source from which particle pairs, labeled 1 and 2, are emitted in a uniform manner. The complete state of a pair 1+2 is denoted by k, where k belongs to a space K of complete states. No assumption is made about the structure of K, except that probability measures can be defined on it. Because of the uniform experimental control of emission, it is reasonable to suppose that there is a definite probability measure w defined over K which governs the ensemble of pairs; but the uniformity need not be such that w is a delta-function, i.e., that every pair of the ensemble is in the same complete state k. Particle 1 enters an analyzer with a controllable parameter a, which the experimenter can specify, for instance, by turning a knob. Likewise, particle 2 enters an analyzer with a controllable parameter b. 


The reason philosophers like Shimony have difficulty with two-particle wave-function collapses is clear from his exposition. It is quite wrong to describe two distinct particles, 1 and 2, with 1 entering the right analyzer and 2 entering the left analyzer. 


Just as a single particle cannot be localized in the two-slit experiment, neither particle in an EPR experiment is localizable until there is a measurement of the two-particle wave function 
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, at which time both particles become localized (to within the usual quantum indeterminacy) however far apart they are at that time (in the rest frame of the experiment). 


The reason we know everything about the "other" particle as soon as we measure one is, as Einstein knew well, but later writers often ignore, found in the various conservation laws (of energy, momentum, spin angular momentum, etc.). If Bell's inequalities were not violated, the much more fundamental laws of conservation of momentum, angular momentum and spin would be violated.


We have proposed that the conserved spin angular momentum can be considered a hidden constant of the motion and that the emission of entangled particles from the source in the center between the measurements is a common cause of the perfectly correlated measurements. The causal source of the entangled particles is in the past light cone of the measurements, so relativity is not violated. 


For a correct description of how quantum mechanics describes two particles in an entangled quantum state, see our description of the EPR experiment.


Quantum entanglement is widely but mistakenly believed by Bell and many others to allow instantaneous and nonlocal communications between widely separated, but nevertheless "connected" objects or persons, usually known as Alice and Bob.


In fact, there is no communication at all between Alice and Bob, let alone instantaneous or faster than light speed communication of meaningful information. What is "communicated" in a typical Bell experiment is two quantum particles which have been entangled in an apparatus centered between Alice and Bob and sent off to Alice and Bob at speeds well below the velocity of light. The entangling apparatus is the common cause of the measurements made by Alice and Bob.



Alice ← CC → Bob



Typical particles are electrons or photons, each of which can carry a single bit of information corresponding to their spin angular momentum state of up or down when measured by Alice and Bob.


Before their measurement, the spin states are undetermined. The two possible states of up or down are alternative possibilities that are the basis for the creation of new information structures in the universe, including new species in biological evolution, freedom of the human will, and the communication of information, according to the theory of Claude Shannon.


We can describe Alice and Bob's results as "up" or "down," or plus or minus, or with digital bit sequences 1 or 0. 


Alice's measurement sequences appear to her to be completely random, like this, with approximately equal numbers of  1's and 0's, approaching equality for longer bit sequences.


00010011011110101100011011000001



And Bob's sequence looks to him to be equally random, with 1's and 0's approaching 50/50.  


11101100100001010011100100111110



But amazingly, should Alice send her bit sequence to Bob for comparison, he discovers that when he lines the bit strings up with one another, they are perfectly anti-correlated. Where Alice measured a 1, Bob measures 0, and vice versa. How can this be?


00010011011110101100011011000001

11101100100001010011100100111110



[Note that these random but perfectly correlated bit sequences are perfect for use as one-time pads for encrypting coded messages. And the sequences have not been "communicated" or "distributed" over an ordinary communication channel. They have been created independently and locally at Alice and Bob in a secure way that is invulnerable to eavesdroppers, solving the problem of quantum key distribution (QKD).] 
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Source: https://www.informationphilosopher.com/quantum/bell_theorem/
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Bell's Kinky Polytope


Recall Bell's description of the entanglement process, with its assumption that first one measurement is made, and the other measurement is made later.


If measurement of the component σ1 • a, where a is some unit vector, yields the value + 1 then, according to quantum mechanics, measurement of σ2 • a must yield the value — 1 and vice versa... Since we can predict in advance the result of measuring any chosen component of σ2, by previously measuring the same component of σ1, it follows that the result of any such measurement must actually be predetermined. 


Since the collapse of the two-particle wave function is indeterminate, nothing is pre-determined, although σ2 is indeed determined to have opposite sign (to conserve spin momentum) once σ1 is measured. Here Bell is describing the "following" measurement to be in the same direction as the "previous" measurement. In Bell's description, Bob is measuring "the same component" as Alice, meaning that he measures at the same angle as Alice.

If Bob should measure in a different spin direction from Alice (a different spin component), his measurements will lose their perfect correlation, slowly at first for a small angle. As the angle between their measurements increases, the correlation falls off as the squared cosine of the angle. Oddly, Bell's inequality for local hidden variables predicts a linear falloff with angle. We shall try to understand how Bell came up with a linear angle dependence for what he called his ad hoc model and later his "inequality." It is this linear dependence that leads to Bell's polytope being a square.



Supporters of the Copenhagen Interpretation claim that the properties of particles (like angular or linear momentum) do not exist until they are measured. It was Pascual Jordan who claimed the measurement creates the value of a property. This is true when the preparation of the state is in an unknown linear combination (superposition) of quantum states.


In our case, the entangled particles have been prepared in a superposition of states, but both of them have total spin zero.
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So whichever of these two states is created by the preparation, it will put the two particles in opposite spin states, randomly + - or - + , but still supporting Bell's view, that they will be perfectly (anti-)correlated when measured at exactly the same angle (measuring the same spin component).

Wolfgang Pauli called it a "measurement of the first kind" when a system is prepared in a state and if measured again, will be certainly found in the same state. (This is the basis for the quantum zeno effect.) 


Since our two electrons have been prepared with one spin up and the other down, what could possibly cause them to change, for example, to both spins in the same direction, or as Copenhagen claims, simply to have both spins no longer definite until the next measurement?


As long as nothing interferes with either entangled particle as they travel to the distant detectors, they will be found to be still perfectly correlated, if (and only if) they are measured at the same angle. Otherwise, the correlations should fall off as the cosine (or perhaps the square of the cosine?) of the angle difference.  


[image: image-placeholder]
 

We can illustrate the straight-line predictions of Bell's inequalities for local hidden variables, the cosine curves predicted by quantum mechanics and conservation of angular momentum, and the odd "kinks" at angles 0°, 90°, 180°, and 270°, with what is called a "Popescu-Rorhlich box."

This square box is also called the Bell polytope.
 
It shows Bell’s local hidden variables prediction as four straight lines of the inner square. The circular region of quantum mechanics correlations are found outside Bell's straight lines, "violating" his inequalities. Quantum mechanics and Bell's inequalities meet at the corners, where Bell's predictions show a distinctly non-physical right-angle that Bell called a "kink."


All experimental results have been found to lie along the curved quantum predictions called the "Tsirelson bound." 



[image: image-placeholder]

In 1976, Bell gave us this diagram of the "kinks" in his local hidden variables inequality. He says,


Unlike the quantum correlation, which is stationary in θ at θ = 0, at the hidden variable correlation must have a kink there


Bell provides us no physical insight into the "kinky" square shape of his "local hidden variables" inequality. 




In his famous 1981 article on "Bertlmann's Socks," Bell explains that the predictions for his "ad hoc" model are linear in the angle difference |a - b|, and he notes the fact that his inequality only agrees with the quantum predictions at the corners of the square of linear predictions above, and not at intermediate angles.

To account then for the Einstein-Podolsky-Rosen-Bohm correlations we have only to assume that the two particles emitted by the source have oppositely directed magnetic axes. Then if the magnetic axis of one particle is more nearly along (than against) one Stern-Gerlach field, the magnetic axes of the other particle will be more nearly against (than along) a parallel Stern- Gerlach field. So when one particle is deflected up, the other is deflected down, and vice versa. There is nothing whatever problematic or mind-boggling about these correlations, with parallel Stern-Gerlach analyzers, from the Einsteinian point of view.

So far so good. But now go a little further than before, and consider non-parallel Stern-Gerlach magnets. Let the first be rotated away from some standard position, about the particle line of flight, by an angle a. Let the second be rotated likewise by an angle b. Then if the magnetic axis of either particle separately is randomly oriented, but if the axes of the particles of a given pair are always oppositely oriented, a short calculation gives for the probabilities of the various possible results, in the ad hoc model,...


P(up, down) = P(down, up) = 1/2 - |a-b|/2π


where ‘up’ and ‘down’ are defined with respect to the magnetic fields of the two magnets. However, a quantum mechanical calculation gives


P(up, down) = P(down, up) = 1/2 - 1/2(sin(a - b)/2)2 [= 1/2(cos(a - b)/2)2]


Thus the ad hoc model does what is required of it (i.e., reproduces quantum mechanical results) only at (a — b) = 0, (a - b) = π/2 and (a — b) = π, but not at intermediate angles.



What was Bell's "short calculation" that gives "the probabilities of possible results" in his ad hoc model as linearly proportional to the angle |a-b|?? 


And what exactly was Bell's "quantum mechanical calculation" that gives us probabilities proportional to the cosine of the angle |a-b| squared?


Bell does not give us any underlying physical reasons for the linear dependence on angle. He clearly knows that his linear "inequality" is a strong challenge to the curved cosine prediction of quantum mechanics. 


And Bell's odd prediction of sharp corners or "kinks" where his straight lines turn ninety degrees (it is only at these corners where his linear inequality agrees with the curving quantum mechanics), surely should have prompted Bell to give us a deeper explanation of his theorem?


When John Clauser wrote to Bell suggesting an experimental test of his inequality, Bell replied               


"In view of the general success of quantum mechanics, it is very hard for me to doubt the outcome of such experiments. However, I would prefer these experiments, in which the crucial concepts are very directly tested, to have been done and the results on record."


And he added

"Moreover, there is always the chance of an unexpected result, which would shake the world."


Clauser later recalled to Gilder

"Being a young student in this age of revolutionary thinking, I naturally wanted to 'shake the world' ."


The dependence on the square of the cosine is the so-called "law of Malus" for crossed polarizers as pointed out by Abner Shimony in his Stanford Encyclopedia article on Bell's Theorem. 

Paul Dirac taught his "principle of superposition" with crossed polarizers in his 1930 textbook The Principles of Quantum Mechanics.




Can Perfect Correlations Be Explained by Conservation Laws?


We find that David Bohm and John Bellimplicitly and Eugene Wignerexplicitly, used conservation of angular momentum (or particle spin) to tell us that if one spin-1/2 electron is measured up, the other must be down. Just as Albert Einsteinimplicitly used conservation of linear momentum in his development of the EPR Paradox.
David Bohm and Yakir Aharonov wrote in 1957,


We consider a molecule of total spin zero consisting
of two atoms, each of spin one-half. The wave function
of the system is therefore
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where  ψ+ (1)  refers to the wave function of the atomic
state in which one particle (A) has spin +ℏ/2, etc. The
two atoms are then separated by a method that does
not influence the total spin. After they have separated
enough so that they cease to interact, any desired component
of the spin of the first particle (A) is measured.
Then, because the total spin is still zero, it can immediately
be concluded that the same component of the
spin of the other particle (B) is opposite to that of A.


Eugene Wigner wrote in 1963


If a measurement of the momentum of one of the particles is carried out — the possibility of this is never questioned — and gives the result p, the state vector of the other particle suddenly becomes a (slightly damped) plane wave with the momentum -p. This statement is synonymous with the statement that a measurement of the momentum of the second particle would give the result -p, as follows from the conservation law for linear momentum. The same conclusion can be arrived at also by a formal calculation of the possible results of a joint measurement of the momenta of the two particles.

 
One can go even further: instead of measuring the linear momentum of one particle, one can measure its angular momentum about a fixed axis. If this measurement yields the value mℏ, the state vector of the other particle suddenly becomes a cylindrical wave for which the same component of the angular momentum is -mℏ. This statement is again synonymous with the statement that a measurement of the said component of the angular momentum of the second particle certainly would give the value -mℏ. This can be inferred again from the conservation law of the angular momentum (which is zero for the two particles together) or by means of a formal analysis. 


Writing a few years after Bohm, and one year before Bell, Wigner explicitly describes Einstein's conservation of momentum example as well as the conservation of angular momentum (spin) that explains perfect correlations between angular momentum (spin) components measured in the same direction

John Bell wrote in 1964,


With the example advocated by Bohm and Aharonov, the EPR argument is the following. Consider a pair of spin one-half particles formed somehow in the singlet spin state and moving freely in opposite directions. Measurements can be made, say by Stern-Gerlach magnets, on selected components of the spins σ1 and σ2. If measurement of the component σ1 • a, where a is some unit vector, yields the value + 1 then, according to quantum mechanics, measurement of σ2 • a must yield the value — 1 and vice versa. Now we make the hypothesis, and it seems one at least worth considering, that if the two measurements are made at places remote from one another the orientation of one magnet does not influence the result obtained with the other. 

Since we can predict in advance the result of measuring any chosen component of σ2, by previously measuring the same component of σ1, it follows that the result of any such measurement must actually be predetermined. 

Since the initial quantum mechanical wave function does not determine the result of an individual measurement, this predetermination implies the possibility of a more complete specification of the state.




"pre-determination" is too strong a term. The first measurement just "determines" the later measurement. We shall see that the second measurement is synchronous with the "first" in a "special" frame


Just like Bohm and Wigner, Bell is implicitly using the conservation of total spin. 

Albert Einstein made the same argument in 1933, shortly before EPR, though with conservation of linear momentum, asking Leon Rosenfeld, 


Suppose two particles are set in motion towards each other with
the same, very large, momentum, and they interact with each
other for a very short time when they pass at known positions.
Consider now an observer who gets hold of one of the particles,
far away from the region of interaction, and measures its
momentum: then, from the conditions of the experiment, he will
obviously be able to deduce the momentum of the other particle.
If, however, he chooses to measure the position of the first
particle, he will be able tell where the other particle is.


Supporters of the Copenhagen Interpretation claim that the properties of the particles (like angular or linear momentum) do not exist until they are measured. It was Pascual Jordan who claimed the measurement creates the value of a property. This is true when the preparation of the state is in an unknown linear combination (superposition) of quantum states.


And in our case, quantum mechanics describes the entangled particles as prepared in a superposition of two-particle states, but note that both of the states have total spin zero.
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Now this initial entangled state is spherically symmetric and rotationally invariant. It has no preferred spin direction that could "pre-determine" the directions that will be found by Alice and Bob, as Bell described.


The preferred direction is created by Alice's measurement, or by Bob's should he measure first in the "special frame" in which Alice and Bob are "at rest" and equidistant from the location of the initial entanglement.


Let's assume that Alice measures first and gets spin +1/2. The prepared state has been projected (randomly) into ψ+(1)  ψ-(2). 


But most important, Alice's measurement establishes the angle of her spin measurement - the angle of her Stern-Gerlach magnet in the x,y plane. Werner Heisenberg says it is her free choice to measure the x-component. As the Copenhagen Interpretation describes this , Alice brings this x-component property into existence. (This was Pascual Jordan's contribution to the interpretation.)


There was no x- or y-component in the rotationally invariant prepared entanglement.      

Paul Dirac pointed out that the actual value for the property depend's on what he calls "Nature's choice." The initial prepared state (1) might equally have collapsed into ψ-(2).  This is the source of the quantum randomness which is critically important for quantum encryption.


Whichever of the two states is projected by Alice's measurement, it breaks the original spherical symmetry, and puts the two particles in opposite spin states (in the plane of her measurement), randomly + - or - +, supporting the views of Bohm, Wigner, and Bell, that particles will be perfectly (anti-)correlated when measured.


In our example, since Alice measured the x-component of spin as +1/2, Bob will necessarily (and because of conservation of angular momentum) measure the x-component as -1/2.


As we saw above, Wolfgang Pauli called it a "measurement of the first kind" when a system is prepared in a state, so that when measured, it will certainly be found in the same state. 


As long as nothing interferes with either entangled particle as they travel to the distant detectors (though perhaps decoherence?), they will be found to be perfectly correlated if (and only if) they are measured at the same angle (in our case, the x-component). Otherwise. the correlations should fall off as the square of the cosine of the angle difference. It is strange that Bell accepted an inequality that predicts correlations fall off with angle as a non-physical straight-line function with "kinks." 



In any case, conservation laws tell us that when either particle is measured, we know instantly those properties of the other particle, including its location equidistant from, but on the opposite side of, the entangling interaction, and all other conserved properties such as spin. 


But this is not "action-at-a-distance." It's just "knowledge-at-a-distance."


A more recent (2005) study showing that correlations in Bell tests is the result of conservation of angular momentum is "Correlation functions, Bell's inequalities and the fundamental conservation laws," by C. S. Unnikrishnan of the Tata Institute in India. He also discusses the odd  "kinks" in Bell's linear predictions of correlations compared to the conservation law curve.




Source: https://www.informationphilosopher.com/entanglement/polytope/
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Abstract

Whether a calcium cascade or a spontaneous parametric down-conversion of photons. or the dissociation of a hydrogen molecule into atoms, at initial entanglement the spins of two particles are in a singlet state whose wave function is spherically symmetric with total spin zero. It has no preferred spatial direction.
Causally local interactions inside the initial entanglement apparatus project the entangled particles into a spherically symmetric two-particle quantum state ΨAB that Erwin Schrödinger said cannot be represented as a simple product of independent single-particle states ΨAΨB. 

As the particles travel away from the central apparatus C in opposite directions toward measurement devices at A and B the two-particle wave function is in a spherically symmetric singlet state with total spin angular momentum zero.
The wave function is a linear combination or superposition of 
  Ψ
A ↑
  Ψ
B ↓ + 
  Ψ
A ↓
  Ψ
B ↑.  The molecular wave function of the dissociating "quasi-molecule" is the 1Σg ground state.


The total spin zero is conserved as a constant of the motion until a causally local interaction at either A or B collapses the two-particle wave function, decohering it into a product of single-particle states, either  
  Ψ
A ↑
  Ψ
B ↓or 
  Ψ
A ↓
  Ψ
B ↑. The constant of the motion is not a causally local process like the initial entanglement and the separate final measurements, but it is a condition or constraint that puts limits on the measurement outcomes. Schrödinger says the final measurement disentangles the particles. The particles remain correlated, but measurement of one will no longer affect the other, he said.


As long as final measurements are made at the same pre-agreed upon angle their planar symmetry will maintain the initial symmetry, conserving our constant of the motion total spin zero.  The particles will produce perfectly correlated opposite spin states, either up-down or down-up. Individual spin states will be randomly up or down. 


However, should measurements at A and B not be made in the same plane, if measurement angles differ by angle θ, perfect correlations will be reduced by cos2θ, as quantum mechanics predicts.  We note that no information is communicated (at any speed) between A and B. The two bits of information are created locally  at A and at B, distally caused by the initial entanglement at C. These bits of information did not exist as the particles were in transit to A and B. They were proximally caused by the causally local measurements at A and at B.



 
We propose that simultaneous measurement outcomes at two entangled particles widely separated in space are caused to be perfectly correlated as the result of 1) local causes at initial entanglement, 2) a conservation principle as the particles travel to the measurement devices which limits the measurement outcomes, and 3) measurements at A and B that are made in a (previously agreed upon arbitrary) single plane that replaces the spherical symmetry of the two-particle wave function with planar symmetry that conserves the perfectly correlated measurement outcomes. There is no superluminal action from A to B or vice versa.

We regard this three-part "causal chain" of events as a "common cause" in the sense of Hans Reichenbach's Common Cause Principle

If an improbable coincidence has occurred, then there must have been a common cause.3

In our case, if events at A and B are perfectly correlated, then either A causes B, B causes A, or there is a common cause C coming to A and B. Since A and B occur simultaneously, neither can cause the other. Any cause from A to B or vice versa would need to travel faster than light.

The initial local causes in the causal center C put the entangled particles in a spherically symmetric two-particle quantum state 
  Ψ
AB that Schrödinger said cannot be represented as a simple product of two independent single-particle states 
  Ψ
A 
  Ψ
B. Instead it is a linear combination or superposition of 
  Ψ
A ↑
  Ψ
B ↓ and 
  Ψ
A ↓
  Ψ
B ↑.
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Conservation of total spin zero maintains the spherical symmetry of this wave function 
  Ψ
AB as the particles travel to A and B (provided no environmental interaction disturbs the symmetry). While this constant of the motion is not "causally local,"  it puts a "condition" or constraint on the final measurements. The condition is that total spin is conserved as zero. It travels (with the particles) subluminally for fermions (electrons) and at the speed of light for bosons (photons).

[image: image-placeholder]
Travis Norsen and Jacob Barandes have drawn similar space-time diagrams. Barandes says there may be a "common cause, but not the kind of hidden variable proposed by John Bell."


The initial local causes are in the past light cone of the final measurement events, as is required for a common cause. We can call them  distal causes. The proximal causes are the two causally local measurements at A and at B that create two bits of new information. 


The final local causes produce perfectly correlated outcomes. But there is no faster-than-light communication or interaction between the separated measurement events at A and B. 


As Einstein saw clearly, some moving inertial frames of reference exist in which A measures first, others in which B measures first. In our picture of a common cause, Alice and Bob at points A and B agree to measure at the same time and at the same angle (to measure the same particle pair), but in practice one measures first, collapsing the wave function. 


This model opposes the standard view, developed over five decades by Albert Einstein and many others, that some kind of faster-than-light instantaneous and nonlocal interaction between a particle and its wave function, or between the two particles, is needed to explain entanglement.


Instead, it is the instantaneous "collapse" of the wave function, in which nothing is actually moving, but in which values of the wave function 
  Ψ
AB are instantly changed everywhere, specifically they are changed simultaneously at A and B whatever their separation in spacetime, at the moment one of them causes the two-particle wave function to "collapse."    

Richard Feynman described a wave function "collapse" as the "one mystery in quantum mechanics" in his description of the two-slit experiment.


Einstein first saw an instantaneous (nonlocal) change across the spherical front of a light wave in his 1905 photoelectric effect work. He described what looked like the light wave energy all traveling instantly to a single point on the surface, collecting all the energy to eject a photoelectron. His description sounds like a "collapse,"  probably the origin of Schrödinger's immaterial wave function "collapse."


In his later years, Einstein famously called two-particle entanglement "spooky action at a distance" (spukhafte Fernwirkung) in a March 3, 1947 letter to Max Born. 


Although our focus is on experiments and their data correlations, we will also describe the mathematical quantum theory, its wave functions, and their superpositions or linear combinations of product states that perfectly predict the puzzling correlations. 


Our model of a "common cause" explaining entanglement is a causal chain of events that begins with the local causes in the entangling apparatus C that establishes the initial symmetry of the entangled particles.



A ← C → B



As the particles travel away from the central apparatus C in opposite directions toward measurement devices at A and B the two-particle wave function 
  Ψ
AB is in a spherically symmetric singlet state with total spin angular momentum zero. This total spin zero is conserved as a constant of the motion. 

Emmy Noether's theorem on the fundamental relationship between symmetry and conservation principles is extremely simple:


For any property of a physical system that is symmetric, there is a corresponding conservation law.


Conservation is thus not a causal process in the sense of a causal interaction. Indeed, it demands the lack of any causal interaction with the environment which might decohere the two-particle wave function. But we might say that the conserved property of total electron spin zero is also "local" in the sense that it is traveling along with each particle just as David Bohm's "hidden variables" or David Mermin's "instruction sets" were thought to do.


Galileo's law of Inertia, which became Newton's first law of motion, is a conservation principle. If a particle experiences no causal interactions it will maintain its state of motion, including remaining at rest. 


The final causally local interactions in our "causal chain" of events are the two measurements at A and B, which create two bits of digital information.  As long as local measurements are made at the same pre-agreed upon angle their planar symmetry will maintain total spin zero, the particles will have correlated opposite spin states up-down or down-up, and individual spin states will be randomly up or down. Should measurements at A and B differ by angle θ, perfect correlations will be reduced by cos2θ, as predicted by quantum mechanics.


There is no physical mechanism or interactions between the particles that maintains the total angular momentum from moment to moment as they travel from initial state preparation to final measurements, just as quantum mechanics cannot explain many "motions," e.g., the "jumps" of electrons in and between different shells or orbitals in atoms and molecules or their passage through the slits in the two-slit experiment. As Richard Feynman told us, we can't find any "machinery" that explains what he called this one and only mystery in quantum mechanics.


We criticize the claim by David Bohm1 that the three components of spin angular momentum must exist and be defined in all spatial directions, x, y, and z (which is impossible), in order for experiments to find the spins perfectly correlated and in opposite directions when measured. Similar is the claim by David Mermin2 that photon polarizations must exist in all directions. The correct requirement is that there be no preferred spin direction at all (spherical symmetry) in initial entanglement and as the particles travel to A and B. 


It is the arbitrary but agreed upon angle chosen for the two final measurements that introduces the preferred direction. The planar symmetry of the measurement devices maintains the spin symmetry. Each final spin measurement creates a single bit of information. No information is communicated from A to B as Einstein feared. In our common cause picture, new information is created simultaneously at A and B. 

1. Bohm, D. and Y. Aharonov, "Discussion of Experimental Proof for the Paradox of Einstein, Rosen, and Podolsky," Physical Review vol.108, no.4, Nov.15, 1957


2. D. Mermin, Boojums All The Way Through (1990), Cambridge University Press, p.110 



Summary of Three Steps to Explain Entanglement


In our explanation of two-particle entanglement the first step is the formation of the spherical symmetric singlet state. 


The second step is the conservation of the total spin angular momentum (and its spherical symmetry), which is a constant of the motion as the entangled particles fly apart. 


The third step is the conserved spherical symmetry. As long as the two measurement devices are set at a (pre-agreed upon) same angle, they will have planar symmetry which bisects the spherical symmetry. Their measurement angle can then be arbitrary and the interactions will still produce perfectly correlated results.


Measurements made at different angles would destroy that symmetry, causing correlations to be reduced by cos2θ, where θ is the angle difference. This is the well-known "law of Malus."



We shall critically examine the details of entanglement state preparations and the experimental data from particle measurements in six different kinds of entanglement experiments. 


The first three (from the 1930's to 1960's) were thought ("gedanken") experiments (really hypothetical theories) involving material particles, atoms and electrons. 


The first was Einstein's theoretical work starting in 1905 and culminating in the 1935 EPR paradox paper, his most cited work and the touchstone for all subsequent research on entanglement. David Bohm's proposal in the 1950's that hidden variables could explain entanglement is the second kind of thought experiment. The third is the great work of John Stewart Bell in the 1960's, including his Bell Theorem and his claim that if hidden variables exist they must be non-local.    


The fourth and the sixth kind of experiments were actual physical experiments done in laboratories with light particles (photons) entangled by atomic cascades in calcium atoms. In the 1970's John Clauser and Stuart Freedman did the first experiments that violated Bell's inequality. They confirmed the correctness of quantum physics and showed that any "hidden variable" must be non-local. In the 1980's Alain Aspect used fast switching to ensure the particles were already in flight when the choice of measurment angle is made. In the 1990's Anton Zeilinger and his colleagues in Vienna developed spontaneous parametric down conversion(SPDC) techniques to generate entangled photons that are now used in most entanglement experiments. Clauser, Aspect, and Zeilinger received the 2022 Nobel Prize in Physics for their work.


Our fifth kind of entanglement study was the very popular thought experiment of David Mermin in the 1980's. 



1) Einstein and the EPR paradox.


Einstein first described two particles exhibiting nonlocal behavior in a conversation with Leon Rosenfeld at a meeting in Berlin in 1933. Before this, nonlocality was between a single light quantum and its light wave.


In 1933, shortly before he left Germany to emigrate to America, 
Einstein attended a lecture on quantum electrodynamics by Léon
Rosenfeld. Keep in mind that Rosenfeld was perhaps the most
dogged defender of the Copenhagen Interpretation. After the talk,
Einstein asked Rosenfeld, 


“What do you think of this situation?”
Suppose two particles are set in motion towards each other with
the same, very large, momentum, and they interact with each
other for a very short time when they pass at known positions.
Consider now an observer who gets hold of one of the particles,
far away from the region of interaction, and measures its
momentum: then, from the conditions of the experiment, he will
obviously be able to deduce the momentum of the other particle.
If, however, he chooses to measure the position of the first
particle, he will be able tell where the other particle is.


It is most unfortunate that Einstein did not explain that measuring the momentum of the first particle allows us to deduce the momentum of the second particle because of the conservation of linear momentum.


The same conservation principle explains, as Einstein says, "If, however, he chooses to measure the position of the first
particle, he will be able to tell where the other particle is." 


If Einstein had called this ability "knowledge (information) at a distance," instead of "spooky action at a distance," entanglement might never have been thought "spooky". It would be just a correlation of physical properties resulting from a common cause and a conservation law.


Einstein and colleagues Boris Podolsky and Nathan Rosen, proposed in 1935 a paradox (known by their initials as EPR or as the Einstein-Podolsy-Rosen paradox) to exhibit internal contradictions in the new quantum physics. They hoped to show that quantum theory could not describe certain intuitive "elements of reality" and thus was  incomplete. They said that, as far as it goes, quantum mechanics is correct, just not "complete."


Einstein's view of physical reality was that microscopic objects have properties (their elements of reality") independent of their observation and measurement. The "orthodox" Bohr interpretation of quantum mechanics  claims that microscopic properties do not exist prior to their measurement.


Einstein was correct that quantum theory is "incomplete" relative to classical physics, which has twice as many dynamical variables that can be known with arbitrary precision. But half of this information is missing in quantum physics, due to the indeterminacy principle which allows only one of each pair of non-commuting observables (for example momentum or position) to be known with arbitrary accuracy. Even more important, an individual particle, cannot be said to have a known position before a measurement, since evolution described by the unitary and deterministic Schrödinger equation provides us only probabilities. 


The most that can be said is that the particle can be found anywhere the probability amplitude is non-zero. This was the core idea of Einstein's claim of "incompleteness." For Bohr to deny this and call quantum mechanics "complete" was just to play word games, which infuriated Einstein.


Einstein was also correct that indeterminacy makes quantum theory an irreducibly discontinuous and statistical theory. Its predictions and highly accurate experimental results are statistical in that they depend on an ensemble of identical experiments, not on any individual experiment. Einstein wanted physics to be a continuous field theory, in which all physical variables are completely and locally determined by the four-dimensional field of space-time in his theory of relativity.


Einstein and his colleagues Erwin Schrödinger, Max Planck, (later David Bohm), and others hoped for a return to deterministic physics, and the elimination of mysterious quantum phenomena like the superposition of states, the mysterious "collapse" of the wave function, and Schrödinger's famous cat.  EPR continues to fascinate determinist philosophers of science who hope to prove that quantum indeterminacy does not exist. 




As we've seen, Einstein had been bothered by "nonlocal" phenomena between a light quantum and its light wave (function) since his 1905 photoelectric paper. But this phenomenon was even more clearly exhibited in EPR experiments as the apparent transfer of something physical, an "action," from one particle to another particle faster than the speed of light.  

The 1935 paper was based on Einstein's 1933 question to Leon Rosenfeld about two material particles fired in opposite directions from a central source with equal velocities. He imagined them starting at 
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After the particles are measured and become entangled at 
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Einstein said that at a later time 
  
    t
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, a measurement of one particle's position would instantly establish the position of the other particle - without measuring it explicitly. And this is correct, just as after the collision of two billiard balls, measurement of one ball tells us exactly where the other one is due to conservation of momentum. But this is not "action at a distance." It is more nearly "knowledge at a distance."


Note that Einstein is implicitly using conservation of linear momentum to know the position of the second particle. Although conservation laws are rarely cited as the explanation, they may be the physical reason that entangled particles always produce correlated results. If the results were not always correlated, the implied violation of a fundamental conservation law would be a much bigger story than mysterious entanglement itself, as interesting and important as that is.


This idea of something measured in one place "influencing" measurements far away challenged what Einstein thought of as "local reality." Einstein thought that when the particles moved far enough apart they could be treated as separated, with independent wave functions 
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.


But Erwin Schrödinger quickly replied to the EPR paper, telling Einstein that his "separation principle" (Trennungsprinzip) was not correct. Today this is known as nonseparability.


The particles can not be separated into a product of independent wave functions, for example, particle A definitely in state 1, particle B in state 2, 
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Instead, particles A and B are each randomly found in state 1 or 2. But Particle B is certain to be in state 2 if particle A is measured in state 1, and vice versa.
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Quantum mechanics says that the particles are not in "pure" quantum states, but a "mixture" of two states, which maintain the coherent phase relations that allow them to interfere with one another.


Schrödinger used Paul Dirac's 1926 principle of superposition and John von Neumann's 1932 motion of "mixed states" in the "density matrix" to create two of the most popular and controversial ideas in quantum mechanics. 


First, Schrödinger described the two particles as "entangled" at their first encounter. He called it verschränkt in German.  Verschränkt means something like cross-linked. It describes someone standing with arms crossed, where each arm reaches out to touch the other. Today EPR is the classic example of entanglement.


Second, Schrödinger introduced his famous cat, claiming it is in a mixed state or a superposition of live and dead cats!


It was at this point in quantum history that the most controversial two-particle equation above appeared. It combines the ontological chance that Einstein discovered in 1916 with the idea that one quantum state can be described as in a linear combination or superposition of two other states that Dirac introduced in his 1927 "transformation theory" of quantum mechanics. 


In Dirac's theory, the coefficients of the two states (
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  2
) when squared (1/2) give us the 50% probabilities of finding the particles in the one or the other state. 


The equation combines quantum randomness with quantum interference. Interference was made famous in the two-slit experiment, which Richard Feynman almost thirty years after EPR called the “one mystery,” the only mystery at the heart of all quantum mechanics.


Note that the equation does not describe two material particles interacting with one another but their abstract immaterial wave functions 
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interfering with one another. 


These quantum mechanical wave functions, solutions to Schrödinger’s equations of motion (which replace Newton's equations of motion in classical mechanics), were thought by Schrödinger to be describing matter or energy, photons for light waves, mass and perhaps electric charge for electrons.


But in the quantum mechanics of Heisenberg, Jordan, Born, and Dirac the wave functions became “probability amplitudes,” whose absolute squares predict the probability of finding the values of observable quantum properties. And those predictions have been confirmed with extraordinary accuracy by countless experiments.


Let’s look at the equation in its simplest form that describes the superposition state of Schrödinger’s cat.
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Although this equation predicts interference between the cat states, such interference is never seen in cats, though it has been measured in surprisingly large macroscopic objects. 


Nevertheless, squaring the coefficients 
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  2
 tells us that there is 50% chance of finding such a cat in either the live or dead state, i.e., which is confirmed in principle.
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Let's see how this simple equation also describes the two-slit experiment.
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The wave function beyond the two slits is a linear combination or superposition of the wave function passing the left slit | Left > with the wave function passing the right slit | Right >.


Note that whichever slit the particle passes through (and it must go through just one, because a quantum particle cannot become two (violating conservation of mass and/or energy), the probabilities of finding it on the screen are determined by the two-slit superposition. If a particle was detected passing through the left slit, or if the right slit were closed, the interference pattern would depend on a wave function passing through only that slit | Left >.  


Given that the double-slit interference appears even if only one particle at a time is incident on the two slits, we see why many say that the particle interferes with itself. But it is the wave function alone that is interfering with itself. Whichever slit the particle goes through, it is the probability amplitude ψ, whose squared modulus |ψ|2 gives us the probability of finding a particle somewhere, the interference pattern. It is what it is because the two slits are open.


[image: image-placeholder]


This is the deepest metaphysical mystery in quantum mechanics. How can an abstract immaterial probability wave influence the material particle paths to show interference when large numbers of independent particles are collected?  


Why interference patterns show up when both slits are open, even when particles go through just one slit, though we cannot know which slit or we lose the interference.


	[image: image-placeholder]	[image: image-placeholder]
	[image: image-placeholder]
	When there is only one slit open (here the left slit), the probabilities pattern has one large maximum (directly behind the slit) and small side fringes. If only the right slit were open, this pattern would move behind the right slit. 

If we add up the results of some experiments with the left slit open and others with the right open  we don't see the multiple fringes that appear with two slits open. 
[image: image-placeholder]
	When both slits are open, the maximum is now at the center between the two slits, there are more interference fringes, and these probabilities apply whichever slit the particle enters. The solution of the Schrödinger equation depends on the boundary conditions - different when two holes are open. The "one mystery" remains - how these "probabilities" can exercise causal control (statistically) over matter or energy particles.
Feynman's path integral formulation of quantum mechanics suggests the answer. His "virtual particles" explore all space (the "sum over paths") as they determine the variational minimum for least action, thus the resulting probability amplitude wave function can be said to "know" which holes are open.
 






What happens according to the information interpretation of quantum mechanics is an instantaneous change in the information about probabilities (actually complex probability amplitudes). Nothing physical (matter or energy) is moving anywhere.


Einstein  criticized the collapse of the wave function  as "instantaneous-action-at-a-distance."
This criticism resembles the criticisms of Newton's theory of gravitation. Newton's opponents charged that his theory was "action at a distance" and instantaneous. Einstein's own field theory of general relativity shows that gravitational influences travel at the speed of light and are mediated by a gravitational field that shows up as curved space-time.


For Einstein, fields like gravitation and electromagnetism are "ponderable." A disturbance of the field at one place is propagated at some finite velocity to other parts of the field. But the mathematical probability of a wave function is not a ponderable field in this sense.


When a probability function collapses to unity in one place and zero elsewhere, nothing physical, neither matter nor energy, is moving from one place to the other. Only information changes.    


For a detailed history of Einstein's concerns about single-particle nonlocality over the thirty years before EPR, see this page.


2) David Bohm and "hidden variables."


In our second kind of "thought experiment," David Bohm replaced Einstein's separating particles with a hydrogen molecule disassociating into two hydrogen atoms, each with ℏ/2 of spin angular momentum.


Instead of measuring linear momentum, Bohm proposed using two hydrogen atoms that are prepared in an initial state of known total spin angular momentum zero (the H2 molecule). Momentum and position are continuous variables. Spin is discrete. Bohm argued that measurements of discrete variables would be more precise. Bohm also proposed local "hidden variables" might be needed to explain the correlations. Here is his description. Note that it includes the two-particle wave function describing the superposition of mixed states.



We consider a molecule of total spin zero consisting
of two atoms, each of spin one-half. The wave function
of the system is therefore
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where  ψ+ (1) refers to the wave function of the atomic
state in which one particle (A) has spin +ℏ/2, etc. The
two atoms are then separated by a method that does
not influence the total spin. After they have separated
enough so that they cease to interact, any desired component
of the spin of the first particle (A) is measured.
Then, because the total spin is still zero, it can immediately
be concluded that the same component of the
spin of the other particle (B) is opposite to that of A.



Note that when Bohm says "because the total spin is still zero, it can immediately
be concluded that the same component of the
spin of the other particle (B) is opposite to that of A," he is implicitly using the conservation of total spin angular momentum. 


Note also that our superposition equation for the two particles predicts a 50% chance that the first particle will be spin up (ψ+ (1)) and the second down (ψ- (2)) and a 50% chance of the reverse, that the first particle will be spin down (ψ- (1)) and the second will be up (ψ+ (2)). In either case the total spin is always certain to be conserved as zero. 


Next note that while the total spin is certain to be zero, the outcome for each particle is completely random, half the outcomes are found up and the other half outcomes down. 


Finally note that these amazing predictions of outcomes individually random but together perfectly correlated, as confirmed by numerous experiments, provide us with no mechanisms, no interactions between the particles that produce these perfectly correlated outcomes. It is simply that as Bohm says, "because the total spin is still zero, it can immediately be concluded that the same component of the
spin of the other particle (B) is opposite to that of A." 


We can ask ourselves whether the first thought experiment (EPR) really needed some mechanism, some interaction, an "action-at-a-distance," as Einstein called it, to keep the particles moving symmetrically away from their center? In the absence of an external asymmetric force, all motions are mirror images, preserving their original symmetry and their perfect conservation of total linear momentum, as well as spin angular momentum.  


If linear momentum is conserved (by symmetry) without continuing interactions between particles, isn't conservation of spin angular momentum a much more plausible explanation than impossible faster-than-light interactions? 


In 1964, John Bell made a study of EPR and David Bohm's suggestion that local hidden variables could provide a mechanism that would explain entanglement. 


Instead of electrons, Bell proposed an experiment using photons and polarizers that measures the angular dependence of the falloff in perfect correlations when experimenters at A and B (usually called Alice and Bob) don't set their polarizers at the same angle (which we argue is needed to preserve the symmetry of the initial entanglement and the conservation of critical properties like spin angular momentum).


Correlations are perfect when they measure at the same (pre-agreed-upon) angle. When their polarizer angles differ by ninety degrees, all correlations are lost.


At intermediate angle differences θ, correlations diminish proportional to the square of the cosine of their angle difference - cos2θ, and not in a straight line as John Bell's theorem about inequalities mistakenly assumed.  



Arguments Against a Common Cause

David Bohm gave the best known (but mistaken) criticism of a common cause explanation. He said that the electron spins would need to have pre-determined values in all three x, y, z directions at initial entanglement, but that this is impossible. 


Only one spin component can have a definite value, say sz. When sz has the value ℏ, the other two components sy and sx are indeterminate. 


Bohm and his colleague Yakir Aharonov wrote in 1957 that in classical mechanics, the molecule could have all three components of the spin well-defined, but this is impossible for quantum mechanics, since at most one component of the spin can be well-defined...


If this were a classical system, there would be no
difficulty in interpreting the above results, because all
components of the spin of each particle are well defined
at each instant of time. Thus, in the molecule, each
component of the spin of particle A has, from the very
beginning, a value opposite to that of the same component of B; and this relationship does not change
when the atom disintegrates. In other words, the two
spin vectors are correlated. Hence, the measurement of
any component of the spin of A permits us to conclude
also that the same component of B is opposite in value.
The possibility of obtaining knowledge of the spin of
particle B in this way evidently does not imply any
interaction of the apparatus with particle B or any
interaction between A and B.

In quantum theory, a difficulty arises, in the interpretation of the above experiment, because only one
component of the spin of each particle can have a
definite value at a given time. Thus, if the x component
is definite, then the y and z components are indeterminate and we may regard them more or less as in a
kind of random fluctuation.


N David Mermin made a similar argument in 1988, claiming that in the absence of spooky actions, it appears that both photons must have definite polarizations along every conceivable direction...   



Both photons must have had definite polarizations along α. Furthermore,
since the conclusion that one photon has a definite
polarization along the direction α does not require an actual
measurement of the polarization of the other along that direction
(again, in the absence of spooky connections), and since not
measuring polarization along a direction α is the same as not
measuring it along any other direction, we are led to conclude
that both photons must have definite polarizations along every
conceivable direction.


Finally, John Clauser and Abner Shimony repeated Bohm's criticisms of a common cause.



Suppose that one measures the spin of
particle 1 along the x axis. The outcome is not predetermined by the description [wave function] Ψ12.
But from it, one can predict that if particle 1 is found to have its spin parallel to the
x axis, then particle 2 will be found to have its spin antiparallel to the x axis if the x component of its spin is also measured. 

Thus, an experimenter can arrange the
apparatus in such a way that he can predict the value of the x component of spin of
particle 2 presumably without interacting with it (if there is no action-at-a-distance).


Likewise, he can arrange the apparatus so that he can predict any other component
of the spin of particle 2. The conclusion of the argument is that all components of
spin of each particle are definite, which of course is not so in the quantum-mechanical
description. Hence, a hidden-variables theory seems to be required. 



In our analysis we show how a hidden constant of the motion (the conserved spin angular momentum) can carry a common cause of entanglement to the "separated" particles. It is not that atoms and electrons must have spins along all three directions (Bohm, Clauser, Shimony) or that photons must have definite polarizations along every conceivable direction (Mermin) .


It is that the two-particle wave function is spherically symmetric with no definite spins in any direction, that is, until the measurements at A and B, which each create one bit of information. 


The perfectly correlated spins appear in the pre-agreed upon direction of measurement. This direction was not present at the initial entanglement, which needs only to create a spherically symmetric state like the singlet state of the hydrogen molecule or the helium atom. Similarly, the two bits of information created by the final measurements did not exist as the particles traveled to points A and B.


The final measurement outcomes were not determined by the local causes at the initial entanglement. Nor were the outcomes known as the particles travelled to A and B. The outcomes were the indeterministic results of the final local causes. They did not exist before the final measurements.



What Then About the Nonlocality of Entanglement? 


Ever since Albert Einstein in 1905 thought a light wave had collapsed instantaneously everywhere when a part of it ejected a photo-electron somewhere, the quantum wave function has appeared to be producing "nonlocal" phenomena. All his life he thought these nonlocal "influences" were a "spooky action at a distance."

The wave function that goes through both slits, even as the particle must go through just one slit (by conservation of mass), can be seen as acting nonlocally. But this nonlocality, the one and only mystery of quantum mechanics, cannot be explained as a "causal chain" of multiple local causes as we have done for entanglement. As Feynman says, "there is no machinery."


Our proposal has identified "machinery" in the initial entanglement and in the final measurements which produces the appearance of Alice's measurement "influencing" Bob's measurement. No machinery is needed for the conserved constant of the motion.



Is There a Preferred Reference Frame? 


There is no preferred reference frame in the sense of special relativity, which sees all inertial frames as equivalent (the relativity principle). But there clearly are inertial frames which provide different "points of view," some clarifying, some confusing the order of events.

The architect of special relativity himself chose to look at nonlocality from A's inertial frame and point of view.  Both Einstein's first two-particle version of nonlocal events in 1933 speaking with Léon Rosenfeld and his second two-particle version in the 1935 EPR paradox paper, Einstein starts with measurement A, suggesting (falsely) that the (simultaneous) measurements at B must be acted upon at a distance to be correlated with A.


If there is what we might call a special frame to analyze entanglement it is surely the frame in which the entanglement apparatus at the causal center C is at rest along with measurement devices at A and B. The causal order of events is clear. The causal center is the physical and temporal origin of the "causal chain" of events.
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In the year following the Einstein-Podsky-Rosen paper, Erwin Schrödinger looked more carefully at Einstein's "separability" assumption (Trennungsprinzip) that an entangled system can be separated enough to be regarded as two systems with independent wave functions:

  

Years ago I pointed out that when two systems separate far enough
to make it possible to experiment on one of them without interfering with the
other, they are bound to pass, during the process of separation, through stages
which were beyond the range of quantum mechanics as it stood then. For it
seems hard to imagine a complete separation, whilst the systems are still so
close to each other, that, from the classical point of view, their interaction could
still be described as an unretarded actio in distans. And ordinary quantum
mechanics, on account of its thoroughly unrelativistic character, really only deals
with the actio in distans case. The whole system (comprising in our case both
systems) has to be small enough to be able to neglect the time that light takes
to travel across the system, compared with such periods of the system as are
essentially involved in the changes that take place...

It seems worth noticing that the paradox could be avoided by a very simple
assumption, namely if the situation after separating were described by the
expansion 
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as assumed in EPR], but with the additional statement that the knowledge of the
phase relations between the complex constants 
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      k
    
  
 has been entirely lost in consequence
of the process of separation. 


This would mean that not only the parts,
but the whole system, would be in the situation of a mixture, not of a pure state.
It would not preclude the possibility of determining the state of the first system
by suitable measurements in the second one or vice versa. But it would utterly
eliminate the experimenters influence on the state of that system which he does
not touch.
  


When some interaction, like a measurement, causes a separation, the two-particle wave function Ψ12 collapses, the system decoheres into the product Ψ1Ψ2, losing their "influence" on one another, but not the acquisition of information about the second system by (nonlocal) measurements on the first.



Schrödinger says that the entangled system may become disentangled (Einstein's separation) and yet some perfect correlations between later measurements might remain. Note that the entangled system could simply decohere as a result of interactions with the environment, as proposed by decoherence theorists. The perfectly correlated results of Bell-inequality experiments might nevertheless be preserved, depending on the interaction.


Schrödinger tells us that the two-particle wave function 
  
    Ψ
    
      12
    
  
 will be separated into the product of single-particle wave functions 
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 by a measurement of either particle, for example, by either Alice's or Bob's measurements in the case of Bell's Theorem, or by any interaction with the environment. 


Bell's Theorem


Following David Bohm's version of EPR, John Bell considered two spin-1/2 particles in an entangled state with total spin zero.  
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This is a superposition of two states, either of which conserves total spin zero. The minus sign ensures the state is anti-symmetric, changing sign under interchange of identical electrons. The coefficients 
  1
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    √
  
  2
, when squared, give us the 1/2 probability of finding either state.


Schrödinger does not mention conservation principles, but he knows that EPR used them to gather knowledge about the second system by measurements on the first, as he accepts. Conservation principles are the deep reason for the perfect correlations between various observables, i.e., conservation of mass, energy, momentum, angular momentum, and in Bell's case spin.


Let's assume that Alice makes a measurement of a spin component of one particle, say the x-component. First, her measurement projects the entangled system randomly into either the 
| + - >  or | - + > state. Alice measures + (spin up) or - (spin down). A succession of such random outcomes produces the bit string with "true randomness" (Gisin, 2014) or "really random" and "totally random" (Bub, 2016, 2018) that is needed for use as a quantum key code in quantum cryptography. 


If Alice measures the x-component and finds spin up, equation 1 becomes 
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Using Schrödinger's expansion of the two-particle wave function in products of single-particle wave functions, we can further write 
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Schrödinger describes the entangled system as having separated, disentangled into the product of independent single-particle wave functions | + >x and | - >x. 


The two particles continue to evolve apart. But now we can say that future measurements of Alice's particle are determined to be found with the x-component of spin up (| + >x), and the x-component of Bob's particle spin down (| - >x), by conservation of angular momentum.


But Bob will find his particle spin down with certainty if and only if he measures at the same angle as Alice. If Bob measures at any other angle, the perfect anti-correlation that distributes perfectly matched quantum key pairs to Alice and Bob will be lost.


Bell's inequality was a study of how these perfect correlations decrease as a function of the angle between measurements by Alice and Bob. Bell predicted local hidden variables would produce a linear function of this angle, whereas, he said, quantum mechanics should produce a dependence on the cosine of this angle. As the angle changes, admixtures of other states will be found, for example | + + > in which Alice and Bob both measure spin up. 


Bell wrote that "Since we can predict in advance the result of measuring any chosen component of σ2, by previously measuring the same component of σ1, it follows that the result of any such measurement must actually be predetermined."

David Bohm has shown that these values were not predetermined (they did not even exist according to the Copenhagen Interpretation) before Alice's measurement. According to Werner Heisenberg and Pascual Jordan, Alice's x-component of spin is created by Alice's measurement in the x-direction, the result of Alice's "free choice." 


According to Paul Dirac, Alice's random x-component value depends on "Nature's choice," the source of what Nicolas Gisin (2014) calls the "true randomness" needed for quantum key distribution.


Many commentators on Bell's theorem claim that Alice and Bob's spin component values can not pre-exist their measurements, certainly not (as Bohm showed) from their initial preparation in the total spin-zero entangled state (1). In that case, spin component values would have to pre-exist in all three dimensions, they say.


In his landmark 1985 article "Is the moon there
when nobody looks? Reality and the quantum theory," David Mermin wrote "it [pre-existing spins] amounts to the insistence that each particle has stamped on it in advance the outcome of the measurements of three different spin components corresponding to noncommuting observables S·a(i), i = l,2, 3." 


But Bohm showed that the single spin component in the x-direction is created when Alice measures the two-particle wave function ψ12 in the x-direction. Alice's measurement collapses ψ12 and disentangles/decoheres it into Schrödinger's product of single-particle wave functions, ψ1x and ψ2x ( | + >x and | - >x ). The nonlocal collapse of the two-particle wave function conserves the total spin zero, so that Bob's now-independent x-component of spin is precisely opposite to that of Alice.  


And it is that same spin x-component that Bob must measure to get the perfect anti-correlations needed for quantum cryptography keys. The other two (unmeasured) spin components have no definite values. They are still in random superpositions (their overall rotational symmetry still ensuring conservation of angular momentum). 


Indeed, should Bob measure a different angle from Alice, we get the angle-dependent results of the Bell inequalities. Bell predicted a linear fall-off for local hidden variables and a cosine squared dependence for quantum mechanics. But every experiment has confirmed the quantum mechanical dependence on the cosine of the angle between Alice's and Bob's measurements.


The cosine squared dependence of the intensity of light passing through crossed polarizers was discovered in 1809 by Étienne Louis Malus. It is known as the "law of Malus."


In the important case where Alice and Bob measure at the same angle, the cosine of zero is 1 and the correlation is perfect. 


This corresponds to Paul Dirac's assertion that there are some cases where quantum mechanical experiments involve no indeterminism. Dirac mentions the case of measuring a photon passing through a vertical polarizer that has been prepared in a vertical state of polarization. The probability is unity or certainty, Dirac says. 



Only when the initial state and the observation are such that
there is a probability unity, i.e. a certainty, for one particular result
is it possible that the observation may produce no change of state...

The state of a system after a maximum observation has been made
on it is such that there exists a maximum observation (namely, an
immediate repetition of the maximum observation already made)
which, when made on the system in this state, will for a certainty
lead to one particular result (namely, the previous result over again).



This is the origin of the quantum Zeno effect. 


We can visualize the angles in the Bell experiments that correspond to measuring the same angles, or directly opposite angles, which according to Dirac give equally certain outcomes. We can also show Bell's straight-line predictions for local hidden variables, the sides of the square of the local hidden variables "polytope." The certain outcomes are at the corners of the square, 0°, 90°, 180°, 270°, where Bell somewhat unrealistically predicted there would be "kinks" instead of the smooth curvature of the cosines at the corners that are predicted by quantum mechanics.


[image: image-placeholder]

This figure shows the straight-line predictions of Bell's inequalities for local hidden variables, the cosine curves predicted by quantum mechanics and conservation of angular momentum, and the odd "kinks" at angles 0°, 90°, 180°, and 270°, in what may be called a "Popescu-Rorhlich box."

 
The "PR Box" shows Bell’s local hidden variables prediction as four straight lines of the inner square. The circular region of quantum mechanics correlations are found outside Bell's straight lines, "violating" his inequalities. Quantum mechanics and Bell's inequalities meet at the corners, where Bell's predictions show a distinctly non-physical right-angle that Bell called a "kink."


All experimental results have been found to lie along the curved quantum predictions called the "Tsirelson bound." (Tsirelson, 1980)



[image: image-placeholder]

In 1976, Bell gave us this diagram of the "kinks" in his local hidden variables inequality. He says,


Unlike the quantum correlation, which is stationary in θ at θ = 0, at the hidden variable correlation must have a kink there.




Violating Tsirelson's Bound?


[image: image-placeholder]

In 1994, Sandu Popescu and Daniel Rohrlich proposed two new axioms of quantum mechanics, relativistic causality and nonlocality. Relativity limits causality to "light cones," inside which events can signal one another without exceeding light speed. Nonlocality involves events outside one another's light cones, where no signaling is possible. 


Popescu and Rohrlich proposed that entangled Bell states might exhibit nonlocal correlations even beyond Tsirelson's bound, a theory they called "superquantum mechanics," one more nonlocal than quantum theory. They would not only violate Bell's inequalities but also violate quantum mechanics, by going beyond Tsirelson's bound. 


These hypothetical nonlocal correlations, found in the outermost square, would violate quantum mechanics but not the principle of relativity, because there is no signaling. 


Whereas Bell's inequalities predict the sum of correlations is ≤2 for local hidden variables, and quantum mechanics predicts ≤2√2, "superquantum" correlations are ≤4. 


Popescu and Rohrlich asked "Where does this bound come from? It derives from the Hilbert space 
structure of quantum mechanics, but what does it mean?" (1994, p.382) One answer comes from C.S. Unnikrishnan (2005), 


"The correlation function allowed by the basic assumption of validity of
conservation law is unique, and surprisingly it is identical to the quantum
mechanical correlation function. Therefore, a physical system with discrete
observable values can show correlations different from what is predicted by
quantum mechanics only by violating a fundamental conservation law" 


The perfect correlations of entangled spin states are the result of the conservation of total electron spin zero. The fall-off in correlations when Alice and Bob measure at angles different by 
  Ψ
 (cos2
  Ψ
) is a consequence of the "law of Malus." 



Popescu-Rohrlich Boxes


In classic Bell experiments, Alice and Bob make a series of measurements with outcomes that can be described with binary numbers, (1,0) = | + >|- >, (0,1) = | - >| + >, (1,1) = | +>| + >, (0,0) = | - >| - >. They count the numbers of different outcomes and relate them to the probabilities of those outcomes, P(a,b|x,y), where x,y = ±1. 

In the jargon of quantum nonlocality, P(a,b|x,y) is called a "box," because the correlation probabilities might be built into a physical box with inputs x,y = ±1 and outputs a,b = ±1. Compare David Mermin's devices.



		x = 0	x = 1
	y = 0	a = b	a = b
	y = 1	a = b	a ≠ b


Nicolas Gisin (2014, p.13) and Jeffrey Bub (2016, p.89) both describe their boxes as describable by a simple equation 



a + b = x·y



where the addition operation + is modulo 2. 



Decoherence and Disentanglement?


Might decoherence by environmental interactions cause the superposition of states 
| + - > - | - + > (equation 3) to collapse into one of these states and then into a product of single particle states, as Schrödinger told Einstein would happen for disentanglement?

And does this also lead to the appearance of nonlocal simultaneous events, events that conserve angular momentum, in spatial regions where no-signaling applies?


If so, conservation of angular momentum is all that is necessary for perfectly correlated quantum key distribution via entangled Bell states, without any "spooky action-at-a-distance," without any "influence" of one particle on the other at faster-than light speeds, just as Schrödinger thought in 1936.


Alice's "first" measurement of a spin x-component would still be the "cause" of Bob's perfect correlation (assuming Bob measures in the same x-direction, of course). Correlations would be because the two spins were in a superposition of perfectly opposed directions before Alice's measurement, both conserving angular momentum. (Unnikrishnan, 2005)


According to Asher Peres (1998), Nathan Rosen in 1931 described the normal hydrogen molecule with a two-particle wave function that he years later recognized was a Schrödinger "entangled state."  


Rosen wrote 
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Can Perfect Correlations Be Explained by Conservation Laws?

David Bohm, Eugene Wigner, and even John Bell suggested that conservation of angular momentum (or particle spin) tells us that if one spin-1/2 electron is measured up, the other must be down. Albert Einstein used conservation of linear momentum in his development of the EPR Paradox. Bohm changed from the continuous variables position and momentum to the discrete quantum variable of electron spin.

Bohm wrote in his 1952 book Quantum Theory, "We shall now describe the hypothetical experiment of Einstein, Rosen, and Podolsky. We have modified the experiment somewhat, but the form is conceptually equivalent to that suggested by them, and considerably easier to treat mathematically."  



The system containing the spin of two atoms has four basic wave functions, from which an arbitrary wave function can be constructed.


These are
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where u+ and u- are the one-particle spin wave functions representing, respectively, a spin ℏ/2 and -ℏ/2, and the argument (1) or (2) refers, respectively, to the particle which has this spin. Now ψc and ψd represent the two possible situations in which each particle has a definite z component of the spin in a direction which is opposite to that of the other. The wave function for a system of total spin zero is the following linear combination of ψc - ψd and ψc - ψd.
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[Because the wave function] has definite phase relations between ψc and ψd, the system must cover the states corresponding to ψc and ψd simultaneously. Thus, for a given atom, no component of the spin of a given variable exists with a precisely defined value, until interaction with a suitable system, such as a measuring apparatus, has taken place. But as soon as either atom (say, No. 1) interacts with an apparatus measuring a given component of the spin, definite phase relations between ψc and ψd are destroyed. This means that the system then acts as if it is either in the state ψc or ψd. Thus, in every instance in which particle No. 1 develops a definite spin component in, for example, the z direction, the wave function of particle No. 2 will automatically take such a form that it guarantees the development of the opposite value of σz if this particle also interacts with an apparatus which measures the same component of the spin. The wave function therefore describes the propagation of correlated potentialities. Because the expansion of the wave function ψ0 takes the same form when expanded in terms of the eigenfunctions of an arbitrary component of the spin, we conclude that similar correlations will be obtained if the same component of the spin of each atom in any direction is measured. Moreover, because the potentialities for development of a definite spin component are not realized irrevocably until interaction with the apparatus actually takes place, there is no inconsistency in the statement that while the atoms are still in flight, one can rotate the apparatus into an arbitrary direction, and thus choose to develop definite and correlated values for any desired spin component of each atom.


Bohm explained that in classical theory, the spin correlations are produced because when the atoms of the original molecule separated, each atom would continue to have every component of its spin angular momentum opposite to that of the other. He says this is conservation of the spin-angular-momentum for each component of the separate vectors. In quantum mechanics, however, the investigator can measure either the x, y, or z component of the spin of a particle, but not more than one of these components, in any one experiment. Nevertheless, it still turns out that whichever component of particle 1 is measured, the results are correlated, so that if the same component of particle 2 is measured, it will always turn out to have the opposite value. He writes


Now, if the spin were a classical angular momentum variable, the interpretation of this process would be as follows: While the two atoms were together in the form of a molecule, each component of the angular momentum of each atom would have a definite value that was always opposite to that of the other, thus making the total angular momentum equal to zero. When the atoms separated, each atom would continue to have every component of its spin angular momentum opposite to that of the other. The two spin-angular-momentum vectors would therefore be correlated. These correlations were originally produced when the atoms interacted in such a way as to form a molecule of zero total spin, but after the atoms separate, the correlations are maintained by the deterministic equations of motion of each spin vector separately, which bring about conservation of each component of the separate spin-angular- momentum vectors.

Suppose now that one measures the spin angular momentum of any one of the particles, say No. 1. Because of the existence of correlations, one can immediately conclude that the angular-momentum vector of the other particle (No. 2) is equal and opposite to that of No. 1. In this way, one can measure the angular momentum of particle No. 2 indirectly by measuring the corresponding vector of particle No. 1.


Let us now consider how this experiment is to be described in the quantum theory. Here, the investigator can measure either the x, y, or z component of the spin of particle No. 1, but not more than one of these components, in any one experiment. Nevertheless, it still turns out as we shall see that whichever component is measured, the results are correlated, so that if the same component of the spin of atom No. 2 is measured, it will always turn out to have the opposite value. This means that a measurement of any component of the spin of atom No. 1 provides, as in classical theory, an indirect measurement of the same component of the spin of atom No. 2. Since, by hypothesis, the two particles no longer interact, we have obtained a way of measuring an arbitrary component of the spin of particle No. 2 without in any way disturbing that particle.



With his colleague, Yakir Aharonov, in 1957 Bohm reiterated his model


We consider a molecule of total spin zero consisting
of two atoms, each of spin one-half. The wave function
of the system is therefore
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where  ψ+ (1)  refers to the wave function of the atomic
state in which one particle (A) has spin +ℏ/2, etc. The
two atoms are then separated by a method that does
not influence the total spin. After they have separated
enough so that they cease to interact, any desired component
of the spin of the first particle (A) is measured.
Then, because the total spin is still zero, it can immediately
be concluded that the same component of the
spin of the other particle (B) is opposite to that of A.


Eugene Wigner wrote in 1962


If a measurement of the momentum of one of the particles is carried out — the possibility of this is never questioned — and gives the result p, the state vector of the other particle suddenly becomes a (slightly damped) plane wave with the momentum -p. This statement is synonymous with the statement that a measurement of the momentum of the second particle would give the result -p, as follows from the conservation law for linear momentum. The same conclusion can be arrived at also by a formal calculation of the possible results of a joint measurement of the momenta of the two particles.

One can go even further: instead of measuring the linear momentum of one particle, one can measure its angular momentum about a fixed axis. If this measurement yields the value mℏ, the state vector of the other particle suddenly becomes a cylindrical wave for which the same component of the angular momentum is -mℏ. This statement is again synonymous with the statement that a measurement of the said component of the angular momentum of the second particle certainly would give the value -mℏ. This can be inferred again from the conservation law of the angular momentum (which is zero for the two particles together) or by means of a formal analysis. 

John Bell wrote in 1964,


With the example advocated by Bohm and Aharonov, the EPR argument is the following. Consider a pair of spin one-half particles formed somehow in the singlet spin state and moving freely in opposite directions. Measurements can be made, say by Stern-Gerlach magnets, on selected components of the spins σ1 and σ2. If measurement of the component σ1 • a, where a is some unit vector, yields the value + 1 then, according to quantum mechanics, measurement of σ2 • a must yield the value — 1 and vice versa. Now we make the hypothesis, and it seems one at least worth considering, that if the two measurements are made at places remote from one another the orientation of one magnet does not influence the result obtained with the other. 

"pre-determination" is too strong a term. The first measurement just "determines" the later measurement. We shall see that the second measurement is synchronous with the "first" in a "special" frame


Since we can predict in advance the result of measuring any chosen component of σ2, by previously measuring the same component of σ1, it follows that the result of any such measurement must actually be predetermined. 

Since the initial quantum mechanical wave function does not determine the result of an individual measurement, this predetermination implies the possibility of a more complete specification of the state.



Where Bohm and Wigner are explicit, Bell is implicitly using the conservation of total spin. 

Albert Einstein made the same implicit argument in 1933, shortly before EPR, though again with conservation of linear momentum, asking Leon Rosenfeld, 


Suppose two particles are set in motion towards each other with
the same, very large, momentum, and they interact with each
other for a very short time when they pass at known positions.
Consider now an observer who gets hold of one of the particles,
far away from the region of interaction, and measures its
momentum: then, from the conditions of the experiment, he will
obviously be able to deduce the momentum of the other particle.
If, however, he chooses to measure the position of the first
particle, he will be able tell where the other particle is.


Supporters of the Copenhagen Interpretation claim that the properties of the particles (like angular or linear momentum) do not exist until they are measured. It was Pascual Jordan who claimed the measurement creates the value of a property. This is true when the preparation of the state is in an unknown linear combination (superposition) of quantum states.


In our case, the entangled particles have been prepared in a superposition of [Bell] states, both of which have total spin zero.
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So whichever of these two states is projected by a later measurement or decoherence, it will put the two particles in opposite spin states, randomly + - or - + , but still supporting the views of Bohm, Wigner, and Bell, that they will be perfectly (anti-)correlated when measured, because of conservation of angular momentum (spin).


Einstein famously maintained that the strongest theories are those built on universal principles. Surely conservation principles, which Emmy Noether showed are built on the still deeper and simpler concept of symmetry, should be a part of any basis for physics, classical or quantum. 




Conclusion


As Emmy Noether showed, conservation laws arise from deeper principles of symmetry. 

The perfect symmetry between the indistinguishable electrons in Bohm's entanglement experiment, the perfect symmetry of their two-particle wave function, and the change of sign of that wave function under exchange of the two identical particles, all are evidence of synchronous events that are not directional "influences" of one on the other (not Einstein's "spooky action-at-a-distance"). 


They are simultaneous events in a "special frame" in which their center of mass is static. These events conserve the rotationally symmetric total spin zero at the same moment the two particles are disentangled and can no longer be described with a two-particle wave function.


They are now described by the product of two single-particle wave functions. The original pure state superposition has decohered. They are now disentangled and in a mixed state. As Schrödinger wrote, "knowledge of the phase relations between the complex constants 
  
    a
    
      k
    
  
 has been entirely lost in consequence of the process of separation."


The symmetry and angular momentum conservation of entangled particles is theoretically deeper than classical and quantum physics. 


The theory of entanglement is confirmed by all experiments that measure spins in exactly the same direction, as Bohm, Bell, and Wigner all agree. Unlike most quantum experiments, the results are not a statistical distribution around some expectation value. Conservation is deeper than quantum mechanics. 


This entanglement is the basis for generation of random bit sequences at distant locations, which when compared are perfectly (anti-)correlated and usable as distributed quantum keys for securely encrypted communications. 


It is also the basis for the instantaneous "teleportation" of quantum information. 


Conservation is not a causal "force" by which one particle "acts" on the other, as Einstein feared. But it can explain the strange connection between widely separated events that he saw as "nonlocality," perhaps as early as 1905, explicitly described at the Solvay conference in 1927, and made famous in his 1935 EPR paper. 
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Writing a few years after Bohm, and one year before Bell, Wigner explicitly describes Einstein's work with the conservation of linear momentum as well as Bohm's conservation of angular momentum (spin) that explains perfect correlations between angular momentum (spin) components measured in the same direction


Source: https://www.informationphilosopher.com/quantum/disentanglement/





  
  EPR Paradox
  

  


  
  Home › Solutions › Experiments › EPR
EPR Paradox

Like the Schrödinger's Cat paradox, the 1935 thought experiment proposed by Albert Einstein, Boris Podolsky, and Nathan Rosen (and known by their initials as EPR), challenged the quantum idea that some physical properties have no values until they are measured. 

EPR defended "elements of reality" that have values before measurements and thus quantum theory was either incomplete or, as Einstein may have hoped, demonstrably incorrect. 


Einstein was correct that quantum theory is "incomplete" relative to classical physics, which has twice as many dynamical variables that can be known with arbitrary precision. Half of this information is missing in quantum physics, which is statistical and indeterministic. Werner Heisenberg's indeterminacy (or uncertainty) principle allows only one of each pair of non-commuting observables (e.g., momentum or position) to be known with arbitrary accuracy.


Einstein and his colleagues Erwin Schrödinger, Max Planck, and David Bohm, initially hoped for a return to deterministic physics, and the elimination of mysterious phenomena like the superposition of states and the "collapse" of the wave function.  EPR continues to fascinate determinist philosophers hoping to prove that quantum indeterminacy does not exist. 


Einstein was also correct that indeterminacy makes quantum theory an acausal and statistical theory. Its predictions and highly accurate experimental results are statistical in that they depend on an ensemble of identical experiments, not on any individual experiment. Einstein wanted physics to be a continuous field theory, in which all physical variables are completely and "locally" determined by the four-dimensional field of "space-time" in his theory of relativity.


In his autobiography, fifteen years after EPR, Einstein explained his problem in very simple terms "Does a particle have a position in the moments just before it is measured?" If not, the quantum theory is incomplete. Since quantum theory says the particle may have a number of possible positions, with calculable probabilities, it is not only an incomplete theory, it is a theory with alternative possibilities. Einstein saw this as in conflict with his idea of external objective "elements of reality" independent of our subjective experiments.


There is only one "actual" past, with determinate positions for a particle at all past times. Actualists believe there is also only one possible future.  Whatever happens in the future will be the only possible things that could have happened. In the "block universe" of Einstein's relativity theory, there is only one "past" and only one possible "future" in the four dimensions of space-time.


Einstein's theory is causal. Werner Heisenberg's quantum mechanics is acausal. Better perhaps is to call it statistically causal, since it also gives us a adequate or statistical determinism. When we average over enough indeterministic microscopic events, the quantum randomness averages out in macroscopic objects. Large objects follow the laws of Newton's classical mechanics.


Nonlocality


Einstein had also been bothered since 1905 by what is now known as "nonlocality." Einstein mistakenly interpreted this mysterious phenomenon  as the apparent transfer of something physical faster than the speed of light.


Einstein had first suspected "nonlocal" behavior in 1905 in his paper on the light-quantum hypothesis. How, he wondered, could a spherical wave of energy, spread out in a large volume of space, gather itself together instantly to be absorbed as a complete unit by a tiny atom? 

The heart of the problem of nonlocality is nothing more than the instantaneous "collapse" of the wave function. 


When wave-function collapse involves a single particle it demonstrates the fundamental indeterminism of quantum mechanics. The most famous example is the two-slit experiment, which Richard Feyman said shows us the only mystery in quantum mechanics.


But in EPR we have a two-particle wave-function describing particles apparently interacting at a distance, instead of a one-particle wave function interfering with itself, as in one particle appearing to go through both slits in the two-slit experiment..  



The Collapse of the Two-Particle Wave Function


What happens actually is a realization of one of two possible quantum states which quantum mechanics describes as in a superposition. 

If ψ+ (spin-up) and ψ- (spin-down) are both solutions of the Schrödinger equation, then a linear combination of these,


| ψ > = 1/√2 | ψ+ > ± 1/√2 | ψ- >, 


with probability amplitude coefficients 1/√2, describes a solution in which the probability of either state is 1/2.

When measured many times, such a superposed state will produce approximately 1/2 spin-up and 1/2 spin-down results.  


But when it involves two electrons widely separated in space, the indeterministic outcome of Schrödinger's two-particle wave function seems physically unacceptable to many.



The 1935 EPR paper was based on an earlier question of Einstein's about two particles fired in opposite directions from a central source with equal velocities. He imagined them starting at 
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      0
    
  
 some distance apart and approaching one another with high velocities. Then for a short time interval from 
  
    t
    
      1
    
  
 to t1 + Δt the particles are in contact with one another. 

 
Einstein described this situation to Léon Rosenfeld in 1933. Shortly before he left Germany to emigrate to America, Einstein attended a lecture on quantum electrodynamics by
Rosenfeld. Keep in mind that Rosenfeld was perhaps the most
dogged defender of the Copenhagen Interpretation, 
which maintains that a particle has no properties until it is measured (And in an extreme interpretation, the particle does not itself exist until an "observer" makes a measurement!).

 After the talk,
Einstein asked Rosenfeld, “What do you think of this situation?”



Suppose two particles are set in motion towards each other with
the same, very large, momentum, and they interact with each
other for a very short time when they pass at known positions.
Consider now an observer who gets hold of one of the particles,
far away from the region of interaction, and measures its
momentum: then, from the conditions of the experiment, he will
obviously be able to deduce the momentum of the other particle.
If, however, he chooses to measure the position of the first
particle, he will be able tell where the other particle is.




Standard accounts of quantum entanglement and nonlocality begin with Einstein's idea that distinguishable particles separate - particle A goes one way and particle B the other. Much later, an observation of particle A is mistakenly thought to change the properties of far away particle B instantaneously, interacting at faster than light speed, violating Einstein's principle of special relativity. 


After the particles interact at t1, quantum mechanics describes them with a single two-particle wave function that is not the product of independent particle wave functions. Because electrons, for example, are indistinguishable particles, it is not proper to say particle A goes this way and particle B that way. (Nevertheless, it is convenient to label the particles - after subsequent measurements - as we do in illustrations below.) Until the next measurement, it is misleading to think that specific particles have distinguishable paths.


The EPR paper says correctly that at a later time 
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      2
    
  
, a measurement of particle A's position instantly establishes the position of particle B - without measuring particle B explicitly. But is not because a superluminal interaction travels from the first to the second particle.


It is because the properties of the two particles have been continuously correlated from the moment they interacted. More deeply, conservation principles demand that several joint properties of the particles are constant. The particles' total energy, total momentum, and total angular momentum are constants.  


Schrödinger described the two particles as "entangled" (verschränkt) at their first measurement, so EPR "nonlocal" phenomena are today known as "quantum entanglement." In later versions by David Bohm and John Bell, it will be the total particle spin that is conserved and equal to zero.


It is clear that Einstein implicitly used conservation of linear momentum to know the position of the second particle. Although conservation laws are rarely cited as the explanation, they are the physical reason that entangled particles always produce perfectly correlated results. If the results were not always correlated, the implied violation of a fundamental conservation law would be a much bigger story than entanglement itself, as interesting as that is.


We can diagram a simple case of the EPR paradox as follows, with indistinguishable entangled particles separating from their point of interaction to be measured at a later time when they are far apart. 

[image: image-placeholder]



The symmetry of particles A and B about the center point C where the particles were entangled makes it clear that 


This mistaken idea of something measured in one place "influencing" measurements far away challenged what Einstein thought of as "local reality." It came to be known as "nonlocality." In 1947, Einstein called it "spukhaft Fernwirkung" or "spooky action at a distance."  From our standpoint of information philosophy, it is better to think of it as "knowledge-at-a-distance."


Einstein had objected publicly to "nonlocal" phenomena as early as the Solvay Conference of 1927, when he criticized the collapse of the wave function as "instantaneous-action-at-a-distance." He said that the probability wave could not act simultaneously at different places on the screen, which are in a "space-like" separation, without violating his theory of relativity.  


Einstein's criticism resembles the criticisms of Newton's theory of gravitation. Newton's opponents charged that his theory was "action at a distance" and instantaneous. Einstein's own theory of general relativity shows that gravitational "influences" travel at the speed of light and are mediated by a gravitational field that shows up as curved space-time. An allowable "action-at-a-distance" is one that is caused by "local" events, those in its past light-cone.


Both gravitation and electromagnetism are field theories, in which physical variables are functions of the four "local" space-time coordinates of Einstein's theory of relativity. Any disturbance at one point in the field can only "influence" another distant point by propagating to that point at the speed of light or less. But the quantum-mechanical wave-function is different. It is neither matter nor energy, nothing physical, only information and a "probability amplitude" whose square gives us probabilities and intensities of quantum phenomena.


When a probability function collapses to unity in one place and zero elsewhere, nothing physical is moving from one place to the other. When the nose of one horse crosses the finish line, its probability of winning goes to certainty, and the finite probabilities of the other horses, including the one in the rear, instantaneously drop to zero. This happens faster than the speed of light, since the last horse is in a "space-like" separation.  


The first practical and workable experiments to test the EPR paradox were suggested by David Bohm (though they were not realized for almost two decades). Instead of only linear momentum, Bohm proposed using two electrons that are prepared in an initial state of known total spin. If one electron spin is 1/2 in the up direction and the other is spin down or -1/2, the total spin is zero. The underlying physical law of importance is another momentum conservation law, in this case the conservation of total spin angular momentum. If electron 1 is prepared with spin down and electron 2 with spin up, the total angular momentum or spin is zero. This is called the singlet state. The total spin zero is a "hidden constant of the motion."


[image: image-placeholder]

Quantum theory describes the two electrons as in a superposition of states, the first state 
spin up ( + ) and spin down ( - ), the second state spin down ( - ) and spin up ( + ),
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The standard theory of quantum mechanics says that the prepared system is in a linear combination (or superposition) of these two states, and can provide only the probabilities of finding the entangled system in either the | +- > state or the | -+ > state. Quantum mechanics does not describe the paths or the spins of the individual particles. Note that should measurements result in | ++ > or | -- > state, that would violate the conservation of angular momentum. We call the conserved total spin a "hidden constant of the motion".



In 1964, John Bell showed how the 1935 "thought experiments" of Einstein, Podolsky, and Rosen (EPR) could be made into real physical experiments, following the ideas of David Bohm. Bell developed a theorem that puts limits on Bohm's "hidden variables" that might restore a deterministic physics. Bell's theorem takes the form of what he called an inequality, the violation of which would confirm standard quantum mechanics.


Since Bell's work, many other physicists have defined other "Bell inequalities" and developed increasingly sophisticated experiments to test them. 


EPR tests can be done more easily with polarized photons than with electrons, which require complex magnetic fields. The first of these was done in 1972 by Stuart Freedman and John Clauser at UC Berkeley. They used oppositely polarized photons (one with spin = +1, the other spin = -1) coming from the central source. Again, the total photon spin of zero is conserved (our "hidden constant").  Their data, in agreement with quantum mechanics, violated the Bell's inequalities to high statistical accuracy, thus providing strong evidence against local hidden-variable theories.


For more on the principle of superposition of states and the physics of photons, see the Dirac 3-polarizers experiment.

John Clauser, Michael Horne, Abner Shimony, and Richard Holt (known collectively as CHSH) and later Alain Aspect did even more sophisticated tests. The outputs of the polarization analyzers were fed to a coincidence detector that records the instantaneous measurements, described as + -, - +, + +, and - - . The first two ( + - and  - + ) conserve the spin angular momentum and are the only types ever observed in these nonlocality/entanglement tests (provided both experiments measure at the same angle).





With the exception of some of Holt's early results that were found to be erroneous, no evidence has so far been found of any failure of standard quantum mechanics. And as experimental accuracy has improved by orders of magnitude, quantum physics has correspondingly been confirmed to one part in 1014, and the speed of the probability of any "information transfer" between particles has a lower limit of 106 times the speed of light. 
There has been no evidence for local "hidden variables."


Nevertheless, wishful-thinking experimenters continue to look for possible "loopholes" in the experimental results, such as detector inefficiencies that might be hiding results favorable to Einstein's picture of "local reality." 




How Information Physics Helps To "Explain" EPR Nonlocality


Information physics starts with the fact that measurements bring new stable information into existence. In EPR the information in the prepared state of the two particles includes the fact that the total linear momentum and the total angular momentum are zero.

New information requires an irreversible process that also increases the entropy more than enough to compensate for the information increase, to satisfy the second law of thermodynamics. It is this moment of irreversibility and the creation of new observable information that is the "cut" or Schnitt" described by Werner Heisenberg and John von Neumann in the famous problem of measurement

Note that the new observable information does not require a "conscious observer" as Eugene Wigner and some other scientists thought. The information is ontological (really in the world) and not merely epistemic (in the mind). Without new information, there would be nothing for the observers to observe.

Initially Prepared Information Plus Conservation Laws


Conservation laws are the consequence of extremely deep properties of nature that arise from simple considerations of symmetry. We regard these laws as "cosmological principles." Physical laws do not depend on the absolute place and time of experiments, nor their particular direction in space. Conservation of linear momentum depends on the translation invariance of physical systems, conservation of energy the independence of time, and conservation of angular momentum the invariance under rotations.


Recall that the EPR experiment starts with two electrons (or photons) prepared in an entangled state that is a linear combination of pure two-particle states, each of which conserves the total angular momentum and, of course, conserves the linear momentum as in Einstein's original EPR example. This information about the linear and angular momenta is established by the initial state preparation (a measurement).


Quantum mechanics describes the probability amplitude wave function ψ of the two-particle system as in a superposition of two-particle states. It is not separable into a product of single-particle states, and there is no information about the identical indistinguishable electrons traveling along distinguishable paths.
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The probability amplitude wave function ψ travels from the source (at the speed of light or less). Let's assume that at 
  
    t
    
      1
    
  
 observer A finds an electron (e1) with spin up.


After the "first" measurement, new information comes into existence telling us that the wave function ψ has "collapsed" into the state | +- >. Just as in the two-slit experiment, probabilities have now become certainties. If the "first" measurement finds electron 1 is spin up, so the entangled electron 2 must be found in a "second" measurement with spin down to conserve angular momentum.


And conservation of linear momentum tells us that at 
  
    t
    
      1
    
  
 the second electron is equidistant from the source in the opposite direction. 


As with any wave-function collapse, the probability amplitude information "travels" instantly. 


But unlike the two-slit experiment, where the collapse goes to a specific point in 3-dimensional configuration space, the "collapse" here is a "jump" or "projection" into one of the two possible 6-dimensional two-particle quantum states | +- > or | -+ >. This makes "visualization" (Schrödinger's Anschaulichkeit) more difficult, but the parallel with the collapse in the two-slit case provides an intuitive insight of sorts.


If the "first" measurement finds an electron (call it electron 1) as spin-up, then at that moment of new information creation, the two-particle wave function collapses to the state | +- > and electron 2 "jumps" into a spin-down state with probability unity (certainty). The results of observer B's "second" measurement (usually assumed to be at a later time 
  
    t
    
      2
    
  
, but 
  
    t
    
      1
    
  
 at the earliest, or it would be the "first" measurement) is therefore determined to be spin down. 


Notice that Einstein's intuition that the result seems already "determined" or "fixed" before the second measurement is in part correct. The result is determined by the law of conservation of momentum (within the usual uncertainty) and the spin is completely determined.


But as with the distinction between determinism and pre-determinism in the free-will debates, the measurement by observer B was not pre-determined before observer A's measurement. 
It was simply determined by her measurement.



Why do so few accounts of EPR mention conservation laws?

 
Although Einstein mentioned conservation in the original EPR paper, it is noticeably absent from later work. A prominent exception is Eugene Wigner, writing on the problem of measurement in 1963: 

If a measurement of the momentum of one of the particles is carried out — the possibility of this is never questioned — and gives the result p, the state vector of the other particle suddenly becomes a (slightly damped) plane wave with the momentum -p. This statement is synonymous with the statement that a measurement of the momentum of the second particle would give the result -p, as follows from the conservation law for linear momentum. The same conclusion can be arrived at also by a formal calculation of the possible results of a joint measurement of the momenta of the two particles.

One can go even further: instead of measuring the linear momentum of one particle, one can measure its angular momentum about a fixed axis. If this measurement yields the value mℏ, the state vector of the other particle suddenly becomes a cylindrical wave for which the same component of the angular momentum is -mℏ. This statement is again synonymous with the statement that a measurement of the said component of the angular momentum of the second particle certainly would give the value -mℏ. This can be inferred again from the conservation law of the angular momentum (which is zero for the two particles together) or by means of a formal analysis. Hence, a "contraction of the wave packet" took place again.


It is also clear that it would be wrong, in the preceding example, to say that even before any measurement, the state was a mixture of plane waves of the two particles, traveling in opposite directions. For no such pair of plane waves would one expect the angular momenta to show the correlation just described. This is natural since plane waves are not cylindrical waves, or since [the state vector has] properties different from those of any mixture. The statistical correlations which are clearly postulated by quantum mechanics (and which can be shown also experimentally, for instance in the Bothe-Geiger experiment) demand in certain cases a "reduction of the state vector." The only possible question which can yet be asked is whether such a reduction must be postulated also when a measurement with a macroscopic apparatus is carried out. [Considerations] show that even this is true if the validity of quantum mechanics is admitted for all systems.





Visualizing Entanglement and Nonlocality

Schrödinger said that his "Wave Mechanics" provided more "visualizability" (Anschaulichkeit) than the "damned quantum jumps" of the Copenhagen school, as he called them. He was right.

But we must focus on the probability amplitude wave function of the prepared two-particle state, and not attempt to describe the paths or locations of independent particles - at least until after some measurement has been made. We must also keep in mind the conservation laws that Einstein used to describe nonlocal behavior in the first place. Then we can see that the "mystery" of nonlocality for two particles is primarily the same mystery as the single-particle collapse of the wave function. But there is an extra mystery, one we might call an "enigma," of the nonseparability of identical indistinguishable particles.


As Richard Feynman said, there is only one mystery in quantum mechanics (the superposition of states, the probabilities of collapse into one state, and the consequent statistical outcomes). The only difference in two-particle entanglement and nonlocality is that two particles appear simultaneously (in their original interaction frame) when their wave function collapses.


We choose to examine a phenomenon which is impossible, absolutely impossible, to explain in any classical way, and which has in it the heart of quantum mechanics. In reality, it contains the only mystery. We cannot make the mystery go away by "explaining" how it works. We will just tell you how it works. In telling you how it works we will have told you about the basic peculiarities of all quantum mechanics.



From the standpoint of (immaterial) information philosophy, the appearance of new information at widely separated locations involves no "action at a distance" or mechanism, as Feynman noted in further remarks on the only mystery.


He wrote...


"The question now is, how does it really work? What machinery is actually producing this thing? Nobody knows any machinery."


When Feynman said "nobody understands quantum mechanics" iy is because there is no "machinery," there is no causal mechanism that can explain how the abstract and immaterial mathematical wave function can cause the material particles to appear at the locations predicted by the square of the wave function.


In his 1935 paper (and his correspondence with Einstein), Schrödinger described the two particles in EPR as "entangled" in English, verschränkt in German, which means something like cross-linked. It describes someone standing with arms crossed.


In the time evolution of an entangled two-particle state according to the Schrödinger equation, we can visualize it - as we visualize the single-particle wave function - as collapsing when a measurement is made. The discontinuous “jump” is also described as the “reduction of the wave packet.” This is apt in the two-particle case, where the superposition of | + - > and | - + > states is “projected” or “reduced" to one of these states,  say | - + >, and then further "reduced" to the product of independent one-particle states, | - >| + >.


Measurement of a two-particle wave function measures both particles, reducing them to separate one-particle wave functions, after which they are no longer entangled.


When entangled, the particles are nonseparable. Once measured, they are separate quantum systems with their own wave functions | - >and | + >. They are no longer entangled.


In the two-particle case (instead of just one particle making an appearance), when either particle is measured we know instantly the now determinate properties of the other particle. They are the properties that satisfy the conservation laws, including its location equidistant from, but on the opposite side of the source, with the complementary (opposite) spin.


In the one-particle case, it has no definite position before the experiment, then it appears somewhere. For two particles, neither one has a position, then both appear simultaneously (in an appropriate frame of reference), with total momenta, positions, and spins conserved. .




Animation of a two-particle wave function collapsing - click to restart
[image: image-placeholder]


Compare the collapse of the two-particle probability amplitude above to the single-particle collapse here.


Some commentators say that nonlocality and entanglement are a "second revolution" in quantum mechanics, "the greatest mystery in physics," or "science's strangest phenomenon," and that quantum physics has been "reborn." They usually quote Erwin Schrödinger as saying


"I consider [entanglement] not as one, but as the characteristic trait of quantum mechanics, the one that enforces its entire departure from classical lines of thought."


Schrödinger knew that his two-particle wave function could not have the same simple interpretation as the single particle, which can be visualized in ordinary 3-dimensional configuration space. And he is right that entanglement exhibits a richer form of the "action-at-a-distance" and nonlocality that Einstein had already identified in the collapse of the single particle wave function. 

But the main difference is that two particles acquire new properties instead of one, and they do it instantaneously (at faster than light speeds), just as in the case of a single-particle measurement, where the finite probability of appearing at various distant locations collapses to zero at the instant the particle is found somewhere.




Can a Special Frame Help Resolve the EPR Paradox?


Almost every presentation of the EPR paradox begins with something like "Alice observes one particle..." and concludes with the question "How does the second particle get the information needed so that Bob's measurements correlate perfectly with Alice?"

There is a fundamental asymmetry in this framing of the EPR experiment. It is a surprise that Einstein, who was so good at seeing deep symmetries, did not consider how to remove the asymmetry.


Consider this reframing: Alice's measurement collapses the two-particle wave function. The two indistinguishable particles simultaneously appear at locations in a space-like separation. The frame of reference in which the source of the two entangled particles and the two experimenters are at rest is a special frame in the following sense.


As Einstein knew very well, there are frames of reference moving with respect to the laboratory frame of the two observers in which the time order of the events can be reversed. In some moving frames Alice measures first, but in others Bob measures first. 


If there is a special frame of reference (not a preferred frame in the relativistic sense), surely it is the one in which the origin of the two entangled particles is at rest. Assuming that Alice and Bob are also at rest in this special frame and equidistant from the origin, we arrive at the simple picture in which any measurement that causes the two-particle wave function to collapse makes both particles appear simultaneously at determinate places with fully correlated properties (just those that are needed to conserve energy, momentum, angular momentum, and spin).


[image: image-placeholder]


In the two-particle case (instead of just one particle making an appearance), when either particle is measured, we know instantly those properties of the other particle that satisfy the conservation laws, including its location equidistant from, but on the opposite side of, the source, and its other properties such as spin.


We can also ask what happens if Bob is not at the same distance from the origin as Alice. This introduces a positional asymmetry. But there is still no time asymmetry from the point of view of the two-particle wave function collapse. 


When Alice detects the particle (with say spin up), at that instant the other particle also becomes determinate (with spin down) at the same distance on the other side of the origin. It now continues, in that determinate state, to Bob's measuring apparatus.





Einstein asked whether the particle has a determinate position (or spin) just before it is measured. Even if it does not, we can say that the electron spin was determined from the moment the two-particle wave function collapsed.  Recall that the two-particle wave function describing the indistinguishable particles cannot be separated into a product of two single-particle wave functions. When either particle is measured, they both become determinate.






Influences from Outside Space and Time, Even Back from the Future!



Superdeterminism


During a mid-1980's interview by BBC Radio 3 organized by P. C. W. Davies and J. R. Brown, Bell proposed the idea of a "superdeterminism" that could explain the correlation of results in two-particle experiments without the need for faster-than-light signaling. The two experiments need only have been pre-determined by causes reaching both experiments from an earlier time.
   I was going to ask whether it is still possible to maintain, in the
light of experimental experience, the idea of a deterministic universe?
You know, one of the ways of understanding this business is to
say that the world is super-deterministic. That not only is inanimate
nature deterministic, but we, the experimenters who
imagine we can choose to do one experiment rather than another,
are also determined. If so, the difficulty which this experimental
result creates disappears.

Free will is an illusion - that gets us out of the crisis, does it?

That's correct. In the analysis it is assumed that free will is
genuine, and as a result of that one finds that the intervention of
the experimenter at one point has to have consequences at a
remote point, in a way that influences restricted by the finite
velocity of light would not permit. If the experimenter is not free
to make this intervention, if that also is determined in advance,
the difficulty disappears.
   


Bell's superdeterminism would deny the important "free choice" of the experimenter (originally suggested by Niels Bohr and Werner Heisenberg) and later explored by John Conway and Simon Kochen. Conway and Kochen claim that the experimenters' free choice requires that atoms must have free will, something they call their Free Will Theorem. 



In his 1996 book, Time's Arrow and Archimedes' Point, Price proposes an Archimedean point "outside space and time" as a solution to the problem of nonlocality in the Bell experiments in the form of an "advanced action." 


Rather than a "superdeterministic" common cause coming from "outside space and time" (as proposed by Bell, Gisin, Suarez, and others), Price argues that there might be a cause coming backwards in time from some interaction in the future. Roger Penrose and Stuart Hameroff have also promoted this idea of "backward causation," sending information backward in time in the Libet experiments and in the EPR experiments.


John Cramer's Transactional Interpretation of quantum mechanics and other Time-Symmetric Interpretations like that of Yakir Aharonov and K. B Wharton also search for Archimedean points "ouside space and time."

John Bell, and more recently, following Bell, Nicholas Gisin and Antoine Suarez claim that something might be coming from "outside space and time" to correlate the results in the spacelike-separated experimental tests of Bell's Theorem.


Gisin and his colleagues have extended the polarized photon tests of EPR and the Bell inequalities to a separation of 18 kilometers near Geneva. They continue to find 100% correlation and no evidence of the "hidden variables" sought after by Einstein and David Bohm.


An interesting use of the special theory of relativity was proposed by Gisin's colleagues, Antoine Suarez and Valerio Scarani. Their "Before-Before" experiment uses the idea of hyperplanes of simultaneity. Back in the 1960's, C. W. Rietdijk and Hilary Putnam argued that physical determinism could be proved to be true by considering the experiments and observers A and B in the above diagram to be moving at high speed with respect to one another.  Roger Penrose developed a similar argument in his book The Emperor's New Mind. It is called the Andromeda Paradox.


Suarez and Scarani showed that for some relative speeds between the two observers A and B, observer A could "see" the measurement of observer B to be in his future, and vice versa. This is why we need the special frame above to understand entanglement.


Because the two experiments have a "space-like" separation (neither is inside the causal light cone of the other), each observer thinks he does his own measurement before the other. Gisin tested the limits on this effect by moving mirrors in the path to the birefringent crystals and showed that, like all other Bell experiments, the "Before-Before" suggestion of Suarez and Scarani did nothing to invalidate quantum mechanics.


These experiments were able to put a lower limit on the speed with which the information about probabilities collapses, estimating it as at least thousands - perhaps millions - of times the speed of light and showed empirically that probability collapses are essentially instantaneous. 


Despite all his experimental tests verifying quantum physics, including the "reality" of nonlocality and entanglement, Gisin continues to explore the EPR paradox, considering the possibility that signals are coming to the entangled particles from "outside space-time."





EPR "Loopholes" and Free Will


Investigators who try to recover the "elements of local reality" that Einstein wanted, and who hope to eliminate the irreducible randomness of quantum mechanics that follows from wave functions as probability amplitudes, often cite "loopholes" in EPR experiments. For example, the "detection loophole" claims that the efficiency of detectors is so low that they are missing many events that might prove Einstein was right. 


Most all the loopholes have now been closed, but there is one loophole that can never be closed because of its metaphysical/philosophical nature. That is the "(pre-)determinism loophole."


If every event occurs for reasons that were established at the beginning of the universe, then all the careful experimental results are meaningless. John Conway and Simon Kochen have formalized this loophole in what they call the Free Will Theorem.


Although Conway and Kochen do not claim to have proven free will in humans, they assert that should such a freedom exist, then the same freedom must apply to the elementary particles.


What Conway and Kochen are really describing is the indeterminism that quantum mechanics has introduced into the world. Although indeterminism is a requirement for human freedom, it is insufficient by itself to provide both "free" and "will". Indeterminism works primarily to block pre-determinism. Without indeterminism, no new information could be created in the universe.
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Einstein was the first person to see the "collapse" of a light wave as a quantum of light is absorbed in its entirety by a single electron. He also saw that the spherical wave seems to do something over large distances faster than the speed of light 


Source: https://www.informationphilosopher.com/solutions/experiments/EPR/
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The Fresnel-Arago effect




Source: https://www.informationphilosopher.com/quantum/fresnel-arago/
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See how a Common Cause, Constant of the Motion, and Spherical Symmetry are needed to produce the perfectly correlated (and random) outcomes of two-particle Bell experiments.  


Abstract

Whether a calcium cascade or a spontaneous parametric down-conversion, the spins of two entangled particles are projected into a singlet state whose wave function is spherically symmetric with total spin zero. As the particles travel to the distant measurement devices the total spin zero is conserved in the absence of environmental interactions and is a constant of the motion. As long as the two measurement devices are set at the (pre-agreed upon) same angle, they will have planar symmetry. Their measurement angle can then be arbitrary and the interactions will still produce perfectly correlated results. The argument by Bohm1 and Mermin2 that particles spins would need to be defined in all three x, y, z directions (which of course is impossible) is not correct. The requirement is that there be no preferred direction at entanglement and a single arbitrary direction chosen for the two measurements.


1. Bohm, D. and Y. Aharonov, Discussion of Experimental Proof for the Paradox of Einstein, Rosen, and Podolsky, Physical Review vol.108, no.4, Nov.15, 1957


2. D. Mermin, 



Preface
Albert Einstein in 1905 had concerns that lasted for decades about what he thought were instantaneous interactions or "influences" between quantum particles that he thought had been long "separated." In 1947 he called it "spooky action at a distance." Such events are today called "nonlocal" or "entangled."

Today hundreds of experiments with two entangled particles confirm that measurements made at arbitrarily large separations show the two particles' properties are perfectly correlated, even though the individual particle properties are found to be random, an unusual combination of determined and indeterministic.


Widely separated events, happening simultaneously in a frame of reference including the entanglement preparation at the center between the particles, can give the false appearance of one event influencing the other at speeds much greater than the velocity of light. 


Despite Einstein's great physical insight, and despite his deep understanding of conservation principles and mathematical and geometrical symmetries, he may have introduced a false asymmetry into a symmetric situation.


In the 1935 Einstein-Podolsky-Rosen paper, the properties measured were momentum and position, which are continuous variables. Since David Bohm in 1952, the entangled properties studied are spin angular momentum, which have discrete values much easier to measure. 


Bohm proposed "hidden variables" might be found traveling along "locally" with the particles to explain their perfect correlations. No working physical model for such hidden variables has been proposed. 


Entanglement experiments are usually described with two widely separated experiments at points A and B with experimenters, Alice and Bob, typically located symmetrically about the center C where two particles become entangled. 

 A ← C → B 



Einstein focused on point A and suspected some action must travel from A to B to synchronize the experiments. He might equally have focused on B sending a synchronizing action to A! However, we shall see nothing is communicated from Alice to Bob or from Bob to Alice!


Einstein and all modern experimenters know very well that the experiments at A and B occur simultaneously in the frame of reference in which the center C is at rest. So neither experiment can possibly "influence" the other. Nevertheless, entanglement is popularly suspected as involving faster than light communications between Alice and Bob to coordinate or correlate their measurement results. 


We suggest that the perfectly correlated results depend on conserved physical quantities established at the center when the particles were entangled. Conserved properties are the consequence of symmetries in the physical situation. When a property like momentum is conserved it is known as a "constant of the motion." There may be no "hidden" variables, but we argue that a "hidden" constant may very simply explain the puzzling correlations.

Erwin Schrödinger replied immediately to the EPR paper, telling Einstein that the particles that had interacted could not be separated without some interaction or disturbance. He called them "entangled" (verschränkt in German).


Schrödinger said the quantum state of two entangled particles cannot be represented by a wave function that is the product of two independent single states 
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 is a linear combination or what Paul Dirac called a "superposition" of product states. 


Schrödinger's two-particle quantum wave function looks a bit complicated but it has a simple interpretation that predicts precisely the perfect correlations of entangled particle spins when they are measured. 


Consider two particles we label A and B which can each be in one of two states, + or -.  
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We can read the first two-particle state | A+ B- > as particle A being plus (or spin-up) and particle B being minus (or spin-down). The particles are in "opposite" states.  

The second two-particle state | A- B+ > reverses the signs of the two particles.


We can also simplify the notation for later discussions as
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Dirac explains the coefficients 1/√2 multiplying each two-particle state as a "probability amplitude" (which is often a complex number). The absolute square of a coefficient gives us the probability of finding the particles in that state. Squaring 1/√2 gives us 1/2 so the wave function tells us the particles will be found half the time in the state | + - > or "up-down" and the other half in | - + > or "down-up."

This sounds simple enough, but the wave function predicts that strange combination of determined and indeterministic outcomes we see in all the entanglement experiments. 


When we consider an individual particle its outcomes are random, either up or down, + or -.  But when we look at the joint outcomes of two particles they are perfectly correlated, always one up and the other down, conserving the total spin zero, which is our "constant of the motion."


Bell's Theorem and a closer look at the experiment outcomes


Between Alice and Bob is an apparatus C that prepares entangled particles and ejects them in opposite directions heading towards the measurement devices at A and B, which can be arranged at different angles. As Alice and Bob look in the direction of the initial entanglement, they can agree on angles called "up" and "down," as well as "left" and "right" which are perpendicular to the "up-down" directions. 

Each of the measuring devices can be freely rotated from the "up" direction, which we can call zero degrees, turning it clockwise around 90 degrees to the "right" direction," on to 180 degrees in the "down" direction, then to 270 degrees in the "left" direction, and finally ninety more degrees points the device back to the "up " direction.

John Bell's famous theorem made predictions about the results Alice and Bob should measure at various angle settings. But what do experimental results show? We can describe the results as "up" or "down," or plus or minus, or with digital bit sequences 1 or 0. 


Alice's measurement sequences appear to her to be completely random, like this, with approximately equal numbers of  1's and 0's, approaching equality for longer bit sequences.


00010011011110101100011011000001



And Bob's sequence looks to him to be equally random, with 1's and 0's approaching 50/50.  


11101100100001010011100100111110



But amazingly, should Alice send her bit sequence to Bob for comparison, he discovers that when he lines the bit strings up with one another, they are perfectly anti-correlated. Where Alice measured a 1, Bob measures 0, and vice versa. How can this be?


00010011011110101100011011000001

11101100100001010011100100111110



[Note that these random but perfectly correlated bit sequences are perfect for use as one-time pads for encrypting coded messages. And the sequences have not been "communicated" or "distributed" over an ordinary communication channel. They have been created independently and locally at Alice and Bob in a secure way that is invulnerable to eavesdroppers, solving the problem of quantum key distribution (QKD).] 

 
Although he initially objected, Einstein came to accept that quantum mechanics predicts a random, uncertain outcome for the measurement of an individual particle, following Werner Heisenberg's "uncertainty principle," or Paul Dirac's "projection postulate," which says the particle is statistically found in a state proportional to the probability for each possible state.   


But if the two particle states are individually random (indeterminism), how can together they always are found jointly correlated (determinism)?



Many scientists, starting with David Bohm in 1952, think there are "local hidden variables," traveling along with each particle, carrying "instructions" that tell each particle how to correlate with the other.

John Bell's test experiments were said to distinguish between "local" and "nonlocal" hidden variables. Bell concluded that if hidden variables do exist, they must be "nonlocal." But no reasonable physical explanation for how such variables work, local or nonlocal, has been given.  



How a "hidden" constant of the motion produces the exact results predicted by the two-particle wave function ψAB.


Our proposed explanation for events that are independently random but are perfectly correlated jointly is a "condition" or "constraint" that travels along with the particles from their initial entanglement, so it is a phenomenon local to each particle, coming from a point in space that is in the past light cone of both particles.  

The "condition" is a consequence of a deep principle that is fundamental to both quantum physics and classical physics. It's the law of conservation of certain quantities, like mass, charge, linear momentum, and angular momentum. As Emmy Noether taught us, conservation laws are the consequence of geometrical symmetries.    


So our "condition" depends on the spherical symmetry of the wave function for two particles in a so-called "singlet" state. The two 1s electrons in the filled shell of the helium atom are in such a spherically symmetric state. These molecular orbitals are spheres with the electrons equally likely to appear at any point, though if both could be found they would most likely be located opposite one another because of their mutual repulsion. The total spin angular momentum is zero. Electron spins are exactly opposite at all times.


A similar situation is the 1Σg singlet state of the two atoms in a hydrogen molecule. The two hydrogen atoms in the hydrogen molecule ground state 1Σg+ are rotationally symmetric about the molecule axis. David Bohm's hidden variable experiment in 1952 started with a hydrogen molecule that was dissociating into two hydrogen atoms with total spin zero. 


As the hydrogen atoms "separate," the quasi-molecular wave function remains rotationally symmetric around the molecular axis. The total spin angular momentum remains zero at all times, unless the atoms are disturbed by the environment or a measurement is made.


This conservation of total spin angular momentum is equal to zero at all times, up to and including the measurements made by Alice and Bob, but if, and only if, 1) nothing external has disturbed their state since entanglement, and 2) their two measurements are made at exactly the same measurement angles, preserving the overall symmetry. Alice and Bob must agree before they experiment to the free choice of one angle in which to measure.


They must also measure at the same time (assuming the initial entanglement is centered between their measurement devices), to ensure they are measuring the correct pair of particles. 


Should Alice and Bob measure at different angles, say angles separated by angle θ, they will lose the perfect correlations. Correlations will decline proportional to the square of the cosine of that angle difference, cos2θ. If they measure at right angles to one another, there will be no correlations, since the cosine of 90 degrees is zero.


For reasons that are hard to discern, John Bell's theorem predicts this falloff in correlations would have a different angular dependence for quantum physics (curved) than for local hidden variables (linear). We discuss his results below and on Bell's web page.



A conserved physical quantity that does not change as particles move around is called a "constant of the motion." Since we believe it can fulfill the function that David Bohm and John Bell thought their hidden variables could do, we have chosen to call the conserved total spin angular momentum zero a "hidden constant of the motion." 

There has not been any proposal as to how hidden variables might causally act on the two particles to produce that "action at a distance" that produces the particles with opposite spins.


Our proposal starts with two local causal interactions at initial entanglement in the causal center C followed by the conserved constant of the motion as the particles travel to A and B. It ends with two local causal interactions which create one bit of information in each of the measurements at A and B. No information travels between A and B.



Our "hidden constant" does not involve any faster-than-light "spooky" actions-at-a-distance to produce the opposite spins. As long as there is no asymmetric actions on the separating particles that would change their conserved states of opposite spin, the "hidden constant" gives us the perfect correlation that is experimentally observed. 



Between 1905 and 1927 Einstein puzzled over "nonlocal," apparently faster-than light, effects between a light quantum (a photon) and its light wave, between a material particle (an electron) and its deBroglie matter wave, then between the abstract Schrödinger "wave function" ψ and a single particle. This is the modern problem of wave-particle duality and the so-called "collapse" of the wave function.. 


It was not until 1933, in a conversation with Leon Rosenfeld, that Einstein first considered what he thought were "nonlocal" effects between two particles that had collided and separated with equal and opposite velocities. Measuring the position of one would tell us the position of the other, he said. This is true because the two particles have travelled equal distances from the collision, but not because they are still interacting, as Einstein feared. It is simply the conservation of total linear momentum they puts them at the same distance from the collision. We wish it had been called "knowledge at a distance."


In 1935, Einstein and his colleagues Boris Podolsky and Nathan Rosen suggested in their EPR paradox paper1 that quantum mechanics is not "complete" and that additional parameters might be needed to complete it. Their argument suggested simultaneous measurements of position and momentum that might violate Heisenberg's uncertainty principle. In later years, Einstein distanced himself from this attack on uncertainty and said his concern was ony "nonlocal" behavior. 


What Einstein twelve years later called "spooky actions at a distance" conflicted with his view of physical reality as limiting interactions to "local" forces or fields, with any interactions proceeding at the speed of light or less.  


But Erwin Schrödinger, in his reply to EPR, promptly told Einstein that the "entangled" two-particle wave function ψ12 cannot be "separated" into the product of independent single-particle wave functions ψ1 and ψ2 without a "disturbance" or a "measurement."


In 1952 David Bohm reformulated the two material particles of EPR as two atoms in a hydrogen molecule in the singlet 1Σg state separating as the molecule dissociates into two atoms in 1s states (with spins at all time in opposite directions to conserve spin angular momentum equal to zero)
. Bohm replace the continuous properties of position and momentum of EPR with the discrete ℏ spins of the two atoms.


Until the two-particle wave function ψ12 has decohered and the particles have been disentangled by a disturbance or a measurement, Schrödinger said the particles are in a linear combination or "superposition" of states, according to the modern transformational theory of quantum mechanics formulated by Paul Dirac, which combined the 1925 matrix mechanics of Werner Heisenberg and the 1926 wave mechanics of Erwin Schrödinger.
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Measurements will find particles randomly in either the ψ+1 ψ-2 state or the ψ-1 ψ+2 state. 


Quantum mechanics says that the resulting states of the two particles "did not exist" before the measurement. Dirac says the particles are "projected" into their states probabilistically, statistically, or indeterministically. Heisenberg said the states are "created" by the measurement. 


We will demonstrate below that the final measured spin states of the individual particles could not have been determined at their original entanglement, but that the spherical symmetry of the two-particle wave function was determined at that time. And as long as the wave function is not decohered by the environment as it expands and the particles "separate," and as long as the measurements are made at A and B at the same measurement angle to preserve the spherical symmetry, the spin measurements will be opposite and perfectly correlated. 


Each particle will be found 50/50 randomly in a + state (a spin-up state) or in a - state (a spin-down state).


But counterintuitively, the fact that two spins are always found opposite one another (either + - or - +, either up-down or down-up) is not random, indeterministic, or uncertain. It is determined because the total spin is conserved to be zero from the time of the particles initial entanglement. The total spin angular momentum of the two particles is zero from the initial entanglement up to and after the measurement, a "constant of the motion," unless the measurements are made asymmetrically, destroying the spherical symmetry of the original two-particle state.


Even in this case the fundamental conservation law for total spin angular momentum is not violated. The asymmetric measurements have acted on the particles differently, and their equal and opposite reactions have been different. But momentum exchange between each particle and its measuring apparatus will exactly balance and conserve total angular momentum of particles and apparatus, as it must.


So total spin angular momentum zero will be found conserved if, and only if, the spin measurements are made in exactly the same direction (detector angle or polarization angle), preserving the (now planar) symmetry.


Measurements whose detector or polarization angles differ by angle θ would introduce an asymmetry that reduces the correlations between distant measurements. This falloff in correlations as the angle of measurements between A and B increases is at the heart of John Bell's famous "inequality" theorem, which Bell said could distinguish between local and nonlocal phenomena.


If measurements are made at angles different by θ the total spin of the particles will no longer be zero and the correlations will no longer be perfect. Quantum mechanics predicts that the correlations will be reduced by cos2θ, the square of the cosine of the difference in measurement direction or in polarization angles. This has long been known as the "law of Malus" for crossed polarizers. 


In 1952 David Bohm,2 inspired by Einstein's hope for "completeness," proposed "hidden variables" that could travel along with the particles (thus be considered "local") from their initial entanglement to ensure their perfect correlation of properties in any later measurements. 


In 1964 John Bell4 proposed a theorem and experimental tests that could confirm (or deny) these "local hidden variables." Critical experimental tests made between 1972 (Stuart Freedman and John Clauser5) and 1982 (Alain Aspect6) denied the existence of local hidden variables by violating the Bell "inequalities."


The Bell-test experiments confirmed the existence of the mysterious "nonlocal" behavior and the failure of what Einstein called his "separability principle (Trennungsprinzip)." 

Entanglement is thus a physically "real," if "weird," phenomenon which became the basis for the so-called "second quantum revolution," leading to quantum cryptography, quantum teleportation, and quantum computing.


The 2022 Nobel Prize in Physics was awarded to Clauser, Aspect, and Anton Zeilinger for their experiments confirming entanglement. The Nobel Prize committee mistakenly said that these experiments mean that "quantum mechanics cannot be replaced by a theory that uses hidden variables." But the work of John Bell and the dozens of experimenters who confirmed his predictions only denied the existence of "local" hidden variables. We will show that their work confirms the appearance of nonlocality, but not the actual reality of "faster-than light" nonlocal behavior, which is simply impossible according to Einstein's principle of special relativity.  


We propose the conservation of spin angular momentum zero in the original spherically symmetric singlet state is a "constant of the motion," necessarily true at all times as long as the particles are not disturbed by the environment. This "constant of the motion"  determines that the particle spins will jointly be found opposite one another at the distant points A and B, despite the randomness for each of the individual particles' spin direction when measured. Particle measurements are independently random but joint measurements are determined to be opposite and perfectly correlated.


There is no "instantaneous" interaction between the distant particles, or any "influence" of one particle on the other, at the time of measurement, rather there was a pair of interdependent actions that were "simultaneous" in the past in the frame of reference and at the time of the original entangling state preparation. These initial entangling actions can be considered "local," happening inside the atomic or molecular wave functions of the particles.  

  
The "constant of the motion" can be "understood" as a "common cause" coming from the shared past light cone ot the particles. This explains the perfect correlations found in Bell-test experiments as "caused" by the "condition" on total spin imposed on the particles at their creation.  It is not a mechanical model of instantaneous particle "interactions" pushing and pulling, which would violate relativity and is no more realistic than Niels Bohr's semi-classical model of electron "orbits" in atoms.


The perfectly correlated opposite spins are also not the specific spin directions created at initial entanglement. Such specific spin directions would only accidentally align with the experimenters' freely chosen directions (which preserve a planar symmetry) at A and B. The constant of the motion is the total spin zero state, symmetric in all directions, which means as long as the same measurement direction is freely chosen at A and B (by prior agreement), the particles will be found in perfectly correlated opposite states!


Exactly how the bit strings of data at A and at B are indeterministically random, even as the combined A and B results appear to be deterministically correlated, is only explained by the "collapse" of the "superposition" of states above. Whether spin is up or down for each particle "did not exist" before the measurements, as the Copenhagen interpretation maintains. The particles spins are individually random but jointly determined.  


Let's look more closely at the extraordinary mathematical predictions of quantum mechanics. Equation 1 can be written more simply with Dirac's <bra| and |ket> notation as
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[The plus sign in the middle applies to photons and other bosons which are symmetric under interchange of identical particles and the minus sign applies to electrons and other fermions that are anti-symmetric (they change sign) when interchanged.] 


We square the coefficient 
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 to predict that 1/2 of the measurement outcomes will be | + > | - > and the other half will be | - > | + >.


The individual particles are randomly | + > or | - >, but the total spin is determined to be always zero, always opposite spins, whether | + > |  - > or | - > | + >.


Quantum mechanics does not predict outcomes like | + > | + > or | - > | - >. They are never seen in "perfect" experiments, although they may be found in practice because of system noise or other experimental errors. For example, the measurement directions might not be exactly parallel.


Should outcomes like | + > | + > or | - > | - > be observed, they would violate a conservation law, and conservation laws are the most fundamental laws of both quantum physics and classical physics.   



The History of Single-particle Nonlocality and Two-particle Entanglement


We argue that the problems of nonlocality and entanglement began with Einstein's photoelectric effect in 1905 and cannot be fully understood by starting thirty years later with the famous Einstein-Podolsky-Rosen paper, as is done by most commentators on entanglement.
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Introduction

As Louisa Gilder has written,11 we live in "The Age of Entanglement." Entanglement is the basis of powerful new technologies like quantum cryptography, quantum teleportation, and quantum computing, which Lars Jaeger20 and others call "The Second Quantum Revolution."

Although these technologies are new, the "weirdness" of entanglement is not something new. 


We will show that it is partly based on what Richard Feynman called the "central mystery of quantum mechanics," the "general mystery," and the "only mystery" in quantum mechanics, which led Feynman to famously say "nobody understands quantum mechanics." 


Feynman's central mystery is the two-slit experiment, the problem of a particle (or its "wave") appearing to go through two slits and "interfering" with itself to produce characteristic diffraction patterns on a distant screen.


Feynman told us we cannot hope to "understand" what is going on in quantum mechanics in terms of processes we have learned from our everyday experiences of classical mechanics. But he said he could describe what is happening for us in the two-slit experiment.


In a similar vein,  Paul Dirac argued that the non-intuitive concepts of quantum mechanics, though impossible to understand in terms of continuous classical concepts, could be mastered through long familiarity with them. He wrote...


The new theories, if one looks apart from their mathematical setting, are built up from physical concepts which cannot be explained in terms of things previously known to the student, which cannot even be explained adequately in words at all. Like the fundamental concepts (e.g. proximity, identity) which every one must learn on his arrival into the world, the newer concepts of physics can be mastered only by long familiarity with their properties and uses.


By contrast with Feynman and Dirac, Niels Bohr and Werner Heisenberg, in their Copenhagen interpretation of quantum mechanics,  said that the results of quantum measurements must be expressible in classical concepts because it is the language that humans can understand. Sadly, the Copenhagen Interpretation has led to a great deal of confusion.

 
Following Feynman's and Dirac's suggestion of simply making you familiar with quantum phenomena, we try to describe, with words, diagrams, and a minimum of equations, several essential quantum phenomena... 

1) Feynman's "only mystery," the two-slit experiment.


2) Wave-particle duality. 
3) Erwin Schrödinger's "wave function" ψ that describes the wave as well as 


4) 
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, the absolute square of the wave function, 

which first Einstein and later Max Born interpreted as giving us the probabilities of finding the particle at one of its possible locations (which is now the "standard" interpretation of quantum mechanics).


Einstein said this about the wave function...



 |ψ|2 expresses the probability that there exists at the point considered a particular particle of the cloud, for example at a given point on the screen.
   
5) the so-called "collapse" of the wave function 

which describes the random appearance of a particle at a certain location and with random properties when measured. This indeterminism and probabilistic or statistical aspect of quantum mechanics greatly bothered Einstein, who hoped such properties existed before their measurement.


But we are not there yet. It takes two particles to be entangled.


The two-slit experiment involves a single particle and its wave (function) going through two slits. 

Entanglement involves two particles measured when their two-particle wave function ψ12 has spread out in all directions at the speed of light, so that when measured they are most likely to be found a great distance apart, but not yet physically "separated!" 


Schrödinger said that a wave function describing two entangled particles must be in what Paul Dirac called a 

superposition

We must also explain the deep meaning of superposition of states, which is frequently and mistakenly described as "being in two states (or places) at the same time." Schrödinger poked fun at Dirac's superposition and its probabilities (which Schrödinger and Einstein did not like) with his famous cat that was dead and alive at the same time.


Although he was skeptical about superpositions of states in the late 1920's, Schrödinger wrote Einstein in 1935 that the two-particle wave function would keep the particles entangled and "not separated" until a measurement would produce either | + - > or | - + > which he said could be rewritten as the product of two single-particle states, either | + > | - > or | - > | + >, both of which will have decohered and disentangled and become independent of one another.


Note that the random appearance of either | + - > or | - + > means that the bit string of values for each particle is a random sequence, but the two particles are always in opposite states, never violating the conservation of total spin zero. 


Beyond superposition, we must also say something about

7) Werner Heisenberg's 1927 uncertainty principle.

Heisenberg said his principle introduced indeterminism and acausality into quantum mechanics, but Einstein had shown in 1916 that the emission of light quanta involves ontological chance. And the collapse of the two-particle superposition of states into a product of single-particle states is ontologically random.


Heisenberg said the product of uncertainty in the position ∆x multiplied by the uncertainty in momentum ∆p is equal to Planck's constant ℏ. The more certain we are of position, the less certain we are of momentum. He wrote


∆p∆x = ℏ


We may think about Heisenberg's uncertain position as the dimension in position space where Schrödinger's wave function is non-zero, and the uncertain momentum as the dimension of momentum space where Schrödinger's wave function is non-zero, so the dimension of so-called phase space (position x momentum) as ℏ, and the minimum phase-space volume that can be occupied by two spin 1/2 particles is ℏ3, the volume of the first electron shell in atoms. 


We should note that Heisenberg's uncertainty in 1927 was already implicit in Schrödinger's wave function, which Einstein had long interpreted as the probability of finding particles, though he gave full credit to Max Born for the idea, which became known as Born's Rule. 


And Einstein's interpretation of quantum theory as probabilistic and quantum experiments as statistical goes back to his 1916 discovery of ontological chance in the emission and absorption of light quanta by atoms. But Einstein called this fundamental randomness a "weakness in the theory" and spent the rest of his life exploring the possibility of a deterministic theory underlying indeterministic quantum mechanics, making him the foremost critic of quantum mechanics, though all his life he was more concerned about nonlocal effects between particles and between particles and their waves.


Finally, we need to describe principles that are fundamental to both quantum mechanics and classical mechanics. 

8) Conservation Laws

The principle is the conservation of some fundamental properties of physics, like mass, energy, and momentum. According to Emmy Noether these conserved properties emerge from certain symmetries in space. 



Our proposed explanation of entanglement as resulting from the spherical symmetry of the two-particle wave function and the conservation of spin angular momentum as a "constant of the motion" will therefore not be simple, but we hope to make it as clear as possible.



Chapters (of book) Parts (of this web page)


In part 1 we show that Einstein's concerns about nonlocality can be glimpsed as early as his "miracle year" of 1905 in his photoelectric paper. See Photoelectric Effect
In 1909 Einstein described how a high-energy electron could eject a high energy light wave from a metal plate and radiate in all directions. A small part of the wave could hit a second plate and eject an electron with energy almost equal to the original electron, but in a random direction. See Wave-Particle

Einstein drew an illustration of the nonlocality problem on a blackboard at the Solvay conference in 1927. See Einstein at Solvay

He challenged Leon Rosenfeld to explain two-particle nonlocality in 1933. See Rosenfeld Lecture

This was just two years before Einstein's colleagues Boris Podolsky and Nathan Rosen published the famous "EPR Paradox," the most cited scientific paper in history. In a letter to Max Born in 1947 Einstein described it as "spooky action at a distance." And in his 1949 "Autobiography" he said the measurement of one particle "telepathically changes the real situation" of the second particle.   


In part 2, we discuss the famous EPR paradox of 1935 and Einstein's fears about possible violations of special relativity.


In part 3, we see that Erwin Schrödinger replied to the EPR paper by saying that his two-particle wave function ψ12 would keep the particles "entangled" until a measurement projects them (i.e., collapses the two-particle wave function) into a product of two single-particle wave functions ψ1 and ψ2, only after which the particles would be "disentangled" (decohered) and could then actually "separate," as Einstein insisted. 



In part 4, we see how David Bohm in 1952 replaced Einstein's continuous variables of position and momentum with the discrete variables of electron spins, making future experimental measurements practically possible. Bohm also revived Louis de Broglie's "pilot-wave" theory which offered a way of imagining hidden variables that are "guiding" the particles and suggested a new (Bohmian) mechanics that could restore determinism, eliminating quantum indeterminism.


We can now show that Dirac's principle of superposition of states <
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) | 1-2+>, which for Schrödinger led to his famous "cat both dead and alive," can explain both the 50/50 randomness of outcomes and the perfect correlations (or anti-correlations) of spin measurements.  


In part 5, we explain why the perfectly correlated electron spins could not have been determined at the time of the initial entanglement preparation, with one spin up and the other down in a particular direction. Some physicists said that the electron spins would have to have been defined in all three dimensions - x-spin, y-spin, and z-spin. But this is impossible. In 1957 Bohm and Aharonov showed that that electron spins could be defined in at most a single direction, and this would not be the random freely chosen direction of the experimenters...


In quantum theory, a difficulty arises, in the interpretation of the above experiment, because only one component of the spin of each particle can have a
definite value at a given time. Thus, if the x component
is definite, then the y and z components are indeterminate and we may regard them more or less as in a
kind of random fluctuation.


But having opposite spins in even a single preferred direction would not explain the experimental data!


Had there been a single preferred direction (or angle) for electron spins in the initial entanglement preparation, there is essentially zero chance that Alice and Bob could observe in precisely that (unknown) direction or angle. And observations at angle θ to that initial preferred direction will produce decorrelated results + + and - - proportional to  sin2θ.


In part 6, we will show that no preferred direction exists in the initial entanglement preparation. The original entangled state with total spin angular momentum zero is rotationally and spherically symmetric, the same in all directions. The preferred direction of measurement or angle for Alice and Bob is introduced by them, agreed to before they measure! Total spin angular momentum is conserved as zero at all times from the initial entanglement to their measurements (assuming that no environmental interaction disturbs either particle). As long as Alice and Bob now measure in the same plane (same direction, same angle), a new planar symmetry replaces the spherical symmetry and defines the one component of electron spin that Bohm and Aharonov say is allowed. The conservation of total angular momentum zero continues. As long as Alice and Bob measure in the chosen plane (preserving the symmetry), they maintain that conservation of total spin angular momentum. The conserved total spin zero is a candidate for a "hidden constant of the motion." 



In part 7, we examine  John Bell's theorem predicting how correlations between measurements made at differing angles could distinguish between local hidden variables and quantum mechanics. We show how the correlations would be reduced if Alice and Bob's measurement angles differ by θ degrees. And we will examine Bell's hypothesis about how the falloff of correlations with increasing angle θ is different for local hidden variables (straight line function of θ) and for quantum mechanics (curved cosθ function). 


In part 8, we comment on the origin of the flawed idea that something must be traveling from Alice to Bob. Assuming, for the moment, that the entangled particles do not have perfectly correlated opposing spins, what kind of interaction could Alice's measurement produce to bring Bob's spin angular momentum into agreement. Would it not first have to detect the amount of angular deviation? And then what kind of torque could it exert from far away to rotate the remote particle precisely into agreement?


In part 9, we criticize the argument that perfectly opposed spins at the time of the Alice and Bob measurements (and in the arbitrary direction chosen by them) would require that the spins be defined in all three axial directions, which is impossible. When spins are defined in one direction, they are necessarily undefined in the other two directions. 


In part 10, we review the work of some physicists, starting with Einstein, who used conservation principles to explain some aspects of entanglement, but without them seeing exactly how conservation of momentum could produce the appearance of Einstein's "spooky action at a distance." 


In part 11, we discuss the relation between conservation principles and geometric symmetries. Einstein was normally quite aware of symmetries and he greatly favored theories based on "principles" over those that are "constructed" to fit experimental data.


In part 12, we comment on the idea of "instruction sets" accompanying the particles as "hidden variables." We trace the origin of this idea to Schrödinger's suggestion that the particles seemed to know the answers to all possible questions that would be asked of them when measured. What process could prepare such information and what mechanism could read the information in the "instructions" and then change the electron spin of the distant particle as required?  


In part 13, we conclude with a summary of the "hidden constant" hypothesis.



Part 1 Einstein and Nonlocality, from 1905 to 1927                     


We show that Einstein's concerns about nonlocality can be glimpsed as early as his "miracle year" of 1905 in his light quantum/photoelectric effect paper. Einstein wrote...

How can energy spread continuously over a large volume and later be absorbed in its entirety, without contradicting 
his principle of relativity? 
Einstein sees this here, but does not say so explicitly until 1927. 


The energy 
of a ponderable body cannot be subdivided into 
arbitrarily many or arbitrarily small parts, while 
the energy of a beam of light from a point source 
(according to the Maxwellian theory of light or, 
more generally, according to any wave theory) is 
continuously spread over an ever increasing 
volume. 

The wave theory of light, which operates with 
continuous spatial functions, has worked well in 
the representation of purely optical phenomena 
and will probably never be replaced by another 
theory. It should be kept in mind, however, that 
the optical observations refer to time averages 
rather than instantaneous values. In spite of the 
complete experimental confirmation of the theory 
as applied to diffraction, reflection, refraction, 
dispersion, etc., it is still conceivable that the 
theory of light which operates with continuous 
spatial functions may lead to contradictions 
with experience when it is applied to the phenomena 
of emission and transformation of light.


It seems to me that the observations associated 
with blackbody radiation, fluorescence, the 
production of cathode rays by ultraviolet light, 
and other related phenomena connected with the 
emission or transformation of light are more 
readily understood if one assumes that the energy 
of light is discontinuously distributed in space. 


In particular, the photoelectric effect showed discontinuous and  discrete light quanta absorbed by single electrons, though it was doubted until the discovery of the Compton Effect in 1923.


In accordance with the assumption to be considered here, the energy of a light ray spreading 
out from a point source is not continuously 
distributed over an increasing space but consists 
of a finite number of energy quanta which are 
localized at points in space, which move without 
dividing, and which can only be produced and 
absorbed as complete units.
   


In 1909 Einstein described how a high-energy electron could eject a high energy light wave radiating in all directions, a small part of which could hit a plate and eject an electron with energy almost equal to the original electron. In this work, Einstein gave us the first clear picture of wave-particle duality.


In a presentation at the Salzburg conference in September, 1909, Einstein argued that the interaction of radiation and matter involves elementary processes that are not "invertible," a deep insight into the irreversibility of natural processes. While incoming spherical waves of radiation are mathematically possible, they are not practically achievable. Nature appears to be asymmetric in time. He speculated that the continuous electromagnetic field might be made up of large numbers of light quanta - singular points in a field that superimpose collectively to create the wavelike behavior.


Although he could not formulate a mathematical theory that does justice to both the continuous oscillatory waves and the discrete particle pictures, Einstein argued that they could be "fused" and made compatible.  This was over a decade before Erwin Schrödinger's wave mechanics and Werner Heisenberg's quantum mechanics. And because gases behave statistically, he knows that the connection between the wave and particles may involve probabilistic behavior. 




When light was shown to exhibit interference and diffraction, it seemed almost certain that light should be considered a wave.

The greatest advance in theoretical optics since the introduction of the oscillation theory was Maxwell's brilliant discovery that light can be understood as an electromagnetic process...One became used to treating electric and magnetic fields as fundamental concepts that did not require a mechanical interpretation.


This path leads to the so-called relativity theory. I only wish to bring in one of its consequences, for it brings with it certain modifications of the fundamental ideas of physics. It turns out that the inertial mass of an object decreases by L / c2 when that object emits radiation of energy L...the inertial mass of an object is diminished by the emission of light. 


Now Einstein looks for symmetry and equivalent treatment for interchangeable matter and energy.


The energy given up was part of the mass of the object. One can further conclude that every absorption or release of energy brings with it an increase or decrease in the mass of the object under consideration. Energy and mass seem to be just as equivalent as heat and mechanical energy. 

Relativity theory has changed our views on light. Light is conceived not as a manifestation of the state of some hypothetical medium, but rather as an independent entity like matter. Moreover, this theory shares with the corpuscular theory of light the unusual property that light carries inertial mass from the emitting to the absorbing object. Relativity theory does not alter our conception of radiation's structure; in particular, it does not affect the distribution of energy in radiation-filled space. 


Einstein is about to tell us that the distribution of energy in radiation-filled space may be similar in some respects to the distribution of particles in matter-filled space!


Nevertheless, with respect to this question, I believe that we stand at the beginning of a development of the greatest importance that cannot yet be surveyed. The statements that follow are largely my personal opinion, or the results of considerations that have not yet been checked enough by others. If I present them here in spite of their uncertainty, the reason is not an excessive faith in my own views, but rather the hope to induce one or another of you to deal with the questions considered.

In the kinetic theory of molecules, for every process in which only a few elementary particles participate (e.g., molecular collisions), the inverse process also exists. But that is not the case for the elementary processes of radiation. 


Incoming spherical waves (the advanced potential considered by Wheeler and Feynman in 1945) are never observed in nature. Radiation is irreversible, one of the arrows of time

According to our prevailing theory, an oscillating ion generates a spherical wave that propagates outwards. The inverse process does not exist as an elementary process. A converging spherical wave is mathematically possible, to be sure; but to approach its realization requires a vast number of emitting entities. The elementary process of emission is not invertible. In this, I believe, our oscillation theory does not hit the mark. Newton's emission theory of light seems to contain more truth with respect to this point than the oscillation theory since, first of all, the energy given to a light particle is not scattered over infinite space, but remains available for an elementary process of absorption.

Consider the laws governing the production of secondary cathode radiation by X-rays. If primary cathode rays impinge on a metal plate P1, they produce X-rays. If these X-rays impinge on a second metal plate P2, cathode rays are again produced whose speed is of the same order as that of the primary cathode rays. 
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As far as we know today, the speed of the secondary cathode rays depends neither on the distance between P1 and P2, nor on the intensity of the primary cathode rays, but rather entirely on the speed of the primary cathode rays. Let's assume that this is strictly true. What would happen if we reduced the intensity of the primary cathode rays or the size of P1 on which they fall, so that the impact of an electron of the primary cathode rays can be considered an isolated process? 


In his remarks after the talk, Johannes Stark confirmed that he had observed a single X-ray that traveled as far as ten meters and ejected a similar energy electron from P2.


If the above is really true then, because of the independence of the secondary cathode rays' speed on the primary cathode rays' intensity, we must assume that an electron impinging on P1 will either cause no electrons to be produced at P2, or else a secondary emission of an electron whose speed is of the same order as that of the initial electron impinging on P1. In other words, the elementary process of radiation seems to occur in such a way that it does not scatter the energy of the primary electron in a spherical wave propagating in every direction, as the oscillation theory demands.


That energy is possibly available "somewhere else" is the key idea of nonlocality that Einstein will present in 1927 at the Solvay conference


Rather, at least a large part of this energy seems to be available at some place on P2, or somewhere else. The elementary process of the emission of radiation appears to be directional. Moreover, one has the impression that the production of X-rays at P1 and the production of secondary cathode rays at P2 are essentially inverse processes.
Therefore, the constitution of radiation seems to be different from what our oscillation theory predicts. The theory of thermal radiation has given important clues about this, mostly by the theory on which Planck based his radiation formula...


Planck's theory leads to the following conjecture. If it is really true that a radiative resonator can only assume energy values that are multiples of hν, the obvious assumption is that the emission and absorption of light occurs only in these energy quantities. On the basis of this hypothesis, the light-quanta hypothesis, the questions raised above about the emission and absorption of light can be answered. As far as we know, the quantitative consequences of this light-quanta hypothesis are confirmed. This provokes the following question. Is it not thinkable that Planck's radiation formula is correct, but that another derivation could be found that does not rest on such a seemingly monstrous assumption as Planck's theory? Is it not possible to replace the light-quanta hypothesis with another assumption, with which one could do justice to known phenomena? If it is necessary to modify the theory's elements, couldn't one keep the propagation laws intact, and only change the conceptions of the elementary processes of emission and absorption?


As far as I know, no mathematical theory has been advanced that does justice to both its oscillatory structure and its quantum structure...


Anyway, this conception seems to me the most natural: that the manifestation of light's electromagnetic waves is constrained at singularity points, like the manifestation of electrostatic fields in the theory of the electron. It cannot be ruled out that, in such a theory, the entire energy of the electromagnetic field could be viewed as localized in these singularities, just like the old theory of action-at-a-distance. I imagine to myself, each such singular point surrounded by a field that has essentially the same character as a plane wave, and whose amplitude decreases with the distance between the singular points. If many such singularities are separated by a distance small with respect to the dimensions of the field of one singular point, their fields will be superimposed, and will form in their totality an oscillating field that is only slightly different from the oscillating field in our present electromagnetic theory of light. Of course, it need not be emphasized that such a picture is worthless unless it leads to an exact theory. I only wished to illustrate that the two structural properties of radiation according to Planck's formula (oscillation structure and quantum structure) should not be considered incompatible with one another.

   


In 1927, Einstein drew an illustration of the nonlocality problem on a blackboard at the fifth Solvay Conference in Brussels, Belgium. Sadly, despite Einstein's two decades of pioneering work on the interaction of photons and electrons, his ideas and concerns were given little attention at this Solvay, even though the conference was dedicated to electrons and photons!


The conference was dominated by papers on the new quantum theory delivered by Louis de Broglie, Niels Bohr, Max Born, and Werner Heisenberg. It is best known for Einstein's after-hours suggestions to Bohr and Heisenberg probing for faults in the uncertainty principle.  Accounts of these events have been told largely by the victors (there are no holes in uncertainty) but Einstein has said they often missed or ignored his important point. That point was the nonlocal behavior of a spherical light wave as it collapses to get absorbed by a single electron. This was Einstein's only contribution mentioned in the published proceedings. 


Here are the notes on Einstein's original remarks at the conference and Bohr's brief and confused response. They contain much of Einstein's future 1935 EPR paper, except in 1927 only one particle is involved. Entanglement in EPR requires two identical particles.


Notice how Einstein's diagram clearly shows his concerns of over two decades about reconciling a spherical wave (his example is now an electron) and its collapse to being measured at just one point where it appears as a particle. At this point in the history of quantum mechanics, wave-particle duality is seen as the debate between Schrödinger's wave mechanics and Heisenberg's particle mechanics.
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MR ElNSTEIN. - Despite being conscious of the fact that I have not entered
deeply enough into the essence of quantum mechanics, nevertheless I want to 
present here some general remarks.


One can take two positions towards the theory with respect to its postulated
domain of validity, which I wish to characterise with the aid of a simple example.


Let S be a screen provided with a small opening O, and P a hemispherical
photographic film of large radius. Electrons impinge on S in the direction of the arrows. Some of these go through O, and because of the smallness of O and the speed of the particles, are dispersed uniformly over the directions of the hemisphere, and act on the film.


Both ways of conceiving the theory now have the following in common. There are de Broglie waves, which impinge approximately normally on S and are diffracted at O. Behind S there are spherical waves, which reach the screen P  and
whose intensity at P is responsible [massgebend] for what happens at P.


We can now characterise the two points of view as follows.


The waves give the probability or possibilities for a single electron being found at different locations in an ensemble of identical experiments. A wave does not describe a cloud of electrons as Schrödinger had hoped. Einstein's ensemble theory is the correct interpretation.


1. Conception I. - The de Broglie-Schrödinger waves do not correspond to a single electron, but to a cloud of electrons extended in space. The theory gives no information about individual processes, but only about the ensemble of an infinity of elementary processes.


Quantum theory is not complete in this sense. Representing each particle as a narrow wave packet aiming at the point P is mistaken.


2. Conception II. - The theory claims to be a complete theory of individual processes. Each particle directed towards the screen, as far as can be determined by its position and speed, is described by a packet of de Broglie-Schrödinger waves of short wavelength and small angular width. This wave packet is diffracted and, after diffraction, partly reaches the film P in a state of resolution [un etat de resolution].


According to the first, purely statistical, point of view 
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 expresses the
probability that there exists at the point considered a particular particle of the cloud, for example at a given point on the screen.



If by the same particle, Einstein means that the one individual particle has a possibility of being found at more than one (indeed many) locations on the screen. This is so, but this seems to be conception I?


According to the second, | ψ |2 expresses the probability that at a given instant
the same particle is present at a given point (for example on the screen). Here, 
the theory refers to an individual process and claims to describe everything that is governed by laws.

The second conception goes further than the first, in the sense that all the
information resulting from I results also from the theory by virtue of II, but
the converse is not true. It is only by virtue of II that the theory contains the
consequence that the conservation laws are valid for the elementary process; it is only from II that the theory can derive the result of the experiment of Geiger and Bothe, and can explain the fact that in the Wilson [cloud] chamber the droplets stemming from an α-particle are situated very nearly on continuous lines.



Einstein is right that the one elementary process has a possibility of action elsewhere, but that could not mean producing an actual second particle. That would contradict conservation laws.

The "mechanism" of action-at-a-distance is simply the disappearance of possibilities elsewhere when a particle is actualized (localized) somewhere.


Note that Einstein is using Max Born's new rule that the square of the wave function 
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 gives us the probabilities of finding a particle somewhere. Born later said he based his rule on an older idea of Einstein's that Einstein called a "ghost field" (Gespensterfeld) or a "guiding field" (Führungfeld)  



But on the other hand, I have objections to make to conception II. The scattered
wave directed towards P does not show any privileged direction. If | ψ |2 were
simply regarded as the probability that at a certain point a given particle is found at 
a given time, it could happen that the same elementary process produces an action in two or several places on the screen. But the interpretation, according to which | ψ |2 expresses the probability that this particle is found at a given point, assumes an entirely peculiar mechanism of action at a distance, which prevents the wave continuously distributed in space from producing an action in two places on the
screen.


When a particle appears - just one of the multiple nonlocal possibilities becomes actual or localized - at a specific point P , what becomes of the wave that was going off in all other directions? Its "collapse" - the instantaneous going to zero of probabilities - mistakenly appears to Einstein to violate his relativity principle.

In my opinion, one can remove this objection only in the following way, that one
does not describe the process solely by the Schrödinger wave, but that at the same
time one localises the particle during the propagation. I think that Mr de Broglie is
right to search in this direction. If one works solely with the Schrödinger waves,
interpretation II of | ψ |2 implies to my mind a contradiction with the postulate of relativity.


The permutation of two identical particles does not produce two different points in multidimensional (configuration space).  
Einstein and Bose discovered  the new quantum statistics and indistinguishability. Dirac and Fermi extended it to electrons.
For example, interchange of the two electrons in the filled first electron shell, 1s2, just produces a change of sign for the two-particle wave function.


I should also like to point out briefly two arguments which seem to me to speak against the point of view II. This [view] is essentially tied to a multi-dimensional representation (configuration space), since only this mode of representation makes
possible the interpretation of | ψ |2 peculiar to conception II. Now, it seems to me
that objections of principle are opposed to this multi-dimensional representation.
In this representation, indeed, two configurations of a system that are distinguished only by the permutation of two particles of the same species are represented by two different points (in configuration space), which is not in accord with the new results in statistics. Furthermore, the feature of forces of acting only at small spatial distances finds a less natural expression in configuration space than in the space of three or four dimensions.

   


Bohr's reaction to Einstein's presentation has been preserved. He didn't understand a word! He disingenuously claims he does not know what quantum mechanics is. His response is vague and ends with his ideas on complementarity and the inability to describe a causal spacetime reality.

   

Does Bohr really not understand? As we have seen, Einstein has been making this general point for many years. And only recently had Bohr started taking Einstein's concept of light quanta seriously.


MR BOHR. I feel myself in a very difficult position because I don't understand what precisely is the point which Einstein wants to [make]. No doubt it is my fault.

As regards general problem I feel its difficulties. I would put [the] problem in [an]other way. I do not know what quantum mechanics is. I think we are dealing with some mathematical methods which are adequate for description of our experiments. Using a rigorous wave theory we are claiming something which the theory cannot possibly give. [We must realise] that we are away from that state where we could hope of describing things on classical theories. [I] Understand [the] same view is held by Born and Heisenberg. I think that we actually just try to meet, as in all other theories, some requirements of nature, but [the} difficulty is that we must use words which remind [us] of older theories. The whole foundation for causal spacetime description is taken away by quantum theory, for it is based on [the] assumption of observations without interference. ... excluding interference means exclusion of experiment and the whole meaning of space and time observation ... because we [have] interaction [between object and measuring instrument] and thereby we put us on a quite different standpoint than we thought we could take in classical theories. If we speak of observations we play with a statistical problem There are certain features complementary to the wave pictures (existence of individuals). ...



The saying that spacetime is an abstraction might seem a philosophical triviality but nature reminds us that we are dealing with something of practical interest. Depends on how I consider theory. I may not have understood, but I think the whole thing lies [therein that the] theory is nothing else [but] a tool for meeting our requirements and I think it does.

   


Twenty-two years later, in his contribution to the Schilpp memorial volume on Einstein, Bohr had no better response to Einstein's 1927 concerns. But he does remember vividly and provides a picture of what Einstein drew on the blackboard. 


Here is Bohr's 1949 recollection of Einstein's 1927 presentation:




At the general discussion in Como, we all missed the presence of Einstein,
but soon after, in October 1927, I had the opportunity to meet him in Brussels
at the Fifth Physical Conference of the Solvay Institute, which was devoted
to the theme "Electrons and Photons." 

Note that they wanted Einstein's reaction to their work, but actually took little interest in Einstein's concern about the nonlocal implications of quantum mechanics, nor did they look at his work on electrons and photons, despite the conference title. 


At the Solvay meetings,
Einstein had from their beginning been a most prominent figure, and several
of us came to the conference with great anticipations to learn his reaction
to the latest stage of the development which, to our view, went far in
clarifying the problems which he had himself from the outset elicited so
ingeniously. During the discussions, where the whole subject was reviewed
by contributions from many sides and where also the arguments mentioned
in the preceding pages were again presented, Einstein expressed, however,
a deep concern over the extent to which a causal account in space and time
was abandoned in quantum mechanics. 
To illustrate his attitude, Einstein referred at one of the sessions
to the simple example, illustrated by Fig. 1, of a particle (electron or
photon) penetrating through a hole or a narrow slit in a diaphragm placed
at some distance before a photographic plate. 
[image: photon passes through a slit]

On account of the diffraction of the wave connected with the motion
of the particle and indicated in the figure by the thin lines, it is under
such conditions not possible to predict with certainty at what point the
electron will arrive at the photographic plate, but only to calculate the
probability that, in an experiment, the electron will be found within any
given region of the plate. 


Bohr's labels for points A and B are helpful. The "nonlocal" effects at point B are just that the probability of an electron being found at point B goes to zero instantly (not an "action at a distance") when an electron is localized at point A


The apparent difficulty, in this description,
which Einstein felt so acutely, is the fact that, if in the experiment
the electron is recorded at one point A of the plate, then it is out of
the question of ever observing an effect of this electron at another point
(B), although the laws of ordinary wave propagation offer no room for a
correlation between two such events. 



Although Bohr seems to have missed Einstein's point completely, Werner Heisenberg at least came to explain the 1927 presentation well. In his 1930 lectures at the University of Chicago, Heisenberg presented a critique of both particle and wave pictures, including a new example of nonlocality that Einstein had apparently developed since 1927. It includes Einstein's concern about "action-at-a-distance" that might violate his principle of relativity, and Heisenberg anticipates the Einstein-Podolsky-Rosen paradox. Heisenberg  wrote:

   

In relation to these considerations, one other idealized experiment (due to Einstein) may be considered. We imagine a photon which is represented by a wave packet built up out of Maxwell waves. It will thus have a certain spatial extension and also a certain range of frequency. By reflection at a semi-transparent mirror, it is possible to decompose it into two parts, a reflected and a transmitted packet. There is then a definite probability for finding the photon either in one part or in the other part of the divided wave packet. After a sufficient time the two parts will be separated by any distance desired; now if an experiment yields the result that the photon is, say, in the reflected part of the packet, then the probability of finding the photon in the other part of the packet immediately becomes zero. The experiment at the position of the reflected packet thus exerts a kind of action (reduction of the wave packet) at the distant point occupied by the transmitted packet, and one sees that this action is propagated with a velocity greater than that of light. However, it is also obvious that this kind of action can never be utilized for the transmission of signals so that it is not in conflict with the postulates of the theory of relativity.

   

Part 2 EPR, Entanglement, and Suspected Violations of Special Relativity 



Just two years before his colleagues Boris Podolsky and Nathan Rosen published the famous "EPR Paradox," the most cited scientific paper in history, in 1933 Einstein challenged Leon Rosenfeld to explain two-particle nonlocality. You will see that EPR is a version of this challenge to Rosenfeld. 



Shortly before Einstein left Germany to emigrate to America, 
Einstein attended a lecture on quantum electrodynamics by Leon
Rosenfeld. Keep in mind that Rosenfeld was perhaps the most
dogged defender of the Copenhagen Interpretation. After the talk,
Einstein asked Rosenfeld, 


“What do you think of this situation?”
Suppose two particles are set in motion towards each other with
the same, very large, momentum, and they interact with each
other for a very short time when they pass at known positions.
Consider now an observer who gets hold of one of the particles,
far away from the region of interaction, and measures its
momentum: then, from the conditions of the experiment, he will
obviously be able to deduce the momentum of the other particle.
If, however, he chooses to measure the position of the first
particle, he will be able tell where the other particle is.


We can diagram a simple case of Einstein’s question as follows after the particles have interacted and separate from the center. We use electrons instead of Einstein's generic particles, an anachronism introduced by David Bohm in 1952.


[image: image-placeholder]


Recall that it was Einstein who discovered in 1924 the identical nature, indistinguishability, and interchangeability of some quantum particles. He found that identical particles are not independent, altering their quantum statistics.

 Note the anachronism of electrons as Einstein's generic particles. It was David Bohm in 1952 who proposed that Einstein's EPR problem use electrons.  Today many if not most accounts of the EPR paradox describe it with electrons. Many mistakenly say that Einstein was describing electrons.


After the particles interact at t1, quantum mechanics describes them with a single two-particle wave function that is not the product of independent single-particle wave functions. In the case of electrons, which are indistinguishable and interchangeable particles, it is not proper to say electron 1 goes this way and electron 2 that way. (Nevertheless, it is convenient to label the particles, as we do in the illustration.) 

Einstein then asked Rosenfeld, “How can the final state of the second
particle be influenced by a measurement performed on the first
after all interaction has ceased between them?” This was the germ
of the EPR paradox, and ultimately the paradoxical problem of two-particle entanglement.


Why does Einstein question Rosenfeld and describe this as an “influence,” suggesting an “action-at-a-distance?”


One Einstein concern could see a paradox in the context of Rosenfeld’s Copenhagen
Interpretation, since the second particle is not itself measured and
yet we know something about its properties, whereas the Copenhagen Interpretation
says we cannot know any properties without an explicit measurement...


Einstein was clearly correct to tell Rosenfeld that at a later time 
  
    t
    
      2
    
  
, a measurement of one particle's position would instantly establish the position of the other particle - without measuring it. Einstein was implicitly using the conservation of linear momentum to calculate (and to know) the position of the second particle.


Another of Einstein's concerns may have been Werner Heisenberg's uncertainty principle. It suggests that knowing the exact position of the second particle is not possible. In any case, if the second particle were to be measured, it should be found in a range of positions Δx ≥ h/2πΔp. And this might contradict the conservation of linear momentum, as Nathan Rosen appears to have considered in the later EPR paper.


Two years later, reacting to EPR, Schrödinger described two such particles as becoming "entangled" (verschränkt) at their first interaction, so "nonlocal" phenomena are also known as "quantum entanglement." 


Although conservation laws are rarely cited as the explanation, we argue that they are the physical reason that entangled particles always produce correlated results for all properties, linear momentum, angular momentum, and energy. If the results were not always correlated, the implied violation of a fundamental conservation law would cause a much bigger controversy than entanglement itself, as puzzling as that phenomenon is.


The hypothesis that the conservation principle gives us a "hidden constant" of the motion like the above linear momentum (perhaps three hidden constants to include angular momentum and energy?), can explain the above results.



In his 1935 EPR paper, Einstein cleverly introduced two particles instead of one, and in the same year Erwin Schrödinger would create a two-particle wave function that describes both particles. EPR described the particles as widely separated, one "here" and measurable "now" and the other distant and to be measured "later."   


Here we must explain the asymmetry that Einstein mistakenly introduced into a perfectly symmetric situation, making entanglement such a mystery.


The two entangled particles must normally be measured at the same time (synchronously) to ensure that just one entangled pair is involved. This means the measuring devices are placed equidistant (symmetrically) from the central location of initial entanglement. Most accounts of entanglement say that Alice measures "first" and then must interact instantaneously with Bob's particle to align its spin with hers. This is a false asymmetry and an impossible interaction, as it is a violation of special relativity.


At creation, the wave function of the entangled pair is rotationally and spherically symmetric.


The measurement devices must be arranged symmetrically. in the same plane with the origin. If the measurements differ by an angle θ, the perfect correlations would be reduced by cos2θ. 


The normal interactions between the separating particles (electromagnetic forces) do not exceed the speed of light and have the translational, rotational, and temporal invariance symmetries needed to conserve the total spin zero (as well as total linear momentum zero and total energy) created at initial entanglement.


All these symmetries are essential to creating perfectly correlated outcomes.


What could have led Einstein to see an asymmetry as an instantaneous action a distance. In his 1905 photoelectric study it was likely the view that the light wave was radiation energy spread out in space that had to collect itself into the photoelectron. In his 1909 wave-particle duality electron article, it was likely the view shared by Schrödinger that the wave was spread out electric charge. It lies behind the current concern with the collapse of the wave function. 


The EPR paradox has been reframed since David Bohm in 1952 as two entangled electrons instead of generic particles conserving their total linear momentum zero. In this case, the particles are identical, indistinguishable, and interchangeable, with indeterminate positions according to the uncertainty principle.   


We can diagram a simple case of indistinguishable electrons separating from their point of entanglement to be measured at a later time when they are far apart. 

[image: image-placeholder]



As we saw in part 1, this idea of something measured in one place "influencing" measurements far away challenged what Einstein thought of as "local reality." It came to be known as "nonlocality." In 1947, Einstein called it "spukhaft Fernwirkung" or "spooky action at a distance." And in his 1949 "Autobiography" he said the measurement of one particle "telepathically changes the real situation" of the second particle. From our standpoint of information philosophy, it is better to think of it as "knowledge-at-a-distance." And according to our hypothesis of a "hidden constant of the motion," the measurement of one particle sends no signal, telepathic or otherwise, to the second particle. The electrons produce perfectly correlated outcomes because they conserve their total spin angular momentum as zero.


As we also saw, Einstein had considered nonlocal phenomena as early as 1905 and objected publicly to nonlocal phenomena at the Solvay Conference of 1927, when he criticized the collapse of the wave function  as "instantaneous-action-at-a-distance." He said that the probability wave 
  |
  ψ
  
    |
    
      2
    
  
 could not act simultaneously at different places on the screen, which are in a "space-like" separation, without violating his theory of relativity.  


Einstein's criticism resembles the criticisms made of Newton's theory of gravitation. Newton's opponents charged that his theory was instantaneous "action at a distance."  Einstein's new theory of general relativity shows that gravitational "influences" travel at the speed of light and are mediated by a gravitational field that shows up as curved space-time. An allowable "action-at-a-distance" is one that is caused by "local" events, those in its past light-cone.


Both gravitation and electromagnetism are field theories, in which physical variables are functions of the four "local" space-time coordinates of Einstein's theory of relativity. Any disturbance at one point in the field can only "influence" another distant point by propagating to that point at the speed of light or less. But the quantum-mechanical wave-function is different. It is neither matter nor energy, nothing physical, only information and a "probability amplitude" whose square gives us probabilities and intensities of quantum phenomena. 


Note that when a probability function collapses to unity in one place and zero elsewhere, nothing physical, no matter or energy, is moving from one place to another. When the nose of one horse crosses the finish line, its probability of winning goes to certainty, and the finite probabilities of the other horses, including the one in the rear, instantaneously drop to zero. This happens faster than the speed of light, since the last horse is in a "space-like" separation.  


Quantum theory, especially Paul Dirac's "transformation theory,"  describes the two electrons as in a superposition of states, either state equally likely to be randomly found by an experiment. The first state | +- > is spin up ( + ) and spin down ( - ), the second | -+ > is spin down ( - ) and spin up ( + ),
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The coefficients 
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, when squared, tell us the probabilities of either state being found is 1/2.


Dirac's superposition) can provide only the probabilities of finding the entangled system in either the | +- > state or the | -+ > state. Quantum mechanics does not and cannot describe the paths or the spins of the individual particles as the wave function expands at the speed of light. Note that should measurements result in | ++ > or | -- > state, that would violate the conservation of angular momentum. We call the conserved total spin zero a "hidden constant of the motion". It is the implicit reason why David Bohm, John Bell, and many others say that when one particle is measured spin-up, we instantly know the other must be spin-down.



Part 3  Erwin Schrödinger, Entanglement, and his Two-Particle Wave Function                     


Erwin Schrödinger replied to the EPR paper by telling Einstein that his two-particle wave function ψ12 would keep the particles coherently "entangled" until a measurement projects them into a product of single-particle wave functions ψ1 and ψ2. We show that the Schrödinger/Dirac superposition of states <1/√2) | 1+2- > -  1/√2) | 1-2+ > can explain both the 50/50 randomness of outcomes and the perfect correlations (or anti-correlations) of measurements, provided the spin angular momentum is conserved.

Schrödinger said that the entangled particles have jointly shared properties that cannot be changed independently, until after they have become disentangled, decoherent, and independent of one another. Though Schrödinger did not mention it, one of those properties is total linear momentum, key to the EPR paper.


But like Einstein's other reactions to quantum mechanics, he could not accept that particles he regarded as separated could change their properties simultaneously. Einstein did not explicitly recognize that the joint properties of the two particles would need to obey conservation laws, though he had implicitly used the conservation of linear momentum in 1933 and 1935, when he said the second particle position must be symmetrically placed.


Conservation laws are the consequence of extremely deep properties of nature that arise from simple considerations of symmetry. We regard these laws as "cosmological principles." Physical laws do not depend on the absolute place and time of experiments, nor their particular direction in space. Conservation of linear momentum depends on the translation invariance of physical systems, conservation of energy the independence of time, and conservation of angular momentum the invariance under rotations. Conservation laws are the consequence of symmetries, as explained by Emmy Noether.


Recall that the EPR experiment (Bohm version) starts with two electrons (or photons) prepared in an entangled state that is a mixture of pure two-particle states, each of which conserves the total angular momentum and, of course, conserves the linear momentum as in Einstein's original EPR example. This information about the linear and angular momenta is established by the initial state preparation (a measurement).


Quantum mechanics describes the probability amplitude wave function 
  
    Ψ
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 of the two-particle system as in a superposition of two-particle states. It is not a product of single-particle states, and there is no information about the identical indistinguishable electrons traveling along distinguishable paths. With slightly different notation, we can write equation (1) as 
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The probability amplitude wave function 
  
    Ψ
    
      12
    
  
 travels away from the source (at the speed of light or less). Let's assume that at 
  
    t
    
      0
    
  
 observer A finds an electron (e1) with spin up.


At the time of this "first" measurement, by observer A or B, new information comes into existence telling us that the wave function 
  
    Ψ
    
      12
    
  
 has "collapsed" into the state | 1+2- > 
(or into | 1-2+ >). Just as in the two-slit experiment, probabilities have now become certainties, one possibility is now an actuality. If the first measurement finds a particular component of electron 1 spin is up, so the same spin component of entangled electron 2 must be down to conserve angular momentum.


And conservation of linear momentum tells us that at 
  
    t
    
      0
    
  
 the second electron is equidistant from the source in the opposite direction.  




As with any wave-function "collapse", the probability amplitude information changes (it does not "travel" anywhere). Nothing really "collapses." Nothing is moving. Only information is changing.

Unlike the two-slit experiment, where the "collapse" goes to a specific point in 3-dimensional configuration space, the "collapse" here is a "jump" (Bohr) or a "projection" (Dirac) or a "reduction" (Heisenberg) into one of the two possible 6-dimensional two-particle quantum states | +- > or | -+ >. This makes "visualization" (Schrödinger's Anschaulichkeit) difficult or impossible, but the parallel with the collapse in the two-slit case provides an intuitive insight of sorts. In both cases, the local values of the probability wave function change instantly over a wide range of space. 


This is what Einstein saw in 1905 with the light wave spread out everywhere collapsing into a photon, in 1927 with the probability of a particle being found everywhere on a spherical surface collapses to the spot where it is found, and again in 1933 where observing a particle in one place tells us exactly where the other one is far away.


If the measurement finds an electron (call it electron 1) as spin-up, then at that moment of new information creation, the two-particle wave function collapses to the state | +- > and electron 2 "jumps" into a spin-down state with probability unity (certainty). The results of observer B's measurement at a later time 
  
    t
    
      1
    
  
 is therefore determined to be spin down. 


Notice that Einstein's intuition that the result seems already "determined" or "fixed" before the second measurement is in fact correct. The result is determined by the law of conservation of momentum.


But as with the distinction between determinism and pre-determinism in the free-will debates, the measurement by observer B was not pre-determined before observer A's measurement. 
It was simply determined by her measurement.



Part 4 David Bohm, Atoms, Electron Spins, and Hidden Variables                      


As we saw in part 2, the first practical and workable experiments to test the EPR paradox were suggested in 1952 by David Bohm (though experiments were not realized for almost two decades). Instead of using continuous linear momenta in opposite directions, Bohm proposed using two atoms (or electrons) in discrete electronic spin states. The atoms are prepared in an initial molecular state of known total spin zero. 


[image: image-placeholder]

Bohm also revived Louis de Broglie's "pilot-wave" theory which offered a way of imagining hidden variables "guiding" the particles and suggested a new (Bohmian) mechanics that could restore determinism and eliminate quantum indeterminism. 


The Bohm version of EPR starts with a hydrogen molecule in a spherically symmetric "singlet" state, with total spin angular momentum zero, which disassociates into two hydrogen atoms.  Bohm-EPR is describable by a two-particle wave function we can call ψ12 which is the linear combination of two terms, each the product of two single-particle wave functions, ψ1 and ψ2.
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The coefficients 
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, when squared, tell us there is a 50-50 chance of finding the separated atoms in ψ1ψ2 or in ψ2ψ1. In either case the atomic spins are always found in opposite directions, when measurements are made in the same direction, preserving the symmetry, and conserving the total spin angular momentum as zero, the same as the original molecule.


It is this physical fact that let Bohm in 1951 write


Suppose that we have a molecule containing two atoms in a state in which the total spin is zero and that the spin of each atom is ℏ/2. Roughly speaking, this means that the spin of each atom points in a direction exactly opposite to that of the other, insofar as the spin may be said to have any definite direction at all. [Indeed, we can only say that the total spin zero of the two atoms means that their two-particle wave function ψ12 is spherically symmetric with no preferred direction - the singlet state.] Now suppose that the molecule is disintegrated by some process that does not change the total angular momentum. The two atoms will begin to separate and will soon cease to interact appreciably. [But Erwin Schrödinger tells us that they will not become independent and "cease to interact" until some measurement disentangles them, decohering their phases, and allowing their two-particle wave function to be replaced with the product of two single-particle wave functions ψ1ψ2 or ψ2ψ1.] Their combined spin angular momentum, however, remains equal to zero, because no torques have acted on the system...

Suppose now that one measures the spin angular momentum ofany one of the particles, say No.1. Because of the existence of correlations we can immediately conclude that the angular momentum vector of the other particle (No.2) is equal and opposite to that on No.1. In this way, we can indirectly measure the angular momentum of particle No.2 by measuring the corresponding vector of particle No.1.



Bohm and Yakir Aharonov said the equivalent in 1957 


Then, because the total spin is still zero, it can immediately
be concluded that the same component of the
spin of the other particle (B) is opposite to that of A.


Finally, in John Bell's first paper, he wrote in 1964                                                                                                                                     


With the example advocated by Bohm and Aharonov, the EPR argument is the following. Consider a pair of spin one-half particles formed somehow in the singlet spin state and moving freely in opposite directions. Measurements can be made, say by Stern-Gerlach magnets, on selected components of the spins σ1 and σ2. If measurement of the component σ1 • a, where a is some unit vector, yields the value + 1 then, according to quantum mechanics, measurement of σ2 • a must yield the value — 1 and vice versa.


Now why, we may ask, did not Bohm, or Bell, or modern commentators on Bell's theorem, consider the conservation of total spin angular momentum zero as a "common cause"  explanation for the perfect measurement correlations? The conservation is true at all times for the "separating" particles (now known as a "quasi-molecule" because it is described with a molecular wave function and not the product of two atomic wave functions). Conservation will remain true as long as the forces involved in Stern-Gerlach spin measurements are symmetric, the two SG devices oriented in the same plane to preserve the symmetry. When the devices measure in planes at an angle to one another, the correlations fall off as the cosine squared of that angle (Malus's law).


This "common cause" is just a shared/joint property of the two particles, true at all times, not just for measurements. It is not one particle's measurement acting (instantaneously at a distance) on the other particle.  


The constant total spin zero is thus a "constant of the motion." Since it achieves the goal of hypothetical "local hidden variables" traveling with the particles, we might call it a "hidden constant of the motion."  



Part 5  Were the Spin Variables Created at the Initial Entanglement?                     


We comment on the flawed idea that something (hidden variables?) must be traveling between Alice and Bob. Assuming, for the moment, that the entangled electrons do not already have perfectly correlated opposing spins (which they will have if the electrons are conserving total spin angular momentum zero), 1) what kind of sensor would Alice need to measure the deviation between their electron spins and 2) what kind of interaction could Alice's measurement generate and send to Bob to bring his spin angular momentum into agreement? Alice must first detect the amount of Bob's angular deviation from her measurement angle. (Keep in mind that an electron spin measuring device, for example, a Stern-Gerlach device, would change the electron spin to be in the direction of the SG device. But Alice could not send an SG device to Bob, especially instantaneously!) Otherwise, what kind of torque could Alice exert on Bob's remote electron from far away to rotate it precisely into agreement? Any such two-part interaction, first signals about his orientation (pure information) from Bob to Alice and then mechanical forces back from Alice to Bob, applied to his electron in a distant space-like separation. Both violate the no-signaling theorem and the principle of relativity.


We explain why the perfectly correlated electron spins in the direction of measurements could not have been determined at the time of the initial entanglement preparation, with one spin up and the other down in the particular direction of measurements. Some physicists say that the electron spins would have to have been defined in all three dimensions - x-spin, y-spin, and z-spin. But this is impossible. 


Bohm in 1951 and Bohm and Aharonov in 1957 argued that electron spins could be defined in at most a single direction, and this direction would very likely not be the random freely chosen direction of the experimenters. This is a serious misunderstanding...



Here, the investigator can measure either the x, y, or z component of the spin of article No.1, but not more than one of these components, in any particular experiment. Nevertheless, it still turns out as we shall see that whichever component is measured, the results are correlated, so that if the same component of the spin of No.2 is measured, it will always turn out to have the opposite value. This means that a measurement of any component of the spin of atom No.1 provides, as in classical theory, an indirect measurement of atom No.2. Since, by hypothesis, the two particles no longer interact, we have obtained a way of measuring an arbitrary component of the spin of particle No.2 without in any way disturbing that particle. Since this can be accomplished without in any way disturbing the second atom, we conclude that...precisely defined elements of reality must exist in the second atom, corresponding to the simultaneous definition of all three components of its spin. [This is a gravely flawed conclusion. It is not that components of spin are defined in all (3) direction, but that total spin zero means the spins will be found with opposite values in whatever agreed-upon direction they are measured!] ...Because the wave function can specify, at most, only one of these components at a time with complete precision, we are then led to the conclusion that the wave function does not provide a complete description of all elements of reality existing in the second atom. [The spherically symmetric (singlet state) wave function actually has no preferred direction, so as long as measurements are made symmetrically by the Stern-Gerlach devices, the atoms will be found to have perfectly correlated opposite spin values in that direction (which the observers must freely choose by previous agreement to be in the same direction, otherwise correlations will be reduced by the square of the cosine of the angle between them.]  


In 1957, Bohm and Aharonov expanded this description...



In quantum theory, a difficulty arises, in the interpretation of the above experiment, because only one component of the spin of each particle can have a definite value at a given time. Thus, if the x component
is definite, then the y and z components are indeterminate and we may regard them more or less as in a
kind of random fluctuation.


But having opposite spins in even a single preferred direction would not explain the experimental data!


Had there been a single preferred direction (or angle) for electron spins in the initial entanglement preparation, there is essentially zero chance that Alice and Bob could observe in precisely that (unknown) direction or angle. And observations at angle θ to that initial preferred direction will produce decorrelated results + + and - - proportional to  sin2θ.



Part 6  No Preferred Direction in the Spherically Symmetric Wave Function                     


No preferred direction exists in the initial entanglement preparation. The original entangled state with total spin angular momentum zero is rotationally and spherically symmetric, the same in all directions. The arbitrary direction of measurement or angle for Alice and Bob is introduced by them, agreed to before they measure! Total spin angular momentum is conserved as zero at all times from the initial entanglement to their measurements (assuming that no environmental interaction disturbs either particle). 

As long as Alice and Bob now measure in the same plane (same direction, same angle), a new planar symmetry replaces the spherical symmetry and defines the one component of electron spin that Bohm and Aharonov say is allowed. The conservation of total spin angular momentum zero continues. As long as Alice and Bob measure in their "freely chosen" plane (preserving the symmetry), conservation of total spin angular momentum continues. There are no "local hidden variables" traveling with the particles to maintain perfect correlations, but conserved total spin zero might be called a "hidden constant of the motion" that provides the needed "common cause" for the correlations.



Part 7  John Bell and his Inequalities Theorem                     


We examine John Bell's theorem predicting how correlations between measurements made at differing angles could distinguish between local hidden variables and quantum mechanics. Bell predicted how the correlations would be reduced if Alice and Bob did not measure in the same direction, but chose measurement angles different by θ degrees. And we will examine Bell's hypothesis about how the falloff of correlations with increasing angle θ is different for local hidden variables (a straight line function of θ) and for quantum mechanics (a curved cosθ function).

[image: image-placeholder]
 

We can illustrate the straight-line predictions of Bell's inequalities for local hidden variables, the cosine curves predicted by quantum mechanics and conservation of angular momentum, and the odd "kinks" at angles 0°, 90°, 180°, and 270°, with what is called a "Popescu-Rorhlich box."
 
The "PR Box" shows Bell’s local hidden variables prediction as four straight lines of the inner square. The circular region of quantum mechanics correlations are found outside Bell's straight lines, "violating" his inequalities. Quantum mechanics and Bell's inequalities meet at the corners, where Bell's predictions show a distinctly non-physical right-angle that Bell called a "kink."


All experimental results have been found to lie along the curved quantum predictions called the "Tsirelson bound." 



[image: image-placeholder]

In 1976, Bell gave us this diagram of the "kinks" in his local hidden variables inequality. He says,


Unlike the quantum correlation, which is stationary in θ at θ = 0, at the hidden variable correlation must have a kink there




In his famous 1981 article on "Bertlmann's Socks," Bell explains that the predictions for his "ad hoc" model are linear in the angle difference |a - b|, and he notes the fact that his inequality only agrees with the quantum predictions at the corners of the square of linear predictions above, and not at intermediate angles.

To account then for the Einstein-Podolsky-Rosen-Bohm correlations we have only to assume that the two particles emitted by the source have oppositely directed magnetic axes. Then if the magnetic axis of one particle is more nearly along (than against) one Stern-Gerlach field, the magnetic axes of the other particle will be more nearly against (than along) a parallel Stern- Gerlach field. So when one particle is deflected up, the other is deflected down, and vice versa. There is nothing whatever problematic or mind-boggling about these correlations, with parallel Stern-Gerlach analyzers, from the Einsteinian point of view.

So far so good. But now go a little further than before, and consider non-parallel Stern-Gerlach magnets. Let the first be rotated away from some standard position, about the particle line of flight, by an angle a. Let the second be rotated likewise by an angle b. Then if the magnetic axis of either particle separately is randomly oriented, but if the axes of the particles of a given pair are always oppositely oriented, a short calculation gives for the probabilities of the various possible results, in the ad hoc model,...


P(up, down) = P(down, up) = 1/2 - |a-b|/2π


where ‘up’ and ‘down’ are defined with respect to the magnetic fields of the two magnets. However, a quantum mechanical calculation gives


P(up, down) = P(down, up) = 1/2 - 1/2(sin(a - b)/2)2 [= 1/2(cos(a - b)/2)2]


Thus the ad hoc model does what is required of it (i.e., reproduces quantum mechanical results) only at (a — b) = 0, (a - b) = π/2 and (a — b) = π, but not at intermediate angles.



What was Bell's "short calculation" that gives "the probabilities of possible results" in his ad hoc model as linearly proportional to the angle |a-b|? 


Bell does not give us any underlying physical reasons for the linear dependence on angle. He clearly knows that his linear "inequality" is a strong challenge to the curved cosine prediction of quantum mechanics. 


And Bell's odd prediction of sharp corners or "kinks" where his straight lines turn ninety degrees (it is only at these corners where his linear inequality agrees with the curving quantum mechanics), surely should have prompted Bell to give us a deeper physical explanation of his theorem?


And what exactly was Bell's "quantum mechanical calculation" that gives us probabilities proportional to the cosine of the angle |a-b| squared? This more physical picture coincides with falloff of light polarization when polarizers are crossed at an angle (Malus's Law). 

 
Conservation of total spin angular momentum zero (our "hidden constant of the motion") perfectly matches Bell's quantum mechanics predictions.



Part 8 Were the Correlations Predetermined?                    


Could the measurement outcomes have been predetermined at the initial entanglement?


John Bell considered this a possibility. In his very first paper on EPR, he wrote...


Since we can predict in advance the result of measuring any chosen component of σ2, by previously measuring the same component of σ1, it follows that the result of any such measurement must actually be predetermined. 

Since the initial quantum mechanical wave function does not determine the result of an individual measurement, this predetermination implies the possibility of a more complete specification of the state.



Over a decade later, Bell still considered predeterminism...


Some people find this situation paradoxical. They may, for example, have come to think of quantum mechanics as fundamentally indeterministic. In particular they may have come to think of the result of a spin measurement on an unpolarized particle (and each particle, considered separately, is unpolarized here) as utterly indefinite until it has happened. And yet here is a situation where the result of such a measurement is perfectly definitely known in advance. 


It did become determined (but it was not predetermined beforehand) by the measurement which collapses the entangled two-particle wave function


Did it only become determined at the instant when the distant particle passed the distant filter? But how could what happens a long way off change the situation here? Is it not more reasonable to assume that the result was somehow predetermined all along?


During a mid-1980's interview by BBC Radio 3 organized by P. C. W. Davies and J. R. Brown, Bell proposed the idea of a "superdeterminism" that could explain the correlation of results in two-particle experiments without the need for faster-than-light signaling. The two experiments need only have been pre-determined by causes reaching both experiments from an earlier time.
   I was going to ask whether it is still possible to maintain, in the
light of experimental experience, the idea of a deterministic universe?
You know, one of the ways of understanding this business is to
say that the world is super-deterministic. That not only is inanimate
nature deterministic, but we, the experimenters who
imagine we can choose to do one experiment rather than another,
are also determined. If so, the difficulty which this experimental
result creates disappears.

Free will is an illusion - that gets us out of the crisis, does it?

That's correct. In the analysis it is assumed that free will is
genuine, and as a result of that one finds that the intervention of
the experimenter at one point has to have consequences at a
remote point, in a way that influences restricted by the finite
velocity of light would not permit. If the experimenter is not free
to make this intervention, if that also is determined in advance,
the difficulty disappears.
   



The freely chosen direction of measurement angle previously agreed upon by Alice and Bob can only be implemented at the time of their measurements and not before. As shown in parts 5 and 6, the only dependence on the original entanglement is that its spherically symmetric singlet state has total spin zero and no preferred direction. The specific measurement direction/angle, freely chosen by Alice and Bob, and the specific correlations at that measurement angle (specifically either + - or - +), results from the "collapse" of the Dirac/Schrödinger two-particle wave function (a "superposition" of + - and - + states) one of those states which is randomly realized. 


These random results are "created" long after the particles were together at entanglement, when the particles have apparently become "separated" by arbitrarily large distances. The phenomenon therefore appears distinctly "nonlocal," but it does not involve any physical interaction or information transfer between the particles. It is "caused" by a condition (the conserved total spin angular momentum zero) that has been true from the moment of initial entanglement, as long as neither particle is disturbed by any asymmetric environmental interaction.



Part 9 Do Spins Found Correlated in One Direction Mean Correlated in All?                     


In his 1951 textbook Quantum Theory, Bohm wrote...


Suppose that we have a molecule containing two atoms in a state in which the total spin is zero and that the spin of each atom is ℏ/2. Roughly speaking, this means that the spin of each atom points in a direction exactly opposite to that of the other, insofar as the spin may be said to have any definite direction at all. [Indeed, we can only say that the total spin zero of the two atoms means that their two-particle wave function ψ12 is spherically symmetric with no preferred direction - the singlet state.] Now suppose that the molecule is disintegrated by some process that does not change the total angular momentum. The two atoms will begin to separate and will soon cease to interact appreciably. [But Erwin Schrödinger tells us that they will not become independent and "cease to interact" until some measurement disentangles them, decohering their phases, and allowing their two-particle wave function ψ12 to be replaced with the product of two single-particle wave functions ψ12ψ2 or ψ2ψ1.] Their combined spin angular momentum, however, remains equal to zero, because no torques have acted on the system...

Suppose now that one measures the spin angular momentum of any one of the particles, say No.1. Because of the existence of correlations we can immediately conclude that the angular momentum vector of the other particle (No.2) is equal and opposite to that on No.1. In this way, we can indirectly measure the angular momentum of particle No.2 by measuring the corresponding vector of particle No.1.



The Bohm and Aharonov argument that perfectly opposed spins at the time of the Alice and Bob measurements (and in the arbitrary direction chosen by them) would require that the spins would have to be defined in all three axial directions (which is impossible). This is a flawed argument. When spins are measured in one direction, they are necessarily undefined in the other two directions, as Bohm and Aharonov later said. 


The original entangled state with total spin zero is rotationally symmetric, with no preferred direction, so that the preferred plane or direction of measurement for Alice and Bob is introduced by them. This symmetry ensures the conservation of total angular momentum zero until the time of measurement. As long as Alice and Bob measure in the same plane (preserving the symmetry), they maintain the conservation of angular momentum, our proposed "hidden constant of the motion."



Part 10 Physicists Who May Have Seen Conservation Principles                      


We review the work of some physicists to show they were clearly using conservation principles to explain some aspects of entanglement, but without their necessarily seeing how conservation of linear or angular momentum could produce the appearance of Einstein's "spooky action at a distance" without any interaction or "influence" between the particles.


David Bohm                      


Bohm and his Israeli student Yakir Aharonov reformulated the original EPR argument in terms of electron spin. They said experimental tests with continuous variables would be much more difficult than tests with discrete quantities, such as the spin of electrons or polarization of photons. 
Bohm and Aharonov described the preparation of two particles, such that a measurement of one at a later time determines a measurement in the same direction of the other particle at any distance away.


We consider a molecule of total spin zero consisting
of two atoms, each of spin one-half. The wave function
of the system is therefore
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where  ψ+ (1)  refers to the wave function of the atomic
state in which one particle (A) has spin +ℏ/2, etc. The
two atoms are then separated by a method that does
not influence the total spin. After they have separated
enough so that they cease to interact, any desired component
of the spin of the first particle (A) is measured.
Then, because the total spin is still zero, it can immediately
be concluded that the same component of the
spin of the other particle (B) is opposite to that of A.



Their statement "because the total spin is still zero, it can immediately
be concluded that the same component of the
spin of the other particle (B) is opposite to that of A." surely is true because of the conservation of spin angular momentum.


Eugene Wigner                       


In an important article written after Bohm and before Bell's 1964 "theorem" paper, Eugene Wigner in 1963 said very clearly that the symmetrically placed positions (for the EPR paper) are caused by conservation of linear momentum and the perfectly opposite electron spins (for David Bohm's version of nonlocality with electrons) are the result of conservation of angular momentum. Wigner wrote

If a measurement of the momentum of one of the particles is carried out — the possibility of this is never questioned — and gives the result p, the state vector of the other particle suddenly becomes a (slightly damped) plane wave with the momentum -p. This statement is synonymous with the statement that a measurement of the momentum of the second particle would give the result -p, as follows from the conservation law for linear momentum. The same conclusion can be arrived at also by a formal calculation of the possible results of a joint measurement of the momenta of the two particles.

One can go even further: instead of measuring the linear momentum of one particle, one can measure its angular momentum about a fixed axis. If this measurement yields the value mℏ, the state vector of the other particle suddenly becomes a cylindrical wave for which the same component of the angular momentum is -mℏ. This statement is again synonymous with the statement that a measurement of the said component of the angular momentum of the second particle certainly would give the value -mℏ. This can be inferred again from the conservation law of the angular momentum (which is zero for the two particles together) or by means of a formal analysis. 
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John Bell                       


We can ask why John Bell, with the prior writings of Bohm and Wigner, never explicitly considered the conservation of linear momentum in the EPR experiment, and conservation of spin angular momentum as explaining the perfectly opposite electron spins found in Bohm's version of EPR. But we can see in Bell's description that, like Bohm, he is implicitly using conservation of angular momentum.


In his 1964 paper "On the Einstein-Podolsky-Rosen Paradox," Bell made the case for nonlocality. 


With the example advocated by Bohm and Aharonov, the EPR argument is the following. Consider a pair of spin one-half particles formed somehow in the singlet spin state and moving freely in opposite directions. Measurements can be made, say by Stern-Gerlach magnets, on selected components of the spins σ1 and σ2. If measurement of the component σ1 • a, where a is some unit vector, yields the value + 1 then, according to quantum mechanics, measurement of σ2 • a must yield the value — 1 and vice versa.  

Here Bell is implicitly conserving total spin angular momentum. His hypothesis that one measurement does not "influence" the other is correct. 

 
Now we make the hypothesis, and it seems one at least worth considering, that if the two measurements are made at places remote from one another the orientation of one magnet does not influence the result obtained with the other. 



During a mid-1980's interview by BBC Radio 3 organized by P. C. W. Davies and J. R. Brown, Bell proposed the idea of a "superdeterminism" that could explain the correlation of results in two-particle experiments without the need for faster-than-light signaling. The two experiments need only have been pre-determined by causes reaching both experiments from an earlier time.
   I was going to ask whether it is still possible to maintain, in the
light of experimental experience, the idea of a deterministic universe?
You know, one of the ways of understanding this business is to
say that the world is super-deterministic. That not only is inanimate
nature deterministic, but we, the experimenters who
imagine we can choose to do one experiment rather than another,
are also determined. If so, the difficulty which this experimental
result creates disappears.
   

 
But the obvious fact that the total spin angular momentum at zero is conserved for all times since the initial entanglement means that the two particles are indeed "determined by causes reaching both experiments from an earlier time," though not "superdetermined from the origin of the universe.   



C.S.Unnikrishnan                      


In 2005, C.S.Unnikrishnan of the Tata Institute of Fundamental Research in Mumbai, India was an exception. He proposed explicitly that the conservation law of angular momentum can correlate measurements of entangled electrons, explaining the perfect correlations of entangled particles, without the faster-than-light interactions-at-a-distance or "hidden variables" often invoked to explain nonlocaiity.

Unnikrishnan wrote


Bell’s inequalities can be obeyed only by violating a conservation law. 


Unnikrishnan argues that conservation of angular momentum (electron spin) produces the same perfect correlations (or anti-correlations) found in all Bell test experiments when both experimenters measure at the same (pre-agreed upon) measurement angle.


However, Unnikrishnan is concerned that "for individual measurements of the two-point correlation, the conservation law cannot be invoked, since only the conditional probabilities are predicted by quantum mechanics." He uses instead averages of measurements.  


Unnikrishnan's apparent concern is that individual measurements will have random outcomes of up-down, down-up, and possibly even some up-up and down-down. He mistakenly thinks quantum mechanics predicts separate probabilities for each electron. The latter two product states (up-up and down-down) would violate conservation of angular momentum. 



Part 11  Conservation Laws and Constants of the Motion                     


Conservation laws are the consequence of extremely deep properties of nature that arise from simple considerations of symmetry. We regard these laws as "cosmological principles." Physical laws do not depend on the absolute place and time of experiments, nor their particular direction in space. Conservation of linear momentum depends on the translation invariance of physical systems, conservation of energy the independence of time, and conservation of angular momentum the invariance under rotations. Conservation laws are the consequence of these spatial symmetries, as explained by Emmy Noether.
David Bohm's version of the EPR experiment starts with two electrons (or photons) prepared in an entangled state that is a superposition of two-particle states, each of which conserves the total angular momentum and, of course, conserves the linear momentum as in Einstein's original EPR example. 

Quantum mechanics describes the probability amplitude wave function 
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 of the two-particle system as in a superposition of two-particle states. It is not a product of single-particle states, as Erwin Schrödinger told Einstein in his reaction to the EPR paper. We can write this as 



  
    
  Ψ

    
      12
    
  
  =
  1
  
    /
  
  
    √
  
  2
  )
  
    |
  
  
    1
    
      +
    
  
  
    2
    
      −
    
  
  >
  +
  1
  
    /
  
  
    √
  
  2
  )
  
    |
  
  
    1
    
      −
    
  
  
    2
    
      +
    
  
  >
        (1)



The probability amplitude wave function 
  
    Ψ
    
      12
    
  
 travels away from the source (at the speed of light or less). The total spin zero wave function is rotationally symmetric and isotropic, the same in all directions. 


Let's assume that at 
  
    t
    
      0
    
  
 an observer finds a particle with spin up in the x direction. This measurement breaks the rotational symmetry. The new symmetry is planar, including the chosen x direction and the z direction back to the origin of the entangled particles.


Before the measurement, the spin has a possibility of being found in any direction. Rotational symmetry says the probability is the same in all directions. This does not mean a particle has spins in all directions at all times, which is impossible.


At the time of this "first" measurement, say by observer A, new information comes into existence telling us that the wave function 
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 has "collapsed" into the state | 1+2- >. Probabilities have now become certainties, one possibility is now an actuality. If the first measurement finds particle 1's x-component spin is up, so the same spin component of entangled particle 2 must be down to conserve total angular momentum.


And conservation of linear momentum tells us that at 
  
    t
    
      0
    
  
 the second electron is equidistant from the source in the opposite direction.  

As with any wave-function "collapse", the probability amplitude information changes. Nothing really "collapses." Nothing physical, no matter or energy, is moving. Only information is changing. The wave function is updated to reflect the new information that comes into existence as the result of the measurement.


When the "first" measurement finds particle 1 as spin-up at t0, at that moment of new information creation, particle 2 will be found (if measured simultaneously or later) in a spin-down state with probability unity (certainty). And the results of observer B's measurement at t0 or any later time 
  
    t
    
      1
    
  
 is therefore determined to be spin down (if and only if, B measures in a pre-agreed upon same direction). 


Notice that Einstein's intuition that observer B's result seems already "determined" or "fixed" before the second measurement is in fact correct. Observer B's outcome is determined by the law of conservation of momentum. 


But the measurement by observer B was not pre-determinedbefore observer A's measurement. It was simply determined by her measurement. The measured values of particle 1 spin-up and particle 2 spin-down did not exist before the "free choice" of observer A brought them into existence, as Werner Heisenberg insisted.


Which of the two-particle quantum states | +- > or | -+ > occurs is completely random. It is the result of "Nature's choice," as Paul Dirac described it. 


Note also that before the measurement the two-particle wave function was rotationally symmetric. No preferred angular direction existed. The preferred angle also comes into existence as a result of what Heisenberg called the "free choice" of the ("first") experimenter. Of course neither Alice nor Bob measures first, as their measurements of a single entangled pair reaching their experiments are normally made simultaneously.


This "free choice" of a measurement angle breaks the rotational symmetry of the original two-particle wave function. As Erwin Schrödinger described it to Einstein in his 1935 response to the EPR paper, the measurement disentangles the particles and projects the pure-state superposition into a mixed-state product of single-particle wave functions, either 
+- > or | -+ >.


Many critics have pointed out that the two particles cannot already have opposite spin values in a specific direction long before the measurements. That would require them to have spin values in all three x, y, and z directions, say some physicists (e.g., David Bohm) which is impossible, they say. They only need to acquire opposite spins when measured along an agreed upon direction that breaks the rotational symmetry of the two-particle wave function. 


Finally note that conservation of total spin zero requires no instantaeous superluminal influence or interaction by one particle on the other. It only requires that interactions between the particles preserve the symmetry needed for the conservation law. 


Many other critics have insisted that some mechanism will be found to explain the mysterious entanglement 


That symmetry has become linear and planar, as the rotational symmetry disappears, leaving symmetry only along the plane between the electrons that includes the chosen measurement direction.


If the two particles did not conserve total spin zero (and every Bell test shows that they do conserve total spin), the violation of the angular momentum conservation law would likely be met with more criticism than hypothetical superluminal interactions, which are of course impossible.


What about the uncertainty principle? In the case of EPR measuring the position x (or the momentum p) of the two particles, won't their values be "fuzzy" (ΔxΔp ~ħ) and therefore not conserve momentum exactly, but only statistically for large numbers of examples? No, the conservation laws require that if x1 is found less than the expected value by an amount -δ, that  x2 would be greater by the opposite amount +δ, so that the two particles are equidistant from the origin. This ensures the conservation of linear momentum, just as Einstein in 1924 proved that the Bohr-Kramers-Slater theory that energy is only conserved statistically was wrong. Momentum is conserved exactly in every measurement, although the uncertainty principle may prevent this from being shown experimentally.


Furthermore, in the Bohm version of nonlocality the quantities are discrete spins, not continuous positions or momenta. Electron spins are always measured to be either up or down, with nothing fuzzy about these values. And all the experimental results from all the Bell tests have always found the two spins opposite as long as both measurements are made in exactly the same direction, thus conserving total spin zero. 


There is still indeterminism (uncertainty) in the spin measurement results. We don't know which electron will be up and which down. It is this property that "does not exist" before the measurement. 


Physics has not found any hidden variables, local or nonlocal, as the cause of the perfect opposite spins. Is the conserved total spin zero acceptable as what we call a "hidden constant of the motion" that completely accounts for the perfectly opposite spins?


	[image: image-placeholder]	
      We can take the x-axis to be vertical along 0° to 180°, the y-axis horizontal along 270° to 90°, and the z-axis to be into the diagram along the line from observer A through the origin to observer B. Observer A (red line) breaks the rotational symmetry by choosing to measure along angle 0° to 180°, finding her spin in the plane x-z, shown as the line from 0°to 180°. If observer B measures along the same pre-agreed angle 0° to 180°, then both measurements are in the plane x-z, shown superposed (purple line) from 0° to 180°. The observers have perfectly correlated spins.
    


	[image: image-placeholder]	
      If both observers measure along a different pre-agreed angle 45° to 225°, then rotational symmetry is again broken, replaced by a new planar symmetry at the 45° angle, but again with perfectly correlated measurements. We see that electron spins cannot exist at 0° and 45° at the same time, but the rotational symmetry of the total spin zero state can be broken and replaced by planar symmetry in any direction. 
    


	[image: image-placeholder]	
      If observer A measures at 0° to 180° (red line) and observer B measures at a different angle 45°, shown as the blue line, their perfect correlations are lost, reduced by the factor cos45° (wave amplitude), and by cos245° (intensities).
    


	[image: image-placeholder]	John Bell's theorem maintains that his inequalities for local hidden variables should be a straight-line function of the angle between observer A and observer B, shown as the facets of the square LHV polytope inscribed in the circle of quantum physics predictions. At angle 45°, if Bell's predicted inequality is less than or equal to 1, the distance to the quantum prediction is √2 ≈ 1.414. All the Bell experiments to date have found the the Bell inequalities have been violated by approximately 41%, an amazing confirmation of the accuracy of quantum mechanics.
    



Part 12 David Mermin's Instruction Sets as Hidden Variables                      


We trace the modern idea of "instruction sets" accompanying the particles as "hidden variables" to Erwin Schrödinger's suggestion that the particles seem to know the answers to all possible questions that would be asked of them when measured. What process could prepare such information for the particles and what mechanism could read the information in the "instructions" and then change the particle properties as required? 

In his 1936 paper "Property Relations Between Separated Systems," Schrödinger wrote


Years ago I pointed out that when two systems separate far enough
to make it possible to experiment on one of them without interfering with the
other, they are bound to pass, during the process of separation, through stages
which were beyond the range of quantum mechanics as it stood then...

It seems worth noticing that the paradox could be avoided by a very simple
assumption, namely if the situation after separating were described by the
expansion [
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, as assumed in EPR], but with the additional statement that the knowledge of the phase relations between the complex constants 
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 has been entirely lost in consequence of the process of separation. 


When some interaction, like a measurement, causes a separation, the two-particle wave function Ψ12 collapses, the system decoheres into the product Ψ1Ψ2, losing their coherent phase relation so there is no longer "interference," and we have a mixed state rather than a pure state.


This would mean that not only the parts,
but the whole system, would be in the situation of a mixture, not of a pure state.
It would not preclude the possibility of determining the state of the first system
by suitable measurements in the second one or vice versa. But it would utterly
eliminate the experimenters influence on the state of that system which he does
not touch.
  

Schrödinger refers to the central claim of the EPR paradox, in terms of the information available to the particles...



the result of measuring p1 serves to predict the result for p2 and vice versa.
But of course every one of the four observations in question, when actually performed, disentangles the systems, furnishing each of them with an independent representative of its own. A second observation, whatever it is and on whichever system it is executed, produces no further change in the representative of the other system.

Yet since I can predict either x1 or p1 without interfering with system No. 1 and since system No. 1, like a scholar in examination, cannot possibly know which of the two questions I am going to ask it first: it so seems that our scholar is prepared to give the right answer to the first question he is asked, anyhow. Therefore he must know both answers; which is an amazing knowledge.
 



Part 13. Summary of the "Hidden Constant" hypothesis


Standard quantum mechanics plus the principle of angular momentum conservation (true for quantum and classical mechanics) predicts:

	A measurement of either particle will project both particles into a random product of spin states that did not pre-exist the measurement.

	Conservation is a joint or shared property of the two particles, not a pre-existing property of the individual particles.

	Opposite spin outcomes conserve the total spin zero, without superluminal influences of one particle on the other.

	This conservation of total spin zero has been true at all times from the initial entanglement to the measurements, as long as neither particle is disturbed.

	The usual assumption, made by David Bohm, John Bell, and nearly every philosopher of science and science writer who has commented on entanglement, that the two particles are spinning in random directions, so that one must act instantaneously at a distance to align the second particle, is unjustified by theory and the experimental data.

	The normal interactions between the particles (electromagnetic and gravitational forces) as they separate do not exceed the speed of light and have the translational, rotational, and temporal invariance symmetries needed to conserve the total spin zero created at initial entanglement.

	The particular angle or direction in which to measure the two spins is the "free choice" of the experimenters, as Werner Heisenberg called it. It did not exist before this choice and its implementation.

	Moreover, which spin is up, which down, did not exist before the measurements and is "Nature's choice," as Paul Dirac called it. Before the measurements, quantum physics describes the particles as in a quantum "superposition," a linear combination of up/down and down/up< states, with equal probabilities of being found in either state.

	These predicted outcomes (both random individually and perfectly correlated) have been experimentally confirmed by thousands of Bell test experiments, as long as the entangled particles are measured at the (pre-agreed upon) same angle.

	Should the measurement angles differ by angle θ, the correlations fall off as cosθ (wave amplitude), and by cos2θ (intensities), as known from measurements of light polarizers crossed at different angles (the "law of Malus").

	The measured falloff in correlations with angle is said to violate the Bell "inequalities" and confirm the predictions of quantum mechanics.

	One could not hope for better agreement between hypothesis and experiment.

	The hypothesis of a "hidden constant" is based on deep (conservation) "principles" and is not what Einstein called a "constructed" theory, fitted to experimental data.

	This hypothesis explains the perfectly correlated random bit strings needed for quantum cryptography.

	The quantum teleportation of qubits uses subluminal communication of information. It does not depend on superluminal interaction at a distance, so is consistent with the hypothesis of a "hidden constant of the motion."

	Quantum computing involves very short distances for qubit manipulations and also is unaffected by a "hidden constant" as the explanation for entanglement.

	None of these three parts of the "second quantum revolution" depend on "spooky action-at-a-distance."

	The hypothesis of a "hidden constant" changes nothing about quantum physics but it eliminates the "weirdness" popularly associated with entanglement.

	Do you see a flaw in hypothesis of a "hidden constant?" Please write bobdoyle@informationphilosopher.com.

	Of course the constant is "hidden in plain sight" of the conservation law!



The "hidden constant of the motion" was introduced in chapter 45 of My God, He Plays Dice, How Albert Einstein Invented Most of Quantum Mechanics, 2019, p.376. 


If the conservation of angular momentum (spin) is not the "common cause" of the perfect correlations, the vast experimental evidence for those correlations, so critical to the twin random bit strings needed for quantum cryptography, tells us that conservation of spin is an experimentally proven fact of the matter! 


We can also note that a subsequent measurement by either observer at a different angle will destroy the planar symmetry. The original linear combination or superposition of states 
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will become a mixture of product states that have decohered(their pure-state coherent phase relations  lost). They are disentangled, as Erwin Schrödinger argued in 1936.  Measuring one can still tell us something about the other. he said. But they have decohered and can no longer interfere with one another and cannot remain correlated after future measurements. They have then truly separated and "independent," but they had not become independent before the disentanglement, as Einstein had hoped with his separability principle (Trennungsprinzip).





Perhaps "hidden constant" is too clever, although it travels along with the particles just as David Bohm's hidden variables or David Mermin's "instruction sets" do.

A more modest name is simply a common cause, coming from that event in the shared light cone of the two particles, when they were initially entangled. But there is a distinction between a physical cause and a conservation principle that needs explaining. 
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The idea of "hidden variables" that might restore determinism to quantum mechanics was proposed by David Bohm in 1952 as a solution to the  Einstein-Podolsky-Rosen Paradox paper in 1935.


Bohm's new experimental method would explain the EPR paradox by providing the information needed at the distant “entangled” particle, so it can coordinate its properties perfectly with the “local” particle.


Bohm wrote in 1952, 



The usual interpretation of the quantum theory is
based on an assumption having very far-reaching
implications, ~i.e., that the physical state of an individual
system is completely specified by a wave
function that determines only the probabilities of actual
results that can be obtained in a statistical ensemble of
similar experiments. This assumption has been the
object of severe criticisms, notably on the part of
Einstein, who has always believed that, even at the
quantum level, there must exist precisely definable
elements or dynamical variables determining (as in
classical physics) the actual behavior of each individual
system, and not merely its probable behavior. Since
these elements or variables are not now included in the
quantum theory and have not yet been detected experimentally,
Einstein has always regarded the present
form of the quantum theory as incomplete, although he
admits its internal consistency.


Einstein may have pressed Bohm to develop hidden variables as the source of nonlocal behavior. Einstein had heartily approved of Bohm’s 1951 textbook Quantum Theory and was initially supportive of Bohm’s new mechanics. Einstein thought Bohm was young enough and smart enough to produce the mathematical arguments that the older generation of “determinist” physicists like Erwin Schrödinger, Max Planck, and others had not been able to accomplish.


But when Bohm finished the work, based on Louis de Broglie’s 1924 “pilot-wave” idea (which Einstein had supported), Einstein rejected it as inconsistent with his theory of relativity.

 
Einstein wrote to Max Born on May 15, 1952,



Have you noticed that Bohm believes (as de Broglie did, by the way, 25 years ago) that he is able to interpret the quantum theory in deterministic terms? That way seems too cheap to me. But you, of course, can judge this better than I. 


Five years later, Bohm and his Israeli student Yakir Aharonov reformulated the original EPR argument in terms of electron spin. They said experimental tests with continuous variables would be much more difficult than tests with discrete quantities, such as the spin of electrons or polarization of photons. 
Bohm and Aharonov described the preparation of two particles, such that a measurement of one at a later time determines a measurement in the same direction of the other particle at any distance away.



We consider a molecule of total spin zero consisting
of two atoms, each of spin one-half. The wave function
of the system is therefore
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where  ψ+ (1)  refers to the wave function of the atomic
state in which one particle (A) has spin +ℏ/2, etc. The
two atoms are then separated by a method that does
not influence the total spin. After they have separated
enough so that they cease to interact, any desired component
of the spin of the first particle (A) is measured.
Then, because the total spin is still zero, it can immediately
be concluded that the same component of the
spin of the other particle (B) is opposite to that of A.



Bohr and Aharonov gave a rare discussion of the role of conservation of angular momentum as explaining the fact (for the total spin zero state) that spin of the particle (B) will be found opposite to that of A. They also reacted to a hypothesis by Harvard professor Wendell Furry. Six years later Eugene Wigner also cited the conservation of angular momentum as explaining perfect correlations (or anti-correlations) in Bell-Bohm experiments.



Evidently, the foregoing interpretation is not satisfactory when applied to the experiment of ERP. It is of course acceptable for particle A alone (the particle whose spin is measured directly). But it does not explain why particle B (which does not interact with A or with the measuring apparatus) realizes its potentiality for a definite spin in precisely the same direction as that of A. Moreover, it cannot explain the fluctuations of the other two components of the spin of particle B as the result of disturbances due to the measuring apparatus.

One could perhaps suppose that there is some hidden interaction between B and A, or between B and the measuring apparatus, which explains the above behavior. Such an interaction would, at the very least, be outside the scope of the current quantum theory. Moreover, it would have to be instantaneous, because the orientation of the measuring apparatus could very quickly be changed, and the spin of B would have to respond immediately to the change. Such an immediate interaction between distant systems would not in general be consistent with the theory of relativity.
This result constitutes the essence of the paradox of Einstein, Rosen, and Podolsky...


At first sight it would seem then that there exists at present no experimental proof that the paradoxical behavior described by ERP will really occur...


In fact, Einstein has (in a private communication) actually proposed such an idea; namely, that the current formulation of the many-body problem in quantum mechanics may break down when particles are far enough apart.



The consequences of such an idea have already been discussed by Furry.4 
To illustrate Furry’s conclusions in terms of our problem, we may consider the possibility that after the molecule of spin zero decomposes, the wave function for the system is eventually no longer given by Eq. (1), which implies the puzzling correlations of the spins of the two atoms. Instead, we suppose that in any individual case, the spin of each atom becomes definite in some direction, while that of the other atom is opposite. 


The molecule of spin zero is not yet in a single product. It is in a superposition of products
ψ+ (1)  ψ-  (2)  and  ψ- (1)  ψ+  (2). It only decomposes (or "collapses") into one of these when a measurement is made.


The wave function will be the product
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where ψ+θ,φ (1) is a wave function of particle A whose spin is positive in the direction given by θ and φ. In other words, each particle goes into a definite spin state, while the fluctuations of the other two components of the spin are uncorrelated to the fluctuations of these components of the spin of the other particle. In order to retain spherical symmetry in the statistical sense, we shall further suppose that in a large aggregate of similar cases, there is a uniform probability for any direction of θ and φ.


It is true that in any single case, the total angular momentum will not be conserved (just because the fluctuations of the two particles are now uncorrelated). However, thus far, there has not been given an experimental demonstration of the detailed conservation of every component of the angular momentum, for particles that are far apart and not interacting. 


Conservation of angular momentum must be true at all times, not only on the average as Bohr-Kramers-Slater mistakenly argued for conservation of energy in 1924.


On the other hand, with the model that we have discussed here, the uniform probability of all directions will lead to the experimentally observed fact of conservation on the average. Thus, all evidence cited up to this point is equally consistent with either theory, but the model described above has the advantage of avoiding the paradox of ERP. 

Thousands of Bell tests experimentally prove that measurement of particle A in a particular direction will show perfect correlations with particle B if (and only if) B is measured in the same direction. This is true after the measurement whether the product wave function becomes ψ+θ,φ (1)  ψ-θ,φ  (2) or ψ-θ,φ (1)  ψ+θ,φ  (2)

For if this model should be correct, there will be no precise correlation of an arbitrary component of the angular momentum of each particle in every individual case, and our decision to choose a certain direction for measuring the spin of particle A will have no influence whatever on the state of particle B [since the wave function is just the product (2)].



As Erwin Schrödinger explained to Einstein in 1935, reacting to EPR, the two-particle wave function will only separate (or decohere or decompose) into a product function when either particle is measured. For Bohm's case it will separate randomly into either  ψ+ (1)  ψ-  (2)   or   ψ- (1)  ψ+  (2)

The "definite" direction is created by the "free choice" of an experimenter measuring either A or B.


Eugene Wigner wrote in 1963


If a measurement of the momentum of one of the particles is carried out — the possibility of this is never questioned — and gives the result p, the state vector of the other particle suddenly becomes a (slightly damped) plane wave with the momentum -p. This statement is synonymous with the statement that a measurement of the momentum of the second particle would give the result -p, as follows from the conservation law for linear momentum. The same conclusion can be arrived at also by a formal calculation of the possible results of a joint measurement of the momenta of the two particles.

 
One can go even further: instead of measuring the linear momentum of one particle, one can measure its angular momentum about a fixed axis. If this measurement yields the value mℏ, the state vector of the other particle suddenly becomes a cylindrical wave for which the same component of the angular momentum is -mℏ. This statement is again synonymous with the statement that a measurement of the said component of the angular momentum of the second particle certainly would give the value -mℏ. This can be inferred again from the conservation law of the angular momentum (which is zero for the two particles together) or by means of a formal analysis. 


Writing a few years after Bohm, and one year before Bell, Wigner explicitly describes Einstein's conservation of momentum example as well as the conservation of angular momentum (spin) that explains perfect correlations between angular momentum (spin) components measured in the same direction



Source: https://www.informationphilosopher.com/entanglement/hidden_variables/
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The Mach-Zender interferometer involves a superposition of two quantum states like those in entanglement, the two-slit experiment, and Schrödinger's Cat.  


Depending on the experimental setup, the outcomes can be misinterpreted as sending signals instantaneously (faster than light speed and violating relativity), a particle thought to be in two places at the same time, events that happened in the distant past being changed, an interference pattern remotely disappearing and reappearing, and other weird phenomena of which cats simultaneously dead and alive is probably the most well-known.


These weird phenomena are described in many popular books that misunderstand or misinterpret what quantum particles and quantum wave functions are actually or "really" doing. While "nobody understands quantum mechanics," as Richard Feynman famously said, we hope to explain how Albert Einstein's "spooky action at a distance" has given rise to the amazing new technologies of the "second quantum revolution." 


These "quantum resources" include the generation of quantum random bit strings used as unbreakable cryptographic codes ("") for secure communications, and the entangled "qubits" that may become the basis for quantum computing. 




Source: https://www.informationphilosopher.com/quantum/mach-zender/
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Quantum entanglement is widely but mistakenly believed to allow instantaneous communications between widely separated, but nevertheless "connected" objects or persons, usually known as Alice and Bob.

In fact, there is no communication at all between Alice and Bob, let alone instantaneous or faster than light speed communication. What is communicated in a typical Bell experiment is two quantum particles which have been entangled in an apparatus centered between Alice and Bob and sent off to Alice and Bob at speeds well below the velocity of light.


Typical particles are electrons or photons, which can carry a single bit of information corresponding to their spin angular momentum state of up or down when measured by Alice and Bob.


Before their measurement, the spin states are undetermined. The two possible states of up or down are alternative possibilities that are the basis for the creation of new information structures in the universe, including new species in biological evolution, freedom of the human will, and the communication of information, according to the theory of Claude Shannon.


The fact that physical properties of quantum objects do not exist before their measurement was a great concern of Albert Einstein. The fact that those properties are undetermined was an additional bother for Einstein, but he came to accept this. But he could never accept the nonlocality implicit in the entanglement that now enables quantum keys distribution.


Just as a single particle cannot be localized in the two-slit experiment, neither particle in an EPR experiment is localizable until there is a measurement of the two-particle wave function 
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, at which time both particles become localized (to within the usual quantum indeterminacy) however far apart they are at that time (in the rest frame of the experiment). 


The reason we know some things about the "other" particle as soon as we measure the first one is, as Einstein knew well (but later writers often ignore) the various conservation laws (of energy, momentum, spin angular momentum, etc.). If Bell's inequalities were not violated, the much more fundamental laws of conservation of momentum, angular momentum and spin would be violated.


We have proposed that the conserved spin angular momentum can be considered a hidden constant of the motion and that the emission of entangled particles from the source in the center between the measurements is a common cause of the perfectly correlated measurements. The causal source of the entangled particles is in the past light cone of the measurements, so relativity is not violated. We can illustrate the common cause coming from the center source...


Alice ← CC → Bob



The idea that either Alice or Bob's measurement causes the other's measurement instantaneously, faster than light, has led to a great deal of nonsense about "everything is connected" and mental telepathy.


The great exaggeration of entanglement capabilities comes from thinking that Alice and Bob are communicating at faster than light speed with one another. They are not. Alice and Bob's measurements are creating bits of information when they collapse the two-particle wave function coming from the entanglement apparatus located centrally between them. But since the bits are randomly generated, no meaningful information is being communicated from the causal center to Alice and Bob as well. However, the randomly generated bit strings are valuable as quantum keys.


We can describe Alice and Bob's results as "up" or "down," or plus or minus, or with digital bit sequences 1 or 0. 


Alice's measurement sequences appear to her to be completely random, like this, with approximately equal numbers of  1's and 0's, approaching equality for longer bit sequences.


00010011011110101100011011000001



And Bob's sequence looks to him to be equally random, with 1's and 0's approaching 50/50.  


11101100100001010011100100111110



But amazingly, should Alice send her bit sequence to Bob for comparison, he discovers that when he lines the bit strings up with one another, they are perfectly anti-correlated. Where Alice measured a 1, Bob measures 0, and vice versa. How can this be?


00010011011110101100011011000001

11101100100001010011100100111110



These random but perfectly correlated bit sequences are perfect for use as one-time pads for encrypting coded messages. And the sequences have not been "communicated" or "distributed" over an ordinary communication channel. They have been created independently and locally at Alice and Bob in a secure way that is invulnerable to eavesdroppers, a partial solution to the problem of quantum key distribution (QKD).


But note that this distribution is very special. It is just between Alice and Bob, who can use their shared key to send one another encoded messages in an open communication channel.  


This special key creation and distribution needs a complex apparatus between Alice and Bob to generate the entangled particles (the  of the perfect correlation of bits. Any wider key distribution would need to send keys by private couriers or over communication channels secured by some other mechanism.



Source: https://www.informationphilosopher.com/quantum/keys/
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Nonlocality is today strongly associated with the idea of entanglement, but nonlocality was first seen by Einstein as a property of a single quantum of light and its light wave, whereas entanglement is a joint property of two  (or more) quantum particles, depending on an even more subtle property called nonseparability. 


Nonlocality is an essential element of the dual nature of light as both a wave and a particle. We can visualize the wave function of quantum mechanics in the following way. The wave function is a probability amplitude ψ whose squared modulus 
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 gives the probability of finding a particle in a particular (sic) location. As this function spreads out in space, we can think of it as a "possibilities function," showing all the locations in space where there is a non-zero probability of finding a particle. The power of quantum mechanics is that we can calculate the probability of finding the particle for each possibility.


When an electron is freely traveling (as opposed to an electron bound in an atom), or when a photon is emitted from an electron and is traveling though space, there are always many possible locations for an interaction. Therefore we can say that the "possibilities function" (or the more formal quantum wave function) is inherently and intuitively nonlocal! 


Since Werner Heisenberg and Paul Dirac first discussed the "collapse" of the wave function (Dirac's projection postulate), it has been appropriate to say that "one of the many possibilities has been made actual." In the language of nonlocality, we can now even more clearly say that one of the nonlocal possibilities has been actualized or localized! 



In the case of the photon, it is localized when it has been scattered or absorbed by an electron. In the case of an electron, it might be a collision with another particle, or recombining with an ion to become bound in an atom. The electron is actually never found at a single point in four-dimensional space time, but remains nonlocal inside the minimal phase-space volume h3  required by the uncertainty principle (for example, a particular electron orbital wave function). Thus some physicists like to say there are no particles, just the appearance of a particle.

Albert Einstein was first to have seen single-particle nonlocality, in 1905, when he tried to understand how a spherical wave of light that goes off in many directions can be wholly absorbed at a single location. In his famous paper on the photo-electric effect (for which Einstein was awarded the Nobel Prize), he hypothesized that light must transmitted from one place to another as a discrete quantum of energy. 


Einstein did not then use the term nonlocal or "local reality," but we can trace his thoughts backwards from 1935 to see that quantum nonlocality (and later nonseparability) were always major concerns, because neither can be made consistent with a continuous field theory and they may be inconsistent with the principle of relativity. 

 
Einstein clearly described the relation between light-waves and light-quanta as early as 1909, over a dozen years before wave-particle duality was made famous by Louis de Broglie's thesis showed that material particles also have a wavelike property.


When Einstein finished his great project of general relativity in 1916, he turned his attention back to light quanta and showed how electrons in atoms emit and absorb radiation. He found the process of emission was probabilistic (statistical). It is impossible to predict the time and the direction of the emission of a quantum of light, he said, just as Rutherford had shown the decay of a radioactive nucleus was statistical. The time and direction of an alpha particle ejected from a nucleus is pure chance. 


Einstein said it was a "weakness" that the quantum theory was based on chance (Zufall in German). His 1916 work on the emission and absorption of light quanta (later called photons) predicted the amazing phenomenon of stimulated emission of radiation, which led to the development of the laser many decades later. As hard as it is to believe, most physicists, and especially Niels Bohr, refused to accept Einstein's theory of light quanta for another decade.


[image: image-placeholder]

At the fifth Solvay conference in 1927, Einstein described his concern about nonlocality, but as we shall see, it appears he was not understood. Then, eight years later, Einstein made his strongest case against both nonlocality and nonseparability, with the famous 1935 Einstein-Podolsky-Rosen paradox paper. At last he was heard, but it brought little resolution to the problem of reconciling waves and particles. And it added the mystery of particles entangled in a two-particle wave function, which combines nonlocality and nonseparability, so that upon collapse the two particles appear in a spacelike separation with perfectly correlated properties, despite the inability to communicate instantaneously at that separation without violating the special theory of relativity.

Let's review Einstein's thinking on nonlocality, starting with his presentation at the fifth Solvay conference. Bohr and Heisenberg tell the story of Einstein at that conference repeatedly attempting to refute the uncertainty principle and perhaps restore deterministic physics. But the fragments that remain of what Einstein said on nonlocality indicate a much deeper criticism of quantum mechanics.  Einstein's nonlocality remarks were not a formal presentation and were not reported in the conference proceedings. We know them only from brief notes on the general discussion and from what others said that Einstein said.


And here are the notes on Einstein's original remarks from the conference. They contain much of his 1935 EPR paper, except in 1927 only one particle is considered. Entanglement in EPR requires two identical particles.

   
[image: image-placeholder]

MR ElNSTEIN. - Despite being conscious of the fact that I have not entered
deeply enough into the essence of quantum mechanics, nevertheless I want to 
present here some general remarks.


One can take two positions towards the theory with respect to its postulated
domain of validity, which I wish to characterise with the aid of a simple example.


Let S be a screen provided with a small opening O (Fig. 2), and P a hemispherical
photographic film of large radius. Electrons impinge on S in the direction of the arrows. Some of these go through O, and because of the smallness of O and the speed of the particles, are dispersed uniformly over the directions of the hemisphere, and act on the film.


Both ways of conceiving the theory now have the following in common. There are de Broglie waves, which impinge approximately normally on S and are diffracted at O. Behind S there are spherical waves, which reach the screen P  and
whose intensity at P is responsible [massgebend] for what happens at P.


We can now characterise the two points of view as follows.


The waves give the probability or possibilities for a single electron being found at different locations in an ensemble of identical experiments. A wave does not describe a cloud of electrons as Schrödinger had hoped.


1. Conception I. - The de Broglie-Schrödinger waves do not correspond to a single electron, but to a cloud of electrons extended in space. The theory gives no information about individual processes, but only about the ensemble of an infinity of elementary processes.


The theory is not complete in this sense. It is a theory that makes probabilistic predictions that are confirmed perfectly by the statistics of many experiments. 


2. Conception II. - The theory claims to be a complete theory of individual processes. Each particle directed towards the screen, as far as can be determined by its position and speed, is described by a packet of de Broglie-Schrödinger waves of short wavelength and small angular width. This wave packet is diffracted and, after diffraction, partly reaches the film P in a state of resolution [un etat de resolution].


According to the first, purely statistical, point of view 
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 expresses the
probability that there exists at the point considered a particular particle of the cloud, for example at a given point on the screen.



By the same particle, Einstein means that the one individual particle has a possibility of being found at more than one (indeed many) locations on the screen. This is so.


According to the second, | ψ |2 expresses the probability that at a given instant
the same particle is present at a given point (for example on the screen). Here, 
the theory refers to an individual process and claims to describe everything that is governed by laws.

The second conception goes further than the first, in the sense that all the
information resulting from I results also from the theory by virtue of II, but
the converse is not true. It is only by virtue of II that the theory contains the
consequence that the conservation laws are valid for the elementary process; it is only from II that the theory can derive the result of the experiment of Geiger and Bothe, and can explain the fact that in the Wilson [cloud] chamber the droplets stemming from an α-particle are situated very nearly on continuous lines.



Einstein is right that the one elementary process has a possibility of action elsewhere, but that could not mean producing an actual second particle. That would contradict conservation laws.

The "mechanism" of action-at-a-distance is simply the disappearance of possibilities elsewhere when a particle is actualized (localized) somewhere  



But on the other hand, I have objections to make to conception II. The scattered
wave directed towards P does not show any privileged direction. If | ψ |2 were
simply regarded as the probability that at a certain point a given particle is found at 
a given time, it could happen that the same elementary process produces an action in two or several places on the screen. But the interpretation, according to which | ψ |2 expresses the probability that this particle is found at a given point, assumes an entirely peculiar mechanism of action at a distance, which prevents the wave continuously distributed in space from producing an action in two places on the
screen.


When a particle appears - just one of the multiple nonlocal possibilities becomes actual or localized - at a specific point P , what becomes of the wave that was going off to in all other directions? Its "collapse" - the instantaneous going to zero of probabilities - appears to Einstein to violate his relativity principle.

In my opinion, one can remove this objection only in the following way, that one
does not describe the process solely by the Schrödinger wave, but that at the same
time one localises the particle during the propagation. I think that Mr de Broglie is
right to search in this direction. If one works solely with the Schrödinger waves,
interpretation II of 
| ψ |2 implies to my mind a contradiction with the postulate of relativity.


The permutation of two identical particles does not produce two different points in multidimensional (configuration space). For example, interchange of the two electrons in the filled first electron shell, 1s2, just produces a change of sign for the two-particle wave function.   


I should also like to point out briefly two arguments which seem to me to speak against the point of view II. This [view] is essentially tied to a multi-dimensional representation (configuration space), since only this mode of representation makes
possible the interpretation of | ψ |2 peculiar to conception II. Now, it seems to me
that objections of principle are opposed to this multi-dimensional representation.
In this representation, indeed, two configurations of a system that are distinguished only by the permutation of two particles of the same species are represented by two different points (in configuration space), which is not in accord with the new results in statistics. Furthermore, the feature of forces of acting only at small spatial distances finds a less natural expression in configuration space than in the space of three or four dimensions.

   


Bohr's reaction to Einstein's presentation has been preserved. He didn't understand a word! He disingenuously claims he does not know what quantum mechanics is. His response is vague and ends with his vague ideas on complementarity and the inability to describe a causal spacetime reality.

   

Does Bohr really not understand? Einstein has been making this general point for many years. Only recently has Bohr taken Einstein's concept of light quanta seriously.


MR BOHR. I feel myself in a very difficult position because I don't understand what precisely is the point which Einstein wants to [make]. No doubt it is my fault.

As regards general problem I feel its difficulties. I would put [the] problem in [an]other way. I do not know what quantum mechanics is. I think we are dealing with some mathematical methods which are adequate for description of our experiments Using a rigorous wave theory we are claiming something which the theory cannot possibly give. [We must realise] that we are away from that state where we could hope of describing things on classical theories. [I] Understand [the] same view is held by Born and Heisenberg. I think that we actually just try to meet, as in all other theories, some requirements of nature, but [the} difficulty is that we must use words which remind [us] of older theories. The whole foundation for causal spacetime description is taken away by quantum theory, for it is based on [the] assumption of observations without interference. ... excluding interference means exclusion of experiment and the whole meaning of space and time observation ... because we [have] interaction [between object and measuring instrument] and thereby we put us on a quite different standpoint than we thought we could take in classical theories. If we speak of observations we play with a statistical problem There are certain features complementary to the wave pictures (existence of individuals). ...



The saying that spacetime is an abstraction might seem a philosophical triviality but nature reminds us that we are dealing with something of practical interest. Depends on how I consider theory. I may not have understood, but I think the whole thing lies [therein that the] theory is nothing else [but] a tool for meeting our requirements and I think it does.

   


Twenty-two years later, in his contribution to the Schilpp memorial volume on Einstein, Bohr had no better response to Einstein's 1927 concerns. But he does remember and provides a picture of what Einstein drew on the blackboard. 


Here is Bohr's 1949 recollection:




At the general discussion in Como, we all missed the presence of Einstein,
but soon after, in October 1927, I had the opportunity to meet him in Brussels
at the Fifth Physical Conference of the Solvay Institute, which was devoted
to the theme "Electrons and Photons." 

Note that they wanted Einstein's reaction to their work, but actually took little interest in Einstein's concern about the nonlocal implications of quantum mechanics.


At the Solvay meetings,
Einstein had from their beginning been a most prominent figure, and several
of us came to the conference with great anticipations to learn his reaction
to the latest stage of the development which, to our view, went far in
clarifying the problems which he had himself from the outset elicited so
ingeniously. During the discussions, where the whole subject was reviewed
by contributions from many sides and where also the arguments mentioned
in the preceding pages were again presented, Einstein expressed, however,
a deep concern over the extent to which a causal account in space and time
was abandoned in quantum mechanics. 
To illustrate his attitude, Einstein referred at one of the sessions
to the simple example, illustrated by Fig. 1, of a particle (electron or
photon) penetrating through a hole or a narrow slit in a diaphragm placed
at some distance before a photographic plate. 
[image: photon passes through a slit]

On account of the diffraction of the wave connected with the motion
of the particle and indicated in the figure by the thin lines, it is under
such conditions not possible to predict with certainty at what point the
electron will arrive at the photographic plate, but only to calculate the
probability that, in an experiment, the electron will be found within any
given region of the plate. 


The "nonlocal" effects at point B are just the probability of an electron being found at point B goes to zero instantly (as if an action at a distance) when an electron is localized at point A


The apparent difficulty, in this description,
which Einstein felt so acutely, is the fact that, if in the experiment
the electron is recorded at one point A of the plate, then it is out of
the question of ever observing an effect of this electron at another point
(B), although the laws of ordinary wave propagation offer no room for a
correlation between two such events. 



Although Bohr seems to have missed Einstein's point completely, Werner Heisenberg at least came to understand it very well. In his 1930 lectures at the University of Chicago, Heisenberg presented a critique of both particle and wave pictures, including a new example of nonlocality that Einstein had apparently developed since 1927. He wrote:

   

In relation to these considerations, one other idealized experiment (due to Einstein) may be considered. We imagine a photon which is represented by a wave packet built up out of Maxwell waves. It will thus have a certain spatial extension and also a certain range of frequency. By reflection at a semi-transparent mirror, it is possible to decompose it into two parts, a reflected and a transmitted packet. There is then a definite probability for finding the photon either in one part or in the other part of the divided wave packet. After a sufficient time the two parts will be separated by any distance desired; now if an experiment yields the result that the photon is, say, in the reflected part of the packet, then the probability of finding the photon in the other part of the packet immediately becomes zero. The experiment at the position of the reflected packet thus exerts a kind of action (reduction of the wave packet) at the distant point occupied by the transmitted packet, and one sees that this action is propagated with a velocity greater than that of light. However, it is also obvious that this kind of action can never be utilized for the transmission of signals so that it is not in conflict with the postulates of the theory of relativity.

   

Working backwards in time to Einstein's 1905 insight into nonlocality, we now review his amazing arguments about wave-particle duality in 1909.



Einstein greatly expanded his light-quantum hypothesis in a presentation at the Salzburg conference in September, 1909. He argued that the interaction of radiation and matter involved elementary processes that are not reversible, a deep insight into the irreversibility of natural processes. While incoming spherical waves of radiation are mathematically possible, they are not practically achievable. Nature appears to be asymmetric in time. He speculates that the continuous electromagnetic field might be made up of large numbers of light quanta - singular points in the field that superimpose to create the wavelike behavior.


Although he could not formulate a mathematical theory that does justice to both the oscillatory and quantum structures - the wave and particle pictures, Einstein argued that they are compatible. This was almost fifteen years before wave mechanics and quantum mechanics. And because gases behave statistically, he knows that the connection between wave and particles may involve probabilistic behavior, which he will prove in 1916. Here he is in 1909:




When light was shown to exhibit interference and diffraction, it seemed almost certain that light should be considered a wave.

The greatest advance in theoretical optics since the introduction of the oscillation theory was Maxwell's brilliant discovery that light can be understood as an electromagnetic process...One became used to treating electric and magnetic fields as fundamental concepts that did not require a mechanical interpretation.


This path leads to the so-called relativity theory. I only wish to bring in one of its consequences, for it brings with it certain modifications of the fundamental ideas of physics. It turns out that the inertial mass of an object decreases by L / c2 when that object emits radiation of energy L...the inertial mass of an object is diminished by the emission of light. 


Now Einstein looks for symmetry and equivalent treatment for interchangeable matter and energy.


The energy given up was part of the mass of the object. One can further conclude that every absorption or release of energy brings with it an increase or decrease in the mass of the object under consideration. Energy and mass seem to be just as equivalent as heat and mechanical energy. 

Relativity theory has changed our views on light. Light is conceived not as a manifestation of the state of some hypothetical medium, but rather as an independent entity like matter. Moreover, this theory shares with the corpuscular theory of light the unusual property that light carries inertial mass from the emitting to the absorbing object. Relativity theory does not alter our conception of radiation's structure; in particular, it does not affect the distribution of energy in radiation-filled space. 


Einstein is about to tell us that the distribution of energy in radiation-filled space may be similar in some respects to the distribution of particles in matter-filled space!


Nevertheless, with respect to this question, I believe that we stand at the beginning of a development of the greatest importance that cannot yet be surveyed. The statements that follow are largely my personal opinion, or the results of considerations that have not yet been checked enough by others. If I present them here in spite of their uncertainty, the reason is not an excessive faith in my own views, but rather the hope to induce one or another of you to deal with the questions considered.

In the kinetic theory of molecules, for every process in which only a few elementary particles participate (e.g., molecular collisions), the inverse process also exists. But that is not the case for the elementary processes of radiation. 


Incoming spherical waves (the advanced potential considered by Wheeler and Feynman in 1945) are never observed in nature. Radiation is irreversible, one of the arrows of time

According to our prevailing theory, an oscillating ion generates a spherical wave that propagates outwards. The inverse process does not exist as an elementary process. A converging spherical wave is mathematically possible, to be sure; but to approach its realization requires a vast number of emitting entities. The elementary process of emission is not invertible. In this, I believe, our oscillation theory does not hit the mark. Newton's emission theory of light seems to contain more truth with respect to this point than the oscillation theory since, first of all, the energy given to a light particle is not scattered over infinite space, but remains available for an elementary process of absorption.

Consider the laws governing the production of secondary cathode radiation by X-rays. If primary cathode rays impinge on a metal plate P1, they produce X-rays. If these X-rays impinge on a second metal plate P2, cathode rays are again produced whose speed is of the same order as that of the primary cathode rays. 


[image: image-placeholder]


As far as we know today, the speed of the secondary cathode rays depends neither on the distance between P1 and P2, nor on the intensity of the primary cathode rays, but rather entirely on the speed of the primary cathode rays. Let's assume that this is strictly true. What would happen if we reduced the intensity of the primary cathode rays or the size of P1 on which they fall, so that the impact of an electron of the primary cathode rays can be considered an isolated process? 


In his remarks after the talk, Johannes Stark confirmed that he had observed a single X-ray that traveled as far as ten meters and ejected a similar energy electron from P2.


If the above is really true then, because of the independence of the secondary cathode rays' speed on the primary cathode rays' intensity, we must assume that an electron impinging on P1 will either cause no electrons to be produced at P2, or else a secondary emission of an electron whose speed is of the same order as that of the initial electron impinging on P1. In other words, the elementary process of radiation seems to occur in such a way that it does not scatter the energy of the primary electron in a spherical wave propagating in every direction, as the oscillation theory demands.


That energy is possibly available "somewhere else" is the key idea of nonlocality that Einstein will present in 1927 at the Solvay conference


Rather, at least a large part of this energy seems to be available at some place on P2, or somewhere else. The elementary process of the emission of radiation appears to be directional. Moreover, one has the impression that the production of X-rays at P1 and the production of secondary cathode rays at P2 are essentially inverse processes.
Therefore, the constitution of radiation seems to be different from what our oscillation theory predicts. The theory of thermal radiation has given important clues about this, mostly by the theory on which Planck based his radiation formula...



Four years before the Bohr atom, Einstein imagines a radiative resonator (an atom) that can only emit or absorb his light quanta in units of hν. 
Planck's "monstrous assumption" is that the resonator/atoms could only have energy states as multiples of hν. We can ask why Bohr didn't refer to these similar ideas. Instead, Bohr refused to accept light quanta (photons) well into the 1920's



Planck's theory leads to the following conjecture. If it is really true that a radiative resonator can only assume energy values that are multiples of hν, the obvious assumption is that the emission and absorption of light occurs only in these energy quantities. On the basis of this hypothesis, the light-quanta hypothesis, the questions raised above about the emission and absorption of light can be answered. As far as we know, the quantitative consequences of this light-quanta hypothesis are confirmed. This provokes the following question. Is it not thinkable that Planck's radiation formula is correct, but that another derivation could be found that does not rest on such a seemingly monstrous assumption as Planck's theory? Is it not possible to replace the light-quanta hypothesis with another assumption, with which one could do justice to known phenomena? If it is necessary to modify the theory's elements, couldn't one keep the propagation laws intact, and only change the conceptions of the elementary processes of emission and absorption?

As far as I know, no mathematical theory has been advanced that does justice to both its oscillatory structure and its quantum structure...


Anyway, this conception seems to me the most natural: that the manifestation of light's electromagnetic waves is constrained at singularity points, like the manifestation of electrostatic fields in the theory of the electron. It cannot be ruled out that, in such a theory, the entire energy of the electromagnetic field could be viewed as localized in these singularities, just like the old theory of action-at-a-distance. I imagine to myself, each such singular point surrounded by a field that has essentially the same character as a plane wave, and whose amplitude decreases with the distance between the singular points. If many such singularities are separated by a distance small with respect to the dimensions of the field of one singular point, their fields will be superimposed, and will form in their totality an oscillating field that is only slightly different from the oscillating field in our present electromagnetic theory of light. Of course, it need not be emphasized that such a picture is worthless unless it leads to an exact theory. I only wished to illustrate that the two structural properties of radiation according to Planck's formula (oscillation structure and quantum structure) should not be considered incompatible with one another.

   


Now, back to 1905.  Einstein's three 1905 papers on relativity, Brownian motion, and the light-quantum hypothesis (mischaracterized by many historians as the photo-electric effect), not only quantize the radiation field (Planck had only quantized matter, the virtual oscillators), but they also show on a careful reading that Einstein was concerned about faster-than-light actions thirty years before his Einstein-Podolsky-Rosen paper popularized the mysteries and paradoxes of quantum nonlocality and entanglement. 


Despite his foundational work quantizing radiation, Einstein rarely gets any credit for his contributions. There are a number of important reasons for this, which lead historians of quantum theory to start with Planck's quantum of action, then jump over Einstein's 1905 papers and his 1909 work on wave-particle duality to Niels Bohr's "old quantum theory" of the atom in 1913. Today, Bohr's "quantum jump" of an electron between stationary states is described as emitting or absorbing a "photon" of energy hν. In actuality, Bohr fought against Einstein's light-quantum hypothesis until the mid-1920's.


Besides quantizing energy and seeing the interchangeability of radiation and matter, E = mc2, Einstein was the first scientist to see many of the most fundamental aspects of quantum physics, e.g., nonlocality and (the appearance of) instantaneous action-at-a-distance (1905), wave-particle duality (1909), statistical elementary processes that introduce indeterminism and acausality whenever matter and radiation interact (1916-17), coherence, interference, and the indistinguishability of elementary particles (1925), and the nonseparability and entanglement of interacting particles (1935). 


Ironically, and even tragically, Einstein could never accept most of his quantum discoveries, because they conflicted with his basic idea that nature is best described by a continuous field theory using differential equations that are functions of "local" variables, primarily the space-time four-vector of his general relativistic theory. Einstein's idea of a "local" reality is one where "action-at-a-distance" is limited to causal effects that propagate at or below the speed of light, according to his theory of relativity. He also famously disliked indeterminism ("God does not play dice").


Einstein's believed that quantum theory, as good as it is (and he saw nothing better), is "incomplete" because its statistical predictions (phenomenally accurate in the limit of large numbers of identical experiments - "ensembles" Einstein called them), tell us nothing about individual systems. 


Even worse, he thought that the wave functions of entangled systems predict faster-than-light correlations of properties between events in a space-like separation, violating his theory of relativity. This was the heart of his famous EPR paradox paper in 1935 (which introduced the concept of nonseparability), but we shall now see that Einstein was already concerned about faster-than-light transfer of energy in his very first paper on quantum theory. 



The light-quantum hypothesis (1905)



How can energy spread continuously over a large volume later be absorbed in its entirety, without contradicting 
his principle of relativity? 
Einstein sees this, but does not say so explicitly, as we saw above, until 1927. 


The energy 
of a ponderable body cannot be subdivided into 
arbitrarily many or arbitrarily small parts, while 
the energy of a beam of light from a point source 
(according to the Maxwellian theory of light or, 
more generally, according to any wave theory) is 
continuously spread over an ever increasing 
volume. 

The wave theory of light, which operates with 
continuous spatial functions, has worked well in 
the representation of purely optical phenomena 
and will probably never be replaced by another 
theory. It should be kept in mind, however, that 
the optical observations refer to time averages 
rather than instantaneous values. In spite of the 
complete experimental confirmation of the theory 
as applied to diffraction, reflection, refraction, 
dispersion, etc., it is still conceivable that the 
theory of light which operates with continuous 
spatial functions may lead to contradictions 
with experience when it is applied to the phenomena of emission and transformation of light.


It seems to me that the observations associated 
with blackbody radiation, fluorescence, the 
production of cathode rays by ultraviolet light, 
and other related phenomena connected with the 
emission or transformation of light are more 
readily understood if one assumes that the energy 
of light is discontinuously distributed in space. 


In particular, the photoelectric effect showed discontinuous discrete light quanta, though it was doubted until the Compton Effect in 1923.



In accordance with the assumption to be considered here, the energy of a light ray spreading 
out from a point source is not continuously 
distributed over an increasing space but consists 
of a finite number of energy quanta which are 
localized at points in space, which move without 
dividing, and which can only be produced and 
absorbed as complete units. 

We therefore arrive at the conclusion: the 
greater the energy density and the wavelength 
of a radiation, the more useful do the theoretical 
principles we have employed turn out to be; for 
small wavelengths and small radiation densities, 
however, these principles fail us completely.



Thermodynamically, radiation behaves like a gas. 
Light cannot be spread out continuously in all directions 
if the energy is absorbed as a unit that ejects a photo-electron in the photo-electric effect. 


[W]e further conclude that: Monochromatic radiation of low density (within the 
range of validity of Wien's radiation formula) 
behaves thermodynamically as though it consisted of a number of independent energy quanta.

The usual conception, that the energy of light 
is continuously distributed over the space 
through which it propagates, encounters very 
serious difficulties when one attempts to explain 
the photoelectric phenomena,



Why did Bohr not see in 1913, or Einstein point out to him, that when an electron in an atom absorbs or emits energy, the jumping electron is accompanied by a single light quantum?


According to the concept that the incident 
light consists of energy quanta..., however, one can conceive of the ejection 
of electrons by light in the following way. Energy 
quanta penetrate into the surface layer of the 
body, and their energy is transformed, at least in 
part, into kinetic energy of electrons. The simplest 
way to imagine this is that a light quantum 
delivers its entire energy to a single electron; we 
shall assume that this is what happens. 
   

Summary



We have shown that ever since Einstein hypothesized that light consists of small quanta of energy, he was concerned about a conflict with the picture of light as a wave.  He saw that in many places distant from the point in space and time where the quantum actually appears as a detected particle, at that instant or a moment before, there existed the possibility (or probability) that the particle might have appeared somewhere else, somewhere separated in space so far as to prohibit signals from the detected quantum to that distant point where the particle did not appear. 

How, he asked, or what sort of "action-at-a-distance" suppressed some sort of action happening at one of those other places where the probability of appearance had been non-zero? While Einstein is vague about the action that he has in mind, it is at least the disappearance, the sudden going to zero, of that probability. He cannot be imagining a second appearance of a particle. That would violate conservation of energy. He may be thinking of the interpretation of the wave function as representing some kind of knowledge about where the associated particle is likely to be found. How does that "knowledge" at the distant point or possible points "learn" that the particle will not in fact be appearing there? 


Why does Einstein think that anything is needed beyond the fact that in this particular experiment, it appeared where it did and nowhere else?  


Many years after the Einstein-Podolsky-Paradox paper, Einstein described what he saw as spooky action at a distance.

But today we can confidently say that although there is no physical action at a distance traveling faster than light, there is definitely nonlocal behavior in the mysterioustwo-slit experiment and in two-particle quantum entanglement.



Scattering is better understood as the absorption and rapid 
re-emission of a photon, as pointed out by Einstein and Paul Ehrenfest in 1933, in response to an article by Wolfgang Pauli 

Source: https://www.informationphilosopher.com/problems/nonlocality/
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Nonseparability

The idea of something measured in one place "influencing" measurements far away challenged what Einstein thought of as "local reality." It came to be known as "nonlocality," but it always contained something else called "nonseparability." Einstein called it "spukhaft Fernwirkung" or "spooky action at a distance." Erwin Schrödinger called two particles "verschrankt" or "entangled" when their quantum properties had become correlated by an interaction. Entangled particles cannot be separated without an external interaction.

The question for Einstein and Schrödinger was how long the particles could retain their correlation as they traveled a great distance apart. Once de-correlated or "decohered," their two-particle wave function can be described as the product of two single-particle wave functions and there will no longer be any quantum interference (or the appearance of communications or interactions between them) between them. But entangled particles, it turns out, cannot be decohered without an external interaction of some kind (like a measurement).


Einstein had objected to nonlocal phenomena as early as the Solvay Conference of 1927, when he criticized the collapse of the wave function as involving "instantaneous-action-at-a-distance" (his spukhafte Fernwerkung or "spooky action at a distance") that prevents the spherical outgoing wave from acting at more than one place on the screen. He probably had seen this nonlocality as early as his light-quantum hypothesis paper of 1905.


Single-particle nonlocality can be defined in terms of the volume in phase space where the wave function has non-zero values. There are possibilities of finding the particle anywhere in this volume (with a calculable probability for each possibility). 


A particle appears when one of those possibilities becomes actual and the particle is localized.  This can be the result of an observer making a measurement or a random environmental interaction. The "collapse" of the wave function is then simply the instantaneous disappearance, the going to zero, of all the non-actualized possibilities when the nonlocal wave becomes a localized particle.


Einstein insisted that when two particles have separated enough there would come a distance where interactions between them are no longer possible. He called this his Trennungsprinzip or separability principle.


We can now understand the "nonseparability" of two entangled particles in terms of this nonlocality. Two entangled particles are described by a two-particle wave function that can not be factored into the product of two single-particle wave functions. The entangled particles share the same volume of nonlocality, i.e., where the two-particle wave function has non-zero values. 


This means that either particle has the same possibility (with calculable probability) of appearing at any particular location. Just as with the single-particle nonlocality, we cannot say where the particles "are." Either one may be anywhere inside the nonlocality volume up to the moment of "collapse" of the two-particle wave function.


So far this is what Richard Feynman called the "only mystery" in quantum mechanics. He mistakenly advised you not to try to understand it or visualize it, but information physics will help you to do both, for single particles, such as the two-slit experiment, and for the two-particle Einstein-Podolsky-Rosen thought experiment. 


When the entangled particles experience a random environmental interaction (described as "decoherence"), or an experimental measurement by an observer, the two-particle wave function "collapses."  All the possibilities/probabilities that are not actualized go to zero, just as with the single particle wave function. But now, two particles appear, simultaneously in a special frame in which their center of mass is not moving. In other frames, one may appear to appear before the other.


Just as with the single particle, the localization of the two particles can be anywhere there was a possibility. But now fundamental conservation principles constrain their local appearances.The two particles appear simultaneously, usually in a spacelike separation, now disentangled, and symmetrically located about the point of the interaction which entangled them.
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Einstein's idea of "local reality" was that events at one point in spacetime could depend only on the values of continuous functions at that point.  In a "complete" physical theory all physical variables should be locally determined by his four-dimensional continuous field of space-time. His 1905 light-quantum hypothesis, his 1909 study of wave-particle duality, and above all his 1927 illustration of a spherical wave hitting a screen as a single particle, showed Einstein that things appeared to happen simultaneously over a large distance in space, actions-at-a-distance, he called them. That appeared to violate his special theory of relativity. But these early concerns about nonlocality all involved just one photon or electron. In 1935, he raised another difficulty


In 1935 Einstein and his Princeton colleagues Boris Podolsky and Nathan Rosen proposed their "EPR" thought experiment that implied two particles could remain correlated, perhaps remain "in contact" over large spatial distances. As far as the probabilistic wave function is concerned, there is nothing different here. When the two-particle wave function "collapses," its value goes to zero everywhere, just as for a single particle, but it now produces two places where particles will be found. At the moment of collapse, all their properties are still correlated. After the collapse they are decohered and describable as the product of separate single-particle wave functions.


Schrödinger wrote to Einstein immediately and explained that the two-particle wave function could not be "separated" (this came to be called "nonseparability," closely related to nonlocality). Schrödinger said they remain entangled until some interaction "disentangles" them. A measurement would be such an interaction. Einstein stubbornly insisted on what he called a "separation principle" (Trennungsprinzip) that obtains as soon as the particles are in a spacelike separation, beyond where subluminal signals could be exchanged between them. This was needed for his idea of "local reality."


But Schrödinger understood wave mechanics much better than Einstein. The wave function describes only the possibilities for particle locations (with calculable probabilities). In a two-particle wave function, the possibilities mean either particle can be found anywhere the two-particle wave function is non-zero. We cannot know where either one will be found until we make a measurement. At that moment, the other particle will instantly be located where the principles of conservation of energy, momentum, angular momentum, and spin require it to be. It is only after the measurement that we can say the particles are separated. This is the core idea of nonseparability.


And this means that any measurement that collapses the two-particle wave function measures both particles! It is not possible to measure "one" (now, here) and then the "other one" (far away, later). Because the particles are indistinguishable, either one could be anywhere just before the measurement, exactly as the single particle in Einstein's 1927 presentation (or in the two-slit experiment) can be anywhere just before the measurement. We cannot say that the two particles are separated beyond the possibility of speed-of-light contact before the measurement.


Einstein's Introduction of Asymmetry

 
Almost every presentation of the EPR paradox begins with something like "Alice observes one particle..." and concludes with the question "How does the second particle get the information needed so that Bob's later measurements correlate perfectly with Alice?"


There is a fundamental asymmetry in this framing of the EPR experiment. It is a surprise that Einstein, who was so good at seeing deep symmetries, did not consider how to remove the asymmetry.


Consider this reframing: Alice's measurement collapses the two-particle wave function. The two indistinguishable particles simultaneously appear at locations in a space-like separation. The frame of reference in which the source of the two entangled particles and the two experimenters are at rest is a special frame in the following sense.


As Einstein knew very well, there are frames of reference moving with respect to the laboratory frame of the two observers in which the time order of the events can be reversed. In some moving frames Alice measures first, but in others Bob measures first. 


If there is a special frame of reference (not a preferred frame in the relativistic sense), surely it is the one in which the origin of the two entangled particles is at rest. Assuming that Alice and Bob are also at rest in this special frame and equidistant from the origin, we arrive at the simple picture in which any measurement that causes the two-particle wave function to collapse makes both particles appear simultaneously at determinate places with fully correlated properties (just those that are needed to conserve energy, momentum, angular momentum, and spin).


[image: image-placeholder]


In the two-particle case (instead of just one particle making an appearance), when either particle is measured, we know instantly those properties of the other particle that satisfy the conservation laws, including its location equidistant from, but on the opposite side of, the source, and its other properties such as spin.



We can also ask what happens if Bob is not at the same distance from the origin as Alice. This introduces a positional asymmetry. But there is still no time asymmetry from the point of view of the two-particle wave function collapse. 


When Alice detects the particle (with say spin up), at that instant the other particle also becomes determinate (with spin down) at the same distance on the other side of the origin. It now continues, in that determinate state, to Bob's measuring apparatus.




Einstein asked whether a particle has a determinate position just before it is measured. It does not, but we can say that before Bob's measurement the electron spin he measures was determined from the moment the two-particle wave function collapsed. The two-particle wave function describing the indistinguishable particles cannot be separated into a product of two single-particle wave functions. When either particle is measured, they both become determinate.




Source: https://www.informationphilosopher.com/problems/nonseparability/
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Quantum Weirdness

A number of philosophers of science and science writers have written books and articles on quantum entanglement describing it as weird, impossible, illogical, and unreal.


Physicists too have described quantum phenomena as unreal, as defining a new "quantum reality," and as simply impossible to understand in terms of pre-quantum classical physics. 


We review ten recent books by philosophers of science and prominent science writers along with key arguments from physicists back in the 1950's and 1960's. We discuss a few insights into quantum phenomena that may be gained by examining the information that is available about quantum states before and after a quantum measurement, especially when total momentum is conserved.


The founders of quantum mechanics themselves held some extreme views that quantum phenomena might be beyond human understanding.

Niels Bohr, "There is no quantum world."

Werner Heisenberg, "We cannot find how nature really is, only what we can know about it."

Albert Einstein, "Spooky action-at-a-distance."

Richard Feynman, "Nobody understands quantum mechanics." "The two-slit experiment is the [central] mystery of quantum mechanics." Feynman called it the one and only mystery, and we now know it explains  entanglement as well. 



Only one person explicitly says that conservation of angular momentum (spin) can explain the perfect correlations between entangled distant particles. It was Eugene Wigner in 1963, after the work of David Bohm (1952) but just before John Bell (1964). Bell, and Bohm, and Einstein before them, all used conservation of momentum implicitly to know about properties of the widely separated particle.

 
The criticism is correct that the particular z-spin (or x-spin or y-spin) that we measure did not exist before we measure, because we know that definite spins in all directions cannot exist simultaneously, and we can choose to measure in a random direction. But it is also correct that if we measure either particle, and find ("create the reality") that z-spin is up, then because the total z-spin must remain zero by conservation of angular (spin) momentum, the other article's z-spin will be found to be down, as long as the measurement is made in the (previously agreed upon) same direction. 


Before measurement the spin state of the two particles (total zero spin with no preferred direction is called a singlet state) is rotationally symmetric, the same in all directions. Whichever direction we choose to measure, the two spins we find in that direction will necessarily be opposite to satisfy the conservation of angular momentum. It is not because we measure one or the other particle first, then that particle causes the other to line up. It is because the collapsing two-particle wave function 
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 is a shared property of both particles, as Erwin Schrödinger showed in 1935 when he defined entanglement.


The two-particle wave function 
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 collapses to the product of disentangled single-particle wave functions  
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. Together they still satisfy the conservation of angular momentum. If 
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 is spin up, 
  
    Ψ
    
      2
    
  
 will be spin down. This is not because one acts on the other. 


It is a measurement that disentangles (or decoheres) the two-particle wave function, causing the "collapse of the wave function" that  separates the two particles. Einstein hoped the entangled particles could separate simply by moving far enough apart, but Schrödinger explained to Einstein that is not the case, and Schrödinger has been shown correct by entanglement experiments over vast distances. Only a measurement that collapses the wave function can disentangle the particles.


Note that Niels Bohr's Copenhagen Interpretation that the value of spin measured "did not exist" before the measurement is correct. The measurement direction was chosen by the experimenter. Werner Heisenberg called this the "free choice? of the experimenter. Whether spin is found to be up or down was not determined, but random. Paul Dirac called this "Nature's choice."  


The spin and its direction certainly were not determined back at the time of the initial entanglement as some have suggested. Nor were they predetermined at the beginning of the universe as determinist mathematical physicists sometimes claim. These properties both come into existence (emerge) perfectly correlated at the first measurement, caused by (Heisenberg and Bohr might say "created" by) the measurement.
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Qubits

Qubits ("quantum bits") are the quantum counterpart of the classical "bit" of a digital computer. The "bit" is an abbreviation of "binary digit." 


Where classical bits can have the value "0" or "1," qubits are in a coherent superposition or linear combination of |0> or |1> quantum states, as Paul Dirac described in his 1930 text Principles of Quantum Mechanics.

Measurement of a qubit projects the qubit randomly into either single-particle state |0> or |1>, with probability 1/2 following Dirac's "projection postulate."
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The 1/2 probability of each state is the square of the "probability amplitude" 
  1
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.


When two qubits a and b are entangled, their wave function 
  Ψ
 is a linear combination (or superposition of two-particle"product" states |01>  and |10>,
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The two-particle wave function 
  
    Ψ
    
      a
      b
    
  
 describes the behavior of two entangled particles (electrons, photons, or atoms) with spin angular momentum up |↑> or down |↓> that have traveled far apart. 


When either a or b is measured, the two-particle wave function 
  
    Ψ
    
      a
      b
    
  
collapses, both particles are individually projected into random states up (|↑> or down |↓>), but jointly they always appear perfectly correlated in one of the two product states up-down |↑↓> or down-up |↓↑>.


Either of these product states conserves the total spin angular momentum of the initial prepared entangled state, although particular spin directions are not defined. 


We describe this conserved total angular momentum as a hidden constant of the motion.


The perfect correlations between widely separated objects are understandably and frequently misinterpreted as the measurement of one particle, say A, instantaneously and non-locallycausing the other particle, say B, to become correlated. 


But quantum mechanics finds no such "spooky action at a distance, as Albert Einstein called it. There is however nonlocal behavior.


Einstein discovered examples of nonlocality starting in 1905. In 1916 he showed that quantum processes can be totally random, the result of chance. But all his life he hoped for a "reality" in which properties of physical objects would have values independent of our observing them.


This nonlocality and randomness are qubit properties at the core of quantum information science, including quantum cryptography, quantum teleportation, and quantum computing. 


Since two entangled qubits are in a superposition of |0> or |1>, or |↓> or |↑>, they are not in a definite quantum state before a measurement and the state resulting from a measurement did not "exist" before the measurement. This bothered  Einstein all his life.


Reacting to the 1935 Einstein-Podolsky-Rosen Paradox paper, Erwin Schrödinger  told Einstein that the entangled particles cannot be separated and in a definite product state before measurement. He said they are in a superposition of such states, as defined by Dirac. 


Encouraged by Einstein, David Bohm in 1952 proposed that localhidden variables could account for the perfect correlations and the nonlocality at the heart of the EPR paradox.


In 1964 John Bell proposed a test of what he called an "inequality" that would distinguish between local and non-local hidden variables. Multiple experiments starting in 1972 have confirmed that any such variables would need to be non-local.


We cannot understand how a purely mathematical and immaterial abstract wave function, the solution of the linear Schrödinger equation, can causematerial concrete particles to move to positions and acquire properties that perfectly match the statistical predictions of the wave function.


In 1964 Richard Feynman said that "nobody understands quantum mechanics." We see the central difficulty as how the math describes (or controls) matter in motion. Feynman also said "The question now is, how does it really work? What machinery is actually producing this thing? Nobody knows any machinery."(The Character of Physical Law, p.144)


Feynman also said that the "one and only mystery" of quantum mechanics can always be explained in terms of the two-slit experiment, in which a single particle appears to travel through both slits, better a wave function that is a superposition of partial waves going through the slits that somehow "controls" the location of a particle that comes through either slit. 


Following Feynman's suggestion, we can explain many puzzling experiments with two-particle wave functions (or entangled qubits). They include John Wheeler's delayed choice, the quantum eraser, the Mach-Zender interferometer, the Fresnel-Arago effect, and of course Schrödinger's Cat.
 
  




Source: https://www.informationphilosopher.com/quantum/qubits/
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Spherical Symmetry

The spherical symmetry of the singlet state of molecules, atoms, electrons and photons plus measurements in a previously agreed upon angle are needed to produce the perfectly correlated outcomes of two-particle entanglement (Bell) experiments.


See how a Common Cause, Constant of the Motion, and Spherical Symmetry are needed to produce the perfectly correlated (and random) outcomes of two-particle Bell experiments.  



Source: https://www.informationphilosopher.com/entanglement/spherical/
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Spooky Action at a Distance

For over forty years Albert Einstein was concerned about "nonlocal" instantaneous actions between widely separated objects before he coined the famous description as spooky action at a distance (Spukhafte Fernwerken in German) in a letter to Max Born in May 1947, a few years before his death. We look at eleven critical years of Einstein's work on nonlocality.


Go to: 19091916192419271933  ; 19341935193619471949


1905


Few histories point out that it was Einstein who over three decades invented (or discovered) nonlocality and entanglement, as well as the ontological chance in quantum mechanics that is the real basis of the acausality that Heisenberg years later saw in his uncertainty principle.


In accordance with the assumption to be considered here, the energy of a light ray spreading 
out from a point source is not continuously 
distributed over an increasing space but consists 
of a finite number of energy quanta which are 
localized at points in space, which move without 
dividing, and which can only be produced and 
absorbed as complete units. 

We therefore arrive at the conclusion: the 
greater the energy density and the wavelength 
of a radiation, the more useful do the theoretical 
principles we have employed turn out to be; for 
small wavelengths and small radiation densities, 
however, these principles fail us completely.



[W]e further conclude that: Monochromatic radiation of low density (within the 
range of validity of Wien's radiation formula) 
behaves thermodynamically as though it consisted of a number of independent energy quanta.




Thermodynamically, radiation behaves like gas particles. Light cannot be spread out continuously in all directions if the energy is absorbed as a unit that ejects a photoelectron in the photoelectric effect. 

[image: image-placeholder]

An electron to which kinetic energy has been
imparted in the interior of the body will have
lost some of this energy by the time it reaches
the surface. Furthermore, we shall assume that
in leaving the body each electron must perform
an amount of work P characteristic of the substance...


If each energy quantum of the incident light,
independently of everything else, delivers its
energy to electrons, then the velocity distribution
of the ejected electrons will be independent of the
intensity of the incident light; on the other hand
the number of electrons leaving the body will,
if other conditions are kept constant, be proportional
to the intensity of the incident light...

In the foregoing it has been assumed that the
energy of at least some of the quanta of the
incident light is delivered completely to individual
electrons

   



Why did Bohr not see in 1913, or Einstein point out to him, that when a jumping electron in an atom absorbs or emits energy, the energy is a single light quantum particle? He surely knew that was what was happening in the Bohr atom!


If the energy travels as a spherical light wave radiated into space in all directions, how can it instantaneously collect itself together to be absorbed into a single electron. Is this the origin of seeing the event as a "collapse"?

Einstein already in 1905 saw something nonlocal about the photon and that there is both a wave aspect and a particle aspect to electromagnetic radiation. He will make those aspects more clear and in 1909 describe the wave-particle relationship more clearly than it is usually presented today, with all the confusion about whether photons and electrons are waves or particles or both.




1909


Wave-particle Duality


Einstein greatly expanded his light-quantum hypothesis in a presentation at the Salzburg conference in September, 1909. He argued that the interaction of radiation and matter involves elementary processes that are not "invertible," a deep insight into the irreversibility of natural processes. While incoming spherical waves of radiation are mathematically possible, they are not practically achievable. Nature appears to be asymmetric in time. He speculates that the continuous electromagnetic field might be made up of large numbers of light quanta - singular points in a field that superimpose collectively to display the wavelike behavior.


Although he could not formulate a mathematical theory that does justice to both the continuous oscillatory waves and the discrete particle pictures, Einstein argued that they could be "fused" and made compatible. This was over a decade before Erwin Schrödinger's wave mechanics and Werner Heisenberg's quantum mechanics. And because gases behave statistically, he knows that the connection between the wave and particles may involve probabilistic behavior. 



When light was shown to exhibit interference and diffraction, it seemed almost certain that light should be considered a wave.

The greatest advance in theoretical optics since the introduction of the oscillation theory was Maxwell's brilliant discovery that light can be understood as an electromagnetic process...One became used to treating electric and magnetic fields as fundamental concepts that did not require a mechanical interpretation.


This path leads to the so-called relativity theory. I only wish to bring in one of its consequences, for it brings with it certain modifications of the fundamental ideas of physics. It turns out that the inertial mass of an object decreases by L / c2 when that object emits radiation of energy L...the inertial mass of an object is diminished by the emission of light. 


The energy given up was part of the mass of the object. One can further conclude that every absorption or release of energy brings with it an increase or decrease in the mass of the object under consideration. Energy and mass seem to be just as equivalent as heat and mechanical energy. 

Relativity theory has changed our views on light. Light is conceived not as a manifestation of the state of some hypothetical medium, but rather as an independent entity like matter. Moreover, this theory shares with the corpuscular theory of light the unusual property that light carries inertial mass from the emitting to the absorbing object. Relativity theory does not alter our conception of radiation's structure; in particular, it does not affect the distribution of energy in radiation-filled space. 


Nevertheless, with respect to this question, I believe that we stand at the beginning of a development of the greatest importance that cannot yet be surveyed. The statements that follow are largely my personal opinion, or the results of considerations that have not yet been checked enough by others. If I present them here in spite of their uncertainty, the reason is not an excessive faith in my own views, but rather the hope to induce one or another of you to deal with the questions considered.

In the kinetic theory of molecules, for every process in which only a few elementary particles participate (e.g., molecular collisions), the inverse process also exists. But that is not the case for the elementary processes of radiation. 


Incoming spherical waves (the advanced potential considered by John Wheeler and Richard Feynman in 1945) are never observed in nature. Radiation is irreversible, one of the arrows of time

According to our prevailing theory, an oscillating ion generates a spherical wave that propagates outwards. The inverse process does not exist as an elementary process. A converging spherical wave is mathematically possible, to be sure; but to approach its realization requires a vast number of emitting entities. The elementary process of emission is not invertible. In this, I believe, our oscillation theory does not hit the mark. Newton's emission theory of light seems to contain more truth with respect to this point than the oscillation theory since, first of all, the energy given to a light particle is not scattered over infinite space, but remains available for an elementary process of absorption.

Consider the laws governing the production of secondary cathode radiation by X-rays. If primary cathode rays impinge on a metal plate P1, they produce X-rays. If these X-rays impinge on a second metal plate P2, cathode rays are again produced whose speed is of the same order as that of the primary cathode rays. 


[image: image-placeholder]


As far as we know today, the speed of the secondary cathode rays depends neither on the distance between P1 and P2, nor on the intensity of the primary cathode rays, but rather entirely on the speed of the primary cathode rays. Let's assume that this is strictly true. What would happen if we reduced the intensity of the primary cathode rays or the size of P1 on which they fall, so that the impact of an electron of the primary cathode rays can be considered an isolated process? 


In his remarks after the talk, Johannes Stark confirmed that he had observed a single X-ray that traveled as far as ten meters and ejected a similar energy electron from P2.


If the above is really true then, because of the independence of the secondary cathode rays' speed on the primary cathode rays' intensity, we must assume that an electron impinging on P1 will either cause no electrons to be produced at P2, or else a secondary emission of an electron whose speed is of the same order as that of the initial electron impinging on P1. In other words, the elementary process of radiation seems to occur in such a way that it does not scatter the energy of the primary electron in a spherical wave propagating in every direction, as the oscillation theory demands.


That energy is possibly available "somewhere else" is the key idea of nonlocality that Einstein will present in 1927 at the Solvay conference


Rather, at least a large part of this energy seems to be available at some place on P2, or somewhere else. The elementary process of the emission of radiation appears to be directional. Moreover, one has the impression that the production of X-rays at P1 and the production of secondary cathode rays at P2 are essentially inverse processes.
Therefore, the constitution of radiation seems to be different from what our oscillation theory predicts. The theory of thermal radiation has given important clues about this, mostly by the theory on which Max Planck based his radiation formula...


Planck's theory leads to the following conjecture. If it is really true that a radiative resonator can only assume energy values that are multiples of hν, the obvious assumption is that the emission and absorption of light occurs only in these energy quantities. On the basis of this hypothesis, the light-quanta hypothesis, the questions raised above about the emission and absorption of light can be answered. As far as we know, the quantitative consequences of this light-quanta hypothesis are confirmed. This provokes the following question. Is it not thinkable that Planck's radiation formula is correct, but that another derivation could be found that does not rest on such a seemingly monstrous assumption as Planck's theory? Is it not possible to replace the light-quanta hypothesis with another assumption, with which one could do justice to known phenomena? If it is necessary to modify the theory's elements, couldn't one keep the propagation laws intact, and only change the conceptions of the elementary processes of emission and absorption?


As far as I know, no mathematical theory has been advanced that does justice to both its oscillatory structure and its quantum structure...


Anyway, this conception seems to me the most natural: that the manifestation of light's electromagnetic waves is constrained at singularity points, like the manifestation of electrostatic fields in the theory of the electron. It cannot be ruled out that, in such a theory, the entire energy of the electromagnetic field could be viewed as localized in these singularities, just like the old theory of action-at-a-distance. I imagine to myself, each such singular point surrounded by a field that has essentially the same character as a plane wave, and whose amplitude decreases with the distance between the singular points. If many such singularities are separated by a distance small with respect to the dimensions of the field of one singular point, their fields will be superimposed, and will form in their totality an oscillating field that is only slightly different from the oscillating field in our present electromagnetic theory of light. Of course, it need not be emphasized that such a picture is worthless unless it leads to an exact theory. I only wished to illustrate that the two structural properties of radiation according to Planck's formula (oscillation structure and quantum structure) should not be considered incompatible with one another.

   



Now Einstein looks for symmetry and equivalent treatment for interchangeable matter and energy.



1916


The Interaction of Radiation and Matter as the Origin of Irreversibility

In his two papers on quantum mechanics in 1916-17, Einstein's discovery of ontological chance is the most important contribution to physics and philosophy. But his insight into the asymmetry of the emission and absorption processes may be used to discover the origin of irreversibility and an explanation for Boltzmann's hypothesis of "molecular disorder."


What we might call Einstein's "radiation asymmetry" was introduced with these words,


When a molecule absorbs or emits the energy
ε in the form of radiation during the transition between quantum theoretically possible
states, then this elementary process can be viewed either as a completely or partially
directed one in space, or also as a symmetrical (nondirected) one. It turns out that we
arrive at a theory that is free of contradictions, only if we interpret those elementary
processes as completely directed processes.

The elementary process of the emission and absorption of radiation is asymmetric, because the process is directed, as Einstein had explicitly noted first in 1909, and we know he had seen as early as 1905. The apparent isotropy of the emission of radiation is only what Einstein called "pseudo-isotropy" (Pseudoisotropie), a consequence of time averages over large numbers of events. Einstein often substitutes time averages for space averages, or averages over the possible states of a system in statistical mechanics.




a quantum theory free
from contradictions can only be obtained if the emission process, just
as absorption, is assumed to be directional. In that case, for each
elementary emission process Zm->Zn a momentum of magnitude
(εm—εn)/c is transferred to the molecule. If the latter is isotropic, we
shall have to assume that all directions of emission are equally probable. 

If the molecule is not isotropic, we arrive at the same statement if the
orientation changes with time in accordance with the laws of chance.
Moreover, such an assumption will also have to be made about the
statistical laws for absorption, (B) and (B'). Otherwise the constants
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 would have to depend on the direction, and this can be
avoided by making the assumption of isotropy or pseudo-isotropy
(using time averages). 



Now the principle of microscopic reversibility is a fundamental assumption of statistical mechanics. It underlies the principle of "detailed balancing," which is critical to the understanding of chemical reactions. In thermodynamic equilibrium, the number of forward reactions is exactly balanced by the number of reverse reactions.
But microscopic reversibility, while true in the sense of averages over time, should not be confused with the reversibility of individual collisions between molecules.


The equations of classical dynamics are reversible in time. And the deterministic Schrödinger equation of motion in quantum mechanics is also time reversible. Irreversibility thus depends on the "projection" of a superposition of states into a single state, the so-called "collapse" of the wave function.




1924


The Quantum Statistics for Photons


In 1924, Einstein received an amazing very short paper from India by Satyendra Nath Bose. Einstein must have been pleased to read the title, "Planck's Law and the Hypothesis of Light Quanta." It was more attention to Einstein's 1905 work than anyone had paid in nearly twenty years. The paper began by claiming that the "phase space" (a combination of 3-dimensional coordinate space and 3-dimensional momentum space) should be divided into small volumes of h3, the cube of Planck's constant. By counting the number of possible distributions of light quanta over these cells, Bose claimed he could calculate the entropy and all other thermodynamic properties of the radiation.

Bose easily derived the inverse exponential function, Einstein too had derived this. Maxwell and Boltzmann derived it, without the additional -1, by analogy from the Gaussian exponential tail of probability and the theory of errors.
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(Planck had simply guessed this expression from Wien's law  by adding the term - 1 in the denominator of  Wien's a / e - bν / T). 



All previous derivations of the Planck law, including Einstein's of 1916-17 (which Bose called "remarkably elegant"), used classical electromagnetic theory to derive the density of radiation, the number of "modes" or "degrees of freedom" of the radiation field,
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But now Bose showed he could get this quantity with a simple statistical mechanical argument remarkably like that Maxwell used to derive his distribution of molecular velocities. Where Maxwell said that the three directions of velocities for particles are independent of one another, but of course equal to the total momentum,



px2 + py2 + pz2 = p2,



Bose just used Einstein's relation for the momentum of a photon,
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and he wrote 
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This led him to calculate a frequency interval in phase space as 



  ∫
  d
  x
  d
  y
  d
  z
  d
  
    p
    
      x
    
  
  d
  
    p
    
      y
    
  
  d
  
    p
    
      z
    
  
  =
  4
  π
  V
  (
  h
  ν
  
    /
  
  c
  
    )
    
      3
    
  
  (
  h
  d
  ν
  
    /
  
  c
  )
  =
  4
  π
  (
  
    h
    
      3
    
  
  
    ν
    
      2
    
  
  
    /
  
  
    c
    
      3
    
  
  )
  V
  d
  ν
  ,



which he simply divided by  h3, multiplied by 2 to account for two polarization degrees of freedom, and he had derived the number of cells belonging to dν,
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without using classical radiation laws, a correspondence principle, or even Wien's law. His derivation was purely statistical mechanical, based only on the number of cells in phase space and the number of ways N photons can be distributed among them.


Einstein immediately translated the Bose paper into German and had it published in Zeitschrift für Physik, without even telling Bose.  More importantly, Einstein then went on to discuss a new quantum statistics that predicted low-temperature condensation of any particles with integer values of the spin. So called Bose-Einstein statistics were quickly shown by Dirac to lead to the quantum statistics of half-integer spin particles called Fermi-Dirac statistics. Fermions are half-integer spin particles that obey Pauli's exclusion principle so a maximum of two particles, with opposite spins, can be found in the fundamental h3 volume of phase space identified by Bose.


Einstein's 1916 work on transition probabilities predicted the stimulated emission of radiation that brought us lasers (light amplification by the stimulated emission of radiation). Now his work on quantum statistics brought us the Bose-Einstein condensation. Either work would have made their discoverer a giant in physics, but these are more often attributed to Bose, just as Einstein's quantum discoveries before the Copenhagen Interpretation are mostly forgotten by historians and today's textbooks, or attributed to others.


This may have been Einstein's last positive contribution to quantum physics. Some judge his next efforts as purely negative attempts to discredit quantum mechanics, by graphically illustrating quantum phenomena that seem logically impossible or at least in violation of fundamental theories like his relativity. But information philosophy hopes to provide explanations for Einstein's paradoxes that depend on the immaterial nature of information. 


The phenomena of nonlocality, nonseparability, and entanglement may not be made intuitive by our explanations, but they can be made understandable. And they can be visualized in a way that Einstein and Schrödinger might have liked, even if they might still have found the phenomena difficult to believe. We hope even the layperson will see our animations as providing them an understanding of what quantum mechanics is doing in the microscopic world. The animations present standard quantum physics as Einstein saw it, though Schrödinger never accepted the "collapse" of the wave function and the existence of particles making quantum jumps.





1927


The Fifth Solvay Conference, On Electrons and Photons 


Sadly, despite Einstein's two decades of pioneering work on the interaction of photons and electrons, his ideas and concerns were given little attention at this Solvay, though the conference was dedicated to electrons and photons.

The conference was dominated by papers on the new quantum theory delivered by Louis de Broglie, Niels Bohr, Max Born and Werner Heisenberg. It is best known for Einstein's after-hours suggestions to Bohr and Heisenberg probing for faults in the uncertainty principle.  Accounts of these events have been told largely by the victors (there are no holes in uncertainty) but Einstein has said they often missed or ignored his important point. That point was the nonlocal behavior of a spherical light wave as it collapses to get absorbed by a single electron. This was Einstein's only contribution mentioned in the published proceedings. 


Here are the notes on Einstein's original remarks at the conference and Bohr's brief response. They contain much of Einstein's 1935 EPR paper, except in 1927 only one particle is involved. Entanglement in EPR requires two identical particles.


Notice how Einstein's diagram clearly shows his concerns of over two decades about reconciling a spherical wave (his example is now an electron) and its collapse to being measured at just one point as if it is a particle. At this point in the history of quantum mechanics, wave-particle duality is seen as the debate between Schrödinger's wave mechanics and Heisenberg's particle mechanics.


[image: image-placeholder]

MR ElNSTEIN. - Despite being conscious of the fact that I have not entered
deeply enough into the essence of quantum mechanics, nevertheless I want to 
present here some general remarks.


One can take two positions towards the theory with respect to its postulated
domain of validity, which I wish to characterise with the aid of a simple example.


Let S be a screen provided with a small opening O, and P a hemispherical
photographic film of large radius. Electrons impinge on S in the direction of the arrows. Some of these go through O, and because of the smallness of O and the speed of the particles, are dispersed uniformly over the directions of the hemisphere, and act on the film.


Both ways of conceiving the theory now have the following in common. There are de Broglie waves, which impinge approximately normally on S and are diffracted at O. Behind S there are spherical waves, which reach the screen P  and
whose intensity at P is responsible [massgebend] for what happens at P.


We can now characterise the two points of view as follows.


1. Conception I. - The de Broglie-Schrödinger waves do not correspond to a single electron, but to a cloud of electrons extended in space. The theory gives no information about individual processes, but only about the ensemble of an infinity of elementary processes.


2. Conception II. - The theory claims to be a complete theory of individual processes. Each particle directed towards the screen, as far as can be determined by its position and speed, is described by a packet of de Broglie-Schrödinger waves of short wavelength and small angular width. This wave packet is diffracted and, after diffraction, partly reaches the film P in a state of resolution [un etat de resolution].



The waves give the probability or possibilities for a single electron being found at different locations in an ensemble of identical experiments. A wave does not describe a cloud of electrons as Schrödinger had hoped. Einstein's ensemble theory is the correct interpretation.


According to the first, purely statistical, point of view 
  |
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 expresses the
probability that there exists at the point considered a particular particle of the cloud, for example at a given point on the screen.



If by the same particle, Einstein means that the one individual particle has a possibility of being found at more than one (indeed many) locations on the screen. This is so, but this seems to be conception I?


According to the second, | ψ |2 expresses the probability that at a given instant
the same particle is present at a given point (for example on the screen). Here, 
the theory refers to an individual process and claims to describe everything that is governed by laws.

The second conception goes further than the first, in the sense that all the
information resulting from I results also from the theory by virtue of II, but
the converse is not true. It is only by virtue of II that the theory contains the
consequence that the conservation laws are valid for the elementary process; it is only from II that the theory can derive the result of the experiment of Geiger and Bothe, and can explain the fact that in the Wilson [cloud] chamber the droplets stemming from an α-particle are situated very nearly on continuous lines.



Einstein is right that the one elementary process has a possibility of action elsewhere, but that could not mean producing an actual second particle. That would contradict conservation laws.

The "mechanism" of action-at-a-distance is simply the disappearance of possibilities elsewhere when a particle is actualized (localized) somewhere  



But on the other hand, I have objections to make to conception II. The scattered
wave directed towards P does not show any privileged direction. If | ψ |2 were
simply regarded as the probability that at a certain point a given particle is found at 
a given time, it could happen that the same elementary process produces an action in two or several places on the screen. But the interpretation, according to which | ψ |2 expresses the probability that this particle is found at a given point, assumes an entirely peculiar mechanism of action at a distance, which prevents the wave continuously distributed in space from producing an action in two places on the
screen.


When a particle appears - just one of the multiple nonlocal possibilities becomes actual or localized - at a specific point P , what becomes of the wave that was going off in all other directions? Its "collapse" - the instantaneous going to zero of probabilities - mistakenly appears to Einstein to violate his relativity principle.

In my opinion, one can remove this objection only in the following way, that one
does not describe the process solely by the Schrödinger wave, but that at the same
time one localises the particle during the propagation. I think that Mr de Broglie is
right to search in this direction. If one works solely with the Schrödinger waves,
interpretation II of | ψ |2 implies to my mind a contradiction with the postulate of relativity.


The permutation of two identical particles does not produce two different points in multidimensional (configuration space).  
Einstein and Bose discovered  the new quantum statistics and indistinguishability. Dirac and Fermi extended it to electrons.
For example, interchange of the two electrons in the filled first electron shell, 1s2, just produces a change of sign for the two-particle wave function.


I should also like to point out briefly two arguments which seem to me to speak against the point of view II. This [view] is essentially tied to a multi-dimensional representation (configuration space), since only this mode of representation makes
possible the interpretation of | ψ |2 peculiar to conception II. Now, it seems to me
that objections of principle are opposed to this multi-dimensional representation.
In this representation, indeed, two configurations of a system that are distinguished only by the permutation of two particles of the same species are represented by two different points (in configuration space), which is not in accord with the new results in statistics. Furthermore, the feature of forces of acting only at small spatial distances finds a less natural expression in configuration space than in the space of three or four dimensions.

   


If by the same particle, Einstein means that the one individual particle has a possibility of being found at more than one (indeed many) locations on the screen. This is so, but this seems to be conception I?



Bohr's reaction to Einstein's presentation has been preserved. He didn't understand a word! He disingenuously claims he does not know what quantum mechanics is. His response is vague and ends with his ideas on complementarity and the inability to describe a causal spacetime reality.

   

MR BOHR. I feel myself in a very difficult position because I don't understand what precisely is the point which Einstein wants to [make]. No doubt it is my fault.

As regards general problem I feel its difficulties. I would put [the] problem in [an]other way. I do not know what quantum mechanics is. I think we are dealing with some mathematical methods which are adequate for description of our experiments. Using a rigorous wave theory we are claiming something which the theory cannot possibly give. [We must realise] that we are away from that state where we could hope of describing things on classical theories. [I] Understand [the] same view is held by Born and Heisenberg. I think that we actually just try to meet, as in all other theories, some requirements of nature, but [the} difficulty is that we must use words which remind [us] of older theories. The whole foundation for causal spacetime description is taken away by quantum theory, for it is based on [the] assumption of observations without interference. ... excluding interference means exclusion of experiment and the whole meaning of space and time observation ... because we [have] interaction [between object and measuring instrument] and thereby we put us on a quite different standpoint than we thought we could take in classical theories. If we speak of observations we play with a statistical problem There are certain features complementary to the wave pictures (existence of individuals). ...



The saying that spacetime is an abstraction might seem a philosophical triviality but nature reminds us that we are dealing with something of practical interest. Depends on how I consider theory. I may not have understood, but I think the whole thing lies [therein that the] theory is nothing else [but] a tool for meeting our requirements and I think it does.

   



Does Bohr really not understand? As we have seen, Einstein has been making this general point for many years. Only recently has Bohr taken Einstein's concept of light quanta seriously.


Twenty-two years later, in his contribution to the Schilpp memorial volume on Einstein, Bohr had no better response to Einstein's 1927 concerns. But he does remember vividly and provides a picture of what Einstein drew on the blackboard. 


Here is Bohr's 1949 recollection:




At the general discussion in Como, we all missed the presence of Einstein,
but soon after, in October 1927, I had the opportunity to meet him in Brussels
at the Fifth Physical Conference of the Solvay Institute, which was devoted
to the theme "Electrons and Photons." 

At the Solvay meetings,
Einstein had from their beginning been a most prominent figure, and several
of us came to the conference with great anticipations to learn his reaction
to the latest stage of the development which, to our view, went far in
clarifying the problems which he had himself from the outset elicited so
ingeniously. During the discussions, where the whole subject was reviewed
by contributions from many sides and where also the arguments mentioned
in the preceding pages were again presented, Einstein expressed, however,
a deep concern over the extent to which a causal account in space and time
was abandoned in quantum mechanics. 
To illustrate his attitude, Einstein referred at one of the sessions
to the simple example, illustrated by Fig. 1, of a particle (electron or
photon) penetrating through a hole or a narrow slit in a diaphragm placed
at some distance before a photographic plate. 
[image: photon passes through a slit]

On account of the diffraction of the wave connected with the motion
of the particle and indicated in the figure by the thin lines, it is under
such conditions not possible to predict with certainty at what point the
electron will arrive at the photographic plate, but only to calculate the
probability that, in an experiment, the electron will be found within any
given region of the plate. 


Bohr's labels for points A and B are helpful. The "nonlocal" effects at point B are just that the probability of an electron being found at point B goes to zero instantly (not an "action at a distance") when an electron is localized at point A


The apparent difficulty, in this description,
which Einstein felt so acutely, is the fact that, if in the experiment
the electron is recorded at one point A of the plate, then it is out of
the question of ever observing an effect of this electron at another point
(B), although the laws of ordinary wave propagation offer no room for a
correlation between two such events. 




Note that they wanted Einstein's reaction to their work, but actually took little interest in Einstein's concern about the nonlocal implications of quantum mechanics, nor did they look at his work on electrons and photons, despite the conference title. 


Although Bohr seems to have missed Einstein's point completely, Werner Heisenberg at least came to explain it well. In his 1930 lectures at the University of Chicago, Heisenberg presented a critique of both particle and wave pictures, including a new example of nonlocality that Einstein had apparently developed since 1927. It includes Einstein's concern about "action-at-a-distance" that might violate his principle of relativity, and anticipates the Einstein-Podolsky-Rosen paradox. Heisenberg  wrote:

   

In relation to these considerations, one other idealized experiment (due to Einstein) may be considered. We imagine a photon which is represented by a wave packet built up out of Maxwell waves. It will thus have a certain spatial extension and also a certain range of frequency. By reflection at a semi-transparent mirror, it is possible to decompose it into two parts, a reflected and a transmitted packet. There is then a definite probability for finding the photon either in one part or in the other part of the divided wave packet. After a sufficient time the two parts will be separated by any distance desired; now if an experiment yields the result that the photon is, say, in the reflected part of the packet, then the probability of finding the photon in the other part of the packet immediately becomes zero. The experiment at the position of the reflected packet thus exerts a kind of action (reduction of the wave packet) at the distant point occupied by the transmitted packet, and one sees that this action is propagated with a velocity greater than that of light. However, it is also obvious that this kind of action can never be utilized for the transmission of signals so that it is not in conflict with the postulates of the theory of relativity.

   



1933


Einstein visualizes Two-Particle Nonlocality


In 1933, shortly before he left Germany to emigrate to America, 
Einstein attended a lecture on quantum electrodynamics by Leon
Rosenfeld. Keep in mind that Rosenfeld was perhaps the most
dogged defender of the Copenhagen Interpretation. After the talk,
Einstein asked Rosenfeld, 

“What do you think of this situation?”
Suppose two particles are set in motion towards each other with
the same, very large, momentum, and they interact with each
other for a very short time when they pass at known positions.
Consider now an observer who gets hold of one of the particles,
far away from the region of interaction, and measures its
momentum: then, from the conditions of the experiment, he will
obviously be able to deduce the momentum of the other particle.
If, however, he chooses to measure the position of the first
particle, he will be able tell where the other particle is.


It is most unfortunate that Einstein did not explain that measuring the momentum of the first particle allows us to deduce the momentum of the second particle because of the conservation of linear momentum.


The same conservation principle explains as Einstein says, "If, however, he chooses to measure the position of the first
particle, he will be able tell where the other particle is." If Einstein had called this ability to tell "knowledge (information) at a distance," instead of "spooky action at a distance," entanglement might never have been thought "spooky" at all, just a correlation of properties.   


We can diagram a simple case of Einstein’s question as follows after the particles have interacted and separate from the center. We use electrons instead of generic particles, an anachronism introduced by David Bohm in 1952.


[image: image-placeholder]


Recall that it was Einstein who discovered in 1924 the identical nature, indistinguishability, and interchangeability of some quantum particles. He found that identical particles are not independent, altering their quantum statistics.

 Note the anachronism of electrons as Einstein's generic particles. It was David Bohm in 1952 who proposed that Einstein's EPR problem use electrons.  Today many if not most accounts of the EPR paradox describe it with electrons.


After the particles interact at t1, quantum mechanics describes them with a single two-particle wave function that is not the product of independent single-particle wave functions. In the case of electrons, which are indistinguishable interchangeable particles, it is not proper to say electron 1 goes this way and electron 2 that way. (Nevertheless, it is convenient to label the particles, as we do in the illustration.) 

Einstein then asked Rosenfeld, “How can the final state of the second
particle be influenced by a measurement performed on the first
after all interaction has ceased between them?” This was the germ
of the EPR paradox, and ultimately the problem of two-particle
entanglement.


Why does Einstein question Rosenfeld and describe this as an
“influence,” suggesting an “action-at-a-distance?”


It is only paradoxical in the context of Rosenfeld’s Copenhagen
Interpretation, since the second particle is not itself measured and
yet we know something about its properties, which the Copenhagen Interpretation
says we cannot know without an explicit measurement..


Einstein was clearly correct to tell Rosenfeld that at a later time 
  
    t
    
      2
    
  
, a measurement of one particle's position would instantly establish the position of the other particle - without measuring it. Einstein simply used conservation of linear momentum implicitly to calculate (and know) the position of the second particle.


Two years later, reacting to EPR, Schrödinger described two such particles as becoming "entangled" (verschränkt) at their first interaction, so "nonlocal" phenomena are also known as "quantum entanglement." 


Although conservation laws are rarely cited as the explanation, they are the physical reason that entangled particles always produce correlated results for all properties. If the results were not always correlated, the implied violation of a fundamental conservation law would cause a much bigger controversy than entanglement itself, as puzzling as that is.




1934


Einstein Accepts Quantum Mechanics But Still Hopes For A Continuum Theory (1934)


In 1934, Einstein described one way to reconcile nonlocality with a four-dimensional spacetime continuum theory. At this time, Einstein is clearly supportive of Heisenberg's uncertainty principle and the probabilistic nature of quantum theory:

   

The idea that the light wave (or wave function) gives the probabilities of finding a particle was seen by Einstein decades earlier, though he never published his idea of a "ghost field" (Gespensterfeld). Einstein is too modest.


The modern quantum theory, as associated with the names of
de Broglie, Schrödinger, and Dirac, which of course operates
with continuous functions, has overcome this difficulty by means
of a daring interpretation, first given in a clear form by Max
Born: - the space functions which appear in the equations make
no claim to be a mathematical model of atomic objects. These
functions are only supposed to determine in a mathematical way
the probabilities of encountering those objects in a particular
place or in a particular state of motion, if we make a measurement.
This conception is logically unexceptionable, and has
led to important successes...


Einstein sees that nonlocality may be unavoidable.


On the other hand, it seems to me certain
that we have to give up the notion of an absolute localization of
the particles in a theoretical model. This seems to me to be the
correct theoretical interpretation of Heisenberg's indeterminacy
relation. And yet a theory may perfectly well exist, which is in a
genuine sense an atomistic one (and not merely on the basis of a
particular interpretation), in which there is no localizing of the
particles in a mathematical model. For example, in order to
include the atomistic character of electricity, the field equations
only need to involve that a three-dimensional volume of space on
whose boundary the electrical density vanishes everywhere,
contains a total electrical charge of an integral amount. Thus in
a continuum theory, the atomistic character could be satisfactorily
expressed by integral propositions without localizing the
particles which constitute the atomistic system.

Only if this sort of representation of the atomistic structure
be obtained could I regard the quantum problem within the framework
of a continuum theory as solved. 
 
   



1935


Einstein-Podolsky-Rosen and Entanglement



Einstein and colleagues Boris Podolsky and Nathan Rosen, proposed in 1935 a paradox (known by their initials as EPR or as the Einstein-Podolsy-Rosen paradox) to exhibit internal contradictions in the new quantum physics. They hoped to show that quantum theory could not describe certain intuitive "elements of reality" and thus was  incomplete. They said that, as far as it goes, quantum mechanics is correct, just not "complete."

Einstein was correct that quantum theory is "incomplete" relative to classical physics, which has twice as many dynamical variables that can be known with arbitrary precision. But half of this information is missing in quantum physics, due to the indeterminacy principle which allows only one of each pair of non-commuting observables (for example momentum or position) to be known with arbitrary accuracy. Even more important, an individual particle, cannot be said to have a known position before a measurement, since evolution described by the unitary and deterministic Schrödinger equation provides us only probabilities. 


The most that can be said is that the particle can be found anywhere the probability amplitude is non-zero. This was the core idea of Einstein's claim of "incompleteness." For Bohr to deny this and call quantum mechanics "complete" was just to play word games, which infuriated Einstein.


Einstein was also correct that indeterminacy makes quantum theory an irreducibly discontinuous and statistical theory. Its predictions and highly accurate experimental results are statistical in that they depend on an ensemble of identical experiments, not on any individual experiment. Einstein wanted physics to be a continuous field theory, in which all physical variables are completely and locally determined by the four-dimensional field of space-time in his theory of relativity.


Einstein and his colleagues Erwin Schrödinger, Max Planck, (later David Bohm), and others hoped for a return to deterministic physics, and the elimination of mysterious quantum phenomena like the superposition of states, the mysterious "collapse" of the wave function, and Schrödinger's famous cat.  EPR continues to fascinate determinist philosophers of science who hope to prove that quantum indeterminacy does not exist. 



What happens according to the information interpretation of quantum mechanics is an instantaneous change in the information about probabilities (actually complex probability amplitudes). Nothing physical (matter or energy) is moving anywhere.



But Einstein was also bothered by what is known as "nonlocality," as we saw at the 1927 Solvay conference. This mysterious phenomenon was even more clearly exhibited in EPR experiments as the apparent transfer of something physical faster than the speed of light. Einstein may have already seen this inconsistency with his relativity theory in his 1905 papers. 

The 1935 EPR paper was based on a question of Einstein's about two electrons fired in opposite directions from a central source with equal velocities. He imagined them starting at 
  
    t
    
      0
    
  
 some distance apart and approaching one another with high velocities. Then for a short time interval from 
  
    t
    
      1
    
  
 to t1 + Δt the particles are in contact with one another. 



Most accounts of entanglement and nonlocality begin with the idea that distinguishable particles separate - particle 1 goes one way and particle 2 the other. But indistinguishable particles cannot be separated. And neither one has a distinct path between measurements.


After the particles are measured and become entangled at t1, quantum mechanics describes them with a single two-particle wave function that is not the product of two one-particle wave functions. Because electrons are indistinguishable particles, it is not proper to say electron 1 goes this way and electron 2 that way. (Nevertheless, it is convenient to label the particles, as we do in illustrations below.) It is misleading to think that specific particles have distinguishable paths.

Einstein said correctly that at a later time 
  
    t
    
      2
    
  
, a measurement of one electron's position would instantly establish the position of the other electron - without measuring it explicitly. And this is correct, just as after the collision of two billiard balls, measurement of one ball tells us exactly where the other one is due to conservation of momentum. But this is not "action at a distance." It is more nearly "knowledge at a distance."


Note that Einstein used conservation of linear momentum to calculate the position of the second electron. Although conservation laws are rarely cited as the explanation, they are the physical reason that entangled particles always produce correlated results. If the results were not always correlated, the implied violation of a fundamental conservation law would be a much bigger story than mysterious entanglement itself, as interesting as that is.

[image: image-placeholder]



This idea of something measured in one place "influencing" measurements far away challenged what Einstein thought of as "local reality." It came to be known as "nonlocality." Einstein called it "spukhaft Fernwirkung" or "spooky action at a distance." Schrödinger described the two electrons as "entangled" (verschränkt) at their first measurement. Verschränkt means something like cross-linked. It describes someone standing with arms crossed. Today EPR is the classic example of entanglement.

Einstein  criticized the collapse of the wave function  as "instantaneous-action-at-a-distance."
This criticism resembles the criticisms of Newton's theory of gravitation. Newton's opponents charged that his theory was "action at a distance" and instantaneous. Einstein's own field theory of general relativity shows that gravitational influences travel at the speed of light and are mediated by a gravitational field that shows up as curved space-time.


For Einstein, fields like gravitation and electromagnetism are ponderable, a disturbance of the field at one place is propagated at some finite velocity to other parts of the field. But mathematical probability is not a ponderable field in this sense.


When a probability function collapses to unity in one place and zero elsewhere, nothing physical, neither matter nor energy, is moving from one place to the other. Only information changes. 





1936


Physics and Reality



In his 1936 essay for the Journal of the Franklin Institute, Einstein wrote...


Probably never before has a theory been evolved which
has given a key to the interpretation and calculation of such
a heterogeneous group of phenomena of experience as has
the quantum theory. In spite of this, however, I believe
that the theory is apt to beguile us into error in our search for
a uniform basis for physics, because, in my belief, it is an
incomplete representation of real things, although it is the
only one which can be built out of the fundamental concepts
of force and material points (quantum corrections to classical
mechanics). The incompleteness of the representation is the
outcome of the statistical nature (incompleteness) of the laws.
I will now justify this opinion.

I ask first: How far does the ψ function describe a real
condition of a mechanical system? Let us assume the ψr to
be the periodic solutions (put in the order of increasing energy
values) of the Schr­­ödinger equaτion. I shall leave open, for
the time being, the question as to how far the individual ψr
are complete descriptions of physical conditions. A system is
first in the condition ψ1 of lowest energy S1. Then during a
finite time a small disturbing force acts upon the system. At
a later instant one obtains then from the Schr­­ödinger equation
a ψ function of the form



  ψ
  =
  Σ
  
    c
    
      r
    
  
  
    ψ
    
      r
    
  
  ,



where the cr are (complex) constants. If the ψr
 are "normalized," then |c123 to this condition a definite
energy S, and, in particular, such an energy as exceeds S1 by
a small amount (in any case S1 < S < S2). Such an assumption
is, however, at variance with the experiments on electron
impact such as have been made by J. Franck and G. Hertz,
if, in addition to this, one accepts Millikan's demonstration
of the discrete nature of electricity. As a matter of fact, these
experiments lead to the conclusion that energy values of a
state lying between the quantum values do not exist. From
this it follows that our function ψ does not in any way describe
a homogeneous condition of the body, but represents rather
a statistical description in which the cr represent probabilities
of the individual energy values. It seems to be clear, therefore,
that the Born statistical interpretation of the quantum
theory is the only possible one. The ψ function does not in
any way describe a condition which could be that of a single
system; it relates rather to many systems, to "an ensemble
of systems" in the sense of statistical mechanics. If, except
for certain special cases, the ψ function furnishes only statistical
data concerning measurable magnitudes, the reason lies
not only in the fact that the operation of measuring introduces
unknown elements, which can be grasped only statistically,
but because of the very fact that the ψ function does not, in
any sense, describe the condition of one single system. The
Schr­­ödinger equation determines the time variations which are
experienced by the ensemble of systems which may exist with
or without external action on the single system.


Such an interpretation eliminates also the paradox recently
demonstrated by myself and two collaborators, and
which relates to the following problem.



Here Einstein presents a much clearer version of EPR than in the "paradox" paper.


Consider a mechanical system constituted of two partial
systems A and B which have interaction with each other only
during limited time. Let the ψ function before their interaction
be given. Then the Schrödinger equation will furnish
the ψ function after the interaction has taken place. Let us
now determine the physical condition of the partial system A
as completely as possible by measurements. Then the
quantum mechanics allows us to determine the ψ function of
the partial system B from the measurements made, and from
the ψ function of the total system. This determination,
however, gives a result which depends upon which of the determining
magnitudes specifying the condition of A has been
measured (for instance coördinates or momenta). Since
there can be only one physical condition of B after the interaction
and which can reasonably not be considered as dependent
on the particular measurement we perform on the
system A separated from B it may be concluded that the
function is not unambiguously coördinated with the physical
condition. This coördination of several ψ functions with the
same physical condition of system B shows again that the
function cannot be interpreted as a (complete) description of
a physical condition of a unit system. Here also the coördination
of the ψ function to an ensemble of systems eliminates
every difficulty.4
The fact that quantum mechanics affords, in such a simple
manner, statements concerning (apparently) discontinuous
transitions from one total condition to another without actually
giving a representation of the specific process, this fact is
connected with another, namely the fact that the theory, in
reality, does not operate with the single system, but with a
totality of systems. The coefficients cr of our first example
are really altered very little under the action of the external
force. With this interpretation of quantum mechanics one
can understand why this theory can easily account for the
fact that weak disturbing forces are able to produce alterations
of any magnitude in the physical condition of a system. Such
disturbing forces produce, indeed, only correspondingly small
alterations of the statistical density in the ensemble of systems,
and hence only infinitely weak alterations of the ψ functions,
the mathematical description of which offers far less difficulty
than would be involved in the mathematical representation
of finite alterations experienced by part of the single systems.
What happens to the single system remains, it is true, entirely
unclarified by this mode of consideration; this enigmatic happening
is entirely eliminated from the representation by the
statistical manner of consideration.


But now I ask: Is there really any physicist who believes
that we shall never get any inside view of these important
alterations in the single systems, in their structure and their
causal connections, and this regardless of the fact that these
single happenings have been brought so close to us, thanks to
the marvelous inventions of the Wilson chamber and the
Geiger counter? To believe this is logically possible without
contradiction; but, it is so very contrary to my scientific
instinct that I cannot forego the search for a more complete
conception.


To these considerations we should add those of another
kind which also voice their plea against the idea that the
methods introduced by quantum mechanics are likely to give
a useful basis for the whole of physics. In the Schrödinger
equation, absolute time, and also the potential energy, play
a decisive role, while these two concepts have been recognized
by the theory of relativity as inadmissable in principle. If
one wishes to escape from this difficulty he must found the
theory upon field and field laws instead of upon forces of
interaction. This leads us to transpose the statistical methods
of quantum mechanics to fields, that is to systems of infinitely
many degrees of freedom. Although the at tempts so far
made are restricted to linear equations, which, as we know
from the results of the general theory of relativity, are insufficient,
the complications met up to now by the very ingenious
at tempts are already terrifying. They certainly will rise
sky high if one wishes to obey the requirements of the general
theory of relativity, the justification of which in principle
nobody doubts.


To be sure, it has been pointed out that the introduct ion
of a space-time continuum may be considered as contrary to
nature in view of the molecular structure of everything which
happens on a small scale. It is maintained that perhaps the
success of the Heisenberg method points to a purely algebraical
method of description of nature, that is to the elimination
of continuous functions from physics. Then, however,
we must also give up, by principle, the space-time continuum.
It is not unimaginable that human ingenuity will some day
find methods which will make it possible to proceed along such
a path. At the present time, however, such a program looks
like an at tempt to breathe in empty space.


There is no doubt that quantum mechanics has seized hold
of a beautiful element of truth, and that it will be a test stone
for any future theoretical basis, in that it must be deducible
as a limiting case from that basis, just as electrostatics is
deducible from the Maxwell equations of the electromagnetic
field or as thermodynamics is deducible from classical mechanics.
However, I do not believe that quantum mechanics
will be the starting point in the search for this basis, just as,
vice versa, one could not go from thermodynamics (resp.
statistical mechanics) to the foundations of mechanics.
In view of this situation, it seems to be entirely justifiable
seriously to consider the question as to whether the basis of
field physics cannot by any means be put into harmony with
the facts of the quantum theory. Is this not the only basis
which, consistently with today's possibility of mathemat ical
expression, can be adapted to the requirements of the general
theory of relativity? The belief, prevailing among the
physicists of today, that such an at tempt would be hopeless,
may have its root in the unjustifiable idea that such a theory
should lead, as a first approximation, to the equations of
classical mechanics for the motion of corpuscles, or at least
to total differential equations. As a mat ter of fact up to now
we have never succeeded in representing corpuscles theoretically
by fields free of singularities, and we can, a priori, say
nothing about the behavior of such entities. One thing,
however, is certain : if a field theory results in a representation
of corpuscles free of singularities, then the behavior of these
corpuscles with time is determined solely by the differential
equations of the field.



1947


The Born-Einstein Letters


I cannot make a case for my attitude in physics which you would consider at all reasonable. I admit, of course, that there is a considerable amount of validity in the statistical approach which you were the first to recognize clearly as necessary given the framework of the existing formalism. 

Here Einstein characterizes the nonlinearity he has seen for decades with one of his most famous phrases.


I can not seriously believe in it because the theory cannot be reconciled with the idea that physics should accept a reality in time and space, free from spooky actions at a distance. I am, however, not yet firmly convinced that it can really be achieved with a continuous field theory, although I have discovered a possible way of doing this which seems quite reasonable. The calculation difficulties are so great that I will be biting the dust long before I myself can be fully convinced of it. But I am quite convinced that someone will come up with a theory whose objects, connected by laws, are not probabilities but considered facts, as used to be taken for granted until quite recently. I cannot, however, base this conviction on logical reasons, but only produce my little finger as witness that is, I offer no authority which would be able to command any kind of respect outside of my own hand.



1949


Einstein Philosopher-Scientist



Before I enter upon the question of the completion of the general theory of relativity, I must take a stand with reference to the most successful physical theory of our period, viz., the statistical quantum theory which, about twenty-five years ago, took on a consistent logical form (Schrödinger, Heisenberg, Dirac, Born). This is the only theory at present which permits a unitary grasp of experiences concerning the quantum character of micro-mechanical events. This theory, on the one hand, and the theory of relativity on the other, are both considered correct in a certain sense, although their combination has resisted all efForts up to now. This is probably the reason why among contemporary theoretical physicists there exist entirely differing opinions concerning the question as to how the theoretical foundation of the physics of the future will appear. Will it be a field theory; will it be in essence a statistical theory? I shall briefly indicate my own thoughts on this point.

Physics is an attempt conceptually to grasp reality as it is thought independently of its being observed. In this sense one speaks of “physical reality.” In pre-quantum physics there was no doubt as to how this was to be understood. In Newton’s theory reality was determined by a material point in space and time; in Maxwell’s theory, by the field in space and time. In quantum mechanics it is not so easily seen. If one asks: does a 
  Ψ
-function of the quantum theory represent a real factual situation in the same sense in which this is the case of a material system of points or of an electromagnetic field, one hesitates to reply with a simple “yes” or “no”; why? What the 
  Ψ
-function (at a definite time) asserts, is this: What is the probability for finding a definite physical magnitude q (or p) in a definitely given interval, if I measure it at time t? The probability is here to be viewed as an empirically determinable, and therefore certainly as a “real” quantity which I may determine if I create the same 
  Ψ
-function very often and perform a q- measurement each time. But what about the single measured value of q? Did the respective individual system have this q-value even before the measurement? To this question there is no definite answer within the framework of the [existing] theory, since the measurement is a process which implies a finite disturbance of the system from the outside; it would therefore be thinkable that the system obtains a definite numerical value for q (or p) the measured numerical value, only through the measurement itself. For the further discussion I shall assume two physicists, A and B, who represent a different conception with reference to the real situation as described by the 
  Ψ
-function.


A. The individual system (before the measurement) has a definite value of q (or p) for all variables of the system, and more specifically, that value which is determined by a measurement of this variable. Proceeding from this conception, he will state: The 
  Ψ
-function is no exhaustive description of the real situation of the system but an incomplete description; it expresses only what we know on the basis of former measurements concerning the system.


B. The individual system (before the measurement) has no definite value of q (or p). The value of the measurement only arises in cooperation with the unique probability which is given to it in view of the 
  Ψ
-function only through the act of measurement itself. Proceeding from this conception, he will (or, at least, he may) state: the 
  Ψ
-function is an exhaustive description of the real situation of the system.


We now present to these two physicists the following instance: There is to be a system which at the time t of our observation consists of two partial systems 
  
    S
    
      1
    
  
 and 
  
    S
    
      2
    
  
, which at this time are spatially separated and (in the sense of the classical physics) are without significant reciprocity. The total system is to be completely described through a known 
  Ψ
-function 
  
    Ψ
    
      12
    
  
 in the sense of quantum mechanics. All quantum theoreticians now agree upon the following: If I make a complete measurement of 
  
    S
    
      1
    
  
 I get from the results of the measurement and from 
  
    Ψ
    
      12
    
  
 an entirely definite 
  Ψ
-function of the system 
  
    S
    
      2
    
  
. The character of 
  
    Ψ
    
      2
    
  
 then depends upon what kind of measurement I undertake on 
  
    S
    
      1
    
  
.


Now it appears to me that one may speak of the real factual situation of the partial system 
  
    S
    
      2
    
  
. Of this real factual situation, we know to begin with, before the measurement of 
  
    S
    
      1
    
  
, even less than we know of a system described by the 
  Ψ
-function. But on one supposition we should, in my opinion, absolutely hold fast: the real factual situation of the system 
  
    S
    
      2
    
  
 is independent of what is done with the system 
  
    S
    
      1
    
  
, which is spatially separated from the former. According to the type of measurement which I make of 
  
    S
    
      1
    
  
 I get, however, a very different 
  
    Ψ
    
      2
    
  
 for the second partial system (φ2, φ22, ...). Now, however, the real situation of 
  
    S
    
      2
    
  
 must be independent of what happens to 
  
    S
    
      1
    
  
. For the same real situation of 
  
    S
    
      2
    
  
 it is possible therefore to find, according to one’s choice, different types of 
  Ψ
-function. (One can escape from this conclusion only by either assuming that the measurement of 
  
    Ψ
    
      1
    
  
 ((telepathically)) changes the real situation of 
  
    Ψ
    
      2
    
  
 or by denying independent real situations as such to things which are spatially separated from each other. Both alternatives appear to me entirely unacceptable.)


If now the physicists, A and B, accept this consideration as valid, then B will have to give up his position that the qp-function constitutes a complete description of a real factual situation. For in this case it would be impossible that two different types of ^-functions could be co-ordinated with the identical factual situation of S2.
The statistical character of the present theory would then have to be a necessary consequence of the incompleteness of the description of the systems in quantum mechanics, and there would no longer exist any ground for the supposition that a future basis of physics must be based upon statistics.-------assun^i L
It is my opinion that the contemporary quantum theory by means of certain definitely laid down basic concepts, which on ^ the whole have been taken over from classical mechanics, constitutes an optimum formulation of the connections. I believe, however, that this theory offers no useful point of departure for future development. This is the point at which my expectation departs most widely from that of contemporary physicists. They are convinced that it is impossible to account for the essential aspects of quantum phenomena (apparently discontinuous and temporally not determined changes of the situation of a system, and at the same time corpuscular and undulatory qualities of the elementary bodies of energy) by means of a theory which describes the real state of things [objects] by continuous functions of space for which differential equations are valid. They are also of the opinion that in this way one can not understand the atomic structure of matter and of radiation. They rather expect that systems of differential equations, which could come under consideration for such a theory, in any case would have no solutions which would be regular (free from singularity) everywhere in four-dimensional space. Above everything else, Ihowever, they believe that the apparently discontinuous char- jacter of elementary events can be described only by means of an f essentially statistical theory, in which the discontinuous changes < of the systems are taken into account by 'way of the continuous ' changes of the probabilities of the possible states.


All of these remarks seem to me to be quite impressive.



Visualizing Entanglement, Nonlocality, and Nonseparability

Schrödinger said that his "Wave Mechanics" provided more "visualizability" (Anschaulichkeit) than the "damned quantum jumps" of the Copenhagen school, as he called them. He was right. We can use the wave function to visualize EPR.

But we must focus on the probability amplitude wave function of the prepared two-particle state. We must not attempt to describe the paths or locations of independent particles - at least until after some measurement has been made. We must also keep in mind the conservation laws that Einstein used to describe nonlocal behavior in the first place. Then we can see that the "mystery" of nonlocality for two particles is primarily the same mystery as the single-particle collapse of the wave function. But there is an extra mystery, one we might call an "enigma," that results from the nonseparability of identical indistinguishable particles.


As Richard Feynman said, there is only one mystery in quantum mechanics (the superposition of states, the probabilities of collapse into one state, and the consequent statistical outcomes). The only difference in two-particle entanglement and nonlocality is that two particles appear simultaneously (in their original interaction frame) when their wave function collapses.


We choose to examine a phenomenon which is impossible, absolutely impossible, to explain in any classical way, and which has in it the heart of quantum mechanics. In reality, it contains the only mystery. We cannot make the mystery go away by "explaining" how it works. We will just tell you how it works. In telling you how it works we will have told you about the basic peculiarities of all quantum mechanics.


In the time evolution of an entangled two-particle state according to the Schrödinger equation, we can visualize it - as we visualize the single-particle wave function - as collapsing when a measurement is made. The discontinuous "jump" is also described as the "reduction of the wave packet." This is apt in the two-particle case, where the superposition of | + - > and | - + > states is "projected"  or "reduced" to one of these states, and then further reduced to the product of independent one-particle states.


In the two-particle case (instead of just one particle making an appearance), when either particle is measured we know instantly those now determinate properties of the other particle that satisfy the conservation laws, including its location equidistant from, but on the opposite side of, the source.



Animation of a two-particle wave function collapsing - click to restart

[image: image-placeholder]


Some commentators say that nonlocality and entanglement are a "second revolution" in quantum mechanics, "the greatest mystery in physics," or "science's strangest phenomenon," and that quantum physics has been "reborn." They usually quote Erwin Schrödinger as saying


"I consider [entanglement] not as one, but as the characteristic trait of quantum mechanics, the one that enforces its entire departure from classical lines of thought."


Schrödinger knew that his two-particle wave function could not have the same simple interpretation as the single particle, which can be visualized in ordinary 3-dimensional configuration space. And he is right that entanglement exhibits a richer form of the "action-at-a-distance" and nonlocality that Einstein had already identified in the collapse of the single particle wave function. 

But the main difference is that two particles acquire new properties instead of one, and they do it instantaneously (at faster than light speeds), just as in the case of a single-particle measurement, where the finite probability of appearing at various distant locations collapses to zero at the instant the particle is found somewhere.



We can enhance our visualization of what might be happening between the time two entangled electrons are emitted with opposite spins and the time one or both electrons are detected.


Quantum mechanics describes the state of the two electrons as in a linear combination of | + - > and | - + > states.  We can visualize the electron moving left to be both spin up | + > and spin down | - >. And the electron moving right would be both spin down | - > and spin up | + >.  We could require that when the left electron is spin up | + >, the right electron must be  spin down | - >, so that total spin is always conserved.


Consider this possible animation of the experiment, which illustrates the assumption that each electron is in a linear combination of up and down spin. It imitates the superposition (or linear combination) with up and down arrows on each electron oscillating quickly. 


Notice that if you move the animation frame by frame by dragging the dot in the timeline, you will see that total spin = 0 is conserved. When one electron is spin up the other is always spin down.


🎬Videohttps://www.informationphilosopher.com/animations/Animate_EPR_Osc.mp4


Since quantum mechanics says we cannot know the spin until it is measured, our best estimate is a 50/50 probability between up and down.


This is the same as assuming Schrödinger's Cat is 50/50 alive and dead. But what this means of course is simply that if we do a large number of identical experiments, the statistics for live and dead cats will be approximately 50/50%. We never observe/measure a cat that is both dead and alive!


As Einstein noted, QM tells us nothing about individual cats. Quantum mechanics is incomplete in this respect. He is correct, although Bohr and Heisenberg insisted QM is complete, because we cannot know more before we measure, and reality is created (they say) when we do measure.


Despite accepting that a particular value of an "observable" can only be known by a measurement (knowledge is an epistemological problem, Einstein asked whether the particle actually (really, ontologically) has a path and position before we measure it?  His answer was yes.


Here is an animation that illustrates the unprovable assumption that the two electrons are randomly produced in a spin-up and a spin-down state, and that they remain in those states no matter how far they separate, provided neither interacts until the measurement.  An interaction does what is described as decohering the two states.


🎬Videohttps://www.informationphilosopher.com/animations/Animate_EPR.mp4





Recall that it was Einstein who discovered in 1924 the identical nature, indistinguishability, and interchangeability of some quantum particles. He found that identical particles are not independent, altering their quantum statistics.

 Note the anachronism of electrons as Einstein's generic particles. It was David Bohm in 1952 who proposed that Einstein's EPR problem use electrons.  Today many if not most accounts of the EPR paradox describe it with electrons.


Source: https://www.informationphilosopher.com/entanglement/spooky/





  
  Wheeler's Delayed Choice
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Wheeler's Delayed Choice

Wheeler's delayed choice experiment, like the quantum eraser, and the Mach-Zender interferometer, involves a superposition of two quantum states similar to those in entanglement, the two-slit experiment, and Schrödinger's Cat.  


In the delayed choice experiment, events that happened in the distant past appear to be changed.  


Wheeler 
                           




.         
These weird                                                                                                                    
                                                                                                                                  
                                                                                                                                  
                                                                                                                                  
            phenomena are described in many popular books that misunderstand or misinterpret what quantum particles and quantum wave functions are actually or "really" doing. While "nobody understands quantum mechanics," as Richard Feynman famously said, we hope to explain how Albert Einstein's "spooky action at a distance" has given rise to the amazing new technologies of the "second quantum revolution." 


These "quantum resources" include the generation of quantum random bit strings used as unbreakable cryptographic codes ("") for secure communications, and the entangled "qubits" that may become the basis for quantum computing. 




Source: https://www.informationphilosopher.com/quantum/delayed_choice/





  
  Mach-Zender
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Mach-Zender

The Mach-Zender interferometer involves a superposition of two quantum states like those in entanglement, the two-slit experiment, and Schrödinger's Cat.  


Depending on the experimental setup, the outcomes can be misinterpreted as sending signals instantaneously (faster than light speed and violating relativity), a particle thought to be in two places at the same time, events that happened in the distant past being changed, an interference pattern remotely disappearing and reappearing, and other weird phenomena of which cats simultaneously dead and alive is probably the most well-known.


These weird phenomena are described in many popular books that misunderstand or misinterpret what quantum particles and quantum wave functions are actually or "really" doing. While "nobody understands quantum mechanics," as Richard Feynman famously said, we hope to explain how Albert Einstein's "spooky action at a distance" has given rise to the amazing new technologies of the "second quantum revolution." 


These "quantum resources" include the generation of quantum random bit strings used as unbreakable cryptographic codes ("") for secure communications, and the entangled "qubits" that may become the basis for quantum computing. 




Source: https://www.informationphilosopher.com/quantum/mach-zender/





  
  Spooky Action at a Distance
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Spooky Action at a Distance

For over forty years Albert Einstein was concerned about "nonlocal" instantaneous actions between widely separated objects before he coined the famous description as spooky action at a distance (Spukhafte Fernwerken in German) in a letter to Max Born in May 1947, a few years before his death. We look at eleven critical years of Einstein's work on nonlocality.


Go to: 19091916192419271933  ; 19341935193619471949


1905


Few histories point out that it was Einstein who over three decades invented (or discovered) nonlocality and entanglement, as well as the ontological chance in quantum mechanics that is the real basis of the acausality that Heisenberg years later saw in his uncertainty principle.


In accordance with the assumption to be considered here, the energy of a light ray spreading 
out from a point source is not continuously 
distributed over an increasing space but consists 
of a finite number of energy quanta which are 
localized at points in space, which move without 
dividing, and which can only be produced and 
absorbed as complete units. 

We therefore arrive at the conclusion: the 
greater the energy density and the wavelength 
of a radiation, the more useful do the theoretical 
principles we have employed turn out to be; for 
small wavelengths and small radiation densities, 
however, these principles fail us completely.



[W]e further conclude that: Monochromatic radiation of low density (within the 
range of validity of Wien's radiation formula) 
behaves thermodynamically as though it consisted of a number of independent energy quanta.




Thermodynamically, radiation behaves like gas particles. Light cannot be spread out continuously in all directions if the energy is absorbed as a unit that ejects a photoelectron in the photoelectric effect. 

[image: image-placeholder]

An electron to which kinetic energy has been
imparted in the interior of the body will have
lost some of this energy by the time it reaches
the surface. Furthermore, we shall assume that
in leaving the body each electron must perform
an amount of work P characteristic of the substance...


If each energy quantum of the incident light,
independently of everything else, delivers its
energy to electrons, then the velocity distribution
of the ejected electrons will be independent of the
intensity of the incident light; on the other hand
the number of electrons leaving the body will,
if other conditions are kept constant, be proportional
to the intensity of the incident light...

In the foregoing it has been assumed that the
energy of at least some of the quanta of the
incident light is delivered completely to individual
electrons

   



Why did Bohr not see in 1913, or Einstein point out to him, that when a jumping electron in an atom absorbs or emits energy, the energy is a single light quantum particle? He surely knew that was what was happening in the Bohr atom!


If the energy travels as a spherical light wave radiated into space in all directions, how can it instantaneously collect itself together to be absorbed into a single electron. Is this the origin of seeing the event as a "collapse"?

Einstein already in 1905 saw something nonlocal about the photon and that there is both a wave aspect and a particle aspect to electromagnetic radiation. He will make those aspects more clear and in 1909 describe the wave-particle relationship more clearly than it is usually presented today, with all the confusion about whether photons and electrons are waves or particles or both.




1909


Wave-particle Duality


Einstein greatly expanded his light-quantum hypothesis in a presentation at the Salzburg conference in September, 1909. He argued that the interaction of radiation and matter involves elementary processes that are not "invertible," a deep insight into the irreversibility of natural processes. While incoming spherical waves of radiation are mathematically possible, they are not practically achievable. Nature appears to be asymmetric in time. He speculates that the continuous electromagnetic field might be made up of large numbers of light quanta - singular points in a field that superimpose collectively to display the wavelike behavior.


Although he could not formulate a mathematical theory that does justice to both the continuous oscillatory waves and the discrete particle pictures, Einstein argued that they could be "fused" and made compatible. This was over a decade before Erwin Schrödinger's wave mechanics and Werner Heisenberg's quantum mechanics. And because gases behave statistically, he knows that the connection between the wave and particles may involve probabilistic behavior. 



When light was shown to exhibit interference and diffraction, it seemed almost certain that light should be considered a wave.

The greatest advance in theoretical optics since the introduction of the oscillation theory was Maxwell's brilliant discovery that light can be understood as an electromagnetic process...One became used to treating electric and magnetic fields as fundamental concepts that did not require a mechanical interpretation.


This path leads to the so-called relativity theory. I only wish to bring in one of its consequences, for it brings with it certain modifications of the fundamental ideas of physics. It turns out that the inertial mass of an object decreases by L / c2 when that object emits radiation of energy L...the inertial mass of an object is diminished by the emission of light. 


The energy given up was part of the mass of the object. One can further conclude that every absorption or release of energy brings with it an increase or decrease in the mass of the object under consideration. Energy and mass seem to be just as equivalent as heat and mechanical energy. 

Relativity theory has changed our views on light. Light is conceived not as a manifestation of the state of some hypothetical medium, but rather as an independent entity like matter. Moreover, this theory shares with the corpuscular theory of light the unusual property that light carries inertial mass from the emitting to the absorbing object. Relativity theory does not alter our conception of radiation's structure; in particular, it does not affect the distribution of energy in radiation-filled space. 


Nevertheless, with respect to this question, I believe that we stand at the beginning of a development of the greatest importance that cannot yet be surveyed. The statements that follow are largely my personal opinion, or the results of considerations that have not yet been checked enough by others. If I present them here in spite of their uncertainty, the reason is not an excessive faith in my own views, but rather the hope to induce one or another of you to deal with the questions considered.

In the kinetic theory of molecules, for every process in which only a few elementary particles participate (e.g., molecular collisions), the inverse process also exists. But that is not the case for the elementary processes of radiation. 


Incoming spherical waves (the advanced potential considered by John Wheeler and Richard Feynman in 1945) are never observed in nature. Radiation is irreversible, one of the arrows of time

According to our prevailing theory, an oscillating ion generates a spherical wave that propagates outwards. The inverse process does not exist as an elementary process. A converging spherical wave is mathematically possible, to be sure; but to approach its realization requires a vast number of emitting entities. The elementary process of emission is not invertible. In this, I believe, our oscillation theory does not hit the mark. Newton's emission theory of light seems to contain more truth with respect to this point than the oscillation theory since, first of all, the energy given to a light particle is not scattered over infinite space, but remains available for an elementary process of absorption.

Consider the laws governing the production of secondary cathode radiation by X-rays. If primary cathode rays impinge on a metal plate P1, they produce X-rays. If these X-rays impinge on a second metal plate P2, cathode rays are again produced whose speed is of the same order as that of the primary cathode rays. 


[image: image-placeholder]


As far as we know today, the speed of the secondary cathode rays depends neither on the distance between P1 and P2, nor on the intensity of the primary cathode rays, but rather entirely on the speed of the primary cathode rays. Let's assume that this is strictly true. What would happen if we reduced the intensity of the primary cathode rays or the size of P1 on which they fall, so that the impact of an electron of the primary cathode rays can be considered an isolated process? 


In his remarks after the talk, Johannes Stark confirmed that he had observed a single X-ray that traveled as far as ten meters and ejected a similar energy electron from P2.


If the above is really true then, because of the independence of the secondary cathode rays' speed on the primary cathode rays' intensity, we must assume that an electron impinging on P1 will either cause no electrons to be produced at P2, or else a secondary emission of an electron whose speed is of the same order as that of the initial electron impinging on P1. In other words, the elementary process of radiation seems to occur in such a way that it does not scatter the energy of the primary electron in a spherical wave propagating in every direction, as the oscillation theory demands.


That energy is possibly available "somewhere else" is the key idea of nonlocality that Einstein will present in 1927 at the Solvay conference


Rather, at least a large part of this energy seems to be available at some place on P2, or somewhere else. The elementary process of the emission of radiation appears to be directional. Moreover, one has the impression that the production of X-rays at P1 and the production of secondary cathode rays at P2 are essentially inverse processes.
Therefore, the constitution of radiation seems to be different from what our oscillation theory predicts. The theory of thermal radiation has given important clues about this, mostly by the theory on which Max Planck based his radiation formula...


Planck's theory leads to the following conjecture. If it is really true that a radiative resonator can only assume energy values that are multiples of hν, the obvious assumption is that the emission and absorption of light occurs only in these energy quantities. On the basis of this hypothesis, the light-quanta hypothesis, the questions raised above about the emission and absorption of light can be answered. As far as we know, the quantitative consequences of this light-quanta hypothesis are confirmed. This provokes the following question. Is it not thinkable that Planck's radiation formula is correct, but that another derivation could be found that does not rest on such a seemingly monstrous assumption as Planck's theory? Is it not possible to replace the light-quanta hypothesis with another assumption, with which one could do justice to known phenomena? If it is necessary to modify the theory's elements, couldn't one keep the propagation laws intact, and only change the conceptions of the elementary processes of emission and absorption?


As far as I know, no mathematical theory has been advanced that does justice to both its oscillatory structure and its quantum structure...


Anyway, this conception seems to me the most natural: that the manifestation of light's electromagnetic waves is constrained at singularity points, like the manifestation of electrostatic fields in the theory of the electron. It cannot be ruled out that, in such a theory, the entire energy of the electromagnetic field could be viewed as localized in these singularities, just like the old theory of action-at-a-distance. I imagine to myself, each such singular point surrounded by a field that has essentially the same character as a plane wave, and whose amplitude decreases with the distance between the singular points. If many such singularities are separated by a distance small with respect to the dimensions of the field of one singular point, their fields will be superimposed, and will form in their totality an oscillating field that is only slightly different from the oscillating field in our present electromagnetic theory of light. Of course, it need not be emphasized that such a picture is worthless unless it leads to an exact theory. I only wished to illustrate that the two structural properties of radiation according to Planck's formula (oscillation structure and quantum structure) should not be considered incompatible with one another.

   



Now Einstein looks for symmetry and equivalent treatment for interchangeable matter and energy.



1916


The Interaction of Radiation and Matter as the Origin of Irreversibility

In his two papers on quantum mechanics in 1916-17, Einstein's discovery of ontological chance is the most important contribution to physics and philosophy. But his insight into the asymmetry of the emission and absorption processes may be used to discover the origin of irreversibility and an explanation for Boltzmann's hypothesis of "molecular disorder."


What we might call Einstein's "radiation asymmetry" was introduced with these words,


When a molecule absorbs or emits the energy
ε in the form of radiation during the transition between quantum theoretically possible
states, then this elementary process can be viewed either as a completely or partially
directed one in space, or also as a symmetrical (nondirected) one. It turns out that we
arrive at a theory that is free of contradictions, only if we interpret those elementary
processes as completely directed processes.

The elementary process of the emission and absorption of radiation is asymmetric, because the process is directed, as Einstein had explicitly noted first in 1909, and we know he had seen as early as 1905. The apparent isotropy of the emission of radiation is only what Einstein called "pseudo-isotropy" (Pseudoisotropie), a consequence of time averages over large numbers of events. Einstein often substitutes time averages for space averages, or averages over the possible states of a system in statistical mechanics.




a quantum theory free
from contradictions can only be obtained if the emission process, just
as absorption, is assumed to be directional. In that case, for each
elementary emission process Zm->Zn a momentum of magnitude
(εm—εn)/c is transferred to the molecule. If the latter is isotropic, we
shall have to assume that all directions of emission are equally probable. 

If the molecule is not isotropic, we arrive at the same statement if the
orientation changes with time in accordance with the laws of chance.
Moreover, such an assumption will also have to be made about the
statistical laws for absorption, (B) and (B'). Otherwise the constants
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 would have to depend on the direction, and this can be
avoided by making the assumption of isotropy or pseudo-isotropy
(using time averages). 



Now the principle of microscopic reversibility is a fundamental assumption of statistical mechanics. It underlies the principle of "detailed balancing," which is critical to the understanding of chemical reactions. In thermodynamic equilibrium, the number of forward reactions is exactly balanced by the number of reverse reactions.
But microscopic reversibility, while true in the sense of averages over time, should not be confused with the reversibility of individual collisions between molecules.


The equations of classical dynamics are reversible in time. And the deterministic Schrödinger equation of motion in quantum mechanics is also time reversible. Irreversibility thus depends on the "projection" of a superposition of states into a single state, the so-called "collapse" of the wave function.




1924


The Quantum Statistics for Photons


In 1924, Einstein received an amazing very short paper from India by Satyendra Nath Bose. Einstein must have been pleased to read the title, "Planck's Law and the Hypothesis of Light Quanta." It was more attention to Einstein's 1905 work than anyone had paid in nearly twenty years. The paper began by claiming that the "phase space" (a combination of 3-dimensional coordinate space and 3-dimensional momentum space) should be divided into small volumes of h3, the cube of Planck's constant. By counting the number of possible distributions of light quanta over these cells, Bose claimed he could calculate the entropy and all other thermodynamic properties of the radiation.

Bose easily derived the inverse exponential function, Einstein too had derived this. Maxwell and Boltzmann derived it, without the additional -1, by analogy from the Gaussian exponential tail of probability and the theory of errors.
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(Planck had simply guessed this expression from Wien's law  by adding the term - 1 in the denominator of  Wien's a / e - bν / T). 



All previous derivations of the Planck law, including Einstein's of 1916-17 (which Bose called "remarkably elegant"), used classical electromagnetic theory to derive the density of radiation, the number of "modes" or "degrees of freedom" of the radiation field,
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But now Bose showed he could get this quantity with a simple statistical mechanical argument remarkably like that Maxwell used to derive his distribution of molecular velocities. Where Maxwell said that the three directions of velocities for particles are independent of one another, but of course equal to the total momentum,



px2 + py2 + pz2 = p2,



Bose just used Einstein's relation for the momentum of a photon,
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and he wrote 
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This led him to calculate a frequency interval in phase space as 
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which he simply divided by  h3, multiplied by 2 to account for two polarization degrees of freedom, and he had derived the number of cells belonging to dν,
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without using classical radiation laws, a correspondence principle, or even Wien's law. His derivation was purely statistical mechanical, based only on the number of cells in phase space and the number of ways N photons can be distributed among them.


Einstein immediately translated the Bose paper into German and had it published in Zeitschrift für Physik, without even telling Bose.  More importantly, Einstein then went on to discuss a new quantum statistics that predicted low-temperature condensation of any particles with integer values of the spin. So called Bose-Einstein statistics were quickly shown by Dirac to lead to the quantum statistics of half-integer spin particles called Fermi-Dirac statistics. Fermions are half-integer spin particles that obey Pauli's exclusion principle so a maximum of two particles, with opposite spins, can be found in the fundamental h3 volume of phase space identified by Bose.


Einstein's 1916 work on transition probabilities predicted the stimulated emission of radiation that brought us lasers (light amplification by the stimulated emission of radiation). Now his work on quantum statistics brought us the Bose-Einstein condensation. Either work would have made their discoverer a giant in physics, but these are more often attributed to Bose, just as Einstein's quantum discoveries before the Copenhagen Interpretation are mostly forgotten by historians and today's textbooks, or attributed to others.


This may have been Einstein's last positive contribution to quantum physics. Some judge his next efforts as purely negative attempts to discredit quantum mechanics, by graphically illustrating quantum phenomena that seem logically impossible or at least in violation of fundamental theories like his relativity. But information philosophy hopes to provide explanations for Einstein's paradoxes that depend on the immaterial nature of information. 


The phenomena of nonlocality, nonseparability, and entanglement may not be made intuitive by our explanations, but they can be made understandable. And they can be visualized in a way that Einstein and Schrödinger might have liked, even if they might still have found the phenomena difficult to believe. We hope even the layperson will see our animations as providing them an understanding of what quantum mechanics is doing in the microscopic world. The animations present standard quantum physics as Einstein saw it, though Schrödinger never accepted the "collapse" of the wave function and the existence of particles making quantum jumps.





1927


The Fifth Solvay Conference, On Electrons and Photons 


Sadly, despite Einstein's two decades of pioneering work on the interaction of photons and electrons, his ideas and concerns were given little attention at this Solvay, though the conference was dedicated to electrons and photons.

The conference was dominated by papers on the new quantum theory delivered by Louis de Broglie, Niels Bohr, Max Born and Werner Heisenberg. It is best known for Einstein's after-hours suggestions to Bohr and Heisenberg probing for faults in the uncertainty principle.  Accounts of these events have been told largely by the victors (there are no holes in uncertainty) but Einstein has said they often missed or ignored his important point. That point was the nonlocal behavior of a spherical light wave as it collapses to get absorbed by a single electron. This was Einstein's only contribution mentioned in the published proceedings. 


Here are the notes on Einstein's original remarks at the conference and Bohr's brief response. They contain much of Einstein's 1935 EPR paper, except in 1927 only one particle is involved. Entanglement in EPR requires two identical particles.


Notice how Einstein's diagram clearly shows his concerns of over two decades about reconciling a spherical wave (his example is now an electron) and its collapse to being measured at just one point as if it is a particle. At this point in the history of quantum mechanics, wave-particle duality is seen as the debate between Schrödinger's wave mechanics and Heisenberg's particle mechanics.


[image: image-placeholder]

MR ElNSTEIN. - Despite being conscious of the fact that I have not entered
deeply enough into the essence of quantum mechanics, nevertheless I want to 
present here some general remarks.


One can take two positions towards the theory with respect to its postulated
domain of validity, which I wish to characterise with the aid of a simple example.


Let S be a screen provided with a small opening O, and P a hemispherical
photographic film of large radius. Electrons impinge on S in the direction of the arrows. Some of these go through O, and because of the smallness of O and the speed of the particles, are dispersed uniformly over the directions of the hemisphere, and act on the film.


Both ways of conceiving the theory now have the following in common. There are de Broglie waves, which impinge approximately normally on S and are diffracted at O. Behind S there are spherical waves, which reach the screen P  and
whose intensity at P is responsible [massgebend] for what happens at P.


We can now characterise the two points of view as follows.


1. Conception I. - The de Broglie-Schrödinger waves do not correspond to a single electron, but to a cloud of electrons extended in space. The theory gives no information about individual processes, but only about the ensemble of an infinity of elementary processes.


2. Conception II. - The theory claims to be a complete theory of individual processes. Each particle directed towards the screen, as far as can be determined by its position and speed, is described by a packet of de Broglie-Schrödinger waves of short wavelength and small angular width. This wave packet is diffracted and, after diffraction, partly reaches the film P in a state of resolution [un etat de resolution].



The waves give the probability or possibilities for a single electron being found at different locations in an ensemble of identical experiments. A wave does not describe a cloud of electrons as Schrödinger had hoped. Einstein's ensemble theory is the correct interpretation.


According to the first, purely statistical, point of view 
  |
  ψ
  
    |
    
      2
    
  
 expresses the
probability that there exists at the point considered a particular particle of the cloud, for example at a given point on the screen.



If by the same particle, Einstein means that the one individual particle has a possibility of being found at more than one (indeed many) locations on the screen. This is so, but this seems to be conception I?


According to the second, | ψ |2 expresses the probability that at a given instant
the same particle is present at a given point (for example on the screen). Here, 
the theory refers to an individual process and claims to describe everything that is governed by laws.

The second conception goes further than the first, in the sense that all the
information resulting from I results also from the theory by virtue of II, but
the converse is not true. It is only by virtue of II that the theory contains the
consequence that the conservation laws are valid for the elementary process; it is only from II that the theory can derive the result of the experiment of Geiger and Bothe, and can explain the fact that in the Wilson [cloud] chamber the droplets stemming from an α-particle are situated very nearly on continuous lines.



Einstein is right that the one elementary process has a possibility of action elsewhere, but that could not mean producing an actual second particle. That would contradict conservation laws.

The "mechanism" of action-at-a-distance is simply the disappearance of possibilities elsewhere when a particle is actualized (localized) somewhere  



But on the other hand, I have objections to make to conception II. The scattered
wave directed towards P does not show any privileged direction. If | ψ |2 were
simply regarded as the probability that at a certain point a given particle is found at 
a given time, it could happen that the same elementary process produces an action in two or several places on the screen. But the interpretation, according to which | ψ |2 expresses the probability that this particle is found at a given point, assumes an entirely peculiar mechanism of action at a distance, which prevents the wave continuously distributed in space from producing an action in two places on the
screen.


When a particle appears - just one of the multiple nonlocal possibilities becomes actual or localized - at a specific point P , what becomes of the wave that was going off in all other directions? Its "collapse" - the instantaneous going to zero of probabilities - mistakenly appears to Einstein to violate his relativity principle.

In my opinion, one can remove this objection only in the following way, that one
does not describe the process solely by the Schrödinger wave, but that at the same
time one localises the particle during the propagation. I think that Mr de Broglie is
right to search in this direction. If one works solely with the Schrödinger waves,
interpretation II of | ψ |2 implies to my mind a contradiction with the postulate of relativity.


The permutation of two identical particles does not produce two different points in multidimensional (configuration space).  
Einstein and Bose discovered  the new quantum statistics and indistinguishability. Dirac and Fermi extended it to electrons.
For example, interchange of the two electrons in the filled first electron shell, 1s2, just produces a change of sign for the two-particle wave function.


I should also like to point out briefly two arguments which seem to me to speak against the point of view II. This [view] is essentially tied to a multi-dimensional representation (configuration space), since only this mode of representation makes
possible the interpretation of | ψ |2 peculiar to conception II. Now, it seems to me
that objections of principle are opposed to this multi-dimensional representation.
In this representation, indeed, two configurations of a system that are distinguished only by the permutation of two particles of the same species are represented by two different points (in configuration space), which is not in accord with the new results in statistics. Furthermore, the feature of forces of acting only at small spatial distances finds a less natural expression in configuration space than in the space of three or four dimensions.

   


If by the same particle, Einstein means that the one individual particle has a possibility of being found at more than one (indeed many) locations on the screen. This is so, but this seems to be conception I?



Bohr's reaction to Einstein's presentation has been preserved. He didn't understand a word! He disingenuously claims he does not know what quantum mechanics is. His response is vague and ends with his ideas on complementarity and the inability to describe a causal spacetime reality.

   

MR BOHR. I feel myself in a very difficult position because I don't understand what precisely is the point which Einstein wants to [make]. No doubt it is my fault.

As regards general problem I feel its difficulties. I would put [the] problem in [an]other way. I do not know what quantum mechanics is. I think we are dealing with some mathematical methods which are adequate for description of our experiments. Using a rigorous wave theory we are claiming something which the theory cannot possibly give. [We must realise] that we are away from that state where we could hope of describing things on classical theories. [I] Understand [the] same view is held by Born and Heisenberg. I think that we actually just try to meet, as in all other theories, some requirements of nature, but [the} difficulty is that we must use words which remind [us] of older theories. The whole foundation for causal spacetime description is taken away by quantum theory, for it is based on [the] assumption of observations without interference. ... excluding interference means exclusion of experiment and the whole meaning of space and time observation ... because we [have] interaction [between object and measuring instrument] and thereby we put us on a quite different standpoint than we thought we could take in classical theories. If we speak of observations we play with a statistical problem There are certain features complementary to the wave pictures (existence of individuals). ...



The saying that spacetime is an abstraction might seem a philosophical triviality but nature reminds us that we are dealing with something of practical interest. Depends on how I consider theory. I may not have understood, but I think the whole thing lies [therein that the] theory is nothing else [but] a tool for meeting our requirements and I think it does.

   



Does Bohr really not understand? As we have seen, Einstein has been making this general point for many years. Only recently has Bohr taken Einstein's concept of light quanta seriously.


Twenty-two years later, in his contribution to the Schilpp memorial volume on Einstein, Bohr had no better response to Einstein's 1927 concerns. But he does remember vividly and provides a picture of what Einstein drew on the blackboard. 


Here is Bohr's 1949 recollection:




At the general discussion in Como, we all missed the presence of Einstein,
but soon after, in October 1927, I had the opportunity to meet him in Brussels
at the Fifth Physical Conference of the Solvay Institute, which was devoted
to the theme "Electrons and Photons." 

At the Solvay meetings,
Einstein had from their beginning been a most prominent figure, and several
of us came to the conference with great anticipations to learn his reaction
to the latest stage of the development which, to our view, went far in
clarifying the problems which he had himself from the outset elicited so
ingeniously. During the discussions, where the whole subject was reviewed
by contributions from many sides and where also the arguments mentioned
in the preceding pages were again presented, Einstein expressed, however,
a deep concern over the extent to which a causal account in space and time
was abandoned in quantum mechanics. 
To illustrate his attitude, Einstein referred at one of the sessions
to the simple example, illustrated by Fig. 1, of a particle (electron or
photon) penetrating through a hole or a narrow slit in a diaphragm placed
at some distance before a photographic plate. 
[image: photon passes through a slit]

On account of the diffraction of the wave connected with the motion
of the particle and indicated in the figure by the thin lines, it is under
such conditions not possible to predict with certainty at what point the
electron will arrive at the photographic plate, but only to calculate the
probability that, in an experiment, the electron will be found within any
given region of the plate. 


Bohr's labels for points A and B are helpful. The "nonlocal" effects at point B are just that the probability of an electron being found at point B goes to zero instantly (not an "action at a distance") when an electron is localized at point A


The apparent difficulty, in this description,
which Einstein felt so acutely, is the fact that, if in the experiment
the electron is recorded at one point A of the plate, then it is out of
the question of ever observing an effect of this electron at another point
(B), although the laws of ordinary wave propagation offer no room for a
correlation between two such events. 




Note that they wanted Einstein's reaction to their work, but actually took little interest in Einstein's concern about the nonlocal implications of quantum mechanics, nor did they look at his work on electrons and photons, despite the conference title. 


Although Bohr seems to have missed Einstein's point completely, Werner Heisenberg at least came to explain it well. In his 1930 lectures at the University of Chicago, Heisenberg presented a critique of both particle and wave pictures, including a new example of nonlocality that Einstein had apparently developed since 1927. It includes Einstein's concern about "action-at-a-distance" that might violate his principle of relativity, and anticipates the Einstein-Podolsky-Rosen paradox. Heisenberg  wrote:

   

In relation to these considerations, one other idealized experiment (due to Einstein) may be considered. We imagine a photon which is represented by a wave packet built up out of Maxwell waves. It will thus have a certain spatial extension and also a certain range of frequency. By reflection at a semi-transparent mirror, it is possible to decompose it into two parts, a reflected and a transmitted packet. There is then a definite probability for finding the photon either in one part or in the other part of the divided wave packet. After a sufficient time the two parts will be separated by any distance desired; now if an experiment yields the result that the photon is, say, in the reflected part of the packet, then the probability of finding the photon in the other part of the packet immediately becomes zero. The experiment at the position of the reflected packet thus exerts a kind of action (reduction of the wave packet) at the distant point occupied by the transmitted packet, and one sees that this action is propagated with a velocity greater than that of light. However, it is also obvious that this kind of action can never be utilized for the transmission of signals so that it is not in conflict with the postulates of the theory of relativity.

   



1933


Einstein visualizes Two-Particle Nonlocality


In 1933, shortly before he left Germany to emigrate to America, 
Einstein attended a lecture on quantum electrodynamics by Leon
Rosenfeld. Keep in mind that Rosenfeld was perhaps the most
dogged defender of the Copenhagen Interpretation. After the talk,
Einstein asked Rosenfeld, 

“What do you think of this situation?”
Suppose two particles are set in motion towards each other with
the same, very large, momentum, and they interact with each
other for a very short time when they pass at known positions.
Consider now an observer who gets hold of one of the particles,
far away from the region of interaction, and measures its
momentum: then, from the conditions of the experiment, he will
obviously be able to deduce the momentum of the other particle.
If, however, he chooses to measure the position of the first
particle, he will be able tell where the other particle is.


It is most unfortunate that Einstein did not explain that measuring the momentum of the first particle allows us to deduce the momentum of the second particle because of the conservation of linear momentum.


The same conservation principle explains as Einstein says, "If, however, he chooses to measure the position of the first
particle, he will be able tell where the other particle is." If Einstein had called this ability to tell "knowledge (information) at a distance," instead of "spooky action at a distance," entanglement might never have been thought "spooky" at all, just a correlation of properties.   


We can diagram a simple case of Einstein’s question as follows after the particles have interacted and separate from the center. We use electrons instead of generic particles, an anachronism introduced by David Bohm in 1952.


[image: image-placeholder]


Recall that it was Einstein who discovered in 1924 the identical nature, indistinguishability, and interchangeability of some quantum particles. He found that identical particles are not independent, altering their quantum statistics.

 Note the anachronism of electrons as Einstein's generic particles. It was David Bohm in 1952 who proposed that Einstein's EPR problem use electrons.  Today many if not most accounts of the EPR paradox describe it with electrons.


After the particles interact at t1, quantum mechanics describes them with a single two-particle wave function that is not the product of independent single-particle wave functions. In the case of electrons, which are indistinguishable interchangeable particles, it is not proper to say electron 1 goes this way and electron 2 that way. (Nevertheless, it is convenient to label the particles, as we do in the illustration.) 

Einstein then asked Rosenfeld, “How can the final state of the second
particle be influenced by a measurement performed on the first
after all interaction has ceased between them?” This was the germ
of the EPR paradox, and ultimately the problem of two-particle
entanglement.


Why does Einstein question Rosenfeld and describe this as an
“influence,” suggesting an “action-at-a-distance?”


It is only paradoxical in the context of Rosenfeld’s Copenhagen
Interpretation, since the second particle is not itself measured and
yet we know something about its properties, which the Copenhagen Interpretation
says we cannot know without an explicit measurement..


Einstein was clearly correct to tell Rosenfeld that at a later time 
  
    t
    
      2
    
  
, a measurement of one particle's position would instantly establish the position of the other particle - without measuring it. Einstein simply used conservation of linear momentum implicitly to calculate (and know) the position of the second particle.


Two years later, reacting to EPR, Schrödinger described two such particles as becoming "entangled" (verschränkt) at their first interaction, so "nonlocal" phenomena are also known as "quantum entanglement." 


Although conservation laws are rarely cited as the explanation, they are the physical reason that entangled particles always produce correlated results for all properties. If the results were not always correlated, the implied violation of a fundamental conservation law would cause a much bigger controversy than entanglement itself, as puzzling as that is.




1934


Einstein Accepts Quantum Mechanics But Still Hopes For A Continuum Theory (1934)


In 1934, Einstein described one way to reconcile nonlocality with a four-dimensional spacetime continuum theory. At this time, Einstein is clearly supportive of Heisenberg's uncertainty principle and the probabilistic nature of quantum theory:

   

The idea that the light wave (or wave function) gives the probabilities of finding a particle was seen by Einstein decades earlier, though he never published his idea of a "ghost field" (Gespensterfeld). Einstein is too modest.


The modern quantum theory, as associated with the names of
de Broglie, Schrödinger, and Dirac, which of course operates
with continuous functions, has overcome this difficulty by means
of a daring interpretation, first given in a clear form by Max
Born: - the space functions which appear in the equations make
no claim to be a mathematical model of atomic objects. These
functions are only supposed to determine in a mathematical way
the probabilities of encountering those objects in a particular
place or in a particular state of motion, if we make a measurement.
This conception is logically unexceptionable, and has
led to important successes...


Einstein sees that nonlocality may be unavoidable.


On the other hand, it seems to me certain
that we have to give up the notion of an absolute localization of
the particles in a theoretical model. This seems to me to be the
correct theoretical interpretation of Heisenberg's indeterminacy
relation. And yet a theory may perfectly well exist, which is in a
genuine sense an atomistic one (and not merely on the basis of a
particular interpretation), in which there is no localizing of the
particles in a mathematical model. For example, in order to
include the atomistic character of electricity, the field equations
only need to involve that a three-dimensional volume of space on
whose boundary the electrical density vanishes everywhere,
contains a total electrical charge of an integral amount. Thus in
a continuum theory, the atomistic character could be satisfactorily
expressed by integral propositions without localizing the
particles which constitute the atomistic system.

Only if this sort of representation of the atomistic structure
be obtained could I regard the quantum problem within the framework
of a continuum theory as solved. 
 
   



1935


Einstein-Podolsky-Rosen and Entanglement



Einstein and colleagues Boris Podolsky and Nathan Rosen, proposed in 1935 a paradox (known by their initials as EPR or as the Einstein-Podolsy-Rosen paradox) to exhibit internal contradictions in the new quantum physics. They hoped to show that quantum theory could not describe certain intuitive "elements of reality" and thus was  incomplete. They said that, as far as it goes, quantum mechanics is correct, just not "complete."

Einstein was correct that quantum theory is "incomplete" relative to classical physics, which has twice as many dynamical variables that can be known with arbitrary precision. But half of this information is missing in quantum physics, due to the indeterminacy principle which allows only one of each pair of non-commuting observables (for example momentum or position) to be known with arbitrary accuracy. Even more important, an individual particle, cannot be said to have a known position before a measurement, since evolution described by the unitary and deterministic Schrödinger equation provides us only probabilities. 


The most that can be said is that the particle can be found anywhere the probability amplitude is non-zero. This was the core idea of Einstein's claim of "incompleteness." For Bohr to deny this and call quantum mechanics "complete" was just to play word games, which infuriated Einstein.


Einstein was also correct that indeterminacy makes quantum theory an irreducibly discontinuous and statistical theory. Its predictions and highly accurate experimental results are statistical in that they depend on an ensemble of identical experiments, not on any individual experiment. Einstein wanted physics to be a continuous field theory, in which all physical variables are completely and locally determined by the four-dimensional field of space-time in his theory of relativity.


Einstein and his colleagues Erwin Schrödinger, Max Planck, (later David Bohm), and others hoped for a return to deterministic physics, and the elimination of mysterious quantum phenomena like the superposition of states, the mysterious "collapse" of the wave function, and Schrödinger's famous cat.  EPR continues to fascinate determinist philosophers of science who hope to prove that quantum indeterminacy does not exist. 



What happens according to the information interpretation of quantum mechanics is an instantaneous change in the information about probabilities (actually complex probability amplitudes). Nothing physical (matter or energy) is moving anywhere.



But Einstein was also bothered by what is known as "nonlocality," as we saw at the 1927 Solvay conference. This mysterious phenomenon was even more clearly exhibited in EPR experiments as the apparent transfer of something physical faster than the speed of light. Einstein may have already seen this inconsistency with his relativity theory in his 1905 papers. 

The 1935 EPR paper was based on a question of Einstein's about two electrons fired in opposite directions from a central source with equal velocities. He imagined them starting at 
  
    t
    
      0
    
  
 some distance apart and approaching one another with high velocities. Then for a short time interval from 
  
    t
    
      1
    
  
 to t1 + Δt the particles are in contact with one another. 



Most accounts of entanglement and nonlocality begin with the idea that distinguishable particles separate - particle 1 goes one way and particle 2 the other. But indistinguishable particles cannot be separated. And neither one has a distinct path between measurements.


After the particles are measured and become entangled at t1, quantum mechanics describes them with a single two-particle wave function that is not the product of two one-particle wave functions. Because electrons are indistinguishable particles, it is not proper to say electron 1 goes this way and electron 2 that way. (Nevertheless, it is convenient to label the particles, as we do in illustrations below.) It is misleading to think that specific particles have distinguishable paths.

Einstein said correctly that at a later time 
  
    t
    
      2
    
  
, a measurement of one electron's position would instantly establish the position of the other electron - without measuring it explicitly. And this is correct, just as after the collision of two billiard balls, measurement of one ball tells us exactly where the other one is due to conservation of momentum. But this is not "action at a distance." It is more nearly "knowledge at a distance."


Note that Einstein used conservation of linear momentum to calculate the position of the second electron. Although conservation laws are rarely cited as the explanation, they are the physical reason that entangled particles always produce correlated results. If the results were not always correlated, the implied violation of a fundamental conservation law would be a much bigger story than mysterious entanglement itself, as interesting as that is.
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This idea of something measured in one place "influencing" measurements far away challenged what Einstein thought of as "local reality." It came to be known as "nonlocality." Einstein called it "spukhaft Fernwirkung" or "spooky action at a distance." Schrödinger described the two electrons as "entangled" (verschränkt) at their first measurement. Verschränkt means something like cross-linked. It describes someone standing with arms crossed. Today EPR is the classic example of entanglement.

Einstein  criticized the collapse of the wave function  as "instantaneous-action-at-a-distance."
This criticism resembles the criticisms of Newton's theory of gravitation. Newton's opponents charged that his theory was "action at a distance" and instantaneous. Einstein's own field theory of general relativity shows that gravitational influences travel at the speed of light and are mediated by a gravitational field that shows up as curved space-time.


For Einstein, fields like gravitation and electromagnetism are ponderable, a disturbance of the field at one place is propagated at some finite velocity to other parts of the field. But mathematical probability is not a ponderable field in this sense.


When a probability function collapses to unity in one place and zero elsewhere, nothing physical, neither matter nor energy, is moving from one place to the other. Only information changes. 





1936


Physics and Reality



In his 1936 essay for the Journal of the Franklin Institute, Einstein wrote...


Probably never before has a theory been evolved which
has given a key to the interpretation and calculation of such
a heterogeneous group of phenomena of experience as has
the quantum theory. In spite of this, however, I believe
that the theory is apt to beguile us into error in our search for
a uniform basis for physics, because, in my belief, it is an
incomplete representation of real things, although it is the
only one which can be built out of the fundamental concepts
of force and material points (quantum corrections to classical
mechanics). The incompleteness of the representation is the
outcome of the statistical nature (incompleteness) of the laws.
I will now justify this opinion.

I ask first: How far does the ψ function describe a real
condition of a mechanical system? Let us assume the ψr to
be the periodic solutions (put in the order of increasing energy
values) of the Schr­­ödinger equaτion. I shall leave open, for
the time being, the question as to how far the individual ψr
are complete descriptions of physical conditions. A system is
first in the condition ψ1 of lowest energy S1. Then during a
finite time a small disturbing force acts upon the system. At
a later instant one obtains then from the Schr­­ödinger equation
a ψ function of the form



  ψ
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where the cr are (complex) constants. If the ψr
 are "normalized," then |c123 to this condition a definite
energy S, and, in particular, such an energy as exceeds S1 by
a small amount (in any case S1 < S < S2). Such an assumption
is, however, at variance with the experiments on electron
impact such as have been made by J. Franck and G. Hertz,
if, in addition to this, one accepts Millikan's demonstration
of the discrete nature of electricity. As a matter of fact, these
experiments lead to the conclusion that energy values of a
state lying between the quantum values do not exist. From
this it follows that our function ψ does not in any way describe
a homogeneous condition of the body, but represents rather
a statistical description in which the cr represent probabilities
of the individual energy values. It seems to be clear, therefore,
that the Born statistical interpretation of the quantum
theory is the only possible one. The ψ function does not in
any way describe a condition which could be that of a single
system; it relates rather to many systems, to "an ensemble
of systems" in the sense of statistical mechanics. If, except
for certain special cases, the ψ function furnishes only statistical
data concerning measurable magnitudes, the reason lies
not only in the fact that the operation of measuring introduces
unknown elements, which can be grasped only statistically,
but because of the very fact that the ψ function does not, in
any sense, describe the condition of one single system. The
Schr­­ödinger equation determines the time variations which are
experienced by the ensemble of systems which may exist with
or without external action on the single system.


Such an interpretation eliminates also the paradox recently
demonstrated by myself and two collaborators, and
which relates to the following problem.



Here Einstein presents a much clearer version of EPR than in the "paradox" paper.


Consider a mechanical system constituted of two partial
systems A and B which have interaction with each other only
during limited time. Let the ψ function before their interaction
be given. Then the Schrödinger equation will furnish
the ψ function after the interaction has taken place. Let us
now determine the physical condition of the partial system A
as completely as possible by measurements. Then the
quantum mechanics allows us to determine the ψ function of
the partial system B from the measurements made, and from
the ψ function of the total system. This determination,
however, gives a result which depends upon which of the determining
magnitudes specifying the condition of A has been
measured (for instance coördinates or momenta). Since
there can be only one physical condition of B after the interaction
and which can reasonably not be considered as dependent
on the particular measurement we perform on the
system A separated from B it may be concluded that the
function is not unambiguously coördinated with the physical
condition. This coördination of several ψ functions with the
same physical condition of system B shows again that the
function cannot be interpreted as a (complete) description of
a physical condition of a unit system. Here also the coördination
of the ψ function to an ensemble of systems eliminates
every difficulty.4
The fact that quantum mechanics affords, in such a simple
manner, statements concerning (apparently) discontinuous
transitions from one total condition to another without actually
giving a representation of the specific process, this fact is
connected with another, namely the fact that the theory, in
reality, does not operate with the single system, but with a
totality of systems. The coefficients cr of our first example
are really altered very little under the action of the external
force. With this interpretation of quantum mechanics one
can understand why this theory can easily account for the
fact that weak disturbing forces are able to produce alterations
of any magnitude in the physical condition of a system. Such
disturbing forces produce, indeed, only correspondingly small
alterations of the statistical density in the ensemble of systems,
and hence only infinitely weak alterations of the ψ functions,
the mathematical description of which offers far less difficulty
than would be involved in the mathematical representation
of finite alterations experienced by part of the single systems.
What happens to the single system remains, it is true, entirely
unclarified by this mode of consideration; this enigmatic happening
is entirely eliminated from the representation by the
statistical manner of consideration.


But now I ask: Is there really any physicist who believes
that we shall never get any inside view of these important
alterations in the single systems, in their structure and their
causal connections, and this regardless of the fact that these
single happenings have been brought so close to us, thanks to
the marvelous inventions of the Wilson chamber and the
Geiger counter? To believe this is logically possible without
contradiction; but, it is so very contrary to my scientific
instinct that I cannot forego the search for a more complete
conception.


To these considerations we should add those of another
kind which also voice their plea against the idea that the
methods introduced by quantum mechanics are likely to give
a useful basis for the whole of physics. In the Schrödinger
equation, absolute time, and also the potential energy, play
a decisive role, while these two concepts have been recognized
by the theory of relativity as inadmissable in principle. If
one wishes to escape from this difficulty he must found the
theory upon field and field laws instead of upon forces of
interaction. This leads us to transpose the statistical methods
of quantum mechanics to fields, that is to systems of infinitely
many degrees of freedom. Although the at tempts so far
made are restricted to linear equations, which, as we know
from the results of the general theory of relativity, are insufficient,
the complications met up to now by the very ingenious
at tempts are already terrifying. They certainly will rise
sky high if one wishes to obey the requirements of the general
theory of relativity, the justification of which in principle
nobody doubts.


To be sure, it has been pointed out that the introduct ion
of a space-time continuum may be considered as contrary to
nature in view of the molecular structure of everything which
happens on a small scale. It is maintained that perhaps the
success of the Heisenberg method points to a purely algebraical
method of description of nature, that is to the elimination
of continuous functions from physics. Then, however,
we must also give up, by principle, the space-time continuum.
It is not unimaginable that human ingenuity will some day
find methods which will make it possible to proceed along such
a path. At the present time, however, such a program looks
like an at tempt to breathe in empty space.


There is no doubt that quantum mechanics has seized hold
of a beautiful element of truth, and that it will be a test stone
for any future theoretical basis, in that it must be deducible
as a limiting case from that basis, just as electrostatics is
deducible from the Maxwell equations of the electromagnetic
field or as thermodynamics is deducible from classical mechanics.
However, I do not believe that quantum mechanics
will be the starting point in the search for this basis, just as,
vice versa, one could not go from thermodynamics (resp.
statistical mechanics) to the foundations of mechanics.
In view of this situation, it seems to be entirely justifiable
seriously to consider the question as to whether the basis of
field physics cannot by any means be put into harmony with
the facts of the quantum theory. Is this not the only basis
which, consistently with today's possibility of mathemat ical
expression, can be adapted to the requirements of the general
theory of relativity? The belief, prevailing among the
physicists of today, that such an at tempt would be hopeless,
may have its root in the unjustifiable idea that such a theory
should lead, as a first approximation, to the equations of
classical mechanics for the motion of corpuscles, or at least
to total differential equations. As a mat ter of fact up to now
we have never succeeded in representing corpuscles theoretically
by fields free of singularities, and we can, a priori, say
nothing about the behavior of such entities. One thing,
however, is certain : if a field theory results in a representation
of corpuscles free of singularities, then the behavior of these
corpuscles with time is determined solely by the differential
equations of the field.



1947


The Born-Einstein Letters


I cannot make a case for my attitude in physics which you would consider at all reasonable. I admit, of course, that there is a considerable amount of validity in the statistical approach which you were the first to recognize clearly as necessary given the framework of the existing formalism. 

Here Einstein characterizes the nonlinearity he has seen for decades with one of his most famous phrases.


I can not seriously believe in it because the theory cannot be reconciled with the idea that physics should accept a reality in time and space, free from spooky actions at a distance. I am, however, not yet firmly convinced that it can really be achieved with a continuous field theory, although I have discovered a possible way of doing this which seems quite reasonable. The calculation difficulties are so great that I will be biting the dust long before I myself can be fully convinced of it. But I am quite convinced that someone will come up with a theory whose objects, connected by laws, are not probabilities but considered facts, as used to be taken for granted until quite recently. I cannot, however, base this conviction on logical reasons, but only produce my little finger as witness that is, I offer no authority which would be able to command any kind of respect outside of my own hand.



1949


Einstein Philosopher-Scientist



Before I enter upon the question of the completion of the general theory of relativity, I must take a stand with reference to the most successful physical theory of our period, viz., the statistical quantum theory which, about twenty-five years ago, took on a consistent logical form (Schrödinger, Heisenberg, Dirac, Born). This is the only theory at present which permits a unitary grasp of experiences concerning the quantum character of micro-mechanical events. This theory, on the one hand, and the theory of relativity on the other, are both considered correct in a certain sense, although their combination has resisted all efForts up to now. This is probably the reason why among contemporary theoretical physicists there exist entirely differing opinions concerning the question as to how the theoretical foundation of the physics of the future will appear. Will it be a field theory; will it be in essence a statistical theory? I shall briefly indicate my own thoughts on this point.

Physics is an attempt conceptually to grasp reality as it is thought independently of its being observed. In this sense one speaks of “physical reality.” In pre-quantum physics there was no doubt as to how this was to be understood. In Newton’s theory reality was determined by a material point in space and time; in Maxwell’s theory, by the field in space and time. In quantum mechanics it is not so easily seen. If one asks: does a 
  Ψ
-function of the quantum theory represent a real factual situation in the same sense in which this is the case of a material system of points or of an electromagnetic field, one hesitates to reply with a simple “yes” or “no”; why? What the 
  Ψ
-function (at a definite time) asserts, is this: What is the probability for finding a definite physical magnitude q (or p) in a definitely given interval, if I measure it at time t? The probability is here to be viewed as an empirically determinable, and therefore certainly as a “real” quantity which I may determine if I create the same 
  Ψ
-function very often and perform a q- measurement each time. But what about the single measured value of q? Did the respective individual system have this q-value even before the measurement? To this question there is no definite answer within the framework of the [existing] theory, since the measurement is a process which implies a finite disturbance of the system from the outside; it would therefore be thinkable that the system obtains a definite numerical value for q (or p) the measured numerical value, only through the measurement itself. For the further discussion I shall assume two physicists, A and B, who represent a different conception with reference to the real situation as described by the 
  Ψ
-function.


A. The individual system (before the measurement) has a definite value of q (or p) for all variables of the system, and more specifically, that value which is determined by a measurement of this variable. Proceeding from this conception, he will state: The 
  Ψ
-function is no exhaustive description of the real situation of the system but an incomplete description; it expresses only what we know on the basis of former measurements concerning the system.


B. The individual system (before the measurement) has no definite value of q (or p). The value of the measurement only arises in cooperation with the unique probability which is given to it in view of the 
  Ψ
-function only through the act of measurement itself. Proceeding from this conception, he will (or, at least, he may) state: the 
  Ψ
-function is an exhaustive description of the real situation of the system.


We now present to these two physicists the following instance: There is to be a system which at the time t of our observation consists of two partial systems 
  
    S
    
      1
    
  
 and 
  
    S
    
      2
    
  
, which at this time are spatially separated and (in the sense of the classical physics) are without significant reciprocity. The total system is to be completely described through a known 
  Ψ
-function 
  
    Ψ
    
      12
    
  
 in the sense of quantum mechanics. All quantum theoreticians now agree upon the following: If I make a complete measurement of 
  
    S
    
      1
    
  
 I get from the results of the measurement and from 
  
    Ψ
    
      12
    
  
 an entirely definite 
  Ψ
-function of the system 
  
    S
    
      2
    
  
. The character of 
  
    Ψ
    
      2
    
  
 then depends upon what kind of measurement I undertake on 
  
    S
    
      1
    
  
.


Now it appears to me that one may speak of the real factual situation of the partial system 
  
    S
    
      2
    
  
. Of this real factual situation, we know to begin with, before the measurement of 
  
    S
    
      1
    
  
, even less than we know of a system described by the 
  Ψ
-function. But on one supposition we should, in my opinion, absolutely hold fast: the real factual situation of the system 
  
    S
    
      2
    
  
 is independent of what is done with the system 
  
    S
    
      1
    
  
, which is spatially separated from the former. According to the type of measurement which I make of 
  
    S
    
      1
    
  
 I get, however, a very different 
  
    Ψ
    
      2
    
  
 for the second partial system (φ2, φ22, ...). Now, however, the real situation of 
  
    S
    
      2
    
  
 must be independent of what happens to 
  
    S
    
      1
    
  
. For the same real situation of 
  
    S
    
      2
    
  
 it is possible therefore to find, according to one’s choice, different types of 
  Ψ
-function. (One can escape from this conclusion only by either assuming that the measurement of 
  
    Ψ
    
      1
    
  
 ((telepathically)) changes the real situation of 
  
    Ψ
    
      2
    
  
 or by denying independent real situations as such to things which are spatially separated from each other. Both alternatives appear to me entirely unacceptable.)


If now the physicists, A and B, accept this consideration as valid, then B will have to give up his position that the qp-function constitutes a complete description of a real factual situation. For in this case it would be impossible that two different types of ^-functions could be co-ordinated with the identical factual situation of S2.
The statistical character of the present theory would then have to be a necessary consequence of the incompleteness of the description of the systems in quantum mechanics, and there would no longer exist any ground for the supposition that a future basis of physics must be based upon statistics.-------assun^i L
It is my opinion that the contemporary quantum theory by means of certain definitely laid down basic concepts, which on ^ the whole have been taken over from classical mechanics, constitutes an optimum formulation of the connections. I believe, however, that this theory offers no useful point of departure for future development. This is the point at which my expectation departs most widely from that of contemporary physicists. They are convinced that it is impossible to account for the essential aspects of quantum phenomena (apparently discontinuous and temporally not determined changes of the situation of a system, and at the same time corpuscular and undulatory qualities of the elementary bodies of energy) by means of a theory which describes the real state of things [objects] by continuous functions of space for which differential equations are valid. They are also of the opinion that in this way one can not understand the atomic structure of matter and of radiation. They rather expect that systems of differential equations, which could come under consideration for such a theory, in any case would have no solutions which would be regular (free from singularity) everywhere in four-dimensional space. Above everything else, Ihowever, they believe that the apparently discontinuous char- jacter of elementary events can be described only by means of an f essentially statistical theory, in which the discontinuous changes < of the systems are taken into account by 'way of the continuous ' changes of the probabilities of the possible states.


All of these remarks seem to me to be quite impressive.



Visualizing Entanglement, Nonlocality, and Nonseparability

Schrödinger said that his "Wave Mechanics" provided more "visualizability" (Anschaulichkeit) than the "damned quantum jumps" of the Copenhagen school, as he called them. He was right. We can use the wave function to visualize EPR.

But we must focus on the probability amplitude wave function of the prepared two-particle state. We must not attempt to describe the paths or locations of independent particles - at least until after some measurement has been made. We must also keep in mind the conservation laws that Einstein used to describe nonlocal behavior in the first place. Then we can see that the "mystery" of nonlocality for two particles is primarily the same mystery as the single-particle collapse of the wave function. But there is an extra mystery, one we might call an "enigma," that results from the nonseparability of identical indistinguishable particles.


As Richard Feynman said, there is only one mystery in quantum mechanics (the superposition of states, the probabilities of collapse into one state, and the consequent statistical outcomes). The only difference in two-particle entanglement and nonlocality is that two particles appear simultaneously (in their original interaction frame) when their wave function collapses.


We choose to examine a phenomenon which is impossible, absolutely impossible, to explain in any classical way, and which has in it the heart of quantum mechanics. In reality, it contains the only mystery. We cannot make the mystery go away by "explaining" how it works. We will just tell you how it works. In telling you how it works we will have told you about the basic peculiarities of all quantum mechanics.


In the time evolution of an entangled two-particle state according to the Schrödinger equation, we can visualize it - as we visualize the single-particle wave function - as collapsing when a measurement is made. The discontinuous "jump" is also described as the "reduction of the wave packet." This is apt in the two-particle case, where the superposition of | + - > and | - + > states is "projected"  or "reduced" to one of these states, and then further reduced to the product of independent one-particle states.


In the two-particle case (instead of just one particle making an appearance), when either particle is measured we know instantly those now determinate properties of the other particle that satisfy the conservation laws, including its location equidistant from, but on the opposite side of, the source.



Animation of a two-particle wave function collapsing - click to restart

[image: image-placeholder]


Some commentators say that nonlocality and entanglement are a "second revolution" in quantum mechanics, "the greatest mystery in physics," or "science's strangest phenomenon," and that quantum physics has been "reborn." They usually quote Erwin Schrödinger as saying


"I consider [entanglement] not as one, but as the characteristic trait of quantum mechanics, the one that enforces its entire departure from classical lines of thought."


Schrödinger knew that his two-particle wave function could not have the same simple interpretation as the single particle, which can be visualized in ordinary 3-dimensional configuration space. And he is right that entanglement exhibits a richer form of the "action-at-a-distance" and nonlocality that Einstein had already identified in the collapse of the single particle wave function. 

But the main difference is that two particles acquire new properties instead of one, and they do it instantaneously (at faster than light speeds), just as in the case of a single-particle measurement, where the finite probability of appearing at various distant locations collapses to zero at the instant the particle is found somewhere.



We can enhance our visualization of what might be happening between the time two entangled electrons are emitted with opposite spins and the time one or both electrons are detected.


Quantum mechanics describes the state of the two electrons as in a linear combination of | + - > and | - + > states.  We can visualize the electron moving left to be both spin up | + > and spin down | - >. And the electron moving right would be both spin down | - > and spin up | + >.  We could require that when the left electron is spin up | + >, the right electron must be  spin down | - >, so that total spin is always conserved.


Consider this possible animation of the experiment, which illustrates the assumption that each electron is in a linear combination of up and down spin. It imitates the superposition (or linear combination) with up and down arrows on each electron oscillating quickly. 


Notice that if you move the animation frame by frame by dragging the dot in the timeline, you will see that total spin = 0 is conserved. When one electron is spin up the other is always spin down.


🎬Videohttps://www.informationphilosopher.com/animations/Animate_EPR_Osc.mp4


Since quantum mechanics says we cannot know the spin until it is measured, our best estimate is a 50/50 probability between up and down.


This is the same as assuming Schrödinger's Cat is 50/50 alive and dead. But what this means of course is simply that if we do a large number of identical experiments, the statistics for live and dead cats will be approximately 50/50%. We never observe/measure a cat that is both dead and alive!


As Einstein noted, QM tells us nothing about individual cats. Quantum mechanics is incomplete in this respect. He is correct, although Bohr and Heisenberg insisted QM is complete, because we cannot know more before we measure, and reality is created (they say) when we do measure.


Despite accepting that a particular value of an "observable" can only be known by a measurement (knowledge is an epistemological problem, Einstein asked whether the particle actually (really, ontologically) has a path and position before we measure it?  His answer was yes.


Here is an animation that illustrates the unprovable assumption that the two electrons are randomly produced in a spin-up and a spin-down state, and that they remain in those states no matter how far they separate, provided neither interacts until the measurement.  An interaction does what is described as decohering the two states.


🎬Videohttps://www.informationphilosopher.com/animations/Animate_EPR.mp4





Recall that it was Einstein who discovered in 1924 the identical nature, indistinguishability, and interchangeability of some quantum particles. He found that identical particles are not independent, altering their quantum statistics.

 Note the anachronism of electrons as Einstein's generic particles. It was David Bohm in 1952 who proposed that Einstein's EPR problem use electrons.  Today many if not most accounts of the EPR paradox describe it with electrons.


Source: https://www.informationphilosopher.com/entanglement/spooky/
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Source: https://www.informationphilosopher.com/scandals/cosmos/
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Scandals Overview

The Information Philosopher has for years claimed to have plausible solutions for many great problems in philosophy and physics. We have called it a scandal that the world's educators have been teaching seriously outmoded ideas to young minds around the world.

The main scandal is academic philosophers and scientists teaching that the world is nothing but material and that physical events are completely determined by "laws" of nature, that our bodies are machines and our brains are computers that deny our free will and our creativity. 


Information philosophy and science explains how information structures are created in the universe despite the second law of thermodynamics, which says that disorder or entropy can only increase in a closed thermodynamic system. 



But the universe is not closed, it is an open thermodynamic system, in which the total positive entropy or disorder  is increasing, but regions of "negative entropy" are also increasing, so information structures like our Sun and life on Earth are increasing the information content of the universe  (the Ergo), especially that part of information that is all of human knowledge (the Sum).

Why do academic philosophers and scientists cling to failed ideas? 

Philosophers prefer problems they have been taught to teach. 

Scientists seek solutions that discover all-powerful new "laws of Nature."


Leading scientists have interpretedquantum physics and statistical thermodynamics, expressing their own doubts, so it is understandable that those less familiar with these complex subjects have fallen back on their traditional beliefs.


Philosophers of science have been quick to exploit those doubts and to promote alternative theories that are not supported by evidence, but that appeal to our conventional beliefs. 


Science journalists also find that speculative articles and books promoting these alternatives are far more popular than serious attempts to teach these difficult subjects to the public.



The Two Things You Need to Know to End the Scandals


1. The standard theory of quantum mechanics is correct. The many attempts to alter it or reinterpret it to restore determinism have failed.



The ontological chance discovered by Albert Einstein in 1916, long before the epistemological "uncertainty" principle of  Werner Heisenberg, is real. 

Chance drives the variation in living things that natural and intelligent selection choose between to give us life, human beings, and our knowledge of the universe.


Chance gives us the alternative possibilities for acting that make us free and creative. 



Einstein's Insight


In 1916 Albert Einstein found that when a photon is emitted by an atom, it must go off in a random direction. He called it "chance." Because he was a determinist, he called it a "weakness in the theory." If the photon went in any preferred direction, the radiation field would depart from equilibrium, even permitting a perpetual motion machine, which he thought impossible. 




2. The universe is open and expanding and new information is emerging at every moment.  



Our futures are also open.

If we have the will, we can create new information structures that make life more productive as well as more sustainable to protect our planet.


The origin of the universe was not "fine-tuned" to produce human life. Life (biology) cannot be reduced to chemistry, which cannot be reduced to a deterministic physics. 




Boltzmann's Entropy, Eddington's Arrow, Layzer's Order


In 1872 Ludwig Boltzmann theorized that atoms or molecules of a gas would distribute themselves randomly throughout a closed container.  If they all started in a corner, or were let out of a bottle, information about those initial positions would be lost. They would never return to those initial positions. The change is irreversible. A few years later he modified his theory, saying particles would only statistically never return. In infinite time, a finite number of particles could return, even more than once.

Boltzmann's theory allows us to calculate the entropy increase when the volume available increases, and to calculate the loss in information.


In 1927 Arthur Stanley Eddington called the direction of entropy increase the "arrow of time." A few years later the expansion of the universe was discovered, and in 1935 Eddington suggested that if the expansion was faster than particles can redistribute themselves, particles could never return to their original distribution. Information was permanently lost. 


In the 1970's David Layzer said if the expansion is faster than particles can reach an equilibrium distribution, stable information structures can appear.





The mistaken idea in statistical physics that any particular distribution or arrangement of material particles has exactly the same information content as any other distribution is an anachronism from nineteenth-century statistical physics.

	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]
	Hemoglobin	Diffusing	Completely Mixed Gas


If we measure the positions in phase space of all the atoms in a hemoglobin protein, we get a certain number of bits of data (the x, y, z, vx, vy, vz values). If the chemical bonds are all broken allowing atoms to diffuse, or the atoms are completely randomized into an equilibrium gas with maximum entropy, we get different values, but the same amount of data. Does this mean that any particular distribution has exactly the same information?


This led many statistical physicists to claim that information is the same wherever the particles are, Macroscopic information is not lost, it just becomes microscopic information that can be completely recovered if the motions of every particle could be reversed. Reversibility allows all the gas particles to go back inside the bottle.


But the information in the hemoglobin is much higher and the disorder (entropy) near zero. A human being is not just a "bag of chemicals," despite plant biologist Anthony Cashmore. Each atom in hemoglobin is not merely in some volume limited by the uncertainty principle ℏ3, it is in a specific quantum cooperative relationship with its neighbors that support its biological function. These precise positional relationships make a passive linear protein into a properly folded active enzyme. Breaking all these quantum chemical bonds destroys life.


Boltzmann's formula for the entropy is the logarithm of the number W of possible distributions that produce the same macroscopic properties. 

S = k ln W

When gas particles can go anywhere in a container, the number of possible distributions  is enormous and entropy is maximal. When atoms are bound to others in the hemoglobin structure, the number of possible distributions is essentially 1, and the logarithm of 1 is 0! 


Even more important, the parts of every living thing are communicating information - signaling - to other parts, near and far, as well as to other living things. Information communication allows each living thing  to maintain itself in a state of homeostasis, balancing all matter and energy entering and leaving, maintaining all vital functions. Statistical physics and chemical thermodynamics know nothing of this biological information.


One Book and Many


In our initial "book of scandals" we present brief summaries of the major scandals/problems and their solutions in terms of the creation of information structures, their processes, functions, and, most important, their communications with one another. 


Each scandal will become its own book, if the author lives long enough in the current age of the coronavirus (he will be 84 in June 2020). Many are already sections, or at least pages, in this I-Phi website, which has been a work in progress for over two decades.


Deep insight into the informational nature of reality will can show thinkers young and old why they are creators of our open future as human beings.  


CHANCE: The Scandal in Science ............ The Section

CONSCIOUSNESS: The Scandal in Neuroscience ............ The Page

CREATION: The Scandal in Cosmology ............ The Page

EINSTEIN: The Scandal in Quantum Physics ............ The Book

FREE WILL: The Scandal in Philosophy ............ The Book

GOD: The Scandal in Religion ............ The Pages

INFORMATION: The Scandal in Statistical Physics  ............ The Page

KNOWLEDGE: The Scandal in Epistemology  ............ The Section

LIFE: The Scandal in Biology ............ The Page

MEANING: The Scandal in Language ............ The Page

METAPHYSICS: The Scandal in Ontology ............ The Book

MIND: The Scandal in Psychology  ............ The Section

POWER: The Scandal in Politics

VALUE: The Scandal in Ethics   ............ The Section

WEALTH: The Scandal in Economics
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Click for the story of information creation


Source: https://www.informationphilosopher.com/scandals/
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Source: https://www.informationphilosopher.com/scandals/chance/
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Source: https://www.informationphilosopher.com/scandals/consciousness/
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Source: https://www.informationphilosopher.com/scandals/creation/
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Source: https://www.informationphilosopher.com/scandals/einstein/
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Source: https://www.informationphilosopher.com/scandals/free_will/





  
  Scandal of God
  

  


  
  Home › Scandals › God
Scandal of God

Most of the world’s religions have some concept of gods or a God, with some notable exceptions such as Buddhism,  the world's fourth-largest religion.


Theologians claim to have discerned the essential attributes of a monotheistic God, such as omniscience (perfect foreknowledge), omnipotence (unlimited power), omnipresence (present everywhere), omnibenevolence (perfect goodness and all-loving), and a necessary and eternal existence.


Information philosophy offers a simple test of the “revealed truth” of these attributes, specifically the visions by inspired thinkers that have no empirical evidence. Although these visions are in the realm of “pure ideas,” we can say that if every world religion agreed completely on their descriptions and perceived attributes of God, it would increase their believability. As it is, the comparative study of religions, with the incredible diversity of their claims, renders the idea of God as implausible as Santa Claus. 


Indeed, the stories and images of St.Nicholas, his sleigh and reindeers, his elves working in a North Pole workshop, his travel down chimneys, are perhaps more consistent across world societies than many descriptions of their gods.


At the present time, arguments like these will carry little weight with the believers in a religion, most of whom have little exchange of knowledge with those of other faiths. This can be expected to change with the reach of the Internet via smartphones to most of the world’s population.



No Creator, But There Was/Is A Creation


Modern cosmology confirms that the universe as we know it came into existence at a definite time in the past, some 13.8 billion years ago. Our direct visual evidence goes back to about 380,000 years after an origin event (the so-called cosmic microwave background of uniform radiation with temperature 2.7K ). Science has no observable evidence about earlier times. Although this does not imply the Creator some religions want, it does confirm a creation process. This process continues today (indeed human beings are co-creators of the world).

In Theism, God is the creator and sustainer of the universe. 

Deism is the belief in a single creative act at the beginning of time followed by a mechanical clockwork universe tending to itself ever since. God is the universe creator, but not its sustainer. The universe is now assumed to be running itself following deterministic laws of motion. 

Open theism denies that God’s foreknowledge has already determined the future. Monotheism is the belief in the existence of one God or in the oneness of God. In pantheism, God is the universe itself. Polytheists hold that there are many gods. For atheists, no gods exist.


God is sometimes conceived as an immaterial being (without a body), which information philosophy accepts, since God is quintessentially an idea, pure information. Some religions think an avatar of God has come to earth in the past. Some religions see God as a personal being, answering human supplications and prayers. A God intervening in human affairs is thought to be the source of all moral norms. Logical “proofs” of God’s existence are based on various of these assumed attributes.

Creationism is the belief that the universe, the Earth, the stars, and all life were created by a supernatural being or God, rather than through natural processes, like cosmic evolution, stellar evolution, and biological evolution (natural selection). 


“Intelligent Design" is a replacement term created by author George Gilder's Discovery Institute to get around the Supreme Court ruling against the teaching of Creationism in public schools. 


Teleology is the ancient notion that the “essence” or "idea" or "form" of something was there before the thing itself came into existence. Since all known information structures, first cosmological and then biological, were “emergent,” at least some of their peculiar specific information did not pre-exist them. 


In particular, there was no purpose in the universe before life, despite thinkers like Pierre Teilhard de Chardin who described an "Omega Point" in the future at which all evolution was directed, and despite panpsychism, which claims that mind was a primordial property of all matter.


Existentialist philosophers,  from Friedrich Nietzsche to Jean Paul Sartre, were correct in their atheism, but their idea that “God is dead” was absurd.


Now a metaphysicist might argue that the laws of nature, how things behave, might pre-exist, or come into existence simultaneously with, the first matter and energy. But laws themselves contain nothing specific about the future arrangements of matter and energy that create new information structures.



Theodicy (The Problem of Evil)


The problem of evil is only a problem for monotheists who see their God as omnipotent. “If God is Good, He is not God. If God is God, He is not Good,” as Archibald MacLeish said in his play JB. The information philosophy solution to the problem of evil is a dualist world with both entropic destruction of information structures and ergodic creation of negative entropy. If ergodic information is an objective good, then entropic destruction of information is objective evil, “the devil incarnate,” as Norbert Wiener is said to have put it.

Are Omniscience and Omnipotence Contradictory?


The idea of God as an omniscient and omnipotent being has an internal logical contradiction that is rarely discussed by the theologians. If such a being had perfect knowledge of the future, like Laplace’s demon, who knows the positions, velocities, and forces for all the particles, such a God would be perfectly impotent, because the future is already determined. That is, if God had the power to change even one thing about the future, his presumed perfect knowledge would have been imperfect. 

Omniscience entails impotence. Omnipotence entails some ignorance. Prayer is useless.  The discovery by Albert Einstein of ontological quantum chance poses an even greater threat to the omniscience of God and the idea of foreknowledge. The great mathematicians who invented probability always regarded chance as atheistic. Their use of statistics was simply to make estimates of outcomes of many independent events when detailed knowledge of those events was not possible because of human ignorance. Ontological chance means that even God cannot know some things. For example, in quantum physics, if knowledge exists of which slot a particle will go through in a two-slit experiment, the outcome of the experiment would be different. The characteristic interference caused by the wave function passing through both slits disappears.


The Ergod


There is absolutely nothing supernatural about the cosmic creation process. But it is the source of support for human life. And many theologically-minded thinkers have long assumed that life and mind were a gift to humanity from a divine providence.

The physical product of the cosmic creation process is all the negative entropy in the universe. While thermodynamics calls it “negative,” information philosophy sees it as the ultimate positive quantity and deserving of a better name. So we suggested calling it the Ergo, which etymologically suggests a fundamental kind of energy (“erg” zero), e.g., the “Gibbs free energy,” G0(p,T) ≡ U + pV - TS. Gibbs' free energy is defined slightly different from Helmholtz' free energy A ≡ U - TS. 


But creating a neologism is rarely the right strategy for a philosopher. Since Ergo isfree energy that is available to do work because it has low entropy, we will just use free energy in the future. But we must note that it is not the free energy in Karl Friston's "free energy principle." 


We also co-opt the technical term “ergodic” from statistical mechanics as a replacement for anti-entropic, and because it contains the highly suggestive “Ergod." We thus anthropomorphize (or theomorphize) the process that creates all the energy with low entropy. 


The concept of Ergo has a number of beneficial consequences. Most all human cultures look for the source of their existence in something “higher” than their mundane existence. This intuition of a cosmic force, a providence that deserves reverence, is validated in part by the discovery of what we provocatively call “Ergod,” as the ultimate source of goodness and life itself.


An Ergod has the power to resist the terrible and universal Second Law of Thermodynamics. The second law predicts only increase of chaos and entropy (disorder). Without violating that inviolable Second Law overall, the Ergod reduces the entropy locally. Out of chaos it creates pockets of "cosmos" - order and information-rich structures. 


All human life, and any possible extraterrestrial life, lives in one of these pockets. Note that the opposition of Ergod and Entropy, of Ergodic processes and Entropic processes, coincides with the ancient Zarathustrian image of a battle between the forces of light (Ahura Mazda) and darkness (Angra Manyu), of good and evil, of heaven and hell. Many religions have variations on this dualist theme, and the three major Western religions all share the same Biblical source, probably incorporated into Judaism during the Babylonian exile. The Ergod is “present” and we can say enthusiastically is “in us.” The Ergod’s work is to create new information, so when we create and share information we are doing the Ergod’s work.




Source: https://www.informationphilosopher.com/scandals/god/
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Scandal of Power

The source of power in politics has been controversial since Socrates's earliest theories of politics in the Platonic dialogues Politics, Laws, and Statesman and also Xenophon's dialogue Hiero or Tyrannicus, a dialogue between Hiero, the tyrant of Syracuse in Eleatic Italy, and Simonides, a poet who also appears in Plato's dialogue Protagoras.


In 1948 University of Chicago political science professor Leo Strauss published On Tyranny, a close reading of Xenophon's dialogue, which led to famous exchanges between Strauss and the French philosopher Alexander Kojéve, now incorporated in the "Corrected and Expanded Edition" of On Tyranny. 
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Chance, Design, and Cause
Part IV of Chapter 7 of Metaphysics and Common Sense, 1969

WE are now in a position to distinguish the principal senses in which we commonly speak of the operations of chance. 


(1) A chance event, as we have seen, may be a member of a series which exemplifies a game of chance. What is required of such a series is that it should conform to the a priori calculus of chances. If we take the simple example of a series of tosses with a coin, this would imply that in a reasonably long run there should be an approximate equality of heads and tails. It is, however, doubtful if this condition is sufficient. For instance, it would be satisfied by a series of tosses in which heads and tails regularly alternated: yet a series of this kind would not normally be regarded as typifying chance. What seems also to be required is that the series should satisfy a condition of randomness. I do not think that this condition need be so strong as the principle of indifference to place selection which has been adopted by some modern proponents of the frequency theory of probability. It might be enough that every possible sequence of some arbitrarily determined length should occur with approximately equal frequency.


To speak of a chance event, in this sense, is not to imply that the event is not caused, or even that it is not designed. The results of particular tosses of a coin, or throws of a die, or spins of a roulette wheel, are commonly not designed, but it is very often due to design that the series in which they occur conforms as a whole to the a priori calculus.


It is in accordance with this usage that when events of a certain kind occur with a frequency which deviates significantly from the a priori probabilities, they are said not to occur by chance. I have, however, tried to show that such a deviation does not, in itself, call for any special explanation. It is only when we have empirical evidence that the events are of a kind to which the a priori calculus normally does apply that their discrepancy becomes significant.


(2) Just as we look for a cause when we come upon an 'improbable' deviation in a series of a type which normally conforms to the calculus of chances, so conversely there are cases in which a deviation from an established law-like pattern is put down to chance. It is in this sense, for example, that biologists speak of chance mutations. What is implied here is not necessarily that the event in question is not susceptible of any causal explanation. It is enough that its occurrence should not be predictable in terms of the scientific theory with which we are operating. So, in our example, the theory of evolution provides for the occurrences of mutations only in a general way: it does not enable us to predict when and in what form they will occur. One could say that the theory made provision for them as chance events.


Examples of this usage occur also in historical discourse. 'For want of a nail the shoe was lost, for want of a shoe the horse was lost, for want of the horse the rider was lost, for want of the rider the battle was lost, for want of the battle the kingdom was lost, and all for the want of a horse shoe nail.' We say that the kingdom was lost by mischance, not for lack of a causal explanation but because its being lost in this manner is not something that any historical theory could have enabled us to foresee. It is not part of any recognized historical pattern that so trivial an event as a nail's falling out of a horse's shoe should have such far-reaching consequences.


(3) A third sense of chance is that in which it is contrasted with design. It applies to events which are brought about by human beings, or by other animals in so far as they can be said to have intentions. To attribute an event to chance, in this sense, is just to say that it was not intended by the agent in question. Here again, it is not implied that the event lacked a cause.


(4) We speak of a chance collocation of events when their concurrence is not designed and when, though we may be able to account for them severally, we have not established any law-like proposition which links them together. The ascription of such concurrences to chance is most often made in cases where something of especial interest to us follows from them, or in cases where the concurrence would normally be the result of design. Thus, if in the course of a journey I keep running into friends whom I had not arranged to meet, I am struck by the coincidence, though in fact it is no more of a coincidence than my meeting anybody else. This is on the assumption that the frequency of these encounters does not greatly exceed the average: otherwise, as we have seen, I am justified in suspecting design. If design is ruled out, our speaking of coincidence implies no more than that the events in question are not connected by any law-like generalization which figures in our accepted system of beliefs. It does not commit us to holding that no law which would connect them could ever be discovered.


(5) In one of the senses in which 'chance' is a synonym for 'probability', the chance that an event of such and such a sort will have a given character is equated with the frequency with which the character is actually distributed throughout the class of events in question. There are different ways in which these frequencies may be estimated: they may be extrapolated from recorded statistics, or they may be deduced from a scientific theory. In cases where they are deduced from a theory, it may or may not be assumed that the statistical laws which figure in the theory are derivable, at least in principle, from underlying causal laws. Thus the assumption in classical physics was that everything depended on the state of individual particles the behaviour of which was rigorously governed by Newtonian laws. If, as in the kinetic theory of gases, one was content to rely upon statistical laws, it was because of the practical difficulty of tracing the movements of the individual particles. On the other hand, in contemporary quantum physics, the laws are fundamentally statistical; the individual particles are not represented as obeying causal laws: the states of the system are statistically defined. This does not exclude the possibility, in which some physicists believe, of finding a deterministic theory which would account for the same phenomena: but it would have to be a radically different sort of theory.
(6) Let us suppose that no such theory is forthcoming. It can then be said that these are chance events, in a stronger sense of the term than any that we have yet considered. A chance event, in this sense, would be one that was not subject to any causal law. If we are going to maintain that there are chance events of this kind, we must, however, be careful to formulate our position in a way that prevents it from being trivially refutable. The difficulty is that if we set no limit to the form of our hypotheses, then so long as we are dealing with a closed set of events, we shall always be able to find some generalizations which they satisfy. We, therefore, need to place some restriction on what is to count as a causal law. Perhaps the best course would be to stipulate that for a generalization to be a causal law it was necessary that it should apply to events which were not included in the set which it was already known to cover. In other words, one mark of a causal law would be that it was actually used to make successful extrapolations. To deny that phenomena of a given type were subject to causal laws would then have the force of predicting that however far our researches are pressed we shall never succeed in bringing them under 'workable' generalizations of a causal sort.


(7) Following C. S. Peirce,1 I think that there is another way in which the course of nature may be held to exhibit an irreducible factor of chance. Even in a domain in which causal laws are well established, there is often a certain looseness in their grasp upon the observed facts. The phenomena which are taken as verifying them cover a certain range: if they are quantitative, the values which are actually recorded may be scattered around the values which the laws prescribe. These slight deviations are not held to be significant: they are put down to errors of observation. But 'errors of observation' is here a term of art. Apart from the existence of the deviation, there is usually no reason to suppose that any error has occurred. Now it seems possible that this looseness of fit cannot be wholly eliminated or, in other words, that there are limits to the precision with which observable events can be forecast. If this were so, it might be said that anything which fell outside these limits remained in the hands of chance.



1 See The Collected Papers of Charles Sanders Peirce, VI (1936), p. 46 et al., and my The Origins of Pragmatism, pp. 103-12 (Macmillan, 1968), or 91-9 (Freeman, Cooper, 1968).


Admittedly, this cannot be demonstrated. Whatever limits are set, there can be no a priori reason for assuming that they will never be overstepped. The person who believes in chance, in any such absolute sense, can properly do no more than issue a challenge. He points to certain features of the world and defies anyone to show that they fall entirely, in every detail, within the grasp of causal laws. In the sense in which to speak of chance is to express what I have called a judgement of credibility, I think that there is a good chance that someone who takes this position will be able to maintain it. There is, however, a sense in which it can be said of anything not known to be logically or causally impossible that there is a chance that it will happen: and in this sense, however long the champion of absolute chance has remained in possession of the field, there must always remain the chance that his challenge will eventually be met.





Source: https://www.informationphilosopher.com/solutions/philosophers/ayer/chance_design_and_cause.html
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Freedom and Necessity
Chapter 12 of Philosophical Essays, 1954

WHEN I am said to have done something of my own free will it is implied that I could have acted otherwise; and it is only when it is believed that I could have acted otherwise that I am held to be morally responsible for what I have done. For a man is not thought to be morally responsible for an action that it was not in his power to avoid. But if human behaviour is entirely governed by causal laws, it is not clear how any action that is done could ever have been avoided. It may be said of the agent that he would have acted otherwise if the causes of his action had been different, but they being what they were, it seems to follow that he was bound to act as he did. Now it is commonly assumed both that men are capable of acting freely, in the sense that is required to make them morally responsible, and that human behaviour is entirely governed by causal laws: and it is the apparent conflict between these two assumptions that gives rise to the philosophical problem of the freedom of the will.


Confronted with this problem, many people will be inclined to agree with Dr. Johnson: 'Sir, we know our will is free, and there's an end on't'. But, while this does very well for those who accept Dr. Johnson's premiss, it would hardly convince anyone who denied the freedom of the will. Certainly, if we do know that our wills are free, it follows that they are so. But the logical reply to this might be that since our wills are not free, it follows that no one can know that they are: so that if anyone claims, like Dr. Johnson, to know that they are, he must be mistaken. What is evident, indeed, is that people often believe themselves to be acting freely; and it is to this 'feeling' of freedom that some philosophers appeal when they wish, in the supposed interests of morality, to prove that not all human action is causally determined. But if these philosophers are right in their assumption that a man cannot be acting freely if his action is causally determined, then the fact that someone feels free to do, or not to do, a certain action does not prove that he really is so. It may prove that the agent does not himself know what it is that makes him act in one way rather than another: but from the fact that a man is unaware of the causes of his action, it does not follow that no such causes exist.


So much may be allowed to the determinist; but his belief that all human actions are subservient to causal laws still remains to be justified. If, indeed, it is necessary that every event should have a cause, then the rule must apply to human behaviour as much as to anything else. But why should it be supposed that every event must have a cause? The contrary is not unthinkable. Nor is the law of universal causation a necessary presupposition of scientific thought. The scientist may try to discover causal laws, and in many cases he succeeds; but sometimes he has to be content with statistical laws, and sometimes he comes upon events which, in the present state of his knowledge, he is not able to subsume under any law at all. In the case of these events he assumes that if he knew more he would be able to discover some law, whether causal or statistical, which would enable him to account for them. And this assumption cannot be disproved. For however far he may have carried his investigation, it is always open to him to carry it further; and it is always conceivable that if he carried it further he would discover the connection which had hitherto escaped him. Nevertheless, it is also conceivable that the events with which he is concerned are not systematically connected with any others: so that the reason why he does not discover the sort of laws that he requires is simply that they do not obtain.


Now in the case of human conduct the search for explanations has not in fact been altogether fruitless. Certain scientific laws have been established; and with the help of these laws we do make a number of successful predictions about the ways in which different people will behave. But these predictions do not always cover every detail. We may be able to predict that in certain circumstances a particular man will be angry, without being able to prescribe the precise form that the expression of his anger will take. We may be reasonably sure that he will shout, but not sure how loud his shout will be, or exactly what words he will use. And it is only a small proportion of human actions that we are able to forecast even so precisely as this. But that, it may be said, is because we have not carried our investigations very far. The science of psychology is still in its infancy and, as it is developed, not only will more human actions be explained, but the explanations will go into greater detail. The ideal of complete explanation may never in fact be attained: but it is theoretically attainable. Well, this may be so: and certainly it is impossible to show a priori that it is not so: but equally it cannot be shown that it is. This will not, however, discourage the scientist who, in the field of human behaviour, as elsewhere, will continue to formulate theories and test them by the facts. And in this he is justified. For since he has no reason a priori to admit that there is a limit to what he can discover, the fact that he also cannot be sure that there is no limit does not make it unreasonable for him to devise theories, nor, having devised them, to try constantly to improve them.


But now suppose it to be claimed that, so far as men's actions are concerned, there is a limit: and that this limit is set by the fact of human freedom. An obvious objection is that in many cases in which a person feels himself to be free to do, or not to do, a certain action, we are even now able to explain, in causal terms, why it is that he acts as he does. But it might be argued that even if men are sometimes mistaken in believing that they act freely, it does not follow that they are always so mistaken. For it is not always the case that when a man believes that he has acted freely we are in fact able to account for his action in causal terms. A determinist would say that we should be able to account for it if we had more knowledge of the circumstances, and had been able to discover the appropriate natural laws. But until those discoveries have been made, this remains only a pious hope. And may it not be true that, in some cases at least, the reason why we can give no causal explanation is that no causal explanation is available; and that this is because the agent's choice was literally free, as he himself felt it to be?


The answer is that this may indeed be true, inasmuch as it is open to anyone to hold that no explanation is possible until some explanation is actually found. But even so it does not give the moralist what he wants. For he is anxious to show that men are capable of acting freely in order to infer that they can be morally responsible for what they do. But if it is a matter of pure chance that a man should act in one way rather than another, he may be free but he can hardly be responsible. And indeed when a man's actions seem to us quite unpredictable, when, as we say, there is no knowing what he will do, we do not look upon him as a moral agent. We look upon him rather as a lunatic.


To this it may be objected that we are not dealing fairly with the moralist. For when he makes it a condition of my being morally responsible that I should act freely, he does not wish to imply that it is purely a matter of chance that I act as I do. What he wishes to imply is that my actions are the result of my own free choice: and it is because they are the result of my own free choice that I am held to be morally responsible for them.



But now we must ask how it is that I come to make my choice. Either it is an accident that I choose to act as I do or it is not. If it is an accident, then it is merely a matter of chance that I did not choose otherwise ; and if it is merely a matter of chance that I did not choose otherwise, it is surely irrational to hold me morally responsible for choosing as I did. But if it is not an accident that I choose to do one thing rather than another, then presumably there is some causal explanation of my choice : and in that case we are led back to determinism.

Again, the objection may be raised that we are not doing justice to the moralist's case. His view is not that it is a matter of chance that I choose to act as I do, but rather that my choice depends upon my character. Nevertheless he holds that I can still be free in the sense that he requires; for it is I who am responsible for my character. But in what way am I responsible for my character? Only, surely, in the sense that there is a causal connection between what I do now and what I have done in the past. It is only this that justifies the statement that I have made myself what I am: and even so this is an over-simplification, since it takes no account of the external influences to which I have been subjected. But, ignoring the external influences, let us assume that it is in fact the case that I have made myself what I am. Then it is still legitimate to ask how it is that I have come to make myself one sort of person rather than another. And if it be answered that it is a matter of my strength of will, we can put the same question in another form by asking how it is that my will has the strength that it has and not some other degree of strength. Once more, either it is an accident or it is not. If it is an accident, then by the same argument as before, I am not morally responsible, and if it is not an accident we are led back to determinism.


Furthermore, to say that my actions proceed from my character or, more colloquially, that I act in character, is to say that my behaviour is consistent and to that extent predictable: and since it is, above all, for the actions that I perform in character that I am held to be morally responsible, it looks as if the admission of moral responsibility, so far from being incompatible with determinism, tends rather to presuppose it. But how can this be so if it is a necessary condition of moral responsibility that the person who is held responsible should have acted freely? It seems that if we are to retain this idea of moral responsibility, we must either show that men can be held responsible for actions which they do not do freely, or else find some way of reconciling determinism with the freedom of the will.


It is no doubt with the object of effecting this reconciliation that some philosophers have defined freedom as the consciousness of necessity. And by so doing they are able to say not only that a man can be acting freely when his action is causally determined, but even that his action must be causally determined for it to be possible for him to be acting freely. Nevertheless this definition has the serious disadvantage that it gives to the word 'freedom' a meaning quite different from any that it ordinarily bears. It is indeed obvious that if we are allowed to give the word 'freedom' any meaning that we please, we can find a meaning that will reconcile it with determinism: but this is no more a solution of our present problem than the fact that the word 'horse' could be arbitrarily used to mean what is ordinarily meant by 'sparrow' is a proof that horses have wings. For suppose that I am compelled by another person to do something 'against my will'. In that case, as the word 'freedom' is ordinarily used, I should not be said to be acting freely: and the fact that I am fully aware of the constraint to which I am subjected makes no difference to the matter. I do not become free by becoming conscious that I am not. It may, indeed, be possible to show that my being aware that my action is causally determined is not incompatible with my acting freely: but it by no means follows that it is in this that my freedom consists. Moreover, I suspect that one of the reasons why people are inclined to define freedom as the consciousness of necessity is that they think that if one is conscious of necessity one may somehow be able to master it. But this is a fallacy. It is like someone's saying that he wishes he could see into the future, because if he did he would know what calamities lay in wait for him and so would be able to avoid them. But if he avoids the calamities then they don't lie in the future and it is not true that he foresees them. And similarly if I am able to master necessity, in the sense of escaping the operation of a necessary law, then the law in question is not necessary. And if the law is not necessary, then neither my freedom nor anything else can consist in my knowing that it is.


Let it be granted, then, that when we speak of reconciling freedom with determinism we are using the word 'freedom' in an ordinary sense. It still remains for us to make this usage clear: and perhaps the best way to make it clear is to show what it is that freedom, in this sense, is contrasted with. Now we began with the assumption that freedom is contrasted with causality: so that a man cannot be said to be acting freely if his action is causally determined. But this assumption has led us into difficulties and I now wish to suggest that it is mistaken. For it is not, I think, causality that freedom is to be contrasted with, but constraint. And while it is true that being constrained to do an action entails being caused to do it, I shall try to show that the converse does not hold. I shall try to show that from the fact that my action is causally determined it does not necessarily follow that I am constrained to do it: and this is equivalent to saying that it does not necessarily follow that I am not free.


If I am constrained, I do not act freely. But in what circumstances can I legitimately be said to be constrained? An obvious instance is the case in which I am compelled by another person to do what he wants. In a case of this sort the compulsion need not be such as to deprive one of the power of choice. It is not required that the other person should have hypnotized me, or that he should make it physically impossible for me to go against his will. It is enough that he should induce me to do what he wants by making it clear to me that, if I do not, he will bring about some situation that I regard as even more undesirable than the consequences of the action that he wishes me to do. Thus, if the man points a pistol at my head I may still choose to disobey him : but this does not prevent its being true that if I do fall in with his wishes he can legitimately be said to have compelled me. And if the circumstances are such that no reasonable person would be expected to choose the other alternative, then the action that I am made to do is not one for which I am held to be morally responsible.


A similar, but still somewhat different, case is that in which another person has obtained an habitual ascendancy over me. Where this is so, there may be no question of my being induced to act as the other person wishes by being confronted with a still more disagreeable alternative: for if I am sufficiently under his influence this special stimulus will not be necessary. Nevertheless I do not act freely, for the reason that I have been deprived of the power of choice. And this means that I have acquired so strong a habit of obedience that I no longer go through any process of deciding whether or not to do what the other person wants. About other matters I may still deliberate; but as regards the fulfilment of this other person's wishes, my own deliberations have ceased to be a causal factor in my behaviour. And it is in this sense that I may be said to be constrained. It is not, however, necessary that such constraint should take the form of subservience to another person. A kleptomaniac is not a free agent, in respect of his stealing, because he does not go through any process of deciding whether or not to steal. Or rather, if he does go through such a process, it is irrelevant to his behaviour. Whatever he resolved to do, he would steal all the same. And it is this that distinguishes him from the ordinary thief.


But now it may be asked whether there is any essential difference between these cases and those in which the agent is commonly thought to be free. No doubt the ordinary thief does go through a process of deciding whether or not to steal, and no doubt it does affect his behaviour. If he resolved to refrain from stealing, he could carry his resolution out. But if it be allowed that his making or not making this resolution is causally determined, then how can he be any more free than the kleptomaniac? It may be true that unlike the kleptomaniac he could refrain from stealing if he chose: but if there is a cause, or set of causes, which necessitate his choosing as he does, how can he be said to have the power of choice? Again, it may be true that no one now compels me to get up and walk across the room: but if my doing so can be causally explained in terms of my history or my environment, or whatever it may be, then how am I any more free than if some other person had compelled me? I do not have the feeling of constraint that I have when a pistol is manifestly pointed at my head; but the chains of causation by which I am bound are no less effective for being invisible.


The answer to this is that the cases I have mentioned as examples of constraint do differ from the others : and they differ just in the ways that I have tried to bring out. If I suffered from a compulsion neurosis, so that I got up and walked across the room, whether I wanted to or not, or if I did so because somebody else compelled me, then I should not be acting freely. But if I do it now, I shall be acting freely, just because these conditions do not obtain ; and the fact that my action may nevertheless have a cause is, from this point of view, irrelevant. For it is not when my action has any cause at all, but only when it has a special sort of cause, that it is reckoned not to be free.


But here it may be objected that, even if this distinction corresponds to ordinary usage, it is still very irrational. For why should we distinguish, with regard to a person's freedom, between the operations of one sort of cause and those of another? Do not all causes equally necessitate? And is it not therefore arbitrary to say that a person is free when he is necessitated in one fashion but not when he is necessitated in another?


That all causes equally necessitate is indeed a tautology, if the word 'necessitate' is taken merely as equivalent to `cause': but if, as the objection requires, it is taken as equivalent to 'constrain' or 'compel', then I do not think that this proposition is true. For all that is needed for one event to be the cause of another is that, in the given circumstances, the event which is said to be the effect would not have occurred if it had not been for the occurrence of the event which is said to be the cause, or vice versa, according as causes are interpreted as necessary, or sufficient, conditions: and this fact is usually deducible from some causal law which states that whenever an event of the one kind occurs then, given suitable conditions, an event of the other kind will occur in a certain temporal or spatio-temporal relationship to it. In short, there is an invariable concomitance between the two classes of events; but there is no compulsion, in any but a metaphorical sense. Suppose, for example, that a psycho-analyst is able to account for some aspect of my behaviour by referring it to some lesion that I suffered in my childhood. In that case, it may be said that my childhood experience, together with certain other events, necessitates my behaving as I do. But all that this involves is that it is found to be true in general that when people have had certain experiences as children, they subsequently behave in certain specifiable ways; and my case is just another instance of this general law. It is in this way indeed that my behaviour is explained. But from the fact that my behaviour is capable of being explained, in the sense that it can be subsumed under some natural law, it does not follow that I am acting under constraint.


If this is correct, to say that I could have acted otherwise is to say, first, that I should have acted otherwise if I had so chosen ; secondly, that my action was voluntary in the sense in which the actions, say, of the kleptomaniac are not; and thirdly, that nobody compelled me to choose as I did : and these three conditions may very well be fulfilled. When they are fulfilled, I may be said to have acted freely. But this is not to say that it was a matter of chance that I acted as I did, or, in other words, that my action could not be explained. And that my actions should be capable of being explained is all that is required by the postulate of determinism.


If more than this seems to be required it is, I think, because the use of the very word 'determinism' is in some degree misleading. For it tends to suggest that some person has arranged it, then the proposition is false. But if all that is meant is that it is possible, in principle, to deduce it from a set of particular facts about the past, together with the appropriate general laws, then, even if this is true, it does not in the least entail that I am the helpless prisoner of fate. It does not even entail that my actions make no difference to the future: for they are causes as well as effects; so that if they were different their consequences would be different also. What it does entail is that my behaviour can be predicted: but to say that my behaviour can be predicted is not to say that I am acting under constraint. It is indeed true that I cannot escape my destiny if this is taken to mean no more than that I shall do what I shall do. But this is a tautology, just as it is a tautology that what is going to happen is going to happen. And such tautologies as these prove nothing whatsoever about the freedom of the will.





Here Ayer gives the standard argument against free will

Source: https://www.informationphilosopher.com/solutions/philosophers/ayer/freedom_and_necessity.html
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Descartes held that the will is perfectly free, "so free in its nature that it cannot be constrained."2 "Let everyone just go down deep into himself," he is reported to have said to Frans Burman, "and find out whether or not he has a perfect and absolute will, and whether he can conceive of anything which surpasses him in freedom of the will. I am sure that everyone will find that it is as I say." Not everyone has so found, and one might think: "No wonder! We aren't gods. How could our wills not have their limits, like our digestions? Don't we quite often--or occasionally, at a minimum—have no freedom of will, in some matter or other? And mustn't it be like that? Whatever the will is, or was, mustn't it, under whatever name or names, be good for something? And in our case, mustn't it be something in the world that the will is good for? But if so, its freedom can't be perfect and unconditional. What in the world, that might reasonably be called a freedom, could be so absolute? If the will in the world were some faculty, say, of never mind what, wouldn't it be possible somehow to restrict its exercise? How could that be impossible? No doubt we're free as birds. We know it, God knows how, or as good as know it. Or better than know it, as perhaps we better than know that twice two is four. But how free are birds? Let no bird preen itself on its freedom. There are cages. There are tamers of birds. There's a lesson in birds, namely that a certain modesty about our famous freedom is very much in order, in the order of nature to which we so palpably belong." One might think something like that. Nevertheless, I am inclined to agree with Descartes. And of course I have some company. Foreigners, mostly, but there it is.

Not much company, however, as far as I know. Most philosophers seem to think it quite easy to rob the will of some freedom. Thus Elizabeth Anscombe, in an essay called "Soft Determinism," appears to suppose that a man who can't walk because he is chained up has lost some freedom of will. He "has no 'freedom of will' to walk," she says, or, again; no "freedom of the will in respect of walking."4 "Everyone will allow," she says, "that 'A can walk, i.e. has freedom of the will in respect of walking' would be gainsaid by A's being chained up."5 And again, "External constraint is generally agreed to be incompatible with freedom",6 by which she seems to mean: incompatible with perfect freedom of will, because incompatible with freedom of will to do, or freedom of the will in respect of doing, whatever the constraint prevents.

.
The horrid tribe of "soft determinists" are supposed by Anscombe to allow, of course, what "everyone will allow," namely that a physical impossibility of, say, walking does restrict one's freedom of will if it comes of some external constraint. What they won't admit is that every such physical impossibility, from whatever cause, external or internal, is equally fatal to some fraction of one's freedom of will. Anscombe, on the other hand, has "never thought that freedom was compatible with physical impossibility,"7 That is, with physical impossibility of any derivation, whether from chains or from brains, so to speak. I hope I am not misunderstanding her. At any rate I am not misquoting her. She believes, as she says, that a 'can' of freedom" which holds in face of physical impossibility is pure nonsense.8

Well, it's awfully difficult about brains. I won't really get into our brains, this evening. But I do want to dispute, first, what Anscombe thinks "everyone will allow." I don't allow it. I don't see (do you?) that my freedom of will would be reduced at all if you chained me up. You would of course deprive me of considerable freedom of movement if you did that; you would thereby diminish my already unimpressive capacity to do what I will. But I don't see that my will would be any the less free. What about my "freedom of will to walk," you will ask (or perhaps you won't, but there the phrase is, in Anscombe's essay); what about my "freedom of the will in respect of walking"? I reply that I don't understand either of those phrases. They seem to me to mix up incoherently two different things: free will, an obscure idea which is the one I am after, on this expedition, and physical ability to walk, a relatively clear idea which has nothing to do with free will.


If instead of being perfectly free in the matter of whether, all things considered, to walk over there or not, I were absolutely restrained somehow from deciding that option in favor of walking, nothing would follow as to my physical ability or inability to walk. And if, having decided to walk over there, I found that I could not, after all these years of being carried about by my devoted pupils, nothing would follow as to my freedom or unfreedom of will. Not according to my idea of free will, anyway. I wonder if Anscombe is operating with another one, or what? How can it seem so clear to her that every physical impossibility of doing this or that reduces one's little portion of free will, as if only an impossible creature for whom nothing was physically impossible, not even eating Chicago, could satisfy a clear necessary condition of perfect freedom of will? What about God, for example? He can't eat Chicago any more than I can, after all.


But here someone might reply (in effect) that in God's case that limitation ought to be counted as "grammatical" or "conceptual" or "logical," not physical, and therefore as nothing against His perfect freedom of will. And this reply would make for a possibility of reconciling my idea of free will with what Anscombe says, up to a point. Why am I not inclined to think that my will is any less free than it might be, in that I can't if I like eat Chicago? In one view of me, what gets in the way of that meal isn't, of course, "logic"; it's my size, for example. I'm simply not big enough. But perhaps, in thinking as I do "that's no skin off my free will," I am tacitly treating my size as given and treating the impossibility of eating Chicago as geometrical, in my case, rather than physical. If so, and if one were to allow a certain legitimacy to that way of looking at the matter, one might allow that I don't have to think myself deficient in free will because I am too small to wolf down whole cities and too big to live in a shoe. One might similarly make room for my disinclination to count my will as any the less free for my being in no position right now to throw myself into the Seine. That is, one might agree that various trivial consequences of location -- of what H.H. Price once called the misfortune that we are not ubiquitous -can be written out of the question how free the will is as in a (very) broad sense logical embarrassments, not physical impossibilities of the kind that straightforwardly restrict our freedom of will, like the physical impossibility of walking if you are properly chained up.


But this line of reconciliation could go only so far, because I still don't see that my freedom of will would be affected even by chains. Especially obviously not if I didn't know about the chains: Suppose I am chained up so that I can't walk, but don't yet know it. I deliberate about what to do next and decide on a little tour of my cell. Then I discover that I can't walk. They've chained me up, the swine! But wasn't the part of my "will to walk" in these events antecedent to that discovery? Do I have reason to think not only, "They've chained me up!" but, "Good God, they've been tampering with my will!"? No, I don't. Of course, one wants not just freedom, in a will, but efficacy too, so to speak. One might well find the possibility of embracing one's fate, however authentically, unconsoling, and wish instead for some effective power of resisting it. But all such power is a different thing from free will.
I am inclined to defend this intuiti

on as follows: What we propose to do is up to us, if our wills are free. But what the world will make of what we do is of course up to the world. (I think I am echoing Brian O'Shaughnessy here.) It's nothing against my freedom of will if I earnestly move my feet in the right sort of way but it isn't in the world to make walking out of my so moving them because, as it happens, I am upside down with my legs in the air. It's nothing against my freedom if will if I "can't walk" because the floor will collapse, or because it has been arranged for me to explode if I shift my weight. These difficulties in the way of my actually getting any walking accomplished are on the side of the world, not the will; and they don't in themselves interfere with the will's part in walking (that is, in these cases, its part in deciding and trying to walk). They don't affect its freedom, therefore. Where there's a will, there just isn't always a way. After the christening, the ship majestically slides to the bottom of the harbor, and so we haven't managed after all to launch her, though that was our intention and our wills were in perfect working order. We freely did what we could do, and hoped that it would turn out to have been a launching, so to speak; but the world declined to cooperate. It does cooperate quite often enough for unconditional intentions and unconditional decisions to make means "I'll be there." Sometimes, however, the car won't start. That's life. But it's much too remote from the springs of action to pass for a shackle on the will. 


It's no accident, I imagine, that in Anscombe's example the man is chained up. If you chain somebody up, you seem to be getting closer to where the will is than if you build a high wall around him at a radius of ten miles from where he sits reading Spinoza. You seem to be working in toward the connection in him between will and world, which might strike you as a good point at which to try disabling his will itself. An even better idea might be a judicious injection of curare, if it works as I've been told it does. There he will be, fully conscious but physically so relaxed that he cannot move a muscle. One might hope, even, to have incapacitated him from trying anything physical, and thereby definitely constrained his will, because one might hope that it was right to suggest that one logically can't try to perform a "basic" physical action, and that trying to perform any other, nonbasic, physical action must consist in actually performing one or more that are basic.


But that suggestion was wrong, it seems to me. I don't see why the prisoner incapacitated by curare shouldn't be trying and failing to move, if he isn't too far gone to try anything. And I therefore don't see that we've managed to subvert his freedom of will. (I'm out of jail and we're working on somebody else, here.) We have radically disabled this man from exerting his will to any physical effect. Indeed, we have gone as far as possible, without killing him, in the direction of as it were dislodging his will from his body, which we don't want to do. We don't want him disconnected, as from an odd piece of furniture: that (if it were possible) would alter his situation "logically," again, which isn't what we're after. We want to get at his will. But this business with the curare hasn't taken us far enough. We have in this (for all we can tell, still defiant) prisoner a limiting case of physical disability, which does involve a sort of disability of the will too. (Why not say so? His will is physically powerless, one might say.) But do we have what (I'm supposing) we wanted: a man not only powerless and flat on his back, but robbed of some freedom of will? I don't see that we do. Perhaps he loves us by now, and can't wait to show it. Or on the other hand, perhaps he has other plans.


I don't mean to be thrilling about man's unconquerable will. Or at any rate, not very thrilling. We can just be knocked out, after all, without bothering about our freedom. And even cold sober I sometimes find that I have done quite complicated things "automatically," so to speak, an automatism that is most vivid when it goes awry: What on earth am I doing in the bathroom? Oh, I meant to fetch a certain book from the (adjacent) bedroom, of course. But I have nevertheless gone straight to the bathroom, not in unfreedom of will but in ridiculous absence of mind. No doubt this sort of thing happens to me more often than it did to Marco Polo, and even I don't find that I have in this curious way gone to San Francisco. But there is a portent in everyday automatism, all the same. Why shouldn't it be brought under control and greatly extended in range, by horrible new techniques? This method of getting people to do what you want would just bypass the will, as far as I can see. Or one can leave the will alone and get excellent results even now, by manipulating belief instead. Convince me that your enemy is the Antichrist and I will no doubt behave satisfactorily, in full freedom of will. How else should one behave toward Antichrist?


So I'm not proposing a round of self-congratulation. But all the same, isn't there a distinction between something obscure that might reasonably be called "freedom of will" and every kind of freedom to work one's will, to do as one will, to have one's will or way, so to speak? The living dead might unfortunately have lots of freedom of action. Or freedom of movement, anyway. And a human being of intact free will might have almost no freedom of action, indeed no freedom of physical action at all. So it seems to me.


And what goes for physical impossibility goes for physical necessity too, in whatever sense there is any such thing. If I'm forcibly carried to your rotten garden party, or deposited in the middle of it by a defective parachute, I'm there against my will, no doubt; I'm not there of my own free will. But then, I'm not there "of my will" at all, am I? It's your will that has been done by these brutes; or it's nobody's will, in the case of the parachute. It's none of my doing that I have shown up or appeared at, or come to, your party (if those phrases can be Griced, as perhaps they can). I haven't put in an appearance at your party. They can't say I attended it. And so they can't say I attended it of an unfree will, so to speak, or in unfreedom of will, or any such thing. My will was free as ever, as I landed in your garden. Why else was I so angry?


An annoying ambiguity of the noun "will" must be dealt with, however summarily. Consider: "She went to work with a will" (what will? well, a will to please, or to succeed, or the like); or "He has a fierce will to live"; or the cartoon in the New Yorker of a televised message card reading "Please stand by. We have temporarily lost the will to continue." In these contexts "will" is a noun like "wish," though for some reason it has no such common plural as in "They ignored my wishes." (One doesn't have wills. I can't think why not.) But a will, in this sense, is a will that... or a will to.... A will in this sense may, like a wish, be strong or not so strong. Or one may have no particular will in some matter. ("What is your will, majesty?" Answer: "For God's sake leave me alone. Just do anything. This crown is killing me.") Is a will in this sense "free", or "not free"? One might say so: "What is your will, sire?" Answer: "Do as this man with the grenade says. But remember: that's not my free will." This dark utterance suggests the guess that his "free will", and therefore his real will, is something else. Perhaps his eyesight has improved and he can see that it's only a pineapple. What a puzzle! How can he have no "free will" in the matter of this demented peasant? Perhaps he hasn't made up his mind whether to hurt the fellow's feelings or not, and is temporizing. Or of course he may think it is a grenade. But then what does he mean, it isn't his "free will" that we do what the fellow says? Perhaps he means that it wouldn't have been his will in pleasanter circumstances, and we're to remember that. But in the meantime, if it is his will, we'd better do it. He gets so furious when he's crossed. And so forth.


But this talk of a will in some case that's not one's free will is very opaque. I don't know what to make of it, really. The word "will" in the usual sense of the expressions "free will" and "freedom of the will" is different: it's like "intellect," "mind," "heart," "imagination," not like "wish." "We know the will is free" doesn't invite the question "The will to what?" Of course the idea of freedom of the will is a hard idea to get hold of. But at least one has it, and needn't make it up. One isn't supposed to believe in the will any more, perhaps, not even as one believes in the mind or the imagination. But on the other hand, we say "She has a strong will," "They broke his will," "He has no will of his own," "He didn't do it of his own free will," "He has brain power but no will power," and so on. So we do still believe in the will, however vaguely. And why not? Vows of ontological commitment are another and more dubious matter, but free will is what we've got if the will is free, as of course it is. I don't exactly know what any of that means, but I don't know how to doubt that we've got free will, either. The will is free, whatever that means. Indeed, the ulterior motive of this paper was to discover something about what these expressions do mean by discovering why, hopelessly American as I am, I am so strongly inclined to agree with Descartes' prima facie absurd estimate of how free the will is. It seems to me not a grandiosity but a simple truth. Maybe so simple that there's nothing in it, in a sense. But if so, that might be instructive.


Suppose I am right so far. Chains, or the curare of my imagination, can't get at the will directly and can't in themselves affect its freedom. I would say the same, of course, about other sorts of "external" limitation on what one can do. (External to the will, I mean.) Lack of opportunity, for example, or lack of means. I would shoot him, but where is he? There he is, but now where's the gun? Incompetence: here's the gun, and here's the safety catch, but I can't remember how to release it. And so forth. All that kind of thing, not all of it "physical," is nothing to do with free will. Or at any rate, it can't affect my free will directly. Suppose you were to agree. But now, can't that kind of thing constrict the operations of the will indirectly, nevertheless, by way of one's knowledge or conviction that, for whatever reason, one can't do this or that? Never mind the chained man's physical incapacity. What about his recognition of it? Knowing or believing that he can't walk, how can he so much as try? And trying things is a function of the will, surely: one in which it can be partially paralyzed after all, it seems. Indeed, it needn't even be a fact that (say) I can't walk. Convince me that I can't, by suitably arranged illusions and lies, and there go some former freedoms of my will: my freedom to decide to walk, for example, or to choose to walk, or even to try to walk, and therefore my freedom to decide or choose to try to walk. I can, of course, still wish I could walk. But if wishing is an operation of the will -- as perhaps it is, in contrast with perfectly passive desire -it isn't much of one. So: convince me that I can't walk, and sooner or later I do lose some freedom of will. Or do I?


I think not, again. In the familiar, obscure sense of "free will" that I am trying to get into clearer view, here, it seems to me no deficiency of free will that one can't just up and go against knowledge and belief (insofar as one can't) because that "can't" is, again, not psychological, or metaphysical either, but "grammatical" or "conceptual" or "logical." (I'll just go on saying "logical," if I may, as if I didn't know any better.) It isn't that the will is hobbled by the prospect of an impossible project. It's that "I know I can't do it, but I've decided to do it anyway," for example, is either a figurative way of speaking or a kind of nonsense. Perhaps it is even a contradiction.


Well, perhaps it is, and if so it might be conceded that what gets in the way of deciding to walk when you know you can't, or think you know you can't, is in the language, not in the will. But there's no such contradiction in trying to do the impossible, knowing one will fail, as far as I can see. So why can't I (as surely I can't) try to jump over this hotel, say? I can't even try to do fifty consecutive pushups, I think. Not really. Why not? Isn't it that my will is in these matters disabled, in a way that has to be seen as robbing it of some freedom? I hope not, but I confess that I have sunk into a little swamp about trying to do the impossible, and don't know how to get out of it gracefully. It isn't an enthralling swamp, so I'll just flounder on, here. Consider the following speech: "Of course you won't be able to do it, we know that, but try. You promised to try. You will certainly be unable to do it, at first, but if you don't try and try again, you will never be able to do it, whereas if you keep on trying you may eventually succeed." That seems all right. So one can knowingly try to do the impossible -- the not yet possible -- under certain conditions. Can one, even, try and try again, although one knows perfectly well that the attempt will never succeed, without even hope against hope that it might? I'm not sure that one can't desperately do that. Indeed, I think one might even do it cynically, to please the authorities. They will be very displeased, say, if I don't at least try to lift a certain sacred boulder, which is obviously much too heavy for me to lift. So I try. That is, I grasp the thing and strain hard, thinking, "When will these savages learn?" Am I only pretending to try? I don't see that one has to say so. Not in every case.


But then how is it that I can't (if, as I think, I can't) try to jump over this building?9 If I went sufficiently mad, I could. If I went mad, I could try to fly around it by flapping my arms. Suppose I am pressed to admit that after all trying to fly is a perfectly conceivable little act of the will, which needs no other description. Birds do it. Maybe even bees. So let's do it. But of course we can't. Why not? Because the logic of trying excludes trying to do what you know you can't do? Unfortunately, it doesn't. So what's my problem about trying to fly, or trying to jump over hotels? Isn't it a blot on my freedom of will? Shouldn't I just admit that?


I don't admit it. And I think I know, more or less, how to handle cases like trying to jump over this building, as follows: I could go outside, get down into a crouch, and jump up into the air, thinking (perhaps), "Well, it isn't a necessary truth that I won't somehow be carried on up and over the building." But that wouldn't be trying to jump over the building, as I might try to jump over this lectern. What would? Nothing I can think of, in these present circumstances, including of course the circumstance of my present cognitive "state." It isn't that it's an iron law of the will that someone in that state can't possibly try, no matter how he strains, to leap tall buildings. It's that nothing I can think of to do this evening would be rightly described as trying to jump over this building, in a straightforward sense, unless for example my beliefs were to alter or go very dim. It's the same in principle as if I were invited to try to wiggle my teeth. Given what I vaguely think about human teeth, as contrasted with ears, I am not inclined to count anything I might conceivably do now as "trying to wiggle my teeth." (I might arrive at "willing my teeth to wiggle," as one could say: a would-be magical operation like willing a table to rise, or willing one's arm to rise. But that would be different. And it doesn't work on arms any better than on tables.)


One can, often, try to do what one sees no point in trying. (Or maybe one can't be bothered.) But the sort of case I've just been discussing seems different. It seems over the edge: a logical edge, as I am stupidly putting it. In my present cognitive state, that is, I'm not inclined to count anything I might succeed in doing as "wiggling my teeth," "jumping over this building," "flying around it by flapping my arms," and that's why I'm not inclined to count anything I might do as trying to do any of those things; and that's why my prima facie incapacity to try to do any of them isn't an incapacity, and doesn't show any lack of freedom in my will.


Will that do? Perhaps it might for such exotica as these. But I know exactly what I would count as doing fifty consecutive pushups, or reciting the first four pages of The Wings of the Dove. I can even make what would in someone else's case be a beginning on just those projects. One pushup, perhaps. I'll spare you that. The first four words of The Wings of the Dove. I'll spare you them, too. So why can't I so much as try for fifty pushups; for four pages? I want to say: it's not that I can't, it's that those descriptions of me, as I am -- "He's trying for fifty" and so forth -- would be inept whatever I did. And so for the chained man: either he can try to walk, or if he can't, it's not that he can't, any longer. It's that in his present cognitive position and state of mind that description of him would be inept whatever he did. Trying to walk isn't a perfectly imaginable little act of the will, separate and distinct from all belief and contingently blocked in him by belief. Folk psychology is my favorite kind, and I hope it never withers away, but one must not think of such folk-psychological items as trying in that way.


Well, again, suppose you were to agree, though God knows why you should, that there is enough for my purposes in this admittedly messy idea of logical limits on the will that ought not to prejudice our estimate of its freedom even though they are not logical limits of the comforting type that rule out (not only in my case but in practically any case, even on Twin Earth) trying to stand at attention while lying down. You might then agree that chains and so forth can't bind the will either directly or indirectly. Not by way of laying on it powerful spells of knowledge and belief, at least.


Of course, chains and the like can in a certain sense undermine apparent choices. But it isn't the freedom of those choices that chains can abolish, it's the choices, in an objective sense. Determined to remain seated during the national anthem, say, I may think I have done so and then discover that I was firmly stuck to the seat of my chair anyway and am now marooned in the balcony. So I did not, after all, "remain seated by choice," unpatriotic as my intentions were. Of course not, because in the relevant sense I did not, though I thought I did, remain seated. Stuck to my chair as I was, I had no choice of remaining seated or standing, and didn't do either of those things. In this use of "choice," mere physical circumstance can, of course, deprive us of choices, whether we know it or not. But, again, that's nothing to do with the will's freedom. Stuck in the balcony, am I? Well, then, alternatives between which I might have chosen have gone glimmering. Both of them have. They are out of logical range, so to speak again. The thought, as the auditorium empties, "Well, I'll just stay here in the balcony, then, that's what I'll do" isn't even an expression of amor fati. It's just fatuous.


Where am I, now? Some cases have perhaps turned out not to be cases in which there is any lack or loss of free will. But I must of course consider the obvious objection that I have been looking much too far from home for unfreedom of the will. What if it were urged on me that the will's freedom (if it has any) is diminished all the time in everyday life? Every decisive, compelling reason to make one choice rather than another reduces one's freedom of will, someone might object. Luther said, and he meant it, "Ich kann nicht anders." We say all the time, and not always in bad faith, "I'd love to, but I really can't", "I'm afraid we must go", "I couldn't possibly, she's my sister", "I can't help it, I gave him my word," and the like. Some of us do, anyway. Shall I say we never mean it in good faith? Of course we do, often. Shall I say we mean it, all right, often enough, but it's never true? No, again. It's often true. Well, then mustn't I say that when we do mean it, and it is true, we are reporting a constraint, deep inside, on the will itself, which really does deprive it of some little freedom, or even of some big freedom? Why do so many of us in a way envy criminals, especially if we haven't intimately known any? Isn't it their freedom? And not only, not even principally, their freedom of action, such as it is. (Stone walls do, after all, a prison make.) Isn't it their freedom of will that's in a way enviable, or at any rate envied? They may not get far on the wild side; but they walk there, when they can, by choice. Aren't we incapable of that choice? So much stands in the way of it: nervousness, habit, addiction to our comforts, including our spiritual comforts, and to our accustomed pleasures, including such cheap moral thrills as pointing out to the waitress that she has undercharged us. And reason bars the way, too, of course: the awful majesty of duty, or just duty, majestic or not; obligations; other engagements; ordinary prudence; common sense; the usual constraints of cognitive sanity. But in default of reason, wouldn't desire and aversion and so forth do, to keep the will hogtied? We may like to think that if we threw off the restraints of reason we could do appalling things. But could we? Aren't most of us probably too squeamish, if nothing else? And anyway, can one throw off the restraints of reason?


Well, the first thing to be said in the matter of what we rationally speaking "cannot" and "must" do is that these modal laments and excuses and so on are standardly not introspective autobiography. "We have to go" isn't a report to the effect that we are about to be frog-marched out of the house by invisible forces. "We really must" isn't falsified if in the end we don't, any more than "You must believe me" is falsified by your not believing me.10 These "can't"s and "must"s belong to the system of what's getting considered, not to the considering of it. "I must go" is false if, for example, the pressing engagement I have in mind was actually for yesterday, not today. What's wanted for the discovery that after all I can stay a little longer is (for example) a look at the calendar, not a more searching look within, much less the observation that I do stay a little longer.


To be sure, a man who keeps saying "I really must go" and nevertheless stays on until he is physically incapable of going may be suspected of insincerity; but what he kept saying wasn't therefore false, as may be seen by recasting it in the second person and putting it in the mouth of his host: "You really must go!" There is a kind of contradiction in acting against decisive reason to act otherwise; and if you do it often enough you're impossible. But impossible people, given for example to sarcasms like, "Oh can't I? Just watch me," aren't impossible to find. We, of course, aren't like that, except in some of our worst (and, conceivably, some of our best) moments. But unfreely not like that? As if it weren't up to us to act, or not act, as there is compelling reason to do? As if so acting were otiose, and we might instead just wait for the compelling reason to work? I am inclined to say (but I know I have barely begun to argue) that even the most irresistible case for doing a thing isn't irresistible like that. How could it be? It's a mere case. Can't one always not do what one must? I am on duty; I can't go on fooling around in the linen closet like this; I must make my rounds. I absolutely must. And yet of course from another point of view I needn't at all. I could just stay here, couldn't I, and my station and its duties be damned. And if in a sense I couldn't, because I would become hysterical, and hysteria isn't what you had in mind when you whispered "Stay!", that's irrelevant, isn't it? What I would need in order to do what you want isn't more freedom of will, it's stronger nerves.


The point is: I have to make my rounds, that's true, and it follows, trivially, that I can't stay. But I don't have to make my rounds in any sense that binds my will. Even Luther's reasons were only reasons. Even the reasons that favor obliging a man with a gun are only reasons. Naturally, one gives them a lot of weight, insofar as one acts for reasons at all in such a case. One does. Or one doesn't. "It's entirely up to you," the man with the gun says, smiling ironically. He's right. It is up to you, even if his smile is right too. Everyone will gravely agree, later -- or perhaps they won't, depending on the case -- that you had no choice but to do as he said. There was no alternative. What else could you do? But these remarks are not even psychological, much less absolute. They are alike "You had no alternative; there was nothing else to be done" in reviewing a game of chess, which doesn't imply that you couldn't have made some quite other, idiotic move instead -- or stormed out of the room, for that matter. They are not, in that sense, remarks about you. You occur vacuously in them, so to speak, and they have no bearing on your freedom of will in making the move you made.


Well, I shouldn't quite say that. They have this sort of bearing: You have been ordered by God himself to shoot me, and do. Later on, you insist that you had no free will in the matter, no choice. It isn't as if you shot me of your own volition. You hated doing it. Indeed, you shot me again to put me out of my misery. In all this, you were only doing what you had to do. All right. In religious obedience (if we believe you) you had no freedom of choice in the matter of whether to shoot me or not. But why did you have no choice between religious obedience and disobedience? The same answer won't do, and eventually, as these questions proliferate, we will arrive at a formulation of what you did under which you won't be able to say, in this way of saying it, that you had no free will in the matter of whether to do the thing or not. You will run out of constraining reasons.


Or is there some system of reasons in which you can hole up from which there is no exit except into nonsense? Well, maybe. But even if there is, and yes, one quite sees that every alternative to shooting me was ruled out in that system, from which you could not intelligibly have prescinded even in the particular case, still -what of it? You had to do it. You absolutely had to do it. That was the objective position, or anyway you thought so, in your craziness. But having to do a thing does not settle magically the question whether to do it or not. Reasons, of whatever species, logically can't close that question. It's a question of a different genre, and is not relative to any system of reasons. It isn't for reasons, in the end, that we act for reasons. "I'm sorry, I have no choice," "You leave me no alternative," and so forth, are objective. They are misused or used in bad faith (there is bad faith in English as well as in French) if they are put on offer as reporting the sad results of scrupulous introspection. "I must shoot you. I can't help it." Well, yes. That's the intrasystematic position. I see what you mean. Now give me that gun!


That's all I'm going to say about reasons, because I must say at least something about desire and aversion, and all that lot. That is, I am determined to. But it won't be nearly enough. First, insofar as the role of these items in conduct is that of giving us reason to behave well or badly, this species of reason is in itself as powerless as any other. It has to be treated with the respect that it may or may not deserve. It's no good your just running it up the flagpole to see if you salute. But of course there is another role of desire and the rest in action. Acting in view of one's desire is one thing, like acting in view of someone else's desire. Acting from desire is quite another and commoner thing. Indeed, pure cases of acting in consideration of a (felt) desire but not at all from it must be rare at best. (Your new policy is to satisfy your desires. You notice that, by George, you feel a faint desire for chalk, and rush out into the night, hoping the desire won't vanish before you can satisfy it.) Well, is the will perfectly free in action from desire, out of fear, on impulse, and so on? It certainly can seem not. And a parallel question arises for action from such motives as malice and greed. And for compulsive or obsessional conduct, and so on. But I don't see unfreedom of will even in this most promising part of the forest. Of course if it's really like chains, or like being violently thrown into bed, then it is, and there's no unfreedom of will in it. You haven't in the relevant sense done anything. You froze. Or it was a seizure. Why shouldn't there be seizures of whatever you like: curtseying, bowing, waltzing? There are seizures of obscenity, one reads. They must be embarrassing, unless one is obscene anyway.


But addiction, alcoholism, child molesting and so forth -- to begin with a very complicated kind of case -- aren't patterns of bizarre physical seizure. There is automatism in them, in the sense of finding a cigarette in your hand. And again, that's not unfreedom of will, according to me. But there is a lot else in them. The individual drink, say, is typically not quite automatic, or even not automatic at all. It may be coldly deliberate, in fact, and not preceded by any notable craving. (There is nihilistic drinking that makes one think of possession rather than unfreedom of will.) It's simply not true, locally, that the alcoholic can't help himself. I mean: he could perfectly well, and sometimes does, empty the bottle into the sink, or the like. But usually he doesn't. He drinks it, in (as far as I can see) full freedom of will. And goes on like that, year after year. How very odd that the obvious reasons to stop behaving in this way don't weigh with him as decisively as one might expect! Well, yes, it is odd, but there it is: they don't, and he doesn't stop, though other drinkers have just stopped, no doubt. After all, people have on purpose stopped eating and died.


Is there reason to believe about any ordinary alcoholic that he literally couldn't stop, even at the cost of devoting his life to not drinking and letting everything else go? I wonder. But in any case, he probably isn't going to stop, except by taking extraordinary steps which would be inconvenient and humiliating. (Or worse, he may feel. Who could ask Odysseus to spend a lifetime lashed to the mast?) And since in the usual case he knows this as well as we do, or better, he is in no position to decide to stop drinking as one might decide to stop shaving. He is past that point. One can't simply decide to stop doing what one knows one probably won't in that way stop doing. But that's "logic" again, not unfreedom. And it doesn't get in the way of a good deal of pretending to decide to stop drinking, of course. Indeed, even really deciding to stop isn't altogether ruled out by terrible experience of oneself. This time, the alcoholic thinks, he'll really stop. Then he doesn't, again.


Is it possible that he can't? Of course he could by extraordinary means, but setting such means aside, as he is likely to do, is he perhaps actually incapable of stopping? Perhaps. Perhaps he just hasn't the strength of will to hold out, as one might be unable to withstand torture. (That sort of thing isn't in one's repertoire. One just will, after a time, decide to tell them what they want to know while one still has one's faculties.) All right. But strength of will is one thing and freedom of will is another. Isn't it? Or do you think not? I think it is.


Besides, the alcoholic may love drinking. Moreover, a few drinks ("just one more time") and he alters. He's a changed man. This changed man thinks whatever he thinks, pours the stuff down, gets belligerent with the bartender, imagines that no one can tell, and so forth. That's what he's like. The alcoholic in propria persona doesn't quite know about this alteration, of course. How could he? Well, videotapes might help. But one despairs. What's the matter with him? In a word: alcoholism, and I see no unfreedom of will anywhere in it. Unfreedom of will would be a marvelous excuse for the complex misbehavior of such disorders. But there are other causes for pity in them. There's no need to drag that one in.


Or to drag it into simpler cases either: flying off the handle, say, and its relatives. Again, if it's like literally exploding, it is, and the will doesn't come into it. But perhaps it isn't quite like that. Rather: you didn't control yourself. Perhaps you actually couldn't have controlled yourself much longer, anxiously knew that, anxiously didn't know what form the coming disintegration would take, and (in the nick of time) preempted it. One does that.


But controlling yourself is a project, possible or impossible, like controlling a dog. If you try hard and can't do it, better luck next time. You gave it your best shot. Or you didn't, in perfect freedom of will. And, what about your shouting and stomping and smashing the china while we say sayonara to your better self, as if to an incompetent spirit control? We're all dismally used to Mr. Hyde, here, yelling "I am the famous Dr. Jekyll, by God, and you will keep a civil tongue in your head if I have to sew it in myself!" Has he no free will? Why not? He's having a marvelous time. Look at him! Thinks he's a regular force of nature, he does!


You see how this is going to go. "Daddy is not himself." And that's right, he isn't. He'll be back, lachrymose as always. But he's out of the picture at the moment, again. Or is this he, after all, raging in monstrous freedom? Either way, how absurd to say to him later, "You had no free will, there. You suffered another of your sad lapses of free will, that's all. Don't take on so." I bet I can handle any case you like, though I know I have only begun to deal with even these few. I hope I haven't cheated. I doubt that I am going to see unfreedom of will anywhere in our lives. Suppose that indeed I am not, not because, miraculously, it isn't there, but because the idea of it is incomprehensible, a picture without application! But I've asked you to do a lot of supposing. You may well be sick of supposing. What about determinism, you may wonder. Fortunately, Elizabeth Anscombe has taught me, by her essay "Causality and Determination," that I needn't go in for Lapacean fantasies, and I gather that John Earman is intent on conveying the same reassurance. That's fine. But one wouldn't care to think one's freedom of will secured by the physical possibility in pure theory that one will stay in bed for the rest of one's life, with Russian explanations ready in case anyone asks, much less by the theoretical possibility that instead of doing one's duty one will suddenly deliquesce into a nasty liquid all over the rug. Are we or aren't we as approximately deterministic as alarm clocks, say? That seems an awful question.


Unlike Anscombe, Wittgenstein thought it didn't matter, I find. At any rate there is a set of rather bad notes on a lecture about freedom of the will given by Wittgenstein in perhaps 1945 or 1946, from which it appears that he saw no contradiction (or other incoherence) in the idea that a free decision might nevertheless be "determined" by natural laws. He seems to have been quite clear in his mind about that. I, on the other hand, am not. I am foggy about it, possibly because I am bogged down in superstitions about natural law and the causal nexus. Still, I do sometimes think I see that logical inconsistency isn't the real trouble between determinism and free will: that they aren't in strict truth inconsistent. It then seems to me that their conflict comes rather of our being lured by the hypothesis of determinism into an alarming view of ourselves as a species of objects, which as such can't be thought to do anything (in a sense in which we had supposed that we did things), however busy and smiling they are. Automata are just automata, after all, whether physical through and through or on the contrary psychophysical. And, on second thought, whether deterministic or indeterministic. If one had hoped for a friend, or at least a pet, even a rather unpredictable object is cold comfort.


I think one might be able to hang onto one's friends, and enemies, in spite of these objects. One might begin by questioning the success of any attempt to introduce them into the conversation, by ostension or by description. It really is not clear that if I pat myself all over, saying, "You know: this thing here," you do know what thing I mean, or that I can explain what thing I mean, either. So Douglas Long argued explicitly years ago, and others have held too.11 Anscombe seems to be among them, actually, and perhaps Wittgenstein was as well. 21 They have not been widely believed. Nevertheless, they may be absolutely right.13 That would help. A new inquiry into the very idea of physical necessity would help.14 And even what I have said tonight might help. But I can't go on about any of that, I really can't. It's out of my hands, I absolutely must stop. So, I will. Thank you.


Footnotes


1. What follows is for the most part the text read on the occasion, with minor defensive alterations. One passage, about alcoholism, has been rewritten and is now perhaps intelligible, for better or worse.

2. Passions of the Soul, I, Article XLI. I got this reference from Paul Hoffman.

3. Conversation with Burman, tr. by John Cottingham (Clarendon Press, Oxford, 1976), sec. 31, p. 21.

4. G.E.M. Anscombe, Collected Philosophical Papers, vol. II: Metaphysics and the Philosophy of Mind (University of Minnesota Press, 1981), pp. 166, 167.

5. Ibid., p. 167.

6. Ibid., p. 170.

7. Ibid., p. 172.

8. Ibid., p. 172.

9. Read "try to jump over this building" opaquely. That I might mistake a building in the distance for a miniature building at my feet, and try to jump over it, is irrelevant, I hope, even if true. (This counterexample, or one like it, was put to me by Palle Yourgrau, as I recall.)

10. I think it was John Koethe who suggested this analogy.

11. See Long's articles "The Philosophical Concept of a Human Body," Philosophical Review, LXXIII (July, 1964) and "The Bodies of Persons," Journal of Philosophy LXXXI, 10 (May 30, 1974), and now also Jay Rosenberg, Thinking Clearly about Death (Prentice-Hall, 1983). Strawson's Individuals is not a case in point, as far as I can tell, since the "material bodies we possess" of that book seem to be just the bodies in question.

12. See Anscombe's "The First Person," loc. cit., p. 33, 3rd full paragraphy, and on Wittgenstein, John Cook's "Human Beings," in Studies in the Philosophy of Wittgenstein ed. by P. Winch, (New York Humanities Press, 1969), an interpretation that Cook would now repudiate, if I am not mistaken.

13. Though not necessarily for the reasons they give, where they give any.
14. And another into my relation to the necessities, if any, of my nervous system's operations and their bodily consequences. Am I under all these necessities? Do they all face me with impossibilities, in the sense of Anscombe's rejection of any 'can' of freedom that holds "in face of physical impossibility"?
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The Calculus of Logic

In a work lately published 1
I have exhibited the application of a new and peculiar form of
Mathematics to the expression of the operations of the mind in
reasoning.  In the present essay I design to offer such an account of
a portion of this treatise as may furnish a correct view of the
nature of the system developed.  I shall endeavour to state distinctly
those positions in which its characteristic distinctions consist, and
shall offer a more particular illustration of some features which are
less prominently displayed in the original work.  The part of the
system to which I shall confine my observations is that which treats
of categorical propositions, and the positions which, under this
limitation, I design to illustrate, are the following:


(1) That the business of Logic is with the relations of classes, and
with the modes in which the mind contemplates those relations.


(2) That antecedently to our recognition of the existence of
propositions, there are laws to which the conception of a class is
subject, - laws which are dependent upon the constitution of the
intellect, and which determine the character and form of the
reasoning process.


(3) That those laws are capable of mathematical expression, and that
they thus constitute the basis of an interpretable calculus.


(4) That those laws are, furthermore, such, that all equations which
are formed in subjection to them, even though expressed under
functional signs, admit of perfect solution, so that every problem in
logic can be solved by reference to a general theorem.


(5) That the forms under which propositions are actually exhibited, in
accordance with the principles of this calculus, are analogous with
those of a philosophical language.


(6) That although the symbols of the calculus do not depend for their
interpretation upon the idea of quantity, they nevertheless, in their
particular application to syllogism, conduct us to the quantitative
conditions of inference.


It is specially of the two last of these positions that I here desire
to offer illustration, they having been but partially exemplified in
the work referred to.  Other points will, however, be made the
subjects of incidental discussion.  It will be necessary to premise
the following notation.


The universe of conceivable objects is represented by 1 or unity.
This I assume as the primary and subject conception.  All subordinate
conceptions of class are understood to be formed from it by
limitation, according to the following scheme.


Suppose that we have the conception of any group of objects consisting
of Xs, Ys, and others, and that x, which we
shall call an elective symbol, represents the mental operation of
selecting from that group all the Xs which it contains, or
of fixing the attention upon the Xs to the exclusion of all
which are not Xs, y the mental operation of selecting the
Ys, and so on; then, 1 or the universe being the subject
conception, we shall have

x 1 or x = the class X,
y 1 or y = the class Y,
xy 1 or xy = the class each member of which is
both X and Y,


and so on.


In like manner we shall have


1 - x = the class not-X,

1 - y = the class not-Y,
x(1 - y) = the class whose members are Xs but
not-Ys,

(1 - x)(1 - y) = the class whose members are neither Xs
nor Ys,

&c.



Furthermore, from consideration of the nature of the mental operation
involved, it will appear that the following laws are satisfied.


Representing by x, y, z any elective symbols whatever,

	x(y+z) = xy + xz	. . . . . . . .(1),

	xy = yx, &c.
   	. . . . . . . .(2),

	xn= x, &c.
   	. . . . . . . .(3).



From the first of these it is seen that elective symbols are
distributive in their operation; from the second that they are
commutative.  The third I have termed the index law; it is
peculiar to elective symbols.


The truth of these laws does not at all depend upon the nature, or the
number, or the mutual relations, of the individuals included in the
different classes.  There may be but one individual in a class, or
there may be a thousand.  There may be individuals common to different
classes, or the classes may be mutually exclusive.  All elective
symbols are distributive, and commutative, and all elective symbols
satisfy the law expressed by (3).


These laws are in fact embodied in every spoken or written language.
The equivalence of the expressions ``good wise man'' and ``wise good
man,'' is not a mere truism, but an assertion of the law of
commutation exhibited in (2).  And there are similar
illustrations of the other laws.


With these laws there is connected a general axiom.  We have seen that
algebraic operations performed with elective symbols represent mental
processes.  Thus the connexion of two symbols by the sign +
represents the aggregation of two classes into a single class, the
connexion of two symbols xy as in multiplication, represents the
mental operation of selecting from a class Y those members
which belong also to another class X, and so on.  By such
operations the conception of a class is modified.  But beside this the
mind has the power of perceiving relations of equality among classes.
The axiom in question, then, is that if a relation of equality
is perceived between two classes, that relation remains unaffected
when both subjects are equally modified by the operations above
described. (A).  This axiom, and not ``Aristotle's dictum,'' is the
real foundation of all reasoning, the form and character of the
process being, however, determined by the three laws already stated.


It is not only true that every elective symbol representing a class
satisfies the index law (3), but it may be rigorously
demonstrated that any combination of elective symbols
φ(xyz..),
which satisfies the law
φ(xyzn
   = φ(xyz..),
represents
an intelligible conception, - a group or class defined by a greater or
less number of properties and consisting of a greater or less number
of parts.


The four categorical propositions upon which the doctrine of ordinary
syllogism is founded, are

	All Ys are Xs. 	A,
	No Ys are Xs. 	E,
	Some Ys are Xs. 	I,
	Some Ys are not Xs. 	O.



We shall consider these with reference to the classes among which
relation is expressed.


A. The expression All Ys represents the class Y
and will therefore be expressed by y, the copula are by the
sign =, the indefinite term, Xs, is equivalent to
Some Xs.  It is a convention of language, that the word
Some is expressed in the subject, but not in the predicate of a
proposition.  The term Some Xs will be expressed by vx,
in which v is an elective symbol appropriate to a
class V, some members of which are Xs, but which
is in other respects arbitrary.  Thus the proposition A
will be expressed by the equation

y = vx . . . . . . . .(4).



E. In the proposition, No Ys are Xs, the
negative particle appears to be attached to the subject instead of to
the predicate to which it manifestly belongs.
We do not intend to say that those things which are not-Ys
are Xs, but that things which are Ys are
not-Xs.  Now the class not-Xs is expressed by
1 - x; hence the proposition No Ys are Xs, or
rather All Ys are not-Xs, will be expressed by

y = v(1 - x) . . . . . . . .(5).



I. In the proposition Some Ys are Xs, or Some
Ys are Some Xs, we might regard the Some in the
subject and the Some in the predicate as having reference to the same
arbitrary class V, and so write

vy = vx,


but it is less of an assumption to refrain from doing this.  Thus we
should write
vy = v'x . . . . . . . .(6),

v' referring to another arbitrary class
V'.


O. Similarly, the proposition Some Ys are
not-Xs, will be expressed by the equation

vy = v'(1 - x) . . . . . . . .(7).



It will be seen from the above that the forms under which the four
categorical propositions A, E, I, O are exhibited in the notation of
elective symbols are analogous with those of pure language,
i.e. with the forms which human speech would assume, were its
rules entirely constructed upon a scientific basis.  In a vast
majority of the propositions which can be conceived by the mind, the
laws of expression have not been modified by usage, and the analogy
becomes more apparent, e.g. the interpretation of the equation

z = x(1 - y) + y(1 - x),


is, the class Z consists of all Xs which are
not-Ys and of all Ys which are
not-Xs.

General Theorems relating to Elective Functions.

We have now arrived at this step, - that we are in possession of a
class of symbols x, y, z, &c. satisfying certain laws, and
applicable to the rigorous expression of any categorical proposition
whatever.  It will be our next business to exhibit a few of the
general theorems of the calculus which rest upon the basis of those
laws, and these theorems we shall afterwards apply to the discussion
of particular examples.


Of the general theorems I shall only exhibit two sets: those which
relate to the development of functions, and those which relate to the
solution of equations.

Theorems of Development.

(1) If x be any elective symbol, then


φ(x)
   = φ(1) x
      + φ(0) (1 - x) . . . . . . . .(8),


the coefficients
φ(1),
φ(0),
which are quantitative or common algebraic functions, are called
the moduli, and x and 1 - x the constituents.


(2) For a function of two elective symbols we have


φ(xy)
   = φ(11)xy
      + φ(10) x(1 - y) 

      + φ(01)(1 - x)y
      + φ(00)(1 - x)(1 - y)
   . . . . . . . .(9),


in which
φ(11),
φ(10), &c.
are quantitative, and are called the moduli, and xy,
x(1 - y), &c. the constituents.


(3) Functions of three symbols:


φ(xyz)
   = φ(111)xyz
      + φ(110)xy(1 - z) 

      + φ(101)x(1 - y)z
      + φ(100)x(1 - y)(1 - z) 

      + φ(011)(1 - x)yz
      + φ(010)(1 - x)y(1 - z) 

      + φ(001)xy(1 - z)
      + φ(000)(1 - x)(1 - y)(1 - z)
   . . . . . . . .(10),


in which
φ(111),
φ(110), &c.
are the moduli, and xyz, xy(1 - z), &c.
the constituents.


From these examples the general law of development is obvious.  And I
desire it to be noted that this law is a mere consequence of the
primary laws which have been expressed in (1),
(2), (3).


THEOREM. If we have any equation
φ(xyz..) = 0,
and fully expand the first member, then every constituent whose
modulus does not vanish may be equated to 0.

This enables us to interpret any equation by a general rule.


RULE.  Bring all the terms to the first side, expand
this in terms of all the elective symbols involved in it, and equate
to 0 every constituent whose modulus does not vanish.

For the demonstration of these and many other results, I must refer to
the original work.  It must be noted that on p. 66, z has been,
through mistake, substituted for w, and that the reference on p. 80
should be to Prop. 2.


As an example, let us take the equation

x + 2y - 3xy = 0 . . . . . . . .(11).


Here
φ(xy)
   = x + 2y - 3xy,
whence the values of the moduli are

φ(11) = 0,  
φ(10) = 1,  
φ(01) = 2,  
φ(00) = 0,


so that the expansion (9) gives
x(1 - y) + 2y(1 - x) = 0,


which is in fact only another form of (11).  We have, then,
by the Rule
x(1 - y) = 0 . . . . . . . .(11),
y(1 - x) = 0 . . . . . . . .(12);


the former implies that there are no Xs which are
not-Ys, the latter that there are no Ys which
are not-Xs, these together expressing the full significance
of the original equation.


We can, however, often recombine the constituents with a gain of
simplicity.  In the present instance, subtracting (12) from
(11), we have x - y = 0, or
x = y, that is, the
class X is identical with the class Y.  This
proposition is equivalent to the two former ones.


All equations are thus of equal significance which give, on expansion,
the same series of constituent equations, and all are
interpretable.

General Solution of Elective Equations.

(1) The general solution of the equation
φ(xy) = 0,
in which two
elective symbols only are involved, y being the one whose value is
sought, is


y = φ(10) / (φ(10) - φ(11)) x
          + φ(00) / (φ(00) - φ(01)) (1-x) ........(13)


The coefficients

φ(10) / (φ(10) - φ(11)), φ(00) / (φ(00) - φ(01))


are here the moduli.


(2) The general solution of the equation
φ(xyz) = 0,
z being the symbol whose value is to be determined, is


z =φ(110) / (φ(110) + φ(111)) xy
          + φ(100) / (φ(100) - φ(101) x(1-y)
          + φ(010) / (φ(010) - φ(011) (1-x)y
          + φ(000) / (φ(000) - φ(001) (1-x)(1-y) ........(14)



the coefficients of which we shall still term the moduli.  The law of
their formation will readily be seen, so that the general theorems
which have been given for the solution of elective equations of two
and three symbols, may be regarded as examples of a more general
theorem applicable to all elective equations whatever.  in applying
these results it is to be observed, that if a modulus assume the form
0/0 it is to be replaced by an arbitrary elective
symbol w, and that if a modulus assume any numerical value except
0 or 1, the constituent of which it is a factor must be separately
equated to 0.  Although these conditions are deduced solely from the
laws to which the symbols are obedient, and without any reference to
interpretation, they nevertheless render the solution of every
equation interpretable in logic.  To such formulae also every
question upon the relations of classes may be referred.  One or two
very simple illustrations may suffice.


(1) Given yx = yz + x(1 - z)
   . . . . . . . . (a).

The Ys which are Xs consist of the Ys
which are Zs and the Xs which are
not-Zs.  Required the class Z.


Here
φ(xyz)
   = yx - yz - x(1 - z),


φ(111) = 0,  
φ(110) = 0,  
φ(101) = 0, 

φ(100) = -1,  
φ(011) = -1,  
φ(010) = 0, 

φ(001) = 0,  
φ(000) = 0;


and substituting in (14), we have
z = 0/0 xy + x(1 - y)
      + 0/0 (1 - x)(1 - y) 

  = x(1 - y) + wxy
      + w'(1 - x)(1 - y) . . . . . . . .(15).


Hence the class Z includes all Xs which are
not-Ys, an indefinite number of Xs which are
Ys, and an indefinite number of individuals which are
neither Xs nor Ys.  The classes w and w'
being quite arbitrary, the indefinite remainder is equally so; it may
vanish or not.


Since 1 - z represents a class, not-Z, and satisfies the
index law


(1 - z)n = 1 - z,


as is evident on trial, we may, if we choose, determine the value of
this element just as we should determine that of z.


Let us take, in illustration of this principle, the equation
y = vx,
(All Ys are Xs), and seek the value of 1 - x,
the class not-X.


Put 1 - x = z then y = v(1 - z),
and if we write this in the form
y - v(1 - z) = 0 and represent the first member by
φ(vyz),
v here taking the place of x, in (14), we shall have


φ(111) = 1,  
φ(110) = 0,  
φ(101) = 0,  
φ(100) = -1, 

φ(011) = 1,  
φ(010) = 1,  
φ(001) = 0,  
φ(000) = 0;


the solution will thus assume the form

z = 0/(0 - 1) vy + (-1)/(-1 - 0) v(1 - y)
          + 1/(1 - 1) (1 - v)y + 0/(0 - 0) (1 - v)(1 - y),


or

1 - x = v(1 - y) + 1/0 (1 - v)y + 0/0 (1 - v)(1 - y)
      . . . . . . . .(16).


The infinite coefficient of the second term in the second member
permits us to write
y(1 - v) = 0 . . . . . . . .(17),


the coefficient 0/0 being then replaced by w, an
arbitrary elective symbol, we have

1 - x = v(1 - y) + w(1 - v)(1 - y),


or

1 - x = {v + w(1 - v)} (1 - y)
   . . . . . . . .(18).



We may remark upon this result that the coefficient
v + w(1 - v) in
the second member satisfies the condition


{v + w(1 - v)}n
   = v + w(1 - v),


as is evident on squaring it.  It therefore represents a class.
We may replace it by an elective symbol u, we have then

1 - x = u(1 - y) . . . . . . . .(19),


the interpretation of which is

All not-Xs are not-Ys.


This is a known transformation in logic, and is called conversion by
contraposition, or negative conversion.  But it is far from exhausting
the solution we have obtained.  Logicians have overlooked the fact,
that when we convert the proposition All Ys are (some)
Xs into All not-Xs are (some) not-Ys
there is a relation between the two (somes), understood in the
predicates.  The equation (18) shews that whatever may be
that condition which limits the Xs in the original
proposition, - the not-Ys in the converted proposition
consist of all which are subject to the same condition, and of an
arbitrary remainder which are not subject to that condition.  The
equation (17) further shews that there are no Ys
which are not subject to that condition.


We can similarly reduce the equation y = v(1 - x),
No Ys are Xs, to the form
x = v'(1 - y)
No Xs are Ys, with a like relation between v and
v'.
If we solve
the equation y = vx All Ys are Xs, with
reference to v, we obtain the subsidiary relation
y(1 - x) = 0
No Ys are not-Xs, and similarly from the equation
y = v(1 - x) (No Ys are Xs) we get
xy = 0.  These equations, which may also be obtained in other ways,
I have employed in the original treatise.  All equations whose
interpretations are connected are similarly connected themselves, by
solution or development.

On Syllogism.

The forms of categorical propositions already deduced are

	y = vx,
   	All Ys are Xs,
	y = v(1 - x),
   	No Ys are Xs,
	vy = v'x,
   	Some Ys are Xs,
	vy = v'(1 - x),
   	Some Ys are not-Xs,



whereof the two first give, by solution,
1 - x = v'(1 - y).
All not-Xs are not-Ys,
x = v'(1 - y),
No Xs are Ys.  To the above scheme, which is that
of Aristotle, we might annex the four categorical propositions
	1 - y = vx,
   	All not-Ys are Xs,
	1 - y = v(1 - x),
   	All not-Ys are not-Xs,
	v(1 - y) = v'x,
   	Some not-Ys are Xs,
	v(1 - y) = v'(1 - x),
   	Some not-Ys are not-Xs,



the first two of which are similarly convertible into
	1 - x = v'y,
   		All not-Xs are Ys,
	x = v'y,
   		All Xs are Ys,
		or 	No not-Xs are Ys,




If now the two premises of any syllogism are expressed by equations of
the above forms, the elimination of the common symbol y will lead us
to an equation expressive of the conclusion.


	Ex. 1.	All Ys are Xs,
   	y = vx,
		All Zs are Ys,
   	z = v'y,



the elimination of y gives
z = vv'x,


the interpretation of which is

All Zs are Xs,


the form of the coefficient vv' indicates that the
predicate of the
conclusion is limited by both the conditions which separately limit
the predicates of the premises.


	Ex. 2.	All Ys are Xs,
   	y = vx,
		All Ys are Zs,
   	y = v'z.



The elimination of y gives
v'z = vx,


which is interpretable into Some Zs are Xs.  It
is always necessary that one term of the conclusion should be
interpretable by means of the equations of the premises.  In the above
case both are so.


	Ex. 3.	All Xs are Ys,
   	x = vy,
		No Zs are Ys,
   	z = v'(1 - y).



Instead of directly eliminating y let either equation be transformed
by solution as in (19).  The first gives

1 - y = u(1 - x),

u being equivalent to v + w(1 - v),
in which w is arbitrary.
Eliminating 1 - y between this and the second equation of the
system, we get
z = v'u(1 - x),


the interpretation of which is

No Zs are Xs.


Had we directly eliminated y, we should have had
vz = v'(v - x),


the reduced solution of which is
z = v'{v + (1 - v)}(1 - x),


in which w is an arbitrary elective symbol.  This exactly agrees
with the former result.


These examples may suffice to illustrate the employment of the method
in particular instances.  But its applicability to the demonstration
of general theorems is here, as in other cases, a more important
feature.  I subjoin the results of a recent investigation of the Laws
of Syllogism.  While those results are characterized by great
simplicity and bear, indeed, little trace of their mathematical
origin, it would, I conceive, have been very difficult to arrive at
them by the examination and comparison of particular cases.

Laws of Syllogism deduced from the Elective Calculus.

We shall take into account all propositions which can be made out of
the classes X, Y, Z, and referred to
any of the forms embraced in the following system,

	A, 	All Xs are Zs.
   	A', 	All not-Xs are Zs.
	E, 	No Xs are Zs.
   	E'	No not-Xs are Zs, or
				(All not-Xs are not-Zs.)
	I, 	Some Xs are Zs.
   	I', 	Some not-Xs are Zs.
	O, 	Some Xs are not-Zs.
   	O', 	Some not-Xs are not-Zs.




It is necessary to recapitulate that quantity (universal and
particular) and quality (affirmative and negative) are understood to
belong to the terms of propositions
which is indeed the correct
view.


Thus, in the proposition All Xs are Ys, the
subject All Xs is universal-affirmative, the predicate
(some) Ys particular-affirmative.


In the proposition, Some Xs are Zs, both terms
are particular-affirmative.


The proposition No Xs are Zs would in
philosophical language be written in the form All Xs are
not-Zs.  The subject is universal-affirmative, the
predicate particular-negative.


In the proposition Some Xs are not-Zs, the
subject is particular-affirmative, the predicate particular-negative.
In the proposition All not-Xs are Ys the subject
is universal-negative, the predicate particular-affirmative, and so
on.


In a pair of premises there are four terms, viz. two subjects and two
predicates; two of these terms, viz. those involving the Y
or not-Y may be called the middle terms, the two others the
extremes, one of these involving X or not-X, the
other Z or not-Z.


The following are then the conditions and the rules of inference.


Case 1st.  The middle terms of like quality.


Condition of Inference.  One middle term universal.


Rule.  Equate the extremes.


Case 2nd.  The middle terms of opposite qualities.


1st.  Condition of Inference.  One extreme universal.


Rule.  Change the quantity and quality of that extreme, and equate the
result to the other extreme.


2nd.  Condition of inference.  Two universal middle terms.


Rule.  Change the quantity and quality of either extreme, and equate
the result to the other extreme.


I add a few examples,


	1st	All Ys are Xs.
		All Zs are Ys.



This belongs to Case 1.  All Ys is the universal middle
term.  The extremes equated give All Zs are Xs,
the stronger term becoming the subject.


	2nd 	All Xs are Ys 	=	All Xs are Ys
		No Zs are Ys		No Zs are not-Ys



This belongs to Case 2, and satisfies the first condition.  The middle
term is particular-affirmative in the first premise,
particular-negative in the second.  Taking All-Zs as the
universal extreme, we have, on changing its quantity and quality, Some
not-Zs, and this equated to the other extreme gives


All Xs are (some) not-Zs
   = No Xs are Zs.


If we take All Xs as the universal extreme we get

No Zs are Xs.



	3rd	All Xs are Ys.
		Some Zs are not-Ys.



This also belongs to Case 2, and satisfies the first condition.  The
universal extreme All Xs becomes, some not-Xs,
whence


Some Zs are not-Xs.



	4th	All Ys are Xs.
		All not-Ys are Zs.



This belongs to Case 2, and satisfies the second condition.  The
extreme Some Xs becomes All not-Xs,


.·.   
All not-Xs are Zs.


The other extreme treated in the same way would give

All not-Zs are Xs,


which is an equivalent result.


If we confine ourselves to the Aristotelian premises A, E, I, O, the
second condition of inference in Case 2 is not needed.  The conclusion
will not necessarily be confined to the Aristotelian system.


	Ex. 	Some Ys are not-Xs	=	Some Ys are not-Xs
		No Zs are Ys		All Zs are not-Ys



This belongs to Case 2, and satisfies the first condition.  The result
is


Some not-Zs are not-Xs.



These appear to me to be the ultimate laws of syllogistic inference.
They apply to every case, and they completely abolish the distinction
of figure, the necessity of conversion, the arbitrary and
partial
rules of distribution, &c.  If all logic were reducible to the
syllogism these might claim to be regarded as the rules of logic.  But
logic, considered as the science of the relations of classes has been
shewn to be of far greater extent.  Syllogistic inference, in the
elective system, corresponds to elimination.  But this is not the
highest in the order of its processes.  All questions of elimination
may in that system be regarded as subsidiary to the more general
problem of the solution of elective equations.  To this problem all
questions of logic and of reasoning, without exception, may be
referred.  For the fuller illustrations of this principle I must
however refer to the original work.  The theory of hypothetical
propositions, the analysis of the positive and negative elements, into
which all propositions are ultimately resolvable, and other similar
topics are also there discussed.


Undoubtedly the final aim of speculative logic is to assign the
conditions which render reasoning possible, and the laws which
determine its character and expression.  The general axiom (A) and the
laws (1), (2), (3), appear to convey the
most definite solution that can at present be given to this question.
When we pass to the consideration of hypothetical propositions, the
same laws and the same general axiom which ought perhaps also to be
regarded as a law, continue to prevail; the only difference being that
the subjects of thought are no longer classes of objects, but cases of
the coexistent truth or falsehood of propositions.  Those relations
which logicians designate by the terms conditional, disjunctive, &c.,
are referred by Kant to distinct conditions of thought.  But it is a
very remarkable fact, that the expressions of such relations can be
deduced the one from the other by mere analytical process.  From the
equation y = vx, which expresses the conditional
proposition, ``If the proposition Y is true the proposition X
is true,'' we can deduce

yx + (1 - y)x + (1 - y)(1 - x) = 1,


which expresses the disjunctive proposition, ``Either
Y and X are together true, or X is
true and Y is false, or they are both false,'' and again
the equation y(1 - x) = 0, which expresses a relation of
coexistence, viz. that the truth of Y and the
falsehood of X do not coexist.  The distinction in the
mental regard, which has the best title to be regarded as fundamental,
is, I conceive, that of the affirmative and the negative.  From this
we deduce the direct and the inverse in operations, the true and the
false in propositions, and the opposition of qualities in their
terms.


The view which these enquiries present of the nature of language is a
very interesting one.  They exhibit it not as a mere collection of
signs, but as a system of expression, the elements of which are
subject to the laws of the thought which they represent.  That those
laws are as rigorously mathematical as are the laws which govern the
purely quantitative conceptions of space and time, of number and
magnitude, is a conclusion which I do not hesitate to submit to the
exactest scrutiny.


1. Cambridge and Dublin Mathematical Journal, Vol. III (1848), pp. 183-98
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Essays Philosophical and Moral, Historical and Literary, 
Volume I, Book I, Essay I. (London 1789)



The celebrated controversy on the subject of Liberty and Necessity has from the earliest ages, and in various modes, attracted the attention and employed the sagacity of philosophical and speculative minds. Whether the course of human events is fixed and unalterable, or uncertain and contingent, is a question in the highest degree curious and interesting; but at the same time involved in difficulties of such magnitude, that it may be justly doubted whether it is capable of a solution so clear and satisfactory, as to preclude a difference of opinion on this subject amongst enquirers equally, candid, impartial and intelligent. In modern times indeed the 

2

controversy has assumed a more regular and scientific form; and the utmost force of the human understanding has been exerted, the utmost powers of ratiocination displayed by the advocates on each side, in their attempts to establish or confirm their respective systems. Yet the question does not seem to approach to a decision, and the greatest names in the republic of letters are still divided in opinion on this important point.

First, the Necessarian Writers — amongst whom Hume, Hobbes, Collins, Leibnitz, Hutcheson, Edwards, Hartley, Priestley, and perhaps Locke, are to be classed — strenuously maintain, that the course of human events is absolutely fixed and unalterable; and that nothing could possibly, or at least without a change in the fundamental laws of the universe, take place otherwise than as it is, has been or is to be. This they affirm is not merely a probable conclusion, but a conclusion demonstrably resulting from the following considerations. Whatever begins to exist must have an adequate cause of its existence; for if the smallest particle of dust, or the most transient emotion of the mind, could come into existence without a cause, it is evident that the whole universe and all the inhabitants it contains might also exist without a cause: and consequently it would be impossible to prove the existence of

3

the great and original Cause of all things. This primary truth then being established, they affect further, that the same causes in the same circumstances must produce exactly the same effects: this axiom being consonant to all the phenomena of nature, and indeed the basis and foundation of all just philosophy. To affirm that the same causes do not in the same circumstances produce invariably the same effects, is in reality to assert that a cause of existence is not absolutely necessary. For if nothing in the cause corresponds to the variation in the effect, that variation exists without a cause: consequently this truth is equally incontrovertible with the first. And they proceed with confidence to a third proposition, necessarily resulting from the two former, viz. that a man in any given situation must form certain or definite volitions or determinations. For if nothing exists without a cause, and the same causes in the same circumstances produce the same effects, the volitions referred to must have had a cause, and the cause which was adequate to the production of those volitions was inadequate to the production of any other than those; for a variation in the volitions would necessarily imply a variation in the cause. Hence it follows by easy and irrefragable deduction, that in every possible situation in which a human or thinking being can be placed, his volitions must be 
4

determinate and certain; that the volitions of all mankind are so; and finally, that as every event comes to pass in consequence of causes previously existing, the whole series of events is under the influence of an absolute and uncontrollable Necessity.

Again, it is urged as an undeniable matter of fact by this class of metaphysicians, that no volition ever takes place in the mind, without some motive. As this proposition is too plain to be called in question, it must be allowed that when different motives present themselves to the imagination, the mind will be invariably influenced by the stronger motive consequently the volition must he in the strictest sense necessary.


The prescience of the Divine Being affords also a collateral argument of the greatest weight in support of the doctrine of Necessity. For if future events arc in their own nature uncertain and contingent, Omniscience itself cannot see them to be otherwise than they actually are; and it is a gross and palpable contradiction to assert, that God can with absolute certainty foretell that a particular event shall take place; and at the same time to affirm, that the event foretold depends upon the free-will of man for its accomplishment, if the determinations of the will are themselves lawless and uncertain.


5

To these very powerful and cogent arguments the advocates for Philosophical Liberty, viz. Clarke, Beattie, Butler, Price, Law, Bryant, Wollaston, Horsley, etc. reply to the following purpose. 

As all mankind have an internal consciousness of freedom, and as it is impossible for any metaphysical subtleties so totally to overpower the original and genuine dictates of nature, as to excite a real belief in the mind of any rational being that he is not master of his own actions, but that he is a mere machine, and as incapable of controlling the events of this life or the determinations of his will, as a puppet to resist the impulse of the wires by which he is put in motion, it might seem sufficient to appeal to common sense for the refutation os assertions so extravagant and absurd. But in order more completely to expose the fallacy and detect the sophistry of those arguments by which their antagonists attempt to reason men out of their reason, it is proper, say they, to enter into a more full and accurate investigation of them. And with respect to the so much boasted argument from the necessary operation of causes and effects, they profess their readiness to acknowledge the necessity of a cause to the production of any effect; but they can by no means admit the application of this axiom to the support of the hypothesis in question, nor by any means allow that motives
6

are to be considered as the efficient causes of volition. The man alone is the agent, and forms the volition, upon the view and consideration of motives indeed which may be, and usually are, the occasion of the volition, but which cannot with any degree of propriety be stiled the impellers, or the true and physical causes of it. To set this proposition in a clearer light they observe, that amongst other wonderful and incomprehensible powers with which it has pleased God to endow the human mind, is the faculty of self-determination of beginning motion, of putting itself in action. And though no reasonable person will exert this power in a total disregard to motives, yet must the power indisputably be allowed to exist independent of the motive; 

Belsham describes the case for agent-causal libertarianism

and though two different volitions be supposed to take place in the same precise situation, they cannot surely with any shadow of justice be represented as existing without any adequate cause, when the self-determining power is itself the cause of each volition.

In various instances the different motives presented to the mind appear equally forcible. At other times we cannot, with the utmost attention, perceive our minds to be influenced, previous to the act of chusing, by any motive whatever to a definite choice. In such cases, can any one be so absurd as to imagine that the man is not at
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liberty to act at all? Has not a man a power of walking, because he is not incited by any particular motive to turn either to the right hand or to the left? Or is a traveller incapable of proceeding to the place of his destination, till he has formally considered and decided whether the shorter and rougher or the farther and easier road be the more eligible? No: doubtless he has a power of instant determination, notwithstanding the impossibility of ascertaining the preponderance or even the existence of any motive which could in any manner influence the volition. Even in those cases where the preponderance of any motive is visible and notorious, no man can truly say that the action consequent upon it was strictly speaking necessary; for great as the weight of the motive may be supposed, if it was not actually of a violent or compulsive kind, the self-determining power might have decided in opposition to that or any other motive whatever. So that the weakness and fallacy of that reasoning must be apparent to every unprejudiced enquirer, by which it is pretended that the mind will be necessarily and invariably, influenced by the strongest motive.

In the multifarious and eventful business of life, it perpetually happens that the mind is agitated and perplexed by a conflict of opposite and contending motives; and we too frequently find
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virtue and reason ranged on one side, passion and inclination on the other. In this unhappy situation what is to be done? Are men quietly and passively to submit to the strong and violent impulse of passion, and refuse to listen to the still and feeble call of reason? No: they must exert their own inherent power of self-determination; and form their resolutions, in spite of the superior force of those inclinations which they know to be highly culpable and unworthy. If it is sufficient to say in vindication of a vicious action, that the motives which influenced us to the perpetration of it were at the time predominant in the mind, no villany could over want an adequate apology, the very foundations of virtue would be subverted, the ideas of virtue and vice would be totally confounded, and the moral character of the Deity himself, as the author of a constitution of things which necessarily and inevitably led to the commission of every species of immorality, would be highly reflected upon, and most injuriously, not to say profanely traduced and misrepresented.

And in regard to the collateral argument deduced from the Divine Prescience, it may he said in the language of Scripture, that as the Heavens are high above the Earth, so are God's ways higher than our ways, and his thoughts than our thoughts: and it would be most unreasonable

9

 and presumptuous to expect that men should be able to comprehend or explain the mode in which the Divine attributes exist or operate. We know by intuition as well as induction, that the will of man is free : and we know from the accomplishment of Prophecies, as well as by the express claims and declarations of the Divine Being, that all futurity lies open to his immense survey. And these truths, if separately proved, must undoubtedly be consistent with each other, however inconsistent or irreconcileable they may appear to our weak and limited capacities. But even if it should be allowed that the free-will of man, and the fore-knowledge of Deity, when understood in its utmost latitude, are express contradictions, it would surely be much less derogatory to the honor and glory of Almighty God to acknowledge, that the attribute of prescience is not absolutely and strictly speaking without limitation, than to assert the existence of it in such a sense, as to imply the impossibility, of imparting to man freedom of agency, the glorious and inestimable privilege os self-determination. If it is in the nature of things impossible that the attribute of prescience can subsist in its fullest extent without depriving men of that faculty which can alone render them moral or accountable agents; with profound submission and reverence we may venture to affirm,
10

that in this sense, and to this extent, it does not subsist: though doubtless that Almighty Being, to whom all hearts are open and all desires known, cannot fail to judge with a degree of precision, to us wholly incomprehensible, concerning the effects which will arise from causes actually existing. His foresight extends to every possible contingency, and his power and wisdom will infallibly make every event subservient to the most glorious and salutary purposes.

The Necessarians, far from being silenced by these popular reasonings, with great ardour and confidence thus resume the argument: - "It is acknowledged by our opponents, thus, that nothing can come into existence without a cause. All the affections, emotions, and feelings of the mind, however modified, and however distinguished, are the real and genuine effects of some real and adequate cause. The question therefore to be decided is this:— 'Whether those mental affections are produced by a regular concatenation of circumstances or motives, operating as real and adequate causes, or whether they arc the result of a certain faculty of the mind, fortunately discovered for this very purpose, and dignified with the appellation of the self-determining power.'" He who affirms that the self-determining power is the cause of volition, must doubtless intend to convey some farther 
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idea, than that the power by which our volitions are determined is the cause of volition; for this is a mere identical proposition, which can never be seriously proposed as the subject of philosophical discussion. By the self-determining power therefore must be meant, if indeed it has any meaning, either the actual exertion of volition, or the mental energy which precedes volition, and which is the efficient cause os it. Is it means the allual exertion or volition, then the assertors of this power evidently confound the cause with the effect, making the act of volition prior to itself, distinct from itself, and the cause of itself. But if it means the mental energy, preceding and producing volition; it is then equivalent to the term motive, and the question is reduced to a mere verbal controversy. For this mental energy, denoting only a particular disposition and state of mind, must itself have resulted from a previous disposition of mind, as likewise that previous disposition from one yet more remote. A regular and uninterrupted concatenation of volitions, thus extending itself backwards to the original source of agency, each volition or mental state, like wave impelling wave, arising from preceding, and giving rise to succeeding states, or definite situations of mind analogous to itself, and corresponding to those immutable laws by which the mental, no
12

less than the material world, is governed by infinite wisdom and power. But the term motive, according to the Necessarian definition, includes all those previous circumstances which contribute to produce a definite volition or determination os the will. To what purpose then attempt to distinguish between the power and the motive of determination, when the ideas precisely coincide; the definite cause of a definite volition being all which is really meant by either? Or where is the difference between the Libertarian, who lays that the mind chuses the motive, and the Necessarian, who asserts, that the motive determines the mind, if the volition be the necessary result of all the previous circumstances? The distinction in this case can only amount to an idle and trifling evasion: and it is evident, that in order to preserve a shadow of liberty, its advocates make no scruple to adopt a gross impropriety of expression. To boast that the mind chuses the motive when the mind is restricted to a definite choice, is ridiculous; and it is in fact as great a solecism, as to affirm that the volition chuses the motive: For the choice of the mind is not prior but subsequent to the motive: it is therefore not the cause but the effect of the motive; and this pretended mental choice is manifestly neither more nor less than the necessary determination of volition.
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After this, it is needless to enlarge upon the absurdity of the idea, that this pretended power of self-determination is capable of deciding in contradiction to the most powerful motive. For if it is considered as the real and proper cause of volition, its decisions must be definite and certain, and it is perfectly ridiculous to apply the term, most powerful, to that motive which is not actually prevalent. Admitting, however, for the sake of argument, the existence of a power in the mind, the reality of which, as distinguished from the power of motives, it is impossible to distinguish by even the shadow os a proof, it is evident it can exist only as the cause of volition in general; for so far as it is not biassed and influenced by motives, so far it bears an exactly equal relation to each particular volition, and therefore cannot possibly be the cause of any specific determination; just as matter endowed with a similar power of self-motion would remain for ever inert, in consequence of its possessing an equal tendency to move in every possible direction at the same instant of time. So far as it is an independent principle, therefore, it is a nugatory and useless one. But even if it could he proved the true and proper cause of every particular volition, still we insist that the volitions produced by it must be certain and definite; for it will ever remain an incontrovertible axiom, notwithstanding 
14

all metaphysical refinements and subtleties, that the same cause in the same precise circumstances must inevitably produce the same effects. To appeal to the internal feelings and consciousness of mankind, as the advocates for liberty affect to do in confirmation of their principles, will avail them little. The only species of liberty that any man is, or can be conscious of, is a liberty or power of voluntary agency, or of acting as he pleases or wills: and this is a power which we are so far from contesting, that we consider it as an essential part of the Necessarian System. The fact is, that the question so much contested among philosophers, viz. whether volitions are definite in definite circumstances, never occurs to the generality of mankind, and if it were stated would not be understood. To philosophers only, then, let the appeal be made, and surely every attentive and impartial examiner must be compelled to answer in the affirmative. As to the immoral and pernicious consequences which our adversaries pretend to deduce from Necessarian principles, it is easy to show that they are founded in a gross misapprehension of their nature and tendency. The philosophical idea of liberty will not indeed be included in the Necessarian definition of virtue, but it will still remain as distinct from, and opposite to vice, as excellent in itself and as much the object of
15

love and admiration, as it can possibly be upon any hypothesis whatever. To incite us to the practice of it, and to deter us from the commission of vice, motives must, agreeably to the frame and constitution of the human mind, be held out to our view: peace and happiness be annexed to the one, shame and misery to the other. These associations once implanted in the mind must produce the most beneficial effects. And the importance of early inculcating just sentiments, and of urging men to the practice of virtue by every laudable motive, cannot appear in so striking and important a light upon any other ground, as on that which ascribcs to them a certain and invariable operation.


The Problem of Evil

That objection to the doctrine of Necessity, which charges it with involving the character of the Supreme Being in the guilt of moral turpitude, is an accusation equally weak and ill founded. If the Deity acts immorally in decreeing vicious actions, how can our adversaries, upon their own principles, vindicate God's moral government, in permitting those irregularities which he could so easily have prevented? The truth is, the difficulty is the very same on each, and indeed every hypothesis; and the Necessarians are under no peculiar obligation to solve that great problem, the introduction of evil into the universe. However; as we have the
16

most convincing proofs, derived both from reason and Revelation, of the moral attributes of the Deity, we may surely rest satisfied that very wise and important ends are to be answered by it; and we may safely conclude that all things shall terminate in pure and perfect happiness; and that the power, wisdom, and goodness of God shall be at length fully displayed and illustriously vindicated.

It is farther observable, that the consequences flowing from the system of Necessity, and which appear to the assertors of free-will so alarming and dreadful, are light and trivial when compared with those which must necessarily result from the denial of the Divine prescience; which may be said to wrest the sceptre from the hand of the Creator, and to place that capricious and undefinable principle, the self-determining power of man, upon the throne of the universe. If the absolute fore-knowledge of God is admitted, every one must see that Contingency is excluded; and consequently the whole fabric reared upon the shallow and visionary basis of man's free-agency must instantly dissolve, "and, like an insubstantial pageant faded, leave not a wreck behind."







Here is Peter Strawson's Naturalism argument for belief in free will 


Source: https://www.informationphilosopher.com/solutions/philosophers/belsham/on_liberty_and_necessity.html
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In Defence of Free Will

Inaugural Address, Glasgow University, 1938

  In casting about for a suitable topic upon which to address you to-day, I have naturally borne in mind that an inaugural lecture of this sort should be devoted to some theme of much more than merely esoteric import: to some theme, for preference, sufficiently central in character to have challenged the attention of all who possess a speculative interest in the nature of the universe and man's place within it. That is a principal reason why I have chosen to-day to speak on free will. Mighty issues turn, and turn directly, on the solution of the free will problem. It is in no way surprising that for centuries past it has exercised a fascination for thinkers both within and without the ranks of the professional philosophers that is probably not paralleled in the case of any of the other great problems of metaphysics.

There are, however, other considerations also which have governed my choice of subject. More particularly, I have been influenced by a conviction that the present state of philosophical opinion on free will is, for certain definitely assignable reasons, profoundly unsatisfactory. In my judgment, a thoroughly perverse attitude to the whole problem has been created by the almost universal acquiescence in the view that free will in what is often called the 'vulgar' sense is too obviously nonsensical a notion to deserve serious discussion. Free will in a more 'refined' sense — which is apt to mean free will purged of all elements that may cause embarrassment to a Deterministic psychology or a Deterministic metaphysics — is, it is understood, a conception which may be defended by the philosopher without loss of caste. But in its 'vulgar' sense, as maintained, for example, by the plain man, who clings to a belief in genuinely open possibilities, it is (we are told) a wild and even obnoxious delusion, long ago discredited for sober thinkers.


Now, as it happens, I myself firmly believe that free will, in something extremely like the 'vulgar' sense, is a fact. And I am anxious to-day to do what I can, within the limits of a single lecture, to justify that belief. I propose therefore to develop a statement of the Libertarian's position which will try to make clear why he finds himself obliged to hold what he does hold, and to follow this up with a critical examination of the grounds most in vogue among philosophers for impugning this position. Considerations of time will, I fear, compel a somewhat close economy in my treatment of objections. But I shall hope to say enough to instigate a doubt in some minds concerning the validity of certain very fashionable objections whose authority is often taken to be virtually final. And if no other good purpose is served, it will at least be of advantage if I can offer, in my positive statement, a target for the missiles of the critics more truly representative of Libertarianism than the targets at which they sometimes direct their fire—targets, I may add, upon which even the clumsiest of marksmen could hardly fail to register bull's-eyes.


Let us begin by noting that the problem of free will gets its urgency for the ordinary educated man by reason of its close connection with the conception of moral responsibility. When we regard a man as morally responsible for an act, we regard him as a legitimate object of moral praise or blame in respect of it. But it seems plain that a man cannot be a legitimate object of moral praise or blame for an act unless in willing the act he is in some important sense a 'free' agent. Evidently free will in some sense, therefore, is a pre-condition of moral responsibility. Without doubt it is the realization that any threat to freedom is thus a threat to moral responsibility — with all that that implies — combined with the knowledge that there are a variety of considerations, philosophic, scientific, and theological, tending to place freedom in jeopardy, that gives to the problem of free will its perennial and universal appeal. And it is therefore in close connection with the question of the conditions of moral responsibility that any discussion of the problem must proceed, if it is not to be academic in the worst sense of the term.


We raise the question at once, therefore, what are the conditions, in respect of freedom, which must attach to an act in order to make it a morally responsible act? It seems to me that the fundamental conditions are two. I shall state them with all possible brevity, for we have a long road to travel.


The first condition is the universally recognised one that the act must be self-caused, self-determined. But it is important to accept this condition in its full rigour. The agent must be not merely a cause but the sole cause of that for which he is deemed morally responsible. If entities other than the self have also a causal influence upon an act, then that act is not one for which we can say without qualification that the self is morally responsible. If in respect of it we hold the self responsible at all, it can only be for some feature of the act — assuming the possibility of disengaging such a feature — of which the self is the sole cause. I do not see how this conclusion can be evaded. But it has awkward implications which have led not a few people to abandon the notion of individual moral responsibility altogether.


This first condition, however, is quite clearly not sufficient. It is possible to conceive an act of which the agent is the sole cause, but which is at the same time an act necessitated by the agent's nature. Some philosophers have contended, for example, that the act of Divine creation is an act which issues necessarily from the Divine nature. In the case of such an act, where the agent could not do otherwise than he did, we must all agree, I think, that it would be inept to say that he ought to have done otherwise and is thus morally blameworthy, or ought not to have done otherwise and is thus morally praiseworthy. It is perfectly true that we do sometimes hold a person morally responsible for an act, even when we believe that he, being what he now is, virtually could not do otherwise. 


But underlying that judgment is always the assumption that the person has come to be what he now is in virtue of past acts of will in which he was confronted by real alternatives, by genuinely open possibilities: and, strictly speaking, it is in respect of these past acts of his that we praise or blame the agent now. For ultimate analysis, the agent's power of alternative action would seem to be an inexpugnable condition of his liability to moral praise or blame, i.e. of his moral responsibility.

We may lay down, therefore, that an act is a 'free' act in the 'sense required for moral responsibility only if the agent (a) is the sole cause of the act; and (b) could exert his causality in alternative ways. And it may be pointed out in passing that the acceptance of condition (b) implies the recognition of the inadequacy for moral freedom of mere `self-determination'. The doctrine called 'Self-determinism' is often contrasted by its advocates with mere Determinism on the one hand and Indeterminism on the other, and pronounced to be the one true gospel. I must insist, however, that if 'Self-determinism' rejects condition (b), it cannot claim to be a doctrine of free will in the sense required to vindicate moral responsibility. The doctrine which demands, and asserts, the fulfilment of both conditions is the doctrine we call 'Libertarianism'. And it would in my opinion minister greatly to clarity if it were more widely recognized that for any doctrine which is not a species of Libertarianism to pose as a doctrine of 'free will' is mere masquerade.


And now, the conditions of free will being defined in these general terms, we have to ask whether human beings are in fact capable of performing free acts; and if so, where precisely such acts are to be found. In order to prepare the way for an answer, it is desirable, I think, that we should get clear at once about the significance of a certain very familiar, but none the less formidable, criticism of free will which the Self-determinist as well as the Libertarian has to meet. This is the criticism which bases itself upon the facts of heredity on the one hand and of environment on the other. I may briefly summarize the criticism as follows.


Every historic self has an hereditary nature consisting of a group of inborn propensities, in range more or less common to the race, but specific to the individual in their respective strengths. With this equipment the self just happens to be born. Strictly speaking, it antedates the existence of the self proper, i.e. the existence of the self-conscious subject, and it is itself the effect of a series of causes leading back to indefinitely remote antiquity. It follows, therefore, that any of the self's choices that manifests the influence of his hereditary nature is not a choice of which he, the actual historic self, is the sole cause. The choice is determined, at least in part, by factors external to the self. The same thing holds good of 'environment'. Every self is born and bred in a particular physical and social environment, not of his own choosing, which plays upon him in innumerable ways, encouraging this propensity, discouraging that, and so on. Clearly any of the self's choices that manifests the influence of environmental factors is likewise a choice which is determined, at least in part, by factors external to the self. But if we thus grant, as seems inevitable, that heredity and environment are external influences, where shall we find a choice in the whole history of a self that is not subject to external influence? Surely we must admit that every particular act of choice bears the marks of the agent's hereditary nature and environmental nurture; in which case a free act, in the sense of an act determined solely by the self, must be dismissed as a mere chimaera.


To this line of criticism the Self-determinist — T. H. Green is a typical example — has a stock reply. He urges that these factors, heredity and environment, are not, in so far as their operation in willing (and therefore in conduct proper) is concerned, 'external' to the self at all. For the act of willing, when we analyse it, reveals itself to be in its nature such that no end can be willed save in so far as it is conceived by the self as a good for the self. A 'native propensity' cannot function as such in willing. It can function only in so far as the self conceives its object as a good for the self. It follows that the self in willing is essentially self-determining; not moved from the outside, but moved always by its own conception of its own good. Inherited nature and environmental circumstance do play their part; but not as factors external to the self. They can function only in so far as their suggestions are, as it were, incorporated by the self in its conception of its own good. Consequently — so we are told — the threat to self-determination from the side of inheritance and environment disappears on an adequate analysis of the act of willing.


I am afraid, however, that this argument, though it contains important truth, cannot bear the heavy weight that is here imposed upon it. Let us grant that inheritance and environment can operate in willing only in the medium of the self's conception of its own good. But then let us ask, how is the self's conception of its own good constituted? Self-consciousness is required, of course: but mere self-conscious reflection in vacuo will not furnish the self with any conception of a personal good whatsoever. Obviously to answer the question in regard to any agent we are obliged to make reference to certain sheer external facts; viz., to the quality and strength of that person's inherited propensities, and to the nature of the influences that are brought to bear upon him from the side of environment. It seems certain, then, that the self's conception of its own good is influenced directly by its particular inheritance and environment. But to admit this surely involves the admission that external determination enters into choices. It may be true that the self's choices are always determined by its conception of its own good. But if what it conceives to be its own good is always dependent, at least partly, upon inheritance and environment, as external facts, then it is idle to deny that the self's choices are externally influenced likewise.


Indeed I cannot but regard the attempt to save self-determination by denying the externality of the influence of heredity and environment as a quite desperate expedient. It is significant that nobody really believes it in practice. The externality of these influences is taken for granted in our reflective practical judgments upon persons. On those occasions when we are in real earnest about giving a critical and considered estimate of a man's moral calibre — as, e.g., in any serious biographical study — we impose upon ourselves as a matter of course the duty of enquiring with scrupulous care into his hereditary propensities and environmental circumstances, with a view to discovering how far his conduct is influenced by these factors. And having traced these influences, we certainly do not regard the result as having no bearing on the question of the man's moral responsibility for his conduct. On the contrary, the very purpose of the enquiry is to enable us, by due appreciation of the external influences that affect his conduct, to gain as accurate a view as possible of that which can justly be attributed to the man's own self-determination. The allowances that we all of us do in practice make for hereditary and environmental influences in passing judgment on our fellows would be meaningless if we did not suppose these influences to be in a real sense 'external' to the self.


Now the recognition of this externality is, of course, just as serious a matter for the Libertarian as for the Self-determinist. For the Libertarian, as we saw, accepts condition (a) no less wholeheartedly than the Self-determinist does: i.e. that an act is free only if it is determined by the self and nothing but the self. But though we have not been directly advancing our course by these recent considerations, we have been doing so indirectly, by narrowing and sharpening the issue. We know now that condition (a) is not fulfilled by any act in respect of which inheritance or environment exerts a causal influence. For that type of influence has been shown to be in a real sense external to the self. The free act of which we are in search has therefore got to be one into which influences of this kind do not enter at all.


Moreover, one encouraging portent has emerged in the course of our brief discussion. For we noticed that our reflective practical judgments on persons, while fully recognizing the externality of the influence of heredity and environment, do nevertheless presuppose throughout that there is something in conduct which is genuinely self-determined; something which the agent contributes solely on his own initiative, unaffected by external influences; something for which, accordingly, he may justly be held morally responsible. That conviction may, of course, be a false one. But the fact of its widespread existence can hardly be without significance for our problem.


Let us proceed, then, by following up this clue. Let us ask, why do human beings so obstinately persist in believing that there is an indissoluble core of purely self-originated activity which even heredity and environment are powerless to affect? There can be little doubt, I think, of the answer in general terms. They do so, at bottom, because they feel certain of the existence of such activity from their immediate practical experience of themselves. Nor can there be in the end much doubt, I think, in what function of the self that activity is to be located. There seems to me to be one, and only one, function of the self with respect to which the agent can even pretend to have an assurance of that absolute self-origination which is here at issue. But to render precise the nature of that function is obviously of quite paramount importance: and we can do so, I think, only by way of a somewhat thorough analysis — which I now propose to attempt — of the experiential situation in which it occurs, viz., the situation of 'moral temptation'.


It is characteristic of that situation that in it I am aware of an end A which I believe to be morally right, and also of an end B, incompatible with A, towards which, in virtue of that system of conative dispositions which constitutes my 'character' as so far formed, I entertain a strong desire. There may be, and perhaps must be, desiring elements in my nature which are directed to A also. But what gives to the situation its specific character as one of moral temptation is that the urge of our desiring nature towards the right end, A, is felt to be relatively weak. We are sure that if our desiring nature is permitted to issue directly in action, it is end B that we shall choose. That is what is meant by saying, as William James does, that end B is 'in the line of least resistance' relatively to our conative dispositions. The expression is, of course, a metaphorical one, but it serves to describe, graphically enough, a situation of which we all have frequent experience, viz., where we recognize a specific end as that towards which the 'set' of our desiring nature most strongly inclines us, and which we shall indubitably choose if no inhibiting factor intervenes.


But inhibiting factors, we should most of us say, may intervene: and that in two totally different ways which it is vital to distinguish clearly. The inhibiting factor may be of the nature of another desire (or aversion), which operates by changing the balance of the desiring situation. Though at one stage I desire B, which I believe to be wrong, more strongly than I desire A, which I believe to be right, it may happen that before action is taken I become aware of certain hitherto undiscerned consequences of A which I strongly desire, and the result may be that now not B but A presents itself to me as the end in the line of least resistance. Moral temptation is here overcome by the simple process of ceasing to be a moral temptation.


That is one way, and probably by far the commoner way, in which an inhibiting factor intervenes. But it is certainly not regarded by the self who is confronted by moral temptation as the only way. In such situations we all believe, rightly or wrongly, that even although B continues to be in the line of least resistance, even although, in other words, the situation remains one with the characteristic marks of moral temptation, we can nevertheless align ourselves with A. We can do so, we believe, because we have the power to introduce a new energy, to make what we call an 'effort of will', whereby we are able to act contrary to the felt balance of mere desire, and to achieve the higher end despite the fact that it continues to be in the line of greater resistance relatively to our desiring nature. The self in practice believes that it has this power; and believes, moreover, that the decision rests solely with its self, here and now, whether this power be exerted or not.


Now the objective validity or otherwise of this belief is not at the moment in question. I am here merely pointing to its existence as a psychological fact. No amount of introspective analysis, so far as I can see, even tends to disprove that we do as a matter of fact believe, in situations of moral temptation, that it rests with our self absolutely to decide whether we exert the effort of will which will enable us to rise to duty, or whether we shall allow our desiring nature to take its course.


I have now to point out, further, how this act of moral decision, at least in the significance which it has for the agent himself, fulfils in full the two conditions which we found it necessary to lay down at the beginning for the kind of 'free' act which moral responsibility presupposes.


For obviously it is, in the first place, an act which the agent believes he could perform in alternative ways. He believes that it is genuinely open to him to put forth effort — in varying degrees, if the situation admits of that — or withhold it altogether. And when he has decided — in whatever way — he remains convinced that these alternative courses were really open to him.


It is perhaps a little less obvious, but, I think, equally certain, that the agent believes the second condition to be fulfilled likewise, i.e. that the act of decision is determined solely by his self. It appears less obvious, because we all realize that formed character has a great deal to do with the choices that we make; and formed character is, without a doubt, partly dependent on the external factors of heredity and environment. But it is crucial here that we should not misunderstand the precise nature of the influence which formed character brings to bear upon the choices that constitute conduct. No one denies that it determines, at least largely, what things we desire, and again how greatly we desire them. It may thus fairly be said to determine the felt balance of desires in the situation of moral temptation. But all that that amounts to is that formed character prescribes the nature of the situation within which the act of moral decision takes place. It does not in the least follow that it has any influence whatsoever in determining the act of decision itself — the decision as to whether we shall exert effort or take the easy course of following the bent of our desiring nature: take, that is to say, the course which, in virtue of the determining influence of our character as so far formed, we feel to be in the line of least resistance.


When one appreciates this, one is perhaps better prepared to recognize the fact that the agent himself in the situation of moral temptation does not, and indeed could not, regard his formed character as having any influence whatever upon his act of decision as such. For the very nature of that decision, as it presents itself to him, is as to whether he will or will not permit his formed character to dictate his action. In other words, the agent distinguishes sharply between the self which makes the decision, and the self which, as formed character, determines not the decision but the situation within which the decision takes place. Rightly or wrongly, the agent believes that through his act of decision he can oppose and transcend his own formed character in the interest of duty. We are therefore obliged to say, I think, that the agent cannot regard his formed character as in any sense a determinant of the act of decision as such. The act is felt to be a genuinely creative act, originated by the self ad hoc, and by the self alone.


Here then, if my analysis is correct, in the function of moral decision in situations of moral temptation, we have an act of the self which at least appears to the agent to satisfy both of the conditions of freedom which we laid down at the beginning. The vital question now is, is this 'appearance' true or false? Is the act of decision really what it appears to the agent to be, determined solely by the self, and capable of alternative forms of expression? If it is, then we have here a. free act which serves as an adequate basis for moral responsibility. We shall be entitled to regard the agent as morally praiseworthy or morally blameworthy according as he decides to put forth effort or to let his desiring nature have its way. We shall be entitled, in short, to judge the agent as he most certainly judges himself in the situation of moral temptation. If, on the other hand, there is good reason to believe that the agent is the victim of illusion in supposing his act of decision to bear this character, then in my opinion the whole conception of moral responsibility must be jettisoned altogether. For it seems to me certain that there is no other function of the self that even looks as though it satisfied the required conditions of the free act.


Now in considering the claim to truth of this belief of our practical consciousness, we should begin by noting that the onus of proof rests upon the critic who rejects this belief. Until cogent evidence to the. contrary is adduced, we are entitled to put our trust in a belief which is so deeply embedded in our experience as practical beings as to be, I venture to say, ineradicable from it. Anyone who doubts whether it is ineradicable may be invited to think himself imaginatively into a situation of moral temptation as we have above described it, and then to ask himself whether in that situation he finds it possible to disbelieve that his act of decision has the characteristics in question. I have no misgivings about the answer. It is possible to disbelieve only when we are thinking abstractly about the situation; not when we are living through it, either actually or in imagination. This fact. certainly establishes a strong prima facie presumption in favour of the Libertarian position. Nevertheless I agree that we shall have to weigh carefully several criticisms of high authority before-we can feel justified in asserting free will as an ultimate and unqualified truth.


Fortunately for our purpose, however, there are some lines of criticism which, although extremely influential in the recent past, may at the present time be legitimately ignored. We are not to-day confronted, for example, by any widely accepted system of metaphysic with implications directly hostile to free will. Only a decade or two ago one could hardly hope to gain a sympathetic hearing for a view which assigned an ultimate initiative to finite selves, unless one were prepared first to show reason for rejecting the dominant metaphysical doctrine that all things in the universe are the expression of a single Mind or Spirit. But the challenge so lately offered by monistic Idealism has in the present age little more significance than the challenge once offered by monistic Materialism.


Much the same thing holds good of the challenge from the side of physical science. Libertarianism is certainly inconsistent with a rigidly determinist theory of the physical world. It is idle to pretend that there can be open possibilities for psychical decision, while at the same time holding that the physical events in which such decisions manifest themselves are determined in accordance with irrevocable law. But whereas until a few years ago the weight of scientific authority was thrown overwhelmingly on the side of a universal determinism of physical phenomena, the situation has, as everybody knows, profoundly altered during the present century more especially since the advent of Planck's Quantum Theory and Heisenberg's Principle of Uncertainty. Very few scientists to-day would seek to impugn free will on the ground of any supposed implications of the aims or achievements of physical science. I am not myself, I should perhaps add in passing, disposed to rest any part of the case against a universal physical determinism upon these recent dramatic developments of physical science. In my view there never were in the established results of physical science cogent reasons for believing that the apparently universal determinism of inorganic processes holds good also of the processes of the human body. The only inference I here wish to draw from the trend of present-day science is that it removes from any contemporary urgency the problem of meeting one particular type of objection to free will. And it is with the contemporary situation that I am in this paper anxious to deal.


I may turn at once, therefore, to lines of argument which do still enjoy a wide currency among anti-Libertarians. And I shall begin with one which, though it is a simple matter to show its irrelevance to the Libertarian doctrine as I have stated it, is so extremely popular that it cannot safely be ignored.


The charge made is that the Libertarian view is incompatible with the predictability of human conduct. For we do make rough predictions of people's conduct, on the basis of what we know of their character, every day of our lives, and there can be no doubt that the practice, within certain limits, is amply justified by results. Indeed if it were not so, social life would be reduced to sheer chaos. The close relationship between character and conduct which prediction postulates really seems to be about as certain as anything can be. But the Libertarian view, it is urged, by ascribing to the self a mysterious power of decision uncontrolled by character, and capable of issuing in acts inconsistent with character, denies that continuity between character and conduct upon which prediction depends. If Libertarianism is true, prediction is impossible. But prediction is possible, therefore Libertarianism is untrue.


My answer is that the Libertarian view is perfectly compatible with prediction within certain limits, and that there is no empirical evidence at all that prediction is in fact possible beyond these limits. The following considerations will, I think, make the point abundantly clear.


(1) There is no question, on our view, of a free will that can will just anything at all. The range of possible choices is limited by the agent's character in every case; for nothing can be an object of possible choice which is not suggested by either the agent's desires or his moral ideals, and these depend on 'character' for us just as much as for our opponents. We have, indeed explicitly recognized at an earlier stage that character determines the situation within which the act of moral decision takes place, although not the act of moral decision itself. This consideration obviously furnishes a broad basis for at least approximate predictions.


(2) There is one experiential situation, and one only, on our view, in which there is any possibility of the act of will not being in accordance with character; viz. the situation in which the course which formed character prescribes is a course in conflict with the agent's moral ideal: in other words, the situation of moral temptation. Now this is a situation of comparative rarity. Yet with respect to all other situations in life we are in full agreement with those who hold that conduct is the response of the agent's formed character to the given situation. Why should it not be so? There could be no reason, on our view any more than on another, for the agent even to consider deviating from the course which his formed character prescribes and he most strongly desires, unless that course is believed by him to be incompatible with what is right.


(3) Even within that one situation which is relevant to free will, our view can still recognize a certain basis for prediction. In that situation our character as so far formed prescribes a course opposed to duty, and an effort of will is required if we are to deviate from that course. But of course we are all aware that a greater effort of will is required in proportion to the degree in which we have to transcend our formed character in order to will the right. Such action is, as we say, 'harder'. But if action is 'harder' in proportion as it involves deviation from formed character, it seems reasonable to suppose that, on the whole, action will be of rarer occurrence in that same proportion: though perhaps we may not say that at any level of deviation it becomes flatly impossible. It follows that even with respect to situations of moral temptation we may usefully employ our knowledge of the agent's character as a clue to prediction. It will be a clue of limited, but of by no means negligible, value. It will warrant us in predicting, e.g., of a person who has become enslaved to alcohol, that he is unlikely, even if fully aware of the moral evil of such slavery, to be successful immediately and completely in throwing off its shackles. Predictions of this kind we all make often enough in practice. And there seems no reason at all why a Libertarian doctrine should wish to question their validity.


Now when these three considerations are borne in mind, it becomes quite clear that the doctrine we are defending is compatible with a very substantial measure of predictability indeed. And I submit that there is not a jot of empirical evidence that any larger measure than this obtains in fact.


Let us pass on then to consider a much more interesting and, I think, more plausible criticism. It is constantly objected against the Libertarian doctrine that it is fundamentally unintelligible. Libertarianism holds that the act of moral decision is the self's act, and yet insists at the same time that it is not influenced by any of those determinate features in the self's nature which go to constitute its 'character'. But, it is asked, do not these two propositions contradict one another? Surely a self-determination which is determination by something other than the self's character is a contradiction in terms? What meaning is there in the conception of a 'self' in abstraction from its 'character'? If you really wish to maintain, it is urged, that the act of decision is not determined by the self's character, you ought to admit frankly that it is not determined by the self at all. But in that case, of course, you will not be advocating a freedom which lends any kind of support to moral responsibility; indeed very much the reverse.


Now this criticism, and all of its kind, seem to me to be the product of a simple, but extraordinarily pervasive, error: the error of confining one's self to the categories of the external observer in dealing with the actions of human agents. Let me explain.
It is perfectly true that the standpoint of the external observer, which we are obliged to adopt in dealing with physical processes, does not furnish us with even a glimmering of a notion of what can be meant by an entity which acts causally and yet not through any of the determinate features of its character. So far as we confine ourselves to external observation, I agree that this notion must seem to us pure nonsense. But then we are not obliged to confine ourselves to external observation in dealing with the human agent. Here, though here alone, we have the inestimable advantage of being able to apprehend operations from the inside, from the standpoint of living experience. But if we do adopt this internal standpoint — surely a proper standpoint, and one which we should be only too glad to adopt if we could in the case of other entities — the situation is entirely changed. We find that we not merely can, but constantly do, attach meaning to a causation which is the self's causation but is yet not exercised by the self's character. We have seen as much already in our analysis of the situation of moral temptation. When confronted by such a situation, we saw, we are certain that it lies with our self to decide whether we shall let our character as so far formed dictate our action or whether we shall by effort oppose its dictates and rise to duty. We are certain, in other words, that the act is not determined by our character, while we remain equally certain that the act is determined by our self.


Or look, for a further illustration (since the point we have to make here is of the very first importance for the whole free will controversy), to the experience of effortful willing itself, where the act of decision has found expression in the will to rise to duty. In such an experience we are certain that it is our self which makes the effort. But we are equally certain that the effort does not flow from that system of conative dispositions which we call our formed character; for the very function that the effort has for us is to enable us to act against the 'line of least resistance', i.e. to act in a way contrary to that to which our formed character inclines us.


I conclude, therefore, that those who find the Libertarian doctrine of the self's causality in moral decision inherently unintelligible find it so simply because they restrict themselves, quite arbitrarily, to an inadequate standpoint: a standpoint from which, indeed, a genuinely creative activity, if it existed, never could be apprehended.


It will be understood, of course, that it is no part of my purpose to deny that the act of moral decision is in one sense 'unintelligible'. If by the 'intelligibility' of an act we mean that it is capable, at least in principle, of being inferred as a consequence of a given ground, then naturally my view is that the act in question is 'unintelligible'. But that, presumably, is not the meaning of 'intelligibility' in the critic's mind when he says that the Libertarian holds an 'unintelligible' doctrine. If it were all he meant, he would merely be pointing out that Libertarianism is not compatible with Determinism! And that tautologous pronouncement would hardly deserve the title of 'criticism'. Yet, strangely enough, not all of the critics seem to be quite clear on this matter. The Libertarian often has the experience of being challenged by the critic to tell him why, on his view, the agent now decides to put forth moral effort and now decides not to, with the obviously intended implication that if the Libertarian cannot say 'why' he should give up his theory. Such critics apparently fail to see that if the Libertarian could say why he would already have given up his theory! Obviously to demand 'intelligibility' in this sense is simply to prejudge the whole issue in favour of Determinism. The sense in which the critic is entitled to demand intelligibility of our doctrine is simply this; he may demand that the kind of action which our doctrine imputes to human selves should not be, for ultimate analysis, meaningless. And in that sense, as I have already argued, our doctrine is perfectly intelligible.


Let us suppose, then, that the Determinist, confronted by the plain evidence of our practical self-consciousness, now recognizes his obligation to give up the position that the Libertarian doctrine is without qualification 'meaningless', and concedes that from the standpoint of our practical self-consciousness at any rate it is `meaningful'. And let us ask what will be his next move. So far as I can see, his most likely move now will be to attack the value of that 'internal' standpoint, contrasting it unfavourably, in respect of its claim to truth, with the rational, objective, standpoint of `pure philosophy'. 'I admit,' he may tell us, 'that there is begotten in the self, in the practical experience you refer to, a belief in a self-causality which is yet not a causality exercised through the self's character. But surely this must weigh but lightly in the balance against the proposition, which appeals to our reason with axiomatic certainty, that an act cannot be caused by a self if it has no ground in the determinate nature of that self. If the choice lies between either disbelieving that rational proposition, or dismissing the evidence of practical self-consciousness as illusion, it is the latter alternative which in my opinion any sane philosophy is bound to adopt.'


But a very little reflection suffices to show that this position is in reality no improvement at all on that from which the critic has just fallen back. For it is evident that the proposition alleged to be axiomatic is axiomatic, at most, only to a reason which knows nothing of acts or events save as they present themselves to an external observer. It obviously is not axiomatic to a reason whose field of apprehension is broadened to include the data furnished by the direct experience of acting. In short, the proposition is axiomatic, at most, only to reason functioning abstractly; which most certainly cannot be identified with reason functioning philosophically.


What is required of the critic, of course, if he is to make good his case, is a reasoned justification of his cavalier attitude towards the testimony of practical self-consciousness. That is the primary desideratum. And the lack of it in the bulk of Determinist literature is in my opinion something of a scandal. Without it, the criticism we have just been examining is sheer dogmatism. It is, indeed, dogmatism of a peculiarly perverse kind. For the situation is, in effect, as follows. From our practical self-consciousness we gain a notion of a genuinely creative act — which might be defined as an act which nothing determines save the agent's doing of it. Of such a character is the act of moral decision as we experience it. But the critic says 'No ! This sort of thing cannot be. A person cannot without affront to reason be conceived to be the author of an act which bears, ex hypothesi, no intelligible relation to his character. A mere intuition of practical self-consciousness is the solitary prop of this fantastic notion, and surely that is quite incapable of bearing the weight that you would thrust upon it.' Now observe the perversity! The critic says, excluding the evidence of practical self-consciousness, the notion makes nonsense. In other words, excluding the only evidence there ever could be for such a notion, the notion makes nonsense! For, of course, if there should be such a thing as creative activity, there is absolutely no other way save an intuition of practical self-consciousness in which we could become aware of it. Only from the inside, from the standpoint of the agent's living experience, can 'activity' possibly be apprehended. So that what the critic is really doing is to condemn a notion as nonsensical on the ground that the only evidence for it is the only evidence there ever could be for it.


Up to the present I have deemed it advisable, in order better to cover the ground, to deal with typical rather than with individual criticisms of the Libertarian position. I wish, however, to depart from that precedent in one instance before I conclude. I am anxious to come to somewhat closer grips with the criticism which Professor C. D. Broad makes in an inaugural lecture published under the title 'Determinism, Indeterminism, and Libertarianism': a work which, short as it is, seems to me to offer incomparably the best elucidation of the problem of freedom that we have. Mr Broad's criticism does not, as I shall try to show, raise any really new point of principle. But its author's preeminence in contemporary philosophy, combined with the recency of this pronouncement, makes it desirable to give a rather particular attention to his views.


The business of elucidation — with which by far the greater part of his lecture is concerned — is in my opinion executed almost to perfection. I acquiesce with especial pleasure in the position Mr Broad adopts on three important aspects of the problem. (1) He takes as his starting-point the conditions implied in moral obligability; the only starting-point, as I believe, which will ensure that the freedom to be discussed will be the freedom which constitutes the real problem. (2) He is entirely clear that the freedom implied in moral obligability is a freedom in which there are genuinely open possibilities before the self: a freedom in which, to use Mr Broad's terminology, our volition is not merely 'conditionally' but `categorically' substitutable: i.e. a freedom in which the agent 'could have done otherwise than he did' even though the whole set of conditions environing his decision remained constant. And (3) his analysis culminates in the frank recognition of what he calls the `effortful factor' in willing as the crux of the whole problem. It is by reference to this that the Libertarian position has got to be defined. What the Libertarian wants to say, he tells us, is that where an effort of will is put forth to reinforce my desire for a course A, 'it is logically consistent with all the nomic, occurrent, dispositional, and background facts that no effort should have been made, or that it should have been directed towards reinforcing the desire for B instead of the desire for A, or that it should have been put forth more or less strongly than it actually was in favour of the desire for A' ; and that, nevertheless, the putting forth of the effort was no mere accident, but was 'in a unique and peculiar way' determined 'by the agent or self'.


Now up to this point, p. 43 of a book of less than fifty pages, I am, with only a few relatively unimportant reservations, in almost verbal agreement with what Mr Broad says. Yet I doubt whether even those who, unlike myself, are in sympathy also with Mr Broad's ultimate verdict will escape disappointment from the remaining few pages. The problem of free will has at this juncture been no more than stated. But for Mr Broad, apparently, the mere statement is virtually tantamount to a Determinist solution. In one single paragraph he now proceeds to offer his reasons for rejecting the Libertarian position as certainly false. Let me quote from it the passage on which this summary dismissal turns. 'The putting forth of an effort', he says, 'of a certain intensity, in a certain direction, at a certain moment, for a certain duration, is quite clearly an event or process, however unique and peculiar it may be in other respects. It is therefore subject to any conditions which self-evidently apply to every event, as such. Now it is surely quite evident that, if the beginning of a certain process at a certain time is determined at all, its total cause must contain as an essential factor another event or process which enters into the moment from which the determined event or process issues. I see no prima facie objection to there being events that are not completely determined. But, in so far as an event is determined, an essential factor in its total cause must be other events' (p. 44).


I wish to suggest, with all respect, that we have here merely another manifestation of the cardinal fallacy of anti-Libertarian criticism, the fallacy of bringing to the interpretation of human action categories derived solely from the stand point of the external observer.


For consider. 'It is surely quite evident', says Mr Broad, 'that if the beginning of a certain process at a certain time is determined at all, its total cause must contain as an essential factor another event or process which enters into the moment from which the determined event or process issues.' On this contention his whole argument rests. On this, and this alone, depends his conclusion that the act of moral decision is preconditioned, and therefore not, as Libertarianism holds, creative. But is this contention evident? It may seem evident with respect to those events to which we stand in the relation solely of external observer. But that is not the only relation in which we can stand to events. If the decision to put forth or forbear from putting forth effort in the situation of moral temptation is an event — and I agree that from one point of view it may rightly be called so — it is an event which we can know from within. And, as known from within, it is the reverse of evident that its total cause must contain another event which enters into the moment from which the determined event issues. On the contrary, from the internal standpoint of the experiment himself, it is evident that while the event which is the moral decision is determined, in that the self is recognized as its author, there is no other event concerned in the matter at all. What determines my 'deed', in the act of moral decision, is felt to be nothing but my doing of it. And this 'doing' is of course not some other event antecedent to the deed itself. It is just the deed (or decision) as act, which is the other side of the deed (or decision) as event. It seems to me perfectly clear, therefore, that the proposition which Mr Broad says is 'quite evident' must in fact appear to be a false proposition to any moral agent engaged in the actual function of moral decision.


It will be seen, then, that my objection to Mr Broad's criticism is identical in principle with the general objection which I urged earlier. Mr Broad is not entitled to say that certain conditions of the occurrence of an event as such are 'self-evidently' necessary, if that 'self-evidence' is achieved only by ignoring the testimony of our practical self-consciousness. This holds good, it seems to me, irrespective of any question as to the ultimate value of that testimony. The point is that if that testimony is relevant to the problem at all — and if it is not, I should very much like to know why it is not — then it cannot be 'self-evident' that the conditions Mr Broad alleges are necessary conditions. It may possibly be the case, though I do not believe it to be so, that Mr Broad's ultimate verdict is the correct one: that Libertarianism is a false theory, and the notion of 'categorical obligability' in consequence a delusive notion. But it is not the case that, in Mr Broad's words, `Libertarianism is self-evidently impossible'. Mr Broad has helped enormously towards the solution of the free will problem by his masterly statement of the issues involved. But, if I am right, much laborious analysis and deliberation upon pros and cons (which to Mr Broad, for the reasons we have seen, appears as a work of mere supererogation) must ensue before we can possibly be in a position to say that the problem is 'solved' one way or the other.


And here, to my regret, my own too brief discussion must terminate. There is much more that I should have liked to say: much more, in my opinion, that badly requires to be said. I should have liked, perhaps above all, to have been able to give more space to an analysis of the experience we call 'effort of will', and to have attempted to expose the fallacies which seem to me to underlie all attempts to explain away that experience by resolving it into something other than itself. That, however, is a matter with which I have partially dealt on a previous occasion, and to which I propose to return under conditions more appropriate to the full-length treatment which can alone be of much service on a difficult psychological theme of this kind. Meantime I can only hope that the little I have been able to say may do something towards regaining for free will in the 'vulgar' sense a place in serious philosophical discussion: that it may do something — to use language of an appropriate vulgarity — towards putting Libertarianism 'on the map' once more. It is not, in my opinion, 'on the map' at all at present. It cannot be, when critics are so often content to make slogans and shibboleths do the work of analysis and argument; when a few satirical references to the 'mysterious fiat' of a 'Pure ego' are regarded in so many quarters as a sufficient rejoinder to the Libertarian's claims. Prejudicial phrases like these have certainly a good deal of power. They are evocative of an acutely hostile emotional atmosphere. But, unless accompanied by the most careful analysis, they seem to me to stand for bad habits rather than for good reasons. And it would be no disservice to philosophy if they were extruded from the literature of the free will problem altogether.
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I


  In the days when the Verifiability Principle was accepted by its devotees as a secure philosophical truth, one could understand, though one might not agree with, the sweeping claim that many of the traditional problems of philosophy had been shown to be mere 'pseudo-problems'. It was easy to see how, given the Principle's validity, most of the leading questions which agitated our forefathers in metaphysics, in ethics, and in theology, automatically become nonsensical questions. What is perplexing, however, is that despite the pretty generally acknowledged deterioration in the Principle's status to that of a convenient methodological postulate, the attitude to these same questions seems to have changed but little. To admit that the Verifiability Principle is not an assured truth entails the admission that a problem can no longer be dismissed as meaningless simply on the ground that it cannot be stated in a way which satisfies the Principle. Whether or not a problem is meaningless is now something that can only be decided after critical examination of the particular case on its own individual merits. But the old antipathies seem in large measure to have survived the disappearance of their logical basis. One gets the impression that for at least many thinkers with Positivist sympathies the 'liquidation' of a large, if unspecified, group of traditional philosophic problems is still established fact. If that impression is mistaken, well and good. One may then hope for an early recrudescence of interest in certain problems that have too long suffered the consequences of an unhappy tabu. If the impression is correct, a real service would be done to philosophy if it were plainly stated which of the traditional problems are still regarded as pseudo-problems, and what are the reasons, old or new, for passing this sentence upon them. The smoke of old battles, perhaps understandably, darkens the philosophic air, to the considerable inconvenience of all concerned.

Fortunately, however, the obscurity complained of is not totally unrelieved. We do know of one traditional problem that is definitely on the black list of the avant garde — the problem of 'Free Will': and we do have pretty adequate information about the reasons which have led to its being placed theron. This, so far as it goes, is satisfactory. A plain obligation now lies upon philosophers who still believe that 'Free Will' is a genuine problem to explain just where, in their opinion, the case for the prosecution breaks down. To discharge this obligation is the main purpose of the present paper.


There will be a clear advantage in making our start from the locus classicus of the 'pseudo-problem' theory, if locus classicus there be. And I think that there must be something of the sort. At any rate, the casual, and indeed slightly bored, tones in which so many contemporary philosophers allude to the traditional problem,  and their contentment to indicate in only a sketchy manner the reasons why it no longer exists, strongly suggest that somewhere the matter has in their eyes been already effectively settled. At least one important 'document in the case' is, I suspect, Chapter VII of Moritz Schlick's Problems of Ethics, first published in 1931. This chapter, the title of which is 'When is a Man Responsible?' and the first section of which bears the heading 'The Pseudo-problem of Freedom of the Will', presents in concentrated form, but with some show of systematic argument, most of the considerations upon which later writers appear to rely. It will be worth our while, therefore, to try to see just why Professor Schlick is so sure (and he is very sure indeed) that 'Free Will', as traditionally formulated, is a pseudo-problem, begotten by mere confusion of mind.


II


I shall first summarize, as faithfully as I can, what I take to be the distinctive points in Schlick's argument.


The traditional formulation of the problem, Schlick points out, is based on the assumption that to have 'free will' entails having a will that is, at least sometimes, exempt from causal law. It is traditionally supposed, quite rightly, that moral responsibility implies freedom in some sense: and it is supposed, also quite rightly, that this sense is one which is incompatible with compulsion. But because it is further supposed, quite wrongly, that to be subject to causal or natural law is to be subject to compulsion, the inference is drawn that the free will implied in moral responsibility is incompatible with causal continuity. The ultimate root of the error, Schlick contends, lies in a failure to distinguish between two different kinds of Law, one of which does indeed 'compel', but the other of which does not. (Problems of Ethics, Ch. VIII. Section 2.) There are, first, prescriptive laws, such as the laws imposed by civil authority, which presume contrary desires on the part of those to whom they are applied; and these may fairly be said to exercise 'compulsion'. And there are, secondly, descriptive laws, such as the laws which the sciences seek to formulate; and these merely state what does as a matter of fact always happen. It is perfectly clear that the relation of the latter, the natural, causal laws, to human willing is radically different from the 'compulsive' relation of prescriptive laws to human willing, and that it is really an absurdity to talk of a species of natural law like, say, psychological laws, compelling us to act in this or that way. The term 'compulsion' is totally inept where, as in this case, there are no contrary desires. But the traditional discussions of Free Will, confusing descriptive with prescriptive laws, fallaciously assume 'compulsion' to be ingredient in Law as such, and it is contended accordingly that moral freedom, since it certainly implies absence of compulsion, implies also exemption from causal law.


It follows that the problem of Free Will, as traditionally stated, is a mere pseudo-problem. The statement of it in terms of exemption from causal law rests on the assumption that causal law involves 'compulsion'. And this assumption is demonstrably false. Expose the muddle from which it arises and the so-called `problem' in its traditional form disappears.


But is it quite certain that the freedom which moral responsibility implies is no more than `the absence of compulsion'? This is the premise upon which Schlick's argument proceeds, but Schlick is himself well aware that it stands in need of confirmation from an analysis of the notion of moral responsibility. Otherwise it might be maintained that although 'the absence of compulsion' has been shown not to entail a contra-causal type of freedom, there is nevertheless some other condition of moral responsibility that does entail it. Accordingly Schlick embarks now upon  a formal analysis of the nature and conditions of moral responsibility designed to show that the only freedom implied by moral responsibility is freedom from compulsion. It was a trifle ambitious, however, even for a master of compression like Professor Schlick to hope to deal satisfactorily in half a dozen very brief pages with a topic which has been so extensively debated in the literature of moral philosophy: and I cannot pretend that I find what he has to say free from obscurity. But to the best of my belief what follows does reproduce the gist of Schlick's analysis.


What precisely, Schlick asks, does the term 'moral responsibility' mean in our ordinary linguistic usage?' He begins his answer by insisting upon the close connection for ordinary usage between 'moral responsibility' and punishment (strictly speaking, punishment and reward: but for convenience Schlick virtually confines the discussion to punishment, and we shall do the same). The connection, as Schlick sees it, is this. In ordinary practice our concern with the responsibility for an act (he tells us) is with a view to determining who is to be punished for it. Now punishment is (I quote) 'an educative measure'. It is 'a means to the formation of motives, which are in part to prevent the wrong-doer from repeating the act (reformation), and in part to prevent others from committing a similar act (intimidation)'. When we ask, then, 'Who in a given case is to be punished?' — which is the same as the question 'Who is responsible?' — what we are really wanting to discover is some agent in the situation upon whose motives we can bring to bear the appropriate educative influences, so that in similar situations in future his strongest motive will impel him to refrain from, rather than to repeat, the act. 'The question of who is responsible' Schlick sums up, 'is ... a matter only of knowing who is to be punished or rewarded, in order that punishment and reward function as such — be able to achieve their goal'. It is not a matter, he expressly declares, of trying to ascertain what may be called the 'original instigator' of the act. That might be a great-grand-parent, from the consequence of whose behaviour vicious tendencies have been inherited by a living person. Such 'remote causes' as this are irrelevant to questions of punishment (and so to questions of moral responsibility), 'for in the first place their actual contribution cannot be determined, and in the second place they are generally out of reach' .


It is a matter for regret that Schlick has not rounded off his discussion, as one had hoped and expected he would, by formulating a precise definition of moral responsibility in terms of what he has been saying. I think, however, that the conclusion to which his argument leads could be not unfairly expressed in some such way as this: 'We say that a man is morally responsible for an act if his motives for bringing about the act are such as we can affect favourably in respect of his future behaviour by the educative influences of reward and punishment'.


Given the truth of this analysis of moral responsibility, Schlick's contention follows logically enough that the only freedom that is required for moral responsibility is freedom from compulsion. For what are the cases in which a man's motives are not capable of being favourably affected by reward and punishment? — the cases in which, that is, according to Schlick's analysis, we do not deem him morally responsible? The only such cases, it would seem, are those in which a man is subjected to some form of external constraint which prevents him from acting according to his 'natural desires'. For example, if a man is compelled by a pistol at his breast to do a certain act, or induced to do it by an externally administered narcotic, he is not 'morally responsible'; or not, at any rate, in so far as punishment would be impotent to affect his motives in respect of his future behaviour. External constraint in one form or another seems to be the sole circumstance which absolves a man from moral responsibility. Hence we may say that freedom from external constraint is the only sort of freedom which an agent must possess in order to be morally responsible. The 'contra-causal' sort of freedom which so many philosophers and others have supposed to be required is shown by a true analysis of moral responsibility to be irrelevant.


This completes the argument that 'Free Will', as traditionally formulated, is a pseudo-problem. The only freedom implied by moral responsibility is freedom from compulsion; and as we have rid ourselves of the myth that subjection to causal law is a form of compulsion, we can see that the only compulsion which absolves from moral responsibility is the external constraint which prevents us from translating our desires into action. The true meaning of the question 'Have we free will?' thus becomes simply 'Can we translate our desires into action? And this question does not constitute a 'problem' at all, for the answer to it is not in doubt. The obvious answer is 'Sometimes we can, sometimes we can't, according to the specific circumstances of the case'.


III


Here, then, in substance is Schlick's theory. Let us now examine it.


In the first place, it is surely quite unplausible to suggest that the common assumption that moral freedom postulates some breach of causal continuity arises from a confusion of two different types of law. Schlick's distinction between descriptive and prescriptive law is, of course, sound. It was no doubt worth pointing out too, that descriptive laws cannot be said to 'compel' human behaviour in the same way as prescriptive laws do. But it seems to me evident that the usual reason why it is held that moral freedom implies some breach of causal continuity, is not a belief that causal laws 'compel' as civil laws 'compel', but simply the belief that the admission of unbroken causal continuity entails a further admission which is directly incompatible with moral responsibility; viz. the admission that no man could have acted otherwise than he in fact did. 


Now it may, of course, be an error thus to assume that a man is not morally responsible for an act, a fit subject for moral praise and blame in respect of it, unless he could have acted otherwise than he did. Or, if this is not an error, it may still be an error to assume that a man could not have acted otherwise than he did, in the sense of the phrase that is crucial for moral responsibility, without there occurring some breach of causal continuity. Into these matters we shall have to enter very fully at a later stage. But the relevant point at the moment is that these (not prima facie absurd) assumptions about the conditions of moral responsibility have very commonly, indeed normally, been made, and that they are entirely adequate to explain why the problem of Free Will finds its usual formulation in terms of partial exemption from causal law. Schlick's distinction between prescriptive and descriptive laws has no bearing at all upon the truth or falsity of these assumptions. Yet if these assumptions are accepted, it is (I suggest) really inevitable that the Free Will problem should be formulated in the way to which Schlick takes exception. Recognition of the distinction upon which Schlick and his followers lay so much stress can make not a jot of difference.

As we have seen, however, Schlick does later proceed to the much more important business of disputing these common assumptions about the conditions of moral responsibility. He offers us an analysis of moral responsibility which flatly contradicts these assumptions; an analysis according to which the only freedom demanded by morality is a freedom which is compatible with Determinism. If this analysis can be sustained, there is certainly no problem of 'Free Will' in the traditional sense.


But it seems a simple matter to show that Schlick's analysis is untenable. Let us test it by Schlick's own claim that it gives us what we mean by 'moral responsibility' in ordinary linguistic usage.


We do not ordinarily consider the lower animals to be morally responsible. But ought we not to do so if Schlick is right about what we mean by moral responsibility? It is quite possible, by punishing the dog who absconds with the succulent chops designed for its master's luncheon, favourably to influence its motives in respect of its future behaviour in like circumstances. If moral responsibility is to be linked with punishment as Schlick links it, and punishment conceived as a form of education, we should surely hold the dog morally responsible? The plain fact, of course, is that we don't. We don't, because we suppose that the dog 'couldn't help it': that its action (unlike what we usually believe to be true of human beings) was simply a link in a continuous chain of causes and effects. In other words, we do commonly demand the contra-causal sort of freedom as a condition of moral responsibility.


Again, we do ordinarily consider it proper, in certain circumstances, to speak of a person no longer living as morally responsible for some present situation. But ought we to do so if we accept Schlick's essentially 'forward-looking' interpretation of punishment and responsibility? Clearly we cannot now favourably affect the dead man's motives. No doubt they could at one time have been favourably affected. But that cannot be relevant to our judgment of responsibility if, as Schlick insists, the question of who is responsible 'is a matter only of knowing who is to be punished or rewarded'. Indeed he expressly tells us, as we saw earlier, that in asking this question we are not concerned with a `great-grand-parent' who may have been the 'original instigator', because, for one reason, this 'remote cause' is 'out of reach'. We cannot bring the appropriate educative influence to bear upon it. But the plain fact, of course, is that we do frequently assign moral responsibility for present situations to persons who have long been inaccessible to any punitive action on our part. And Schlick's position is still more paradoxical in respect of our apportionment of responsibility for occurrences in the distant past. Since in these cases there is no agent whatsoever whom we can favourably influence by punishment, the question of moral responsibility here should have no meaning for us. But of course it has. Historical writings are studded with examples.


Possibly the criticism just made may seem to some to result from taking Schlick's analysis too much au pied de la lettre. The absurd consequences deduced, it may be said, would not follow if we interpreted Schlick as meaning that a man is morally responsible where his motive is such as can in principle be favourably affected by reward or punishment — whether or not we who pass the judgment are in a position to take such action. But with every desire to be fair to Schlick, I cannot see how he could accept this modification and still retain the essence of his theory. For the essence of his theory seems to be that moral responsibility has its whole meaning and importance for us in relation to our potential control of future conduct in the interests of society. (I agree that it is hard to believe that anybody really thinks this. But it is perhaps less hard to believe to-day than it has ever been before in the history of modern ethics.)


Again, we ordinarily consider that, in certain circumstances, the degree of a man's moral responsibility for an act is affected by considerations of his inherited nature, or of his environment, or of both. It is our normal habit to 'make allowances' (as we say) when we have reason to believe that a malefactor had a vicious heredity, or was nurtured in his formative years in a harmful environment. We say in such cases 'Poor chap, he is more to be pitied than blamed. We could scarcely expect him to behave like a decent citizen with his parentage or upbringing.' But this extremely common sort of judgment has no point at all if we mean by moral responsibility what Schlick says that we mean. On that meaning the degree of a man's moral responsibility must presumably be dependent upon the degree to which we can favourably affect his future motives, which is quite another matter. Now there is no reason to believe that the motives of a man with a bad heredity or a bad upbringing are either less or more subject to educative influence than those of his more fortunate fellows. Yet it is plain matter of fact that we do commonly consider the degree of a man's moral responsibility to be affected by these two factors.


A final point. The extremity of paradox in Schlick's identification of the question 'Who is morally blameworthy?' with the question 'Who is to be punished?' is apt to be partially concealed from us just because it is our normal habit to include in the meaning of 'punishment' an element of 'requital for moral transgression' which Schlick expressly denies to it. On that account we commonly think of 'punishment', in its strict sense, as implying moral blameworthiness in the person punished. But if we remember to mean by punishment what Schlick means by it, a purely 'educative measure', with no retributive ingredients, his identification of the two questions loses such plausibility as it might otherwise have. For clearly we often think it proper to `punish' a person, in Schlick's sense, where we are not at all prepared to say that the person is morally blameworthy. We may even think him morally commendable. A case in point would be the unmistakably sincere but muddleheaded person who at the cost of great suffering to himself steadfastly pursues as his 'duty' a course which, in our judgment is fraught with danger to the common weal. We should most of us feel entitled, in the public interest, to bring such action to bear upon the man's motives as might induce him to refrain in future from his socially injurious behaviour: in other words, to inflict upon him what Schlick would call 'punishment'. But we should most of us feel perfectly clear that in so `punishing' this misguided citizen we are not proclaiming his moral blameworthiness for moral wickedness.


Adopting Schlick's own criterion, then, looking simply 'to the manner in which the concept is used', we seem bound to admit that constantly people do assign moral responsibility where Schlick's theory says they shouldn't, don't assign moral responsibility where Schlick's theory says they should, and assign degrees of moral responsibility where on Schlick's theory there should be no difference in degree. I think we may reasonably conclude that Schlick's account of what we mean by moral responsibility breaks down.


The rebuttal of Schlick's arguments, however, will not suffice of itself to refute the pseudo-problem theory. The indebtedness to Schlick of most later advocates of the theory may be conceded; but certainly it does not comprehend all of significance that they have to say on the problem. There are recent analyses of the conditions of moral responsibility containing sufficient new matter, or sufficient old matter in a more precise and telling form, to require of us now something of a fresh start. In the section which follows I propose to consider some representative samples of these analyses — all of which, of course, are designed to show that the freedom which moral responsibility implies is not in fact a contra-causal type of freedom.


But before reopening the general question of the nature and conditions of moral responsibility there is a caveat which it seems to me worth while to enter. The difficulties in the way of a clear answer are not slight; but they are apt to seem a good deal more formidable than they really are because of a common tendency to consider in unduly close association two distinct questions: the question 'Is a contra-causal type of freedom implied by moral responsibility?' and the question 'Does a contra-causal type of freedom anywhere exist?' It seems to me that many philosophers (and I suspect that Moritz Schlick is among them) begin their enquiry with so firm a conviction that the contra-causal sort of freedom nowhere exists, that they find it hard to take very seriously the possibility that it is this sort of freedom that moral responsibility implies. For they are loth to abandon the commonsense belief that moral responsibility itself is something real. The implicit reasoning I take to be this. Moral responsibility is real. If moral responsibility is real, the freedom implied in it must be a fact. But contra-causal freedom is not a fact. Therefore contra-causal freedom is not the freedom implied in moral responsibility. I think we should be on our guard against allowing this or some similar train of reasoning (whose premises, after all, are far from indubitable) to seduce us into distorting what we actually find when we set about a direct analysis of moral responsibility and its conditions.


IV


The pseudo-problem theorists usually, and naturally, develop their analysis of moral responsibility by way of contrast with a view which, while it has enjoyed a good deal of philosophic support, I can perhaps best describe as the common view. It will be well to remind ourselves, therefore, of the main features of this view.


So far as the meaning, as distinct from the conditions, of moral responsibility is concerned, the common view is very simple. If we ask ourselves whether a certain person is morally responsible for a given act (or it may be just 'in general'), what we are considering, it would be said, is whether or not that person is a fit subject upon whom to pass moral judgment; whether he can fittingly be deemed morally good or bad, morally praiseworthy or blameworthy. This does not take us any great way: but (pace Schlick) so far as it goes it does not seem to me seriously disputable. The really interesting and controversial question is about the conditions of moral responsibility, and in particular the question whether freedom of a contra-causal kind is among these conditions.


The answer of the common man to the latter question is that it most certainly is among the conditions. Why does he feel so sure about this? Not, I argued earlier, because the common man supposes that causal law exercises 'compulsion' in the sense that prescriptive laws do, but simply because he does not see how a person can be deemed morally praiseworthy or blameworthy in respect of an act which he could not help performing. From the stand-point of moral praise and blame, he would say — though not necessarily from other stand-points — it is a matter of indifference whether it is by reason of some external constraint or by reason of his own given nature that the man could not help doing what he did. It is quite enough to make moral praise and blame futile that in either case there were no genuine alternatives, no open possibilities, before the man when he acted. He could not have acted otherwise than he did. And the common man might not unreasonably go on to stress the fact that we all, even if we are linguistic philosophers, do in our actual practice of moral judgment appear to accept the common view. He might insist upon the point alluded to earlier in this paper, that we do all, in passing moral censure, 'make allowances' for influences in a man's hereditary nature or environmental circumstances which we regard as having made, it more than ordinarily difficult for him to act otherwise than he did: the implication being that if we supposed that the man's heredity and environment made it not merely very difficult but actually impossible for him to act otherwise than he did, we could not properly assign moral blame to him at all.


Let us put the argument implicit in the common view a little more sharply. The moral 'ought' implies 'can'. If we say that A morally ought to have done X, we imply that in our opinion, he could have done X. But we assign moral blame to a man only for failing to do what we think he morally ought to have done. Hence if we morally blame A for not having done X, we imply that he could have done X even though in fact he did not. In other words, we imply that A could have acted otherwise than he did. And that means that we imply, as a necessary condition of a man's being morally blameworthy, that he enjoyed a freedom of a kind not compatible with unbroken causal continuity.


V


Now what is it that is supposed to be wrong with this simple piece of argument? - For, of course, it must be rejected  by all these philosophers who tell us that the traditional problem of Free Will is a mere pseudo-problem. The argument looks as though it were doing little more than reading off necessary implications of the fundamental categories of our moral thinking. One's inclination is to ask 'If one is to think morally at all, how else than this can we think?'.


In point of fact, there is pretty general agreement among the contemporary critics as to what is wrong with the argument. Their answer in general terms is as follows. No doubt A's moral responsibility does imply that he could have acted otherwise. But this expression 'could have acted otherwise' stands in dire need of analysis. When we analyse it, we find that it is not, as is so often supposed, simple and unambiguous, and we find that in some at least of its possible meanings it implies no breach of causal continuity between character and conduct. Having got this clear, we can further discern that only in one of these latter meanings is there any compulsion upon our moral thinking to assert that if A is morally blameworthy for an act, A 'could have acted otherwise than he did'. It follows that, contrary to common belief, our moral thinking does not require us to posit a contra-causal freedom as a condition of moral responsibility.


So much of importance obviously turns upon the validity or otherwise of this line of criticism that we must examine it in some detail and with express regard to the ipsissima verba of the critics.


In the course of a recent article in Mind, entitled 'Free Will and Moral Responsibility', Mr Nowell Smith (having earlier affirmed his belief that `the traditional problem has been solved') explains very concisely the nature of the confusion which, as he thinks, has led to the demand for a contra-causal freedom. He begins by frankly recognizing that 'It is evident that one of the necessary conditions of moral action is that the agent "could have acted otherwise" ' and he adds 'it is to this fact that the Libertarian is drawing attention'. Then, after showing (unexceptionably, I think) how the relationship of 'ought' to 'can' warrants the proposition which he has accepted as evident, and how it induces the Libertarian to assert the existence of action that is 'uncaused', he proceeds to point out, in a crucial passage, the nature of the Libertarian's error:


`The fallacy in the argument (he contends) lies in supposing that when we say "A could have acted otherwise" we mean that A, being what he was and being placed in the circumstances in which he was placed, could have done something other than what he did. But in fact we never do mean this.'


What then do we mean here by 'A could have acted otherwise'? Mr Nowell Smith does not tell us in so many words, but the passage I have quoted leaves little doubt how he would answer. What we really mean by the expression, he implies, is not a categorical but a hypothetical proposition. We mean 'A could have acted otherwise, if he did not happen to be what he in fact was, or if he were placed in circumstances other than those in which he was in fact placed'. Now, these propositions, it is easy to see, are in no way incompatible with acceptance of the causal principle in its full rigour. Accordingly the claim that our fundamental moral thinking obliges us to assert a contra-causal freedom as a condition of moral responsibility is disproved.

Such is the 'analytical solution' of our problem offered (with obvious confidence) by one able philosopher of to-day, and entirely representative of the views of many other able philosophers. Yet I make bold to say that its falsity stares one in the face. It seems perfectly plain that the hypothetical propositions which Mr Nowell Smith proposes to substitute for the categorical proposition cannot express 'what we really mean' in this context by 'A could have acted otherwise', for the simple reason that these hypothetical propositions have no bearing whatsoever upon the question of the moral responsibility of A. And it is A whose moral responsibility we are talking about — a definite person A with a definitive character and in a definitive set of circumstances. What conceivable significance could it have for our attitude to A's responsibility to know that someone with a different character (or A with a different character, if that collocation of words has any meaning), or A in a different set of circumstances from those in which A as we are concerned with him was in fact placed, 'could have acted otherwise'? No doubt this supposititious being could have acted otherwise than the definitive person A acted. But the point is that where we are reflecting, as we are supposed in this context to be reflecting, upon the question of A's moral responsibility, our interest in this supposititious being is precisely nil.


The two hypothetical propositions suggested in Mr Nowell Smith's account of the matter do not, however, exhaust the speculations that have been made along these lines. Another very common suggestion by the analysts is that what we really mean by 'A could have acted otherwise' is 'A could have acted otherwise if he had willed, or chosen, otherwise'. This was among the suggestions offered by G. E. Moore in the well-known chapter on Free Will in his Ethics. It is, I think, the suggestion he most strongly favoured: though it is fair to add that neither about this nor about any other of his suggestions is Moore in the least dogmatic. He does claim, for, I think, convincing reasons, that 'we very often mean by "could" merely "would, if so-and-so had chosen" '. And he concludes 'I must confess that I cannot feel certain that this may not be all that we usually mean and understand by the assertion that we have Free Will'.


This third hypothetical proposition appears to enjoy also the support of Mr C. L. Stevenson. Mr Stevenson begins the chapter of Ethics and Language entitled 'Avoidability-Indeterminism' with the now familiar pronouncement of his School that 'controversy about freedom and determinism of the will ... presents no permanent difficulty to ethics, being largely a product of confusions'. A major confusion (if I understand him rightly) he takes to lie in the meaning of the term 'avoidable', when we say 'A's action was avoidable' — or, I presume, 'A could have acted otherwise'. He himself offers the following definition of 'avoidable' - '"A's action was avoidable" has the meaning of "If A had made a certain choice, which in fact he did not make, his action would not have occurred"'. This I think we may regard as in substance identical with the suggestion that what we really mean by 'A could have acted otherwise' is 'A could have acted otherwise if he had chosen (or willed) otherwise'. For clarity's sake we shall here keep to this earlier formulation. In either formulation the special significance of the third hypothetical proposition, as of the two hypothetical propositions already considered, is that it is compatible with strict determinism. If this be indeed all that we mean by the 'freedom' that conditions moral responsibility, then those philosophers are certainly wrong who hold that moral freedom is of the contra-causal type.


Now this third hypothetical proposition does at least possess the merit, not shared by its predecessors, of having a real relevance to, the question of moral responsibility. If, e.g., A had promised to meet us at 2 p.m., and he chanced to break his leg at i p.m., we should not blame him for his failure to discharge his promise. For we should be satisfied that he could not have acted otherwise, even if he had so chosen; or could not, at any rate, in a way which would have enabled him to meet us at 2 p.m. The freedom to translate one's choice into action, which we saw earlier is for Schlick the only freedom required for moral responsibility, is without doubt one of the conditions of moral responsibility.


But it seems easy to show that this third hypothetical proposition does not exhaust what we mean, and sometimes is not even part of what we mean, by the expression 'could have acted otherwise' in its moral context. Thus it can hardly be even part of what we mean in the case of that class of wrong actions (and it is a large class) concerning which there is really no question whether the agent could have acted otherwise, if he had chosen otherwise. Take lying, for example. Only in some very abnormal situation could it occur to one to doubt whether A, whose power of speech was evinced by his telling a lie, was in a position to tell what he took to be the truth if he had so chosen. Of course he was. Yet it still makes good sense for one's moral thinking to ask whether A, when lying, 'could have acted otherwise' : and we still require an affirmative answer to this question if A's moral blameworthiness is to be established. It seems apparent, therefore, that in this class of cases at any rate one does not mean by 'A could have acted otherwise', 'A could have acted otherwise if he had so chosen'.


What then does one mean in this class of cases by 'A could have acted otherwise'? I submit that the expression is taken in its simple, categorical meaning, without any suppressed `if' clause to qualify it. Or perhaps, in order to keep before us the important truth that it is only as expressions of will or choice that acts are of moral import, it might be better to say that a condition of A's moral responsibility is that he could have chosen otherwise. We saw that there is no real question whether A who told a lie could have acted otherwise if he had chosen otherwise. But there is a very real question, at least for any person who approaches the question of moral responsibility at a tolerably advanced level of reflection, about whether A could have chosen otherwise. Such a person will doubtless be acquainted with the claims advanced in some quarters that causal law operates universally: or/and with the theories of some philosophies that the universe is throughout the expression of a single supreme principle; or/and with the doctrines of some theologians that the world is created, sustained and governed by an Omniscient and Omnipotent Being. Very understandably such world-views awaken in him doubts about the validity of his first, easy, instinctive assumption that there are genuinely open possibilities before a man at the moment of moral choice. It thus becomes for him a real question whether a man could have chosen otherwise than he actually did, and, in consequence, whether man's moral responsibility is really defensible. For how can a man be morally responsible, he asks himself, if his choices, like all other events in the universe, could not have been otherwise than they in fact were? It is precisely against the background of world-views such as these that for reflective people the problem of moral responsibility normally arises.


Furthermore, to the man who has attained this level of reflection, it will in no class of cases be a sufficient condition of moral responsibility for an act that one could have acted otherwise if one had chosen otherwise — not even in these cases where there was some possibility of the operation of 'external constraint'. In these cases he will, indeed expressly recognize freedom from external constraint as a necessary condition, but not as a sufficient condition. For he will be aware that, even granted this freedom, it is still conceivable that the agent had no freedom to choose otherwise than he did, and he will therefore require that the latter sort of freedom be added if moral responsibility for the act is to be established.


I have been contending that, for persons at a tolerably advanced level of reflection, 'A could have acted otherwise', as a condition of A's moral responsibility, means 'A could have chosen otherwise'. The qualification italicized is of some importance. The unreflective or unsophisticated person, the ordinary 'man in the street', who does not know or much care what scientists and theologians and philosophers have said about the world, sees well enough that A is morally responsible only if he could have acted otherwise, but in his intellectual innocence he will, very probably, envisage nothing capable of preventing A from having acted otherwise except some material impediment — like the broken leg in the example above. Accordingly, for the unreflective person, 'A could have acted otherwise', as a condition of moral responsibility, is apt to mean no more than 'A could have acted otherwise if he had so chosen'.


It would appear, then, that the view now favoured by many philosophers, that the freedom required for moral responsibility is merely freedom from external constraint, is a view which they share only with the less reflective type of layman. Yet it should be plain that on a matter of this sort the view of the unreflective person is of little value by comparison with the view of the reflective person. There are some contexts, no doubt, in which lack of sophistication is an asset. But this is not one of them. The question at issue here is as to the kind of impediments which might have prevented a man from acting otherwise than he in fact did: and on this question knowledge and reflection are surely prerequisites of any answer that is worth listening to. It is simply on account of the limitations of his mental vision - that the unreflective man interprets the expression 'could have acted otherwise', in its context as a condition of moral responsibility, solely in terms of external constraint. He has failed (as yet) to reach the intellectual level at which one takes into account the implications for moral choices of the world-views of science, religion, and philosophy. If on a matter of this complexity the philosopher finds that his analysis accords with the utterances of the uneducated he has, I suggest, better cause for uneasiness than for self-congratulation.


This concludes the main part of what it seems to me necessary to say in answer to the pseudo-problem theorists. My object so far has been to expose the falsity of those innovations (chiefly Positivist) in the way of argument and analysis which are supposed by many to have made it impossible any longer to formulate the problem of Free Will in the traditional manner. My contention is that, at least so far as these innovations are concerned, the simple time-honoured argument still holds from the nature of the moral ought to the conclusion that moral responsibility implies a contra-causal type of freedom. The attempts to avoid that conclusion by analysing the proposition 'A could have acted otherwise' (acknowledged to be implied in some sense in A's moral responsibility) into one or other of certain hypothetical propositions which are compatible with unbroken causal continuity, break down hopelessly when tested against the touchstone of actual moral thinking. It is, I think, not necessary to defend the procedure of testing hypotheses in the ethical field by bringing to bear upon them our actual moral thinking. If there is any other form of test applicable, I should be much interested to learn what it is supposed to be. Certainly 'logical analysis' per se will not do. That has a function, but a function that can only be ancillary. For what we are seeking to know is the meaning of the expression 'could have acted otherwise' not in the abstract, but in the context of the question of man's moral responsibility. Logical analysis per se is impotent to give us this information. It can be of value only in so far as it operates within the orbit of 'the moral consciousness'. One may admit, with some qualifications, that on a matter of this sort the moral consciousness without logical analysis is blind: but it seems to me to be true without any qualification whatsoever that, on the same problem, logical analysis without the moral consciousness is empty.

  


Could one ever have acted otherwise?





Source: https://www.informationphilosopher.com/solutions/philosophers/campbell/pseudo-problem.html
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Excerpt from Freedom and Action

From Freedom and Determinism, ed. by Keith Lehrer, 1966 (adaptation of Chisholm's 1964 Lindley Lecture)



The metaphysical problem of human freedom might be summarized in the following way: "Human beings are responsible agents; but this fact appears to conflict with a deterministic view of human action (the view that every event that is involved in an act is caused by some other event); and it also appears to conflict with an indeterministic view of human action (the view that the act, or some event that is essential to the act, is not caused at all)." To solve the problem, I believe, we must make somewhat far-reaching assumptions about the self of the agent — about the man who performs the act.

Perhaps it is needless to remark that, in all likelihood, it is impossible to say anything significant about this ancient problem that has not been said before.*



Let us consider some deed, or misdeed, that may be attributed to a responsible agent: one man, say, shot another. If the man was responsible for what he did, then, I would urge, what was to happen at the time of the shooting was something that was entirely up to the man himself. There was a moment at which it was true, both that he could have fired the shot and also that he could have refrained from firing it. And if this is so, then, even though he did fire it, he could have done something else instead. (He didn't find himself firing the shot "against his will," as we say.) I think we can say, more generally, then, that if a man is responsible for a certain event or a certain state of affairs (in our example, the shooting of another man), then that event or state of affairs was brought about by some act of his, and the act was something that was in his power either to perform or not to perform.

But now, if the act which he did perform was an act that was also in his power not to perform, then it could not have been caused or determined by any event that was not itself within his power either to bring about or not to bring about. For example, if what we say he did was really something that was brought about by a second man, one who forced his hand upon the trigger, say, or who, by means of hypnosis, compelled him to perform the act, then, since the act was caused by the second man, it was nothing that was within the power of the first man to prevent. And precisely the same thing is true, I think, if instead of referring to a second man who compelled the first one, we speak instead of the desires and beliefs which the first man happens to have had. For if what we say he did was really something that was brought about by his own beliefs and desires, if these beliefs and desires in the particular situation in which he happened to have found himself caused him to do just what it was that we say he did do, then, since they caused it, he was unable to do anything other than just what he did do. It makes no difference whether the cause of the deed was internal or external: if the cause was some state or event for which the man himself was not responsible, then he was not responsible for what we have been  mistakenly calling his act. If a flood caused the poorly structured dam to break, then, given the flood and the constitution of the dam, the break, we may say, had to occur and nothing could have happened in its place. And if the flood of desire caused the weak-willed man to give in, then he, too, had to do just what it was that he did do and he was no more responsible than was the dam for the results that followed. 


This is Robert Kane's "ultimate responsibility."


(It is true, of course, that if the man is responsible for the beliefs and desires that he happens to have, then he may also be responsible for the things they lead him to do. But the question now becomes: is he responsible for the beliefs and desires he happens to have? If he is, then there was a time when they were within his power either to acquire or not to acquire, and we are left, therefore, with our general point.)

One may object: But surely if there were such a thing as a man who is really good, then he would be responsible for things that he would do; yet, he would be unable to do anything other than just what he does do, since, being good, he will always choose to do what is best. The answer, I think, is suggested by a comment that Thomas Reid* makes upon an ancient author. The author had said of Cato, "He was good because he could not be otherwise," and Reid observes: "This saying, if understood literally and strictly, is not the praise of Cato, but of his constitution which was no more the work of Cato than his existence.' If Cato was himself responsible for the good things that he did, then Cato, as Reid suggests, was such that, although he had the power to do what was not good, he exercised his power only for that which was good.


All of this, if it is true, may give a certain amount of comfort to those who are tender-minded. But we should remind them that it also conflicts with a familiar view about the nature of God — with the view that St. Thomas Aquinas expresses by saying that "every movement both of the will and of nature proceeds from God as the Prime Mover." * If the act of the sinner did proceed from God as the Prime Mover, then God was in the position of the second agent we just discussed — the man who forced the trigger finger, or the hypnotist — and the sinner, so-called, was not responsible for what he did. (This may be a bold assertion, in view of the history of western theology, but I must say that I have never encountered a single good reason for denying it.)


There is one standard objection to all of this and we should consider it briefly.
The objection takes the form of a stratagem — one designed to show that determinism (and divine providence) is consistent with human responsibility. The stratagem is one that was used by Jonathan Edwards and by many philosophers in the present century, most notably, G. E. Moore.

One proceeds as follows: The expression


(a) He could have done otherwise, 


it is argued, means no more nor less than

(b) If he had chosen to do otherwise, then he would have done otherwise.


(In place of "chosen," one might say "tried," "set out," "decided," "undertaken," or "willed.") The truth of statement (b), it is then pointed out, is consistent with determinism (and with divine providence); for even if all of the man's actions were causally determined, the man could still be such that, if he had chosen otherwise, then he would have done otherwise. What the murderer saw, let us suppose, along with his beliefs and desires, caused him to fire the shot; yet he was such that if, just then, he had chosen or decided not to fire the shot, then he would not have fired it. All of this is certainly possible. Similarly, we could say, of the dam, that the flood caused it to break and also that the dam was such that, if there had been no flood or any similar pressure, then the dam would have remained intact. And therefore, the argument proceeds, if (b) is consistent with determinism, and if (a) and (b) say the same thing, then (a) is also consistent with determinism; hence we can say that the agent could have done otherwise, even though he was caused to do what he did do; and therefore determinism and moral responsibility are compatible.

Is the argument sound? The conclusion follows from the premises, but the catch, I think, lies in the first premise — the one saying that statement (a) tells us no more nor less than what statement (b) tells us. For (b), it would seem, could be true while (a) is false. That is to say, our man might be such that, if he had chosen to do otherwise, then he would have done otherwise, and yet also such that he could not have done otherwise. Suppose, after all, that our murderer could not have chosen, or could not have decided, to do otherwise. Then the fact that he happens also to be a man such that, if he had chosen not to shoot he would not have shot, would make no difference. For if he could not have chosen not to shoot, then he could not have done anything other than just what it was that he did do. In a word: from our statement (b) above ("If he had chosen to do otherwise, then he would have done otherwise"), we cannot make an inference to (a) above ("He could have done otherwise"), unless we can also assert:


(c) He could have chosen to do otherwise.


And therefore, if we must reject this third statement (c), then, even though we may be justified in asserting (b), we are not justified in asserting (a). If the man could not have chosen to do otherwise, then he would not have done otherwise — even if he was such that, if he had chosen to do otherwise, then he would have done otherwise.

The stratagem in question, then, seems to me not to work, and I would say, therefore, that the ascription of responsibility conflicts with a deterministic view of action.
Perhaps there is less need to argue that the ascription of responsibility also conflicts with an indeterministic view of action — with the view that the act, or some event that is essential to the act, is not caused at all. 


The "chance a direct cause of action" error


If the act — the firing of the shot — was not caused at all, if it was fortuitous or capricious, happening so to speak "out of the blue," then, presumably, no one — and nothing — was responsible for the act. Our conception of action, therefore, should be neither deterministic nor indeterministic. Is there any other possibility?

We must not say that every event involved in the act is caused by some other event, and we must not say that the act is something that is not caused at all. The possibility that remains, therefore, is this: We should say that at least one of the events that are involved in the act is caused, not by any other events, but by something else instead. And this something else can only be the agent — the man. 


The origin of 
"agent causation"


If there is an event that is caused, not by other events, but by the man, then there are some events involved in the act that are not caused by other events. But if the event in question is caused by the man, then it is caused and we are not committed to saying that there is something involved in the act that is not caused at all.

But this, of course, is a large consequence, implying of considerable importance about the nature of the agent or the man.



If we consider only inanimate natural objects, we may !.say that causation, if it occurs, is a relation between events or states of affairs. The dam's breaking was an event that was caused by a set of other events — the dam being weak, the flood being strong, and so on. But if a man is responsible for a particular deed, then, if what I lave said is true, there is some event, or set of events, that is caused, not by other events or states of affairs, but by the man himself, by the agent, whatever he may be.


I shall borrow a pair of medieval terms, using them, perhaps, in a way that is slightly different from that for which they were originally intended. I shall say that when one event or state of affairs (or set of events or states of affairs) causes some other event or state of affairs, then we have an instance of transeunt causation. And I shall say that when an agent, as distinguished from an event, causes an event or state of affairs, then we have an instance of immanent causation.


The nature of what is intended by the expression "immanent causation" may be illustrated by this sentence from Aristotle's Physics: "Thus, a staff moves a stone, and is moved by a hand, which is moved by a man." (VII, 5, 256a, 6-8) If the man was responsible, then we have in this illustration a number of instances of causation — most of them transeunt, but at least one of them immanent. What the staff did to the stone was an instance of transeunt causation, and thus we may describe it as a relation between events: "the motion of the staff caused the motion of the stone." And similarly for what the hand did to the staff: "the motion of the hand caused the motion of the staff." And, as we know from physiology, there are still other events which caused the motion of the hand. Hence we need not introduce the agent at this particular point, as Aristotle does — we need not, though we may. We may say that the hand was moved by the man, but we may also say that the motion of the hand was caused by the motion of certain muscles; and we may say that the motion of the muscles was caused by certain events that took place within the brain. But some event, and presumably one of those that took place within the brain, was caused by the agent and not by any other events.


There are, of course, objections to this way of putting the matter; I shall consider the two that seem to me to be most important.



One may object, firstly: "If the man does anything, then, as Aristotle's remark suggests, what he does is to move the hand. But he certainly does not do anything to his brain — he may not even know that he has a brain. And if he doesn't do anything to the brain, and if, as physiology seems to tell us, the motion of the hand was caused by something that happened within the brain, then there is no point in appealing to 'immanent causation' as being something incompatible with 'transeunt causation' — for the whole thing, after all, is a matter of causal relations among events or states of affairs. The motion of the hand was caused by the brain and not by the man."


The answer to this objection, I think, is this: It is true that the agent does not do anything, with his brain, or to his brain, in the sense in which he does something with his hand and does something to the staff. But from this it does not follow that the agent was not the immanent cause of something that happened within his brain.


We should note a useful distinction that has been proposed by, Professor A. I. Melden— namely, the distinction between "making something A happen" and "doing A."*  If I reach for the staff and pick it up, then one of the things that I do is just that — reach for the staff and pick it up. And if it is something that I do, then there is a very clear sense in which it may be said to be something that I know that I do. If you ask me, "Are you doing something, or trying to do something, with the staff?," I will have no difficulty in finding an answer. But in doing something with the staff, I also make various things happen which are not in this same sense things that I do: I will make various air-particles move; I will free a number of blades of grass from the pressure that had been upon them; and I may cause a shadow to move from one place to another. If these are merely things that I make happen, as distinguished from things that I do, then I may know nothing whatever about them; I may not have the slightest idea that, in moving the staff, I am bringing about any such thing as the motion of air-particles, shadows, and blades of grass.


We may say, in answer to the first objection, therefore, that it is true that our agent does nothing to his brain or with his brain; but from this it does not follow that the agent is not the immanent cause of some event within his brain; for the brain event may be something which, like the motion of the air-particles, he made happen in picking up the staff. The only difference between the two cases is this: in each case, he made something happen when he picked up the staff; but in the one case — the motion of the air-particles or of the shadows — it was the motion of the staff that caused the event to happen; and in the other case — the event that took place in the brain — it was this event that caused the motion of the staff.

The point is, in a word, that whenever a man does something A, then (by "immanent causation") he makes a certain cerebral event happen, and this cerebral event (by "transeunt causation") makes A happen.


The second objection is more difficult, and it concerns the very concept of "immanent causation," or causation by an agent, as this concept is to be interpreted here. The concept is subject to a difficulty which has long been associated with that of the prime mover unmoved. We have said that there must be some event A, presumably some cerebral event, which is caused not by any other event, but by the agent. Since A was not caused by any other event, then the agent himself cannot be said to have undergone any change or produced any other event (such as "an act of will" or the like) which brought A about. For if the cerebral event is caused by some change within the agent, then it is caused by an event and we have lost the solution to our problem. But now: if, when the agent made A happen, there was no event involved other than A itself, no event which could be described as making A happen, what did the agent's causation consist of? What, for example, is the difference between A's just happening, and the agent's causing A to happen? We cannot attribute the difference to any event that took place within the agent. And so far as the event A itself is concerned, there would seem to be no discernible difference — no discernible difference between A just happening and the agent causing A to happen. Thus Aristotle said that the activity of the prime mover is nothing in addition to the motion that it produces, and Suarez said that "the action is in reality nothing but the effect as it flows from the agent." * Must we conclude, then, that there is no more to the man's action in causing event A than there is to the event A's happening by itself? Here we would seem to have a distinction without a difference — in which case we have failed to find a via media between a deterministic and an indeterministic view of action.


The only answer, I think, can be this: that the difference between the man's causing A, on the one hand, and the event A just happening, on the other, lies in the fact that, in the first case but not the second, the event A was caused and was caused by the man. There was a brain event A; the agent did, in fact, cause the brain event; but there was nothing that he did to cause it.


This answer may not entirely satisfy and it will be likely to provoke the following question: "But what are you really adding to the assertion that A happened when you utter the words 'The agent caused A to happen'?" As soon as we have put the question this way, we see, I think, that whatever difficulty we may have encountered is one that may be traced to the concept of causation generally — whether "immanent" or "transeunt." The problem, in other words, is not a problem that is peculiar to our conception of human action. It is a problem that must be faced by anyone who makes use of the concept of causation at all and therefore, I would say, it is a problem for everyone but the complete indeterminist.


For the problem, as we put it, referring just to "immanent causation," or causation by an agent, was this: "What is the difference between saying, of an event A, that A just happened and saying that someone caused A to happen?" The analogous problem, which holds for "transeunt causation," or causation by an event, is this:

"What is the difference between saying, of two events A and B, that B happened and then A happened, and say- ing that B's happening was the cause of A's happening?"' And the only answer that one can give is this — that in the one case the agent was the cause of A's happening, and in the other case event B was the cause of A's happening. The nature of transeunt causation is no more clear than is that of immanent causation. In short, as long as we talk about causation at all (and we cannot avoid it) the difficulty is one that we will have on our hands. It is not a difficulty that is peculiar, therefore, to our treatment of the problem of freedom.



But we may plausibly say — and there is a respectable philosophical tradition to which we may appeal — that the notion of immanent causation, or causation by an agent, is in fact more clear than that of transeunt causation, or causation by an event, and that it is only by understanding our own causal efficacy, as agents, that we can grasp the concept of cause at all. Hume may be said to have shown that we do not derive the concept of cause from what we perceive of external things. How, then, do we derive it? The most plausible suggestion, it seems to me, is that of Reid, once again: namely that "the conception of an efficient cause may very probably be derived from the experience we have had . . . of our own power to produce certain effects."* If we did not understand the concept of immanent causation, we would not understand that of transeunt causation.


It may have been noted that I have avoided the term "free will" in all of this. For even if there is such a faculty as "the will," which somehow sets our acts a-going, the question of freedom, as John Locke said, is not "the question whether the will be free"; it is the question "whether a man be free."* For if there is a "will," as a moving faculty, the question is whether the man is free to will to do those things that he does will to do — and also whether he is free not to will any of those things that he does will to do, and, again, whether he is free to will any of those things that he does not will to do. Jonathan Edwards tried to restrict himself to the question — "Is the man free to do what it is that he wills?" — but the answer to this question will not tell us whether the man is responsible for what it is that he does will to do. Using still another pair of medieval terms, we may say that the metaphysical problem of freedom does not concern the actus imperatus: it does not concern the question whether we are free to accomplish whatever it is that we will or set out to do; it concerns the actus elicitus, the question whether we are free to will or to set out to do those things that we do will or set out to do. It is one thing to ask whether the things that a man wills are things that are within his power: this is the problem of the actus imperatus. It is quite a different thing to ask whether his willing itself is something that is within his power: this is the problem of the actus elicitus. And this latter — the problem of the actus elicitus — is the problem, not of the freedom of the will, but of the freedom of the man.


Causa sui was thought to be a power only of God


If we are responsible, and if what I have been trying to say is true, then we have a prerogative which some would attribute only to God: each of us, when we act, is a prime mover unmoved. In doing what we do, we cause certain events to happen, and nothing — or no one — causes us to cause those events to happen.

If we are thus prime movers unmoved and if our actions, or those for which we are responsible, are not causally determined, then they are not causally determined by our desires. And this means that the relation between what we want or what we desire, on the one hand, and what it is that we do, on the other, is not as simple as most philosophers would have it.


We may distinguish between what we might call the "Hobbist approach" and what we might call the "Kantian approach" to this question. The Hobbist approach is the one that is generally accepted at the present time, but the Kantian approach, I believe, is the one that is true. According to Hobbism, if we know, of some man, what his beliefs and desires happen to be and how strong they are, if we know what he feels certain of, what he desires more than anything else, and if we know the state of his body and what stimuli he is being subjected to, then we may deduce, logically, just what it is that he will do - or, more accurately, just what it is that he will try, set out, or undertake to do. Thus Professor Melden has said that "the connection between wanting and doing is logical."*


But according to the Kantian approach to our problem, and this is the one that I would take, there is no such logical connection between wanting and doing, nor need there even be a causal connection. No set of statements about a man's desires, beliefs, and stimulus situation at any time implies any statement, telling us what the man will try, set out, or undertake to do at that time. As Reid put it, "Though we may reason from men's motives to their actions and, in many cases, with great probability," we can never do so "with absolute certainty."*

This means that, in one very strict sense of the terms, there can be no complete science of man. If we think of science as a matter of finding out what laws happen to hold, and if the statement of a law tells us what kinds of events are caused by what other kinds of events, then there will be human actions that we cannot explain by subsuming them under any laws. We cannot say, "It is causally necessary that, given such and such desires and beliefs, and being subject to such and such stimuli, the agent will do so and so." For at times the agent, if he chooses, may rise above his desires and do something else instead.

But all of this is consistent with saying that, perhaps more often than not, our desires do exist under conditions such that those conditions necessitate us to act. And we may also say, with Leibniz, that at other times our desires may "incline without necessitating."


Leibniz's phrase presents us with still another philosophical problem. What does it mean to say that a desire, or a motive, might "incline without necessitating"? There is a temptation, certainly, to say that "to incline" means to cause and that "not to necessitate" means not to cause, but obviously we cannot have it both ways.


Nor will Leibniz's own solution do. In his letter to Coste, he puts the problem as follows: "When a choice is proposed, for example to go out or not to go out, it is a question whether, with all the circumstances, internal and external, motives, perceptions, dispositions, impressions, passions, inclinations taken together, I am still in a contingent state, or whether I am necessitated to make the choice, for example, to go out; that is to say, whether this proposition, true and determined in fact, In all these circumstances taken together I shall choose to go out, is contingent or necessary."*


Leibniz's answer might be put as follows: in one sense of the terms "necessary" and "contingent," the proposition "In all these circumstances taken together I shall choose to go out," may be said to be contingent and not necessary, and in another sense of these terms, it may be said to be necessary and not contingent. But the sense in which the proposition may be said to be contingent, according to Leibniz, is only this: there is no logical contradiction involved in denying the proposition. And the sense in which it may be said to be necessary is this: since "nothing ever occurs without cause or determining reason," the proposition is causally necessary. "Whenever all the circumstances taken together are such that, the balance of deliberation is heavier on one side than on the other, it is certain and infallible that that is the side that is going to win out." But if what we have been saying is true, the proposition "In all these circumstances taken together I shall choose to go out" may be causally as well as logically contingent. Hence we must find another interpretation for Leibniz's statement that our motives and desires may incline us, or influence us, to choose without thereby necessitating us to choose.

Let us consider a public official who has some moral scruples but who also, as one says, "could be bad." Because of the scruples that he does have, he would never take any positive steps to receive a bribe — he would not actively solicit one. But his morality has its limits and he is also such that, if we were to confront him with a fait accompli or to let him see what is about to happen ($10,000 in cash is being deposited behind the garage), then he would succumb and be unable to resist. The general situation is a familiar one and this is one reason that people pray to be delivered from temptation. (And it also justifies Kant's remark: "How many there are who may have led a long blameless life, who are only fortunate in having escaped so many temptations."* 


Our relation to the misdeed that we contemplate may not be a matter simply of our being able to bring it about or not to bring it about. As St. Anselm noted, there are at least four possibilities. We may illustrate them, by reference to our public official and the event which is his receiving the bribe, in the following way: 

(i) he may be able to bring the event about himself (facere esse), in which case he would actively cause himself to receive the bribe; 

(ii) he may be able to refrain from bringing it about himself (non facere esse), in which case he would not himself do anything to insure that he receive the bribe; 


(iii) he may be able to do something to prevent the event from occurring (facere non esse), in which case he would make sure that the $10,000 was not left behind the garage; or 

(iv) he may be unable to do anything to prevent the event from occurring (non facere non esse), in which case, though he may not solicit the bribe, he would allow himself to keep it. We have envisaged our official as a man who can resist the temptation to (i) but cannot resist the temptation to (iv) : he can refrain from bringing the event about himself, but he cannot bring himself to do anything to prevent it.

Let us think of "inclination without necessitation," then, in such terms as these. First we may contrast the two propositions;

(1) He can resist the temptation to do something in order to make A happen;

(z) He can resist the temptation to allow A to happen (i.e., to do nothing to prevent A from happening).


We may suppose that the man has some desire to have A happen and thus has a motive for making A happen. His motive for making A happen, I suggest, is one that necessitates, provided that, because of the motive, (i) is false: he cannot resist the temptation to do something in order to make A happen. His motive for making A happen is one that inclines, provided that, because of the motive, (2) is false: like our public official, he cannot bring himself to do anything to prevent A from happening. And therefore we can say that his motive for making A happen is one that inclines but does not necessitate, provided that, because of the motive, (i) is true and (2) is false; he can resist the temptation to make it happen but he cannot resist the temptation to allow it to happen...
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A Demonstration of the Being and Attributes of God
Section X

The self-existent being, the supreme cause of all things, must of necessity have infinite power. This proposition is evident and undeniable. For since nothing (as has been already proved) can possibly be self-existent besides himself, and consequently all things in the universe were made by him and are entirely dependent upon him, and all the powers of all things are derived from him and must therefore be perfectly subject and subordinate to him, it is manifest that nothing can make any difficulty and resistance to the execution of his will, but he must of necessity have absolute power to do everything he pleases with the most perfect ease and in the most perfect manner at once and in a moment, whenever he wills it. The descriptions the Scripture gives of this power are so lively and emphatic that I cannot forbear mentioning one or two passages. Thus Job, ix, 4 [ff.]: "He is wise in heart and mighty in strength . . . {which} removeth the mountains, and they know it not; which overturneth them in his anger. Which shaketh the Earth out of her place and the pillars thereof tremble. Which commandeth the Sun, and it raiseth not; and sealeth up the stars. Which alone spreadeth out the heavens and treadeth upon the waters of the sea . . . Which doth great things past finding out, yea and wonders without number." Again, "Hell is naked before him and destruction hath no covering . . . He stretcheth out the North over the empty place, and hangeth the Earth upon nothing ... He bindeth up the waters in his thick clouds, and the cloud is not rent under them . . . The Pillars of heaven tremble and are astonished at his reproof. He divideth the sea with his power and by his understanding he smiteth through the proud . . . Lo, these are part of his ways, but how little a portion is heard of him? But the thunder of his power, who can understand?" Job, xxvi, 6 [ff.]. So likewise, Isaiah, xl, 12 [ff.]. "Who has measured the waters in the hollow of his hand, and meted out heaven with the span, and comprehended the dust of the earth in a measure, and weighed the mountains in scales, and the hills in a balance . . . Behold, the nations are as a drop of the bucket and are counted as the small dust of the balance; behold, he taketh up the isles as a very little thing . . . All nations before him are nothing, and they are counted to him less than nothing, and vanity. To whom then will ye liken God, or what likeness will ye compare unto him?" But I do not urge authority to the persons I am at present speaking to. It is sufficiently evident from reason that the supreme cause must of necessity be infinitely powerful. The only question is what the true meaning of what we call infinite power is, and to what things it must be understood to extend, or not to extend.

Now in determining this question, there are some propositions about which there is no dispute, which therefore I shall but just mention, as:


Firstly, that infinite power reaches to all possible things, but cannot be said to extend to the working [of] anything which implies a contradiction, as that a thing should be and not be at the same time; that the same things should be made and not be made, or have been and not have been; that twice two -should not make four, or that that which is necessarily false should be true. The reason whereof is plain, because the power of making a thing to be at the same time that it is not, is only a power of doing that which is nothing, that is no power at all.


Secondly, infinite power cannot be said to extend to those things which imply natural imperfection in the thing to whom such power is ascribed, as that it should destroy its own being, weaken itself or the like. These things imply natural imperfection, and are by all men confessed to be such as cannot possibly belong to the necessary self-existent being. There are also other things which imply imperfection of another kind, viz., moral imperfection, concerning which atheism takes away the subject of the question by denying wholly the difference of moral good and evil, and therefore I shall omit the consideration of them untill I come to deduce the moral attributes of God.


But some other instances there are in the question about the extent of infinite power wherein the principal difference between us and the atheists (next to the question whether the supreme cause be an intelligent being or not) does in great measure consist. As:


Firstly, that infinite power includes a power of creating matter. This has been constantly denied by all atheists both ancient and modern, and as constantly affirmed by all who believe the being, and have just notions of the attributes, of God. The only reason why the atheists have or can pretend to allege for their opinion is that the thing is in its own nature absolutely impossible. But how does it appear to be impossible? Why, only because they are not able to comprehend how it can be. For to reduce it to a contradiction, which is the alone real impossibility, this they are by no means able to do. For to say that something which once was not may since have begun to exist is neither directly, nor by any consequence whatsoever, to assert that that which is not can be while it is not; or that that which is can not-be while it is. It is true; we, who have been used to converse only with generations and corruptions and never saw anything made or created but only formed or framed, are apt to endeavor to conform our idea of creation to that of formation, and to imagine that, as in all formations there is some pre-existing matter out of which a thing is formed, so in creation there must be considered a pre-existing nothing out of which, as out of a real material cause, a thing is created; which looks indeed very like a contradiction. But this is only a confusion of ideas, just like children's imagining that darkness is some real thing which, in the morning, is driven away by the light or transformed into it. Whereas the true notion of creation is not a forming something out of nothing as out of a material cause, but only a bringing something into being that before had no being at all, or a causing something to exist now that did not exist before, or which, without this cause, would not have existed. Which no man can ever reduce to a contradiction any more than the formation of anything into a shape which it had not before can be reduced to a contradiction.


But further, the creation of matter is a thing not only not impossible in itself but what moreover, even by bare reason, is demonstrated to be true. For it is a contradiction, as I have shown above, to suppose matter necessarily existing.



Do all atheists deny free will? 


Secondly, it is possible to infinite power to create an immaterial cogitative substance endowed with a power of beginning motion, and with a liberty of will or choice. This also has been always denied by all atheists. And because it is a proposition of the greatest consequence to religion and morality, therefore I shall be particular in endeavoring the proof of the several parts of it.


Men are cogitative conscious substances 


Firstly, it is possible to infinite power to create an immaterial cogitative substance. That there can be such a thing as a cogitative substance, that is, a substance endowed with consciousness and thought, is granted by all because every man's own experience convinces him that he himself is such a substance. Further, that if there be or can be any such thing as immaterial substances, then it is most reasonable to believe that substances as are endowed with consciousness and thought (properties the farthest distant from the known properties of matter, and the most unlike them that can possibly be imagined) are those immaterial substances, this also will, I think, be granted by all men. The only point, therefore, that remains to be proved is that immaterial substances are not impossible, or that a substance immaterial is not a contradictory notion.


Two things are not exactly matter - energy, and 

Now whoever asserts that it is contradictory must affirm that whatever is not matter is nothing, and that to say anything exists which is not matter is saying that there exists something which is nothing. Which in other words is plainly this, that whatever we have not an idea of, is nothing and impossible to be. For there is no other way to reduce "immaterial substance" to a contradiction but by supposing "immaterial" to signify the same as having no existence. And there is no possible way to prove that but by saying we have no idea of it, and therefore it neither has nor can have any existence. By which same argument "material substance" will in like manner be a contradiction, for of that also (viz., of the substance to which solidity belongs) we have no idea. But supposing it were true (as it is indeed most false) that we had a clearer idea of the substance of matter than we have of immaterial substance, still, by the same argument wherewith an atheist will prove immaterial substance to be impossible, a man born blind may demonstrate irrefragably that light or color is an impossible and contradictory notion because it is not a sound or a smell. For the power of seeing light or color is to a man born blind altogether as incomprehensible and absolutely beyond the reach of all his ideas as either the operations and perceptions, or even the simple essence, of a pure immaterial substance or spirit can be to any of us. If, therefore, the blind man's want of ideas be not a sufficient proof of the impossibility of light or color, how comes our bare want of ideas to be a demonstration of the impossibility of the being of immaterial substances? A blind man, they will say, has testimony of the existence of light. Very true. So also have we of the existence of immaterial substances.

But there is this further advantage on our side in the comparison, that a blind man accepting the testimony of others finds not by any reasoning within himself the least likelihood or probability, no not in the lowest possible degree, that there can be any such thing as light or color. But we, besides testimony, have great and strong arguments both from experience and reason that there are such things as immaterial substances, though we have no knowledge of their simple essence, as indeed of the substance even of matter itself (its simple substance, considered as abstract from and as the foundation of that essential property of solidity) we have no idea. For to say that extension is the substance of matter is the same way of thinking as to say that existence, or that duration, is the substance of matter. We have, I say, great and strong arguments both from experience and reason that there are such things as immaterial substances, though we have no idea of their simple essence. Even the very first and most universal principle of gravitation itself in all matter, since it is ever proportional not at all to the surfaces of bodies or of their particles, in any possible supposition, but exactly to the solid content of bodies, it is evident it cannot be caused by matter acting upon the surfaces of matter, which is all it [i.e., matter] can do, but must either immediately or mediately be caused by something which continually penetrates its solid substance. 


Animals are self-moving (automata), beyond mere physical deterministic forces 


But in animals, which have a power of self-motion, and in the more perfect sorts of them, which have still higher faculties, the thing is yet more evident. For we see and feel, and observe daily in ourselves and others, such powers and operations and perceptions as undeniably evince themselves either to be the properties of immaterial substances; or else it will follow that matter is something of whose essential powers (as well as of its substance itself) we have altogether as little idea as we have of immaterial beings. And then, how are immaterial substances more impossible than material? But of this more hereafter.

From what has been said on this head, it will be easy to answer all the objections that have been brought by any atheists against the notion of human souls being immaterial substances and distinct from body. For, since it is possible there may be such things as immaterial substances, and since if any such substances can be, there is all the reason in the world to believe that conscious and thinking substance is such (these properties being the most remote from the known properties of matter that are possible to be conceived), the foundation of all the objections against the immateriality of the soul is entirely taken away. I shall not here tarry to consider the objections in particular which have been often and wholly answered by learned pens, but shall only mention one on which all the rest depend and to which they may all be reduced. And it is this: that seeing the only means we have of perception are the five senses, and these all plainly depend upon the organs of the body, therefore the soul without the body can have no perception, and consequently is nothing. Now, besides that these very senses or perceptions, however they may be obstructed by bodily indisposition (and so do indeed depend upon the organs of the body as to their present exercise), yet in their nature are really entirely distinct powers and cannot possibly, as has been before shown, be absolutely founded in, or arise from, any of the known properties or qualities of matter — besides this, I say, of him that thus argues I would only ask this one question. 


Nothing physical is by - logical - necessity 


Are our five senses, by an absolute necessity in the nature of the thing, all and the only possible ways of perception? And is it impossible and contradictory that there should be any being in the universe endowed with ways of perception different from these that are the result of our present composition? Or are these things, on the contrary, purely arbitrary, and the same power that gave us these may have given others to other beings, and might, if he had pleased, have given to us others in this present state, and may yet have made us capable of different ones in another state? If they be purely arbitrary, then the want of these does by no means infer a total want of perception. But the same soul which in the present state has the powers of reflection, reason, and judgment, which are faculties entirely different from sense, may as easily in another state have different ways even of perception also. But if anyone will contend that these senses of ours are necessarily the only ways of perception, still the soul may be capable of having these very same ways of perception at any time restored to it. For as that which sees does not cease to exist when in the dark all objects are removed, so that which perceives does not necessarily cease to exist when by death all organs of perception are removed.

But what reason can any man allege why he should imagine these present senses of ours to be necessarily the only ways of perception? Is it not infinitely more reasonable to suppose that this is a mere prejudice arising from custom, and an attending to bare sense in opposition to reason?° For supposing men had been created only with four senses and had never known the use of sight, would they not then have had the very same reason to conclude there were but four possible ways of perception as they have now to fancy that there are but five? And would they not then have thought sight to have been an impossible, chimerical, and merely imaginary power, which is absolutely the same reason as they now presume the faculties of immaterial beings to be so, that is, with no reason at all? One would think men should be ashamed, therefore, to be so vain as, from their own mere negative ignorance, without any appearance or pretence of any positive argument, to dispute against the possibility of the being of things which (excepting only that they cannot frame to themselves an image or notion of them) there is a concurrence of all the reasons in the world to persuade them that such things really are. And then, as to the difficulty of conceiving the nature and manner of the union between soul and body, we know altogether as much of that as we do of the nature of the union or cohesion of the infinitely divisible parts of body, which yet no man doubts of. And therefore, our ignorance can be no more an argument against the truth of the one than it is a bar to our belief of the other.


Aristotle explained how important 
"new beginnings" (ἀρχαί) are to actions that are "up to us." 


Secondly, it is possible to infinite power to endow a creature with the power of beginning motion. This is constantly denied by all atheists because the consequence of it is a liberty of will, of which I shall have occasion to speak presently. But that the proposition is true, I thus prove. If the power of beginning motion be in itself a possible thing, and also possible to be communicated, then a creature may be endowed with that power. Now that the power of beginning motion is in itself a possible thing, I have already proved by showing that there must necessarily be somewhere a power of beginning motion because otherwise motion must have been from eternity, without any external cause of its being, and yet it is a thing that has no necessity of existence in its own nature. So that if there be not somewhere a principle or power of beginning motion, motion must exist without any cause or reason at all of its existence either within itself or from without which, as I have before shown, is an express contradiction. Wherefore a principle or power of beginning motion, there must of necessity be somewhere or other, and consequently it is not in itself an impossible thing.

I add: as a power of beginning motion is not itself an impossible thing because it must of necessity be in the supreme cause, so neither is it impossible to be communicated to created beings. The reason is plain, because no powers are impossible to be communicated but only those which imply self-existence and absolute independence. That a subordinate being should be self-existent or absolutely independent is indeed a contradiction. But it is no contradiction to suppose it endowed with any other power whatsoever separate from these. I know the maintainers of fate are very confident that a power of beginning motion is nothing less than being really independent, or being able to act independently from any superior cause.


But this is only a childish trifling with words. For a power of acting independently in this sense, communicated at the pleasure of the supreme cause and continued only during the same good pleasure, is no more a real and absolute independency than the power of existing (which I suppose the defenders of fate are not so fond to make a continual creation, as they are to make the power of self-motion a continual external impulse), or than the power of being conscious, or any other power whatsoever can be said to imply independence. In reality, it is altogether as hard to conceive how consciousness or the power of perception should be communicated to a created being, as how the power of self-motion should be so, unless perception be nothing else but a mere passive reception of impulse, which I suppose is as clear that it is not, as that a triangle is not a sound or that a globe is not a color. Yet no man doubts but that he himself and all others have truly a power of perception. And therefore in like manner, however hard it may be to conceive as to the manner of it, yet, since as has been now proved it can never be shown to be impossible and expressly contradictory that a power of self-motion should be communicated, I suppose no considering man can doubt but that he actually has also a power of self-motion. For the arguments drawn from continual experience and observation to prove that we have such a power are so strong, that nothing less than a strict demonstration that the thing is absolutely impossible and that it implies an express contradiction can make us in the least doubt that we have it not. We have all the same experience, the same marks and evidence exactly of our having really a power of self-motion, as the most rigid fatalist could possibly contrive to require if he was to make the supposition of a man's being endowed with that power. There is no one thing that such a man can imagine ought to follow from the supposition of self-motion, which every man does not now as much feel and actually experience in himself as it can possibly be imagined any man would do, supposing the thing were true.


Wherefore to affirm, notwithstanding all this, that the spirits by which a man moves the members of his body and ranges the thoughts of his mind are themselves moved wholly by air or subtler matter inspired into the body, and that again by other external matter, and so on (as the wheels of a clock are moved by the weights and those weights by gravitation and so on) without a man's having the least power by any principle within himself to think any one thought, or impel his own spirits in order to move any member of his body — all this is so contrary to experience and the reason of things, that unless the idea of self-motion were itself as evidently and clearly a contradiction as that two and two should make five, a man ought to be ashamed to talk at that rate. Nay, a man of any considerable degree of modesty would even in that case be almost tempted rather to doubt the truth of his faculties than take upon him to assert one such intolerable absurdity merely for the avoiding of another. There are some, indeed, who denying man the power of beginning motion would yet seem in some manner to account for their actions by allowing them a power of determining motion. But this also is a mere ludicrous trifling with words. For if that power of determining motion be no other in a man than that which is in a stone to reflect a ball one certain way, this is just nothing at all. But if he has a power of determining the motion of his spirits any way as he himself pleases, this is in all respects the very same as the power of beginning motion.



Clarke's defense of  begins here. He shows how illogical his argument for the uniqueness of God'  self-existence must be


Thirdly, it is possible to infinite power to endow a creature with freedom or liberty of will. 

It might suffice that this is at once proved by the same argument and in the same method as I just now proved self-motion or a power of beginning motion to be possible, viz., because liberty must of necessity be in the supreme cause (as is at large proved in the ninth general head of this discourse), and therefore cannot be impossible and contradictory in the nature of the thing itself; and because it implies no contradiction to suppose it communicated (as being no harder to conceive than the aforementioned power of beginning motion); and because the arguments drawn from experience and observation are stronger on the one side of the question, than those arising merely from the difficulty of our apprehending the thing can be on the other. But forasmuch as this is a question of the greatest concern of all in matters both of religion and human life, and both Spinoza and Mr. Hobbes and their followers have with great noise and confidence denied it, I shall therefore, not contenting myself with this, endeavor to show moreover in particular the weakness of the principal arguments by which these men have pretended to demonstrate that there cannot possibly be any such power in men as a liberty of will. 

The problem is not trivial to locate where the seat of liberty is

As to the propriety of the terms, whether the will be properly the seat of liberty or not, is not now to the purpose to enquire, the question being not where the seat of liberty is, but whether there be at all in man any such power as a liberty of choice and of determining his own actions or, on the contrary, his actions be all as necessary as the motions of a clock. The arguments by which Spinoza and Mr. Hobbes have attempted to maintain the latter side of the question are all plainly reducible to these two.

Firstly, that since every effect must needs be produced by some cause, therefore, as every motion in a body must have been caused by the impulse of some other body, and the motion of that by the impulse of a third, so every volition or determination of the will of man must needs be produced by some external cause. Therefore, as every motion in a body must have been caused by the impulse of some other body, and the motion of that by the impulse of a third, so every volition or determination of the will of man must needs be produced by some external cause, and that in like manner by the effect of some third. And consequently, there cannot possibly be any such thing in nature as liberty or freedom of will.
Secondly, that thinking and all its modes, as willing and the like, are qualities or affections of matter. And, consequently, since it is manifest that matter has not in itself a power of beginning motion or giving itself any manner of determination whatsoever, therefore it is evident likewise that it is impossible there should be any such thing as freedom of will.


Now to these arguments I oppose, and shall endeavor briefly to demonstrate, the three following propositions.


Firstly, that every effect cannot possibly be the product of external causes, but there must of necessity be somewhere a beginning of operation or a power of acting without being antecedently acted upon, and that this power may be, and is, in man.


Secondly, that thinking and willing neither are nor can be qualities and affections of matter, and consequently are not concluded under the laws thereof.



No purely logical argument can ever prove a physical thing to be impossible 


Thirdly, that even supposing the soul not to be a distinct substance from body, but that thinking and willing could be, and were indeed, only qualities or affections of matter, yet even this would not at all affect the present question, nor prove freedom of will to be impossible.


Every effect could possibly be the product of external causes. There is no logical contradiction 


Firstly, every effect cannot possibly be the product of external causes, but there must of necessity be somewhere a beginning of operation, or a power of acting without being antecedently acted upon, and this power may be, and is, in man. The several parts of this proposition have been already proved in the second and ninth general heads of this discourse, and in that part of this tenth head which is concerning the possibility of the power of self-motion being communicated to created beings. I shall not, therefore, here repeat the proofs, but only apply them to Spinoza's and Mr. Hobbes's arguments, so far as is necessary to show the weakness of what they have said upon this head in opposition to the possibility of liberty or freedom of will. Now the manner of their arguing upon this head is this: that every effect must needs be owing to some cause, and that cause must produce the effect necessarily, because if it be a sufficient cause, the effect cannot but follow, and if it be not a sufficient cause, it will not be at all a cause of that thing 
Here is the causal chain of physical determinism, the core argument of Hobbes' voluntarism

(thus, for instance, whatever body is moved must be moved by some other body, which itself, likewise, must be moved by some third, and so on without end); that the will, in like manner, of any voluntary agent must of necessity be determined by some external cause and not by any power of determining itself inherent in itself, and that external cause must be determined necessarily by some other cause external to it, and so on without end.


Hobbes and Spinoza deny any original beginning of motion, any uncaused cause

From all which it evidently appears that all that these men urge against the possibility of freedom extends equally to all other beings (not excepting the supreme) as well as to man; and Spinoza in express words confesses it. Wherefore, consequently, whatever noise they make of the strength and demonstrative force of their arguments, all that they say amounts at last to no more but this one most absurd conclusion: that there neither is anywhere, nor can possibly be, any principle of motion or beginning of operation at all, but everything is caused necessarily by an eternal chain of dependent causes and effects, without any independent original. All their arguments, therefore, on this head are already answered in the second and ninth general heads of this discourse, where I proved that there must of necessity be an original, independent, and free principle of motion or action, and that to suppose an endless succession of dependent causes and effects, without any original or first and self-actuating principle, is supposing a series of dependent things to be from eternity produced by nothing, which is the very same absurdity and contradiction as to suppose things produced by nothing at any definite time (the ability of nothing to produce anything being plainly the same in time or in eternity). And I have, moreover, proved ex abundanti [abundantly] in the foregoing part of this tenth head that the power of beginning motion is not only possible and certain in itself, but also possible to be communicated to finite beings, and that it actually is in man.


Clarke wants a metaphysical, non-material dualist substance to be doing the thinking 


Secondly, thinking and willing neither are, nor can be, qualities or affections of matter, and consequently are not concluded under the laws thereof. That it is possible there may be immaterial substances, the notion not implying a contradiction in itself, has already been shown under the present general proposition. Further, that thinking and willing are powers entirely different from solidity, figure, and motion, and if they be different that then they cannot possibly arise from them or be compounded of them, has likewise been already proved under the eighth general head of this discourse. It follows, therefore, that thinking and willing may possibly be, nay, that they certainly and necessarily are, faculties or powers of immaterial substances, seeing they cannot possibly be qualities or affections of matter (unless we will confound, as some have done, the ideas of things, and mean by "matter" not what that word in all other cases signifies, a solid substance capable of division, figure and motion, and of whatever properties can arise from the modifications of these, but substance in general, capable of unknown powers or properties entirely different from these and from whatever can possibly result from these). In which confused sense of the word, could matter be supposed never so capable of thinking and willing; yet in that sense, as I shall show presently, it would signify nothing at all to the purpose or advantage of our adversaries.


Despite Clarke, Hobbes' material physical explanation of sensations sounds, to the modern ear, quite sensible


In the meantime, how great an absurdity it is to suppose thinking and willing to be qualities or affections of matter, in the proper and usual sense of the word, may sufficiently appear without any foreign argument from the senselessness of Mr. Hobbes's own explication of the nature and original of sensation and consciousness. The immediate cause of sensation, says he, is this: the object, or something flowing from it, presses the outermost part of the organ, and that pressure is communicated to the innermost parts of the organ where, by the resistance or reaction of the organ causing a pressure outwards contrary to the pressure of the object inwards, there is made up a phantasm or image, which phantasm, says he, is the sensation itself. Again, the cause of sensation, says he, is an object pressing the organ, which pressure is by means of the nerves conveyed to the brain and so to the heart where, by the resistance or counterpressure of the heart outwards, is made an image or phantasm, which is sensation. Now what is there in all this, that does in any the least measure tend to explain or make intelligible the real and inward nature of sense or consciousness? The object, by communicating a pressure through the organ to the sensory, does indeed raise a phantasm or image, that is, make a certain impression on the brain. But wherein consists the power of perceiving this impression and of being sensible of it? Or what similitude has this impression to the sense itself, that is, to the thought excited in the mind? Why, exactly the very same that a square has to blueness, or a triangle to sound, or a needle to the sense of pain, or the reflecting of a tennis ball to the reason and understanding of a man. So that Mr. Hobbes's definition of sensation, that it is itself (the inmost and formal nature of it) nothing but the phantasm or image made in the brain by the pressure communicated from the object is, in other words, defining blueness to be the image of a square, or sound the picture of a triangle, or pain the similitude of a sharp pointed needle. I do not here misrepresent him in the least. For he himself expressly confesses that all sensible qualities such as color, sound, and the like, are in the objects themselves nothing but motion; and because motion can produce nothing but motion (as likewise it is evident that figure and all its possible compositions can produce nothing but figure), therefore in us also the perceptions of these sensible qualities are nothing but different motions. If then the phantasm, that is, the image of the object made in the brain by figure and motion, be, as he says, the sensation itself, is not sensation bare figure and motion? And are not all the aforementioned absurdities unavoidable consequences of his opinion?


Hobbes' suggestion of a power of perception or consciousness in all matter is panpsychism

Mr. Hobbes, as I have elsewhere observed, seems indeed not to have been altogether unaware of this insuperable difficulty, but he industriously endeavors to conceal it from his readers, to impose upon them by the ambiguity of the word "phantasm." Yet for a reserve, in case he should be too hard pressed, he gives us a hint that possibly sensation may be something more, viz., a power of perception or consciousness naturally and essentially inherent in all matter; only that it wants the organs and memory of animals to express its sensation; and that, as a man, if he were supposed to have no other sense but seeing, and that so ordered as that his eyes were always immovably fixed upon one and the same object, and that also unchangeable and without the least variety — such a man could not properly be said to see, but only to be under an unintelligible kind of amazement; so all unorganized bodies may possibly have sensation or perception, but because for want of organs there is no variety in it, neither any memory or means of expressing that sensation, therefore to us it seems as if they had no such thing at all. This opinion, I say, Mr. Hobbes mentions as possible. But he does it with such hesitancy, diffidence, and sparingness, as shows plainly that he meant it only as a last subterfuge to recur to when he should be pressed with the aforementioned absurdities, unavoidably consequent upon the supposition of sensation being only figure and motion. And indeed well might he be sparing and, as it were, ashamed of this subterfuge. For it is a thing altogether as absurd as even the other opinion itself of thought being near motion. For what can be more ridiculous than to imagine that matter is as essentially conscious as it is extended? Will it not follow from this supposition that every piece of matter, being made up of entirely separable parts (that is, of parts which are as really distinct beings, notwithstanding their contiguity, as if they had been at never so great a distance one from another) is made up also of innumerable consciousnesses and infinite confusion? But it is a shame to trouble the reader with so much as the mention of any of the numberless absurdities following from that monstrous supposition.

Others, therefore, who would make thinking to be an affection of matter, and yet are ashamed to use either of the aforementioned ways, contend that God by his almighty and supreme power endows certain systems of matter with a faculty of thinking, according to his own good pleasure. But this also amounts to nothing. For besides the absurdity of supposing God to make an innumerable company of distinct beings, such as the particles of every system of matter necessarily are, to be at the same time one individual conscious being — besides this, I say, either our idea of matter is a true and distinct idea, or it is not. If it be a true and distinct idea, that is, if our idea (not of the substance of matter, for of simple substance we have no idea, but if our idea of the properties which essentially distinguish and denominate the substance) be a right idea, viz., that matter is nothing but a solid substance capable only of division, figure, and motion, with all the possible effects of their several compositions (as to us it appears to be, upon the best examination we are able to make of it and the greatest part of our adversaries themselves readily allow), then it is absolutely impossible for thinking to belong to matter because thinking, as has been before shown, cannot possibly arise from any modification or composition of any or all of these qualities. But if any man will say that our idea of matter is wrong and that by "matter" he will not here mean, as in all other cases, a solid substance capable only of division, figure, and motion with all the possible effects of their several compositions, but that he means substance in general capable of thinking and of numberless unknown properties besides, then he trifles only in putting an ambiguous signification upon the word "matter," where he ought to use the word "substance." And in that sense, to suppose thinking or any other active property possible to be in matter, and signifying only substance in general of whose powers and capacities we have no certain idea, would make nothing at all to the present purpose in our adversaries' advantage, and is at least not a clear and more intelligible way of talking than to attribute those same properties to an immaterial substance, and keep the idea of matter and its properties clear and distinct.


For I affirm, thirdly, that even supposing in these men's confused way that the soul was really not a distinct substance from body, but that thinking and willing could be and were indeed only qualities or affections of matter, yet even this would not at all affect the present question about liberty, nor prove freedom of will to be an impossible thing. For since it has been already demonstrated that thinking and willing cannot possibly be effects or compositions of figure and motion, whosoever will make thinking and willing to be qualities or affections of matter must suppose matter capable of certain properties entirely different from figure and motion. And if it be capable of properties entirely different from figure and motion, then it can never be proved, from the effects of figure and motion being all necessary, that the effects of other and totally distinct properties must likewise be necessary.


Mr. Hobbes, therefore, and his followers are guilty of a most shameful fallacy in that very argument wherein they place their main and chief strength. For, supposing matter to be capable of thinking and willing, they contend that the soul is mere matter, and knowing that the effects of figure and motion must needs be all necessary, they conclude that the operations of the mind must all therefore be necessary. That is, when they would prove the soul to be mere matter, then they suppose matter capable not only of figure and motion but also of other unknown properties; and when they would prove the will and all other operations of the soul to be necessary, then they divest matter again of all its unknown properties, and make it mere solidity endowed only with figure and motion again. Wherefore, distinguishing their ambiguous and confused use of the word "matter," they are unavoidably reduced to one of these two concessions. If by "matter" they mean a solid substance endowed only with figure and motion and all the possible effects of the variations and compositions of these qualities, then the soul cannot be mere matter because, as Mr. Hobbes himself confesses, figure and motion can never produce anything but figure and motion, and consequently (as has been before demonstrated) they can never produce so much as any secondary quality, sound, color and the like, much less thinking and reasoning. From whence it follows that the soul being unavoidably a substance immaterial, they have no argument left to prove that it cannot have a power of beginning motion, which is a plain instance of liberty. But if, on the other hand, they will by "matter" mean substance in general, capable of unknown properties totally different from figure and motion, then they must no longer argue against the possibility of liberty from the effects of figure arid motion being all unavoidably necessary, because liberty will not consist in the effects of figure and motion, but in those other unknown properties of matter which these men can no more explain or argue about than about immaterial substances.


The truth, therefore, is they must needs suppose thinking to be merely an effect or composition of figure and motion, if they will give any strength to their arguments against liberty. And then the question will be not whether God can make matter think or not (for in that question they only trifle with a word, abusing the word "matter" to signify substance in general), but the question will be whether figure and motion, in any composition or division, can possibly be perception and thought, which (as has been before said) is just such a question as if a man should ask whether it be possible that a triangle should be a sound or a globe a color. The sum is this: if the soul be an immaterial substance (as it must needs be if we have any true idea of the nature and properties of matter), then Mr. Hobbes's arguments against the possibility of liberty, [being] drawn all from the properties of matter, are vain and nothing to the purpose. But if our adversaries will be so absurd as to contend that the soul is nothing but mere matter, then either by "matter" they must understand substance in general, substance endowed with unknown powers, with active as well as passive properties (which is confounding and taking away our idea of matter, and at the same time destroying all their own arguments against liberty which they have founded wholly on the known properties of matter), or else they must speak out, as they really mean, that thinking and willing are nothing but effects and compositions of figure and motion, which I have already shown to be a contradiction in terms.


There are some other arguments against the possibility of liberty which men by attempting to answer have made to appear considerable, when in reality they are altogether beside the question. As for instance, those drawn from the necessity of the will's being determined by the last judgment of the understanding, and from the certainty of the divine prescience.



Clarke defends aginst the charge that the final determination of the will, after consideration of the alternative possibilities, implies necessity and strict causal determinism


As to the former, viz., the necessity of the will's being determined by the last judgment of the understanding, this is only a necessity upon supposition, that is to say, a necessity that a man should will a thing, when it is supposed that he does will it; just as if one should affirm that everything which is, is therefore necessary to be, because when it is it cannot but be. It is exactly the same kind of argument as that by which the true church is proved to be infallible, because truth cannot err, and they who are in the right cannot possibly, while they are so, be in the wrong. Thus, whatever a man at any time freely wills or does, it is evident (even upon supposition of the most perfect liberty) that he cannot at that time but will or do it, because it is impossible anything should be willed and not willed, whether it be freely or necessarily, or that it should be done and not done at the same time. The necessity of the will's being determined by the last judgment of the understanding is, I say, only a necessity upon supposition, a necessity that a man should will a thing, when it is supposed that he does will it. For the last judgment of the understanding is nothing else but a man's final determining, after more or less consideration, either to choose or not to choose a thing; that is, it is the very same with the act of volition. Or else, if the act of volition be distinguished from the last judgment of the understanding, then the act of volition, or rather the beginning of action consequent upon the last judgment of the understanding, is not determined or caused by that last judgment as by the physical efficient, but only as the moral motive. For the true, proper, immediate, physical efficient cause of action is the power of self-motion in men, which exerts itself freely in consequence of the last judgment of the understanding. But the last judgment of the understanding is not itself a physical efficient, but merely a moral motive upon which the physical efficient or motive power begins to act.

The necessity, therefore, by which the power of acting follows the judgment of the understanding is only a moral necessity, that is, no necessity at all in the sense wherein the opposers of liberty understand necessity. For moral necessity is evidently consistent with the most perfect natural liberty. For instance, a man entirely free from all pain of body and disorder of mind judges it unreasonable for him to hurt or destroy himself; and being under no temptation or external violence, he cannot possibly act contrary to his judgment, not because he wants a natural or physical power so to do, but because it is absurd and mischievous, and morally impossible, for him to choose to do it. 


Nothing is morally impossible


Which also is the very reason why the most perfect rational creatures superior to men cannot do evil; not because they want a natural power to perform the material action, but because it is morally impossible that, with a perfect knowledge of what is best and without any temptation to evil, their will should determine itself to choose to act foolishly and unreasonably. Here, therefore, seems at last really to lie the fundamental error both of those who argue against the liberty of the will and of those who but too confusedly defend it. They do not make a clear distinction between moral motives and causes physically efficient, which two things have no similitude at all. Lastly, if the maintainers of fate shall allege that, after all, they think a man free from all pain of body and disorder of mind is under not only a moral but also a natural impossibility of hurting or destroying himself, because neither his judgment nor his will, without some impulse external to both, can any more possibly be determined to any action than one body can begin to move without being impelled by another, I answer this is forsaking the argument drawn from the necessity of the will's following the understanding, and recurs to the former argument of the absolute impossibility of there being anywhere a first principle of motion at all, which has been abundantly answered already.

Some ingenious and able writers have spoken with much confusion upon this head by mistaking, as it seems to me, the subject of the question and wherein the nature of liberty consists.


For it being evident that a free agent cannot choose whether he shall have a will or no will, that is, whether he shall be what he is or not, but (the two contradictories of acting or not acting being always necessarily before him) he must of necessity and essentially to his being a free agent perpetually will one of these two things, either to act or to forbear [from] acting, this has raised in the minds even of some considerate persons great doubts concerning the possibility of liberty.


But this difficulty, if it be any difficulty, arises merely from not apprehending rightly what liberty is. For the essence of liberty consists, not in the agent's choosing whether he shall have a will or no will, that is, whether he shall be at all an agent or no, whether he shall be what he is or no, but it consists in his being an agent, that is, in his having a continual power of choosing whether he shall act or whether he shall forbear [from] acting. Which power of agency or free choice (for these are precisely identical terms, and a necessary agent is an express contradiction) is not at all prevented by chains or prisons. For a man who chooses or endeavors to move out of his place is therein as much a free agent as he that actually moves out of his place. Nor is this free agency at all diminished by the impossibility of his choosing two contradictories at once or by the necessity that one of two contradictories must always be done. A man that sits, whether he be or be not a free agent, cannot possibly both sit and rise up at the same time; nor can he possibly choose both to act or not to act at the same time — not for want of freedom, but because the exercise of that very freedom, his freely choosing the one, does in itself necessarily make the contrary to be at that time impossible. Nor does freedom of will in any manner suppose a power in the agent of choosing whether he shall will at all, or not. For a free agent may be, and indeed essentially every free agent must be, necessarily free; that is, has it not in his power not to be free.


God is, by necessity of nature, a free agent, and he can no more possibly cease to be so than he can cease to exist. He must of necessity every moment, either choose to act or choose to forbear [from] acting because two contradictories cannot possibly be true at once. But which of these two he shall choose, in this he is at perfect liberty, and to suppose him not to be so is contradictorily supposing him not to be the first cause, but to be acted by some superior power so as to be himself no agent at all.
Man also is by necessity (not in the nature of things, but through God's appointment) a free agent. And it is no otherwise in his power to cease to be such, than by depriving himself of life.


The necessity, therefore, of continually choosing one of the two, either to act or forbear [from] acting (which necessity nothing but a free agent can possibly be capable of, for necessary agents, as they are called, can neither choose to act nor to forbear [from] acting, they being indeed no agents at all) — the necessity, I say, of continually choosing one of the two, either to act or to forbear [from] acting, is not inconsistent with, or an argument against, liberty, but is itself the very essence of liberty.


The other argument which I said has also frequently been urged against the possibility of liberty is the certainty of the divine prescience. But this also is entirely besides the question. For if there be no other arguments by which it can be proved antecedently that all actions are necessary, it is certain it can never be made to appear to follow from prescience alone that they must be so. That is, if upon other accounts there be no impossibility but that the actions of men may be free, the bare certainty of the divine foreknowledge can never be proved to destroy that freedom, or make any alteration in the nature of men's actions. And, consequently, the certainty of prescience, separated from other arguments, is altogether besides the question concerning liberty. As to the other arguments usually intermingled with this question, they have all, I think, been answered already. And now, that the bare certainty of the divine foreknowledge (if upon other accounts there be no impossibility for the actions of men to be free) can never be proved to destroy that freedom, is very evident. For bare foreknowledge has no influence at all in any respect, nor affects in any measure the manner of the existence of anything. All that the greatest opponents of liberty have ever urged or can urge upon this head, amounts only to this, that foreknowledge implies certainty, and certainty implies necessity. But neither is it true that certainty implies necessity, neither does foreknowledge imply any other certainty than such a certainty only as would be equally in things though there was no foreknowledge.


For first, the certainty of foreknowledge does not cause the certainty of things but is itself founded on the reality of their existence. Whatever now is, it is certain that it is, and it was yesterday and from eternity as certainly true that the thing would be today as it is now certain that it is. And this certainty of event is equally the same whether it be supposed that the thing could be foreknown or not. For whatever at any time is, it was certainly true from eternity, as to the event, that that thing would be; and this certain truth of every future event would not at all have been the less though there had been no such thing as foreknowledge. Bare prescience, therefore, has no influence at all upon anything, nor contributes in the least towards the making it necessary.



Clarke makes a fine analogy to deflect foreknowledge as a cause. Our own knowledge that something is "certain" to happen has nothing to do with making it certain. 


We may illustrate this in some measure by the comparison of our own knowledge. We know certainly that some things are, and when we know that they are, they cannot but be; yet it is evident our knowledge does not at all affect the things to make them more necessary or more certain. Now foreknowledge in God is the very same as knowledge. All things are to him as if they were equally present to all the purposes of knowledge and power. He knows perfectly everything that is, and he knows whatever shall be in the same manner as he knows what is. As, therefore, knowledge has no influence on things that are, so neither has foreknowledge on things that shall be. It is true the manner how God can foresee future things without a chain of necessary causes is impossible for us to explain distinctly, though some sort of general notion we may conceive of it. For, as a man who has no influence over another person's actions can yet often perceive beforehand what that other will do, and a wiser and more experienced man will still with greater probability foresee what another, whose disposition he is perfectly acquainted with, will in certain circumstances do, and an angel, with still much less degree of error may have a further prospect into men's future actions, so it is very reasonable to apprehend that God, without influencing men's wills by his power, yet by his foresight cannot but have as much more certain a knowledge of future free events, than either men or angels can possibly have, as the perfection of his nature is greater than that of theirs.

The distinct manner how he foresees these things is indeed impossible for us to explain. But so also are numberless other things which yet no man doubts the truth of. And if there were any strength in this argument, it would prove not against liberty but against prescience itself. For if these two things were really inconsistent and one of them must be destroyed, the introducing an absolute and universal fatality, which evidently destroys all religion and morality, would tend more of the two to the dishonor of God than the denying him a foreknowledge, which upon this supposition would be impossible and imply a contradiction to conceive him to have, and the denying of which would in such case be no more a diminution of his omniscience than the denying him the power of working contradictions is taking away his omnipotence. But the case is not thus. For though we cannot indeed clearly and distinctly explain the manner of God's foreseeing the actions of free agents, yet thus much we know, that the bare foreknowledge of any action that would upon all other accounts be free cannot alter or diminish that freedom, it being evident that foreknowledge adds no other certainty to anything than what it would equally have though there was no foreknowledge. Unless, therefore, we be antecedently certain that nothing can possibly be free and that liberty is in itself absolutely an inconsistent and contradictory notion (as I have above shown that it is not), bare foreknowledge, which makes no alteration at all in anything, will not be any way inconsistent with liberty, how great difficulty soever there may be in comprehending the manner of such foreknowledge. For if liberty be in itself possible, the bare foresight of a free action before it be done is nothing different, to any purpose in the present question, from a simple knowledge of it when it is done, both these kinds of knowledge implying plainly a certainty only of the event (which would be the same though there was no such knowledge), and not at all any necessity of the thing.


For, secondly, as foreknowledge implies not any other certainty than such as would be equally in things though there was no foreknowledge, so neither does this certainty of event in any sort imply necessity. For let a fatalist suppose what he does not yet grant, that there was in man, as we assert, a power of beginning motion, that is, of acting freely; and let him suppose further, if he please, that those actions could not possibly be foreknown. Will there not yet, notwithstanding this supposition, be in the nature of things the same certainty of event in every one of the man's actions as if they were never so fatal and necessary? For instance, suppose the man by an internal principle of motion and an absolute freedom of will, without any external cause or impulse at all, does some particular action today; and suppose it was not possible that this action should have been foreseen yesterday. Was there not nevertheless the same certainty of event as if it had been foreseen? That is, would it not, notwithstanding the supposed freedom, have been as certain a truth yesterday and from eternity that this action was an event to be performed today (though supposed never so impossible to have been foreknown) as it is now a certain and infallible truth that it is performed? Mere certainty of event, therefore, does not in any measure imply necessity; and, consequently, foreknowledge, however difficult to be explained as to the manner of it, yet (since it is manifest it implies no other certainty but only that certainty of event which the things would equally have without being foreknown) it is evident that it also implies no necessity.


And now having, as I hope, sufficiently proved both the possibility and the real existence of liberty, I shall, from what has been said on this head, draw only this one inference, that hereby we are enabled to answer that ancient and great question,πόθεν το κακόν, what is the cause and original of evil. For liberty implying a natural power of doing evil as well as good; and the imperfect nature of finite beings making it possible for them to abuse this their liberty to an actual commission of evil; and it being necessary to the order and beauty of the whole and for displaying the infinite wisdom of the creator that there should be different and various degrees of creatures whereof consequently some must be less perfect than others, hence there necessarily arises a possibility of evil, notwithstanding that the creator is infinitely good. In short, thus: all that we call evil is either an evil of imperfection, as the want of certain faculties and excellencies which other creatures have, or natural evil, as pain, death, and the like, or moral evil, as all kinds of vice. The first of these is not properly an evil. For every power, faculty or perfection which any creature enjoys being the free gift of God, which he was no more obliged to bestow than he was to confer being or existence itself, it is plain [that] the want of any certain faculty or perfection in any kind of creatures, which never belonged to their nature, is no more an evil to them than their never having been created or brought into being at all could properly have been called an evil. The second kind of evil, which we call natural evil, is either a necessary consequence of the former, as death to a creature on whose nature immortality was never conferred (and then it is no more properly an evil than the former); or else it is counterpoised in the whole with as great or greater good, as the afflictions and sufferings of good men (and then also it is not properly an evil); or else, lastly, it is a punishment (and then it is a necessary consequent of the third and last sort of evil, viz., moral evil). And this arises wholly from the abuse of liberty which God gave to his creatures for other purposes, and which it was reasonable and fit to give them for the perfection and order of the whole creation. Only they, contrary to God's intention and command, have abused what was necessary for the perfection of the whole to the corruption and depravation of themselves. And thus all sorts of evils have entered into the world, without any diminution to the infinite goodness of the creator and governor thereof.

    





It is impossible to prove that if one thing can be self-existent, others cannot 
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     "Atheism leaves men to Sense, to Philosophy, to Laws, to
     Reputation, all which may be guides to moral Virtue, tho'
     Religion were not: but Superstition dismounts all these, and
     erects an absolute Monarchy in the Minds of Men.  Therefore,
     Atheism did never perturb States; but Superstition hath been
     the confusion of many.  The causes of Superstition are
     pleasing and sensual rights, and Ceremonies; Excess of
     Pharisaical and outside holiness, Reverence to Traditions
     and the stratagems of Prelates for their own Ambition and
     Lucre."—Lord Bacon.
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      THE AUTHOR'S PREFACE
    

      When we examine the opinions of men, we find that nothing is more
      uncommon, than common sense; or, in other words, they lack judgment to
      discover plain truths, or to reject absurdities, and palpable
      contradictions. We have an example of this in Theology, a system revered
      in all countries by a great number of men; an object regarded by them as
      most important, and indispensable to happiness. An examination of the
      principles upon which this pretended system is founded, forces us to
      acknowledge, that these principles are only suppositions, imagined by
      ignorance, propagated by enthusiasm or knavery, adopted by timid
      credulity, preserved by custom which never reasons, and revered solely
      because not understood.
    

      In a word, whoever uses common sense upon religious opinions, and will
      bestow on this inquiry the attention that is commonly given to most
      subjects, will easily perceive that Religion is a mere castle in the air.
      Theology is ignorance of natural causes; a tissue of fallacies and
      contradictions. In every country, it presents romances void of
      probability, the hero of which is composed of impossible qualities. His
      name, exciting fear in all minds, is only a vague word, to which, men
      affix ideas or qualities, which are either contradicted by facts, or
      inconsistent.
    

      Notions of this being, or rather, the word by which he is
      designated, would be a matter of indifference, if it did not cause
      innumerable ravages in the world. But men, prepossessed with the opinion
      that this phantom is a reality of the greatest interest, instead of
      concluding wisely from its incomprehensibility, that they are not bound to
      regard it, infer on the contrary, that they must contemplate it, without
      ceasing, and never lose sight of it. Their invincible ignorance, upon this
      subject, irritates their curiosity; instead of putting them upon guard
      against their imagination, this ignorance renders them decisive, dogmatic,
      imperious, and even exasperates them against all, who oppose doubts to the
      reveries which they have begotten.
    

      What perplexity arises, when it is required to solve an insolvable
      problem; unceasing meditation upon an object, impossible to understand,
      but in which however he thinks himself much concerned, cannot but excite
      man, and produce a fever in his brain. Let interest, vanity, and ambition,
      co-operate ever so little with this unfortunate turn of mind, and society
      must necessarily be disturbed. This is the reason that so many nations
      have often been the scene of extravagances of senseless visionaries, who,
      believing their empty speculations to be eternal truths, and publishing
      them as such, have kindled the zeal of princes and their subjects, and
      made them take up arms for opinions, represented to them as essential to
      the glory of the Deity. In all parts of our globe, fanatics have cut each
      other's throats, publicly burnt each other, committed without a scruple
      and even as a duty, the greatest crimes, and shed torrents of blood. For
      what? To strengthen, support, or propagate the impertinent conjectures of
      some enthusiasts, or to give validity to the cheats of impostors, in the
      name of a being, who exists only in their imagination, and who has made
      himself known only by the ravages, disputes, and follies, he has caused.
    

      Savage and furious nations, perpetually at war, adore, under divers names,
      some God, conformable to their ideas, that is to say, cruel, carnivorous,
      selfish, blood-thirsty. We find, in all the religions, "a God of armies,"
      a "jealous God," an "avenging God," a "destroying God," a "God," who is
      pleased with carnage, and whom his worshippers consider it a duty to
      serve. Lambs, bulls, children, men, and women, are sacrificed to him.
      Zealous servants of this barbarous God think themselves obliged even to
      offer up themselves as a sacrifice to him. Madmen may everywhere be seen,
      who, after meditating upon their terrible God, imagine that to please him
      they must inflict on themselves, the most exquisite torments. The gloomy
      ideas formed of the deity, far from consoling them, have every where
      disquieted their minds, and prejudiced follies destructive to happiness.
    

      How could the human mind progress, while tormented with frightful
      phantoms, and guided by men, interested in perpetuating its ignorance and
      fears? Man has been forced to vegetate in his primitive stupidity: he has
      been taught stories about invisible powers upon whom his happiness was
      supposed to depend. Occupied solely by his fears, and by unintelligible
      reveries, he has always been at the mercy of priests, who have reserved to
      themselves the right of thinking for him, and of directing his actions.
    

      Thus, man has remained a slave without courage, fearing to reason, and
      unable to extricate himself from the labyrinth, in which he has been
      wandering. He believes himself forced under the yoke of his gods, known to
      him only by the fabulous accounts given by his ministers, who, after
      binding each unhappy mortal in the chains of prejudice, remain his
      masters, or else abandon him defenceless to the absolute power of tyrants,
      no less terrible than the gods, of whom they are the representatives.
    

      Oppressed by the double yoke of spiritual and temporal power, it has been
      impossible for the people to be happy. Religion became sacred, and men
      have had no other Morality, than what their legislators and priests
      brought from the unknown regions of heaven. The human mind, confused by
      theological opinions, ceased to know its own powers, mistrusted
      experience, feared truth and disdained reason, in order to follow
      authority. Man has been a mere machine in the hands of tyrants and
      priests. Always treated as a slave, man has contracted the vices of
      slavery.
    

      Such are the true causes of the corruption of morals. Ignorance and
      servitude are calculated to make men wicked and unhappy. Knowledge,
      Reason, and Liberty, can alone reform and make men happier. But every
      thing conspires to blind them, and to confirm their errors. Priests cheat
      them, tyrants corrupt and enslave them. Tyranny ever was, and ever will
      be, the true cause of man's depravity, and also of his calamities. Almost
      always fascinated by religious fiction, poor mortals turn not their eyes
      to the natural and obvious causes of their misery; but attribute their
      vices to the imperfection of their natures, and their unhappiness to the
      anger of the gods. They offer to heaven vows, sacrifices, and presents, to
      obtain the end of sufferings, which in reality, are attributable only to
      the negligence, ignorance, and perversity of their guides, to the folly of
      their customs, and above all, to the general want of knowledge. Let men's
      minds be filled with true ideas; let their reason be cultivated; and there
      will be no need of opposing to the passions, such a feeble barrier, as the
      fear of gods. Men will be good, when they are well instructed; and when
      they are despised for evil, or justly rewarded for good, which they do to
      their fellow citizens.
    

      In vain should we attempt to cure men of their vices, unless we begin by
      curing them of their prejudices. It is only by showing them the truth,
      that they will perceive their true interests, and the real motives that
      ought to incline them to do good. Instructors have long enough fixed men's
      eyes upon heaven; let them now turn them upon earth. An incomprehensible
      theology, ridiculous fables, impenetrable mysteries, puerile ceremonies,
      are to be no longer endured. Let the human mind apply itself to what is
      natural, to intelligible objects, truth, and useful knowledge.
    

      Does it not suffice to annihilate religious prejudice, to shew, that what
      is inconceivable to man, cannot be good for him? Does it require any
      thing, but plain common sense, to perceive, that a being, incompatible
      with the most evident notions—that a cause continually opposed to
      the effects which we attribute to it—that a being, of whom we can
      say nothing, without falling into contradiction—that a being, who,
      far from explaining the enigmas of the universe, only makes them more
      inexplicable—that a being, whom for so many ages men have vainly
      addressed to obtain their happiness, and the end of sufferings—does
      it require, I say, any thing but plain, common sense, to perceive—that
      the idea of such a being is an idea without model, and that he himself is
      merely a phantom of the imagination? Is any thing necessary but common
      sense to perceive, at least, that it is folly and madness for men to hate
      and damn one another about unintelligible opinions concerning a being of
      this kind? In short, does not every thing prove, that Morality and Virtue
      are totally incompatible with the notions of a God, whom his ministers and
      interpreters have described, in every country, as the most capricious,
      unjust, and cruel of tyrants, whose pretended will, however, must serve as
      law and rule the inhabitants of the earth?
    

      To discover the true principles of Morality, men have no need of theology,
      of revelation, or of gods: They have need only of common sense. They have
      only to commune with themselves, to reflect upon their own nature, to
      consider the objects of society, and of the individuals, who compose it;
      and they will easily perceive, that virtue is advantageous, and vice
      disadvantageous to themselves. Let us persuade men to be just, beneficent,
      moderate, sociable; not because such conduct is demanded by the gods, but,
      because it is pleasant to men. Let us advise them to abstain from vice and
      crime; not because they will be punished in another world, but because
      they will suffer for it in this.—These are, says Montesquieu,
      means to prevent crimes—these are punishments; these reform
      manners—these are good examples.

      The way of truth is straight; that of imposture is crooked and dark.
      Truth, ever necessary to man, must necessarily be felt by all upright
      minds; the lessons of reason are to be followed by all honest men. Men are
      unhappy, only because they are ignorant; they are ignorant, only because
      every thing conspires to prevent their being enlightened; they are wicked
      only because their reason is not sufficiently developed.
    

      By what fatality then, have the first founders of all sects given to their
      gods ferocious characters, at which nature revolts? Can we imagine a
      conduct more abominable, than that which Moses tells us his God showed
      towards the Egyptians, where that assassin proceeds boldly to declare, in
      the name and by the order of his God, that Egypt shall be afflicted
      with the greatest calamities, that can happen to man? Of all the different
      ideas, which they give us of a supreme being, of a God, creator and
      preserver of mankind, there are none more horrible, than those of the
      impostors, who represented themselves as inspired by a divine spirit, and
      "Thus saith the Lord."
    

      Why, O theologians! do you presume to inquire into the impenetrable
      mysteries of a being, whom you consider inconceivable to the human mind?
      You are the blasphemers, when you imagine that a being, perfect according
      to you, could be guilty of such cruelty towards creatures whom he has made
      out of nothing. Confess, your ignorance of a creating God; and cease
      meddling with mysteries, which are repugnant to Common Sense.
    



      GOOD SENSE WITHOUT GOD
    

      APOLOGUE
    


      1.
    

      There is a vast empire, governed by a monarch, whose strange conduct is to
      confound the minds of his subjects. He wishes to be known, loved,
      respected, obeyed; but never shows himself to his subjects, and everything
      conspires to render uncertain the ideas formed of his character.
    

      The people, subjected to his power, have, of the character and laws of
      their invisible sovereign, such ideas only, as his ministers give them.
      They, however, confess, that they have no idea of their master; that his
      ways are impenetrable; his views and nature totally incomprehensible.
      These ministers, likewise, disagree upon the commands which they pretend
      have been issued by the sovereign, whose servants they call themselves.
      They defame one another, and mutually treat each other as impostors and
      false teachers. The decrees and ordinances, they take upon themselves to
      promulgate, are obscure; they are enigmas, little calculated to be
      understood, or even divined, by the subjects, for whose instruction they
      were intended. The laws of the concealed monarch require interpreters; but
      the interpreters are always disputing upon the true manner of
      understanding them. Besides, they are not consistent with themselves; all
      they relate of their concealed prince is only a string of contradictions.
      They utter concerning him not a single word that does not immediately
      confute itself. They call him supremely good; yet many complain of his
      decrees. They suppose him infinitely wise; and under his administration
      everything appears to contradict reason. They extol his justice; and the
      best of his subjects are generally the least favoured. They assert, he
      sees everything; yet his presence avails nothing. He is, say they, the
      friend of order; yet throughout his dominions, all is in confusion and
      disorder. He makes all for himself; and the events seldom answer his
      designs. He foresees everything; but cannot prevent anything. He
      impatiently suffers offence, yet gives everyone the power of offending
      him. Men admire the wisdom and perfection of his works; yet his works,
      full of imperfection, are of short duration. He is continually doing and
      undoing; repairing what he has made; but is never pleased with his work.
      In all his undertakings, he proposes only his own glory; yet is never
      glorified. His only end is the happiness of his subjects; and his
      subjects, for the most part want necessaries. Those, whom he seems to
      favour are generally least satisfied with their fate; almost all appear in
      perpetual revolt against a master, whose greatness they never cease to
      admire, whose wisdom to extol, whose goodness to adore, whose justice to
      fear, and whose laws to reverence, though never obeyed!
    

      This EMPIRE is the WORLD; this MONARCH GOD; his MINISTERS are the PRIESTS;
      his SUBJECTS MANKIND.
    







      2.
    

      There is a science that has for its object only things incomprehensible.
      Contrary to all other sciences, it treats only of what cannot fall under
      our senses. Hobbes calls it the kingdom of darkness. It is a
      country, where every thing is governed by laws, contrary to those which
      mankind are permitted to know in the world they inhabit. In this
      marvellous region, light is only darkness; evidence is doubtful or false;
      impossibilities are credible: reason is a deceitful guide; and good sense
      becomes madness. This science is called theology, and this
      theology is a continual insult to the reason of man.
    







      3.
    

      By the magical power of "ifs," "buts," "perhaps's," "what do we know,"
      etc., heaped together, a shapeless and unconnected system is formed,
      perplexing mankind, by obliterating from their minds, the most clear ideas
      and rendering uncertain truths most evident. By reason of this systematic
      confusion, nature is an enigma; the visible world has disappeared, to give
      place to regions invisible; reason is compelled to yield to imagination,
      who leads to the country of her self-invented chimeras.
    







      4.
    

      The principles of every religion are founded upon the idea of a GOD. Now,
      it is impossible to have true ideas of a being, who acts upon none of our
      senses. All our ideas are representations of sensible objects. What then
      can represent to us the idea of God, which is evidently an idea without an
      object? Is not such an idea as impossible, as an effect without a cause?
      Can an idea without an archetype be anything, but a chimera? There are,
      however, divines, who assure us that the idea of God is innate; or that we
      have this idea in our mother's womb. Every principle is the result of
      reason; all reason is the effect of experience; experience is acquired
      only by the exercise of our senses: therefore, religious principles are
      not founded upon reason, and are not innate.
    







      5.
    

      Every system of religion can be founded only upon the nature of God and
      man; and upon the relations, which subsist between them. But to judge of
      the reality of those relations, we must have some idea of the divine
      nature. Now, the world exclaims, the divine nature is incomprehensible to
      man; yet ceases not to assign attributes to this incomprehensible God, and
      to assure us, that it is our indispensable duty to find out that God, whom
      it is impossible to comprehend.
    

      The most important concern of man is what he can least comprehend. If God
      is incomprehensible to man, it would seem reasonable never to think of
      him; but religion maintains, man cannot with impunity cease a moment to
      think (or rather dream) of his God.
    







      6.
    

      We are told, that divine qualities are not of a nature to be comprehended
      by finite minds. The natural consequence must be, that divine qualities
      are not made to occupy finite minds. But religion tells us, that the poor
      finite mind of man ought never to lose sight of an inconceivable being,
      whose qualities he can never comprehend. Thus, we see, religion is the art
      of turning the attention of mankind upon subjects they can never
      comprehend.
    







      7.
    

      Religion unites man with God, or forms a communication between them; yet
      do they not say, God is infinite? If God be infinite, no finite being can
      have communication or relation with him. Where there is no relation, there
      can be no union, communication, or duties. If there be no duties between
      man and his God, there is no religion for man. Thus, in saying God is
      infinite, you annihilate religion for man, who is a finite being. The idea
      of infinity is to us an idea without model, without archetype, without
      object.
    







      8.
    

      If God be an infinite being, there cannot be, either in the present or
      future world, any relative proportion between man and his God. Thus, the
      idea of God can never enter the human mind. In supposition of a life, in
      which man would be much more enlightened, than in this, the idea of the
      infinity of God would ever remain the same distance from his finite mind.
      Thus the idea of God will be no more clear in the future, than in the
      present life. Thus, intelligences, superior to man, can have no more
      complete ideas of God, than man, who has not the least conception of him
      in his present life.
    







      9.
    

      How has it been possible to persuade reasonable beings, that the thing,
      most impossible to comprehend, was most essential to them? It is because
      they have been greatly terrified; because, when they fear, they cease to
      reason; because, they have been taught to mistrust their own
      understanding; because, when the brain is troubled, they believe every
      thing, and examine nothing.
    







      10.
    

      Ignorance and fear are the two hinges of all religion. The uncertainty in
      which man finds himself in relation to his God, is precisely the motive
      that attaches him to his religion. Man is fearful in the dark—in
      moral, as well as physical darkness. His fear becomes habitual, and habit
      makes it natural; he would think that he wanted something, if he had
      nothing to fear.
    







      11.
    

      He, who from infancy has habituated himself to tremble when he hears
      pronounced certain words, requires those words and needs to tremble. He is
      therefore more disposed to listen to one, who entertains him in his fears,
      than to one, who dissuades him from them. The superstitious man wishes to
      fear; his imagination demands it; one might say, that he fears nothing so
      much, as to have nothing to fear.
    

      Men are imaginary invalids, whose weakness empirics are interested to
      encourage, in order to have sale for their drugs. They listen rather to
      the physician, who prescribes a variety of remedies, than to him, who
      recommends good regimen, and leaves nature to herself.
    







      12.
    

      If religion were more clear, it would have less charms for the ignorant,
      who are pleased only with obscurity, terrors, fables, prodigies, and
      things incredible. Romances, silly stories, and the tales of ghosts and
      wizards, are more pleasing to vulgar minds than true histories.
    







      13.
    

      In point of religion, men are only great children. The more a religion is
      absurd and filled with wonders, the greater ascendancy it acquires over
      them. The devout man thinks himself obliged to place no bounds to his
      credulity; the more things are inconceivable, they appear to him divine;
      the more they are incredible, the greater merit, he imagines, there is in
      believing them.
    







      14.
    

      The origin of religious opinions is generally dated from the time, when
      savage nations were yet in infancy. It was to gross, ignorant, and stupid
      people, that the founders of religion have in all ages addressed
      themselves, when they wished to give them their Gods, their mode of
      worship, their mythology, their marvellous and frightful fables. These
      chimeras, adopted without examination by parents, are transmitted, with
      more or less alteration, to their children, who seldom reason any more
      than their parents.
    







      15.
    

      The object of the first legislators was to govern the people; and the
      easiest method to effect it was to terrify their minds, and to prevent the
      exercise of reason. They led them through winding bye-paths, lest they
      might perceive the designs of their guides; they forced them to fix their
      eyes in the air, for fear they should look at their feet; they amused them
      on the way with idle stories; in a word, they treated them as nurses do
      children, who sing lullabies, to put them to sleep, and scold, to make
      them quiet.
    







      16.
    

      The existence of a God is the basis of all religion. Few appear to doubt
      his existence; yet this fundamental article utterly embarrasses every mind
      that reasons. The first question of every catechism has been, and ever
      will be, the most difficult to resolve. (In the year 1701, the holy
      fathers of the oratory of Vendome maintained in a thesis, this proposition—that,
      according to St. Thomas, the existence of God is not, and cannot be, a
      subject of faith.)
    







      17.
    

      Can we imagine ourselves sincerely convinced of the existence of a being,
      whose nature we know not; who is inaccessible to all our senses; whose
      attributes, we are assured, are incomprehensible to us? To persuade me
      that a being exists or can exist, I must be first told what that being is.
      To induce me to believe the existence or the possibility of such a being,
      it is necessary to tell me things concerning him that are not
      contradictory, and do not destroy one another. In short, to fully convince
      me of the existence of that being, it is necessary to tell me things that
      I can understand.
    







      18.
    

      A thing is impossible, when it includes two ideas that mutually destroy
      one another, and which can neither be conceived nor united in thought.
      Conviction can be founded only upon the constant testimony of our senses,
      which alone give birth to our ideas, and enable us to judge of their
      agreement or disagreement. That, which exists necessarily, is that, whose
      non-existence implies a contradiction. These principles, universally
      acknowledged, become erroneous, when applied to the existence of a God.
      Whatever has been hitherto said upon the subject, is either
      unintelligible, or perfect contradiction, and must therefore appear absurd
      to every rational man.
    







      19.
    

      All human knowledge is more or less clear. By what strange fatality have
      we never been able to elucidate the science of God? The most civilized
      nations, and among them the most profound thinkers, are in this respect no
      more enlightened than the most savage tribes and ignorant peasants; and,
      examining the subject closely, we shall find, that, by the speculations
      and subtle refinements of men, the divine science has been only more and
      more obscured. Every religion has hitherto been founded only upon what is
      called, in logic, begging the question; it takes things for
      granted, and then proves, by suppositions, instead of principles.
    







      20.
    

      Metaphysics teach us, that God is a pure spirit. But, is modern
      theology superior to that of the savages? The savages acknowledge a great
      spirit, for the master of the world. The savages, like all ignorant
      people, attribute to spirits all the effects, of which their
      experience cannot discover the true causes. Ask a savage, what works your
      watch? He will answer, it is a spirit. Ask the divines, what moves
      the universe? They answer, it is a spirit.
    







      21.
    

      The savage, when he speaks of a spirit, affixes, at least, some idea to
      the word; he means thereby an agent, like the air, the breeze, the breath,
      that invisibly produces discernible effects. By subtilizing every thing,
      the modern theologian becomes as unintelligible to himself as to others.
      Ask him, what he understands by a spirit? He will answer you, that it is
      an unknown substance, perfectly simple, that has no extension, that has
      nothing common with matter. Indeed, is there any one, who can form the
      least idea of such a substance? What then is a spirit, to speak in the
      language of modern theology, but the absence of an idea? The idea of spirituality
      is an idea without model.
    







      22.
    

      Is it not more natural and intelligible to draw universal existence from
      the matter, whose existence is demonstrated by all the senses, and whose
      effects we experience, which we see act, move, communicate motion, and
      incessantly generate, than to attribute the formation of things to an
      unknown power, to a spiritual being, who cannot derive from his nature
      what he has not himself, and who, by his spiritual essence, can create
      neither matter nor motion? Nothing is more evident, than that the idea
      they endeavour to give us, of the action of mind upon matter, represents
      no object. It is an idea without model.
    







      23.
    

      The material Jupiter of the ancients could move, compose, destroy,
      and create beings, similar to himself; but the God of modern theology is
      sterile. He can neither occupy any place in space, nor move matter, nor
      form a visible world, nor create men or gods. The metaphysical God is fit
      only to produce confusion, reveries, follies, and disputes.
    







      24.
    

      Since a God was indispensably requisite to men, why did they not worship
      the Sun, that visible God, adored by so many nations? What being had
      greater claim to the homage of men, than the day-star, who enlightens,
      warms, and vivifies all beings; whose presence enlivens and regenerates
      nature, whose absence seems to cast her into gloom and languor? If any
      being announced to mankind, power, activity, beneficence, and duration, it
      was certainly the Sun, whom they ought to have regarded as the parent of
      nature, as the divinity. At least, they could not, without folly, dispute
      his existence, or refuse to acknowledge his influence.
    







      25.
    

      The theologian exclaims to us, that God wants neither hands nor arms to
      act; that he acts by his will. But pray, who or what is that God,
      who has a will, and what can be the subject of his divine will?
    

      Are the stories of witches, ghosts, wizards, hobgoblins, etc., more absurd
      and difficult to believe than the magical or impossible action of mind
      upon matter? When we admit such a God, fables and reveries may claim
      belief. Theologians treat men as children, whose simplicity makes them
      believe all the stories they hear.
    







      26.
    

      To shake the existence of God, we need only to ask a theologian to speak
      of him. As soon as he has said a word upon the subject, the least
      reflection will convince us, that his observations are totally
      incompatible with the essence he ascribes to his God. What then is God? It
      is an abstract word, denoting the hidden power of nature; or it is a
      mathematical point, that has neither length, breadth, nor thickness. David
      Hume, speaking of theologians, has ingeniously observed, that they have
      discovered the solution of the famous problem of Archimedes—a point
      in the heavens, whence they move the world.
    







      27.
    

      Religion prostrates men before a being, who, without extension, is
      infinite, and fills all with his immensity; a being, all-powerful, who
      never executes his will; a being, sovereignly good, who creates only
      disquietudes; a being, the friend of order, and in whose government all is
      in confusion and disorder. What then, can we imagine, can be the God of
      theology?
    







      28.
    

      To avoid all embarrassment, we are told, "that it is not necessary to know
      what God is; that we must adore him; that we are not permitted to extend
      our views to his attributes." But, before we know that we must adore a
      God, must we not know certainly, that he exists? But, how can we assure
      ourselves, that he exists, if we never examine whether the various
      qualities, attributed to him, do really exist and agree in him? Indeed, to
      adore God, is to adore only the fictions of one's own imagination, or
      rather, it is to adore nothing.
    







      29.
    

      In view of confounding things the more, theologians have not declared what
      their God is; they tell us only what he is not. By means of negations and
      abstractions, they think they have composed a real and perfect being. Mind
      is that, which is not body. An infinite being is a being, who is not
      finite. A perfect being is a being, who is not imperfect. Indeed,
      is there any one, who can form real ideas of such a mass of absence of
      ideas? That, which excludes all idea, can it be any thing but nothing?
    

      To pretend, that the divine attributes are beyond the reach of human
      conception, is to grant, that God is not made for man. To assure us, that,
      in God, all is infinite, is to own that there can be nothing common to him
      and his creatures. If there be nothing common to God and his creatures,
      God is annihilated for man, or, at least, rendered useless to him. "God,"
      they say, "has made man intelligent, but he has not made him omniscient;"
      hence it is inferred, that he has not been able to give him faculties
      sufficiently enlarged to know his divine essence. In this case, it is
      evident, that God has not been able nor willing to be known by his
      creatures. By what right then would God be angry with beings, who were
      naturally incapable of knowing the divine essence? God would be evidently
      the most unjust and capricious of tyrants, if he should punish an Atheist
      for not having known, what, by his nature, it was impossible he should
      know.
    







      30.
    

      To the generality of men, nothing renders an argument more convincing than
      fear. It is therefore, that theologians assure us, we must take the
      safest part; that nothing is so criminal as incredulity; that God will
      punish without pity every one who has the temerity to doubt his existence;
      that his severity is just, since madness or perversity only can make us
      deny the existence of an enraged monarch, who without mercy avenges
      himself on Atheists. If we coolly examine these threatenings, we shall
      find, they always suppose the thing in question. They must first prove the
      existence of a God, before they assure us, it is safest to believe, and
      horrible to doubt or deny his existence. They must then prove, that it is
      possible and consistent, that a just God cruelly punishes men for having
      been in a state of madness, that prevented their believing the existence
      of a being, whom their perverted reason could not conceive. In a word,
      they must prove, that an infinitely just God can infinitely punish the
      invincible and natural ignorance of man with respect to the divine nature.
      Do not theologians reason very strangely? They invent phantoms, they
      compose them of contradictions; they then assure us, it is safest not to
      doubt the existence of these phantoms they themselves have invented.
      According to this mode of reasoning, there is no absurdity, which it would
      not be more safe to believe, than not to believe.
    

      All children are born Atheists; they have no idea of God. Are they then
      criminal on account of their ignorance? At what age must they begin to
      believe in God? It is, you say, at the age of reason. But at what time
      should this age commence? Besides, if the profoundest theologians lose
      themselves in the divine nature, which they do not presume to comprehend,
      what ideas must man have of him?
    







      31.
    

      Men believe in God only upon the word of those, who have no more idea of
      him than themselves. Our nurses are our first theologians. They talk to
      children of God as if he were a scarecrow; they teach them from the
      earliest age to join their hands mechanically. Have nurses then more true
      ideas of God than the children whom they teach to pray?
    







      32.
    

      Religion, like a family estate, passes, with its incumbrances, from
      parents to children. Few men in the world would have a God, had not pains
      been taken in infancy to give them one. Each would receive from his
      parents and teachers the God whom they received from theirs; but each,
      agreeably to his disposition, would arrange, modify, and paint him in his
      own manner.
    







      33.
    

      The brain of man, especially in infancy, is like soft wax, fit to receive
      every impression that is made upon it. Education furnishes him with almost
      all his ideas at a time, when he is incapable of judging for himself. We
      believe we have received from nature, or have brought with us at birth,
      the true or false ideas, which, in a tender age, had been instilled into
      our minds; and this persuasion is one of the greatest sources of errors.
    







      34.
    

      Prejudice contributes to cement in us the opinions of those who have been
      charged with our instruction. We believe them much more experienced than
      ourselves; we suppose they are fully convinced of the things which they
      teach us; we have the greatest confidence in them; by the care they have
      taken of us in infancy, we judge them incapable of wishing to deceive us.
      These are the motives that make us adopt a thousand errors, without other
      foundation than the hazardous authority of those by whom we have been
      brought up. The prohibition likewise of reasoning upon what they teach us,
      by no means lessens our confidence; but often contributes to increase our
      respect for their opinions.
    







      35.
    

      Divines act very wisely in teaching men their religious principles before
      they are capable of distinguishing truth from falsehood, or their left
      hand from their right. It would be as difficult to instill into the mind
      of a man, forty years old, the extravagant notions that are given us of
      the divinity, as to eradicate them from the mind of him who had imbibed
      them from infancy.
    







      36.
    

      It is observed, that the wonders of nature are sufficient to lead us to
      the existence of a God, and fully to convince us of this important truth.
      But how many are there in the world who have the time, capacity, or
      disposition, necessary to contemplate Nature and meditate her progress?
      Men, for the most part, pay no regard to it. The peasant is not struck
      with the beauty of the sun, which he sees every day. The sailor is not
      surprised at the regular motion of the ocean; he will never draw from it
      theological conclusions. The phenomena of nature prove the existence of a
      God only to some prejudiced men, who have been early taught to behold the
      finger of God in every thing whose mechanism could embarrass them. In the
      wonders of nature, the unprejudiced philosopher sees nothing but the power
      of nature, the permanent and various laws, the necessary effects of
      different combinations of matter infinitely diversified.
    







      37.
    

      Is there any thing more surprising than the logic of these divines, who,
      instead of confessing their ignorance of natural causes, seek beyond
      nature, in imaginary regions, a cause much more unknown than that nature,
      of which they can form at least some idea? To say, that God is the author
      of the phenomena of nature, is it not to attribute them to an occult
      cause? What is God? What is a spirit? They are causes of which we have no
      idea. O wise divines! Study nature and her laws; and since you can there
      discover the action of natural causes, go not to those that are
      supernatural, which, far from enlightening, will only darken your ideas,
      and make it utterly impossible that you should understand yourselves.
    







      38.
    

      Nature, you say, is totally inexplicable without a God. That is to say, to
      explain what you understand very little, you have need of a cause which
      you understand not at all. You think to elucidate what is obscure, by
      doubling the obscurity; to solve difficulties, by multiplying them. O
      enthusiastic philosophers! To prove the existence of a God, write complete
      treatises of botany; enter into a minute detail of the parts of the human
      body; launch forth into the sky, to contemplate the revolution of the
      stars; then return to the earth to admire the course of waters; behold
      with transport the butterflies, the insects, the polypi, and the organized
      atoms, in which you think you discern the greatness of your God. All these
      things will not prove the existence of God; they will prove only, that you
      have not just ideas of the immense variety of matter, and of the effects,
      producible by its infinitely diversified combinations, that constitute the
      universe. They will prove only your ignorance of nature; that you have no
      idea of her powers, when you judge her incapable of producing a multitude
      of forms and beings, of which your eyes, even with the assistance of
      microscopes, never discern but the smallest part. In a word, they will
      prove, that, for want of knowing sensible agents, or those possible to
      know, you find it shorter to have recourse to a word, expressing an
      inconceivable agent.
    







      39.
    

      We are gravely and repeatedly told, that, there is no effect without a
      cause; that, the world did not make itself. But the universe is
      a cause, it is not an effect; it is not a work; it has not been made,
      because it is impossible that it should have been made. The world has
      always been; its existence is necessary; it is its own cause. Nature,
      whose essence is visibly to act and produce, requires not, to discharge
      her functions, an invisible mover, much more unknown than herself. Matter
      moves by its own energy, by a necessary consequence of its heterogeneity.
      The diversity of motion, or modes of mutual action, constitutes alone the
      diversity of matter. We distinguish beings from one another only by the
      different impressions or motions which they communicate to our organs.
    







      40.
    

      You see, that all is action in nature, and yet pretend that nature, by
      itself, is dead and without power. You imagine, that this all, essentially
      acting, needs a mover! What then is this mover? It is a spirit; a being
      absolutely incomprehensible and contradictory. Acknowledge then, that
      matter acts of itself, and cease to reason of your spiritual mover, who
      has nothing that is requisite to put it in action. Return from your
      useless excursions; enter again into a real world; keep to second
      causes, and leave to divines their first cause, of which nature
      has no need, to produce all the effects you observe in the world.
    







      41.
    

      It can be only by the diversity of impressions and effects, which bodies
      make upon us, that we feel them; that we have perceptions and ideas of
      them; that we distinguish one from another; that we assign them
      properties. Now, to see or feel an object, the object must act upon our
      organs; this object cannot act upon us, without exciting some motion in
      us; it cannot excite motion in us, if it be not in motion itself. At the
      instant I see an object, my eyes are struck by it; I can have no
      conception of light and vision, without motion, communicated to my eye,
      from the luminous, extended, coloured body. At the instant I smell
      something, my sense is irritated, or put in motion, by the parts that
      exhale from the odoriferous body. At the moment I hear a sound, the
      tympanum of my ear is struck by the air, put in motion by a sonorous body,
      which would not act if it were not in motion itself. Whence it evidently
      follows, that, without motion, I can neither feel, see, distinguish,
      compare, judge, nor occupy my thoughts upon any subject whatever.
    

      We are taught, that the essence of a thing is that from which all its
      properties flow. Now, it is evident, that all the properties of
      bodies, of which we have ideas, are owing to motion, which alone informs
      us of their existence, and gives us the first conceptions of them. I
      cannot be informed of my own existence but by the motions I experience in
      myself. I am therefore forced to conclude, that motion is as essential to
      matter as extension, and that matter cannot be conceived without it.
    

      Should any person deny, that motion is essential and necessary to matter;
      they cannot, at least, help acknowledging that bodies, which seem dead and
      inert, produce motion of themselves, when placed in a fit situation to act
      upon one another. For instance; phosphorus, when exposed to the air,
      immediately takes fire. Meal and water, when mixed, ferment. Thus dead
      matter begets motion of itself. Matter has then the power of self-motion;
      and nature, to act, has no need of a mover, whose pretended essence would
      hinder him from acting.
    







      42.
    

      Whence comes man? What is his origin? Did the first man spring, ready
      formed, from the dust of the earth? Man appears, like all other beings, a
      production of nature. Whence came the first stones, the first trees, the
      first lions, the first elephants, the first ants, the first acorns? We are
      incessantly told to acknowledge and revere the hand of God, of an
      infinitely wise, intelligent and powerful maker, in so wonderful a work as
      the human machine. I readily confess, that the human machine appears to me
      surprising. But as man exists in nature, I am not authorized to say that
      his formation, is above the power of nature. But I can much less conceive
      of this formation, when to explain it, I am told, that a pure spirit, who
      has neither eyes, feet, hands, head, lungs, mouth nor breath, made man by
      taking a little clay, and breathing upon it.
    

      We laugh at the savage inhabitants of Paraguay, for calling themselves the
      descendants of the moon. The divines of Europe call themselves the
      descendants, or the creation, of a pure spirit. Is this pretension any
      more rational? Man is intelligent; thence it is inferred, that he can be
      the work only of an intelligent being, and not of a nature, which is void
      of intelligence. Although nothing is more rare, than to see man make use
      of this intelligence, of which he seems so proud, I will grant that he is
      intelligent, that his wants develop this faculty, that society especially
      contributes to cultivate it. But I see nothing in the human machine, and
      in the intelligence with which it is endued, that announces very precisely
      the infinite intelligence of the maker to whom it is ascribed. I see that
      this admirable machine is liable to be deranged; I see, that his wonderful
      intelligence is then disordered, and sometimes totally disappears; I
      infer, that human intelligence depends upon a certain disposition of the
      material organs of the body, and that we cannot infer the intelligence of
      God, any more from the intelligence of man, than from his materiality. All
      that we can infer from it, is, that God is material. The intelligence of
      man no more proves the intelligence of God, than the malice of man proves
      the malice of that God, who is the pretended maker of man. In spite of all
      the arguments of divines, God will always be a cause contradicted by its
      effects, or of which it is impossible to judge by its works. We shall
      always see evil, imperfection and folly result from such a cause, that is
      said to be full of goodness, perfection and wisdom.
    







      43.
    

      "What?" you will say, "is intelligent man, is the universe, and all it
      contains, the effect of chance?" No; I repeat it, the universe
      is not an effect; it is the cause of all effects; every being it
      contains is the necessary effect of this cause, which sometimes shews us
      its manner of acting, but generally conceals its operations. Men use the
      word chance to hide their ignorance of true causes, which, though
      not understood, act not less according to certain laws. There is no effect
      without a cause. Nature is a word, used to denote the immense assemblage
      of beings, various matter, infinite combinations, and diversified motions,
      that we behold. All bodies, organized or unorganized, are necessary
      effects of certain causes. Nothing in nature can happen by chance. Every
      thing is subject to fixed laws. These laws are only the necessary
      connection of certain effects with their causes. One atom of matter cannot
      meet another by chance; this meeting is the effect of permanent
      laws, which cause every being necessarily to act as it does, and hinder it
      from acting otherwise, in given circumstances. To talk of the fortuitous
      concourse of atoms, or to attribute some effects to chance, is merely
      saying that we are ignorant of the laws, by which bodies act, meet,
      combine, or separate.
    

      Those, who are unacquainted with nature, the properties of beings, and the
      effects which must necessarily result from the concurrence of certain
      causes, think, that every thing takes place by chance. It is not chance,
      that has placed the sun in the centre of our planetary system; it is by
      its own essence, that the substance, of which it is composed, must occupy
      that place, and thence be diffused.
    







      44.
    

      The worshippers of a God find, in the order of the universe, an invincible
      proof of the existence of an intelligent and wise being, who governs it.
      But this order is nothing but a series of movements necessarily produced
      by causes or circumstances, which are sometimes favourable, and sometimes
      hurtful to us: we approve of some, and complain of others.
    

      Nature uniformly follows the same round; that is, the same causes produce
      the same effects, as long as their action is not disturbed by other
      causes, which force them to produce different effects. When the operation
      of causes, whose effects we experience, is interrupted by causes, which,
      though unknown, are not the less natural and necessary, we are confounded;
      we cry out, a miracle! and attribute it to a cause much more
      unknown, than any of those acting before our eyes.
    

      The universe is always in order. It cannot be in disorder. It is our
      machine, that suffers, when we complain of disorder. The bodies, causes,
      and beings, which this world contains, necessarily act in the manner in
      which we see them act, whether we approve or disapprove of their effects.
      Earthquakes, volcanoes, inundations, pestilences, and famines are effects
      as necessary, or as much in the order of nature, as the fall of heavy
      bodies, the courses of rivers, the periodical motions of the seas, the
      blowing of the winds, the fruitful rains, and the favourable effects, for
      which men praise God, and thank him for his goodness.
    

      To be astonished that a certain order reigns in the world, is to be
      surprised that the same causes constantly produce the same effects. To be
      shocked at disorder, is to forget, that when things change, or are
      interrupted in their actions, the effects can no longer be the same. To
      wonder at the order of nature, is to wonder that any thing can exist; it
      is to be surprised at any one's own existence. What is order to one being,
      is disorder to another. All wicked beings find that every thing is in
      order, when they can with impunity put every thing in disorder. They find,
      on the contrary, that every thing is in disorder, when they are disturbed
      in the exercise of their wickedness.
    







      45.
    

      Upon supposition that God is the author and mover of nature, there could
      be no disorder with respect to him. Would not all the causes, that he
      should have made, necessarily act according to the properties, essences,
      and impulses given them? If God should change the ordinary course of
      nature, he would not be immutable. If the order of the universe, in which
      man thinks he sees the most convincing proof of the existence,
      intelligence, power and goodness of God, should happen to contradict
      itself, one might suspect his existence, or, at least, accuse him of
      inconstancy, impotence, want of foresight and wisdom in the arrangement of
      things; one would have a right to accuse him of an oversight in the choice
      of the agents and instruments, which he makes, prepares, and puts in
      action. In short, if the order of nature proves the power and intelligence
      of the Deity, disorder must prove his weakness, instability, and
      irrationality.
    

      You say, that God is omnipresent, that he fills the universe with his
      immensity, that nothing is done without him, that matter could not act
      without his agency. But in this case, you admit, that your God is the
      author of disorder, that it is he who deranges nature, that he is the
      father of confusion, that he is in man, and moves him at the moment he
      sins. If God is every where, he is in me, he acts with me, he is deceived
      with me, he offends God with me, and combats with me the existence of God!
      O theologians! you never understand yourselves, when you speak of God.
    







      46.
    

      In order to have what we call intelligence, it is necessary to have ideas,
      thoughts, and wishes; to have ideas, thoughts, and wishes, it is necessary
      to have organs; to have organs, it is necessary to have a body; to act
      upon bodies, it is necessary to have a body; to experience disorder, it is
      necessary to be capable of suffering. Whence it evidently follows, that a
      pure spirit can neither be intelligent, nor affected by what passes in the
      universe.
    

      Divine intelligence, ideas, and views, have, you say, nothing common with
      those of men. Very well. How then can men judge, right or wrong, of these
      views; reason upon these ideas; or admire this intelligence? This would be
      to judge, admire, and adore that, of which we can have no ideas. To adore
      the profound views of divine wisdom, is it not to adore that, of which we
      cannot possibly judge? To admire these views, is it not to admire without
      knowing why? Admiration is always the daughter of ignorance. Men admire
      and adore only what they do not comprehend.
    







      47.
    

      All those qualities, ascribed to God, are totally incompatible with a
      being, who, by his very essence, is void of all analogy with human beings.
      It is true, the divines imagine they extricate themselves from this
      difficulty, by exaggerating the human qualities, attributed to the
      Divinity; they enlarge them to infinity, where they cease to understand
      themselves. What results from this combination of man with God? A mere
      chimera, of which, if any thing be affirmed, the phantom, combined with so
      much pains, instantly vanishes.
    

      Dante, in his poem upon Paradise, relates, that the Deity appeared
      to him under the figure of three circles, forming an iris, whose lively
      colours generated each other; but that, looking steadily upon the dazzling
      light, he saw only his own figure. While adoring God, it is himself, that
      man adores.
    







      48.
    

      Ought not the least reflection suffice to prove, that God can have none of
      the human qualities, all ties, virtues, or perfections? Our virtues and
      perfections are consequences of the modifications of our passions. But has
      God passions as we have? Again: our good qualities consist in our
      dispositions towards the beings with whom we live in society. God,
      according to you, is an insulated being. God has no equals—no
      fellow-beings. God does not live in society. He wants the assistance of no
      one. He enjoys an unchangeable felicity. Admit then, according to your own
      principles, that God cannot have what we call virtues, and that man cannot
      be virtuous with respect to him.
    







      49.
    

      Man, wrapped up in his own merit, imagines the human race to be the sole
      object of God in creating the universe. Upon what does he found this
      flattering opinion? We are told: that man is the only being endued with
      intelligence, which enables him to know the Deity, and to render him
      homage. We are assured, that God made the world only for his own glory,
      and that it was necessary that the human species should come into this
      plan, that there might be some one to admire his works, and glorify him
      for them. But, according to these suppositions, has not God evidently
      missed his object? 1st. Man, according to yourselves, will always labour
      under the completest impossibility of knowing his God, and the most
      invincible ignorance of his divine essence. 2ndly. A being, who has no
      equal, cannot be susceptible of glory; for glory can result only from the
      comparison of one's own excellence with that of others. 3rdly. If God be
      infinitely happy, if he be self-sufficient, what need has he of the homage
      of his feeble creatures? 4thly. God, notwithstanding all his endeavours,
      is not glorified; but, on the contrary, all the religions in the world
      represent him as perpetually offended; their sole object is to reconcile
      sinful, ungrateful, rebellious man with his angry God.
    







      50.
    

      If God be infinite, he has much less relation with man, than man with
      ants. Would the ants reason pertinently concerning the intentions,
      desires, and projects of the gardener? Could they justly imagine, that a
      park was planted for them alone, by an ostentatious monarch, and that the
      sole object of his goodness was to furnish them with a superb residence?
      But, according to theology, man is, with respect to God, far below what
      the vilest insect is to man. Thus, by theology itself, which is wholly
      devoted to the attributes and views of the Divinity, theology appears a
      complete folly.
    







      51.
    

      We are told, that, in the formation of the universe, God's only object was
      the happiness of man. But, in a world made purposely for him, and governed
      by an omnipotent God, is man in reality very happy? Are his enjoyments
      durable? Are not his pleasures mixed with pains? Are many persons
      satisfied with their fate? Is not man continually the victim of physical
      and moral evils? Is not the human machine, which is represented as a
      master-piece of the Creator's skill, liable to derangement in a thousand
      ways? Should we be surprised at the workmanship of a mechanic, who should
      shew us a complex machine, ready to stop every moment, and which, in a
      short time, would break in pieces of itself?
    







      52.
    

      The generous care, displayed by the Deity in providing for the wants, and
      watching over the happiness of his beloved creatures, is called Providence.
      But, when we open our eyes, we find that God provides nothing. Providence
      sleeps over the greater part of the inhabitants of this world. For a very
      small number of men who are supposed to be happy, what an immense
      multitude groan under oppression, and languish in misery! Are not nations
      forced to deprive themselves of bread, to administer to the extravagances
      of a few gloomy tyrants, who are no happier than their oppressed slaves?
    

      At the same time that our divines emphatically expatiate upon the goodness
      of Providence, while they exhort us to repose our confidence in her, do we
      not hear them, at the sight of unforeseen catastrophes, exclaim, that Providence
      sports with the vain projects of man, that she frustrates their
      designs, that she laughs at their efforts, that profound wisdom delights
      to bewilder the minds of mortals? But, shall we put confidence in a
      malignant Providence, who laughs at, and sports with mankind? How will one
      admire the unknown ways of a hidden wisdom, whose manner of acting is
      inexplicable? Judge of it by effects, you will say. We do; and find, that
      these effects are sometimes useful, and sometimes hurtful.
    

      Men think they justify Providence, by saying, that, in this world, there
      is much more good than evil to every individual of mankind. Supposing the
      good, we enjoy from Providence, is to the evil, as a hundred to ten;
      will it not still follow, that, for a hundred degrees of goodness,
      Providence possesses ten of malignity; which is incompatible with the
      supposed perfection of the divine nature.
    

      Almost all books are filled with the most flattering praises of
      Providence, whose attentive care is highly extolled. It would seem as if
      man, to live happily here below, needed not his own exertions. Yet,
      without his own labour, man could subsist hardly a day. To live, he is
      obliged to sweat, toil, hunt, fish, and labour without intermission.
      Without these second causes, the first cause, at least in most countries,
      would provide for none of our wants. In all parts of the globe, we see
      savage and civilized man in a perpetual struggle with Providence. He is
      necessitated to ward off the strokes directed against him by Providence,
      in hurricanes, tempests, frosts, hail-storms, inundations, droughts, and
      the various accidents, which so often render useless all his labours. In a
      word, we see man continually occupied in guarding against the ill offices
      of that Providence, which is supposed to be attentive to his happiness.
    

      A bigot admired divine Providence for wisely ordering rivers to pass
      through those places, where men have built large cities. Is not this man's
      reasoning as rational, as that of many learned men, who incessantly talk
      of final causes, or who pretend that they clearly perceive the
      beneficent views of God in the formation of all things?
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      Do we see then, that Providence so very sensibly manifests herself in the
      preservation of those admirable works, which we attribute to her? If it is
      she, who governs the world, we find her as active in destroying, as in
      forming; in exterminating, as in producing. Does she not every moment
      destroy, by thousands, the very men, to whose preservation and welfare we
      suppose her continually attentive? Every moment she loses sight of her
      beloved creature. Sometimes she shakes his dwelling, sometimes she
      annihilates his harvests, sometimes she inundates his fields, sometimes
      she desolates them by a burning drought. She arms all nature against man.
      She arms man himself against his own species, and commonly terminates his
      existence in anguish. Is this then what is called preserving the universe?
    

      If we could view, without prejudice, the equivocal conduct of Providence
      towards the human race and all sensible beings, we should find, that far
      from resembling a tender and careful mother, she resembles rather those
      unnatural mothers, who instantly forgetting the unfortunates of their
      licentious love, abandon their infants, as soon as they are born, and who,
      content with having borne them, expose them, helpless, to the caprice of
      fortune.
    

      The Hottentots, in this respect are much wiser than other nations, who
      treat them as barbarians, and refuse to worship God; because, they say, if
      he often does good, he often does evil. Is not this manner of
      reasoning more just and conformable to experience, than that of many men,
      who are determined to see, in their God, nothing but goodness, wisdom, and
      foresight, and who refuse to see that the innumerable evils, of which this
      world is the theatre, must come from the same hand, which they kiss with
      delight?
    







      54.
    

      Common sense teaches, that we cannot, and ought not, to judge of a cause,
      but by its effects. A cause can be reputed constantly good, only when it
      constantly produces good. A cause, which produces both good and evil, is
      sometimes good, and sometimes evil. But the logic of theology destroys all
      this. According to that, the phenomena of nature, or the effects we behold
      in this world, prove to us the existence of a cause infinitely good; and
      this cause is God. Although this world is full of evils; although disorder
      often reigns in it; although men incessantly repine at their hard fate; we
      must be convinced, that these effects are owing to a beneficent and
      immutable cause; and many people believe it, or feign believe.
    

      Every thing that passes in the world, proves to us, in the clearest
      manner, that it is not governed by an intelligent being. We can judge of
      the intelligence of a being only by the conformity of the means, which he
      employs to attain his proposed object. The object of God, is the happiness
      of a man. Yet, a like necessity governs the fate of all sensible beings,
      who are born only to suffer much, enjoy little, and die. The cup of man is
      filled with joy and bitterness; good is every where attended with evil;
      order gives place to disorder; generation is followed by destruction. If
      you say, that the designs of God are mysterious and that his ways are
      impenetrable; I answer, that, in this case, it is impossible to judge
      whether God be intelligent.
    







      55.
    

      You pretend, that God is immutable! What then produces a continual
      instability in this world, which you make his empire? Is there a state,
      subject to more frequent and cruel revolutions, than that of this unknown
      monarch? How can we attribute to an immutable God, sufficiently powerful
      to give solidity to his works, a government, in which every thing is in
      continual vicissitude? If I imagine I see a God of uniform character in
      all the effects favourable to my species, what kind of a God can I see in
      their continual misfortunes? You tell me, it is our sins, which compel him
      to punish. I answer, that God, according to yourselves, is then not
      immutable, since the sins of men force him to change his conduct towards
      them. Can a being, who is sometimes provoked, and sometimes appeased, be
      constantly the same?
    







      56.
    

      The universe can be only what it is; all sensible beings in it enjoy and
      suffer; that is, are moved sometimes in an agreeable, and sometimes in a
      disagreeable manner. These effects are necessary; they result necessarily
      from causes, which act only according to their properties. These effects
      necessarily please, or displease, by a consequence of nature. This same
      nature compels me to avoid, avert, and resist some things, and to seek,
      desire, and procure others. In a world, where every thing is necessary, a
      God, who remedies nothing, who leaves things to run in their necessary
      course,—is he any thing but destiny, or necessity personified? It is
      a deaf and useless God, who can effect no change in general laws, to which
      he is himself subject. Of what importance is the infinite power of a
      being, who will do but very little in my favour? Where is the infinite
      goodness of a being, indifferent to happiness? Of what service is the
      favour of a being, who, is able to do an infinite good, does not do even a
      finite one?
    







      57.
    

      When we ask, why so many miserable objects appear under the government of
      a good God, we are told, by way of consolation, that the present world is
      only a passage, designed to conduct man to a happier one. The divines
      assure us, that the earth we inhabit, is a state of trial. In short, they
      shut our mouths, by saying, that God could communicate to his creatures
      neither impossibility nor infinite happiness, which are reserved for
      himself alone. Can such answers be satisfactory? 1st. The existence of
      another life is guaranteed to us only by the imagination of man, who, by
      supposing it, have only realized the desire they have of surviving
      themselves, in order to enjoy hereafter a purer and more durable
      happiness. 2ndly. How can we conceive that a God, who knows every thing,
      and must be fully acquainted with the dispositions of his creatures,
      should want so many experiments, in order to be sure of their
      dispositions? 3rdly. According to the calculations of their chronologists,
      our earth has existed six or seven thousand years. During that time,
      nations have experienced calamities. History exhibits the human species at
      all times tormented and ravaged by tyrants, conquerors, and heroes; by
      wars, inundations, famines, plagues, etc. Are such long trials then likely
      to inspire us with very great confidence in the secret views of the Deity?
      Do such numerous and constant evils give a very exalted idea of the future
      state, his goodness is preparing for us? 4thly. If God is so kindly
      disposed, as he is asserted to be, without giving men infinite happiness,
      could he not at least have communicated the degree of happiness, of which
      finite beings are susceptible here below? To be happy, must we have an infinite
      or divine happiness? 5thly. If God could not make men happier than
      they are here below, what will become of the hope of a paradise,
      where it is pretended, that the elect will for ever enjoy ineffable bliss?
      If God neither could nor would avert evil from the earth, the only
      residence we can know, what reason have we to presume, that he can or will
      avert evil from another world, of which we have no idea? Epicurus
      observed: "either God would remove evil out of this world, and cannot; or
      he can, and will not; or he has neither the power nor will; or, lastly, he
      has both the power and will. If he has the will, and not the power, this
      shews weakness, which is contrary to the nature of God. If he has the
      power, and not the will, it is malignity; and this is no less contrary to
      his nature. If he is neither able nor willing, he is both impotent and
      malignant, and consequently cannot be God. If he be both willing and able
      (which alone is consonant to the nature of God) whence comes evil, or why
      does he not prevent it?" Reflecting minds are still waiting for a
      reasonable solution of these difficulties; and our divines tell us, that
      they will be removed only in a future life.
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      We are told of a pretended scale of beings. It is supposed, that
      God has divided his creatures into different classes, in which each enjoys
      the degree of happiness, of which it is susceptible. According to this
      romantic arrangement, from the oyster to the celestial angels, all beings
      enjoy a happiness, which is suitable to their nature. Experience
      explicitly contradicts this sublime reverie. In this world, all sensible
      beings suffer and live in the midst of dangers. Man cannot walk without
      hurting, tormenting, or killing a multitude of sensible beings, which are
      in his way; while he himself is exposed, at every step, to a multitude of
      evils, foreseen or unforeseen, which may lead him to destruction. During
      the whole course of his life, he is exposed to pains; he is not sure, a
      moment, of his existence, to which he is so strongly attached, and which
      he regards as the greatest gift of the Divinity.
    







      59.
    

      The world, it will be said, has all the perfection, of which it is
      susceptible: since it is not God who made it, it must have great qualities
      and great defects. But we answer, that, as the world must necessarily have
      great defects, it would have been more conformable to the nature of a good
      God, not to have created a world, which he could not make completely
      happy. If God was supremely happy, before the creation of the world, and
      could have continued to be supremely happy, without creating the world,
      why did he not remain at rest? Why must man suffer? Why must man exist? Of
      what importance is his existence to God? Nothing, or something? If man's
      existence is not useful or necessary to God, why did God make man? If
      man's existence is necessary to God's glory, he had need of man; he was
      deficient in something before man existed. We can pardon an unskilful
      workman for making an imperfect work; because he must work, well or ill,
      upon penalty of starving. This workman is excusable, but God is not.
      According to you, he is self-sufficient; if so, why does he make men? He
      has, you say, every thing requisite to make man happy. Why then does he
      not do it? Confess, that your God has more malice than goodness, unless
      you admit, that God, was necessitated to do what he has done, without
      being able to do it otherwise. Yet, you assure us, that God is free. You
      say also, that he is immutable, although it was in Time that he
      began and ceased to exercise his power, like the inconstant beings of this
      world. O theologians! Vain are your efforts to free your God from defects.
      This perfect God has always some human imperfections.
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      "Is not God master of his favours? Can he not give them? Can he not take
      them away? It does not belong to his creatures to require reasons for his
      conduct. He can dispose of the works of his own hands as he pleases.
      Absolute sovereign of mortals, he distributes happiness or misery,
      according to his good pleasure." Such are the solutions given by
      theologians to console us for the evils which God inflicts upon us. We
      reply, that a God, who is infinitely good, cannot be master of his
      favours, but would by his nature be obliged to bestow them upon his
      creatures; that a being, truly beneficent, cannot refrain from doing good;
      that a being, truly generous, does not take back what he has given; and
      that every man, who does so, dispenses with gratitude, and has no right to
      complain of finding ungrateful men.
    

      How can the odd and capricious conduct, which theologians ascribe to God,
      be reconciled with religion, which supposes a covenant, or mutual
      engagements between God and men? If God owes nothing to his creatures,
      they, on their part, can owe nothing to their God. All religion is founded
      upon the happiness that men think they have a right to expect from the
      Deity, who is supposed to say to them: Love me, adore me, obey me: and
      I will make you happy. Men, on their part, say to him: Make us
      happy, be faithful to your promises, and we will love you, we will adore
      you, and obey your laws. By neglecting the happiness of his creatures,
      distributing his favours according to his caprice, and retracting his
      gifts, does not God break the covenant, which serves as the basis of all
      religion? Cicero has justly observed, that if God is not agreeable to
      man, he cannot be his God. Goodness constitutes deity; this goodness
      can be manifested to man only by the blessings he enjoys; as soon as he is
      unhappy, this goodness disappears, and with it the divinity. An infinite
      goodness can be neither limited, partial, nor exclusive. If God be
      infinitely good, he owes happiness to all his creatures. The unhappiness
      of a single being would suffice to annihilate unbounded goodness. Under an
      infinitely good and powerful God, is it possible to conceive that a single
      man should suffer? One animal, or mite, that suffers, furnishes invincible
      arguments against divine providence and its infinite goodness.
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      According to theology, the afflictions and evils of this life are
      chastisements, which guilty men incur from the hand of God. But why are
      men guilty? If God is omnipotent, does it cost him more to say: "Let every
      thing in the world be in order; let all my subjects be good, innocent, and
      fortunate," than to say: "Let every thing exist"? Was it more difficult
      for this God to do his work well, than badly? Religion tells us of a hell;
      that is, a frightful abode, where, notwithstanding his goodness, God
      reserves infinite torments for the majority of men. Thus after having
      rendered mortals very unhappy in this world, religion tells them, that God
      can render them still more unhappy in another! The theologian gets over
      this, by saying, that the goodness of God will then give place to his
      justice. But a goodness, which gives place to the most terrible cruelty,
      is not an infinite goodness. Besides, can a God, who, after having been
      infinitely good, becomes infinitely bad, be regarded as an immutable
      being? Can we discern the shadow of clemency or goodness, in a God filled
      with implacable fury?
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      Divine justice, as stated by our divines, is undoubtedly a quality very
      proper to cherish in us the love of the Divinity. According to the ideas
      of modern theology, it is evident, that God has created the majority of
      men, with the sole view of putting them in a fair way to incur eternal
      punishment. Would it not have been more conformable to goodness, reason,
      and equity, to have created only stones or plants, and not to have created
      sensible beings; than to have formed men, whose conduct in this world
      might subject them to endless punishment in the other? A God perfidious
      and malicious enough to create a single man, and then to abandon him to
      the danger of being damned, cannot be regarded as a perfect being; but as
      an unreasonable, unjust, and ill-natured. Very far from composing a
      perfect God, theologians have formed the most imperfect of beings.
      According to theological notions, God would resemble a tyrant, who, having
      put out the eyes of the greater part of his slaves, should shut them up in
      a dungeon, where, for his amusement, he would, incognito, observe their
      conduct through a trap-door, in order to punish with rigour all those,
      who, while walking about, should hit against each other; but who would
      magnificently reward the few whom he had not deprived of sight, in
      avoiding to run against their comrades. Such are the ideas, which the
      dogma of gratuitous predestination gives us of the divinity!
    

      Although men are continually repeating that their God is infinitely good;
      yet it is evident, that in reality, they can believe nothing of the kind.
      How can we love what we do not know? How can we love a being, whose
      character is only fit to throw us into inquietude and trouble? How can we
      love a being, of whom all that is said tends to render him an object of
      utter detestation?
    







      63.
    

      Many people make a subtle distinction between true religion and
      superstition. They say, that the latter is only a base and inordinate fear
      of the Deity; but that the truly religious man has confidence in his God,
      and loves him sincerely; whereas, the superstitious man sees in him only
      an enemy, has no confidence in him, and represents him to himself as a
      distrustful, cruel tyrant, sparing of his benefits, lavish of his
      chastisements. But, in reality, does not all religion give us the same
      ideas of God? At the same time that we are told, that God is infinitely
      good, are we not also told, that he is very easily provoked, that he
      grants his favours to a few people only, and that he furiously chastises
      those, to whom he has not been pleased to grant favours?
    







      64.
    

      If we take our ideas of God from the nature of things, where we find a
      mixture of good and evil, this God, just like the good and evil of which
      we experience, must naturally appear capricious, inconstant, sometimes
      good, and sometimes malevolent; and therefore, instead of exciting our
      love, must generate distrust, fear, and uncertainty. There is then no real
      difference between natural religion, and the most gloomy and servile
      superstition. If the theist sees God only in a favourable light; the bigot
      views him in the most hideous light. The folly of the one is cheerful,
      that of the other is melancholy; but both are equally delirious.
    







      65.
    

      If I draw my ideas of God from theology, he appears to inspire aversion.
      Devotees, who tell us, that they sincerely love their God, are either
      liars or fools, who see their God only in profile. It is impossible to
      love a being, the very idea of whom strikes us with terror, and whose
      judgments make us tremble. How can we, without being alarmed, look upon a
      God, who is reputed to be barbarous enough to damn us? Let not divines
      talk to us of a filial, or respectful fear, mixed with love, which men
      ought to have for their God. A son can by no means love his father, when
      he knows him to be cruel enough to inflict upon him studied torments for
      the least faults he may commit. No man upon earth can have the least spark
      of love for a God, who reserves chastisements, infinite in duration and
      violence, for ninety-nine hundredths of his children.
    







      66.
    

      The inventors of the dogma of eternal hell-torments have made of that God,
      whom they call so good, the most detestable of beings. Cruelty in men is
      the last act of wickedness. Every sensible mind must revolt at the bare
      recital of the torments, inflicted on the greatest criminal; but cruelty
      is much more apt to excite indignation, when void of motives. The most
      sanguinary tyrants, the Caligulas, the Neros, the Domitians, had, at
      least, some motives for tormenting their victims. These motives were,
      either their own safety, or the fury of revenge, or the design of
      frightening by terrible examples, or perhaps the vanity of making a
      display of their power, and the desire of satisfying a barbarous
      curiosity. Can a God have any of these motives? In tormenting the victims
      of his wrath, he would punish beings, who could neither endanger his
      immoveable power, nor disturb his unchangeable felicity. On the other
      hand, the punishments of the other life would be useless to the living,
      who cannot be witnesses of them. These punishments would be useless to the
      damned, since in hell there is no longer room for conversion, and the time
      of mercy is past. Whence it follows, that God, in the exercise of his
      eternal vengeance, could have no other end than to amuse himself, and
      insult the weakness of his creatures. I appeal to the whole human race;—is
      there a man who feels cruel enough coolly to torment, I do not say his
      fellow-creature, but any sensible being whatever, without emolument,
      without profit, without curiosity, without having any thing to fear?
      Confess then, O theologians, that, even according to your own principles,
      your God is infinitely more malevolent than the worst of men.
    

      Perhaps you will say, that infinite offences deserve infinite punishments.
      I answer, that we cannot offend a God, whose happiness is infinite; that
      the offences of finite beings cannot be infinite; that a God, who is
      unwilling to be offended, cannot consent that the offences of his
      creatures should be eternal; that a God, infinitely good, can neither be
      infinitely cruel, nor grant his creatures an infinite duration, solely for
      the pleasure of eternal torments.
    

      Nothing but the most savage barbarity, the most egregious roguery, or the
      blindest ambition could have imagined the doctrine of eternal punishments.
      If there is a God, whom we can offend or blaspheme, there are not upon
      earth greater blasphemers than those, who dare to say, that this same God
      is a tyrant, perverse enough to delight, during eternity, in the useless
      torments of his feeble creatures.
    







      67.
    

      To pretend, that God can be offended at the actions of men, is to
      annihilate all the ideas, which divines endeavour to give us, in other
      respects, of this being. To say, that man can trouble the order of the
      universe; that he can kindle the thunder in the hands of his God; that he
      can defeat his projects, is to say, that man is stronger than his God,
      that he is the arbiter of his will, that it depends upon him to change his
      goodness into cruelty. Theology continually pulls down, with one hand,
      what it erects with the other. If all religion is founded upon a God, who
      is provoked and appeased, all religion is founded on a palpable
      contradiction.
    

      All religions agree in exalting the wisdom and infinite power of the
      Deity. But no sooner do they display his conduct, than we see nothing but
      imprudence, want of foresight, weakness and folly. God, it is said,
      created the world for himself; and yet, hitherto, he has never been able
      to make himself suitably honoured by it. God created men in order to have,
      in his dominions, subjects to render him their homage; and yet, we see men
      in continual revolt against him.
    







      68.
    

      They incessantly extol the divine perfections; and when we demand proofs
      of them, they point to his works, in which, they assure us, these
      perfections are written in indelible characters. All these works are,
      however, imperfect and perishable. Man, who is ever regarded as the most
      marvellous work, as the master-piece of the Deity, is full of
      imperfections, which render him disagreeable to the eyes of the almighty
      Being, who formed him. This surprising work often becomes so revolting and
      odious to its author, that he is obliged to throw it into the fire. But,
      if the fairest of God's works is imperfect, how can we judge of the divine
      perfections? Can a work, with which the author himself is so little
      pleased, induce us to admire the ability of its Maker? Man, considered in
      a physical sense, is subject to a thousand infirmities, to numberless
      evils, and to death. Man, considered in a moral sense, is full of faults;
      yet we are unceasingly told, that he is the most beautiful work of the
      most perfect of beings.
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      In creating beings more perfect than men, it appears, that heretofore God
      has not better succeeded, nor given stronger proofs of his perfection. Do
      we not see, in many religions, that angels, have even attempted to
      dethrone him? God proposed the happiness of angels and men; yet, he has
      never been able to render happy either angels or men;—the pride,
      malice, sins, and imperfections of the creatures have always opposed the
      will of the perfect Creator.
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      All religion is obviously founded upon this principle, that God does
      what he can, and man what he will. Every system of religion presents
      to us an unequal combat between the Deity on one part, and his creatures
      on the other, in which the former never comes off to his honour.
      Notwithstanding his omnipotence, he cannot succeed in rendering the works
      of his hands such as he would have them. To complete the absurdity, there
      is a religion, which pretends, that God himself has died to redeem
      mankind; and yet, men are not farther from any thing, than they are from
      what God would have them.
    







      71.
    

      Nothing is more extravagant, than the part, theology makes the Divinity
      act in every country. Did he really exist, we should see in him the most
      capricious, and senseless being. We should be compelled to believe, that
      God made the world only to be the theatre of his disgraceful wars with his
      creatures; that he created angels, men, and demons, only to make
      adversaries, against whom he might exercise his power. He renders men free
      to offend him, malicious enough to defeat his projects, too obstinate to
      submit; and all this merely for the pleasure of being angry, appeased,
      reconciled, and of repairing the disorder they have made. Had the Deity at
      once formed his creatures such as he would have them, what pains would he
      not have spared himself, or, at least, from what embarrassments would he
      not have relieved his theologians!
    

      Every religion represents God as busy only in doing himself evil. He
      resembles those empirics, who inflict upon themselves wounds, to have an
      opportunity of exhibiting to the public the efficacy of their ointment.
      But we see not, that the Deity has hitherto been able radically to cure
      himself of the evil, which he suffers from man.
    







      72.
    

      God is the author of all; and yet, we are assured that evil does not come
      from God. Whence then does it come? From man. But, who made man? God. Evil
      then comes from God. If he had not made man as he is, moral evil or sin
      would not have existed in the world. The perversity of man is therefore
      chargeable to God. If man has power to do evil, or to offend God, we are
      forced to infer, that God chooses to be offended; that God, who made man,
      has resolved that man shall do evil; otherwise man would be an effect
      contrary to the cause, from which he derives his being.
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      Man ascribes to God the faculty of foreseeing, or knowing beforehand
      whatever will happen; but this prescience seldom turns to his glory, nor
      protects him from the lawful reproaches of man. If God foreknows the
      future, must he not have foreseen the fall of his creatures? If he
      resolved in his decrees to permit this fall, it is undoubtedly because it
      was his will that this fall should take place, otherwise it could not have
      happened. If God's foreknowledge of the sins of his creatures had been
      necessary or forced, one might suppose, that he has been constrained by
      his justice to punish the guilty; but, enjoying the faculty of foreseeing,
      and the power of predetermining every thing, did it not depend upon God
      not to impose upon himself cruel laws, or, at least, could he not dispense
      with creating beings, whom he might be under the necessity of punishing,
      and rendering unhappy by a subsequent decree? Of what consequence is it,
      whether God has destined men to happiness or misery by an anterior decree,
      an effect of his prescience, or by a posterior decree, an effect of his
      justice? Does the arrangement of his decrees alter the fate of the
      unhappy? Would they not have the same right to complain of a God, who,
      being able to omit their creation, has notwithstanding created them,
      although he plainly foresaw that his justice would oblige him, sooner or
      later, to punish them?
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      "Man," you say, "when he came from the hand of God, was pure, innocent,
      and good; but his nature has been corrupted, as a punishment for sin." If
      man, when just out of the hands of his God, could sin, his nature was
      imperfect. Why did God suffer him to sin, and his nature to be corrupted?
      Why did God permit him to be seduced, well knowing that he was too feeble
      to resist temptation? Why did God create satan, an evil spirit, a
      tempter? Why did not God, who wishes so much good to the human race,
      annihilate once for all so many evil genii, who are naturally enemies of
      our happiness; or rather, why did God create evil spirits, whose victories
      and fatal influence over mankind, he must have foreseen? In fine, by what
      strange fatality in all religions of the world, has the evil principle
      such a decided advantage over the good principle, or the divinity?
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      There is related an instance of simplicity, which does honour to the heart
      of an Italian monk. One day, while preaching, this pious man thought he
      must announce to his audience, that he had, thank heaven, at last
      discovered, by dint of meditation, a sure way of rendering all men happy.
      "The devil," said he, "tempts men only to have in hell companions of his
      misery. Let us therefore apply to the Pope, who has the keys of heaven and
      hell; let us prevail upon him to pray to God, at the head of the whole
      church, to consent to a reconciliation with the devil, to restore him to
      favour, to reinstate him in his former rank, which cannot fail to put an
      end to his malicious projects against mankind." Perhaps the honest monk
      did not see, that the devil is at least as useful as God to the ministers
      of religion. They have too much interest in their dissensions, to be
      instrumental in an accommodation between two enemies, upon whose combats
      their own existence and revenues depend. Let men cease to be tempted and
      to sin, and the ministry of priests will be useless. Manicheism is
      evidently the hinge of every religion; but unhappily, the devil, invented
      to clear the deity from the suspicion of malice, proves to us, every
      moment, the impotence or unskilfulness of his celestial adversary.
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      The nature of man, it is said, was necessarily liable to corruption. God
      could not communicate to him impeccability, which is an inalienable
      attribute of his divine perfection. But if God could not make man
      impeccable, why did he give himself the pains to make man, whose nature
      must necessarily be corrupted, and who must consequently offend God? On
      the other hand, if God himself could not make human nature impeccable, by
      what right does he punish men for not being impeccable? It can be only by
      the right of the strongest; but the right of the strongest is called
      violence, and violence cannot be compatible with the justest of beings.
      God would be supremely unjust, should he punish men for not sharing with
      him his divine perfections, or for not being able to be gods like him.
    

      Could not God, at least, have communicated to all men that kind of
      perfection, of which their nature is susceptible? If some men are good, or
      render themselves agreeable to their God, why has not that God done the
      same favour, or given the same dispositions to all beings of our species?
      Why does the number of the wicked so much exceed the number of the good?
      Why, for one friend, has God ten thousand enemies, in a world, which it
      depended entirely upon him to people with honest men? If it be true, that,
      in heaven, God designs to form a court of saints, of elect, or of men who
      shall have lived upon earth conformably to his views, would he not have
      had a more numerous, brilliant, and honourable assembly, had he composed
      it of all men, to whom, in creating them, he could grant the degree of
      goodness, necessary to attain eternal happiness? Finally, would it not
      have been shorter not to have made man, than to have created him a being
      full of faults, rebellious to his creator, perpetually exposed to cause
      his own destruction by a fatal abuse of his liberty?
    

      Instead of creating men, a perfect God ought to have created only angels
      very docile and submissive. Angels, it is said, are free; some have
      sinned; but, at any rate, all have not abused their liberty by revolting
      against their master. Could not God have created only angels of the good
      kind? If God has created angels, who have not sinned, could he not have
      created impeccable men, or men who should never abuse their liberty? If
      the elect are incapable of sinning in heaven, could not God have made
      impeccable men upon earth?
    







      77.
    

      Divines never fail to persuade us, that the enormous distance which
      separates God and man, necessarily renders the conduct of God a mystery to
      us, and that we have no right to interrogate our master. Is this answer
      satisfactory? Since my eternal happiness is at stake, have I not a right
      to examine the conduct of God himself? It is only in hope of happiness
      that men submit to the authority of a God. A despot, to whom men submit
      only through fear, a master, whom they cannot interrogate, a sovereign
      totally inaccessible, can never merit the homage of intelligent beings. If
      the conduct of God is a mystery, it is not made for us. Man can neither
      adore, admire, respect, nor imitate conduct, in which every thing is
      inconceivable, or, of which he can often form only revolting ideas; unless
      it is pretended, that we ought to adore every thing of which we are forced
      to be ignorant, and that every thing, which we do not know, becomes for
      that reason an object of admiration. Divines! You never cease telling us,
      that the designs of God are impenetrable; that his ways are not our
      ways, nor his thoughts our thoughts; that it is absurd to complain of
      his administration, of the motives and springs of which we are totally
      ignorant; that it is presumption to tax his judgments with injustice,
      because we cannot comprehend them. But when you speak in this strain, do
      you not perceive, that you destroy with your own hands all your profound
      systems, whose only end is to explain to us the ways of the divinity,
      which, you say, are impenetrable? Have you penetrated his judgments, his
      ways, his designs? You dare not assert it, and though you reason about
      them without end, you do not comprehend them any more than we do. If, by
      chance, you know the plan of God, which you wish us to admire, while most
      people find it so little worthy of a just, good, intelligent, and
      reasonable being, no longer say, this plan is impenetrable. If you are as
      ignorant of it as we are, have some indulgence for those who ingenuously
      confess, they comprehend nothing in it, or that they see in it nothing
      divine. Cease to persecute for opinions, of which you understand nothing
      yourselves; cease to defame each other for dreams and conjectures, which
      every thing seems to contradict. Talk to us of things intelligible and
      really useful to men; and no longer talk to us of the impenetrable ways of
      God, about which you only stammer and contradict yourselves.
    

      By continually speaking of the immense depths of divine wisdom, forbidding
      us to sound them, saying it is insolence to cite God before the tribunal
      of our feeble reason, making it a crime to judge our master, divines teach
      us nothing but the embarrassment they are in, when it is required to
      account for the conduct of a God, whose conduct they think marvellous only
      because they are utterly incapable of comprehending it themselves.
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      Physical evil is commonly regarded as a punishment for sin. Diseases,
      famines, wars, earthquakes, are means which God uses to chastise wicked
      men. Thus, they make no scruple of attributing these evils to the severity
      of a just and good God. But, do not these scourges fall indiscriminately
      upon the good and bad, upon the impious and devout, upon the innocent and
      guilty? How, in this proceeding, would they have us admire the justice and
      goodness of a being, the idea of whom seems comforting to so many
      wretches, whose brain must undoubtedly be disordered by their misfortunes,
      since they forget, that their God is the arbiter, the sole disposer of the
      events of this world. This being the case, ought they not to impute their
      sufferings to him, into whose arms they fly for comfort? Unfortunate
      father! Thou consolest thyself in the bosom of Providence, for the loss of
      a dear child, or beloved wife, who made thy happiness. Alas! Dost thou not
      see, that thy God has killed them? Thy God has rendered thee miserable,
      and thou desirest thy God to comfort thee for the dreadful afflictions he
      has sent thee!
    

      The chimerical or supernatural notions of theology have so succeeded in
      destroying, in the minds of men, the most simple, dear, and natural ideas,
      that the devout, unable to accuse God of malice, accustom themselves to
      regard the several strokes of fate as indubitable proofs of celestial
      goodness. When in affliction, they are ordered to believe that God loves
      them, that God visits them, that God wishes to try them. Thus religion has
      attained the art of converting evil into good! A profane person said with
      reason—If God Almighty thus treats those whom he loves, I
      earnestly beseech him never to think of me.
    

      Men must have received very gloomy and cruel ideas of their God, who is
      called so good, to believe that the most dreadful calamities and piercing
      afflictions are marks of his favour! Would an evil genius, a demon, be
      more ingenious in tormenting his enemies, than the God of goodness
      sometimes is, who so often exercises his severity upon his dearest
      friends?
    







      79.
    

      What shall we say of a father, who, we are assured, watches without
      intermission over the preservation and happiness of his weak and
      short-sighted children, and who yet leaves them at liberty to wander at
      random among rocks, precipices, and waters; who rarely hinders them from
      following their inordinate appetites; who permits them to handle, without
      precaution, murderous arms, at the risk of their life? What should we
      think of the same father, if, instead of imputing to himself the evil that
      happens to his poor children, he should punish them for their wanderings
      in the most cruel manner? We should say, with reason, that this father is
      a madman, who unites injustice to folly. A God, who punishes faults, which
      he could have prevented, is a being deficient in wisdom, goodness, and
      equity. A foreseeing God would prevent evil, and thereby avoid having to
      punish it. A good God would not punish weaknesses, which he knew to be
      inherent in human nature. A just God, if he made man, would not punish him
      for not being made strong enough to resist his desires. To punish
      weakness is the most unjust tyranny. Is it not calumniating a just
      God, to say, that he punishes men for their faults, even in the present
      life? How could he punish beings, whom it belonged to him alone to reform,
      and who, while they have not grace, cannot act otherwise than they
      do?
    

      According to the principles of theologians themselves, man, in his present
      state of corruption, can do nothing but evil, since, without divine grace,
      he is never able to do good. Now, if the nature of man, left to itself, or
      destitute of divine aid, necessarily determines him to evil, or renders
      him incapable of good, what becomes of the free-will of man? According to
      such principles, man can neither merit nor demerit. By rewarding man for
      the good he does, God would only reward himself; by punishing man for the
      evil he does, God would punish him for not giving him grace, without which
      he could not possibly do better.
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      Theologians repeatedly tell us, that man is free, while all their
      principles conspire to destroy his liberty. By endeavouring to justify the
      Divinity, they in reality accuse him of the blackest injustice. They
      suppose, that without grace, man is necessitated to do evil. They affirm,
      that God will punish him, because God has not given him grace to do good!
    

      Little reflection will suffice to convince us, that man is necessitated in
      all his actions, that his free will is a chimera, even in the system of
      theologians. Does it depend upon man to be born of such or such parents?
      Does it depend upon man to imbibe or not to imbibe the opinions of his
      parents or instructors? If I had been born of idolatrous or Mahometan
      parents, would it have depended upon me to become a Christian? Yet,
      divines gravely assure us, that a just God will damn without pity all
      those, to whom he has not given grace to know the Christian religion!
    

      Man's birth is wholly independent of his choice. He is not asked whether
      he is willing, or not, to come into the world. Nature does not consult him
      upon the country and parents she gives him. His acquired ideas, his
      opinions, his notions true or false, are necessary fruits of the education
      which he has received, and of which he has not been the director. His
      passions and desires are necessary consequences of the temperament given
      him by nature. During his whole life, his volitions and actions are
      determined by his connections, habits, occupations, pleasures, and
      conversations; by the thoughts, that are involuntarily presented to his
      mind; in a word, by a multitude of events and accidents, which it is out
      of his power to foresee or prevent. Incapable of looking into futurity, he
      knows not what he will do. From the instant of his birth to that of his
      death, he is never free. You will say, that he wills, deliberates,
      chooses, determines; and you will hence conclude, that his actions are
      free. It is true, that man wills, but he is not master of his will or his
      desires; he can desire and will only what he judges advantageous to
      himself; he can neither love pain, nor detest pleasure. It will be said,
      that he sometimes prefers pain to pleasure; but then he prefers a
      momentary pain with a view of procuring a greater and more durable
      pleasure. In this case, the prospect of a greater good necessarily
      determines him to forego a less considerable good.
    

      The lover does not give his mistress the features which captivate him; he
      is not then master of loving, or not loving the object of his tenderness;
      he is not master of his imagination or temperament. Whence it evidently
      follows, that man is not master of his volitions and desires. "But man,"
      you will say, "can resist his desires; therefore he is free." Man resists
      his desires, when the motives, which divert him from an object, are
      stronger than those, which incline him towards it; but then his resistance
      is necessary. A man, whose fear of dishonour or punishment is greater than
      his love of money, necessarily resists the desire of stealing.
    

      "Are we not free, when we deliberate?" But, are we masters of knowing or
      not knowing, of being in doubt or certainty? Deliberation is a necessary
      effect of our uncertainty respecting the consequences of our actions. When
      we are sure, or think we are sure, of these consequences, we necessarily
      decide, and we then act necessarily according to our true or false
      judgment. Our judgments, true or false, are not free; they are necessarily
      determined by the ideas, we have received, or which our minds have formed.
    

      Man is not free in his choice; he is evidently necessitated to choose what
      he judges most useful and agreeable. Neither is he free, when he suspends
      his choice; he is forced to suspend it until he knows, or thinks he knows,
      the qualities of the objects presented to him, or, until he has weighed
      the consequences of his actions. "Man," you will say, "often decides in
      favour of actions, which he knows must be detrimental to himself; man
      sometimes kills himself; therefore he is free." I deny it. Is man master
      of reasoning well or ill? Do not his reason and wisdom depend upon the
      opinions he has formed, or upon the conformation of his machine? As
      neither one nor the other depends upon his will, they are no proof of
      liberty. "If I lay a wager, that I shall do, or not do a thing, am I not
      free? Does it not depend upon me to do it or not?" No, I answer; the
      desire of winning the wager will necessarily determine you to do, or not
      to do the thing in question. "But, supposing I consent to lose the wager?"
      Then the desire of proving to me, that you are free, will have become a
      stronger motive than the desire of winning the wager; and this motive will
      have necessarily determined you to do, or not to do, the thing in
      question.
    

      "But," you will say, "I feel free." This is an illusion, that may be
      compared to that of the fly in the fable, who, lighting upon the pole of a
      heavy carriage, applauded himself for directing its course. Man, who
      thinks himself free, is a fly, who imagines he has power to move the
      universe, while he is himself unknowingly carried along by it.
    

      The inward persuasion that we are free to do, or not to do a thing, is but
      a mere illusion. If we trace the true principle of our actions, we shall
      find, that they are always necessary consequences of our volitions and
      desires, which are never in our power. You think yourself free, because
      you do what you will; but are you free to will, or not to will; to desire,
      or not to desire? Are not your volitions and desires necessarily excited
      by objects or qualities totally independent of you?
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      "If the actions of men are necessary, if men are not free, by what right
      does society punish criminals? Is it not very unjust to chastise beings,
      who could not act otherwise than they have done?" If the wicked act
      necessarily according to the impulses of their evil nature, society, in
      punishing them, acts necessarily by the desire of self-preservation.
      Certain objects necessarily produce in us the sensation of pain; our
      nature then forces us against them, and avert them from us. A tiger,
      pressed by hunger, springs upon the man, whom he wishes to devour; but
      this man is not master of his fear, and necessarily seeks means to destroy
      the tiger.
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      "If every thing be necessary, the errors, opinions, and ideas of men are
      fatal; and, if so, how or why should we attempt to reform them?" The
      errors of men are necessary consequences of ignorance. Their ignorance,
      prejudice, and credulity are necessary consequences of their inexperience,
      negligence, and want of reflection, in the same manner as delirium or
      lethargy are necessary effects of certain diseases. Truth, experience,
      reflection, and reason, are remedies calculated to cure ignorance,
      fanaticism and follies. But, you will ask, why does not truth produce this
      effect upon many disordered minds? It is because some diseases resist all
      remedies; because it is impossible to cure obstinate patients, who refuse
      the remedies presented to them; because the interest of some men, and the
      folly of others, necessarily oppose the admission of truth.
    

      A cause produces its effect only when its action is not interrupted by
      stronger causes, which then weakens or render useless, the action of the
      former. It is impossible that the best arguments should be adopted by men,
      who are interested in error, prejudiced in its favour, and who decline all
      reflection; but truth must necessarily undeceive honest minds, who seek
      her sincerely. Truth is a cause; it necessarily produces its effects, when
      its impulse is not intercepted by causes, which suspend its effects.
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      "To deprive man of his free will," it is said, "makes him a mere machine,
      an automaton. Without liberty, he will no longer have either merit or
      virtue." What is merit in man? It is a manner of acting, which renders him
      estimable in the eyes of his fellow-beings. What is virtue? It is a
      disposition, which inclines us to do good to others. What can there be
      contemptible in machines, or automatons, capable of producing effects so
      desirable? Marcus Aurelius was useful to the vast Roman Empire. By what
      right would a machine despise a machine, whose springs facilitate its
      action? Good men are springs, which second society in its tendency to
      happiness; the wicked are ill-formed springs, which disturb the order,
      progress, and harmony of society. If, for its own utility, society
      cherishes and rewards the good, it also harasses and destroys the wicked,
      as useless or hurtful.
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      The world is a necessary agent. All the beings, that compose it, are
      united to each other, and cannot act otherwise than they do, so long as
      they are moved by the same causes, and endued with the same properties.
      When they lose properties, they will necessarily act in a different way.
      God himself, admitting his existence, cannot be considered a free agent.
      If there existed a God, his manner of acting would necessarily be
      determined by the properties inherent in his nature; nothing would be
      capable of arresting or altering his will. This being granted, neither our
      actions, prayers, nor sacrifices could suspend, or change his invariable
      conduct and immutable designs; whence we are forced to infer, that all
      religion would be useless.
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      Were not divines in perpetual contradiction with themselves, they would
      see, that, according to their hypothesis, man cannot be reputed free an
      instant. Do they not suppose man continually dependent on his God? Are we
      free, when we cannot exist and be preserved without God, and when we cease
      to exist at the pleasure of his supreme will? If God has made man out of
      nothing; if his preservation is a continued creation; if God cannot, an
      instant, lose sight of his creature; if whatever happens to him, is an
      effect of the divine will; if man can do nothing of himself; if all the
      events, which he experiences, are effects of the divine decrees; if he
      does no good without grace from on high, how can they maintain, that a man
      enjoys a moment's liberty? If God did not preserve him in the moment of
      sin, how could man sin? If God then preserves him, God forces him to
      exist, that he may sin.
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      The Divinity is frequently compared to a king, whose revolted subjects are
      the greater part of mankind; and it is said, he has a right to reward the
      subjects who remain faithful to him, and to punish the rebellious. This
      comparison is not just in any of its parts. God presides over a machine,
      every spring of which he has created. These springs act agreeable to the
      manner, in which God has formed them; he ought to impute it to his own
      unskilfulness, if these springs do not contribute to the harmony of the
      machine, into which it was his will to insert them. God is a created king,
      who has created to himself subjects of every description; who has formed
      them according to his own pleasure whose will can never find resistance.
      If God has rebellious subjects in his empire, it is because God has
      resolved to have rebellious subjects. If the sins of men disturb the order
      of the world, it is because it is the will of God that this order should
      be disturbed.
    

      Nobody dares to call in question the divine justice; yet, under the
      government of a just God, we see nothing but acts of injustice and
      violence. Force decides the fate of nations, equity seems banished from
      the earth; a few men sport, unpunished, with the peace, property, liberty,
      and life of others. All is disorder in a world governed by a God who is
      said to be infinitely displeased with disorder.
    







      87.
    

      Although men are for ever admiring the wisdom, goodness, justice, and
      beautiful order of Providence, they are, in reality, never satisfied with
      it. Do not the prayers, continually addressed to heaven, shew, that men
      are by no means satisfied with the divine dispensations? To pray to God
      for a favour, shews diffidence of his watchful care; to pray to him to
      avert or put an end to an evil, is to endeavour to obstruct the course of
      his justice; to implore the assistance of God in our calamities, is to
      address the author himself of these calamities, to represent to him, that
      he ought, for our sake, to rectify his plan, which does not accord with
      our interest.
    

      The Optimist, or he who maintains that all is well, and who
      incessantly cries that we live in the best world possible, to be
      consistent, should never pray; neither ought he to expect another world,
      where man will be happier. Can there be a better world than the best
      world possible? Some theologians have treated the Optimists as
      impious, for having intimated that God could not produce a better world,
      than that in which we live. According to these doctors, it is to limit the
      power of God, and to offer him insult. But do not these divines see, that
      it shews much less indignity to God, to assert that he has done his best
      in producing this world, than to say, that, being able to produce a
      better, he has had malice enough to produce a very bad one? If the
      Optimist, by his system, detracts from the divine power, the theologian,
      who treats him as a blasphemer, is himself a blasphemer, who offends the
      goodness of God in espousing the cause of his omnipotence.
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      When we complain of the evils, of which our world is the theatre, we are
      referred to the other world, where it is said, God will make reparation
      for all the iniquity and misery, which, for a time, he permits here below.
      But if God, suffering his eternal justice to remain at rest for a long
      time, could consent to evil during the whole continuance of our present
      world, what assurance have we, that, during the continuance of another
      world, divine justice will not, in like manner, sleep over the misery of
      its inhabitants?
    

      The divines console us for our sufferings by saying, that God is patient,
      and that his justice, though often slow, is not the less sure. But do they
      not see, that patience is incompatible with a just, immutable, and
      omnipotent being? Can God then permit injustice, even for an instant? To
      temporize with a known evil, announces either weakness, uncertainty, or
      collusion. To tolerate evil, when one has power to prevent it, is to
      consent to the commission of evil.
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      Divines every where exclaim, that God is infinitely just; but that his
      justice is not the justice of man. Of what kind or nature then is this
      divine justice? What idea can I form of a justice, which so often
      resembles injustice? Is it not to confound all ideas of just and unjust,
      to say, that what is equitable in God is iniquitous in his creatures? How
      can we receive for our model a being, whose divine perfections are
      precisely the reverse of human?
    

      "God," it is said, "is sovereign arbiter of our destinies. His supreme
      power, which nothing can limit, justly permits him to do with the works of
      his own hands according to his good pleasure. A worm, like man, has no
      right even to complain." This arrogant style is evidently borrowed from
      the language, used by the ministers of tyrants, when they stop the mouths
      of those who suffer from their violences. It cannot then be the language
      of the ministers of a God, whose equity is highly extolled; it is not made
      to be imposed upon a being, who reasons. Ministers of a just God! I will
      inform you then, that the greatest power cannot confer upon your God
      himself the right of being unjust even to the vilest of his creatures. A
      despot is not a God. A God, who arrogates to himself the right of doing
      evil, is a tyrant; a tyrant is not a model for men; he must be an object
      execrable to their eyes.
    

      Is it not indeed strange, that in order to justify the Divinity, they make
      him every moment the most unjust of beings! As soon as we complain of his
      conduct, they think to silence us by alleging, that God is master;
      which signifies, that God, being the strongest, is not bound by ordinary
      rules. But the right of the strongest is the violation of all rights. It
      seems right only to the eyes of a savage conqueror, who in the heat of his
      fury imagines, that he may do whatever he pleases with the unfortunate
      victims, whom he has conquered. This barbarous right can appear legitimate
      only to slaves blind enough to believe that everything is lawful to
      tyrants whom they feel too weak to resist.
    

      In the greatest calamities, do not devout persons, through a ridiculous
      simplicity, or rather a sensible contradiction in terms, exclaim, that the
      Almighty is master. Thus, inconsistent reasoners, believe, that the Almighty
      (a Being, one of whose first attributes is goodness,) sends you
      pestilence, war, and famine! You believe that the Almighty, this
      good being, has the will and right to inflict the greatest evils, you can
      bear! Cease, at least, to call your God good, when he does you
      evil; say not, that he is just, say that he is the strongest, and that it
      is impossible for you to ward off the blows of his caprice.
    
God, say you, chastises only for our good. But what real
      good can result to a people from being exterminated by the plague, ravaged
      by wars, corrupted by the examples of perverse rulers, continually crushed
      under the iron sceptre of a succession of merciless tyrants, annihilated
      by the scourges of a bad government, whose destructive effects are often
      felt for ages? If chastisements are good, then they cannot have too much
      of a good thing! The eyes of faith must be strange eyes, if with
      them they see advantages in the most dreadful calamities, in the vices and
      follies with which our species are afflicted.
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      What strange ideas of divine justice must Christians have, who are taught
      to believe, that their God, in view of reconciling to himself the human
      race, guilty, though unconscious, of the sin of their fathers, has put to
      death his own son, who was innocent and incapable of sinning? What should
      we say of a king, whose subjects should revolt, and who, to appease
      himself, should find no other expedient than to put to death the heir of
      his crown, who had not participated in the general rebellion? "It is," the
      Christian will say, "through goodness to his subjects, unable of
      themselves to satisfy divine justice, that God has consented to the cruel
      death of his son." But the goodness of a father to strangers does not give
      him the right of being unjust and barbarous to his own son. All the
      qualities, which theology ascribes to God, reciprocally destroy one
      another. The exercise of one of his perfections is always at the expense
      of the exercise of another.
    

      Has the Jew more rational ideas of divine justice than the Christian? The
      pride of a king kindles the anger of heaven; Jehovah causes the
      pestilence to descend upon his innocent people; seventy thousand subjects
      are exterminated to expiate the fault of a monarch, whom the goodness of
      God resolved to spare.
    







      91.
    

      Notwithstanding the various acts of injustice, with which all religions
      delight to blacken the Divinity, men cannot consent to accuse him of
      iniquity. They fear, that, like the tyrants of this world, truth will
      offend him, and redouble upon them the weight of his malice and tyranny.
      They hearken therefore to their priests, who tell them, that their God is
      a tender father; that this God is an equitable monarch whose object in
      this world is to assure himself of the love, obedience and respect of his
      subjects; who gives them liberty of acting only to afford them an
      opportunity of meriting his favours, and of acquiring an eternal
      happiness, which he does not owe them. By what signs can men discover the
      tenderness of a father, who has given life to the greater part of his
      children merely to drag out upon the earth a painful, restless, bitter
      existence? Is there a more unfortunate present, than that pretended
      liberty, which, we are told, men are very liable to abuse, and thereby to
      incur eternal misery?
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      By calling mortals to life, what a cruel and dangerous part has not the
      Deity forced them to act? Thrown into the world without their consent,
      provided with a temperament of which they are not masters, animated by
      passions and desires inherent in their nature, exposed to snares which
      they have not power to escape, hurried away by events which they could not
      foresee or prevent, unhappy mortals are compelled to run a career, which
      may lead them to punishments horrible in duration and violence.
    

      Travellers inform us, that, in Asia, a Sultan reigned, full of fantastical
      ideas, and very absolute in his whims. By a strange madness, this prince
      spent his time seated at a table, upon which were placed three dice and a
      dice-box. One end of the table was covered with pieces of silver, designed
      to excite the avarice of his courtiers and people. He, knowing the foible
      of his subjects, addresses them as follows: Slaves, I wish your
      happiness. My goodness proposes to enrich you, and make you all happy. Do
      you see these treasures? Well, they are for you; strive to gain them; let
      each, in his turn, take the box and dice; whoever has the fortune to throw
      sixes, shall be master of the treasure. But, I forewarn you, that he who
      has not the happiness to throw the number required, shall be precipitated
      for ever into a dark dungeon, where my justice demands that he be burned
      with a slow fire. Upon this discourse of the monarch, the company look
      at each other affrighted. No one wishes to expose himself to so dangerous
      a chance. What! says the enraged Sultan, does no one offer to
      play? I tell you then you must; My glory requires that you should play.
      Play then; obey without replying. It is well to observe, that the dice
      of the despot are so prepared, that out of a hundred thousand throws,
      there is but one, which can gain the number required. Thus the generous
      monarch has the pleasure of seeing his prison well filled, and his riches
      seldom ravished from him. Mortals! this SULTAN is your GOD; his TREASURE
      IS HEAVEN; his DUNGEON IS HELL, and it is you who hold the DICE!
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      Divines repeatedly assure us, that we owe Providence infinite gratitude
      for the numberless blessings it bestows. They loudly extol the happiness
      of existence. But, alas! how many mortals are truly satisfied with their
      mode of existence? If life has sweets, with how much bitterness is it not
      mixed? Does not a single chagrin often suffice suddenly to poison the most
      peaceable and fortunate life? Are there many, who, if it were in their
      power would begin again, at the same price, the painful career, in which,
      without their consent, destiny has placed them?
    

      They say, that existence is a great blessing. But is not this existence
      continually troubled with fears, and maladies, often cruel and little
      deserved? May not this existence, threatened on so many sides, be torn
      from us any moment? Where is the man, who has not been deprived of a dear
      wife, beloved child, or consoling friend, whose loss every moment intrudes
      upon his thoughts? There are few, who have not been forced to drink of the
      cup of misfortune; there are few, who have not desired their end. Finally,
      it did not depend upon us to exist or not to exist. Should the bird then
      be very grateful to the fowler for taking him in his net and confining him
      in his cage for his diversion?
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      Notwithstanding the infirmities and misery which man is forced to undergo,
      he has, nevertheless, the folly to think himself the favourite of his God,
      the object of all his cares, the sole end of all his works. He imagines,
      that the whole universe is made for him; he arrogantly calls himself the
      king of nature, and values himself far above other animals. Mortal!
      upon what canst thou found thy haughty pretensions? It is, sayest thou,
      upon thy soul, upon thy reason, upon the sublime faculties, which enable
      thee to exercise an absolute empire over the beings, which surround thee.
      But, weak sovereign of the world; art thou sure, one moment, of the
      continuance of thy reign? Do not the smallest atoms of matter, which thou
      despisest, suffice to tear thee from thy throne, and deprive thee of life?
      Finally, does not the king of animals at last become the food of worms?
      Thou speakest of thy soul! But dost thou know what a soul is? Dost thou
      not see, that this soul is only the assemblage of thy organs, from which
      results life? Wouldst thou then refuse a soul to other animals, who live,
      think, judge, and compare, like thee; who seek pleasure, and avoid pain,
      like thee; and who often have organs, which serve them better than thine?
      Thou boastest of thy intellectual faculties; but do these faculties, of
      which thou art so proud, make thee happier than other animals? Dost thou
      often make use of that reason, in which thou gloriest, and to which
      religion commands thee not to listen? Are those brutes, which thou
      disdainest, because they are less strong or less cunning than thou art,
      subject to mental pains, to a thousand frivolous passions, to a thousand
      imaginary wants, to which thou art a continual prey? Are they, like thee,
      tormented by the past, alarmed at the future? Confined solely to the
      present, does not what you call their instinct, and what I call
      their intelligence, suffice to preserve and defend them, and to
      supply them with all they want? Does not this instinct, of which thou
      speakest with contempt, often serve them better than thy wonderful
      faculties? Is not their peaceful ignorance more advantageous to them, than
      those extravagant meditations and worthless researches, which render thee
      unhappy, and for which thy zeal urges thee even to massacre the beings of
      thy noble species? Finally, have these beasts, like so many mortals, a
      troubled imagination, which makes them fear, not only death, but likewise
      eternal torments?
    

      Augustus, hearing that Herod, king of Judea, had put his sons to death,
      exclaimed: It is much better to be Herod's hog, than his son. As
      much may be said of man. This dear child of Providence runs far greater
      risks than all other animals; having suffered much in this world, does he
      not imagine, that he is in danger of suffering eternally in another?
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      Where is the precise line of distinction between man and the animals whom
      he calls brutes? In what does he differ essentially from beasts? It is, we
      are told, by his intelligence, by the faculties of his mind, and by his
      reason, that man appears superior to all other animals, who, in all their
      actions, move only by physical impulses, in which reason has no share. But
      finally, brutes, having fewer wants than man, easily do without his
      intellectual faculties, which would be perfectly useless in their mode of
      existence. Their instinct is sufficient; while all the faculties of man
      scarcely suffice to render his existence supportable, and to satisfy the
      wants, which his imagination and his prejudices multiply to his torment.
    

      Brutes are not influenced by the same objects, as man; they have not the
      same wants, desires, nor fancies; and they very soon arrive to maturity,
      while the mind of man seldom attains to the full enjoyment and free
      exercise of its faculties and to such a use of them, as is conducive to
      his happiness.
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      We are assured, that the human soul is a simple substance. It should then
      be the same in every individual, each having the same intellectual
      faculties; yet this is not the case. Men differ as much in the qualities
      of the mind, as in the features of the face. There are human beings as
      different from one another, as man is from a horse or a dog. What
      conformity or resemblance do we find between some men? What an infinite
      distance is there between the genius of a Locke or a Newton, and that of a
      peasant, Hottentot, or Laplander?
    

      Man differs from other animals only in his organization, which enables him
      to produce effects, of which animals are not capable. The variety,
      observable in the organs of individuals of the human species suffices to
      explain the differences in what is called their intellectual faculties.
      More or less delicacy in these organs, warmth in the blood, mobility in
      the fluids, flexibility or stiffness in the fibres and nerves, must
      necessarily produce the infinite diversity, which we observe in the minds
      of men. It is by exercise, habit and education, that the mind is unfolded
      and becomes superior to that of others. Man, without culture and
      experience, is as void of reason and industry, as the brute. A stupid man
      is one, whose organs move with difficulty, whose brain does not easily
      vibrate, whose blood circulates slowly. A man of genius is he, whose
      organs are flexible, whose sensations are quick, whose brain vibrates with
      celerity. A learned man is he, whose organs and brain have been long
      exercised upon objects to which he is devoted.
    

      Without culture, experience, or reason, is not man more contemptible and
      worthy of hatred, than the vilest insects or most ferocious beasts? Is
      there in nature a more detestable being, than a Tiberius, a Nero, or a
      Caligula? Have those destroyers of the human race, known by the name of
      conquerors, more estimable souls than bears, lions, or panthers? Are there
      animals in the world more detestable than tyrants?
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      The superiority which man so gratuitously arrogates to himself over other
      animals, soon vanishes in the light of reason, when we reflect on human
      extravagances. How many animals shew more mildness, reflection, and
      reason, than the animal, who calls himself reasonable above all others?
      Are there among men, so often enslaved and oppressed, societies as well
      constituted as those of the ants, bees, or beavers? Do we ever see
      ferocious beasts of the same species mangle and destroy one another
      without profit? Do we ever see religious wars among them? The cruelty of
      beasts towards other species arises from hunger, the necessity of
      nourishment; the cruelty of man towards man arises only from the vanity of
      his masters and the folly of his impertinent prejudices. Speculative men,
      who endeavour to make us believe, that all in the universe was made for
      man, are much embarrassed, when we ask, how so many hurtful animals can
      contribute to the happiness of man? What known advantage results to the
      friend of the gods, from being bitten by a viper, stung by a gnat,
      devoured by vermin, torn in pieces by a tiger, etc.? Would not all these
      animals reason as justly as our theologians, should they pretend that man
      was made for them?
    







      98.
    

      AN EASTERN TALE.
    

      At some distance from Bagdad, a hermit, renowned for his sanctity, passed
      his days in an agreeable solitude. The neighbouring inhabitants, to obtain
      an interest in his prayers, daily flocked to his hermitage, to carry him
      provisions and presents. The holy man, without ceasing, gave thanks to God
      for the blessings, with which providence loaded him. "O Allah!" said he,
      "how ineffable is thy love to thy servants. What have I done to merit the
      favours, that I receive from thy bounty? O Monarch of the skies! O Father
      of nature! what praises could worthily celebrate thy munificence, and thy
      paternal care! O Allah! how great is thy goodness to the children of men!"
      Penetrated with gratitude, the hermit made a vow to undertake, for the
      seventh time, a pilgrimage to Mecca. The war which then raged between the
      Persians and Turks, could not induce him to defer his pious enterprise.
      Full of confidence in God, he sets out under the inviolable safeguard of a
      religious habit. He passes through the hostile troops without any
      obstacle; far from being molested, he receives, at every step, marks of
      veneration from the soldiers of the two parties. At length, borne down
      with fatigue, he is obliged to seek refuge against the rays of a scorching
      sun; he rests under the cool shade of a group of palm-trees. In this
      solitary place, the man of God finds not only an enchanting retreat, but a
      delicious repast. He has only to put forth his hand to gather dates and
      other pleasant fruits; a brook affords him the means of quenching his
      thirst. A green turf invites him to sleep; upon waking he performs the
      sacred ablution, and exclaims in a transport of joy: "O Allah! how great
      is thy goodness to the children of men!" After this perfect refreshment,
      the saint, full of strength and gaiety, pursues his way; it leads him
      across a smiling country, which presents to his eyes flowery hillocks,
      enamelled meadows, and trees loaded with fruit. Affected by this sight, he
      ceases not to adore the rich and liberal hand of providence, which appears
      every where providing for the happiness of the human race. Going a little
      farther, the mountains are pretty difficult to pass; but having once
      arrived at the summit, a hideous spectacle suddenly appears to his view.
      His soul is filled with horror. He discovers a vast plain laid waste with
      fire and sword; he beholds it covered with hundreds of carcases, the
      deplorable remains of a bloody battle, lately fought upon this field.
      Eagles, vultures, ravens and wolves were greedily devouring the dead
      bodies with which the ground was covered. This sight plunges our pilgrim
      into a gloomy meditation. Heaven, by special favour, had enabled him to
      understand the language of beasts. He heard a wolf, gorged with human
      flesh, cry out in the excess of his joy: "O Allah! how great is thy
      goodness to the children of wolves. Thy provident wisdom takes care to
      craze the minds of these detestable men, who are so dangerous to our
      species. By an effect of thy Providence, which watches over thy creatures,
      these destroyers cut one another's throats, and furnish us with sumptuous
      meals. O Allah! how great is thy goodness to the children of wolves!"
    







      99.
    

      A heated imagination sees in the universe only the blessings of heaven; a
      calmer mind finds in it both good and evil. "I exist," say you; but is
      this existence always a good? "Behold," you say, "that sun, which lights;
      this earth, which for you is covered with crops and verdure; these
      flowers, which bloom to regale your senses; these trees, which bend under
      the weight of delicious fruits; these pure waters, which run only to
      quench your thirst; those seas, which embrace the universe to facilitate
      your commerce; these animals, which a foreseeing nature provides for your
      use." Yes; I see all these things, and I enjoy them. But in many climates,
      this beautiful sun is almost always hidden; in others, its excessive heat
      torments, creates storms, produces frightful diseases, and parches the
      fields; the pastures are without verdure, the trees without fruit, the
      crops are scorched, the springs are dried up; I can only with difficulty
      subsist, and now complain of the cruelties of nature, which to you always
      appears so beneficent. If these seas bring me spices, and useless
      commodities, do they not destroy numberless mortals, who are foolish
      enough to seek them? The vanity of man persuades him, that he is the sole
      center of the universe; he creates for himself a world and a God; he
      thinks himself of sufficient consequence to derange nature at his
      pleasure. But, concerning other animals, he reasons like an atheist. Does
      he not imagine, that the individuals different from his own are automatons
      unworthy of the blessings of universal providence, and that brutes cannot
      be objects of his justice or goodness? Mortals regard the happy or unhappy
      events, health or sickness, life or death, plenty or want, as rewards or
      punishments for the right use or abuse of the liberty, with which they
      erroneously imagine themselves endowed. Do they reason in the same manner
      concerning the brutes? No. Although they see them, under a just God, enjoy
      and suffer, equally subject to health and sickness, live and die, like
      themselves, it never occurs to them to ask by what crime, these beasts
      could have incurred the displeasure of their Creator? Have not men,
      blinded by their religious prejudices, in order to free themselves from
      embarrassment, carried their folly so far as to pretend that beasts have
      no feeling?
    

      Will men never renounce their foolish pretensions? Will they never
      acknowledge that nature is not made for them? Will they never see that
      nature has placed equality among all beings she has produced? Will they
      never perceive that all organized beings are equally made to be born and
      die, enjoy and suffer? Finally, far from having any cause to be puffed up
      with their mental faculties, are they not forced to grant, that these
      faculties often make them more unhappy than beasts, in which we find
      neither opinions, prejudices, vanities, nor follies, which every moment
      decide the welfare of man?
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      The superiority which men arrogate over other animals, is chiefly founded
      upon their opinion, that they have the exclusive possession of an immortal
      soul. But ask them what this soul is, and they are puzzled. They will say,
      it is an unknown substance—a secret power distinct from their bodies—a
      spirit, of which they have no idea. Ask them how this spirit, which they
      suppose to be like their God wholly void of extension, could combine
      itself with their material bodies, and they will tell you, they know
      nothing about it; that it is to them a mystery; that this combination is
      an effect of the omnipotence of God. These are the ideas that men form of
      the hidden, or rather imaginary substance, which they consider as the main
      spring of all their actions!
    

      If the soul is a substance essentially different from the body, and can
      have no relation to it, their union would be, not a mystery, but an
      impossibility. Besides, this soul being of a nature different from the
      body, must necessarily act in a different manner; yet we see that this
      pretended soul is sensible of the motions experienced by the body, and
      that these two substances, essentially different, always acts in concert.
      You will say that this harmony is also a mystery. But I will tell you,
      that I see not my soul, that I know and am sensible of my body only, that
      it is this body which feels, thinks, judges, suffers, and enjoys; and that
      all these faculties are necessary results of its own mechanism, or
      organization.
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      Although it is impossible for men to form the least idea of the soul, or
      the pretended spirit, which animates them; yet they persuade themselves
      that this unknown soul is exempt from death. Every thing proves to them,
      that they feel, that they think, that they acquire ideas, that they enjoy
      and suffer, only by means of the senses, or material organs of the body.
      Admitting even the existence of this soul, they cannot help acknowledging,
      that it depends entirely upon the body, and undergoes, all its
      vicissitudes; and yet it is imagined, that this soul has nothing, in its
      nature, similar to the body; that it can act and feel without the
      assistance of the body; in a word, that this soul, freed from the body,
      and disengaged from its senses, can live, enjoy, suffer, experience
      happiness, or feel excruciating torments. Upon such a tissue of
      absurdities is built the marvellous opinion of the immortality of the
      soul. If I ask, what are the motives for believing the soul immortal,
      they immediately answer, that it is because man naturally desires to be
      immortal: but, because you desire a thing ardently, can you infer that
      your desire will be fulfilled? By what strange logic can we dare affirm,
      that a thing cannot fail to happen, because we ardently desire it? Are
      desires, begotten by the imagination, the measure of reality? The impious,
      you say, deprived of the flattering hope of another life, wish to be
      annihilated. Very well: may they not then as justly conclude, from their
      desire, that they shall be annihilated, as you may conclude from your
      desire, that you shall exist for ever.
    







      102.
    

      Man dies, and the human body after death is no longer anything but a mass
      incapable of producing those motions, of which the sum total constituted
      life. We see, that it has no longer circulation, respiration, digestion,
      speech, or thought. It is pretended, that the soul is then separated from
      the body; but to say, that this soul, with which we are unacquainted, is
      the principle of life, is to say nothing, unless that an unknown power is
      the hidden principle of imperceptible movements. Nothing is more natural
      and simple, than to believe, that the dead man no longer lives: nothing is
      more extravagant, than to believe, that the dead man is still alive. We
      laugh at the simplicity of some nations, whose custom is to bury provision
      with the dead, under an idea that it will be useful and necessary to them
      in the other life. Is it then more ridiculous or absurd to suppose, that
      men will eat after death, than to imagine, that they will think, that they
      will be actuated by agreeable or disagreeable ideas, that they will enjoy
      or suffer, and that they will experience repentance or delight, after the
      organs, adapted to produce sensations or ideas, are once dissolved. To say
      that the souls of men will be happy or unhappy after death, is in other
      words to say, that men will see without eyes, hear without ears, taste
      without palates, smell without noses, and touch without hands. And
      persons, who consider themselves very reasonable, adopt these ideas!
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      The dogma of the immortality of the soul supposes the soul to be a simple
      substance; in a word, a spirit. But I ask again, what is a spirit? "It
      is," say you, "a substance void of extension, incorruptible, having
      nothing common with matter." If so, how is your soul born, and how does it
      grow, how does it strengthen or weaken itself, how does it get disordered
      and grow old, in the same progression as your body?
    

      To all these questions you answer, that these are mysteries. If so, you
      cannot understand them. If you cannot understand them, why do you decide
      about a thing, of which you are unable to form the least idea? To believe
      or affirm any thing, it is necessary, at least, to know in what it
      consists. To believe in the existence of your immaterial soul, is to say,
      that you are persuaded of the existence of a thing, of which it is
      impossible for you to form any true notion; it is to believe in words
      without meaning. To affirm that the thing is as you say, is the height of
      folly or vanity.
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      Are not theologians strange reasoners? Whenever they cannot divine the natural
      causes of things, they invent what they call supernatural; such as
      spirits, occult causes, inexplicable agents, or rather words, much
      more obscure than the things they endeavour to explain. Let us
      remain in nature, when we wish to account for the phenomena of nature; let
      us be content to remain ignorant of causes too delicate for our organs;
      and let us be persuaded, that, by going beyond nature, we shall never
      solve the problems which nature presents.
    

      Even upon the hypothesis of theology, (that is, supposing an all-powerful
      mover of matter,) by what right would theologians deny, that their God has
      power to give this matter the faculty of thought? Was it then more
      difficult for him to create combinations of matter, from which thought
      might result, than spirits who could think? At least, by supposing matter,
      which thinks, we should have some notions of the subject of thought, or of
      what thinks in us; whereas, by attributing thought to an immaterial being,
      it is impossible to form the least idea of it.
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      It is objected against us, that materialism makes man a mere machine,
      which is said to be very dishonourable. But, will it be much more
      honourable for man, if we should say, that he acts by the secret impulses
      of a spirit, or by a certain I know not what, that animates him in
      a manner totally inexplicable.
    

      It is easy to perceive, that the supposed superiority of spirit
      over matter, or of the soul over the body, has no other foundation than
      men's ignorance of this soul, while they are more familiarized with matter,
      with which they imagine they are acquainted, and of which they think they
      can discern the origin. But the most simple movements of our bodies are to
      every man, who studies them, as inexplicable as thought.
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      The high value, which so many people set upon spiritual substance, has no
      other motive than their absolute inability to define it intelligibly. The
      contempt shewn for matter by our metaphysicians, arises only from
      the circumstance, that familiarity begets contempt. When they tell us,
      that the soul is more excellent and noble than the body, they say
      what they know not.
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      The dogma of another life is incessantly extolled, as useful. It is
      maintained, that even though it should be only a fiction, it is
      advantageous, because it deceives men, and conducts them to virtue. But is
      it true, that this dogma makes men wiser and more virtuous? Are the
      nations, who believe this fiction, remarkable for purity of morals? Has
      not the visible world ever the advantage over the invisible? If those, who
      are trusted with the instruction and government of men, had knowledge and
      virtue themselves, they would govern them much better by realities, than
      by fictions. But crafty, ambitious and corrupt legislators, have every
      where found it better to amuse with fables, than to teach them truths, to
      unfold their reason, to excite them to virtue by sensible and real
      motives, in fine, to govern them in a rational manner. Priests undoubtedly
      had reasons for making the soul immaterial; they wanted souls to people
      the imaginary regions, which they have discovered in the other life.
      Material souls would, like all bodies, have been subject to dissolution.
      Now, if men should believe, that all must perish with the body, the
      geographers of the other world would evidently lose the right of guiding
      men's souls towards that unknown abode; they would reap no profits from
      the hope with which they feed them, and the terrors with which they
      oppress them. If futurity is of no real utility to mankind, it is, at
      least, of the greatest utility to those, who have assumed the office of
      conducting them thither.
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      "But," it will be said, "is not the dogma of the immortality of the soul
      comforting to beings, who are often very unhappy here below? Though it
      should be an error, is it not pleasing? Is it not a blessing to man to
      believe, that he shall be able to enjoy hereafter a happiness, which is
      denied him upon earth?" Thus, poor mortals! you make your wishes the
      measure of truth; because you desire to live for ever, and to be happier,
      you at once conclude, that you shall live for ever, and that you shall be
      more fortunate in an unknown world, than in this known world, where you
      often find nothing but affliction! Consent therefore to leave, without
      regret, this world which gives the greater part of you much more torment
      than pleasure. Submit to the order of nature, which demands that you, as
      well as all other beings, should not endure for ever.
    

      We are incessantly told, that religion has infinite consolations for the
      unfortunate, that the idea of the soul's immortality, and of a happier
      life, is very proper to elevate man, and to support him under adversity,
      which awaits him upon earth. It is said, on the contrary, that materialism
      is an afflicting system, calculated to degrade man; then it puts him upon
      a level with the brutes, breaks his courage, and shows him no other
      prospect than frightful annihilation, capable of driving him to despair
      and suicide, whenever he is unhappy. The great art of theologians is to
      blow hot and cold, to afflict and console, to frighten and encourage.
    

      It appears by theological fictions, that the regions of the other life are
      happy and unhappy. Nothing is more difficult than to become worthy of the
      abode of felicity; nothing more easy than to obtain a place in the abode
      of torment, which God is preparing for the unfortunate victims of eternal
      fury. Have those then, who think the other life so pleasant and
      flattering, forgotten, that according to them, that life is to be attended
      with torments to the greater part of mortals? Is not the idea of total
      annihilation infinitely preferable to the idea of an eternal existence,
      attended with anguish and gnashing of teeth? Is the fear of an end
      more afflicting, than that of having had a beginning! The fear of ceasing
      to exist is a real evil only to the imagination, which alone begat the
      dogma of another life.
    

      Christian ministers say that the idea of a happier life is joyous.
      Admitted. Every person would desire a more agreeable existence than that
      he enjoys here. But, if paradise is inviting, you will grant, that hell is
      frightful. Heaven is very difficult, and hell very easy to be merited. Do
      you not say, that a narrow way leads to the happy regions, and a broad
      way to the regions of misery? Do you not often say, that the number of
      the elect is very small, and that of the reprobate very large? Is not
      Grace, which your God grants but to a very few, necessary to salvation?
      Now, I assure you, that these ideas are by no means consoling; that I had
      rather be annihilated, once for all, than to burn for ever; that the fate
      of beasts is to me more desirable than that of the damned; that the
      opinion which relieves me from afflicting fears in this world, appears to
      me more joyous, than the uncertainty arising from the opinion of a God,
      who, master of his grace, grants it to none but his favourites, and
      permits all others to become worthy of eternal torment. Nothing but
      enthusiasm or folly can induce a man to prefer improbable conjectures,
      attended with uncertainty and insupportable fears.
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      All religious principles are the work of pure imagination, in which
      experience and reason have no share. It is extremely difficult to combat
      them, because the imagination, once prepossessed by chimeras, which
      astonish or disturb it, is incapable of reasoning. To combat religion and
      its phantoms with the arms of reason, is like using a sword to kill gnats;
      as soon as the blow is struck, the gnats and chimeras come hovering round
      again, and resume in the mind the place, from which they were thought to
      have been for ever banished.
    

      When we reject, as too weak, the proofs given of the existence of a God,
      they instantly oppose to the arguments, which destroy that existence, an
      inward sense, a deep persuasion, an invincible inclination, born in
      every man, which holds up to his mind, in spite of himself, the idea of an
      almighty being, whom he cannot entirely expel from his mind, and whom he
      is compelled to acknowledge, in spite of the strongest reasons that can be
      urged. But whoever will analyse this inward sense, upon which such
      stress is laid, will perceive, that it is only the effect of a rooted
      habit, which, shutting their eyes against the most demonstrative proofs,
      subjects the greater part of men, and often even the most enlightened, to
      the prejudices of childhood. What avails this inward sense, or this deep
      persuasion, against the evidence, which demonstrates, that whatever
      implies a contradiction cannot exist?
    

      We are gravely assured, that the non-existence of God is not demonstrated.
      Yet, by all that men have hitherto said of him, nothing is better
      demonstrated, than that this God is a chimera, whose existence is totally
      impossible; since nothing is more evident, than that a being cannot
      possess qualities so unlike, so contradictory, so irreconcilable, as
      those, which every religion upon earth attributes to the Divinity. Is not
      the theologian's God, as well as that of the deist, a cause incompatible
      with the effects attributed to it? Let them do what they will, it is
      necessary either to invent another God, or to grant, that he, who, for so
      many ages, has been held up to the terror of mortals, is at the same time
      very good and very bad, very powerful and very weak, unchangeable and
      fickle, perfectly intelligent and perfectly void of reason, of order and
      permitting disorder, very just and most unjust, very skilful and
      unskilful. In short, are we not forced to confess, that it is impossible
      to reconcile the discordant attributes, heaped upon a being, of whom we
      cannot speak without the most palpable contradictions? Let any one
      attribute a single quality to the Divinity, and it is universally
      contradicted by the effects, ascribed to this cause.
    







      110.
    

      Theology might justly be defined the science of contradictions.
      Every religion is only a system, invented to reconcile irreconcilable
      notions. By the aid of habit and terror, man becomes obstinate in the
      greatest absurdities, even after they are exposed in the clearest manner.
      All religions are easily combated, but with difficulty extirpated. Reason
      avails nothing against custom, which becomes, says the proverb, a
      second nature. Many persons, in other respects sensible, even after
      having examined the rotten foundation of their belief, adhere to it in
      contempt of the most striking arguments. Whenever we complain of religion,
      its shocking absurdities, and impossibilities, we are told that we are not
      made to understand the truths of religion; that reason goes astray, and is
      capable of leading us to perdition; and moreover, that what is folly in
      the eyes of man, is wisdom in the eyes of God, to whom nothing is
      impossible. In short, to surmount, by a single word, the most
      insurmountable difficulties, presented on all sides by theology, they get
      rid of them by saying, these are mysteries!
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      What is a mystery? By examining the thing closely, I soon perceive, that a
      mystery is nothing but a contradiction, a palpable absurdity, a manifest
      impossibility, over which theologians would oblige men humbly to shut
      their eyes. In a word, a mystery is whatever our spiritual guides cannot
      explain.
    

      It is profitable to the ministers of religion, that people understand
      nothing of what they teach. It is impossible to examine what we do not
      comprehend; when we do not see, we must suffer ourselves to be led. If
      religion were clear, priests would find less business.
    

      Without mysteries there can be no religion; mystery is essential to it; a
      religion void of mysteries, would be a contradiction in terms. The God,
      who serves as the foundation of natural religion, or deism,
      is himself the greatest of mysteries.
    







      112.
    

      Every revealed religion is filled with mysterious dogmas, unintelligible
      principles, incredible wonders, astonishing recitals, which appear to have
      been invented solely to confound reason. Every religion announces a hidden
      God, whose essence is a mystery; consequently, the conduct, ascribed to
      him, is no less inconceivable than his essence. The Deity has never spoken
      only in an enigmatical and mysterious manner, in the various religions,
      which have been founded in different regions of our globe; he has
      everywhere revealed himself only to announce mysteries; that is, to inform
      mortals, that he intended they should believe contradictions,
      impossibilities, and things to which they were incapable of affixing any
      clear ideas.
    

      The more mysterious and incredible a religion is, the more power it has to
      please the imagination of men. The darker a religion is, the more it
      appears divine, that is, conformable to the nature of a hidden being, of
      whom they have no ideas. Ignorance prefers the unknown, the hidden, the
      fabulous, the marvellous, the incredible, or even the terrible, to what is
      clear, simple, and true. Truth does not operate upon the imagination in so
      lively a manner as fiction, which, in other respects, everyone is able to
      arrange in his own way. The vulgar like to listen to fables. Priests and
      legislators, by inventing religions and forging mysteries have served the
      vulgar people well. They have thereby gained enthusiasts, women and fools.
      Beings of this stamp are easily satisfied with things, which they are
      incapable of examining. The love of simplicity and truth is to be found
      only among the few, whose imagination is regulated by study and
      reflection.
    

      The inhabitants of a village are never better pleased with their parson,
      than when he introduces Latin into his sermon. The ignorant always
      imagine, that he, who speaks to them of things they do not understand, is
      a learned man. Such is the true principle of the credulity of the people,
      and of the authority of those, who pretend to guide nations.
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      To announce mysteries to men, is to give and withhold; it is to talk in
      order not to be understood. He, who speaks only obscurely, either seeks to
      amuse himself by the embarrassment, which he causes, or finds his interest
      in not explaining himself too clearly. All secrecy indicates distrust,
      impotence, and fear. Princes and their ministers make a mystery of their
      projects, for fear their enemies should discover and render them abortive.
      Can a good God amuse himself by perplexing his creatures? What interest
      then could he have in commanding his ministers to announce riddles and
      mysteries?
    

      It is said, that man, by the weakness of his nature, is totally incapable
      of understanding the divine dispensations, which can be to him only a
      series of mysteries; God cannot disclose to him secrets, necessarily above
      his reach. If so, I answer again, that man is not made to attend to the
      divine dispensations; that these dispensations are to him by no means
      interesting; that he has no need of mysteries, which he cannot understand;
      and consequently, that a mysterious religion is no more fit for him, than
      an eloquent discourse is for a flock of sheep.
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      The Deity has revealed himself with so little uniformity in the different
      countries of our globe, that in point of religion, men regard one another
      with hatred and contempt. The partisans of the different sects think each
      other very ridiculous and foolish. Mysteries, most revered in one
      religion, are objects of derision to another. God, in revealing himself to
      mankind, ought at least, to have spoken the same language to all, and
      saved their feeble minds the perplexity of inquiring which religion really
      emanated from him, or what form of worship is most acceptable in his
      sight.
    

      A universal God ought to have revealed a universal religion. By what
      fatality then are there so many different religions upon earth? Which is
      really right, among the great number of those, each of which exclusively
      pretends to be the true one? There is great reason to believe, that no
      religion enjoys this advantage. Division and disputes upon opinions are
      indubitable signs of the uncertainty and obscurity of the principles, upon
      which they build.
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      If religion were necessary at all, it ought to be intelligible to all. If
      this religion were the most important concern of men, the goodness of God
      would seem to demand, that it should be to them of all things the most
      clear, evident, and demonstrative. Is it not then astonishing, that this
      thing so essential to the happiness of mortals, is precisely that, which
      they understand least, and about which, for so many ages, their teachers
      have most disputed? Priests have never agreed upon the manner of
      understanding the will of a God, who has revealed himself.
    

      The world, may be compared to a public fair, in which are several
      empirics, each of whom endeavours to attract the passengers by decrying
      the remedies sold by his brothers. Each shop has its customers, who are
      persuaded, that their quacks possess the only true remedies; and
      notwithstanding a continual use of them, they perceive not the inefficacy
      of these remedies, or that they are as infirm as those, who run after the
      quacks of a different shop.
    

      Devotion is a disorder of the imagination contracted in infancy. The
      devout man is a hypochondriac, who only augments his malady by the
      application of remedies. The wise man abstains from them entirely; he pays
      attention to his diet, and in other respects leaves nature to her course.
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      To a man of sense, nothing appears more ridiculous, than the opinions,
      which the partisans of the different religions with equal folly entertain
      of each other. A Christian regards the Koran, that is, the divine
      revelation announced by Mahomet, as nothing but a tissue of impertinent
      reveries, and impostures insulting to the divinity. The Mahometan, on the
      other hand, treats the Christian as an idolater and a dog.
      He sees nothing but absurdities in his religion. He imagines he has a
      right to subdue the Christian, and to force him, sword in hand, to receive
      the religion of his divine prophet. Finally, he believes, that nothing is
      more impious and unreasonable, than to worship a man, or to believe in the
      Trinity. The protestant Christian who without scruple worships a
      man, and firmly believes the inconceivable mystery of the trinity,
      ridicules the catholic Christian for believing in the mystery of transubstantiation;
      he considers him mad, impious, and idolatrous, because he kneels to
      worship some bread, in which he thinks he sees God. Christians of every
      sect regard, as silly stories, the incarnations of Vishnu, the God
      of the Indies; they maintain, that the only true incarnation is
      that of Jesus, son of a carpenter. The deist, who calls himself the
      follower of a religion, which he supposes to be that of nature, content
      with admitting a God, of whom he has no idea, makes a jest of all the
      mysteries, taught by the various religions in the world.
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      Is there any thing more contradictory, impossible, or mysterious, than the
      creation of matter by an immaterial being, who, though immutable, operates
      continual changes in the world? Is any thing more incompatible with every
      notion of common sense, than to believe, that a supremely good, wise,
      equitable and powerful being presides over nature, and by himself directs
      the movements of a world, full of folly, misery, crimes and disorders,
      which by a single word, he could have prevented or removed? In fine,
      whenever we admit a being as contradictory as the God of theology, how can
      we reject the most improbable fables, astonishing miracles, and profound
      mysteries.
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      The Deist exclaims: "Abstain from worshipping the cruel and capricious God
      of theology; mine is a being infinitely wise and good; he is the father of
      men, the mildest of sovereigns; it is he who fills the universe with his
      benefits." But do you not see that every thing in this world contradicts
      the good qualities, which you ascribe to your God? In the numerous family
      of this tender father, almost all are unhappy. Under the government of
      this just sovereign, vice is triumphant, and virtue in distress. Among
      those blessings you extol, and which only enthusiasm can see, I behold a
      multitude of evils, against which you obstinately shut your eyes. Forced
      to acknowledge, that your beneficent God, in contradiction with himself,
      distributes good and evil with the same hand, for his justification you
      must, like the priest, refer me to the regions of another life. Invent,
      therefore, another God; for yours is no less contradictory than that of
      theologians.
    

      A good God, who does evil, or consents to the commission of evil; a God
      full of equity, and in whose empire innocence is often oppressed; a
      perfect God, who produces none but imperfect and miserable works; are not
      such a God and his conduct as great mysteries, as that of the incarnation?
    

      You blush for your fellow-citizens, who allow themselves to be persuaded,
      that the God of the universe could change himself into a man, and die upon
      a cross in a corner of Asia. The mystery of the incarnation appears to you
      very absurd. You think nothing more ridiculous, than a God, who transforms
      himself into bread, and causes himself daily to be eaten in a thousand
      different places. But are all these mysteries more contradictory to reason
      than a God, the avenger and rewarder of the actions of men? Is man,
      according to you, free, or not free? In either case, your God, if he has
      the shadow of equity, can neither punish nor reward him. If man is free,
      it is God, who has made him free; therefore God is the primitive cause of
      all his actions; in punishing him for his faults, he would punish him for
      having executed what he had given him liberty to do. If man is not free to
      act otherwise than he does, would not God be most unjust, in punishing man
      for faults, which he could not help committing.
    

      The minor, or secondary, absurdities, with which all religions abound, are
      to many people truly striking; but they have not the courage to trace the
      source of these absurdities. They see not, that a God full of
      contradictions, caprices and inconsistent qualities, has only served to
      disorder men's imaginations, and to produce an endless succession of
      chimeras.
    







      119.
    

      The theologian would shut the mouths of those who deny the existence of
      God, by saying, that all men, in all ages and countries, have acknowledged
      some divinity or other; that every people have believed in an invisible
      and powerful being, who has been the object of their worship and
      veneration; in short, that there is no nation, however savage, who are not
      persuaded of the existence of some intelligence superior to human nature.
      But, can an error be changed into truth by the belief of all men? The
      great philosopher Bayle has justly observed, that "general tradition, or
      the unanimous consent of mankind, is no criterion of truth."
    

      There was a time, when all men believed that the sun moved round the
      earth, but this error was detected. There was a time, when nobody believed
      the existence of the antipodes, and when every one was persecuted, who had
      temerity enough to maintain it. At present, every informed man firmly
      believes it. All nations, with the exception of a few men who are less
      credulous than the rest, still believe in ghosts and spirits. No sensible
      man now adopts such nonsense. But the most sensible people consider it
      their duty to believe in a universal spirit!
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      All the gods, adored by men, are of savage origin. They have evidently
      been imagined by stupid people, or presented, by ambitious and crafty
      legislators, to ignorant and uncivilized nations, who had neither capacity
      nor courage to examine the objects, which through terror they were made to
      worship.
    

      By closely examining God, we are forced to acknowledge, that he evidently
      bears marks of a savage nature. To be savage is to acknowledge no right
      but force; it is to be cruel beyond measure; to follow only one's own
      caprice; to want foresight, prudence, and reason. Ye nations, who call
      yourselves civilized! Do you not discern, in this hideous character, the
      God, on whom you lavish your incense? Are not the descriptions given you
      of the divinity, visibly borrowed from the implacable, jealous, revengeful,
      sanguinary, capricious inconsiderate humour of man, who has not cultivated
      his reason? O men! You adore only a great savage, whom you regard,
      however, as a model to imitate, as an amiable master, as a sovereign full
      of perfection.
    

      Religious opinions are ancient monuments of ignorance, credulity,
      cowardice, and barbarism of their ancestors. Every savage is a child fond
      of the marvellous, who believes every thing, and examines nothing.
      Ignorant of nature, he attributes to spirits, enchantments, and to magic,
      whatever appears to him extraordinary. His priests appear to him
      sorcerers, in whom he supposes a power purely divine, before whom his
      confounded reason humbles itself, whose oracles are to him infallible
      decrees which it would be dangerous to contradict.
    

      In religion, men have, for the most part, remained in their primitive
      barbarity. Modern religions are only ancient follies revived, or presented
      under some new form. If the savages of antiquity adored mountains, rivers,
      serpents, trees, and idols of every kind; if the EGYPTIANS paid homage to
      crocodiles, rats, and onions, do we not see nations, who think themselves
      wiser than they, worship bread, into which they imagine, that through the
      enchantments of their priests, the divinity has descended. Is not the
      Bread-God the idol of many Christian nations, who, in this respect, are as
      irrational, as the most savage?
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      The ferocity, stupidity, and folly of uncivilized man have ever disclosed
      themselves in religious practices, either cruel or extravagant. A spirit
      of barbarity still survives, and penetrates the religions even of the most
      polished nations. Do we not still see human victims offered to the
      divinity? To appease the anger of a God, who is always supposed as
      ferocious, jealous and vindictive, as a savage, do not those, whose manner
      of thinking is supposed to displease him, expire under studied torments,
      by the command of sanguinary laws? Modern nations, at the instigation of
      their priests, have perhaps improved upon the atrocious folly of barbarous
      nations; at least, we find, that it has ever entered the heads of savages
      to torment for opinions, to search the thoughts, to molest men for the
      invisible movements of their brains?
    

      When we see learned nations, such as the English, French, German, etc.,
      continue, notwithstanding their knowledge, to kneel before the barbarous
      God of the Jews; when we see these enlightened nations divide into sects,
      defame, hate, and despise one another for their equally ridiculous
      opinions concerning the conduct and intentions of this unreasonable God;
      when we see men of ability foolishly devote their time to meditate the
      will of this God, who is full of caprice and folly, we are tempted to cry
      out: O men, you are still savage!!!
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      Whoever has formed true ideas of the ignorance, credulity, negligence, and
      stupidity of the vulgar, will suspect opinions the more, as he finds them
      generally established. Men, for the most part, examine nothing: they
      blindly submit to custom and authority. Their religious opinions, above
      all others, are those which they have the least courage and capacity to
      examine: as they comprehend nothing about them, they are forced to be
      silent, or at least are soon destitute of arguments. Ask any man, whether
      he believes in a God? He will be much surprised that you can doubt it. Ask
      him again, what he understands by the word God. You throw him into
      the greatest embarrassment; you will perceive immediately, that he is
      incapable of affixing any real idea to this word, he incessantly repeats.
      He will tell you, that God is God. He knows neither what he thinks of it,
      nor his motives for believing in it.
    

      All nations speak of a God; but do they agree upon this God? By no means.
      But division upon an opinion proves not its evidence; it is rather a sign
      of uncertainty and obscurity. Does the same man always agree with himself
      in the notions he forms of his God? No. His idea varies with the changes,
      which he experiences;—another sign of uncertainty. Men always agree
      in demonstrative truths. In any situation, except that of insanity, every
      one knows that two and two make four, that the sun shines, that the whole
      is greater than its part; that benevolence is necessary to merit the
      affection of men; that injustice and cruelty are incompatible with
      goodness. Are they thus agreed when they speak of God? Whatever they
      think, or say of him, is immediately destroyed by the effects they
      attribute to him.
    

      Ask several painters to represent a chimera, and each will paint it in a
      different manner. You will find no resemblance between the features, each
      has given it a portrait, that has no original. All theologians, in giving
      us a picture of God, give us one of a great chimera, in whose features
      they never agree, whom each arranges in his own way, and who exists only
      in their imaginations. There are not two individuals, who have, or can
      have, the same ideas of their God.
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      It might be said with more truth, that men are either skeptics or
      atheists, than that they are convinced of the existence of God. How can we
      be assured of the existence of a being, whom we could never examine, and
      of whom it is impossible to conceive any permanent idea? How can we
      convince ourselves of the existence of a being, to whom we are every
      moment forced to attribute conduct, opposed to the ideas, we had
      endeavoured to form of him? Is it then possible to believe what we cannot
      conceive? Is not such a belief the opinions of others without having any
      of our own? Priests govern by faith; but do not priests themselves
      acknowledge that God is to them incomprehensible? Confess then, that a
      full and entire conviction of the existence of God is not so general, as
      is imagined.
    

      Scepticism arises from a want of motives sufficient to form a judgment.
      Upon examining the proofs which seem to establish, and the arguments which
      combat, the existence of God, some persons have doubted and withheld their
      assent. But this uncertainty arises from not having sufficiently examined.
      Is it possible to doubt any thing evident? Sensible people ridicule an
      absolute scepticism, and think it even impossible. A man, who doubted his
      own existence, or that of the sun, would appear ridiculous. Is this more
      extravagant than to doubt the non-existence of an evidently impossible
      being? Is it more absurd to doubt one's own existence, than to hesitate
      upon the impossibility of a being, whose qualities reciprocally destroy
      one another? Do we find greater probability for believing the existence of
      a spiritual being, than the existence of a stick without two ends? Is the
      notion of an infinitely good and powerful being, who causes or permits an
      infinity of evils, less absurd or impossible, than that of a square
      triangle? Let us conclude then, that religious scepticism can result only
      from a superficial examination of theological principles, which are in
      perpetual contradiction with the most clear and demonstrative principles.
    

      To doubt, is to deliberate. Scepticism is only a state of indetermination,
      resulting from an insufficient examination of things. Is it possible for
      any one to be sceptical in matters of religion, who will deign to revert
      to its principles, and closely examine the notion of God, who serves as
      its basis? Doubt generally arises either from indolence, weakness,
      indifference, or incapacity. With many people, to doubt is to fear the
      trouble of examining things, which are thought uninteresting. But religion
      being presented to men as their most important concern in this and the
      future world, skepticism and doubt on this subject must occasion perpetual
      anxiety and must really constitute a bed of thorns. Every man who has not
      courage to contemplate, without prejudice, the God upon whom all religion
      is founded, can never know for what religion to decide: he knows not what
      he should believe or not believe, admit or reject, hope or fear.
    

      Indifference upon religion must not be confounded with scepticism. This
      indifference is founded upon the absolute assurance, or at any rate upon
      the probable belief, that religion is not interesting. A persuasion that a
      thing which is pretended to be important is not so, or is only
      indifferent, supposes a sufficient examination of the thing, without which
      it would be impossible to have this persuasion. Those who call themselves
      sceptics in the fundamental points of religion, are commonly either
      indolent or incapable of examining.
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      In every country, we are assured, that a God has revealed himself. What
      has he taught men? Has he proved evidently that he exists? Has he informed
      them where he resides? Has he taught them what he is, or in what his
      essence consists? Has he clearly explained to them his intentions and
      plan? Does what he says of this plan correspond with the effects, which we
      see? No. He informs them solely, that he is what he is; that he is
      a hidden God; that his ways are unspeakable; that he is exasperated
      against all who have the temerity to fathom his decrees, or to consult
      reason in judging him or his works.
    

      Does the revealed conduct of God answer the magnificent ideas which
      theologians would give us of his wisdom, goodness, justice, and
      omnipotence? By no means. In every revelation, this conduct announces a
      partial and capricious being, the protector of favourite people, and the
      enemy of all others. If he deigns to appear to some men, he takes care to
      keep all others in an invincible ignorance of his divine intentions. Every
      private revelation evidently announces in God, injustice, partiality and
      malignity.
    

      Do the commands, revealed by any God, astonish us by their sublime reason
      or wisdom? Do they evidently tend to promote the happiness of the people,
      to whom the Divinity discloses them? Upon examining the divine commands,
      one sees in every country, nothing but strange ordinances, ridiculous
      precepts, impertinent ceremonies, puerile customs, oblations, sacrifices,
      and expiations, useful indeed to the ministers of God, but very
      burthensome to the rest of the citizens. I see likewise, that these laws
      often tend to make men unsociable, disdainful, intolerant, quarrelsome,
      unjust, and inhuman, to those who have not received the same revelations,
      the same ordinances, or the same favours from heaven.
    







      125.
    

      Are the precepts of morality, announced by the Deity, really divine, or
      superior to those which every reasonable man might imagine? They are
      divine solely because it is impossible for the human mind to discover
      their utility. They make virtue consist in a total renunciation of nature,
      in a voluntary forgetfulness of reason, a holy hatred of ourselves.
      Finally, these sublime precepts often exhibit perfection in a conduct,
      cruel to ourselves, and perfectly useless to others.
    

      Has a God appeared? Has he himself promulgated his laws? Has he spoken to
      men with his own mouth? I am told, that God has not appeared to a whole
      people; but that he has always manifested himself through the medium of
      some favourite personages, who have been intrusted with the care of
      announcing and explaining his intentions. The people have never been
      permitted to enter the sanctuary; the ministers of the gods have alone had
      the right to relate what passes there.
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      If in every system of divine revelation, I complain of not seeing either
      the wisdom, goodness, or equity of God; if I suspect knavery, ambition, or
      interest; it is replied, that God has confirmed by miracles the mission of
      those, who speak in his name. But was it not more simple for him to appear
      in person, to explain his nature and will? Again, if I have the curiosity
      to examine these miracles, I find, that they are improbable tales, related
      by suspected people, who had the greatest interest in giving out that they
      were the messengers of the Most High.
    

      What witnesses are appealed to in order to induce us to believe incredible
      miracles? Weak people, who existed thousands of years ago, and who, even
      though they could attest these miracles, may be suspected of being duped
      by their own imagination, and imposed upon by the tricks of dexterous
      impostors. But, you will say, these miracles are written in books, which
      by tradition have been transmitted to us. By whom were these books
      written? Who are the men who have transmitted them? They are either the
      founders of religions themselves, or their adherents and assigns. Thus, in
      religion, the evidence of interested parties becomes irrefragable and
      incontestable.
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      God has spoken differently to every people. The Indian believes not a word
      of what He has revealed to the Chinese; the Mahometan considers as fables
      what He has said to the Christian; the Jew regards both the Mahometan and
      Christian as sacrilegious corrupters of the sacred law, which his God had
      given to his fathers. The Christian, proud of his more modern revelation,
      indiscriminately damns the Indian, Chinese, Mahometan, and even the Jew,
      from whom he receives his sacred books. Who is wrong or right? Each
      exclaims, I am in the right! Each adduces the same proofs: each
      mentions his miracles, diviners, prophets, and martyrs. The man of sense
      tells them, they are all delirious; that God has not spoken, if it is true
      that he is a spirit, and can have neither mouth nor tongue; that without
      borrowing the organ of mortals, God could inspire his creatures with what
      he would have them learn; and that, as they are all equally ignorant what
      to think of God, it is evident that it has not been the will of God to
      inform them on the subject.
    

      The followers of different forms of worship which are established, accuse
      one another of superstition and impiety. Christians look with abhorrence
      upon the Pagan, Chinese, and Mahometan superstition. Roman Catholics
      treat, as impious, Protestant Christians; and the latter incessantly
      declaim against the superstition of the Catholics. They are all right. To
      be impious, is to have opinions offensive to the God adored; to be
      superstitious, is to have of him false ideas. In accusing one another of
      superstition, the different religionists resemble humpbacks, who reproach
      one another with their deformity.
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      Are the oracles, which the Divinity has revealed by his different
      messengers, remarkable for clearness? Alas! no two men interpret them
      alike. Those who explain them to others are not agreed among themselves.
      To elucidate them, they have recourse to interpretations, to commentaries,
      to allegories, to explanations: they discover mystical sense very
      different from the literal sense. Men are every where wanted to
      explain the commands of a God, who could not, or would not, announce
      himself clearly to those, whom he wished to enlighten.
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      The founders of religion, have generally proved their missions by
      miracles. But what is a miracle? It is an operation directly opposite to
      the laws of nature. But who, according to you, made those laws? God. Thus,
      your God, who, according to you, foresaw every thing, counteracts the
      laws, which his wisdom prescribed to nature! These laws were then
      defective, or at least in certain circumstances they did not accord with
      the views of the same God, since you inform us that he judged it necessary
      to suspend or counteract them.
    

      It is said, that a few men, favoured by the Most High, have received power
      to perform miracles. But to perform a miracle, it is necessary to have
      ability to create new causes capable of producing effects contrary to
      those of common causes. Is it easy to conceive, that God can give men the
      inconceivable power of creating causes out of nothing? Is it credible,
      that an immutable God can communicate to men power to change or rectify
      his plan, a power, which by his essence an immutable being cannot save
      himself? Miracles, far from doing much honour to God, far from proving the
      divinity of a religion, evidently annihilate the God idea. How can a
      theologian tell us, that God, who must have embraced the whole of his
      plan, who could have made none but perfect laws, and who cannot alter
      them, is forced to employ miracles to accomplish his projects, or can
      grant his creatures the power of working prodigies to execute his divine
      will? An omnipotent being, whose will is always fulfilled, who holds in
      his hand his creatures, has only to will, to make them believe
      whatever he desires.
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      What shall we say of religions that prove their divinity by miracles? How
      can we credit miracles recorded in the sacred books of the Christians,
      where God boasts of hardening the hearts and blinding those whom he wishes
      to destroy; where he permits malicious spirits and magicians to work
      miracles as great as those of his servants; where it is predicted, that Antichrist
      shall have power to perform prodigies capable of shaking the faith even of
      the elect? In this case, by what signs shall we know whether God means to
      instruct or ensnare us? How shall we distinguish whether the wonders, we
      behold, come from God or devil? To remove our perplexity, Pascal gravely
      tells us, that it is necessary to judge the doctrine by the miracles,
      and the miracles by the doctrine; that the doctrine proves the miracles,
      and the miracles the doctrine. If there exist a vicious and ridiculous
      circle, it is undoubtedly in this splendid reasoning of one of the
      greatest defenders of Christianity. Where is the religion, that does not
      boast of the most admirable doctrine, and which does not produce numerous
      miracles for its support?
    

      Is a miracle capable of annihilating the evidence of a demonstrated truth?
      Although a man should have the secret of healing all the sick, of making
      all the lame to walk, of raising in all the dead of a city, of ascending
      into the air, of stopping the course of the sun and moon, can he thereby
      convince me, that two and two do not make four, that one makes three, and
      that three make only one; that a God, whose immensity fills the universe,
      could have been contained in the body of a Jew; that the ETERNAL can die
      like a man; that a God, who is said to be immutable, provident, and
      sensible, could have changed his mind upon his religion, and reformed his
      own work by a new revelation?
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      According to the very principles either of natural or revealed theology,
      every new revelation should be regarded as false; every change in a
      religion emanated from the Deity should be reputed an impiety and
      blasphemy. Does not all reform suppose, that, in his first effort, God
      could not give his religion the solidity and perfection required? To say,
      that God, in giving a first law, conformed to the rude ideas of the people
      whom he wished to enlighten, is to pretend that God was neither able nor
      willing to render the people, whom he was enlightening, so reasonable as
      was necessary in order to please him.
    

      Christianity is an impiety, if it is true that Judaism is a religion which
      has really emanated from a holy, immutable, omnipotent, and foreseeing
      God. The religion of Christ supposes either defects in the law which God
      himself had given by Moses, or impotence or malice in the same God, who
      was either unable or unwilling to render the Jews such as they ought to
      have been in order to please him. Every new religion, or reform of ancient
      religions, is evidently founded upon the impotence, inconstancy,
      imprudence, or malice of the Divinity.
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      If history informs me, that the first apostles, the founders or reformers
      of religions, wrought great miracles; history also informs me, that these
      reformers and their adherents were commonly buffeted, persecuted, and put
      to death, as disturbers of the peace of nations. I am therefore tempted to
      believe, that they did not perform the miracles ascribed to them; indeed,
      such miracles must have gained them numerous partisans among the
      eye-witnesses, who ought to have protected the operators from abuse. My
      incredulity redoubles, when I am told, that the workers of miracles were
      cruelly tormented, or ignominiously executed. How is it possible to
      believe, that missionaries, protected by God, invested with his divine
      power, and enjoying the gift of miracles, could not have wrought such a
      simple miracle, as to escape the cruelty of their persecutors?
    

      Priests have the art of drawing from the persecutions themselves, a
      convincing proof in favour of the religion of the persecuted. But a
      religion, which boasts of having cost the lives of many martyrs, and
      informs us, that its founders, in order to extend it, have suffered
      punishments, cannot be the religion of a beneficent, equitable and
      omnipotent God. A good God would not permit men, intrusted with announcing
      his commands, to be ill-treated. An all-powerful God, wishing to found a
      religion, would proceed in a manner more simple and less fatal to the most
      faithful of his servants. To say that God would have his religion sealed
      with blood, is to say that he is weak, unjust, ungrateful, and sanguinary;
      and that he is cruel enough to sacrifice his messengers to the views of
      his ambition.
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      To die for religion proves not that the religion is true, or divine; it
      proves, at most, that it is supposed to be such. An enthusiast proves
      nothing by his death, unless that religious fanaticism is often stronger
      than the love of life. An impostor may sometimes die with courage; he then
      makes, in the language of the proverb, a virtue of necessity.
    

      People are often surprised and affected at sight of the generous courage
      and disinterested zeal, which has prompted missionaries to preach their
      doctrine, even at the risk of suffering the most rigorous treatment. From
      this ardour for the salvation of men, are drawn inferences favourable to
      the religion they have announced. But in reality, this disinterestedness
      is only apparent. He, who ventures nothing should gain nothing. A
      missionary seeks to make his fortune by his doctrine. He knows that, if he
      is fortunate enough to sell his commodity, he will become absolute master
      of those who receive him for their guide; he is sure of becoming the
      object of their attention, respect, and veneration. Such are the true
      motives, which kindle the zeal and charity of so many preachers and
      missionaries.
    

      To die for an opinion, proves the truth or goodness of that opinion no
      more than to die in battle proves the justice of a cause, in which
      thousands have the folly to devote their lives. The courage of a martyr,
      elated with the idea of paradise, is not more supernatural, than the
      courage of a soldier, intoxicated with the idea of glory, or impelled by
      the fear of disgrace. What is the difference between an Iroquois, who
      sings while he is burning by inches, and the martyr ST. LAURENCE, who upon
      the gridiron insults his tyrant?
    

      The preachers of a new doctrine fail, because they are the weakest;
      apostles generally practise a perilous trade. Their courageous death
      proves neither the truth of their principles nor their own sincerity, any
      more than the violent death of the ambitious man, or of the robber,
      proves, that they were right in disturbing society, or that they thought
      themselves authorised in so doing. The trade of a missionary was always
      flattering to ambition, and formed a convenient method of living at the
      expense of the vulgar. These advantages have often been enough to efface
      every idea of danger.
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      You tell us, theologians! that what is folly in the eyes of men, is
      wisdom before God, who delights to confound the wisdom of the wise.
      But do you not say, that human wisdom is a gift of heaven? In saying this
      wisdom displeases God, is but folly in his sight, and that he is pleased
      to confound it, you declare that your God is the friend only of ignorant
      people, and that he makes sensible people a fatal present for which this
      perfidious tyrant promises to punish them cruelly at some future day. Is
      it not strange, that one can be the friend of your God, only by declaring
      one's self the enemy of reason and good sense?
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      According to the divines, faith is an assent without evidence.
      Whence it follows, that religion requires us firmly to believe inevident
      things, and propositions often improbable or contrary to reason. But when
      we reject reason as a judge of faith, do we not confess, that reason is
      incompatible with faith? As the ministers of religion have resolved to
      banish reason, they must have felt the impossibility of reconciling it
      with faith, which is visibly only a blind submission to priests, whose
      authority seems to many persons more weighty than evidence itself, and
      preferable to the testimony of the senses.
    

      "Sacrifice your reason; renounce experience; mistrust the testimony of
      your senses; submit without enquiry to what we announce to you in the name
      of heaven." Such is the uniform language of priests throughout the world;
      they agree upon no point, except upon the necessity of never reasoning
      upon the principles which they present to us as most important to our
      felicity!
    

      I will not sacrifice my reason; because this reason alone enables
      me to distinguish good from evil, truth from falsehood. If, as you say, my
      reason comes from God, I shall never believe that a God, whom you call
      good, has given me reason, as a snare, to lead me to perdition. Priests!
      do you not see, that, by decrying reason, you calumniate your God, from
      whom you declare it to be a gift.
    

      I will not renounce experience; because it is a guide much more
      sure than the imagination or authority of spiritual guides. Experience
      teaches me, that enthusiasm and interest may blind and lead them astray
      themselves; and that the authority of experience ought to have much more
      influence upon my mind, than the suspicious testimony of many men, who I
      know are either very liable to be deceived themselves, or otherwise are
      very much interested in deceiving others.
    

      I will mistrust my senses; because I am sensible they sometimes
      mislead me. But, on the other hand, I know that they will not always
      deceive me. I well know, that the eye shews me the sun much smaller than
      it really is; but experience, which is only the repeated application of
      the senses, informs me, that objects always appear to diminish, as their
      distance increases; thus I attain to a certainty, that the sun is much
      larger than the earth; thus my senses suffice to rectify the hasty
      judgments, which they themselves had caused.
    

      In warning us to mistrust the testimony of our senses, the priests
      annihilate the proofs of all religion. If men may be dupes of their
      imagination; if their senses are deceitful, how shall we believe the
      miracles, which struck the treacherous senses of our ancestors? If my
      senses are unfaithful guides, I ought not to credit even the miracles
      wrought before my eyes.
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      You incessantly repeat that the truths of religion are above reason.
      If so, do you not perceive, that these truths are not adapted to
      reasonable beings? To pretend that reason can deceive us, is to say, that
      truth can be false; that the useful can be hurtful. Is reason any thing
      but a knowledge of the useful and true? Besides, as our reason and senses
      are our only guides in this life, to say they are unfaithful, is to say,
      that our errors are necessary, our ignorance invincible, and that, without
      the extreme of injustice, God cannot punish us for following the only
      guides it was his supreme will to give.
    

      To say, we are obliged to believe things above our reason, is ridiculous.
      To assure us, that upon some objects we are not allowed to consult reason,
      is to say, that, in the most interesting matter, we must consult only
      imagination, or act only at random. Our divines say, we must sacrifice our
      reason to God. But what motives can we have to sacrifice our reason to a
      being, who makes us only useless presents, which he does not intend us to
      use? What confidence can we put in a God, who, according to our divines
      themselves, is malicious enough to harden the heart, to strike with
      blindness, to lay snares for us, to lead us into temptation? In
      fine, what confidence can we put in the ministers of this God, who, to
      guide us more conveniently, commands us to shut our eyes?
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      Men are persuaded, that religion is to them of all things the most
      serious, while it is precisely what they least examine for themselves. In
      pursuit of an office, a piece of land, a house, a place of profit; in any
      transaction or contract whatever, every one carefully examines all, takes
      the greatest precaution, weighs every word of a writing, is guarded
      against every surprise. Not so in religion; every one receives it at a
      venture, and believes it upon the word of others, without ever taking the
      trouble to examine.
    

      Two causes concur to foster the negligence and carelessness of men, with
      regard to their religious opinions. The first is the despair of overcoming
      the obscurity, in which all religion is necessarily enveloped. Their first
      principles are only adapted to disgust lazy minds, who regard them as a
      chaos impossible to be understood. The second cause is, that every one is
      averse to being too much bound by severe precepts, which all admire in
      theory, but very few care to practice with rigour. The religion of many
      people is like old family ties, which they have never taken pains to
      examine, but which they deposit in their archives to have recourse to them
      occasionally.
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      The disciples of Pythagoras paid implicit faith to the doctrine of their
      master; he has said it, was to them the solution of every problem.
      The generality of men are not more rational. In matters of religion, a
      curate, a priest, an ignorant monk becomes master of the thoughts. Faith
      relieves the weakness of the human mind, to which application is commonly
      painful; it is much more convenient to depend upon others, than to examine
      for one's self. Inquiry, being slow and difficult, equally, displeases the
      stupidity of the ignorant, and the ardour of the enlightened. Such is
      undoubtedly the reason why Faith has so many partisans.
    

      The more men are deficient in knowledge and reason, the more zealous they
      are in religion. In theological quarrels, the populace, like ferocious
      beasts, fall upon all those, against whom their priest is desirous of
      exciting them. A profound ignorance, boundless credulity, weak intellect,
      and warm imagination, are the materials, of which are made bigots,
      zealots, fanatics, and saints. How can the voice of reason be heard by
      them who make it a principle never to examine for themselves, but to
      submit blindly to the guidance of others? The saints and the populace are,
      in the hands of their directors, automatons, moved at pleasure.
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      Religion is an affair of custom and fashion. We must do as others do.
      But, among the numerous religions in the world, which should men choose?
      This inquiry would be too painful and long. They must therefore adhere to
      the religion of their fathers, to that of their country, which, having
      force on its side, must be the best.
    

      If we judge of the intentions of Providence by the events and revolutions
      of this world, we are compelled to believe, that He is very indifferent
      about the various religions upon earth. For thousands of years, paganism,
      polytheism, idolatry, were the prevailing religions. We are now assured,
      that the most flourishing nations had not the least idea of God; an idea,
      regarded as so essential to the happiness of man. Christians say, all
      mankind lived in the grossest ignorance of their duties towards God, and
      had no notions of him, but what were insulting to his Divine Majesty.
      Christianity, growing out of Judaism, very humble in its obscure origin,
      became powerful and cruel under the Christian emperors, who, prompted by
      holy zeal, rapidly spread it in their empire by means of fire and sword,
      and established it upon the ruins of paganism. Mahomet and his successors,
      seconded by Providence or their victorious arms, in a short time banished
      the Christian religion from a part of Asia, Africa, and even Europe; and
      the gospel was then forced to yield to the Koran.
    

      In all the factions or sects, which, for many ages have distracted
      Christianity, the best argument has been always that of the strongest
      party; arms have decided which doctrine is most conducive to the
      happiness of nations. May we not hence infer, either that the Deity feels
      little interested in the religion of men, or that he always declares in
      favour of the opinions, which best suit the interest of earthly powers; in
      fine, that he changes his plan to accommodate their fancy?
    

      Rulers infallibly decide the religion of the people. The true religion is
      always the religion of the prince; the true God is the God, whom the
      prince desires his people to adore; the will of the priests, who govern
      the prince, always becomes the will of God. A wit justly observed, that the
      true religion is always that, on whose side are the prince and the
      hangman. Emperors and hangmen long supported the gods of Rome against
      the God of Christians; the latter, having gained to his interest the
      emperors, their soldiers, and their hangmen, succeeded in destroying the
      worship of the Roman gods. The God of Mahomet has dispossessed the God of
      Christians of a great part of the dominions, which he formerly occupied.
    

      In the eastern part of Asia, is a vast, flourishing, fertile, populous
      country, governed by such wise laws, that the fiercest conquerors have
      adopted them with respect. I mean China. Excepting Christianity, which was
      banished as dangerous, the people there follow such superstitions as they
      please, while the mandarins, or magistrates, having long known the
      errors of the popular religion, are vigilant to prevent the bonzes
      or priests from using it as an instrument of discord. Yet we see not, that
      Providence refuses his blessing to a nation, whose chiefs are so
      indifferent about the worship that is rendered to him. On the contrary,
      the Chinese enjoy a happiness and repose worthy to be envied, by the many
      nations whom religion divides, and often devastates.
    

      We cannot reasonably propose to divest the people of their follies; but we
      may perhaps cure the follies of those who govern the people, and who will
      then prevent the follies of the people from becoming dangerous.
      Superstition is to be feared only when princes and soldiers rally round
      her standard; then she becomes cruel and sanguinary. Every sovereign, who
      is the protector of one sect or religious faction, is commonly the tyrant
      of others, and becomes himself the most cruel disturber of the peace of
      his dominions.
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      It is incessantly repeated, and many sensible persons are induced to
      believe, that religion is a restraint necessary to men; that without it,
      there would no longer exist the least check for the vulgar; and that
      morality and religion are intimately connected with it. "The fear of the
      Lord," cries the priest, "is the beginning of wisdom. The terrors of
      another life are salutary, and are proper to curb the passions of
      men."
    

      To perceive the inutility of religious notions, we have only to open our
      eyes and contemplate the morals of those nations, who are the most under
      the dominion of religion. We there find proud tyrants, oppressive
      ministers, perfidious courtiers, shameless extortioners, corrupt
      magistrates, knaves, adulterers, debauchees, prostitutes, thieves, and
      rogues of every kind, who have never doubted either the existence of an
      avenging and rewarding God, the torments of hell, or the joys of paradise.
      Without the least utility to the greater part of mankind, the ministers of
      religion have studied to render death terrible to the eyes of their
      followers. If devout Christians could but be consistent, they would pass
      their whole life in tears, and die under the most dreadful apprehensions.
      What can be more terrible than death, to the unfortunate who are told, that
      it is horrible to fall into the hands of the living God; that we must work
      out our salvation with fear and trembling! Yet we are assured, that
      the death of the Christian is attended with infinite consolations, of
      which the unbeliever is deprived. The good Christian, it is said, dies in
      the firm hope of an eternal happiness which he has strived to merit. But
      is not this firm assurance itself a presumption punishable in the eyes of
      a severe God? Ought not the greatest saints to be ignorant whether they
      are worthy of love or hatred? Ye Priests! while consoling us with
      the hope of the joys of paradise; have you then had the advantage to see
      your names and ours inscribed in the book of life?
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      To oppose the passions and present interests of men the obscure notions of
      a metaphysical, inconceivable God,—the incredible punishments of
      another life,—or the pleasures of the heaven, of which nobody has
      the least idea,—is not this combating realities with fictions? Men
      have never any but confused ideas of their God: they see him only in
      clouds. They never think of him when they are desirous to do evil:
      whenever ambition, fortune, or pleasure allures them, God's threatenings
      and promises are forgotten. In the things of this life, there is a degree
      of certainty, which the most lively faith cannot give to the things of
      another life.
    

      Every religion was originally a curb invented by legislators, who wished
      to establish their authority over the minds of rude nations. Like nurses
      who frighten children to oblige them to be quiet, the ambitious used the
      name of the gods to frighten savages; and had recourse to terror in order
      to make them support quietly the yoke they wished to impose. Are then the
      bugbears of infancy made for riper age? At the age of maturity, no man
      longer believes them, or if he does, they excite little emotion in him,
      and never alter his conduct.
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      Almost every man fears what he sees much more than what he does not see;
      he fears the judgments of men of which he feels the effects, more than the
      judgments of God of whom he has only fluctuating ideas. The desire of
      pleasing the world, the force of custom, the fear of ridicule, and of
      censure, have more force than all religious opinions. Does not the
      soldier, through fear of disgrace, daily expose his life in battle, even
      at the risk of incurring eternal damnation?
    

      The most religious persons have often more respect for a varlet, than for
      God. A man who firmly believes, that God sees every thing, and that he is
      omniscient and omnipresent, will be guilty, when alone, of actions, which
      he would never do in presence of the meanest of mortals. Those, who
      pretend to be the most fully convinced of the existence of God, every
      moment act as if they believed the contrary.
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      "Let us, at least," it will be said, "cherish the idea of a God, which
      alone may serve as a barrier to the passions of kings." But, can we
      sincerely admire the wonderful effects, which the fear of this God
      generally produces upon the minds of princes, who are called his images?
      What idea shall we form of the original, if we judge of it by the copies!
    

      Sovereigns, it is true, call themselves the representatives of God, his
      vicegerents upon earth. But does the fear of a master, more powerful than
      they are, incline them seriously to study the welfare of the nations, whom
      Providence has intrusted to their care? Does the pretended terror, which
      ought to be inspired into them by the idea of an invisible judge, to whom
      alone they acknowledge themselves accountable for their actions, render
      them more equitable, more compassionate, more sparing of blood and
      treasure of their subjects, more temperate in their pleasures, more
      attentive to their duties? In fine, does this God, by whose authority
      kings reign, deter them from inflicting a thousand evils upon the people
      to whom they ought to act as guides, protectors, and fathers? Alas! If we
      survey the whole earth, we shall see men almost every where governed by
      tyrants, who use religion merely as an instrument to render more stupid
      the slaves, whom they overwhelm under the weight of their vices, or whom
      they sacrifice without mercy to their extravagancies.
    

      Far from being a check upon the passions of kings, Religion, by its very
      principles, frees them from all restraint. It transforms them into
      divinities, whose caprice the people are never permitted to resist. While
      it gives up the reins to princes, and on their part breaks the bonds of
      the social compact, it endeavours to chain the minds and hands of their
      oppressed subjects. Is it then surprising, that the gods of the earth
      imagine every thing lawful for them, and regard their subjects only as
      instruments of their caprice or ambition?
    

      In every country, Religion has represented the Monarch of nature as a
      cruel, fantastical, partial tyrant, whose caprice is law; the Monarch God,
      is but too faithfully imitated by his representatives upon earth. Religion
      seems every where invented solely to lull the people in the lap of
      slavery, in order that their masters may easily oppress them, or render
      them wretched with impunity.
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      To guard against the enterprises of a haughty pontiff who wished to reign
      over kings, to shelter their persons from the attempts of credulous
      nations excited by the priests, several European princes have pretended to
      hold their crowns and rights from God alone, and to be accountable only to
      him for their actions. After a long contest between the civil and
      spiritual power, the former at length triumphed; and the priests, forced
      to yield, acknowledged the divine right of kings and preached them to the
      people, reserving the liberty of changing their minds and of preaching
      revolt, whenever the divine rights of kings clashed with the divine rights
      of the clergy. It was always at the expense of nations, that peace was
      concluded between kings and priests; but the latter, in spite of treaties,
      always preserved their pretensions.
    

      Tyrants and wicked princes, whose consciences continually reproach them
      with negligence or perversity, far from fearing their God, had rather deal
      with this invisible judge who never opposes any thing, or with his priests
      who are always condescending to the rulers of the earth, than with their
      own subjects. The people, reduced to despair, might probably appeal
      from the divine right of their chiefs. Men when oppressed to the last
      degree, sometimes become turbulent; and the divine rights of the tyrant
      are then forced to yield to the natural rights of the subjects.
    

      It is cheaper dealing with gods than men. Kings are accountable for their
      actions to God alone; priests are accountable only to themselves. There is
      much reason to believe, that both are more confident of the indulgence of
      heaven, than of that of earth. It is much easier to escape the vengeance
      of gods who may be cheaply appeased, than the vengeance of men whose
      patience is exhausted.
    

      "If you remove the fear of an invisible power, what restraint will you
      impose upon the passions of sovereigns?" Let them learn to reign; let them
      learn to be just; to respect the rights if the people; and to acknowledge
      the kindness of the nations, from whom they hold their greatness and
      power. Let them learn to fear men, and to submit to the laws of equity.
      Let nobody transgress these laws with impunity; and let them be equally
      binding upon the powerful and the weak, the great and the small, the
      sovereign and the subjects.
    

      The fear of gods, Religion, and the terrors of another life, are the
      metaphysical and supernatural bulwarks, opposed to the impetuous passions
      of princes! Are these bulwarks effectual? Let experience resolve the
      question. To oppose Religion to the wickedness of tyrants, is to wish,
      that vague, uncertain, unintelligible speculations may be stronger than
      propensities which every thing conspires daily to strengthen.
    







      145.
    

      The immense service of religion to politics is incessantly boasted; but, a
      little reflection will convince us, that religious opinions equally blind
      both sovereigns and people, and never enlighten them upon their true
      duties or interests. Religion but too often forms licentious, immoral
      despots, obeyed by slaves, whom every thing obliges to conform to their
      views.
    

      For want of having studied or known the true principles of administration,
      the objects and rights of social life, the real interests of men and their
      reciprocal duties, princes, in almost every country, have become
      licentious, absolute, and perverse; and their subjects abject, wicked, and
      unhappy. It was to avoid the trouble of studying these important objects,
      that recourse was had to chimeras, which, far from remedying any thing,
      have hitherto only multiplied the evils of mankind, and diverted them from
      whatever is most essential to their happiness.
    

      Does not the unjust and cruel manner in which so many nations are
      governed, manifestly furnish one of the strongest proofs, not only of the
      small effect produced by the fear of another life, but also of the
      non-existence of a Providence, busied with the fate of the human race? If
      there existed a good God, should we not be forced to admit, that in this
      life he strangely neglects the greater part of mankind? It would seem,
      that this God has created nations only to be the sport of the passions and
      follies of his representatives upon earth.
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      By reading history with attention, we shall perceive that Christianity, at
      first weak and servile, established itself among the savage and free
      nations of Europe only intimating to their chiefs, that its religious
      principles favoured despotism and rendered them absolute. Consequently, we
      see barbarous princes suddenly converted; that is, we see them adopt,
      without examination, a system so favourable to their ambition, and use
      every art to induce their subjects to embrace it. If the ministers of this
      religion have since often derogated from their favourite principles, it is
      because the theory influences the conduct of the ministers of the Lord,
      only when it suits their temporal interests.
    

      Christianity boasts of procuring men a happiness unknown to preceding
      ages. It is true, the Greeks knew not the divine rights of tyrants
      or of the usurpers of the rights of their country. Under paganism, it
      never entered the head of any man to suppose, that it was against the will
      of heaven for a nation to defend themselves against a ferocious beast, who
      had the audacity to lay waste their possessions. The religion of the
      Christians was the first that screened tyrants from danger, by laying down
      as a principle that the people must renounce the legitimate defence of
      themselves. Thus Christian nations are deprived of the first law of
      nature, which orders man to resist evil, and to disarm whoever is
      preparing to destroy him! If the ministers of the church have often
      permitted the people to revolt for the interest of heaven, they have never
      permitted them to revolt for their own deliverance from real evils or
      known violences.
    

      From heaven came the chains, that were used for fettering the minds of
      mortals. Why is the Mahometan every where a slave? Because his prophet
      enslaved him in the name of the Deity, as Moses had before subdued the
      Jews. In all parts of the earth, we see, that the first legislators were
      the first sovereigns and the first priests of the savages, to whom they
      gave laws.
    

      Religion seems invented solely to exalt princes above their nations, and
      rivet the fetters of slavery. As soon as the people are too unhappy here
      below, priests are ready to silence them by threatening them with the
      anger of God. They are made to fix their eyes upon heaven, lest they
      should perceive the true causes of their misfortunes, and apply the
      remedies which nature presents.
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      By dint of repeating to men, that the earth is not their true country;
      that the present life is only a passage; that they are not made to be
      happy in this world; that their sovereigns hold their authority from God
      alone, and are accountable only to him for the abuse of it; that it is not
      lawful to resist them, etc., priests have eternized the misgovernment of
      kings and the misery of the people; the interests of nations have been
      basely sacrificed to their chiefs. The more we consider the dogmas and
      principles of religion, the more we shall be convinced, that their sole
      object is the advantage of tyrants and priests, without regard to that of
      societies.
    

      To mask the impotence of its deaf gods, religion has persuaded mortals,
      that iniquities always kindle the wrath of heaven. People impute to
      themselves alone the disasters that daily befal them. If nations sometimes
      feel the strokes of convulsed nature, their bad governments are but too
      often the immediate and permanent causes, from whence proceed the
      continual calamities which they are forced to endure. Are not the
      ambition, negligence, vices, and oppressions of kings and nobles,
      generally the causes of scarcity, beggary, wars, pestilences, corrupt
      morals, and all the multiplied scourges which desolate the earth?
    

      In fixing men's eyes continually upon heaven; in persuading them, that all
      their misfortunes are effects of divine anger; in providing none but
      ineffectual and futile means to put an end to their sufferings, we might
      justly conclude, that the only object of priests was to divert nations
      from thinking about the true sources of their misery, and thus to render
      it eternal. The ministers of religion conduct themselves almost like those
      indigent mothers, who, for want of bread, sing their starved children to
      sleep, or give them playthings to divert their thoughts from afflicting
      hunger.
    

      Blinded by error from their very infancy, restrained by the invisible
      bonds of opinion, overcome by panic terrors, their faculties blunted by
      ignorance, how should the people know the true causes of their
      wretchedness? They imagine that they can avert it by invoking the gods.
      Alas! do they not see, that it is, in the name of these gods, that they
      are ordered to present their throats to the sword of their merciless
      tyrants, in whom they might find the obvious cause of the evils under
      which they groan, and for whom they cease not to implore, in vain, the
      assistance of heaven?
    

      Ye credulous people! In your misfortunes, redouble your prayers,
      offerings, and sacrifices; throng to your temples; fast in sack-cloth and
      ashes; bathe yourselves in your own tears; and above all, completely ruin
      yourselves to enrich your gods! You will only enrich their priests. The
      gods of heaven will be propitious, only when the gods of the earth shall
      acknowledge themselves, men, like you, and shall devote to your welfare
      the attention you deserve.
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      Negligent, ambitious, and perverse Princes are the real causes of public
      misfortunes. Useless, unjust Wars depopulate the earth. Encroaching and
      despotic Governments absorb the benefits of nature. The rapacity of Courts
      discourages agriculture, extinguishes industry, produces want, pestilence
      and misery. Heaven is neither cruel nor propitious to the prayers of the
      people; it is their proud chiefs, who have almost always hearts of stone.
    

      It is destructive to the morals of princes, to persuade them that they
      have God alone to fear, when they injure their subjects, or neglect their
      happiness. Sovereigns! It is not the gods, but your people, that you
      offend, when you do evil. It is your people and yourselves that you
      injure, when you govern unjustly.
    

      In history, nothing is more common than to see Religious Tyrants; nothing
      more rare than to find equitable, vigilant, enlightened princes. A monarch
      may be pious, punctual in a servile discharge of the duties of his
      religion, very submissive and liberal to his priests, and yet at the same
      time be destitute of every virtue and talent necessary for governing. To
      princes, Religion is only an instrument destined to keep the people more
      completely under the yoke. By the excellent principles of religious
      morality, a tyrant who, during a long reign, has done nothing but oppress
      his subjects, wresting, from them the fruits of their labour, sacrificing
      them without mercy to his insatiable ambition,—a conqueror, who has
      usurped the provinces of others, slaughtered whole nations, and who,
      during his whole life, has been a scourge to mankind,—imagines his
      conscience may rest, when, to expiate so many crimes, he has wept at the
      feet of a priest, who generally has the base complaisance to console and
      encourage a robber, whom the most hideous despair would too lightly punish
      for the misery he has caused upon earth.
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      A sovereign, sincerely devout, is commonly dangerous to the state.
      Credulity always supposes a contracted mind; devotion generally absorbs
      the attention, which a prince should pay to the government of his people.
      Obsequious to the suggestions of his priests, he becomes the sport of
      their caprices, the favourer of their quarrels, and the instrument and
      accomplice of their follies, which he imagines to be of the greatest
      importance. Among the most fatal presents, which religion has made the
      world, ought to be reckoned those devout and zealous monarchs, who, under
      an idea of working for the welfare of their subjects, have made it a
      sacred duty to torment, persecute, and destroy those, who thought
      differently from themselves. A bigot, at the head of an empire, is one of
      the greatest scourges. A single fanatical or knavish priest, listened to
      by a credulous and powerful prince, suffices to put a state in disorder.
    

      In almost all countries, priests and pious persons are intrusted with
      forming the minds and hearts of young princes, destined to govern nations.
      What qualifications have instructors of this stamp! By what interests can
      they be animated? Full of prejudices themselves, they will teach their
      pupil to regard superstition, as most important and sacred; its chimerical
      duties, as most indispensable, intolerance and persecution, as the true
      foundation of his future authority. They will endeavour to make him a
      party leader, a turbulent fanatic, a tyrant; they will early stifle his
      reason, and forewarn him against the use of it; they will prevent truth
      from reaching his ears; they will exasperate him against true talents, and
      prejudice him in favour of contemptible ones; in short, they will make him
      a weak devotee, who will have no idea either of justice or injustice, nor
      of true glory, nor of true greatness, and who will be destitute of the
      knowledge and virtues necessary to the government of a great nation. Such
      is the plan of the education of a child, destined one day to create the
      happiness or misery of millions of men!
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      Priests have ever shewn themselves the friends of despotism, and the
      enemies of public liberty: their trade requires abject and submissive
      slaves, who have never the audacity to reason. In an absolute government,
      who ever gains an ascendancy over the mind of a weak and stupid prince,
      becomes master of the state. Instead of conducting the people to
      salvation, priests have always conducted them to servitude.
    

      In consideration of the supernatural titles, which religion has forged for
      the worst of princes, the latter have commonly united with priests, who,
      sure of governing by opinion the sovereign himself, have undertaken to
      bind the hands of the people and to hold them under the yoke. But the
      tyrant, covered with the shield of religion, in vain flatters himself that
      he is secure from every stroke of fate; opinion is a weak rampart against
      the despair of the people. Besides, the priest is a friend of the tyrant
      only while he finds his account in tyranny; he preaches sedition, and
      demolishes the idol he has made, when he finds it no longer sufficiently
      conformable to the interest of God, whom he makes to speak at his will,
      and who never speaks except according to his interests.
    

      It will no doubt be said, that sovereigns, knowing all the advantages
      which religion procures them, are truly interested in supporting it with
      all their strength. If religious opinions are useful to tyrants, it is
      very evident, that they are useful to those, who govern by the laws of
      reason and equity. Is there then any advantage in exercising tyranny? Are
      princes truly interested in being tyrants? Does not tyranny deprive them
      of true power, of the love of the people, and of all safety? Ought not
      every reasonable prince to perceive, that the despot is a madman, and an
      enemy to himself? Should not every enlightened prince beware of
      flatterers, whose object is to lull him to sleep upon the brink of the
      precipice which they form beneath him?
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      If sacerdotal flatteries succeed in perverting princes and making them
      tyrants; tyrants, on their part, necessarily corrupt both the great and
      the humble. Under an unjust ruler, void of goodness and virtue, who knows
      no law but his caprice, a nation must necessarily be depraved. Will this
      ruler wish to have, about his person, honest, enlightened, and virtuous
      men? No. He wants none but flatterers, approvers, imitators, slaves, base
      and servile souls, who conform themselves to his inclinations. His court
      will propagate the contagion of vice among the lower ranks. All will
      gradually become corrupted in a state, whose chief is corrupt. It was long
      since said, that "Princes seem to command others to do whatever they do
      themselves."
    

      Religion, far from being a restraint upon sovereigns, enables them to
      indulge without fear or remorse, in acts of licentiousness as injurious to
      themselves, as to the nations whom they govern. It is never with impunity,
      that men are deceived. Tell a sovereign, that he is a god; he will very
      soon believe that he owes nothing to any one. Provided he is feared, he
      will care very little about being loved: he will observe neither rules,
      nor relations with his subjects, nor duties towards them. Tell this
      prince, that he is accountable for his actions to God alone, and he
      will soon act as if he were accountable to no one.
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      An enlightened sovereign is he, who knows his true interests; who knows,
      that they are connected with the interests of his nation; that a prince
      cannot be great, powerful, beloved, or respected, while he commands only
      unhappy slaves; that equity, beneficence, and vigilance will give him more
      real authority over his people, than the fabulous titles, said to be
      derived from heaven. He will see, that Religion is useful only to priests,
      that it is useless to society and often troubles it, and that it ought to
      be restrained in order to be prevented from doing injury. Finally, he will
      perceive, that, to reign with glory, he must have good laws and inculcate
      virtue, and not found his power upon impostures and fallacies.
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      The ministers of religion have taken great care to make of their God, a
      formidable, capricious, and fickle tyrant. Such a God was necessary to
      their variable interests. A God, who should be just and good, without
      mixture of caprice or perversity; a God, who had constantly the qualities
      of an honest man, or of a kind sovereign, would by no means suit his
      ministers. It is useful to priests, that men should tremble before their
      God, in order that they may apply to them to obtain relief from their
      fears. "No man is a hero before his valet de chambre." It is not
      surprising, that a God, dressed up by his priests so as to be terrible to
      others, should rarely impose upon them, or should have but very little
      influence upon their conduct. Hence, in every country, their conduct is
      very much the same. Under pretext of the glory of their God, they every
      where prey upon ignorance, degrade the mind, discourage industry, and sow
      discord. Ambition and avarice have at all times been the ruling passions
      of the priesthood. The priest every where rises superior to sovereigns and
      laws; we see him every where occupied with the interests of his pride, of
      his cupidity, and of his despotic, revengeful humour. In the room of
      useful and social virtues, he everywhere substitutes expiations,
      sacrifices, ceremonies, mysterious practices, in a word, inventions
      lucrative to himself and ruinous to others.
    

      The mind is confounded and the reason is amazed upon viewing the
      ridiculous customs and pitiful means, which the ministers of the gods have
      invented in every country to purify souls, and render heaven favourable.
      Here they cut off part of a child's prepuce, to secure for him divine
      benevolence; there, they pour water upon his head, to cleanse him of
      crimes, which he could not as yet have committed. In one place, they
      command him to plunge into a river, whose waters have the power of washing
      away all stains; in another, he is forbidden to eat certain food, the use
      of which will not fail to excite the celestial wrath; in other countries,
      they enjoin upon sinful man to come periodically and confess his faults to
      a priest, who is often a greater sinner than himself, etc., etc., etc.
    







      154.
    

      What should we say of a set of empirics, who, resorting every day to a
      public place, should extol the goodness of their remedies, and vend them
      as infallible, while they themselves were full of the infirmities, which
      they pretend to cure? Should we have much confidence in the recipes of
      these quacks, though they stun us with crying, "take our remedies, their
      effects are infallible; they cure every body; except us." What should we
      afterwards think, should those quacks spend their lives in complaining,
      that their remedies never produced the desired effect upon the sick, who
      take them? In fine, what idea should we form of the stupidity of the
      vulgar, who, notwithstanding these confessions, should not cease to pay
      dearly for remedies, the inefficacy of which every thing tends to prove?
      Priests resemble these alchymists, who boldly tell us, they have the
      secret of making gold, while they have scarcely clothes to cover their
      nakedness.
    

      The ministers of religion incessantly declaim against the corruption of
      the age, and loudly complain of the little effect of their lessons, while
      at the same time they assure us, that religion is the universal remedy,
      the true panacea against the wickedness of mankind. These priests
      are very sick themselves, yet men continue to frequent their shops, and to
      have faith in their divine antidotes, which, by their own confession,
      never effect a cure!
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      Religion, especially with the moderns, has tried to identify itself with
      Morality, the principles of which it has thereby totally obscured. It has
      rendered men unsociable by duty, and forced them to be inhuman to everyone
      who thought differently from themselves. Theological disputes, equally
      unintelligible to each of the enraged parties, have shaken empires, caused
      revolutions, been fatal to sovereigns, and desolated all Europe. These
      contemptible quarrels have not been extinguished even in rivers of blood.
      Since the extinction of paganism, the people have made it a religious
      principle to become outrageous, whenever any opinion is advanced which
      their priests think contrary to sound doctrine. The sectaries of a
      religion, which preaches, in appearance, nothing but charity, concord, and
      peace, have proved themselves more ferocious than cannibals or savages,
      whenever their divines excited them to destroy their brethren. There is no
      crime, which men have not committed under the idea of pleasing the
      Divinity, or appeasing his wrath.
    

      The idea of a terrible God, whom we paint to ourselves as a despot, must
      necessarily render his subjects wicked. Fear makes only slaves, and slaves
      are cowardly, base, cruel, and think every thing lawful, in order to gain
      the favour or escape the chastisements of the master whom they fear.
      Liberty of thinking alone can give men humanity and greatness of soul. The
      notion of a tyrant-god tends only to make them abject, morose,
      quarrelsome, intolerant slaves.
    

      Every religion, which supposes a God easily provoked, jealous, revengeful,
      punctilious about his rights or the etiquette with which he is treated;—a
      God little enough to be hurt by the opinions which men can form of him;—a
      God unjust enough to require that we have uniform notions of his conduct;
      a religion which supposes such a God necessarily becomes restless,
      unsociable, and sanguinary; the worshippers of such a God would never
      think, that they could, without offence, forbear hating and even
      destroying every one, who is pointed out to them, as an adversary of this
      God; they would think, that it would be to betray the cause of their
      celestial Monarch, to live in friendly intercourse with rebellious
      fellow-citizens. If we love what God hates, do we not expose ourselves to
      his implacable hatred?
    

      Infamous persecutors, and devout men-haters! Will you never discern the
      folly and injustice of your intolerant disposition? Do you not see, that
      man is no more master of his religious opinions, his belief or unbelief,
      than of the language, which he learns from infancy? To punish a man for
      his errors, is it not to punish him for having been educated differently
      from you? If I am an unbeliever, is it possible for me to banish from my
      mind the reasons that have shaken my faith? If your God gives men leave to
      be damned, what have you to meddle with? Are you more prudent and wise,
      than this God, whose rights you would avenge?
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      There is no devotee, who does not, according to his temperament, hate,
      despise, or pity the adherents of a sect, different from his own. The established
      religion, which is never any other than that of the sovereign and the
      armies, always makes its superiority felt in a very cruel and injurious
      manner by the weaker sects. As yet there is no true toleration upon earth;
      men every where adore a jealous God, of whom each nation believes itself
      the friend, to the exclusion of all others.
    

      Every sect boasts of adoring alone the true God, the universal God, the
      Sovereign of all nature. But when we come to examine this Monarch of the
      world, we find that every society, sect, party, or religious cabal, makes
      of this powerful God only a pitiful sovereign, whose care and goodness
      extend only to a small number of his subjects, who pretend that they alone
      have the happiness to enjoy his favours, and that he is not at all
      concerned about the others.
    

      The founders of religions, and the priests who support them, evidently
      proposed to separate the nations, whom they taught, from the other
      nations; they wished to separate their own flock by distinguishing marks;
      they gave their followers gods, who were hostile to the other gods; they
      taught them modes of worship, dogmas and ceremonies apart; and above all,
      they persuaded them, that the religion of others was impious and
      abominable. By this unworthy artifice, the ambitious knaves established,
      their usurpation over the minds of their followers, rendered them
      unsociable, and made them regard with an evil eye all persons who had not
      the same mode of worship and the same ideas as they had. Thus it is, that
      Religion has shut up the heart and for ever banished from it the affection
      that man ought to have for his fellow-creature. Sociability, indulgence,
      humanity, those first virtues of all morality, are totally incompatible
      with religious prejudices.
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      Every national religion is calculated to make man vain, unsociable, and
      wicked; the first step towards humanity is to permit every one peaceably
      to embrace the mode of worship and opinions, which he judges to be right.
      But this conduct cannot be pleasing to the ministers of religion, who wish
      to have the right of tyrannizing over men even in their thoughts.
    

      Blind and bigoted princes! You hate and persecute heretics, and order them
      to execution, because you are told, that these wretches displease God. But
      do you not say, that your God is full of goodness? How then can you expect
      to please him by acts of barbarity, which he must necessarily disapprove?
      Besides, who has informed you, that their opinions displease your God?
      Your priests? But, who assures you, that your priests are not themselves
      deceived or wish to deceive you? The same priests? Princes! It is then
      upon the hazardous word of your priests, that you commit the most
      atrocious crimes, under the idea of pleasing the Divinity!
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      Pascal says, "that man never does evil so fully and cheerfully, as when he
      acts from a false principle of conscience." Nothing is more dangerous than
      a religion, which lets loose the ferocity of the multitude, and justifies
      their blackest crimes. They will set no bounds to their wickedness, when
      they think it authorized by their God, whose interests, they are told, can
      make every action legitimate. Is religion in danger?—the most
      civilized people immediately becomes true savages, and think nothing
      forbidden. The more cruel they are, the more agreeable they suppose they
      are to their God, whose cause they imagine cannot be supported with too
      much warmth.
    

      All religions have authorized innumerable crimes. The Jews, intoxicated
      with the promises of their God, arrogated the rights of exterminating
      whole nations. Relying on the oracles of their God, the Romans conquered
      and ravaged the world. The Arabians, encouraged by their divine prophet,
      carried fire and sword among the Christians and the idolaters. The
      CHRISTIANS, under pretext of extending their holy religion, have often
      deluged both hemispheres in blood.
    

      In all events favourable to their own interest, which they always call the
      cause of God, priests show us the finger of God. According to
      these principles, the devout have the happiness to see the finger of
      God in revolts, revolutions, massacres, regicides, crimes,
      prostitutions, horrors; and, if these things contribute ever so little to
      the triumph of religion, we are told, that "God uses all sorts of means to
      attain his ends." Is any thing more capable of effacing every idea of
      morality from the minds of men, than to inform them, that their God, so
      powerful and perfect, is often forced to make use of criminal actions in
      order to accomplish his designs?
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      No sooner do we complain of the extravagancies and evils, which Religion
      has so often caused upon the earth, than we are reminded, that these
      excesses are not owing to Religion; but "that they are the sad effects of
      the passions of men." But I would ask, what has let loose these passions?
      It is evidently Religion; it is zeal, that renders men inhuman, and serves
      to conceal the greatest atrocities. Do not these disorders then prove,
      that religion, far from restraining the passions of men, only covers them
      with a veil, which sanctifies them, and that nothing would be more useful,
      than to tear away this sacred veil of which men often make such a terrible
      use? What horrors would be banished from society, if the wicked were
      deprived of so plausible a pretext for disturbing it!
    

      Instead of being angels of peace among men, priests have been demons of
      discord. They have pretended to receive from heaven the right of being
      quarrelsome, turbulent, and rebellious. Do not the ministers of the Lord
      think themselves aggrieved, and pretend that the divine Majesty is
      offended, whenever sovereigns have the temerity to prevent them from doing
      evil? Priests are like the spiteful woman who cried fire! murder!
      assassination! while her husband held her hands to prevent her from
      striking him.
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      Notwithstanding the bloody tragedies, which Religion often acts, it is
      insisted, that, without Religion, there can be no Morality. If we judge
      theological opinions by their effects, we may confidently assert, that all
      Morality is perfectly incompatible with men's religious opinions.
    

      "Imitate God," exclaim the pious. But, what would be our Morality, should
      we imitate this God! and what God ought we to imitate? The God of the
      Deist? But even this God cannot serve us as a very constant model of
      goodness. If he is the author of all things, he is the author both of good
      and evil. If he is the author of order, he is also the author of disorder,
      which could not take place without his permission. If he produces, he
      destroys; if he gives life, he takes it away; if he grants abundance,
      riches, prosperity, and peace, he permits or sends scarcity, poverty,
      calamities, and wars. How then can we receive as a model of permanent
      beneficence, the God of Deism or natural religion, whose favourable
      dispositions are every instant contradicted by all the effects we behold?
      Morality must have a basis less tottering than the example of a God, whose
      conduct varies, and who cannot be called good, unless we obstinately shut
      our eyes against the evil which he causes or permits in this world.
    

      Shall we imitate the beneficent, mighty Jupiter of heathen
      antiquity? To imitate such a god, is to admit as a model, a rebellious
      son, who ravishes the throne from his father. It is to imitate a
      debauchee, an adulterer, one guilty of incest and of base passions, at
      whose conduct every reasonable mortal would blush. What would have been
      the condition of men under paganism, had they imagined, like Plato, that
      virtue consisted in imitating the gods!
    

      Must we imitate the God of the Jews! Shall we find in Jehovah a
      model for our conduct? This is a truly savage god, made for a stupid,
      cruel, and immoral people; he is always furious, breathes nothing but
      vengeance, commands carnage, theft, and unsociability. The conduct of this
      god cannot serve as a model to that of an honest man, and can be imitated
      only by a chief of robbers.
    

      Shall we then imitate the Jesus of the Christians? Does this God,
      who died to appease the implacable fury of his father, furnish us an
      example which men ought to follow? Alas! we shall see in him only a God,
      or rather a fanatic, a misanthrope, who, himself plunged in wretchedness
      and preaching to wretches, will advise them to be poor, to combat with and
      stifle nature, to hate pleasure, seek grief, and detest themselves. He
      will tell them to leave father, mother, relations, friends, etc., to
      follow him. "Fine morality!" you say. It is, undoubtedly, admirable: it
      must be divine, for it is impracticable to men. But is not such sublime
      morality calculated to render virtue odious? According to the so much
      boasted morality of the man-God of the Christians, a disciple of
      his in this world must be like Tantalus, tormented with a burning
      thirst, which he is not allowed to quench. Does not such morality give us
      a wonderful idea of the author of nature? If, as we are assured, he has
      created all things for his creatures, by what strange whim does he forbid
      them the use of the goods he has created for them? Is pleasure then, which
      man continually desires, only a snare, which God has maliciously laid to
      surprise his weakness?
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      The followers of Christ would have us regard, as a miracle, the
      establishment of their Religion, which is totally repugnant to nature,
      opposite to all the propensities of the heart, and inimical to sensual
      pleasures. But the austerity of a doctrine renders it the more marvellous
      in the eyes of the vulgar. The same disposition, which respects
      inconceivable mysteries as divine and supernatural, admires, as divine and
      supernatural, a Morality, that is impracticable, and beyond the powers of
      man.
    

      To admire a system of Morality, and to put it in practice, are two very
      different things. All Christians admire and extol the Morality of the
      gospel; which they do not practise.
    

      The whole world is more or less infected with a Religious morality,
      founded upon the opinion, that to please the Divinity, it is absolutely
      necessary to render ourselves unhappy upon earth. In all parts of our
      globe, we see penitents, fakirs, and fanatics, who seem to have profoundly
      studied the means of tormenting themselves, in honour of a being whose
      goodness all agree in celebrating. Religion, by its essence, is an enemy
      to the joy and happiness of men. "Blessed are the poor, blessed are they,
      who weep; blessed are they, who suffer; misery to those, who are in
      abundance and joy." Such are the rare discoveries, announced by
      Christianity!
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      What is a Saint in every religion? A man, who prays, and fasts, who
      torments himself, and shuns the world; who like an owl, delights only in
      solitude, abstains from all pleasure, and seems frightened of every
      object, which may divert him from his fanatical meditations. Is this
      virtue? Is a being of this type, kind to himself, or useful to others?
      Would not society be dissolved, and man return to a savage state, if every
      one were fool enough to be a Saint?
    

      It is evident, that the literal and rigorous practice of the divine
      Morality of the Christians would prove the infallible ruin of nations. A
      Christian, aiming at perfection, ought to free his mind from whatever can
      divert it from heaven, his true country. Upon earth, he sees nothing but
      temptations, snares, and rocks of perdition. He must fear science, as
      hurtful to faith; he must avoid industry, as a means of obtaining riches,
      too fatal to salvation; he must renounce offices and honours, as capable
      of exciting his pride, and calling off his attention from the care of his
      soul. In a word, the sublime Morality of Christ, were it practicable,
      would break all the bonds of society.
    

      A Saint in society is as useless, as a Saint in the desert; his humour is
      morose, discontented, and often turbulent; his zeal sometimes obliges him
      in conscience to trouble society by opinions or dreams, which his vanity
      makes him consider as inspirations from on high. The annals of every
      religion are full of restless Saints, intractable Saints, and seditious
      Saints, who have become famous by the ravages, with which, for the
      greater glory of God, they have desolated the universe. If Saints, who
      live in retirement, are useless, those who live in the world, are often
      very dangerous.
    

      The vanity of acting, the desire of appearing illustrious and peculiar in
      conduct, commonly constitute the distinguishing character of Saints. Pride
      persuades them, that they are extraordinary men far above human nature,
      beings much more perfect than others, favourites whom God regards with
      much more complaisance than the rest of mortals. Humility, in a Saint, is
      commonly only a more refined pride than that of the generality of men.
      Nothing but the most ridiculous vanity can induce man to wage continual
      war against his own nature.
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      A morality, which contradicts the nature of man, is not made for man.
      "But," say you, "the nature of man is depraved." In what consists this
      pretended depravity? In having passions? But, are not passions essential
      to man? Is he not obliged to seek, desire, and love what is, or what he
      thinks is, conducive to his happiness? Is he not forced to fear and avoid
      what he judges disagreeable or fatal? Kindle his passions for useful
      objects; connect his welfare with those objects; divert him, by sensible
      and known motives, from what may injure either him or others, and you will
      make him a reasonable and virtuous being. A man without passions would be
      equally indifferent to vice and to virtue.
    

      Holy Doctors! you are always repeating to us that the nature of man is
      perverted; you exclaim, "that all flesh has corrupted its way, that
      all the propensities of nature have become inordinate." In this case, you
      accuse your God; who was either unable, or unwilling, that this nature
      should preserve its primitive perfection. If this nature is corrupted, why
      has not God repaired it? The Christian immediately assures me, "that human
      nature is repaired; that the death of his God has restored its integrity."
      How then, I would ask, do you pretend that human nature, notwithstanding
      the death of a God, is still depraved? Is then the death of your God
      wholly fruitless? What becomes of his omnipotence and of his victory over
      the Devil, if it is true that the Devil still preserves the empire, which,
      according to you, he has always exercised in the world?
    

      According to Christian theology, Death is the wages of sin. This
      opinion is conformable to that of some negro and savage nations, who
      imagine that the Death of a man is always the supernatural effect of the
      anger of the Gods. Christians firmly believe, that Christ has delivered
      them from sin; though they see, that, in their Religion, as in others, man
      is subject to Death. To say that Jesus Christ has delivered us from sin,
      is it not to say, that a judge has pardoned a criminal, while we see that
      he leaves him for execution?
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      If shutting our eyes upon whatever passes in the world, we would credit
      the partisans of the Christian Religion, we should believe, that the
      coming of their divine Saviour produced the most wonderful and complete
      reform in the morals of nations.
    

      If we examine the Morals of Christian nations, and listen to the clamours
      of their priests, we shall be forced to conclude, that Jesus Christ, their
      God, preached and died, in vain; his omnipotent will still finds in men, a
      resistance, over which he cannot, or will not triumph. The Morality of
      this divine Teacher, which his disciples so much admire and so little
      practise, is followed, in a whole century only by half a dozen obscure
      saints, and fanatics, and unknown monks, who alone will have the glory of
      shining in the celestial court, while all the rest of mortals, though
      redeemed by the blood of this God, will be the prey of eternal flames.
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      When a man is strongly inclined to sin, he thinks very little about his
      God. Nay more, whatever crimes he has committed, he always flatters
      himself, that this God will soften, in his favour, the rigour of his
      decrees. No mortal seriously believes, that his conduct can damn him.
      Though he fears a terrible God, who often makes him tremble, yet, whenever
      he is strongly tempted, he yields; and he afterwards sees only the God of
      mercies, the idea of whom calms his apprehensions. If a man commits
      evil, he hopes, he shall have time to reform, and promises to repent at a
      future day.
    

      In religious pharmacy, there are infallible prescriptions to quiet
      consciences: priests, in every country, possess sovereign secrets to
      disarm the anger of heaven. Yet, if it be true that the Deity is appeased
      by prayers, offerings, sacrifices, and penances, it can no longer be said,
      that Religion is a check to the irregularities of men; they will first
      sin, and then seek the means to appease God. Every Religion, which
      expiates crime and promises a remission of them, if it restrain some
      persons, encourages the majority to commit evil. Notwithstanding his
      immutability, God, in every Religion, is a true Proteus. His
      priests represent him at one time armed with severity, at another full of
      clemency and mildness; sometimes cruel and unmerciful, and sometimes
      easily melted by the sorrow and tears of sinners. Consequently, men see
      the Divinity only on the side most conformable to their present interests.
      A God always angry would discourage his worshippers, or throw them into
      despair. Men must have a God, who is both irritable, and placable. If his
      anger frightens some timorous souls, his clemency encourages the
      resolutely wicked, who depend upon recurring, sooner or later, to the
      means of accommodation. If the judgments of God terrify some faint-hearted
      pious persons, who by constitution and habit are not prone to evil, the
      treasures of divine mercy encourage the greatest criminals, who have
      reason to hope they participate therein equally with the others.
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      Most men seldom think of God, or, at least, bestow on him serious
      attention. The only ideas we can form of him are so devoid of object, and
      are at the same time so afflicting, that the only imaginations they can
      arrest are those of melancholy hypochondriacs, who do not constitute the
      majority of the inhabitants of this world. The vulgar have no conception
      of God; their weak brains are confused, whenever they think of him. The
      man of business thinks only of his business; the courtier of his
      intrigues; men of fashion, women, and young people of their pleasures;
      dissipation soon effaces in them all the fatiguing notions of Religion.
      The ambitious man, the miser and the debauchee carefully avoid
      speculations too feeble to counterbalance their various passions.
    

      Who is awed by the idea of a God? A few enfeebled men, morose and
      disgusted with the world; a few, in whom the passions are already deadened
      by age, by infirmity, or by the strokes of fortune. Religion is a check,
      to those alone who by their state of mind and body, or by fortuitous
      circumstances, have been already brought to reason. The fear of God
      hinders from sin only those, who are not much inclined to it, or else
      those who are no longer able to commit it. To tell men, that the Deity
      punishes crimes in this world, is to advance an assertion, which
      experience every moment contradicts. The worst of men are commonly the
      arbiters of the world, and are those whom fortune loads with her favours.
      To refer us to another life, in order to convince us of the judgments of
      God, is to refer us to conjectures, in order to destroy facts, which
      cannot be doubted.
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      Nobody thinks of the life to come, when he is strongly smitten with the
      objects he finds here below. In the eyes of a passionate lover, the
      presence of his mistress extinguishes the flames of hell, and her charms
      efface all the pleasures of paradise. Woman! you leave, say you, your
      lover for your God. This is either because your lover is no longer the
      same in your eyes, or because he leaves you.
    

      Nothing is more common, than to see ambitious, perverse, corrupt, and
      immoral men, who have some ideas of Religion, and sometimes appear even
      zealous for its interest. If they do not practise it at present, they hope
      to in the future. They lay it up, as a remedy, which will be necessary to
      salve the conscience for the evil they intend to commit. Besides, the
      party of devotees and priests being very numerous, active, and powerful,
      is it not astonishing, that rogues and knaves seek its support to attain
      their ends? It will undoubtedly be said, that many honest people are
      sincerely religious, and that without profit; but is uprightness of heart
      always accompanied with knowledge?
    

      It is urged, that many learned men, many men of genius have been strongly
      attached to Religion. This proves, that men of genius may have prejudices,
      be pusillanimous, and have an imagination, which misleads them and
      prevents them from examining subjects coolly. Pascal proves nothing in
      favour of Religion, unless that a man of genius may be foolish on some
      subjects, and is but a child, when he is weak enough to listen to his
      prejudices. Pascal himself tells us, that the mind may be strong and
      contracted, enlarged and weak. He previously observes, that a man
      may have a sound mind, and not understand every subject equally well; for
      there are some, who, having a sound judgment in a certain order of things,
      are bewildered in others.
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      What is virtue according to theology? It is, we are told, the
      conformity of the actions of man to the will of God. But, what is God?
      A being, of whom nobody has the least conception, and whom every one
      consequently modifies in his own way. What is the will of God? It is what
      men, who have seen God, or whom God has inspired, have declared to be the
      will of God. Who are those, who have seen God? They are either fanatics,
      or rogues, or ambitious men, whom we cannot believe.
    

      To found Morality upon a God, whom every man paints to himself
      differently, composes in his way, and arranges according to his own
      temperament and interest, is evidently to found Morality upon the caprice
      and imagination of men; it is to found it upon the whims of a sect, a
      faction, a party, who believe they have the advantage to adore a true God
      to the exclusion of all others.
    

      To establish Morality or the duties of man upon the divine will, is to
      found it upon the will, the reveries and the interests of those, who make
      God speak, without ever fearing that he will contradict them. In every
      Religion, priests alone have a right to decide what is pleasing or
      displeasing to their God, and we are certain they will always decide, that
      it is what pleases or displeases themselves. The dogmas, the ceremonies,
      the morals, and the virtues, prescribed by every Religion, are visibly
      calculated only to extend the power or augment the emoluments of the
      founders and ministers of these Religions. The dogmas are obscure,
      inconceivable, frightful, and are therefore well calculated to bewilder
      the imagination and to render the vulgar more obsequious to the will of
      those who wish to domineer over them. The ceremonies and practices procure
      the priests, riches or respect. Religion consists in a submissive faith,
      which prohibits the exercise of reason; in a devout humility, which
      insures priests the submission of their slaves; in an ardent zeal, when
      Religion, that is, when the interest of these priests, is in danger. The
      only object of all religions is evidently the advantage of its ministers.
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      When we reproach theologians with the barrenness of their divine virtues,
      they emphatically extol charity, that tender love of one's
      neighbour, which Christianity makes an essential duty of its disciples.
      But, alas! what becomes of this pretended charity, when we examine the
      conduct of the ministers of the Lord? Ask them, whether we must love or do
      good to our neighbour, if he be an impious man, a heretic, or an infidel,
      that is, if he do not think like them? Ask them, whether we must tolerate
      opinions contrary to those of the religion, they profess? Ask them,
      whether the sovereign can show indulgence to those who are in error? Their
      charity instantly disappears, and the established clergy will tell you,
      that the prince bears the sword only to support the cause of the Most
      High: they will tell you that, through love for our neighbour, we must
      prosecute, imprison, exile, and burn him. You will find no toleration
      except among a few priests, persecuted themselves, who will lay aside
      Christian charity the instant they have power to persecute in their turn.
    

      The Christian religion, in its origin preached by beggars and miserable
      men, under the name of charity, strongly recommends alms. The
      religion of Mahomet also enjoins it as an indispensable duty. Nothing
      undoubtedly is more conformable to humanity, than to succour the
      unfortunate, to clothe the naked, to extend the hand of beneficence to
      every one in distress. But would it not be more humane and charitable to
      prevent the source of misery and poverty? If Religion, instead of deifying
      princes, had taught them to respect the property of their subjects, to be
      just, to exercise only their lawful rights, we should not be shocked by
      the sight of such a multitude of beggars. A rapacious, unjust, tyrannical
      government multiplies misery; heavy taxes produce discouragement, sloth,
      and poverty, which in their turn beget robberies, assassinations, and
      crimes of every description. Had sovereigns more humanity, charity, and
      equity, their dominions would not be peopled by so many wretches, whose
      misery it becomes impossible to alleviate.
    

      Christian and Mahometan states are full of large hospitals, richly
      endowed, in which we admire the pious charity of the kings and sultans,
      who erected them. But would it not have been more humane to govern the
      people justly, to render them happy, to excite and favour industry and
      commerce, and to let men enjoy in safety the fruit of their labours, than
      to crush them under a despotic yoke, to impoverish them by foolish wars,
      to reduce them to beggary, in order that luxury may be satisfied, and then
      to erect splendid buildings, which can contain but a very small portion of
      those, who have been rendered miserable? Religion has only deluded men;
      instead of preventing evils, it always applies ineffectual remedies.
    

      The ministers of heaven have always known how to profit by the calamities
      of others. Public misery is their element. They have every where become
      administrators of the property of the poor, distributors of alms,
      depositaries of charitable donations; and thereby they have at all times
      extended and supported their power over the unhappy, who generally compose
      the most numerous, restless, and seditious part of society. Thus the
      greatest evils turn to the profit of the ministers of the Lord. Christian
      priests tell us, that the property they possess is the property of the
      poor, and that it is therefore sacred. Consequently they have eagerly
      accumulated lands, revenues, and treasures. Under colour of charity,
      spiritual guides have become extremely opulent, and in the face of
      impoverished nations enjoy wealth, which was destined solely for the
      unfortunate; while the latter, far from murmuring, applaud a pious
      generosity, which enriches the church, but rarely contributes to the
      relief of the poor.
    

      According to the principles of Christianity, poverty itself is a virtue;
      indeed, it is the virtue, which sovereigns and priests oblige their slaves
      to observe most rigorously. With this idea, many pious Christians have of
      their own accord renounced riches, distributed their patrimony among the
      poor, and retired into deserts, there to live in voluntary indigence. But
      this enthusiasm, this supernatural taste for misery, has been soon forced
      to yield to nature. The successors of these volunteers in poverty sold to
      the devout people their prayers, and their intercessions with the Deity.
      They became rich and powerful. Thus monks and hermits lived in indolence,
      and under colour of charity, impudently devoured the substance of the
      poor.
    

      The species of poverty, most esteemed by Religion, is poverty of mind.
      The fundamental virtue of every Religion, most useful to its ministers, is
      faith. It consists in unbounded credulity, which admits, without
      enquiry, whatever the interpreters of the Deity are interested in making
      men believe. By the aid of this wonderful virtue, priests became the
      arbiters of right and wrong, of good and evil: they could easily cause the
      commission of crimes to advance their interest. Implicit faith has been
      the source of the greatest outrages that have been committed.
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      He, who first taught nations, that, when we wrong Man, we must ask pardon
      of God, appease him by presents, and offer him sacrifices,
      evidently destroyed the true principles of Morality. According to such
      ideas, many persons imagine that they may obtain of the king of heaven, as
      of kings of the earth, permission to be unjust and wicked, or may at least
      obtain pardon for the evil they may commit.
    

      Morality is founded upon the relations, wants, and constant interests of
      mankind; the relations, which subsist between God and Men, are either
      perfectly unknown, or imaginary. Religion, by associating God with Man,
      has wisely weakened, or destroyed, the bonds, which unite them. Mortals
      imagine, they may injure one another with impunity, by making suitable
      satisfaction to the almighty being, who is supposed to have the right of
      remitting all offences committed against his creatures.
    

      Is any thing better calculated to encourage the wicked or harden them in
      crimes, than to persuade them that there exists an invisible being, who
      has a right to forgive acts of injustice, rapine, and outrage committed
      against society? By these destructive ideas, perverse men perpetrate the
      most horrid crimes, and believe they make reparation by imploring divine
      mercy; their conscience is at rest, when a priest assures them that heaven
      is disarmed by a repentance, which, though sincere, is very useless to the
      world.
    

      In the mind of a devout man, God must be regarded more than his creatures;
      it is better to obey him, than men. The interests of the celestial monarch
      must prevail over those of weak mortals. But the interests of heaven are
      obviously those of its ministers; whence it evidently follows, that in
      every religion, priests, under pretext of the interests of heaven or the
      glory of God, can dispense with the duties of human Morality, when they
      clash with the duties, which God has a right to impose. Besides, must not
      he, who has power to pardon crimes, have a right to encourage the
      commission of crimes?
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      We are perpetually told, that, without a God there would be no moral
      obligation; that the people and even the sovereigns require a
      legislator powerful enough to constrain them. Moral constraint supposes a
      law; but this law arises from the eternal and necessary relations of
      things with one another; relations, which have nothing common with the
      existence of a God. The rules of Man's conduct are derived from his own
      nature which he is capable of knowing, and not from the Divine nature of
      which he has no idea. These rules constrain or oblige us; that is, we
      render ourselves estimable or contemptible, amiable or detestable, worthy
      of reward or of punishment, happy or unhappy, accordingly as we conform
      to, or deviate from these rules. The law, which obliges man not to hurt
      himself, is founded upon the nature of a sensible being, who, in whatever
      way he came into this world, is forced by his actual essence to seek good
      and shun evil, to love pleasure and fear pain. The law, which obliges man
      not to injure, and even to do good to others, is founded upon the nature
      of sensible beings, living in society, whose essence compels them to
      despise those who are useless, and to detest those who oppose their
      felicity.
    

      Whether there exists a God or not, whether this God has spoken or not, the
      moral duties of men will be always the same, so long as they are sensible
      beings. Have men then need of a God whom they know not, of an invisible
      legislator, of a mysterious religion and of chimerical fears, in order to
      learn that every excess evidently tends to destroy them, that to preserve
      health they must be temperate; that to gain the love of others it is
      necessary to do them good, that to do them evil is a sure means to incur
      their vengeance and hatred? "Before the law there was no sin." Nothing is
      more false than this maxim. It suffices that man is what he is, or that he
      is a sensible being, in order to distinguish what gives him pleasure or
      displeasure. It suffices that one man knows that another man is a sensible
      being like himself, to perceive what is useful or hurtful to him. It
      suffices that man needs his fellow-creature, in order to know that he must
      fear to excite sentiments unfavourable to himself. Thus the feeling and
      thinking being has only to feel and think, in order to discover what he
      must do for himself and others. I feel, and another feels like me; this is
      the foundation of all morals.
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      We can judge of the goodness of a system of Morals, only by its conformity
      to the nature of man. By this comparison, we have a right to reject it, if
      contrary to the welfare of our species. Whoever has seriously meditated
      Religion; whoever has carefully weighed its advantages and disadvantages,
      will be fully convinced, that both are injurious to the interests of Man,
      or directly opposite to his nature.
    

      "To arms! the cause of your God is at stake! Heaven is outraged! The faith
      is in danger! Impiety! blasphemy! heresy!" The magical power of these
      formidable words, the real value of which the people never understand,
      have at all times enabled priests to excite revolts, to dethrone kings, to
      kindle civil wars, and to lay waste. If we examine the important objects,
      which have produced so many ravages upon earth, it appears, that either
      the foolish reveries and whimsical conjectures of some theologian who did
      not understand himself, or else the pretensions of the clergy, have broken
      every social bond and deluged mankind with blood and tears.
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      The sovereigns of this world, by associating the Divinity in the
      government of their dominions, by proclaiming themselves his vicegerents
      and representatives upon earth, and by acknowledging they hold their power
      from him, have necessarily constituted his ministers their own rivals or
      masters. Is it then astonishing, that priests have often made kings feel
      the superiority of the Celestial Monarch? Have they not more than once
      convinced temporal princes, that even the greatest power is compelled to
      yield to the spiritual power of opinion? Nothing is more difficult than to
      serve two masters, especially when they are not agreed upon what they
      require.
    

      The association of Religion with Politics necessarily introduced double
      legislation. The law of God, interpreted by his priests, was often
      repugnant to the law of the sovereign, or the interest of the state. When
      princes have firmness and are confident of the love of their subjects, the
      law of God is sometimes forced to yield to the wise intentions of the
      temporal sovereign; but generally the sovereign authority is
      obliged to give way to the divine authority, that is, to the
      interests of the clergy. Nothing is more dangerous to a prince, than to encroach
      upon the authority of the Church, that is, to attempt to reform abuses
      consecrated by religion. God is never more angry than when we touch the
      divine rights, privileges, possessions, or immunities of his priests.
    

      The metaphysical speculations or religious opinions of men influence their
      conduct, only when they judge them conformable to their interest. Nothing
      proves this truth more clearly, than the conduct of many princes with
      respect to the spiritual power, which they often resist. Ought not a
      sovereign, persuaded of the importance and rights of Religion, to believe
      himself in conscience bound to receive respectfully the orders of its
      priests, and to regard them as the orders of the Divinity? There was a
      time, when kings and people, more consistent in their conduct, were
      convinced of the rights of spiritual power, and becoming its slaves,
      yielded to it upon every occasion, and were but docile instruments in its
      hands. That happy time is passed. By a strange inconsistency the most
      devout monarchs are sometimes seen to oppose the enterprises of those,
      whom they yet regard as the ministers of God. A sovereign, deeply
      religious, ought to remain prostrate at the feet of his ministers, and
      regard them as true sovereigns. Is there upon earth a power which has a
      right to put itself in competition with that of the Most High?
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      Have princes then, who imagine themselves interested in cherishing the
      prejudices of their subjects, seriously reflected upon the effects, which
      have been, and may be again produced by certain privileged demagogues, who
      have a right to speak at pleasure, and in the name of heaven to inflame
      the passions of millions of subjects? What ravages would not these sacred
      haranguers cause, if they should conspire, as they have so often done, to
      disturb the tranquillity of a state!
    

      To most nations, nothing is more burthensome and ruinous than the worship
      of their gods. Not only do the ministers of these gods every where
      constitute the first order in the state, but they also enjoy the largest
      portion of the goods of society, and have a right to levy permanent taxes
      upon their fellow-citizens. What real advantages then do these organs of
      the Most High procure the people, for the immense profits extorted from
      their industry? In exchange for their riches and benefits, what do they
      give them but mysteries, hypotheses, ceremonies, subtle questions, and
      endless quarrels, which states are again compelled to pay with blood?
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      Religion, though said to be the firmest prop of Morality, evidently
      destroys its true springs, in order to substitute imaginary ones,
      inconceivable chimeras, which, being obviously contrary to reason, nobody
      firmly believes. All nations declare that they firmly believe in a God,
      who rewards and punishes; all say they are persuaded of the existence of
      hell and paradise; yet, do these ideas render men better or counteract the
      most trifling interests? Every one assures us, that he trembles at the
      judgments of God; yet every one follows his passions, when he thinks
      himself sure of escaping the judgments of Man. The fear of invisible
      powers is seldom so strong as the fear of visible ones. Unknown or remote
      punishments strike the multitude far less forcibly than the sight of the
      gallows. Few courtiers fear the anger of their God so much as the
      displeasure of their master. A pension, a title, or a riband suffices to
      efface the remembrance both of the torments of hell, and of the pleasures
      of the celestial court. The caresses of a woman repeatedly prevail over
      the menaces of the Most High. A jest, a stroke of ridicule, a witticism,
      make more impression upon the man of the world, than all the grave notions
      of his Religion.
    

      Are we not assured that a true repentance is enough to appease the
      Deity? Yet we do not see that this true repentance is very sincere;
      at least, it is rare to see noted thieves, even at the point of death,
      restore goods, which they have unjustly acquired. Men are undoubtedly
      persuaded, that they shall fit themselves for eternal fire, if they cannot
      insure themselves against it. But, "Some useful compacts may be made with
      heaven." By giving the church a part of his fortune, almost every devout
      rogue may die in peace, without concerning himself in what he gained his
      riches.
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      By the confession of the warmest defenders of Religion and of its utility,
      nothing is more rare than sincere conversions, and, we might add, nothing
      more unprofitable to society. Men are not disgusted with the world, until
      the world is disgusted with them.
    

      If the devout have the talent of pleasing God and his priests, they have
      seldom that of being agreeable or useful to society. To a devotee,
      Religion is a veil, which covers all passions; pride, ill-humour, anger,
      revenge, impatience, and rancour. Devotion arrogates a tyrannical
      superiority, which banishes gentleness, indulgence, and gaiety; it
      authorizes people to censure their neighbours, to reprove and revile the
      profane for the greater glory of God. It is very common to be devout, and
      at the same time destitute of every virtue and quality necessary to social
      life.
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      It is asserted, that the dogma of another life is of the utmost importance
      to peace and happiness; that without it, men would be destitute of motives
      to do good. What need is there of terrors and fables to make man sensible
      how he ought to conduct himself? Does not every one see, that he has the
      greatest interest, in meriting the approbation, esteem, and benevolence of
      the beings who surround him, and in abstaining from every thing, by which
      he may incur the censure, contempt, and resentment of society? However
      short an entertainment, a conversation, or visit, does not each desire to
      act his part decently, and agreeably to himself and others? If life is but
      a passage, let us strive to make it easy; which we cannot effect, if we
      fail in regard for those who travel with us. Religion, occupied with its
      gloomy reveries, considers man merely as a pilgrim upon earth; and
      therefore supposes that, in order to travel the more securely, he must
      forsake company, and deprive himself of pleasure and amusements, which
      might console him for the tediousness and fatigue of the journey. A
      stoical and morose philosopher sometimes gives us advice as irrational as
      that of Religion. But a more rational philosophy invites us to spread
      flowers upon the way of life, to dispel melancholy and banish terrors, to
      connect our interest with that of our fellow-travellers, and by gaiety and
      lawful pleasures, to divert our attention from difficulties and accidents,
      to which we are often exposed; it teaches us, that, to travel agreeably,
      we should abstain from what might be injurious to ourselves, and carefully
      shun what might render us odious to our associates.
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      It is asked, what motives an Atheist can have to do good? The
      motive to please himself and his fellow-creatures; to live happily and
      peaceably; to gain the affection and esteem of men. "Can he, who fears not
      the gods, fear any thing?" He can fear men; he can fear contempt,
      dishonour, the punishment of the laws; in short, he can fear himself, and
      the remorse felt by all those who are conscious of having incurred or
      merited the hatred of their fellow-creatures.
    

      Conscience is the internal testimony, which we bear to ourselves, of
      having acted so as to merit the esteem or blame of the beings, with whom
      we live; and it is founded upon the clear knowledge we have of men, and of
      the sentiments which our actions must produce in them. The Conscience of
      the religious man consists in imagining that he has pleased or displeased
      his God, of whom he has no idea, and whose obscure and doubtful intentions
      are explained to him only by men of doubtful veracity, who, like him, are
      utterly unacquainted with the essence of the Deity, and are little agreed
      upon what can please or displease him. In a word, the conscience of the
      credulous is directed by men, who have themselves an erroneous conscience,
      or whose interest stifles knowledge.
    

      "Can an Atheist have a Conscience? What are his motives to abstain from
      hidden vices and secret crimes of which other men are ignorant, and which
      are beyond the reach of laws?" He may be assured by constant experience,
      that there is no vice, which, by the nature of things, does not punish
      itself. Would he preserve this life? he will avoid every excess, that may
      impair his health; he will not wish to lead a languishing life, which
      would render him a burden to himself and others. As for secret crimes, he
      will abstain from them, for fear he shall be forced to blush at himself,
      from whom he cannot flee. If he has any reason, he will know the value of
      the esteem which an honest man ought to have for himself. He will see,
      that unforeseen circumstances may unveil the conduct, which he feels
      interested in concealing from others. The other world furnishes no motives
      for doing good, to him, who finds none on earth.
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      "The speculative Atheist," says the Theist, "may be an honest man, but his
      writings will make political Atheists. Princes and ministers, no longer
      restrained by the fear of God, will abandon themselves, without scruple,
      to the most horrid excesses." But, however great the depravity of an
      Atheist upon the throne, can it be stronger and more destructive, than
      that of the many conquerors, tyrants, persecutors, ambitious men, and
      perverse courtiers, who, though not Atheists, but often very religious and
      devout, have notwithstanding made humanity groan under the weight of their
      crimes? Can an atheistical prince do more harm to the world, than a Louis
      XI., a Philip II., a Richelieu, who all united Religion with crime?
      Nothing is more rare, than atheistical princes; nothing more common, than
      tyrants and ministers, who are very wicked and very religious.
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      A man of reflection cannot be incapable of his duties, of discovering the
      relations subsisting between men, of meditating his own nature, of
      discerning his own wants, propensities, and desires, and of perceiving
      what he owes to beings, who are necessary to his happiness. These
      reflections naturally lead him to a knowledge of the Morality most
      essential to social beings. Dangerous passions seldom fall to the lot of a
      man who loves to commune with himself, to study, and to investigate the
      principles of things. The strongest passion of such a man will be to know
      truth, and his ambition to teach it to others. Philosophy cultivates the
      mind. On the score of morals and honesty, has not he who reflects and
      reasons, evidently an advantage over him, who makes it a principle never
      to reason?
    

      If ignorance is useful to priests, and to the oppressors of mankind, it is
      fatal to society. Man, void of knowledge, does not enjoy reason; without
      reason and knowledge, he is a savage, liable to commit crimes. Morality,
      or the science of duties, is acquired only by the study of Man, and of
      what is relative to Man. He, who does not reflect, is unacquainted with
      true Morality, and walks with precarious steps, in the path of virtue. The
      less men reason, the more wicked they are. Savages, princes, nobles, and
      the dregs of the people, are commonly the worst of men, because they
      reason the least. The devout man seldom reflects, and rarely reasons. He
      fears all enquiry, scrupulously follows authority, and often, through an
      error of conscience, makes it a sacred duty to commit evil. The Atheist
      reasons: he consults experience, which he prefers to prejudice. If he
      reasons justly, his conscience is enlightened; he finds more real motives
      to do good than the bigot whose only motives are his fallacies, and who
      never listens to reason. Are not the motives of the Atheist sufficiently
      powerful to counteract his passions? Is he blind enough to be unmindful of
      his true interest, which ought to restrain him? But he will be neither
      worse nor better, than the numerous believers, who, notwithstanding
      Religion and its sublime precepts, follow a conduct which Religion
      condemns. Is a credulous assassin less to be feared, than an assassin who
      believes nothing? Is a very devout tyrant less tyrannical than an undevout
      tyrant?
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      Nothing is more uncommon, than to see men consistent. Their opinions never
      influence their conduct except when conformable to their temperaments,
      passions, and interests. Daily experience shows, that religious opinions
      produce much evil and little good. They are hurtful, because they often
      favour the passions of tyrants, of ambitious men, of fanatics, and of
      priests; they are of no effect, because incapable of counter-balancing the
      present interests of the greater part of mankind. Religious principles are
      of no avail, when they act in opposition to ardent desires; though not
      unbelievers, men then conduct themselves as if they believed nothing.
    

      We shall always be liable to err, when we judge of the opinions of men by
      their conduct, or of their conduct by their opinions. A religious man,
      notwithstanding the unsociable principles of a sanguinary religion, will
      sometimes by a happy inconsistency, be humane, tolerant, and moderate; the
      principles of his religion do not then agree with the gentleness of his
      character. Libertines, debauchees, hypocrites, adulterers, and rogues,
      often appear to have the best ideas upon morals. Why do they not reduce
      them to practice? Because their temperament, their interest, and their
      habits do not accord with their sublime theories. The rigid principles of
      Christian morality, which many people regard as divine, have but little
      influence upon the conduct of those, who preach them to others. Do they
      not daily tell us, to do what they preach, and not what they practise?

      The partisans of Religion often denote an infidel by the word libertine.
      It is possible that many unbelievers may have loose morals, which is owing
      to their temperament, and not to their opinions. But how does their
      conduct affect their opinions? Cannot then an immoral man be a good
      physician, architect, geometrician, logician, or metaphysician? A man of
      irreproachable conduct may be extremely deficient in knowledge and reason.
      In quest of truth, it little concerns us from whom it comes. Let us not
      judge men by their opinions, nor opinions by men; let us judge men by
      their conduct, and their opinions by their conformity with experience and
      reason and by their utility to mankind.
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      Every man, who reasons, soon becomes an unbeliever; for reason shows, that
      theology is nothing but a tissue of chimeras; that religion is contrary to
      every principle of good sense, that it tinctures all human knowledge with
      falsity. The sensible man is an unbeliever, because he sees, that, far
      from making men happier, religion is the chief source of the greatest
      disorders, and the permanent calamities, with which man is afflicted. The
      man, who seeks his own welfare and tranquillity, examines and throws aside
      religion, because he thinks it no less troublesome than useless, to spend
      his life in trembling before phantoms, fit to impose only upon silly women
      or children.
    

      If licentiousness, which reasons but little, sometimes leads to
      irreligion, the man of pure morals may have very good motives for
      examining his religion, and banishing it from his mind. Religious terrors,
      too weak to impose upon the wicked in whom vice is deeply rooted, afflict,
      torment and overwhelm restless imaginations. Courageous and vigorous minds
      soon shake off the insupportable yoke. But those, who are weak and
      timorous, languish under it during life; and as they grow old their fears
      increase.
    

      Priests have represented God as so malicious, austere, and terrible a
      being, that most men would cordially wish, that there was no God. It is
      impossible to be happy, while always trembling. Ye devout! you adore a
      terrible God! But you hate him; you would be glad, if he did not exist.
      Can we refrain from desiring the absence or destruction of a master, the
      idea of whom destroys our happiness? The black colours, in which priests
      paint the Divinity, are truly shocking, and force us to hate and reject
      him.
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      If fear created the gods, fear supports their empire over the minds of
      mortals. So early are men accustomed to shudder at the mere name of the
      Deity, that they regard him as a spectre, a hobgoblin, a bugbear, which
      torments and deprives them of courage even to wish relief from their
      fears. They apprehend, that the invisible spectre, will strike them the
      moment they cease to be afraid. Bigots are too much in fear of their God
      to love him sincerely. They serve him like slaves, who, unable to escape
      his power, resolve to flatter their master, and who, by dint of lying, at
      length persuade themselves, that they in some measure love him. They make
      a virtue of necessity. The love of devotees for their God, and of slaves
      for their despots, is only a feigned homage.
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      Christian divines have represented their God so terrible and so little
      worthy of love, that several of them have thought they must dispense with
      loving him; a blasphemy, shocking to other divines, who were less
      ingenuous. St. Thomas having maintained, that we are obliged to love God
      as soon as we attain the use of reason, the Jesuit Sirmond answered him,
      that is very soon. The Jesuit Vasquez assures us, that it is
      enough to love God at the point of death. Hurtado, more rigid, says,
      we must love God very year. Henriquez is contented that we love him
      every five years; Sotus, every Sunday. Upon what are these
      opinions grounded? asks father Sirmond; who adds, that Suarez requires us
      to love God sometimes. But when? He leaves that to us; he knows
      nothing about it himself. Now, says he, who will be able to know
      that, of which such a learned divine is ignorant? The same Jesuit
      Sirmond further observes, that God "does not command us to love him
      with an affectionate love, nor does he promise us salvation upon condition
      that we give him our hearts; it is enough to obey and love him with an
      effective love by executing his orders; this is the only love we owe him;
      and he has not so much commanded us to love him, as not to hate him." This
      doctrine appears heretical, impious, and abominable to the Jansenists,
      who, by the revolting severity they attribute to their God, make him far
      less amiable, than the Jesuits, their adversaries. The latter, to gain
      adherents, paint God in colours capable of encouraging the most perverse
      of mortals. Thus nothing is more undecided with the Christians, than the
      important question, whether they can, ought, or ought not to love God.
      Some of their spiritual guides maintain, that it is necessary to love him
      with all one's heart, notwithstanding all his severity; others, like
      father Daniel, think that, an act of pure love to God is the most
      heroic act of Christian virtue, and almost beyond the reach of human
      weakness. The Jesuit Pintereau goes farther; he says, a deliverance
      from the grievous yoke of loving God is a privilege of the new covenant.
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      The character of the Man always decides that of his God; every body makes
      one for himself and like himself. The man of gaiety, involved in
      dissipation and pleasure, does not imagine, that, God can be stern and
      cross; he wants a good-natured God, with whom he can find reconciliation.
      The man of a rigid, morose, bilious, sour disposition, must have a God
      like himself, a God of terror; and he regards, as perverse, those, who
      admit a placable, indulgent God. As men are constituted, organized, and
      modified in a manner, which cannot be precisely the same, how can they
      agree about a chimera, which exists only in their brains?
    

      The cruel and endless disputes between the ministers of the Lord, are not
      such as to attract the confidence of those, who impartially consider them.
      How can we avoid complete infidelity, upon viewing principles, about which
      those who teach them to others are never agreed? How can we help doubting
      the existence of a God, of whom it is evident that even his ministers can
      only form very fluctuating ideas? How can we in short avoid totally
      rejecting a God, who is nothing but a shapeless heap of contradictions?
      How can we refer the matter to the decision of priests, who are
      perpetually at war, treating each other as impious and heretical, defaming
      and persecuting each other without mercy, for differing in the manner of
      understanding what they announce to the world?
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      The existence of a God is the basis of all Religion. Nevertheless, this
      important truth has not as yet been demonstrated, I do not say so as to
      convince unbelievers, but in a manner satisfactory to theologians
      themselves. Profound thinkers have at all times been occupied in inventing
      new proofs. What are the fruits of their meditations and arguments? They
      have left the subject in a worse condition; they have demonstrated
      nothing; they have almost always excited the clamours of their brethren,
      who have accused them of having poorly defended the best of causes.
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      The apologists of religion daily repeat, that the passions alone make
      unbelievers. "Pride," say they, "and the desire of signalizing themselves,
      make men Atheists. They endeavour to efface from their minds the idea of
      God, only because they have reason to fear his terrible judgments."
      Whatever may be the motives, which incline men to Atheism, it is our
      business to examine, whether their sentiments are founded in truth. No man
      acts without motives. Let us first examine the arguments and afterwards
      the motives. We shall see whether these motives are not legitimate, and
      more rational than those of many credulous bigots, who suffer themselves
      to be guided by masters little worthy of the confidence of men.
    

      You say then, Priests of the Lord! that the passions make unbelievers;
      that they renounce Religion only through interest, or because it
      contradicts their inordinate propensities; you assert, that they attack
      your gods only because they fear their severity. But, are you yourselves,
      in defending Religion and its chimeras, truly exempt from passions and
      interests? Who reap advantages from this Religion, for which priests
      display so much zeal? Priests. To whom does Religion procure power,
      influence, riches, and honours? To Priests. Who wage war, in every
      country, against reason, science, truth, and philosophy, and render them
      odious to sovereigns and people? Priests. Who profit by the ignorance and
      vain prejudices of men? Priests.—Priests! you are rewarded, honoured
      and paid for deceiving mortals, and you cause those to be punished who
      undeceive them. The follies of men procure you benefices, offerings, and
      expiations; while those, who announce the most useful truths, are rewarded
      only with chains, gibbets and funeral-piles. Let the world judge between
      us.
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      Pride and vanity have been, and ever will be, inherent in the priesthood.
      Is any thing more capable of rendering men haughty and vain, than the
      pretence of exercising a power derived from heaven, of bearing a sacred
      character, of being the messengers and ministers of the Most High? Are not
      these dispositions perpetually nourished by the credulity of the people,
      the deference and respect of sovereigns, the immunities, privileges, and
      distinctions enjoyed by the clergy? In every country, the vulgar are much
      more devoted to their spiritual guides, whom they regard as divine, than
      to their temporal superiors, whom they consider as no more than ordinary
      men. The parson of a village acts a much more conspicuous part, than the
      lord of the manor or the justice of the peace. Among the Christians, a
      priest thinks himself far above a king or an emperor. A Spanish grandee
      having spoken rather haughtily to a monk, the latter arrogantly said,
      "Learn to respect a man, who daily has your God in his hands, and your
      Queen at his feet." Have priests then a right to accuse unbelievers of
      pride? Are they themselves remarkable for uncommon modesty or profound
      humility? Is it not evident, that the desire of domineering over men is
      essential to their trade? If the ministers of the Lord were truly modest,
      should we see them so greedy of respect, so impatient of contradiction, so
      positive in their decisions, and so unmercifully revengeful to those whose
      opinions offend them? Has not Science the modesty to acknowledge how
      difficult it is to discover truth? What other passion but ungovernable
      pride can make men so savage, revengeful, and void of indulgence and
      gentleness? What can be more presumptuous, than to arm nations and deluge
      the world in blood, in order to establish or defend futile conjectures?
    

      You say, that presumption alone makes Atheists. Inform them then what your
      God is; teach them his essence; speak of him intelligibly; say something
      about him, which is reasonable, and not contradictory or impossible. If
      you are unable to satisfy them, if hitherto none of you have been able to
      demonstrate the existence of a God in a clear and convincing manner; if by
      your own confession, his essence is completely veiled from you, as from
      the rest of mortals, forgive those, who cannot admit what they can neither
      understand nor make consistent with itself; do not tax with presumption
      and vanity those who are sincere enough to confess their ignorance; do not
      accuse of folly those who find themselves incapable of believing
      contradictions; and for once, blush at exciting the hatred and fury of
      sovereigns and people against men, who think not like you concerning a
      being, of whom you have no idea. Is any thing more rash and extravagant,
      than to reason concerning an object, known to be inconceivable? You say,
      that the corruption of the heart produces Atheism, that men shake off the
      yoke of the Deity only because they fear his formidable judgments. But,
      why do you paint your God in colours so shocking, that he becomes
      insupportable? Why does so powerful a God permit men to be so corrupt? How
      can we help endeavouring to shake off the yoke of a tyrant, who, able to
      do as he pleases with men, consents to their perversion, who hardens, and
      blinds them, and refuses them his grace, that he may have the satisfaction
      to punish them eternally, for having been hardened, and blinded, and for
      not having the grace which he refused? Theologians and priests must be
      very confident of the grace of heaven and a happy futurity, to refrain
      from detesting a master so capricious as the God they announce. A God, who
      damns eternally, is the most odious of beings that the human mind can
      invent.
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      No man upon earth is truly interested in the support of error, which is
      forced sooner or later to yield to truth. The general good must at length
      open the eyes of mortals: the passions themselves sometimes contribute to
      break the chains of prejudices. Did not the passions of sovereigns,
      centuries ago, annihilate in some countries of Europe the tyrannical
      power, which a too haughty pontiff once exercised over all princes of his
      sect? In consequence of the progress of political science, the clergy were
      then stripped of immense riches, which credulity had accumulated upon
      them. Ought not this memorable example to convince priests, that
      prejudices triumph but for a time, and that truth alone can insure solid
      happiness?
    

      By caressing sovereigns, by fabricating divine rights for them, by
      deifying them, and by abandoning the people, bound hand and foot, to their
      will, the ministers of the Most High must see, that they are labouring to
      make them tyrants. Have they not reason to apprehend, that the gigantic
      idols, which they raised to the clouds, will one day crush them by their
      enormous weight? Do not a thousand examples remind them that these
      tyrants, after preying upon the people, may prey upon them in their turn.
    

      We will respect priests, when they become sensible men. Let them, if they
      please, use the authority of heaven to frighten those princes who are
      continually desolating the earth; but let them no more adjudge to them the
      horrid right of being unjust with impunity. Let them acknowledge, that no
      man is interested in living under tyranny; and let them teach sovereigns,
      that they themselves are not interested in exercising a despotism, which,
      by rendering them odious, exposes them to danger, and detracts from their
      power and greatness. Finally, let priests and kings become so far
      enlightened as to acknowledge, that no power is secure which is not
      founded upon truth, reason, and equity.
    







      190.
    

      By waging war against Reason, which they ought to have protected and
      developed, the ministers of the gods evidently act against their own
      interest. What power, influence, and respect might they not have gained
      among the wisest of men, what gratitude would they not have excited in the
      people, if, instead of wasting their time about their vain disputes, they
      had applied themselves to really useful science, and investigated the true
      principles of philosophy, government, and morals! Who would dare to
      reproach a body with its opulence or influence, if the members dedicating
      themselves to the public good, employed their leisure in study, and
      exercised their authority in enlightening the minds both of sovereigns and
      subjects?
    

      Priests! Forsake your chimeras, your unintelligible dogmas, your
      contemptible quarrels! Banish those phantoms which could be useful only in
      the infancy of nations. Assume, at length, the language of reason. Instead
      of exciting persecution; instead of entertaining the people with silly
      disputes; instead of preaching useless and fanatical dogmas, preach human
      and social morality; preach virtues really useful to the world; become the
      apostles of reason, the defenders of liberty, and the reformers of abuses.
    







      191.
    

      Philosophers have every where taken upon themselves a part, which seemed
      destined to the ministers of Religion. The hatred of the latter for
      philosophy was only a jealousy of trade. But, instead of endeavouring to
      injure and decry each other, all men of good sense should unite their
      efforts to combat error, seek truth, and especially to put to flight the
      prejudices, that are equally injurious to sovereigns and subjects, and of
      which the abettors themselves sooner or later become the victims.
    

      In the hands of an enlightened government, the priests would become the
      most useful of the citizens. Already richly paid by the state, and free
      from the care of providing for their own subsistence, how could they be
      better employed than in qualifying themselves for the instruction of
      others? Would not their minds be better satisfied with discovering
      luminous truths, than in wandering through the thick darkness of error?
      Would it be more difficult to discern the clear principles of Morality,
      than the imaginary principles of a divine and theological Morality? Would
      men of ordinary capacities find it as difficult to fix in their heads the
      simple notions of their duties, as to load their memories with mysteries,
      unintelligible words and obscure definitions, of which they can never form
      a clear idea? What time and pains are lost in learning and teaching
      things, which are not of the least real utility! What resources for the
      encouragement of the sciences, the advancement of knowledge, and the
      education of youth, well disposed sovereigns might find in the many
      monasteries, which in several countries live upon the people without in
      the slightest degree profiting them! But superstition, jealous of its
      exclusive empire, seems resolved to form only useless beings. To what
      advantage might we not turn a multitude of cenobites of both sexes, who,
      in many countries, are amply endowed for doing nothing? Instead of
      overwhelming them with fasting and austerities; instead of barren
      contemplations, mechanical prayers, and trifling ceremonies; why should we
      not excite in them a salutary emulation, which may incline them to seek
      the means, not of being dead to the world, but of being useful
      to it? Instead of filling the youthful minds of their pupils with fables,
      sterile dogmas, and puerilities, why are not priests obliged, or invited
      to teach them truths, and to render them useful citizens of their country?
      Under the present system, men are only useful to the clergy who blind
      them, and to the tyrants who fleece them.
    







      192.
    

      The partisans of credulity often accuse unbelievers of insincerity,
      because they sometimes waver in their principles, alter their minds in
      sickness, and retract at death. When the body is disordered, the faculty
      of reasoning is commonly disordered with it. At the approach of death,
      man, weak and decayed, is sometimes himself sensible that Reason abandons
      him, and that Prejudice returns. There are some diseases, which tend to
      weaken the brain; to create despondency and pusillanimity; and there are
      others, which destroy the body, but do not disturb the reason. At any
      rate, an unbeliever who recants in sickness is not more extraordinary,
      than a devotee who neglects in health the duties which his religion
      explicitly enjoins.
    

      Ministers of Religion openly contradict in their daily conduct the
      rigorous principles, they teach to others; in consequence of which,
      unbelievers, in their turn, may justly accuse them of insincerity. Is it
      easy to find many prelates humble, generous, void of ambition, enemies of
      pomp and grandeur, and friends of poverty? In short, is the conduct of
      Christian ministers conformable to the austere morality of Christ, their
      God, and their model?
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Atheism, it is said, breaks all the ties of society. Without the
      belief of a God, what will become of the sacredness of oaths? How shall we
      oblige a man to speak the truth, who cannot seriously call the Deity to
      witness what he says? But, does an oath strengthen our obligation to
      fulfil the engagements contracted? Will he, who is not fearful of lying,
      be less fearful of perjury? He, who is base enough to break his word, or
      unjust enough to violate his engagements, in contempt of the esteem of
      men, will not be more faithful therein for having called all the gods to
      witness his oaths. Those, who disregard the judgments of men, will soon
      disregard the judgments of God. Are not princes, of all men, the most
      ready to swear, and the most ready to violate their oaths?
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The vulgar, it is repeatedly said, must have a Religion. If
      enlightened persons have no need of the restraint of opinion, it is at
      least necessary to rude men, whose reason is uncultivated by education.
      But, is it indeed a fact, that religion is a restraint upon the vulgar? Do
      we see, that this religion preserves them from intemperance, drunkenness,
      brutality, violence, fraud, and every kind of excess? Could a people who
      have no idea of the Deity conduct themselves in a more detestable manner,
      than these believing people, among whom we find dissipation and vices, the
      most unworthy of reasonable beings? Upon going out of the churches, do not
      the working classes, and the populace, plunge without fear into their
      ordinary irregularities, under the idea, that the periodical homage, which
      they render to their God, authorizes them to follow, without remorse,
      their vicious habits and pernicious propensities? Finally, if the people
      are so low-minded and unreasonable, is not their stupidity chargeable to
      the negligence of their princes, who are wholly regardless of public
      education, or who even oppose the instruction of their subjects? Is not
      the want of reason in the people evidently the work of the priests, who,
      instead of instructing men in a rational morality, entertain them with
      fables, reveries, ceremonies, fallacies, and false virtues which they
      think of the greatest importance?
    

      To the people, Religion is but a vain display of ceremonies, to which they
      are attached by habit, which entertains their eyes, and produces a
      transient emotion in their torpid understandings, without influencing
      their conduct or reforming their morals. Even by the confession of the
      ministers of the altars, nothing is more rare than that internal
      and spiritual Religion, which alone is capable of regulating the
      life of man and of triumphing over his evil propensities. In the most
      numerous and devout nation, are there many persons, who are really capable
      of understanding the principles of their religious system, and who find
      them powerful enough to stifle their perverse inclinations?
    

      Many persons will say, that any restraint whatever is better than none.
      They will maintain, that if religion awes not the greater part, it
      serves at least to restrain some individuals, who would otherwise without
      remorse abandon themselves to crime. Men ought undoubtedly to have a
      restraint, but not an imaginary one. Religion only frightens those whose
      imbecility of character has already prevented them from being formidable
      to their fellow-citizens. An equitable government, severe laws, and sound
      morality have an equal power over all; at least, every person must believe
      in them, and perceive the danger of not conforming to them.
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      Perhaps it will be asked, whether Atheism can be proper for the
      multitude? I answer, that any system, which requires discussion, is
      not made for the multitude. What purpose then can it serve to preach
      Atheism? It may at least serve to convince all those who reason, that
      nothing is more extravagant than to fret one's self, and nothing more
      unjust than to vex others, for mere groundless conjectures. As for the
      vulgar who never reason, the arguments of an Atheist are no more fit for
      them than the systems of a natural philosopher, the observations of an
      astronomer, the experiments of a chemist, the calculations of a
      geometrician, the researches of a physician, the plans of an architect, or
      the pleadings of a lawyer, who all labour for the people without their
      knowledge.
    

      Are the metaphysical reasonings and religious disputes, which have so long
      engrossed the time and attention of so many profound thinkers, better
      adapted to the generality of men than the reasoning of an Atheist? Nay, as
      the principles of Atheism are founded upon plain common sense, are they
      not more intelligible, than those of a theology, beset with difficulties,
      which even the persons of the greatest genius cannot explain? In every
      country, the people have a religion, the principles of which they are
      totally ignorant, and which they follow from habit without any
      examination: their priests alone are engaged in theology, which is too
      dense for vulgar heads. If the people should chance to lose this unknown
      theology, they mighty easily console themselves for the loss of a thing,
      not only perfectly useless, but also productive of dangerous commotions.
    

      It would be madness to write for the vulgar, or to attempt to cure their
      prejudices all at once. We write for those only, who read and reason; the
      multitude read but little, and reason still less. Calm and rational
      persons will require new ideas, and knowledge will be gradually diffused.
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      If theology is a branch of commerce profitable to theologians, it is
      evidently not only superfluous, but injurious to the rest of society.
      Self-interest will sooner or later open the eyes of men. Sovereigns and
      subjects will one day adopt the profound indifference and contempt,
      merited by a futile system, which serves only to make men miserable. All
      persons will be sensible of the inutility of the many expensive
      ceremonies, which contribute nothing to public felicity. Contemptible
      quarrels will cease to disturb the tranquility of states, when we blush at
      having considered them important.
    

      Instead of Parliament meddling with the senseless combats of your clergy;
      instead of foolishly espousing their impertinent quarrels, and attempting
      to make your subjects adopt uniform opinions—strive to make them
      happy in this world. Respect their liberty and property, watch over their
      education, encourage them in their labours, reward their talents and
      virtues, repress licentiousness; and do not concern yourselves with their
      manner of thinking. Theological fables are useful only to tyrants and the
      ignorant.
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      Does it then require an extraordinary effort of genius to comprehend, that
      what is above the capacity of man, is not made for him; that things
      supernatural are not made for natural beings; that impenetrable mysteries
      are not made for limited minds? If theologians are foolish enough to
      dispute upon objects, which they acknowledge to be unintelligible even to
      themselves, ought society to take any part in their silly quarrels? Must
      the blood of nations flow to enhance the conjectures of a few infatuated
      dreamers? If it is difficult to cure theologians of their madness and the
      people of their prejudices, it is at least easy to prevent the
      extravagancies of one party, and the silliness of the other from producing
      pernicious effects. Let every one be permitted to think as he pleases; but
      never let him be permitted to injure others for their manner of thinking.
      Were the rulers of nations more just and rational, theological opinions
      would not affect the public tranquillity, more than the disputes of
      natural philosophers, physicians, grammarians, and critics. It is tyranny
      which causes theological quarrels to be attended with serious
      consequences.
    

      Those, who extol the importance and utility of Religion, ought to shew us
      its happy effects, the advantages for instance, which the disputes and
      abstract speculations of theology can be to porters, artisans, and
      labourers, and to the multitude of unfortunate women and corrupt servants
      with which great cities abound. All these beings are religious; they have
      what is called an implicit faith. Their parsons believe for them;
      and they stupidly adhere to the unknown belief of their guides. They go to
      hear sermons, and would think it a great crime to transgress any of the
      ordinances, to which, in childhood, they are taught to conform. But of
      what service to morals is all this? None at all. They have not the least
      idea of Morality, and are even guilty of all the roguery, fraud, rapine,
      and excess, that is out of the reach of law.
    

      The populace have no idea of their Religion; what they call Religion is
      nothing but a blind attachment to unknown opinions and mysterious
      practices. In fact, to deprive people of Religion is to deprive them of
      nothing. By overthrowing their prejudices, we should only lessen or
      annihilate the dangerous confidence they put in interested guides, and
      should teach them to mistrust those, who, under the pretext of Religion,
      often lead them into fatal excesses.
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      While pretending to instruct and enlighten men, Religion in reality keeps
      them in ignorance, and stifles the desire of knowing the most interesting
      objects. The people have no other rule of conduct, than what their priests
      are pleased to prescribe. Religion supplies the place of every thing else:
      but being in itself essentially obscure, it is more proper to lead mortals
      astray than to guide them in the path of science and happiness. Religion
      renders enigmatical all Natural Philosophy, Morality, Legislation and
      Politics. A man blinded by religious prejudices, fears truth, whenever it
      clashes with his opinions: he cannot know his own nature he cannot
      cultivate his reason, he cannot perform experiments.
    

      Everything concurs to render the people devout; but every thing tends to
      prevent them from being humane, reasonable and virtuous. Religion seems to
      have no other object, than to stupefy the mind.
    

      Priests have been ever at war with genius and talent, because
      well-informed men perceive, that superstition shackles the human mind, and
      would keep it in eternal infancy, occupied solely by fables and frightened
      by phantoms. Incapable of improvement itself, Theology opposed
      insurmountable barriers to the progress of true knowledge; its sole object
      is to keep nations and their rulers in the most profound ignorance of
      their duties, and of the real motives, that should incline them to do
      good. It obscures Morality, renders its principles arbitrary, and subjects
      it to the caprice of the gods or of their ministers. It converts the art
      of governing men into a mysterious tyranny, which is the scourge of
      nations. It changes princes into unjust, licentious despots, and the
      people into ignorant slaves, who become corrupt in order to merit the
      favour of their masters.
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      By tracing the history of the human mind, we shall be easily convinced,
      that Theology has cautiously guarded against its progress. It began by
      giving out fables as sacred truth: it produced poetry, which filled the
      imagination of men with its puerile fictions: it entertained them with its
      gods and their incredible deeds. In a word, Religion has always treated
      men, like children, whom it lulled to sleep with tales, which its
      ministers would have us still regard as incontestable truths.
    

      If the ministers of the gods have sometimes made useful discoveries, they
      have always been careful to give them a dogmatical tone, and envelope them
      in the shades of mystery. Pythagoras and Plato, in order to acquire some
      trifling knowledge, were obliged to court the favour of priests, to be
      initiated in their mysteries, and to undergo whatever trials they were
      pleased to impose. At this price, they were permitted to imbibe those
      exalted notions, still so bewitching to all those who admire only what is
      perfectly unintelligible. It was from Egyptian, Indian, and Chaldean
      priests, from the schools of these visionaries, professionally interested
      in bewildering human reason, that philosophy was obliged to borrow its
      first rudiments. Obscure and false in its principles, mixed with fictions
      and fables, and made only to dazzle the imagination, the progress of this
      philosophy was precarious, and its theories unintelligible; instead of
      enlightening, it blighted the mind, and diverted it from objects truly
      useful.
    

      The theological speculations and mystical reveries of the ancients are
      still law in a great part of the philosophic world; and being adopted by
      modern theology, it is heresy to abandon them. They tell us "of aerial
      beings, of spirits, angels, demons, genii," and other phantoms, which are
      the object of their meditations, and serve as the basis of metaphysics,
      an abstract and futile science, which for thousands of years the greatest
      geniuses have vainly studied. Hypothesis, imagined by a few visionaries of
      Memphis and Babylon, constitute even now the foundations of a science,
      whose obscurity makes it revered as marvellous and divine.
    

      The first legislators were priests; the first mythologists, poets, learned
      men, and physicians were priests. In their hands science became sacred and
      was withheld from the profane. They spoke only in allegories, emblems,
      enigmas, and ambiguous oracles—means well calculated to excite
      curiosity, and above all to inspire the astonished vulgar with a holy
      respect for men, who when they were thought to be instructed by the gods,
      and capable of reading in the heavens the fate of the earth, boldly
      proclaimed themselves the oracles of the Deity.
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      The religions of ancient priests have only changed form. Although our
      modern theologians regard their predecessors as impostors, yet they have
      collected many scattered fragments of their religious systems. In modern
      Religions we find, not only their metaphysical dogmas, which theology has
      merely clothed in a new dress, but also some remarkable remains of their
      superstitious practices, their magic, and their enchantments. Christians
      are still commanded to respect the remaining monuments of the legislators,
      priests, and prophets of the Hebrew Religion, which had borrowed its
      strange practices from Egypt. Thus extravagancies, imagined by knaves or
      idolatrous visionaries, are still sacred among Christians!
    

      If we examine history, we shall find a striking resemblance among all
      Religions. In all parts of the earth, we see, that religious notions,
      periodically depress and elevate the people. The attention of man is every
      where engrossed, by rites often abominable, and by mysteries always
      formidable, which become the sole objects of meditation. The different
      superstitions borrow, from one another, their abstract reveries and
      ceremonies. Religions are in general mere unintelligible rhapsodies,
      combined by new teachers, who use the materials of their predecessors,
      reserving the right of adding or retrenching whatever is not conformable
      to the present age. The religion of Egypt was evidently the basis of the
      religion of Moses, who banished the worship of idols: Moses was merely a
      schismatic Egyptian. Christianism is only reformed Judaism. Mahometanism
      is composed of Judaism, Christianity, and the ancient religion of Arabia,
      etc.
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      Theology, from the remotest antiquity to the present time, has had the
      exclusive privilege of directing philosophy. What assistance has been
      derived from its labours? It changed philosophy into an unintelligible
      jargon, calculated to render uncertain the clearest truths; it has
      converted the art of reasoning into a jargon of words; it has carried the
      human mind into the airy regions of metaphysics, and there employed it in
      vainly fathoming an obscure abyss. Instead of physical and simple causes,
      this transformed philosophy has substituted supernatural, or rather, occult
      causes; it has explained phenomena difficult to be conceived by agents
      still more inconceivable. It has filled language with words, void of
      sense, incapable of accounting for things, better calculated to obscure
      than enlighten, and which seems invented expressly to discourage man, to
      guard him against the powers of his mind, to make him mistrust the
      principles of reason and evidence, and to raise an insurmountable barrier
      between him and truth.
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      Were we to believe the partisans of Religion, nothing could be explained
      without it; nature would be a perpetual enigma, and man would be incapable
      of understanding himself. But, what does this Religion in reality explain?
      The more we examine it, the more we are convinced that its theological
      notions are fit only to confuse our ideas; they change every thing into
      mystery: they explain difficult things by things that are impossible. Is
      it a satisfactory explanation of phenomena, to attribute them to unknown
      agents, to invisible powers, to immaterial causes? Does the human mind
      receive much light by being referred to the depths of the treasures of
      divine wisdom, to which, we are repeatedly told, it is vain to extend
      our rash enquiries? Can the divine nature, of which we have no conception,
      enable us to conceive the nature of man?
    

      Ask a Christian, what is the origin of the world? He will answer, that God
      created it. What is God? He cannot tell. What is it to create? He knows
      not. What is the cause of pestilence, famine, wars, droughts, inundations
      and earthquakes? The anger of God. What remedies can be applied to these
      calamities? Prayers, sacrifices, processions, offerings, and ceremonies
      are, it is said, the true means of disarming celestial fury. But why is
      heaven enraged? Because men are wicked. Why are men wicked? Because their
      nature is corrupt. What is the cause of this corruption? It is, says the
      theologian, because the first man, beguiled by the first woman, ate an
      apple, which God had forbidden him to touch. Who beguiled this woman into
      such folly? The devil. Who made the devil? God. But, why did God make this
      devil, destined to pervert mankind? This is unknown; it is a mystery which
      the Deity alone is acquainted with.
    

      It is now universally acknowledged, that the earth turns round the sun.
      Centuries ago, this opinion was blasphemy, as being irreconcileable with
      the sacred books which every Christian reveres as inspired by the Deity
      himself. Notwithstanding divine revelation, astronomers now depend rather
      upon evidence, than upon the testimony of their inspired books.
    

      What is the hidden principle of the motions of the human body? The soul.
      What is a soul? A spirit. What is a spirit? A substance, which has neither
      form, nor colour, nor extension, nor parts. How can we form any idea of
      such a substance? How can it move a body? That is not known; it is a
      mystery. Have beasts souls? But, do they not act, feel, and think, in a
      manner very similar to man? Mere illusion! By what right do you deprive
      beasts of a soul, which you attribute to man, though you know nothing at
      all about it? Because the souls of beasts would embarrass our theologians,
      who are satisfied with the power of terrifying and damning the immaterial
      souls of men, and are not so much interested in damning those of beasts.
      Such are the puerile solutions, which philosophy, always in the leading
      strings of theology, was obliged to invent, in order to explain the
      problems of the physical and moral world?
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      How many evasions have been used, both in ancient and modern times, in
      order to avoid an engagement with the ministers of the gods, who have ever
      been the tyrants of thought? How many hypotheses and shifts were such men
      as Descartes, Mallebranche, and Leibnitz, forced to invent, in order to
      reconcile their discoveries with the fables and mistakes which Religion
      had consecrated! In what guarded phrases have the greatest philosophers
      expressed themselves, even at the risk of being absurd, inconsistent, or
      unintelligible, whenever their ideas did not accord with the principles of
      theology! Priests have been always attentive to extinguish systems which
      opposed their interest. Theology was ever the bed of Procrustes, to be
      adapted to which, the limbs of travellers, if too long were cut off, and
      if too short were lengthened.
    

      Can any sensible man, delighted with the sciences and attached to the
      welfare of his fellow-creatures, reflect, without vexation and anguish,
      how many profound, laborious, and subtle brains have been for ages
      foolishly occupied in the study of absurdities? What a treasure of
      knowledge might have been diffused by many celebrated thinkers, if instead
      of engaging in the impertinent disputes of vain theology, they had devoted
      their attention to intelligible objects really important to mankind? Half
      the efforts which religious opinions have cost genius, and half the wealth
      which frivolous forms of worship have cost nations would have sufficed to
      instruct them perfectly in morality, politics, natural philosophy,
      medicine, agriculture, etc. Superstition generally absorbs the attention,
      admiration, and treasures of the people; their Religion costs them very
      dear; but they have neither knowledge, virtue, nor happiness, for their
      money.
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      Some ancient and modern philosophers have been bold enough to assume
      experience and reason for their guides, and to shake off the chains of
      superstition. Democritus, Epicurus, and other Greeks presumed to tear away
      the veil of prejudice, and to deliver philosophy from theological
      shackles. But their systems, too simple, too sensible, and too free from
      the marvellous, for imaginations enamoured with chimeras, were obliged to
      yield to the fabulous conjectures of such men as Plato and Socrates. Among
      the moderns, Hobbes, Spinosa, Bayle, etc., have followed the steps of
      Epicurus; but their doctrine has found very few followers, in a world,
      still intoxicated with fables, to listen to reason.
    

      In every age, it has been dangerous to depart from prejudices. Discoveries
      of every kind have been prohibited. All that enlightened men could do, was
      to speak ambiguously, hence they often confounded falsehood with truth.
      Several had a double doctrine, one public and the other secret; the
      key of the latter being lost, their true sentiments, have often become
      unintelligible and consequently useless.
    

      How could modern philosophers, who, under pain of cruel persecution, were
      commanded to renounce reason, and to subject it to faith, that is, to the
      authority of priests; how, I say, could men, thus bound, give free scope
      to their genius, improve reason, and accelerate the progress of the human
      mind? It was with fear and trembling that even the greatest men obtained a
      glimpse of truth; rarely had they the courage to announce it; and those,
      who did, were terribly punished. With Religion, it has ever been unlawful
      to think, or to combat the prejudices of which man is every where the
      victim and the dupe.
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      Every man, sufficiently intrepid to announce truths to the world, is sure
      of incurring the hatred of the ministers of Religion, who loudly call to
      their aid secular powers; and want the assistance of laws to support both
      their arguments and their gods. Their clamours expose too evidently the
      weakness of their cause.
    
     "None call for aid but those who feel distressed."


      In Religion, man is not permitted to err. In general, those who err are
      pitied, and some kindness is shewn to persons who discover new truths;
      but, when Religion is thought to be interested either in the errors or the
      discoveries, a holy zeal is kindled, the populace become frantic, and
      nations are in an uproar.
    

      Can any thing be more afflicting, than to see public and private felicity
      depending upon a futile system, which is destitute if principles, founded
      only on a distempered imagination, and incapable of presenting any thing
      but words void of sense? In what consists the so much boasted utility of a
      Religion, which nobody can comprehend, which continually torments those
      who are weak enough to meddle with it, which is incapable of rendering men
      better, and which often makes them consider it meritorious to be unjust
      and wicked? Is there a folly more deplorable, and more justly to be
      combated, than that, which far from doing any service to the human race,
      only makes them blind, delirious, and miserable, by depriving them of
      Truth, the sole cure for their wretchedness.
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      Religion has ever filled the mind of man with darkness, and kept him in
      ignorance of his real duties and true interests. It is only by dispelling
      the clouds and phantoms of Religion, that we shall discover Truth, Reason,
      and Morality. Religion diverts us from the causes of evils, and from the
      remedies which nature prescribes; far from curing, it only aggravates,
      multiplies, and perpetuates them. Let us observe with the celebrated Lord
      Bolingbroke, that "theology is the box of Pandora; and if it is
      impossible to shut it, it is at least useful to inform men, that this
      fatal box is open."
    

      THE END.
    










Source: https://www.informationphilosopher.com/solutions/philosophers/dholbach/Good_Sense.html





  
  The System of Nature
  

  


  
  Home › Solutions › Philosophers › D'Holbach › The System of Nature
The System of Nature

      Or, The Laws of the Moral and Physical World, 

by Paul-Henri Thiery, Baron D'Holbach
    

      Translated From The Original, by Samuel Wilkinson
    

      VOL. I.
    
PART I—Laws of Nature.—Of man.—The faculties of the soul. 
—Doctrine of immortality.—On happiness. 
 CHAP. I. Nature and her laws. 
 CHAP. II.  Of motion
      and its origin. 
 CHAP. III. Of matter—of its various
      combinations—of its diversified 
 motion—or of the course
      of Nature. 
 CHAP. IV. Laws of motion common to every being of Nature—attraction
      and 
 repulsion—inert force-necessity. 
 CHAP. V. Order and
      confusion—intelligence—chance. 
 CHAP. VI. Moral and
      physical distinctions of man—his origin. 
 CHAP. VII. The soul
      and the spiritual system. 
 CHAP. VIII. The intellectual faculties derived from the
      faculty of 
 feeling
 CHAP. IX. The diversity of the
      intellectual faculties; they depend on 
 physical causes, as do their
      moral qualities.—The natural principles of 
 society—morals—politics.
 CHAP. X. The soul does not derive its ideas from itself—it has
      no 
 innate ideas. 
 CHAP. XI Of the system of man's free-agency.
 CHAP. XII. An examination of the opinion which pretends that the
      system 
 of fatalism is dangerous.
 CHAP. XIII. Of the
      immortality of the soul—of the doctrine of a future
 state—of
      the fear of death.
 CHAP. XIV. Education, morals, and the laws
      suffice to restrain man—of 
 the desire of immortality—of
      suicide.
 CHAP. XV. Of man's true interest, or of the ideas he forms
      to himself of 
 happiness.—Man cannot be happy without virtue.
 CHAP. XVI The errors of man.—Upon what constitutes happiness.—The
      
 true source of his evils.—Remedies that may be applied.
 CHAP. XVII. Those ideas which are true, or founded upon Nature, are the
      
 only remedies for the evil of man.—Recapitulation.—Conclusions
      of the 
 First Part.
 CONCLUSION. 




      PREFACE
    
The source of man's unhappiness is his ignorance of Nature. The
      pertinacity with which he clings to blind opinions imbibed in his infancy,
      which interweave themselves with his existence, the consequent prejudice
      that warps his mind, that prevents its expansion, that renders him the
      slave of fiction, appears to doom him to continual error. He resembles a
      child destitute of experience, full of ideal notions: a dangerous leaven
      mixes itself with all his knowledge: it is of necessity obscure, it is
      vacillating and false:—He takes the tone of his ideas on the
      authority of others, who are themselves in error, or else have an interest
      in deceiving him. To remove this Cimmerian darkness, these barriers to the
      improvement of his condition; to disentangle him from the clouds of error
      that envelope him; to guide him out of this Cretan labyrinth, requires the
      clue of Ariadne, with all the love she could bestow on Theseus. It exacts
      more than common exertion; it needs a most determined, a most undaunted
      courage—it is never effected but by a persevering resolution to act,
      to think for himself; to examine with rigour and impartiality the opinions
      he has adopted. He will find that the most noxious weeds have sprung up
      beside beautiful flowers; entwined themselves around their stems,
      overshadowed them with an exuberance of foliage, choaked the ground,
      enfeebled their growth, diminished their petals; dimmed the brilliancy of
      their colours; that deceived by their apparent freshness of their verdure,
      by the rapidity of their exfoliation, he has given them cultivation,
      watered them, nurtured them, when he ought to have plucked out their very
      roots. 

      Man seeks to range out of his sphere: notwithstanding the reiterated
      checks his ambitious folly experiences, he still attempts the impossible;
      strives to carry his researches beyond the visible world; and hunts out
      misery in imaginary regions. He would be a metaphysician before he has
      become a practical philosopher. He quits the contemplation of realities to
      meditate on chimeras. He neglects experience to feed on conjecture, to
      indulge in hypothesis. He dares not cultivate his reason, because from his
      earliest days he has been taught to consider it criminal. He pretends to
      know his date in the indistinct abodes of another life, before he has
      considered of the means by which he is to render himself happy in the
      world he inhabits: in short, man disdains the study of Nature, except it
      be partially: he pursues phantoms that resemble an ignis-fatuus, which
      at once dazzle, bewilders, and affright: like the benighted traveller led
      astray by these deceptive exhalations of a swampy soil, he frequently
      quits the plain, the simple road of truth, by pursuing of which, he can
      alone ever reasonably hope to reach the goal of happiness. 

      The most important of our duties, then, is to seek means by which we may
      destroy delusions that can never do more than mislead us. The remedies for
      these evils must be sought for in Nature herself; it is only in the
      abundance of her resources, that we can rationally expect to find
      antidotes to the mischiefs brought upon us by an ill directed, by an
      overpowering enthusiasm. It is time these remedies were sought; it is time
      to look the evil boldly in the face, to examine its foundations, to
      scrutinize its superstructure: reason, with its faithful guide experience,
      must attack in their entrenchments those prejudices, to which the human
      race has but too long been the victim. For this purpose reason must be
      restored to its proper rank,—it must be rescued from the evil
      company with which it is associated. It has been too long degraded—too
      long neglected—cowardice has rendered it subservient to delirium,
      the slave to falsehood. It must no longer be held down by the massive
      claims of ignorant prejudice.
    

      Truth is invariable—it is requisite to man—it can never harm
      him—his very necessities, sooner or later, make him sensible of
      this; oblige him to acknowledge it. Let us then discover it to mortals—let
      us exhibit its charms—let us shed it effulgence over the darkened
      road; it is the only mode by which man can become disgusted with that
      disgraceful superstition which leads him into error, and which but too
      often usurps his homage by treacherously covering itself with the mask of
      truth—its lustre can wound none but those enemies to the human race
      whose power is bottomed solely on the ignorance, on the darkness in which
      they have in almost every claimed contrived to involve the mind of man.
    

      Truth speaks not to those perverse beings:—her voice can only be
      heard by generous souls accustomed to reflection, whose sensibilities make
      them lament the numberless calamities showered on the earth by political
      and religious tyranny—whose enlightened minds contemplate with
      horror the immensity, the ponderosity of that series of misfortunes which
      error has in all ages overwhelmed mankind.
    

      To error must be attributed those insupportable chains which tyrants,
      which priests have forged for most nations. To error must be equally
      attributed that abject slavery into which the people of almost every
      country have fallen. Nature designed they should pursue their happiness by
      the most perfect freedom.—To error must be attributed those
      religious terrors which, in almost every climate, have either petrified
      man with fear, or caused him to destroy himself for coarse or fanciful
      beings. To error must be attributed those inveterate hatreds, those
      barbarous persecutions, those numerous massacres, those dreadful
      tragedies, of which, under pretext of serving the interests of heaven, the
      earth has been but too frequently made the theatre. It is error
      consecrated by religious enthusiasm, which produces that ignorance, that
      uncertainty in which man ever finds himself with regard to his most
      evident duties, his clearest rights, the most demonstrable truths. In
      short, man is almost everywhere a poor degraded captive, devoid of
      greatness of soul, of reason, or of virtue, whom his inhuman gaolers have
      never permitted to see the light of day.
    

      Let us then endeavour to disperse those clouds of ignorance, those mists
      of darkness, which impede man on his journey, which obscure his progress,
      which prevent his marching through life with a firm, with a steady grip.
      Let us try to inspire him with courage—with respect for his reason—with
      an inextinguishable love for truth—with a remembrance of Gallileo—to
      the end that he may learn to know himself—to know his legitimate
      rights—that he may learn to consult his experience, and no longer be
      the dupe of an imagination led astray by authority—that he may
      renounce the prejudices of his childhood—that he may learn to found
      his morals on his nature, on his wants, on the real advantage of society—that
      he may dare to love himself—that he may learn to pursue his true
      happiness by promoting that of others—in short, that he may no
      longer occupy himself with reveries either useless or dangerous—that
      he may become a virtuous, a rational being, in which case he cannot fail
      to become happy.
    

      If he must have his chimeras, let him at least learn to permit others to
      form theirs after their own fashion; since nothing can be more immaterial
      than the manner of men's thinking on subjects not accessible to reason,
      provided those thoughts be not suffered to embody themselves into actions
      injurious to others: above all, let him be fully persuaded that it is of
      the utmost importance to the inhabitants of this world to be JUST, KIND,
      and PEACEABLE.
    

      Far from injuring the cause of virtue, an impartial examination of the
      principles of this work will shew that its object is to restore truth to
      its proper temple, to build up an altar whose foundations shall be
      consolidated by morality, reason, and justice: from this sacred pane,
      virtue guarded by truth, clothed with experience, shall shed forth her
      radiance on delighted mortals; whose homage flowing consecutively shall
      open to the world a new aera, by rendering general the belief that
      happiness, the true end of man's existence, can never be attained but BY
      PROMOTING THAT OF HIS FELLOW CREATURE.
    

      In short, man should learn to know, that happiness is simply an emanative
      quality formed by reflection; that each individual ought to be the sun of
      his own system, continually shedding around him his genial rays; that
      these, re-acting, will keep his own existence constantly supplied with the
      requisite heat to enable him to put forth kindly fruit.
    


      PART I.
    

      LAWS OF NATURE—OF MAN—THE FACULTIES OF THE SOUL—DOCTRINE
      OF IMMORTALITY—ON HAPPINESS.
    

      CHAP. I.
    
Nature and her Laws.
    

      Man has always deceived himself when he abandoned experience to follow
      imaginary systems.—He is the work of nature.—He exists in
      Nature.—He is submitted to the laws of Nature.—He cannot
      deliver himself from them:—cannot step beyond them even in thought.
      It is in vain his mind would spring forward beyond the visible world:
      direful and imperious necessity ever compels his return—being formed
      by Nature, he is circumscribed by her laws; there exists nothing beyond
      the great whole of which he forms a part, of which he experiences the
      influence. The beings his fancy pictures as above nature, or distinguished
      from her, are always chimeras formed after that which he has already seen,
      but of which it is utterly impossible he should ever form any finished
      idea, either as to the place they occupy, or their manner of acting—for
      him there is not, there can be nothing out of that Nature which includes
      all beings.
    

      Therefore, instead of seeking out of the world he inhabits for beings who
      can procure him a happiness denied to him by Nature, let him study this
      Nature, learn her laws, contemplate her energies, observe the immutable
      rules by which she acts.—Let him apply these discoveries to his own
      felicity, and submit in silence to her precepts, which nothing can alter.—Let
      him cheerfully consent to be ignorant of causes hid from him under the
      most impenetrable veil.—Let him yield to the decrees of a universal
      power, which can never be brought within his comprehension, nor ever
      emancipate him from those laws imposed on him by his essence.
    

      The distinction which has been so often made between the physical
      and the moral being, is evidently an abuse of terms. Man is a being
      purely physical: the moral man is nothing more than this physical being
      considered under a certain point of view; that is to say, with relation to
      some of his modes of action, arising out of his individual organization.
      But is not this organization itself the work of Nature? The motion or
      impulse to action, of which he is susceptible, is that not physical? His
      visible actions, as well as the invisible motion interiorly excited by his
      will or his thoughts, are equally the natural effects, the necessary
      consequences, of his peculiar construction, and the impulse he receives
      from those beings by whom he is always surrounded. All that the human mind
      has successively invented, with a view to change or perfect his being, to
      render himself happy, was never more than the necessary consequence of
      man's peculiar essence, and that of the beings who act upon him. The
      object of all his institutions, all his reflections, all his knowledge, is
      only to procure that happiness toward which he is continually impelled by
      the peculiarity of his nature. All that he does, all that he thinks, all
      that he is, all that he will be, is nothing more than what Universal
      Nature has made him. His ideas, his actions, his will, are the necessary
      effects of those properties infused into him by Nature, and of those
      circumstances in which she has placed him. In short, art is nothing but
      Nature acting with the tools she has furnished.
    

      Nature sends man naked and destitute into this world which is to be his
      abode: he quickly learns to cover his nakedness—to shelter himself
      from the inclemencies of the weather, first with artlessly constructed
      huts, and the skins of the beasts of the forest; by degrees he mends their
      appearance, renders them more convenient: he establishes manufactories to
      supply his immediate wants; he digs clay, gold, and other fossils from the
      bowels of the earth; converts them into bricks for his house, into vessels
      for his use, gradually improves their shape, and augments their beauty. To
      a being exalted above our terrestrial globe, man would not appear less
      subjected to the laws of Nature when naked in the forest painfully seeking
      his sustenance, than when living in civilized society surrounded with
      ease, or enriched with greater experience, plunged in luxury, where he
      every day invents a thousand new wants and discovers a thousand new modes
      of supplying them. All the steps taken by man to regulate his existence,
      ought only to be considered as a long succession of causes and effects,
      which are nothing more than the development of the first impulse given him
      by nature.
    

      The same animal, by virtue of his organization, passes successively from
      the most simple to the most complicated wants; it is nevertheless the
      consequence of his nature. The butterfly whose beauty we admire, whose
      colours are so rich, whose appearance is so brilliant, commences as an
      inanimate unattractive egg; from this, heat produces a worm, this becomes
      a chrysalis, then changes into that beautiful insect adorned with the most
      vivid tints: arrived at this stage he reproduces, he generates; at last
      despoiled of his ornaments, he is obliged to disappear, having fulfilled
      the task imposed on him by Nature, having performed the circle of
      transformation marked out for beings of his order.
    

      The same course, the same change takes place in the vegetable world. It is
      by a series of combinations originally interwoven with the energies of the
      aloe, that this plant is insensibly regulated, gradually expanded, and at
      the end of a number of years produces those flowers which announce its
      dissolution.
    

      It is equally so with man, who in all his motion, all the changes he
      undergoes, never acts but according to the laws peculiar to his
      organization, and to the matter of which he is composed.
    

      The physical man, is he who acts by the causes our faculties make
      us understand.
    

      The moral man, is he who acts by physical causes, with which our
      prejudices preclude us from becoming perfectly acquainted.
    

      The wild man is a child destitute of experience, incapable of
      proceeding in his happiness, because he has not learnt how to oppose
      resistance to the impulses he receives from those beings by whom he is
      surrounded.
    

      The civilized man, is he whom experience and sociality have enabled
      to draw from nature the means of his own happiness, because he has learned
      to oppose resistance to those impulses he receives from exterior beings,
      when experience has taught him they would be destructive to his welfare.
    

      The enlightened man is man in his maturity, in his perfection; who
      is capable of advancing his own felicity, because he has learned to
      examine, to think for himself, and not to take that for truth upon the
      authority of others, which experience has taught him a critical
      disquisition will frequently prove erroneous.
    

      The happy man is he who knows how to enjoy the benefits bestowed
      upon him by nature: in other words, he who thinks for himself; who is
      thankful for the good he possesses; who does not envy the welfare of
      others, nor sigh after imaginary benefits always beyond his grasp.
    

      The unhappy man is he who is incapacitated to enjoy the benefits of
      nature; that is, he who suffers others to think for him; who neglects the
      absolute good he possesses, in a fruitless search after ideal benefits;
      who vainly sighs after that which ever eludes his pursuit.
    

      It necessarily results, that man in his enquiry ought always to
      contemplate experience, and natural philosophy: These are what he should
      consult in his religion,—in his morals,—in his legislation,—in
      his political government,—in the arts,—in the sciences,—in
      his pleasures,—above all, in his misfortunes. Experience teaches
      that Nature acts by simple, regular, and invariable laws. It is by his
      senses, man is bound to this universal Nature; it is by his perception he
      must penetrate her secrets; it is from his senses he must draw experience
      of her laws. Therefore, whenever he neglects to acquire experience or
      quits its path, he stumbles into an abyss; his imagination leads him
      astray.
    

      All the errors of man are physical: he never deceives himself but when he
      neglects to return back to nature, to consult her laws, to call practical
      knowledge to his aid. It is for want of practical knowledge he forms such
      imperfect ideas of matter, of its properties, of its combinations, of its
      power, of its mode of action, and of the energies which spring from its
      essence. Wanting this experience, the whole universe, to him, is but one
      vast scene of error. The most ordinary results appear to him the most
      astonishing phenomena; he wonders at every thing, understands nothing, and
      yields the guidance of his actions to those interested in betraying his
      interests. He is ignorant of Nature, and he has mistaken her laws; he has
      not contemplated the necessary routine which she has marked out for every
      thing she holds. Mistaken the laws of Nature, did I say? He has mistaken
      himself: the consequence is, that all his systems, all his conjectures,
      all his reasonings, from which he has banished experience, are nothing
      more than a tissue of errors, a long chain of inconsistencies.
    

      Error is always prejudicial to man: it is by deceiving himself, the human
      race is plunged into misery. He neglected Nature; he did not comprehend
      her laws; he formed gods of the most preposterous and ridiculous kinds:
      these became the sole objects of his hope, and the creatures of his fear:
      he was unhappy, he trembled under these visionary deities; under the
      supposed influence of visionary beings created by himself; under the
      terror inspired by blocks of stone; by logs of wood; by flying fish; or
      the frowns of men, mortal as himself, whom his disturbed fancy had
      elevated above that Nature of which alone he is capable of forming any
      idea. His very posterity laughs at his folly, because experience has
      convinced them of the absurdity of his groundless fears—of his
      misplaced worship. Thus has passed away the ancient mythology, with all
      the trifling and nonsensical attributes attached to it by ignorance.
    

      Not understanding that Nature, equal in her distributions, entirely
      destitute of malice, follows only necessary and immutable laws, when she
      either produces beings or destroys them, when she causes those to suffer,
      whose construction creates sensibility; when she scatters among them good
      and evil; when she subjects them to incessant change—he did not
      perceive it was in the breast of Nature herself, that it was in her
      exuberance he ought to seek to satisfy his deficiencies; for remedies
      against his pains; for the means of rendering himself happy: he expected
      to derive these benefits from fantastic beings, whom he supposed to be
      above Nature; whom he mistakingly imagined to be the authors of his
      pleasures, and the cause of his misfortunes. From hence it appears that to
      his ignorance of Nature, man owes the creation of those illusive powers;
      under which he has so long trembled with fear; that superstitious worship,
      which has been the source of all his misery, and the evils entailed upon
      posterity.
    

      For want of clearly comprehending his own peculiar nature, his proper
      course, his wants, and his rights, man has fallen in society, from FREEDOM
      into SLAVERY. He had forgotten the purpose of his existence, or else he
      believed himself obliged to suppress the natural desires of his heart, to
      sacrifice his welfare to the caprice of chiefs, either elected by himself,
      or submitted to without examination. He was ignorant of the true policy of
      association—of the object of government; he disdained to listen to
      the voice of Nature, which loudly proclaimed the price of all submission
      to be protection and happiness: the end of all government is the benefit
      of the governed, not the exclusive advantage of the governors. He gave
      himself up without enquiry to men like himself, whom his prejudices
      induced him to contemplate as beings of a superior order, as Gods upon
      earth, they profited by his ignorance, took advantage of his prejudices,
      corrupted him, rendered him vicious, enslaved him, and made him miserable.
      Thus man, intended by Nature for the full enjoyment of liberty, to
      patiently search out her laws, to investigate her secrets, to cling to his
      experience; has, from a neglect of her salutary admonitions, from an
      inexcusable ignorance of his own peculiar essence, fallen into servility:
      has been wickedly governed.
    

      Having mistaken himself, he has remained ignorant of the indispensable
      affinity that subsists between him, and the beings of his own species:
      having mistaken his duty to himself, it consequently follows, he has
      mistaken his duty to others. He made a calculation in error of what his
      happiness required; he did not perceive, what he owed to himself, the
      excesses he ought to avoid, the desires he ought to resist, the impulses
      he ought to follow, in order to consolidate his felicity, to promote his
      comfort, and to further his advantage. In short, he was ignorant of his
      true interests; hence his irregularities, his excesses, his shameful
      extravagance, with that long train of vices, to which he has abandoned
      himself, at the expense of his preservation, at the hazard of his
      permanent prosperity.
    

      It is, therefore, ignorance of himself that has hindered man from
      enlightening his morals. The corrupt authorities to which he had
      submitted, felt an interest in obstructing the practice of his duties,
      even when he knew them. Time, with the influence of ignorance, aided by
      his corruption, gave them a strength not to be resisted by his enfeebled
      voice. His duties continued unperformed, and he fell into contempt both
      with himself and with others.
    

      The ignorance of Man has endured so long, he has taken such slow, such
      irresolute steps to ameliorate his condition, only because he has
      neglected to study Nature, to scrutinize her laws, to search out her
      expedients, to discover her properties, that his sluggishness finds its
      account, in permitting himself to be guided by example, rather than to
      follow experience, which demands activity; to be led by routine, rather
      than by his reason, which enjoins reflection; to take that for truth upon
      the authority of others, which would require a diligent and patient
      investigation. From hence may be traced the hatred man betrays for every
      thing that deviates from those rules to which he has been accustomed;
      hence his stupid, his scrupulous respect for antiquity, for the most
      silly, the most absurd and ridiculous institutions of his fathers: hence
      those fears that seize him, when the most beneficial changes are proposed
      to him, or the most likely attempts are made to better his condition. He
      dreads to examine, because he has been taught to hold it irreverent of
      something immediately connected with his welfare; his credulity suffers
      him to believe the interested advice, and spurns at those who wish to show
      him the danger of the road he is travelling.
    

      This is the reason why nations linger on in the most shameful lethargy,
      suffering under abuses handed down from century to century, trembling at
      the very idea of that which alone can repair their calamities.
    

      It is for want of energy, for want of consulting experience, that
      medicine, natural philosophy, agriculture, painting, in fact, all the
      useful sciences, have so long remained under the fetters of authority,
      have progressed so little: those who profess these sciences, prefer
      treading the beaten paths, however imperfect, rather than strike out new
      ones,—they prefer the phrensy of their imagination, their voluntary
      conjectures, to that laboured experience which alone can extract her
      secrets from Nature.
    

      Man, in short, whether from sloth or from terror, having abnegated the
      evidence of his senses, has been guided in all his actions, in all his
      enterprizes, by imagination, by enthusiasm, by habit, by preconceived
      opinions, but above all, by the influence of authority, which knew well
      how to deceive him, to turn his ignorance to esteem, his sloth to
      advantage. Thus imaginary, unsubstantial systems, have supplied the place
      of experience—of mature reflection—of reason. Man, petrified
      with his fears, intoxicated with the marvellous, stupified with sloth,
      surrendered his experience: guided by his credulity, he was unable to fall
      back upon it; he became consequently inexperienced; from thence he gave
      birth to the most ridiculous opinions, or else adopted all those vague
      chimeras, all those idle notions offered to him by men whose interest it
      was to continue him in that lamentable state of ignorance.
    

      Thus the human race has continued so long in a state of infancy, because
      man has been inattentive to Nature; has neglected her ways, because he has
      disdained experience—because he has thrown by his reason—because
      he has been enraptured with the marvellous and the supernatural,—because
      he has unnecessarily TREMBLED. These are the reasons there is so much
      trouble in conducting him from this state of childhood to that of manhood.
      He has had nothing but the most trifling hypotheses, of which he has never
      dared to examine either the principles or the proofs, because he has been
      accustomed to hold them sacred, to consider them as the most perfect
      truths, and which he is not permitted to doubt, even for an instant. His
      ignorance made him credulous; his curiosity made him swallow the
      wonderful: time confirmed him in his opinions, and he passed his
      conjectures from race to race for realities; a tyrannical power maintained
      him in his notions, because by those alone could society be enslaved. It
      was in vain that some faint glimmerings of Nature occasionally attempted
      the recall of his reason—that slight corruscations of experience
      sometimes threw his darkness into light, the interest of the few was
      founded on his enthusiasm; their pre-eminence depended on his love of the
      marvellous; their very existence rested on the firmness of his ignorance;
      they consequently suffered no opportunity to escape, of smothering even
      the transient flame of intelligence. The many were thus first deceived
      into credulity, then forced into submission. At length the whole science
      of man became a confused mass of darkness, falsehood, and contradictions,
      with here and there a feeble ray of truth, furnished by that Nature, of
      which he can never entirely divest himself; because, without his
      perception, his necessities are continually bringing him back to her
      resources.
    

      Let us then, if possible, raise ourselves above these clouds of
      prepossession! Let us quit the heavy atmosphere in which we are
      enucleated; let us in a more unsullied medium—in a more elastic
      current, contemplate the opinions of men, and observe their various
      systems. Let us learn to distrust a disordered conception; let us take
      that faithful monitor, experience, for our guide; let us consult Nature,
      examine her laws, dive into her stores; let us draw from herself, our
      ideas of the beings she contains; let us recover our senses, which
      interested error has taught us to suspect; let us consult that reason,
      which, for the vilest purposes has been so infamously calumniated, so
      cruelly dishonoured; let us examine with attention the visible world; let
      us try, if it will not enable us to form a supportable judgment of the
      invisible territory of the intellectual world: perhaps it may be found
      there has been no sufficient reason for distinguishing them—that it
      is not without motives, well worthy our enquiry, that two empires have
      been separated, which are equally the inheritance of nature.
    

      The universe, that vast assemblage of every thing that exists, presents
      only matter and motion: the whole offers to our contemplation, nothing but
      an immense, an uninterrupted succession of causes and effects; some of
      these causes are known to us, because they either strike immediately on
      our senses, or have been brought under their cognizance, by the
      examination of long experience; others are unknown to us, because they act
      upon us by effects, frequently very remote from their primary cause. An
      immense variety of matter, combined under an infinity of forms,
      incessantly communicates, unceasingly receives a diversity of impulses.
      The different qualities of this matter, its innumerable combinations, its
      various methods of action, which are the necessary consequence of these
      associations, constitute for man what he calls the ESSENCE of beings: it
      is from these varied essences that spring the orders, the classes, or the
      systems, which these beings respectively possess, of which the sum total
      makes up that which is known by the term nature.
    

      Nature, therefore, in its most significant meaning, is the great whole
      that results from the collection of matter, under its various
      combinations, with that contrariety of motion, which the universe presents
      to our view. Nature, in a less extended sense, or considered in each
      individual, is the whole that results from its essence; that is to say,
      the peculiar qualities, the combination, the impulse, and the various
      modes of action, by which it is discriminated from other beings. It is
      thus that MAN is, as a whole, or in his nature, the result of a certain
      combination of matter, endowed with peculiar properties, competent to
      give, capable of receiving, certain impulses, the arrangement of which is
      called organization; of which the essence is, to feel, to think, to
      act, to move, after a manner distinguished from other beings, with which
      he can be compared. Man, therefore, ranks in an order, in a system, in a
      class by himself, which differs from that of other animals, in whom we do
      not perceive those properties of which he is possessed. The different
      systems of beings, or if they will, their particular natures,
      depend on the general system of the great whole, or that Universal Nature,
      of which they form a part; to which every thing that exists is necessarily
      submitted and attached.
    

      Having described the proper definition that should be applied to the word
      NATURE, I must advise the reader, once for all, that whenever in the
      course of this work the expression occurs, that "Nature produces such or
      such an effect," there is no intention of personifying that nature which
      is purely an abstract being; it merely indicates that the effect spoken of
      necessarily springs from the peculiar properties of those beings which
      compose the mighty macrocosm. When, therefore, it is said, Nature
      demands that man should pursue his own happiness, it is to prevent
      circumlocution—to avoid tautology; it is to be understood, that it
      is the property of a being that feels, that thinks, that acts, to labour
      to its own happiness; in short, that is called natural, which is
      conformable to the essence of things, or to the laws, which Nature
      prescribes to the beings she contains, in the different orders they
      occupy, under the various circumstances through which they are obliged to
      pass. Thus health is natural to man in a certain state; disease is
      natural to him under other circumstances; dissolution, or if they
      will, death, is a natural state for a body, deprived of some of
      those things, necessary to maintain the existence of the animal, &c.
      By ESSENCE is to be understood, that which constitutes a being, such as it
      is; the whole of the properties or qualities by which it acts as it does.
      Thus, when it is said, it is the essence of a stone to fall, it is
      the same as saying that its descent is the necessary effect of its gravity—of
      its density—of the cohesion of its parts—of the elements of
      which it is composed. In short, the essence of a being is its
      particular, its individual nature.
    











      CHAP. II.
    
Of Motion, and its Origin.

      Motion is an effect by which a body either changes, or has a tendency to
      change, its position: that is to say, by which it successively corresponds
      with different parts of space, or changes its relative distance to other
      bodies. It is motion alone that establishes the relation between our
      senses and exterior or interior beings: it is only by motion that these
      beings are impressed upon us—that we know their existence—that
      we judge of their properties—that we distinguish the one from the
      other—that we distribute them into classes.
    

      The beings, the substances, or the various bodies of which Nature is the
      assemblage, are themselves effects of certain combinations or causes which
      become causes in their turn. A CAUSE is a being which puts another in
      motion, or which produces some change in it. The EFFECT is the change
      produced in one body, by the motion or presence of another.
    

      Each being, by its essence, by its peculiar nature, has the faculty of
      producing, is capable of receiving, has the power of communicating, a
      variety of motion. Thus some beings are proper to strike our organs; these
      organs are competent to receiving the impression, are adequate to
      undergoing changes by their presence. Those which cannot act on any of our
      organs, either immediately and by themselves, or immediately by the
      intervention of other bodies, exist not for us; since they can neither
      move us, nor consequently furnish us with ideas: they can neither be known
      to us, nor of course be judged of by us. To know an object, is to have
      felt it; to feel it, it is requisite to have been moved by it. To see, is
      to have been moved, by something acting on the visual organs; to hear, is
      to have been struck, by something on our auditory nerves. In short, in
      whatever mode a body may act upon us, whatever impulse we may receive from
      it, we can have no other knowledge of it than by the change it produces in
      us.
    

      Nature, as we have already said, is the assemblage of all the beings,
      consequently of all the motion of which we have a knowledge, as well as of
      many others of which we know nothing, because they have not yet become
      accessible to our senses. From the continual action and re-action of these
      beings, result a series of causes and effects; or a chain of motion guided
      by the constant and invariable laws peculiar to each being; which are
      necessary or inherent to its particular nature—which make it always
      act or move after a determinate manner. The different principles of this
      motion are unknown to us, because we are in many instances, if not in all,
      ignorant of what constitutes the essence of beings. The elements of bodies
      escape our senses; we know them only in the mass: we are neither
      acquainted with their intimate combination, nor the proportion of these
      combinations; from whence must necessarily result their mode of action,
      their impulse, or their different effects.
    

      Our senses bring us generally acquainted with two sorts of motion in the
      beings that surround us: the one is the motion of the mass, by which an
      entire body is transferred from one place to another. Of the motion of
      this genus we are perfectly sensible.—Thus, we see a stone fall, a
      ball roll, an arm move, or change its position. The other is an internal
      or concealed motion, which always depends on the peculiar energies of a
      body: that is to say, on its essence, or the combination, the
      action, and re-action of the minute—of the insensible particles of
      matter, of which that body is composed. This motion we do not see; we know
      it only by the alteration or change, which after some time we discover in
      these bodies or mixtures. Of this genus is that concealed motion which
      fermentation produces in the particles that compose flour, which, however
      scattered, however separated, unite, and form that mass which we call
      BREAD. Such also is the imperceptible motion by which we see a plant or
      animal enlarge, strengthen, undergo changes, and acquire new qualities,
      without our eyes being competent to follow its progression, or to perceive
      the causes which have produced these effects. Such also is the internal
      motion that takes place in man, which is called his INTELLECTUAL
      FACULTIES, his THOUGHTS, his PASSIONS, his will. Of these we have no other
      mode of judging, than by their action; that is, by those sensible effects
      which either accompany or follow them. Thus, when we see a man run away,
      we judge him to be interiorly actuated by the passion of fear.
    

      Motion, whether visible or concealed, is styled ACQUIRED, when it is
      impressed on one body by another; either by a cause to which we are a
      stranger, or by an exterior agent which our senses enable us to discover.
      Thus we call that acquired motion, which the wind gives to the
      sails of a ship. That motion which is excited in a body, that contains
      within itself the causes of those changes we see it undergo, is called
      SPONTANEOUS. Then it is said, this body acts or moves by its own peculiar
      energies. Of this kind is the motion of the man who walks, who talks, who
      thinks. Nevertheless, if we examine the matter a little closer, we shall
      be convinced, that, strictly speaking, there is no such thing as
      spontaneous motion in any of the various bodies of Nature; seeing they are
      perpetually acting one upon the other; that all their changes are to be
      attributed to the causes, either visible or concealed, by which they are
      moved. The will of man is secretly moved or determined by some exterior
      cause that produces a change in him: we believe he moves of himself,
      because we neither see the cause that determined him, the mode in which it
      acted, nor the organ that it put in motion.
    

      That is called SIMPLE MOTION, which is excited in a body by a single
      cause. COMPOUND MOTION, that which is produced by two or more different
      causes; whether these causes are equal or unequal, conspiring differently,
      acting together or in succession, known or unknown.
    

      Let the motion of beings be of whatsoever nature it may, it is always the
      necessary consequence of their essence, or of the properties which compose
      them, and of those causes of which they experience the action. Each being
      can only move and act after a particular manner; that is to say,
      conformably to those laws which result from its peculiar essence, its
      particular combination, its individual nature: in short, from its specific
      energies, and those of the bodies from which it receives an impulse. It is
      this that constitutes the invariable laws of motion: I say invariable,
      because they can never change, without producing confusion in the essence
      of things. It is thus that a heavy body must necessarily fall, if it meets
      with no obstacle sufficient to arrest its descent; that a sensible body
      must naturally seek pleasure, and avoid pain; that fire must necessarily
      burn, and diffuse light.
    

      Each being, then, has laws of motion, that are adapted to itself, and
      constantly acts or moves according to these laws; at least when no
      superior cause interrupts its action. Thus, fire ceases to burn
      combustible matter, as soon as sufficient water is thrown into it, to
      arrest its progress. Thus, a sensible being ceases to seek pleasure, as
      soon as he fears that pain will be the result.
    

      The communication of motion, or the medium of action, from one body to
      another, also follows certain and necessary laws; one being can only
      communicate motion to another, by the affinity, by the resemblance, by the
      conformity, by the analogy, or by the point of contact, which it has with
      that other being. Fire can only propagate when it finds matter analogous
      to itself: it extinguishes when it encounters bodies which it cannot
      embrace; that is to say, that do not bear towards it a certain degree of
      relation or affinity.
    

      Every thing in the universe is in motion: the essence of matter is to act:
      if we consider its parts, attentively, we shall discover there is not a
      particle that enjoys absolute repose. Those which appear to us to be
      without motion, are, in fact, only in relative or apparent rest; they
      experience such an imperceptible motion, and expose it so little on their
      surfaces, that we cannot perceive the changes they undergo. All that
      appears to us to be at rest, does not, however, remain one instant in the
      same state. All beings are continually breeding, increasing, decreasing,
      or dispersing, with more or less dullness or rapidity. The insect called
      EPHEMERON, is produced and perishes in the same day; of consequence, it
      experiences the greatest changes of its being very rapidly, in our eyes.
      Those combinations which form the most solid bodies, which appear to enjoy
      the most perfect repose, are nevertheless decomposed, and dissolved in the
      course of time. The hardest stones, by degrees, give way to the contact of
      air. A mass of iron, which time, and the action of the atmosphere, has
      gnawed into rust, must have been in motion, from the moment of its
      formation, in the bowels of the earth, until the instant we behold it in
      this state of dissolution.
    

      Natural philosophers, for the most part, seem not to have sufficiently
      reflected on what they call the nisus; that is to say, the
      incessant efforts one body is making on another, but which,
      notwithstanding appear, to our superficial observation, to enjoy the most
      perfect repose. A stone of five hundred weight seems to rest quiet on the
      earth, nevertheless, it never ceases for an instant, to press with force
      upon the earth, which resists or repulses it in its turn. Will the
      assertion be ventured, that the stone and earth do not act? Do they wish
      to be undeceived? They have nothing to do but interpose their hand betwixt
      the earth and the stone; it will then be discovered, that notwithstanding
      its seeming repose, the stone has power adequate to bruise it; because the
      hand has not energies sufficient, within itself, to resist effectually
      both the stone and earth.—Action cannot exist in bodies without
      re-action. A body that experiences an impulse, an attraction, or a
      pressure of any kind, if it resists, clearly demonstrates by such
      resistance that it re-acts; from whence it follows, there is a concealed
      force, called by these philosophers vis inertia, that displays
      itself against another force; and this clearly demonstrates, that this
      inert force is capable of both acting and re-acting. In short, it will be
      found, on close investigation, that those powers which are called dead,
      and those which are termed live or moving, are powers of the
      same kind; which only display themselves after a different manner. Permit
      us to go a greater distance yet. May we not say, that in those bodies, or
      masses, of which their whole become evident from appearances to us to be
      at rest, there is notwithstanding, a continual action, and counter-action,
      constant efforts, uninterrupted or communicated force, and continued
      opposition? In short, a nisus, by which the constituting portions
      of these bodies press one upon another, mutually resisting each other,
      acting and re-acting incessantly? that this reciprocity of action, this
      simultaneous re-action, keeps them united, causes their particles to form
      a mass, a body, and a combination, which, viewed in its whole, has the
      appearance of complete rest, notwithstanding no one of its particles
      really ceases to be in motion for a single instant? These collective
      masses appear to be at rest, simply by the equality of the motion—by
      the responsory impulse of the powers acting in them.
    

      Thus it appears that bodies enjoying perfect repose, really receive,
      whether upon their surface, or in their interior, a continual communicated
      force, from those bodies by which they are either surrounded or
      penetrated, dilated or contracted, rarified or condensed: in fact, from
      those which compose them; whereby their particles are incessantly acting
      and re-acting, or in continual motion, the effects of which are displayed
      by extraordinary changes. Thus heat rarifies and dilates metals, which is
      evidence deducible that a bar of iron, from the change of the atmosphere
      alone, must be in continual motion; that there is not a single particle in
      it that can be said to enjoy rest even for a single moment. In those hard
      bodies, indeed, the particles of which are in actual contact, and which
      are closely united, how is it possible to conceive, that air, cold, or
      heat, can act upon one of these particles, even exteriorly, without the
      motion being communicated to those which are most intimate and minute in
      their union? Without motion, how should we be able to comprehend the
      manner in which our sense of smelling is affected, by emanations escaping
      from the most solid bodies, of which all the particles appear to be at
      perfect rest? How could we, even by the assistance of a telescope, see the
      most distant stars, if there was not a progressive motion of light from
      these stars to the retina of our eye?
    

      Observation and reflection ought to convince us, that every thing in
      Nature is in continual motion—that there is not a single part,
      however small, that enjoys repose—that Nature acts in all—that
      she would cease to be Nature if she did not act. Practical knowledge
      teaches us, that without unceasing motion, nothing could be preserved—nothing
      could be produced—nothing could act in this Nature. Thus the idea of
      Nature necessarily includes that of motion. But it will be asked, and not
      a little triumphantly, from whence did she derive her motion? Our reply
      is, we know not, neither do they—that we never shall, that they
      never will. It is a secret hidden from us, concealed from them, by the
      most impenetrable veil. We also reply, that it is fair to infer, unless
      they can logically prove to the contrary, that it is in herself, since she
      is the great whole, out of which nothing can exist. We say this motion is
      a manner of existence, that flows, necessarily, out of the nature of
      matter; that matter moves by its own peculiar energies; that its motion is
      to be attributed to the force which is inherent in itself; that the
      variety of motion, and the phenomena which result, proceed from the
      diversity of the properties—of the qualities—of the
      combinations, which are originally found in the primitive matter, of which
      Nature is the assemblage.
    

      Natural philosophers, for the most part, have regarded as inanimate, or as
      deprived of the faculty of motion, those bodies which are only moved by
      the intervention of some agent or exterior cause; they have considered
      themselves justified in concluding, that the matter which forms these
      bodies is perfectly inert in its nature. They have not forsaken this
      error, although they must have observed, that whenever a body is left to
      itself, or disengaged from those obstructions which oppose themselves to
      its descent, it has a tendency to fall or to approach the centre of the
      earth, by a motion uniformly accelerated; they have rather chosen to
      suppose a visionary exterior cause, of which they themselves had but an
      imperfect idea, than admit that these bodies held their motion from their
      own peculiar nature.
    

      These philosophers, also, notwithstanding they saw above them an infinite
      number of globes that moved with great rapidity round a common centre,
      still adhered to their favourite opinions; and never ceased to suppose
      some whimsical causes for these movements, until the immortal NEWTON
      clearly demonstrated that it was the effect of the gravitation of these
      celestial bodies towards each other. Experimental philosophers, however,
      and amongst them the great Newton himself, have held the cause of
      gravitation as inexplicable. Notwithstanding the great weight of this
      authority, it appears manifest that it may be deduced from the motion of
      matter, by which bodies are diversely determined. Gravitation is nothing
      more than a mode of moving—a tendency towards a centre: to speak
      strictly, all motion is relative gravitation; since that which falls
      relatively to us, rises, with relation to other bodies. From this it
      follows, that every motion in our microcosm is the effect of gravitation;
      seeing that there is not in the universe either top or bottom, nor any
      absolute centre. It should appear, that the weight of bodies depends on
      their configuration, as well external as internal, which gives them that
      form of action which is called gravitation. Thus, for instance, a piece of
      lead, spherically formed, falls quickly and direct: reduce this ball into
      very thin plates, it will be sustained in the air for a much longer time:
      apply to it the action of fire, this lead will rise in the atmosphere:
      here, then, the same metal, variously modified, has very different modes
      of action.
    

      A very simple observation would have sufficed to make the philosophers,
      antecedent to Newton, feel the inadequateness of the causes they admitted
      to operate with such powerful effect. They had a sufficiency to convince
      themselves, in the collision of two bodies, which they could contemplate,
      and in the known laws of that motion, which these always communicate by
      reason of their greater or less compactness; from whence they ought to
      have inferred, that the density of subtle or ethereal
      matter, being considerably less than that of the planets, it could only
      communicate to them a very feeble motion, quite insufficient to produce
      that velocity of action, of which they could not possibly avoid being the
      witnesses.
    

      If Nature had been viewed uninfluenced by prejudice, they must have been
      long since convinced that matter acts by its own peculiar activity; that
      it needs no exterior communicative force to set it in motion. They might
      have perceived that whenever mixed bodies were placed in a situation to
      act on each other, motion was instantly excited; and that these mixtures
      acted with a force capable of producing the most surprising results.
    

      If particles of iron, sulphur, and water be mixed together, these bodies
      thus capacitated to act on each other, are heated by degrees, and
      ultimately produce a violent combustion. If flour be wetted with water,
      and the mixture closed up, it will be found, after some lapse of time, (by
      the aid of a microscope) to have produced organized beings that enjoy
      life, of which the water and the flour were believed incapable: it is thus
      that inanimate matter can pass into life, or animate matter, which is in
      itself only an assemblage of motion.
    

      Reasoning from analogy, which the philosophers of the present day do not
      hold incompatible, the production of a man, independent of the ordinary
      means, would not be more astonishing than that of an insect with flour and
      water. Fermentation and putrid substances, evidently produce living
      animals. We have here the principle; with proper materials, principles can
      always be brought into action. That generation which is styled uncertain
      is only so for those who do not reflect, or who do not permit themselves,
      attentively, to observe the operations of Nature.
    

      The generative of motion, and its developement, as well as the energy of
      matter, may be seen everywhere; more particularly in those unitions in
      which fire, air, and water, find themselves combined. These elements, or
      rather these mixed bodies, are the most volatile, the most fugitive of
      beings; nevertheless in the hands of Nature, they are the essential agents
      employed to produce the most striking phenomena. To these we must ascribe
      the effects of thunder, the eruption of volcanoes, earthquakes, &c.
      Science offers to our consideration an agent of astonishing force, in
      gunpowder, the instant it comes in contact with fire. In short, the most
      terrible effects result from the combination of matter, which is generally
      believed to be dead and inert.
    

      These facts prove, beyond a doubt, that motion is produced, is augmented,
      is accelerated in matter, without the help of any exterior agent:
      therefore it is reasonable to conclude that motion is the necessary
      consequence of immutable laws, resulting from the essence, from the
      properties existing in the different elements, and the various
      combinations of these elements. Are we not justified, then, in concluding,
      from these precedents, that there may be an infinity of other
      combinations, with which we are unacquainted, competent to produce a great
      variety of motion in matter, without being under the necessity of having
      recourse, for the explanation, to agents who are more difficult to
      comprehend than even the effects which are attributed to them?
    

      Had man but paid proper attention to what passed under his review, he
      would not have sought out of Nature, a power distinguished from herself,
      to set her in action, and without which he believes she cannot move. If,
      indeed, by Nature is meant a heap of dead matter, destitute of peculiar
      qualities purely passive, we must unquestionably seek out of this Nature
      the principle of her motion. But if by Nature be understood, what it
      really is, a whole, of which the numerous parts are endowed with various
      properties, which oblige them to act according to these properties; which
      are in a perpetual ternateness of action and reaction; which press, which
      gravitate towards a common center, whilst others depart from and fly off
      towards the periphery, or circumference; which attract and repel; which by
      continual approximation and constant collision, produce and decompose all
      the bodies we behold; then, I say, there is no necessity to have recourse
      to supernatural powers, to account for the formation of things, and those
      extraordinary appearances which are the result of motion.
    

      Those who admit a cause exterior to matter, are obliged to believe that
      this cause produced all the motion by which matter is agitated in giving
      it existence. This belief rests on another, namely, that matter could
      begin to exist; an hypothesis that, until this moment, has never been
      satisfactorily demonstrated. To produce from nothing, or the CREATION, is
      a term that cannot give us the least idea of the formation of the
      universe; it presents no sense, upon which the mind can rely. In fact, the
      human mind is not adequate to conceive a moment of non-existence, or when
      all shall have passed away; even admitting this to be a truth, it is no
      truth for us, because by the very nature of our organization, we cannot
      admit positions as facts, of which no evidence can be adduced that has
      relation to our senses; we may, indeed, consent to believe it, because
      others say it; but will any rational being be satisfied with such an
      admission? Can any moral good spring from such blind assurance? Is it
      consistent with sound doctrine, with philosophy, or with reason? Do we, in
      fact, pay any respect to the intellectual powers of another, when we say
      to him, "I will believe this, because in all the attempts you have
      ventured, for the purpose of proving what you say, you have entirely
      failed; and have been at last obliged to acknowledge you know nothing
      about the matter?" What moral reliance ought we to have on such people?
      Hypothesis may succeed hypothesis; system may destroy system: a new set of
      ideas may overturn the ideas of a former day. Other Gallileos may be
      condemned to death—other Newtons may arise—we may reason—argue—dispute—quarrel—punish
      and destroy: nay, we may even exterminate those who differ from us in
      opinion; but when we have done all this, we shall be obliged to fall back
      upon our original darkness—to confess, that that which has no
      relation with our senses, that which cannot manifest itself to us by some
      of the ordinary modes by which other things are manifested, has no
      existence for us—is not comprehensible by us—can never
      entirely remove our doubt—can never seize on our stedfast belief;
      seeing it is that of which we cannot form even a notion; in short, that it
      is that, which as long as we remain what we are, must be hidden from us by
      a veil, which no power, no faculty, no energy we possess, is able to
      remove. All who are not enslaved by prejudice agree to the truth of the
      position, that nothing can be made of nothing. Many theologians
      have acknowledged Nature to be an active whole. Almost all the ancient
      philosophers were agreed to regard the world as eternal. OCELLUS LUCANUS,
      speaking of the universe, says, "it has always been, and it always will
      be." VATABLE and GROTIUS assure us, that to render the Hebrew phrase
      in the first chapter of GENESIS correctly, we must say, "when God made
      heaven and earth, matter was without form." If this be true, and every
      Hebraist can judge for himself, then the word which has been rendered created,
      means only to fashion, form, arrange. We know that the Greek words create
      and form, have always indicated the same thing. According to ST.
      JEROME, creare has the same meaning as condere, to found, to
      build. The Bible does not anywhere say in a clear manner, that the world
      was made of nothing. TERTULLIAN and the father PETAU both admit, that "this
      is a truth established more by reason than by authority." ST. JUSTIN
      seems to have contemplated matter as eternal, since he commends PLATO for
      having said, that "God, in the creation of the world, only gave impulse
      to matter, and fashioned it." BURNET and PYTHAGORAS were entirely of
      this opinion, and even our Church Service may be adduced in support; for
      although it admits by implication a beginning, it expressly denies an end:
      "As it was in the beginning, is now, and ever shall be, world without
      end." It is easy to perceive that that which cannot cease to exist,
      must have always been.
    

      Motion becomes still more obscure, when creation, or the formation of
      matter, is attributed to a SPIRITUAL being; that is to say, to a being
      which has no analogy, no point of contact, with it—to a being which
      has neither extent or parts, and cannot, therefore, be susceptible of
      motion, as we understand the term; this being only the change of one body,
      relatively to another body, in which the body moved presents successively
      different parts to different points of space. Moreover, as all the world
      are nearly agreed that matter can never be totally annihilated, or cease
      to exist; by what reasoning, I would ask, do they comprehend—how
      understand—that that which cannot cease to be, could ever have had a
      beginning?
    

      If, therefore, it be asked, whence came matter? it is very reasonable to
      say it has always existed. If it be inquired, whence proceeds the motion
      that agitates matter? the same reasoning furnishes the answer; namely,
      that as motion is coeval with matter, it must have existed from all
      eternity, seeing that motion is the necessary consequence of its existence—of
      its essence—of its primitive properties, such as its extent, its
      gravity, its impenetrability, its figure, &c. By virtue of these
      essential constituent properties, inherent in all matter, and without
      which it is impossible to form an idea of it, the various matter of which
      the universe is composed must from all eternity have pressed against, each
      other—have gravitated towards a center—have clashed—have
      come in contact—have been attracted—have been repelled—have
      been combined—have been separated: in short, must have acted and
      moved according to the essence and energy peculiar to each genus, and to
      each of its combinations.
    

      Existence supposes properties in the thing that exists: whenever it has
      properties, its mode of action must necessarily flow from those properties
      which constitute, its mode of being. Thus, when a body is ponderous, it
      must fall; when it falls, it must come in collision with the bodies it
      meets in its descent; when it is dense, when it is solid, it must, by
      reason of this density, communicate motion to the bodies with which it
      clashes; when it has analogy, when it has affinity with these bodies, it
      must be attracted, must be united with them; when it has no point of
      analogy with them, it must be repulsed.
    

      From which it may be fairly inferred, that in supposing, as we are under
      the necessity of doing, the existence of matter, we must suppose it to
      have some kind of properties; from which its motion, or modes of action,
      must necessarily flow. To form the universe, DESCARTES asked but matter
      and motion: a diversity of matter sufficed for him; variety of motion was
      the consequence of its existence, of its essence, of its properties: its
      different modes of action would be the necessary consequence of its
      different modes of being. Matter without properties would be a mere
      nothing; therefore, as soon as matter exists, it must act; as soon as it
      is various, it must act variously; if it cannot commence to exist, it must
      have existed from all eternity; if it has always existed, it can never
      cease to be: if it can never cease to be, it can never cease to act by its
      own energy. Motion is a manner of being, which matter derives from its
      peculiar existence.
    

      The existence, then, of matter is a fact: the existence of motion is
      another fact. Our visual organs point out to us matter with different
      essences, forming a variety of combinations, endowed with various
      properties that discriminate them. Indeed, it is a palpable error to
      believe that matter is a homogeneous body, of which the parts differ from
      each other only by their various modifications. Among the individuals of
      the same species that come under our notice, no two resemble exactly; and
      it is therefore evident that the difference of situation alone will,
      necessarily, carry a diversity more or less sensible, not only in the
      modifications, but also in the essence, in the properties, in the entire
      system of beings. This truth was well understood by the profound and
      subtle LEIBNITZ.
    

      If this principle be properly digested, and experience seems always to
      produce evidence of its truth, we must be convinced that the matter or
      primitive elements which enter into the composition of bodies, are not of
      the same nature, and consequently, can neither have the same properties,
      nor the same modifications; and if so, they cannot have the same mode of
      moving and acting. Their activity or motion, already different, can be
      diversified to infinity, augmented or diminished, accelerated or retarded,
      according to the combinations, the proportions, the pressure, the density,
      the volume of the matter, that enters their composition. The endless
      variety to be produced, will need no further illustration than the
      commonest book of arithmetic furnishes us, where it will be found, that to
      ring all the changes that can be produced on twelve bells only, would
      occupy a space of more than ninety-one years. The element of fire is
      visibly more active and more inconstant than that of earth. This is more
      solid and ponderous than fire, air, or water. According to the quantity of
      these elements, which enter the composition of bodies, these must act
      diversely, and their motion must in some measure partake the motion
      peculiar to each of their constituent parts. Elementary fire appears to be
      in Nature the principle of activity; it may be compared to a fruitful
      leaven, that puts the mass into fermentation and gives it life. Earth
      appears to be the principle of solidity in bodies, from its
      impenetrability, and by the firm coherence of its parts. Water is a
      medium, to facilitate the combination of bodies, into which it enters
      itself, as a constituent part. Air is a fluid whose business it seems to
      be, to furnish the other elements with the space requisite to expand, to
      exercise their motion, and which is, moreover, found proper to combine
      with them. These elements, which our senses never discover in a pure state—which
      are continually and reciprocally set in motion by each other—which
      are always acting and re-acting, combining and separating, attracting and
      repelling—are sufficient to explain to us the formation of all the
      beings we behold. Their motion is uninterruptedly and reciprocally
      produced from each other; they are alternately causes and effects. Thus,
      they form a vast circle of generation and destruction—of combination
      and decomposition, which, it is quite reasonable to suppose, could never
      have had a beginning, and which, consequently can never have an end. In
      short, Nature is but an immense chain of causes and effects, which
      unceasingly flow from each other. The motion of particular beings depends
      on the general motion, which is itself maintained by individual motion.
      This is strengthened or weakened, accelerated or retarded, simplified or
      complicated, procreated or destroyed, by a variety of combinations and
      circumstances, which every moment change the directions, the tendency, the
      modes of existing, and of acting, of the different beings that receive its
      impulse.
    

      If it were true, as has been asserted by some philosophers, that every
      thing has a tendency to form one unique or single mass, and in that unique
      mass the instant should arrive when all was in nisus, all would
      eternally remain in this state; to all eternity there would be no more
      than one Being and one effort: this would be eternal and universal death.
    

      If we desire to go beyond this, to find the principle of action in matter,
      to trace the origin of things, it is for ever to fall back upon
      difficulties; it is absolutely to abridge the evidence of our senses; by
      which only we can understand, by which alone we can judge of the causes
      acting upon them, or the impulse by which they are set in action.
    

      Let us, therefore, content ourselves with saying WHAT is supported by our
      experience, and by all the evidence we are capable of understanding;
      against the truth of which not a shadow of proof, such as our reason can
      admit, has ever been adduced—which has been maintained by
      philosophers in every age—which theologians themselves have not
      denied, but which many of them have upheld; namely, that matter always
      existed; that it moves by virtue of its essence; that all the phenomena of
      Nature is ascribable to the diversified motion of the variety of matter
      she contains; and which, like the phoenix, is continually regenerating out
      of its own ashes.











      CHAP. III.
    
Of Matter.—Of its various Combinations.—Of its diversified
      Motion, or of the Course of Nature.

      We know nothing of the elements of bodies, but we know some of their
      properties or qualities; and we distinguish their various matter by the
      effect or change produced on our senses; that is to say, by the variety of
      motion their presence excites in us. In consequence, we discover in them,
      extent, mobility, divisibility, solidity, gravity, and inert force. From
      these general and primitive properties flow a number of others, such as
      density, figure, colour, ponderosity, &c. Thus, relatively to us,
      matter is all that affects our senses in any manner whatever; the various
      properties we attribute to matter, by which we discriminate its diversity,
      are founded on the different impressions we receive on the changes they
      produce in us.
    

      A satisfactory definition of matter has not yet been given. Man, deceived
      and led astray by his prejudices, formed but vague, superficial, and
      imperfect notions concerning it. He looked upon it as an unique being,
      gross and passive, incapable of either moving by itself, of forming
      combinations, or of producing any thing by its own energies. Instead of
      this unintelligible jargon, he ought to have contemplated it as a genus
      of beings, of which the individuals, although they might possess some
      common properties, such as extent, divisibility, figure, &c. should
      not, however, be all ranked in the same class, nor comprised under the
      same general denomination.
    

      An example will serve more fully to explain what we have asserted, throw
      its correctness into light, and facilitate the application. The properties
      common to all matter, are extent, divisibility, impenetrability, figure,
      mobility, or the property of being moved in mass. FIRE, beside these
      general properties, common to all matter, enjoys also the peculiar
      property of being put into activity by a motion that produces on our
      organs of feeling the sensation of heat; and by another, that communicates
      to our visual organs the sensation of light. Iron, in common with matter
      in general, has extent and figure; is divisible, and moveable in mass: if
      fire be combined with it in a certain proportion, the iron acquires two
      new properties; namely, those of exciting in us similar sensations of heat
      and light, which were excited by the element of fire, but which the iron
      had not, before its combination with the igneous matter. These
      distinguishing properties are inseparable from matter, and the phenomena
      that result, may, in the strictest sense of the word, be said to result
      necessarily.
    

      If we contemplate a little the paths of Nature—if, for a time, we
      trace the beings in this Nature, under the different states through which,
      by reason of their properties, they are compelled to pass; we shall
      discover, that it is to motion, and motion only, that is to be ascribed
      all the changes, all the combinations, all the forms, in short, all the
      various modifications of matter. That it is by motion every thing that
      exists is produced, experiences change, expands, and is destroyed. It is
      motion that alters the aspect of beings; that adds to, or takes away from
      their properties; which obliges each of them, by a consequence of its
      nature, after having occupied a certain rank or order, to quit it, to
      occupy another, and to contribute to the generation, maintenance, and
      decomposition of other beings, totally different in their bulk, rank, and
      essence.
    

      In what experimental philosophers have styled the THREE ORDERS OF NATURE,
      that is to say, the mineral, the vegetable, and animal
      worlds, they have established, by the aid of motion, a transmigration, an
      exchange, a continual circulation in the particles of matter. Nature has
      occasion in one place, for those particles which, for a time, she has
      placed in another. These particles, after having, by particular
      combinations, constituted beings endued with peculiar essences, with
      specific properties, with determinate modes of action, dissolve and
      separate with more or less facility; and combining in a new manner, they
      form new beings. The attentive observer sees this law execute itself, in a
      manner more or less prominent, through all the beings by which he is
      surrounded. He sees nature full of erratic germe, some of which
      expand themselves, whilst others wait until motion has placed them in
      their proper situation, in suitable wombs or matrices, in the necessary
      circumstances, to unfold, to increase, to render them more perceptible by
      the addition of other substances of matter analogous to their primitive
      being. In all this we see nothing but the effect of motion, necessarily
      guided, modified, accelerated or slackened, strengthened or weakened, by
      reason of the various properties that beings successively acquire and
      lose; which, every moment, infallibly produces alterations in bodies more
      or less marked. Indeed, these bodies cannot be, strictly speaking, the
      same in any two successive moments of their existence; they must, every
      instant, either acquire or lose: in short, they are obliged to undergo
      continual variations in their essences, in their properties, in their
      energies, in their masses, in their qualities, in their mode of existence.
    

      Animals, after they have been expanded in, and brought out of, the wombs
      that are suitable to the elements of their machine, enlarge, strengthen,
      acquire new properties, new energies, new faculties; either by deriving
      nourishment from plants analogous to their being, or by devouring other
      animals whose substance is suitable to their preservation; that is to say,
      to repair the continual deperdition or loss of some portion of their own
      substance, that is disengaging itself every instant. These same animals
      are nourished, preserved, strengthened, and enlarged, by the aid of air,
      water, earth, and fire. Deprived of air, or of the fluid that surrounds
      them, that presses on them, that penetrates them, that gives them their
      elasticity, they presently cease to live. Water, combined with this air,
      enters into their whole mechanism of which it facilitates the motion.
      Earth serves them for a basis, by giving solidity to their texture: it is
      conveyed by air and water, which carry it to those parts of the body with
      which it can combine. Fire itself, disguised and enveloped under an
      infinity of forms, continually received into the animal, procures him
      heat, continues him in life, renders him capable of exercising his
      functions. The aliments, charged with these various principles, entering
      into the stomach, re-establish the nervous system, and restore, by their
      activity, and the elements which compose them, the machine which begins to
      languish, to be depressed, by the loss it has sustained. Forthwith the
      animal experiences a change in his whole system; he has more energy, more
      activity; he feels more courage; displays more gaiety; he acts, he moves,
      he thinks, after a different manner; all his faculties are exercised with
      more ease. This igneous matter, so congenial to generation—so
      restorative in its effect—so necessary to life, was the JUPITER of
      the ancients: from all that has preceded, it is clear, that what are
      called the elements, or primitive parts of matter, variously combined,
      are, by the agency of motion, continually united to, and assimilated with,
      the substance of animals—that they visibly modify their being—have
      an evident influence over their actions, that is to say, upon the motion
      they undergo, whether visible or concealed.
    

      The same elements, which under certain circumstances serve to nourish, to
      strengthen, to maintain the animal, become, under others, the principles
      of his weakness, the instruments of his dissolution—of his death:
      they work his destruction, whenever they are not in that just proportion
      which renders them proper to maintain his existence: thus, when water
      becomes too abundant in the body of the animal, it enervates him, it
      relaxes the fibres, and impedes the necessary action of the other
      elements: thus, fire admitted in excess, excites in him disorderly motion
      destructive of his machine: thus, air, charged with principles not
      analogous to his mechanism, brings upon him dangerous diseases and
      contagion. In fine, the aliments modified after certain modes, in the room
      of nourishing, destroy the animal, and conduce to his ruin: the animal is
      preserved no longer than these substances are analogous to his system.
      They ruin him when they want that just equilibrium that renders them
      suitable to maintain his existence.
    

      Plants that serve to nourish and restore animals are themselves nourished
      by earth; they expand on its bosom, enlarge and strengthen at its expense,
      continually receiving into their texture, by their roots and their pores,
      water, air, and igneous matter: water visibly reanimates them whenever
      their vegetation or genus of life languishes; it conveys to them those
      analogous principles by which they are enabled to reach perfection: air is
      requisite to their expansion, and furnishes them with water, earth, and
      the igneous matter with which it is charged. By these means they receive
      more or less of the inflammable matter; the different proportions of these
      principles, their numerous combinations, from whence result an infinity of
      properties, a variety of forms, constitute the various families and
      classes into which botanists have distributed plants: it is thus we see
      the cedar and the hyssop develop their growth; the one rises to the
      clouds, the other creep humbly on the earth. Thus, by degrees, from an
      acorn springs the majestic oak, accumulating, with time, its numerous
      branches, and overshadowing us with its foliage. Thus, a grain of corn,
      after having drawn its own nourishment from the juices of the earth,
      serves, in its turn, for the nourishment of man, into whose system it
      conveys the elements or principles by which it has been itself expanded,
      combined, and modified in such a manner, as to render this vegetable
      proper to assimilate and unite with the human frame; that is to say, with
      the fluids and solids of which it is composed.
    

      The same elements, the same principles, are found in the formation of
      minerals, as well as in their decomposition, whether natural or
      artificial. We find that earth, diversely modified, wrought, and combined,
      serves to increase their bulk, and give them more or less density and
      gravity. Air and water contribute to make their particles cohere; the
      igneous matter, or inflammable principle, tinges them with colour, and
      sometimes plainly indicates its presence, by the brilliant scintillation
      which motion elicits from them. These stones and metals, these bodies, so
      compact and solid, are disunited, are destroyed, by the agency of air,
      water, and fire; which the most ordinary analysis is sufficient to prove,
      as well as a multitude of experience, to which our eyes are the daily
      evidence.
    

      Animals, plants, and minerals, after a lapse of time, give back to Nature;
      that is to say, to the general mass of things, to the universal magazine,
      the elements, or principles, which they have borrowed: The earth retakes
      that portion of the body of which it formed the basis and the solidity;
      the air charges itself with these parts, that are, analogous to it, and
      with those particles which are light and subtle; water carries off that
      which is suitable to liquescency; fire, bursting its chains, disengages
      itself, and rushes into new combinations with other bodies.
    

      The elementary particles of the animal, being thus dissolved, disunited,
      and dispersed; assume new activity, and form new combinations: thus, they
      serve to nourish, to preserve, or destroy new beings; among others,
      plants, which arrived at their maturity, nourish and preserve new animals;
      these in their turn yielding to the same fate as the first.
    

      Such is the constant, the invariable course, of Nature; such is the
      eternal circle of mutation, which all that exists is obliged to describe.
      It is thus motion generates, preserves for a time, and successively,
      destroys, one part of the universe by the other; whilst the sum of
      existence remains eternally the same. Nature, by its combinations,
      produces suns, which place themselves in the centre of so many systems:
      she forms planets, which, by their peculiar essence, gravitate and
      describe their revolutions round these suns: by degrees the motion is
      changed altogether, and becomes eccentric: perhaps the day may arrive when
      these wondrous masses will disperse, of which man, in the short space of
      his existence, can only have a faint and transient glimpse.
    

      It is clear, then, that the continual motion inherent in matter, changes
      and destroys all beings; every instant depriving them of some of their
      properties, to substitute others: it is motion, which, in thus changing
      their actual essence, changes also their order, their direction, their
      tendency, and the laws which regulate their mode of acting and being: from
      the stone formed in the bowels of the earth, by the intimate combination
      and close coherence of similar and analogous particles, to the sun, that
      vast reservoir of igneous particles, which sheds torrents of light over
      the firmament; from the benumbed oyster, to the thoughtful and active man;
      we see an uninterrupted progression, a perpetual chain of motion and
      combination; from which is produced, beings that only differ from each
      other by the variety of their elementary matter—by the numerous
      combinations of these elements, from whence springs modes of action and
      existence, diversified to infinity. In generation, in nutrition, in
      preservation, we see nothing more than matter, variously combined, of
      which each has its peculiar motion, regulated by fixed and determinate
      laws, which oblige them to submit to necessary changes. We shall find, in
      the formation, in the growth, in the instantaneous life, of animals,
      vegetables, and minerals, nothing but matter; which combining,
      accumulating, aggregating, and expanding by degrees, forms beings, who are
      either feeling, living, vegetating, or else destitute of these faculties;
      which, having existed some time under one particular form, are obliged to
      contribute by their ruin to the production of other forms.
    

      Thus, to speak strictly, nothing in Nature is either born, or dies,
      according to the common acceptation of those terms. This truth was felt by
      many of the ancient philosophers. PLATO says, that according to tradition,
      "the living were born of the dead, the same as the dead did come of the
      living; and that this is the constant routine of Nature." He adds from
      himself, "who knows, if to live, be not to die; and if to die, be not to
      live?" This was the doctrine of PYTHAGORAS, a man of great talent and no
      less note. EMPEDOCLES asserts, "there is neither birth nor death, for any
      mortal; but only a combination, and a separation of that which was
      combined, and that this is what amongst men they call birth, and death."
      Again he remarks, "those are infants, or short-sighted persons, with very
      contracted understandings, who imagine any thing is born, which did not
      exist before, or that any thing can die or perish totally."
    











      CHAP. IV.
    
Laws of Motion, common to every Being of Nature.—Attraction and
      Repulsion.—Inert Force.—Necessity.

      Man is never surprised at those effects, of which he thinks he knows the
      cause; he believes he does know the cause, as soon as he sees them act in
      an uniform and determinate manner, or when the motion excited is simple:
      the descent of a stone, that falls by its own peculiar weight, is an
      object of contemplation to the philosopher only; to whom the mode by which
      the most immediate causes act, and the most simple motion, are no less
      impenetrable mysteries than the most complex motion, and the manner by
      which the most complicated causes give impulse. The uninformed are seldom
      tempted either to examine the effects which are familiar to them, or to
      recur to first principles. They think they see nothing in the descent of a
      stone, which ought to elicit their surprise, or become the object of their
      research: it requires a NEWTON to feel that the descent of heavy bodies is
      a phenomenon, worthy his whole, his most serious attention; it requires
      the sagacity of a profound experimental philosopher, to discover the laws
      by which heavy bodies fall, by which they communicate to others their
      peculiar motion. In short, the mind that is most practised in
      philosophical observation, has frequently the chagrin to find, that the
      most simple and most common effects escape all his researches, and remain
      inexplicable to him.
    

      When any extraordinary, any unusual, effect is produced, to which our eyes
      have not been accustomed; or when we are ignorant of the energies of the
      cause, the action of which so forcibly strikes our senses, we are tempted
      to meditate upon it, and take it into our consideration. The European,
      accustomed to the use of GUNPOWDER, passes it by, without thinking much of
      its extraordinary energies; the workman, who labours to manufacture it,
      finds nothing marvellous in its properties, because he daily handles the
      matter that forms its composition. The American, to whom this powder was a
      stranger, who had never beheld its operation, looked upon it as a divine
      power, and its energies as supernatural. The uninformed, who are ignorant
      of the true cause of THUNDER, contemplate it as the instrument of divine
      vengeance. The experimental philosopher considers it as the effect of the
      electric matter, which, nevertheless, is itself a cause which he is very
      far from perfectly understanding.—It required the keen, the
      penetrating mind of a FRANKLIN, to throw light on the nature of this
      subtle fluid—to develop the means by which its effects might be
      rendered harmless—to turn to useful purposes, a phenomenon that made
      the ignorant tremble—that filled their minds with terror, their
      hearts with dismay, as indicating the anger of the gods: impressed with
      this idea, they prostrated themselves, they sacrificed to JUPITER, to
      deprecate his wrath.
    

      Be this as it may, whenever we see a cause act, we look upon its effect as
      natural: when this cause becomes familiar to the sight, when we are
      accustomed to it, we think we understand it, and its effects surprise us
      no longer. Whenever any unusual effect is perceived, without our
      discovering the cause, the mind sets to work, becomes uneasy; this
      uneasiness increases in proportion to its extent: as soon as it is
      believed to threaten our preservation, we become completely agitated; we
      seek after the cause with an earnestness proportioned to our alarm; our
      perplexity augments in a ratio equivalent to the persuasion we are under:
      how essentially requisite it is, we should become acquainted with the
      cause that has affected us in so lively a manner. As it frequently happens
      that our senses can teach us nothing respecting this cause which so deeply
      interests us—which we seek with so much ardour, we have recourse to
      our imagination; this, disturbed with alarm, enervated by fear, becomes a
      suspicious, a fallacious guide: we create chimeras, fictitious causes, to
      whom we give the credit, to whom we ascribe the honour of those phenomena
      by which we have been so much alarmed. It is to this disposition of the
      human mind that must be attributed, as will be seen in the sequel, the
      religious errors of man, who, despairing of the capacity to trace the
      natural causes of those perplexing phenomena to which he was the witness,
      and sometimes the victim, created in his brain (heated with terror)
      imaginary causes, which have become to him a source of the most
      extravagant folly.
    

      In Nature, however, there can be only natural causes and effects; all
      motion excited in this Nature, follows constant and necessary laws: the
      natural operations, to the knowledge of which we are competent, of which
      we are in a capacity to judge, are of themselves sufficient to enable us
      to discover those which elude our sight; we can at least judge of them by
      analogy. If we study Nature with attention, the modes of action which she
      displays to our senses will teach us not to be disconcerted by those which
      she refuses to discover. Those causes which are the most remote from their
      effects, unquestionably act by intermediate causes; by the aid of these,
      we can frequently trace out the first. If in the chain of these causes we
      sometimes meet with obstacles that oppose themselves to our research, we
      ought to endeavour by patience and diligence to overcome them; when it so
      happens we cannot surmount the difficulties that occur, we still are never
      justified in concluding the chain to be broken, or that the cause which
      acts is SUPER-NATURAL. Let us, then, be content with an honest avowal,
      that Nature contains resources of which we are ignorant; but never let us
      substitute phantoms, fictions, or imaginary causes, senseless terms, for
      those causes which escape our research; because, by such means we only
      confirm ourselves in ignorance, impede our enquiries, and obstinately
      remain in error.
    

      In spite of our ignorance with respect to the meanderings of Nature, (for
      of the essence of being, of their properties, their elements, their
      combinations, their proportions, we yet know the simple and general laws,
      according to which bodies move;) we see clearly, that some of these laws,
      common to all beings, never contradict themselves; although, on some
      occasions, they appear to vary, we are frequently competent to discover
      that the cause becoming complex, from combination with other causes,
      either impedes or prevents its mode of action being such as in its
      primitive state we had a right to expect. We know that active, igneous
      matter, applied to gunpowder, must necessarily cause it to explode:
      whenever this effect does not follow the combination of the igneous matter
      with the gunpowder—whenever our senses do not give us evidence of
      the fact, we are justified in concluding, either that the powder is damp,
      or that it is united with some other substance that counteracts its
      explosion. We know that all the actions of man have a tendency to render
      him happy: whenever, therefore, we see him labouring to injure or destroy
      himself, it is just to infer that he is moved by some cause opposed to his
      natural tendency; that he is deceived by some prejudice; that, for want of
      experience, he is blind to consequences: that he does not see whither his
      actions will lead him.
    

      If the motion excited in beings was always simple; if their actions did
      not blend and combine with each other, it would be easy to know, and we
      should be assured, in the first instance, of the effect a cause would
      produce. I know that a stone, when descending, ought to describe a
      perpendicular: I also know, that if it encounters any other body which
      changes its course, it is obliged to take an oblique direction, but if its
      fall be interrupted by several contrary powers, which act upon it
      alternately, I am no longer competent to determine what line it will
      describe. It may be a parabola, an ellipsis, spiral, circular, &c.
      this will depend on the impulse, it receives, and the powers by which it
      is impelled.
    

      The most complex motion, however, is never more than the result of simple
      motion combined: therefore as soon as we know the general laws of beings
      and their action, we have only to decompose, to analyse them, in order to
      discover those of which they are combined; experience teaches us the
      effects we are to expect. Thus it is clear, the simplest motion causes
      that necessary junction of different matter, of which all bodies are
      composed: that matter, varied in its essence, in its properties, in its
      combinations, has each its several modes of action or motion, peculiar to
      itself; the whole motion of a body is consequently the sum total of each
      particular motion that is combined.
    

      Amongst the matter we behold, some is constantly disposed to unite, whilst
      other is incapable of union; that which is suitable to unite, forms
      combinations, more or less intimate, possessing more or less durability:
      that is to say, with more or less capacity to preserve their union, to
      resist dissolution. Those bodies which are called SOLIDS, receive into
      their composition a great number of homogeneous, similar, and analogous
      particles, disposed to unite themselves with energies conspiring or
      tending to the same point. The primitive beings, or elements of bodies,
      have need of supports, of props; that is to say, of the presence of each
      other, for the purpose of preserving themselves; of acquiring consistence
      or solidity: a truth, which applies with equal uniformity to what is
      called physical, as to what is termed moral.
    

      It is upon this disposition in matter and bodies, with relation to each
      other, that is founded those modes of action which natural philosophers
      designate by the terms attraction, repulsion, sympathy, antipathy,
      affinities, relations; that moralists describe under the names of love,
      hatred, friendship, aversion. Man, like all the beings in nature,
      experiences the impulse of attraction and repulsion; the motion excited in
      him differing from that of other beings, only, because it is more
      concealed, and frequently so hidden, that neither the causes which excite
      it, nor their mode of action are known. This system of attraction and
      repulsion is very ancient, although it required a NEWTON to develop it.
      That love, to which the ancients attributed the unfolding, or
      disentanglement of chaos, appears to have been nothing more than a
      personification of the principle of attraction. All their allegories and
      fables upon chaos, evidently indicate nothing more than the accord or
      union that exists between analogous and homogeneous substances; from
      whence resulted the existence of the universe: whilst discord or
      repulsion, which they called SOIS, was the cause of dissolution,
      confusion, and disorder; there can scarcely remain a doubt, but this was
      the origin of the doctrines of the TWO PRINCIPLES. According to DIOGENES
      LAERTIUS, the philosopher, EMPEDOCLES, asserted, that "there is a kind
      of affection by which the elements unite themselves; and a sort of
      discord, by which they separate or remove themselves."
    

      However it may be, it is sufficient for us to know that by an invariable
      law, certain bodies are disposed to unite with more or less facility;
      whilst others cannot combine or unite themselves: water combines itself
      readily with salt, but will not blend with oil. Some combinations are very
      strong, cohering with great force, as metals; others are extremely feeble,
      their cohesion slight and easily decomposed, as in fugitive colours. Some
      bodies, incapable of uniting by themselves, become susceptible of union by
      the agency of other bodies, which serve for common bonds or MEDIUMS. Thus,
      oil and water, naturally heterogeneous, combine and make soap, by the
      intervention of alkaline salt. From matter diversely combined, in
      proportions varied almost to infinity, result all physical and moral
      bodies; the properties and qualities of which are essentially different,
      with modes of action more or less complex: which are either understood
      with facility, or difficult of comprehension, according to the elements or
      matter that has entered into their composition, and the various
      modifications this matter has undergone.
    

      It is thus, from the reciprocity of their attraction, the primitive
      imperceptible particles of matter, which constitute bodies, become
      perceptible, form compound substances, aggregate masses; by the union of
      similar and analogous matter, whose essences fit them to cohere. The same
      bodies are dissolved, their union broken, whenever they undergo the action
      of matter inimical to their junction. Thus by degrees are formed, plants,
      metals, animals, men; each grows, expands, and increases in its own system
      or order; sustaining itself in its respective existence, by the continual
      attraction of analogous matter; to which it becomes united, and by which
      it is preserved and strengthened. Thus, certain aliments become fit for
      the sustenance of man, whilst others destroy his existence: some are
      pleasant to him, strengthen his habit; others are repugnant to him, weaken
      his system: in short, never to separate physical from moral laws, it is
      thus that men, mutually attracted to each other by their reciprocal wants,
      form those unions which we designate by the terms, MARRIAGE, FAMILIES,
      SOCIETIES, FRIENDSHIPS, CONNEXIONS: it is thus that virtue strengthens and
      consolidates them; that vice relaxes or totally dissolves them.
    

      Of whatever nature may be the combination of beings, their motion has
      always one direction or tendency: without direction we could not have any
      idea of motion: this direction is regulated by the properties of each
      being; as soon as they have any given properties, they necessarily act in
      obedience to them: that is to say, they follow the law invariably
      determined by these same properties; which, of themselves, constitute the
      being such as he is found, and settle his mode of action, which is always
      the consequence of his manner of existence. But what is the general
      direction, or common tendency, we see in all beings? What is the visible
      and known end of all their motion? It is to conserve their actual
      existence—to preserve themselves—to strengthen their several
      bodies—to attract that which is favorable to them—to repel
      that which is injurious them—to avoid that which can harm them—to
      resist impulsions contrary to their manner of existence, and to their
      natural tendency.
    

      To exist, is to experience the motion peculiar to a determinate essence:
      to conserve this existence, is to give and receive that motion from which
      results its maintenance:—it is to attract matter suitable to
      corroborate its being—to avoid that by which it may be either
      endangered or enfeebled. Thus, all beings of which we have any knowledge,
      have a tendency to conserve themselves, each after its peculiar manner:
      the stone, by the firm adhesion of its particles, opposes resistance to
      its destruction. Organized beings conserve themselves by more complicated
      means, but which are, nevertheless, calculated to maintain their existence
      against that by which it may be injured. Man, both in his physical and in
      his moral capacity, is a living, feeling, thinking, active being; who,
      every instant of his duration, strives equally to avoid that which may be
      injurious, and to procure that which is pleasing to him, or that which is
      suitable to his mode of existence; all his actions tending solely to
      conserve himself. ST. AUGUSTINE admits this tendency in all whether
      organized or not.
    

      Conservation, then, is the common point to which all the energies, all the
      powers, all the faculties of beings, seem continually directed. Natural
      philosophers call this direction or tendency, SELF-GRAVITATION: NEWTON
      calls it INERT FORCE: moralists denominate it in man, SELF-LOVE which is
      nothing more than the tendency he has to preserve himself—a desire
      of happiness—a love of his own welfare—a wish for pleasure—a
      promptitude in seizing on every thing that appears favourable to his
      conservation—a marked aversion to all that either disturbs his
      happiness, or menaces his existence—primitive sentiments, that are
      common to all beings of the human species; which all their faculties are
      continually striving to satisfy; which all their passions, their wills,
      their actions, have eternally for their object and their end. This
      self-gravitation, then, is clearly a necessary disposition in man, and in
      all other beings; which, by a variety means, contribute to the
      preservation of the existence they have received, as long as nothing
      deranges the order of their machine, or its primitive tendency.
    

      Cause always produces effect; there can be no effect without cause.
      Impulse is always followed by some motion, more or less sensible; by some
      change, more or less remarkable in the body which receives it. But motion,
      and its various modes of displaying itself, is, as has been already shewn,
      determined by the nature, the essence, the properties, the combinations of
      the beings acting. It must, then, be concluded that motion, or the modes
      by which beings act, arises from some cause; that as this cause is not
      able to move or act, but in conformity with the manner of its being or its
      essential properties, it must equally be concluded, that all the phenomena
      we perceive are necessary; that every being in Nature, under the
      circumstances in which it is placed, and with the given properties it
      possesses, cannot act otherwise than it does.
    

      Necessity is the constant and infallible relation of causes with their
      effects. Fire consumes, of necessity, combustible matter plated within its
      circuit of action: man, by fatality, desires either that which really is,
      or appears to be serviceable to his welfare. Nature, in all the
      extraordinary appearances she exhibits, necessarily acts after her own
      peculiar essence: all the beings she contains, necessarily act each after
      its own a individual nature: it is by motion that the whole has relation
      with its parts; and these parts with the whole: it is thus that in the
      general system every thing is connected: it is itself but an immense chain
      of causes and effects, which flow without ceasing, one from the other. If
      we reflect, we shall be obliged to acknowledge that every thing we see is
      necessary; that it cannot be otherwise than it is; that all the beings we
      behold, as well as those which escape our sight, act by invariable laws.
      According to these laws, heavy bodies fall—light bodies ascend—analogous
      substances attract each other—beings tend to preserve themselves—man
      cherishes himself; loves that which he thinks advantageous—detests
      that which he has an idea may prove unfavourable to him.—In fine, we
      are obliged to admit, there can be no perfectly independent energy—no
      separated cause—no detached action, in a nature where all the beings
      are in a reciprocity of action—who, without interruption, mutually
      impel and resist each other—who is herself nothing more than an
      eternal circle of motion, given and received according to necessary laws;
      which under the same given incidents, invariably produce the same effect.
    

      Two examples will serve to throw the principle here laid down, into light—one
      shall be taken from physics, the other from morals.
    

      In a whirlwind of dust, raised by elemental force, confused as it appears
      to our eyes, in the most frightful tempest excited by contrary winds, when
      the waves roll high as mountains, there is not a single particle of dust,
      or drop of water, that has been placed by CHANCE, that has not a cause for
      occupying the place where it is found; that does not, in the most rigorous
      sense of the word, act after the manner in which it ought to act; that is,
      according to its own peculiar essence, and that of the beings from whom it
      receives this communicated force. A geometrician exactly knew the
      different energies acting in each case, with the properties of the
      particles moved, could demonstrate that after the causes given, each
      particle acted precisely as it ought to act, and that it could not have
      acted otherwise than it did.
    

      In those terrible convulsions that sometimes agitate political societies,
      shake their foundations, and frequently produce the overthrow of an
      empire; there is not a single action, a single word, a single thought, a
      single will, a single passion in the agents, whether they act as
      destroyers, or as victims, that is not the necessary result of the causes
      operating; that does not act, as, of necessity, it must act, from the
      peculiar essence of the beings who give the impulse, and that of the
      agents who receive it, according to the situation these agents fill in the
      moral whirlwind. This could be evidently proved by an understanding
      capacitated to rate all the action and re-action, of the minds and bodies
      of those who contributed to the revolution.
    

      In fact, if all be connected in Nature, if all motion be produced, the one
      from the other, notwithstanding their secret communications frequently
      elude our sight; we ought to feel convinced of this truth, that there is
      no cause, however minute, however remote, that does not sometimes produce
      the greatest and most immediate effects on man. It may, perhaps, be in the
      parched plains of Lybia, that are amassed the first elements of a storm or
      tempest, which, borne by the winds, approach our climate, render our
      atmosphere dense, and thus operating on the temperament, may influence the
      passions of a man, whose circumstances shall have capacitated him to
      influence many others, who shall decide after his will the fate of many
      nations.
    

      Man, in fact, finds himself in Nature, and makes a part of it: he acts
      according to laws, which are appropriate to him; he receives in a manner
      more or less distinct, the action and impulse of the beings who surround
      him; who themselves act after laws that are peculiar to their essence.
      Thus he is variously modified; but his actions are always the result of
      his own energy, and that of the beings who act upon him, and by whom he is
      modified. This is what gives such variety to his determinations—what
      generally produces such contradiction in his thoughts, his opinions, his
      will, his actions; in short, in that motion, whether concealed or visible,
      by which he is agitated. We shall have occasion, in the sequel, to place
      this truth, at present so much contested, in a clearer light: it will be
      sufficient for our purpose at present to prove, generally, that every
      thing in Nature is necessary—that nothing to be found in it can act
      otherwise than it does.
    

      Motion, alternately communicated and received, establishes the connection
      or relation between the different orders of beings: when they are in the
      sphere of reciprocal action, attraction approximates them; repulsion
      dissolves and separates them; the one strengthens and preserves them; the
      other enfeebles and destroys them. Once combined, they have a tendency to
      conserve themselves in that mode of existence, by virtue of their inert
      force; in this they cannot succeed, because they are exposed to the
      continual influence of all other beings, who perpetually and successively
      act upon them; their change of form, their dissolution, is requisite to
      the preservation of Nature herself: this is the sole end we are able to
      assign her—to which we see her tend without intermission—which
      she follows without interruption, by the destruction and reproduction of
      all subordinate beings, who are obliged to submit to her laws—to
      concur, by their mode of action, to the maintenance of her active
      existence, so essentially requisite to the GREAT WHOLE.
    

      It is thus each being is an individual, who, in the great family, performs
      his necessary portion of the general labour—who executes the
      unavoidable task assigned to him. All bodies act according to laws,
      inherent in their peculiar essence, without the capability to swerve, even
      for a single instant, from those according to which Nature herself acts.
      This is the central power, to which all other powers, essences, and
      energies, are submitted: she regulates the motions of beings, by the
      necessity of her own peculiar essence: she makes them concur by various
      modes to the general plan: this appears to be nothing more than the life,
      action, and maintenance of the whole, by the continual change of its
      parts. This object she obtains, in removing them, one by the other; by
      that which establishes, and by that which destroys, the relation
      subsisting between them; by that which gives them, and that which deprives
      them of, their forms, combinations, proportions, and qualities, according
      to which they act for a time, after a given mode; these are afterwards
      taken from them, to make them act after a different manner. It is thus
      that Nature makes them expand and change, grow and decline, augment and
      diminish, approximate and remove, forms and destroys them, according as
      she finds it requisite to maintain the whole; towards the conservation
      which this Nature is herself essentially necessitated to have a tendency.
    

      This irresistible power, this universal necessity, this general energy,
      then, is only a consequence of the nature of things; by virtue of which
      every thing acts, without intermission, after constant and immutable laws:
      these laws not varying more for the whole than for the beings of which it
      is composed. Nature is an active living whole, to which all its parts
      necessarily concur; of which, without their own knowledge, they maintain
      the activity, the life, and the existence. Nature acts and exists
      necessarily: all that she contains, necessarily conspires to perpetuate
      her active existence. This is the decided opinion of PLATO, when he says,
      "matter and necessity are the same thing; this necessity is the mother
      of the world." In point of fact, we cannot go beyond this aphorism,
      MATTER ACTS, BECAUSE IT EXISTS; AND EXISTS, TO ACT. If it be enquired how,
      or for why, matter exists? We answer, we know not: but reasoning by
      analogy, of what we do not know by that which we do, we should be of
      opinion it exists necessarily, or because it contains within itself a
      sufficient reason for its existence. In supposing it to be created or
      produced by a being distinguished from it, or less known than itself,
      (which it may be, for any thing we know to the contrary,) we must still
      admit, that this being is necessary, and includes a sufficient reason for
      his own existence. We have not then removed any of the difficulty, we have
      not thrown a clearer light upon the subject, we have not advanced a single
      step; we have simply laid aside a being, of which we know some few of the
      properties, but of which we are still extremely ignorant, to have recourse
      to a power, of which it is utterly impossible we can, as long as we are
      men, form any distinct idea; of which, notwithstanding it may be a truth,
      we cannot, by any means we possess, demonstrate the existence. As,
      therefore, these must be at best but speculative points of belief, which
      each individual, by reason of its obscurity, may contemplate with
      different optics, under various aspects, they surely ought to be left free
      for each to judge after his own fashion: the Hindoo can have no just cause
      of enmity against the Christian for his faith: this has no moral right to
      question the Mussulman upon his; the numerous sects of each of the various
      persuasions spread over the face of the earth, ought to make it a creed to
      look with an eye of complacency on the deviation of the others; and rest
      upon that great moral axiom, which is strictly conformable to Nature,
      which contains the whole of man's happiness—"Do not unto another,
      that which do you not wish another should do unto you;" for it is
      evident, according to their own doctrines, out of all the variety of
      systems, one only can be right.
    

      We shall see in the sequel, how much man's imagination labours to form an
      idea, of the energies of that Nature he has personified, and distinguished
      from herself: in short, we shall examine some of the ridiculous and
      pernicious inventions, which, for want of understanding Nature, have been
      imagined to impede her course, to suspend her eternal laws, to place
      obstacles to the necessity of things.
    











      CHAP. V.
    
Order and Confusion.—Intelligence.—Chance.

      The observation of the necessary, regular, and periodical motion in the
      universe, generated in the mind of man the idea of ORDER; this term, in
      its original signification, represents nothing more than a mode of
      considering, a facility of perceiving, together and separately, the
      different relations of a whole; in which is discovered, by its manner of
      existing and acting, a certain affinity or conformity with his own. Man,
      in extending this idea to the universe, carried with him those methods of
      considering things which are peculiar to himself: he has consequently
      supposed there really existed in Nature affinities and relations, which he
      classed under the name of ORDER; and others which appeared to him not to
      conform to those, which he has ranked under the term of CONFUSION.
    

      It is easy to comprehend, that this idea of order and confusion can have
      no absolute existence in Nature, where every thing is necessary; where the
      whole follows constant and invariable laws, which oblige each being, in
      every moment of its duration, to submit to other laws, which flow from its
      own peculiar mode of existence. Therefore it is in his imagination, only,
      man finds a model of that which he terms order or confusion; which, like
      all his abstract, metaphysical ideas, supposes nothing beyond his reach.
      Order, however, is never more than the faculty of conforming himself with
      the beings by whom he is environed, or with the whole of which he forms a
      part.
    

      Nevertheless, if the idea of order be applied to Nature, it will be found
      to be nothing but a series of action or motion, which he judges to
      conspire to one common end. Thus, in a body that moves, order is the chain
      of action, the series of motion, proper to constitute it what it is, and
      to maintain it in its actual state. Order, relatively to the whole of
      Nature, is the concatenation of causes and effects, necessary to her active
      existence—to maintaining her constantly together; but, as it has
      been proved in the chapter preceding, every individual being is obliged to
      concur to this end, in the different ranks they occupy; from whence it is
      a necessary deduction, that what is called the ORDER OF NATURE, can never
      be more than a certain manner of considering the necessity of things, to
      which all, of which man has any knowledge, is submitted. That which is
      styled CONFUSION, is only a relative term, used to designate that series
      of necessary action, that chain of requisite motion, by which an
      individual being is necessarily changed or disturbed in its mode of
      existence—by which it is instantaneously obliged to alter its manner
      of action; but no one of these actions, no part of this motion is capable,
      even for a single instant, of contradicting or deranging the general order
      of Nature; from which all beings derive their existence, their properties,
      the motion appropriate to each.
    

      What is termed confusion in a being, is nothing more than its passage into
      a new class, a new mode of existence; which necessarily carries with it a
      new series of action, a new chain of motion, different from that of which
      this being found itself susceptible in the preceding rank it occupied.
      That which is called order, in Nature, is a mode of existence, or a
      disposition of its particles, strictly necessary. In every other
      assemblage of causes and effects, of worlds, as well as in that which we
      inhabit, some sort of arrangement, some kind of order would necessarily be
      established. Suppose the most incongruous, the most heterogeneous
      substances were put into activity, and assembled by a concatenation of
      extraordinary circumstances; they would form amongst themselves, a
      complete order, a perfect arrangement. This is the true notion of a
      property, which may be defined, an aptitude to constitute a being, such as
      it is actually found, such as it is with respect to the whole of which it
      makes a part.
    

      Order, then, is nothing but necessity, considered relatively to the series
      of actions, or the connected chain of causes and effects, that it produces
      in the universe. What is the motion in our planetary system; but a series
      of phenomena, operated upon according to necessary laws, that regulate the
      bodies of which it is composed? In conformity to these laws, the sun
      occupies the centre; the planets gravitate towards it, and revolve round
      it, in regulated periods: the satellites of these planets gravitate
      towards those which are in the centre of their sphere of action, and
      describe round them their periodical route. One of these planets, the
      earth which man inhabits, turns on its own axis; and by the various
      aspects which its revolution obliges it to present to the sun, experiences
      those regular variations which are called SEASONS. By a sequence of the
      sun's action upon different parts of this globe, all its productions
      undergo vicissitudes: plants, animals, men, are in a sort of morbid
      drowsiness during Winter: in Spring, these beings
      re-animate, to come as it were out of a long lethargy. In short, the mode
      in which the earth receives the sun's beams, has an influence on all its
      productions; these rays, when darted obliquely, do not act in the same
      manner as when they fall perpendicularly; their periodical absence, caused
      by the revolution of this sphere on itself, produces night and day.
      However, in all this, man never witnesses more than necessary effects,
      flowing from the nature of things, which, whilst that remains the same,
      can never be opposed with propriety. These effects are owing to
      gravitation, attraction, centrifugal power, &c.
    

      On the other hand, this order, which man admires as a supernatural
      effect, is sometimes disturbed, or changed into what he calls confusion:
      this confusion is, however, always a necessary consequence of the laws of
      Nature; in which it is requisite to the support of the whole that some of
      her parts should be deranged and thrown out of the ordinary course. It is
      thus, COMETS present themselves so unexpectedly to man's wondering eyes;
      their eccentric motion disturbs the tranquillity of his planetary system;
      they excite the terror of the misinstructed to whom every thing unusual is
      marvellous. The natural philosopher, himself, conjectures that in former
      ages, these comets have overthrown the surface of this mundane ball, and
      caused great revolutions on the earth. Independent of this extraordinary
      confusion, he is exposed to others more familiar to him: sometimes,
      the seasons appear to have usurped each other's place; to have quitted
      their regular order: sometimes the opposing elements seem to dispute among
      themselves the dominion of the world; the sea bursts its limits; the solid
      earth is shaken and rent asunder; mountains are in a state of
      conflagration; pestilential diseases destroy both men and animals;
      sterility desolates a country: then affrighted man utters piercing cries,
      offers up his prayers to recall order; tremblingly raises his hands
      towards the Being he supposes to be the author of all these calamities;
      nevertheless, the whole of this afflicting confusion are necessary
      effects, produced by natural causes; which act according to fixed laws,
      determined by their own peculiar essence, and the universal essence of
      Nature: in which every thing must necessarily be changed, moved, and
      dissolved; where that which is called ORDER, must sometimes be disturbed
      and altered into a new mode of existence; which to his deluded mind, to
      his imagination, led astray by ignorance and want of reflection, appears
      CONFUSION.
    

      There cannot possibly exist what is generally termed a confusion of
      Nature: man finds order in every thing that is conformable to his own
      mode of being; confusion in every thing by which it is opposed:
      nevertheless, in Nature, all is in order; because none of her parts are
      ever able to emancipate themselves from those invariable rules which flow
      from their respective essences: there is not, there cannot
      be confusion in a whole, to the maintenance of which what is called
      confusion is absolutely requisite; of which the general course can never
      be discomposed, although individuals may be, and necessarily are; where
      all the effects produced are the consequence of natural causes, that under
      the circumstances in which they are placed, act only as they infallibly
      are obliged to act.
    

      It therefore follows, there can be neither monsters nor prodigies; wonders
      nor miracles in Nature: those which are designated MONSTERS, are certain
      combinations, with which the eyes of man are not familiarized; but which,
      therefore, are not less the necessary effects of natural causes. Those
      which he terms PRODIGIES, WONDERS, or SUPERNATURAL effects, are phenomena
      of Nature, with whose mode of action he is unacquainted; of which his
      ignorance does not permit him to ascertain the principles; whose causes he
      cannot trace; but which his impatience, his heated imagination, aided by a
      desire to explain, makes him foolishly attribute to imaginary causes;
      which, like the idea of order, have no existence but in himself; and
      which, that he may conceal his own ignorance, that he may obtain more
      respect with the uninformed, he places beyond Nature, out of which his
      experience is every instant demonstrably proving that none of these things
      can have existence.
    

      As for those effects which are called MIRACLES, that is to say, contrary
      to the unalterable laws of Nature, it must be felt such things are
      impossible; because, nothing can, for an instant, suspend the necessary
      course of beings, without the whole of Nature was arrested; without she
      was disturbed in her tendency. There have neither been wonders nor
      miracles in Nature; except for those, who have not sufficiently studied
      the laws, who consequently do not feel, that those laws can never be
      contradicted, even in the most minute parts, without the whole being
      destroyed, or at least without changing her essence, her mode of action;
      that it is the height of folly to recur to supernatural causes to explain
      the phenomena man beholds, before he becomes fully acquainted with natural
      causes—with the powers and capabilities which Nature herself
      contains.
    
Order and Confusion, then, are only relative terms, by which
      man designates the state in which particular beings find themselves. He
      says, a being is in order, when all the motion it undergoes conspires to
      favor its tendency to its own preservation; when it is conducive to the
      maintenance of its actual existence: that it is in confusion when the
      causes which move it disturb the harmony of its existence, or have a
      tendency to destroy the equilibrium necessary to the conservation of its
      actual state. Nevertheless, confusion, as we have shown, is nothing but
      the passage of a being into a new order; the more rapid the progress, the
      greater the confusion for the being that is submitted to it: that which
      conducts man to what is called death, is, for him, the greatest of all
      possible confusion. Yet this death is nothing more than a passage into a
      new mode of existence: it is the eternal, the invariable, the
      unconquerable law of Nature, to which the individuals of his order, each
      in his turn, is obliged to submit.
    

      The human body is said to be in order, when its various component parts
      act in that mode, from which results the conservation of the whole; from
      which emanates that which is the tendency of his actual existence; in
      other words, when all the impulse he receives, all the motion he
      communicates, tends to preserve his health, to render him happy, by
      promoting the happiness of his fellow men. He is said to be in health when
      the fluids and solids of his body concur to render him robust, to keep his
      mind in vigour; when each lends mutual aid towards this end. He is said to
      be in confusion, or in ill health, whenever this tendency is
      disturbed; when any of the essential parts of his body cease to concur to
      his preservation, or to fulfil its peculiar functions. This it is that
      happens in a state of sickness, in which, however, the motion excited in
      the human machine is as necessary, is regulated by laws as certain, as
      natural, as invariable, as that which concurs to produce health. Sickness
      merely produces in him a new order of motion, a new series of action, a
      new chain of things. Man dies: to him, this appears the greatest confusion
      he can experience; his body is no longer what it was—its parts no
      longer concur to the same end—his blood has lost its circulation—he
      is deprived of feeling—his ideas have vanished—he thinks no
      more—his desires have fled—death is the epoch, the cessation
      of his human existence.—His frame becomes an inanimate mass, by the
      subtraction of those principles by which it was animated; that is, which
      made it act after a determinate manner: its tendency has received a new
      direction; its action is changed; the motion excited in its ruins
      conspires to a new end. To that motion, the harmony of which he calls
      order, which produced life, sentiment, thought, passions, health, succeeds
      a series of motion of another species; that, nevertheless, follows laws as
      necessary as the first; all the parts of the dead man conspire to produce
      what is called dissolution, fermentation, putrefaction: these new modes of
      being, of acting, are just as natural to man, reduced to this state, as
      sensibility, thought, the periodical motion of the blood, &c. were to
      the living man: his essence having changed, his mode of action can no
      longer be the same. To that regulated motion, to that necessary action,
      which conspired to the production of life, succeeds that determinate
      motion, that series of action which concurs to produce the dissolution of
      the dead carcass; the dispersion of its parts; the formation of new
      combinations, from which result new beings; and which, as we have before
      seen, is the immutable order of active Nature.
    

      How then can it be too often repeated, that relatively to the great whole,
      all the motion of beings, all their modes of action, can never be but in
      order, that is to say, are always conformable to Nature; that in all the
      stages through which beings are obliged to pass, they invariably act after
      a mode necessarily subordinate to the universal whole? To say more, each
      individual being always acts in order; all its actions, the whole system
      of its motion, are the necessary consequence of its peculiar mode of
      existence; whether that be momentary or durable. Order, in political
      society, is the effect of a necessary series of ideas, of wills, of
      actions, in those who compose it; whose movements are regulated in a
      manner, either calculated to maintain its indivisibility, or to hasten its
      dissolution. Man constituted, or modified, in the manner we term virtuous,
      acts necessarily in that mode, from whence results the welfare of his
      associates: the man we stile wicked, acts necessarily in that mode, from
      whence springs the misery of his fellows: his Nature, being essentially
      different, he must necessarily act after a different mode: his individual
      order is at variance, but his relative order is complete: it is equally
      the essence of the one, to promote happiness, as it is of the other to
      induce misery.
    

      Thus, order and confusion in individual beings, is nothing more than the
      manner of man's considering the natural and necessary effects, which they
      produce relatively to himself. He fears the wicked man; he says that he
      will carry confusion into society, because he disturbs its tendency and
      places obstacles to its happiness. He avoids a falling stone, because it
      will derange in him the order necessary to his conservation. Nevertheless,
      order and confusion, are always, as we have shewn, consequences, equally
      necessary to either the transient or durable state of beings. It is in
      order that fire burns, because it is of its essence to burn; on the other
      hand, it is in order, that an intelligent being should remove himself from
      whatever can disturb his mode of existence. A being, whose organization
      renders him sensible, must in virtue of his essence, fly from every thing
      that can injure his organs, or that can place his existence in danger.
    

      Man calls those beings intelligent, who are organized after his own
      manner; in whom he sees faculties proper for their preservation; suitable
      to maintain their existence in the order that is convenient to them; that
      can enable them to take the necessary measures towards this end, with a
      consciousness of the motion they undergo. From hence, it will be
      perceived, that the faculty called intelligence, consists in a possessing
      capacity to act comformably to a known end, in the being to which it is
      attributed. He looks upon these beings as deprived of intelligence, in
      which he finds no conformity with himself; in whom he discovers neither
      the same construction, nor the same faculties: of which he knows neither
      the essence, the end to which they tend, the energies by which they act,
      nor the order that is necessary to them. The whole cannot have a distinct
      name, or end, because there is nothing out of itself, to which it can have
      a tendency. If it be in himself, that he arranges the idea of order,
      it is also in himself, that he draws up that of intelligence. He
      refuses to ascribe it to those beings, who do not act after his own
      manner: he accords it to all those whom he supposes to act like himself:
      the latter he calls intelligent agents: the former blind causes; that is
      to say, intelligent agents who act by chance: thus chance is an
      empty word without sense, but which is always opposed to that of
      intelligence, without attaching any determinate, or any certain idea.
    

      Man, in fact, attributes to chance all those effects, of which the
      connection they have with their causes is not seen. Thus he uses the word
      chance, to cover his ignorance of those natural causes, which
      produce visible effects, by means which he cannot form an idea of; or that
      act by a mode of which he does not perceive the order; or whose system is
      not followed by actions conformable to his own. As soon as he sees, or
      believes he sees, the order of action, or the manner of motion, he
      attributes this order to an intelligence; which is nothing more
      than a quality borrowed from himself—from his own peculiar mode of
      action—from the manner in which he is himself affected.
    

      Thus an intelligent being is one who thinks, who wills, and who
      acts, to compass an end. If so, he must have organs, an aim conformable to
      those of man: therefore, to say Nature is governed by an intelligence, is
      to affirm that she is governed by a being, furnished with organs; seeing
      that without this organic construction, he can neither have sensations,
      perceptions, ideas, thought, will, plan, nor action which he understands.
    

      Man always makes himself the center of the universe: it is to himself that
      he relates all he beholds. As soon as he believes he discovers a mode of
      action that has a conformity with his own, or some phenomenon that
      interests his feelings, he attributes it to a cause that resembles himself—that
      acts after his manner—that has faculties similar to those he
      possesses—whose interests are like his own—whose projects are
      in unison with and have the same tendency as those he himself indulges: in
      short, it is from himself, or the properties which actuate him, that he
      forms the model of this cause. It is thus that man beholds, out of his own
      species, nothing but beings who act differently from himself; yet believes
      that he remarks in Nature an order similar to his own ideas—views
      conformable to those which he himself possesses. He imagines that Nature
      is governed by a cause whose intelligence is conformable to his own, to
      whom he ascribes the honor of the order which he believes he witnesses—of
      those views that fall in with those that are peculiar to himself—of
      an aim which quadrates with that which is the great end of all his own
      actions. It is true that man, feeling his incapability of producing the
      vast, the multiplied effects of which he witnesses the operation, when
      contemplating the universe, was under the necessity of making a
      distinction between himself and the cause which he supposed to be the
      author of such stupendous effects; he believed he removed every
      difficulty, by amplifying in this cause all those faculties of which he
      was himself in possession; adding others of which his own self-love made
      him desirous, or which he thought would render his being more perfect:
      thus, he gave JUPITER wings, with the faculty of assuming any form he
      might deem convenient: it was thus, by degrees, he arrived at forming an
      idea of that intelligent cause, which he has placed above Nature, to
      preside over action—to give her that motion of which he has chosen
      to believe she was in herself incapable. He obstinately persists in
      regarding this Nature as a heap of dead, inert matter, without form, which
      has not within itself the power of producing any of those great effects,
      those regular phenomena, from which emanates what he styles the order
      of the Universe. ANAXAGORAS is said to have been the first who
      supposed the universe created and governed by an intelligence: ARISTOTLE
      reproaches him with having made an automaton of this intelligence; or in
      other words, with ascribing to it the production of things, only when he
      was at a loss to account for their appearance. From whence it may be
      deduced, that it is for want of being acquainted with the powers of
      Nature, or the properties of matter, that man has multiplied beings
      without necessity—that he has supposed the universe under the
      government of an intelligent cause, which he is, and perhaps always will
      be, himself the model: in fine, this cause has been personified under such
      a variety of shapes, sexes, and names, that a list of the deities he has
      at various times supposed to guide this Nature, or to whom he has
      submitted her, makes a large volume that occupies some years of his
      youthful education to understand. He only rendered this cause more
      inconceivable, when he extended in it his own faculties too much. He
      either annihilates, or renders it altogether impossible, when he would
      attach to it incompatible qualities, which he is obliged to do, to enable
      him to account for the contradictory and disorderly effects he beholds in
      the world. In fact, he sees confusion in the world; yet, notwithstanding
      his confusion contradicts the plan, the power, the wisdom, the bounty of
      this intelligence, and the miraculous order which he ascribes to it; he
      says, the extreme beautiful arrangement of the whole, obliges him to
      suppose it to be the work of a sovereign intelligence: unable, however, to
      reconcile this seeming confusion with the benevolence he attaches to this
      cause, he had recourse to another effort of his imagination; he made a new
      cause, to whom he ascribed all the evil, all the misery, resulting from
      this confusion: still, his own person served for the model; to which he
      added those deformities which he had learned to hold in disrespect: in
      multiplying these counter or destroying causes, he peopled Pandemonium.
    

      It will no doubt be argued, that as Nature contains and produces
      intelligent beings, either she must be herself intelligent, or else she
      must be governed by an intelligent cause. We reply, intelligence is a
      faculty peculiar to organized beings, that it is to say, to beings
      constituted and combined after a determinate manner; from whence results
      certain modes of action, which are designated under various names;
      according to the different effects which these beings produce: wine has
      not the properties called wit and courage; nevertheless, it
      is sometimes seen that it communicates those qualities to men, who are
      supposed to be in themselves entirely devoid of them. It cannot be said
      Nature is intelligent after the manner of any of the beings she contains;
      but she can produce intelligent beings by assembling matter suitable to
      their particular organization, from whose peculiar modes of action will
      result the faculty called intelligence; who shall be capable of producing
      certain effects which are the necessary consequence of this property. I
      therefore repeat, that to have intelligence, designs and views, it is
      requisite to have ideas; to the production of ideas, organs or senses are
      necessary: this is what is neither said of Nature nor of the causes he has
      supposed to preside over her actions. In short experience warrants the
      assertion, it does more, it proves beyond a doubt, that matter, which is
      regarded as inert and dead, assumes sensible action, intelligence, and
      life, when it is combined and organized after particular modes.
    

      From what has been said, it must rationally be concluded that order
      is never more than the necessary or uniform connection of causes with
      their effects; or that series of action which flows from the peculiar
      properties of beings, so long as they remain in a given state; that confusion
      is nothing more than the change of this state; that in the universe, all
      is necessarily in order, because every thing acts and moves according to
      the various properties of the different beings it contains; that in Nature
      there cannot be either confusion or real evil, since every thing follows
      the laws of its natural existence; that there is neither chance nor
      any thing fortuitous in this Nature, where no effect is produced without a
      sufficient, without a substantial cause; where all causes act necessarily
      according to fixed and certain laws, which are themselves dependant on the
      essential properties of these causes or beings, as well as on the
      combination, which constitutes either their transitory or permanent state;
      that intelligence is a mode of acting, a method of existence natural to
      some particular beings; that if this intelligence should be attributed to
      Nature, it would then be nothing more than the faculty of conserving
      herself in active existence by necessary means. In refusing to Nature the
      intelligence he himself enjoys—in rejecting the intelligent cause
      which is supposed to be the contriver of this Nature, or the principle of
      that order he discovers in her course, nothing is given to chance,
      nothing to a blind cause, nothing to a power which is indistinguishable;
      but every thing he beholds is attributed to real, to known causes; or to
      those which by analogy are easy of comprehension. All that exists is
      acknowledged to be a consequence of the inherent properties of eternal
      matter, which by contact, by blending, by combination, by change of form,
      produces order and confusion; with all those varieties which assail his
      sight, it is himself who is blind, when he imagines blind causes:—man
      only manifested his ignorance of the powers of motion, of the laws of
      Nature, when he attributed, any of its effects to chance. He did
      not shew a more enlightened feeling when he ascribed them to an
      intelligence, the idea of which he borrowed from himself, but which is
      never in conformity with the effects which he attributes to its
      intervention—he only imagined words to supply the place of things—he
      made JUPITER, SATURN, JUNO, and a thousand others, operate that which he
      found himself inadequate to perform; he distinguished them from Nature,
      gave them an amplification of his own properties, and believed he
      understood them by thus obscuring ideas, which he never dared either
      define or analyze.
    











      CHAP. VI.
    
Moral and Physical Distinctions of Man.—His Origin.

      Let us now apply the general laws we have scrutinized, to those beings of
      Nature who interest us the most. Let us see in what man differs from the
      other beings by which he is surrounded. Let us examine if he has not
      certain points in conformity with them, that oblige him, notwithstanding
      the different properties they respectively possess, to act in certain
      respects according to the universal laws to which every thing is
      submitted. Finally, let us enquire if the ideas he has formed of himself
      in meditating on his own peculiar mode of existence, be chimerical, or
      founded in reason.
    

      Man occupies a place amidst that crowd, that multitude of beings, of which
      Nature is the assemblage. His essence, that is to say, the peculiar manner
      of existence, by which he is distinguished from other beings, renders him
      susceptible of various modes of action, of a variety of motion, some of
      which are simple and visible, others concealed and complicated. His life
      itself is nothing more than a long series, a succession of necessary and
      connected motion; which operates perpetual changes in his machine; which
      has for its principle either causes contained within himself, such as
      blood, nerves, fibres, flesh, bones; in short, the matter, as well solid
      as fluid, of which his body is composed—or those exterior causes,
      which, by acting upon him, modify him diversely; such as the air with
      which he is encompassed, the aliments by which he is nourished, and all
      those objects from which he receives any impulse whatever, by the
      impression they make on his senses.
    

      Man, like all other beings in Nature, tends to his own destruction—he
      experiences inert force—he gravitates upon himself—he is
      attracted by objects that are contrary or repugnant to his existence—he
      seeks after some—he flies, or endeavours to remove himself from
      others. It is this variety of action, this diversity of modification of
      which the human being is susceptible, that has been designated under such
      different names, by such varied nomenclature. It will be necessary,
      presently, to examine these closely and go more into detail.
    

      However marvellous, however hidden, however secret, however complicated
      may be the modes of action, which the human frame undergoes, whether
      interiorly or exteriorly; whatever may be, or appear to be the impulse he
      either receives or communicates, examined closely, it will be found that
      all his motion, all his operations, all his changes, all his various
      states, all his revolutions, are constantly regulated by the same laws,
      which Nature has prescribed to all the beings she brings forth—which
      she developes—which she enriches with faculties—of which she
      increases the bulk—which she conserves for a season—which she
      ends by decomposing, by destroying: obliging them to change their form.
    

      Man, in his origin, is an imperceptible point, a speck, of which the parts
      are without form; of which the mobility, the life, escapes his senses; in
      short, in which he does not perceive any sign of those qualities, called
      SENTIMENT, FEELING, THOUGHT, INTELLIGENCE, FORCE, REASON, &c. Placed
      in the womb suitable to his expansion, this point unfolds, extends,
      increases, by the continual addition of matter he attracts, that is
      analogous to his being, which consequently assimilates itself with him.
      Having quitted this womb, so appropriate to conserve his existence, to
      unfold his qualities, to strengthen his habits; so competent to give, for
      a season, consistence to the weak rudiments of his frame; he travels
      through the stage of infancy; he becomes adult: his body has then acquired
      a considerable extension of bulk, his motion is marked, his action is
      visible, he is sensible in all his parts; he is a living, an active mass;
      that is to say, a combination that feels and thinks; that fulfils the
      functions peculiar to beings of his species. But how has he become
      sensible? Because he has been by degrees nourished, enlarged, repaired by
      the continual attraction that takes place within himself, of that kind of
      matter which is pronounced inert, insensible, inanimate; which is,
      nevertheless, continually combining itself with his machine; of which it
      forms an active whole, that is living, that feels, judges, reasons, wills,
      deliberates, chooses, elects; that has the capability of labouring, more
      or less efficaciously, to his own individual preservation; that is to say,
      to the maintenance of the harmony of his existence.
    

      All the motion and changes that man experiences in the course of his life,
      whether it be from exterior objects or from those substances contained
      within himself, are either favorable or prejudicial to his existence;
      either maintain its order, or throw it into confusion; are either in
      conformity with, or repugnant to, the essential tendency of his peculiar
      mode of being. He is compelled by Nature to approve of some, to disapprove
      of others; some of necessity render him happy, others contribute to his
      misery; some become the objects of his most ardent desire, others of his
      determined aversion: some elicit his confidence, others make him tremble
      with fear.
    

      In all the phenomena man presents, from the moment he quits the womb of
      his mother, to that wherein he becomes the inhabitant of the silent tomb,
      he perceives nothing but a succession of necessary causes and effects,
      which are strictly conformable to those laws that are common to all the
      beings in Nature. All his modes of action—all his sensations—all
      his ideas—all his passions—every act of his will—every
      impulse which he either gives or receives, are the necessary consequences
      of his own peculiar properties, and those which he finds in the various
      beings by whom he is moved. Every thing he does—every thing that
      passes within himself—his concealed motion—his visible action,
      are the effects of inert force—of self-gravitation—the
      attractive or repulsive powers contained in his machine—of the
      tendency he has, in common with other beings, to his own individual
      preservation; in short, of that energy which is the common property of
      every being he beholds. Nature, in man, does nothing more than shew, in a
      decided manner, what belongs to the peculiar nature by which he is
      distinguished from the beings of a different system or order.
    

      The source of those errors into which man has fallen, when he has
      contemplated himself, has its rise, as will presently be shown, in the
      opinion he has entertained, that he moved by himself—that he always
      acts by his own natural energy—that in his actions, in the will that
      gave him impulse, he was independent of the general laws of Nature; and of
      those objects which, frequently, without his knowledge, always in spite of
      him, in obedience to these laws, are continually acting upon him. If he
      had examined himself attentively, he must have acknowledged, that none of
      the motion he underwent was spontaneous—he must have discovered,
      that even his birth depended on causes, wholly out of the reach of his own
      powers—that, it was without his own consent he entered into the
      system in which he occupies a place—that, from the moment in which
      he is born, until that in which he dies, he is continually impelled by
      causes, which, in spite of himself, influence his frame, modify his
      existence, dispose of his conduct. Would not the slightest reflection have
      sufficed to prove to him, that the fluids, the solids, of which his body
      is composed, as well as that concealed mechanism, which he believes to be
      independent of exterior causes, are, in fact, perpetually under the
      influence of these causes; that without them he finds himself in a total
      incapacity to act? Would he not have seen, that his temperament, his
      constitution, did in no wise depend on himself—that his passions are
      the necessary consequence of this temperament—that his will is
      influenced, his actions determined by these passions; consequently by
      opinions, which he has not given to himself, of which he is not the
      master? His blood, more or less heated or abundant; his nerves more or
      less braced, his fibres more or less relaxed, give him dispositions either
      transitory or durable—are not these, at every moment decisive of his
      ideas; of his thoughts: of his desires: of his fears: of his motion,
      whether visible or concealed? The state in which he finds himself, does it
      not necessarily depend on the air which surrounds him diversely modified;
      on the various properties of the aliments which nourish him; on the secret
      combinations that form themselves in his machine, which either preserve
      its order, or throw it into confusion? In short, had man fairly studied
      himself, every thing must have convinced him, that in every moment of his
      duration, he was nothing more than a passive instrument in the hands of
      necessity.
    

      Thus it must appear, that where all is connected, where all the causes are
      linked one to the other, where the whole forms but one immense chain,
      there cannot be any independent, any isolated energy; any detached power.
      It follows then, that Nature, always in action, marks out to man each
      point of the line he is bound to describe; establishes the route, by which
      he must travel. It is Nature that elaborates, that combines the elements
      of which he must be composed;—It is Nature that gives him his being,
      his tendency, his peculiar mode of action. It is Nature that develops him,
      expands him, strengthens him, increases his bulk—preserves him for a
      season, during which he is obliged to fulfil the task imposed on him. It
      is Nature, that in his journey through life, strews on the road those
      objects, those events; those adventures, that modify him in a variety of
      ways, that give him impulses which are sometimes agreeable and beneficial,
      at others prejudicial and disagreeable. It is Nature, that in giving him
      feeling, in supplying him with sentiment, has endowed him with capacity to
      choose, the means to elect those objects, to take those methods that are
      most conducive, most suitable, most natural, to his conservation. It is
      Nature, who when he has run his race, when he has finished his career,
      when he has described the circle marked out for him, conducts him in his
      turn to his destruction; dissolves the union of his elementary particles,
      and obliges him to undergo the constant, the universal law; from the
      operation of which nothing is exempted. It is thus, motion places man in
      the matrix of his mother; brings him forth out of her womb; sustains him
      for a season; at length destroys him; obliges him to return into the bosom
      of Nature; who speedily reproduces him, scattered under an infinity of
      forms; in which each of his particles run over again, in the same manner,
      the different stages, as necessary as the whole had before run over those
      of his preceding existence.
    

      The beings of the human species, as well as all other beings, are
      susceptible of two sorts of motion: the one, that of the mass, by which an
      entire body, or some of its parts, are visibly transferred from one place
      to another; the other, internal and concealed, of some of which man is
      sensible, while some takes place without his knowledge, and is not even to
      be guessed at, but by the effect it outwardly produces. In a machine so
      extremely complex as man, formed by the combination of such a multiplicity
      of matter, so diversified in its properties, so different in its
      proportions, so varied in its modes of action, the motion necessarily
      becomes of the most complicated kind; its dullness, as well as its
      rapidity, frequently escapes the observation of those themselves, in whom
      it takes place.
    

      Let us not, then, be surprised, if, when man would account to himself for
      his existence, for his manner of acting, finding so many obstacles to
      encounter, he invented such strange hypotheses to explain the concealed
      spring of his machine—if then this motion appeared to him, to be
      different from that of other bodies, he conceived an idea, that he moved
      and acted in a manner altogether distinct from the other beings in Nature.
      He clearly perceived that his body, as well as different parts of it, did
      act; but, frequently, he was unable to discover what brought them into
      action: from whence he received the impulse: he then conjectured he
      contained within himself a moving principle distinguished from his
      machine, which secretly gave an impulse to the springs which set this
      machine in motion; that moved him by its own natural energy; that
      consequently he acted according to laws totally distinct from those which
      regulated the motion of other beings: he was conscious of certain internal
      motion, which he could not help feeling; but how could he conceive, that
      this invisible motion was so frequently competent to produce such striking
      effects? How could he comprehend, that a fugitive idea, an imperceptible
      act of thought, was so frequently capacitated to bring his whole being
      into trouble and confusion? He fell into the belief, that he perceived
      within himself a substance distinguished from that self, endowed with a
      secret force; in which he supposed existed qualities distinctly differing
      from those, of either the visible causes that acted on his organs, or
      those organs themselves. He did not sufficiently understand, that the
      primitive cause which makes a stone fall, or his arm move, are perhaps as
      difficult of comprehension, as arduous to be explained, as those internal
      impulses, of which his thought or his will are the effects. Thus, for want
      of meditating Nature—of considering her under her true point of view—of
      remarking the conformity—of noticing the simultaneity, the unity of
      the motion of this fancied motive-power with that of his body—of his
      material organs—he conjectured he was not only a distinct being, but
      that he was set apart, with different energies, from all the other beings
      in Nature; that he was of a more simple essence having nothing in common
      with any thing by which he was surrounded; nothing that connected him with
      all that he beheld.
    

      It is from thence has successively sprung his notions of SPIRITUALITY,
      IMMATERIALITY, IMMORTALITY; in short, all those vague unmeaning words he
      has invented by degrees, in order to subtilize and designate the
      attributes of the unknown power, which he believes he contains within
      himself; which he conjectures to be the concealed principle of all his
      visible actions when man once imbibes an idea that he cannot comprehend,
      he meditates upon it until he has given it a complete personification:
      Thus he saw, or fancied he saw, the igneous matter pervade every thing; he
      conjectured that it was the only principle of life and activity; he
      proceeded to embody it; he gave it his own form; called it JUPITER, and
      ended by worshipping this image of his own creation, as the power from
      whom he derived every good he experienced, every evil he sustained. To
      crown the bold conjectures he ventured to make on this internal
      motive-power, he supposed, that different from all other beings, even from
      the body that served to envelope it, it was not bound to undergo
      dissolution; that such was its perfect simplicity, that it could not be
      decomposed, nor even change its form; in short, that it was by its essence
      exempted from those revolutions to which he saw the body subjected, as
      well as all the compound beings with which Nature is filled.
    

      Thus man, in his own ideas, became double; he looked upon himself as a
      whole, composed by the inconceivable assemblage of two different, two
      distinct natures, which have no point of analogy between themselves: he
      distinguished two substances in himself; one evidently submitted to the
      influence of gross beings, composed of coarse inert matter: this he called
      BODY;—the other, which he supposed to be simple, of a purer essence,
      was contemplated as acting from itself: giving motion to the body, with
      which it found itself so miraculously united: this he called SOUL, or
      SPIRIT; the functions of the one, he denominated physical, corporeal,
      material; the functions of the other he styled spiritual,
      intellectual. Man, considered relatively to the first, was termed the
      PHYSICAL MAN; viewed with relation to the last, he was designated the
      MORAL MAN. These distinctions, although adopted by the greater number of
      the philosophers of the present day, are, nevertheless, only founded on
      gratuitous suppositions. Man has always believed he remedied his ignorance
      of things, by inventing words to which he could never attach any true
      sense or meaning. He imagined he understood matter, its properties, its
      faculties, its resources, its different combinations, because he had a
      superficial glimpse of some of its qualities: he has, however, in reality,
      done nothing more than obscure the faint ideas he has been capacitated to
      form of this matter, by associating it with a substance much less
      intelligible than itself. It is thus, speculative man, in forming words,
      in multiplying beings, has only plunged himself into greater difficulties
      than those he endeavoured to avoid; and thereby placed obstacles to the
      progress of his knowledge: whenever he has been deficient of facts, he has
      had recourse to conjecture, which he quickly changed into fancied
      realities. Thus, his imagination, no longer guided by experience, hurried
      on by his new ideas, was lost, without hope of return, in the labyrinth of
      an ideal, of an intellectual world, to which he had himself given birth;
      it was next to impossible to withdraw him from this delusion, to place him
      in the right road, of which nothing but experience can furnish him the
      clue. Nature points out to man, that in himself, as well as in all those
      objects which act upon him, there is never more than matter endowed with
      various properties, diversely modified, that acts by reason of these
      properties: that man is an organized whole, composed of a variety of
      matter; that like all the other productions of Nature, he follows general
      and known laws, as well as those laws or modes of action which are
      peculiar to himself and unknown.
    

      Thus, when it shall be inquired, what is man?
    

      We say, he is a material being, organized after a peculiar manner;
      conformed to a certain mode of thinking—of feeling; capable of
      modification in certain modes peculiar to himself—to his
      organization—to that particular combination of matter which is found
      assembled in him.
    

      If, again, it be asked, what origin we give to beings of the human
      species?
    

      We reply, that, like all other beings, man is a production of Nature, who
      resembles them in some respects, and finds himself submitted to the same
      laws; who differs from them in other respects, and follows particular
      laws, determined by the diversity of his conformation.
    

      If, then, it be demanded, whence came man?
    

      We answer, our experience on this head does not capacitate us to resolve
      the question: but that it cannot interest us, as it suffices for us to
      know that man exists; that he is so constituted, as to be competent to the
      effects we witness.
    

      But it will be urged, has man always existed? Has the human species
      existed from all eternity; or is it only an instantaneous production of
      Nature? Have there been always men like ourselves? Will there always be
      such? Have there been, in all times, males and females? Was there a first
      man, from whom all others are descended? Was the animal anterior to the
      egg, or did the egg precede the animal? Is this species without beginning?
      Will it also be without end? The species itself, is it indestructible, or
      does it pass away like its individuals? Has man always been what he now
      is; or has he, before he arrived at the state in which we see him, been
      obliged to pass under an infinity of successive developements? Can man at
      last flatter himself with having arrived at a fixed being, or must the
      human species again change? If man is the production of Nature, it will
      perhaps be asked, Is this Nature competent to the production of new
      beings, to make the old species disappear? Adopting this supposition, it
      may be inquired, why Nature does not produce under our own eyes new beings—new
      species?
    

      It would appear on reviewing these questions, to be perfectly indifferent,
      as to the stability of the argument we have used, which side was taken;
      that, for want of experience, hypothesis must settle a curiosity that
      always endeavours to spring forward beyond the boundaries prescribed to
      our mind. This granted, the contemplator of Nature will say, that he sees
      no contradiction, in supposing the human species, such as it is at the
      present day, was either produced in the course of time, or from all
      eternity: he will not perceive any advantage that can arise from supposing
      that it has arrived by different stages, or successive developements, to
      that state in which it is actually found. Matter is eternal, it is
      necessary, but its forms are evanescent and contingent. It may be asked of
      man, is he any thing more than matter combined, of which the former varies
      every instant?
    

      Notwithstanding, some reflections seem to favor the supposition, to render
      more probable the hypothesis, that man is a production formed in the
      course of time; who is peculiar to the globe he inhabits, who is the
      result of the peculiar laws by which it is directed; who, consequently,
      can only date his formation as coeval with that of his planet. Existence
      is essential to the universe, or the total assemblage of matter
      essentially varied that presents itself to our contemplation; the
      combinations, the forms, however, are not essential. This granted,
      although the matter of which the earth is composed has always existed,
      this earth may not always have had its present form—its actual
      properties; perhaps it may be a mass detached in the course of time from
      some other celestial body;—perhaps it is the result of the spots, or
      those encrustations which astronomers discover in the sun's disk, which
      have had the faculty to diffuse themselves over our planetary system;—perhaps
      the sphere we inhabit may be an extinguished or a displaced comet, which
      heretofore occupied some other place in the regions of space;—which,
      consequently, was then competent to produce beings very different from
      those we now behold spread over its surface; seeing that its then
      position, its nature, must have rendered its productions different from
      those which at this day it offers to our view.
    

      Whatever may be the supposition adopted, plants, animals, men, can only be
      regarded as productions inherent in and natural to our globe, in the
      position and in the circumstances in which it is actually found: these
      productions it would be reasonable to infer would be changed, if this
      globe by any revolution should happen to shift its situation. What appears
      to strengthen this hypothesis, is, that on our ball itself, all the
      productions vary, by reason of its different climates: men, animals,
      vegetables, minerals, are not the same on every part of it: they vary
      sometimes in a very sensible manner, at very inconsiderable distances. The
      elephant is indigenous to, or native of the torrid zone: the rein deer is
      peculiar to the frozen climates of the North; Indostan is the womb that
      matures the diamond; we do not find it produced in our own country: the
      pine-apple grows in the common atmosphere of America; in our climate it is
      never produced in the open ground, never until art has furnished a sun
      analogous to that which it requires—the European in his own climate
      finds not this delicious fruit. Man in different climates varies in his
      colour, in his size, in his conformation, in his powers, in his industry,
      in his courage, and in the faculties of his mind. But, what is it that
      constitutes climate? It is the different position of parts of the same
      globe, relatively to the sun; positions that suffice to make a sensible
      variety in its productions.
    

      There is, then, sufficient foundation to conjecture that if by any
      accident our globe should become displaced, all its productions would of
      necessity be changed; seeing that causes being no longer the same, or no
      longer acting after the same manner, the effects would necessarily no
      longer be what they now are, all productions, that they may be able to
      conserve themselves, or maintain their actual existence, have occasion to
      co-order themselves with the whole from which they have emanated. Without
      this they would no longer be in a capacity to subsist: it is this faculty
      of co-ordering themselves,—this relative adaption, which is called
      the ORDER OF THE UNIVERSE: the want of it is called CONFUSION. Those
      productions which are treated as MONSTROUS, are such as are unable to
      co-order themselves with the general or particular laws of the beings who
      surround them, or with the whole in which they find themselves placed:
      they have had the faculty in their formation to accommodate themselves to
      these laws; but these very laws are opposed to their perfection: for this
      reason they are unable to subsist. It is thus that by a certain analogy of
      conformation, which exists between animals of different species, mules are
      easily produced; but these mules, unable to co-order themselves with the
      beings that surround them, are not able to reach perfection, consequently
      cannot propagate their species. Man can live only in air, fish only in
      water: put the man into the water, the fish into the air, not being able
      to co-order themselves with the fluids which surround them, these animals
      will quickly be destroyed. Transport by imagination, a man from our planet
      into SATURN, his lungs will presently be rent by an atmosphere too
      rarified for his mode of being, his members will be frozen with the
      intensity of the cold; he will perish for want of finding elements
      analogous to his actual existence: transport another into MERCURY, the
      excess of heat, beyond what his mode of existence can bear, will quickly
      destroy him.
    

      Thus, every thing seems to authorise the conjecture, that the human
      species is a production peculiar to our sphere, in the position in which
      it is found: that when this position may happen to change, the human
      species will, of consequence, either be changed or will be obliged to
      disappear; seeing that there would not then be that with which man could
      co-order himself with the whole, or connect himself with that which can
      enable him to subsist. It is this aptitude in man to co-order himself with
      the whole, that not only furnishes him with the idea of order, but also
      makes him exclaim "whatever is, is right;" whilst every thing is
      only that which it can be, as long as the whole is necessarily what it is;
      whilst it is positively neither good nor bad, as we understand those
      terms: it is only requisite to displace a man, to make him accuse the
      universe of confusion.
    

      These reflections would appear to contradict the ideas of those, who are
      willing to conjecture that the other planets, like our own, are inhabited
      by beings resembling ourselves. But if the LAPLANDER differs in so marked
      a manner from the HOTTENTOT, what difference ought we not rationally to
      suppose between an inhabitant of our planet and one of SATURN or of VENUS?
    

      However it may be, if we are obliged to recur by imagination to the origin
      of things, to the infancy of the human species, we may say that it is
      probable that man was a necessary consequence of the disentangling of our
      globe; or one of the results of the qualities, of the properties, of the
      energies, of which it is susceptible in its present position—that he
      was born male and female—that his existence is co-ordinate with that
      of the globe, under its present position—that as long as this
      co-ordination shall subsist, the human specie will conserve himself, will
      propagate himself, according to the impulse, after the primitive laws,
      which he has originally received—that if this co-ordination should
      happen to cease; if the earth, displaced, should cease to receive the same
      impulse, the same influence, on the part of those causes which actually
      act upon it, or which give it energy; that then the human species would
      change, to make place for new beings, suitable to co-order themselves with
      the state that should succeed to that which we now see subsist.
    

      In thus supposing the changes in the position of our globe, the primitive
      man did, perhaps, differ more from the actual man, than the quadruped
      differs from the insect. Thus man, the same as every thing else that
      exists on our planet, as well as in all the others, may be regarded as in
      a state of continual vicissitude: thus the last term of the existence of
      man is to us as unknown and as indistinct as the first: there is,
      therefore, no contradiction in the belief that the species vary
      incessantly—that to us it is as impossible to know what he will
      become, as to know what he has been.
    

      With respect to those who may ask why Nature does not produce new beings?
      we may enquire of them in turn, upon what foundation they suppose this
      fact? What it is that authorizes them to believe this sterility in Nature?
      Know they if, in the various combinations which she is every instant
      forming, Nature be not occupied in producing new beings, without the
      cognizance of these observers? Who has informed them that this Nature is
      not actually assembling, in her immense elaboratory, the elements suitable
      to bring to light, generations entirely new, that will have nothing in
      common with those of the species at present existing? What absurdity then,
      or what want of just inference would there be, to imagine that the man,
      the horse, the fish, the bird, will be no more? Are these animals so
      indispensably requisite to Nature, that without them she cannot continue
      her eternal course? Does not all change around us? Do we not ourselves
      change? Is it not evident that the whole universe has not been, in its
      anterior eternal duration, rigorously the same that it now is? that it is
      impossible, in its posterior eternal duration, it can be rigidly in the
      same state that it now is for a single instant? How, then, pretend to
      divine that, to which the infinite succession of destruction, of
      reproduction, of combination, of dissolution, of metamorphosis, of change,
      of transposition, may be able eventually to conduct it by their
      consequence? Suns encrust themselves, and are extinguished; planets perish
      and disperse themselves in the vast plains of air; other suns are kindled,
      and illumine their systems; new planets form themselves, either to make
      revolutions round these suns, or to describe new routes; and man, an
      infinitely small portion of the globe, which is itself but an
      imperceptible point in the immensity of space, vainly believes it is for
      himself this universe is made; foolishly imagines he ought to be the
      confident of Nature; confidently flatters himself he is eternal: and calls
      himself KING OF THE UNIVERSE!!!
    

      O man! wilt thou never conceive, that thou art but an ephemeron? All
      changes in the great macrocosm: nothing remains the same an instant, in
      the planet thou inhabitest: Nature contains no one constant form, yet thou
      pretendest thy species can never disappear; that thou shalt be exempted
      from the universal law, that wills all shall experience change! Alas! In
      thy actual being, art not thou submitted to continual alterations? Thou,
      who in thy folly, arrogantly assumest to thyself the title of KING OF
      NATURE! Thou, who measurest the earth and the heavens! Thou, who in thy
      vanity imaginest, that the whole was made, because thou art intelligent!
      There requires but a very slight accident, a single atom to be displaced,
      to make thee perish; to degrade thee; to ravish from thee this
      intelligence of which thou appearest so proud.
    

      If all the preceding conjectures be refused by those opposed to us; if it
      be pretended that Nature acts by a certain quantum of immutable and
      general laws; if it be believed that men, quadrupeds, fish, insects,
      plants, are from all eternity, and will remain eternally, what they now
      are: if I say it be contended, that from all eternity the stars have
      shone, in the immense regions of space, have illuminated the firmament; if
      it be insisted, we must no more demand why man is such as he appears, then
      ask why Nature is such as we behold her, or why the world exists? We are
      no longer opposed to such arguments. Whatever may be the system adopted,
      it will perhaps reply equally well to the difficulties with which our
      opponents endeavour to embarrass the way: examined closely, it will be
      perceived they make nothing against those truths, which we have gathered
      from experience. It is not given to man to know every thing—it is
      not given him to know his origin—it is not given him to penetrate
      into the essence of things, nor to recur to first principles—but it
      is given him, to have reason, to have honesty, to ingenuously allow he is
      ignorant of that which he cannot know, and not to substitute
      unintelligible words, absurd suppositions, for his uncertainty. Thus, we
      say to those, who to solve difficulties far above their reach, pretend
      that the human species descended from a first man and a first woman,
      created diversely according to different creeds;—that we have some
      ideas of Nature, but that we have none of creation;—that the human
      mind is incapable of comprehending the period when all was nothing;—that
      to use words we cannot understand, is only in other terms to acknowledge
      our ignorance of the powers of Nature;—that we are unable to fathom
      the means by which she has been capacitated to produce the phenomena we
      behold.
    

      Let us then conclude, that man has no just, no solid reason to believe
      himself a privileged being in Nature; because he is subject to the same
      vicissitudes, as all her other productions. His pretended prerogatives
      have their foundation in error, arising from mistaken opinions concerning
      his existence. Let him but elevate himself by his thoughts above the globe
      he inhabits, he will look upon his own species with the same eyes he does
      all other beings in Nature: He will then clearly perceive that in the same
      manner that each tree produces its fruit, by reason of its energies, in
      consequence of its species: so each man acts by reason of his particular
      energy; that he produces fruit, actions, works, equally necessary: he will
      feel that the illusion which he anticipates in favour of himself, arises
      from his being, at one and the same time, a spectator and a part of the
      universe. He will acknowledge, that the idea of excellence which he
      attaches to his being, has no other foundation than his own peculiar
      interest; than the predilection he has in favour of himself—that the
      doctrine he has broached with such seeming confidence, bottoms itself on a
      very suspicious foundation, namely IGNORANCE and SELF-LOVE.
    











      CHAP. VII.
    
The Soul and the Spiritual System.
    

      Man, after having gratuitously supposed himself composed of two distinct
      independent substances, that have no common properties, relatively with
      each other; has pretended, as we have seen, that that which actuated him
      interiorly, that motion which is invisible, that impulse which is placed
      within himself, is essentially different from those which act exteriorly.
      The first he designated, as we have already said, by the name of a SPIRIT
      or a SOUL. If however it be asked, what is a spirit? The moderns will
      reply, that the whole fruit of their metaphysical researches is limited to
      learning that this motive-power, which they state to be the spring of
      man's action, is a substance of an unknown nature; so simple, so
      indivisible, so deprived of extent, so invisible, so impossible to be
      discovered by the senses, that its parts cannot be separated, even by
      abstraction or thought. The question then arises, how can we conceive such
      a substance, which is only the negation of every thing of which we have a
      knowledge? How form to ourselves an idea of a substance, void of extent,
      yet acting on our senses; that is to say, on those organs which are
      material, which have extent? How can a being without extent be moveable;
      how put matter in action? How can a substance devoid of parts, correspond
      successively with different parts of space? But a very cogent question
      presents itself on this occasion: if this distinct substance that is said
      to form one of the component parts of man, be really what it is reported,
      and if it be not, it is not what it is described; if it be unknown, if it
      be not pervious to the senses; if it be invisible, by what means did the
      metaphysicians themselves become acquainted with it? How did they form
      ideas of a substance, that taking their own account of it, is not, under
      any of its circumstances, either directly or by analogy, cognizable to the
      mind of man? If they could positively achieve this, there would no longer
      be any mystery in Nature: it would be as easy to conceive the time when
      all was nothing, when all shall have passed away, to account for the
      production of every thing we behold, as to dig in a garden or read a
      lecture.—Doubt would vanish from the human species; there could no
      longer be any difference of opinion, since all must necessarily be of one
      mind on a subject so accessible to every enquirer.
    

      But it will be replied, the materialist himself admits, the natural
      philosophers of all ages have admitted, elements and atoms, beings simple
      and indivisible, of which bodies are composed:—granted; they have no
      more: they have also admitted that many of these atoms, many of these
      elements, if not all, are unknown to them: nevertheless, these simple
      beings, these atoms of the materialist, are not the same thing with the
      spirit, or the soul of the metaphysician. When the natural philosopher
      talks of atoms—when he describes them as simple beings, he indicates
      nothing more than that they are homogeneous, pure, without mixture: but
      then he allows that they have extent, consequently parts, are separable by
      thought, although no other natural agent with which he is acquainted is
      capable of dividing them: that the simple beings of this genus are
      susceptible of motion—can impart action—receive impulse—are
      material—are placed in Nature—are indestructible;—that
      consequently, if he cannot know them from themselves, he can form some
      idea of them by analogy: thus he has done that intelligibly, which the
      metaphysician would do unintelligibly: the latter, with a view to render
      man immortal, finding difficulties to his wish, from seeing that the body
      decayed—that it has submitted to the great, the universal law—has,
      to solve the difficulty, to remove the impediment, given him a soul,
      distinct from the body, which he says is exempted from the action of the
      general law: to account for this, he has called it a spiritual being,
      whose properties are the negation of all known properties, consequently
      inconceivable: had he, however, had recourse to the atoms of the former—had
      he made this substance the last possible term of the division of matter—it
      would at least have been intelligible; it would also have been immortal,
      since, according to the reasonings of all men, whether metaphysicians,
      theologians, or natural philosophers, an atom is an indestructible
      element, that must exist to all eternity.
    

      All men are agreed in this position, that motion is the successive change
      of the relations of one body with other bodies, or with the different
      parts of space. If that which is called spirit be susceptible of
      communicating or receiving motion—if it acts—if it gives play
      to the organs of body—to produce these effects, it necessarily
      follows that this being changes successively its relation, its tendency,
      its correspondence, the position of its parts, either relatively to the
      different points of space, or to the different organs of the body which it
      puts in action: but to change its relation with space, with the organs to
      which it gives impulse, it follows of necessity that this spirit most have
      extent, solidity, consequently distinct parts: whenever a substance
      possesses these qualities, it is what we call MATTER, it can no longer be
      regarded as a simple pure being, in the sense attached to it by the
      moderns, or by theologians.
    

      Thus it will be seen, that those who, to conquer insurmountable
      difficulties, have supposed in man an immaterial substance, distinguished
      from his body, have not thoroughly understood themselves; indeed they have
      done nothing more than imagined a negative quality, of which they cannot
      have any correct idea: matter alone is capable of acting on our senses;
      without this action nothing would be capable of making itself known to us.
      They have not seen that a being without extent is neither in a capacity to
      move itself, nor has the capability of communicating motion to the body;
      since such a being, having no parts, has not the faculty of changing its
      relation, or its distance, relatively to other bodies, nor of exciting
      motion in the human body, which is itself material. That which is called
      our soul moves itself with us; now motion is a property of matter—this
      soul gives impulse to the arm; the arm, moved by it, makes an impression,
      a blow, that follows the general law of motion: in this case, the force
      remaining the same, if the mass was two-fold, the blow should be double.
      This soul again evinces its materiality in the invincible obstacles it
      encounters on the part of the body. If the arm be moved by its impulse
      when nothing opposes it, yet this arm can no longer move, when it is
      charged with a weight beyond its strength. Here then is a mass of matter
      that annihilates the impulse given by a spiritual cause, which spiritual
      cause having no analogy with matter, ought not to find more difficulty in
      moving the whole world, than in moving a single atom, nor an atom, than
      the universe. From this, it is fair to conclude, such a substance is a
      chimera—a being of the imagination. That it required a being
      differently endowed, differently constituted, to set matter in motion—to
      create all the phenomena we behold: nevertheless, it is a being the
      metaphysicians have made the contriver, the Author of Nature. As man, in
      all his speculations, takes himself for the model, he no sooner imagined a
      spirit within himself, than giving it extent, he made it universal; then
      ascribed to it all those causes with which his ignorance prevents him from
      becoming acquainted, thus he identified himself with the Author of Nature—then
      availed himself of the supposition to explain the connection of the soul
      with the body: his self-complacency prevented his perceiving that he was
      only enlarging the circle of his errors, by pretending to understand that
      which it is more than possible he will never be permitted to know; his
      self-love prevented him from feeling, that whenever he punished another
      for not thinking as he did, that he committed the greatest injustice,
      unless he was satisfactorily able to prove that other wrong, and himself
      right: that if he himself was obliged to have recourse to hypothesis—to
      gratuitous suppositions, whereon to found his doctrine, that from the very
      fallibility of his nature, these might be erroneous: thus GALLILEO was
      persecuted, because the metaphysicians, the theologians of his day, chose
      to make others believe what it was evident they did not themselves
      understand.
    

      As soon as I feel an impulse, or experience motion, I am under the
      necessity to acknowledge extent, solidity, density, impenetrability in the
      substance I see move, or from which I receive impulse: thus, when action
      is attributed to any cause whatever, I am obliged to consider it MATERIAL.
      I may be ignorant of its individual nature, of its mode of action, or of
      its generic properties; but I cannot deceive myself in general properties,
      which are common to all matter: this ignorance will only be increased,
      when I shall take that for granted of a being, of which from that moment I
      am precluded by what I admit from forming any idea, which moreover
      deprives it completely either of the faculty of moving itself, giving an
      impulse, or acting. Thus, according to the received idea of the term, a
      spiritual substance that moves itself, that gives motion to matter, and
      that acts, implies a contradiction, that necessarily infers a total
      impossibility.
    

      The partizans of spirituality believe they answer the difficulties they
      have accumulated, by asserting that "the soul is entire—is whole
      under each point of its extent." If an absurd answer will solve
      difficulties, they certainly have done it. But let us examine this reply:—it
      will be found that this indivisible part which is called soul, however
      insensible or however minute, must yet remain something: then an infinity
      of unextended substances, or the same substance having no dimensions,
      repeated an infinity of times, would constitute a substance that has
      extent: this cannot be what they mean, because according to this
      principle, the human soul would then be as infinite as the Author of
      Nature; seeing that they have stated this to be a being without extent,
      who is an infinity of times whole in each part of the universe. But when
      there shall appear as much solidity in the answer as there is a want of
      it, it must be acknowledged that in whatever manner the spirit or the soul
      finds itself in its extent, when the body moves forward the soul does not
      remain behind; if so, it has a quality in common with the body, peculiar
      to matter; since it is conveyed from place to place jointly with the body.
      Thus, when even the soul should be admitted to be immaterial, what
      conclusion must be drawn? Entirely submitted to the motion of the body,
      without this body it would remain dead and inert. This soul would only be
      part of a two-fold machine, necessarily impelled forward by a
      concatenation, or connection with the whole. It would resemble a bird,
      which a child conducts at its pleasure, by the string with which it is
      bound.
    

      Thus, it is for want of consulting experience, by not attending to reason,
      that man has darkened his ideas upon the concealed principle of his
      motion. If, disentangled from prejudice—if, destitute of gratuitous
      suppositions—if, throwing aside error, he would contemplate his
      soul, or the moving principle that acts within him, he would be convinced
      that it forms a part of its body, that it cannot be distinguished from it,
      but by abstraction; that it is only the body itself, considered relatively
      with some of its functions, or with those faculties of which its nature,
      or its peculiar organization, renders it susceptible:—he will
      perceive that this soul is obliged to undergo the same changes as the
      body; that it is born with it; that it expands itself with it; that like
      the body, it passes through a state of infancy, a period of weakness, a
      season of inexperience; that it enlarges itself, that it strengthens
      itself, in the same progression; that like the body, it arrives at an
      adult age or reaches maturity; that it is then, and not till then, it
      obtains the faculty of fulfilling certain functions; that it is in this
      stage, and in no other, that it enjoys reason; that it displays more or
      less wit, judgment, and manly activity; that like the body, it is subject
      to those vicissitudes which exterior causes obliges it to undergo by their
      influence; that, conjointly with the body, it suffers, enjoys, partakes of
      its pleasures, shares its pains, is sound when the body is healthy, and
      diseased when the body is oppressed with sickness; that like the body, it
      is continually modified by the different degrees of density in the
      atmosphere; by the variety of the seasons, and by the various properties
      of the aliments received into the stomach: in short, he would be obliged
      to acknowledge that at some periods it manifests visible signs of torpor,
      stupefaction, decrepitude, and death.
    

      In despite of this analogy, or rather this continual identity, of the soul
      with the body, man has been desirous of distinguishing their essence; he
      has therefore made the soul an inconceivable being: but in order that he
      might form to himself some idea of it, he was, notwithstanding, obliged to
      have recourse to material beings, and to their manner of acting. The word
      spirit, therefore, presents to the mind no other ideas than those
      of breathing, of respiration, of wind. Thus, when it is said the soul
      is a spirit, it really means nothing more than that its mode of action
      is like that of breathing: which though invisible in itself, or acting
      without being seen, nevertheless produces very visible effects. But
      breath, it is acknowledged, is a material cause; it is allowed to be air
      modified; it is not, therefore, a simple or pure substance, such as the
      moderns designate under the name of SPIRIT.
    

      It is rather singular that in the Hebrew, the Greek, and the Latin, the
      synonymy, or corresponding term for spirit should signify breath.
      The metaphysicians themselves can best say why they have adopted such a
      word, to designate the substance they have distinguished from matter: some
      of them, fearful they should not have distinct beings enough, have gone
      farther, and compounded man of three substances, BODY, SOUL, and
      INTELLECT.
    

      Although the word spirit is so very ancient among men, the sense
      attached to it by the moderns is quite new: the idea of spirituality, as
      admitted at this day, is a recent production of the imagination. Neither
      PYTHAGORAS nor PLATO, however heated their brain, however decided their
      taste for the marvellous, appear to have understood by spirit an
      immaterial substance, or one without extent, devoid of parts; such as that
      of which the moderns have formed the human soul, the concealed author of
      motion. The ancients, by the word spirit, were desirous to define matter
      of an extreme subtilty, of a purer quality than that which acted grossly
      on our senses. In consequence, some have regarded the soul as an ethereal
      substance; others as igneous matter; others again have compared it to
      light. DEMOCRITUS made it consist in motion, consequently gave it a manner
      of existence. ARISTOXENES, who was himself a musician, made it harmony.
      ARISTOTLE regarded the soul as the moving faculty, upon which depended the
      motion of living bodies.
    

      The earliest doctors of Christianity had no other idea of the soul, than
      that it was material. TERTULLIAN, ARNOBIUS, CLEMENT of ALEXANDRIA, ORIGEN,
      SAINT JUSTIN, IRENAEUS, have all of them discoursed upon it; but have
      never spoken of it other than as a corporeal substance—as matter. It
      was reserved for their successors at a great distance of time, to make the
      human soul and the soul of the world pure spirits; that is to say,
      immaterial substances, of which it is impossible they could form any
      accurate idea: by degrees this incomprehensible doctrine of spirituality,
      conformable without doubt to the views of those who make it a principle to
      annihilate reason, prevailed over the others: But it might be fairly
      asked, if the pretended proofs of this doctrine owe themselves to a man,
      who on a much more comprehensible point has been proved in error; if, on
      that which time has shewn was accessible to man's reason, the great
      champion in support of this dogma was deceived; are we not bound to
      examine, with the most rigorous investigation, the reasonings, the
      evidence, of one who was the decided, the proven child of enthusiasm and
      error? Yet DESCARTES, to whose sublime errors the world is indebted for
      the Newtonian system, although before him the soul had been considered
      spiritual, was the first who established that, "that which thinks ought
      to be distinguished from matter;" from whence he concludes rather
      hastily, that the soul, or that which thinks in man, is a spirit; or a
      simple indivisible substance. Perhaps it would have been more logical,
      more consistent with reason, to have said, since man, who is matter, who
      has no idea but of matter, enjoys the faculty of thought, matter can
      think; that is, it is susceptible of that particular modification called
      thought.
    

      However this may be, this doctrine was believed divine, supernatural,
      because it was inconceivable to man. Those who dared believe even that
      which was believed before; namely, that the soul was material, were
      held as rash inconsiderate madmen, or else treated as enemies to the
      welfare and happiness of the human race. When man had once renounced
      experience; when he had abjured his reason; when he had joined the banner
      of this enthusiastic novelty; he did nothing more, day after day, than
      subtilize the delirium, the ravings of his imagination: he pleased himself
      by continually sinking deeper into the most unfathomable depths of error:
      he felicitated himself on his discoveries; on his pretended knowledge; in
      an exact ratio as his understanding became enveloped in the mists of
      darkness, environed with the clouds of ignorance. Thus, in consequence of
      man's reasoning upon false principles; of having relinquished the evidence
      of his senses; the moving principle within him, the concealed author of
      motion, has been made a mere chimera, a mere being of the imagination,
      because he has divested it of all known properties; because he has
      attached to it nothing but properties which, from the very nature of his
      existence, he is incapacitated to comprehend.
    

      The doctrine of spirituality, such as it now exists, offers nothing but
      vague ideas; or rather is the absense of all ideas. What does it present
      to the mind, but a substance which possesses nothing of which our senses
      enable us to have a knowledge? Can it be truth that a man is able to
      figure to himself a being not material, having neither extent nor parts,
      which, nevertheless, acts upon matter without having any point of contact,
      any kind of analogy with it; and which itself receives the impulse of
      matter by means of material organs, which announce to it the presence of
      other beings? Is it possible to conceive the union of the soul with the
      body; to comprehend how this material body can bind, enclose, constrain,
      determine a fugitive being which escapes all our senses? Is it honest, is
      it plain dealing, to solve these difficulties, by saying there is a
      mystery in them; that they are the effects of a power, more inconceivable
      than the human soul; than its mode of acting, however concealed from our
      view? When to resolve these problems, man is obliged to have recourse to
      miracles or to make the Divinity interfere, does he not avow his own
      ignorance? When, notwithstanding the ignorance he is thus obliged to avow
      by availing himself of the divine agency, he tells us, this immaterial
      substance, this soul, shall experience the action of the element of fire,
      which he allows to be material; when he confidently says this soul shall
      be burnt; shall suffer in purgatory; have we not a right to believe, that
      either he has a design to deceive us, or else that he does not himself
      understand that which he is so anxious we should take upon his word?
    

      Let us not then be surprised at those subtile hypotheses, as ingenious as
      they are unsatisfactory, to which theological prejudice has obliged the
      most profound modern speculators to recur; when they have undertaken to
      reconcile the spirituality of the soul, with the physical action of
      material beings, on this incorporeal substance; its re-action upon these
      beings; its union with the body. When the human mind permits itself to be
      guided by authority without proof, to be led forward by enthusiasm; when
      it renounces the evidence of its senses; what can it do more than sink
      into error? Let those who doubt this, read the metaphysical romances of
      LEIBNITZ, DESCARTES, MALEBRANCHE, CUDWORTH, and many others: let them
      coolly examine the ingenious, but fanciful systems entitled the
      pre-established harmony of occasional causes; physical pre-motion, &c.

      If man wishes to form to himself clear, perspicuous ideas of his soul, let
      him throw himself back on his experience—let him renounce his
      prejudices—let him avoid theological conjecture—let him tear
      the bandages which he has been taught to think necessary, but with which
      he has been blind-folded, only to confound his reason. If it be wished to
      draw man to virtue, let the natural philosopher, let the anatomist, let
      the physician, unite their experience; let them compare their
      observations, in order to show what ought to be thought of a substance, so
      disguised, so hidden by absurdities, as not easily to be known. Their
      discoveries may perhaps teach moralists the true motive-power that ought
      to influence the actions of man—legislators, the true motives that
      should actuate him, that should excite him to labour to the welfare of
      society—sovereigns, the means of rendering their subjects truly
      happy; of giving solidity to the power of the nations committed to their
      charge. Physical souls have physical wants, and demand physical happiness.
      These are real, are preferable objects, to that variety of fanciful
      chimeras, each in its turn giving place to the other, with which the mind
      of man has been fed during so many ages. Let us, then, labour to perfect
      the morality of man; let us make it agreeable to him; let us excite in him
      an ardent thirst for its purity: we shall presently see his morals become
      better, himself become happier; his soul become calm and serene; his will
      determined to virtue, by the natural, by the palpable motives held out to
      him. By the diligence, by the care which legislators shall bestow on
      natural philosophy, they will form citizens of sound understandings;
      robust and well constituted; who, finding themselves happy, will be
      themselves accessary to that useful impulse so necessary for their soul.
      When the body is suffering, when nations are unhappy, the soul cannot be
      in a proper state. Mens sana in corpore sano, a sound mind in a
      sound body, will be always able to make a good citizen.
    

      The more man reflects, the more he will be convinced that the soul, very
      far from being distinguished from the body, is only the body itself,
      considered relatively to some of its functions, or to some of the modes of
      existing or acting, of which it is susceptible whilst it enjoys life.
      Thus, the soul is man, considered relatively to the faculty he has of
      feeling, of thinking, of acting in a mode resulting from his peculiar
      nature; that is to say, from his properties, from his particular
      organization: from the modifications, whether durable or transitory, which
      the beings who act upon him cause his machine to undergo.
    

      Those who have distinguished the soul from the body, appear only to have
      distinguished their brain from themselves. Indeed, the brain is the common
      center, where all the nerves, distributed through every part of the body,
      meet and blend themselves: it is by the aid of this interior organ that
      all those operations are performed which are attributed to the soul: it is
      the impulse, or the motion, communicated to the nerve, which modifies the
      brain: in consequence, it re-acts, or gives play to the bodily organs; or
      rather it acts upon itself, and becomes capable of producing within itself
      a great variety of motion, which has been designated intellectual
      faculties.
    

      From this it may be seen that some philosophers have been desirous to make
      a spiritual substance of the brain. It is evidently nothing but ignorance
      that has given birth to and accredited this system, which embraces so
      little, either of the natural or the rational. It is from not having
      studied himself, that man has supposed he was compounded with an agent,
      essentially different from his body: in examining this body, he will find
      that it is quite useless to recur to hypothesis for the explanation of the
      various phenomena it presents to his contemplation; that hypothesis can do
      nothing more than lead him out of the right road to the information after
      which he seeks. What obscures this question, arises from this, that man
      cannot see himself: indeed, for this purpose, that would be requisite
      which is impossible; namely, that he could he at one and the same moment
      both within and without himself: he may be compared to an Eolian harp,
      that issues sounds of itself, and should demand what it is that causes it
      to give them forth? It does not perceive that the sensitive quality of its
      chords causes the air to brace them; that being so braced, it is rendered
      sonorous by every gust of wind with which it happens to come in contact.
    

      When a theologian, obstinately bent on admitting into man two substances
      essentially different, is asked why he multiplies beings without
      necessity? he will reply, because "thought cannot be a property of
      matter." If, then, it be enquired of him, cannot God give to matter
      the faculty of thought? he will answer, "no! seeing that God cannot
      do impossible things!" According to his principles, it is as
      impossible that spirit or thought can produce matter, as it is impossible
      that matter can produce spirit or thought: it might, therefore, be
      concluded against him, that the world was not made by a spirit, any more
      than a spirit was made by the world. But in this case, does not the
      theologian, according to his own assertion, acknowledge himself to be the
      true atheist? Does he not, in fact, circumscribe the attributes of the
      Deity, and deny his power, to suit his own purpose? Yet these men demand
      implicit belief in doctrines, which they are obliged to maintain by the
      most contradictory assertions.
    

      The more experience we collect, the more we shall be convinced that the
      word spirit, in its present received usage, conveys no one sense
      that is tangible, either to ourselves or to those that invented it;
      consequently cannot be of the least use, either in physics or morals. What
      modern metaphysicians believe and understand by the word, is nothing more
      than an occult power, imagined to explain occult qualities
      and actions, but which, in fact, explains nothing. Savage nations admit of
      spirits, to account to themselves for those effects, which to them appear
      marvellous, as long as their ignorance knows not the cause to which they
      ought to be attributed. In attributing to spirits the phenomena of Nature,
      as well as those of the human body, do we, in fact, do any thing more than
      reason like savages? Man has filled Nature with spirits, because he has
      almost always been ignorant of the true causes of those effects by which
      he was astonished. Not being acquainted with the powers of Nature, he has
      supposed her to be animated by a great spirit: not understanding
      the energy of the human frame, he has in like manner conjectured it to be
      animated by a minor spirit: from this it would appear, that
      whenever he wished to indicate the unknown cause of a phenomena, he knew
      not how to explain in a natural manner, he had recourse to the word spirit.
      In short, spirit was a term by which he solved all his doubts, and
      cleared up his ignorance to himself. It was according to these principles
      that when the AMERICANS first beheld the terrible effects of gunpowder,
      they ascribed the cause to wrathful spirits, to their enraged divinities:
      it was by adopting these principles, that our ancestors believed in a
      plurality of gods, in ghosts, in genii, &c. Pursuing the same track,
      we ought to attribute to spirits gravitation, electricity, magnetism,
      &c. &c. It is somewhat singular, that priests have in all ages so
      strenuously upheld those systems which time has exploded; that they have
      appeared to be either the most crafty or the most ignorant of men. Where
      are now the priests of Apollo, of Juno, of the Sun, and a thousand others?
      Yet these are the men, who in all times have persecuted those who have
      been the first to give natural explanations of the phenomena of Nature, as
      witness ANAXAGORAS, ARISTOTLE, GALLILEO, DESCARTES, &c. &c.
    











      CHAP. VIII.
    
The Intellectual Faculties derived from the Faculty of Feeling.
    

      To convince ourselves that the faculties called intellectual, are
      only certain modes of existence, or determinate manners of acting, which
      result from the peculiar organization of the body, we have only to analyze
      them; we shall then see that all the operations which are attributed to
      the soul, are nothing more than certain modifications of the body; of
      which a substance that is without extent, that has no parts, that is
      immaterial, is not susceptible.
    

      The first faculty we behold in the living man, and that from which all his
      others flow, is feeling: however inexplicable this faculty may
      appear, on a first view, if it be examined closely, it will be found to be
      a consequence of the essence, or a result of the properties of organized
      beings; the same as gravity, magnetism, elasticity, electricity,
      &c. result from the essence or nature of some others. We shall also
      find these last phenomena are not less inexplicable than that of feeling.
      Nevertheless, if we wish to define to ourselves a clear and precise idea
      of it, we shall find that feeling is a particular manner of being moved—a
      mode of receiving an impulse peculiar to certain organs of animated
      bodies, which is occasioned by the presence of a material object that acts
      upon these organs, and transmit the impulse or shock to the brain.
    

      Man only feels by the aid of nerves dispersed through his body; which is
      itself, to speak correctly, nothing more than a great nerve; or may be
      said to resemble a large tree, of which the branches experience the action
      of the root, communicated through the trunk. In man the nerves unite and
      lose themselves in the brain; that intestine is the true seat of feeling:
      like the spider in the centre of his web, it is quickly warned of all the
      changes that happen to the body, even at the extremities to which it sends
      its filaments and branches. Experience enables us to ascertain, that man
      ceases to feel in those parts of his body of which the communication with
      the brain is intercepted; he feels very little, or not at all, whenever
      this organ is itself deranged or affected in too lively a manner. A proof
      of this is afforded in the transactions of the Royal Academy of Sciences
      at Paris: they inform us of a man who had his scull taken off, in the room
      of which his brain was recovered with skin; in proportion as a pressure
      was made by the hand on his brain, the man fell into a kind of
      insensibility, which deprived him of all feeling. BARTOLIN says, the brain
      of a man is twice as big as that of an ox. This observation had been
      already made by ARISTOTLE. In the dead body of an idiot dissected by
      WILLIS, the brain was found smaller than ordinary: he says the greatest
      difference he found between the parts of the body of this idiot, and those
      of wiser men, was, that the plexus of the intercostal nerves, which is the
      mediator between the brain and the heart, was extremely small, accompanied
      by a less number of nerves than usual. According to WILLIS, the ape is, of
      all animals, that which has the largest brain, relatively to his size: he
      is also, after man, that which has the most intelligence: this is further
      confirmed, by the name he bears in the soil, to which he is indigenous,
      which is ourang outang, or the man beast. There is, therefore,
      every reason to believe that it is entirely in the brain, that consists
      the difference, that is found not only between man and beasts, but also
      between the man of wit, and the fool: between the thinking man, and he who
      is ignorant; between the man of sound understanding, and the madman: a
      multitude of experience, serves to prove, that those persons who are most
      accustomed to use their intellectual faculties, have their brain more
      extended than others: the same has been remarked of watermen, that they
      have arms much longer than other men.
    

      However this may be, the sensibility of the brain, and all its parts, is a
      fact: if it be asked, whence comes this property? We shall reply, it is
      the result of an arrangement, of a combination, peculiar to the animal: it
      is thus that milk, bread, wine, change themselves in the substance of man,
      who is a sensible being: this insensible matter becomes sensible, in
      combining itself with a sensible whole. Some philosophers think that
      sensibility is a universal quality of matter: in this case, it would be
      useless to seek from whence this property is derived, as we know it by its
      effects. If this hypothesis be admitted, in like manner as two kinds of
      motion are distinguished in Nature, the one called live force, the
      other dead, or inert force, two sorts of sensibility will be
      distinguished, the one active or alive, the other inert or dead. Then to
      animalize a substance, is only to destroy the obstacles that prevent its
      being active or sensible. In fact, sensibility is either a quality which
      communicates itself like motion, and which is acquired by combination; or
      this sensibility is a property inherent in all matter: in both, or either
      case, an unextended being, without parts, such as the human soul is said
      to be, can neither be the cause of it nor submitted to its operation; but
      we may fairly conclude, that all the parts of Nature enjoy the capability
      to arrive at animation; the obstacle is only in the state, not in the
      quality. Life is the perfection of Nature: she has no parts which do not
      tend to it—which do not attain it by the same means. Life in an
      insect, a dog, a man, has no other difference, than that this act is more
      perfect, relatively to ourselves in proportion to the structure of the
      organs: if, therefore, it be asked, what is requisite to animate a body?
      we reply, it needs no foreign aid; it is sufficient that the power of
      Nature be joined to its organization.
    

      The conformation, the arrangement, the texture, the delicacy of the
      organs, as well exterior as interior, which compose men and animals,
      render their parts extremely mobile, or make their machine susceptible of
      being moved with great facility. In a body, which is only a heap of
      fibres, a mass of nerves, contiguous one to the other, united in a common
      center, always ready to act; in a whole, composed of fluids and solids, of
      which the parts are in equilibrium, the smallest touching each other, are
      active in their motion, communicating reciprocally, alternately and in
      succession, the impression, oscillations, and shocks they receive; in such
      a composition, it is not surprising that the slightest impulse propagates
      itself with celerity; that the shocks excited in its remotest parts, make
      themselves quickly felt in the brain, whose delicate texture renders it
      susceptible of being itself very easily modified. Air, fire, water, agents
      the most inconstant, possessing the most rapid motion, circulate
      continually in the fibres, incessantly penetrate the nerves: without doubt
      these contribute to that incredible celerity with which the brain is
      acquainted with what passes at the extremities of the body.
    

      Notwithstanding the great mobility with which man's organization renders
      him susceptible, although exterior as well as interior causes are
      continually acting upon him, he does not always feel in a distinct, in a
      decided manner, the impulse given to his senses: indeed, he does not feel
      it, until it has produced some change, or given some shock to his brain.
      Thus, although completely environed by air, he does not feel its action,
      until it is so modified, as to strike with a sufficient degree of force on
      his organs; to penetrate his skin, through which his brain is warned of
      its presence. Thus, during a profound and tranquil sleep, undisturbed by
      any dream, man ceases to feel. In short, notwithstanding the continued
      motion that agitates his frame, man does not appear to feel, when this
      motion acts in a convenient order; he does not perceive a state of health,
      but he discovers a state of grief or sickness; because, in the first, his
      brain does not receive too lively an impulse, whilst in the others, his
      nerves are contracted, shocked, and agitated, with violent, with
      disorderly motion: these communicating with his brain, give notice that
      some cause acts strongly upon them—impels them in a manner that
      bears no analogy with their natural habit: this constitutes, in him, that
      peculiar mode of existing which he calls grief.
    

      On the other hand, it sometimes happens that exterior objects produce very
      considerable changes on his body, without his perceiving them at the
      moment. Often, in the heat of battle, the soldier perceives not that he is
      dangerously wounded, because, at the time, the rapidity, the multiplicity
      of impetuous motion that assails his brain, does not permit him to
      distinguish the particular change a part of his body has undergone by the
      wound. In short, when a great number of causes are simultaneously acting
      on him with too much vivacity, he sinks under their accumulated pressure,—he
      swoons—he loses his senses—he is deprived of feeling.
    

      In general, feeling only obtains, when the brain can distinguish
      distinctly, the impressions made on the organs with which it has
      communication; it is the distinct shock, the decided modification man
      undergoes, that constitutes conscience. Doctor Clarke, says to this
      effect: "Conscience is the act of reflecting, by means of which I know
      that I think, and that my thoughts, or my actions belong to me, and not to
      another." From this it will appear, that feeling is a mode of
      being, a marked change, produced on our brain, occasioned by the impulse
      communicated to our organs, whether by interior or exterior agents, by
      which it is modified either in a durable or transient manner: it is not
      always requisite that man's organs should be moved by an exterior object,
      to enable him to feel that he should be conscious of the changes effected
      in him: he can feel them within himself by means of an interior impulse;
      his brain is then modified, or rather he renews within himself the
      anterior modifications. We are not to be astonished that the brain should
      be necessarily warned of the shocks, of the impediments, of the changes
      that may happen to so complicated a machine as the human body, in which,
      notwithstanding all the parts are contiguous to the brain, and concentrate
      themselves in this brain, and are by their essence in a continual state of
      action and re-action.
    

      When a man experiences the pains of the gout, he is conscious of them; in
      other words, he feels interiorly, that it has produced very marked, very
      distinct changes in him, without his perceiving, that he has received an
      impulse from any exterior cause; nevertheless, if he will recur to the
      true source of these changes, he will find that they have been wholly
      produced by exterior agents: they have been the consequence, either of his
      temperament; of the organization received from his parents; of the
      aliments with which his frame has been nourished; besides a thousand
      trivial, inappreciable causes, which congregating themselves by degrees
      produce in him the gouty humour; the effect of which is to make him feel
      in an acute and very lively manner. The pain of the gout engenders in his
      brain an idea, so modifies it that it acquires the faculty of representing
      to itself, of reiterating as it were, this pain when even he shall be no
      longer tormented with the gout: his brain, by a series of motion
      interiorly excited, is again placed in a state analogous to that in which
      it was when he really experienced this pain: but if he had never felt it,
      he would never have been in a capacity to form to himself any just idea of
      its excruciating torments.
    

      The visible organs of man's body, by the intervention of which his brain
      is modified, take the name of senses. The various modifications
      which his brain receives by the aid of these senses, assumes a variety of
      names. Sensation, perception, and idea, are terms
      that designate nothing more than the changes produced in this interior
      organ, in consequence of impressions made on the exterior organs by bodies
      acting on them: these changes considered by themselves, are called sensations;
      they adopt the term perception when the brain is warned of their
      presence; ideas is that state of them in which the brain is able to
      ascribe them to the objects by which they have been produced.
    

      Every sensation, then, is nothing more than the shock given to the
      organs, every perception is this shock propagated to the brain;
      every idea is the image of the object to which the sensation and
      the perception is to be ascribed. From whence it will be seen, that if the
      senses be not moved, there can neither be sensations, perceptions, nor
      ideas: this will be proved to those, who can yet permit themselves to
      doubt so demonstrable and striking a truth.
    

      It is the extreme mobility of which man is capable, owing to his peculiar
      organization, that distinguishes him from other beings that are called
      insensible or inanimate; the different degrees of this mobility, of which
      the individuals of his species are susceptible, discriminate them from
      each other; make that incredible variety, that infinity of difference
      which is to be found, as well in their corporeal faculties, as in those
      which are mental or intellectual. From this mobility, more or less
      remarkable in each human being, results wit, sensibility, imagination,
      taste, &c.: for the present, however, let us follow the operation of
      the senses; let us examine in what manner they are acted upon, and are
      modified by exterior objects:—we will afterwards scrutinize the
      re-action of the interior organ or brain.
    

      The eyes are very delicate, very movable organs, by means of which the
      sensation of light or colour is experienced: these give to the brain a
      distinct perception, in consequence of which, man forms an idea, generated
      by the action of luminous or coloured bodies: as soon as the eyelids are
      opened, the retina is affected in a peculiar manner; the fluid, the
      fibres, the nerves, of which they are composed, are excited by shocks
      which they communicate to the brain; to which they delineate the images of
      the bodies from which they have received the impulse; by this means, an
      idea is acquired of the colour, the size, the form, the distance of these
      bodies: it is thus that may be explained the mechanism of sight.
    

      The mobility and the elasticity of which the skin is rendered susceptible,
      by the fibres and nerves which form its texture, accounts for the rapidity
      with which this envelope to the human body is affected when applied to any
      other body; by their agency, the brain has notice of its presence, of its
      extent, of its roughness, of its smoothness, of its surface, of its
      pressure of its ponderosity, &c. Qualities from which the brain
      derives distinct perceptions, which breed in it a diversity of ideas; it
      is this that constitutes the touch or feeling.
    

      The delicacy of the membrane by which the interior of the nostrils is
      covered, renders them easily susceptible of irritation, even by the
      invisible and impalpable corpuscles that emanate from odorous bodies: by
      these means sensations are excited, the brain has perceptions, and
      generates ideas: it is this that forms the sense of smelling.
    

      The mouth, filled with nervous, sensible, movable, irritable glands,
      saturated with juices suitable to the dissolution of saline substances, is
      affected in a very lively manner by the aliments which pass through it for
      the nourishment of the body; these glands transmit to the brain the
      impressions received: perceptions are of consequence; ideas follow: it is
      from this mechanism that results taste.
    

      The ear, whose conformation fits it to receive the various impulses of
      air, diversely modified, communicates to the brain the shocks or
      sensations; these breed the perception of sound, and generate the idea of
      sonorous bodies: it is this that constitutes hearing.
    

      Such are the only means by which man receives sensations, perceptions, and
      ideas. These successive modifications of his brain are effects produced by
      objects that give impulse to his senses; they become themselves causes,
      producing in his soul new modifications, which are denominated thought,
      reflection, memory, imagination, judgment, will, action; the basis,
      however, of all these is sensation.
    

      To form a precise notion of thought, it will be requisite to
      examine, step by step, what passes in man during the presence of any
      object whatever. Suppose for a moment this object to be a peach: this
      fruit makes, at the first view, two different impressions on his eyes;
      that is to say, it produces two modifications, which are transmitted to
      the brain, which on this occasion experiences two new perceptions, or has
      two new ideas or modes of existence, designated by the terms colour
      and rotundity; in consequence, he has an idea of a body possessing
      roundness and colour: if he places his hand on this fruit, the organ of
      feeling having been set in action, his hand experiences three new
      impressions, which are called softness, coolness, weight, from
      whence result three new perceptions in the brain, he has consequently
      three new ideas: if he approximates this peach to his nose, the organ of
      smelling receives an impulse, which, communicated to the brain, a
      new perception arises, by which he acquires a new idea, called odour:
      if he carries this fruit to his mouth, the organ of taste becomes affected
      in a very lively manner: this impulse communicated to the brain, is
      followed by a perception that generates in him the idea of flavour.
      In re-uniting all these impressions, or these various modifications of his
      organs, which it have been consequently transmitted to his brain; that is
      to say, in combining the different sensations, perceptions, and ideas,
      that result from the impulse he has received, he has an idea of a whole,
      which he designates by the name of a peach, with which he can then occupy
      his thoughts.
    

      From this it is sufficiently proved that thought has a commencement, a
      duration, an end; or rather a generation, a succession, a dissolution,
      like all the other modifications of matter; like them, thought is excited,
      is determined, is increased, is divided, is compounded, is simplified,
      &c. If, therefore, the soul, or the principle that thinks, be
      indivisible; how does it happen, that this soul has the faculty of memory,
      or of forgetfulness; is capacitated to think successively, to divide, to
      abstract, to combine, to extend its ideas, to retain them, or to lose
      them? How can it cease to think? If forms appear divisible in matter, it
      is only in considering them by abstraction, after the method, of
      geometricians; but this divisibility of form exists not in Nature, in
      which there is neither a point, an atom, nor form perfectly regular; it
      must therefore be concluded, that the forms of matter are not less
      indivisible than thought.
    

      What has been said is sufficient to show the generation of sensations, of
      perceptions, of ideas, with their association, or connection in the brain:
      it will be seen that these various modifications are nothing more than the
      consequence of successive impulses, which the exterior organs transmit to
      the interior organ, which enjoys the faculty of thought, that is to say,
      to feel in itself the different modifications it has received, or to
      perceive the various ideas which it has generated; to combine them, to
      separate them, to extend them, to abridge them, to compare them, to renew
      them, &c. From whence it will be seen, that thought is nothing more
      than the perception of certain modifications, which the brain either gives
      to itself, or has received from exterior objects.
    

      Indeed, not only the interior organ perceives the modifications it
      receives from without, but again it has the faculty of modifying itself;
      of considering the changes which take place in it, the motion by which it
      is agitated in its peculiar operations, from which it imbibes new
      perceptions and new ideas. It is the exercise of this power to fall back
      upon itself, that is called reflection.
    

      From this it will appear, that for man to think and to reflect, is to
      feel, or perceive within himself the impressions, the sensations, the
      ideas, which have been furnished to his brain by those objects which give
      impulse to his senses, with the various changes which his brain produced
      on itself in consequence.
    
Memory is the faculty which the brain has of renewing in itself the
      modifications it has received, or rather, to restore itself to a state
      similar to that in which it has been placed by the sensations, the
      perceptions, the ideas, produced by exterior objects, in the exact order
      it received them, without any new action on the part of these objects, or
      even when these objects are absent; the brain perceives that these
      modifications assimilate with those it formerly experienced in the
      presence of the objects to which it relates, or attributes them. Memory is
      faithful, when these modifications are precisely the same; it is
      treacherous, when they differ from those which the organs have exteriorly
      experienced.
    
Imagination in man is only the faculty which the brain has of
      modifying itself, or of forming to itself new perceptions, upon the model
      of those which it has anteriorly received through the action of exterior
      objects on the senses. The brain, then, does nothing more than combine
      ideas which it has already formed, which it recalls to itself, from which
      it forms a whole, or a collection of modifications, which it has not
      received, which exists no-where but in itself, although the individual
      ideas, or the parts of which this ideal whole is composed, have been
      previously communicated to it, in consequence of the impulse given to the
      senses by exterior objects: it is thus man forms to himself the idea of centaurs,
      or a being composed of a man and a horse, of hyppogriffs, or a
      being composed of a horse with wings and a griffin, besides a thousand
      other objects, equally ridiculous. By memory, the brain renews in itself
      the sensations, the perceptions, and the ideas which it has received or
      generated; represents to itself the objects which have actually moved its
      organs. By imagination it combines them variously: forms objects in their
      place which have not moved its organs, although it is perfectly acquainted
      with the elements or ideas of which it composes them. It is thus that man,
      by combining a great number of ideas borrowed from himself, such as
      justice, wisdom, goodness, intelligence, &c. by the aid of
      imagination, has formed various ideal beings, or imaginary wholes, which
      he has called JUPITER, JUNO, BRAMAH, SATURN, &c.
    
Judgment is the faculty which the brain possesses of comparing with
      each other the modifications it receives, the ideas it engenders, or which
      it has the power of awakening within itself, to the end that it may
      discover their relations, or their effects.
    
Will is a modification of the brain, by which it is disposed to
      action, that is to say, to give such an impulse to the organs of the body,
      as can induce to act in a manner, that will procure for itself what is
      requisite to modify it in a mode analogous to its own existence, or to
      enable it to avoid that by which it can be injured. To will is to
      be disposed to action. The exterior objects, or the interior ideas,
      which give birth to this disposition are called motives, because
      they are the springs or movements which determine it to act, that is to
      say, which give play to the organs of the body. Thus, voluntary actions
      are the motion of the body, determined by the modification of the brain.
      Fruit hanging on a tree, through the agency of the visual organs, modifies
      the brain in such a manner as to dispose the arm to stretch itself forth
      to cull it; again, it modifies it in another manner, by which it excites
      the hand to carry it to the mouth.
    

      All the modifications which the interior organ or the brain receives, all
      the sensations, all the perceptions, all the ideas that are generated by
      the objects which give impulse to the senses, or which it renews within
      itself by its own peculiar faculties, are either favourable or prejudicial
      to man's mode of existence, whether that be transitory or habitual: they
      dispose the interior organ to action, which it exercises by reason of its
      own peculiar energy: this action is not, however, the same in all the
      individuals of the human species, depending much on their respective
      temperaments. From hence the PASSIONS have their birth: these are more or
      less violent; they are, however, nothing more than the motion of the will,
      determined by the objects which give it activity; consequently composed of
      the analogy or of the discordance which is found between these objects,
      man's peculiar mode of existence, and the force of his temperament. From
      this it results, that the passions are modes of existence or modifications
      of the brain; which either attract or repel those objects by which man is
      surrounded; that consequently they are submitted in their action to the
      physical laws of attraction and repulsion.
    

      The faculty of perceiving or of being modified, as well by itself as
      exterior objects which the brain enjoys is sometimes designated by the
      term understanding. To the assemblage of the various faculties of
      which this interior organ is susceptible, is applied the name of intelligence.
      To a determined mode in which the brain exercises the faculties peculiar
      to itself, is given the appellation of reason. The dispositions or
      the modifications of the brain, some of them constant, others transitory,
      which give impulse to the beings of the human species, causing them to
      act, are styled wit, wisdom, goodness, prudence, virtue, &c.
    

      In short, as there will be an opportunity presently to prove, all the
      intellectual faculties—that is to say, all the modes of action
      attributed to the soul, may be reduced to the modifications, to the
      qualities, to the modes of existence, to the changes produced by the
      motion of the brain; which is visibly in man the seat of feeling, the
      principle of all his actions. These modifications are to be attributed to
      the objects that strike on his senses; of which the impression is
      transmitted to the brain, or rather to the ideas, which the perceptions
      caused by the action of these objects on his senses have there generated,
      and which it has the faculty to re-produce. This brain moves itself in its
      turn, re-acts upon itself, gives play to the organs, which concentrate
      themselves in it, or which are rather nothing more than an extension of
      its own peculiar substance. It is thus the concealed motion of the
      interior organ, renders itself sensible by outward and visible signs. The
      brain, affected by a modification which is called FEAR, diffuses a
      paleness over the countenance, excites a tremulous motion in the limbs
      called trembling. The brain, affected by a sensation of GRIEF, causes
      tears to flow from the eyes, even without being moved by any exterior
      object; an idea which it retraces with great strength, suffices to give it
      very little modifications, which visibly have an influence on the whole
      frame.
    

      In all this, nothing more is to be perceived than the same substance which
      acts diversely on the various parts of the body. If it be objected that
      this mechanism does not sufficiently explain the principles of the motion
      or the faculties of the soul; we reply, that it is in the same situation
      as all the other bodies of Nature, in which the most simple motion, the
      most ordinary phenomena, the most common modes of action are inexplicable
      mysteries, of which we shall never be able to fathom the first principles.
      Indeed, how can we flatter ourselves we shall ever be enabled to compass
      the true principle of that gravity by which a stone falls? Are we
      acquainted with the mechanism which produces attraction in some
      substances, repulsion in others? Are we in a condition to explain the
      communication of motion from one body to another? But it may be fairly
      asked,—Are the difficulties that occur, when attempting to explain
      the manner in which the soul acts, removed by making it a spiritual
      being, a substance of which we have not, nor cannot form one idea,
      which consequently must bewilder all the notions we are capable of forming
      to ourselves of this being? Let us then be contented to know that the soul
      moves itself, modifies itself, in consequence of material causes, which
      act upon it which give it activity: from whence the conclusion may be said
      to flow consecutively, that all its operations, all its faculties, prove
      that it is itself material.
    











      CHAP. IX.
    
The Diversity of the Intellectual Faculties: they depend on Physical
      Causes, as do their Moral Qualities.—The Natural Principles of
      Society.—Morals.—Politics.
    

      Nature is under the necessity of diversifying all her works. Elementary
      matter, different in its essence, must necessarily form different beings,
      various in their combinations, in their properties, in their modes of
      action, in their manner of existence. There is not, neither can there be,
      two beings, two combinations, which are mathematically and rigorously the
      same; because the place, the circumstances, the relations; the
      proportions, the modifications, never being exactly alike, the beings that
      result can never bear a perfect resemblance to each other: their modes of
      action must of necessity vary in something, even when we believe we find
      between them the greatest conformity.
    

      In consequence of this principle, which every thing we see conspires to
      prove to be a truth, there are not two individuals of the human species
      who have precisely the same traits—who think exactly in the same
      manner—who view things under the same identical point of sight—who
      have decidedly the same ideas; consequently no two of them have uniformly
      the same system of conduct. The visible organs of man, as well as his
      concealed organs, have indeed some analogy, some common points of
      resemblance, some general conformity; which makes them appear, when viewed
      in the gross, to be affected in the same manner by certain causes: but the
      difference is infinite in the detail. The human soul may be compared to
      those instruments, of which the chords, already diversified in themselves,
      by the manner in which they have been spun, are also strung upon different
      notes: struck by the same impulse, each chord gives forth the sound that
      is peculiar to itself; that is to say, that which depends on its texture,
      its tension, its volume, on the momentary state in which it is placed by
      the circumambient air. It is this that produces the diversified spectacle,
      the varied scene, which the moral world offers to our view: it is from
      this that results the striking contrariety that is to be found in the
      minds, in the faculties, in the passions, in the energies, in the taste,
      in the imagination, in the ideas, in the opinions of man. This diversity
      is as great as that of his physical powers: like them it depends on his
      temperament, which is as much varied as his physiognomy. This variety
      gives birth to that continual series of action and reaction, which
      constitutes the life of the moral world: from this discordance results the
      harmony which at once maintains and preserves the human race.
    

      The diversity found among the individuals of the human species, causes
      inequalities between man and man: this inequality constitutes the support
      of society. If all men were equal in their bodily powers, in their mental
      talents, they would not have any occasion for each other: it is the
      variation of his faculties, the inequality which this places him in, with
      regard to his fellows, that renders morals necessary to man: without
      these, he would live by himself, he would remain an isolated being. From
      whence it may be perceived, that this inequality of which man so often
      complains without cause—this impossibility which each man finds when
      in an isolated state, when left to himself, when unassociated with his
      fellow men, to labour efficaciously to his own welfare, to make his own
      security, to ensure his own conservation; places him in the happy
      situation of associating with his like, of depending on his fellow
      associates, of meriting their succour, of propitiating them to his views,
      of attracting their regard, of calling in their aid to chase away, by
      common and united efforts, that which would have the power to trouble or
      derange the order of his existence. In consequence of man's diversity, of
      the inequality that results, the weaker is obliged to seek the protection
      of the stronger; this, in his turn, recurs to the understanding, to the
      talents, to the industry of the weaker, whenever his judgment points out
      he can be useful to him: this natural inequality furnishes the reason why
      nations distinguish those citizens who have rendered their country eminent
      services. It is in consequence of his exigencies that man honors and
      recompenses those whose understanding, good deeds, assistance, or virtues,
      have procured for him real or supposed advantages, pleasures, or agreeable
      sensations of any sort: it is by this means that genius gains an
      ascendancy over the mind of man, and obliges a whole people to acknowledge
      its powers. Thus, the diversity and inequality of the faculties, as well
      corporeal as mental or intellectual, renders man necessary to his fellow
      man, makes him a social being, and incontestibly proves to him the
      necessity of morals.
    

      According to this diversity of faculties, the individuals of the human
      species are divided into different classes, each in proportion to the
      effects produced, or the different qualities that may be remarked: all
      these varieties in man flow from the individual properties of his soul, or
      from the particular modification of his brain. It is thus, that wit,
      imagination, sensibility, talents, &c. diversify to infinity the
      differences that are to be found in man. It is thus, that some are called
      good, others wicked; some are denominated virtuous, others vicious; some
      are ranked as learned, others as ignorant; some are considered reasonable,
      others unreasonable, &c.
    

      If all the various faculties attributed to the soul are examined, it will
      be found that like those of the body they are to be ascribed to physical
      causes, to which it will be very easy to recur. It will be found that the
      powers of the soul are the same as those of the body; that they always
      depend on the organization of this body, on its peculiar properties, on
      the permanent or transitory modifications that it undergoes; in a word, on
      its temperament.
    
Temperament is, in each individual, the habitual state in which he
      finds the fluids and the solids of which his body is composed. This
      temperament varies, by reason of the elements or matter that predominate
      in him, in consequence of the different combinations, of the various
      modifications, which this matter, diversified in itself, undergoes in his
      machine. Thus, in one, the blood is superabundant; in another, the bile;
      in a third, phlegm, &c.
    

      It is from Nature—from his parents—from causes, which from the
      first moment of his existence have unceasingly modified him, that man
      derives his temperament. It is in his mother's womb that he has attracted
      the matter which, during his whole life, shall have an influence on his
      intellectual faculties—on his energies—on his passions—on
      his conduct. The very nourishment he takes, the quality of the air he
      respires, the climate he inhabits, the education he receives, the ideas
      that are presented to him, the opinions he imbibes, modify this
      temperament. As these circumstances can never be rigorously the same in
      every point for any two men, it is by no means surprising that such an
      amazing variety, so great a contrariety, should be found in man; or that
      there should exist as many different temperaments, as there are
      individuals in the human species.
    

      Thus, although man may bear a general resemblance, he differs essentially,
      as well by the texture of his fibres and the disposition of his nerves, as
      by the nature, the quality, the quantity of matter that gives them play,
      that sets his organs in motion. Man, already different from his fellow, by
      the elasticity of his fibres, the tension of his nerves, becomes still
      more distinguished by a variety of other circumstances: he is more active,
      more robust, when he receives nourishing aliments, when he drinks wine,
      when he takes exercise: whilst another, who drinks nothing but water, who
      takes less juicy nourishment, who languishes in idleness, shall be
      sluggish and feeble.
    

      All these causes have necessarily an influence on the mind, on the
      passions, on the will; in a word, on what are called the intellectual
      faculties. Thus, it may be observed, that a man of a sanguine
      constitution, is commonly lively, ingenious, full of imagination,
      passionate, voluptuous, enterprising; whilst the phlegmatic man is dull,
      of a heavy understanding, slow of conception, inactive, difficult to be
      moved, pusillanimous, without imagination, or possessing it in a less
      lively degree, incapable of taking any strong measures, or of willing
      resolutely.
    

      If experience was consulted, in the room of prejudice, the physician would
      collect from morals, the key to the human heart: in curing the body, he
      would sometimes be assured of curing the mind. Man, in making a spiritual
      substance of his soul, has contented himself with administering to it
      spiritual remedies, which either have no influence over his temperament,
      or do it an injury. The doctrine of the spirituality of the soul has
      rendered morals a conjectural science, that does not furnish a knowledge
      of the true motives which ought to be put in activity, in order to
      influence man to his welfare. If, calling experience to his assistance,
      man sought out the elements which form the basis of his temperament, or of
      the greater number of the individuals composing a nation, he would then
      discover what would be most proper for him,—that which could be most
      convenient to his mode of existence—which could most conduce to his
      true interest—what laws would be necessary to his happiness—what
      institutions would be most useful for him—what regulations would be
      most beneficial. In short, morals and politics would be equally enabled to
      draw from materialism, advantages which the dogma of spirituality
      can never supply, of which it even precludes the idea. Man will ever
      remain a mystery, to those who shall obstinately persist in viewing him
      with eyes prepossessed by metaphysics; he will always be an enigma to
      those who shall pertinaciously attribute his actions to a principle, of
      which it is impossible to form to themselves any distinct idea. When man
      shall be seriously inclined to understand himself, let him sedulously
      endeavour to discover the matter that enters into his combination, which
      constitutes his temperament; these discoveries will furnish him with the
      clue to the nature of his desires, to the quality of his passions, to the
      bent of his inclinations—will enable him to foresee his conduct on
      given occasions—will indicate the remedies that may be successfully
      employed to correct the defects of a vicious organization, of a
      temperament, as injurious to himself as to the society of which he is a
      member.
    

      Indeed, it is not to be doubted that man's temperament is capable of being
      corrected, of being modified, of being changed, by causes as physical as
      the matter of which it is constituted. We are all in some measure capable
      of forming our own temperament: a man of a sanguine constitution, by
      taking less juicy nourishment, by abating its quantity, by abstaining from
      strong liquor, &c. may achieve the correction of the nature, the
      quality, the quantity, the tendency, the motion of the fluids, which
      predominate in his machine. A bilious man, or one who is melancholy, may,
      by the aid of certain remedies, diminish the mass of this bilious fluid;
      he may correct the blemish of his humours, by the assistance of exercise;
      he may dissipate his gloom, by the gaiety which results from increased
      motion. An European transplanted into Hindostan, will, by degrees, become
      quite a different man in his humours, in his ideas, in his temperament, in
      his character.
    

      Although but few experiments have been made with a view to learn what
      constitutes the temperament of man, there are still enough if he would but
      deign to make use of them—if he would vouchsafe to apply to useful
      purposes the little experience he has gleaned. It would appear, speaking
      generally, that the igneous principle which chemists designate under the
      name of phlogiston, or inflammable matter, is that which in man
      yields him the most active life, furnishes him with the greatest energy,
      affords the greatest mobility to his frame, supplies the greatest spring
      to his organs, gives the greatest elasticity to his fibres, the greatest
      tension to his nerves, the greatest rapidity to his fluids. From these
      causes, which are entirely material, commonly result the dispositions or
      faculties called sensibility, wit, imagination, genius, vivacity, &c.
      which give the tone to the passions, to the will, to the moral actions of
      man. In this sense, it is with great justice we apply the expressions,
      'warmth of soul,' 'ardency of imagination,' 'fire of genius,' &c.
    

      It is this fiery element, diffused unequally, distributed in various
      proportions through the beings of the human species, that sets man in
      motion, gives him activity, supplies him with animal heat, and which, if
      we may be allowed the expression, renders him more or less alive. This
      igneous matter, so active, so subtle, dissipates itself with great
      facility, then requires to be reinstated in his system by means of
      aliments that contain it, which thereby become proper to restore his
      machine, to lend new warmth to the brain, to furnish it with the
      elasticity requisite to the performance of those functions which are
      called intellectual. It is this ardent matter contained in wine, in strong
      liquor, that gives to the most torpid, to the dullest, to the most
      sluggish man, a vivacity of which, without it, he would be incapable—which
      urges even the coward on to battle. When this fiery element is too
      abundant in man, whilst he is labouring under certain diseases, it plunges
      him into delirium; when it is in too weak or in too small a quantity, he
      swoons, he sinks to the earth. This igneous matter diminishes in his old
      age—it totally dissipates at his death. It would not be unreasonable
      to suppose, that what physicians call the nervous fluid, which so promptly
      gives notice to the brain of all that happens to the body, is nothing more
      than electric matter; that the various proportions of this matter diffused
      through his system, is the cause of that great diversity to be discovered
      in the human being, and in the faculties he possesses.
    

      If the intellectual faculties of man, or his moral qualities, be examined
      according to the principles here laid down, the conviction must be
      complete that they are to be attributed to material causes, which have an
      influence more or less marked, either transitory or durable, over his
      peculiar organization. But where does he derive this organization, except
      it be from the parents from whom he receives the elements of a machine
      necessarily analogous to their own? From whence does he derive the greater
      or less quantity of igneous matter, or vivifying heat, that decides upon,
      that gives the tone to his mental qualities? It is from the mother who
      bore him in her womb, who has communicated to him a portion of that fire
      with which she was herself animated, which circulated through her veins
      with her blood;—it is from the aliments that have nourished him,—it
      is from the climate he inhabits,—it is from the atmosphere that
      surrounds: all these causes have an influence over his fluids, over his
      solids, and decide on his natural dispositions. In examining these
      dispositions, from whence his faculties depend, it will ever be found,
      that they are corporeal, that they are material.
    

      The most prominent of these dispositions in man, is that physical
      sensibility from which flows all his intellectual or moral qualities. To
      feel, according to what has been said, is to receive an impulse, to be
      moved, to have a consciousness of the changes operated on his system. To
      have sensibility is nothing more than to be so constituted as to feel
      promptly, and in a very lively manner, the impressions of those objects
      which act upon him. A sensible soul is only man's brain, disposed in a
      mode to receive the motion communicated to it with facility, to re-act
      with promptness, by giving an instantaneous impulse to the organs. Thus
      the man is called sensible, whom the sight of the distressed, the
      contemplation of the unhappy, the recital of a melancholy tale, the
      witnessing of an afflicting catastrophe, or the idea of a dreadful
      spectacle, touches in so lively a manner as to enable the brain to give
      play to his lachrymal organs, which cause him to shed tears; a sign by
      which we recognize the effect of great grief, of extreme anguish in the
      human being. The man in whom musical sounds excite a degree of pleasure,
      or produce very remarkable effects, is said to have a sensible or a
      fine ear. In short, when it is perceived that eloquence—the beauty
      of the arts—the various objects that strike his senses, excite in
      him very lively emotions, he is said to possess a soul full of
      sensibility.
    
Wit, is a consequence of this physical sensibility; indeed, wit is
      nothing more than the facility which some beings, of the human species
      possess, of seizing with promptitude, of developing with quickness, a
      whole, with its different relations to other objects. Genius, is
      the facility with which some men comprehend this whole, and its various
      relations when they are difficult to be known, but useful to forward great
      and mighty projects. Wit may be compared to a piercing eye which perceives
      things quickly. Genius is an eye that comprehends at one view, all the
      points of an extended horizon: or what the French term coup d'oeil.
      True wit is that which perceives objects with their relations such as they
      really are. False wit is that which catches at relations, which do not
      apply to the object, or which arises from some blemish in the
      organization. True wit resembles the direction on a hand-post.
    
Imagination is the faculty of combining with promptitude ideas or
      images; it consists in the power man possesses of re-producing with ease
      the modifications of his brain: of connecting them, of attaching them to
      the objects to which they are suitable. When imagination does this, it
      gives pleasure; its fictions are approved, it embellishes Nature, it is a
      proof of the soundness of the mind, it aids truth: when on the contrary,
      it combines ideas, not formed to associate themselves with each other—when
      it paints nothing but disagreeable phantoms, it disgusts, its fictions are
      censured, it distorts Nature, it advocates falsehood, it is the proof of a
      disordered, of a deranged mind: thus poetry, calculated to render Nature
      more pathetic, more touching, pleases when it creates ideal beings, but
      which move us agreeably: we, therefore, forgive the illusions it has held
      forth, on account of the pleasure we have reaped from them. The hideous
      chimeras of superstition displease, because they are nothing more than the
      productions of a distempered imagination, that can only awaken the most
      afflicting sensations, fills us with the most disagreeable ideas.
    

      Imagination, when it wanders, produces fanaticism, superstitious terrors,
      inconsiderate zeal, phrenzy, and the most enormous crimes: when it is well
      regulated, it gives birth to a strong predilection for useful objects, an
      energetic passion for virtue, an enthusiastic love of our country, and the
      most ardent friendship: the man who is divested of imagination, is
      commonly one in whose torpid constitution phlegm predominates over the
      igneous fluid, over that sacred fire, which is the great principle of his
      mobility, of that warmth of sentiment, which vivifies all his intellectual
      faculties. There must be enthusiasm for transcendent virtues as well as
      for atrocious crimes; enthusiasm places the soul in a state similar to
      that of drunkenness; both the one and the other excite in man that
      rapidity of motion which is approved, when good results, when its effects
      are beneficial; but which is censured, is called folly, delirium, crime,
      fury; when it produces nothing but disorder and confusion.
    

      The mind is out of order, it is incapable of judging sanely—the
      imagination is badly regulated, whenever man's organization is not so
      modified, as to perform its functions with precision. At each moment of
      his existence, man gathers experience; every sensation he has, furnishes a
      fact that deposits in his brain an idea which his memory recalls with more
      or less fidelity: these facts connect themselves, these ideas are
      associated; their chain constitutes experience; this lays the
      foundation of science. Knowledge is that consciousness which arises
      from reiterated experience—from experiments made with precision of
      the sensations, of the ideas, of the effects which an object is capable of
      producing, either in ourselves or in others. All science, to be just, must
      be founded on truth. Truth itself rests on the constant, the faithful
      relation of our senses. Thus, truth is that conformity, that
      perpetual affinity, which man's senses, when well constituted, when aided
      by experience, discover to him, between the objects of which he has a
      knowledge, and the qualities with which he clothes them. In short, truth
      is nothing more than the just, the precise association of his ideas. But
      how can he, without experience, assure himself of the accuracy, of the
      justness of this association? How, if he does not reiterate this
      experience, can he compare it? how prove its truth? If his senses are
      vitiated, how is it possible they can convey to him with precision, the
      sensations, the facts, with which they store his brain? It is only by
      multiplied, by diversified, by repeated experience, that he is enabled to
      rectify the errors of his first conceptions.
    

      Man is in error every time his organs, either originally defective in
      their nature, or vitiated by the durable or transitory modifications which
      they undergo, render him incapable of judging soundly of objects. Error
      consists in the false association of ideas, by which qualities are
      attributed to objects which they do not possess. Man is in error, when he
      supposes those beings really to have existence, which have no local
      habitation but in his own imagination: he is in error, when he associates
      the idea of happiness with objects capable of injuring him, whether
      immediately or by remote consequences which he cannot foresee.
    

      But how can he foresee effects of which he has not yet any knowledge? It
      is by the aid of experience: by the assistance which this experience
      affords, it is known that analogous, that like causes, produce analogous,
      produce like effects. Memory, by recalling these effects, enables him to
      form a judgment of those he may expect, whether it be from the same
      causes, or from causes that bear a relation to those of which he has
      already experienced the action. From this it will appear, that prudence,
      foresight, are faculties that are ascribable to, that grow out of
      experience. If he has felt that fire excited in his organs painful
      sensation, this experience suffices him to know, to foresee, that fire so
      applied, will consequently excite the same sensations. If he has
      discovered that certain actions, on his part, stirred up the hatred,
      elicited the contempt of others, this experience sufficiently enables him
      to foresee, that every time he shall act in a similar manner, he will be
      either hated or despised.
    

      The faculty man has of gathering experience, of recalling it to himself,
      of foreseeing effects by which he is enabled to avoid whatever may have
      the power to injure him, to procure that which may be useful to the
      conservation of his existence, which may contribute to that which is the
      sole end of all his actions, whether corporeal or mental,—his
      felicity—constitutes that, which, in one word, is designated under
      the name of Reason. Sentiment, imagination, temperament, may be
      capable of leading him astray—may have the power to deceive him; but
      experience and reflection will rectify his errors, point out his mistakes,
      place him in the right road, teach him what can really conduce to, what
      can truly conduct him to happiness. From this, it will appear, that reason
      is man's nature, modified by experience, moulded by judgment, regulated by
      reflection: it supposes a moderate, sober temperament; a just, a sound
      mind; a well-regulated, orderly imagination; a knowledge of truth,
      grounded upon tried, upon reiterated experience; in fact, prudence and
      foresight: this will serve to prove, that although nothing is more
      commonly asserted, although the phrase is repeated daily, nay, hourly,
      that man is a reasonable being, yet there are but a very small
      number of the individuals who compose the human species, of whom it can
      with truth be said; who really enjoy the faculty of reason, or who combine
      the dispositions, the experience, by which it is constituted. It ought
      not, then to excite surprise, that the individuals of the human race, who
      are in a capacity to make true experience, are so few in number. Man, when
      he is born, brings with him into the world organs susceptible of receiving
      impulse, amassing ideas, of collecting experience; but whether it be from
      the vice of his system, the imperfection of his organization, or from
      those causes by which it is modified, his experience is false, his ideas
      are confused, his images are badly associated, his judgment is erroneous,
      his brain is saturated with vicious, with wicked systems, which
      necessarily have an influence over his conduct, which are continually
      disturbing his mind, and confounding his reason.
    

      Man's senses, as it has been shewn, are the only means by which he is
      enabled to ascertain whether his opinions are true or false, whether his
      conduct is useful to himself and beneficial to others, whether it is
      advantageous or disadvantageous. But that his senses may be competent to
      make a faithful relation—that they may be in a capacity to impress
      true ideas on his brain, it is requisite they should be sound; that is to
      say, in the state necessary to maintain his existence; in that order which
      is suitable to his preservation—that condition which is calculated
      to ensure his permanent felicity. It is also indispensable that his brain
      itself should be healthy, or in the proper circumstances to enable it to
      fulfil its functions with precision, to exercise its faculties with
      vigour. It is necessary that memory should faithfully delineate its
      anterior sensations, should accurately retrace its former ideas; to the
      end, that he may be competent to judge, to foresee the effects he may have
      to hope, the consequences he may have to fear, from those actions to which
      he may be determined by his will. If his organic system be vicious, if his
      interior or exterior organs be defective, whether by their natural
      conformation or from those causes by which they are regulated, he feels
      but imperfectly—in a manner less distinct than is requisite; his
      ideas are either false or suspicious, he judges badly, he is in a
      delusion, in a state of ebriety, in a sort of intoxication that prevents
      his grasping the true relation of things. In short, if his memory is
      faulty, if it is treacherous, his reflection is void, his imagination
      leads him astray, his mind deceives him, whilst the sensibility of his
      organs, simultaneously assailed by a crowd of impressions, shocked by a
      variety of impulsions, oppose him to prudence, to foresight, to the
      exercise of his reason. On the other hand, if the conformation of his
      organs, as it happens with those of a phlegmatic temperament, of a dull
      habit, does not permit him to move, except with feebleness, in a sluggish
      manner, his experience is slow, frequently unprofitable. The tortoise and
      the butterfly are alike incapable of preventing their destruction. The
      stupid man, equally with him who is intoxicated, are in that state which
      renders it impossible for them to arrive at or attain the end they have in
      view.
    

      But what is the end? What is the aim of man in the sphere he occupies? It
      is to preserve himself; to render his existence happy. It becomes then of
      the utmost importance, that he should understand the true means which
      reason points out, which prudence teaches him to use, in order that he may
      with certainty, that he may constantly arrive at the end which he proposes
      to himself. These he will find are his natural faculties—his mind—his
      talents—his industry—his actions, determined by those passions
      of which his nature renders him susceptible, which give more or less
      activity to his will. Experience and reason again shew him, that the men
      with whom he is associated are necessary to him, are capable of
      contributing to his happiness, are in a capacity to administer to his
      pleasures, are competent to assist him by those faculties which are
      peculiar to them; experience teaches him the mode he must adopt to induce
      them to concur in his designs, to determine them to will and incline them
      to act in his favour. This points out to him the actions they approve—those
      which displease them—the conduct which attracts them—that
      which repels them—the judgment by which they are swayed—the
      advantages that occur—the prejudicial effects that result to him
      from their various modes of existence and from their diverse manner of
      acting. This experience furnishes him with the ideas of virtue and of
      vice, of justice and of injustice, of goodness and of wickedness, of
      decency and of indecency, of probity and of knavery: In short, he learns
      to form a judgment of men—to estimate their actions—to
      distinguish the various sentiments excited in them, according to the
      diversity of those effects which they make him experience. It is upon the
      necessary diversity of these effects that is founded the discrimination
      between good and evil—between virtue and vice; distinctions which do
      not rest, as some thinkers have believed, on the conventions made between
      men; still less, as some metaphysicians have asserted, upon the chimerical
      will of supernatural beings: but upon the solid, the invariable, the
      eternal relations that subsist between beings of the human species
      congregated together, and living in society: which relations will have
      existence as long as man shall remain, as long as society shall continue
      to exist.
    

      Thus virtue is every thing that is truly beneficial, every thing
      that is constantly useful to the individuals of the human race, living
      together in society; vice every thing that is really prejudicial,
      every thing that is permanently injurious to them. The greatest virtues
      are those which procure for man the most durable advantages, from which he
      derives the most solid happiness, which preserves the greatest degree of
      order in his association: the greatest vices, are those which most disturb
      his tendency to happiness, which perpetuate error, which most interrupt
      the necessary order of society.
    

      The virtuous man, is he whose actions tend uniformly to the
      welfare, constantly to the happiness, of his fellow creatures. The vicious
      man, is he whose conduct tends to the misery, whose propensities form
      the unhappiness of those with whom he lives; from whence his own peculiar
      misery most commonly results.
    

      Every thing that procures for a man true and permanent happiness is
      reasonable; every thing that disturbs his individual felicity, or that of
      the beings necessary to his happiness, is foolish and unreasonable. The
      man who injures others, is wicked; the man who injures himself, is an
      imprudent being, who neither has a knowledge of reason, of his own
      peculiar interests, nor of truth.
    

      Man's duties are the means pointed out to him by experience, the
      circle which reason describes for him, by which he is to arrive at that
      goal he proposes to himself; these duties are the necessary consequence of
      the relations subsisting between mortals, who equally desire happiness,
      who are equally anxious to preserve their existence. When it is said these
      duties compel him, it signifies nothing more than that, without
      taking these means, he could not reach the end proposed to him by his
      nature. Thus, moral obligation is the necessity of employing the
      natural means to render the beings with whom he lives happy; to the end
      that he may determine them in turn to contribute to his own individual
      happiness: his obligation toward himself, is the necessity he is under to
      take those means, without which he would be incapable to conserve himself,
      or render his existence solidly and permanently happy. Morals, like the
      universe, is founded upon necessity, or upon the eternal relation of
      things.
    
Happiness is a mode of existence of which man naturally wishes the
      duration, or in which he is willing to continue. It is measured by its
      duration, by its vivacity. The greatest happiness is that which has the
      longest continuance: transient happiness, or that which has only a short
      duration, is called Pleasure; the more lively it is, the more
      fugitive, because man's senses are only susceptible of a certain quantum
      of motion. When pleasure exceeds this given quantity, it is changed into
      anguish, or into that painful mode of existence, of which he
      ardently desires the cessation: this is the reason why pleasure and pain
      frequently so closely approximate each other as scarcely to be
      discriminated. Immoderate pleasure is the forerunner of regret. It is
      succeeded by ennui, it is followed by weariness, it ends in disgust:
      transient happiness frequently converts itself into durable misfortune.
      According to these principles it will be seen that man, who in each moment
      of his duration seeks necessarily after happiness, ought, when he is
      reasonable, to manage, to husband, to regulate his pleasures; to refuse
      himself to all those of which the indulgence would be succeeded by regret;
      to avoid those which can convert themselves into pain; in order that he
      may procure for himself the most permanent felicity.
    

      Happiness cannot be the same for all the beings of the human species; the
      same pleasures cannot equally affect men whose conformation is different,
      whose modification is diverse. This no doubt, is the true reason why the
      greater number of moral philosophers are so little in accord upon those
      objects in which they have made man's happiness consist, as well as on the
      means by which it may be obtained. Nevertheless, in general, happiness
      appears to be a state, whether momentary or durable, in which man readily
      acquiesces, because he finds it conformable to his being. This state
      results from the accord, springs out of the conformity, which is found
      between himself and those circumstances in which he has been placed by
      Nature; or, if it be preferred, happiness is the co-ordination of man,
      with the causes that give him impulse.
    

      The ideas which man forms to himself of happiness depend not only on his
      temperament, on his individual conformation, but also upon the habits he
      has contracted. Habit is, in man, a mode of existence—of
      thinking—of acting, which his organs, as well interior as exterior,
      contract, by the frequent reiteration of the same motion; from whence
      results the faculty of performing these actions with promptitude, of
      executing them with facility.
    

      If things be attentively considered, it will be found that almost the
      whole conduct of man—the entire system of his actions—his
      occupations—his connexions—his studies—his amusements—his
      manners—his customs—his very garments—even his aliments,
      are the effect of habit. He owes equally to habit, the facility with which
      he exercises his mental faculties of thought—of judgment—of
      wit—of reason—of taste, &c. It is to habit he owes the
      greater part of his inclinations—of his desires—of his
      opinions—of his prejudices—of the ideas, true or false, he
      forms to himself of his welfare. In short, it is to habit, consecrated by
      time, that he owes those errors into which everything strives to
      precipitate him; from which every thing is calculated to prevent him
      emancipating himself. It is habit that attaches him either to virtue or to
      vice: experience proves this: observation teaches incontrovertibly that
      the first crime is always accompanied by more pangs of remorse than the
      second; this again, by more than the third; so on to those that follow. A
      first action is the commencement of a habit; those which succeed confirm
      it: by force of combatting the obstacles that prevent the commission of
      criminal actions, man arrives at the power of vanquishing them with ease;
      of conquering them with facility. Thus he frequently becomes wicked from
      habit.
    

      Man is so much modified by habit, that it is frequently confounded with
      his nature: from hence results, as will presently be seen, those opinions
      or those ideas, which he has called innate: because he has been
      unwilling to recur back to the source from whence they sprung: which has,
      as it were, identified itself with his brain. However this may be, he
      adheres with great strength of attachment to all those things to which he
      is habituated; his mind experiences a sort of violence, an incommodious
      revulsion, a troublesome distaste, when it is endeavoured to make him
      change the course of his ideas: a fatal predilection frequently conducts
      him back to the old track in despite of reason.
    

      It is by a pure mechanism that may be explained the phenomena of habit, as
      well physical as moral; the soul, notwithstanding its spirituality, is
      modified exactly in the same manner as the body. Habit, in man, causes the
      organs of voice to learn the mode of expressing quickly the ideas
      consigned to his brain, by means of certain motion, which, during his
      infancy, the tongue acquires the power of executing with facility: his
      tongue, once habituated to move itself in a certain manner, finds much
      trouble, has great pain, to move itself after another mode; the throat
      yields with difficulty to those inflections which are exacted by a
      language different from that to which he has, been accustomed. It is the
      same with regard to his ideas; his brain, his interior organ, his soul,
      inured to a given manner of modification, accustomed to attach certain
      ideas to certain objects, long used to form to itself a system connected
      with certain opinions, whether true or false, experiences a painful
      sensation, whenever he undertakes to give it a new impulse, or alter the
      direction of its habitual motion. It is nearly as difficult to make him
      change his opinions as his language.
    

      Here, then, without doubt, is the cause of that almost invincible
      attachment which man displays to those customs—those prejudices—those
      institutions of which it is in vain that reason, experience, good sense
      prove to him the inutility, or even the danger. Habit opposes itself to
      the clearest, the most evident demonstrations; these can avail nothing
      against those passions, those vices, which time has rooted in him—against
      the most ridiculous systems—against the most absurd notions—against
      the most extravagant hypotheses—against the strangest customs: above
      all, when he has learned to attach to them the ideas of utility, of common
      interest, of the welfare of society. Such is the source of that obstinacy,
      of that stubbornness, which man evinces for his religion, for ancient
      usages, for unreasonable customs, for laws so little accordant with
      justice, for abuses, which so frequently make him suffer, for prejudices
      of which he sometimes acknowledges the absurdity, yet is unwilling to
      divest himself of them. Here is the reason why nations contemplate the
      most useful novelties as mischievous innovations—why they believe
      they would be lost, if they were to remedy those evils to which they have
      become habituated; which they have learned to consider as necessary to
      their repose; which they have been taught to consider dangerous to be
      cured.
    
Education is only the art of making man contract, in early life,
      that is to say, when his organs are extremely flexible, the habits, the
      opinions, the modes of existence, adopted by the society in which he is
      placed. The first moments of his infancy are employed in collecting
      experience; those who are charged with the care of rearing him, or who are
      entrusted to bring him up, teach him how to apply it: it is they who
      develope reason in him: the first impulse they give him commonly decides
      upon his condition, upon his passions, upon the ideas he forms to himself
      of happiness, upon the means he shall employ to procure it, upon his
      virtues, and upon his vices. Under the eyes of his masters, the infant
      acquires ideas: under their tuition he learns to associate them,—to
      think in a certain manner,—to judge well or ill. They point out to
      him various objects, which they accustom him either to love or to hate, to
      desire or to avoid, to esteem or to despise. It is thus opinions are
      transmitted from fathers, mothers, nurses, and masters, to man in his
      infantine state. It is thus, that his mind by degrees saturates itself
      with truth, or fills itself with error; after which he regulates his
      conduct, which renders him either happy or miserable, virtuous or vicious,
      estimable or hateful. It is thus he becomes either contented or
      discontented with his destiny, according to the objects towards which they
      have directed his passions—towards which they have bent the energies
      of his mind; that is to say, in which they have shewn him his interest, in
      which they have taught him to place his felicity: in consequence, he loves
      and searches after that which they have taught him to revere—that
      which they have made the object of his research; he has those tastes,
      those inclinations, those phantasms, which, during the whole course of his
      life, he is forward to indulge, which he is eager to satisfy, in
      proportion to the activity they have excited in him, and the capacity with
      which he has been provided by Nature.
    
Politics ought to be the art of regulating the passions of man—of
      directing them to the welfare of society—of diverting them into a
      genial current of happiness—of making them flow gently to the
      general benefit of all: but too frequently it is nothing more than the
      detestible art of arming the passions of the various members of society
      against each other,—of making them the engines to accomplish their
      mutual destruction,—of converting them into agents which embitter
      their existence, create jealousies among them, and fill with rancorous
      animosities that association from which, if properly managed, man ought to
      derive his felicity. Society is commonly so vicious because it is not
      founded upon Nature, upon experience, and upon general utility; but on the
      contrary, upon the passions, upon the caprices, and upon the particular
      interests of those by whom it is governed. In short, it is for the most
      part the advantage of the few opposed to the prosperity of the many.
    

      Politics, to be useful, should found its principles upon Nature; that is
      to say, should conform itself to the essence of man, should mould itself
      to the great end of society: but what is society? and what is its end? It
      is a whole, formed by the union of a great number of families, or by a
      collection of individuals, assembled from a reciprocity of interest, in
      order that they may satisfy with greater facility their reciprocal wants—that
      they may, with more certainty, procure the advantages they desire—that
      they may obtain mutual succours—above all, that they may gain the
      faculty of enjoying, in security, those benefits with which Nature and
      industry may furnish them: it follows, of course, that politics, which are
      intended to maintain society, and to consolidate the interests of this
      congregation, ought to enter into its views, to facilitate the means of
      giving them efficiency, to remove all those obstacles that have a tendency
      to counteract the intention with which man entered into association.
    

      Man, in approximating to his fellow man, to live with him in society, has
      made, either formally or tacitly, a covenant; by which he engages to
      render mutual services, to do nothing that can be prejudicial to his
      neighbour. But as the nature of each individual impels him each instant to
      seek after his own welfare, which he has mistaken to consist in the
      gratification of his passions, and the indulgence of his transitory
      caprices, without any regard to the convenience of his fellows; there
      needed a power to conduct him back to his duty, to oblige him to conform
      himself to his obligations, and to recall him to his engagements, which
      the hurry of his passions frequently make him forget. This power is the law;
      it is, or ought to be, the collection of the will of society, reunited to
      fix the conduct of its members, to direct their action in such a mode,
      that it may concur to the great end of his association—the general
      good.
    

      But as society, more especially when very numerous, is incapable of
      assembling itself, unless with great difficulty, as it cannot with tumult
      make known its intentions, it is obliged to choose citizens in whom it
      places a confidence, whom it makes the interpreter of its will, whom it
      constitutes the depositaries of the power requisite to carry it into
      execution. Such is the origin of all government, which to be
      legitimate can only be founded on the free consent of society. Those who
      are charged with the care of governing, call themselves sovereigns,
      chiefs, legislators: according to the form which society has been willing
      to give to its government: these sovereigns are styled monarchs,
      magistrates, representatives, &c. Government only borrows its power
      from society: being established for no other purpose than its welfare, it
      is evident society can revoke this power whenever its interest shall exact
      it; change the form of its government; extend or limit the power which it
      has confided to its chiefs, over whom, by the immutable laws of Nature, it
      always conserves a supreme authority: because these laws enjoin, that the
      part shall always remain subordinate to the whole.
    

      Thus sovereigns are the ministers of society, its interpreters, the
      depositaries of a greater or of a less portion of its power; but they are
      not its absolute masters, neither are they the proprietors of nations. By
      a covenant, either expressed or implied, they engage themselves to
      watch over the maintenance, to occupy themselves with the welfare of
      society; it is only upon these conditions society consents to obey them.
      The price of obedience is protection. There is or ought to be a
      reciprocity of interest between the governed and the governor: whenever
      this reciprocity is wanting, society is in that state of confusion of
      which we spoke in the fifth chapter: it is verging on destruction. No
      society upon earth was ever willing or competent to confer irrevocably
      upon its chiefs the power, the right, of doing it injury. Such a
      concession, such a compact, would be annulled, would be rendered void by
      Nature; because she wills that each society, the same as each individual
      of the human species shall tend to its own conservation; it has not
      therefore the capacity to consent to its permanent unhappiness. Laws,
      in order that they may be just, ought invariably to have for their end,
      the general interest of society; that is to say, to assure to the greater
      number of citizens those advantages for which man originally associated.
      These advantages are liberty, property, security.
    
Liberty, to man, is the faculty of doing, for his own peculiar
      happiness, every thing which does not injure or diminish the happiness of
      his associates: in associating, each individual renounced the exercise of
      that portion of his natural liberty which would be able to prejudice or
      injure the liberty of his fellows. The exercise of that liberty which is
      injurious to society is called licentiousness.
    
Property, to man, is the faculty of enjoying those advantages which
      spring from labour; those benefits which industry or talent has procured
      to each member of society.
    
Security, to man, is the certitude, the assurance, that each
      individual ought to have, of enjoying in his person, of finding for his
      property the protection of the laws, as long as he shall faithfully
      observe, as long as he shall punctually perform, his engagements with
      society.
    
Justice, to man, assures to all the members of society, the
      possession of these advantages, the enjoyment of those rights, which
      belong to them. From this, it will appear, that without justice, society
      is not in a condition to procure the happiness of any man. Justice is also
      called equity, because by the assistance of the laws made to
      command the whole, she reduces all its members to a state of equality;
      that is to say, she prevents them from prevailing one over the other, by
      the inequality which Nature or industry may have made between their
      respective powers.
    
Rights, to man, are every thing which society, by equitable laws,
      permits each individual to do for his own peculiar felicity. These rights
      are evidently limited by the invariable end of all association: society
      has, on its part, rights over all its members, by virtue of the advantages
      which it procures for them; all its members, in turn, have a right to
      claim, to exact from society, or secure from its ministers those
      advantages for the procuring of which they congregated, in favour of which
      they renounced a portion of their natural liberty. A society, of which the
      chiefs, aided by the laws, do not procure any good for its members,
      evidently loses its right over them: those chiefs who injure society lose
      the right of commanding. It is not our country, without it secures the
      welfare of its inhabitants; a society without equity contains only
      enemies; a society oppressed is composed only of tyrants and slaves;
      slaves are incapable of being citizens; it is liberty, property, and
      security, that render our country dear to us; it is the true love of his
      country that forms the citizen.
    

      For want of having a proper knowledge of these truths, or for want of
      applying them when known, some nations have become unhappy—have
      contained nothing but a vile heap of slaves, separated from each other,
      detached from society, which neither procures for them any good, nor
      secures to them any one advantage. In consequence of the imprudence of
      some nations, or of the craft, cunning, and violence of those to whom they
      have confided the power of making laws, and carrying them into execution,
      their sovereigns have rendered themselves absolute masters of society.
      These, mistaking the true source of their power, pretended to hold it from
      heaven, to be accountable for their actions to God alone, to owe nothing,
      not to have any obligation to society, in a word, to be gods upon earth,
      to possess the right of governing arbitrarily. From thence politics became
      corrupted: they were only a mockery. Such nations, disgraced and grown
      contemptible, did not dare resist the will of their chiefs; their laws
      were nothing more than the expression of the caprice of these chiefs;
      public welfare was sacrificed to their peculiar interests; the force of
      society was turned against itself; its members withdrew to attach
      themselves to its oppressors, to its tyrants; these to seduce them,
      permitted them to injure it with impunity and to profit by its
      misfortunes. Thus liberty, justice, security, and virtue, were banished
      from many nations; politics was no longer any thing more than the art of
      availing itself of the forces of a people and of the treasure of society;
      of dividing it on the subject of its interest, in order to subjugate it by
      itself; at length a stupid, a mechanical habit, made them cherish their
      oppressors, and love their chains.
    

      Man when he has nothing to fear, presently becomes wicked; he who believes
      he has not occasion for his fellow, persuades himself he may follow the
      inclinations of his heart without caution or discretion. Thus fear is the
      only obstacle society can effectually oppose to the passions of its
      chiefs; without it they will quickly become corrupt, and will not scruple
      to avail themselves of the means society has placed in their hands, to
      make them accomplices in their iniquity. To prevent these abuses, it is
      requisite society should set bounds to its confidence; should limit the
      power which it delegates to its chiefs; should reserve to itself a
      sufficient portion of authority to prevent them from injuring it; it must
      establish prudent checks: it must cautiously divide the power it confers,
      because re-united, it will by such reunion be infallibly oppressed. The
      slightest reflection, the most scanty review, will make men feel that the
      burthen of governing and weight of administration, is too ponderous and
      overpowering to be borne by an individual; that the scope of his
      jurisdiction, that the range of his surveillance, and multiplicity of his
      duties must always render him negligent; that the extent of his power has
      ever a tendency to render him mischievous. In short, the experience of all
      ages will convince nations that man is continually tempted to the abuse of
      power: that as an abundance of strong liquor intoxicates his brain, so
      unlimited power corrupts his heart; that therefore the sovereign ought to
      be subject to the law, not the law to the sovereign.
    
Government has necessarily an equal influence over the philosophy,
      as over the morals of nations. In the same manner that its care produces
      labour, activity, abundance, salubrity and justice; its negligence induces
      idleness, sloth, discouragement, penury, contagion, injustice, vices and
      crimes. It depends upon government either to foster industry, mature
      genius, give a spring to talents, or stifle them. Indeed government, the
      disturber of dignities, of riches, of rewards, and punishments; the master
      of those objects in which man from his infancy has learned to place his
      felicity, and contemplate as the means of his happiness; acquires a
      necessary influence over his conduct: it kindles his passions; gives them
      direction; makes him instrumental to whatever purpose it pleases; it
      modifies him; determines his manners; which in a whole people, as in the
      individual, is nothing more than the conduct, the general system of wills,
      of actions that necessarily result from his education, government, laws,
      and religious opinions—his institutions, whether rational or
      irrational. In short, manners are the habits of a people: these are good
      whenever society draws from them true felicity and solid happiness; they
      are bad, they are detestable in the eye of reason, when the happiness of
      society does not spring from them; they are unwholesome when they have
      nothing more in their favour than the suffrage of time, and the
      countenance of prejudice which rarely consults experience, which is almost
      ever at variance with good sense: notwithstanding they may have the
      sanction of the law, custom, religion, public opinion, or example, they
      may be unworthy and may be disgraceful, provided society is in disorder;
      that crime abounds; that virtue shrinks beneath the basilisk eye of
      triumphant vice; they may then be said to resemble the UPAS, whose
      luxuriant yet poisonous foliage, the produce of a rank soil, becomes more
      baneful to those who are submitted to its vortex, in proportion as it
      extends its branches. If experience he consulted, it will be found there
      is no action, however abominable, that has not received the applause, that
      has not obtained the approbation of some people. Parricide, the sacrifice
      of children, robbery, usurpation, cruelty, intolerance, and prostitution,
      have all in their turn been licensed actions; have been advocated; have
      been deemed laudable and meritorious deeds with some nations of the earth.
      Above all, superstition has consecrated the most unreasonable, the
      most revolting customs.
    

      Man's passions result from and depend on the motion of attraction or
      repulsion, of which he is rendered susceptible by Nature; who enables him,
      by his peculiar essence, to be attracted by those objects which appear
      useful to him, to be repelled by those which he considers prejudicial; it
      follows that government, by holding the magnet, can put these passions
      into activity, has the power either of restraining them, or of giving them
      a favorable or an unfavorable direction. All his passions are constantly
      limited by either loving or hating, seeking or avoiding, desiring or
      fearing. These passions, so necessary to the conservation of man, are a
      consequence of his organization; they display themselves with more or less
      energy, according to his temperament; education and habit develope them;
      government gives them play, conducts them towards those objects, which it
      believes itself interested in making desirable to its subjects. The
      various names which have been given to these passions, are relative to the
      different objects by which they are excited, such as pleasure, grandeur,
      or riches, which produce voluptuousness, ambition, vanity and avarice. If
      the source of those passions which predominate in nations be attentively
      examined it will be commonly found in their governments. It is the impulse
      received from their chiefs that renders them sometimes warlike, sometimes
      superstitious, sometimes aspiring after glory, sometimes greedy after
      wealth, sometimes rational, and sometimes unreasonable; if sovereigns, in
      order to enlighten and render happy their dominions, were to employ only
      the tenth part of the vast expenditures which they lavish, only a
      tythe of the pains which they employ to render them brutish, to
      stupify them, to deceive them, and to afflict them; their subjects would
      presently be as wise, would quickly be as happy, as they are now
      remarkable for being blind, ignorant, and miserable.
    

      Let the vain project of destroying, the delusive attempt at rooting his
      passions from the heart of man, he abandoned; let an effort be made to
      direct them towards objects that may be useful to himself, beneficial to
      his associates. Let education, let government, let the laws, habituate him
      to restrain his passions within those just bounds that experience fixes
      and reason prescribes. Let the ambitious have honours, titles,
      distinctions, and power, when they shall have usefully served their
      country; let riches be given to those who covet them, when they shall have
      rendered themselves necessary to their fellow citizens; let commendations,
      let eulogies, encourage those who shall be actuated by the love of glory.
      In short, let the passions of man have a free, an uninterrupted course,
      whenever there shall result from their exercise, real, substantial, and
      durable advantages to society. Let education kindle only those, which are
      truly beneficial to the human species; let it favour those alone which are
      really necessary to the maintenance of society. The passions of man are
      dangerous, only because every thing conspires to give them an evil
      direction.
    

      Nature does not make man either good or wicked: she combines machines more
      or less active, mobile, and energetic; she furnishes him with organs and
      temperament, of which his passions, more or less impetuous, are the
      necessary consequence; these passions have always his happiness for their
      object, his welfare for their end: in consequence they are legitimate,
      they are natural, they can only be called bad or good, relatively, to the
      influence they have on the beings of his species. Nature gives man legs
      proper to sustain his weight, and necessary to transport him from one
      place to another; the care of those who rear them strengthens them,
      habituates him to avail himself of him, accustoms him to make either a
      good or a bad use of them. The arm which he has received from Nature is
      neither good nor bad; it is necessary to a great number of the actions of
      life; nevertheless, the use of this arm becomes criminal, if he has
      contracted the habit of using it to rob, to assassinate, with a view to
      obtain that money which he has been taught from his infancy to desire, and
      which the society in which he lives renders necessary to him, but which
      his industry will enable him to obtain without doing injury to his fellow
      man.
    

      The heart of man is a soil which Nature has made equally suitable to the
      production of brambles, or of useful grain—of deleterous poison, or
      of refreshing fruit, by virtue of the seeds which may be sown in it—by
      the cultivation that may be bestowed upon it, In his infancy, those
      objects are pointed out to him which he is to estimate or to despise, to
      seek after or to avoid, to love or to hate. It is his parents, his
      instructors, who render him either virtuous or wicked, wise or
      unreasonable, studious or dissipated, steady or trifling, solid or vain.
      Their example, their discourse, modify him through his whole life,
      teaching him what are the things he ought either to desire or to avoid;
      what the objects he ought to fear or to love: he desires them, in
      consequence; and he imposes on himself the task of obtaining them,
      according to the energy of his temperament, which ever decides the force
      of his passions. It is thus that education, by inspiring him with
      opinions, by infusing into him ideas, whether true or false, gives him
      those primitive impulsions after which he acts, in a manner either
      advantageous or prejudicial both to himself and to others. Man, at his
      birth, brings with him into the world nothing but the necessity of
      conserving himself, of rendering his existence happy: instruction,
      example, the customs of the world, present him with the means, either real
      or imaginary, of achieving it; habit procures for him the facility of
      employing these means: he attaches himself strongly to those he judges
      best calculated, most proper to secure to him the possession of those
      objects which they have taught him, which he has learned to desire as the
      preferable good attached to his existence. Whenever his education—whenever
      the examples which have been afforded him—whenever the means with
      which he has been provided, are approved by reason, are the result of
      experience, every thing concurs to render him virtuous; habit strengthens
      these dispositions in him; he becomes, in consequence, a useful member of
      society; to the interests of which, every thing ought to prove to him his
      own permanent well-being, his own durable felicity, is necessarily allied.
      If, on the contrary, his education—his institutions—the
      examples which are set before him—the opinions which are suggested
      to him in his infancy, are of a nature to exhibit to his mind virtue as
      useless and repugnant—vice as useful and congenial to his own
      individual happiness, he will become vicious; he will believe himself
      interested in injuring society, in rendering his associates unhappy; he
      will be carried along by the general current: he will renounce virtue,
      which to him will no longer be any thing more than a vain idol, without
      attractions to induce him to follow it; without charms to tempt his
      adoration; because it will appear to exact, that he should immolate at its
      shrine, that he should sacrifice at its altar all those objects which he
      has been constantly taught to consider the most dear to himself; to
      contemplate as benefits the most desirable.
    

      In order that man may become virtuous, it is absolutely requisite that he
      should have an interest, that he should find advantages in practising
      virtue. For this end, it is necessary that education should implant in him
      reasonable ideas; that public opinion should lean towards virtue, as the
      most desirable good; that example should point it out as the object most
      worthy esteem; that government should faithfully recompense, should
      regularly reward it; that honor should always accompany its practice; that
      vice should constantly be despised; that crime should invariably be
      punished. Is virtue in this situation amongst men? does the education of
      man infuse into him just, faithful ideas of happiness—true notions
      of virtue—dispositions really favourable to the beings with whom he
      is to live? The examples spread before him, are they suitable to innocence
      and manners? are they calculated to make him respect decency—to
      cause him to love probity—to practice honesty—to value good
      faith—to esteem equity—to revere conjugal fidelity—to
      observe exactitude in fulfilling his duties? Religion, which alone
      pretends to regulate his manners, does it render him sociable—does
      it make him pacific—does it teach him to be humane? The arbiters,
      the sovereigns of society, are they faithful in recompensing, punctual in
      rewarding, those who have best served their country? in punishing those
      who have pillaged, who have robbed, who have plundered, who have divided,
      who have ruined it? Justice, does she hold her scales with a firm, with an
      even hand, between all the citizens of the state? The laws, do they never
      support the strong against the weak—favor the rich against the poor—uphold
      the happy against the miserable? In short, is it an uncommon spectacle to
      behold crime frequently justified, often applauded, sometimes crowned with
      success, insolently triumphing, arrogantly striding over that merit which
      it disdains, over that virtue which it outrages? Well then, in societies
      thus constituted, virtue can only be heard by a very small number of
      peaceable citizens, a few generous souls, who know how to estimate its
      value, who enjoy it in secret. For the others, it is only a disgusting
      object; they see in it nothing but the supposed enemy to their happiness,
      or the censor of their individual conduct.
    

      If man, according to his nature, is necessitated to desire his welfare, he
      is equally obliged to love and cherish the means by which he believes it
      is to be acquired: it would be useless, it would perhaps be unjust, to
      demand that a man should be virtuous, if he could not be so without
      rendering himself miserable. Whenever he thinks vice renders him happy, he
      must necessarily love vice; whenever he sees inutility recompensed, crime
      rewarded—whenever he witnesses either or both of them honored,—what
      interest will he find in occupying himself with the happiness of his
      fellow-creatures? what advantage will he discover in restraining the fury
      of his passions? Whenever his mind is saturated with false ideas, filled
      with dangerous opinions, it follows, of course, that his whole conduct
      will become nothing more than a long chain of errors, a tissue of
      mistakes, a series of depraved actions.
    

      We are informed, that the savages, in order to flatten the heads of their
      children, squeeze them between two boards, by that means preventing them
      from taking the shape designed for them by Nature. It is pretty nearly the
      same thing with the institutions of man; they commonly conspire to
      counteract Nature, to constrain and divert, to extinguish the impulse
      Nature has given him, to substitute others which are the source of all his
      misfortunes. In almost all the countries of the earth, man is bereft of
      truth, is fed with falsehoods, and amused with marvellous chimeras: he is
      treated like those children whose members are, by the imprudent care of
      their nurses, swathed with little fillets, bound up with rollers, which
      deprive them of the free use of their limbs, obstruct their growth,
      prevent their activity, and oppose themselves to their health.
    

      Most of the superstitious opinions of man have for their object only to
      display to him his supreme felicity in those illusions for which they
      kindle his passions: but as the phantoms which are presented to his
      imagination are incapable of being considered in the same light by all who
      contemplate them, he is perpetually in dispute concerning these objects;
      he hates his fellow, he persecutes his neighbour, his neighbour in turn
      persecutes him, and he believes that in doing this he is doing well: that
      in committing the greatest crimes to sustain his opinions he is acting
      right. It is thus superstition infatuates man from his infancy, fills him
      with vanity, and enslaves him with fanaticism: if he has a heated
      imagination, it drives him on to fury; if he has activity, it makes him a
      madman, who is frequently as cruel himself, as he is dangerous to his
      fellow-creatures, as he is incommodious to others: if, on the contrary, he
      be phlegmatic, and of a slothful habit, he becomes melancholy and useless
      to society.
    
Public opinion every instant offers to man's contemplation false
      ideas of honor, and wrong notions of glory: it attaches his esteem not
      only to frivolous advantages, but also to prejudicial interests and
      injurious actions; which example authorizes, which prejudice consecrates,
      which habit precludes him from viewing with the disgust and horror which
      they merit. Indeed, habit familiarizes his mind with the most absurd
      ideas, the most unreasonable customs, the most blameable actions; with
      prejudices the most contrary to his own interests, and detrimental to the
      society in which he lives. He finds nothing strange, nothing singular,
      nothing despicable, nothing ridiculous, except those opinions and objects
      to which he is himself unaccustomed. There are countries in which the most
      laudable actions appear very blameable and ridiculous—where the
      foulest and most diabolical actions pass for very honest and perfectly
      rational conduct. In some nations they kill the old men; in some the
      children strangle their fathers. The Phoenicians and Carthaginians
      immolated their children to their gods. Europeans approve duels; he who
      refuses to cut the throat of another, or to blow out the brains of his
      neighbour, is contemplated by them as dishonoured. The Spaniards and
      Portuguese think it meritorious to burn an heretic. In some countries
      women prostitute themselves without dishonour; in others it is the height
      of hospitality for a man to present his wife to the embraces of the
      stranger: the refusal to accept this, excites his scorn and calls forth
      his resentment.
    
Authority commonly believes itself interested in maintaining the
      received opinions: those prejudices and errors which it considers
      requisite to the maintenance of its power and the consolidation of its
      interests, are sustained by force, which is never rational. Princes
      themselves, filled with deceptive images of happiness, mistaken notions of
      power, erroneous opinions of grandeur, and false ideas of glory, are
      surrounded with flattering courtiers, who are interested in keeping up the
      delusion of their masters: these contemptible men have acquired ideas of
      virtue, only that they may outrage it: by degrees they corrupt the people,
      these become depraved, lend themselves to their debaucheries, pander to
      the vices of the great, then make a merit of imitating them in their
      irregularities. A court is too frequently the true focus of the corruption
      of a people.
    

      This is the true source of moral evil. It is thus that every thing
      conspires to render man vicious, and give a fatal impulse to his soul:
      from whence results the general confusion of society, which becomes
      unhappy, from the misery of almost every one of its members. The strongest
      motive-powers are put in action to inspire man with a passion for futile
      objects which are indifferent to him; which make him become dangerous to
      his fellow man, by the means which he is compelled to employ, in order to
      obtain them. Those who have the charge of guiding his steps, either
      impostors themselves, or the dupes to their own prejudices, forbid him to
      hearken to reason; they make truth appear dangerous to him; they exhibit
      error as requisite to his welfare, not only in this world, but in the
      next. In short, habit strongly attaches him to his irrational opinions, to
      his perilous inclinations, and to his blind passion for objects either
      useless or dangerous. Here, then, is the reason why for the most part man
      finds himself necessarily determined to evil; the reason why the passions,
      inherent in his Nature and necessary to his conservation, become the
      instruments of his destruction, and the bane of that society, which
      properly conducted, they ought to preserve; the reason why society becomes
      a state of warfare; why it does nothing but assemble enemies, who are
      envious of each other, and are always rivals for the prize. If some
      virtuous beings are to be found in these societies, they must be sought
      for in the very small number of those, who born with a phlegmatic
      temperament have moderate passions, who therefore, either do not desire at
      all, or desire very feebly, those objects with which their associates are
      continually inebriated.
    

      Man's nature, diversely cultivated, decides upon his faculties, as well
      corporeal as intellectual; upon his qualities, as well moral as physical.
      The man who is of a sanguine, robust constitution, must necessarily have
      strong passions; he who is of a bilious, melancholy habit, will as
      necessarily have fantastical and gloomy passions; the man of a gay turn,
      of a sprightly imagination, will have cheerful passions; while the man in
      whom phlegm abounds, will have those which are gentle, or which have a
      very slight degree of violence. It appears to be upon the equilibrium of
      the humours, that depends the state of the man who is called virtuous;
      his temperament seems to be the result of a combination, in which the
      elements or principles are balanced with such precision that no one
      passion predominates over another, or carries into his machine more
      disorder than its neighbour.
    

      Habit, as we have seen, is man's nature modified: this latter furnishes
      the matter; education, domestic example, national manners, give it the
      form: these, acting on his temperament, make him either reasonable, or
      irrational—enlightened, or stupid—a fanatic, or a hero—an
      enthusiast for the public good, or an unbridled criminal—a wise man,
      smitten with the advantages of virtue, or a libertine, plunged into every
      kind of vice. All the varieties of the moral man, depend on the diversity
      of his ideas; which are themselves arranged and combined in his brain by
      the intervention of his senses. His temperament is the produce of physical
      substances, his habits are the effect of physical modifications; the
      opinions, whether good or bad, injurious or beneficial, true or false,
      which form themselves in his mind, are never more than the effect of those
      physical impulsions which the brain receives by the medium of the senses.
    











      CHAP. X.
    
The Soul does not derive its ideas from itself—It has no innate
      Ideas.

      What has preceded suffices to prove, that the interior organ of man, which
      is called his soul, is purely material. He will be enabled to
      convince himself of this truth, by the manner in which he acquires his
      ideas,—from those impressions which material objects successively
      make on his organs, which are themselves acknowledged to be material. It
      has been seen, that the faculties which are called intellectual, are to be
      ascribed to that of feeling; the different qualities of those faculties
      which are called moral, have been explained after the necessary laws of a
      very simple mechanism: it now remains, to reply to those who still
      obstinately persist in making the soul a substance distinguished from the
      body, or who insist on giving it an essence totally distinct. They seem to
      found their distinction upon this, that this interior organ has the
      faculty of drawing its ideas from within itself; they will have it, that
      man, at his birth, brings with him ideas into the world, which, according
      to this wonderful notion, they have called innate. The Jews have a
      similar doctrine which they borrowed from the Chaldeans: their rabbins
      taught, that each soul, before it was united to the seed that must form an
      infant in the womb of a woman, is confided to the care of an angel, which
      causes him to behold heaven, earth, and hell: this, they pretend, is done
      by the assistance of a lamp, which extinguishes itself as soon as the
      infant comes into the world. Some ancient philosophers have held, that the
      soul originally contains the principles of several notions or doctrines:
      the Stoics designated this by the term PROLEPSIS, anticipated opinions;
      the Greek mathematicians, KOINAS ENNOIAS, universal ideas. They
      have believed that the soul, by a special privilege, in a nature where
      every thing is connected, enjoyed the faculty of moving itself without
      receiving any impulse; of creating to itself ideas, of thinking on a
      subject, without being determined to such action, by any exterior object;
      which by moving its organs should furnish it with an image of the subject
      of its thoughts. In consequence of these gratuitous suppositions, of these
      extraordinary pretensions, which it is only requisite to expose, in order
      to confute some very able speculators, who were prepossessed by their
      superstitious prejudices; have ventured the length to assert, that without
      model, without prototype to act on the senses, the soul is competent to
      delineate to itself, the whole universe with all the beings it contains.
      DESCARTES and his disciples have assured us, that the body went absolutely
      for nothing, in the sensations, in the perceptions, in the ideas of the
      soul; that it can feel, that it can perceive, that it can understand, that
      it can taste, that it can touch, even when there should exist nothing that
      is corporeal or material exterior to ourselves. But what shall be said of
      a BERKELEY, who has endeavoured, who has laboured to prove to man, that
      every thing in this world is nothing more than a chimerical illusion; that
      the universe exists nowhere but in himself; that it has no identity but in
      his imagination; who has rendered the existence of all things
      problematical by the aid of sophisms, insolvable even to those who
      maintain the doctrine of the spirituality of the soul.
    

      Extravagant as this doctrine of the BISHOP OF CLOYNE may appear, it cannot
      well be more so than that of MALEBRANCHE, the champion of innate ideas;
      who makes the divinity the common bond between the soul and the body: or
      than that of those metaphysicians, who maintain that the soul is a
      substance heterogeneous to the body; who by ascribing to this soul the
      thoughts of man, have in fact rendered the body superfluous. They have not
      perceived they were liable to one solid objection, which is, that if the
      ideas of man are innate, if he derives them from a superior being,
      independent of exterior causes, if he sees every thing in God; how comes
      it that so many false ideas are afloat, that so many errors prevail, with
      which the human mind is saturated? From whence comes these opinions, which
      according to the theologians are so displeasing to God? Might it not be a
      question to the Malebranchists, was it in the Divinity that SPINOZA beheld
      his system?
    

      Nevertheless, to justify such monstrous opinions, they assert that ideas
      are only the objects of thought. But according to the last analysis, these
      ideas can only reach man from exterior objects, which in giving impulse to
      his senses modify his brain; or from the material beings contained within
      the interior of his machine, who make some parts of his body experience
      those sensations which he perceives, which furnish him with ideas, which
      he relates, faithfully or otherwise, to the cause that moves him. Each
      idea is an effect, but however difficult it may be to recur to the cause,
      can we possibly suppose it is not ascribable to a cause? If we can only
      form ideas of material substances, how can we suppose the cause of our
      ideas can possibly be immaterial? To pretend that man without the aid of
      exterior objects, without the intervention of his senses, is competent to
      form ideas of the universe, is to assert, that a blind man is in a
      capacity to form a true idea of a picture, that represents some fact of
      which he has never heard any one speak.
    

      It is very easy to perceive the source of those errors, into which men,
      otherwise extremely profound and very enlightened have fallen, when they
      have been desirous to speak of the soul: to describe its operations.
      Obliged either by their own prejudices, or by the fear of combatting the
      opinions of some imperious theologian, they have become the advocates of
      the principle, that the soul was a pure spirit: an immaterial substance;
      of an essence directly different from that of the body; from every thing
      we behold: this granted, they have been incompetent to conceive how
      material objects could operate, in what manner gross and corporeal organs
      were enabled to act on a substance, that had no kind of analogy with them;
      how they were in a capacity to modify it by conveying its ideas; in the
      impossibility of explaining this phenomenon, at the same time perceiving
      that the soul had ideas, they concluded that it must draw them from
      itself, and not from those beings, which according to their own
      hypothesis, were incapable of acting on it, or rather, of which they could
      not conceive the manner of action; they therefore imagined that all the
      modifications, all the actions of this soul, sprung from its own peculiar
      energy, were imprinted on it from its first formation, by the Author of
      Nature: that these did not in any manner depend upon the beings of which
      we have a knowledge, or which act upon it, by the gross means of our
      senses.
    

      There are, however, some phenomena, which, considered superficially,
      appear to support the opinion of these philosophers; to announce a faculty
      in the human soul of producing ideas within itself, without any exterior
      aid; these are dreams, in which the interior organ of man, deprived
      of objects that move it visibly, does not, however, cease to have ideas—to
      be set in activity—to be modified in a manner that is sufficiently
      sensible—to have an influence upon his body. But if a little
      reflection be called in, the solution to this difficulty will be found: it
      will be perceived that, even during sleep, his brain is supplied with a
      multitude of ideas, with which the eye or time before has stocked it;
      these ideas were communicated to it by exterior or corporeal objects, by
      which they have been modified: it will be found that these modifications
      renew themselves, not by any spontaneous, not by any voluntary motion on
      its part, but by a chain of involuntary movements which take place in his
      machine, which determine, which excite those that give play to the brain;
      these modifications renew themselves with more or less fidelity, with a
      greater or lesser degree of conformity to those which it has anteriorly
      experienced. Sometimes in dreaming, he has memory, then he retraces to
      himself the objects which have struck him faithfully;—at other
      times, these modifications renew themselves without order, and without
      connection, very differently from those, which real objects have before
      excited in his interior organ. If in a dream he believes he sees a friend,
      his brain renews in itself the modifications or the ideas which this
      friend had formerly excited—in the same order that they arranged
      themselves when his eyes really beheld him—this is nothing more than
      an effect of memory. If in his dream he fancies he sees a monster which
      has no model in nature, his brain is then modified in the same manner that
      it was by the particular, by the detached ideas, with which it then does
      nothing more than compose an ideal whole; by assembling, and associating,
      in a ridiculous manner, the scattered ideas that were consigned to its
      keeping; it is then, that in dreaming he has imagination.
    

      Those dreams that are troublesome, extravagant, whimsical, or unconnected,
      are commonly the effect of some confusion in his machine; such as painful
      indigestion—an overheated blood—a prejudicial fermentation,
      &c.—these material causes excite in his body a disorderly
      motion, which precludes the brain from being modified in the same manner
      it was on the day before; in consequence of this irregular motion the
      brain is disturbed, it only represents to itself confused ideas that want
      connection. When in a dream, he believes he sees a Sphinx, a being
      supposed by the poets to have a head and face like a woman, a body like a
      dog, wings like a bird, and claws like a lion, who put forth riddles and
      killed those who could not expound them; either, he has seen the
      representation of one when he was awake, or else the disorderly motion of
      the brain is such that it causes it to combine ideas, to connect parts,
      from which there results a whole without model, of which the parts were
      not formed to be united. It is thus, that his brain combines the head of a
      woman, of which it already has the idea, with the body of a lioness, of
      which it also has the image. In this his head acts in the same manner, as
      when by any defect in the interior organ, his disordered imagination
      paints to him some objects, notwithstanding he is awake. He frequently
      dreams, without being asleep: his dreams never produce any thing so
      strange but that they have some resemblance, with the objects which have
      anteriorly acted on his senses; which have already communicated ideas to
      his brain. The watchful theologians have composed, at their leisure, in
      their waking hours, those phantoms, of which they avail themselves, to
      terrify or frighten man; they have done nothing more than assemble the
      scattered traits which they have found in the most terrible beings of
      their own species; by exaggerating the powers, by enlarging the rights
      claimed by tyrants, they have formed ideal beings, before whom man
      trembles, and is afraid.
    

      Thus, it is seen, that dreams, far from proving that the soul acts by its
      own peculiar energy, that it draws its ideas from its own recesses; prove,
      on the contrary, that in sleep it is intirely passive, that it does not
      even renew its modifications, but according to the involuntary confusion,
      which physical causes produce in the body, of which every thing tends to
      shew the identity, the consubstantiality with the soul. What appears to
      have led those into a mistake, who maintained that the soul drew its ideas
      from itself, is this, they have contemplated these ideas, as if they were
      real beings, when, in point of fact, they are nothing more than the
      modifications produced in the brain of man, by objects to which this brain
      is a stranger; they are these objects, who are the true models, who are
      the real archetypes to which it is necessary to recur: here is the source
      of all their errors.
    

      In the individual who dreams, the soul does not act more from itself, than
      it does in the man who is drunk, that is to say, who is modified by some
      spirituous liquor: or than it does in the sick man, when he is delirious,
      that is to say, when he is modified by those physical causes which disturb
      his machine, which obstruct it in the performance of its functions; or
      than it, does in him, whose brain is disordered: dreams, like these
      various states, announce nothing more than a physical confusion in the
      human machine, under the influence of which the brain ceases to act, after
      a precise and regular manner: this disorder may be traced to physical
      causes, such as the aliments—the humours—the combinations—the
      fermentations, which are but little analogous to the salutary state of
      man; from hence it will appear, that his brain is necessarily confused,
      whenever his body is agitated in an extraordinary manner.
    

      Do not let him, therefore, believe that his soul acts by itself, or
      without a cause, in any one moment of his existence; it is, conjointly
      with the body, submitted to the impulse of beings, who act on him
      necessarily, according to their various properties. Wine taken in too
      great a quantity, necessarily disturbs his ideas, causes confusion in his
      corporeal functions, occasions disorder in his mental faculties.
    

      If there really existed a being in Nature, with the capability of moving
      itself by its own peculiar energies, that is to say, able to produce
      motion, independent of all other causes, such a being would have the power
      of arresting itself, or of suspending the motion of the universe; which is
      nothing more than an immense chain of causes linked one to another, acting
      and re-acting by necessary immutable laws, and which cannot be changed,
      which are incapable of being suspended, unless the essences of every thing
      in it were changed, without the properties of every thing were
      annihilated. In the general system of the world, nothing more can be
      perceived than a long series of motion, received and communicated in
      succession, by beings capacitated to give impulse to each other: it is
      thus, that each body is moved by the collision of some other body. The
      invisible motion of some soul is to be attributed to causes concealed
      within himself; he believes that it is moved by itself, because he does
      not see the springs which put it in motion, or because he conceives those
      powers are incapable of producing the effects he so much admires: but,
      does he more clearly conceive, how a spark in exploding gunpowder, is
      capable of producing the terrible effects he witnesses? The source of his
      errors arise from this, that he regards his body as gross and inert,
      whilst this body is a sensible machine, which has necessarily an
      instantaneous conscience the moment it receives an impression; which is
      conscious of its own existence by the recollection of impressions
      successively experienced; memory by resuscitating an impression anteriorly
      received, by detaining it, or by causing an impression which it receives
      to remain, whilst it associates it with another, then with a third, gives
      all the mechanism of reasoning.
    

      An idea, which is only an imperceptible modification of the brain, gives
      play to the organ of speech, which displays itself by the motion it
      excites in the tongue: this, in its turn, breeds ideas, thoughts, and
      passions, in those beings who are provided with organs susceptible of
      receiving analagous motion; in consequence of which, the wills of a great
      number of men are influenced, who, combining their efforts, produce a
      revolution in a state, or even have an influence over the entire globe. It
      is thus, that an ALEXANDER decided the fate of Asia, it is thus, that a
      MAHOMET changed the face of the earth; it is thus, that imperceptible
      causes produce the most terrible, the most extended effects, by a series
      of necessary motion imprinted on the brain of man.
    

      The difficulty of comprehending the effects produced on the soul of man,
      has made him attribute to it those incomprehensible qualities which have
      been examined. By the aid of imagination, by the power of thought, this
      soul appears to quit his body, to carry itself with the greatest ease, to
      transport itself with the utmost facility towards the most distant
      objects; to run over, to approximate in the twinkling of an eye, all the
      points of the universe: he has therefore believed, that a being who is
      susceptible of such rapid motion, must be of a nature very distinguished
      from all others; he has persuaded himself that this soul in reality does
      travel, that it actually springs over the immense space necessary to meet
      these various objects; he did not perceive, that to do it in an instant,
      it had only to run over itself to approximate the ideas consigned to its
      keeping, by means of the senses.
    

      Indeed, it is never by any other means than by his senses, that beings
      become known to man, or furnish him with ideas; it is only in consequence
      of the impulse given to his body, that his brain is modified, or that his
      soul thinks, wills, and acts. If, as ARISTOTLE asserted more than two
      thousand years ago,—"nothing enters the mind of man but through
      the medium of his senses,"—it follows as a consequence, that
      every thing that issues from it must find some sensible object to which it
      can attach its ideas, whether immediately, as a man, a tree, a bird, &c.
      or in the last analysis or decomposition, such as pleasure, happiness,
      vice, virtue, &c. This principle, so true, so luminous, so important
      in its consequence, has been set forth in all its lustre, by a great
      number of philosophers; among the rest, by the great LOCKE. Whenever,
      therefore, a word or its idea does not connect itself with some sensible
      object to which it can be related, this word or this idea is unmeaning,
      and void of sense; it were better for man that the idea was banished from
      his mind, struck out of his language: this principle is only the converse
      of the axiom of ARISTOTLE,—"if the direct be evident, the inverse
      must be so likewise." How has it happened, that the profound LOCKE,
      who, to the great mortification of the metaphysicians, has placed this
      principle of ARISTOTLE in the clearest point of view? how is it, that all
      those who, like him, have recognized the absurdity of the system of innate
      ideas, have not drawn the immediate, the necessary consequences? How has
      it come to pass, that they have not had sufficient courage to apply so
      clear a principle to all those fanciful chimeras with which the human mind
      has for such a length of time been so vainly occupied? did they not
      perceive that their principle sapped the very foundations of those
      metaphysical speculations, which never occupy man but with those objects
      of which, as they are inaccessible to his senses, he consequently can
      never form to himself any accurate idea? But prejudice, when it is
      generally held sacred, prevents him from seeing the most simple
      application of the most self-evident principles. In metaphysical
      researches, the greatest men are frequently nothing more than children,
      who are incapable of either foreseeing or deducing the consequence of
      their own data.
    

      LOCKE, as well as all those who have adopted his system, which is so
      demonstrable,—or to the axiom of ARISTOTLE, which is so clear, ought
      to have concluded from it that all those wonderful things with which
      metaphysicians have amused themselves, are mere chimeras; mere wanderings
      of the imagination; that an immaterial spirit or substance, without
      extent, without parts, is, in fact, nothing more than an absence of ideas;
      in short, they ought to have felt that the ineffable intelligence which
      they have supposed to preside at the helm of the world, is after all
      nothing more than a being of their own imagination, on which man has never
      been in accord, whom he has pictured under all the variety of forms, to
      which he has at different periods, in different climes, ascribed every
      kind of attribute, good or bad; but of which it is impossible his senses
      can ever prove either the existence or the qualities.
    

      For the same reason, moral philosophers ought to have concluded, that what
      is called moral sentiment, moral instinct, that is, innate ideas of
      virtue, anterior to all experience of the good or bad effects resulting
      from its practice, are mere chimerical notions, which, like a great many
      others, have for their guarantee and base only metaphysical speculation.
      Before man can judge, he must feel; before he can distinguish good from
      evil, he must compare. Morals, is a science of facts: to found
      them, therefore, on an hypothesis inaccessible to his senses, of which he
      has no means of proving the reality, is to render them uncertain; it is to
      cast the log of discord into his lap, to cause him unceasingly to dispute
      upon that which he can never understand. To assert that the ideas of
      morals are innate, or the effect of instinct, is to pretend
      that man knows how to read before he has learned the letters of the
      alphabet; that he is acquainted with the laws of society before they are
      either made or promulgated.
    

      To undeceive him, with respect to innate ideas or modifications, imprinted
      on his soul, at the moment of his birth, it is simply requisite to recur
      to their source; he will then see that those with which he is familiar,
      which have, as it were, identified themselves with his existence, have all
      come to him through the medium of some of his senses; that they are
      sometimes engraven on his brain with great difficulty,—that they
      have never been permanent,—that they have perpetually varied in him:
      he will see that these pretended inherent ideas of his soul, are the
      effect of education, of example, above all, of habit, which by reiterated
      motion has taught his brain to associate his ideas either in a confused or
      a perspicuous manner; to familiarize itself with systems either rational
      or absurd. In short, he takes those for innate ideas of which he has
      forgotten the origin; he no longer recals to himself, either the precise
      epoch, or the successive circumstances when these ideas were first
      consigned to his brain: arrived at a certain age he believes he has always
      had the same notions; his memory, crowded with experience, loaded with a
      multitude of facts, is no longer able to distinguish the particular
      circumstances which have contributed to give his brain its present
      modifications; its instantaneous mode of thinking; its actual opinions.
      For example, not one of his race, perhaps, recollects the first time the
      word God struck his ears—the first ideas that it formed in him—the
      first thoughts that it produced in him; nevertheless, it is certain that
      from thence he has searched for some being with whom to connect the idea
      which he has either formed to himself, or which has been suggested to him:
      accustomed to hear God continually spoken of, he has, when in other
      respects, the most enlightened, regarded this idea as if it were infused
      into him by Nature; whilst it is visibly to be attributed to those
      delineations of it, which his parents or his instructors have made to him;
      which he has, in consequence, modified according to his own particular
      organization, and the circumstances in which he has been placed; it is
      thus, that each individual forms to himself a God, of which he is himself
      the model, or which he modifies after his own fashion.
    

      His ideas of morals, although more real than those of metaphysics, are not
      however innate: the moral sentiments he forms on the will, or the judgment
      he passes on the actions of man, are founded on experience; which alone
      can enable him to discriminate those which are either useful or
      prejudicial, virtuous or vicious, honest or dishonest, worthy his esteem,
      or deserving his censure. His moral sentiments are the fruit of a
      multitude of experience that is frequently very long and very complicated.
      He gathers it with time; it is more or less faithful, by reason of his
      particular organization and the causes by which he is modified; he
      ultimately applies this experience with greater or less facility; to this
      is to be attributed his habit of judging. The celerity with which he
      applies his experience when he judges of the moral actions of his fellow
      man, is what has been termed moral instinct.
    

      That which in natural philosophy is called instinct, is only the
      effect of some want of the body, the consequence of some attraction or
      some repulsion in man or animals. The child that is newly born, sucks for
      the first time; the nipple of the breast is put into his mouth: by the
      natural analogy, that is found between the conglomerate glands, filled
      with nerves; which line his mouth, and the milk which flows from the bosom
      of the nurse, through the medium of the nipple, causes the child to press
      it with his mouth, in order to express the fluid appropriate to nourish
      his tender age; from all this the infant gathers experience; by degrees
      the idea of a nipple, of milk, of pleasure, associate themselves in his
      brain: every time he sees the nipple, he seizes it, promptly conveys it to
      his mouth, and applies it to the use for which it is designed.
    

      What has been said, will enable us to judge of those prompt and sudden
      sentiments, which have been designated the force of blood. Those
      sentiments of love, which fathers and mothers have for their children—those
      feelings of affection, which children, with good inclinations, bear
      towards their parents, are by no means innate sentiments; they are
      nothing more, than the effect of experience, of reflection, of habit, in
      souls of sensibility. These sentiments do not even exist in a great number
      of human beings. We but too often witness tyrannical parents, occupied
      with making enemies of their children, who appear to have been formed,
      only to be the victims of their irrational caprices or their unreasonable
      desires.
    

      From the instant in which man commences, until that in which he ceases to
      exist, he feels—he is moved either agreeably or unpleasantly—he
      collects facts—he gathers experience; these produce ideas in his
      brain, that are either cheerful or gloomy. Not one individual has all this
      experience present to his memory at the same time, it does not ever
      represent to him the whole clew at once: it is, however, this experience
      that mechanically directs him, without his knowledge, in all his actions;
      it was to designate the rapidity with, which he applied this experience,
      of which he so frequently loses the connection—of which he is so
      often at a loss to render himself an account, that he imagined the word instinct:
      it appears to be the effect of magic, the operation of a supernatural
      power, to the greater number of individuals: it is a word devoid of sense
      to many others; but to the philosopher it is the effect of a very lively
      feeling to him it consists in the faculty of combining, promptly, a
      multitude of experience—of arranging with facility—of
      comparing with quickness, a long and numerous train of extremely
      complicated ideas. It is want that causes the inexplicable instinct we
      behold in animals which have been denied souls without reason, whilst they
      are susceptible of an infinity of actions that prove they think—judge—have
      memory—are capable of experience—can combine ideas—can
      apply them with more or less facility to satisfy the wants engendered by
      their particular organization; in short, that prove they have passions
      that are capable of being modified. Nothing but the height of folly can
      refuse intellectual faculties to animals; they feel, choose, deliberate,
      express love, show hatred; in many instances their senses are much keener
      than those of man. Fish will return periodically to the spot where it is
      the custom to throw them bread.
    

      It is well known the embarrassments which animals have thrown in the way
      of the partizans of the doctrine of spirituality; they have been fearful,
      if they allowed them to have a spiritual soul, of elevating them to the
      condition of human creatures; on the other hand, in not allowing them to
      have a soul, they have furnished their adversaries with authority to deny
      it in like manner to man, who thus finds himself debased to the condition
      of the animal. Metaphysicians have never known how to extricate themselves
      from this difficulty. DESCARTES fancied he solved it by saying that beasts
      have no souls, but are mere machines. Nothing can be nearer the surface,
      than the absurdity of this principle. Whoever contemplates Nature without
      prejudice, will readily acknowledge that there is no other difference
      between the man and the beast, than that which is to be attributed to the
      diversity of his organization.
    

      In some beings of the human species, who appear to be endowed with a
      greater sensibility of organs than others, may be seen an instinct, by the
      assistance of which they very promptly judge of the concealed dispositions
      of their fellows, simply by inspecting the lineaments of their face. Those
      who are denominated physiognomists, are only men of very acute
      feelings; who have gathered an experience of which others, whether from
      the coarseness of their organs, from the little attention they have paid,
      or from some defect in their senses, are totally incapable: these last do
      not believe in the science of physiognomy, which appears to them perfectly
      ideal. Nevertheless, it is certain, that the action of this soul, which
      has been made spiritual, makes impressions that are extremely marked upon
      the exterior of the body; these impressions, continually reiterated, their
      image remains: thus the habitual passions of man paint themselves on his
      countenance; by which the attentive observer, who is endowed with acute
      feeling, is enabled to judge with great rapidity of his mode of existence,
      and even to foresee his actions, his inclinations, his desires, his
      predominant passions, &c. Although the science of physiognomy appears
      chimerical to a great number of persons, yet there are few who have not a
      clear idea of a tender regard—of a cruel eye—of an austere
      aspect—of a false, dissimulating look—of an open countenance,
      &c. Keen practised optics acquire without doubt the faculty of
      penetrating the concealed motion of the soul, by the visible traces it
      leaves upon features that it has continually modified. Above all, the eyes
      of man very quickly undergo changes according to the motion which is
      excited in him: these delicate organs are visibly altered by the smallest
      shock communicated to his brain. Serene eyes announce a tranquil soul;
      wild eyes indicate a restless mind; fiery eyes pourtray a choleric,
      sanguine temperament; fickle or inconstant eyes give room to suspect a
      soul either alarmed or dissimulating. It is the study of this variety of
      shades that renders man practised and acute: upon the spot he combines a
      multitude of acquired experience, in order to form his judgment of the
      person he beholds. His judgment, thus rapidly formed, partakes in nothing
      of the supernatural, in nothing of the wonderful: such a man is only
      distinguished by the fineness of his organs, and by the celerity with
      which his brain performs its functions.
    

      It is the same with some beings of the human species, in whom may be
      discovered an extraordinary sagacity, which, to the uninformed, appears
      miraculous. The most skilful practitioners in medicine, are, no doubt, men
      endowed with very acute feelings, similar to that of the physiognomists,
      by the assistance of which they judge with great facility of diseases, and
      very promptly draw their prognostics. Indeed, we see men who are capable
      of appreciating in the twinkling of an eye a multitude of circumstances,
      who have sometimes the faculty of foreseeing the most distant events; yet,
      this species of prophetic talent has nothing in it of the supernatural; it
      indicates nothing more than great experience, with an extremely delicate
      organization, from which they derive the faculty of judging with extreme
      faculty of causes, of foreseeing their very remote effects. This faculty,
      however, is also found in animals, who foresee much better than man, the
      variations of the atmosphere with the various changes of the weather.
      Birds have long been the prophets, and even the guides of several nations
      who pretend to be extremely enlightened.
    

      It is, then, to their organization, exercised after a particular manner,
      that must be attributed those wonderous faculties which distinguish some
      beings, that astonish others. To have instinct, only signifies to
      judge quickly, without requiring to make a long, reasoning on the subject.
      Man's ideas upon vice and upon virtue, are by no means innate; they are,
      like all others, acquired: the judgment he forms, is founded upon
      experience, whether true or false,—this depends upon his
      conformation, and upon the habits that have modified him. The infant has
      no ideas either of the Divinity or of virtue; it is from those who
      instruct him that he receives these ideas; he makes more or less use of
      them, according to his natural organization, or as his dispositions have
      been more or less exercised. Nature gives man legs, the nurse teaches him
      their use, his agility depends upon their natural conformation, and the
      manner in which he exercises them.
    

      What is called taste, in the fine arts, is to be attributed, in the
      same manner, only to the acuteness of man's organs, practised by the habit
      of seeing, of comparing, of judging certain objects; from whence results,
      to some of his species, the faculty of judging with great rapidity, in the
      twinkling of an eye, the whole with its various relations. It is by the
      force of seeing, of feeling, of experiencing objects, that he attains to a
      knowledge of them; it is in consequence of reiterating this experience,
      that he acquires the power, that he gains the habit of judging with
      celerity. But this experience is by no means innate, he did not possess it
      before he was born; he is neither able to think, to judge, nor to have
      ideas, before he has feeling; he is neither in a capacity to love, nor to
      hate; to approve, nor to blame, before he has been moved, either agreeably
      or disagreeably. Nevertheless, this is precisely what must be supposed by
      those who are desirous to make man admit of innate ideas, of opinions;
      infused by Nature, whether in morals, metaphysics, or any other science.
      That his mind should have the faculty of thought, that it should occupy
      itself with an object, it is requisite it should be acquainted with its
      qualities; that it may have a knowledge of these qualities, it is
      necessary some of his senses should have been struck by them: those
      objects, therefore, of which he does not know any of the qualities, are
      nullities; or at least they do not exist for him.
    

      It will be asserted, perhaps, that the universal consent of man, upon
      certain propositions, such as the whole is greater than its part,
      upon all geometrical demonstrations, appear to warrant the supposition of
      certain primary notions that are innate, not acquired. It may be replied,
      that these notions are always acquired; that they are the fruit of an
      experience more or less prompt; that it is requisite to have compared the
      whole with its part, before conviction can ensue, that the whole is the
      greater of the two. Man when he is born, does not bring with him the idea
      that two and two make four; but he is, nevertheless, speedily convinced of
      its truth. Before forming any judgment whatever, it is absolutely
      necessary to have compared facts.
    

      It is evident, that those who have gratuitously supposed innate ideas, or
      notions inherent in man, have confounded his organization, or his natural
      dispositions, with the habit by which he is modified; with the greater or
      less aptitude he has of making experience, and of applying it in his
      judgment. A man who has taste in painting, has, without doubt, brought
      with him into the world eyes more acute, more penetrating than another;
      but these eyes would by no means enable him to judge with promptitude, if
      he had never had occasion to exercise them; much less, in some respects,
      can those dispositions which are called natural, be regarded as
      innate. Man is not, at twenty years of age, the same as he was when he
      came into the world; the physical causes that are continually acting upon
      him, necessarily have an influence upon his organization, and so modify
      it, that his natural dispositions themselves are not at one period what
      they are at another. La Motte Le Vayer says, "We think quite otherwise of
      things at one time than at another; when young than when old—when
      hungry than when our appetite is satisfied—in the night than in the
      day—when peevish than when cheerful. Thus, varying every hour, by a
      thousand other circumstances, which keep us in a state of perpetual
      inconstancy and instability." Every day may be seen children, who, to a
      certain age—display a great deal of ingenuity, a strong aptitude for
      the sciences, who finish by falling into stupidity. Others may be
      observed, who, during their infancy, have shown dispositions but little
      favourable to improvement, yet develope themselves in the end, and
      astonish us by an exhibition of those qualities of which we hardly thought
      them susceptible: there arrives a moment in which the mind takes a spring,
      makes use of a multitude of experience which it has amassed, without its
      having been perceived; and, if I may be allowed the expression, without
      their own knowledge.
    

      Thus, it cannot be too often repeated, all the ideas, all the notions, all
      the modes of existence, and all the thoughts of man, are acquired. His
      mind cannot act, cannot exercise itself, but upon that of which it has
      knowledge; it can understand either well or ill, only those things which
      it has previously felt. Such of his ideas that do not suppose some
      exterior material object for their model, or one to which he is able to
      relate them, which are therefore called abstract ideas, are only
      modes in which his interior organ considers its own peculiar
      modifications, of which it chooses some without respect to others. The
      words which he uses to designate these ideas, such as bounty, beauty,
      order, intelligence, virtue, &c. do not offer any one sense, if he
      does not relate them to, or if he does not explain them by, those objects
      which his senses have shewn him to be susceptible of those qualities, or
      of those modes of existence, of that manner of acting, which is known to
      him. What is it that points out to him the vague idea of beauty, if
      he does not attach it to some object that has struck his senses in a
      peculiar manner, to which, in consequence, he attributes this quality?
      What is it that represents the word intelligence, if he does not
      connect it with a certain mode of being and of acting? Does the word order
      signify any thing, if he does not relate it to a series of actions, to a
      chain of motion, by which he is affected in a certain manner? Is not the
      word virtue void of sense, if he does not apply it to those
      dispositions of his fellows which produce known effects, different from
      those which result from contrary inclinations? What do the words pain
      and pleasure offer to his mind in the moment when his organs
      neither suffer nor enjoy, if it be not the modes in which he has been
      affected, of which his brain conserves the remembrance, of those
      impressions, which experience has shewn him to be either useful or
      prejudicial? But when he bears the words spirituality, immateriality,
      incorporeality, &c. pronounced, neither his senses nor his memory
      afford him any assistance; they do not furnish him with any means by which
      he can form an idea of their qualities, or of the objects to which he
      ought to apply them; in that which is not matter he can only see vacuum
      and emptiness, which as long as he remains what he is, cannot, to his
      mind, be susceptible of any one quality.
    

      All the errors, all the disputes of men, have their foundation in this,
      that they have renounced experience, have surrendered the evidence of
      their senses, to give themselves up to the guidance of notions which they
      have believed infused or innate; although in reality they are no more than
      the effect of a distempered imagination, of prejudices, in which they have
      been instructed from their infancy, with which habit has familiarized
      them, which authority has obliged them to conserve. Languages are filled
      with abstract words, to which are attached confused and vague ideas; of
      which, when they come to be examined, no model can be found in Nature; no
      object to which they can be related. When man gives himself the trouble to
      analyze things, he is quite surprised to find, that those words which are
      continually in the mouths of men, never present any fixed or determinate
      idea: he hears them unceasingly speaking of spirits—of the soul and
      its faculties—of duration—of space—of immensity—of
      infinity—of perfection—of virtue—of reason—of
      sentiment—of instinct—of taste, &c. without his being able
      to tell precisely, what they themselves understand by these words.
      Nevertheless, they do not appear to have been invented, but for the
      purpose of representing the images of things; or to paint, by the
      assistance of the senses, those known objects on which the mind is able to
      meditate, which it is competent to appreciate, to compare, and to judge.
    

      For man to think of that which has not acted on any of his senses, is to
      think on words; it is for his senses to dream; it is to seek in his own
      imagination for objects to which he can attach his wandering ideas: to
      assign qualities to these objects is, unquestionably, to redouble his
      extravagance, to set no limits to his folly. If a word be destined to
      represent to him an object that has not the capacity to act on any one of
      his organs; of which, it is impossible for him to prove either the
      existence or the qualities; his imagination, by dint of racking itself,
      will nevertheless, in some measure, supply him with the ideas he wants; he
      composes some kind of a picture, with the images or colours he is always
      obliged to borrow, from the objects of which he has a knowledge: thus the
      Divinity has been represented by some under the character of a venerable
      old man; by others, under that of a puissant monarch; by others, as an
      exasperated, irritated being, &c. It is evident, however, that man,
      with some of his qualities, has served for the model of these pictures:
      but if he be informed of objects that are represented as pure spirits—that
      have neither body nor extent—that are not contained in space—that
      are beyond nature,—here then he is plunged into emptiness; his mind
      no longer has any ideas—it no longer knows upon what it meditates.
      This, as will be seen in the sequel, no doubt, is the source of those
      unformed notions which some men have formed of the Divinity; they
      themselves frequently annihilate him, by assembling incompatible and
      contradictory attributes. In giving him morals—in composing him of
      known qualities,—they make him a man;—in assigning him the
      negative attributes of every thing they know, they render him inaccessible
      to their senses—they destroy all antecedent ideas—they make
      him a mere nothing. From this it will appear, that those sublime sciences
      which are called Theology, Psychology, Metaphysics, have been mere
      sciences of words: morals and politics, with which they very frequently
      mix, have, in consequence, become inexplicable enigmas, which there is
      nothing short of the study of Nature can enable us to expound.
    

      Man has occasion for truth; it consists in a knowledge of the true
      relations he has with those beings competent to have an influence on his
      welfare; these relations are to be known only by experience: without
      experience there can be no reason; without reason man is only a blind
      creature, who conducts himself by chance. But, how is he to acquire
      experience upon ideal objects, which his senses neither enable him to know
      nor to examine? How is he to assure himself of the existence, how
      ascertain the qualities of beings he is not able to feel? How can he judge
      whether there objects be favorable or prejudicial to him? How is he to
      know, without the evidence of his senses, what he ought to love, what he
      should hate, what to seek after, what to shun, what to do, what to leave
      undone? It is, however, upon this knowledge that his condition in this
      world rests; it is upon this knowledge that morals is founded. From whence
      it may be seen, that, by causing him to blend vague metaphysical notions
      with morals, or the science of the certain and invariable relations which
      subsist between mankind; or by weakly establishing them upon chimerical
      ideas, which have no existence but in his imagination; these morals, upon
      which the welfare of society so much depends, are rendered uncertain, are
      made arbitrary, are abandoned to the caprices of fancy, are not fixed upon
      any solid basis.
    

      Beings essentially different by their natural organization, by the
      modifications they experience, by the habits they contract, by the
      opinions they acquire, must of necessity think differently. His
      temperament, as we have seen, decides the mental qualities of man: this
      temperament itself is diversely modified in him: from whence it
      consecutively follows, his imagination cannot possibly be the same;
      neither can it create to him the same images. Each individual is a
      connected whole, of which all the parts have a necessary correspondence.
      Different eyes must see differently, must give extremely varied ideas of
      the objects they contemplate, even when these objects are real. What,
      then, must be the diversity of these ideas, if the objects meditated upon
      do not act upon the senses? Mankind have pretty nearly the same ideas, in
      the gross, of those substances that act upon his organs with vivacity; he
      is sufficiently in unison upon some qualities which he contemplates very
      nearly in the same manner; I say, very nearly, because the intelligence,
      the notion, the conviction of any one proposition, however simple, however
      evident, however clear it may be supposed, is not, nor cannot be, strictly
      the same, in any two men. Indeed, one man not being another man, the first
      cannot, for example, have rigorously and mathematically the same notion of
      unity as the second; seeing that an identical effect cannot be the result
      of two different causes. Thus, when men are in accord in their ideas, in
      their modes of thinking, in their judgment, in their passions, in their
      desires, in, their tastes, their consent does not arise from their seeing
      or feeling the same objects precisely in the same manner, but pretty
      nearly; language is not, nor cannot be, sufficiently copious to designate
      the vast variety of shades, the multiplicity of imperceptible differences,
      which is to be found in their modes of seeing and thinking. Each man,
      then, has, to say thus, a language which is peculiar to himself alone, and
      this language is incommunicable to others. What harmony, what unison,
      then, can possibly exist between them, when they discourse with each
      other, upon objects only known to their imagination? Can this imagination
      in one individual ever be the same as in another? How can they possibly
      understand each other, when they assign to those objects qualities that
      can only be attributed to the particular manner in which their brain is
      affected.
    

      For one man to exact from another that he shall think like himself, is to
      insist that he shall be organized precisely in the same manner—that
      he shall have been modified exactly the same in every moment of his
      existence: that he shall have received the same temperament, the same
      nourishment, the same education: in a word, that he shall require that
      other to be himself. Wherefore is it not exacted that all men shall have
      the same features? Is man more the master of his opinions? Are not his
      opinions the necessary consequence of his Nature, and of those peculiar
      circumstances which, from his infancy, have necessarily had an influence
      upon his mode of thinking, and his manner of acting? If man be a connected
      whole, whenever a single feature differs from his own, ought he not to
      conclude that it is not possible his brain can either think, associate
      ideas, imagine, or dream precisely in the same manner with that other.
    

      The diversity in the temperament of man, is the natural, the necessary
      source of the diversity of his passions, of his taste, of his ideas of
      happiness, of his opinions of every kind. Thus, this same diversity will
      be the fatal source of his disputes, of his hatreds, of his injustice,
      every time he shall reason upon unknown objects, but to which he shall
      attach the greatest importance. He will never understand either himself or
      others, in speaking of a spiritual soul, or of immaterial substances
      distinguished from Nature; he will, from that moment, cease to speak the
      same language, and he will never attach the same ideas to the same words.
      What, then, shall be, the common standard that shall decide which is the
      man that thinks with the greatest justice? What the scale by which to
      measure who has the best regulated imagination? What balance shall be
      found sufficiently exact to determine whose knowledge is most certain,
      when he agitates subjects, which experience cannot enable him to examine,
      that escape all his senses, that have no model, that are above reason?
      Each individual, each legislator, each speculator, each nation, has ever
      formed to himself different ideas of these things; each believes, that his
      own peculiar reveries ought to be preferred to those of his neighbours;
      which always appear to him an absurd, ridiculous, and false as his own can
      possibly have appeared to his fellow; each clings to his own opinion,
      because each retains his own peculiar mode of existence; each believes his
      happiness depends upon his attachment to his prejudices, which he never
      adopts but because he believes them beneficial to his welfare. Propose to
      a man to change his religion for yours, he will believe you a madman; you
      will only excite his indignation, elicit his contempt; he will propose to
      you, in his turn, to adopt his own peculiar opinions; after much
      reasoning, you will treat each other as absurd beings, ridiculously
      opiniated, pertinaciously stubborn: and he will display the least folly,
      who shall first yield. But if the adversaries become heated in the
      dispute, which always happens, when they suppose the matter important, or
      when they would defend the cause of their own self-love; from thence their
      passions sharpen, they grow angry, quarrels are provoked, they hate each
      other, and end by reciprocal injury. It is thus, that for opinions, which
      no man can demonstrate, we see the Brahmin despised; the Mahommedan hated;
      the Pagan held in contempt; that they oppress and disdain each with the
      most rancorous animosity: the Christian burns the Jew at what is called an
      auto-de-fe, because he clings to the faith of his fathers: the
      Roman Catholic condemns the Protestant to the flames, and makes a
      conscience of massacring him in cold blood: this re-acts in his turn;
      sometimes the various sects of Christians league together against the
      incredulous Turk, and for a moment suspend their own bloody disputes that
      they may chastise the enemies to the true faith: then, having glutted
      their revenge, return with redoubled fury, to wreak over again their
      infuriated vengeance on each other.
    

      If the imaginations of men were the same, the chimeras which they bring
      forth would be every where the same; there would be no disputes among them
      on this subject, if they all dreamt in the same manner; great numbers of
      human beings would be spared, if man occupied his mind with objects
      capable of being known, of which the existence was proved, of which he was
      competent to discover the true qualities, by sure, by reiterated
      experience. Systems of Philosophy are not subject to dispute but
      when their principles are not sufficiently proved; by degrees experience,
      in pointing out the truth and detecting their errors, terminates these
      quarrels. There is no variance among geometricians upon the
      principles of their science; it is only raised, when their suppositions
      are false, or their objects too much complicated. Theologians find
      so much difficulty in agreeing among themselves, simply, because, in their
      contests, they divide without ceasing, not known and examined
      propositions, but prejudices with which they have been imbued in their
      youth—in the schools—by each other's books, &c. They are
      perpetually reasoning, not upon real objects, of which the existence is
      demonstrated, but upon imaginary systems of which they have never examined
      the reality; they found these disputes, not upon averred experience, or
      constant facts, but upon gratuitious suppositions, which each endeavours
      to convince the other are without solidity. Finding these ideas of long
      standing, that few people, refuse to admit them, they take them for
      incontestible truths, that ought to be received merely upon being
      announced; whenever they attach great importance to them, they irritate
      themselves against the temerity of those who have the audacity to doubt,
      or even to examine them.
    

      If prejudice had been laid aside, it would perhaps have been discovered
      that many of those objects, which have given birth to the most shocking,
      the most sanguinary disputes among men, were mere phantoms; which a little
      examination would have shown to be unworthy their notice: the priests
      of Apollo would have been harmless, if man had examined for himself,
      without prejudice, the tenets they held forth: he would have found, that
      he was fighting, that he was cutting his neighbour's throat, for words
      void of sense; or, at the least, he would have learned to doubt his right
      to act in the manner he did; he would have renounced that dogmatical, that
      imperious tone he assumed, by which he would oblige his fellow to unite
      with him in opinion. The most trifling reflection would have shewn him the
      necessity of this diversity in his notions, of this contrariety in his
      imagination, which depends upon his Natural conformation diversely
      modified: which necessarily has an influence over his thoughts, over his
      will, and over his actions. In short, if he had consulted morals, if he
      had fallen back upon reason, every thing would have conspired to prove to
      him, that beings who call themselves rational, were made to think
      variously; on that account were designed to live peaceable with each
      other, to love each other, to lend each other mutual succours whatever may
      be their opinions upon subjects, either impossible to be known, or to be
      contemplated under the same point of view: every thing would have joined
      in evidence to convince him of the unreasonable tyranny, of the unjust
      violence, of the useless cruelty of those men of blood, who persecute, who
      destroy mankind, in order that they may mould him to their own peculiar
      opinions; every thing would have conducted mortals to mildness, to
      indulgence, to toleration; virtues, unquestionably of more
      real importance, much more necessary to the welfare of society, than the
      marvellous speculations by which it is divided, by which it is frequently
      hurried on to sacrifice to a maniacal fury, the pretended enemies to these
      revered flights of the imagination.
    

      From this it must be evident, of what importance it is to morals to
      examine the ideas, to which it has been agreed to attach so much worth; to
      which man is continually sacrificing his own peculiar happiness; to which
      he is immolating the tranquillity of nations, at the irrational command of
      fanatical cruel guides. Let him fall back on his experience; let him
      return to Nature; let him occupy himself with reason; let him consult
      those objects that are real, which are useful to his permanent felicity;
      let him study Nature's laws; let him study himself; let him consult the
      bonds which unite him to his fellow mortals; let him examine the
      fictitious bonds that enchain him to the most baneful prejudices. If his
      imagination must always feed itself with illusions, if he remains
      steadfast in his own opinions, if his prejudices are dear to him, let him
      at least permit others to ramble in their own manner, or seek after truth
      as best suits their inclination; but let him always recollect, that all
      the opinions—all the ideas—all the systems—all the wills—all
      the actions of man, are the necessary consequence of his nature, of his
      temperament, of his organization, and of those causes, either transitory
      or constant, which modify hint: in short, that man is not more a free
      agent to think than to act: a truth that will be again proved in the
      following chapter.
    











      CHAP. XI
    
Of the System of Man's free agency.

      Those who have pretended that the soul is distinguished from the
      body, is immaterial, draws its ideas from its own peculiar source, acts by
      its own energies without the aid of any exterior object; by a consequence
      of their own system, have enfranchised it from those physical laws,
      according to which all beings of which we have a knowledge are obliged to
      act. They have believed that the foul is mistress of its own conduct, is
      able to regulate its own peculiar operations; has the faculty to determine
      its will by its own natural energy; in a word, they have pretended man is
      a free agent.
    

      It has been already sufficiently proved, that the soul is nothing more
      than the body, considered relatively to some of its functions, more
      concealed than others: it has been shewn, that this soul, even when it
      shall be supposed immaterial, is continually modified conjointly with the
      body; is submitted to all its motion; that without this it would remain
      inert and dead: that, consequently, it is subjected to the influence of
      those material, to the operation those physical causes, which give impulse
      to the body; of which the mode of existence, whether habitual or
      transitory, depends upon the material elements by which it is surrounded;
      that form its texture; that constitute its temperament; that enter into it
      by the means of the aliments; that penetrate it by their subtility; the
      faculties which are called intellectual, and those qualities which are
      styled moral, have been explained in a manner purely physical; entirely
      natural: in the last place, it has been demonstrated, that all the ideas,
      all the systems, all the affections, all the opinions, whether true or
      false, which man forms to himself, are to be attributed to his physical
      powers; are to be ascribed to his material senses. Thus man is a being
      purely physical; in whatever manner he is considered, he is connected to
      universal Nature: submitted to the necessary, to the immutable laws that
      she imposes on all the beings she contains, according to their peculiar
      essences; conformable to the respective properties with which, without
      consulting them, she endows each particular species. Man's life is a line
      that Nature commands him to describe upon the surface of the earth:
      without his ever being able to swerve from it even for an instant. He is
      born without his own consent; his organizations does in no wise depend
      upon himself; his ideas come to him involuntarily; his habits are in the
      power of those who cause him to contract them; he is unceasingly modified
      by causes, whether visible or concealed, over which he has no controul;
      give the hue to his way of thinking, and determine his manner of acting.
      He is good or bad—happy or miserable—wise or foolish—reasonable
      or irrational, without his will going for anything in these various
      states. Nevertheless, in despite of the shackles by which he is bound, it
      is pretended he is a free agent, or that independent of the causes by
      which he is moved, he determines his own will; regulates his own
      condition.
    

      However slender the foundation of this opinion, of which every thing ought
      to point out to him the error; it is current at this day for an
      incontestible truth, and believed enlightened; it is the basis or
      religion, which has been incapable of imagining how man could either merit
      reward or deserve punishment if he was not a free agent. Society has been
      believed interested in this system, because an idea has gone abroad, that
      if all the actions of man were to be contemplated as necessary, the right
      of punishing those who injure their associates would no longer exist. At
      length human vanity accommodated itself to an hypothesis which,
      unquestionable, appears to distinguish man from all other physical beings,
      by assigning to him the special privilege of a total independence of all
      other causes; but of which a very little reflection would have shewn him
      the absurdity or even the impossibility.
    

      As a part, subordinate to the great whole, man is obliged to experience
      its influence. To be a free agent it were needful that each individual was
      of greater strength than the entire of Nature; or, that he was out of this
      Nature: who, always in action herself, obliges all the beings she
      embraces, to act, and to concur to her general motion; or, as it has been
      said elsewhere, to conserve her active existence, by the motion that all
      beings produce in consequence of their particular energies, which result
      from their being submitted to fixed, eternal, and immutable laws. In order
      that man might be a free agent, it were needful that all beings should
      lose their essences; it is equally necessary that he himself should no
      longer enjoy physical sensibility; that he should neither know good nor
      evil; pleasure nor pain; but if this was the case, from that moment he
      would no longer be in a state to conserve himself, or render his existence
      happy; all beings would become indifferent to him; he would no longer have
      any choice; he would cease to know what he ought to love; what it was
      right he should fear; he would not have any acquaintance with that which
      he should seek after; or with that which it is requisite he should avoid.
      In short, man would be an unnatural being; totally incapable of acting in
      the manner we behold. It is the actual essence of man to tend to his
      well-being; to be desirous to conserve his existence; if all the motion of
      his machine springs as a necessary consequence from this primitive
      impulse; if pain warns him of that which he ought to avoid; if pleasure
      announces to him that which he should desire; if it is in his essence to
      love that which either excites delight, or, that from which he expects
      agreeable sensations; to hate that which makes him either fear contrary
      impressions; or, that which afflicts him with uneasiness; it must
      necessarily be, that he will be attracted by that which he deems
      advantageous; that his will shall be determined by those objects which he
      judges useful; that he will be repelled by those beings which he believes
      prejudicial, either to his habitual, or to his transitory mode of
      existence; by that which he considers disadvantageous. It is only by the
      aid of experience, that man acquires the faculty of understanding what he
      ought to love; of knowing what he ought to fear. Are his organs sound? his
      experience will be true: are they unsound? it will be false: in the first
      instance he will have reason, prudence, foresight; he will frequently
      foresee very remote effects; he will know, that what he sometimes
      contemplates as a good, may possibly become an evil, by its necessary or
      probable consequences: that what must be to him a transient evil, may by
      its result procure him a solid and durable good. It is thus experience
      enables him to foresee that the amputation of a limb will cause him
      painful sensation, he consequently is obliged to fear this operation, and
      he endeavours to avoid the pain; but if experience has also shewn him,
      that the transitory pain this amputation will cause him may be the means
      of saving his life; the preservation, of his existence being of necessity
      dear to him, he is obliged to submit himself to the momentary pain with a
      view to procuring a permanent good, by which it will be overbalanced.
    

      The will, as we have elsewhere said, is a modification of the brain, by
      which it is disposed to action or prepared to give play to the organs.
      This will is necessarily determined by the qualities, good or bad,
      agreeable or painful, of the object or the motive that acts upon his
      senses; or of which the idea remains with him, and is resuscitated by his
      memory. In consequence, he acts necessarily; his action is the result of
      the impulse he receives either from the motive, from the object, or from
      the idea, which has modified his brain, or disposed his will. When he does
      not act according to this impulse, it is because there comes some new
      cause, some new motive, some new idea, which modifies his brain in a
      different manner, gives him a new impulse, determines his will in another
      way; by which the action of the former impulse is suspended: thus, the
      sight of an agreeable object, or its idea, determines his will to set him
      in action to procure it; but if a new object or a new idea more powerfully
      attracts him, it gives a new direction to his will, annihilates the effect
      of the former, and prevents the action by which it was to be procured.
      This is the mode in which reflection, experience, reason, necessarily
      arrests or suspends the action of man's will; without this, he would, of
      necessity, have followed the anterior impulse which carried him towards a
      then desirable object. In all this he always acts according to necessary
      laws, from which he has no means of emancipating himself.
    

      If, when tormented with violent thirst, he figures to himself an idea, or
      really perceives a fountain, whose limpid streams might cool his feverish
      habit, is he sufficient master of himself to desire or not to desire the
      object competent to satisfy so lively a want? It will no doubt be
      conceded, that it is impossible he should not be desirous to satisfy it;
      but it will be said,—If at this moment it is announced to him, the
      water he so ardently desires is poisoned, he will, notwithstanding his
      vehement thirst, abstain from drinking it; and it has, therefore, been
      falsely concluded that he is a free agent. The fact, however, is, that the
      motive in either case is exactly the same: his own conservation. The same
      necessity that determined him to drink, before he knew the water was
      deleterious, upon this new discovery, equally determines him not to drink;
      the desire of conserving himself, either annihilates or suspends the
      former impulse; the second motive becomes stronger than the preceding;
      that is, the fear of death, or the desire of preserving himself,
      necessarily prevails over the painful sensation caused by his eagerness to
      drink. But, (it will be said) if the thirst is very parching, an
      inconsiderate man, without regarding the danger, will risque swallowing
      the water. Nothing is gained by this remark: in this case, the anterior
      impulse only regains the ascendency; he is persuaded, that life may
      possibly be longer preserved, or that he shall derive a greater good by
      drinking the poisoned water, than by enduring the torment, which, to his
      mind, threatens instant dissolution: thus, the first becomes the
      strongest, and necessarily urges him on to action. Nevertheless, in either
      case, whether he partakes of the water, or whether he does not, the two
      actions will be equally necessary; they will be the effect of that motive
      which finds itself most puissant; which consequently acts in a most
      coercive manner upon his will.
    

      This example will serve to explain the whole phaenomena of the human will.
      This will, or rather the brain, finds itself in the same situation as a
      bowl, which although it has received an impulse that drives it forward in
      a straight line, is deranged in its course, whenever a force, superior to
      the first, obliges it to change its direction. The man who drinks the
      poisoned water, appears a madman; but the actions of fools are as
      necessary as those of the most prudent individuals. The motives that
      determine the voluptuary, that actuate the debauchee to risk their health,
      are as powerful, their actions are as necessary, as those which decide the
      wise man to manage his. But, it will be insisted, the debauchee may be
      prevailed on to change his conduct; this does not imply that he is a free
      agent; but, that motives may be found sufficiently powerful to annihilate
      the effect of those that previously acted upon him; then these new motives
      determine his will to the new mode of conduct he may adopt, as necessarily
      as the former did to the old mode.
    

      Man is said to deliberate when the action of the will is suspended;
      this happens when two opposite motives act alternately upon him. To
      deliberate, is to hate and to love in succession; it is to be alternately
      attracted and repelled; it is to be moved sometimes by one motive,
      sometimes by another. Man only deliberates when he does not distinctly
      understand the quality of the objects from which he receives impulse, or
      when experience has not sufficiently apprised him of the effects, more or
      less remote, which his actions will produce. He would take the air, but
      the weather is uncertain; he deliberates in consequence; he weighs the
      various motives that urge his will to go out or to stay at home; he is at
      length determined by that motive which is most probable; this removes his
      indecision, which necessarily settles his will either to remain within or
      to go abroad: this motive is always either the immediate or ultimate
      advantage he finds or thinks he finds in the action to which he is
      persuaded.
    

      Man's will frequently fluctuates between two objects, of which either the
      presence or the ideas move him alternately: he waits until he has
      contemplated the objects or the ideas they have left in his brain; which
      solicit him to different actions; he then compares these objects or ideas:
      but even in the time of deliberation, during the comparison, pending these
      alternatives of love and hatred, which succeed each other sometimes with
      the utmost rapidity, he is not a free agent for a single instant; the good
      or the evil which he believes he finds successively in the objects, are
      the necessary motives of these momentary wills; of the rapid motion of
      desire or fear that he experiences as long as his uncertainty continues.
      From this it will be obvious, that deliberation is necessary; that
      uncertainty is necessary; that whatever part he takes, in consequence of
      this deliberation, it will always necessarily be that which he has judged,
      whether well or ill, is most probable to turn to his advantage.
    

      When the soul is assailed by two motives that act alternately upon it, or
      modify it successively, it deliberates; the brain is in a sort of
      equilibrium, accompanied with perpetual oscillations, sometimes towards
      one object, sometimes towards the other, until the most forcible carries
      the point, and thereby extricates it, from this state of suspense, in
      which consists the indecision of his will. But when the brain is
      simultaneously assailed by causes equally strong, that move it in opposite
      directions; agreeable to the general law of all bodies, when they are
      struck equally by contrary powers, it stops, it is in nisu; it is
      neither capable to will nor to act; it waits until one of the two causes
      has obtained sufficient force to overpower the other, to determine its
      will, to attract it in such a manner that it may prevail over the efforts
      of the other cause.
    

      This mechanism, so simple, so natural, suffices to demonstrate, why
      uncertainty is painful; why suspense is always a violent state for man.
      The brain, an organ so delicate, so mobile, experiences such rapid
      modifications, that it is fatigued; or when it is urged in contrary
      directions, by causes equally powerful, it suffers a kind of compression,
      that prevents the activity which is suitable to the preservation of the
      whole, which is necessary to procure what is advantageous to its
      existence. This mechanism will also explain the irregularity, the
      indecision, the inconstancy of man; and account for that conduct, which
      frequently appears an inexplicable mystery, which indeed it is, under the
      received systems. In consulting experience, it will be found that the soul
      is submitted to precisely the same physical laws as the material body. If
      the will of each individual, during a given time, was only moved by a
      single cause or passion, nothing would be more easy than to foresee his
      actions; but his heart is frequently assailed by contrary powers, by
      adverse motives, which either act on him simultaneously or in succession;
      then his brain, attracted in opposite directions, is either fatigued, or
      else tormented by a state of compression, which deprives it of activity.
      Sometimes it is in a state of incommodious inaction; sometimes it is the
      sport of the alternate shocks it undergoes. Such, no doubt, is the state
      in which man finds himself, when a lively passion solicits him to the
      commission of crime, whilst fear points out to him the danger by which it
      is attended: such, also, is the condition of him whom remorse, by the
      continued labour of his distracted soul, prevents from enjoying the
      objects he has criminally obtained.
    

      If the powers or causes, whether exterior or interior, acting on the mind
      of man, tend towards opposite points, his soul, is well as all other
      bodies, will take a mean direction between the two; in consequence of the
      violence with which his soul is urged, his condition becomes sometimes so
      painful that his existence is troublesome: he has no longer a tendency to
      his own peculiar conservation; he seeks after death, as a sanctuary
      against himself—as the only remedy to his despair: it is thus we
      behold men, miserable and discontented, voluntarily destroy themselves,
      whenever life becomes insupportable. Man is competent to cherish his
      existence, no longer than life holds out charms to him; when he is wrought
      upon by painful sensations, or drawn by contrary impulsions, his natural
      tendency is deranged, he is under the necessity to follow a new route;
      this conducts him to his end, which it even displays to him as the most
      desirable good. In this manner may be explained, the conduct of those
      melancholy beings, whose vicious temperaments, whose tortured consciences,
      whose chagrin, whose ennui, sometimes determine them to renounce
      life.
    

      The various powers, frequently very complicated, that act either
      successively or simultaneously upon the brain of man, which modify him so
      diversely in the different periods of his existence, are the true causes
      of that obscurity in morals, of that difficulty which is found, when it is
      desired to unravel the concealed springs of his enigmatical conduct. The
      heart of man is a labyrinth, only because it very rarely happens that we
      possess the necessary gift of judging it; from whence it will appear, that
      his circumstances, his indecision, his conduct, whether ridiculous, or
      unexpected, are the necessary consequences of the changes operated in him;
      are nothing but the effect of motives that successively determine his
      will; which are dependent on the frequent variations experienced by his
      machine. According to these variations, the same motives have not, always,
      the same influence over his will, the same objects no longer enjoy the
      faculty of pleasing him; his temperament has changed, either for the
      moment, or for ever. It follows as a consequence, that his taste, his
      desires, his passions, will change; there can be no kind of uniformity in
      his conduct, nor any certitude in the effects to be expected.
    

      Choice by no means proves the free-agency of man; he only deliberates when
      he does not yet know which to choose of the many objects that move him, he
      is then in an embarrassment, which does not terminate, until his will as
      decided by the greater advantage he believes be shall find in the object
      he chooses, or the action he undertakes. From whence it may be seen that
      choice is necessary, because he would not determine for an object, or for
      an action, if he did not believe that he should find in it some direct
      advantage. That man should have free-agency, it were needful that he
      should be able to will or choose without motive; or, that he could prevent
      motives coercing his will. Action always being the effect of his will once
      determined, as his will cannot be determined but by a motive, which is not
      in his own power, it follows that he is never the master of the
      determination of his own peculiar will; that consequently he never acts as
      a free agent. It has been believed that man was a free agent, because he
      had a will with the power of choosing; but attention has not been paid to
      the fact, that even his will is moved by causes independent of himself, is
      owing to that which is inherent in his own organization, or which belongs
      to the nature of the beings acting on him. Indeed, man passes a great
      portion of his life without even willing. His will attends the motive by
      which it is determined. If he was to render an exact account of every
      thing he does in the course of each day, from rising in the morning to
      lying down at night, he would find, that not one of his actions have been
      in the least voluntary; that they have been mechanical, habitual,
      determined by causes he was not able to foresee, to which he was either
      obliged to, yield, or with which he was allured to acquiesce; he would
      discover, that all the motives of his labours, of his amusements, of his
      discourses, of his thoughts, have been necessary; that they have evidently
      either seduced him or drawn him along. Is he the master of willing, not to
      withdraw his hand from the fire when he fears it will be burnt? Or has he
      the power to take away from fire the property which makes him fear it? Is
      he the master of not choosing a dish of meat which he knows to be
      agreeable, or analogous to his palate; of not preferring it to that which
      he knows to be disagreeable or dangerous? It is always according to his
      sensations, to his own peculiar experience, or to his suppositions, that
      he judges of things either well or ill; but whatever way be his judgment,
      it depends necessarily on his mode of feeling, whether habitual or
      accidental, and the qualities he finds in the causes that move him, which
      exist in despite of himself.
    

      All the causes which by his will is actuated, must act upon him in a
      manner sufficiently marked, to give him some sensation, some perception,
      some idea, whether complete or incomplete, true or false; as soon as his
      will is determined, he must have felt, either strongly or feebly; if this
      was not the case he would have determined without motive: thus, to speak
      correctly, there are no causes which are truly indifferent to the will:
      however faint the impulse he receives, whether on the part of the objects
      themselves, or on the part of their images or ideas, as soon as his will
      acts, the impulse has been competent to determine him. In consequence of a
      slight, of a feeble impulse, the will is weak, it is this weakness of the
      will that is called indifference. His brain with difficulty
      perceives the sensation, it has received; it consequently acts with less
      vigour, either to obtain or remove the object or the idea that has
      modified it. If the impulse is powerful, the will is strong, it makes him
      act vigorously, to obtain or to remove the object which appears to him
      either very agreeable or very incommodious.
    

      It has been believed man was a free agent, because it has been imagined
      that his soul could at will recall ideas, which sometimes suffice to check
      his most unruly desires. Thus, the idea of a remote evil frequently
      prevents him from enjoying a present and actual good: thus, remembrance,
      which is an almost insensible, a slight modification of his brain,
      annihilates, at each instant, the real objects that act upon his will. But
      he is not master of recalling to himself his ideas at pleasure; their
      association is independent of him; they are arranged in his brain, in
      despite of him, without his own knowledge, where they have made an
      impression more or less profound; his memory itself depends upon his
      organization; its fidelity depends upon the habitual or momentary state in
      which he finds himself; when his will is vigorously determined to some
      object or idea that excites a very lively passion in him, those objects or
      ideas that would be able to arrest his action no longer present themselves
      to his mind; in those moments his eyes are shut to the dangers that menace
      him, of which the idea ought to make him forbear; he marches forward
      headlong towards the object by whose image he is hurried on; reflection
      cannot operate upon him in any way; he sees nothing but the object of his
      desires; the salutary ideas which might be able to arrest his progress
      disappear, or else display themselves either too faintly or too late to
      prevent his acting. Such is the case with all those who, blinded by some
      strong passion, are not in a condition to recal to themselves those
      motives, of which the idea alone, in cooler moments, would be sufficient
      to deter them from proceeding; the disorder in which they are, prevents
      their judging soundly; render them incapable of foreseeing the consequence
      of their actions; precludes them from applying to their experience; from
      making use of their reason; natural operations, which suppose a justness
      in the manner of associating their ideas; but to which their brain is then
      not more competent, in consequence of the momentary delirium it suffers,
      than their hand is to write whilst they are taking violent exercise.
    

      Man's mode of thinking is necessarily determined by his manner of being;
      it must, therefore, depend on his natural organization, and the
      modification his system receives independently of his will. From this we
      are obliged to conclude, that his thoughts, his reflections, his manner of
      viewing things, of feeling, of judging, of combining ideas, is neither
      voluntary nor free. In a word, that his soul is neither mistress of the
      motion excited in it, nor of representing to itself, when wanted, those
      images or ideas that are capable of counterbalancing the impulse it
      receives. This is the reason why man, when in a passion, ceases to reason;
      at that moment reason is as impossible to be heard, as it is during an
      extacy, or in a fit of drunkenness. The wicked are never more than men who
      are either drunk or mad: if they reason, it is not until tranquillity is
      re-established in their machine; then, and not till then, the tardy ideas
      that present themselves to their mind, enable them to see the consequence
      of their actions, and give birth to ideas, that bring on them that
      trouble, which is designated shame, regret, remorse.
    

      The errors of philosophers on the free-agency of man, have arisen from
      their regarding his will as the primum mobile, the original motive
      of his actions; for want of recurring back, they have not perceived the
      multiplied, the complicated causes, which, independently of him, give
      motion to the will itself, or which dispose and modify his brain, whilst
      he himself is purely passive in the motion he receives. Is he the master
      of desiring or not desiring an object that appears desirable to him?
      Without doubt it will be answered, No: but he is the master of resisting
      his desire, if he reflects on the consequences. But, I ask, is he capable
      of reflecting on these consequences when his soul is hurried along by a
      very lively passion, which entirely depends upon his natural organization,
      and the causes by which he is modified? Is it in his power to add to these
      consequences all the weight necessary to counterbalance his desire? Is he
      the master of preventing the qualities which render an object desirable
      from residing in it? I shall be told, he ought to have learned to resist
      his passions; to contract a habit of putting a curb on his desires. I
      agree to it without any difficulty: but in reply, I again ask, Is his
      nature susceptible of this modification? Does his boiling blood, his
      unruly imagination, the igneous fluid that circulates in his veins, permit
      him to make, enable him to apply true experience in the moment when it is
      wanted? And, even when his temperament has capacitated him, has his
      education, the examples set before him, the ideas with which he has been
      inspired in early life, been suitable to make him contract this habit of
      repressing his desires? Have not all these things rather contributed to
      induce him to seek with avidity, to make him actually desire those objects
      which you say he ought to resist.
    

      The ambitious man cries out,—You will have me resist my
      passion, but have they not unceasingly repeated to me, that rank, honours,
      power, are the most desirable advantages in life? Have I not seen my
      fellow-citizens envy them—the nobles of my country sacrifice every
      thing to obtain them? In the society in which I live, am I not obliged to
      feel, that if I am deprived of these advantages, I must expect to languish
      in contempt, to cringe under the rod of oppression?
    

      The miser says,—You forbid me to love money, to seek after
      the means of acquiring it: alas! does not every thing tell me, that in
      this world money is the greatest blessing; that it is amply sufficient to
      render me happy? In the country I inhabit, do I not see all my
      fellow-citizens covetous of riches? but do I not also witness that they
      are little scrupulous in the means of obtaining wealth? As soon as they
      are enriched by the means which you censure, are they not cherished,
      considered, and respected? By what authority, then, do you object to my
      amassing treasure? what right have you to prevent my using means, which
      although you call them sordid and criminal, I see approved by the
      sovereign? Will you have me renounce my happiness?
    

      The voluptuary argues,—You pretend that I should resist my
      desires; but was I the maker of my own temperament, which unceasingly
      invites me to pleasure? You call my pleasures disgraceful; but in the
      country in which I live, do I not witness the most dissipated men enjoying
      the most distinguished rank? Do I not behold, that no one is ashamed of
      adultery but the husband it has outraged? do not I see men making trophies
      of their debaucheries, boasting of their libertinism, rewarded, with
      applause?
    

      The choleric man vociferates,—You advise me to put a curb on
      my passions; to resist the desire of avenging myself: but can I conquer my
      nature? Can I alter the received opinions of the world? Shall I not be for
      ever disgraced, infallibly dishonoured in society, if I do not wash out,
      in the blood of my fellow-creature, the injuries I have received?
    

      The zealous enthusiast exclaims,—You recommend to me
      mildness, you advise me to be tolerant, to be indulgent to the opinions of
      my fellow-men; but is not my temperament violent? Do I not ardently love
      my God? Do they not assure me that zeal is pleasing to him; that
      sanguinary inhuman persecutors have been his friends? That those who do
      not think as I do are his enemies? I wish to render myself acceptable in
      his sight, I therefore adopt the means you reprobate.
    

      In short, the actions of man are never free; they are always the necessary
      consequence of his temperament, of the received ideas, of the notions,
      either true or false, which he has formed to himself of happiness: of his
      opinions, strengthened by example, forfeited by education, consolidated by
      daily experience. So many crimes are witnessed on the earth, only because
      every thing conspires to render man vicious, to make him criminal; very
      frequently, the superstitions he has adopted, his government, his
      education, the examples set before him, irresistibly drive him on to evil:
      under these circumstances morality preaches virtue to him in vain. In
      those societies where vice is esteemed, where crime is crowned, where
      venality is constantly recompenced, where the most dreadful disorders are
      punished, only in those who are too weak to enjoy the privilege of
      committing them with impunity; the practice of virtue is considered
      nothing more than a painful sacrifice of fancied happiness. Such societies
      chastise, in the lower orders, those excesses which they respect in the
      higher ranks; and frequently have the injustice to condemn those in
      penalty of death, whom public prejudices, maintained by constant example,
      have rendered criminal.
    

      Man, then, is not a free agent in any one instant of his life; he is
      necessarily guided in each step by those advantages, whether real or
      fictitious, that he attaches to the objects by which his passions are
      roused: these passions themselves are necessary in a being who,
      unceasingly tends towards his own happiness; their energy is necessary,
      since that depends on his temperament; his temperament is necessary,
      because it depends on the physical elements which enter into his
      composition; the modification of this temperament is necessary, as it is
      the infallible result, the inevitable consequence of the impulse he
      receives from the incessant action of moral and physical beings.
    

      In despite of these proofs of the want of free-agency in man, so clear to
      unprejudiced minds, it will, perhaps, be insisted upon with no small
      feeling of triumph, that if it be proposed to any one to move or not to
      move his hand, an action in the number of those called indifferent,
      he evidently appears to be the master of choosing; from which it is
      concluded, evidence has been offered of his free-agency. The reply is,
      this example is perfectly simple; man in performing some action which he
      is resolved on doing, does not by any means prove his free-agency: the
      very desire of displaying this quality, excited by the dispute, becomes a
      necessary motive which decides his will either for the one or the other of
      these actions: what deludes him in this instance, or that which persuades
      him he is a free agent at this moment, is, that he does not discern the
      true motive which sets him in action; which is neither more nor less than
      the desire of convincing his opponent: if in the heat of the dispute he
      insists and asks, "Am I not the master of throwing myself out of the
      window?" I shall answer him, no; that whilst he preserves his reason,
      there is not even a probability that the desire of proving his
      free-agency, will become a motive sufficiently powerful, to make him
      sacrifice his life to the attempt; if, notwithstanding this, to prove he
      is a free agent, he should actually precipitate himself from the window,
      it would not be a sufficient warrantry to conclude he acted freely, but
      rather that it was the violence of his temperament which spurred him on to
      this folly. Madness is a state that depends upon the heat of the blood,
      not upon the will. A fanatic or a hero, braves death as necessarily as a
      more phlegmatic man or a coward flies from it. There is, in point of fact,
      no difference between the man who is cast out of the window by another,
      and the man who throws himself out of it, except that the impulse in the
      first instance comes immediately from without, whilst that which
      determines the fall in the second case, springs from within his own
      peculiar machine, having its more remote cause also exterior. When Mutius
      Scaevola held his hand in the fire, he was as much acting under the
      influence of necessity, caused by interior motives, that urged him to this
      strange action, as if his arm had been held by strong men; pride, despair,
      the desire of braving his enemy, a wish to astonish him, an anxiety to
      intimidate him, &c. were the invisible chains that held his hand bound
      to the fire. The love of glory, enthusiasm for their country, in like
      manner, caused Codrus and Decius to devote themselves for their fellow
      citizens. The Indian Calanus and the philosopher Peregrinus were equally
      obliged to burn themselves, by the desire of exciting the astonishment of
      the Grecian assembly.
    

      It is said that free-agency is the absence of those obstacles competent to
      oppose themselves to the actions of man, or to the exercise of his
      faculties: it is pretended that he is a free agent, whenever, making use
      of these faculties, he produces the effect he has proposed to himself. In
      reply to this reasoning, it is sufficient to consider that it in no wise
      depends upon himself to place or remove the obstacles that either
      determine or resist him; the motive that causes his action is no more in
      his own power than the obstacle that impedes him, whether this obstacle or
      motive be within his own machine or exterior of his person: he is not
      master of the thought presented to his mind which determines his will;
      this thought is excited by some cause independent of himself.
    

      To be undeceived on the system of his free-agency, man has simply to recur
      to the motive by which his will is determined, he will always find this
      motive is out of his own controul. It is said, that in consequence of an
      idea to which the mind gives birth, man acts freely if he encounters no
      obstacle. But the question is, what gives birth to this idea in his brain?
      has he the power either to prevent it from presenting itself, or from
      renewing itself in his brain? Does not this idea depend either upon
      objects that strike him exteriorly and in despite of himself, or upon
      causes that without his knowledge act within himself and modify his brain?
      Can he prevent his eyes, cast without design upon any object whatever,
      from giving him an idea of this object, from moving his brain? He is not
      more master of the obstacles; they are the necessary effects of either
      interior or exterior causes, which always act according to their given
      properties. A man insults a coward, who is necessarily irritated against
      his insulter, but his will cannot vanquish the obstacle that cowardice
      places to the object of his desire, which is, to resent the insult;
      because his natural conformation, which does not depend upon himself,
      prevents his having courage. In this case the coward is insulted in
      despite of himself, and against his will is obliged patiently to brook the
      insult he has received.
    

      The partizans of the system of free-agency appear ever to have confounded
      constraint with necessity. Man believes he acts as a free agent, every
      time he does not see any thing that places obstacles to his actions; he
      does not perceive that the motive which causes him to will is always
      necessary, is ever independent of himself. A prisoner loaded with chains
      is compelled to remain in prison, but he is not a free agent, he is not
      able to resist the desire to emancipate himself; his chains prevent him
      from acting, but they do not prevent him from willing; he would save
      himself if they would loose his fetters, but he would not save himself as
      a free agent, fear or the idea of punishment would be sufficient motives
      for his action.
    

      Man may therefore cease to be restrained, without, for that reason,
      becoming a free agent: in whatever manner he acts, he will act
      necessarily; according to motives by which he shall be determined. He may
      be compared to a heavy body, that finds itself arrested in its descent by
      any obstacle whatever: take away this obstacle, it will gravitate or
      continue to fall; but who shall say this dense body is free to fall or
      not? Is not its descent the necessary effect of its own specific gravity?
      The virtuous Socrates submitted to the laws of his country, although they
      were unjust; notwithstanding the doors of his gaol were left open to him
      he would not save himself; but in this he did not act as a free agent; the
      invisible chains of opinion, the secret love of decorum, the inward
      respect for the laws, even when they were iniquitous, the fear of
      tarnishing his glory, kept him in his prison: they were motives
      sufficiently powerful, with this enthusiast for virtue, to induce him to
      wait death with tranquillity; it was not in his power to save himself,
      because he could find no potential motive to bring him to depart, even for
      an instant, from those principles to which his mind was accustomed.
    

      Man, says he, frequently acts against his inclination, from whence he has
      falsely concluded he is a free agent; when he appears to act contrary to
      his inclination, he is determined to it by some motive sufficiently
      efficacious to vanquish this inclination. A sick man, with a view to his
      cure, arrives at conquering his repugnance to the most disgusting
      remedies: the fear of pain, the dread of death, then become necessary and
      intelligent motives; consequently, this sick man cannot be said, with
      truth, by any means, to act freely.
    

      When it is said, that man is not a free agent, it is not pretended to
      compare him to a body moved by a simple impulsive cause: he contains
      within himself causes inherent to his existence; he is moved by an
      interior organ, which has its own peculiar laws; which is itself
      necessarily determined, in consequence of ideas formed from perceptions,
      resulting from sensations, which it receives from exterior objects. As the
      mechanism of these sensations, of these perceptions, and the manner they
      engrave ideas on the brain of man, are not known to him, because he is
      unable to unravel all these motions; because he cannot perceive the chain
      of operations in his soul, or the motive-principle that acts within him,
      he supposes himself a free agent; which, literally translated, signifies
      that he moves himself by himself; that he determines himself without
      cause; when he rather ought to say, he is ignorant how or for why he acts
      in the manner he does. It is true the soul enjoys an activity peculiar to
      itself, but it is equally certain that this activity would never be
      displayed if some motive or some cause did not put it in a condition to
      exercise itself, at least it will not be pretended that the soul is able
      either to love or to hate without being moved, without knowing the
      objects, without having some idea of their qualities. Gunpowder has
      unquestionably a particular activity, but this activity will never display
      itself, unless fire be applied to it; this, however, immediately sets in
      motion.
    

      It is the great complication of motion in man, it is the variety of his
      action, it is the multiplicity of causes that move him, whether
      simultaneously or in continual succession, that persuades him he is a free
      agent: if all his motions were simple, if the causes that move him did not
      confound themselves with each other, if they were distinct, if his machine
      was less complicated, he would perceive that all his actions were
      necessary, because he would be enabled to recur instantly to the cause
      that made him act. A man who should be always obliged to go towards the
      west would always go on that side, but he would feel extremely well, that
      in so going he was not a free agent: if he had another sense, as his
      actions or his motion augmented by a sixth would be still more varied,
      much more complicated, he would believe himself still more a free agent
      than he does with his five senses.
    

      It is, then, for want of recurring to the causes that move him, for want
      of being able to analyse, from not being competent to decompose the
      complicated motion of his machine, that man believes himself a free agent;
      it is only upon his own ignorance that he founds the profound yet
      deceitful notion he has of his free-agency, that he builds those opinions
      which he brings forward as a striking proof of his pretended freedom of
      action. If, for a short time, each man was willing to examine his own
      peculiar actions, to search out their true motives, to discover their
      concatenation, he would remain convinced that the sentiment he has of his
      natural free-agency is a chimera that must speedily be destroyed by
      experience.
    

      Nevertheless, it must be acknowledged that the multiplicity, the diversity
      of the causes which continually act upon man, frequently without even his
      knowledge, render it impossible, or at least extremely difficult, for him
      to recur to the true principles of his own peculiar actions, much less the
      actions of others; they frequently depend upon causes so fugitive, so
      remote from their effects, and which, superficially examined, appear to
      have so little analogy, so slender a relation with them, that it requires
      singular sagacity to bring them into light. This is what renders the study
      of the moral man a task of such difficulty; this is the reason why his
      heart is an abyss, of which it is frequently impossible for him to fathom
      the depth. He is, then, obliged to content himself with a knowledge of the
      general and necessary laws by which the human heart is regulated; for the
      individuals of his own species these laws are pretty nearly the same, they
      vary only in consequence of the organization that is peculiar to each, and
      of the modification it undergoes; this, however, is not, cannot be
      rigorously the same in any two. It suffices to know that by his essence
      man tends to conserve himself, to render his existence happy: this
      granted, whatever may be his actions, if he recurs back to this first
      principle, to this general, this necessary tendency of his will, he never
      can be deceived with regard to his motives. Man, without doubt, for want
      of cultivating reason, being destitute of experience, frequently deceives
      himself upon the means of arriving at this end; sometimes the means he
      employs are unpleasant to his fellows, because they are prejudicial to
      their interests; or else those of which he avails himself appear
      irrational, because they remove him from the end to which he would
      approximate: but whatever may be these means, they have always necessarily
      and invariably for object, either an existing or imaginary happiness; are
      directed to preserve himself in a state analogous to his mode of
      existence, to his manner of feeling, to his way of thinking; whether
      durable or transitory. It is from having mistaken this truth, that the
      greater number of moral philosophers have made rather the romance, than
      the history of the human heart; they have attributed the actions of man to
      fictitious causes; at least they have not sought out the necessary motives
      of his conduct. Politicians and legislators have been in the same state of
      ignorance; or else impostors have found it much shorter to employ
      imaginary motive-powers, than those which really have existence: they have
      rather chosen to make man wander out of his way, to make him tremble under
      incommodious phantoms, than guide him to virtue by the direct road to
      happiness; notwithstanding the conformity of the latter with the natural
      desires of his heart. So true it is, that error can never possibly be
      useful, to the human species.
    

      However this may be, man either sees or believes he sees, much more
      distinctly, the necessary relation of effects with their causes in natural
      philosophy than in the human heart; at least he sees in the former
      sensible causes constantly produce sensible effects, ever the same, when
      the circumstances are alike. After this, he hesitates not to look upon
      physical effects as necessary, whilst he refuses to acknowledge necessity
      in the acts of the human will; these he has, without any just foundation,
      attributed to a motive-power that acts independently by its own peculiar
      energy, that is capable of modifying itself without the concurrence of
      exterior causes, and which is distinguished from all material or physical
      beings. Agriculture is founded upon the assurance afforded by
      experience, that the earth, cultivated and sown in a certain manner, when
      it has otherwise the requisite qualities, will furnish grain, fruit, and
      flowers, either necessary for subsistence or pleasing to the senses. If
      things were considered without prejudice, it would be perceived, that in
      morals education is nothing more than the agriculture of the mind;
      that like the earth, by reason of its natural disposition, of the culture
      bestowed upon it, of the seeds with which it is sown, of the seasons, more
      or less favorable, that conduct it to maturity, we may be assured that the
      soul will produce either virtue or vice; moral fruit that will be
      either salubrious for man or baneful to society. Morals is the
      science of the relations that subsist between the minds, the wills, and
      the actions of men; in the same manner that geometry is the science
      of the relations that are found between bodies. Morals would be a chimera,
      it would have no certain principles, if it was not founded upon the
      knowledge of the motives which must necessarily have an influence upon the
      human will, and which must necessarily determine the actions of human
      beings.
    

      If in the moral as well as in the physical world, a cause of which the
      action is not interrupted be necessarily followed by a given effect, it
      flows consecutively that a reasonable education, grafted upon
      truth, founded upon wise laws,—that honest principles instilled
      during youth, virtuous examples continually held forth, esteem attached
      solely to merit, recompense awarded to none but good actions, contempt
      regularly visiting vice, shame following falsehood as its shadow, rigorous
      chastisements applied without distinction to crime, are causes that would
      necessarily act on the will of man; that would determine the greater
      number of his species to exhibit virtue, to love it for its own sake, to
      seek after it as the most desirable good, as the surest road to the
      happiness he so ardently desires. But if, on the contrary, superstition,
      politics, example, public opinion, all labour to countenance wickedness,
      to train man viciously; if, instead of fanning his virtues, they stifle
      good principles; if, instead of directing his studies to his advantage,
      they render his education either useless or unprofitable; if this
      education itself, instead of grounding him in virtue, only inoculates him
      with vice; if, instead of inculcating reason, it imbues him with
      prejudice; if, instead of making him enamoured of truth, it furnishes him
      with false notions; if, instead of storing his mind with just ideas drawn
      from experience, it fills him with dangerous opinions; if, instead of
      fostering mildness and forbearance, it kindles in his breast only those
      passions which are incommodious to himself and hurtful to others; it must
      be of necessity, that the will of the greater number shall determine them
      to evil; shall render them unworthy, make them baneful to society. Many
      authors have acknowledged the importance of a good education, that youth
      was the season to feed the human heart with wholesome diet; but they have
      not felt, that a good education is incompatible, nay, impossible, with the
      superstition of man, since this commences with giving his mind a false
      bias: that it is equally inconsistent with arbitrary government, because
      this always dreads lest he should become enlightened, and is ever sedulous
      to render him servile, mean, contemptible, and cringing; that it is
      incongruous with laws that are not founded in equity, that are frequently
      bottomed on injustice; that it cannot obtain with those received customs
      that are opposed to good sense; that it cannot exist whilst public opinion
      is unfavourable to virtue; above all, that it is absurd to expect it from
      incapable instructors, from masters with weak minds, who have only the
      ability to infuse into their scholars those false ideas with which they
      are themselves infected. Here, without doubt, is the real source from
      whence springs that universal corruption, that wide-spreading depravity,
      of which moralists, with great justice, so loudly complain; without,
      however, pointing out those causes of the evil, which are true as they are
      necessary: instead of this, they search for it in human nature, say it is
      corrupt, blame man for loving himself, and for seeking after his own
      happiness, insist that he must have supernatural assistance, some
      marvellous interference, to enable him to become good: this is a very
      prejudicial doctrine for him, it is directly subversive of his true
      happiness; by teaching him to hold himself in contempt, it tends
      necessarily to discourage him; it either makes him sluggish, or drives him
      to despair whilst waiting for this grace: is it not easy to be perceived,
      that he would always have it if he was well educated; if he was honestly
      governed? There cannot well exist a wilder or a stranger system of morals,
      than that of the theologians who attribute all moral evil to an original
      sin, and all moral good to the pardon of it. It ought not to excite
      surprise if such a system is of no efficacy; what can reasonably be the
      result of such an hypothesis? Yet, notwithstanding the supposed, the
      boasted free-agency of man, it is insisted that nothing less than the
      Author of Nature himself is necessary to destroy the wicked desires of his
      heart: but, alas! no power whatever is found sufficiently efficacious to
      resist those unhappy propensities, which, under the fatal constitution of
      things, the most vigorous motives, as before observed, are continually
      infusing into the will of man; no agency seems competent to turn the
      course of that unhappy direction these are perpetually giving to the
      stream of his natural passions. He is, indeed, incessantly exhorted to
      resist these passions, to stifle them, and to root them out of his heart;
      but is it not evident they are necessary to his welfare? Can it not be
      perceived they are inherent in his nature? Does not experience prove them
      to be useful to his conservation, since they have for object, only to
      avoid that which may be injurious to him; to procure that which may be
      advantageous to his mode of existence? In short, is it not easy to be
      seen, that these passions, well directed, that is to say, carried towards
      objects that are truly useful, that are really interesting to himself,
      which embrace the happiness of others, would necessarily contribute to the
      substantial, to the permanent well-being of society? Theologians
      themselves have felt, they have acknowledged the necessity of the
      passions: many of the fathers of the church have broached this doctrine;
      among the rest Father Senault has written a book expressly on the subject:
      the passions of man are like fire, at once necessary to the wants of life,
      suitable to ameliorate the condition of humanity, and equally capable of
      producing the most terrible ravages, the most frightful devastation.
    

      Every thing becomes an impulse to the will; a single word frequently
      suffices to modify a man for the whole course of his life, to decide for
      ever his propensities; an infant who has burned his finger by having
      approached it too near the flame of a lighted taper, is warned from
      thence, that he ought to abstain from indulging a similar temptation; a
      man, once punished and despised for having committed a dishonest action,
      is not often tempted to continue so unfavourable a course. Under whatever
      point of man is considered, he never acts but after the impulse given to
      his will, whether it be by the will of others, or by more perceptible
      physical causes. The particular organization decides the nature of the
      impulse; souls act upon souls that are analogous; inflamed, fiery
      imaginations, act with facility upon strong passions; upon imaginations
      easy to be inflamed, the surprising progress of enthusiasm; the hereditary
      propagation of superstition; the transmission of religious errors from
      race to race, the excessive ardour with which man seizes on the
      marvellous, are effects as necessary as those which result from the action
      and re-action of bodies.
    

      In despite of the gratuitous ideas which man has formed to himself on his
      pretended free-agency; in defiance of the illusions of this suppose
      intimate sense, which, contrary to his experience, persuades him that he
      is master of his will,—all his institutions are really founded upon
      necessity: on this, as on a variety of other occasions, practice throws
      aside speculation. Indeed, if it was not believed that certain motives
      embraced the power requisite to determine the will of man, to arrest the
      progress of his passions, to direct them towards an end, to modify him; of
      what use would be the faculty of speech? What benefit could arise from
      education itself? What does education achieve, save give the first impulse
      to the human will, make man contract habits, oblige him to persist in
      them, furnish him with motives, whether true or false, to act after a
      given manner? When the father either menaces his son with punishment, or
      promises him a reward, is he not convinced these things will act upon his
      will? What does legislation attempt, except it be to present to the
      citizens of a state those motives which are supposed necessary to
      determine them to perform some actions that are considered worthy; to
      abstain from committing others that are looked upon as unworthy? What is
      the object of morals, if it be not to shew man that his interest exacts he
      should suppress the momentary ebullition of his passions, with a view to
      promote a more certain happiness, a more lasting well-being, than can
      possibly result from the gratification of his transitory desires? Does not
      the religion of all countries suppose the human race, together with the
      entire of Nature, submitted to the irresistible will of a necessary being,
      who regulates their condition after the eternal laws of immutable wisdom?
      Is not God the absolute master of their destiny? Is it not this divine
      being who chooses and rejects? The anathemas fulminated by religion, the
      promises it holds forth, are they not founded upon the idea of the effects
      they will necessarily produce upon mankind? Is not man brought into
      existence without his own knowledge? Is he not obliged to play a part
      against his will? Does not either his happiness or his misery depend on
      the part he plays?
    

      All religion has been evidently founded upon Fatalism. Among the
      Greeks they supposed men were punished for their necessary faults, as may
      be seen in Orestes, in Oedipus, &c. who only committed crimes
      predicted by the oracles. It is rather singular that the theological
      defenders of the doctrine of free-agency, which they endeavour to
      oppose to that of predestination,—which according to them is
      irreconcileable with Christianity, inasmuch as it is a false and
      dangerous system,—should not have been aware that the doctrines of
      the fall of angels, original sin, the small number of the elect, the
      system of grace, &c. were most incontestibly supporting, by the
      most cogent arguments, a true system of fatalism.
    
Education, then, is only necessity shewn to children: legislation
      is necessity shewn to the members of the body politic: morals is
      the necessity of the relations subsisting between men, shewn to reasonable
      beings: in short, man grants necessity in every thing for which he
      believes he has certain, unerring experience: that of which he does not
      comprehend the necessary connection of causes with their effects he styles
      probability: he would not act as he does, if he was not convinced,
      or, at least, if he did not presume he was, that certain effects will
      necessarily follow his actions. The moralist preaches reason,
      because he believes it necessary to man: the philosopher writes,
      because he believes truth must, sooner or later, prevail over falsehood:
      tyrants and fanatical priests necessarily hate truth,
      despise reason, because they believe them prejudicial to their interests:
      the sovereign, who strives to terrify crime by the severity of his
      laws, but who nevertheless, from motives of state policy sometimes renders
      it useful and even necessary to his purposes, presumes the motives he
      employs will be sufficient to keep his subjects within bounds. All reckon
      equally upon the power or upon the necessity of the motives they make use
      of; each individual flatters himself, either with or without reason, that
      these motives will have an influence on the conduct of mankind. The
      education of man is commonly so defective, so inefficacious, so little
      calculated to promote the end he has in view, because it is regulated by
      prejudice: even when this education is good, it is but too often speedily
      counteracted, by almost every thing that takes place in society.
      Legislation and politics are very frequently iniquitous, and serve no
      better purpose than to kindle passions in the bosom of man, which once set
      afloat, they are no longer competent to restrain. The great art of the
      moralist should be, to point out to man, to convince those who are
      entrusted with the sacred office of regulating his will, that their
      interests are identified; that their reciprocal happiness depends upon the
      harmony of their passions; that the safety, the power, the duration of
      empires, necessarily depend on the good sense diffused among the
      individual members; on the truth of the notions inculcated in the mind of
      the citizens, on the moral goodness that is sown in their hearts, on the
      virtues that are cultivated in their breasts; religion should not be
      admissible, unless it truly fortified, unless it really strengthened these
      motives. But in the miserable state into which error has plunged a
      considerable portion of the human species, man, for the most part, is
      seduced to be wicked: he injures his fellow-creature as a matter of
      conscience, because the strongest motives are held out to him to be
      persecuting; because his institutions invite him to the commission of
      evil, under the lure of promoting his own immediate happiness. In most
      countries superstition renders him a useless being, makes him an abject
      slave, causes him to tremble under its terrors, or else turns him into a
      furious fanatic, who is at once cruel, intolerant, and inhuman: in a great
      number of states arbitrary power crushes him, obliges him to become a
      cringing sycophant, renders him completely vicious: in those despotic
      states the law rarely visits crime with punishment, except in those who
      are too feeble to oppose its course? or when it has become incapable of
      restraining the violent excesses to which a bad government gives birth. In
      short, rational education is neglected; a prudent culture of the human
      mind is despised; it depends, but too frequently, upon bigotted,
      superstitious priests, who are interested in deceiving man, and who are
      sometimes impostors; or else upon parents or masters without
      understanding, who are devoid of morals, who impress on the ductile mind
      of their scholars those vices with which they are themselves tormented;
      who transmit to them the false opinions, which they believe they have an
      interest in making them adopt.
    

      All this proves the necessity of falling back to man's original errors,
      and recurring to the primitive source of his wanderings, if it be
      seriously intended to furnish him with suitable remedies for such enormous
      maladies: it is useless to dream of correcting his mistakes, of curing him
      of his depravity, until the true causes that move his will are unravelled;
      until more real, more beneficial, more certain motives are substituted for
      those which are found so inefficacious; which prove so dangerous both to
      society and to himself. It is for those who guide the human will, who
      regulate the condition of nations, who hold the real happiness of man in
      their grasp, to seek after these motives,—with which reason will
      readily furnish them—which experience will enable them to apply with
      success: even a good book, by touching the heart of a great prince, may
      become a very powerful cause that shall necessarily have an influence over
      the conduct of a whole people, and decide upon the felicity of a portion
      of the human race.
    

      From all that has been advanced in this chapter, it results, that in no
      one moment of his existence man is a free agent: he is not the architect
      of his own conformation; this he holds from Nature, he has no controul
      over his own ideas, or over the modification of his brain; these are due
      to causes, that, in despite of him, very frequently without his own
      knowledge, unceasingly act upon him; he is not the master of not loving
      that which he finds amiable; of not coveting that which appears to him
      desirable; he is not capable of refusing to deliberate, when he is
      uncertain of the effects certain objects will produce upon him; he cannot
      avoid choosing that which he believes will be most advantageous to him: in
      the moment when his will is determined by his choice, he is not competent
      to act otherwise than he does: in what instance, then, is he the master of
      his own actions? In what moment is he a free agent?
    

      That which a man is about to do is always a consequence of that which he
      has been—of that which he is—of that which he has done up to
      the moment of the action: his total and actual existence, considered under
      all its possible circumstances, contains the sum of all the motives to the
      action he is about to commit; this is a principle, the truth of which no
      thinking, being will be able to refuse accrediting: his life is a series
      of necessary moments; his conduct, whether good or bad, virtuous or
      vicious, useful or prejudicial, either to himself or to others, is a
      concatenation of action, a chain of causes and effects, as necessary as
      all the moments of his existence. To live, is to exist in a
      necessary mode during the points of its duration, which succeed each other
      necessarily: to will, is to acquiesce or not in remaining such as
      he is: to be free, is to yield to the necessary motives that he
      carries within himself.
    

      If he understood the play of his organs, if he was able to recal to
      himself all the impulsions they have received, all the modifications they
      have undergone, all the effects they have produced, he would perceive,
      that all his actions are submitted to that fatality which regulates
      his own particular system, as it does the entire system of the universe:
      no one effect in him, any more than in Nature, produce itself by chance;
      this, as has been before proved, is a word void of sense. All that passes
      in him, all that is done by him, as well as all that happens in Nature, or
      that is attributed to her, is derived from necessary laws, which produce
      necessary effects; from whence necessarily flow others.
    
Fatality is the eternal, the immutable, the necessary order
      established in Nature, or the indispensible connection of causes that act
      with the effects they operate. Conforming to this order, heavy bodies
      fall, light bodies rise; that which is analogous in matter, reciprocally
      attracts; that which is heterogeneous, mutually repels; man congregates
      himself in society, modifies each his fellow, becomes either virtuous or
      wicked; either contributes to his mutual happiness, or reciprocates his
      misery; either loves his neighbour, or hates his companion necessarily;
      according to the manner in which the one acts upon the other. From whence
      it may be seen, that the same necessity which regulates the physical, also
      regulates the moral world: in which every thing is in consequence
      submitted to fatality. Man, in running over, frequently without his own
      knowledge, often in despite of himself, the route which Nature has marked
      out for him, resembles a swimmer who is obliged to follow the current that
      carries him along; he believes himself a free agent, because he sometimes
      consents, sometimes does not consent, to glide with the stream; which,
      notwithstanding, always hurries him forward; he believes himself the
      master of his condition, because he is obliged to use his arms under the
      fear of sinking.
    

      The false ideas he has formed to himself upon free-agency, are in general
      thus founded: there are certain events which he judges necessary;
      either because he sees they are effects that are constantly, are
      invariably linked to certain causes, which nothing seems to prevent; or
      because he believes he has discovered the chain of causes and effects that
      is put in play to produce those events: whilst he contemplates as contingent,
      other events, of whose causes he is ignorant; the concatenation of which
      he does not perceive; with whose mode of acting he is unacquainted: but in
      Nature, where every thing is connected by one common bond, there exists no
      effect without a cause. In the moral as well as in the physical world,
      every thing that happens is a necessary consequence of causes, either
      visible or concealed; which are, of necessity, obliged to act after their
      peculiar essences. In man, free-agency is nothing more than necessity
      contained within himself.
    











      CHAP. XII.
    
An examination of the Opinion which pretends that the System of
      Fatalism is dangerous.

      For a being whose essence obliges him to have a constant tendency to his
      own conservation, to continually seek to render himself happy, experience
      is indispensible: without it he cannot discover truth, which is nothing
      more, as has been already said, than a knowledge of the constant relations
      which subsist between man, and those objects that act upon him; according
      to his experience he denominates those that contribute to his permanent
      welfare useful and salutary; those that procure him pleasure, more or less
      durable, he calls agreeable. Truth itself becomes the object of his
      desires, only when he believes it is useful; he dreads it, whenever he
      presumes it will injure him. But has truth the power to injure him? Is it
      possible that evil can result to man from a correct understanding of the
      relations he has with other beings? Can it be true, that he can be harmed
      by becoming acquainted with those things, of which, for his own happiness,
      he is interested in having a knowledge? No: unquestionably not. It is upon
      its utility that truth founds its worth; upon this that it builds its
      rights; sometimes it may be disagreeable to individuals—it may even
      appear contrary to their interests—but it will ever be beneficial to
      them in the end; it will always be useful to the whole human species; it
      will eternally benefit the great bulk of mankind; whose interests must for
      ever remain distinct from those of men, who, duped by their own peculiar
      passions, believe their advantage consists in plunging others into error.
    
Utility, then, is the touchstone of his systems, the test of his
      opinions, the criterion of the actions of man; it is the standard of the
      esteem, the measure of the love he owes to truth itself: the most useful
      truths are the most estimable: those truths which are most interesting for
      his species, he styles eminent; those of which the utility limits
      itself to the amusement of some individuals who have not correspondent
      ideas, similar modes of feeling, wants analogous to his own, he either
      disdains, or else calls them barren.
    

      It is according to this standard, that the principles laid down in this
      work, ought to be judged. Those who are acquainted with the immense chain
      of mischief produced on the earth by erroneous systems of superstition,
      will acknowledge the importance of opposing to them systems more accordant
      with truth, schemes drawn from Nature, sciences founded on experience.
      Those who are, or believe they are, interested in maintaining the
      established errors, will contemplate, with horror, the truths here
      presented to them: in short, those infatuated mortals, who do not feel, or
      who only feel very faintly, the enormous load of misery brought upon
      mankind by metaphysical speculation; the heavy yoke of slavery under which
      prejudice makes him groan, will regard all our principles as useless; or,
      at most, as sterile truths, calculated to amuse the idle hours of a few
      speculators.
    

      No astonishment, therefore, need be excited at the various judgments
      formed by man: his interests never being the same, any more than his
      notions of utility, he condemns or disdains every thing that does not
      accord with his own peculiar ideas. This granted, let us examine, if in
      the eyes of the disinterested man, who is not entangled by prejudice—who
      is sensible to the happiness of his species—who delights in truth—the
      doctrine of fatalism be useful or dangerous? Let us see if it is a
      barren speculation, that his not any influence upon the felicity of the
      human race? At has been already shewn, that it will furnish morals with
      efficacious arguments, with real motives to determine the will, supply
      politics with the true lever to raise the proper activity in the mind of
      man. It will also be seen that it serves to explain in a simple manner the
      mechanism of man's actions; to develope in an easy way the arcana of the
      most striking phenomena of the human heart: on the other hand, if his
      ideas are only the result of unfruitful speculations, they cannot interest
      the happiness of the human species. Whether he believes himself a free
      agent, or whether he acknowledges the necessity of things, he always
      equally follows the desires imprinted on his soul; which are to preserve
      his existence and render himself happy. A rational education, honest
      habits, wise systems, equitable laws, rewards uprightly distributed,
      punishments justly inflicted, will conduct man to happiness by making him
      virtuous; while thorny speculations, filled with difficulties, can at most
      only have an influence over persons unaccustomed to think.
    

      After these reflections, it will be very easy to remove the difficulties
      that are unceasingly opposed to the system of fatalism, which so many
      persons, blinded by their superstitious prejudices, are desirous to have
      considered as dangerous—as deserving of punishment—as
      calculated to disturb public tranquility—as tending to unchain the
      passions—to undermine the opinions man ought to have; and to
      confound his ideas of vice and of virtue.
    

      The opposers of necessity, say, that if all the actions of man are
      necessary, no right whatever exists to punish bad ones, or even to he
      angry with those who commit them: that nothing ought to be imputed to
      them; that the laws would be unjust if they should decree punishment for
      necessary actions; in short, that under this system man could neither have
      merit nor demerit. In reply, it may be argued, that, to impute an action
      to any one, is to attribute that action to him; to acknowledge him for the
      author: thus, when even an action was supposed to be the effect of an
      agent, and that agent necessity, the imputation would lie: the
      merit or demerit, that is ascribed to an action are ideas originating in
      the effects, whether favourable or pernicious, that result to those who
      experience its operation; when, therefore, it should be conceded, that the
      agent was necessity, it is not less certain, that the action would be
      either good or bad; estimable or contemptible, to those who must feel its
      influence; in short that it would be capable of either eliciting their
      love, or exciting their anger. Love and anger are modes of existence,
      suitable to modify, beings of the human species: when, therefore, man
      irritates himself against his fellow, he intends to excite his fear, or
      even to punish him, in order to deter him from committing that which is
      displeasing to him. Moreover his anger is necessary; it is the result of
      his Nature; the consequence of his temperament. The painful sensation
      produced by a stone that falls on the arm, does not displease the less,
      because it comes from a cause deprived of will; which acts by the
      necessity of its Nature. In contemplating man as acting necessarily, it is
      impossible to avoid distinguishing that mode of action or being which is
      agreeable, which elicits approbation, from that which is afflicting, which
      irritates, which Nature obliges him to blame and to prevent. From this it
      will be seen, that the system of fatalism, does not in any manner change
      the actual state of things, and is by no means calculated to confound
      man's ideas of virtue and vice.
    

      Man's Nature always revolts against that which opposes it: there are men
      so choleric, that they infuriate themselves even against insensible and
      inanimate objects; reflection on their own impotence to modify these
      objects ought to conduct them back to reason. Parents are frequently very
      much to be blamed for correcting their children with anger: they should be
      contemplated as beings who are not yet modified; or who have, perhaps,
      been very badly modified by themselves: nothing is more common in life,
      than to see men punish faults of which they are themselves the cause.
    

      Laws are made with a view to maintain society; to uphold its existence; to
      prevent man associated, from injuring his neighbour; they are therefore
      competent to punish those who disturb its harmony, or those who commit
      actions that are injurious to their fellows; whether these associates may
      be the agents of necessity, or whether they are free agents, it suffices
      to know they are susceptible of modification, and are therefore submitted
      to the operation of the law. Penal laws are, or ought to be, those motives
      which experience has shewn capable of restraining the inordinate passions
      of man, or of annihilating the impulse these passions give to his will;
      from whatever necessary cause man may derive these passions, the
      legislator proposes to arrest their effect, when he takes suitable means,
      when he adopts proper methods, he is certain of success. The Judge, in
      decreeing to crime, gibbets, tortures, or any other chastisement whatever,
      does nothing more than is done by the architect, who in building a house,
      places gutters to carry off the rain, and prevent it from sapping the
      foundation.
    

      Whatever may be the cause that obliges man to act, society possesses the
      right to crush the effects, as much as the man whose land would be ruined
      by a river, has to restrain its waters by a bank: or even, if he is able,
      to turn its course. It is by virtue of this right that society has the
      power to intimidate, the faculty to punish, with a view to its own
      conservation, those who may be tempted to injure it; or those who commit
      actions which are acknowledged really to interrupt its repose; to be
      inimical to its security; repugnant to its happiness.
    

      It will, perhaps, be argued, that society does not, usually, punish those
      faults in which the will has no share; that, in fact, it punishes the will
      alone; that this it is which decides the nature of the crime, and the
      degree of its atrocity; that if this will be not free, it ought not to be
      punished. I reply, that society is an assemblage of sensible beings,
      susceptible of reason, who desire their own welfare; who fear evil, and
      seek after good. These dispositions enable their will to be so modified or
      determined, that they are capable of holding such a conduct as will
      conduce to the end they have in view. Education, the laws, public opinion,
      example, habit, fear, are the causes that must modify associated man,
      influence his will, regulate his passions, restrain the actions of him who
      is capable of injuring the end of his association, and thereby make him
      concur to the general happiness. These causes are of a nature to make
      impressions on every man, whose organization, whose essence, whose sanity,
      places him in a capacity to contract the habits, to imbibe the modes of
      thinking, to adopt the manner of acting, with which society is willing to
      inspire him. All the individuals of the human species are susceptible of
      fear, from whence it flows as a natural consequence, that the fear of
      punishment, or the privation of the happiness he desires, are motives that
      must necessarily more or less influence his will, and regulate his
      actions. If the man is to be found who is so badly constituted as to
      resist, whose organization is so vicious as to be insensible to those
      motives which operate upon all his fellows, he is not fit to live in
      society; he would contradict the very end of his association: he would be
      its enemy; he would place obstacles to its natural tendency; his
      rebellious disposition, his unsociable will, not being susceptible of that
      modification which is convenient to his own true interests and to the
      interests of his fellow-citizens; these would unite themselves against
      such an enemy; and the law which is, or ought to be the expression of the
      general will, would visit with condign punishment that refractory
      individual upon whom the motives presented to him by society, had not the
      effect which it had been induced to expect: in consequence, such an
      unsociable man would be chastised; he would be rendered miserable, and
      according to the nature of his crime he would be excluded from society as
      a being but little calculated to concur in its views.
    

      If society has the right to conserve itself, it has also the right to take
      the means: these means are the laws which present or ought to present to
      the will of man those motives which are most suitable to deter him from
      committing injurious actions. If these motives fail of the proper effect,
      if they are unable to influence him, society, for its own peculiar good,
      is obliged to wrest from him the power of doing it further injury. From
      whatever source his actions may arise, therefore, whether they are the
      result of free-agency, or whether they are the offspring of necessity,
      society coerces him if, after having furnished him with motives,
      sufficiently powerful to act upon reasonable beings, it perceives that
      these motives have not been competent to vanquish his depraved nature. It
      punishes him with justice, when the actions from which it dissuades him
      are truly injurious to society; it has an unquestionable right to punish,
      when it only commands those things that are conformable to the end
      proposed by man in his association; or defends the commission of those
      acts, which are contrary to this end; which are hostile to the nature of
      beings associated for their reciprocal advantage. But, on the other hand,
      the law has not acquired the right to punish him: if it has failed to
      present to him the motives necessary to have an influence over his will,
      it has not the right to coerce him if the negligence of society has
      deprived him of the means of subsisting; of exercising his talents; of
      exerting his industry; of labouring for its welfare. It is unjust, when it
      punishes those to whom it has, neither given an education, nor honest
      principles; whom it has not enabled to contract habits necessary to the
      maintenance of society: it is unjust when it punishes them for faults
      which the wants of their nature, or the constitution of society has
      rendered necessary to them: it is unjust, it is irrational, whenever it
      chastises them for having followed those propensities, which example,
      which public opinion, which the institutions, which society itself
      conspires to give them. In short, the law is defective when it does not
      proportion the punishment to the real evil which society has sustained.
      The last degree of injustice, the acme of folly is, when society is so
      blinded as to inflict punishment on those citizens who have served it
      usefully.
    

      The penal laws, in exhibiting terrifying objects to man, who must
      be supposed susceptible of fear, presents him with motives calculated to
      have an influence over his will. The idea of pain, the privation of
      liberty, the fear of death, are, to a being well constituted, in the full
      enjoyment of his faculties, very puissant obstacles, that strongly oppose
      themselves to the impulse of his unruly desires: when these do not coerce
      his will, when they fail to arrest his progress, he is an irrational
      being; a madman; a being badly organized; against whom society has the
      right to guarantee itself; against whom it has a right to take measures
      for its own security. Madness is, without doubt, an involuntary, a
      necessary state; nevertheless, no one feels it unjust to deprive the
      insane of their liberty, although their actions can only be imputed to the
      derangement of their brain. The wicked are men whose brain is either
      constantly or transitorily disturbed; still they must be punished by
      reason of the evil they commit; they must always be placed in the
      impossibility of injuring society: if no hope remains of bringing them
      back to a reasonable conduct—if every prospect of recalling them to
      their duty has vanished—if they cannot be made to adopt a mode of
      action conformable to the great end of association—they must be for
      ever excluded its benefits.
    

      It will not be requisite to examine here, how far the punishments which
      society inflicts upon those who offend against it, may be reasonably
      carried. Reason should seem to indicate that the law ought to shew to the
      necessary crimes of man, all the indulgence that is compatible with the
      conservation of society. The system of fatalism, as we have seen, does not
      leave crime unpunished; but it is, at least, calculated to moderate the
      barbarity with which a number of nations punish the victims to their
      anger. This cruelty becomes still more absurd, when experience has shewn
      its inutility: the habit of witnessing ferocious punishments familiarizes
      criminals with the idea. If it be true that society possesses the right of
      taking away the life of its members—if it be really a fact, that the
      death of a criminal, thenceforth useless, can be advantageous for society,
      which it will be necessary to examine, humanity, at least, exacts that
      this death should not be accompanied with useless tortures; with which
      laws, perhaps in this instance too rigorous, frequently seem to delight in
      overwhelming their victim. This cruelty seems to defeat its own end, it
      only serves to make the culprit, who is immolated to the public vengeance,
      suffer without any advantage to society; it moves the compassion of the
      spectator, interests him in favor of the miserable offender who groans
      under its weight; it impresses nothing upon the wicked, but the sight of
      those cruelties destined for himself; which but too frequently renders him
      more ferocious, more cruel, more the enemy of his associates: if the
      example of death was less frequent, even without being accompanied with
      tortures, it would be more efficacious. If experience was consulted, it
      would be found that the greater number of criminals only look upon death
      as a bad quarter of an hour. It is an unquestionable fact, that a
      thief seeing one of his comrades, display a want of firmness under the
      punishment, said to him: "Is not this what I have often told you, that
      in our business, we have one evil more than the rest of mankind?"
      Robberies are daily committed, even at the foot of the scaffolds where
      criminals are punished. In those nations, where the penalty of death is so
      lightly inflicted, has sufficient attention been paid to the fact, that
      society is yearly deprived of a great number of individuals who would be
      able to render it very useful service, if made to work, and thus indemnify
      the community for the injuries they have committed? The facility with
      which the lives of men are taken away, proves the incapacity of
      counsellors; is an evidence of the negligence of legislators: they find it
      a much shorter road, that it gives them less trouble to destroy the
      citizens than to seek after the means to render them better.
    

      What shall be said for the unjust cruelty of some nations, in which the
      law, that ought to have for its object the advantage of the whole, appears
      to be made only for the security of the most powerful? How shall we
      account for the inhumanity of those societies, in which punishments the
      most disproportionate to the crime, unmercifully take away the lives of
      men, whom the most urgent necessity, the dreadful alternative of famishing
      in a land of plenty, has obliged to become criminal? It is thus that in a
      great number of civilized nations, the life of the citizen is placed in
      the same scales with money; that the unhappy wretch who is perishing from
      hunger, who is writhing under the most abject misery, is put to death for
      having taken a pitiful portion of the superfluity of another whom he
      beholds rolling in abundance! It is this that, in many otherwise very
      enlightened societies, is called justice, or making the punishment
      commensurate with the crime.
    

      Let the man of humanity, whose tender feelings are alive to the welfare of
      his species—let the moralist, who preaches virtue, who holds out
      forbearance to man—let the philosopher, who dives into the secrets
      of Nature—let the theologian himself say, if this dreadful iniquity,
      this heinous sin, does not become yet more crying, when the laws decree
      the most cruel tortures for crimes to which the most irrational customs
      gave birth—which bad institutions engender—which evil examples
      multiply? Is not this something like building a sorry, inconvenient hovel,
      and then punishing the inhabitant, because he does not find all the
      conveniences of the most complete mansion, of the most finished structure?
      Man, as at cannot be too frequently repeated, is so prone to evil, only
      because every thing appears to urge him on to the commission of it, by too
      frequently shewing him vice triumphant: his education is void in a great
      number of states, perhaps defective in nearly all; in many places he
      receives from society no other principles, save those of an unintelligible
      superstition; which make but a feeble barrier against those propensities
      that are excited by dissolute manners; which are encouraged by corrupt
      examples: in vain the law cries out to him: "abstain from the goods of thy
      neighbour;" his wants, more powerful, loudly declare to him that he must
      live: unaccustomed to reason, having never been submitted to a wholesome
      discipline, he conceives he must do it at the expence of a society who has
      done nothing for him: who condemns him to groan in misery, to languish in
      indigence: frequently deprived of the common necessaries requisite to
      support his existence, which his essence, of which he is not the master,
      compels him to conserve. He compensates himself by theft, he revenges
      himself by assassination, he becomes a plunderer by profession, a murderer
      by trade; he plunges into crime, and seeks at the risque of his life, to
      satisfy those wants, whether real or imaginary, to which every thing
      around him conspires to give birth. Deprived of education, he has not been
      taught to restrain the fury of his temperament—to guide his passions
      with discretion—to curb his inclinations. Without ideas of decency,
      destitute of the true principles of honour, he engages in criminal
      pursuits that injure his country: which at the same time has been to him
      nothing more than a step-mother. In the paroxysm of his rage, in the
      exacerbation of his mind, he loses sight of his neighbour's rights, he
      overlooks the gibbet, he forgets the torture; his unruly desires have
      become too potent—they have completely absorbed his mind; by a
      criminal indulgence they have given an inveteracy to his habits which
      preclude him from changing them; laziness has made him torpid: remorse has
      gnawed his peace; despair has rendered him blind; he rushes on to death;
      and society is compelled to punish him rigorously, for those fatal, those
      necessary dispositions, which it has perhaps itself engendered in his
      heart by evil example: or which at least, it has not taken the pains
      seasonably to root out; which it has neglected to oppose by suitable
      motives—by those calculated to give him honest principles—to
      excite him to industrious habits, to imbue him with virtuous inclinations.
      Thus, society frequently punishes those propensities of which it is itself
      the author, or which its negligence has suffered to spring up in the mind
      of man: it acts like those unjust fathers, who chastise their children for
      vices which they have themselves made them contract.
    

      However unjust, however unreasonable this conduct may be, or appear to be,
      it is not the less necessary: society, such as it is, whatever may be its
      corruption, whatever vices may pervade its institutions, like every thing
      else in Nature, is willing to subsist; tends to conserve itself: in
      consequence, it is obliged to punish those excesses which its own vicious
      constitution has produced: in despite of its peculiar prejudices,
      notwithstanding its vices, it feels cogently that its own immediate
      security demands that it should destroy the conspiracies of those who make
      war against its tranquillity: if these, hurried on by the foul current of
      their necessary propensities, disturb its repose—if, borne on the
      stream of their ill-directed desires, they injure its interests, this
      following the natural law, which obliges it to labour to its own peculiar
      conservation, removes them out of its road; punishes them with more or
      less rigor, according to the objects to which it attaches the greatest
      importance, or which it supposes best suited to further its own peculiar
      welfare: without doubt, it deceives itself frequently, both upon these
      objects and the means; but it deceives itself necessarily, for want of the
      knowledge calculated to enlighten it, with regard to its true interests;
      for want of those, who regulate its movements possessing proper vigilance—suitable
      talents—the requisite virtue. From this it will appear, that the
      injustice of a society badly constituted, and blinded by its prejudices,
      is as necessary, as the crimes of those by whom it is hostilely attacked—by
      whose vices it is distracted. The body politic, when in a state of
      insanity, cannot act more consistently with reason, than one of its
      members whose brain is disturbed by madness.
    

      It will still be said that these maxims, by submitting every thing to
      necessity, must confound, or even destroy the notions man forms of justice
      and injustice; of good and evil; of merit and demerit: I deny it. Although
      man, in every thing he does, acts necessarily, his actions are good, they
      are just, they are meritorious, every time they tend to the real utility
      of his fellows; of the society of which he makes a part: they are, of
      necessity, distinguished from those which are really prejudicial to the
      welfare of his associates. Society is just, it is good, it is worthy our
      reverence, when it procures for all its members, their physical wants,
      when it affords them protection, when it secures their liberty, when it
      puts them in possession of their natural rights. It is ill this that
      consists all the happiness of which the social compact is susceptible:
      society is unjust, it is bad, it is unworthy our esteem, when it is
      partial to a few, when it is cruel to the greater number: it is then that
      it multiplies its enemies, obliges them to revenge themselves by criminal
      actions which it is under the necessity to punish. It is not upon the
      caprices of political society that depend the true notions of justice and
      injustice—the right ideas of moral good and evil—a just
      appreciation of merit and demerit; it is upon utility, upon the
      necessity of things, which always forces man to feel that there exists a
      mode of acting on which he implicitly relies, which he is obliged to
      venerate, which he cannot help approving either in his fellows, in
      himself, or in society: whilst there is another mode to which he cannot
      lend his confidence, which his nature makes him to hate, which his
      feelings compel him to condemn. It is upon his own peculiar essence that
      man founds his ideas of pleasure and of pain—of right and of wrong—of
      vice and of virtue: the only difference between these is, that pleasure
      and pain make them instantaneously felt in his brain; he becomes conscious
      of their existence upon the spot; in the place of which, the advantages
      that accrue to him from justice, the benefit that he derives from virtue,
      frequently do not display themselves but after a long train of reflections—after
      multiplied experience and complicated attention; which many, either from a
      defect in their conformation, or from the peculiarity of the circumstances
      under which they are placed, are prevented from making, or at least from
      making correctly.
    

      By a necessary consequence of this truism, the system of fatalism,
      although it has frequently been so accused, does not tend to encourage man
      in crime, to make remorse vanish from his mind. His propensities are to be
      ascribed to his nature; the use he makes of his passions depends upon his
      habits, upon his opinions, upon the ideas he has received in his
      education; upon the examples held forth by the society in which he lives.
      These things are what necessarily decide his conduct. Thus, when his
      temperament renders him susceptible of strong passions, he is violent in
      his desires, whatever may be his speculations.
    
Remorse is the painful sentiment excited in him by grief, caused
      either by the immediate or probable future effect of his indulged
      passions: if these effects were always useful to him, he would not
      experience remorse; but, as soon as he is assured that his actions render
      him hateful, that his passions make him contemptible; or, as soon as he
      fears he shall be punished in some mode or other, he becomes restless,
      discontented with himself—he reproaches himself with his own conduct—he
      feels ashamed—he fears the judgement of those beings whose affection
      he has learned to esteem—in whose good-will he finds his own comfort
      deeply interested. His experience proves to him that the wicked man is
      odious to all those upon whom his actions have any influence: if these
      actions are concealed at the moment of commission, he knows it very rarely
      happens they remain so for ever. The smallest reflection convinces him
      that there is no wicked man who is not ashamed of his own conduct—who
      is truly contented with himself—who does not envy the condition of
      the good man—who is not obliged to acknowledge that he has paid very
      dearly for those advantages he is never able to enjoy, without
      experiencing the most troublesome sensations, without making the most
      bitter reproaches against himself; then he feels ashamed, despises
      himself, hates himself, his conscience becomes alarmed, remorse follows in
      it train. To be convinced of the truth of this principle it is only
      requisite to cast our eyes on the extreme precautions that tyrants and
      villains, who are otherwise sufficiently powerful not to dread the
      punishment of man, take to prevent exposure;—to what lengths they
      push their cruelties against some, to what meannesses they stoop to others
      of those who are able to hold them up to public scorn. Have they not,
      then, a consciousness of their own iniquities? Do they not know that they
      are hateful and contemptible? Have they not remorse? Is their condition
      happy? Persons well brought up acquire these sentiments in their
      education; which are either strengthened or enfeebled by public opinion,
      by habit, or by the examples set before them. In a depraved society,
      remorse either does not exist, or presently disappears; because, in all
      his actions, it is ever the judgment of his fellow-man that man is obliged
      necessarily to regard. He never feels either shame or remorse for actions
      he sees approved, that are practised by the world. Under corrupt
      governments, venal souls, avaricious being, mercenary individuals, do not
      blush either at meanness, robbery, or rapine, when it is authorized by
      example; in licentious nations, no one blushes at adultery except the
      husband, at whose expence it is committed; in superstitious countries, man
      does not blush to assassinate his fellow for his opinions. It will be
      obvious, therefore, that his remorse, as well as the ideas, whether right
      or wrong, which man has of decency, virtue, justice, &c. are the
      necessary consequence of his temperament, modified by the society in which
      he lives: assassins and thieves, when they live only among themselves,
      have neither shame nor remorse.
    

      Thus, I repeat, all the actions of man are necessary those which are
      always useful, which constantly contribute to the real, tend to the
      permanent happiness of his species, are called virtues, and are
      necessarily pleasing to all who experience their influence; at least, if
      their passions or false opinions do not oblige them to judge in that
      manner which is but little accordant with the nature of things: each man
      acts, each individual judges, necessarily, according to his own peculiar
      mode of existence—after the ideas, whether true or false, which he
      has formed with regard to his happiness. There are necessary actions which
      man is obliged to approve; there are others, that, in despite of himself,
      he is compelled to censure; of which the idea generates shame when his
      reflection permits him to contemplate them under the same point of view
      that they are regarded by his associates. The virtuous man and the wicked
      man act from motives equally necessary: they differ simply in their
      organization—in the ideas they form to themselves of happiness: we
      love the one necessarily—we detest the other from the same
      necessity. The law of his nature, which wills that a sensible being shall
      constantly labour to preserve himself, has not left to man the power to
      choose, or the free-agency to prefer pain to pleasure—vice to
      utility—crime to virtue. It is, then, the essence of man himself
      that obliges him to discriminate those actions which are advantageous to
      him, form those which are prejudicial to his interest, from those which
      are baneful to his felicity.
    

      This distinction subsists even in the most corrupt societies, in which the
      ideas of virtue, although completely effaced from their conduct, remain
      the same in their mind. Let us suppose a matt, who had decidedly
      determined for villainy, who should say to himself—"It is folly to
      be virtuous in a society that is depraved, in a community that is
      debauched." Let us suppose also, that he has sufficient address, the
      unlooked-for good fortune to escape censure or punishment, during a long
      series of years; I say, that in despite of all these circumstances,
      apparently so advantageous for himself, such a man has neither been happy
      nor contented with his own conduct, He has been in continual agonies—ever
      at war with his own actions—in a state of constant agitation. How
      much pain, how much anxiety, has he not endured in this perpetual conflict
      with himself? How many precautions, what excessive labour, what endless
      solicitude, has he not been compelled to employ in this continued
      struggle; how many embarrassments, how many cares, has he not experienced
      in this eternal wrestling with his associates, whose penetration he
      dreads, whose scorn he fears will follow a true knowledge of his pursuits.
      Demand of him what he thinks of himself, he will shrink from the question.
      Approach the bedside of this villain at the moment he is dying; ask him if
      he would be willing to recommence, at the same price, a life of similar
      agitation? If he is ingenuous, he will avow that he has tasted neither
      repose nor happiness; that each crime filled him with inquietude—that
      reflection prevented him from sleeping—that the world has been to
      him only one continued scene of alarm—an uninterrupted concatenation
      of terror—an everlasting, anxiety of mind;—that to live
      peaceably upon bread and water, appears to him to be a much happier, a
      more easy condition, than to possess riches, credit, reputation, honours,
      on the same terms that he has himself acquired them. If this villain,
      notwithstanding all his success, finds his condition so deplorable, what
      must be thought of the feelings of those who have neither the same
      resources nor the same advantages to succeed in their criminal projects.
    

      Thus, the system of necessity is a truth not only founded upon certain
      experience, but, again, it establishes morals upon an immoveable basis.
      Far from sapping the foundations of virtue, it points out its necessity;
      it clearly shows the invariable sentiments it must excite—sentiments
      so necessary, so strong, so congenial to his existence, that all the
      prejudices of man—all the vices of his institutions—all the
      effect of evil example, have never been able entirely to eradicate them
      from his mind. When he mistakes the advantages of virtue, it ought to be
      ascribed to the errors that are infused into him—to the
      irrationality of his institutions: all his wanderings are the fatal
      consequences of error,—the necessary result of prejudices which have
      identified themselves with his existence. Let it not, therefore, any
      longer be imputed to his nature that he has become wicked, but to those
      baneful opinions which he has imbibed with his mother's milk,—that
      have rendered him ambitious, avaricious, envious, haughty, arrogant,
      debauched, intolerant, obstinate, prejudiced, incommodious to his fellows,
      mischievous to himself. It is education that carries into his system the
      germ of those vices which necessarily torment him during the whole course
      of his life.
    
Fatalism is reproached with discouraging man—with damping the
      ardour of his soul—with plunging him into apathy—with
      destroying the bonds that should connect him with society. Its opponents
      say, "If every thing is necessary, we must let things go on, and not be
      disturbed by any thing." But does it depend on man to be sensible or not?
      Is he master of feeling or not feeling pain? If Nature has endowed him
      with a humane, with a tender soul, is it possible he should not interest
      himself in a very lively manner, in the welfare of beings whom he knows
      are necessary to his own peculiar happiness? His feelings are necessary:
      they depend on his own peculiar nature, cultivated by education. His
      imagination, prompt to concern itself with the felicity of his race,
      causes his heart to be oppressed at the sight of those evils his
      fellow-creature is obliged to endure,—makes his soul tremble in the
      contemplation of the misery arising from the despotism that crushes him—from
      the superstition that leads him astray—from the passions that
      distract him in a state of warfare against his neighbour. Although he
      knows that death is the fatal, the necessary period to the form of all
      beings, his soul is not affected in a less lively manner at the loss of a
      beloved wife,—at the demise of a child calculated to console his old
      age,—at the final separation from an esteemed friend who had become
      dear to his heart. Although he is not ignorant that it is the essence of
      fire to burn, he does not believe he is dispensed from using his utmost
      efforts to arrest the progress of a conflagration. Although he is
      intimately convinced that the evils to which he is a witness, are the
      necessary consequence of primitive errors with which his fellow-citizens
      are imbued, he feels he ought to display truth to them, if Nature has
      given him the necessary courage; under the conviction, that if they listen
      to it, it will, by degrees, become a certain remedy for their sufferings,
      that it will produce those necessary effects which it is of its essence to
      operate.
    

      If the speculations of man modify his conduct, if they change his
      temperament, he ought not to doubt that the system of necessity would have
      the most advantageous influence over him; not only is it suitable to calm
      the greater part of his inquietude, but it will also contribute to inspire
      him with a useful submission, a rational resignation, to the decrees of a
      destiny with which his too great sensibility frequently causes him to be
      overwhelmed. This happy apathy, without doubt, would be, desirable to
      those whose souls, too tender to brook the inequalities of life,
      frequently render them the deplorable sport of their fate; or whose
      organs, too weak to make resistance to the buffettings of fortune,
      incessantly expose them to be dashed in pieces under the rude blows of
      adversity.
    

      But, of all the important advantages the human race would be enabled to
      derive from the doctrine of fatalism, if man was to apply it to his
      conduct, none would be of greater magnitude, none of more happy
      consequence, none that would more efficaciously corroborate his happiness,
      than that general indulgence, that universal toleration, that must
      necessarily spring from the opinion, that all is necessary. In
      consequence, of the adoption of this principle, the fatalist, if he had a
      sensible soul, would commisserate the prejudices of his fellow-man—would
      lament over his wanderings—would seek to undeceive him—would
      try by gentleness to lead him into the right path, without ever irritating
      himself against his weakness, without ever insulting his misery. Indeed,
      what right have we to hate or despise man for his opinions? His ignorance,
      his prejudices, his imbecility, his vices, his passions, his weakness, are
      they not the inevitable consequence of vicious institutions? Is he not
      sufficiently punished by the multitude of evils that afflict him on every
      side? Those despots who crush him with an iron sceptre, are they not
      continual victims to their own peculiar restlessness—mancipated to
      their perpetual diffidence—eternal slaves to their suspicions? Is
      there one wicked individual who enjoys a pure, an unmixed, a real
      happiness? Do not nations unceasingly suffer from their follies? Are they
      not the incessant dupes to their prejudices? Is not the ignorance of
      chiefs, the ill-will they bear to reason, the hatred they have for truth,
      punished by the imbecility of their citizens, by the ruin of the states
      they govern? In short, the fatalist would grieve to witness necessity each
      moment exercising its severe decrees upon mortals who are ignorant of its
      power, or who feel its castigation, without being willing to acknowledge
      the hand from whence it proceeds; he will perceive that ignorance is
      necessary, that credulity is the necessary result of ignorance—that
      slavery and bondage are necessary consequences of ignorant credulity—that
      corruption of manners springs necessarily from slavery—that the
      miseries of society, the unhappiness of its members, are the necessary
      offspring of this corruption. The fatalist, in consequence, of these
      ideas, will neither be a gloomy misanthrope, nor a dangerous citizen; he
      will pardon in his brethren those wanderings, he will forgive them those
      errors—which their vitiated nature, by a thousand causes, has
      rendered necessary—he will offer them consolation—he will
      endeavour to inspire them with courage—he will be sedulous to
      undeceive them in their idle notions, in their chimerical ideas; but he
      will never display against them bitterness of soul—he will never
      show them that rancorous animosity which is more suitable, to make them
      revolt from his doctrines, than to attract them to reason;—he will
      not disturb the repose of society—he will not raise the people to
      insurrection against the sovereign authority; on the contrary, he will
      feel that the miserable blindness of the great, and the wretched
      perverseness, the fatal obstinacy of so many conductors of the people, are
      the necessary consequence of that flattery that is administered to them in
      their infancy—that feeds their hopes with allusive falsehoods—of
      the depraved malice of those who surround them—who wickedly corrupt
      them, that they may profit by their folly—that they may take
      advantage of their weakness: in short, that these things are the
      inevitable effect of that profound ignorance of their true interest, in
      which every thing strives to keep them.
    

      The fatalist has no right to be vain of his peculiar talents; no privilege
      to be proud of his virtues; he knows that these qualities are only the
      consequence of his natural organization, modified by circumstances that
      have in no wise depended upon himself. He will neither have hatred nor
      feel contempt for those whom Nature and circumstances have not favoured in
      a similar manner. It is the fatalist who ought to be humble, who should be
      modest from principle: is he not obliged to acknowledge, that he possesses
      nothing that he has not previously received?
    

      In fact, will not every thing conduct to indulgence the fatalist whom
      experience has convinced of the necessity of things? Will he not see with
      pain, that it is the essence of a society badly constituted, unwisely
      governed, enslaved to prejudice, attached to unreasonable customs,
      submitted to irrational laws, degraded under despotism, corrupted by
      luxury, inebriated by false opinions, to be filled with trifling members;
      to be composed of vicious citizens; to be made up of cringing slaves, who
      are proud of their chains; of ambitious men, without idea of true glory;
      of misers and prodigals; of fanatics and libertines! Convinced of the
      necessary connection of things, he will not be surprised to see that the
      supineness of their chiefs carries discouragement into their country, or
      that the influence of their governors stirs up bloody wars by which it is
      depopulated, and causes useless expenditures that impoverish it; that all
      these excesses united, is the reason why so many nations contain only men
      wanting happiness, without understanding to attain it; who are devoid of
      morals, destitute of virtue. In all this he will contemplate nothing more
      than the necessary action and re-action of physics upon morals, of morals
      upon physics. In short, all who acknowledge fatality, will remain
      persuaded that a nation badly governed is a soil very fruitful in venomous
      reptiles—very abundant in poisonous plants; that these have such a
      plentiful growth as to crowd each other and choak themselves. It is in a
      country cultivated by the hands of a Lycurgus, that he will witness the
      production of intrepid citizens, of noble-minded individuals, of
      disinterested men, who are strangers to irregular pleasures. In a country
      cultivated by a Tiberius, he will find nothing but villains with depraved
      hearts, men with mean contemptible souls, despicable informers, execrable
      traitors. It is the soil, it is the circumstances in which man finds
      himself placed, that renders him either a useful object or a prejudicial
      being: the wise man avoids the one, as he would those dangerous reptiles
      whose nature it is to sting and communicate their deadly venom; he
      attaches himself to the other, esteems him, loves him, as he does those
      delicious fruits with whose rich maturity his palate is pleasantly
      gratified, with whose cooling juices he finds himself agreeably refreshed:
      he sees the wicked without anger—he cherishes the good with pleasure—he
      delights in the bountiful: he knows full well that the tree which is
      languishing without culture in the arid, sandy desert, that is stunted for
      want of attention, leafless for want of moisture, that has grown crooked
      from neglect, become barren from want of loam, whose tender bark is gnawed
      by rapacious beasts of prey, pierced by innumerable insects, would perhaps
      have expanded far and wide its verdant boughs from a straight and stately
      stem, have brought forth delectable fruit, have afforded from its
      luxuriant foliage under its lambent leaves an umbrageous refreshing
      retreat from the scorching rays of a meridian sun, have offered beneath
      its swelling branches, under its matted tufts a shelter from the pitiless
      storm, it its seed had been fortunately sown in a more fertile soil,
      placed in a more congenial climate, had experienced the fostering cares of
      a skilful cultivator.
    

      Let it not then be said, that it is degrading man reduce his functions to
      a pure mechanism; that it is shamefully to undervalue him, scandalously to
      abuse him, to compare him to a tree; to an abject vegetation. The
      philosopher devoid of prejudice does not understand this language,
      invented by those who are ignorant of what constitutes the true dignity of
      man. A tree is an object which, in its station, joins the useful with the
      agreeable; it merits our approbation when it produces sweet and pleasant
      fruit; when it affords a favourable shade. All machines are precious, when
      they are truly useful, when they faithfully perform the functions for
      which they are designed. Yes, I speak it with courage, reiterate it with
      pleasure, the honest man, when he has talents, when he possesses virtue,
      is, for the beings of his species, a tree that furnishes them with
      delicious fruit, that affords them refreshing shelter: the honest man is a
      machine of which the springs are adapted to fulfil its functions in a
      manner that must gratify the expectation of all his fellows. No, I should
      not blush, I should not feel degraded, to be a machine of this sort; and
      my heart would leap with joy, if I could foresee that the fruit of my
      reflections would one day be useful to my race, consoling to my
      fellow-man.
    

      Is not Nature herself a vast machine, of which the human species is but a
      very feeble spring? I see nothing contemptible either in her or her
      productions; all the beings who come out of her hands are good, are noble,
      are sublime, whenever they co-operate to the production of another, to the
      maintenance of harmony in the sphere where they must act. Of whatever
      nature the soul may be, whether it is made mortal, or whether it be
      supposed immortal; whether it is regarded as a spirit, or whether it be
      looked upon as a portion of the body; it will be found noble, it will be
      estimated great, it will be ranked good, it will be considered sublime, in
      a Socrates, in an Aristides, in a Cato: it will be thought abject, it will
      be viewed as despicable, it will be called corrupt, in a Claudius, in a
      Sejanus, in a Nero: its energies will be admired, we shall be delighted
      with its manner, fascinated with its efforts, in a Shakespeare, in a
      Corneille, in a Newton, in a Montesquieu: its baseness will be lamented,
      when we behold mean, contemptible men, who flatter tyranny, or who
      servilely cringe at the foot of superstition.
    

      All that has been said in the course of this work, proves clearly that
      every thing is necessary; that every thing is always in order, relatively
      to Nature; where all beings do nothing more than follow the laws that are
      imposed on their respective classes. It is part of her plan, that certain
      portions of the earth shall bring forth delicious fruits, shall blossom
      beauteous flowers; whilst others shall only furnish brambles, shall yield
      nothing but noxious vegetables: she has been willing that some societies
      should produce wise men, great heroes; that others should only give birth
      to abject souls, contemptible men, without energy, destitute of virtue.
      Passions, winds, tempests, hurricanes, volcanoes, wars, plagues, famines,
      diseases, death, are as necessary to her eternal march as the beneficent
      heat of the sun, the serenity of the atmosphere, the gentle showers of
      spring, plentiful years, peace, health, harmony, life: vice and virtue,
      darkness and light, and science are equally necessary; the one are not
      benefits, the other are not evils, except for those beings whose happiness
      they influence by either favouring or deranging their peculiar mode of
      existence. The whole cannot be miserable, but it may contain unhappy
      individuals.

      Nature, then, distributes with the same hand that which is called order,
      and that which is called disorder; that which is called pleasure,
      and that which is called pain: in short, she diffuses by the
      necessity of her existence, good and evil in the world we inhabit. Let not
      man, therefore, either arraign her bounty, or tax her with malice; let him
      not imagine that his feeble cries, his weak supplications, can never
      arrest her colossal power, always acting after immutable laws; let him
      submit silently to his condition; and when he suffers, let him not seek a
      remedy by recurring to chimeras that his own distempered imagination has
      created; let him draw from the stores of Nature herself, the remedies
      which she offers for the evil she brings upon him: if she sends him
      diseases, let him search in her bosom for those salutary productions to
      which she has given birth, which will cure them: if she gives him errors,
      she also furnishes him with experience to counteract them; in truth, she
      supplies him with an antidote suitable to destroy their fatal effects. If
      she permits man to groan under the pressure of his vices, beneath the load
      of his follies, she also shews him in virtue, a sure remedy for his
      infirmities: if the evils that some societies experience are necessary,
      when they shall have become too incommodious they will be irresistibly
      obliged to search for those remedies which Nature will always point out to
      them. If this Nature has rendered existence insupportable, to some
      unfortunate beings, whom she appears to have selected for her victims,
      still death, is a door that will surely be opened to them—that will
      deliver them from their misfortunes, although in their puny, imbecile,
      wayward judgment, they may be deemed impossible of cure.
    

      Let not man, then, accuse Nature with being inexorable to him, since there
      does not exist in her whole circle an evil for which she has not furnished
      the remedy, to those who have the courage to seek it, who have the
      fortitude to apply it. Nature follows general and necessary laws in all
      her operations; physical calamity and moral evil are not to be ascribed to
      her want of kindness, but to the necessity of things. Physical calamity is
      the derangement produced in man's organs by physical causes which he sees
      act: moral evil is the derangement produced in him by physical causes of
      which the action is to him a secret. These causes always terminate by
      producing sensible effects, which are capable of striking his senses;
      neither the thoughts nor the will of man ever shew themselves, but by the
      marked effects they produce either in himself or upon those beings whom
      Nature has rendered susceptible of feeling their impulse. He suffers,
      because it is of the essence of some beings to derange the economy of his
      machine; he enjoys, because the properties of some beings are analogous to
      his own mode of existence; he is born, because it is of the nature of some
      matter to combine itself under a determinate form; he lives, he acts, he
      thinks, because it is of the essence of certain combinations to maintain
      themselves in existence by given means for a season; at length he dies,
      because a necessary law prescribes that all the combinations which are
      formed, shall either be destroyed or dissolve themselves. From all this it
      results, that Nature is impartial to all its productions; she submits man,
      like all other beings, to those eternal laws from which she has not even
      exempted herself; if she was to suspend these laws, even for an instant,
      from that moment disorder would reign in her, system; her harmony would be
      disturbed.
    

      Those who wish to study Nature, must take experience for their guide;
      this, and this only, can enable them to dive into her secrets, to unravel
      by degrees, the frequently imperceptible woof of those slender causes, of
      which she avails herself to operate the greatest phenomena: by the aid of
      experience, man often discovers in her properties, perceives modes of
      action entirely unknown to the ages which have preceded him; those effects
      which his grandfathers contemplated as marvellous, which they regarded as
      supernatural efforts, looked upon as miracles, have become familiar to him
      in the present day, and are at this moment contemplated as simple and
      natural consequences, of which he comprehends the mechanism—of which
      he understands the cause—of which he can unfold the manner of
      action. Man, in fathoming Nature, has arrived at discovering the true
      causes of earthquakes; of the periodical motion of the sea; of
      subterraneous conflagrations; of meteors; of the electrical fluid, the
      whole of which were considered by his ancestors, and are still so by the
      ignorant, by the uninformed, as indubitable signs of heaven's wrath. His
      posterity, in following up, in rectifying the experience already made,
      will perhaps go further, and discover those causes which are totally
      veiled from present eyes. The united efforts of the human species will one
      day perhaps penetrate even into the sanctuary of Nature, and throw into
      light many of those mysteries which up to the present time she seems to
      have refused to all his researches.
    

      In contemplating man under his true aspect; in quitting authority to
      follow experience; in laying aside error to consult reason; in submitting
      every thing to physical laws, from which his imagination has vainly
      exerted its utmost power to withdraw them; it will be found that the
      phenomena of the moral world follow exactly the same general rules as
      those of the physical; that the greater part of those astonishing effects,
      which ignorance, aided by his prejudices, make him consider as
      inexplicable, and regard as wonderful, are natural consequences flowing
      from simple causes. He will find that the eruption of a volcano and the
      birth of a Tamerlane are to Nature the same thing; in recurring to the
      primitive causes of those striking events which he beholds with
      consternation, which he contemplates with fearful alarm, in falling back
      to the sources of those terrible revolutions, those frightful convulsions,
      those dreadful explosions that distract mankind, lay waste the fairest
      works of Nature, ravage nations, and tear up society by the roots; he will
      find the wills that compassed the most surprising changes, that operated
      the most extensive alterations in the state of things, that brought about
      the most unlooked-for events, were moved by physical causes, whose exility
      made him treat them as contemptible; whose want of consequence in his own
      purblind eyes led him to believe them utterly incapable to give birth to
      the phenomena whose magnitude strikes him with such awe, whose stupendous
      range fills him with such amazement.
    

      If man was to judge of causes by their effects, there would be no small
      causes in the universe. In a Nature where every thing is connected, where
      every thing acts and re-acts, moves and changes, composes and decomposes,
      forms and destroys, there is not an atom which does not play an important
      part—that does not occupy a necessary station; there is not an
      imperceptible particle, however minute, which, placed in convenient
      circumstances, does not operate the most prodigious effects. If man was in
      a capacity to follow the eternal chain, to pursue the concatenated links,
      that connect with their causes all the effects he witnesses, without
      losing sight of any one of its rings,—if he could unravel the ends
      of those insensible threads that give impulse to the thoughts, decision to
      the will, direction to the passions of those men who are called mighty,
      according to their actions, he would find, they are true atoms which
      Nature employs to move the moral world; that it is the unexpected but
      necessary function of these indiscernible particles of matter, it is their
      aggregation, their combination, their proportion, their fermentation,
      which modifying the individual by degrees, in despite of himself,
      frequently without his own knowledge, make him think, will, and act, in a
      determinate, but necessary mode. If, then, the will and the actions of
      this individual have an influence over a great number of other men, here
      is the moral world in a state of the greatest combustion, and those
      consequences ensue which man contemplates with fearful wonder. Too much
      acrimony in the bile of a fanatic—blood too much inflamed in the
      heart of a conqueror—a painful indigestion in the stomach of a
      monarch—a whim that passes in the mind of a woman—are
      sometimes causes sufficient to bring on war—to send millions of men
      to the slaughter—to root out an entire people—to overthrow
      walls—to reduce cities into ashes—to plunge nations into
      slavery—to put a whole people into mourning—to breed famine in
      a land—to engender pestilence—to propagate calamity—to
      extend misery—to spread desolation far and wide upon the surface of
      our globe, through a long series of ages.
    

      The dominant passion of an individual of the human species, when it
      disposes of the passions of many others, arrives at combining their will,
      at uniting their efforts, and thus decides the condition of man. It is
      after this manner that an ambitious, crafty, and voluptuous Arab, gave to
      his countrymen an impulse of which the effect was the subjugation and
      desolation of vast countries in Asia, in Africa, and in Europe; whose
      consequences were sufficiently potential to erect a new, extensive, but
      slavish empire; to give a novel system of religion to millions of human
      beings; to overturn the altars of their former gods; in short, to alter
      the opinions, to change the customs of a considerable portion of the
      population of the earth. But in examining the primitive sources of this
      strange revolution, what were the concealed causes that had an influence
      over this man—that excited his peculiar passions, and modified his
      temperament? What was the matter from the combination of which resulted a
      crafty, ambitious, enthusiastic, and eloquent man; in short, a personage
      competent to impose on his fellow-creatures—capable of making them
      concur in his most extravagant views. They were, undoubtedly, the
      insensible particles of his blood; the imperceptible texture of his
      fibres; the salts, more or less acrid, that stimulated his nerves; the
      proportion of igneous fluid that circulated in his system. From whence
      came these elements? It was from the womb of his mother; from the aliments
      which nourished him; from the climate in which he had his birth; from the
      ideas he received; from the air which he respired; without reckoning a
      thousand inappreciable, a thousand transitory causes, that in the instance
      given had modified, had determined the passions of this importent being,
      who had thereby acquired the capacity to change the face of this mundane
      sphere.
    

      To causes so weak in their principles, if in the origin the slightest
      obstacle had been opposed, these wonderful events, which have astounded
      man, would never have been produced. The fit of an ague, the consequence
      of bile a little too much inflamed, had sufficed, perhaps, to have
      rendered abortive all the vast projects, of the legislator of the
      Mussulmen. Spare diet, a glass of water, a sanguinary evacuation, would
      sometimes have been sufficient to have saved kingdoms.
    

      It will be seen, then, that the condition of the human species, as well as
      that of each of its individuals, every instant depends on insensible
      causes, to which circumstances, frequently fugitive, give birth; that
      opportunity developes, that convenience puts in action: man attributes
      their effects to chance, whilst these causes operate necessarily, act
      according to fixed rules: he has frequently neither the sagacity nor the
      honesty to recur to their true principles; he regards such feeble motives
      with contempt, because he has been taught to consider them as incapable of
      producing such stupendous events. They are, however, these motives, weak
      as they may appear to be, these springs, so pitiful in his eyes, is which
      according to her necessary laws, suffice in the hands of Nature to move
      the universe. The conquests of a Gengis-Khan have nothing in them that is
      more strange to the eye of a philosopher than the explosion of a mine,
      caused in its principle by a feeble spark, which commences with setting
      fire to a single grain of powder; this presently communicates itself to
      many millions of other contiguous grains, of which the united force, the
      multiplied powers, terminate by blowing up mountains, overthrowing
      fortifications, or converting populous, well-built cities, into heaps of
      ruins.
    

      Thus, imperceptible causes, concealed in the bosom of Nature, until the
      moment their action is displayed, frequently decide the fate of man. The
      happiness or the wretchedness, the prosperity or the misery of each
      individual, as well as that of whole nations, are attached to powers which
      it is impossible for him to foresee, which he cannot appreciate, of which
      he is incapable to arrest the action. Perhaps at this moment atoms are
      amassing, insensible particles are combining, of which the assemblage
      shall form a sovereign, who will be either the scourge or the saviour of a
      mighty empire. Man cannot answer for his own destiny one single instant;
      he has no cognizance of what is passing within himself; he is ignorant of
      the causes which act in the interior of his machine; he knows nothing of
      the circumstances that will give them activity: he is unacquainted with
      what may develope their energy; it is, nevertheless, on these causes,
      impossible to be unravelled by him, that depends his condition in life.
      Frequently, an unforeseen rencontre gives birth to a passion in his soul,
      of which the consequences shall, necessarily, have an influence over his
      felicity. It is thus that the most virtuous man, by a whimsical
      combination of unlooked-for circumstances, may become in an instant the
      most criminal of his species.
    

      This truth, without doubt, will be found frightful—this fact will
      unquestionably appear terrible: but at bottom, what has it more revolting
      than that which teaches him that an infinity of accidents, as irremediable
      as they are unforeseen, may every instant wrest from him that life to
      which he is so strongly attached? Fatalism reconciles the good man easily
      to death: it makes him contemplate it as a certain means of withdrawing
      himself from wickedness; this system shews death, even to the happy man
      himself, as a medium between him and those misfortunes which frequently
      terminate by poisoning his happiness; that end with embittering the most
      fortunate existence.
    

      Let man, then, submit to necessity: in despite of himself it will always
      hurry him forward: let him resign himself to Nature, let him accept the
      good with which she presents him: let him oppose to the necessary evil
      which she makes him experience, those necessary remedies which she
      consents to afford him; let him not disturb his mind with useless
      inquietude; let him enjoy with moderation, because he will find that pain
      is the necessary companion of excess: let him follow the paths of virtue,
      because every thing will prove to him, even in this world of perverseness,
      that it is absolutely necessary to render him estimable in the eyes of
      others, to make him contented with himself.
    

      Feeble, vain mortal, thou pretendest to be a free agent. Alas! dost thou
      not see all the threads which enchain thee? Dost thou not perceive that
      they are atoms which form thee; that they are atoms which move thee; that
      they are circumstances independent of thyself, that modify thy being; that
      they are circumstances over which thou hast not any controul, that rule
      thy destiny? In the puissant Nature that environs thee, shalt thou pretend
      to be the only being who is able to resist her power? Dost thou really
      believe that thy weak prayers will induce her to stop in her eternal
      march; that thy sickly desires can oblige her to change her everlasting
      course?
    











      CHAP. XIII.
    
Of the Immortality of the Soul;—of the Doctrine of a future
      State;—of the Fear of Death.

      The reflections presented to the reader in this work, tend to shew what
      ought to be thought of the human soul, as well as of its operations and
      faculties: every thing proves, in the most convincing manner, that it
      acts, that it moves according to laws similar to those prescribed to the
      other beings of Nature; that it cannot be distinguished from the body;
      that it is born with it; that it grows up with it; that it is modified in
      the same progression; in short, every thing ought to make man conclude
      that it perishes with it. This soul, as well as the body, passes through a
      state of weakness and infancy; it is in this stage of its existence, that
      it is assailed by a multitude of modifications; that it is stored with an
      infinity of ideas, which it receives from exterior objects through the
      medium of the organs; that it amasses facts, that it collects experience,
      whether true or false, that it forms to itself a system of conduct,
      according to which it thinks, in conformity with which it acts, from
      whence results either its happiness or its misery, its reason or its
      delirium, its virtues or its vices; arrived with the body at its full
      powers, having in conjunction with it reached maturity, it does not cease
      for a single instant to partake in common of its sensations, whether these
      are agreeable or disagreeable; it participates in all its pleasures; it
      shares in all its pains; in consequence it conjointly approves or
      disapproves its state; like it, it is either sound or diseased; active or
      languishing; awake or asleep. In old age man extinguishes entirely, his
      fibres become rigid, his nerves loose their elasticity, his senses are
      obtunded, his sight grows dim, his ears lose their quickness, his ideas
      become unconnected, his memory fails, his imagination cools: what then
      becomes of his soul? Alas! it sinks down with the body; it gets benumbed
      as this loses its feeling; becomes sluggish as this decays in activity;
      like it, when enfeebled by years it fulfils its functions with pain; this
      substance, which is deemed spiritual, which is considered immaterial,
      which it is endeavoured to distinguish from matter, undergoes the same
      revolutions, experiences the same vicissitudes, submits to the same
      modifications, as does the body itself.
    

      In despite of this proof of the materiality of the soul, of its identity
      with the body, so convincing to the unprejudiced, some thinkers have
      supposed, that although the latter is perishable, the former does not
      perish: that this portion of man enjoys the especial privilege of immortality;
      that it is exempt from dissolution: free from those changes of form all
      the beings in Nature undergo: in consequence of this, man has persuaded
      himself, that this privileged soul does not die: its immortality, above
      all, appears indubitable to those who suppose it spiritual: after having
      made it a simple being, without extent, devoid of parts, totally different
      from any thing of which he has a knowledge, he pretended that it was not
      subjected to the laws of decomposition common to all beings, of which
      experience shews him the continual operation.
    

      Man, feeling within himself a concealed force, that insensibly produced
      action, that imperceptibly gave direction to the motion of his machine,
      believed that the entire of Nature, of whose energies he is ignorant, with
      whose modes of acting he is unacquainted, owed its motion to an agent
      analogous to his own soul; who acted upon the great macrocosm, in the same
      manner that this soul acted upon his body. Man, having supposed himself
      double, made Nature double also: he distinguished her from her own
      peculiar energy; he separated her from her mover, which by degrees he made
      spiritual. Thus Nature, distinguished from herself, was regarded as the
      soul of the world; and the soul of man was considered as opinions
      emanating from this universal soul. This notion upon the origin of the
      soul is of very remote antiquity. It was that of the Egyptians, of the
      Chaldeans, of the Hebrews, of the greater number of the wise men of the
      east. It should appear that Moses believed with the Egyptians the
      divine emanation of souls: according to him, "God formed man of the
      dust of the ground, and breathed into his nostrils the breath of life; and
      man became a living soul:" nevertheless, the Catholic, at this day,
      rejects this system of divine emanation, seeing that it supposes
      the Divinity divisible: which would have, been inconvenient to the Romish
      idea of purgatory, or to the system of everlasting punishment. Although
      Moses, in the above quotation, seems to indicate that the soul was a
      portion of the Divinity, it does not appear that the doctrine of the immortality
      of the soul was established in any one of the books attributed to him.
      It was during the Babylonish captivity, that the Jews learned the doctrine
      of future rewards and punishments, taught by Zoroaster to the Persians,
      but which the Hebrew legislator did not understand, or, at least, he left
      his people ignorant on the subject. It was in those schools, that
      Pherecydes, Pythagoras, and Plato, drew up a doctrine so flattering to the
      vanity of human nature—so gratifying to the imagination of mortals.
      Man thus believed himself a portion of the Divinity; immortal, like the
      Godhead, in one part of himself: nevertheless, subsequent religions have
      renounced these advantages, which they judged incompatible with the other
      parts of their systems; they held forth that the Sovereign of Nature, or
      her contriver was not the soul of man, but, that, in virtue of his
      omnipotence, he created human souls, in proportion as he produced the
      bodies which they must animate; and they taught, that these souls once
      produced, by an effect of the same omnipotence, enjoyed immortality.
    

      However it may be with these variations upon the origin of souls, those
      who supposed them emanating from the Divinity, believed that after the
      death of the body, which served them for an envelope, they returned, by
      refunding to their first source. Those who, without adopting the opinion
      of divine emanation, admired the spirituality, believed the immortality of
      the soul, were under the necessity to suppose a region, to find out an
      abode for these souls, which their imagination painted to them, each
      according to his fears, his hopes, his desires, and his prejudices.
    

      Nothing is more popular than the doctrine of the immortality of the
      soul; nothing is more universally diffused than the expectation of
      another life. Nature having inspired man with the most ardent love for his
      existence, the desire of preserving himself for ever was a necessary
      consequence; this desire was presently converted into certainty: from that
      desire of existing eternally which Nature has implanted in him, he made an
      argument, to prove that man would never cease to exist. Abady says, "our
      soul has no useless desires, it naturally desires an eternal life;" and by
      a very strange logic, he concludes that this desire could not fail to be
      fulfilled. Cicero, before Abady, had declared the immortality of the soul
      to be an innate idea in man; yet, strange to tell, in another part of his
      works he considers Pherecydes as the inventor of the doctrine. However
      this may be, man, thus disposed, listened with avidity to those who
      announced to him systems so conformable to his wishes. Nevertheless, he
      ought not to regard as supernatural the desire of existing, which always
      was, and always will be, of the essence man; it ought not to excite
      surprise, if he received with eagerness an hypothesis that flattered his
      hopes, by promising that his desire would one day be gratified; but let
      him beware how he concludes that this desire itself is an indubitable
      proof of the reality of this future life, with which at present he seems
      to be so much occupied. The passion for existence is in man only a natural
      consequence of the tendency of a sensible being, whose essence it is to be
      willing to conserve himself: in the human being it follows the energy of
      his soul—keeps pace with the force of his imagination—always
      ready to realize that which he strongly desires. He desires the life of
      the body, nevertheless this desire is frustrated; wherefore should not the
      desire for the life of the soul be frustrated like the other? The
      partizans of the doctrine of the immortality of the soul reason thus: "All
      men desire to live for ever, therefore they will live for ever." Suppose
      the argument retorted on them; would it be believed? If it was asserted,
      "All men naturally desire to be rich; therefore all men will one day be
      rich," how many partizans would this doctrine find?
    

      The most simple reflection upon the nature of his soul, ought to convince
      man that the idea of its immortality is only an illusion of the brain.
      Indeed what is his soul, save the principle of sensibility? What is it, to
      think, to enjoy, to suffer; is it not to feel? What is life, except it be
      the assemblage of modifications, the congregation of motion, peculiar to
      an organized being? Thus, as soon as the body ceases to live, its
      sensibility can no longer exercise itself; when its sensibility is no
      more, it can no longer have ideas, nor in consequence thoughts. Ideas, as
      we have proved, can only reach man through his senses; now, how will they
      have it, that once deprived of his senses, he is yet capable of receiving
      sensations, of having perceptions, of forming ideas? As they have made the
      soul of man a being separated from the animated body, wherefore have they
      not made life a being distinguished from the living body? Life in a body
      is the totality of this motion; feeling and thought make a part of this
      motion: thus it is reasonable to suppose, that in the dead man these
      motions will cease, like all the others.
    

      Indeed, by what reasoning will it be proved, that this soul, which cannot
      feel, think, will, or act, but by aid of man's organs, can suffer pain, be
      susceptible of pleasure, or even have a consciousness of its own
      existence, when the organs which should warn it of their presence are
      decomposed or destroyed? Is it not evident, that the soul depends on the
      arrangement of the various parts of the body; on the order with which
      these parts conspire to perform their functions; on the combined motion of
      the whole? Thus the organic structure once destroyed, can it be reasonably
      doubted the soul will be destroyed also? Is it not seen, that during the
      whole course of human life this soul is stimulated, changed, deranged,
      disturbed, by all the changes man's organs experience? And yet it will be
      insisted, that this soul acts, thinks, subsists, when these same organs
      have entirely disappeared!
    

      An organized being may be compared to a clock, which once broken, is no
      longer suitable to the use for which it was designed. To say, that the
      soul shall feel, shall think, shall enjoy, shall suffer after the death of
      the body; is to pretend that a clock, shivered into a thousand pieces,
      will continue to strike the hour; shall yet have the faculty of marking
      the progress of time. Those who say, that the soul of man is able to
      subsist, notwithstanding the destruction of the body, evidently support
      the position, that the modification of a body will be enabled to conserve
      itself after the subject is destroyed: this on any other occasion would be
      considered as completely absurd.
    

      It will be said that the conservation of the soul after the death of the
      body, is an effect of the Divine Omnipotence: but this is supporting an
      absurdity by a gratuitous hypothesis. It surely is not meant by Divine
      Omnipotence, of whatever nature it may be supposed, that a thing shall
      exist and not exist at the same time: unless this be granted, it will be
      rather difficult to prove, that a soul shall feel and think without the
      intermediates necessary to thought.
    

      Let them then, at least, forbear asserting, that reason is not wounded by
      the doctrine of the immortality of the soul; or by the expectation of a
      future life. These notions, formed to flatter man, to disturb the
      imagination of the uninformed, who do not reason, cannot appear either
      convincing or probable to enlightened minds. Reason, exempted from the
      illusions of prejudice, is, without doubt, wounded by the supposition of a
      soul, that feels, that thinks, that is afflicted, that rejoices, that has
      ideas, without having organs; that is to say, destitute of the only known
      medium, wanting all the natural means, by which, according to what we can
      understand, it is possible for it to feel sensations, have perceptions, or
      form ideas. If it be replied, other means are able to exist, which are supernatural
      or unknown, it may be answered, that these means of transmitting
      ideas to the soul, separated from the body, are not better known to, or
      more within the reach of, those who suppose it, that they are of other
      men. It is, at least, very certain, it cannot admit even of a controversy,
      that all those who reject the system of innate ideas, cannot, without
      contradicting their own principles, admit the doctrine of the immortality
      of the soul.
    

      In defiance of the consolation that so many persons pretend to find in the
      notion of an eternal existence; in despite of that firm persuasion which
      such numbers of men assure us they have, that their souls will survive
      their bodies, they seem so very much alarmed at the dissolution of this
      body, that they do not contemplate their end, which they ought to desire
      as the period of so many miseries, but with the greatest inquietude; so
      true it is, that the real, the present, even accompanied with pain, has
      much more influence over mankind, than the most beautiful chimeras of the
      future; which he never views but through the clouds of uncertainty. Indeed
      the most religious men, notwithstanding the conviction they express of a
      blessed eternity, do not find these flattering hopes sufficiently
      consoling to repress their fears; to prevent their trembling, when they
      think on the necessary dissolution of their bodies. Death was always, for
      mortals, the most frightful point of view; they regard it as a strange
      phenomenon, contrary to the order of things, opposed to Nature; in a word,
      as an effect of the celestial vengeance, as the wages of sin.
      Although every thing proves to man that death is inevitable, he is never
      able to familiarize himself with its idea; he never thinks on it without
      shuddering; the assurance of possessing an immortal soul but feebly
      indemnifies him for the grief he feels in the deprivation of his
      perishable body. Two causes contribute to strengthen his fears, to nourish
      his alarm; the one is, that this death, commonly accompanied with pain,
      wrests from him an existence that pleases him—with which he is
      acquainted—to which he is accustomed; the other is the uncertainty
      of the state that must succeed his actual existence.
    

      The illustrious Bacon has said, that "men fear death for the same reason
      that children dread being alone in darkness." Man naturally challenges
      every thing with which he is unacquainted; he is desirous to see clearly
      to the end, that he may guarantee himself against those objects which may
      menace his safety; that he may also be enabled to procure for himself
      those which may be useful to him; the man who exists cannot form to
      himself any idea of non-existence; as this circumstance disturbs him, for
      want of experience, his imagination sets to work; this points out to him,
      either well or ill, this uncertain state: accustomed to think, to feel, to
      be stimulated into activity, to enjoy society, he contemplates as the
      greatest misfortune, a dissolution that will strip him of these objects,
      that will deprive him of those sensations which his present nature has
      rendered necessary to him; he views with dismay a situation that will
      prevent his being warned of his own existence—that shall bereave him
      of his pleasures—to plunge him into nothing. In supposing it even
      exempt from pain, he always looks upon this nothing as an afflicting
      solitude—as an heap of profound darkness; he sees himself in a state
      of general desolation; destitute of all assistance; and he feels keenly
      all the rigour of this frightful situation. But does not a profound sleep
      help to give him a true idea of this nothing? Does not that deprive him of
      every thing? Does it not appear to annihilate the universe to him, and him
      to the universe? Is death any thing more than a profound, a permanent
      steep? It is for want of being able to form an idea of death that man
      dreads it; if he could figure to himself a true image of this state of
      annihilation, he would from thence cease to fear it; but he is not able to
      conceive a state in which there is no feeling; he therefore believes, that
      when he shall no longer exist, he will have the same feelings, the same
      consciousness of things, which, during his existence, appear so sad to his
      mind; which his fancy paints in such gloomy colours. Imagination pictures
      to him his funeral pomp—the grave they are digging for him—the
      lamentations that will accompany him to his last abode-the epicedium that
      surviving friendship may dictate; he persuades himself that these
      melancholy objects will affect him as painfully even after his decease, as
      they do in his present condition, in which he is in full possession of his
      senses.
    

      Mortal, led astray by fear! after thy death thine eyes will see no more;
      thine ears will hear no longer; in the depth of thy grave thou wilt no
      more be witness to this scene, which thine imagination, at present,
      represents to thee under such dismal colours; thou wilt no longer take
      part in what shall be done in the world; thou wilt no more be occupied
      with what may befal thine inanimate remains, than thou wast able to be the
      day previous to that which ranked thee among the beings of thy species. To
      die is to cease to think; to lack feeling; no longer to enjoy; to find a
      period to suffering; thine ideas will perish with thee; thy sorrows will
      not follow thee to the silent tomb. Think of death, not to feed thy fears—not
      to nourish thy melancholy—but to accustom thyself to look upon it
      with a peaceable eye; to cheer thee up against those false terrors with
      which the enemies to thy repose labour to inspire thee! The fears of death
      are vain illusions, that must disappear as soon as we learn to contemplate
      this necessary event under its true point of view. A great man has defined
      philosophy to be a meditation on death; he is not desirous by that
      to have it understood that man ought to occupy himself sorrowfully with
      his end, with a view to nourish his fears; on the contrary, he wishes to
      invite him to familiarize himself with an object that Nature has rendered
      necessary to him; to accustom himself to expect it with a serene
      countenance. If life is a benefit, if it be necessary to love it, it is no
      less necessary to quit it; reason ought to teach him a calm resignation to
      the decrees of fate: his welfare exacts that he should contract the habit
      of contemplating with placidity, of viewing without alarm, an event that
      his essence has rendered inevitable: his interest demands that he should
      not brood gloomily over his misfortune; that he should not, by continual
      dread, embitter his life; the charms of which he must inevitably destroy,
      if he can never view its termination but with trepidation. Reason and his
      interest then, concur to assure him against those vague terrors with which
      his imagination inspires him, in this respect. If he was to call them to
      his assistance, they would reconcile him to an object that only startles
      him, because he has no knowledge of it; because it is only shewn to him
      with those hideous accompaniments with which it is clothed by
      superstition. Let him then, endeavour to despoil death of these vain
      illusions, and he will perceive that it is only the sleep of life; that
      this sleep will not be disturbed with disagreeable dreams; that an
      unpleasant awakening is never likely to follow it. To die is to sleep; it
      is to enter into that state of insensibility in which he was previous to
      his birth; before he had senses; before he was conscious of his actual
      existence. Laws, as necessary as those which gave him birth, will make him
      return into the bosom of Nature, from whence he was drawn, in order to
      reproduce him afterwards under some new form, which it would be useless
      for him to know: without consulting him, Nature places him for a season in
      the order of organized beings; without his consent, she will oblige him to
      quit it, to occupy some other order.
    

      Let him not complain then, that Nature is callous; she only makes him
      undergo a law from which she does not exempt any one being she contains.
      Man complains of the short duration of life—of the rapidity with
      which time flies away; yet the greater number of men do not know how to
      employ either time or life. If all are born and perish—if every
      thing is changed and destroyed—if the birth of a being is never more
      than the first step towards its end; how is it possible to expect that
      man, whose machine is so frail, of which the parts are so complicated, the
      whole of which possesses such extreme mobility, should be exempted from
      the common law; which decrees, that even the solid earth he inhabits shall
      experience change—shall undergo alteration—perhaps be
      destroyed! Feeble, frail mortal! Thou pretendest to exist for ever; whit
      thou, then, that for thee alone eternal Nature shall change her
      undeviating course? Dost thou not behold in those eccentric comets with
      which thine eyes are sometimes astonished, that the planets themselves are
      subject to death? Live then in peace for the season that Nature permits
      thee; if thy mind be enlightened by reason thou wilt die without terror!
    

      Notwithstanding the simplicity of these reflections; nothing is more rare
      than the sight of men truly fortified against the fears of death: the wise
      man himself turns pale at its approach; he has occasion to collect the
      whole force of his mind, to expect it with serenity. It cannot then,
      furnish matter for surprise, if the idea of death is so revolting to the
      generality of mortals; it terrifies the young—it redoubles the
      chagrin of the middle-aged—it even augments the sorrow of the old,
      who are worn down with infirmity: indeed the aged, although enfeebled by
      time, dread it much more than the young, who are in the full vigour of
      life; the man of many lustres is more accustomed to live years as they
      roll over his head, confirm his attachment to existence; nevertheless,
      long unwearied exertions weaken the powers of his mind; labour, sickness,
      and pain, waste his animal strength; he has less energy; his volition
      becomes faint, superstitious terrors easily appal him; at length disease
      consumes him; sometimes with excruciating tortures: the unhappy wretch,
      thus plunged into misfortune, has, notwithstanding, scarcely ever dared to
      contemplate death; which he ought to consider as the period to all his
      anguish.
    

      If the source of this pusillanimity be sought, it will be found in his
      nature, which attaches him to life; in that deficiency of energy in his
      soul, which hardly any thing tends to corroborate, but which every thing
      strives to enfeeble: which superstition, instead of strengthening,
      contributes to bruise. Almost all human institutions, nearly all the
      opinions of man, conspire to augment his fears; to render his ideas of
      death more terrible; to make them more revolting to his feelings. Indeed,
      superstition pleases itself with exhibiting death under the most frightful
      traits: it represents it to man under the most disgusting colours; as a
      dreadful moment, which not only puts an end to his pleasures, but gives
      him up without defence to the strange rigour of a pitiless decree, which
      nothing can soften. According to this superstition, the most virtuous man
      has reason to tremble for the severity of his fate; is never certain of
      being happy; the most dreadful torments, endless punishments, await the
      victim to involuntary weakness; to the necessary faults of a short-lived
      existence; his infirmities, his momentary offences, the propensities that
      have been planted in his heart, the errors of his mind, the opinions he
      has imbibed, even in the society in which he was born without his own
      consent, the ideas he has formed, the passions he has indulged above all,
      his not being able to comprehend all the extravagant dogmas offered to his
      acceptance, are to be implacably avenged with the most severe and
      never-ending penalties. Ixion is for ever fastened to his wheel; Sisyphus
      must to all eternity roll his stone without ever being able to reach the
      apex of his mountain; the vulture must perpetually prey on the liver of
      the unfortunate Prometheus: those who dare to think for themselves—those
      who have refused to listen to their enthusiastic guides—those who
      have not reverenced the oracles—those who have had the audacity to
      consult their reason—those who have boldly ventured to detect
      impostors—those who have doubted the divine mission of the
      Phythonissa—those who believe that Jupiter violated decency in his
      visit to Danae—those who look upon Apollo as no better than a
      strolling musician—those who think that Mahomet was an arch knave—are
      to smart everlastingly in flaming oceans of burning sulpher; are to float
      to all eternity in the most excruciating agonies on seas of liquid
      brimstone, wailing and gnashing their teeth: what wonder, then, if man
      dreads to be cast into these hideous gulfs; if his mind loathes the
      horrific picture; if he wishes to defer for a season these dreadful
      punishments; if he clings to an existence, painful as it may be, rather
      than encounter such revolting cruelties.
    

      Such, then, are the afflicting objects with which superstition occupies
      its unhappy, its credulous disciples; such are the fears which the tyrant
      of human thoughts points out to them as salutary. In defiance Of the
      exility of the effect which these notions produce oil the greater number,
      even of those who say they are, or who believe themselves persuaded, they
      are held forth as the most powerful rampart that can be opposed to the
      irregularities of man. Nevertheless, as will be seen presently, it will be
      found that these systems, or rather these chimeras, so terrible to behold,
      operate little or nothing on the larger portion of mankind, who dream of
      them but seldom, never in the moment that passion, interest, pleasure, or
      example, hurries them along. If these fears act, it is commonly on those,
      who have but little occasion to abstain from evil; they make honest hearts
      tremble, but fail of effect on the perverse. They torment sensible souls,
      but leave those that are hardened in repose; they disturb tractable,
      gentle minds, but cause no trouble to rebellious spirits: thus they alarm
      none but those who are already sufficiently alarmed; they coerce only
      those who are already restrained.
    

      These notions, then, impress nothing on the wicked; when by accident they
      do act on them, it is only to redouble the wickedness of their natural
      character—to justify them in their own eyes—to furnish them
      with pretexts to exercise it without fear—to follow it without
      scruple. Indeed, the experience of a great number of ages has shewn to
      what excess of wickedness, to what lengths, the passions of man have
      carried him, when they have been authorized by the priesthood—when
      they have been unchained by superstition—or, at least, when he has
      been enabled to cover himself with its mantle. Man has never been more
      ambitious, never more covetous, never more crafty, never more cruel, never
      more seditious, than when he has persuaded himself that superstition
      permitted or commanded him to be so: thus, superstition did nothing more
      than lend an invincible force to his natural passions, which under its
      sacred auspices he could exercise with impunity, indulge without remorse;
      still more, the greatest villains, in giving free vent to the detestable
      propensities of their natural wickedness, have under its influence
      believed, that, by displaying an over-heated zeal, they merited well of
      heaven; that they exempted themselves by new crimes, from that
      chastisement which they thought their anterior conduct had richly merited.
    

      These, then, are the effects which what are called the salutary
      notions of superstition, produce on mortals. These reflections will
      furnish an answer to those who say that, "If heaven was promised equally
      to the wicked as to the righteous, there would be found none incredulous
      of another life." We reply, that, in point of fact, superstition does
      accord heaven to the wicked, since it frequently places in this happy
      abode the most useless, the most depraved of men. Is not Mahomet himself
      enthroned in the empyrean by this superstition? If the calendar of the
      Romish saints was examined, would it be found to contain none but
      righteous, none but good men? Does not Mahometanism cut off from all
      chance of future existence, consequently from all hope of reaching heaven,
      the female part of mankind? Have the Jews exalted no one to the celestial
      regions, save the virtuous? When the Jew is condemned to the devouring
      flames, do not the men who thus torture an unhappy wretch, whose only
      crime is adherence to the religion of his forefathers, expect to be
      rewarded for the deed with everlasting happiness? Are they not promised
      eternal salvation for their orthodoxy? Was Constantine, was St. Cyril, was
      St. Athanasius, was St. Dominic, worthy beatification? Were Jupiter, Thor,
      Mercury, Woden, and a thousand others, deserving of celestial diadems? Is
      erring, feeble man, with all his imbecilities, competent to form a
      judgment of the heavenly deserts of his fellows? Can be, with his dim
      optics, with his limited vision, fathom the human heart? Can he sound its
      depths, trace its meanderings, dive into its recesses, with sufficient
      precision, to determine who amongst his race is or is not possessed of the
      requisite merit to enjoy a blessed eternity? Thus wicked men are held up
      as models by superstition, which as we shall see, sharpens the passions of
      evil-disposed men, by legitimating those crimes, at which, without this
      sanction, they would shudder; which they would fear to commit; or for
      which, at least, they would feel shame; for which they would experience
      remorse. In short, the ministers of superstition furnish to the most
      profligate men the power of indulging their inflamed passions, and then
      hold forth to them means of diverting from their own heads the thunderbolt
      that should strike their crimes, by spreading before them fresh incentives
      to intolerant persecution, with the promise of a never-fading happiness.
    

      With respect to the incredulous, without doubt, there may be amongst them
      wicked men, as well as amongst the most credulous; but incredulity no more
      supposes wickedness, than credulity supposes righteousness. On the
      contrary, the man who thinks, who meditates, knows far better the true
      motives to goodness, than he who suffers himself to be blindly guided by
      uncertain motives, or by the interest of others. Sensible men have the
      greatest advantage in examining opinions, which it is pretended must have
      an influence over their eternal happiness: if these are found false, if
      they appear injurious to their present life, they will not therefore
      conclude, that they have not another life either to fear or to hope; that
      they are permitted to deliver themselves up with impunity to vice, which
      would do an injury to themselves, that would draw upon them the contempt
      of their neighbour, which would subject them to the anger of society: the
      man who does not expect another life, is only more interested in
      prolonging his existence in this; in rendering himself dear to his
      fellows, by cultivating virtue; by performing all his duties with more
      strictness, in the only life of which he has any knowledge: he has made a
      great stride towards felicity, in disengaging himself from those terrors
      which afflict others, which frequently prevent their acting. Such a man
      has nothing to fear, but every thing to hope; if, contrary to what he is
      able to judge, there should be an hereafter existence, will not his
      actions have been so regulated by virtue, will he not have so comported
      himself in his present existence, as to stand a fair chance of enjoying in
      their fullest extent those felicities prepared for his species?
    
Superstition, in fact, takes a pride in rendering man slothful, in
      moulding him to credulity, in making him pusillanimous. It is its
      principle to afflict him without intermission; to redouble in him the
      horrors of death: ever ingenious in tormenting him, it has extended his
      inquietudes beyond even his own existence; its ministers, the more
      securely to dispose of him in this world, invented, in future regions, a
      variety of rewards and punishments, reserving to themselves the privilege
      of awarding these heavenly recompences to those who yielded most
      implicitly to their arbitrary laws; of decreeing punishment to those
      refractory beings who rebelled against their power: thus, according to
      them, Tantalus for divulging their secrets, must eternally fear, engulphed
      in burning sulphur, the stone ready to fall on his devoted head; whilst
      Romulus was beatified and worshipped as a god under the name of Quirinus.
      The same system of superstition caused the philosopher Callisthenes to be
      put to death, for opposing the worship of Alexander; and elevated the monk
      Athanasius to be a saint in heaven. Far from holding forth consolation to
      mortals, far from cultivating man's reason, far from teaching him to yield
      under the hands of necessity, superstition, in a great many countries,
      strives to render death still more bitter to him; to make its yoke sit
      heavy; to fill up its retinue with a multitude of hideous phantoms; to
      paint it in the most frightful colours; to render its approach terrible:
      by this means it has crowded the world with enthusiasts, whom it seduces
      by vague promises; with contemptible slaves, whom it coerces with the fear
      of imaginary evils: it has at length persuaded man, that his actual
      existence is only a journey, by which he will arrive at a more important
      life: this doctrine, whether it be rational or irrational, prevents him
      from occupying himself with his true happiness; from even dreaming of
      ameliorating his institutions, of improving his laws, of advancing the
      progress of science, of perfectioning his morals. Vain and gloomy ideas
      have absorbed his attention: he consents to groan under fanatical tyranny—to
      writhe under political inflictions—to live in error—to
      languish in misfortune—in the hope, when he shall be no more, of
      being one day happier; in the firm confidence, that after he has
      disappeared, his calamities, his patience, will conduct him to a
      never-ending felicity: he has believed himself submitted to cruel priests,
      who are willing to make him purchase his future welfare at the expence of
      every thing most dear to his peace, most valuable to his existence here
      below: they have pictured heaven as irritated against him, as disposed to
      appease itself by punishing him eternally, for any efforts he should make
      to withdraw himself from, their power. It is thus the doctrine of a future
      life has been made fatal to the human species: it plunged whole nations
      into sloth, made them languid, filled them with indifference to their
      present welfare, or else precipitated them, into the most furious
      enthusiasm, which hurried them on to such lengths that they tore each
      other in pieces in order to merit the promised heaven.
    

      It will be asked, perhaps, by what road has man been conducted to form to
      himself these gratuitous ideas of another world? I reply, that it is a
      truth man has no idea of a future life, they are the ideas of the past and
      the present that furnish his imagination with the materials of which he
      constructs the edifice of the regions of futurity. Hobbes says, "We
      believe that, that which is will always be, and that the same causes will
      have the same effects." Man in his actual state, has two modes of feeling,
      one that he approves, another that he disapproves: thus, persuaded that
      these two modes of feeling must accompany him, even beyond his present
      existence, he placed in the regions of eternity two distinguished abodes,
      one destined to felicity, the other to misery: the one must contain those
      who obey the calls of superstition, who believe in its dogmas; the other
      is a prison, destined to avenge the cause of heaven, on all those who
      shall not faithfully believe the doctrines promulgated by the ministers of
      a vast variety of superstitions. Has sufficient attention been paid to the
      fact that results as a necessary consequence from this reasoning; which on
      examination will be found to have rendered the first place entirely
      useless, seeing, that by the number and contradiction of these various
      systems, let man believe which ever he may, let him follow it in the most
      faithful manner, still he must be ranked as an infidel, as a rebel to the
      Divinity, because he cannot believe in all; and those from which he
      dissents, by a consequence of their own creed, condemn him to the
      prison-house?
    

      Such is the origin of the ideas upon a future life, so diffused among
      mankind. Every where may be seen an Elysium and a Tartarus; a Paradise and
      a Hell; in a word, two distinguished abodes, constructed according to the
      imagination of the enthusiasts who have invented them, who have
      accommodated them to their own peculiar prejudices, to the hopes, to the
      fears, of the people who believe in them. The Indian figures the first of
      these abodes as one of in-action, of permanent repose, because, being the
      inhabitant of a hot climate, he has learned to contemplate rest as the
      extreme of felicity: the Mussulman promises himself corporeal pleasures,
      similar to those that actually constitute the object of his research in
      this life: each figures to himself, that on which he has learned to set
      the greatest value.
    

      Of whatever nature these pleasures may be, man apprehended that a body was
      needful, in order that his soul might be enabled to enjoy the pleasures,
      or to experience the pains in reserve for him: from hence the doctrine of
      the resurrection; but as he beheld this body putrify, as he saw it
      dissolve, as he witnessed its decomposition, after death, he was at a loss
      how to form anew what he conceived so necessary to his system he therefore
      had recourse to the Divine Omnipotence, by whose interposition he now
      believes it will be effected. This opinion, so incomprehensible, is said
      to have originated in Persia, among the Magi, and finds a great number of
      adherents, who have never given it a serious examination: but the doctrine
      of the resurrection appears perfectly useless to all those, who believe in
      the existence of a soul that feels, thinks, suffers, and enjoys, after a
      separation from the body: indeed, there are already sects who begin to
      maintain, that the body is not necessary; that therefore it will not be
      resurrected. Like Berkeley, they conceive that "the soul has need neither
      of body nor any exterior being, either to experience sensations, or to
      have ideas:" the Malebranchists, in particular, must suppose that the
      rejected souls will see every thing in the Divinity; will feel themselves
      burn, without having occasion for bodies for that purpose. Others,
      incapable of elevating themselves to these sublime notions, believed, that
      under divers forms, man animated successively different animals of various
      species; that he never ceased to be an inhabitant of the earth; such was
      the opinion of those who adopted the doctrine of Metempsychosis.
    

      As for the miserable abode of souls, the imagination of fanatics, who were
      desirous of governing the people, strove to assemble the most frightful
      images, to render it still more terrible: fire is of all beings that which
      produces in man the most pungent sensation; not finding any thing more
      cruel, the enemies to the several dogmas were to be everlastingly punished
      with this torturing element: fire, therefore, was the point at which their
      imagination was obliged to stop. The ministers of the various systems
      agreed pretty generally, that fire would one day avenge their offended
      divinities: thus they painted the victims to the anger of the gods, or
      rather those who questioned their own creeds, as confined in fiery
      dungeons, as perpetually rolling in a vortex of bituminous flames, as
      plunged in unfathomable gulphs of liquid sulphur, making the infernal
      caverns resound with their useless groanings, with their unavailing
      gnashing of teeth.
    

      But it will, perhaps, be enquired, how could man reconcile himself to the
      belief of an existence accompanied with eternal torments; above all, as
      many according to their own superstitions had reason to fear it for
      themselves? Many causes have concurred to make him adopt so revolting an
      opinion: in the first place, very few thinking men have ever believed such
      an absurdity, when they have deigned to make use of their reason; or, when
      they have accredited it, this notion was always counterbalanced by the
      idea of the goodness, by a reliance on the mercy, which they attributed to
      their respective divinities: in the second place, those who were blinded
      by their fears, never rendered to themselves any account of these strange
      doctrines, which they either received with awe from their legislators, or
      which were transmitted to them by their fathers: in the third place, each
      sees the object of his terrors only at a favourable distance: moreover,
      superstition promises him the means of escaping the tortures he believes
      he has merited. At length, like those sick people whom we see cling with
      fondness, even to the most painful life, man preferred the idea of an
      unhappy, though unknown existence, to that of non-existence, which he
      looked upon as the most frightful evil that could befal him; either
      because he could form no idea of it, or because his imagination painted to
      him this non-existence this nothing, as the confused assemblage of all
      evils. A known evil, of whatever magnitude, alarmed him less (above all,
      when there remained the hope of being able to avoid it), than an evil of
      which he knew nothing, upon which, consequently, his imagination was
      painfully employed, but to which he knew not how to oppose a remedy.
    

      It will be seen, then, that superstition, far from consoling man
      upon the necessity of death, only redoubles his terrors, by the evils with
      which it pretends his decease will be followed; these terrors are so
      strong, that the miserable wretches who believe strictly in these
      formidable doctrines, pass their days in affliction, bathed in the most
      bitter tears. What shall be said of an opinion so destructive to society,
      yet adopted by so many nations, which announces to them, that a severe
      fate may at each instant take them unprovided; that at each moment they
      are liable to pass under the most rigorous judgment? What idea can be
      better suited to terrify man—what more likely to discourage him—what
      more calculated to damp the desire of ameliorating his condition—than
      the afflicting prospect of a world always on the brink of dissolution; of
      a Divinity seated upon the ruins of Nature, ready to pass judgment on the
      human species? Such are, nevertheless, the fatal opinions with which the
      mind of nations has been fed for thousands of years: they are so
      dangerous, that if by a happy want of just inference, he did not derogate
      in his conduct from these afflicting ideas, he would fall into the most
      abject stupidity. How could man occupy himself with a perishable world,
      ready every moment to crumble into atoms? How dream of rendering himself
      happy on earth, when it is only the porch to an eternal kingdom? Is it
      then, surprising, that the superstitions to which similar doctrines serve
      for a basis, have prescribed to their disciples a total detachment from
      things below—an entire renunciation of the most innocent pleasures;
      have given birth to a sluggishness, to a pusillanimity, to an abjection of
      soul, to an insociability, that renders him useless to himself, dangerous
      to others? If necessity did not oblige man to depart in his practice from
      these irrational systems—if his wants did not bring him back to
      reason, in despite of these superstitious doctrines—the whole world
      would presently become a vast desert, inhabited by some few isolated
      savages, who would not even have courage to multiply themselves. What are
      these, but notions which he must necessarily put aside, in order that
      human association may subsist?
    

      Nevertheless, the doctrine of a future life, accompanied with rewards and
      punishments, has been regarded for a great number of ages as the most
      powerful, or even as the only motive capable of coercing the passions of
      man; as the sole means that can oblige him to be virtuous: by degrees,
      this doctrine has become the basis of almost all religions and political
      systems, so much so, that at this day it is said, this prejudice cannot be
      attacked without absolutely rending asunder the bonds of society. The
      founders of superstition have made use of it to attach their credulous
      disciples; legislators have looked upon it as the curb best calculated to
      keep mankind under discipline; religion considers it necessary to his
      happiness; many philosophers themselves have believed with sincerity, that
      this doctrine was requisite to terrify man, was the only means to divert
      him from crime: notwithstanding, when the doctrine of the immortality of
      the soul first came out of the school of Plato; when it first diffused
      itself among the Greeks, it caused the greatest ravages; it determined a
      multitude of men, who were discontented with their condition, to terminate
      their existence: Ptolemy Philadelphus, king of Egypt, seeing the effect
      this doctrine, which at the present day is looked upon as so salutary,
      produced on the brains of his subjects, prohibited the teaching of it
      under the penalty of death.
    

      It must, indeed, be allowed that this doctrine has been of the greatest
      utility to those who have given superstitions to nations, who at the same
      time made themselves its ministers; it was the foundation of their power,
      the source of their wealth, the permanent cause of that blindness, the
      solid basis of those terrors, which it was their interest to nourish in
      the human race. It was by this doctrine the priest became first the rival,
      then the master of kings: it is by this dogma that nations are filled with
      enthusiasts inebriated with superstition, always more disposed to listen
      to its menaces, than to the counsels of reasons, to the orders of the
      sovereign, to the cries of Nature, or to the laws of society. Politics
      itself was enslaved to the caprice of the priest; the temporal monarch was
      obliged to bend under the yoke of the monarch of superstition; the one
      only disposed of this perishable world, the other extended his power into
      the world to come; much more important for man than the earth, on which he
      is only a pilgrim, a mere passenger. Thus the doctrine of another life
      placed the government itself in a state of dependance upon the priest; the
      monarch was nothing more than his first subject; he was never obeyed, but
      when the two were in accord. Nature in vain cried out to man, to be
      careful of his present happiness; the priest ordered him to be unhappy, in
      the expectation of future felicity; reason in vain exhorted him to be
      peaceable; the priest breathed forth fanaticism, fulminated fury, obliged
      him to disturb the public tranquillity, every time there was a question of
      the supposed interests of the invisible monarch of another life, and the
      real interests of his ministers in this.
    

      Such is the fruit that politics has gathered from the doctrine of a future
      life; the regions of the world to come have enabled the priesthood to
      conquer the present world. The expectation of celestial happiness, and the
      dread of future tortures, only served to prevent man from seeking after
      the means to render himself happy here below. Thus error, under whatever
      aspect it is considered, will never be more than a source of evil for
      mankind. The doctrine of another life, in presenting to mortals an ideal
      happiness, will render them enthusiasts; in overwhelming them with fears,
      it will make useless beings; generate cowards; form atrabilarious or
      furious men; who will lose sight of their present abode, to occupy
      themselves with the pictured regions of a world to come, with those
      dreadful evils which they must fear after their death.
    

      If it be insisted that the doctrine of future rewards and punishments is
      the most powerful curb to restrain the passions of man, we shall reply by
      calling in daily experience. If we only cast our eyes around, if for a
      moment we examine what passes in review before us, we shall see this
      assertion contradicted; we shall find that these marvellous speculations
      do not in any manner diminish the number of the wicked, because they are
      incapable of changing the temperament of man, of annihilating those
      passions which the vices of society engender in his heart. In those
      nations who appear the most thoroughly convinced of this future
      punishment, may be seen assassins, thieves, crafty knaves, oppressors,
      adulterers, voluptuaries; all these pretend they are firmly persuaded of
      the reality of an hereafter; yet in the whirlwind of dissipation, in the
      vortex of pleasure, in the fury of their passions, they no longer behold
      this formidable future existence, which in those moments has no kind of
      influence over their earthly conduct.
    

      In short, in many of those countries where the doctrine of another life is
      so firmly established, that each individual irritates himself against
      whoever may have the temerity to combat the opinion, or even to doubt it,
      we see that it is utterly incapable of impressing any thing on rulers who
      are unjust, who are negligent of the welfare of their people, who are,
      debauched, on courtezans who are lewd in their habits, on covetous misers,
      on flinty extortioners who fatten on the substance of a nation, on women
      without modesty, on a vast multitude of drunken, intemperate, vicious men,
      on great numbers even amongst those priests, whose function it is to
      preach this future state, who are paid to announce the vengeance of
      heaven, against vices which they themselves encourage by their example. If
      it be enquired of them, how they dare to give themselves up to such
      scandalous actions, which they ought to know are certain to draw upon them
      eternal punishment? They will reply, that the madness of their passions,
      the force of their habits, the contagion of example, or even the power of
      circumstances, have hurried them along; have made them forget the dreadful
      consequences in which their conduct is likely to involve them; besides,
      they will say, that the treasures of the divine mercy are infinite; that
      repentance suffices to efface the foulest transgressions; to cleanse the
      blackest guilt; to blot out the most enormous crimes: in this multitude of
      wretched beings, who each after his own manner desolates society with his
      criminal pursuits, you will find only a small number who are sufficiently
      intimidated by the fears of the miserable hereafter, to resist their evil
      propensities. What did I say? These propensities are in themselves too
      weak to carry them forward without the aid of the doctrine of another
      life; without this, the law and the fear of censure would have been
      motives sufficient to prevent them from rendering themselves criminal.
    

      It is indeed, fearful, timorous souls, upon whom the terrors of another
      life make a profound impression; human beings of this sort come into the
      world with moderate passions, are of a weakly organization, possess a cool
      imagination; it is not therefore surprising, that in such men, who are
      already restrained by their nature, the fear of future punishment
      counterbalances the weak efforts of their feeble passions; but it is by no
      means the same with those determined sinners, with those hardened
      criminals, with those men who are habitually vicious, whose unseemly
      excesses nothing can arrest, who in their violence shut their eyes to the
      fear of the laws of this world, despising still more those of the other.
      Nevertheless, how many persons say they are, and even believe themselves,
      restrained by the fears of the life to come? But, either they deceive us,
      or they impose upon themselves, by attributing to these fears, that which
      is only the effect of motives much nearer at hand; such as the feebleness
      of their machine, the mildness of their temperament, the slender energy of
      their souls, their natural timidity, the ideas imbibed in their education,
      the fear of consequences immediately resulting from criminal actions, the
      physical evils attendant on unbridled irregularities: these are the true
      motives that restrain them; not the notions of a future life: which men,
      who say they are most firmly persuaded of its existence, forget whenever a
      powerful interest solicits them to sin. If for a time man would pay
      attention to what passes before his eyes, he would perceive that he
      ascribes to the fear of the gods that which is in reality only the effect
      of peculiar weakness, of pusillanimity, of the small interest found to
      commit evil: these men would not act otherwise than they do, if they had
      not this fear before them; if, therefore he reflected, he would feel that
      it is always necessity that makes men act as they do.
    

      Man cannot be restrained, when he does not find within himself motives
      sufficiently powerful to conduct him back to reason. There is nothing,
      either in this world or in the other, that can render him virtuous, when
      an untoward organization—a mind badly cultivated—a violent
      imagination—inveterate habits—fatal examples—powerful
      interests—invite him from every quarter to the commission of crime.
      No speculations are capable of restraining the man who braves public
      opinion, who despises the law, who is careless of its censure, who turns a
      deaf ear to the cries of conscience, whose power in this world places him
      out of the reach of punishment; in the violence of his transports, he will
      fear still less a distant futurity, of which the idea always recedes
      before that which he believes necessary to his immediate interests,
      consistent with his present happiness. All lively passions blind man to
      every thing that is not its immediate object; the terrors of a future
      life, of which his passions always possess the secret to diminish to him
      the probability, can effect nothing upon the wicked man, who does not fear
      even the much nearer punishment of the law; who sets at nought the assured
      hatred of those by whom he is surrounded. Man, when he delivers himself up
      to crime, sees nothing certain except the supposed advantage which attends
      it; the rest always appear to him either false or problematical.
    

      If man would but open his eyes, even for a moment, he would clearly
      perceive, that to effect any thing upon hearts hardened by crime, he must
      not reckon upon the chastisement of an avenging Divinity, which the
      self-love natural to man always shews him as pacified in the long run. He
      who has arrived at persuading himself he cannot be happy without crime,
      will always readily deliver himself up to it, notwithstanding the menaces
      of religion. Whoever is sufficiently blind not to read his infamy in his
      own heart, to see his own vileness in the countenances of his associates,
      his own condemnation in the anger of his fellow-men, his own unworthiness
      in the indignation of the judges established to punish the offences he may
      commit: such a man, I say, will never feel the impression his crimes shall
      make on the features of a judge, that is either hidden from his view, or
      that he only contemplates at a distance. The tyrant who with dry eyes can
      hear the cries of the distressed, who with callous heart can behold the
      tears of a whole people, of whose misery he is the cause, will not see the
      angry countenance of a more powerful master: like another Menippus, he may
      indeed destroy himself from desperation, to avoid reiterated reproach;
      which only proves, that when a haughty, arrogant despot pretends to be
      accountable for his actions to the Divinity alone, it is because he fears
      his nation more than he does his God.
    

      On the other hand, does not superstition itself, does not even religion,
      annihilate the effects of those fears which it announces as salutary? Does
      it not furnish its disciples with the means of extricating themselves from
      the punishments with which it has so frequently menaced them? Does it not
      tell them, that a steril repentance will, even at the moment of death,
      disarm the celestial wrath; that it will purify the filthy souls of
      sinners? Do not even the priests, in some superstitions, arrogate to
      themselves the right of remitting to the dying the punishment due to the
      crimes committed during the course of a disorderly life? In short, do not
      the most perverse men, encouraged in iniquity, countenanced in debauchery,
      upheld in crime, reckon, even to the last moment, either upon the
      assistance of superstition, or upon the aid of religion, that promises
      them the infallible means of reconciling themselves to the Divinity, whom
      they have irritated; of avoiding the rigorous punishments pronounced
      against their enormities?
    

      In consequence of these notions, so favourable to the wicked, so suitable
      to tranquillize their fears, we see that the hope of an easy expiation,
      far from correcting man, engages him to persist, until death, in the most
      crying disorders. Indeed, in despite of the numberless advantages which he
      is assured flows from the doctrine of a life to come, in defiance of its
      pretended efficacy to repress the passions of men, do not the priests
      themselves, although so interested in the maintenance of this system,
      every day complain of its insufficiency? They acknowledge, that mortals,
      who from their infancy they have imbued with these ideas, are not less
      hurried forward by their evil propensities—less sunk in the vortex
      of dissipation—less the slaves to their pleasures—less
      captivated by bad habits—less driven along by the torrent of the
      world—less seduced by their present interest—which make them
      forget equally the recompense and the chastisement of a future existence.
      In a word, the interpreters of superstition, the ministers of religion
      themselves, allow that their disciples, for the greater part, conduct
      themselves in this world as if they had nothing either to hope or fear in
      another.
    

      In short, let it be supposed for a moment, that the doctrine of eternal
      punishments was of some utility; that it really restrained a small number
      of individuals; what are these feeble advantages compared to the
      numberless evils that flow from it? Against one timid man whom this idea
      restrains, there are thousands upon whom it operates nothing; there are
      thousands whom it makes irrational; whom it renders savage persecutors;
      whom it converts into fanatics; there are thousands whose mind it
      disturbs; whom it diverts from their duties towards society; there are an
      infinity whom it grievously afflicts, whom it troubles without producing
      any real good for their associates.
    

      Notwithstanding so many are inclined to consider those who do not fall in
      with this doctrine as the enemies of society; it will be found on
      examination that the wisest the most enlightened men of antiquity, as well
      as many of the moderns, have believed not only that the soul is material
      and perishes with the body, but also that they have attacked without
      subterfuge the opinion of future everlasting punishments; it will also be
      found that many of the systems, set up to establish the immortality of the
      soul, are in themselves the best evidence that can be adduced of the
      futility of this doctrine; if for a moment we only follow up the natural
      the just inferences that are to be drawn from them. This sentiment was far
      from being, as some have supposed, peculiar to the Epicureans, it has been
      adopted by philosophers of all sects, by Pythagoreans, by Stoics, by
      Peripatetics, by Academics; in short by the most godly the most virtuous
      men of Greece and of Rome.
    

      Pythagoras, according to Ovid, speaks strongly to the fact. Timaeus of
      Locris, who was a Pythagorean, admits that the doctrine of future
      punishments was fabulous, solely destined for the imbecility of the
      uninformed; but little calculated for those who cultivate their reason.
    

      Aristotle expressly says, that "man has neither good to hope nor evil to
      fear after death."
    

      Zeno, according to Cicero, supposed the soul to be an igneous substance,
      from whence he concluded it destroyed itself.
    

      Cicero, the philosophical orator, who was of the sect of Academics,
      although he is not on all occasions, in accord with himself, treats openly
      as fables the torments of Hell; and looks upon death as the end of every
      thing for man.
    

      Seneca, the philosopher, is filled with passages which contemplate death
      as a state of total annihilation, particularly in speaking of it to his
      brother: and nothing can be more decisive of his holding this opinion,
      than what he writes to Marcia, to console him.
    

      Seneca, the tragedian, explains himself in the same manner as the
      philosopher.
    

      The Platonists, who made the soul immortal, could not have an idea of
      future punishments, because the soul according to them was a portion of
      the divinity which after the dissolution of the body it returned to
      rejoin.
    

      Epictetus has the same idea. In a passage reported by Arrian, he says,
      "but where are you going? It cannot be to a place of suffering: you will
      only return to the place from whence you came; you are about to be again
      peaceably associated with the elements from which you are derived. That
      which in your composition, is of the nature of fire, will return to the
      element of fire; that which is of the nature of earth, will rejoin itself
      to the earth; that which is air, will re-unite itself with air; that which
      is water, will resolve itself into water; there is no Hell, no Acheron, no
      Cocytus, no Phlegethon."
    

      In another place he says, "the hour of death approaches; but do not
      aggravate your evil, nor render things worse than they are: represent them
      to yourself under their true point of view. The time is come when the
      materials of which you are composed, go to resolve themselves into the
      elements from whence they were originally borrowed. What is there that is
      terrible or grievous in that? Is there any thing in the world that
      perishes totally?"
    

      The sage and pious Antoninus says, "he who fears death, either fears to be
      deprived of all feeling, or dreads to experience different sensations. If
      you lose all feeling, you will no longer be subject either to pain or to
      misery. If you are provided with other senses of a different nature, you
      will become a creature of a different species." This great emperor further
      says, "that we must expect death with tranquillity, seeing, that it is
      only a dissolution of the elements of which each animal is composed."
    

      To the evidence of so many great men of Pagan antiquity, may be
      joined, that of the author of Ecclesiastes, who speaks of death, and of
      the condition of the human soul, like an epicurean; he says, "for
      that which befalleth the sons of men, befalleth beasts; even one thing
      befalleth them: as the one dieth, so dieth the other; yea, they have all
      one breath: so that a man hath no pre-eminence above a beast; for all is
      vanity. All go unto one place; all are of the dust, and all turn to dust
      again." And further, "wherefore I perceive that there is nothing better
      than that a man should rejoice in his own works; for that is his portion:
      for who shall bring him to see what shall be after him."
    

      In short, how can the utility or the necessity of this doctrine be
      reconciled with the fact, that the great legislator of the Jews;
      who is supposed to have been inspired by the Divinity, should have
      remained silent on a subject, that is said to be of so much importance? In
      the third chapter of Genesis it, is said, "In the sweat of thy face shalt
      thou eat bread, till thou return unto the ground; for out of it wast thou
      taken: for dust thou art, and unto dust shalt thou return."
    











      CHAP. XIV.
    
Education, Morals, and the Laws suffice to restrain Man.—Of the
      desire of Immortality.—Of Suicide.

      It is not then in an ideal world, existing no where perhaps, but in the
      imagination of man, that he must seek to collect motives calculated to
      make him act properly in this; it is in the visible world that will be
      found incitements to divert him from crime; to rouse him to virtue. It is
      in Nature,—in experience,—in truth, that he must search out
      remedies for the evils of his species; for motives suitable to infuse into
      the human heart, propensities truely useful to society; calculated to
      promote its advantage; to conduce to the end for which it was designed.
    

      If attention has been paid to what has been said In the course of this
      work, it will be seen that above all it is education that will best
      furnish the true means of rectifying the errors, of recalling the
      wanderings of mankind. It is this that should scatter the Seeds in his
      heart; cultivate the tender shoots; make a profitable use of his
      dispositions; turn to account those faculties, which depend on his
      organization: which should cherish the fire of his imagination, kindle it
      for useful objects; damp it, or extinguish it for others; in short, it is
      this which should make sensible souls contract habits which are
      advantageous for society and beneficial to the individual. Brought up in
      this manner, man would not have occasion for celestial punishments, to
      teach him the value of virtue; he would not need to behold burning gulphs
      of brimstone under his feet, to induce him to feel horror for crime;
      Nature without these fables, would teach much better what he owes to
      himself; the law would point out what he owes to the body politic, of
      which he is a member. It is thus, that education grounded upon utility,
      would form valuable citizens to the state; the depositaries of power would
      distinguish those whom education should have thus formed, by reason of the
      advantages which they would procure for their country; they would punish
      those who should be found injurious to it; it would make the citizens see,
      that the promises of reward which education held forth, the punishments
      denounced by morals, are by no means vain; that in a state well
      constituted, virtue is the true, the only road to happiness; talents
      the way to gain respect; that inutility conducts to misfortune:
      that crime leads to contempt.
    

      A just, enlightened, virtuous, and vigilant government, who should
      honestly propose the public good, would have no occasion either for fables
      or for falsehoods, to govern reasonable subjects; it would blush to make
      use of imposture, to deceive its citizens; who, instructed in their
      duties, would find their interest in submitting to equitable laws; who
      would be capable of feeling the benefit these have the power of conferring
      on them; it would feel, that habit is sufficient to inspire them with
      horror, even for those concealed crimes that escape the eyes of society;
      it would understand that the visible punishments of this world impose much
      more on the generality of men, than those of an uncertain and distant
      futurity: in short, it would ascertain that the sensible benefits within
      the compass of the sovereign power to distribute, touch the imagination of
      mortals more keenly, than those vague recompences which are held forth to
      them in a future existence: above all, it would discover that those on
      whom these distant advantages do operate, would be still more attached to
      virtue by receiving their reward both here and hereafter.
    

      Man is almost every where so wicked, so corrupt, so rebellious to reason,
      only because he is not governed according to his Nature, nor properly
      instructed in her necessary laws: he is almost in every climate fed with
      superstitious chimeras; submitted to masters who neglect his instruction
      or who seek to deceive him. On the face of this globe, may be frequently
      witnessed unjust sovereigns, who, enervated by luxury, corrupted by
      flattery, depraved by licentiousness, made wicked by impunity, devoid of
      talents, without morals, destitute of virtue, are incapable of exerting
      any energy for the benefit of the states they govern; they are
      consequently but little occupied with the welfare of their people;
      indifferent to their duties; of which indeed they are often ignorant. Such
      governors suffer their whole attention to be absorbed by frivolous
      amusement; stimulated by the desire of continually finding means to feed
      their insatiable ambition they engage in useless depopulating wars; and
      never occupy their mind with those objects which are the most important to
      the happiness of their nation: yet these weak men feel interested in
      maintaining the received prejudices, and visit with severity those who
      consider the means of curing them: in short themselves deprived of that
      understanding, which teaches man that it is his interest to be kind, just,
      and virtuous; they ordinarily reward only those crimes which their
      imbecility makes them imagine as useful to them; they generally punish
      those virtues which are opposed to their own imprudent passions, but which
      reason would point out as truly beneficial to their interests. Under such
      masters is it surprising that society should be ravaged; that weak beings
      should be willing to imitate them; that perverse men should emulate each
      other in oppressing its members; in sacrificing its dearest interests; in
      despoiling its happiness? The state of society in such countries, is a
      state of hostility of the sovereign against the whole, of each of its
      members the one against the other. Man is wicked, not because he is born
      so, but because he is rendered so; the great, the powerful, crush with
      impunity the indigent and the unhappy; these, at the risk of their lives
      seek to retaliate, to render back the evil they have received: they attack
      either openly or in secret a country, who to them is a step-mother, who
      gives all to some of her children, and deprives the others of every thing:
      they punish it for its partiality, and clearly shew that the motives
      borrowed from a life hereafter are impotent against the fury of those
      passions to which a corrupt administration has given birth; that the
      terror of the punishments in this world are too feeble against necessity;
      against criminal habits; against dangerous organization uncorrected by
      education.
    

      In many countries the morals of the people are neglected; the government
      is occupied only with rendering them timid; with making them miserable.
      Man is almost every where a slave; it must then follow of necessity, that
      he is base, interested, dissimulating, without honour, in a word that he
      has the vices of the state of which he is a citizen. Almost every where he
      is deceived; encouraged in ignorance; prevented from cultivating his
      reason; of course he must be stupid, irrational, and wicked almost every
      where he sees vice applauded, and crime honoured; thence he concludes vice
      to be a good; virtue, only a useless sacrifice of himself: almost every
      where he is miserable, therefore he injures his fellow-men in a fruitless
      attempt to relieve his own anguish: it is in vain to shew him heaven in
      order to restrain him; his views presently descend again to earth; he is
      willing to be happy at any price; therefore, the laws which have neither
      provided for his instruction, for his morals, nor his happiness, menace
      him uselessly; he plunges on in his pursuits, and these ultimately punish
      him, for the unjust negligence of his legislators. If politics more
      enlightened, did seriously occupy itself with the instruction, with the
      welfare of the people; if laws were more equitable; if each society, less
      partial, bestowed on its members the care, the education, and the
      assistance which they have a right to expect; if governments less
      covetous, and more vigilant, were sedulous to render their subjects more
      happy, there would not be seen such numbers of malefactors, of robbers, of
      murderers, who every where infest society; they would not be obliged to
      destroy life, in order to punish wickedness; which is commonly ascribable
      to the vices of their own institutions: it would be unnecessary to seek in
      another life for fanciful chimeras, which always prove abortive against
      the infuriate passions; against the real wants of man. In short, if the
      people were instructed, they would be more happy; politics would no longer
      be reduced to the exigency of deceiving them, in order to restrain them;
      nor to destroy so many unfortunates, for having procured necessaries, at
      the expence of their hard-hearted fellow-citizens.
    

      When it shall be desired to enlighten man, let him always have truth laid
      before him. Instead of kindling his imagination by the idea of those
      punishments that a future state has in reserve for him, let him be solaced—let
      him be succoured; or, at least, let him be permitted to enjoy the fruit of
      his labour—let not his substance be ravished from him by cruel
      imposts—let him not be discouraged from work, by finding all his
      labour inadequate to support his existence; let him not be driven into
      that idleness, that will surely lead him on to crime: let him consider his
      present existence, without carrying his views to that which may attend him
      after his death; let his industry be excited—let his talents be
      rewarded—let him be rendered active, laborious, beneficent, and
      virtuous, in the world he inhabits; let it be shewn to him, that his
      actions are capable of having an influence over his fellow-men. Let him
      not be menaced with the tortures of a future existence when he shall be no
      more; let him behold society armed against those who disturb its repose;
      let him see the consequence of the hatred of his associates; let him learn
      to feel the value of their affection; let him be taught to esteem himself;
      let him understand, that to obtain it, he must have virtue; above all,
      that the virtuous man in society has nothing to fear, but every thing to
      hope.
    

      If it be desired to form honest, courageous, industrious citizens, who may
      be useful to their country, let them beware of inspiring man from his
      infancy with an ill-founded dread of death; of amusing his imagination
      with marvellous fables; of occupying his mind with his destiny in a future
      life, quite useless to be known, which has nothing in common with his real
      felicity. Let them speak of immortality to intrepid, noble souls; let them
      shew it as the price of their labours to energetic minds, who are solely
      occupied with virtue; who springing forward beyond the boundaries of their
      actual existence—who, little satisfied with eliciting the
      admiration, with gaining the love of their contemporaries, are will also
      to wrest the homage, to secure the affection of future races. Indeed, this
      is an immortality to which genius, talents, above all virtue, has a just
      right to pretend; do not therefore let them censure—do not let them
      endeavour to stifle so noble a passion in man; which is founded upon his
      nature; which is so calculated to render him happy; from which society
      gather the most advantageous fruits.
    

      The idea of being buried in total oblivion, of having nothing in common
      after his death with the beings of his species; of losing all possibility
      of again having any influence over them, is a thought extremely painful to
      man; it is above all afflicting to those who possess an ardent
      imagination. The desire of immortality, or of living in the memory
      of his fellow men, was always the passion of great souls; it was the
      motive to the actions of all those who have played a great part on the
      earth. Heroes whether virtuous or criminal, philosophers as
      well as conquerors, men of genius and men of talents, those
      sublime personages who have done honor to their species, as well as those
      illustrious villains who have debased and ravaged it, have had an eye to
      posterity in all their enterprises; have flattered themselves with the
      hope of acting upon the souls of men, even when they themselves should no
      longer exist. If man in general does not carry his views so far, he is at
      least sensible to the idea of seeing himself regenerated in his children;
      whom he knows are destined to survive him; to transmit his name; to
      preserve his memory; to represent him in society; it is for them that he
      rebuilds his cottage; it is for them that he plants the tree which his
      eyes will never behold in its vigour; it is that they may be happy that he
      labours. The sorrow which embitters the life of those rich men, frequently
      so useless to the world, when they have lost the hope of continuing their
      race, has its source in the fear of being entirely forgotten: they feel
      that the useless man dies entirely. The idea that his name will be in the
      mouths of men, the thought that it will be pronounced with tenderness,
      that it will be recollected with kindness, that it will excite in their
      hearts favourable sentiments, is an illusion that is useful; is a vision
      suitable to flatter even those who know that nothing will result from it.
      Man pleases himself with dreaming that he shall have power, that he shall
      pass for something in the universe, even after the term of his human
      existence; he partakes by imagination in the projects, in the actions, in
      the discussions of future ages, and would be extremely unhappy if he
      believed himself entirely excluded from their society. The laws in all
      countries have entered into these views; they have so far been willing to
      console their citizens for the necessity of dying, by giving them the
      means of exercising their will, even for a long time after their death:
      this condescension goes to that length, that the dead frequently regulate
      the condition of the living during a long series of years.
    

      Every thing serves to prove the desire in man of surviving himself. Pyramids,
      mausoleums, monuments, epitaphs, all shew that he is willing to
      prolong his existence even beyond his decease. He, is not insensible to
      the judgment of posterity; it is for him the philosopher writes; it is to
      astonish him that the monarch erects sumptuous edifices, gorgeous palaces;
      it is his praises, it is his commendations, that the great man already
      hears echo in his ears; it is to him that the virtuous citizen appeals
      from unjust laws; from prejudiced contemporaries—happy chimera!
      generous illusion! mild vision! its power is so consoling, so bland, that
      it realizes itself to ardent imaginations; it is calculated to give birth,
      to sustain, to nurture, to mature enthusiasm of genius, constancy of
      courage, grandeur of soul, transcendency of talent; its force is so
      gentle, its influence so pleasing, that it is sometimes able to repress
      the vices, to restrain the excesses of the most powerful men; who are, as
      experience has shewn, frequently very much disquieted for the judgment of
      their posterity; from a conviction that this will sooner or later avenge
      the living of the foul injustice which they may be inclined to make them
      suffer.
    

      No man, therefore, can consent to be entirely effaced from the remembrance
      of his fellows; some men have not the temerity to place themselves above
      the judgment of the future human species, to degrade themselves in his
      eyes. Where is the being who is insensible to the pleasure of exciting the
      tears of those who shall survive him; of again acting upon their souls; of
      once more occupying their thoughts; of exercising upon them his power even
      from the bottom of his grave? Let then eternal silence be imposed upon
      those superstitious beings, upon those melancholy men, upon those furious
      bigots, who censure a sentiment from which society derives so many real
      advantages; let not mankind listen to those passionless philosophers who
      are willing to smother this great, this noble spring of his soul; let him
      not be seduced by the sarcasms of those voluptuaries, who pretend to
      despise an immortality, towards which they lack the power to set forward;
      the desire of pleasing posterity, of rendering his name agreeable to
      generations yet to come, is a respectable, a laudable motive, when it
      causes him to undertake those things, of which the utility may be felt, of
      which the advantages may have an influence not only over his
      contemporaries, but also over nations who have not yet an existence. Let
      him not treat as irrational, the enthusiasm of those beneficent beings, of
      those mighty geniuses, of those stupendous talents, whose keen, whose
      penetrating regards, have foreseen him even in their day; who have
      occupied themselves for him; for his welfare; for his happiness; who have
      desired his suffrage; who have written for him; who have enriched him by
      their discoveries; who have cured him of some of his errors. Let him
      render them the homage which they have expected at his hands; let him, at
      least, reverence their memory for the benefits he has derived from them;
      let him treat their mouldering remains with respect, for the pleasure he
      receives from their labours; let him pay to their ashes a tribute of
      grateful recollection, for the happiness they have been sedulous to
      procure for him. Let him sprinkle with his tears, let him hallow with his
      remembrance, let him consecrate with his finest sensibilities, the urns of
      Socrates, of Phocion; of Archimedes; of Anaxarchus; let him wash out the
      stain that their punishment has made on the human species; let him expiate
      by his regret the Athenian ingratitude, the savage barbarity of Nicocreon;
      let him learn by their example to dread superstitious fanaticism; to hold
      political intolerance in abhorrence; let him fear to harrass merit; let
      him be cautious how he insults virtue, in persecuting those who may happen
      to differ from him in his prejudices.
    

      Let him strew flowers over the tombs of an Homer—of a Tasso—of
      a Shakespeare—of a Milton—of a Goldsmith; let him revere the
      immortal shades of those happy geniuses, whose songs yet vibrate on his
      ears; whose harmonious lays excite in his soul the most tender sentiments;
      let him bless the memory of all those benefactors to the people, who were
      the delight of the human race; let him adore the virtues Of a Titus—of
      a Trajan—of an Antoninus—of a Julian: let him merit in his
      sphere, the eulogies of future ages; let him always remember, that to
      carry with him to the grave the regret of his fellow man, he must display
      talents; evince integrity; practice virtue. The funeral ceremonies of the
      most powerful monarchs, have rarely been wetted with the tears of the
      people, they have commonly drained them while living. The names of tyrants
      excite the horror of those who bear them pronounced. Tremble then cruel
      kings! ye who plunge your subjects into misery; who bathe them with bitter
      tears—who ravage nations—who deluge the land with the vital
      stream—who change the fruitful earth into a barren cemetery; tremble
      for the sanguinary traits under which the future historian will paint you,
      to generations yet unborn: neither your splendid monuments—your
      imposing victories—your innumerable armies, nor your sycophant
      courtiers, can prevent posterity from avenging their grandfathers; from
      insulting your odious manes; from treating your execrable memories with
      scorn; from showering their contempt on your transcendant crimes.
    

      Not only man sees his dissolution with pain, but again, he wishes his
      death may be an interesting event for others. But, as we have already
      said, he must have talents—he must have beneficence—he must
      have virtue, in order, that those who surround him, may interest
      themselves in his condition; that those who survive him, may give regret
      to his ashes. Is it, then, surprising if the greater number of men,
      occupied entirely with themselves, completely absorbed by their own
      vanity, devoted to their own puerile objects, for ever busied with the
      care of gratifying their vile passions, at the expence, perhaps, of their
      family happiness, unheedful of the wants of a wife, unmindful of the
      necessity of their children, careless of the calls of friendship,
      regardless of their duty to society, do not by their death excite the
      sensibilities of their survivors; or that they should be presently
      forgotten? There is an infinity of monarchs of which history does not tell
      us any thing, save that they have lived. In despite of the inutility in
      which men for the most part pass their existence, maugre the little care
      they bestow, to render themselves dear to the beings who environ them;
      notwithstanding the numerous actions they commit to displease their
      associates; the self love of each individual, persuades him, that his
      death must be an interesting occurrence: few men but think themselves an
      Euryalus in friendship, all expect to find a Nisus, thus man's
      over-weening philauty shews him to say thus the order of things are
      overturned at his decease. O mortal! feeble and vain! Dost thou not know
      the Sesostris's, the Alexanders, the Caesars are dead? Yet the course of
      the universe is not arrested; the demise of those famous conquerors,
      afflicting to some few favoured slaves, was a subject of delight for the
      whole human race. Dost thou then foolishly believe that thy talents ought
      to interest thy species, that they are of sufficient extent to put it into
      mourning at thy decease? Alas! The Corneilles, the Lockes, the Newtons,
      the Boyles, the Harveys, the Montesquieus, the Sheridans are no more!
      Regretted by a small number of friends, who have presently consoled
      themselves by their necessary avocations, their death was indifferent to
      the greater number of their fellow citizens. Darest thou then flatter
      thyself, that thy reputation, thy titles, thy riches, thy sumptuous
      repasts, thy diversified pleasures, will make thy funeral a melancholy
      event! It will be spoken of by some few for two days, and do not be at all
      surprised: learn that there have died in former ages, in Babylon, in
      Sardis, in Carthage, in Athens, in Rome, millions of citizens more
      illustrious, more powerful, more opulent, more voluptuous, than thou art;
      of whom, however, no one has taken care to transmit to thee even the
      names. Be then virtuous, O man! in whatever station thy destiny assigns
      thee, and thou shalt be happy in thy life time; do thou good and thou
      shalt be cherished; acquire talents and thou shalt be respected; posterity
      shall admire thee, if those talents, by becoming beneficial to their
      interests, shall bring them acquainted with the name under which they
      formerly designated thy annihilated being. But the universe will not be
      disturbed by thy loss; and when thou comest to die, whilst thy wife, thy
      children, thy friends, fondly leaning over thy sickly couch, shall be
      occupied with the melancholy task of closing thine eyes, thy nearest
      neighbour shall perhaps be exulting with joy!
    

      Let not then man occupy himself with his condition that may be to come,
      but let him sedulously endeavour to make himself useful, to those with
      whom he lives; let him for his own peculiar happiness render himself
      dutiful to his parents—faithful to his wife—attentive to his
      children—kind to his relations—-true to his friends—lenient
      to his servants; let him strive to become estimable in the eyes of his
      fellow citizens; let him faithfully serve a country which assures to him
      his welfare; let the desire of pleasing posterity, of meriting its
      applause, excite him to those labours that shall elicit their eulogies:
      let a legitimate self-love, when he shall be worthy of it, make him taste
      in advance those commendations which he is willing to deserve; let him
      learn to love himself—to esteem himself; but never let him consent
      that concealed vices, that sacred crimes, shall degrade him in his own
      eyes; shall oblige him to be ashamed of his own conduct.
    

      Thus disposed, let him contemplate his own decease with the same
      indifference, that it will be looked upon by the greater number of his
      fellows; let him expect death with constancy; wait for it with calm
      resignation; let him learn to shake off those vain terrors with which
      superstition, would overwhelm him; let him leave to the enthusiast his
      vague hopes; to the fanatic his mad-brained speculations; to the bigot
      those fears with which he ministers to his own melancholy; but let his
      heart, fortified by reason, corroborated by a love of virtue, no longer
      dread a dissolution that will destroy all feeling.
    

      Whatever may be the attachment man has to life, whatever may be his fear
      of death, it is every day witnessed, that habit, that opinion, that
      prejudice, are motives sufficiently powerful to annihilate these passions
      in his breast; to make him brave danger; to cause him to hazard his
      existence. Ambition, pride, jealousy, love, vanity, avarice, the desire of
      glory, that deference of opinion which is decorated with the sounding
      title of a point of honour, have the efficacy to make him shut his
      eyes to danger; to laugh at peril; to push him on to death: vexation,
      anxiety of mind, disgrace, want of success, softens to him its hard
      features; makes him regard it as a door that will afford him shelter from
      the injustice of mankind: indigence, trouble, adversity, familiarizes him
      with this death, so terrible to the happy. The poor man, condemned to
      labour, inured to privations, deprived of the comforts of life, views its
      approach with indifference: the unfortunate, when he is unhappy, when he
      is without resource, embraces it in despair; the wretched accelerates its
      march as soon as he sees that happiness is no longer within his grasp.
    

      Man in different ages, in different countries, has formed opinions
      extremely various upon the conduct of those, who have had the temerity to
      put an end to their own existence. His ideas upon this subject, as upon
      all others, have taken their tone from his religion, have been governed by
      his superstitious systems, have been modified by his political
      institutions. The Greeks, the Romans, and other nations, which every thing
      conspired to make intrepid, to render courageous, to lead to magnanimity,
      regarded as heroes, contemplated as Gods, those who voluntarily cut the
      thread of life. In Hindoostan, the Brahmin yet knows how to inspire even
      women with sufficient fortitude to burn themselves upon the dead bodies of
      their husbands. The Japanese, upon the most trifling occasion, takes no
      kind of difficulty in plunging a dagger into his bosom.
    

      Among the people of our own country, religion renders man less prodigal of
      life; it teaches that it is offensive to the Deity that he should destroy
      himself. Some moralists, abstracting the height of religious ideas, have
      held that it is never permitted to man to break the conditions of the
      covenant that he has made with society. Others have looked upon suicide as
      cowardice; they have thought that it was weakness, that it displayed
      pusillanimity, to suffer, himself to be overwhelmed with the shafts of his
      destiny; and have held that there would be much more courage, more
      elevation of soul, in supporting his afflictions, in resisting the blows
      of fate.
    

      If nature be consulted upon this point, it will be found that all the
      actions of man, that feeble plaything in the hands of necessity, are
      indispensable; that they depend on causes which move him in despite of
      himself—that without his knowledge, make him accomplish at each
      moment of his existence some one of its decrees. If the same power that
      obliges all intelligent beings to cherish their existence, renders that of
      man so painful, so cruel, that he finds it insupportable he quits his
      species; order is destroyed for him, he accomplishes a decree of Nature,
      that wills he shall no longer exist. This Nature has laboured during
      thousands of years, to form in the bowels of the earth the iron that must
      number his days.
    

      If the relation of man with Nature be examined, it will be found that his
      engagement was neither voluntary on his part, nor reciprocal on the part
      of Nature. The volition of his will had no share in his birth; it is
      commonly against his will that he is obliged to finish life; his actions
      are, as we have proved, only the necessary effects of unknown causes which
      determine his will. He is, in the hands of Nature, that which a sword is
      in his own hands; he can fall upon it without its being able to accuse him
      with breaking his engagements; or of stamping with ingratitude the hand
      that holds it: man can only love his existence on condition of being
      happy; as soon as the entire of nature refuses him this happiness; as soon
      as all that surrounds him becomes incommodious to him, as soon as his
      melancholy ideas offer nothing but afflicting pictures to his imagination;
      he already exists no longer; he is suspended in the void; he quits a rank
      which no longer suits him; in which he finds no one interest; which offers
      him no protection; which overwhelms him with calamity; in which he can no
      more be useful either to himself or to others.
    

      If the covenant which unites man to society be considered, it will be
      obvious that every contract is conditional, must be reciprocal; that is to
      say, supposes mutual advantages between the contracting parties. The
      citizen cannot be bound to his country, to his associates, but by the
      bonds of happiness. Are these bonds cut asunder? He is restored to
      liberty. Society, or those who represent it, do they use him with
      harshness, do they treat him with injustice, do they render his existence
      painful? Does disgrace hold him out to the finger of scorn; does indigence
      menace him in an obdurate world? Perfidious friends, do they forsake him
      in adversity? An unfaithful wife, does she outrage his heart? Rebellious,
      ungrateful children, do they afflict his old age? Has he placed his
      happiness exclusively on some object which it is impossible for him to
      procure? Chagrin, remorse, melancholy, and despair, have they disfigured
      to him the spectacle of the universe? In short, for whatever cause it may
      be: if he is not able to support his evils, he quits a world, which from
      henceforth, is for him only a frightful desert he removes himself for ever
      from a country he thinks no longer willing to reckon him amongst the
      number of her children—he quits a house that to his mind is ready to
      bury him under its ruins—he renounces a society, to the happiness of
      which he can no longer contribute; which his own peculiar felicity alone
      can render dear to him: and could the man be blamed, who, finding himself
      useless; who being without resources, in the town where destiny gave him
      birth, should quit it in chagrin, to plunge himself in solitude? Death
      appears to the wretched the only remedy for despair; it is then the sword
      seems the only friend, the only comfort that is left to the unhappy: as
      long as hope remains the tenant of his bosom—as long as his evils
      appear to him at all supportable—as long as he flatters himself with
      seeing them brought to a termination—as long as he finds some
      comfort in existence, however slender, he will not consent to deprive
      himself of life: but when nothing any longer sustains in him the love of
      this existence, then to live, is to him the greatest of evils; to die, the
      only mode by which he can avoid the excess of despair. This has been the
      opinion of many great men: Seneca, the moralist, whom Lactantius calls the
      divine Pagan, who has been praised equally by St. Austin and St.
      Augustine, endeavours by every kind of argument to make death a matter of
      indifference to man. Cato has always been commended, because he would not
      survive the cause of liberty; for that he would not live a slave. Curtius,
      who rode voluntarily into the gap, to save his country, has always been
      held forth as a model of heroic virtue. Is it not evident, that those
      martyrs who have delivered themselves up to punishment, have preferred
      quitting the world to living in it contrary to their own ideals of
      happiness? When Samson wished to be revenged on the Philistines, did he
      not consent to die with them as the only means? If our country is
      attacked, do we not voluntarily sacrifice our lives in its defence?
    

      That society who has not the ability, or who is not willing to procure man
      any one benefit, loses all its rights over him; Nature, when it has
      rendered his existence completely miserable, has in fact, ordered him to
      quit it: in dying he does no more than fulfil one of her decrees, as he
      did when he first drew his breath. To him who is fearless of death, there
      is no evil without a remedy; for him who refuses to die, there yet exists
      benefits which attach him to the world; in this case let him rally his
      powers—let him oppose courage to a destiny that oppresses him—let
      him call forth those resources with which Nature yet furnishes him; she
      cannot have totally abandoned him, while she yet leaves him the sensation
      of pleasure; the hopes of seeing a period to his pains.
    

      Man regulates his judgment on his fellows, only by his own peculiar mode
      of feeling; he deems as folly, he calls delirium all those violent actions
      which he believes but little commensurate with their causes; or which
      appear to him calculated to deprive him of that happiness, towards which
      he supposes a being in the enjoyment of his senses, cannot cease to have a
      tendency: he treats his associate as a weak creature, when he sees him
      affected with that which touches him but lightly; or when he is incapable
      of supporting those evils, which his self-love flatters him, he would
      himself be able to endure with more fortitude. He accuses with madness
      whoever deprives himself of life, for objects that he thinks unworthy so
      dear a sacrifice; he taxes him with phrenzy, because he has himself
      learned to regard this life as the greatest blessing. It is thus that he
      always erects himself into a judge of the happiness of others—of
      their mode of seeing—of their manner of feeling: a miser who
      destroys himself after the loss of his treasure, appears a fool in the
      eyes of him who is less attached to riches; he does not feel, that without
      money, life to this miser is only a continued torture; that nothing in the
      world is capable of diverting him from his painful sensations: he will
      proudly tell you, that in his place he had not done so much; but to be
      exactly in the place of another man, it is needful to have his
      organization—his temperament—his passions—his ideas; it
      is in fact needful to be that other; to be placed exactly in the same
      circumstances; to be moved by the same causes; and in this case all men,
      like the miser, would sacrifice their life, after being deprived of the
      only source of their happiness.
    

      He who deprives himself of his existence, does not adopt this extremity,
      so repugnant to his natural tendency; but when nothing in this world has
      the faculty of rejoicing him; when no means are left of diverting his
      affliction; when reason no longer acts; his misfortune whatever it may be,
      for him is real; his organization, be it strong, or be it weak, is his
      own, not that of another: a man who is sick only in imagination, really
      suffers considerably; even troublesome dreams place him in a very
      uncomfortable situation. Thus when a man kills himself, it ought to be
      concluded, that life, in the room of being a benefit, had become a very
      great evil to him; that existence had lost all its charms in his eyes;
      that the entire of nature was to him destitute of attraction; that it no
      longer contained any thing that could seduce him; that after the
      comparison which his disturbed imagination had made of existence with
      non-existence, the latter appeared to him preferable to the first.
    

      Many will consider these maxims as dangerous; they certainly account why
      the unhappy cut the thread of life, in a manner not corresponding with the
      received prejudices; but, nevertheless, it is a temperament soured by
      chagrin, a bilious constitution, a melancholy habit, a defect in the
      organization, a derangement in the mind; it is in fact necessity and not
      reasonable speculations, that breed in man the design of destroying
      himself. Nothing invites him to this step so long as reason remains with
      him; or whilst he yet possesses hope, that sovereign balm for every evil:
      as for the unfortunate, who cannot lose sight of his sorrows—who
      cannot forget his pains—who has his evils always present to his
      mind; he is obliged to take counsel from these alone: besides, what
      assistance, what advantage can society promise to himself, from a
      miserable wretch reduced to despair; from a misanthrope overwhelmed with
      grief; from a wretch tormented with remorse, who has no longer any motive
      to render himself useful to others—who has abandoned himself—who
      finds no more interest in preserving his life? Frequently, those who
      destroy themselves are such, that had they lived, the offended laws must
      have ultimately been obliged to remove them from a society which they
      disgraced; from a country which they had injured.
    

      As life is commonly the greatest blessing for man, it is to be presumed
      that he who deprives himself of it, is compelled to it by an invincible
      force. It is the excess of misery, the height of despair, the derangement
      of his brain, caused by melancholy, that urges man on to destroy himself.
      Agitated by contrary impulsions, he is, as we have before said, obliged to
      follow a middle course that conducts him to his death; if man be not a
      free-agent, in any one instant of his life, he is again much less so in
      the act by which it is terminated.
    

      It will be seen then, that he who kills himself, does not, as it is
      pretended, commit an outrage on nature. He follows an impulse which has
      deprived him of reason; adopts the only means left him to quit his
      anguish; he goes out of a door which she leaves open to him; he cannot
      offend in accomplishing a law of necessity: the iron hand of this having
      broken the spring that renders life desirable to him; which urged him to
      self-conservation, shews him he ought to quit a rank or system where he
      finds himself too miserable to have the desire of remaining. His country
      or his family have no right to complain of a member, whom it has no means
      of rendering happy; from whom consequently they have nothing more to hope:
      to be useful to either, it is necessary he should cherish his own peculiar
      existence; that he should have an interest in conserving himself—that
      he should love the bonds by which he is united to others—that he
      should be capable of occupying himself with their felicity—that he
      should have a sound mind. That the suicide should repent of his
      precipitancy, he should outlive himself, he should carry with him into his
      future residence, his organs, his senses, his memory, his ideas, his
      actual mode of existing, his determinate manner of thinking.
    

      In short, nothing is more useful for society, than to inspire man with a
      contempt for death; to banish from his mind the false ideas he has of its
      consequences. The fear of death can never do more than make cowards; the
      fear of its consequences will make nothing but fanatics or melancholy
      beings, who are useless to themselves, unprofitable to others. Death is a
      resource that ought not by any means to be taken away from oppressed
      virtue; which the injustice of man frequently reduces to despair. If man
      feared death less, he would neither be a slave nor superstitious; truth
      would find defenders more zealous; the rights of mankind would be more
      hardily sustained; virtue would be intrepidly upheld: error would be more
      powerfully opposed; tyranny would be banished from nations: cowardice
      nourishes it, fear perpetuates it. In fact, man can neither be
      contented nor happy whilst his opinions shall oblige him to tremble.
    











      CHAP. XV.
    
Of Man's true Interest, or of the Ideas he forms to himself of
      Happiness.—Man cannot be happy without Virtue.

      Utility, as has been before observed, ought to be the only standard of the
      judgment of man. To be useful, is to contribute to the happiness of his
      fellow creatures; to be prejudicial, is to further their misery. This
      granted, let us examine if the principles we have hitherto established be
      prejudicial or advantageous, useful or useless, to the human race. If man
      unceasingly seeks after his happiness, he can only approve of that which
      procures for him his object, or furnishes him the means by which it is to
      be obtained.
    

      What has been already said will serve in fixing our ideas upon what
      constitutes this happiness: it has been already shewn that it is only
      continued pleasure: but in order that an object may please, it is
      necessary that the impressions it makes, the perceptions it gives, the
      ideas which it leaves, in short, that the motion it excites in man should
      be analogous to his organization; conformable to his temperament;
      assimilated to his individual nature:—modified as it is by habit,
      determined as it is by an infinity of circumstances, it is necessary that
      the action of the object by which he is moved, or of which the idea
      remains with him, far from enfeebling him, far from annihilating his
      feelings, should tend to strengthen him; it is necessary, that without
      fatiguing his mind, exhausting his faculties, or deranging his organs,
      this object should impart to his machine that degree of activity for which
      it continually has occasion. What is the object that unites all these
      qualities? Where is the man whose organs are susceptible of continual
      agitation without being fatigued; without experiencing a painful
      sensation; without sinking? Man is always willing to be warned of his
      existence in the most lively manner, as long as he can be so without pain.
      What do I say? He consents frequently to suffer, rather than not feel. He
      accustoms himself to a thousand things which at first must have affected
      him in a disagreeable manner; but which frequently end either by
      converting themselves into wants, or by no longer affecting him any way:
      of this truth tobacco, coffee, and above all brandy furnish examples: this
      is the reason he runs to see tragedies; that he witnesses the execution of
      criminals. In short, the desire of feeling, of being powerfully moved,
      appears to be the principle of curiosity; of that avidity with which man
      seizes on the marvellous; of that earnestness with which he clings to the
      supernatural; of the disposition he evinces for the incomprehensible.
      Where, indeed, can he always find objects in nature capable of continually
      supplying the stimulus requisite to keep him in activity, that shall be
      ever proportioned to the state of his own organization; which his extreme
      mobility renders subject to perpetual variation? The most lively pleasures
      are always the least durable, seeing they are those which exhaust him
      most.
    

      That man should be uninterruptedly happy, it would be requisite that his
      powers were infinite; it would require that to his mobility he joined a
      vigor, attached a solidity, which nothing could change; or else it is
      necessary that the objects from which he receives impulse, should either
      acquire or lose properties, according to the different states through
      which his machine is successively obliged to pass; it would need that the
      essences of beings should be changed in the same proportion as his
      dispositions; should be submitted to the continual influence of a thousand
      causes, which modify him without his knowledge, and in despite of himself.
      If, at each moment, his machine undergoes changes more or less marked,
      which are ascribable to the different degrees of elasticity, of density,
      of serenity of the atmosphere; to the portion of igneous fluid circulating
      through his blood; to the harmony of his organs; to the order that exists
      between the various parts of his body; if, at every period of his
      existence, his nerves have not the same tensions, his fibres the same
      elasticity, his mind the same activity, his imagination the same ardour,
      &c. it is evident that the same causes in preserving to him only the
      same qualities, cannot always affect him in the same manner. Here is the
      reason why those objects that please him in one season displease him in
      another: these objects have not themselves sensibly changed; but his
      organs, his dispositions, his ideas, his mode of seeing, his manner of
      feeling, have changed:—such is the source of man's inconstancy.
    

      If the same objects are not constantly in that state competent to form the
      happiness of the same individual, it is easy to perceive that they are yet
      less in a capacity to please all men; or that the same happiness cannot be
      suitable to all. Beings already various by their temperament, unlike in
      their faculties, diversified in their organization, different in their
      imagination, dissimilar in their ideas, of distinct opinions, of contrary
      habits, which an infinity of circumstances, whether physical or moral,
      have variously modified, must necessarily form very different notions of
      happiness. Those of a MISER cannot be the same as those of a PRODIGAL;
      those of a VOLUPTUARY, the same as those of one who is PHLEGMATIC; those
      of an intemperate, the same as those of a rational man, who husbands his
      health. The happiness of each, is in consequence composed of his natural
      organization, and of those circumstances, of those habits, of those ideas,
      whether true or false, that have modified him: this organization and these
      circumstances, never being the same in any two men, it follows, that what
      is the object of one man's views, must be indifferent, or even displeasing
      to another; thus, as we have before said, no one can be capable of judging
      of that which may contribute to the felicity of his fellow man.
    
Interest is the object to which each individual according to his
      temperament and his own peculiar ideas, attaches his welfare; from which
      it will be perceived that this interest is never more than that which each
      contemplates as necessary to his happiness. It must, therefore, be
      concluded, that no man is totally without interest. That of the miser to
      amass wealth; that of the prodigal to dissipate it: the interest of the
      ambitious is to obtain power; that of the modest philosopher to enjoy
      tranquillity; the interest of the debauchee is to give himself up, without
      reserve, to all sorts of pleasure; that of the prudent man, to abstain
      from those which may injure him: the interest of the wicked is to gratify
      his passions at any price: that of the virtuous to merit by his conduct
      the love, to elicit by his actions the approbation of others; to do
      nothing that can degrade himself in his own eyes.
    

      Thus, when it is said that Interest is the only motive of human
      actions; it is meant to indicate that each man labours after his own
      manner, to his own peculiar happiness; that he places it in some object
      either visible or concealed; either real or imaginary; that the whole
      system of his conduct is directed to its attainment. This granted, no man
      can be called disinterested; this appellation is only applied to those of
      whose motives we are ignorant; or whose interest we approve. Thus the man
      who finds a greater pleasure in assisting his friends in misfortune than
      preserving in his coffers useless treasure, is called generous, faithful,
      and disinterested; in like manner all men are denominated disinterested,
      who feel their glory far more precious than their fortune. In short, all
      men are designated disinterested who place their happiness in making
      sacrifices which man considers costly, because he does not attach the same
      value to the object for which the sacrifice is made.
    

      Man frequently judges very erroneously of the interest of others, either
      because the motives that animate them are too complicated for him to
      unravel; or because to be enabled to judge of them fairly, it is needful
      to have the same eyes, the same organs the same passions, the same
      opinions: nevertheless, obliged to form his judgment of the actions of
      mankind, by their effect on himself, he approves the interest that
      actuates them whenever the result is advantageous for his species: thus,
      he admires valour, generosity, the love of liberty, great talents, virtue,
      &c. he then only approves of the objects in which the beings he
      applauds have placed their happiness; he approves these dispositions even
      when he is not in a capacity to feel their effects; but in this judgment
      he is not himself disinterested; experience, reflection, habit, reason,
      have given him a taste for morals, and he finds as much pleasure in being
      witness to a great and generous action, as the man of virtu finds
      in the sight of a fine picture of which he is not the proprietor. He who
      has formed to himself a habit of practising virtue, is a man who has
      unceasingly before his eyes the interest that he has in meriting the
      affection, in deserving the esteem, in securing the assistance of others,
      as well as to love and esteem himself: impressed with these ideas which
      have become habitual to him, he abstains even from concealed crimes, since
      these would degrade him in his own eyes: he resembles a man who having
      from his infancy contracted the habit of cleanliness, would be painfully
      affected at seeing himself dirty, even when no one should witness it. The
      honest man is he to whom truth has shewn his interest or his happiness in
      a mode of acting that others are obliged to love, are under the necessity
      to approve for their own peculiar interest.
    

      These principles, duly developed, are the true basis of morals; nothing is
      more chimerical than those which are founded upon imaginary motives placed
      out of nature; or upon innate sentiments; which some speculators have
      regarded as anterior to man's experience; as wholly independant of those
      advantages which result to him from its use: it is the essence of man to
      love himself; to tend to his own conservation; to seek to render his
      existence happy: thus interest, or the desire of happiness, is the only
      real motive of all his actions; this interest depends upon his natural
      organization, rests itself upon his wants, is bottomed upon his acquired
      ideas, springs from the habits he has contracted: he is without doubt in
      error, when either a vitiated organization or false opinions shew him his
      welfare in objects either useless or injurious to himself, as well as to
      others; he marches steadily in the paths of virtue when true ideas have
      made him rest his happiness on a conduct useful to his species; in that
      which is approved by others; which renders him an interesting object to
      his associates. Morals would be a vain science if it did not
      incontestibly prove to man that his interest consists in being
      virtuous. Obligation of whatever kind, can only be founded upon the
      probability or the certitude of either obtaining a good or avoiding an
      evil.
    

      Indeed, in no one instant of his duration, can a sensible, an intelligent
      being, either lose sight of his own preservation or forget his own
      welfare; he owes happiness to himself; but experience quickly proves to
      him, that bereaved of assistance, quite alone, left entirely to himself,
      he cannot procure all those objects which are requisite to his felicity:
      he lives with sensible, with intelligent beings, occupied like himself
      with their own peculiar happiness; but capable of assisting him, in
      obtaining those objects he most desires; he discovers that these beings
      will not be favorable to his views, but when they find their interest
      involved; from which he concludes, that his own happiness demands, that
      his own wants render it necessary he should conduct himself at all times
      in a manner suitable to conciliate the attachment, to obtain the
      approbation, to elicit the esteem, to secure the assistance of those
      beings who are most capacitated to further his designs. He perceives, that
      it is man who is most necessary to the welfare of man: that to induce him
      to join in his interests, he ought to make him find real advantages in
      recording his projects: but to procure real advantages to the beings of
      the human species, is to have virtue; the reasonable man, therefore, is
      obliged to feel that it is his interest to be virtuous. Virtue is only
      the art of rendering himself happy, by the felicity of others. The
      virtuous man is he who communicates happiness to those beings who are
      capable of rendering his own condition happy; who are necessary to his
      conservation; who have the ability to procure him a felicitous existence.
    

      Such, then, is the true foundation of all morals; merit and virtue are
      founded upon the nature of man; have their dependance upon his wants. It
      is virtue alone that can render him truly happy: without virtue society
      can neither be useful nor indeed subsist; it can only have real utility
      when it assembles beings animated with the desire of pleasing each other,
      and disposed to labour to their reciprocal advantage: there exists no
      comfort in those families whose members are not in the happy disposition
      to lend each other mutual succours; who have not a reciprocity of feeling
      that stimulates them to assist one another; that induces them to cling to
      each other, to support the sorrows of life; to unite their efforts, to put
      away those evils to which nature has subjected them; the conjugal bonds,
      are sweet only in proportion as they identify the interest of two beings,
      united by the want of legitimate pleasure; from whence results the
      maintenance of political society, and the means of furnishing it with
      citizens. Friendship has charms only when it more particularly associates
      two virtuous beings; that is to say, animated with the sincere desire of
      conspiring to their reciprocal happiness. In short, it is only by
      displaying virtue, that man can merit the benevolence, can win the
      confidence, can gain the esteem, of all those with whom he has relation;
      in a word, no man can be independently happy.
    

      Indeed, the happiness of each human individual depends on those sentiments
      to which he gives birth, on those feelings which he nourishes in the
      beings amongst whom his destiny has placed him; grandeur may dazzle them;
      power may wrest from them an involuntary homage; force may compel an
      unwilling obedience; opulence may seduce mean, may attract venal souls;
      but it is humanity, it is benevolence, it is compassion, it is equity,
      that unassisted by these, can without efforts obtain for him, from those
      by whom he is surrounded, those delicious sentiments of attachments, those
      soothing feelings of tenderness, those sweet ideas of esteem, of which all
      reasonable men feel the necessity. To be virtuous then, is to place his
      interest in that which accords with the interest of others; it is to enjoy
      those benefits, to partake of that pleasure which he himself diffuses over
      his fellows. He whom, his nature, his education, his reflections, his
      habits, have rendered susceptible of these dispositions, and to whom his
      circumstances have given him the faculty of gratifying them, becomes an
      interesting object to all those who approach him: he enjoys every instant,
      he reads with satisfaction the contentment, he contemplates with pleasure
      the joy which he has diffused over all countenances: his wife, his
      children, his friends, his servants greet him with gay, serene faces,
      indicative of that content, harbingers of that peace, which he recognizes
      for his own work: every thing that environs him is ready to partake his
      pleasures; to share his pains; cherished, respected, looked up to by
      others, every thing conducts him to agreeable reflections; he knows the
      rights he has acquired over their hearts; he applauds himself for being
      the source of a felicity that captivates all the world; his own condition,
      his sentiments of self-love, become an hundred times more delicious when
      he sees them participated by all those with whom his destiny has connected
      him. The habit of virtue creates for him no wants but those which virtue
      itself suffices to satisfy; it is thus that virtue is always its own
      peculiar reward, that it remunerates itself with all the advantages
      which it incessantly procures for others.
    

      It will be said, and perhaps even proved, that under the present
      constitution of things, virtue far from procuring the welfare of those who
      practice it frequently plunges man into misfortune; often places continual
      obstacles to his felicity; that almost every where it is without
      recompence. What do I say? A thousand examples could be adduced as
      evidence, that in almost every country it is hated, persecuted, obliged to
      lament the ingratitude of human nature. I reply with avowing, that by a
      necessary consequence of the errors of his race, virtue rarely conducts
      man to those objects in which the uninformed make their happiness consist.
      The greater number of societies, too frequently ruled by those whose
      ignorance makes them abuse their power,—whose prejudices render them
      enemies of virtue,—who flattered by sycophants, secure in the
      impunity their actions enjoy, commonly lavish their esteem, bestow their
      kindness, on none but the most unworthy objects; reward only the most
      frivolous, recompence none but the most prejudicial qualities; and hardly
      ever accord that justice to merit which is unquestionably its due. But the
      truly honest man, is neither ambitious of renumeration, nor sedulous of
      the suffrages of a society thus badly constituted: contented with domestic
      happiness, he seeks not to augment relations, which would do no more than
      increase his danger; he knows that a vitiated community is a whirlwind,
      with which an honest man cannot co-order himself: he therefore steps
      aside; quits the beaten path, by continuing in which he would infallibly
      be crushed. He does all the good of which he is capable in his sphere; he
      leaves the road free to the wicked, who are willing to wade through its
      mire; he laments the heavy strokes they inflict on themselves; he applauds
      mediocrity that affords him security: he pities those nations made
      miserable by their errors,—rendered unhappy by those passions which
      are the fatal but necessary consequence; he sees they contain nothing but
      wretched citizens, who far from cultivating their true interest, far from
      labouring to their mutual felicity, far from feeling the real value of
      virtue, unconscious how dear it ought to be to them, do nothing but either
      openly attack, or secretly injure it; in short, who detests a quality
      which would restrain their disorderly propensities.
    

      In saying that virtue is its own peculiar reward, it is simply meant to
      announce, that in a society whose views were guided by truth, trained by
      experience, conducted by reason, each individual would be acquainted with
      his real interests; would understand the true end of association; would
      have sound motives to perform his duties; find real advantages in
      fulfilling them; in fact, it would be convinced, that to render himself
      solidly happy, he should occupy his actions with the welfare of his
      fellows; by their utility merit their esteem, elicit their kindness, and
      secure their assistance. In a well-constituted society, the government,
      the laws, education, example, would all conspire to prove to the citizen,
      that the nation of which he forms a part, is a whole that cannot be happy,
      that cannot subsist without virtue; experience would, at each step,
      convince him that the welfare of its parts can only result from that of
      the whole body corporate; justice would make him feel, that no society,
      can be advantageous to its members, where the volition of wills in those
      who act, is not so conformable to the interests of the whole, as to
      produce an advantageous re-action.
    

      But, alas! by the confusion which the errors of man have carried into his
      ideas: virtue disgraced, banished, and persecuted, finds not one of those
      advantages it has a right to expect: man is indeed shewn those rewards for
      it in a future life, of which he is almost always deprived in his actual
      existence. It is thought necessary to deceive, considered proper to
      seduce, right to intimidate him, in order to induce him to follow that
      virtue which every thing renders incommodious to him; he is fed with
      distant hopes, in order to solicit him to practice virtue, while
      contemplation of the world makes it hateful to him; he is alarmed by
      remote terrors, to deter him from committing evil, which his associates
      paint as amiable; which all conspires to render necessary. It is thus that
      politics, thus that superstition, by the formation of chimeras, by the
      creation of fictitious interests pretend to supply those true, those real
      motives which nature furnishes,—which experience would point out,—which
      an enlightened government should hold forth,—which the law ought to
      enforce,—which instruction should sanction,—which example
      should encourage,-which rational opinions would render pleasant. Man,
      blinded by his passions, not less dangerous than necessary, led away by
      precedent, authorised by custom, enslaved by habit, pays no attention to
      these uncertain promises, is regardless of the menaces held out; the
      actual interests of his immediate pleasures, the force of his passions,
      the inveteracy of his habits, always rise superior to the distant
      interests pointed out in his future welfare, or the remote evils with
      which he is threatened; which always appear doubtful, whenever he compares
      them with present advantages.
    

      Thus superstition, far from making man virtuous by principle, does
      nothing more than impose upon him a yoke as severe as it is useless;
      it is borne by none but enthusiasts, or by the pusillanimous; who, without
      becoming better, tremblingly champ the feeble bit put into their mouth;
      who are either rendered unhappy by their opinions, or dangerous by their
      tenets; indeed, experience, that faithful monitor, incontestibly proves,
      that superstition is a dyke inadequate to resist the torrent of
      corruption, to which so many accumulated causes give an irresistible
      force: nay more, does not this superstition itself augment the public
      disorder, by the dangerous passions which it lets loose, by the conduct
      which it sanctions, by the actions which it consecrates? Virtue, in almost
      every climate, is confined to some few rational souls, who have sufficient
      strength of mind to resist the stream of prejudice; who are contented by
      remunerating themselves with the benefits they difuse over society: whose
      temperate dispositions are gratified with the suffrages of a small number
      of virtuous approvers; in short, who are detached from those frivolous
      advantages which the injustice of society but too commonly accords only to
      baseness, which it rarely bestows, except to intrigue, with which in
      general it rewards nothing but crime.
    

      In despite of the injustice that reigns in the world, there are, however,
      some virtuous men in the bosom even of the most degenerate nations;
      notwithstanding the general depravity, there are some benevolent beings,
      still enamoured of virtue; who are fully acquainted with its true value;
      who are sufficiently enlightened to know that it exacts homage even from
      its enemies; who to use the language of ECCLESIASTES, "rejoice in their
      own works;" who are, at least, happy in possessing contented minds,
      who are satisfied with concealed pleasures, those internal recompences of
      which no earthly power is competent to deprive them. The honest man
      acquires a right to the esteem, has a just claim to the veneration, wins
      the confidence, gains the love, even of those whose conduct is exposed by
      a contrast with his own. In short, vice is obliged to cede to virtue; of
      which it blushingly, though unwillingly, acknowledges the superiority.
      Independent of this ascendancy so gentle, of this superiority so grand, of
      this pre-eminence so infallible, when even the whole universe should be
      unjust to him, when even every tongue should cover him with venom, when
      even every arm should menace him with hostility, there yet remains to the
      honest man the sublime advantage of loving his own conduct; the ineffable
      pleasure of esteeming himself; the unalloyed gratification of diving with
      satisfaction into the recesses of his own heart; the tranquil delight of
      contemplating his own actions with that delicious complacency that others
      ought to do, if they were not hood-winked, No power is adequate to ravish
      from him the merited esteem of himself; no authority is sufficiently
      potent to give it to him when he deserves it not; the mightiest monarch
      cannot lend stability to this esteem, when it is not well founded; it is
      then a ridiculous sentiment: it ought to be considered, it really is "vanity
      and vexation of spirit," it is not wisdom, but folly in the extreme;
      it ought to be censured when it displays itself in a mode that is
      mortifying to its neighbour, in a manner that is troublesome to others; it
      is then called ARROGANCE; it is called VANITY; but when it cannot be
      condemned, when it is known for legitimate when it is discovered to have a
      solid foundation, when it bottoms itself upon talents, when it rises upon
      great actions that are useful to the community, when it erects its edifice
      upon virtue; even though society should not set these merits at their just
      price, it is NOBLE PRIDE, ELEVATION OF MIND, and GRANDEUR OF SOUL.
    

      Of what consequence then, is it to listen to those superstitious beings,
      those enemies to man's happiness, who have been desirous of destroying it,
      even in the inmost recesses of his heart; who have prescribed to him
      hatred of his follower; who have filled him with contempt for himself; who
      pretend to wrest from the honest man that self-respect which is frequently
      the only reward that remains to virtue, in a perverse world. To annihilate
      in him this sentiment, so full in justice, this love of himself, is to
      break the most powerful spring, to weaken the most efficacious stimulus,
      that urges him to act right; that spurs him on to do good to his fellow
      mortals. What motive, indeed, except it be this, remains for him in the
      greater part of human societies? Is not virtue discouraged? Is not honesty
      contemned? Is not audacious crime encouraged? Is not subtle intrigue
      eulogized? Is not cunning vice rewarded? Is not love of the public weal
      taxed as folly; exactitude in fulfilling duties looked upon as a bubble?
      Is not compassion laughed to scorn? ARE NOT TRAITORS DISTINGUISHED BY
      PUBLIC HONORS? Is not negligence of morals applauded,—sensibility
      derided,—tenderness scoffed,—conjugal fidelity jeered,—sincerity
      despised,—enviolable friendship treated with ridicule: while
      seduction, adultery, hard-heartedness, punic faith, avarice, and fraud,
      stalk forth unabashed, decked in gorgeous array, lauded by the world? Man
      must have motives for action: he neither acts well nor ill, but with a
      view to his own happiness: that which he judges will conduce to this "consummation
      so devoutly to be wished," he thinks his interest; he does nothing
      gratuitously; when reward for useful actions is withheld from him, he is
      reduced either to become as abandoned as others, or else to remunerate
      himself with his own applause.
    

      This granted; the honest man can never be completely unhappy; he can never
      be entirely deprived of the recompence which is his due; virtue is
      competent to repay him for all the benefits he may bestow on others; can
      amply make up to him all the happiness denied him by public opinion; but
      nothing can compensate to him the want of virtue. It does not follow
      that the honest man will be exempted from afflictions: like, the wicked,
      he is subject to physical evils; he may pine in indigence; he may be
      deprived of friendship; he may be worn down with disease; he may
      frequently be the subject of calumny; he may be the victim to injustice;
      he may be treated with ingratitude; he may be exposed to hatred; but in
      the midst of all his misfortunes, in the very bosom of his sorrows, in the
      extremity of his vexation, he finds support in himself; he is contented
      with his own conduct; he respects himself; he feels his own dignity; he
      knows the equity of his rights; he consoles himself with the confidence
      inspired by the justness of his cause; he cheers himself amidst the most
      sullen circumstances. These supports are not calculated for the wicked;
      they avail him nothing: equally liable with the honest man to infirmities,
      equally submitted to the caprices of his destiny, equally the sport of a
      fluctuating world, he finds the recesses of his own heart filled with
      dreadful alarms; diseased with care; cankered with solitude; corroded with
      regret; gnawed by remorse; he dies within himself; his conscience sustains
      him not but loads him with reproach; his mind, overwhelmed, sinks beneath
      its own turpitude; his reflection is the bitter dregs of hemlock;
      maddening anguish holds him to the mirror that shews him his own
      deformity; that recalls unhallowed deeds; gloomy thoughts rush on his too
      faithful memory; despondence benumbs him; his body, simultaneously
      assailed on all sides, bends under the storm of—his own unruly
      passions; at last despair grapples him to her filthy bosom, he flies from
      himself. The honest man is not an insensible Stoic; virtue does not
      procure impassibility; honesty gives no exemption from misfortune, but it
      enables him to bear cheerly up against it; to cast off despair, to keep
      his own company: if he is infirm, if he is worn with disease, he has less
      to complain of than the vicious being who is oppressed with sickness, who
      is enfeebled by years; if he is indigent, he is less unhappy in his
      poverty; if he is in disgrace, he can endure it with fortitude, he is not
      overwhelmed by its pressure, like the wretched slave to crime.
    

      Thus the happiness of each individual depends on the cultivation of his
      temperament; nature makes both the happy and the unhappy; it is culture
      that gives value to the soil nature has formed; it is instruction that
      makes the fruit it produces palatable; It is reflection that makes it
      useful. For man to be happily born, is to have received from nature a
      sound body, organs that act with precision—a just mind, a heart
      whose passions are analogous, whose desires are conformable to the
      circumstances in which his destiny has placed him: nature, then, has done
      every thing for him, when she has joined to these faculties the quantum of
      vigour, the portion of energy, sufficient to enable him to obtain those
      Proper things, which his station, his mode of thinking, his temperament,
      have rendered desirable. Nature has made him a fatal present, when she has
      filled his sanguinary vessels with an over-heated fluid; when she has
      given him an imagination too active; when she has infused into him desires
      too impetuous; when he has a hankering after objects either impossible or
      improper to be obtained under his circumstances; or which at least he
      cannot procure without those incredible efforts, that either place his own
      welfare in danger or disturb the repose of society. The most happy man, is
      commonly he who possesses a peaceful soul; who only desires those things
      which he can procure by labour, suitable to maintain his activity; which
      he can obtain without causing those shocks, that are either too violent
      for society, or troublesome to his associates. A philosopher whose wants
      are easily satisfied, who is a stranger, to ambition, who is contented
      with the limited circle of a small number of friends, is, without doubt a
      being much more happily constituted than an ambitious conqueror, whose
      greedy imagination is reduced to despair by having only one world to
      ravage. He who is happily born, or whom nature has rendered susceptible of
      being conveniently modified, is not a being injurious to society: it is
      generally disturbed by men who are unhappily born, whose organization
      renders them turbulent; who are discontented with their destiny; who are
      inebriated with their own licentious passions; who are infatuated with
      their own vile schemes; who are smitten with difficult enterprises; who
      set the world in combustion, to gather imaginary benefits in order to
      attain which they must inflict he heaviest curses on mankind, but in which
      they make their own happiness consist. An ALEXANDER requires the
      destruction of empires, nations to be deluged with blood, cities to be
      laid in ashes, its inhabitants to be exterminated, to content that passion
      for glory, of which he has formed to himself a false idea; but which his
      too ardent imagination, his too vehement mind anxiously thirsts after: for
      a DIOGENES there needs only a tub with the liberty of appearing whimsical;
      a SOCRATES wants nothing but the pleasure of forming disciples to virtue.
    

      Man by his organization is a being to whom motion is always necessary; he
      must therefore always desire it: this is the reason why too much facility
      In procuring the objects of his search, renders them quickly insipid. To
      feel happiness, it is necessary to make efforts to obtain it; to find
      charms in its enjoyment, it is necessary that the desire should be whetted
      by obstacles; he is presently disgusted with those benefits which have
      cost him but little pains. The expectation of happiness, the labour
      requisite to procure it, the varied prospects it holds forth, the
      multiplied pictures which his imagination forms to him, supply his brain
      with that motion for which it has occasion; this gives impulse to his
      organs, puts his whole machine into activity, exercises his faculties,
      sets all his springs in play, in a word, puts him into that agreeable
      activity, for the want of which the enjoyment of happiness itself cannot
      compensate him. Action is the true element of the human mind; as soon as
      it ceases to act, it falls into disgust, sinks into lassitude. His soul
      has the same occasion for ideas, his stomach has for aliment.
    

      Thus the impulse given him by desire, is itself a great benefit; it is to
      the mind what exercise is to the body; without it he would not derive any
      pleasure in the aliments presented to him; it is thirst that renders the
      pleasure of drinking so agreeable; life is a perpetual circle of
      regenerated desires and wants satisfied: repose is only a pleasure to him
      who labours; it is a source of weariness, the cause of sorrow, the spring
      of vice to him who has nothing to do. To enjoy without interruption is not
      to enjoy any thing: the man who has nothing to desire is certainly more
      unhappy than he who suffers.
    

      These reflections, grounded upon experience, drawn from the fountain of
      truth, ought to prove to man, that good as well as evil depends on the
      essence of things. Happiness to be felt cannot be continued. Labour is
      necessary, to make intervals between his pleasures; his body has occasion
      for exercise, to co-order him with the beings who surround him; his heart
      must have desires; trouble alone can give him the right relish of his
      welfare; it is this which puts in the shadows, this which furnishes the
      true perspective to the picture of human life. By an irrevocable law of
      his destiny, man is obliged to be discontented with his present condition;
      to make efforts to change it; to reciprocally envy that felicity which no
      individual enjoys perfectly. Thus the poor man envies the opulence of his
      richer neighbour, although this is frequently more unhappy than his needy
      maligner; thus the rich man views with pain the advantages of a poverty,
      which he sees active, healthy, and frequently jocund, even in the bosom of
      penury.
    

      If man was perfectly contented, there would no longer be any activity in
      the world; it is necessary that he should desire; it is requisite that he
      should act; it is incumbent he should labour, in order that he may be
      happy: such is the course of nature of which the life consists in action.
      Human societies can only subsist, by the continual exchange of those
      things in which man places his happiness. The poor man is obliged to
      desire, he is necessitated to labour, that he may procure what he knows is
      requisite to the preservation of his existence; the primary wants given to
      him by nature, are to nourish himself, clothe himself, lodge himself, and
      propagate his species; has he satisfied these? He is quickly obliged to
      create others entirely new; or rather, his imagination only refines upon
      the first; he seeks to diversify them; he is willing to give them fresh
      zest; arrived at opulence, when he has run over the whole circle of wants,
      when he has completely exhausted their combinations, he falls into
      disgust. Dispensed from labour, his body amasses humours; destitute of
      desires, his heart feels a languor; deprived of activity, he is obliged to
      participate his riches, with beings more active, more laborious than
      himself: these, following their own peculiar interests, take upon
      themselves the task of labouring for his advantage; of procuring for him
      means to satisfy his want; of ministering to his caprices, in order to
      remove the languor that oppresses him. It is thus the great, the rich
      excite the energies, give play to the activity, rouse the faculties, spur
      on the industry of the indigent; these labour to their own peculiar
      welfare by working for others: thus the desire of ameliorating his
      condition, renders man necessary to his fellow man; thus wants, always
      regenerating, never satisfied, are the principles of life,—the soul
      of activity,—the source of health,—the basis of society. If
      each individual was competent to the supply of his own exigencies, there
      would be no occasion for him to congregate in society; but it is his
      wants, his desires, his whims, that place him in a state of dependence on
      others: these are the causes that each individual, in order to further his
      own peculiar interest, is obliged to be useful to those, who have the
      capability of procuring for him the objects which he himself has not. A
      nation is nothing more than the union of a great number of individuals,
      connected with each other by the reciprocity of their wants; by their
      mutual desire of pleasure. The most happy man is he who has the fewest
      wants, and who has the most numerous means of satisfying them. The man who
      would be truly rich, has no need to increase his fortune, it suffices he
      should diminish his wants.
    

      In the individuals of the human species, as well as in political society,
      the progression of wants, is a thing absolutely necessary; it is founded
      upon the essence of man, it is requisite that the natural wants once
      satisfied, should be replaced by those which he calls Imaginary, or
      wants of the Fancy: these become as necessary to his happiness as the
      first. Custom, which permits the native American to go quite naked,
      obliges the more civilized inhabitant of Europe to clothe himself; the
      poor man contents himself with very simple attire, which equally serve him
      for winter and for summer, for autumn and for spring; the rich man desires
      to have garments suitable to each mutation of these seasons; he would
      experience pain if he had not the convenience of changing his raiment with
      every variation of his climate; he would be wretched if he was obliged to
      wear the same habiliments in the heat of summer, which he uses in the
      winter; in short, he would be unhappy if the expence and variety of his
      costume did not display to the surrounding multitude his opulence, mark
      his rank, announce his superiority. It is thus habit multiplies, the wants
      of the wealthy; it is thus that vanity itself becomes a want which sets a
      thousand hands in, motion, a thousand heads to work, who are all eager to
      gratify its cravings; in short, this very vanity procures for the
      necessitous man, the means of subsisting at the expense of his opulent
      neighbours He who is accustomed to pomp, who is used to ostentatious
      splendour, whose habits are luxurious, whenever he is deprived of these
      insignia of opulence, to which he has attached the idea of happiness,
      finds himself just as unhappy as the needy wretch who has not wherewith to
      cover his nakedness. The civilized nations of the present day were in
      their origin savages composed of erratic tribes,—mere wanderers who
      were occupied with war; employed in, the chace; painfully obliged to seek
      precarious subsistence by hunting in those woods which the industry of
      their successors has cleared; which their labour has covered with yellow
      waving ears of nutritious corn; in time they have become stationary: they
      first applied themselves to Agriculture, afterwards to commerce: by
      degrees they have refined on their primitive wants, extended their sphere
      of action, given birth to a thousand new wants, imagined a thousand new
      means to satisfy them; this is the natural course, the necessary
      progression, the regular march of active beings, who cannot live without
      feeling; who to be happy, must of necessity diversify their sensations. In
      proportion as man's wants multiply the means to satisfy them becomes more
      difficult, he is obliged to depend on a greater number of his fellow
      creatures; his interest obliges him to rouse their activity; to engage
      them to concur with his views; consequently he is obliged to procure for
      them those objects by which they can be excited; he is under the necessity
      of contenting their desires, which increase like his own, by the very food
      that satisfies them. The savage needs only put forth his hand to gather
      the fruit that offers itself spontaneously to his reach: this he finds
      sufficient for his nourishment. The opulent citizen of a flourishing
      society is obliged to set innumerable hands to work to produce the
      sumptuous repast; the four quarters of the globe are ransacked to procure
      the far-fetched viands become necessary to revive his languid appetite;
      the merchant, the sailor, the mechanic, leave nothing unattempted to
      flatter his inordinate vanity. From this it will appear, that in the same
      proportion the wants of man are multiplied, he is obliged to augment the
      means to satisfy them. Riches are nothing more than the measure of a
      convention, by the assistance of which man is enabled to make a great
      number of his fellows concur in the gratification of his desires; by which
      he is capacitated to invite them, for their own peculiar interests, to
      contribute to his pleasures. What, in fact, does the rich man do, except
      announce to the needy, that he can furnish him with the means of
      subsistence if he consents to lend himself to his will? What does the man
      in power, except shew to others, that he is in a state to supply the
      requisites to render them happy? Sovereigns, nobles, men of wealth, appear
      to be happy, only because they possess the ability, are masters of the
      motives sufficient to determine a great number of individuals to occupy
      themselves with their respective felicity.
    

      The more things are considered the more man will be convinced that his
      false opinion are the true source of his misery; the clearer it will
      appear to him that happiness is so rare, only because he attaches it to
      objects either indifferent or useless to his welfare; which, when enjoyed,
      convert themselves into real evils; which afflict him; which become the
      cause of his misfortune.
    
Riches are indifferent in themselves, it is only by their
      application, by the purposes they compass, that they either become objects
      of utility to man, or are rendered prejudicial to his welfare.
    
Money, useless to the savage who understands not its value, is
      amassed by the miser, for fear it should be employed uselessly; lest it
      should be squandered by the prodigal; or dissipated by the voluptuary; who
      make no other use of it than to purchase infirmities; to buy regret.
    

      Pleasures are nothing for the man who is incapable of feeling them; they
      become real evils when they are too freely indulged, when they are
      destructive to his health,—when they derange the economy of his
      machine,—when they entail diseases on himself and on his posterity,—when
      they make him neglect his duties,—when they render him despicable in
      the eyes of others.
    

      Power is nothing in itself, it is useless to man if he does not avail
      himself of it to promote his own peculiar felicity, by augmenting the
      happiness of his species; it becomes fatal to him as soon as he abuses it;
      it becomes odious whenever he employs it to render others miserable; it is
      always the cause of his own misery whenever he stretches it beyond the due
      bounds prescribed by nature.
    

      For want of being enlightened on his true interest, the man who enjoys all
      the means of rendering himself completely happy, scarcely ever discovers
      the secret of making those means truly subservient to his own peculiar
      felicity: the art of enjoying, is that which of all others is least
      understood; man should learn this art before he begins to desire; the
      earth is covered with individuals who only occupy themselves with the care
      of procuring the means without ever being acquainted with the end. All the
      world desire fortune, solicit power, seek after pleasure, yet very few,
      indeed, are those whom objects render truly happy.
    

      It is quite natural in man, it is extremely reasonable, it is absolutely
      necessary, to desire those things which can contribute to augment the sum
      of his felicity. Pleasure, riches, power, are objects worthy his
      ambition, deserving his most strenuous efforts, when he has learned how to
      employ them; when he has acquired the faculty of making them render his
      existence really more agreeable. It is impossible to censure him who
      desires them, to despise him who commands them, but when to obtain them he
      employs odious means; or when after he has obtained them he makes a
      pernicious use of them, injurious to himself, prejudicial to others; let
      him wish for power, let him seek after grandeur, let him be ambitious of
      reputation, when he can shew just pretensions to them; when he can obtain
      them, without making the purchase at the expence of his own repose, or
      that of the beings with whom he lives: let him desire riches, when he
      knows how to make a use of them that is truly advantageous for himself,
      really beneficial for others; but never let him employ those means to
      procure them of which he may be ashamed; with which he may be obliged to
      reproach himself; which may draw upon him the hatred of his associates; or
      which may render him obnoxious to the castigation of society: let him
      always recollect, that his solid happiness should rest its foundations
      upon its own esteem,—upon the advantages he procures for others;
      above all, never let him for a moment forget, that of all the objects to
      which his ambition may point, the most impracticable for a being who lives
      in society, is that of attempting to render himself exclusively happy.
    











      CHAP. XVI
    
The Errors of Man,—upon what constitutes Happiness.—the
      true Source of his Evil.—Remedies that may be applied.

      Reason by no means forbids man from forming capacious desires; ambition is
      a passion useful to his species when it has for, its object the happiness
      of his race. Great minds, elevated souls, are desirous of acting on an
      extended sphere; geniuses who are powerful, beings who are enlightened,
      men who are beneficent, distribute very widely their benign influence;
      they must necessarily, in order to promote their own peculiar felicity,
      render great numbers happy. So many princes fail to enjoy true happiness
      only, because their feeble, narrow souls, are obliged to act in a sphere
      too extensive for their energies: it is thus that by the supineness, the
      indolence, the incapacity of their chiefs, nations frequently pine in
      misery; are often submitted to masters, whose exility of mind is as little
      calculated to promote their own immediate happiness, as it is to further
      that of their miserable subjects. On the other hand, souls too vehement,
      too much inflamed, too active, are themselves tormented by the narrow
      sphere that confines them; their ardour misplaced, becomes the scourge of
      the human race. Alexander was a monarch who was equally injurious to the
      earth, equally discontented with his condition, as the indolent despot
      whom he dethroned. The souls of neither were by any means commensurate
      with their sphere of action.
    

      The happiness of man will never be more than the result of the harmony
      that subsists between his desires and his circumstances. The sovereign
      power to him who knows not how to apply it to the advantage of his
      citizens, is as nothing; it cannot even conduce to his own peculiar
      happiness. If it renders him miserable, it is a real evil; if it produces
      the misfortune of a portion of the human race, it is a detestable abuse.
      The most powerful princes are ordinarily such strangers to happiness,
      their subjects are commonly so unfortunate, only because the first possess
      all the means of rendering themselves happy without ever giving them
      activity; or because the only knowledge they have of them, is their abuse.
      A wise man seated on a throne, would be the most happy of mortals. A
      monarch is a man for whom his power, let it be of whatever extent, cannot
      procure other organs, other modes of feeling, than the meanest of his
      subjects; if he has an advantage over them, it is by the grandeur, the
      variety, the multiplicity of the objects with which he can occupy himself;
      which by giving perpetual activity to his mind, can prevent it from decay;
      from falling into sloth. If his soul is virtuous, if his mind is
      expansive, his ambition finds continual food in the contemplation of the
      power he possesses, to unite by gentleness, to consolidate by kindness,
      the will of his subjects with his own; to interest them in his own
      conservation, to merit their affections,—to draw forth the respect
      of strangers,—to render luminous the page of history—to elicit
      the eulogies of all nations—to clothe the orphan,—to dry the
      widow's tears. Such are the conquests that reason proposes to all those
      whose destiny it is to govern the fate of empires; they are sufficiently
      grand to satisfy the most ardent imagination, of a sublimity to gratify
      the most capacious ambition: for a monarch they are paramount duties.—KINGS
      are the most happy of men, only because they have the power of making
      others happy; because they possess the means of multiplying the causes of
      legitimate content with themselves.
    

      The advantages of the sovereign power are participated by all those who
      contribute to the government of states. Thus grandeur, rank, reputation,
      are desirable, are legitimate objects for all who are acquainted with the
      means of rendering them subservient to their own peculiar felicity; they
      are useless, they are illegitimate to those ordinary men who have neither
      the energy nor the capacity to employ them in a mode advantageous to
      themselves; they are detestable whenever to obtain them man compromises
      his own happiness, when he implicates the welfare of society: this society
      itself is in an error every time it respects men who only employ to its
      destruction, a power, the exercise of which it ought never to approve but
      when it reaps from it substantial benefits.
    

      Riches, useless to the miser, who is no more than their miserable gaoler;
      prejudicial to the debauchee, for whom they only procure infirmities;
      injurious to the voluptuary, to whom they only bring disgust—whom
      they oppress with satiety; can in the hands of the honest man produce
      unnumbered means of augmenting the sum of his happiness; but before man
      covets wealth it is proper he should know how to employ it; money is only
      a token, a representative of happiness; to enjoy it is so to use it as to
      make others happy: this is the great secret, this is the talisman, this is
      the reality. Money, according to the compact of man, procures for him all
      those benefits he can desire; there is only one, which it will not
      procure, that is, the knowledge how to apply it properly. For man
      to have money, without the true secret how to enjoy it, is to possess the
      key of a commodious palace to which he is interdicted entrance; to lavish
      it, prodigally, is to throw the key into the river; to make a bad use of
      it, is only to make it the means of wounding himself. Give the most ample
      treasures to the enlightened man, he will not be overwhelmed with them; if
      he has a capacious mind, if he has a noble soul, he will only extend more
      widely his benevolence; he will deserve the affection of a greater number
      of his fellow men; he will attract the love, he will secure the homage, of
      all those who surround him; he will restrain himself in his pleasures, in
      order that he may be enabled truly to enjoy them; he will know that money
      cannot re-establish a soul worn out with enjoyment; cannot give fresh
      elasticity to organs enfeebled by excess; cannot give fresh tension to
      nerves grown flaccid by abuse; cannot invigorate a body enervated by
      debauchery; cannot corroborate a machine, from thenceforth become
      incapable of sustaining him, except by the necessity of privations; he
      will know that the licentiousness of the voluptuary stifles pleasure in
      its source; that all the treasure in the world cannot renew his senses.
    

      From this, it will be obvious, that nothing is more frivolous than the
      declamations of a gloomy philosophy against the desire of power; nothing
      more absurd than the rant of superstition against the pursuit of grandeur;
      nothing more inconsistent than homilies against the acquisition of riches;
      nothing more unreasonable than dogmas that forbid the enjoyment of
      pleasure. These objects are desirable for man, whenever his situation
      allows him to make pretensions to them; they are useful to society,
      conducive to public happiness, whenever he has acquired the knowledge of
      making them turn to his own real advantage; reason cannot censure him,
      virtue cannot despise him, when in order to obtain them, he never travels
      out of the road of truth; when in their acquisition, he wounds no one's
      interest; when he pursues only legitimate means: his associates will
      applaud him; his contemporaries will esteem him: he will respect himself,
      when he only employs their agency to secure his own happiness, and that of
      his fellows. Pleasure is a benefit, it is of the essence of man to love,
      it is even rational when it renders his existence really valuable to
      himself—when it does not injure him in his own esteem; when its
      consequences are not grievous to others. Riches are the symbols of
      the great majority of the benefits of this life; they become a reality in
      the hands of the man who has the clew to their just application. Power
      is the most sterling of all benefits, when he who is its depositary has
      received from nature a soul sufficiently noble, a mind sufficiently
      elevated, a heart sufficiently benevolent, faculties sufficiently
      energetic, above all, when he has derived from education a true regard for
      virtue, that sacred love for truth which enables him to extend his happy
      influence over whole nations; which by this means he places in, a state of
      legitimate dependence on his will; man only acquires the right of
      commanding men, when he renders them happy.

      The right of man over his fellow man can only be founded either upon the
      actual happiness he secures to him, or that which he gives him reason to
      hope he will procure for him; without this, the power he exercises would
      be violence, usurpation, manifest tyranny; it is only upon the faculty of
      rendering him happy, that legitimate authority builds its structure;
      without this it is the "baseless fabric of a vision." No man derives
      from nature the right of commanding another; but it is voluntarily
      accorded to those, from whom he expects his welfare. Government is
      the right of commanding, conferred on the sovereign only for the advantage
      of those who are governed. Sovereigns are the defenders of the persons,
      the guardians of the property, the protectors of the liberty of their
      subjects: this is the price of their obedience; it is only on this
      condition these consent to obey; government would not be better than a
      robbery whenever it availed itself of the powers confided to it, to render
      society unhappy. The empire of religion is founded on the opinion
      man entertains of its having power to render nations happy; government and
      religion are reasonable institutions; but only so, inasmuch as they
      equally contribute to the felicity of man: it would be folly in him to
      submit himself to a yoke from which there resulted nothing but evil. It
      would be folly to expect that man should bind himself to misery; it would
      be rank injustice to oblige him to renounce his rights without some
      corresponding advantage!
    

      The authority which a father exercises over his family is only founded on
      the advantages which he is supposed to procure for it. Rank, in political
      society, has only for its basis the real or imaginary utility of some
      citizens for which the others are willing to distinguish them—agree
      to respect them—consent to obey them. The rich acquire rights over
      the indigent, the wealthy claim the homage of the needy, only by virtue of
      the welfare they are conditioned to procure them. Genius, talents,
      science, arts, have rights over man, only in consequence of their utility;
      of the delight they confer; of the advantages they procure for society. In
      a word, it is happiness, it is the expectation of happiness, it is its
      image that man cherishes—that he esteems—that he unceasingly
      adores. Monarchs, the rich, the great, may easily impose on him, may
      dazzle him, may intimidate him, but they will never be able to obtain the
      voluntary submission of his heart, which alone can confer upon them
      legitimate rights, without they make him experience real benefits—without
      they display virtue. Utility is nothing more than true happiness; to be
      useful is to be virtuous; to be virtuous is to make others happy.
    

      The happiness which man derives from them is the invariable, the necessary
      standard of his sentiments, for the beings of his species; for the objects
      he desires; for the opinions he embrases; for those actions on which he
      decides. He is the dupe of his prejudices every time he ceases to avail
      himself of this standard to regulate his judgment. He will never run the
      risk of deceiving himself, when he shall examine strictly what is the real
      utility resulting to his species from the religion, from the superstition,
      from the laws, from the institutions, from the inventions, from the
      various actions of all mankind.
    

      A superficial view may sometimes seduce him; but experience, aided by
      reflection, will reconduct him to reason, which is incapable of deceiving
      him. This teaches him that pleasure is a momentary happiness, which
      frequently becomes an evil; that evil is a fleeting trouble that
      frequently becomes a good: it makes him understand the true nature of
      objects, enables him to foresee the effects he may expect; it makes him
      distinguish those desires to which his welfare permits him to lend
      himself, from those to whose seduction he ought to make resistance. In
      short, it will always convince him that the true interest of intelligent
      beings, who love happiness, who desire to render their own existence
      felicitous, demands that they should root out all those phantoms, abolish
      all those chimerical ideas, destroy all those prejudices, which by
      traducing virtue, obstruct their felicity in this world.
    

      If he consults experience, he will perceive that it is in illusions, in
      false opinions, rendered sacred by time, that he ought to search out the
      source of that multitude of evils which almost every where overwhelms
      mankind. From ignorance of natural causes, man has created imaginary
      causes; not knowing to what cause to attribute thunder, he ascribed it to
      an imaginary being whom he called JUPITER; imposture availing itself of
      this disposition, rendered these causes terrible to him; these fatal ideas
      haunted him without rendering him better; made him tremble without either
      benefit to himself or to others; filled his mind with chimeras that
      opposed themselves to the progress of his reason; that prevented him from
      really seeking after his happiness. His vain fears rendered him the slave
      of those who deceived him, under pretence of consulting his welfare; he
      committed evil, because they persuaded him his gods demanded sacrifices;
      he lived in misfortune, because they made him believe these gods condemned
      him to be miserable; the slave of beings, to which his own imagination had
      given birth, he never dared to disentangle himself from his chains; the
      artful ministers of these divinities gave him to understand that
      stupidity, the renunciation of reason, sloth of mind, abjection of soul,
      were the sure means of obtaining eternal felicity.
    

      Prejudices, not less dangerous, have blinded man upon the true nature of
      government. Nations in general are ignorant of the true foundations of
      authority; they dare not demand happiness from those kings who are charged
      with the care of procuring it for them: some have believed their
      sovereigns were gods disguised, who received with their birth the right of
      commanding the rest of mankind; that they could at their pleasure dispose
      of the felicity of the people; that they were not accountable for the
      misery they engendered. By a necessary consequence of these erroneous
      opinions, politics have almost every where degenerated into the fatal art
      of sacrificing the interests of the many, either to the caprice of an
      individual, or to some few privileged irrational beings. In despite of the
      evils which assailed them, nations fell down in adoration before the idols
      they themselves had made: foolishly respected the instruments of their
      misery; had a stupid veneration for those who possessed the sovereign
      power of injuring them; obeyed their unjust will; lavished their blood;
      exhausted their treasure; sacrificed their lives, to glut the ambition, to
      feed the cupidity to minister to the regenerated phantasms, to gratify the
      never-ending caprices of these men; they bend the knee to established
      opinion, bowed to rank, yielded to title, to opulence, to pageantry, to
      ostentation: at length victims to their prejudices, they in vain expected
      their welfare at the hands of men who were themselves unhappy from their
      own vices; whose neglect of virtue, had rendered them incapable of
      enjoying true felicity; who are but little disposed to occupy themselves
      with their prosperity: under such chiefs their physical and moral
      happiness were equally neglected or even annihilated.
    

      The same blindness may be perceived in the science of morals.
      Superstition, which never had any thing but ignorance for its basis, which
      never had more than a disordered imagination for its guide, did not found
      ethics upon man's nature; upon his relations with his fellows; upon those
      duties which necessarily flow from these relations; it preferred, as more
      in unison with itself, founding them upon imaginary relations which it
      pretended subsisted between him and those invisible powers it had so
      gratuitously imagined; that were delivered by oracles which their priests
      had the address to make him believe spoke the will of the Divinity: thus,
      TROPHONIUS, from his cave made affrightened mortals tremble; shook the
      stoutest nerves; made them turn pale with fear; his miserable, deluded
      supplicants, who were obliged to sacrifice to him, anointed their bodies
      with oil, bathed in certain rivers, and after they had offered their cake
      of honey and received their destiny, became so dejected, so wretchedly
      forlorn, that to this day their descendants, when they behold a malencholy
      man, exclaim, "He has consulted the oracle of Trophonius." It was
      these invisible gods, which superstition always paints as furious tyrants,
      who were declared the arbiters of man's destiny; the models of his
      conduct: when he was willing to imitate them, when he was willing to
      conform himself to the lessons of their interpreters, he became wicked,
      was an unsociable creature, an useless being or else a turbulent maniac—a
      zealous fanatic. It was these alone who profited by superstition, who
      advantaged themselves by the darkness in which they contrived to involve
      the human mind; nations were ignorant of nature; they knew nothing of
      reason; they understood not truth; they had only a gloomy superstition,
      without one certain idea of either morals or virtue. When man committed
      evil against his fellow creature, he believed he had offended these gods;
      but he also believed himself forgiven, as soon as he had prostrated
      himself before them; as soon as he had by costly presents gained over the
      priest to his interest. Thus superstition, far from giving a sure, far
      from affording a natural, far from introducing a known basis to morals,
      only rested it on an unsteady foundation; made it consist in ideal duties
      impossible to be accurately understood. What did I say? It first corrupted
      him, and his expiations finished by ruining him. Thus when superstition
      was desirous to combat the unruly passions of man it attempted it in vain;
      always enthusiastic, ever deprived of experience, it knew nothing of the
      true remedies: those which it applied were disgusting, only suitable to
      make the sick revolt against them; it made them pass for divine, because
      they were not made of man; they were inefficacious, because chimeras could
      effectuate nothing against those substantive passions to which motives
      more real, impulsions more powerful, concurred to give birth, which every
      thing conspired, to flourish in his heart. The voice of superstition or of
      the gods, could not make itself heard amidst the tumult of society—where
      all was in confusion—where the priest cried out to man, that he
      could not render himself happy without injuring his fellow creatures, who
      happened to differ from him in opinion: these vain clamours only made
      virtue hateful to him, because they always represented it as the enemy to
      his happiness; as the bane of human pleasures: he consequently failed in
      the observation of his duties, because real motives were never held forth
      to induce him to make the requisite sacrifice; the present prevailed over
      the future; the visible over the invisible; the known over the unknown:
      man became wicked because every thing informed him he must be so, in order
      to obtain the happiness after which he sighed.
    

      Thus the sum of human misery was never diminished; on the contrary, it was
      accumulating either by his superstition, by his government, by his
      education, by his opinions or by the institutions he adopted under the
      idea of rendering his condition more pleasant: it not unfrequently
      happened that the whole of these acted upon him simultaneously; he was
      then completely wretched. It cannot be too often repeated, it is in
      error that man will find the true spring of those evils with which the
      human race is afflicted; it is not nature that renders him miserable;
      it is not nature that makes him unhappy; it is not an irritated Divinity
      who is desirous he should live in tears; it is not hereditary depravation
      that has caused him to be wicked; it is to error, to long cherished,
      consecrated error, to error identified with his very existence, that these
      deplorable effects are to be ascribed.
    

      The sovereign good, so much sought after by some philosophers, announced
      with so much emphasis by others, may be considered as a chimera, like unto
      that marvellous panacea which some adepts have been willing to pass upon
      mankind for an universal remedy. All men are diseased; the moment of their
      birth delivers them over to the contagion of error; but individuals are
      variously affected by it by a consequence of their natural organization;
      of their peculiar circumstances. If there is a sovereign remedy, which can
      be indiscriminately applied to the diseases of man, there is without doubt
      only ONE, this catholic balsam is TRUTH, Which he must draw from nature.
    

      At the afflicting sight of those errors which blind the greater number of
      mortals—of those delusions which man is doomed to suck in with his
      mother's milk; viewing with painful sensations those irregular desires,
      those disgusting propensities, by which he is perpetually agitated; seeing
      the terrible effect of those licentious passions which torment him; of
      those lasting inquietudes which gnaw his repose; of those stupendous
      evils, as well physical as moral, which assail him on every side: the
      contemplator of humanity would be tempted to believe that happiness was
      not made for this world; that any effort to cure those minds which every
      thing unites to poison, would be a vain enterprize; that it was an Augean
      stable, requiring the strength of another Hercules. When he considers
      those numerous superstitions by which man is kept in a continual state of
      alarm—that divide him from his fellow—that render him
      vindictive, persecuting, and irrational; when he beholds the many despotic
      governments that oppress him; when he examines those multitudinous,
      unintelligible, contradictory laws that torture him; the manifold
      injustice under which he groans; when he turns his mind to the barbarous
      ignorance in which he is steeped, almost over the whole surface of the
      earth; when he witnesses those enormous crimes that debase society; when
      he unmasks those rooted vices that render it so hateful to almost every
      individual; he has great difficulty to prevent his mind from embracing the
      idea that misfortune is the only appendage of the human species; that this
      world is made solely to assemble the unhappy; that human felicity is a
      chimera, or at least a point so fugitive, that it is impossible it can be
      fixed.
    

      Thus superstitious mortals, atrabilious men, beings nourished in
      melancholy, unceasingly see either nature or its author exasperated
      against the human race; they suppose that man is the constant object of
      heaven's wrath; that he irritates it even by his desires: that he renders
      himself criminal by seeking a felicity which is not made for him: struck
      with beholding that those objects which he covets in the most lively
      manner, are never competent to content his heart, they have decried them
      as abominations, as things prejudicial to his interest, as odious to his
      gods; they prescribe him abstinence from all search after them; that he
      should entirely shun them; they have endeavoured to put to the rout all
      his passions, without any distinction even of those which are the most
      useful to himself, the most beneficial to those beings with whom he lives:
      they have been willing that man should render himself insensible; should
      become his own enemy; that he should separate himself from his fellow
      creatures; that he should renounce all pleasure; that he should refuse
      happiness; in short, that he should cease to be a man, that he should
      become unnatural. "Mortals!" have they said, "ye were born to be
      unhappy; the author of your existence has destined ye for misfortune;
      enter then into his views, and render yourselves miserable. Combat those
      rebellious desires which have felicity for their object; renounce those
      pleasures which it is your essence to love; attach yourselves to nothing
      in this world; by a society that only serves to inflame your imagination,
      to make you sigh after benefits you ought not to enjoy; break up the
      spring of your souls; repress that activity that seeks to put a period to
      your sufferings; suffer, afflict yourselves, groan, be wretched; such is
      for you the true road to happiness."
    

      Blind physicians! who have mistaken for a disease the natural state of
      man! they have not seen that his desires were necessary; that his passions
      were essential to him; that to defend him from loving legitimate
      pleasures; to interdict him from desiring them, is to deprive him of that
      activity which is the vital principle of society; that to tell him to
      hate, to desire him to despise himself, is to take from him the most
      substantive motive, that can conduct him to virtue. It is thus, by its
      supernatural remedies, by its wretched panacea, superstition, far from
      curing those evils which render man decrepid, which bend him almost to the
      earth, has only increased them; made them more desperate; in the room of
      calming his passions, it gives them inveteracy; makes them more dangerous;
      renders them more venomous; turns that into a curse which nature has given
      him for his preservation; to be the means of his own happiness. It is not
      by extinguishing the passions of man that he is to be rendered happier; it
      is by turning them into proper channels, by directing them towards useful
      objects, which by being truly advantageous to himself, must of necessity
      be beneficial to others.
    

      In despite of the errors which blind the human race, in despite of the
      extravagance of man's superstition, maugre the imbecility of his political
      institutions, notwithstanding the complaints, in defiance of the murmurs
      he is continually breathing forth against his destiny, there are yet happy
      individuals on the earth. Man has sometimes the felicity to behold
      sovereigns animated by the noble passion to render nations flourishing;
      full of the laudable ambition to make their people happy; now and then he
      encounters an ANTONINUS, a TRAJAN, a JULIAN, an ALFRED, a WASHINGTON; he
      meets with elevated minds who place their glory in encouraging merit—who
      rest their happiness in succouring indigence—who think it honourable
      to lend a helping hand to oppressed virtue: he sees genius occupied with
      the desire of meriting the eulogies of posterity; of eliciting the
      admiration of his fellow-citizens by serving them usefully, satisfied with
      enjoying that happiness he procures for others.
    

      Let it not be believed that the man of poverty himself is excluded from
      happiness: mediocrity and indigence frequently procure for him advantages
      that opulence and grandeur are obliged to acknowledge; which title and
      wealth are constrained to envy: the soul of the needy man, always in
      action, never ceases to form desires which his activity places within his
      reach; whilst the rich, the powerful, are frequently in the afflicting
      embarrassment, of either not knowing what to wish for, or else of desiring
      those objects which their listlessness renders it impossible for them to
      obtain. The poor man's body, habituated to labour, knows the sweets of
      repose; this repose of the body, is the most troublesome fatigue to him
      who is wearied with his idleness; exercise, and frugality, procure for the
      one vigour, health, and contentment; the intemperance and sloth of the
      other, furnish him only with disgust—load him with infirmities.
      Indigence sets all the springs of the soul to work; it is the mother of
      industry; from its bosom arises genius; it is the parent of talents, the
      hot-bed of that merit to which opulence is obliged to pay tribute; to
      which grandeur bows its homage. In short the blows of fate find in the
      poor man a flexible reed, who bends without breaking, whilst the storms of
      adversity tear the rich man like the sturdy oak in the forest, up by the
      very roots.
    

      Thus Nature is not a step-mother to the greater number of her children. He
      whom fortune has placed in an obscure station is ignorant of that ambition
      which devours the courtier; knows nothing of the inquietude which deprives
      the intriguer of his rest; is a stranger to the remorse, an alien to the
      disgust, is unconscious of the weariness of the man, who, enriched with
      the spoils of a nation, does not know how to turn them to his profit. The
      more the body labours, the more the imagination reposes itself; it is the
      diversity of the objects man runs over that kindles it; it is the satiety
      of those objects that causes him disgust; the imagination of the indigent
      is circumscribed by necessity: he receives but few ideas: he is acquainted
      with but few objects: in consequence, he has but little to desire; he
      contents himself with that little: whilst the entire of nature with
      difficulty suffices to satisfy the insatiable desires, to gratify the
      imaginary wants of the man, plunged in luxury, who has run over and
      exhausted all common objects. Those, whom prejudice contemplates; as the
      most unhappy of men, frequently enjoy advantages more real, happiness much
      greater, than those who oppress them—who despise them—but who
      are nevertheless often reduced to the misery of envying them. Limited
      desires are a real benefit: the man of meaner condition, in his humble
      fortune, desires only bread: he obtains it by the sweat of his brow; he
      would eat it with pleasure if injustice did not sometimes render it bitter
      to him. By the delirium of some governments, those who roll in abundance,
      without for that reason being more happy, dispute with the cultivator even
      the fruits which the earth yields to the labour of his hands. Princes
      sometimes sacrifice their true happiness, as well as that of their states,
      to these passions—to those caprices which discourage the people;
      which plunge their provinces in misery: which make millions unhappy,
      without any advantage to themselves. Tyrants oblige the subjects to
      curse their existence; to abandon labour; take from them the courage of
      propagating a progeny who would be as unhappy as their fathers: the excess
      of oppression sometimes obliges them to revolt; makes them avenge
      themselves by wicked outrages of the injustice it has heaped on their
      devoted heads: injustice, by reducing indigence to despair, obliges it to
      seek in crime, resources, against its misery. An unjust government,
      produces discouragement in the soul: its vexations depopulate a country;
      under its influence, the earth remains without culture; from thence is
      bred frightful famine, which gives birth to contagion and plague. The
      misery of a people produce revolutions; soured by misfortunes, their minds
      get into a state of fermentation; the overthrow of an empire, is the
      necessary effect. It is thus that physics and morals are
      always connected, or rather are the same thing.
    

      If the bad morals of chiefs do not always produce such marked effects, at
      least they generate slothfulness, of which their effect is to fill society
      with mendicants; to crowd it with malefactors; whose vicious course
      neither superstition nor the terror of the laws can arrest; which nothing
      can induce to remain the unhappy spectators of a welfare they are not
      permitted to participate. They seek a fleeting happiness at the expence
      even of their lives, when injustice has shut up to them the road of
      labour, those paths of industry which would have rendered them both useful
      and honest.
    

      Let it not then be said that no government can render all its subjects
      happy; without doubt it cannot flatter itself with contenting the
      capricious humours of some idle citizens who are obliged to rack their
      imagination, to appease the disgust arising from lassitude: but it can,
      and it ought to occupy itself with ministering to the real wants of the
      multitude, with giving a useful activity to the whole body politic. A
      society enjoys all the happiness of which it is susceptible whenever the
      greater number of its members are wholesomely fed, decently cloathed,
      comfortably lodged—in short when they can without an excess of toil
      beyond their strength, procure wherewith to satisfy those wants which
      nature has made necessary to their existence. Their mind rests contented
      as soon as they are convinced no power can ravish from them the fruits of
      their industry; that they labour for themselves; that the sweat of their
      brow is for the immediate comfort of their own families. By a consequence
      of human folly in some regions, whole nations are obliged to toil
      incessantly, to waste their strength, to sweat under their burdens to
      undulate the air with their sighs, to drench the earth with their tears,
      in order to maintain the luxury, to gratify the whims, to support the
      corruption of a small number of irrational beings; of some few useless men
      to whom happiness has become impossible, because their bewildered
      imaginations no longer know any bounds. It is thus that superstitious,
      thus that political errors have changed the fair face of nature into a
      valley of tears.
    

      For want of consulting reason, for want of knowing the value of virtue,
      for want of being instructed in their true interest, for want of being
      acquainted with what constitutes solid happiness, in what consists real
      felicity, the prince and the people, the rich and the poor, the great and
      the little, are unquestionably, frequently very far removed from content;
      nevertheless if an impartial eye be glanced over the human race, it will
      be found to comprise a greater number of benefits than of evils. No man is
      entirely happy, but he is so in detail; those who make the most bitter
      complaints of the rigour of their fate, are however, held in existence by
      threads frequently imperceptible; are prevented from the desire of
      quitting it by circumstances of which they are not aware. In short, habit
      lightens to man the burden of his troubles; grief suspended becomes true
      enjoyment; every want is a pleasure in the moment when it is satisfied;
      freedom from chagrin, the absence of disease, is a happy state which he
      enjoys secretly, without even perceiving it; hope, which rarely abandons
      him entirely, helps him to support the most cruel disasters. The PRISONER
      laughs in his irons. The wearied VILLAGER returns singing to his cottage.
      In short, the man who calls himself the most unfortunate, never sees death
      approach without dismay, at least, if despair has not totally disfigured
      nature in his eyes.
    

      As long as man desires the continuation of his being, he has no right to
      call himself completely unhappy; whilst hope sustains him, he still enjoys
      a great benefit. If man was more just, in rendering to himself an account
      of his pleasures, in estimating his pains, he would acknowledge that the
      sum of the first exceeds by much the amount of the last; he would perceive
      that he keeps a very exact ledger of the evil, but a very unfaithful
      journal of the good: indeed he would avow, that there are but few days
      entirely unhappy during the whole course of his existence. His periodical
      wants procure for him the pleasure of satisfying them; his soul is
      perpetually moved by a thousand objects, of which, the variety, the
      multiplicity, the novelty, rejoices him, suspends his sorrows, diverts his
      chagrin. His physical evils, are they violent? They are not of long
      duration; they conduct him quickly to his end: the sorrows of his mind,
      when too powerful, conduct him to it equally. At the same time nature
      refuses him every happiness, she opens to him a door by which he quits
      life; does he refuse to enter it? It is that he yet finds pleasure in
      existence. Are nations reduced to despair? Are they completely miserable?
      They have recourse to arms; at the risque of perishing, they make the most
      violent efforts to terminate there sufferings.
    

      Thus because he sees so many of his fellows cling to life, man ought to
      conclude they are not so unhappy as he thinks. Then let him not exaggerate
      the evils of the human race, but let him impose silence on that gloomy
      humour that persuades him these evils are without remedy; let him only
      diminish by degrees the number of his errors, his calamities will vanish
      in the same proportion; he is not to conclude himself infelicitous because
      his heart never ceases to form new desires, which he finds it difficult,
      sometimes impossible to gratify. Since his body daily requires
      nourishment, let him infer that it is sound, that it fulfils its
      functions. As long as he has desires, the proper deduction ought to be,
      that his mind is kept in the necessary activity; he should gather from all
      this that passions are essential to him, that they constitute the
      happiness of a being who feels; are indispensable to a man who thinks; are
      requisite to furnish him with ideas; that they are a vital principle with
      a creature who must necessarily love that which procures him comfort, who
      must equally desire that which promises him a mode of existence analogous
      to his natural energies. As long as he exists, as long as the spring of
      his soul maintains its elasticity, this soul desires; as long as it
      desires, he experiences the activity which is necessary to him; as long as
      he acts, so long he lives. Human life may be compared to a river, of which
      the waters succeed each other, drive each other forward, and flow on
      without interruption; these waters, obliged to roll over an unequal bed,
      encounter at intervals those obstacles which prevent their stagnation;
      they never cease to undulate; sometimes they recoil, then again rush
      forward, thus continuing to run with more or less velocity, until they are
      restored to the ocean of nature.
    











      CHAP. XVII.
    
Those Ideas which are true, or founded upon Nature, are the only
      Remedies for the Evils of Man.—Recapitulation.—Conclusion of
      the first Part.

      Whenever man ceases to take experience for his guide, he falls into error.
      His errors become yet more dangerous, assume a more determined inveteracy,
      when they are clothed with the sanction of superstition; it is then that
      he hardly ever consents to return into the paths of truth; he believes
      himself deeply interested in no longer seeing clearly that which lies
      before him; he fancies he has an essential advantage in no longer
      understanding himself; he supposes his happiness exacts that he should
      shut his eyes to truth. If the majority of moral philosophers have
      mistaken the human heart—if they have deceived themselves upon its
      diseases—if they have miscalculated the remedies that are suitable—if
      the remedies they have administered have been inefficacious or even
      dangerous—it is because they have abandoned nature—because
      they have resisted experience—because they have not had sufficient
      steadiness to consult their reason—because they have renounced the
      evidence of their senses—because they have only followed the
      caprices of an imagination either dazzled by enthusiasm or disturbed by
      fear; because they have preferred the illusions it has held forth to the
      realities of nature, who never deceives.
    

      It is for want of having felt that an intelligent being cannot for an
      instant lose sight of his own peculiar conservation—of his
      particular interests, either real or fictitious—of his own welfare,
      whether permanent or transitory; in short, of his happiness, either true
      or false. It is for want of having considered that desires are natural,
      that passions are essential, that both the one and the other are motions
      necessary to the soul of man,—that the physicians of the, human mind
      have supposed supernatural causes for his wanderings; have only applied to
      his evils topical remedies, either useless or dangerous. Indeed, in
      desiring him to stifle his desires, to combat his propensities, to
      annihilate his passions, they have done no more than give him sterile
      precepts, at once vague and impracticable; these vain lessons have
      influenced no one; they have at most restrained some few mortals whom a
      quiet imagination but feebly solicited to evil; the terrors with which
      they have accompanied them have disturbed the tranquillity of those
      persons who were moderate by their nature, without ever arresting the
      ungovernable temperament of those who were inebriated by their passions,
      or hurried along; by the torrent of habit. In short, the promises of
      superstition, as well as the menaces it holds forth, have only formed
      fanatics, given birth to enthusiasts, who are either dangerous or useless
      to society, without ever making man truly virtuous; that is to say, useful
      to his fellow creatures.
    

      These, empirics guided by a blind routine have, not seen that man as long
      as he exists, is obliged to feel, to desire, to have passions, to satisfy
      them in proportion to the energy which his organization has given him;
      they have not perceived that education planted these desires in his heart—that
      habit rooted them—that his government, frequently vicious,
      corroborated their growth—that public opinion stamped them with its
      approbation—that—experience render them necessary—that
      to tell men thus constituted to destroy their passions, was either to
      plunge them into despair or else to order them remedies too revolting for
      their temperament. In the actual state of opulent societies, to say to a
      man who knows by experience that riches procure every pleasure, that he
      must not desire them; that he must not make any efforts to obtain them;
      that he ought to detach himself from them: is to persuade him to render
      himself miserable. To tell an ambitious man not to desire grandeur, not to
      covet power, which every thing conspires to point out to him as the height
      of felicity, is to order him to overturn at one blow the habitual system
      of his ideas; it is to speak, to a deaf man. To tell a lover of an
      impetuous temperament to stifle his passions for the object that enchants
      him, is to make him understand, that he ought to renounce his happiness.
      To oppose superstition to such substantive, such puissant interests is to
      combat realities by chimerical speculations.
    

      Indeed, if things were examined without prepossession, it would be found
      that the greater part of the precepts inculcated by superstition, which
      fanatical dogmas hold forth, which, supernatural mortals give to man, are
      as ridiculous as they are impossible to be put into practice. To interdict
      passion to man, is to desire of him not to be a human creature; to counsel
      an individual of a violent imagination to moderate his desires, is to
      advise him to change his temperament—is to request his blood to flow
      more sluggishly. To tell a man to renounce his habits, is to be willing
      that a citizen, accustomed to clothe himself, should consent to walk quite
      naked; it would avail as much, to desire him to change the lineament of
      his face, to destroy his configuration, to extinguish his imagination, to
      alter the course of his fluids, as to command him not to have passions
      which excite an activity analogous with his natural energy; or to lay
      aside those which confirmed habit has made him contract; which his
      circumstances, by a long succession of causes and effects, have converted
      into wants. Such are, however, the so much boasted remedies which the
      greater number of moral philosophers apply to human depravity. Is it, then
      surprising they do not produce the desired effect, or that they only
      reduce man to a state of despair by the effervescence that results from
      the continual conflict which they excite between the passions of his heart
      and these fanciful doctrines; between his vices and his virtues; between
      his habits and those chimerical fears with which superstition is at all
      times ready to overwhelm him? The vices of society, aided by the objects
      of which it avails itself to what the desires of man, the pleasures, the
      riches, the grandeur which his government holds forth to him as so many
      seductive magnets, the advantage which education, the benefits which
      example, the interests which public opinion render dear to him, attract
      him on one side; whilst a gloomy morality, founded upon superstitious
      illusions, vainly solicit him on the other; thus, superstition plunges him
      into misery; holds a violent struggle with his heart, without scarcely
      ever gaining the victory; when by accident it does prevail against so many
      united forces, it renders him unhappy; it completely destroys the spring
      of his soul.
    

      Passions are the true counterpoise to passions; then let him not seek to
      destroy them; but let him endeavour to direct them; let him balance those
      which are prejudicial, by those which are useful to society. Reason,
      the fruit of experience, is only the art of choosing those passions to
      which for his own peculiar happiness he ought to listen. Education
      is the true art of disseminating the proper method of cultivating
      advantageous passions in the heart of man. Legislation is the art
      of restraining dangerous passions; of exciting those which may be
      conducive to the public welfare. Superstition is only the miserable
      art of planting the unproductive labour—of nourishing in the soul of
      man those chimeras, those illusions, those impostures, those incertitudes
      from whence spring passions fatal to himself as well as to others: it is
      only by bearing up with fortitude against these that he can securely place
      himself on the road to happiness. True religion is the art of
      advocating truth—of renouncing error—of contemplating reality—of
      drawing wisdom from experience—of cultivating man's nature to his
      own felicity, by teaching him to contribute to that of his associates; in
      short it is reason, education, and legislation, united to
      further the great end of human existence, by causing the passions of man
      to flow in a current genial to his own happiness.
    
Reason and morals cannot effect any thing on mankind if they
      do not point out to each individual that his true interest is attached to
      a conduct that is either useful to others or beneficial to himself; this
      conduct to be useful must conciliate for him the benevolence, gain for him
      the favor of these beings who are necessary to his happiness: it is then
      for the interest of mankind, for the happiness of the human race, it is
      for the esteem of himself, for the love of his fellows, for the advantages
      which ensue, that education in early life should kindle the imagination of
      the citizen; this is the true means of obtaining those happy results with
      which habit should familiarize him; which public opinion should render
      dear to his heart; for which example ought continually to rouse his
      faculties; after which he should be taught to search with unceasing
      attention. Government by the aid of recompences, ought to encourage
      him to follow this plan; by visiting crime with punishment it ought to
      deter those who are willing to interrupt it. Thus the hope of a true
      welfare, the fear of real evil, will be passions suitable to countervail
      those which by their impetuosity would injure society; these last will at
      least become very rare, if instead of feeding man's mind with
      unintelligible speculations, in lieu of vibrating on his ears words void
      of sense, he is only spoken to of realities, only shewn those interests
      which are in unison with truth.
    

      Man is frequently so wicked, only, because he almost always feels himself
      interested in being so; let him be more enlightened, more familiarized
      with truth, more accustomed to virtue, he will be made more happy; he will
      necessarily become better. An equitable government, a vigilant
      administration, will presently fill the state with honest citizens; it
      will hold forth to them present reasons for benevolence; real advantages
      in truth; palpable motives to be virtuous; it will instruct them in their
      duties; it will foster them with its cares; it will allure them by the
      assurance of their own peculiar happiness; its promises faithfully
      fulfilled—its menaces regularly executed, will unquestionably have
      much more weight than those of a gloomy superstition, which never exhibits
      to their view other than illusory benefits, fallacious punishments, which
      the man hardened in wickedness will doubt every time he finds an interest
      in questioning them: present motives will tell more home to his heart than
      those which are distant and at best uncertain. The vicious and the wicked
      are so common upon the earth, so pertinacious in their evil courses, so
      attached to their irregularities, only because there are but few
      governments that make man feel the advantage of being just, the pleasure
      of being honest, the happiness of being benevolent on the contrary, there
      is hardly any place where the most powerful interests do not solicit him
      to crime, by favouring the propensities of a vicious organization; by
      countenancing those appetencies which nothing has attempted to rectify or
      lead towards virtue. A savage, who in his horde knows not the value of
      money, certainly would not commit a crime, if when transplanted into
      civilized society, he should presently learn to desire it, should make
      efforts to obtain it, and if he could without danger finish by stealing
      it; above all, if he had not been taught to respect the property of the
      beings who environ him. The savages and the child are precisely in the
      same state; it is the negligence of society, of those entrusted with their
      education, that renders both the one and the other wicked. The son of a
      noble, from his infancy learns to desire power, at a riper age he becomes
      ambitious; if he has the address to insinuate himself into favor, he
      perhaps becomes wicked, because in some societies he has been taught to
      know he may be so with impunity when he can command the ear of his
      sovereign. It is not therefore nature that makes man wicked, they are his
      institutions which determine him to vice. The infant brought up amongst
      robbers, can generally become nothing but a malefactor; if he had been
      reared with honest people, the chance is he would have been a virtuous
      man.
    

      If the source be traced of that profound ignorance in which man is with
      respect to his morals, to the motives that can give volition to his will,
      it will be found in those false ideas which the greater number of
      speculators have formed to themselves, of human nature. The science of
      morals has become an enigma which it is impossible to unrevel; because man
      has made himself double; has distinguished his soul from his body;
      supposed it of a nature different from all known beings, with modes of
      action, with properties distinct from all other bodies, because he has
      emancipated this soul from physical laws, in order to submit it to
      capricious laws emanating from men who have pretended they are derived
      from imaginary regions, placed at very remote distances: metaphysicians
      seized upon these gratuitous suppositions, and by dint of subtilizing
      them, have rendered them completely unintelligible. These moralists have
      not perceived that motion is essential to the soul as well as to the
      living body; that both the one and the other are never moved but by
      material, by physical objects; that the want of each regenerate themselves
      unceasingly; that the wants of the soul, as well as those of the body are
      purely physical; that the most intimate, the most constant connection
      subsists between the soul and the body; or rather they have been unwilling
      to allow that they ate only the same thing considered under different
      points of view. Obstinate in their supernatural, unintelligible opinions,
      they have refused to open their eyes, which would have convinced them that
      the body in suffering rendered the soul miserable; that the soul afflicted
      undermined the body and brought it to decay; that both the pleasures and
      agonies of the mind have an influence over the body, either plunge it into
      sloth or give it activity: they have rather chosen to believe, that the
      soul draws its thoughts, whether pleasant or gloomy, from its own peculiar
      sources, while the fact is, that it derives its ideas only from material
      objects that strike on the physical organs; that it is neither determined
      to gaiety nor led on to sorrow, but by the actual state, whether permanent
      or transitory, in which the fluids and solids of the body are found. In
      short, they have been loath to acknowledge that the soul, purely passive,
      undergoes the same changes which the body experiences; is only moved by
      its intervention; acts only by its assistance, receives its sensations,
      its perceptions, forms its ideas, derives either its happiness or its
      misery from physical objects, through the medium of the organs of which
      the body is composed; frequently without its own cognizance, often in
      despite of itself.
    

      By a consequence of these opinions, connected with marvellous systems, or
      systems invented to justify them, they have supposed the human soul to be
      a free agent; that is to say, that it has the faculty of moving itself;
      that it enjoys the privilege of acting independent of the impulse received
      from exterior objects, through the organs of the body; that regardless of
      these impulsions it can even resist them, and follow its own directions by
      its own energies; that it is not only different in its nature from all
      other beings, but has a separate mode of action; in other words, that it
      is an insolated point which is, not submitted to that uninterrupted chain
      of motion which bodies communicate to each other in a nature, whose parts
      are always in action. Smitten with their sublime notions, these
      speculators were not aware that in thus distinguishing the soul from the
      body and from all known beings, they rendered it an impossibility to form
      any true ideas of it, either to themselves or to others: they were
      unwilling to perceive the perfect analogy which is found between the
      manner of the soul's action and that by which the body is afflicted; they
      shut their eyes to the necessary and continual correspondence which is
      found between the soul and the body; they perhaps did not perceive that
      like the body it is subjected to the motion of attraction and repulsion;
      has an aptitude to be attracted, a disposition to repel, which is
      ascribable to qualities inherent in those physical subsistances, which
      give play to the organs of the body; that the volition of its will, the
      activity of its passions, the continual regeneration of its desires, are
      never more than consequences of that activity which is produced in the
      body by material objects which are not under its controul; that these
      objects render it either happy or miserable, active or languishing,
      contented or discontented, in despite of itself,—in defiance of all
      the efforts it is capable of making to render it otherwise; they have
      rather chosen to seek in the heavens for unknown powers to set it in
      motion; they have held forth to man distant, imaginary interests: under
      the pretext of procuring for him future happiness, he has been prevented
      from labouring to his present felicity, which has been studiously withheld
      from his knowledge: his regards have been fixed upon the heavens, that he
      might lose sight of the earth: truth has been concealed from him; and it
      has been pretended he would be rendered happy by dint of terrors, always
      at an immense distance; by means of shadows, with whose substances he
      could never come in contact; of chimeras formed by his own bewildered
      imagination, which changed nearly as often as the governments to which he
      was submitted. In short, hoodwinked by his fears, blinded by his own
      credulity, he was only guided through the flexuous paths of life, by
      men blind as himself, where both the one and the other were frequently
      lost in the maze.
    











      CONCLUSION.
    

      From every thing which has been hitherto said, it evidently results that
      all the errors of mankind, of whatever nature they may be, arise from
      man's having renounced reason, quitted experience, and refused the
      evidence of his senses that he might be guided by imagination, frequently
      deceitful; by authority, always suspicious. Man will ever mistake his true
      happiness as long as he neglects to study nature, to investigate her laws,
      to seek in her alone the remedies for those evils which are the
      consequence of his errors: he will be an enigma to himself, as long as he
      shall believe himself double; that he is moved by an inconceivable
      spiritual power, of the laws and nature of which he is ignorant; his
      intellectual, as well as his moral faculties, will remain unintelligible
      to him if he does not contemplate them with the same eyes as he does his
      corporeal qualities; if he does not view them as submitted in every thing
      to the same impulse, as governed by the same regulations. The system of
      his pretended free agency is without support; experience contradicts it
      every instant, and proves that he never ceases to be under the influence
      of necessity in all his actions; this truth, far from being dangerous to
      man, far from being destructive of his morals, furnishes him with their
      true basis by making him feel the necessity of those relations which
      subsists between sensible beings united in society: who have congregated
      with a view of uniting their common efforts for their reciprocal felicity.
      From the necessity of these relations, spring the necessity of his duties;
      these point out to him the sentiments of love, which he should accord to
      virtuous conduct; that aversion he should have for what is vicious; the
      horror he should feel for every thing criminal. From hence the true
      foundation of Moral Obligation will be obvious, which is only the
      necessity of talking means to obtain the end man proposes to himself by
      uniting in society; in which each individual for his own peculiar
      interest, his own particular happiness, his own personal security, is
      obliged to display dispositions requisite to conciliate the affections of
      his associates; to hold a conduct suitable to the preservation of the
      community; to contribute by his actions to the happiness of the whole. In
      a word, it is upon the necessary action and re-action of the human will
      upon the necessary attraction and repulsion of man's soul, that all his
      morals are bottomed: it is the unison of his will, the concert of his
      actions, that maintains society; it is rendered miserable by his
      discordance; it is dissolved by his want of union.
    

      From what has been said, it may be concluded that the names under which
      man has designated the concealed causes acting in nature, and their
      various effects, are never more than necessity considered under
      different points of view, with the original cause of which—the great
      cause of causes—he must ever remain ignorant. It will be
      found that what he calls order, is a necessary consequence of
      causes and effects, of which he sees, or believes he sees, the entire
      connection, the complete routine, which pleases him as a whole, when he
      finds it conformable to his existence. In like manner it will be seen that
      what he calls confusion, is a consequence of like necessary causes
      and effects, of which he loses the concatenation, which he therefore
      thinks unfavourable to himself, or but little suitable to his being. That
      he has designated by the names of—
    
Intelligence, those necessary causes that necessarily operate the
      chain of events which he comprises under the term order:
    
Divinity, those necessary but invisible causes which give play to
      nature, in which every thing acts according to immutable and necessary
      laws:
    
Destiny or fatality, the necessary connection of those
      unknown causes and, effects which he beholds in the world:
    
Chance, those effects which he is not able to foresee, or of which
      he is ignorant of the necessary connection, with their causes:
    
Intellectual and moral faculties, those effects and those
      modifications necessary to an organized being, whom he has supposed to be
      moved by an inconceivable agent; who he has believed distinguished from
      his body, of a nature totally different from it, and which he has
      designated by the word SOUL. In consequence, he has believed this agent
      immortal; not dissoluble like the body. It has been shewn that the
      marvellous doctrine of another life, is founded upon gratuitous
      suppositions, contradicted by reflections, unsupported by experience, that
      may or may not be, without man's knowing any thing on the subject. It has
      been proved, that the hypothesis is not only useless to man's morals, but
      again, that it is calculated to palsy his exertions; to divert him from
      actively pursuing the true road to his own happiness; to fill him with
      romantic caprices; to inebriate him with opinions prejudicial to his
      tranquillity; in short, to lull to slumber the vigilance of legislators;
      by dispensing them from giving to education, to the institutions, to the
      laws of society, all that attention, which it is the duty and for his
      interest they should bestow. It must have been felt, that politics
      has unaccountably rested itself upon wrong opinions; upon ideas little
      capable of satisfying those passions, which every thing conspires to
      kindle in the heart of man; who ceases to view the future, while the
      present seduces and hurries him along. It has been shewn, that contempt of
      death is an advantageous sentiment, calculated to inspire man's mind with
      courage; to render him intrepid; to induce him to undertake that which may
      be truly useful to society; in short, from what has preceded, it will be
      obvious, what is competent to conduct man to happiness, and also what are
      the obstacles that error opposes to his felicity.
    

      Let us not then, be accused of demolishing prejudice, without edifying the
      mind; with combating error without substituting truth; with underrating
      the power of the great cause of causes; with sapping at one and the
      same time the foundations of superstition and of sound morals. The last is
      necessary to man; it is founded upon his nature; its duties are certain,
      they must last as long as the human race remains; it imposes obligations
      on him, because, without it, neither individuals nor society could be able
      to subsist, either obtain or enjoy those advantages which nature obliges
      them to desire.
    

      Listen then, O man! to those morals which are established upon,
      experience; which are grounded upon the necessity of things; do not lend
      thine ear to those superstitions founded upon reveries; rested upon
      imposture; built upon the capricious whims of a disordered imagination.
      Follow the lessons of those humane, those gentle morals, which conduct man
      to virtue, by the voice of happiness: turn a deaf ear to the inefficacious
      cries of superstition, which renders man really unhappy; which can never
      make him reverence VIRTUE; which renders truth hateful; which paints
      veracity in hideous colours; in short, let him see if REASON, without the
      assistance of a rival, who prohibits its use, will not more surely conduct
      him towards that great end, which is the object of his research, which is
      the natural tendency of all his views.
    

      Indeed, what benefit has the human race hitherto drawn from those sublime,
      those supernatural notions with which superstition has fed mortals during
      so many ages? All those phantoms conjured—up by ignorance—brooded
      by imagination; all those hypothesis, subtile as they are irrational; from
      which experience is banished, all those words devoid of meaning with which
      languages are crowded; all those fantastical hopes; those panic terrors
      which have been brought to operate on the will of man; what have they
      done? Has any or the whole of them rendered him better, more enlightened
      to his duties, more faithful in their performance? Have those marvellous
      systems, or those sophistical inventions, by which they have been
      supported, carried conviction to his mind, reason into his conduct, virtue
      into his heart? Have they led him to the least acquaintance with the great
      Cause of Causes? Alas! it is a lamentable fact, that cannot be too
      often exposed, that all these things have done nothing more than plunge
      the human understanding into that darkness from which it is difficult to
      be withdrawn; sown in man's heart the most dangerous errors; of which it
      is scarcely possible to divest him; given birth to those fatal passions,
      in which may be found the true source of those evils, with which his
      species is afflicted: but have never enlightened his mind with truth, nor
      led him to that right healthy worship, which man best pays by a rational
      enjoyment of the faculties with which he is gifted.
    

      Cease then, O mortal! to let thyself he disturbed with chimeras, to let
      thy mind be troubled with phantoms which thine own imagination has
      created, or to which arch imposture has given birth. Renounce thy vague
      hopes, disengage thyself from thine overwhelming fears, follow without
      inquietude the necessary routine which nature has marked out for thee;
      strew the road with flowers if thy destiny permits; remove, if thou art
      able, the thorns scattered over it. Do not attempt to plunge thy views
      into an impenetrable futurity; its obscurity ought to be sufficient to
      prove to thee, that it is either useless or dangerous to fathom. Think of
      making thyself happy in that existence which is known to thee: if thou
      wouldst preserve thyself, be temperate, be moderate, be reasonable: if
      thou seekest to render thy existence durable, be not prodigal of pleasure;
      abstain from every thing that can be hurtful to thyself, injurious to
      others: be truly intelligent; that is to say, learn to esteem thyself, to
      preserve thy being, to fulfil that end which at each moment thou proposest
      to thyself. Be virtuous, to the end that thou mayest render thyself
      solidly happy, that thou mayest enjoy the affections, secure the esteem,
      partake of the assistance of those by whom thou art surrounded; of those
      beings whom nature has made necessary to thine own peculiar felicity. Even
      when they should be unjust, render thyself worthy of their applause, of
      thine own love, and thou shalt live content, thy serenity shall not be
      disturbed, the end of thy career shall not slander thy life; which will be
      exempted from remorse: death will be to thee the door to a new existence,
      a new order, in which thou wilt be submitted, as thou art at present, to
      the eternal laws of nature, which ordains, that to LIVE HAPPY HERE BELOW,
      THOU MUST MAKE OTHERS HAPPY. Suffer thyself then, to be drawn gently along
      thy journey, until thou shalt sleep peaceable on that bosom which has
      given thee birth: if contrary to thine expectation, there should be
      another life of eternal felicity, thou canst not fail being a partaker.
    

      For thou, wicked unfortunate! who art found in continual contradiction
      with thyself; thou whose disorderly machine can neither accord with thine
      own peculiar nature, nor with that of thine associates, whatever may be
      thy crimes, whatever may be thy fears of punishment in another life, thou
      art at least already cruelly punished in this? Do not thy follies, thy
      shameful habits, thy debaucheries, damage thine health? Dost thou not
      linger out life in disgust, fatigued with thine own excesses? Does not
      listlessness punish thee for thy satiated passions? Has not thy vigour,
      thy gaiety, thy content, already yielded to feebleness, crouched under
      infirmities, given place to regret? Do not thy vices every day dig thy
      grave? Every time thou hast stained thyself with crime, hast thou dared
      without horror to return into thyself, to examine thine own conscience?
      Hast thou not found remorse, error, shame, established in thine heart?
      Hast thou not dreaded the scrutiny of thy fellow man? Hast thou not
      trembled when alone; unceasingly feared, that truth, so terrible for thee,
      should unveil thy dark transgressions, throw into light thine enormous
      iniquities? Do not then any longer fear to part with thine existence, it
      will at least put an end to those richly merited torments thou hast
      inflicted on thyself; Death, in delivering the earth from an
      incommodious burthen, will also deliver thee from thy most cruel enemy,
      thyself.
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      PART II.
    

      ON THE DIVINITY:—PROOFS OF HIS EXISTENCE:—OF HIS ATTRIBUTES:
      OF HIS INFLUENCE OVER THE HAPPINESS OF MAN.
    

      CHAP. I.
    
The Origin of Man's Ideas upon the Divinity.

      If man possessed the courage, if he had the requisite industry to recur to
      the source of those opinions which are most deeply engraven on his brain;
      if he rendered to himself a faithful account of the reasons which make him
      hold these opinions as sacred; if he coolly examined the basis of his
      hopes, the foundation of his fears, he would find that it very frequently
      happens, those objects, or those ideas which move him most powerfully,
      either have no real existence, or are words devoid of meaning, which
      terror has conjured up to explain some sudden disaster; that they are
      often phantoms engendered by a disordered imagination, modified by
      ignorance; the effect of an ardent mind distracted by contending passions,
      which prevent him from either reasoning justly, or consulting experience
      in his judgment; that this mind often labours with a precipitancy that
      throws his intellectual faculties into confusion; that bewilders his
      ideas; that consequently he gives a substance and a form to chimeras, to
      airy nothings, which he afterwards idolizes from sloth, reverences from
      prejudice.
    

      A sensible being placed in a nature where every part is in motion, has
      various feelings, in consequence of either the agreeable or disagreeable
      effects which he is obliged to experience from this continued action and
      re-action; in consequence he either finds himself happy or miserable;
      according to the quality of the sensations excited in him, he will love or
      fear, seek after or fly from, the real or supposed causes of such marked
      effects operated on his machine. But if he is ignorant of nature, if he is
      destitute of experience, he will frequently deceive himself as to these
      causes; for want of either capability or inclination to recur back to
      them, he will neither have a true knowledge of their energy, nor a clear
      idea of their mode of acting: thus until reiterated experience shall have
      formed his ideas, until the mirror of truth shall have shewn him the
      judgment he ought to make, he will be involved in trouble, a prey to
      incertitude, a victim to credulity.
    

      Man is a being who brings with him nothing into the world save an aptitude
      to feeling in a manner more or less lively according to his individual
      organization: he has no innate knowledge of any of the causes that act
      upon him: by degrees his faculty of feeling discovers to him their various
      qualities; he learns to judge of them; time familiarizes him with their
      properties; he attaches ideas to them, according to the manner in which
      they have affected him; these ideas are correct or otherwise, in a ratio
      to the soundness of his organic structure: his judgment is faulty or not,
      as these organs are either well or ill-constituted; in proportion as they
      are competent to afford him sure and reiterated experience.
    

      The first moments of man are marked by his wants; that is to say, the
      first impulse he receives is to conserve his existence; this he would not
      be able to maintain without the concurrence of many analogous causes:
      these wants in a sensible being, manifest themselves by a general languor,
      a sinking, a confusion in his machine, which gives him the consciousness
      of a painful sensation: this derangement subsists, is even augmented,
      until the cause suitable to remove it re-establishes the harmony so
      necessary to the existence of the human frame. Want, therefore, is the
      first evil man experiences; nevertheless it is requisite to the
      maintenance of his existence. Was it not for this derangement of his body,
      which obliges him to furnish its remedy, he would not be warned of the
      necessity of preserving the existence he has received. Without wants man
      would be an insensible machine, similar to a vegetable; like that he would
      be incapable of preserving himself; he would not be competent to using the
      means required to conserve his being. To his wants are to be ascribed his
      passions; his desires; the exercise of his corporeal functions; the play
      of his intellectual faculties: they are his wants that oblige him to
      think; that determine his will, that induce him to act; it is to satisfy
      them or rather to put an end to the painful sensations excited by their
      presence, that according to his capacity, to the natural sensibility of
      his soul, to the energies which are peculiar to himself, he gives play to
      his faculties, exerts the activity of his bodily strength, or displays the
      extensive powers of his mind. His wants being perpetual, he is obliged to
      labour without relaxation, to procure objects competent to satisfy them.
      In a word, it is owing to his multiplied wants that man's energy is kept
      in a state of continual activity: as soon as he ceases to have wants, he
      falls into inaction—becomes listless—declines into apathy—sinks
      into a languor that is incommodious to his feelings or prejudicial to his
      existence: this lethargic state of weariness lasts until new wants, by
      giving him fresh activity, rouse his dormant faculties—throw off his
      stupor—re-animate his vigour, and destroy the sluggishness to which
      he had become a prey.
    

      From hence it will be obvious that evil is necessary to man; without it he
      would neither be in a condition to know that which injures him; to avoid
      its presence; or to seek his own welfare: without this stimulus, he would
      differ in nothing from insensible, unorganized beings: if those evanescent
      evils which he calls wants, did not oblige him to call forth his
      faculties, to set his energies in motion, to cull experience, to compare
      objects, to discriminate them, to separate those which have the
      capabilities to injure him, from those which possess the means to benefit
      him, he would be insensible to happiness—inadequate to enjoyment. In
      short, without evil man would be ignorant of good; he would be
      continually exposed to perish like the leaf on a tree. He would resemble
      an infant, who, destitute of experience, runs the risque of meeting his
      destruction at every step he takes, unguarded by his nurse. What the nurse
      is to the child, experience is to the adult; when either are wanting,
      these children of different lustres generally go astray: frequently
      encounter disaster. Without evil he would be unable to judge of any thing;
      he would have no preference; his will would be without volition, he would
      be destitute of passions; desire would find no place in his heart; he
      would not revolt at the most disgusting objects; he would not strive to
      put them away; he would neither have stimuli to love, nor motives to fear
      any thing; he would be an insensible automaton; he would no longer be a
      man.
    

      If no evil had existed in this world, man would never have dreamt of those
      numerous divinities, to whom he has rendered such various modes of
      worship. If nature had permitted him easily to satisfy all his
      regenerating wants, if she had given him none but agreeable sensations,
      his days would have uninterruptedly rolled on in one perpetual uniformity;
      he would never have discovered his own nakedness; he would never have had
      motives to search after the unknown causes of things—to meditate in
      pain. Therefore man, always contented, would only have occupied himself
      with satisfying his wants; with enjoying the present, with feeling the
      influence of objects, that would unceasingly warn him of his existence in
      a mode that he must necessarily approve; nothing would alarm his heart;
      every thing would be analogous to his existence: he would neither know
      fear, experience distrust, nor have inquietude for the future: these
      feelings can only be the consequence of some troublesome sensation, which
      must have anteriorly affected him, or which by disturbing the harmony of
      his machine, has interrupted the course of his happiness; which has shewn
      him he is naked.
    

      Independent of those wants which in man renew themselves every instant;
      which he frequently finds it impossible to satisfy; every individual
      experiences a multiplicity of evils—he suffers from the inclemency
      of the seasons—he pines in penury—he is infected with plague—he
      is scourged by war—he is the victim of famine—he is afflicted
      with disease—he is the sport of a thousand accidents, &c. This
      is the reason why all men are fearful; why the whole human race are
      diffident. The knowledge he has of pain alarms him upon all unknown
      causes, that is to say, upon all those of which he has not yet experienced
      the effect; this experience made with precipitation, or if it be
      preferred, by instinct, places him on his guard against all those objects
      from the operation of which he is ignorant what consequences may result to
      himself.
    

      His inquietude is in proportion; his fears keep pace with the extent of
      the disorder which these objects produce in him; they are measured by
      their rarity, that is to say, by the inexperience he has of them; by the
      natural sensibility of the soul; and by the ardour of his imagination. The
      wore ignorant man is, the less experience he has, the more he is
      susceptible of fear; solitude, the obscurity of a forest, silence, and the
      darkness of night, desolate ruins, the roaring of the wind, sudden,
      confused noises, are objects of terror to all who are unaccustomed to
      these things. The uninformed man is a child whom every thing astonishes;
      who trembles at every thing he encounters: his alarms disappear, his fears
      diminish, his mind becomes calm, in proportion as experience familiarizes
      him, more or less, with natural effects; his fears cease entirely, as soon
      as he understands, or believes he understands, the causes that act; or
      when he knows how to avoid their effects. But if he cannot penetrate the
      causes which disturb him, if he cannot discover the agents by whom he
      suffers, if he cannot find to what account to place the confusion he
      experiences, his inquietude augments; his fears redouble; his imagination
      leads him astray; it exaggerates his evil; paints in a disorderly manner
      these unknown objects of his terror; magnifies their powers; then making
      an analogy between them and those terrific objects, with whom he is
      already acquainted, he suggests to himself the means he usually takes to
      mitigate their anger; to conciliate their kindness; he employs similar
      measures to soften the anger, to disarm the power, to avert the effects of
      the concealed cause which gives birth to his inquietudes, which fills him
      with anxiety, which alarms his fears. It is thus his weakness, aided by
      ignorance, renders him superstitious.
    

      There are very few men, even in our own day, who have sufficiently studied
      nature, who are fully apprised of physical causes, or with the effects
      they must necessarily produce. This ignorance, without doubt, was much
      greater in the more remote ages of the world, when the human mind, yet in
      its infancy, had not collected that experience, taken that expansion, made
      those strides towards improvement, which distinguishes the present from
      the past. Savages dispersed, erratic, thinly scattered up and down, knew
      the course of nature either very imperfectly or not at all; society alone
      perfects human knowledge: it requires not only multiplied but combined
      efforts to unravel the secrets of nature. This granted, all natural causes
      were mysteries to our wandering ancestors; the entire of nature was an
      enigma to them; all its phenomena was marvellous, every event inspired
      terror to beings who were destitute of experience; almost every thing,
      they saw must have appeared to them strange, unusual, contrary to their
      idea of the order of things.
    

      It cannot then furnish matter for surprise, if we behold men in the
      present day trembling at the sight of those objects which have formerly
      filled their fathers with dismay. Eclipse, comets, meteors, were,
      in ancient days, subjects of alarm to all the people of the earth: these
      effects, so natural in the eyes of the sound philosopher, who has by
      degrees fathomed their true causes, have yet the right, possess the power,
      to alarm the most numerous, to excite the fears of the least instructed
      part of modern nations. The people of the present day, as well as their
      ignorant ancestors, find something marvellous, believe there is a
      supernatural agency in all those objects to which their eyes are
      unaccustomed; they consider all those unknown causes as wonderful, that
      act with a force of which their mind has no idea it is possible the known
      agents are capable. The ignorant see wonders prodigies, miracles,
      in all those striking effects of which they are unable to render
      themselves a satisfactory account; all the causes which produce them they
      think supernatural; this, however, really implies nothing more than
      that they are not familiar to them, or that they have not hitherto
      witnessed natural agents, whose energy was equal to the production of
      effects so rare, so astonishing, as those with which their sight has been
      appalled.
    

      Besides the ordinary phenomena to which nations were witnesses without
      being competent to unravel the causes, they have in times very remote from
      ours, experienced calamities, whether general or local, which filled them
      with the most cruel inquietude; which plunged them into an abyss of
      consternation. The traditions of all people, the annals of all nations,
      recal, even at this day, melancholy events, physical disasters, dreadful
      catastrophes, which had the effect of spreading universal terror among our
      forefathers, But when history should be silent on these stupendous
      revolutions, would not our own reflection on what passes under our eyes be
      sufficient to convince us, that all parts of our globe have been, and
      following the course of things, will necessarily be again violently
      agitated, overturned, changed, overflowed, in a state of conflagration?
      Vast continents have been inundated, seas breaking their limits have
      usurped the dominion of the earth; at length retiring, these waters have
      left striking, proofs of their presence, by the marine vestiges of shells,
      skeletons of sea fish, &c. which the attentive observer meets with at
      every step, in the bowels of those fertile countries we now inhabit—subterraneous
      fires have opened to themselves the most frightful volcanoes, whose
      craters frequently issue destruction on every side. In short, the elements
      unloosed, have at various times, disputed among themselves the empire of
      our globe; this exhibits evidence of the fact, by those vast heaps of
      wreck, those stupendous ruins spread over its surface. What, then, must
      have been the fears of mankind, who in those countries believed he beheld
      the entire of nature armed against his peace, menacing with destruction
      his very abode? What must have been the inquietude of a people taken thus
      unprovided, who fancied they saw nature cruelly labouring to their
      annihilation? Who beheld a world ready to be dashed into atoms; who
      witnessed the earth suddenly rent asunder; whose yawning chasm was the
      grave of large cities, whole provinces, entire nations? What ideas must
      mortals, thus overwhelmed with terror, form to themselves of the
      irresistible cause that could produce such extended effects? Without doubt
      they did not attribute these wide spreading calamities to nature; neither
      did they conceive they were mere physical causes; they could not suspect
      she was the author, the accomplice of the confusion she herself
      experienced; they did not see that these tremendous revolutions, these
      overpowering disorders, were the necessary result of her immutable laws;
      that they contributed to the general order by which she subsists; that, in
      point of fact, there was nothing more surprising in the inundation of
      large portions of the earth, in the swallowing up an entire nation, in a
      volcanic conflagration spreading destruction over whole provinces, than
      there is in a stone falling to the earth, or the death of a fly; that each
      equally has its spring in the necessity of things.
    

      It was under these astounding circumstances, that nations, bathed in the
      most bitter tears, perplexed with the most frightful visions, electrified
      with terror, not believing there existed on this mundane ball, causes
      sufficiently powerful to operate the gigantic phenomena that filled their
      minds with dismay, carried their streaming eyes towards heaven, where
      their tremulous fears led them to suppose these unknown agents, whose
      unprovoked enmity destroyed, their earthly felicity, could alone reside.
    

      It was in the lap of ignorance, in the season of alarm, in the bosom of
      calamity, that mankind ever formed his first notions of the Divinity.
      From hence it is obvious that his ideas on this subject are to be
      suspected, that his notions are in a great measure false, that they are
      always afflicting. Indeed, upon whatever part of our sphere we cast our
      eyes, whether it be upon the frozen climates of the north, upon the
      parching regions of the south, or under the more temperate zones, we every
      where behold the people when assailed by misfortunes, have either made to
      themselves national gods, or else have adopted those which have been given
      them by their conquerors; before these beings, either of their own
      creation or adoption, they have tremblingly prostrated themselves in the
      hour of calamity, soliciting relief; have ignorantly attributed to blocks
      of stone, or to men like themselves, those natural effects which were
      above their comprehension; the inhabitants of many nations, not contented
      with the national gods, made each to himself one or more gods, which he
      supposed presided exclusively over his own household, from whom he
      supposed he derived his own peculiar happiness, to whom he attributed all
      his domestic misfortunes. The idea of these powerful agents, these
      supposed distributors of good and evil, was always associated with that of
      terror; their name was never pronounced without recalling to man's wind
      either his own particular calamities or those of his fathers. In many
      places man trembles at this day, because his progenitors have trembled for
      thousands of years past. The thought of his gods always awakened in man
      the most afflicting ideas. If he recurred to the source of his actual
      fears, to the commencement of those melancholy impressions that stamp
      themselves in his mind when their name is announced, he would find it in
      the conflagrations, in the revolutions, in those extended disasters, that
      have at various times destroyed large portions of the human race; that
      overwhelmed with dismay those miserable beings who escaped the destruction
      of the earth; these in transmitting to posterity, the tradition of such
      afflicting events, have also transmitted to him their fears; have
      delivered down to their successors, those gloomy ideas which their
      bewildered imaginations, coupled with their barbarous ignorance of natural
      causes, had formed to them of the anger of their irritated gods, to which
      their alarm falsely attributed these sweeping disasters.
    

      If the gods of nations had their birth in the bosom of alarm, it was again
      in that of despair that each individual formed the unknown power that he
      made exclusively for himself. Ignorant of physical causes, unpractised in
      their mode of action, unaccustomed to their effects, whenever he
      experienced any serious misfortune, whenever he was afflicted with any
      grievous sensation, he was at a loss how to account for it; he therefore
      attributed it to his household gods, to whom he made an immediate
      supplication for assistance, or rather for forbearance of further
      affliction: this disposition in man has been finely pourtrayed by Aesop in
      his fable of "the Waggoner and Hercules." The motion which in despight of
      himself was excited in his machine, his diseases, his troubles, his
      passions, his inquietude, the painful alterations his frame underwent,
      without his being able to fathom the true causes; at length death, of
      which the aspect in so formidable to a being strongly attached to
      existence, were effects he looked upon either as supernatural, or else he
      conceived they were repugnant to his actual nature; he attributed them to
      some mighty cause, which maugre all his efforts, disposed of him at each,
      moment. Thus palsied with alarm, benumbed with terror, he pensively
      meditated upon his sorrows; agitated with fear, he sought for means to
      avert the calamities that threatened him with destruction; his
      imagination, thus rendered desperate by his endurance of evils which he
      found inevitable, formed to him those phantoms which he called gods;
      before whom he trembled from a consciousness of his own weakness; thus
      disposed, he endeavoured by prostration, by sacrifices, by prayers, to
      disarm the anger of these imaginary beings to which his trepidation had
      given birth; whom he ignorantly imagined to be the cause of his misery,
      whom his fancy painted to him as endowed with the power of alleviating his
      sufferings: it was thus in the extremity of his grief, in the exacerbation
      of his mind, weighed down with misfortune, that unhappy man fashioned
      those chimeras which filled him with the most gloomy ideas, which he
      transmitted to his posterity, as the surest means of avoiding the evils to
      which he had been himself subjected.
    

      Man never judges of those objects of which he is ignorant, but through the
      medium of those which come within his knowledge: thus man, taking himself
      for the model, ascribed will, intelligence, design, projects, passions; in
      a word, qualities analogous to his own, to all those unknown causes of
      which he experienced the action. As soon as a visible or supposed cause
      affects him in an agreeable manner, or in a mode favourable to his
      existence, he concludes it to be good, to be well intentioned towards him:
      on the contrary, he judges all those to be bad in their nature, evilly
      disposed, to have the intention of injuring him, which cause him any
      painful sensations. He attributes views, plans, a system of conduct like
      his own, to every thing which to his limited ideas appears of itself to
      produce connected effects; to act with regularity; to constantly operate
      in the same manner; that uniformly produces the same sensations in his own
      person. According to these notions, which he always borrows from himself,
      from his own peculiar mode of action, he either loves or fears those
      objects which have affected him; he in consequence approaches them with
      confidence or timidity; seeks after them or flies from them in proportion
      as the feelings they have excited are either pleasant or painful. Having
      travelled thus far, he presently addresses them; he invokes their aid;
      prays to them for succour; conjures them to cease his afflictions; to
      forbear tormenting him; as he finds himself sensible to presents, pleased
      with submission, he tries to win them to his interests by humiliation, by
      sacrifices; he exercises towards them the hospitality he himself loves; he
      gives them an asylum; he builds them a dwelling; he furnishes them with
      costly raiment; he makes their altars smoke with delicious food; he
      proffers to their acceptance the earliest flowers of spring; the finest
      fruits of autumn; the rich grain of summer; in short he sets before them
      all those things which he thinks will please them the most, because he
      himself places the highest value on them. These dispositions enable us to
      account for the formation of tutelary gods, of lares, of larvae, which
      every man makes to himself in savage and unpolished nations. Thus we
      perceive that weak superstitious mortals, ignorant of truth, devoid of
      experience, regard as the arbiters of their fate, as the dispensers of
      good and evil, animals, stones, unformed inanimate substances, which the
      effort of their heated imaginations transform into gods, whom they invest
      with intelligence, whom they clothe with desires, to whom they give
      volition.
    

      Another disposition which serves to deceive the savage man, which will
      equally deceive those whom reason shall not enlighten on these subjects,
      is his attachment to omens; or the fortuitous concurrence of certain
      effects, with causes which have not produced them; the co-existence of
      these effects with certain causes, which have not the slightest connection
      with them, has frequently led astray very intelligent beings; nations who
      considered themselves very enlightened; who have either been disinclined
      or unable to disentangle the one from the other: thus the savage
      attributes bounty or the will to render him service, to any object whether
      animate or inanimate, such as a stone of a certain form, a rock, a
      mountain, a tree, a serpent, an owl, &c. if every time he encounters
      these objects in a certain position, it should so happen that he is more
      than ordinarily successful in hunting, that he should take an unusual
      quantity of fish, that he should be victorious in war, or that he should
      compass any enterprize whatever that he may at that moment undertake: the
      same savage will be quite as gratuitous in attaching malice, wickedness,
      the determination to injure him, to either the same object in a different
      position, or any others in a given posture, which way have met his eyes on
      those days when he shall have suffered some grievous accident, have been
      very unsuccessful in his undertakings, unfortunate in the chace,
      disappointed in his draught of fish: incapable of reasoning he connects
      these effects with causes, that reflection would convince him have nothing
      in common with each other; that are entirely due to physical causes, to
      necessary circumstances, over which neither himself nor his omens have the
      least controul: nevertheless he finds it much easier to attribute them to
      these imaginary causes; he therefore deifies them; looks upon them
      as either his guardian angels, or else as his most inveterate enemies.
      Having invested them with supernatural powers, he becomes anxious to
      explain to himself their mode of action; his self-love prevents his
      seeking elsewhere for the model: thus he assigns them all those motives
      that actuate himself; he endows them with passions; he gives them design—intelligence—will—imagines
      they can either injure him or benefit him, as he may render them
      propitious or otherwise to his views: he ends with worshipping them; with
      paying them divine honours; he appoints them priests; or at least always
      consults them before he undertakes any object of moment: such is their
      influence, that if they put on the evil position, he will lay aside the
      most important undertaking. The savage in this is never more than an
      infant, that is angry with the object that displeases him; just like the
      dog who gnaws the stone by which he has been wounded, without recurring to
      the hand by which it was thrown.
    

      Such is the foundation of man's faith, in either happy or unhappy omens:
      devoid of experience, unaccustomed to reason with precision, fearing to
      call in the evidence of truth, he looks upon them either as gods
      themselves, or else as warnings given him by his other gods, to whom he
      attributes the faculties of sagacity and foresight, of which he is himself
      miserably deficient. Ignorance, when involved in disaster, when immersed
      in trouble, believes a stone, a reptile, a bird, much better instructed
      than himself. The slender observation of the ignorant only serves to
      render him more superstitious; he sees certain birds announce by their
      flight, by their cries, certain changes in the weather, such as cold,
      heat, rain, storms; he beholds at certain periods, vapours arise from the
      bottom of some particular caverns? there needs nothing further to impress
      upon him the belief, that these beings possess the knowledge of future
      events; enjoy the gifts of prophecy: he looks upon them as supernatural
      agents, employed by his gods: it is thus he becomes the dupe to his own
      credulity.
    

      If by degrees the truth flashing occasionally on his mind, experience and
      reflection arrive at undeceiving him, with respect to the power, the
      intelligence, the virtues actually residing in these objects; he at least
      supposes them put in activity by some secret, some hidden cause; that they
      are the instruments, employed by some invisible agent, who is either
      friendly or inimical to his welfare. To this concealed agent, therefore,
      he addresses himself; pays him his vows; emplores his assistance;
      deprecates his wrath; seeks to propitiate him to his interests; is willing
      to soften his anger; for this purpose he employs the same means, of which
      he avails himself, either to appease or gain over the beings of his own
      species.
    

      Societies in their origin, seeing themselves frequently afflicted by
      nature, supposed either the elements, or the concealed powers who
      regulated them, possessed a will, views, wants, desires, similar to their
      own. From hence, the sacrifices imagined to nourish them; the libations
      poured out to them; the steams, the incense to gratify their olfactory
      nerves. Their superstition led them to believe these elements or their
      irritated movers were to be appeased like irritated man, by prayers, by
      humiliation, by presents. Their imagination was ransacked to discover the
      presents that would be most acceptable in their eyes; to ascertain the
      oblations that would be most agreeable, the sacrifices that would most
      surely propitiate their kindness: as these did not make known their
      inclinations, man differed with his fellow on those most suitable; each
      followed his own disposition; or rather each offered what was most
      estimable in his own eyes; hence arose differences never to be reconciled
      the bitterest animosities; the most unconquerable aversions; the most,
      destructive jealousies! Thus some brought the fruits of the earth, others
      offered sheaves of corn: some strewed flowers over their fanes; some
      decorated them with the most costly jewels; some served them with meats;
      others sacrificed lambs, heifers, bulls; at length such was their
      delirium, such the wildness of their imaginations, that they stained their
      altars with human gore, made oblations of young children immolated
      virgins, to appease the anger of these supposed deities.
    

      The old men, as having the most experience, were usually charged with the
      conduct of these peace-offerings, from whence, the name PRIEST; [Greek
      letters], presbos, in the Greek meaning an old man. These
      accompanied them with ceremonies, instituted rites, used precautions by
      consulting omens; adopted formalities, retraced to their fellow citizens
      the notions transmitted to them by their forefathers; collected the
      observations made by their ancestors; repeated the fables they had
      received; added commentaries of their own; subjoined supplications to the
      idols at whose shrine they were sacrificing. It is thus the sacerdotal
      order was established; thus that public worship was established; by
      degrees each community formed a body of tenets to be observed by the
      citizens; these were transmitted from race to race; held sacred out of
      reverence for their fathers; at length it was deemed sacrilege to doubt
      these pandects in any one particular; even the errors, that had crept into
      them with time, were beheld with reverential awe; he that ventured to
      reason upon them, was looked upon as an enemy to the commonwealth; as one
      whose impiety drew down upon them the vengeance of these adored beings, to
      which alone imagination had given birth; not contented with adopting the
      rituals, with following the ceremonies invented by themselves, one
      community waged war against another, to oblige it to receive their
      particular creeds; which the old men who regulated them, declared would
      infallibly win them the favor of their tutelary deities: thus very often
      to conciliate their favor, the victorious party immolated on the altars of
      their gods, the bodies of their unhappy captives; frequently they carried
      their savage barbarity the length of exterminating whole nations, who
      happened to worship gods different from their own: thus it frequently
      happened, that the friends of the serpent, when victorious, covered his
      altars with the mangled carcases of the worshippers of the stone, whom the
      fortune of war had placed in their hands: such were the unformed, the
      precarious elements of which rude nations every where availed themselves
      to compose their superstitions: they were always a system of conduct
      invented by imagination: conceived in ignorance, organized in misfortune,
      to render the unknown powers, to whom they believed nature was submitted,
      either favorable to their views, or to, induce them to cease those
      afflictions, which natural causes, for the wisest purposes, were
      continually heaping upon them; thus some irascible, at the same time
      placable being, was always chosen for the basis of the adopted
      superstition; it was upon these puerile tenets, upon these absurd notions,
      that the old men or the priests rested their doctrines; founded their
      rights; established their authority: it was to render these fanciful
      beings friendly to the race of man, that they erected, temples, raised
      altars, loaded them with wealth; in short, it was from such rude
      foundations, that arose the magnificent structure of superstition; under
      which man trembled for thousands of years: which governed the condition of
      society, which determined the actions of the people, gave the tone to the
      character, deluged the earth with blood, for such a long series of ages.
      But although these superstitions were originally invented by savages, they
      still have the power of regulating the fate of many civilized nations, who
      are not less tenacious of their chimeras, than their rude progenitors.
      These systems, so ruinous in their principles, have been variously
      modified by the human mind, of which it is the essence, to labour
      incessantly on unknown objects; it always, commences by attaching to
      these, a very first-rate importance, which it afterwards never dares
      coolly to examine.
    

      Such was the course of man's imagination, in the successive ideas which he
      either formed to himself, or which he received from his fathers, upon the
      divinity. The first theology of man was grounded on fear, modelled by
      ignorance: either afflicted or benefitted by the elements, he adored these
      elements themselves; by a parity of reasoning, if reasoning it can be
      called, he extended his reverence to every material, coarse object; he
      afterwards rendered his homage to the agents he supposed presiding over
      these elements; to powerful genii; to inferior genii; to heroes; to men
      endowed with either great or striking qualities. Time, aided by
      reflection, with here and there a slight corruscation of truth, induced
      him in some places to relinquish his original ideas; he believed he
      simplified the thing by lessening the number of his gods, but he achieved
      nothing by this towards attaining to the truth; in recurring from cause to
      cause man finished by losing sight of every thing; in this obscurity, in
      this dark abyss, his mind still laboured, he formed new chimeras, he made
      new gods, or rather he formed a very complex machinery; still, as before,
      whenever he could not account for any phenomenon that struck his sight, he
      was unwilling to ascribe it to physical causes; and the name of his
      Divinity, whatever that might happen to be, was always brought in to
      supply his own ignorance of natural causes.
    

      If a faithful account was rendered of man's ideas upon the Divinity, he
      would be obliged to acknowledge, that for the most part the word Gods
      has been used to express the concealed, remote, unknown causes of the
      effects he witnessed; that he applies this term when the spring of
      natural, the source of known causes ceases to be visible: as soon as he
      loses the thread of these causes, or as soon as his mind can no longer
      follow the chain, he solves the difficulty, terminates his research, by
      ascribing it to his gods; thus giving a vague definition to an unknown
      cause, at which either his idleness, or his limited knowledge, obliges him
      to stop. When, therefore, he ascribes to his gods the production of some
      phenomenon, the novelty or the extent of which strikes him with wonder,
      but of which his ignorance precludes him from unravelling the true cause,
      or which he believes the natural powers with which he is acquainted are
      inadequate to bring forth; does he, in fact, do any thing more than
      substitute for the darkness of his own mind, a sound to which he has been
      accustomed to listen with reverential awe? Ignorance may be said to be the
      inheritance of the generality of men; these attribute to their gods not
      only those uncommon effects that burst upon their senses with an
      astounding force, but also the most simple events, the causes of which are
      the most easy to be known to whoever shall be willing to meditate upon
      them. In short, man has always respected those unknown causes, those
      surprising effects which his ignorance prevented him from fathoming.
    

      But does this afford us one single, correct idea of the Divinity?
      Can it be possible we are acting rationally, thus eternally to make him
      the agent of our stupidity, of our sloth, of our want of information on
      natural causes? Do we, in fact, pay any kind of adoration to this being,
      by thus bringing him forth on every trifling occasion, to solve the
      difficulties ignorance throws in our way? Of whatever nature this great
      cause of causes may be, it is evident to the slightest reflection that he
      has been sedulous to conceal himself from our view; that he has rendered
      it impossible for us to have the least acquaintance with him, except
      through the medium of nature, which he has unquestionably rendered
      competent to every thing: this is the rich banquet spread before man; he
      is invited to partake, with a welcome he has no right to dispute; to enjoy
      therefore is to obey; to be happy is to render that worship which must
      make him most acceptable; to be happy himself is to make others happy;
      to make others happy is to be virtuous; to be virtuous he must revere
      truth: to know what truth is, he must examine with caution, scrutinize
      with severity, every opinion he adopts: this granted, is it at all
      consistent with the majesty of the Divinity, is it not insulting to such a
      being to clothe him with our wayward passions; to ascribe to him designs
      similar to our narrow view of things; to give him our filthy desires; to
      suppose he can be guided by our finite conceptions; to bring him on a
      level with frail humanity, by investing him with our qualities, however
      much we may exaggerate them; to indulge an opinion that he can either act
      or think as we do; to imagine he can in any manner resemble such a feeble
      play-thing, as is the greatest, the most distinguished man? No! it is to
      degrade him in the eye of reason; to violate every regard for truth; to
      set moral decency at defiance; to fall back into the depth of cimmerian
      darkness. Let man therefore sit down cheerfully to the feast; let him
      contentedly partake of what he finds; but let him not worry the Divinity
      with his useless prayers, with his shallow-sighted requests, to solicit at
      his hands that which, if granted, would in all probability be the most
      injurious for himself; these supplications are, in fact, at once to say,
      that with our limited experience, with our slender knowledge, we better
      understand what is suitable to our condition, what is convenient to our
      welfare, than the mighty Cause of all causes who has left us in the
      hands of nature: it is to be presumptuous in the highest degree of
      presumption; it is impiously to endeavour to lift up a veil which it is
      evidently forbidden man to touch; that even his most strenuous efforts
      attempt in vain.
    

      It remains, then, to inquire, if man can reasonably flatter himself with
      obtaining a perfect knowledge of the power of nature; of the properties of
      the beings she contains; of the effects which may result from their
      various combinations? Do we know why the magnet attracts iron? Are we
      better acquainted with the cause of polar attraction? Are we in a
      condition to explain the phenomena of light, electricity, elasticity? Do
      we understand the mechanism by which that modification of our brain, which
      we tall volition, puts our arm or our legs into motion? Can we render to
      ourselves an account of the manner in which our eyes behold objects, in
      which our ears receive sounds, in which our mind conceives ideas? All we
      know upon these subjects is, that they are so. If then we are incapable of
      accounting for the most ordinary phenomena, which nature daily exhibits to
      us, by what chain of reasoning do we refuse to her the power of producing
      other effects equally incomprehensible to us? Shall we be more instructed,
      when every time we behold an effect of which we are not in a capacity to
      develope the cause, we may idly say, this effect is produced by the power,
      by the will of God? Undoubtedly it is the great Cause of causes
      must have produced every thing; but is it not lessening the true dignity
      of the Divinity, to introduce him as interfering in every operation of
      nature; nay, in every action of so insignificant a creature as man? As a
      mere agent executing his own eternal, immutable laws; when experience,
      when reflection, when the evidence of all we contemplate, warrants the
      idea, that this ineffable being has rendered nature competent to every
      effect, by giving her those irrevocable laws, that eternal, unchangeable
      system, according to which all the beings she contains must eternally act?
      Is it not more worthy the exalted mind of the GREAT PARENT OF PARENTS, ens
      entium, more consistent with truth, to suppose that his wisdom in
      giving these immutable, these eternal laws to the macrocosm, foresaw every
      thing that could possibly be requisite for the happiness of the beings
      contained in it; that therefore he left it to the invariable operation of
      a system, which never can produce any effect that is not the best possible
      that circumstances however viewed will admit: that consequently the
      natural activity of the human mind, which is itself the result of this
      eternal action, was purposely given to man, that he might endeavour to
      fathom, that he might strive to unravel, that he might seek out the
      concatenation of these laws, in order to furnish remedies against the
      evils produced by ignorance. How many discoveries in the great science of
      natural philosophy has mankind progressively made, which the ignorant
      prejudices of our forefathers on their first announcement considered as
      impious, as displeasing to the Divinity, as heretical profanations, which
      could only be expiated by the sacrifice of the enquiring individuals; to
      whose labour their posterity owes such an infinity of gratitude? Even in
      modern days we have seen a SOCRATES destroyed, a GALLILEO condemned,
      whilst multitudes of other benefactors to mankind have been held in
      contempt by their uninformed cotemporaries, for those very researches into
      nature which the present generation hold in the highest veneration. Whenever
      ignorant priests are permitted to guide the opinions of nations, science
      can make but a very slender progress: natural discoveries will be
      always held inimical to the interest of bigotted superstitious men. It
      may, to the minds of infatuated mortals, to the shallow comprehension of
      prejudiced beings, appear very pious to reply on every occasion our gods
      do this, our gods do that; but to the contemplative philosopher, to the
      man of reason, to the real adorers of the great Cause of causes, it
      will never be convincing, that a sound, a mere word, can attach the reason
      of things; can have more than a fixed sense; can suffice to explain
      problems. The word GOD is for the most part used to denote the
      impenetrable cause of those effects which astonish mankind; which man is
      not competent to explain. But is not this wilful idleness? Is it not
      inconsistent with our nature? Is it not being truly impious, to sit down
      with those fine faculties we have received, and give the answer of a child
      to every thing we do not understand; or rather which our own sloth, or our
      own want of industry has prevented us from knowing? Ought we not rather to
      redouble our efforts to penetrate the cause of those phenomena which
      strike our mind? Is not this, in fact, the duty we owe to the great, the
      universal Parent? When we have given this answer, what have we said?
      nothing but what every one knows. Could the great Cause of causes
      make the whole, without also making its part? But does it of necessity
      follow that he executes every trifling operation, when he has so noble an
      agent as his own nature, whose laws he has rendered unchangeable, whose
      scale of operations can never deviate from the eternal routine he has
      marked out for her and all the beings she embraces? Whose secrets, if
      sought out, contain the true balsam of life—the sovereign remedy for
      all the diseases of man.
    

      When we shall be ingenuous with ourselves, we shall be obliged to agree
      that it was uniformly the ignorance in which our ancestors were involved,
      their want of knowledge of natural causes, their unenlightened ideas on
      the powers of nature, which gave birth to the gods they worshipped; that
      it is, again, the impossibility which the greater part of mankind find to
      withdraw, themselves out of this ignorance, the difficulty they
      consequently find to form to themselves simple ideas of the formation of
      things, the labour that is required to discover the true sources of those
      events, which they either admire or fear, that makes them believe these
      ideas are necessary to enable them to render an account of those
      phenomena, to which their own sluggishness renders them incompetent to
      recur. Here, without doubt, is the reason they treat all those as
      irrational who do not see the necessity of admitting an unknown agent, or
      some secret energy, which for want of being acquainted with Nature, they
      have placed out of herself.
    

      The phenomena of nature necessarily breed various sentiments in man: some
      he thinks favorable to him, some prejudicial, while the whole is only what
      it can be. Some excite his love, his admiration, his gratitude; others
      fill him with trouble, cause aversion, drive him to despair. According to
      the various sensations he experiences, he either loves or fears the causes
      to which he attributes the effects, which produce in him these different
      passions: these sentiments are commensurate with the effects he
      experiences; his admiration is enhanced, his fears are augmented, in the
      same ratio as the phenomena which strikes his senses are more or less
      extensive, more or less irresistible or interesting to him. Man
      necessarily makes himself the centre of nature; indeed he can only judge
      of things, as he is himself affected by them; he can only love that which
      he thinks favorable to his being; he hates, he fears every thing which
      causes him to suffer: in short, as we have seen in the former volume, he
      calls confusion every thing that deranges the economy of his machine; he
      believes all is in order, as soon as he experiences nothing but what is
      suitable to his peculiar mode of existence. By a necessary consequence of
      these ideas, man firmly believes that the entire of nature was made for
      him alone; that it was only himself which she had in view in all her
      works; or rather that the powerful cause to which this nature was
      subordinate, had only for object man and his convenience, in all the
      stupendous effects which are produced in the universe.
    

      If there existed on this earth other thinking beings besides man, they
      would fall exactly into similar prejudices with himself; it is a sentiment
      founded upon that predilection which each individual necessarily has for
      himself; a predilection that will subsist until reason, aided by
      experience, in pointing out the truth, shall have rectified his errors.
    

      Thus, whenever man is contented, whenever every thing is in order with
      respect to himself, he either admires or loves the causes to which he
      believes he is indebted for his welfare; when he becomes discontented with
      his mode of existence, he either fears or hates the cause which he
      supposes has produced these afflicting effects. But his welfare confounds
      itself with his existence; it ceases to make itself felt when it has
      become habitual, when it has been of long continuance; he then thinks it
      is inherrent to his essence; he concludes from it that he is formed to be
      always happy; he finds it natural that every thing should concur to the
      maintenance of his being. It is by no means the same when he experiences a
      mode of existence that is displeasing to himself: the man who suffers is
      quite astonished at the change which his taken place in his machine; he
      judges it to be contrary to the entire of nature, because it is
      incommodious to his own particular nature; he, imagines those events by
      which he is wounded, to be contrary to the order of things; he believes
      that nature is deranged every time she does not procure for him that mode
      of feeling which is suitable to his ideas: he concludes from these
      suppositions that nature, or rather that the agent who moves her; is
      irritated against him.
    

      It is thus that man, almost insensible to good, feels evil in a very
      lively manner; the first he believes natural, the other he thinks opposed
      to nature. He is either ignorant, or forgets, that he constitutes part of
      a whole, formed by the assemblage of substances, of which some are
      analogous, others heterogeneous; that the various beings of which nature
      is composed, are endowed with a variety of properties, by virtue of which
      they act diversely on the bodies who find themselves within the sphere of
      their action; that some have an aptitude to attraction, whilst it is of
      the essence of others to repel; that even those bodies that attract at one
      distance, repel at another; that the peculiar attractions and repulsions
      of the particles of bodies perpetually oppose, invariably counteract the
      general ones of the masses of matter: he does not perceive that these
      beings, as destitute of goodness, as devoid of malice, act only according
      to their respective essences; follow the laws their properties impose upon
      them; without being in capacity to act otherwise than they do. It is,
      therefore, for want of being acquainted with these things, that he looks
      upon the great Author of nature, the great Cause of causes, as the
      immediate cause of those evils to which he is submitted; that he judges
      erroneously when he imagines that the Divinity is exasperated against him.
    

      The fact is, man believes that his welfare is a debt due to him from
      nature; that when he suffers evil she does him an injustice; fully
      persuaded that this nature was made solely for himself, he cannot conceive
      she would make him, who is her lord paramount, suffer, if she was not
      moved thereto by a power who is inimical to his happiness; who has reasons
      with which he is unacquainted for afflicting, who has motives which he
      wishes to discover, for punishing him. From hence it will be obvious, that
      evil, much more than good, is the true motive of those researches which
      man has made concerning the Divinity—of those ideas which he has
      formed to himself—of the conduct he has held towards him. The
      admiration of the works of nature, or the acknowledgement of its goodness,
      seem never alone to have determined the human species to recur painfully
      by thought to the source of these things; familiarized at once with all
      those effects which are favourable to his existence, he does not by any
      means give himself the same trouble to seek the causes, that he does to
      discover those which disquiet him, or by which he is afflicted. Thus, in
      reflecting upon the Divinity, it was generally upon the cause of his evils
      that man meditated; his meditations were fruitless, because the evil he
      experiences, as well as the good he partakes, are equally necessary
      effects of natural causes, to which his mind ought rather to have bent its
      force, than to have invented fictitious causes of which he never could
      form to himself any but false ideas; seeing that he always borrowed them,
      from his own peculiar mariner of existing, acting, and feeling.
      Obstinately refusing to see any thing, but himself, he never became
      acquainted with that universal nature of which he constitutes such a very
      feeble part.
    

      The slightest reflection, however, would have been sufficient to undeceive
      him on these erroneous ideas. Everything tends to prove that good and evil
      are modes of existence that depend upon causes by which a man is moved;
      that a sensible being is obliged to experience them. In a nature composed
      of a multitude of beings infinitely varied, the shock occasioned by the
      collision of discordant matter must necessarily disturb the order, derange
      the mode of existence of those beings who have no analogy with them: these
      act in every thing they do after certain laws, which are in themselves
      immutable; the good or evil, therefore, which man experiences, are
      necessary consequences of the qualities inherent to the beings, within
      whose sphere of action he is found. Our birth, which we call a benefit, is
      an effect as necessary as our death, which we contemplate as an injustice
      of fate: it is of the nature of all analogous beings to unite themselves
      to form a whole: it is of the nature of all compound beings to be
      destroyed, or to dissolve themselves; some maintain their union for a
      longer period than others; some disperse very quickly, as the ephemeron;
      some endure for ages, as the planets; every being in dissolving itself
      gives birth to new beings; these are destroyed in their turn; to execute
      the eternal, the immutable laws of a nature that only exists by the
      continual changes that all its parts undergo. Thus nature cannot be
      accused of malice, since every thing that takes place in it is necessary—is
      produced by an invariable system, to which every other being, as well as
      herself, is eternally subjected. The same igneous matter that in man is
      the principle of life, frequently becomes the principle of his
      destruction, either by the conflagration of a city, the explosion of a
      volcano, or his mad passion for war. The aqueous fluid that circulates
      through his machine, so essentially necessary to his actual existence,
      frequently becomes too abundant, and terminates him by suffocation; is the
      cause of those inundations which sometimes swallow up both the earth and
      its inhabitants. The air, without which he is not able to respire, is the
      cause of those hurricanes, of those tempests, which frequently render
      useless the labour of mortals. These elements are obliged to burst their
      bonds, when they are combined in a certain manner; their necessary but
      fatal consequences are those ravages, those contagions, those famines,
      those diseases, those various scourges, against which man, with streaming
      eyes and violent emotions, vainly implores the aid of those powers who are
      deaf to his cries: his prayers are never granted; but the same necessity
      which afflicted him, the same immutable laws which overwhelmed him with
      trouble, replaces things in the order he finds suitable to his species: a
      relative order of things which was, is, and always will be the only
      standard of his judgment.
    

      Man, however, made no such simple reflections: he either did not or would
      not perceive that every thing in nature acted by invariable laws; he
      continued stedfast in contemplating the good of which he was partaker, as
      a favor; in considering the evil he experienced, as a sign of anger in
      this nature, which he supposed to be animated by the same passions as
      himself or at least that it was governed by secret agents, who acted after
      his own manner, who obliged it to execute their will, that was sometimes
      favourable, sometimes inimical to the human species. It was to these
      supposed agents, with whom in the sunshine of his prosperity he was but
      little occupied, that in the bosom of his calamity he addressed his
      prayers; he thanked them, however, for their favours, fearing lest their
      ingratitude might farther provoke their fury: thus when assailed by
      disaster, when afflicted with disease, he invoked them with fervor: he
      required them to change in his favor the mode of acting which was the very
      essence of beings; he was willing that to make the slightest evil he
      experienced cease, that the eternal chain of things might be broken; and
      the unerring, undeviating course of nature might he arrested.
    

      It was upon such ridiculous pretensions, that were founded those
      supplications, those fervent prayers, which mortals, almost always
      discontented with their fate, never in accord in their respective desires,
      addressed to their gods. They were unceasingly upon their knees before the
      altars, were ever prostrate before the power of the beings, whom they
      judged had the right of commanding nature; who they supposed to have
      sufficient energy to divert her course; who they considered to possess the
      means to make her subservient to their particular views; thus each hoped
      by presents, by humiliation, to induce them to oblige this nature, to
      satisfy the discordant desires of their race. The sick man, expiring in
      his bed, asks that the humours accumulated in his body should in an
      instant lose those properties which renders them injurious to his
      existence; that by an act of their puissance, his gods should renew or
      recreate the springs of a machine worn out by infirmities. The cultivator
      of a low swampy country, makes complaint of the abundance of rain with
      which his fields are inundated; whilst the inhabitant of the hill, raises
      his thanks for the favors he receives, solicits a continuance of that
      which causes the despair of his neighbour. In this, each is willing to
      have a god for himself, and asks according to his momentary caprices, to
      his fluctuating wants, that the invariable essence of things, should be
      continually changed in his favour.
    

      From this it must be obvious, that man every moment asks a miracle
      to be wrought in his support. It is not, therefore, at all surprising that
      he displayed such ready credulity, that he adopted with such facility the
      relation of the marvellous deeds which were universally announced to him
      as the acts of the power, or the effects of the benevolence, of the
      various gods which presided over the nations of the earth: these wonderful
      tales, which were offered to his acceptance, as the most indubitable
      proofs of the empire of these gods over nature, which man always found
      deaf to his entreaties, were readily accredited by him; in the
      expectation, that if he could gain them over to his interest, this nature,
      which he found so sullen, so little disposed to lend herself to his views,
      would then be controuled in his own favor.
    

      By a necessary consequence of these ideas, nature was despoiled of all
      power; she was contemplated only as a passive instrument, who acted at the
      will, under the influence of the numerous, all-powerful agents to whom the
      various superstitions had rendered her subordinate. It was thus for want
      of contemplating nature under her true point of view, that man has
      mistaken her entirely, that he believed her incapable of producing any
      thing by herself; that he ascribed the honor of all those productions,
      whether advantageous or disadvantageous to the human species, to
      fictitious powers, whom he always clothed with his own peculiar
      dispositions, only he aggrandized their force. In short, it was upon the
      ruins of nature, that man erected the imaginary colossus of superstition,
      that he reared the altars of a Jupiter, the temples of an Apollo.
    

      If the ignorance of nature gave birth to such a variety of gods, the
      knowledge of this nature is calculated to destroy them. As soon as man
      becomes enlightened, his powers augment, his resources increase in a ratio
      with his knowledge; the sciences, the protecting arts, industrious
      application, furnish him assistance; experience encourages his progress,
      truth procures for him the means of resisting the efforts of many causes,
      which cease to alarm him as soon as he obtains a correct knowledge of
      them. In a word, his terrors dissipate in proportion as his mind becomes
      enlightened, because his trepidation is ever commensurate with his
      ignorance, and furnishes this great lesson, that man, instructed by
      truth, ceases to be superstitious.
    











      CHAP. II.
    
Of Mythology, and Theology.
    

      The elements of nature were, as we have shewn, the first divinities of
      man; he has generally commenced with adoring material beings; each
      individual, as we have already said, as may be still seen in savage
      nations, made to himself a particular god, of some physical object, which
      he supposed to be the cause of those events, in which he was himself
      interested; he never wandered to seek out of visible nature, the source
      either of what happened to himself, or of those phenomena to which he was
      a witness. As he every where saw only material effects, he attributed them
      to causes of the same genus; incapable in his infancy of those profound
      reveries, of those subtle speculations, which are the fruit of time, the
      result of leisure, he did not imagine any cause distinguished from the
      objects that met his sight, nor of any essence totally different from
      every thing he beheld.
    

      The observation of nature was the first study of those who had leisure to
      meditate: they could not avoid being struck with the phenomena of the
      visible world. The rising and setting of the sun, the periodical return of
      the seasons, the variations of the atmosphere, the fertility and sterility
      of the earth, the advantages of irrigation, the damage caused by floods,
      the useful effects of fire, the terrible consequences of conflagration,
      were proper and suitable objects to occupy their thoughts. It was natural
      for them to believe that those beings they saw move of themselves, acted
      by their own peculiar energies; according as their influence over the
      inhabitants of the earth was either favorable or otherwise, they concluded
      them to have either the power to injure them, or the disposition to confer
      benefits. Those who first acquired the knowledge of gaining an ascendancy
      over man, then savage, wandering, unpolished, or dispersed in woods, with
      but little attachment to the soil, of which he had not yet learned to reap
      the advantage, were always more practised observers—individuals more
      instructed in the ways of nature, than the people, or rather the scattered
      hordes, whom they found ignorant and destitute of experience: their
      superior knowledge placed them in a capacity to render these services—to
      discover to them useful inventions, which attracted the confidence of the
      unhappy beings to whom they came to offer an assisting hand; savages who
      were naked, half famished, exposed to the injuries of the weather,
      obnoxious to the attacks of ferocious beasts, dispersed in caverns,
      scattered in forests, occupied with hunting, painfully labouring to
      procure themselves a very precarious subsistence, had not sufficient
      leisure to make discoveries calculated to facilitate their labour, or to
      render it less incessant. These discoveries are generally the fruit of
      society: isolated beings, detached families, hardly ever make any
      discoveries—scarcely ever think of making any. The savage is a being
      who lives in a perpetual state of infancy, who never reaches maturity
      unless some one comes to draw him out of his misery. At first repulsive,
      unsociable, intractable, he by degrees familiarizes himself with those who
      render him service; once gained by their kindness, he readily lends them
      his confidence; in the end he goes the length of sacrificing to them his
      liberty.
    

      It was commonly from the bosom of civilized nations that have issued those
      personages who have carried sociability, agriculture, art, laws, gods,
      superstition, forms of worship, to those families or hordes as yet
      scattered; who united them either to the body of some other nations, or
      formed them into new nations, of which they themselves became the leaders,
      sometimes the king, frequently the high priest, and often their god. These
      softened their manners—gathered them together—taught them to
      reap the advantages of their own powers—to render each other
      reciprocal assistance—to satisfy their wants with greater facility.
      In thus rendering their existence more comfortable, thus augmenting their
      happiness, they attracted their love; obtained their veneration, acquired
      the right of prescribing opinions to them, made them adopt such as they
      had either invented themselves, or else drawn up in the civilized
      countries from whence they came. History points out to us the most famous
      legislators as men, who, enriched with useful knowledge they had gleaned
      in the bosom of polished nations, carried to savages without industry,
      needing assistance, those arts, of which, until then, these rude people
      were ignorant: such were the Bacchus's, the Orpheus's, the Triptolemus's,
      the Numa's, the Zamolixis's; in short, all those who first gave to nations
      their gods—their worship—the rudiments of agriculture, of
      science, of superstition, of jurisprudence, of religion, &c.
    

      It will perhaps be enquired, If those nations which at the present day we
      see assembled, were all originally dispersed? We reply, that this
      dispersion may have been produced at various times, by those terrible
      revolutions, of which it has before been remarked our globe has more than
      once been the theatre; in times so remote, that history has not been able
      to transmit us the detail. Perhaps the approach of more than one comet may
      have produced on our earth several universal ravages, which have at each
      time annihilated the greater portion of the human species.
    

      These hypotheses will unquestionably appear bold to those who have not
      sufficiently meditated on nature, but to the philosophic enquirer they are
      by no means inconsistent. There may not only have been one general deluge,
      but even a great number since the existence of our planet; this globe
      itself may have been a new production in nature; it may not always have
      occupied the place it does at present. Whatever idea may be adopted on
      this subject, if it is very certain that, independent of those exterior
      causes, which are competent to totally change its face, as the impulse of
      a comet may do, this globe contains within itself, a cause adequate to
      alter it entirely, since, besides the diurnal and sensible motion of the
      earth, it has one extremely slow, almost imperceptible, by which every
      thing must eventually be changed in it: this is the motion from whence
      depends the precession of the equinoctial points, observed
      by Hipparchus and other mathematicians, now well understood by
      astronomers; by this motion, the earth must at the end of several thousand
      years change totally: this motion will at length cause the ocean to occupy
      that space which at present forms the lands or continents. From this it
      will be obvious that our globe, as well as all the beings in nature, has a
      continual disposition to change. This motion was known to the ancients,
      and was what gave rise to what they called their great year, which the
      Egyptians fixed at thirty-six thousand five hundred and twenty-five years:
      the Sabines at thirty-six thousand four hundred and twenty-five, whilst
      others have extended it to one hundred thousand, some even to seven
      hundred and fifty-three thousand years. Again, to those general
      revolutions which our planet has at different times experienced, way he
      added those that have been partial, such as inundations of the sea,
      earthquakes, subterraneous conflagrations, which have sometimes had the
      effect of dispersing particular nations, and to make them forget all those
      sciences with which they were, before acquainted. It is also probable that
      the first volcanic fires, having had no previous vent, were more central,
      and greater in quantity, before they burst the crust of earth; as the sea
      washed the whole, it must have rapidly sunk down into every opening,
      where, falling on the boiling lava, it was instantly expanded into steam,
      producing irresistible explosion: whence it is reasonable to conclude,
      that the primaeval earthquakes wore more widely extended, and of much
      greater force, than those which occur in our days. Other vapours may be
      produced by intense heat, possessing a much greater elasticity, from
      substances that evaporate, such as mercury, diamonds, &c.; the
      expansive force of these vapours would be much greater than the steam of
      water, even at red hot heat consequently they, way have had sufficient
      energy to raise islands, continents, or even to have detached the moon
      from the earth; if the moon, as has been supposed by some philosophers,
      was thrown out of the great cavity which now contains the South Sea; the
      immense quantity of water flowing in from the original ocean, and which
      then covered the earth, would much contribute to leave the continents and
      islands, which might be raised at the same time, above the surface of the
      water. In later days we have accounts of huge stones falling, from the
      firmament, which may have been thrown by explosion from some distant
      earthquake, without having been impelled with a force sufficient to cause
      them to circulate round the earth, and thus produce numerous small moons
      or satellites.
    

      Those who were able to escape from the ruin of the world, filled with
      consternation, plunged in misery, were but little conditioned to preserve
      to their posterity a knowledge, effaced by those misfortunes, of which
      they had been both the victims and the witnesses: overwhelmed with dismay,
      trembling with fear, they were not able to hand down the history of their
      frightful adventures, except by obscure traditions; much less to transmit
      to us the opinions, the systems, the arts, the sciences, anterior to these
      petrifying revolutions of our sphere. There have been perhaps men upon the
      earth from all eternity; but at different periods they may have been
      nearly annihilated, together with their monuments, their sciences, and
      their arts; those who outlived these periodical revolutions, each time
      formed a new race of men, who by dint of time, labour, and experience,
      have by degrees withdrawn from oblivion the inventions of the primitive
      races. It is, perhaps, to these periodical revolutions of the human
      species, that is to be ascribed the profound ignorance in which we see man
      yet plunged, upon those objects that are the most interesting to him. This
      is, perhaps, the true source of the imperfection of his knowledge—of
      the vices of his political institutions—of the defect in his
      religion—of the growth of superstition, over which terror has always
      presided; here, in all probability, is the cause of that puerile
      inexperience, of those jejune prejudices, which almost every where keep
      man in a state of infancy, and which render him so little capable of
      either listening to reason or of consulting truth. To judge by the
      slowness of his progress, by the feebleness of his advance, in a number of
      respects, we should be inclined to say, the human race has either just
      quitted its cradle, or that he was never destined to attain the age of
      virility—to corroborate his reason.
    

      However it may be with these conjectures, whether the human race may
      always have existed upon the earth, whether it may have been a recent
      production of nature, whether the larger animals we now behold were
      originally derived from the smallest microscopic ones, who have increased
      in bulk with the progression of time, or whether, as the Egyptian
      philosophers thought, mankind were originally hermaphrodites, who like the
      aphis produced the sexual distinction after some generations, which
      was also the opinion of Plato, and seems to have been that of Moses, who
      was educated amongst these Egyptians, as may be gathered from the 27th and
      28th verses of the first chapter of GENESIS: "So God created man in his
      own image, in the image of God created he him; male and female created he
      them—And GOD blessed them, and GOD said unto them, be fruitful, and
      multiply, and replenish the earth, and subdue it: and have dominion over
      the fish of the sea, and over the fowl of the air, and over every living
      thing that moveth upon the earth:" it is not therefore presuming too much
      to suppose, as the Egyptians were a nation very fond of explaining their
      opinions by hieroglyphics, that that part which describes Eve as taken out
      of Adam's rib, was an hieroglyphic emblem: showing that mankind was in the
      primitive state of both sexes, united, who was afterwards divided into
      males and females. However, I say, this may be, it is extremely easy to
      recur to the origin of many existing nations: we shall find them always in
      the savage state; that is, to say, dispersed; composed of families
      detached from each other; of wandering, hordes; these were collected
      together, approximated at the voice of some missionary or legislator, from
      whom they received great benefits, who gave them gods, opinions, and laws.
      These personages, of whom the people newly congregated readily
      acknowledged the superiority, fixed the national gods, leaving to each
      individual, those which he had formed to himself, according to his own
      peculiar ideas, or else substituting others brought from those regions,
      from whence they themselves had emigrated.
    

      The better to imprint their lessons on the minds of their new subjects,
      these men became the guides, the priests, the sovereigns, the masters of
      these infant societies; they formed discourses by which they spoke to the
      imagination of their willing auditors. POETRY seem best adapted to strike
      the mind of these rude people, to engrave on their memory those ideas with
      which they were willing to imbue them: its images, its fictions, its
      numbers, its rhyme its harmony, all conspired to please their fancy, to
      render permanent the impressions it made: thus, the entire of nature, as
      well as all its parts, was personified, by its beautiful allegories: at
      its soothing voice, trees, stones, rocks, earth, air, fire, water, by
      imagination took intelligence, held conversation with man, and with
      themselves; the elements were deified by its songs, every thing was
      figuratively detailed in harmonious lays. The sky, which according to the
      then philosophy, was an arched concave, spreading over the earth, which
      was supposed to be a level plain; (for the doctrine of antipodes is
      of rather modern date) was itself made a god; was considered a more
      suitable residence, as making a greater distinction for these imaginary
      deities than the earth on which man himself resided. Thus the firmament
      was filled with deities.
    

      Time, under the name of Saturn, was pictured as the son of heaven; or
      Coelus by earth, called Terra, or Thea; he was represented as an
      inexorable divinity—naturally artful, who devoured his own children—who
      revenged the anger of his mother upon his father; for which purpose she
      armed him with a scythe, formed of metals drawn from her own bowels, with
      which he struck Coelus, in the act of uniting himself to Thea, and so
      mutilated him, that he was ever after incapacitated to increase the number
      of his children: he was said to have divided the throne with Janus king of
      Italy, his reign seems to have been so mild, so beneficent, that it was
      called the golden age; human victims were sacrificed on his altars,
      until abolished by Hercules, who substituted small images of clay.
      Festivals in honor of this god, called Saturnalia, were instituted long
      antecedent to the foundation of Rome they were celebrated about the middle
      of December, either on the 16th, 17th, or 18th; they lasted in latter
      times several days, originally but one. Universal liberty prevailed at the
      celebration, slaves were permitted to ridicule their masters—to
      speak freely on every subject—no criminals were executed—war
      never declared; the priests made their human offerings with their heads
      uncovered; a circumstance peculiar to the Saturnalia, not adopted at other
      festivals.
    

      The igneous matter, the etherial electric fluid, that invisible fire which
      vivifies nature, that penetrates all beings, that fertilizes the earth,
      which is the great principle of motion, the source of heat, was deified
      under the name of Jupiter: his combination with every being in nature was
      expressed by his metamorphoses—by the frequent adulteries imputed to
      him. He was armed with thunder, to indicate he produced meteors, to typify
      the electric fluid that is called lightning. He married the winds, which
      were designated under the name of Juno, therefore called the Goddess of
      the Winds, their nuptials were celebrated with great solemnity; all the
      gods, the entire brute creation, the whole of mankind attended, except one
      young woman named Chelone, who laughed at the ceremonies, for which
      impiety she was changed by Mercury into a tortoise, and condemned to
      perpetual silence. He was the most powerful of all the gods, and
      considered as the king and father both of gods and men: his worship was
      very extended, performed with greater solemnity, than that of any other
      god. Upon his altars smoked goats, sheep, and white bulls, in which he is
      said to have particularly delighted; the oak was rendered sacred to him,
      because he taught mankind to live upon acorns; he had many oracles where
      his precepts were delivered, the most celebrated of these were at Dodona
      and Ammon in Lybia; he was supposed to be invisible to the inhabitants of
      the earth; the Lacedemonians erected his statue with four heads, thereby
      indicating, that he listened readily to the solicitations of every quarter
      of the earth. Minerva is represented as having no mother, but to have come
      completely armed from his brains, when his head was opened by Vulcan; by
      which it is meant to infer that wisdom is the result of this ethereal
      fluid. Thus, following the same fictions, the sun, that beneficent star
      which has such a marked influence over the earth, became an Osiris, a
      Belus, a Mithras, an Adonis, an Apollo. Nature, rendered sorrowful by his
      periodical absence, was an Isis, an Astarte, a Venus, a Cybele. Astarte
      had a magnificent temple at Hieropolis served by three hundred priests,
      who were always employed in offering sacrifices. The priests of Cybele,
      called Corybantes, also Galli, were not admitted to their sacred functions
      without previous mutilation. In the celebration of their festivals these
      priests used all kinds of indecent expressions, beat drums, cymbals, and
      behaved just like madmen: his worship extended all over Phrygia, and was
      established in Greece under the name of Eleusinian mysteries. In
      short, every thing was personified: the sea was under the empire of
      Neptune; fire was adored by the Egyptians under the name of Serapis; by
      the Persians, under that of Ormus or Oromaze; and by the Romans, under
      that of Vesta and Vulcan.
    

      Such was the origin of mythology: it may be said to be the daughter of
      natural philosophy, embellished by poetry; only destined to describe
      nature and its parts. If antiquity is consulted, it will be perceived
      without much trouble, that these famous sages, those legislators, those
      priests, those conquerors, who were the instructors of infant nations,
      themselves adored active nature, or the great whole considered relatively
      to its different operations or qualities; that this was what they caused
      the ignorant savages whom they had gathered together to adore. It was the
      great whole they deified; it was its various parts which they made their
      inferior gods; it was from the necessity of her laws they made fate. The
      Greeks called it Nature, a divinity who had a thousand names. Varro says,
      "I believe that God is the soul of the universe, and that the universe is
      God." Cicero says "that in the mysteries of Samothracia, of Lemnos, of
      Eleusis, it was nature much more than the gods, they explained to the
      initiated." Pliny says, "we must believe that the world, or that which is
      contained under the vast extent of the heavens, is the Divinity; even
      eternal, infinite, without beginning or end." It was these different modes
      of considering nature that gave birth to Polytheism, to idolatry. Allegory
      masqued its mode of action: it was at length parts of this great whole,
      that idolatry represented by statues and symbols.
    

      To complete the proofs of what has been said; to shew distinctly that it
      was the great whole, the universe, the nature of things, which was the
      real object of the worship of Pagan antiquity, hardly any thing can be
      more decisive than the beginning of the hymn of Orpheus addressed to the
      god Pan.
    

      "O Pan! I invoke thee, O powerful god! O universal nature! the heavens,
      the sea, the earth, who nourish all, and the eternal fire, because these
      are thy members, O all powerful Pan," &c. Nothing can be more suitable
      to confirm these ideas, than the ingenious explanation which is given of
      the fable of Pan, as well as of the figure under which he is represented.
      It is said, "Pan, according to the signification of his name, is the
      emblem by which the ancients have designated the great assemblage of
      things or beings: he represents the universe; and, in the mind of the
      wisest philosophers of antiquity, he passed for the greatest and most
      ancient of the gods. The features under which he is delineated form the
      portrait of nature, and of the savage state in which she was found in the
      beginning. The spotted skin of the leopard, which serves him for a mantle,
      imagined the heavens filled with stars and constellations. His person was
      compounded of parts, some of which were suitable to a reasonable animal,
      that is to say, to man; and others to the animal destitute of reason, such
      as the goat. It is thus," says he, "that the universe is composed of an
      intelligence that governs the whole, and of the prolific, fruitful
      elements of fire, water, earth, air. Pan, loved to drink and to follow the
      nymphs; this announces the occasion nature has for humidity in all her
      productions, and that this god, like nature, is strongly inclined to
      propagation. According to the Egyptians, and the most ancient Grecian
      philosophers, Pan had neither father nor mother; he came out of Demogorgon
      at the same moment with the Destinies, his fatal sisters; a fine method of
      expressing that the universe was the work of an unknown power, and that it
      was formed after the invariable relations, the eternal laws of necessity;
      but his most significant symbol, that most suitable to express the harmony
      of the universe, is his mysterious pipe, composed of seven unequal tubes,
      but calculated to produce the nicest, the most perfect concord. The orbs
      which compose the seven planets of our solar system, are of different
      diameters; being bodies of unequal mass, they describe their revolutions
      round the sun in various periods; nevertheless it is from the order of
      their motion that results the harmony of the spheres," &c.
    

      Here then is the great macrocosm, the mighty whole, the assemblage of
      things adored and deified by the philosophers of antiquity; whilst the
      uninformed stopped at the emblem under which this nature was depicted; at
      the symbols under which its various parts, its numerous functions were
      personified; his narrow mind, his barbarous ignorance, never permitted him
      to mount higher; they alone were deemed worthy of being, initiated into
      the mysteries, who knew the realities masqued under these emblems. Indeed,
      it is not to be doubted for an instant, that the wisest among the Pagans
      adored nature; which ethnic theology designated under a great variety of
      nomenclature, under an immense number of different emblems. Apuleius,
      although a decided Platonist, accustomed to the mysterious, unintelligible
      notions of his master, calls "Nature the parent of all; the mother of the
      elements, the first offspring of the world;" again, "the mother of the
      stars, the parent of the seasons, and the governess of the whole world."—She
      was worshipped by many under the appellation of the mother of the gods.
      Indeed, the first institutors of nations, and their immediate successors
      in authority, only spoke to the people by fables, allegories, enigmas, of
      which they reserved to themselves the right of giving an explanation:
      this, in fact, constituted the mysteries of the various worship paid to
      the Pagan divinities. This mysterious tone they considered necessary,
      whether it was to mask their own ignorance, or whether it was to preserve
      their power over the uninformed, who for the most part only respect that
      which is above their comprehension. Their explications were generally
      dictated either by interest, or by a delirious imagination, frequently by
      imposture; thus from age to age, they did no more than render nature and
      its parts, which they had originally depicted, more unknown, until they
      completely lost sight of the primitive ideas; these were replaced by a
      multitude of fictitious personages, under whose features this nature had
      primarily been represented to them. The people, either unaccustomed to
      think, or deeply steeped in ignorance, adored these personages, without
      penetrating into the true sense of the emblematical fables recounted to
      them. These ideal beings, with material figures, in whom they believed
      there resided a mysterious virtue, a divine power, were the objects of
      their worship, the source of their fears, the fountain of their hopes. The
      wonderful, the incredible actions ascribed to these fancied divinities,
      were an inexhaustible fund of admiration, which gave perpetual play to the
      fancy; which delighted not only the people of those days, but even the
      children of latter ages. Thus were transmitted from age to age, those
      marvellous accounts, which, although necessary to the existence of the
      power usurped by the ministers of these gods, did, in fact, nothing more
      than confirm the blindness of the ignorant: these never supposed that it
      was nature, its various operations, its numerous component parts—that
      it was the passions of man and his diverse faculties that lay buried under
      an heap of allegories; they did not perceive that the passions and
      faculties of human nature were used as emblems, because man was ignorant
      of the true cause of the phenomena he beheld. As strong passions seemed to
      hurry man along, in despite of himself, they either attributed these
      passions to a god, or deified them; frequently they did both: it was thus
      love became a deity; that eloquence, poetry, industry, were transformed
      into gods, under the names of Hermes, Mercury, Apollo; the stings of
      conscience were called the Furies: the people, bowed down in stupid
      ignorance, had no eyes but for these emblematical persons, under which
      nature was masked: they attributed to their influence the good, to their
      displeasure the evil, which they experienced: they entered into every kind
      of folly, into the most delirious acts of madness, to render them
      propitious to their views; thus, for want of being acquainted with the
      reality of things, their worship frequently degenerated into the most
      cruel extravagance, into the most ridiculous folly.
    

      Thus it is obvious, that every thing proves nature and its various parts
      to have every where been the first divinities of man. Natural philosophers
      studied these deities, either superficially or profoundly,—explained
      some of their properties, detailed some of their modes of action. Poets
      painted them to the imagination of mortals, either in the most fascinating
      colours, or under the most hideous deformities; embodied them—furnished
      them with reasoning faculties—recounted their exploits—recorded
      their will. The statuary executed sometimes with the most enrapturing art,
      the ideas of the poets,—gave substance to their shadows—form
      to their airy nothings. The priest decorated these united works with a
      thousand marvellous qualities—with the most terrible passions—with
      the most inconceivable attributes; gave them, "a local habitation and a
      name." The people adored them; prostrated themselves before these gods,
      who were neither susceptible of love or hatred, goodness, or malice; they
      became persecuting, malevolent, cruel, unjust, in order to render
      themselves acceptable to powers generally described to them under the most
      odious features.
    

      By dint of reasoning upon these emblems, by meditating upon nature, thus
      decorated, or rather disfigured, subsequent speculators no longer
      recollected the source from whence their predecessors had drawn their
      gods, nor the fantastic ornaments with which they had embellished them.
      Natural philosophers and poets were transformed by leisure into
      metaphysicians and theologians; tired with contemplating what they could
      have understood, they believed they had made an important discovery by
      subtilly distinguishing nature from herself—from her own peculiar
      energies—from her faculty of action. By degrees they made an
      incomprehensible being of this energy, which as before they personified,
      this they called the mover of nature, divided it into two, one congenial
      to man's happiness, the other inimical to his welfare; these they deified
      in the same manner as they had before done nature with her various parts.
      These abstract, metaphysical beings, became the sole object of their
      thoughts; were the subject of their continual contemplation; they looked
      upon them as realities of the highest importance: thus nature quite
      disappeared; she was despoiled of her rights; she was considered as
      nothing more than an unwieldy mass, destitute of power; devoid of energy,
      as an heap of ignoble matter purely passive: who, incapable of acting by
      herself, was not competent to any of the operations they beheld, without
      the direct, the immediate agency of the moving powers they had associated
      with her: which they had made the fulcrum necessary to the action of the
      lever. They either did not or would not perceive, that the great Cause
      of causes, ens entium, Parent of parents, had, in unravelling chaotic
      matter, with a wisdom for which man can never be sufficiently grateful,
      with a sagacity which he can never sufficiently admire, foreseen every
      thing that could contribute not only to his own individual happiness, but
      also to that of all the beings in nature; that he had given this nature
      immutable laws, according to which she is for ever regulated; after which
      she is obliged invariably to act; that he has described for her an eternal
      course, from which it is not permitted her to deviate, even for an
      instant; that she is therefore, rendered competent to the production of
      every phenomena, not only that he beholds, but of an infinity that he has
      never yet contemplated; that she needs not any exterior energy for this
      purpose, having received her powers from a hand far superior to any the
      feeble weak imagination of man is able to form; that when this nature
      appears to afflict him, it is only from the contraction of his own views,
      from the narrowness of his own ideas, that he judges; that, in fact, what
      he considers the evils of nature, are the greatest possible benefits he
      can receive, if he was but in a condition to be acquainted with previous
      causes, with subsequent effects. That the evils resulting to him from his
      own vices, have equally their remedies in this nature, which it is his
      duty to study; which if he does he will find, that the same omnipotent
      goodness, who gave her irrefragable laws, also planted in her bosom,
      balsams for all his maladies, whether physical or moral: but that it is
      not given him to know what this great, this universal cause is, for
      purposes of which he ought not to dispute the wisdom, when he contemplates
      the mighty wonders that surround him.
    

      Thus man ever preferred an unknown power, to that of which he was enabled
      to have some knowledge, if he had only deigned to consult his experience;
      but he presently ceases to respect that which he understands; to estimate
      those objects which are familiar to him: he figures to himself something
      marvellous in every thing he does not comprehend; his mind, above all,
      labours to seize upon that which appears to escape his consideration; in
      default of experience, he no longer consults any thing, but his
      imagination, which feeds him with chimeras. In consequence, those
      speculators who have subtilly distinguished nature from her own powers,
      have successively laboured to clothe the powers thus separated with, a
      thousand incomprehensible qualities: as they did not see this power, which
      is only a mode, they made it a spirit—an intelligence—an
      incorporeal being; that is to say, of a substance totally different from
      every thing of which we have a knowledge. They never perceived that all
      their inventions, that all the words which they imagined, only served to
      mask their real ignorance; that all their pretended science was limited to
      saying, in what manner nature acted, by a thousand subterfuges which they
      themselves found it impossible to comprehend. Man always deceives himself
      for want of studying nature; he leads himself astray, every time he is
      disposed to go out of it; he is always quickly necessitated to return; he
      is even in error when he substitutes words which he does not himself
      understand, for things which he would much better comprehend if he was
      willing to look at them without prejudice.
    

      Can a theologian ingenuously believe himself more enlightened, for having
      substituted the vague words spirit, incorporeal substance, &c. to the
      more intelligible terms nature, matter, mobility, necessity? However this
      may be, these obscure words once imagined, it was necessary to attach
      ideas to them; in doing this, he has not been able to draw them from any
      other source than the beings of this despised nature, which are ever the
      only beings of which he is enabled to have any knowledge. Man,
      consequently, drew them up in himself; his own soul served for the model
      of the universal soul, of which indeed according to some it only formed a
      portion; his own mind was the standard of the mind that regulated nature;
      his own passions, his own desires, were the prototypes of those by which
      he actuated this being; his own intelligence was that from which he formed
      that of the mover of nature; that which was suitable to himself, he called
      the order of nature; this pretended order was the scale by which he
      measured the wisdom of this being; in short, those qualities which he
      calls perfections in himself, were the archetypes in miniature, of the
      perfections of the being, he thus gratuitously supposed to be the agent,
      who operated the phenomena of nature. It was thus, that in despite of all
      their efforts, the theologians were, perhaps always will be, true
      Anthropomorphites. A sect of this denomination appeared in 359, in Egypt,
      they held the doctrine that their god had a bodily shape. Indeed it is
      very difficult, if not impossible to prevent man from making himself the
      sole model of his divinity. Montaigne says "man is not able to be other
      than he is, nor imagine but after his capacity; let him take what pains he
      may, he will never have a knowledge of any soul but his own." Xenophanes
      said, "if the ox or the elephant understood either sculpture or painting,
      they would not fail to represent the divinity under their own peculiar
      figure that in this, they would have as much reason as Polyclitus or
      Phidias, who gave him the human form." It was said to a very celebrated
      man that "God made man after his own image;" "man has returned the
      compliment," replied the philosopher. Indeed, man generally sees in his
      God, nothing but a man. Let him subtilize as he will, let him extend his
      own powers as he may, let him swell his own perfections to the utmost, he
      will have done nothing more than make a gigantic, exaggerated man, whom he
      will render illusory by dint of heaping together incompatible qualities.
      He will never see in such a god, but a being of the human species, in whom
      he will strive to aggrandize the proportions, until he has formed a being
      totally inconceivable. It is according to these dispositions that he
      attributes intelligence, wisdom, goodness, justice, science, power, to his
      divinity, because he is himself intelligent; because he has the idea of
      wisdom in some beings of his own species; because he loves to find in them
      ideas favourable to himself: because he esteems those who display equity;
      because he has a knowledge, which he holds more extensive in some
      individuals than himself; in short, because he enjoys certain faculties
      which depend on his own organization. He presently extends or exaggerates
      all these qualities in forming his god; the sight of the phenomena of
      nature, which he feels he is himself incapable of either producing or
      imitating, obliges him to make this difference between the being he
      pourtrays and himself; but he knows not at what point to stop; he fears
      lest he should deceive himself, if he should see any limits to the
      qualities he assigns, the word infinite, therefore, is the abstract, the
      vague term which he uses to characterize them. He says that his power is
      infinite, which signifies that when he beholds those stupendous effects
      which nature produces, he has no conception at what point his power can
      rest; that his goodness, his wisdom, his knowledge are infinite: this
      announces that he is ignorant how far these perfections ma be carried in a
      being whose power so much surpasses his own; that he is of infinite
      duration, because he is not capable of conceiving he could have had a
      beginning or can ever cease to be; because of this he considers a defect
      in those transitory beings of whom he beholds the dissolution, whom he
      sees are subjected to death. He presumes the cause of those effects to
      which he is a witness, of those striking phenomena that assail his sight,
      is immutable, permanent, not subjected to change, like all the evanescent
      beings whom he knows are submitted to dissolution, to destruction, to
      change of form. This mover of nature being always invisible to man, his
      mode of action being, impenetrable, he believes that, like his soul or the
      concealed principle which animates his own body, which he calls spiritual,
      a spirit, is the moving power of the universe; in consequence he makes a
      spirit the soul, the life, the principle of motion in nature. Thus when by
      dint of subtilizing, he has arrived at believing the principle by which
      his body is moved is a spiritual, immaterial substance, he makes the
      spirit of the universe immaterial in like manner: he makes it immense,
      although without extent; immoveable, although capable of moving nature:
      immutable, although he supposes him to be the author of all the changes,
      operated in the universe.
    

      The idea of the unity of God, which cost Socrates his life, because the
      Athenians considered those Atheists who believed but in one, was the tardy
      fruit of human meditation. Plato himself did not dare to break entirely
      the doctrine of Polytheism; he preserved Venus, an all-powerful
      Jupiter, and a Pallas, who was the goddess of the country. The sight of
      those opposite, frequently contradictory effects, which man saw take place
      in the world, had a tendency to persuade him there must be a number of
      distinct powers or causes independent of each other. He was unable to
      conceive that the various phenomena he beheld, sprung from a single, from
      an unique cause; he therefore admitted many causes or gods, acting upon
      different principles; some of which he considered friendly, others as
      inimical to his race. Such is the origin of that doctrine, so ancient, so
      universal, which supposed two principles in nature, or two powers of
      opposite interests, who were perpetually at war with each other; by the
      assistance of which he explained, that constant mixture of good and evil,
      that blending of prosperity with misfortune, in a word, those eternal
      vicissitudes to which in this world the human being, is subjected. This is
      the source of those combats which all antiquity has supposed to exist
      between good and wicked gods, between an Osiris and a Typhoeus; between an
      Orosmadis and an Arimanis; between a Jupiter and the Titanes; in these
      rencounters man for his own peculiar interest always gave the palm of
      victory to the beneficent deity; this, according to all the traditions
      handed down, ever remained in possession of the field of battle; it was so
      far right, as it is evidently for the benefit of mankind that the good
      should prevail over the wicked.
    

      When, however, man acknowledged only one God, he generally supposed the
      different departments of nature were confided to powers subordinate to his
      supreme orders, under whom the sovereign of the gods discharged his care
      in the administration of the world. These subaltern gods were prodigiously
      multiplied; each man, each town, each country, had their local, their
      tutelary gods; every event, whether fortunate or unfortunate, had a divine
      cause; was the consequence of a sovereign decree; each natural effect,
      every operation of nature, each passion, depended upon a divinity, which a
      theological imagination, disposed to see gods every where, mistaking
      nature, either embellished or disfigured. Poetry tuned its harmonious
      lays, on these occasions, exaggerated the details, animated its pictures;
      credulous ignorance received the portraits with eagerness—heard the
      doctrines with submission.
    

      Such is the origin of Polytheism: indeed the Greek word Theos,
      [Greek letters], is derived from Theaomai, [Greek letters], which
      implies to contemplate, or take a view of secret or hidden things. Such
      are the foundations, such the titles of the hierarchy, which man
      established between himself and his gods, because he generally believed he
      was incapable of the exalted privilege of immediately addressing himself
      to the incomprehensible Being whom he had acknowledged for the only
      sovereign of nature, without even having any distinct idea on the subject:
      such is the true genealogy of those inferior gods whom the uninformed
      place as, a proportional means between themselves and the first of all
      other causes. In consequence, among the Greeks and the Romans, we see the
      deities divided into two classes, the one were called great gods, because
      the whole world were nearly in accord in deifying the most striking parts
      of nature, such as the sun, fire; the sea, time, &c. these formed a
      kind of aristocratic order, who were distinguished from the minor gods, or
      from the multitude of ethnic divinities, who were entirely local; that is
      to say, were reverenced only in particular countries, or by individuals;
      as in Rome, where every citizen had his familiar spirit, called lares; and
      household god, called penates. Nevertheless, the first rank of these Pagan
      divinities, like the latter, were submitted to Fate, that is, to destiny,
      which obviously is nothing more than nature acting by immutable, rigorous,
      necessary laws; this destiny was looked upon as the god of gods; it is
      evident, that this was nothing more than necessity personified; that
      therefore it was a weakness in the heathens to fatigue with their
      sacrifices, to solicit with their prayers, those divinities whom they
      themselves believed were submitted to the decrees of an inexorable
      destiny, of which it was never possible for them to alter the mandates. But
      man, generally, ceases to reason, whenever his theological notions
      are either brought into question, or are the subject of his inquiry.
    

      What has been already said, serves to show the common source of that
      multitude of intermediate powers, subordinate to the gods, but superior to
      man, with which he filled the universe: they were venerated under the
      names of nymphs, demi-gods, angels, daemons, good and evil genii, spirits,
      heroes, saints, &c. Among the Romans they were called Dei medioxumi,
      intermediate angels; they were looked upon as intercessors, as mediators,
      as powers whom it was necessary to reverence, in order either to obtain
      their favour, appease their anger, or divert their malignant intentions;
      these constitute different classes of intermediate divinities, who became
      either the foundation of their hopes, the object of their fears, the means
      of consolation, or the source of dread to those very mortals who only
      invented them when they found it impossible to form to themselves
      distinct, perspicuous ideas of the incomprehensible Being who governed the
      world in chief; or when they despaired of being able to hold communication
      with him directly.
    

      Meditation and reflection diminished the number of those deities which
      composed the ethnic polytheism: some who gave the subject more
      consideration than others, reduced the whole to one all-powerful Jupiter;
      but still they painted this being in the most hideous colours, gave him
      the most revolting features, because they were still obstinately bent on
      making man, his action and his passions, the model: this folly led them
      into continual perplexities, because it heaped together contradictory,
      incompatible, extravagant qualities; it was quite natural it should do so:
      the limited views, the superficial knowledge, the irregular desires of
      frail, feeble mortals, were but little calculated to typify the mind of
      the real Divinity; of that great Cause of causes, that Parent of
      parents, from whom every thing must have emanated. Although they
      persuaded themselves it was sinning to give him rivals, yet they described
      him as a jealous monarch who could not bear a division of empire; thus
      taking the vanity of earthly princes for their emblem, as if it was
      possible such a being could have a competitor like a terrestrial monarch.
      Not having contemplated the immutable laws with which he has invested
      nature, to which every thing it contains is subjected, which are the
      result of the most perfect wisdom, they were puzzled to account for the
      contrariety of those effects which their weak minds led them to suppose as
      evils; seeing that sometimes those who fulfilled in the most faithful
      manner their duties in this life, were involved in the same ruin with the
      boldest, the most inconsiderate violaters: thus in making him the
      immediate agent, instead of the first author, the executive instead of the
      formative power, they caused him to appear capricious, as unreasonably
      vindictive against his creatures, when they ought to have known that his
      wisdom was unlimited, his kindness without bounds, when he infused into
      nature that power which produces these apparently contradictory effects;
      which, although they seem injurious to man's interests, are, if he was but
      capacitated to judge fairly, the most beneficial advantages that he can
      possibly derive. Thus they made the Divinity appear improvident, by
      continually employing him to destroy the work of his own hands: they, in
      fact, taxed him with impotence, by the perpetual non-performance of those
      projects of which their own imbecillity, their own erring judgment, had
      vainly supposed him to be the contriver.
    

      To solve these difficulties, man created enemies to the Divinity, who
      although subordinate to the supreme God, were nevertheless competent to
      disturb his empire, to frustrate his views. Can any thing be worse
      conceived, can any thing be more truly derogatory to the great Parent
      of parents, than thus to make him resemble a king, who is surrounded
      with adversaries, willing to dispute with him his diadem? Such, however,
      is the origin of the Fable of the Titanes, or of the rebellious
      angels, whose presumption caused them to be plunged into the abyss of
      misery—who were changed into demons, or into evil genii:
      these according to their mythology, had no other functions, than to render
      abortive the projects of the Divinity; to seduce, to raise to rebellion,
      those who were his subjects. Miserable invention, feeble subterfuge, for
      the vices of mankind, although decorated with all the beauty of language.
      Can then sublimity of versification, the harmony of numbers, reconcile man
      to the idea that the puny offspring of natural causes is adequate for a
      single instant to dispute the commands, to thwart the desires, to render
      nugatory the decrees of a Being whose wisdom is of the most polished
      perfection; whose goodness is boundless; whose power must be more
      capacious than the human mind can possibly conceive?
    

      In consequence of this Fable of the Titanes, the monarch of nature
      was represented as perpetually in a scuffle with the enemies he had
      himself created; as unwilling totally to subdue those with whom these
      fabulists have described him as dividing his authority—partaking his
      supreme power. This again was borrowed from the conduct of earthly
      monarchs, who, when they find a potent enemy, make a treaty with him; but
      this was quite unnecessary for the great Cause of causes; and only
      shows that man is utterly incapable of forming any other ideas than those
      which he derives from the situation of those of his own race, or of the
      beings by whom he is surrounded. According to this fable the subjects of
      the universal Monarch were never properly submitted to his authority; like
      an earthly king, he was in a continual state of hostility, and punished
      those who had the misfortune to enter into the conspiracies of the enemies
      of his glory: seeing that human legislators put forth laws, issued
      decrees, they established similar institutions for the Divinity;
      established oracles; his ministers pretended, through these mysterious
      mediums, to convey to the people his heavenly mandates, to unveil his
      concealed intentions: the ignorant multitude received these without
      examination, they did not perceive that it was man, and not the Divinity,
      who thus spoke to them; they did not feel that it must be impossible for
      weak creatures to act contrary to the will of God.
    

      The Fable of the Titanes, or rebellious angels, is extremely
      ancient; very generally diffused over the world; it serves for the
      foundation of the theology of the Brachmins of Hindostan: according to
      these, all living bodies are animated by fallen angels, who under
      these forms expiate their rebellion. These contradictory notions were the
      basis of nearly all the superstitions of the world; by these means they
      imagined they accounted for the origin of evil—demonstrated the
      cause why the human species experience misery. In short, the conduct of
      the most arbitrary tyrants of the earth was but too frequently brought
      forth, too often acted upon, in forming the character of the Divinity,
      held forth to the worship of man: their imperfect jurisprudence was the
      source from whence they drew that which they ascribed to their god. Pagan
      theology was remarkable for displaying in the character of their
      divinities the most dissolute vices; for making them vindictive; for
      causing them to punish with extreme rigour those, crimes which the oracles
      predicted; to doom to the most lasting torments those who sinned without
      knowing their transgression; to hurl vengeance on those who were ignorant
      of their obscure will, delivered in language which set comprehension at
      defiance; unless it was by the priest who both made and fulminated it. It
      was upon these unreasonable notions, that the theologians founded the
      worship which man ought to render to the Divinity. Do not then let us be
      at all surprised if the superstitious man was in a state of continual
      alarm: if he experienced trances—if his mind was ever in the most
      tormenting dread; the idea of his gods recalled to him unceasingly, that
      of a pitiless tyrant who sported with the miseries of his subjects; who,
      without being conscious of their own wrong, might at each moment incur his
      displeasure: he could not avoid feeling that although they had formed the
      universe entirely for man, yet justice did not regulate the actions of
      these powerful beings, or rather those of the priests; but he also
      believed that their elevated rank placed them infinitely above the human
      species, that therefore they might afflict him at their pleasure.
    

      It is then for want of considering good and evil as equally necessary; it
      is for want of attributing them to their true causes, that man has created
      to himself fictitious powers, malicious divinities, respecting whom it is
      found so difficult to undeceive him. Nevertheless, in contemplating
      nature, he would have been able to have perceived, that physical evil
      is a necessary consequence of the peculiar properties of some beings; he
      would have acknowledged that plague, contagion, disease, are due to
      physical causes under particular circumstances; to combinations, which,
      although extremely natural, are fatal to his species; he would have sought—in
      the bosom of nature herself the remedies suitable to diminish these evils,
      or to have caused the cessation of those effects under which he suffered:
      he would have seen in like manner that moral evil was the necessary
      consequence of defective institutions; that it was not to the Divinity,
      but to the injustice of his fellows he ought to ascribe those wars, that
      poverty, those famines, those reverses of fortune, those multitudinous
      calamities, those vices, those crimes, under which he so frequently
      groans. Thus to rid himself of these evils he would not have uselessly
      extended his trembling hands towards shadows incapable of relieving him;
      towards beings who were not the authors of his sorrows; he would have
      sought remedies for these misfortunes in a more rational administration of
      justice—in more equitable laws—in more I reasonable
      institutions—in a greater degree of benevolence towards his fellow
      man—in a more punctual performance of his own duties.
    

      As these gods were generally depicted to man as implacable to his
      frailties as they denounced nothing but the most dreadful punishments
      against those who involuntarily offended, it is not at all surprising that
      the sentiment of fear prevailed over that of love: the gloomy ideas
      presented to his mind were calculated to make him tremble, without making
      him better; an attention to this truth will serve to explain the
      foundation of that fantastical, irrational, frequently cruel worship,
      which was paid to these divinities; he often committed the most cruel
      extravagancies against his own person, the most hideous crimes against the
      person of others, under the idea that in so doing, he disarmed the anger,
      appeased the justice, recalled the clemency, deserved the mercy of his
      gods.
    

      In general, the superstitious systems of man, his human and other
      sacrifices, his prayers, his ceremonies, his customs; have had only for
      their object either to divert the fury of his gods, whom he believed he
      had offended; to render them propitious to his own selfish views; or to
      excite in them that good disposition towards himself, which his own
      perverse mode of thinking made him imagine they bestowed exclusively on
      others: on the other hand, the efforts, the subtilties of theology, have
      seldom had any other end, than to reconcile in the divinities it has
      pourtrayed, those discordant ideas which its own dogmas has raised in the
      minds of mortals. From what has preceded, it may fairly be concluded that
      ethnic theology undermined itself by its own inconsistencies; that the art
      of composing chimeras may therefore with great justice be defined to be
      that of combining those qualities which are impossible to be reconciled
      with each other.
    











      CHAP. III.
    
Of the confused and contradictory Ideas of Theology.

      Every thing that has been said, proves pretty clearly, that, in despite of
      all his efforts, man has never been able to prevent himself from drawing
      together from his own peculiar nature, the qualities he has assigned to
      the Being who governs the universe. The contradictions necessarily
      resulting from the incompatible assemblage of these human qualities, which
      cannot become suitable to the same subject, seeing that the existence of
      one destroys the existence of the other, have been shewn:—the
      theologians themselves have felt the insurmountable difficulties which
      their divinities presented to reason: they were so substantive, that as
      they felt the impossibility of withdrawing themselves out of the dilemma,
      they endeavoured to prevent man from reasoning, by throwing his mind into
      confusion—by continually augmenting the perplexity of those ideas,
      already so discordant, which they offered him of the gods. By these means
      they enveloped them in mystery, covered them with dense clouds, rendered
      them inaccessible to mankind: thus they themselves became the
      interpreters, the masters of explaining, according either to their fancy
      or their interest, the ways of those enigmatical beings they made him
      adore. For this purpose they exaggerated them more and more—neither
      time nor space, nor the entire of nature could contain their immensity—every
      thing became an impenetrable mystery. Although man has originally borrowed
      from himself the traits, the colours, the primitive lineaments of which he
      composed his gods; although he has made them jealous, powerful, vindictive
      monarchs, yet his theology, by force of dreaming, entirely lost sight of
      human nature. In order to render his divinities still more different from
      their creatures, it assigned them, over and above the usual qualities of
      man, properties so marvellous, so uncommon, so far removed from every
      thing of which his mind could form a conception, that he lost sight of
      them himself. From thence he persuaded himself these qualities were
      divine, because he could no longer comprehend them; he believed them
      worthy of his gods, because no man could figure to himself any one
      distinct idea of them. Thus theology obtained the point of persuading man
      he must believe that which he could not conceive; that he must receive
      with submission improbable systems; that he must adopt, with pious
      deference, conjectures contrary to his reason; that this reason itself was
      the most agreeable sacrifice he could make on the altars of his gods, who
      were unwilling he should use the gift they had bestowed upon him. In
      short, it had made mortals implicitly believe that they were not formed to
      comprehend the thing of all others the most important to themselves. Thus
      it is evident that superstition founded its basis upon the absurd
      principle that man is obliged to accredit firmly that which he is in the
      most complete impossibility of comprehending. On the other hand, man
      persuaded himself that the gigantic, the truly incomprehensible attributes
      which were assigned to these celestial monarchs, placed between them and
      their slaves a distance so immense, that these could not be by any means
      offended with the comparison; that these distinctions rendered them still
      greater; made them more powerful, more marvellous, more inaccessible to
      observation. Man always entertains the idea, that what he is not in a
      condition to conceive, is much more noble, much wore respectable, than
      that which he has the capacity to comprehend. The more a thing is removed
      from his reach, the more valuable it always appears.
    

      These prejudices in man for the marvellous, appear to have been the source
      that gave birth to those wonderful, unintelligible qualities with which
      superstition clothed these divinities. The invincible ignorance of the
      human mind, whose fears reduced him to despair, engendered those obscure,
      vague notions, with which mythology decorated its gods. He believed he
      could never displease them, provided he rendered them incommensurable;
      impossible to be compared with any thing, of which he had a knowledge;
      either with that which was most sublime, or that which possessed the
      greatest magnitude, From hence the multitude of negative attributes with
      which ingenious dreamers have successively embellished their phantoms, to
      the end that they might more surely form a being distinguished from all
      others, or which possessed nothing in common with that which the human
      mind had the faculty of being acquainted with: they did not perceive that
      after all their endeavours, it was nothing wore than exaggerated human
      qualities, which they thus heaped together, with no more skill than a
      painter would display who should delineate all the members of the body of
      the same size, taking a giant for dimension.
    

      The theological attributes with which metaphysicians decorated these
      divinities, were in fact nothing but pure negations of the qualities found
      in man, or in those beings of which he has a knowledge; by these
      attributes their gods were supposed exempted from every thing which they
      considered weakness or imperfection in him, or in the beings by whom he is
      surrounded: they called every quality infinite, which has been shewn is
      only to affirm, that unlike man, or the beings with whom he is acquainted,
      it is not circumscribed by the limits of space; this, however, is what he
      can never in any manner comprehend, because he is himself finite. Hobbes
      in his Leviathan, says, "whatsoever we imagine is finite. Therefore
      there is no idea, or conception of any thing we call infinite. No man can
      have in his mind an image of infinite magnitude, nor conceive infinite
      swiftness, infinite time, infinite force, or infinite power. When we say
      any thing is infinite, we signify only, that we are not able to conceive
      the ends and bound of the thing named, having no conception of the thing,
      but of our own inability." Sherlock says, "the word infinite is only a
      negation, which signifies that which has neither end, nor limits, nor
      extent, and, consequently, that which has no positive and determinate
      nature, and is therefore nothing;" he adds, "that nothing but custom has
      caused this word to be adopted, which without that, would appear devoid of
      sense, and a contradiction."
    

      When it is said these gods are eternal, it signifies they have not had,
      like man or like every thing that exists, a beginning, and that they will
      never have an end: to say they are immutable, is to say, that unlike
      himself or every thing which he sees, they are not subject to change: to
      say they are immaterial, is to advance, that their substance or essence is
      of a nature not conceivable by himself, but which must from that very
      circumstance be totally different from every thing of which he has
      cognizance.
    

      It is from the confused collection of these negative qualities, that has
      resulted the theological gods; those metaphysical wholes of which it is
      impossible for man to form to himself any correct idea. In these abstract
      beings every thing is infinity,—immensity,— spirituality,—omniscience,—order,—wisdom,—intelligence,—
      omnipotence. In combining these vague terms, or these modifications, the
      ethnic priests believed they formed something, they extended these
      qualities by thought, and they imagined they made gods, whilst they only
      composed chimeras. They imagined that these perfections or these qualities
      must be suitable to their gods, because they were not suitable to any
      thing of which they had a knowledge; they believed that incomprehensible
      beings must have inconceivable qualities. These were the materials of
      which theology availed itself to compose those inexplicable shadows before
      which they commanded the human race to bend the knee.
    

      Nevertheless, experience soon proved that beings so vague, so impossible
      to be conceived, so incapable of definition, so far removed from every
      thing of which man could have any knowledge, were but little calculated to
      fix his restless views; his mind requires to be arrested by qualities
      which he is capacitated to ascertain; of which he is in a condition to
      form a judgment. Thus after it had subtilized these metaphysical gods,
      after it had rendered them so different in idea, from every thing that
      acts upon the senses, theology found itself under the necessity of again
      assimilating them to man, from whom it had so far removed them: it
      therefore again made them human by the moral qualities which it assigned
      them; it felt that without this it would not be able to persuade mankind
      there could possibly exist any relation between him and such vague,
      ethereal, fugitive, incommensurable beings; that it would never be
      competent to secure for them his adoration.
    

      It began to perceive that these marvellous gods were only calculated to
      exercise the imagination of some few thinkers, whose minds were accustomed
      to labour upon chimerical subjects, or to take words for realities; in
      short it found, that for the greater number of the material children of
      the earth it was necessary to have gods more analogous to themselves, more
      sensible, more known to them. In consequence these divinities were
      re-clothed with human qualities; theology never felt the incompatibility
      of these qualities with beings it had made essentially different from man,
      who consequently could neither have his properties, nor be modified like
      himself. It did not see that gods who were immaterial, destitute of
      corporeal organs, were neither able to think nor to act as material
      beings, whose peculiar organizations render them susceptible of the
      qualities, the feelings the will, the virtues, that are found in them. The
      necessity it felt to assimilate the gods to their worshippers, to make an
      affinity between them, made it pass over without consideration these
      palpable contradictions—this want of keeping in their portrait: thus
      ethnic theology obstinately continued to unite those incompatible
      qualities, that discrepancy of character, which the human mind attempted
      in vain either to conceive or to reconcile: according to it, pure spirits
      were the movers of the material world; immense beings were enabled to
      occupy space, without however excluding nature; immutable deities were the
      causes of those continual changes operated in the world: omnipotent beings
      did not prevent those evils which were displeasing to them; the sources of
      order submitted to confusion: in short, the wonderful properties of these
      theological beings every moment contradicted themselves.
    

      There is not less discrepancy, less incompatibility, less discordance in
      the human perfections, less contradiction in the moral qualities
      attributed to them, to the end that man might be enabled to form to
      himself some idea of these beings. These were all said to be eminently
      possessed by the gods, although they every moment contradicted each other:
      by this means they formed a kind of patch-work character, heterogeneous
      beings, discrepant phenomena, entirely inconceivable to man, because
      nature had never constructed any thing like them, whereby he was enabled
      to form a judgment. Man was assured they were eminently good—that it
      was visible in all their actions. Now goodness is a known quality,
      recognizable in some beings of the human species; this is, above every
      other, a property he is desirous to find in all those upon whom he is in a
      state of dependence; but he is unable to bestow the title of good on any
      among his fellows, except their actions produce on him those effects which
      he approves—that he finds in unison with his existence—in
      conformity with his own peculiar modes of thinking. It was evident,
      according to this reasoning, these ethnic gods did not impress him with
      this idea; they were said to be equally the authors of his pleasures, as
      of his pains, which were to be either secured or averted by sacrifices:
      thus when man suffered by contagion, when he was the victim of shipwreck,
      when his country was desolated by war, when he saw whole nations devoured
      by rapacious earthquakes, when he was a prey to the keenest sorrows, he at
      least was unable to conceive the bounty of those beings. How could he
      perceive the beautiful order which they had introduced into the world,
      while he groaned under such a multitude of calamities? How was he able to
      discern the beneficence of men whom he beheld sporting as it were with his
      species? How could he conceive the consistency of those who destroyed that
      which he was assured they had taken such pains to establish, solely for
      his own peculiar happiness? But had his mind been properly enlightened,
      had he been taught to know, that nature, acting by unerring laws, produces
      all the phenomena he beholds as a necessary consequence of her primitive
      impulse—that like the rest of nature he was himself subjected to the
      general operation—that no peculiar exemption had been made in his
      behalf—that sacrifices were useless—that the great Parent
      of parents, equally mindful of all his creatures, had set in action
      with the most consummate wisdom an invariable system, the apparent, casual
      evils of which were ever counterbalanced by the resulting good; that
      without repining, it was his duty, his interest, to submit; at the same
      time to examine with sedulity, to search with earnestness, into the
      recesses of this nature for remedies to the sorrows he endured. If he had
      been thus instructed, we should never behold him arraigning either the
      kindness, the wisdom, or the consistency of the gods; he would neither
      have ascribed his sufferings to the malicious interference of inferior
      deities, so derogatory to the divine majesty of the Great Cause of
      causes, nor would he have taxed with either inconsistency or
      unkindness, that nature which cannot act otherwise than she does. Perhaps
      of all the ideas that can be infused into the mind of man, none is more
      really subversive of his true happiness, none more incompatible with the
      reality of things, than that which persuades him he is himself a
      privileged being, the king of a nature where every thing is submitted to
      laws, the extent of which his finite mind cannot possibly conceive. Even
      admitting it should ultimately turn out to be a fact, he has yet no one
      positive evidence to justify the assumption; experience, which after all
      must always prove the best criterion for his judgment, daily proves, that
      in every thing he is subjected, like every other part of nature, to those
      invariable decrees from which nothing that he beholds is exempted.
    

      Feeble monarch! of whom a grain of sand, some atoms of bile, some
      misplaced humours, destroy at once the existence and the reign: yet thou
      pretendest every thing was made for thee! Thou desirest that the entire of
      nature should be thy domain, and thou canst not even defend thyself from
      the slightest of her shocks! Thou makest to thyself a god for thyself
      alone; thou supposest that he unceasingly occupieth himself only for thy
      peculiar happiness; thou imaginest every thing was made solely for thy
      pleasure; and, following up thy presumptuous ideas, thou hast the audacity
      to call nature good or bad as thy weak intellect inclines: thou darest to
      think that the kindness exhibited towards thee, in common with other
      beings, is contradicted by the evil genii thy fancy has created! Dost thou
      not see that those beasts which thou supposest submitted to thine empire,
      frequently devour thy fellow-creatures; that fire consumeth them; that the
      ocean swalloweth them up; that those elements of which thou sometimes
      admirest the order, which sometimes thou accusest of confusion, frequently
      sweep them off the face of the earth; dost thou not see that all this is
      necessarily what it must be; that thou art not in any manner consulted in
      any of this phenomena? Indeed, according to thine own ideas, if thou wast
      to examine them with care, dost thou not admit that thy gods are the
      universal cause of all; that they maintain the whole by the destruction of
      its parts. Are they not then according to thyself, the gods of nature—of
      the ocean—of rivers—of mountains—of the earth, in which
      they occupiest, so very small a space—of all those other globes that
      thou seest roll in the regions of space—of those orbs that revolve
      round the sun that enlighteneth thee?—Cease, then, obstinately to
      persist in beholding nothing but thy sickly self in nature; do not flatter
      thyself that the human race, which reneweth itself, which disappeareth
      like the leaves on the trees, can absorb all the care, can ingross all the
      tenderness of that universal being, who, according to thyself, properly
      understood, ruleth the destiny of all things. Submit thyself in silence to
      mandates which thy unavailing prayers; can never change; to a wisdom which
      thy imbecility cannot fathom; to the unerring shafts of a fate, which
      nothing but thine own vanity, aided by thy perverse ignorance, could ever
      question, being the best possible good that can befall thee! which if thou
      couldst alter, thou wouldst with thy defective judgment render worse! What
      is the human race compared to the earth? What is this earth compared to
      the sun? What is our sun compared to those myriads of suns which at
      immense distances occupy the regions of space? not for the purpose of
      diverting thy weak eyes; not with a view to excite thy stupid admiration,
      as thou vainly imaginest; since multitudes of them are placed out of the
      range of thy visual organs: but to occupy the place which necessity hath
      assigned them. Mortal, feeble and vain! restore thyself to thy proper
      sphere; acknowledge every where the effect of necessity; recognize in thy
      benefits, behold in thy sorrows, the different modes of action of those
      various beings endowed with such a variety of properties, which surround
      thee; of which the macrocosm is the assemblage; and do not any longer
      suppose that this nature, much less its great cause, can possess such
      incompatible qualities as would be the result of human views or of
      visionary ideas, which have no existence but in thyself.
    

      As long as theologians shall continue obstinately bent to make man the
      model of their gods; as long ask they shall pertinaciously undertake to
      explain the nature of these gods, which they will never be able to do, but
      after human ideas, although they may associate the most heterogeneous
      properties, the most discrepant functions; so long, I say, experience will
      contradict at every moment the beneficent views they, attach to their
      divinities; it will be in vain that they call them good: man, reasoning
      thus, will never be able to find good but in those objects which impel him
      in a manner favourable to his actual mode of existence; he always finds
      confusion in that which fills him with grievous sensations; he calls evil
      every thing that painfully affects him, even cursorily; those beings that
      produce in him two modes of feeling, so very opposite to each other, he
      will naturally conclude are sometimes favourable, sometimes unfavourable
      to him; at least, if he will not allow that they act necessarily,
      consequently are neither one nor the other, he will say that a world where
      he experiences so much evil cannot be submitted to men who are perfectly
      good; on the other hand, he will also assume that a world in which man
      receives so many benefits, cannot be governed by those who are without
      kindness. Thus he is obliged to admit of two principles equally powerful,
      who are in hostility with each other; or rather, he must agree that the
      same persons are alternately kind and unkind; this after all is nothing
      more than avowing they cannot be otherwise than they are; in this case it
      would be useless to sacrifice to them—to make solicitation; seeing
      it would be nothing but destiny—the necessity of things
      submitted invariable rules.
    

      In order to justify these beings, constructed upon mortal principles, from
      injustice, in consequence of the evils the human species experience, the
      theologian is reduced to the necessity of calling them punishments
      inflicted for the transgressions of man. But then these general calamities
      include all men. Some, at least, may be supposed not to have offended.
      Thus he involves contradictions he finds it difficult to reconcile; to
      effectuate this he makes his anthropomorphites immaterial—incorporeal;
      that is, he says they are the negation of every thing of which he has a
      knowledge; consequently, beings who can have no relation with corporeal
      beings: and this avails him no better, as will be evident by reasoning on
      the subject. To offend any one, is to diminish the sum of his happiness;
      it is to afflict him, to deprive him of something, to make him experience
      a painful sensation. How is it possible man can operate on such beings;
      how can the physical actions of a material substance have any influence
      over an immaterial substance, devoid of parts, having no point of contact.
      How can a corporeal being make an incorporeal being experience
      incommodious sensations? On the other hand, justice, according to
      the only ideas man can ever form of it, supposes, a permanent disposition
      to render to each what is due to him; the theologian will not admit that
      the beings he has jumbled together owe any thing to man; he insists that
      the benefits they bestow are all the gratuitous effects of their own
      goodness; that they have the right to dispose of the work of their hands
      according to their own pleasure; to plunge it if they please into the
      abyss of misery; in short, that their volition is the only guide of their
      conduct. It is easy to see, that according to man's idea of justice, this
      does not even contain the shadow of it; that it is, in fact, the mode of
      action adopted by what he calls the most frightful tyrants. How then can
      he be induced to call men just who act after this manner? Indeed, while he
      sees innocence suffering, virtue in tears, crime triumphant, vice
      recompensed, and at the same time, is told the beings whom theology has
      invented are the authors, he will never be able to acknowledge them to
      have justice. But he will find no such contradictory qualities in
      nature, where every thing is the result of immutable laws: he will at once
      perceive that these transient evils produce more permanent good; that they
      are necessary to the conservation of the whole, or else result from
      modifications of matter, which it is competent for him to change, by
      altering his own mode of action; a lesson that nature herself teaches him
      when he is willing to receive her instructions. But to form gods with
      human passions, is to make them appear unjust; to say that such beings
      chastise their friends for their own I good, is at once to upset all the
      ideas he has either of kindness or unkindness: thus the incompatible human
      qualities ascribed to these beings, do in fact destroy their existence. If
      it be insisted they have the knowledge and power of man, only that they
      are more extended, then it becomes a very natural reply, to say, since
      they know every thing, they ought at least to restrain mischief; because
      this would be the observation of man upon the action of his fellows;—if
      it be urged these qualities are similar to the same qualities possessed by
      man, then it may be fairly asked in what do they differ? To this, if any
      answer be given, be what it may, it will still be only changing the
      language: it will be invariably another method of expressing the same
      thing; seeing that man with all his ingenuity, will never be able to
      describe properties but after himself or those of the beings by whom he is
      surrounded.
    

      Where is the man filled with kindness, endowed with humanity, who does not
      desire with all his heart to render his fellow creatures happy? If these
      beings, as the theologians assert, really have man's qualities augmented,
      would they not, by the same reasoning, exercise their infinite power to
      render them all happy? Nevertheless, in despite of these theologists, we
      scarcely find any one who is perfectly satisfied with his condition on
      earth: for one mortal that enjoys, we behold a thousand who suffer; for
      one rich man who lives in the midst of abundance, there are thousands of
      poor who want common necessaries: whole nations groan in indigence, to
      satisfy the passions of some avaricious princes, of some few nobles, who
      are not thereby rendered more contented—who do not acknowledge
      themselves more fortunate on that account. In short, under the dominion of
      these beings, the earth is drenched with the tears of the miserable. What
      must be the inference from all this? That they are either negligent of, or
      incompetent to, his happiness. But the mythologists will tell you coolly,
      that the judgments of his gods are impenetrable! How do we understand this
      term? Not to be taught—not to be informed—impervious—not
      to be pierced: in this case it would be an unreasonable question to
      inquire by what authority do you reason upon them? How do you become
      acquainted with these impenetrable mysteries? Upon what foundation do you
      attribute virtues which you cannot penetrate? What idea do you form to
      yourself of a justice that never resembles that of man? Or is it a truth
      that you yourself are not a man, but one of those impenetrable beings whom
      you say you represent?
    

      To withdraw themselves from this, they will affirm that the justice of
      these idols are tempered with mercy, with compassion, with goodness: these
      again are human qualities: what, therefore, shall we understand by them?
      What idea do we attach to mercy? Is it not a derogation from the severe
      rules of an exact, a rigorous justice, which causes a remission of some
      part of a merited punishment? Here hinges the great incompatibility, the
      incongruity of those qualities, especially when augmented by the word omni;
      which shews how little suitable human properties are to the formation of
      divinities. In a prince, clemency is either a violation of justice, or the
      exemption from a too severe law: nevertheless, man approves of clemency in
      a sovereign, when its too great facility does not become prejudicial to
      society; he esteems it, because it announces humanity, mildness, a
      compassionate, noble soul; qualities he prefers in his governors to
      rigour, cruelty, inflexibility: besides, human laws are defective; they
      are frequently too severe; they are not competent to foresee all the
      circumstances of every case: the punishments they decree are not always
      commensurate with the offence: he therefore does not always think them
      just: but he feels very well, he understands distinctly, that when the
      sovereign extends his mercy, he relaxes from his justice—that if
      mercy he merited, the punishment ought not to take place—that then
      its exercise is no longer clemency, but justice: thus he feels, that in
      his fellow creatures these two qualities cannot exist at the same moment.
      How then is he to form his judgment of beings who are represented to
      possess both in the extremest degree? Is it not, in fact, announcing these
      beings to be men like ourselves, who act with our imperfections on an
      enlarged scale?
    

      They then say, well, but in the next world these idols will reward you for
      all the evils you suffer in this: this, indeed, is something to look to,
      if it could be contemplated alone; unmixed with all they have formerly
      asserted: if we could also find that there was an unison of thinking on
      this point—if there was a reasonable comprehensible view of it held
      forth: but alas! here again human pleasures, human feelings, are the basis
      on which these rewards are rested; only they are promised in a way we
      cannot comprehend them; houris, or females who are to remain for ever
      virgins, notwithstanding the knowledge of man, are so opposed to all human
      comprehension, so opposite to all experience, are such mystic assertions,
      that the human mind cannot possibly embrace an idea of them: besides this
      is only promised by one class of these beings; others affirm it will be
      altogether different: in short, the number of modes in which this
      hereafter reward is promised to him, obliges man to ask himself one plain
      question, Which is the real history of these blissful abodes? At this
      question he staggers—he seeks for advice: each assures him that the
      other is in error—that his peculiar mode is that which will really
      have place; that to believe the other is a crime. How is he to judge now?
      Take what course he will, he runs the chance of being wrong; he has no
      standard whereby to measure the correctness of these contradictory
      assurances; his mind is held suspended; he feels the impossibility of the
      whole being right; he knows not that which he ought to elect! Again, they
      have positively asserted these beings owe nothing to man: how then is he
      to expect in a future life, a more real happiness than he enjoys in the
      present? This they parry, by assuring him it is founded upon their
      promises, contained in their revealed oracles. Granted: but is he quite
      certain these oracles have emanated from themselves? If they are so
      different in their detail, may there not be reasonable ground for
      suspecting some of them are not authentic? If there is, which are the
      spurious, which are the genuine? By what rule is he to guide himself in
      the choice; how, with his frail methods of judging, is he to scrutinize
      oracles delivered by such powerful beings—to discriminate the true
      from the false? The ministers of each will give you an infallible method,
      one that, is according to their own asseveration, cannot err; that is, by
      an implicit belief in the particular doctrine each promulgates.
    

      Thus will be perceived the multitude of contradictions, the extravagant
      hypotheses which these human attributes, with which theology clothes its
      divinities, must necessarily produce. Beings embracing at one time so many
      discordant qualities will always be undefinable—can only present a
      train of ideas calculated to displace each other; they will consequently
      ever remain beings of the imagination. These beings, say their ministers,
      created the heavens, the earth, the creatures who inhabit it, to manifest
      their own peculiar glory; they have neither rivals, nor equals in nature;
      nothing which can be compared with them. Glory is, again, a human passion:
      it is in man the desire of giving his fellow-creatures an high opinion of
      him; this, passion is laudable when it stimulates him to undertake great
      projects—when it determines him to perform useful actions—but
      it is very frequently a weakness attached to his nature; it is nothing
      more than a desire to be distinguished from those beings with whom he
      compares himself, without exciting him to one noble, one generous act. It
      is easy to perceive that beings who are so much elevated above men, cannot
      be actuated by such a defective passion. They say these beings are jealous
      of their prerogatives. Jealousy is another human passion, not always of
      the most respectable kind: but it is rather difficult to conceive the
      existence of jealousy with profound wisdom, unlimited power, and the
      perfection of justice. Thus the theologians by dint of heaping quality on
      quality, aggrandizing each as is added, seem to have reduced themselves to
      the situation of a painter, who spreading all his colours upon his canvas
      together, after thus blending them into an unique mass, loses sight of the
      whole in the composition.
    

      They will, nevertheless, reply to these difficulties, that goodness,
      wisdom, justice, are in these beings qualities so pre-eminent, so
      distinct, have so little affinity with these same qualities in man, that
      they are totally dissimilar—have not the least relation. Admit this
      to be the case, How then can he form to himself any idea of these
      perfections, seeing they are totally unlike those with which he is
      acquainted? They surely cannot mean to insinuate that they are the reverse
      of every thing he understands; because that would, in effect, bring them
      to a precise point which would not need any explanation; it is therefore a
      matter of certainty this cannot be the case: then if these qualities, when
      exercised by the beings they have described, are only human actions so
      obscured, so hidden, as not to be recognizable by man, How can weak
      mortals pretend to announce them, to have a knowledge of them, to explain
      them to others? Does then theology impart to the mind the ineffable boon
      of enabling it to conceive that which no man is competent to understand?
      Does it procure for its agents the marvellous faculty of having distinct
      ideas of beings composed of so many contradictory properties? Does it, in
      fact, make the theologian himself one of these incomprehensible beings.
    

      They will impose silence, by saying the oracles have spoken; that through
      these mystical means they have made themselves known to mortals. The next
      question would naturally be, When, where, or to whom have these oracles
      spoken? Where are these oracles? An hundred voices raise themselves in the
      same moment; hands of Briaraeus are immediately stretched forth to shew
      them in a number of discordant collections, which each maintains, with an
      equal degree of vehemence, is the true code—the only doctrine man
      ought to believe: he runs them over, finds they scarcely agree in any one
      particular; but that in all the heaviest penalties are denounced against
      those who doubt the smallest part of any one of them. These beings of
      consummate wisdom are made to speak an obscure, irrational language; some
      of them, although their goodness is proclaimed, have been cruel and
      sanguinary; others, although their justice is held forth, have been
      partial, unjust, capricious; some, who are represented as all merciful,
      destine to the most hideous punishments the unhappy victims to their
      wrath: examine any one of them more closely, he will find that they have
      never in any two countries held literally the same language: that although
      they are said to have spoken in many places, that they have always spoken
      variously: What is the necessary result? The human mind, incapable of
      reconciling such manifest contradictions, unable to obtain from their
      ministers any corroborative evidence, that is not disputed by the others,
      falls into the strangest perplexity; is involved in doubts, entangled in a
      labyrinth to which no clue is to be found.
    

      Thus the relations, which are supposed to exist between man and these
      theological idols, can only be founded on the moral qualities of these
      beings: if these are not known to him, if he cannot in any manner
      comprehend them, they cannot by any ingenuity of argument serve him for
      models. In order that they may be imitated, it is needful that these
      qualities were cognizable by the being who is to imitate them. How can he
      imitate that goodness, that justice, that mercy, which does not resemble
      either his own, or any thing he can conceive? If these beings partake in
      nothing of that which forms man—if the properties they do possess,
      although different, are not within the reach of his comprehension—if,
      he cannot embrace the most distant idea of them, which the theologian
      assures him he cannot, How is it possible he can set about imitating them?
      How follow a conduct suitable to please them—to render himself
      acceptable in their sight? What can in effect be the motive of that
      worship, of that homage, of that obedience, which these beings are said to
      exact—which he is informed he should offer at their altars, if he
      does not establish it upon their goodness—their veracity—their
      justice: in short, upon qualities which he is competent to understand? How
      can he have clear, distinct ideas of those qualities, if they are no
      longer of the same nature as those which he has learned to reverence in
      the beings of his own species?
    

      To this they will reply, because none of them ever admit the least doubt
      of the rectitude of their own individual creed, that there can be no
      proportion between these idols and mortals, who are the work of their
      hands; that it is not permitted to the clay to demand of the potter who
      has formed it, "why ye have fashioned me thus;"—but if there can be
      no common measure between the workman and his work—if there can be
      no analogy between them, because the one is immaterial, the other
      corporeal, How do they reciprocally act upon each other? How can the gross
      organs of the one, comprehend the subtile quality of the other? Reasoning
      in the only way he is capable, and it surely will never be seriously
      argued that he is not to reason, will he not perceive that the earthen
      vase could only have received the form which it pleased the potter to
      give; that if it is formed badly, if it is rendered inadequate to the use
      for which it was designed, the vase is not in this instance to be blamed;
      the potter certainly has the power to break it; the vase cannot prevent
      him; it will neither have motives nor means to soften his anger; it will
      be obliged to submit to its destiny; but he will not be able to prevent
      his mind from thinking the potter harsh in thus punishing the vase, rather
      than by forming it anew, by giving it another figure, render it competent
      to the purposes he intended.
    

      According to these notions the relations between man and these theological
      beings have no existence, they owe nothing to him, are dispensed from
      shewing him either goodness or justice; that man, on the contrary, owes
      them every thing: but contradictions appear at every step. If these have
      promised by their oracles any thing to man, it is rather difficult for him
      to believe, that what is so solemnly promised does not belong to him if he
      fulfils the condition of the promise. The difference a theologian may
      choose to find in these relations will hardly be convincing to a
      reasonable mind. The duties of man towards these beings can, according to
      their own shewing, have no other foundation than the happiness he expects
      from them: thus the relation has a reciprocity, it is founded upon their
      goodness, upon their justice, it demands obedience on his part, a conduct
      suitable to the benefits he receives. Thus, in whatever manner the
      theological system is viewed, it destroys itself. Will theology never feel
      that the more it endeavours to exaggerate the human qualities, the less it
      exalts the beings it pictures; the more incomprehensible it renders them,
      the more it contributes to swell its own ocean of contradictions; that to
      take human passions, mortal faculties at all, is perhaps the worst means
      it can pursue to form a perfect being; but that if it must persist in this
      method, then the further they remove them from man, the more they debase
      him, the more they weaken the relations subsisting between them: that in
      thus aggregating human properties, it should carefully abstain from
      associating in these pictures those qualities which man finds detestable
      in his fellows. Thus, despotism in man is looked upon as an unjust,
      unreasonable power; if it introduces such a quality into its portraits, it
      cannot rationally suppose them suitable to cultivate the esteem, to
      attract the voluntary homage of the human race: if, however, the canvas be
      examined, we shall frequently be struck, with perceiving this the leading
      feature; we shall equally find a want of keeping through the whole; that
      shadows are introduced, where lights ought to prevail; that the colouring
      is incongruous—the design without harmony.
    

      The discrepancy of conduct which theology imputes to these idols, is not
      less remarkable than the contrariety of qualities it ascribes to them, or
      the inconsistency of the passions with which it invests them; sometimes,
      according to this, they are the friends to reason, desirous of the
      happiness of society; sometimes they are inimical to virtue; interdict the
      use of reason; flattered with seeing society disturbed, they sometimes
      afflict man without his being able to guess the cause of their
      displeasure; sometimes they are favourable to mankind—at others,
      indisposed towards the human species: sometimes they are represented as
      permitting crimes for the pleasure of punishing them—at others, they
      exert all their power to arrest crime in its birth; sometimes they elect a
      small number to receive eternal happiness, predestinating the rest to
      perpetual misery—to everlasting torments; at others, they throw open
      the gates of mercy to all who choose to enter them; sometimes they are
      pourtrayed as destroying the universe—at others, as establishing the
      most beautiful order in the planet we inhabit; sometimes they are held
      forth as countenancing deception—at others, as having the highest
      reverence for truth—as holding deceit in abomination. This, again,
      is the necessary result of the human faculties, the mortal passions, the
      frail qualities of which they compose the beings they hold forth to the
      admiration, to the worship, to the homage of the world.
    

      Perhaps the most fatal consequences have arisen from founding the moral
      character of these divinities upon that of man. Those who first had the
      confidence to tell man that in these matters it was not permitted him to
      consult his reason, that the interests of society demanded its sacrifice,
      evidently proposed to themselves to make him the sport of their own
      wantonness—to make him the blind instrument of their own
      unworthiness. It is from this radical error that has sprung all those
      extravagances which the various superstitions have introduced upon the
      earth: from hence has flowed that sacred fury which has frequently deluged
      it with blood: here is the cause of those inhuman persecutions which have
      so often desolated nations: in short, all those horrid tragedies which
      have been acted on the vast theatre of the world, by command of the
      different ministers of the various systems, whose gods they have said
      ordained these shocking spectacles.
    

      The theologians themselves have thus been the means, of calumniating the
      gods they pretended to serve, under the pretext of exalting their name—of
      covering them with glory; in this they may have been said to be true
      atheists, since they seem only to have been anxious to destroy the idols
      they themselves had raised, by the actions they have attributed to them—which
      has debased them in the eye of reason—rendered their existence more
      than doubtful to the man of humanity. Indeed, it would require more than
      human credulity to accredit the assertion that these beings ever could
      order the atrocities committed in their name. Every time they have been
      willing to disturb the harmony of mankind—whenever they have been
      desirous to render him unsociable, they have cried out that their gods
      ordained that he should be so. Thus they render mortals uncertain, make
      the ethical system fluctuate by founding it upon changeable, capricious
      idols, whom they represent much more frequently cruel and unjust, than
      filled with bounty and benevolence.
    

      However it may be, admitting if they will for a moment that their idols
      possess all the human virtues in an infinite degree of perfection, we
      shall quickly be obliged to acknowledge that they cannot connect them with
      those metaphysical, theological, negative attributes, of which we have
      already spoken. If these beings are spirits that are immaterial, how can
      they be able to act like man, who is a corporeal being? Pure spirits,
      according to the only idea man can form of them, having no organs, no
      parts, cannot see any thing; can neither hear our prayers, attend to our
      solicitations, nor have compassion for our miseries. They cannot be
      immutable, if their dispositions can suffer change: they cannot be
      infinite, if the totality of nature, without being them, can exist
      conjointly with them: they cannot be omnipotent, if they either permit or
      do not prevent evil: they cannot be omnipresent, if they are not every
      where: they must therefore be in the evil as well as in the good. Thus in
      whatever manner they are contemplated, under whatever point of view they
      are considered, the human qualities which are assigned to them,
      necessarily destroy each other; neither can these same properties in any
      possible manner combine themselves with the supernatural attributes given
      to them by theology.
    

      With respect to the revealed will of these idols, by means of their
      oracles, far from being a proof of their good will, of their
      commisseration for man, it would rather seem evidence of their ill-will.
      It supposes them capable of leaving mankind for a considerable season
      unacquainted with truths highly important to their interests; these
      oracles communicated to a small number of chosen men, are indicative of
      partiality, of predilections, that are but little compatible with the
      common Father of the human race. These oracles were ill imagined, since
      they tend to injure the immutability ascribed to these idols, by supposing
      that they permitted man to be ignorant at one time of their will, whilst
      at another time they were willing he should be instructed on the subject.
      Moreover, these oracles frequently predicted offences for which afterwards
      severe punishments were inflicted on those who did no more than fulfil
      them. This, according to the reasoning of man, would be unjust. The
      ambiguous language in which they were delivered, the almost impossibility
      of comprehending them, the inexplicable mysteries they contained, seemed
      to render them doubtful; at least they are not consistent with the ideas
      man is capable of forming of infinite perfection: but the fact clearly is,
      they were thus rendered capable of application to the contingency of
      events—could be made to suit almost any circumstances: this would
      render it not a very improbable conjecture, that these oracles were solely
      delivered by the priests themselves. It these were tried by the only test
      of which he has any knowledge—HIS REASON, it would naturally occur
      to the mind of man, that mystery could never, on any occasion, be used in
      the promulgation of substantive decrees meant to operate on the obedience,
      to actuate the moral conduct of man: it is quite usual with most
      legislators to render their laws as explicit as possible, to adapt them to
      the meanest understanding; in short, it would be reckoned want of good
      faith in a government, to throw a thick, mysterious veil over the
      announcement of that conduct which it wished its citizens to adopt; they
      would be apt to think such a procedure was either meant to cover its own
      peculiar ignorance, or else to entrap them into a snare; at best, it would
      be considered as furnishing a never-failing source of dispute, which a
      wise government would endeavour to avoid.
    

      It will thus be obvious, that the ideas which theology has at various
      times, under various systems, held forth to man, have for the most part
      been confused, discordant, incompatible, and have had a general tendency
      to disturb the repose of mankind. The obscure notions, the vague
      speculations of these multiplied creeds, would be matter of great
      indifference, if man was not taught to hold them as highly important to
      his welfare—if he did not draw from them conclusions pernicious to
      himself—if he did not learn from these theologians that he must
      sharpen his asperity against those who do not contemplate them in the same
      point of view with himself: as he perhaps, then, will never have a common
      standard, a fixed rule, a regular graduated scale, whereby to form his
      judgment on these points—as all efforts of the imagination must
      necessarily assume divers shapes, undergo a variety of modifications,
      which can never be assimilated to each other, it was little likely that
      mankind would at all times be able to understand each other on this
      subject; much less that they would be in accord in the opinions they
      should adopt. From hence that diversity of superstitions which in all ages
      have given rise to the most irrational disputes; which have engendered the
      most sanguinary wars; which have caused the most barbarous massacres;
      which have divided man from his fellow by the most rancorous animosities,
      that will perhaps never be healed; because he has been impelled to
      consider the peculiar tenets he adopted, not only as immediately essential
      to his individual welfare, but also as intimately connected with the
      happiness, closely interwoven with the tranquillity of the nation of which
      he was a citizen. That such contrariety of sentiment, such discrepancy of
      opinion should exist, is not in the least surprising; it is, in fact, the
      natural result of those physical causes to which, as long as he exists, he
      is at all times submitted. The man of a heated imagination cannot
      accommodate himself to the god of a phlegmatic, tranquil being: the
      infirm, bilious, discontented, angry mortal, cannot view him under the
      same aspect as he who enjoys a sounder constitution,—as the
      individual of a gay turn, who enjoys the blessing of content, who wishes
      to live in peace. An equitable, kind, compassionate, tender-hearted man,
      will not delineate to himself the same portrait of his god, as the man who
      is of an harsh, unjust, inflexible, wicked character. Each individual will
      modify his god after his own peculiar manner of existing, after his own
      mode of thinking, according to his particular mode of feeling. A wise,
      honest, rational man will always figure to himself his god as humane and
      just.
    

      Nevertheless, as fear usually presided at the formation of those idols man
      set up for the object of his worship; as the ideas of these beings were
      generally associated with that of terror as the recollections of
      sufferings, which he attributed to them, often made him tremble;
      frequently awakened in his mind the most afflicting, reminiscence; as it
      sometimes filled him with inquietude, sometimes inflamed his imagination,
      sometimes overwhelmed him with dismay, the experience of all ages proves,
      that these vague idols became the most important of all considerations—was
      the affair which most seriously occupied the human race: that they every
      where spread consternation—produced the most frightful ravages, by
      the delirious inebriation resulting from the opinions with which they
      intoxicated the mind. Indeed, it is extremely difficult to prevent
      habitual fear, which of all human passions is the most incommodious, from
      becoming a dangerous leaven; which in the long run will sour, exasperate,
      and give malignancy to the most moderate temperament.
    

      If a misanthrope, in hatred of his race, had formed the project of
      throwing man into the greatest perplexity,—if a tyrant, in the
      plenitude of his unruly desire to punish, had sought out the most
      efficacious means; could either the one or the other have imagined that
      which was so well calculated to gratify their revenge, as thus to occupy
      him unceasingly with objects not only unknown to him, but which no two of
      them should ever see with precisely the same eyes; which notwithstanding
      they should be obliged to contemplate as the centre of all their thoughts—as
      the only model of their conduct—as the end of all their actions—as
      the subject of all their research—as a thing of more importance to
      them than life itself; upon which all their present felicity, all their
      future happiness, must necessarily depend? Could the gods themselves, in
      their solicitude to punish the impious Prometheus, for having stolen fire
      from the sun, have imagined a more certain method of executing their
      wishes? Was not Pandora's box, though stuffed with evils, trifling when
      compared with this? That at least left hope, to the unfortunate
      Epimetheus; this effectually cut it off.
    

      If man was subjected to an absolute monarch, to a sultan who should keep
      himself secluded from his subjects; who followed no rule but his own
      desires; who did not feel himself bound by any duty; who could for ever
      punish the offences committed against him; whose fury it was easy to
      provoke; who was irritated even by the ideas, the thoughts of his
      subjects; whose displeasure might be incurred without even their own
      knowledge; the name of such a sovereign would assuredly be sufficient to
      carry trouble, to spread terror, to diffuse consternation into the very
      souls of those who should hear it pronounced; his idea would haunt them
      every where—would unceasingly afflict them—would plunge them
      into despair. What tortures would not their mind endure to discover this
      formidable being, to ascertain the secret of pleasing him! What labour
      would not their imagination bestow, to discover what mode of conduct might
      be able to disarm his anger! What fears would assail them, lest they might
      not have justly hit upon the means of assuaging his wrath! What disputes
      would they not enter into upon the nature, the qualities of a ruler,
      equally unknown to them all! What a variety of means would not be adopted,
      to find favour in his eyes; to avert his chastisement!
    

      Such is the history of the effects superstition has produced upon the
      earth. Man has always been panic-struck, because the systems adopted never
      enable him to form any correct opinion, any fixed ideas, upon a subject so
      material to his happiness; because every thing conspired either to give
      his ideas a fallacious turn, or else to keep his mind in the most profound
      ignorance; when he was willing to set himself right, when he was sedulous
      to examine the path which conducted to his felicity, when he was desirous
      of probing opinions so consequential to his peace, involving so much
      mystery, yet combining both his hopes and his fears, he was forbidden to
      employ the only proper method,—HIS REASON, guided by his experience;
      he was assured this would be an offence the most indelible. If he asked,
      Wherefore his reason had then been given him, since he was not to use it
      in matters of such high behest? he was answered, those were mysteries of
      which none but the initiated could be informed; that it sufficed for him
      to know, that the reason which he seemed so highly to prize, which he held
      in so much esteem, was his most dangerous enemy—his most inveterate,
      most determined foe. Where can be the propriety of such an argument? Can
      it really be that reason is dangerous? If so, the Turks are justified in
      their predilection for madmen: but to proceed, he is told that he must
      believe in the gods, not question the mission of their priests; in short,
      that he had nothing to do with the laws they imposed, but to obey them:
      when he then required that these laws might at least be made
      comprehensible to him; that he might be placed in a capacity to understand
      them; the old answer was returned, that they were mysteries; he
      must not inquire into them. But where is the necessity for mystery in
      points of such vast importance? He might, indeed, from time to time
      consult these oracles, when he was able to make the sacrifices demanded;
      he would then receive precepts for his conduct: these were always,
      however, given in such vague, indeterminate terms, that he had scarcely
      the chance of acting right. At different times the same oracles delivered
      different opinions: thus he had nothing, steady; nothing permanent,
      whereby to guide his steps; like a blind man left to himself in the
      streets, he was obliged to grope his way at the peril of his existence.
      This will serve to shew the urgent necessity there is for truth to throw
      its radiant lustre on systems big with so much importance; that are so
      calculated to corroborate the animosities, to confirm the bitterness of
      soul, between those whom nature intended should always act as brothers.
    

      By the magical charms with which these idols were surrounded, the human
      species has remained either as if it was benumbed, in a state of stupid
      apathy, or else he has become furious with fanaticism: sometimes,
      desponding with fear, man cringed like a slave who bends under the scourge
      of an inexorable master, always ready to strike him; he trembled under a
      yoke made too ponderous for his strength: he lived in continual dread of a
      vengeance he was unceasingly striving to appease, without ever knowing
      when he had succeeded: as he was always bathed in tears, continually
      enveloped in misery—as he was never permitted to lose sight of his
      fears—as he was continually exhorted to nourish his alarm, he could
      neither labour for his own happiness nor contribute to that of others;
      nothing could exhilirate him; he became the enemy of himself, the
      persecutor of his fellow-creatures, because his felicity here below was
      interdicted; he passed his time in heaving the most bitter sighs; his
      reason being forbidden him, he fell into either a state of infancy or
      delirium, which submitted him to authority; he was destined to this
      servitude from the hour he quitted his mother's womb, until that in which
      he was returned to his kindred dust; tyrannical opinion bound him fast in
      her massive fetters; a prey to the terrors with which he was inspired, he
      appeared to have come upon the earth for no other purpose than to dream—with
      no other desire than to groan—with no other motives than to sigh;
      his only view seemed to be to injure himself; to deprive himself of every
      rational pleasure, to embitter his own existence; to disturb the felicity
      of others. Thus, abject, slothful, irrational, he frequently became
      wicked, under the idea of doing honour to his gods; because they instilled
      into his mind that it was his duty to avenge their cause, to sustain their
      honour, to propagate their worship.
    

      Mortals were prostrate from race to race, before vain idols to which fear
      had given birth in the bosom of ignorance, during the calamities of the
      earth; they tremblingly adored phantoms which credulity had placed in the
      recesses of their own brain, where they found a sanctuary which time only
      served to strengthen; nothing could undeceive them; nothing was competent
      to make them feel, it was themselves they adored—that they bent the
      knee before their own work—that they terrified themselves with the
      extravagant pictures they had themselves delineated; they obstinately
      persisted in prostrating themselves, in perplexing themselves, in
      trembling; they even made a crime of endeavouring to dissipate their
      fears; they mistook the production of their own folly; their conduct
      resembled that of children, who having disfigured their own features,
      become afraid of themselves when a mirror reflects the extravagance they
      have committed. These notions so afflicting for themselves, so grievous to
      others, have their epoch from the calamities of man; they will continue,
      perhaps augment, until their mind, enlightened by discarded reason,
      illumined by truth, shall set in their true colours these various systems;
      until reflection guided by experience, shall attach no more importance to
      them, than is consistent with the happiness of society; until man,
      bursting the chains of superstition—recalling to mind the great end
      of his existence—taking a rational view of that which surrounds him,
      shall no longer refuse to contemplate nature under her true character;
      shall no longer persist in refusing to acknowledge she contains within
      herself the cause of that wonderful phenomena which strikes on the dazzled
      optics of man: until thoroughly persuaded of the weakness of their claim
      to the homage of mankind, he shall make one pious, simultaneous, mighty
      effort, and overthrow the altars of Moloch and his priests.
    











      CHAP. IV.
    
Examination of the Proofs of the Existence of the Divinity, as given by
      CLARKE.

      The unanimity of man in acknowledging the Divinity, is commonly looked
      upon as the strongest proof of his existence. There is not, it is said,
      any people on the earth who have not some ideas, whether true or false, of
      an all-powerful agent who governs the world. The rudest savages as well as
      the most polished nations, are equally obliged to recur by thought to the
      first cause of every thing that exists; thus it is affirmed, the cry of
      Nature herself ought to convince us of the existence of the Godhead, of
      which she has taken pains to engrave the notion in the minds of men: they
      therefore conclude, that the idea of God is innate.
    

      Perhaps there is nothing of which man should be more sedulously careful
      than permitting a promiscuous assemblage of right with wrong—of
      suffering false conclusions to be drawn from true propositions; this will
      not improbably be found to be pretty much the case in this instance; the
      existence of the great Cause of causes, the Parent of parents,
      does not, I think, admit of any doubt in the mind of any one who has
      reasoned: but, if this existence did not rest upon better foundations than
      the unanimity of man on this subject, I am fearful it would not be placed
      upon so solid a rock as those who make this asseveration may imagine: the
      fact is, man is not generally agreed upon this point; if he was,
      superstition could have no existence; the idea of God cannot be innate,
      because, independent of the proofs offered on every side of the almost
      impossibility of innate ideas, one simple fact will set such an opinion
      for ever at rest, except with those who are obstinately determined not to
      be convinced by even their own arguments: if this idea was innate, it must
      be every where the same; seeing that that which is antecedent to man's
      being, cannot have experienced the modifications of his existence, which
      are posterior. Even if it were waived, that the same idea should be
      expected from all mankind, but that only every nation should have their
      ideas alike on this subject, experience will not warrant the assertion,
      since nothing can be better established than that the idea is not uniform
      even in the same town; now this would be an insuperable quality in an
      innate idea. It not unfrequently happens, that in the endeavour to prove
      too much, that which stood firm before the attempt, is weakened; thus a
      bad advocate frequently injures a good cause, although he may not be able
      to overturn the rights on which it is rested. It would, therefore,
      perhaps, come nearer to the point if it was said, "that the natural
      curiosity of mankind have in all ages, and in all nations, led him to seek
      after the primary cause of the phenomena he beholds; that owing to the
      variations of his climate, to the difference of his organization, the
      greater or less calamity he has experienced, the variety of his
      intellectual faculties, and the circumstances under which he has been
      placed, man has had the most opposite, contradictory, extravagant notions
      of the Divinity, but that he has uniformly been in accord in acknowledging
      both the existence, and the wisdom of his work—NATURE."
    

      If disengaged from prejudice, we analyze this proof, we shall see that the
      universal consent of man, so diffused over the earth, actually proves
      little more than that he has been in all countries exposed to frightful
      revolutions, experienced disasters, been sensible to sorrows of which he
      has mistaken the physical causes; that those events to which he has been
      either the victim or the witness, have called forth his admiration or
      excited his fear; that for want of being acquainted with the powers of
      nature, for want of understanding her laws, for want of comprehending her
      infinite resources, for want of knowing the effects she must necessarily
      produce under given circumstances, he has believed these phenomena were
      due to some secret agent of which he has had vague ideas—to beings
      whom he has supposed conducted themselves after his own manner; who were
      operated upon by similar motives with himself.
    

      The consent then of man in acknowledging a variety of gods, proves
      nothing, except that in the bosom of ignorance he has either admired the
      phenomena of nature, or trembled under their influence; that his
      imagination was disturbed by what he beheld or suffered; that he has
      sought in vain to relieve his perplexity, upon the unknown cause of the
      phenomena he witnessed, which frequently obliged him to quake with terror:
      the imagination of the human race has laboured variously upon these
      causes, which have almost always been incomprehensible to him; although
      every thing confessed his ignorance, his inability to define these causes,
      yet he maintained that he was assured of their existence; when pressed, he
      spoke of a spirit, (a word to which it was impossible to attach any
      determinate idea) which taught nothing but the sloth, which evidenced
      nothing but the stupidity of those who pronounced it.
    

      It ought, however, not to excite any surprise that man is incapable of
      forming any substantive ideas, save of those things which act, or which
      have heretofore acted upon his senses; it is very evident that the only
      objects competent to move his organs are material,—that none but
      physical beings can furnish him with ideas,—a truth which has been
      rendered sufficiently clear in the commencement of this work, not to need
      any further proof. It will suffice therefore to say that the idea of God
      is not an innate, but an acquired notion; that it is the very nature of
      this notion to vary from age to age; to differ in one country from
      another; to be viewed variously by individuals. What do I say? It is, in
      fact, an idea hardly ever constant in the same mortal. This diversity,
      this fluctuation, this change, stamps it with the true character of an
      acquired opinion. On the other hand, the strongest proof that can be
      adduced that these ideas are founded in error, is, that man by degrees has
      arrived at perfectioning all the sciences which have any known objects for
      their basis, whilst the science of theology has not advanced; it is almost
      every where at the same point; men seem equally undecided on this subject;
      those who have most occupied themselves with it, have effected but little;
      they seem, indeed, rather to have rendered the primitive ideas man formed
      to himself on this head more obscure,—to have involved in greater
      mystery all his original opinions.
    

      As soon as it is asked of man, what are the gods before whom he prostrates
      himself, forthwith his sentiments are divided. In order that his opinions
      should be in accord, it would be requisite that uniform ideas, analogous
      sensations, unvaried perceptions, should every where have given birth to
      his notions upon this subject: but this would suppose organs perfectly
      similar, modified by sensations which have a perfect affinity: this is
      what could not happen: because man, essentially different by his
      temperament, who is found under circumstances completely dissimilar, must
      necessarily have a great diversity of ideas upon objects which each
      individual contemplates so variously. Agreed in some general points, each
      made himself a god after his own manner; he feared him, he served him,
      after his own mode. Thus the god of one man, or of one nation, was hardly
      ever that of another man, or of another nation. The god of a savage,
      unpolished people, is commonly some material object, upon which the mind
      has exercised itself but little; this god appears very ridiculous in the
      eyes of a more polished community, whose minds have laboured more
      intensely upon the subject. A spiritual god, whose adorers despise the
      worship paid by the savage to a coarse, material object, is the subtle
      production of the brain of thinkers, who, lolling in the lap of polished
      society quite at their leisure, have deeply meditated, have long occupied
      themselves with the subject. The theological god, although for the most
      part incomprehensible, is the last effort of the human imagination; it is
      to the god of the savage, what an inhabitant of the city of Sybaris, where
      effiminacy and luxury reigned, where pomp and pageantry had reached their
      climax, clothed with a curiously embroidered purple habit of silk, was to
      a man either quite naked, or simply covered with the skin of a beast
      perhaps newly slain. It is only in civilized societies, that leisure
      affords the opportunity of dreaming—that ease procures the facility
      of reasoning; in these associations, idle speculators meditate, dispute,
      form metaphysics: the faculty of thought is almost void in the savage, who
      is occupied either with hunting, with fishing, or with the means of
      procuring a very precarious subsistence by dint of almost incessant
      labour. The generality of men, however, have not more elevated notions of
      the divinity, have not analyzed him more than the savage. A spiritual,
      immaterial God, is formed only to occupy the leisure of some subtle men,
      who have no occasion to labour for a subsistence. Theology, although a
      science so much vaunted, considered so important to the interests of man,
      is only useful to those who live at the expense of others; or of those who
      arrogate to themselves the privilege of thinking for all those who labour.
      This science becomes, in some polished societies, who are not on that
      account more enlightened, a branch of commerce extremely advantageous to
      its professors; equally unprofitable to the citizens; above all when these
      have the folly to take a very decided interest in their unintelligible
      system—in their discordant opinions.
    

      What an infinite distance between an unformed stone, an animal, a star, a
      statue, and the abstracted Deity, which theology hath clothed with
      attributes under which it loses sight of him itself! The savage without
      doubt deceives himself in the object to which he addresses his vows; like
      a child he is smitten with the first object that strikes his sight—that
      operates upon him in a lively manner; like the infant, his fears are
      alarmed by that from which he conceives he has either received an injury
      or suffered disgrace; still his ideas are fixed by a substantive being, by
      an object which he can examine by his senses. The Laplander who adores a
      rock,—the negro who prostrates himself before a monstrous serpent,
      at least see the objects they adore. The idolater falls upon his knees
      before a statue, in which he believes there resides some concealed virtue,
      some powerful quality, which he judges may be either useful or prejudicial
      to himself; but that subtle reasoner, called a metaphysician, who in
      consequence of his unintelligible science, believes he has a right to
      laugh at the savage, to deride the Laplander, to scoff at the negro, to
      ridicule the idolater, doth not perceive that he is himself prostrate
      before a being of his own imagination, of which it is impossible he should
      form to himself any correct idea, unless, like the savage, he re-enters
      into visible nature, to clothe him with qualities capable of being brought
      within the range of his comprehension.
    

      For the most part the notions on the Divinity, which obtain credit even at
      the present day, are nothing more than a general terror diversely
      acquired, variously modified in the mind of nations, which do not tend to
      prove any thing, save that they have received them from their trembling,
      ignorant ancestors. These gods have been successively altered, decorated,
      subtilized, by those thinkers, those legislators, those priests, who have
      meditated deeply upon them; who have prescribed systems of worship to the
      uninformed; who have availed themselves of their existing prejudices, to
      submit them to their yoke; who have obtained a dominion over their mind,
      by seizing on their credulity,—by making them participate in their
      errors,—by working on their fears; these dispositions will always be
      a necessary consequence of man's ignorance, when steeped in the sorrows of
      his heart.
    

      If it be true, as asserted, that the earth has never witnessed any nation
      so unsociable, so savage, to be without some form of religious worship—who
      did not adore some god—but little will result from it respecting the
      Divinity. The word GOD, will rarely be found to designate more than the
      unknown cause of those effects which man has either admired or dreaded.
      Thus, this notion so generally diffused, upon which so much stress is
      laid; will prove little more than that man in all generations has been
      ignorant of natural causes,—that he has been incompetent, from some
      cause or other, to account for those phenomena which either excited his
      surprise or roused his fears. If at the present day a people cannot be
      found destitute of some kind of worship, entirely without superstition,
      who do not acknowledge a God, who have not adopted a theology more or less
      subtle, it is because the uninformed ancestors of these people have all
      endured misfortunes—have been alarmed by terrifying effects, which
      they have attributed to unknown causes—have beheld strange sights,
      which they have ascribed to powerful agents, whose existence they could
      not fathom; the details of which, together with their own bewildered
      notions, they have handed down to their posterity who have not given them
      any kind of examination.
    

      It will readily be allowed, that the universality of an opinion by no
      means proves its truth. Do we not see a great number of ignorant
      prejudices, a multitude of barbarous errors, even at the present day,
      receive the almost universal sanction of the human race? Are not nearly
      all the inhabitants of the earth imbued with the idea of magic—in
      the habit of acknowledging occult powers—given to divination—believers
      in enchantment—the slaves to omens—supporters of witchcraft—thoroughly
      persuaded of the existence of ghosts? If some of the most enlightened
      persons are cured of these follies, they still find very zealous partizans
      in the greater number of mankind, who accredit them with the firmest
      confidence. It would not, however, be concluded by men of sound sense, in
      many instances not by the theologian himself, that therefore these
      chimeras actually have existence, although sanctioned with the credence of
      the multitude. Before Copernicus, there was no one who did not believe
      that the earth was stationary, that the sun described his annual
      revolution round it. Was, however, this universal consent of man upon a
      principle of astronomical science, which endured for so many thousand
      years, less an error on that account? Yet to have doubted the truth of
      such a generally-diffused opinion, one that had received the sanction of
      so many learned men—that was clothed with the sacred vestments of so
      many ages of credulity—that had been adopted by Moses, acknowledged
      by Solomon, accredited by the Persian magi—that Elijah himself had
      not refuted—that had obtained the fiat of the most respectable
      universities, the most enlightened legislators, the wisest kings, the most
      eloquent ministers; in short, a principle that embraced all the stability
      that could be derived from the universal consent of all ranks: to have
      doubted, I say, of this, would at one period have been held as the highest
      degree of profanation, as the most presumptuous scepticism, as an impious
      blasphemy, that would have threatened the very existence of that unhappy
      country from whose unfortunate bosom such a venomous, sacrilegious mortal
      could have arisen. It is well known what opinion was entertained of
      Gallileo for maintaining the existence of the antipodes. Pope Gregory
      excommunicated as atheists all those who gave it credit. Thus each man has
      his God: But do all these gods exist? In reply it will be said, somewhat
      triumphantly, each man hath his ideas of the sun, do all these suns exist?
      However narrow may be the pass by which superstition imagines it has thus
      guarded its favourite hypothesis, nothing will perhaps be more easy than
      the answer: the existence of the sun is a fact verified by the daily use
      of the senses; all the world see the sun; no one bath ever said there is
      no sun; nearly all mankind have acknowledged it to be both luminous and
      hot: however various may be the opinions of man, upon this luminary, no
      one has ever yet pretended there was more than one attached to our
      planetary system. But we may perhaps be told, there is a wide difference
      between that which can be contemplated by the visual organs, which can be
      understood by the sense of feeling, and that which does not come under the
      cognizance of any part of the organic structure of man. We must confess
      theology here has the advantage; that we are unable to follow it through
      its devious sinuosities; amidst its meandering labyrinths: but then it is
      the advantage of those who see sounds, over those who only hear them; of
      those who hear colours, over those who only see them; of the professors of
      a science, where every thing is built upon laws inverted from those common
      to the globe we inhabit; over those common understandings, who cannot be
      sensible to any thing that does not give an impulse to some of their
      organs.
    

      If man, therefore, had the courage to throw aside his prejudices, which
      every thing conspires to render as durable as himself—if divested of
      fear he would examine coolly—if guided by reason he would
      dispassionately view the nature of things, the evidence adduced in support
      of any given doctrine; he would, at least, be under the necessity to
      acknowledge, that the idea of the Divinity is not innate—that it is
      not anterior to his existence—that it is the production of time,
      acquired by communication with his own species—that, consequently,
      there was a period when it did not actually exist in him: he would see
      clearly, that he holds it by tradition from those who reared him: that
      these themselves received it from their ancestors: that thus tracing it
      up, it will be found to have been derived in the last resort, from
      ignorant savages, who were our first fathers. The history of the world
      will shew that crafty legislators, ambitious tyrants, blood-stained
      conquerors, have availed themselves of the ignorance, the fears, the
      credulity of his progenitors, to turn to their own profit an idea to which
      they rarely attached any other substantive meaning than that of submitting
      them to the yoke of their own domination.
    

      Without doubt there have been mortals who have dreamed they have seen the
      Divinity. Mahomet, I believe, boasted he had a long conversation with the
      Deity, who promulgated to him the system of the Mussulmans. But are there
      not thousands, even of the theologians, who will exhaust their breath, and
      fatigue their lungs with vociferating this man was a liar; whose object
      was to take advantage of the simplicity, to profit by the enthusiasm, to
      impose on the credulity of the Arabs; who promulgated for truths, the
      crazy reveries of his own distempered imagination? Nevertheless, is it not
      a truth, that this doctrine of the crafty Arab, is at this day the creed
      of millions, transmitted to them by their ancestors, rendered sacred by
      time, read to them in their mosques, adorned with all the ceremonies of
      superstitious worship; of which the inhabitants of a vast portion of the
      earth do not permit themselves for an instant to doubt the veracity; who,
      on the contrary, hold those who do not accredit it as dogs, as infidels,
      as beings of an inferior rank, of meaner capacities than themselves?
      Indeed that man, even if he were a theologian, would not experience the
      most gentle treatment from the infuriated Mahometan, who should to his
      face venture to dispute the divine mission of his prophet. Thus the
      ancestors of the Turk have transmitted to their posterity, those ideas of
      the Divinity which they manifestly received from those who deceived them;
      whose impositions, modified from age to age, subtilized by the priests,
      clothed with the reverential awe inspired by fear, have by degrees
      acquired that solidity, received that corroboration, attained that veteran
      stability, which is the natural result of public sanction, backed by
      theological parade.
    

      The word God is, perhaps, among the first that vibrate on the ear of man;
      it is reiterated to him incessantly; he is taught to lisp it with respect;
      to listen to it with fear; to bend the knee when it is reverberated: by
      dint of repetition, by listening to the fables of antiquity, by hearing it
      pronounced by all ranks and persuasions, he seriously believes all men
      bring the idea with them into the world; he thus confounds a mechanical
      habit with instinct; whilst it is for want of being able to recal to
      himself the first circumstances under which his imagination was awakened
      by this name; for want of recollecting all the recitals made to him during
      the course of his infancy; for want of accurately defining what was
      instilled into him by his education; in short, because his memory does not
      furnish him with the succession of causes that have engraven it on his
      brain, that he believes this idea is really inherent to his being; innate
      in all his species. Iamblicus, indeed, who was a Pythagorean philosopher
      not in the highest repute with the learned world, although one of those
      visionary priests in some estimation with theologians, (at least if we may
      venture to judge by the unlimited draughts they have made on the bank of
      his doctrines) who was unquestionably a favourite with the emperor Julian,
      says, "that anteriorly to all use of reason, the notion of the gods is
      inspired by nature, and that we have even a sort of feeling of the
      Divinity, preferable to the knowledge of him." It is, however, uniformly
      by habit, that man admires, that he fears a being, whose name he has
      attended to from his earliest infancy. As soon as he hears it uttered, he
      without reflection mechanically associates it with those ideas with which
      his imagination has been filled by the recitals of others; with those
      sensations which he has been instructed to accompany it. Thus, if for a
      season man would be ingenuous with himself, he would concede that in the
      greater number of his race, the ideas of the gods, and of those attributes
      with which they are clothed, have their foundation, take their rise in,
      are the fruit of the opinions of his fathers, traditionally infused into
      him by education—confirmed by habit—corroborated by example—enforced
      by authority. That it very rarely happens he examines these ideas; that
      they are for the most part adopted by inexperience, propagated by tuition,
      rendered sacred by time, inviolable from respect to his progenitors,
      reverenced as forming part of those institutions he has most learned to
      value. He thinks he has always had them, because he has had them from his
      infancy; he considers them indubitable, because he is never permitted to
      question them—because he never has the intrepidity to examine their
      basis.
    

      If it had been the destiny of a Brachman, or a Mussulman, to have drawn
      his first breath on the shores of Africa, he would adore, with as much
      simplicity, with as much fervour, the serpent reverenced by the Negroes,
      as he does the God his own metaphysicians have offered to his reverence.
      He would be equally indignant if any one should presumptuously dispute the
      divinity of this reptile, which he would have learned to venerate from the
      moment he quitted the womb of his mother, as the most zealous,
      enthusiastic fakir, when the marvellous wonders of his prophet should be
      brought into question; or as the most subtile theologian when the inquiry
      turned upon the incongruous qualities with which he has decorated his
      gods. Nevertheless, if this serpent god of the Negro should be contested,
      they could not at least dispute his existence. Simple as may be the mind
      of this dark son of nature, uncommon as may be the qualities with which he
      has clothed his reptile, he still may be evidenced by all who choose to
      exercise their organs of sight; not so with the theologian; he absolutely
      questions the existence of every other god but that which he himself has
      formed; which is questioned in its turn by his brother metaphysician. They
      are by no means disposed to admit the proofs offered by each other.
      Descartes, Paschal, and Doctor Samuel Clarke himself, have been accused of
      atheism by the theologians of their time. Subsequent reasoners have made
      use of their proofs, and even given them as extremely valid. Doctor Bowman
      published a work, in which he pretends all the proofs hitherto brought
      forward are crazy and fragile: he of course substitutes his own; which in
      their turn have been the subject of animadversion. Thus it would appear
      these theologians are not more in accord with themselves than they are
      with Turks or Pagans. They cannot even agree as to their proofs of
      existence: from age to age new champions arise, new evidence is adduced,
      the old discarded, or treated with contempt; profound philosophers, subtle
      metaphysicians, are continually attacking each other for their ignorance
      on a point of the very first importance. Amidst this variety of
      discussion, it is very difficult for simple winds, for those who steadily
      search after truth, who only wish to understand what they believe, to find
      a point upon which they can fix with reliance—a standard round which
      they may rally without fear of danger—a common measure that way
      serve them for a beacon to avoid the quicksands of delusion—the
      sophistry of polemics.
    

      Men of very great genius have successively miscarried in their
      demonstrations; have been held to have betrayed their cause by the
      weakness of the arguments by which they have supported it; by the manner
      in which they have attempted to establish their positions. Thus many of
      them, when they believed they had surmounted a difficulty, had the
      mortification to find they had only given birth to an hundred others. They
      seem, indeed, not to be in a capacity to understand each other, or to
      agree among themselves, when they reason upon the nature and qualities of
      beings created by such a variety of imaginations, which each contemplates
      diversely, upon which the natural self-love of each disputant induces him
      to reject with vehement indignation every thing that does not fall in with
      his own peculiar mode of thinking—that does not quadrate either with
      his superstition or his ignorance, or sometimes with both.
    

      The opponents of Clarke charge him with begging the question in his work
      on The Being and Attributes of God. They say he has pretended to
      prove this existence a priori, which they deem impossible, seeing
      there is nothing anterior to the first of causes; that therefore it can
      only be proved a posteriori, that is to say, by its effects. Law,
      in his Inquiry into the Ideas of Space, Time, Immensity, &c.
      has attacked him very triumphantly, for this manner of proof, which is
      stated to be so very repugnant to the school-men. His arguments have been
      treated with no more ceremony by Thomas D'Aquinas, John Scott, and others
      of the schools. At the present day I believe he is held in more respect—that
      his authority outweighs that of all his antagonists together. Be that as
      it may, those who have followed him have done nothing more than either
      repeat his ideas, or present his evidence under a new form. Tillotson
      argues at great length, but it would be rather difficult to understand
      which side of the question he adopts on this momentous subject; whether he
      is a Necessitarian, or among the opposers of Fatalism. Speaking of man, he
      says, "he is liable to many evils and miseries, which he can neither
      prevent or redress; he is full of wants, which he cannot supply, and
      compassed about with infirmities which he cannot remove, and obnoxious to
      dangers which he can never sufficiently provide against: he is apt to
      grieve for what he cannot help, and eagerly to desire what he is never
      able to obtain." If the proofs of Clarke, who has drawn them up in twelve
      propositions, are examined with attention, I think they may be fairly
      shielded from the reproach with which they have been loaded; it does not
      appear that he has proved his positions a priori, but a
      posteriori, according to rule. It seems clear, however, that he has
      mistaken the proof of the existence of the effects, for the proof of the
      existence of the cause: but here he seems to have more reason than his
      critics, who in their eagerness to prove that Clarke has not conformed to
      the rules of the schools, would entirely overlook the best, the surest
      foundation whereon to rest the existence of the Great Cause of causes,
      that Parent of Parents, whose wisdom shines so manifestly in
      nature, of which Clarke's work may be said to be such a masterly evidence.
      We shall follow, step by step, the different propositions in which this
      learned divine developes the received opinions upon the Divinity; which,
      when applied to nature, will be found to be so accurate, so correct, as to
      leave no further room to doubt either the existence or the wisdom of her
      great author, thus proved through her own existence. Dr. Clarke sets out
      with saying:
    

      "1st. Something has existed from all eternity."
    

      This proposition is evident—hath no occasion for proofs. Matter has
      existed from all eternity, its forms alone are evanescent; matter is the
      great engine used by nature to produce all her phenomena, or rather it is
      nature herself. We have some idea of matter, sufficient to warrant the
      conclusion that this has always existed. First, that which exists,
      supposes existence essential to its being. That which cannot, annihilate
      itself, exists necessarily; it is impossible to conceive that that which
      cannot cease to exist, or that which cannot annihilate itself, could ever
      have had a beginning. If matter cannot be annihilated, it could not
      commence to be. Thus we say to Dr. Clarke, that it is matter, it is
      nature, acting by her own peculiar energy, of which no particle is ever in
      an absolute state of rest, which hath always existed. The various material
      bodies which this nature contains often change their form, their
      combination, their properties, their mode of action: but their principles
      or elements are indestructible—have never been able to commence.
      What this great scholar actually understands, when he makes the assertion
      "that an eternal duration is now actually past," is not quite so clear;
      yet he affirms, "that not to believe it would be a real and express
      contradiction." We may, however, safely admit his argument, "that when
      once any proposition is clearly demonstrated to, be true, it ought not to
      disturb us that there be perhaps some perplexing difficulties on the other
      side, which merely for want of adequate ideas of the manner of the
      existence of the things demonstrated, are not easily to be cleared."
    
2nd, "There has existed from eternity some one unchangeable and
      independent Being."

      We may fairly inquire what is this Being? Is it independent of its own
      peculiar essence, or of those properties which constitute it such as it
      is? We shall further inquire, if this Being, whatever it may be, can make
      the other beings which it produces, or which it moves, act otherwise than
      they do, according to the properties which it has given them? And in this
      case we shall ask, if this Being, such as it way be supposed to be, does
      not act necessarily; if it is not obliged to employ indispensible means to
      fulfil its designs, to arrive at the end which it either has, or may be
      supposed to have in view? Then we shall say, that nature is obliged to act
      after her essence; that every thing which takes place in her is necessary;
      but that she is independent of her forms.
    

      A man is said to be independent, when he is determined in his actions only
      by the general causes which are accustomed to move him; he is equally said
      to be dependent on another, when he cannot act but in consequence of the
      determination which this last gives him. A body is dependent on another
      body when it owes to it its existence, and its mode of action. A being
      existing from eternity cannot owe his existence to any other being; he
      cannot then be dependent upon him, except he owes his action to him; but
      it is evident that an eternal or self-existent Being contains in his own
      nature every thing that is necessary for him to act: then, matter being
      eternal, is necessarily independent in the sense we have explained; of
      course it hath no occasion for a mover upon which it ought to depend.
    

      This eternal Being is also immutable, if by this attribute be understood
      that he cannot change his nature; but if it be intended to infer by it
      that he cannot change his mode of action or existence, it is without doubt
      deceiving themselves, since even in supposing an immaterial being, they
      would be obliged to acknowledge in him different modes of being, different
      volitions, different ways of acting; particularly if he was not supposed
      totally deprived of action, in which case he would be perfectly useless.
      Indeed it follows of course that to change his mode of action he must
      necessarily change his manner of being. From hence it will be obvious,
      that the theologians, in making their gods immutable, render them
      immoveable, consequently they cannot act. An immutable being, could
      evidently neither have successive volition, nor produce successive action;
      if this being hath created matter, or given birth to the universe, there
      must have been a time in which he was willing that this matter, this
      universe, should exist; and this time must have been preceded by another
      time, in which he was willing that it might not yet exist. If God be the
      author of all things, as well as of the motion and of the combinations of
      matter, he is unceasingly occupied in producing and destroying; in
      consequence, he cannot be called immutable, touching his mode of existing.
      The material world always maintains itself by motion, and the continual
      change of its parts; the sum of the beings who compose it, or of the
      elements which act in it, is invariably the same; in this sense the
      immutability of the universe is much more easy of comprehension, much more
      demonstrable than that of an other being to whom, they would attribute all
      the effects, all the mutations which take place. Nature is not more to be
      accused of mutability, on account of the succession of its forms, than the
      eternal Being is by the theologians, by the diversity of his decrees. Here
      we shall be able to perceive that, supposing the laws by which nature acts
      to be immutable, it does not require tiny of these logical distinctions to
      account for the changes that take place: the mutation which results, is,
      on the contrary, a striking proof of the immutability of the system which
      produces them; and completely brings mature under the range of this second
      proposition as stated by Dr. Clarke.
    
3dly, "That unchangeable and independent Being which has existed from
      eternity without any eternal cause of its existence, must be
      self-existent, that is, necessarily existing."

      This proposition is merely a repetition of the first; we reply to it by
      inquiring, Why matter, which is indestructible, should not be
      self-existent? It is evident that a being who had no beginning, must be
      self-existent; if he had existed by another, he would have commenced to
      be; consequently he would not be eternal.
    
4thly, "What the substance or essence of that Being which is
      self-existent, or necessarily existing, is, we have no idea; neither is it
      at all possible for us to comprehend it."

      Dr. Clarke would perhaps have spoken more correctly if he had said his
      essence is impossible to be known: nevertheless, we shall readily concede
      that the essence of matter is incomprehensible, or at least that we
      conceive it very feebly by the manner in which we are affected by it; but
      without this we should be less able to conceive the Divinity, who would
      then be impervious on any side. Thus it must necessarily be concluded,
      that it is folly to argue upon it, since it is by matter alone we can have
      any knowledge of him; that is to say, by which we can assure ourselves of
      his existence,—by which we can at all guess at his qualities. In
      short we must conclude, that every thing related of the Divinity, either
      proves him material, or else proves the impossibility in which the human
      mind will always find itself, of conceiving any being different from
      matter; without extent, yet omnipresent; immaterial, yet acting upon
      matter; spiritual, yet producing matter; immutable, yet putting every
      thing in activity, &c.
    

      Indeed it must be allowed that the incomprehensibility of the Divinity
      does not distinguish him from matter; this will not be more easy of
      comprehension when we shall associate it with a being much less
      comprehensible than itself; we have some slender knowledge of it through
      some of its parts. We do not certainly know the essence of any being, if
      by that word we are to understand that which constitutes its peculiar
      nature. We only know matter by the sensations, the perceptions, the ideas
      which it furnishes; it is according to these that we judge it to be either
      favorable or unfavourable, following the particular disposition of our
      organs. But when a being does not act upon any part of our organic
      structure, it does not exist for us; we cannot, without exhibiting folly,
      without betraying our ignorance, without falling into obscurity, either
      speak of its nature, or assign its qualities; our senses are the only
      channel by which we could have formed the slightest idea of it; these not
      having received any impulse, we are, in point of fact, unacquainted with
      its existence. The incomprehensibility of the Divinity ought to convince
      man that it is a point at which he is bound to stop; indeed he is placed
      in a state of utter incapacity to proceed: this, however, would not suit
      with those speculators who are willing to reason upon him continually, to
      shew the depth of their learning,—to persuade the uninformed they
      understand that which is incomprehensible to all men; by which they expect
      to be able to submit him to their own views. Nevertheless, if the Divinity
      be incomprehensible, It would not be straining a point beyond its tension,
      to conclude that a priest, or metaphysician, did not comprehend him better
      than other men: it is not, perhaps, either the wisest or the surest way to
      become acquainted with him, to represent him to ourselves, by the
      imagination of a theologian.
    
5thly, "Though the substance, or essence of the self-existent Being, is
      in itself absolutely incomprehensible to us, yet many of the essential
      attributes of his nature are strictly demonstrable, as well as his
      existence. Thus, in the first place, the self-existent Being must of
      necessity be eternal."

      This proposition differs in nothing from the first, except Dr. Clarke does
      not here understand that as the self-existent Being had no beginning, he
      can have no end. However this may be, we must ever inquire, Why this
      should not be matter? We shall further observe, that matter not being
      capable of annihilation, exists necessarily, consequently will never cease
      to exist; that the human mind has no means of conceiving how matter should
      originate from that which is not itself matter: is it not obvious, that
      matter is necessary; that there is nothing, except its powers, its
      arrangement, its combinations, which are contingent or evanescent? The
      general motion is necessary, but the given motion is not so; only during
      the season that the particular combinations subsist, of which this motion
      is the consequence, or the effect: we may be competent to change the
      direction, to either accelerate or retard, to suspend or arrest, a
      particular motion, but the general motion can never possibly be
      annihilated. Man, in dying, ceases to live; that is to say, he no longer
      either walks, thinks, or acts in the mode which is peculiar to human
      organization: but the matter which composed his body, the matter which
      formed his mind, does not cease to move on that account: it simply becomes
      susceptible of another species of motion.
    
6thly, "The self-existent Being must of necessity be infinite and
      omnipresent."

      The word infinite presents only a negative idea—which excludes all
      bounds: it is evident that a being who exists necessarily, who is
      independent, cannot be limited by any thing which is out of himself; he
      must consequently be his own limits; in this sense we may say he is
      infinite.
    

      Touching what is said of his omnipresence, it is equally evident that if
      there be nothing exterior to this being, either there is no place in which
      he must not be present, or that there will be only himself and the vacuum.
      This granted, I shall inquire if matter exists; if it does not at least
      occupy a portion of space? In this case, matter, or the universe, must
      exclude every other being who is not matter, from that place which the
      material beings occupy in space. In asking whether the gods of the
      theologians be by chance the abstract being which they call the vacuum or
      space, they will reply, no! They will further insist, that their gods, who
      are not matter, penetrate that which is matter. But it must be obvious,
      that to penetrate matter, it is necessary to have some correspondence with
      matter, consequently to have extent; now to have extent, is to have one of
      the properties of matter. If the Divinity penetrates matter, then he is
      material; by a necessary deduction he is inseparable from matter; then if
      he is omnipresent, he will be in every thing. This the theologian will not
      allow: he will say it is a mystery; by which I shall understand that he is
      himself ignorant how to account for his own positions; this will not be
      the case with making nature act after immutable laws; she will of
      necessity be every where, in my body, in my arm, in every other material
      being, because matter composes them all. The Divinity who has given this
      invariable system, will without any incongruous reasoning, without any
      subterfuge, be also present every where, inasmuch as the laws he has
      prescribed will unchangeably act through the whole; this does not seem
      inconsistent with reason to suppose.
    
7th, "The Self-existent Being must of necessity be but one."

      If there he nothing exterior to a being who exists necessarily, it must
      follow that he is unique. It will be obvious that this proposition is the
      same with the preceding one; at least, if they are not willing to deny the
      existence of the material world.
    
8th, "The self-existent and original Cause of all things, must be an
      intelligent being."

      Here Dr. Clarke most unquestionably assigneth a human quality:
      intelligence is a faculty appertaining to organized or animated beings, of
      which we have no knowledge out of these beings. To have intelligence, it
      is necessary to think; to think, it is requisite to have ideas; to have ideas,
      supposes senses; when senses exist they are material; when they are
      material, they cannot be a pure spirit, in the language of the theologian.
    

      The necessary Being who comprehends, who contains, who produces animated
      beings, contains, includes, and produceth intelligence. But has the great
      whole a peculiar intelligence, which moveth it, which maketh it act, which
      determineth it in the mode that intelligence moves and determines animated
      bodies; or rather, is not this intelligence the consequence of immutable
      laws, a certain modification resulting from certain combinations of
      matter, which exists under one form of these combinations, but is wanting
      under another form? This is assuredly what nothing is competent
      absolutely, and demonstrably to prove. Man having placed himself in the
      first rank in the universe, has been desirous to judge of every thing
      after what he saw within himself, because he hath pretended that in order
      to be perfect it was necessary to be like himself. Here is the source of
      all his erroneous reasoning upon nature—the foundation of his ideas
      upon his gods. He has therefore concluded, perhaps not with the most
      polished wisdom, that it would be indecorous in himself, injurious to the
      Divinity, not to invest him with a quality which is found estimable in man—which
      he prizes highly—to which he attaches the idea of perfection—which
      he considers as a manifest proof of superiority. He sees his
      fellow-creature is offended when he is thought to lack intelligence; he
      therefore judges it to be the same with the Divinity. He denies this
      quality to nature, because he considers her a mass of ignoble matter,
      incapable of self-action; although she contains and produces intelligent
      beings. But this is rather a personification of an abstract quality, than
      an attribute of the Deity, with whose perfections, with whose mode of
      existence, he cannot by any possible means become acquainted according to
      the fifth proposition of Dr. Clarke himself. It is in the earth that is
      engendered those living animals called worms; yet we do not say the earth
      is a living creature. The bread which man eats, the wine that he drinks,
      are not themselves thinking substances; yet they nourish, sustain, and
      cause those beings to think, who are susceptible of this modification of
      their existence. It is likewise in nature, that is formed intelligent,
      feeling, thinking beings; yet it cannot be rationally said, that nature
      feels, thinks, and is intelligent after the manner of these beings, who
      nevertheless spring out of her bosom.
    

      How! cries the metaphysician, the subtilizing philosopher, what! refuse to
      the Divinity, those qualities we discover in his creatures? Must, then,
      the work be more perfect than the workman? Shall God, who made the eye,
      not himself see? Shall God, who formed the ear, not himself hear! This at
      a superficial view appears insuperable: but are the questioners, however
      triumphantly they may make the inquiry, themselves aware of the length
      this would carry them, even if their queries were answered with the most
      unqualified affirmative? Have they sufficiently reflected on the tendency
      of this mode of reasoning? If this be admitted as a postulatum, are they
      prepared to follow it in all its extent? Suppose their argument granted,
      what is to be done with all those other qualities upon which man does not
      set so high a value? Are they also to be ascribed to the Divinity, because
      we do not refuse him qualities possessed by his creatures? By a parity of
      reasoning we should attach faculties that would be degrading to the
      Divinity. Thus it ever happens with those who travel out of the limits of
      their own knowledge; they involve themselves in perpetual contradictions
      which they can never reconcile; which only serve to prove that in arguing
      upon points, on which universal ignorance prevails, the result is
      constantly that all the deductions made from such unsteady principles,
      must of necessity be at war with each other, in hostility with themselves.
      Thus, although we cannot help feeling the profound wisdom, that must have
      dictated the system we see act with such uniformity, with such constancy,
      with such astonishing power, we cannot form the most slender idea of the
      particular nature of that wisdom; because if we were for an instant to
      assimilate it to our own, weak and feeble as it is, we should from that
      instant be in a state of contradiction; seeing we could not then avoid
      considering the evil we witness, the sorrow we experience, as a
      dereliction of this wisdom, which at least proves one great truth, that
      we are utterly incapable of forming an idea of the Divinity. But in
      contemplating things as our own experience warrants in whatever we do
      understand, in considering nature as acting by unchangeable laws, we find
      good and evil necessarily existing, without at all involving the wisdom of
      the great Cause of causes; who thus has no need to remedy that,
      which the further progress of the eternal system will regulate of itself,
      or which industry and patient research on our parts will enable us to
      discover the means of futurely avoiding.
    
9th, "The self-existent and original Cause of all things, is not a
      necessary agent, but a being endued with liberty and choice."
    

      Man is called free, when he finds within himself motives that determine
      him to action, or when his will meets no obstacle to the performance of
      that to which his motives have determined him. The necessary Being of
      which question is here made, doth he find no obstacles to the execution of
      the projects which are attributed to him? Is he willing, adopting their
      own hypothesis, that evil should be committed, or can he not prevent it?
      In this latter case he is not free; if his will does meet with obstacles,
      if he is willing to permit evil; then he suffers man to restrain his
      liberty, by deranging his projects; if he has not these projects, then
      they are themselves in error who ascribe them to him. How will the
      metaphysicians draw themselves out of this perplexing intricacy?
    

      The further a theologian goes, whilst considering his gods as possessed of
      human qualities, as acting by mortal motives, the more he flounders—the
      greater the mass of contradiction he heaps together: thus if it be asked
      of him, can God reward crime, punish virtue, he will immediately answer,
      no! In this answer he will have truth: but then this truth, and the
      freedom which is ascribed to him, cannot, according to human ideas, exist
      together; because if this being cannot love vice, cannot hate virtue, and
      it is evident he cannot, he is in fact not more free than man himself.
      Again, God is said to have made a covenant with his creatures; now it is
      the very essence of a covenant to restrict choice; and that being must be
      considered a necessary agent who is under the necessity of fulfilling any
      given act. As it is impossible to suppose the Divinity can act
      irrationally, it must be conceded that as he made these laws, he is
      himself obliged to follow them: because if he was not, as we must again
      suppose he does nothing without a good reason, he would thereby imply,
      that the mode of action he adopted would be wiser; which would again
      involve a contradiction. The theologians fearing, without doubt, to
      restrain the liberty of the Divinity, have supposed it was necessary that
      he should not be bound by his own laws, in which they have shewn somewhat
      more ignorance of their subject than they imagined.
    
10th, "The self-existent Being, the supreme Cause of all things, must
      of necessity have infinite power."

      As nature is adequate to produce every thing we see—as she contains
      the whole united power of the universe, her power has consequently no
      limits: the being who conferred this power cannot have less. But if the
      ideas of the theologians were adopted, this power would not appear quite
      so unlimited; since, according to them, man is a free agent, consequently
      has the means of acting contrary to this power, which at once sets a
      boundary to it. An equitable monarch is perhaps nothing less than he is a
      free agent; when he believes himself bound to act conformably to the laws,
      which he has sworn to observe, or which he cannot violate without wounding
      his justice. The theologian is a man who may be very fairly estimated
      neuter; because he destroys with one hand what he establishes with the
      other.
    
11th, "The Supreme Cause and Author of all things, must of necessity be
      infinitely wise."

      As nature produces all things by certain immutable laws, it will require
      no great difficulty to allow that she may be infinitely wise: indeed,
      whatever side of the argument may be taken, this fact will result as a
      necessary consequence. It will hardly admit of a question that all things
      are produced by nature: if, therefore, we do not allow her wisdom to be
      first rate, it would be an insult to the Divinity, who gave her her
      system. If the theologian himself is to take the lead, he also admits that
      nature operates under the immediate auspices of his gods; whatever she
      does, must then, according to his own shewing, be executed with the most
      polished wisdom. But the theologian is not satisfied with going thus far:
      he will insist, not only that he knows what these things are, but also
      that he knows the end they have in view: this, unfortunately, is the rock
      he splits upon. According to his own admission, the ways of God are
      impenetrable to man. If we grant his position, what is the result? Why,
      that it is at random he speaks. If these ways are impenetrable, by what
      means did he acquire his knowledge of them? How did he discover the end
      proposed by the Deity? If they are not impenetrable, they then can be
      equally known to other men as to himself. The theologian would be puzzled
      to shew he has any more privileges in nature than his fellow mortals.
      Again, if he has asserted these things to be impenetrable, when they are
      not so, he is then in the situation that he has himself placed Mahomet: he
      is no longer worthy of being attended to, because he has swerved from
      veracity. It certainly is not very consistent with the sublime idea of the
      Divinity that he should be clothed with that weak, vain passion of man,
      called glory: the being who had the faculty of producing such a system as
      it operated in nature, could hardly be supposed to have such a frivolous
      passion as we know this to be in our fellows: and as we can never reason
      but after what we do know, it would appear nothing can be more
      inconsistent than thus continually heaping together our own feeble,
      inconsistent views, and then supposing the great Cause of causes
      acts by such futile rules.
    
12th, "The supreme Cause and Author of all things must of necessity be
      a being of infinite goodness, justice, and truth, and all other moral
      perfections, such as become the supreme governor and judge of the world."

      We must again repeat that these are human qualities drawn from the model
      of man himself; they only suppose a being of the human species, who should
      be divested of what we call imperfections: this is certainly the highest
      point of view in which our finite minds are capable of contemplating the
      Divinity: but as this being has neither species nor cause, consequently no
      fellow creatures, he must necessarily be of an order so different to man,
      that human faculties can in no wise be appropriately assigned to him. The
      idea of perfection, as man understands it, is an abstract, metaphysical,
      negative idea, of which he has no archetype whereby to form a judgment: he
      would call that a perfect being, who, similar to himself, was wanting in
      those qualities which he finds prejudicial to him; but such a being would
      after all be no wore than a man. It is always relatively to himself, to
      his own mode of feeling and of thinking, that a thing is either perfect or
      imperfect; it is according to this, that in his eyes a thing is more or
      less useful or prejudicial; agreeable or disagreeable. Justice includes
      all moral perfections. One of the most prominent features of justice, in
      the ideas of man, is the equity of the relations subsisting between
      beings, founded upon their mutual wants. According to the theologian, his
      gods owe nothing to man. How then does he measure out his ideas of
      justice? For a monarch to say he owed nothing to his subjects, would be
      considered, even by this theologian himself, as rank injustice; because he
      would expect the fulfilment of duties on their part, without exercising
      those which devolved upon himself. Duties, according to the only idea man
      can form of them, must be reciprocal. It is rather stretching the human
      capabilities, to understand the relations between a pure spirit and
      material beings—between finity and infinity—between eternal
      beings and those which are transitory: thus it is, that metaphysics hold
      forth an inconceivable being by the very attributes with which they clothe
      him; for either he has these attributes, or he has them not: whether he
      has them or has them not, man can only understand them after his own
      powers of comprehension. If he does at all understand them, he cannot have
      the slightest idea of justice unaccompanied by duties, which are the very
      basis, the superstructure, the pillars upon which this virtue rests.
      Whether we are to view it as self-love or ignorance in the theologian,
      that he thus dresses up his gods after himself, it certainly was not the
      happiest effort of his imagination to work by an inverse rule: for,
      according to himself, the qualities he describes are all the negation of
      what he calls them. Doctor Clarke himself stumbles a little upon these
      points; he insists upon free agency, and uses this extraordinary method to
      support his argument; he says, "God is, by necessity, a free agent: and he
      can no more possibly cease to be so, than he can cease to exist. He must
      of necessity, every moment choose to act, or choose to forbear acting;
      because two contradictories cannot possibly be true at once. Man also is
      by necessity, not in the nature of things, but through God's appointment,
      a free agent. And it is no otherwise in his power to cease to be such,
      than by depriving himself of life." Will Doctor Clarke permit us to put
      one simple question: If to be obligated to do a certain given thing, is to
      be free, what is it to be coerced? Or if two contradictories cannot be
      true at once, by what rule of logic are we to measure the idea of that
      freedom which arises out of necessity. Supposing necessity to be what Dr.
      Johnson, (using Milton as his authority) says it is, "compulsion,"
      "fatality," would it be considered a man was less restrained in his
      actions because he was only compelled to do what was right? The restraint
      would undoubtedly he beneficial to him, but it would not therefore render
      him more a free agent. If the Divinity cannot love wickedness, cannot hate
      goodness, (and surely the theologians themselves will not pretend he can,)
      then the power of choice has no existence as far as these two things are
      concerned; and this upon Clarke's own principle, because two
      contradictories cannot be true at once. Nothing could, I think, appear a
      greater contradiction, than the idea that the Great Cause of causes
      could by any possibility love vice: if such a monstrous principle could
      for a moment have existence, there would be an end of all the foundations
      of religion.
    

      The Doctor is very little happier in reasoning upon immateriality.
      He says, by way of illustrating his argument, "that it is possible to
      infinite power to create an immaterial cogitative substance, endued with a
      power of beginning motion, and with a liberty of will or choice." Again,
      "that immaterial substances are not impossible; or, that a substance
      immaterial is not a contradictory notion. Now, whoever asserts that it is
      contradictory, must affirm that whatever is not matter is nothing; and
      that, to say any thing exists which is not matter, is saying that there
      exists something which is nothing, which in other words is plainly this,—that
      whatever we have not an idea of, is nothing, and impossible to be." It
      could, I am apt to believe, never have entered into any reasonable mind
      that a thing was impossible because he could have no idea of it:—many
      things, on the contrary, are possible, of which we have not the most
      slender notion: but it does not, I presume, flow consecutively out of this
      admission, that therefore every thing is, which is not impossible. Doctor
      Clarke then, rather begs the question on this occasion. In the schools it
      is never considered requisite to prove a negative; indeed, this is ranked
      by logicians amongst those things impossible to be, but it is considered
      of the highest importance to soundness of argument, to establish the
      affirmative by the most conclusive reasoning. Taking this for granted, we
      will apply the doctor's own reasoning. He says, "Nothing is that of which
      every thing, can truly be affirmed. So that the idea of nothing, if I may
      so speak, is absolutely the negative of all ideas; the idea, therefore,
      either of a finite or infinite nothing is a contradiction in terms." To
      affirm, of a thing with truth, it must be necessary to be acquainted with
      that thing. To have ideas, as we have already proved, it is necessary to
      have perceptions; to have perceptions, it is requisite to have sensations;
      to have sensations, requires organs. An idea cannot be, and not be, at the
      same moment: the idea of substance, it will scarcely be denied, is that of
      a thing solid, real, according to Dryden; capable of supporting accidents,
      according to Watts; something of which we can say that it is, according to
      Davies; body, corporeal nature, according to Newton; the idea of
      immaterial, according to Hooker, is incorporeal. How then am I to
      understand immaterial substance? Is it not, according to these
      definitions, that which cannot couple together? If a thing be immaterial,
      it cannot be a substance; if a substance, it cannot be immaterial: those I
      apprehend will not have many ideas, who do not see this is a complete
      negative of all ideas. If, therefore, on the outset, the doctor cannot
      find words, by which he can convey the idea of that of which he is so
      desirous to prove the existence, by what chain of reasoning does he
      flatter himself that he is to be understood? He will endeavour to draw out
      of this dilemma, by assuring as there are things which we can neither see
      nor touch, but which do not the less exist on that account. Granted: but
      from thence we can neither reason upon them, nor assign them qualities; we
      must at least either feel them or something like them, before we can have
      any idea of them: this, however, would not prove they were not substances,
      nor that substances can be immaterial. A thing may with great possibility
      exist of which we have no knowledge, and yet be material; but I maintain
      until we have a knowledge of it, it exists not for us, any more than
      colours exist for a man born blind; the man who has sight knows they do
      exist, can describe them to his dark neighbour; from this description the
      blind man may form some idea of them by analogy with what he himself
      already knows; or, perhaps, having a finer tact than his neighbour, he may
      be enabled to distinguish them by their surfaces; it would, therefore, be
      bad reasoning in the man born blind, to deny the existence of colours;
      because although these colours may have no relation with the senses in the
      absence of sight, they have with those who have it in their power to see
      and to know them: this blind man, however, would-appear a little
      ridiculous if he undertook to define them with all their gradations of
      shade; with all their variations under different masses of light. Again,
      if those who were competent to discriminate these modifications of matter
      called colours, were to define them to this blind man, as those
      modifications of matter called sound, would the blind man be able to have
      any conception of them? It certainly would not be wise in him to aver,
      that such a thing as colorific sound had no existence, was impossible; but
      at least he would be very justifiable in saying, they appeared
      contradictions, because he had some ideas of sound which did not at all
      aid him in forming those of colour; he would not, perhaps, be very
      inconclusive if he suspected the competency of his informer to the
      definition attempted, from his inability to convey to him in any distinct,
      understood terms, his own ideas of colours. The theologian is a blind man,
      who would explain to others who are also blind, the shades and colours of
      a portrait whose original he has not even stumbled upon in the dark. There
      is nothing incongruous in supposing that every thing which has existence
      is matter; but it requires the complete inversion of all our ideas, to
      conceive that which is immaterial; because, in point of fact, this would
      be a quality of which "nothing can with truth be affirmed."
    

      It is, indeed true, that Plato, who was a great creator of chimeras, says,
      "those who admit nothing but what they can see and feel, are stupid
      ignorant beings, who refuse to admit the reality of the existence of
      invisible things." With all due deference to such an authority, we may
      still venture to ask, is there then no difference, no shade, no gradation,
      between an admission of possibilities and the proof of realities. Theology
      would then be the only science in which it is permitted to conclude that a
      thing is, as soon as it is possible to be. Will the assertion of either
      Clarke or Plato stand absolutely in place of all evidence? Would they
      themselves permit such to be convincing if used against them? The
      theologians evidently hold this Platonic, this dogmatical language; they
      have dreamed the dreams of their master; perhaps if they were examined a
      little, they would be found nothing more than the result of those obscure
      notions, those unintelligible metaphysics, adopted by the Egyptian,
      Chaldean, and Assyrian priests, among whom Plato drew up his philosophy.
      If, however, philosophy means that which we are led to suppose it does, by
      the great John Locke, it is "a system by which natural effects are
      explained." Taken in this sense we shall be under the necessity of
      agreeing, that the Platonic doctrines in no wise merit this distinction,
      seeing he has only drawn the human mind from the contemplation of visible
      nature, to plunge it into the unfathomable depths of invisibility—of
      intangibility—of suppositious speculation, where it can find little
      other food except chimeras or conjecture. Such a philosophy is rather
      fantastical, yet it would seem we are required to subscribe to its
      positions without being allowed to compare them with reason, to examine
      them through the medium of experience, to try the gold by the action of
      fire: thus we have in abundance the terms spirits, incorporeal substances,
      invisible powers, supernatural effects, innate ideas, mysterious virtues,
      possessed by demons, &c. &c. which render our senses entirely
      useless, which put to flight every thing like experience; while we are
      gravely told that "nothing is that, of which no thing can truly be
      affirmed." Whoever may be willing to take the trouble of reading the works
      of Plato and his disciples, such as Proclus, Iamblicus, Plotinus, and
      others, will not fail to find in them almost every doctrine, every
      metaphysical subject of the theologian; in fact, the theurgy of many of
      the modern superstitions, which for the most part seems to be little more
      than a slight variation of that adopted by the ethnic priests. Dreamers
      have not had that variety in their follies, that has generally been
      imagined. That some of these things should be extensively admitted, by no
      means affords proof of their existence. Nothing appears more facile than
      to make mankind admit the greatest absurdities, under the imposing name of
      mysteries; after having imbued him from his infancy with maxims calculated
      to hoodwink his reason—to lead him astray—to prevent him from
      examining that which he is told he must believe. Of this there cannot well
      exist a more decisive proof than the great extent of country, the millions
      of human beings who faithfully and without examination have adopted the
      idle dreams, the rank absurdities, of that arch impostor Mahomet. However
      this may be, we shall be obliged again to reply to Plato, and to those of
      his followers who impose upon us the necessity of believing that which we
      cannot comprehend, that, in order to know that a thing exists, it is at
      least necessary to have some idea of it; that this idea can only come to
      us by the medium of our senses; that consequently every thing of which our
      senses do not give us a knowledge, is in fact nothing for us; and can only
      rest upon our faith; upon that admission which is pretty generally, even
      by the theologian himself, considered as rather a sandy foundation whereon
      to erect the altar of truth: that if there be an absurdity in not
      accrediting the existence of that which we do not know, there is no less
      extravagance in assigning it qualities; in reasoning upon its properties;
      in clothing it with faculties, which may or may not be suitable to its
      mode of existence; in substituting idols of our own creation; in combining
      incompatible attributes, which will neither bear the test of experience
      nor the scrutiny of reason; and then endeavouring to make the whole pass
      current by dint of the word infinite, which we will now examine.
    

      Infinite, according to Dennis, means "boundless, unlimited." Doctor Clarke
      thus describes it:—he says, "The self-existent being must be a most
      simple, unchangeable incorruptible being; without parts, figure, motion,
      divisibility, or any other such properties as we find in matter. For all
      these things do plainly and necessarily imply finiteness in their very
      notion, and are utterly inconsistent with complete infinity." Ingenuously,
      is it possible for man to form any true notion of such a quality? The
      theologians themselves acknowledge he cannot. Further, the Doctor allows,
      "That as to the particular manner of his being infinite, or every where
      present, in opposition to the manner of created things being present in
      such or such finite places, this is as impossible for our finite
      understandings to comprehend or explain, as it is for us to form an
      adequate idea of infinity." What is this, then, but that which no man can
      explain or comprehend? If it cannot be comprehended, it cannot be
      detailed; if it cannot be detailed, it is precisely "that of which nothing
      can with truth be affirmed;" and this is Dr. Clarke's own explanation of
      nothing. Indeed, is not the human mind obliged by its very nature to join
      limited quantities to other quantities, which it can only conceive as
      limited, in order to form to itself a sort of confused idea of something
      beyond its own grasp, without ever reaching the point of infinity, which
      eludes every attempt at definition? Then it would appear that it is an
      abstraction, a mere negation of limitation.
    

      Our learned adversary seems to think it strange that the existence of
      incorporeal, immaterial substances, the essence of which we are not able
      to comprehend, should not be generally accredited. To enforce this belief,
      he says, "There is not so mean and contemptible a plant or animal, that
      does not confound the most enlarged understanding, upon earth: nay, even
      the simplest and plainest of all inanimate beings have their essence or
      substance hidden from us in the deepest and most impenetrable obscurity."
    

      We shall reply to him,
    
First, That the idea of an immaterial substance; or being without
      extent, is only an absence of ideas, a negation of extent, as we have
      already shewn; that when we are told a being is not matter, they speak to
      us of that which is not, and do not teach us that which is; because by
      insisting that a being is such, that it cannot act upon any of our senses,
      they, in fact, inform us that we have no means of assuring ourselves
      whether such being exists or not.
    
Secondly, We shall avow without the least hesitation, that men of
      the greatest genius, of the most indefatigable research, are not
      acquainted with the essence of stones, plants, animals, nor with the
      secret springs which constitute some, which make others vegetate or act:
      but then at least we either feel them or see them; our senses have a
      knowledge of them in some respects; we can perceive some of their effects;
      we have something whereby to judge of them, either accurately or
      inaccurately; we can conceive that which is matter, however varied,
      however subtle, however minute, by analogy with other matter; but our
      senses cannot compass that which is immaterial on any side; we cannot by
      any possible means understand it; we have no means whatever of
      ascertaining its existence; consequently we cannot even form an idea of
      it; such a being is to us an occult principle, or rather a being which
      imagination has composed, by deducting from it every known quality. If we
      are ignorant of the intimate combination of the most material beings, we
      at least discover, with the aid of experience, some of their relations
      with ourselves: we have a knowledge of their surface, their extent, their
      form, their colour, their softness, their density; by the impressions they
      make on our senses, we are capable of discriminating them—of
      comparing them—of judging of them in some manner—of seeing
      them—of either avoiding or courting them, according to the different
      modes in which we are affected by them; we cannot apply any of these tests
      to immaterial beings; to spirits; neither can those men who are
      unceasingly talking to mankind of these inconceivable things.
    
Thirdly, We have a consciousness of certain modifications in
      ourselves, which we call sentiment, thought, will, passions: for want of
      being acquainted with our own peculiar essence; for want of precisely
      understanding the energy of our own particular organization, we attribute
      these effects to a concealed cause, distinguished from ourselves; which
      the theologians call a spiritual cause, inasmuch as it appears to act
      differently from our body. Nevertheless, reflection, experience, every
      thing by which we are enabled to form any kind of judgment, proves that
      material effects can only emanate from material causes. We see nothing in
      the universe but physical, material effects, these can only be produced by
      analogous causes; it is, then certainly more rational to attribute them to
      nature herself, of which we may know something, if we will but deign to
      meditate her with attention, rather than to spiritual causes, of which we
      must for ever remain ignorant, let us study them as long as we please.
    

      If incomprehensibility be not a sufficient reason for absolutely denying
      the possibility of immateriality, it certainly is not of a cogency to
      establish its existence; we shall always be less in a capacity to
      comprehend a spiritual cause, than one that is material; because
      materiality is a known quality; spirituality is an occult, an unknown
      quality; or rather it is a mode of speech of which we avail ourselves to
      throw a veil over our own ignorance. We are repeatedly told that our
      senses only bring us acquainted with the external of things; that our
      limited ideas are not capable of conceiving immaterial beings: we agree
      frankly to this position; but then our senses do not even shew us the
      external of these immaterial substances, Which the theologians will
      nevertheless attempt to define to us; upon which they unceasingly dispute
      among themselves; upon which even until this day they are not in perfect
      unison with each other. The great John Locke in his familiar letters,
      says, "I greatly esteem all those who faithfully defend their opinions;
      but there are so few persons who, according to the manner they do defend
      them, appear fully convinced of the opinions they profess, that I am
      tempted to believe there are more sceptics in the world than are generally
      imagined."
    

      Abady, one of the most strenuous supporters of immaterialism, says, "The
      question is not what incorporeity is, but whether it be." To settle this
      disputable point, it were necessary to have some data whereon to form our
      judgment; but how assure ourselves of the existence of that, of which we
      shall never be competent to have a knowledge? If we are not told what this
      is; if some tangible evidence be not offered to the human mind; how shall
      we feel ourselves capacitated to judge whether or not its existence be
      even possible? How form an estimate of that picture whose colours elude
      our sight, whose design we cannot perceive, whose features have no means
      of becoming familiar to our mind, whose very canvas refuses itself to our
      all research, of which the artist himself can afford no other idea, no
      other description, but that it is, although he himself can neither shew us
      how or where! We have seen the ruinous foundations upon which men have
      hitherto erected this fanciful idea of immateriality; we have examined the
      proofs which they have offered, if proofs they can be called, in support
      of their hypothesis; we have sifted the evidence they have been willing to
      have accredited, in order to establish their position; we have pointed out
      the numberless contradictions that result from their want of union on this
      subject, from the irreconcileable qualities with which they clothe their
      imaginary system. What conclusion, then, ought fairly, rationally,
      consistently, to be drawn from the whole? Can we, or can we not admit
      their argument to be conclusive, such as ought to be received by beings
      who think themselves sane? Will it allow any other inference than that it
      has no existence; that immateriality is a quality hitherto unproved; the
      idea of which the mind of man has no means of compassing? Still they will
      insist, "there are no contradictions between the qualities which they
      attribute to these immaterial substances; but there is a difference
      between the understanding of man and the nature of these substances." This
      granted, are they nearer the point at which they labour? What standard is
      it necessary man should possess, to enable him to judge of these
      substances? Can they shew the test that will lead to an acquaintance with
      them? Are not those who have thus given loose to their imagination, who
      have given birth to this system, themselves men? Does not the
      disproportion, of which they speak with such amazing confidence, attach to
      themselves as well as to others? If it needs an infinite mind to
      comprehend infinity—to form an idea of incorporeity—can the
      theologian himself boast he is in a capacity to understand it? To what
      purpose then is it they speak of these things to others? Why do they
      attempt descriptions of that which they allow to be indescribable? Man,
      who will never be an infinite being, will never be able to conceive
      infinity; if, then, he has hitherto been incompetent to this perfection of
      knowledge, can he reasonably flatter himself he will ever obtain it; can
      he hope under any circumstances to conquer that which according to the
      shewing of all is unconquerable?
    

      Nevertheless it is pretended, that it is absolutely necessary to know
      these substances: but how prove the necessity of having a knowledge of
      that which is impossible to be known? We are then told that good sense and
      reason are sufficient to convince us of its existence: this is taking new
      ground, when the old has been found untenable: for we are also told that
      reason is a treacherous guide; one that frequently leads us astray; that
      in religious matters it ought not to prevail: at least then they ought to
      shew us the precise time when we must resume this reason. Shall we consult
      it again, when the question is, whether what they relate is probable;
      whether the discordant qualities which they unite are consistently
      combined; whether their own arguments have all that solidity which they
      would themselves wish them to possess? But we have strangely mistaken them
      if they are willing that we should recur to it upon these points; they
      will instead, insist we ought blindly to be directed by that which they
      vouchsafe to inform us; that the most certain road to happiness is to
      submit in all things to that which they have thought proper to decide on
      the nature of things, of which they avow their own ignorance, when they
      assert them to be beyond the reach of mortals. Thus it would appear that
      when we should consent to accredit these mysteries, it would never arise
      of our own knowledge; seeing this can no otherwise obtain but by the
      effect of demonstrable evidence; it would never arise from any intimate
      conviction of our minds; but it would be entirely on the word of the
      theologian himself, that we should ground our faith; that we should yield
      our belief. If these things are to the human species what colours are to
      the man born blind, they have at least no existence with relation to
      ourselves. It will avail the blind man nothing to tell him these colours
      have no less existence, because he cannot see them. But what shall we say
      of that portrait whose colours the blind man attempts to explain, whose
      features he is willing we should receive upon his authority, whose
      proportions are to be taken from his description, merely because we know
      he cannot behold them?
    

      The Doctor, although unwilling to relinquish his subject, removes none of
      the difficulty when he asks, "Are our five senses, by an absolute
      necessity in the nature of the thing, all and the only possible ways of
      perception? And is it impossible and contradictory there should be any
      being in the universe, indued with ways of perception different from these
      that are the result of our present composition? Or are these things, on
      the contrary, purely arbitrary; and the same power that gave us these, may
      have given others to other beings, and might, if he had pleased have given
      to us others in this present state?" It seems perfectly unnecessary to the
      true point of the argument to reason upon what can or cannot be done: I
      therefore reply, that the fact is, we have but five senses: by the aid of
      these man is not competent to form any idea whatever of immateriality; but
      he is also in as absolute a state of ignorance, upon what might be his
      capabilities of conception, if he had more senses. It is rather
      acknowledging a weakness in his evidence, on the part of the Doctor, to be
      thus obliged to rest it upon the supposition of what might be the case, if
      man was a being different to what he is; in other words, that they would
      be convincing to mankind if the human race were not human beings.
      Therefore to demand what the Divinity could have done in such a case, is
      to suppose the thing in question, seeing we cannot form an idea how far
      the power of the Divinity extends: but we may be reasonably allowed to use
      the theological argument in elucidation; these men very gravely insist,
      upon what authority must be best known to themselves, "that God cannot
      communicate to his works that perfection which he himself possesses;" at
      the same moment they do not fail to announce his omnipotence. Will it
      require any capacity, more than is the common lot of a child, to
      comprehend the absurd contradiction of the two assertions? As beings
      possessing but five senses, we must then, of necessity, regulate our
      judgment by the information they are capable of affording us: we cannot,
      by any possibility, have a knowledge of those, which confer the capacity
      to comprehend beings, of an order entirely distinguished from that in
      which we occupy a place. We are ignorant of the mode in which even plants
      vegetate, how then be acquainted with that which has no affinity with
      ourselves? A man born blind, has only the use of four senses; he has not
      the right, however, of assuming it as a fact, there does not exist an
      extra sense for others; but he may very reasonably, and with great truth
      aver, that he has no idea of the effects which would be produced in him,
      by the sense which he lacks: notwithstanding, if this blind man was
      surrounded by other men, whose birth had also left them devoid or sight,
      might he not without any very unwarrantable presumption, be authorized to
      inquire of them by what right, upon what authority, they spoke to him of a
      sense they did not themselves possess; how they were enabled to reason, to
      detail the minutiae of that sensation upon which their own peculiar
      experience taught them nothing?
    

      In short, we can again reply to Dr. Clarke, and to the theologians, that
      following up their own systems, the supposition is impossible, and ought
      not to be made, seeing that the Divinity, who according to their own
      shewing, made man, was not willing that he should have more than five
      senses; in other words, that he should be nothing but what he actually is;
      they all found the existence of these immaterial substances upon the
      necessity of a power that has the faculty to give a commencement to
      motion. But if matter has always existed, of which there does not seem to
      exist a doubt, it has always had motion, which is as essential to it as
      its extent, and flows from its primitive properties. Indeed the human
      mind, with its five senses, is not more competent to comprehend matter
      devoid of motion, than it is to understand the peculiar quality of
      immateriality: motion therefore exists only in and by matter; mobility is
      a consequence of its existence; not that the great whole can occupy other
      parts of space than it actually does; the impossibility of that needs no
      argument, but all its parts can change their respective situations—do
      continually change them; it is from thence results the preservation, the
      life of nature, which is always as a whole immutable: but in supposing, as
      is done every day, that matter is inert, that is to say, incapable of
      producing any thing by itself, without the assistance of a moving power,
      which sets it in motion, are we by any means enabled to conceive that
      material nature receives this activity from an agent, who partakes in
      nothing of material substance? Can man really figure to himself, even in
      idea, that that which has no one property of matter, can create matter,
      draw it from its own peculiar source, arrange it, penetrate it, give it
      play, guide its course? Is it not, on the contrary, more rational to the
      mind, more consistent with truth, more congenial to experience, to suppose
      that the being who made matter is himself material: is there the smallest
      necessity to suppose otherwise? Can it make man either better or worse,
      that he should consider the whole that exists as material? Will it in any
      manner make him a worse subject to his sovereign; a worse father to his
      children; a more unkind husband; a more faithless friend?
    

      Motion, then, is co-eternal with matter: from all eternity the particles
      of the universe have acted and reacted upon each other, by virtue of their
      respective energies; of their peculiar essences; of their primitive
      elements; of their various combinations. These particles must have
      combined in consequence of their affinity; they must have been either
      attracted or repelled by their respective relations with each other; in
      virtue of these various essences, they must have gravitated one upon the
      other; united when they were analagous; separated when that analogy was
      dissolved, by the approach of heterogeneous matter; they must have
      received their forms, undergone a change of figure, by the continual
      collision of bodies. In a material world the acting powers must be
      material: in a whole every part of which is essentially in motion, there
      is no occasion for a power distinguished from itself; the whole must be in
      perpetual motion by its own peculiar energy. The general motion, as we
      have elsewhere proved, has its birth from the individual motion, which
      beings ever active must uninterruptedly communicate to each other. Thus
      every cause produces its effect; this effect in its turn becomes a cause,
      which in like manner produces an effect; this constitutes the eternal
      chain of things, which although perpetually changing in its detail,
      suffers no change in its whole.
    

      Theology, after all, has seldom done more than personify this eternal
      series of motion; the principle of mobility inherent to matter: it has
      clothed this principle with human qualities, by which it has rendered it
      unintelligible: in applying these properties, they have taken no means of
      understanding how far they were suitable or not: in their eagerness to
      make them assimilate, they have extended them beyond their own conception;
      they have heaped them together without any judgment; and they have been
      surprised when these qualities, contradictory in themselves, did not
      enable them satisfactorily to account for all the phenomena they beheld;
      from thence they have wrangled; accused each other of imbecility; yet
      infuriated themselves against whoever had the temerity to question that
      which they did not themselves understand; in short, they have acted like a
      man who should insist that all other men should have precisely the same
      vision that he himself had dreamed.
    

      Be this as it may, the greater portion of what either Dr. Clarke or the
      theologians tell us, becomes, in some respects, sufficiently intelligible
      as soon as applied to nature—to matter: it is eternal, that is to
      say, it cannot have had a commencement, it never will have an end; it is
      infinite, that is to say, we have no conception of its limits.
      Nevertheless, human qualities, which must be always borrowed from
      ourselves, and with others we have a very slender acquaintance, cannot be
      well suitable to the entire of nature; seeing that these qualities are in
      themselves modes of being, or modes which appertain only to particular
      beings: not to the great whole which contains them.
    

      Thus, to resume the answers which have been given to Dr. Clarke, we shall
      say: First, we can conceive that matter has existed from all
      eternity, seeing that we cannot conceive it to have been capable of
      beginning. Secondly, that matter is independent, seeing there is
      nothing exterior to itself; that it is immutable, seeing it cannot change
      its nature, although it is unceasingly changing its form and its
      combinations. Thirdly, that matter is self-existent, since not
      being able to conceive it can be annihilated, we cannot possibly conceive
      it can have commenced to exist. Fourthly, that we do not know the
      essence, or the true nature of matter, although we have a knowledge of
      some of its properties; of some of its qualities: according to the mode in
      which they act upon us. Fifthly, that matter not having had a
      beginning, will never have an end, although its numerous combinations, its
      various forms, have necessarily a commencement and a period. Sixthly,
      that if all that exists, or every thing our mind can conceive is matter,
      this matter is infinite; that is to say, cannot be limited by any thing;
      that it is omnipresent, seeing there is no place exterior to itself,
      indeed, if there was a place exterior to it, that would be a vacuum. Seventhly,
      that nature is unique, although its elements or its parts may be varied to
      infinity, indued with properties extremely opposite; with qualities
      essentially different. Eighthly, that matter, arranged, modified,
      and combined in a certain mode, produces in some beings what we call
      intelligence, which is one of its modes of being, not one of its essential
      properties, Ninthly, that matter is not a free agent, since it
      cannot act otherwise than it does, in virtue of the laws of its nature, or
      of its existence; that consequently, heavy bodies must necessarily fall;
      light bodies by the same necessity rise; fire must burn; man must
      experience good and evil, according to the quality of the beings whose
      action he experiences. Tenthly, that the power or the energy of
      matter, has no other bounds than those which are prescribed by its own
      existence. Eleventhly, that wisdom, justice, goodness, &c. are
      qualities peculiar to matter combined and modified, as it is found in some
      beings of the human species; that the idea of perfection is an abstract,
      negative, metaphysical idea, or mode of considering objects, which
      supposes nothing real to be exterior to itself. Twelfthly, that
      matter is the principle of motion, which it contains within itself: since
      matter alone is capable of either giving or receiving motion: this is what
      cannot be conceived of immateriality or simple beings destitute of parts,
      devoid of extent, without mass, having no ponderosity, which consequently
      cannot either move itself or other bodies.
    











      CHAP. V.
    
Examination of the Proofs offered by DESCARTES, MALEBRANCHE, NEWTON,
      &c.
    

      If the evidence of Clarke did not prove satisfactory—if the
      theologians of his day disputed the manner in which he handled his subject—if
      they were disposed to think he had not established his argument upon
      proper foundations, it did not seem probable that either the system of
      Descartes, the sublime reveries of Malebranche, or the more methodical
      mode adopted by Newton, were at all likely to meet with a better
      reception; the same objections will lie against them all, that they have
      not demonstrated the existence of their immaterial substances; although
      they have incessantly spoken of them, as if they were things of which they
      had the most intimate knowledge. Unfortunately this is a rock which the
      most sublime geniuses have not been competent to avoid: the most
      enlightened men have done little more than stammer upon a subject which
      they have all concurred in considering of the highest importance; which
      they unceasingly hold forth as the most necessary for man to know; without
      at the same time considering he is not in a condition to occupy himself
      with objects inaccessible to his senses—which his mind,
      consequently, can never grasp—which his utmost research cannot bring
      into that tangible shape by which alone he can be enabled to form a
      judgment.
    

      To the end that we may be convinced of that want of solidity which the
      greatest men have not known how to give to the proofs they have offered,
      but which they have successively imagined has established their positions,
      let us briefly examine what the most celebrated philosophers, what the
      most subtile metaphysicians have said. For this purpose we will begin with
      Descartes, the restorer of philosophy among the moderns, to whose sublime
      errors we are indebted for the effulgent truths of the Newtonian system.
      This great man himself tells us, "All the strength of argument which I
      have hitherto used to prove the existence of immaterial substances,
      consists in this, that I acknowledge it would not be possible, my nature
      was such as it is, that is to say, that I should have in me the idea of
      immateriality, if this incorporeity did not truly exist; this same
      immateriality, of which the idea is in me, possesses all those high
      perfections of which our mind can have some slight idea, without however
      being able to comprehend them." In another place he says, "We must
      necessarily conclude from this alone, that because I exist, and have the
      idea of immateriality, that is to say, of a most perfect being, the
      existence is therefore most evidently demonstrated." There are not,
      perhaps, many except Descartes himself, to whom this would appear quite so
      conclusive; who would be impressed with the conviction which he seems to
      imagine is so very substantive.
    
First, We shall reply to Descartes, it is not a warrantable
      deduction, that because we have an idea of a thing, we must therefore
      conclude it exists; to give validity to such a mode of reasoning would be
      productive of the greatest mischief; would, in fact, tend to subvert all
      human institutions. Our imagination presents us with the idea of a sphinx,
      or of an hippogriff, besides a thousand other fantastical beings; are we,
      on that authority, to insist that these things really exist? Is the mere
      circumstance of our having an idea of various parts of nature,
      discrepantly jumbled together, without any other evidence as to the
      assemblage, a sufficient warrantry for calling upon mankind to accredit
      the existence of such heterogeneous masses? If a philosopher of the most
      consummate experience, of the greatest celebrity, one who enjoyed the
      confidence of mankind above every other, was to detail the faculties and
      perfections of these visionary beings, although he should hold them forth
      as the perfection of all natural combinations, would, I say, any
      reasonable being lend himself to the asseveration?
    
Secondly, It is obvious that the mere circumstance of existence,
      does not prove the absolute existence of any thing anterior to itself;
      although in man, as well as the other beings of nature, it is evidence
      that something has existed before him. If this argument was to be
      admitted, are they aware how far it, would carry them? To maintain that
      the existence of one being demonstrably proves the existence of an
      anterior being, would be, in fact, denying that any thing was
      self-existent. The fallacy of such a position is too glaring to need
      refutation.
    
Thirdly, It is not possible he should have a distinct, positive
      idea of immateriality, of which be, as well as the theologian, labours to
      prove the existence. It is impossible for man, for a material being, to
      form to himself a correct idea, or indeed any idea, of incorporeity; of a
      substance without extent, acting upon nature, which is corporeal; a truth
      which it may not be presuming too much to say we have already sufficiently
      proved.
    
Fourthly, It is equally impossible for man to have any clear,
      decided idea of perfection, of infinity, of immensity, and other
      theological attributes. To Descartes we must therefore reply as we have
      done to Dr. Clarke on his twelfth proposition.
    

      Thus nothing can well be less conclusive than the proofs upon which
      Descartes rests the existence of immateriality. He gives it thought and
      intelligence, but how conceive these qualities without a subject to which
      they may adhere? He pretends that we cannot conceive it but "as a power
      which applies itself successively to the parts of the universe." Again, he
      says, "that an immaterial substance cannot be said to have extent, but as
      we say of fire contained in a piece of iron, which has not, properly
      speaking, any other extension than that of the iron itself." According to
      these notions we shall be justified in taxing him with having announced in
      a very clear, in a most unequivocal manner, that this is nature herself:
      this indeed is a pure Spinosism; it was decidedly on the principles of
      Descartes that Spinosa drew up his system; in fact it flows out of it
      consecutively.
    

      We might, therefore, with great reason, accuse Descartes of atheism,
      seeing that he very effectually destroys the feeble proofs he adduces in
      support of his own hypothesis; we have solid foundation for insisting that
      his system overturns the idea of the creation, because if from the
      modification we subtract the subject, the modification itself disappears:
      and if, according to the Cartesians, this immateriality is nothing without
      nature, they are complete Spinosians, with another name. If incorporeity
      is the motive-power of this nature, it no longer exists independently; it,
      in fact, exists no longer than the subject to which it is inherent
      subsists. Thus no longer existing independently, it will exist only while
      the nature which it moves shall endure; without matter, without a subject
      to move, to preserve, what is to become of it, according to this doctrine,
      or rather according to this elucidation of a system which is in itself
      untenable?
    

      It will be obvious from this, that Descartes, far from establishing on a
      rocky foundation the existence of this immateriality, totally destroys his
      own system. The same thing will necessarily happen to all those who reason
      upon his principles; they will always finish by confuting him, and by
      contradicting themselves. The same want of just inference, the same
      discrepancy, will obtrude themselves in the principles of the celebrated
      Father Malebranche; which, if considered with the slightest attention,
      appear to conduct directly to Spinosism; in fact, can any thing be more in
      unison with the language of Spinosa himself, than to say, as does
      Malebranche, "that the universe is only an emanation from God; that we see
      every thing in God, that every thing we see is only God; that God alone
      does every thing that is done; that all the action, with every operation
      that takes place in nature, is God himself; in a word, that God is every
      being and the only being." Is not this formally asserting that nature
      herself is God? Moreover, at the same time Malebranche assures us we see
      every thing in God, he pretends that it is not yet clearly demonstrated
      that matter and bodies have existence; that faith alone teaches us these
      mysteries, of which, without it, we should not have any knowledge
      whatever. In reply, it might be a very fair question, how the existence of
      the being who created matter can be demonstrated, if the existence of this
      matter itself be yet a problem? He himself acknowledges "that we can have
      no distinct demonstration of the existence of any other being than of that
      which is necessary;" he further adds, "that if it be closely examined, it
      will be seen, that it is not even possible to know with certitude, if God
      be or be not truly the creator of a material, of a sensible world."
      According to these notions, it is evident, that, following up the system
      of Malebranche, man has only his faith to guarantee the existence of the
      world; yet faith itself supposes its existence; if it be not, however,
      certain that it does exist, and the Bishop of Cloyne, Dr. Berkeley, has
      also held this in doubt, how shall we be persuaded that we must believe
      the oracles which have been delivered to a visionary world?
    

      On the other hand, these notions of Malebranche completely overturns all
      the theological doctrines of free agency. How can the liberty of man's
      action be reconciled with the idea that it is the Divinity who is the
      immediate mover of nature; who actually gives impulse to matter and
      bodies, without whose immediate interference nothing takes place; who
      pre-determines his creatures to every thing they do? How can it be
      pretended, if this doctrine is to be accredited, that human souls have the
      faculty of forming thoughts—have the power of volition—are in
      a condition to move themselves—have the capacity to modify their
      existence? If it be supposed with the theologians, that the conservation
      of the creatures in the universe is a continued creation, must it not
      appear, that being thus perpetually recreated, they are enabled to commit
      evil? It will then be a self-evident fact, that, admitting the system of
      Malebranche, God does every thing, and that his creatures are no more than
      passive instruments in his hands. Under this idea they could not be
      answerable for their sins, because they would have no means of avoiding
      them. Under this notion they could neither have merit or demerit; they
      would be like a sharp instrument in their own hands, which whether it was
      applied to a good or to an evil purpose, it would attach to themselves,
      not to the instrument: this would annihilate all religion: it is thus that
      theology is continually occupied with committing suicide.
    

      Let us now see, if the immortal Newton, the great luminary of science, the
      champion of astronomical truth, will afford us clearer notions, more
      distinct ideas, more certain evidence of the existence of immaterial
      substances. This great man, whose comprehensive genius unravelled nature,
      whose capacious mind developed her laws, seems to have bewildered himself,
      the instant he lost sight of them. A slave to the prejudices of his
      infancy, he had not the courage to hold the lamp of his own enlightened
      understanding to the agent theology has so gratuitously associated with
      nature; he has not been able to allow that her own peculiar powers were
      adequate to the production of that beautiful phenomena, he has with such
      masterly talents so luminously explained. In short, the sublime Newton
      himself becomes an infant when he quits physics, when he lays aside
      demonstration, to lose himself in the devious sinuosities, in the
      inextricable labyrinths, in the delusive regions of theology. This is the
      manner in which he speaks of the Divinity:
    

      "This God," says he, "governs all, not as the soul of the world, but as
      the lord and sovereign of all things. It is in consequence of his
      sovereignty that he is called the Lord God, [Greek letters], pantokrator,
      the universal emperor. Indeed the word God is relative and relates itself
      with slaves; the Deity is the dominion or the sovereignty of God, not over
      his own body, as those think who look upon God as the soul of the world,
      but over slaves."
    

      From this it will be seen that Newton, as well as the theologians, makes
      the Divinity a pure spirit, who presides over the universe as a monarch,
      as a lord paramount; that is to say, what man defines in earthly
      governors, despot, absolute princes, powerful monarchs, whose governments
      have no model but their own will, who exercise an unlimited power over
      their subjects, transformed into slaves; whom they usually compel to feel
      in a very grievous manner the weight of their authority. But according to
      the ideas of Newton, the world has not existed from eternity, the staves
      of God have been formed in the course of time; from this it would be a
      just inference, that before the creation of the world the god of Newton
      was a sovereign without subjects. Let us see if this truly great
      philosopher is more in unison with himself in the subsequent ideas which
      he delivers on this subject.
    

      "The supreme God," he says, "is an eternal, infinite, and absolutely
      perfect being; but however perfect a being may be, if he has no
      sovereignty he is not the supreme God. The word God signifies Lord, but
      every lord is not god; it is the sovereignty of the spiritual Being which
      constitutes God; it is the true sovereignty which constitutes the true
      God; it is the supreme sovereignty which constitutes the supreme God; it
      is a false sovereignty which constitutes a false god. From true
      sovereignty, it follows, that the true God is living, intelligent, and
      powerful; and from his other perfections, it follows, that he is supremely
      or sovereignly perfect. He is eternal, infinite, omniscient; that is to
      say, he exists from eternity, and will never have an end; he governs all,
      and he knows every thing that is done, or that can be done. He is neither
      eternity nor infinity, but he is eternal and infinite; he is not space or
      duration, but he exists and is present." The term here used is adest,
      which appears to have been placed there to avoid saying that God is
      contained in space.
    

      In all this unintelligible series, nothing is to be found but incredible
      efforts to reconcile the theological attributes, the abstract with the
      human qualities, which have been ascribed to the Divinity; we see in it
      negative qualities, which can no longer be suitable to man, given,
      however, to the Sovereign of nature, whom he has supposed a king. However
      it may be, this picture always supposes the Supreme God to have occasion
      for subjects to establish his sovereignty. It makes God stand in need of
      man for the exercise of his empire; without these, according to the text,
      he would not be a king; he could have had no empire when there was
      nothing: but if this description of Newton was just, if it really
      represented the Divinity, we might be very fairly permitted to ask, Does
      not this Spiritual King exercise his spiritual empire in vain, upon
      refractory beings, who do not at all times do that which he is willing
      they should; who are continually struggling against his power; who spread
      disorder in his states? This Spiritual Monarch, who is master of the
      minds, of the souls, of the wills, of the passions of his slaves, does he
      leave them the freedom of revolting against him? This infinite Monarch,
      who fills every thing with his immensity, who governs all, does he also
      govern the man who sins; does he direct his actions; is he in him when he
      offends his God? The devil, the false god, the evil principle, hath he
      not, according to this, a more extensive empire than the true God, whose
      projects, if we are to believe the theologians, he is unceasingly
      overturning? In earthly governments the true sovereign is generally
      considered to be him whose power in a state influences the greater number
      of his subjects. If, then, we could suppose him to be omnipresent, that
      is, present in all places, should we not say he was the sad witness to all
      the outrages committed against his authority, and we should not entertain
      a very exalted opinion of his power if he permitted them to continue.
      This, it is true, would be arguing upon a monarch of this world, still it
      would be the language held by observers.
    

      Is the spirituality of the Divinity well supported by those who say he
      fills all space, who from that instant give him extent, ascribe to him
      volume, make him correspond with the various points of space? This is the
      very reverse of an immaterial substance.
    

      "God is one," continues Newton, "and he is the same for ever, and every
      where, not only by his virtue alone, or by his energy, but also by his
      substance." But how are we to conceive that a being who is in continual
      activity, who produces all the changes which beings undergo, can always be
      himself the same? What is to be understood by either this virtue or this
      energy? These are relative terms, which do not present any clear, distinct
      idea to our mind, except as they apply to man: what are we, however, to
      understand by the divine substance? If this substance be spiritual, that
      is, devoid of extent, how can there exist in it any parts? How can it give
      impulse to matter, how set it in motion? How can it even be conceived by
      mortals?
    

      Nevertheless Newton informs us, "that all things are contained in him, and
      are moved in him, but without reciprocity of action: God experiences
      nothing by the motion of bodies; these experience no resistance whatever
      by his omnipresence." It would here appear that he clothes the Divinity
      with that which bears the character of vacuum—of nothing; without
      that, it would be almost impossible not to have a reciprocal action or
      relation between these substances, which are either penetrated or
      encompassed on all sides. It must be obvious, that in this instance our
      scientific author does not distinctly understand himself.
    

      He proceeds, "It is an incontestible truth, that God exists necessarily,
      and the same necessity obliges to exist always and every where: from
      whence it follows, that he is in every thing similar to itself; he is all
      eyes, all ears, all brains, all arms, all feeling, all intelligence, all
      action; but in a mode by no means human, by no means corporeal, and which
      is totally unknown to us. In the same manner as a blind man has no idea of
      colours, it is that we have no idea of the mode in which God feels and
      understands." The necessary existence of the Divinity is precisely the
      thing in question; it is this existence that it was needful to have
      verified by proofs as clear, by evidence as distinct, by demonstration as
      strong, as gravitation and attraction. One would have hardly thought it
      possible the expansive capabilities of Newton would not have compassed it.
      But oh, unrivalled genius! so mighty, so powerful, so colossal, while yet
      you was a geometrician; so insignificant, so weak, so inconsistent; when
      you became a theologian; that is to say, when you reasoned upon that which
      can neither be calculated, nor submitted to experience; how could you
      think of speaking to us on a subject which, by your own confession is to
      you just what a picture is to a man born blind? Wherefore quit nature,
      which had already explained to you so much? Why seek in imaginary spaces
      those causes, those powers, that energy, which she would have distinctly
      pointed out to you, had you been willing to have consulted her with your
      usual sagacity? The gigantic, the intelligent Newton, suffers himself to
      be hoodwinked—to be blinded by prejudice; he has not courage to look
      a question fairly in the face, when that question involves notions which
      habit has rendered sacred to him; he turns his eyes from truth, he casts
      behind him his experience, he lulls to sleep his reason, when it becomes
      necessary to probe opinions full of contradictions, yet fraught with the
      best interests of humanity.
    

      Let us, however, continue to examine how far the most transcendent genius
      is capable of leading himself astray, when once he abandons experience,
      when once he chains up his reason, when once he suffers himself to be
      guided by his imagination.
    

      "God," continues the father of modern philosophy, "is totally destitute of
      body and of corporeal figure; here is the reason why he cannot be either
      seen, touched, or understood; and ought not to be adored under any
      corporeal form." What idea, however, can be formed of a being who is
      resembled by nothing of which we have any knowledge? What are the
      relations that can be supposed to exist between such very dissimilar
      beings? When man renders this being his adoration, does he not, in fact,
      in despite of himself, make him a being similar to his own species; does
      he not suppose that, like himself, he is sensible to homage—to be
      won by presents—gained by flattery; in short, he is treated like a
      king of the earth, who exacts the respect, demands the fealty, requires
      the obedience of all who are submitted to him. Newton adds, "we have ideas
      of his attributes, but we do not know that it is any one substance; we
      only see the figures and the colours of bodies; we only hear sounds; we
      only touch the exterior surfaces; we only scent odours; we only taste
      flavours: no one of our senses, no one of our reflections, can shew us the
      intimate nature of substances: we have still less ideas of God."
    

      If we have an idea of the attributes of God, it is only because we clothe
      him with those which belong to ourselves; which we never do more than
      aggrandize, which we only augment or exaggerate; we then mistake them for
      those qualities with which we were at first acquainted. If in all those
      substances which are pervious to our senses, we only know them by the
      effects they produce on us, after which we assign them qualities, at least
      these qualities are something tangible, they give birth to clear and
      distinct ideas. This superficial knowledge, however slender it may be,
      with which our senses furnish us, is the only one we can possibly have;
      constituted as we are, we find ourselves under the necessity of resting
      contented with it, and we discover that it is sufficient for our wants;
      but we have not even the most superficial idea of immateriality, or a
      substance distinguished from all those with which we have the slightest
      acquaintance. Nevertheless, we hear men hourly reasoning upon it,
      disputing about its properties, advancing its faculties, as if they had
      the most demonstrable evidence of the fact; tearing each other in pieces,
      because the one does not readily admit what the other asserts, upon a
      subject which no man is competent to understand.
    

      Our author goes on "We only have a knowledge of God by his attributes, by
      his properties, by the excellent and wise arrangement which he has given
      to all things, and by their FINAL CAUSES: we admire him in consequence of
      his perfections." I repeat, that we have no real knowledge of the
      Divinity; that we borrow his attributes from ourselves; but it is evident
      these cannot be suitable to the Universal Being, who neither can have the
      same nature nor the same properties as particular beings; it is
      nevertheless after ourselves that we assign him intelligence, wisdom,
      perfection, in subtracting from them what we call defects. As to the
      order, or the arrangement of the universe, man finds it excellent, esteems
      it the perfection of wisdom, as long as it is favorable to his species; or
      when the causes which are co-existent with himself do not disturb his own
      peculiar existence; otherwise he is apt to complain of confusion, and
      final causes vanish: he then attributes to an immutable God, motives
      equally borrowed from his own peculiar mode of action, for deranging the
      beautiful order he so much admires in the universe. Thus it is always in
      himself, that is, in his own individual mode of feeling, that he draws up
      the ideas of the order, the wisdom, the excellence, the perfection which
      he ascribes to the Deity; whilst the good as well as the evil which take
      place in the world, are the necessary consequence of the essence of
      things; of the general, immutable laws of nature; in short, of the
      gravitation, of the repulsion of matter; of those unchangeable laws of
      motion, which Newton himself has so ably thrown into light; but which he
      has by a strange fatuity forborne to apply when the question was
      concerning the cause of these phenomena, which prejudice has refused to
      the capabilities of nature. He goes on, "We revere, and we adore God, on
      account of his sovereignty: we worship him like his slaves; a God
      destitute of sovereignty, of providence, and of final causes, would be no
      more than nature and destiny." It is true that superstition enjoins man to
      adore its gods like ignorant slaves, who tremble under a master whom they
      know not; he certainly prays to them on all occasions, sometimes
      requesting nothing less than an entire change in the essence of things, to
      gratify his capricious desires, and it is perhaps well for him they are
      not competent to grant his request: in the origin, as we have shewn, these
      gods were nothing more than nature acting by necessary laws, clothed under
      a variety of fables; or necessity personified under a multitude of names.
      However this may be, we do not believe that true religion, that sterling
      worship which renders man grateful, whilst it exalts the majesty of the
      Divinity, requires any such meanness from man that he should act like a
      slave; he is rather expected to sit down to the banquet prepared for him,
      with all the dignity of an invited guest; under the cheering consciousness
      of a welcome that is never accorded to slaves; nothing is required at his
      hands, but that he should conduct himself temperately in the
      banquetting-house; that he should be grateful for the good cheer he
      receives; that he should have virtue; (which we have already sufficiently
      explained is to render himself useful, by making others happy); that he
      should not by pertinaciously setting up whimsical opinions, and insisting
      on their adoption by his neighbour, disturb the harmony of the feast; that
      he should be sufficiently intelligent to know when he is really
      felicitous, and not seek to put down the gaiety of his fellow guests; but
      that he should rise from the board satisfied with himself, contented with
      others; in short, to comprise the whole in a trite axiom of one of the
      Greek philosophers, he should learn the invaluable secret, "to bear
      and forbear."
    

      But to proceed. Newton tells us, "that from a physical and blind
      necessity, which should preside every where, and be always the same, there
      could not emanate any variety in the beings; the diversity which we
      behold, could only have its origin in the ideas and in the will of a being
      which exists necessarily;" but wherefore should not this diversity spring
      out of natural causes, from matter acting upon matter; the action of which
      either attracts and combines various yet analogous elements, or else
      separates beings by the intervention of those substances which have not a
      disposition to unite? Is not bread the result of the combination of flour,
      yeast and water? As for the blind necessity, as it is elsewhere said, we
      must acknowledge it is that of which we are ignorant, either of its
      properties or its energies; of which being blind ourselves we have no
      knowledge of its mode of action. Philosophers explain all the phenomena
      that occur by the properties of matter; and though they feel the want of a
      more intimate acquaintance with natural causes, they do not therefore the
      less believe them deducible from these properties or these causes. Are,
      therefore, the philosophers atheists, because they do not reply, it is God
      who is the author of these effects? Is the industrious workman, who makes
      gunpowder, to be challenged as an atheist, because he says the terrible
      effects of this destructive material, which inspired the native Americans
      with such awe, which raised in their winds such wonder, are to be ascribed
      to the junction of the apparently harmless substances of nitre, charcoal
      and sulpher, set in activity by the accession of trivial scintillations,
      produced from the collision of steel with flint, merely because some
      bigoted Priest of the Sun, who is ignorant of the composition,
      chooses to think it is not possible such a striking phenomenon could be
      the work of any thing short of the secret agents, whom he has himself
      appointed to govern the world?
    

      "It is allegorically said that God sees, hears, speaks, smiles, loves,
      hates, desires, gives, receives, rejoices, grows angry, fights, makes, or
      fashions, &c. because all that is said of God, is borrowed from the
      conduct of man, by an imperfect analogy." Man has not been able to act
      otherwise, for want of being acquainted with nature and her eternal
      course: whenever he has imagined a peculiar energy which he has not been
      able to fathom, he has given it the name of God; and he has then made him
      act upon the self-same principles, as he himself would adopt, according to
      which he would act if he was the master. It is from this proneness to Theanthropy,
      that has flowed all those absurd, and frequently dangerous ideas, upon
      which are founded the superstitions of the world; who all adore in their
      gods either natural causes of which they are ignorant, or else powerful
      mortals of whose malice they stand in awe. The sequel will shew the fatal
      effects that have resulted to mankind from the absurd ideas they have very
      frequently formed to themselves of the Divinity; that nothing could be
      more degrading to him, more injurious to themselves, than the idea of
      comparing him to an absolute sovereign, to a despot, to a tyrant. For the
      present let us continue to examine the proofs offered in support of their
      various systems.
    

      It is unceasingly repeated that the regular action, the invariable order,
      which reigns in the universe, the benefits heaped upon mortals, announce a
      wisdom, an intelligence, a goodness, which we cannot refuse to
      acknowledge, in the cause which produces these marvellous effects. To this
      we must reply, that it is unquestionably true that not only these things,
      but all the phenomena he beholds, indicate the existence of something
      gifted very superiorly to erring man; the great question, however, is one
      that perhaps will never be solved, what is this being? Is this question
      answered by heaping together the estimable qualities of man? Speaking with
      relation to ourselves, which is all that the theologian really does,
      although in such numerous regions he pretends to do a great deal more, we
      can apply the terms goodness, wisdom, intelligence, the best with which we
      are acquainted, to this being for the want of having those that may be
      appropriate; but I maintain, this does not, in point of fact, afford us
      one single idea of the Great Cause of causes; we admire his works;
      and knowing that what we approve highly in our own species, we attribute
      to their being wise, we say the Divinity displays wisdom. So far it is
      well; but this, after all, is a human quality. If we consult experience,
      we shall presently be convinced that our wisdom does not bear the least
      affinity to the actions attributed to the Divinity. To get at this a
      little closer, we must endeavour to find out what we do not call wisdom in
      man; this will help us to form an estimate, how very incompetent we are to
      describe the qualities of a being that differs so very materially from
      ourselves. We most certainly should not call him a wise man, who having
      built a beautiful residence, should himself set it on fire; and thus
      destroy what he had laboured so much to bring to perfection: yet this
      happens every day in nature, without its being in any manner a warrantry
      for us to charge her with folly. If therefore we were to form our
      judgments after our own puny ideas of wisdom, what should we say? Why, in
      point of fact, just what the man does, who, thinking he has had too much
      rain, implores fine weather? Which, properly translated, is neither more
      nor less than giving the Divinity to understand he best knows what is
      proper for himself. The just, the only fair inference to be drawn from
      this, is, that we positively know nothing about the matter; that those who
      pretend they do, would, if it was upon any other subject, he suspected of
      having an unsound mind. We do not mean to insist that we are in the right,
      but we mean to aver that the object of this work is not so much either to
      build up new systems, or to put down old ones, as by shewing man the
      inconclusiveness of his reasonings upon matters not accessible to his
      comprehension—to induce him to be more tolerant to his neighbour—to
      invite him to be less rancorous against those who do not see with his eyes—to
      hold forth to him motives for forbearance, against those whose system of
      faith may not exactly harmonize with his own—to render him less
      ferocious in support of opinions, which, if he will but discard his
      prejudices, he may find not so solidly bottomed as he imagines. All we
      know is scarcely more than that the motion we witness in the universe is
      the necessary consequence of the laws of matter; that the uniformity of
      this motion is evidence of their immutability; that it is not too much to
      say it cannot cease to act in the manner it does, as long as the same
      causes operate, governed by the same circumstances. We evidently see that
      motion, however regular in our mind, that order, however beautiful to our
      admiring optics, yields to what we term disorder, to that which we
      designate frightful confusion, as soon as new causes, not analogous to the
      preceding, either disturb or suspend their action. We further know that a
      better knowledge of nature, the consequence of time, the result of
      patient, laborious, physical researches, with the comparison of facts and
      the application of experience, has enabled man in many instances to divert
      from himself the evil effects of inevitable causes, which anterior to
      these discoveries overwhelmed his unhappy progenitors with ruin. How far
      these salutary developements are to be carried by industry, what may be
      achieved by honesty, what light is to be gathered from the recession of
      prejudice, the wisest among men is not competent to decide. Certain it is,
      that phenomena which for ages were supposed to denounce the anger of the
      Deity against mankind, are now well understood to be common effects of
      natural causes.
    

      Order, as we have elsewhere shewn, is only the effects which result to
      ourselves from a series of motion; there cannot be any disorder relatively
      to the great whole; in which all that takes place is necessary; in which
      every thing is determined by laws which nothing can change. The order of
      nature may be damaged or destroyed relatively to ourselves, but it is
      never contradicted relatively to herself, since she cannot act otherwise
      than she does: if we attribute to her the evils we sustain, we are equally
      obliged to acknowledge we owe to her the good we experience.
    

      It in said, that animals furnish a convincing proof of the powerful cause
      of their existence; that the admirable harmony of their parts, the mutual
      assistance they lend each other, the regularity with which they fulfill
      their functions, the preservation of these parts, the conservation of such
      complicated wholes, announce a workman who unites wisdom with power; in
      short, whole tracts of anatomy and botany have been copied to prove
      nothing more than that these things exist, for of the power that produced
      them there cannot remain a doubt. We shall never learn more from these
      erudite tracts, save that there exists in nature certain elements with an
      aptitude to attraction; a disposition to unite, suitable to form wholes,
      to induce combinations capable of producing very striking effects. To be
      surprised that the brain, the heart, the arteries, the veins, the eyes,
      the ears of an animal, act as we see them—that the roots of plants
      attract juices, or that trees produce fruit, is to be surprised that a
      tree, a plant, or an animal exists at all. These beings would not exist,
      or would no longer be that which we know they are, if they ceased to act
      as they do: this is what happens when they die. If the formation, the
      combination, the modes of action, variously possessed by these beings, if
      their conservation for a season, followed by their destruction or
      dissolution, prove any thing, it is the immutability of those laws which
      operate in nature: we cannot doubt the power of nature; she produces all
      the animals we behold, by the combination, of matter, continually in
      motion; the harmony that subsists between the component parts of these
      beings, is a consequence of the necessary laws of their nature, and of
      that which results from their combination. As soon as this accord ceases,
      the animal is necessarily destroyed: from this we must conclude that every
      mutation in nature is necessary; is only a consequence of its laws; that
      it could not be otherwise than it is, under the circumstances in which it
      is placed.
    

      Man, who looks upon himself as the chef d'oeuvre, furnishes more
      than any other production a proof of the immutability of the laws of
      nature: in this sensible, intelligent, thinking being, whose vanity leads
      him to believe himself the sole object of the divine predilection, who
      forms his God after his own peculiar model, we see only a more inconstant,
      a more brittle machine; one more subject to be deranged by its extreme
      complication, than the grosser beings: beasts destitute of our knowledge,
      plants that vegetate, stones devoid of feeling, are in many respects
      beings more highly favored than man: they are at least exempted from the
      sorrows of the mind—from the torments of reflection—from that
      devouring, chagrin to which he is so frequently a prey. Who is he who
      would not be a plant or a stone, every time reminiscence forces upon his
      imagination the irreparable loss of a beloved object? Would it not be
      better to be an inanimate mass, than a restless, turbulent, superstitious
      being, who does nothing but tremble under the imaginary displeasure of
      beings of his own creation; who to support his own gloomy opinions,
      immolates his fellow creatures at the shrine of his idol; who ravages the
      country, and deluges the earth with the blood of those who happen to
      differ from him on a speculative point of an unintelligible creed? Beings
      destitute of life, bereft of feeling, without memory, not having the
      faculties of thought, at least are not afflicted by the idea of either the
      past, the present, or the future; they do not at any rate believe
      themselves in danger of becoming eternally unhappy, because they way have
      reasoned badly; or because they happened to be born in a land where truth
      has never yet shed its refulgent beams on the darkened mind of perplexed
      mortals.
    

      Let it not then be said that we cannot have an idea of a work, without
      also having an idea of the workman, as distinguished from his work: the
      savage, when he first beheld the terrible operation of gunpowder, did not
      form the most distant idea that it was the work of a man like himself.
      Nature is not to be contemplated as a work of this kind; she is
      self-existent. In her bosom every thing is produced: she is an immense
      elaboratory, provided with materials, who makes the instruments of which
      she avails herself in her operations. All her works are the effects of her
      own energies; of those agents which she herself produces; of those
      immutable laws by which she sets every thing in activity. Eternal,
      indestructible elements, ever in motion, combine themselves variously, and
      thus give birth to all beings, to all the phenomena which fill the weak
      eyes of erring mortals with wonder and dismay; to all the effects, whether
      good or bad, of which man experiences the influence; to all the
      vicissitudes he undergoes, from the moment of his birth until that of his
      death; to order and to confusion, which he never discriminates but by the
      various modes in which he is affected: in short, to all those miraculous
      spectacles with which he occupies his meditation—upon which he
      exercises his reason—which frequently spread consternation over the
      surface of the earth. These elements need nothing when circumstances
      favour their junction, save their own peculiar properties, whether
      individual or united, with the motion that is essential to them, to
      produce all those phenomena which powerfully striking the senses of
      mankind, either fill him with admiration, or stagger him with alarm.
    

      But supposing for a moment that it was impossible to conceive the work,
      without also conceiving the workman, who watches over his work, where must
      we place this workman? Shall it be interior or exterior to his production?
      Is he matter and motion, or is he only space or the vacuum? In all these
      cases either he would be nothing, or he would be contained in nature: as
      nature contains only matter and motion, it must be concluded that the
      agent who moves it is material; that he is corporeal; if this agent be
      exterior to nature, then we can no longer form any idea of the place which
      he occupieth: neither can we better conceive an immaterial being; nor the
      mode in which a spirit without extent can act upon matter from which it is
      separated. These unknown spaces, which imagination has placed beyond the
      visible world, can have no existence for a being, who with difficulty sees
      down to his feet; he cannot paint to his mind any image of the power which
      inhabit them; but if he is compelled to form some kind of a picture, he
      must combine at random the fantastical colours which he is ever obliged to
      draw from the world he inhabits: in this case he will really do no more
      than reproduce in idea, part or parcels of that which he has actually
      seen; he will form a whole which perhaps has no existence in nature, but
      which it will be in vain he strives to distinguish from her; to place out
      of her bosom. When he shall be ingenuous with himself, When he shall be no
      longer willing to delude others, he will be obliged to acknowledge, that
      the portrait he has painted, although in its combination it resembles
      nothing in the universe, is nevertheless in all its constituent members an
      exact delineation of that which nature presents to our view. Hobbes in his
      Leviathan says, "The universe, the whole mass of things, is
      corporeal, that is to say, body; and hath the dimensions of magnitude,
      namely, length, breadth, and depth: also every part of body is likewise
      body, and hath the like dimensions; and consequently every part of the
      universe is body; and that which is not body, is no part of the universe;
      and because the universe is all, that which is no part of it is nothing;
      and consequently no where: nor does it follow from hence, that spirits are
      nothing, for they have dimensions, and are therefore really bodies; though
      that name in common speech be given to such bodies only as are visible, or
      palpable, that is, that have some degree of opacity: but for spirits they
      call them incorporeal; which is a name of more honour, and may therefore
      with more piety be attributed to God himself, in whom we consider not what
      attribute expresseth best his nature, which is incomprehensible; but what
      best expresseth our desire to honour him."
    

      It will be insisted that if a statue or a watch were shewn to a savage,
      who had never before seen either, he would not be able to prevent himself
      from acknowledging that these things were the works of some intelligent
      agent of greater ability, possessing more industry than himself: it will
      be concluded from thence, that we are in like manner obliged to
      acknowledge that the universe, that man, that the various phenomena, are
      the works of an agent, whose intelligence is more comprehensive, whose
      power far surpasses our own. Granted: who has ever doubted it? the
      proposition is self-evident; it cannot admit of even a cavil. Nevertheless
      we reply, in the first place, that it is not to be doubted that
      nature is extremely powerful; diligently industrious: we admire her
      activity every time we are surprised by the extent, every time we
      contemplate the variety, every time we behold those complicated effects
      which are displayed in her works; or whenever we take the pains to
      meditate upon them: nevertheless, she is not really more industrious in
      one of her works than she is in another; she is not fathomed with more
      ease in those we call her most contemptible productions, than she is in
      her most sublime efforts: we no more understand how she has been capable
      of producing a stone or a metal, than the means by which she organized a
      head like that of the illustrious Newton. We call that man industrious who
      can accomplish things which we cannot; nature is competent to every thing:
      as soon therefore as a thing exists, it is a proof she has been capable of
      producing it: but it is never more than relatively to ourselves that we
      judge beings to be industrious: we then compare them to ourselves; and as
      we enjoy a quality which we call intelligence, by the assistance of which
      we accomplish things, by which we display our diligence, we naturally
      conclude from it, that those works which most astonish us, do not belong
      to her, but are to be ascribed to an intelligent being like ourselves, but
      in whom we make the intelligence commensurate with the astonishment these
      phenomena excite in us; that is to say, in other words, to our own
      peculiar ignorance, and the weakness incident to our nature.
    

      In the second place, we must observe, that the savage, to whom
      either the statue or the watch is brought, will or will not have ideas of
      human industry: if he has ideas of it, he will feel that this watch or
      this statue, way be the work of a being of his own species, enjoying
      faculties of which he is himself deficient: if he has no idea of it, if he
      has no comprehension of the resources of human art, when he beholds the
      spontaneous motion of the watch, he will be impressed with the belief that
      it is an animal, which cannot be the work of man. Multiplied experience
      confirms this mode of thinking which is ascribed to the savage. The
      Peruvians mistook the Spaniards for gods, because they made use of
      gunpowder, rode on horseback, and came in vessels which sailed quite
      alone. The inhabitants of the island of Tenian being ignorant of fire
      before the arrival of Europeans, the first time they saw it, conceived it
      to be an animal who devoured the wood. Thus it is, that the savage, in the
      same manner as many great and learned men, who believe themselves much
      more acute, will attribute the strange effects that strike his organs, to
      a genius or to a spirit; that is to say, to an unknown power; to whom he
      will ascribe capabilities of which he believes the beings of his own
      species are entirely destitute: by this he will prove nothing, except that
      he is himself ignorant of what man is capable of producing. It is thus
      that a raw unpolished people raise their eyes to heaven, every time they
      witness some unusual phenomenon. It is thus that the people denominate all
      those strange effects, with the natural causes of which they are ignorant,
      miraculous, supernatural, divine; but these are not by reasonable persons
      therefore considered proofs of what they assert: as the multitude are
      generally unacquainted with the cause of any thing, every object becomes a
      miracle in their eyes; at least they imagine God is the immediate cause of
      the good they enjoy—of the evil they suffer. In short, it is thus
      that the theologians themselves solve every difficulty that starts in
      their road; they ascribe to God all those phenomena, of the causes of
      which either they are themselves ignorant, or else unwilling that man
      should be acquainted with the source.
    

      In the third place, the savage, in opening the watch, and examining
      its parts, will perhaps feel, that this machinery announces a work which
      can only be the result of human labour. He will perhaps perceive, that
      they very obviously differ from the immediate productions of nature, whom
      he has not observed to produce wheels made of polished metal. He will
      further notice, perhaps, that these parts when separated, no longer act as
      they did when they were combined; that the motion he so much admired,
      ceases when their union is broken. After these observations, he will
      attribute the watch to the ingenuity of man; that is to say, to a being
      like himself, of whom he has some ideas, but whom he judges capable to
      construct machines to which he is himself utterly incompetent. In short,
      he will ascribe the honour of his watch to a being known to him in some
      respects, provided with faculties very far superior to his own; but he
      will be at an immense distance from the belief, that this material work,
      whose ingenuity pleases him so much, can be the effect of an immaterial
      cause; or of an agent destitute of organs, without extent; whose action
      upon material beings cannot be within, the sphere of his comprehension.
      Nevertheless, man, when he cannot embrace the causes of things, does not
      scruple to insist that they are impossible to be the production of nature,
      although he is entirely ignorant how far the powers of this nature extend;
      to what her capabilities are equal. In viewing the world, we must
      acknowledge material causes for many of those phenomena which take place
      in it; those who study nature are continually adding fresh discoveries to
      this list of physical causes; science, as she enriches the intellectual
      stores of human enjoyment, every day throws a broader light on the
      energies of nature, which prejudice, aided by its almost
      inseparable companion, ignorance, would for ever bind down in the
      fetters of impotence.
    

      Let us not, however, be told, that pursuing this hypothesis, we attribute
      every thing to a blind cause—to the fortuitous concurrence of atoms—to
      chance. Those only are called blind causes of which we know not either the
      combination, the laws, or the power. Those effects are called fortuitous,
      with whose causes man is unacquainted; to which his experience affords him
      no clue; which his ignorance prevents him from foreseeing. All those
      effects, of which he does not see the necessary connection with their
      causes, he attributes to chance. Nature is not a blind cause; she never
      acts by chance; nothing that she does would ever be considered fortuitous,
      by him who should understand her mode of action—who had a knowledge
      of her resources—who was intelligent in her ways. Every thing that
      she produces is strictly necessary—is never more than a consequence
      of her eternal, immutable laws; all is connected in her by invisible
      bonds; every effect we witness flows necessarily from its cause, whether
      we are in a condition to fathom it, or whether we are obliged to let it
      remain hidden from our view. It is very possible there should be ignorance
      on our part; but the words spirit, intelligence, will not remedy this
      ignorance; they will rather redouble it, by arresting our research; by
      preventing us from conquering those impediments which obstruct us in
      probing the natural causes of the effects, with which our visual faculties
      bring us acquainted.
    

      This may serve for an answer to the clamour of those who raise perpetual
      objections to the partizans of nature, by unceasingly accusing them with
      attributing every thing to chance. Chance is a word devoid of sense, which
      furnishes no substantive idea; at least it indicates only the ignorance of
      its employers. Nevertheless, we are triumphantly told, it is reiterated
      continually, that a regular work cannot be ascribed to the concurrence of
      chance. Never, we are informed, will it be possible to arrive at the
      formation of a poem such as the Iliad, by means of letters thrown together
      promiscuously or combined at random. We agree to it without hesitation;
      but, ingenuously, are the letters which compose a poem thrown with the
      hand in the manner of dice? It would avail as much to say, we could not
      pronounce a discourse with the feet. It is nature, who combines according
      to necessary laws, under given circumstances, a head organized in a mode
      suitable to bring forth a poem: it is nature who assembles the elements,
      which furnish man with a brain competent to give birth to such a work: it
      is nature, who, through the medium of the imagination, by means of the
      passions, in consequence of the temperament which she bestows upon man,
      capacitates him to produce such a masterpiece of fancy; such a
      never-fading effort of the mind: it is his brain modified in a certain
      manner, crowded with ideas, decorated with images, made fruitful by
      circumstances, that alone can become the matrix in which a poem can be
      conceived—in which the matter of it can be digested: this is the
      only womb whose activity could usher to an admiring world, the sublime
      stanzas which develope the story of the unfortunate Priam, and immortalize
      their author. A head organized like that of Homer, furnished with the same
      vigour, glowing with the same vivid imagination, enriched with the same
      erudition, placed under the same circumstances, would necessarily, and not
      by chance, produce the poem of the Iliad; at least, unless it be denied
      that causes similar in every thing must produce effects perfectly
      identical. We should without doubt be surprised, if there were in a
      dice-box a hundred thousand dice, to see a hundred thousand sixes follow
      in succession; but if these dice were all cogged or loaded, our surprise
      would cease: the particles of matter may be compared to cogged dice, that
      is to say, always producing certain determinate effects under certain
      given circumstances; these particles being essentially varied in
      themselves, countless in their combinations, they are cogged in myriads of
      different modes. The head of Homer, or of Virgil, was no more than an
      assemblage of particles, possessing peculiar properties; or if they will,
      of dice cogged by nature; that is to say, of beings so combined, of matter
      so wrought, as to produce the beautiful poems of the Iliad or the Aeneid.
      As much may be said of all other productions: indeed, what are men
      themselves but cogged dice—machines into which nature has infused
      the bias requisite to produce effects of a certain description? A man of
      genius produces a good work, in the same manner as a tree of a good
      species, placed in a prolific soil, cultivated with care, grafted with
      judgment, produces excellent fruit.
    

      Then is it not either knavery or puerility, to talk of composing a work by
      scattering letters with the hand; by promiscuously mingling characters; or
      gathering together by chance, that which can only result from a human
      brain, with a peculiar organization, modified after a certain manner? The
      principle of human generation does not develope itself by chance; it
      cannot be nourished with effect, expanded into life, but in the womb of a
      woman: a confused heap of characters, a jumble of symbols, is nothing more
      than an assemblage of signs, whose proper arrangement is adequate to paint
      human ideas; but in order that these ideas may be correctly delineated, it
      is previously requisite that they should have been conceived, combined,
      nourished, connected, and developed in the brain of a poet; where
      circumstances make them fructify, mature them, and bring them forth in
      perfection, by reason of the fecundity, generated by the genial warmth and
      the peculiar energy of the matrix, in which these intellectual seeds shall
      have been placed. Ideas in combining, expanding, connecting, and
      associating themselves, form a whole, like all the other bodies of nature:
      this whole affords us pleasure, becomes a source of enjoyment, when it
      gives birth to agreeable sensations in the mind; when it offers to our
      examination pictures calculated to move us in a lively manner. It is thus
      that the history of the Trojan war, as digested in the head of Homer,
      ushered into the world with all the fascinating harmony of numbers
      peculiar to himself, has the power of giving a pleasurable impulse to
      heads, who by their analogy with that of this incomparable Grecian, are in
      a capacity to feel its beauties.
    

      From this it will be obvious, that nothing can be produced by chance; that
      no effect can exist without an adequate cause for its existence; that the
      one must ever be commensurate with the other. All the works of nature grow
      out of the uniform action of invariable laws, whether our mind can with
      facility follow the concatenation of the successive causes which operate;
      or whether, as in her more complicated productions, we find ourselves in
      the impossibility of distinguishing the various springs which she sets in
      motion to give birth to her phenomena. To nature, the difficulty is not
      more to produce a great poet, capable of writing an admirable poem, than
      to form a glittering stone or a shining metal which gravitates towards a
      centre. The mode she adopts to give birth to these various beings, is
      equally unknown to us, when we have not meditated upon it; frequently the
      most sedulous attention, the most patient investigation affords us no
      information; sometimes, however, the unwearied industry of the philosopher
      is rewarded, by throwing into light the most mysterious operations. Thus
      the keen penetration of a Newton, aided by uncommon diligence, developed
      the starry system, which, for so many thousand years, had eluded the
      research of all the astronomers by whom he was preceded. Thus the sagacity
      of a Harvey giving vigour to his application, brought out of the obscurity
      in which for almost countless centuries it had been buried, the true
      course pursued by the sanguinary fluid, when circulating through the veins
      and arteries of man, giving activity to his machine, diffusing life
      through his system, and enabling him to perform those actions which so
      frequently strike an astonished world with wonder and regret. Thus
      Gallileo, by a quickness of perception, a depth of reasoning peculiar to
      himself, held up to an admiring world, the actual form and situation of
      the planet we inhabit; which until then had escaped the observation of the
      most profound geniuses—the most subtle metaphysicians—the
      whole host of priests; which when first promulgated was considered so
      extraordinary, so contradictory to all the then received opinions, either
      sacred or profane, that he was ranked as an atheist, as an impious
      blasphemer, to hold communion with whom, would secure to the communers a
      place in the regions of everlasting torment; in short, it was held an
      heresy of such an indelible dye, that notwithstanding the infallibility of
      his sacred function, Pope Gregory, who then filled the papal chair,
      excommunicated all those who had the temerity to accredit so abominable a
      doctrine.
    

      Man is born by the necessary concurrence of those elements suitable to his
      construction; he increases in bulk, corroborates his system, expands his
      powers, in the same manner as a plant or a stone; which as well as
      himself, are augmented in their volume, invigorated in their capabilities,
      by the addition of homogeneous matter, that exists within the sphere of
      their attraction. Man feels, thinks, receives ideas, acts after a certain
      manner, that is to say, according to his organic structure, which is
      peculiar to himself; that renders him susceptible of modifications, of
      which the stone and the plant are utterly incapable. On the other hand,
      the organization of these beings is of a nature to enable them to receive
      other modifications, which man is not more capacitated to experience, than
      the stone or the plant are those which constitute him what he is. In
      consequence of this peculiar arrangement, the man of genius produces works
      of merit; the plant when it is healthy yields delicious fruits the stone
      when it is placed in a suitable matrix possesses a glittering brilliance
      which dazzles the eyes of mortals; each in their sphere of action both
      surprise and delight us; because we feel that they excite in us
      sensations, that harmonize with what we call order; in consequence of the
      pleasure they infuse, by the rarity, by the magnitude, and by the variety
      of the effects which they occasion us to experience. Nevertheless, that
      which is found most admirable in the productions of nature, that which is
      most esteemed in the actions of man, most highly valued in animals, most
      sought after in vegetation, most in request among fossils, is never more
      than the natural effects of the different particles of matter, diversely
      arranged, variously combined, submitted to numerous modifications; from
      matter thus united result organs, brains, temperament, taste, talents, all
      the multifarious properties, all the multitudinous qualities, which
      discriminate the beings whose multiplied activity make up the sum of what
      is designated animated nature.
    

      Nature then produces nothing but what is necessary; it is not by
      fortuitous combinations, by chance throws, that she exhibits to our view
      the beings we behold; all her throws are sure, all the causes she employs
      have infallibly their effects. Whenever she gives birth to extraordinary,
      marvellous, rare beings, it is, that the requisite order of things the
      concurrence of the necessary productive causes, happens but seldom. As
      soon as those beings exist, they are to be ascribed to nature, equally
      with the most familiar of her productions; to nature every thing is
      equally possible, equally facile, when she assembles together the
      instruments or the causes necessary to act. Thus it seems presumption in
      man to set limits to the powers of nature, which he so very imperfectly
      understands. The combinations, or if they will, the throws that she makes
      in an eternity of existence, can easily produce all the beings that have
      existed: her eternal march must necessarily bring forth, again and again,
      the most astonishing circumstances; the most rare occurrences; those most
      calculated to rouse the wonder, to elicit the admiration of beings, who
      are only in a condition to give them a momentary consideration; who can
      get nothing more than a glimpse, without ever having either the leisure or
      the means to search into causes, which lie hid from their weak eyes, in
      the depths of Cimmerian obscurity. Countless throws during eternity, with
      elements and combinations varied almost to infinity, quite with relation
      to man, suffice to produce every thing of which he has a knowledge, with
      multitudes of other effects, of which he will never have the least
      conception.
    

      Thus, we cannot too often repeat to the metaphysicians, to the supporters
      of immateriality, to the inconsistent theologians, who commonly ascribe to
      their adversaries the most ridiculous opinions, in order to obtain an
      easy, short-lived triumph in the prejudiced eyes of the multitude; or in
      the stagnant minds of those who never examine deeply; that chance is
      nothing but a word, as well as many other words, imagined solely to cover
      the ignorance of those to whom the course of nature is inexplicable—to
      shield the idleness of others who are too slothful to seek into the
      properties of acting causes. It is not chance that has produced the
      universe, it is self-existent; nature exists necessarily from all
      eternity: she is omnipotent because every thing is produced by her
      energies; she is omnipresent, because she fills all space; she is
      omniscient, because every thing can only be what it actually is; she is
      immovable, because as a whole she cannot be displaced; she is immutable,
      because her essence cannot change, although her forms may vary; she is
      infinite, because she cannot have any bounds; she is all perfect, because
      she contains every thing: in short, she has all the abstract qualities of
      the metaphysician, all the moral faculties of the theologian, without
      involving any contradiction, since that which is the assemblage of all,
      must of necessity contain the properties of all.
    

      However concealed may be her ways, the existence of nature is indubitable;
      her mode of action is in some respects known to us. Experience amply
      demonstrates we might, if we were more industrious, become better
      acquainted with her secrets; but with an immaterial substance, with a pure
      spirit, the mind of man can never become familiar: he has no means by
      which he can picture to himself this incomprehensible, this inconceivable
      quality: in despite therefore of the roundness of assertion adopted by the
      theologian, notwithstanding all the subtilties of the metaphysician, it
      will always be for man, while he remains such as he now is, in the
      language of Doctor Samuel Clarke, that, of which nothing can with truth
      be affirmed.
    











      CHAP. VI.
    
Of Pantheism; or of the Natural Ideas of the Divinity.

      The false principle that matter is not self-existent; that by its nature
      it is in an impossibility to move itself; consequently incompetent to the
      production of those striking phenomena which arrest our wondering eyes in
      the wide expanse of the universe; it will be obvious, to all who seriously
      attend to what has preceded, is the origin of the proofs upon which
      theology rests the existence of immateriality. After these suppositions,
      as gratuitous as they are erroneous, the fallacy of which we have exposed
      elsewhere, it has been believed that matter did not always exist, but that
      its existence, as well as its motion, is a production of time; due to a
      cause distinguished from itself; to an unknown agent to whom it is
      subordinate. As man finds in his own species a quality which he calls
      intelligence, which presides over all his actions, by the aid of which he
      arrives at the end he proposes to himself; he has clothed this invisible
      agent with this quality, which he has extended beyond the limits of his
      own conception: he magnified it thus, because, having made him the author
      of effects of which he found himself incapable, he did not conceive it
      possible that the intelligence he himself possessed, unless it was
      prodigiously amplified, would be sufficient to account for those
      productions, to which his erring judgment led him to conclude the natural
      energy of physical causes were not adequate.
    

      As this agent was invisible, as his mode of action was inconceivable, he
      made him a spirit, a word that really means nothing more than that he is
      ignorant of his essence, or that he acts like the breath of which he
      cannot trace the motion. Thus, in speaking of spirituality, he designated
      an occult quality, which he deemed suitable to a concealed being, whose
      mode of action was always imperceptible to the senses. It would appear,
      however, that originally the word spirit was not meant to designate
      immateriality; but a matter of a more subtile nature than that which acted
      coarsely on the organs: still of a nature capable of penetrating the
      grosser matter—of communicating to it motion—of instilling
      into it active life—of giving birth to those combinations—of
      imparting to them those modifications, which his organic structure
      rendered him competent to discover. Such was, as has been shewn, that
      all-powerful Jupiter, who in the theology of the ancients, was originally
      destined to represent the etherial, subtile matter that penetrates,
      vivifies, and gives activity to all the bodies of which nature is the
      common assemblage.
    

      It would be grossly deceiving ourselves to believe that the idea of
      spirituality, such as the subtilty of dreaming metaphysicians present it
      in these days, was that which offered itself to our forefathers in the
      early stages of the human mind. This immateriality, which excludes all
      analogy with any thing but itself—which bears no resemblance to any
      thing of which man is capacitated to have a knowledge, was, as we have
      already observed, the slow, the tardy fruit of his imagination, after he
      had quitted experience, and renounced his reason. Men reared in luxurious
      leisure, unceasingly meditating, without the assistance of those natural
      helps with which attentive observation would have furnished them, by
      degrees arrived at the formation of this incomprehensible quality, which
      is so fugitive, that although man has been compelled to reverence it, to
      accredit it against all the evidence of his senses, they have never yet
      been enabled to give any other explanation of its nature, than by using a
      term to which it is impossible to attach any intelligible idea. Seraphis
      said, with tears in his eyes, "that in making him adopt the opinion of
      spirituality, they had deprived him of his God." Many fathers of the
      church have given a human form to the Divinity, and treated all those as
      heretics who made him spiritual. Thus by dint of reasoning, by force of
      subtilizing, the word spirit no longer presents any one image upon which
      the mind can fix itself; when they are desirous to speak of it, it becomes
      impossible to understand them, seeing that each visionary paints it after
      his own manner; and in the portrait he forms, consults only his own
      temperament, follows nothing but his own imagination, adopts nothing but
      his own peculiar reveries; the only point in which they are at all in
      unison, is in assigning to it inconceivable qualities, which they
      naturally enough believe are best suited to the incomprehensible beings
      they have delineated: from the incompatible heap of these qualities,
      generally resulted a whole, whose existence they thus rendered impossible.
      In short, this word, which has occupied the research of so many learned
      and intelligent men; which is considered of such importance to mankind,
      has been, in consequence of theological reveries, always fluctuating:
      these never bearing the least resemblance to each other, it has become
      destitute of any fixed sense, a mere sound, to which each who echoes it
      affixes his own peculiar ideas, which are never in harmony with those of
      his neighbour; which indeed are not even steady in himself, but like the
      camelion, assume the colour of every differing circumstance. This
      unintelligible word has been substituted for the more intelligible one of
      matter; man, when clothed with power, has entertained the most rancorous
      antipathies, pursued the most barbarous persecutions, against those who
      have not been enabled to contemplate this changeable idea under the same
      point of view with himself.
    

      There have, however, been men who had sufficient courage to resist this
      torrent of opinion—to oppose themselves to this delirium; who have
      believed, that the object which was announced as the most important for
      mortals, as the sole object worthy of their thoughts, demanded an
      attentive examination; who apprehended that if experience could be of any
      utility, if judgment could afford any advantage, if reason was of any use
      whatever, it must, most unquestionably be, to consider this quality so
      opposed to every thing in nature, which was said to regulate all the
      beings which she contains. These quickly saw they could not subscribe to
      the general opinion of the uninformed, who never examine any thing, who
      take every thing upon the credit of others; much less was it consistent
      with sound sense to agree with their guides, who, either deceivers or
      deceived, forbade others to submit it to the scrutiny of reason; who were
      themselves frequently in an utter incapacity to pass it under such an
      ordeal. Thus some thinkers, disgusted with the obscure and contradictory
      notions which others had through habit mechanically attached to this
      incomprehensible property, had the temerity to shake off the yoke which
      had been imposed upon them from their infancy: calling reason to their aid
      against those terrors with which they alarmed the ignorant, revolting at
      the hideous descriptions under which they attempted to defend their
      hypothesis, they had the intrepidity to tear the veil of delusion; to rend
      asunder the barriers of imposture; they considered with calm resolution,
      this formidable prejudice, contemplated with a serene eye this unsupported
      opinion, examined with cool deliberation this fluctuating notion, which
      had become the object of all the hopes, the source of all the fears, the
      spring of all the quarrels which distracted the mind, and disturbed the
      harmony of blind, confiding mortals.
    

      The result of these inquiries has uniformly been, a conviction that no
      rational proof has ever been adduced in support of this hypothesis; that
      from the nature of the thing itself, none can be offered; that an
      incorporeity is inconceivable to corporeal beings; that these only behold
      nature acting after invariable laws, in which every thing is material;
      that all the phenomena of which the world is the theatre, spring out of
      natural causes; that man as well as all the other beings is the work or
      this nature, is only an instrument in her hand, obliged to accomplish the
      eternal decrees of an imperious necessity.
    

      Whatever efforts the philosopher makes to penetrate the secrets of nature,
      he never finds more, as we have many times repeated, than matter; various
      in itself, diversely modified in consequence of the motion it undergoes.
      Its whole, as well as its parts, displays only necessary causes producing
      necessary effects, which flow necessarily one out of the other: of which
      the mind, aided by experience, is more or less competent to discover the
      concatenation. In virtue of their specific properties, all the beings that
      come under our review, gravitate towards a centre—attract analogous
      matter—repel that which is unsuitable to combination—mutually
      receive and give impulse—acquire qualities—undergo
      modifications which maintain them in existence for a season—are born
      and dissolved by the operation of an inexorable decree, that obliges every
      thing, we behold to pass into a new mode of existence. It is to these
      continued vicissitudes that are to be ascribed all the phenomena, whether
      trivial or of magnitude; ordinary or extraordinary; known or unknown;
      simple or complicated; which are operated in the universe. It is by these
      mutations alone that we have any knowledge of nature: she is only
      mysterious to those who contemplate her through the veil of prejudice: her
      course is always simple to those who look at her without prepossession.
    

      To attribute the effects to which we are witnesses, to nature, to matter,
      variously combined with the motion that is inherent to it, is to give them
      an intelligible and known cause; to attempt to penetrate deeper, is to
      plunge ourselves into imaginary regions, where we find only a chaos of
      obscurities—where we are lost in an unfathomable abyss of
      incertitude. Let us then be content with contemplating nature, who, being
      self-existent, must in her essence possess motion; which cannot be
      conceived without properties, from which result perpetual action and
      re-action; or those continual efforts which give birth to such a numerous
      train of circumstances; in which a single molecule cannot be found, that
      does not necessarily occupy the place assigned to it, by immutable and
      necessary laws—that is for an instant in an absolute state of
      repose. What necessity can there exist to seek out of matter for a power
      to give it play, since its motion flows as necessarily out of its
      existence as its bulk, its form, its gravity, &c. since nature in
      inaction would no longer be nature?
    

      If it be demanded, How can we figure to ourselves, that matter by its own
      peculiar energy can produce all the effects we witness? I shall reply,
      that if by matter it is obstinately determined to understand nothing but a
      dead, inert mass, destitute of every property, incapable of moving itself,
      we shall no longer have a single idea of matter; we shall no longer be
      able to account for any thing. As soon, however, as it exists, it must
      have properties; as soon as it has properties, without which it could not
      exist, it must act by virtue of those properties; since it is only by its
      action we can have a knowledge of its existence, be conscious of its
      properties. It is evident that if by matter be understood that which it is
      not, or if its existence be denied, those phenomena which strike our
      visual organs cannot be attributed to it. But if by nature be understood
      (that which she really is), an heap of existing matter, possessing various
      properties, we shall be obliged to acknowledge that nature must be
      competent to move herself; by the diversity of her motion, must have the
      capability, independent of foreign aid, to produce the effects we behold;
      we shall find that nothing can be made from nothing; that nothing is made
      by chance; that the mode of action of every particle of matter, however
      minute, is necessarily determined by its own peculiar, or by its
      individual properties.
    

      We have elsewhere said, that that which cannot be annihilated—that
      which in its nature is indestructible—cannot have been inchoate,
      cannot have had a beginning to its existence, but exists necessarily from
      all eternity; contains within itself a sufficient cause for its own
      peculiar existence. It becomes then perfectly useless to seek out of
      nature a cause for her action which is in some respects known to us; with
      which indefatigable research may, judging of the future by the past,
      render us more familiar. As we know some of the general properties of
      matter; as we can discover some of its qualities, wherefore should we seek
      its motion in an unintelligible cause, of which we are not in a condition
      to become acquainted with any one of its properties? Can we conceive that
      immateriality could ever draw matter from its own source? Impossible; it
      is not within the grasp of human intellect. If creation is an eduction
      from nothing, there must have been a time when matter had not existence;
      there must consequently be a time when it will cease to be: this latter is
      acknowledged by many theologians themselves to be impossible. Do those who
      are continually talking of this mysterious act of omnipotence, by which a
      mass of matter has been, all at once, substituted to nothing, perfectly
      understand what they tell us? Is there a man on earth who conceives that a
      being devoid of extent can exist, become the cause of the existence of
      beings who have extent—act upon matter—draw it from his own
      peculiar essence—set it in motion? In truth, the more we consider
      theology, the more we must be convinced that it has invented words
      destitute of sense; substituted sounds to intelligible realities.
    

      For want of consulting experience, for want or studying nature, for want
      of examining the material world, we have plunged ourselves into an
      intellectual vacuum, which we have peopled with chimeras, We have not
      stooped to consider matter, to study its different periods, to follow it
      through its numerous, changes. We have either ridiculously or knavishly
      confounded dissolution, decomposition, the separation of the elementary
      particles of bodies, with their radical destruction; we have been
      unwilling to see that the elements are indestructible; although the forms
      are fleeting, and depend upon transitory combination. We have not
      distinguished the change of figure, the alteration of position, the
      mutation of texture, to which matter is liable, from its annihilation,
      which is impossible; we have falsely concluded, that matter Was not a
      necessary being—that it commenced to exist—that this existence
      was derived from that which possessed nothing in common with itself—that
      that which was not substance, could give birth to that which is. Thus an
      unintelligible name has been substituted for matter, which furnishes us
      with true ideas of nature; of which at each instant we experience the
      influence, of which we undergo the action, of which we feel the power, and
      of which we should have a much better knowledge, if our abstract opinions
      did not continually fasten a bandage over our eyes.
    

      Indeed the most simple notions of philosophy shew us, that, although
      bodies change and disappear, nothing is however lost in nature; the
      various produce of the decomposition of a body serves for elements,
      supplies materials, forms the basis, lays the foundation for accretions,
      contributes to the maintenance of other bodies. The whole of nature
      subsists, and is conserved only by the circulation, the transmigration,
      the exchange, the perpetual displacement of insensible atoms—the
      continual mutation of the sensible combinations of matter. It is by this
      palingenesia, this regeneration, that the great whole, the mighty
      macrocosm subsists; who, like the Saturn of the ancients, is perpetually
      occupied with devouring her own children.
    

      It will not then be inconsistent with observation, repugnant to reason,
      contrary to good sense, to acknowledge that matter is self-existent; that
      it acts by an energy peculiar to itself; that it will never be
      annihilated. Let us then say, that matter is eternal; that nature has
      been, is, and ever will be occupied with producing and destroying; with
      doing and undoing; with combining and separating; in short, with following
      a system of laws resulting from its necessary existence. For every thing
      that she doth, she needs only to combine the elements of matter; these,
      essentially diverse, necessarily either attract or repel each other; come
      into collision, from whence results either their union or dissolution; by
      the same laws that one approximates, the other recedes from their
      respective spheres of action. It is thus that she brings forth plants,
      fossils, animals, men; thus she gives existence to organized, sensible,
      thinking beings, as well as to those who are destitute of either feeling
      or thought. All these act for the season of their respective duration,
      according to immutable laws, determined by their various properties;
      arising out of their configuration; depending on their masses; resulting
      from their ponderosity, &c. Here is the true origin of every thing
      which is presented to our view; this indicates the mode by which nature,
      according to her own peculiar powers, is in a state to produce all those
      astonishing effects which assail our wondering eyes; all that phenomena to
      which mankind is the witness; as well as all the bodies who act diversely
      upon the organs with which he is furnished, of which he can only judge
      according to the manner in which these organs are affected. He says they
      are good, when they are analogous to his own mode of existence—when
      they contribute to the maintenance of the harmony of his machine: he says
      they are bad, when they disturb this harmony. It is thus he ascribes
      views, ideas, designs, to the being he supposes to be the power by which
      nature is moved; although all the experience we are able to collect,
      unequivocally proves, that she acts after an invariable, eternal code of
      laws.
    

      Nature is destitute of those views which actuate man; she acts
      necessarily, because she exists: her system is immutable, and founded upon
      the essence of things. It is the essence of the seed of the male, composed
      of primitive elements, which serve for the basis of an organized being, to
      unite itself with that of the female; to fructify it; to produce, by this
      combination, a new organized being; who, feeble in his origin, not having
      yet acquired a sufficient quantity of material particles to give him
      consistence, corroborates himself by degrees; strengthens himself by the
      daily accretion of analogous matter; is nourished by the modifications
      appropriate to his existence: matured by the continuation of circumstances
      calculated to give vigour to his frame; thus he lives, thinks, acts,
      engenders in his turn other organized beings similar to himself. By a
      consequence of his temperament and of physical laws, this generation does
      not take place, except when the circumstances necessary to its production
      find themselves united. Thus this procreation is not operated by chance;
      the animal does not fructify, but with an animal of his own species,
      because this is the only one analogous to himself, who unites the
      qualities, who combines the circumstances, suitable to produce a being
      resembling himself; without this he would not produce any thing, or he
      would only give birth to a being who would be denominated a monster,
      because it would be dissimilar to himself. It is of the essence of the
      grain of plants, to be impregnated by the pollen or seed of the stygma of
      the flower; in this state of copulation they in consequence develope
      themselves in the bowels of the earth; expand by the aid of water; shoot
      forth by the accession of heat; attract analogous particles to corroborate
      their system: thus by degrees they form a plant, a shrub, a tree,
      susceptible of that life, filled with that motion, capable of that action
      which is suitable to vegetable existence. It is of the essence of
      particular particles of earth, homogeneous in their nature, when separated
      by circumstances, attenuated by water, elaborated by heat, to unite
      themselves in the bosom of mountains, with other atoms which are
      analogous; to form by their aggregation, according to their various
      affinities, those bodies possessing more or less solidity; having more or
      less purity, which are called diamonds, chrystals, stones, metals,
      minerals. It is of the essence of exhalations raised by the heat of the
      atmosphere, to combine, to collect themselves, to dash against each other,
      and either by their union or their collision to produce meteors, to
      generate thunder. It is of the essence of some inflammable matter to
      gather itself together, to ferment in the caverns of the earth, to
      increase its active force by augmenting its heat, and then explode, by the
      accession of other matter suitable to the operation, with that tremendous
      force which we call earthquakes; by which mountains are destroyed; cities
      overturned; the inhabitants of the plains thrown into a state of
      consternation; these full of alarm, unused to meditate on natural effects,
      unconscious of the extent of physical powers, stretch forth their hands in
      dismay, heave the most desponding sighs, utter aloud their complaints, and
      earnestly implore a cessation of those evils, which nature, acting by
      necessary laws, obliges them to experience as necessarily as she does
      those benefits by which she fills them with the most extravagant joy. In
      short, it is of the essence of certain climates to produce men so
      organized, whose temperament is so modified, that they become either
      extremely useful or very prejudicial to their species, in the same manner
      as it is the property of certain portions of the land, to bring forth
      either delicious fruits or dangerous poisons.
    

      In all this nature acts necessarily; she pursues an undeviating course,
      which we are bound to consider the perfection of wisdom; because she
      exists necessarily, has her modes of action determined by certain,
      invariable laws, which themselves flow out of the constituent properties
      of the various beings she contains, and those circumstances, which the
      eternal motion she is in must necessarily bring about. It is ourselves who
      have a necessary aim, which is our own conservation; it is by this that we
      regulate all the ideas we form to ourselves of the causes acting in
      nature; it is according to this standard we judge of every thing we see or
      feel. Animated ourselves, existing after a certain manner, possessing a
      soul endowed with rare and peculiar qualities, we, like the savage,
      ascribe a soul and animated life to every thing that acts upon us.
      Thinking and intelligent ourselves, we give these, faculties to those
      beings whom we suppose to be more powerful than mortals; but as we see the
      generality of matter incapable of modifying itself, we suppose it must
      receive its impulse from some concealed agent, some external cause, which
      our imagination pictures as similar to ourselves. Necessarily attracted by
      that which is advantageous to us, repelling by an equal necessity that
      which is prejudicial to our manner of existence; we cease to reflect that
      our modes of feeling are due to our peculiar organization, modified by
      physical causes: in this state, either of inattention or ignorance, we
      mistake the natural results of our own peculiar structure, for instruments
      employed by a being whom we clothe with our own passions—whom we
      suppose actuated by our own views—who, possessing our ideas,
      embraces a mode of thinking and acting similar to ourselves.
    

      If after this it be asked, What is the end of nature? We shall reply that
      on this head we are ignorant; that it is more than probable no man will
      ever fathom the secret; but we shall also say, it is evidently to exist,
      to act, to conserve her whole. If then it be demanded, Wherefore she
      exists? We shall again reply, of this we know nothing at present, possibly
      never shall; but we shall also say, she exists necessarily, that her
      operations, her motion, her phenomena, are the necessary consequences of
      her necessary existence. There necessarily exists something; this is
      nature or the universe, this nature necessarily acts as she does. If it be
      wished to substitute any other word for nature, the question will still
      remain as it did, as to the cause of her existence; the end she has in
      view. It is not by changing of terms that a geometrician can solve
      problems; one word will throw no more light on a subject than another,
      unless that word carries a certain degree of conviction in the ideas which
      it generates. As long as we speak of matter, if we cannot develope all its
      properties, we shall at least have fixed, determinate ideas; something
      tangible, of which we have a slight knowledge, that we can submit to the
      examination of our senses: but from the moment we begin to talk of
      immateriality, of incorporeity, from thence our ideas become confused; we
      are lost in a labyrinth of conjecture—we have no one means of
      seizing the subject on any side—we are, after the most elaborate
      arguments, after the most subtle reasoning, obliged to acknowledge we
      cannot form the most slender opinion respecting it, that has any thing
      substantive for its support. In short, that it is precisely that thing "of
      which every thing may be denied, but of which nothing can with truth be
      affirmed." Let us clothe this incomprehensible being with whatever
      qualities we may, it will be always in ourselves we seek the model; they
      will be our own faculties that we delineate, our own passions that we
      describe. In like manner man, as long as he is ignorant, will always
      conjecture that it is for himself alone the universe was formed; not
      withstanding, he has nothing more to do, than to open his eyes in order to
      be undeceived. He will then see, that he undergoes a common destiny,
      equally partakes with all other beings of the benefits, shares with them
      without exception the evils of life; like them he is submitted to an
      imperious necessity, inexorable in its decrees; which is itself nothing
      more than the sum total of those laws which nature herself is obliged to
      follow.
    

      Thus every thing proves that nature, or matter, exists necessarily; that
      it cannot in any moment swerve from those laws imposed upon it by its
      existence. If it cannot be annihilated, it cannot have been inchoate. The
      theologian himself agrees that it requires a miracle to annihilate an
      atom. But is it possible to derogate from the necessary laws of existence?
      Can that which exists necessarily, act but according to the laws peculiar
      to itself? Miracle is another word invented to shield our own sloth, to
      cover our own ignorance; it is that by which we wish to designate those
      rare occurrences, those solitary effects of natural causes, whose
      infrequency do not afford us means of diving into their springs. It is
      only saying by another expression, that an unknown cause hath by modes
      which we cannot trace, produced an uncommon effect which we did not
      expect, which therefore appears strange to us. This granted, the
      intervention of words, far from removing the ignorance in which we found
      ourselves with respect to the power and capabilities of nature, only
      serves to augment it, to give it more durability. The creation of matter
      becomes to our mind as incomprehensible, and appears as impossible as its
      annihilation.
    

      Let us then conclude that all those words which do not present to the mind
      any determinate idea, ought to be banished the language of those who are
      desirous of speaking so as to be understood; that abstract terms, invented
      by ignorance, are only calculated to satisfy men destitute of experience;
      who are too slothful to study nature, too timid to search into her ways;
      that they are suitable only to content those enthusiasts, whose curious
      imagination pleases itself with making fruitless endeavours to spring
      beyond the visible world; who occupy themselves with chimeras of their own
      creation: in short, that these words are useful only to those whose sole
      profession it is to feed the ears of the uninformed with pompous sounds,
      that are not comprehended by themselves—upon the sense of which they
      are in a state of perpetual hostility with each other—upon the true
      meaning of which they have never yet been able to come to a common
      agreement; which each sees after his own peculiar manner of contemplating
      objects, in which there never was, nor probably never will be, the least
      harmony of feeling.
    

      Man is a material being; he cannot consequently have any ideas, but of
      that which like himself is material; that is to say, of that which is in a
      capacity to act upon his organs, which has some qualities analogous with
      his own. In despite of himself, he always assigns material properties to
      his gods; the impossibility he finds in compassing them, has made him
      suppose them to be spiritual; distinguished from the material world.
      Indeed he, must be content, either not to understand himself, or he must
      have material ideas of the Divinity; the human mind may torture itself as
      long as it pleases, it will never, after all its efforts, be enabled to
      comprehend, that material effects can emanate from immaterial causes; or
      that such causes can have any relation with material beings. Here is the
      reason why man, as we have seen, believes himself obliged to give to his
      gods, these morals which he so much so highly esteems, in those beings of
      his race, who are fortunate enough to possess them: he forgets that a
      being who is spiritual, adopting the theological hypothesis, cannot from
      thence either have his organization, or his ideas; that it cannot think in
      his mode, nor act after his manner; that consequently it cannot possess
      what he calls intelligence, wisdom, goodness, anger, justice, &c. as
      he himself understands those terms. Thus, in truth, the moral qualities
      with which he has clothed the Divinity, supposes him material, and the
      most abstract theological notions, are, after all, founded upon a direct,
      undeniable Anthropomorphism.
    

      In despite of all their subtilties, the theologians cannot do otherwise;
      like all the beings of the human species, they have a knowledge of matter
      alone: they have no real idea of a pure spirit. When they speak of the
      intelligence, of the wisdom, of the designs of their gods, they are always
      those of men which they describe, that they obstinately persist in giving
      to beings, of which, according to their own shewing, to the evidence they
      themselves adduce, their essence does not render them susceptible; who if
      they had those qualities with which they clothe them, would from that very
      moment cease to be incorporeal; would be in the truest sense of the word,
      substantive matter. How shall we reconcile the assertion, that beings who
      have not occasion for any thing—who are sufficient to them selves—whose
      projects must be executed as soon as they are formed; can have volition,
      passions, desires? How shall we attribute anger to beings without either
      blood or bile? How can we conceive an omnipotent being (whose wisdom we
      admire in the striking order he has himself established in the universe,)
      can permit that this beautiful arrangement should be continually
      disturbed, either by the elements in discord, or by the crimes of human
      beings? In short, this being cannot have any one of the human qualities,
      which always depend upon the peculiar organization of man—upon his
      wants—upon his institutions, which are themselves always relative to
      the society in which he lives. The theologian vainly strives to
      aggrandize, to exaggerate in idea, to carry to perfection by dint of
      abstraction, the moral qualities of man; they are unsuitable to the
      Divinity; in vain it is asserted they are in him of a different nature
      from what they are in his creatures; that they are perfect; infinite;
      supreme; eminent; in holding this language, they no longer understand
      themselves; they can have no one idea of the qualities they are
      describing, seeing that man can never have a conception of them, but
      inasmuch as they bear an analogy to the same qualities in himself.
    

      It is thus that by force of metaphysical subtilty, mortals have no longer
      any fixed, any determinate idea of the beings to which they have given
      birth. But little contented with understanding physical causes, with
      contemplating active nature; weary of examining matter, which experience
      proves is competent to the production of every thing, man has been
      desirous to despoil it of the energy which it is its essence to possess,
      in order to invest it in a pure spirit; in an immaterial substance; which
      he is under the necessity of re-making a material being, whenever he has
      an inclination either to form an idea of it to himself, or make it
      understood by others. In assembling the parts of man, which he does no
      more than enlarge, which he swells out to infinity, he believes he forms
      an immaterial being, who, for that reason, acquires the capability of
      performing all those phenomena, with the true causes of which he is
      ignorant; nevertheless those operations of which he does comprehend the
      spring, he as sedulously denies to be due to the powers of this being;
      time, therefore, according to these ideas, as he advances the progress of
      science, as he further developes the secrets of nature, is continually
      diminishing the number of actions ascribed to this being—is
      constantly circumscribing his sphere of action. It is upon the model of
      the human soul that he forms the soul of nature, or that secret agent from
      which she receives impulse. After having made himself double, he makes
      nature in like manner twofold, and then he supposes she is vivified by an
      intelligence, which he borrows from himself, Placed in an impossibility of
      becoming acquainted with this agent, as well as with that which he has
      gratuitously distinguished from his own body; he has invented the word
      spiritual to cover up his ignorance; which is only in other words avowing
      it is a substance entirely unknown to him. From that moment, however, he
      has no ideas whatever of what he himself has done; because he first
      clothes it with all the qualities he esteems in his fellows, and then
      destroys them by an assurance, that they in no wise resemble the qualities
      he has been so anxious to bestow. To remedy this inconvenience, he
      concludes this spiritual substance much more noble than matter; that its
      prodigious subtilty, which he calls simplicity, but which is only the
      effect of metaphysical abstraction, secures it from decomposition, from
      dissolution, from all those revolutions, to which material bodies, as
      produced by nature, are evidently exposed.
    

      It is thus, that man always prefers the marvellous to the simple; the
      unintelligible to the intelligible; that which he cannot comprehend, to
      that which is within the range of his understanding; he despises those
      objects which are familiar to him; he estimates those alone with which he
      is incapable of having any intercourse: that of which he has only confused
      vague ideas, he concludes must contain something important for him to know—must
      have something supernatural in its construction. In short, he needs
      mystery to move his imagination—to exercise his mind—to feed
      his curiosity; which never labours harder, than when it is occupied with
      enigmas impossible to be guessed at; which from that very circumstance, he
      judges to be extremely worthy of his research. This, without doubt, is the
      reason he looks upon matter, which he has continually under his eyes,
      which he sees perpetually in action, eternally changing its form, as a
      contemptible thing—as a contingent being, that does not exist
      necessarily; consequently, that cannot exist independently: this is the
      reason why he has imagined a spirit, which he will never be able to
      conceive; which on that account he declares to be superior to matter;
      which he roundly asserts to be anterior to nature, and the only
      self-existent being. The human wind found food in these mystical ideas,
      they unceasingly occupied it; the imagination had play, it embellished
      them after its own manner: ignorance fed itself with the fables to which
      these mysteries gave rise; habit identified them with the existence of man
      himself: when each could ask the other concerning these ideas, without any
      one being in a capacity to return a direct answer, he felt himself
      gratified, he immediately concluded that the general impossibility of
      reply stamped them with the wondrous faculty of immediately interesting
      his welfare; of involving his most prominent interests, more than all the
      things put together, with which he had any possible means of becoming
      intimately acquainted. Thus they became necessary to his happiness; he
      believed he fell into a vacuum without them; he became the decided enemy
      to all those who endeavoured to lead him back to nature, which he had
      learned to despise; to consider only as an impotent mass, an heap of inert
      matter, not possessing any energy but what it received from causes
      exterior to itself; as a contemptible assemblage of fragile combinations,
      whose forms were continually subject to perish.
    

      In distinguishing nature from her mover, man has fallen into the same
      absurdity as when he separated his soul from his body; life from the
      living being; the faculty of thought from the thinking being: deceived on
      his own peculiar nature, having taken up an erroneous opinion upon the
      energy of his own organs, he has in like manner been deceived upon the
      organization of the universe; he has distinguished nature from herself;
      the life of nature from living nature; the action of nature from active
      nature. It was this soul of the world—this energy of nature—this
      principle of activity, which man first personified, then separated by
      abstraction; sometimes decorated with imaginary attributes; sometimes with
      qualities borrowed from his own peculiar essence. Such were the aerial
      materials of which man availed himself to construct the incomprehensible,
      immaterial substances, which have filled the world with disputes—which
      have divided man from his fellow—which to this day he has never been
      able to define, even to his own satisfaction. His own soul was the model.
      Deceived upon the nature of this, he never had any just ideas of the
      Divinity, who was, in his mind, nothing more than a copy exaggerated or
      disfigured to that degree, as to make him mistake the prototype upon which
      it had been originally formed.
    

      If, because man has distinguished himself from his own existence, it has
      been impossible for him ever to form to himself any true idea of his own
      nature; it is also because he has distinguished nature from herself, that
      both herself and her ways have been mistaken. Man has ceased to study
      nature, that he might, recur by thought to a substance which possesses
      nothing in common with her; this substance he has made the mover of
      nature, without which she would not be capable of any thing; to whom every
      thing that takes place in her system, must be attributed; the conduct of
      this being has appeared mysterious, has been held up as marvellous,
      because he seemed to be a continual contradiction: when if man had but
      recurred to the immutability of the laws of nature, to the invariable
      system she pursues, all would have appeared intelligible; every thing
      would have been reconciled; the apparent contrariety would have vanished.
      By thus taking a wrong view of things, wisdom and intelligence appeared to
      be opposed by confusion and disorder; goodness to be rendered nugatory by
      evil; while all is only just what it must inevitably be, under the given
      circumstances. In consequence of these erroneous opinions, in the place of
      applying himself to the study of nature, to discover the method of
      obtaining her favors, or to seek the means of throwing aside his
      misfortunes; in the room of consulting his experience; in lieu of
      labouring usefully to his own happiness; he has been only occupied with
      expecting these things by channels through which they do not flow; he has
      been disputing upon objects be never can understand, while he has totally
      neglected that which was within the compass of his own powers; which he
      might have rendered propitious to his views, by a more industrious
      application of his own talent; by a patient investigation, for the purpose
      of drawing at the fountain of truth, the limpid balsam that alone can heal
      the sorrows or his heart.
    

      Nothing could be well more prejudicial to his race, than this extravagant
      theory; which, as we shall prove, has become the source of innumerable
      evils. Man has been for thousands of years trembling before idols of his
      own creation—bowing down before them with the most servile homage—occupied
      with disarming their wrath—sedulously employed in propitiating their
      kindness, without ever advancing a single step on the road he so much
      desires to travel. He will perhaps continue the same course for centuries
      to come, unless by some unlooked for exertion on his part, he shall happen
      to discard the prejudices which blind him; to lay aside his enthusiasm for
      the marvellous; to quit his fondness for the enigmatical; rally round the
      standard of his reason: unless, taking experience for his guide, he march
      undauntedly forward under the banner of truth, and put to the rout that
      host of unintelligible jargon, under the cumbrous load of which he has
      lost sight of his own happiness; which has but too frequently prevented
      him from seeking the only means adequate either to satisfy his wants, or
      to ameliorate the evils which he is necessarily obliged to experience.
    

      Let us then re-conduct bewildered mortals to the altar of nature; let us
      endeavour to destroy that delusion which the ignorance of man, aided by a
      disordered imagination, has induced him to elevate to her throne; let us
      strive to dissipate that heavy mist which obscures to him the paths of
      truth; let us seek to banish from his mind those visionary ideas which
      prevent him from giving activity to his experience; let us teach him if
      possible not to seek out of nature herself, the causes of the phenomena he
      admires—to rest satisfied that she contains remedies for all his
      evils—that she has manifold benefits in store for those, who,
      rallying their industry, are willingly patiently to investigate her laws—that
      she rarely withholds her secrets from the researches of those who
      diligently labour to unravel them. Let us assure him that reason alone can
      render him happy; that reason is nothing more than the science of nature,
      applied to the conduct of man in society; that this reason teaches that
      every thing is necessary; that his pleasures as well as his sorrows are
      the effects of nature, who in all her works follows only laws which
      nothing can make her revoke; that his interest demands he should learn to
      support with equanimity of mind, all those evils which natural means do
      not enable him to put aside. In short, let us unceasingly repeat to him,
      it is in rendering his fellow creature happy, that he will himself arrive
      at a felicity he will in vain expect from others, when his own conduct
      refuses it to him.
    

      Nature is self-existent; she will always exist; she produces every thing;
      contains within herself the cause of every thing; her motion is a
      necessary consequence of her existence; without motion we could form no
      conception of nature; under this collective name we designate the
      assemblage of matter acting by virtue of its peculiar energies. Every
      thing proves to us, that it is not out of nature man ought to seek the
      Divinity. If we have only an incomplete knowledge of nature and her ways—if
      we have only superficial, imperfect ideas of matter, how shall we be able
      to flatter ourselves with understanding or having any certain notions of
      immateriality, of beings so much more fugitive, so much more difficult to
      compass, even by thought, than the material elements; so much more shy of
      access than either the constituent principles of bodies, their primitive
      properties, their various modes of acting, or their different manner of
      existing? If we cannot recur to first causes, let its content ourselves
      with second causes, with those effects which we can submit to experience,
      let us collect the facts with which we have an acquaintance; they will
      enable us to judge of what we do not know: let us at least confine
      ourselves to the feeble glimmerings of truth with which our senses furnish
      us, since we do not possess means whereby to acquire broader masses of
      light.
    

      Do not let us mistake for real sciences, those which have no other basis
      than our imagination; we shall find that such can at most be but
      visionary: let us cling close to nature which we see, which we feel, of
      which we experience the action; of which at least we understand the
      general laws. If we are ignorant of her detail, if we cannot fathom the
      secret principles she employs in her most complicated productions, we are
      at least certain she acts in a permanent, uniform, analogous, necessary
      manner. Let us then observe this nature; let us watch her movements; but
      never let us endeavour to quit the routine she prescribes for the beings
      of our species: if we do, we shall not only be obliged to return, but we
      shall also infallibly be punished with numberless errors, which will
      darken our mind, estrange us from reason; the necessary consequence will
      be countless sorrows, which we may otherwise avoid. Let us consider we are
      sensible parts of a whole, in which the forms are only produced to be
      destroyed; in which combinations are ushered into life, that they may
      again quit it, after having subsisted for a longer or a shorter season.
      Let us look upon nature as an immense elaboratory which contains every
      thing necessary for her action; who lacks nothing requisite for the
      production of all the phenomena she displays to our sight. Let us
      acknowledge her power to be inherent in her essence; amply commensurate to
      her eternal march; fully adequate to the happiness of all the beings she
      contains. Let us consider her as a whole, who can only maintain herself by
      what we call the discord of the elements; that she exists by the continual
      dissolution and re-union of her parts; that from this springs the
      universal harmony; that from this the general stability has its birth. Let
      us then re-establish omnipotent nature, so long mistaken by man, in her
      legitimate rights. Let us place her on that adamantine throne, which it is
      for the felicity of the human race she should occupy. Let us surround her
      with those ministers who can never deceive, who can never forfeit our
      confidence—Justice and Practical Knowledge. Let us listen to
      her eternal voice; she neither speaks ambiguously, nor in an
      unintelligible language; she may be easily comprehended by the people of
      all nations; because Reason is her faithful interpreter. She offers
      nothing to our contemplation but immutable truths. Let us then for ever
      impose silence on that enthusiasm which leads us astray; let us put to the
      blush that imposture which would riot on our credulity; let us discard
      that gloomy superstition, which has drawn us aside from the only worship
      suitable to intelligent beings. Above all, never let us forget that the
      temple of happiness can only be reached through the groves of virtue,
      which surround it on every side; that the paths which lead to these
      beautiful walks can only be entered by the road of experience, the portals
      of which are alone opened to those who apply to them the key of truth:
      this key is of very simple structure, has no complicated intricacy of
      wards, and is easily formed on the anvil of social intercourse, merely by
      not doing unto others that which you would not wish they should do unto
      you.











      CHAP. VII.
    
Of Theism.—Of the System of Optimism.—Of final Causes.
    

      Very few men have either the courage or the industry to examine opinions,
      which every one is in agreement to acknowledge; there is scarcely any one
      who ventures to doubt their truth, even when no solid arguments have been
      adduced in their support. The natural supineness of man readily receives
      them without examination upon the authority of others—communicates
      them to his successors in the season of their infancy; thus is transmitted
      from race to race, notions which once having obtained the sanction of
      time, are contemplated as clothed with a sacred character, although
      perhaps to an unprejudiced mind, who should be bent on searching into
      their foundation, no proofs will appear, that they ever were verified. It
      is thus with immateriality: it has passed current from father to son for
      many ages, without these having done any thing more than habitually
      consign to their brain those obscure ideas which were at first attached to
      it, which it is evident, from the admission even of its advocates, can
      never be removed, to admit others of a more enlightened nature. Indeed how
      can it possibly be, that light can be thrown upon an incomprehensible
      subject: each therefore modifies it after his own manner; each gives it
      that colouring that most harmonizes with his own peculiar existence; each
      contemplates it under that perspective which is the issue of his own
      particular vision: this from the nature of things cannot be the same in
      every individual: there must then of necessity be a great contrariety in
      the opinions resulting. It is thus also that each man forms to himself a
      God in particular, after his own peculiar temperament—according to
      his own natural dispositions: the individual circumstances under which he
      is found, the warmth of his imagination, the prejudices he has received,
      the mode in which he is at different times affected, have all their
      influence in the picture he forms. The contented, healthy man, does not
      see him with the same eyes as the man who is chagrined and sick; the man
      with a heated blood, who has an ardent imagination, or is subject to bile,
      does not pourtray him under the same traits as he who enjoys a more
      peaceable soul, who has a cooler fancy, who is of a more phlegmatic habit.
      This is not all; even the same individual does not view him in the same
      manner at different periods of his life: he undergoes all the variations
      of his machine—all the revolutions of his temperament—all
      those continual vicissitudes which his existence experiences. The idea of
      the Divinity is said to be innate; on the contrary, it is perpetually
      fluctuating in the mind of each individual; varies every moment in all the
      beings of the human species; so much so, that there are not two who admit
      precisely the same Deity; there is not a single one, who, under different
      circumstances, does not see him variously.
    

      Do not then let us be surprised at the variety of systems adopted by
      mankind on this subject; it ought not to astonish us that there is so
      little harmony existing among men upon a point of such consequence; it
      ought not to appear strange that so much contradiction should prevail in
      the various doctrines held forth; that they should have such little
      consistency, such slender connection with each other; that the professors
      should dispute continually upon the rectitude of the opinions adopted by
      each: they must necessarily wrangle upon that which each contemplates so
      variously—upon which there is hardly a single mortal who is
      constantly in accord with himself.
    

      All men are pretty well agreed upon those objects which they are enabled
      to submit to the test of experience; we do not hear any disputes upon the
      principles of geometry; those truths that are evident, that are easily
      demonstrable, never vary in our mind; we never doubt that the part is less
      than the whole; that two and two make four; that benevolence is an amiable
      quality; that equity is necessary to man in society. But we find nothing
      but perpetual controversy upon all those systems which have the Divinity
      for their object; they are full of incertitude; subject to continual
      variations: we do not see any harmony either in the principles of
      theology, or in the principles of its graduates. Even the proofs offered
      of his existence have been the subject of cavil; they have either been
      thought too feeble, have been brought forward against rule, or else have
      not been taken up with sufficient zeal to please the various reasoners who
      advocate the cause; the corollaries drawn from the premises laid down, are
      not the same in any two nations, scarcely in two individuals; the thinkers
      of all ages, in all countries, are perpetually in rivalry with each other;
      unceasingly quarrel upon all the points of religion; can never agree
      either upon their theological hypotheses, or upon the fundamental truths
      which should serve for their basis; even the attributes, the very
      qualities ascribed, are as warmly contested by some, as they are zealously
      defended by others.
    

      These never-ending disputes, these perpetual variations, ought, at least,
      to convince the unprejudiced, that the ideas of the Divinity have neither
      the generally-admitted evidence, nor the certitude which are attributed to
      them; on the contrary, these contrarieties in the opinions of the
      theologians, if submitted to the logic of the schools, might be fatal to
      the whole of them: according to that mode of reasoning, which at least has
      the sanction of our universities, all the probabilities in the world
      cannot acquire the force of a demonstration; a truth is not made evident
      but when constant experience, reiterated reflection, exhibits it always
      under the same point of view; the evidence of a proposition cannot be
      admitted unless it carries with it a substantive demonstration; from the
      constant relation which is made by well constituted senses, results that
      evidence, that certitude, which alone can produce full conviction: if the
      major proposition of a syllogism should be overturned by the minor, the
      whole falls to the ground. Cicero, who is no mean authority on such a
      subject, says expressly, "No reasoning can render that false, which
      experience has demonstrated as evident." Wolff, in his Ontology, says;
      "That which is repugnant in itself, cannot possibly be understood; that
      those things which are in themselves contradictions, must always be
      deficient of evidence." St. Thomas says, "Being, is all that which is not
      repugnant to existence."
    

      However it may be with these qualities, which the theologians assign to
      their immaterial beings, whether they may be irreconcileable, or whether
      they are totally incomprehensible, what can result to the human species in
      supposing them to have intelligence and views? Can an universal
      intelligence, whose care must be equally extended to every thing that
      exists, have more direct, more intimate relations with man, who only forms
      an insensible portion of the great whole? Can we seriously believe that it
      is to make joyful the insects, to gratify the ants of his garden, that the
      Monarch of the universe has constructed and embellished his habitation?
      Would our feeble eyes, therefore, become stronger—would our narrow
      views of things be enlarged—should we be better capacitated to
      understand his projects—could we with more certitude divine his
      plans, enter into his designs—would our exility of judgment be
      competent to measure his wisdom, to follow the eternal order he has
      established? Will those effects, which flow from his omnipotence, emanate
      from his providence—whether we estimate them as good, or whether we
      tax them as evil—whether we consider them beneficial, or view them
      as prejudicial—be less the necessary results of his wisdom, of his
      justice, of his eternal decrees? In this case can we reasonably suppose
      that a Being, so wise, so just, so intelligent, will derange his system,
      change his plan, for such weak beings as ourselves? Can we rationally
      believe we have the capacity to address worthy prayers, to make suitable
      requests, to point out proper modes of conduct to such a Being? Can we at
      all flatter ourselves that to please us, to gratify our discordant wishes,
      he will alter his immutable laws? Can we imagine that at our entreaty he
      will take from the beings who surround us their essences, their
      properties, their various modes of action? Have we any right to expect he
      will abrogate in our behalf the eternal laws of nature, that he will
      disturb her eternal march, arrest her ever-lasting course, which his
      wisdom has planned; which his goodness has conferred; which are, in fact,
      the admiration of mankind? Can we hope that in our favour fire will cease
      to burn, when we approximate it too closely; that fever shall not consume
      our habit, when contagion has penetrated our system; that gout shall not
      torment us, when an intemperate mode of life shall have amassed the
      humours that necessarily result from such conduct; that an edifice
      tumbling in ruins shall not crush us by its fall, when we are within the
      vortex of its action? Will our vain cries, our most fervent supplications,
      prevent a country from being unhappy, when it shall be devastated by an
      ambitious conqueror; when it shall be submitted to the capricious will of
      unfeeling tyrants, who bend it beneath the iron rod of their oppression?
    

      If this infinite intelligence gives a free course to those events which
      his wisdom has prepared; if nothing happens in this world but after his
      impenetrable designs; we ought silently to submit; we have in fact nothing
      to ask; we should be madmen to oppose our own weak intellect to such
      capacious wisdom; we should offer an insult to his prudence if we were
      desirous to regulate them. Man must not flatter himself that he is wiser
      than his God; that he is in a capacity to make him change his will; with
      having power to determine him to take other means than those which he has
      chosen to accomplish his decrees. An intelligent Divinity can only have
      taken those measures which embrace complete justice; can only have availed
      himself of those means which are best calculated to arrive at his end; if
      he was capable of changing them, he could neither be called wise,
      immutable, nor provident. If it was to be granted, that the Divinity did
      for a single instant suspend those laws which he himself has given, if he
      was to change any thing in his plan, it would be supposing he had not
      foreseen the motives of this suspension; that he had not calculated the
      causes of this change; if he did not make these motives enter into his
      plan, it would be saying he had not foreseen the causes that render them
      necessary: if he has foreseen them without making them part of his system,
      it would be arraigning the perfection of the whole. Thus in whatever
      manner these things are contemplated, under whatever point of view they
      are examined, it is evident that the prayers which man addresses to the
      Divinity, which are sanctioned by the different modes of worship, always
      suppose he is supplicating a being whose wisdom and providence are
      defective; in fact, that his own is more appropriate to his situation. To
      suppose he is capable of change in his conduct, is to bring his
      omniscience into question; to vitally attack his omnipotence; to arraign
      his goodness; at once to say, that he either is not willing or not
      competent to judge what would be most expedient for man; for whose sole
      advantage and pleasure they will, notwithstanding, insist he created the
      universe: such are the inconsistent doctrines of theology; such the
      imbecile efforts of metaphysics.
    

      It is, however, upon these notions, extravagant as they may appear, ill
      directed as they assuredly are, inconclusive as they must be acknowledged
      by unprejudiced minds, that are founded all the superstitions and many of
      the religions of the earth. It is by no means an uncommon sight, to see
      man upon his knees before an all-wise God, whose conduct he is
      endeavouring to regulate; whose decrees he wishes to avert; whose plan he
      is desirous to reform. These inconsistent objects he is occupied with
      gaining, by means equally repugnant to sound sense; equally injurious to
      the dignity of the Divinity: adopting his own sensations as the criterion
      of the feelings of the Deity; in some places he tries to win him to his
      interests by presents; sometimes we behold even the princes of the earth
      attempting to direct his views, by offering him splendid garments, upon
      which their own fatuity sets an inordinate value, merely because they have
      laboured at them themselves; some strive to disarm his justice by the most
      splendid pageantry; others by practices the most revolting to humanity;
      some think his immutability will yield to idle ceremonies; others to the
      most discordant prayers; it not unfrequently happens that to induce him to
      change in their favour his eternal decrees, those who have opposite
      interests to promote, each returns him thanks for that which the others
      consider as the greatest curse that can befal them. In short, man is
      almost every where prostrate before an omnipotent God, who, if we were to
      judge by the discrepancy of their requests, never has rendered his
      creatures such as they ought to be; who to accomplish his divine views has
      never taken the proper measures, who to fulfil his wisdom has continual
      need of the admonitions of man, conveyed either in the form of thanks or
      prayers.
    

      We see, then, that superstition is founded upon manifest contradictions,
      which man must always fall into when he mistakes the natural causes of
      things—when he shall attribute the good or evil which he experiences
      to an intelligent cause, distinguished from nature, of which he will never
      be competent to form to himself any certain ideas. Indeed, man will always
      be reduced, as we have so frequently repeated, to the necessity of
      clothing his gods with his own imbecile qualities: as he is himself a
      changeable being, whose intelligence is limited; who, placed in divers
      circumstances, appears to be frequently in contradiction with himself;
      although he thinks he honours his gods in giving them his own peculiar
      qualities, he in fact does nothing more than lend them his own
      inconstancy, cover them with his own weakness, invest them with his own
      vices. It is thus that in reasoning, he is unable to account for the
      necessity of things—that he imagines there is a confusion which his
      prayers will have a tendency to remove—that he thinks the evils of
      life more than commensurate with the good: he does not perceive that an
      undeviating system, by operating upon beings diversely organized, whose
      circumstances are different, whose modes of action are at variance, must
      of necessity sometimes appear to be inimical to the interests of the
      individual, while it embraces the general good of the whole. The
      theologian may subtilize, exaggerate, render as unintelligible as he
      pleases, the attributes with which he clothes his divinities, he will
      never be able to remove the contradictions which arise from the discordant
      qualities which he thus heaps together; neither will he be able to give
      man any other mode of judging than what arises from the exercise of his
      senses, such as they are actually found. He will never be able to furnish
      the idea of an immutable being, while he shall represent this being as
      capable of being irritated and appeased by the prayers of mortals. He will
      never delineate the features of omnipotence under the portrait of a being
      who cannot restrain the actions of his inferiors. He will never hold up a
      standard of justice, while he shall mingle it with mercy, however amiable
      the quality; or while he shall represent it as punishing those actions,
      which the perpetrators were under the necessity of committing. Neither
      will he be able, under any circumstances, to make a finite mind comprehend
      infinity; much less when he shall represent this infinity as bounded by
      finity itself.
    

      From this it will be obvious, that immaterial substances, such as are
      depicted by the theologians, can only be looked upon as the offspring of a
      metaphysical brain, unsupported by any of those proofs which are usually
      required to establish the propositions laid down among men; all the
      qualities which they ascribe to them, are only those which are suitable to
      material substances; all the abstract properties with which they invest
      them, are incomprehensible by material beings; the whole taken together,
      is one confused mass of contradictions: they have held forth to man, that
      it highly imported to his interests to know, to understand these
      substances; he has consequently set his intellect in action to discover
      some means of compassing an end, said to be so consequential to his
      welfare; he has, however, been unable to make any progress, because no
      clue could be offered to him of the road he must pursue; all was mere
      assertion unsupported by evidence; the whole was enveloped in complete
      darkness, into which the least scintillation of light could never
      penetrate. Notwithstanding, as soon as man believes himself greatly
      interested in knowing a thing, he labors to form to himself an idea of
      that, the knowledge of which he thinks so important; if insuperable
      obstacles impede his inquiries—if difficulties of a magnitude to
      alarm his industry intervene—if with immense labour he makes but
      little progress, then the slender success that attends his research, aided
      by a slothful disposition, while it wearies his diligence disposes him to
      credulity. It was thus, that a crafty ambitious Arab, subtle and knavish
      in his manners, insinuating in his address, profiting by this credulous
      inclination, made his countrymen adopt his own fanciful reveries as
      permanent truths, of which it was not permitted them for an instant to
      doubt; following up these opinions with enthusiasm, he stimulated them on
      to become conquerors; obliging the conquered to lend themselves to his
      system, he gave currency to a creed, invented solely for the purpose of
      enslaving mankind, which now spreads over immense regions inhabited by a
      numerous population, although like other systems it does not escape
      sectarianism, having above seventy branches. Thus ignorance, despair,
      sloth, the want of reflecting habits, place the human race in a state of
      dependance upon those who build up systems, while upon the objects which
      are the foundations, they have no one settled idea: once adopted, however,
      whenever these systems are brought into question, man either reasons in a
      very strange manner, or else is the dupe of very deceitful arguments: when
      they are agitated, and he finds it impossible to understand what is said
      concerning them when his mind cannot embrace the ambiguity of these
      doctrines, he imagines those who speak to him are better acquainted with
      the objects of their discourse than himself; these seizing the favourable
      opportunity, do not let it slip, they reiterate to him with Stentorian
      lungs, "That the most certain way is to agree with what they tell him; to
      allow himself to be guided by them;" in short, they persuade him to shut
      his eyes, that he may with greater perspicuity distinguish the road he is
      to travel: once arrived at this influence, they indelibly fix their
      lessons; irrevocably chain him to the oar; by holding up to his view the
      punishments intended for him by these imaginary beings, in case he refuses
      to accredit, in the most liberal manner, their marvellous inventions; this
      argument, although it only supposes the thing in question, serves to close
      his mouth—to put an end to his research; alarmed, confused,
      bewildered, he seems convinced by this victorious reasoning—attaches
      to it a sacredness that fills him with awe—blindly conceives that
      they have much clearer ideas of the subject than himself—fears to
      perceive the palpable contradictions of the doctrines announced to him,
      until, perhaps, some being, more subtle than those who have enslaved him,
      by labouring the point incessantly, attacking him on the weak side of his
      interest, arrives at throwing the absurdity of his system into light, and
      finally succeeds by inducing him to adopt that of another set of
      speculators. The uninformed man generally believes his priests have more
      senses than himself; he takes them for superior beings; for divine men. He
      only sees that which these priests inform him he must contemplate; to
      every thing else his eyes are completely hoodwinked; thus the authority of
      the priests frequently decides, without appeal, that which is useful
      perhaps only to the priesthood.
    

      When we shall be disposed to recur to the origin of things, we shall ever
      find that it has been man's imagination, guided by his ignorance, under
      the influence of fear, which gave birth to his gods; that enthusiasm or
      imposture have generally either embellished or disfigured them; that
      credulity readily adopted the fabulous accounts which interested duplicity
      promulgated respecting them; that these dispositions, sanctioned by time,
      became habitual. Tyrants finding their advantage in sustaining them, have
      usually established their power upon the blindness of mankind, and the
      superstitious fears with which it is always accompanied. Thus, under
      whatever point of view it is considered, it will always be found that error
      cannot be useful to the human species.

      Nevertheless, the happy enthusiast, when his soul is sensible of its
      enjoyments, when his softened imagination has occasion to paint to itself
      a seducing object, to which he can render thanks for the kindness he
      experiences, will ask, "Wherefore deprive me of a being that I see under
      the character of a sovereign, filled with wisdom, abounding in goodness?
      What comfort do I not find in figuring to myself a powerful, intelligent,
      indulgent monarch, of whom I am the favorite; who continually occupies
      himself with my welfare—unceasingly watches over my safety—who
      perpetually administers to my wants—who always consents that under
      him I shall command the whole of nature? I believe I behold him constantly
      showering his benefits on man; I see his Providence labouring for his
      advantage without relaxation; he covers the earth with verdure to delight
      him; he loads the trees with delicious fruits to gratify his palate; he
      fills the forests with animals suitable to his nourishment; he suspends
      over his head planets with innumerable stars, to enlighten him by day, to
      guide his erring steps by night; he extends around him the azure firmament
      to gladden his sight; he decorates the meadows with flowers to please his
      fancy; he causes crystal fountains to flow with limpid streams to slake
      his thirst; he makes rivulets meander through his lands to fructify the
      earth; he washes his residence with noble rivers, that yield him fish in
      abundance. Ah! suffer me to thank thee, Author of so many benefits: do not
      deprive me of my charming sensations. I shall not find my illusions so
      sweet, so consolatory in a severe destiny—in a rigid necessity—in
      a blind inanimate matter—in a nature destitute of intelligence,
      devoid of feeling."
    

      "Wherefore," will say the unfortunate, from whom his destiny has
      rigorously withheld those benefits which have been lavished on so many
      others; "wherefore ravish from me an error that is dear to me? Wherefore
      annihilate to me a being, whose consoling idea dries up the source of my
      tears—who serves to calm my sorrows? Wherefore deprive me of an
      object which I represent to myself as a compassionate, tender father; who
      reproves me in this world, but into whose arms I throw myself with
      confidence, when the whole of nature appears to have abandoned me?
      Supposing it no more than a chimera, the unhappy have occasion for it, to
      guarantee them against frightful despair: is it not cruel, is it not
      inhuman, to be desirous of plunging them into a vacuum, by seeking to
      undeceive them? Is it not an useful error, preferable to those truths
      which deprive the mind of every consolation, which do not hold forth any
      relief from its sorrows?"
    

      Thus will equally reason the Negro, the Mussulman, the Brachman, and
      others. We shall reply to these enthusiasts, no! truth can never render
      you unhappy; it is this which really consoles us; it is a concealed
      treasure, much superior to all the superstitions ever invented by fear; it
      can cheer the heart; give it courage to support the burthens of life; make
      us smile under adversity; elevate the soul; render it active; furnishes it
      with means to resist the attacks of fate; to combat misfortunes with
      success. This will shew clearly that the good and evil of life are
      distributed with an equal hand, without respect to man's peculiar
      comforts; that all beings are equally regarded in the universe; that every
      thing is submitted to necessary laws; that man has no right whatever to
      think himself a being peculiarly favoured—who is exempted from the
      common operations of the eternal routine; that it is folly to think he is
      the only being considered—one for whose enjoyment alone every thing
      is produced; an attention to facts will suffice to put an end to this
      delusion, however pleasant may be the indulgence of such a notion; the
      most superficial glance of the eye will be sufficient to undeceive us in
      the idea, that he is the final cause of the creation—the
      constant object of the labours of nature, or of its Author. Let us
      seriously ask him, if he does not witness good constantly blended with
      evil? If he does not equally partake of them with the other beings in
      nature? To be obstinately bent to see only the evil, is as irrational as
      to be willing only to notice the good. Providence seems to be just as much
      occupied for one class of beings as for another. We see the calm succeed
      the storm; sickness give place to health; the blessings of peace follow
      the calamities of war; the earth in every country bring forth roots
      necessary for the nourishment of man, produce others suitable to his
      destruction. Each individual of the human species is a compound of good
      and bad qualities; all nations present a varied spectacle of virtues,
      growing up beside vices; that which gladdens one being, plunges another
      into sadness—no event takes place that does not give birth to
      advantages for some, to disadvantages for others. Insects find a safe
      retreat in the ruin of the palace, which crushes man in its fall; man by
      his death furnishes food for myriads of contemptible insects; animals are
      destroyed by thousands that he may increase his bulk; linger out for a
      season a feverish existence. We see beings engaged in perpetual hostility,
      each living at his neighbour's expence; the one banquetting upon that
      which causes the desolation of the other; some luxuriously growing into
      flesh upon the misery which wears others into skeletons—profiting by
      misfortunes, rioting upon disasters, which ultimately, reciprocally
      destroy them. The most deadly poisons spring up beside the most wholesome
      fruits the earth equally nourishes the fatal steel which terminates man's
      career, and the fruitful corn that prolongs his existence; the bane and
      its antidote are near neighbours, repose on the same bosom, ripen under
      the same sun, equally court the hand of the incautious stranger. The
      rivers which man believes flow for no other purpose than to irrigate his
      residence, sometimes swell their waters, overtop their banks, inundate his
      fields, overturn his dwelling, and sweep away the flock and shepherd. The
      ocean, which he vainly imagines was only collected together to facilitate
      his commerce supply him with fish, and wash his shores; often wrecks his
      ships, frequently bursts its boundaries, lays waste his lands, destroys
      the produce of his industry, and commits the most frightful ravages. The
      halcyon, delighted with the tempest, voluntarily mingles with the storm;
      rides contentedly upon the surge; rejoiced by the fearful howlings of the
      northern blast, plays with happy buoyancy upon the foaming billows, that
      have ruthlessly dashed in pieces the vessel of the unfortunate mariner;
      who, plunged into an abyss of misery, with tremulous emotion clings to the
      wreck; views with horrific despair, the premature destruction of his
      indulged hopes; sighs deeply at the thoughts of home; with aching heart,
      thinks of the cherished friends his streaming eyes will never more behold
      in an agony of soul dwells upon the faithful affection of an adored wife,
      who will never again repose her drooping head upon his manly bosom; grows
      wild with the appalling remembrance of beloved children, his wearied arms
      will never more encircle with parental fondness; then sinks for ever, the
      unhappy victim of circumstances that fill with glee the fluttering bird,
      who sees him yield to the overwhelming force of the infuriate waves. The
      conqueror displays his military skill, fights a sanguinary battle, puts
      his enemy to the rout, lays waste his country, slaughters thousands of his
      fellows, plunges whole districts into tears, fills the land with the moans
      of the fatherless, the wailings of the widow, in order that the crows may
      have a banquet—that ferocious beasts may gluttonously gorge
      themselves with human gore—that worms may riot in luxury.
    

      Thus when there is a question concerning an agent we see act so variously;
      whose motives seem sometimes to be advantageous, sometimes disadvantageous
      for the human race; at least each individual will judge after the peculiar
      mode in which he is himself affected; there will consequently be no fixed
      point, no general standard in the opinions men will form to themselves.
      Indeed our mode of judging will always be governed by our manner of
      seeing, by our way of feeling. This will depend upon our temperament,
      which itself springs out of our organization, and the peculiarity of the
      circumstances in which we are placed; these can never be the same for all
      the beings of our species. These individual modes of being affected, then,
      will always furnish the colours of the portrait which man may paint to
      himself of the Divinity; it must therefore be obvious they can never be
      determinate—can have no fixity—can never be reduced to any
      graduated scale; the inductions which they may draw from them, can never
      be either constant or uniform; each will always judge after himself, will
      never see any thing but himself or his own peculiar situation in the
      picture he delineates.
    

      This granted, the man who has a contented, sensible soul, with a lively
      imagination, will paint the Divinity under the most charming traits; he
      will believe that he sees in the whole of nature nothing but proofs of
      benevolence, evidence of goodness, because it will unceasingly cause him
      agreeable sensations. In his poetical extacy he will imagine he every
      where perceives the impression of a perfect intelligence—of an
      infinite wisdom—of a providence tenderly occupied with the welfare
      of man; self-love joining itself to these exalted qualities, will put the
      finishing hand to his persuasion, that the universe is made solely for the
      human race; he will strive in imagination to kiss with transport the hand
      from which he believes he receives so many benefits; touched with his
      kindness, gratified with the perfume of roses whose thorns he does not
      perceive, or which his extatic delirium prevents him from feeling, he will
      think he can never sufficiently acknowledge the necessary effects, which
      he will look upon as indubitable testimony of the divine predilection for
      man. Completely inebriated with these feelings, this enthusiast will not
      behold those sorrows, will not notice that confusion of which the universe
      is the theatre: or if it so happens, he cannot prevent himself from being
      a witness, he will be persuaded that in the views of an indulgent
      providence, these calamities are necessary to conduct man to a higher
      state of felicity; the reliance which he has in the Divinity, upon whom he
      imagines they depend, induces him to believe, that man only suffers for
      his good; that this being, who is fruitful in resources, will know how to
      make him reap advantage from the evils which he experiences in this world:
      his mind thus pre-occupied, from thence sees nothing that does not elicit
      his admiration call forth his gratitude; excite his confidence; even those
      effects which are the most natural, the most necessary, appear in his eyes
      miracles of benevolence; prodigies of goodness: he shuts his eyes to the
      disorders which could bring these amiable qualities into question: the
      most cruel calamities, the most afflicting events, the most heart-rending
      circumstances, cease to be disorders in his eyes, and do nothing, more
      than furnish him with new proofs of the divine perfections; he persuades
      himself that what appears defective or imperfect, is only so in
      appearance; he admires the wisdom, acknowledges the bounty of the
      Divinity, even in those effects which are the most terrible for his race—most
      suitable to discourage his species—most fraught with misery for his
      fellow.
    

      It is, without doubt, to this happy disposition of the human mind, in some
      beings of his order, that is to be ascribed the system of Optimism,
      by which enthusiasts, furnished with a romantic imagination, seem to have
      renounced the evidence of their senses: to find that even for man every
      thing is good in nature, where the good has constantly its concomitant
      evil, and where minds less prejudiced, less poetical, would judge that
      every thing is only that which it can be—that the good and the evil
      are equally necessary—that they have their source in the nature of
      things; moreover, in order to attribute any particular character to the
      events that take place, it would be needful to know the aim of the whole:
      now the whole cannot have an aim, because if it had a tendency, an aim, or
      end, it would no longer be the whole, seeing that that to which it tended
      would be a part not included.
    

      It will be asserted by some, that the evils which we behold in this world
      are only relative, merely apparent; that they prove nothing against the
      good: but does not man almost uniformly judge after his own mode of
      feeling; after his manner of co-existing with those causes by which he is
      encompassed; which constitute the order of nature with relation to
      himself; consequently, he ascribes wisdom and goodness to all that which
      affects him pleasantly, disorder to that state of things by which he is
      injured. Nevertheless every thing which we witness in the world conspires
      to prove to us, that whatever is, is necessary; that nothing is done by
      chance; that all the events, good or bad, whether for us or for beings of
      a different order, are brought about by causes acting after certain and
      determinate laws; that nothing can he a sufficient warrantry in us to
      clothe with any one of our human qualities, either nature or the
      motive-power which has been given to her.
    

      With respect to those who pretend that supreme wisdom will know how to
      draw the greatest benefits for us, even out of the bosom of those
      calamities which it is permitted we shall experience in this world; we
      shall ask them, if they are themselves the confidents of the Divinity; or
      upon what they found these assertions so flattering to their hopes? They
      will, without doubt, tell us they judge by analogy; that from the actual
      proofs of goodness and wisdom, they have a just right to conclude in
      favour of future bounty. Would it not be a fair reply to ask, If they
      reason by analogy, and man has not been rendered completely happy in this
      world, what analogy informs them he will be so in another? If, according
      to their own shewing, man is sometimes made the victim of evil in his
      present existence, in order that he may attain a greater good, does not
      analogical reasoning, which they say they adopt, clearly warrant a
      deduction, that the same afflictions, for the same purposes, will be
      equally proper, equally requisite in the world to come?
    

      Thus this language founds itself upon ruinous hypotheses, which have for
      their bases only a prejudiced imagination. It, in fact, signifies nothing
      more than that man once persuaded, without any evidence, of his future
      happiness, will not believe it possible he can be permitted to be unhappy:
      but might it not be inquired what testimony does he find, what substantive
      knowledge has he obtained of the peculiar good that results to the human
      species from those sterilities, from those famines, from those contagions,
      from those sanguinary conflicts, which cause so many millions of men to
      perish; which unceasingly depopulate the earth, and desolate the world we
      inhabit? Is there any one who has sufficient compass of comprehension to
      ascertain the advantages that result from the evils that besiege us on all
      sides? Do we not daily witness beings consecrated to misfortune, from the
      moment they quitted the womb of the parent who brought them into
      existence, until that which re-committed them to the earth, to sleep in
      peace with their fathers; who with great difficulty found time to respire;
      lived the constant sport of fortune; overwhelmed with affliction, immersed
      in grief, enduring the most cruel reverses? Who is to measure the precise
      quantity of misery required to derive a certain portion of good? Who is to
      say when the measure of evil will be full which it is necessary to suffer?
    

      The most enthusiastic Optimists, the Theists themselves, the
      partizans of Natural Religion, as well as the most credulous and
      superstitious, are obliged to recur to the system of another life, to
      remedy the evils man is decreed to suffer in the present; but have they
      really any just foundation to suppose the next world will afford him a
      happiness denied him in this? If it is necessary to recur to a doctrine so
      little probable as that of a future existence, by what chain of reasoning
      do they establish their opinion, that when he shall no longer have organs,
      by the aid of which he is at present alone enabled either to enjoy or to
      suffer, he shall be able to compensate the evils he has endured; to enjoy
      a felicity, to partake of a pleasure this organic structure has refused
      him while on his pilgrimage through the land of his fathers.
    

      From this it will be seen, that the proofs of a sovereign intelligence, or
      of a magnified human quality drawn from the order, from the harmony, from
      the beauty of the universe, are never more than those which are derived
      from men who are organized and modified after a certain mode; or whose
      cheerful imagination is so constructed as to give birth to agreeable
      chimeras which they embellish according to their fancy: these illusions,
      however, must be frequently dissipated even in themselves, whenever their
      machine becomes deranged; when sorrows assail them, when misfortune
      corrodes their mind; the spectacle of nature, which under certain
      circumstances has appeared to them so delightful, so seducing, must then
      give place to disorder, must yield to confusion. A man of melancholy
      temperament, soured by misfortunes, made irritable by infirmities, cannot
      view nature and her author under the same perspective, as the healthy man
      of a sprightly humour, who is contented with every thing. Deprived of
      happiness, the fretful man can only find disorder, can see nothing but
      deformity, can find nothing but subjects to afflict himself with; he only
      contemplates the universe as the theatre of malice, as the stage for
      tyrants to execute their vengeance; he grows superstitious, he gives way
      to credulity, and not unfrequently becomes cruel, in order to serve a
      master whom he believes he has offended.
    

      In consequence of these ideas, which have their growth in an unhappy
      temperament, which originate in a peevish humour, which are the offspring
      of a disturbed imagination, the superstitious are constantly infected with
      terror, are the slaves to mistrust, the creatures of discontent,
      continually in a state of fearful alarm. Nature cannot have charms for
      them; her countless beauties pass by unheeded; they do not participate in
      her cheerful scenes; they look upon this world, so marvellous to the happy
      man, so good to the contented enthusiast, as a valley of tears, in
      which a vindictive fate has placed them only to expiate crimes committed
      either by themselves or by their fathers; they consider themselves as sent
      here for no other purpose than to be the sharers of calamity; the sport of
      a capricious fortune; that they are the children of sorrow, destined to
      undergo the severest trials, to the end that they may everlastingly arrive
      at a new existence, in which they shall be either happy or miserable,
      according to their conduct towards the ministers of a being who holds
      their destiny in his hands. These dismal notions have been the source of
      all the irrational systems that have ever prevailed; they have given birth
      to the most revolting practices, currency to the most absurd customs.
      History abounds with details of the most atrocious cruelties, under the
      imposing name of public worship; nothing has been considered either too
      fantastical or too flagitious by the votaries of superstition. Parents
      have immolated their children; lovers have sacrificed the objects of their
      affection; friends have destroyed each other: the most bloody disputes
      have been fomented; the most interminable animosities have been
      engendered, to gratify the whim of implacable priests, who by crafty
      inventions have obtained an influence over the people; to please blind
      zealots, who have never been able either to give fixity to their ideas, or
      to define their own feelings. Idle dreamers nourished with bile,
      intoxicated with theologic fury—atrabilarians, whose melancholic
      humour frequently disposes them to wickedness—visionaries, whose
      devious imaginations, heated with intemperate zeal, generally leads them
      to the extremes of fanaticism, working upon ignorance, whose usual bias is
      credulity, have incessantly disturbed the harmony of mankind, kindled the
      inextinguishable flame of discord, and in an almost uninterrupted
      succession, strewed the earth with the mangled carcasses of the
      multitudinous victims to mad-brained error, whose only crime has been
      their incapacity to dream according to the rules prescribed by these
      infuriate maniacs; although these have never been uniform—never
      assimilated in any two countries—never borne the same features in
      any two ages, nor even had the united concurrence of the persecuting
      contemporaries.
    

      It is then in the diversity of temperament, arising from variety of
      organization—in the contrariety of passions, springing out of this
      miscellany, modified by the most opposite circumstances, that must be
      sought the difference we find in the opinions of the theist, the optimist,
      the happy enthusiast, the zealot, the devotee, the superstitious of all
      denominations; they are all equally irrational—the dupes of their
      imagination—the blind children of error. What one contemplates under
      a favorable point of view, the other never looks upon but on the dark
      side; that which is the object of the most sedulous research to one set,
      is that which the others most seek to avoid: each insists he is right; no
      one offers the least shadow of substantive proof of what he asserts; each
      points out the great importance of his mission, yet cannot even agree with
      his colleagues in the embassy, either upon the nature of their
      instructions, or the means to be adopted. It is thus whenever man sets
      forth a false supposition, all the reasonings he makes on it are only a
      long tissue of errors, which entail on him an endless series of
      misfortunes; every time he renounces the evidence of his senses, it is
      impossible to calculate the bounds at which his imagination will stop;
      when he once quits the road of experience, when he travels out of nature,
      when he loses sight of his reason, to strike into the labyrinths of
      conjecture, it is difficult to ascertain where his folly will lead him—into
      what mischievous swamps this ignis fatuus of the mind may beguile
      his wandering steps. It is certainly true, the ideas of the happy
      enthusiast will be less dangerous to himself, less baneful to others, than
      those of the atrabilarious fanatic, whose temperament may render him both
      cowardly and cruel; nevertheless the opinions of the one and of the other
      will not be less chimerical; the only difference will be, that of the
      first will produce agreeable, cheerful dreams; while that of the second
      will present the most appalling visions, terrific spectres, the fruit of a
      peevish transport of the brain: there will, however, never be more than a
      step between them all; the smallest revolution in the machine, a slight
      infirmity, an unforeseen affliction, suffices to change the course of the
      humours—to vitiate the temperament—to endanger the
      organization—to overturn the whole system of opinions of the
      happiest. As soon as the portrait is found disfigured, the beautiful order
      of things is overthrown relatively to himself; melancholy grapples him—pusillanimity
      benumbs his faculties—by degrees plunges, him into the rankest
      depths of gloomy superstition; he then degenerates into all those
      irregularities which are the dismal harvest of fanatic ignorance ploughed
      with credulity.
    

      Those ideas, which have no archetype but in the imagination of man, must
      necessarily take their complexion from his own character; must be clothed
      with his own passions; must constantly follow the revolutions of his
      machine; be lively or gloomy; favourable or prejudicial; friendly or
      inimical; sociable or savage; humane or cruel; according as he whose brain
      they inhabit shall himself be disposed; in fact, they can never be more
      than the shadow of the substance he himself interposes between the light
      and the ground on which they are thrown. A mortal plunged from a state of
      happiness into misery, whose health merges into sickness, whose joy is
      changed into affliction, cannot in these vicissitudes preserve the same
      ideas; these naturally depend every instant upon the variations, which
      physical sensations oblige his organs to undergo. It will not therefore
      appear strange that these opinions should be fluctuating, when they depend
      upon the state of the nervous fluid, upon the greater or less portion of
      igneous matter floating in the sanguinary vessels.
    
Theism, or what is called Natural Religion, cannot have
      certain principles; those who profess it must necessarily be subject to
      vary in their opinions—to fluctuate in their conduct, which flows
      out of them. A system founded upon wisdom and intelligence, which can
      never contradict itself, when circumstances change will presently be
      converted into fanaticism; rapidly degenerate into superstition; such a
      system, successively meditated by enthusiasts of very distinct characters,
      must of necessity experience vicissitudes, and quickly depart from its
      primitive simplicity. The greater part of those philosophers who have been
      disposed to substitute theism for superstition, have not felt that it was
      formed to corrupt itself—to degenerate. Striking examples, however,
      prove this fatal truth. Theism is almost every where corrupted; it has by
      degrees given way to those superstitions, to those extravagant sects, to
      those prejudicial opinions with which the human species is degraded. As
      soon as man consents to acknowledge invisible powers out of nature, upon
      which his restless mind will never be able invariably to fix his ideas—which
      his imagination alone will be capable of painting to him; whenever he
      shall not dare to consult his reason relatively to those powers, it must
      necessarily be, that the first false step leads him astray, that his
      conduct as well as his opinions becomes in the long run perfectly absurd.
    

      Those are usually called Theists, who, undeceived upon the greater number
      of grosser errors to which the uninformed, the superstitiously ignorant,
      tend the most determined support, simply hold the notion of unknown agents
      endowed with intelligence, wisdom, power and goodness, in short, full of
      infinite perfections, whom they distinguish from nature, but whom they
      clothe after their own fashion; to whom they ascribe their own limited
      views; whom they make act according to their own absurd passions. The
      religion of Abraham appears to have originally been a kind of theism,
      imagined to reform the superstition of the Chaldeans; Moses modified it,
      and gave it the Judaical form. Socrates was a theist, who lost his life in
      his attack on polytheism; his disciple Aristocles, or Plato, as he was
      afterwards called from his large shoulders, embellished the theism of his
      master, with the mystical colours which he borrowed from the Egyptian and
      Chaldean priests, which he modified in his own poetical brain, and
      preserved a remnant of polytheism. The disciples of Plato, such as
      Proclus, Ammonius, Jamblicus. Plotinus, Longinus, Porphyrus, and others,
      dressed it up still more fantastically, added a great deal of
      superstitious mummery, blended it with magic, and other unintelligible
      doctrines. The first doctors of Christianity were Platonists, who combined
      the reformed Judaism with the philosophy taught in Academia. Mahomet, in
      combating the polytheism of his country, seems to have been desirous of
      restoring the primitive theism of Abraham, and his son Ishmael; yet this
      has now seventy-two sects. Thus it will be obvious, that theism has no
      fixed point, no standard, no common measure more than other systems: that
      it runs from one supposition to another, to find in what manner evil has
      crept into the world. Indeed it has been for this purpose, which perhaps
      after all will never be satisfactorily explained, that the doctrine of
      free-agency was introduced; that the fable of Prometheus and the box of
      Pandora was imagined; that the history of the Titanes was invented;
      notwithstanding, it must be evident that these things as well as all the
      other trappings of superstition, are not more difficult of comprehension
      than the immaterial substances of the theists; the mind who can admit that
      beings devoid of parts, destitute of organs, without bulk, can move
      matter, think like man, have the moral qualities of human nature, need not
      hesitate to allow that ceremonies, certain motions of the body, words,
      rites, temples, statues, can equally contain secret virtues; has no
      occasion to withhold its faith from the concealed powers of magic,
      theurgy, enchantments, charms, talismans, &c.; can shew no good reason
      why it should not accredit inspirations, dreams, visions, omens,
      soothsayers, metamorphoses, and all the host of occult sciences: when
      things so contradictory to the dictates of reason, so completely opposed
      to good sense are freely admitted, there can no longer be an thing which
      ought to possess the right to make credulity revolt; those who give
      sanction to the one, may without much hesitation believe whatever else is
      offered to their credence. It would be impossible to mark the precise
      point at which imagination ought to arrest itself—the exact boundary
      that should circumscribe belief—the true dose of folly that may be
      permitted them; or the degree of indulgence that can with safety be
      extended to those priests who are in the habit of teaching so variously,
      so contradictorily, what man ought to think on the subjects they handle so
      advantageously to themselves; who when it becomes a question what
      remuneration is due from mankind for their unwearied exertions in his
      favour, are, in spite of all their other differences, in the most perfect
      union; except perhaps when they come to the division of the spoil: in
      this, indeed, the apple of discord sometimes takes a tremendous roll. Thus
      it will be clear that there can be no substantive grounds for separating
      the theists from the most superstitious; that it becomes impossible to fix
      the line of demarcation, which divides them from the most credulous of
      men; to shew the land-marks by which they can be discriminated from those
      who reason with the least conclusive persuasion. If the theist refuses to
      follow up the fanatic in every step of his cullibility, he is at least
      more inconsequent than the last, who having admitted upon hearsay an
      inconsistent, whimsical doctrine, also adopts upon report the ridiculous,
      strange means which it furnishes him. The first sets forth with an absurd
      supposition, of which he rejects the necessary consequences; the other
      admits both the principle and the conclusion. There are no degrees in
      fiction any more than in truth. If we admit the superstition, we are bound
      to receive every thing which its ministers promulgate, as emanating from
      its principle. None of the reveries of superstition embrace any thing more
      incredible than immateriality; these reveries are only corollaries drawn
      with more or less subtilty from unintelligible subjects, by those who have
      an interest in supporting the system. The inductions which dreamers have
      made, by dint of meditating on impenetrable materials, are nothing more
      than ingenious conclusions, which have been drawn with wonderful accuracy,
      from unknown premises, that are modestly offered to the sanction of
      mankind by enthusiasts, who claim an unconditional assent, because they
      assure us no one of the human race is in a capacity either to see, feel,
      or comprehend the object of their contemplation. Does not this somewhat
      remind us of what Rabelais describes as the employment of Queen Whim's
      officers, in his fifth book and twenty-second chapter?
    

      Let us then acknowledge, that the man who is this most credulously
      superstitious, reasons in a more conclusive manner, or is at least more
      consistent in his credulity, than those, who, after having admitted a
      certain position of which they have no one idea, stop short all at once,
      and refuse to accredit that system of conduct which is the immediate, the
      necessary result of a radical and primitive error. As soon as they
      subscribe to a principle fatally opposed to reason, by what right do they
      dispute its consequences, however absurd they may be found? We cannot too
      often repeat, for the happiness of mankind, that the human mind, let it
      torture itself as much as it will, when it quits visible nature leads
      itself astray; for want of an intelligent guide it wanders in tracks that
      bewilder its powers, and is quickly obliged, to return into that with
      which it has at least some, acquaintance. If man mistakes nature and her
      energies, it is because he does not sufficiently study her—because
      he does not submit to the test of experience the phenomena he beholds; if
      he will obstinately deprive her of motion, he can no longer have any ideas
      of her. Does, he, however, elucidate his embarrassments, by submitting her
      action to the agency of a being of which he makes himself the model? Does
      he think he forms a god, when he assembles into one heterogeneous mass,
      his own discrepant qualities, magnified until his optics are no longer
      competent to recognize them, and then unites to them certain abstract
      properties of which he cannot form to himself any one conception? Does he,
      in fact, do more than collect together that which becomes, in consequence
      of its association, perfectly unintelligible? Yet, strange as it may
      appear, when he no longer understands himself—when his mind, lost in
      its own fictions, becomes inadequate to decipher the characters he has
      thus promiscuously assembled—when he has huddled together a heap of
      incomprehensible, abstract qualities, which he is obliged to acknowledge
      are the mere creatures of imagination, not within the reach of human
      intellect, he firmly persuades himself he has made a most accurate and
      beautiful portrait of the Divinity; he ostentatiously displays his
      picture, demands the eulogy of the spectator, and quarrels with all those
      who do not agree to adulate his creative powers, by adopting the
      inconceivable being he holds forth to their worship; in short, to question
      the existence of his extravaganza, rouses his most bitter reproaches;
      elicits his everlasting scorn; entails on the incredulous his eternal
      hatred.
    

      On the other hand, what could we expect from such a being, as they have
      supposed him to be? What could we consistently ask of him? How make an
      immaterial being, who has neither organs, space, point, or contact,
      understand that modification of matter called voice? Admit that this is
      the being who moves nature—who establishes her laws—who gives
      to beings their various essences—who endows them with their
      respective properties; if every thing that takes place is the fruit of his
      infinite providence—the proof of his profound wisdom, to what end
      shall we address our prayers to him? Shall we solicit him to acknowledge
      that the wisdom and providence with which we have clothed him, are in fact
      erroneous, by entreating him to alter in our favour his eternal laws?
      Shall we give him to understand our wisdom exceeds his own, by asking, him
      for our pleasure to change the properties of bodies—to annihilate
      his immutable decrees—to trace back the invariable course of things—to
      make beings act in opposition to the essences with which he has thought it
      right to invest them? Will he at our intercession prevent a body ponderous
      and hard by its nature, such as a stone, for example, from wounding, in
      its fall a sensitive being such as the human frame? Again, should we not,
      in fact, challenge impossibilities, if the discordant attributes brought
      into union by the theologians were correct; would not immutability oppose
      itself to omnipotence; mercy to the exercise of rigid justice;
      omniscience, to the changes that might be required in foreseen plans? In
      physics, in consequence of the general research after a perpetual motion,
      science has drawn forth the discovery, that by amalgamating metals of
      contrary properties, the contractile powers of one kind, under given
      circumstances which cause the dilation of the other, by their opposite
      tendencies neutralize the actual effects of each, taken separately, and
      thus produce an equality in the oscillations, that, neither possessed
      individually.
    

      It will perhaps, be insisted, that the infinite science of the Creator of
      all things, is acquainted with resources in the beings he has formed,
      which are concealed from imbecile mortals; that consequently without
      changing any thing, either in the laws of nature, or in the essence of
      things, he is competent to produce effects which surpass the comprehension
      of our feeble understanding; that these, effects will in no wise be
      contrary to that order which he himself has established in nature.
      Granted: but then I reply, first, that every thing which is
      conformable to the nature of things, can neither be called supernatural
      nor miraculous: many things are, unquestionably, above our comprehension;
      but then all that is operated in the world is natural—grows out of
      those immutable laws by which nature is regulated. In the second
      place, it will be requisite to observe, that by the word miracle an effect
      is designed, of which, for want of understanding nature, she is believed
      incapable. In the third place, it is worthy of remark, that the
      theologians, almost universally, insist that by miracle is meant not an
      extraordinary effort of nature, but an effect directly opposite to her
      laws, which nevertheless they equally challenge to have been prescribed by
      the Divinity. Buddaeus says, "a miracle is an operation by which the laws
      of nature, upon which depend the order and the preservation of the
      universe, are suspended." If, however, the Deity, in those phenomena that
      most excite our surprise, does nothing more than give play to springs
      unknown to mortals, there is, then, nothing in nature, which, in this
      sense, may not be looked upon as a miracle; because the cause by which a
      stone falls is as unknown to us, as that which makes our globe turn on its
      own axis. Thus, to explain the phenomena of nature by a miracle, is, in
      other words, to say we are ignorant of the actuating causes; to attribute
      them to the Divinity, is to agree we do not comprehend the resources of
      nature: it is little better than accrediting magic. To attribute to a
      sovereignly intelligent, immutable, provident, wise being, those miracles
      by which he derogates from his own laws, is at one blow to annihilate all
      these qualities: it is an inconsistency that would shame a child. It
      cannot be supposed that omnipotence has need of miracles to govern the
      universe, nor to convince his creatures, whose minds and hearts must be in
      his own hands. The last refuge of the theologian, when driven off all
      other ground, is the possibility of every thing he asserts, couched in the
      dogma, "that nothing is impossible to the Divinity." He makes this
      asseveration with a degree of self-complacency, with an air of triumph,
      that would almost persuade one he could not be mistaken; most assuredly,
      with those who dip no further than the surface, he carries complete
      conviction. But we must take leave to examine a little the nature of this
      proposition, and we do apprehend that a very slight degree of
      consideration will shew that it is untenable. In the first place,
      as we have before observed, the possibility of a thing by no means proves
      its absolute existence: a thing may be extremely possible, and yet not be.
      Secondly, if this was once to become an admitted argument, there
      would be, in fact, an end of all morality and religion. The Bishop of
      Chester, Doctor John Wilkins, says, "would not such men be generally
      accounted out of their wits, who could please themselves by entertaining
      actual hopes of any thing, merely upon account of the possibility of it,
      or torment themselves with actual fears of all such evils as are possible?
      Is there any thing imaginable wore wild and extravagant amongst those in
      bedlam than this would be?" Thirdly, the impossibility would
      reasonably appear to be on the other side, so far from nothing being
      impossible, every thing that is erroneous would seem to be actually so;
      the Divinity could not possibly either love vice, cherish crime, be
      pleased with depravity, or commit wrong; this decidedly turns the argument
      against them; they must either admit the most monstrous of all
      suppositions, or retire from behind the shield with which they have
      imagined they rendered themselves invulnerable.
    

      To those who may be inclined to inquire, whether it would not be better
      that all things were operated by a good, wise, intelligent Being, than by
      a blind nature, in which not one consoling quality is found; by a fatal
      necessity always inexorable to human intreaty? It may be replied, first,
      that our interest does not decide the reality of things, and that when
      this should be even wore advantageous than it is pointed out, it would
      prove nothing. Secondly, that as we are obliged to admit some
      things are operated by nature, it is certainly on the side of probability
      that she performs the others; especially as her capabilities are more
      substantively proved by every age as it advances. Thirdly, that
      nature duly studied furnishes every thing necessary to render us as, happy
      as our essence admits. When, guided by experience, we shall consult her,
      with cultivated reason; she will discover to us our duties, that is to
      say, the indispensable means to which her eternal and necessary laws have
      attached our preservation, our own happiness, and that of society. It is
      decidedly in her bosom that we shall find wherewith to satisfy our
      physical wants; whatever is out of nature, can have no existence
      relatively to ourselves.
    

      Nature, then, is not a step-mother to us; we do not depend upon an
      inexorable destiny. Let us therefore endeavour to become more familiar
      with her resources; she will procure us a multitude of benefits when we
      shall pay her the attention she deserves: when we shall feel disposed to
      consult her, she will supply us with the requisites to alleviate both our
      physical and moral evils: she only punishes us with rigour, when,
      regardless of her admonitions, we plunge into excesses that disgrace us.
      Has the voluptuary any reason to complain of the sharp pains inflicted by
      the gout, when experience, if he had but attended to its counsels, has so
      often warned him, that the grossness of sensual indulgence must inevitably
      amass in his machine those humours which give birth to the agony he so
      acutely feels? Has the superstitious bigot any cause for repining at the
      misery of his uncertain ideas, when an attentive examination of that
      nature, he holds of such small account, would have convinced him that the
      idols under whom he trembles, are nothing but personifications of herself,
      disguised under some other name? It is evidently by incertitude, discord,
      blindness, delirium, she chastises those who refuse to, acknowledge the
      justice of her claims.
    

      In the mean time, it cannot be denied, that a pure Theism, or what is
      called Natural Religion, may not be preferable to superstition, in the
      same manner as reform has banished many of the abuses of those countries
      who have embraced it; but there is nothing short of an unlimited and
      inviolable liberty of thought, that can permanently assure the repose of
      the mind. The opinions of men are only dangerous when they are restrained,
      or when it is imagined necessary to make others think as we ourselves
      think. No opinions, not even those of superstition itself, would be
      dangerous, if the superstitious did not think themselves obliged to
      enforce their adoption, or had not the power to persecute those who
      refused. It is this prejudice, which, for the benefit of mankind, it is
      essential to annihilate; and if the thing be not achievable, then the next
      object which philosophy may reasonably propose to itself, will be to make
      the depositaries of power feel that they never ought to permit their
      subjects to commit evil for either superstitious or religious opinions. In
      this case, wars would be almost unheard of amongst men: instead of
      beholding the melancholy spectacle of man cutting the throat of his fellow
      man, because this cannot see with his eyes, we shall witness him
      essentially labouring to his own happiness by promoting that of his
      neighbour; cultivating the earth in peace; quietly bringing forth the
      productions of nature, instead of puzzling his brain with theological
      disputes, which can never be of the smallest advantage, except to the
      priests. It must be a self-evident truth, that an argument by men, upon
      that which is not accessible to man, could only have been invented by
      knaves, who, like the professors of legerdemain, were determined to riot
      luxuriously on the ignorance and credulity of mankind.











      CHAP. VIII.
    
Examination of the Advantages which result from Man's Notions on the
      Divinity.—Of their Influence upon Mortals;—upon Politics;—upon
      Science;—upon the Happiness of Nations, and that of Individuals.

      The slender foundation of those ideas which men form to themselves of
      their gods, must have appeared obvious in what has preceded; the proofs
      which have been offered in support of the existence of immaterial
      substances, have been examined; the want of harmony that exists in the
      opinions upon this subject, which all concur in agreeing to be equally
      impossible to be known to the inhabitants of the earth, has been shewn;
      the incompatibility of the attributes with which, theology has clothed
      incorporeity, has been explained. It has been proved, that the idols which
      man sets up for adoration, have usually had their birth, either in the
      bosom of misfortune, when ignorance was at a loss to account for the
      calamities of the earth upon natural principles, or else have been the
      shapeless fruit of melancholy, working upon an alarmed mind, coupled with
      enthusiasm and an unbridled imagination. It has been pointed out how these
      prejudices, transmitted by tradition from father to son, grafting
      themselves upon infant minds, cultivated by education, nourished by fear,
      corroborated by habit, have been maintained by authority; perpetuated by
      example. In short, every thing must have distinctly evidenced to us, that
      the ideas of the gods, so generally diffused over the earth, has been
      little more than an universal delusion of the human race. It remains now
      to examine if this error has been useful.
    

      It needs little to prove error can never be advantageous for mankind; it
      is ever founded upon his ignorance, which is itself an acknowledged evil;
      it springs out of the blindness of his mind to acknowledged truths, and
      his want of experience, which it must be admitted are prejudicial to his
      interests: the more importance, therefore, he shall attach to these
      errors, the more fatal will be the consequences resulting from their
      adoption. Bacon, the illustrious sophist, who first brought philosophy out
      of the schools, had great reason when he said, "The worst of all things is
      deified error." Indeed, the mischiefs springing from superstition or
      religious errors, have been, and always will be, the most terrible in
      their consequences—the most extensive in their devastation. The more
      these errors are respected, the more play they give to the passions; the
      more value is attached to them, the more the mind is disturbed; the more
      they are insisted upon, the more irrational they render those, who are
      seized with the rage for proselytism; the more they are cherished, the
      greater influence they have on the whole conduct of our lives. Indeed,
      there can he but little likelihood that he who renounces his reason, in
      the thing which he considers as most essential to his happiness, will
      listen to it on any other occasion.
    

      The slightest reflection will afford ample proof to this sad truth: in
      those fatal notions which man has cherished on this subject, are to be
      traced the true sources of all those prejudices, the fountain of all those
      sorrows, to which he is the victim. Nevertheless, as we have elsewhere
      said, utility ought to be the only standard, the uniform scale, by which
      to form a judgment on either the opinions, the institutions, the systems,
      or the actions of intelligent beings; it is according to the measure of
      happiness which these things procure for us, that we ought either to cover
      them with our esteem, or expose them to our contempt. Whenever they are
      useless it is our duty to despise them; as soon as they become pernicious,
      it is imperative to reject them; reason imperiously prescribes that our
      detestation should be commensurate with the evils which they cause.
    

      Taking these principles for a land-mark, which are founded on our nature,
      which must appear incontestible to every reasonable being, with experience
      for a beacon, let us coolly examine the effects which these notions have
      produced on the earth. We have already, in more than one part of the work,
      given a glimpse of the doctrine of that morals, which having only for
      object the preservation of man, and his conduct in society, can have
      nothing, in common with imaginary systems: it has been shewn, that the
      essence of a sensitive, intelligent, rational being, properly meditated,
      would discover motives competent to moderate the fury of his passions—to
      induce him to resist his vicious propensities—to make him fly
      criminal habits—to invite him to render himself useful to those
      beings for whom his own necessities have a continual occasion; thus, to
      endear himself to his, fellow mortals, to become respectable in his own
      esteem. These motives will unquestionably be admitted to possess more
      solidity, to embrace greater, potency, to involve more truth, than those
      which are borrowed from systems that want stability; that assume more
      shapes than there are languages; that are not tangible to the tact of
      humanity; that must of necessity present a different perspective to all
      who shall view them through the medium of prejudice. From what has been
      advanced, it will be felt that education, which should make man in early
      life contract good habits, adopt favorable dispositions, fortified by a
      respect for public opinion, invigorated by ideas of decency, strengthened
      by wholesome laws, corroborated by the desire of meriting the friendship
      of others, stimulated by the fear of losing his own esteem, would be fully
      adequate to accustom him to a laudable conduct, amply sufficient to divert
      him from even those secret crimes, from which he is obliged to punish
      himself by remorse; which costs him the most incessant labour to keep
      concealed, by the dread of that shame, which must always follow their
      publicity. Experience demonstrates in the clearest manner, that the
      success of a first crime disposes him to commit a second; impunity leads
      on to the third, this to a lamentable sequel that frequently closes a
      wretched career with the most ignominious exhibition; thus the first
      delinquency is the commencement of a habit: there is much less distance
      from this to the hundredth, than from innocence to criminality: the man,
      however, who lends himself to a series of bad actions, under even the
      assurance of impunity, is most woefully deceived, because he cannot avoid
      castigating himself: moreover, he cannot know at what point of iniquity he
      shall stop. It has been shewn, that those punishments which society, for
      its own preservation, has the right to inflict on those who disturb its
      harmony, are more substantive, more efficacious, more salutary in their
      effects, than all the distant torments held forth by the priests; they
      intervene a more immediate obstacle to the stubborn propensities of those
      obdurate wretches, who, insensible to the charms of virtue, are deaf to
      the advantages that spring from its practice, than can be opposed by the
      denunciations, held forth in an hereafter existence, which he is at the
      same moment taught may be avoided by repentance, that shall only take
      place when the ability to commit further wrong has ceased. In short, one
      would be led to think it obvious to the slightest reflection, that
      politics, founded upon the nature of man, upon the principles of society,
      armed with equitable laws, vigilant over morals, faithful in rewarding
      virtue, constant in visiting crime, would be more suitable to clothe
      ethics with respectability, to throw a sacred mantle over moral goodness,
      to lend stability to public virtue, than any authority that can be derived
      from contested systems, the conduct of whose professors frequently
      disgrace the doctrines they lay down, which after all seldom do more than
      restrain those whose mildness of temperament effectually prevents them
      from running into excess; those who, already given to justice, require no
      coercion. On the other hand, we have endeavoured to prove that nothing can
      be more absurd, nothing actually more dangerous, than attributing human
      qualities to the Divinity which cannot but choose to find themselves in a
      perpetual contradiction.
    

      Plato has said "that virtue consists in resembling God." But how is man to
      resemble a being, who, it is acknowledged, is incomprehensible to mankind—who
      cannot be conceived by any of those means, by which he is alone capable of
      having perceptions? If this being, who is shewn to man under such various
      aspects, who is said to owe nothing to his creatures, is the author of all
      the good, as well as all the evil that takes place, how can he be the
      model for the conduct of the human race living together in society? At
      most he can only follow one side of the character, because among his
      fellows, he alone is reputed virtuous who does not deviate in his conduct
      from justice; who abstains from evil; who performs with punctuality those
      duties he owes to his fellows. If it be taken up, and insisted he is not
      the author of the evil, only of the good, I say very well: that is
      precisely what I wanted to know; you thereby acknowledge he is not the
      author of every thing; we are no longer at issue; you are inconclusive to
      your own premises, consequently ought not to demand an implicit reliance
      on what you choose to assert.
    

      But, replies the subtle theologian, that is not the affair; you must seek
      it in the creed I have set forth—in the religion of which I am a
      pillar. Very good: Is it then actually in the system of fanatics, that man
      should draw up his ideas of virtue? Is it in the doctrines which these
      codes hold forth, that he is to seek for a model? Alas! do they not
      pourtray their idols: under the most unwholesome colours; do they not
      represent them as following their caprice in every thing, who love or
      hate, who choose or reject, who approve or condemn according to their
      whim, who delight in carnage, who send discord amongst men, who act
      irrationally, who commit wantonness, who sport with their feeble subjects,
      who lay continual snares for them, who rigorously interdict the use of
      their reason? What, let us seriously ask, would become of morality, if men
      proposed to themselves such portraits for models!
    

      It was, however, for the most part, systems of this temper that nations
      adopted. At was in consequence of these principles that what has been
      called religion in most countries, was far removed from being favourable
      to morality; on the contrary, it often shook it to its foundation—frequently
      left no vestige of its existence. It divided man, instead of drawing
      closer the bonds of union; in the place of that mutual love, that
      reciprocity of succour, which ought ever to distinguish human society, it
      introduced hatred and persecution; it made them seize every opportunity to
      cut each other's throat for speculative opinions, equally irrational; it
      engendered the most violent heart-burnings—the most rancorous
      animosities—the most sovereign contempt. The slightest difference in
      their received opinions rendered them the most mortal enemies; separated
      their interests for ever; made them despise each other; and seek every
      means to render their existence miserable. For these theological
      conjectures, nations become opposed to nations; the sovereign frequently
      armed himself against his subjects; subjects waged war with their
      sovereign; citizens gave activity to the most sanguinary hostility against
      each other; parents detested their offspring; children plunged the pointed
      steel, the barbed arrow, into the bosoms of those who gave them existence;
      husbands and wives disunited, became the scourges of each other; relations
      forgetting the ties of consanguinity, tore each other to pieces, or else
      reciprocally consigned them to oblivion; all the bonds of society were
      rent asunder; the social compact was broken up; society committed suicide:
      whilst in the midst of this fearful wreck—regardless of the horrid
      shrieks called forth by this dreadful confusion—unmindful of the
      havock going forward on all sides—each pretended that he conformed
      to the views of his idol, detailed to him by his priest—fulminated
      by the oracles. Far from making himself any reproach, for the misery he
      spread abroad, each lauded his own individual conduct; gloried in the
      crimes he committed in support of his sacred cause.
    

      The same spirit of maniacal fury pervaded the rites, the ceremonies, the
      customs, which the worship, adopted by superstition, placed so much above
      all the social virtues. In one country, tender mothers delivered up their
      children to moisten with their innocent blood the altars of their idols;
      in another, the people assembled, performed the ceremony of consolation to
      their deities, for the outrages they committed against them, and finished
      by immolating to their anger human victims; in another, a frantic
      enthusiast lacerated his body, condemned himself for life to the most
      rigorous tortures, to appease the wrath of his gods. The Jupiter of the
      Pagans was a lascivious monster; the Moloch of the Phenicians was a
      cannibal; the savage idol of the Mexican requires thousands of mortals to
      bleed on his shrine, in order to satisfy his sanguinary appetite.
    

      Such are the models superstition holds out to the imitation of man; is it
      then surprising that the name of these despots became the signal for
      mad-brained enthusiasm to exercise its outrageous fury; the standard under
      which cowardice wreaked its cruelty; the watchword for the inhumanity of
      nations to muster their barbarous strength; a sound which spreads terror
      wherever its echo could reach; a continual pretext for the most barefaced
      breaches of public decorum; for the most shameless violation of the moral
      duties? It was the frightful character men gave of their gods, that
      banished kindness from their hearts—virtue from their conduct—felicity
      from their habitations—reason from their mind: almost every where it
      was some idol, who was disturbed by the mode in which unhappy mortals
      thought; this armed them with poignards against each other; made them
      stifle the cries of nature; rendered them barbarous to themselves;
      atrocious to their fellow creatures: in short, they became irrational,
      breathed forth vengeance, outraged humanity, every time that, instigated
      by the priest, they were inclined to imitate the gods of their idolatry,
      to display their zeal, to render themselves acceptable in their temples.
    

      It is not, then, in such systems, man ought to seek either for models of
      virtue, or rules of conduct suitable to live in society. He needs human
      morality, founded upon his own nature; built upon invariable experience;
      submitted to reason. The ethics of superstition will always he prejudicial
      to the earth; cruel masters cannot be well served, but by those who
      resemble them: what then becomes of the great advantages which have been
      imagined resulted to man, from the notions which have been unceasingly
      infused into him of his gods? We see that almost all nations acknowledge
      them; yet, to conform themselves to their views, they trampled under foot
      the clearest rights of nature—the most evident duties of humanity;
      they appeared to act as if it was only by madness the most incurable—by
      folly the most preposterous—by the most flagitious crimes, committed
      with an unsparing hand, that they hoped to draw down upon themselves the
      favor of heaven—the blessings of the sovereign intelligence they so
      much boast of serving with unabated zeal; with the most devotional fervor;
      with the most unlimited obedience. As soon, therefore, as the priests give
      them to understand their deities command the commission of crime, or
      whenever there is a question of their respective creeds, although they are
      wrapt in the most impenetrable obscurity, they make it a duty with
      themselves to unbridle their rancour—to give loose to the most
      furious passions; they mistake the clearest precepts of morality; they
      credulously believe the remission of their own sins will be the reward of
      their transgressions against their neighbour. Would it not be better to be
      an inhabitant of Soldania in Africa, where never yet form of worship
      entered, or the name of God resounded, than thus to pollute the land with
      superstitious castigation—with the enmity of priests against each
      other?
    

      Indeed, it is not generally in those revered mortals, spread over the
      earth to announce the oracles of the gods, that will be found the most
      sterling virtues. These men, who think themselves so enlightened, who call
      themselves the ministers of heaven, frequently preach nothing but hatred,
      discord, and fury in its name: the fear of the gods, far from having a
      salutary influence over their own morals, far from submitting them to a
      wholesome discipline, frequently do nothing more than increase their
      avarice, augment their ambition, inflate their pride, extend their
      covetousness, render them obstinately stubborn, and harden their hearts.
      We may see them unceasingly occupied in giving birth to the most lasting
      animosities, by their unintelligible disputes. We see them hostilely
      wrestling with the sovereign power, which they contend is subordinate to
      their own. We see them arm the chiefs of nations against the legitimate
      magistrates; distribute to the credulous multitude the most mortal
      weapons, to massacre each other in the prosecution of those futile
      controversies, which sacerdotal vanity clothes with the most interesting
      importance. Do these men, who advance the beauty of their theories, who
      menace the people with eternal vengeance, avail themselves of their own
      marvellous notions to moderate their pride—to abate their vanity—to
      lessen their cupidity—to restrain their turbulence—to bring
      their vindictive humours under control? Are they, even in those countries
      where their empire is established upon pillars of brass, fixed on
      adamantine rocks, decorated with the most curious efforts of human
      ingenuity—where the sacred mantle of public opinion shields them
      with impunity—where credulity, planted in the hot-bed of ignorance,
      strikes the roots of their authority into the very centre of the earth;
      are they, I would ask, the enemies to debauchery, the foes to
      intemperance, the haters of those excesses which they insist a severe God
      interdicts to his adorers? On the contrary, are they not seen to be
      emboldened in crime; intrepid in iniquity; committing the most shameful
      atrocities; giving free scope to their irregularities; indulging their
      hatred; glutting their vengeance; exercising the most savage cruelties on
      the miserable victims to their cowardly suspicion? In short, it may be
      safely advanced, without fear of contradiction, that scarcely any thing is
      more frequent, than that those men who announce these terrible creeds—who
      make men tremble under their yoke—who are unceasingly haranguing
      upon the eternity and dreadful nature of their punishments—who
      declare themselves the chosen ministers of their oracular laws—who
      make all the duties of morality centre in themselves; are those whom
      superstition least contributes to render virtuous; are men who possess the
      least milk of human kindness; the fewest feelings of tenderness; who are
      the most intolerant to their neighbours; the most indulgent to themselves;
      the most unsociable in their habits; the most licentious in their manners;
      the most unforgiving in their disposition. In contemplating their conduct,
      we should be tempted to accredit, that they were perfectly undeceived with
      respect to the idols whom they serve; that no one was less the dupe to
      those menaces which they so solemnly pronounce in their name, than
      themselves. In the hands of the priests of almost all countries, their
      divinities resembled the head of Medusa, which, without injuring him who
      shewed it, petrified all others. The priests are generally the most crafty
      of men, and many among them are substantively wicked.
    

      Does the idea of these avenging, these remunerating systems, impose upon
      some princes of the earth, who found their titles, who rest their power
      upon them; who avail themselves of their terrific power to intimidate
      their subjects; to make the people, often rendered unhappy by their
      caprice, hold them in reverence? Alas! the theological, the supernatural
      ideas, adopted by the pride of some sovereigns, have done nothing more
      than corrupt politics—than metamorphose, them into an abject
      tyranny. The ministers of these idols, always tyrants themselves, or the
      cherishers of despots, are unceasingly crying out to monarchs that they
      are the images of the Divinity. Do they not inform the credulous multitude
      that heaven is willing they should groan under the most cruel bondage;
      writhe under the most multifarious injustice; that to suffer is their
      inheritance; that their princes have the indubitable right to appropriate
      the goods, dispose of the persons, coerce the liberty; command the lives
      of their subjects? Do not some of these chiefs of nations, thus poisoned
      in the name of deified idols, imagine that every indulgence of their
      wayward humour is freely permitted to them? At once competitors,
      representatives, and rivals of the celestial powers, do they not, in some
      instances, exercise after their example the most arbitrary despotism? Do
      they not, in the intoxication into which sacerdotal flattery has plunged
      them, think that like their idols, they are not accountable to man for
      their actions, that they owe nothing to the rest of mortals, that they are
      bound by no bonds but their own unruly will, to their miserable subjects?
    

      Then it is evident that it is to theological notions, to the loose
      flattery of its ministers, that are to be ascribed the despotism, the
      tyrannical injustice, the corruption, the licentiousness of some princes,
      and the blindness of those people, to whom in heaven's name they interdict
      the love of liberty; who are forbid to labour effectually to their own
      happiness; to oppose themselves to violence, however flagrant; to exercise
      their natural rights, however conducive to their welfare. These
      intoxicated rulers, even while adoring their avenging gods, in the act of
      bending others to their worship, do not scruple to outrage them by their
      irregularities—by their want of moral virtue. What morality is this,
      but that of men who offer themselves as living images, as animated
      representatives of the Divinity? Are those monarchs, then, who are
      habitually unjust, who wrest without remorse the bread from the hands of a
      famished people, to administer to the profligacy of their insatiable
      courtiers—to pamper the luxury of the vile instruments of their
      enormities, atheists? Are, then, those ambitious conquerors, who not
      contented with oppressing their own slaves, carry desolation, spread
      misery, deal out death among the subjects of others, atheists? Do we not
      witness in some of those potentates who rule over nations by divine
      right, (a patent of power, which every usurper claims as his own)
      ambitious mortals, whose exterminating fury nothing can arrest; with
      hearts perfectly insensible to the sorrows of mankind; with minds without
      energy; with souls without virtue; who neglect their most evident duties,
      with which they do not even deign to become acquainted; powerful men, who
      insolently set themselves above the rules of equity; knaves who make a
      sport of honesty? Generally speaking, is there the least sincerity in the
      alliances which these rulers form among themselves? Do they ever last
      longer than for the season of their convenience? Do we find substantive
      virtues adorn those who most abjectly submit themselves to all the follies
      of superstition? Do they not tax each other as violators of property—as
      faithlessly aggrandizing themselves at the expence of their neighbour; in
      fact, do we not see them endeavouring to surprise, anxious to over-reach,
      ready to injure each other, without being arrested by the menaces of their
      creeds, or at all yielding to the calls of humanity? In general, they are
      too haughty to be humane; too inflated with ambition to be virtuous; they
      make a code for themselves, which they cannot help violating. Charles the
      Fifth used to say, "that being a warrior, it was impossible for him to
      have either conscience or religion." His general, the Marquis de Piscaire,
      observed, that "nothing was more difficult, than to serve at one and the
      same time, the god Mars and Jesus Christ." Indeed, nothing
      can be more opposed to the true spirit of Christianity than the profession
      of arms; notwithstanding the Christian princes have the most numerous
      armies, and are in perpetual hostility with each other: perhaps the clergy
      themselves do not hold forth the most peaceable examples of the doctrine
      they teach; they sometimes wrangle for tithes, dispute for trifling
      enjoyments, quarrel for worldly opinion, with as much determined
      obstinacy, with as, much settled rancour, with as little charity, as could
      possibly inhabit the bosom of the most unenlightened Pagan, whose
      ignorance they despise—whose superstition they rank as the grossest
      effort of idolatrous debasement. It might almost admit of doubt whether
      they would be quite pleased to see the mild maxims of the Evangelists, the
      true Christian meekness, rigidly followed—whether they might not
      think the complete working of their own system would clash with their own
      immediate interests? Is it a demonstrable axiom that the ministers of the
      Christian faith do not think soldiers are beings extremely well calculated
      to give efficacy to their doctrine—solidity to their advantages—durability
      to their claims? Be this as it may, priests as well as monarchs have
      occasionally waged war for the most futile interests; impoverished a
      people from the anti-christian motives; wrested from each other with all
      the venom of furies, the bloody remnant of the nations they have laid
      waste; in fact, to judge by their conduct on certain occasions, it might
      have been a question if they were not disputing who should have the credit
      of making the greater number of miserable beings upon earth. At length,
      either wearied with their own fury, exhausted by their own devouring
      passions, or compelled by the stern hand of necessity, they have permitted
      suffering humanity to take breath; they have allowed the miseries
      concomitant on war, to cease for an instant their devastating havoc; they
      have made peace in the name of that God, whose decrees, as attested by
      themselves, they have been so wantonly outraging,—still ready,
      however, to violate their most solemn pledges, when the smallest interest
      could offer them a pretext.
    

      Thus it will be obvious, in what manner the idea of the Divinity operates
      on the priest, as well as upon those who are called his images; who insist
      they have no account to render but to him alone. Among these
      representatives of the Divine Majesty, it is with difficulty during
      thousands of years we find some few who have equity, sensibility, virtue,
      or even the most ordinary talent. History points out some of these
      vicegerents of the Deity, who in the exacerbation of their delirious rage,
      have insisted upon displacing him, by exalting themselves into gods; and
      exacting the most obsequious worship; who have inflicted the most cruel
      torments on those who have opposed themselves to their madness, and
      refused to acknowledge the Divinity of their persons. These men, whose
      licentiousness knew no limits, from the impunity which attended their
      actions, notwithstanding they had learned to despise public opinion, to
      set decency at defiance, to indulge in the most shameless vice: in spite
      of the power they possessed; of the homage they received; of the terror
      they inspired: although they had learned to counterfeit, with great
      effect, the whole catalogue of human virtues; found it impossible, even
      with the addition of their enormous wealth, wrenched from the necessities
      of laborious honesty, to counterfeit the animating blush, which modest
      merit brings forth, when eulogized by some happy being whose felicity he
      has occasioned, by following the great law of nature—which says, "love
      thy neighbour as thyself." On the contrary, we see them grow listless
      with satiety; disgusted with their own inordinate indulgences; obliged to
      recur to strange pleasures, to awaken their benumbed faculties; to run
      headlong into the most costly follies, in the fruitless attempt to keep up
      the activity of their souls, the spring of which they had for ever
      relaxed, by the profligacy of their enjoyment.
    

      History, although it describes a multitude of vicious rulers, whose
      irregular propensities were of the most mischievous consequence to the
      human race, nevertheless, shews us but few who have been atheists. The
      annals of nations, on the contrary, offer to our view great numbers of
      superstitious princes, governed by their mistresses, led by unworthy
      favorites, leagued with priests, who passed their lives plunged in luxury;
      indulging the most effeminate pursuits; following the most childish
      pleasures; pleased with ostentatious show; slaves even to the fashion of
      the vestments that covered them; but strangers to every manly virtue;
      insensible to the sorrows of their subjects; although uniformly good to
      their hungry courtiers, invariably kind to those cringing sycophants who
      surrounded their persons, and poisoned their ears with the most fulsome
      flattery: in short, superstitious persecutors, who, to render themselves
      acceptable to their priests, to expiate their own shameful irregularities,
      added to all their other vices that of tyrannizing over the mind, of
      fettering the conscience, of destroying their subjects for their opinions,
      when they were in hostility with their own received doctrines. Indeed,
      superstition in princes frequently allied itself with the most horrid
      crimes; they have almost all professed religion, although very few of them
      have had a just knowledge of morality—have practiced any useful
      substantive virtue. Superstitious notions, on the contrary, often serve to
      render them more blind, to augment their evil inclinations; to set them at
      a greater distance from moral goodness. They for the most part believe
      themselves assured of the favor of heaven; they think they faithfully
      serve their gods, that the anger of their divinities is appeased, if for a
      short season they shew themselves attached to futile customs—lend
      themselves to absurd rites—perform some ridiculous duties, which
      superstition imposes on them, with a view to obtain their assistance in
      the prosecution of its own plans, very rarely in strict unison with their
      immediate interest. Nero, the cruel, sanguinary, matricidal Nero, his
      hands yet reeking with the blood of that unfortunate being who had borne
      him in her womb, who had, with agonizing pains, given the monster to the
      world that plunged the dagger in her heart, was desirous to be initiated
      into the Eleusinian Mysteries. The odious Constantine himself,
      found in the priests, accomplices disposed to expiate his crimes. The
      infamous Philip, whose ungovernable ambition caused him to be called the
      daemon of the south, whilst he assassinated his wife and son, caused the
      throats of the wretched Batavians to be cut for their religious opinions.
      It is thus, that the priests of superstition sometimes persuade sovereigns
      they can atone for crimes, by committing others of a more atrocious kind—of
      an increased magnitude.
    

      It would be fair to conclude, from the conduct of so many princes, who had
      so much superstition, but so slender a portion of virtue, that the notion
      of their gods, far from being useful to them, only served to render them
      wore corrupt—to make them more abominable than they already were;
      that the idea of an avenging power, placed in the perspective of futurity,
      imposed but little restraint on the turbulence of deified tyrants, who
      were sufficiently powerful not to fear the reproaches of their subjects—who
      had the insensibility to be deaf to the censure of their fellows—who
      were gifted with an obduracy of soul, that prevented their having
      compassion for the miseries of mankind, from whom they fancied themselves
      so pre-eminently distinguished; which, in fact, they were, if crime can be
      allowed for the standard of distinction. Neither heaven nor earth
      furnishes a balsam of sufficient efficacy to heal the inveterate wounds of
      beings cankered to this degree: for such chronic diseases, there is "no
      balm in Gilead:" there is no curb sufficiently coercive to rein in the
      passions, to which superstition itself gives activity; which only makes
      them more unruly; renders them more inveterately rash. Whenever men
      flatter themselves with easily expiating their sins—when they soothe
      themselves with the consolitary idea of appeasing the anger of the gods by
      a show of earnestness, they then deliver themselves up, with the most
      unrestrained freedom, to the bent of their criminal pursuits. The most
      dissolute men are frequently in appearance extremely attached to
      superstition: it furnishes them with a means of compensating by
      ceremonies, that of which they are deficient in morals: it is much easier
      for them to adopt a faith, to believe in a doctrine, to conform themselves
      to certain rituals, than to renounce their habits, resist their passions,
      or relinquish the pursuit of that pleasure, which results to unprincipled
      minds from the prosecution of the most diabolical schemes.
    

      Under chiefs, depraved even by superstition, nations continued necessarily
      to be corrupted. The great conformed themselves to the vices of their
      masters; the example of these distinguished men, whom the uninformed
      erroneously believe to be happy, was followed by the people; courts thus
      became the sinks from whence issued the epidemic contagion of licentious
      indulgence. The law only held forth pictures of honesty; the dispensers of
      jurisprudence were partial, partook of the mania of the times, were
      labouring under the general disease; Justice suffered her balance to rust,
      occasionally removed her bandage, although she always wore it in the
      presence of the poor; genuine ideas of equity had grown into disuse;
      distinct notions of right and wrong became troublesome and unfashionable;
      education was neglected; it served only to produce prejudiced beings,
      grounded in ignorance—devotees, always ready to injure themselves—fanatics,
      eager to shew their zeal ever willing to annoy their unfortunate
      neighbours. Superstition, sustained by tyranny, ousted every other
      feeling, hoodwinked its destined victims, rendered those tractable whom it
      had the intention to despoil. Whoever doubts of these truisms, has only to
      turn over the pages of history, he will find myriads of evidence to much
      more than is here stated. Machiavel, in his Political Discourses upon
      Titus Livius, labours the point hard, to shew the utility of
      superstition to the Roman Republic: unfortunately, however, the examples
      he brings forward in its support, incontestibly prove that none but the
      senate profited by the infatuation of the people, who availed itself of
      their blindness more effectually to bend them to its yoke.
    

      Thus it was that nations, destitute of equitable laws, deficient in the
      administration of justice, submitted to irrational government, continued
      in slavery by the monarch, chained up in ignorance by the priest, for want
      of enlightened institutions, deprived of reasonable education, became
      corrupt, superstitious, and flagitious. The nature of man, the just
      interests of society, the real advantage of the sovereign, the true
      happiness of the people, once mistaken, were completely lost sight of; the
      morality of nature, founded upon the essence of man living in society, was
      equally unknown; lay buried under an enormous load of prejudice, that no
      common efforts were competent to remove. It was entirely forgotten that
      man has wants; that society was formed that he might, with greater
      security, facilitate the means of satisfying them; that government, to be
      legitimate, ought to have for object, the happiness—for end, the
      means of maintaining the indivisibility of the community; that
      consequently it ought to give activity to springs, full play to motives
      suitable to have a favorable influence over sensible beings. It was quite
      overlooked, that virtue faithfully rewarded, vice as regularly visited,
      had an elastic force, of which the public authorities could efficaciously
      avail themselves, to determine their citizens to blend their interests; to
      work out their own felicity, by labouring to the happiness of the body of
      which they were members. The social virtues were unknown, the amor
      patriae became a chimera. Men thus associated, thus blinded by their
      superstitious bias, credulously believed their own immediate interest
      consisted in injuring each other; they were solely occupied with meriting
      the favor of those men, who fatally accreditted the doctrine of clerical
      flatterers, of silver-toned courtiers, which taught that they wore
      distinctly interested in injuring the whole.
    

      This is the mode in which the human heart has become perverted; here is
      the genuine source of moral evil; the hot-bed of that epidemical
      depravity, the cause of that hereditary corruption, the fountain of that
      inveterate delinquency, which pervaded the earth; rendering the abundance
      of nature nothing better than a curse; blasting the fairest prospects of
      humanity; degrading man below the beast of the forest; sinking his
      intellectual faculties in the most savage barbarity; rendering him the
      vile instrument of lawless ambition; the wretched tool by which the
      fetters of his species were firmly rivetted; obliging him to moisten his
      harvest with the bitter tears of the most abject slavery. For the purpose
      of remedying so many crying evils, grown insupportable, recourse was had
      to new superstitions. Notwithstanding this alone had produced them, it was
      still imagined, that the menaces of heaven would restrain passions which
      every thing conspired to rouse in all hearts; fatuity persuaded monarchs
      that ideal, metaphysical barriers, terrible fables, distant phantoms,
      would be competent to curb those inordinate desires, to rein in that
      impetuous propensity to crime, that rendered society incommodious to
      itself; credulity fancied that invisible powers would be more efficacious,
      than those visible motives that evidently invited mortals to the
      commission of mischief. Every thing was understood to be achieved, by
      occupying man's mind with gloomy chimeras, with vague, undefinable
      terrors, with avenging angels; and politics madly believed that its own
      interests grew out of the blind submission of its subjects, to the
      ministers of these delusive doctrines.
    

      What was the result? Nations had only sacerdotal laws; theological
      morality; accommodated to the interests of the hierarchy—suitable to
      the views of subtle priests: who substituted reveries for realities,
      opinions for reason, rank fallacies for sterling truths; who made
      ceremonies supply the place of virtue; a pious blindness supersede the
      necessity of an enlightened understanding; undermined the sacredness of
      oaths, and placed fanaticism on the altars of sociability. By a necessary
      consequence of that confidence which the people were compelled to give to
      the ministers of superstition, two distinct authorities were established
      in each state, who were substantially at variance, in continual hostility
      with each other. The priest fought the sovereign with the formidable
      weapon of opinion; it generally proved sufficiently powerful to shake the
      most established thrones. Thus, although the hierarchy was unceasingly
      admonishing the people to submit themselves to the divine authority of
      their sovereigns, because it was derived immediately from heaven, yet,
      whenever it so happened that the monarch did not repay their advocacy, by
      blindly yielding his own authority to the supervisance of the priests,
      these made no scruple of threatening him with loss of his temporalities;
      fulminated their anathemas, interdicted his dominions, and sometimes went
      the length of absolving his subjects from allegiance. Superstition, in
      general, only upholds despotism, that it may with greater certainty direct
      its blows against its enemies; it overthrows it whenever it is found to
      clash with its interests. The ministers of invisible powers preach up
      obedience to visible powers, only when they find these humbly devoted to
      themselves. Thus the sovereign was never at rest, but when abjectly
      cringing to his priest, he tractably received his lessons—lent
      himself to his frantic zeal—and piously enabled him to carry on the
      furious occupation of proselytism. These priests, always restless, full of
      ambition, burning with intolerance, frequently excited the sovereign to
      ravage his own states—encouraged him to tyranny: when, pursuing this
      sacerdotal mania, he feared to have outraged humanity, to have incurred
      the displeasure of heaven, he was quickly reconciled to himself, upon
      promise of undertaking some distant expedition, for the purpose of
      bringing some unfortunate nation within the pale of their own particular
      creed. When the two rival powers united themselves, morality gained
      nothing by the junction; the people were neither more happy, nor more
      virtuous; their morals, their welfare, their liberty, were equally
      overwhelmed by the combined powers. Thus, superstitious princes always
      felt interested in the maintenance of theological opinions, which were
      rendered flattering to their vanity, favorable to their power. Like the
      grateful perfumes of Arabia, that are used to cover the ill scent of a
      deadly poison, the priest lulled them into security by administering to
      their sensualities; these, in return, made common cause with him: fully
      persuaded that the superstition which they themselves adopted, must be the
      most wholesome for their subjects, most conducive to their interests,
      those who refused to receive the boon, thus gratuitously forced upon them,
      were treated as enemies, held up to public scorn, and rendered the victims
      of punishment. The most superstitious sovereign became, either politically
      or through piety, the executioner of one part of his slaves; he was taught
      to believe it a sacred duty to tyrannize over the mind—to overwhelm
      the refractory—to crush the enemy of his priest, under an idea that
      he was therefore hostile to his own authority. In cutting the throats of
      these unfortunate sceptics, he imagined he at once discharged his
      obligations to heaven, and gave security to his own power. He did, not
      perceive, that by immolating victims to his priest, he in fact
      strengthened the arm of his most formidable foe—the real enemy to
      his authority—the rival of his greatness—the least subjected
      of his subjects.
    

      But the prevalence of these false notions, with which both the minds of
      the sovereign and the people were prepossessed, it was found that every
      thing in society concurred to gratify the avidity, to bolster the pride,
      to glut the vengeance of the sacerdotal order: every where, it was to be
      observed, that the most turbulent, the most dangerous, the most useless
      men, were those who were the most amply rewarded. The strange spectacle
      presented itself, of beholding those who were born the bitterest enemies
      to sovereign power, cherished by its fostering care—honoured at its
      hands: the most rebellious subjects were looked upon as the pillars of the
      throne; the corrupters of the people were rendered the exclusive masters
      of education; the least laborious of the citizens were richly rewarded for
      their idleness—munificently remunerated for the most futile
      speculations—held in respect for their fatal discord—gorged
      with benefits for their inefficacious prayers: they swept off the fat of
      the land for their expiations, so destructive to morals, so calculated to
      give permanency to crime. Thus, by a strange fatuity, the viper that
      could, and frequently did, inflict the most deadly sting on the bosom of
      confiding credulity, was pampered and nourished by the unsuspecting hand
      of its destined victim.
    

      For thousands of years, nations as well as sovereigns were emulously
      despoiling themselves to enrich the expounders of superstition; to enable
      them to wallow in abundance: they loaded them with honors, decorated them
      with titles, invested them with privileges, granted them immunities, for
      no other purpose than to make them bad citizens, unruly subjects,
      mischievous beings, who revenged upon society the advantages they had
      received. What was the fruit that kings and people gathered from their
      imprudent kindness? What was the harvest these men yielded to their
      labour? Did princes really become more powerful; were nations rendered
      more happy; did they grow more flourishing; did men become more rational?
      No! Unquestionably, the sovereign lost the greater portion of his
      authority; he was the slave of his priest; and when he wished to preserve
      the remnant that was left, or to recover some part of what had been
      wrested from him, he was obliged to be continually wrestling against the
      men his own indulgence, his own weakness, had furnished with means, to set
      his authority at defiance: the riches of society were lavished to support
      the idleness, maintain the splendour, satiate the luxury of the most
      useless, the most arrogant, the most dangerous of its members.
    

      Did the morals of the people improve under the pastoral care of these
      guides, who were so liberally rewarded? Alas! the superstitious never knew
      them, their fanatic creed had usurped the place of every virtue; its
      ministers, satisfied with upholding the doctrines, with preserving the
      ceremonies so useful to their own interests, only invented fictitious
      crimes—multiplied painful penances—instituted absurd customs;
      to the end, that they might turn even the transgressions of their slaves
      to their own immediate profit. Every where they exercised a monopoly of
      expiatory indulgences; they made a lucrative traffic of pretended pardons
      from above; they established a tariff, according to which crime was no
      longer contraband, but freely admitted upon paying the customs. Those
      subjected to the heaviest impost, were always such as the hierarchy judged
      most inimical to its own stability; you might at a very easy rate obtain
      permission to attack the dignity of the sovereign, to undermine the
      temporal power, but it was enormously dear to be allowed to touch even the
      hem of the sacerdotal garments. Thus heresy, sacrilege, &c. were
      considered crimes of a much deeper dye, that fixed an indelible stain on
      the perpetrator, alarmed the mind of the priestly order, much more
      seriously than the most inveterate villainy, the most determined
      delinquency, which more immediately involved the true interests of
      society. Thence the ideas of the people were completely overturned,
      imaginary crimes terrified them, while real crimes had no effect upon
      their obdurate hearts. A man, whose opinions were at variance with the
      received doctrines, whose abstract systems did not harmonize with those of
      his priest, was more loathed than a corrupter of youth; more abhorred than
      an assassin; more hated than an oppressor; was held in greater contempt
      than a robber; was punished with greater rigor than the seducer of
      innocence. The acme of all wickedness, was to despise that which the
      priest was desirous should be looked upon as sacred. The celebrated Gordon
      says, "the most abominable of heresies, is to believe there is any other
      god than the clergy." The civil laws concurred to aid this confusion of
      ideas; they inflicted the most serious penalties, punished in the most
      atrocious manner those unknown crimes which imagination had magnified into
      the most flagitious actions; heretics, infidels, were brought to the
      stake, and publicly burnt with the utmost refinement of cruelty; the brain
      was tortured to find means of augmenting the sufferings of the unhappy
      victims to sacerdotal fury; whilst calumniators of innocence, adulterers,
      depredators of every description, knaves of all kinds, were at a trifling
      cost absolved from their past iniquity, and opened a new account of future
      delinquency.
    

      Under such instructors what could become of youth? The period of
      juvenility was shamefully sacrificed to superstition. Man, from his
      earliest infancy, was poisoned with unintelligible notions; fed with
      mysteries; crammed with fables; drenched with doctrines, in which he was
      compelled to acquiesce without being able to comprehend. His brain was
      disturbed with phantoms, alarmed with chimeras, rendered frantic by
      visions. His genius was cramped with puerile pursuits, mechanical
      devotions, sacred trifles. Superstition at length so fascinated the human
      mind, made such mere automata of mankind, that the people consented to
      address their gods in a dialect they did not themselves understand: women
      occupied their whole lives in singing Latin, without comprehending a word
      of the language; the people assisted very punctually, without being
      competent to explain any part of the worship, under an idea that it was
      taken kindly they should thus weary themselves; that it was sufficient to
      shew their persons in the sacred temples, which were beautifully decorated
      to fascinate their senses. Thus man wasted his most precious moments in
      absurd customs; spent his life in idle ceremonies; his bead was crowded
      with sophisms, his mind was loaded with errors; intoxicated with
      fanaticism, he was the declared enemy to reason; for ever prepossessed
      against truth, the energy of his soul was resisted by shackles too
      ponderous for its elasticity; the spring gave way, and he sunk into sloth
      and wretchedness: from this humiliating state he could never again soar;
      he could no longer become useful either to himself or to his associates:
      the importance he attached to his imaginary science, or rather the
      systematic ignorance which served for its basis, rendered it impossible
      for the most fertile soil to produce any thing but thorns; for the best
      proportioned tree to yield any thing but crabs.
    

      Does a superstitious, sacerdotal education, form intrepid citizens,
      intelligent fathers of families, kind husbands, just masters, faithful
      servants, loyal subjects, pacific associates? No! it either makes peevish
      enthusiasts or morose devotees, who are incommodious to themselves,
      vexatious to others: men without principle, who quickly pour the waters of
      Lethe over the terrors with which they have been disturbed; who know no
      moral obligation, who respect no virtue. Thus superstition, elevated above
      every thing else, held forth the fanatical dogma, "Better to obey the gods
      than men;" in consequence, man believed he must revolt against his prince,
      detach himself from his wife, detest his children, estrange himself from
      his friends, cut the throats of his fellow-citizens, every time they
      questioned the veracity of his faith: in short, a superstitious education,
      when it had its effect, only served to corrupt the juvenile heart—to
      fascinate youthful winds with its pageantry—to degrade the human
      soul—to make man mistake the duties he owed to himself, his
      obligations to society, his relations with the beings by whom he was
      surrounded.
    

      What advantages might not nations have reaped, if they would have employed
      on useful objects, those riches, which ignorance has so shamefully
      lavished on the expounders of superstition; which fatuity has bestowed on
      the most useless ceremonies? What might not have been the progress of
      genius, if it had enjoyed those ample remunerations, granted during so
      many ages to those priests who at all times opposed its elevation? What
      perfection might not science have attained, what height might not the arts
      have reached, if they had had the same succours that were held forth with
      a prodigal hand to enthusiasm and futility? Upon what rocks might not
      morality have been rested, what solid foundations might not politics have
      found, with what majestic grandeur might not truth have illumined the
      human horizon, if they had experienced the same fostering cares, the same
      animating countenance, the same public sanction, which accompanied
      imposture—which was showered upon fanaticism—which shielded
      falsehood from the rude attack of investigation—which gave impunity
      to its ministers?
    

      It is then obvious, that superstitious, theological notions, have not
      produced any of those solid advantages that have been held forth; if may
      be doubted whether they were not always, and ever will remain, contrary to
      healthy politics, opposed to sound morality; they frequently change
      sovereigns into restless, jealous, mischievous, divinities; they transform
      their subjects into envious, wicked slaves, who by idle pageantry, by
      futile ceremonies, by an exterior acquiescence in unintelligible opinions,
      imagine themselves amply compensated for the evil they commit against each
      other. Those who have never had the confidence to examine these sublimated
      opinions; those who feel persuaded that their duties spring out of these
      abstruse doctrines; those who are actually commanded to live in peace, to
      cherish each other, to lend mutual assistance, to abstain from evil, and
      to do good, presently lose sight of these sterile speculations, as soon as
      present interests, ungovernable passions, inveterate habits, or
      irresistible whims, hurry them away. Where are we to look for that equity,
      that union of interest, that peace, that concord, which these unsettled
      notions, supported by superstition, backed with the full force of
      authority, promise to the societies placed under their surveillance? Under
      the influence of corrupt courts, of time-serving priests, who, either
      impostors or fanatics, are never in harmony with each other, are only to
      be discerned vicious men, degraded by ignorance—enslaved by criminal
      habits—swayed by transient interests—guided by shameful
      pleasures—sunk in a vortex of dissipation; who do not even think of
      the Divinity. In despite of his theological ideas, the subtle courtier
      continues to weave his dark plots, labours to gratify his ambition, seeks
      to satisfy his avidity, to indulge his hatred, to wreak his vengeance, to
      give full swing to all the passions inherent to the perversity of his
      being: maugre that frightful hell, of which the idea alone makes her
      tremble, the woman of intrigue persists in her amours; continues her
      harlotry, revels in her adulteries. Notwithstanding their dissipated
      conduct, their dissolute manners, their entire want of moral principle,
      the greater part of those who swarm in courts, who crowd in cities, would
      recoil with horror, if the smallest doubt was exhibited of the truth of
      that creed which they outrage every moment, of their lives. What
      advantage, then, has resulted to the human race from those opinions, so
      universal, at the same time so barren? They seem rarely to have had any
      other kind of influence than to serve as a pretext for the most dangerous
      passions—as a mantle of security for the most criminal indulgences.
      Does not the superstitious despot, who would scruple to omit the least
      part of the ceremonies of his persuasion, on quitting the altars at which
      he has been sacrificing, on leaving the temple where they have been
      delivering the oracles and terrifying crime in the name of heaven, return
      to his vices, reiterate his injustice, increase his political crimes,
      augment his transgressions against society? Issuing from the sacred fane,
      their ears still ringing with the doctrines they have heard, the minister
      returns to his vexations, the courtier to his intrigues, the courtezan to
      her prostitution, the publican to his extortions, the merchant to his
      frauds, the trader to his tricks.
    

      Will it be pretended that those cowardly assassins, those dastardly
      robbers, those miserable criminals, whom evil institutions, the negligence
      of government, the laxity of morals, continually multiply; from whom the
      laws, in many instances too sanguinary, frequently wrest their existence;
      will it, I say, be pretended that the malefactors who regularly furnish
      the gibbets, who daily crowd the scaffolds, are either incredulous or
      atheists? No! Unquestionably, these unfortunate beings, these wretched
      outcasts, these children of turpitude, firmly believe in God; his name has
      been repeated to them from their infancy; they have been informed of the
      punishment destined for sinners: they have been habituated in early life
      to tremble at his judgments; nevertheless they have outraged society;
      their unruly passions, stronger than their fears, not having been coerced
      by visible motives, have not, for much more cogent reasons, been
      restrained by those which are invisible: distant, concealed punishments
      will never be competent to arrest those excesses which present and assured
      torments are incapable of preventing.
    

      In short, does not every day's experience furnish us the lesson, that men,
      persuaded that an all-seeing Deity views them, hears them, encompasses
      them, do not on that account arrest their progress when the furor exists,
      either for gratifying their licentious passions, or committing the most
      dishonest actions? The same individual who would fear the inspection of
      the meanest of his fellows, whom the presence of another man would prevent
      from committing a bad action, from delivering himself up to some
      scandalous vice, freely sins, cheerfully lends himself to crime, when he
      believes no eyes beholds him but those of his God. What purpose, then,
      does the conviction of the omniscience, the ubiquity, the omnipotence of
      the Divinity answer, if it imposes much less on the conduct of the human
      being, than the idea of being overlooked by the least of his fellow men?
      He who would not have the temerity to commit a crime, even in the presence
      of a child, will make no scruple of boldly committing it, when he shall
      have only his God for a witness. These facts, which are indubitable, ill
      serve for a reply to those who insist that the fear of God is more
      suitable to restrain the actions of men, than wholesome laws, with strict
      discipline. When man believes he has only his God to dread, he commonly
      permits nothing to interrupt his course.
    

      Those persons who do not in the least suspect the power of superstitious
      notions, who have the most perfect reliance on their efficacy, very
      rarely, however, employ them, when they are desirous to influence the
      conduct of those who are subordinate to them; when they are disposed to
      re-conduct them to the paths of reason. In the advice which a father gives
      to his vicious, criminal son, he rather represents to him the present
      temporal inconveniencies to which his conduct exposes him, than the danger
      he encounters in offending an avenging God; he points out to him the
      natural consequences of his irregularities, his health damaged by
      debaucheries; the loss of his reputation by criminal pursuits; the ruin of
      his fortune by gambling; the punishments of society, &c. Thus the
      DEICOLIST himself, on the most important occasions of life, reckons more
      stedfastly upon the force of natural motives, than upon those supernatural
      inducements furnished by superstition: the same man, who vilifies the
      motives that an atheist can have to do good and abstain from evil, makes
      use of them himself on this occasion, because he feels they are the most
      substantive he can employ.
    

      Almost all men believe in an avenging and remunerating God; yet nearly in
      all countries the number of the wicked bears a larger proportion than that
      of the good. If the true cause of this general corruption be traced, it
      will be more frequently found in the superstitious notions inculcated by
      theology, than in those imaginary sources which the various superstitions
      have invented to account for human depravity. Man is always corrupt
      wherever he is badly governed; wherever superstition deifies the
      sovereign, his government becomes unworthy: this perverted and assured of
      impunity, necessarily render his people miserable; misery, when it exceeds
      the point of endurance, as necessarily renders them wicked. When the
      people are submitted to irrational masters, they are never guided by
      reason. If they are blinded by priests, who are either deceived or
      impostors, their reason become useless. Tyrants, when combined with
      priests, have generally been successful in their efforts to prevent
      nations from becoming enlightened—from seeking after truth—from
      ameliorating their condition—from perfectioning their morals; and
      never has the union smiled upon liberty: the people, unable to resist the
      mighty torrent produced by the confluence of two such rivers, have usually
      sunk into the most abject slavery. It is only by enlightening the mass of
      mankind, by demonstrating truth, that we can promise to render him better;
      that we can indulge the hope of making him happy. It is by causing both
      sovereigns and subjects to feel their true relations with each other, that
      their actual interests will be improved; that their politics will be
      perfectioned: it will then be felt and accredited, that the true art of
      governing mortals, the sure method of gaining their affections, is not the
      art of blinding them, of deceiving them, or of tyrannizing over them. Let
      us, then, good humouredly consult reason, avail ourselves of experience,
      interrogate nature; we shall, perhaps, find what is requisite to be done,
      in order to labour efficaciously to the happiness of the human race. We
      shall most assuredly perceive, that error is the true source of the evils
      which embitter our existence; that it is in cheering the hearts, in
      dissipating those vain phantoms which alarm the ignorant, in laying the
      axe to the root of superstition, that we can peaceably seek after truth;
      that it is only in the conflagration of this baneful tree, we can ever
      expect to light the torch which shall illumine the road to felicity. Then
      let man study nature; observe her immutable laws; let him dive into his
      own essence; let him cure himself of his prejudices: these means will
      conduct him by a gentle declivity to that virtue, without which he must
      feel he can never be permanently happy in the world he inhabits.
    

      If man could once cease to fear, from that moment he would be truly happy.
      Superstition is a domestic enemy which he always carries within himself:
      those who will seriously occupy themselves with this formidable phantom,
      must be content to endure continual agonies, to live in perpetual
      inquietude: if they will neglect the objects most worthy of interesting
      them, to run after chimeras, they will commonly pass a melancholy
      existence, in groaning, in praying, in sacrificing, in expiating faults,
      either real or imaginary, which they believe calculated to offend their
      priests; frequently in their irrational fury they will torment themselves,
      they will make it a duty to inflict on their own persons the most
      barbarous punishments: but society will reap no benefit from these
      mournful opinions—from the tortures of these pious irrationals;
      because their mind, completely absorbed by their gloomy reveries, their
      time dissipated in the most absurd ceremonies, will leave them no
      opportunity of being really advantageous to the community of which they
      are members. The most superstitions men are commonly misanthropists, quite
      useless to the world, and very injurious to themselves: if ever they
      display energy, it is only to devise means by which they can increase
      their own affliction; to discover new methods to torture their mind; to
      find out the most efficacious means to deprive themselves of those objects
      which their nature renders desirable. It is common in the world to behold
      penitents, who are intimately persuaded that by dint of barbarous
      inflictions on their own persons, by means of a lingering suicide, they
      shall merit the favor of heaven. Madmen of this species are to be seen
      every where; superstition has in all ages, in all places, given birth to
      the most cruel extravagances, to the most injurious follies.
    

      If, indeed, these irrational devotees only injure themselves, and deprive
      society of that assistance which they owe to it, they without doubt do
      less mischief than those turbulent, zealous fanatics, who, infuriated with
      their superstitious ideas, believe themselves bound to disturb the world,
      to commit actual crimes, to sustain the cause of what they denominate the
      true faith. It not unfrequently happens that in outraging morality, the
      zealous enthusiast supposes he renders himself agreeable to his God. He
      makes perfection consist either in tormenting himself, or in rending
      asunder, in favour of his fanatical ideas, the most sacred ties that
      connect mortals with each other.
    

      Let us, then, acknowledge, that the notions of superstition, are not more
      suitable to procure the welfare, to establish the content, to confirm the
      peace of individuals, than they are of the society of which they are
      members. If some peaceable, honest, inconclusive enthusiasts, find either
      comfort or consolation in them, there are millions who, more conclusive to
      their principles, are unhappy during their whole life; who are perpetually
      assailed by the most melancholy ideas; to whom their disordered
      imagination shews these notions, as every instant involving them in the
      most cruel punishments. Under such formidable systems, a tranquil,
      sociable devotee, is a man who has not reasoned upon them.
    

      In short, every thing serves to prove, that superstitious opinions have
      the strongest influence over men; that they torment them unceasingly,
      divide them from their dearest connections, inflame their minds, envenom
      their passions, render them miserable without ever restraining their
      actions, except when their own temperament proves too feeble to propel
      them forward: all this holds forth one great lesson, that superstition
      is incompatible with liberty, and can never furnish good citizens.
    











      CHAP. IX.
    
Theological Notions cannot be the Basis of Morality.—Comparison
      between Theological Ethics and Natural Morality.—Theology
      prejudicial to the human Mind.

      Felicity is the great end of human existence; a supposition therefore, to
      be actually useful to man, should render him happy. By what parity of
      reasoning can he flatter himself that an hypothesis, which does not
      facilitate his happiness in his present duration, may one day conduct him
      to permanent bliss? If mortals only sigh, tremble, and groan in this
      world, of which they have a knowledge, upon what foundation is it they
      expect a more felicitous existence hereafter, in a world of which they
      know nothing? If man is every where the child of calamity, the victim to
      necessary evil, the unhappy sufferer under an immutable system, ought he
      reasonably to indulge a greater confidence in future happiness?
    

      On the other hand, a supposition which should throw light on every thing,
      which should supply an easy solution to all the questions to which it
      could be applied, when even it should not be competent to demonstrate the
      certitude, would probably be true: but that system which should only
      obscure the clearest notions, render more insoluble the problems desired
      to be resolved by its means, would most assuredly be looked upon as
      fallacious; as either useless or dangerous. To be convinced of this
      principle, let us examine, without prejudice, if the theological ideas of
      the Divinity have ever given the solution to any one difficulty. Has the
      human understanding progressed a single step by the assistance of this
      metaphysical science? Has it not, on the contrary, had a tendency to
      obscure the wore certain science of morals? Has it not, in many instances,
      rendered the most essential duties of our nature problematical? Has it not
      in a great measure confounded the notions of virtue and vice, of justice
      and injustice? Indeed, what is virtue, in the eyes of the generality of
      theologians? They will instantly reply, "that which is conformable to the
      will of the incomprehensible beings who govern nature." But way it not be
      asked, without offence to the individual opinions of any one, what are
      these beings, of whom they are unceasingly talking, without having the
      capacity to comprehend them? How can we acquire a knowledge of their will?
      They will forthwith reply, with a confidence that is meant to strike
      conviction on uninformed minds, by recounting what they are not, without
      even attempting to inform us what they are. If they do undertake to
      furnish an idea of them, they will heap upon their hypothetical beings a
      multitude, of contradictory, incompatible attributes, with which they will
      form a whole, at once impossible for the human mind to conceive or else
      they will refer to oracles, by which they insist their intentions have
      been promulgated to mankind. If, however, they are requested to prove the
      authenticity of these oracles, which are at such variance with each other,
      they will refer to miracles in support of what they assert: these
      miracles, independent of the difficulty there must exist to repose in them
      our faith, when, as we have seen, they are admitted even by the
      theologians themselves, to be contrary to the intelligence, the
      immutability, to the omnipotency of their immaterial substances, are,
      moreover, warmly disputed by each particular sect, as being impositions,
      practised by the others for their own individual advantage. As a last
      resource, then, it will be necessary to accredit the integrity, to rely on
      the veracity, to rest on the good faith of the priests, who announce these
      oracles. On this again, there arises two almost insuperable difficulties,
      in the first place, who shall assure us of their actual mission?
      are we quite certain none of them may be mistaken? how shall we be
      justified in giving credence to their powers? are they not these priests
      themselves, who announce to us that they are the infallible interpreters
      of a being whom they acknowledge they do not at all know? In the second
      place, which set of these oracular developements are we to adopt? For to
      give currency to the whole, would, in point of fact, annihilate them
      entirely; seeing, that no two of them run in unison with each other. This
      granted, the priests, that is to say, men extremely suspicious, but little
      in harmony with each other, will be the arbiters of morality; they will
      decide (according to their own uncertain knowledge, after their various
      passions, in conformity to the different perspectives under which they
      view these things,) on the whole system of ethics; upon which absolutely
      rests the repose of the world—the sterling happiness of each
      individual. Would this be a desirable state? would it be that from which
      humanity has the best founded prospect of that felicity, which is the
      desired object of his research? Again; do we not see that either
      enthusiasm or interest is the only standard of their decisions? that their
      morals are as variable as their caprice? those who listen to them, very
      rarely discover to what line they will adhere. In their various writings,
      we have evidence of the most bitter animosities; we find continual
      contradictions; endless disputes upon what they themselves acknowledge to
      be the most essential points; upon those premises, in the substantive
      proof of which their whole system depends; the very beings they depict as
      their source of their various creeds, are pourtrayed as variable as
      themselves; as frequently changing their plans as these are their
      arguments. What results from all this to a rational man? It will be
      natural for him to conclude, that neither inconstant gods, nor vacillating
      priests, whose opinions are more fluctuating than the seasons, can be the
      proper models of a moral system, which should be as regular, as
      determinate, as invariable as the laws of nature herself; as that eternal
      march, from which we never see her derogate.
    

      No! Arbitrary, inconclusive, contradictory notions, abstract,
      unintelligible speculations, can never be the sterling bases of the
      ethical science! They must be evident, demonstrable principles, deduced
      from the nature of man, founded upon his wants, inspired by rational
      education, rendered familiar by habit, made sacred by wholesome laws, that
      will flash conviction on our mind, render systems useful to mankind, make
      virtue dear to us—that will people nations with honest men—fill
      up the ranks with faithful subjects—crowd them with intrepid
      citizens. Incomprehensible beings can present nothing to our imagination,
      save vague ideas, which will never embrace any common point of union
      amongst those who shall contemplate them. If these beings are painted as
      terrible, the mind is led astray; if changeable, it always precludes us
      from ascertaining the road we ought to pursue. The menaces held forth by
      those, who, in despite of their own assertions, say they are acquainted
      with the views, with the determination of these beings, will seldom do
      more than render virtue unpleasant; fear alone will then make us practise
      with reluctance, that which reason, which our own immediate interest,
      ought to make us execute with pleasure. The inculcation of terrible ideas
      will only serve to disturb honest persons, without in the least arresting
      the progress of the profligate, or diverting the course of the flagitious:
      the greater number of men, when they shall be disposed to sin, to deliver
      themselves up to vicious propensities, will cease to contemplate these
      terrific ideas, will only behold a merciful God, who is filled with
      goodness, who will pardon the transgressions of their weakness. Man never
      views things but on that side which is most conformable to his desires.
    

      The goodness of God cheers the wicked; his rigour disturbs the honest man.
      Thus, the qualities with which theology clothes its immaterial substances,
      themselves turn out disadvantageous to sound morality. It is upon this
      infinite goodness that the most corrupt men will have the audacity to
      reckon, when they are either hurried along by crime, or given up to
      habitual vice. If, then, they are reminded of their criminal courses, they
      reply, "God is good, his mercy is infinite, his clemency boundless:" thus
      it may be said that religion itself is pressed into the service of vice,
      by the children of turpitude. Superstition, above all, rather abets crime
      than represses it, by holding forth to mortals that by the assistance of
      certain ceremonies, the performance of certain rites, the repetition of
      certain prayers, aided by the payment of certain sums of money, they can
      appease the anger of their gods, assuage the wrath of heaven, wash out the
      stains of their sins, and be received with open arms into the happy number
      of the elect—be placed in the blissful abodes of eternity. In short,
      do not the priests of superstition universally affirm, that they possess
      infallible secrets, for reconciling the most perverse to the pale of their
      respective systems?
    

      It must be concluded from this, that however these systems are viewed, in
      whatever manner they are considered, they cannot serve for the basis of
      morality, which in its very nature is formed to be invariably the same.
      Irascible systems are only useful to those who find an interest in
      terrifying the ignorance of mankind, that they may advantage themselves of
      his fears—profit by his expiations. The nobles of the earth, who are
      frequently men not gifted with the most exemplary morals—who do not
      on all occasions exhibit the most perfect specimens of self-denial—who
      would not, perhaps, be at all times held up as mirrors of virtue, will not
      see these formidable systems, when they shall be inclined to listen to
      their passions; to lend themselves to the indulgence of their unruly
      desires: they will, however, feel no repugnance to make use of them to
      frighten others, to the end that they may preserve unimpaired their
      superiority; that they may keep entire their prerogatives; that they may
      more effectually bind them to servitude. Like the rest of mankind, they
      will see their God under the traits of his benevolence; they will always
      believe him indulgent to those outrages they may commit against their
      fellows, provided they shew due respect for him themselves: superstition
      will furnish them with easy means to turn aside his Wrath; its ministers
      seldom omit a profitable opportunity, to expiate the crimes of human
      nature.
    

      Morality is not made to follow the caprices of the imagination, the fury
      of the passions, the fluctuating interests of men: it ought to possess
      stability; to be at all times the same, for all the individuals of the
      human race; it ought neither to vary in one country, nor in one race from
      another: neither superstition nor religion, has a privilege to make its
      immutability subservient to the changeable laws of their systems. There is
      but one method to give ethics this solidity; it has been more than once
      pointed out in the course of this work: it is only to be founded upon the
      nature of man, bottomed upon his duties, rested upon the relations
      subsisting between intelligent beings, who are in love, with their
      happiness, who are occupied with their own preservation, who live together
      in society that they may With greater facility ascertain these ends. In
      short we must take for the basis of morality the necessity of things.
    

      In weighing these principles, which are self evident, confirmed by
      constant experience, approved by reason, drawn from nature herself, we
      shall have an undeviating tone of conduct; a sure system of morality, that
      will never be in contradiction with itself. Man will have no occasion to
      recur to theological speculations to regulate his conduct in the visible
      world. We shall then be capacitated to reply to those who pretend that
      without them there can be no morality. If we reflect upon the long tissue
      of errors, upon the immense chain of wanderings, that flow from the
      obscure notions these various systems hold forth—of the sinister
      ideas which superstition in all countries inculcates; it would be much
      more conformable to truth to say, that all sound ethics, all morality,
      either useful to individuals or beneficial to society, is totally
      incompatible with systems which never represent their gods but under the
      form of absolute monarchs, whose good qualities are continually eclipsed
      by dangerous caprices. Consequently, we shall be obliged to acknowledge,
      that to establish morality upon a steady foundation, we must necessarily
      commence by at least quitting those chimerical systems upon which the
      ruinous edifice of supernatural morality has hitherto been constructed,
      which during such a number of ages, has been so uselessly preached up to a
      great portion of the inhabitants of the earth.
    

      Whatever may have been the cause that placed man in his present abode,
      that gave him the faculties he possesses; whether the human species be
      considered as the work of nature, or whether it be supposed that he owes
      his existence to an intelligent being, distinguished from nature; the
      existence of man, such as he is, is a fact; we behold in him a being who
      thinks, who feels, who has intelligence, who loves himself, who tends to
      his own conservation, who in every moment of his duration strives to
      render his existence agreeable; who, the more easily to satisfy his wants
      and to procure himself pleasure, congregates in society with beings
      similar to himself; of whom his conduct can either conciliate the favour,
      or draw upon him the disaffection. It is, then, upon these general
      sentiments, inherent in his nature, which will subsist as long as his race
      shall endure, that we ought to found morality; which is only a science
      embracing, the duties of men living together in society.
    

      These duties have their spring in our nature, they are founded upon our
      necessities, because we cannot reach the goal of happiness, if we do not
      employ the requisite means: these means constitute the moral science. To
      be permanently felicitous, we must so comport ourselves as to merit the
      affection, so act as to secure the assistance of those, beings with whom
      we are associated; these will only accord us their love, lend us their
      esteem, aid us in our projects, labour to our peculiar happiness, but in
      proportion as our own exertions shall be employed for their advantage. It
      is this necessity, flowing naturally out of the relations of mankind, that
      is called MORAL OBLIGATION. It is founded upon reflection, rested upon
      those motives competent to determine sensible, intelligent beings, to
      pursue that line of conduct, which in best calculated to achieve that
      happiness towards which they are continually verging. These motives in the
      human species, never can be other than the desire, always regenerating, of
      procuring good and avoiding evil. Pleasure and pain, the hope of
      happiness, or the fear of misery, are the only motives suitable to have an
      efficacious influence on the volition of sensible beings. To impel them
      towards this end, it is sufficient these motives exist and be understood
      to have a knowledge of them, it is only requisite to consider our own
      constitution: according to this, we shall find we can only love those
      actions, approve that conduct, from whence result actual and reciprocal
      utility; this constitutes VIRTUE. In consequence, to conserve ourselves,
      to make our own happiness, to enjoy security, we are compelled to follow
      the routine which conducts to this end; to interest others in our own
      preservation, we are obliged to display an interest in theirs; we must do
      nothing that can have a tendency to interrupt that mutual co-operation
      which alone can lead to the felicity desired. Such is the true
      establishment of moral obligation.
    

      Whenever it is attempted to give any other basis to morality than the
      nature of man, we shall always deceive ourselves; none other can have the
      least stability; none can be more solid. Some authors, even of great
      integrity, have thought, that to give ethics more respectability in the
      eyes of man, to render more inviolable those duties which his nature
      imposes on him, it was needful to clothe them with the authority of a
      being whom they have made superior to nature—whom they have rendered
      more powerful than necessity. Theology, seizing on these ideas, with its
      own general want of just inference, has in consequence invaded morality;
      has endeavoured to connect it with its various systems. By some it has
      been imagined, this union would render virtue more sacred; that the fear
      attached to invisible powers, who govern nature, would lend more weight,
      would give more efficacy to its laws; in short, it has been believed that
      man, persuaded, of the necessity of the moral system, seeing it united
      with superstition, would contemplate superstition itself as necessary to
      his happiness. Indeed it is the supposition that these systems are
      essential to morality, that sustains the theological ideas—that
      gives permanency to the greater part of all the creeds on earth; it is
      erroneously imagined that without them man would neither understand nor
      practise the duties he owes to others. This prejudice once established,
      gives currency to the opinion that the vague ideas growing out of these
      systems are in such a manner connected with morality, are so linked with
      the actual welfare of society, that they cannot be attacked without
      overturning the social duties that bind man to his fellow. It is thought
      that the reciprocity of wants, the desire of happiness, the evident
      interests of the community, would be mere skeleton motives, devoid of all
      active energy, if they did not borrow their substance from these various
      systems; if they were not invested with the force derived from these
      numerous creeds; if they were not clothed with the sanction of those ideas
      which have been made the arbiters of all things.
    

      Nothing, however, is more borne out by the evidence of experience, nothing
      has more thoroughly impressed itself on the minds of reflecting men, than
      the danger always arising from connecting truth with fiction; the known
      with the unknown; the delirium of enthusiasm, with the tranquillity of
      reason. Indeed what has resulted from the confused alliance, from the
      marvellous speculations, which theology has made with the most substantive
      realities? of mixing up its evanescent conjectures with the confirmed
      aphorisms of time? The imagination bewildered, has mistaken truth:
      superstition, by aid of its gratuitous suppositions, has commanded nature—made
      reason bow, under its bulky yoke,—submitted man to its own peculiar
      caprices; very frequently in the name of its gods obliged him to stifle
      his nature, to piously violate the most sacred duties of morality. When
      these superstitions have been desirous of restraining mortals whom they
      had previously hood-winked, whom they had rendered irrational, it gave
      them only ideal curbs, imaginary motives; it substituted unsubstantial
      causes, for those which were substantive; marvellous supernatural powers,
      for those which were natural, and well understood; it supplied actual
      realities, by ideal romances and visionary fables. By this inversion of
      principle, morality had no longer any fixed basis: nature, reason, virtue,
      demonstration, were laid prostrate before the most undefinable systems;
      were made to depend upon oracular promulgations, which never spake
      distinctly; indeed, they generally silenced reason, were often delivered
      by fanatics, which time proved to be impostors; by those who, always
      adopting the appellation of inspired beings, gave forth nothing but the
      wanderings of their own delirium, or else were desirous of profiting by
      the errors which they themselves instilled into mankind. Thus these men
      became deeply interested in preaching abject submission, non-resistance,
      passive-obedience, factitious virtues, frivolous ceremonies; in short, an
      arbitrary morality, conformable to their own reigning passions; frequently
      prejudicial to the rest of the human race.
    

      It was thus, in making ethics flow from these various systems, they in
      point of fact submitted it to the dominant passions of men, who had a
      direct interest in moulding it to their own advantage. In being disposed
      to found it upon undemonstrated theories, they founded it upon nothing; in
      deriving it from imaginary sources, of which each individual forms to
      himself his own notion, generally adverse to that of his neighbour; in
      resting it upon obscure oracles, always delivered ambiguously, frequently
      interpreted by men in the height of delirium, sometimes by knaves, who had
      immediate interests to promote, they rendered it unsteady—devoid of
      fixed principle,—too frequently left it to the mercy of the most
      crafty of mankind. In proposing to man the changeable creeds of the
      theologians for a model, they weakened the moral system of human actions;
      frequently annihilated that which was furnished by nature; often
      substituted in its place nothing but the most perplexing incertitude; the
      most ruinous inconsistency. These systems, by the qualities which are
      ascribed, to them, become inexplicable enigmas, which each expounds as
      best suits himself; which each explains after his own peculiar mode of
      thinking; in which the theologian ever finds that which most harmonizes
      with his designs; which he can bend to his own sinister purposes; which he
      offers as irrefragible evidence of the rectitude of those actions, which
      at bottom have nothing but his own advantage in view. If they exhort the
      gentle, indulgent, equitable man, to be good, compassionate, benevolent;
      they equally excite the furious, who is destitute of these qualities, to
      be intolerant, inhuman, pitiless. The morality of these systems varies in
      each individual; differs in one country from another; in fact, those
      actions which some men look upon as sacred, which they have learned to
      consider meritorious, make others shudder with horror—fill them with
      the most painful recollections. Some see the Divinity filled with
      gentleness and mercy; others behold him as full of wrath and fury, whose
      anger is to be assuaged by the commission of the most shocking cruelties.
    

      The morality of nature is clear, it is evident even to those who outrage
      it. It is not thus with superstitious morality; this is as obscure as the
      systems which prescribe it; or rather as fluctuating as the passions, as
      changeable as the temperaments, of those who expound them; if it was left
      to the theologians, ethics ought to be considered as the science of all
      others the most problematical, the most unsteady, the most difficult to
      bring to a point; it would require the most profound, penetrating genius,
      the most active, vigorous mind, to discover the principles of those duties
      man owes to himself, that he ought to exercise towards others; this would
      render the sources of the moral system attainable by a very small number
      of individuals; would effectually lock them up in the cabinets of the
      metaphysicians; place them under the treacherous guardianship of priests:
      to derive it from those systems, which are in themselves undefinable, with
      the foundations of which no one is actually acquainted, which each
      contemplates after his own mode, modifies after his own peculiar ideas, is
      at once to submit it to the caprice of every individual; it is completely
      to acknowledge, we know not from whence it is derived, nor whence it has
      its principles. Whatever may be the agent upon whom they make nature, or
      the beings she contains, to depend; with whatever power they way suppose
      him invested, it is very certain that man either does, or does not exist;
      but as soon as his existence is acknowledged, as soon as it is admitted to
      be what it actually is, when he shall be allowed to be a sensible being
      living in society, in love with his own felicity, they cannot without
      either annihilating him, or new modelling him, cause him to exist
      otherwise than he does. Therefore, according to his actual essence,
      agreeable to his absolute qualities, conformable to those modifications
      which constitute him a being, of the human species, morality becomes
      necessary to him, and the desire of conserving himself will make him
      prefer virtue to vice, by the same necessity that he prefers pleasure to
      pain. If, following up the doctrine of the theologians, "that man hath
      occasion for supernatural grace to enable him to do good," it must be very
      injurious to sound principles of morality; because he will always wait for
      "the call from above," to exercise that virtue, which is indispensable to
      his welfare. Tertullian, nevertheless says expressly, "wherefore will ye
      trouble yourselves, seeking after the law of God, whilst ye have that
      which is common to all the world, and which is written on the tablets of
      nature?"
    

      To say, that man cannot possess any moral sentiments without embracing the
      discordant systems offered to his acceptance, is, in point of fact,
      saying, that he cannot distinguish virtue from vice; it is to pretend that
      without these systems, man would not feel the necessity of eating to live,
      would not make the least distinction, would be absolutely without choice
      in his food: it is to pretend, that unless he is fully acquainted with the
      name, character, and qualities of the individual who prepares a mess for
      him, he is not competent to discriminate whether this mess be agreeable or
      disagreeable, good or bad. He who does not feel himself satisfied what
      opinions to adopt, upon the foundation and moral attributes of these
      systems, or who even formally denies them, cannot at least doubt his own
      existence-his own functions—his own qualities—his own mode of
      feeling—his own method of judging; neither can he doubt the
      existence of other organized beings similar to himself; in whom every
      thing discovers to him qualities analogous with his own; of whom he can,
      by certain actions, either gain the love or incur the hatred—secure
      the assistance or attract the ill-will—merit the esteem or elicit
      the contempt; this knowledge is sufficient to enable him to distinguish
      moral good and evil. In short, every man enjoying a well-ordered
      organization, possessing the faculty of making true experience, will only
      need to contemplate himself in order to discover what he owes to others:
      his own nature will enlighten him much more effectually upon his duties,
      than those systems in which he will consult either his own unruly
      passions, those of some enthusiast, or those of an impostor. He will
      allow, that to conserve himself, to secure his own permanent welfare, he
      is frequently obliged to resist the blind impulse of his own desires; that
      to conciliate the benevolence of others, he must act in a mode conformable
      to their advantage; in reasoning thus, he will find out what virtue
      actually is; if he puts his theory into practice, he will be virtuous; he
      will be rewarded for his conduct by the harmony of his own machine; by the
      legitimate esteem of himself, confirmed by the good opinion of others,
      whose kindness he will have secured: if he acts in a contrary mode, the
      trouble that will ensue, the disorder of his frame, will quickly warn him
      that nature, thwarted by his actions, disapproves his conduct, which is
      injurious to himself; to which he will be obliged to add the condemnation
      of others, who will hate him. If the wanderings of his mind prevent him
      from seeing the more immediate consequences of his irregularities, neither
      will he perceive the distant rewards, the remote punishments, which these
      systems hold forth; because they will never speak to him so distinctly as
      his conscience, which will either reward or punish him on the spot.
      Theology has never yet known how to give a true definition of virtue:
      according to it, it is an effort of grace, that disposes man to do that
      which is agreeable to the Divinity. But what is this grace? How doth it
      act upon man? How shall we know what is agreeable to a Divinity who is
      incomprehensible to all men?
    

      Every thing that has been advanced evidently proves, that superstitious
      morality is an infinite loser when compared with the morality of nature,
      with which, indeed, it is found in perpetual contradiction. Nature invites
      man to love himself, to preserve his existence, to incessantly augment the
      sum of his happiness: superstition teaches him to be in love only with
      formidable doctrines, calculated to generate his dislike; to detest
      himself; to sacrifice to his idols his most pleasing sensations—the
      most legitimate pleasures of his heart. Nature counsels man to consult
      reason, to adopt it for his guide; superstition pourtrays this reason as
      corrupted, as a treacherous director, that will infallibly lead him
      astray. Nature warns him to enlighten his understanding, to search after
      truth, to inform himself of his duties; superstition enjoins him not to
      examine any thing, to remain in ignorance, to fear truth; it persuades him
      there are no relations so important to his interest, as those which
      subsist between himself and systems which he can never understand. Nature
      tells the being who is in love with his welfare, to moderate his passions,
      to resist them when they are found destructive to himself, to counteract
      them by substantive motives collected from experience; superstition
      desires a sensible being to have no passions, to be an insensible mass, or
      else to combat his propensities by motives borrowed from the imagination,
      which are as variable as itself. Nature exhorts man to be sociable, to
      love his fellow creatures, to be just, peaceable, indulgent, benevolent,
      to permit his associates to freely enjoy their opinions; superstition
      admonishes him to fly society, to detach himself from his fellow mortals,
      to hate them when their imagination does not procure them dreams
      conformable to his own; to break through the most sacred bonds, to
      maintain his own opinions, or to frustrate those of his neighbour; to
      torment, to persecute, to massacre, those who will not be mad after his
      own peculiar manner. Nature exacts that man in society should cherish
      glory, labour to render himself estimable, endeavour to establish an
      imperishable name, to be active, courageous, industrious; superstition
      tells him to be abject, pusillanimous, to live in obscurity, to occupy
      himself with ceremonies; it says to him, be useless to thyself, and do
      nothing for others. Nature proposes to the citizen, for his model, men
      endued with honest, noble, energetic souls, who have usefully served their
      fellow citizens; superstition recommends to his imitation mean, cringing
      sycophants; extols pious enthusiasts, frantic penitents, zealous fanatics,
      who for the most ridiculous opinions have disturbed the tranquility of
      empires. Nature urges the husband to be tender, to attach himself to the
      company of his mate, to cherish her in his bosom; superstition makes a
      crime of his susceptibility, frequently obliges him to look upon the
      conjugal bonds as a state of pollution, as the offspring of imperfection.
      Nature calls to the father to nurture his children, to cherish their
      affection, to make them useful members of society; superstition advises
      him to rear them in fear of its systems, to hoodwink them, to make them
      superstitious, which renders them incapable of actually serving society,
      but extremely well calculated to disturb its repose. Nature cries out to
      children to honor their parents, to listen to their admonitions, to be the
      support of their old age; superstition says, prefer the oracles; in
      support of the systems of which you are an admitted member, trample father
      and mother under your feet. Nature holds out to the philosopher that he
      should occupy himself with useful objects, consecrate his cares to his
      country, make advantageous discoveries, suitable to perfect the condition
      of mankind; superstition saith, occupy thyself with useless reveries;
      employ thy time in endless dispute; scatter about with a lavish hand the
      seeds of discord, calculated to induce the carnage of thy fellows;
      obstinately maintain opinions which thou thyself canst never understand.
      Nature points out to the perverse man, that he should blush for his vices,
      that he should feel sorrow for his disgraceful propensities, that he
      should be ashamed of crime; it shews him, that his most secret
      irregularities will necessarily have an influence over his own felicity;
      superstition crieth to the most corrupt men, to the most flagitious
      mortals, "do not irritate the gods, whom thou knowest not; but if,
      peradventure, against their express command, thou dost deliver thyself up
      to crime, remember that their mercy is infinite, that their compassion
      endureth for ever, that therefore they may be easily appeased; thou hast
      nothing more to do than to go into their temples, prostrate thyself before
      their altars, humiliate thyself at the feet of their ministers; expiate
      thy transgressions by largesses, by sacrifices, by offerings, by
      ceremonies, and by prayer; these things done with a willing spirit, and a
      contrite heart, will pacify thine own conscience, and cleanse thee in the
      eyes of heaven."
    

      The rights of the citizen, or the man in society, are not less injured by
      superstition, which is always in contradiction with sound politics. Nature
      says distinctly to man, "thou art free; no power on earth can justly
      deprive thee of thy rights, without thine own consent; and even then, thou
      canst not legitimately make thyself a slave to thy like." Superstition
      tells him he is a slave, condemned to groan all his life under the iron
      rod of the representatives of its system. Nature commands man to love the
      country which gave him birth, to serve it faithfully, to blend his
      interests with it, to unite against all those who shall attempt to injure
      it; superstition generally orders him to obey without murmur the tyrants
      who oppress it, to serve them against its best interests, to merit their
      favors by contributing to enslave their fellow citizens to their
      ungovernable caprices: notwithstanding these general orders, if the
      sovereign be not sufficiently devoted to the priest, superstition quickly
      changes its language, it then calls upon subjects to become rebels; it
      makes it a duty in them to resist their masters; it cries out to them, "it
      is better to obey the gods than men." Nature acquaints princes that they
      are men: that it is not by their capricious whims that they can decide
      what is just; that it is not their wayward humours that can mark what is
      unjust; that the public will maketh the law. Superstition often insinuates
      to them that they are gods, to whom nothing in this world ought to offer
      resistance; sometimes, indeed, it transforms them into tyrants, whom
      enraged heaven is desirous should be immolated to its wrath.
    

      Superstition corrupts princes; these corrupt the law, which, like
      themselves, becomes unjust; from thence institutions are perverted;
      education only forms men who are worthless, blinded with prejudice,
      smitten with vain objects, enamoured of wealth, devoted to pleasures,
      which they must obtain by iniquitous means: thus nature, mistaken, is
      disdained; virtue is only a shadow quickly sacrificed to the slightest
      interest, while superstition, far from remedying these evils to which it
      has given birth, does nothing more than render them still more inveterate;
      or else engenders sterile regrets which it presently effaces: thus, by its
      operation, man is obliged to yield to the force of habit, to the general
      example, to the stream of those propensities, to those causes of
      confusion, which conspire to hurry all his species, who are not willing to
      renounce their own welfare, on to the commission of crime.
    

      Here is the mode by which superstition, united with politics, exert their
      efforts to pervert, abuse, and poison the heart of man; the generality of
      human institutions appear to have only for their object to abase the human
      character, to render it more flagitiously wicked. Do not then let us be at
      all astonished if morality is almost every where a barren speculation,
      from which every one is obliged to deviate in practice, if he will not
      risk the rendering himself unhappy. Men can only have sound morals, when,
      renouncing his prejudices, he consults his nature; but the continued
      impulse which his soul is every moment receiving, on the part of more
      powerful motives, quickly compels him to forget those ethical rules which
      nature points out to him. He is continually floating between vice and
      virtue; we behold him unceasingly in contradiction with himself; if,
      sometimes, he justly appreciates the value of an honest, upright conduct,
      experience very soon shews him, that this cannot lead him to any thing,
      which he has been taught to desire, on the contrary, that it may be an
      invincible obstacle to the happiness which his heart never ceases for an
      instant to search after. In corrupt societies it is necessary to become
      corrupt, in order to become happy.
    

      Citizens, led astray at the same time both by their spiritual and temporal
      guides, neither knew reason nor virtue. The slaves both of their
      superstitious systems, and of men like themselves, they had all the vices
      attached to slavery; kept in a perpetual state of infancy, they had
      neither knowledge nor principles; those who preached virtue to them, knew
      nothing of it themselves, and could not undeceive them with respect to
      those baubles in which they had learned to make their happiness consist.
      In vain they cried out to them to stifle those passions which every thing
      conspired to unloose: in vain they made the thunder of the gods roll to
      intimidate men whose tumultuous passions rendered them deaf. It was soon
      discovered that the gods of the heavens were much less feared than those
      of the earth; that the favour of the latter procured a much more
      substantive welfare than the promises of the former; that the riches of
      this world were more tangible than the treasures reserved for favorites in
      the next; that it was much more advantageous for men to conform themselves
      to the views of visible powers than to those of powers who were not within
      the compass of their visual faculties.
    

      Thus society, corrupted by its priests, guided by their caprice, could
      only bring forth a corrupt offspring. It gave birth to avaricious,
      ambitious, jealous, dissolute citizens, who never saw any thing happy but
      crime; who beheld meanness rewarded; incapacity honoured; wealth adored;
      debauchery held in esteem; who almost every where found talents
      discouraged; virtue neglected; truth proscribed; elevation of soul
      crushed; justice trodden under foot; moderation languishing in misery;
      liberality of mind obligated to groan under the ponderous bulk of haughty
      injustice.
    

      In the midst of this disorder, in this confusion of ideas, the precepts of
      morality could only be vague declamations, incapable of convincing any
      one. What barrier could superstition, with its imaginary motives, oppose
      to the general corruption? When it spake reason, it could not be heard;
      its gods themselves were not sufficiently powerful to resist the torrent;
      its menaces failed of effect, on those hearts which every thing hurried
      along to crime; its distant promises could not counterbalance present
      advantages; its expiations, always ready to cleanse mortals from their
      sins, emboldened them to persevere in their criminal pursuits; its
      frivolous ceremonies calmed their consciences; its zeal, its disputes, its
      caprices, only multiplied the evils, with which society found itself
      afflicted; only gave them an inveteracy that rendered them more widely
      mischievous; in short, in the most vitiated nations there was a multitude
      of devotees, and but very few honest men. Great and small listened to the
      doctrines of superstition, when they appeared favorable to their dominant
      passions; when they were desirous to counteract them, they listened no
      longer. Whenever superstition was conformable to morality, it appeared
      incommodious, it was only followed when it either combatted ethics or
      destroyed them. The despot himself found it marvellous, when it assured
      him he was a god upon earth; that his subjects were born to adore him
      alone, to administer to his phantasms. He neglected it when it told him to
      be just; from thence he saw it was in contradiction with itself, that it
      was useless to preach equity to a deified mortal; besides, he was assured
      the gods would pardon every thing, as soon as he should consent to recur
      to his priests, always ready to reconcile them; the most wicked of their
      subjects reckoned in the same manner upon their divine assistance: thus
      superstition, far from restraining vice, assured its impunity; its menaces
      could not destroy the effects which its unworthy flattery had produced in
      princes; these same menaces could not annihilate the hope which its
      expiations had furnished to all. Sovereigns, either inflated with pride,
      or always confident of washing out their crimes by timely sacrifices, no
      longer actually feared their gods; become gods themselves, they believed
      they were permitted any thing against poor pitiful mortals, whom they no
      longer considered under any other light than as playthings destined for
      their earthly amusement.
    

      If the nature of man was consulted in his politics which supernatural
      ideas have so woefully depraved, it would completely rectify those false
      notions that are entertained equally by sovereigns and by subjects; it
      would contribute more amply than all the superstitions existing, to render
      society happy, powerful, and flourishing under rational authority. Nature
      would teach man, it is for the purpose of enjoying a greater portion of
      happiness, that mortals live together in society; that it is its own
      preservation, its own immediate felicity, that society should have for its
      determinate, unchangeable object: that without equity, a nation only
      resembles a congregation of enemies; that his most cruel foe, is the man
      who deceives him in order that he may enslave him; that the scourges most
      to be feared, are those priests who corrupt his chiefs, who, in the name
      of the gods assure them of impunity for their crimes: she would prove to
      him that association is a misfortune under unjust, negligent, destructive
      governments.
    

      This nature, interrogated by princes, would teach them they are men and
      not gods; that their power is only derived from the consent of other men;
      that they themselves are citizens, charged by other citizens, with the
      care of watching over the safety of the whole; that the law ought to be
      only the expression of the public will; that it is never permitted them to
      counteract nature, or to thwart the invariable end of society. This nature
      would make monarchs feel, that to be truly great, to be decidedly
      powerful, they ought to command elevated, virtuous souls; not minds
      degraded by despotism, vitiated by superstition. This nature would teach
      sovereigns, that in order to be cherished by their subjects, they ought to
      afford them succour; to cause them to enjoy those benefits which their
      wants render imperative, that they should at all times maintain them,
      inviolably, in the possession of their rights, of which they are the
      appointed defenders—of which they are the constituted guardians.
      This nature would prove to all those princes who should deign to consult
      her, that it is only by good actions, by kindness, they can either merit
      the love, or secure the attachment of the people; that oppression does
      nothing more than raise up enemies against them; that violence only makes
      their power unsteady; that force, however brutally used, cannot confer on
      them any legitimate right; that beings essentially in love with happiness,
      must sooner or later finish by revolting against an authority that
      establishes itself by injustice; that only makes itself felt by the
      outrage it commits: this is the manner in which nature, the sovereign of
      all beings, in whose system all are equal, would speak to one of these
      superb monarchs, whom flattery has deified:—"Untoward, headstrong
      child! Pigmy, so proud of commanding pigmies! Have they then assured thee
      that thou art a god? Have they flattered thee that thou art something
      supernatural? Know there is nothing superior to myself. Contemplate thine
      own insignificance, acknowledge thine impotence against the slightest of
      my blows. I can break thy sceptre; I can take away thine existence; I can
      level thy throne with the dust; I can scatter thy people; I can destroy
      even the earth which thou inhabitest; and yet thou hast the folly to
      believe thou art a god. Be then, again, thyself; honestly avow that thou
      art a man, formed to submit to my laws equally with the meanest of thy
      subjects. Learn then, and never let it escape thy memory, that thou art
      the man of thy people; the minister of thy nation; the interpreter of its
      laws; the executer of its will; the fellow-citizen of those whom thou hast
      the right of commanding, only because they consent to obey thee, in view
      of that well being which thou promisest to procure for them. Reign, then,
      on these conditions; fulfil thy sacred engagements. Be benevolent: above
      all, equitable. If thou art willing to have thy power assured to thee,
      never abuse it; let it be circumscribed by the immovable limits of eternal
      justice. Be the father of thy people, and they will cherish thee as thy
      children. But, if unmindful of thy duties, thou neglectest them; if
      negligent of thine own interest, thou separatest them from those of thy
      great family, if thou refusest to thy subjects that happiness which thou
      owest them; if, heedless of thy own security, thou armest thyself against
      them; thou shall be like all tyrants, the slave to gloomy care, the
      bondman of alarm, the vassal of cruel suspicion: thou wilt become the
      victim to thine own folly. Thy people, reduced to despair, shorn of their
      felicity, will no longer acknowledge thy divine rights. In vain, then,
      thou wouldst sue for aid to that superstition which hath deified thee; it
      can avail nothing with thy people, whom sharp misery had rendered deaf;
      heaven will abandon thee to the fury of those enemies to which thy frenzy
      shall have given birth. Superstitious systems can effect nothing against
      my irrevocable decrees, which will that man shall ever irritate himself
      against the cause of his sorrows."
    

      In short, every thing would make known to rational princes, that they have
      no occasion for superstition to be faithfully obeyed on earth; that all
      the powers contained in these systems will not sustain them when they
      shall act the tyrant; that their true friends are those who undeceive the
      people in their delusions; that their real enemies are those who
      intoxicate them with flattery—who harden them in crime—who
      make the road to heaven too easy for them—who feed them with
      fanciful, chimerical doctrines, calculated to make them swerve from those
      cares, to divert them from those sentiments, which they justly owe to
      their nations.
    

      It is then, I repeat it, only by re-conducting man to nature, that we can
      procure him distinct notions, evident opinions, certain knowledge; it is
      only by shewing him his true relations with his fellows, that we can place
      him on the road to happiness. The human mind, blinded by theology, has
      scarcely advanced a single step. Man's superstitious systems have rendered
      him sceptical on the most demonstrable truths. Superstition, while it
      pervaded every thing, while it had an universal influence, served to
      corrupt the whole: philosophy, dragged in its train, although it swelled
      its triumphant procession, was no longer any thing but an imaginary
      science: it quitted the real world to plunge into the sinuosities of the
      ideal, inconceivable labyrinths of metaphysics; it neglected nature, who
      spontaneously opened her book to its examination, to occupy itself with
      systems filled with spirits, with invisible powers, which only served to
      render all questions more obscure; which, the more they were probed, the
      more inexplicable they became; which took delight in promulgating that
      which no one was competent to understand. In all difficulties it
      introduced the Divinity; from thence things only became more and more
      perplexed, until nothing could be explained. Theological notions appear
      only to have been invented to put man's reason to flight; to confound his
      judgment; to deceive his mind; to overturn his clearest ideas in every
      science. In the hands of the theologian, logic, or the art of reasoning,
      was nothing more than an unintelligible jargon, calculated to support
      sophism, to countenance falsehood, to attempt to prove the most palpable
      contradictions. Morality, as we have seen, became wavering and uncertain,
      because it was founded on ideal systems, never in harmony with themselves,
      which, on the contrary, were continually contradicting their own most
      positive assertions. Politics, as we have elsewhere said, were cruelly
      perverted by the fallacious ideas given to sovereigns of their actual
      rights. Jurisprudence was determinately submitted to the caprices of
      superstition, which shackled labour, chained down human industry,
      controuled activity, and fettered the commerce of nations. Every thing, in
      short, was sacrificed to the immediate interests of these theologians: in
      the place of every rational science, they taught nothing but an obscure,
      quarrelsome metaphysics, which but too often caused the blood of those
      unhappy people to flow copiously who were incapable of understanding its
      hallucinations.
    

      Born an enemy to experience, theology, that supernatural science, was an
      invincible obstacle to the progress of the natural sciences, as it almost
      always threw itself in their way. It was not permitted to experimental
      philosophy, to natural history, to anatomy, to see any thing but through
      the jaundiced eye of superstition. The most evident facts were rejected
      with disdain, proscribed with horror, when ever they could not be made to
      quadrate with the idle hypotheses of superstition. Virgil, the Bishop of
      Saltzburg, was condemned by the church, for having dared to maintain the
      existence of the antipodes; Gallileo suffered the most cruel persecutions,
      for asserting that the sun did not make its revolution round the earth.
      Descartes was obliged to die in a foreign land. Priests, indeed, have a
      right to be the enemies to the sciences; the progress of reason must,
      sooner or later, annihilate superstitious ideas. Nothing that is founded
      upon nature, that is bottomed upon truth, can ever be lost; while the
      systems of imaginations, the creeds of imposture, must be overturned.
      Theology unceasingly opposed itself to the happiness of nations—to
      the progress of the human mind—to useful researches—to the
      freedom of thought; it kept man in ignorance; all his steps being guided
      by it, he was no more than a tissue of errors. Indeed, is it resolving a
      question in natural philosophy, to say that an effect which excites our
      surprise, that an unusual phenomenon, that a volcano, a deluge, a
      hurricane, a comet, &c. are either signs of divine wrath, or works
      contrary to the laws of nature? In persuading nations, as it has done,
      that the calamities, whether physical or moral, which they experience, are
      the effects of the divine anger, or chastisements which his power inflicts
      on them, has it not, in fact, prevented them from seeking after remedies
      for these evils? Would it not have been more useful to have studied the
      nature of things, to have sought in nature herself, or in human industry,
      for succours against those sorrows with which mortals are afflicted, than
      to attribute the evil which man experiences to an unknown power, against
      whose will it cannot be supposed there exists any relief? The study of
      nature, the search after truth, elevates the soul, expands the genius, is
      calculated to render man active, to make him courageous. Theological
      notions appear to have been made to debase him, to contract his mind, to
      plunge him into despondence. In the place of attributing to the divine
      vengeance those wars, those famines, those sterilities, those contagions,
      that multitude of calamities, which desolate the earth; would it not have
      been more useful, more consistent with truth, to have shewn man that these
      evils were to be ascribed to his own folly, or rather to the unruly
      passions, to the want of energy, to the tyranny of some princes, who
      sacrifice nations to their frightful delirium? The irrational people,
      instead of amusing themselves with expiations for their pretended crimes,
      seeking to render themselves acceptable to imaginary powers; should they
      not rather have sought in a more healthy administration, the true means of
      avoiding those scourges, to which they were the victims? Natural evils
      demand natural remedies: ought not experience then long since to have
      convinced mortals of the inefficacy of supernatural remedies, of expiatory
      sacrifices, of fastings, of processions, &c. which almost all the
      people of the earth have vainly opposed to the disasters which they
      experienced?
    

      Let us then conclude, that theology with its notions, far from being
      useful to the human species, is the true source of all those sorrows which
      afflict the earth of all those errors by which man is blinded; of those
      prejudices which benumb mankind; of that ignorance which renders him
      credulous; of those vices which torment him; of those governments which
      oppress him. Let us be fully persuaded that those theological,
      supernatural ideas, with which man is inspired from his infancy, are the
      actual causes of his habitual folly; are the springs of his superstitious
      quarrels; of his sacred dissensions; of his inhuman persecutions. Let us,
      at length, acknowledge, that they are these fatal ideas which have
      obscured morality; corrupted polities; retarded the progress of the
      sciences; annihilated happiness; banished peace from the bosom of mankind,
      Then let it be no longer dissimulated, that all those calamities, for
      which man turns his eyes towards heaven, bathed in tears, have their
      spring in the imaginary systems he has adopted: let him, therefore, cease
      to expect relief from them; let him seek in nature, let him search in his
      own energies, those resources, which superstition, deaf to his cries, will
      never procure for him. Let him consult the legitimate desires of his
      heart, and he will find that which he oweth to himself, also that which he
      oweth to others; let him examine his own essence, let him dive into the
      aim of society, from thence he will no longer be a slave; let him consult
      experience, he will find truth, and he will discover, that error can
      never possible render him happy.











      CHAP. X.
    
Man can form no Conclusion from the Ideas which are offered him of the
      Divinity.—Of their want of just Inference.—Of the Inutility of
      his Conduct.

      It has been already stated, that ideas to be useful, must be founded upon
      truth; that experience must at all times demonstrate their justice: if,
      therefore, as we have proved, the erroneous ideas which man has in almost
      all ages formed to himself of the Divinity, far from being of utility, are
      prejudicial to morality, to politics, to the happiness of society, to the
      welfare of the individuals who compose it, in short, to the progress of
      the human understanding; reason, and our interest, ought to make us feel
      the necessity of banishing from our mind these illusive, futile opinions,
      which can never do more than confound it—which can only disturb the
      tranquillity of our hearts. In vain should we flatter ourselves with
      arriving at the correction of theological notions; erroneous in their
      principles, they are not susceptible of reform. Under whatever shape an
      error presents itself, as soon as man shall attach an undue importance to
      it, it will, sooner or later, finish by producing consequences dangerous
      in proportion to their extent. Besides, the inutility of those researches,
      which in all ages have been made after the true nature of the Divinity,
      the notions that have hitherto been entertained, have done little more
      than throw it into greater obscurity, even to those who have most
      profoundly meditated on the subject; then, ought not this very inutility
      to convince us that this subject is not within the reach of our capacity
      that this being will not be better known to us, or by our descendants,
      than it hath been to our ancestors, either the most savage or the most
      ignorant? The object, which of all others man has at all times reasoned
      upon the most, written upon the most, nevertheless remains the least
      known; far from progressing in his research, time, with the aid of
      theological ideas, has only rendered it more impossible to be conceived.
      If the Divinity be such as dreaming theology depicts, he must himself be a
      Divinity who is competent to form an idea of him. We know little of man,
      we hardly know ourselves, or our own faculties, yet we are disposed to
      reason upon a being inaccessible to our senses. Let us, then, travel in
      peace over the line described for us by nature, without having a wish to
      diverge from it, to hunt after vague systems; let us occupy ourselves with
      our true happiness; let us profit of the benefits spread before us; let us
      labour to multiply them, by diminishing the number of our errors; let us
      quietly submit to those evils we cannot avoid, and not augment them by
      filling our mind with prejudices calculated to lead us astray. When we
      shall give it serious reflection, every thing will clearly prove that the
      pretended science of theology is, in truth, nothing but presumptuous
      ignorance, masked under pompous, unintelligible words. In short, let us
      terminate unfruitful researches; be content at least to acknowledge our
      invincible ignorance; it will clearly be more substantively advantageous,
      than an arrogant science, which has hitherto done little more than sow
      discord on the earth—affliction in the heart of man.
    

      In supposing a sovereign intelligence who governs the world; in supposing
      a Divinity who exacts from his creatures that they should have a knowledge
      of him, that they should understand his attributes, his wisdom, his power;
      who is desirous they should render him homage; it must be allowed, that no
      man on earth in this respect completely fulfils the views of providence.
      Indeed, nothing is more demonstrable than the impossibility in which the
      theologians find themselves, to form to their mind any idea whatever of
      the Divinity. Procopius, the first bishop of the Goths, says in the most
      solemn manner: "I esteem it a very foolish temerity to be disposed to
      penetrate into the knowledge of the nature of God;" and further on he
      acknowledges, "that he has nothing more to say of him, except that he is
      perfectly good. He who knoweth more, whether he be ecclesiastic or layman,
      has only to tell it." The weakness, the obscurity of the proofs offered,
      of the systems attributed to him, the manifest contradictions into which
      they fall, the sophisms, the begging of the question, which are employed,
      evidently prove they are themselves in the greatest incertitude upon the
      nature of that being with whom it is their profession to occupy their
      thoughts: even the author of A New View of Society acknowledges,
      "that up to this moment it is, not possible yet to say which is right or
      which is wrong: that had any one of the various opposing systems which
      until this day have governed the world, and disunited man from man, been
      true, without any mixture of error; that system, very speedily after its
      public promulgation, would have pervaded society, and compelled all men to
      have acknowledged its truth." But granting that they have a knowledge of
      this being, that his essence, his attributes, his systems, were so fully
      demonstrated to them, as no longer to leave any doubt in their mind, do
      the rest of the human race enjoy the same advantages? Are they, in fact,
      in a condition to be charged with this knowledge? Ingenuously, how many
      persons are to be found in the world, who have the leisure, the capacity,
      the penetration, necessary to understand what is meant to be designated
      under the name of an immaterial being—of a pure spirit, who moveth
      matter without being himself matter; who is the motive of all the powers
      of nature, without being contained in nature—without being able to
      touch it? Are there, in the most religious societies, many persons who are
      competent to follow their spiritual guides, in the subtle proofs which
      they adduce in evidence of their creeds, upon which they bottom their
      systems of theology?
    

      Without question very few men are capable of profound, connected
      meditation; the exercise of intense thought is, for the greater number, a
      species of labour as painful as it is unusual. The people, obliged to toil
      hard, in order to obtain subsistence, are commonly incapable of
      reflection; nobles, men of the world, women, young people, occupied with
      their own immediate affairs, taken up with gratifying their passions,
      employed in procuring themselves pleasure, as rarely think deeply as the
      uninformed. There are not, perhaps, two men in an hundred thousand, who
      have seriously asked themselves the question, What it is they
      understand by the word God? Whilst it is extremely rare to find
      persons to whom the nature of God is a problem. Nevertheless, as we have
      said, conviction supposes that evidence alone has banished doubt from the
      mind. Where, then, are the web who are convinced of the rectitude of these
      systems? Who are those in whom we shall find the complete certitude of
      these truths, so important to all? Who are the persons, who have given
      themselves an accurate account of the ideas they have formed upon the
      Divinity, upon his attributes, upon his essence? Alas! throughout the
      whole world, are only to be seen some speculators, who, by dint of
      occupying themselves with the idea, have, with great fatuity, believed
      they have discovered something decisive in the confused, unconnected
      wanderings of their own imagination; they have, in consequence,
      endeavoured to form a whole, which, chimerical as it is, they have
      accustomed themselves to consider as actually existing: by force of musing
      upon it, they have sometimes persuaded themselves they, saw it distinctly;
      these have not unfrequently succeeded in making others believe, their
      reveries, although they may not have mused upon it quite so much as
      themselves.
    

      It is seldom more than hearsay, that the mass of the people adopt either
      the systems of their fathers, or of their priests: authority, confidence,
      submission, habit, take place of conviction—supersede proof; they
      prostrate themselves before idols, lend themselves to different creeds,
      because their ancestors have taught them to fall down, and worship; but
      never do they inquire wherefore they bend the knee: it is only because, in
      times far distant, their legislators, their guides, have imposed it upon
      them as a duty; these have said, "adore and believe those gods, whom ye
      cannot comprehend; yield yourselves in this instance to our profound
      wisdom; we know more than ye do respecting the Divinity." But wherefore,
      it might be inquired, should I take this system upon your authority? It
      is, they will reply, because the gods will have it thus; because they will
      punish you, if you dare to resist. But are not these gods the thing in
      question? Nevertheless, man has always been satisfied with this circle of
      errors; the idleness of his mind made him find it most easy to yield to
      the judgment of others. All superstitions are uniformly founded upon
      error, established by authority; equally forbid examination; are equally
      indisposed to permit that man should reason upon them; it is power that
      wills he should unconditionally accredit them: they are rested solely upon
      the influence of some few men, who pretend to a knowledge of things, which
      they admit are incomprehensible for all their species; who, at the same
      time, affirm they are sent as missionaries to announce them to the
      inhabitants of the earth: these inconceivable systems, formed in the brain
      of some enthusiastic persons, have most unquestionably occasion for men to
      expound them to their fellows. Man is generally credulous as a child upon
      those objects which relate to superstition; he is told he must believe
      them; as he generally understands nothing of the matter, he imagines he
      runs no risk in joining sentiments with his priest, whom he supposes has
      been competent to discover what he himself is not able to comprehend. The
      most rational people argue thus: "What shall I do? What interest can so
      many persons have to deceive?" But, seriously, does this prove that they
      do not deceive? They may do it from two motives: either because they are
      themselves deceived, or because they have a great interest in deceiving.
      By the confession of the theologians themselves, man is, for the greater
      part, without religion: he has only superstition.
      Superstition, according to them, "is a worship of the Divinity, either
      badly understood or irrational," or else, "worship rendered to a false
      Divinity." But where are the people or the clergy who will allow, either
      that their Divinity is false, or their worship irrational? How shall it be
      decided who is right, or who is wrong? It is evident that in this affair
      great numbers must be wrong. Indeed, Buddaeus, in his Treatise on
      Atheism, tells us, "in order that a religion may be true, not only the
      object of the worship must be true, but we must also have a just idea of
      it. He, then, who adoreth God without knowing him, adoreth him in a
      perverse and corrupt manner, and is generally guilty of superstition."
      This granted, would it not be fair to demand of the theologians, if they
      themselves can boast of having a just idea or real knowledge of the
      Divinity?
    

      Admit for a moment they have, would it not then be evident, that it is for
      the priest, for the inspired, for the metaphysician, that this idea, which
      is said to be so necessary for the whole human race, is exclusively
      reserved? If we examine, however, we shall not find any harmony among the
      theological notions of these various inspired men, or of that hierarchy
      which is scattered over the earth: even those who make a profession of the
      same system, are not in unison upon the leading points. Are they ever
      contented with the proofs offered by their colleagues? Do they unanimously
      subscribe to each other's ideas? Are they agreed upon the conduct to be
      adopted; upon the manner of explaining their texts; upon the
      interpretation of the various oracles? Does there exist one country upon
      the whole earth, where the science of theology is actually perfectioned?—where
      the ideas of the Divinity are rendered so clear, as not to admit of cavil?
      Has this science obtained any of that steadiness, any of that consistency,
      any of that uniformity, which is found attached to other branches of human
      knowledge; even to the most futile arts, or to those trades which are most
      despised? Has the multitude of subtle distinctions, with which theology in
      some countries is filled throughout; have the words spirit, immateriality,
      incorporeity, predestination, grace, with other ingenious inventions,
      imagined by sublime thinkers, who during so many ages have succeeded each
      other, actually had any other effect than to perplex things; to render the
      whole obscure; decidedly unintelligible? Alas! do, they not offer
      practical demonstration, that the science held forth as the most necessary
      to man, has not, hitherto, been able to acquire the least degree of
      stability; has remained in the most determined state of indecision; has
      entirely failed in obtaining solidity? For thousands of years the most
      idle dreamers have been relieving each other, meditating on systems,
      diving into concealed ways, inventing hypothesis suitable to develope this
      important enigma. Their slender success has not at all discouraged
      theological vanity; the priests have always spoken of it as of a thing
      with which they were most intimately acquainted; they have disputed with
      all the pertinancy of demonstrated argument; they have destroyed each
      other with the most savage barbarity; yet, notwithstanding, to this
      moment, this sublime science remains entirely unauthenticated; almost
      unexamined. Indeed, if things were coolly contemplated, it would be
      obvious that these theories are not formed for the generality of mankind,
      who for the most part are utterly incompetent to comprehend the aerial
      subtilities upon which they rest. Who is the man, that understandeth any
      thing of the fundamental principles of these systems? Whose capacity
      embraces spirituality, immateriality, incorporeity, or the mysteries of
      which he is every day informed? Are there many persons who can boast of
      perfectly understanding the state of the question, in those theological
      disputations, which have frequently had the potency to disturb the repose
      of mankind? Nevertheless, even women believe themselves obliged to take
      part in the quarrels excited by these idle speculators, who are of less
      actual utility, to society, than the meanest artizan.
    

      Man would, perhaps, have been too happy, if confining himself to those
      visible objects which interest him, he had employed half that energy which
      he has wasted in researches after incomprehensible systems, upon
      perfectioning the real sciences; in giving consistency to his laws; in
      establishing his morals upon solid foundations; in spreading a wholesome
      education among his fellows. He would, unquestionably, have been much
      wiser, more fortunate, if he had agreed to let his idle, unemployed guides
      quarrel among themselves unheeded; if he had permitted them to fathom
      those depths calculated to astound the mind, to amaze the intellect,
      without intermeddling with their irrational disputes. But it is the
      essence of ignorance, to attach great importance to every thing which it
      doth not understand. Human vanity makes the mind bear up against
      difficulties. The more an object eludes our inquiry, the more efforts we
      make to compass it; because from thence our pride is spurred on, our
      curiosity is set afloat, our passions are irritated, and it assumes the
      character of being highly interesting to us. On the other hand, the more
      continued, the more laborious our researches have been, the more
      importance we attach to either our real or our pretended discoveries; the
      more we are desirous not to have wasted our time; besides, we are always
      ready warmly to defend the soundness of our own judgment. Do not let us
      then be surprised at the interest that ignorant persons have at all times
      taken in the discoveries of their priests; nor at the obstinate
      pertinacity which they have ever manifested in their disputes. Indeed, in
      combating for his own peculiar system, each only fought for the interests
      of his own vanity, which of all human passions is the most quickly
      alarmed, the most calculated to lead man on to the commission of great
      follies.
    

      Theology is truly the vessel of the Danaides. By dint of contradictory
      qualities, by means of bold assertions, it has so shackled its own systems
      as to render it impossible they should act. Indeed, when even we should
      suppose the existence of these theological systems, the reality of codes
      so discordant with each other and with themselves, we can conclude nothing
      from them to authorize the conduct, or sanction the mode of worship which
      they prescribe. If their gods are infinitely good, wherefore should we
      dread them? If they are infinitely wise, what reason have we to disturb
      ourselves with our condition? If they are omniscient, wherefore inform
      them of our wants, why fatigue them with our requests? If they are
      omnipresent, of what use can it be to erect temples to them? If they are
      lords of all, why make sacrifices to them; why bring them offerings of
      what already belongs to them? If they are just, upon what foundation
      believe that they will punish those creatures whom they have filled with
      imbecility? If their grace works every thing in man, what reason can there
      be why he should be rewarded? If they are omnipotent, how can they be
      offended; how can we resist them? If they are rational, how can the enrage
      themselves against blind mortals, to whom they have left the liberty of
      acting irrationally? If they are immutable, by what right shall we pretend
      to make them change their decrees? If they are inconceivable, wherefore
      should we occupy ourselves with them? If the knowledge of these systems be
      the most necessary thing, wherefore are they not more evident, more
      consistent, more manifest?
    

      This granted, he who can undeceive himself on the afflicting notions of
      these theories, hath this advantage over the credulous, trembling,
      superstitious mortal—that he establishes in his heart a momentary
      tranquility, which, at least, rendereth him happy in this life. If the
      study of nature hath banished from his mind, those chimeras with which the
      superstitions man is infested, he, at least, enjoys a security of which
      this sees himself deprived. In consulting this nature, his fears are
      dissipated, his opinions, whether true or false, acquire a steadiness of
      character; a calm succeeds the storm, which panic terror, the result of
      wavering notions, excite in the hearts of all men who occupy themselves
      with these systems. If the human soul, cheered by philosophy, had the
      boldness to consider things coolly; it would no longer behold the universe
      submitted to implacable systems, under which man is continually trembling.
      If he was rational, he would perceive that in committing evil he did not
      disturb nature; that he either injureth himself alone, or injures other
      beings capable of feeling the effects of his conduct, from thence he would
      know the line of his duties; he would prefer virtue to vice, for his own
      permanent repose: he would, for his own satisfaction, for his own felicity
      in this world, find himself deeply interested in the practice of moral
      goodness; in rendering virtue habitual; in making it dear to the feeling
      of his heart: his own immediate welfare would be concerned in avoiding
      vice, in detesting crime, during the short season of his abode among
      intelligent, sensible beings, from whom he expects his happiness. By
      attaching himself to these rules, he would live contented with his own
      conduct; he would be cherished by those who are capable of feeling the
      influence of his actions; he would expect without inquietude the term when
      his existence should have a period; he would have no reason to dread the
      existence which might follow the one he at present enjoys: he would
      not fear to be deceived in his reasonings. Guided by demonstration, led
      gently along by honesty, he would perceive, that he could have nothing to
      dread from a beneficent Divinity, who would not punish him for those
      involuntary errors which depend upon the organization, which without his
      own consent he has received.
    

      Such a man so conducting himself, would have nothing to apprehend, whether
      at the moment of his death, he falls asleep for ever; or whether that
      sleep is only a prelude to another existence, in which he shall find
      himself in the presence of his God. Addressing himself to the Divinity, he
      might with confidence say,
    

      "O God! Father, who hath rendered thyself invisible to thy child!
      Inconceivable, hidden Author of all, whom I could not discover! Pardon me,
      if my limited understanding hath not been able to know thee, in a nature,
      where every thing hath appeared to me to be necessary! Excuse me, if my
      sensible heart hath not discerned thine august traits among those numerous
      systems which superstitious mortals tremblingly adore: if, in that
      assemblage of irreconcileable qualities, with which the imagination hath
      clothed thee, I could only see a phantom. How could my coarse eyes
      perceive thee in nature, in which all my senses have never been able to
      bring me acquainted but with material beings, with, perishable forms?
      Could I, by the aid of these senses, discover thy spiritual essence, of
      which no one could furnish me any idea? Could my feeble brain, obliged to
      form its judgments after its own capacity, discern thy plans, measure thy
      wisdom, conceive thine intelligence, whilst the universe presented to my
      view a continued mixture of order and confusion—of good and evil—of
      formation and destruction? Have I been able to render homage to the
      justice of thy priests, whilst I so frequently beheld crime triumphant,
      virtue in tears? Could I possibly acknowledge the voice of a being filled
      with wisdom, in those ambiguous, puerile, contradictory oracles, published
      in thy name in the different countries of the earth I have quitted? If I
      have not known thy peculiar existence, it is because I have not known
      either what thou couldst be, where thou couldst be placed, or the
      qualities which could be assigned thee. My ignorance is excusable, because
      it was invincible: my mind could not bend itself under the authority of
      men, who acknowledged they were as little enlightened upon thine essence
      as myself; who were for ever disputing among themselves; who were in
      harmony only in imperiously crying out to me, to sacrifice to them that
      reason which thou hadst given to me; But, oh God! If thou cherishest thy
      creatures, I also, like thee, have cherished them; I have endeavoured to
      render them happy, in the sphere in which I have lived. If thou art the
      author of reason, I have always listened to it—have ever endeavoured
      to follow it; if virtue pleaseth thee, my heart hath always honoured it; I
      have never willingly outraged it: when my powers have permitted me, I have
      myself practised it; I was an affectionate husband, a tender father, a
      sincere friend, a faithful subject, a zealous citizen; I have held out
      consolation to the afflicted; and if the foibles of my nature have been
      either injurious to myself or incommodious to others, I have not at least
      made the unfortunate groan under the weight of my injustice. I have not
      devoured the substance of the poor—I have not seen without pity the
      widow's tears; I have not heard without commiseration the cries of the
      orphan. If thou didst render man sociable, if thou was disposed that
      society should subsist, if thou wast desirous the community might be
      happy, I have been the enemy to all who oppressed him, the decided foe to
      all those who deceived him, in order that they might advantage themselves
      of his misfortunes.
    

      "If I have not thought properly of thee, it is because my understanding
      could not conceive thee; if I have spoken ill of thy systems, it is
      because my heart, partaking too much of human nature, revolted against the
      odious portrait under which they depicted thee. My wanderings have been
      the effect of the temperament which thou hast given me; of the
      circumstances in which, without my consent, thou hast placed me; of those
      ideas, which in despite of me, have entered into my mind. As thou art
      good, as thou art just, (as we are assured thou art) thou wilt not punish
      me for the wanderings of mine imagination; for faults caused by my
      passions, which are the necessary consequence of the organization which I
      have received from thee. Thus I cannot doubt thy justice, I cannot dread
      the condition which thou preparest for me. Thy goodness cannot have
      permitted that I should incur punishment for inevitable errors. Thou
      wouldst rather prevent my being born, than have called me into the rank of
      intelligent beings, there to enjoy the fatal liberty of rendering myself
      eternally unhappy."
    

      It is thus that a disciple of nature, who, transported all at once into
      the regions of space, should find himself in the presence of his God,
      would be able to speak, although he should not have been in a condition to
      lend himself to all the abstract systems of theology which appear to have
      been invented for no other purpose than to overturn in his mind all
      natural ideas. This illusory science seems bent an forming its systems in
      a manner the most contradictory to human reason; notwithstanding we are
      obliged to judge in this world according to its dictates; if, however, in
      the succeeding world, there is nothing conformable to this, what can be of
      more inutility, than to think of it or reason upon it? Besides, wherefore
      should we leave it to the judgment of men, who are, themselves, only
      enabled to act after our manner?
    

      Without a very marked derangement of our organs, our sentiments hardly
      ever vary upon those objects which either our senses experience, or which
      reason has clearly demonstrated, In whatever circumstances we are found,
      we have no doubt either upon the whiteness of snow, the light of day, or
      the utility of virtue. It is not so with those objects which depend solely
      upon our imagination—which are not proved to us by the constant
      evidence of our senses; we judge of them variously, according to the
      dispositions in which we find ourselves. These dispositions fluctuate by
      reason of the involuntary impulse which our organs every instant receive,
      on the part of an infinity of causes, either exterior to ourselves, or
      else contained within our own frame. These organs are, without our
      knowledge, perpetually modified, either relaxed or braced by the density,
      more or less, of the atmosphere; by heat and by cold; by dryness and by
      humidity; by health and by sickness; by the heat of the blood; by the
      abundance of bile; by the state of the nervous system, &c. These
      various causes have necessarily an influence upon the momentary ideas,
      upon the instantaneous thoughts, upon the fleeting opinions of man, He is,
      consequently, obliged to see under a great variety of hues, those objects
      which his imagination presents to him; without it all times having the
      capacity to correct them by experience: to compare them by memory. This,
      without doubt, is the reason why man is continually obliged to view his
      gods, to contemplate his superstitious systems, under such a diversity of
      aspects, in different periods of his existence. In the moment, when his
      fibres find themselves disposed to he tremulous, he will be cowardly,
      pusillanimous; he will think of these systems only with fear and
      trembling. In the moment, when these same fibres shall have more tension,
      he will possess more firmness, he will then view these systems with
      greater coolness. The theologian will call his pusillanimity, "inward
      feeling;" "warning from heaven;" "secret inspiration;" but he who knoweth
      man, will say that this is nothing more than a mechanical motion, produced
      by a physical or natural cause. Indeed, it is by a pure physical
      mechanism, that we can explain all the revolutions that take place in the
      system, frequently from one minute to another; all the fluctuations in the
      opinions of mankind; all the variations of his judgment: in consequence of
      which we sometimes see him reasoning justly, sometimes in the most
      irrational manner.
    

      This is the mode by which, without recurring to grace, to inspirations, to
      visions, to supernatural notions, we can render ourselves an account of
      that uncertain, that wavering state into which we sometimes behold persons
      fall, when there is a question respecting their superstition, who are
      otherwise extremely enlightened. Frequently, in despite of all reasoning,
      momentary dispositions re-conduct them to the prejudices of their infancy,
      upon which on other occasions they appear to be entirely undeceived. These
      changes are very apparent, especially under infirmities, in sickness, or
      at approach of death. The barometer of the understanding is then
      frequently obliged to fall. Those chimeras which he despised, or which in
      a state of health, he set down at their true value, are then realized. He
      trembles, because his machine is enfeebled; he is irrational because his
      brain is incapable of fulfilling its functions with exactitude. It is
      evident these are the actual causes of those changes which the priests
      well know how to make use of against what they call incredulity; from
      which they draw proofs of the reality of their sublimated opinions. Those
      conversions, or those alterations, which take place, in the ideas of man,
      have always their origin in some derangement of his machine; brought on
      either by chagrin or by some other natural or known cause.
    

      Submitted to the continual influence of physical causes, our systems
      invariably follow the variations of the body; we reason well when the body
      is healthy—when it is soundly constituted; we reason badly when the
      corporeal faculties are deranged; from thence our ideas become
      disconnected, we are no longer equal to the task of associating them with
      precision; we are incapable of finding principles, or to draw from them
      just inferences; the brain, in fact, is shaken; we no longer contemplate
      any thing under its actual point of view. It is a man of this kind, who
      does not see things in frosty weather, under the same traits as when the
      season is cloudy, or when it is rainy; he does not view them in the same
      manner in sorrow as in gaiety; when in company as when alone. Good sense
      suggests to us, that it is when the body is sound, when the mind is
      undisturbed by any mist, that we can reason with accuracy; this state can
      furnish us with a general standard, calculated to regulate our judgment;
      even to rectify our ideas, when unexpected causes shall make them waver.
    

      If the opinions even of the same individual, are fluctuating, subject to
      vaccillate, how many changes must they experience in the various beings
      who compose the human race? If there do not, perhaps, exist two persons
      who see a physical object under the same exact form or colour, what much
      greater variety must they not have in their mode of contemplating those
      things which have existence only in their imagination? What an infinity of
      combinations, what a multitude of ideas, must not minds essentially
      different, form to themselves when they endeavour to compose an ideal
      being, which each moment of their existence must present to them under a
      different aspect? It would, then, be a most irrational enterprise, to
      attempt to prescribe to man what he ought to think of superstition, which
      is entirely under the cognizance of his imagination; for the admeasurement
      of which, as we have very frequently repeated, mortals will never have any
      common standard. To oppugn the superstitious opinions of man, is to
      commence hostilities with his imagination—to attack his fancy—to
      be at war with his organization—to enter the lists with his habits,
      which are of themselves sufficient to identify with his existence, the
      most absurd, the most unfounded ideas. The more imagination man has, the
      greater enthusiast he will be in matters of superstition; reason will have
      the less ability to undeceive him in his chimeras. In proportion as his
      fancy is powerful, these chimeras themselves will become food necessary to
      its ardency. In fine, to battle with the superstitious notions of man, is
      to combat the passions he usually indulges for the marvellous; it is to
      assail him on that side where he is least vulnerable; to force him in that
      position where he unites all his strength—where he keeps the most
      vigilant guard. In despite of reason, those persons who have a lively
      imagination, are perpetually re-conducted to those chimeras which habit
      renders dear to them, even when they are found troublesome; although they
      should prove fatal. Thus a tender soul hath occasion for a God that loveth
      him; the happy enthusiast needeth a God who rewardeth him; the unfortunate
      visionary wants a God who taketh part in his sorrows; the melancholy
      devotee requireth a God who chastiseth him, who maintaineth him in that
      trouble which has become necessary to his diseased organization; the
      frantic penitent exacteth a God, who imposes upon him an obligation to be
      inhuman towards himself; whilst the furious fanatic would believe himself
      unhappy, if he was deprived of a God who commanded him to make others
      experience the effect of his inflamed humours, of his unruly passions.
    

      He is, without question, a less dangerous enthusiast who feeds himself
      with agreeable illusions, than he whose soul is tormented with odious
      spectres. If a placid, tender soul, does not commit ravages in society, a
      mind agitated by incommodious passions, cannot fall to become, sooner or
      later, troublesome to his fellow creatures. The God of a Socrates, or a
      Fenelon, may be suitable to souls as gentle as theirs; but he cannot be
      that of a whole nation, in which it is extremely rare men of their temper
      are found: if honest men only view their gods as fitted with benefits;
      vicious, restless, inflexible individuals, will give them their own
      peculiar character, from thence will authorize themselves to indulge, a
      free course to their passions. Each will view his deities with eyes only
      open to his own reigning prejudice; the number of those who will paint
      them as afflicting will always be greater, much more to be feared, than
      those who shall delineate them under seducing colors: for one mortal that
      those ideas will render happy, there will be thousands who will be made
      miserable; they will, sooner or later, become an inexhaustible source of
      contention; a never failing spring of extravagant folly; they will disturb
      the mind of the ignorant, over whom impostors will always gain ascendancy—over
      whom fanatics will ever have an influence: they will frighten the
      cowardly, terrify the pussillanimous, whose imbecility will incline them
      to perfidy, whose weakness will render them cruel; they will cause the
      most upright to tremble, who, even while practising virtue, will fear
      incurring the divine displeasure; but they will not arrest the progress of
      the wicked, who will easily cast them aside, that they may the more
      commodiously deliver themselves up to crime; or who will even take
      advantage of these principles, to justify their transgression. In short,
      in the hands of tyrants, these systems will only serve to crush the
      liberty of the people; will be the pretext for violating, with impunity,
      all equitable rights. In the hands of priests they will become talismans,
      suitable to intoxicate the mind; calculated to hoodwink the people;
      competent to subjugate equally the sovereign as the subject; in the hands
      of the multitude, they will be a two-edged sword, with which they will
      inflict, at the same moment, the most dreadful wounds on themselves—the
      most serious injuries on their associates.
    

      On the other hand, these theological systems, as we have seen, being only
      an heap of contradictions, which represent the Divinity under the most
      incompatible characters, seem to doubt his wisdom, when they invite
      mortals to address their prayers to him, for the gratification of their
      desires; to pray to him to grant that which he has not thought it proper
      to accord to them. Is it not, in other words, to accuse him with
      neglecting his creatures? Is it not to ask him to alter the eternal
      decrees of his justice; to change the invariable laws which he hath
      himself determined? Is it not to say to him, "O, my God! I acknowledge thy
      wisdom, thine omniscience, thine infinite goodness; nevertheless, thou
      forgettest thy servant; thou losest sight of thy creature; thou art
      ignorant, or thou feignest ignorance, of that which he wanteth: dost thou
      not see that I suffer from the marvellous arrangement, which thy wise laws
      have made in the universe? Nature, against thy commands, actually renders
      my existence painful: change then, I beseech thee, the essence which thy
      will has given to all beings. Grant that the elements, at this moment,
      lose in my favor their distinguishing properties; so order it, that heavy
      bodies shall not fall, that fire shall not burn, that the brittle frame
      which I have received at thine hands, shall not suffer those shocks which
      it every instant experiences. Rectify, I pray thee, for my happiness, the
      plan which thine infinite prudence hath marked out from all eternity."
      Such is very nearly the euchology which man adopts; such are the
      discordant, absurd requests which he continually puts up to the Divinity,
      whose wisdom he extols; whose intelligence he holds forth to admiration;
      whose providence he eulogizes; whose equity he applauds; whilst he is
      hardly ever contented with the effects of the divine perfections.
    

      Man is not more consequent in those thanksgivings which he believes
      himself obliged to offer to the throne of grace. Is it not just, he
      exclaims, to thank the Divinity for his kindness? Would it not be the
      height of ingratitude to refuse our homage to the Author of our existence;
      to withhold our acknowledgements from the Giver of every thing that
      contributes to render it agreeable? But does he not frequently offer up
      his thanksgivings for actions that overwhelm his neighbour with misery?
      Does not the husbandman on the hill, return thanks for the rain that
      irrigates his lands parched with drought, whilst the cultivator of the
      valley is imploring a cessation of those showers which deluge his fields—that
      render useless the labour of his hands? Thus each becomes thankful for
      that which his own limited views points out to him as his immediate
      interest, regardless of the general effect produced by those circumstances
      on the welfare of his fellows. Each believes that it is either a peculiar
      dispensation of providence in his own favor, or a signal of the heavenly
      wrath directed against himself; whilst the slightest reflection would
      clearly evince it to be nothing more than the inevitable order of things,
      which take place without the least regard to his individual comforts. From
      this it will be obvious, that these systems do not teach their votaries,
      practically, to love their neighbour as themselves. But in matters of
      superstition, mortals never reason; they only follow the impulse of their
      fears; the direction of their imagination; the force of their temperament;
      the bent of their own peculiar passions; or those of the guides, who have
      acquired the right of controling their understanding. Fear has generally
      created these systems; terror unceasingly accompanies them; it is
      impossible to reason while we tremble.
    

      We do not, however, flatter ourselves that reason will be capable, all at
      once, to deliver the human race from those errors with which so many
      causes united have contributed to poison him. The vainest of all projects
      would be the expectation of curing, in an instant, those epidemical
      follies, those hereditary fallacies, rooted during so many ages;
      continually fed by ignorance; corroborated by custom; borne along by the
      passions made inveterate by interest; grounded upon the fears, established
      upon the ever regenerating calamities of nations. The ancient disasters of
      the earth gave birth to the first systems of theology, new revolutions
      would equally produce others; even if the old ones should chance to be
      forgotton. Ignorant, miserable, trembling beings, will always either form
      to themselves systems, or else adopt those which imposture shall announce—which
      fanaticism shall be disposed to give them.
    

      It would therefore be useless to propose more than to hold out reason to
      those who are competent to understand it; to present truth to those who
      can sustain its lustre; who can with serenity contemplate its refulgent
      beauty; to undeceive those who shall not be inclined to oppose obstacles
      to demonstration; to enlighten those who shall not desire pertinaciously
      to persist in error. Let us, then, infuse courage into those who want
      power to break with their illusions; let us cheer up the honest man, who
      is much more alarmed by his fears than the wicked, who, in despite of his
      opinions, always follows the rule of his passions: let us console the
      unfortunate, who groans under a load of prejudices which he has not
      examined: let us dissipate the incertitude of those whose doubts render
      them unhappy; who ingenuously seek after truth, but who find in philosophy
      itself only wavering opinions little calculated to determine their
      fluctuating minds. Let us banish from the man of genius those chimerical
      speculations which cause him to waste his time; let us wrest his gloomy
      superstition from the intimidated mortal, who, duped by his vain fears,
      becomes useless to society; let us remove from the atrabilarious being
      those systems that afflict him, that exasperate his mind, that do nothing
      more than kindle his anger against his incredulous neighbour; let us tear
      from the fanatic those terrible ideas which arm him with poniards against
      the happiness of his fellows; let us pluck from tyrants, let us snatch
      from impostors, those opinions which enable them to terrify, to enslave,
      and to despoil the human species. In removing from honest men their
      formidable notions let us not encourage those of the wicked, who are the
      enemies of society; let us deprive the latter of those illegitimate
      sources, upon which they reckon to expiate their transgressions; let us
      substitute actual, present terrors, to those which are distant and
      uncertain to those which do not arrest the most licentious excesses; let
      us make the profligate blush at beholding themselves what they really are;
      let the ministers of superstition tremble at finding their conspiracies
      discovered; let them dread the arrival of the day, when mortals, cured of
      those errors with which they have abused them, will no longer be enslaved
      by their artifice.
    

      If we cannot induce nations to lay aside their inveterate prejudices, let
      us, at least, endeavour to prevent them from relapsing into those
      excesses, to the commission of which superstition has so frequently
      hurried them; let mankind form to himself chimeras, if he cannot do
      without them; let him think as he may feel inclined, provided his reveries
      do not make him forget that he is a man; that he does not cease to
      remember that a sociable being is not formed to resemble the most
      ferocious animals. Let us try to balance the fictitious interests of
      superstition, by the more immediate advantages of the earth. Let
      sovereigns, as well as their subjects, at length acknowledge that the
      benefits resulting from truth, the happiness arising from justice, the
      tranquillity springing out of wholesome laws, the blessings to be derived
      from a rational education, the superiority to be obtained from a physical,
      peaceable morality, are much more substantive than those they vainly
      expect from their respective superstitious systems, Let them feel, that
      advantages so tangible, benefits so precious, ought not to be sacrificed
      to uncertain hopes, so frequently contradicted by experience. In order to
      convince themselves of these truths, let every rational man consider the
      numberless crimes which superstition has caused upon our globe; let them
      study the frightful history of theology: let them read over the biography
      of its more odious ministers, who have too often fanned the spirit of
      discord—kindled the flame of fury—stirred up the raging fire
      of madness: let the prince and the people, at least, sometimes learn to
      resist the demoniacal passions of these interpreters of unintelligible
      systems, which they acknowledge they do not themselves at all understand,
      especially when they shall invoke them to be inhuman; when they shall
      preach up intolerance; when they invite them to barbarity; above all, when
      they shall command them, in the name of their gods, to stifle the cries of
      nature; to put down the voice of equity; to be deaf to the remonstrances
      of reason; to be blind to the interest of society.
    

      Feeble mortals! led astray by error, how long will ye permit your
      imagination, so active, so prompt to seize on the marvellous, to continue
      to seek out of the universe pretexts to render you baneful to yourselves,
      injurious to the beings with whom ye live in society? Wherefore do ye not
      follow in peace, the simple, easy route marked out for ye by nature? To
      what purpose do ye scatter thorns on the road of life? What avails it,
      that ye multiply those sorrows to which your destiny exposes ye? What
      advantages can ye derive from systems with which the united efforts of the
      whole human species have not been competent to bring ye acquainted? Be
      content, then, to remain ignorant of that, which the human mind is not
      formed to comprehend; which human intellect is not adequate to embrace:
      occupy yourselves with truth; learn the invaluable art of living happy;
      perfection your morals; give rationality to your governments; simplify
      your laws, and rest them on the pillars of justice; watch over education,
      and see that it is of an invigorating quality; give attention to
      agriculture, and encourage beneficial improvements; foster those sciences
      which are actually useful, and place their professors in the most
      honorable stations; labor with ardour, and munificently reward those whose
      assiduity promotes the general welfare; oblige nature by your industry to
      open her immense stores, to become propitious to your exertions; do these
      things, and the gods will oppose nothing to your felicity. Leave to idle
      thinkers, to soporific dreamers, to waking visionaries, to useless
      enthusiasts, the unproductive task, the unfruitful occupation, of
      fathoming depths, from which ye ought sedulously to divert your attention;
      enjoy with moderation, the benefits attached to your present existence;
      augment their number when reason sanctions the multiplication; but never
      attempt to spring yourselves forward, beyond the sphere destined for your
      action. If you must have chimeras, permit your fellow creatures to have
      theirs also; but never cut the throats of your brethren, when, they cannot
      rave in your own manner. If ye will have unintelligible systems, if ye
      cannot be contented without marvellous doctrines, if the infirmities of
      your nature require an invisible crutch, adopt such as may best suit with
      your humour; select those which you may think most calculated to support
      your tottering frame; if ye can, let your own imagination give birth to
      them; but do not insist on your neighbours making the same choice with
      yourself: do not suffer these imaginary theories to infuriate your mind:
      let them not so far intoxicate your understandings, as to make ye mistake
      the duties ye owe to the real beings with whom ye are associated. Always
      remember, that amongst these duties, the foremost, the most consequential,
      the most immediate in its bearing upon the felicity of the human race,
      stands, a reasonable indulgence for the foibles of others.
    











      CHAP. XI.
    
Defence of the Sentiments contained in this Work.—Of Impiety.—Do
      there exist Atheists?

      What has been said in the course of this work, ought sufficiently to
      undeceive those who are capable of reasoning on the prejudices to which
      they attached so much importance. But the most evident truths frequently
      crouch under fear; are kept at bay by habit; prove abortive against the
      force of enthusiasm. Nothing is more difficult to remove from its resting
      place than error, especially when long prescription has given it full
      possession of the human mind. It is almost unassailable when supported by
      general consent; when it is propagated by education; when it has acquired
      inveteracy by custom: it commonly resists every effort to disturb it, when
      it is either fortified by example, maintained by authority, nourished by
      the hopes, or cherished by the fears of a people, who have learned to look
      upon these delusions as the most potent remedies for their sorrows. Such
      are the united forces which sustain the empire of unintelligible systems
      over the inhabitants of this world; they appear to give stability to their
      throne; to render their power immoveable; to make their reign as lasting
      as the human race.
    

      We need not, then, be surprised at seeing the multitude cherish their own
      blindness; encourage their superstitious notions; exhibit the most
      sensitive fear of truth. Every where we behold mortals obstinately
      attached to phantoms from which they expect their happiness;
      notwithstanding these fallacies are evidently the source of all their
      sorrows. Deeply smitten with the marvellous, disdaining the simple,
      despising that which is easy of comprehension, but little instructed in
      the ways of nature, accustomed to neglect the use of their reason, the
      uninformed, from age to age, prostrate themselves before those invisible
      powers which they have been taught to adore. To these they address their
      most fervent prayers; implore them in their misfortunes, offer them the
      fruits of their labour; they are unceasingly occupied either with thanking
      their vain idols for benefits they have not received at their bands, or
      else in requesting from them favors which they can never obtain. Neither
      experience nor reflection can undeceive them; they do not perceive these
      idols, the work of their own hands, have always been deaf to their
      intreaties; they ascribe it to their own conduct; believe them to be
      violently irritated: they tremble, groan out the most dismal lamentations;
      sigh bitterly in their temples; strew their altars with presents; load
      their priests with their largesses; it never strikes their attention that
      these beings, whom they imagine so powerful, are themselves submitted to
      nature; are never propitious to their wishes, but when nature herself is
      favourable. It is thus that nations are the accomplices of those who
      deceive them; are themselves as much opposed to truth as those who lead
      them astray.
    

      In matters of superstition, there are very few persons who do not partake,
      more or less, of the opinions of the illiterate. Every man who throws
      aside the received ideas, is generally considered a madman; is looked upon
      as a presumptuous being, who insolently believes himself much wiser than
      his associates. At the magical sound of superstition, a sudden panic, a
      tremulous terror takes possession of the human species: whenever it is
      attacked, society is alarmed; each individual imagines he already sees the
      celestial monarch lift his avenging arm against the country in which
      rebellious nature has produced a monster with sufficient temerity to brave
      these sacred opinions. Even the most moderate persons tax with folly,
      brand with sedition, whoever dares combat with these imaginary systems,
      the rights of which good sense has never yet examined. In consequence, the
      man who undertakes to tear the bandeau of prejudice, appears an irrational
      being—a dangerous citizen; his sentence is pronounced with a voice
      almost unanimous; the public indignation, roused by fanaticism, stirred up
      by imposture, renders it impossible for him to be heard in his defence;
      every one believes himself culpable, if he does not exhibit his fury
      against him; if he does not display his zeal in hunting him down; it is by
      such means man seeks to gain the favor of the angry gods, whose wrath is
      supposed to be provoked. Thus the individual who consults his reason, the
      disciple of nature, is looked upon as a public pest; the enemy to
      superstition is regarded as the enemy to the human race; he who would
      establish a lasting peace amongst men, is treated as the disturber of
      society; the man who would be disposed to cheer affrighted mortals by
      breaking those idols, before whom prejudice has obliged them to tremble,
      is unanimously proscribed as an atheist. At the bare name of atheist the
      superstitious man quakes; the deist himself is alarmed; the priest enters
      the judgement chair with fury glaring in his eyes; tyranny prepares his
      funeral pile, the vulgar applaud the punishments which irrational, partial
      laws, decree against the true friend of the human species.
    

      Such are the sentiments which every man must expect to excite, who shall
      dare to present his fellow creatures with that truth which all appear to
      be in search of, but which all either fear to find, or else mistake what
      we are disposed to shew it to them. But what is this man, who is so foully
      calumniated as an atheist? He is one who destroyeth chimeras prejudicial
      to the human race; who endeavours to re-conduct wandering mortals back to
      nature; who is desirous to place them upon the road of experience; who is
      anxious that they should actively employ their reason. He is a thinker,
      who, having meditated upon matter, its energies, its properties, its modes
      of acting, hath no occasion to invent ideal powers, to recur to imaginary
      systems, in order to explain the phenomena of the universe—to
      develope the operations of nature; who needs not creatures of the
      imagination, which far from making him better understand nature, do no
      more than render it wholly inexplicable, an unintelligible mass, useless
      to the happiness of mankind.
    

      Thus, the only men who can have pure, simple, actual ideas of nature, are
      considered either as absurd or knavish speculators. Those who form to
      themselves distinct, intelligible notions of the powers of the universe,
      are accused of denying the existence of this power: those who found every
      thing that is operated in this world, upon determinate, immutable laws,
      are accused with attributing every thing to chance; are taxed with
      blindness, branded with delirium, by those very enthusiasts themselves,
      whose imagination, always wandering in a vacuum, regularly attribute the
      effects of nature to fictitious causes, which have no existence but in
      their own heated brain; to fanciful beings of their own creation; to
      chimerical powers, which they obstinately persist in preferring to actual,
      demonstrable causes. No man in his proper senses can deny the energy of
      nature, or the existence of a power by virtue of which matter acts; by
      which it puts itself in motion; but no man can, without renouncing his
      reason, attribute this power to an immaterial substance; to a power placed
      out of nature; distinguished from matter; having nothing in common with
      it. Is it not saying, this power does not exist, to pretend that it
      resides in an unknown being, formed by an heap of unintelligible
      qualities, of incompatible attributes, from whence necessarily results a
      whole, impossible to have existence? Indestructible elements, the atoms of
      Epicurus, of which it is said the motion, the collision, the combination,
      have produced all beings, are, unquestionably, much more tangible than the
      numerous theological systems, broached in various parts of the earth.
      Thus, to speak precisely, they are the partizans of imaginary theories,
      the advocates of contradictory beings, the defenders of creeds, impossible
      to be conceived, the contrivers of substances which the human mind cannot
      embrace on any side, who are either absurd or knavish; those enthusiasts,
      who offer us nothing but vague names, of which every thing is denied, of
      which nothing is affirmed, are the real Atheists; those, I say, who
      make such beings the authors of motion, the preservers of the universe,
      are either blind or irrational. Are not those dreamers, who are incapable
      of attaching any one positive idea to the causes of which they unceasingly
      speak, true deniers? Are not those visionaries, who make a pure nothing
      the source of all beings, men really groping in the dark? Is it not the
      height of folly to personify abstractions, to organize negative ideas, and
      then to prostrate ourselves before the figments of our own brain?
    

      Nevertheless, they are men of this temper who regulate the opinions of the
      world; who hold up to public scorn, those who are consistent to principle;
      who expose to the most infuriate vengeance, those who are more rational
      than themselves. If you will but accredit those profound dreamers, there
      is nothing short of madness, nothing on this side the most complete
      derangement of intellect, that can reject a totally incomprehensible
      motive-power in nature. Is it, then, delirium to prefer the known to the
      unknown? Is it a crime to consult experience, to call in the evidence of
      our senses, in the examination of that which we are informed is the most
      important to be understood? Is it a horrid outrage to address ourselves to
      reason; to prefer its oracles to the sublime decisions of some sophists,
      who themselves acknowledge they do not comprehend any thing of the systems
      they announce? Nevertheless, according to these men, there is no crime
      more worthy of punishment—there is no enterprize more dangerous to
      morals—no treason more substantive against society, than to despoil
      these immaterial substances, which they know nothing about, of those
      inconceivable qualities which these learned doctors ascribe to them—of
      that equipage with which a fanatical imagination has furnished them—of
      those miraculous properties with which ignorance, fear, and imposture have
      emulated each other in surrounding them: there is nothing more impious
      than to call forth man's reason upon superstitious creeds; nothing more
      heretical than to cheer up mortals against systems, of which the idea
      alone is the source of all their sorrows; there is nothing more pious,
      nothing more orthodox, than to exterminate those audacious beings who have
      had sufficient temerity to attempt to break an invisible charm that keeps
      the human species benumbed in error: if we are to put faith in the
      asseverations of the hierarchy, to be disposed to break man's chains is to
      rend asunder his most sacred bonds.
    

      In consequence of these clamours, perpetually renovated by the disciples
      of imposture, kept constantly afloat by the theologians, reiterated by
      ignorance, those nations, which reason, in all ages, has sought to
      undeceive, have never dared to hearken to its benevolent lessons: they
      have stood aghast at the very name of physical truth. The friends of
      mankind were never listened to, because they were the enemies to his
      superstition—the examiners of the doctrines of his priest. Thus the
      people continued to tremble; very few philosophers had the courage to
      cheer them; scarcely any one dared brave public opinion; completely
      inoculated by superstition, they dreaded the power of imposture, the
      menaces of tyranny, which always sought to uphold themselves by delusion.
      The yell of triumphant ignorance, the rant of haughty fanaticism, at all
      time stifled the feeble voice of the disciple of nature; his lessons were
      quickly forgotten; he was obliged to keep silence; when he even dared to
      speak, it was frequently only in an enigmatical language, perfectly
      unintelligible to the great mass of mankind. How should the uninformed,
      who with difficulty compass the most evident truths, those that are the
      most distinctly announced, be able to comprehend the mysteries of nature,
      presented under half words, couched under intricate emblems.
    

      In contemplating the outrageous language which is excited among
      theologians, by the opinions of those whom they choose to call atheists;
      in looking at the punishments which at their instigation were frequently
      decreed against them, should we not be authorized to conclude, that these
      doctors either are not so certain as they say they are, of the
      infallibility of their respective systems; or else that they do not
      consider the opinions of their adversaries so absurd as they pretend? It
      is always either distrust, weakness, or fear, frequently the whole united,
      that render men cruel; they have no anger against those whom they despise;
      they do not look upon folly as a punishable crime. We should be content
      with laughing at an irrational mortal, who should deny the existence of
      the sun; we should not think of punishing him, unless we had, ourselves,
      taken leave of our senses. Theological fury never proves more than the
      imbecility of its cause. Lucian describes Jupiter, who disputing with
      Menippus, is disposed to strike him to the earth with his thunder; upon
      which the philosopher says to him, "Ah! thou vexest thyself, thou usest
      thy thunder! then thou art in the wrong." The inhumanity of these
      men-monsters, whose profession it was to announce chimerical systems to
      nations, incontestibly proves, that they alone have an interest in the
      invisible powers they describe; of which they successfully avail
      themselves to terrify, mortals: they are these tyrants of the mind,
      however, who, but little consequent to their own principles, undo with one
      hand that which they rear up with the other: they are these profound
      logicians who, after having formed a deity filled with goodness, wisdom
      and equity, traduce, disgrace, and completely annihilate him, by saving he
      is cruel, capricious, unjust, and despotic: this granted, these men are
      truly impious; decidedly heretical.
    

      He who knoweth not this system, cannot do it any injury, consequently
      cannot be called impious. "To be impious," says Epicurus, "is not to take
      away from the illiterate the gods which they have; it is to attribute to
      these gods the opinions of the vulgar." To be impious is to insult systems
      which we believe; it is knowingly to outrage them. To be impious, is to
      admit a benevolent, just God, at the same time we preach up persecution
      and carnage. To be impious, is to deceive men in the name of a Deity, whom
      we make use of as a pretext for our own unworthy passions. To be impious,
      is to speak falsely on the part of a God, whom we suppose to be the enemy
      of falsehood. In fine, to be impious, is to make use of the name of the
      Divinity in order to disturb society—to enslave it to tyrants—to
      persuade man that the cause of imposture is the cause of God; it is to
      impute to God those crimes which would annihilate his divine perfections.
      To be impious, and irrational, at the same time, is to make, by the
      aggregation of discrepant qualities, a mere chimera of the God we adore.
    

      On the other hand, to be pious, is to serve our country with fidelity; it
      is to be useful to our fellow creatures; to labour to the welfare of
      society. Every one can put in his claim to this piety, according to his
      faculties; he who meditates can render himself useful, when he has the
      courage to announce truth—to attack error—to battle those
      prejudices which everywhere oppose themselves to the happiness of mankind;
      it is to be truly useful, it is even a duty, to wrest from the hands of
      mortals those homicidal weapons which wretched fanatics so profusely
      distribute among them; it is highly praiseworthy to deprive imposture of
      its influence; it is loving our neighbour as ourself to despoil tyranny of
      its fatal empire over opinion, which at all times it so successfully
      employs to elevate knaves at the expence of public happiness; to erect its
      power upon the ruins of liberty; to establish unruly passions upon the
      wreck of public security. To be truly pious, is religiously to observe the
      wholesome laws of nature; to follow up faithfully those duties which she
      prescribes to us; in short, to be pious is to be humane, equitable,
      benevolent: it is to respect the rights of mankind. To be pious and
      rational at the same time, is to reject those reveries which would be
      competent to make us mistake the sober counsels of reason.
    

      Thus, whatever fanaticism, whatever imposture may say, he who denieth the
      solidity of systems which have no other foundation than an alarmed
      imagination; he who rejecteth creeds continually in contradiction with
      themselves; he who banisheth from his heart, doctrines perpetually
      wrestling with nature, always in hostility with reason, ever at war with
      the happiness of man; he, I repeat, who undeceiveth himself on such
      dangerous chimeras, when his conduct shall not deviate from those
      invariable rules which sound morality dictates, which nature approves,
      which reason prescribes, may be fairly reputed pious, honest, and
      virtuous. Because a man refuseth to admit contradictory systems, as well
      as the obscure oracles, which are issued in the name of the gods, does it
      then follow, that such a man refuses to acknowledge the evident, the
      demonstrable laws of nature, upon which he depends, of which he in obliged
      to fulfil the necessary duties, under pain of being punished in this
      world; whatever he may be in the in the next? It is true, that if virtue
      could by any chance consist in an ignominious renunciation of reason, in a
      destructive fanaticism, in useless customs, the atheist, as he is called,
      could not pass for a virtuous being: but if virtue actually consists in
      doing to society all the good of which we are capable, this miscalled
      atheist may fairly lay claim to its practice: his courageous, tender soul,
      will not be found guilty, for hurling his legitimate indignation against
      prejudices, fatal to the happiness of the human species.
    

      Let us listen, however, to the imputations which the theologians lay upon
      those men they falsely denominate atheists; let us coolly, without any
      peevish humour, examine the calumnies which they vomit forth against them:
      it appears to them that atheism, (as they call differing in opinion from
      themselves,) is the highest degree of delirium that can assail the human
      mind; the greatest stretch of perversity that can infect the human heart;
      interested in blackening their adversaries, they make incredulity the
      undeniable offspring of folly; the absolute effect of crime. "We do not,"
      say they to us, "see those men fall into the horrors of atheism, who have
      reason to hope the future state will be for them a state of happiness." In
      short, according to these metaphysical doctors, it is the interest of
      their passions which makes them seek to doubt systems, at whose tribunals
      they are accountable for the abuses of this life; it is the fear of
      punishment which is alone known to atheists; they are unceasingly
      repeating the words of a Hebrew prophet, who pretends that nothing but
      folly makes men deny these systems; perhaps, however, if he had suppressed
      his negation, he would have more closely aproximated the truth. Doctor
      Bentley, in his Folly of Atheism, has let loose the whole
      Billingsgate of theological spleen, which he has scattered about with all
      the venom of the most filthy reptiles: if he and other expounders are to
      be believed, "nothing is blacker than the heart of an atheist; nothing is
      more false than his mind. Atheism," according to them, "can only be the
      offspring of a tortured conscience, that seeks to disengage itself from
      the cause of its trouble. We have a right", says Derham, "to look upon an
      atheist as a monster among rational beings; as one of those extraordinary
      productions which we hardly ever meet with in the whole human species; and
      who, opposing himself to all other men, revolts not only against reason
      and human nature, but against the Divinity himself."
    

      We shall simply reply to all these calumnies by saying, it is for the
      reader to judge if the system which these men call atheism, be as absurd
      as these profound speculators (who are perpetually in dispute on the
      uninformed, ill organized, contradictory, whimsical productions of their
      own brain) would have it believed to be! It is true, perhaps, that the
      system of naturalism hitherto has not been developed in all its extent:
      unprejudiced persons however, will, at least, be enabled to know whether
      the author has reasoned well or ill; whether or not he has attempted to
      disguise the most important difficulties; distinctly to see if he has been
      disingenuous; they will be competent to observe if, like unto the enemies
      of human reason, he has recourse to subterfuges, to sophisms, to subtle
      discriminations, which ought always to make it suspected of those who use
      them, either that they do not understand or else that they fear the truth.
      It belongs then to candour, it is the province of disinterestedness, it is
      the duty of reason to judge, if the natural principles which have been
      here ushered to the world be destitute of foundation; it is to these
      upright jurisconsults that a disciple of nature submits his opinions: he
      has a right to except against the judgment of enthusiasm; he has the
      prescription to enter his caveat against the decision of presumptuous
      ignorance; above all, he is entitled to challenge the verdict of
      interested knavery. Those persons who are accustomed to think, will, at
      least find reasons to doubt many of those marvellous notions, which appear
      as incontestable truths only to those, who have never assayed them by the
      standard of good sense.
    

      We agree with Derham, that atheists are rare; but then we also say, that
      superstition has so disfigured nature, so entangled her rights—enthusiasm
      has so dazzled the human mind-terror has so disturbed the heart of man—imposture
      has so bewildered his imagination—tyranny has so enslaved his
      thoughts: in fine, error, ignorance, and delirium have so perplexed and
      confused the clearest ideas, that nothing is more uncommon than to find
      men who have sufficient courage to undeceive themselves on notions which
      every thing conspires to identify with their very existence. Indeed, many
      theologians in despite of those bitter invectives with which they attempt
      to overwhelm the men they choose to call atheists, appear frequently to
      have doubted whether any ever existed in the world. Tertullian, who,
      according to modern systems, would be ranked as an atheist, because he
      admitted a corporeal God, says, "Christianity has dissipated the ignorance
      in which the Pagans were immersed respecting the divine essence, and there
      is not an artizan among the Christians who does not see God, and who does
      not know him." This uncertainty of the theologic professors was,
      unquestionably, founded upon those absurd ideas, which they ascribe to
      their adversaries, whom they have unceasingly accused with attributing
      every thing to chance—to blind causes—to dead, inert matter,
      incapable of self-action. We have, I think, sufficiently justified the
      partizans of nature against these ridiculous accusations; we have
      throughout the whole proved, and we repeat it, that chance is a word
      devoid of sense, which as well as all other unintelligible words,
      announces nothing but ignorance of actual causes. We have demonstrated
      that matter is not dead; that nature, essentially active and
      self-existent, has sufficient energy to produce all the beings which she
      contains—all the phenomena we behold. We have, throughout, made it
      evident that this cause is much more tangible, more easy of comprehension,
      than the inconceivable theory to which theology assigns these stupendous
      effects. We have represented, that the incomprehensibility of natural
      effects was not a sufficient reason for assigning to them a system still
      more incomprehensible than any of those of which, at least, we have a
      slight knowledge. In fine, if the incomprehensibility of a system does not
      authorize the denial of its existence, it is at least certain that the
      incompatibility of the attributes with which it is clothed, authorizes the
      assertion, that those which unite them cannot be any thing more than
      chimeras, of which the existence is impossible.
    

      This granted, we shall be competent to fix the sense that ought to be
      attached to the name of atheist; which, notwithstanding, the theologians
      lavish on all those who deviate in any thing from their opinions. If, by
      atheist, be designated a man who denieth the existence of a power inherent
      in matter, without which we cannot conceive nature, and if it be to this
      power that the name of God is given, then there do not exist any atheists,
      and the word under which they are denominated would only announce fools.
      But if by atheists be understood men without enthusiasm; who are guided by
      experience; who follow the evidence of their senses; who see nothing in
      nature but what they actually find to have existence, or that which they
      are capacitated to know; who neither do, nor can perceive any thing but
      matter essentially active, moveable, diversely combined, in the full
      enjoyment of various properties, capable of producing all the beings who
      display themselves to our visual faculties, if by atheists be understood
      natural philosophers, who are convinced that without recurring to
      chimerical causes, they can explain every thing, simply by the laws of
      motion; by the relation subsisting between beings; by their affinities; by
      their analogies; by their aptitude to attraction; by their repulsive
      powers; by their proportions; by their combinations; by their
      decomposition: if by atheists be meant these persons who do not understand
      what Pneumatology is, who do not perceive the necessity of
      spiritualizing, or of rendering incomprehensible, those corporeal,
      sensible, natural causes, which they see act uniformly; who do not find it
      requisite to separate the motive-power from the universe; who do not see,
      that to ascribe this power to an immaterial substance, to that whose
      essence is from thenceforth totally inconceivable, is a means of becoming
      more familiar with it: if by atheists are to be pourtrayed those men who
      ingenuously admit that their mind can neither receive nor reconcile the
      union of the negative attributes and the theological abstractions, with
      the human and moral qualities which are given to the Divinity; or those
      men who pretend that from such an incompatible alliance, there could only
      result an imaginary being; seeing that a pure spirit is destitute of the
      organs necessary to exercise the qualities, to give play to the faculties
      of human nature: if by atheists are described those men who reject
      systems, whose odious and discrepant qualities are solely calculated to
      disturb the human species—to plunge it into very prejudicial
      follies: if, I repeat it, thinkers of this description are those who are
      called atheists, it is not possible to doubt their existence; and their
      number would be considerable, if the light of sound natural philosophy was
      more generally diffused; if the torch of reason burnt more distinctly; or
      if it was not obscured by the theological bushel: from thence, however,
      they would be considered neither as irrational; nor as furious beings, but
      as men devoid of prejudice, of whose opinions, or if they prefer it, whose
      ignorance, would be much more useful to the human race, than those ideal
      sciences, those vain hypotheses, which for so many ages have been the
      actual causes of all man's tribulation.
    

      Doctor Cudworth, in his Intellectual System, reckons four species
      of atheists among the ancients.
    

      First.—The disciples of Anaximander, called Hylopathians, who
      attributed every thing to matter destitute of feeling. His doctrine was,
      that men were born of earth united with water, and vivified by the beams
      of the sun; his crime seems to have been, that he made the first
      geographical maps and sun-dials; declared the earth moveable and of a
      cylindrical form.
    

      Secondly.—The Atomists, or the disciples of Democritus, who
      attribute every thing, to the concurrence of atoms. His crime was, having
      first taught that the milky way was occasioned by the confused light from
      a multitude of stars.
    

      Thirdly.—The Stoics, or the disciples of Zeno, who admitted a
      blind nature acting after certain laws. His crime appears to be, that he
      practised virtue with unwearied perseverance, and taught that this quality
      alone would render mankind happy.
    

      Fourthly.—The Hylozoists, or the disciples of Strato, who
      attributed life to matter. His crime consisted in being one of the most
      acute natural philosophers of his day, enjoying high favour with Ptolemy
      Philadelphus, an intelligent prince, whose preceptor be was.
    

      If, however, by atheists, are meant those men, who are obliged to avow,
      that they have not one idea of the system they adore, or which they
      announce to others; who cannot give any satisfactory account, either of
      the nature or of the essence of their immaterial substances; who can never
      agree amongst themselves on the proofs which they adduce in support of
      their System; on the qualities or on the modes of action of their
      incorporeities, which by dint of negations they render a mere nothing; who
      either prostrate themselves, or cause others to bow down, before the
      absurd fictions of their own delirium: if, I say, by atheists, be
      denominated men of this stamp, we shall be under the necessity of
      allowing, that the world is filled with them: we shall even be obliged to
      place in this number some of the most active theologians, who are
      unceasingly reasoning upon that Which they do not understand; who are
      eternally disputing upon points which they cannot demonstrate; who by
      their contradictions very efficaciously undermine their own systems; who
      annihilate all their own assertions of perfection, by the numberless
      imperfections with which they clothe them; who rebel against their gods by
      the atrocious character under which they depict them. In short, we shall
      be able to consider as true atheists, those credulous, weak persons, who
      upon hearsay and from tradition, bend the knee before idols, of whom they
      have no other ideas, than those which are furnished them by their
      spiritual guides, who themselves acknowledge that they comprehend nothing
      about the matter.
    

      What has been said amply proves that the theologians themselves have not
      always known the sense they could affix to the word atheist; they have
      vaguely attacked, in an indistinct manner, calumniated with it, those
      persons whose sentiments and principles were opposed to their own. Indeed,
      we find that these sublime professors, always infatuated with their own
      particular opinions, have frequently been extremely lavish in their
      accusations of atheism, against all those whom they felt a desire to
      injure; whose characters it was their pleasure to paint in unfavourable
      colours; whose doctrines they wished to blacken; whose systems they sought
      to render odious: they were certain of alarming the illiterate, of rousing
      the antipathies of the silly, by a loose imputation, or by a word, to
      which ignorance attaches the idea of horror, merely because it is
      unacquainted with its true sense. In consequence of this policy, it has
      been no uncommon spectacle to see the partizans of the same sect, the
      adorers of the same gods, reciprocally treat each other as atheists, in
      the fervour of their theological quarrels; to be an atheist, in this
      sense, is not to have, in every point, exactly the same opinions as those
      with whom we dispute, either on superstitious or religious subjects. In
      all times the uninformed have considered those as atheists, who did not
      think upon the Divinity precisely in the same manner as the guides whom
      they were accustomed to follow. Socrates, the adorer of a unique God, was
      no more than an atheist in the eyes of the Athenian people.
    

      Still more, as we have already observed, those persons have frequently
      been accused of atheism, who have taken the greatest pains to establish
      the existence of the gods, but who have not produced satisfactory proofs:
      when their enemies wished to take advantage of them, it was easy to make
      them pass for atheists, who had wickedly betrayed their cause, by
      defending it too feebly. The theologians have frequently been very highly
      incensed against those who believed they had discovered the most forcible
      proof of the existence of their gods, because they were obliged to
      discover that their adversaries could make very contrary inductions from
      their propositions; they did not perceive that it was next to impossible
      not to lay themselves open to attack, in establishing principles visibly
      founded upon that which each man sees variously. Thus Paschal says, "I
      have examined if this God, of whom all the world speaks, might not have
      left some marks of himself. I look every where, and every where I see
      nothing but obscurity. Nature offers one nothing, that may not be a matter
      of doubt and inquietude. If I saw nothing in nature which indicated a
      Divinity, I should determine with myself, to believe nothing about it. If
      every where I saw the sign of a creator, I should repose myself in peace,
      in the belief of one. But seeing too much to deny, and too little to
      assure me of his existence, I am in a situation that I lament, and in
      which I have an hundred times wished, that if a God doth sustain nature,
      he would give unequivocal marks of it, and that if the signs which he hath
      given be deceitful, that he would suppress them entirely; that he said all
      or nothing, to the end that I might see which side I ought to follow."
    

      In a word, those who have most vigorously taken up the cause of the
      theological systems, have been taxed with atheism and irreligion; the most
      zealous partizans have been looked upon as deserters, have been
      contemplated as traitors; the most orthodox theologians have not been able
      to guarantee themselves from this reproach; they have mutually bespatered
      each other; prodigally lavished, with malignant reciprocity, the most
      abusive terms: nearly all have, without doubt, merited these invectives,
      if in the term atheist be included those men who have not any idea of
      their various systems, that does not destroy itself, whenever they are
      willing to submit it to the touchstone of reason. From whence we may
      conclude, without subjecting ourselves to the reproach of being hasty,
      that error will not stand the test of investigation; that it will not pass
      the ordeal of comparison; that it is in its hues a perfect chamelion; that
      consequently it can never do more than lead to the most absurd deductions:
      that the most ingenious systems, when they have their foundations in
      hallucination, crumble like dust under the rude band of the assayer; that
      the most sublimated doctrines, when they lack the substantive quality of
      rectitude, evaporate under the scrutiny of the sturdy examiner, who tries
      them in the crucible; that it is not by levelling abusive language against
      those who investigate sophisticated theories, they will either be purged
      of their absurdities, acquire solidity, or find an establishment to give
      them perpetuity; that moral obliquities, can never be made rectilinear by
      the mere application of unintelligible terms, or by the inconsiderate
      jumble of discrepant properties, however gaudy the assemblage: in short,
      that the only criterion of truth is, that it is ever consistent with
      itself.
    











      CHAP. XII.
    
Is what is termed Atheism compatible with Morality?

      After having proved the existence of those whom the superstitious bigot,
      the heated theologian, the inconsequent theist, calls atheists, let
      us return to the calumnies which are so profusely showered upon them by
      the deicolists. According to Abady, in his Treatise on the Truth of the
      Christian Religion, "an atheist cannot be virtuous: to him virtue is
      only a chimera; probity no more than a vain scruple; honesty nothing but
      foolishness;—he knoweth no other law than his interest: where this
      sentiment prevails, conscience is only a prejudice; the law of nature only
      an illusion; right no more than an error; benevolence hath no longer any
      foundation; the bonds of society are loosened; the ties of fidelity are
      removed; friend is ready to betray friend; the citizen to deliver up his
      country; the son to assassinate his father, in order to enjoy his
      inheritance, whenever they shall find occasion, and that authority or
      silence shall shield them from the arm of the secular power, which alone
      is to be feared. The most inviolable rights, and most sacred laws, must no
      longer be considered, except as dreams and visions." Such, perhaps, would
      be the conduct, not of a feeling, thinking, reflecting being, susceptible
      of reason; but of a ferocious brute, of an irrational wretch, who should
      not have any idea of the natural relations which subsist between beings,
      reciprocally necessary to each other's happiness. Can it actually be
      supposed, that a man capable of experience, furnished with the faintest
      glimmerings of sound sense, would lend himself to the conduct which is
      here ascribed to the atheist; that is to say, to a man who is conversant
      with the evidence of facts; who ardently seeks after truth; who is
      sufficiently susceptible of reflection, to undeceive himself by reasoning
      upon those prejudices which every one strives to shew him as important;
      which all voices endeavour to announce to him as sacred? Can it, I repeat,
      be supposed, that any enlightened, any polished society, contains a
      citizen so completely blind, not to acknowledge his most natural duties;
      so very absurd, not to admit his dearest interests; so completely besotted
      not to perceive the danger he incurs in incessantly disturbing his fellow
      creatures; or in following no other rule, than his momentary appetites? Is
      not every human being who reasons in the least possible manner, obliged to
      feel that society is advantageous to him; that he hath need of assistance;
      that the esteem of his fellows is necessary to his own individual
      happiness; provoked, that he has every thing to fear from the wrath of his
      associates; that the laws menace whoever shall dare to infringe them?
      Every man who has received a virtuous education, who has in his infancy
      experienced the tender cares of a parent; who has in consequence tasted
      the sweets of friendship; who has received kindness; who knows the worth
      of benevolence; who sets a just value upon equity; who feels the pleasure
      which the affection of our fellow creatures procures for us; who endures
      the inconveniences which result from their aversion who smarts under the
      sting which is inflicted by their scorn, is obliged to tremble at losing,
      by his measures, such manifest advantages—at incurring such,
      imminent danger. Will not the hatred of others, the fear of punishment,
      his own contempt of himself, disturb his repose every time that, turning,
      inwardly upon his own conduct, he shall contemplate it under the same
      perspective as does his neighbour? Is there then no remorse but for those
      who believe in incomprehensible systems? Is the idea that we are tinder
      the eye of beings of whom we have but vague notions, more forcible than
      the thought that we are viewed by our fellow men; than the fear of being
      detected by ourselves; than the dread of exposure; than the cruel
      necessity of becoming despicable in our own eyes; than the wretched
      alternative, to be constrained to blush guiltily, when we reflect on our
      wild career, and the sentiments which it must infallibly inspire?
    

      This granted, we shall reply deliberately to this Abady, that an atheist
      is a man who understands nature, who studies her laws; who knows his own
      nature; who feels what it imposes upon him. An atheist hath experience;
      this experience proves to him every moment that vice can injure him; that
      his most concealed faults, his most secret dispositions, may be detected—may
      display his character in open day; this experience proves to him that
      society is useful to his happiness; that his interest authoritatively
      demands he should attach himself to the country that protects him, which
      enables him to enjoy in security the benefits of nature; every thing shews
      him that in order to be happy he must make himself beloved; that his
      parent is for him the most certain of friends; that ingratitude would
      remove him from his benefactor; that justice is necessary to the
      maintenance of every association; that no man, whatever way he his power,
      can be content with himself, when he knows he is an object of public
      hatred. He who has maturely reflected upon himself, upon his own nature,
      upon that of his associates, upon his own wants, upon the means of
      procuring them, cannot prevent himself from becoming acquainted with his
      duties—from discovering the obligations he owes to himself, as well
      as those which he owes to others; from thence he has morality, he has
      actual motives to confirm himself to its dictates; he is obliged to feel,
      that these duties are imperious: if his reason be not disturbed by blind
      passions, if his mind be not contaminated by vicious habits, he will find
      that virtue is the surest road to felicity. The atheists, as they are
      styled, or the fatalists, build their system upon necessity: thus, their
      moral speculations, founded upon the nature of things, are at least much
      more permanent, much more invariable, than those which only rest upon
      systems that alter their aspect according to the various dispositions of
      their adherents—in conformity with the wayward passions of those who
      contemplate, them. The essence of things, and the immutable laws of
      nature, are not subject to fluctuate; it is imperative with the atheist,
      as he is facetiously called by the theologian, to call whatever injures
      himself either vice or folly; to designate that which injures others,
      crime; to describe all that is advantageous to society, every thing which
      contributes to its permanent happiness, virtue.
    

      It will be obvious, then, that the principles of the miscalled atheist are
      much less liable to be shaken, than those of the enthusiast, who shall
      have studied a baby from his earliest Infancy; who should have devoted not
      only his days, but his nights, to gleaning the scanty portion of actual
      information that he scatters through his volumes; they will have a much
      more substantive foundation than those of the theologian, who shall
      construct his morality upon the harlequin scenery of systems that so
      frequently change, even in his own distempered brain. If the atheist, as
      they please to call those who differ in opinion with themselves, objects
      to the correctness, of—their systems, he cannot deny his own
      existence, nor that of beings similar to himself, by whom he is
      surrounded; he cannot doubt the reciprocity of the relations that subsist
      between them; he cannot question the duties which spring out of these
      relations; Pyrrhonism, then, cannot enter his mind upon the actual
      principles of morality; which is nothing more than the science of the
      relations of beings living together in society.
    

      If, however, satisfied with a barren, speculative knowledge of his duties,
      the atheist of the theologian should not apply them in his conduct—if,
      hurried along by the current of his ungovernable passions—if, borne
      forward by criminal habits—if, abandoned to shameful vices-if,
      possessing a vicious temperament, which he has not been sedulous to
      correct—if, lending himself to the stream of outrageous desires, he
      appears to forget his moral obligations, it by no means follows, either
      that he hath no principles, or that his principles are false: it can only
      be concluded from such conduct, that in the intoxication of his passions,
      in the delirium of his habits, in the confusion of his reason, he does not
      give activity to doctrines grounded upon truth; that he forgets to give
      currency to ascertained principles; that he may follow those propensities
      which lead him astray. In this, indeed, he will have dreadfully descended
      to the miserable level of the theologian, but he will nevertheless find
      him the partner of his folly—the partaker of his insanity—the
      companion of his crime.
    

      Nothing is, perhaps, more common among men, than a very marked discrepancy
      between the mind and the heart; that is to say, between the temperament,
      the passions, the habits the caprices, the imagination, and the judgment,
      assisted by reflection. Nothing is, in fact, more rare, than to find these
      harmoniously running upon all fours with each other; it is, however, only
      when they do, that we see speculation influence practice. The most certain
      virtues are those which are founded upon the temperament of man. Indeed,
      do we not every day behold mortals in contradiction with themselves? Does
      not their more sober judgment unceasingly condemn the extravagancies to
      which their undisciplined passions deliver them up? In short, doth not
      every thing prove to us hourly, that men, with the very best theory, have
      sometimes the very worst practice; that others with the most vicious
      theory, frequently adopt the most amiable line of conduct? In the blindest
      systems, in the most atrocious superstitions, in those which are most
      contrary to reason, we meet with virtuous men, the mildness of whose
      character, the sensibility of whose hearts, the excellence of whose
      temperament, re conducts them to humanity, makes them fall back upon the
      laws of nature, in despite of their furious theories. Among the adorers of
      the most cruel, vindictive, jealous gods, are found peaceable, souls, who
      are enemies to persecution; who set their faces against violence; who are
      decidedly opposed to cruelty: among the disciples of a God filled with
      mercy, abounding in clemency, are seen barbarous monsters; inhuman
      cannibals: nevertheless, both the one and the other acknowledge, that
      their gods ought to serve them for a model. Wherefore, then, do they not
      in all things conform themselves? It is because the most wicked systems
      cannot always corrupt a virtuous soul; that those which are most bland,
      most gentle in their precepts, cannot always restrain hearts driven along
      by the impetuosity of vice. The organization will, perhaps, be always more
      potential than either superstition or religion. Present objects, momentary
      interests, rooted habits, public opinion, have much more efficacy than
      unintelligible theories, than imaginary systems, which themselves depend
      upon the organic structure of the human frame.
    

      The point in question then is, to examine if the principles of the
      atheist, as he is erroneously called, be true, and not whether his conduct
      be commendable? An atheist, having an excellent theory, founded upon
      nature, grafted upon experience, constructed upon reason, who delivers
      himself up to excesses, dangerous to himself, injurious to society, is,
      without doubt, an inconsistent man. But he is not more to be feared than a
      superstitious bigot; than a zealous enthusiast; or than even a religious
      man who, believing in a good, confiding in an equitable, relying on a
      perfect God, does not scruple to commit the most frightful devastations in
      his name. An atheistical tyrant would assuredly not be more to be dreaded
      than a fanatical despot. An incredulous philosopher, however, is not so
      mischievous a being as an enthusiastic priest, who either fans the flame
      of discord among his fellow subjects, or rises in rebellion against his
      legitimate monarch. Would, then, an atheist clothed with power, be equally
      dangerous as a persecuting priest-ridden king; as a savage inquisitor; as
      a whimsical devotee; or, as a morose bigot? These are assuredly more
      numerous in the world than atheists, as they are ludicrously termed, whose
      opinions, or whose vices are far from being in a condition to have an
      influence upon society; which is ever too much hoodwinked by the priest,
      too much blinded by prejudice, too much the slave of superstition, to be
      disposed to give them a patient hearing.
    

      An intemperate, voluptuous atheist, is not more dangerous to society than
      a superstitions bigot, who knows how to connect licentiousness, punic
      faith, ingratitude, libertinism, corruption of morals, with his
      theological notions. Can it, however, be ingeniously imagined, that a man,
      because he is falsely termed an atheist, or because he does not subscribe
      to the vengeance of the most contradictory systems, will therefore be a
      profligate debaucheé, malicious, and persecuting; that he will corrupt the
      wife of his friend; will turn his own wife adrift; will consume both his
      time and his money in the most frivolous gratifications; will be the slave
      to the most childish amusements; the companion of the most dissolute men;
      that he will discard all his old friends; that he will select his bosom
      confidents from the brazen betrayers of their native land—from among
      the hoary despoilers of connubial happiness—from out of the ranks of
      veteran gamblers; that he will either break into his neighbour's dwelling,
      or cut his throat; in short, that he will lend himself to all those
      excesses, the most injurious to society, the most prejudicial to himself,
      the most deserving public castigation? The blemishes of an atheist, then,
      as the theologian styles him, have not any thing more extraordinary in
      them than those of the superstitious man; they possess nothing with which
      his doctrine can be fairly reproached. A tyrant, who should be
      incredulous, would not be a more incommodious scourge to his subjects,
      than a theological autocrat, who should wield his sceptre to the misery of
      his people. Would the nation of the latter feel more happy, from the mere
      circumstance that the tyger who governed it believed in the most abstract
      systems, heaped the most sumptuous presents on the priests, and humiliated
      himself at their shrine? At least it must be acknowledged, according to
      the shewing of the theologian himself, that under the dominion of the
      atheist, a nation would not have to apprehend superstitious vexations; to
      dread persecutions for opinion; to fear proscriptions for ill-digested
      systems; neither would it witness those strange outrages that have
      sometimes been Committed for the interests of heaven, even under the
      mildest monarchs. If it was the victim to the turbulent passions of an
      unbelieving prince, the sacrifice to the folly of a sovereign who should
      be an infidel, it would not, at least, suffer from his blind infatuation,
      for theological systems which he does not understand; nor from his
      fanatical zeal, which of all the passions that infest monarchs, is ever
      the most destructive, always the most dangerous. An atheistical tyrant,
      who should persecute for opinions, would be a man not consistent with his
      own principles; he could not exist; he would not, indeed, according to the
      theologian, be an atheist at most, he would only furnish one more example,
      that mortals much more frequently follow the blind impulse of their
      passions, the more immediate stimulus of their interest, the irresistible
      torrent of their temperament, than their speculations, however grave,
      however wise. It is, at least, evident, that an atheist has one pretext
      less than a credulous prince, for exercising his natural wickedness.
    

      Indeed, if men condescended to examine things coolly, they would find that
      on this earth the name of God is but too frequently made use of as a
      motive to indulge the worst of human passions. Ambition, imposture, and
      tyranny, have often formed a league to avail themselves of its influence,
      to the end that they might blind the people, and bend them beneath a
      galling yoke: the monarch sometimes employs it to give a divine lustre to
      his person—the sanction of heaven to his rights—the confidence
      of its votaries to his most unjust, most extravagant whims. The priest
      frequently uses it to give currency to his pretensions, to the end that he
      may with impunity gratify his avarice, minister to his pride, secure his
      independence. The vindictive, enraged, superstitious being, introduces the
      cause of his gods, that he may give free scope to his fury, which he
      qualifies with zeal. In short, superstition becomes dangerous, because it
      justifies those passions, lends legitimacy to those crimes, holds forth as
      commendable those excesses, of which it does not fail to gather the fruit:
      according to its ministers, every thing is permitted to revenge the most
      high: thus the name of the Divinity is made use of to authorize the most
      baneful actions, to palliate the most injurious transgressions. The
      atheist, as he is called, when he commits crimes, cannot, at least,
      pretend that it is his gods who command them, or who clothe them with the
      mantle of their approval, this is the excuse the superstitious being
      offers for his perversity; the tyrant for his persecutions; the priest for
      his cruelty, and for his sedition; the fanatic for the ebullition of his
      boiling passions; the penitent for his inutility.
    

      "They are not," says Bayle, "the general opinions of the mind, but the
      passions, which determine us to act." Atheism, as it is called, is a
      system which will not make a good man wicked but it may, perhaps, make a
      wicked man good. "Those," says the same author, "who embraced the sect of
      Epicurus, did not become debaucheés because they had adopted the doctrine
      of Epicurus; they only lent themselves to the system, then badly
      understood, because they were debaucheés." In the same manner, a perverse
      man may embrace atheism, because he will flatter himself, that this system
      will give full scope to his passions: he will nevertheless be deceived.
      Atheism, as it is called, if well understood, is founded upon nature and
      upon reason, which never can, like superstition, either justify or expiate
      the crimes of the profligate.
    

      From the diffusion of doctrines which make morality depend upon
      unintelligible, incomprehensible systems, that are proposed to man for a
      model, there has unquestionably resulted very great inconvenience. Corrupt
      souls, in discovering, how much each of these suppositions are erroneous
      or doubtful, give loose to the rein of their vices, and conclude there are
      not more substantive motives for acting well; they imagine that virtue,
      like these fragile systems, is merely chimerical; that there is not any
      cogent solid reason for practising it in this world. Nevertheless, it must
      be evident, that it is not as the disciples of any particular tenet, that
      we are bound to fulfil the duties of morality; it is as men, living
      together in society, as sensible beings seeking to secure to ourselves a
      happy existence, that we should feel the moral obligation. Whether these
      systems maintain their ground, or whether the do not, our duties will
      remain the same; our nature, if consulted, will incontestibly prove, that
      vice is a decided evil, that virtue is an actual, a substantial good.
    

      If, then, there be found atheists who have denied the distinction of good
      and evil, or who have dared to strike at the foundations of morality; we
      ought to conclude, that upon this point they have reasoned badly; that
      they have neither been acquainted with the nature of man, nor known the
      true source of his duties; that they have falsely imagined that ethics, as
      well as theology, was only an ideal science; that the fleeting systems
      once destroyed, there no longer remained any bonds to connect mortals.
      Nevertheless, the slightest reflection would have incontestibly proved,
      that morality is founded upon immutable relations subsisting between
      sensible, intelligent, sociable beings; that without virtue, no society
      can maintain itself; that without putting the curb on his desires, no
      mortal can conserve himself: man is constrained from his nature to love
      virtue, to dread crime, by the same necessity that obliges him to seek
      happiness, and fly from sorrow: thus nature compels him to place a
      distinction between those objects which please, and those objects Which
      injure him. Ask a man, who is sufficiently irrational to deny the
      difference between virtue and vice, if it would be indifferent to him to
      be beaten, robbed, calumniated, treated with ingratitude, dishonoured by
      his wife, insulted by his children, betrayed by his friend? His answer
      will prove to you, that whatever he may say, he discriminates the actions
      of mankind; that the distinction between good and evil, does not depend
      either upon the conventions of men, or upon the ideas which they may have
      of particular systems; upon the punishments or upon the recompenses which
      attend mortals in a future existence.
    

      On the contrary, an atheist, as he is denominated, who should reason with
      justness, would feel himself more interested than another in practising
      those virtues to which he finds his happiness attached in this world. If
      his views do not extend themselves beyond the limits of his present
      existence, he must, at least, desire to see his days roll on in happiness
      and in peace. Every man, who during the calm of his passions, falls back
      upon himself, will feel that his interest invites him to his own
      preservation; that his felicity rigorously demands he should take the
      necessary means to enjoy life peaceably that it becomes an imperative duty
      to himself to keep his actual abode free from alarm; his mind untainted by
      remorse. Man oweth something to man, not merely because he would offend
      any particular system, if he was to injure his fellow creature; but
      because in doing him an injury he would offend a man; would violate the
      laws of equity; in the maintenance of which every human being finds
      himself interested.
    

      We every day see persons who are possessed of great talents, who have very
      extensive knowledge, who enjoy very keen penetration, join to these
      advantages a very corrupt heart; who lend, themselves to the most hideous
      vices: their opinions may be true in some respects, false in a great many
      others; their principles may be just, but their inductions are frequently
      defective; very often precipitate. A man may embrace sufficient knowledge
      to detect some of his errors, yet command too little energy to divest
      himself of his vicious propensities. Man is a being whose character
      depends upon his organization, modified by habit—upon his
      temperament, regulated by education—upon his propensities,
      marshalled by example—upon his; passions, guided by his government;
      in short, he is only what transitory or permanent circumstances make him:
      his superstitious ideas are obliged to yield to this temperament; his
      imaginary systems feel a necessity to accommodate themselves to his
      propensities; his theories give way to his interests. If the system which
      constitutes man an atheist in the eyes of this theologic friend, does not
      remove him from the vices with which he was anteriorly tainted, neither
      does it tincture him with any new ones; whereas, superstition furnishes
      its disciples with a thousand pretexts for committing evil without
      repugnance; induces them even to applaud themselves for the commission of
      crime. Atheism, at least, leaves men such as they are; it will neither
      increase a man's intemperance, nor add to his debaucheries, it will not
      render him more cruel than his temperament before invited him to be:
      whereas superstition either lacks the rein to the most terrible passions,
      gives loose to the most abominable suggestions, or else procures easy
      expiations for the most dishonourable vices. "Atheism," says Chancellor
      Bacon, "leaves to man reason, philosophy, natural piety, laws, reputation,
      and every thing that can serve to conduct him to virtue; but superstition
      destroys all these things, and erects itself into a tyranny over the
      understandings of men: this is the reason why atheism never disturbs the
      government, but renders man more clear-sighted, as seeing nothing beyond
      the bounds of this life." The same author adds, "that the times in which
      men have turned towards atheism, have been the most tranquil; whereas
      superstition has always inflamed their minds, and carried them on to the
      greatest disorders; because it infatuates the people with novelties, which
      wrest from and carry with them all the authority of government."
    

      Men, habituated to meditate, accustomed to make study a pleasure, are not
      commonly dangerous citizens: whatever may be their speculations, they
      never produce sudden revolutions upon the earth. The winds of the people,
      at all times susceptible to be inflamed by the marvellous, their dormant
      passions liable to be aroused by enthusiasm, obstinately resist the light
      of simple truths; never heat themselves for systems that demand a long
      train of reflection—that require the depth of the most acute
      reasoning. The system of atheism, as the priests choose to denominate it,
      can only be the result of long meditation; the fruit of connected study;
      the produce of an imagination cooled by experience: it is the child of
      reason. The peaceable Epicurus never disturbed Greece; his philosophy was
      publicly taught in Athens during many centuries; he was in incredible
      favour with his countrymen, who caused statues to be erected to him; he
      had a prodigious number of friends, and his school subsisted for a very
      long period. Cicero, although a decided enemy to the Epicureans, gives a
      brilliant testimony to the probity both of Epicurus and his disciples, who
      were remarkable for the inviolable friendship they bore each other. In the
      time of Marcus Aurelius, there was at Athens a public professor of the
      philosophy of Epicurus, paid by that emperor, who was himself a stoic.
      Hobbes did not cause blood to flow in England, although in his time,
      religious fanaticism made a king perish on the scaffold. The poem of
      Lucretius caused no civil wars in Rome; the writings of Spinosa did not
      excite the same troubles in Holland as the disputes of Gomar and
      D'Arminius. In short, we can defy the enemies to human reason to cite a
      single example, which proves in a decisive manner that opinions purely
      philosophical, or directly contrary to superstition, have ever excited
      disturbances in the state. Tumults have generally arisen from theological
      notions, because both princes and people have always foolishly believed
      they ought to take a part in them. There is nothing so dangerous as that
      empty philosophy, which the theologians have combined with their systems.
      It is to philosophy, corrupted by priests, that it peculiarly belongs to
      blow up the embers of discord; to invite the people to rebellion; to
      drench the earth with human blood. There is, perhaps, no theological
      question, which has not been the source of immense mischief to man; whilst
      all the writings of those denominated atheists, whether ancient or modern,
      have never caused any evil but to their authors; whom dominant imposture
      has frequently immolated at his deceptive shrine.
    

      The principles of atheism are not formed for the mass of the people, who
      are commonly under the tutelage of their priests; they are not calculated
      for those frivolous capacities, not suited to those dissipated minds, who
      fill society with their vices, who hourly afford evidence of their own
      inutility; they will not gratify the ambitious; neither are they adapted
      to intriguers, nor fitted for those restless beings who find their
      immediate interest in disturbing the harmony of the social compact: much
      less are they made for a great number of persons, who, enlightened in
      other respects, have not sufficient courage to divorce themselves from the
      received prejudices.
    

      So many causes unite themselves to confirm man in those errors which he
      draws in with his mother's milk, that every step that removes him from
      these endeared fallacies, costs him uncommon pain. Those persons who are
      most enlightened, frequently cling on some side to the general
      prepossession. By giving up these revered ideas, we feel ourselves, as it
      were, isolated in society: whenever we stand alone in our opinions, we no
      longer seem to speak the language of our associates; we are apt to fancy
      ourselves placed on a barren, desert island, in sight of a populous,
      fruitful country, which we can never reach: it therefore requires great
      courage to adopt a mode of thinking that has but few approvers. In those
      countries where human knowledge has made some progress; where, besides, a
      certain freedom of thinking is enjoyed, may easily be found a great number
      of deicolists, theists, or incredulous beings, who, contented with having
      trampled under foot the grosser prejudices of the illiterate, have not
      dared to go back to the source—to cite the more subtle systems
      before the tribunal of reason. If these thinkers did not stop on the road,
      reflection would quickly prove to them that those systems which they have
      not the fortitude to examine, are equally injurious to sound
      ratiocination, fully as revolting to good sense, quite as repugnant to the
      evidence of experience, as any of those doctrines, mysteries, fables, or
      superstitious customs, of which they have already acknowledged the
      futility; they would feel, as we have already proved, that all these
      things are nothing more than the necessary consequences of those primitive
      errors which man has indulged for so many ages in succession; that in
      admitting these errors, they no longer have any rational cause to reject
      the deductions which the imagination has drawn from them. A little
      attention would distinctly shew them, that it is precisely these errors
      that are the true cause of all the evils of society; that those endless
      disputes, those sanguinary quarrels, to which superstition and the spirit
      of party every instant give birth, are the inevitable effects of the
      importance they attach to errors which possess all the means of
      distraction, that scarcely ever fail to put the mind of man into a state
      of combustion. In short, nothing is more easy than to convince ourselves
      that imaginary systems, not reducible to comprehension, which are always
      painted under terrific aspects, must act upon the imagination in a very
      lively manner, must sooner or later produce disputes—engender
      enthusiasm—give birth to fanaticism—end in delirium.
    

      Many persons acknowledge, that the extravagances to which superstition
      lends activity, are real evils; many complain of the abuse of
      superstition, but there are very few who feel that this abuse, together
      with the evils, are the necessary consequences of the fundamental
      principles of all superstition; which are founded upon the most grievous
      notions, which rest themselves on the most tormenting opinions. We daily
      see persons undeceived upon superstitious ideas, who nevertheless pretend
      that this superstition "is salutary for the people;" that without its
      supernatural magic, they could not be kept within due bounds; in other
      words, could not be made the voluntary slaves of the priest. But, to
      reason thus, is it not to say, poison is beneficial to mankind, that
      therefore it is proper to poison them, to prevent them from making an
      improper use of their power? Is it not in fact to pretend it is
      advantageous to render them absurd; that it is a profitable course to make
      them extravagant; wholesome to give them an irrational bias; that they
      have need of hobgoblins to blind them; require the most incomprehensible
      systems to make them giddy; that it is imperative to submit them either to
      impostors or to fanatics, who will avail themselves of their follies to
      disturb the repose of the world? Again, is it an ascertained fact, does
      experience warrant the conclusion, that superstition has a useful
      influence over the morals of the people? It appears much more evident, is
      much better borne out by observation, falls more in with the evidence of
      the senses, that it enslaves them without rendering them better; that it
      constitutes an herd of ignorant beings, whom panic terrors keep under the
      yoke of their task-masters; whom their useless fears render the wretched
      instruments of towering ambition—of rapacious tyrants; of the subtle
      craft of designing priests: that it forms stupid slaves, who are
      acquainted with no other virtue, save a blind submission to the most
      futile customs, to which they attach a much more substantive value than to
      the actual virtues springing out of the duties of morality; or issuing
      from the social compact which has never been made known to them. If by any
      chance, superstition does restrain some few individuals, it has no effect
      on the greater number, who suffer themselves to be hurried along by the
      epidemical vices with which they are infected: they are placed by it upon
      the stream of corruption, and the tide either sweeps them away, or else,
      swelling the waters, breaks through its feeble mounds, and involves the
      whole in one undistinguished mass of ruin. It is in those countries where
      superstition has the greatest power, that will always be found the least
      morality. Virtue is incompatible with ignorance; it cannot coalesce with
      superstition; it cannot exist with slavery: slaves can only be kept in
      subordination by the fear of punishment; ignorant children are for a
      moment intimidated by imaginary terrors. But freemen, the children of
      truth, have no fears but of themselves; are neither to be lulled into
      submission by visionary duties, nor coerced by fanciful systems; they
      yield ready obedience to the evident demonstrations of virtue; are the
      faithful, the invulnerable supporters of solid systems; cling with ardour
      to the dictates of reason; form impenetrable ramparts round their
      legitimate sovereigns; and fix their thrones on an immoveable basis,
      unknown to the theologian; that cannot be touched with unhallowed hands;
      whose duration will be commensurate with the existence of time itself. To
      form freemen, however, to have virtuous citizens, it is necessary to
      enlighten them; it is incumbent to exhibit truth to them; it is imperative
      to reason with them; it is indispensable to make them feel their
      interests; it is paramount to learn them to respect themselves; they must
      be instructed to fear shame; they must be excited to have a just idea of
      honour; they must be made familiar with the value of virtue, they must be
      shewn substantive motives for following its lessons. How can these happy
      effects ever be expected from the polluted fountains of superstition,
      whose waters do nothing more than degrade mankind? Or how are they to be
      obtained from the ponderous, bulky yoke of tyranny, which proposes nothing
      more to itself, than to vanquish them by dividing them; to keep them in
      the most abject condition by means of lascivious vices, and the most
      detestable crimes?
    

      The false idea, which so many persons have of the utility of superstition,
      which they, at least, judge to be calculated to restrain the
      licentiousness of the illiterate, arise from the fatal prejudice that it
      is a useful error; that truth may be dangerous. This principle has
      complete efficacy to eternize the sorrows of the earth: whoever shall have
      the requisite courage to examine these things, will without hesitation
      acknowledge, that all the miseries of the human race are to be ascribed to
      his errors; that of these, superstitious error must he the most
      prejudicial, from the importance which is usually attached to it; from the
      haughtiness with which it inspires sovereigns; from the worthless
      condition which it prescribes to subjects; from the phrenzy which it
      excites among the vulgar. We shall, therefore, be obliged to conclude,
      that the superstitious errors of man, rendered sacred by time, are exactly
      those which for the permanent interest of mankind, for the well-being of
      society, for the security of the monarch himself, demand the most complete
      destruction; that it is principally to their annihilation, the efforts of
      a sound philosophy ought to be directed. It is not to be feared, that this
      attempt will produce either disorders or revolutions: the more freedom
      shall accompany the voice of truth, the more convincing it will appear;
      although the more simple it shall be, the less it will influence men, who
      are only smitten with the marvellous; even those individuals who most
      sedulously seek after truth, who pursue it with the greatest ardour, have
      frequently an irresistible inclination, that urges them on, and
      incessantly disposes them to reconcile error with its antipode. That great
      master of the art of thinking, who holds forth to his disciples such able
      advice, says, with abundant reason, "that there is nothing but a good and
      solid philosophy, which can, like another Hercules, exterminate those
      monsters called popular errors: it is that alone which can give freedom to
      the human mind."
    

      Here is, unquestionably, the true reason why atheism, as it is called, of
      which hitherto the principles have not been sufficiently developed,
      appears to alarm even those persons who are the most destitute of
      prejudice. They find the interval too great between vulgar superstition
      and an absolute renunciation of it; they imagine they take a wise medium
      in compounding with error; they therefore reject the consequences, while
      they admit the principle; they preserve the shadow and throw away the
      substance, without foreseeing that, sooner or later, it must, by its
      obstetric art, usher into the world, one after another, the same follies
      which now fill the heads of bewildered human beings, lost in the
      labyrinths of incomprehensible systems. The major part of the incredulous,
      the greater number of reformers, do no more than prune a cankered tree, to
      whose root they dare not apply the axe; they do not perceive that this
      tree will in the end produce the same fruit. Theology, or superstition,
      will always be an heap of combustible matter: brooded in the imagination
      of mankind, it will always finish by causing the most terrible explosions.
      As long as the sacerdotal order shall have the privilege of infecting
      youth—of habituating their minds to tremble before unmeaning words—of
      alarming nations with the most terrific systems, so long will fanaticism
      be master of the human mind; imposture will, at its pleasure, cast the
      apple of discord among the members of the state. The most simple error,
      perpetually fed, unceasingly modified, continually exaggerated by the
      imagination of man, will by degrees assume a collossal figure,
      sufficiently powerful to upset every institution; amply competent to the
      overthrow of empires. Theism is a system at which the human mind cannot
      make a long sojourn; founded upon error, it will, sooner or later,
      degenerate into the most absurd, the most dangerous superstition.
    

      Many incredulous beings, many theists, are to be met with in those
      countries where freedom of opinion reigns; that is to say, where the civil
      power has known how to balance superstition. But, above all, atheists as
      they are termed, will be found in those nations where, superstition,
      backed by the sovereign authority, most enforces the ponderosity of its
      yoke; most impresses the volume of its severity; imprudently abuses its
      unlimited power. Indeed, when in these kind of countries, science,
      talents, the seeds of reflection, are not entirely stifled, the greater
      part of the men who think, revolt at the crying abuses of superstition;
      are ashamed of its multifarious follies; are shocked at the corruption of
      its professors; scandalized at the tyranny of its priests: are struck with
      horror at those massive chains which it imposes on the credulous.
      Believing with great reason, that they can never remove themselves too far
      from its savage principles, the system that serves for the basis of such a
      creed, becomes as odious as the superstition itself; they feel that
      terrific systems can only be detailed by cruel ministers; these become
      detestable objects to every enlightened, to every honest mind, in which
      either the love of equity, or the sacred fire of freedom resides; to every
      one who is the advocate of humanity—the indignant spurner of
      tyranny. Oppression gives a spring to the soul; it obliges man to examine
      closely into the cause of his sorrows; misfortune is a powerful incentive,
      that turns the mind to the side of truth. How formidable a foe must not
      outraged reason be to falsehood? It at least throws it into confusion,
      when it tears away its mask; when it follows it into its last
      entrenchment; when it proves, beyond contradiction, that nothing is so
      dastardly as delusion detected, or tyrannic power held at bay.











      CHAP. XIII.
    
Of the motives which lead to what is falsely called Atheism.—Can
      this System be dangerous?—Can it be embraced by the Illiterate?

      The reflections, as well as the facts which have preceded, will furnish a
      reply to those who inquire what interest man has in not admitting
      unintelligible systems? The tyrannies, the persecutions, the numberless
      outrages committed under these systems; the stupidity, the slavery, into
      which their ministers almost every where plunge the people; the sanguinary
      disputes to which they give birth; the multitude of unhappy beings with
      which their fatal notions fill the world; are surely abundantly sufficient
      to create the most powerful, the most interesting motives, to determine
      all sensible men, who possess the faculty of thought, to examine into the
      authenticity of doctrines, which cause so many serious evils to the
      inhabitants of the earth.
    

      A theist, very estimable for his talents, asks, "if there can be any other
      cause than an evil disposition, which can make men atheists?" I reply to
      him, yes, there are other causes. There is the desire, a very laudable
      one, of having a knowledge of interesting truths; there is the powerful
      interest of knowing what opinions we ought to hold upon the object which
      is announced to us as the most important; there is the fear of deceiving
      ourselves upon systems which are occupied with the opinions of mankind,
      which do not permit he should deceive himself respecting them with
      impunity. But when these motives, these causes, should not subsist, is not
      indignation, or if they will, an evil disposition, a legitimate cause, a
      good and powerful motive, for closely examining the pretensions, for
      searching into the rights of systems, in whose name so many crimes are
      perpetrated? Can any man who feels, who thinks, who has any elasticity in
      his soul, avoid being incensed against austere theories, which are visibly
      the pretext, undeniably the source, of all those evils, which on every
      side assail the human race? Are they not these fatal systems which are at
      once the cause and the ostensible reason of that iron yoke that oppresses
      mankind; of that wretched slavery in which he lives; of that blindness
      which hides from him his happiness; of that superstition, which disgraces
      him; of those irrational customs which torment him; of those sanguinary
      quarrels which divide him; of all the outrages which he experiences? Must
      not every breast in which humanity is not extinguished, irritate itself
      against that theoretical speculation, which in almost every country is
      made to speak the language of capricious, inhuman, irrational tyrants?
    

      To motives so natural, so substantive, we shall join those which are still
      more urgent, more personal to every reflecting man: namely, that benumbing
      terror, that incommodious fear, which must be unceasingly nourished by the
      idea of capricious theories, which lay man open to the most severe
      penalties, even for secret thoughts, over which he himself has not any
      controul; that dreadful anxiety arising out of inexorable systems, against
      which he may sin without even his own knowledge; of morose doctrines, the
      measure of which he can never be certain of having fulfilled; which so far
      from being equitable, make all the obligations lay on one side; which with
      the most ample means of enforcing restraint, freely permit evil, although
      they hold out the most excruciating punishments for the delinquents? Does
      it not then, embrace the best interests of humanity, become of the highest
      importance to the welfare of mankind, of the greatest consequence to the
      quiet of his existence, to verify the correctness of these systems? Can
      any thing be more rational than to probe to the core these astounding
      theories? Is it possible that any thing can be more just, than to inquire
      rigorously into the rights, sedulously to examine the foundations, to try
      by every known test, the stability of doctrines, that involve in their
      operations, consequences of such colossal magnitude; that embrace, in
      their dictatory mandates, matters of such high behest; that implicate the
      eternal felicity of such countless millions in the vortex of their action?
      Would it not be the height of folly to wear such a tremendous yoke without
      inquiry; to let such overwhelming notions pass current unauthenticated; to
      permit the soi-disant ministers of these terrific systems to establish
      their power, without the most ample verification of their patents of
      mission? Would it, I repeat, be at all wonderful, if the frightful
      qualities of some of these systems, as exhibited by their official
      expounders, whom the accredited functionaries of similar systems, do not
      scruple, in the face of day, to brand as impostors, should induce rational
      beings to drive them entirely from their hearts; to shake off such an
      intolerable burden of misery; to even deny the existence of such appalling
      doctrines, of such petrifying systems, which the superstitious themselves,
      whilst paying them their homage, frequently curse from the very bottom of
      their hearts?
    

      The theist, however, will not fail to tell the atheist, as he calls him,
      that these systems are not such as superstition paints them; that the
      colours are coarse, too glaring, ill assorted, the perspective out of all
      keeping; he will then exhibit his own picture, in which the tints are
      certainly blended with more mellowness, the colouring of a more pleasing
      hue, the whole more harmonious, but the distances equally indistinct: the
      atheist, in reply, will say, that superstition itself, with all the absurd
      prejudices, all the mischievous notions to which it gives birth, are only
      corollaries drawn from the fallacious ideas, from those obscure
      principles, which the deicolist himself indulges. That his own
      incomprehensible system authorizes the incomprehensible absurdities, the
      inconceivable mysteries, with which superstition abounds; that they flow
      consecutively from his own premises; that when once the mind of mortals is
      bewildered in the dark, inextricable mazes of an ill-directed imagination,
      it will incessantly multiply its chimeras. To assure the repose of
      mankind, fundamental errors must be annihilated; that he may understand
      his true relations, be acquainted with his imperative duties, primary
      delusions must be rectified; to procure him that serenity of soul, without
      which there can be no substantive happiness, original fallacies must be
      undermined. If the systems of the superstitious be revolting, if their
      theories be gloomy, if their dogmas are unintelligible, those of the
      theist will always be contradictory; will prove fatal, when he shall be
      disposed to meditate upon them; will become the source of illusions, with
      which, sooner or later, imposture will not omit to abuse his credulity.
      Nature alone, with the truths she discovers, is capable of lending to the
      human mind that firmness which falsehood will never be able to shake; to
      the human heart that self-possession, against which imposture will in vain
      direct its attacks.
    

      Let us again reply to those who unceasingly repeat that the interest of
      the passions alone conduct man to what is termed atheism: that it is the
      dread of future punishment that determines corrupt individuals to make the
      most strenuous efforts to break up a system they have reason to dread. We
      shall, without hesitation, agree that it is the interest of man's passions
      which excites him to make inquiries; without interest, no man is tempted
      to seek; without passion, no man will seek vigorously. The question, then,
      to be examined, is, if the passions and interests, which determine some
      thinkers to dive into the stability or the systems held forth to their
      adoption, are or are not legitimate? These interests have, already been
      exposed, from which it has been proved, that every rational man finds in
      his inquietudes, in his fears, reasonable motives to ascertain, whether or
      not it be necessary to pass his life in perpetual dread; in never ceasing
      agonies? Will it be said, that an unhappy being, unjustly condemned to
      groan in chains, has not the right of being willing to render them
      asunder; to take some means to liberate himself from his prison; to adopt
      some plan to escape from those punishments, which every instant threaten
      him? Will it be pretended that his passion for liberty has no legitimate
      foundation, that he does an injury to the companions of his misery, in
      withdrawing himself from the shafts of tyrannical infliction; or in
      furnishing, them also with means to escape from its cruel strokes? Is,
      then, an incredulous man, any thing more than one who has taken flight
      from the general prison, in which despotic superstition detains nearly all
      mankind? Is not an atheist, as he is called, who writes, one who has
      broken his fetters, who supplies to those of his associates who have
      sufficient courage to follow him, the means of setting themselves free
      from the terrors that menace them? The priests unceasingly repeat that it
      is pride, vanity, the desire of distinguishing himself from the generality
      of mankind, that determines man to incredulity. In this they are like some
      of those wealthy mortals, who treat all those as insolent who refuse to
      cringe before them. Would not every rational man have a right to ask the
      priest, where is thy superiority in matters of reasoning? What motives can
      I have to submit my reason to thy delirium? On the other hand, way it not
      be said to the hierarchy, that it is interest which makes them priests;
      that it is interest which renders them theologians; that it is for the
      interest of their passions, to inflate their pride, to gratify their
      avarice, to minister to their ambition, &c. that they attach
      themselves to systems, of which they alone reap the benefits? Whatever it
      may be, the priesthood, contented with exercising their power over the
      illiterate, ought to permit those men who do think, to be excused from
      bending the knee before their vain, illusive idols.
    

      We also agree, that frequently the corruption of morals, a life of
      debauchery, a licentiousness of conduct, even levity of mind, may conduct
      man to incredulity; but is it not possible to be a libertine, to be
      irreligious, to make a parade of incredulity, without being on that
      account an atheist? There is unquestionably a difference between those who
      are led to renounce belief in unintelligible systems by dint of reasoning,
      and those who reject or despise superstition, only because they look upon
      it as a melancholy object, or an incommodious restraint. Many persons, no
      doubt, renounce received prejudices, through vanity or upon hearsay; these
      pretended strong minds have not examined any thing for themselves; they
      act upon the authority of others, whom they suppose to have weighed things
      more maturely. This kind of incredulous beings, have not, then, any
      distinct ideas, any substantive opinions, and are but little capacitated
      to reason for themselves; they are indeed hardly in a state to follow the
      reasoning of others. They are irreligious in the same manner as the
      majority of mankind are superstitious, that is to say, by credulity like
      the people; or through interest like the priest. A voluptuary devoted to
      his appetites; a debaucheé drowned in drunkenness; an ambitious mortal
      given up to his own schemes of aggrandizement; an intriguer surrounded by
      his plots; a frivolous, dissipated mortal, absorbed by his gewgaws,
      addicted to his puerile pursuits, buried in his filthy enjoyments; a loose
      woman abandoned to her irregular desires; a choice spirit of the day: are
      these I say, personages, actually competent to form a sound judgment of
      superstition, which they have never examined? Are they in a condition to
      maturely weigh theories that require the utmost depth of thought? Have
      they the capabilities to feel the force of a subtle argument; to compass
      the whole of a system: to embrace the various ramifications of an extended
      doctrine? If some feeble scintillations occasionally break in upon the
      cimmerian darkness of their minds; if by any accident they discover some
      faint glimmerings of truth amidst the tumult of their passions; if
      occasionally a sudden calm, suspending, for a short season, the tempest of
      their contending vices, permits the bandeau of their unruly desires by
      which they are blinded, to drop for an instant from their hoodwinked eyes,
      these leave on them only evanescent traces; scarcely sooner received than
      obliterated. Corrupt men only attack the gods when they conceive them to
      be the enemies to their vile passions. Arrian says, "that when men imagine
      the gods are in opposition to their passions, they abuse them, and
      overturn their altars." The Chinese, I believe, do the same. The honest
      man makes war against systems which he finds are inimical to virtue—injurious
      to his own happiness—baneful to that of his fellow mortals—contradictory
      to the repose, fatal to the interests of the human species. The bolder,
      therefore, the sentiments of the honest atheist, the more strange his
      ideas, the more suspicious they appear to other men, the more strictly he
      ought to observe his own obligations; the more scrupulously he should
      perform his duties; especially if he be not desirous that his morals shall
      calumniate his system; which duly weighed, will make the necessity of
      sound ethics, the certitude of morality, felt in all its force; but which
      every species of superstition tends to render problematical, or to
      corrupt.
    

      Whenever our will is moved by concealed and complicated motives, it is
      extremely difficult to decide what determines it; a wicked man may be
      conducted to incredulity or to scepticism by those motives which he dare
      not avow, even to himself; in believing he seeks after truth, he may form
      an illusion to his mind, only to follow the interest of his passions; the
      fear of an avenging system will perhaps determine him to deny their
      existence without examination; uniformly because he feels them
      incommodious. Nevertheless, the passions sometimes happen to be just; a
      great interest carries us on to examine things more minutely; it may
      frequently make a discovery of the truth, even to him who seeks after it
      the least, or who is only desirous to be lulled to sleep, who is only
      solicitous to deceive himself. It is the same with a perverse man who
      stumbles upon truth, as it is with him, who flying from an imaginary
      danger, should encounter in his road a dangerous serpent, which in his
      haste he should destroy; he does that by accident, without design, which a
      man, less disturbed in his mind, would have done with premeditated
      deliberation.
    

      To judge properly of things, it is necessary to be disinterested; it is
      requisite to have an enlightened mind, to have connected ideas to compass
      a great system. It belongs, in fact, only to the honest man to examine the
      proofs of systems—to scrutinize the principles of superstition; it
      belongs only to the man acquainted with nature, conversant with her ways,
      to embrace with intelligence the cause of the SYSTEM OF NATURE. The wicked
      are incapable of judging with temper; the ignorant are inadequate to
      reason with accuracy; the honest, the virtuous, are alone competent judges
      in so weighty an affair. What do I say? Is not the virtuous man, from
      thence in a condition to ardently desire the existence of a system that
      remunerates the goodness of men? If he renounces those advantages, which
      his virtue confers upon him the right to hope, it is, undoubtedly, because
      he finds them imaginary. Indeed, every man who reflects will quickly
      perceive, that for one timid mortal, of whom these systems restrain the
      feeble passions, there are millions whose voice they cannot curb, of whom,
      on the contrary, they excite the fury; for one that they console, there
      are millions whom they affright, whom they afflict; whom they make
      unhappy: in short, he finds, that against one inconsistent enthusiast,
      which these systems, which are thought so excellent, render happy, they
      carry discord, carnage, wretchedness into vast countries; plunge whole
      nations into misery; deluge them with tears.
    

      However this may be, do not let us inquire into motives which may
      determine a man to embrace a system; let us rather examine the system
      itself; let us convince ourselves of its rectitude; if we shall find that
      it is founded upon truth, we shall never, be able to esteem it dangerous.
      It is always falsehood that is injurious to man; if error be visibly the
      source of his sorrows, reason is the true remedy for them; this is the
      panacea that can alone carry consolation to his afflictions. Do not let us
      farther examine the conduct of a man who presents us with a system; his
      ideas, as we have already said, may be extremely sound, when even his
      actions are highly deserving of censure. If the system of atheism cannot
      make him perverse, who is not so by his temperament, it cannot render him
      good, who does not otherwise know the motives that should conduct him to
      virtue. At least we have proved, that the superstitious man, when he has
      strong passions, when he possesses a depraved heart, finds even in his
      creed a thousand pretexts more than the atheist, for injuring the human
      species. The atheist has not, at least, the mantle of zeal to cover his
      vengeance; he has not the command of his priest to palliate his
      transports; he has not the glory of his gods to countenance his fury; the
      atheist does not enjoy the faculty of expiating, at the expence of a sum
      of money, the transgressions of his life; of availing himself of certain
      ceremonies, by the aid of which he may atone for the outrages he may have
      committed against society; he has not the advantage of being able to
      reconcile himself with heaven, by some easy custom; to quiet the remorse
      of his disturbed conscience, by an attention to outward forms: if crime
      has not deadened every feeling of his heart, he is obliged continually to
      carry within himself an inexorable judge, who unceasingly reproaches him
      for his odious conduct; who forces him to blush for his own folly; who
      compels him to hate himself; who imperiously obliges him to fear
      examination, to dread the resentment of others. The superstitious man, if
      he be wicked, gives himself up to crime, which is followed by remorse; but
      his superstition quickly furnishes him with the means a getting rid of it;
      his life is generally no more than a long series of error and grief, of
      sin and expiation, following each other in alternate succession; still
      more, he frequently, as we have seen, perpetrates crimes of greater
      magnitude, in order to wash away the first. Destitute of any permanent
      ideas on morality, he accustoms himself to look upon nothing as criminal,
      but that which the ministers, the official expounders of his system,
      forbid him to commit: he considers actions of the blackest dye as virtues,
      or as the means of effacing those transgressions, which are frequently
      held out to him as faithfully executing the duties of his creed. It is
      thus we have seen fanatics expiate their adulteries by the most atrocious
      persecutions; cleanse their souls from infamy by the most unrelenting
      cruelty; make atonement for unjust wars by the foulest means; qualify
      their usurpations by outraging every principle of virtue; in order to wash
      away their iniquities, bathe themselves in the blood of those
      superstitious victims, whose infatuation made them martyrs.
    

      An atheist, as he is falsely called, if he has reasoned justly, if he has
      consulted nature, hath principles more determinate, more humane, than the
      superstitious; his system, whether gloomy or enthusiastic, always conducts
      the latter either to folly or cruelty; the imagination of the former will
      never be intoxicated to that degree, to make him believe that violence,
      injustice, persecution, or assassination are either virtuous or legitimate
      actions. We every day see that superstition, or the cause of heaven, as it
      is called, hoodwinks even those persons who on every other occasion are
      humane, equitable, and rational; so much so, that they make it a paramount
      duty to treat with determined barbarity, those men who happen to step
      aside from their mode of thinking. An heretic, an incredulous being,
      ceases to be a man, in the eyes of the superstitious. Every society,
      infected with the venom of bigotry, offers innumerable examples of
      juridical assassination, which the tribunals commit without scruple, even
      without remorse. Judges who are equitable on every other occasion, are no
      longer so when there is a question of theological opinions; in steeping
      their hands in the blood of their victims, they believe, on the authority
      of the priests, they conform themselves to the views of the Divinity.
      Almost every where the laws are subordinate to superstition; make
      themselves accomplices in its fanatical fury; they legitimate those
      actions most opposed to the gentle voice of humanity; they even transform
      into imperative duties, the most barbarous cruelties. The president
      Grammont relates, with a satisfaction truly worthy of a cannibal, the
      particulars of the punishment of Vanini, who was burned at Thoulouse,
      although he had disavowed the opinions with which he was accused; this
      president carries his demoniac prejudices so far, as to find wickedness in
      the piercing cries, in the dreadful howlings, which torment wrested from
      this unhappy victim to superstitious vengeance. Are not all these avengers
      of the gods miserable men, blinded by their piety, who, under the
      impression of duty, wantonly immolate at the shrine of superstition, those
      wretched victims whom the priests deliver over to them? Are they not
      savage tyrants, who have the rank injustice to violate thought; who have
      the folly to believe they can enslave it? Are they not delirious fanatics,
      on whom the law, dictated by the most inhuman prejudices, imposes the
      necessity of acting like ferocious brutes? Are not all those sovereigns,
      who to gratify the vanity of the priesthood, torment and persecute their
      subjects, who sacrifice to their anthropophagite gods human victims, men
      whom superstitious zeal has converted into tygers? Are not those priests,
      so careful of the soul's health, who insolently break into the sacred
      sanctuary of man's mind, to the end that they may find in his opinions
      motives for doing him an injury, abominable knaves, disturbers of the
      public repose, whom superstition honours, but whom virtue detests? What
      villains are more odious in the eyes of humanity, what depredators more
      hateful to the eye of reason, than those infamous inquisitors, who by the
      blindness of princes, by the delirium of monarchs, enjoy the advantage of
      passing judgment on their own enemies; who ruthlessly commit them to the
      charity of the flames? Nevertheless, the fatuity of the people makes even
      these monsters respected; the favour of kings covers them with kindness;
      the mantle of superstitious opinion shields them from the effect of the
      just execration of every honest man. Do not a thousand examples prove,
      that superstition has every where produced the most frightful ravages:
      that it has continually justified the most unaccountable horrors? Has it
      not a thousand times armed its votaries with the dagger of the homicide;
      let loose passions much wore terrible than those which it pretended to
      restrain; broken up the most sacred bonds by which mortals are connected
      with each other? Has it not, under the pretext of duty, under the colour
      of faith, under the semblance of zeal, under the sacred name of piety,
      favoured cupidity, lent wings to ambition, countenanced cruelty, given a
      spring to tyranny? Has it not legitimatized murder; given a system to
      perfidy; organized rebellion; made a virtue of regicide? Have not those
      princes who have been foremost as the avengers of heaven, who have been
      the lictors of superstition, frequently themselves become its victims? In
      short, has it not been the signal for the most dismal follies, the most
      wicked outrages, the most horrible massacres? Has not its altars been
      drenched with human gore? Under whatever form it has been exhibited, has
      it not always been the ostensible cause of the most bare-faced violation—of
      the sacred rights of humanity?
    

      Never will an atheist, as he is called, as called, as he enjoys his proper
      senses, persuade himself that similar actions can be justifiable; never
      will he believe that he who commits them can be an estimable man; there is
      no one but the superstitious, whose blindness makes him forget the most
      evident principles of morality, whose callous soul renders him deaf to the
      voice of nature, whose zeal causes him to overlook the dictates of reason,
      who can by any possibility imagine the most destructive crimes are the
      most prominent features of virtue. If the atheist be perverse, he, at
      least, knows that he acts wrong; neither these systems, nor their priests,
      will be able to persuade him that he does right: one thing, however, is
      certain, whatever crimes he may allow himself to commit, he will never be
      capable of exceeding those which superstition perpetrates without scruple;
      that it encourages in those whom it intoxicates with its fury; to whom it
      frequently holds forth wickedness itself, either as expiations for
      offences, or else as orthodox, meritorious actions.
    

      Thus the atheist, however wicked he may be supposed, will at most be upon
      a level with the devotee, whose superstition encourages him to commit
      crimes, which it transforms into virtue. As to conduct, if he be
      debauched, voluptuous, intemperate, adulterous, the atheist in this
      differs in nothing from the most credulously superstitious, who frequently
      knows how to connect these vices with his credulity, to blend with his
      superstition certain atrocities, for which his priests, provided he
      renders due homage to their power, especially if he augments their
      exchequer, will always find means to pardon him. If he be in Hindoostan,
      his brahmins will wash him in the sacred waters of the Ganges, while
      reciting a prayer. If he be a Jew, upon making an offering, his sins will
      be effaced. If he be in Japan, he will be cleansed by performing a
      pilgrimage. If he be a Mahometan, he will be reputed a saint, for having
      visited the tomb of his prophet; the Roman pontiff himself will sell him
      indulgences; but none of them will ever censure him for those crimes he
      may have committed in the support of their several faiths.
    

      We are constantly told, that the indecent behaviour of the official
      expounders of superstition, the criminal conduct of the priests, or of
      their sectaries, proves nothing against the goodness of their systems.
      Admitted: but wherefore do they not say the same thing of the conduct of
      those whom they call atheists, who, as we have already proved, way have a
      very substantive, a very correct system of morality, even while leading a
      very dissolute life? If it be necessary to judge the opinions of mankind
      according to their conduct, which is the theory that would bear the
      scrutiny? Let us, then, examine the opinion of the atheist, without
      approving his conduct; let us adopt his mode of thinking, if we find it
      marked by the truth; if it shall appear useful; if it shall be proved
      rational; but let us reject his mode of action, if that should be found
      blameable. At the sight of a work performed with truth, we do not
      embarrass ourselves with the morals of the workman: of what importance is
      it to the universe, whether the illustrious Newton was a sober, discreet
      citizen, or a debauched intemperate man? It only remains for us to examine
      his theory; we want nothing more than to know whether he has reasoned
      acutely; if his principles be steady; if the parts of his system are
      connected; if his work contains more demonstrable truths, than bold ideas?
      Let us judge in the same manner of the principles of the atheist; if they
      appear strange, if they are unusual, that is a solid reason for probing
      them more strictly; if he has spoken truth, if he has demonstrated his
      positions, let us yield to the weight of evidence; if he be deceived in
      some parts, let us distinguish the true from the false; but do not let us
      fall into the hacknied prejudice, which on account of one error in the
      detail, rejects a multitude of incontestible truisms. Doctor Johnson, I
      think, says in his preface to his Dictionary, "when a man shall have
      executed his task with all the accuracy possible, he will only be allowed
      to have done his duty; but if he commits the slightest error, a thousand
      snarlers are ready to point it out." The atheist, when he is deceived, has
      unquestionably as much right to throw his faults on the fragility of his
      nature, as the superstitious man. An atheist may have vices, may be
      defective, he may reason badly; but his errors will never have the
      consequences of superstitious novelties; they will not, like these, kindle
      up the fire of discord in the bosom of nations; the atheist will not
      justify his vices, defend his wanderings by superstition; he will not
      pretend to infallibility, like those self-conceited theologians who attach
      the Divine sanction to their follies; who initiate that heaven authorizes
      those sophisms, gives currency to those falsehoods, approves those errors,
      which they believe themselves warranted to distribute over the face of the
      earth.
    

      It will perhaps be said, that the refusal to believe in these systems,
      will rend asunder one of the most powerful bonds of society, by making the
      sacredness of an oath vanish. I reply, that perjury is by no means rare,
      even in the most superstitious nations, nor even among the most religious,
      or among those who boast of being the most thoroughly convinced of the
      rectitude of their theories. Diagoras, superstitious as he was, and it was
      not well possible to be more so, it is said became an atheist, on seeing
      that the gods did not thunder their vengeance on a man who had taken them
      as evidence to a falsity. Upon this principle, how many atheists ought
      there to be? From the systems that have made invisible unknown beings the
      depositaries of man's engagements, we do not always see it result that
      they are better observed; or that the most solemn contracts have acquired
      a greater solidity. If history was consulted, it would now and then be in
      evidence, that even the conductors of nations, those who have said they
      were the images of the Divinity, who have declared that they held their
      right of governing immediately from his hands, have sometimes taken the
      Deity as the witness to their oaths, have made him the guarantee of their
      treaties, without its having had all the effect that might have been
      expected, when very trifling interests have intervened; it would appear,
      unless historians are incorrect, that they did not always religiously
      observe those sacred engagements they made with their allies, much less
      with their subjects. To form a judgment from these historic documents, we
      should be inclined to say, there have been those who had much
      superstition, joined with very little probity; who made a mockery both of
      gods and men; who perhaps blushed when they reviewed their own conduct:
      nor can this be at all surprising, when it not unfrequently happened that
      superstition itself absolved them from their oaths. In fact, does not
      superstition sometimes inculcate perfidy; prescribe violation of plighted
      faith? Above all, when there is a question of its own interests, does it
      not dispense with engagements, however solemn, made with those whom it
      condemns? It is, I believe, a maxim in the Romish church, that "no
      faith is to be held with heretics." The general council of Constance
      decided thus, when, notwithstanding the emperor's passport, it decreed
      John Hus and Jerome of Prague to be burnt. The Roman pontiff has, it is
      well known, the right of relieving his sectaries from their oaths; of
      annulling their vows: this same pontiff has frequently arrogated to
      himself the right of deposing kings; of absolving their subjects from
      their oaths of fidelity. Indeed, it is rather extraordinary that oaths
      should be prescribed, by the laws of those nations which profess
      Christianity, seeing that Christ has expressly forbidden the use of them.
      If things were considered attentively, it would be obvious that under such
      management, superstition and politics are schools of perjury. They render
      it common: thus knaves of every description never recoil, when it is
      necessary to attest the name of the Divinity to the most manifest frauds,
      for the vilest interests. What end, then, do oaths answer? They are
      snares, in which simplicity alone can suffer itself to be caught: oaths,
      almost every where, are vain formalities, that impose nothing upon
      villains; nor do they add any thing to the sacredness of the engagements
      of honest men; who would neither have the temerity nor the wish to violate
      them; who would not think themselves less bound without an oath. A
      perfidious, perjured, superstitious being, has not any advantage over an
      atheist, who should fail in his promises: neither the one nor the other
      any longer deserves the confidence of their fellow citizens nor the esteem
      of good men; if one does not respect his gods, in whom he believes, the
      other neither respects his reason, his reputation, nor public opinion, in
      which all rational men cannot refuse to believe. Hobbes says, "an oath
      adds nothing to the obligation. For a covenant, if lawful, binds in the
      sight of God, without the oath, as much as with it: if unlawful, bindeth
      not at all: though it be confirmed with an oath." The heathen form was,
      "let Jupiter kill me else, as I kill this beast." Adjuration only
      augments, in the imagination of him who swears, the fear of violating an
      engagement, which he would have been obliged to keep, even without the
      ceremony of an oath.
    

      It has frequently been asked, if there ever was a nation that had no idea
      of the Divinity: and if a people, uniformly composed of atheists, would be
      able to subsist? Whatever some speculators may say, it does not appear
      likely that there ever has been upon our globe, a numerous people who have
      not had an idea of some invisible power, to whom they have shewn marks of
      respect and submission: it has been sometimes believed that the Chinese
      were atheists: but this is an error, due to the Christian missionaries,
      who are accustomed to treat all those as atheists, who do not hold
      opinions similar with their own upon Divinity. It always appears that the
      Chinese are a people extremely addicted to superstition, but that they are
      governed by chiefs who are not so, without however their being atheists
      for that reason. If the empire of China be as flourishing as it is said to
      be, it at least furnishes a very forcible proof that those who govern have
      no occasion to be themselves superstitious, in order to govern with
      propriety a people who are so. It is pretended that the Greenlanders have
      no idea of the Divinity. Nevertheless, it is difficult to believe it of a
      nation so savage. Man, inasmuch as he is a fearful, ignorant animal,
      necessarily becomes superstitious in his misfortunes: either he forms gods
      for himself, or he admits the gods which others are disposed to give him;
      it does not then appear, that we can rationally suppose there may have
      been, or that there actually is, a people on the earth a total stranger to
      some Divinity. One will shew us the sun, the moon, or the stars; the other
      will shew us the sea, the lakes, the rivers, which furnish him his
      subsistence, the trees which afford him an asylum against the inclemency
      of the weather; another will shew us a rock of an odd form; a lofty
      mountain; or a volcano that frequently astonishes him by its emission of
      lava; another will present you with his crocodile, whose malignity he
      fears; his dangerous serpent, the reptile to which he attributes his good
      or bad fortune. In short, each individual will make you behold his
      phantasm or his tutelary or domestic gods with respect.
    

      But from the existence of his gods, the savage does not draw the same
      inductions as the civilized, polished man: the savage does not believe it
      a duty to reason continually upon their qualities; he does not imagine
      that they ought to influence his morals, nor entirely occupy his thoughts:
      content with a gross, simple, exterior worship, he does not believe that
      these invisible powers trouble themselves with his conduct towards his
      fellow creatures; in short, he does not connect his morality with his
      superstition. This morality is coarse, as must be that of all ignorant
      people; it is proportioned to his wants, which are few; it is frequently
      irrational, because it is the fruit of ignorance; of inexperience; of the
      passions of men but slightly restrained, or to say thus, in their infancy.
      It is only numerous, stationary, civilized societies, where man's wants
      are multiplied, where his interests clash, that he is obliged to have
      recourse to government, to laws, to public worship, in order to maintain
      concord. It is then, that men approximating, reason together, combine
      their ideas, refine their notions, subtilize their theories; it is then
      also, that those who govern them avail themselves of invisible powers, to
      keep them within bounds, to render them docile, to enforce their
      obedience, to oblige them to live peaceably. It was thus, that by degrees,
      morals and politics found themselves associated with superstitious
      systems. The chiefs of nations, frequently, themselves, the children of
      superstition, but little enlightened upon their actual interests;
      slenderly versed in sound morality; with an extreme exilty of knowledge on
      the actuating motives of the human heart; believed they had effected every
      thing requisite for the stability of their own authority; as well as
      achieved all that could guarantee the repose of society, that could
      consolidate the happiness of the people, in rendering their subjects
      superstitious like themselves; by menacing them with the wrath of
      invisible powers; in treating them like infants who are appeased with
      fables, like children who are terrified by shadows. By the assistance of
      these marvellous inventions, to which even the chiefs, the conductors of
      nations, are themselves frequently the dupes; which are transmitted as
      heirlooms from race to race; sovereigns were dispensed from the trouble of
      instructing themselves in their duties; they in consequence neglected the
      laws, enervated themselves in luxurious ease, rusted in sloth; followed
      nothing but their caprice: the care of restraining their subjects was
      reposed in their deities; the instruction of the people was confided to
      their priests, who were commissioned to train them to obedience, to make
      them submissive, to render them devout, to teach them at an early age to
      tremble under the yoke of both the visible and invisible gods.
    

      It was thus that nations, kept by their tutors in a perpetual state of
      infancy, were only restrained by vain, chimerical theories. It was thus
      that politics, jurisprudence, education, morality, were almost every where
      infected with superstition; that man no longer knew any duties, save those
      which grew out of its precepts: the ideas of virtue were thus falsely
      associated with those of imaginary systems, to which imposture generally
      gave that language which was most conducive to its own immediate
      interests: mankind thus fully persuaded, that without these marvellous
      systems, there could not exist any sound morality, princes, as well as
      subjects, equally blind to their actual interests, to the duties of
      nature, to their reciprocal rights, habituated themselves to consider
      superstition as necessary to mortals—as indispensibly requisite to
      govern men—as the most effectual method of preserving power—as
      the most certain means of attaining happiness.
    

      It is from these dispositions, of which we have so frequently demonstrated
      the fallacy, that so many persons, otherwise extremely enlightened, look
      upon it as an impossibility that a society formed of atheists, as they are
      termed, could subsist for any length of time. It does not admit a
      question, that a numerous society, who should neither have religion,
      morality, government, laws, education, nor principles, could not maintain
      itself; that it would simply congregate beings disposed to injure each
      other, or children who would follow nothing but the blindest impulse; but
      then is it not a lamentable fact, that with all the superstition that
      floats in the world, the greater number of human societies are nearly in
      this state? Are not the sovereigns of almost every country in a continual
      state of warfare with their subjects? Are not the people, in despite of
      their superstition, not withstanding the terrific notions which it holds
      forth, unceasingly occupied with reciprocally injuring each other; with
      rendering themselves mutually unhappy? Does not superstition itself, with
      its supernatural notions, unremittingly flatter the vanity of monarchs,
      unbridle the passions of princes, throw oil into the fire of discord,
      which it kindles between those citizens who are divided in their opinion?
      Could those infernal powers, who are supposed to be ever on the alert to
      mischief mankind, be capable of inflicting greater evils upon the human
      race than spring from fanaticism, than arise out of the fury to which
      theology gives birth? Could atheists, however irrational they may be
      supposed, if assembled together in society, conduct themselves in a more
      criminal manner? In short, is it possible they could act worse than the
      superstitious, who, saturated with the most pernicious vices, guided by
      the most extravagant systems, during so many successive ages, have done
      nothing more than torment themselves with the most cruel inflictions;
      savagely cut each other's throats, without a shadow of reason; make a
      merit of mutual extermination? It cannot be pretended they would. On the
      contrary, we boldly assert, that a community of atheists, as the
      theologian calls them, because they cannot fall in with his mysteries,
      destitute of all superstition, governed by wholesome laws, formed by a
      salutary education, invited to the practice of virtue by instantaneous
      recompences, deterred from crime by immediate punishments, disentangled
      from illusive theories, unsophisticated by falsehood, would be decidedly
      more honest, incalculably more virtuous, than those superstitious
      societies, in which every thing contributes to intoxicate the mind; where
      every thing conspires to corrupt the heart.
    

      When we shall be disposed usefully to occupy ourselves with the happiness
      of mankind, it is with superstition that the reform must commence; it is
      by abstracting these imaginary theories, destined to affright the
      ignorant, who are completely in a state of infancy, that we shall be able
      to promise ourselves the desirable harvest of conducting man to a state of
      maturity. It cannot be too often repeated, there can be no morality
      without consulting the nature of man, without studying his actual
      relations with the beings of his own species; there can be no fixed
      principle for man's conduct, while it is regulated upon unjust theories;
      upon capricious doctrines; upon corrupt systems; there can be no sound
      politics without attending to human temperament, without contemplating him
      as a being associated for the purpose of satisfying his wants,
      consolidating his happiness, and assuring its enjoyment. No wise
      government can found itself upon despotic systems; they will always make
      tyrants of their representatives. No laws can be wholesome, that do not
      bottom themselves upon the strictest equity; which have not for their
      object the great end of human society. No jurisprudence can be
      advantageous for nations, if its administration be regulated by capricious
      systems, or by human passions deified. No education can be salutary,
      unless it be founded upon reason; to be efficacious to its proposed end,
      it must neither be construed upon chimerical theories, nor upon received
      prejudices. In short, there can be no probity, no talents, no virtue,
      either under corrupt masters, or under the conduct of those priests who
      render man the enemy to himself—the determined foe to others; who
      seek to stifle in his bosom the germ of reason; who endeavour to smother
      science, or who try to damp his courage.
    

      It will, perhaps, be asked, if we can reasonably flatter ourselves with
      ever reaching the point to make a whole people entirely forget their
      superstitious opinions; or abandon the ideas which they have of their
      gods? I reply, that the thing appears utterly impossible; that this is not
      the end we can propose to ourselves. These ideas, inculcated from the
      earliest ages, do not appear of a nature to admit eradication from the
      mind of the majority of mankind: it would, perhaps be equally arduous to
      give them to those persons, who, arrived at a certain time of life, should
      never have heard them spoken of, as to banish them from the minds of
      those, who have been imbued with them from their tenderest infancy. Thus,
      it cannot be reckoned possible to make a whole nation pass from the abyss
      of superstition, that is to say, from the bosom of ignorance, from the
      ravings of delirium, into absolute naturalism, or as the priests of
      superstition would denominate it, into atheism; which supposes reflection—requires
      intense study—demands extensive knowledge—exacts a long series
      of experience—includes the habit of contemplating nature—the
      faculty of observing her laws; which, in short, embraces the expansive
      science of the causes producing her various phenomena; her multiplied
      combinations, together with the diversified actions of the beings she
      contains, as well as their numerous properties. In order to be an atheist,
      or to be assured of the capabilities of nature, it is imperative to have
      meditated her profoundly: a superficial glance of the eye will not bring
      man acquainted with her resources; optics but little practised on her
      powers, will unceasingly be deceived; the ignorance of actual causes will
      always induce the supposition of those which are imaginary; credulity
      will, thus re-conduct the natural philosopher himself to the feet of
      superstitious phantoms, in which either his limited vision, or his
      habitual sloth, will make him believe he shall find the solution to every
      difficulty.
    

      Atheism, then, as well as philosophy, like all profound abstruse sciences,
      is not calculated for the vulgar; neither is it suitable to the great mass
      of mankind. There are, in all populous, civilized nations, persons whose
      circumstances enable them to devote their time to meditation, whose easy
      finances afford them leisure to make deep researches into the nature of
      things, who frequently make useful discoveries, which, sooner or later,
      after they have been submitted to the infallible test of experience, when
      they have passed the fiery ordeal of truth, extend widely their salutary
      effects, become extremely beneficial to society, highly advantageous to
      individuals. The geometrician, the chemist, the mechanic, the natural
      philosopher, the civilian, the artizan himself, are industriously
      employed, either in their closets, or in their workshops, seeking the
      means to serve society, each in his sphere: nevertheless, not one of their
      sciences or professions are familiar to the illiterate; not one of the
      arts with which they are respectively occupied, are known to the
      uninitiated: these, however, do not fail, in the long run, to profit by
      them, to reap substantive advantages from those labours, of which they
      themselves have no idea. It is for the mariner, that the astronomer
      explores his arduous science; it is for him the geometrician calculates;
      for his use the mechanic plies his craft: it is for the mason, for the
      carpenter, for the labourer, that the skilful architect studies his
      orders, lays down well-proportioned elaborate plans. Whatever may be the
      pretended utility of Pneumatology, whatever may be the vaunted advantages
      of superstitious opinions, the wrangling polemic, the subtle theologian,
      cannot boast either of toiling, of writing, or of disputing for the
      advantage of the people, whom, notwithstanding, he contrives to tax, very
      exorbitantly, for those systems they can never understand; from whom he
      levies the most oppressive contributions, as a remuneration for the detail
      of those mysteries, which under any possible circumstances, cannot, at any
      time whatever, be of the slightest benefit to them. It is not, then, for
      the multitude that a philosopher should propose to himself, either to
      write or to meditate: the Code of Nature, or the principles of atheism, as
      the priest calls it, are not, as we have shewn, even calculated for the
      meridian of a great number of persons, who are frequently too much
      prepossessed in favour of the received prejudices, although extremely
      enlightened on other points. It is extremely rare to find men, who, to an
      enlarged mind, extensive knowledge, great talents, join either a well
      regulated imagination, or the courage necessary to successfully oppugn
      habitual errors; triumphantly to attack those chimerical systems, with
      which the brain has been inoculated from the first hour of its birth. A
      secret bias, an invincible inclination, frequently, in despite of all
      reasoning, re-conducts the most comprehensive, the best fortified, the
      most liberal minds, to those prejudices which have a wide-spreading
      establishment; of which they have themselves taken copious draughts during
      the early stages of life. Nevertheless, those principles, which at first
      appear strange, which by their boldness seem revolting, from which
      timidity flies with trepidation, when they have the sanction of truth,
      gradually insinuate themselves into the human mind, become familiar to its
      exercise, extend their happy influence on every side, and finally produce
      the most substantive advantages to society. In time, men habituate
      themselves to ideas which originally they looked upon as absurd; which on
      a superficial glance they contemplated as either noxious or irrational: at
      least, they cease to consider those as odious, who profess opinions upon
      subjects on which experience makes it evident they may be permitted to
      have doubts, without imminent danger to public tranquillity.
    

      Then the diffusion of ideas among mankind is not an event to be dreaded:
      if they are truths, they will of necessity be useful: by degrees they will
      fructify. The man who writes, must neither fix his eyes upon the time in
      which he lives, upon his actual fellow citizens, nor upon the country he
      inhabits. He must speak to the human race; he must instruct future
      generations; he must extend his views into the bosom of futurity; in vain
      he will expect the eulogies of his contemporaries; in vain will he flatter
      himself with seeing his reasoning adopted; in vain he will soothe himself
      with the pleasing reflection, that his precocious principles will be
      received with kindness; if he has exhibited truisms, the ages that shall
      follow will do justice to his efforts; unborn nations shall applaud his
      exertions; his future countrymen shall crown his sturdy attempts with
      those laurels, which interested prejudice withholds from him in his own
      days; it must therefore be from posterity, he is to expect the need of
      applause due to his services; the present race is hermetically sealed
      against him: meantime let him content himself with having done well; with
      the secret suffrages of those few friends to veracity who are so thinly
      spread over the surface of the earth. It is after his death, that the
      trusty reasoner, the faithful writer, the promulgator of sterling
      principles, the child of simplicity, triumphs; it is then that the stings
      of hatred, the shafts of envy, the arrows of malice, either exhausted or
      blunted, enable mankind to judge with impartiality; to yield to
      conviction; to establish eternal truth upon its own imperishable altars,
      which from its essence must survive all the error of the earth. It is then
      that calumny, crushed like the devouring snail by the careful gardener,
      ceases to besmear the character of an honest man, while its venomous
      slime, glazed by the sun, enables the observant spectator to trace the
      filthy progress it had made.
    

      It is a problem with many people, if truth may not be injurious?
      The best intentioned persons are frequently in great doubt upon this
      important point. The fact is, it never injures any but those who
      deceive mankind: this has, however, the greatest interest in being
      undeceived. Truth may be injurious to the individual who announces it, but
      it can never by any possibility harm the human species; never can it be
      too distinctly presented to beings, always either little disposed to
      listen to its dictates, or too slothful to comprehend its efficacy. If all
      those who write to publish important truths, which, of all others, are
      ever considered the most dangerous, were sufficiently ardent for the
      public welfare to speak freely, even at the risk of displeasing their
      readers, the human race would be much more enlightened, much happier than
      it now is. To write in ambiguous terms, is very frequently to write to
      nobody. The human mind is idle; we must spare it, as much as possible, the
      trouble of reflection; we must relieve it from the embarrassment of
      intense thinking. What time does it not consume, what study does it not
      require, at the present day, to unravel the amphibological oracles of the
      ancient philosophers, whose actual sentiments are almost entirely lost to
      the present race of men? If truth be useful to human beings, it is an
      injustice to deprive them of its advantages; if truth ought to be
      admitted, we must admit its consequences, which are also truths. Man,
      taken generally, is fond of truth, but its consequences often inspire him
      with so much dread, so alarm his imbecility, that, frequently, he prefers
      remaining in error, of which a confirmed habit prevents him from feeling
      the deplorable effects. Besides, we shall say with Hobbes, "that we cannot
      do men any harm by proposing truth to them; the worst mode is to leave
      them in doubt, to let them remain in dispute." If an author who writes be
      deceived, it is because he may have reasoned badly. Has he laid down false
      principles? It remains to examine them. Is his system fallacious? Is it
      ridiculous? It will serve to make truth appear with the greatest splendor:
      his work will fall into contempt; the writer, if he be witness to its
      fall, will be sufficiently punished for his temerity; if he be defunct,
      the living cannot disturb his ashes. No man writes with a design to injure
      his fellow creatures; he always proposes to himself to merit their
      suffrages, either by amusing them, by exciting their curiosity, or by
      communicating to them discoveries, which he believes useful. Above all, no
      work can be really dangerous, if it contains truth. It would not be so,
      even if it contained principles evidently contrary to experience—opposed
      to good sense. Indeed, what would result from a work that should now tell
      us the sun is not luminous; that parricide is legitimate; that robbery is
      allowable; that adultery is not a crime? The smallest reflection would
      make us feet the falsity of these principles; the whole human race would
      protest against them. Men would laugh at the folly of the author;
      presently his book, together with his name, would be known only by its
      ridiculous extravagancies. There is nothing but superstitious follies that
      are pernicious to mortals; and wherefore? It is because authority always
      pretends to establish them by violence; to make them pass for substantive
      virtues; rigorously punishes those who shall be disposed to smile at their
      inconsistency, or examine into their pretensions. If man was more
      rational, he would examine superstitious opinions as he examines every
      thing else; he would look upon theological theories with the same eyes
      that he contemplates systems of natural philosophy, or problems in
      geometry: the latter never disturbs the repose of society, although they
      sometimes excite very warm disputes in the learned world. Theological
      quarrels would never be attended with any evil consequences, if man could
      gain the desirable point of making those who exercise power, feel that the
      disputes of persons, who do not themselves understand the marvellous
      questions upon which they never cease wrangling, ought not to give birth
      to any other sensations than those of indifference; to rouse no other
      passion than that of contempt.
    

      It is, at least, this indifference not speculative theories, so just, so
      rational, so advantageous for states, that sound philosophy may propose to
      introduce, gradually, upon the earth. Would not the human race be much
      happier—if the sovereigns of the world, occupied with the welfare of
      their subjects, leaving to superstitious theologians their futile
      contests, making their various systems yield to healthy politics; obliged
      these haughty ministers to become citizens; carefully prevented their
      disputes from interrupting the public tranquillity? What advantage might
      there not result to science; what a start would be given to the progress
      of the human mind, to the cause of sound morality, to the advancement of
      equitable jurisprudence, to the improvement of legislation, to the
      diffusion of education, from an unlimited freedom of thought? At present,
      genius every where finds trammels; superstition invariably opposes itself
      to its course; man, straitened with bandages, scarcely enjoys the free use
      of any one of his faculties; his mind itself is cramped; it appears
      continually wrapped up in the swaddling clothes of infancy. The civil
      power, leagued with spiritual domination, appears only disposed to rule
      over brutalized slaves, shut up in a dark prison, where they reciprocally
      goad each other with the efferverscence of their mutual ill humour.
      Sovereigns, in general, detest liberty of thought, because they fear
      truth; this appears formidable to them, because it would condemn their
      excesses; these irregularities are dear to them, because they do not,
      better than their subjects, understand their true interests; properly
      considered, these ought to blend themselves into one uniform mass.
    

      Let not the courage of the philosopher, however, be abated by so many
      united obstacles, which would appear for ever to exclude truth from its
      proper dominion; to banish reason from the mind of man; to spoil nature of
      her imprescriptible rights. The thousandth part of those cares which are
      bestowed to infect the human mind, would be amply sufficient to make it
      whole. Let us not, then, despair of the case: do not let us do man the
      injury to believe that truth is not made for him; his mind seeks after it
      incessantly; his heart desires it faithfully; his happiness demands it
      with an imperious voice; he only either fears it, or mistakes it, because
      superstition, which has thrown all his ideas into confusion, perpetually
      keeps the bandeau of delusion fast bound over his eyes; strives, with an
      almost irresistible force, to render him an entire stranger to virtue.
    

      Maugre the prodigious exertions that are made to drive truth from the
      earth; in spite of the extraordinary pains used to exile reason—of
      the uninterrupted efforts to expel true science from the residence of
      mortals; time, assisted by the progressive knowledge of ages, may one day
      be able to enlighten even those princes who are the most outrageous in
      their opposition to the illumination of the human mind; who appear such
      decided enemies to justice, so very determined against the liberties of
      mankind. Destiny will, perhaps, when least expected, conduct these
      wandering outcasts to the throne of some enlightened, equitable,
      courageous, generous, benevolent sovereign, who, smitten with the charms
      of virtue, shall throw aside duplicity, frankly acknowledge the true
      source of human misery, and apply to it those remedies with which wisdom
      has furnished him: perhaps he may feel, that those systems, from whence it
      is pretended he derives his power, are the true scourges of his people;
      the actual cause of his own weakness: that the official expounders of
      these systems are his most substantial enemies—his most formidable
      rivals; he may find that superstition, which he has been taught to look
      upon as the main support to his authority, in point of fact only enfeebles
      it—renders it tottering: that superstitious morality, false in its
      principles, is only calculated to pervert his subjects; to break down
      their intrepidity; to render them perfidious; in short, to give them the
      vices of slaves, in lieu of the virtues of citizens. A prince thus
      disentangled from prejudice, will perhaps behold, in superstitious errors,
      the fruitful source of human sorrows, and commiserations, the condition of
      his race, it may be, will generously declare, that they are incompatible
      with every equitable administration.
    

      Until this epoch, so desirable for humanity, shall arrive, the principles
      of naturalism will be adopted only by a small number of liberal-minded
      men, who shall dive below the surface; these cannot flatter themselves
      either with making proselytes, or having a great number of approvers: on
      the contrary, they will meet with zealous adversaries, with ardent
      contemners, even in those persons who upon every other subject discover
      the most acute minds; display the most consummate knowledge. Those men who
      possess the greatest share of ability, as we have already observed, cannot
      always resolve to divorce themselves completely from their superstitious
      ideas; imagination, so necessary to splendid talents, frequently forms in
      them an insurmountable obstacle to the total extinction of prejudice; this
      depends much more upon the judgment than upon the mind. To this
      disposition, already so prompt to form illusions to them, is also to be
      joined the force of habit; to a great number of men, it would he wresting
      from them a portion of themselves to take away their superstitious
      notions; it would be depriving them of an accustomed aliment; plunging
      them into a dreadful vacuum: obliging their distempered minds to perish
      for want of exercise. Menage remarks, "that history speaks of very few
      incredulous women, or female atheists:" this is not surprising; their
      organization renders them fearful; their nervous system undergoes
      periodical variations; the education they receive disposes them to
      credulity. Those among them who have a sound constitution, who have a well
      ordered imagination, have occasion for chimeras suitable to occupy their
      leisure; above all, when the world abandons them, then superstitious
      devotion, with its attractive ceremonies, becomes either a business or an
      amusement.
    

      Let us not be surprised, if very intelligent, extremely learned men,
      either obstinately shut their eyes, or run counter to their ordinary
      sagacity, every time there is a question respecting an object which they
      have not the courage to examine with that attention they lend to many
      others. Lord Chancellor Bacon pretends, "that a little philosophy disposes
      men to atheism, but that great depth re-conducts them to religion." If we
      analyze this proposition, we shall find it signifies, that even moderate,
      indifferent thinkers, are quickly enabled to perceive the gross
      absurdities of superstition; but that very little accustomed to meditate,
      or else destitute of those fixed principles which could serve them for a
      guide, their imagination presently replaces them in the theological
      labyrinth, from whence reason, too weak for the purpose, appeared disposed
      to withdraw them: these timid souls, who fear to take courage, with minds
      disciplined to be satisfied with theological solutions, no longer see in
      nature any thing but an inexplicable enigma; an abyss which it is
      impossible for them to fathom: these, habituated to fix their eyes upon an
      ideal, mathematical point, which they have made the centre of every thing,
      whenever they lose sight of it, find the universe becomes an
      unintelligible jumble to them; then the confusion in which they feel
      themselves involved, makes them rather prefer returning to the prejudices
      of their infancy, which appear to explain every thing, than to float in
      the vacuum, or quit a foundation which they judge to be immoveable. Thus
      the proposition of Bacon should seem, to indicate nothing, except it be
      that the most experienced persons cannot at all times defend themselves
      against the illusions of their imagination; the impetuosity of which
      resists the strongest reasoning.
    

      Nevertheless, a deliberate study of nature is sufficient to undeceive
      every man who will calmly consider things: he will discover that the
      phenomena of the world is connected by links, invisible to superficial
      notice, equally concealed from the too impetuous observer, but extremely
      intelligible to him who views her with serenity. He will find that the
      most unusual, the most marvellous, as well as the most trifling, or
      ordinary effects, are equally inexplicable, but that they all equally flow
      from natural causes; that supernatural causes, under whatever name they
      way be designated, with whatever qualities they may be decorated, will
      never do more than increase difficulties; will only make chimeras
      multiply. The simplest observation will incontestibly prove to him that
      every thing is necessary; that all the effects he perceives are material;
      that they can only originate in causes of the same nature, when he even
      shall not be able to recur to them by the assistance of his senses. Thus
      his mind, properly directed, every where show him nothing but matter,
      sometimes acting in a manner which his organs permit him to follow, at
      others in a mode imperceptible by the faculties he possesses: he will see
      that all beings follow constant invariable laws, by which all combinations
      are united and destroyed; he will find that all forms change, but that,
      nevertheless, the great whole ever remains the same. Thus, cured of the
      idle notions with which he was imbued, undeceived in those erroneous
      ideas, which from habit be attached to imaginary systems, he will
      cheerfully consent to be ignorant of whatever his organs do not enable him
      to compass; he will know that obscure terms, devoid of sense, are not
      calculated to explain difficulties; guided by reason, he will throw aside
      all hypothesis of the imagination; the champion of rectitude, he will
      attach himself to realities, which are confirmed by experience, which are
      evidenced by truth.
    

      The greater number of those who study nature, frequently do not consider,
      that prejudiced eyes will never discover more than that which they have
      previously determined to find: as soon as they perceive facts contrary to
      their own ideas, they quickly turn aside, and believe their visual organs
      have deceived them; if they return to the task, it is in hopes to find
      means by which they may reconcile the facts to the notions with which
      their own mind is previously tinctured. Thus we find enthusiastic
      philosophers, whose determined prepossession shews them what they
      denominate incontestible evidences of the systems with which they are
      pre-occupied, even in those things, that most openly contradict their
      hypothesis: hence those pretended demonstrations of the existence of
      theories, which are drawn from final causes—from the order of nature—from
      the kindness evinced to man, &c. Do these same enthusiasts perceive
      disorder, witness calamities? They induct new proofs of the wisdom, fresh
      evidence of the intelligence, additional testimony to the bounty of their
      system, whilst all these occurrences as visibly contradict these
      qualities, as the first seem to confirm or to establish them. These
      prejudiced observers are in an ecstacy at the sight of the periodical
      motions of the planets; at the order of the stars; at the various
      productions of the earth; at the astonishing harmony in the component
      parts of animals: in that moment, however, they forget the laws of motion;
      the powers of gravitation; the force of attraction and repulsion; they
      assign all these striking phenomena to unknown causes, of which they have
      no one substantive idea. In short, in the fervor of their imagination they
      place man in the centre of nature; they believe him to be the object, the
      end, of all that exists; that it is for his convenience every thing is
      made; that it is to rejoice his mind, to pleasure his senses, that the
      whole was created; whilst they do not perceive, that very frequently the
      entire of nature appears to be loosed against his weakness; that the
      elements themselves overwhelm him with calamity; that destiny obstinately
      persists in rendering him the most miserable of beings. The progress of
      sound philosophy will always be fatal to superstition, whose notions will
      be continually contradicted by nature.
    

      Astronomy has caused judiciary astrology to vanish; experimental
      philosophy, the study of natural history and chemistry, have rendered it
      impossible for jugglers, priests or sorcerers, any longer to perform
      miracles. Nature, profoundly studied, must necessarily cause the overthrow
      of those chimerical theories, which ignorance has substituted to her
      powers.
    

      Atheism, as it is termed, is only so rare, because every thing conspires
      to intoxicate man with a dazzling enthusiasm, from his most tender age; to
      inflate him from his earliest infancy, with systematic error, with
      organized ignorance, which of all others is the most difficult to
      vanquish, the most arduous to root out. Theology is nothing more than a
      science of words, which by dint of repetition we accustom ourselves to
      substitute for things: as soon as we feel disposed to analyze them, we are
      astonished to find they do not present us with any actual sense. There
      are, in the whole world, very few men who think deeply: who render to
      themselves a faithful account of their own ideas; who have keen
      penetrating minds. Justness of intellect is one of the rarest gifts which
      nature bestows on the human species. It is not, however, to be understood
      by this, that nature has any choice in the formation of her beings; it is
      merely to be considered, that the circumstances very rarely occur which
      enable the junction of a certain quantity of those atoms or parts,
      necessary to form the human machine in such due proportions, that one
      disposition shall not overbalance the others; and thus render the judgment
      erroneous, by giving it a particular bias. We know the general process of
      making gunpowder; nevertheless, it will sometimes happen that the
      ingredients have been so happily blended, that this destructive article is
      of a superior quality to the general produce of the manufactory, without,
      however, the chemist being on that account entitled to any particular
      commendation; circumstances have been decidedly favorable, and these
      seldom occur. Too lively an imagination, an over eager curiosity, are as
      powerful obstacles to the discovery of truth, as too much phlegm, a slow
      conception, indolence of mind, or the want of a thinking habit: all men
      have more or less imagination, curiosity, phlegm, bile, indolence,
      activity: it is from the happy equilibrium which nature has observed in
      their organization, that depends that invaluable blessing, correctness of
      mind. Nevertheless, as we have heretofore said, the organic structure of
      man is subject to change; the accuracy of his mind varies with the
      mutations of his machine: from hence may be traced those almost perpetual
      revolutions that take place in the ideas of mortals; above all when there
      is a question concerning those objects, upon which experience does not
      furnish any fixed basis whereon to rest their merits.
    

      To search after right, to discover truth, requires a keen, penetrating,
      just, active mind; because every thing strives to conceal from us its
      beauties: it needs an upright heart, one in good faith with itself, joined
      to an imagination tempered with reason, because our habitual fears make us
      frequently dread its radiance, sometimes bursting like a meteor on our
      darkened faculties; besides, it not unfrequently happens, that we are
      actually the accomplices of those who lead us astray, by an inclination we
      too often manifest to dissimilate with ourselves on this important
      measure. Truth never reveals itself either to the enthusiast smitten with
      his own reveries; to the fellifluous fanatic enslaved by his prejudices;
      to the vain glorious mortal puffed up with his own presumptuous ignorance;
      to the voluptuary devoted to his pleasures; or to the wily reasoner, who,
      disingenuous with himself, has a peculiar spontaneity to form illusions to
      his mind. Blessed, however, with a heart, gifted with a mind such as
      described, man will surely discover this rara avis: thus
      constituted, the attentive philosopher, the geometrician, the moralist,
      the politician, the theologian himself, when he shall sincerely seek
      truth, will find that the corner-stone which serves for the foundation of
      all superstitious systems, is evidently rested upon fiction. The
      philosopher will discover in matter a sufficient cause for its existence;
      he will perceive that its motion, its combination, its modes of acting,
      are always regulated by general laws, incapable of variation. The
      geometrician, without quiting nature, will calculate the active force of
      matter; it will then become obvious to him, that to explain its phenomena,
      it is by no means necessary to have recourse to that which is
      incommensurable with all known powers. The politician, instructed in the
      true spring which can act upon the mind of nations, will feel distinctly,
      that it is not imperative to recur to imaginary theories, whilst there are
      actual motives to give play to the volition of the citizens; to induce
      them to labour efficaciously to the maintenance of their association; he
      will readily acknowledge that fictitious systems are calculated either to
      slaken the exertions, or to disturb the motion of so complicated a machine
      an human society. He who shall more honor truth than the vain subtilities
      of theology, will quickly perceive that this pompous science is nothing
      more than an unintelligible jumble of false hypothesis; that it
      continually begs its principles; is full of sophisms; contains only
      vitiated circles; embraces the most subdolous distinctions; is ushered to
      mankind by the most disingenuous arguments, from which it is not possible,
      under any given circumstances, there should result any thing but
      puerilities—the most endless disputes. In short, all men who have
      sound ideas of morality, whose notions of virtue are correct, who
      understand what is useful to the human being in society, whether it be to
      conserve himself individually, or the body of which he is a member, will
      acknowledge, that in order to discover his relations, to ascertain his
      duties, he has only to consult his own nature; that he ought to be
      particularly careful neither to found them upon discrepant systems, nor to
      borrow them from models that never can do more than disturb his mind; that
      will only render his conduct fluctuating; that will leave him for ever
      uncertain of its proper character.
    

      Thus, every rational thinker, who renounces his prejudices, will be
      enabled to feel the inutility, to comprehend the fallacy of so many
      abstract systems; he will perceive that they have hitherto answered no
      other purpose than to confound the notions of mankind; to render doubtful
      the clearest truths. In quitting the regions of the empyreum, where his
      mind can only bewilder itself, in re-entering his proper sphere, in
      consulting reason, man will discover that of which he needs the knowledge;
      he will be able to undeceive himself upon those chimerical theories, which
      enthusiasm has substituted for actual natural causes; to detect those
      figments, by which imposture has almost every where superseded the real
      motives that can give activity in nature; out of which the human mind
      never rambles, without going woefully astray; without laying the
      foundation of future misery.
    

      The Deicolists, as well as the theologians, continually reproach their
      adversaries with their taste for paradoxes—with their attachment to
      systems; whilst they themselves found all their reasoning upon imaginary
      hypothesis—upon visionary theories; make a principle of submitting
      their understanding to the yoke of authority; of renouncing experience; of
      setting down as nothing the evidence of their senses. Would it not be
      justifiable in the disciples of nature, to say to these men, who thus
      despise her, "We only assure ourselves of that which we see; we yield to
      nothing but evidence; if we have a system, it is one founded upon facts;
      we perceive in ourselves, we behold every where else, nothing but matter;
      we therefore conclude from it that matter can both feel and think: we see
      that the motion of the universe is operated after mechanical laws; that
      the whole results from the properties, is the effect of the combination,
      the immediate consequence of the modification of matter; thus, we are
      content, we seek no other explication of the phenomena which nature
      presents. We conceive only an unique world, in which every thing is
      connected; where each effect is linked to a natural cause, either known or
      unknown, which it produces according to necessary laws; we affirm nothing
      that is not demonstrable; nothing that you are not obliged to admit as
      well as ourselves: the principles we lay down are distinct: they are
      self-evident: they are facts. If we find some things unintelligible, if
      causes frequently become arduous, we ingenuously agree to their obscurity;
      that is to say, to the limits of our own knowledge. But in order to
      explain these effects, we do not imagine an hypothesis; we either consent
      to be for ever ignorant of them, or else we wait patiently until time,
      experience, with the progress of the human mind, shall throw them into
      light: is not, then, our manner of philosophizing consistent with truth?
      Indeed, in whatever we advance upon the subject of nature, we proceed
      precisely in the same manner as our opponents themselves pursue in all the
      other sciences, such as natural history, experimental philosophy,
      mathematics, chemistry, &c. We scrupulously confine ourselves to what
      comes to our knowledge through the medium of our senses; the only
      instruments with which nature has furnished us to discover truth. What is
      the conduct of our adversaries? In order to expound things of which they
      are ignorant, they imagine theories still more incomprehensible than what
      they are desirous to explain; theories of which they themselves are
      obliged to acknowledge they have not the most slender notion. Thus they
      invert the true principles of logic, which require we should proceed
      gradually from that which is most known, to that with which we are least
      acquainted. Again, upon what do they found the existence of these
      theories, by whose aid they pretend to solve all difficulties? It is upon
      the universal ignorance of mankind; upon the inexperience of man; upon his
      fears; upon his disordered imagination; upon a pretended intimate sense,
      which in reality is nothing more than the effect of vulgar prejudice; the
      result of dread; the consequence of the want of a reflecting habit, which
      induces them to crouch to the opinions of others; to be guided by the
      mandates of authority, rather than take the trouble to examine for their
      own information. Such, O theologians! are the ruinous foundations upon
      which you erect the superstructure of your doctrine. Accordingly, you find
      it impossible to form to yourselves any distinct idea of those theories
      which serve for the basis of your systems; you are unable to comprehend
      either their attributes, their existence, the nature of their localities,
      or their mode of action. Thus, even by your own confession, ye are in a
      state of profound ignorance, on the primary elements of that which ye
      constitute the cause of all that exists: of which, according to your own
      account, it is imperative to have a correct knowledge. Under whatever
      point of view, therefore, ye are contemplated, it must be admitted ye are
      the founders of aerial systems; of fanciful theories: of all
      systematizers, ye are consequently the most absurd; because in challenging
      your imagination to create a cause, this cause, at least, ought to diffuse
      light over the whole; it would be upon this condition alone that its
      incomprehensibility could be pardonable; but to speak ingenuously, does
      this cause serve to explain any thing? Does it make us conceive more
      clearly the origin of the world; bring us more distinctly acquainted with
      the actual nature of man; does it more intelligibly elucidate the
      faculties of the soul; or point out with more perspicuity the source of
      good and evil? No! unquestionably: these subtle theories explain nothing,
      although they multiply to infinity their own difficulties; they, in fact,
      embarrass elucidation, by plunging into greater obscurity those matters in
      which they are interposed. Whatever may be the question agitated, it
      becomes complicated: as soon as these theories are introduced, they
      envelope the most demonstrable sciences with a thick, impenetrable mist;
      render the most simple notions complex; give opacity to the most
      diaphanous ideas; turn the most evident opinions into insolvable enigmas.
      What exposition of morality does the theories, upon which ye found all the
      virtue, present to man? Do not all your oracles breathe inconsistency?
      Does not your doctrines embrace every gradation of character, however
      discrepant: every known property, however opposed. All your ingenious
      systems, all your mysteries, all the subtilties which ye have invented,
      are they capable of reconciling that discordant assemblage of amiable and
      unamiable qualities, with which ye have dressed up your figments? In
      short, is it not by these theories that ye disturb the harmony of the
      universe; is it not in their name ye follow up your barbarous
      proscriptions; in their support, that ye so inhumanly exterminate all who
      refuse to subscribe to your organized reveries; who withhold assent to
      those efforts of the imagination which ye have collectively decorated with
      the pompous name of religion; but which, individually, ye brand as
      superstition, always excepting that to which ye lend yourselves. Agree,
      then, O Theologians! Acknowledge, then, ye subtle metaphysicians! Consent,
      then, ye organizers of fanciful theories! that not only are ye
      systematically absurd, but also that ye finish by being atrocious; because
      whenever ye obtain the ascendancy one over the other, your unfortunate
      pre-eminence is distinguished by the most malevolent persecution; your
      domination is ushered in with cruelty; your career is described with
      blood: from the importance which your own interest attaches to your
      ruinous dogmas; from the pride with which ye tumble down the less
      fortunate systems of those who started with you for the prize of plunder;
      from that savage ferocity, under which ye equally overwhelm human
      reason, the happiness of the individual, and the felicity of nations."
    











      CHAP. XIV.
    
A Summary of the Code of Nature.
    

      Truth is the only object worthy the research of every wise man; since that
      which is false cannot be useful to him: whatever constantly injures him
      cannot be founded upon truth; consequently, ought to be for ever
      proscribed. It is, then, to assist the human mind, truly to labour for his
      happiness, to point out to him the clew by which he may extricate himself
      from those frightful labyrinths in which his imagination wanders; from
      those sinuosities whose devious course makes him err, without ever finding
      a termination to his incertitude. Nature alone, known through experience,
      can furnish him with this desirable thread; her eternal energies can alone
      supply the means of attacking the Minotaur; of exterminating the figments
      of hypocrisy; of destroying those monsters, who during so many ages, have
      devoured the unhappy victims, which the tyranny of the ministers of Moloch
      have exacted as a cruel tribute from affrighted mortals. By steadily
      grasping this inestimable clew, rendered still more precious by the beauty
      of the donor, man can never be led astray—will never ramble out of
      his course; but if, careless of its invaluable properties, for a single
      instant he suffers it to drop from his hand; if, like another Theseus,
      ungrateful for the favour, he abandons the fair bestower, he will
      infallibly fall again into his ancient wanderings; most assuredly become
      the prey to the cannibal offspring of the White Bull. In vain shall he
      carry his views above his head, to find resources which are at his feet;
      so long as man, infatuated with his superstitious notions, shall seek in
      an imaginary world the rule of his earthly conduct, he will be without
      principles; while he shall pertinaciously contemplate the regions of a
      distempered fancy, so long he will grope in those where he actually finds
      himself; his uncertain steps will never encounter the welfare he desires;
      never lead him to that repose after which he so ardently sighs, nor
      conduct him to that surety which is so decidedly requisite to consolidate
      his happiness.
    

      But man, blinded by his prejudices; rendered obstinate in injuring his
      fellow, by his enthusiasm; ranges himself in hostility even against those
      who are sincerely desirous of procuring for him the most substantive
      benefits. Accustomed to be deceived, he is in a state of continual
      suspicion; habituated to mistrust himself, to view his reason with
      diffidence, to look upon truth as dangerous, he treats as enemies even
      those who most eagerly strive to encourage him; forewarned in early life
      against delusion, by the subtilty of imposture, he believes himself
      imperatively called upon to guard with the most sedulous activity the
      bandeau with which they have hoodwinked him; he thinks his eternal welfare
      involved in keeping it for ever over his eyes; he therefore wrestles with
      all those who attempt to tear it from his obscured optics. If his visual
      organs, accustomed to darkness, are for a moment opened, the light offends
      them; he is distressed by its effulgence; he thinks it criminal to be
      enlightened; he darts with fury upon those who hold the flambeau by which
      he is dazzled. In consequence, the atheist, as the arch rogue from whom he
      differs ludicrously calls him, is looked upon as a malignant pest, as a
      public poison, which like another Upas, destroys every thing within the
      vortex of its influence; he who dares to arouse mortals from the lethargic
      habit which the narcotic doses administered by the theologians have
      induced passes for a perturbator; he who attempts to calm their frantic
      transports, to moderate the fury of their maniacal paroxysms, is himself
      viewed as a madman, who ought to be closely chained down in the dungeons
      appropriated to lunatics; he who invites his associates to rend their
      chains asunder, to break their galling fetters, appears only like an
      irrational, inconsiderate being, even to the wretched captives themselves:
      who have been taught to believe that nature formed them for no other
      purpose than to tremble: only called them into existence that they might
      be loaded with shackles. In consequence of these fatal prepossessions, the
      Disciple of Nature is generally treated as an assassin; is commonly
      received by his fellow citizens in the same manner as the feathered race
      receive the doleful bird of night, which as soon as it quits its retreat,
      all the other birds follow with a common hatred, uttering a variety of
      doleful cries.
    

      No, mortals blended by terror! The friend of nature is not your enemy; its
      interpreter is not the minister of falsehood; the destroyer of your vain
      phantoms is not the devastator of those truths necessary to your
      happiness; the disciple of reason is not an irrational being, who either
      seeks to poison you, or to infect you with a dangerous delirium. If he is
      desirous to wrest the thunder from those terrible theories that affright
      ye, it is that ye way discontinue your march, in the midst of storms, over
      roads that ye can only distinguish by the sudden, but evanescent
      glimmerings of the electric fluid. If he breaks those idols, which fear
      has served with myrrh and frankencense—which superstition has
      surrounded by gloomy despondency—which fanaticism has imbrued with
      blood; it is to substitute in their place those consoling truths that are
      calculated to heal the desperate wounds ye have received; that are
      suitable to inspire you with courage, sturdily to oppose yourselves to
      such dangerous errors; that have power to enable you to resist such
      formidable enemies. If he throws down the temples, overturns the altars,
      so frequently bathed with the bitter tears of the unfortunate, blackened
      by the most cruel sacrifices, smoked with servile incense, it is that he
      may erect a fane sacred to peace; a hall dedicated to reason; a durable
      monument to virtue, in which ye may at all times find an asylum against
      your own phrenzy; a refuge from your own ungovernable passions; a
      sanctuary against those powerful dogmatists, by whom ye are oppressed. If
      he attacks the haughty pretensions of deified tyrants, who crush ye with
      an iron sceptre, it is that ye may enjoy the rights of your nature; it is
      to the end that ye may be substantively freemen, in mind as well as in
      body; that ye may not be slaves, eternally chained to the oar of misery;
      it is that ye may at length be governed by men who are citizens, who may
      cherish their own semblances, who way protect mortals like themselves, who
      may actually consult the interests of those from whom they hold their
      power. If he battles with imposture, it is to re-establish truth in those
      rights which have been so long usurped by fiction. If he undermines the
      base of that unsteady, fanatical morality, which has hitherto done nothing
      more than perplex your minds, without correcting your hearts; it is to
      give to ethics an immovable basis, a solid foundation, secured upon your
      own nature; upon the reciprocity of those wants which are continually
      regenerating in sensible beings: dare, then, to listen to his voice; you
      will find it much more intelligible than those ambiguous oracles, which
      are announced to you as the offspring of capricious theories; as imperious
      decrees that are unceasingly at variance with themselves. Listen then to
      nature, she never contradicts her own eternal laws.
    

      "O thou!" cries this nature to man, "who, following the impulse I have
      given you, during your whole existence, incessantly tend towards
      happiness, do not strive to resist my sovereign law. Labour to your own
      felicity; partake without fear of the banquet which is spread before you,
      with the most hearty welcome; you will find the means legibly written on
      your own heart. Vainly dost thou, O superstitious being! seek after thine
      happiness beyond the limits of the universe, in which my hand hath placed
      thee: vainly shalt thou search it in those inexorable theories, which
      thine imagination, ever prone to wander, would establish upon my eternal
      throne: vainly dost thou expect it in those fanciful regions, to which
      thine own delirium hath given a locality and a shame: vainly dost thou
      reckon upon capricious systems, with whose advantages thou art in such
      ecstasies; whilst they only fill thine abode with calamity—thine
      heart with dread—thy mind with illusions—thy bosom with
      groans. Know that when thou neglectest my counsels, the gods will refuse
      their aid. Dare, then, to affranchise thyself from the trammels of
      superstition, my self-conceited, pragmatic rival, who mistakes my rights;
      renounce those empty theories, which are usurpers of my privileges; return
      under the dominion of my laws, which, however severe, are mild in
      comparison with those of bigotry. It is in my empire alone that true
      liberty reigns. Tyranny is unknown to its soil; equity unceasingly watches
      over the rights of all my subjects, maintains them in the possession of
      their just claims; benevolence, grafted upon humanity, connects them by
      amicable bonds; truth enlightens them; never can imposture blind them with
      his obscuring mists. Return, then, my child, to thy fostering mother's
      arms! Deserter, trace back thy wandering steps to nature! She will console
      thee for thine evils; she will drive from thine heart those appalling
      fears which overwhelm thee; those inquietudes that distract thee; those
      transports which agitate thee; those hatreds that separate thee from thy
      fellow man, whom thou shouldst love as thyself. Return to nature, to
      humanity, to thyself! Strew flowers over the road of life: cease to
      contemplate the future; live to thine own happiness; exist for thy fellow
      creatures; retire into thyself, examine thine own heart, then consider the
      sensitive beings by whom thou art surrounded: leave to their inventors
      those systems which can effect nothing towards thy felicity. Enjoy
      thyself, and cause others also to enjoy, those comforts which I have
      placed with a liberal hand, for all the children of the earth; who all
      equally emanate from my bosom: assist them to support the sorrows to which
      necessity has submitted them in common with thyself. Know, that I approve
      thy pleasures, when without injuring thyself, they are not fatal to thy
      brethren, whom I have rendered indispensably necessary to thine own
      individual happiness. These pleasures are freely permitted thee, if thou
      indulgest them with moderation; with that discretion which I myself have
      fixed. Be happy, then, O man! Nature invites thee to participate in it;
      but always remember, thou canst not be so alone; because I invite all
      mortals to happiness as well as thyself; thou will find it is only in
      securing their felicity that thou canst consolidate thine own. Such is the
      decree of thy destiny: if thou shalt attempt to withdraw thyself from its
      operation, recollect that hatred will pursue thee; vengeance overtake thy
      steps; and remorse be ever ready at hand to punish the infractions of its
      irrevocable mandates.
    

      "Follow then, O man! in whatever station thou findest thyself, the routine
      I have described for thee, to obtain that happiness to which thou hast an
      indispensable right to challenge pretension. Let the sensations of
      humanity interest thee for the condition of other men, who are thy fellow
      creatures; let thine heart have commisseration for their misfortunes: let
      thy generous hand spontaneously stretch forth to lend succour to the
      unhappy mortal who is overwhelmed by his destiny; always bearing in thy
      recollection, that it may fall heavy upon thyself, as it now does upon
      him. Acknowledge, then, without guile, that every unfortunate has an
      inalienable right to thy kindness. Above all, wipe from the eyes of
      oppressed innocence the trickling crystals of agonized feeling; let the
      tears of virtue in distress, fall upon thy sympathizing bosom; let the
      genial glow of sincere friendship animate thine honest heart; let the fond
      attachment of a mate, cherished by thy warmest affection, make thee forget
      the sorrows of life: be faithful to her love, responsible to her
      tenderness, that she may reward thee by a reciprocity of feeling; that
      under the eyes of parents united in virtuous esteem, thy offspring may
      learn to set a proper value on practical virtue; that after having
      occupied thy riper years, they may comfort thy declining age, gild with
      content thy setting sun, cheer the evening of thine existence, by a
      dutiful return of that care which thou shalt have bestowed on their
      imbecile infancy.
    

      "Be just, because equity is the support of human society! Be good, because
      goodness connects all hearts in adamantine bonds! Be indulgent, because
      feeble thyself, thou livest with beings who partake of thy weakness! Be
      gentle, because mildness attracts attention! Be thankful, because
      gratitude feeds benevolence, nourishes generosity! Be modest, because
      haughtiness is disgusting to beings at all times well with themselves.
      Forgive injuries, because revenge perpetuates hatred! Do good to him who
      injureth thee, in order to shew thyself more noble than he is; to make a
      friend of him, who was once thine enemy! Be reserved in thy demeanor,
      temperate in thine enjoyment, chaste in thy pleasures, because
      voluptuousness begets weariness, intemperance engenders disease; forward
      manners are revolting: excess at all times relaxes the springs of thy
      machine, will ultimately destroy thy being, and render thee hateful to
      thyself, contemptible to others.
    

      "Be a faithful citizen; because the community is necessary to thine own
      security; to the enjoyment of thine own existence; to the furtherance of
      thine own happiness. Be loyal, but be brave; submit to legitimate
      authority; because it is requisite to the maintenance of that society
      which is necessary to thyself. Be obedient to the laws; because they are,
      or ought to be, the expression of the public will, to which thine
      own particular will ought ever to be subordinate. Defend thy country with
      zeal; because it is that which renders thee happy, which contains thy
      property, as well as those beings dearest to thine heart: do not permit
      this common parent of thyself, as well as of thy fellow citizens, to fall
      under the shackles of tyranny; because from thence it will be no more than
      thy common prison. If thy country, deaf to the equity of thy claims,
      refuses thee happiness—if, submitted to an unjust power, it suffers
      thee to be oppressed, withdraw thyself from its bosom in silence, but
      never disturb its peace.
    

      "In short, be a man; be a sensible, rational being; be a faithful husband;
      a tender father; an equitable master; a zealous citizen; labour to serve
      thy country by thy prowess; by thy talents; by thine industry; above all,
      by thy virtues. Participate with thine associates those gifts which nature
      has bestowed upon thee; diffuse happiness, among thy fellow mortals;
      inspire thy fellow citizens with content; spread joy over all those who
      approach thee, that the sphere of thine actions, enlivened by thy
      kindness, illumined by thy benevolence, may re-act upon thyself; be
      assured that the man who makes others happy cannot himself be miserable.
      In thus conducting thyself, whatever may be the injustice of others,
      whatever may be the blindness of those beings with whom it is thy destiny
      to live, thou wilt never be totally bereft of the recompense which is thy
      due; no power on earth be able to ravish from thee that never failing
      source of the purest felicity, inward content; at each moment thou wilt
      fall back with pleasure upon thyself; thou wilt neither feel the rankling
      of shame, the terror of internal alarm, nor find thy heart corroded by
      remorse. Thou wilt esteem thyself; thou wilt be cherished by the virtuous,
      applauded and loved by all good men, whose suffrages are much more
      valuable than those of the bewildered multitude. Nevertheless, if
      externals occupy thy contemplation, smiling countenances will greet thy
      presence; happy faces will express the interest they have in thy welfare;
      jocund beings will make thee participate in their placid feelings. A life
      so spent, will each moment be marked by the serenity of thine own soul, by
      the affection of the beings who environ thee; will be made cheerful by the
      friendship of thy fellows; will enable thee to rise a contented, satisfied
      guest from the general feast; conduct thee gently down the declivity of
      life, lead thee peaceably to the period of thy days; for die thou must:
      but already thou wilt survive thyself in thought; thou wilt always live in
      the remembrance of thy friends; in the grateful recollection of those
      beings whose comforts have been augmented by thy friendly attentions; thy
      virtues will, beforehand have erected to thy fame an imperishable
      monument: if heaven occupies itself with thee, it will feel satisfied with
      thy conduct, when it shall thus have contented the earth.
    

      "Beware, then, how thou complainest of thy condition; be just, be kind, be
      virtuous, and thou canst never be wholly destitute of felicity. Take heed
      how thou enviest the transient pleasure of seductive crime; the deceitful
      power of victorious tyranny; the specious tranquillity of interested
      imposture; the plausible manners of venal justice; the shewy, ostentatious
      parade of hardened opulence. Never be tempted to increase the number of
      sycophants to an ambitious despot; to swell the catalogue of slaves to an
      unjust tyrant; never suffer thyself to be allured to infamy, to the
      practice of extortion, to the commission of outrage, by the fatal
      privilege of oppressing thy fellows; always recollect it will be at the
      expence of the most bitter remorse thou wilt acquire this baneful
      advantage. Never be the mercenary accomplice of the spoilers of thy
      country; they are obliged to blush secretly whenever they meet the public
      eye.
    

      "For, do not deceive thyself, it is I who punish, with an unerring hand,
      all the crimes of the earth; the wicked may escape the laws of man, but
      they never escape mine. It is I who have formed the hearts, as well an the
      bodies of mortals; it is I who have fixed the laws which govern them. If
      thou deliverest thyself up to voluptuous enjoyment, the companions of thy
      debaucheries may applaud thee; but I shall punish thee with the most cruel
      infirmities; these will terminate a life of shame with deserved contempt.
      If thou givest, thyself up to intemperate indulgences, human laws may not
      correct thee, but I shall castigate thee severely by abridging thy days.
      If thou art vicious, thy fatal habits will recoil on thine own head.
      Princes, those terrestrial divinities, whose power places them above the
      laws of mankind, are nevertheless obliged to tremble under the silent
      operation of my decrees. It is I who chastise them; it is I who fill their
      breasts with suspicion; it is I who inspire them with terror; it is I who
      make them writhe under inquietude; it is I who make them shudder with
      horror, at the very name of august truth; it is I who, amidst the crowd of
      nobles who surround them, make them feel the inward workings of shame; the
      keen anguish of guilt; the poisoned arrows of regret; the cruel stings of
      remorse; it is I who, when they abuse my bounty, diffuse weariness over
      their benumbed souls; it is I who follow uncreated, eternal justice; it is
      I who, without distinction of persons, know how to make the balance even;
      to adjust the chastisement to the fault; to make the misery bear its due
      proportion to the depravity; to inflict punishment commensurate with the
      crime. The laws of man are just, only when they are in conformity with
      mine; his judgements are rational, only when I have dictated them: my laws
      alone are immutable, universal, irrefragable; formed to regulate the
      condition of the human race, in all ages, in all places, under all
      circumstances.
    

      "If thou doubtest mine authority, if thou questionest the irresistible
      power I possess over mortals, contemplate the vengeance I wreak on all
      those who resist my decrees. Dive into the recesses of the hearts of those
      various criminals, whose countenances, assuming a forced smile, cover
      souls torn with anguish. Dost thou not behold ambition tormented day and
      night, with an ardour which nothing can extinguish? Dost not thou see the
      mighty conquerer become the lord of devastated solitudes; his victorious
      career, marked by a blasted cultivation, reign sorrowfully over smoking
      ruins; govern unhappy wretches who curse him in their hearts; while his
      soul, gnawed by remorse, sickens at the gloomy aspect of his own triumphs?
      Dost thou believe that the tyrant, encircled with his flatterers, who stun
      him with their praise, is unconscious of the hatred which his oppression
      excites; of the contempt which his vices draw upon him; of the sneers
      which his inutility call forth; of the scorn which his debaucheries entail
      upon his name? Dost thou think that the haughty courtier does not inwardly
      blush at the galling insults he brooks; despise, from the bottom of his
      soul, those meannesses by which he is compelled to purchase favours; feel
      at his heart's core the wretched dependence in which his cupidity places
      him.
    

      "Contemplate the indolent child of wealth, behold him a prey to the
      lassitude of unmeasured enjoyment, corroded by the satiety which always
      follows his exhausted pleasures. View the miser with an emaciated
      countenance, the consequence of his own penurious disposition, whose
      callous heart is inaccessible to the calls of misery, groaning over the
      accumulating load of useless treasure, which at the expense of himself, he
      has laboured to amass. Behold the gay voluptuary, the smiling debaucheé,
      secretly lament the health they have so inconsiderately damaged so
      prodigally thrown away: see disdain, joined to hatred, reign between those
      adulterous married couples, who have reciprocally violated the sacred vows
      they mutually pledged at the altar of Hymen; whose appetencies have
      rendered them the scorn of the world; the jest of their acquaintance;
      polluted tributaries to the surgeon. See the liar deprived of all
      confidence; the knave stript of all trust; the hypocrite fearfully
      avoiding the penetrating looks of his inquisitive neighbour; the impostor
      trembling at the very name of formidable truth. Bring under your review
      the heart of the envious, uselessly dishonored; that withers at the sight
      of his neighbour's prosperity. Cast your eyes on the frozen soul of the
      ungrateful wretch, whom no kindness can warm, no benevolence thaw, no
      beneficence convert into a genial fluid. Survey the iron feelings of that
      monster whom the sighs of the unfortunate cannot mollify. Behold the
      revengeful being nourished with venemous gall, whose very thoughts are
      serpents; who in his rage consumes himself. Envy, if thou canst, the
      waking slumbers of the homicide; the startings of the iniquitous judge;
      the restlessness of the oppressor of innocence; the fearful visions of the
      extortioner; whose couches are infested with the torches of the furies.
      Thou tremblest without doubt at the sight of that distraction which,
      amidst their splendid luxuries, agitates those farmers of the revenue, who
      fatten upon public calamnity—who devour the substance of the orphan—who
      consume the means of the widow—who grind the hard earnings of the
      poor: thou shudderest at witnessing the remorse which rends the souls of
      those reverend criminals, whom the uninformed believe to be happy, whilst
      the contempt which they have for themselves, the unerring shafts of secret
      upbraidings, are incessantly revenging an outraged nation. Thou seest,
      that content is for ever banished the heart; quiet for ever driven from
      the habitations of those miserable wretches on whose minds I have
      indelibly engraved the scorn, the infamy, the chastisement which they
      deserve. But, no! thine eyes cannot sustain the tragic spectacle of my
      vengeance. Humanity obliges thee to partake of their merited sufferings;
      thou art moved to pity for these unhappy people, to whom consecrated
      errors renders vice necessary; whose fatal habits make them familiar with
      crime. Yes; thou shunnest them without hating them; thou wouldst succour
      them, if their contumacious perversity had left thee the means. When thou
      comparest thine own condition, when thou examinest thine own soul, thou
      wilt have just cause to felicitate thyself, if thou shalt find that peace
      has taken up her abode with thee; that contentment dwells at the bottom of
      thine own heart. In short, thou seest accomplished upon them, as well as,
      upon thyself, the unalterable decrees of destiny, which imperiously
      demand, that crime shall punish itself, that virtue never shall be
      destitute Of remuneration."
    

      Such is the sum of those truths which are contained in the Code of
      Nature; such are the doctrines, which its disciples can announce. They
      are unquestionably preferable to that supernatural superstition which
      never does any thing but mischief to the human species. Such is the
      worship that is taught by that sacred reason, which is the object of
      contempt with the theologian; which meets the insult of the fanatic; who
      only estimates that which man can neither conceive nor practise; who make
      his morality consist in fictitious duties; his virtue in actions generally
      useless, frequently pernicious to the welfare of society; who for want of
      being acquainted with nature, which is before their eyes, believe
      themselves obliged to seek in ideal worlds imaginary motives, of which
      every thing proves the inefficacy. The motive which the morality of nature
      employs, is the self-evident interest of each individual, of each
      community, of the whole human species, in all times, in every country,
      under all circumstances. Its worship is the sacrifice of vice, the
      practise of real virtues; its object is the conservation of the human
      race, the happiness of the individual, the peace of mankind; its
      recompences are affection, esteem, and glory; or in their default,
      contentment of mind, with merited self-esteem, of which no power will ever
      be able to deprive virtuous mortals; its punishments, are hatred,
      contempt, and indignation; which society always reserves for those who
      outrage its interests; from which even the most powerful can never
      effectually shield themselves.
    

      Those nations who shall be disposed to practise a morality so wise, who
      shall inculcate it in infancy, whose laws shall unceasingly confirm it,
      will neither have occasion for superstition, nor for chimeras. Those who
      shall obstinately prefer figments to their dearest interests, will
      certainly march forward to ruin. If they maintain themselves for a season,
      it is because the power of nature sometimes drives them back to reason, in
      despite of those prejudices which appear to lead them on to certain
      destruction. Superstition, leagued with tyranny, for the waste of the
      human species, are themselves frequently obliged to implore the assistance
      of a reason which they contemn; of a nature which they disdain; which they
      debase; which they endeavour to crush under the ponderous bulk of
      artificial theories. Superstition, in all times so fatal to mortals, when
      attacked by reason, assumes the sacred mantle of public utility; rests its
      importance on false grounds, founds its rights upon the indissoluble
      alliance which it pretends subsists between morality and itself;
      notwithstanding it never ceases for a single instant to wage against it
      the most cruel hostility. It is, unquestionably, by this artifice, that it
      has seduced so many sages. In the honesty of their hearts, they believe it
      useful to politics; necessary to restrain the ungovernable fury of the
      passions; thus hypocritical superstition, in order to mask to superficial
      observers, its own hideous character, like the ass with the lion's skin,
      always knows how to cover itself with the sacred armour of utility; to
      buckle on the invulnerable shield of virtue; it has therefore, been
      believed imperative to respect it, notwithstanding it felt awkward under
      these incumbrances; it consequently has become a duty to favor imposture,
      because it has artfully entrenched itself behind the altars of truth; its
      ears, however, discover its worthlessness; its natural cowardice betrays
      itself; it is from this intrenchment we ought to drive it; it should be
      dragged forth to public view; stripped of its surreptitious panoply;
      exposed in its native deformity; in order that the human race may become
      acquainted with its dissimulation; that mankind may have a knowledge of
      its crimes; that the universe may behold its sacrilegious hands, armed
      with homicidal poniards, stained with the blood of nations, whom it either
      intoxicates with its fury, or immolates without pity to the violence of
      its passions.
    

      The MORALITY OF NATURE is the only creed which her interpreter offers to
      his fellow citizens; to nations; to the human species; to future races,
      weaned from those prejudices which have so frequently disturbed the
      felicity of their ancestors. The friend of mankind cannot be the friend of
      delusion, which at all times has been a real scourge to the earth. The
      APOSTLE OF NATURE will not be the instrument of deceitful chimeras, by
      which this world is made only an abode of illusions; the adorer of truth
      will not compromise with falsehood; he will make no covenant with error;
      conscious it must always be fatal to mortals. He knows that the happiness
      of the human race imperiously exacts that the dark unsteady edifice of
      superstition should be razed to its foundations; in order to elevate on
      its ruins a temple suitable to peace—a fane sacred to virtue. He
      feels it is only by extirpating, even to the most slender fibres, the
      poisonous tree, that during so many ages has overshadowed the universe,
      that the inhabitants of this world will be able to use their own optics—to
      bear with steadiness that light which is competent to illumine their
      understanding—to guide their wayward steps—to give the
      necessary ardency to their souls. If his efforts should be vain; if he
      cannot inspire with courage, beings too much accustomed to tremble; he
      will, at least, applaud himself for having dared the attempt.
      Nevertheless, he will not judge his exertions fruitless, if he has only
      been enabled to make a single mortal happy: if his principles have calmed
      the conflicting transports of one honest soul; if his reasonings have
      cheered up some few virtuous hearts. At least he will have the advantage
      of having banished from his own mind the importunate terror of
      superstition; of having expelled from his own heart the gall which
      exasperates zeal; of having trodden under foot those chimeras with which
      the uninformed are tormented. Thus, escaped from the peril of the storm,
      he will calmly contemplate from the summit of his rock, those tremendous
      hurricanes which superstition excites; he will hold forth a succouring
      hand to those who shall be willing to accept it; he will encourage them
      with his voice; he will second them with his best exertions, and in the
      warmth of his own compassionate heart, he will exclaim:
    

      O NATURE; sovereign of all beings! and ye, her adorable daughters, VIRTUE,
      REASON, and TRUTH! remain for ever our revered protectors: it is to you
      that belong the praises of the human race; to you appertains the homage of
      the earth. Shew, us then, O NATURE! that which man ought to do, in order
      to obtain the happiness which thou makest him desire. VIRTUE! Animate him
      with thy beneficent fire. REASON! Conduct his uncertain steps through the
      paths of life. TRUTH! Let thy torch illumine his intellect, dissipate the
      darkness of his road. Unite, O assisting deities! your powers, in order to
      submit the hearts of mankind to your dominion. Banish error from our mind;
      wickedness from our hearts; confusion from our footsteps; cause knowledge
      to extend its salubrious reign; goodness to occupy our souls; serenity to
      dwell in our bosoms. Let imposture, confounded, never again dare to shew
      its head. Let our eyes, so long, either dazzled or blindfolded, be at
      length fixed upon those objects we ought to seek. Dispel for ever those
      mists of ignorance, those hideous phantoms, together with those seducing
      chimeras, which only serve to lead us astray. Extricate us from that dark
      abyss into which we are plunged by superstition; overthrow the fatal
      empire of delusion; crumble the throne of falsehood; wrest from their
      polluted hands the power they have usurped. Command men, without sharing
      your authority with mortals: break the chains that bind them down in
      slavery: tear away the bandeau by which they are hoodwinked; allay the
      fury that intoxicates them; break in the hands of sanguinary, lawless
      tyrants, that iron sceptre with which they are crushed to exile; the
      imaginary regions, from whence fear has imported them, those theories by
      which they are afflicted. Inspire the intelligent being with courage;
      infuse energy into his system, that, at length, he may feel his own
      dignity; that he may dare to love himself; to esteem his own actions when
      they are worthy; that a slave only to your eternal laws, he may no longer
      fear to enfranchise himself from all other trammels; that blest with
      freedom, he may have the wisdom to cherish his fellow creature; and become
      happy by learning to perfection his own condition; instruct him in the
      great lesson, that the high road to felicity, is prudently to partake
      himself, and also to cause others to enjoy, the rich banquet which thou, O
      Nature! hast so bountifully set before him. Console thy children for those
      sorrows to which their destiny submits them, by those pleasures which
      wisdom allows them to partake; teach them to be contented with their
      condition; to banish envy from their mind; to yield silently to necessity.
      Conduct them without alarm to that period which all beings must find; let
      them learn that time changes all things, that consequently they are made
      neither to avoid its scythe nor to fear its arrival.
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      A BRIEF SKETCH
    

      OF THE
    

      LIFE AND WRITINGS
    

      OF
    

      M. DE. MIRABAUD.
    

      At a time when we are on the eve of an important change in our political
      affairs, which must evidently lead either to the recovery and
      re-establishment of our liberties, or to a military despotism, those who
      are connected with the press ought to use every exertion to enlighten
      their fellow-citizens, and to assert their right of canvassing, in the
      most free and unrestrained manner, every subject connected with the
      happiness of man.
    

      The priesthood have ever been convenient tools in the hands of tyrants, to
      keep the bulk of the people in a degraded servility. By the superstitious
      and slavish doctrines which they infuse into their minds, they prevent
      them from thinking for themselves and asserting their own independence. At
      a moment when national schools are erecting in every quarter of the
      country, not with a sincere desire of enlightening the rising generation,
      but with the insidious design of instilling into their minds the doctrines
      of "Church and King," in order to bolster up a little longer the present
      rotten, tottering, and corrupt system: at a moment, too, when thousands of
      fanatic preachers are traversing the country, with a view to subjugate the
      human mind to the baleful empire of visonary enthusiasm and sectarian
      bigotry to the utter extinction of every noble, manly, liberal, and
      pilanthropic principle;—at such a moment as this, we thought that
      the "SYSTEM OF NATURE" could not fail to render essential service to the
      cause both of civil and religious liberty. No work, ancient or modern, has
      surpassed it, in the eloquence and sublimity of its language, or in the
      facility with which it treats the most abtruse and difficult subjects. It
      is, without exception, the boldest effort the human mind has yet produced,
      in the investigation of morals and theology—in the destruction of
      priestcraft and superstition—and in developing the sources of all
      those passions and prejudices which have proved so fatal to the
      tranquillity of the world.
    

      The republic of letters has never produced an author whose pen was so well
      calculated to emancipate mankind from all those trammels with which the
      nurse, the schoolmaster and the priest have successively locked up their
      noblest faculties, before they were capable of reasoning and judging for
      themselves. The frightful apprehensions of the gloomy bigot, and all the
      appalling terrors of superstition, are here utterly annihilated, to the
      complete satisfaction of every unbiassed and impartial person.—These
      we considered as necessary observations to make, previous to any attempt
      at the biography of the author.
    

      Biography may be reckoned among the most interesting of literary
      productions. Its intrinsic value is such, that, though capable of
      extraordinary embellishment from the hand of genius, yet no inferiority of
      execution can so degrade it, as to deprive it of utility. Whatever relates
      even to man in general, considered only as an aggregate of active and
      intelligent beings, has a strong claim upon our notice; but that which
      relates to our author, as distinguished from the rest of his species,
      moving in a more exalted sphere, and towering above them by the
      resplendent excellencies of his mind, seems to me to be peculiarly
      calculated for our contemplation, and ought to form the highest pleasure
      of our lives. There is a principle of curiosity implanted in us, which
      leads us, in an especial manner, to investigate our fellow creatures; the
      eager inquisitiveness with which the mechanic seeks to know the history of
      his fellow-workmen and the ardour with which the philosopher, the poet, or
      the historian hunts for details that may familiarize him with, a Descartes
      or a Newton, with a Milton, a Hume, or a Gibbon—spring from the same
      source. Their object, however, may perhaps vary; for, in the former, it
      may be for the sake of detraction, invidious cavil, or malice; in the
      latter, it is a sweet homage paid by the human heart to the memory of
      departed genius.
    

      It has been repeatedly observed that the life of a scholar affords few
      materials for biography. This is only negatively true;—could every
      scholar have a Boswell, the remark would vanish; or were every scholar a
      Rousseau, a Gibbon, or a Cumberland it would be equally nugatory. What can
      present higher objects of contemplation—what can claim more forcibly
      our attention—where can we seek for subjects of a more precious
      nature, than in the elucidation of the operations of mind, the acquisition
      of knowledge, the gradual expansion of genius; its application, its
      felicities, its sorrows, its wreaths of fame, its cold, undeserved
      neglect? Such scenes, painted by, the artist himself, are a rich bequest
      to mankind: even when traced by the hand of friendship or the pencil of
      admiration, they possess a permanent interest in our hearts. I cannot
      conceive a life more worthy of public notice, more important, more
      interesting to human nature, than the life of a literary man, were it
      executed according to the ideas I have formed of it: did it exhibit a
      faithful delineation of the progress of intellect, from the cradle
      upwards; did it portray, in accurate colors, the production of what we
      call genius: by what accident it was first awakened; what were its first
      tendencies; how directed to a particular object; by what means it was
      nourished and unfolded; the gradual progress of its operation in the
      production of a work; its hopes and fears; its delights; its miseries; its
      inspirations; and all the thousand fleeting joys that so often invest its
      path but for a moment, and then fade like the dews of the morning. Let it
      contain too a transcript of the many nameless transports that float round
      the heart, that dance in the gay circle before the ardent gazing eye, when
      the first conception of some future effort strikes the mind; how it
      pictures undefined delights of fame and popular applause; how it
      anticipates the bright moments of invention, and dwells with prophetic
      ecstasy on the felicitous execution of particular parts, that already
      start into existence by the magic touch of a heated imagination. Let it
      depict the tender feelings of solitude, the breathings of midnight
      silence, the scenes of mimic life, of imaged trial, that often occupy the
      musing mind; let it be such a work, so drawn, so coloured, and who shall
      pronounce it inferior? Who rather will not confess that it presents a
      picture of human nature, where every heart may find some corresponding
      harmony? When, therefore, it is said, that the life of a scholar is
      barren, it is so only because it has never been properly delineated;
      because those parts only have been selected which are common, and fail to
      distinguish him from the common man; because we have never penetrated into
      his closet, or into his heart; because we have drawn him only as an
      outward figure, and left unnoticed that internal structure that would
      delight, astonish, and improve. And then, when we compare the life of such
      a man with the more active one of a soldier, a statesman, or a lawyer, we
      pronounce it insipid, uninteresting. True;—the man of study has not
      fought for hire—he has not slaughtered at the command of a master:
      he would disdain to do so. Though unaccompanied with the glaring actions
      of public men, which confound and dazzle by their publicity, but shrink
      from the estimation of moral truth, it would present a far nobler picture;
      yes, and a more instructive one:—the calm disciple of reason
      meditates in silence; he walks his road with innoxious humility; he is
      poor, but his mind is his treasure; he cultivates his reason, and she
      lifts him to the pinnacle of truth; he learns to tear away the veil of
      self-love, folly, pride, and prejudice, and bares the human heart to his
      inspection; he corrects and amends; he repairs the breaches made by
      passion; the proud man passes him by, and looks upon him with scorn; but
      he feels his own worth, that ennobling consciousness which swells in every
      vein, and inspires him with true pride—with manly independence: to
      such a man I could sooner bow in reverence, than to the haughtiest, most
      successful candidate for the world's ambition. But of such men, for the
      reason I have already mentioned, our information is scanty. While of
      others, who have commanded a greater share of public notoriety, venal or
      mistaken admiration has given more than we wished to know. Among these
      respected individuals of human nature, may be placed Mirabaud. Had
      Mirabaud been an Englishman, who doubts but that we should have possessed
      at least ample details of the usual subjects of biographical notice; while
      all that has been collected among his own countrymen, is a scanty memoir
      in a common dictionary. That we are doomed to remain ignorant of the life
      of such men, speaks a loud disgrace.—I lament it.
    

      JOHN BAPTISTE MIRABAUD, was born at Paris in the year 1674. He prosecuted
      his infantile studies under the direction of his parents, and was
      afterwards entered a member of the Congregation of the Priests of the
      Oratory, where he passed several years, and produced some very bold
      writings, which were never intended for publication.
    

      He was subsequently appointed tutor to the princesses of the House of
      Orleans, and then took the resolution of destroying the greater part of
      the manuscripts that he produced while a member of the Congregation;
      but the treachery of some of his friends, to whom he had confided his
      manuscripts, rendered this precaution useless, for some of his works were
      published during the time he remained the preceptor to his royal pupils;
      among which number may be reckoned his "New Liberties of Thought," a work
      but little calculated for gaining him friends in the purlieus of the Court
      of Orleans. The "Origin and Antiquity of the World," in three parts, was
      also published at this period, and from the publication of this work, may
      be dated the resolution of M. de Mirabaud to quit his office of preceptor,
      which he relinquished, having become more independent; he now gave himself
      up entirely to his philosophical studies, and produced the "System of
      Nature," with which he was assisted by Diderot, D'Alembert, Baron D'Olbac,
      and others.
    

      The profound metaphysical knowledge displayed throughout the System of
      Nature, and the doctrines which are therein advanced, warrants the
      conclusion, that it is at once the most decisive, boldest, and most
      extraordinary work, that the human understanding ever had the courage to
      produce. The study of metaphysics his generally been considered the most
      terrific to the indolent mind; but the clear and perspicuous reasoning of
      a Mirabaud, who has united the most profound argument, with the most
      fascinating eloquence, charm and instruct us at the same time. But it was
      not, to be expected that such doctrines as are contained in the System of
      Nature, would be advanced without meeting with some opposition from the
      superficial and bigoted metaphysicians, who feel an interest in upholding
      a system of delusion and superstition. No! certainly not, Their interest
      was threatened, and their craft in danger, and the consequence was,
      that the Atheist or Disciple of Nature, has been abused with
      every scurrilous epithet, "full of sound and fury, signifying nothing."
    

      Atheism is stigmatized with having "opened a wide door for libertinism,
      destroying the social and moral compact; and striking a deadly blow at
      religion. It is asserted that the atheist, who by his opinions has
      deprived himself of the hope and consolation of a future life, has no
      motive for the practise of virtue, or to contribute to the well being of
      society. Deprived of a chimera which religion every where presents him, he
      wanders through the cheerless gloom of scepticism, regardless of the
      consequences of an abandoned life. Without a God, he acknowledges no
      benefactor; without divine laws, he knows no rule for the conduct of life,
      and submits to no law but his passions. An enemy to all social order, he
      spurns at human laws, and breaks through every barrier opposed to his
      wickedness." Under such colours is an atheist painted: a short digression
      must be suffered to examine this picture, and to disprove the assertions
      so sweepingly made.
    

      I admit that atheism strikes a deadly blow at religion; because under the
      cloak of religion, mankind have been oppressed in all ages; but that it
      encourages libertinism, or destroys the "social and moral compact," I have
      yet to learn. In all organized governments, men are restrained from crime
      and compelled to submission by laws supposed to be made for the general
      benefit. These laws are the effect of the first formation of society for
      mutual preservation. Here then is a sufficient motive for the one as well
      as the other, to contribute to the well-being of society. The laws of
      Nature are the same in effect on the atheist and the religionist. If man
      be led captive by his passions, and gives himself to debauchery and
      voluptuousness, nature will punish him with bodily infirmities and a
      debilitated mind. If he be intemperate, she will shorten his days and
      bring him to the grave with the most poignant remorse. The fatal effects
      of his vicious propensities will fall upon his own head. A disturber of
      social order will live in continual fear of the vengeance of society, and
      that very fear is a more dreadful punishment than the just vengeance which
      perhaps he escapes. It renders life burdensome, and makes a man hateful to
      himself. Can men have stronger motives for the practise of virtue? The
      atheist is in full possession of these motives, and the religionist is
      most completely swayed by them, whatever may be his pretensions to others
      derived from religion. But we are assured he has other motives; more
      powerful incentives, in the promise of future rewards and punishments.
      This, like all other chimerical doctrines, cannot be maintained if we look
      at the general practise of mankind. Let us trace the effects of this
      doctrine, or rather let us examine the actions, conduct, and character of
      men professing it, and we shall see how little influence it has over them.
      The bulk of society believe they shall answer in a future life for the
      deeds done in the present. Nay, I hardly think one in a hundred thousand
      will say they doubt it. What then is its effect? With this dreadful
      sentence, "Thou shalt go into everlasting punishment," continually
      sounded in their ears, do we not daily see the greatest enormities
      committed? Are not the most horrid crimes perpetrated in all parts of the
      world? The most vicious propensities and the most extravagant follies are
      almost indiscriminately gratified. Is not vice frequently triumphant, and
      virtue compelled to seek her own reward in retirement? The laws of society
      are broken by the most flagrant injustice, and the laws of nature outraged
      by the most shocking depravity. All this evil exists in nations believing
      themselves to be accountable beings after death. Where then are the
      beneficial effects arising, to mankind from the promulgation of this
      doctrine? Men who cannot be restrained from doing evil by human laws, have
      no dread of any other. Their whole lives and conduct confirm this. Others
      who live in submission to the laws of society, give themselves up to those
      vicious habits, (without fear of divine laws) which the law does not take
      cognizance of. Men, not wholly depraved, or not without the pale of
      society, generally respect the laws, and fear the bad opinion of others.
      Hence we observe, when interest or passion leads them into secret vices,
      they invariably play the hypocrite; and although they are aware of the
      denunciations of their God, whom they acknowledge is a witness to all
      their actions, while they preserve their fair fame they still persevere.
      In fact, they live as if they disbelieved in his existence; and yet the
      greatest criminal, the most depraved wretch, would shudder at being told
      there is no God. The atheist, as a man, is liable to commit the same
      crimes, and fall into the same vices as the believer; but because he is an
      atheist, is he a worse criminal than the other? In one respect, I conceive
      he is not so bad. He only acts in defiance of human laws,—he
      only offends men; the other infringes both divine and human;—he
      defies both God and man. Both are injurious to society and themselves, and
      both are actuated by the came motives.
    

      Again we are told, that the well disposed part of mankind are rendered
      more virtuous, and the vicious less vicious by this doctrine. How are we
      to know that? If the virtuous man acts uprightly, does good to his fellow
      creatures, restrains his passions, and returns good for evil, experience
      teaches him it is his interest so to do. Those who are viciously disposed
      are only deterred from crime by penal laws. Societies cannot long exist,
      where evil has the ascendency. Without social laws, this would really be
      the case, notwithstanding the threats of an avenging God. If men were told
      they would not be answerable for the evil committed in this life to human
      laws, but that God would punish them after death, it is evident the human
      race would soon be exterminated. On the other hand, tell them their crimes
      will never be punished by God, or, in other words, there is no other God
      than NATURE, but that the laws of men will avenge the offences against
      society; so long as those laws are administered with justice and
      impartiality, so long will such society continue to improve. Hence it is
      evident that the system which will maintain order in society by itself,
      must be the best and most rational. A good government without religion
      would be more solid and lasting, and tend more to the preservation of
      mankind, than all the theocratical or ecclesiastical governments that ever
      the world was subject to.—Thus much for the opponents of atheism.
    

      It has been asserted with a perverse obstinacy, by the advocates for the
      existence of a deity, that the SYSTEM OF NATURE was never written by the
      author whose name it bears.—It is granted that it was not published
      during his life: but that circumstance forms no reason why such a
      conclusion should be drawn. The persecutions which the atheists have
      endured, were a sufficient excuse for the work not appearing in any form
      during the life time of its venerable author. The Athenians sought to try
      Diagoras the Melian, for atheism; but he fled from Athens, and a price was
      offered for his head. Protagoras was banished from Athens, and his books
      burnt, because he ventured to assert, that he knew nothing of the gods.
      Stephen Dolet was burnt at Paris for atheism. Giordano Bruno was burnt by
      the Inquisitors in Italy. Lucilio Vanini was burnt at Thoulouse, through
      the kind offices of an Attorney-General. Bayle was under the necessity of
      fleeing to Holland. Casimio Liszynski was executed at Grodno;—and
      Akenhead at Edinborough. And the body of the eloquent and erudite Hume,
      was obliged to be watched many nights by his friends, lest it should be
      taken up by the fanatics, who considered him one of the greatest monsters
      of iniquity, because he did not happen to believe as they believed.—With
      these pictures of Christian persecution before his eyes, is it surprising
      that M. de Mirabaud should adopt the resolution of suffering the SYSTEM OF
      NATURE to appear as a posthumous work? That the same fate would have
      attended him, the most devout Christian will not undertake to deny.
    

      However the sentiments of M. de Mirabaud may be condemned by the fanatics,
      all those who knew him bear the most brilliant testimony of his integrity,
      candour, and the soundness of his understanding; in a word, to his social
      virtues, and the innocence of his manners. He died universally regretted,
      at Paris, the twenty-fourth of June, 1760, in the eighty-sixth year of his
      age.
    

      The following works, written by him at different periods, were never
      published:—The Life of Jesus Christ. Impartial Reflections on the
      Gospel. The Morality of Nature. An Abridged History of the Priesthood;
      Ancient and Modern. The Opinions of the Ancients concerning the Jews.
      A wretched mutilated edition of this last work was published at Amsterdam,
      in 1740, in two small volumes, under the title of Miscellaneous
      Dissertations.
    

      FINIS.
    


Source: https://www.informationphilosopher.com/solutions/philosophers/dholbach/System_of_Nature.html
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Contributions to Daniel Dennett's Fall 2010 
Seminar on Free Will at Tufts University
What if Libertarians Had Accepted What Dan Dennett Gave Them in 1978?

Over thirty years ago, Daniel Dennett proposed a decision-making model that he thought would appeal to libertarians. Unfortunately, led by Robert Kane, libertarians largely ignored Dennett’s proposal...

An Imagined Dialogue Between Bob Kane and Dan Dennett in the Early 1980's
In which Kane accepts the two-stage model (he claims to have already thought of it, but says he did not publish because Dennett had published first) and Dennett accepts the role of quantum indeterminacy.

Who's Afraid of Indeterminism?
A reaction to the paper "Who's Afraid of Determinism?, in the Oxford Handbook of Free Will, and the article "Who's Still Afraid of Determinism"" in the forthcoming second edition of the Handbook.

A Taxonomy of 25 positions in the Free Will Debates
[image: A Taxonomy of Free Will Positions]

Twenty-five positions taken by philosophers in the ancient and modern debates on the problem of free will are defined and briefly described.


See also /Freedom/Taxonomy/
The Separability of Free Will and Moral Responsibility

We also separate free from will, moral from responsibility, and moral responsibility from punishment.

See also /Freedom/Separability/
Libet Experiments and the Two-Stage Model
We interpret the rise in the readiness potential as the first stage of a two-stage model, where alternative possibilities are being generated. We show that no causal relationship exists between the RP and the muscle motion.

See also /Freedom/Libet Experiments/
Where, and When, is Randomness Located?
The location and timing of chance as proposed by Dan Dennett, Bob Doyle, Bob Kane, and Al Mele can be displayed at three places in the temporal sequence of the two-stage model, including the "fixed past." 

See also /Freedom/Location/
Dan Dennett’s Indeterminism Challenge
Dan Dennett's challenge to give reasons why quantum indeterminacy is better than computer pseudo-randomness was answered with five examples - Laplace's Demon, Intelligent Designers, Frankfurt Controllers, Dennett's Eavesdropper, and Making Memes.  

See also Dennett's Challenge
The "Free" and "Will" Stages of the Two-Stage Model
David Hume reconciled freedom with determinism, which he thought was true. We reconcile free will with indeterminism, which we now know to be true.  

See also A Review of Two-Stage Models and Comprehensive Compatibilism


Source: https://www.informationphilosopher.com/solutions/philosophers/dennett/seminar
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Misdirection in the Free Will Problem
American Philosophical Quarterly, Vol. 34, No. 3 (Jul., 1997), pp. 357-366

ABSTRACT: The belief that only free will supports
assignments of moral responsibility -- deserved praise and blame,
punishment
and reward, and the expression of reactive attitudes and moral censure
--
has fueled most of the historical concern over the existence of free
will. 
Free will's connection to moral responsibility also drives contemporary
thinkers as diverse in their substantive positions as Peter Strawson,
Thomas
Nagel, Peter van Inwagen, Galen Strawson, and Robert Kane.  A
simple,
but powerful, reason for thinking that philosophers are correct in
making
moral responsibility the prize of the free will problem is this: If we
disassociate
free will from deserved praise, blame, punishment and reward, reactive
attitudes
and moral censure, then why care about free will?  If free will is
not
pinned down as that degree of freedom in our choices that we need for
moral
responsibility, it is difficult to see why anyone would or should care
about free will. In this article I argue that some of the
most prominent recent writing on free will becomes sidetracked from
this
key issue.  For this reason, a good deal of the literature is so
much
spilled ink as philosophers misdirect their energies.  In section
1
I elaborate just what I believe the key issue in the free will problem
is. 

In section 2 I illustrate what an answer to the key issue
requires. 
In section 3 I suggest motivations for misdirection.  In sections
4,
5, and 6 I provide detailed examples of misdirection from
compatibilists
and libertarians.  In sections 7 and 8 I describe some
non-misdirected
answers to the key question.


      -------------------------------------------------------



       1.    The Standard Question


          The best-known free will disputants --
the incompatibilists and the compatibilists -- disagree over the sort
of
connection that must obtain between our psychological states and our
choices
for us to be morally responsible for the actions those choices
produce. 
Specifically, they debate over whether the connection may or should be
deterministic. 
[Some libertarians (Nozick, 1981, 295-96; van Inwagen, 1983, 138-40)
say
that libertarian choices can be caused, but not causally determined,
but
this verbal ploy only muddies the water.]  Incompatibilists think
that
determinism destroys our moral responsibility by making us unable to
choose
otherwise than we do (alternatively, by preventing us from being the
ultimate
causes of our choices.)  Incompatibilists also need to argue that
an
undetermined connection is good enough for moral responsibility.  


          On the other side, compatibilists argue
that an indeterministic relation between our psychological states and
our
choices would destroy our free will and moral responsibility. 
Compatibilists
also need to argue that a deterministic connection is the right one for
moral responsibility.  This disagreement gives rise to what I
consider
to be the standard question in the free will problem: (SQ) "Under what
conditions would our choices be suitably connected to the psychological
states that precede them so as to make us morally responsible for the
actions
those choices produce?" 


       2.    To Answer the Standard Question We
Need
to Make a Metaphysical Specification and an Evaluative Endorsement


          To answer (SQ) we need to take a
position
on what sort of connection between persons and their choices is good
enough
to make us morally responsible for the actions our choices
produce. 
Our verdict will be metaphysical, because it will specify a real
connection
between our psychological states and our choices.  Must the
relation
be deterministic, as compatibilist critics of libertarianism such as
Hobart
(1934), Schlick (1939), and Ayer (1982) maintain?  Might it be
indeterministic,
as the libertarians Taylor (1966), Chisholm (1976), van Inwagen (1983),
Kane (1995, 1996), and Ginet (1995) say?  One might even maintain
that
the connection can be either deterministic or indeterministic (Mele,
1995). 
The point is that all sides must state what they believe the connection
might be.  


          Our answer to (SQ) is also
evaluative. 
In saying that a certain hypothesized connection would or would not be
good enough to support moral responsibility, we are making the
evaluative
claim that some nonmoral, metaphysical fact (the degree of
connectedness)
warrants the application of the moral term "moral
responsibility." 
We make an evaluative judgment whenever we say: "S's possessing
property
P-1, along with other properties P-2, P-3, . . . , justifies ascribing
to S evaluative property EP-1."


          To answer (SQ), we need to remain
focused
in two ways.  First, we need to recognize that (SQ) needs an
answer
-- we need to defend some specification of the nature of the connection
we think needs to obtain between our antecedent psychological states
and
choices in order to sustain moral responsibility.  This is the
easier
task.  Second, we need to keep locked onto this question and not
be
tempted onto spurious issues that we substitute as answers to (SQ).



       3.    Reasons for Misdirection


          Philosophers change the subject of the
free will debate in subtle and not-so subtle ways.  If we realize
we
are doing this, we are duplicitous.  If we do it unwittingly, we
are
either self-delusive or confused.  The lines between duplicity,
self-delusion,
and confusion are sometimes blurred.  I can think of two main
causes
of misdirection.


          One reason for misdirection is the fact
that if we stay focused on (SQ), we quickly run out of things to say
and
arguments to concoct.  Staying focused on (SQ) leaves little room
for the exercise of philosophical creativity, or, more cynically,
philosophical
one-up-man-ship.  This is hard on philosophers who think of
themselves
as earning their pay through the clever use of thought experiments,
definitions,
and counter-examples.  Instead, if we doggedly persist in framing
the free will problem in terms of (SQ), we see that we immediately run
into a clash of compatibilist vs. incompatibilist intuitions, which
everyone
has understood since Philosophy 101.



          Thus, if we remain focused on (SQ), we
are likely to see ourselves as providing rhetoric, some moralizing, and
some warmed-over "intuition pumps," as Daniel Dennett (1984) calls
them. 
This is a difficult path for analytical philosophers to take.  So,
we are motivated to change the subject to one where we can put our
analytical
skills to good use.  There is an adage, "If your only tool is a
hammer,
everything looks like a nail."  If your philosophical methodology
is thought experiments, definitions, and counter-examples, then
philosophical
problems will tend to look as if they need such tools.


          Something like this shift occurred in
the 20th century treatment of the mind/body problem.  As
philosophers
found the idea of nonphysical minds increasingly implausible, they
shifted
from seeing the mind/body problem as the traditional ontological
contest
between materialism, dualism, and idealism.  Instead, philosophers
moved toward asking what kind of materialism is best for the purposes
of
psychological theory construction -- behavioristic eliminative
materialism
(Ryle, Skinner), neurophilic eliminative materialism (Rorty, the
Churchlands),
identity theory with its many sub-divisions (Smart, Davidson, Searle),
or
functionalism (Putnam, Fodor).  This had the advantage not only of
reviving interest in the mind/body problem, but it enabled philosophers
to exercise their analytic skills.  It did this, of course, at the
expense of recasting the mind/body problem as a different issue. 


          A related, second reason for
misdirection
is the desire to win the argument, even at the cost of turning the
initial
issue into a different one.  When we frame the free will problem
as
I do in (SQ), it becomes clear that we are not going to win the debate
--
the intuitions of our opponents are too solid for us to vanquish. 
But if we can get the issue turned in another direction -- e.g., for
libertarians,
teleological intelligibility explanations or for compatibilists,
thought
experiments where non-intervening controllers make it impossible for us
to choose otherwise -- we may win a skirmish.  Better still, we
may
convince ourselves that we have thereby won the war.



       4.    Three Examples of Compatibilist
Misdirection


          First, the great historical
compatibilists
Hobbes, Locke, and Hume established a venerable precedent for
misdirection
by casting the free will problem as the free action problem.  In
doing
so they ignored the injunction from Aquinas that the free will problem
is,
in fact, a question about the will.  The existence of free action
-- understood as doing what we want without constraint -- requires no
philosophical
justification.  But dispute arises as soon as compatibilists
mistake
free action for free will.  Bishop Bramhill pointed this out to
Hobbes,
who pretended that he could make no sense out of the claim that the
will,
rather than the person, is free.  This maneuver of making free
action
a surrogate for free will continues to attract contemporary
compatibilists. 

This is all the more remarkable because one of compatibilism's
luminaries,
Harry Frankfurt, explicitly distinguishes between free will and free
action
in one of the major papers that introduced hierarchical compatibilism,
today's most popular variety of compatibilism (1986, 74-75).


          Second, a shameless approach of some
compatibilists
writing in the middle of this century was to announce that they were
working
within the framework of ordinary language and then conclude that,
because
common sense is compatibilist, compatibilism is correct (Flew, 1959;
Meldin,
1964; Austin, 1970).  The Paradigm Case Argument maintains that we
learn the meaning of by "free action" by reference to unimpeded
actions;
thus, the free will problem can be put to rest.  A clever
variation
on the paradigm case strategy is provided by Mark Heller (1996), who
compares
free will to Hilary Putnam's natural-kind terms: Just as cats might
turn
out to be non-biological robots, so free actions might turn out to be
determined,
or even Martian remote-controlled.  [To Heller's credit, he
acknowledges in correspondence that his maneuver does not purport to
ground moral responsibility, which Heller believes is insupportable on
either compatibilism or incompatibilism.]



          My objection to appeals to commonsense
views of freedom by compatibilists (or incompatibilists) is that the
free
will problem begins by questioning common sense's assumptions. 
Philosophers
may announce that the only court of appeal they recognize is common
sense;
but there is no reason why anyone not committed to a view of philosophy
wherein it is philosophy's job to support commonsense beliefs (Double,
1996,
Chapter 2) should accept such a stipulation.  Appeals to common
sense
trivialize the compatibilist conclusion, because common sense does not
recognize
the free will problem in the first place.  Common sense holds that
most persons choose freely most of the time: If you doubt this claim,
ask
100 non-philosophers whether persons are ordinarily free and morally
responsible. 
Taking this commonsensical assumption seriously would eliminate any
theory
that denies free will exists.  So, even if common sense
(counterfactually) were as strongly compatibilistic as practitioners of
the paradigm case strategy believe, the appeal to common sense would be
misdirected.



          Third, with greater subtlety, some
compatibilists
provide thought experiments to investigate whether we should say that
determinism per se poses problems for free will.  The most famous
example of this type is Harry Frankfurt's 1969 Principle of Alternate
Possibilities paper, where he imagines a non-intervening controller who
would intervene if and only if his subject begins to choose a certain
action.  According to Frankfurt, the subject is not made unfree by
the unactualized power of the monitoring controller.  Analogously,
we are not made unfree if determinism takes away our alternate
possibilities.  


          Although Frankfurt's maneuver is very
clever, it succumbs to the same type of criticism that the paradigm
case
arguments do.  When the free will problem is framed as (SQ), it is
clear
that our everyday intuitions cannot answer it.  When we are not
being
philosophical, we do not take seriously the hypothesis that all choices
might
be unfree, recognizing instead only practical difficulties such as
overt
threats, massive deprivation (Klein, 1990), or gross
irrationality. 

But not seeing the problem in the first place debars one's insouciance
from
counting as an answer.  The genius of Frankfurt's maneuver is that
he
gets us to put on compatibilist spectacles without realizing we are
doing
so.  Unfortunately, this instance of misdirection has spawned a
generation
of S-knows-that-p type papers where philosophers refine Frankfurt's
Principle
of Alternate Possibilities through epicycles of increasingly esoteric
counter-examples,
as if that could settle anything.



       5.    Incompatibilist Misdirection: The
Consequence
Argument


          Some libertarians think that they can
show that a deterministic answer to (SQ) is clearly wrong, but
misdirection
spoils their attack.  In his Consequence Argument Peter van
Inwagen
(1983, 56 ff) argues with great precision and at considerable length
that
because we cannot control the laws of nature and the conditions that
existed
before our births, if determinism is true, then none of our choices are
"up to us."  Van Inwagen (1980, 34) recognizes that for his
consequence
argument to bear on moral responsibility he must endorse a clearly
moral
principle: If we are not responsible for: (1) the laws of nature, (2)
conditions
existing before our birth, and (3) the fact that the former logically
entail
our present actions, then we are not morally responsible for our
actions. 
Van Inwagen acknowledges that this moral premise is unprovable, but he
says
that the principle looks good to him and quickly concludes his argument.



          The trouble with this move is that the
crucial, problematic premise occurs at the end of a long, technical
discussion
as if it were simply an after-thought.  But the dispute between
the
incompatibilists and compatibilists is over whether the consequence
argument's
transfer of powerlessness -- which is acceptable in nonmoral instances
(e.g.,
our blood-type or eye color) -- works for moral responsibility. 
Compatibilists
think that when it comes to moral responsibility, non-responsibility
does
not transfer.  Compatibilists think that moral responsibility
requires
only that we satisfy a sufficiently rich compatibilist account of free
choices. 
This is debatable, of course, but that's the point.  This is an
evaluative
dispute that is not resolvable by formalism using words like "up to
us,"
"power," or "can," but by defending one's evaluation.  To offer
technical
examinations of these problematic notions as if they bear on the
evaluative
issue is to lose sight of the evaluative nature of (SQ).



       6.    Incompatibilist Misdirection:
Teleological
Intelligibility


           A subtle misdirection lurks when
libertarians
defend their positive answers to (SQ) by championing teleological
intelligibility
(TI) explanations of libertarian choices over contrastive
explanations.  Teleological intelligibility explanations place an
explained event in a
context that makes its occurrence seem plausible.  Contrastive
explanations
say why an explained event had to occur AND why its not happening could
not
have occurred.  Philosophers who think we need contrastive
explanations
of human choices believe that to understand why a person A-ed, we must
explain why the person A-ed rather than not-A-ed.  Critics of
libertarianism such as Thomas Nagel argue that because libertarian
choices are explainable at most only in the TI sense and not
contrastively, such choices are not
fully explainable.  Nagel objects that if a choice is
undetermined,
then a TI explanation might


          explain either choice in terms of the
appropriate reasons, since either choice would be intelligible if it
occurred. 
But for this very reason it cannot explain why the person [chose in
favor
of the action for the pro-reasons rather than against the action for
the
con-reasons.]  It cannot explain . . . why one of two intelligible
courses of action, both of which are possible, occurred. (1986, 116)


          The libertarians Carl Ginet (1995),
Robert
Nozick (1981), Robert Kane (1996), and Randolph Clarke (1992) argue
that
their critics' demand for contrastive explanations is question-begging,
because
only deterministic explanations are contrastive: By demanding
deterministic
explanations of free choices their critics are ruling out libertarian
free
will by fiat.      Libertarians are correct to note that
it
would be question begging of their critics to assume that our
psychological
states must cause our choices in order for the connection to be good
enough
to support moral responsibility.  (Of course, if the critics of
libertarianism
argue for this premise, they are not guilty of begging the
question. 

The boundary between assumption and argument is sometimes
unclear.) 
Libertarians err, however, to the extent that they use that correct
point
as license for ignoring the need specify and argue for some degree of
real
metaphysical connection.  Libertarians should not let the fact
that
assuming deterministic relations would be cheating blind them to their
need
to argue for their idea of what the real connection should be.


          The thing to note is that even
mentioning
the two types of explanations risks misdirection.  Remembering
(SQ),
the key issue in the free will problem is the degree of the
metaphysical
connectedness between our psychological states and our choices. 
This
is not the philosophy of science issue of what gives an informative
explanation
for the purposes of physics or the social sciences.  The answer to
that question depends on our interests and what we think the various
sciences are or should be all about.  This, of course, is a very
large issue.  But any answer we give to the question about
scientific explanation is tangential to (SQ).  Explanation is
entirely a linguistic matter.  If the truth of contrastive
explanations logically implies deterministic metaphysical connections,
then there is some relation between explanations and metaphysics. 

This does not mean, however, that talking about explanatory relations
can stand proxy for talking about metaphysical relations.  Thus,
it would be confused for libertarians to suppose that science's
endorsement of TI explanations, to the extent it occurs, validates the
evaluative judgment that an indeterministic relation between our
reasons and our choices is adequate
to support moral responsibility.


          Here is a criticism of using TI
explanations
as a proxy for addressing (SQ) that I have used before (Double 1996,
74-75).  Suppose that as Hamlet decides whether to avenge his
father's murder he is
monitored by a very powerful demon who has the power to deactivate the
parts
of Hamlet's brain that produce his reasons for both choices.  Just
as Hamlet's reasons for refraining begin to get the upper hand, the
demon
deactivates those reasons, and, with only his other reasons left
standing, Hamlet opts for the murder.  Anyone who thinks that the
notions of free
will and moral responsibility make sense would say that Hamlet is
neither.  For left to his own devices, Hamlet would have
refrained; if anyone is morally responsible for the murder, the demon
is.


          Nonetheless, Hamlet seems to satisfy
Ginet's
TI requirements that free agents' reasons match their actions
(1995). 
Hamlet also seems to satisfy Kane's (1995) more elaborate conditions
for
responsibility.  Kane argues that an agent enjoys dual-rationality
for a choice just in case: 


          the agent (r1) has reasons for doing so
(whichever occurs), (r2) does it for those reasons, (r3) does not
choose
(for those reasons) compulsively, and (r4) believes at the time of
choice
that the reasons for which it is made are in some sense the weightier
reasons
(1995, 126).


       Because Hamlet satisfies this account, we (and
Hamlet)
can tell a plausible teleological intelligibility story about his
motivations
that make his choice understandable.  But due to the demon's
handiwork,
such stories are mere narratives (incorrect attributions) in the sense
of
being handy fictions we tell ourselves in order to make our lives more
sensible
to us (Nisbett and Ross, 1980).  If we stay focused on (SQ) we
will
see that teleological intelligibility is a red herring.  Losing
sight
of (SQ) allows libertarians to take the question of explanation as a
surrogate
for the real issue.


          A referee for this journal notes that
Ginet and Kane may be treating teleological intelligibility as a
necessary
condition for libertarian free choices, not as a sufficient one. 

Thus, even if the Hamlet-example shows that a TI explanation is not
sufficient
to guarantee free will, their accounts are not necessarily
impugned. 
I find that defense unpersuasive.


          First, libertarians need to specify what
they think would be sufficient for free choices.  Caginess in
specifying
one's theory is real misdirection.  (In Kane's defense, in The
Significance
of Free Will (1996) he makes suggestions that go beyond his account of
dual-rationality cited above.)  Second, and far more important, I
believe that libertarians are using teleological intelligibility to
support
their claim that indeterministic relations between our prior
psychological
states and our choices are good enough for a degree of freedom that
produces
moral responsibility.  Indeed, I think that any libertarian
account
has to avail itself of teleological intelligibility: "Don't you critics
see that our ability to offer intelligibility explanations of
libertarian
choices shows that such choices are reasonable; this makes those
choices
good enough to support moral responsibility?"  The only question
is
whether TI explanations are being treated as a justification or as a
smoke
screen.


          Consider this dilemma.  Either TI
explanations are being offered to justify the libertarian claim that
indeterministic
relations are good enough for moral responsibility or they are
not. 
If they are so offered, then the Hamlet example shows that they are
inadequate,
and libertarians must look elsewhere to support their answer to
(SQ). 
If they are not being offered as justification, then the whole idea of
TI
explanations is transparently irrelevant to the free will problem,
i.e.,
is misdirection.  Either way, libertarians need to look elsewhere
if
they hope to support an answer to (SQ).  


          I find an irony in libertarian interest
in TI explanations.  Most libertarians start out being very
concerned
about the nature of the metaphysical connection between reasons and
choices. 
As we have seen with the Consequence Argument, libertarians strenuously
object to deterministic connections.  But when libertarians offer
TI
explanations as a surrogate for talking about the metaphysical
connection
in their own positive accounts, they turn the free will problem from a
metaphysical
issue into something looser and more attitudinal.  By making free
will
a product of narrative, libertarians give it away.  Free will
becomes
a thing we can secure by choosing to talk about human actions in a
certain
way, not a thing that exists due to some intrinsic quality of the
choices
themselves.  As a non-realist about free will, I endorse such a
view,
(Double, 1991; 1996), but one would scarcely expect libertarians to
champion
such a doctrine.



       7.    Non-Misdirected Approaches:
Objectivist
Answers 


          Non-misdirected answers to (SQ) would
say: "This is the connection between our antecedent psychological
states
and choices needed to secure moral responsibility, and here is why that
connection
is required."  We have seen that some philosophers who endorse
free
will are tempted into misdirection.  There are also clear examples
of philosophers who keep their eyes on (SQ) and are pessimists who
believe
we do not in fact enjoy free will due to determinism (hard
determinists)
or who cannot see how we could enjoy free will whether our choices are
caused
or not (no-free-will-either-way theorists).


          Taking the latter first, Galen Strawson
(1986) believes he has a good grasp of what the connection between our
prior
psychological states and responsibility-warranting choices. 
According
to Strawson, we would have to be truly responsible for the principles
we
use in making deliberate choices.  But to be truly responsible for
those principles, we must consciously choose them.  This, in turn,
requires that we rely on further principles, which have to be
consciously
chosen on the basis of other principles, ad infinitum.  Thus,
according
to Strawson, whether we are determined or not, we cannot meet the
objective
requirement of being truly responsible on pain of having to complete an
infinite regress of choices of principles.  The determinist Ted
Honderich
(1993) also believes he has a clear grasp of what we need in order to
vindicate
the type of freedom that underpins moral responsibility. Honderich is
equally
sure that determinism prevents us from meeting those conditions. 

Bruce Waller (1990) makes a similar case that determinism destroys our
moral
responsibility.


          Whatever the ultimate plausibility of
their arguments, all three thinkers address (SQ) directly.  These
thinkers believe that: (1) being morally responsible is itself a
sensible
idea, (2) it makes sense to ask what the degree of connectedness
between
our psychological states and our choices needs to be for free agents to
be
morally responsible, and (3) due to determinism (Honderich and Waller)
or
due to the impossibility of creating ourselves ex nihilo (Strawson),
these
conditions cannot be met.




       8.    Non-Misdirected Approaches:
Subjectivist
Answers


          I want to note a final non-misdirected
position, subjectivism.  (SQ) requires a moral judgment.  If
we are subjectivists with respect to moral judgments per se, we will
believe
that this question has no objective answer.  We would regard any
'feelings'
that deterministic or indeterministic connections can support moral
responsibility
as mere feelings that are incapable of being true.  So, if we
think
that moral questions lack objectively true answers, we will think
likewise
for (SQ).  Any sort of metaethical subjectivism will suffice for
this
purpose: that of Hume, Ayer (1952), Mackie (1977), or Harman (1977).


          If we are subjectivists regarding (SQ),
we may elect to go in either of two ways regarding our applications of
the
moral term "moral responsibility" (Double, 1996A).  This is
similar
to the two different ways we may move regarding the application of
"right"
and "good" once we adopt the general subjectivist line in
metaethics. 
We might take our metaethical subjectivism to undermine our ability to
ascribe
moral terms, because there are no moral truths that underpin those
ascriptions. 
On the other hand, we might continue to apply moral terms with full
force
and no hesitation, even though we believe that there are no moral
truths.



          Likewise, in the application of the term
"moral responsibility," we might take our subjectivism to weaken our
application
of the term.  I call this reaction sheepish subjectivism, because
such subjectivists feel embarrassed when they apply terms they believe
to be subjective.  On the other hand, we might insist on applying
"moral responsibility" with just as much vigor as any libertarian does,
our subjectivism not withstanding.  I call this strident
subjectivism,
because these subjectivists feel no embarrassment about using
subjective
words with their full emotional force.  On grounds of internal
consistency,
subjectivists cannot argue that anyone makes any error --moral,
logical,
or psychological -- by attaching either the sheepish or strident
interpretation
to subjectivism.  By subjectivist lights, there CAN be no answer
to
this.



       9.    Conclusion


          I have argued that if we keep focused
on the justification of moral responsibility, we have to conclude that
several influential contributions to the free will literature miss the
point.  Among the theories examined, three that are not
misdirected
(hard determinism, no-free-will-either-way theory, and sheepish
subjectivism)
are pessimistic in their conclusions.  These theories also are in
the minority among philosophers who write on the free will issue. 

What does this show?  The lesson may be simply that looking at the
free will issue in terms of (SQ) is confused in some way that I do not
recognize. 
On the other hand, the lesson may be that even philosophers do not like
to
end up with pessimistic conclusions and will do sly things to avoid
them. 
If the latter is true, realizing it may help us to understand
philosophy
itself a little better (Double, 1996).
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(Letter to Menoeceus - English translation)

 (121)   Ἐπίκουρος Μενοικεῖ χαίρειν.             


 (122)   Μήτε νέος τις ὢν μελλέτω φιλοσοφεῖν, μήτε γέρων ὑπάρχων        
κοπιάτω φιλοσοφῶν. οὔτε γὰρ ἄωρος οὐδείς ἐστιν οὔτε
πάρωρος πρὸς τὸ κατὰ ψυχὴν ὑγιαῖνον. ὁ δὲ λέγων ἢ μήπω
τοῦ φιλοσοφεῖν ὑπάρχειν ὥραν ἢ παρεληλυθέναι τὴν ὥραν
ὅμοιός ἐστι τῷ λέγοντι πρὸς εὐδαιμονίαν ἢ μὴ παρεῖναι τὴν
ὥραν ἢ μηκέτι εἶναι. ὥστε φιλοσοφητέον καὶ νέῳ καὶ γέροντι,
τῷ μὲν ὅπως γηράσκων νεάζῃ τοῖς ἀγαθοῖς διὰ τὴν χάριν τῶν
γεγονότων, τῷ δὲ ὅπως νέος ἅμα καὶ παλαιὸς ᾖ διὰ τὴν
ἀφοβίαν τῶν μελλόντων· μελετᾶν οὖν χρὴ τὰ ποιοῦντα τὴν
εὐδαιμονίαν, εἴπερ παρούσης μὲν αὐτῆς πάντα ἔχομεν, ἀπούσης
δὲ πάντα πράττομεν εἰς τὸ ταύτην ἔχειν


 (123) Ἃ δέ σοι συνεχῶς παρήγγελλον, ταῦτα καὶ πρᾶττε καὶ μελέτα,               
στοιχεῖα τοῦ καλῶς ζῆν ταῦτ’ εἶναι διαλαμβάνων. Πρῶτον
μὲν τὸν θεὸν ζῷον ἄφθαρτον καὶ μακάριον νομίζων, ὡς ἡ
κοινὴ τοῦ θεοῦ νόησις ὑπεγράφη, μηθὲν μήτε τῆς ἀφθαρσίας
ἀλλότριον μήτε τῆς μακαριότητος ἀνοίκειον αὐτῷ πρόσαπτε
πᾶν δὲ τὸ φυλάττειν αὐτοῦ δυνάμενον τὴν μετὰ ἀφθαρσίας
μακαριότητα περὶ αὐτὸν δόξαζε. θεοὶ μὲν γὰρ εἰσίν· ἐναργὴς
γὰρ αὐτῶν ἐστιν ἡ γνῶσις· οἵους δ’ αὐτοὺς <ὁἱ> πολλοὶ 
νομίζουσιν, οὐκ εἰσίν· οὐ γὰρ φυλάττουσιν αὐτοὺς οἵους
νομίζουσιν. ἀσεβὴς δὲ οὐχ ὁ τοὺς τῶν πολλῶν θεοὺς ἀναιρῶν,
 (124) ἀλλ’ ὁ τὰς τῶν πολλῶν δόξας θεοῖς προσάπτων. οὐ γὰρ προλήψεις                
εἰσὶν ἀλλ’ ὑπολήψεις ψευδεῖς αἱ τῶν πολλῶν ὑπὲρ
θεῶν ἀποφάσεις. ἔνθεν αἱ μέγισται βλάβαι† αἴτιαι τοῖς κακοῖς
ἐκ θεῶν ἐπάγονται καὶ ὠφέλειαι. ταῖς γὰρ ἰδίαις οἰκειούμενοι
διὰ παντὸς ἀρεταῖς τοὺς ὁμοίους ἀποδέχονται, πᾶν τὸ μὴ
τοιοῦτον ὡς ἀλλότριον νομίζοντες.


Συνέθιζε δὲ ἐν τῷ νομίζειν μηδὲν πρὸς ἡμᾶς εἶναι τὸν
θάνατον ἐπεὶ πᾶν ἀγαθὸν καὶ κακὸν ἐν αἰσθήσει· στέρησις
δέ ἐστιν αἰσθήσεως ὁ θάνατος. ὅθεν γνῶσις ὀρθὴ τοῦ μηθὲν
εἶναι πρὸς ἡμᾶς τὸν θάνατον ἀπολαυστὸν ποιεῖ τὸ τῆς ζωῆς
θνητόν, οὐκ ἄπειρον προστιθεῖσα χρόνον, ἀλλὰ τὸν τῆς ἀθανασίας 
 (125) ἀφελομένη πόθον. οὐθὲν γάρ ἐστιν ἐν τῷ ζῆν δεινὸν                            
τῷ κατειληφότι γνησίως τὸ μηδὲν ὑπάρχειν ἐν τῷ μὴ ζῆν
δεινόν. ὥστε μάταιος ὁ λέγων δεδιέναι τὸν θάνατον οὐχ ὅτι
λυπήσει παρών, ἀλλ’ ὅτι λυπεῖ μέλλων. ὃ γὰρ παρὸν οὐκ
ἐνοχλεῖ, προσδοκώμενον κενῶς λυπεῖ. τὸ φρικωδέστατον οὖν
τῶν κακῶν ὁ θάνατος οὐθὲν πρὸς ἡμᾶς, ἐπειδήπερ ὅταν μὲν
ἡμεῖς ὦμεν, ὁ θάνατος οὐ πάρεστιν, ὅταν δὲ ὁ θάνατος παρῇ,
τόθ’ ἡμεῖς οὐκ ἐσμέν. οὔτε οὖν πρὸς τοὺς ζῶντάς ἐστιν οὔτε
πρὸς τοὺς τετελευτηκότας, ἐπειδήπερ περὶ οὓς μὲν οὐκ ἔστιν,
οἳ δ’ οὐκέτι εἰσίν. Ἀλλ’ οἱ πολλοὶ τὸν θάνατον ὁτὲ μὲν ὡς 
μέγιστον τῶν κακῶν φεύγουσιν, ὁτὲ δὲ ὡς ἀνάπαυσιν τῶν ἐν
(126) τῷ ζῆν <κακῶν αἱροῦνται. ὁ δὲ σοφὸς οὔτε παραιτεῖται τὸ                     
ζῆν> οὔτε φοβεῖται τὸ μὴ ζῆν· οὔτε γὰρ αὐτῷ προσίσταται
τὸ ζῆν οὔτε δοξάζει κακὸν εἶναί τι τὸ μὴ ζῆν. ὥσπερ δὲ τὸ
σιτίον οὐ τὸ πλεῖον πάντως ἀλλὰ τὸ ἥδιστον αἱρεῖται, οὕτω
καὶ χρόνον οὐ τὸν μήκιστον ἀλλὰ τὸν ἥδιστον καρπίζεται.


Ὁ δὲ παραγγέλλων τὸν μὲν νέον καλῶς ζῆν, τὸν δὲ γέροντα
καλῶς καταστρέφειν, εὐήθης ἐστὶν οὐ μόνον διὰ τὸ τῆς ζωῆς
ἀσπαστόν, ἀλλὰ καὶ διὰ τὸ τὴν αὐτὴν εἶναι μελέτην τοῦ καλῶς
ζῆν καὶ τοῦ καλῶς ἀποθνῄσκειν. πολὺ δὲ χείρων καὶ ὁ λέγων
καλὸν μὲν μὴ φῦναι, φύντα δ’ ὅπως ὤκιστα πύλας Ἀίδαο περῆσαι.


 (127) Εἰ μὲν γὰρ πεποιθὼς τοῦτό φησιν, πῶς οὐκ ἀπέρχεται ἐκ                      
τοῦ ζῆν; ἐν ἑτοίμῳ γὰρ αὐτῷ τοῦτ’ ἐστίν, εἴπερ ἦν βεβουλευμένον 
αὐτῷ βεβαίως· εἰ δὲ μωκώμενος, μάταιος ἐν τοῖς οὐκ
ἐπιδεχομένοις. Μνημονευτέον δὲ ὡς τὸ μέλλον <οὔτε πάντως
ἡμέτερον> οὔτε πάντως οὐχ ἡμέτερον, ἵνα μήτε πάντως προσμένωμεν 
ὡς ἐσόμενον μήτε ἀπελπίζωμεν ὡς πάντως οὐκ ἐσόμενον.


Ἀναλογιστέον δὲ ὡς τῶν ἐπιθυμιῶν αἱ μέν εἰσι φυσικαί,
αἱ δὲ κεναί, καὶ τῶν φυσικῶν αἱ μὲν ἀναγκαῖαι, αἱ δὲ φυσικαὶ  
μόνον· τῶν δὲ ἀναγκαίων αἱ μὲν πρὸς εὐδαιμονίαν εἰσὶν
ἀναγκαῖαι, αἱ δὲ πρὸς τὴν τοῦ σώματος ἀοχλησίαν, αἱ δὲ
 (128) πρὸς αὐτὸ τὸ ζῆν. τούτων γὰρ ἀπλανὴς θεωρία πᾶσαν αἵρεσιν            
καὶ φυγὴν ἐπανάγειν οἶδεν ἐπὶ τὴν τοῦ σώματος ὑγίειαν καὶ
τὴν <τῆς ψυχῆς> ἀταραξίαν, ἐπεὶ τοῦτο τοῦ μακαρίως ζῆν
ἐστι τέλος. τούτου γὰρ χάριν πάντα πράττομεν, ὅπως μήτε
ἀλγῶμεν μήτε ταρβῶμεν. ὅταν δὲ ἅπαξ τοῦτο περὶ ἡμᾶς γένηται, 
λύεται πᾶς ὁ τῆς ψυχῆς χειμών, οὐκ ἔχοντος τοῦ ζῴου
βαδίζειν ὡς πρὸς ἐνδέον τι καὶ ζητεῖν ἕτερον ᾧ τὸ τῆς ψυχῆς
καὶ τοῦ σώματος ἀγαθὸν συμπληρώσεται. τότε γὰρ ἡδονῆς
χρείαν ἔχομεν, ὅταν ἐκ τοῦ μὴ παρεῖναι τὴν ἡδονὴν ἀλγῶμεν·
<ὅταν δὲ μὴ ἀλγῶμεν,> οὐκέτι τῆς ἡδονῆς δεόμεθα.


Καὶ διὰ τοῦτο τὴν ἡδονὴν ἀρχὴν καὶ τέλος λέγομεν εἶναι
 (129) τοῦ μακαρίως ζῆν. ταύτην γὰρ ἀγαθὸν πρῶτον καὶ συγγενικὸν                
ἔγνωμεν, καὶ ἀπὸ ταύτης καταρχόμεθα πάσης αἱρέσεως καὶ
φυγῆς, καὶ ἐπὶ ταύτην καταντῶμεν ὡς κανόνι τῷ πάθει πᾶν
ἀγαθὸν κρίνοντες. Καὶ ἐπεὶ πρῶτον ἀγαθὸν τοῦτο καὶ σύμφυτον, 
διὰ τοῦτο καὶ οὐ πᾶσαν ἡδονὴν αἱρούμεθα, ἀλλ’ ἔστιν
ὅτε πολλὰς ἡδονὰς ὑπερβαίνομεν, ὅταν πλεῖον ἡμῖν τὸ δυσχερὲς
ἐκ τούτων ἕπηται· καὶ πολλὰς ἀλγηδόνας ἡδονῶν κρείττους
νομίζομεν, ἐπειδὰν μείζων ἡμῖν ἡδονὴ παρακολουθῇ πολὺν
χρόνον ὑπομείνασι τὰς ἀλγηδόνας. πᾶσα οὖν ἡδονὴ διὰ τὸ
φύσιν ἔχειν οἰκείαν ἀγαθόν, οὐ πᾶσα μέντοι αἱρετή· καθάπερ
καὶ ἀλγηδὼν πᾶσα κακόν, οὐ πᾶσα δὲ ἀεὶ φευκτὴ πεφυκυῖα.


 (130) τῇ μέντοι συμμετρήσει καὶ συμφερόντων καὶ ἀσυμφόρων                 
βλέψει ταῦτα πάντα κρίνειν καθήκει. χρώμεθα γὰρ τῷ μὲν
ἀγαθῷ κατά τινας χρόνους ὡς κακῷ, τῷ δὲ κακῷ τοὔμπαλιν
ὡς ἀγαθῷ.


  Καὶ τὴν αὐτάρκειαν δὲ ἀγαθὸν μέγα νομίζομεν, οὐχ ἵνα 
πάντως τοῖς ὀλίγοις χρώμεθα, ἀλλ’ ὅπως ἐὰν μὴ ἔχωμεν τὰ
πολλά, τοῖς ὀλίγοις ἀρκώμεθα, πεπεισμένοι γνησίως ὅτι ἥδιστα
πολυτελείας ἀπολαύουσιν οἱ ἥκιστα ταύτης δεόμενοι, καὶ ὅτι
τὸ μὲν φυσικὸν πᾶν εὐπόριστόν ἐστι, τὸ δὲ κενὸν δυσπόριστον,
ὅτι τε λιτοὶ χυλοὶ ἴσην πολυτελεῖ διαίτῃ τὴν ἡδονὴν ἐπιφέρουσιν, 
 (131) ὅταν ἅπαν τὸ ἀλγοῦν κατ’ ἔνδειαν ἐξαιρεθῇ, καὶ μᾶζα                     
καὶ ὕδωρ τὴν ἀκροτάτην ἀποδίδωσιν ἡδονήν, ἐπειδὰν ἐνδέων
τις αὐτὰ προσενέγκηται. τὸ συνεθίζειν οὖν ἐν ταῖς ἁπλαῖς καὶ
οὐ πολυτελέσι διαίταις καὶ ὑγιείας ἐστὶ συμπληρωτικὸν καὶ
πρὸς τὰς ἀναγκαίας τοῦ βίου χρήσεις ἄοκνον ποιεῖ τὸν ἄνθρωπον 
καὶ τοῖς πολυτελέσιν ἐκ διαλειμμάτων προσερχομένοις
κρεῖττον ἡμᾶς διατίθησι καὶ πρὸς τὴν τύχην ἀφόβους παρα-
σκευάζει. Ὅταν οὖν λέγωμεν ἡδονὴν τέλος ὑπάρχειν, οὐ τὰς
τῶν ἀσώτων ἡδονὰς καὶ τὰς ἐν ἀπολαύσει κειμένας λέγομεν,
ὥς τινες ἀγνοοῦντες καὶ οὐχ ὁμολογοῦντες ἢ κακῶς ἐκδεχόμενοι 
νομίζουσιν, ἀλλὰ τὸ μήτε ἀλγεῖν κατὰ σῶμα μήτε ταράττεσθαι 
 (132) κατὰ ψυχήν· οὐ γὰρ πότοι καὶ κῶμοι συνείροντες                        
οὐδ’ ἀπολαύσεις παίδων καὶ γυναικῶν οὐδ’ ἰχθύων καὶ τῶν
ἄλλων, ὅσα φέρει πολυτελὴς τράπεζα, τὸν ἡδὺν γεννᾷ βίον,
ἀλλὰ νήφων λογισμὸς καὶ τὰς αἰτίας ἐξερευνῶν πάσης αἱρέσεως 
καὶ φυγῆς καὶ τὰς δόξας ἐξελαύνων, ἐξ ὧν πλεῖστος τὰς 
ψυχὰς καταλαμβάνει θόρυβος.


  Τούτων δὲ πάντων ἀρχὴ καὶ τὸ μέγιστον ἀγαθὸν φρόνησις.
διὸ καὶ φιλοσοφίας τιμιώτερον ὑπάρχει φρόνησις, ἐξ ἧς αἱ
λοιπαὶ πᾶσαι πεφύκασιν ἀρεταί, διδάσκουσα ὡς οὐκ ἔστιν
ἡδέως ζῆν ἄνευ τοῦ φρονίμως καὶ καλῶς καὶ δικαίως <οὐδὲ
φρονίμως καὶ καλῶς καὶ δικαίως> ἄνευ τοῦ ἡδέως. συμπεφύκασι 
γὰρ αἱ ἀρεταὶ τῷ ζῆν ἡδέως, καὶ τὸ ζῆν ἡδέως τούτων
ἐστὶν ἀχώριστον.


 (133) Ἐπεὶ τίνα νομίζεις εἶναι κρείττονα τοῦ καὶ περὶ θεῶν ὅσια      
δοξάζοντος καὶ περὶ θανάτου διὰ παντὸς ἀφόβως ἔχοντος καὶ
τὸ τῆς φύσεως ἐπιλελογισμένου τέλος, καὶ τὸ μὲν τῶν ἀγαθῶν
πέρας ὡς ἔστιν εὐσυμπλήρωτόν τε καὶ εὐπόριστον διαλαμβάνοντος, 
τὸ δὲ τῶν κακῶν ὡς ἢ χρόνους ἢ πόνους ἔχει βραχεῖς;
τὴν δὲ ὑπό τινων δεσπότιν εἰσαγομένην πάντων ἀγγέλλοντος
 * * (<λέγει ἐν ἄλλοις γίνεσθαι ἃ μὲν κατ’ ἀνάγκην>, ἃ δὲ
ἀπὸ τύχης, ἃ δὲ παρ’ ἡμᾶς, διὰ τὸ τὴν μὲν ἀνάγκην ἀνυπεύθυνον
εἶναι, τὴν δὲ τύχην ἄστατον ὁρᾶν, τὸ δὲ παρ’ ἡμᾶς ἀδέσποτον,
ᾧ καὶ τὸ μεμπτὸν καὶ τὸ ἐναντίον παρακολουθεῖν πέφυκεν)— 
 (134) ἐπεὶ κρεῖττον ἦν τῷ περὶ θεῶν μύθῳ κατακολουθεῖν ἢ τῇ   
τῶν φυσικῶν εἱμαρμένῃ δουλεύειν· ὁ μὲν γὰρ ἐλπίδα παραιτή-
σεως ὑπογράφει θεῶν διὰ τιμῆς, ἣ δὲ ἀπαραίτητον ἔχει τὴν
ἀνάγκην — τὴν δὲ τύχην οὔτε θεὸν ὡς οἱ πολλοὶ νομίζουσιν
ὑπολαμβάνων — οὐθὲν γὰρ ἀτάκτως θεῷ πράττεται — οὔτε 
ἀβέβαιον αἰτίαν — <οὐκ> οἴεται μὲν γὰρ ἀγαθὸν ἢ κακὸν
ἐκ ταύτης πρὸς τὸ μακαρίως ζῆν ἀνθρώποις δίδοσθαι, ἀρχὰς
 (135) μέντοι μεγάλων ἀγαθῶν ἢ κακῶν ὑπὸ ταύτης χορηγεῖσθαι —     
κρεῖττον εἶναι νομίζων εὐλογίστως ἀτυχεῖν ἢ ἀλογίστως εὐτυχεῖν
 — βέλτιον γὰρ ἐν ταῖς πράξεσι τὸ καλῶς κριθὲν <μὴ
ὀρθωθῆναι ἢ τὸ μὴ καλῶς κριθὲν> ὀρθωθῆναι διὰ ταύτην.


  Ταῦτα οὖν καὶ τὰ τούτοις συγγενῆ μελέτα πρὸς σεαυτὸν ἡμέρας 
καὶ νυκτὸς πρός <τε> τὸν ὅμοιον σεαυτῷ, καὶ οὐδέποτε οὔθ’ ὕπαρ
οὔτ’ ὄναρ διαταραχθήσῃ, ζήσῃ δὲ ὡς θεὸς ἐν ἀνθρώποις. οὐθὲν
γὰρ ἔοικε θνητῷ ζῴῳ ζῶν ἄνθρωπος ἐν ἀθανάτοις ἀγαθοῖς.
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Epicurus  - Letter to Herodotus
Epicurus to Herodotus, greetings: 
For those who are unable to study carefully all my physical writings or to go into the longer treatises at all, I have myself prepared an epitome of the whole system, Herodotus, to preserve in the memory enough of the principal doctrines, to the end that on every occasion they may be able to aid themselves on the most important points, so far as they take up the study of Physics.  Those who have made some advance in the survey of the entire system ought to fix in their minds under the principal headings an elementary outline of the whole treatment of the subject.  For a comprehensive view is often required, the details but seldom.
To the former, then—the main heads—we must continually return, and must memorize them so far as to get a valid conception of the facts, as well as the means of discovering all the details exactly when once the general outlines are rightly understood and remembered; since it is the privilege of the mature student to make a ready use of his conceptions by referring every one of them to elementary facts and simple terms.  For it is impossible to gather up the results of continuous diligent study of the entirety of things, unless we can embrace in short formulas and hold in mind all that might have been accurately expressed even to the minutest detail.
Hence, since such a course is of service to all who take up natural science, I, who devote to the subject my continuous energy and reap the calm enjoyment of a life like this, have prepared for you just such an epitome and manual of the doctrines as a whole.
In the first place, Herodotus, you must understand what it is that words denote, in order that by reference to this we may be in a position to test opinions, inquiries, or problems, so that our proofs may not run on untested ad infinitum, nor the terms we use be empty of meaning.  For the primary signification of every term employed must be clearly seen, and ought to need no proving; this being necessary, if we are to have something to which the point at issue or the problem or the opinion before us can be referred.
Next, we must by all means stick to our sensations, that is, simply to the present impressions whether of the mind or of any criterion whatever, and similarly to our actual feelings, in order that we may have the means of determining that which needs confirmation and that which is obscure.
When this is clearly understood, it is time to consider generally things which are obscure.  To begin with, nothing comes into being out of what is non-existent  For in that case anything would have arisen out of anything, standing as it would in no need of its proper germs. And if that which disappears had been destroyed and become non-existent, everything would have perished, that into which the things were dissolved being non-existent.  Moreover, the sum total of things was always such as it is now, and such it will ever remain.  For there is nothing into which it can change.  For outside the sum of things there is nothing which could enter into it and bring about the change.
Further, the whole of being consists of bodies and space. For the existence of bodies is everywhere attested by sense itself, and it is upon sensation that reason must rely when it attempts to infer the unknown from the known.  And if there were no space (which we call also void and place and intangible nature), bodies would have nothing in which to be and through which to move, as they are plainly seen to move.  Beyond bodies and space there is nothing which by mental apprehension or on its analogy we can conceive to exist.  When we speak of bodies and space, both are regarded as wholes or separate things, not as the properties or accidents of separate things.
Again, of bodies some are composite, others the elements of which these composite bodies are made.  These elements are indivisible and unchangeable, and necessarily so, if things are not all to be destroyed and pass into non-existence, but are to be strong enough to endure when the composite bodies are broken up, because they possess, a solid nature and are incapable of being anywhere or anyhow dissolved.  It follows that the first beginnings must be indivisible, corporeal entities.
Again, the sum of things is infinite.  For what is finite has an extremity, and the extremity of anything is discerned only by comparison with something else.  Now the sum of things is not discerned by comparison with anything else: hence it has no extremity, it has no limit; and, since it has no limit, it must be unlimited or infinite.
Moreover, the sum of things is unlimited both by reason of the multitude of the atoms and the extent of the void.  For if the void were infinite and bodies finite, the bodies would not have stayed anywhere but would have been dispersed in their course through the infinite void, not having any supports or counter-checks to send them back on their upward rebound.  Again, if the void were finite, the infinity of bodies would not have anywhere to be.
Furthermore, the atoms, which have no void in them — out of which composite bodies arise and into which they are dissolved — vary indefinitely in their shapes; for so many varieties of things as we see could never have arisen out of a recurrence of a definite number of the same shapes.  The like atoms of each shape are absolutely infinite; but the variety of shapes, though indefinitely large, is not absolutely infinite.
The atoms are in continual motion through all eternity.  Some of them rebound to a considerable distance from each other, while others merely oscillate in one place when they chance to have got entangled or to be enclosed by a mass of other atoms shaped for entangling.
This is because each atom is separated from the rest by void, which is incapable of offering any resistance to the rebound; while it is the solidity of the atom which makes it rebound after a collision, however short the distance to which it rebounds, when it finds itself imprisoned in a mass of entangling atoms.  Of all this there is no beginning, since both atoms and void exist from everlasting.
The repetition at such length of all that we are now recalling to mind furnishes an adequate outline for our conception of the nature of things.
Moreover, there is an infinite number of worlds, some like this world, others unlike it.  For the atoms being infinite in number, as has just been proved, are borne ever further in their course.  For the atoms out of which a world might arise, or by which a world might be formed, have not all been expended on one world or a finite number of worlds, whether like or unlike this one.  Hence there will be nothing to hinder an infinity of worlds.
Again, there are outlines or films, which are of the same shape as solid bodies, but of a thinness far exceeding that of any object that we see.  For it is not impossible that there should be found in the surrounding air combinations of this kind, materials adapted for expressing the hollowness and thinness of surfaces, and effluxes preserving the same relative position and motion which they had in the solid objects from which they come.  To these films we give the name of "images" or "idols." Furthermore, so long as nothing comes in the way to offer resistance, motion through the void accomplishes any imaginable distance in an inconceivably short time.  For resistance encountered is the equivalent of slowness, its absence the equivalent of speed.
Note that, if we consider the minute times perceptible by reason alone, the moving body itself arrives at more than one place simultaneously (for this too is inconceivable), although in time perceptible to sense it does arrive simultaneously, however different the point of departure from that conceived by us.  For if it changed its direction, that would be equivalent to its meeting with resistance, even if up to that point we allow nothing to impede the rate of its flight.  This is an elementary fact which in itself is well worth bearing in mind.  In the next place the exceeding thinness of the images is contradicted by none of the facts under our observation.  Hence also their velocities are enormous, since they always find a void passage to fit them.  Besides, their incessant effluence meets with no resistance or very little, although many atoms, not to say an unlimited number, do at once encounter resistance.
Besides this, remember that the production of the images is as quick as thought.  For particles are continually streaming off from the surface of bodies, though no diminution of the bodies is observed, because other particles take their place. And those given off for a long time retain the position and arrangement which their atoms had when they formed part of the solid bodies, although occasionally they are thrown into confusion, Sometimes such films are formed very rapidly in the air, because they need not have any solid content; and there are other modes in which they may be formed.  For there is nothing in all this which is contradicted by sensation, if we in some sort look at the clear evidence of sense, to which we should also refer the continuity of particles in the objects external to ourselves.
We must also consider that it is by the entrance of something coming from external objects that we see their shapes and think of them.  For external things would not stamp on us their own nature of color and form through the medium of the air which is between them and use or by means of rays of light or currents of any sort going from us to them, so well as by the entrance into our eyes or minds, to whichever their size is suitable, of certain films coming from the things themselves, these films or outlines being of the same color and shape as the external things themselves.  They move with rapid motion; and this again explains why they present the appearance of the single continuous object, and retain the mutual interconnection which they had in the object, when they impinge upon the sense, such impact being due to the oscillation of the atoms in the interior of the solid object from which they come.  And whatever presentation we derive by direct contact, whether it be with the mind or with the sense-organs, be it shape that is presented or other properties, this shape as presented is the shape of the solid thing, and it is due either to a close coherence of the image as a whole or to a mere remnant of its parts.  Falsehood and error always depend upon the intrusion of opinion when a fact awaits confirmation or the absence of contradiction, which fact is afterwards frequently not confirmed or even contradicted following a certain movement in ourselves connected with, but distinct from, the mental picture presented — which is the cause of error.
For the presentations which, for example, are received in a picture or arise in dreams, or from any other form of apprehension by the mind or by the other criteria of truth, would never have resembled what we call the real and true things, had it not been for certain actual things of the kind with which we come in contact.  Error would not have occurred, if we had not experienced some other movement in ourselves, conjoined with, but distinct from, the perception of what is presented.  And from this movement, if it be not confirmed or be contradicted, falsehood results; while, if it be confirmed or not contradicted, truth results.
And to this view we must closely adhere, if we are not to repudiate the criteria founded on the clear evidence of sense, nor again to throw all these things into confusion by maintaining falsehood as if it were truth.
Again, hearing takes place when a current passes from the object, whether person or thing, which emits voice or sound or noise, or produces the sensation of hearing in any way whatever.  This current is broken up into homogeneous particles, which at the same time preserve a certain mutual connection and a distinctive unity extending to the object which emitted them, and thus, for the most part, cause the perception in that case or, if not, merely indicate the presence of the external object. For without the transmission from the object of a certain interconnection of the parts no such sensation could arise.  Therefore we must not suppose that the air itself is molded into shape by the voice emitted or something similar; for it is very far from being the case that the air is acted upon by it in this way.  The blow which is struck in us when we utter a sound causes such a displacement of the particles as serves to produce a current resembling breath, and this displacement gives rise to the sensation of hearing.
Again, we must believe that smelling, like hearing, would produce no sensation, were there not particles conveyed from the object which are of the proper sort for exciting the organ of smelling, some of one sort, some of another, some exciting it confusedly and strangely, others quietly and agreeably.

Epicurus distinguishes primary and secondary qualities, both of which depend entirely on arrangements of the atoms, which is pure information.

Moreover, we must hold that the atoms in fact possess none of the qualities belonging to things which come under our observation, except shape, weight, and size, and the properties necessarily conjoined with shape.  For every quality changes, but the atoms do not change, since, when the composite bodies are dissolved, there must needs be a permanent something, solid and indissoluble, left behind, which makes change possible: not changes into or from the non-existent. but often through differences of arrangement, and sometimes through additions and subtractions of the atoms. Hence these somethings capable of being diversely arranged must be indestructible, exempt from change, but possessed each of its own distinctive mass and configuration.  This must remain.
For in the case of changes of configuration within our experience the figure is supposed to be inherent when other qualities are stripped of, but the qualities are not supposed, like the shape which is left behind, to inhere in the subject of change, but to vanish altogether from the body.  Thus, then, what is left behind is sufficient to account for the differences in composite bodies, since something at least must necessarily be left remaining and be immune from annihilation.
Again, you should not suppose that the atoms have any and every size, lest you be contradicted by facts; but differences of size must be admitted; for this addition renders the facts of feeling and sensation easier of explanation.  But to attribute any and every magnitude to the atoms does not help to explain the differences of quality in things; moreover, in that case atoms large enough to be seen ought to have reached us, which is never observed to occur; nor can we conceive how its occurrence should be possible, in other words that an atom should become visible.
Besides, you must not suppose that there are parts unlimited in number, be they ever so small, in any finite body.  Hence not only must we reject as impossible subdivision ad infinitum into smaller and smaller parts, lest we make all things too weak and, in our conceptions of the aggregates, be driven to pulverize the things that exist, in other words the atoms, and annihilate them; but in dealing with finite things we must also reject as impossible the progression ad infinitum by less and less increments.
For when once we have said that an infinite number of particles, however small, are contained in anything, it is not possible to conceive how it could any longer be limited or finite in size.  For clearly our infinite number of particles must have some size; and then, of whatever size they were, the aggregate they made would be infinite.  And, in the next place, since what is finite has an extremity which is distinguishable, even if it is not by itself observable, it is not possible to avoid thinking of another such extremity next to this.  Nor can we help thinking that in this way, by proceeding forward from one to the next in order, it is possible by such a progression to arrive in thought at infinity.
We must consider the minimum perceptible by sense as not corresponding to that which is capable of being traversed, that is to say is extended, nor again as utterly unlike it, but as having something in common with the things capable of being traversed, though it is without distinction of parts.  But when from the illusion created by this common property we think we shall distinguish something in the minimum, one part on one side and another part on the other side, it must be another minimum equal to the first which catches our eye.  In fact, we see these minima one after another, beginning with the first, and not as occupying the same space; nor do we see them touch one another's parts with their parts, but we see that by virtue of their own peculiar character (as being unit indivisibles) they afford a means of measuring magnitudes: there are more of them, if the magnitude measured is greater; fewer of them, if the magnitude measured is less.
We must recognize that this analogy also holds of the minimum in the atom; it is only in minuteness that it differs from that which is observed by sense, but it follows the same analogy.  On the analogy of things within our experience we have declared that the atom has magnitude; and this, small as it is, we have merely reproduced on a larger scale.  And further, the least and simplest things must be regarded as extremities of lengths, furnishing from themselves as units the means of measuring lengths, whether greater or less, the mental vision being employed, since direct observation is impossible.  For the community which exists between them and the unchangeable parts (the minimal parts of area or surface) is sufficient to justify the conclusion so far as this goes.  But it is not possible that these minima of the atom should group themselves together through the possession of motion.
Further, we must not assert “up” and “down” of that which is unlimited, as if there were a zenith or nadir. As to the space overhead, however, if it be possible to draw a line to infinity from the point where we stand, we know that never will this space — or, for that matter, the space below the supposed standpoint if produced to infinity — appear to us to be at the same time “up” and “down” with reference to the same point; for this is inconceivable.  Hence it is possible to assume one direction of motion, which we conceive as extending upwards ad infinitum, and another downwards, even if it should happen ten thousand times that what moves from us to the spaces above our heads reaches the feet of those above us, or that which moves downwards from us the heads of those below us.  None the less is it true that the whole of the motion in the respective cases is conceived as extending in opposite directions ad infinitum.
When they are traveling through the void and meet with no resistance, the atoms must move with equal speed.  Neither will heavy atoms travel more quickly than small and light ones, so long as nothing meets them, nor will small atoms travel more quickly than large ones, provided they always find a passage suitable to their size, and provided also that they meet with no obstruction.  Nor will their upward or their lateral motion, which is due to collisions, nor again their downward motion, due to weight, affect their velocity.  As long as either motion obtains, it must continue, quick as the speed of thought, provided there is no obstruction, whether due to external collision or to the atoms' own weight counteracting the force of the blow.
Moreover, when we come to deal with composite bodies, one of them will travel faster than another, although their atoms have equal speed.  This is because the atoms in the aggregates are traveling in one direction during the shortest continuous time, albeit they move in different directions in times so short as to be appreciable only by the reason, but frequently collide until the continuity of their motion is appreciated by sense.  For the assumption that beyond the range of direct observation even the minute times conceivable by reason will present continuity of motion is not true in the case before us. Our canon is that direct observation by sense and direct apprehension by the mind are alone invariably true.
Next, keeping in view our perceptions and feelings (for so shall we have the surest grounds for belief), we must recognize generally that the soul is a corporeal thing, composed of fine particles, dispersed all over the frame, most nearly resembling wind with an admixture of heat, in some respects like wind, in others like heat.  But, again, there is the third part which exceeds the other two in the fineness of its particles and thereby keeps in closer touch with the rest of the frame. And this is shown by the mental faculties and feelings, by the ease with which the mind moves, and by thoughts, and by all those things the loss of which causes death.  Further, we must keep in mind that soul has the greatest share in causing sensation.  Still, it would not have had sensation, had it not been somehow confined within the rest of the frame.  But the rest of the frame, though it provides this indispensable conditions for the soul, itself also has a share, derived from the soul, of the said quality; and yet does not possess all the qualities of soul.  Hence on the departure of the soul it loses sentience.  For it had not this power in itself; but something else, congenital with the body, supplied it to body: which other thing, through the potentiality actualized in it by means of motion, at once acquired for itself a quality of sentience, and, in virtue of the neighborhood and interconnection between them, imparted it (as I said) to the body also.
Hence, so long as the soul is in the body, it never loses sentience through the removal of some other part.  The containing sheaths may be dislocated in whole or in part, and portions of the soul may thereby be lost; yet in spite of this the soul, if it manage to survive, will have sentience.  But the rest of the frame, whether the whole of it survives or only a part, no longer has sensation, when once those atoms have departed, which, however few in number, are required to constitute the nature of soul.  Moreover, when the whole frame is broken up, the soul is scattered and has no longer the same powers as before, nor the same notions; hence it does not possess sentience either.
For we cannot think of it as sentient, except it be in this composite whole and moving with these movements; nor can we so think of it when the sheaths which enclose and surround it are not the same as those in which the soul is now located and in which it performs these movements.
There is the further point to be considered, what the incorporeal can be, if, I mean, according to current usage the term is applied to what can be conceived as self-existent.  But it is impossible to conceive anything that is incorporeal as self-existent except empty space.  And empty space cannot itself either act or be acted upon, but simply allows body to move through it. Hence those who call soul incorporeal speak foolishly.  For if it were so, it could neither act nor be acted upon.  But, as it is, both these properties, you see, plainly belong to soul.
If, then, we bring all these arguments concerning soul to the criterion of our feelings and perceptions, and if we keep in mind the proposition stated at the outset, we shall see that the subject has been adequately comprehended in outline: which will enable us to determine the details with accuracy and confidence.
Moreover, shapes and colors, magnitudes and weights, and in short all those qualities which are predicated of body, in so far as they are perpetual properties either of all bodies or of visible bodies, are knowable by sensation of these very properties: these, I say, must not be supposed to exist independently by themselves (for that is inconceivable), nor yet to be non-existent, nor to be some other and incorporeal entities cleaving to body, nor again to be parts of body.  We must consider the whole body in a general way to derive its permanent nature from all of them, though it is not, as it were, formed by grouping them together in the same way as when from the particles themselves a larger aggregate is made up, whether these particles be primary or any magnitudes whatsoever less than the particular whole.  All these qualities, I repeat, merely give the body its own permanent nature.  They all have their own characteristic modes of being perceived and distinguished, but always along with the whole body in which they inhere and never in separation from it; and it is in virtue of this complete conception of the body as a whole that it is so designated.
Again, qualities often attach to bodies without being permanent concomitants.  They are not to be classed among invisible entities nor are they incorporeal.  Hence, using the term “accidents” in the commonest sense, we say plainly that “accidents” have not the nature of the whole thing to which they belong, and to which, conceiving it as a whole, we give the name of body, nor that of the permanent properties without which body cannot be thought of.  And in virtue of certain peculiar modes of apprehension into which the complete body always enters, each of them can be called an accident.  But only as often as they are seen actually to belong to it, since such accidents are not perpetual concomitants.  There is no need to banish from reality this clear evidence that the accident has not the nature of that whole—by us called body—to which it belongs, nor of the permanent properties which accompany the whole.  Nor, on the other hand, must we suppose the accident to have independent existence (for this is just as inconceivable in the case of accidents as in that of the permanent properties); but, as is manifest, they should all be regarded as accidents, not as permanent concomitants, of bodies, nor yet as having the rank of independent existence.  Rather they are seen to be exactly as and what sensation itself makes them individually claim to be.
There is another thing which we must consider carefully.  We must not investigate time as we do the other accidents which we investigate in a subject, namely, by referring them to the preconceptions envisaged in our minds; but we must take into account the plain fact itself, in virtue of which we speak of time as long or short, linking to it in intimate connection this attribute of duration. We need not adopt any fresh terms as preferable, but should employ the usual expressions about it.  Nor need we predicate anything else of time, as if this something else contained the same essence as is contained in the proper meaning of the word “time” (for this also is done by some).  We must chiefly reflect upon that to which we attach this peculiar character of time, and by which we measure it.  No further proof is required: we have only to reflect that we attach the attribute of time to days and nights and their parts, and likewise to feelings of pleasure and pain and to neutral states, to states of movement and states of rest, conceiving a peculiar accident of these to be this very characteristic which we express by the word "time."
After the foregoing we have next to consider that the worlds and every finite aggregate which bears a strong resemblance to things we commonly see have arisen out of the infinite. For all these, whether small or great, have been separated off from special conglomerations of atoms; and all things are again dissolved, some faster, some slower, some through the action of one set of causes, others through the action of another.
And further, we must not suppose that the worlds have necessarily one and the same shape.  For nobody can prove that in one sort of world there might not be contained, whereas in another sort of world there could not possibly be, the seeds out of which animals and plants arise and all the rest of the things we see.
Again, we must suppose that nature too has been taught and forced to learn many various lessons by the facts themselves, that reason subsequently develops what it has thus received and makes fresh discoveries, among some tribes more quickly, among others more slowly, the progress thus made being at certain times and seasons greater, at others less.
Hence even the names of things were not originally due to convention, but in the several tribes under the impulse of special feelings and special presentations of sense primitive man uttered special cries.  The air thus emitted was molded by their individual feelings or sense-presentations, and differently according to the difference of the regions which the tribes inhabited.  Subsequently whole tribes adopted their own special names, in order that their communications might be less ambiguous to each other and more briefly expressed.  And as for things not visible, so far as those who were conscious of them tried to introduce any such notion, they put in circulation certain names for them, either sounds which they were instinctively compelled to utter or which they selected by reason on analogy according to the most general cause there can be for expressing oneself in such a way.
Nay more: we are bound to believe that in the sky revolutions, solstices, eclipses, risings and settings, and the like, take place without the ministration or command, either now or in the future, of any being who it the same time enjoys perfect bliss along with immortality.  For troubles and anxieties and feelings of anger and partiality do not accord with bliss, but always imply weakness and fear and dependence upon one's neighbors.  Nor, again, must we hold that things which are no more than globular masses of fire, being at the same time endowed with bliss, assume these motions at will.  Nay, in every term we use we must hold fast to all the majesty which attaches to such notions as bliss and immortality, lest the terms should generate opinions inconsistent with this majesty.  Otherwise such inconsistency will of itself suffice to produce the worst disturbance in our minds.  Hence, where we find phenomena invariably recurring, the invariability of the recurrence must be ascribed to the original interception and conglomeration of atoms whereby the world was formed.
Further, we must hold that to arrive at accurate knowledge of the cause of things of most moment is the business of natural science, and that happiness depends on this (viz. on the knowledge of celestial and atmospheric phenomena), and upon knowing what the heavenly bodies really are, and any kindred facts contributing to exact knowledge in this respect.
Further, we must recognize on such points as this no plurality of causes or contingency, but must hold that nothing suggestive of conflict or disquiet is compatible with an immortal and blessed nature.  And the mind can grasp the absolute truth of this.
But when we come to subjects for special inquiry, there is nothing in the knowledge of risings and settings and solstices and eclipses and all kindred subjects that contributes to our happiness; but those who are well-informed about such matters and yet are ignorant—what the heavenly bodies really are, and what are the most important causes of phenomena, feel quite as much fear as those who have no such special information—nay, perhaps even greater fear, when the curiosity excited by this additional knowledge cannot find a solution or understand the subordination of these phenomena to the highest causes.
Hence, if we discover more than one cause that may account for solstices, settings and risings, eclipses and the like, as we did also in particular matters of detail, we must not suppose that our treatment of these matters fails of accuracy, so far as it is needful to ensure our tranquillity and happiness. When, therefore, we investigate the causes of celestial and atmospheric phenomena, as of all that is unknown, we must take into account the variety of ways in which analogous occurrences happen within our experience; while as for those who do not recognize the difference between what is or comes about from a single cause and that which may be the effect of any one of several causes, overlooking the fact that the objects are only seen at a distance, and are moreover ignorant of the conditions that render, or do not render, peace of mind impossible—all such persons we must treat with contempt.  If then we think that an event could happen in one or other particular way out of several, we shall be as tranquil when we recognize that it actually comes about in more ways than one as if we knew that it happens in this particular way.
There is yet one more point to seize, namely, that the greatest anxiety of the human mind arises through the belief that the heavenly bodies are blessed and indestructible, and that at the same time they have volition and actions and causality inconsistent with this belief; and through expecting or apprehending some everlasting evil, either because of the myths, or because we are in dread of the mere insensibility of death, as if it had to do with us; and through being reduced to this state not by conviction but by a certain irrational perversity, so that, if men do not set bounds to their terror, they endure as much or even more intense anxiety than the man whose views on these matters are quite vague.  But mental tranquillity means being released from all these troubles and cherishing a continual remembrance of the highest and most important truths.
Hence we must attend to present feelings and sense perceptions, whether those of mankind in general or those peculiar to the individual, and also attend to all the clear evidence available, as given by each of the standards of truth.  For by studying them we shall rightly trace to its cause and banish the source of disturbance and dread, accounting for celestial phenomena and for all other things which from time to time befall us and cause the utmost alarm to the rest of mankind.
Here then, Herodotus, you have the chief doctrines of Physics in the form of a summary.  So that, if this statement be accurately retained and take effect, a man will, I make no doubt, be incomparably better equipped than his fellows, even if he should never go into all the exact details.  For he will clear up for himself many of the points which I have worked out in detail in my complete exposition; and the summary itself, if borne in mind, will be of constant service to him.
It is of such a sort that those who are already tolerably, or even perfectly, well acquainted with the details can, by analysis of what they know into such elementary perceptions as these, best prosecute their researches in physical science as a whole; while those, on the other hand, who are not altogether entitled to rank as mature students can in silent fashion and as quick as thought run over the doctrines most important for their peace of mind.
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The atoms continuously rebound and oscillate - essentially they "swerve" at all times. 
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Epicurus  - Letter to Menoeceus

(Epistula ad Menoeceum - in original Greek)

Epicurus to Menoeceus, greetings:
Let no one be slow to seek wisdom when he is young nor weary in the search of it when he has grown old.  For no age is too early or too late for the health of the soul.  And to say that the season for studying philosophy has not yet come, or that it is past and gone, is like saying that the season for happiness is not yet or that it is now no more.  Therefore, both old and young alike ought to seek wisdom, the former in order that, as age comes over him, he may be young in good things because of the grace of what has been, and the latter in order that, while he is young, he may at the same time be old, because he has no fear of the things which are to come.  So we must exercise ourselves in the things which bring happiness, since, if that be present, we have everything, and, if that be absent, all our actions are directed towards attaining it.
Those things which without ceasing I have declared unto you, do them, and exercise yourself in them, holding them to be the elements of right life.  First believe that God is a living being immortal and blessed, according to the notion of a god indicated by the common sense of mankind; and so believing, you shall not affirm of him anything that is foreign to his immortality or that is repugnant to his blessedness.  Believe about him whatever may uphold both his blessedness and his immortality.  For there are gods, and the knowledge of them is manifest; but they are not such as the multitude believe, seeing that men do not steadfastly maintain the notions they form respecting them.  Not the man who denies the gods worshipped by the multitude, but he who affirms of the gods what the multitude believes about them is truly impious.  For the utterances of the multitude about the gods are not true preconceptions but false assumptions; hence it is that the greatest evils happen to the wicked and the greatest blessings happen to the good from the hand of the gods, seeing that they are always favorable to their own good qualities and take pleasure in men like themselves, but reject as alien whatever is not of their kind.
Accustom yourself to believing that death is nothing to us, for good and evil imply the capacity for sensation, and death is the privation of all sentience; therefore a correct understanding that death is nothing to us makes the mortality of life enjoyable, not by adding to life a limitless time, but by taking away the yearning after immortality.  For life has no terrors for him who has thoroughly understood that there are no terrors for him in ceasing to live.  Foolish, therefore, is the man who says that he fears death, not because it will pain when it comes, but because it pains in the prospect.  Whatever causes no annoyance when it is present, causes only a groundless pain in the expectation.  Death, therefore, the most awful of evils, is nothing to us, seeing that, when we are, death is not come, and, when death is come, we are not.  It is nothing, then, either to the living or to the dead, for with the living it is not and the dead exist no longer.
But in the world, at one time men shun death as the greatest of all evils, and at another time choose it as a respite from the evils in life.  The wise man does not deprecate life nor does he fear the cessation of life.  The thought of life is no offense to him, nor is the cessation of life regarded as an evil.  And even as men choose of food not merely and simply the larger portion, but the more pleasant, so the wise seek to enjoy the time which is most pleasant and not merely that which is longest.  And he who admonishes the young to live well and the old to make a good end speaks foolishly, not merely because of the desirability of life, but because the same exercise at once teaches to live well and to die well.  Much worse is he who says that it were good not to be born, but when once one is born to pass quickly through the gates of Hades.  For if he truly believes this, why does he not depart from life?  It would be easy for him to do so once he were firmly convinced.  If he speaks only in jest, his words are foolishness as those who hear him do not believe. 
We must remember that the future is neither wholly ours nor wholly not ours, so that neither must we count upon it as quite certain to come nor despair of it as quite certain not to come.
We must also reflect that of desires some are natural, others are groundless; and that of the natural some are necessary as well as natural, and some natural only.  And of the necessary desires some are necessary if we are to be happy, some if the body is to be rid of uneasiness, some if we are even to live.  He who has a clear and certain understanding of these things will direct every preference and aversion toward securing health of body and tranquillity of mind, seeing that this is the sum and end of a blessed life.  For the end of all our actions is to be free from pain and fear, and, when once we have attained all this, the tempest of the soul is laid; seeing that the living creature has no need to go in search of something that is lacking, nor to look for anything else by which the good of the soul and of the body will be fulfilled.  When we are pained because of the absence of pleasure, then, and then only, do we feel the need of pleasure.  Wherefore we call pleasure the alpha and omega of a blessed life.  Pleasure is our first and kindred good.  It is the starting-point of every choice and of every aversion, and to it we come back, inasmuch as we make feeling the rule by which to judge of every good thing.
And since pleasure is our first and native good, for that reason we do not choose every pleasure whatsoever, but will often pass over many pleasures when a greater annoyance ensues from them.  And often we consider pains superior to pleasures when submission to the pains for a long time brings us as a consequence a greater pleasure.  While therefore all pleasure because it is naturally akin to us is good, not all pleasure is should be chosen, just as all pain is an evil and yet not all pain is to be shunned.  It is, however, by measuring one against another, and by looking at the conveniences and inconveniences, that all these matters must be judged.  Sometimes we treat the good as an evil, and the evil, on the contrary, as a good.
Again, we regard independence of outward things as a great good, not so as in all cases to use little, but so as to be contented with little if we have not much, being honestly persuaded that they have the sweetest enjoyment of luxury who stand least in need of it, and that whatever is natural is easily procured and only the vain and worthless hard to win.  Plain fare gives as much pleasure as a costly diet, when once the pain of want has been removed, while bread and water confer the highest possible pleasure when they are brought to hungry lips.  To habituate one's self, therefore, to simple and inexpensive diet supplies all that is needful for health, and enables a man to meet the necessary requirements of life without shrinking, and it places us in a better condition when we approach at intervals a costly fare and renders us fearless of fortune.
When we say, then, that pleasure is the end and aim, we do not mean the pleasures of the prodigal or the pleasures of sensuality, as we are understood to do by some through ignorance, prejudice, or willful misrepresentation.  By pleasure we mean the absence of pain in the body and of trouble in the soul.  It is not an unbroken succession of drinking-bouts and of revelry, not sexual lust, not the enjoyment of the fish and other delicacies of a luxurious table, which produce a pleasant life; it is sober reasoning, searching out the grounds of every choice and avoidance, and banishing those beliefs through which the greatest tumults take possession of the soul.  Of all this the beginning and the greatest good is wisdom.  Therefore wisdom is a more precious thing even than philosophy ; from it spring all the other virtues, for it teaches that we cannot live pleasantly without living wisely, honorably, and justly; nor live wisely, honorably, and justly without living pleasantly.  For the virtues have grown into one with a pleasant life, and a pleasant life is inseparable from them. 
Who, then, is superior in your judgment to such a man?  He holds a holy belief concerning the gods, and is altogether free from the fear of death.  He has diligently considered the end fixed by nature, and understands how easily the limit of good things can be reached and attained, and how either the duration or the intensity of evils is but slight.  


Fate, which some introduce as sovereign over all things, he scorns, affirming rather that some things happen of necessity, others by chance, others through our own agency.  For he sees that necessity destroys responsibility and that chance is inconstant; whereas our own actions are autonomous, and it is to them that praise and blame naturally attach.  It were better, indeed, to accept the legends of the gods than to bow beneath that yoke of destiny which the natural philosophers have imposed.  The one holds out some faint hope that we may escape if we honor the gods, while the necessity of the naturalists is deaf to all entreaties.  Nor does he hold chance to be a god, as the world in general does, for in the acts of a god there is no disorder; nor to be a cause, though an uncertain one, for he believes that no good or evil is dispensed by chance to men so as to make life blessed, though it supplies the starting-point of great good and great evil.  He believes that the misfortune of the wise is better than the prosperity of the fool.  It is better, in short, that what is well judged in action should not owe its successful issue to the aid of chance. 
Exercise yourself in these and related precepts day and night, both by yourself and with one who is like-minded; then never, either in waking or in dream, will you be disturbed, but will live as a god among men.  For man loses all semblance of mortality by living in the midst of immortal blessings.
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 (121)   Ἐπίκουρος Μενοικεῖ χαίρειν.             

 (122)   Μήτε νέος τις ὢν μελλέτω φιλοσοφεῖν, μήτε γέρων ὑπάρχων        
κοπιάτω φιλοσοφῶν. οὔτε γὰρ ἄωρος οὐδείς ἐστιν οὔτε
πάρωρος πρὸς τὸ κατὰ ψυχὴν ὑγιαῖνον. ὁ δὲ λέγων ἢ μήπω
τοῦ φιλοσοφεῖν ὑπάρχειν ὥραν ἢ παρεληλυθέναι τὴν ὥραν
ὅμοιός ἐστι τῷ λέγοντι πρὸς εὐδαιμονίαν ἢ μὴ παρεῖναι τὴν
ὥραν ἢ μηκέτι εἶναι. ὥστε φιλοσοφητέον καὶ νέῳ καὶ γέροντι,
τῷ μὲν ὅπως γηράσκων νεάζῃ τοῖς ἀγαθοῖς διὰ τὴν χάριν τῶν
γεγονότων, τῷ δὲ ὅπως νέος ἅμα καὶ παλαιὸς ᾖ διὰ τὴν
ἀφοβίαν τῶν μελλόντων· μελετᾶν οὖν χρὴ τὰ ποιοῦντα τὴν
εὐδαιμονίαν, εἴπερ παρούσης μὲν αὐτῆς πάντα ἔχομεν, ἀπούσης
δὲ πάντα πράττομεν εἰς τὸ ταύτην ἔχειν


 (123) Ἃ δέ σοι συνεχῶς παρήγγελλον, ταῦτα καὶ πρᾶττε καὶ μελέτα,               
στοιχεῖα τοῦ καλῶς ζῆν ταῦτ’ εἶναι διαλαμβάνων. Πρῶτον
μὲν τὸν θεὸν ζῷον ἄφθαρτον καὶ μακάριον νομίζων, ὡς ἡ
κοινὴ τοῦ θεοῦ νόησις ὑπεγράφη, μηθὲν μήτε τῆς ἀφθαρσίας
ἀλλότριον μήτε τῆς μακαριότητος ἀνοίκειον αὐτῷ πρόσαπτε
πᾶν δὲ τὸ φυλάττειν αὐτοῦ δυνάμενον τὴν μετὰ ἀφθαρσίας
μακαριότητα περὶ αὐτὸν δόξαζε. θεοὶ μὲν γὰρ εἰσίν· ἐναργὴς
γὰρ αὐτῶν ἐστιν ἡ γνῶσις· οἵους δ’ αὐτοὺς <ὁἱ> πολλοὶ 
νομίζουσιν, οὐκ εἰσίν· οὐ γὰρ φυλάττουσιν αὐτοὺς οἵους
νομίζουσιν. ἀσεβὴς δὲ οὐχ ὁ τοὺς τῶν πολλῶν θεοὺς ἀναιρῶν,
 (124) ἀλλ’ ὁ τὰς τῶν πολλῶν δόξας θεοῖς προσάπτων. οὐ γὰρ προλήψεις                
εἰσὶν ἀλλ’ ὑπολήψεις ψευδεῖς αἱ τῶν πολλῶν ὑπὲρ
θεῶν ἀποφάσεις. ἔνθεν αἱ μέγισται βλάβαι† αἴτιαι τοῖς κακοῖς
ἐκ θεῶν ἐπάγονται καὶ ὠφέλειαι. ταῖς γὰρ ἰδίαις οἰκειούμενοι
διὰ παντὸς ἀρεταῖς τοὺς ὁμοίους ἀποδέχονται, πᾶν τὸ μὴ
τοιοῦτον ὡς ἀλλότριον νομίζοντες.


Συνέθιζε δὲ ἐν τῷ νομίζειν μηδὲν πρὸς ἡμᾶς εἶναι τὸν
θάνατον ἐπεὶ πᾶν ἀγαθὸν καὶ κακὸν ἐν αἰσθήσει· στέρησις
δέ ἐστιν αἰσθήσεως ὁ θάνατος. ὅθεν γνῶσις ὀρθὴ τοῦ μηθὲν
εἶναι πρὸς ἡμᾶς τὸν θάνατον ἀπολαυστὸν ποιεῖ τὸ τῆς ζωῆς
θνητόν, οὐκ ἄπειρον προστιθεῖσα χρόνον, ἀλλὰ τὸν τῆς ἀθανασίας 
 (125) ἀφελομένη πόθον. οὐθὲν γάρ ἐστιν ἐν τῷ ζῆν δεινὸν                            
τῷ κατειληφότι γνησίως τὸ μηδὲν ὑπάρχειν ἐν τῷ μὴ ζῆν
δεινόν. ὥστε μάταιος ὁ λέγων δεδιέναι τὸν θάνατον οὐχ ὅτι
λυπήσει παρών, ἀλλ’ ὅτι λυπεῖ μέλλων. ὃ γὰρ παρὸν οὐκ
ἐνοχλεῖ, προσδοκώμενον κενῶς λυπεῖ. τὸ φρικωδέστατον οὖν
τῶν κακῶν ὁ θάνατος οὐθὲν πρὸς ἡμᾶς, ἐπειδήπερ ὅταν μὲν
ἡμεῖς ὦμεν, ὁ θάνατος οὐ πάρεστιν, ὅταν δὲ ὁ θάνατος παρῇ,
τόθ’ ἡμεῖς οὐκ ἐσμέν. οὔτε οὖν πρὸς τοὺς ζῶντάς ἐστιν οὔτε
πρὸς τοὺς τετελευτηκότας, ἐπειδήπερ περὶ οὓς μὲν οὐκ ἔστιν,
οἳ δ’ οὐκέτι εἰσίν. Ἀλλ’ οἱ πολλοὶ τὸν θάνατον ὁτὲ μὲν ὡς 
μέγιστον τῶν κακῶν φεύγουσιν, ὁτὲ δὲ ὡς ἀνάπαυσιν τῶν ἐν
(126) τῷ ζῆν <κακῶν αἱροῦνται. ὁ δὲ σοφὸς οὔτε παραιτεῖται τὸ                     
ζῆν> οὔτε φοβεῖται τὸ μὴ ζῆν· οὔτε γὰρ αὐτῷ προσίσταται
τὸ ζῆν οὔτε δοξάζει κακὸν εἶναί τι τὸ μὴ ζῆν. ὥσπερ δὲ τὸ
σιτίον οὐ τὸ πλεῖον πάντως ἀλλὰ τὸ ἥδιστον αἱρεῖται, οὕτω
καὶ χρόνον οὐ τὸν μήκιστον ἀλλὰ τὸν ἥδιστον καρπίζεται.


Ὁ δὲ παραγγέλλων τὸν μὲν νέον καλῶς ζῆν, τὸν δὲ γέροντα
καλῶς καταστρέφειν, εὐήθης ἐστὶν οὐ μόνον διὰ τὸ τῆς ζωῆς
ἀσπαστόν, ἀλλὰ καὶ διὰ τὸ τὴν αὐτὴν εἶναι μελέτην τοῦ καλῶς
ζῆν καὶ τοῦ καλῶς ἀποθνῄσκειν. πολὺ δὲ χείρων καὶ ὁ λέγων
καλὸν μὲν μὴ φῦναι, φύντα δ’ ὅπως ὤκιστα πύλας Ἀίδαο περῆσαι.


 (127) Εἰ μὲν γὰρ πεποιθὼς τοῦτό φησιν, πῶς οὐκ ἀπέρχεται ἐκ                      
τοῦ ζῆν; ἐν ἑτοίμῳ γὰρ αὐτῷ τοῦτ’ ἐστίν, εἴπερ ἦν βεβουλευμένον 
αὐτῷ βεβαίως· εἰ δὲ μωκώμενος, μάταιος ἐν τοῖς οὐκ
ἐπιδεχομένοις. Μνημονευτέον δὲ ὡς τὸ μέλλον <οὔτε πάντως
ἡμέτερον> οὔτε πάντως οὐχ ἡμέτερον, ἵνα μήτε πάντως προσμένωμεν 
ὡς ἐσόμενον μήτε ἀπελπίζωμεν ὡς πάντως οὐκ ἐσόμενον.


Ἀναλογιστέον δὲ ὡς τῶν ἐπιθυμιῶν αἱ μέν εἰσι φυσικαί,
αἱ δὲ κεναί, καὶ τῶν φυσικῶν αἱ μὲν ἀναγκαῖαι, αἱ δὲ φυσικαὶ  
μόνον· τῶν δὲ ἀναγκαίων αἱ μὲν πρὸς εὐδαιμονίαν εἰσὶν
ἀναγκαῖαι, αἱ δὲ πρὸς τὴν τοῦ σώματος ἀοχλησίαν, αἱ δὲ
 (128) πρὸς αὐτὸ τὸ ζῆν. τούτων γὰρ ἀπλανὴς θεωρία πᾶσαν αἵρεσιν            
καὶ φυγὴν ἐπανάγειν οἶδεν ἐπὶ τὴν τοῦ σώματος ὑγίειαν καὶ
τὴν <τῆς ψυχῆς> ἀταραξίαν, ἐπεὶ τοῦτο τοῦ μακαρίως ζῆν
ἐστι τέλος. τούτου γὰρ χάριν πάντα πράττομεν, ὅπως μήτε
ἀλγῶμεν μήτε ταρβῶμεν. ὅταν δὲ ἅπαξ τοῦτο περὶ ἡμᾶς γένηται, 
λύεται πᾶς ὁ τῆς ψυχῆς χειμών, οὐκ ἔχοντος τοῦ ζῴου
βαδίζειν ὡς πρὸς ἐνδέον τι καὶ ζητεῖν ἕτερον ᾧ τὸ τῆς ψυχῆς
καὶ τοῦ σώματος ἀγαθὸν συμπληρώσεται. τότε γὰρ ἡδονῆς
χρείαν ἔχομεν, ὅταν ἐκ τοῦ μὴ παρεῖναι τὴν ἡδονὴν ἀλγῶμεν·
<ὅταν δὲ μὴ ἀλγῶμεν,> οὐκέτι τῆς ἡδονῆς δεόμεθα.


Καὶ διὰ τοῦτο τὴν ἡδονὴν ἀρχὴν καὶ τέλος λέγομεν εἶναι
 (129) τοῦ μακαρίως ζῆν. ταύτην γὰρ ἀγαθὸν πρῶτον καὶ συγγενικὸν                
ἔγνωμεν, καὶ ἀπὸ ταύτης καταρχόμεθα πάσης αἱρέσεως καὶ
φυγῆς, καὶ ἐπὶ ταύτην καταντῶμεν ὡς κανόνι τῷ πάθει πᾶν
ἀγαθὸν κρίνοντες. Καὶ ἐπεὶ πρῶτον ἀγαθὸν τοῦτο καὶ σύμφυτον, 
διὰ τοῦτο καὶ οὐ πᾶσαν ἡδονὴν αἱρούμεθα, ἀλλ’ ἔστιν
ὅτε πολλὰς ἡδονὰς ὑπερβαίνομεν, ὅταν πλεῖον ἡμῖν τὸ δυσχερὲς
ἐκ τούτων ἕπηται· καὶ πολλὰς ἀλγηδόνας ἡδονῶν κρείττους
νομίζομεν, ἐπειδὰν μείζων ἡμῖν ἡδονὴ παρακολουθῇ πολὺν
χρόνον ὑπομείνασι τὰς ἀλγηδόνας. πᾶσα οὖν ἡδονὴ διὰ τὸ
φύσιν ἔχειν οἰκείαν ἀγαθόν, οὐ πᾶσα μέντοι αἱρετή· καθάπερ
καὶ ἀλγηδὼν πᾶσα κακόν, οὐ πᾶσα δὲ ἀεὶ φευκτὴ πεφυκυῖα.


 (130) τῇ μέντοι συμμετρήσει καὶ συμφερόντων καὶ ἀσυμφόρων                 
βλέψει ταῦτα πάντα κρίνειν καθήκει. χρώμεθα γὰρ τῷ μὲν
ἀγαθῷ κατά τινας χρόνους ὡς κακῷ, τῷ δὲ κακῷ τοὔμπαλιν
ὡς ἀγαθῷ.


  Καὶ τὴν αὐτάρκειαν δὲ ἀγαθὸν μέγα νομίζομεν, οὐχ ἵνα 
πάντως τοῖς ὀλίγοις χρώμεθα, ἀλλ’ ὅπως ἐὰν μὴ ἔχωμεν τὰ
πολλά, τοῖς ὀλίγοις ἀρκώμεθα, πεπεισμένοι γνησίως ὅτι ἥδιστα
πολυτελείας ἀπολαύουσιν οἱ ἥκιστα ταύτης δεόμενοι, καὶ ὅτι
τὸ μὲν φυσικὸν πᾶν εὐπόριστόν ἐστι, τὸ δὲ κενὸν δυσπόριστον,
ὅτι τε λιτοὶ χυλοὶ ἴσην πολυτελεῖ διαίτῃ τὴν ἡδονὴν ἐπιφέρουσιν, 
 (131) ὅταν ἅπαν τὸ ἀλγοῦν κατ’ ἔνδειαν ἐξαιρεθῇ, καὶ μᾶζα                     
καὶ ὕδωρ τὴν ἀκροτάτην ἀποδίδωσιν ἡδονήν, ἐπειδὰν ἐνδέων
τις αὐτὰ προσενέγκηται. τὸ συνεθίζειν οὖν ἐν ταῖς ἁπλαῖς καὶ
οὐ πολυτελέσι διαίταις καὶ ὑγιείας ἐστὶ συμπληρωτικὸν καὶ
πρὸς τὰς ἀναγκαίας τοῦ βίου χρήσεις ἄοκνον ποιεῖ τὸν ἄνθρωπον 
καὶ τοῖς πολυτελέσιν ἐκ διαλειμμάτων προσερχομένοις
κρεῖττον ἡμᾶς διατίθησι καὶ πρὸς τὴν τύχην ἀφόβους παρα-
σκευάζει. Ὅταν οὖν λέγωμεν ἡδονὴν τέλος ὑπάρχειν, οὐ τὰς
τῶν ἀσώτων ἡδονὰς καὶ τὰς ἐν ἀπολαύσει κειμένας λέγομεν,
ὥς τινες ἀγνοοῦντες καὶ οὐχ ὁμολογοῦντες ἢ κακῶς ἐκδεχόμενοι 
νομίζουσιν, ἀλλὰ τὸ μήτε ἀλγεῖν κατὰ σῶμα μήτε ταράττεσθαι 
 (132) κατὰ ψυχήν· οὐ γὰρ πότοι καὶ κῶμοι συνείροντες                        
οὐδ’ ἀπολαύσεις παίδων καὶ γυναικῶν οὐδ’ ἰχθύων καὶ τῶν
ἄλλων, ὅσα φέρει πολυτελὴς τράπεζα, τὸν ἡδὺν γεννᾷ βίον,
ἀλλὰ νήφων λογισμὸς καὶ τὰς αἰτίας ἐξερευνῶν πάσης αἱρέσεως 
καὶ φυγῆς καὶ τὰς δόξας ἐξελαύνων, ἐξ ὧν πλεῖστος τὰς 
ψυχὰς καταλαμβάνει θόρυβος.


  Τούτων δὲ πάντων ἀρχὴ καὶ τὸ μέγιστον ἀγαθὸν φρόνησις.
διὸ καὶ φιλοσοφίας τιμιώτερον ὑπάρχει φρόνησις, ἐξ ἧς αἱ
λοιπαὶ πᾶσαι πεφύκασιν ἀρεταί, διδάσκουσα ὡς οὐκ ἔστιν
ἡδέως ζῆν ἄνευ τοῦ φρονίμως καὶ καλῶς καὶ δικαίως <οὐδὲ
φρονίμως καὶ καλῶς καὶ δικαίως> ἄνευ τοῦ ἡδέως. συμπεφύκασι 
γὰρ αἱ ἀρεταὶ τῷ ζῆν ἡδέως, καὶ τὸ ζῆν ἡδέως τούτων
ἐστὶν ἀχώριστον.


 (133) Ἐπεὶ τίνα νομίζεις εἶναι κρείττονα τοῦ καὶ περὶ θεῶν ὅσια      
δοξάζοντος καὶ περὶ θανάτου διὰ παντὸς ἀφόβως ἔχοντος καὶ
τὸ τῆς φύσεως ἐπιλελογισμένου τέλος, καὶ τὸ μὲν τῶν ἀγαθῶν
πέρας ὡς ἔστιν εὐσυμπλήρωτόν τε καὶ εὐπόριστον διαλαμβάνοντος, 
τὸ δὲ τῶν κακῶν ὡς ἢ χρόνους ἢ πόνους ἔχει βραχεῖς;
τὴν δὲ ὑπό τινων δεσπότιν εἰσαγομένην πάντων ἀγγέλλοντος
 * * (<λέγει ἐν ἄλλοις γίνεσθαι ἃ μὲν κατ’ ἀνάγκην>, ἃ δὲ
ἀπὸ τύχης, ἃ δὲ παρ’ ἡμᾶς, διὰ τὸ τὴν μὲν ἀνάγκην ἀνυπεύθυνον
εἶναι, τὴν δὲ τύχην ἄστατον ὁρᾶν, τὸ δὲ παρ’ ἡμᾶς ἀδέσποτον,
ᾧ καὶ τὸ μεμπτὸν καὶ τὸ ἐναντίον παρακολουθεῖν πέφυκεν)— 
 (134) ἐπεὶ κρεῖττον ἦν τῷ περὶ θεῶν μύθῳ κατακολουθεῖν ἢ τῇ   
τῶν φυσικῶν εἱμαρμένῃ δουλεύειν· ὁ μὲν γὰρ ἐλπίδα παραιτή-
σεως ὑπογράφει θεῶν διὰ τιμῆς, ἣ δὲ ἀπαραίτητον ἔχει τὴν
ἀνάγκην — τὴν δὲ τύχην οὔτε θεὸν ὡς οἱ πολλοὶ νομίζουσιν
ὑπολαμβάνων — οὐθὲν γὰρ ἀτάκτως θεῷ πράττεται — οὔτε 
ἀβέβαιον αἰτίαν — <οὐκ> οἴεται μὲν γὰρ ἀγαθὸν ἢ κακὸν
ἐκ ταύτης πρὸς τὸ μακαρίως ζῆν ἀνθρώποις δίδοσθαι, ἀρχὰς
 (135) μέντοι μεγάλων ἀγαθῶν ἢ κακῶν ὑπὸ ταύτης χορηγεῖσθαι —     
κρεῖττον εἶναι νομίζων εὐλογίστως ἀτυχεῖν ἢ ἀλογίστως εὐτυχεῖν
 — βέλτιον γὰρ ἐν ταῖς πράξεσι τὸ καλῶς κριθὲν <μὴ
ὀρθωθῆναι ἢ τὸ μὴ καλῶς κριθὲν> ὀρθωθῆναι διὰ ταύτην.


  Ταῦτα οὖν καὶ τὰ τούτοις συγγενῆ μελέτα πρὸς σεαυτὸν ἡμέρας 
καὶ νυκτὸς πρός <τε> τὸν ὅμοιον σεαυτῷ, καὶ οὐδέποτε οὔθ’ ὕπαρ
οὔτ’ ὄναρ διαταραχθήσῃ, ζήσῃ δὲ ὡς θεὸς ἐν ἀνθρώποις. οὐθὲν
γὰρ ἔοικε θνητῷ ζῴῳ ζῶν ἄνθρωπος ἐν ἀθανάτοις ἀγαθοῖς.








Epicurus identifies the three possible causes - necessity,  chance, and human agency. The first two destroy moral responsibility
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Epicurus to Pythocles, greeting:
In your letter to me, of which Cleon was the bearer, you continue to show me affection which I have merited by my devotion to you, and you try, not without success, to recall the considerations which make for a happy life.  To aid your memory you ask me for a clear and concise statement respecting celestial phenomena; for what we have written on this subject elsewhere is, you tell me, hard to remember, although you have my books constantly with you.  I was glad to receive your request and am full of pleasant expectations.  We will then complete our writing and grant all you ask.  Many others besides you will find these reasonings useful, and especially those who have but recently made acquaintance with the true story of nature and those who are attached to pursuits which go deeper than any part of ordinary education.  So you will do well to take and learn them and get them up quickly along with the short epitome in my letter to Herodotus.
In the first place, remember that, like everything else, knowledge of celestial phenomena, whether taken along with other things or in isolation, has no other end in view than peace of mind and firm convictions. We do not seek to wrest by force what is impossible, nor to understand all matters equally well, nor make our treatment always as clear as when we discuss human life or explain the principles of physics in general—for instance, that the whole of being consists of bodies and intangible nature, or that the ultimate elements of things are indivisible, or any other proposition which admits only one explanation of the phenomena to be possible.  But this is not the case with celestial phenomena: these at any rate admit of manifold causes for their occurrence and manifold accounts, none of them contradictory of sensation, of their nature.
For in the study of nature we must not conform to empty assumptions and arbitrary laws, but follow the promptings of the facts; for our life has no need now of unreason and false opinion; our one need is untroubled existence.  All things go on uninterruptedly, if all be explained by the method of plurality of causes in conformity with the facts, so soon as we duly understand what may be plausibly alleged respecting them.  But when we pick and choose among them, rejecting one equally consistent with the phenomena, we clearly fall away from the study of nature altogether and tumble into myth.  Some phenomena within our experience afford evidence by which we may interpret what goes on in the heavens.  We see bow the former really take place, but not how the celestial phenomena take place, for their occurrence may possibly be due to a variety of causes.  However, we must observe each fact as presented, and further separate from it all the facts presented along with it, the occurrence of which from various causes is not contradicted by facts within our experience.
A world is a circumscribed portion of the universe, which contains stars and earth and all other visible things, cut off from the infinite, and terminating in an exterior which may either revolve or be at rest, and be round or triangular or of any other shape whatever.  All these alternatives are possible: they are contradicted by none of the facts in this world, in which an extremity can nowhere be discerned.
That there is an infinite number of such worlds can be perceived, and that such a world may arise in a world or in one of the intermundia (by which term we mean the spaces between worlds) in a tolerably empty space and not. as some maintain, in a vast space perfectly clear and void. It arises when certain suitable seeds rush in from a single world or intermundium, or from several, and undergo gradual additions or articulations or changes of place, it may be, and waterings from appropriate sources, until they are matured and firmly settled in so far as the foundations laid can receive them.  For it is not enough that there should be an aggregation or a vortex in the empty space in which a world may arise, as the necessitarians hold, and may grow until it collide with another, as one of the so-called physicists says.  For this is in conflict with facts.
The sun and moon and the stars generally were not of independent origin and later absorbed, within our world, [such parts of it at least as serve at all for its defense]; but they at once began to take form and grow [and so too did earth and sea] by the accretions and whirling motions of certain substances of finest texture, of the nature either of wind or fire, or of both; for thus sense itself suggests.
The size of the sun and the remaining stars relatively to us is just as great as it appears.  But in itself and actually it maybe a little larger or a little smaller, or precisely as great as it is seen to be.  For so too fires of which we have experience are seen by sense when we see them at a distance.  And every objection brought against this part of the theory will easily be met by anyone who attends to plain facts, as I show in my work On Nature.  And the rising and setting of the sun, moon, and stars may be due to kindling and quenching, a provided that the circumstances are such as to produce this result in each of the two regions, east and west: for no fact testifies against this.  Or the result might be produced by their coming forward above the earth and again by its intervention to hide them: for no fact testifies against this either.  And their motions may be due to the rotation of the whole heaven, or the heaven may be at rest and they alone rotate according to some necessary impulse to rise, implanted at first when the world was made … and this through excessive heat, due to a certain extension of the fire which always encroaches upon that which is near it.
The turnings of the sun and moon in their course may be due to the obliquity of the heaven, whereby it is forced back at these times.  Again, they may equally be due to the contrary pressure of the air or, it may be, to the fact that either the fuel from time to time necessary has been consumed in the vicinity or there is a dearth of it.  Or even because such a whirling motion was from the first inherent in these stars so that they move in a sort of spiral.  For all such explanations and the like do Dot conflict with any clear evidence, if only in such details we hold fast to what is possible, and can bring each of these explanations into accord with the facts, unmoved by the servile artifices of the astronomers.
The waning of the moon and again her waxing might be due to the rotation of the moon's body, and equally well to configurations which the air assumes; further, it may be due to the interposition of certain bodies.  In short, it may happen in any of the ways in which the facts within our experience suggest such an appearance to be explicable. But one must not be so much in love with the explanation by a single way as wrongly to reject all the others from ignorance of what can, and what cannot, be within human knowledge, and consequent longing to discover the undiscoverable.  Further, the moon may possibly shine by her own light, just as possibly she may derive her light from the sun; for in our own experience we see many things which shine by their own light and many also which shine by borrowed light.  And none of the celestial phenomena stand in the way, if only we always keep in mind the method of plural explanation and the several consistent assumptions and causes, instead of dwelling on what is inconsistent and giving it a false importance so as always to fall back in one way or another upon the single explanation.  The appearance of the face in the moon may equally well arise from interchange of parts, or from interposition of something, or in any other of the ways which might be seen to accord with the facts.  For in all the celestial phenomena such a line of research is not to be abandoned; for, if you fight against clear evidence, you never can enjoy genuine peace of mind.
An eclipse of the sun or moon may be due to the extinction of their light, just as within our own experience this is observed to happen; and again by interposition of something else—whether it be the earth or some other invisible body like it.  And thus we must take in conjunction the explanations which agree with one another, and remember that the concurrence of more than one at the same time may not impossibly happen.
And further, let the regularity of their orbits be explained in the same way as certain ordinary incidents within our own experience; the divine nature must not on any account be adduced to explain this, but must be kept free from the task and in perfect bliss.  Unless this be done, the whole study of celestial phenomena will be in vain, as indeed it has proved to be with some who did not lay hold of a possible method, but fell into the folly of supposing that these events happen in one single way only and of rejecting all the others which are possible, suffering themselves to be carried into the realm of the unintelligible,. and being unable to take a comprehensive view of the facts which must be taken as clues to the rest.
The variations in the length of nights and days may be due to the swiftness and again to the slowness of the sun's motion in the sky, owing to the variations in the length of spaces traversed and to his accomplishing some distances more swiftly or more slowly, as happens sometimes within our own experience; and with these facts our explanation of celestial phenomena must agree; whereas those who adopt only one explanation are in conflict with the facts and are utterly mistaken as to the way in which man can attain knowledge.
The signs in the sky which betoken the weather may be due to mere coincidence of the seasons, as is the case with signs from animals seen on earth, or they may be caused by changes and alterations in the air.  For neither the one explanation nor the other is in conflict with facts, and it is not easy to see in which cases the effect is due to one cause or to the other.
Clouds may form and gather either because the air is condensed under the pressure of winds, or because atoms which hold together and are suitable to produce this result become mutually entangled, or because currents collect from tile earth and the waters ; and there are several other ways in which it is not impossible for the aggregations of such bodies into clouds to be brought about.  And that being so, rain may be produced from them sometimes by their compression, sometimes by their transformation; or again may be caused by exhalations of moisture rising from suitable places through the air, while a more violent inundation is due to certain accumulations suitable for such discharge.  Thunder may be due to the rolling of wind in the hollow parts of the clouds, as it is sometimes imprisoned in vessels which we use; or to the roaring of fire in them when blown by a wind, or to the rending and disruption of clouds, or to the friction and splitting up of clouds when they have become as firm as ice.
As in the whole survey, so in this particular point, the facts invite us to give a plurality of explanations.  Lightning too happens in a variety of ways.  For when the clouds rub against each other and collide, that collocation of atoms which is the cause of fire generates lightning; or it may be due to the flashing forth from the clouds, by reason of winds, of particles capable of producing this brightness; or else it is squeezed out of the clouds when they have been condensed either by their own action or by that of the winds; or again, the light diffused from the stars may be enclosed in the clouds, then driven about by their motion and by that of the winds, and finally make its escape from the clouds; or light of the finest texture may be filtered through the clouds (whereby the clouds may be set on fire and thunder produced), and the motion of this light may make lightning; or it may arise from the combustion of wind brought about by the violence of its motion and the intensity of its compression; or, when the clouds are rent asunder by winds, and the atoms which generate fire are expelled, these likewise cause lightning to appear.
And it may easily be seen that its occurrence is possible in many other ways, so long as we hold fast to facts and take a general view of what is analogous to them.  Lightning precedes thunder, when the clouds are constituted as mentioned above and the configuration which produces lightning is expelled at the moment when the wind falls upon the cloud, and the wind being rolled up afterwards produces the roar of thunder; or, if both are simultaneous, the lightning moves with a greater velocity towards its and the thunder lags behind, exactly as when persons who are striking blows are observed from a distance.  A thunderbolt is caused when winds are repeatedly collected, imprisoned, and violently ignited; or when a part is torn asunder and is more violently expelled downwards, the rending being due to the fact that the compression of the clouds has made the neighboring parts more dense; or again it may be due like thunder merely to the expulsion of the imprisoned fire, when this has accumulated and been more violently inflated with wind and has torn the cloud, being unable to withdraw to the adjacent parts because it is continually more and more closely compressed [generally by some high mountain where thunderbolts mostly fall].  And there are several other ways in which thunderbolts may possibly be produced.  Exclusion of myth is the sole condition necessary; and it will be excluded, if one properly attends to the facts and hence draws inferences to interpret what is obscure.
Fiery whirlwinds are due to the descent of a cloud forced downwards like a pillar by the wind in full force and carried by a gale round and round, while at the same time the outside wind gives the cloud a lateral thrust; or it may be due to a change of the wind which veers to all points of the compass as a current of air from above helps to force it to move; or it may be that a strong eddy of winds has been started and is unable to burst through laterally because the air around is closely condensed.  And when they descend upon land, they cause what are called tornadoes, in accordance with the various ways in which they are produced through the force of the wind; and when let down upon the sea, they cause waterspouts.
Earthquakes may be due to the imprisonment of wind underground, and to its being interspersed with small masses of earth and then set in continuous motion, thus causing the earth to tremble.  And the earth either takes in this wind from without or from the falling in of foundations, when undermined, into subterranean caverns, thus raising a wind in the imprisoned air.  Or they may be due to the propagation of movement arising from the fall of many foundations and to its being again checked when it encounters the more solid resistance of earth.  And there are many other causes to which these oscillations of the earth may be due.
Winds arise from time to time when foreign matter continually and gradually finds its way into the air; also through the gathering of great store of water.  The rest of the winds arise when a few of them fall into the many hollows and they are thus divided and multiplied.
Hail is caused by the firmer congelation and complete transformation, and subsequent distribution into drops, of certain particles resembling wind : also by the slighter congelation of certain particles of moisture and the vicinity of certain particles of wind which at one and the same time forces them together and makes them burst, so that they become frozen in parts and in the whole mass.  The round shape of hailstones is not impossibly due to the extremities on all sides being melted and to the fact that, as explained, particles either of moisture or of wind surround them evenly on all sides and in every quarter, when they freeze.
Snow may be formed when a fine rain issues from the clouds because the pores are symmetrical and because of the continuous and violent pressure of the winds upon clouds which are suitable; and then this rain has been frozen on its way because of some violent change to coldness in the regions below the clouds.  Or again, by congelation in clouds which have uniform density a fall of snow might occur through the clouds which contain moisture being densely packed in close proximity to each other; and these clouds produce a sort of compression and cause hail, and this happens mostly in spring.  And when frozen clouds rub against each other., this accumulation of snow might be thrown off.  And there are other ways in which snow might be formed.
Dew is formed when such particles as are capable of producing this sort of moisture meet each other from the air: again by their rising from moist and damp places, the sort of place where dew is chiefly formed, and their subsequent coalescence, so as to create moisture and fall downwards, just as in several cases something similar is observed to take place under our eyes.  And the formation of hoar-frost is not different from that of dew, certain particles of such a nature becoming in some such way congealed owing to a certain condition of cold air.
Ice is formed by the expulsion from the water of the circular, and the compression of the scalene and acute-angled atoms contained in it; further by the accretion of such atoms from without, which being driven together cause the water to solidify after the expulsion of a certain number of round atoms.
The rainbow arises when the sun shines upon humid air; or again by a certain peculiar blending of light with air, which will cause either all the distinctive qualities of these colors or else some of them belonging to a single kind, and from the reflection of this light the air all around will be colored as we see it to be, as the sun shines upon its parts.  The circular shape which it assumes is due to the fact that the distance of every point is perceived by our sight to be equal; or it may be because, the atoms in the air or in the clouds and deriving from the sun having been thus united, the aggregate of them presents a sort of roundness.
A halo round the moon arises because the air on all sides extends to the moon; or because it equably raises upwards the currents from the moon so high as to impress a circle upon the cloudy mass and not to separate it altogether; or because it raises the air which immediately surrounds the moon symmetrically from all sides up to a circumference round her and there forms a thick ring.  And this happens at certain parts either because a current has forced its wry in from without or because the heat has gained possession of certain passages in order to effect this.
Comets arise either because fire is nourished in certain places at certain intervals in the heavens, if circumstances are favorable; or because at times the heaven has a particular motion above us so that such stars appear; or because the stars themselves are set in motion under certain conditions and come to our neighborhood and show themselves.  And their disappearance is due to the causes which are the opposite of these.  Certain stars may revolve without setting not only for the reason alleged by some, because this is the part of the world round which, itself unmoved, the rest revolves, but it may also be because a circular eddy of air surrounds this part, which prevents them from traveling out of sight like other stars or because there is a dearth of necessary fuel farther on, while there is abundance in that part where they are seen to be.  Moreover there are several other ways in which this might be brought about, as may be seen by anyone capable of reasoning in accordance with the facts.
The wanderings of certain stars, if such wandering is their actual motion, and the regular movement of certain other stars, may be accounted for by saying that they originally moved in a circle and were constrained, some of them to be whirled round with the same uniform rotation and others with a whirling motion which varied; but it may also be that according to the diversity of the regions traversed in some places there are uniform tracts of air, forcing them forward in one direction and burning uniformly, in others these tracts present such irregularities 4s cause the motions observed.  To assign a single cause for these effects when the facts suggest several causes is madness and a strange inconsistency; yet it is done by adherents of rash astronomy, who assign meaningless causes for the stars whenever they persist in saddling the divinity with burdensome tasks.  That certain stars are seen to be left behind by others may be because they travel more slowly, though they go the same round as the others; or it may be that they are drawn back by the same whirling motion and move in the opposite direction; or again it may be that some travel over a larger and others over a smaller space in making the same revolution.  But to lay down as assured a single explanation of these phenomena is worthy of those who seek to dazzle the multitude with marvels.
Falling stars, as they are called, may in some cases be due to the mutual friction of the stars themselves, in other cases to the expulsion of certain parts when that mixture of fire and air takes place which was mentioned when we were discussing lightning; or it may be due to the meeting of atoms capable of generating fire, which accord so well as to produce this result, and their subsequent motion wherever the impulse which brought them together at first leads them; or it may be that wind collects in certain dense mist-like masses and, since it is imprisoned, ignites and then bursts forth upon whatever is round about it, and is carried to that place to which its motion impels it.  And there are other ways in which this can be brought about without recourse to myths.
The fact that the weather is sometimes foretold from the behavior of certain animals is a mere coincidence in time.  For the animals offer no necessary reason why a storm should be produced and no divine being sits observing when these animals go out and afterwards fulfilling the signs which they have given. For such folly as this would not possess the most ordinary being if ever so little enlightened, much less one who enjoys perfect felicity.
All this, Pythocles, you should keep in mind; for then you will escape a long way from myth, and you will be able to view in their connection the instances which are similar to these.  But above all give yourself up to the study of first principles and of infinity and of kindred subjects, and further of the standards and of the feelings and of the end for which we choose between them.  For to study these subjects together will easily enable you to understand the causes of the particular phenomena.  And those who have not fully accepted this, in proportion as they have not done so, will be ill acquainted with these very subjects, nor have they secured the end for which they ought to be studied.

Works of Epicurus
Letter to Herodotus
Letter to Menoeceus
Principal Doctrines
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Submitted by J. L. Speranza


Harry Frankfurt has become famous for his second-order and higher-order
desires. Grice was exploring similar grounds in what came out as his
 "Method in philosophical psychology" (originally American Philosophical
Association presidential address for 1975, now reprinted in "The conception
of  value"). M. J. Bratman (of Stanford), much influenced by Grice (at
Berkeley  then) thanks to their "Hands-Across-the-Bay" program, has helped us to
understand this 'pirotological' progression towards the idea of strong
freedom  (Recall that Grice's 'pirots' combine Locke's "very intelligent parrots"
with  Russell's and Carnap's nonsensical 'pirots' of which nothing we are
told other  than they 'karulize elatically'.

Grice writes: "My purpose in this section is to give a little thought to
the question 'What are the general principles exemplified,  in
creature-construction, in progressing from one type of pirot to a  higher  type? What
KINDS  of steps are being made? The kinds of step  with which I  shall deal here
are those which culminate in a licence to  include, within  the
specification of the content of the psychological  state of certain  pirots,
a range of expressions which would be  inappropriate with respect  to lower
pirots; such expressions
include  connectives, quantifiers, temporal modifiers, mood indicators,
modal  operators, and (importantly) names of psychological states like
"judge" and  "will". Expressions, the availability of which  leads to  the
structural enrichment of specifications of  content. ... In  general, these
 steps will be ones by which items  or ideas which  have, initially, a
legitimate place outside the scope of  psychological  instantiables (or, if you
will, the expressions for which  occur legitimately outside the scope of
psychological verbs) come to have  a  legitimate place within the scope of such
instantiables: steps by which  (one  might say) such items or ideas come to
be internalised. I am disposed  to  regard as prototypical the sort of
natural disposition which Hume  attributes to  us, and which is very important
to him; name, the tendency  of the mind 'to  spread itself upon objects' to
project into the world  items which, properly (or  primitively) considered,
are really features of  our states of mind. I shall set  out in stages the
application of aspects  of the genitorial  programme.” We then start with a
zero-order, with  pirots equipped to satisfy  unnested judging and willing
(i.e. whose  contents do _not_ involve judging  or willing). We soon reach


Pirot-1. "It would be advantageous to pirots-0 if they  could have  judging
and willing, which relate to their own judging or  willing." Such  pirots
(pirots-1) could be equipped to control or regulate their own  judgings and
willings. They will presumably be already  constituted so as  to conform to
the law that caeteris paribus if they will that  p and  judge that ~p, if
they can, they make it the case that p  in  their  'minds'. To give them some
control over their judgings and  willings, we  need only extend the
application of this law to their judging and  willing.  We equip them so that
caeteris paribus IF they will  that they do not will  that p and judge that they do
will that p, (if  they can) they make it the  case that they do NOT will
that p. And we  somehow ensure that sometimes  they CAN do this. It may be
that the installation of this kind of control  would go hand in had with the
installation of the capacity for  evaluation."


Pirot-2. Unlike it is the case with a pirot-1, a pirot-2's intentional
efforts depend on the motivational strength of its considered desires at  the
time of action. We have been seeing the process by which conflicting
considered desires motivate  action as a broadly causal process, a  process that
reveals motivational strength. But a pirot-2 might itself try  to weigh
considerations provided by such conflicting desires  in deliberation about the
pros and cons of various alternatives. In  the simplest case, such weighing
treats each of the things desired as a  prima facie justifying end. In the face
of conflict it weighs such desired  ends, where the weights  correspond to
the motivational strength of the  associated considered desire. The outcome
of such deliberation will  match the outcome of the causal motivational
process envisioned in our  description of a pirot-2.  But since the weights it
invokes in such  deliberation correspond to the  motivational strength of the
relevant  considered desires (though perhaps not to the motivational
strength of the  relevant considered desires),  the resultant activities will
match those of  a corresponding pirot-2  (*all* of whose desires, we are
assuming, are  considered). To be more realistic we might limit ourselves to saying
that a  pirot-2 has the capacity to make the transition from unconsidered
to  considered desires but does not always do this. But it will keep the
discussion more manageable to simplify and to suppose that *all* its  desires
are  considered.


Pirot-3. We shall not want these pirots-2 to depend, in each will and  act
in ways that reveal the motivational strength of considered desires at  the
time of action, but for a pirot-3 it will also be true that in some  (though
not all) cases it acts on the basis of how it weights the ends  favoured by
its conflicting considered desires. Pirot-3's considered  desires will
concern matters that cannot be achieved simply by action at a  single time.
Pirot-3 may, for example, want to nurture a  vegetable garden, or build a house.
Such matters will require organized  and coordinated action that extends
over time. What the  pirot-3 does now will depend not only on what it now
desires but also  on what it now expects it will do later given what it does
now. It needs a  way of settling now what it will do later given what it does
now. The point  is even clearer when we remind ourselves that pirot-3 is not
alone. It is, we  may  assume, one of some number of pirots-3; and in many
cases it needs  to coordinate what it does with what other pirots-3 do so as
to  achieve ends desired by all participants, itself included.


Pirots-4. These costs are magnified for a pirot-4 whose various plans  are
interwoven so that a change in one element can have significant ripple
effects that will need to be considered. Let us suppose that the  general
strategies pirot-4 has for responding to new information about  its circumstances
are sensitive to these kinds of costs. Promoting in the  long run the
satisfaction of its considered desires and preferences.  Pirot-4 is a somewhat
sophisticated planning agent but it has a problem. It  can expect that its
desires and preferences may well change over time  and undermine its efforts at
organizing and coordinating its activities
over time. Perhaps in many cases this is due to the kind of temporal
discounting. So for example pirot-4 may  have a plan to exercise every day  but
may tend to prefer a sequence of not exercising on the present day but
exercising all days in the future, to a uniform sequence the present day
included. At the end of the day it  returns to its earlier considered  preference
in favour of exercising on each and every day. Though pirot-4,  unlike
pirot-3, has the capacity to  settle on prior plans or plaices  concerning
exercise, this capacity does not  yet help in such a case. A  creature whose plans
were stable in ways in part shaped by such a no-regret  principle would be
more likely than pirot-4 to resist temporary  temptations.


Pirot-5. So let us build such a principle into the stability of the  plans
of a pirot-5, whose plans and policies are not  derived solely from  facts
about its limits of time, attention, and the like. It is also  grounded in
the central concerns of a planning agent with its own future,  concerns that
lend special significance to
anticipated future regret.  So let us add to pirot-5 the capacity and
disposition to arrive at such  hierarchies of higher-order desires concerning its
 "will".


Pirot-6. This gives us a new creature, pirot-6. There is a problem  with
pirot-6, one that has been much discussed. It is not clear why a  higher-order
desire -- even a higher-order desire that a certain desire be  one's "will"
-- is not simply one more desire in the pool of desires (Berkeley  God's
will problem). Why does it have the authority to constitute or ensure  the
agent's (that is, the creature's) endorsement or rejection of a  first-order
desire? Applied to pirot-6 this is the question of whether, by  virtue solely
of its hierarchies of desires, it really does succeed in  taking its own
stand of endorsement or rejection of various first-order  desires. Since  it
was the ability to take its own stand that we are trying  to provide in the
move to pirot-6, we need some response to this  challenge. The basic point is
that pirot-6 is not merely a time-slice  agent. It is, rather,  and
understands itself to be, a temporally  persisting planning agent, one who begins,
and continues, and completes  temporally extended projects. On a  broadly
Lockean view, its persistence  over time consists in relevant  psychological
continuities (e.g., the  persistence of attitudes of belief  and intention)
and  connections (e.g., memory of a past event,  or the later intentional
execution of an intention formed earlier).  Certain attitudes have as a
primary role the constitution and support of such Lockean continuities and
connections. In particular, policies that  favour or reject various desires  have
it as their role to constitute and  support various continuities both  of
ordinary desires and of the politicos themselves. For this reason such
policies are not merely additional  wiggles in the psychic stew. Instead,  these
policies have a  claim to help determine where the agent -- i.e., the
temporally  persisting agent -- stands with respect to its desires. Or so  it
seems to me  reasonable to say.


Pirot-7. So  the psychology of pirot-7 continues to have the  hierarchical
structure of  pro-attitudes introduced with pirot-6. The  difference is that
the higher-order pro-attitudes of pirot-6 were simply  characterized as
desires in a broad, generic sense, and no appeal was made  to the distinctive
species of pro-attitude constituted by plan-like  attitudes. That is the
sense in which the psychology of pirot-7 is  an extension of the psychology of
pirot-6. Let us then give pirot-7  such higher-order policies with the
capacity to take a stand  with respect  to its desires by arriving at relevant
higher-order policies  concerning  the functioning of those desires over
time. Pirot-7 exhibits a merger of  hierarchical and planning structures.
Appealing to  planning theory and  ground in connection to the temporally extended
structure of agency to be  one's "will". Pirot-7 has higher-order policies
that favour or challenge   motivational roles of its considered desires.
When Pirot-7  engages in  deliberative weighing of conflicting, desired ends it
seems that the   assigned weights should reflect the policies that
determine where it  stands  with respect to relevant desires. But the policies we
have so  far appealed to -- policies concerning what desires are to be one's
will --  do not quite address this concern. The problem is that one can in
certain  cases have policies concerning which desires are to motivate and yet
these  not be policies that accord what those desires are for a
corresponding  justifying role in  deliberation.


Pirots-8. A  solution is to give our creature -- call it pirot-8 --  the
capacity to arrive at  policies that express its commitment to be  motivated
by a desire by way of its treatment of that desire as providing,  in
deliberation, a justifying end  for action. Pirot-8 has policies for  treating (or
not treating) certain desires as providing justifying ends --  as, in this
way, reason-providing -- in motivationally effective  deliberation. Let us
call such policies self-governing policies. We will  suppose that these
policies are mutually compatible and do not challenge  each other. In this way
pirot-8 involves an extension of structures already  present in pirot-7.
The grounds on which pirot-8 arrives at (and on  occasion revises) such
self-governing  policies will
be many and  varied. We can see these policies as crystallizing  complex
pressures and  concerns, some of which are grounded in other policies or
desires. These  self-governing policies may be tentative and will  normally not
be  immune to change. If we ask what pirot-8 values in this case, the answer
seems to be: what it values is constituted in part by its higher-order
self-governing policies. In particular, it values exercise over nonexercise
even right now, and even given that it has  a considered (though temporary)
preference to the contrary. Unlike lower pirots, what pirot-8 now values is
not simply a matter of its present, considered desires and preferences. Now
this model of pirot-8 seems in relevant aspects to be a (partial) model of
us.
(in our better moments, of course). So we  arrive at the conjecture  that
one important kind of valuing of which we are  capable involves, in  the
cited ways, both our first-order desires and our higher order  self-governing
policies. In an important sub-class of cases our valuing  involves reflexive
polices that are both first-order  policies of action  and higher-order
policies to treat the first-order policy  as reason  providing in motivationally
effective deliberation. This may seem odd.  Valuing seems normally to be a
first-order attitude. One values honesty,  say. The proposal is that an
important kind  of valuing involves  higher-order policies. Does this mean that,
strictly speaking, what one  values (in this sense) is itself a desire --
not honesty, say, but a desire  for honesty? No, it does not. What I  value
in the present case is honesty;  but, on the theory, my valuing honesty in
art consists in certain  higher-order self-governing policies. An  agent's
reflective valuing  involves a kind of higher-order willing.
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(American Law Review, vol.4, p.201)


IN JURE non remota causa, sed proxima, spectator, is the first of Lord Bacon's "Maxims of the Law."

An unsuccessful search for this maxim has been made in the civil law. It does not appear to have been used in the English law prior to Lord Bacon's time. As he plainly intimates that some of the maxims were original with him, this was probably one of that number...


In the 2d Aphorism of the 2d book of the "Novum Organon," he says, "It is a correct position that true knowledge is knowledge by causes." He adopts Aristotle's division of causes. "And causes again are not improperly distributed into four kinds: the material, the formal, the efficient, and the final." He confines all philosophy to the search for the proximate cause. These are his words: "But of these, the final cause rather corrupts than advances the sciences, except such as have to do with human action. The discovery of the formal is despaired of. The efficient and the material [as they are investigated, that is as remote causes] are slight and superficial, and contribute little if anything to true and active science." That is, he leaves nothing for the investigation of science but the proximate cause as distinguished from the remote...


The maxim then, as used by Bacon, is but the assertion of the general principle of philosophical inquiry. He uses the word cause in the broad signification which it has in the writings of Aristotle and his commentators, the schoolmen, that is, as nearly synonymous with the word reason.


The examples cited by him, by way of illustration, prove this. They show that the law deals with definite reasons, and is not led into uncertain speculation. They are no authority for the maxim as now commonly used.


But is not the maxim capable of a more exact application? What is the precise thing which is a proximate cause to be searched out, and what is the precise thing which is a remote cause to be neglected in true philosophical reasoning?


Bacon adopts Aristotle's classification of causes, but the agreement between them is deeper than this.


Aristotle, in his "Organon,"1 says, "there is a difference between knowing that a thing is, and knowing why it is, and the science of the why, has respect to "τὸ πρῶτον ἀίτον" or the proximate cause, causa proxima, as it is translated by the school-men ; thus agreeing with Bacon in the "Novum Organon," that true knowledge is knowledge by causes, and that knowledge by causes, is knowledge by the proximate cause.


This and parallel passages in Aristotle are the foundation for the scholastic division of causes into proximate and remote. What do the schoolmen mean by this division? Stripped of technical language and verbal refinement, it is this: A proximate cause is one in which is involved the idea of necessity. It is one the connection between which and the effect is plain and intelligible; it is one which can be used as a term by which a proposition can be demonstrated, that is, one which can be reasoned from conclusively.


A remote cause is one which is inconclusive in reasoning, because from it no certain conclusion can be legitimately drawn. In other words, a remote cause is a cause the connection between which and the effect is uncertain, vague, or indeterminate. It does not contain in itself the element of necessity between it and its effect. Marsilius Ficinus says, "From the remote cause the effect does not necessarily follow." This idea of necessity—the necessary connection between the cause and the effect—is the prime distinction between a proximate and a remote cause. The proximate cause being given, the effect must follow. But although the existence of the remote cause is necessary for the existence of the effect (for unless there has been a remote cause there can be no effect), still the existence of the remote cause does not necessarily imply the existence of the effect. The remote cause being given, the effect may or may not follow. "Nam posita causa remota non ponitur effectus, sed ipsa remota removetur.'


The schoolmen agree in saying that a knowledge of the proximate cause is a knowledge of the διότι, the propter quid, the reason why. They agree in saying that there can be no demonstrative reasoning but by the proximate cause. Averroes, the most famous of the Arabian schoolmen, in his Commentary on the Post Analytics,6 says, "It is necessary for demonstration, showing why a thing is, that it should be by a proximate cause...


The scholastic distinction between proximate and remote causes has nothing to do with their relative distance from the effect either in space or time. The schoolmen did not view them as connected together like the links of a chain. The distinction has nothing to do with their retrogression from the effect as long as the effect necessarily follows from the cause. As long as the element of necessity exists in the mind, each cause in the line of causation is called, not strictly a cause, but an instrument of the cause which impels it to action. The last cause, looking backward from the effect, from which the effect, as they say, necessarily follows, is called, the proximate cause...


In this manner this division of causes is traced from Aristotle through the schoolmen to Bacon's time. The maxim containing it can mean but this, that if the law is to be perfected as a science, as Bacon hoped it would be, its expounders must deal with what is certain. They must not attempt to draw inferences from inconclusive premises. They must not wander from the point into misty generalities. Thus understood, it is a caution for which, if it were only followed, the practitioners of the law could not be too grateful.


After the publication of the works of Bacon and Descartes, scholastic logic, the credit of which had been much shaken by the revival of learning, and (as the schoolmen generally were the champions of the Romish Church) had been still more shaken by the Reformation, fell rapidly and deeply into disrepute. Its doctrines were not only forgotten, but its name became a byword.


Duns Scotus achieved a fame bounded only by the limits of the civilized world. He died in his thirty-fourth year, the intellectual giant of the time. His works in bulk are equal to those of some of the law writers of the present day, although he does not appear to have written any thing for the sole purpose of swelling their size. They are extant in twelve folio volumes. His clearness, depth, and power of mind would put to the blush the bold ignorance of those who speak patronizingly of scholastic subtlety, if, happening to possess the capacity to understand logical statement and close reasoning, they should perchance read a page of his writing. He was the greatest of the British schoolmen.


As the followers of Descartes are called Cartesians, and the followers of Kant, Kantians ; so, from the name of Duns Scotus, the scholastic logicians were called Dunces. The contempt which came to be entertained for scholastic philosophy is seen in the present meaning of the word.



We have seen that Bacon adopts Aristotle's classification of causes, which was also the classification of the schoolmen. This is the formal, the final, the material, and the efficient. But this is a grouping together of different things because they have the same name. There is no real, and nothing but a fanciful, similarity between them. The efficient cause alone is the one which is involved in causation. The efficient cause is the cause which produces effects. Causation is the law of cause in relation to effect. Nothing more imperils the correctness of a train of reasoning than the use of metaphor. 


By its over free use the subject of causation has been much obscured. The phrase "chain of causation," which is a phrase in frequent use when this maxim is under discussion, embodies a dangerous metaphor. It raises in the mind an idea of one determinate cause, followed by another determinate cause, created by the first, and that followed by a third, created by the second, and so on, one succeeding another till the effect is reached. The causes are pictured as following one upon the other in time, as the links of a chain follow one upon the other in space. There is nothing in nature which corresponds to this. Such an idea is a pure fabrication of the mind.

There is but one view of causation which can be of practical service. To every event there are certain antecedents, never a single antecedent, but always a set of antecedents,..



There are always multiple causes
 for an event


From every point of view from which we look at the facts, a new cause appears. In as many different ways as we view an effect, so many different causes, as the word is generally used, can we find for it. The true, the entire, cause is none of these separate causes taken singly, but all of them taken together. These separate causes are not causes which stand to each other in the relation of proximate and remote, in any intelligible sense in which those words can be used. There is no chain of causation consisting of determinate links ranged in order of proximity to the effect. They are rather mutually interwoven with themselves and the effect, as the meshes of a net are interwoven. As the existence of each adjoining mesh of the net is necessary for the existence of any particular mesh, so the presence of each and every surrounding circumstance, which, taken by itself we may call a cause, is necessary for the production of the effect.

In this view of causation there is nothing mysterious. Common people conduct their affairs by it, and die without having found it beyond their comprehension. When the law has to do with abstract theological belief, it will be time to speculate as to what abstract mystery there may be in causation; but as long as its concern is confined to practical matters it is useless to inquire for mysteries which exist in no other sense than the sense in which every thing is a mystery.


In physical science there is a search for what may with some propriety, perhaps, be called the proximate cause. It is a search for the conditions immediately antecedent to and concomitant with the effect. For instance, it is observed that the limbs of the body apparently move in obedience to the will. The assumption is made that they do actually so move, and the inquiry is for the cause of the movement. The will and the movement are the limits of the investigation. The cause is to be found between those limits. When the inquirer examines the hones and the muscles, and the attachments of the muscles to the bones, he sees a mechanism obviously adapted to produce this effect by the contraction of certain of the muscles. Examining further he finds a connection with the brain and other nervous centres by nervous filaments with which all muscles are provided, which appear to be under the control of the will. From this, in connection with other considerations, he infers that the nervous filaments are the media through which a stimulus is conveyed, and that this is a part of the immediate cause of the voluntary movement. It may be called a part of the proximate cause, since it is invariably present, and the nearest to the effect of any thing which we at present know. But this only raises another question, as to how the will acts upon the nervous filaments. If this should be ascertained to be by the action of the brain, the inquiry would then be in what manner does the brain act. There would also still be the further inquiry as to how the muscles are stimulated to contraction, and the still further one as to how they in fact contract. The inquiry for the cause thus draws closer and closer to the effect without ever finding a true proximate cause. The word proximate therefore, in such an inquiry as this, is not an absolute but a relative term. It signifies the nearest known cause considered in relation to the effect, and in contrast to some more distant cause.


In the law there is no such investigation as this. The law, in the application of this maxim, is not concerned with philosophical or logical views of causation. When the maxim is applied, the whole body of facts has been ascertained by testimony. The facts are the subject of inquiry for a single purpose. That purpose is to determine the rights and liabilities of the respective parties to the proceedings. Those facts alone are viewed as causes and effects which have a direct bearing upon those rights and liabilities. The question is, sometimes, whether a cause is proximate to an effect. Sometimes, it is which of several causes is proximate to the effect; sometimes, the question is whether an effect shall be referred to a certain cause as its proximate result; sometimes, it is to which of several causes the effect shall be so referred. These, though different views of the same thing, are often distinct subjects of inquiry. The inquiry is often one of difficulty. The difficulty is not owing to any great ambiguity in the meaning of the word cause. That word is used in its popular signification. One difficulty is, that philosophy and metaphysics are sometimes brought into a discussion to which they do not belong. Another is, that cause and effect are often viewed as parts of a "chain of causation," and the discussion thus becomes meaningless. The chief difficulty, however, is that the term proximate and the term remote have no clear, distinct, and definable significations. Sometimes, causes are decided to be proximate which are remote in time ; sometimes those are decided to be proximate which are remote in space. The division is neither scientific nor logical. It is not the scholastic division, though it often has many of its characteristics. Above all, it is not a fixed and constant division. It varies in different classes of actions. The same cause and effect which would be considered proximate in one class of actions, the attendant circumstances being unchanged, would be considered remote in others. The meaning of the terms, proximate and remote, is contracted or enlarged, according to what is the subject-matter of the inquiry.

The maxim, when applied in actions of contract, is essentially a rule of construction. It is the same thing to say a thing comes within a contract as it is to say the contract embraces the thing. It is the same thing to say the loss is a proximate consequence of a peril insured against, as it is to say that the parties intended that such a loss should be covered by the policy. The different forms of expression are one in meaning.


A policy of insurance is a contract of a fixed form. By use its terms have obtained a settled meaning. Its subject-matter is extensive. It is a contract made in the interest of trade. Large amounts of property are covered by policies containing the same stipulations. The contract is one of indemnity. In determining the question, whether a peril insured against was the proximate or the remote cause of a loss; or, what is the same question, whether a loss of that general description was intended by the parties to be covered by the policy, the peculiar nature of a policy of insurance, and the class of interests it covers, are taken into account. The particular intent of the parties is subservient to the public bearing of the question. The terms proximate and remote, in their application to questions of insurance, thus receive in some respects a more enlarged, and in some a more restricted, signification than they have when they are used in giving a construction to other contracts. But the maxim is as well applicable as a rule of construction for all contracts.


In actions for negligence, a defendant is held liable for the natural and probable consequences of his misconduct. In this class of actions his misconduct is called the proximate cause of those results which a prudent foresight might have avoided. It is called the remote cause of other results.


In determining the amount of damages in an action of contract, the breach of contract is called the proximate cause of such damages as may reasonably be supposed to have been contemplated by the parties. If there are other damages, of those it is called the remote cause.


There is no settled rule for the application of the maxim in determining the damages in actions of tort. In such actions, the damages, which are called proximate, often vary in proportion to the misconduct, recklessness or wantonness of the defendant.


Our anticipations of the future are founded upon our experience of the past. The experience of the past is the experience of the successions of causes and effects which always surround us. We can estimate, with a reasonable degree of certainty, the probabilities of the future occurrence of many of these successions. About successions of this kind men make contracts. Large classes of such successions can be grouped together, and the order and frequency of their happening can be predicted from past experience with something which approaches to mathematical precision. With events of this kind, underwriters deal. Experience also teaches us that various effects, which we can foresee with a greater or less degree of certainty, will or may follow from our own acts. The law makes us responsible for those effects of voluntary acts which might reasonably have been foreseen, or which are of a kind analogous to effects which might thus have been foreseen. There is generally no other way of determining whether events analogous to them in kind, were or might have been anticipated or foreseen, than by an appeal to experience. By applying this maxim, we make that appeal. We determine whether given causes and effects are proximate or remote, in the legal sense of those words, from our own experience of the succession of cause and effect.


The use of the maxim is liable to lead to error by withdrawing the attention from the true subject of inquiry. We cannot add clearness to our reasoning by talking about proximate and remote causes and effects, when we mean only the degree of certainty or uncertainty with which the connection between cause and effect might have been anticipated. But this is an inconvenience which must be submitted to by those who attempt to make a practical application of the maxim.
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Nothing is more usual and more natural for those, who pretend to discover anything new to the world in philosophy and the sciences, than to insinuate the praises of their own systems, by decrying all those, which have been advanced before them. And indeed were they content with lamenting that ignorance, which we still lie under in the most important questions, that can come before the tribunal of human reason, there are few, who have an acquaintance with the sciences, that would not readily agree with them. It is easy for one of judgment and learning, to perceive the weak foundation even of those systems, which have obtained the greatest credit, and have carried their pretensions highest to accurate and profound reasoning. Principles taken upon trust, consequences lamely deduced from them, want of coherence in the parts, and of evidence in the whole, these are every where to be met with in the systems of the most eminent philosophers, and seem to have drawn disgrace upon philosophy itself.

Nor is there required such profound knowledge to discover the present imperfect condition of the sciences, but even the rabble without doors may, judge from the noise and clamour, which they hear, that all goes not well within. There is nothing which is not the subject of debate, and in which men of learning are not of contrary opinions. The most trivial question escapes not our controversy, and in the most momentous we are not able to give any certain decision. Disputes are multiplied, as if every thing was uncertain; and these disputes are managed with the greatest warmth, as if every thing was certain. Amidst all this bustle it is not reason, which carries the prize, but eloquence; and no man needs ever despair of gaining proselytes to the most extravagant hypothesis, who has art enough to represent it in any favourable colours. The victory is not gained by the men at arms, who manage the pike and the sword; but by the trumpeters, drummers, and musicians of the army.
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From hence in my opinion arises that common prejudice against metaphysical reasonings of all kinds, even amongst those, who profess themselves scholars, and have a just value for every other part of literature. By metaphysical reasonings, they do not understand those on any particular branch of science, but every kind of argument, which is any way abstruse, and requires some attention to be comprehended. We have so often lost our labour in such researches, that we commonly reject them without hesitation, and resolve, if we must for ever be a prey to errors and delusions, that they shall at least be natural and entertaining. And indeed nothing but the most determined scepticism, along with a great degree of indolence, can justify this aversion to metaphysics. For if truth be at all within the reach of human capacity, it is certain it must lie very deep and abstruse: and to hope we shall arrive at it without pains, while the greatest geniuses have failed with the utmost pains, must certainly be esteemed sufficiently vain and presumptuous. I pretend to no such advantage in the philosophy I am going to unfold, and would esteem it a strong presumption against it, were it so very easy and obvious.
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It is evident, that all the sciences have a relation, greater or less, to human nature: and that however wide any of them may seem to run from it, they still return back by one passage or another. Even. Mathematics, Natural Philosophy, and Natural Religion, are in some measure dependent on the science of MAN; since the lie under the cognizance of men, and are judged of by their powers and faculties. It is impossible to tell what changes and improvements we might make in these sciences were we thoroughly acquainted with the extent and force of human understanding, and could explain the nature of the ideas we employ, and of the operations we perform in our reasonings. And these improvements are the more to be hoped for in natural religion, as it is not content with instructing us in the nature of superior powers, but carries its views farther, to their disposition towards us, and our duties towards them; and consequently we ourselves are not only the beings, that reason, but also one of the objects, concerning which we reason.


If therefore the sciences of Mathematics, Natural Philosophy, and Natural Religion, have such a dependence on the knowledge of man, what may be expected in the other sciences, whose connexion with human nature is more close and intimate? The sole end of logic is to explain the principles and operations of our reasoning faculty, and the nature of our ideas: morals and criticism regard our tastes and sentiments: and politics consider men as united in society, and dependent on each other. In these four sciences of Logic, Morals, Criticism, and Politics, is comprehended almost everything, which it can any way import us to be acquainted with, or which can tend either to the improvement or ornament of the human mind.


Here then is the only expedient, from which we can hope for success in our philosophical researches, to leave the tedious lingering method, which we have hitherto followed, and instead of taking now and then a castle or village on the frontier, to march up directly to the capital or center of these sciences, to human nature itself; which being once masters of, we may every where else hope for an easy victory. From this station we may extend our conquests over all those sciences, which more intimately concern human life, and may afterwards proceed at leisure to discover more fully those, which are the objects of pore curiosity. There is no question of importance, whose decision is not comprised in the science of man; and there is none, which can be decided with any certainty, before we become acquainted with that science. In pretending, therefore, to explain the principles of human nature, we in effect propose a compleat system of the sciences, built on a foundation almost entirely new, and the only one upon which they can stand with any security.


And as the science of man is the-only solid foundation for the other sciences, so the only solid foundation we can give to this science itself must be laid on experience and observation. It is no astonishing reflection to consider, that the application of experimental philosophy to moral subjects should come after that to natural at the distance of above a whole century; since we find in fact, that there was about the same interval betwixt the origins of these sciences; and that reckoning from THALES to SOCRATES, the space of time is nearly equal to that betwixt, my Lord Bacon and some late philosophers [Mr. Locke, my Lord Shaftesbury, Dr. Mandeville, Mr. Hutchinson, Dr. Butler, etc.] in England, who have begun to put the science of man on a new footing, and have engaged the attention, and excited the curiosity of the public. So true it is, that however other nations may rival us in poetry, and excel us in some other agreeable arts, the improvements in reason and philosophy can only be owing to a land of toleration and of liberty.


Nor ought we to think, that this latter improvement in the science of man will do less honour to our native country than the former in natural philosophy, but ought rather to esteem it a greater glory, upon account of the greater importance of that science, as well as the necessity it lay under of such a reformation. For to me it seems evident, that the essence of the mind being equally unknown to us with that of external bodies, it must be equally impossible to form any notion of its powers and qualities otherwise than from careful and exact experiments, and the observation of those particular effects, which result from its different circumstances and situations. And though we must endeavour to render all our principles as universal as possible, by tracing up our experiments to the utmost, and explaining all effects from the simplest and fewest causes, it is still certain we cannot go beyond experience; and any hypothesis, that pretends to discover the ultimate original qualities of human nature, ought at first to be rejected as presumptuous and chimerical.

I do not think a philosopher, who would apply himself so earnestly to the explaining the ultimate principles of the soul, would show himself a great master in that very science of human nature, which he pretends to explain, or very knowing in what is naturally satisfactory to the mind of man. For nothing is more certain, than that despair has almost the same effect upon us with enjoyment, and that we are no sooner acquainted with the impossibility of satisfying any desire, than the desire itself vanishes. When we see, that we have arrived at the utmost extent of human reason, we sit down contented, though we be perfectly satisfied in the main of our ignorance, and perceive that we can give no reason for our most general and most refined principles, beside our experience of their reality; which is the reason of the mere vulgar, and what it required no study at first to have discovered for the most particular and most extraordinary phaenomenon. And as this impossibility of making any farther progress is enough to satisfy the reader, so the writer may derive a more delicate satisfaction from the free confession of his ignorance, and from his prudence in avoiding that error, into which so many have fallen, of imposing their conjectures and hypotheses on the world for the most certain principles. When this mutual contentment and satisfaction can be obtained betwixt the master and scholar, I know not what more we can require of our philosophy.


But if this impossibility of explaining ultimate principles should be esteemed a defect in the science of man, I will venture to affirm, that it is a defect common to it with all the sciences, and all the arts, in which we can employ ourselves, whether they be such as are cultivated in the schools of the philosophers, or practised in the shops of the meanest artizans. None of them can go beyond experience, or establish any principles which are not founded on that authority. Moral philosophy has, indeed, this peculiar disadvantage, which is not found in natural, that in collecting its experiments, it cannot make them purposely, with premeditation, and after such a manner as to satisfy itself concerning every particular difficulty which may be. When I am at a loss to know the effects of one body upon another in any situation, I need only put them in that situation, and observe what results from it. But should I endeavour to clear up after the same manner any doubt in moral philosophy, by placing myself in the same case with that which I consider, it is evident this reflection and premeditation would so disturb the operation of my natural principles, as must render it impossible to form any just conclusion from the phenomenon. We must therefore glean up our experiments in this science from a cautious observation of human life, and take them as they appear in the common course of the world, by men's behaviour in company, in affairs, and in their pleasures. Where experiments of this kind are judiciously collected and compared, we may hope to establish on them a science which will not be inferior in certainty, and will be much superior in utility to any other of human comprehension.
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And as the science of man is the-only solid foundation for the other sciences, so the only solid foundation we can give to this science itself must be laid on experience and observation. It is no astonishing reflection to consider, that the application of experimental philosophy to moral subjects should come after that to natural at the distance of above a whole century; since we find in fact, that there was about the same interval betwixt the origins of these sciences; and that reckoning from THALES to SOCRATES, the space of time is nearly equal to that betwixt, my Lord Bacon and some late philosophers [Mr. Locke, my Lord Shaftesbury, Dr. Mandeville, Mr. Hutchinson, Dr. Butler, etc.] in England, who have begun to put the science of man on a new footing, and have engaged the attention, and excited the curiosity of the public. So true it is, that however other nations may rival us in poetry, and excel us in some other agreeable arts, the improvements in reason and philosophy can only be owing to a land of toleration and of liberty.


Nor ought we to think, that this latter improvement in the science of man will do less honour to our native country than the former in natural philosophy, but ought rather to esteem it a greater glory, upon account of the greater importance of that science, as well as the necessity it lay under of such a reformation. For to me it seems evident, that the essence of the mind being equally unknown to us with that of external bodies, it must be equally impossible to form any notion of its powers and qualities otherwise than from careful and exact experiments, and the observation of those particular effects, which result from its different circumstances and situations. And though we must endeavour to render all our principles as universal as possible, by tracing up our experiments to the utmost, and explaining all effects from the simplest and fewest causes, it is still certain we cannot go beyond experience; and any hypothesis, that pretends to discover the ultimate original qualities of human nature, ought at first to be rejected as presumptuous and chimerical.

I do not think a philosopher, who would apply himself so earnestly to the explaining the ultimate principles of the soul, would show himself a great master in that very science of human nature, which he pretends to explain, or very knowing in what is naturally satisfactory to the mind of man. For nothing is more certain, than that despair has almost the same effect upon us with enjoyment, and that we are no sooner acquainted with the impossibility of satisfying any desire, than the desire itself vanishes. When we see, that we have arrived at the utmost extent of human reason, we sit down contented, though we be perfectly satisfied in the main of our ignorance, and perceive that we can give no reason for our most general and most refined principles, beside our experience of their reality; which is the reason of the mere vulgar, and what it required no study at first to have discovered for the most particular and most extraordinary phaenomenon. And as this impossibility of making any farther progress is enough to satisfy the reader, so the writer may derive a more delicate satisfaction from the free confession of his ignorance, and from his prudence in avoiding that error, into which so many have fallen, of imposing their conjectures and hypotheses on the world for the most certain principles. When this mutual contentment and satisfaction can be obtained betwixt the master and scholar, I know not what more we can require of our philosophy.


But if this impossibility of explaining ultimate principles should be esteemed a defect in the science of man, I will venture to affirm, that it is a defect common to it with all the sciences, and all the arts, in which we can employ ourselves, whether they be such as are cultivated in the schools of the philosophers, or practised in the shops of the meanest artizans. None of them can go beyond experience, or establish any principles which are not founded on that authority. Moral philosophy has, indeed, this peculiar disadvantage, which is not found in natural, that in collecting its experiments, it cannot make them purposely, with premeditation, and after such a manner as to satisfy itself concerning every particular difficulty which may be. When I am at a loss to know the effects of one body upon another in any situation, I need only put them in that situation, and observe what results from it. But should I endeavour to clear up after the same manner any doubt in moral philosophy, by placing myself in the same case with that which I consider, it is evident this reflection and premeditation would so disturb the operation of my natural principles, as must render it impossible to form any just conclusion from the phenomenon. We must therefore glean up our experiments in this science from a cautious observation of human life, and take them as they appear in the common course of the world, by men's behaviour in company, in affairs, and in their pleasures. Where experiments of this kind are judiciously collected and compared, we may hope to establish on them a science which will not be inferior in certainty, and will be much superior in utility to any other of human comprehension.
From hence in my opinion arises that common prejudice against metaphysical reasonings of all kinds, even amongst those, who profess themselves scholars, and have a just value for every other part of literature. By metaphysical reasonings, they do not understand those on any particular branch of science, but every kind of argument, which is any way abstruse, and requires some attention to be comprehended. We have so often lost our labour in such researches, that we commonly reject them without hesitation, and resolve, if we must for ever be a prey to errors and delusions, that they shall at least be natural and entertaining. And indeed nothing but the most determined scepticism, along with a great degree of indolence, can justify this aversion to metaphysics. For if truth be at all within the reach of human capacity, it is certain it must lie very deep and abstruse: and to hope we shall arrive at it without pains, while the greatest geniuses have failed with the utmost pains, must certainly be esteemed sufficiently vain and presumptuous. I pretend to no such advantage in the philosophy I am going to unfold, and would esteem it a strong presumption against it, were it so very easy and obvious.


It is evident, that all the sciences have a relation, greater or less, to human nature: and that however wide any of them may seem to run from it, they still return back by one passage or another. Even. Mathematics, Natural Philosophy, and Natural Religion, are in some measure dependent on the science of MAN; since the lie under the cognizance of men, and are judged of by their powers and faculties. It is impossible to tell what changes and improvements we might make in these sciences were we thoroughly acquainted with the extent and force of human understanding, and could explain the nature of the ideas we employ, and of the operations we perform in our reasonings. And these improvements are the more to be hoped for in natural religion, as it is not content with instructing us in the nature of superior powers, but carries its views farther, to their disposition towards us, and our duties towards them; and consequently we ourselves are not only the beings, that reason, but also one of the objects, concerning which we reason.

If therefore the sciences of Mathematics, Natural Philosophy, and Natural Religion, have such a dependence on the knowledge of man, what may be expected in the other sciences, whose connexion with human nature is more close and intimate? The sole end of logic is to explain the principles and operations of our reasoning faculty, and the nature of our ideas: morals and criticism regard our tastes and sentiments: and politics consider men as united in society, and dependent on each other. In these four sciences of Logic, Morals, Criticism, and Politics, is comprehended almost everything, which it can any way import us to be acquainted with, or which can tend either to the improvement or ornament of the human mind.


Here then is the only expedient, from which we can hope for success in our philosophical researches, to leave the tedious lingering method, which we have hitherto followed, and instead of taking now and then a castle or village on the frontier, to march up directly to the capital or center of these sciences, to human nature itself; which being once masters of, we may every where else hope for an easy victory. From this station we may extend our conquests over all those sciences, which more intimately concern human life, and may afterwards proceed at leisure to discover more fully those, which are the objects of pore curiosity. There is no question of importance, whose decision is not comprised in the science of man; and there is none, which can be decided with any certainty, before we become acquainted with that science. In pretending, therefore, to explain the principles of human nature, we in effect propose a compleat system of the sciences, built on a foundation almost entirely new, and the only one upon which they can stand with any security.


And as the science of man is the-only solid foundation for the other sciences, so the only solid foundation we can give to this science itself must be laid on experience and observation. It is no astonishing reflection to consider, that the application of experimental philosophy to moral subjects should come after that to natural at the distance of above a whole century; since we find in fact, that there was about the same interval betwixt the origins of these sciences; and that reckoning from THALES to SOCRATES, the space of time is nearly equal to that betwixt, my Lord Bacon and some late philosophers [Mr. Locke, my Lord Shaftesbury, Dr. Mandeville, Mr. Hutchinson, Dr. Butler, etc.] in England, who have begun to put the science of man on a new footing, and have engaged the attention, and excited the curiosity of the public. So true it is, that however other nations may rival us in poetry, and excel us in some other agreeable arts, the improvements in reason and philosophy can only be owing to a land of toleration and of liberty.


Nor ought we to think, that this latter improvement in the science of man will do less honour to our native country than the former in natural philosophy, but ought rather to esteem it a greater glory, upon account of the greater importance of that science, as well as the necessity it lay under of such a reformation. For to me it seems evident, that the essence of the mind being equally unknown to us with that of external bodies, it must be equally impossible to form any notion of its powers and qualities otherwise than from careful and exact experiments, and the observation of those particular effects, which result from its different circumstances and situations. And though we must endeavour to render all our principles as universal as possible, by tracing up our experiments to the utmost, and explaining all effects from the simplest and fewest causes, it is still certain we cannot go beyond experience; and any hypothesis, that pretends to discover the ultimate original qualities of human nature, ought at first to be rejected as presumptuous and chimerical.


I do not think a philosopher, who would apply himself so earnestly to the explaining the ultimate principles of the soul, would show himself a great master in that very science of human nature, which he pretends to explain, or very knowing in what is naturally satisfactory to the mind of man. For nothing is more certain, than that despair has almost the same effect upon us with enjoyment, and that we are no sooner acquainted with the impossibility of satisfying any desire, than the desire itself vanishes. When we see, that we have arrived at the utmost extent of human reason, we sit down contented, though we be perfectly satisfied in the main of our ignorance, and perceive that we can give no reason for our most general and most refined principles, beside our experience of their reality; which is the reason of the mere vulgar, and what it required no study at first to have discovered for the most particular and most extraordinary phaenomenon. And as this impossibility of making any farther progress is enough to satisfy the reader, so the writer may derive a more delicate satisfaction from the free confession of his ignorance, and from his prudence in avoiding that error, into which so many have fallen, of imposing their conjectures and hypotheses on the world for the most certain principles. When this mutual contentment and satisfaction can be obtained betwixt the master and scholar, I know not what more we can require of our philosophy.


But if this impossibility of explaining ultimate principles should be esteemed a defect in the science of man, I will venture to affirm, that it is a defect common to it with all the sciences, and all the arts, in which we can employ ourselves, whether they be such as are cultivated in the schools of the philosophers, or practised in the shops of the meanest artizans. None of them can go beyond experience, or establish any principles which are not founded on that authority. Moral philosophy has, indeed, this peculiar disadvantage, which is not found in natural, that in collecting its experiments, it cannot make them purposely, with premeditation, and after such a manner as to satisfy itself concerning every particular difficulty which may be. When I am at a loss to know the effects of one body upon another in any situation, I need only put them in that situation, and observe what results from it. But should I endeavour to clear up after the same manner any doubt in moral philosophy, by placing myself in the same case with that which I consider, it is evident this reflection and premeditation would so disturb the operation of my natural principles, as must render it impossible to form any just conclusion from the phenomenon. We must therefore glean up our experiments in this science from a cautious observation of human life, and take them as they appear in the common course of the world, by men's behaviour in company, in affairs, and in their pleasures. Where experiments of this kind are judiciously collected and compared, we may hope to establish on them a science which will not be inferior in certainty, and will be much superior in utility to any other of human comprehension.
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A LETTER FROM A GENTLEMAN TO HIS FRIEND IN Edinburgh: 


CONTAINING Some OBSERVATIONS ON

     A Specimen of the Principles concerning RELIGION and MORALITY,
     said to be maintain'd in a Book lately publish'd, intituled, A
     Treatise of Human Nature, &c.



   EDINBURGH, Printed in the year M.DCC.XLV.


[3]

   SIR,


   I Have read over the Specimen of the Principles concerning Religion
   and Morality, said to be maintain'd in a Book lately published,
   intituled, A Treatise of Human Nature; being an Attempt to introduce
   the Experimental Method of Reasoning into Moral Subjects. I have also
   read over what is called the Sum of the Charge. Which Papers, as you
   inform me, have been industriously spread about, and were put into
   your hands some few Days ago.




           I was perswaded that the Clamour of Scepticism, Atheism, &c.
           had been so often employ'd by the worst of Men against the
           best, that it had now lost all its Influence; and should never
           have thought of making any Remarks on these maim'd Excerpts,
           if you had not laid your Commands on me, as a piece of common
           Justice to the Author, and for undeceiving some well-meaning
           People, on whom it seems the enormous Charge has made
           Impression. 
[4]



           I shall insert the Accusation at full Length, and then go
           regularly through what is called the Sum of the Charge;
           because it is intended, I suppose, to contain the Substance of
           the whole. I shall also take notice of the Specimen as I go
           along.


   Specimen of the Principles concerning Religion and Morality, &c.


   THE Author puts on his Title-page (Vol. I printed for J. Noon, 1739) a
   Passage of Tacitus to this Purpose; "Rare Happiness of our Times, that
   you may think as you will, and speak as you think."


           He expresses his Deference to the Publick in these Words
           (Advertisement, p. 2.) The Approbation of the Publick I
           consider as the greatest Reward of my Labours; but am
           determined to regard its Judgment, whatever it be, as my best
           Instruction."


           He gives us the summary View of his Philosophy from p. 458. to
           470. -


           "I am confounded with that forlorn Solitude, in which I am
           placed in my Philosophy. 
[5]
 -- I have exposed myself to the
           Enmity of all Metaphysicians, Logicians, Mathematicians, and
           even Theologians. -- I have declared my Disapprobations of
           their Systems. -- When I turn my Eye inward, I find nothing
           but Doubt and Ignorance. All the World conspires to oppose and
           contradict me; tho' such is my Weakness, that I feel all my
           Opinions loosen and fall of themselves, when unsupported by
           the Approbation of others. -- Can I be sure, that, in leaving
           all established Opinions, I am following Truth? and by what
           Criterion shall I distinguish her, even if Fortune should at
           last guide me on her Footsteps? After the most accurate and
           exact of my Reasonings, I can give no Reason why I should
           assent to it; and feel nothing but a strong Propensity to
           consider Objects strongly in that View under which they appear
           to me. -- The Memory, Senses, and Understanding, are all of
           them founded on the Imagination. -- No Wonder a Principle so
           inconstant and fallacious should lead us into Errors, when
           implicitely followed (as it must be) in all its Variations. --
           I have already shown, that the Understanding, when it acts
           alone, and according to its most general Principles, entirely
           subverts itself, and leaves 
[6]
 not the lowest Degree of
           Evidence in any Proposition either in Philosophy or common
           Life. -- We have no Choice left, but betwixt a false Reason
           and none at all. -- Where am I, or what? From what Causes do I
           derive my Existence, and to what Condition shall I return?
           Whose Favour shall I court, and whose Anger must I dread? What
           Beings surround me? On whom have I any Influence, or who have
           any Influence on me? I am confounded with all these Questions,
           and begin to fancy myself in the most deplorable Condition
           imaginable, invironed with the deepest Darkness, and utterly
           deprived of the Use of every Member and Faculty. -- If I must
           be a Fool, as all those who reason or believe any Thing
           certainly are, my Follies shall at least be natural and
           agreeable. -- In all the Incidents of Life, we ought still to
           preserve our Scepticism: If we believe that Fire warms, or
           Water refreshes, 'tis only because it costs us too much Pains
           to think otherwise; nay, if we are Philosophers, it ought only
           to be upon sceptical Principles. -- I cannot forbear having a
           Curiosity to be acquainted with the Principles of moral Good
           and Evil, &c. I am concerned for he Condition of the learned
           World, which lies under such a deplorable 
[7]
 Ignorance in all
           these Particulars. I feel an Ambition arise in me of
           contributing to the Instruction of Mankind, and of acquiring a
           Name by my Inventions and Discoveries. -- Should I endeavour
           to banish these Sentiments, I feel I should be a Loser in
           point of Pleasure; and this is the Origin of my Philosophy."


           Agreeable to this summary View, he tells us, p. 123.


             "Let us fix our Attention out of ourselves as much as
             possible. -- We really never advance a Step beyond
             ourselves; nor can conceive any Kind of Existence, but
             these Perceptions which have appeared in that narrow
             Compass: This is the Universe of the Imagination, nor have
             we any Idea but what is there produced."


   Accordingly,


     "An Opinion or Belief may be most accurately defined, A lively
     Idea related or associated with a present Impression; and is more
     properly an Act of the sensitive than of the cognitive Part of our
     Natures."


   And,


     "Belief in general consists in nothing but the Vivacity of an
     Idea. Again, the Idea of Existence is the very same with the Idea
     of what we conceive to be existent. -- Any Idea we please to form
     is the Idea of a Being; and the Idea of a Being is any Idea we
     please to form. And as to the 
[8]
 Notion of an external Existence,
     when taken for something specifically different from our
     Perceptions, we have shown its absurdity: And what we call a Mind
     is nothing but a Heap or Collection of different Perceptions
     united together by certain Relations, and supposed, tho' falsly,
     to be endowed with a perfect Simplicity."


   And,


     "The only Existence, of which we are certain, are Perceptions.
     When I enter most intimately into what I call myself, I always
     stumble on some particular Perception or other. -- I never can
     catch myself at any Time without a Perception, and never can
     observe any Thing but the Perception. -- If any one think he has a
     different Notion of himself, I must confess I can reason no longer
     with him. -- I may venture to affirm of the rest of Mankind, that
     they are nothing but a Bundle of Perceptions, which succeed each
     other with an inconceivable Rapidity, and are in a perpetual Flux
     and Movement." --


   And lest the Reader should forget to apply all this to the Supreme
   Mind, and the Existence of the First Cause, he has a long Disquisition
   concerning Causes and Effects, the Sum of which amounts to this, That
   all our Reasoning concerning Causes and Effects are derived from
   nothing but Custom: That 
[9]


     "if any pretend to define a Cause by saying it is something
     productive of another, 'tis evident he would say nothing; for what
     does he mean by Production? That we may define a Cause to be an
     Object precedent and contiguous to another, and where all the
     Objects resembling the former are placed in like Relations of
     Precedency and Contiguity to these Objects that resemble the
     latter; or, a Cause is an Object precedent and contiguous to
     another, and so united with it, that the Idea of the one
     determines the Mind to form the Idea of the other, and the
     Impression of the one to form a more lively Idea of the other."


   From these clear and plain Definitions he infers,


     "That all Causes are of the same Kind; and there is no Foundation
     for the Distinction betwixt efficient Causes, and Causes sine qua
     non; or betwixt efficient Causes, and formal and material, and
     exemplary, and final Causes: And that there is but one Kind of
     Necessity, and the common Distinction betwixt Moral and Physical
     is without any Foundation in Nature: And that the Distinction we
     often make betwixt Power, and the Exercise of it, is equally
     without Foundation: And that the Necessity of a Cause to every
     Beginning of Existence, is not founded on any Arguments
     demonstrative 
[10]
 or intuitive: And in fine, That any Thing may
     produce any Thing; Creation, Annihilation, Motion, Reason,
     Volition; all these may arise from one another, or from any other
     Object we can imagine."


   The curious Nostrum he often repeats, p. 430, 434. Again he tells us,


     "That when we talk of any Being, whether of a Superior or Inferior
     Nature, as endowed with a Power or Force proportioned to any
     Effect, -- We have really no distinct Meaning, and make use only
     of common Words, without any clear and determinate Ideas. And if
     we have really no Idea of Power or Efficacy in any Object, or of
     any real connection betwixt Causes and Effects, 'twill be to
     little Purpose to prove that an Efficacy is necessary in all
     Operations. We do not understand our own Meaning in talking so,
     but ignorantly confound Ideas which are intirely distinct from
     each other."


   Again he says,


     "The Efficacy or Energy of Causes is neither placed in the Causes
     is neither placed in the Causes themselves, nor in the Deity, nor
     in the Concurrence of these two Principles, but belongs entirely
     to the Soul (or the Bundle of Perceptions) which considers the
     Union of two or more Objects in all past Instances: 'Tis here that
     the real Power of Causes is 
[11]
 placed, along with their
     Connection and Necessity. And in fine, we may observe a
     Conjunction or a Relation of Cause and Effect between different
     Perceptions, but can never observe it between Perceptions and
     Objects."


   'Tis impossible therefore, that, from the Existence or any of the
   Qualities of the former, we can ever form any Conclusion concerning
   the Existence of the latter, or ever satisfy our Reason in this
   Particular with regard to the Existence of a Supreme Being. 'Tis well
   known that this Principle, Whatever begins to exist must have a Cause
   of Existence, is the first Step in the Argument for the Being of a
   Supreme Cause; and that, without it, 'tis impossible to go one Step
   further in that Argument. Now this Maxim he is at great Pains from
   p.141. to explode, and to show, "That it is neither intuitively nor
   demonstratively certain;" and he says,


     "Reason can never satisfy us that the Existence of any Object does
     ever imply that of another. So that, when we pass from the
     Impression of one to the Idea and Belief of another, we are not
     determined by Reason, but by Custom."


   In a marginal Note on the preceeding Page he says,


     "In that Proposition, God is, or indeed any other which regards
     Existence, the Idea of Existence is no distinct Idea 
[12]
 which we
     unite with that of the Object, and which is capable of forming a
     compound Idea by the Union."


   Concerning this Principle, That the Deity is the prime Mover of the
   Universe, who first created Matter, and gave its original Impulse, and
   likewise supports its Existence, and successively bestows on it its
   Motions; he says,


     "This Opinion is certainly very curious, but it will appear
     superfluous to examine it in this Place. --For, if the very Idea
     be derived from an Impression, the Idea of a Deity proceeds from
     the same Origin; and, if no Impression implies any Force or
     Efficacy, 'tis equally impossible to discover, or even imagine,
     any such active Principle in the Deity. --Since Philosophers
     therefore have concluded, that Matter cannot be endowed with any
     efficacious Principle, because it is impossible to discover in it
     such a Principle; the same Course of Reasoning should determine
     them to exclude it from the Supreme Being: Or if they esteem that
     Opinion absurd and impious, as it really is, I shall tell them how
     they may avoid it, and that is, by concluding from the very first,
     that they have no adequate Idea of Power of Efficacy in any
     Object; since neither in Body nor Spirit, neither in Superior nor
     
[13]
 Inferior Natures, are they able to discover one single
     Instance of it."


   And says he, "We have no Idea of a Being endowed with any Power, much
   less of one endowed with any infinite Power."


           Concerning the Immateriality of the Soul (from which the
           Argument is taken for its natural Immortality, or that it
           cannot perish by Dissolution as the Body) he says,


             "We certainly may conclude that Motion may be and actually
             is the Cause of Thought and Perception: And no wonder, for
             any Thing may be the Cause or Effect of any Thing; which
             evidently gives the Advantage to the Materialists above
             their Adversaries."


   But yet more plainly,


     "I assert, says he, that the Doctrine of the Immateriality,
     Simplicity, and Indivisibility of a thinking Substance, is a true
     Atheism, and will serve to justify all these Sentiments for which
     Spinoza is so universally infamous."


   This hideous Hypothesis is almost the same with that of the
   Immateriality of the Soul, which has become so popular. And again he
   endeavours to prove, that all the Absurdities which have been found in
   the Systems of Spinoza, may likewise be discovered in that of the
   Theologians: And concludes, that


     "We cannot advance one Step towards the establishing the
     Simplicity and Immateriality 
[14]
 of the Soul, without preparing
     the Way for a dangerous and irrecoverable Atheism."


           The Author's Sentiments in Morality we have in Vol. 3. printed
           for T. Longman, 1740. He there tells us, that


             "Reason has no Influence on our Passions and Actions:
             Actions may be laudable or blameable, but they cannot be
             reasonable or unreasonable. That all Beings in the
             Universe, considered in themselves, appear entirely loose
             and independent of each other; 'Tis only by Experience we
             learn their Influence and Connection, and this Influence
             we ought never to extend beyond Experience."


           He takes great Pains to prove, from p.37. That Justice is not
           a natural, but an artificial Virtue; and gives one pretty odd
           Reason for it:


             "We may conclude, that the Laws of Justice, being
             universal and perfectly inflexible, can never be derived
             from Nature. I suppose (says he) a Person to have lent me
             a Sum of Money, on Condition that it be restored in a few
             Days; and also suppose, that, after Expiration of the Term
             agreed on, he demands the Sum: I ask, What Reason or
             Motive have I to restore the Money? Publick Interest is
             not naturally attach'd to the Observation of the Rules of
             Justice, but 
[15]
 is only connected with it, after an
             artificial Convention, for Establishment of these Rules.
             Unless we will allow that Nature has established a
             Sophistry, and rendered it necessary and unavoidable; we
             must allow that the Sense of Justice and Injustice is not
             derived from Nature, but arises artificially, tho'
             necessarily, from Education and human Conventions. Here is
             a Proposition which I think may be regarded as certain,
             That it is only from the Selfishness and confined
             Generosity of Men, along with the scanty Provision Nature
             has made for his Wants, that Justice derives its Origin.
             These Impressions, which give Rise to this Sense of
             Justice, are not natural to the Mind of Man, but arise
             from Artifice and human Conventions. Without such a
             Convention, no one would ever have dreamed that there was
             such a Virtue as Justice, or have been induced to conform
             his Actions to it. Taking any single Act, my Justice may
             be pernicious in every Respect: And 'tis only upon the
             Supposition that others are to imitate my Example, that I
             can be induced to embrace that Virtue; since nothing but
             the Combination can render Justice advantageous, or afford
             me any Motive to conform myself to its Rules. 
[16]
 And in
             general it may be affirmed, that there is no such Passion
             in human Minds, as the Love of Mankind merely as such,
             independent of personal Qualities, of Service or of
             Relation to ourself."


           Mr. Hobbs, who was at Pains to shake loose all other natural
           Obligations, yet found it necessary to leave, or pretended to
           leave, the Obligation of Promises or Pactions; but our Author
           strikes a bolder Stroke:


             "That the Rule of Morality (says he) which enjoins the
             Performance of Promises, is not natural, will sufficiently
             appear from these two Propositions, which I proceed to
             prove, viz. That a Promise would not be intelligible
             before humans Conventions had established it; and that,
             even if it were intelligible, it would not be attended
             with any moral Obligation."


   And he concludes, "That Promises impose no natural Obligation." And,
   p.115.


     "I shall further observe, That since every new Promise imposes a
     new Obligation of Morality upon the Person who promises, and since
     this new Obligation arises from his Will, it is one of the most
     mysterious and incomprehensible Operations that can possible be
     imagined, and may even be compared to Transubstantiation or Holy
     Orders, where a certain Form of Words, along with a 
[17]
 certain
     Intention, changes entirely the Nature of an external Object, and
     even of a human Creature. In fine (says he) as Force is supposed
     to invalidate all Contracts, such a Principle is a Proof that
     Promises have no natural Obligation, and are mere artificial
     Contrivances, for the Conveniency and Advantage of Society."


   Sum of the Charge.



           From the preceeding Specimen it will appear, that the Author
           maintains,

           1. Universal Scepticism. See his Assertions, p.458, --470.
           where he doubts of every Thing (his own Existence excepted)
           and maintains the Folly of pretending to believe any Thing
           with Certainty.


           2. Principles leading to downright Atheism, by denying the
           Doctrine of Causes and Effects, p.321, 138, 298, 300, 301,
           303, 430, 434, 284. where he maintains, that the Necessity of
           a Cause to every Beginning of Existence is not founded on any
           Arguments demonstrative or intuitive.


           3. Errors concerning the very Being and Existence of a God.
           For Instance, Marginal Note, p.172. as to that Proposition,
           God is, he says (or indeed as to any other Thing which regards
           Existence)
             "The Idea 


[18]


             of Existence is no distinct Idea which we
             unite with that of the Object, and which is capable of
             forming a compound Idea by Union."

           4. Errors concerning God's being the first Cause, and prime
           Mover of the Universe: For as to this Principle, That the
           Deity first created Matter, and gave it its original Impulse,
           and likewise supports its Existence, he says,


             "This Opinion is certainly very curious, but it will
             appear superfluous to examine it in this Place, &c."


           5. He is chargable with denying the Immateriality of the Soul,
           and the Consequences flowing from this Denial, p.431, 4, 418,
           419, 423.


           6. With sapping the Foundations of Morality, by denying the
           natural and essential Difference betwixt Right and Wrong, Good
           and Evil, Justice and Injustice; making the Difference only
           artificial, and to arise from human Conventions and Compacts,
           Vol. 2. p.5, 19, 128, 41, 43, 48, 69, 70, 73, 4, 44.




   [Observations]

           You see, Dear Sir, that I have concealed no Part of the
           Accusation, but have inserted the Specimen and Charge, as
           transmitted to me, without the smallest Variation. I shall now
           go regularly thro' what is called the Sum of the Charge,
           because it 
[19]
 is intended, I suppose, to contain the
           Substance of the whole; and shall take Notice of the Specimen
           as I go along.


           1st, As to the Scepticism with which the Author is charged, I
           must observe, that the Doctrine of the Pyrrhonians or
           Scepticks have been regarded in all Ages as Principles of mere
           Curiosity, or a Kind of Feux d' esprit, without any Influence
           on a Man's steady Principles or Conduct in Life. In Reality, a
           Philosopher who affects to doubt of the Maxims of common
           Reason, and even of his Senses, declares sufficiently that he
           is not in earnest, and that he intends not to advance an
           Opinion which he would recommend as Standards of Judgment and
           Action. All he means by these Scruples is to abate the Pride
           of mere human Reasoners, by showing them, that even with
           regard to Principles which seem the clearest, and which they
           are necessitated from the strongest Instincts of Nature to
           embrace, they are not able to attain a full Consistence and
           absolute Certainty. Modesty then, and Humility, with regard to
           the Operations of our natural Faculties, is the Result of
           Scepticism; not an universal Doubt, which it is impossible for
           any Man to support, and which the first and most trivial
           Accident in Life must immediately disconcert and destroy. 
[20]


           How is such a Frame of Mind prejudicial to Piety? And must not
           a Man be ridiculous to assert that our Author denies the
           Principles of Religion, when he looks upon them as equally
           certain with the Objects of his Senses? If I be as much
           assured of these Principles, as that this Table at which I now
           write is before me; Can any Thing further be desired by the
           most rigorous Antagonist? 'Tis evident, that so extravagant a
           Doubt as that which Scepticism may seem to recommend, by
           destroying every Thing, really affects nothing, and was never
           intended to be understood seriously, but was meant as a mere
           Philosophical Amusement, or Trial of Wit and Subtility.


           This is a Construction suggested by the very Nature of the
           Subject; but he has not been contented with that, but
           expressly declared it. And all those Principles, cited in the
           Specimen as Proofs of his Scepticism, are positively renounced
           in a few Pages afterwards, and called the Effects of
           Philosophical Melancholy and Delusion. These are his very
           Words; and his Accuser's overlooking them may be thought very
           prudent, but is a Degree of Unfairness which appears to me
           altogether astonishing.


           Were Authorities proper to be employed in any Philosophical
           Reasoning, I could cite you that of Socrates the wisest and
           
[21]
 most religious of the Greek Philosophers, as well as
           Cicero among the Romans, who both of them carried their
           Philosophical Doubts to the highest Degree of Scepticism. All
           the antient Fathers, as well as our first Reformers, are
           copious in representing the Weakness and Uncertainty of mere
           human Reason. And Monsieur Huet the learned Bishop of
           Avaranches (so celebrated for his Demonstration Evangelique
           which contains all the great Proofs of the Christian Religion)
           wrote also a Book on this very Topick, wherein he endeavours
           to revive all the Doctrines of the antient Skepticks or
           Pyrrhonians.


           In Reality, whence come all the various Tribes of Hereticks,
           the Arians, Socinians and Deists, but from too great a
           Confidence in mere human Reason, which they regard as the
           Standard of every Thing, and which they will not submit to the
           superior Light of Revelation? And can one do a more essential
           Service to Piety, than by showing them that this boasted
           Reason of theirs, so far from accounting for the great
           Mysteries of the Trinity and Incarnation, is not able fully to
           satisfy itself with regard to its own Operations, and must in
           some Measure fall into a Kind of implicite Faith, even in the
           most obvious and familiar Principles?


           II. The Author is charged with Opinions 
[22]
 leading to
           downright Atheism, chiefly by denying this Principle, That
           whatever begins to exist must have a Cause of Existence. To
           give you a Notion of the Extravagance of this Charge, I must
           enter into a little Detail. It is common for Philosophers to
           distinguish the Kinds of Evidence into intuitive,
           demonstrative, sensible, and moral; by which they intend only
           to mark a Difference betwixt them, not to denote a Superiority
           of one above another. Moral Certainty may reach as high a
           Degree of Assurance as Mathematical; and our Senses are surely
           to be comprised amongst the clearest and most convincing of
           all Evidences. Now, it being the Author's Purpose, in the
           Pages cited in the Specimen, to examine the Grounds of that
           Proposition; he used the Freedom of disputing the common
           Opinion, that it was founded on demonstrative or intuitive
           Certainty; but asserts, that it is supported by moral Evidence,
           and is followed by a Conviction of the same Kind with these
           Truths, That all Men must die, and that the Sun will rise
           To-morrow. Is this any Thing like denying the Truth of that
           Proposition, which indeed a Man must have lost all common
           Sense to doubt of?


           But, granting that he had denied it, how is this a Principle
           that leads to Atheism? 
[23]
 It would be no difficult Matter to
           show, that the Arguments a posteriori from the Order and
           Course of Nature, these Arguments so sensible, so convincing,
           and so obvious, remain still in their full Force; and that
           nothing is affected by it but the metaphysical Argument a
           priori, which many Men of Learning cannot comprehend, and
           which many Men both of Piety and Learning show no great Value
           for. Bishop Tillotson has used a Degree of Freedom on this
           Head, which I would not willingly allow myself; 'tis in his
           excellent Sermon concerning the Wisdom of being religious,
           where he says, That the Being of a God is not capable of
           Demonstration, but of moral Evidence. I hope none will pretend
           that pious Prelate intended by these Assertions to weaken the
           Evidences for a Divine Existence, but only to distinguish
           accurately its Species of Evidence.


           I say further, that even the metaphysical Arguments for a
           Deity are not affected by a Denial of the Proposition
           above-mentioned. It is only Dr. Clark's Argument which can be
           supposed to be any way concerned. Many other Arguments of the
           same Kind still remain; Des Cartes's for Instance, which has
           always been esteemed as solid and convincing as the other. I
           shall add, that a great Distinction ought always to be 
[24]

           made betwixt a Man's positive and avowed Opinions, and the
           Inferences which it may please others to draw from them. Had
           the Author really denied the Truth of the foregoing
           Proposition, (which the most superficial Reader cannot think
           ever entered his Head) still he could not properly be charged
           as designing to invalidate any one Argument that any
           Philosopher has employed for a Divine Existence; that is only
           an Inference and Construction of others, which he may refuse
           if he thinks proper.


           Thus you may judge of the Candor of the whole Charge, when you
           see the assigning of one Kind of Evidence for a Proposition,
           instead of another, is called denying that Proposition; that
           the invalidating only one Kind of Argument for the Divine
           Existence is called positive Atheism; nay, that the weakning
           only of one individual Argument of that Kind is called
           rejecting that whole Species of Argument, and the Inferences
           of others are ascribed to the Author as his real Opinion.


           'Tis impossible ever to satisfy a captious Adversary, but it
           would be easy for me to convince the severest Judge, that all
           the solid Arguments for Natural Religion retain their full
           Force upon the Author's Principles concerning Causes and
           Effects and that there is no Necessity even for altering 
[25]

           the common Methods of expressing or conceiving these
           Arguments. The Author has indeed asserted, That we can judge
           only of the Operations of Causes by Experience, and that,
           reasoning a priori, any thing might appear able to produce any
           thing. We could not know that Stones would descend, or fire
           burn, had we not Experience of these Effects; and indeed,
           without such Experience, we could not certainly infer the
           Existence of one Thing from that of another. This is no great
           Paradox, but seems to have been the Opinion of several
           Philosophers, and seems the most obvious and familiar
           Sentiment on that Subject; but, tho' all Inferences are noway
           weakned by such an Assertion, but on the contrary will be
           found to acquire more Force, as long as Men are disposed to
           trust to their Experience rather than to mere human Reasoning.
           Wherever I see Order, I infer from Experience that there,
           there hath been Design and Contrivance. And the same Principle
           which leads me into this Inference, when I contemplate a
           Building, regular and beautiful in its whole Frame and
           Structure; the same Principle obliges me to infer an
           infinitely perfect Architect, from the infinite Art and
           Contrivance which is display'd in the whole 
[26]
 Fabrick of
           the Universe. Is not this the Light in which this Argument
           hath been placed by all Writers concerning Natural Religion?


           III. The next Proof of Atheism is so unaccountable, that I
           know not what to make of it. Our Author indeed asserts, after
           the present pious and learned Bishop of Cloyne, That we have
           no abstract or general Ideas, properly so speaking; and that
           those Ideas, which are called general, are nothing but
           particular Ideas affixed to general Terms. Thus, when I think
           of a Horse in general, I must always conceive that Horse as
           black or white, fat or lean, &c. and can form no Notion of a
           Horse that is not of some particular Colour or Size. In
           Prosecution of the same Topick, the Author hath said, That we
           have no general Idea of Existence, distinct from every
           particular Existence. But a Man must have strange Sagacity,
           that could discover Atheism in so harmless a Proposition.
           This, in my Opinion, might be justified before the University
           of Salamanca, or a Spanish Inquisition. I do indeed believe,
           that, when we assert the Existence of a Deity, we do not form
           a general abstract Idea of Existence, which we unite with the
           Idea of God, and which is capable of forming a compound Idea
           by Union; but this is 
[27]
 the Case with regard to every
           Proposition concerning Existence. So that, by this Course of
           Reasoning, we must deny the Existence of every Thing, even of
           ourselves, of which at least even the Accuser himself will
           admit our Author is perswaded.


           IV. Ere answering the fourth Charge, I must use the Freedom to
           deliver a short History of a particular Opinion in Philosophy.
           When Men considered the several Effects and Operations of
           Nature, they were led to examine into the Force or Power by
           which they were performed; and they divided into several
           Opinions upon this Head, according as their other Principles
           were more or less favourable to Religion. The Followers of
           Epicurus and Strato asserted, That this Force was original and
           inherent in Matter, and, operating blindly, produced all the
           various Effects which we behold. The Platonick and
           Peripatetick Schools, perceiving the Absurdity of this
           Proposition, ascribed the Origin of all Force to one primary
           efficient Cause, who first bestowed it on Matter, and
           successively guided it in all its Operations. But all the
           antient Philosophers agreed, that there was a real Force in
           Matter, either original or derived; and that it was really
           Fire which burnt, and Food that nourished, when we observed
           any of these 
[28]
 Effects to follow upon the Operations of
           these Bodies: The Schoolmen supposed also a real Power in
           Matter, to whose Operations however the continual Concurrence
           of the Deity was requisite, as well as to the Support of that
           Existence which had been bestowed on Matter, and which they
           considered as a perpetual Creation. No one, till Des Cartes
           and Malbranche, ever entertained an Opinion that Matter had no
           Force either primary or secondary, and independent or
           concurrent, and could not so much as properly be called an
           Instrument in the Hands of the Deity, to serve any of the
           Purposes of Providence. These Philosophers last-mentioned
           substituted the Notion of occasional Causes, by which it was
           asserted that a Billiard Ball did not move another by its
           Impulse, but was only the Occasion why the Deity, in pursuance
           of general Laws, bestowed Motion on the second Ball. But, tho'
           this Opinion be very innocent, it never gained great Credit,
           especially in England, where it was considered as too much
           contrary to received popular Opinions, and too little
           supported by Philosophical Arguments, ever to be admitted as
           any Thing but a mere Hypothesis. Cudworth, Lock and Clark make
           little or no mention of it. Sir Isaac Newton (tho' some of his
           Followers have taken 
[29]
 a different Turn of thinking)
           plainly rejects it, by substituting the Hypothesis of an
           AEtheral Fluid, not the immediate Volition of the Deity, as
           the Cause of Attraction. And, in short, this has been a
           Dispute left entirely to the Arguments of Philosophers, and in
           which Religion has never been supposed to be in the least
           concerned.


           Now it is evidently concerning this Cartesian Doctrine, of
           secondary Causes, the Author is treating, when he says, (in
           the Passage referred to in the Charge) That it was a curious
           Opinion, but which it would appear superfluous to examine in
           that Place.


           The Topick there handled is somewhat abstract: But I believe
           any Reader will easily perceive the Truth of this Assertion,
           and that the Author is far from pretending to deny (as
           asserted in the Charge) God's being the first Cause and prime
           Mover of the Universe. That the Author's Words could have no
           such Meaning as they stand connected, is to me so evident,
           that I could pledge on this Head, not only my small Credit as
           a Philosopher, but even all my Pretensions to Trust or Belief
           in the common Affairs of Life.


           V. As to the fifth Article; The Author has not anywhere that I
           remember denied 
[30]
 the Immateriality of the Soul in the
           common Sense of the Word. He only says, That that Question did
           not admit of any distinct Meaning; because we had no distinct
           Idea of Substance. This Opinion may be found everywhere in Mr.
           Lock, as well as in Bishop Berkley.


           VI. I come now to the last Charge, which, according to the
           prevalent Opinion of Philosophers in this Age, will certainly
           be regarded as the severest, viz. the Author's destroying all
           the Foundations of Morality.


           He hath indeed denied the eternal Difference of Right and
           Wrong in the Sense in which Clark and Woolaston maintained
           them, viz.. That the Propositions of Morality were of the same
           Nature with the Truths of Mathematicks and the abstract
           Sciences, the Objects merely of Reason, not the Feelings of
           our internal Tastes and Sentiments. In this Opinion he concurs
           with all the antient Moralists, as well as with Mr. Hutchison
           Professor of Moral Philosophy in the University of Glasgow,
           who, with others, has revived the antient Philosophical
           Discourse, in order to throw an Odium on the Author!


           When the Author asserts that Justice is an artificial not a
           natural Virtue, he seems 
[31]
 sensible that he employed Words
           that admit of an invidious Construction; and therefore makes
           use of all proper Expedients, by Definitions and Explanations,
           to prevent it. But of these his Accuser takes no Notice. By
           the natural Virtues he plainly understands Compassion and
           Generosity, and such as we are immediately carried to by a
           natural Instinct, a certain Reflection on the general
           Interests of Human Society, and a Combination with others. In
           the same Sense, Sucking is an Action natural to Man, and
           Speech is artificial. But what is there in this Doctrine that
           can be supposed in the least pernicious? Has he not expresly
           asserted, That Justice, in another Sense of the Word, is so
           natural to Man, that no Society of Men, and even no individual
           Member of any Society, was ever entirely devoid of all Sense
           of it? Some Persons (tho' without any Reason, in my Opinion)
           are displeased with Mr. Hutchison's Philosophy, in sounding
           all the Virtues so much on Instinct, and admitting so little
           of Reason and Reflection. Those should be pleased to find that
           so considerable a Branch of the Moral Duties are founded on
           that Principle.


           The Author has likewise taken care in 
[32]
 positive Terms to
           assert, That he does not maintain that Men ly under no
           Obligation to observe Contracts, independent of Society; but
           only, that they never would have formed Contracts, and even
           would not have understood the Meaning of them, independent of
           Society. And whereas it is observed in the Specimen, That our
           Author offers further to prove, that, suppose a Promise was
           intelligible before Human Conventions had established it, it
           would not be attended with any Moral Obligation. The most
           careless Reader must perceive that he does not understand
           Moral in such an extended Sense, as to deny the Obligation of
           Promises, independent of Society; seeing he not only asserts
           what is above-represented, but likewise that the Laws of
           Justice are universal, and perfectly inflexible. It is
           evident, that suppose Mankind, in some primitive unconnected
           State, should be some Means come to the Knowledge of the
           Nature of those Things which we call Contracts and Promises;
           that this Knowledge would have laid them under no such actual
           Obligation, if not placed in such Circumstances as give rise
           to these Contracts.


           I am sorry I should be obliged to cite from my Memory, and
           cannot mention Page and Chapter so accurately as the Accuser.
           I came hither by Post, and brought no 
[33]
 Books along with
           me, and cannot now provide myself in the Country with the Book
           referred to.


           This long Letter, with which I have troubled you, was composed
           in one Morning, that I might gratify your Demand of an
           immediate Answer to the heavy Charge brought against your
           Friend; and this, I hope, will excuse any Inaccuracies that
           may have crept into it. I am indeed of Opinion, that the
           Author had better delayed the publishing of that Book; not on
           account of any dangerous Principles contained in it, but
           because on more mature Consideration he might have rendered it
           much less imperfect by further Corrections and Revisals. I
           must not at the same Time omit observing, that nothing can be
           wrote so accurately or innocently, which may not be perverted
           by such Arts as have been imployed on this Occasion. No Man
           would undertake so invidious a Task as that of our Author's
           Accuser, who was not actuated by particular Interests; and you
           know how easy it is, by broken and partial Citations, to
           pervert any Discourse, much more one of so abstract a Nature,
           where it is difficult, or almost impossible, to justify one's
           self to the Publick. The Words which have been carefully pickt
           out from a large Volume will no doubt have a dangerous Aspect
           to careless 
[34]
 Readers; and the Author, in my Apprehension,
           cannot fully defend himself without a particular Detail, which
           it is impossible for a careless Reader to enter into. This
           Advantage of the Ground has been trusted to by his Accuser,
           and surely never more abused than on the present Occasion. But
           he has one Advantage, I trust, which is worth a Hundred of
           what his Opposers can boast of, viz. that of Innocence; and I
           hope he has also another Advantage, viz. that of Favour, if we
           really live in a Country of Freedom, where Informers and
           Inquisitors are so deservedly held in universal Detestation,
           where Liberty, at least of Philosophy, is so highly valu'd and
           esteem'd. I am,
Sir,


           Your most obedient


           humble Servant.


           May 8th 1745.
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OF LIBERTY AND NECESSITY
Chapter 8 of An Enquiry Concerning Human UnderstandingPART I
  It might reasonably be expected in questions which have
been canvassed and disputed with great eagerness, since
the first origin of science, and philosophy, that the
meaning of all the terms, at least, should have been agreed
upon among the disputants; and our enquiries, in the course
of two thousand years, been able to pass from words to
the true and real subject of the controversy. For how
easy may it seem to give exact definitions of the terms
employed in reasoning, and make these definitions, not the
mere sound of words, the object of future scrutiny and
examination? But if we consider the matter more narrowly,
we shall be apt to draw a quite opposite conclusion. From
this circumstance alone, that a controversy has been long
kept on foot, and remains still undecided, we may presume
that there is some ambiguity in the expression, and that the
disputants affix different ideas to the terms employed in the
controversy. For as the faculties of the mind are supposed
to be naturally alike in every individual; otherwise nothing
could be more fruitless than to reason or dispute together;
it were impossible, if men affix the same ideas to their
terms, that they could so long form different opinions of
the same subject; especially when they communicate their
views, and each party turn themselves on all sides, in search
of arguments which may give them the victory over their
antagonists. It is true, if men attempt the discussion of
questions which lie entirely beyond the reach of human
capacity, such as those concerning the origin of worlds, or
the economy of the intellectual system or region of spirits,
they may long beat the air in their fruitless contests, and
never arrive at any determinate conclusion. But if the
question regard any subject of common life and experience,
nothing, one would think, could preserve the dispute so
long undecided but some ambiguous expressions, which
keep the antagonists still at a distance, and hinder them
from grappling with each other.  This has been the case in the long disputed question
concerning liberty and necessity; and to so remarkable
a degree that, if I be not much mistaken, we shall find,
that all mankind, both learned and ignorant, have always
been of the same opinion with regard to this subject, and
that a few intelligible definitions would immediately have
put an end to the whole controversy. I own that this
dispute has been so much canvassed on all hands, and has
led philosophers into such a labyrinth of obscure sophistry,
that it is no wonder, if a sensible reader indulge his ease so
far as to turn a deaf ear to the proposal of such a question,
from which he can expect neither instruction or entertainment. But the state of the argument here proposed may,
perhaps, serve to renew his attention; as it has more
novelty, promises at least some decision of the controversy,
and will not much disturb his ease by any intricate or
obscure reasoning.
  I hope, therefore, to make it appear that all men have
ever agreed in the doctrine both of necessity and of liberty,
according to any reasonable sense, which can be put on
these terms; and that the whole controversy, has hitherto
turned merely upon words. We shall begin with examining
the doctrine of necessity.
  It is universally allowed that matter, in all its operations,
is actuated by a necessary force, and that every natural
effect is so precisely determined by the energy of its cause
that no other effect, in such particular circumstances, could
possibly have resulted from it. The degree and direction
of every motion is, by the laws of nature, prescribed with
such exactness that a living creature may as soon arise
from the shock of two bodies as motion in any other degree or direction than what is actually produced by it.
Would we, therefore, form a just and precise idea of necessity, we must consider whence that idea arises when we apply
it to the operation of bodies.
  It seems evident that, if all the scenes of nature were
continually shifted in such a manner that no two events
bore any resemblance to each other, but every object was
entirely new, without any similitude to whatever had been
seen before, we should never, in that case, have attained
the least idea of necessity, or of a connexion among these
objects. We might say, upon such a supposition, that one
object or event has followed another; not that one was
produced by the other. The relation of cause and effect
must be utterly unknown to mankind. Inference and reasoning concerning the operations of nature would, from
that moment, be at an end; and the memory and senses
remain the only canals, by which the knowledge of any
real existence could possibly have access to the mind. Our
idea, therefore, of necessity and causation arises entirely
from the uniformity observable in the operations of nature,
where similar objects are constantly conjoined together,
and the mind is determined by custom to infer the one
from the appearance of the other. These two circumstances form the whole of that necessity, which we ascribe
to matter. Beyond the constant conjunction of similar
objects, and the consequent inference from one to the other,
we have no notion of any necessity or connexion.
  If it appear, therefore, that all mankind have ever allowed,
without any doubt or hesitation, that these two circumstances take place in the voluntary actions of men, and in
the operations of mind; it must follow, that all mankind
have ever agreed in the doctrine of necessity, and that they
have hitherto disputed, merely for not understanding each
other.
  As to the first circumstance, the constant and regular conjunction of similar events, we may possibly satisfy ourselves
by the following considerations: It is universally acknowledged that there is a great uniformity among the actions of
men, in all nations and ages, and that human nature remains
still the same, in its principles and operations. The same
motives always produce the same actions: the same events
follow from the same causes. Ambition, avarice, self-love,
vanity, friendship, generosity, public spirit: these passions,
mixed in various degrees, and distributed through society,
have been, from the beginning of the world, and still are,
the source of all the actions and enterprises, which have
ever been observed among mankind. Would you know the
sentiments, inclinations, and course of life of the Greeks
and Romans? Study well the temper and actions of the
French and English: You cannot be much mistaken in transferring to the former most of the observations which you
have made with regard to the latter. Mankind are so much
the same, in all times and places, that history informs us of
nothing new or strange in this particular. Its chief use is
only to discover the constant and universal principles of
human nature, by showing men in all varieties of circumstances and situations, and furnishing us with materials
from which we may form our observations and become acquainted with the regular springs of human action and behaviour. These records of wars, intrigues, factions, and
revolutions, are so many collections of experiments, by
which the politician or moral philosopher fixes the principles of his science, in the same manner as the physician
or natural philosopher becomes acquainted with the nature
of plants, minerals, and other external objects, by the experiments which he forms concerning them. Nor are the
earth, water, and other elements, examined by Aristotle, and
Hippocrates, more like to those which at present lie under
our observation than the men described by Polybius and
Tacitus are to those who now govern the world.
  Should a traveller, returning from a far country, bring us
an account of men, wholly different from any with whom
we were ever acquainted; men, who were entirely divested
of avarice, ambition, or revenge; who knew no pleasure but
friendship, generosity, and public spirit; we should immediately, from these circumstances, detect the falsehood, and
prove him a liar, with the same certainty as if he had stuffed
his narration with stories of centaurs and dragons, miracles
and prodigies. And if we would explode any forgery in
history, we cannot make use of a more convincing argument, than to prove, that the actions ascribed to any person
are directly contrary to the course of nature, and that no
human motives, in such circumstances, could ever induce
him to such a conduct. The veracity of Quintus Curtius
is as much to be suspected, when he describes the supernatural courage of Alexander, by which he was hurried on
singly to attack multitudes, as when he describes his supernatural force and activity, by which he was able to resist
them. So readily and universally do we acknowledge a uniformity in human motives and actions as well as in the
operations of body.
  Hence likewise the benefit of that experience, acquired
by long life and a variety of business and company, in order
to instruct us in the principles of human nature, and regulate our future conduct, as well as speculation. By means
of this guide, we mount up to the knowledge of men's inclinations and motives, from their actions, expressions, and
even gestures; and again descend to the interpretation of
their actions from our knowledge of their motives and inclinations. The general observations treasured up by a
course of experience, give us the clue of human nature, and
teach us to unravel all its intricacies. Pretexts and appearances no longer deceive us. Public declarations pass for the
specious colouring of a cause. And though virtue and
honour be allowed their proper weight and authority, that
perfect disinterestedness, so often pretended to, is never expected in multitudes and parties; seldom in their leaders;
and scarcely even in individuals of any rank or station. But
were there no uniformity in human actions, and were every
experiment which we could form of this kind irregular and
anomalous, it were impossible to collect any general observations concerning mankind; and no experience, however accurately digested by reflection, would ever serve to any
purpose. Why is the aged husbandman more skilful in his
calling than the young beginner but because there is a
certain uniformity in the operation of the sun, rain, and
earth towards the production of vegetables; and experience
teaches the old practitioner the rules by which this operation
is governed and directed.
  We must not, however, expect that this uniformity of
human actions should be carried to such a length as that all
men, in the same circumstances, will always act precisely in
the same manner, without making any allowance for the
diversity of characters, prejudices, and opinions. Such a
uniformity in every particular, is found in no part of nature.
On the contrary, from observing the variety of conduct in
different men, we are enabled to form a greater variety of
maxims, which still suppose a degree of uniformity and
regularity.
  Are the manners of men different in different ages and
countries? We learn thence the great force of custom and
education, which mould the human mind from its infancy
and form it into a fixed and established character. Is the
behaviour and conduct of the one sex very unlike that of
the other? Is it thence we become acquainted with the
different characters which nature has impressed upon the
sexes, and which she preserves with constancy and regularity? Are the actions of the same person much diversified
in the different periods of his life, from infancy to old age?
This affords room for many general observations concerning
the gradual change of our sentiments and inclinations, and
the different maxims which prevail in the different ages of
human creatures. Even the characters, which are peculiar
to each individual, have a uniformity in their influence;
otherwise our acquaintance with the persons and our observation of their conduct could never teach us their dispositions, or serve to direct our behaviour with regard to them.
  I grant it possible to find some actions, which seem to
have no regular connexion with any known motives, and
are exceptions to all the measures of conduct which have
ever been established for the government of men. But
if we would willingly know what judgment should be formed
of such irregular and extraordinary actions, we may consider the sentiments commonly entertained with regard to
those irregular events which appear in the course of nature,
and the operations of external objects. All causes are not
conjoined to their usual effects with like uniformity. An
artificer, who handles only dead matter, may be disappointed
of his aim, as well as the politician, who directs the conduct
of sensible and intelligent agents.
  The vulgar, who take things according to their first appearance, attribute the uncertainty of events to such an
uncertainty in the causes as makes the latter often fail
of their usual influence; though they meet with no impediment in their operation. But philosophers, observing that,
almost in every part of nature, there is contained a vast
variety of springs and principles, which are hid, by reason
of their minuteness or remoteness, find, that it is at least
possible the contrariety of events may not proceed from any
contingency in the cause, but from the secret operation of
contrary causes. This possibility is converted into certainty by farther observation, when they remark that, upon
an exact scrutiny, a contrariety of effects always betrays
a contrariety of causes, and proceeds from their mutual
opposition. A peasant can give no better reason for the
stopping of any clock or watch than to say that it does not
commonly go right: But an artist easily perceives that the
same force in the spring or pendulum has always the same
influence on the wheels; but fails of its usual effects, perhaps
by reason of a grain of dust, which puts a stop to the
whole movement. From the observation of several parallel
instances, philosophers form a maxim that the connexion
between all causes and effects is equally necessary, and
that its seeming uncertainty in some instances proceeds
from the secret opposition of contrary causes.
  Thus, for instance, in the human body, when the usual
symptoms of health or sickness disappoint our expectation;
when medicines operate not with their wonted powers;
when irregular events follow from any particular cause; the
philosopher and physician are not surprised at the matter,
nor are ever tempted to deny, in general, the necessity and
uniformity of those principles by which the animal economy
is conducted. They know that a human body is a mighty
complicated machine: That many secret powers lurk in it,
which are altogether beyond our comprehension: That to
us it must often appear very uncertain in its operations: And
that therefore the irregular events, which outwardly discover
themselves, can be no proof that the laws of nature are
not observed with the greatest regularity in its internal
operations and government.
  The philosopher, if he be consistent, must apply the same
reasoning to the actions and volitions of intelligent agents.
The most irregular and unexpected resolutions of men may
frequently be accounted for by those who know every particular circumstance of their character and situation. A
person of an obliging disposition gives a peevish answer:
But he has the toothache, or has not dined. A stupid fellow
discovers an uncommon alacrity in his carriage: But he
has met with a sudden piece of good fortune. Or even when
an action, as sometimes happens, cannot be particularly accounted for, either by the person himself or by others; we
know, in general, that the characters of men are, to a certain
degree, inconstant and irregular. This is, in a manner, the
constant character of human nature; though it be applicable, in a more particular manner, to some persons who
have no fixed rule for their conduct, but proceed in a continued course of caprice and inconstancy. The internal
principles and motives may operate in a uniform manner,
notwithstanding these seeming irregularities; in the same
manner as the winds, rain, cloud, and other variations of
the weather are supposed to be governed by steady principles; though not easily discoverable by human sagacity
and enquiry.
  Thus it appears, not only that the conjunction between
motives and voluntary actions is as regular and uniform
as that between the cause and effect in any part of nature;
but also that this regular conjunction has been universally
acknowledged among mankind, and has never been the
subject of dispute, either in philosophy or common life.
Now, as it is from past experience that we draw all inferences concerning the future, and as we conclude that objects
will always be conjoined together which we find to have
always been conjoined; it may seem superfluous to prove
that this experienced uniformity in human actions is a source
whence we draw inferences concerning them. But in order
to throw the argument into a greater variety of lights we
shall also insist, though briefly, on this latter topic.
  The mutual dependence of men is so great in all societies
that scarce any human action is entirely complete in itself,
or is performed without some reference to the actions of
others, which are requisite to make it answer fully the intention of the agent. The poorest artificer, who labours
alone, expects at least the protection of the magistrate, to
ensure him the enjoyment of the fruits of his labour. He
also expects that, when he carries his goods to market, and
offers them at a reasonable price, he shall find purchasers,
and shall be able, by the money he acquires, to engage others
to supply him with those commodities which are requisite
for his subsistence. In proportion as men extend their dealings, and render their intercourse with others more complicated, they always comprehend, in their schemes of life,
a greater variety of voluntary actions, which they expect,
from the proper motives, to co-operate with their own. In
all these conclusions they take their measures from past experience, in the same manner as in their reasonings concerning external objects; and firmly believe that men, as
well as all the elements, are to continue, in their operations,
the same that they have ever found them. A manufacturer
reckons upon the labour of his servants for the execution of
any work as much as upon the tools which he employs,
and would be equally surprised were his expectations disappointed. In short, this experimental inference and reasoning concerning the actions of others enters so much into
human life that no man, while awake, is ever a moment
without employing it. Have we not reason, therefore, to
affirm that all mankind have always agreed in the doctrine
of necessity according to the foregoing definition and explication of it?
  Nor have philosophers even entertained a different
opinion from the people in this particular. For, not to mention that almost every action of their life supposes that
opinion, there are even few of the speculative parts of learning to which it is not essential. What would become of
history, had we not a dependence on the veracity of the
historian according to the experience which we have had of
mankind? How could politics be a science, if laws and
forms of government had not a uniform influence upon
society? Where would be the foundation of morals, if particular characters had no certain or determinate power to
produce particular sentiments, and if these sentiments had
no constant operation on actions? And with what pretence
could we employ our criticism upon any poet or polite author,
if we could not pronounce the conduct and sentiments of
his actors either natural or unnatural to such characters,
and in such circumstances? It seems almost impossible,
therefore, to engage either in science or action of any kind
without acknowledging the doctrine of necessity, and this
inference from motive to voluntary actions, from characters
to conduct.
  And indeed, when we consider how aptly natural and
moral evidence link together, and form only one chain of
argument, we shall make no scruple to allow that they are
of the same nature, and derived from the same principles.
A prisoner who has neither money nor interest, discovers
the impossibility of his escape, as well when he considers
the obstinacy of the gaoler, as the walls and bars with
which he is surrounded; and, in all attempts for his freedom,
chooses rather to work upon the stone and iron of the one,
than upon the inflexible nature of the other. The same
prisoner, when conducted to the scaffold, foresees his death
as certainly from the constancy and fidelity of his guards, as
from the operation of the axe or wheel. His mind runs
along a certain train of ideas: the refusal of the soldiers
to consent to his escape; the action of the executioner;
the separation of the head and body; bleeding, convulsive
motions, and death. Here is a connected chain of natural
causes and voluntary actions; but the mind feels no difference between them in passing from one link to another:
Nor is it less certain of the future event than if it were connected with the objects present to the memory or senses, by
a train of causes, cemented together by what we are pleased
to call a physical necessity. The same experienced union
has the same effect on the mind, whether the united objects
be motives, volition, and actions; or figure and motion. We
may change the name of things; but their nature and their
operation on the understanding never change.
  Were a man, whom I know to be honest and opulent,
and with whom I live in intimate friendship, to come into
my house, where I am surrounded with my servants, I rest
assured that he is not to stab me before he leaves it in
order to rob me of my silver standish; and I no more
suspect this event than the falling of the house itself, which
is new, and solidly built and founded.--But he may have
been seized with a sudden and unknown frenzy.--So may
a sudden earthquake arise, and shake and tumble my house
about my ears. I shall therefore change the suppositions.
I shall say that I know with certainty that he is not to put
his hand into the fire and hold it there till it be consumed:
and this event, I think I can foretell with the same assurance,
as that, if he throw himself out at the window, and meet
with no obstruction, he will not remain a moment suspended
in the air. No suspicion of an unknown frenzy can give
the least possibility to the former event, which is so contrary to all the known principles of human nature. A man
who at noon leaves his purse full of gold on the pavement
at Charing-Cross, may as well expect that it will fly away
like a feather, as that he will find it untouched an hour after.
Above one half of human reasonings contain inferences of
a similar nature, attended with more or less degrees of certainty proportioned to our experience of the usual conduct
of mankind in such particular situations.
  I have frequently considered, what could possibly be the
reason why all mankind, though they have ever, without
hesitation, acknowledged the doctrine of necessity in their
whole practice and reasoning, have yet discovered such
a reluctance to acknowledge it in words, and have rather
shown a propensity, in all ages, to profess the contrary
opinion. The matter, I think, may be accounted for after
the following manner. If we examine the operations of
body, and the production of effects from their causes, we
shall find that all our faculties can never carry us farther in
our knowledge of this relation than barely to observe that
particular objects are constantly conjoined together, and
that the mind is carried, by a customary transition, from the
appearance of one to the belief of the other. But though
this conclusion concerning human ignorance be the result
of the strictest scrutiny of this subject, men still entertain
a strong propensity to believe that they penetrate farther
into the powers of nature, and perceive something like
a necessary connexion between the cause and the effect.
When again they turn their reflections towards the operations of their own minds, and feel no such connexion of the
motive and the action; they are thence apt to suppose, that
there is a difference between the effects which result from
material force, and those which arise from thought and
intelligence. But being once convinced that we know
nothing farther of causation of any kind than merely the
constant conjunction of objects, and the consequent inference
of the mind from one to another, and finding that these
two circumstances are universally allowed to have place in
voluntary actions; we may be more easily led to own the
same necessity common to all causes. And though this
reasoning may contradict the systems of many philosophers,
in ascribing necessity to the determinations of the will, we
shall find, upon reflection, that they dissent from it in words
only, not in their real sentiment. Necessity, according to the
sense in which it is here taken, has never yet been rejected,
nor can ever, I think, be rejected by any philosopher. It
may only, perhaps, be pretended that the mind can perceive, in the operations of matter, some farther connexion
between the cause and effect; and connexion that has not
place in voluntary actions of intelligent beings. Now
whether it be so or not, can only appear upon examination;
and it is incumbent on these philosophers to make good
their assertion, by defining or describing that necessity, and
pointing it out to us in the operations of material causes.
  It would seem, indeed, that men begin at the wrong end
of this question concerning liberty and necessity, when
they enter upon it by examining the faculties of the soul,
the influence of the understanding, and the operations of
the will. Let them first discuss a more simple question,
namely, the operations of body and of brute unintelligent
matter; and try whether they can there form any idea of
causation and necessity, except that of a constant conjunction of objects, and subsequent inference of the mind from
one to another. If these circumstances form, in reality, the
whole of that necessity, which we conceive in matter, and
if these circumstances be also universally acknowledged to
take place in the operations of the mind, the dispute is at
an end; at least, must be owned to be thenceforth merely
verbal. But as long as we will rashly suppose, that we have
some farther idea of necessity and causation in the operations of external objects; at the same time, that we can find
nothing farther in the voluntary actions of the mind; there
is no possibility of bringing the question to any determinate
issue, while we proceed upon so erroneous a supposition.
The only method of undeceiving us is to mount up higher;
to examine the narrow extent of science when applied to
material causes; and to convince ourselves that all we
know of them is the constant conjunction and inference
above mentioned. We may, perhaps, find that it is with difficulty we are induced to fix such narrow limits to human
understanding: but we can afterwards find no difficulty
when we come to apply this doctrine to the actions of the
will. For as it is evident that these have a regular conjunction with motives and circumstances and characters, and
as we always draw inferences from one to the other, we
must be obliged to acknowledge in words that necessity,
which we have already avowed, in every deliberation of our
lives, and in every step of our conduct and behaviour.[1]
  But to proceed in this reconciling project with regard to
the question of liberty and necessity; the most contentious
question of metaphysics, the most contentious science; it
will not require many words to prove, that all mankind
have ever agreed in the doctrine of liberty as well as in that
of necessity, and that the whole dispute, in this respect also,
has been hitherto merely verbal. For what is meant by
liberty, when applied to voluntary actions? We cannot
surely mean that actions have so little connexion with
motives, inclinations, and circumstances, that one does not
follow with a certain degree of uniformity from the other,
and that one affords no inference by which we can conclude
the existence of the other. For these are plain and acknowledged matters of fact. By liberty, then, we can only mean
a power of acting or not acting, according to the determinations of the will; this is, if we choose to remain at rest,
we may; if we choose to move, we also may. Now this
hypothetical liberty is universally allowed to belong to every
one who is not a prisoner and in chains. Here, then, is no
subject of dispute.
  Whatever definition we may give of liberty, we should be
careful to observe two requisite circumstances; First, that
it be consistent with plain matter of fact; secondly, that
it be consistent with itself. If we observe these circumstances, and render our definition intelligible, I am persuaded that all mankind will be found of one opinion with
regard to it.
  It is universally allowed that nothing exists without a
cause of its existence, and that chance, when strictly examined, is a mere negative word, and means not any real
power which has anywhere a being in nature. But it is
pretended that some causes are necessary, some not necessary. Here then is the advantage of definitions. Let any
one define a cause, without comprehending, as a part of the
definition, a necessary connexion with its effect; and let him
show distinctly the origin of the idea, expressed by the
definition; and I shall readily give up the whole controversy. But if the foregoing explication of the matter
be received, this must be absolutely impracticable. Had
not objects a regular conjunction with each other, we
should never have entertained any notion of cause and
effect; and this regular conjunction produces that inference
of the understanding, which is the only connexion, that we
can have any comprehension of. Whoever attempts a definition of cause, exclusive of these circumstances, will be
obliged either to employ unintelligible terms or such as
are synonymous to the term which he endeavours to define.[2]
And if the definition above mentioned be admitted; liberty,
when opposed to necessity, not to constraint, is the same
thing with chance; which is universally allowed to have no
existence.

PART II
  THERE is no method of reasoning more common, and
yet none more blameable, than, in philosophical disputes,
to endeavour the refutation of any hypothesis, by a pretence of its dangerous consequences to religion and morality. When any opinion leads to absurdities, it is certainly false; but it is not certain that an opinion is false,
because it is of dangerous consequence. Such topics, therefore, ought entirely to be forborne; as serving nothing to
the discovery of truth, but only to make the person of an
antagonist odious. This I observe in general, without pretending to draw any advantage from it. I frankly submit
to an examination of this kind, and shall venture to affirm
that the doctrines, both of necessity and of liberty, as above
explained, are not only consistent with morality, but are
absolutely essential to its support.  Necessity may be defined two ways, conformably to the
two definitions of cause, of which it makes an essential part.
It consists either in the constant conjunction of like objects,
or in the inference of the understanding from one object
to another. Now necessity, in both these senses, (which,
indeed, are at bottom the same) has universally, though
tacitly, in the schools, in the pulpit, and in common life,
been allowed to belong to the will of man; and no one
has ever pretended to deny that we can draw inferences
concerning human actions, and that those inferences are
founded on the experienced union of like actions, with like
motives, inclinations, and circumstances. The only particular in which any one can differ, is, that either, perhaps,
he will refuse to give the name of necessity to this property
of human actions: but as long as the meaning is understood,
I hope the word can do no harm: or that he will maintain
it possible to discover something farther in the operations
of matter. But this, it must be acknowledged, can be of
no consequence to morality or religion, whatever it may be
to natural philosophy or metaphysics. We may here be
mistaken in asserting that there is no idea of any other
necessity or connexion in the actions of body: But surely
we ascribe nothing to the actions of the mind, but what
everyone does, and must readily allow of. We change no
circumstance in the received orthodox system with regard
to the will, but only in that with regard to material objects
and causes. Nothing, therefore, can be more innocent, at
least, than this doctrine.
  All laws being founded on rewards and punishments, it
is supposed as a fundamental principle, that these motives
have a regular and uniform influence on the mind, and
both produce the good and prevent the evil actions. We
may give to this influence what name we please; but, as it
is usually conjoined with the action, it must be esteemed
a cause, and be looked upon as an instance of that necessity,
which we would here establish.
  The only proper object of hatred or vengeance is a
person or creature, endowed with thought and consciousness; and when any criminal or injurious actions excite
that passion, it is only by their relation to the person, or
connexion with him. Actions are, by their very nature,
temporary and perishing; and where they proceed not
from some cause in the character and disposition of the
person who performed them, they can neither redound to
his honour, if good; nor infamy, if evil. The actions
themselves may be blameable; they may be contrary to all
the rules of morality and religion: but the person is not
answerable for them; and as they proceeded from nothing
in him that is durable and constant, and leave nothing of
that nature behind them, it is impossible he can, upon their
account, become the object of punishment or vengeance.
According to the principle, therefore, which denies necessity,
and consequently causes, a man is as pure and untainted,
after having committed the most horrid crime, as at the
first moment of his birth, nor is his character anywise
concerned in his actions, since they are not derived from
it, and the wickedness of the one can never be used as
a proof of the depravity of the other.
  Men are not blamed for such actions as they perform
ignorantly and casually, whatever may be the consequences.
Why? but because the principles of these actions are only
momentary, and terminate in them alone. Men are less
blamed for such actions as they perform hastily and unpremeditatedly than for such as proceed from deliberation. For
what reason? but because a hasty temper, though a constant
cause or principle in the mind, operates only by intervals,
and infects not the whole character. Again, repentance
wipes off every crime, if attended with a reformation of life
and manners. How is this to be accounted for? but by
asserting that actions render a person criminal merely as
they are proofs of criminal principles in the mind; and
when, by an alteration of these principles, they cease to
be just proofs, they likewise cease to be criminal. But,
except upon the doctrine of necessity, they never were just
proofs, and consequently never were criminal.
  It will be equally easy to prove, and from the same
arguments, that liberty, according to that definition above
mentioned, in which all men agree, is also essential to
morality, and that no human actions, where it is wanting,
are susceptible of any moral qualities, or can be the objects
either of approbation or dislike. For as actions are objects
of our moral sentiment, so far only as they are indications
of the internal character, passions, and affections; it is
impossible that they can give rise either to praise or blame,
where they proceed not from these principles, but are
derived altogether from external violence.
  I pretend not to have obviated or removed all objections
to this theory, with regard to necessity and liberty. I can
foresee other objections, derived from topics which have
not here been treated of. It may be said, for instance,
that, if voluntary actions be subjected to the same laws of
necessity with the operations of matter, there is a continued
chain of necessary causes, pre-ordained and pre-determined,
reaching from the original cause of all to every single
volition of every human creature. No contingency anywhere in the universe; no indifference; no liberty. While
we act, we are, at the same time, acted upon. The ultimate Author of all our volitions is the Creator of the
world, who first bestowed motion on this immense machine,
and placed all beings in that particular position, whence
every subsequent event, by an inevitable necessity, must
result. Human actions, therefore, either can have no moral
turpitude at all, as proceeding from so good a cause; or
if they have any turpitude, they must involve our Creator
in the same guilt, while he is acknowledged to be their
ultimate cause and author. For as a man, who fired a mine,
is answerable for all the consequences whether the train he
employed be long or short; so wherever a continued chain
of necessary causes is fixed, that Being, either finite or
infinite, who produces the first, is likewise the author of all
the rest, and must both bear the blame and acquire the
praise which belong to them. Our clear and unalterable
ideas of morality establish this rule, upon unquestionable
reasons, when we examine the consequences of any human
action; and these reasons must still have greater force
when applied to the volitions and intentions of a Being
infinitely wise and powerful. Ignorance or impotence may
be pleaded for so limited a creature as man; but those
imperfections have no place in our Creator. He foresaw,
he ordained, he intended all those actions of men, which
we so rashly pronounce criminal. And we must therefore conclude, either that they are not criminal, or that
the Deity, not man, is accountable for them. But as either
of these positions is absurd and impious, it follows, that
the doctrine from which they are deduced cannot possibly
be true, as being liable to all the same objections. An absurd
consequence, if necessary, proves the original doctrine to be
absurd; in the same manner as criminal actions render criminal the original cause, if the connexion between them be
necessary and inevitable.
  This objection consists of two parts, which we shall
examine separately; First, that, if human actions can be
traced up, by a necessary chain, to the Deity, they can never
be criminal; on account of the infinite perfection of that
Being from whom they are derived, and who can intend
nothing but what is altogether good and laudable. Or,
Secondly, if they be criminal, we must retract the attribute
of perfection, which we ascribe to the Deity, and must
acknowledge him to be the ultimate author of guilt and
moral turpitude in all his creatures.
  The answer to the first objection seems obvious and convincing. There are many philosophers who, after an exact
scrutiny of all the phenomena of nature, conclude, that
the WHOLE, considered as one system, is, in every period of
its existence, ordered with perfect benevolence; and that
the utmost possible happiness will, in the end, result to all
created beings, without any mixture of positive or absolute
ill or misery. Every physical ill, say they, makes an essential part of this benevolent system, and could not possibly
be removed, even by the Deity himself, considered as a
wise agent, without giving entrance to greater ill, or excluding greater good, which will result from it. From this
theory, some philosophers, and the ancient Stoics among
the rest, derived a topic of consolation under all afflictions,
while they taught their pupils that those ills under which
they laboured were, in reality, goods to the universe; and
that to an enlarged view, which could comprehend the
whole system of nature, every event became an object of
joy and exultation. But though this topic be specious and
sublime, it was soon found in practice weak and ineffectual. You would surely more irritate than appease a
man lying under the racking pains of the gout by preaching
up to him the rectitude of those general laws, which produced the malignant humours in his body, and led them
through the proper canals, to the sinews and nerves, where
they now excite such acute torments. These enlarged
views may, for a moment, please the imagination of a
speculative man, who is placed in ease and security; but
neither can they dwell with constancy on his mind, even
though undisturbed by the emotions of pain or passion;
much less can they maintain their ground when attacked
by such powerful antagonists. The affections take a narrower and more natural survey of their object; and by an
economy, more suitable to the infirmity of human minds,
regard alone the beings around us, and are actuated by
such events as appear good or ill to the private system.
  The case is the same with moral as with physical ill. It
cannot reasonably be supposed, that those remote considerations, which are found of so little efficacy with regard
to one, will have a more powerful influence with regard
to the other. The mind of man is so formed by nature
that, upon the appearance of certain characters, dispositions,
and actions, it immediately feels the sentiment of approbation or blame; nor are there any emotions more essential
to its frame and constitution. The characters which engage
our approbation are chiefly such as contribute to the peace
and security of human society; as the characters which
excite blame are chiefly such as tend to public detriment
and disturbance: whence it may reasonably be presumed,
that the moral sentiments arise, either mediately or immediately, from a reflection of these opposite interests.
What though philosophical meditations establish a different
opinion or conjecture; that everything is right with regard
to the WHOLE, and that the qualities, which disturb society,
are, in the main, as beneficial, and are as suitable to the
primary intention of nature as those which more directly
promote its happiness and welfare? Are such remote and
uncertain speculations able to counterbalance the sentiments which arise from the natural and immediate view of
the objects? A man who is robbed of a considerable sum;
does he find his vexation for the loss anywise diminished
by these sublime reflections? Why then should his moral
resentment against the crime be supposed incompatible
with them? Or why should not the acknowledgment of
a real distinction between vice and virtue be reconcileable
to all speculative systems of philosophy, as well as that of
a real distinction between personal beauty and deformity?
Both these distinctions are founded in the natural sentiments of the human mind: And these sentiments are not
to be controuled or altered by any philosophical theory or
speculation whatsoever.
  The second objection admits not of so easy and satisfactory an answer; nor is it possible to explain distinctly,
how the Deity can be the mediate cause of all the actions
of men, without being the author of sin and moral turpitude.
These are mysteries, which mere natural and unassisted
reason is very unfit to handle; and whatever system she
embraces, she must find herself involved in inextricable
difficulties, and even contradictions, at every step which she
takes with regard to such subjects. To reconcile the indifference and contingency of human actions with prescience;
or to defend absolute decrees, and yet free the Deity from
being the author of sin, has been found hitherto to exceed
all the power of philosophy. Happy, if she be thence
sensible of her temerity, when she pries into these sublime
mysteries; and leaving a scene so full of obscurities and
perplexities, return, with suitable modesty, to her true and
proper province, the examination of common life; where
she will find difficulties enough to employ her enquiries,
without launching into so boundless an ocean of doubt,
uncertainty, and contradiction!
[1] The prevalence of the doctrine of liberty may be accounted for, from
another cause, viz. a false sensation of seeming experience which we have,
or may have, of liberty or indifference, in many of our actions. The necessity
of any action, whether of matter or of mind, is not, properly speaking, a
quality in the agent, but in any thinking or intelligent being, who may consider the action; and it consists chiefly in the determination of his thoughts
to infer the existence of that action from some preceding objects; as liberty,
when opposed to necessity, is nothing but the want of that determination,
and a certain looseness or indifference, which we feel, in passing, or not
passing, from the idea of one object to that of any succeeding one. Now
we may observe, that, though, in reflecting on human actions, we seldom
feel such a looseness, or indifference, but are commonly able to infer them
with considerable certainty from their motives, and from the dispositions
of the agent; yet it frequently happens, that, in performing the actions
themselves, we are sensible of something like it: And as all resembling
objects are readily taken for each other, this has been employed as a
demonstrative and even intuitive proof of human liberty. We feel, that
our actions are subject to our will, on most occasions; and imagine we
feel, that the will itself is subject to nothing, because, when by a denial
of it we are provoked to try, we feel, that it moves easily every way, and
produces an image of itself (or a Velleity, as it is called in the schools)
even on that side, on which it did not settle. This image, or faint motion,
we persuade ourselves, could, at that time, have been compleated into the
thing itself; because, should that be denied, we find, upon a second trial,
that, at present, it can. We consider not, that the fantastical desire of
shewing liberty, is here the motive of our actions. And it seems certain,
that, however we may imagine we feel a liberty within ourselves, a spectator can commonly infer our actions from our motives and character; and
even where he cannot, he concludes in general, that he might, were he
perfectly acquainted with every circumstance of our situation and temper,
and the most secret springs of our complexion and disposition. Now this
is the very essence of necessity, according to the foregoing doctrine.
[2] Thus, if a cause be defined, that which produces any thing, it is easy
to observe, that producing is synonymous to causing. In like manner, if a
cause be defined, that by which any thing exists, this is liable to the same
objection. For what is meant by these words, by which? Had it been
said, that a cause is that after which any thing constantly exists; we should
have understood the terms. For this is, indeed, all we know of the matter. And this constantly forms the very essence of necessity, nor have we
any other idea of it.
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Book II, Part III. The Will and Direct Passions

I. Of liberty and necessity
II. The same subject continu'd
III. Of the influencing motives of the will
IV. Of the causes of the violent passions
V. Of the effects of custom
VI. Of the influence of the imagination on the passions
VII. Of contiguity and distance in space and time
VIII. The same subject continu'd
IX. Of the direct passions
X. Of curiosity, or the love of truth
SECT. I 
Of liberty and necessity
We come now to explain the direct passions, or the impressions, which arise immediately
from good or evil, from pain or pleasure. Of this kind are, desire and aversion, grief and
joy, hope and fear. 
Of all the immediate effects of pain and pleasure, there is none more remarkable than
the WILL; and tho' properly speaking, it be not comprehended among the passions, yet as
the full understanding of its nature and properties, is necessary to the explanation of
them, we shall here make it the subject of our enquiry. I desire it may be observ'd, that
by the will, I mean nothing but the internal impression we feel and are conscious of, when
we knowingly give rise to any new motion of our body, or new perception of our mind. This
impression, like the preceding ones of pride and humility, love and hatred, `tis
impossible to define, and needless to describe any farther; for which reason we shall cut
off all those definitions and distinctions, with which philosophers are wont to perplex
rather than dear up this question; and entering at first upon the subject, shall examine
that long disputed question concerning liberty and necessity; which occurs so naturally in
treating of the will. 
Tis universally acknowledg'd, that the operations of external bodies are necessary, and
that in the communication of their motion, in their attraction, and mutual cohesion, there
are nor the least traces of indifference or liberty. Every object is determin'd by an
absolute fate toa certain degree and direction of irs motion, and can no more depart from
that precise line, in which it moves, than it can convert itself into an angel, or spirit,
or any superior substance. The actions, therefore, of matter are to be regarded as
instances of necessary actions; and whatever is in this respect on the same footing with
matter, must be acknowledg'd to be necessary. That we may know whether this be the case
with the actions of the mind, we shall begin with examining matter, and considering on
what the idea of a necessity in its operations are founded, and why we conclude one body
or action to be the infallible cause of another. 
It has been observ'd already, that in no single instance the ultimate connexion of any
objects is discoverable, either by our senses or reason, and that we can never penetrate
so far into the essence and construction of bodies, as to perceive the principle, on which
their mutual influence depends. Tis their constant union alone, with which we are
acquainted; and `tis from the constant union the necessity arises. If objects had nor an
uniform and regular conjunction with each other, we shou'd never arrive at any idea of
cause and effect; and even after all, the necessity, which enters into that idea, is
nothing but a determination of the mind to pass from one object to its usual attendant,
and infer the existence of one from that of the other. Here then are two particulars,
which we are to consider as essential to necessity, viz, the constant union and the
inference of the mind; and wherever we discover these we must acknowledge a necessity. As
the actions of matter have no necessity, but what is deriv'd from these circumstances, and
it is not by any insight into the essence of bodies we discover their connexion, the
absence of this insight, while the union and inference remain, will never, in any case,
remove the necessity. `Tis the observation of the union, which produces the inference; for
which reason it might be thought sufficient, if we prove a constant union in the actions
of the mind, in order to establish the inference, along with the necessity of these
actions. But that I may bestow a greater force on my reasoning, I shall examine these
particulars apart, and shall first prove from experience that our actions have a constant
union with our motives, tempers, and circumstances, before I consider the inferences we
draw from it. 
To this end a very slight and general view of the common course of human affairs will
be sufficient. There is no light, in which we can take them, that does nor confirm this
principle. Whether we consider mankind according to the difference of sexes, ages,
governments, conditions, or methods of education; the same uniformity and regular
operation of natural principles are discernible. Uke causes still produce like effects; in
the same manner as in the mutual action of the elements and powers of nature. 
There are different trees, which regularly produce fruit, whose relish is different
from each other; and this regularity will be admitted as an instance of necessity and
causes in external bodies. But are the products of Guienne and of Champagne more regularly
different than the sentiments, actions, and passions of the two sexes, of which the one
are distinguish'd by their force and maturity, the other by their delicacy and softness? 
Are the changes of our body from infancy to old age more regular and certain than those
of our mind and conduct? And wou'd a man be more ridiculous, who wou'd expect that an
infant of four years old will raise a weight of three hundred pound, than one, who from a
person of the same age. wou'd look for a philosophical reasoning, or a prudent and
well-concerted action? 
We must certainly allow, that the cohesion of the parts of matter arises from natural
and necessary principles, whatever difficulty we may find in explaining them: And for a
reason we must allow, that human society is founded on like principles; and our reason in
the latter case, is better than even that in the former; because we not only observe, that
men always seek society, but can also explain the principles, on which this universal
propensity is founded. For is it more certain, that two flat pieces of marble will unite
together, than that two young savages of different sexes will copulate? Do the children
arise from this copulation more uniformly, than does the parents care for their safety and
preservation? And after they have arriv'd at years of discretion by the care of their
parents, are the inconveniencies attending their separation more certain than their
foresight of these inconveniencies and their care of avoiding them by a close union and
confederacy? 
The skin, pores, muscles, and nerves of a day-labourer are different from those of a
man of quality: So are his sentiments, actions and manners. The different stations of life
influence the whole fabric, external and internal; and different stations arise
necessarily, because uniformly, from the necessary and uniform principles of human nature.
Men cannot live without society, and cannot be associated without government. Government
makes a distinction of property, and establishes the different ranks of men. This produces
industry, traffic, manufactures, law-suits, war, leagues, alliances, voyages, travels,
cities, fleets, ports, and all those other actions and objects, which cause such a
diversity, and at the same time maintain such an uniformity in human life. 
Shou'd a traveller, returning from a far country, tell us, that he had seen a climate
in the fiftieth degree of northern latitude, where all the fruits ripen and come to
perfection in the winter, and decay in the summer, after the same manner as in England
they are produc'd and decay in the contrary seasons, he wou'd find few so credulous as to
believe him. I am apt to think a travellar wou'd meet with as little credit, who shou'd
inform us of people exactly of the same character with those in Plato's republic on the
one hand, or those in Hobbes's Leviathan on the other. There is a general course of nature
in human actions, as well as in the operations of the sun and the climate. There are also
characters peculiar to different nations and particular persons, as well as common to
mankind. The knowledge of these characters is founded on the observation of an uniformity
in the actions, that flow from them; and this uniformity forms the very essence of
necessity. 
I can imagine only one way of eluding this argument, which is by denying that
uniformity of human actions, on which it is founded. As long as actions have a constant
union and connexion with the situation and temper of the agent, however we may in words
refuse to acknowledge the necessity, we really allow the thing. Now some may, perhaps,
find a pretext to deny this regular union and connexion. For what is more capricious than
human actions? What more inconstant than the desires of man? And what creature departs
more widely, not only from right reason, but from his own character and disposition? An
hour, a moment is sufficient to make him change from one extreme to another, and overturn
what cost the greatest pain and labour to establish. Necessity is regular and certain.
Human conduct is irregular and uncertain. The one, therefore, proceeds not from the other.

To this I reply, that in judging of the actions of men we must proceed upon the same
maxims, as when we reason concerning external objects. When any phaenomena are constantly
and invariably conjoin'd together, they acquire such a connexion in the imagination, that
it passes from one to the other, without any doubt or hesitation. But below this there are
many inferior degrees of evidence and probability, nor does one single contrariety of
experiment entirely destroy all our reasoning. The mind ballances the contrary
experiments, and deducting the inferior from the superior, proceeds with that degree of
assurance or evidence, which remains. Even when these contrary experiments are entirely
equal, we remove not the notion of causes and necessity; but supposing that the usual
contrariety proceeds from the operation of contrary and conceal'd causes, we conclude,
that the chance or indifference lies only in our judgment on account of our imperfect
knowledge, not in the things themselves, which are in every case equally necessary, tho'
to appearance not equally constant or certain. No union can be more constant and certain,
than that of some actions with some motives and characters; and if in other cases the
union is uncertain, `tis no more than what happens in the operations of body, nor can we
conclude any thing from the one irregularity, which will not follow equally from the
other. 
Tis commonly allow'd that mad-men have no liberty. But were we to judge by their
actions, these have less regularity and constancy than the actions of wise-men, and
consequently are farther remov'd from necessity. Our way of thinking in this particular
is, therefore, absolutely inconsistent; but is a natural consequence of these confus'd
ideas and undefin'd terms, which we so commonly make use of in our reasonings, especially
on the present subject. 
We must now shew, that as the union betwixt motives and actions has the same constancy,
as that in any natural operations, so its influence on the understanding is also the same,
in determining us to infer the existence of one from that of another. If this shall
appear, there is no known circumstance, that enters into the connexion and production of
the actions of matter, that is not to be found in all the operations of the mind; and
consequently we cannot, without a manifest absurdity, attribute necessity to the one, and
refuse into the other. 
There is no philosopher, whose judgment is so riveted to this fantastical system of
liberty, as not to acknowledge the force of moral evidence, and both in speculation and
practice proceed upon it, as upon a reasonable foundation. Now moral evidence is nothing
but a conclusion concerning the actions of men, deriv'd from the consideration of their
motives, temper and situation. Thus when we see certain characters or figures describ'd
upon paper, we infer that the person, who produc'd them, wou'd affirm such facts, the
death of Caesar, the success of Augustus, the cruelty of Nero; and remembering many other
concurrent testimonies we conclude, that those facts were once really existant, and that
so many men, without any interest, wou'd never conspire to deceive us; especially since
they must, in the attempt, expose themselves to the derision of all their contemporaries,
when these facts were asserted to be recent and universally known. The same kind of
reasoning runs thro' politics, war, commerce, economy, and indeed mixes itself so entirely
in human life, that `tis impossible to act or subsist a moment without having recourse to
it. A prince, who imposes a tax upon his subjects, expects their compliance. A general,
who conducts an army, makes account of a certain degree of courage. A merchant looks for
fidelity and skill in his factor or super-cargo. A man, who gives orders for his dinner,
doubts not of the obedience of his servants. In short, as nothing more nearly interests us
than our own actions and those of others, the greatest part of our reasonings is employ'd
in judgments concerning them. Now I assert, that whoever reasons after this manner, does
ipso facto believe the actions of the will to arise from necessity, and that he knows not
what he means, when he denies it. 
All those objects, of which we call the one cause and the other effect, consider'd in
themselves, are as distinct and separate from each other, as any two things in nature, nor
can we ever, by the most accurate survey of them, infer the existence of the one from that
of the other. `Tis only from experience and the observation of their constant union, that
we are able to form this inference; and even after all, the inference is nothing but the
effects of custom on the imagination. We must not here be content with saying, that the
idea of cause and effect arises from objects constantly united; but must affirm, that `tis
the very same with the idea of those objects, and that the necessary connexion is not
discover'd by a conclusion of the understanding, but is merely a perception of the mind.
Wherever, therefore, we observe the same union, and wherever the union operates in the
same manner upon the belief and opinion, we have the idea of causes and necessity, tho'
perhaps we may avoid those expressions. Motion in one body in all past instances, that
have fallen under our observation, is follow'd upon impulse by motion in another. `Tis
impossible for the mind to penetrate farther. From this constant union it forms the idea
of cause and effect, and by its influence feels the necessity. As there is the same
constancy, and the same influence in what we call moral evidence, I ask no more. What
remains can only be a dispute of words. 
And indeed, when we consider how aptly natural and moral evidence cement together, and
form only one chain of argument betwixt them, we shall make no scruple to allow, that they
are of the same nature, and deriv'd from the same principles. A prisoner, who has neither
money nor interest, discovers the impossibility of his escape, as well from the obstinacy
of the goaler, as from the walls and bars with which he is surrounded; and in all attempts
for his freedom chuses rather to work upon the stone and iron of the one, than upon the
inflexible nature of the other. The same prisoner, when conducted to the scaffold,
foresees his death as certainly from the constancy and fidelity of his guards as from the
operation of the ax or wheel. His mind runs along a certain train of ideas: The refusal of
the soldiers to consent to his escape, the action of the executioner; the separation of
the head and body; bleeding, convulsive motions, and death. Here is a connected chain of
natural causes and voluntary actions; but the mind feels no difference betwixt them in
passing from one link to another; nor is less certain of the future event than if it were
connected with the present impressions of the memory and senses by a train of causes
cemented together by what we are pleas'd to call a physical necessity. The same
experienc'd union has the same effect on the mind, whether the united objects be motives,
volitions and actions; or figure and motion. We may change the names of things; but their
nature and their operation on the understanding never change. 
I dare be positive no one will ever endeavour to refute these reasonings otherwise than
by altering my definitions, and assigning a different meaning to the terms of cause, and
effect, and necessity, and liberty, and chance. According to my definitions, necessity
makes an essential part of causation; and consequently liberty, by removing necessity,
removes also causes, and is the very same thing with chance. As chance is commonly thought
to imply a contradiction, and is at least directly contrary to experience, there are
always the same arguments against liberty or free-will. If any one alters the definitions,
I cannot pretend to argue with him, `till I know the meaning he assigns to these terms. 
SECT. II 
The same subject continu'd
I believe we may assign the three following reasons for the prevalance of the doctrine
of liberty, however absurd it may be in one sense, and unintelligible in any other. First,
After we have perform'd any action; tho' we confess we were influenc'd by particular views
and motives; `tis difficult for us to persuade ourselves we were govern'd by necessity,
and that `twas utterly impossible for us to have acted otherwise; the idea of necessity
seeming to imply something of force, and violence, and constraint, of which we are not
sensible. Few are capable of distinguishing betwixt the liberty of spontaniety, as it is
call'd in the schools, and the liberty of indifference; betwixt that which is oppos'd to
violence, and that which means a negation of necessity and causes. The first is even the
most common sense of the word; and as `tis only that species of liberty, which it concerns
us to preserve, our thoughts have been principally turn'd towards it, and have almost
universally confounded it with the other. 
Secondly, There is a false sensation or experience even of the liberty of indifference;
which is regarded as an argument for its real existence. The necessity of any action,
whether of matter or of the mind, is not properly a quality in the agent, but in any
thinking or intelligent being, who may consider the action, and consists in the
determination of his thought to infer its existence from some preceding objects: As
liberty or chance, on the other hand, is nothing but the want of that determination, and a
certain looseness, which we feel in passing or not passing from the idea of one to that of
the other. Now we may observe, that tho' in reflecting on human actions we seldom feel
such a looseness or indifference, yet it very commonly happens, that in performing the
actions themselves we are sensible of something like it: And as all related or resembling
objects are readily taken for each other, this has been employ'd as a demonstrative or
even an intuitive proof of human liberty. We feel that our actions are subject to our will
on most occasions, and imagine we feel that the will itself is subject to nothing; because
when by a denial of it we are provok'd to try, we feel that it moves easily every way, and
produces an image of itself even on that side, on which it did not settle. This image or
faint motion, we persuade ourselves, cou'd have been compleated into the thing itself;
because, shou'd that be deny'd, we find, upon a second trial, that it can. But these
efforts are all in vain; and whatever capricious and irregular actions we may perform; as
the desire of showing our liberty is the sole motive of our actions; we can never free
ourselves from the bonds of necessity. We may imagine we feel a liberty within ourselves;
but a spectator can commonly infer our actions from our motives and character; and even
where he cannot, he concludes in general, that he might, were he perfectly acquainted with
every circumstance of our situation and temper, and the most secret springs of our
complexion and disposition. Now this is the very essence of necessity, according to the
foregoing doctrine. 
A third reason why the doctrine of liberty has generally been better receiv'd in the
world, than its antagonist, proceeds from religion, which has been very unnecessarily
interested in this question. There is no method of reasoning more common, and yet none
more blameable, than in philosophical debates to endeavour to refute any hypothesis by a
pretext of its dangerous consequences to religion and morality. When any opinion leads us
into absurdities, `tis certainly false; but `tis not certain an opinion is false, because
`tis of dangerous consequence. Such topics, therefore, ought entirely to be foreborn, as
serving nothing to the discovery of truth, but only to make the person of an antagonist
odious. This I observe in general, without pretending to draw any advantage from it. I
submit myself frankly to an examination of this kind, and dare venture to affirm, that the
doctrine of necessity, according to my explication of it, is not only innocent, but even
advantageous to religion and morality. 
I define necessity two ways, conformable to the two definitions of cause, of which it
makes an essential part. I place it either in the constant union and conjunction of like
objects, or in the inference of the mind from the one to the other. Now necessity, in both
these senses, has universally, tho' tacitely, in the schools, in the pulpit, and in common
life, been allow'd to belong to the will of man, and no one has ever pretended to deny,
that we can draw inferences concerning human actions, and that those inferences are
founded on the experienc'd union of like actions with like motives and circumstances. The
only particular in which any one can differ from me, is either, that perhaps he will
refuse to call this necessity. But as long as the meaning is understood, I hope the word
can do no harm. Or that he will maintain there is something else in the operations of
matter. Now whether it be so or not is of no consequence to religion, whatever it may be
to natural philosophy. I may be mistaken in asserting, that we have no idea of any other
connexion in the actions of body, and shall be glad to be farther instructed on that head:
But sure I am, I ascribe nothing to the actions of the mind, but what must readily be
allow'd of. Let no one, therefore, put an invidious construction on my words, by saying
simply, that I assert the necessity of human actions, and place them on the same footing
with the operations of senseless matter. I do not ascribe to the will that unintelligible
necessity, which is suppos'd to lie in matter. But I ascribe to matter, that intelligible
quality, call it necessity or not, which the most rigorous orthodoxy does or must allow to
belong to the will. I change, therefore, nothing in the receiv'd systems, with regard to
the will, but only with regard to material objects. 
Nay I shall go farther, and assert, that this kind of necessity is so essential to
religion and morality, that without it there must ensue an absolute subversion of both,
and that every other supposition is entirely destructive to all laws both divine and
human. `Tis indeed certain, that as all human laws are founded on rewards and punishments,
`tis suppos'd as a fundamental principle, that these motives have an influence on the
mind, and both produce the good and prevent the evil actions. We may give to this
influence what name we please; but as `tis usually conjoin'd with the action, common sense
requires it shou'd be esteem'd a cause, and be book'd upon as an instance of that
necessity, which I wou'd establish. 
This reasoning is equally solid, when apply'd to divine laws, so far as the deity is
consider'd as a legislator, and is suppos'd to inflict punishment and bestow rewards with
a design to produce obedience. But I also maintain, that even where he acts not in his
magisterial capacity, but is regarded as the avenger of crimes merely on account of their
odiousness and deformity, not only `tis impossible, without the necessary connexion of
cause and effect in human actions, that punishments cou'd be inflicted compatible with
justice and moral equity; but also that it cou'd ever enter into the thoughts of any
reasonable being to inflict them. The constant and universal object of hatred or anger is
a person or creature endow'd with thought and consciousness; and when any criminal or
injurious actions excite that passion, `tis only by their relation to the person or
connexion with him. But according to the doctrine of liberty or chance, this connexion is
reduc'd to nothing, nor are men more accountable for those actions, which are design'd and
premeditated, than for such as are the most casual and accidental. Actions are by their
very nature temporary and perishing; and where they proceed not from some cause in the
characters and disposition of the person, who perform'd them, they infix not themselves
upon him, and can neither redound to his honour, if good, nor infamy, if evil. The action
itself may be blameable; it may be contrary to all the rules of morality and religion: But
the person is not responsible for it; and as it proceeded from nothing in him, that is
durable or constant, and leaves nothing of that nature behind it, `tis impossible he can,
upon its account, become the object of punishment or vengeance. According to the
hypothesis of liberty, therefore, a man is as pure and untainted, after having committed
the most horrid crimes, as at the first moment of his birth, nor is his character any way
concern'd in his actions; since they are not deriv'd from it, and the wickedness of the
one can never be us'd as a proof of the depravity of the other. Tis only upon the
principles of necessity, that a person acquires any merit or demerit from his actions,
however the common opinion may incline to the contrary. 
But so inconsistent are men with themselves, that tho' they often assert, that
necessity utterly destroys all merit and demerit either towards mankind or superior
powers, yet they continue still to reason upon these very principles of necessity in all
their judgments concerning this matter. Men are not blam'd for such evil actions as they
perform ignorantly and casually, whatever may be their consequences. Why? but because the
causes of these actions are only momentary, and terminate in them alone. Men are less
blam'd for such evil actions, as they perform hastily and unpremeditately, than for such
as proceed from thought and deliberation. For what reason? but because a hasty temper,
tho' a constant cause in the mind, operates only by intervals, and infects not the whole
character. Again, repentance wipes off every crime, especially if attended with an evident
reformation of life and manners. How is this to be accounted for? But by asserting that
actions render a person criminal, merely as they are proofs of criminal passions or
principles in the mind; and when by any alteration of these principles they cease to be
just proofs, they likewise cease to be criminal. But according to the doctrine of liberty
or chance they never were just proofs, and consequently never were criminal. 
Here then I turn to my adversary, and desire him to free his own system from these
odious consequences before he charge them upon others. Or if he rather chuses, that this
question shou'd be decided by fair arguments before philosophers, than by declamations
before the people, let him return to what I have advanc'd to prove that liberty and chance
are synonimous; and concerning the nature of moral evidence and the regularity of human
actions. Upon a review of these reasonings, I cannot doubt of an entire victory; and
therefore having prov'd, that all actions of the will have particular causes, I proceed to
explain what these causes are, and how they operate. 
SECT. III 
Of the influencing motives of the will
Nothing is more usual in philosophy, and even in common life, than to talk of the
combat of passion and reason, to give the preference to reason, and assert that men are
only so far virtuous as they conform themselves to its dictates. Every rational creature,
`tis said, is oblig'd to regulate his actions by reason; and if any other motive or
principle challenge the direction of his conduct, he ought to oppose it, till it be
entirely subdu'd, or at least brought to a conformity with that superior principle. On
this method of thinking the greatest part of moral philosophy, antient and modern, seems
to be founded; nor is there an ampler field, as well for metaphysical arguments, as
popular declamations, than this suppos'd pre-eminence of reason above passion. The
eternity, invariableness, and divine origin of the former have been display'd to the best
advantage: The blindness, unconstancy, and deceitfulness of the latter have been as
strongly insisted on. In order to shew the fallacy of all this philosophy, I shall
endeavour to prove first, that reason alone can never be a motive to any action of the
will; and secondly, that it can never oppose passion in the direction of the will. 
The understanding exerts itself after two different ways, as it judges from
demonstration or probability; as it regards the abstract relations of our ideas, or those
relations of objects, of which experience only gives us information. I believe it scarce
will be asserted, that the first species of reasoning alone is ever the cause of any
action. As its proper province is the world of ideas, and as the will always places us in
that of realities, demonstration and volition seem, upon that account, to be totally
remov'd, from each other. Mathematics, indeed, are useful in all mechanical operations,
and arithmetic in almost every art and profession: But `tis not of themselves they have
any influence: Mechanics are the art of regulating the motions of bodies to some design'd
end or purpose; and the reason why we employ arithmetic in fixing the proportions of
numbers, is only that we may discover the proportions of their influence and operation. A
merchant is desirous of knowing the sum total of his accounts with any person: Why? but
that he may learn what sum will have the same effects in paying his debt, and going to
market, as all the particular articles taken together. Abstract or demonstrative
reasoning, therefore, never influences any of our actions, but only as it directs our
judgment concerning causes and effects; which leads us to the second operation of the
understanding. 
Tis obvious, that when we have the prospect of pain or pleasure from any object, we
feel a consequent emotion of aversion or propensity, and are carry'd to avoid or embrace
what will give us this uneasines or satisfaction. `Tis also obvious, that this emotion
rests not here, but making us cast our view on every side, comprehends whatever objects
are connected with its original one by the relation of cause and effect. Here then
reasoning takes place to discover this relation; and according as our reasoning varies,
our actions receive a subsequent variation. But `tis evident in this case that the impulse
arises not from reason, but is only directed by it. Tis from the prospect of pain or
pleasure that the aversion or propensity arises towards any object: And these emotions
extend themselves to the causes and effects of that object, as they are pointed out to us
by reason and experience. It can never in the least concern us to know, that such objects
are causes, and such others effects, if both the causes and effects be indifferent to us.
Where the objects themselves do not affect us, their connexion can never give them any
influence; and `tis plain, that as reason is nothing but the discovery of this connexion,
it cannot be by its means that the objects are able to affect us. 
Since reason alone can never produce any action, or give rise to volition, I infer,
that the same faculty is as incapable of preventing volition, or of disputing the
preference with any passion or emotion. This consequence is necessary. `Tis impossible
reason cou'd have the latter effect of preventing volition, but by giving an impulse in a
contrary direction to our passion; and that impulse, had it operated alone, wou'd have
been able to produce volition. Nothing can oppose or retard the impulse of passion, but a
contrary impulse; and if this contrary impulse ever arises from reason, that latter
faculty must have an original influence on the will, and must be able to cause, as well as
hinder any act of volition. But if reason has no original influence, `tis impossible it
can withstand any principle, which has such an efficacy, or ever keep the mind in suspence
a moment. Thus it appears, that the principle, which opposes our passion, cannot be the
same with reason, and is only call'd so in an improper sense. We speak not strictly and
philosophically when we talk of the combat of passion and of reason. Reason is, and ought
only to be the slave of the passions, and can never pretend to any other office than to
serve and obey them. As this opinion may appear somewhat extraordinary, it may not be
improper to confirm it by some other considerations. 
A passion is an original existence, or, if you will, modification of existence, and
contains not any representative quality, which renders it a copy of any other existence or
modification. When I am angry, I am actually possest with the passion, and in that emotion
have no more a reference to any other object, than when I am thirsty, or sick, or more
than five foot high. `Tis impossible, therefore, that this passion can be opposed by, or
be contradictory to truth and reason; since this contradiction consists in the
disagreement of ideas, consider'd as copies, with those objects, which they represent 
What may at first occur on this head, is, that as nothing can be contrary to truth or
reason, except what has a reference to it, and as the judgments of our understanding only
have this reference, it must follow, that passions can be contrary to reason only so far
as they are accompany'd with some judgment or opinion. According to this principle, which
is so obvious and natural, `tis only in two senses, that any affection can be call'd
unreasonable. First, When a passion, such as hope or fear, grief or joy, despair or
security, is founded on the supposition or the existence of objects, which really do not
exist. Secondly, When in exerting any passion in action, we chuse means insufficient for
the design'd end, and deceive ourselves in our judgment of causes and effects. Where a
passion is neither founded on false suppositions, nor chuses means insufficient for the
end, the understanding can neither justify nor condemn it. `Tis not contrary to reason to
prefer the destruction of the whole world to the scratching of my finger. `Tis not
contrary to reason for me to chuse my total ruin, to prevent the least uneasiness of an
Indian or person wholly unknown to me. `Tis as little contrary to reason to prefer even my
own acknowledge'd lesser good to my greater, and have a more ardent affection for the
former than the latter. A trivial good may, from certain circumstances, produce a desire
superior to what arises from the greatest and most valuable enjoyment; nor is there any
thing more extraordinary in this, than in mechanics to see one pound weight raise up a
hundred by the advantage of its situation. In short, a passion must be accompany'd with
some false judgment. in order to its being unreasonable; and even then `tis not the
passion, properly speaking, which is unreasonable, but the judgment. 
The consequences are evident. Since a passion can never, in any sense, be call'd
unreasonable, but when founded on a false supposition. or when it chuses means
insufficient for the design'd end, `tis impossible, that reason and passion can ever
oppose each other, or dispute for the government of the will and actions. The moment we
perceive the falshood of any supposition, or the insufficiency of any means our passions
yield to our reason without any opposition. I may desire any fruit as of an excellent
relish; but whenever you convince me of my mistake, my longing ceases. I may will the
performance of certain actions as means of obtaining any desir'd good; but as my willing
of these actions is only secondary, and founded on the supposition, that they are causes
of the propos'd effect; as soon as I discover the falshood of that supposition, they must
become indifferent to me. 
`Tis natural for one, that does not examine objects with a strict philosophic eye, to
imagine, that those actions of the mind are entirely the same, which produce not a
different sensation, and are not immediately distinguishable to the feeling and
perception. Reason, for instance, exerts itself without producing any sensible emotion;
and except in the more sublime disquisitions of philosophy, or in the frivolous subtilties
of the school, scarce ever conveys any pleasure or uneasiness. Hence it proceeds, that
every action of the mind, which operates with the same calmness and tranquillity, is
confounded with reason by all those, who judge of things from the first view and
appearance. Now `tis certain, there are certain calm desires and tendencies, which, tho'
they be real passions, produce little emotion in the mind, and are more known by their
effects than by the immediate feeling or sensation. These desires are of two kinds; either
certain instincts originally implanted in our natures, such as benevolence and resentment,
the love of life, and kindness to children; or the general appetite to good, and aversion
to evil, consider'd merely as such. When any of these passions are calm, and cause no
disorder in the soul, they are very readily taken for the determinations of reason, and
are suppos'd to proceed from the same faculty, with that, which judges of truth and
falshood. Their nature and principles have been suppos'd the same, because their
sensations are not evidently different. 
Beside these calm passions, which often determine the will, there are certain violent
emotions of the same kind, which have likewise a great influence on that faculty. When I
receive any injury from another, I often feel a violent passion of resentment, which makes
me desire his evil and punishment, independent of all considerations of pleasure and
advantage to myself. When I am immediately threaten'd with any grievous ill, my fears,
apprehensions, and aversions rise to a great height, and produce a sensible emotion. 
The common error of metaphysicians has lain in ascribing the direction of the will
entirely to one of these principles, and supposing the other to have no influence. Men
often act knowingly against their interest: For which reason the view of the greatest
possible good does not always influence them. Men often counter-act a violent passion in
prosecution of their interests and designs: `Tis not therefore the present uneasiness
alone, which determines them. In general we may observe, that both these principles
operate on the will; and where they are contrary, that either of them prevails, according
to the general character or present disposition of the person. What we call strength of
mind, implies the prevalence of the calm passions above the violent; tho' we may easily
observe, there is no man so constantly possess'd of this virtue, as never on any occasion
to yield to the sollicitations of passion and desire. From these variations of temper
proceeds the great difficulty of deciding concerning the actions and resolutions of men,
where there is any contrariety of motives and passions. 
SECT. IV 
Of the causes of the violent passions
There is not-in philosophy a subject of more nice speculation than this of the
different causes and effects of the calm and violent passions. `Tis evident passions
influence not the will in proportion to their violence, or the disorder they occasion in
the temper; but on the contrary, that when a passion has once become a settled principle
of action, and is the predominant inclination of the soul, it commonly produces no longer
any sensible agitation. As repeated custom and its own force have made every thing yield
to it, it directs the actions and conduct without that opposition and emotion, which so
naturally attend every momentary gust of passion. We must, therefore, distinguish betwixt
a calm and a weak passion; betwixt a violent and a strong one. But notwithstanding this,
`tie certain, that when we wou'd govern a man, and push him to any action, `twill commonly
be better policy to work upon the violent than the calm passions, and rather take him by
his inclination, than what is vulgarly call'd his reason. We ought to place the object in
such particular situations as are proper to encrease the violence of the passion. For we
may observe, that all depends upon the situation of the object, and that a variation in
this particular will be able to change the calm and the violent passions into each other.
Both these kinds of passions pursue good, and avoid evil; and both of them are encreas'd
or diminish'd by the encrease or diminution of the good or evil. But herein lies the
difference betwixt them: The same good, when near, will cause a violent passion, which,
when remote, produces only a calm one. As this subject belongs very properly to the
present question concerning the will, we shall here examine it to the bottom, and shall
consider some of those circumstances and situations of objects, which render a passion
either calm or violent. 
`Tis a remarkable property of human nature, that any emotion, which attends a passion,
is easily converted into it, tho' in their natures they be originally different from, and
even contrary to each other. `Tis true; in order to make a perfect union among passions,
there is always requir'd a double relation of impressions and ideas; nor is one relation
sufficient for that purpose. But tho' this be confirmed by undoubted experience, we must
understand it with its proper limitations, and must regard the double relation, as
requisite only to make one passion produce another. When two passions are already produc'd
by their separate causes, and are both present in the mind, they readily mingle and unite,
tho' they have but one relation, and sometimes without any. The predominant passion
swallows up the inferior, and converts it into itself. The spirits, when once excited,
easily receive a change in their direction; and `tie natural to imagine this change will
come from the prevailing affection. The connexion is in many respects closer betwixt any
two passions, than betwixt any passion and indifference. 
When a person is once heartily in love, the little faults and caprices of his mistress,
the jealousies and quarrels, to which that commerce is so subject; however unpleasant and
related to anger and hatred; are yet found to give additional force to the prevailing
passion. `Tis a common artifice of politicians, when they wou'd affect any person very
much by a matter of fact, of which they intend to inform him, first to excite his
curiosity; delay as long as possible the satisfying it; and by that means raise his
anxiety and impatience to the utmost, before they give him a full insight into the
business. They know that his curiosity will precipitate him into the passion they design
to raise, and assist the object in its influence on the mind. A soldier advancing to the
battle, is naturally inspir'd with courage and confidence, when he thinks on his friends
and fellow-soldiers; and is struck with fear and terror, when he reflects on the enemy.
Whatever new emotion, therefore, proceeds from the former naturally encreases the courage;
as the same emotion, proceeding from the latter, augments the fear; by the relation of
ideas, and the conversion of the inferior emotion into the predominant. Hence it is that
in martial discipline, the uniformity and lustre of our habit, the regularity of our
figures and motions, with all the pomp and majesty of war, encourage ourselves and allies;
while the same objects in the enemy strike terror into us, tho' agreeable and beautiful in
themselves. 
Since passions, however independent, are naturally transfus'd into each other, if they
are both present at the same time; it follows, that when good or evil is placed in such a
situation, as to cause any particular emotion, beside its direct passion of desire or
aversion, that latter passion must acquire new force and violence. 
This happens, among other cases, whenever any object excites contrary passions. For
`tis observable that an opposition of passions commonly causes a new emotion in the
spirits, and produces more disorder, than the concurrence of any two affections of equal
force. This new emotion is easily converted into the predominant passion, and encreases
its violence, beyond the pitch it wou'd have arriv'd at had it met with no opposition.
Hence we naturally desire what is forbid, and take a pleasure in performing actions,
merely because they are unlawful. The notion of duty, when opposite to the passions, is
seldom able to overcome them; and when it fails of that effect, is apt rather to encrease
them, by producing an opposition in our motives and principles. The same effect follows
whether the opposition arises from internal motives or external obstacles. The passion
commonly acquires new force and violence in both cases. 
The efforts, which the mind makes to surmount the obstacle, excite the spirits and
inliven the passion. 
Uncertainty has the same influence as opposition. The agitation of the thought; the
quick turns it makes from one view to another; the variety of passions, which succeed each
other, according to the different views; All these produce an agitation in the mind, and
transfuse themselves into the predominant passion. 
There is not in my opinion any other natural cause, why security diminishes the
passions, than because it removes that uncertainty, which encreases them. The mind, when
left to itself, immediately languishes; and in order to preserve its ardour, must be every
moment supported by a new flow of passion. For the same reason, despair, tho' contrary to
security, has a like influence. 
`Tis certain nothing more powerfully animates any affection, than to conceal some part
of its object by throwing it into a kind of shade, which at the same time that it chews
enough to pre-possess us in favour of the object, leaves still some work for the
imagination. Besides that obscurity is always attended with a kind of uncertainty; the
effort, which the fancy makes to compleat the idea, rouzes the spirits, and gives an
additional force to the passion. 
As despair and security, tho' contrary to each other, produce the same effects; so
absence is observ'd to have contrary effects, and in different circumstances either
encreases or diminishes our affections. The Duc de La Rochefoucault has very well
observ'd, that absence destroys weak passions, but encreases strong; as the wind
extinguishes a candle, but blows up a fire. Long absence naturally weakens our idea, and
diminishes the passion: But where the idea is so strong and lively as to support itself,
the uneasiness, arising from absence, encreases the passion and gives it new force and
violence. 
SECT. V 
Of the effects of custom
But nothing has a greater effect both to encrease and diminish our passions, to convert
pleasure into pain, and pain into pleasure, than custom and repetition. Custom has two
original effects upon the mind, in bestowing a facility in the performance of any action
or the conception of any object; and afterwards a tendency or inclination towards it; and
from these we may account for all its other effects, however extraordinary. 
When the soul applies itself to the performance of any action, or the conception of any
object, to which it is not accustom'd, there is a certain unpliableness in the faculties,
and a difficulty of the spirit's moving in their new direction. As this difficulty excites
the spirits, `tis the source of wonder, surprize, and of all the emotions, which arise
from novelty; and is in itself very agreeable, like every thing, which inlivens the mind
to a moderate degree. But tho' surprize be agreeable in itself, yet as it puts the spirits
in agitation, it not only augments our agreeable affections, but also our painful,
according to the foregoing principle, that every emotion, which precedes or attends a
passion, is easily converted into it. Hence every thing, that is new, is most affecting,
and gives us either more pleasure or pain, than what, strictly speaking, naturally belongs
to it. When it often returns upon us, the novelty wears off; the passions subside; the
hurry of the spirits is over; and we survey the objects with greater tranquillity. 
By degrees the repetition produces a facility of the human mind, and an infallible
source of pleasure, where the facility goes not beyond a certain degree. And here `tis
remarkable that the pleasure, which arises from a moderate facility, has not the same
tendency with that which arises from novelty, to augment the painful, as well as the
agreeable affections. The pleasure of facility does not so much consist in any ferment of
the spirits, as in their orderly motion; which will sometimes be so powerful as even to
convert pain into pleasure, and give us a relish in time what at first was most harsh and
disagreeable. 
But again, as facility converts pain into pleasure, so it often converts pleasure into
pain, when it is too great, and renders the actions of the mind so faint and languid, that
they are no longer able to interest and support it. And indeed, scarce any other objects
become disagreeable thro' custom; but such as are naturally attended with some emotion or
affection, which is destroy'd by the too frequent repetition. One can consider the clouds,
and heavens, and trees, and stones, however frequently repeated, without ever feeling any
aversion. But when the fair sex, or music, or good cheer, or any thing, that naturally
ought to be agreeable, becomes indifferent, it easily produces the opposite affection. 
But custom not only gives a facility to perform any action, but likewise an inclination
and tendency towards it, where it is not entirely disagreeable, and can never be the
object of inclination. And this is the reason why custom encreases all active habits, but
diminishes passive, according to the observation of a late eminent philosopher. The
facility takes off from the force of the passive habits by rendering the motion of the
spirits faint and languid. But as in the active, the spirits are sufficiently supported of
themselves, the tendency of the mind gives them new force, and bends them more strongly to
the action. 
SECT. VI 
Of the influence of the imagination on the passions
`Tis remarkable, that the imagination and affections have close union together, and
that nothing, which affects the former, can be entirely indifferent to the latter.
Wherever our ideas of good or evil acquire a new vivacity, the passions become more
violent; and keep pace with the imagination in all its variations. Whether this proceeds
from the principle above-mention'd, that any attendant emotion is easily converted into
the predominant, I shall not determine. `Tis sufficient for my present purpose, that we
have many instances to confirm this influence of the imagination upon the passions. 
Any pleasure, with which we are acquainted, affects us more than any other, which we
own to be superior, but of whose nature we are wholly ignorant. Of the one we can form a
particular and determinate idea: The other we conceive under the general notion of
pleasure; and `tis certain, that the more general and universal any of our ideas are, the
less influence they have upon the imagination. A general idea, tho' it be nothing but a
particular one consider'd in a certain view, is commonly more obscure; and that because no
particular idea, by which we represent a general one, is ever fix'd or determinate, but
may easily be chang'd for other particular ones, which will serve equally in the
representation. 
There is a noted passage in the history of Greece, which may serve for our present
purpose. Themistocles told the Athenians, that he had form'd a design, which wou'd be
highly useful to the public, but which `twas impossible for him to communicate to them
without ruining the execution, since its success depended entirely on the secrecy with
which it shou'd be conducted. The Athenians, instead of granting him full power to act as
he thought fitting, order'd him to communicate his design to Aristides, in whose prudence
they had an entire confidence, and whose opinion they were resolv'd blindly to submit to.
The design of Themistocles was secretly to set fire to the fleet of all the Grecian
commonwealths, which was assembled in a neighbouring port, and which being once destroy'd
wou'd give the Athenians the empire of the sea without any rivaL Aristides return'd to the
assembly, and told them, that nothing cou'd be more advantageous than the design of
Themistocles but at the same time that nothing cou'd be more unjust: Upon which the people
unanimously rejected the project. 
A late celebrated(14) historian admires this passage of
antient history, as one of the most singular that is any where to be met. 
`Here,' says he, `they are not philosophers, to whom `tie easy in their schools to
establish the finest maxims and most sublime rules of morality, who decide that interest
ought never to prevail above justice. `Tis a whole people interested in the proposal.
which is made to them, who consider it as of importance to the public good, and who
notwithstanding reject it unanimously, and without hesitation, merely because it is
contrary to justice.' 
For my part I see nothing so extraordinary in this proceeding of the Athenians. The
same reasons, which render it so easy for philosophers to establish these sublime maxims,
tend, in part, to diminish the merit of such a conduct in that people. Philosophers never
ballance betwixt profit and honesty, because their decisions are general, and neither
their passions nor imaginations are interested in the objects. And tho' in the present
case the advantage was immediate to the Athenians, yet as it was known only under the
general notion of advantage, without being conceiv'd by any particular idea, it must have
had a less considerable influence on their imaginations, and have been a less violent
temptation, than if they had been acquainted with all its circumstances: Otherwise `tie
difficult to conceive, that a whole people, unjust and violent as men commonly are, shou'd
so unanimously have adher'd to justice, and rejected any considerable advantage. 
Any satisfaction, which we lately enjoy'd, and of which the memory is fresh and recent,
operates on the will with more violence, than another of which the traces are decay'd, and
almost obliterated. From whence does this proceed, but that the memory in the first case
assists the fancy. and gives an additional force and vigour to its conceptions? The image
of the past pleasure being strong and violent, bestows these qualities on the idea of the
future pleasure, which is connected with it by the relation of resemblance. 
A pleasure, which is suitable to the way of life, in which we are engag'd, excites more
our desires and appetites than another, which is foreign to it. This phaenomenon may be
explain'd from the same principle. 
Nothing is more capable of infusing any passion into the mind, than eloquence, by which
objects are represented in their strongest and most lively colours. We may of ourselves
acknowledge, that such an object is valuable, and such another odious; but `till an orator
excites the imagination, and gives force to these ideas, they may have but a feeble
influence either on the will or the affections. 
But eloquence is not always necessary. The bare opinion of another, especially when
inforc'd with passion, will cause an idea of good or evil to have an influence upon us,
which wou'd otherwise have been entirely neglected. This proceeds from the principle of
sympathy or communication; and sympathy, as I have already observ'd, is nothing but the
conversion of an idea into an impression by the force of imagination. 
`Tis remarkable, that lively passions commonly attend a lively imagination. In this
respect, as well as others, the force of the passion depends as much on the temper of the
person, as the nature or situation of the object. 
I have already observ'd, that belief is nothing but a lively idea related to a present
impression. This vivacity is a requisite circumstance to the exciting all our passions,
the calm as well as the violent; nor has a mere fiction of the imagination any
considerable influence upon either of them. `Tis too weak to take hold of the mind, or be
attended with emotion. 
SECT. VII 
Of contiguity and distance in space and time
There is an easy reason, why every thing contiguous to us, either in space or time,
shou'd be conceiv'd with a peculiar force and vivacity, and excel every other object, in
its influence on the imagination. Ourself is intimately present to us, and whatever is
related to self must partake of that quality. But where an object is so far remov'd as to
have lost the advantage of this relation, why, as it is farther remov'd, its idea becomes
still fainter and more obscure, wou'd, perhaps, require a more particular examination. 
`Tis obvious, that the imagination can never totally forget the points of space and
time, in which we are existent; but receives such frequent advertisements of them from the
passions and senses, that however it may turn its attention to foreign and remote objects,
it is necessitated every moment to reflect on the present. `Tic also remarkable, that in
the conception of those objects, which we regard as real and existent, we take them in
their proper order and situation, and never leap from one object to another, which is
distant from it, without running over, at least in a cursory manner, all those objects,
which are interpos'd betwixt them. When we reflect, therefore, on any object distant from
ourselves, we are oblig'd not only to reach it at first by passing thro' all the
intermediate space betwixt ourselves and the object, but also to renew our progress every
moment; being every moment recall'd to the consideration of ourselves and our present
situation. `Tic easily conceiv'd, that this interruption must weaken the idea by breaking
the action of the mind, and hindering the conception from being so intense and continu'd,
as when we reflect on a nearer object. The fewer steps we make to arrive at the object,
and the smoother the road is, this diminution of vivacity is less sensibly felt, but still
may be observ'd more or less in proportion to the degrees of distance and difficulty. 
Here then we are to consider two kinds of objects, the contiguous and remote; of which
the former, by means of their relation to ourselves, approach an impression in force and
vivacity; the latter by reason of the interruption in our manner of conceiving them,
appear in a weaker and more imperfect light. This is their effect on the imagination. If
my reasoning be just, they must have a proportionable effect on the will and passions.
Contiguous objects must have an influence much superior to the distant and remote.
Accordingly we find in common life, that men are principally concern'd about those
objects, which are not much remov'd either in space or time, enjoying the present, and
leaving what is afar off to the care of chance and fortune. Talk to a man of his condition
thirty years hence, and he will not regard you. Speak of what is to happen tomorrow, and
he will lend you attention. The breaking of a mirror gives us more concern when at home,
than the burning of a house, when abroad, and some hundred leagues distant. 
But farther; tho' distance both in space and time has a considerable effect on the
imagination, and by that means on the will and passions, yet the consequence of a removal
in space are much inferior to those of a removal in time. Twenty years are certainly but a
small distance of time in comparison of what history and even the memory of some may
inform them of, and yet I doubt if a thousand leagues, or even the greatest distance of
place this globe can admit of, will so remarkably weaken our ideas, and diminish our
passions. A West-Indian merchant will tell you, that he is not without concern about what
passes in Jamaica; tho' few extend their views so far into futurity, as to dread very
remote accidents. 
The cause of this phaenomenon must evidently lie in the different properties of space
and time. Without having recourse to metaphysics, any one may easily observe, that space
or extension consists of a number of co-existent parts dispos'd in a certain order, and
capable of being at once present to the sight or feeling. On the contrary, time or
succession, tho' it consists likewise of parts, never presents to us more than one at
once; nor is it possible for any two of them ever to be co-existent. These qualities of
the objects have a suitable effect on the imagination. The parts of extension being
susceptible of an union to the senses, acquire an union in the fancy; and as the
appearance of one part excludes not another, the transition or passage of the thought
thro' the contiguous parts is by that means render'd more smooth and easy. On the other
hand, the incompatibility of the parts of time in their real existence separates them in
the imagination, and makes it more difficult for that faculty to trace any long succession
or series of events. Every part must appear single and alone, nor can regularly have
entrance into the fancy without banishing what is suppos'd to have been immediately
precedent. By this means any distance in time causes a greater interruption in the thought
than an equal distance in space, and consequently weakens more considerably the idea, and
consequently the passions; which depend in a great measure, on the imagination, according
to my system. 
There is another phaenomenon of a like nature with the foregoing, viz, the superior
effects of the same distance in futurity above that in the past. This difference with
respect to the will is easily accounted for. As none of our actions can alter the past,
`tic not strange it shou'd never determine the will. But with respect to the passions the
question is yet entire, and well worth the examining. 
Besides the propensity to a gradual progression thro' the points of space and time, we
have another peculiarity in our method of thinking, which concurs in producing this
phaenomenon. We always follow the succession of time in placing our ideas, and from the
consideration of any object pass more easily to that, which follows immediately after it,
than to that which went before it. We may learn this, among other instances, from the
order, which is always observ'd in historical narrations. Nothing but an absolute
necessity can oblige an historian to break the order of time, and in his narration give
the precedence to an event, which was in reality posterior to another. 
This will easily be apply'd to the question in hand, if we reflect on what I have
before observ'd, that the present situation of the person is always that of the
imagination, and that `tic from thence we proceed to the conception of any distant object.
When the object is past, the progression of the thought in passing to it from the present
is contrary to nature, as proceeding from one point of time to that which is preceding,
and from that to another preceding, in opposition to the natural course of the succession.
On the other hand, when we turn our thought to a future object, our fancy flows along the
stream of time, and arrives at the object by an order, which seems most natural, passing
always from one point of time to that which is immediately posterior to it. This easy
progression of ideas favours the imagination, and makes it conceive its object in a
stronger and fuller light, than when we are continually oppos'd in our passage, and are
oblig'd to overcome the difficulties arising from the natural propensity of the fancy. A
small degree of distance in the past has, therefore, a greater effect, in interupting and
weakening the conception, than a much greater in the future. From this effect of it on the
imagination is deriv'd its influence on the will and passions. 
There is another cause, which both contributes to the same effect, and proceeds from
the same quality of the fancy, by which we are determin'd to trace the succession of time
by a similar succession of ideas. When from the present instant we consider two points of
time equally distant in the future and in the past, `tic evident, that, abstractedly
consider'd, their relation to the present is almost equal. For as the future will sometime
be present, so the past was once present. If we cou'd, therefore, remove this quality of
the imagination, an equal distance in the past and in the future, wou'd have a similar
influence. Nor is this only true, when the fancy remains fix'd, and from the present
instant surveys the future and the past; but also when it changes its situation, and
places us in different periods of time. For as on the one hand, in supposing ourselves
existent in a point of time interpos'd betwixt the present instant and the future object,
we find the future object approach to us, and the past retire, and become more distant: so
on the other hand, in supposing ourselves existent in a point of time interpos'd betwixt
the present and the past, the past approaches to us, and the future becomes more distant.
But from the property of the fancy above-mention'd we rather chuse to fix our thought on
the point of time interposed betwixt the present and the future, than on that betwixt the
present and the past. We advance, rather than retard our existence; and following what
seems the natural succession of time, proceed from past to present, and from present to
future. By which means we conceive the future as flowing every moment nearer us, and the
past as retiring. An equal distance, therefore, in the past and in the future, has not the
same effect on the imagination; and that because we consider the one as continually
encreasing, and the other as continually diminishing. The fancy anticipates the course of
things, and surveys the object in that condition, to which it tends, as well as in that,
which is regarded as the present. 
SECT. VIII 
The same subject continu'd
Thus we have accounted for three phaenomena, which seem pretty remarkable. Why distance
weakens the conception and passion: Why distance in time has a greater effect than that in
space: And why distance in past time has still a greater effect than that in future. We
must now consider three phaenomena, which seem to be, in a manner, the reverse of these:
Why a very great distance encreases our esteem and admiration for an object; Why such a
distance in time encreases it more than that in space: And a distance in past time more
than that in future. The curiousness of the subject will, I hope, excuse my dwelling on it
for some time. 
To begin with the first phaenomenon, why a great distance encreases our esteem and
admiration for an object; `tic evident that the mere view and contemplation of any
greatness, whether successive or extended, enlarges the soul, and give it a sensible
delight and pleasure. A wide plain, the ocean, eternity, a succession of several ages; all
these are entertaining objects, and excel every thing, however beautiful, which
accompanies not its beauty with a suitable greatness. Now when any very distant object is
presented to the imagination, we naturally reflect on the interpos'd distance, and by that
means, conceiving something great and magnificent, receive the usual satisfaction. But as
the fancy passes easily from one idea to another related to it, `and transports to the
second all the passions excited by the first, the admiration, which is directed to the
distance, naturally diffuses itself over the distant object. Accordingly we find, that
`tis not necessary the object shou'd be actually distant from us, in order to cause our
admiration; but that `tis sufficient, if, by the natural association of ideas, it conveys
our view to any considerable distance. A great traveller, tho' in the same chamber, will
pass for a very extraordinary person; as a Greek medal, even in our cabinet, is always
esteem'd a valuable curiosity. Here the object, by a natural transition, conveys our views
to the distance; and the admiration, which arises from that distance, by another natural
transition, returns back to the object. 
But tho' every great distance produces an admiration for the distant object, a distance
in time has a more considerable effect than that in space. Antient busts and inscriptions
are more valu'd than Japan tables: And not to mention the Greeks and Romans, `tis certain
we regard with more veneration the old Chaldeans and Egyptians, than the modem Chinese and
Persians, and bestow more fruitless pains to dear up the history and chronology of the
former, than it wou'd cost us to make a voyage, and be certainly inform'd of the
character, learning and government of the latter. I shall be oblig'd to make a digression
in order to explain this phaenomenon. 
`Tis a quality very observable in human nature, that any opposition, which does not
entirely discourage and intimidate us, has rather a contrary effect, and inspires us with
a more than ordinary grandeur and magnanimity. In collecting our force to overcome the
opposition, we invigorate the soul, and give it an elevation with which otherwise it wou'd
never have been acquainted. Compliance, by rendering our strength useless, makes us
insensible of it: but opposition awakens and employs it. 
This is also true in the universe. Opposition not only enlarges the soul; but the soul,
when full of courage and magnanimity, in a manner seeks opposition. 
Spumantemque dari pecora inter inertia votis 


    Optat aprum, aut fulvum descendere monte leonem.


[And, among the tamer beasts, [he] longs to be granted, in answer to his prayers, a
slavering boar, or to have a tawny lion come down from the mountain.] 
Whatever supports and fills the passions is agreeable to us; as on the contrary, what
weakens and infeebles them is uneasy. As opposition has the first effect, and facility the
second, no wonder the mind, in certain dispositions, desires the former, and is averse to
the latter. 
These principles have an effect on the imagination as well as on the passions. To be
convinc'd of this we need only consider the influence of heights and depths on that
faculty. Any great elevation of place communicates a kind of pride or sublimity of
imagination, and gives a fancy'd superiority over those that lie below; and, vice versa, a
sublime and strong imagination conveys the idea of ascent and elevation. Hence it
proceeds, that we associate, in a manner, the idea of whatever is good with that of
height, and evil with low. ness. Heaven is suppos'd to be above, and hell below. A noble
genius is call'd an elevate and sublime one. Atque udam spernit humum fugiente penna.
[Spurns the dank soil in winged flight.] On the contrary, a vulgar and trivial conception
is stil'd indifferently low or mean. Prosperity is denominated ascent, and adversity
descent. Kings and princes are suppos'd to be plac'd at the top of human affairs; as
peasants and day-labourers are said to be in the lowest stations. These methods of
thinking, and of expressing ourselves, are not of so little consequence as they may appear
at first sight. 
Tis evident to common sense, as well as philosophy, that there is no natural nor
essential difference betwixt high and low, and that this distinction arises only from the
gravitation of matter, which produces a motion from the one to the other. The very same
direction, which in this part of the globe is call'd ascent, is denominated descent in our
antipodes; which can proceed from nothing but the contrary tendency of bodies. Now `tis
certain, that the tendency of bodies, continually operating upon our senses, must produce,
from custom, a like tendency in the fancy, and that when we consider any object situated
in an ascent, the idea of its weight gives us a propensity to transport it from the place,
in which it is situated, to the place immediately below it, and so on, `till we come to
the ground, which equally stops the body and our imagination. For a like reason we feel a
difficulty in mounting, and pass not without a kind of reluctance from the inferior to
that which is situated above it; as if our ideas acquir'd a kind of gravity from their
objects. As a proof of this, do we not find, that the facility, which is so much study'd
in music and poetry, is call'd the fail or cadency of the harmony or period; the idea of
facility communicating to us that of descent, in the same manner as descent produces a
facility? 
Since the imagination, therefore, in running from low to high, finds an opposition in
its internal qualities and principles, and since the soul, when elevated with joy and
courage, in a manner seeks opposition, and throws itself with alacrity into any scene of
thought or action, where its courage meets with matter to nourish and employ it; it
follows, that everything, which invigorates and inlivens the soul, whether by touching the
passions or imagination. naturally conveys to the fancy this inclination for ascent, and
determines it to run against the natural stream of its thoughts and conceptions. This
aspiring progress of the imagination suits the present disposition of the mind; and the
difficulty, instead of extinguishing its vigour and alacrity, has the contrary affect, of
sustaining and encreasing it. Virtue, genius, power, and riches are for this reason
associated with height and sublimity; as poverty, slavery, and folly are conjoin'd with
descent and lowness. Were the case the same with us as Milton represents it to be with the
angels, to whom descent is adverse, and who cannot sink without labour and compulsion,
this order of things wou'd be entirely inverted; as appears hence, that the very nature of
ascent and descent is deriv'd from the difficulty and propensity, and consequently every
one of their effects proceeds from that origin. 
All this is easily apply'd to the present question, why a considerable distance in time
produces a greater veneration for the distant objects than a like removal in space. The
imagination moves with more difficulty in passing from one portion of time to another,
than in a transition thro' the parts of space; and that because space or extension appears
united to our senses, while time or succession is always broken and divided. This
difficulty, when join'd with a small distance, interrupts and weakens the fancy: But has a
contrary effect in a great removal. The mind, elevated by the vastness of its object, is
still farther elevated by the difficulty of the conception; and being oblig'd every moment
to renew its efforts in the transition from one part of time to another, feels a more
vigorous and sublime disposition, than in a transition thro' the parts of space, where the
ideas flow along with easiness and facility. In this disposition, the imagination,
passing, as is usual, from the consideration of the distance to the view of the distant
objects, gives us a proportionable veneration for it; and this is the reason why all the
relicts of antiquity are so precious in our eyes, and appear more valuable than what is
brought even from the remotest parts of the world. 
The third phaenomenon I have remark'd will be a full confirmation of this. `Tis not
every removal in time, which has the effect of producing veneration and esteem. We are not
apt to imagine our posterity will excel us, or equal our ancestors. This phaenomenon is
the more remarkable, because any distance in futurity weakens not our ideas so much as an
equal removal in the past. Tho' a removal in the past, when very great, encreases our
passions beyond a like removal in the future, yet a small removal has a greater influence
in diminishing them. 
In our common way of thinking we are plac'd in a kind of middle station betwixt the
past and future; and as our imagination finds a kind of difficulty in running along the
former, and a facility in following the course of the latter, the difficulty conveys the
notion of ascent, and the facility of the contrary. Hence we imagine our ancestors to be,
in a manner, mounted above us, and our posterity to lie below us. Our fancy arrives not at
the one without effort, but easily reaches the other: Which effort weakens the conception,
where the distance is small; but enlarges and elevates the imagination, when attended with
a suitable object. As on the other hand, the facility assists the fancy in a small
removal, but takes off from its force when it contemplates any considerable distance. 
It may not be improper, before we leave this subject of the will, to resume, in a few
words, all that has been said concerning it, in order to set the whole more distinctly
before the eyes of the reader. What we commonly understand by passion is a violent and
sensible emotion of mind, when any good or evil is presented, or any object, which, by the
original formation of our faculties, is fitted to excite an appetite. By reason we mean
affections of the very same kind with the former; but such as operate more calmly, and
cause no disorder in the temper: Which tranquillity leads us into a mistake concerning
them, and causes us to regard them as conclusions only of our intellectual faculties. Both
the causes and effects of these violent and calm passions are pretty variable, and depend,
in a great measure, on the peculiar temper and disposition of every individual. Generally
speaking, the violent passions have a more powerful influence on the will; tho' `tis often
found, that the calm ones, when corroborated by reflection, and seconded by resolution,
are able to controul them in their most furious movements. What makes this whole affair
more uncertain, is, that a calm passion may easily be chang'd into a violent one, either
by a change of temper, or of the circumstances and situation of the object, as by the
borrowing of force from any attendant passion, by custom, or by exciting the imagination.
Upon the whole, this struggle of passion and of reason, as it is call'd, diversifies human
life, and makes men so different not only from each other, but also from themselves in
different times. Philosophy can only account for a few of the greater and more sensible
events of this war; but must leave all the smaller and more delicate revolutions, as
dependent on principles too fine and minute for her comprehension. 
SECT. IX 
Of the direct passions
'Tis easy to observe, that the passions, both direct and indirect, are founded on pain
and pleasure, and that in order to produce an affection of any kind, `tis only requisite
to present some good or evil. Upon the removal of pain and pleasure there immediately
follows a removal of love and hatred, pride and humility, desire and aversion, and of most
of our reflective or secondary impressions. 
The impressions, which arise from good and evil most naturally, and with the least
preparation are the direct passions of desire and aversion, grief and joy, hope and fear,
along with volition. The mind by an original instinct tends to unite itself with the good,
and to avoid the evil, tho' they be conceiv'd merely in idea, and be consider'd as to
exist in any future period of time. 
But supposing that there is an immediate impression of pain or pleasure, and that
arising from an object related to ourselves or others, this does not prevent the
propensity or aversion, with the consequent emotions, but by concurring with certain
dormant principles of the human mind, excites the new impressions of pride or humility,
love or hatred. That propensity, which unites us to the object, or separates us from it,
still continues to operate, but in conjunction with the indirect passions, which arise
from a double relation of impressions and ideas. 
These indirect passions, being always agreeable or uneasy, give in their turn
additional force to the direct passions, and encrease our desire and aversion to the
object. Thus a suit of fine cloaths produces pleasure from their beauty; and this pleasure
produces the direct passions, or the impressions of volition and desire. Again, when these
cloaths are consider'd as belonging to ourself, the double relation conveys to us the
sentiment of pride, which is an indirect passion; and the pleasure, which attends that
passion, returns back to the direct affections, and gives new force to our desire or
volition, joy or hope. 
When good is certain or probable, it produces joy. When evil is in the same situation
there arises GRIEF or SORROW. 
When either good or evil is uncertain, it gives rise to FEAR or HOPE, according to the
degrees of uncertainty on the one side or the other. 
DESIRE arises from good consider'd simply, and AVERSION is deriv'd from evil. The WILL
exerts itself, when either the good or the absence of the evil may be attain'd by any
action of the mind or body. 
Beside good and evil, or in other words, pain and pleasure, the direct passions
frequently arise from a natural impulse or instinct, which is perfectly unaccountable. Of
this kind is the desire of punishment to our enemies, and of happiness to our friends;
hunger, lust, and a few other bodily appetites. These passions, properly speaking, produce
good and evil, and proceed not from them, like the other affections. 
None of the direct affections seem to merit our particular attention, except hope and
fear, which we shall here endeavour to account for. `Tis evident that the very same event,
which by its certainty wou'd produce grief or joy, gives always rise to fear or hope, when
only probable and uncertain. In order, therefore, to understand the reason why this
circumstance makes such a considerable difference, we must reflect on what I have already
advanc'd in the preceding book concerning the nature of probability. 
Probability arises from an opposition of contrary chances or causes, by which the mind
is not allow'd to fix on either side, but is incessantly tost from one to another, and at
one moment is determin'd to consider an object as existent, and at another moment as the
contrary. The imagination or understanding, call it which you please, fluctuates betwixt
the opposite views; and tho' perhaps it may be oftener turn'd to the one side than the
other, `tis impossible for it, by reason of the opposition of causes or chances, to rest
on either. The pro and con of the question alternately prevail; and the mind, surveying
the object in its opposite principles, finds such a contrariety as utterly destroys all
certainty and establish'd opinion. 
Suppose, then, that the object, concerning whose reality we are doubtful, is an object
either of desire or aversion, `tis evident, that, according as the mind turns itself
either to the one side or the other, it must feel a momentary impression of joy or sorrow.
An object, whose existence we desire, gives satisfaction, when we reflect on those causes,
which produce it; and for the same reason excites grief or uneasiness from the opposite
consideration: So that as the understanding, in all probable questions, is divided betwixt
the contrary points of view, the affections must in the same manner be divided betwixt
opposite emotions. 
Now if we consider the human mind, we shall find, that with regard to the passions,
`tis not the nature of a wind-instrument of music, which in running over all the notes
immediately loses the sound after the breath ceases; but rather resembles a
string-instrument, where after each stroke the vibrations still retain some sound, which
gradually and insensibly decays. The imagination is extreme quick and agile; but the
passions are slow and restive: For which reason, when any object is presented, that
affords a variety of views to the one, and emotions to the other; tho' the fancy may
change its views with great celerity; each stroke will not produce a clear and distinct
note of passion, but the one passion will always be mixt and confounded with the other.
According as the probability inclines to good or evil, the passion of joy or sorrow
predominates in the composition: Because the nature of probability is to cast a superior
number of views or chances on one side; or, which is the same thing, a superior number of
returns of one passion; or since the dispers'd passions are collected into one, a superior
degree of that passion. That is, in other words, the grief and joy being intermingled with
each other,. by means of the contrary views of the imagination, produce by their union the
passions of hope and fear. 
Upon this head there may be started a very curious question concerning that contrariety
of passions, which is our present subject. Tis observable, that where the objects of
contrary passions are presented at once, beside the encrease of the predominant passion
(which has been already explain'd, and commonly arises at their first shock or rencounter)
it sometimes happens, that both the passions exist successively, and by short intervals;
sometimes, that they destroy each other, and neither of them takes place; and sometimes
that both of them remain united in the mind. It may, therefore, be ask'd, by what theory
we can explain these variations, and to what general principle we can reduce them. 
When the contrary passions arise from objects entirely different, they take place
alternately, the want of relation in the ideas separating the impressions from each other,
and preventing their opposition. Thus when a man is afflicted for the loss of a law-suit,
and joyful for the birth of a son, the mind running from the agreeable to the calamitous
object, with whatever celerity it may perform this motion, can scarcely temper the one
affection with the other, and remain betwixt them in a state of indifference. 
It more easily attains that calm situation, when the same event is of a mixt nature,
and contains something adverse and something prosperous in its different circumstances.
For in that case, both the passions, mingling with each other by means of the relation,
become mutually destructive, and leave the mind in perfect tranquility. 
But suppose, in the third place, that the object is not a compound of good or evil, but
is consider'd as probable or improbable in any degree; in that case I assert, that the
contrary passions will both of them be present at once in the soul, and instead of
destroying and tempering each other, will subsist together, and produce a third impression
or affection by their union. Contrary passions are not capable of destroying each other,
except when their contrary movements exactly rencounter, and are opposite in their
direction, as well as in the sensation they produce. This exact rencounter depends upon
the relations of those ideas, from which they are deriv'd, and is more or less perfect,
according to the degrees of the relation. In the case of probability the contrary chances
are so far related, that they determine concerning the existence or non-existence of the
same object. But this relation is far from being perfect; since some of the chances lie on
the side of existence, and others on that of non-existence; which are objects altogether
incompatible. `Tis impossible by one steady view to survey the opposite chances, and the
events dependent on them; but `tis necessary, that the imagination shou'd run alternately
from the one to the other. Each view of the imagination produces its peculiar passion,
which decays away by degrees, and is follow'd by a sensible vibration after the stroke.
The incompatibility of the views keeps the passions from shocking in a direct line, if
that expression may be allow'd; and yet their relation is sufficient to mingle their
fainter emotions. Tis after this manner that hope and fear arise from the different
mixture of these opposite passions of grief and joy, and from their imperfect union and
conjunction. 
Upon the whole, contrary passions succeed each other alternately, when they arise from
different objects: They mutually destroy each other, when they proceed from different
parts of the same: And they subsist both of them. and mingle together, when they are
deriv'd from the contrary and incompatible chances or possibilities, on which any one
object depends. The influence of the relations of ideas is plainly seen in this whole
affair. If the objects of the contrary passions be totally different, the passions are
like two opposite liquors in different bottles, which have no influence on each other. If
the objects be intimately connected, the passions are like an alcali and an acid, which,
being mingled, destroy each other. If the relation be more imperfect, and consists in the
contradictory views of the same object, the passions are like oil and vinegar, which,
however mingled, never perfectly unite and incorporate. 
As the hypothesis concerning hope and fear carries its own evidence along with it, we
shall be the more concise in our proofs. A few strong arguments are better than many weak
ones. 
The passions of fear and hope may arise when the chances are equal on both sides, and
no superiority can be discover'd in the one above the other. Nay, in this situation the
passions are rather the strongest, as the mind has then the least foundation to rest upon,
and is toss'd with the greatest uncertainty. Throw in a superior degree of probability to
the side of grief, you immediately see that passion diffuse itself over the composition,
and tincture it into fear. Encrease the probability, and by that means the grief, the fear
prevails still more and more, till at last it runs insensibly, as the joy continually
diminishes, into pure grief. After you have brought it to this situation, diminish the
grief, after the same manner that you encreas'd it; by diminishing the probability on that
side, and you'll see the passion clear every moment, `till it changes insensibly into
hope; which again runs, after the same manner, by slow degrees, into joy, as you encrease
that part of the composition by the encrease of the probability. Are not these as plain
proofs, that the passions of fear and hope are mixtures of grief and joy, as in optics
`tis a proof, that a colour'd ray of the sun passing thro' a prism, is a composition of
two others, when, as you diminish or encrease the quantity of either, you find it prevail
proportionably more or less in the composition? I am sure neither natural nor moral
philosophy admits of stronger proofs. 
Probability is of two kinds, either when the object is really in itself uncertain, and
to be determin'd by chance; or when, tho' the object be already certain, yet `tis
uncertain to our judgment, which finds a number of proofs on each side of the question.
Both these kinds of probabilities cause fear and hope; which can only proceed from that
property, in which they agree, viz, the uncertainty and fluctuation they bestow on the
imagination by that contrariety of views, which is common to both. 
`Tis a probable good or evil, that commonly produces hope or fear; because probability,
being a wavering and unconstant method of surveying an object, causes naturally a like
mixture and uncertainty of passion. But we may observe, that wherever from other causes
this mixture can be produc'd, the passions of fear and hope will arise, even tho' there be
no probability; which must be allow'd to be a convincing proof of the present hypothesis.
We find that an evil, barely conceiv'd as possible, does sometimes produce fear;
especially if the evil be very great. A man cannot think of excessive pains and tortures
without trembling, if he be in the least danger of suffering them. The smallness of the
probability is compensated by the greatness of the evil; and the sensation is equally
lively, as if the evil were more probable. One view or glimpse of the former, has the same
effect as several of the latter. 
But they are not only possible evils, that cause fear, but even some allow'd to be
impossible; as when we tremble on the brink of a precipice, tho' we know ourselves to be
in perfect security, and have it in our choice whether we wili advance a step farther.
This proceeds from the immediate presence of the evil, which influences the imagination in
the same manner as the certainty of it wou'd do; but being encounter'd by the reflection
on our security, is immediately retracted, and causes the same kind of passion, as when
from a contrariety of chances contrary passions are produc'd. 
Evils, that are certain, have sometimes the same effect in producing fear, as the
possible or impossible. Thus a man in a strong prison well-guarded, without the least
means of escape, trembles at the thought of the rack, to which he is sentenc'd. This
happens only when the certain evil is terrible and confounding; in which case the mind
continually rejects it with horror, while it continually presses in upon the thought. The
evil is there flx'd and establish'd, but the mind cannot endure to fix upon it; from which
fluctuation and uncertainty there arises a passion of much the same appearance with fear. 
But `tis not only where good or evil is uncertain, as to its existence, but also as to
its kind, that fear or hope arises. Let one be told by a person, whose veracity he cannot
doubt of, that one of his sons is suddenly kill'd, `tis evident the passion this event
wou'd occasion, wou'd not settle into pure grief, till he got certain information, which
of his sons he had lost. Here there is an evil certain, but the kind of it uncertain.
Consequently the fear we feel on this occasion is without the least mixture of joy, and
arises merely from the fluctuation of the fancy betwixt its objects. And tho' each side of
the question produces here the same passion, yet that passion cannot settle, but receives
from the imagination a tremulous and unsteady motion, resembling in its cause, as well as
in its sensation, the mixture and contention of grief and joy. 
From these principles we may account for a phaenomenon in the passions, which at first
sight seems very extraordinary, viz, that surprize is apt to change into fear, and every
thing that is unexpected affrights us. The most obvious conclusion from this is, that
human nature is in general pusillanimous; since upon the sudden appearance of any object.
we immediately conclude it to be an evil, and without waiting till we can examine its
nature, whether it be good or bad, are at first affected with fear. This I say is the most
obvious conclusion; but upon farther examination we shall find that the phaenomenon is
otherwise to be accounted for. The suddenness and strangeness of an appearance naturally
excite a commotion in the mind, like every thing for which we are not prepar'd, and to
which we are not accustom'd. This commotion, again, naturally produces a curiosity or
inquisitiveness, which being very violent, from the strong and sudden impulse of the
object, becomes uneasy, and resembles in its fluctuation and uncertainty, the sensation of
fear or the mix'd passions of grief and joy. This image of fear naturally converts into
the thing itself, and gives us a real apprehension of evil, as the mind always forms its
judgments more from its present disposition than from the nature of its objects. 
Thus all kinds of uncertainty have a strong connexion with fear, even tho' they do not
cause any opposition of passions by the opposite views and considerations they present to
us. A person, who has left his friend in any malady, will feel more anxiety upon his
account, than if he were present, tho' perhaps he is not only incapable of giving him
assistance, but likewise of judging of the event of his sickness. In this case, tho' the
principal object of the passion, viz, the life or death of his friend, be to him equally
uncertain when present as when absent; yet there are a thousand little circumstances of
his friend's situation and condition, the knowledge of which fixes the idea, and prevents
that fluctuation and uncertainty so near ally'd to fear. Uncertainty is, indeed, in one
respect as near ally'd to hope as to fear, since it makes an essential part in the
composition of the former passion; but the reason, why it inclines not to that side, is,
that uncertainty alone is uneasy, and has a reladon of impressions to the uneasy passions.

`Tis thus our uncertainty concerning any minute circumstance relating to a person
encreases our apprehensions of his death or misfortune. Horace has remark'd this
phaenomenon. 
Ut assidens implumi bus pullus avis 

    Serpentium allapsus tirnet, 

    Magis relictis; non, ut adsit, auxili 

    Latura plus presentibus.


[As a bird, watching over her fledgelings, is more afraid of their being attacked by
snakes if she were to leave them even though, were she to stay, she would not be any more
capable of helping them, when they were with her.] 
But this principle of the connexion of fear with uncertainty I carry farther, and
observe that any doubt produces that passion, even tho' it presents nothing to us on any
side but what is good and desireable. A virgin, on her bridalnight goes to bed full of
fears and apprehensions, tho' she expects nothing but pleasure of the highest kind, and
what she has long wish'd for. The newness and greatness of the event, the confusion of
wishes and joys so embarrass the mind, that it knows not on what passion to fix itself;
from whence arises a fluttering or unsettledness of the spirits. which being, in some
degree, uneasy, very naturally degenerates into fear. 
Thus we still find, that whatever causes any fluctuation or mixture of passions, with
any degree of uneasiness, always produces fear, or at least a passion so like it, that
they are scarcely to be distinguish'd. 
I have here confin'd myself to the examination of hope and fear in their most simple
and natural situation, without considering all the variations they may receive from the
mixture of different views and reflections. Terror, consternation, astonishment, anxiety,
and other passions of that kind, are nothing but different species and degrees of fear.
`Tis easy to imagine how a different situation of the object, or a different turn of
thought, may change even the sensation of a passion; and this may in general account for
all the particular sub-divisions of the other affections, as well as of fear. Love may
shew itself in the shape of tenderness, friendship, intimacy, esteem, good-will, and in
many other appearances; which at the bottom are the same affections; and arise from the
same causes, tho' with a small variation, which it is not necessary to give any particular
account of. `Tis for this reason I have all along confin'd myself to the principal
passion. 
The same care of avoiding prolixity is the reason why I wave the examination of the
will and direct passions, as they appear in animals; since nothing is more evident, than
that they are of the same nature, and excited by the same causes as in human creatures. I
leave this to the reader's own observation; desiring him at the same time to consider the
additional force this bestows on the present system. 
SECT. X 
Of curiosity, or the love of truth
But methinks we have been not a little inattentive to run over so many different parts
of the human mind, and examine so many passions, without taking once into the
consideration that love of truth, which was the first source of all our enquiries. Twill
therefore be proper, before we leave this subject, to bestow a few reflections on that
passion, and shew its origin in human nature. `Tis an affection of so peculiar a kind,
that `twould have been impossible to have treated of it under any of those heads, which we
have examin'd, without danger of obscurity and confusion. 
Truth is of two kinds, consisting either in the discovery of the proportions of ideas,
consider'd as such, or in the conformity of our ideas of objects to their real existence.
`Tis certain, that the former species of truth, is not desir'd merely as truth, and that
`tis not the justness of our conclusions, which alone gives the pleasure. For these
conclusions are equally just, when we discover the equality of two bodies by a pair of
compasses, as when we learn it by a mathematical demonstration; and tho' in the one case
the proofs be demonstrative, and in the other only sensible, yet generally speaking, the
mind acquiesces with equal assurance in the one as in the other. And in an arithmetical
operation, where both the truth and the assurance are of the same nature, as in the most
profound algebraical problem, the pleasure is very inconsiderable, if rather it does not
degenerate into pain: Which is an evident proof, that the satisfaction, which we sometimes
receive from the discovery of truth, proceeds not from it, merely as such, but only as
endow'd with certain qualities. 
The first and most considerable circumstance requisite to render truth agreeable, is
the genius and capacity, which is employ'd in its invention and discovery. What is easy
and obvious is never valu'd; and even what is in itself difficult, if we come to the
knowledge of it without difficulty, and without any stretch of thought or judgment, is but
little regarded. We love to trace the demonstrations of mathematicians; but shou'd receive
small entertainment from a person, who shou'd barely inform us of the proportions of lines
and angles, tho' we repos'd the utmost confidence both in his judgment and veracity. In
this case `tis sufficient to have ears to learn the truth. We never are oblig'd to fix our
attention or exert our genius; which of all other exercises of the mind is the most
pleasant and agreeable. 
But tho' the exercise of genius be the principal source of that satisfaction we receive
from the sciences, yet I doubt, if it be alone sufficient to give us any considerable
enjoyment. The truth we discover must also be of some importance. Tis easy to multiply
algebraical problems to infinity, nor is there any end in the discovery of the proportions
of conic sections; tho' few mathematicians take any pleasure in these researches, but turn
their thoughts to what is more useful and important. Now the question is, after what
manner this utility and importance operate upon us? The difficulty on this head arises
from hence, that many philosophers have consum'd their time, have destroy'd their health,
and neglected their fortune, in the search of such truths, as they esteem'd important and
useful to the world, tho' it appear'd from their whole conduct and behaviour, that they
were not endow'd with any share of public spirit, nor had any concern for the interests of
mankind. Were they convinc'd, that their discoveries were of no consequence, they wou'd
entirely lose all relish for their studies, and that tho' the consequences be entirely
indifferent to them; which seems to be a contradiction. 
To remove this contradiction, we must consider, that there are certain desires and
inclinations, which go no farther than the imagination, and are rather the faint shadows
and images of passions, than any real affections. Thus, suppose a man, who takes a survey
of the fortifications of any city; considers their strength and advantages, natural or
acquir'd; observes the disposition and contrivance of the bastions, ramparts, mines, and
other military works; `tis plain, that in proportion as all these are fitted to attain
their ends he will receive a suitable pleasure and satisfaction. This pleasure, as it
arises from the utility, not the form of the objects, can be no other than a sympathy with
the inhabitants, for whose security all this art is employ'd; tho' `tis possible, that
this person, as a stranger or an enemy, may in his heart have no kindness for them, or may
even entertain a hatred against them. 
It may indeed be objected, that such a remote sympathy is a very slight foundation for
a passion, and that so much industry and application, as we frequently observe in
philosophers, can never be deriv'd from so inconsiderable an original. But here I return
to what I have already remark'd, that the pleasure of study conflicts chiefly in the
action of the mind, and the exercise of the genius and understanding in the discovery or
comprehension of any truth. If the importance of the truth be requisite to compleat the
pleasure, `tis not on account of any considerable addition, which of itself it brings to
our enjoyment, but only because `tis, in some measure, requisite to fix our attention.
When we are careless and inattentive, the same action of the understanding has no effect
upon us, nor is able to convey any of that satisfaction, which arises from it, when we are
in another disposition. 
But beside the action of the mind, which is the principal foundation of the pleasure,
there is likewise requir'd a degree of success in the attainment of the end, or the
discovery of that truth we examine. Upon this head I shall make a general remark, which
may be useful on many occasions, viz, that where the mind pursues any end with passion;
tho' that passion be not deriv'd originally from the end, but merely from the action and
pursuit; yet by the natural course of the affections, we acquire a concern for the end
itself, and are uneasy under any disappointment we meet with in the pursuit of it. This
proceeds from the relation and parallel direction of the passions above-mention'd. 
To illustrate all this by a similar instance, I shall observe, that there cannot be two
passions more nearly resembling each other, than those of hunting and philosophy, whatever
disproportion may at first sight appear betwixt them. `Tis evident, that the pleasure of
hunting conflicts in the action of the mind and body; the motion, the attention, the
difficulty, and the uncertainty. Tis evident likewise, that these actions must be attended
with an idea of utility, in order to their having any effect upon us. A man of the
greatest fortune, and the farthest remov'd from avarice, tho' he takes a pleasure in
hunting after patridges and pheasants, feels no satisfaction in shooting crows and
magpies; and that because he considers the first as fit for the table, and the other as
entirely useless. Here `tis certain, that the utility or importance of itself causes no
real passion, but is only requisite to support the imagination; and the same person, who
over-looks a ten times greater profit in any other subject, is pleas'd to bring home half
a dozen woodcocks or plovers, after having employ'd several hours in hunting after them.
To make the parallel betwixt hunting and philosophy more compleat, we may observe, that
tho' in both cases the end of our action may in itself be despis'd, yet in the heat of the
action we acquire such an attention to this end, that we are very uneasy under any
disappointments, and are sorry when we either miss our game, or fall into any error in our
reasoning. 
If we want another parallel to these affections, we may consider the passion of gaming,
which affords a pleasure from the same principles as hunting and philosophy. It has been
remark'd, that the pleasure of gaming arises not from interest alone; since many leave a
sure gain for this entertainment: Neither is it deriv'd from the game alone; since the
same persons have no satisfaction, when they play for nothing: But proceeds from both
these causes united, tho' separately they have no effect. `Tis here, as in certain
chymical preparations, where the mixture of two clear and transparent liquids produces a
third, which is opaque and colour'd.. 
The interest, which we have in any game, engages our attention, without which we can
have no enjoyment, either in that or in any other action. Our attention being once
engag'd, the difficulty, variety, and sudden reverses of fortune, still farther interest
us; and `tis from that concern our satisfaction arises. Human life is so tiresome a scene,
and men generally are of such indolent dispositions, that whatever amuses them, tho' by a
passion mixt with pain, does in the main give them a sensible pleasure. And this pleasure
is here encreas'd by the nature of the objects, which being sensible, and of a narrow
compass, are enter'd into with facility, and are agreeable to the imagination. 
The same theory, that accounts for the love of truth in mathematics and algebra. may be
extended to morals, politics, natural philosophy, and other studies, where we consider not
the other abstract relations of ideas, but their real connexions and existence. But beside
the love of knowledge, which displays itself in the sciences, there is a certain curiosity
implanted in human nature, which is a passion deriv'd from a quite different principle.
Some people have an insatiable desire of knowing the actions and circumstances of their
neighbours, tho' their interest be no way concern'd in them, and they must entirely depend
on others for their information; in which case there is no room for study or application.
Let us search for the reason of this phaenomenon. 
It has been prov'd at large, that the influence of belief is at once to inliven and
infix any idea in the imagination, and prevent all kind of hesitation and uncertainty
about it. Both these circumstances are advantageous. By the vivacity of the idea we
interest the fancy, and produce, tho' in a lesser degree, the same pleasure, which arises
from a moderate passion. As the vivacity of the idea gives pleasure, so its certainty
prevents uneasiness, by fixing one particular idea in the mind, and keeping it from
wavering in the choice of its objects. `Tis a quality of human nature, which is
conspicuous on many occasions, and is common both to the mind and body, that too sudden
and violent a change is unpleasant to us, and that however any objects may in themselves
be indifferent, yet their alteration gives uneasiness. As `tis the nature of doubt to
cause a variation in the thought, and transport us suddenly from one idea to another, it
must of consequence be the occasion of pain. This pain chiefly takes place, where
interest, relation, or the greatness and novelty of any event interests us in it. `Tis not
every matter of fact, of which we have a curiosity to be inform'd; neither are they such
only as we have an interest to know. `Tis sufficient if the idea strikes on us with such
force, and concerns us so nearly, as to give us an uneasiness in its instability and
inconstancy. A stranger, when he arrives first at any town, may be entirely indifferent
about knowing the history and adventures of the inhabitants; but as he becomes farther
acquainted with them, and has liv'd any considerable time among them, he acquires the same
curiosity as the natives. When we are reading the history of a nation, we may have an
ardent desire of clearing up any doubt or difficulty, that occurs in it; but become
careless in such researches, when the ideas of these events are, in a great measure,
obliterated. 


Source: https://www.informationphilosopher.com/solutions/philosophers/hume/treatise_II_iii.html
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Of Liberty and Necessity

From Of Liberty and Necessity § 25- § 35, 
My opinion about liberty and necessity
  

  § 25 First, I conceive that when it comes into a man's mind to do or not to do some certain action, if he have no time to deliberate, the doing it or abstaining necessarily follows the present thought he has of the good or evil consequence thereof to himself As, for example, in sudden anger the action shall follow the thought of revenge, in sudden fear the thought of escape. Also when a man has time to deliberate but deliberates not, because never anything appeared that could make him doubt of the consequence, the action follows his opinion of the goodness or harm of it. These actions I call voluntary; my Lord [Bishop Bramhall], if I understand him aright, calls them spontaneous. I call them voluntary because those actions that follow immediately the last appetite are voluntary, and here where there is one only appetite that one is the last. Besides, I see it is reasonable to punish a rash action, which could not be justly done by man to man unless the same were voluntary. For no action of a man can be said to be without deliberation, though never so sudden, because it is supposed he had time to deliberate all the precedent time of his life whether he should do that kind of action or not. And hence it is that he that kills in a sudden passion of anger shall nevertheless be justly put to death, because all the time, wherein he was able to consider whether to kill were good or evil, shall be held for one continual deliberation; and consequently the killing shall be adjudged to proceed from election. 

§ 26 Secondly, I conceive when a man deliberates whether he shall do a thing or not do it, that he does nothing else but consider whether it be better for himself to do it or not to do it. And to consider an action is to imagine the consequences of it, both good and evil. From whence is to be inferred, that deliberation is nothing but alternate imagination of the good and evil sequels of an action, or, which is the same thing, alternate hope and fear or alternate appetite to do or quit the action of which he deliberates. 


§ 27 Thirdly, I conceive that in all deliberations, that is to say, in all alternate succession of contrary appetites, the last is that which we call the will, and is immediately next before the doing of the action, or next before the doing of it become impossible. All other appetites to do and to quit that come upon a man during his deliberation are usually called intentions and inclinations, but not wills; there being but one will, which also in this case may be called the last will, though the intention change often. 


§ 28 Fourthly, that those actions which a man is said to do upon deliberation are said to be voluntary and done upon choice and election, so that voluntary action and action proceeding from election is the same thing; and that of a voluntary agent it is all one to say he is free, and to say he has not made an end of deliberating. 


§ 29 Fifthly, I conceive liberty to be rightly defined in this manner: Liberty is the absence of all the impediments to action that are not contained in the nature and intrinsical quality of the agent. As, for example, the water is said to descend freely, or to have liberty to descend, by the channel of the river, because there is no impediment that way; but not across, because the banks are impediments. And though the water cannot ascend, yet men never say it wants the liberty to ascend, but the faculty or power, because the impediment is in the nature of the water and intrinsical. So also we say he that is tied wants the liberty to go, because the impediment is not in him but in his bands; whereas we say not so of him that is sick or lame, because the impediment is in himself.


§ 30 Sixthly, I conceive that nothing takes beginning from itself, but from the action of some other immediate agent without itself And that, therefore, when first a man has an appetite or will to something, to which immediately before he had no appetite nor will, the cause of his will is not the will itself, but something else not in his own disposing. So that whereas it is out of controversy that of voluntary actions the will is the necessary cause, and by this which is said the will is also caused by other things whereof it disposes not, it follows that voluntary actions have all of them necessary causes and therefore are necessitated. 


§ 31 Seventhly, I hold that to be a sufficient cause to which nothing is wanting that is needful to the producing of the effect. The same also is a necessary cause. For if it be possible that a sufficient cause shall not bring forth the effect, then there wants somewhat which was needful to the producing of it, and so the cause was not sufficient. But if it be impossible that a sufficient cause should not produce the effect, then is a sufficient cause a necessary cause, for that is said to produce an effect necessarily that cannot but produce it. Hence it is manifest that whatsoever is produced is produced necessarily, for whatsoever is produced has a sufficient cause to produce it, or else it had not been; and therefore also voluntary actions are necessitated.




§ 32 Lastly, I hold that ordinary definition of a free agent, namely that a free agent is that which, when all things are present which are needful to produce the effect, can nevertheless not produce it, implies a contradiction and is nonsense; being as much as to say the cause may be sufficient, that is necessary, and yet the effect shall not follow. 


My reasons


§ 33 For the first five points, where it is explicated, first, what spontaneity is, secondly, what deliberation is, thirdly, what will, propension, and appetite are, fourthly, what a free agent is, fifthly, what liberty is; there can no other proof be offered but every man's own experience, by reflection on himself and remembering what he uses to have in his mind; that is, what he himself means when he says an action is spontaneous, a man deliberates, such is his will, that action or that agent is free. Now he that so reflects on himself cannot but be satisfied that deliberation is the consideration of the good and evil sequels of an action to come; that by spontaneity is meant inconsiderate proceeding (or else nothing is meant by it); that will is the last act of our deliberation; that a free agent is he that can do if he will and forbear if he will; and that liberty is the absence of external impediments. But to those that out of custom speak not what they conceive but what they hear, and are not able or will not take the pains to consider what they think when they hear such words, no argument can be sufficient, because experience and matter of fact are not verified by other men's arguments but by every man's own sense and memory. For example, how can it be proved that to love a thing and to think it good are all one to a man that does not mark his own meaning by those words? Or how can it be proved that eternity is not nunc stans to a man that says those words by custom, and never considers how he can conceive the thing itself in his mind? 


Also the sixth point, that a man cannot imagine anything to begin without a cause, can no other way be made known but by trying how he can imagine it. But if he try, he shall find as much reason, if there be no cause of the thing, to conceive it should begin at one time as at another, that is, he has equal reason to think it should begin at all times; which is impossible, and therefore he must think there was some special cause why it began then rather than sooner or later; or else that it began never, but was eternal. 


§34 For the seventh point, which is that all events have necessary causes, it is there proved in that they have sufficient causes. Further let us in this place suppose any event never so casual, as, for example, the throwing ambs-ace upon a pair of dice, and see if it must not have been necessary before it was thrown. For seeing it was thrown, it had a beginning, and consequently a sufficient cause to produce it, consisting partly in the dice, partly in outward things, as the posture of the parts of the hand, the measure of force applied by the caster, the posture of the parts of the table, and the like. In sum, there was nothing wanting which was necessarily required to the producing of that particular cast, and consequently the cast was necessarily thrown. For if it had not been thrown, there had wanted somewhat requisite to the throwing of it, and so the cause had not been sufficient. In the like manner it may be proved that every other accident, how contingent soever it seem or how voluntary soever it be, is produced necessarily, which is that that my Lord Bishop disputes against. The same also may be proved in this manner. Let the case be put, for example, of the weather. It is necessary that tomorrow it shall rain or not rain. If therefore it be not necessary it shall rain, it is necessary it shall not rain; otherwise there is no necessity that the proposition, it shall rain or not rain, should be true. I know there be some that say, it may necessarily be true that one of the two shall come to pass, but not singly that it shall rain or that it shall not rain, which is as much as to say, one of them is necessary yet neither of them is necessary. And therefore to seem to avoid that absurdity, they make a distinction, that neither of them is true determinate [determinately], but indeterminate [indeterminately]; which distinction either signifies no more but this, one of them is true but we know not which, and so the necessity remains though we know it not; or if the meaning of the distinction be not that, it has no meaning, and they might as well have said, one of them is
true Tityrice but neither of them Tupatulice.


§ 35 The last thing, in which also consists the whole controversy, namely that there is no such thing as an agent which, when all things requisite to action are present, can nevertheless forbear to produce it; or, which is all one, that there is no such thing as freedom from necessity; is easily inferred from that which before has been alleged. For if it be an agent, it can work; and if it work, there is nothing wanting of what is requisite to produce the action, and consequently the cause of the action is sufficient; and if sufficient, then also necessary, as has been proved before.


§ 36 And thus you see how the inconveniences, which his Lordship objects must follow upon the holding of necessity, are avoided, and the necessity itself demonstratively proved. To which I could add, if I thought it good logic, the inconvenience of denying necessity, as that it destroys both the decrees and the prescience of God Almighty. 


For Hobbes chance is atheistic


For whatsoever God has purposed to bring to pass by man as an instrument, or foresees shall come to pass, a man, if he have liberty (such as his Lordship affirms) from necessitation, might frustrate and make not to come to pass; and God should either not foreknow it and not decree it, or he should foreknow such things shall be as shall never be, and decree that which shall never come to pass.
  


For Hobbes, one cannot do otherwise. 





Source: https://www.informationphilosopher.com/solutions/philosophers/hobbes/of_liberty_and_necessity.html
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Are We Automata?
Mind, vol.4, 1 3(January, 1879) pp.1-22  


Everyone is now
acquainted with the Conscious-Automaton-theory to which Prof. Huxley[1] gave such publicity in his Belfast address; which the late
Mr. D. A. Spalding punctiliously made the pivot of all his book-notices in Nature;
which Prof. Clifford fulminated as a dogma essential to salvation in a
lecture on "Body and Mind"[2] but which found its
earliest and ablest exposition in Mr. Hodgson's magnificent work, The Theory
of Practice.[3] The theory maintains that in
everything outward we are pure material machines. Feeling is a mere collateral product of our nervous processes,
unable to react upon them any more than a shadow reacts on the steps of the
traveller whom it accompanies. Inert, uninfluential, a simple passenger in the voyage of life, it
is allowed to remain on board, but not to touch the helm or handle the rigging.
The theory also
maintains that we are in error to suppose that our thoughts awaken each other
by inward congruity or rational necessity, that disappointed hopes cause sadness,
premisses conclusions, &c. The feelings are merely juxtaposed in that
order without mutual cohesion, because the nerve-processes to which they
severally correspond awaken each other in that order. [p. 2]
It may seem strange
that this latter part of the theory should be held by writers, who like Prof.
Huxley have openly expressed their belief in Hume's doctrine of causality. That doctrine asserts that the causality we
seem to find between the terms of a physical chain of events, is an
illegitimate outward projection of the inward necessity by which we feel each
thought to sprout out of its customary antecedent. Strip the string of necessity from between
ideas themselves, and it becomes hard indeed for a Humian[sic] to say how the notion of causality
ever was born at all.
This, however, is an
argumentum ad hominem which need not detain
us. The theory itself is an inevitable
consequence of the extension of the notion of reflex action to the higher
nerve-centres. Prof. Huxley starts from
a decapitated frog which performs rational-seeming acts although probably it
has no consciousness, and passing up to the hemispheres of man concludes that
the rationality of their performances can owe nothing to the feelings that
co-exist with it. This is the inverse of
Mr. Lewes's procedure. He starts from
the hemispheres, and finding their performances apparently guided by feeling concludes, when he comes to
the spinal cord, that feeling though latent must still be there to make it act
so rationally. Clearly such arguments as
these may mutually eat each other up to all eternity.
The reason why the
writers we speak of venture to dogmatise as they do on this subject, seems due
to a sort of philosophic faith, bred like most faiths from an aesthetic
demand. Mental and physical events are,
on all hands, admitted to present the strongest contrast in the entire field of
being. The chasm which yawns between them is less easily bridged over by the
mind than any interval we know. Why then
not call it an absolute chasm? And say not only that the two worlds are
different, but that they are independent? This gives us the comfort of all
simple and absolute formulas, and it makes each chain homogeneous to our
consideration. When talking of nervous tremors and bodily actions, we may feel
secure against intrusion from an irrelevant mental world. When, on the other
hand, we speak of feelings, we may with equal consistency use terms always of
one denomination, and never be annoyed by what Aristotle calls "slipping
into another kind". The desire on the part of men educated in laboratories
not to have their physical reasonings mixed up with such incommensurable factors as
feelings is certainly very strong. Nothing is commoner than to hear them speak
of conscious events as something so essentially vague and shadowy as even
doubtfully to exist at all. I have heard
a most intelligent [p. 3] biologist say: "It is high time for scientific
men to protest against the recognition of any such thing as consciousness in a
scientific investigation". In a
word, feeling constitutes the "unscientific" half of existence, and
any one who enjoys calling himself a "scientist" will be too happy to
purchase an untrammeled homogeneity of terms in the
studies of his predilection, at the slight cost of admitting a dualism which,
in the same breath that it allows to mind an independent status of being, banishes
it to a limbo of causal inertness, from whence no intrusion or interruption on
its part need ever be feared.
But Common Sense
also may have its aesthetic demands, and among them may be a craving for unity.
The spectacle of an ultimate and inexplicable dualism in the nature of things
may be as unsatisfying as the obligation to calculate with heterogeneous
terms. Two "aspects," nemine adspiciente, seem
uncalled for. One may well refuse, until
absolutely overpowered by the evidence, to believe that the world contains
items which in no wise influence their neighbours; whose existence or
non-existence need, so far as the remainder go, be taken into no account. It is a smoother and more harmonious thought
to imagine all the items of the world without exception as interlocked in bonds
of action and reaction, and forming a single dynamic whole.
And now, who shall
decide between such rival sthetic needs? A priori to shrink from a
"chasm" between the objects of one's contemplation is as respectable
as to dislike heterogeneity in the factors of one's reasoning operations. The truth is, then, that neither sthetic
motives nor ostensible reasons entitle us to decide between the
Conscious-Automaton-theory and
the theory of Common Sense. Both alike
are conceptions of the possible, and for any one dogmatically to affirm the
truth of either is, in the present state of our knowledge, an extremely
unscientific procedure.
The question for us
then is: Can we get light from any facts hitherto ignored in the
discussion? Since the direct evidence of
our living feeling is ruled out of court as mendacious, can we find
circumstantial evidence which will incline the balance either way, and save us
from the dreary strife of prejudice and prepossession?
I think we can, and
propose in the remainder of this article to show that this presumptive evidence
wholly favours the efficacity of Consciousness. Consciousness, namely, has been slowly
evolved in the animal series, and resembles in this all organs that have a
use. Since the mere supernumerary
depicted by the Conscious-Automaton-theory would be useless, it follows [p. 4]
that if we can discover the utility of consciousness we shall overthrow that
theory.
Our problem
consequently is: Of what use to a nervous system is a superadded consciousness?
Can a brain which has it function better than a brain without it? And to answer this question, we must know,
first, the natural defects of the brain, and secondly, the peculiar powers of
its mental correlate. Since consciousness is presumably at its minimum in
creatures whose nervous system is simple, and at its maximum in the
hypertrophied cerebrum of man, the
natural inference is that, as an organe de perfectionnement, it is most needed where the nervous
system is highly evolved; and the
form our first question takes is: What

are the defects characteristic of highly evolved nervous centres?
If we take the
actions of lower animals and the actions of lower ganglia in higher animals,
what strikes us most in them is the determinateness with which they respond to
a given stimulus. The addition of the
cerebral hemispheres immediately introduces a certain incalculableness into the
result, and this incalculableness attains its maximum with the relatively enormous
brain-convolutions of man. In the
beheaded frog the legs twitch as fatally when we touch the skin with acid as do
a jumping-jack's when we pull the string.
The machinery is as
narrow and perfect in the one case as in the other. Even if all the centres above the cord except
the cerebral hemispheres are left in place, the machine-like regularity of the
animal's response is hardly less striking.

He breathes, he swallows, he crawls, he turns over from his back, he
moves up or down on his support, he swims and stops at a given moment, he
croaks, he leaps forward two or three times -- each and all with almost
unerring regularity at my word of command, provided I only be an experienced physiologist and know what ganglia to
leave and what particular spur will elicit the action I desire. Thus if I merely remove his hemispheres and tilt my hand down, he
will crawl up it but not jump off. If I pinch him under the arm-pits, he
will croak once for each pinch; if I throw him into water, he will swim until I
touch his hands with a stick, when he will immediately stop. Over a frog with an entire brain, the
physiologist has no such power. The
signal may be given, but ideas, emotions or caprices will be aroused instead of
the fatal motor reply, and whether the animal will leap, croak, sink or swim or swell up without moving, is
impossible to predict. In a man's brain
the utterly remote and unforeseen courses of action to which a given impression
on the senses may give rise, is too notorious to need illustration. Whether we notice it at all depends on our
mental pre-occupations at the moment. If
we do notice it, our [p. 5] action again depends on the "considerations"
which it awakens, and these again may depend as much on our transient mood or
on our latest experience as on any constant tendencies organised in our nature.
We may thus lay it
down as an established fact that the most perfected parts of the brain are
those whose action are least determinate.
It is this very vagueness which constitutes their advantage. They allow their possessor to adapt his
conduct to the minutest alterations in the environing
circumstances, any one of which may be for him a sign, suggesting distant
motives more powerful than any present solicitations
of sense. Now it seems as if certain mechanical conclusions should be
drawn from this state of things. An
organ swayed by slight impressions is an organ whose natural state is one of
unstable equilibrium. We may imagine the various lines of discharge in the
cerebrum to be almost on a par in point of permeability -- what discharge a
given small impression will produce may be called accidental, in the sense in
which we say it is a matter of accident whether a rain-drop falling on a
mountain ridge descend the eastern or the western slope. It is in this sense that we may call it a
matter of accident whether a woman's first child be a boy or a girl. The ovum is so unstable a body that certain
causes too minute for our apprehension may at a certain moment tip it one way
or the other. The natural law of an organ constituted after this fashion can be
nothing but a law of caprice. I do not
see how one could reasonably expect from it any certain pursuance of useful
lines of reaction such as the few and fatally determined performances of the
lower centres constitute within
their narrow sphere. The dilemma in
regard to the nervous system seems to be of the following kind. We may
construct one which will react infallibly and certainly, but it will then be
capable of reacting to very few changes in the environment -- it will fail to
be adapted to all the rest. We may,
on the other hand, construct a nervous system potentially adapted to respond to
an infinite variety of minute features in the situation; but its fallibility
will then be as great as its elaboration.

We can never be sure that its equilibrium will be upset in the
appropriate direction. In short, a high
brain may do many things, and may do each of them at a very slight hint. But its hair-trigger organisation makes of it
a happy-go-lucky, hit-or-miss affair. It is as likely to do the crazy as the
sane thing at any given moment. A low brain does few things, and in doing them
perfectly forfeits all other use. The performances of a high brain are like
dice thrown for ever on a table. Unless
they be loaded, what chance is there that the highest number will turn up
oftener than the lowest? [p. 6]
All this is said of
the brain as a physical machine
pure and simple. Can consciousness
increase its efficiency by loading its dice?

Such is our next problem. 
But before directly attacking
it, we must pause a moment to make sure that we clearly apprehend the import of
such expressions as useful discharge, appropriate direction, right reaction,
and the like, which we have been using.
They all presuppose some Good, End or Interest to be the animal's. Until
this goal of his salvation be posited, we have no criterion by which to
estimate the utility of any of his reactions. Now the important thing to notice
is that the goal cannot be posited at all so long as we consider the purely physical
order of existence. Matter has no
ideals. It must be entirely indifferent
to the molecules of C, H, N and O, whether they combine in a live body or a
dead one. What the present conditions
fatally necessitate that they do with equal infallibility and cheerfulness;
whether the result of their action be the perfume of a rose or the odour of
carrion, the words of a Renouvier or the crackling of
thorns under a pot, it is brought forth with as little reluctance in the one
case as in the other. Good involves the
notion of less good, necessitates comparison, and for a drop of water either to
compare its present state with an absent state or to compare its total self
with a drop of wine, would involve a process not commonly thought of as
physical. Comparison requires a tertium quid, a locus -- call it what you
will -- in which the two outward existences may meet on equal terms. This forum
is what is known as a consciousness. Even sensations cannot be supposed, simply
as such, to be aware of their relations to each other. A succession of feelings is not (as James
Mill reiterates) one and the same thing with a feeling of succession, but a
wholly different thing. The latter
feeling requires a self-transcendency of each item,
so that each not only is in relation, but knows its relation, to the
other. This self-transcendency of data constitutes
the conscious form. Where we suppose it
to exist we have mind; where mind exists we have it. 
You may, it is true,
ascribe mind to a physical process. You may allow that the atom engaged in some
present energy has a dreamlike consciousness of residual powers and a judgment
which says, "Those are better than this". You may make the rain-drop flowing downhill
posit an impossible ascent as its highest good.
Or you may make the C, H, N and O atoms of my body knowingly to conspire
in its construction as the best act of which they are capable. But if you do this, you have abandoned the
sphere of purely physical relations.
Thus, then, the words Use, Advantage, Interest, Good,
find no application in a world in which no consciousness exists. [p. 7] Things
there are neither good nor bad; they simply are or are not. Ideal truth to exist at all requires that a
mind also exist which shall deal with it as a judge deals with the law, really
cresting that which it professes only to declare.
But, granting such a
mind, we must furthermore note that the direction of the verdict as to whether
A or B be best, is an ultimate, arbitrary expression of feeling, an absolute
fiat or decree. What feels good is good; if not it is only because it
negates some other good which the same power of feeling stamps as a Better.[4]
Thus much, then, is
certain, that in venturing to discuss the perfection and uses of the brain at all,
we assume at the outset the existence of some one's consciousness to
make the discussion possible by defining some particular good or
interest as the standard by which the brain's excellence shall be measured.
Without such measure Bismarck's brain is no better than a suicidal maniac's,
for the one works as perfectly as the other to its end. Considered as mere existence, a festering
corpse is as real as a live chancellor, and, for aught physics can say, as
desirable. Consciousness in declaring
the superiority of either one, simply creates what
previous to its fiat had no existence. The judge makes the law while announcing
it: if the judge be a maggot, the suicide's brain will be best; if a king the
chancellor's.
The consciousness of
Mr. Darwin lays it down as axiomatic that self-preservation or survival is the
essential or universal good for all living things. The mechanical processes of
"spontaneous variation" and "natural selection" bring about
this good by their combined action; but being physical processes they can in no
sense be said to intend it. It merely
floats off here and there accidentally as one of a thousand other physical
results. The followers of Darwin rightly
scorn those teleologists who claim that the physical process, as such; of evolution
follows an ideal of perfection. But now
suppose that not only our Darwinian consciousness, but with even greater energy
the [p. 8] consciousness of the creature itself, postulates survival as its summum bonum, and
by its cognitive faculty recognises as well as Mr. Darwin which of its actions
and functions subserves this good; would not the addition of causal efficacy to
this consciousness enable it to furnish forth the means as well as fix the end --
make it teleologically a fighter as well as a standard-bearer? Might not, in other words, such a
consciousness promote or increase by its function of efficacity

the amount of that "usefulness" on the part of the brain which it
defines and estimates by its other functions?
To answer such a question, we must analyse somewhat closely the
peculiarities of the individual consciousness as it phenomenally presents
itself to our notice.
If we use the old
word category to denote every
irreducibly peculiar form of synthesis in which phenomena may be combined and
related, we shall certainly have to erect a category of consciousness, or what
with Renouvier we may, if we prefer, call a category
of personality This category might be
defined as the mode in which data are brought together for comparison with a
view to choice.[5]

Both these points, comparison and choice, will be found alike
omnipresent in the different stages of its activity. The former has always been
recognised; the latter less than it deserves.
Many have been the
definitions given by psychologists of the essence of consciousness. One of the most acute and emphatic of all is
that of Ulrici, who in his Leib
und Seele and elsewhere exactly reverses the
formula of the reigning British school, by calling consciousness a discriminating
activity -- an Unterscheidungsvermgen. But
even Ulrici does not pretend that consciousness
creates the differences it becomes aware of in its objects. They pre-exist and consciousness only
discerns them; so that after all Ulrici's definition
amounts to little more than saying that consciousness is a faculty of cognition
-- a rather barren result. I think we
may go farther and add that the powers of cognition, discrimination and
comparison which it possesses, exist only for the sake of something beyond
themselves, namely, Selection. Whoever
studies consciousness, from any point of view whatever, is ultimately brought
up against the mystery of interest and selective attention. There [p. 9] are a great many things which consciousness is

in a passive and receptive way by its cognitive and registrative
powers. But there is one thing which it does, su sponte, and which seems an original peculiarity
of its own; and that is, always to choose out of the manifold experiences
present to it at a given time some one for particular accentuation, and to
ignore the the [sic]
rest. And I shall now show how, from its
simplest to its most complicated forms; it exerts this function with
unremitting industry.
To begin at the
bottom, even in the infra-conscious region which Mr. Spencer says is the lowest
stage of mentality. What are our senses themselves but organs of
selection? Out of the infinite chaos of
movements, of which physics teaches us that the outer world consists, each
sense-organ picks out those which fall within certain limits of velocity. To these it responds, but ignores the rest as
completely as if they did not exist. It
thus accentuates particular movements in a manner for which objectively there
seems no valid ground; for, as Lange says, there is no reason whatever to think
that the gap in nature between the highest sound-waves and the lowest
heat-waves is an abrupt break like that of our sensations, or that the
difference between violet and ultra-violet rays has anything like the objective
importance subjectively represented by that between light and darkness. Out of what is in itself an
undistinguishable, swarming continuum, devoid of distinction or
emphasis, our senses make for us, by attending to this motion and ignoring
that, a world full of contrasts, of sharp accents, of abrupt changes, in a
word, of picturesque light and shade.
If the sensations we
receive from a given organ have their causes thus picked out for us by the
conformation of the organ's termination, the attention, on the other hand, out
of all the sensations yielded, picks out certain ones as worthy of its notice
and suppresses all the rest; Helmholtz's immortal
work on Physiological Optics is little more than a study of those visual
sensations of which common men never become aware -- blind spots, muscae volitantes, after-images,
irradiation, chromatic fringes, marginal changes of colour, double images,
astigmatism, movements of accommodation and convergence, retinal rivalry, and
more besides. We do not even know, as Professor William B. Rogers pointed out,
on which of our eyes an image falls, until trained to notice the local sensation. So habitually over-looked is this by most men that one may be blind for years of a
single eye and not know it.[6][p.
10]
Helmholtz says we only use our sensations as signs. The
sensations from which we avert our attention are those which are valueless as
tokens of the presence of objective things. These things are called the
Objects of perception. But what are they? Nothing, as it seems to me,
but groups of coherent sensations. This
is no place to criticise Helmholtz's treatment of
perception, but I may say, in passing that I think his rather indefinite and
oracular statements about the part played by the intellect therein have
momentarily contributed to retard psychological
inquiry. We find the Kantian
philosophers everywhere hailing him as the great experimental corroborator of
their master's views. They say he has
proved the present sensation to have nothing to do with the construction of the
Object that is an original act of the intellect which the sensation merely
instigates but does not furnish forth: it contains ultra-sensational
elements. All that Helmholtz

really does prove is, that the so-called Object is constituted of absent
sensations. What he has not
explicitly noticed is, that among these the mind picks out certain particular
ones to be more essential and characteristic than the rest. When, for example, on getting a peculiar
retinal sensation with two acute and two obtuse angles, I perceive a
square table-top, which thus contradicts my present image; what is the squarenessbut one out of an infinite number
of possible retinal sensations which the same object may yield? From all these the mind, for sthetic
reasons of its own, has singled out this one and chosen to call it the object's
essential attribute? Were room here
given, I think it might be shown that perception involves nothing beyond association and selection. The antithesis is not, as Helmholtz's

admirers would have it, between sensations on the one hand as signs and
original intellectual products, materially different from [p. 11] sensations on
the other, as Objects. It is between
present sensations as signs and certain absent sensations as Objects, these
latter being moreover arbitrarily selected out of a large number as being more
objective and real than the rest. The
real form of the circle is deemed to be the sensation it gives when the line of
vision is perpendicular to its centre -- all its other sensations are signs of
this sensation. The real sound of the
cannon is the sensation it makes when the ear is close by. The real colour of the brick. is the sensation
it gives when the eye looks
squarely at it from a near point, out of the sunshine and yet not in the gloom;
under other circumstances it gives us other colour-sensations which are not
signs of this -- we then see it
looks pinker or blacker than it
really is. The reader knows no object
which he does not represent to himself by preference as in some typical
attitude, of some normal size, at some characteristic

distance, of some standard tint, &c., &c. But all these essential characteristics,
which together form the genuine objectivity of the thing and are contrasted
with the subjective sensations we may happen to get from it at a given moment, are themselves sensations pure and
simple, susceptible of being fully
given at some other moment. The
spontaneity of the mind does not consist in conjuring up any new
non-sensational quality of objectivity.
It consists solely in deciding what the particular sensation shall be whose native objectivity shall be held more valid than that of all
the rest.[7]
Thus perception
involves a twofold choice. Out of all present
sensations, we notice mainly such as are significant of absent ones: and out of
all the absent associates which these suggest, we again pick: out a very few to
be the bearers par excellence
of objective reality. We could have no more exquisite
example of the mind's selective industry.
That industry goes
on to deal with the objects thus given in perception. A man's Empirical Thought depends on the
objects [p. 12] and events he has experienced, but what these shall be is to a
large extent determined by his habits of attention. An object may be present to him a thousand
times, but if he persistently fails to notice it, it cannot be said to enter
into his experience. We are all seeing flies, moths, and 'beetles by the
thousand, but to whom, save an entomologist,
do they say anything distinct? On the other hand, an object met only once in a
life-time may leave an indelible experience in the memory. Let four men make a tour in Europe. One will
bring home only picturesque impressions-costumes and colours, parks and views
and works of architecture, pictures and statues. To another all this will be
non-existent; and distances and prices, populations and drainage-arrangements,
door- and window-fastenings, and other useful statistics will take their place A third will
give a rich account of the theatres, restaurants, and public balls, and naught beside; whilst the fourth will
perhaps have been so wrapped in his own subjective broodings as to tell little
more than a few names of places through which he passed. Each has selected, out
of the same mass of presented objects, those which suited his private interest
and has made his experience
thereby.
If, now, leaving the
empirical combination of objects, we ask how the mind proceeds rationally to
connect them we find selection again to be omnipotent. In an article on "Brute and Human
Intellect " in the Journal of Speculative Philosophy, July 1878, p.
236 I have tried to show that
all Reasoning depends on the ability of the mind to break up the totality of
the phenomenon reasoned about into partial factors or elements, and to pick out
from among these the particular one which, in our given theoretical or
practical emergency, may lead to the proper conclusion. Another predicament will need another conclusion,
and require another element to be picked out.
The man of genius is he who will always stick-in his bill, as it were,
at the right point, and bring it out with the right element --
"reason" if the emergency be theoretical, "means" if it be practical-transfixed
upon it? Association by similarity I have shown to be an important help to
this breaking-up of represented things into their elements. But this association is only the minimum of
that same selection of which picking out the right reason is a maximum. I here confine myself to this brief
statement, but it may suffice to show that Reasoning is but another form of
that selective activity which appears to be the true sphere of mental
spontaneity.
If now we pass to
the sthetic activity of the mind, the application of our law is still more
obvious. The artist notoriously selects
his items, rejecting all tones, colours, shapes, which do not harmonise with
each other and with the main purpose of [p. 13] his work. That unity, harmony, "convergence of characters,"
as M. Taine calls it, which gives to works of art
their superiority over works of nature, is wholly due to elimination. Any
natural subject will do, if the artist has wit enough to pounce upon some one
feature of it as characteristic, and suppress all merely accidental items which
do not harmonise with this.
Ascending still higher we
reach the plane of Ethics, where choice reigns notoriously supreme. An
act has no ethical quality whatever unless it be chosen out of several all
equally possible. To sustain the
arguments for the good course and keep them ever before us, to stifle longing
for more flowery ways, to keep the foot unflinchingly on the arduous path,
these are characteristic ethical energies.

But, more than these; for these but deal with the means of compassing
interests already felt by the man to be supreme. The ethical energy par excellence has to go farther and choose which
interest out of several equally coercive shall become supreme. The issue here is of the utmost
pregnancy, for it decides a man's entire career. When he debates, Shall I
commit this crime? choose that profession? accept that office, or marry this
fortune? -- his choice really
lies between one of several equally possible future Selves. What his entire empirical Ego shall
become, is fixed by the conduct of this moment.
Schopenhauer, who enforces his determinism by the argument that with a
given fixed character only one reaction is possible under given circumstances,
forgets that, in these critical ethical moments, what consciously seems to
be in question is the very complexion of the character. The problem with the man is less what act he
shall now choose to do, than what kind of a being he shall now resolve to become.
Looking back then
over this review we see that the mind is at every stage a theatre of
simultaneous possibilities.
Consciousness consists in the comparison of these with each other, the
selection of some, and the suppression of the rest by the reinforcing and inhibiting
agency of attention. The highest and
most elaborated mental products are filtered from the data chosen by the
faculty next beneath out of the mass offered by the faculty below that, which
mass in turn was sifted from a still larger amount of yet simpler material, and
so on. The highest distillate thus represents
in the last analysis nothing but sensational elements. But this is far from
meaning that it implies nothing but passive faculty of sensation. As well
might one say that the sculptor is passive, because the statue stood from eternity
within the stone. So it did, but with a
million different ones beside it. The
world as a Goethe feels and knows it all lay embedded in the primordial chaos
of sensations, [p. 14] and into these elements we may analyse back every
thought of the poet. We may even, by our

reasonings, unwind things back to that black and jointless continuity of space and moving clouds of swarming
atoms which science calls the only real world.
But all the while the world we feel and live in, will be that which our
ancestors and we, by slowly cumulative strokes of choice, have extricated out
of this, as the sculptor extracts his statue by simply rejecting the other
portions of the stone. Other sculptors,
other statues from the same stone! Other minds, other worlds from the same
chaos! Goethe's world is but one in a
million alike embedded, alike real to those who may abstract them. Some such
other worlds may exist in the consciousness of ant, crab and cuttle-fish.

After this perhaps
too long analysis let us now look back. We have found that the unaided action
of the cerebral hemispheres would probably be random and capricious; that the nerve-process
likely to lead to the animal's interests would not necessarily predominate at a
given moment. On the other hand, we have found that an impartial consciousness
is a non-entity, and that of the many items that ever occupy our mental stage
Feeling always selects one as most congruous with the interests it has taken
its stand upon. Collating these two
results, an inference is unavoidable. The "items" on the mental stage
are the subjective aspects of as many nerve-processes, and in emphasising the representations
congruous with conscious interest and discouraging all others, may not
Attention actually reinforce and inhibit the nerve-processes to which the
representations severally correspond?
This of course is
but a hypothetical statement of the verdict of direct personal feeling -- a
verdict declared mendacious by Professor Clifford. But the intricate analysis by which it has been
reached gives it great plausibility. I
shall strengthen the probability by further facts in a moment. But I beg the reader to notice here the
limitations of the power of Feeling, if power there be. All the possibilities of representation, all
the images are furnished by the brain.

Consciousness produces nothing, it only alters the proportions. Even the miraculous action of free will can
only consist in the quantitative reinforcement of representations already given
qualitatively. A sonorous plate has no
proper note of its own. It is most
impossible by scraping it to reproduce twice an identical tone. The number of Chladni's
sand-figures it will furnish is as inexhaustible as the whimsies which may turn
up in a brain. But as the physicist's
finger pressing the plate here or there determines nodal points that throw the
sand into shapes of relative fixity, [p.
15] so may the accentuating finger of consciousness deal with the fluctuating
eddies in the cerebral cortex.
That these eddies
are stirred by causes that have no connection with either dominant interests or
present impressions seems manifest from the phenomena of dreaming. The chaotic imagery there appears due to the
unequal stimulus of nutrition in different localities. But if an accidental variation in nutrition
is sufficient to determine the brain's action, what safeguard have we at any time against its random
influence? It may of course be reasonably objected that the exceptional state
of sleep can afford no proper clue to the brain's operations when awake. But Maury in his
classic work, Le Sommeil, has conclusively
proved the passage of dreams through "hypnagogic

hallucinations" into that meteoric shower of images and suggestions,
irrelevant to the main line of thought, the continual presence of which every
one who has once had his interest awakened in the subject, will without
difficulty recognise in himself.
Ordinarily these perish in being born, but if one by chance saunters into the mind, which is
related to the dominant pursuit of the moment, presto! it is pounced upon
and becomes part of the empirical Ego.
The greatest inventions, the most brilliant thoughts often turn up
thus accidentally, but may mould for all that the future of the man. Would they
have gained this prominence above their peers without the watchful eye of
consciousness to recognise their value and emphasise them into permanence?

Nur allein der Mensch
Vermag das Unmgliche.
Er unterscheidet, whlet und richtet,
Er kann dem augenblick
Dauer verleihen.[*]

The hypothesis we
are advocating might, if confirmed, considerably mitigate one of the strongest
objections to the credibility of the Darwinian theory. A consciousness which should not only
determine its brain to prosperous courses, but also by virtue of that
hereditary influence of habit (nowadays
so generally believed in by naturalists) should organise from generation to
generation a nervous system more and more mechanically incapable of wandering
from the lines of interest chosen for it at first, would immensely shorten the
time and labour of natural selection.
Mr. Darwin regards animated nature as a sort of table on which dice are
continually being thrown. No intention presides over the throwing, but lucky
numbers from time to time fortuitously turn up and are preserved. If the
ideas we have advanced concerning the instability of a complicated cerebrum be
true, we should have a sort of extension of this reign of accident into the
functional life of [p. 16] every individual animal whose brain had become
sufficiently evolved. As his body
morphologically was the result of lucky chance, so each of his so-called acts
of intelligence would be another; and ages might elapse before out of this
enormous lottery-game a brain should emerge both complex and secure. But give
to consciousness the power of exerting a constant pressure in the direction of
survival, and give to the organism the power of growing to the modes in which
consciousness has trained it, and the number of stray shots is immensely
reduced, and the time proportionally shortened for Evolution. It is, in fact,
hard to see how without an effective superintending ideal the evolution of so
unstable an organ as the mammalian cerebrum can have proceeded at all.
That consciousness should
only be intense when nerve-processes are retarded or hesitant, and at its
minimum when nerve-action is rapid or certain, adds colour to the view that it
is efficacious. Rapid, automatic action
is action through thoroughly excavated nerve-tracks which have not the defect
of uncertain performance. All instincts
and confirmed habits are of this sort. But when action is hesitant there always
seem several alternative possibilities of nervous discharge. The feeling awakened lay the nascent
excitement of each nerve-track seems by its attractive or repulsive quality to
determine whether the excitement shall abort or shall become complete. Where indecision is great, as before a dangerous leap,
consciousness is agonisingly intense.
Feeling, from this point of view, may be likened to a cross-section of
the chain of nervous discharge, ascertaining the links already laid down, and
groping among the fresh ends presented to it for the one which seems best to
fit the case.
The remarkable
phenomena of "vicarious function"
in the nervous centres form another link in our chain of circumstantial
evidence. A machine in working order
functions fatally in one way. Our
consciousness calls this the right way. Take out a valve, throw a wheel out of
gear or bend a pivot, and it becomes a different machine, functioning just as
fatally in another way which we call the wrong way. But the machine itself
knows nothing of wrong or right: matter has no ideals to pursue. A locomotive will carry its train through an
open drawbridge as cheerfully as to any other destination.
A brain with part of
it scooped out is virtually a new machine, and during the first days after the
operation functions in a thoroughly abnormal manner. Why, if its performances
blindly result from its structure, undirected by any feeling of purpose, should
it not blindly continue now to throw off inappropriate acts just as before its
mutilation it produced appropriate ones? As a matter of fact, however, its
performances become from day [p. 17] to day more normal, until at last a
practised eye may be needed to suspect anything wrong. If we suppose the
presence of a mind, not only taking cognisance of each functional error,
but able to exert an efficient pressure to inhibit it if it be a sin of
commission, to lend a strengthening-hand if the nerve-defect be a weakness or
sin of omission,-- nothing seems more natural than that the remaining parts of
the brain, assisted in this
way, should by virtue of the principle of habit grow back to the old
teleological modes of exercise for which they were at first incapacitated. Nothing, on the contrary, seems at first
sight more unnatural than that they should vicariously take up the duties of a
part now lost without those duties as such exerting any persuasive or coercive
force.[8]
There is yet another
set of facts which seem explicable by the supposition that consciousness has
causal efficacity. It has long been noticed that
pleasures are generally associated with
beneficial, pains with detrimental, experiences. All the fundamental vital processes
illustrate this law. Starvation, suffocation, privation of food, drink and sleep, work when exhausted, burns,
wounds, inflammation, the effects of poison, are as disagreeable as filling the
hungry stomach, enjoying rest and sleep after fatigue, exercise after rest, and
a sound skin and unbroken bones at all times, are pleasant. Mr. Spencer, in the
chapter of his Psychology entitled "Pleasures and Pains," has suggested that these
coincidences are due, not to any pre-established harmony, but to the mere
action of natural selection which would certainly kill off in the long run any
breed of creatures to whom the fundamentally noxious experience seemed
enjoyable. An animal that should take
pleasure in a suffocation would, if that pleasure were efficacious make him
immerse his head in water, enjoy a longevity of four or five minutes. But if pleasures and pains have no efficacity, one does not see (without some such [sic] priori rational harmony as would be scouted by the "scientific"
champions of the Automaton-theory) why
the most noxious acts, such as burning, might not give a thrill of delight, and
the most necessary ones, such as breathing, cause agony.[9] The exceptions to this law [p. 18] are, it is
true, numerous, but relate to experiences that are either not vital or not
universal. Drunkenness, for instance,
which though noxious is to many persons delightful, is a very exceptional
experience. But, as the excellent physiologist

Fick remarks, if all rivers and springs ran
alcohol-instead of water, either all men would hate it or our nerves would have
been selected so as to drink it with impunity.
The only very considerable attempt, in fact, that has ever been made to
explain the distribution of our feelings is that of Mr. Grant Allen in
his suggestive little work Physiological sthetics; and his reasoning is
based exclusively on that causal efficacity of
pleasures and pains which the "double-aspect" partisans so strenuously
deny.
Thus, then, from
every point of view the circumstantial
evidence against that theory is very strong. A priori

analysis of both brain and conscious action shows us that if the latter
were efficacious it would, by its selective emphasis, make amends for the
indeterminateness of the former; whilst the study it [sic] posterioriof the distribution
of consciousness shows it to be exactly such as we might expect in an organ
added for the sake of steering a nervous system grown too complex to regulate itself.
The conclusion that it is useful is, after all this, more than
justifiable. But, if it is useful,
it must be so through its efficaciousness, and the Conscious-Automaton-theory must succumb to the theory of Common
Sense. 
Our discussion might
fairly stop here save for the possible difficulty some readers may have in
appreciating the full utility of having certain nervous possibilities
emphasised above the rest. The measure
of all utility is, as we have seen, some standard posited by Desire. The standard of survival or self-preservation
is most potent. But there exist a host
of other standards, aesthetic and moral, imperative so long as they do not
conflict with this one and sometimes imperative over this one. In the preliminary selection by the senses of
certain objective orders of movement, it is difficult to see what standard [p.
19] is subserved. The utility of not
having a sense for magnetism when we have one for heat, is not obvious. We may
at most suspect a possible sthetic brightness and clearness to result, from
the wide intervals. But passing by this obscure region we see without the least difficulty why
we ignore those ingredients of sensation which are not signs of things. What
the peculiarity is in itself which makes Smith's voice so different from Brown's,we need never inquire so long as whenever we hear
it we say, "There is
Smith". For our practical interest in recognising whom we have to deal
with outweighs our interest in the shades of sound per se. The selection
again of certain attitudes, expressions, &c., in Smith, to stand as
characteristic of him so that when others are present we say, "He does not
look like himself," and if he is sitting to us for his portrait we spend
an hour perhaps in placing him and lighting him so as to bring out with the
utmost clearness these selected traits -- this selection, I say, is equally explicable by various
sthetic standards, permanency simplicity, harmony, clearness, and the
like. Passing now from traits to things,

the utility of selection is obviously created and measured by the interests
the man has made his own. If Edward never walks out without finding a
four-leafed clover, while Oliver dies of old age without having seen one, this
is merely due to the fact that Edward has somehow been led to stake his
happiness on that particular branch of discovery, and out of a visual field identical
with that of Oliver has picked the details that minister to this somewhat
arbitrary interest. Granted the
interest, we cannot deny the use of the picking-out power. That Edward, having this interest in common
with many others, should finally succeed in emphasising certain of those others
and suppressing this, would be an example of the utility of selection in the
ethical field, supposing always that the new interest chosen were of a higher
order and not, like making puns, for example, as trivial an end as the one
forsaken.
In the ethical field
the importance of choosing one's paramount interest is universally recognised.
But it is not so
commonly known how, when the
interest is once fixed upon,
the selective activity must ceaselessly work to detect its presence or absence
in each emergency that turns up. Take,
for example, an inebriate struggling with temptation. The glass is before him, and the act of drinking
has an infinity of aspects and may be defined in as many ways. If he selected the aspect of its helping him
to write an article, of its being only lager-beer, of its being the fourth of
July, of his needing it as medicine, of his
never having formally signed the pledge of this particular drink
"not counting," or else of its giving him the strength to make a much
more powerful resolution for the future than any of his [p. 20] previous ones, or whatever other sophistries his
appetite may instigate, he does
but accentuate some character really contained in the act, but needing this
emphasising pressure of his attention to be erected into its essence. But if, out of all the teeming suggestions
with which the liquor before him inspires his brain, respectively saying,
"It is a case of this good, of that interest, of yonder end," his
mind pounces on one which repeats, "It

is essentially a case of
drunkenness!" and never lets that go, his stroke of
classification becomes his deed of virtue.
The power of choosing the light name for the case is the true moral
energy involved, and all who posit moral ends must agree in the supreme utility
of, at least, this kind of selective attention.
But this is only one
instance of that substitution for the entire phenomenon of one of its partial
aspects which is the essence of all reasoned thought as distinguished from mere
habitual association. The
utility of reasoned thought is too enormous to need demonstration. A reasoning animal
can reach its ends by paths on which the light of previous experience has never
shone. One who, on the contrary, cannot
break up the total phenomenon and select its essential character must wait till
luck has already brought it into conjunction with his End before he can guess
that any connexion obtains between the two.
All this is elaborated in the article "On Brute and Human
Intellect" to which I have ventured to refer the reader. In that article (p. 274) I stated that I had found it
impossible to symbolise by any mechanical or chemical peculiarity that tendency
of the human brain to focalise its activity on small points which seems to
constitute the essence of its reasoning power.
But if such focalisation be really due not so much to structural
peculiarity as to the emphasising power of an efficacious consciousness
superadded, the case need no longer perplex us.
Of course the
materialist may still say that the emphasised attention obeys the strongest
vibration and does not cause it, that we will what we do, not do what we will,
-- that, in short, interest is passive and at best a sign of strength of
nerve-disturbance. But he is immediately confronted by the
notorious fact that the strongest tendencies to automatic activity in the
nerves often run most counter to the selective pressure of consciousness. Every day
of our lives we struggle to escape some tedious tune or odious thought
which the momentary disposition
of the brain keeps forcing upon us. And,
to take more extreme cases, there are murderous tendencies to nervous discharge
which, so far from involving by their intensity the assent of the will, case
their subjects voluntarily to repair to asylums to escape their dreaded
tyranny. In all these cases of voluntas paradoxa or

invila, the individual selects out of
the two possible selves [p. 21] yielded by his cerebral powers one as the true Ego;
the other he regards as an enemy until at last the brain-storm becomes too
strong for the helmsman's power. But
even in the depths of mania or of drunkenness the conscious man can steady
himself and be rational for an instant if a sufficient motive be brought to
bear. He is not dead, but sleepeth.

I should be the last
to assert that the Common-Sense-theory leaves no difficulties for
solution. I feel even more strongly than
Professors Huxley and Clifford that the only rational nexus is that of
identity, and that feeling and nerve-tremor are disparate. I feel too that those who smile at the idea
of calling consciousness an "organ," on a par with other organs, may
be moved by a fundamentally right instinct. And I moreover feel that that
unstable equilibrium of the cerebrum which forms the pivot of the argument just
finished may, with better knowledge, be found perfectly compatible with an
average appropriateness of its actions taken in the long run. But with all these concessions made, I still
believe the Common-Sense-theory to merit our present credence. Fragmentary probabilities supported by the
study of details are more worthy of trust than any mere universal conceptions,
however tempting their simplicity. Science has won all her credit by the former
kind of reasoning, Metaphysics has lost hers by the latter. The impossibility of motion, of knowledge,
either subjective or objective, are proved by arguments as good as that which
denies causality to feeling, because of its disparity with its effects. It is

really monstrous to see the prestige of "Science"
invoked for a materialistic conclusion, reached by methods which, were they
only used for spiritualistic ends, would be booted at as antiscientific in the
extreme. Our argument, poor as it is,
has kept at any rate upon the
plane of concrete facts. Its circumstantial
evidence can hardly be upset until the Automaton-theorists shall have
condescended to make or invoke some new discoveries of detail which shall
oblige us to reinterpret the facts we already know. But in that case I feel
intimately persuaded that the reinterpretation will be so wide as to transform
the Automaton-theory as thoroughly as the popular one. The Automaton-theory in its present state
contents itself with a purely negative deliverance. There is a chasm, it says, between feeling
and act. Consciousness is impotent. It exists, to be sure, but all those manners

of existence which make it seem relevant to our outward life are mere meaningless coincidences,
inexplicable parts of the general and intimate irrationality of this disjointed
world. What little continuity and reason
there seems to be, it says, lies wholly in the field of molecular physics. [p.
22] 
Thither Science may
retreat and hump her strong back against the mockeries and phantasms that
people the waste of Being around. Now the essence of the Common-Sense-theory, I
take it, is to negate these negations.
It obstinately refuses to believe Consciousness irrelevant or
unimportant to the rest. It is there for
a purpose, it has a meaning But as all
meaning, relevancy and purpose are symbolised to our present intelligence in
terms of action and reaction and causal efficacy, Common Sense expresses its
belief in the worth of Feeling by refusing to conceive of it out of these
relations. When a philosophy comes
which, by new facts or conceptions, shall show how particular feelings may be
destitute of causal efficacy without the genus Feeling as a whole becoming the
sort of ignis fatuus

and outcast which it seems to be to-day to so many "scientists"
(loathly word!), we may hail Professors Huxley and Clifford as true prophets.
Until then, I hold that we are incurring the slighter error by still
regarding our conscious selves as actively combating each for his interests in
the arena and not as impotently paralytic spectators of the game.
Wm. James.




Footnotes
[1] Fortnightly
Review, Vol. XVL, p. 555.
[2] Ibid., p. 714.
[3]
Vol. 1., pp. 416 .ff.
[4] I
have treated this matter of teleology being an exclusively conscious function
more at length in an article on "Spencer's Definition of Mind" (Journal of Speculative Philosophy,
Jan., 1878), to which I take the liberty of referring the reader. The fact that each consciousness simply stakes its ends and challenges
the world thereby is most conspicuous in the ease of what is called Self-love.
There the end staked by each mind is peculiar to itself, whilst in respect of
other ends many minds may unite
in a common position. But m their psychological essence these impersonal ends
in no wise differ from self-interest.

Abolish the minds to whom they seem good and they have no status; any
more than the categorical imperative that perish who may John
Smith must wax fat and prosper, has a ratio existendi after Smith's peculiar lusts have
been annihilated.
[5]
Neither 'association' nor 'dissociation' is synthesis of a peculiar kind; they
are mere generic modes, and are wholly unfit to serve as differentiae of
psychical phenomena in any general philosophical classification. Comparison and choice, on the contrary, are
each sui generis.

Let it not be said that a magnet compares the different filings in a
machine-shop to choose the iron filings from the heap. There is no proof that the brass filings appeal to it at an. In comparison, both terms equally appeal
to consciousness.
[6]
If one cared to indulge in [sic] priori constructions [sic]

la Spencer one might easily show how the differentiation of sense-organs
arose in the primitive polyp through this reinforcement by' a selective
attention (supposed efficacious) of particular portions of the feeling yielded
by an organ already nascent. The
integument of the animal might, for instance, at first be affected both by
light-vibrations and by those far below them. But if the former were picked out
by the consciousness as most interesting, the nervous movements world soon grow
more and more harmonious with them, and
more and more out of tune with the rest. Anoptic nerve and retina would
thus result. One might corroborate this
reasoning by pointing to what happens in cases of squint. The squinting eye gives double images which
are so inconvenient that the mind is forced to abstract its attention from
them. This resolute refusal to attend to
the sensations of one eye soon makes it totally blind. It would seem, indeed,
that the attention positively suppressed the function of the retina, for the
presence of cataract which keeps the image from It altogether, results in no
such paralysis. I do not insist on this
point, partly because such speculation is rather cheap -- "all may raise
the flowers now, for all have got the seed" -- and partly because there
seems some reason to doubt whether the usually received explanation of strabismic blindness be correct.
[7] When I say Objects are wholly formed of associated and selected sensations, I hope the reader will not understand me to profess adhesion to
the old atomic doctrine of association, so thoroughly riddled of late by
Professor Green. The association of
sensations of which I speak,
presupposes comparison and memory which are functions not given in any one
sensation. All I mean is, that these mental functions
are already at work in the first beginnings of sensation and that the simplest
changes of sensation moreover involve consciousness of all the categories --
time, space, number, objectivity,causality. There is not first a passive act of sensation
proper, followed by an active production or projection ("inference")
of the attributes of objectivity by the mind.

These all come to us together with the sensible qualities, and their
progress from vagueness to distinctness is the only process psychologists have
to explain. What I mean to say in the text is, that this process involves nothing
but association and selection, all new production of either material or formal
elements being denied.
[*]
Classics Editor's note:
Only man [the human]
is able to accomplish the impossible.
He distinguishes,
chooses, and judges,
And he can give
permanence to the moment.
(Translation
courtesy of Thomas Teo, York University)
[8]
This argument, though so striking at first eight, is perhaps one which it would
he dangerous to urge too dogmatically. It may be that restitution of cerebral
function is susceptible of explanation on drainage-principles, or, to use Stricker's phrase, by "collateral innervation".
As I am preparing a separate essay on this subject, I will say no more about
the matter here.
[9] I
do not overlook an obvious objection suggested by such an operation as
breathing. It, like other motor
processes, results from a tendency to nervous discharge. When this takes place
immediately, hardly any feeling but the rather negative one of ease results.
When, however, a nervous discharge is checked it is a universal law that consciousness of a disagreeable kind
is awakened, reaching in the case of suffocation the extremity of agony. An
Automatist may then say that feeling here, so far from playing a dynamic part, is a mere passive index or symptom of
certain mechanical happenings; and if here, then elsewhere. It may be replied
that even were this true of completely habitual acts like breathing where the
nervous paths have been thoroughly organised for generations, it need not be
true of hesitant acts not yet habitual; it need not be true of pains and
pleasures, such as hunger and sleep, not connected with motor discharge;
and even in the instance chosen it leaves out the possibility that the nervous
mechanism, now automatically perfect, may have become so by slowly organised
habit acquired under the guidance of conscious feeling.



Source: https://www.informationphilosopher.com/solutions/philosophers/james/are_we_automata.html
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Bain and Renouvier*
The Nation, vol.22 (June 8, 1876) pp.367-69  


PHILOSOPHY and psychology are such difficult studies that most of us
may be said to read in the works of philosophers rather than to read
them. We like, as it were, physically to rub our minds against the abstract
problems in their pages; we enjoy the glimpses we get of their solution;
but we grasp nothing but the concrete illustrations by the way and the
explanations of debits the author may give us. Accordingly, the more
fertile a philosopher is in these, the more popular he will become. The two philosophers of indubitably the widest influence in England and. America since Mill's death are Messrs. Bain and Spencer, who have little in common except the tendency to explain things by physical reasons as much as possible, and this abundance of illustrative fact; whilst Mr. Hodgson, a writer in our opinion vastly more thorough and original than either, is unread and unknown because in his books the concatenation of the thoughts is everything, and the illustrative instances subordinate. The thoroughness of the descriptive part of Bain's treatises, and the truly admirable sagacity of many of the psychological analyses and reductions they contain, has made them deservedly classical. It seems hardly worth while to devote our space to giving an account of the third edition of one of them, for every one interested in psychology must read the originals themselves. We propose, therefore, merely to use Mr. Bain for the purpose of giving greater relief to the merits of a French philosopher, Renouvier, who seems as yet unknown to English readers, but who has given to the philosophy which Bain represents a form in our opinion far more clear, perfect, and consistent than has been attained by any English writer.

For Bain is not only a psychologist proper, does not merely describe mental facts as items in the inventory of nature, but also speculates about nature as a whoie. The fault we find in him in this capacity is his fragmentariness and consequent inconsistency. Fragmentariness — the willingness to settle only so much of a subject at a time as is practically needful — has become such a tradition in the history of the British mind, that philosophers who, like Spencer, are thoroughly systematic and constructive in their form, are viewed with suspicion and dislike on that very account by many minds of Anglo-Saxon type. This is surely a vicious extreme, for the very impulse to which philosophies owe their being is the craving for a consistent completeness; and every powerful attempt to rear a thorough system of thought has an intellectual style about it which is, aesthetically considered, to say the least, far nobler than the slouchy dumping of materials to which Mr. Bain treats us.


The most important of these fragmentary British contributions to philosophy are the criticisms and negations called nominalism and nihilism. Together they form the positivism, empiricism, or phenomenalism which within a certain sphere are so congenial to the Anglo-Saxon mind. They assert that nothing has reality except actual particular facts. Such noumenal substances as matter, nature, power, are admitted alike by metaphysics and by popular philosophy or common-sense; but criticism scrutinizes them only to proclaim that they are absolutely void of meaning except as names descriptive of particular phenomena. Describe these completely, and you have named all there is. If the particulars will happen just so each time, the assumption of a "substance" to produce them is mere image-worship — a fifth wheel to a coach. Accordingly, the school of Mill and Bain regard the world as a mere sum of separate phenomena or representations which habitually group themselves into certain orders, with which we grow more or less familiar, and which consequently seem more or less rational and necessary. To account, for the particular habits of grouping, or "laws" of nature and of mind, is on this theory the next problem. The English school has always tried more or less to evade this part of the subject, and, reducing the principles of grouping to as small a number as possible (e.g., space and causality to time), it has treated what remained in a hazy sort of manner, as not worthy of such attention anyhow. M. Renouvier's polemic against the metaphysical notions of Substance, of Infinite in existence, and of abstract ideal seems to us more powerful than anything which has been written in English; but he differs from his English allies in giving as great an emphasis to the laws of grouping as to the phenomena grouped. The laws are for him equally with the phenomena absolute and distinct. In fact, a "phenomenon" apart from its group, law, or function is an inconceivable nonentity.


But his great point of divergence from Bain and Mill lies in his treatment of the problem of Freedom, and here, it seems to us, is shown the advantage of a systematically-thought philosophy over one fragmentarily fed from heterogeneous sources. We have no space to discuss the sources of the English prejudice in favor of psychical determinism. Every reader of Mill's 'Autobiography' will remember the striking passage in which he narrates the hypochondria which this doctrine produced in his youthful mind. It is the strongest proof of the essentially pious character of that mind that this inherited belief was clung to in spite of its not being called for by the rest of Mill's philosophic creed. For if any man may believe in free-will it is surely one who repudiates the notion of an infinite pre-existing substance from which "the remediless flux of existence" proceeds, and who denies that there is any real coerciveness in the relation of cause to effect. Both these denials were Mill's. M. Renouvier most justly insists that the only logical enemy of free-will is the doctrine of Substance or Pantheism. Spencer, for example, with his 'Unknowable,' is bound in honor to oppose it; but the opposition of Bain, who seems to hold to the ultimate distinctness of each phenomenon, and the ultimate inexplicability of their order of succession, can only be regarded as a caprice.



Renouvier at a stroke clears the question of a cloud of quibbles by stating it in simple phenomenal terms. For him it is merely a question as to the ambiguity of certain futures, those human acts, namely, which are preceded by deliberation. 

The future is open and ambiguous, depending on a "to and fro" of possibilities for volitions and actions


What are the phenomena here? A representation arises in a mind, but ere it can discharge itself into a train of action, it is inhibited by another which confronts it. This, on the point of discharging itself, is again checked by the first, which returns with a reinforced intensity, and so for a time the pendulum swings to and fro, till finally one or the other representation recurs with such a degree of reinforcement that the tumult ceases, and an act, a decision for the future, or the arrest of a passionate impulse takes place. This stable survival of one representation is called a volition. The whole question of its predetermination relates to the intensity of the degree of reinforcement with which the triumphant representation recurs. As a matter of fast, in critical cases (which are the only cases bearing on the question) this intensity is utterly unknown beforehand. 

We originate acts that exclude other potential acts


Is it potentially and essentially a knowable quantity? If not, our acts are in certain cases original commencements of series of phenomena, whose realization excludes other series which were previously possible. If so, tbey form part of an adamantine and eternal uniformity. But who shall decide? The argumentation of Bain that as a matter of fact men always do expect each other to act with predictable uniformity is — sit venia verbo - rubbish. It could never be urged by one who was not already on other grounds prejudiced in favor of determinism. In one of his earliest works, Helmholtz, who as well as any living man may claim to give voice to the seientific spirit, says that when the proximate causes of phenomena are alterable themselves, we must seek further for a cause of their alteration, and so on till we reach an unalterable principle.

"Now, whether causes,  [he continues], in reality, all events are to be carried back to such causes, whether nature be fully explieuble, or whether changes occur in it which do not fall under the law of necessary causality, and do consequently belong to the realm of freedom or spontaneity, cannot now be decided. It is, at all events, clear that a science whose object it is to understand nature must start with the assumption of her intelligibility, and conclude and enquire according to this assumption until it at last is forced by irrefutable facts to the admission of its own limitations."


The "assumption" of a fixed law in natural science is thus, according to this authority, an intellectual postulate, just as the assumption of an ultimate law of indetermination might be a moral postulate in treating of certain human deliberations. Is each assumption true in its sphere, or is determinism universal? Since no man can decide empirically, must one remain for ever uncertain, or shall one anticipate evidence and boldly choose one's side? Apart from the fact that doubt is practically impossible in certain cases which touch the conduct of life, doubt itself is an active state, one of voluntary inhibition or suspense. So that whichever plan one adopts, one's state is the result of other factors than pure receptivity of intelligence. The entire nature of the man, intellectual, affective, and volitional, is (whether avowedly or not) exhibited in the theoretic attitude he takes in such a question as this. And this leads M. Renouvier to a most vigorous and original discussion of the ultimate grounds of certitude, of belief in general, from which he returns to make his decision about this particular point. All yard-stick criteria of certitude have failed. Mr. Spencer's "inconceivability of the opposite" breaks down from the practical impossibility of unanimity in any given case. When the Philosopher of Evolution says we ought to find the opposite of his First Principles inconceivable and dubs us "pseudo" thinkers if we do not, be simply begs the question and appeals to the authority of his personal insight as against ours. Now, says Renouvier, such an appeal is at bottom inevitable so soon as we leave the narrow standing-point of the present moment in consciousnese (pyrrhonism). This latter alone is the aliquid inconcussum philosophers have sought; but it is barren. Beyond it everywhere is doubt.

"The radical sign of will, the essential mark of that achieved development which makes man capable of speculating on all things and raises him to his dignity of an independent and autonomous being, is the possibility of doubt. . . . The ignorant man doubts little, the fool still less, the madman not at all. . . . Certitude is not and cannot be an absolute condition. It is, what is too often forgotten, a state and an act of man . . . a state in which he posits his conscionsness, such as it is, and stands by it. Properly speaking, there is no certitude; all there is is men who are certain. . . Certitude is thus nothing but belief . . .a moral attitude."


Thus in every wide theoretical conclusion we must seem more or less arbitrarily to choose our side. Of course the choice may at bottom be predetermined in each ease, but also it may not. This brings us back to our theoretical dilemma about freedom, concerning which we must now bow to the necessity of making a choice; for suspense itself would be a choice, and a most practical one, since by it we should forfeit the possible benefits of boldly espousing a possible truth. If this be a moral world, there are cases in which any indecision about its being so must be death to the soul. Now, if our choice is predetermined, there is an end of the matter; whether predetermined to the truth of fatality or the delusion of liberty, is all one for us. But if our choice is truly free, then the only possible way of getting at that truth is by the exercise of the freedom which it implies. Here the act of belief and the object of belief coalesce, and the very essential logic of the situation demands that we wait not for any outward sign, but, with the possibility of doubting open to us, voluntarily take the alternative of faith. Renouvier boldly avows the full conditions under which alone we can be right if freedom is true, and says : "Let our liberty pronounce on its own real existence." It and necessity being alike indemonstrable by any quasi-material process, must be postulated if taken at all.

"I prefer to affirm my liberty and to it by means of my liberty.
. . .My moral and practical certitude begins logically by the certitude of my freedom, just as practically my freedom has always had to intervene in the constitution of my speculative certitude."


Others need not decide in the same way, but let them confess, if their way is determinism, that unless they deduce it a priori from the existence of a metaphysical substance, they choose it just as our author chooses his way, because on the whole they prefer it. This fast is usually unconsciously smuggled out of sight; but, concealed or expressed, it debars either side from protesting on grounds of logical method, or form of procedure, against the other. The protest must come from extra-logical considerations; and the ultimate decision of which side is right and which wrong shall only be reached ambolando or at the final integration of things, if at all. Of course, freedom thus carried into the very heart of our theoretic activity becomes the corner-stone of our author's philosophy, and by its use he thinks "the minimum of faith produces the maximum of result." 



Renouvier is the source for James's idea of ambiguous futures


Source: https://www.informationphilosopher.com/solutions/philosophers/james/bain_and_renouvier.html
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Does "Consciousness" Exist?
‘THOUGHTS’ and ‘things’ are names for two sorts of object, which common sense will always find contrasted and will
always practically oppose to each other. Philosophy, reflecting on the contrast, has varied in the past in her
explanations of it, and may be expected to vary in the future. At first, ‘spirit and matter,’ ‘soul and body,’ stood
for a pair of equipollent substances quite on a par in weight and interest. But one day Kant undermined the soul and
brought in the transcendental ego, and ever since then the bipolar relation has been very much off its balance. The
transcendental ego seems nowadays in rationalist quarters to stand for everything, in empiricist quarters for almost
nothing. In the hands of such writers as Schuppe, Rehmke, Natorp, Munsterberg — at any rate in his  earlier writings, Schubert–Soldern and others, the spiritual principle attenuates itself to a thoroughly
ghostly condition, being only a name for the fact that the ‘content’ of experience is known. It loses personal
form and activity — these passing over to the content — and becomes a bare Bewusstheit or Bewusstsein
uberhaupt of which in its own right absolutely nothing can be said.
I believe that ‘consciousness,’ when once it has evaporated to this estate of pure diaphaneity, is on the point of
disappearing altogether. It is the name of a nonentity, and has no right to a place among first principles. Those who
still cling to it are clinging to a mere echo, the faint rumor left behind by the disappearing ‘soul’ upon the air of
philosophy. During the past year, I have read a number of articles whose authors seemed just on the point of abandoning
the notion of consciousness,2 and substituting for it that of an absolute experience not
due to two factors. But they were not  quite radical enough, not quite daring enough in their
negations. For twenty years past I have mistrusted ‘consciousness’ as an entity; for seven or eight years past I have
suggested its non-existence to my students, and tried to give them its pragmatic equivalent in realities of experience.
It seems to me that the hour is ripe for it to be openly and universally discarded.
To deny plumply that ‘consciousness’ exists seems so absurd on the face of it — for undeniably ‘thoughts’ do exist —
that I fear some readers will follow me no farther. Let me then immediately explain that I mean only to deny that the
word stands for an entity, but to insist most emphatically that it does stand for a function. There is, I mean, no
aboriginal stuff or quality of being, contrasted with that of which material objects are made, out of which our
thoughts of them are made; but there is a function in experience which thoughts perform, and for the performance of
which this  quality of being is invoked. That function is knowing. ‘Consciousness’ is
supposed necessary to explain the fact that things not only are, but get reported, are known. Whoever blots out the
notion of consciousness from his list of first principles must still provide in some way for that function’s being
carried on.
2 Articles by Bawden, King, Alexander, and others. Dr. Perry is frankly over the
border
I
My thesis is that if we start with the supposition that there is only one primal stuff or material in the world, a
stuff of which everything is composed, and if we call that stuff ‘pure experience,’ the knowing can easily be explained
as a particular sort of relation towards one another into which portions of pure experience may enter. The relation
itself is a part of pure experience; one if its ‘terms’ becomes the subject or bearer of the knowledge, the
knower,3 the other becomes the object known. This will need much explanation before it
can be understood. The best way to  get it understood is to contrast it with the alternative view;
and for that we may take the recentest alternative, that in which the evaporation of the definite soul-substance has
proceeded as far as it can go without being yet complete. If neo-Kantism has expelled earlier forms of dualism, we
shall have expelled all forms if we are able to expel neo-kantism in its turn.
3 In my Psychology I have tried to show that we need no knower other than
the ‘passing thought.’ [Principles of Psychology, vol. I, pp. 338 ff.]
For the thinkers I call neo-Kantian, the word consciousness today does no more than signalize the fact that
experience is indefeasibly dualistic in structure. It means that not subject, not object, but object-plus-subject is
the minimum that can actually be. The subject-object distinction meanwhile is entirely different from that between mind
and matter, from that between body and soul. Souls were detachable, had separate destinies; things could happen to
them. To consciousness as such nothing can happen, for, timeless itself, it is only a witness of happenings in time, in
which it plays no part. It is, in a word, but the logical correlative of ‘content’ in an Experience of which the
 peculiarity is that fact comes to light in it, that awareness of content takes
place. Consciousness as such is entirely impersonal — ‘self’ and its activities belong to the content. To say that I am
self-conscious, or conscious of putting forth volition, means only that certain contents, for which ‘self’ and ‘effort
of will’ are the names, are not without witness as they occur.
Thus, for these belated drinkers at the Kantian spring, we should have to admit consciousness as an
‘epistemological’ necessity, even if we had no direct evidence of its being there.
But in addition to this, we are supposed by almost every one to have an immediate consciousness of consciousness
itself. When the world of outer fact ceases to be materially present, and we merely recall it in memory, or fancy it,
the consciousness is believed to stand out and to be felt as a kind of impalpable inner flowing, which, once known in
this sort of experience, may equally be detected in presentations of the outer world. “The moment we try to fix out
attention upon consciousness and to see what, distinctly, it is,” says a recent writer, 
“it seems to vanish. It seems as if we had before us a mere emptiness. When we try to introspect the sensation of blue,
all we can see is the blue; the other element is as if it were diaphanous. Yet it can be distinguished, if we
look attentively enough, and know that there is something to look for.”4 “Consciousness”
(Bewusstheit), says another philosopher, “is inexplicable and hardly describable, yet all conscious experiences have
this in common that what we call their content has a peculiar reference to a centre for which ‘self’ is the name, in
virtue of which reference alone the content is subjectively given, or appears. . . . While in this way
consciousness, or reference to a self, is the only thing which distinguishes a conscious content from any sort of being
that might be there with no one conscious of it, yet this only ground of the distinction defies all closer
explanations. The existence of consciousness, although it is the fundamental fact of psychology, can indeed be laid
down as certain, can be brought out by analysis, but can  neither be defined nor deduced from
anything but itself.”5
4 G.E. Moore: Mind, vol. XII, N.S., 1903, p.450.
5 Paul Natorp: Einleitung in die Psychologie, 1888, pp. 14, 112.
‘Can be brought out by analysis,’ this author says. This supposes that the consciousness is one element, moment,
factor — call it what you like — of an experience of essentially dualistic inner constitution, from which, if you
abstract the content, the consciousness will remain revealed to its own eye. Experience, at this rate, would be much
like a paint of which the world pictures were made. Paint has a dual constitution, involving, as it does, a menstruum
6 (oil, size or what not) and a mass of content in the form of pigment suspended therein.
We can get the pure menstruum by letting the pigment settle, and the pure pigment by pouring off the size or oil. We
operate here by physical subtraction; and the usual view is, that by mental subtraction we can separate the two factors
of experience in an  analogous way — not isolating them entirely, but distinguishing them enough
to know that they are two.
6 “Figuratively speaking, consciousness may be said to be the one universal
solvent, or menstruum, in which the different concrete kinds of psychic acts and facts are contained, whether in
concealed or in obvious form.” G.T.Ladd: Psychology, Descriptive and Explanatory, 1894, p.30.

II
Now my contention is exactly the reverse of this. Experience, I believe, has no such inner duplicity; and the
separation of it into consciousness and content comes, not by way of subtraction, but by way of addition — the
addition, to a given concrete piece of it, other sets of experiences, in connection with which severally its use or
function may be of two different kinds. The paint will also serve here as an illustration. In a pot in a paint-shop,
along with other paints, it serves in its entirety as so much saleable matter. Spread on a canvas, with other paints
around it, it represents, on the contrary, a feature in a picture and performs a spiritual function. Just so, I
maintain, does a given undivided portion of experience, taken in one context of associates, play the part of a knower,
of a state of mind, of ‘consciousness’; while in a different context the same undivided bit of experience plays the
part of a thing known, of  an objective ‘content.’ In a word, in one group it figures as a
thought, in another group as a thing. And, since it can figure in both groups simultaneously we have every right to
speak of it as subjective and objective, both at once. The dualism connoted by such double-barrelled terms as
‘experience,’ ‘phenomenon,’ ‘datum,’ ‘Vorfindung’ — terms which, in philosophy at any rate, tend more and more
to replace the single-barrelled terms of ‘thought’ and ‘thing’ — that dualism, I say, is still preserved in this
account, but reinterpreted, so that, instead of being mysterious and elusive, it becomes verifiable and concrete. It is
an affair of relations, it falls outside, not inside, the single experience considered, and can always be
particularized and defined.
The entering wedge for this more concrete way of understanding the dualism was fashioned by Locke when he made the
word ‘idea’ stand indifferently for thing and thought, and by Berkeley when he said that what common sense means by
realities is exactly what the philosopher means by ideas. Neither Locke  nor Berkeley thought his
truth out into perfect clearness, but it seems to me that the conception I am defending does little more than
consistently carry out the ‘pragmatic’ method which they were the first to use.
If the reader will take his own experiences, he will see what I mean. Let him begin with a perceptual experience,
the ‘presentation,’ so called, of a physical object, his actual field of vision, the room he sits in, with the book he
is reading as its centre; and let him for the present treat this complex object in the common-sense way as being
‘really’ what it seems to be, namely, a collection of physical things cut out from an environing world of other
physical things with which these physical things have actual or potential relations. Now at the same time it is just
those self-same things which his mind, as we say, perceives; and the whole philosophy of perception from
Democritus’s time downwards has just been one long wrangle over the paradox that what is evidently one reality should
be in two places at once, both in outer space and in a person’s mind. ‘Representative’  theories
of perception avoid the logical paradox, but on the other hand the violate the reader’s sense of life, which knows no
intervening mental image but seems to see the room and the book immediately just as they physically exist.
The puzzle of how the one identical room can be in two places is at bottom just the puzzle of how one identical
point can be on two lines. It can, if it be situated at their intersection; and similarly, if the ‘pure experience’ of
the room were a place of intersection of two processes, which connected it with different groups of associates
respectively, it could be counted twice over, as belonging to either group, and spoken of loosely as existing in two
places, although it would remain all the time a numerically single thing.
Well, the experience is a member of diverse processes that can be followed away from it along entirely different
lines. The one self-identical thing has so many relations to the rest of experience that you can take it in disparate
systems of association, and treat it as  belonging with opposite contexts. In one of these
contexts it is your ‘field of consciousness’; in another it is ‘the room in which you sit,’ and it enters both contexts
in its wholeness, giving no pretext for being said to attach itself to consciousness by one of its parts or aspects,
and to out reality by another. What are the two processes, now, into which the room-experience simultaneously enters in
this way?
One of them is the reader’s personal biography, the other is the history of the house of which the room is part. The
presentation, the experience, the that in short (for until we have decided what it is it must be a
mere that) is the last term in a train of sensations, emotions, decisions, movements, classifications,
expectations, etc., ending in the present, and the first term in a series of ‘inner’ operations extending into the
future, on the reader’s part. On the other hand, the very same that is the terminus ad quem of a lot
of previous  physical operations, carpentering, papering, furnishing, warming, etc., and the
terminus a quo of a lot of future ones, in which it will be concerned when undergoing the destiny of a
physical room. The physical and the mental operations form curiously incompatible groups. As a room, the experience has
occupied that spot and had that environment for thirty years. As your field of consciousness it may never have existed
until now. As a room, attention will go on to discover endless new details in it. As your mental state merely, few new
ones will emerge under attention’s eye. AS a room, it will taken an earthquake, or a gang of men, and in any case a
certain amount of time, to destroy it. As your subjective state, the closing of your eyes, or any instantaneous play of
your fancy will suffice. IN the real world, fire will consume it. IN your mind, you can let fire play over it without
effect. As an outer object, you must pay so much a month to inhabit it. As an inner content, you may occupy it for any
length of time rent-free. If, in short, you follow it in the mental direction,  taking it along
with events of personal biography solely, all sorts of things are true of it which are false, and false of it which are
true if you treat it as a real thing experienced, follow it in the physical direction, and relate it to associates in
the outer world.

III
So far, all seems plain sailing, but my thesis will probably grow less plausible to the reader when I pass form
percepts to concepts, or from the case of things presented to that of things remote. I believe, nevertheless, that here
also the same law holds good. If we take conceptual manifolds, or memories, or fancies, they also are in their first
intention mere bits of pure experience, and, as such, are single thats which act in one context as objects,
and in another context figure as mental states. By taking them in their first intention, I mean ignoring their relation
to possible perceptual experiences with which they may be connected, which they may lead to and terminate in, and which
then they may be supposed to ‘represent.’  Taking them in this way first, we confine the problem
to a world merely ‘thought-of’ and not directly felt or seen. This world, just like the world of percepts, comes to us
at first as a chaos of experiences, but lines of order soon get traced. We find that any bit of it which we may cut out
as an example is connected with distinct groups of associates, just as our perceptual experiences are, that these
associates link themselves with it by different relations,7 and that one forms the inner
history of a person, while the other acts as an impersonal ‘objective’ world, either spatial and temporal, or else
merely logical or mathematical, or otherwise ‘ideal.’
7 Here as elsewhere the relations are of course experienced relations,
members of the same originally chaotic manifold of non-perceptual experience of which the related terms themselves are
parts.
The first obstacle on the part of the reader to seeing that these non-perceptual experiences 
have objectivity as well as subjectivity will probably be due to the intrusion into his mind of percepts, that
third group of associates with which the non-perceptual experiences have relations, and which, as a whole, they
‘represent,’ standing to them as thoughts to things. This important function of non-perceptual experiences complicates
the question and confuses it; for, so used are we to treat percepts as the sole genuine realities that, unless we keep
them out of the discussion, we tend altogether to overlook the objectivity that lies in non-perceptual experiences by
themselves. We treat them, ‘knowing’ percepts as they do, as through and through subjective, and say that they are
wholly constituted of the stuff called consciousness, using this term now for a kind of entity, after the fashion which
I am seeking to refute.8
8 Of the representative functions of non-perceptual experience as a whole, I will
say a word in a subsequent article; it leads too far into the general theory of knowledge for much to be said about it
in a short paper like this.
Abstracting, then, from percepts altogether, what I maintain is, that any single non-perceptual  experience tends to get counted twice over, just as a perceptual experience does, figuring in one context
as an object or field of objects, in another as a state of mind: and all this without the least internal
self-diremption on its own part into consciousness and content. It is all consciousness in one taking; and, in the
other, all content.
I find this objectivity of non-perceptual experiences, this complete parallelism in point of reality between the
presently felt and the remotely thought, so well set forth in a page of Munsterberg’s Grundzuge, that I will
quote it as it stands.
“I may only think of my objects,” says Professor Munsterberg; “yet, in my living thought they stand before me
exactly as perceived objects would do, no matter how different the two ways of apprehending them may be in their
genesis. The book here lying on the table before me, and the book in the next room of which I think and which I mean to
get, are both in the same sense given realities for me, realities which I acknowledge and of which I take account.
 If you agree that the perceptual object is not an idea within me, but that percept and thing, as
indistinguishably one, are really experienced there, outside, you ought not to believe that the
merely thought-of object is hid away inside of the thinking subject. The object of which I think, and of whose
existence I take cognizance without letting it now work upon my senses, occupies its definite place in the outer world
as much as does the object which I directly see.”
“What is true of the here and the there, is also true of the now and the then. I know of the thing which is present
and perceived, but I know also of the thing which yesterday was but is no more, and which I only remember. Both can
determine my present conduct, both are parts of the reality of which I keep account. It is true that of much of the
past I am uncertain, just as I am uncertain of much of what is present if it be but dimly perceived. But the interval
of time does not in principle alter my relation to the object, does not transform it from an object known into a mental
state. . . .  The things in the room here which I survey, and those in my distant home
of which I think, the things of this minute and those of my long-vanished boyhood, influence and decide me alike, with
a reality which my experience of them directly feels. They both make up my real world, they make it directly, they do
not have first to be introduced to me and mediated by ideas which now and here arise within me. . . . This
not-me character of my recollections and expectations does not imply that the external objects of which I am aware in
those experiences should necessarily be there also for others. The objects of dreamers and hallucinated persons are
wholly without general validity. But even were they centaurs and golden mountains, they still would be ‘off there,’ in
fairy land, and not ‘inside’ of ourselves.”9
9 Munsterberg: Grundzuge der Psychologie, vol. I, p. 48.
This certainly is the immediate, primary, naif, or practical way of taking our thought-of world. Were there no
perceptual world to serve as its ‘reductive,’ in Taine’s sense, by  being ‘stronger’ and more
genuinely ‘outer’ (so that the whole merely thought-of world seems weak and inner in comparison), our world of thought
would be the only world, and would enjoy complete reality in our belief. This actually happens in our dreams, and in
our day-dreams so long as percepts do not interrupt them.
And yet, just as the seen room (to go back to our late example) is also a field of consciousness, so the
conceived or recollected room is also a state of mind; and the doubling-up of the experience has in both cases
similar grounds.
The room thought-of, namely, has many thought-of couplings with many thought-of things. Some of these couplings are
inconstant, others are stable. In the reader’s personal history the room occupies a single date — he saw it only once
perhaps, a year ago. Of the house’s history, on the other hand, it forms a permanent ingredient. Some couplings have
the curious stubbornness, to borrow Royce’s term, of fact; others show the fluidity of fancy — we let them come and go
as we please. Grouped with  the rest of its house, with the name of its town, of its owner,
builder, value, decorative plan, the room maintains a definite foothold, to which, if we try to loosen it, it tends to
return and to reassert itself with force.10 With these associates, in a word, it
coheres, while to other houses, other towns, other owners, etc., it shows no tendency to cohere at all. The two
collections, first of its cohesive, and, second, of its loose associates, inevitably come to be contrasted. We call the
first collection the system of external realities, in the midst of which the room, as ‘real,’ exists; the other we call
the stream of internal thinking, in which, as a ‘mental image,’ it for a moment floats.11 The room thus again gets counted twice over. It plays two different roles, being
Gedanke and Gedachtes, the thought-of-an-object, and the object-thought-of, both in one; and all this
without paradox or mystery, just as the same  material thing may be both low and high, or small
and great, or bad and good, because of its relations to opposite parts of an environing world.
10 Cf. A.L. Hodder: The Adversaries of the Sceptic, pp.94–99.
11 For simplicity’s sake I confine my exposition to ‘external’ reality. But there
is also the system of ideal reality in which the room plays its part. Relations of comparison, of classification,
serial order, value, also are stubborn, assign a definite place to the room, unlike the incoherence of its places in
the mere rhapsody of our successive thoughts.
As ‘subjective’ we say that the experience represents; as ‘objective’ it is represented. What represents and what is
represented is here numerically the same; but we must remember that no dualism of being represented and representing
resides in the experience per se. In its pure state, or when isolated, there is no self-splitting of it into
consciousness and what the consciousness is ‘of’. Its subjectivity and objectivity are functional attributes solely,
realized only when the experience is ‘take,’ i.e., talked-of, twice, considered along with its two differing contexts
respectively, by a new retrospective experience, of which that whole past complication now forms the fresh content.
The instant field of the present is at all times what I call the ‘pure’ experience. It is only virtually or
potentially either object or subject as yet. For the time being, it is plain, unqualified actuality, or existence, a
simple that. In this naif immediacy it is of course valid; it is
there, we act upon it; and the doubling of it in retrospection into a state of mind and a reality
intended thereby, is just one of the acts. The ‘state of mind,’ first treated explicitly as such in retrospection, will
stand corrected or confirmed, and the retrospective experience in its turn will get a similar treatment; but the
immediate experience in its passing is always ‘truth,’12 practical truth, something
to act on, at its own movement. If the world were then and there to go out like a candle, it would remain truth
absolute and objective, for it would be ‘the last word,’ would have no critic, and no one would ever oppose the thought
in it to the reality intended.13
12 Note the ambiguity of this term, which is taken sometimes objectively and
sometimes subjectively.
13 In the Psychological Review for July 1904, Dr. R.B.Perry
has published a view of Consciousness which comes nearer to mine than any other with which I am acquainted. At present,
Dr. Perry thinks, every field of experience is so much ‘fact.’ It becomes ‘opinion’ or ‘thought’ only in retrospection,
when a fresh experience, thinking the same object, alters and corrects it. But the corrective experience becomes itself
in turn corrected, and thus the experience as a whole is a process in which what is objective originally forever turns
subjective, turns into our apprehension of the object. I strongly recommend Dr. Perry’s admirable article to my
readers.
I think I may now claim to have made my  thesis clear. Consciousness connotes a kind of
external relation, and does not denote a special stuff or way of being. The peculiarity of our experiences, that
they not only are, but are known, which their ‘conscious’ quality is invoked to explain, is better explained by their
relations — these relations themselves being experiences — to one another.

IV
Were I now to go on to treat of the knowing of perceptual by conceptual experiences, it would again prove to be an
affair of external relations. One experience would be the knower, the other the reality known; and I could perfectly
well define, without the notion of ‘consciousness,’ what the knowing actually and practically amounts to —
leading-towards, namely, and terminating-in percepts, through a series of transitional experiences which the world
supplies. But I will not treat of this, space being insufficient.14 I will rather
consider  a few objections that are sure to be urged against the entire theory as it stands.
14 I have given a partial account of the matter in Mind, vol. X, p. 27,
1885, and in the Psychological Review, vol. II, p. 105, 1895. See also C.A. Strong’s article in the
Journal of Philosophy, Psychology and Scientific Methods, vol I, p. 253, May 12, 1904. I hope myself very soon
to recur to the matter.

V
First of all, this will be asked: “If experience has not ‘conscious’ existence, if it be not partly made of
‘consciousness,’ of what then is it made? Matter we know, and thought we know, and conscious content we know, but
neutral and simple ‘pure experience’ is something we know not at all. Say what it consists of — for it must
consist of something — or be willing to give it up!”
To this challenge the reply is easy. Although for fluency’s sake I myself spoke early in this article of a stuff of
pure experience, I have now to say that there is no general stuff of which experience at large is made. There
are as many stuffs as there are ‘natures’ in the things experienced. If you ask what any one bit of pure experience is
made of, the answer is always the  same: “It is made of that, of just what appears, of
space, of intensity, of flatness, brownness, heaviness, or what not.” Shadworth Hodgson’s analysis here leaves nothing
to be desired. Experience is only a collective name for all these sensible natures, and save for time and space (and,
if you like, for ‘being’) there appears no universal element of which all things are made.

VI
The next objection is more formidable, in fact it sounds quite crushing when one hears it first.
“If it be the self-same piece of pure experience, taken twice over, that serves now as thought and now as thing” —
so the objection runs — “how comes it that its attributes should differ so fundamentally in the two takings. As thing,
the experience is extended; as thought, it occupies no space or place. As thing, it is red, hard, heavy; but who ever
heard  of a red, hard or heavy thought? Yet even now you said that an experience is made of just
what appears, and what appears is just such adjectives. How can the one experience in its thing-function be made of
them, consist of them, carry them as its own attributes, while in its thought-function it disowns them and attributes
them elsewhere. There is a self-contradiction here from which the radical dualism of thought and thing is the only
truth that can save us. Only if the thought is one kind of being can the adjectives exist in it ‘intentionally’ (to use
the scholastic term); only if the thing is another kind, can they exist in it constituitively and energetically. No
simple subject can take the same adjectives and at one time be qualified by it, and at another time be merely ‘of’ it,
as of something only meant or known.”
The solution insisted on by this objector, like many other common-sense solutions, grows the less satisfactory the
more one turns it in one’s mind. To begin with, are thought and thing as heterogeneous as is commonly said?

No one denies that they have some categories in common. Their relations to time are identical. Both, moreover, may
have parts (for psychologists n general treat thoughts as having them); and both may be complex or simple. Both are of
kinds, can be compared, added and subtracted and arranged in serial orders. All sorts of adjectives qualify our
thoughts which appear incompatible with consciousness, being as such a bare diaphaneity. For instance, they are natural
and easy, or laborious. They are beautiful, happy, intense, interesting, wise, idiotic, focal, marginal, insipid,
confused, vague, precise, rational, causal, general, particular, and many things besides. Moreover, the chapters on
‘Perception’ in the psychology-books are full of facts that make for the essential homogeneity of thought with thing.
How, if ‘subject’ and ‘object’ were separated ‘by the whole diameter of being,’ and had no attributes and common, could
it be so hard to tell, in a presented and recognized material object, what part comes in thought the sense-organs and
what part comes ‘out of one’s own  head’? Sensations and apperceptive ideas fuse here so
intimately that you can no more tell where one begins and the other ends, than you can tell, in those cunning circular
panoramas that have lately been exhibited, where the real foreground and the painted canvas join together.15
15 Spencer’s proof of his ‘Transfigured Realism’ (his doctrine that there is an
absolutely non-mental reality) comes to mind as a splendid instance of the impossibility of establishing radical
heterogeneity between thought and thing. All his painfully accumulated points of difference run gradually into their
opposites, and are full of exceptions.
Descartes for the first time defined thought as the absolutely unextended, and later philosophers have accepted the
description as correct. But what possible meaning has it to say that, when we think of a foot-rule or a square yard,
extension is not attributable to our thought? Of every extended object the adequate mental picture must have
all the extension of the object itself. The difference between objective and subjective extension is one of relation to
a context solely. In the mind the various extents maintain no necessarily stubborn order relatively to each other,
while  in the physical world they bound each other stably, and, added together, make the great
enveloping Unit which we believe in and call real Space. As ‘outer,’ they carry themselves adversely, so to speak, to
one another, exclude one another and maintain their distances; while, as ‘inner,’ their order is loose, and they form a
durcheinander in which unity is lost.16 But to argue from this that inner
experience is absolutely inextensive seems to me little short of absurd. The two worlds differ, not by the presence or
absence of extension, but by the relations of the extensions which in both worlds exist.
16
Does not this case of extension now put us on the track of truth in the case of other qualities? It does; and I am
surprised that the facts should not have been noticed long ago. Why, for example, do we call a fire hot, and water wet,
and yet refuse to say that our mental state, when it is ‘of’ these objects, is either wet or hot? ‘Intentionally,’ at
any rate, and when  the mental state is a vivid image, hotness and wetness are in it just as much
as they are in the physical experience. The reason is this, that, as the general chaos of all our experiences gets
sifted, we find that there are some fires that will always burn sticks and always warm our bodies, and that there are
some waters that will always put out fires; while there are other fires and waters that will not act at all. The
general group of experiences that act, that do not only possess their natures intrinsically, but wear them
adjectively and energetically, turning them against one another, comes inevitably to be contrasted with the group whose
members, having identically the same natures, fail to manifest them in the ‘energetic’ way.17 I make for myself now an experience of blazing fire; I place it near my body; but it does not
warm me in the least. I lay a stick upon it, and the stick either burns or remains green, as I please. I call up water,
and pour it on the fire, and absolutely no difference ensues. I account  for all such facts by
calling this whole train of experiences unreal, a mental train. Mental fire is what won’t burn real sticks; mental
water is what won’t necessarily (though of course it may) put out even a mental fire. Mental knives may be sharp, but
they won’t cut real wood. Mental triangles are pointed, but their points won’t wound. With ‘real’ objects, on the
contrary, consequences always accrue; and thus the real experiences get sifted from the mental ones, the things from
out thoughts of them, fanciful or true, and precipitated together as the stable part of the whole experience-chaos,
under the name of the physical world. Of this our perceptual experiences are the nucleus, they being the originally
strong experiences. We add a lot of conceptual experiences to them, making these strong also in imagination,
and building out the remoter parts of the physical world by their means; and around this core of reality the world of
laxly connected fancies and mere rhapsodical objects floats like a bank of clouds. In the clouds, all sorts of rules
are violated  which in the core are kept. Extensions there can be indefinitely located; motion
there obeys no Newton’s laws.
17

VII
There is a peculiar class of experience to which, whether we take them as subjective or as objective, we
assign their several natures as attributes, because in both contexts they affect their associates actively,
though in neither quite as ‘strongly’ or as sharply as things affect one another by their physical energies. I refer
here to appreciations, which form an ambiguous sphere of being, belonging with emotion on the one hand, and
having objective ‘value’ on the other, yet seeming not quite inner nor quite outer, as if a diremption had begun but
had not made itself complete.
Experiences of painful objects, for example, are usually also painful experiences; perceptions of loveliness, of
ugliness, tend to pass muster as lovely or as ugly perceptions; intuitions of the morally lofty are lofty intuitions.
 Sometimes the adjective wanders as if uncertain where to fix itself. Shall we speak of seductive
visions or of visions of seductive things? Of healthy thoughts or of thoughts of healthy objects? Of good impulses, or
of impulses towards the good? Of feelings of anger, or of angry feelings? Both in the mind and in the thing, these
natures modify their context, exclude certain associates and determine others, have their mates and incompatibles. Yet
not as stubbornly as in the case of physical qualities, for beauty and ugliness, love and hatred, pleasant and painful
can, in certain complex experiences, coexist.
If one were to make an evolutionary construction of how a lot of originally chaotic pure experience became gradually
differentiated into an orderly inner and outer world, the whole theory would turn upon one’s success in explaining how
or why the quality of an experience, once active, could become less so, and, from being an energetic attribute in some
cases, elsewhere lapse into the status of an  inert or merely internal ‘nature.’ This would be
the ‘evolution’ of the psychical from the bosom of the physical, in which the esthetic, moral and otherwise emotional
experiences would represent a halfway stage.

VIII
But a last cry of non possumus will probably go up from many readers. “All very pretty as a piece of
ingenuity,” they will say, “but our consciousness itself intuitively contradicts you. We, for our part, know
that we are conscious. We feel our thought, flowing as a life within us, in absolute contrast with the objects
which it so unremittingly escorts. We can not be faithless to this immediate intuition. The dualism is a fundamental
datum: Let no man join what God has put asunder.”
My reply to this is my last word, and I greatly grieve that to many it will sound materialistic. I can not help
that, however, for I, too, have my intuitions and I must obey them. Let the case be what it may in others, I am as
confident as I am of anything that, in  myself, the stream of thinking (which I recognize
emphatically as a phenomenon) is only a careless name for what, when scrutinized, reveals itself to consist chiefly of
the stream of my breathing. The ‘I think’ which Kant said must be able to accompany all my objects, is the ‘I breath’
which actually does accompany them. There are other internal facts besides breathing (intracephalic muscular
adjustments, etc., of which I have said a word in my larger Psychology), and these increase the assets of
‘consciousness,’ so far as the latter is subject to immediate perception; but breath, which was ever the original of
‘spirit,’ breath moving outwards, between the glottis and the nostrils, is, I am persuaded, the essence out of which
philosophers have constructed the entity known to them as consciousness. That entity is fictitious, while thoughts
in the concrete are fully real. But thoughts in the concrete are made of the same stuff as things are.
I wish I might believe myself to have made  that plausible in this article. IN another article
I shall try to make the general notion of a world composed of pure experiences still more clear. 
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Essays in Radical Empiricism
ONE
Does ‘Consciousness’ Exist?

‘THOUGHTS’ and ‘things’ are names for two sorts of object, which common sense will always find contrasted and will
always practically oppose to each other. Philosophy, reflecting on the contrast, has varied in the past in her
explanations of it, and may be expected to vary in the future. At first, ‘spirit and matter,’ ‘soul and body,’ stood
for a pair of equipollent substances quite on a par in weight and interest. But one day Kant undermined the soul and
brought in the transcendental ego, and ever since then the bipolar relation has been very much off its balance. The
transcendental ego seems nowadays in rationalist quarters to stand for everything, in empiricist quarters for almost
nothing. In the hands of such writers as Schuppe, Rehmke, Natorp, Munsterberg — at any rate in his  earlier writings, Schubert–Soldern and others, the spiritual principle attenuates itself to a thoroughly
ghostly condition, being only a name for the fact that the ‘content’ of experience is known. It loses personal
form and activity — these passing over to the content — and becomes a bare Bewusstheit or Bewusstsein
uberhaupt of which in its own right absolutely nothing can be said.
I believe that ‘consciousness,’ when once it has evaporated to this estate of pure diaphaneity, is on the point of
disappearing altogether. It is the name of a nonentity, and has no right to a place among first principles. Those who
still cling to it are clinging to a mere echo, the faint rumor left behind by the disappearing ‘soul’ upon the air of
philosophy. During the past year, I have read a number of articles whose authors seemed just on the point of abandoning
the notion of consciousness,2 and substituting for it that of an absolute experience not
due to two factors. But they were not  quite radical enough, not quite daring enough in their
negations. For twenty years past I have mistrusted ‘consciousness’ as an entity; for seven or eight years past I have
suggested its non-existence to my students, and tried to give them its pragmatic equivalent in realities of experience.
It seems to me that the hour is ripe for it to be openly and universally discarded.
To deny plumply that ‘consciousness’ exists seems so absurd on the face of it — for undeniably ‘thoughts’ do exist —
that I fear some readers will follow me no farther. Let me then immediately explain that I mean only to deny that the
word stands for an entity, but to insist most emphatically that it does stand for a function. There is, I mean, no
aboriginal stuff or quality of being, contrasted with that of which material objects are made, out of which our
thoughts of them are made; but there is a function in experience which thoughts perform, and for the performance of
which this  quality of being is invoked. That function is knowing. ‘Consciousness’ is
supposed necessary to explain the fact that things not only are, but get reported, are known. Whoever blots out the
notion of consciousness from his list of first principles must still provide in some way for that function’s being
carried on.
2 Articles by Bawden, King, Alexander, and others. Dr. Perry is frankly over the
border
I
My thesis is that if we start with the supposition that there is only one primal stuff or material in the world, a
stuff of which everything is composed, and if we call that stuff ‘pure experience,’ the knowing can easily be explained
as a particular sort of relation towards one another into which portions of pure experience may enter. The relation
itself is a part of pure experience; one if its ‘terms’ becomes the subject or bearer of the knowledge, the
knower,3 the other becomes the object known. This will need much explanation before it
can be understood. The best way to  get it understood is to contrast it with the alternative view;
and for that we may take the recentest alternative, that in which the evaporation of the definite soul-substance has
proceeded as far as it can go without being yet complete. If neo-Kantism has expelled earlier forms of dualism, we
shall have expelled all forms if we are able to expel neo-kantism in its turn.
3 In my Psychology I have tried to show that we need no knower other than
the ‘passing thought.’ [Principles of Psychology, vol. I, pp. 338 ff.]
For the thinkers I call neo-Kantian, the word consciousness today does no more than signalize the fact that
experience is indefeasibly dualistic in structure. It means that not subject, not object, but object-plus-subject is
the minimum that can actually be. The subject-object distinction meanwhile is entirely different from that between mind
and matter, from that between body and soul. Souls were detachable, had separate destinies; things could happen to
them. To consciousness as such nothing can happen, for, timeless itself, it is only a witness of happenings in time, in
which it plays no part. It is, in a word, but the logical correlative of ‘content’ in an Experience of which the
 peculiarity is that fact comes to light in it, that awareness of content takes
place. Consciousness as such is entirely impersonal — ‘self’ and its activities belong to the content. To say that I am
self-conscious, or conscious of putting forth volition, means only that certain contents, for which ‘self’ and ‘effort
of will’ are the names, are not without witness as they occur.
Thus, for these belated drinkers at the Kantian spring, we should have to admit consciousness as an
‘epistemological’ necessity, even if we had no direct evidence of its being there.
But in addition to this, we are supposed by almost every one to have an immediate consciousness of consciousness
itself. When the world of outer fact ceases to be materially present, and we merely recall it in memory, or fancy it,
the consciousness is believed to stand out and to be felt as a kind of impalpable inner flowing, which, once known in
this sort of experience, may equally be detected in presentations of the outer world. “The moment we try to fix out
attention upon consciousness and to see what, distinctly, it is,” says a recent writer, 
“it seems to vanish. It seems as if we had before us a mere emptiness. When we try to introspect the sensation of blue,
all we can see is the blue; the other element is as if it were diaphanous. Yet it can be distinguished, if we
look attentively enough, and know that there is something to look for.”4 “Consciousness”
(Bewusstheit), says another philosopher, “is inexplicable and hardly describable, yet all conscious experiences have
this in common that what we call their content has a peculiar reference to a centre for which ‘self’ is the name, in
virtue of which reference alone the content is subjectively given, or appears. . . . While in this way
consciousness, or reference to a self, is the only thing which distinguishes a conscious content from any sort of being
that might be there with no one conscious of it, yet this only ground of the distinction defies all closer
explanations. The existence of consciousness, although it is the fundamental fact of psychology, can indeed be laid
down as certain, can be brought out by analysis, but can  neither be defined nor deduced from
anything but itself.”5
4 G.E. Moore: Mind, vol. XII, N.S., 1903, p.450.
5 Paul Natorp: Einleitung in die Psychologie, 1888, pp. 14, 112.
‘Can be brought out by analysis,’ this author says. This supposes that the consciousness is one element, moment,
factor — call it what you like — of an experience of essentially dualistic inner constitution, from which, if you
abstract the content, the consciousness will remain revealed to its own eye. Experience, at this rate, would be much
like a paint of which the world pictures were made. Paint has a dual constitution, involving, as it does, a menstruum
6 (oil, size or what not) and a mass of content in the form of pigment suspended therein.
We can get the pure menstruum by letting the pigment settle, and the pure pigment by pouring off the size or oil. We
operate here by physical subtraction; and the usual view is, that by mental subtraction we can separate the two factors
of experience in an  analogous way — not isolating them entirely, but distinguishing them enough
to know that they are two.
6 “Figuratively speaking, consciousness may be said to be the one universal
solvent, or menstruum, in which the different concrete kinds of psychic acts and facts are contained, whether in
concealed or in obvious form.” G.T.Ladd: Psychology, Descriptive and Explanatory, 1894, p.30.

II
Now my contention is exactly the reverse of this. Experience, I believe, has no such inner duplicity; and the
separation of it into consciousness and content comes, not by way of subtraction, but by way of addition — the
addition, to a given concrete piece of it, other sets of experiences, in connection with which severally its use or
function may be of two different kinds. The paint will also serve here as an illustration. In a pot in a paint-shop,
along with other paints, it serves in its entirety as so much saleable matter. Spread on a canvas, with other paints
around it, it represents, on the contrary, a feature in a picture and performs a spiritual function. Just so, I
maintain, does a given undivided portion of experience, taken in one context of associates, play the part of a knower,
of a state of mind, of ‘consciousness’; while in a different context the same undivided bit of experience plays the
part of a thing known, of  an objective ‘content.’ In a word, in one group it figures as a
thought, in another group as a thing. And, since it can figure in both groups simultaneously we have every right to
speak of it as subjective and objective, both at once. The dualism connoted by such double-barrelled terms as
‘experience,’ ‘phenomenon,’ ‘datum,’ ‘Vorfindung’ — terms which, in philosophy at any rate, tend more and more
to replace the single-barrelled terms of ‘thought’ and ‘thing’ — that dualism, I say, is still preserved in this
account, but reinterpreted, so that, instead of being mysterious and elusive, it becomes verifiable and concrete. It is
an affair of relations, it falls outside, not inside, the single experience considered, and can always be
particularized and defined.
The entering wedge for this more concrete way of understanding the dualism was fashioned by Locke when he made the
word ‘idea’ stand indifferently for thing and thought, and by Berkeley when he said that what common sense means by
realities is exactly what the philosopher means by ideas. Neither Locke  nor Berkeley thought his
truth out into perfect clearness, but it seems to me that the conception I am defending does little more than
consistently carry out the ‘pragmatic’ method which they were the first to use.
If the reader will take his own experiences, he will see what I mean. Let him begin with a perceptual experience,
the ‘presentation,’ so called, of a physical object, his actual field of vision, the room he sits in, with the book he
is reading as its centre; and let him for the present treat this complex object in the common-sense way as being
‘really’ what it seems to be, namely, a collection of physical things cut out from an environing world of other
physical things with which these physical things have actual or potential relations. Now at the same time it is just
those self-same things which his mind, as we say, perceives; and the whole philosophy of perception from
Democritus’s time downwards has just been one long wrangle over the paradox that what is evidently one reality should
be in two places at once, both in outer space and in a person’s mind. ‘Representative’  theories
of perception avoid the logical paradox, but on the other hand the violate the reader’s sense of life, which knows no
intervening mental image but seems to see the room and the book immediately just as they physically exist.
The puzzle of how the one identical room can be in two places is at bottom just the puzzle of how one identical
point can be on two lines. It can, if it be situated at their intersection; and similarly, if the ‘pure experience’ of
the room were a place of intersection of two processes, which connected it with different groups of associates
respectively, it could be counted twice over, as belonging to either group, and spoken of loosely as existing in two
places, although it would remain all the time a numerically single thing.
Well, the experience is a member of diverse processes that can be followed away from it along entirely different
lines. The one self-identical thing has so many relations to the rest of experience that you can take it in disparate
systems of association, and treat it as  belonging with opposite contexts. In one of these
contexts it is your ‘field of consciousness’; in another it is ‘the room in which you sit,’ and it enters both contexts
in its wholeness, giving no pretext for being said to attach itself to consciousness by one of its parts or aspects,
and to out reality by another. What are the two processes, now, into which the room-experience simultaneously enters in
this way?
One of them is the reader’s personal biography, the other is the history of the house of which the room is part. The
presentation, the experience, the that in short (for until we have decided what it is it must be a
mere that) is the last term in a train of sensations, emotions, decisions, movements, classifications,
expectations, etc., ending in the present, and the first term in a series of ‘inner’ operations extending into the
future, on the reader’s part. On the other hand, the very same that is the terminus ad quem of a lot
of previous  physical operations, carpentering, papering, furnishing, warming, etc., and the
terminus a quo of a lot of future ones, in which it will be concerned when undergoing the destiny of a
physical room. The physical and the mental operations form curiously incompatible groups. As a room, the experience has
occupied that spot and had that environment for thirty years. As your field of consciousness it may never have existed
until now. As a room, attention will go on to discover endless new details in it. As your mental state merely, few new
ones will emerge under attention’s eye. AS a room, it will taken an earthquake, or a gang of men, and in any case a
certain amount of time, to destroy it. As your subjective state, the closing of your eyes, or any instantaneous play of
your fancy will suffice. IN the real world, fire will consume it. IN your mind, you can let fire play over it without
effect. As an outer object, you must pay so much a month to inhabit it. As an inner content, you may occupy it for any
length of time rent-free. If, in short, you follow it in the mental direction,  taking it along
with events of personal biography solely, all sorts of things are true of it which are false, and false of it which are
true if you treat it as a real thing experienced, follow it in the physical direction, and relate it to associates in
the outer world.

III
So far, all seems plain sailing, but my thesis will probably grow less plausible to the reader when I pass form
percepts to concepts, or from the case of things presented to that of things remote. I believe, nevertheless, that here
also the same law holds good. If we take conceptual manifolds, or memories, or fancies, they also are in their first
intention mere bits of pure experience, and, as such, are single thats which act in one context as objects,
and in another context figure as mental states. By taking them in their first intention, I mean ignoring their relation
to possible perceptual experiences with which they may be connected, which they may lead to and terminate in, and which
then they may be supposed to ‘represent.’  Taking them in this way first, we confine the problem
to a world merely ‘thought-of’ and not directly felt or seen. This world, just like the world of percepts, comes to us
at first as a chaos of experiences, but lines of order soon get traced. We find that any bit of it which we may cut out
as an example is connected with distinct groups of associates, just as our perceptual experiences are, that these
associates link themselves with it by different relations,7 and that one forms the inner
history of a person, while the other acts as an impersonal ‘objective’ world, either spatial and temporal, or else
merely logical or mathematical, or otherwise ‘ideal.’
7 Here as elsewhere the relations are of course experienced relations,
members of the same originally chaotic manifold of non-perceptual experience of which the related terms themselves are
parts.
The first obstacle on the part of the reader to seeing that these non-perceptual experiences 
have objectivity as well as subjectivity will probably be due to the intrusion into his mind of percepts, that
third group of associates with which the non-perceptual experiences have relations, and which, as a whole, they
‘represent,’ standing to them as thoughts to things. This important function of non-perceptual experiences complicates
the question and confuses it; for, so used are we to treat percepts as the sole genuine realities that, unless we keep
them out of the discussion, we tend altogether to overlook the objectivity that lies in non-perceptual experiences by
themselves. We treat them, ‘knowing’ percepts as they do, as through and through subjective, and say that they are
wholly constituted of the stuff called consciousness, using this term now for a kind of entity, after the fashion which
I am seeking to refute.8
8 Of the representative functions of non-perceptual experience as a whole, I will
say a word in a subsequent article; it leads too far into the general theory of knowledge for much to be said about it
in a short paper like this.
Abstracting, then, from percepts altogether, what I maintain is, that any single non-perceptual  experience tends to get counted twice over, just as a perceptual experience does, figuring in one context
as an object or field of objects, in another as a state of mind: and all this without the least internal
self-diremption on its own part into consciousness and content. It is all consciousness in one taking; and, in the
other, all content.
I find this objectivity of non-perceptual experiences, this complete parallelism in point of reality between the
presently felt and the remotely thought, so well set forth in a page of Munsterberg’s Grundzuge, that I will
quote it as it stands.
“I may only think of my objects,” says Professor Munsterberg; “yet, in my living thought they stand before me
exactly as perceived objects would do, no matter how different the two ways of apprehending them may be in their
genesis. The book here lying on the table before me, and the book in the next room of which I think and which I mean to
get, are both in the same sense given realities for me, realities which I acknowledge and of which I take account.
 If you agree that the perceptual object is not an idea within me, but that percept and thing, as
indistinguishably one, are really experienced there, outside, you ought not to believe that the
merely thought-of object is hid away inside of the thinking subject. The object of which I think, and of whose
existence I take cognizance without letting it now work upon my senses, occupies its definite place in the outer world
as much as does the object which I directly see.”
“What is true of the here and the there, is also true of the now and the then. I know of the thing which is present
and perceived, but I know also of the thing which yesterday was but is no more, and which I only remember. Both can
determine my present conduct, both are parts of the reality of which I keep account. It is true that of much of the
past I am uncertain, just as I am uncertain of much of what is present if it be but dimly perceived. But the interval
of time does not in principle alter my relation to the object, does not transform it from an object known into a mental
state. . . .  The things in the room here which I survey, and those in my distant home
of which I think, the things of this minute and those of my long-vanished boyhood, influence and decide me alike, with
a reality which my experience of them directly feels. They both make up my real world, they make it directly, they do
not have first to be introduced to me and mediated by ideas which now and here arise within me. . . . This
not-me character of my recollections and expectations does not imply that the external objects of which I am aware in
those experiences should necessarily be there also for others. The objects of dreamers and hallucinated persons are
wholly without general validity. But even were they centaurs and golden mountains, they still would be ‘off there,’ in
fairy land, and not ‘inside’ of ourselves.”9
9 Munsterberg: Grundzuge der Psychologie, vol. I, p. 48.
This certainly is the immediate, primary, naif, or practical way of taking our thought-of world. Were there no
perceptual world to serve as its ‘reductive,’ in Taine’s sense, by  being ‘stronger’ and more
genuinely ‘outer’ (so that the whole merely thought-of world seems weak and inner in comparison), our world of thought
would be the only world, and would enjoy complete reality in our belief. This actually happens in our dreams, and in
our day-dreams so long as percepts do not interrupt them.
And yet, just as the seen room (to go back to our late example) is also a field of consciousness, so the
conceived or recollected room is also a state of mind; and the doubling-up of the experience has in both cases
similar grounds.
The room thought-of, namely, has many thought-of couplings with many thought-of things. Some of these couplings are
inconstant, others are stable. In the reader’s personal history the room occupies a single date — he saw it only once
perhaps, a year ago. Of the house’s history, on the other hand, it forms a permanent ingredient. Some couplings have
the curious stubbornness, to borrow Royce’s term, of fact; others show the fluidity of fancy — we let them come and go
as we please. Grouped with  the rest of its house, with the name of its town, of its owner,
builder, value, decorative plan, the room maintains a definite foothold, to which, if we try to loosen it, it tends to
return and to reassert itself with force.10 With these associates, in a word, it
coheres, while to other houses, other towns, other owners, etc., it shows no tendency to cohere at all. The two
collections, first of its cohesive, and, second, of its loose associates, inevitably come to be contrasted. We call the
first collection the system of external realities, in the midst of which the room, as ‘real,’ exists; the other we call
the stream of internal thinking, in which, as a ‘mental image,’ it for a moment floats.11 The room thus again gets counted twice over. It plays two different roles, being
Gedanke and Gedachtes, the thought-of-an-object, and the object-thought-of, both in one; and all this
without paradox or mystery, just as the same  material thing may be both low and high, or small
and great, or bad and good, because of its relations to opposite parts of an environing world.
10 Cf. A.L. Hodder: The Adversaries of the Sceptic, pp.94–99.
11 For simplicity’s sake I confine my exposition to ‘external’ reality. But there
is also the system of ideal reality in which the room plays its part. Relations of comparison, of classification,
serial order, value, also are stubborn, assign a definite place to the room, unlike the incoherence of its places in
the mere rhapsody of our successive thoughts.
As ‘subjective’ we say that the experience represents; as ‘objective’ it is represented. What represents and what is
represented is here numerically the same; but we must remember that no dualism of being represented and representing
resides in the experience per se. In its pure state, or when isolated, there is no self-splitting of it into
consciousness and what the consciousness is ‘of’. Its subjectivity and objectivity are functional attributes solely,
realized only when the experience is ‘take,’ i.e., talked-of, twice, considered along with its two differing contexts
respectively, by a new retrospective experience, of which that whole past complication now forms the fresh content.
The instant field of the present is at all times what I call the ‘pure’ experience. It is only virtually or
potentially either object or subject as yet. For the time being, it is plain, unqualified actuality, or existence, a
simple that. In this naif immediacy it is of course valid; it is
there, we act upon it; and the doubling of it in retrospection into a state of mind and a reality
intended thereby, is just one of the acts. The ‘state of mind,’ first treated explicitly as such in retrospection, will
stand corrected or confirmed, and the retrospective experience in its turn will get a similar treatment; but the
immediate experience in its passing is always ‘truth,’12 practical truth, something
to act on, at its own movement. If the world were then and there to go out like a candle, it would remain truth
absolute and objective, for it would be ‘the last word,’ would have no critic, and no one would ever oppose the thought
in it to the reality intended.13
12 Note the ambiguity of this term, which is taken sometimes objectively and
sometimes subjectively.
13 In the Psychological Review for July 1904, Dr. R.B.Perry
has published a view of Consciousness which comes nearer to mine than any other with which I am acquainted. At present,
Dr. Perry thinks, every field of experience is so much ‘fact.’ It becomes ‘opinion’ or ‘thought’ only in retrospection,
when a fresh experience, thinking the same object, alters and corrects it. But the corrective experience becomes itself
in turn corrected, and thus the experience as a whole is a process in which what is objective originally forever turns
subjective, turns into our apprehension of the object. I strongly recommend Dr. Perry’s admirable article to my
readers.
I think I may now claim to have made my  thesis clear. Consciousness connotes a kind of
external relation, and does not denote a special stuff or way of being. The peculiarity of our experiences, that
they not only are, but are known, which their ‘conscious’ quality is invoked to explain, is better explained by their
relations — these relations themselves being experiences — to one another.

IV
Were I now to go on to treat of the knowing of perceptual by conceptual experiences, it would again prove to be an
affair of external relations. One experience would be the knower, the other the reality known; and I could perfectly
well define, without the notion of ‘consciousness,’ what the knowing actually and practically amounts to —
leading-towards, namely, and terminating-in percepts, through a series of transitional experiences which the world
supplies. But I will not treat of this, space being insufficient.14 I will rather
consider  a few objections that are sure to be urged against the entire theory as it stands.
14 I have given a partial account of the matter in Mind, vol. X, p. 27,
1885, and in the Psychological Review, vol. II, p. 105, 1895. See also C.A. Strong’s article in the
Journal of Philosophy, Psychology and Scientific Methods, vol I, p. 253, May 12, 1904. I hope myself very soon
to recur to the matter.

V
First of all, this will be asked: “If experience has not ‘conscious’ existence, if it be not partly made of
‘consciousness,’ of what then is it made? Matter we know, and thought we know, and conscious content we know, but
neutral and simple ‘pure experience’ is something we know not at all. Say what it consists of — for it must
consist of something — or be willing to give it up!”
To this challenge the reply is easy. Although for fluency’s sake I myself spoke early in this article of a stuff of
pure experience, I have now to say that there is no general stuff of which experience at large is made. There
are as many stuffs as there are ‘natures’ in the things experienced. If you ask what any one bit of pure experience is
made of, the answer is always the  same: “It is made of that, of just what appears, of
space, of intensity, of flatness, brownness, heaviness, or what not.” Shadworth Hodgson’s analysis here leaves nothing
to be desired. Experience is only a collective name for all these sensible natures, and save for time and space (and,
if you like, for ‘being’) there appears no universal element of which all things are made.

VI
The next objection is more formidable, in fact it sounds quite crushing when one hears it first.
“If it be the self-same piece of pure experience, taken twice over, that serves now as thought and now as thing” —
so the objection runs — “how comes it that its attributes should differ so fundamentally in the two takings. As thing,
the experience is extended; as thought, it occupies no space or place. As thing, it is red, hard, heavy; but who ever
heard  of a red, hard or heavy thought? Yet even now you said that an experience is made of just
what appears, and what appears is just such adjectives. How can the one experience in its thing-function be made of
them, consist of them, carry them as its own attributes, while in its thought-function it disowns them and attributes
them elsewhere. There is a self-contradiction here from which the radical dualism of thought and thing is the only
truth that can save us. Only if the thought is one kind of being can the adjectives exist in it ‘intentionally’ (to use
the scholastic term); only if the thing is another kind, can they exist in it constituitively and energetically. No
simple subject can take the same adjectives and at one time be qualified by it, and at another time be merely ‘of’ it,
as of something only meant or known.”
The solution insisted on by this objector, like many other common-sense solutions, grows the less satisfactory the
more one turns it in one’s mind. To begin with, are thought and thing as heterogeneous as is commonly said?

No one denies that they have some categories in common. Their relations to time are identical. Both, moreover, may
have parts (for psychologists n general treat thoughts as having them); and both may be complex or simple. Both are of
kinds, can be compared, added and subtracted and arranged in serial orders. All sorts of adjectives qualify our
thoughts which appear incompatible with consciousness, being as such a bare diaphaneity. For instance, they are natural
and easy, or laborious. They are beautiful, happy, intense, interesting, wise, idiotic, focal, marginal, insipid,
confused, vague, precise, rational, causal, general, particular, and many things besides. Moreover, the chapters on
‘Perception’ in the psychology-books are full of facts that make for the essential homogeneity of thought with thing.
How, if ‘subject’ and ‘object’ were separated ‘by the whole diameter of being,’ and had no attributes and common, could
it be so hard to tell, in a presented and recognized material object, what part comes in thought the sense-organs and
what part comes ‘out of one’s own  head’? Sensations and apperceptive ideas fuse here so
intimately that you can no more tell where one begins and the other ends, than you can tell, in those cunning circular
panoramas that have lately been exhibited, where the real foreground and the painted canvas join together.15
15 Spencer’s proof of his ‘Transfigured Realism’ (his doctrine that there is an
absolutely non-mental reality) comes to mind as a splendid instance of the impossibility of establishing radical
heterogeneity between thought and thing. All his painfully accumulated points of difference run gradually into their
opposites, and are full of exceptions.
Descartes for the first time defined thought as the absolutely unextended, and later philosophers have accepted the
description as correct. But what possible meaning has it to say that, when we think of a foot-rule or a square yard,
extension is not attributable to our thought? Of every extended object the adequate mental picture must have
all the extension of the object itself. The difference between objective and subjective extension is one of relation to
a context solely. In the mind the various extents maintain no necessarily stubborn order relatively to each other,
while  in the physical world they bound each other stably, and, added together, make the great
enveloping Unit which we believe in and call real Space. As ‘outer,’ they carry themselves adversely, so to speak, to
one another, exclude one another and maintain their distances; while, as ‘inner,’ their order is loose, and they form a
durcheinander in which unity is lost.16 But to argue from this that inner
experience is absolutely inextensive seems to me little short of absurd. The two worlds differ, not by the presence or
absence of extension, but by the relations of the extensions which in both worlds exist.
16
Does not this case of extension now put us on the track of truth in the case of other qualities? It does; and I am
surprised that the facts should not have been noticed long ago. Why, for example, do we call a fire hot, and water wet,
and yet refuse to say that our mental state, when it is ‘of’ these objects, is either wet or hot? ‘Intentionally,’ at
any rate, and when  the mental state is a vivid image, hotness and wetness are in it just as much
as they are in the physical experience. The reason is this, that, as the general chaos of all our experiences gets
sifted, we find that there are some fires that will always burn sticks and always warm our bodies, and that there are
some waters that will always put out fires; while there are other fires and waters that will not act at all. The
general group of experiences that act, that do not only possess their natures intrinsically, but wear them
adjectively and energetically, turning them against one another, comes inevitably to be contrasted with the group whose
members, having identically the same natures, fail to manifest them in the ‘energetic’ way.17 I make for myself now an experience of blazing fire; I place it near my body; but it does not
warm me in the least. I lay a stick upon it, and the stick either burns or remains green, as I please. I call up water,
and pour it on the fire, and absolutely no difference ensues. I account  for all such facts by
calling this whole train of experiences unreal, a mental train. Mental fire is what won’t burn real sticks; mental
water is what won’t necessarily (though of course it may) put out even a mental fire. Mental knives may be sharp, but
they won’t cut real wood. Mental triangles are pointed, but their points won’t wound. With ‘real’ objects, on the
contrary, consequences always accrue; and thus the real experiences get sifted from the mental ones, the things from
out thoughts of them, fanciful or true, and precipitated together as the stable part of the whole experience-chaos,
under the name of the physical world. Of this our perceptual experiences are the nucleus, they being the originally
strong experiences. We add a lot of conceptual experiences to them, making these strong also in imagination,
and building out the remoter parts of the physical world by their means; and around this core of reality the world of
laxly connected fancies and mere rhapsodical objects floats like a bank of clouds. In the clouds, all sorts of rules
are violated  which in the core are kept. Extensions there can be indefinitely located; motion
there obeys no Newton’s laws.
17

VII
There is a peculiar class of experience to which, whether we take them as subjective or as objective, we
assign their several natures as attributes, because in both contexts they affect their associates actively,
though in neither quite as ‘strongly’ or as sharply as things affect one another by their physical energies. I refer
here to appreciations, which form an ambiguous sphere of being, belonging with emotion on the one hand, and
having objective ‘value’ on the other, yet seeming not quite inner nor quite outer, as if a diremption had begun but
had not made itself complete.
Experiences of painful objects, for example, are usually also painful experiences; perceptions of loveliness, of
ugliness, tend to pass muster as lovely or as ugly perceptions; intuitions of the morally lofty are lofty intuitions.
 Sometimes the adjective wanders as if uncertain where to fix itself. Shall we speak of seductive
visions or of visions of seductive things? Of healthy thoughts or of thoughts of healthy objects? Of good impulses, or
of impulses towards the good? Of feelings of anger, or of angry feelings? Both in the mind and in the thing, these
natures modify their context, exclude certain associates and determine others, have their mates and incompatibles. Yet
not as stubbornly as in the case of physical qualities, for beauty and ugliness, love and hatred, pleasant and painful
can, in certain complex experiences, coexist.
If one were to make an evolutionary construction of how a lot of originally chaotic pure experience became gradually
differentiated into an orderly inner and outer world, the whole theory would turn upon one’s success in explaining how
or why the quality of an experience, once active, could become less so, and, from being an energetic attribute in some
cases, elsewhere lapse into the status of an  inert or merely internal ‘nature.’ This would be
the ‘evolution’ of the psychical from the bosom of the physical, in which the esthetic, moral and otherwise emotional
experiences would represent a halfway stage.

VIII
But a last cry of non possumus will probably go up from many readers. “All very pretty as a piece of
ingenuity,” they will say, “but our consciousness itself intuitively contradicts you. We, for our part, know
that we are conscious. We feel our thought, flowing as a life within us, in absolute contrast with the objects
which it so unremittingly escorts. We can not be faithless to this immediate intuition. The dualism is a fundamental
datum: Let no man join what God has put asunder.”
My reply to this is my last word, and I greatly grieve that to many it will sound materialistic. I can not help
that, however, for I, too, have my intuitions and I must obey them. Let the case be what it may in others, I am as
confident as I am of anything that, in  myself, the stream of thinking (which I recognize
emphatically as a phenomenon) is only a careless name for what, when scrutinized, reveals itself to consist chiefly of
the stream of my breathing. The ‘I think’ which Kant said must be able to accompany all my objects, is the ‘I breath’
which actually does accompany them. There are other internal facts besides breathing (intracephalic muscular
adjustments, etc., of which I have said a word in my larger Psychology), and these increase the assets of
‘consciousness,’ so far as the latter is subject to immediate perception; but breath, which was ever the original of
‘spirit,’ breath moving outwards, between the glottis and the nostrils, is, I am persuaded, the essence out of which
philosophers have constructed the entity known to them as consciousness. That entity is fictitious, while thoughts
in the concrete are fully real. But thoughts in the concrete are made of the same stuff as things are.
I wish I might believe myself to have made  that plausible in this article. IN another article
I shall try to make the general notion of a world composed of pure experiences still more clear. 


TWO
A World of Pure Experience

IT is difficult not to notice a curious unrest in the philosophic atmosphere of the time, always loosening of old
landmarks, a softening of oppositions, a mutual borrowing from one another reflecting on the part of systems anciently
closed, and an interest in new suggestions, however vague, as if the one thing sure were the inadequacy of the extant
school-solutions. The dissatisfaction with these seems due for the most part to a feeling that they are too abstract
and academic. Life is confused and superabundant, and what the younger generation appears to crave is more of the
temperament of life in its philosophy, even thought it were at some cost of logical rigor and of formal purity.
Transcendental  idealism is inclining to let the world wag incomprehensibly, in spite of its
Absolute Subject and his unity of purpose. Berkeleyan idealism is abandoning the principle of parsimony and dabbling in
panpsychic speculations. Empiricism flirts with teleology; and, strangest of all, natural realism, so long decently
buried, raises its head above the turf, and finds glad hands outstretched from the most unlikely quarters to help it to
its feet again. We are all biased by our personal feelings, I know, and I am personally discontented with extant
solutions; so I seem to read the signs of a great unsettlement, as if the upheaval of more real conceptions and more
fruitful methods were imminent, as if a true landscape might result, less clipped, straight-edged and artificial.
If philosophy be really on the eve of any considerable rearrangement, the time should be propitious for any one who
has suggestions of his own to bring forward. For many years past my mind has bee growing into a certain type of
Weltanschauung. Rightly or wrongly, I have  got to the point where I can hardly see
things in any other pattern. I propose, therefore, to describe the pattern as clearly as I can consistently with great
brevity, and to throw my description into the bubbling vat of publicity where, jostled by rivals and torn by critics,
it will eventually either disappear from notice, or else, if better luck befall it, quietly subside to the
profundities, and serve as a possible ferment of new growths or a nucleus of new crystallization.
I. Radical Empiricism
I give the name of ‘radical empiricism’ to my Weltanschauung. Empiricism is known as the opposite of
rationalism. Rationalism tends to emphasize universals and to make wholes prior to parts in the order of logic as well
as in that of being. Empiricism, on the contrary, lays the explanatory stress upon the part, the element, the
individual, and treats the whole as a collection and the universal as an abstraction. My description of things,
accordingly, starts with the parts and makes of the whole  a being of the second order. It is
essentially a mosaic philosophy, a philosophy of plural facts, like that of Hume and his descendants, who refer these
facts neither to Substances in which they inhere nor to an Absolute Mind that creates them as its objects. But it
differs from the Humian type of empiricism in one particular which makes me add the epithet radical.
To be radical, an empiricism must neither admit into its constructions any element that is not directly experienced,
nor exclude from them any element that is directly experienced. For such a philosophy, the relations that connect
experiences must themselves be experienced relations, and any kind of relation experienced must be accounted as ‘real’
as anything else in the system. Elements may indeed be redistributed, the original placing of things getting
corrected, but a real place must be found for every kind of thing experienced, whether term or relation, in the final
philosophic arrangement.
Now, ordinary empiricism, in spite of the fact that conjunctive and disjunctive relations 
present themselves as being fully co-ordinate parts of experience, has always shown a tendency to do away with the
connections of things, and to insist most on the disjunctions. Berkeley’s nominalism, Hume’s statement that whatever
things we distinguish are as ‘loose and separate’ as if they had ‘no manner of connection.’ James Mill’s denial that
similars have anything ‘really’ in common, the resolution of the causal tie into habitual sequence, John Mill’s account
of both physical things and selves as composed of discontinuous possibilities, and the general pulverization of all
Experience by association and the mind-dust theory, are examples of what I mean.
The natural result of such a world-picture has been the efforts of rationalism to correct its incoherencies by the
addition of trans-experiential agents of unification, substances, intellectual categories and powers, or Selves;
 whereas, if empiricism had only been radical and taken everything that comes without disfavor,
conjunction as well as separation, each at its face value, the results would have called for no such artificial
correction. Radical empiricism, as I understand it, does full justice toconjunctive
relations, without, however, treating them as rationalism always tends to treat them, as being true in some
supernal way, as if the unity of things and their variety belonged to different orders of truth and vitality
altogether.
II. Conjunctive Relations
Relations are of different degrees of intimacy. Merely to be ‘with’ one another in a universe of discourse is the
most external relation that terms can have, and seems to involve nothing whatever as to farther consequences.
Simultaneity and time-interval come next, and then space-adjacency and distance. After them, similarity and difference,
carrying the possibility of many inferences. Then relations of activity, tying terms into series involving  change, tendency, resistance, and the causal order generally. Finally, the relation experienced between
terms that form states of mind, and are immediately conscious of continuing each other. The organization of the Self as
a system of memories, purposes, strivings, fulfilments or disappointments, is incidental to this most intimate of all
relations, the terms of which seem in many cases actually to compenetrate and suffuse each other’s being.
Philosophy has always turned on grammatical particles. With, near, next, like, from, towards, against, because, for,
through, my — these words designate types of conjunctive relation arranged in a roughly ascending order of intimacy and
inclusiveness. A priori, we can imagine a universe of withness but no nextness; or one of nextness but no
likeness, or of likeness with no activity, or of activity with no purpose, or of purpose with no ego. These would be
universes, each with its own grade of unity. The universe of human experience is, by one or another of its parts, of
each and all these grades.  Whether or not it possibly enjoys some still more absolute grade of
union does not appear upon the surface.
Taken as it does appear, our universe is to a large extent chaotic. No one single type of connection runs through
all the experiences that compose it. If we take space-relations, they fail to connect minds into any regular system.
Causes and purposes obtain only among special series of facts. The self-relation seems extremely limited and does not
link two different selves together. Prima facie, if you should liken the universe of absolute idealism to an
aquarium, a crystal globe in which goldfish are swimming, you would have to compare the empiricist universe to
something more like one of those dried human heads with which the Dyaks of Borneo deck their lodges. The skull forms a
solid nucleus; but innumerable feathers, leaves, strings, beads, and loose appendices of every description float and
dangle from it, and, save that they terminate in it, seem to have nothing to do with one another. Even so my
experiences and yours float and dangle,  terminating, it is true, in a nucleus of common
perception, but for the most part out of sight and irrelevant and unimaginable to one another. This imperfect intimacy,
this bare relation of withness) between some parts of the sum total of experience and other parts, is the fact
that ordinary empiricism over-emphasizes against rationalism, the latter always tending to ignore it unduly. Radical
empiricism, on the contrary, is fair to both the unity and the disconnection. It finds no reason for treating either as
illusory. It allots to each its definite sphere of description, and agrees that there appear to be actual forces at
work which tend, as time goes on, to make the unity greater.
The conjunctive relation that has given most trouble to philosophy is the co-conscious transition, so to
call it, by which one experience passes into another when both belong to the same self. My experiences and your
experiences are ‘with’ each other in various external ways, but mine pass into mine, and yours pass into yours in a way
in which yours and mine never pass  into one another. Within each of our personal histories,
subject, object, interest and purpose are continuous or may be continuous.18
Personal histories are processes of change in time, and the change itself is one of the things immediatelyexperienced. ‘Change’ in this case means continuous as opposed to discontinuous transition. But continuous
transition is one sort of a conjunctive relation; and to be a radical empiricist means to hold fast to this conjunctive
relation of all others, for this is the strategic point, the position through which, if a hole be made, all the
corruptions of dialectics and all the metaphysical fictions pour into our philosophy. The holding fast to this relation
means taking it at its face value, neither less nor more; and to take it at its face value means first of all to take
it just as we feel it, and not to confuse ourselves with abstract talk about it, involving words that drive us
to invent secondary conceptions in order to neutralize their  suggestions and to make our actual
experience again seem rationally possible. what I do feel simply when a later moment of my experience succeeds an
earlier one is that though they are two moments, the transition from the one to the other is continuous.
Continuity here is a definite sort of experience; just as definite as is the discontinuity-experience which I
find it impossible to avoid when I seek to make the transition from an experience of my own to one of yours. In this
latter case I have to get on and off again, to pass from a thing lived to another thing only conceived, and the break
is positively experienced and noted. Though the functions exerted by my experience and by yours may be the same (.e.g.,
the same objects known and the same purposes followed), yet the sameness has in this case to be ascertained expressly
(and often with difficulty and uncertainly) after the break has been felt; whereas in passing from one of my own
moments to another the sameness of object and interest is unbroken, and both the earlier and the later experience are
of things directly lived.
18 The psychology books have of late described the facts here with approximate
adequacy. I may refer to the chapters on ‘The Stream of Thought’ and on the Self in my own Principles of
Psychology, as well as to S.H.Hodgson’s Metaphysics of Experience, vol I., ch. VII and VIII.
 There is no other nature, no other whatness than this absence of break and this
sense of continuity in that most intimate of all conjunctive relations, the passing of one experience into another when
the belong to the same self. And this whatness is real empirical ‘content,’ just as the whatness of separation and
discontinuity is real content in the contrasted case. Practically to experience one’s personal continuum in this living
way is to know the originals of the ideas of continuity and sameness, to know what the words stand for concretely, to
own all that they can ever mean. But all experiences have their conditions; and over-subtle intellects, thinking about
the facts here, and asking how they are possible, have ended by substituting a lot of static objects of conception for
the direct perceptual experiences. “Sameness,” they have said, “must be a stark numerical identity; it can’t run on
from next to next. Continuity can’t mean mere absence of gap; for if you say two things are in immediate contact,
at the contact how can they be two? If, on the other hand, you put a relation of 
transition between them, that itself is a third thing, and needs to be related or hitched to its terms. An infinite
series is involved,” and so on. The result is that from difficulty to difficulty, the plain conjunctive experience has
been discredited by both schools, the empiricists leaving things permanently disjoined, and the rationalist remedying
the looseness by their Absolutes or Substances, or whatever other fictitious agencies of union may have employed. From
all which artificiality we can be saved by a couple of simple-reflections: first, that conjunctions and separations
are, at all events, co-ordinate phenomena which, if we take experiences at their face value, must be accounted equally
real; and second, that if we insist on treating things as really separate when they are given as continuously joined,
invoking, when union is required, transcendental principles to overcome the separateness we have assumed, then we ought
to stand ready to perform the converse act. We ought to invoke higher principles of disunion, also, to
 make our merely experienced disjunctions more truly real. Failing thus, we ought to let
the originally given continuities stand on their own bottom. We have no right to be lopsided or to blow capriciously
hot and cold.
III. The Cognitive Relation
The first great pitfall from which such a radical standing by experience will save us is an artificial conception of
the relations between knower and known. Throughout the history of philosophy the subject and its object have
been treated as absolutely discontinuous entities; and thereupon the presence of the latter to the former, or the
‘apprehension’ by the former of the latter, has assumed a paradoxical character which all sorts of theories had to be
invented to overcome. Representative theories put a mental ‘representation,’ ‘image,’ or ‘content’ into the gap, as a
sort of intermediary. Common-sense theories left the gap untouched, declaring our mind able to clear it by a
self-transcending leap. Transcendentalist theories left it impossible to traverse by  finite
knowers, and brought an Absolute in to perform the saltatory act. All the while, in the very bosom of the finite
experience, every conjunction required to make the relation intelligible is given in full. Either the knower and the
known are:
(1) The self-same piece of experience taken twice over in different contexts; or they are
(2) two pieces of actual experience belonging to the same subject, with definite tracts of conjunctive
transitional experience between them; or
(3) the known is a possible experience either of that subject or another, to which the said conjunctive
transitions would lead, if sufficiently prolonged.
To discuss all the ways in which one experience may function as the knower of another, would be incompatible with
the limits of this essay.19 I have just treated of type 1, the 
kind of knowledge called perception. This is the type of case in which the mind enjoys direct ‘acquaintance’ with a
present object. In the other types the mind has ‘knowledge-about’ an object not immediately there. Of type 2, the
simplest sort of conceptual knowledge, I have given some account in two articles.20 Type
3 can always formally and hypothetically be reduced to type 2, so that a brief description of that type will put the
present reader sufficiently at my point of view, and make him see what the actual meanings of the mysterious cognitive
relation may be.
19 For brevity’s sake I altogether omit mention of the type constituted by
knowledge of the truth of general propositions. This type has been thoroughly and, so far as I can see, satisfactorily,
elucidated in Dewey’s Studies in Logical Theory. Such propositions are reducible to the S-is-P form; and the
‘terminus’ that verifies and fulfils is the SP in combination. Of course percepts may be involved in the mediating
experiences, or in the ‘satisfactoriness’ of the P in its new position.
20 These articles and their doctrine, unnoticed apparently by any one else, have
lately gained favorable comment from Professor Strong. Dr. Dickinson S. Miller has independently thought out the same
results, which Strong accordingly dubs the James–Miller theory of cognition.
Suppose me to be sitting here in my library  at Cambridge, at ten minutes’ walk from ‘Memorial
Hall,’ and to be thinking truly of the latter object. My mind may have before it only the name, or it may have a clear
image, or it may have a very dim image of the hall, but such intrinsic differences in the image make no difference in
its cognitive function. Certain extrinsic phenomena, special experiences of conjunction, are what impart to
the image, be it what it may, its knowing office.
For instance, if you ask me what hall I mean by my image, and I call tell you nothing; or if I fail to point or lead
you towards the Harvard Delta; or if, being led by you, I am uncertain whether the Hall I see be what I had in mind or
not; you would rightly deny that I had ‘meant’ that particular hall at all, even though my mental image might to some
degree have resembled it. The resemblance would count in that case as coincidental merely, for all sorts of things of a
kind resemble one another in this world without being held for that reason to take cognizance of one another.
On the other hand, if I can lead you to the  hall, and tell you of its history and present
uses; if in its presence I feel my idea, however imperfect it may have been, to have led hither and to be now
terminated; if the associates of the image and of the felt hall run parallel, so that each term of the one
context corresponds serially, as I walk, with an answering term of the others; why then my soul was prophetic, and my
idea must be, and by common consent would be, called cognizant of reality. That percept was what I meant, for
into it my idea has passed by conjunctive experiences of sameness and fulfilled intention. Nowhere is there jar, but
every later moment continues and corroborates an earlier one.
In this continuing and corroborating, taken in no transcendental sense, but denoting definitely felt transitions,
lies all that the knowing of a percept by an idea can possibly contain orsignify. Wherever such
transitions are felt, the first experience knows that last one. Where they do not, or where even as possibles
they can not, intervene, there can be no pretence of knowing. In this latter case the extremes will be connected,
 if connected at all, by inferior relations — bare likeness or succession, or by ‘withness’
alone. Knowledge of sensible realities thus comes to life inside the tissue of experience. It is made; and
made by relations that unroll themselves in time. Whenever certain intermediaries are given, such that, as they develop
towards their terminus, there is experience from point to point of one direction followed, and finally of one process
fulfilled, the result is that their starting-point thereby becomes a knower and their terminus an object meant
orknown. That is all that knowing (in the simple case considered) can be known-as, that is the whole of
its nature, put into experiential terms. Whenever such is the sequence of our experiences we may freely say that we had
the terminal object ‘in mind’ from the outset, even although at the outset nothing was there in us but a flat
piece of substantive experience like any other, with no self-transcendency about it, and ny mystery save the mystery of
coming into existence and of being gradually followed by other pieces of substantive experience, with  conjunctively transitional experiences between. That is what we mean here by the object’s being
‘in mind.’ Of any deeper more real way of being in mind we have no positive conception, and we have no right to
discredit our actual experience by talking of such a way at all.
I know that many a reader will rebel at this. “Mere intermediaries,” he will say, “even though they be feelings of
continuously growing fulfilment, only separate the knower from the known, whereas what we have in knowledge is
a kind of immediate touch of the one by the other, an ‘apprehension’ in the etymological sense of the word, a leaping
of the chasm as by lightning, an act by which two terms are smitten into one, over the head of their distinctness. All
these dead intermediaries of yours are out of each other, and outside of their termini still.”
But do not such dialectic difficulties remind us of the dog dropping his bone and snapping at its image in the
water? If we knew any more real kind of union aliunde, we might be entitled  to brand
all our empirical unions as a sham. But unions by continuous transition are the only ones we know of, whether in this
matter of a knowledge-about that terminates in an acquaintance, whether in personal identity, in logical predication
through the copula ‘is,’ or elsewhere. If anywhere there were more absolute unions realized, they could only reveal
themselves to us by just such conjunctive results. These are what the unions are worth, these are all that
we can ever practically mean by union, by continuity. Is it not time to repeat what Lotze said of substances,
that to act like one is to be one? Should we not say here that to be experienced as continuous is to
be really continuous, in a world where experience and reality come to the same thing? In a picture gallery a painted
hook will serve to hang a painted chain by, a painted cable will hold a painted ship. In a world where both the terms
and their distinctions are affairs of experience, conjunctions that are experienced must be at least as real as
anything else. They  will be ‘absolutely’ real conjunctions, if we have no transphenomenal
Absolute ready, to derealize the whole experienced world by, at a stroke. If, on the other hand, we had such an
Absolute, not one of our opponents’ theories of knowledge could remain standing any better than ours could; for the
distinctions as well as the conjunctions of experience would impartially fall its prey. The whole question of how ‘one’
thing can know ‘another’ would cease to be a real one at all in a world where otherness itself was an illusion.21
21 Mr. Bradley, not professing to know his absolute aliunde, nevertheless
derealizes Experience by alleging it to be everywhere infected with self-contradiction. His arguments seem almost
purely verbal, but this is no place for arguing that point out.
So much for the essentials of the cognitive relation, where the knowledge is conceptual in type, or forms knowledge
‘about’ an object. It consists in intermediary experiences (possible, if not actual) of continuously developing
progress, and, finally, of fulfilment, when the sensible percept, which is the object, is reached. The percept here not
only verifies the concept, proves its function of knowing that percept to  be true, but
the percept’s existence as the terminus of the chain of intermediaries creates the function. Whatever
terminates that chain was, because it now proves itself to be, what the concept ‘had in mind.’
The towering importance for human life of this kind of knowing lies in the fact that an experience that knows
another can figure as its representative, not in any quasi-miraculous ‘epistemological’ sense, but in the
definite practical sense of being its substitute in various operations, sometimes physical and sometimes
mental, which lead us to its associates and results. By experimenting on our ideas of reality, we may save ourselves
the trouble of experimenting on the real experiences which they severally mean. The ideas form related systems,
corresponding point for point to the systems which the realities form; and by letting an ideal term call up its
associates systematically, we may be led to a terminus which the corresponding real term would have led to in case we
had operated on the real world. And this brings us to the general question of substitution. 
IV. Substitution
In Taine’s brilliant book on ‘Intelligence,’ substitution was for the first time named as a cardinal logical
function, though of course the facts had always been familiar enough. What, exactly, in a system of experiences, does
the ‘substitution’ of one of them for another mean?
According to my view, experience as a whole is a process in time, whereby innumerable particular terms lapse and are
superseded by others that follow upon them by transitions which, whether disjunctive or conjunctive in content, are
themselves experiences, and must in general be accounted at least as real as the terms which they relate. What the
nature of the event called ‘superseding’ signifies, depends altogether on the kind of transition that obtains. Some
experiences simply abolish their predecessors without continuing them in any way. Others are felt to increase or to
enlarge their meaning, to carry out their purpose, or to bring us nearer to their goal. They 
‘represent’ them, and may fulfil their function better than they fulfilled it themselves. But to ‘fulfil a function’ in
a world of pure experience can be conceived and defined in only one possible way. IN such a world transitions and
arrivals (or terminations) are the only events that happen, though they happen by so many sorts of path. The only
experience that one experience can perform is to lead into another experience; and the only fulfilment we can speak of
is the reaching of a certain experienced end. When one experience leads to (or can lead to) the same end as another,
they agree in function. But the whole system of experiences as they are immediately given presents itself as a
quasi-chaos through which one can pass out of an initial term in many directions and yet end in the same terminus,
moving from next to next by a great many possible paths.
Either one of these paths might be a functional substitute for another, and to follow one rather than another might
on occasion be an advantageous thing to do. As a matter of  fact, and in a general way, the paths
that run through conceptual experiences, that is, through ‘thoughts’ or ‘ideas’ that ‘know’ the things in which they
terminate, are highly advantageous paths to follow. Not only do they yield inconceivably rapid transitions; but, owing
to the ‘universal’ character22 which they frequently possess, and to their capacity for
association with one another in great systems, they outstrip the tardy consecutions of the things themselves, and sweep
us on towards our ultimate termini in a far more labor-saving way than the following of trains of sensible perception
ever could. Wonderful are the new cuts and the short-circuits which the thought-paths make. Most thought-paths, it is
true, are substitutes for nothing actual; they end outside the real world altogether, in wayward fancies, utopias,
fictions or mistakes. But where they do re-enter reality and terminate therein, we substitute them always; and with
 these substitutes we pass the greater number of our hours.
22 Of which all that need be said in this essay is that it also can be conceived
as functional, and defined in terms of transitions, or of the possibility of such.
This is why I called our experiences, taken together, a quasi-chaos. There is vastly more discontinuity in the sum
total of experiences than we commonly suppose. The objective nucleus of every man’s experience, his own body, is, it is
true, a continuous percept; and equally continuous as a percept (thought we may be inattentive to it) is the material
environment of that body, changing by gradual transition when the body moves. But the distant parts of the physical
world are at all times absent from us, and form conceptual objects merely, into the perceptual reality of which our
life inserts itself at points discrete and relatively rare. Round their several objective nuclei, partly shared and
common and partly discrete, of the real physical world, innumerable thinkers, pursuing their several lines of
physically true cogitation, trace paths that intersect one another only at discontinuous perceptual points, and the
rest of the time are quite incongruent; and around all the nuclei  of shared ‘reality,’ as around
the Dyak’s head of my late metaphor, floats the vast cloud of experiences that are wholly subjective, that are
non-substitutional, that find not even an eventual ending for themselves in the perceptual world — there mere
day-dreams and joys and sufferings and wishes of the individual minds. These exist with one another, indeed,
and with the objective nuclei, but out of them it is probable that to all eternity no interrelated system of any kind
will every be made.
This notion of the purely substitutional or conceptual physical world brings us to the most critical of all steps in
the development of a philosophy of pure experience. The paradox of self-transcendency in knowledge comes back upon us
here, but I think that our notions of pure experience and of substitution, and our radically empirical view of
conjunctive transitions, are Denkmittel that will carry us safely through the pass. 
V. What Objective Reference is.
Whosoever feels his experience to be something substitutional even while he has it, may be said to have an
experience that reaches beyond itself. From inside of its own entity it says ‘more,’ and postulates reality existing
elsewhere. For the transcendentalist, who holds knowing to consist in a salto mortale across an
‘epistemological chasm,’ such an idea presents no difficulty; but it seems at first sight as if it might be
inconsistent with an empiricism like our own. Have we not explained that conceptual knowledge is made such wholly by
the existence of things that fall outside of the knowing experience itself — by intermediary experience and by a
terminus that fulfils? Can the knowledge be there before these elements that constitute its being have come? And, if
knowledge be not there, how can objective reference occur?
The key to this difficulty lies in the distinction between knowing as verified and completed, and the same knowing
as in transit  and on its way. To recur to the Memorial Hall example lately used, it is only when
our idea of the Hall has actually terminated in the percept that we know ‘for certain’ that from the beginning it was
truly cognitive of that. Until established by the end of the process, its quality of knowing that, or indeed
of knowing anything, could still be doubted; and yet the knowing really was there, as the result now shows. We were
virtual knowers of the Hall long before we were certified to have been its actual knowers, by the percept’s
retroactive validating power. Just so we are ‘mortal’ all the time, by reason of the virtuality of the inevitable event
which will make us so when it shall have come.
Now the immensely greater part of all our knowing never gets beyond this virtual stage. It never is completed or
nailed down. I speak not merely of our ideas of imperceptibles like ether-waves or dissociated ‘ions,’ or of ‘ejects’
like the contents of our neighbors’ minds; I speak also of ideas which we might verify if we would take the trouble,
but which we hold for  true although unterminated perceptually, because nothing says ‘no’ to us,
and there is no contradicting truth in sight. To continue thinkingunchallenged is, ninety-nine times out
of a hundred, our practical substitute for knowing in the completed sense. As each experience runs by cognitive
transition into the next one, and we nowhere feel a collision with what we elsewhere count as truth or fact, we commit
ourselves to the current as if the port were sure. We live, as it were, upon the front edge of an advancing wave-crest,
and our sense of a determinate direction in falling forward is all we cover of the future of our path. It is as if a
differential quotient should be conscious and treat itself as an adequate substitute for a traced-out curve. Our
experience, inter alia, is of variations of rate and of direction, and lives in these transitions more than in
the journey’s end. The experiences of tendency are sufficient to act upon — what more could we have done at
those moments even if the later verification comes complete?
This is what, as a radical empiricist, I say to  the charge that the objective reference which
is so flagrant a character of our experience involves a chasm and a mortal leap. A positively conjunctive transition
involves neither chasm nor leap. Being the very original of what we mean by continuity, it makes a continuum wherever
it appears. I know full well that such brief words as these will leave the hardened transcendentalist unshaken.
Conjunctive experiences separate their terms, he will still say: they are third things interposed, that have
themselves to be conjoined by new links, and to invoke them makes our trouble infinitely worse. To ‘feel’ our motion
forward is impossible. Motion implies terminus; and how can terminus be felt before we have arrived? The barest start
and sally forwards, the barest tendency to leave the instant, involves the chasm and the leap. Conjunctive transitions
are the most superficial of appearances, illusions of our sensibility which philosophical reflection pulverizes at a
touch. Conception is our only trustworthy instrument, conception and the Absolute working hand in hand. Conception
disintegrates  experience utterly, but its disjunctions are easily overcome again when the
Absolute takes up the task.
Such transcendentalists I must leave, provisionally at least, in full possession of their creed. I have no space for
polemics in this article, so I shall simply formulate the empiricist doctrine as my hypothesis, leaving it to work or
not work as it may.
Objective reference, I say then, is an incident of the fact that so much of our experience comes as an insufficient
and consists of process and transition. Our fields of experience have no more definite boundaries than have our fields
of view. Both are fringed forever by a more that continuously develops, and that continuously supersedes them
as life proceeds. The relations, generally speaking, are as real here as the terms are, and the only complaint of the
transcendentalist’s with which I could at all sympathize would be his charge that, by first making knowledge consist in
external relations as I have done, and by then confessing  that nine-tenths of the time these are
not actually but only virtually there, I have knocked the solid bottom out of the whole business, and palmed off a
substitute of knowledge for the genuine thing. Only the admission, such a critic might say, that our ideas are
self-transcendent and ‘true’ already, in advance of the experiences that are to terminate them, can bring solidity back
to knowledge in a world like this, in which transitions and terminations are only by exception fulfilled.
This seems to me an excellent place for applying the pragmatic method. When a dispute arises, that method consists
in auguring what practical consequences would be different if one side rather than the other were true. If no
difference can be thought of, the dispute is a quarrel over words. What then would the self-transcendency affirmed to
exist in advance of all experiential mediation or terminations, be known-as? What would it practically result
in for us, were it true?
It could only result in our orientation, in the turning of our expectations and practical tendencies  into the right path; and the right path here, so long as we and the object are not yet face to face (or
can never get face to face, as in the case of ejects), would be the path that led us into the object’s nearest
neighborhood. Where direct acquaintance is lacking, ‘knowledge about’ is the next best thing, and an acquaintance with
what actually lies about the object, and is most closely related to it, puts such knowledge within our gasp.
Ether-waves and your anger, for example, are things in which my thoughts will never perceptually terminate,
but my concepts of them lead me to their very brink, to the chromatic fringes and to the hurtful words and deeds which
are their really next effects.
Even if our ideas did in themselves carry the postulated self-transcendency, it would still remain true that their
putting us into possession of such effects would be the sole cash- value of the self-transcendency for us. And
this cash-value, it is needless to say, is verbatim et literatim what our empiricist account pays in. On
pragmatist principles, therefore, a dispute  over self-transcendency is a pure logomachy. Call
our concepts of ejective things self-transcendent or the reverse, it makes no difference, so long as we don’t differ
about the nature of that exalted virtue’s fruits — fruits for us, of course, humanistic fruits. If an Absolute were
proved to exist for other reasons, it might well appear that his knowledge is terminated in innumerable cases
where ours is still incomplete. That, however, would be a fact indifferent to our knowledge. The latter would grow
neither worse nor better, whether we acknowledged such an Absolute or left him out.
So the notion of a knowledge still in transitu and on its way joins hands here with that notion of a ‘pure
experience’ which I tried to explain in my [essay] entitled ‘Does Consciousness Exist?’ The instant field of the
present is always experienced in its ‘pure’ state. plain unqualified actuality, a simple that, as yet
undifferentiated into thing and thought, and only virtually classifiable as objective fact or as some one’s opinion
about fact. This is as true  when the field is conceptual as when it is perceptual. ‘Memorial
Hall’ is ‘there’ in my idea as much as when I stand before it. I proceed to act on its account in either case. Only in
the later experience that supersedes the present one is this naif immediacy retrospectively split into two
parts, a ‘consciousness’ and its ‘content,’ and the content corrected or confirmed. While still pure, or present, any
experience — mine, for example, of what I write about in these very lines — passes for ‘truth.’ The morrow may reduce
it to ‘opinion.’ The transcendentalist in all his particular knowledges is as liable to this reduction as I am: his
Absolute does not save him. Why, then, need he quarrel with an account of knowing that merely leaves it liable to this
inevitable condition? Why insist that knowing is a static relation out of time when it practically seems so much a
function of our active life? For a thing to be valid, says Lotze, is the same as to make itself valid. When the whole
universe seems only to be making itself valid and to be still incomplete (else why its ceaseless changing?) why, of
 all things, should knowing be exempt? Why should it not be making itself valid like everything
else? That some parts of it may be already valid or verified beyond dispute, the empirical philosopher, of course, like
any one else, may always hope.
VI. The Conterminousness of Different Minds
With transition and prospect thus enthroned in pure experience, it is impossible to subscribe to the idealism of the
English school. Radical empiricism has, in fact, more affinities with natural realism than with the views of Berkeley
or of Mill, and this can be easily shown.
For the Berkeleyan school, ideas (the verbal equivalent of what I term experiences) are discontinuous. The content
of each is wholly immanent, and there are no transitions with which they are consubstantial and through which their
beings may unite. Your Memorial Hall and mine, even when both are percepts, are wholly out of connection with each
other.  Our lives are a congeries of solipsisms, out of which in strict logic only a God could
compose a universe even of discourse. No dynamic currents run between my objects and your objects. Never can our minds
meet in the same.
The incredibility of such a philosophy is flagrant. It is ‘cold, strained, and unnatural’ in a supreme degree; and
it may be doubted whether even Berkeley himself, who took it so religiously, really believed, when walking through the
streets of London, that his spirit and the spirits of his fellow wayfarers had absolutely different towns in view.
To me the decisive reason in favor of our minds meeting in some common objects at least is that, unless I
make that supposition, I have no motive for assuming that your mind exists at all. Why do I postulate your mind?
Because I see your body acting in a certain way. Its gestures, facial movements, words and conduct generally, are
‘expressive,’ so I deem it actuated as my own is, by an inner life like mine. This argument from analogy is my
reason,  whether an instinctive belief runs before it or not. But what is ‘your body’
here but a percept in my field? It is only as animating that object, my object, that I have
any occasion to think of you at all. If the body that you actuate be not the very body that I see there, but some
duplicate body of your own with which that has nothing to do, we belong to different universes, you and I, and for me
to speak of you is folly. Myriads of such universes even now may coexist, irrelevant to one another; my concern is
solely with the universe with which my own life is connected.
In that perceptual part of my universe which I call your body, your mind and my mind meet and may
be called conterminous. Your mind actuates that body and mine sees it; my thoughts pass into it as into their
harmonious cognitive fulfilment; your emotions and volitions pass into it as causes into their effects.
But that percept hangs together with all our other physical percepts. They are of one stuff with it; and if it be
our common possession, they must be so likewise. For instance, your  hand lays hold of one end of
a rope and my hand lays hold of the other end. We pull against each other. Can our two hands be mutual objects in this
experience, and the rope not be mutual also? What is true of the rope is true of any other percept. Your objects are
over and over again the same as mine. If I ask you where some object of yours is, our old Memorial Hall, for
example, you point to my Memorial Hall with your hand which I see. If you alter an object in
your world, put out a candle, for example, when I am present, my candle ipso facto goes out. It is
only as altering my objects that I guess you to exist. If your objects do not coalesce with my objects, if they be not
identically where mine are, they must be proved to be positively somewhere else. But no other location can be assigned
for them, so their place must be what it seems to be, the same.23
23 The notions that our objects are inside of our respective heads is not
seriously defensible, so I pass it by.
Practically, then, our minds meet in a world of objects which they share in common, which 
would still be there, if one or several of the minds were destroyed. I can see no formal objection to this
supposition’s being literally true. On the principles which I am defending, a ‘mind’ or ‘personal consciousness’ is the
name for a series of experiences run together by certain definite transitions, and an objective reality is a series of
similar experiences knit by different transitions. If one and the same experience can figure twice, once in a mental
and once in a physical context (as I have tried, in my article on ‘Consciousness,’ to show that it can), one does not
see why it might not figure thrice, or four times, or any number of times, by running into as many different mental
contexts, just as the same point, lying at their intersection, can be continued into many different lines. Abolishing
any number of contexts would not destroy the experience itself or its other contexts, any more than abolishing some of
the point’s linear continuations would destroy the others, or destroy the point itself.
I well know the subtle dialectic which insists  that a term taken in another relation must
needs be an intrinsically different term. The crux is always the old Greek one, that the same man can’t be tall in
relation to one neighbor, and short in relation to another, for that would make him tall and short at once. In this
essay I can not stop to refute this dialectic, so I pass on, leaving my flank for the time exposed. But if my reader
will only allow that the same ‘now’ both ends his past and begins his future; or that, when he buys an acre of
land from his neighbor, it is the same acre that successively figures in the two estates; or that when I pay him a
dollar, the same dollar goes into his pocket that came out of mine; he will also in consistency have to allow that the
same object may conceivably play a part in, as being related to the rest of, any number of otherwise entirely different
minds. This is enough for my present point: the common-sense notion of minds sharing the same object offers no special
logical or epistemological difficulties of its own; it stands or falls with the general possibility  of things being in conjunctive relation with other things at all.
In principle, then, let natural realism pass for possible. Your mind and mine may terminate in the same
percept, not merely against it, as if it were a third external thing, but by inserting themselves into it and
coalescing with it, for such is the sort of conjunctive union that appears to be experienced when a perceptual terminus
‘fulfils.’ Even so, two hawsers may embrace the same pile, and yet neither one of them touch any other part except that
pile, of what the other hawser is attached to.
It is therefore not a formal question, but a question of empirical fact solely, whether when you and I are said to
know the ‘same’ Memorial Hall, our minds do terminate at or in a numerically identical percept. Obviously, as a plain
matter of fact, they do not. Apart from color-blindness and such possibilities, we see the Hall in different
perspectives. You may be on one side of it and I on another. The percept of each of us, as he sees the surface of the
Hall, is moreover only his provisional terminus. The  next thing beyond my percept is not your
mind, but more percepts of my own into which my first percept develops, the interior of the Hall, for instance, or the
inner structure of its bricks and mortar. If our minds were in a literal sense conterminous, neither could get
beyond the percept which they had in common, it would be an ultimate barrier between them — unless indeed they flowed
over it and became ‘co-conscious’ over a still larger part of their content, which (thought-transference apart) is not
supposed to be the case. In point of fact the ultimate common barrier can always be pushed, by both minds, farther than
any actual percept of either, until at last it resolves itself into the mere notion of imperceptibles like atoms or
either, so that, where we do terminate in percepts, our knowledge is only speciously completed, being, in theoretic
strictness, only a virtual knowledge of those remoter objects which conception carries out.
Is natural realism, permissible in logic, refuted then by empirical fact? Do our minds have no object in common
after all? 
Yet, they certainly have Space in common. On pragmatic principles we are obliged to predicate sameness
wherever we can predicate no assignable point of difference. If two named things have every quality and function
indiscernible, and are at the same time in the same place, they must be written down as numerically one thing under two
different names. But there is no test discoverable, so far as I know, by which it can be shown that the place occupied
by your percept of Memorial Hall differs from the place occupied by mine. The percepts themselves may be shown to
differ; but if each of us be asked to point out where his percept is, we point to an identical spot. All the relations,
whether geometrical or causal, of the Hall originate or terminate in that spot wherein our hands meet, and where each
of us begins to work if he wishes to make the Hall change before the other’s eyes. Just so it is with our bodies. That
body of yours which you actuate and feel from within must be in the same spot as the body of yours which I see or touch
from without. ‘There’ for me means  where I place my finger. If you do not feel my finger’s
contact to be ‘there’ in my sense, when I place it on your body, where then do you feel it? Your inner
actuations of your body meet my finger there: it is there that you resist its push, or shrink back,
or sweep the finger aside with your hand. Whatever farther knowledge either of us may acquire of the real constitution
of the body which we thus feel, you from within and I from without, it is in that same place that the newly conceived
or perceived constituents have to be located, and it is through that space that your and my mental intercourse
with each other has always to be carried on, by the mediation of impressions which I convey thither, and of the
reactions thence which those impressions may provoke from you.
In general terms, then, whatever differing contents our minds may eventually fill a place with, the place itself is
a numerically identical content of the two minds, a piece of common property in which, through which, and over which
they join. The receptacle of certain of  our experiences being thus common, the experiences
themselves might some day become common also. If that day ever did come, our thoughts would terminate in a complete
empirical identity, there would be an end, so far as those experiences went, to our discussions about truth.
No points of difference appearing, they would have to count as the same.
VII. Conclusion
With this we have the outlines of a philosophy of pure experience before us. At the outset of my essay, I called it
a mosaic philosophy. In actual mosaics the pieces are held together by their bedding, for which bedding of the
Substances, transcendental Egos, or Absolutes of other philosophies may be taken to stand. In radical empiricism there
is no bedding; it is as if the pieces clung together by their edges, the transitions experienced between them forming
their cement. Of course such a metaphor is misleading, for in actual experience the more substantive and the more
transitive parts run into each other continuously, there is in general  no separateness needing
to be overcome by an external cement; and whatever separateness is actually experienced is not overcome, it stays and
counts as separateness to the end. But the metaphor serves to symbolize the fact that Experience itself, taken at
large, can grow by its edges. That one moment of it proliferates into the next by transitions which, whether
conjunctive or disjunctive, continue the experiential tissue, can no, I contend, be denied. Life is in the transitions
as much as in the terms connected; often, indeed, it seems to be there more emphatically, as if our spurts and sallies
forward were the real firing-line of the battle, were like the thin line of flame advancing across the dry autumnal
field which the farmer proceeds to burn. In this line we live prospectively as well as retrospectively. It is ‘of’ the
past, inasmuch as it comes expressly as the past’s continuation; it is ‘of’ the future in so far as the future, when it
comes, will have continued it.
These relations of continuous transition experienced are what make our experiences cognitive. 
In the simplest and completest cases the experiences are cognitive of one another. When one of them terminates a
previous series of them with a sense of fulfilment, it, we say, is what those other experiences ‘had in view.’ The
knowledge, in such a case, is verified; the truth is ‘salted down.’ Mainly, however, we live on speculative
investments, or on our prospects only. But living on things in posse is as good as living in the actual, so
long as our credit remains good. It is evident that for the most part it is good, and that the universe seldom protests
our drafts.
In this sense we at every moment can continue to believe in an existing beyond. It is only in special cases
that our confident rush forward gets rebuked. The beyond must, of course, always in our philosophy be itself of an
experiential nature. If not a future experience of our own or a present one of our neighbor, it must be a thing in
itself in Dr. Prince’s and Professor Strong’s sense of the term — that is, it must be an experience for itself
whose relation to other things we translate into the action  of molecules, ether-waves, or
whatever else the physical symbols may be.24 This opens the chapter of the relations of
radical empiricism to panspychism, into which I cannot enter now.
24 Our minds and these ejective realities would still have space (or pseudo-space,
as I believe Professor Strong calls the medium of interaction between ‘things-inthemselves’) in common. These would
exist where, and begin to act where, we locate the molecules, etc., and where we perceive
the sensible phenomena explained thereby.
The beyond can in any case exist simultaneously — for it can be experienced to have existed simultaneously
— with the experience that practically postulates it by looking in its direction, or by turning or changing in the
direction of which it is the goal. Pending that actuality of union, in the virtuality of which the ‘truth,’ even now,
of the postulation consists, the beyond and its knower are entities split off from each other. The world is in so far
forth a pluralism of which the unity is not fully experienced as yet. But, as fast as verifications come, trains of
experience, once separate, run into one another; and that is why I said, earlier  in my article,
that the unity of the world is on the whole undergoing increase. The universe continually grows in quantity by new
experiences that graft themselves upon the older mass; but these very new experiences often help the mass to a more
consolidated form.
These are the main features of a philosophy of pure experience. It has innumerable other aspects and arouses
innumerable questions, but the points I have touched on seem enough to make an entering wedge. In my own mind such a
philosophy harmonizes best with a radical pluralism, with novelty and indeterminism, moralism and theism, and with the
‘humanism’ lately sprung upon us by the Oxford and the Chicago schools.25 I can not,
however, be sure that all these doctrines are its necessary and indispensable allies. It presents so many points of
difference, both from the common sense and from the idealism that have made our philosophic language, that it is almost
difficult to state it as it is to think it out clearly, and if it is ever to grow into a respectable system, it will
have to be built up by the contributions of many co-operating minds. It seems to me, as I said at the outset of this
essay, that many minds are, in point of fact, now turning in a direction that points towards radical empiricism. If
they are carried farther by my words, and if then they add their stronger voices to my feebler one, the publication of
this essay will have been worth while.
25 I have said something of this latter alliance in an article entitled ‘Humanism
and Truth,’ in Mind, October, 1904. [Reprinted in The Meaning of Truth, pp. 51–101. Cf. also “humanism and
Truth Once More,” below, pp. 244–265.] 

THREE
The Thing and Its Relations
[Reprinted from The Journal of Philosophy, Psychology and Scientific Methods, vol II, No. 2,
January 19, 1905. Reprinted also as Appendix A in A Pluralistic Universe, pp. 347–369. The authors corrections have
been adopted in the present text. ED.]

EXPERIENCE in its immediacy seems perfectly fluent. The active sense of living which we all enjoy, before reflection
shatters our instinctive world for us, is self-luminous and suggests no paradoxes. Its difficulties are disappointments
and uncertainties. They are not intellectual contradictions.
When the reflective intellect gets at work, however, it discovers incomprehensibilities in the flowing process.
Distinguishing its elements and parts, it gives them separate names, and what it thus disjoins it can not easily put
together. Pyrrhonism accepts the irrationality and revels in its dialectic elaboration. Other philosophies try, some by
ignoring, some by resisting, and some by turning the dialectic procedure against itself, negating its first negations,
to restore the fluent sense of  life again, and let redemption take the place of innocence. The
perfection with which any philosophy may do this is the measure of its human success and of its importance in
philosophic history. In [the last essay], ‘A World of Pure Experience,’ I tried my own hand sketchily at the problem,
resisting certain first steps of dialectics by insisting in a general way that the immediately experienced conjunctive
relations are as real as anything else. If my sketch is not to appear to naif, I must come closer to details,
and in the present essay I propose to do so.
I
‘Pure experience’ is the name which I gave to the immediate flux of life which furnishes the material to our later
reflection with its conceptual categories. Only new-born babes, or men in semi-coma from sleep, drugs, illnesses, or
blows, may be assumed to have an experience pure in the literal sense of a that which is not yet any definite
what, tho’ ready to be all sorts of whats; full both of oneness  and of manyness, but in
respects that don’t appear; changing throughout, yet so confusedly that its phases interpenetrate and no points, either
of distinction or of identity, can be caught. Pure experience in this state is but another name for feeling or
sensation. But the flux of it no sooner comes than it tends to fill itself with emphases, and these salient parts
become identified and fixed and abstracted; so that experience now flows as if shot through with adjectives and nouns
and prepositions and conjunctions. Its purity is only a relative term, meaning to proportional amount of unverbalized
sensation which it still embodies.
Far back as we go, the flux, both as a whole and in its parts, is that of things conjunct and separated. The great
continua of time, space, and the self envelope everything, betwixt them, and flow together without interfering. The
things that they envelop come as separate in some ways and as continuous in others. Some sensations coalesce with some
ideas, and others are irreconcilable. Qualities compenetrate  one space, or exclude each other
from it. They cling together persistently in groups that move as units, or else they separate. Their changes are abrupt
or discontinuous; and their kinds resemble or differ; and, as they do so, they fall into either even or irregular
series.
In all this the continuities and the discontinuities are absolutely co-ordinate matters of immediate feeling. The
conjunctions are as primordial elements of ‘fact’ as are the distinctions and disjunctions. In the same act by which I
feel that this passing minute is a new pulse of my life, I feel that the old life continues into it, and the feeling of
continuance in no wise jars upon the simultaneous feeling of a novelty. They, too, compenetrate harmoniously.
Prepositions, copulas, and conjunctions, ‘is,’ is n’t,’ ‘then,’ ‘before,’ ‘in,’ ‘on,’ ‘beside,’ ‘between,’ ‘next,’
‘like,’ ‘unlike,’ ‘as,’ ‘but,’ flower out of the stream of pure experience, the stream of concretes or the sensational
stream, as naturally as nouns and adjectives do, and they melt into it again as fluidly when we apply them to a new
portion of the stream 

II
If now we ask why we must thus translate experience from a more concrete or pure into a more intellectualized form,
filling it with ever more abounding conceptual distinctions, rationalism and naturalism give different replies.
The rationalistic answer is that the theoretic life is absolute and its interests imperative; that to understand is
simply the duty of man; and that who questions this need must not be argued with, for by the fact of arguing he gives
away his case.
The naturalist answer is that the environment kills as well as sustains us, and that the tendency of raw experience
to extinguish the experient himself is lessened just in the degree in which the elements in it that have a practical
bearing upon life are analyzed out of the continuum and verbally fixed and coupled together, so that we may know what
is in the wind for us and get ready to react in time. Had pure experience, the naturalist says, been always perfectly
healthy, there would never  have arisen the necessity of isolating or verbalizing any of its
terms. We should just have experienced inarticulately and unintellectually enjoyed. This leaning on ‘reaction’ in the
naturalist account implies that, whenever we intellectualize a relatively pure experience, we ought to do so for the
sake of redescending to the purer or more concrete level again; and that if an intellect stays aloft among its abstract
terms and generalized relations, and does not reinsert itself with its conclusions into some particular point of the
immediate stream of life, it fails to finish out its function and leaves its normal race unrun.
Most rationalists nowadays will agree that naturalism gives a true enough account of the way in which our intellect
arose at first, but they will deny these latter implications. The case, they will say, resembles that of sexual love.
Originating in the animal need of getting another generation born, this passion has developed secondarily such
imperious spiritual needs that, if you ask why another generation ought to be born at all, the answer is: ‘Chiefly
 that love may go on.’ Just so with our intellect: it originated as a practical means of serving
life; but it has developed incidentally the function of understanding absolute truth; and life itself now seems to be
given chiefly as a means by which that function may be prosecuted. But truth and the understanding of it lie among the
abstracts and universals, so the intellect now carries on its higher business wholly in this region, without any need
of redescending into pure experience again.
If the contrasted tendencies which I thus designate as naturalistic and rationalistic are not recognized by the
reader, perhaps an example will make them more concrete. Mr. Bradley, for instance, is an ultra-rationalist. He admits
that our intellect is primarily practical, but says that, for philosophers,the practical need is simply Truth. Truth,
moreover, must be assumed ‘consistent.’ Immediate experience has to be broken into subjects and qualities, terms and
relations, to be understood as truth at all. Yet when so broken it is less consistent than ever. Taken raw, it is all
undistinguished.  Intellectualized, it is all distinction without oneness. ‘Such an arrangement
may work, but the theoretic problem is not solved.’ The question is ‘how the diversity can exist in
harmony with the oneness.’ To go back to pure experience is unavailing. ‘Mere feeling gives no answer to our riddle.’
Even if your intuition is a fact, it is not an understanding. ‘It is a mere experience, and furnishes no
consistent view.’ The experience offered as facts or truths ‘I find that my intellect rejects because they contradict
themselves. They offer a complex of diversities conjoined in a way which it feels is not its way and which it can not
repeat as its own. . . . For to be satisfied, my intellect must understand, and it can not understand by
taking a congeries in the lump’26 So Mr. Bradley, in the sole interests of
‘understanding’ (as he conceives that function), turns his back on finite experience forever. Truth must lie in the
opposite direction, the direction of the Absolute; and this kind of  rationalism and naturalism,
or (as I will now call it) pragmatism, walk thenceforward upon opposite paths. For the one, those intellectual products
are most truth which, turning their face towards the Absolute, come nearest to symbolizing its ways of uniting the many
and the one. For the other, those are most true which most successfully dip back into the finite stream of feeling and
grow most easily confluent with some particular wave or wavelet. Such confluence not only proves the intellectual
operation to have been true (as an addition may ‘prove’ that a subtraction is already rightly performed), but it
constitutes, according to pragmatism, all that we mean by calling it true. Only in so far as they lead us, successfully
or unsuccessfully, back into sensible experience again, are our abstracts and universals true or false at all.27
26 [F.H. Bradley: Appearance and Reality, second edition, pp. 152–153,
23, 118, 104, 108–109, 570.]
27 Compare Professor MacLennan’s admirable Auseinandersetzung with Mr.
Bradley, in The Journal of Philosophy, Psychology and Scientific Methods, vol. I, [1904], pp. 403 ff.,
especially pp. 405–407.

III
In Section VI of [the last essay], I adopted  in a general way the common-sense belief that
one and the same world is cognized by our different minds; but I left undiscussed the dialectical arguments which
maintain that this is logically absurd. The usual reason given for its being absurd is that it assumes one object (to
wit, the world) to stand in two relations at once; to my mind, namely, and again to yours; whereas a term taken in a
second relation can not logically be the same term which it was at first.
I have heard this reason urged so often in discussing with absolutists, and it would destroy my radical empiricism
so utterly, if it were valid, that I am bound to give it an attentive ear, and seriously to search its strength.
For instance, let the matter in dispute be term M, asserted to be on the one hand related to L, and on the other to
N; and let the two cases of relation be symbolized by L-M and M-N respectively. When, now, I assume that the experience
may immediately come and be given in the shape L-M-N, with no trace of doubling or internal fission in the  M, I am told that this is all a popular delusion; that L-M-N logically means two different experiences,
L-M and M-N, namely; and that although the Absolute may, and indeed must, from its superior point of view, read its own
kind of unity into M’s two editions, yet as elements in finite experience the two M’s lie irretrievably asunder, and
the world between them is broken and unbridged.
In arguing this dialectic thesis, one must avoid slipping from the logical into the physical point of view. It would
be easy, in taking a concrete example to fix one’s ideas by, to choose one in which the letter M should stand for a
collective noun of some sort, which noun, being related to L by one of its parts and to N by another, would inwardly be
two things when it stood outwardly in both relations. Thus, one might say: ‘David Hume, who weighed so many stone by
his body, influences posterity by his doctrine.’ The body and the doctrine are two things, between which our finite
minds can discover no real sameness, though the same never covers both of them.  And then, one
might continue: ‘Only an Absolute is capable of uniting such a non-identity.’ We must, I say, avoid this sort of
example, for the dialectic insight, if true at all, must apply to terms and relations universally. It must be true of
abstract units as well as of nouns collective; and if we prove it by concrete examples we must take the simplest, so as
to avoid irrelevant material suggestions.
Taken thus in all its generality, the absolutist contention seems to use as its major premise Hume’s notion ‘that
all our distinct perceptions are distinct existences, and that the mind never perceives any real connexion among
distinct existences.’28 Undoubtedly, since we use two phrases in talking first about
‘M’s relation to L’ and then about ‘M’s relation to N,’ we must be having, or must have had, two distinct perceptions;
— and the rest would then seem to follow duly. But the starting-point of the reasoning here seems to be the fact of the
two phrases; and this suggests that  the argument may be merely verbal. Can it be that
the whole dialectic consists in attributing to the experience talked-about a constitution similar to that of the
language in which we describe it? Must we assert the objective doubleness of the M merely because we have to name it
twice over when we name its two relations?
28 [Hume: Treatise of Human Nature, Appendix, Selby–Bigge’s edition, p.
636.]
Candidly, I can think of no other reason than this for the dialectic conclusion;29
for, if we think, not of our words, but of any simple concrete matter which they may be held to signify, the experience
itself belies the paradox asserted. We use indeed two separate concepts in analyzing our object, but we know them all
the while to be but substitutional, and that the M in L-M and the M in M-N mean (i.e., are capable of leading
to and terminating in) one self-same piece, M, of sensible experience. This persistent identity of certain units (or
emphases, or points, or objects, or members — call them what you will) of the experience-continuum, is just one of
those conjunctive  features of it, on which I am obliged to insist so emphatically.30 For samenesses are parts of experience’s indefeasible structure. When I hear a bell-stroke
and, as life flows on, its after image dies away, I still hark back to it as ‘that same bell-stroke.’ When I see a
thing M, with L to the left of it and N to the right of it, I see it as one M; and if you tell me I have had
to ‘take’ it twice, I reply that if I ‘took’ it a thousand times I should still see it as a unity.31 Its unity is aboriginal, just as the multiplicity of my successive takings is aboriginal. It
comes unbroken as that M, as a singular which I encounter; they come broken, as those takings, as my
plurality of operations. The unity and the separateness are strictly co-ordinate. I do not easily fathom why my
opponents should find the separateness so much more easily understandable that they must needs infect the whole of
finite experience with it, and relegate  the unity (now taken as a bare postulate and no longer
as a thing positively perceivable) to the region of the Absolute’s mysteries. I do not easily fathom this, I say, for
the said opponents are above mere verbal quibbling; yet all that I can catch in their talk is the substitution of what
is true of certain words for what is true of what they signify. They stay with the words, — not returning to the stream
of life whence all the meaning of them came, and which is always ready to reabsorb them.
29 Technically, it seems classable as a ‘fallacy of composition.’ A duality,
predicable of the two wholes, L-M and M-N, is forthwith predicated of one of their parts, M.
30 See above, pp. 42 ff.
31 I may perhaps refer here to my Principles of Psychology, vol. I, pp.
459 ff. It really seems ‘weird’ to have to argue (as I am forced now to do) for the notion that it is one sheet of
paper (with its two surfaces and all that lies between) which is both under my pen and on the table while I write — the
‘claim’ that it is two sheets seems so brazen. Yet I sometimes suspect the absolutists of sincerity!

IV
For aught this argument proves, then, we may continue to believe that one thing can be known by many knowers. But
the denial of one thing in many relations is but one application of a still profounder dialectic difficulty. Man can’t
be good, said the sophist, for man is man and good is good; and Hegel32 and Herbart in their day, more recently A. Spir,33 and most
 recently and elaborately of all, Mr. Bradley, informs us that a term can logically only be a
punctiform unit, and that not one of the conjunctive relations between things, which experience seems to yield, is
rationally possible.
32 [For the author’s criticism of Hegel’s view of relations, cf. Will to
Believe, pp. 278–279, ED.]
33 [Cf. A. Spir: Denken und Wirklichkeit, part I, bk. III, ch. IV
(containing also account of Herbart). ED.]
Of course, if true, this cuts off radical empiricism without even a shilling. Radical empiricism takes conjunctive
relations at their face value, holding them to be as real as the terms united by them.34
The world it represents as a collection, some parts of which are conjunctively and others disjunctively related. Two
parts, themselves disjoined, may nevertheless hang together by intermediaries with which they are severally connected,
and the whole world eventually may hang together similarly, inasmuch as some path of conjunctive transition by
which to pass from one of its parts to another may always be discernible. Such determinately various hanging-together
may be called concatenated union, to distinguish it from the ‘through-and-through’ type of union,  ‘each in all and all in each’ (union of total conflux, as one might call it), which monistic
systems hold to obtain when things are taken in their absolute reality. In a concatenated world a partial conflux often
is experienced. Our concepts and our sensations are confluent; successive states of the same ego, and feelings of the
same body are confluent. Where the experience is not of conflux, it may be of conterminousness (things with but one
thing between); or of contiguousness (nothing between); or of likeness; or of nearness; or of simultaneousness; or of
inness; or of onness; or of forness; or of simple withness; or even of mere andness, which last relation would make of
however disjointed a world otherwise, at any rate for that occasion a universe ‘of discourse.’ Now Mr. Bradley tells us
that none of these relations, as we actually experience them, can possibly be real.35 My
next duty, accordingly,  must be to rescue radical empiricism from Mr. Bradley. Fortunately, as
it seems to me, his general contention, that the very notion of relation is unthinkable clearly, has been successfully
met by many critics.36
34 [See above, pp. 42, 49.]
35 Here again the reader must beware of slipping from logical into phenomenal
considerations. It may well be that we attribute a certain relation falsely, because the circumstances of the
case, being complex, have deceived us. At a railway station we may take our own train, and not the one that fills our
window, to be moving. We here put motion in the wrong place in the world, but in its original place the motion is a
part of reality. What Mr. Bradley means is nothing like this, but rather that such things as motion are nowhere real,
and that, even in their aboriginal and empirically incorrigible seats, relations are impossible of comprehension.
36 Particularly so by Andrew Seth Pringle–Pattison, in his Man and the
Cosmos; by L.T. Hobhouse, in chapter XII (“The Validity of Judgement”) of his Theory of Knowledge; and by
F.C.S. Schiller, in his Humanism, essay XI. Other fatal reviews (in my opinion) are Hodder’s, in the
Psychological Review, vol. I [1894], p. 307; Stout’s in the Proceedings of the Aristotelian Society,
1901–2, p.1; and MacLennan’s in [The Journal of Philosophy, Psychology and Scientific Methods, vol. I, 1904, p.
403].
It is a burden to the flesh, and an injustice both to readers and to the previous writers, to repeat good arguments
already printed. So, in noticing Mr. Bradley, I will confine myself to the interests of radical empiricism solely.

V
The first duty of radical empiricism, taking given conjunctions at their face-value, is to class some of them as
more intimate and some as more external. When two terms are similar, their very natures enter into the
relation.  Being what they are, no matter where or when, the likeness never can be
denied, if asserted. It continues predictable as long as the terms continue. Other relations, the where and
the when, for example, seems adventitious. The sheet of paper may be ‘off’ or ‘on’ the table, for example; and
in either case the relation involves only the outside of its terms. Having an outside, both of them, they contribute by
it to the relation. It is external: the term’s inner nature is irrelevant to it. Any book, any table, may fall into the
relation, which is created prohac vice, not by their existence, but by their causal situation. It is
just because so many of the conjunctions of experience seem so external that a philosophy of pure experience must tend
to pluralism in its ontology. So far as things have space-relations, for example, we are free to imagine them with
different origins even. If they could get to be, and get into space at all, then they may have done so
separately. Once there, however, they are additives to one another, and, with no prejudice to their natures,
all sorts of space-relations may supervene between  them. The question of how things could come
to be anyhow, is wholly different from the question what their relations, once the being accomplished, may consist
in.
Mr. Bradley now affirms that such external relations as the space-relations which we here talk of must hold of
entirely different subjects from those of which the absence of such relations might a moment previously have been
plausibly asserted. Not only is the situation different when the book is on the table, but the book
itself is different as a book, from what it was when it was off the table.37 He
admits that “such external relations seem possible and even existing. . . . That you do not alter what you
compare or rearrange in space seems to common sense quite obvious, and that on  the other side
there are as obvious difficulties does not occur to common sense at all. And I will begin by pointing out these
difficulties. . . . There is a relation in the result, and this relation, we hear, is to make no difference
in its terms. But, if so, to what does it make a difference? [Does n’t it make a difference to us on-lookers, at
least?] and what is the meaning and sense of qualifying the terms by it? [Surely the meaning is to tell the
truth about their relative position.] If, in short, it is external to the terms, how can it possibly be true
of them? [Is it the ‘intimacy’ suggested by the little word ‘of,’ here, which I have understood, that is
the root of Mr. Bradley’s trouble?] . . . If the terms from their inner nature do not enter into the
relation, then, so far as they are concerned, they seem related for no reason at all. . . . Things are
spatially related, first in one way, and then become related in another way, and yet in no way themselves are altered;
for the relations, it is said, are but external. But I reply that, if  so, I can not
understand the leaving by the terms of one set of relations and their adoption of another fresh set. The
process and its result to the terms, if they contribute nothing to it [Surely they contribute to it all there is
‘of’it!] seem irrational throughout. [If ‘irrational’ here means simply ‘non-rational,’ or non-deducible from
the essence of either term singly, it is no reproach; if it means ‘contradicting’ such essence, Mr. Bradley should show
wherein and how.] But, if they contribute anything, they must surely be affected internally. [Why so, if
they contribute only their surface? In such relations as ‘on,’ ‘a foot away,’ ‘between,’ ‘next,’ etc., only surfaces
are in question.] . . . If the terms contribute anything whatever, then the terms are affected [inwardly
altered?] by the arrangement. . . . That for working purposes we treat, and do well to treat, some
relations as external merely I do not deny, and that of course is not the question at issue here. That question is
. . . whether in the end and in principle a mere external relation — i.e., a relation which can change
without forcing its terms  to change their nature simultaneously] is possible and forced on
us by the facts.”38
37 Once more, don’t slip from logical into physical situations. Of course, if the
table be wet, it will moisten the book, or if it be slight enough and the book be heavy enough, the book will break it
down. But such collateral phenomena are not the point at issue. The point is whether the successive relations ‘on’ and
‘not-on’ can rationally (not physically) hold of the same constant terms, abstractly taken. Professor A.E. Taylor drops
from logical into material considerations when he instances color-contrast as a proof that A, ‘as contra-distinguished
from B, is not the same thing as mere A not in any way affected’ (Elements of Metaphysics, p. 145). Note the
substitution, for ‘related’ of the word ‘affected,’ which begs the whole question.
38 But “is there any sense,” asks Mr. Bradley, peevishly, on p. 579, “and if so,
what sense in truth that is only outside and ‘about’ things?” Surely such a question may be left unanswered.
Mr. Bradley next reverts to the antinomies of space, which, according to him, prove it to be unreal, although it
appears as so prolific a medium of external relations; and he then concludes that “Irrationality and externality can
not be the last truth about things. Somewhere there must be a reason why this and that appear together. And this reason
and reality must reside in the whole from which terms and relations are abstractions, a whole in which their internal
connection must lie, and out of which from the background appear those fresh results which never could have come from
the premises.” And he adds that “Where the whole is different, the terms that qualify and contribute to it must so far
be different. . . . They are altered so far only [How far? farther than externally, yet not through and
through?] but still they are altered. . . . I must insist that in each case the terms are qualified by their whole
[Qualified how?— Do their external  relations, situations, dates, etc., changed as these are
in the new whole, fail to qualify them ‘far’ enough?], and that in the second case there is a whole which differs
both logically and psychologically from the first whole; and I urge that in contributing to the change the terms so far
are altered.”
Not merely the relations, then, but the terms are altered: Und zwar ‘so far.’ But just how far is
the whole problem; and ‘through-and-through’ would seem (in spite of Mr. Bradley’s somewhat undecided
utterances39) to be the  full Bradleyan answer. The ‘whole’ which
he here treats as primary and determinative of each part’s manner of ‘contributing,’ simply must, when it
alters, alter in its entirety. There must be total conflux of its parts, each into and through each other. The
‘must’ appears here as a Machtspruch, as an ipse dixit of Mr. Bradley’s absolutistically tempered
‘understanding,’ for he candidly confesses that how the parts do differ as they contribute to different wholes, is
unknown to him.40
39 I say ‘undecided,’ because, apart from the ‘so far,’ what sounds terribly
half-hearted, there are passages in these very pages in which Mr. Bradley admits the pluralistic thesis. Read, for
example, what he says, on p. 578, of a billiard ball keeping its ‘character’ unchanged, though, in its change of place,
its ‘existence’ gets altered; or what he says, on p. 579, of the possibility that an abstract quality A, B, or C, in a
thing, ‘may throughout remain unchanged’ although the thing be altered; or his admission that red-hairedness, both as
analyzed out of a man and when given with the rest of him, there may be ‘no change’ p. 580). Why does he immediately
add that for the pluralist to plead the non-mutation of such abstractions would be an ignoratioelenchi? It is impossible to admit it to be such. The entire elenchus and inquest is just as to
whether parts which you can abstract from their inner nature. If they can thus mould various wholes into new
gestalqualitaten, then it follows that the same elements are logically able to exist in different wholes
[whether physically able would depend on additional hypotheses]; that partial changes are thinkable, and
through-and-through change not a dialectic necessity; that monism is only an hypothesis; and that an additively
constituted universe is a rationally respectable hypothesis also. All theses of radical empiricism, in short,
follow.
40 Op. cit., pp. 577–579.
Although I have every wish to comprehend the authority by which Mr. Bradley’s understanding speaks, his words leave
me wholly unconverted. ‘External relations’ stand with their withers all unwrung, and remain, for aught he proves to
the contrary, not only practically workable, but also perfectly intelligible factors of reality. 

VI
Mr. Bradley’s understanding shows the most extraordinary power of perceiving separations and the most extraordinary
impotence in comprehending conjunctions. One would naturally say ‘neither or both,’ but not so Mr. Bradley. When a
common man analyzes certain whats from out the stream of experience, he understands their distinctness as
thus isolated. But this does not prevent him from equally well understanding their combination with each other
as originally experienced in the concrete, or their confluence with new sensible experiences in which they
recur as ‘the same.’ Returning into the stream of sensible presentation, nouns and adjectives, and thats and
abstract whats, grow confluent again, and the word ‘is’ names all these experiences of conjunction. Mr.
Bradley understands the isolation of the abstracts, but to understand the combination is to him impossible.41 “To understand  a complex AB,” he says, “I must begin with A or B. And
beginning, say with A, if I then merely find B, I have either lost A, or I have got beside A, [the word ‘beside’
seems here vital, as meaning a conjunction ‘external’ and therefore unintelligible] something else, and in neither
case have I understood.42 For my intellect can not simply unite a diversity, nor has it
in itself any form or way of togetherness, and you gain nothing if, beside A and B, you offer me their conjunction in
fact. For to my intellect that is no more than another external element. And ‘facts,’ once for all, are for my
intellect not true unless they satisfy it. . . . The intellect has in its nature no principle of mere togetherness.”
43
41 So far as I catch his state of mind, it is somewhat like this: ‘Book,’ ‘table,’
‘on’ — how does the existence of these three abstract elements result in this book being livingly on
this table. Why is n’t the table on the book? Or why does n’t the ‘on’ connect itself with another book, or
something that is not a table? Must n’t something in each of the three elements already determine the two
others to it, so that they do not settle elsewhere or float vaguely? Must n’t the whole fact be prefigured
in each part, and exist de jure before it can exist de fact? But, if so, in what can the jural
existence consist, if not in a spiritual miniature of the whole fact’s constitution actuating every partial factor as
its purpose? But is this anything but the old metaphysical fallacy of looking behind a fact in esse for the
ground of the fact, and finding it in the shape of the very same fact in posse? Somewhere we must leave off
with a constitution behind which there is nothing.
42 Apply this to the case of ‘book-on-table’! W.J.
43 Op. cit., pp. 570, 572. 
Of course Mr. Bradley has a right to define ‘intellect’ as the power by which we perceive separations but not unions
— provided he give due notice to the reader. But why then claim that such a maimed and amputated power must reign
supreme in philosophy, and accuse on its behoof the whole empirical world of irrationality? It is true that he
elsewhere attributes to the intellect a proprius motus of transition, but says that when he looks for
these transitions in the detail of living experience, he ‘is unable to verify such a solution.’44
44 Op. cit., pp. 568, 569.
Yet he never explains what the intellectual transitions would be like in case we had them. He only defines them
negatively — they are not spatial, temporal, predicative, or causal; or qualitatively or otherwise serial; or in any
way relational as we naively trace relations, for relations separate terms, and need themselves to be hooked
on ad infinitum. The nearest approach he makes to describing a truly intellectual transition is where he
speaks of  A and B as being ‘united, each from its own nature, in a whole which is the nature of
both alike.’45 But this (which, pace Mr. Bradley, seems exquisitely analogous
to ‘taking’ a congeries in a ‘lump,’ if not to ‘swamping’) suggests nothing but that conflux which pure
experience so abundantly offers, as when ‘space,’ ‘white’ and ‘sweet’ are confluent in a ‘lump of sugar,’ or
kinesthetic, dermal, and optical sensations confluent in ‘my hand.’46 All that I can
verify in the transitions which Mr. Bradley’s intellect desiderates as its proprius motus is a reminiscence of
these and other sensible conjunctions (especially space-conjunctions), but a reminiscence so vague that its originals
are not recognized. Bradley in short repeats the fable of the dog, the bone, and its image in the water. With a world
of particulars, given in loveliest union, in conjunction definitely various, and variously definite,  the ‘how’ of which you ‘understand’ as soon as you see the fact of them,47 for there is no ‘how’ except the constitution of the fact as given; with all this given him,
I say, in pure experience, he asks for some ineffable union in the abstract instead, which, if he gained it, would only
be a duplicate of what he has already in his full possession. Surely he abuses the privilege which society grants to
all us philosophers, of being puzzle-headed.
45 Op. cit., p. 570.
46 How meaningless is the contention that in such wholes (or in ‘book-on-table,’
‘watch-inpocket,’ etc) the relation is an additional entity between the terms, needing itself to be related
again to each! Both Bradley (op. cit., pp. 32–33) and Royce (The World and the Individual, vol. I, p. 128)
lovingly repeat this piece of profundity.
47
Polemic writing like this is odious; but with absolutism in possession in so many quarters, omission to defend my
radical empiricism against its best known champion would count as either superficiality or inability. I have to
conclude that its dialectic has not invalidated in the least degree the usual conjunctions by which the world, as
experienced, hangs so variously together. In particular it leaves an empirical theory of knowledge48 intact, and lets us continue to believe with common sense that  one
object may be known, if we have any ground for thinking that it is known, to many knowers.
48
In [the next essay] I shall return to this last supposition, which seems to me to offer other difficulties much
harder for a philosophy of pure experience to deal with than any of absolutism’s dialectic objections. 


FOUR
How Two Minds Can Know One Thing
[Reprinted from The Journal of Philosophy, Psychology and Scientific Methods, vol II, No. 7,
March 30, 1905.]

IN [the essay] entitled ‘Does Consciousness Exist?’ I have tried to show that when we call an experience
‘conscious,’ that does not mean that it is suffused throughout with a peculiar modality of being (‘psychic’ being) as
stained glass may be suffused with light, but rather that it stands in certain determinate relations to other portions
of experience extraneous to itself. These form one peculiar ‘context’ for it; while, taken in another context of
experiences, we class it as a fact in the physical world. This ‘pen,’ for example, is, in the first instance, a bald
that, a datum, fact, phenomenon, content, or whatever other neutral or ambiguous name you may prefer to apply.
I called it in that article a ‘pure experience.’ To get classed either as a physical pen or as some one’s percept of a
pen, it must assume a function,  and that can only happen in a more complicated world.
So far as in that world it is a stable feature, holds ink, marks paper and obeys the guidance of a hand, it is a
physical pen. That is what we mean by being ‘physical,’ in a pen. So far as it is instable, on the contrary, coming and
going with the movements of my eyes, altering with what I call my fancy, continuous with subsequent experiences of its
‘having been’ (in the past tense), it is the percept of a pen in my mind. Those peculiarities are what we mean by being
‘conscious,’ in a pen.
In Section VI of another [essay]49 I tried to show that the same that, the
same numerically identical pen of pure experience, can enter simultaneously into many conscious contexts, or, in other
words, be an object for many different minds. I admitted that I had not space to treat of certain possible objections
in that article; but in [the last essay] I took some of the objections up. At the end of that [essay] I said that a
still more formidable-sounding  objections remained; so, to leave my pure-experience theory in
as strong a state as possible, I propose to consider those objections now.
49 “A World of Pure Experience,” above, pp. 39–91.
I
The objections I previously tried to dispose of were purely logical or dialectical. no one identical term, whether
physical or psychical, it had been said, could be the subject of two relations at once. This thesis I sought to prove
unfounded. The objections that now confront us arise from the nature supposed to inhere in psychic facts specifically.
Whatever may be the case with physical objects, a fact of consciousness, it is alleged (and indeed very plausibly), can
not, without self-contradiction, be treated as a portion of two different minds, and for the following reasons.
In the physical world we make with impunity the assumption that one and the same material object can figure in an
indefinitely large number of different processes at once. When, for instance, a sheet of rubber is pulled at its four
corners, a unit of rubber in the middle of the sheet is affected by all four of the  pulls. It
transmits them each, as if it pulled in four different ways at once itself. So, an air-particle or an
ether-particle ‘compounds’ the different directions of movement imprinted on it without obliterating their several
individualities. It delivers them distinct, on the contrary, at as many several ‘receivers’ (ear, eye or what not) as
may be ‘tuned’ to that effect. The apparent paradox of a distinctness like this surviving in the midst of compounding
is a thing which, I fancy, the analyses made by physicists have by this time sufficiently cleared up.
But if, on the strength of these analogies, one should ask: “Why, if two or more lines can run through one and the
same geometrical point, or if two or more distinct processes of activity can run through one and the same physical
thing so that it simultaneously plays a role in each and every process, might not two or more streams of personal
consciousness include one and the same unit of experience so that it would simultaneously be a part of the experience
of all the different minds?” one would be checked by thinking of a certain peculiarity by  which
phenomena of consciousness differ from physical things.
While physical things, namely, are supposed to be permanent and to have their ‘states,’ a fact of consciousness
exists but once and is a state. Its esse is sentiri; it is only so far as it is felt; and it
is unambiguously and unequivocally exactly what is felt The hypothesis under consideration would, however,
oblige it to be felt equivocally, felt now as part of my mind and again at the same time not as a part of my
mind, but of yours (for my mind is not yours), and this would seem impossible without doubling it into two
distinct things, or, in other words, without reverting to the ordinary dualistic philosophy of insulated minds each
knowing its object representatively as a third thing, — and that would be to give up the pure-experience scheme
altogether.
Can we see, then, any way in which a unit of pure experience might enter into and figure in two diverse streams of
consciousness without turning itself into the two units which, on our hypothesis, it must not be? 

II
There is a way; and the first step towards it is to see more precisely how the unit enters into either one of the
streams of consciousness alone. Just what, from being ‘pure,’ does its becoming ‘conscious’ once mean?
It means, first, that new experiences have supervened; and, second, that they have borne a certain assignable
relation to the unit supposed. Continue, if you please, to speak of the pure unit as ‘the pen.’ So far as the pen’s
successors do but repeat the pen or, being different from it, are ‘energetically’50
related to it, and they will form a group of stably existing physical things. So far, however, as its successors differ
from it in another well-determined way, the pen will figure in their context, not as a physical, but as a mental fact.
It will become a passing ‘percept,’ my percept of that pen. What now is that decisive well-determined way?
50 [For an explanation of this expression, see above, p. 32.]
In the chapter on ‘The Self,’ in my Principlesof Psychology, I explained
the continuous identity of each personal consciousness as a name for the practical fact that new experiences51 come which look back on the old ones, find them ‘warm,’ and greet and appropriate them as
‘mine.’ These operations mean, when analyzed empirically, several tolerably definite things, viz.:
1. That the new experience has past time for its ‘content,’ and in that time a pen that ‘was’;
2. That ‘warmth’ was also about the pen, in the sense of a group of feelings (‘interest’ aroused, ‘attention’
turned, ‘eyes’ employed, etc.) that were closely connected with it and that now recur and evermore recur with unbroken
vividness, though from the pen of now, which may be only an image, all such vividness may have gone;
3. That these feelings are the nucleus of ‘me’;
4. That whatever once was associated with them was, at least for that one moment, ‘mine’ — my implement if
associated with  hand-feelings, my ‘percept’ only, if only eye-feelings and attention-feelings
were involved.
51 I call them ‘passing thoughts’ in the book — the passage in point goes from
pages 330 to 342 of vol. I.
The pen, realized in this retrospective way as my percept, thus figures as a fact of ‘conscious’ life. But it does
so only so far as ‘appropriation’ has occurred; and appropriation is part of the content of a later experience
wholly additional to the originally ‘pure’ pen. That pen, virtually both objective and subjective, is at its
own moment actually and intrinsically neither. It has to be looked back upon and used, in order to be classed
in either distinctive way. But its use, so called, is in the hands of the other experience, while it stands,
throughout the operation, passive and unchanged.
If this pass muster as an intelligible account of how an experience originally pure can enter into one
consciousness, the next question is as to how it might conceivably enter into two.

III
Obviously no new kind of condition would have to be supplied. All that we should have to postulate would be a second
subsequent  experience, collateral and contemporary with the first subsequent one, in which a
similar act of appropriation should occur. The two acts would interfere neither with one another nor with the
originally pure pen. It would sleep undisturbed in its own past, no matter how many such successors went through their
several appropriative acts. Each would know it as ‘my’ percept, each would class it as a ‘conscious’ fact.
Nor need their so classing it interfere in the least with their classing it at the same time as a physical pen.
Since the classing in both cases depends upon the taking of it in one group or another of associates, if the
superseding experience were of wide enough ‘span’ it could think the pen in both groups simultaneously, and yet
distinguish the two groups. It would then see the whole situation conformably to what, we call ‘the representative
theory of cognition,’ and that is what we all spontaneously do. As a man philosophizing ‘popularly,’ I believe that
what I see myself writing with is double — I think it in its relations to physical nature, and 
also in its relations to my personal life; I see that it is in my mind, but that it also is a physical pen.
The paradox of the same experience figuring in two consciousnesses seems thus no paradox at all. To be ‘conscious’
means not simply to be, but to be reported, known, to have awareness of one’s being added to that being; and this is
just what happens when the appropriative experience supervenes. The pen-experience in its original immediacy is not
aware of itself, it simply is, and the second experience is required for what we call awareness of it to
occur.52 The difficulty of understanding what happens here is, therefore, not a logical
difficulty: there is no contradiction involved. It is an ontological difficulty rather. Experiences come on an enormous
scale, and if we take  them all together, they come in a chaos of incommensurable relations that
we can not straighten out. We have to abstract different groups of them, and handle these separately if we are to talk
of them at all. But how the experiences ever get themselves made, or why their characters and
relations are just such as appear, we can not begin to understand.. Granting, however, that, by hook or crook, they
can get themselves made, and can appear in the successions that I have so schematically described, then we
have to confess that even although (as I began by quoting from the adversary) ‘a feeling only is as it is felt,’ there
is still nothing absurd in the notion of its being felt in two different ways at once, as yours, namely, and as mine.
It is, indeed, ‘mine’ only as it is felt as mine, and ‘yours’ only as it is felt as yours. But it is felt as neither
by itself, but only when ‘owned’ by our two several remembering experiences, just as one undivided estate is
owned by several heirs.
52 Shadworth Hodgson has laid great stress on the fact that the minimum of
consciousness demands two subfeelings of which the second retrospects the first. (Cf. the section ‘Analysis of Minima’
in his Philosophy of Reflection, vol. I, p. 248; also the chapter entitled ‘The Moment of Experience’ in his
Metaphysic of Experience, vol. I, p. 34.) ‘We live forward, but we understand backward’ is a phrase of
Kierkegaard’s which Hoffding quotes. [H. Hoffding: “A Philosophical Confession,” Journal of Philosophy, Psychology
and Scientific Methods, vol. II, 1905, p. 86. 

IV
One word, now, before I close, about the corollaries of the view set forth. Since the acquisition of conscious
quality on the part of an experience depends upon a context coming to it, it follows that the sum total of all
experiences, having no context, can not strictly be called conscious at all. It is a that, an Absolute, a
‘pure’ experience on an enormous scale, undifferentiated and undifferentiable into thought and thing. This the
post-Kantian idealists have always practically acknowledged by calling their doctrine an Identitats-philosophie. The question of the Beseelung of the All of things ought not, then, even to be asked. No
more ought the question of its truth to be asked, for truth is a relation inside of the sum total, obtaining
between thoughts and something else, and thoughts, as we have seen, can only be contextual things. In these respects
the pure experiences of our philosophy are, in themselves considered, so many little absolutes, the philosophy of pure
experience  being only a more comminuted Identitatsphilosphie.53
53 [Cf. below, pp. 197, 202.]
Meanwhile, a pure experience can be postulated with any amount whatever of span or field. If it exert the
retrospective and appropriative function on any other piece of experience, the latter thereby enters into its own
conscious stream. And in this operation time intervals make no essential difference. After sleeping, my retrospection
is as perfect as it is between two successive waking moments of my time. Accordingly if, millions of years later, a
similarly retrospective experience should anyhow come to birth, my present thought would form a genuine portion of its
long-span conscious life. ‘Form a portion,’ I say, but not in the sense that the two things could be entitatively or
substantively one — they cannot, for they are numerically discrete facts — but only in the sense that the
functions of my present thought, its knowledge, its purpose, its content and ‘consciousness,’ in short, being
inherited, would be continued practically  unchanged. Speculations like Fechner’s, of an
Earth-soul, of wider spans of consciousness enveloping narrower ones throughout the cosmos, are, therefore,
philosophically quite in order, provided they distinguish the functional from the entitative point of view, and do not
treat the minor consciousness under discussion as a kind of standing material of which the wider ones
consist.54
54 [Cf. A Pluralistic Universe, Lect. IV, ‘Concerning Fechner,’ and Lect.
V, ‘The Compounding of Consciousness.’] 


FIVE
The Place of Affectional Facts in a World of Pure Experience
[Reprinted from The Journal of Philosophy, Psychology and Scientific Methods, vol II,, No. 11,
May 25, 1905.]

COMMON sense and popular philosophy are as dualistic as it is possible to be. Thoughts, we all naturally think, are
made of one kind of substance, and things of another. Consciousness, flowing inside us in the forms of conception or
judgement, or concentrating itself in the shape of passion or emotion, can be directly felt as the spiritual activity
which it is, and known in contrast with the space-filling, objective ‘content’ which it envelops and accompanies. In
opposition to this dualistic philosophy, I tried, in [the first essay] to show that thoughts and things are absolutely
homogeneous as to their material, and that their opposition is only one of relation and of function. There is no
thought-stuff different from thing-stuff, I said; but the same identical piece  of ‘pure
experience’ (which was the name I gave to the materia prima of everything) can stand alternately for a ‘fact
of consciousness’ or for a physical reality, according as it is taken in one context or in another. For the right
understanding of what follows, I shall have to presuppose that the reader will have read that [essay].55
55 It will be still better if he shall have also read the [essay] entitled ‘A
World of Pure Experience,’ which follows [the first] and develops its ideas still farther.
The commonest objection which the doctrine there laid down runs up against is drawn from the existence of our
‘affections.’ In our pleasures and pains, our loves and fears and angers, in the beauty, comicality, importance or
preciousness of certain objects and situations, we have, I am told by many critics, a great realm of experience
intuitively recognized as spiritual, made, and felt to be made, of consciousness exclusively, and different in nature
from the space-filling kind of being which is enjoyed by physical objects. In Section VII, of [the first essay], I
treated of this class of experiences inadequately,  because I had to be brief. I now return to
the subject, because I believe that, so far from invalidating my general thesis, these phenomena, when properly
analyzed, afford it powerful support.
The central point of the pure-experience theory is that ‘outer’ and ‘inner’ are names for two groups into which we
sort experiences according to the way in which they act upon their neighbors. Any one ‘content,’ such as hard,
let us say, can be assigned to either group. In the outer group it is ‘strong,’ it acts ‘energetically’ and
aggressively. Here whatever is hard interferes with the space its neighbors occupy. It dents them; is impenetrable by
them; and we call the hardness then a physical hardness. In the mind, on the contrary, the hard thing is nowhere in
particular, it dents nothing, it suffuses through its mental neighbors, as it were, and interpenetrates them. Taken in
this group we call both it and them ‘ideas’ or ‘sensations’; and the basis of the two groups respectively is the
different type of interrelation, the mutual impenetrability,  on the one hand, and the lack of
physical interference and interaction, on the other.
That what in itself is one and the same entity should be able to function thus differently in different contexts is
a natural consequence of the extremely complex reticulations in which our experiences come. To her offspring a tigress
is tender, but cruel to every other living thing — both cruel and tender, therefore, at once. A mass in movement
resists every force that operates contrariwise to its own direction, but to forces that pursue the same direction, or
come in at right angles, it is absolutely inert. It is thus both energetic and inert; and the same is true (if you vary
the associates properly) of every other piece of experience. It is only towards certain specific groups of associates
that the physical energies as we call them, of a content are put forth. In another group it may be quite inert.
It is possible to imagine a universe of experiences in which the only alternative between neighbors would be either
physical interaction or complete inertness. In such a world the  mental or the physical
status of any piece of experience would be unequivocal. When active, it would figure in the physical, and when
inactive, in the mental group.
But the universe we live in is more chaotic than this, and there is room in it for the hybrid or ambiguous group of
our affectional experiences, of our emotions and appreciative perceptions. In the paragraphs that follow I shall try to
show:
(1) That the popular notion that these experiences are intuitively given as purely inner facts is hasty and
erroneous; and
(2) That their ambiguity illustrates beautifully my central thesis that subjectivity and objectivity are affairs not
of what an experience is aboriginally made of, but of its classification. Classifications depend on our temporary
purposes. For certain purposes it is convenient to take things in one set of relations, for other purposes in another
set. In the two cases their contexts are apt to be different. In the case of our affectional experiences we have no
permanent and steadfast purpose that  obliges us to be consistent, so we find it easy to let
them float ambiguously, sometimes classing them with our feelings, sometimes with more physical realities, according to
caprice or to the convenience of the moment. Thus would these experiences, so far from being an obstacle to the pure
experience philosophy, serve as an excellent corroboration of its truth.
First of all, then, it is a mistake to say, with the objectors whom I began by citing, that anger, love and fear are
affections purely of the mind. That, to a great extent at any rate, they are simultaneously affections of the body is
proved by the whole literature of the James–Lange theory of emotion.56 All our pains,
moreover, are local, and we are always free to speak of them in objective as well as in subjective terms. We can say
that we are aware of a painful place, filling a certain bigness in our organism, or we can say that we are inwardly in
a ‘state’ of pain. All our adjectives of worth are similarly ambiguous — I instanced some of the ambiguities [in the
first essay].57 Is the preciousness of a diamond a quality of the gem? or is it a
feeling in our mind? Practically we treat it as both or as either, according to the temporary direction of our thought.
‘Beauty,’ says Professor Santayana, ‘is pleasure objectified’; and in Sections 10 and 11 of his work, The Sense of
Beauty, he treats in a masterly way of this equivocal realm. The various pleasures we receive from an object may
count as ‘feelings’ when we take them singly, but when they combine in a total richness, we call the result the
‘beauty’ of the object, and treat it as an outer attribute which our mind perceives. We discover beauty just as we
discover the physical properties of things. Training is needed to make us expert in either line. Single sensations also
may be ambiguous. Shall we say an ‘agreeable degree of heat,’ or an ‘agreeable feeling’ occasioned by the degree of
heat? Either will do; and language would lose most of its esthetic and rhetorical value  were we
forbidden to project words primarily connoting our affections upon the objects by which the affections are aroused. The
man is really hateful; the action really mean; the situation really tragic — all in themselves and quite apart from our
opinion. We even go so far as to talk of a weary road, a giddy height, a jocund morning or a sullen sky; and the term
‘indefinite’ while usually applied only to our apprehensions, functions as a fundamental physical qualification of
things in Spencer’s ‘law of evolution,’ and doubtless passes with most readers for all right.
56 [Cf. The Principles of Psychology, vol. II, ch. XXV; and “The Physical
Basis of Emotion,” The Psychological Review, vol. I, 1894, p. 516.]
57 [See above, pp. 34, 35.]
Psychologists, studying our perceptions of movement, have unearthed experiences in which movement is felt in general
but not ascribed correctly to the body that really moves. Thus in optical vertigo, caused by unconscious movements of
our eyes, both we and the external universe appear to be in a whirl. When clouds float by the moon, it is as if both
clouds and moon and we ourselves shared in the motion. In the extraordinary case of amnesia of the Rev. Mr. Hanna,
published  by Sidis and Goodhart in their important work on Multiple Personality, we
read that when the patient first recovered consciousness and “noticed an attendant walk across the room, he identified
the movement with that of his own. He did not yet discriminate between his own movements and those outside
himself.”58 Such experiences point to a primitive stage of perception in which
discriminations afterwards needful have not yet been made. A piece of experience of a determinate sort is there, but
there at first as a ‘pure’ fact. Motion originally simply is; only later is it confined to this thing or to
that. Something like this is true of every experience, however complex, at the moment of its actual presence. Let the
reader arrest himself in the act of reading this article now. Now this is a pure experience, a phenomenon, or
datum, a mere that or content of fact. ‘Reading’ simply is, is there; and whether there for
some one’s consciousness, or there for physical nature, is a question not yet put. At the moment, it is there for
 neither; later we shall probably judge it to have been there for both.
58Page 102.
With the affectional experiences which we are considering, the relatively ‘pure’ condition lasts. In practical life
no urgent need has yet arisen for deciding whether to treat them as rigorously mental or as rigorously physical facts.
So they remain equivocal; and, as the world goes, their equivocality is one of their great conveniences.
The shifting place of ‘secondary qualities’ in the history of philosophy59 is another
excellent proof of the fact that ‘inner’ and ‘outer’ are not coefficients with which experiences come to us
aboriginally stamped, but are rather results of a later classification performed by us for particular needs. The
common-sense stage of thought is a perfectly definite practical halting-place, the place where we ourselves can proceed
to act unhesitatingly. On this stage of thought things act on each other as well as on us by means of their secondary
qualities. Sound, as such, goes through the air and can be intercepted. The heat of the fire passes over, as such, into
the water which it sets a-boiling. It is the very light of the arc-lamp which displaces the darkness of the midnight
street, etc. By engendering and translocating just these qualities, actively efficacious as they seem to be, we
ourselves succeed in altering nature so as to suit us; and until more purely intellectual, as distinguished from
practical, needs had arisen, no one ever thought of calling these qualities subjective. When, however, Galileo,
Descartes, and others found it best for philosophic purposes to class sound, heat, and light along with pain and
pleasure as purely mental phenomena, they could do so with impunity.60
59 [Cf. Janet and Seailles: History of the Problems of Philosophy, trans.
by Monahan, part I, ch. III.]
60 [Cf. Descartes: Meditation II; Principles of Philosophy, part
I, XLVIII.]
Even the primary qualities are undergoing the same fate. Hardness and softness are effects on us of atomic
interactions, and the atoms themselves are neither hard nor soft, nor solid nor liquid. Size and shape are deemed
 subjective by Kantians; time itself is subjective according to many philosophers;61 and even the activity and causal efficacy which lingered in physics long after secondary
qualities were banished are now treated as illusory projections outwards of phenomena of our own consciousness. There
are no activities or effects in nature, for the most intellectual contemporary school of physical speculation. Nature
exhibits only changes, which habitually coincide with one another so that their habits are describable in
simple ‘laws.’62
61 [Cf. A.E. Taylor: Elements of Metaphysics, bk. III, ch. IV.]
62 [Cf. K. Pearson: Grammar of Science, ch. III.]
There is no original spirituality or materiality of being, intuitively discerned, then; but only a translocation of
experiences from one world to another; a grouping of them with one set or another of associates for definitely
practical or intellectual ends.
I will say nothing here of the persistent ambiguity of relations. They are undeniable parts of pure
experience; yet, while common sense and what I call radical empiricism stand  for their being
objective, both rationalism and the usual empiricism claim that they are exclusively the ‘work of the mind’ — the
finite mind or the absolute mind, as the case may be.
Turn now to those affective phenomena which more directly concern us.
We soon learn to separate the ways in which things appeal to our interests and emotions from the ways in which they
act upon one another. It does not work to assume that physical objects are going to act outwardly by their
sympathetic or antipathetic qualities. The beauty of a thing or its value is no force that can be plotted in a polygon
of compositions, nor does its ‘use’ or ‘significance’ affect in the minutest degree its vicissitudes or destiny at the
hands of physical nature. Chemical ‘affinities’ are a purely verbal metaphor; and, as I just said, even such things as
forces, tensions, and activities can at a pinch be regarded as anthropomorphic projections. So far, then, as the
physical world means the collection of contents that determine in each other certain  regular
changes, the whole collection of our appreciative attributes has to be treated as falling outside of it. If we mean by
physical nature whatever lies beyond the surface of our bodies, these attributes are inert throughout the whole extent
of physical nature.
Why then do men leave them as ambiguous as they do, and not class them decisively as purely spiritual?
The reason would seem to be that, although they are inert as regards the rest of physical nature, they are not inert
as regards that part of physical nature which our own skin covers. It is those very appreciative attributes of things,
their dangerousness, beauty, rarity, utility, etc., that primarily appeal to our attention. In our commerce with nature
these attributes are what give emphasis to objects; and for an object to be emphatic, whatever spiritual fact
it may mean, means also that it produces immediate bodily effects upon us, alterations of tone and tension, of
heart-beat and breathing, of vascular and visceral action. The ‘interesting’ aspects of thins are thus  not wholly inert physically, though they be active only in these small corners of physical nature which
our bodies occupy. That, however, is enough to save them from being classed as absolutely non-objective.
The attempt, if any one should make it, to sort experience into two absolutely discrete groups, with nothing but
inertness in one of them and nothing but activities in the other, would thus receive one check. It would receive
another as soon as we examined the more distinctively mental group; for though in that group it be true that things do
not act on one another by their physical properties do not dent each other or set fire to each other, they yet act on
each other in the most energetic way by those very characters which are so inert extracorporeally. It is by the
interest and importance that experiences have for us, by the emotions they excite, and the purposes they subserve, by
their affective values, in short, that their consecution in our several conscious streams, as ‘thoughts’ of ours, is
mainly ruled. Desire introduces them; interest  holds them; fitness fixes their order and
connection. I need only refer for this aspect of our mental life, to Wundt’s article ‘Ueber psychische Causalitat,’
which begins Volume X. of his Philosophische Studien.63
63 It is enough for my present purpose if the appreciative characters but
seem to act thus. Believers in an activity an sich, other than our mental experiences of activity,
will find some farther reflections on the subject in my address on ‘The Experience of Activity.’ [The next essay. Cf.
especially, p. 169. ED.]
It thus appears that the ambiguous or amphibious status which we find our epithets of value occupying is
the most natural thing in the world. It would, however, be an unnatural status if the popular opinion which I cited at
the outset were correct. If ‘physical’ and ‘mental’ meant two different kinds of intrinsic nature, immediately,
intuitively, and infallibly discernible, and each fixed forever in whatever bit of experience it qualified, one does
not see how there could ever have arisen any room for doubt or ambiguity. But if, on the contrary, these words are
words of sorting, ambiguity is natural. For then, as soon as the relations of a thing are sufficiently various it can
be sorted variously.  Take a mass of carrion, for example, and the ‘disgustingness’ which for us
is a part of the experience. The sun caresses it, and the zephyr wooes it as if it were a bed of roses. So the
disgustingness fails to operate within the realm of suns and breezes, — it does not function as a physical
quality. But the carrion ‘turns our stomach’ by what seems a direct operation — it does function physically,
therefore, in that limited part of physics. We can treat it as physical or as non-physical according as we take it in
the narrower or in the wider context, and conversely, of course, we must treat it as non-mental or as mental.
Our body itself is the palmary instance of the ambiguous. Sometimes I treat my body purely as a part of outer
nature. Sometimes, again, I think of it as ‘mine,’ I sort it with the ‘me,’ and then certain local changes and
determinations in it pass for spiritual happenings. Its breathing is my ‘thinking,’ its sensorial adjustments are my
‘attention,’ its kinesthetic alterations are my ‘efforts,’ its visceral perturbations are my ‘emotions.’  The obstinate controversies that have arisen over such statements as these (which sound so paradoxical,
and which can yet be made so seriously) prove how hard it is to decide by bare introspection what it is in experiences
that shall make them either spiritual or material. It surely can be nothing intrinsic in the individual experience. It
is their way of behaving towards each other, their system of relations, their functions; and all these things vary with
the context in which we find it opportune to consider them.
I think I may conclude, then (and I hope that my readers are now ready to conclude with me), that the pretended
spirituality of our emotions and of our attributes of value, so far from proving an objection to the philosophy of pure
experience, does, when rightly discussed and accounted for, serve as one of its best corroborations. 

SIX
The Experience of Activity
President’s Address before the American Psychological Association, Philadelphia Meeting, December,
1904. [Reprinted from The Psychological Review, vol. XII, No. 1, Jan., 1905. Also reprinted with some
omissions, as Appendix B, A Pluralistic Universe, pp. 370–394. Pp. 166–167 have also been reprinted in
Some Problems of Philosophy, p. 212. The present essay is referred to in Ibid., p. 219, note. The
author’s corrections have been adopted for the present text. ED.]

Brethren of the Psychological Association:
IN casting about me for a subject for your President this year to talk about it has seemed to me that our
experiences of activity would form a good one; not only because the topic is so naturally interesting, and because it
has lately led to a good deal of rather inconclusive discussion, but because I myself am growing more and more
interested in a certain systematic way of handling questions, and want to get others interested also, and this question
strikes me as one in which, although I am painfully aware of my inability to communicate new discoveries or to reach
definitive conclusions, I yet can show, in a rather definite manner, how the method works. 
The way of handling things I speak of, is, as you already will have suspected, that known sometimes as the pragmatic
method, sometimes as humanism, sometimes as Deweyism, and in France, by some of the disciples of Bergson, as the
Philosophie nouvelle. Professor Woodbridge’s Journal of Philosophy64 seems
unintentionally to have become a sort of meeting place for those who follow these tendencies in America. There is only
a dim identity among them; and the most that can be said at present is that some sort of gestation seems to be in the
atmosphere, and that almost any day a man with a genius for finding the right word for things may hit upon some
unifying and conciliating formula that will make so much vaguely similar aspiration crystallize into more definite
form.
64 [The Journal of Philosophy, Psychology and Scientific Methods.]
I myself have given the name of ‘radical empiricism’ to that version of the tendency in question which I prefer; and
I propose, if you will now let me, to illustrate what I mean by radical empiricism, by applying it to activity
 as an example, hoping at the same time incidentally to leave the general problem of activity in
a slightly — I fear very slightly — more manageable shape than before.
Mr. Bradley calls the question of activity a scandal to philosophy, and if one turns to the current literature of
the subject — his own writings included — one easily gathers what he means. The opponents cannot even understand one
another. Mr. Bradley says to Mr. Ward: “I do not care what your oracle is, and your preposterous psychology may here be
gospel if you please; . . . but if the revelation does contain a meaning, I will commit myself to this:
either the oracle is so confused that its signification is not discoverable, or, upon the other hand, if it can be
pinned down to any definite statement, then that statement will be false.”65 Mr. Ward in
turn says of Mr. Bradley: “I cannot even imagine the state of mind to which his description applies. . . .
[It] reads like an unintentional travesty  of Herbartian psychology by one who has tried to
improve upon it without being at the pains to master it.”66 Munsterberg excludes a view
opposed to his own by saying that with any one who holds it a Verstandigung with him is “grundsatzlich
ausgeschlosen”; and Royce, in a review of Stoud,67 hauls him over the
coals at great length for defending ‘efficacy’ in a way which I, for one, never gathered from reading him, and which I
have heard Stout himself say was quite foreign to the intention of his text.
65Appearance and Reality, second edition. pp. 116–117. — Obviously
written at Ward, though Ward’s name is not mentioned
66 [Mind, vol. XII, 1887, pp. 573–574.]
67Mind, N.S., vol. VI, 1897, p. 379.
In these discussion distinct questions are habitually jumbled and different points of view are talked of
durcheinander.
(1) There is a psychological question: “Have we perceptions of activity? and if so, what are they like, and when and
where do we have them?”
(2) There is a metaphysical question: “Is there a fact of activity? and if so, what idea must we frame of
it? What is it like? and what  does it do, if it does anything?” And finally there is a logical
question:
(3) “Whence do we know activity? By our own feelings of it solely? or by some other source of information?”
Throughout page after page of the literature one knows not which of these questions is before one; and mere description
of the surface-show of experience is proffered as if it implicitly answered every one of them. No one of the
disputants, moreover, tries to show what pragmatic consequences his own view would carry, or what assignable particular
differences in any one’s experience it would make if his adversary’s were triumphant.
It seems to me that if radical empiricism be good for anything, it ought, with its pragmatic method and its
principle of pure experience, to be able to avoid such tangles, or at least to simplify them somewhat. The pragmatic
method starts from the postulate that there is no difference of truth that does n’t make a difference of fact
somewhere; and it seeks to determine the meaning of all differences of  opinion by making the
discussion hinge as soon as possible upon some practical or particular issue. The principle of pure experience is also
a methodological postulate. Nothing shall be admitted as fact, it says, except what can be experienced at some definite
time by some experient; and for every feature of fact ever so experienced, a definite place must be found somewhere in
the final system of reality. In other words: Everything real must be experiencable somewhere, and every kind of thing
experienced must be somewhere real.
Armed with these rules of method let us see what face the problems of activity present to us.
By the principle of pure experience, either the word ‘activity’ must have no meaning at all, or else the original
type and model of what it means must lie in some concrete kind of experience that can be definitely pointed out.
Whatever ulterior judgements we may eventually come to make regarding activity, that sort of thing will be
what the judgements are about. The first step to take, then, is to ask where in the stream of experience we seem to
find what  we speak of as activity. What we are to think of the activity thus found will be a
later question.
Now it is obvious that we are tempted to affirm activity wherever we find anything going on. Taken in the
broadest sense, any apprehension of something doing, is an experience of activity. Were our world describable
only by the words ‘nothing happening,’ ‘nothing changing,’ ‘nothing doing,’ we should unquestionably call it an
‘inactive’ world. Bare activity then, as we may call it, means the bare fact of event or change. ‘Change taking place’
is a unique content of experience, one of those ‘conjunctive’ objects which radical empiricism seeks so earnestly to
rehabilitate and preserve. The sense of activity is thus in the broadest and vaguest way synonymous with the sense of
‘life.’ We should feel our own subjective life at least, even in noticing and proclaiming an otherwise inactive world.
Our own reaction on its monotony would be the one thing experienced there in the form of something coming to pass.

This seems to be what certain writers have in mind when they insist that for an experient to be at all is to be
active. It seems to justify, or at any rate to explain, Mr. Ward’s expression that we are only as we are
active,68 for we are only as experients; and it rules out Mr. Bradley’s
contention that “there is no original experience of anything like activity.”69 What we
ought to say about activities thus elementary, whose they are, what they effect, or whether indeed they effect anything
at all — these are later questions, to be answered only when the field of experience is enlarged.
68Naturalism and Agnosticism, vol. II, p.245. One thinks naturally of
the peripatetic actus primus and actus secundus here. [“Actus autem est duplex:
primus et secundus. Actus quidem primus est forma, et integritas sei. Actus autem secundus est
operatio.” Thomas Aquinas: Summa Theologica, edition of Leo XIII, (1894), vol. I, p. 391. Cf. also Blanc:
Dictionaire de Philosophie, under ‘acte.’ ED.]
69 [Appearance and Reality, second edition, p. 116.]
Bare activity would thus be predicable, though there were no definite direction, no actor, and no aim. Mere restless
zigzag movement, or a wild Ideenflucht, or Rhapsodie der Wharnehmungen, as Kant would say,70 would constitute and active as distinguished from an inactive world.
70 [Kritik der reinen Vernunft, Werke, (1905), vol. IV, p. 110 (trans. by
Max Muller, second edition, p. 128).]
But in this actual world of ours, as it is given, a part at least of the activity comes with definite direction; it
comes with desire and a sense of goal; it comes complicated with resistances which it overcomes or succumbs to, and
with the efforts which the feeling of resistance so often provokes; and it is in complex experiences like these that
the notions of distinct agents, and of passivity as opposed to activity arise. Here also the notion of causal efficacy
comes to birth. Perhaps the most elaborate work ever done in descriptive psychology has been the analysis by various
recent writers of the more complex activity-situations.71 In their descriptions,
exquisitely subtle some of them,72 the activity appears as the gestaltqualitat
or the fundirte inhalt (or as whatever else you may please to call the conjunctive form) which the content
falls into when we experience it in the ways which the describers set forth. Those factors in those relations are what
we mean by activity-situations; and to the possible enumeration and accumulation of their circumstances and ingredients
there would seem to be no natural bound. Every hour of human life could contribute to the picture gallery; and this is
the only fault that one can find with such descriptive industry — where is it going to stop? Ought we to listen forever
to verbal pictures of what we have already in concrete form in our own breasts?73 They
never take us off the superficial plane. We knew the facts already — less spread out and separated, to be sure — but
 we knew them still. We always felt our own activity, for example, as ‘the expansion of an idea
with which our Self is identified, against an obstacle’;74 and the following out of such
a definition through a multitude of cases elaborates the obvious so as to be little more than an exercise in synonymic
speech.
71 I refer to such descriptive work as Ladd’s (Psychology, Descriptive and
Explanatory, part I, chap. V, part II, chap. XI, part III, chaps. XXV and XXVI); as Sully’s (The Human
Mind, part V); as Stout’s (Analytic Psychology, book I, chap. vi, and book II, chaps. I, II, and III); as
Bradley’s (in his long series of articles on Psychology in Mind); as Titchener’s (Outline of
Psychology, part I, chap. vi); as Shand’s (Mind, N.S., III, 449; IV, 450; VI, 289); as Ward’s
(Mind, XII, 67; 564); as Loveday’s (Mind, N.S., X, 455); as Lipp’s (Vom Fuhlen, Wollen Und Denken,
1902, chaps II, IV, VI); and as Bergson’s (Revue Philosophique, LIII, 1) — to mention only a few writings
which I immediately recall.
72 Their existence forms a curious commentary on Prof. Munsterberg’s dogma that
will-attitudes are not describable. He himself has contributed in a superior way to their description, both in his
Willenshandlung, and in his Grundzuge [der Psychologie], part II, chap. IX, section 7.
73 I ought myself to cry peccavi, having been a voluminous sinner in my
own chapter on the will. [Principles of Psychology, vol. II, chap. XXVI.]
74 [Cf. F.H. Bradley, Appearance and Reality, second edition, pp.
96–97.]
All the descriptions have to trace familiar outlines, and to use familiar terms. The activity is, for example,
attributed either to a physical or to a mental agent, and is either aimless or directed. If directed it shows tendency.
The tendency may or may not be resisted. If not, we call the activity immanent, as when a body moves in empty space by
its momentum, or our thoughts wander at their own sweet will. If resistance is met, its agent complicates the
situation. If now, in spite of resistance, the original tendency continues, effort makes its appearance, and along with
effort, strain or squeeze. Will, in the narrower sense of the word, then comes upon the scene, whenever,  along with the tendency, the strain and squeeze are sustained. But the resistance may be great enough to
check the tendency, or even to reverse its path. In that case, we (if ‘we’ were the original agents or subjects of the
tendency) are overpowered. The phenomenon turns into one of tension simply, or of necessity succumbed-to, according as
the opposing power is only equal, or is superior to ourselves.
Whosoever describes an experience in such terms as these describes an experience of activity. If the word
have any meaning, it must denote what there is found. There is complete activity in its original and first
intention. What is ‘known-as’ is what there appears. The experiencer of such a situation possesses all that the idea
contains. He feels the tendency, the obstacle, the will, the strain, the triumph, or the passive giving up, just as he
feels the time, the space, the swiftness or intensity, the movement, the weight and color, the pain and pleasure, the
complexity, or whatever remaining characters the situation may involve. He goes through all that ever can be imagined
where  activity is supposed. If we suppose activities to go on outside of our experience, it is
in forms like these that we must suppose them, or else give them some other name; for the word ‘activity’ has no
imaginable content whatever save these experiences of process, obstruction, striving, strain, or release, ultimate
qualia as they are of the life given us to be known.
Were this the end of the matter, one might think that whenever we had successfully lived through an
activity-situation we should have to be permitted, without provoking contradiction, to say that we had been really
active, that we had met real resistance and had really prevailed. Lotze somewhere says that to be an entity all that is
necessary is to gelten as an entity, to operate, or be felt, experienced, recognized, or in any way realized,
as such.75 in our activity-experiences the activity assuredly fulfils Lotze’s demand. It
makes itself gelten. It is witnessed at its work. no matter what activities there may really be in this
extraordinary universe of ours, it is impossible  for us to conceive of any one of them being
either lived through or authentically known otherwise than in this dramatic shape of something sustaining a felt
purpose against felt obstacles and overcoming or being overcome. What ‘sustaining’ means here is clear to anyone who
has lived through the experience, but to no one else; just as ‘loud,’ ‘red,’ ‘sweet,’ mean something only to beings
with ears, eyes, and tongues. The percipi in these originals of experience is the esse; the curtain
is the picture. If there is anything hiding in the background, it ought not to be called activity, but should get
itself another name.
75 [Cf. above, p. 59, note.]
This seems so obviously true that one might well experience astonishment at finding so many of the ablest writers on
the subject flatly denying that the activity we live through in these situations is real. Merely to feel active is not
to be active, in their sight. The agents that appear in the experience are not real agents, the resistances do not
really resist, the effects that appear are not really affects at all.76 It is evident from this that mere descriptive analysis of any one of our activity-experiences is not the
whole story, that there is something  still to tell about them that has led such able
writers to conceive of a Simon-pure activity, an activity an sich, that does, and does n’t  merely appear to us to do, and compared with whose real doing all this phenomenal activity is but a
specious sham.
79Verborum gratia: “The feeling of activity is not able, qua feeling, to tell us
anything about activity” (Loveday: Mind, N.S., vol, X, [1901], p. 463; “A sensation or feeling or sense of
activity . . . is not, looked at in another way, an experience of activity at all. It is a mere
sensation shut up within which you could by no reflection get the idea of activity. . . . Whether this
experience is or is not later on a character essential to our perception and our idea of activity, it, as it comes
first, is only so for extraneous reasons and only so for an outside observer” (Bradley, Appearance and
Reality, second edition, p.605); “In dem Tatigkeitsgefuhle liegt an sich nicht der geringste Beweis fur das
Vorhandesein einer psychischen Tatigkeit” (Munsterberg: Grundzuge der Psychologie). I could multiply similar
quotations and would have introduced some of them into my text to make it more concrete, save that the mingling of
different points of view in most of these author’s discussions (not in Munsterberg’s) make it impossible to disentangle
exactly what they mean. I am sure in any case, to be accused of misrepresenting them totally, even in this note, by
omission of the context, so the less I name names and the more I stick to abstract characterization of a merely
possible style of opinion, the safer it will be. And apropos of misunderstandings, I may add to this note a complaint
on my own account. Professor Stoud, in the excellent chapter on ‘Mental Activity,’ in vol. I of his Analytic
Psychology, takes me to task for identifying spiritual activity with certain muscular feelings and gives
quotations to bear him out. They are from certain paragraphs on ‘the Self’ in which my attempt was to show what the
central nucleus of the activities that we call ‘ours’ is. [Principles of Psychology, vol. I, pp. 299–305.] I
found it in certain intracephalic movements which we habitually oppose, as ‘subjective,’ to the activities of the
transcorporeal world. I sought to show that there is no direct evidence that we feel the activity of an inner spiritual
agent as such (I should now say the activity of ‘consciousness’ as such, see [the first essay], ‘Does Consciousness
Exist?’). There are, in fact, three distinguishable ‘activities’ in the field of discussion: the elementary activity
involved in the mere that of experience, in the fact that something is going on, and the farther
specification of this something into two whats, an activity felt as ‘ours,’ and an activity ascribed
to objects. Stout, as I apprehend him, identifies ‘our’ activity with that of the total experience-process, and when I
circumscribe it as a part thereof, accuses me of treating it as a sort of external appendage to itself (Stout: op.cit.,
vol. I, pp. 162–163), as if I ‘separated the activity from the process which is active.’ But all the processes in
question are active, and their activity is inseparable from their being. My book raised only the question of
which activity deserved the name of ‘ours.’ So far as we are ‘persons,’ and contrasted and opposed to an
‘environment,’ movements in our body figure as our activities; and I am unable to find any other activities that are
ours in this strictly personal sense. There is a wider sense in which the whole ‘choir of heaven and furniture of the
earth,’ and their activities, are ours, for they are our ‘objects.’ But ‘we’ are here only another name for the total
process of experience, another name for all that is, in fact; and I was dealing with the personal and individualized
self exclusively in the passages with which Professor Stout finds fault.
The individualized self, which I believe to be the only thing properly called self, is a part of the content of the
world experienced. The world experienced (otherwise called the ‘field of consciousness’) comes at all times with our
body at its centre, centre of vision, centre of action, centre of interest. Where the body is is ‘here’: when the body
acts is ‘now’; what the body touches is ‘this’; all other things are ‘there’ and ‘then’ and ‘that.’ These words of
emphasized position imply a systematization of things with reference to a focus of action and interest which lies in
the body; and the systematization is now so instinctive (was it ever not so?) that no developed or active experience
exists for us at all except in that ordered form. So far as ‘thoughts’ and ‘feelings’ can be active, there activity
terminates in the activity of the body, and only through first arousing its activities can they begin to change those
of the rest of the world. [Cf. also A Pluralistic Universe, p. 344, note 8. ED.] The body is the storm centre,
the origin of co-ordinates, the constant place of stress in all that experience-train. Everything circles round it, and
is felt from its point of view. The word ‘I,’ then, is primarily a noun of position, just like ‘this’ and ‘here.’
Activities attached to ‘this’ position have prerogative emphasis, and, if activities have feelings, must be felt in a
particular way. The word ‘my designates the kind of emphasis. I see no inconsistency whatever in defending, on the one
hand, ‘my’ activities as unique and opposed to those of outer nature, and, on the other hand, in affirming, after
introspection, that they consist in movements in the head. The ‘my’ of them is the emphasis, the feeling of
perspective-interest in which they are dyed.

The metaphysical question opens here; and I think that the state of mind of one possessed by it is often something
like this: “It is all very well,” we may imagine him saying, “to talk about certain experience-series taking on the
form of feelings of activity, just as they might take on musical or geometric forms. Suppose that they do so; suppose
we feel a will to stand a strain. Does our feeling do more than record the fact that the strain is sustained?
The real activity, meanwhile, is the doing of the fact; and what is the doing made of before the
record is made. What in the will enables it to act thus? And these trains of experience themselves, in which
activities appear, what makes them go at all? Does the activity in one bit of experience bring the next bit
into being? As an empiricist  you cannot say so, for you have just declared activity to be only
a kind of synthetic object, or conjunctive relation experienced between bits of experience already made. But what made
them at all? What propels experience uberhaupt into being? There is the activity that
operates; the activity felt is only its superficial sign.”
To the metaphysical question, popped upon us in this way, I must pay serious attention ere I end my remarks; but,
before doing so, let me show that without leaving the immediate reticulations of experience, or asking what makes
activity itself act, we still find the distinction between less real and more real activities forced upon us, and are
driven to much soul-searching on the purely phenomenal plane.
We must not forget, namely, in talking of the ultimate character of our activity-experiences, that each of them is
but a portion of a wider world, one link in the vast chain of processes of experience out of which history is made.
Each partial process, to him who lives through it, defines itself by its origin and its  goal;
but to an observer with a wider mind-span who should live outside of it, that goal would appear but as a provisional
halting-place, and the subjectively felt activity would be seen to continue into objective activities that led far
beyond. We thus acquire a habit, in discussing activity-experiences, of defining them by their relation to something
more. If an experience be one of narrow span, it will be mistaken as to what activity it is and whose. You think that
you are acting while you are only obeying someone’s push. You think you are doing this, but you are
doing something of which you do not dream. For instance, you think you are but drinking this glass; but you are really
creating the liver-cirrhosis that will end your days. You think you are just driving this bargain, but, as Stevenson
says somewhere, you are laying down a link in the policy of mankind.
Generally speaking, the onlooker, with his wider field of vision, regards the ultimate outcome of an
activity as what it is more really doing; and the most previous agent ascertainable, 
being the first source of action, he regards as the most real agent in the field. The others but transmit the agent’s
impulse; on him we put responsibility; we name him when one asks us ‘Who’s to blame?’
But the most previous agents ascertainable, instead of being a longer span, are often of much shorter span than the
activity in view. Brain-cells are our best example. My brain-cells are believed to excite each other from next to next
(by contiguous transmission of katabolic alteration, let us say) and to have been doing so long before this present
stretch of lecturing-activity on my part began. If any one cell-group stops its activity, the lecturing will cease or
show disorder of form. Cessante causa, cessat et effectus — does not this look as if the short-span brain
activiteis were the more real activities, and the lecturing activities on my part only their effects? Moreover, as Hume
so clearly pointed out,77 in my mental activity-situation the words physically to be
 uttered are represented as the activity’s immediate goal. These words, however, cannot be
uttered without intermediate physical processes in the bulb and vagi nerves, which processes nevertheless fail to
figure in the mental activity-series at all. That series, therefore, since it leaves out vitally real steps of action,
cannot represent the real activities. It is something purely subjective; the facts of activity are elsewhere.
They are something far more interstitial, so to speak, than what my feelings record.
77 [Enquiry Concerning Human Understanding, sect VII, part I,
Selby–Bigge’s edition, pp. 65 ff.]
The real facts of activity that have in point of fact been systematically pleaded for by philosophers have,
so far as my information goes, been of three principal types.
The first type takes a consciousness of wider time-span than ours to be the vehicle of the more real activity. Its
will is the agent, and its purpose is the action done.
The second type assumes that ‘ideas’ struggling with one another are the agents, and that the prevalence of one set
of them is the action. 
The third type believes that never-cells are the agents, and that resultant motor discharges are the acts
achieved.
Now if we must derealize our immediately felt activity-situations for the benefit of either of these types of
substitute, we ought to know what the substitution practically involves. What practical difference ought it to make
if, instead of saying naively that ‘I’ am active now in delivering this address, I say that a wider thinker is
active, or that certain ideas are active, or that certain nerve-cells are active, in producing
the result?
This would be the pragmatic meaning of the three hypotheses. Let us take them in succession in seeking a reply.
If we assume a wider thinker, it is evident that his purposes envelope mine. I am really lecturing for him;
and although I cannot surely know to what end, yet if I take him religiously, I can trust it to be a good end, and
willingly connive. I can be happy in thinking that my activity transmits his impulse, and that his ends prolong my own.
Son long as I take him  religiously, in short, he does not derealize my activities. He tends
rather to corroborate the reality of them, so long as I believe both them and him to be good.
When now we turn to ideas, the case is different, inasmuch as ideas are supposed by the association psychology to
influence each other only from next to next. The ‘span’ of an idea or pair of ideas, is assumed to be much smaller
instead of being larger than that of my total conscious field. The same results may get worked out in both cases, for
this address is being given anyhow. But the ideas supposed to ‘really’ work it out had no prevision of the whole of it;
and if I was lecturing for an absolute thinker in the former case, so, by similar reasoning, are my ideas now lecturing
for me, that is, accomplishing unwittingly a result which I approve and adopt. But, when this passing lecture is over,
there is nothing in the bare notion that ideas have been its agents that would seem to guarantee that my present
purposes in lecturing will be prolonged. I may have ulterior developments in view; but there  is no certainty that my ideas as such will wish to, or be able to, work them out.
The like is true if nerve-cells be the agents. The activity of a nerve-cell must be conceived of as a tendency of
exceedingly short reach, an ‘impulse’ barely spanning the way to the next cell — for surely that amount of actual
‘process’ must be ‘experienced’ by the cells if what happens between them is to deserve the name of activity at all.
But here again the gross resultant, as I perceive it, is indifferent to the agents, and neither wished or
willed or foreseen. Their being agents now congruous with my will gives me no guarantee that like results will recur
again from their activity. In point of fact, all sorts of other results do occur. My mistakes, impotencies,
perversions, mental obstructions, and frustrations generally, are also results of the activity of cells. Although these
are letting me lecture now, on other occasions they make me do things that I would willingly not do.
The question Whose is the real activity? is thus tantamount to the question What will bethe actual results? Its interest is dramatic; how will things work out? If the agents are of
one sort, one way; if of another sort, they may work out differently. The pragmatic meaning of the various
alternatives, in short, is great. It makes no merely verbal difference which opinion we take up.
You see it is the old dispute come back! Materialism and teleology; elementary short-span actions summing themselves
‘blindly,’ or far foreseen ideals coming with effort into act.
Naively we believe, and humanly and dramatically we like to believe, that activities both of wider and of narrower
span are at work in life together, that both are real, and that the long-span tendencies yoke the others in their
service, encouraging them in the right direction, and damping them when they tend in other ways. But how to represent
clearly the modus operandi of such steering of small tendencies by large ones is a problem which metaphysical
thinkers will have to ruminate upon for many years to come. Even if such control should eventually grow clearly
picturable,  the question how far it is successfully exerted in this actual world can be
answered only by investigating the details of fact. No philosophic knowledge of the general nature and constitution of
tendencies, or of the relation of larger to smaller ones, can help us to predict which of all the various competing
tendencies that interest us in this universe are likeliest to prevail. We know as an empirical fact that far-seeing
tendencies often carry out their purpose, but we know also that they are often defeated by the failure of some
contemptibly small process on which success depends. A little thrombus in a statesman’s meningeal artery will throw an
empire out of gear. I can therefore not even hint at any solution of the pragmatic issue. I have only wished to show
you that that issue is what gives the real interest to all inquiries into what kinds of activity may be real. Are the
forces that really act in the world more foreseeing or more blind? As between ‘our’ activities as ‘we’ experience them,
and those of our ideas, or of our brain-cells, the issue is well-defined. 
I said a while back78 that I should return to the ‘metaphysical’ question before
ending; so, with a few words about that, I will now close my remarks.
78Page 172.
In whatever form we hear this question propounded, I think that it always arises from two things, a belief that
causality must be exerted in activity, and a wonder as to how causality is made. If we take an
activity-situation at its face-value, it seems as if we caught in flagrante delicto the very power that makes
facts come and be. I now am eagerly striving, for example, to get this truth which I seem half to perceive, into words
which shall make it show more clearly. If the words come, it will seem as if the striving itself had drawn or pulled
them into actuality out from the state of merely possible being in which they were. How is this feat performed? How
does the pulling pull? How do I get my hold on words not yet existent, and when they come by what means have I
made them come? Really it is the problem of creation; for in the end the question is: How do  I make them be? Real activities are those that really make things be, without which the things
are not, and with which they are there. Activity, so far as we merely feel it, on the other hand, is only an impression
of ours, it may be maintained; and an impression is, for all this way of thinking, only a shadow of another fact.
Arrived at this point, I can do little more than indicate the principles on which, as it seems to me, a radically
empirical philosophy is obliged to rely in handling such a dispute.
If there be real creative activiteis in being, radical empiricism must say, somewhere they must be
immediately lived. Somewhere the that of efficacious causing and the what of it must be experienced
in one, just as the what and the that of ‘cold’ are experienced in one whenever a man has the sensation of cold here
and now. It boots not to say that our sensations are fallible. They are indeed; but to see the thermometer contradict
us when we say ‘it is cold’ does not abolish cold as a specific nature from the universe. Cold is the arctic  circle if not here. Even so, to feel that our train is moving when the train beside our window moves, to
see the moon through a telescope come twice as near, or to see two pictures as one solid when we look through a
stereoscope at them, leaves motion, nearness, and solidity still in being — if not here, yet each in its proper seat
elsewhere. And wherever the seat of real causality is, as ultimately known ‘for true’ (in nerve-processes, if
you will, that cause our feelings of activity as well as the movements which these seem to prompt), a philosophy of
pure experience can consider the real causation as no other nature of thing than that which even our most
erroneous experiences appears to be at work. Exactly what appears there is what we mean by working, though we
may later come to learn that working was not exactly there. Sustaining, persevering, striving, paying with
effort as we go, hanging on, and finally achieving our intention — this is action, this is
effectuation in the only shape in which, by a pure experience-philosophy, the whereabouts of it 
anywhere can be discussed. Here is creation in its first intention, here is causality at work.79 To treat this offhand as the bare illusory surface of a world whose real causality is an
unimaginable ontological principle hidden in the cubic deeps, is, for the more empirical way of thinking, only animism
in another shape. You explain your given fact by your ‘principle,’ but the principle itself, when you look clearly at
it, turns out to be nothing but a previous little spiritual copy of the fact. Away from that one and only kind of fact
your mind, considering causality, can never get.80
79 Let me not be told that this contradicts [the first essay], ‘Does Consciousness
Exist?’ (see especially page 32), in which it was said that while ‘thoughts’ and ‘things’ have the same natures, the
natures work ‘energetically’ on each other in the things (fire burns, water wets, etc.) but not in the thoughts. Mental
activity-trains are composed of thoughts, yet their members do work on each other, they check, sustain, and introduce.
They do so when the activity is merely associational as well as when effort is there. But, and this is my reply, they
do so by other parts of their nature than those that energize physically. One thought in every developed
activity-series is a desire or thought of purpose, and all the other thoughts acquire a feeling tone from their
relation of harmony or oppugnancy to this. The interplay of these secondary tones (among which ‘interest,’
‘difficulty,’ and ‘effort’ figure) runs the drama in the mental series. In what we term the physical drama these
qualities play absolutely no part. The subject needs careful working out; but I can see no inconsistency.
80 I have found myself more than once accused in print of being the assertor of a
metaphysical principle of activity. Since literary misunderstandings retard the settlement of problems, I should like
to say that such an interpretation of the pages I have published on Effort and on Will is absolutely foreign to what I
mean to express. [Principles of Psychology, vol II, ch. XXVI.] I owe all my doctrines on this subject to
Renouvier; and Renouvier, as I understand him, is (or at any rate then was) an out and out phenomenalist, a denier of
‘forces’ in the most strenuous sense. [Cf. Ch. Renouvier: Esquisse d’une Classification Systematique des Doctrines
Philosophiques (1885), vol. II, pp. 390–392; Essais de Critique Generale (1859), vol. II, sections ix,
xiii. For an acknowledgement of the author’s general indebtedness to Renouvier, cf. Some Problems of
Philosophy, p. 165, note. ED.] Single clauses in my writing, or sentences read out of their connection, may
possibly have been compatible with a transphenomenal principle of energy; but I defy anyone to show a single sentence
which, taken with its context, should be naturally held to advocate that view. The misinterpretation probably arose at
first from my defending (after Renouvier) the indeterminism of our efforts. ‘Free will’ was supposed by my critics to
involve a supernatural agent. As a matter of plain history the only ‘free will’ I have ever thought of defending is the
character of novelty in fresh activity-situations. If an activity-process is the form of a whole ‘field of
consciousness,’ and if each field of consciousness is not only in its totality unique (as is now commonly admitted) but
has its elements unique (since in that situation they are all dyed in the total) then novelty is perpetually entering
the world and what happens there is not pure repetition, as the dogma of the literal uniformity of nature
requires. Activity-situations come, in short, each with an original touch. A ‘principle’ of free will if there were
one, would doubtless manifest itself in such phenomena, but I never say, nor do I now see, what the principle could do
except rehearse the phenomenon beforehand, or why it ever should be invoked.
[?????]  for philosophy is to leave off grubbing underground for what effects effectuation,
or what makes action act, and to try to solve the concrete questions of where effectuation in this world is located, of
which things are the true causal agents there, and of what the more remote effects consist.
From this point of view the greater sublimity traditionally attributed to the metaphysical inquiry, the grubbing
inquiry, entirely disappears. If we could know what causation really and transcendentally is in itself, the only
use of the knowledge would be to help us to recognize an actual cause when we had one, and so to track the
future course of operations more intelligently out. The mere abstract inquiry into causation’s hidden nature is not
more sublime than any other inquiry equally abstract. Causation inhabits no more sublime level than anything else. It
lives, apparently, in the dirt of the world as well as in the absolute, or in man’s unconquerable mind. The worth and
interest of the world consists not in its elements, be these elements  things, or be they the
conjunctions of things; it exists rather in the dramatic outcome in the whole process, and in the meaning of the
succession stages which the elements work out.
My colleague and master, Josiah Royce, in a page of his review of Stout’s Analytic Psychology81 has some fine words on this point with which I cordially agree. I cannot agree with his
separating the notion of efficacy from that of activity altogether (this I understand to be one contention of his) for
activities are efficacious whenever they are real activities at all. But the inner nature both of efficacy and of
activity are superficial problems, I understand Royce to say; and the only point for us in solving them would be their
possible use in helping us to solve the far deeper problem of the course and meaning of the world of life. Life, says
our colleague, is full of significance, of meaning, of success and of defeat, of hoping and of striving, of longing, of
desire, and of inner value. It is a total presence that embodies worth. To live our own lives better in  this presence is the true reason why we wish to know the elements of things; so even we psychologists
must end on this pragmatic note.
81Mind, N.S., vol. VI, 1897; cf. pp. 392–393.
The urgent problems of activity are thus more concrete. They are all problems of the true relation of longer-span to
shorter-span activities. When, for example, a number of ‘ideas’ (to use the name traditional in psychology) grow
confluent in a larger field of consciousness, do the smaller activities still co-exist with the wider activities then
experienced by the conscious subject? And, if so, do the wide activities accompany the narrow ones inertly, or do they
exert control? Or do they perhaps utterly supplant and replace them and short-circuit their effects? Again, when a
mental activity-process and a brain-cell series of activities both terminate in the same muscular movement, does the
mental process steer the neural processes or not? Or, on the other hand, does it independently short-circuit their
effects? Such are the questions that we must begin with. But so far am I from suggesting any definitive answer to such
questions,  that I hardly yet can put them clearly. They lead, however, into that region of
pan-psychic and ontologic speculation of which Professors Bergson and Strong have lately enlarged the literature in so
able and interesting a way.82 The result of these authors seem in many respects
dissimilar, and I understand them as yet but imperfectly; but I cannot help suspecting that the direction of their work
is very promising, and that they have the hunter’s instinct for the fruitful trails.
82 [Cf. A Pluralistic Universe, Lect. VI (on Bergson); H. Bergson:
Creative Evolution, trans. by A. Mitchell; C.A. Strong: Why the Mind Has a Body, ch. XII. ED.]


SEVEN
The Essence of Humanism
[Reprinted from The Journal of Philosophy, Psychology and Scientific Methods, vol. II, No. 5,
March 2, 1905. Also reprinted, with slight changes in The Meaning of Truth, pp. 121–135. The author’s
corrections have been adopted for the present text. ED.]

HUMANISM is a ferment that has ‘come to stay.’83 It is not a single hypothesis of
theorem, and it dwells on no new facts. It is rather a slow shifting in the philosophic perspective, making things
appear as from a new centre of interest or point of sight. Some writers are strongly conscious of the shifting, others
half unconscious, even though their own vision may have undergone much change. The result is no small confusion in
debate, the half-conscious humanists often taking part against the radical ones, as if they wished to count upon the
other side.84
83 [Written apropos of the appearance of three articles in Mind,
N.S., vol. XIV, No. 53, January, 1905: “‘Absolute’ and ‘Relative’ Truth,” H.H.Joachim; “Professor James on ‘Humanism
and Truth,’” H.W.B.Joseph; “Applied Axioms,” A. Sidgwick. Of these articles the second and third “continue the
humanistic (or pragmatistic) controversy,” the first “deeply connects with it.” ED.]
84 Professor Baldwin, for example. His address ‘On Selective Thinking’
(Psychological Review, [vol. V], 1898, reprinted in his volume, Development and Evolution) seems to me an
unusually well-written pragmatic manifesto. Nevertheless in ‘The Limits of Pragmatism’ (ibid., [vol. XI], 1904), he
(much less clearly) joins in the attack. 
If humanism really be the name for such a shifting of perspective, it is obvious that the whole scene of the
philosophic stage will change in some degree if humanism prevails. The emphasis of things, their foreground and
background distribution, their sizes and values, will not keep just the same.85 If such
pervasive consequences be involved in humanism, it is clear that no pains which philosophers may take, first in
defining it, and then in furthering, checking, or steering its progress, will be thrown away.
85 The ethical changes, it seems to me, are beautifully made evident in Professor
Dewey’s series of articles, which will never get the attention they deserve till they are printed in a book. I mean:
‘The Significance of Emotions,’ Psychological Review, vol. II, [1895], p. 13; ‘The Reflex Arc Concept in
Psychology,’ ibid., vol. III [1896], p. 357; ‘Psychology and Social Practice,’ ibid., vol. VII, [1900], p. 105;
‘Interpretation of Savage Mind,’ ibid., vol. IX, [1902], p.217; ‘Green’s Theory of the Moral Motive,’ Philosophical
Review, vol. I, [1892], p. 593; ‘Self-realization as the Moral Ideal,’ ibid., vol. II, [1893], p. 652; ‘The
Psychology of Effort,’ ibid., vol. VI, [1897], p.43; ‘The Evolutionary Method as Applied to Morality,’ ibid., vol XI,
[1902], pp. 107, 353; ‘Evolution and Ethics,’ Monist, vol. VIII, [1898], p.321; to mention only a few.
It suffers badly at present from incomplete definition. Its most systematic advocates, Schiller and Dewey, have
published fragmentary  programs only; and its bearing on many vital philosophic problems has not
been traced except by adversaries who, scenting heresies in advance, have showered blows on doctrines — subjectivism
and scepticism, for example — that no good humanist finds it necessary to entertain. By their still greater reticences,
the anti-humanists have, in turn, perplexed the humanists. Much of the controversy has involved the word ‘truth.’ It is
always good in debate to know your adversary’s point of view authentically. But the critics of humanism never define
exactly what the word ‘truth’ signifies when they use it themselves. The humanists have to guess at their view; and the
result has doubtless been much at beating of the air. Add to all this, great individual differences in both camps, and
it becomes clear that nothing is so urgently needed, at the stage which things have reached at present, as a sharper
definition by each side of its central point of view.
Whoever will contribute any touch of sharpness will help us to make sure of what’s  what and
who is who. Anyone can contribute such a definition, and, without it, no one knows exactly where he stands. If I offer
my own provisional definition of humanism86 now and here, others may improve it, some
adversary may be led to define his own creed more sharply by the contrast, and a certain quickening of the
crystallization of general opinion may result.
86 [The author employs the term ‘humanism’ either as a synonym for ‘radical
empiricism’ (cf. e.g, above, p. 156); or as that general philosophy of life of which ‘radical empiricism’ is the
theoretical ground (cf. below, p. 194). For other discussions of ‘humanism,’ cf. below, essay XI, and The Meaning
of)Truth, essay III. ED.]
I
The essential service of humanism, as I conceive the situation, is to have seen that though one part of our
experience may lean upon another part to make it what it is in any one of several aspects in which it may be
considered, experience as a whole is self-containing and leans on nothing.
Since this formula also expresses the main contention of transcendental idealism, it needs abundant explication to
make it unambiguous.  It seems, at first sight, to confine itself to denying theism and
pantheism. But, in fact, it need not deny either; everything would depend on the exegesis; and if the formula ever
became canonical, it would certainly develop both right-wing and left-wing interpreters. I myself read humanism
theistically and pluralistically. If there be a God, he is no absolute all-experiencer, but simply the experiencer of
widest actual conscious span. Read thus, humanism is for me a religion susceptible of reasoned defence, though I am
well aware how many minds there are to whom it can appeal religiously only when it has been monistically translated.
Ethically the pluralistic form of it takes for me a stronger hold on reality than any other philosophy I know of — it
being essentially a social philosophy, a philosophy of ‘co’, in which conjunctions do the work. But
my primary reason for advocating it is its matchless intellectual economy. It gets rid, not only of the standing
‘problems’ that monism engenders (‘problem of evil,’ ‘problem of freedom,’ and the like), but of other metaphysical
mysteries and paradoxes as well.
It gets rid, for example, of the whole agnostic controversy, by refusing to entertain the hypothesis of
trans-empirical reality at all. It gets rid of any need for an absolute of the Bradleyan type (avowedly sterile for
intellectual purposes) by insisting that the conjunctive relations found within experience are faultlessly real. It
gets rid of the need of an absolute of the Roycean type (similarly sterile) by its pragmatic treatment of the problem
of knowledge [a treatment of which I have already given a version in two very inadequate articles].87 As the views of knowledge, reality and truth imputed to humanism have been those so far most
fiercely attacked, it is in regard to these ideas that a sharpening of focus seems most urgently required. I proceed
therefore to bring the view which I impute to humanism in these respects into focus as briefly as I can.
87 [Omitted from reprint in Meaning of Truth. The articles referred to
are ‘Does Consciousness Exist?’ and ‘A World of Pure Experience,’ reprinted above.] 

II
If the central humanistic thesis, printed above in italics, be accepted, it will follow that, if there be any such
thing at all as knowing, the knower and the object known must both be portions of experience. One part of experience
must, therefore, either
(1) Know another part of experience — in other words, parts must, as Professor Woodbridge says,88 represent one another instead of representing realities outside of ‘consciousness’ —
this case is that of conceptual knowledge; or else
(2) They must simply exist as so many ultimate thats or facts of being, in the first instance; an then, as
a secondary complication, and without doubling up its entitative singleness, any one and the same that must
figure alternately as a thing known and as a knowledge of the thing, by reason of two divergent kinds of context into
which, in the general course of experience, it gets woven.89
88 In Science, November 4, 1904, p. 599.
89 This statement is probably excessively obscure to any who has not read my two
articles, ‘Does Consciousness Exist?’ and ‘A World of Pure Experience.’ 
This second case is that of sense-perception. There is a stage of thought that goes beyond common sense, and of it I
shall say more presently; but the common-sense stage is a perfectly definite halting-place of thought, primarily for
the purposes of action; and, so long as we remain on the common-sense stage of thought, object and subject
fuse in the fact of ‘presentation’ or sense-perception — the pen and hand which I now see writing,
for example, are the physical realities which those words designate. In this case there is no
self-transcendency implied in the knowing. Humanism, here, is only a more comminuted
Identitasphilosophie.90
90 [Cf. above, p. 134; and below, p.202.]
In case (1), on the contrary, the representative experience does transcend itself in knowing the other experience
that is its object. No one can talk of the knowledge of the one by the other without seeing them as numerically
distinct entities, of which the one lies beyond the other and away from it, along some direction  and with some interval, that can be definitely named. But, if the talker be a humanist, he must also see
this distance-interval concretely and pragmatically, and confess it to consist of other intervening experiences — of
possible ones, at all events, if not of actual. To call my present idea of my dog, for example, cognitive of the real
dog means that, as the actual tissue of experience is constituted, the idea is capable of leading into a chain of other
experiences on my part that go from next to next and terminate at last in vivid sense-perceptions of a jumping,
barking, hairy body. Those are the real dog, the dog’s full presence, for my common sense. If the supposed
talker is a profound philosopher, although they may not be the real dog for him, they mean the real
dog, are practical substitutes for the real dog, as the representation was a practical substitute for them, that real
dog being a lot of atoms, say, or of mind-stuff, that lie where the sense-perceptions lie in his experience as
well as in my own. 

III
The philosopher here stands for the stage of thought that goes beyond the stage of common sense; and the difference
is simply that he ‘interpolates’ and ‘extrapolates,’ where common sense does not. For common sense, two men see the
same identical real dog. Philosophy, noting actual differences in their perceptions, points out the duality of these
latter, and interpolates something between them as a more real terminus — first, organs, viscera, etc.; next, cells;
then, ultimate atoms; lastly, mind-stuff perhaps. The original sense-termini of the two men, instead of coalescing with
each other and with the real dog-object, as at first supposed, are thus help by philosophers to be separated by
invisible realities with which at most, they are conterminous.
Abolish, now, one of the percipients, and the interpolation changes into ‘extrapolation.’ The sense-terminus of the
remaining percipient is regarded by the philosopher as not quite reaching reality. He has only carried the procession
of experiences, the philosopher thinks,  to a definite, because practical, halting-place
somewhere on the way towards an absolute truth that lies beyond.
The humanist sees all the time, however, that there is no absolute transcendency even about the more absolute
realities thus conjectured or believed in. The viscera and cells are only possible percepts following upon that of the
outer body. The atoms again, though we may never attain to human means of perceiving them, are still defined
perceptually. The mind-stuff itself is conceived as a kind of experience; and it is possible to frame the hypothesis
(such hypotheses can by no logic be excluded from philosophy) of two knowers of a piece of mind-stuff and the
mind-stuff itself becoming ‘confluent’ at the moment at which our imperfect knowing might pass into knowing of a
completed type. Even so do you and I habitually represent our two perceptions and the real dog as confluent, though
only provisionally, and for the common-sense stage of thought. If my pen be inwardly made of mind-stuff, there is no
confluence now between  that mind-stuff and my visual perception of the pen. But
conceivably there might come to be such confluence; for, in the case of my hand, the visual sensations and the inward
feelings of the hand, its mind-stuff, so to speak, are even now as confluent as any two things can be.
There is, thus, no breach in humanistic epistemology. Whether knowledge be taken as ideally perfected, or only as
true enough to pass muster for practice, it is hung on one continuous scheme. Reality, howsoever remote, is always
defined as a terminus within the general possibilities of experience; and what knows it is defined as an experience
that ‘represents’ it, in the sense of being substitutable for it in our thinking because it leads to the same
associates, or in the sense of ‘point to it’ through a chain of other experiences that either intervene or may
intervene.
Absolute reality here bears the same relation to sensation as sensation bears to conception or imagination. Both are
provisional or final termini, sensation being only the terminus at which the practical man habitually stops,  while the philosopher projects a ‘beyond’ in the shape of more absolute reality. These termini, for the
practical and the philosophical stages of thought respectively, are self-supporting. They are not ‘true’ of anything
lese, they simply are, are real. They ‘lean on nothing,’ as my italicized formula said. Rather does
the whole fabric of experience lean on them, just as the whole fabric of the solar system, including many relative
positions, leans, for its absolute position in space, on any one of its constituent stars. Here, again, one gets a new
Identitatsphilosophie in pluralistic form.91
91 [Cf. above, pp. 134, 197.]

IV
If I have succeeded in making this at all clear (though I fear that brevity and abstractness between them may have
made me fail), the reader will see that the ‘truth’ of our mental operations must always ben an intra-experiential
affair. A conception is reckoned true by common sense when it can be made to lead to a 
sensation. The sensation, which for common sense is not so much ‘true’ as ‘real,’ is held to be provisionally
true by the philosopher just in so far as it covers (abuts at, or occupies the place of) a still more
absolutely real experience, in the possibility of which to come remoter experient the philosopher finds reason to
believe.
Meanwhile what actually does count for true to any individual trower, whether he be philosopher or common
man, is always a result of his apperceptions. If a novel experience, conceptual or sensible, contradict too
emphatically our preexistent system of beliefs, in ninety-nine cases out of a hundred it is treated as false. Only when
the older and the newer experiences are congruous enough to mutually apperceive and modify each other, does what we
treat as an advance in truth result. [Having written of this point in an article in reply to Mr. Joseph’s criticism of
my humanism, I will say no more about truth here, but refer the reader to that review.92] In no case, however, need truth consist in a relation between our experiences and something
archetypal or trans-experiential. Should we ever reach absolutely terminal experiences, experiences in which we all
agreed, which were superseded by no revised continuations, these would not be true, they would be
real, they would simply be, and be indeed the angles, corners, and linchpins of all reality, on which
the truth of everything else would be stayed. Only such other thins as led to these by satisfactory
conjunctions would be ‘true.’ Satisfactory connection of some sort with such termini is all that the word ‘truth’
means. On the common-sense stage of thought sense-presentations serve as such termini. our ideas and concepts and
scientific theories pass for true only so far as they harmoniously lead back to the world of sense.
92 [Omitted from reprint in Meaning of Truth. The review referred to is
reprinted below, pp. 244–265, under the title “Humanism and Truth Once More.” ED.]
I hope that many humanists will endorse this attempt of mine to trace the more essential features of that way of
viewing things. I feel almost certain that Messrs. Dewey and  Schiller will do so. If the
attackers will also take some slight account of it, it may be that discussion will be a little less wide of the mark
than it has hitherto been.


EIGHT
La Notion de Conscience
A communication made (in French) at the Fifth International Congress of Psychology, in Rome, April 30,
1905. It is reprinted from the Archives de Psychologie, vol. v, No. 17, June, 1905.1 Cette communication est
le résumé, forcément très condensé, de vues que l’auteur a exposées, au cours de ces derniers mois, en une série
d’articles publiés dans le Journal of Philosophy, Psychology and Scientific Methods, 1904 et 1905.

JE voudrais vous communiquer quelques doutes qui me sont venus au sujet de la notion de Conscience qui règne dans
tous nos traités de psychologie.
On définit habituellement la Psychologie comme la Science des faits de Conscience, ou des phénomènes, ou
encore des états de la Conscience. Qu’on admette qu’elle se rattache à des moi personnels, ou bien
qu’on la croie impersonnelle à la façon du “ moi transcendental” de Kant, de la Bewusstheit ou du Bewusstsein
überhaupt de nos contemporains en Allemagne, cette conscience est toujours regardée comme possédant une essence
propre, absolument distincte de l’essence des choses matérielles, qu’elle a le don mystérieux de représenter et de
 connaître. Les faits matériels, pris dans leur matérialité, ne sont pas éprouvés, ne
sont pas objets d’expérience, ne se rapportent pas. Pour qu’ils prennent la forme du système dans
lequel nous nous sentons vivre, il faut qu’ils apparaissent, et ce fait d’apparaître, surajoute a leur
existence brute, s’appelle la conscience que nous en avons, ou peut-étre, selon l’hypothèse panpsychiste, qu’ils ont
d’eux-mêmes.
Voila ce dualisme invétéré qu’il semble impossible de chasser de notre vue du monde. Ce monde peut bien exister en
soi, mais nous n’en savons rien, car pour nous il est exclusivement un objet d’expérience; et la condition
indispensable à cet effet, c’est qu’il soit rapporte a des témoins, qu’il soit connu par un sujet ou par des sujets
spirituels. Objet et sujet, voila les deux jambes sans lesquelles il semble que la philosophie ne saurait faire un pas
en avant.
Toutes les écoles sont d’accord la-dessus, scolastique, cartésianisme, kantisme, néo-kantisme, tous admettent le
dualisme fondamental. Le positivisme ou agnosticisme de nos  jours, qui se pique de relever des
sciences naturelles, se donne volontiers, il est vrai, le nom de monisme. Mais ce n’est qu’un monisme verbal. Il pose
une réalité inconnue, mais nous dit que cette réalité se présente toujours sous deux “aspects,” un côte conscience et
un côte matière, et ces deux côtes demeurent aussi irréductibles que les attributs fondamentaux, étendue et pensée, du
Dieu de Spinoza. Au fond, le monisme contemporain est du spinozisme pur.
Ou, comment se représente-t-on cette conscience dont nous sommes tous si portes à admettre l’existence? Impossible
de la définir, nous dit-on, mais nous en avons tous une intuition immédiate: tout d’abord la conscience a conscience
d’elle-meme. Demandez à la première personne que vous rencontrerez, homme ou femme, psychologue ou ignorant, et elle
vous répondra qu’elle se sent penser, jouir, souffrir, vouloir, tout comme elle se sent respirer. Elle perçoit
directement sa vie spirituelle comme une espèce de courant intérieur, actif, léger, fluide, délicat, diaphane pour
ainsi  dire, et absolument opposé à quoi que ce soit de matériel. Bref, la vie subjective ne
parait pas seulement être une condition logiquement indispensable pour qu’il y ait un monde objectif qui
apparaisse, c’est encore un élément de l’expérience même que nous éprouvons directement, au même titre que
nous éprouvons notre propre corps.
Idées et Choses, comment donc ne pas reconnaitre leur dualisme? Sentiments et Objets, comment douter de leur
hétérogénéité absolue?
La psychologie soi-disant scientifique admet cette hétérogénéité comme l’ancienne psychologie spiritualiste
l’admettait. Comment ne pas l’admettre? Chaque science découpe arbitrairement dans la trame des faits un champ ou elle
se parque, et dont elle décrit et étudie le contenu. La psychologie prend justement pour son domaine le champ des faits
de conscience. Elle les postule sans les critiquer, elle les oppose aux faits matériels; et sans critiquer non plus la
notion de ces derniers, elle les rattache a la conscience par le lien mystérieux de la connaissance, de
l’aperception qui, pour elle, est  un troisième genre de fait fondamental et ultime. En
suivant cette voie, la psychologie contemporaine a fête de grands triomphes. Elle a pu faire une esquisse de
l’évolution de la vie consciente, en concevant cette dernière comme s’adaptant de plus en plus complètement au milieu
physique environnant. Elle a pu établir un parallélisme dans le dualisme, celui des faits psychiques et des événements
cérébraux. Elle a explique les illusions, les hallucinations, et jusqu’à un certain point, les maladies mentales. Ce
sont de beaux progrès; mais il reste encore bien des problèmes. La philosophie générale surtout, qui a pour devoir de
scruter tous les postulats, trouve des paradoxes et des empêchements là où la science passe outre; et il n’y a que les
amateurs de science populaire qui ne sont jamais perplexes. Plus on va au fond des choses, plus on trouve d’énigmes; et
j’avoue pour ma part que depuis que je m’occupe sérieusement de psychologie, ce vieux dualisme de matière et de pensée,
cette hétérogénéité posée comme absolue des deux essences, m'a toujours présenté des 
difficultes. C’est de quelques-unes de ces difficultés que je voudrais maintenant vous entretenir.
D’abord il y en a une, laquelle, j’en suis convaincu, vous aura frappés tous. Prenons la perception extérieure, la
sensation directe que nous donnent par exemple les murs de cette salle. Peut-on dire ici que le psychique et le
physique sont absolument hétérogènes? Au contraire, ils sont si peu hétérogènes que si nous nous plaçons au point de
vue du sens commun; si nous faisons abstraction de toutes les inventions explicatives, des molécules et des ondulations
éthérées, par exemple, qui au fond sont des entités métaphysiques; si, en un mot, nous prenons la réalité naïvement et
telle qu’elle nous est donnée tout d’abord, cette réalité sensible d’où dépendent nos intérêts vitaux, et sur laquelle
se portent toutes nos actions; eh bien, cette réalité sensible et la sensation que nous en avons sont, au moment où la
sensation se produit, absolument identiques l’une à l’autre. La réalité est l’aperception même. Les mots “murs de cette
salle” ne signifient que cette blancheur fraîche et sonore  qui nous entoure, coupée par ces
fenêtres, bornée par ces lignes et ces angles. Le physique ici n’a pas d’autre contenu que le psychique. Le sujet et
l’objet se confondent.
C’est Berkeley qui le premier a mis cette vérité en honneur. Esse est percipi. Nos sensations ne sont pas
de petits duplicats intérieurs des choses, elles sont les choses mêmes en tant que les choses nous sont présentes. Et
quoi que l’on veuille penser de la vie absente, cachée, et pour ainsi dire privée, des choses, et quelles que soient
les constructions hypothetiques qu’on en fasse, il reste vrai que la vie publique des choses, cette actualité présente
par laquelle elles nous confrontent, d’où derivent toutes nos constructions théoriques, et à laquelle elles doivent
toutes revenir et se rattacher sous peine de flotter dans l’air et dans l’irréel; cette actualité, dis-je, est
homogêne, et non pas seulement homogène, mais numériquement une, avec une certaine partie de notre vie intérieure.
Voilà pour la perception extérieure. Quand on s’adresse a l'imagination, à la mémoire ou  aux
facultés de représentation abstraite, bien que les faits soient ici beaucoup plus compliqués, je crois que la même
homogénéité essentielle se dégage. Pour simplifier le problème, excluons d’abord toute réalité sensible. Prenons la
pensée pure, telle qu’elle s’effectue dans le rêve ou la rêverie, ou dans la mémoire du passe. Ici encore, l’étoffe de
l’expérience ne fait-elle pas double emploi, le physique et le psychique ne se confondent-ils pas? Si je rêve d’une
montagne d’or, elle n’existe sans doute pas en dehors du rêve, mais dans le rêve elle est de nature ou
d’essence parfaitement physique, c’est comme physique qu’elle m’apparait. Si en ce moment je me permets de me
souvenir de ma maison en Amérique, et des détails de mon embarquement récent pour l’Italie, le phenomène pur, le fait
quise produit, qu’est-il? C’est, dit-on, ma pensée, avec son contenu. Mais encore ce contenu, qu’est-il? Il porte la
forme d’une partie du monde réel, partie distante, il est vrai, de six mille kilomètres d’espace et de six semaines de
temps, mais reliée à la salle où nous sommes par une foule de choses, objets  et événements,
homogènes d’une part avec la salle et d’autre part avec l’objet de mes souvenirs.
Ce contenu ne se donne pas comme étant d’abord un tout petit fait intérieur que je projetterais ensuite au loin, il
se présente d’emblée comme le fait éloigné même. Et l’acte de penser ce contenu, la conscience que j’en ai, que
sont-ils? Sont-ce au fond autre chose que des manières rétrospectives de nommer le contenu lui-meme, lorsqu’on l’aura
séparé de tous ces intermédiaires physiques, et relie à un nouveau groupe d’associes qui le font rentrer dans ma vie
mentale, les émotions par exemple qu’il a éveillées en moi, l’attention que j’y porte, mes idées de tout a l’heure qui
l’ont suscite comme souvenir? Ce n’est qu’en se rapportant à ces derniers associes que le phénomène arrive a être
classe comme pensée; tant qu’il ne se rapporte qu’aux premiers il demeure phénomène objectif.
Il est vrai que nous opposons habituellement nos images intérieures aux objets, et que nous les considérons comme de
petites copies,  comme des calques ou doubles, affaiblis, de ces derniers. C’est qu’un objet
présent a une vivacité et une netteté supérieures a celles de l’image. Il lui fait ainsi contraste; et pour me servir
de l’excellent mot de Taine, il lui sert de réducteur. Quand les deux sont présents ensemble, l’objet prend le
premier plan et l’image “recule,” devient une chose “absente.” Mais cet objet présent, qu’est-il en lui-méme? De quelle
étoffe est-il fait? De la même étoffe que l’image. Il est fait de sensations; il est chose perçue. Son
esse est percipi, et lui et l’image sont génériquement homogènes.
Si je pense en ce moment à mon chapeau que j’ai laisse tout à l’heure au vestiaire, où est le dualisme, le
discontinu, entre le chapeau pense et le chapeau réel? C’est d’un vrai chapeau absent que mon esprit s’occupe.
J’en tiens compte pratiquement comme d’une réalité. S’il était présent sur cette table, le chapeau déterminerait un
mouvement de ma main: je l’enlèverais. De même ce chapeau conçu, ce chapeau en idée, déterminera tantôt la direction de
mes pas. J'irai le prendre.  L’idée que j’en ai se continuera jusqu’à la présence sensible du
chapeau, et s’y fondra harmonieusement.
Je conclus donc que, — bien qu’il y ait un dualisme pratique — puisque les images se distinguent des objets, en
tiennent lieu, et nous y mènent, il n’y a pas lieu de leur attribuer une différence de nature essentielle. Pensée et
actualité sont faites d’une seule et même étoffe, qui est l’étoffe de l’expérience en général.
La psychologie de la perception extérieure nous mené à la même conclusion. Quand j’aperçois l’objet devant moi comme
une table de telle forme, a telle distance, on m’explique que ce fait est dû a deux facteurs, à une matière de
sensation qui me pénètre par la voie des yeux et qui donne l’élément d’extériorité réelle, et à des idées qui se
réveillent, vont a la rencontre de cette réalité, la classent et l’interprètent. Mais qui peut faire la part, dans la
table concrètement aperçue, de ce qui est sensation et de ce qui est idée? L’externe et l’interne, l’étendu et
l'inétendu, se fusionnent  et font un mariage indissoluble. Cela rappelle ces panoramas
circulaires, où des objets réels, rochers, herbe, chariots brises, etc., qui occupent l’avant-plan, sont si
ingénieusement relies a la toile qui fait le fond, et qui représente une bataille ou un vaste paysage, que l’on ne sait
plus distinguer ce qui est objet de ce qui est peinture. Les coutures et les joints sont imperceptibles.
Cela pourrait-il advenir si l’objet et l’idée étaient absolument dissemblables de nature?
Je suis convaincu que des considérations pareilles à celles que je viens d’exprimer auront déjà suscite, chez vous
aussi, des doutes au sujet du dualisme prétendu.
Et d’autres raisons de douter surgissent encore. Il y a toute une sphère d’adjectifs et d’attributs qui ne sont ni
objectifs, ni subjectifs d’une manière exclusive, mais que nous employons tantôt d’une manière et tantôt d’une autre,
comme si nous nous complaisions dans leur ambiguité. Je parle des qualités que nous apprécions, pour ainsi dire, dans
les  choses, leur côté esthétique, moral, leur valeur pour nous. La beauté par exemple, où
réside-t-elle? Est-elle dans la statue, dans la sonate, ou dans notre esprit? Mon collègue à Harvard, George Santayana,
a écrit un livre d'esthétique,93 ou il appelle la beauté “le plaisir objectifié”; et en
vérité, c’est bien ici qu’on pourrait parler de projection au dehors. On dit indifféremment une chaleur agréable, ou
une sensation agréable de chaleur. La rareté, le précieux du diamant nous en paraissent des qualités essentielles. Nous
parlons d’un orage affreux, d’un homme haïssable, d’une action indigne, et nous croyons parler objectivement, bien que
ces termes n’expriment que des rapports à notre sensibilité émotive propre. Nous disons même un chemin pénible, un ciel
triste, un coucher de soleil superbe. Toute cette manière animiste de regarder les choses qui parait avoir été la façon
primitive de penser des hommes, peut très bien s’expliquer (et M. Santayana, dans un autre livre tout récent,94 l’a bien expliquée ainsi) par l’habitude d’attribuer à l’objet tout
ce que nous ressentons en sa présence. Le partage du subjectif et de l’objectif est le fait d’une réflexion très
avancée, que nous aimons encore ajourner dans beaucoup d’endroits. Quand les besoins pratiques ne nous en tirent pas
forcement, il semble que nous aimons a nous bercer dans le vague.
93The Sense of Beauty, pp. 44 ff.
94The Life of Reason [vol. I, “ Reason in Common Sense,” p.
142].
Les qualités secondes elles-mêmes, chaleur, son, lumière, n’ont encore aujourd’hui qu’une attribution vague. Pour le
sens commun, pour la vie pratique, elles sont absolument objectives, physiques. Pour le physicien, elles sont
subjectives. Pour lui, il n’y a que la forme, la masse, le mouvement, qui aient une réalité extérieure. Pour le
philosophe idéaliste, au contraire, forme et mouvement sont tout aussi subjectifs que lumière et chaleur, et il n’y a
que la chose-en-soi inconnue, le “noumène,” qui jouisse d’une réalité extramentale complète.
Nos sensations intimes conservent encore de cette ambiguïté. Il y a des illusions de mouvement qui prouvent que nos
premières  sensations de mouvement étaient généralisées. C’est le monde entier, avec nous, qui
se mouvait. Maintenant nous distinguons notre propre mouvement de celui des objets qui nous entourent, et parmi les
objets nous en distinguons qui demeurent en repos. Mais il est des états de vertige où nous retombons encore
aujourd’hui dans l’indifférenciation première. Vous connaissez tous sans doute cette théorie qui a voulu faire des
émotions des sommes de sensations viscérales et musculaires. Elle a donne lieu à bien des controverses, et aucune
opinion n’a encore conquis l’unanimité des suffrages. Vous connaissez aussi les controverses sur la nature de
l’activité mentale. Les uns soutiennent qu’elle est une force purement spirituelle que nous sommes en état d’apercevoir
immédiatement comme telle. Les autres prétendent que ce que nous nommons activité mentale (effort, attention, par
exemple) n’est que le reflet senti de certains effets dont notre organisme est le siège, tensions musculaires au crâne
et au gosier, arrêt ou passage de la respiration, afflux de sang, etc. 
De quelque manière que se résolvent ces controverses, leur existence prouve bien clairement une chose, c’est qu’il
est très difficile, ou même absolument impossible de savoir, par la seule inspection intime de certains phénomènes,
s’ils sont de nature physique, occupant de l’étendue, etc., ou s’ils sont de nature purement psychique et intérieure.
Il nous faut toujours trouver des raisons pour appuyer notre avis; il nous faut chercher la classification la plus
probable du phénomène; et en fin de compte il pourrait bien se trouver que toutes nos classifications usuelles eussent
eu leurs motifs plutôt dans les besoins de la pratique que dans quelque faculté que nous aurions d’apercevoir deux
essences ultimes et diverses qui composeraient ensemble la trame des choses. Le corps de chacun de nous offre un
contraste pratique presque violent à tout le reste du milieu ambiant. Tout ce qui arrive au dedans de ce corps nous est
plus intime et important que ce qui arrive ailleurs. Il s’identifie avec notre moi, il se classe avec lui. Ame, vie,
souffle, qui saurait bien les distinguer exactement? Même nos images et nos  souvenirs, qui
n’agissent sur le monde physique que par le moyen de notre corps, semblent appartenir à ce dernier. Nous les traitons
comme internes, nous les classons avec nos sentiments affectifs. Il faut bien avouer, en somme, que la question du
dualisme de la pensée et de la matière est bien loin d’être finalement résolue.
Et voilà terminée la première partie de mon discours. J’ai voulu vous pénétrer, Mesdames et Messieurs, de mes doutes
et de la réalité, aussi bien que de l’importance, du problème.
Quant à moi, après de longues années d’hésitation, j’ai fini par prendre mon parti carrement. Je crois que la
conscience, telle qu’on se la représente communément, soit comme entité, soit comme activité pure, mais en tout cas
comme fluide, inétendue, diaphane, vide de tout contenu propre, mais se connaissant directement elle-même, spirituelle
enfin, je crois, dis-je, que cette conscience est une pure chimère, et que la somme de réalités concrètes que le mot
conscience devrait couvrir, mérite une toute autre description, description, du reste, qu’une philosophie attentive aux
faits et  sachant faire un peu d’analyse, serait désormais en état de fournir ou plutôt de
commencer a fournir. Et ces mots m’amènent a la seconde partie de mon discours. Elle sera beaucoup plus courte que la
première, parce que si je la développais sur la même échelle, elle serait beaucoup trop longue. Il faut, par
conséquent, que je me restreigne aux seules indications indispensables.
Admettons que la conscience, la Bewusstheit, conçue comme essence, entité, activité, moitié irréductible de
chaque expérience, soit supprimée, que le dualisme fondamental et pour ainsi dire ontologique soit aboli et que ce que
nous supposions exister soit seulement ce qu’on a appelé jusqu’ici le contenu, le Inhalt, de la
conscience; comment la philosophie va-t-elle se tirer d’affaire avec lespèce de monisme vague qui en résultera? Je vais
tâcher de vous insinuer quelques suggestions positives la-dessus, bien que je craigne que, faute du développement
nécessaire, mes idées ne répandront pas une clarté très grande. Pourvu que j'indique un 
commencement de sentier, ce sera peut-être assez.
Au fond, pourquoi nous accrochons-nous d’une manière si tenace à cette idée d’une conscience surajoutée à
l’existence du contenu des choses? Pourquoi la réclamons-nous si fortement, que celui qui la nierait nous semblerait
plutôt un mauvais plaisant qu’un penseur? N’est-ce pas pour sauver ce fait indéniable que le contenu de l’expérience
n’a pas seulement une existence propre et comme immanente et intrinsèque mais que chaque partie de ce contenu déteint
pour ainsi dire sur ses voisines, rend compte d’elle-même à d’autres, sort en quelque sorte de soi pour être sue et
qu’ainsi tout le champ de l’expérience se trouve être transparent de part en part, ou constitué comme un espace qui
serait rempli de miroirs?
Cette bilatéralité des parties de l’expérience, -a savoir d’une part, qu’elles sont avec des qualités propres;
d’autre part, qu’elles sont rapportées à d’autres parties et queR— l’opinion régnante la constate et l'explique par un
dualisme fondamental de constitution  appartenant à chaque morceau d’expérience en propre. Dans
cette feuille de papier il n’y a pas seulement, dit-on, le contenu, blancheur, minceur, etc., mais il y a ce second
fait de la conscience de cette blancheur et de cette minceur. Cette fonction d’être “rapporté,” de faire partie de la
trame entière d’une expérience plus compréhensive, on l’érige en fait ontologique, et on loge ce fait dans l’intérieur
même du papier, en l’accouplant à sa blancheur et a sa minceur. Ce n’est pas un rapport extrinsèque qu’on suppose,
c’est une moitié du phénomène même.
Je crois qu’en somme on se représente la réalité comme constituée de la façon dont sont faites les “couleurs “ qui
nous servent à la peinture. Il y a d’abord des matières colorantes qui répondent au contenu, et il y a un véhicule,
huile ou colle, qui les tient en suspension et qui répond à la conscience. C’est un dualisme complet, où, en employant
certains procédés, on peut séparer chaque élément de l’autre par voie de soustraction. C’est ainsi qu’on nous assure
qu’en faisant un grand effort d’abstraction introspective, nous pouvons  saisir notre conscience
sur le vif, comme une activité spirituelle pure, en négligeant à peu près complètement les matières qu’à un moment
donne elle éclaire.
Maintenant je vous demande si on ne pourrait pas tout aussi bien renverser absolument cette manière de voir.
Supposons, en effet, que la réalité première soit de nature neutre, et appelons-la par quelque nom encore ambigu, comme
phénomène, donné, Vorfindung. Moi-même j’en parle volontiers au pluriel, et je lui donne le nom
d’expériences pures. Ce sera un monisme, si vous voulez, mais un monisme tout à fait rudimentaire et
absolument opposé au soi-disant monisme bilatéral du positivisme scientifique ou spinoziste.
Ces expériences pures existent et se succèdent, entrent dans des rapports infiniment varies les unes avec les
autres, rapports qui sont eux-mêmes des parties essentielles de la trame des expériences. Il y a “Conscience “de ces
rapports au même titre qu’il y a “ Conscience “ de leurs termes. Il en résulte que des groupes d’expériences
se font remarquer et  distinguer, et quune seule et même expérience, vu la grande variété de ses
rapports, peut jouer un rôle dans plusieurs groupes a la fois. C!‘est ainsi que dans un certain contexte de voisins,
elle serait classée comme un phénomène physique, tandis que dans un autre entourage elle figurerait comme un fait de
conscience, à peu près comme une même particule d’encre peut appartenir simultanément à deux lignes, l’une verticale,
l’autre horizontale, pourvu qu’elle soit située a leur intersection.
Prenons, pour fixer nos idées, l’expérience que nous avons a ce moment du local où nous sommes, de ces murailles, de
cette table, de ces chaises, de cet espace. Dans cette expérience pleine, concrète et indivise, telle qu’elle est la,
donnée, le monde physique objectif et le monde intérieur et personnel de chacun de nous se rencontrent et se fusionnent
comme des lignes se fusionnent a leur intersection. Comme chose physique, cette salle a des rapports avec tout le reste
du bâtiment, bâtiment que nous autres nous ne connaissons et ne connaîtrons pas.  Elle doit son
existence à toute une histoire de financiers, d’architectes, d’ouvriers. Elle pèse sur le sol; elle durera indéfiniment
dans le temps; si le feu y éclatait, les chaises et la table qu’elle contient seraient vite réduites en cendres.
Comme expérience personnelle, au contraire, comme chose “ rapportée,” connue, consciente, cette salle a de tout
autres tenants et aboutissants. Ses antécédents ne sont pas des ouvriers, ce sont nos pensées respectives de tout a
l’heure. Bientôt elle ne figurera que comme un fait fugitif dans nos biographies, associé à d’agréables souvenirs.
Comme expérience psychique, elle n’a aucun poids, son ameublement n’est pas combustible. Elle n’exerce de force
physique que sur nos seuls cerveaux, et beaucoup d’entre nous nient encore cette influence; tandis que la salle
physique est en rapport d’influence physique avec tout le reste du monde.
Et pourtant c’est de la même salle absolument qu’il s’agit dans les deux cas. Tant que nous ne faisons pas de
physique spéculative,  tant que nous nous plaçons dans le sens commun, c’est la salle vue et
sentie qui est bien la salle physique. De quoi parlons-nous donc si ce n’est de cela, de cette même partie de
la nature matérielle que tous nos esprits, a ce même moment, embrassent, qui entre telle quelle dans l’expérience
actuelle et intime de chacun de nous, et que notre souvenir regardera toujours comme une partie intégrante de notre
histoire. C’est absolument une même étoffe qui figure simultanément, selon le contexte que l’on considère, comme fait
matériel et physique, ou comme fait de conscience intime.
Je crois donc qu’on ne saurait traiter conscience et matière comme étant d’essence disparate. On n’obtient ni l’une
ni l’autre par soustraction, en négligeant chaque fois l’autre moitié d’une expérience de composition double. Les
expériences sont au contraire primitivement de nature plutôt simple. Elles deviennent conscientes dans leur
entier, elles deviennent physiques dans leur entier; et c’est par voie d'addition que ce résultat se
réalise. Pour au  tant que des expériences se prolongent dans le temps, entrent dans des
rapports d’influence physique, se brisant, se chauffant, s’éclairant, etc., mutuellement, nous en faisons un groupe a
part que nous appelons le monde physique. Pour autant, au contraire, qu’elles sont fugitives, inertes physiquement, que
leur succession ne suit pas d’ordre détermine, mais semble plutôt obéir à des caprices émotifs, nous en faisons un
autre groupe que nous appelons le monde psychique. C’est en entrant à présent dans un grand nombre de ces groupes
psychiques que cette salle devient maintenant chose consciente, chose rapportée, chose sue. En faisant désormais partie
de nos biographies respectives, elle ne sera pas suivie de cette sotte et monotone répétition d’elle-même dans le temps
qui caractérise son existence physique. Elle sera suivie, au contraire, par d’autres expériences qui seront
discontinues avec elle, ou qui auront ce genre tout particulier de continuité que nous appelons souvenir. Demain, elle
aura eu sa place dans chacun de nos passes; mais les présents divers auxquels tous  ces passés
seront liés demain seront bien différents du présent dont cette salle jouira demain comme entité physique.
Les deux genres de groupes sont formes d’expériences, mais les rapports des expériences entre elles diffèrent d’un
groupe à l’autre. C’est donc par addition d’autres phénomènes qu’un phénomène donné devient conscient ou connu, ce
n’est pas par un dédoublement d’essence intérieure. La connaissance des choses leur survient, elle ne leur est
pas immanente. Ce n’est le fait ni d’un moi transcendental, ni d’une Bewusstheit ou acte de conscience qui les
animerait chacune. Elles se connaissent l’une l’autre, ou plutôt il y en a qui connaissent les autres; et le
rapport que nous nommons connaissance n’est lui-même, dans beaucoup de cas, qu’une suite d’expériences intermédiaires
parfaitement susceptibles d’être décrites en termes concrets. Il n’est nullement le mystère transcendant où se sont
complus tant de philosophes.
Mais ceci nous mènerait beaucoup trop loin. Je ne puis entrer ici dans tous les replis de la 
théorie de la connaissance, ou de ce que, vous autres Italiens, vous appelez la gnoséologie. Je dois me contenter de
ces remarques écourtées, ou simples suggestions, qui sont, je le crains, encore bien obscures faute des développements
nécessaires.
Permettez donc que je me résume — trop sommairement, et en style dogmatique — dans les six thèses suivantes:
1° La Conscience, telle qu’on l’entend ordinairement, n’existe pas, pas plus que la Matière, àlaquelle
Berkeley a donne le coup de grâce;
2° Ce qui existe et forme la part de vérité que le mot de ” Conscience “ recouvre, c’est la susceptibilité que
possèdent les parties de l’expérience d’être rapportées ou connues;
3° Cette susceptibilité s’explique par le fait que certaines expériences peuvent mener les unes aux autres par
des expériences intermédiaires nettement caractérisées, de telle sorte que les unes go trouvent jouer le rôle
de choses connues, les autres celui de sujets connaissants;
4° On peut parfaitement définir ces deux rôlessans sortir de la trame de
l’expérience même, et sans invoquer rien de transcendant;
5° Les attributions sujet et objet, représenté’ et représentatif, chose et pensée, signifient donc une
distinction pratique qui est de la dernière importance, mais qui est d’ordre FONCTIONNEL seulement, et
nullement ontologique comme le dualisme classique se la représente;
6° Enfin de compte, les choses et les pensées ne sont point foncièrement hétérogènes, mais elles sont faites
d’une même étoffe, étoffé qu’on ne peut définir comme telle, mais seulement éprouver, et que l’on peut nommer, si on
veut, l’étoffé de l’expérience en général.
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Is Radical Empiricism Solopsistic?
Reprinted from The Journal of Philosophy, Psychology and Scientific Methods, vol. II, No. 9,
April 27, 1905.

IF all the criticisms which the humanistic Weltanschauung is receiving were as sachgemass as Mr.
Bode's,95 the truth of the matter would more rapidly clear up. Not only is it
excellently well written, but it brings its own point of view out clearly, and admits of a perfectly straight
reply.
The argument (unless I fail to catch it) can be expressed as follows:
If a series of experiences be supposed, no one of which is endowed immediately with the selftranscendent function of
reference to a reality beyond itself, no motive will occur within the series for supposing anything beyond it to exist.
It will remain subjective, and contentedly subjective, both as a whole and in its several parts. 
Radical empiricism, trying, as it does, to account for objective knowledge by means of such a series, egregiously
fails. It can not explain how the notion of a physical order, as distinguished from a subjectively biographical order,
of experiences, ever arose.
It pretends to explain the notion of a physical order, but does so by playing fast and loose with the concept of
objective reference. On the one hand, it denies that such reference implies self-transcendency on the part of any one
experience; on the other hand, it claims that experiences point. But, critically considered, there can be no
pointing unless self-transcendency be also allowed. The conjunctive function of pointing, as I have assumed it, is,
according to my critic, vitiated by the fallacy of attaching a bilateral relation to a term ad quo, as if it
could stick out substantively and, maintain itself in existence in advance of the term ad quem which is
equally required for it to be a concretely experienced fact. If the relation be made concrete, the term ad quem
is involved, which would mean (if I succeed in  apprehending Mr. Bode rightly) that this
latter term, although not empirically there, is yet noetically there, in advance-in other words it would mean
that any experience that ‘ points’ must already have transcended itself, in the ordinary ‘epistemological’ sense of the
word transcend.
Something like this, if I understand Mr. Bode’s text, is the upshot of his state of mind. It is a reasonable
sounding state of mind, but it is exactly the state of mind which radical empiricism, by its doctrine of the reality of
conjunctive relations, seeks to dispel. I very much fear — so difficult does mutual understanding seem in these exalted
regions — that my able critic has failed to understand that doctrine as it is meant to be understood. I suspect that he
performs on all these conjunctive relations (of which the aforesaid ‘pointing’ is only one) the usual rationalistic act
of substitution — he takes them not as they are given in their first intention, as parts constitutive of experience’s
living flow, but only as they appear in retrospect, each fixed as a  determinate object of
conception, static, therefore, and contained within itself.
Against this rationalistic tendency to treat experience as chopped up into discontinuous static objects, radical
empiricism protests. It insists on taking conjunctions at their ‘face-value,’ just as they come. Consider, for example,
such conjunctions as ‘and,’ ‘with,’ ‘ near,’ ‘ plus,’ ’ towards.’ While we live in such conjunctions our state is one
of transition in the most literal sense. We are expectant of a 0; more’ to come, and before the more
has come, the transition, nevertheless, is directed towards it. I fail otherwise to see how, if one
kind of more comes, there should be satisfaction and feeling of fulfilment; but disappointment if the more comes in
another shape. One more will continue, another more will arrest or deflect the direction, in which our experience is
moving even now. We can not, it is true, name our different living ‘ands’ or ‘withs’ except by naming the
different terms towards which they are moving us, but we live their specifications and differences before
those  terms explicitly arrive. Thus, though the various ‘ands” are all bilateral relations,
each requiring a term ad quem to define it when viewed in retrospect and articulately conceived, yet in its
living moment any one of them may be treated as if it ‘stuck out’ from its term a quo and pointed in a special
direction, much as a compass-needle (to use Mr. Bode’s excellent simile) points at the pole, even though it stirs not
from its box.
In Professor Hoffding’s massive little article in The Journal of Philosophy, Psychology and Scientific
Methods,96 he quotes a saying of Kierkegaard’s to the effect that we live forwards,
but we understand backwards. Understanding backwards is, it must be confessed, a very frequent weakness of
philosophers, both of the rationalistic and of the ordinary empiricist type. Radical empiricism alone insists on
understanding forwards also, and refuses to substitute static concepts of the understanding for transitions in our
moving life. A logic similar to that which my critic seems to employ  here should, it seems to
me, forbid him to say that our present is, while present, directed towards our future, or that any physical movement
can have direction until its goal is actually reached.
At this point does it not seem as if the quarrel about self-transcendency in knowledge might drop? Is it not a
purely verbal dispute? Call it self-transcendency or call it pointing, whichever you like — it makes no difference so
long as real transitions towards real goals are admitted as things given in experience, and among experience’s
most indefeasible parts. Radical empiricism, unable to close its eyes to the transitions caught in actu,
accounts for the self-transcendency or the pointing (whichever you may call it) as a process that occurs within
experience, as an empirically mediated thing of which a perfectly definite description can be given. ‘Epistemology,’ on
the other hand, denies this; and pretends that the self-transcendency is unmediated or, if mediated, then mediated in a
super-empirical world. To justify this pretension, epistemology has first to  transform all our
conjunctions into static objects, and this, I submit, is an absolutely arbitrary act. But in spite of Mr. Bode’s
maltreatment of conjunctions, as I understand them — and as I understand him — I believe that at bottom we are fighting
for nothing different, but are both defending the same continuities of experience in different forms of words.
There are other criticisms in the article in question, but, as this seems the most vital one, I will for the
present, at any rate, leave them untouched.

1[B. H. Bode: “‘Pure Experience’ and the External World,” Journal of Philosophy, Psychology and
Scientific Methods, vol. II, 1905, P. 128.]

1Vol. 11, [1905], pp. 85-92.
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Mr. Pitkin's Refutation of 'Radical Empiricism'
Reprinted from the Journal of Philosophy, Psychology and Scientific Methods, vol. III, No. 96,
December 20, 1906; and ibid., vol. IV, No. 4, February 14, 1907, where the original is entitled “A
Reply to Mr. Pitkin.” Ed.

ALTHOUGH Mr. Pitkin does not name me in his acute article on radical empiricism, 97]
[ . . . ] I fear that some readers, knowing me to have applied that name to my own doctrine, may possibly
consider themselves to have been in at my death.
In point of fact my withers are entirely unwrung. I have, indeed, said 98that 'to be
radical, an empiricism must not admit into its constructions any element that is not directly experienced! But in my
own radical empiricism this is only a methodological postulate, not a conclusion supposed to flow from the
intrinsic absurdity of transempirical objects. I have never felt the slightest respect for the idealistic  arguments which Mr. Pitkin attacks and of which Ferrier made such striking use; and I am perfectly
willing to admit any number of noumenal beings or events into philosophy if only their pragmatic value can be
shown.
Radical empiricism and pragmatism have so many misunderstandings to suffer from, that it seems my duty not to let
this one go any farther, uncorrected.
Mr. Pitkin's 'reply' to me,99 perplexes me by the obscurity of style which I find in
almost all our younger philosophers. He asks me, however, two direct questions which I understand, so I take the
liberty of answering.
First he asks: Do not experience and science show ‘that countless things are 100
experienced as that which they are not or are only partially?’ I reply: Yes, assuredly, as, for example, ‘things’
distorted by refractive media, ‘molecules,’ or whatever else is taken to be more  ultimately
real than the immediate content of the perceptive moment.
Secondly: "If experience is self-supporting 101 (in any intelligible sense) does
this fact preclude the possibility of (a) something not experienced and (b) action of experience upon a noumenon?”
My reply is: Assuredly not the possibility of either — how could it? Yet in my opinion we should be wise not to
consider any thing or action of that nature, and to restrict our universe of philosophic discourse to what is
experienced or, at least, experienceable.102

1[W. B. Pitkin: “A Problem of Evidence in Radical Empiricism,” ibid., vol. III, No. 24. November
22, 1906. ED.]

1[Above, p. 42. ED.]

[” In Reply to Professor James.” Journal of Philosophy, Psychology and Scientific Methods, vol. IV, No. 2,
January 17,1907, ED.]

1Mr. Pitkin inserts the clause: ‘by reason of the very nature of experience itself.’ Not understanding
just what reason is meant, I do not include this clause in my answer.

1[See above, p. 193. ED.]

1[Elsewhere, in speaking of ‘reality’ as “conceptual or perceptual experiences,” the author says. “This
is meant merely to exclude reality of an ‘unknowable’ sort, of which no account in either perceptual or conceptual
terms can be given. It includes, of course, any amount of empirical reality independent of the knower.” Meaning of
Truth, P. 100, note. ED.]
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Humanism and Truth Once More
Reprinted without change from Mind, N. S., vol. XIV, No. 54, April, 1905, pp. 190-198. Pages
245-247, and pp. 261-265, have also been reprinted in The Meaning of Truth, pp. 64-57, and pp. 97-100. The present
essay is referred to above. p. 203. ED.

MR. JOSEPH'S criticism of my article 'Humanism and Truth "103 is a useful
contribution to the general clearing up. He has seriously tried to comprehend what the pragmatic movement may
intelligibly mean; and if he has failed, it is the fault neither of his patience nor of his sincerity, but rather of
stubborn tricks of thought which he could not easily get rid of. Minute polemics, in which the parties try to rebut
every detail of each of the other’s charges, are a useful exercise only to the disputants. They can but breed confusion
in a reader. I will therefore ignore as much as possible the text of both our articles (mine was inadequate enough) and
treat once more the general objective situation.  As I apprehend the movement towards humanism,
it is based on no particular discovery or principle that can be driven into one precise formula which thereupon can be
impaled upon a logical skewer. It is much more like one of those secular changes that come upon public opinion
over-night, as it were, borne upon tides ‘too full for sound or foam,’ that survive all the crudities and extravagances
of their advocates, that you can pin to no one absolutely essential statement, nor kill by any one decisive stab.
Such have been the changes from aristocracy to democracy, from classic to romantic taste, from theistic to
pantheistic feeling, from static to evolutionary ways of understanding life -changes of which we all have been
spectators. Scholasticism still opposes to such changes the method of confutation by single decisive reasons, showing
that the new view involves self-contradiction, or traverses some fundamental principle. This is like stopping  a river by planting a stick in the middle of its bed. Round your obstacle flows the water and ‘gets
there all the same.’ In reading Mr. Joseph, I am not a little reminded of those Catholic writers who refute Darwinism
by telling us that higher species can not come from lower because minus nequit gignere plus, or that the
notion of transformation is absurd, for it implies that species tend to their own destruction, and that would violate
the principle that every reality tends to persevere in its own shape. The point of view is too myopic, too tight and
close to take in the inductive argument. You can not settle questions of fact by formal logic. I feel as if Mr. Joseph
almost pounced on my words singly, without giving the sentences time to get out of my mouth.
The one condition of understanding humanism is to become inductive-minded one. self, to drop rigorous definitions,
and follow lines of least resistance ‘on the whole.’ “In other words,” Mr. Joseph may probably say, “resolve your
intellect into a kind of slush.” “‘Even so,” I make reply, -"if you will consent to use no
politer word.” For humanism, conceiving the more ‘true’ as the more ‘satisfactory’ (Dewey’s term) has to renounce
sincerely rectilinear arguments and ancient ideals of rigor and finality. It is in just this temper of renunciation, so
different from that of pyrrhonistic scepticism, that the spirit of humanism essentially consists. Satisfactoriness has
to be measured by a multitude of standards, of which some, for aught we know, may fail in any given case; and what is
‘more’ satisfactory than any alternative in sight, may to the end be a sum of pluses and minuses,
concerning which we can only trust that by ulterior corrections and improvements a maximum of the one and a minimum of
the other may some day be approached. It means a real change of heart, a break with absolutistic hopes, when one takes
up this view of the conditions of belief.
That humanism’s critics have never imagined this attitude inwardly, is shown by their invariable tactics. They do
not get into it far enough to see objectively and from with  out what their own opposite notion
of truth is. Mr. Joseph is possessed by some such notion; he thinks his readers to be full of it, he obeys it, works
from it, but never even essays to tell us what it is. The nearest he comes to doing so is where 104 he says it is the way "we ought to think," whether we be psychologically compelled to or
not.
Of course humanism agrees to this: it is only a manner of calling truth an ideal. But humanism explicates the
summarizing word “ought’ into a mass of pragmatic motives from the midst of which our critics think that truth itself
takes flight. Truth is a name of double meaning. It stands now for an abstract something defined only as that to which
our thought ought to conform; and again it stands for the concrete propositions within which we believe that conformity
already reigns — they being so many ‘truths.’ Humanism sees that the only conformity we ever have to deal with
concretely is that between our subjects and our predicates, using these words in a very  broad
sense. It sees moreover. that ‘this conformity is ‘validated’ (to use Mr. Schiller’s term) by an indefinite number of
pragmatic tests that vary as the predicates and subjects vary. If an S gets superseded by an SP that gives our mind a
completer sum of satisfactions, we always say, humanism points out, that we have advanced to a better position in
regard to truth.
Now many of our judgments thus attained are retrospective. The S’es, so the judgment runs, were SP’s already ere the
fact was humanly recorded. Common sense, struck by this state of things, now rearranges the whole field; and
traditional philosophy follows her example. The general requirement that predicates must conform to their subject, they
translate into an ontological theory. A most previous Subject of all is substituted for the lesser subjects and
conceived of as an archetypal Reality; and the conformity required of predicates in detail is reinterpreted as a
relation which our whole mind, with all its subjects and predicates together, must get into 
with respect to this Reality. It, meanwhile, is conceived as eternal, static, and unaffected by our thinking.
Conformity to a non-human Archetype like this is probably the notion of truth which my opponent shares with common
sense and philosophic rationalism.
When now Humanism, fully admitting both the naturalness and the grandeur of this hypothesis, nevertheless points to
its sterility, and declines to chime in with the substitution, keeping to the concrete and still lodging truth between
the subjects and the predicates in detail, it provokes the outcry which we hear and which my critic echoes.
One of the commonest parts of the outcry is that humanism is subjectivistic altogether — it is supposed to labor
under a necessity of 'denying trans-perceptual reality.' 105 It is not hard to see how
this misconception of humanism may have arisen; and humanistic writers, partly from not having sufficiently guarded
their expressions, and partly from not having yet “got round” (in the poverty of their 
literature) to a full discussion of the subject, are doubtless in some degree to blame. But I fail to understand how
any one with a working grasp of their principles can charge them wholesale with subjectivism. I myself have never
thought of humanism as being subjectivistic farther than to this extent, that, inasmuch as it treats the thinker as
being himself one portion of reality, it must also allow that some of the realities that he declares for true are
created by his being there. Such realities of course are either acts Of his, or relations between other things and him,
or relations between things, which, but for him, would never have been traced. Humanists are subjectivistic, also in
this, that, unlike rationalists (who think they carry a warrant for the absolute truth of what they now believe in in
their present pocket), they hold all present beliefs as subject to revision in the light of future experience. The
future experience, however, may be of things outside the thinker; and that this is so the humanist may believe as
freely as any other kind of empiricist philosopher. 
The critics of humanism (though here I follow them but darkly) appear to object to any infusion whatever of
subjectivism into truth. All must be archetypal; every truth must pre-exist to its perception. Humanism sees that an
enormous quantity of truth must be written down as having pre-existed to its perception by us humans. In countless
instances we find it most satisfactory to believe that, though we were always ignorant of the fact, it always was a
fact that S was SP. But humanism separates this class of cases from those in which it is more satisfactory to believe
the opposite, e.g., that S is ephemeral, or P a passing event, or SP created by the perceiving act. Our critics seem on
the other hand, to wish to universalize the retrospective type of instance. Reality must pre-exist to every assertion
for which truth is claimed. And, not content with this overuse of one particular type of judgment, our critics claim
its monopoly. They appear to wish to cut off Humanism from its rights to any retrospection at all. 
Humanism says that satisfactoriness is what distinguishes the true from the false. But satisfactoriness is both a
subjective quality, and a present one. Ergo (the critics appear to reason) an object, qua true, must always for
humanism be both present and subjective, and a humanist’s belief can never be in anything that lives outside of the
belief itself or antedates it. Why so preposterous a charge should be so current, I find it hard to say. Nothing is
more obvious than the fact that both the objective and the past existence of the object may be the very things about it
that most seem satisfactory, and that most invite us to believe them. The past tense can figure in the humanist’s
world, as well of belief as of representation, quite as harmoniously as in the world of any one else.
Mr. Joseph gives a special turn to this accusation. He charges me106 with being
self-contradictory when I say that the main categories of thought were evolved in the course of experience itself. For
I use these very  categories to define the course of experience by. Experience, as I talk about
it, is a product of their use; and yet I take it as true anteriorly to them. This seems to Mr. Joseph to be an
absurdity. I hope it does not seem such to his readers; for if experiences can suggest hypotheses at all (and they
notoriously do so) I can see no absurdity whatever in the notion of a retrospective hypothesis having for its object
the very train of experiences by which its own being, along with that of other things, has been brought about. If the
hypothesis is ‘satisfactory’ we must, of course, believe it to have been true anteriorly to its formulation by
ourselves. Every explanation of a present by a past seems to involve this kind of circle, which is not a vicious
circle. The past is causa existendi of the present, which in turn is causa cognoscendi of the past.
If the present were treated as causa existendi of the past, the circle might indeed be vicious.
Closely connected with this pseudo-difficulty is another one of wider scope and greater 
complication -- more excusable therefore. 107 Humanism, namely, asking how truth in
point of fact is reached, and seeing that it is by ever substituting more satisfactory for less satisfactory opinions,
is thereby led into a vague historic sketch of truth’s development. The earliest ‘opinions,’ it thinks, must have been
dim, unconnected ‘feelings,’ and only little by little did more and more orderly views of things replace them. Our own
retrospective view of this whole evolution is now, let us say, the latest candidate for ‘truth’ as yet reached in the
process. To be a satisfactory candidate, it must give some definite sort of a picture of what forces keep the process
going. On the subjective side we have a fairly definite picture — sensation, association, interest, hypothesis, these
account in a general way for the growth into a cosmos of the relative chaos with which the mind began.
But on the side of the object, so to call it roughly, our view is much less satisfactory.  Of
which of our many objects are we to believe that it truly was there and at work before the human mind began?
Time, space, kind, number, serial order, cause, consciousness, are hard things not to objectify — even transcendental
idealism leaves them standing as ‘empirically real.’ Substance, matter, force, fall down more easily before criticism,
and secondary qualities make almost no resistance at all. Nevertheless, when we survey the field of speculation, from
Scholasticism through Kantism to Spencerism, we find an ever-recurring tendency to convert the pre-human into a merely
logical object, an unknowable ding-an-sich, that but starts the process, or a vague materia prima
that but receives our forms.108
The reasons for this are not so much logical as they are material. We can postulate an extra-mental that
freely enough (though some idealists have denied us the privilege), but when we have done so, the what of it
is hard to determine satisfactorily, because of the oppositions and entanglements of the
variously proposed whats with one another and with the history of the human mind. The literature of
speculative cosmology bears witness to this difficulty. Humanism suffers from it no more than any other philosophy
suffers, but it makes all our cosmogonic theories so unsatisfactory that some thinkers seek relief in the denial of any
primal dualism. Absolute Thought or ‘pure experience’ is postulated, and endowed with attributes calculated to justify
the belief that it may ‘run itself.’ Both these truth-claiming hypotheses are nondualistic in the old mind-and-matter
sense; but the one is monistic and the other pluralistic as to the world process itself. Some humanists are
non-dualists of this sort — I myself am one und zwar of the pluralistic brand. But doubtless dualistic
humanists also exist, as well as non-dualistic ones of the monistic wing.
Mr. Joseph pins these general philosophic difficulties on humanism alone, or possibly on me alone. My article spoke
vaguely of a  ‘most chaotic pure experience’ coming first, and building up the mind.109 But how can two structureless things interact so as to produce a structure? my critic
triumphantly asks. Of course they can’t, as purely so-named entities. We must make additional hypotheses. We must beg a
minimum of structure for them. The kind of minimum that might have tended to increase towards what we
now find actually developed is the philosophical desideratum here. The question is that of the most materially
satisfactory hypothesis. Mr. Joseph handles it by formal logic purely, as if he had no acquaintance with the logic of
hypothesis at all.
Mr. Joseph again is much bewildered as to what a humanist can mean when he uses the word knowledge. He tries to
convict me 110 of vaguely identifying it with any kind of good. Knowledge is a
difficult thing to define briefly, and Mr. Joseph shows his own constructive hand here even less than in the rest of
his  article. I have myself put forth on several occasions a radically pragmatist account of
knowledge, 111 the existence of which account my critic probably does not know of — so
perhaps I had better not say anything about knowledge until he reads and attacks that. I will say, however, that
whatever the relation called knowing may itself prove to consist in, I can think of no conceivable kind of
object which may not become an object of knowledge on humanistic principles as well as on the principles of
any other philosophy. 112
I confess that I am pretty steadily hampered by the habit, on the part of humanism’s critics, of assuming that they
have truer ideas than mine of truth and knowledge, the nature of which I must know of and can not need to have
re-defined. I have consequently to reconstruct these ideas in order to carry on the discussion (I have e.g. had to do
so in some parts  of this article) and I thereby expose myself to charges of caricature. In one
part of Mr. Joseph’s attack, however, I rejoice that we are free from this embarrassment. It is an important point and
covers probably a genuine difficulty, so I take it up last.
When, following Schiller and Dewey, I define the true as that which gives the maximal combination of satisfactions,
and say that satisfaction is a many-dimensional term that can be realized in various ways, Mr. Joseph replies, rightly
enough, that the chief satisfaction of a rational creature must always be his thought that what he believes is
true, whether the truth brings him the satisfaction of collateral profits or not. This would seem, however, to
make of truth the prior concept, and to relegate satisfaction to a secondary place.
Again, if to be satisfactory is what is meant by being true, whose satisfactions, and which of his
satisfactions, are to count? Discriminations notoriously have to be made; and the upshot is that only rational
candidates and  intellectual satisfactions stand the test. We are then driven to a purely
theoretic notion of truth, and get out of the pragmatic atmosphere altogether. And with this Mr. Joseph leaves us —
truth is truth, and there is an end of the matter. But he makes a very pretty show of convicting me of
self-stultification in according to our purely theoretic satisfactions any place in the humanistic scheme. They crowd
the collateral satisfactions out of house and home, he thinks, and pragmatism has to go into bankruptcy if she
recognizes them at all.
There is no room for disagreement about the facts here; but the destructive force of the reasoning disappears as
soon as we talk concretely instead of abstractly, and ask, in our quality of good pragmatists, just what the famous
theoretic needs are known as and in what the intellectual satisfactions consist. Mr. Joseph, faithful to the habits of
his party, makes no attempt at characterizing them, but assumes that their nature is self-evident to all.
Are they not all mere matters of consistency — and emphatically not of consistency  between an Absolute Reality and the mind’s copies of it, but of actually felt consistency among
judgments, objects, and manners of reacting, in the mind? And are not both our need of such consistency and our
pleasure in it conceivable as outcomes of the natural fact that we are beings that develop mental habits -
habit itself proving adaptively beneficial in an environment where the same objects, or the same kinds of objects,
recur and follow ‘law’? If this were so, what would have come first would have been the collateral profits of habit,
and the theoretic life would have grown up in aid of these. In point of fact this seems to have been the probable case.
At life’s origin, any present perception may have been ‘true’ -if such a word could then be applicable. Later, when
reactions became organized, the reactions became ‘true’ whenever expectation was fulfilled by them. Otherwise they were
‘false’ or ‘mistaken’ reactions. But the same class of objects needs the same kind of reaction, so the impulse to react
consistently must gradually have been established, with a  disappointment felt whenever the
results frustrated expectation. Here is a perfectly plausible germ for all our higher consistencies. Nowadays, if an
object claims from us a reaction of the kind habitually accorded only to the opposite class of objects, our mental
machinery refuses to run smoothly. The situation is intellectually unsatisfactory. To gain relief we seek either to
preserve the reaction by re-interpreting the object, or, leaving the object as it is, we react in a way contrary to the
way claimed of us. Neither solution is easy. Such a situation might be that of Mr. Joseph, with me claiming assent to
humanism from him. He can not apperceive it so as to permit him to gratify my claim; but there is enough appeal in the
claim to induce him to write a whole article in justification of his refusal. If he should assent to humanism, on the
other hand, that would drag after it an unwelcome, yea incredible, alteration of his previous mental beliefs. Whichever
alternative he might adopt, however, a new equilibrium of intellectual consistency would in the end be reached. He
would feel,  whichever way he decided, that he was now thinking truly. But if, with his old
habits unaltered, he should simply add to them the new one of advocating humanism quietly or noisily, his mind would be
rent into two systems, each of which would accuse the other of falsehood. The resultant situation, being profoundly
unsatisfactory, would also be instable.
Theoretic truth is thus no relation between our mind and archetypal reality. It falls within the mind,
being the accord of some of its processes and objects with other processes and objects -‘accord’ consisting here in
well-definable relations. So long as the satisfaction of feeling such an accord is denied us, whatever collateral
profits may seem to inure from what we believe in are but as dust in the balance — provided always that we are highly
organized intellectually, which the majority of us are not. The amount of accord which satisfies most men and women is
merely the absence of violent clash between their usual thoughts and statements and the limited sphere of
sense-perceptions in which their lives  are cast. The theoretic truth that most of us think we
‘ought’ to attain to is thus the possession of a set of predicates that do not contradict their subjects. We preserve
it as often as not by leaving other predicates and subjects out.
In some men theory is a passion, just as music is in others. The form of inner consistency is pursued far beyond the
line at which collateral profits stop. Such men systematize and classify and schematize and make synoptical tables and
invent ideal objects for the pure love of unifying. Too often the results, glowing with ‘truth’ for the inventors, seem
pathetically personal and artificial to bystanders. Which is as much as to say that the purely theoretic criterion of
truth can leave us in the lurch as easily as any other criterion.
I think that if Mr. Joseph will but consider all these things a little more concretely, he may find that the
humanistic scheme and the notion of theoretic truth fall into line consistently enough to yield him also intellectual
satisfaction.

1‘ Humanism and Truth’ first appeared in Mind, N. S., vol. XIII, No. 52. October, 1904. It is
reprinted in The Meaning of Truth, pp. 51-101. Cf. this article passim. Mr. H. W. B. Joseph’s criticism,
entitled “ Professor James on ‘ Humanism and Truth, appeared in Mind, N. S., vol. XIV, No. 53, January. 1905.
ED.]

1Op. cit., p. 37.

1[Cf. above, pp. 241-243.]

1Op. cit., p. 32.

1[This] Mr. Joseph deals with (though in much too pettifogging and logic-chopping a way) on pp. 33-34 of
his article.

1Compare some elaborate articles by M. Le Roy and M. Wilbois in the Revue de Métaphysique et de
Morale, vols. VIII, IX, and X, [1900, 1901, and 1902.]

1[Cf. The Meaning of Truth, p. 64.]

1[Joseph: op. cit., p. 36.]

1[ Most recently in two articles, “Does ‘Consciousness’ Exist?” and “A World of Pure Experience.” [See
above pp.1-91.]

1For a recent attempt, effective on the whole, at squaring humanism. with knowing, I may refer to Prof.
Woodbridge’s very able address at the Saint Louis Congress, “The Field of Logic,” printed in Science, N. Y., November
4, 1904.
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Absolutism and Empiricism
Reprinted from Mind, vol. IX, No. 34, April, 1884.

No seeker of truth can fail to rejoice at the terre-à-terre sort of discussion of the issues between Empiricism and
Transcendentalism (or, as the champions of the latter would probably prefer to say, between Irrationalism and
Rationalism) that seems to have begun in Mind.113 It would seem as if, over
concrete examples like Mr. J. S. Haldane’s, both parties ought inevitably to come to a better understanding. As a
reader with a strong bias towards Irrationalism, I have studied his article 3 with the liveliest admiration of its
temper and its painstaking effort to be clear. But the cases discussed failed to satisfy me, and I was at first tempted
to write a Note animadverting upon them in detail. The growth of the limb, the sea’s contour, the vicarious functioning
of the nerve-centre, the digitalis curing the heart, are unfortunately  not cases where we can
see any through-and-through conditioning of the parts by the whole. They are all cases of reciprocity
where subjects, supposed independently to exist, acquire certain attributes through their relations to other subjects.
That they also exist through similar relations is only an ideal supposition, not verified to our understanding
in these or any other concrete cases whatsoever.
If, however, one were to urge this solemnly, Mr. Haldane’s friends could easily reply that he only gave us such
examples on account of the hardness of our hearts. He knew full well their imperfection, but he hoped that to those who
would not spontaneously ascend to the Notion of the Totality, these cases might prove a spur and suggest and symbolize
something better than themselves. No particular case that can be brought forward is a real concrete. They are all
abstractions from the Whole, and of course the “through-and-through “ character can not be found in them. Each of them
still contains among its elements what we call things, grammatical subjects,  forming a
sort of residual caput mortuum of Existence after all the relations that figure in the examples have been told
off. On this “‘existence,” thinks popular philosophy, things may live on, like-the winter bears on their own fat, never
entering relations at all, or, if entering them, entering an entirely different set of them from those treated of in
Mr. Haldane’s examples. Thus if the digitalis were to weaken instead of strengthening the heart, and to produce death
(as sometimes happens), it would determine itself, through determining the organism, to the function of “kill” instead
of that of “cure.” The function and relation seem adventitious, depending on what kind of a heart the digitalis gets
hold of, the digitalis and the heart being facts external and, so to speak, accidental to each other. But this popular
view, Mr. Haldane’s friends will continue, is an illusion. What seems to us the “existence “ of digitalis and heart
outside of the relations of killing or curing, is but a function in a wider system of relations, of which, pro hac
vice, we take no account. The larger system   determines the existence just
as absolutely as the system “kill,” or the system “cure,” determined the function of the digitalis. Ascend to
the absolute system, instead of biding with these relative and partial ones, and you shall see that the law of
through-and-throughness must and does obtain.
Of course, this argument is entirely reasonable, and debars us completely from chopping logic about the concrete
examples Mr. Haldane has chosen. It is not his fault if his categories are so fine an instrument that nothing but the
sum total of things can be taken to show us the manner of their use. It is simply our misfortune that he has not the
sum total of things to show it by. Let us fall back from all concrete attempts and see what we can do with his notion
of through-and-throughness, avowedly taken in abstracto. In abstract systems the ” through-and-through “ Ideal
is realized on every hand. In any system, as such, the members are only members in the system. Abolish the
system and you abolish its members, for you have conceived them through no  other property than
the abstract one of membership. Neither rightness nor leftness, except through bi-laterality. Neither mortgager nor
mortgagee, except through mortgage. The logic of these cases is this: — If A, then B; but if B, then A: wherefore
if either, Both; and if not Both, Nothing.
It costs nothing, not even a mental effort, to admit that the absolute totality of things may be organized exactly
after the pattern of one of these “ through-and-through “ abstractions. In fact, it is the pleasantest and freest of
mental movements. Husband makes, and is made by, wife, through marriage; one makes other, by being itself other;
everything self-created through its opposite — you go round like a squirrel in a cage. But if you stop and reflect upon
what you are about, you lay bare the exact point at issue between common sense and the ” through-and-through “
school.
What, in fact, is the logic of these abstract systems? It is, as we said above: If any Member, then the Whole
System; if not the Whole System, then Nothing. But how can Logic  possibly do anything more with
these two hypotheses than combine them into the single disjunctive proposition — “Either this Whole System, just as it
stands, or Nothing at all.” Is not that disjunction the ultimate word of Logic in the matter, and can any disjunction,
as such, resolve itself? It may be that Mr. Haldane sees how one horn, the concept of the Whole System,
carries real existence with it. But if he has been as unsuccessful as I in assimilating the Hegelian re-editings of the
Anselmian proof,114 he will have to say that though Logic may determine what
the system must be, if it is, something else than Logic must tell us that it is. Mr. Haldane in this
case would probably consciously, or unconsciously, make an appeal to Fact: the disjunction is decided, since nobody can
dispute that now, as a matter of fact, something, and not nothing, is. We must therefore, he would
probably say, go on to admit the Whole System in the desiderated sense. Is not then the validity of the Anselm
-ian proof the nucleus of the whole question between Logic and Fact? Ought not the efforts of
Mr. Haldane and his friends to be principally devoted to its elucidation? Is it not the real door of separation between
Empiricism and Rationalism? And if the Rationalists leave that door for a moment off its hinges, can any power keep
that abstract, opaque, unmediated, external, irrational, and irresponsible monster, known to the vulgar as bare Fact,
from getting in and contaminating the whole sanctuary with his presence? Can anything prevent Faust from changing “Am
Anfang war das Wort” into “Am Anfang war die That ? ”
Nothing in earth or heaven. Only the Anselmian proof can keep Fact out of philosophy. The question, “Shall Fact be
recognized as an ultimate principle? “ is the whole issue between the Rationalists and the Empiricism of vulgar
thought.
Of course, if so recognized, Fact sets a limit to the ” through-and-through “ character of the world’s rationality.
That rationality might  then mediate between all the members of our conception of the world, but
not between the conception itself and reality. Reality would have to be given, not by Reason, but by Fact. Fact holds
out blankly, brutally and blindly, against that universal deliquescence of everything into logical relations which the
Absolutist Logic demands, and it is the only thing that does hold out. Hence the ire of the Absolutist Logic -hence its
non-recognition, its ‘cutting’ of Fact.
The reasons it gives for the ‘cutting’ are that Fact is speechless, a mere word for the negation of thought, a
vacuous unknowability, a dog-in-the-manger, in truth, which having no rights of its own, can find nothing else to do
than to keep its betters out of theirs.
There are two points involved here: first the claim that certain things have rights that are absolute, ubiquitous
and all pervasive, and in regard to which nothing else can possibly exist in its own right; and second that anything
that denies this assertion is pure negativity with no positive context whatsoever. 
Take the latter point first. Is it true that what is negative in one way is thereby convicted of incapacity to be
positive in any other way? The word “ Fact “ is like the word “ Accident,” like the word “Absolute” itself. They all
have their negative connotation. In truth, their whole connotation is negative and relative. All it says is that,
whatever the thing may be that is denoted by the words, other things do not control it. Where fact, where
accident is, they must be silent, it alone can speak. But that does not prevent its speaking as loudly as you please,
in its own tongue. It may have an inward life, self-transparent and active in the maximum degree. An indeterminate
future volition on my part, for example, would be a strict accident as far as my present self is concerned. But that
could not prevent it, in the moment in which it occurred, from being possibly the most intensely living and
luminous experience I ever had. Its quality of being a brute fact ab extra says nothing whatever as to its inwardness.
It simply says to outsiders: 'Hands off!' 
And this brings us back to the first point of the Absolutist indictment of Fact. Is that point really anything more
than a fantastic dislike to letting anything say ‘Hands off ‘? What else explains the contempt the Absolutist
authors exhibit for a freedom defined simply on its “ negative “ side, as freedom “from,” etc.? What else prompts them
to deride such freedom? But, dislike for dislike, who shall decide? Why is not their dislike at having me “from” them,
entirely on a par with mine at having them “through” me?
I know very well that in talking of dislikes to those who never mention them, I am doing a very coarse thing, and
making a sort of intellectual Orson of myself. But, for the life of me, I can not help it, because I feel sure that
likes and dislikes must be among the ultimate factors of their philosophy as well as of mine. Would they but
admit it! How sweetly we then could hold converse together! There is something finite about us both, as we now stand.
We do not know the Absolute Whole yet. Part of it is still negative to us. Among  the
whats of it Still stalks a mob of opaque thats, without which we cannot think. But just as I admit that this is all
possibly provisional that even the Anselmian proof may come out all right, and creation may be a rational system
through-and-through, why might they not also admit that it may all be otherwise, and that the shadow, the opacity, the
negativity, the “from “-ness, the plurality that is ultimate, may never be wholly driven from the scene. We should both
then be avowedly making hypotheses, playing with Ideals. Ah! Why is the notion of hypothesis so abhorrent to the
Hegelian mind?
And once down on our common level of hypothesis, we might then admit scepticism, since the Whole is not yet
revealed, to be the soundest logical position. But since we are in the main not sceptics, we might go on and frankly
confess to each other the motives for our several faiths. I frankly confess mine — I can not but think that at bottom
they are. of an aesthetic and not of a logical sort. The “through-and-through” universe seems to  suffocate me with its infallible impeccable allpervasiveness. Its necessity, with no possibilities; its
relations, with no subjects, make me feel as if I had entered into a contract with no reserved rights, or rather as if
I had to live in a large seaside boarding-house with no private bed-room in which I might take refuge from the society
of the place. I am distinctly aware, moreover, that the old quarrel of sinner and pharisee has something to do with the
matter. Certainly, to my personal knowledge, all Hegelians are not prigs, but I somehow feel as if all prigs ought to
end, if developed, by becoming Hegelians. There is a story of two clergymen asked by mistake to conduct the same
funeral. One came first and had got no farther than “I am the Resurrection and the Life,” when the other entered. “I am
the Resurrection and the Life,” cried the latter. The “through-and-through” philosophy, as it actually exists, reminds
many of us of that clergyman. It seems too buttoned-up and white-chokered and clean-shaven a thing to speak for the
vast slow-breathing unconscious  Kosmos with its dread abysses and its unknown tides. The
“freedom” we want to see there is not the freedom, with a string tied to its leg and warranted not to fly
away, of that philosophy. “Let it fly away,” we say, “from us I What then?”
Again, I know I am exhibiting my mental grossness. But again, Ich kann nicht anders. I show my feelings;
why will they not show theirs? I know they have a personal feeling about the through-and-through universe,
which is entirely different from mine, and which I should very likely be much the better for gaining if they would only
show me how. Their persistence in telling me that feeling has nothing to do with the question, that it is a pure matter
of absolute reason, keeps me for ever out of the pale. Still seeing a that in things which Logic does not
expel, the most I can do is to aspire to the expulsion. At present I do not even aspire. Aspiration is a
feeling. What can kindle feeling but the example of feeling? And if the Hegelians will refuse to set an example, what
can they expect the rest of  us to do? To speak more seriously, the one fundamental
quarrel Empiricism has with Absolutism is over this repudiation by Absolutism of the personal and aesthetic factor in
the construction of philosophy. That we all of us have feelings, Empiricism feels quite sure. That they may be as
prophetic and anticipatory of truth as anything else we have, and some of them more so than others, can not possibly be
denied. But what hope is there of squaring and settling opinions unless Absolutism will hold parley on this common
ground; and will admit that all philosophies are hypotheses, to which all our faculties, emotional as well as logical,
help us, and the truest of which will at the final integration of things be found in possession of the men whose
faculties on the whole had the best divining power?
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A remarkable parallel, which I think has never been noticed, obtains between the facts of
social evolution on the one hand, and of zoölogical evolution as expounded by Mr.
Darwin on the other.


It will be best to prepare the ground for my thesis by a few very general remarks on the
method of getting at scientific truth.  It is a common platitude that a complete acquaintance
with any one thing, however small, would require a knowledge of the entire universe.  Not a
sparrow falls to the ground but some of the remote conditions of his fall are to be found in the
milky way, in our federal constitution, or in the early history of Europe.  That is to say, alter
the milky way, alter our federal constitution, alter the facts of our barbarian ancestry, and the
universe would so far be a different universe from what it now is.  One fact involved in the
difference might be that the particular little street-boy who threw the stone which brought
down the sparrow might not find himself opposite the sparrow at that particular moment; or,
finding himself there, he might not be in that particular serene and disengaged mood of mind
which expressed itself in throwing the stone.  But, true as all this is, it would be very foolish
for any one who was inquiring the cause of the sparrow's fall to overlook the boy as too
personal, proximate, and so to speak anthropomorphic an agent, and to say that the true
cause is the federal constitution, the westward migration of the Celtic race, or the structure
of the milky way.  If we proceeded on that method, we might say with perfect legitimacy that
a friend of ours, who had slipped on the ice upon his door-step and cracked his skull, some
months after dining with thirteen at the table, died because of that ominous feast.  I know, in
fact, one such instance; and I might, if I chose, contend with perfect logical propriety that the
slip on the ice was no real accident.  "There are no accidents," I might say, "for science.  The
whole history of the world converged to produce that slip.  If anything had been left out, the
slip would not have occurred just there and then.  To say it would is to deny the relations of
cause and effect throughout the universe.  The real cause of the death was not the slip,
but the conditions which engendered the slip, -- and among them his having sat
at a table, six months previous, one among thirteen.  That is truly the reason
why he died within the year."


It will soon be seen whose arguments I am, in form, reproducing here.  I would fain lay
down the truth without polemics or recrimination.  But unfortunately we never fully grasp the
import of any true statement until we have a clear notion of what the opposite untrue
statement would be.  The error is needed to set off the truth, much as a dark background is
required for exhibiting the brightness of a picture.  And the error which I am going to use as a
foil to set off what seems to me the truth of my own statements is contained in the philosophy
of Mr. Herbert Spencer and his disciples.  Our problem is, What are the causes that make
communities change from generation to generation, - that make the England of Queen Anne
so different from the England of Elizabeth, the Harvard College of to-day so different from that
of thirty years ago?


I shall reply to this problem, The difference is due to the accumulated influences of
individuals, of their examples, their initiatives, and their decisions.  The Spencerian school
replies, The changes are irrespective of persons, and independent of individual control.  They
are due to the environment, to the circumstances, the physical geography, the ancestral
conditions, the increasing experience of out relations; to everything, in fact, except the Grants
and the Bismarcks, the Joneses and the Smiths.




Now, I say that these theorizers are guilty of precisely the same fallacy as he who should 
ascribe the death of his friend to the dinner with thirteen, or the fall of the sparrow to the
milky way.  Like the dog in the fable, who drops his real bone to snatch at its image, they drop
the real causes to snatch at others, which from no possible human point of view are available
or attainable.  Their fallacy is a practical one.  Let us see where it lies.  Although I believe in
free-will myself, I will waive that belief in this discussion, and assume with the Spencerians
the predestination of all human actions.  


On that assumption I gladly allow that were the
intelligence investigating the man's or the sparrow's death omniscient and omnipresent, able
to take in the whole of time and space at a single glance, there would not be the slightest
objection to the milky way or the fatal feast being invoked among the sought-for causes.  Such
a divine intelligence would see instantaneously all the infinite lines of convergence towards a
given result, and it would, moreover, see impartially: it would see the fatal feast to be as much
a condition of the sparrow's death as of the man's; it would see the boy with the stone to be
as much a condition of the man's fall as of the sparrow's.


The human mind, however, is constituted on an entirely different plan.  It has no such
power of universal intuition.  Its finiteness obliges it to see but two or three things at a time.
If it wishes to take wider sweeps it has to use `general ideas,' as they are called, and in so
doing to drop all concrete truths.  Thus, in the present case, if we as men wish to feel the
connection between the milky way and the boy and the dinner and the sparrow and the man's
death, we can do so only by falling back on the enormous emptiness of what is called an
abstract proposition.  We must say, All things in the world are fatally predetermined, and hang
together in the adamantine fixity of a system of natural law.  But in the vagueness of this vast
proposition we have lost all the concrete facts and links; and in all practical matters the
concrete links are the only things of importance.  The human mind is essentially partial.  It can
be efficient at all only by picking out what to attend to, and ignoring everything
else, - by narrowing its point of view.  Otherwise, what little strength it has is dispersed, and
it loses its way altogether.  Man always wants his curiosity gratified for a particular purpose.
If, in the case of the sparrow, the purpose is punishment, it would be idiotic to wander off from
the cats, boys, and other possible agencies close by in the street, to survey the early Celts and the milky way: the boy would meanwhile escape.  And if, in the case of the unfortunate man, we lose ourselves in contemplation of the thirteen-at-table mystery, and fail to notice the ice on the step and cover it with ashes, some other poor fellow, who never dined out in his life,
many slip on it in coming to the door, and fall and break his head too.


It is, then, a necessity laid upon us as human beings to limit our view. In mathematics we know how this  method of ignoring and neglecting quantities lying outside a certain range has been adopted in  the differential calculus.  The calculator throws out all the "infinitesimals of the quantities he is considering.  He treats them (under certain rules) as if they did not exist.  In themselves they exist perfectly all the while; but they are as if they did not exist for the
purposes of his calculation. Just so an astronomer, dealing with the tidal movements
of the ocean, takes no account of the waves made by the wind, or by the pressure of all the
steamers which day upon night are moving their thousands of tons upon its surface.  Just so
the marksman, in sighting his rifle, allows for the motion of the wind, but not for the equally
real motion of the earth and solar system.  Just so a business man's punctuality may overlook an error of five minutes, while a physicist, measuring the velocity of light, must count each thousandth of a second.


There are, in short, different cycles of operation in nature; different
departments, so to speak, relatively independent of one another, so that what goes on at
any moment in one may be compatible with almost any condition of things at the same
moment in the next.  The mould on the biscuit in the store-room of a man-of-war vegetates
in absolute indifference to the nationality of the flag, the direction of the voyage, the weather,
and the human dramas that may go on on board; and a mycologist may study it in complete
abstraction from all these larger details.  Only by so studying it, in fact, is there any chance of
the mental concentration by which alone he may hope to learn something of its nature.  On
the other hand, the captain who in maneuvering the vessel through a naval fight should
think it necessary to bring the mouldy biscuit into his calculations would very likely lose the
battle by reason of the excessive "thoroughness" of his mind.


The causes which operate in these incommensurable cycles are connected with one
another only if we take the whole universe into account.  For all lesser points of
view it is lawful - nay, more, it is for human wisdom necessary - to regard them as
disconnected and irrelevant to one another.


And this brings us nearer to our special topic.  If we look at an animal or a human being,
distinguished from the rest of his kind by the possession of some extraordinary peculiarity,
good or bad, we shall be able to discriminate between the causes which originally
produced the peculiarity in him and the causes that maintained it
after it is produced; and we shall see, if the peculiarity be one that he was born with, that
these two sets of causes belong to two such irrelevant cycles.  It was the triumphant
originality of Darwin to see this, and to act accordingly.  Separating the causes of production
under the title of 'tendencies to spontaneous variation,' and relegating them to a physiological
cycles which he forthwith agreed to ignore altogether, he confined his attention to the causes of preservation, and under the names of natural selection and sexual selection studied them
exclusively as functions of the cycle of the environment.


Pre-Darwinian philosophers had also tried to establish the doctrine of descent with
modification; but they all committed the blunder of clumping the two cycles of causation into
one.  What preserves an animal with his peculiarity, if it be a useful one, they saw to be the
nature of the environment to which the peculiarity was adjusted.  The giraffe with his peculiar
neck is preserved by the fact that there are in his environment tall trees whose leaves he can
digest.  But these philosophers went further, and said that the presence of the trees not only
maintained an animal with a long neck to browse upon their branches, but also produced him.
They made his neck long by the constant striving they aroused in him to reach up
to them.  The environment, in short, was supposed by these writers to mould the animal by a
kind of direct pressure, very much as a seal presses the wax into harmony with itself.  
Numerous instances were given of the way in which this goes on under our eyes.  The
exercise of the forge makes the right arm strong, the palm grows callous to the oar, the
mountain air distends the chest, the chased fox grows cunning and the chased bird shy, the
arctic cold stimulates the animal combustion, and so forth.  Now these changes, of which many more examples might be adduced, are at present distinguished by the special name of
adaptive changes.  Their peculiarity is that that very feature in the environment
to which the animal's nature grows adjusted, itself produces the adjustment.  The 'inner
relation,' to use Mr. Spencer's phrase, `corresponds' with its own efficient cause.


Darwin's first achievement was to show the utter insignificance in amount of these
changes produced by direct adaptation, the immensely greater mass of changes being
produced by internal molecular accidents, of which we know nothing.  His next achievement
was to define the true problem with which we have to deal when we study the effects of the
visible environment on the animal.  That problem is simply this: Is the environment more
likely to preserve or to destroy him, on account of this or that peculiarity with
which he may be born?  In giving the name of "accidental variations" to those peculiarities
with which an animal is born, Darwin does not for a moment mean to suggest that they are not
the fixed outcome of natural law.  If the total system of the universe be taken into account, the
causes of these variations and the visible environment which preserves or destroys them,
undoubtedly do, in some remote and round-about way, hang together.  What Darwin means is,
that, since the environment is a perfectly known thing, and its relations to the organism in the
way of destruction or preservation are tangible and distinct, it would utterly confuse our
finite understandings and frustrate our hopes of science to mix in with it facts from such a
disparate and incommensurable cycle as that in which the variations are produced.  This last
cycle is that of occurrences before the animal is born.  It is the cycle of influences upon ova
and embryos; in which lie the causes that tip them and tilt them towards masculinity or
femininity, towards strength or weakness, towards health or disease, and towards divergence
from the parent type.  What are the causes there?



In the first place, they are molecular and invisible, - inaccessible, therefore, to direct
observation of any kind.  Secondly, their operations are compatible with any social, political
and physical conditions of the environment.  The same parents, living in the same environing
conditions, may at one birth produce a genius, at the next an idiot or a monster.  The visible
external conditions are therefore not direct determinants of this cycle; and the more we
consider the matter, the more we are forced to believe that two children of the same parents
ar made to differ from each other by causes as disproportionate to their ultimate effects as is
that famous pebble on the Rocky Mountain crest, which separates two rain-drops, to the
Gulf of St. Lawrence and the Pacific Ocean towards which it makes them severally flow.


The great mechanical distinction between transitive forces and discharging forces is nowhere illustrated on such a scale as in physiology.  Almost all causes there are forces of
detent, which operate by simply unlocking energy already stored up.  They are
upsetters of unstable equilibria, and the resultant effect depends infinitely more on the nature
of the materials upset than on that of the particular stimulus which joggles them down.
Galvanic work, equal to unity, done on a frog's nerve will discharge from the muscle to
which the nerve belongs mechanical work equal to seventy thousand; and exactly the same
muscular effect will emerge if other irritants than galvanism are employed.  The irritant has
merely started or provoked something which then went on of itself, - as a match may start a
fire which consumes a whole town.  And qualitatively as well as quantitatively the effect may be absolutely incommensurable with the cause.  We find this condition of things in all
organic matter.  Chemists are distracted by the difficulties which the instability of albuminoid
compounds opposes to their study.  Two specimens, treated in what outwardly seem
scrupulously identical conditions, behave in quite different ways.  You know about the
invisible factors of fermentation, and how the fate of a jar of milk - whether it turn into a sour
clot or a mass of koumiss - depends on whether the lactic acid ferment or the alcoholic is
introduced first, and gets ahead of the other in starting the process.  Now, when the result is
the tendency of an ovum, itself invisible to the naked eye, to tip towards this direction or
that in its further evolution, - to bring forth a genius or a dunce, even as the rain-drop passes
east or west of the pebble, - is it not obvious that the deflecting cause must lie in a region so
recondite and minute, must be such a  ferment of a ferment, an infinitesimal of so high an
order, that surmise itself may never succeed even in attempting to frame an image of it?


Such being the case, was not Darwin right to turn his back upon that region altogether,
and to keep his own problem carefully free from all entanglement with matters such as
these?  The success of his work is a sufficient affirmative reply.


And this brings us at last to the heart of our subject.  The causes of production of great men lie
in a sphere wholly inaccessible to the social philosopher.  He must simply accept geniuses
as data, just as Darwin accepts his spontaneous variations.  For him, as for Darwin, the only
problem is, these date being given, How does the environment affect them, and how do they
affect the environment?  Now, I affirm that the relation of the visible environment to the great
man is in the main exactly what it is to the "variation" in the Darwinian philosophy.  It chiefly
adopts or rejects, preserves or destroys, in short selects him.  And whenever it adopts and preserves the great man, it becomes modified by his influence in an entirely original and peculiar way.  He acts as a ferment, and changes its constitution, just as the advent of a new zoölogical species changes the faunal and floral equilibrium of the region in which it appears.  We all recollect Mr. Darwin's famous statement of the influence of cats on the growth of clover in their neighborhood.  We all have read of the effects of the European rabbit in New Zealand, and we have many of us taken part in the controversy about the English sparrow here, - whether he kills more canker worms, or drives away most native birds.  Just so the great man, whether he be an important from without like Clive in India or Agassiz here, or whether he spring from the soil like Mahomet or Franklin, brings about a rearrangement, on a large or a small scale, of the pre-existing social relations.



The mutations of societies, then, from generation to generation, are in the main due
directly or indirectly to the acts or the examples of individuals whose genius was so adapted
to the receptivities of the moment, or whose accidental position of authority was so critical
that they became ferments, initiators of movements, setters of precedent or fashion, centers
of corruption, or destroyers of other persons, whose gifts, had they had free play, would have
led society in another direction.


We see this power of individual initiative exemplified on a small scale all about us, and
on a large scale in the case of the leaders of history.  It is only following the common-sense
method of a Lyell, a Darwin and a Whitney to interpret the unknown by the known, and
reckon up cumulatively the only causes of social change we can directly observe.  Societies
of men are just like individuals, in that both at any given moment offer ambiguous
potentialities of development.  Whether a young man enters business or the ministry may
depend on a decision which has to be made before a certain day.  He takes the place offered
in the counting-house, and is committed.  Little by little, the habits, the
knowledges, of the other career, which once lay so near, cease to be reckoned even among
his possibilities.  At first, he may sometimes doubt whether the self he murdered in that
decisive hour might not have been the better of the two; but with the years such questions
themselves expire, and the old alternative ego, once so vivid, fades into
something less substantial than a dream.  It is no otherwise with nations.  They may be
committed by kings and ministers to peace or war, by generals to victory or defeat, by
prophets to this religion or that, by various geniuses to fame in art, science or industry.  A
war is a true point of bifurcation of future possibilities.  Whether it fail or succeed, its
declaration must be the starting-point of new policies.  Just so does a revolution, or any
great civic precedent, become a deflecting influence, whose operations widen with the course
of time.  Communities obey their ideals; and an accidental success fixes an ideal, as an
accidental failure blights it.


Would England have to-day the "imperial" ideal which she now has, if a certain boy
named Bob Clive had shot himself, as he tried to do, at Madras?  Would she be the
drifting raft she is now in European affairs if a Frederic the Great had inherited her throne instead of a Victoria, and if Messrs. Bentham,
Mill, Cobden, and Bright had all been born in Prussia?  England has, no doubt, to-day
precisely the same intrinsic value relatively to the other nations that she ever had.  There is
no such fine accumulation of human material upon the globe.  But in England the material has
lost effective form, while in Germany it has found it.  Leaders give the form.  Would England
be crying forward and backward at once, as she does now, "letting I will not wait upon I
would," wishing to conquer but not to fight, if her ideal had in all these years been fixed by a
succession of statesmen of supremely commanding personality, working in one direction?
Certainly not.  She would have espoused, for better or worse, either one course or another.
Had Bismarck died in his cradle, the Germans would still be satisfied with appearing to
themselves as a race of spectacled Gelehrten and political herbivora, and to
the French as ces bons, or ces naifs, Allemands.  Bismarck's
will showed them, to their own great astonishment, that they could play a far livelier game.
The lesson will not be forgotten.  Germany may have many vicissitudes, but they -




"will never do away, I ween

The marks of that which once hath been" -



of Bismarck's initiative, namely, from 1860 to 1873.

The fermentative influence of geniuses must be admitted as, at any rate, one factor in the
changes that constitute social evolution.  The community may evolve in many
ways.  The accidental presence of this or that ferment decides in which way it 
shall evolve.  Why, the very birds of the forest, the parrot, the mino, have the
power of human speech, but never develop it of themselves; some one must be there to
teach them.  So with us individuals.  Rembrandt must teach us to enjoy the struggle of light
with darkness, Wagner to enjoy peculiar musical effects; Dickens gives a twist to our
sentimentality, Artemus Ward to our humor; Emerson kindles a new moral light within us.
But it is like Columbus's egg.  "All can raise the flowers now, for all have got the seed."
But if this be true of individuals in the community, how can it be false of the community as a
whole?  If shown a certain way, a community may take it; if not, it will never find it.  And the
ways are to a large extent indeterminate in advance.  A nation may obey either of many
alternative impulses given by different men of genius, and still live and be prosperous, just
as a man may enter either of many businesses.  Only, the prosperities may differ in their
type.


But the indeterminism is not absolute.  Not every "man" fits every "hour."  Some
incompatabilites there are.  A given genius may come either too early or too late.  Peter the
Hermit would now be sent to an insane asylum.  John Mill in the tenth century would have
lived and died unknown.  Cromwell and Napoleon need their revolutions, Grant his civil
war.  An Ajax gets no fame in the day of telescopic-sighted rifles; and, to express differently
an instance which Spencer uses, what could a Watt have effected in a tribe which no
precursive genius had taught to smelt iron or to turn a lathe?

Now, the important thing to notice is that what makes a certain genius now incompatible
with his surroundings is usually the fact that some previous genius of a different strain has
warped the community away from the sphere of his possible effectiveness.  After Voltaire,
now Peter the hermit; after Charles IX and Louis XIV, no general protestantization of France;
after a Manchester school, a Beaconsfield's success is transient; after a Philip II, a Castelar
makes little headway; and so on.  Each bifurcation cuts off certain sides of the field altogether,
and limits the future possible angles of deflection.  A community is a living thing, and in words
which I can do no better than quote from Professor Clifford, "it is the peculiarity of living things not merely that they change under the influence of surrounding circumstances, but that any change which takes place in them is not lost but retained, and as it were built into the organism to serve as the foundation for future actions.  If you cause any distortion in the growth of a tree and make it crooked, whatever you may do afterwards to make the tree straight the mark of your distortion is there; it is absolutely indelible; it has become part of the tree's nature. ... Suppose, however, that you take a lump of gold, melt it, and let it cool. ... No one can tell by examining a piece of gold how often it has melted and cooled in geologic ages, or even in the last year by the hand of man.  Any one who cuts down an oak can tell by the rings of its trunk how many times winter has frozen it into widowhood, and how many times summer has warmed it into life.  A living being must always contain within itself the history, not merely of its own existence, but of all its ancestors."


Every painter can tell us how each added line deflects his picture in a certain sense.
Whatever lines follow must be built on those first laid down.  Every author who starts to
rewrite a piece of work knows how impossible it becomes to use any of the first-written pages
again.  The new beginning has already excluded the possibility of those earlier phrases and
transitions, while it has at the same time created the possibility of an indefinite set of new
ones, no one of which, however, is completely determined in advance.  Just so the social surroundings of the past and present hour exclude the possibility of accepting certain
contributions from individuals; but they do not positively define what contributions shall be
accepted, for in themselves they are powerless to fix what the nature of the individual
offerings shall be.


Thus social evolution is a resultant of the interaction of two wholly distinct factors, -
the individual, deriving his peculiar gifts from the play of physiological and infra-social forces,
but bearing all the power of initiative and origination in his hands; and, second, the social
environment, with its power of adopting or rejecting both him and his gifts.  Both factors are
essential to change.  The community stagnates without the impulse of the individual.  The
impulse dies away without the sympathy of the community.



All this seems nothing more than common-sense.  All who wish to see it developed by a
man of genius should read that golden little work, Bagehot's Physics and 
Politics, in which (it seems to me) the complete sense of the way in which concrete
things grow and change is as livingly present as the straining after a pseudo-philosophy of
evolution is livingly absent.  But there are never wanting minds to whom such views seem
personal and contracted, and allied to an anthropomorphism long exploded in other fields of
knowledge. "The individual withers, and the world is more and more," to these writers; and
in a Buckle, a Draper, and a Taine we all know how much the "world" has come to be almost
synonymous with the climate.  We all know, too, how the controversy has been
kept up between the partisans of a "science of history" and those who deny the existence
of anything like necessary "laws" where human societies are concerned.  Mr. Spencer,
at the opening of his Study of Sociology, makes an onslaught on the
"great-man theory" of history, from which a few passages may be quoted:


"The genesis of societies by the action of great man may be comfortably believed so long as,
resting in general notions, you do not ask for particulars.  But now, if, dissatisfied with
vagueness, we demand that our ideas shall be brought into focus and exactly defined, we
discover the hypothesis to be utterly incoherent.  If, not stopping at the explanation of social
progress as due to the great man, we go back a step and ask, Whence comes the great man?
we find that the theory breaks down completely.  The question has two conceivable answers:
his origin is supernatural, or it is natural.  Is his origin supernatural?  Then he is a deputy god,
and we have theocracy once removed, - or, rather, not removed at all. ...  Is this an
unacceptable solution?  Then the origin of the great man is natural; and immediately this is
recognized, he must be classed with all other phenomena in the society that gave him birth as
a product of hits antecedents.  Along with the whole generation of which he forms a minute
part, along with its institutions, language, knowledge, manners, and its multitudinous arts and
appliances, he is a resultant. ...  You must admit that the genesis of the great
man depends on the long series of complex influences which has produced the race in which he appears, and the social state into which that race has slowly grown. ...  Before he can remake his society, his society must remake him.  all those changes of which he is the proximate initiator have their chief causes in the generations he descended from.  If there is to be anything like a real explanation of those changes, it must be sought in that aggregate of
conditions out of which both he and they have arisen."
Now, it seems to me that there is something which one might almost call impudent in the
attempt which Mr. Spencer makes, in the fist sentence of this extract, to pin the reproach of
vagueness upon those who believe in the power of initiative of the great man.



Suppose I say that the singular moderation which now distinguishes social, political and
religious discussion in England, and contrasts so strongly with the bigotry and dogmatism of
sixty years ago, is largely due to J. S. Mill's example.  I may possibly be wrong about the
facts; but I am, at any rate, "asking for particulars," and not "resting in general notions."
And if Mr. Spencer should tell me it started from no personal influence whatever, but from the
"aggregate of conditions," the "generations," Mill and all his contemporaries "descended
from," the whole past order of nature in short, surely he, not I, would be the person "satisfied
with vagueness."


The fact is that Mr. Spencer's sociological method is identical with that of one who would
invoke the zodiac to account for the fall of the sparrow, and the thirteen at table to explain the
gentleman's death.  It is of little more scientific value than the Oriental method of replying to
whatever question arises by the unimpeachable truism, "God is great." Not to
fall back on the gods, where a proximate principle may be found, has with us Westerners
long since become the sign of an efficient as distinguished from an inefficient intellect.


To believe that the cause of everything is to be found in its antecedents is the
starting-point, the initial postulate, not the goal and consummation, of science.  If she is
simply to lead us out of the labyrinth by the same whole we went in by three or four thousand
years ago, it seems hardly worth while to have followed her through the darkness at all.  If
anything is humanly certain it is that the great man's society, properly so called, does
not make him before he can remake it.  Physiological forces, with which the
social, political, geographical, and to a great extent anthropological conditions have just as
much and just as little do as conditions of the crater of Vesuvius has to do with the flickering
of this gas by which I write, are what make him.  Can it be that Mr. Spencer holds the
convergence of sociological pressures to have so impinged on Stratford-upon-Avon about the
26th of April, 1564, that a W. Shakespeare, with all his mental peculiarities, had to be born
there, - as the pressure of water outside a certain boat will cause a stream of a certain form to
ooze into a particular leak?  And does he mean to say that if the aforesaid W. Shakespeare
had died of cholera infantum, another mother at Stratford-upon-Avon would needs have
engendered a duplicate copy of him, to restore the sociologic equilibrium?  Or might the
substitute arise at "Stratford-atte-Bowe"?  Here, as elsewhere, it is very hard, in the midst
of Mr. Spencer's vagueness, to tell what he does mean at all.


We have, however, in his disciple, Mr. Grant Allen, one who leaves us in no doubt
whatever of his precise meaning.  This widely informed, suggestive, and brilliant writer
published last year a couple of articles in the Gentleman's Magazine, in which
he maintained that individuals have no initiative in determining social change.


"The differences between one nation and another, whether in intellect, commerce, art, morals,
or general temperament, ultimately depend, not upon any mysterious properties of race,
nationality, or any other unknown and unintelligible abstractions, but simply and solely upon
the physical circumstances to which they are exposed.  If it be a fact, as we know it to be, that
the French nation differs recognizably from the Chinese, and the people of Hamburg differ
recognizably from the people of Timbuctoo, then the notorious and conspicuous differences
between them are wholly due to the geographical position of the various races.  If the people
who went to Hamburg had gone to Timbuctoo, they would now be indistinguishable from the
semi-barbarian negroes who inhabit that central African metropolis;  and if the people who went to Timbuctoo had gone to Hamburg, they would now have been white-skinned merchants driving a roaring trade in imitation sherry and indigestible port. ...  The differentiating agency must be sought in the great permanent geographical features of land and sea; ... these have necessarily and inevitably moulded the characters and histories of every nation upon the earth. ...  We cannot regard any nation as an active agent in differentiating itself.  Only the surrounding circumstances can have any effect in such a direction.  [These two sentences dogmatically deny the existence of the relatively independent physiological cycle of causation. WJ]  To suppose otherwise is to suppose that the mind of man is exempt from the universal law of causation.  There is no caprice, no spontaneous impulse, in human endeavors.  Even tastes and inclinations must themselves be the result of surrounding causes."
Elsewhere Mr. Allen, writing of the Greek culture, says:


"It was absolutely and unreservedly the product of the geographical Hellas, acting upon the
given factor of the undifferentiated Aryan brain. ...  To me it seems a self-evident
proposition that nothing whatsoever can differentiate one body of men from another, except
the physical conditions in which they are set, - including, of course, under the term
physical conditions the relations of place and time in which they stand with
regard to other bodies of men.  To suppose otherwise is to deny the primordial law of
causation.  To imagine that the mind can differentiate itself is to imagine that it can be
differentiated without a cause. {9}
This outcry about the law of universal causation being undone, the moment we refuse to
invest in the kind of causation which is peddled round by a particular school, makes one
impatient.  These writers have no imagination of alternatives.  With them there is no
tertium quid between outward environment and miracle.  Aut Cæsar,
aut nullus! Aut Spencerism, aut catechism!


If by "physical conditions" Mr. Allen means what he does mean, the outward cycle of
visible nature and man, his assertion is simply physiologically false.  For a national m,ind
differentiates "itself" whenever a genius is born in its midst by causes acting in the invisible
and molecular cycle.  But if Mr. Allen means by "physical conditions" the whole of nature,
his assertion, though true, forms but the vague Asiatic profession of belief in an
all-enveloping fate, which certainly need not plume itself on any specially advanced or
scientific character.

.

And how can a thinker so clever as Mr. Allen fail to have distinguished in these matters
between necessary conditions and sufficient conditions of a given
result?  The French say that to have an omelet we must break our eggs; that is, the breaking of
eggs is a necessary condition of the omelet.  But is it a sufficient condition?  Does an omelet
appear whenever three eggs are broken?  So of the Greek mind.  To get such versatile
intelligence it may be that such commercial dealings with the world as the geographical
Hellas afforded are a necessary condition.  But if they are a sufficient condition, why did not
the Phoenicians outstrip the Greeks in intelligence?  No geographical environment can
produce a given type of mind.  It can only foster and further certain types fortuitously produced, and thwart and frustrate others.  Once again, its function is simply selective, and determines what shall actually be only be destroying what is positively incompatible.  An Arctic environment is incompatible with improvident habits in its denizens; but whether the
inhabitants of such a region shall unite with their thrift the peacefulness of the Eskimo or
the pugnacity of the Norseman is, so far as the climate is concerned, an accident.  
Evolutionists should not forget that we all have five fingers not because four or six would
not do just as well, but merely because the first vertebrate above the fishes 
happened to have that number.  He owed his prodigious success in founding a line
of descent to some entirely other quality, - we know not which, - but the inessential five
fingers were taken in tow and preserved to the present day.  So of most social peculiarities.
Which of them shall be taken in tow by the few qualities which the environment necessarily
exacts is a matter of what physiological accidents shall happen among individuals.  Mr. Allen
promises to prove his thesis in detail by the examples of China, India, England, Rome,  etc.  I
have not the smallest hesitation in predicting that he will do no more with these examples
than he has done with Hellas.  He will appear upon the scene after the fact, and show that the
quality developed by each race was, naturally enough, not incompatible with its habitat.  But
he will utterly fail to show that the particular form of compatibility fallen into in each case was
the one necessary and only possible form.

Naturalists know well enough how indeterminate the harmonies between a fauna and its
environment are.  An animal may better his chances of existence in either of many ways, - 
growing aquatic, arboreal, or subterranean; small and swift, or massive and bulky; spiny,
horny, slimy, or venomous; more timid or more pugnacious; more cunning or more fertile of
offspring; more gregarious or more solitary; or in other ways besides, - and any one of these
ways may suit him to many widely different environments.

Readers of Mr. A. R. Wallace will well remember the striking illustration of this in his Malay Archipelago:



"Borneo closely resembles New Guinea not only in its vast size and its freedom from
volcanoes, but in its variety of geological structure, its uniformity of climate, and the general
aspect of the forest vegetation that clothes its surface; the Moluccas are the counterpart of
the Philippines in their volcanic structure, their extreme fertility, their luxuriant forests, and
their frequent earthquakes; and Bali, with the east end of Java, has a climate almost as dry
and a soil almost as arid as that of Timor.  Yet between these corresponding groups of
islands, constructed, as it were, after the same pattern, subjected to the same climate, and
bathed by the same oceans, there exists the greatest possible contrast when we compare their animal productions.  Nowhere does the ancient doctrine that differences or similarities in the various forms of life that inhabit different countries are due to corresponding physical
differences or similarities in the countries themselves, meet with so direct and palpable a
contradiction.  Borneo and New Guinea, as alike physically as two distinct countries can be,
are zoölogically wide as the poles asunder; while Australia, with its dry winds, its open
plains, its stony deserts, and its temperate climate, yet produces birds and quadrupeds which
are closely related to those inhabiting the hot, damp, luxuriant forests which everywhere
clothe the plains and mountains of New Guinea."


Here we have similar physical-geographical environments harmonizing with widely differing
animal lives, and similar animal lives harmonizing with widely differing geographical 
environments.  A singularly accomplished writer, E. Gryzanowski, in the
North America Review, uses the
instance of Sardinia and Corsica in support of this thesis with great effect.  He says:

"These sister islands, lying in the very center of the Mediterranean, at almost equal distances
from the centers of Latin and Neo-Latin civilization, within easy reach of the Phoenician, the
Greek, and the Saracen, with a coast-line of more than a thousand miles, endowed with
obvious and tempting advantages, and hiding untold sources of agricultural and mineral 
wealth, have nevertheless remained unknown, unheeded, and certainly uncared for during the
thirty centuries of European history. ...  These islands have dialects, but no language; records
of battles, but no history.  They have customs, but no laws; the vendetta, but no
justice.  They have wants and wealth, but no commerce; timber and ports, but no shipping.
They have legends, but no poetry; beauty, but no art; and twenty years ago it could still be
said that they had universities, but no students. ...  That Sardinia, with all her emotional and
picturesque barbarism, has never produced a single artists is almost as strange as her
barbarism itself. ...  Near the focus of European civilization, in the very spot which an
à priori geographer would point out as the most favorable place for
material and intellectual, commercial and political development, these strange sister islands
have slept their secular sleep, like nodes on the sounding-board of history."


This writer then goes on to compare Sardinia and Sicily with some detail.  All the material
advantages are in favor of Sardinia, "and the Sardinian population, being of an ancestry more
mixed than [even] that of the English race, would justify far higher expectations than that of
Sicily."  Yet Sicily's past history has been brilliant in the extreme, and her commerce to-day
is great.  Dr. Gryzanowiski [sic] has his own theory of the historic torpor of these favored 
isles.   He thinks they stagnated because they never gained political autonomy, being always
owned by some Continental power.  I will not dispute the theory; but I will ask, Why did they
not gain it? and answer immediately: Simply because no individuals were born there with
patriotism and ability enough to inflame their countrymen with national pride, ambition, and
thirst for independent life.  Corsicans and Sardinians are probably as good stuff as any of
their neighbors.  But the best wood-pile will not blaze till a torch is applied, and appropriate
torches seem to have been wanting.


Sporadic great men come everywhere.  But for a community to get vibrating through and
through with intensely active life, many geniuses coming together and in rapid succession
are required.  This is why great epochs are so rare, - why the sudden bloom of a Greece, an
early Rome, a Renaissance, is such a mystery.  Blow must follow blow so fast that no cooling
can occur in the intervals.  Then the mass of the nation glows incandescent, and may continue
to glow by pure inertia long after the originators of its internal movement have passed away.
We often hear surprise expressed that in these high tides of human affairs not only the people
should be filled with stronger life, but that individual geniuses should seem so exceptionally
abundant.  This mystery is just about as deep as the time-honored conundrum as to why great
rivers flow by great towns.  It is true that great public fermentations awaken and adopt many
geniuses, who in more torpid times would have had no chance to work.  But over and above
this there must be an exceptional concourse of genius about a time, to make the fermentation
begin at all.  The unlikeliness of the concourse is far greater than the unlikeliness of any
particular genius; hence the rarity of these periods and the exceptional aspect which they
always wear.


It is folly, then, to speak of the "laws of history" as of something inevitable, which
science has only to discover, and whose consequences any one can then foretell but do nothing to alter or avert.  Why, the very laws of physics are conditional, and deal with ifs. The physicist does not say, "The water will boil anyhow"; he only says it will boil if a fire is kindled beneath it.  And so the utmost the student of sociology can ever predict is that if a genius of a certain sort show the way, society will be sure to follow.  It might long ago have been predicted with great confidence that both Italy and Germany would reach a stable unity if some one could but succeed in starting the process.  It could not have been predicted, however, that the modus operandi in each case would be
subordination to a paramount state rather than federation, because no historian could have
calculated the freaks of birth and fortune which gave at the same moment such positions of
authority to three such peculiar individuals as Napoleon III, Bismarck, and Cavour.  So of
our own politics.  It is certain now that the movement of the independents, reformers, or
whatever one pleases to call them, will triumph.  But whether ti do so by converting the
Republican party to its ends, or by rearing a new party on the ruins of both our present
factions, the historian cannot say.  There can be no doubt that the reform movement would
make more progress in one year with an adequate personal leader than as now in ten without
one.  Were there a great citizen, splendid with every civic gift, to be its candidate, who can
doubt that he would lead us to victory?  But, at present, we, his environment, who sigh for him
and would so gladly preserve and adopt him if he came, can neither move without him, nor yet
do anything to bring him forth. 


To conclude: The evolutionary view of history, when it denies the vital importance of
individual initiative, is, then, an utterly vague and unscientific conception, a lapse from modern scientific determinism into the most ancient oriental fatalism.  The lesson of the analysis that we have made (even on the completely deterministic hypothesis with which we started) forms an appeal of the most stimulating sort to the energy of the individual.  Even the dogged resistance of the reactionary conservative to changes which he cannot hope entirely to defeat is justified and shown to be effective.  He retards the movement; deflects it a little by the concessions he extracts; gives it a resultant momentum, compounded of his inertia and his adversaries' speed; and keeps up, in short, a constant lateral pressure, which, to be sure,
never heads it round about, but brings it up at last at a goal far to the right or left of that to 
which it would have drifted had he allowed it to drift alone.

.

I now pass to the last division of my subject, the function of the environment in 

mental evolution.  After what I have already said, I may be quite concise.  Here,
if anywhere, it would seem at first sight as if that school must be right which makes the mind
passively plastic, and the environment actively productive of the form and order of its
conceptions; which, in a word, thinks that all mental progress must result from a series of 
adaptive changes, in the sense already defined of that word.  We know what a vast part of our
mental furniture consists of purely remembered, not reasoned, experience.  The entire field of
our habits and associations by contiguity belongs here.  The entire field of those abstract
conceptions which were taught us with the language into which we were born belongs here
also.  And, more than this, there is reason to think that the order of "outer relations"
experienced by the individual may itself determine the order in which the general characters
imbedded therein shall be noticed and extracted by his mind. The pleasures and benefits, moreover, which certain parts of the environment yield, and the pains and hurts which other parts inflict, determine the direction of our interest and our attention, and so decide at which points the accumulation of mental experiences shall begin.  It might, accordingly, seem as if there were no room for any agency other than this; as if the distinction we have found so useful between "spontaneous variation," as the producer of changed forms, and the environment, as their preserver and destroyer, did not hold in the case of mental progress; as if, in a word, the parallel with Darwinism might no longer obtain, and Spencer might be quite right with his fundamental law of intelligence, which says, "The  cohesion between psychical states is proportionate to the frequency with which the relation  between the answering external phenomena has been repeated in experience."

But, in spite of all these facts, I have no hesitation whatever in holding firm to the
Darwinian distinction even here.  I maintain that the facts in question are all drawn from the
lower strata of the mind, so to speak, - from the sphere of its least evolved functions, from the
region of intelligence which man possesses in common with the brutes.  And I can easily show
that throughout the whole extent of those mental departments which are highest, which are
most characteristically human, Spencer's law is violated at every step; and that as a matter of
fact the new conceptions, emotions, and active tendencies which evolve are originally
produced in the shape of random images, fancies, accidental out-births of spontaneous 
variation in the functional activity of the excessively instable human brain, which the outer
environment simply confirms or refutes, adopts or rejects, preserves or destroys, - selects, in
short, just as it selects morphological and social variations dues to molecular accidents of an
analogous sort.


It is one of the tritest truisms that human intelligences of a simple order are very literal.
They are slaves of habit, doing what they have been taught without variation; dry, prosaic, and
matter-of-fact in their remarks; devoid of humor, except of the coarse physical kind which
rejoices in a practical joke; taking the world for granted; and possessing in their faithfulness
and honesty the single gift by which they are sometimes able to warm us into admiration.  But
even this faithfulness seems to have a sort of inorganic ring, and to remind us more of the
immutable properties of a piece of inanimate matter than of the steadfastness of a human will
capable of alternative choice.  When we descend to the brutes, all these peculiarities are
intensified.  No reader of Schopenhauer can forget his frequent allusions to the
trockener ernst of dogs and horses, nor to their ehrlichkeit.  And
every noticer of their ways must receive a deep impression of the fatally literal character of
the few, simple, and treadmill-like operations of their minds.


But turn to the highest order of minds, and what a change!  Instead of thoughts of concrete
things patiently following one another in a beaten track of habitual suggestion, we have the
most abrupt cross-cuts and transitions from one idea to another, the most rarefied abstractions and discriminations, the most unheard-of combinations of elements, the subtlest associations of analogy; in a word, we seem suddenly introduced into a seething caldron of ideas, where everything is fizzling and bobbing about in a state of bewildering activity, where partnerships can be joined or loosened in an instant, treadmill routine is unknown, and the unexpected  seems the only law.  According to the idiosyncrasy of the individual, the scintillations will  have one character or another.  They will be sallies of wit and humor; they will be flashes of poetry and eloquence; they will be constructions of dramatic fiction or of mechanical devices, logical or philosophic abstractions, business projects, or scientific hypotheses, with trains of experimental consequences based thereon; they will be musical sounds, or images of plastic beauty or picturesqueness, or visions of moral harmony.  But, whatever their differences may be, they will all agree in this, - that their genesis is sudden and, as it were, spontaneous.  That is to say, the same premises would not, in the mind of another individual, have engendered just that conclusion; although, when the conclusion is offered to the other individual, he may thoroughly accept and enjoy it, and envy the brilliancy of him to whom it first occurred.


To Professor Jevons is due the great credit of having emphatically pointed out how the genius of discovery depends altogether on the number of these random notions and guesses which visit the investigator's mind.  To be fertile in hypotheses is the first requisite, and to be willing to throw them away the moment experience contradicts them is the next.  The Baconian method of collating tables of instance may be a useful aid at certain times.  But one might as well expect a chemist's note-book to write down the name of the body analyzed, or a weather
table to sum itself up into a prediction of probabilities of its own accord, as to hope that the
mere fact of mental confrontation with a certain series of facts will be sufficient to make
any brain conceive their law.  The conceiving of the law is a spontaneous 
variation in the strictest sense of the term.  It flashes out of one brain, and no other, because
the instability of that brain is such as to tip and upset itself in just that particular direction.
But the important thing to notice is that the good flashes and the bad flashes, the triumphant
hypotheses and the absurd conceits, are on an exact equality in respect of their origin.
Aristotle's absurd Physics and his immortal Logic flow from one source: the forces that
produce the one produce the other.


When walking along the street, thinking of the blue sky or the fine spring weather, I may
either smile at some grotesque whim which occurs to me, or I may suddenly catch an intuition
of the solution of a long-unsolved problem, which at that moment was far from my thoughts.
Both notions are shaken out of the same reservoir, - the reservoir of a brain in which the
reproduction of images in the relations of their outward persistence or frequency has long
ceased to be the dominant law.  But to the thought, when it is once engendered, the
consecration of agreement with outward relations may come.  The conceit perishes in a
moment, and is forgotten.  The scientific hypothesis arouses in me a fever of desire for
verification.  I read, write, experiment, consult experts.  Everything corroborates my notion,
which being then published in a book spreads from review to review and from mouth to mouth,
till at last there is no doubt I am enshrined in the Pantheon of the great diviners of nature's
ways.  The environment preserves the conception which it was unable to

produce in any brain less idiosyncratic than my own.


Now, the spontaneous upsettings of brains this way and that at particular moments into
particular ideas and combinations are matched by their equally spontaneous permanent tiltings
or saggings towards determinate directions.  The humorous bent is quite characteristic; the
sentimental one equally so.  And the personal tone of each mind, which makes it more alive to
certain impressions, more open to certain reasons, is equally the result of that invisible
and imaginable play of the forces of growth within the nervous system which, irresponsibly
[sic; "irresponsive"?] to the environment, makes the brain peculiarly apt to function in a
certain way.  Here again the selection goes on.  The products of the mind with the determined
æsthetic bent please or displease the community.  We adopt Wordsworth, and grow
unsentimental and serene.  We are fascinated by Schopenhauer, and learn from him the true
luxury of woe.  The adopted bent becomes a ferment in the community, and alters its tone.
The alteration may be a benefit or a misfortune, for it is (pace Mr. Allen) a
differentiation from within, which has to run the gauntlet of the larger environment's selective
power.  Civilized Langeudoc, taking the tone of its scholars, poets, princes, and theologians,
fell a prey to its rude Catholic environment in the Albigensian crusade.  France in 1792,
taking the tone of its St. Justs and Marats, plunged into its long career of unstable outward
relations.  Prussia in 1806, taking the tone of its Humboldts and its Steins, proved itself in
the most signal way "adjusted" to its environment in 1872.


Mr. Spencer, in one of the strangest chapters of his Psychology, tries to show the
necessary order in which the development of conceptions in the human race occurs.  No
abstract conception can be developed, according to him, until the outward experiences have
reached a certain degree of heterogeneity, definiteness, coherence, and so forth.



"Thus the belief in an unchanging order, the belief in law, is a belief of which the
primitive man is absolutely incapable. ...  Experiences such as he receives furnish but few data for the conception of uniformity, whether as displayed in things or in relations. ...  The daily impressions which the savage gets yield the notion very imperfectly, and in but few cases. Of all the objects around - trees, stones, hills, pieces of water, clouds and so forth, - most differ widely, ... and few approach complete likeness so nearly as to make discrimination
difficult.  Even between animals of the same species it rarely happens that, whether alive or
dead, they are presented in just the same attitudes. ...  It is only along with a gradual
development of the arts ... that there come frequent experiences of perfectly straight lines
admitting of complete apposition, bringing the perceptions of equality and inequality.  Still
more devoid is savage life of the experiences which generate the conception of the uniformity
of succession.  The sequences observed from hour to hour and day to day seems anything but uniform; difference is a far more conspicuous trait among them. ...  So that if we contemplate primitive human life as a whole, we see that multiformity of sequence, rather than uniformity, is the notion which it tends to generate. ...  Only as fast as the practice of the arts develops the idea of measure can the consciousness of uniformity simultaneously make possible the notion of exactness....  Hence the primitive man has little experience which cultivates the consciousness of what we call truth.  How closely allied this it to the consciousness which the practice of the arts cultivates is implied even in language.
We speak of a true surface as well as a true statement.  Exactness describes perfection in
a mechanical fit, as well as perfect agreement between the results of calculations."


The whole burden of Mr. Spencer's book is to show the fatal way in which the mind,
supposed passive, is moulded by its experiences of "outer relations."  In this chapter the
yard-stick, the balance, the chronometer, and other machines and instruments come to figure
among the "relations" external to the mind.  Surely they are so, after they have been
manufactured; but only because of the preservative power of the social environment.  
Originally all these things and all other institutions were flashes of genius in an individual
head, of which the outer environment showed no sign.  Adopted by the race and become its
heritage, they then supply instigations to new geniuses whom they environ to make new
inventions and discoveries; and so the ball of progress rolls.  But take out the geniuses, or
alter their idiosyncrasies, and what increasing uniformities will the environment show?  We
defy Mr. Spencer or any one else to reply.

The plain truth is that the "philosophy" of evolution (as distinguished from our special
information about particular cases of change) is a metaphysical creed, and nothing else.  It is
a mood of contemplation, an emotional attitude, rather than a system of thought, - a mood 
which is as old as the world, and which no refutation of any one incarnation of it (such as the
Spencerian philosophy) will dispel; the mood of fatalistic pantheism, with its intuition of the
One and All, which was, and is, and ever shall be, and from whose womb each single thing
proceeds.  Far be it from us to speak slightingly here of so hoary and mighty a style of
looking on the world as this.  What we at present call scientific discoveries had nothing to do
with bringing it to birth, nor can one easily conceive that they should eve give it its 
quietus, no matter how logically incompatible with its spirit the ultimate
phenomenal distinctions which science accumulates should turn out to be.  It can laugh at the
phenomenal distinctions on which science is based, for it draws its vital breath from a region
which - whether above or below - is at least altogether different from that in which science
dwells.  A critic, however, who cannot disprove the truth of the metaphysic creed, can at least
raise his voice in protest against its disguising itself in "scientific" plumes.  I think that all
who have had the patience to follow me thus far will agree that the Spencerian
"philosophy" of social and intellectual progress is an obsolete anachronism, reverting to a
pre-Darwinian type of thought, just as the Spencerian philosophy of "Force," effacing all
the previous distinctions between actual and potential energy, momentum, work, force, mass,
etc., which physicists have with so much agony achieved, carries us back to a pre-Galilean
age.

The Dilemma of DeterminismThe Mind and its 'Ideas' (Principles of Psychology, XXVI, pp.559-69) 

The Question of 'Free Will' (Principles of Psychology, XXVI, pp.569-79) 
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We now know that such Laplace demons cannot exist


Source: https://www.informationphilosopher.com/solutions/philosophers/james/great_men_great_thoughts_and_the_environment.html
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Relations of Belief and Will
From Principles of Philosophy, vol.2, p.320  


We shall see in Chapter XXV that will consists in nothing but a manner of attending to certain objects, or consenting to their stable presence before the mind. The objects, in the case of will, are those whose existence depends on our thought, movements of our own body for example, or facts which such movements executed in future may make real. Objects of belief, on the contrary, are those which do not change according as we think regarding them. I will to get up early to-morrow morning; I believe that I got up late yesterday morning; I will that my foreign bookseller in Boston shall procure me a German book and write to him to that effect. I believe that he will make me pay three dollars for it when it comes, etc. Now the important thing to notice is that this difference between the objects of will and belief is entirely immaterial, as far as the relation of the mind to them goes. All that the mind does is in both cases the same; it looks at the object and consents to its existence, espouses it, says it shall be my reality.' It turns to it, in short, in the interested active emotional way. The rest is done by nature, which in some cases makes the objects real which we think of in this 
manner, and in other cases does not. Nature cannot change the past to suit our thinking. She cannot change the stars or the winds; but she does change our bodies to suit our thinking, and through their instrumentality changes much besides; so the great practical distinction between objects which we may will or unwill, and objects which we can merely believe or disbelieve, grows up, and is of course one of the most important distinctions in the world. Its roots, however, do not lie in psychology, but in physiology; as the chapter on Volition will abundantly make plain. Will and Belief, in short, meaning a certain relation between objects and the Self, are two names for one and the same PSYCHOLOGICAL phenomenon. All the questions which arise concerning one are questions which arise concerning the other. The causes and conditions of the peculiar relation must be the same in both. The free-will question arises as regards belief. If our wills are indeterminate, so must our beliefs be, etc. The first act of free-will, in short, would naturally be to believe in free-will, etc. In Chapter XXVI, I shall mention this again.	


Source: https://www.informationphilosopher.com/solutions/philosophers/james/belief_and_will.html
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THE DILEMMA OF DETERMINISM
By William James

An address to the Harvard Divinity Students (in Lowell Lecture Hall), published in the Unitarian Review for September 1884. It was republished as part of The Will To Believe (1897), where James added public credit to his friend Charles Sanders Peirce, whose name had previously been banned from Harvard. In this foundational essay for freedom, James introduces the important concepts of "hard" and "soft" determinism, the "block universe," and free will as a two-stage process of chance in a present time of random alternatives, leading to a choice which grants consent to one possibility and transforms an equivocal future into an inalterable and simple past.
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A common opinion prevails that the juice has ages
ago been pressed out of the free-will controversy, and that no new
champion can do more than warm up stale arguments which everyone has
heard. This is a radical mistake. I know of no subject less worn out,
or in which inventive genius has a better chance of breaking open new
ground--not, perhaps, of forcing a conclusion or of coercing assent,
but of deepening our sense of what the issue between the two parties
really is, of what the ideas of fate and of free will imply. At our
very side almost, in the past few years, we have seen falling in rapid
succession from the press works that present the alternative in
entirely novel lights. Not to speak of the English disciples of Hegel,
such as Green and Bradley; not to speak of Hinton and Hodgson, nor of
Hazard here --we see in the writings of Renouvier, Fouillée, and
Delbœuf (and I may now say Charles S. Peirce, - see the Monist, for 1892-93 [note added by James in the 1897 edition]) how completely changed and refreshed is the form of all the old
disputes. I cannot pretend to vie in originality with any of the
masters I have named, and my ambition limits itself to just one little
point. If I can make two of the necessarily implied corollaries of
determinism clearer to you than they have been made before, I shall
have made it possible for you to decide for or against that doctrine
with a better understanding of what you are about. And if you prefer
not to decide at all, but to remain doubters, you will at least see
more plainly what the subject of your hesitation is. I thus disclaim
openly on the threshold all pretension to prove to you that the freedom
of the will is true. The most I hope is to induce some of you to follow
my own example in assuming it true, and acting as if it were true. If
it be true, it seems to me that this is involved in the strict logic of
the case. Its truth ought not to be forced willy-nilly down our
indifferent throats. It ought to be freely espoused by men who can
equally well turn their backs upon it. In other words, our first act of
freedom, if we are free, ought in all inward propriety to be to affirm
that we are free. This should exclude, it seems to me, from the
freewill side of the question all hope of a coercive demonstrations,--
a demonstration which I, for one, am perfectly contented to go without.
Philosophies seek a rational world
With thus much understood at the outset, we can
advance. But not without one more point understood as well. The
arguments I am about to urge all proceed on two suppositions: first,
when we make theories about the world and discuss them with one
another, we do so in order to attain a conception of things which shall
give us subjective satisfaction; and, second, if there be two
conceptions, and the one seems to us, on the whole, more rational than
the other, we are entitled to suppose that the more rational one is the
truer of the two. I hope that you are all willing to make these
suppositions with me; for I am afraid that if there be any of you here
who are not, they will find little edification in the rest of what I
have to say. I cannot stop to argue the point; but I myself believe
that all the magnificent achievements of mathematical and physical
science--our doctrines of evolution, of uniformity of law, and the
rest--proceed from our indomitable desire to cast the world into a more
rational shape in our minds than the shape into which it is thrown
there by the crude order of our experience. The world has shown itself,
to a great extent, plastic to this demand of ours for rationality. How
much farther it will show itself plastic no one can say. Our only means
of finding out is to try; and I, for one, feel as free to try
conceptions of moral as of mechanical or of logical rationality. If a
certain formula for expressing the nature of the world violates my
moral demand, I shall feel as free to throw it overboard, or at least
to doubt it, as if it disappointed my demand for uniformity of
sequence, for example; the one demand being, so far as I can see, quite
as subjective and emotional as the other is. The principle of
causality, for example--what is it but a postulate, an empty name
covering simply a demand that the sequence of events shall some day
manifest a deeper kind of belonging of one thing with another than the
mere arbitrary juxtaposition which now phenomenally appears? It is as
much an altar to an unknown god as the one that Saint Paul found at
Athens. All our scientific and philosophic ideals are altars to unknown
gods. Uniformity is as much so as is free will. If this be admitted, we
can debate on even terms. But if anyone pretends that while freedom and
variety are, in the first instance, subjective demands, necessity and
uniformity are something altogether different, I do not see how we can
debate at all.
Determinism and Indeterminism defined
To begin, then, I must suppose you acquainted with
all the usual arguments on the subject. I cannot stop to take up the
old proofs from causation, from statistics, from the certainty with
which we can foretell one another's conduct, from the fixity of
character, and all the rest. But there are two words which
usually encumber these classical arguments, and which we must
immediately dispose of if we are to make any progress. One is the
eulogistic word freedom, and the other is the opprobrious word chance. The
word "chance" I wish to keep, but I wish to get rid of the word
"freedom." Its eulogistic associations have so far overshadowed all the
rest of its meaning that both parties claim the sole right to use it,
and determinists today insist that they alone are freedom's champions.


Old-fashioned determinism was what we may call hard determinism.
It did not shrink from such words as fatality, bondage of the will,
necessitation, and the like. Nowadays, we have a soft determinism
which abhors harsh words, and, repudiating fatality, necessity, and
even predetermination, says that its real name is freedom; for freedom
is only necessity understood, and bondage to the highest is identical
with true freedom. Even a writer as little used to making capital out
of soft words as Mr. Hodgson hesitates not to call himself a "free-will
determinist." 
Now, all this is a quagmire of evasion under which
the real issue of fact has been entirely smothered. Freedom in all
these senses presents simply no problem at all. No matter what the soft
determinist means by it,--whether he means the acting without external
constraint; whether he means the acting rightly, or whether he means
the acquiescing in the law of the whole,--who cannot answer him that
sometimes we are free and sometimes we are not? But there is a
problem, an issue of fact and not of words, an issue of the most
momentous importance, which is often decided without discussion in one
sentence,--nay, in one clause of a sentence,--by those very writers who
spin out whole chapters in their efforts to show what "true" freedom
is; and that is the question of determinism, about which we are to talk
tonight.
Fortunately, no ambiguities hang about this word or
about its opposite, indeterminism. Both designate an outward way in
which things may happen, and their cold and mathematical sound has no
sentimental associations that can bribe our partiality either way in
advance. Now, evidence of an external kind to decide between
determinism and indeterminism is, as I intimated a while back, strictly
impossible to find. Let us look at the difference between them and see
for ourselves. What does determinism profess?
It professes that those parts of the universe
already laid down absolutely appoint and decree what the other parts
shall be. The future has no ambiguous possibilities bidden in its womb;
the part we call the present is compatible with only one totality. Any
other future complement than the one fixed from eternity is impossible.
The whole is in each and every part, and welds it with the rest into an
absolute unity, an iron block, in which there can be no equivocation or
shadow of turning.

"With earth's first clay they did the last man knead,

And there of the last harvest sowed the seed.

And the first morning of creation wrote

What the last dawn of reckoning shall read."

Indeterminism, on the contrary, says that the parts
have a certain amount of loose play on one another, so that the laying
down of one of them does not necessarily determine what the others
shall be. It admits that possibilities may be in excess of actualities,
and that things not yet revealed to our knowledge may really in
themselves be ambiguous. Of two alternative futures which we conceive,
both may now be really possible; and the one becomes impossible only at
the very moment when the other excludes it by becoming real itself.
Indeterminism thus denies the world to be one unbending unit of fact.
It says there is a certain ultimate pluralism in it; and, so saying, it
corroborates our ordinary unsophisticated view of things. To that view,
actualities seem to float in a wider sea of possibilities from out of
which they are chosen; and, somewhere, indeterminism says, such possibilities exist, and form a part of truth.
Determinism, on the contrary, says they exist nowhere, and
that necessity on the one hand and impossibility on the other are the
sole categories of the real. Possibilities that fail to get realized
are, for determinism, pure illusions: they never were possibilities at
all. There is nothing inchoate, it says, about this universe of ours,
all that was or is or shall be actual in it having been from eternity
virtually there. The cloud of alternatives our minds escort this mass
of actuality withal is a cloud of sheer deceptions, to which
"impossibilities" is the only name that rightfully belongs.
The issue, it will be seen, is a perfectly sharp one, which no eulogistic terminology can smear over or wipe out. The truth must lie with one side or the other, and its lying with one side makes the other false.
The question relates solely to the existence of
possibilities, in the strict sense of the term, as things that may, but
need not, be. Both sides admit that a volition, for instance, has
occurred. The indeterminists say another volition might have occurred
in its place: the determinists swear that nothing could possibly have
occurred in its place. Now, can science be called in to tell us which
of these two point-blank contradicters of each other is right? Science
professes to draw no conclusions but such as are based on matters of
fact, things that have actually happened; but how can any amount of
assurance that something actually happened give us the least grain of
information as to whether another thing might or might not have
happened in its place? Only facts can be proved by other facts. With
things that are possibilities and not facts, facts have no concern. If
we have no other evidence than the evidence of existing facts, the
possibility-question must remain a mystery never to be cleared up.
Both are postulates of rationality
And the truth is that facts practically have hardly
anything to do with making us either determinists or indeterminists.
Sure enough, we make a flourish of quoting facts this way or that; and
if we are determinists, we talk about the infallibility with which we
can predict one another's conduct; while if we are indeterminists, we
lay great stress on the fact that it is just because we cannot foretell
one another's conduct, either in war or statecraft or in any of the
great and small intrigues and businesses of men, that life is so
intensely anxious and hazardous a game. But who does not see the
wretched insufficiency of this so-called objective testimony on both
sides? What fills up the gaps in our minds is something not objective,
not external. What divides us into possibility men and anti-possibility men
is different faiths or postulates,--postulates of rationality. To this
man the world seems more rational with possibilities in it,--to that
man more rational with possibilities excluded; and talk as we will
about having to yield to evidence, what makes us monists or pluralists,
determinists or indeterminists, is at bottom always some sentiment like
this.
Objections to chance considered
The stronghold of the deterministic sentiment is the
antipathy to the idea of chance. As soon as we begin to talk
indeterminism to our friends, we find a number of them shaking their
heads. This notion of alternative possibilities, they say, this
admission that any one of several things may come to pass, is, after
all, only a roundabout name for chance; and chance is something the
notion of which no sane mind can for an instant tolerate in the world.
What is it, they ask, but barefaced crazy unreason, the negation of
intelligibility and law? And if the slightest particle of it exists
anywhere, what is to prevent the whole fabric from falling together,
the stars from going out, and chaos from recommencing her topsy-turvy
reign?
Remarks of this sort about chance will put an end to
discussion as quickly as anything one can find. I have already told you
that "chance" was a word I wished to keep and use. Let us then examine
exactly what it means, and see whether it ought to be such a terrible
bugbear to us. I fancy that squeezing the thistle boldly will rob it of
its sting.
The sting of the word "chance" seems to lie in the
assumption that it means something positive, and that if anything
happens by chance, it must needs be something of an intrinsically
irrational and preposterous sort. Now, chance means nothing of the
kind. It is a purely negative and relative term, giving us no
information about that of which it is predicated, except that it
happens to be disconnected with something else-not controlled, secured,
or necessitated by other things in advance of its own actual presence.
As this point is the most subtile one of the whole lecture, and at the
same time the point on which all the rest hinges, I beg you to pay
particular attention to it. What I say is that it tells us nothing
about what a thing may be in itself to call it "chance." It may be a
bad thing, it may be a good thing. It may be lucidity, transparency,
fitness incarnate, matching the whole system of other things, when it
has once befallen, in an unimaginably perfect way. All you mean by
calling it "chance" is that this is not guaranteed, that it may also
fall out otherwise. For the system of other things has no positive hold
on the chance-thing. Its origin is in a certain fashion negative: it
escapes, and says, Hands off! coming, when it comes, as a free gift, or
not at all.
This negativeness, however, and this opacity of the chance-thing when thus considered ab extra, or
from the point of view of previous things or distant things, do not
preclude its having any amount of positiveness and luminosity from
within, and at its own place and moment. All that its chance-character
asserts about it is that there is something in it really of its own,
something that is not the unconditional property of the whole. If the
whole wants this property, the whole must wait till it can get it, if
it be a matter of chance. That the universe may actually be a sort of
joint-stock society of this sort, in which the sharers have both
limited liabilities and limited powers, is of course a simple and
conceivable notion.
Nevertheless, many persons talk as if the minutest
dose of disconnectedness of one part with another, the smallest modicum
of independence, the faintest tremor of ambiguity about the future, for
example, would ruin everything, and turn this goodly universe into a
sort of insane sand-heap or nulliverse, no universe at all. Since
future human volitions are as a matter of fact the only ambiguous
things we are tempted to believe in, let us stop for a moment to make
ourselves sure whether their independent and accidental character need
be fraught with such direful consequences to the universe as these.
What is meant by saying that my choice of which way
to walk home after the lecture is ambiguous and matter of chance as far
as the present moment is concerned? 


It means that both Divinity Avenue
and Oxford Street are called; but that only one, and that one either one,
shall be chosen. Now, I ask you seriously to suppose that this
ambiguity of my choice is real; and then to make the impossible
hypothesis that the choice is made twice over, and each time falls on a
different street. In other words, imagine that I first walk through
Divinity Avenue, and then imagine that the powers governing the
universe annihilate ten minutes of time with all that it contained, and
set me back at the door of this hall just as I was before the choice
was made. Imagine then that, everything else being the same, I now make
a different choice and traverse Oxford Street. You, as passive
spectators, look on and see the two alternative universes,--one of them
with me walking through Divinity Avenue in it, the other with the same
me walking through Oxford Street. Now, if you are determinists you
believe one of these universes to have been from eternity impossible:
you believe it to have been impossible because of the intrinsic
irrationality or accidentality somewhere involved in it. But looking
outwardly at these universes, can you say which is the impossible and
accidental one, and which the rational and necessary one? I doubt if
the most ironclad determinist among you could have the slightest
glimmer of light on this point. In other words, either universe after the fact and
once there would, to our means of observation and understanding, appear
just as rational as the other. There would be absolutely no criterion
by which we might judge one necessary and the other matter of chance.
Suppose now we relieve the gods of their hypothetical task and assume
my choice, once made, to be made forever. I go through Divinity Avenue
for good and all. If, as good determinists, you now begin to affirm,
what all good determinists punctually do affirm, that in the nature of
things I couldn't have gone through Oxford Street,--had I done
so it would have been chance, irrationality, insanity, a horrid gap in
nature,--I simply call your attention to this, that your affirmation is
what the Germans call a Machtspruch, a mere conception
fulminated as a dogma and based on no insight into details. Before my
choice, either street seemed as natural to you as to me. Had I happened
to take Oxford Street, Divinity Avenue would have figured in your
philosophy as the gap in nature; and you would have so proclaimed it
with the best deterministic conscience in the world.
But what a hollow outcry, then, is this against a chance which, if itwere
presented to us, we could by no character whatever distinguish from a
rational necessity! I have taken the most trivial of examples, but no
possible example could lead to any different result. For what are the
alternatives which, in point of fact, offer themselves to human
volition? What are those futures that no seem matters of chance? Are
they not one and all like the Divinity Avenue and Oxford Street of our
example? Are they not all of them kinds of things already here and based in the existing frame of nature? Is anyone ever tempted to produce an absolute accident,
something utterly irrelevant to the rest of the world? Do not an the
motives that assail us, all the futures that offer themselves to our
choice, spring equally from the soil of the past; and would not either
one of them, whether realized through chance or through necessity, the
moment it was realized, seem to us to fit that past, and in the
completest and most continuous manner to interdigitate with the
phenomena already there?
The more one thinks of the matter, the more one
wonders that so empty and gratuitous a hubbub as this outcry against
chance should have found so great an echo in the hearts of men. It is a
word which tells us absolutely nothing about what chances, or about the
modus operandi of the chancing; and the use of it as a war cry
shows only a temper of intellectual absolutism, a demand that the world
shall be a solid block, subject to one control,--which temper, which
demand, the world may not be found to gratify at all. In every
outwardly verifiable and practical respect, a world in which the
alternatives that now actually distract your choice were decided by pure chance would be by me
absolutely undistinguished from the world in which I now live. I am,
therefore, entirely willing to call it, so far as your choices go, a
world of chance for me. To yourselves, it is true, those very
acts of choice, which to me are so blind, opaque, and external, are the
opposites of this, for you are within them and effect them. To you they
appear as decisions; and decisions, for him who makes them, are
altogether peculiar psychic facts. Self-luminous and self-justifying at
the living moment at which they occur, they appeal to no outside moment
to put its stamp upon them or make them continuous with the rest of
nature. 


And here he makes clear how the choice among real present undetermined possibilities transforms one into the determined past. 


Themselves it is rather who seem to make nature continuous; and
in their strange and intense function of granting consent to one
possibility and withholding it from another, to transform an equivocal
and double future into an unalterable and simple past.
But with the psychology of the matter we have no
concern this evening. The quarrel which determinism has with chance
fortunately has nothing to do with this or that psychological detail.
It is a quarrel altogether metaphysical. Determinism denies the
ambiguity of future volitions, because it affirms that nothing future
can be ambiguous. But we have said enough to meet the issue.
Indeterminate future volitions do mean chance. Let us not fear to shout
it from the house-tops if need be; for we now know that the idea of
chance is, at bottom, exactly the same thing as the idea of gift,--the
one simply being a disparaging, and the other a eulogistic, name for
anything on which we have no effective claim. And whether the world be
the better or the worse for having either chances or gifts in it will
depend altogether on what these uncertain and unclaimable things turn
out to be.
Determinism involves pessimism
And this at last brings us within sight of our
subject. We have seen what determinism means: we have seen that
indeterminism is rightly described as meaning chance; and we have seen
that chance, the very name of which we are urged to shrink from as from
a metaphysical pestilence, means only the negative fact that no part of
the world, however big, can claim to control absolutely the destinies
of the whole. But although, in discussing the word "chance," I may at
moments have seemed to be arguing for its real existence, I have not
meant to do so yet. We have not yet ascertained whether this be a world
of chance or no; at most, we have agreed that it seems so. And I now
repeat what I said at the outset, that, from any strict theoretical
point of view, the question is insoluble. To deepen our theoretic sense
of the difference between a world with chances in it and a
deterministic world is the most I can hope to do; and this I may now at
last begin upon, after all our tedious clearing of the way.
I wish first of all to show you just what the notion
that this is a deterministic world implies. The implications I call
your attention to are all bound up with the fact that it is a world in
which we constantly have to make what I shall, with your permission,
call judgments of regret. Hardly an hour passes in which we do not wish
that something might be otherwise; and happy indeed are those of us
whose hearts have never echoed the wish of Omar Khayam-

"That we might clasp, ere closed, the book of fate,

And make the writer on a fairer leaf

Inscribe our names, or quite obliterate.

Ah! Love, could you and I with fate conspire

To mend this sorry scheme of things entire,

Would we not shatter it to bits, and then

Remold it nearer to the heart's desire?"

Now, it is undeniable that most of these regrets are
foolish, and quite on a par in point of philosophic value with the
criticisms on the universe of that friend of our infancy, the hero of
the fable "The Atheist and the Acorn,"--

"Fool! had that bough a pumpkin bore,

Thy whimsies would have worked no more, etc."

Even from the point of view of our own ends, we
should probably make a botch of remodeling the universe. How much more
then from the point of view of ends we cannot see! Wise men therefore
regret as little as they can. But still some regrets are pretty
obstinate and hard to stifle,--regrets for acts of wanton cruelty or
treachery, for example, whether performed by others or by ourselves.
Hardly any one can remain entirely optimistic after reading the
confession of the murderer at Brockton the other day: how, to get rid
of the wife whose continued existence bored him, he inveigled her into
a desert spot, shot her four times, and then, as she lay on the ground
and said to him, "You didn't do it on purpose, did you, dear?" replied,
"No, I didn't do it on purpose," as he raised a rock and smashed her
skull. Such an occurrence, with the mild sentence and self-satisfaction
of the prisoner, is a field for a crop of regrets, which one need not
take up in detail. We feel that, although a perfect mechanical fit to
the rest of the universe, it is a bad moral fit, and that something
else would really have been better in its place.
But for the deterministic philosophy the murder, the
sentence, and the prisoner's optimism were all necessary from eternity;
and nothing else for a moment had a ghost of a chance of being put in
their place. To admit such a chance, the determinists tell us, would be
to make a suicide of reason; so we must steel our hearts against the
thought. And here our plot thickens, for we see the first of those
difficult implications of determinism and monism, which it is my
purpose to make you feel. If this Brockton murder was called for by the
rest of the universe, if it had to come at its preappointed hour, and
if nothing else would have been consistent with the sense of the whole,
what are we to think of the universe? Are we stubbornly to stick to our
judgment of regret, and say, though it couldn't be, yet it would have
been a better universe with something different from this Brockton
murder in it? That, of course, seems the natural and spontaneous thing
for us to do; and yet it is nothing short of deliberately espousing a
kind of pessimism. The judgment of regret calls the murder bad. Calling
a thing bad means, if it means anything at all, that the thing ought
not to be, that something else ought to be in its stead. Determinism,
in denying that anything else can be in its stead, virtually defines
the universe as a place in which what ought to be is impossible,--in
other words, as an organism whose constitution is afflicted with an
incurable taint, an irremediable flaw. The pessimism of a Schopenhauer
says no more than this,--that the murder is a symptom; and that it is a
vicious symptom because it belongs to a vicious whole, which can
express its nature no otherwise than by bringing forth just such a
symptom as that at this particular spot. Regret for the murder must
transform itself, if we are determinists and wise, into a larger
regret. It is absurd to regret the murder alone. Other things being
what they are, it could not be different. What we should regret
is that whole frame of things of which the murder is one member. I see
no escape whatever from this pessimistic conclusion if, being
determinists, our judgment of regret is to be allowed to stand at all.
The only deterministic escape from pessimism is
everywhere to abandon the judgment of regret. That this can be done,
history shows to be not impossible. The devil, quoad existentiam, may be good. That is, although he be a principle of
evil, yet the universe, with such a principle in it, may practically be
a better universe than it could have been without. On every hand, in a
small way, we find that a certain amount of evil is a condition by
which a higher form of good is brought. There is nothing to prevent
anybody from generalizing this view, and trusting that if we could but
see things in the largest of all ways, even such matters as this
Brockton murder would appear to be paid for by the uses that follow in
their train. An optimism quand même, a systematic and infatuated optimism like that ridiculed by Voltaire in his Candide, is
one of the possible ideal ways in which a man may train himself to look
on life. Bereft of dogmatic hardness and lit up with the expression of
a tender and pathetic hope, such an optimism has been the grace of some
of the most religious characters that ever lived.

"Throb thine with Nature's throbbing breast,

And all is clear from east to west."

Even cruelty and treachery may be among the
absolutely blessed fruits of time, and to quarrel with any of their
details may be blasphemy. The only real blasphemy, in short, may be
that pessimistic temper of the soul which lets it give way to such
things as regrets, remorse, and grief.
Thus, our deterministic pessimism may become a deterministic optimism at the price of extinguishing our judgments of regret.
But does not this immediately bring us into a
curious logical predicament? Our determinism leads us to call our
judgments of regret wrong, because they are pessimistic in implying
that what is impossible yet ought to be. But how then about the
judgments of regret themselves? If they are wrong, other judgments,
judgments of approval presumably, ought to be in their place. But as
they are necessitated, nothing else can be in their place; and
the universe is just what it was before,--namely, a place in which what
ought to be appears impossible. We have got one foot out of the
pessimistic bog, but the other one sinks all the deeper. We have
rescued our actions from the bonds of evil, but our judgments are now
held fast. When murders and treacheries cease to be sins, regrets are
theoretic absurdities and errors. The theoretic and the active life
thus play a kind of see-saw with each other on the ground of evil. The
rise of either sends the other down. Murder and treachery cannot be
good without regret being bad: regret cannot be good without treachery
and murder being bad. Both, however, are supposed to have been
foredoomed; so something must be fatally unreasonable, absurd, and
wrong in the world. It must be a place of which either sin or error
forms a necessary part. From this dilemma there seems at first sight no
escape. Are we then so soon to fall back into the pessimism from which
we thought we had emerged? And is there no possible way by which we
may, with good intellectual consciences, call the cruelties and
treacheries, the reluctances and the regrets, all good together?
Certainly there is such a way, and you are probably
most of you ready to formulate it yourselves. But, before doing so,
remark how inevitably the question of determinism and indeterminism
slides us into the question of optimism and pessimism, or, as our
fathers called it, "the question of evil." The theological form of all
these disputes is the simplest and the deepest, the form from which
there is the least escape-not because, as some have sarcastically said,
remorse and regret are clung to us with a morbid fondness by the
theologians as spiritual luxuries, but because they are existing facts
of the world, and as such must be taken into account in the
deterministic interpretation of all that is fated to be. If they are
fated to be error, does not the bat's wing of irrationality still cast
its shadow over the world?
Escape via subjectivism
The refuge from the quandary lies, as I said, not
far off. The necessary acts we erroneously regret may be good, and yet
our error in so regretting them may be also good, on one simple
condition; and that condition is this: The world must not be regarded
as a machine whose final purpose is the making real of any outward
good, but rather as a contrivance for deepening the theoretic
consciousness of what goodness and evil in their intrinsic natures are.
Not the doing either of good or evil is what nature cares for, but the
knowing of them. Life is one long eating of the fruit of the tree of knowledge. I am in the habit, in thinking to myself, of calling this point of view the gnostical point of view. According to it, the world is neither an optimism nor a pessimism, but a gnosticism. But as this term may perhaps lead to some misunderstandings, I will use it as little as possible here, and speak rather of subjectivism, and the subjectivistic point of view.
Subjectivism has three great branches,--we may call
them scientificism, sentimentalism, and sensualism, respectively. They
all agree essentially about the universe, in deeming that what happens
there is subsidiary to what we think or feel about it. Crime justifies
its criminality by awakening our intelligence of that criminality and
eventually our remorses and regrets; and the error included in remorses
and regrets, the error of supposing that the past could have been
different, justifies itself by its use. Its use is to quicken our sense
of what the irretrievably lost is. When we think of it as that
which might have been ("the saddest words of tongue or pen"), the
quality of its worth speaks to us with a wilder sweetness; and,
conversely, the dissatisfaction wherewith we think of what seems to
have driven it from its natural place gives us the severer pang.
Admirable artifice of nature! we might be tempted to
exclaim,--deceiving us in order the better to enlighten us, and leaving
nothing undone to accentuate to our consciousness the yawning distance
of those opposite poles of good and evil between which creation swings.
We have thus clearly revealed to our view what may
be called the dilemma of determinism, so far as determinism pretends to
think things out at all. A merely mechanical determinism, it is true,
rather rejoices in not thinking them out. It is very sure that the
universe must satisfy its postulate of a physical continuity and
coherence, but it smiles at anyone who comes forward with a postulate
of moral coherence as well. I may suppose, however, that the number of
purely mechanical or hard determinists among you this evening is small.
The determinism to whose seductions you are most exposed is what I have
called soft determinism,--the determinism which allows considerations
of good and bad to mingle with those of cause and effect in deciding
what sort of a universe this may rationally be held to be. The dilemma
of this determinism is one whose left horn is pessimism and whose right
horn is subjectivism. In other words, if determinism is to escape
pessimism, it must leave off looking at the goods and ills of life in a
simple objective way, and regard them as materials, indifferent in
themselves, for the production of consciousness, scientific and
ethical, in us.
To escape pessimism is, as we all know, no easy
task. Your own studies have sufficiently shown you the almost desperate
difficulty of making the notion that there is a single principle of
things, and that principle absolute perfection, rhyme together with our
daily vision of the facts of life. If perfection be the principle, how
comes there any imperfection here? If God be good, how came he to
create--or, if he did not create, how comes he to permit--the devil?
The evil facts must be explained as seeming: the devil must be
whitewashed, the universe must be disinfected, if neither God's
goodness nor His unity and power are to remain impugned. And of all the
various ways of operating the disinfection, and making bad seem less
bad, the way of subjectivism appears by far the best.
For, after all, is there not something rather absurd
in our ordinary notion of external things being good or bad in
themselves? Can murders and treacheries, considered as mere outward
happenings, or motions of matter, be bad without anyone to feel their
badness? And could paradise properly be good in the absence of a
sentient principle by which the goodness was perceived? Outward goods
and evils seem practically indistinguishable except in so far as they
result in getting moral judgments made about them. But then the moral
judgments seem the main thing, and the outward facts mere perishing
instruments for their production. This is subjectivism. Everyone must
at some time have wondered at that strange paradox of our moral nature,
that, though the pursuit of outward good is the breath of its nostrils,
the attainment of outward good would seem to be its suffocation and
death. Why does the painting of any paradise or utopia, in heaven or on
earth, awaken such yawnings for nirvana and escape? The white-robed
harp-playing heaven of our sabbath-schools, and the ladylike tea-table
elysium represented in Mr. Spencer's Data of Ethics, as the
final consummation of progress, are exactly on a par in this
respect,--lubberlands, pure and simple, one and all. We look upon them
from this delicious mess of insanities and realities, strivings and
deadnesses, hopes and fears, agonies and exultations, which forms our
present state, and tedium vitae is the only sentiment they awaken in our breasts. To our crepuscular natures, born for the conflict, the Rembrandtesque moral chiaroscuro, the
shifting struggle of the sunbeam in the gloom, such pictures of light
upon light are vacuous and expressionless, and neither to be enjoyed
nor understood. If this be the whole fruit of the victory, we
say; if the generations of mankind suffered and laid down their lives;
if prophets confessed and martyrs sang in the fire, and all the sacred
tears were shed for no other end than that a. race of creatures of such
unexampled insipidity should succeed, and protract in saecula saeculorum their
contented and inoffensive lives,--why, at such a rate, better lose than
win the battle, or at all events better ring down the curtain before
the last act of the play, so that a business that began so importantly
may be saved from so singularly flat a winding-up.
All this is what I should instantly say, were I
called on to plead for gnosticism; and its real friends, of whom you
will presently perceive I am not one, would say without difficulty a
great deal more. Regarded as a stable finality, every outward good
becomes a mere weariness to the flesh. It must be menaced, be
occasionally lost, for its goodness to be fully felt as such. Nay, more
than occasionally lost. No one knows the worth of innocence till he
knows it is gone forever, and that money cannot buy it back. Not the
saint, but the sinner that repenteth, is he to whom the full length and
breadth, and height and depth, of life's meaning is revealed. Not the
absence of vice, but vice there, and virtue holding her by the throat,
seems the ideal human state. And there seems no reason to suppose it
not a permanent human state. There is a deep truth in what the school
of Schopenhauer insists on,--the illusoriness of the notion of moral
progress. The more brutal forms of evil that go are replaced by others
more subtle and more poisonous. Our moral horizon moves with us as we
move, and never do we draw nearer to the far-off line where the black
waves and the azure meet. The final purpose of our creation seems most
plausibly to be the greatest possible enrichment of our ethical
consciousness, through the intensest play of contrasts and the widest
diversity of characters. This of course obliges some of us to be
vessels of wrath, while it calls others to be vessels of honor. But the
subjectivist point of view reduces all these outward distinctions to a
common denominator. The wretch languishing in the felon's cell may be
drinking draughts of the wine of truth that will never pass the lips of
the so-called favorite of fortune. And the peculiar consciousness of
each of them is an indispensable note in the great ethical concert
which the centuries as they roll are grinding out of the living heart
of man.
So much for subjectivism! If the dilemma of
determinism be to choose between it and pessimism, I see little room
for hesitation from the strictly theoretical point of view.
Subjectivism seems the more rational scheme. And the world may
possibly, for aught I know, be nothing else. When the healthy love of
life is on one, and all its forms and its appetites seem so unutterably
real; when the most brutal and the most spiritual things are lit by the
same sun, and each is an integral part of the total richness,--why,
then it seems a grudging and sickly way of meeting so robust a universe
to shrink from any of its facts and wish them not to be. Rather take
the strictly dramatic point of view, and treat the whole thing as a
great unending romance which the spirit of the universe, striving to
realize its own content, is eternally thinking out and representing to
itself.
Subjectivism leads to corruption
No one, I hope, will accuse me, after I have said
all this, of underrating the reasons in favor of subjectivism. And now
that I proceed to say why those reasons, strong as they are, fail to
convince my own mind, I trust the presumption may be that my objections
are stronger still.
I frankly confess that they are of a practical
order. If we practically take up subjectivism in a sincere and radical
manner and follow its consequences, we meet with some that make us
pause. Let a subjectivism begin in never so severe and intellectual a
way, it is forced by the law of its nature to develop another side of
itself and end with the corruptest curiosity. Once dismiss the notion
that certain duties are good in themselves, and that we are here to do
them, no matter how we feel about them; once consecrate the opposite
notion that our performances and our violations of duty are for a
common purpose, the attainment of subjective knowledge and feeling, and
that the deepening of these is the chief end of our lives,--and at what
point on the downward slope are we to stop? In theology, subjectivism
develops as its "left wing" antinomianism. In literature, its left wing
is romanticism. And in practical life it is either a nerveless
sentimentality or a sensualism without bounds.
Everywhere it fosters the fatalistic mood of mind.
It makes those who are already too inert more passive still; it renders
wholly reckless those whose energy is already in excess. All through
history we find how subjectivism, as soon as it has a free career,
exhausts itself in every sort of spiritual, moral, and practical
license. Its optimism turns to an ethical indifference, which
infallibly brings dissolution in its train. It is perfectly safe to say
now that if the Hegelian gnosticism, which has begun to show itself
here and in Great Britain, were to become a popular philosophy, as it
once was in Germany, it would certainly develop its left wing here as
there, and produce a reaction of disgust. Already I have heard a
graduate of this very school express in the pulpit his willingness to
sin like David, if only he might repent like David. You may tell me he
was only sowing his wild, or rather his tame, oats; and perhaps he was.
But the point is that in the subjectivistic or gnostical philosophy
oat-sowing, wild or tame, becomes a systematic necessity and the chief
function of life. After the pure and classic truths, the exciting and
rancid ones must be experienced; and if the stupid virtues of the
philistine herd do not then come in and save society from the influence
of the children of light, a sort of inward putrefaction becomes its
inevitable doom.
Look at the last runnings of the romantic school, as
we see them in that strange contemporary Parisian literature, with
which we of the less clever countries are so often driven to rinse out
our minds after they have become clogged with the dullness and
heaviness of our native pursuits. The romantic school began with the
worship of subjective sensibility and the revolt against legality of
which Rousseau was the first great prophet: and through various fluxes
and refluxes, right wings and left wings, it stands today with two men
of genius, M. Renan and M. Zola, as its principal exponents,--one
speaking with its masculine, and the other with what might be called
its feminine, voice. I prefer not to think now of less noble members of
the school, and the Renan I have in mind is of course the Renan of
latest dates. As I have used the term gnostic, both he and Zola are
gnostics of the most pronounced sort. Both are athirst for the facts of
life, and both think the facts of human sensibility to be of all facts
the most worthy of attention. Both agree, moreover, that sensibility
seems to be there for no higher purpose,--certainly not, as the
Philistines say, for the sake of bringing mere outward rights to pass
and frustrating outward wrongs. One dwells on the sensibilities for
their energy, the other for their sweetness; one speaks with a voice of
bronze, the other with that of an Aeolian harp; one ruggedly ignores
the distinction of good and evil, the other plays the coquette between
the craven unmanliness of his Philosophic Dialogues and the butterfly optimism of his Souvenirs de Jeunesse. But under the pages of both there sounds incessantly the hoarse bass of vanitas vanitatum, omnia vanitas, which
the reader may hear, whenever he will, between the lines. No writer of
this French romantic school has a word of rescue from the hour of
satiety with the things of life,--the hour in which we say, "I take no
pleasure in them",--or from the hour of terror at the world's vast
meaningless grinding, if perchance such hours should come. For terror
and satiety are facts of sensibility like any others, and at their own
hour they reign in their own right. The heart of the romantic
utterances, whether poetical, critical, or historical, is this inward
remedilessness, what Carlyle calls this far-off whimpering of wail and
woe. And from this romantic state of mind there is absolutely no
possible theoretic escape. Whether, like Renan, we look upon
life in a more refined way, as a romance of the spirit; or whether,
like the friends of M. Zola, we pique ourselves on our "scientific" and
"analytic" character, and prefer to be cynical, and call the world a roman expérimental on
an infinite scale,--in either case the world appears to us potentially
as what the same Carlyle once called it, a vast, gloomy, solitary
Golgotha and mill of death.
The only escape is by the practical way. And since I
have mentioned the nowadays much-reviled name of Carlyle, let me
mention it once more, and say it is the way of his teaching. No matter
for Carlyle's life, no matter for a great deal of his writing. What was
the most important thing he said to us? He said: "Hang your
sensibilities! Stop your snivelling complaints, and your equally
snivelling raptures! Leave off your general emotional tomfoolery, and
get to WORK like men!" But this means a complete rupture with the
subjectivist philosophy of things. It says conduct, and not
sensibility, is the ultimate fact for our recognition. With the vision
of certain works to be done, of certain outward changes to be wrought
or resisted, it says our intellectual horizon terminates. No matter how
we succeed in doing these outward duties, whether gladly and
spontaneously, or heavily and unwillingly, do them we somehow must; for
the leaving of them undone is perdition. No matter how we feel; if we
are only faithful in the outward act and refuse to do wrong, the world
will in so far be safe, and we quit of our debt toward it. Take, then,
the yoke upon our shoulders; bend our neck beneath the heavy legality
of its weight; regard something else than our feeling as our limit, our
master, and our law; be willing to live and die in its service,--and,
at a stroke, we have passed from the subjective into the objective
philosophy of things, much as one awakens from some feverish dream,
full of bad lights and noises, to find one's self bathed in the sacred
coolness and quiet of the air of the night.
But what is the essence of this philosophy of
objective conduct so old-fashioned and finite, but so chaste and sane
and strong, when compared with its romantic rival? It is the
recognition of limits, foreign and opaque to our understanding. It is
the willingness, after bringing about some external good, to feel at
peace; for our responsibility ends with the performance of that duty,
and the burden of the rest we may lay on higher powers.
"Look to thyself, O Universe,

Thou are better and not worse,"

we may say in that philosophy, the moment we have
done our stroke of conduct, however small. For in the view of that
philosophy the universe belongs to a plurality of semi-independent
forces, each one of which may help or hinder, and be helped or hindered
by, the operations of the rest.
But this brings us right back, after such a long
detour, to the question of indeterminism and to the conclusion of all I
came here to say tonight. For the only consistent way of representing a
pluralism and a world whose parts may affect one another through their
conduct being either good or bad is the indeterministic way. What
interest, zest, or excitement can there be in achieving the right way,
unless we are enabled to feel that the wrong way is also a possible and
a natural way,--nay, more, a menacing and an imminent way? And what
sense can there be in condemning ourselves for taking the wrong way,
unless we need have done nothing of the sort, unless the right way was
open to us as well? I cannot understand the willingness to act, no
matter how we feel, without the belief that acts are really good and
bad. I cannot understand the belief that an act is bad, without regret
at its happening. I cannot understand regret without the admission of
real, genuine possibilities in the world. Only then is it other
than a mockery to feel, after we have failed to do our best, that an
irreparable opportunity is gone from the universe, the loss of which it
must forever after mourn.
A world with chance in it is morally the less irrational alternative
If you insist that this is all superstition, that
possibility is in the eye of science and reason impossibility, and that
if I act badly 'tis that the universe was foredoomed to suffer this
defect, you fall right back into the dilemma, the labyrinth, of
pessimism and subjectivism, from out of whose toils we have just found
our way.
Now, we are of course free to fall back, if we
please. For my own part, though, whatever difficulties may beset the
philosophy of objective right and wrong, and the indeterminism it seems
to imply, determinism, with its alternative of pessimism or
romanticism, contains difficulties that are greater still. But you will
remember that I expressly repudiated a while ago the pretension to
offer any arguments which could be coercive in a so-called scientific
fashion in this matter. And I consequently find myself, at the end of
this long talk, obliged to state my conclusions in an altogether
personal way. This personal method of appeal seems to be among the very
conditions of the problem; and the most anyone can do is to confess as
candidly as he can the grounds for the faith that is in him, and leave
his example to work on others as it may.
Let me, then, without circumlocution say just this.
The world is enigmatical enough in all conscience, whatever theory we
may take up toward it. The indeterminism I defend, the free-will theory
of popular sense based on the judgment of regret, represents that world
as vulnerable, and liable to be injured by certain of its parts if they
act wrong. And it represents their acting wrong as a matter of
possibility or accident, neither inevitable nor yet to be infallibly
warded off. In all this, it is a theory devoid either of transparency
or of stability. It gives us a pluralistic, restless universe, in which
no single point of view can ever take in the whole scene; and to a mind
possessed of the love of unity at any cost, it will, no doubt, remain
forever unacceptable. A friend with such a mind once told me that the
thought of my universe made him sick, like the sight of the horrible
motion of a mass of maggots in their carrion bed.
But while I freely admit that the pluralism and the
restlessness are repugnant and irrational in a certain way, I find that
every alternative to them is irrational in a deeper way. The
indeterminism with its maggots, if you please to speak so about it,
offends only the native absolutism of my intellect,--an absolutism
which, after all, perhaps, deserves to be snubbed and kept in check.
But the determinism with its necessary carrion, to continue the figure
of speech, and with no possible maggots to eat the latter up, violates
my sense of moral reality through and through. When, for example, I
imagine such carrion as the Brockton murder, I cannot conceive it as an
act by which the universe, as a whole, logically and necessarily
expresses its nature without shrinking from complicity with such a
whole. And I deliberately refuse to keep on terms of loyalty with the
universe by saying blankly that the murder, since it does flow from the
nature of the whole, is not carrion. There are some instinctive
reactions which I, for one, will not tamper with. The only remaining
alternative, the attitude of gnostical romanticism, wrenches my
personal instincts in quite as violent a way. It falsifies the simple
objectivity of their deliverance. It makes the goose flesh the murder
excites in me a sufficient reason for the perpetration of the crime. It
transforms life from a tragic reality into an insincere melodramatic
exhibition, as foul or as tawdry as anyone's diseased curiosity pleases
to carry it out. And with its consecration of the roman naturalists state of mind, and its enthronement of the baser crew of Parisian littérateurs among
the eternally indispensable organs by which the infinite spirit of
things attains to that subjective illumination which is the task of its
life, it leaves me in presence of a sort of subjective carrion
considerably more noisome than the objective carrion I called it in to
take away.
No! better a thousand times, than such systematic
corruption of our moral sanity, the plainest pessimism, so that it be
straightforward; but better far than that the world of chance. Make as
great an uproar about chance as you please, I know that chance means
pluralism and nothing more. If some of the members of the pluralism are
bad, the philosophy of pluralism, whatever broad views it may deny me,
permits me, at least, to turn to the other members with a clean breast
of affection and an unsophisticated moral sense. And if I still wish to
think of the world as a totality, it lets me feel that a world with a chance in
it of being altogether good, even if the chance never come to pass, is
better than a world with no such chance at all. That "chance" whose
very notion I am exhorted and conjured to banish from my view of the
future as the suicide of reason concerning it, that "chance" is--what?
Just this,--the chance that in moral respects the future may be other
and better than the past has been. This is the only chance we have any
motive for supposing to exist. Shame, rather, on its repudiation and
its denial! For its presence is the vital air which lets the world
live, the salt which keeps it sweet.
And here I might legitimately stop, having expressed
all I care to see admitted by others tonight. But I know that if I do
stop here, misapprehensions will remain in the minds of some of you,
and keep all I have said from having its effect; so I judge it best to
add a few more words.
In the first place, in spite of all my explanations,
the word "chance" will still be giving trouble. Though you may
yourselves be adverse to the deterministic doctrine, you wish a
pleasanter word than "chance" to name the opposite doctrine by; and you
very likely consider my preference for such a word a perverse sort of a
partiality on my part. It certainly is a bad word to make converts with; and you wish I had not thrust it so butt-foremost at you,--you wish to use a milder term.
Well, I admit there may be just a dash of perversity
in its choice. The spectacle of the mere word-grabbing game played by
the soft determinists has perhaps driven me too violently the other
way; and, rather than be found wrangling with them for the good words,
I am willing to take the first bad one which comes along, provided it
be unequivocal. The question is of things, not of eulogistic names for
them; and the best word is the one that enables men to know the
quickest whether they disagree or not about the things. But the word
"chance," with its singular negativity, is just the word for this
purpose. Whoever uses it instead of "freedom," squarely and resolutely
gives up all pretense to control the things he says are free. For him, he confesses that they are no better than mere chance would be. It is a word of impotence, and
is therefore the only sincere word we can use, if, in granting freedom
to certain things, we grant it honestly, and really risk the game. "Who
chooses me must give and forfeit all he hath." Any other word permits
of quibbling, and lets us, after the fashion of the soft determinists,
make a pretense of restoring the caged bird to liberty with one hand,
while with the other we anxiously tie a string to it leg to make sure
it does not get beyond our sight.
Chance not incompatible with an ultimate Providence
But now you will bring up your final doubt. Does not
the admission of such an unguaranteed chance or freedom preclude
utterly the notion of a Providence governing the world? Does it not
leave the fate of the universe at the mercy of the
chance-possibilities, and so far insecure? Does it not, in short, deny
the craving of our nature for an ultimate peace behind all tempests,
for a blue zenith above all clouds?
To this my answer must be very brief. The belief in
free will is not in the least incompatible with the belief in
Providence, provided you do not restrict the Providence to fulminating
nothing but fatal degrees. If you allow him to provide
possibilities as well as actualities to the universe, and to carry on
his own thinking in those two categories just as we do ours, chances
may be there, uncontrolled even by him, and the course of the universe
be really ambiguous; and yet the end of all things may be just what he
intended it to be from all eternity.
An analogy will make the meaning of this clear.
Suppose two men before a chessboard,--the one a novice, the other an
expert player of the game. The expert intends to beat. But he cannot
foresee exactly what any one actual move of his adversary may be. He
knows, however, all the possible moves of the latter; and he
knows in advance how to meet each of them by a move of his own which
leads in the direction of victory. And the victory infallibly arrives,
after no matter how devious a course, in the one predestined form of
check-mate to the novice's king.
Let now the novice stand for us finite free agents,
and the expert for the infinite mind in which the universe lies.
Suppose the latter to be thinking out his universe before he actually
creates it. Suppose him to say, I will lead things to a certain end,
but I will not now decide on all the steps thereto. At various points, ambiguous possibilities shall be left open, either of
which, at a given instant, may become actual. But whichever branch of
these bifurcations becomes real, I know what I shall do at the next
bifurcation to keep things from drifting away from the final result I
intend."
The creator's plan of the universe would thus be
left blank as to many of its actual details, but all possibilities
would be marked down. The realization of some of these would be left
absolutely to chance; that is, would only be determined when the
moments of realization came. Other possibilities would be contingently determined;
that is, their decision would have to wait till it was seen how the
matters of absolute chance fell out. But the rest of the plan,
including its final upshot, would be rigorously determined once for
all. So the creator himself would not need to know all the details of
actuality until they came; and at any time his own view of the world
would be a view partly of facts and partly of possibilities, exactly as
ours is now. Of one thing, however, he might be certain; and that is
that his world was safe, and that no matter how much of it might zigzag
he could surely bring it home at last.
Now, it is entirely immaterial, in this scheme,
whether the creator leave the absolute chance-possibilities to be
decided by himself, each when its proper moment arrives, or whether, on
the contrary, he alienate this power from himself, and leave the
decision out and out to finite creatures such as we men are. The great
point is that the possibilities are really here. Whether it be
we who solve them, or he working through us, at those soul-trying
moments when fate's scales seem to quiver, and good snatches the
victory from evil or shrinks nerveless from the fight, is of small
account, so long as we admit that the issue is decided nowhere else
than here and now. That is what gives the palpitating
reality to our moral life and makes it tingle, as Mr. Mallock says,
with so strange and elaborate an excitement. This reality, this
excitement, are what the determinisms, hard and soft alike, suppress by
their denial that anything is decided here and now, and their
dogma that all things were foredoomed and settled long ago. If it be
so, may you and I then have been foredoomed to the error of continuing
to believe in liberty. It is fortunate for the winding up of
controversy that in every discussion with determinism this argumentum ad hominem can be its adversary's last word.
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THE QUESTION OF 'FREE-WILL.'
From The Principles of Psychology, Chapter XXVI, pp.569-79  

Especially must we, when talking about it, rid our mind of the fabulous warfare of separate agents called ideas.' The brain-processes may be agents, and the thought as such may be an agent. But what the ordinary psychologies call ideas' are nothing but parts of the total object of representation. All that is before the mind at once, no matter how complex a system of things and relations it may be, is one object for the thought. Thus, A-and-B-and-their-mutual-incompatibility - and - the - fact - that - one-alone-can-be-true-or-can - become - real-notwithstanding -the-probability-or-desirability-of-both' may be such a complex object; and where the thought is deliberative its object has always some such form as this. When, now, we pass from deliberation to decision, that total object undergoes a change. We either dismiss A altogether and its relations to B, and think of B exclusively; or after thinking of both as possibilities, we next think that A is impossible, and that B is or forthwith shall be real. In either case a new object is before our thought; and where effort exists, it is where the change from the first object to the second one is hard. Our thought seems to turn in this case like a heavy door upon its hinges; only, so far as the effort feels spontaneous, it turns, not as if by some one helping, but as if by an inward activity, born for the occasion, of its own.

The psychologists who discussed 'the muscular sense' at the international congress at Paris in 1889 agreed at the end that they needed to come to a better understanding in regard to this appearance of internal activity at the moment when a decision is made. M. Fouillée, in an article which I find more interesting and suggestive than coherent or conclusive,* seems to resolve our sense of activity into that of our very existence as thinking entities. At least so I translate his words.† But we saw in Chapter X how hard it is to lay a verifying finger plainly upon the thinking process as such, and to distinguish it from certain objects of the stream. M. Fouillée admits this; but I do not think he fully realizes how strong would be the position of a man who should suggest (see Vol. I. p. 301) that the feeling of moral activity itself which accompanies the advent of certain 'objects' before the mind is nothing but certain other objects, — constrictions, namely, in the brows, eyes, throat, and breathing apparatus, present then, but absent from other pulses of subjective change. Were this the truth, then a part, at any rate, of the activity of which we become aware in effort would seem merely to be that of our body; and many thinkers would probably thereupon conclude that this 'settles the claims' of inner activity, and dismisses the whole notion of such a thing as a superfluity in psychological science.


I cannot see my way to so extreme a view ; even although I must repeat the confession made on pp. 296-7 of Vol. I, that I do not fully understand how we come to our unshakable belief that thinking exists as a special kind of immaterial process alongside of the material processes of the world. It is certain, however, that only by postulating such thinking do we make things currently intelligible; and it is certain that no psychologist has as yet denied the fact of thinking, the utmost that has been denied being its dynamic power. But if we postulate the fact of the thinking at all, I believe that we must postulate its power as well; nor do I see how we can rightly equalize its power with its mere existence, and say (as M. Fouillée seems to say) that for the thought-process to go on at all is an activity, and an activity everywhere the same; for certain steps forward in this process seem prima facie to be passive, and other steps (as where an object comes with effort) seem prima facie to be active in a supreme degree. If we admit, therefore, that our thoughts exist, we ought to admit that they exist after the fashion in which they appear, as things, namely, that supervene upon each other, sometimes with effort and sometimes with ease; the only questions being, is the effort where it exists a fixed function of the object, which the latter imposes on the thought? or is it such an independent 'variable' that with a constant object more or less of it may be made?


It certainly appears to us indeterminate, and as if, even with an unchanging object, we might make more or less, as we choose. If it be really indeterminate, our future acts are ambiguous or unpredestinate: in common parlance, our wills are free. If the amount of effort be not indeterminate, but be related in a fixed manner to the objects themselves, in such wise that whatever object at any time fills our consciousness was from eternity bound to fill it then and there, and compel from us the exact effort, neither more nor less, which we bestow upon it, — then our wills are not free, and all our acts are foreordained. The question of fact in the free-will controversy is thus extremely simple. It relates solely to the amount of effort of attention or consent which we can at any time put forth. Are the duration and intensity of this effort fixed functions of the object, or are they not? Now, as I just said, it seems as if the effort were an independent variable, as if we might exert more or less of it in any given case. When a man has let his thoughts go for days and weeks until at last they culminate in some particularly dirty or cowardly or cruel act, it is hard to persuade him, in the midst of his remorse, that he might not have reined them in; hard to make him believe that this whole goodly universe (which his act so jars upon) required and exacted it of him at that fatal moment, and from eternity made aught else impossible. But, on the other hand, there is the certainty that all his effortless volitions are resultants of interests and associations whose strength and sequence are mechanically determined by the structure of that physical mass, his brain; and the general continuity of things and the monistic conception of the world may lead one irresistibly to postulate that a little fact like effort can form no real exception to the overwhelming reign of deterministic law. Even in effortless volition we have the consciousness of the alternative being also possible. This is surely a delusion here; why is it not a delusion everywhere?

My own belief is that the question of free-will is insoluble on strictly psychologic grounds. After a certain amount of effort of attention has been given to an idea, it is manifestly impossible to tell whether either more or less of it might have been given or not. To tell that, we should have to ascend to the antecedents of the effort, and defining them with mathematical exactitude, prove, by laws of which we have not at present even an inkling, that the only amount of sequent effort which could possibly comport with them was the precise amount which actually came. Measurements, whether of psychic or of neural quantities, and deductive reasonings such as this method of proof implies, will surely be forever beyond human reach. No serious psychologist or physiologist will venture even to suggest a notion of how they might be practically made. We are thrown back therefore upon the crude evidences of introspection on the one hand, with all its liabilities to deception, and, on the other hand, upon a priori postulates and probabilities. He who loves to balance nice doubts need be in no hurry to decide the point. Like Mephistopheles to Faust, he can say to himself, "dazu hast du noch eine lange Frist," for from generation to generation the reasons adduced on both sides will grow more voluminous, parti pris outweighs that of keeping questions open, or if, as a French philosopher of genius says, "l'amour de la vie qui s'indigne de tant de discours," awakens in us, craving the sense of either peace or power, — then, taking the risk of error on our head, we must project upon one of the alternative views the attribute of reality for us; we must so fill our mind with the idea of it that it becomes our settled creed. The present writer does this for the alternative of freedom, but since the grounds of his opinion are ethical rather than psychological, he prefers to exclude them from the present book.*


A few words, however, may be permitted about the logic of the question. The most that any argument can do for determinism is to make it a clear and seductive conception, which a man is foolish not to espouse, so long as he stands by the great scientific postulate that the world must be one unbroken fact, and that prediction of all things without exception must be ideally, even if not actually, possible. It is a moral postulate about the Universe, the postulate that what ought to be can be, and that bad acts cannot be fated, but that good ones must be possible in their place, which would lead one to espouse the contrary view. But when scientific and moral postulates war thus with each other and objective proof is not to be had, the only course is voluntary choice, for scepticism itself, if systematic, is also voluntary choice. 

James chooses free will from alternative possible beliefs


If, meanwhile, the will be undetermined, it would seem only fitting that the belief in its indetermination should be voluntarily chosen from amongst other possible beliefs. Freedom's first deed should be to affirm itself. We ought never to hope for any other method of getting at the truth if indeterminism be a fact. Doubt of this particular truth will therefore probably be open to us to the end of time, and the utmost that a believer in free-will can ever do will be to show that the deterministic arguments are not coercive. That they are seductive, I am the last to deny ; nor do I deny that effort may be needed to keep the faith in freedom, when they press upon it, upright in the mind.

There is a fatalistic argument for determinism, however, which is radically vicious. When a man has let himself go time after time, he easily becomes impressed with the enormously preponderating influence of circumstances, hereditary habits, and temporary bodily dispositions over what might seem a spontaneity born for the occasion. "All is fate," he then says; "all is resultant of what preexists. Even if the moment seems original, it is but the instable molecules passively tumbling in their preappointed way. It is hopeless to resist the drift, vain to look for any new force coming in; and less, perhaps, than anywhere else under the sun is there anything really mine in the decisions which I make." This is really no argument for simple determinism. There runs throughout it the sense of a force which might make things otherwise from one moment to another, if it were only strong enough to breast the tide. A person who feels the impotence of free effort in this way has the acutest notion of what is meant by it, and of its possible independent power. How else could he be so conscious of its absence and of that of its effects? But genuine determinism occupies a totally different ground; not the impotence but the unthinkability of free-will is what it affirms. It admits something phenomenal called free effort, which seems to breast the tide, but it claims this as a portion of the tide. The variations of the effort cannot be independent, it says; they cannot originate ex nihilo, or come from a fourth dimension; they are mathematically fixed functions of the ideas themselves, which are the tide. Fatalism, which conceives of effort clearly enough as an independent variable that might come from a fourth dimension, if it would come but that does not come, is a very dubious ally for determinism. It strongly imagines that very possibility which determinism denies.


But what, quite as much as the inconceivability of absolutely independent variables, persuades modern men of science that their efforts must be predetermined, is the continuity of the latter with other phenomena whose predetermination no one doubts. Decisions with effort merge so gradually into those without it that it is not easy to say where the limit lies. Decisions without effort merge again into ideo-motor, and these into reflex acts; so that the temptation is almost irresistible to throw the formula which covers so many cases over absolutely all. Where there is effort just as where there is none, the ideas themselves which furnish the matter of deliberation are brought before the mind by the machinery of association. And this machinery is essentially a system of arcs and paths, a reflex system, whether effort be amongst its incidents or not. The reflex way is, after all, the universal way of conceiving the business. The feeling of ease is a passive result of the way in which the thoughts unwind themselves. Why is not the feeling of effort the same? Professor Lipps, in his admirably clear deterministic statement, so far from admitting that the feeling of effort testifies to an increment of force exerted, explains it as a sign that force is lost. We speak of effort, according to him, whenever a force expends itself (wholly or partly) in neutralizing another force, and so fails of its own possible outward effect. The outward effect of the antagonistic force, however, also fails in corresponding measure, "so that there is no effort without counter-effort,... and effort and counter-effort signify only that causes are mutually robbing each other of effectiveness."* Where the forces are ideas, both sets of them, strictly speaking, are the seat of effort — both those which tend to explode, and those which tend to check them. We, however, call the more abundant mass of ideas ourselves; and, talking of its effort as our effort, and of that of the smaller mass of ideas as the resistance,† we say that our effort sometimes overcomes the resistances offered by the inertias of an obstructed, and sometimes those presented by the impulsions of an explosive, will. Really both effort and resistance are ours, and the identification of our self with one of these factors is an illusion and a trick of speech. I do not see how anyone can fail (especially when the mythologic dynamism of separate ideas,' which Professor Lipps cleaves to, is translated into that of brain-processes) to recognize the fascinating simplicity of some such view as his. Nor do I see why for scientific purposes one need give it up even if indeterminate amounts of effort really do occur. Before their indeterminism, science simply stops. She can abstract from it altogether, then; for in the impulses and inhibitions with which the effort has to cope there is already a larger field of uniformity than she can ever practically cultivate. Her prevision will never foretell, even if the effort be completely predestinate, the actual way in which each individual emergency is resolved. Psychology will be Psychology,* and Science Science, as much as ever (as much and no more) in this world, whether free-will be true in it or not. Science, however, must be constantly reminded that her purposes are not the only purposes, and that the order of uniform causation which she has use for, and is therefore right in postulating, may be enveloped in a wider order, on which she has no claims at all.


We can therefore leave the free-will question altogether out of our account. As we said in Chapter VI (p. 453), the operation of free effort, if it existed, could only be to hold some one ideal object, or part of an object, a little longer or a little more intensely before the mind.
alternative possibilities "present themselves" (thoughts come to us, actions come from us)


 Amongst the alternatives which present themselves as genuine possibles, it would thus make one effective.* And although such quickening of one idea might be morally and historically momentous, if considered dynamically, it would be an operation amongst those physiological infinitesimals which calculation must forever neglect.


But whilst eliminating the question about the amount of our effort as one which psychology will never have a practical call to decide, I must say one word about the extraordinarily intimate and important character which the phenomenon of effort assumes in our own eyes as individual men. Of course we measure ourselves by many standards. Our strength and our intelligence, our wealth and even our good luck, are things which warm our heart and make us feel ourselves a match for life. But deeper than all such things, and able to suffice unto itself without them, is the sense of the amount of effort which we can put forth. Those are, after all, but effects, products, and reflections of the outer world within. But the effort seems to belong to an altogether different realm, as if it were the substantive thing which we are, and those were but externals which we carry. If the 'searching of our heart and reins' be the purpose of this human drama, then what is sought seems to be what effort we can make. He who can make none is but a shadow ; he who can make much is a hero. The huge world that girdles us about puts all sorts of questions to us, and tests us in all sorts of ways. Some of the tests we meet by actions that are easy, and some of the questions we answer in articulately formulated words. 


echoes of Nietzsche's Will to Power


But the deepest question that is ever asked admits of no reply but the dumb turning of the will and tightening of our heartstrings as we say, "Yes, I will even have it so!" When a dreadful object is presented, or when life as a whole turns up its dark abysses to our view, then the worthless ones among us lose their hold on the situation altogether, and either escape from its difficulties by averting their attention, or if they cannot do that, collapse into yielding masses of plaintiveness and fear. The effort required for facing and consenting to such objects is beyond their power to make. But the heroic mind does differently. To it, too, the objects are sinister and dreadful, unwelcome, incompatible with wished-for things. But it can face them if necessary, without for that losing its hold upon the rest of life. The world thus finds in the heroic man its worthy match and mate ; and the effort which he is able to put forth to hold himself erect and keep his heart unshaken is the direct measure of his worth and function in the game of human life. He can stand this Universe. He can meet it and keep up his faith in it in presence of those same features which lay his weaker brethren low. He can still find a zest in it, not by ostrich-like forgetfulness,' but by pure inward willingness to face the world with those deterrent objects there. And hereby he becomes one of the masters and the lords of life. He must be counted with henceforth; he forms a part of human destiny. Neither in the theoretic nor in the practical sphere do we care for, or go for help to, those who have no head for risks, or sense for living on the perilous edge. Our religious life lies more, our practical life lies less, than it used to, on the perilous edge. But just as our courage is so often a reflex of another's courage, so our faith is apt to be, as Max Muller somewhere says, a faith in some one else's faith. We draw new life from the heroic example. The prophet has drunk more deeply than anyone of the cup of bitterness, but his countenance is so unshaken and he speaks such mighty words of cheer that his will becomes our will, and our life is kindled at his own.

Thus not only our morality but our religion, so far as the latter is deliberate, depend on the effort which we can make. 


We are always free to act or not to act - to choose "yes" or "no" without the words


"Will you or won't you have it so?" is the most probing question we are ever asked; we are asked it every hour of the day, and about the largest as well as the smallest, the most theoretical as well as the most practical, things. We answer by consents or non-consents and not by words. What wonder that these dumb responses should seem our deepest organs of communication with the nature of things! What wonder if the effort demanded by them be the measure of our worth as me! What wonder if the amount which we accord of it be the one strictly underived and original contribution which we make to the world !


The Dilemma of DeterminismGreat Men, Great Thoughts, and the Environment
The Mind and its 'Ideas' (Principles of Psychology, XXVI, pp.559-69) 


For Scholars





indeterminate possibilities let us choose alternative ambiguous futures  


Source: https://www.informationphilosopher.com/solutions/philosophers/james/question_of_free_will.html
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  What is an Emotion?
Mind, 9, 188-205. (1884)

The physiologists who, during the past few years, have been so industriously
exploring the functions of the brain, have limited their attempts at explanation
to its cognitive and volitional performances. Dividing the brain into sensorial
and motor centres, they have found their division to be exactly paralleled
by the analysis made by empirical psychology, of the perceptive and volitional
parts of the mind into their simplest elements. But the aesthetic sphere
of the mind, its longings, its pleasures and pains, and its emotions, have
been so ignored in all these researches that one is tempted to suppose
that if either Dr. Ferrier or Dr. Munk were asked for a theory in brain-terms
of the latter mental facts, they might both reply, either that they had
as yet bestowed no thought upon the subject, or that they had found it
so difficult to make distinct hypotheses, that the matter lay for them
among the problems of the future, only to be taken up after the simpler
ones of the present should have been definitively solved.


And yet it is even now certain that of two things concerning the emotions,
one must be true. Either separate and special centres, affected to them
alone, are their brain-seat, or else they correspond to processes occurring
in the motor and sensory centres, already assigned, or in others like them,
not yet mapped out. If the former be the case we must deny the current
view, and hold the cortex to be something more than the surface of "projection"
for every sensitive spot and every muscle in the body. If the latter be
the case, we must ask whether the emotional "process" in the sensory or
motor centre be an altogether peculiar one, or whether it resembles the
ordinary perceptive processes of which those centres are already recognised
to be the seat. The purpose of the following pages is to show that the
last alternative comes nearest to the truth, and that the emotional brain-processes
not only resemble the ordinary sensorial brain-processes, but in very truth
are nothing but such processes variously combined. The main result
of this will be to simplify our notions of the possible complications of
brain-physiology, and to make us see that we have already a brain-scheme
in our hands whose applications [p.189] are much wider than its authors
dreamed. But although this seems to be the chief result of the arguments
I am to urge, I should say that they were not originally framed for the
sake of any such result. They grew out of fragmentary introspective observations,
and it was only when these had already combined into a theory that the
thought of the simplification the theory might bring to cerebral physiology
occurred to me, and made it seem more important than before.


I should say first of all that the only emotions I propose expressly
to consider here are those that have a distinct bodily expression. That
there are feelings of pleasure and displeasure, of interest and excitement,
bound up with mental operations, but having no obvious bodily expression
for their consequence, would, I suppose, be held true by most readers.
Certain arrangements of sounds, of lines, of colours, are agreeable, and
others the reverse, without the degree of the feeling being sufficient
to quicken the pulse or breathing, or to prompt to movements of either
the body or the face. Certain sequences of ideas charm us as much as others
tire us. It is a real intellectual delight to get a problem solved, and
a real intellectual torment to have to leave it unfinished. The first set
of examples, the sounds, lines, and colours, are either bodily sensations,
or the images of such. The second set seem to depend on processes in the
ideational centres exclusively. Taken together, they appear to prove that
there are pleasures and pains inherent in certain forms of nerve-action
as such, wherever that action occur. The case of these feelings we will
at present leave entirely aside, and confine our attention to the more
complicated cases in which a wave of bodily disturbance of some kind accompanies
the perception of the interesting sights or sounds, or the passage of the
exciting train of ideas. Surprise, curiosity, rapture, fear, anger, lust,
greed, and the like, become then the names of the mental states with which
the person is possessed. The bodily disturbances are said to be the "manifestation"
of these several emotions, their "expression" or "natural language"; and
these emotions themselves, being so strongly characterized both from within
and without, may be called the standard emotions.


Our natural way of thinking about these standard emotions is that the
mental perception of some fact excites the mental affection called the
emotion, and that this latter state of mind gives rise to the bodily expression.
My thesis on the contrary is that the bodily changes follow directly
the PERCEPTION of the exciting fact, and that
our feeling of the [p.190] same changes as they occur ISthe emotion. Common sense says, we lose our fortune, are sorry and
weep; we meet a bear, are frightened and run; we are insulted by a rival,
are angry and strike. 


The hypothesis here to be defended says that this
order of sequence is incorrect, that the one mental state is not immediately
induced by the other, that the bodily manifestations must first be interposed
between, and that the more rational statement is that we feel sorry because
we cry, angry because we strike, afraid because we tremble, and not that
we cry, strike, or tremble, because we are sorry, angry, or fearful, as
the case may be. 
Without the bodily states following on the perception,
the latter would be purely cognitive in form, pale, colourless, destitute
of emotional warmth. We might then see the bear, and judge it best to run,
receive the insult and deem it right to strike, but we could not actually
feel afraid or angry.

Stated in this crude way, the hypothesis is pretty sure to meet with
immediate disbelief. And yet neither many nor far-fetched considerations
are required to mitigate its paradoxical character, and possibly to produce
conviction of its truth.


To begin with, readers of the Journal do not need to be reminded that
the nervous system of every living thing is but a bundle of predispositions
to react in particular ways upon the contact of particular features of
the environment. As surely as the hermit-crab's abdomen presupposes the
existence of empty whelk-shells somewhere to be found,so surely do the
hound's olfactories imply the existence, on the one hand, of deer's or
foxes' feet, and on the other, the tendency to follow up their tracks.
The neural machinery is but a hyphen between determinate arrangements of
matter outside the body and determinate impulses to inhibition or discharge
within its organs. When the hen sees a white oval object on the ground,
she cannot leave it; she must keep upon it and return to it, until at last
its transformation into a little mass of moving chirping down elicits from
her machinery an entirely new set of performances. The love of man for
woman, or of the human mother for her babe, our wrath at snakes and our
fear of precipices, may all be described similarly, as instances of the
way in which peculiarly conformed pieces of the world's furniture will
fatally call forth most particular mental and bodily reactions, in advance
of, and often in direct opposition to, the verdict of our deliberate reason
concerning them. The labours of Darwin and his successors are only just
beginning to reveal the universal parasitism of each creature upon other
special things, [p.191] and the way in which each creature brings the signature
of its special relations stamped on its nervous system with it upon the
scene.



James here intuits the very heart of the biocommunications system of signaling inside the body and out as an information structure (message) sent with an evolved purpose to a receiver with an evolved contextual interpretation that executes an action 

Every living creature is in fact a sort of lock, whose wards and springs
presuppose special forms of key, - which keys however are not born attached
to the locks, but are sure to be found in the world near by as life goes
on. And the locks are indifferent to any but their own keys. The egg fails
to fascinate the hound, the bird does not fear the precipice, the snake
waxes not wroth at his kind, the deer cares nothing for the woman or the
human babe. Those who wish for a full development of this point of view,
should read Schneider's Der thierische Wille, - no other book shows
how accurately anticipatory are the actions of animals, of the specific
features of the environment in which they are to live.


Now among these nervous anticipations are of course to be reckoned the
emotions, so far as these may be called forth directly by the perception
of certain facts. In advance of all experience of elephants no child can
but be frightened if he suddenly find one trumpeting and charging upon
him. No woman can see a handsome little naked baby without delight, no
man in the wilderness see a human form in the distance without excitement
and curiosity. I said I should consider these emotions only so far as they
have bodily movements of some sort for their accompaniments. But my first
point is to show that their bodily accompaniments are much more far-reaching
and complicated than we ordinarily suppose.


In the earlier books on Expression, written mostly from the artistic
point of view, the signs of emotion visible from without were the only
ones taken account of. Sir Charles Bell's celebrated Anatomy of Expression
noticed the respiratory changes; and Bain's and Darwin's treatises
went more thoroughly still into the study of the visceral factors involved,-
changes in the functioning of glands and muscles, and in that of the circulatory
apparatus. But not even a Darwin has exhaustively enumerated all the
bodily affections characteristic of any one of the standard emotions. More
and more, as physiology advances, we begin to discern how almost infinitely
numerous and subtle they must be. The researches of Mosso with the plethysmograph
have shown that not only the heart, but the entire circulatory system,
forms a sort of sounding-board, which every change of our consciousness,
however slight, may make reverberate. Hardly a sensation comes to us without
sending waves of [p.192] alternate constriction and dilatation down the
arteries of our arms. The blood-vessels of the abdomen act reciprocally
with those of the more outward parts. The bladder and bowels, the glands
of the mouth, throat, and skin, and the liver, are known to be affected
gravely in certain severe emotions, and are unquestionably affected transiently
when the emotions are of a lighter sort. That the heart-beats and the rhythm
of breathing play a leading part in all emotions whatsoever, is a matter
too notorious for proof. And what is really equally prominent, but less
likely to be admitted until special attention is drawn to the fact, is
the continuous co-operation of the voluntary muscles in our emotional states.
Even when no change of outward attitude is produced, their inward tension
alters to suit each varying mood, and is felt as a difference of tone or
of strain. In depression the flexors tend to prevail; in elation or belligerent
excitement the extensors take the lead. And the various permutations and
combinations of which these organic activities are susceptible, make it
abstractly possible that no shade of emotion, however slight, should be
without a bodily reverberation as unique, when taken in its totality, as
is the mental mood itself.


The immense number of parts modified in each emotion is what makes it
so difficult for us to reproduce in cold blood the total and integral expression
of any one of them. We may catch the trick with the voluntary muscles,
but fail with the skin, glands, heart, and other viscera. Just as an artificially
imitated sneeze lacks something of the reality, so the attempt to imitate
an emotion in the absence of its normal instigating cause is apt to be
rather "hollow".


The next thing to be noticed is this, that every one of the bodily changes,
whatsoever it be, is felt, acutely or obscurely, the moment it occurs.
If the reader has never paid attention to this matter, he will be both
interested and astonished to learn how many different local bodily feelings
he can detect in himself as characteristic of his various emotional moods.
It would be perhaps too much to expect him to arrest the tide of any strong
gust of passion for the sake of any such curious analysis as this; but
he can observe more tranquil states, and that may be assumed here to be
true of the greater which is shown to be true of the less. Our whole cubic
capacity is sensibly alive; and each morsel of it contributes its pulsations
of feeling, dim or sharp, pleasant, painful, or dubious, to that sense
of personality that every one of us unfailingly carries with him. It is
surprisingly what little items give accent to these complexes of sensibility.


[p.193] When worried by any slight trouble, one may find that the focus
of one's bodily consciousness is the contraction, often quite inconsiderable,
of the eyes and brows. When momentarily embarrassed, it is something in
the pharynx that compels either a swallow, a clearing of the throat, or
a slight cough; and so on for as many more instances as might be named.
Our concern here being with the general view rather than with the details,
I will not linger to discuss these but, assuming the point admitted that
every change that occurs must be felt, I will pass on.[1]


I now proceed to urge the vital point of my whole theory, which is this.
If we fancy some strong emotion, and then try to abstract from our consciousness
of it all the feelings of its characteristic bodily symptoms, we find we
have nothing left behind, no "mind-stuff" out of which the emotion can
be constituted, and that a cold and neutral state of intellectual perception
is all that remains. It is true, that although most people, when asked
say that their introspection verifies this statement, some persist in saying
theirs does not. Many cannot be made to understand the question. When you
beg them to imagine away every feeling of laughter and of tendency to laugh
from their consciousness of the ludicrousness of an object, and then to
tell you what the feeling of its ludicrousness would be like, whether it
be anything more than the perception that the object belongs to the class
"funny," they persist in replying that the thing proposed is a physical
impossibility, and that they always must laugh, if they see a funny
object. Of course the task proposed is not the practical one of seeing
a ludicrous object and annihilating one's tendency to laugh. It is the
purely speculative one of subtracting certain elements of feeling from
an emotional state supposed to exist in its fulness, and saying what the
residual elements are. I cannot help thinking that all who rightly apprehend
this problem will agree with the proposition above laid down. What kind
of an emotion of fear would be left, if the feelings [p.194] neither of
quickened heart-beats nor of shallow breathing, neither of trembling lips
nor of weakened limbs, neither of goose-flesh nor of visceral stirrings,
were present, it is quite impossible to think. Can one fancy the state
of rage and picture no ebullition of it in the chest, no flushing of the
face, no dilatation of the nostrils, no clenching of the teeth, no impulse
to vigorous action, but in their stead limp muscles, calm breathing, and
a placid face? The present writer, for one, certainly cannot. The rage
is as completely evaporated as the sensation of its so-called manifestations,
and the only thing that can possibly be supposed to take its place is some
cold-blooded and dispassionate judicial sentence, confined entirely to
the intellectual realm, to the effect that a certain person or persons
merit chastisement for their sins. In like manner of grief: what would
it be without its tears, its sobs, its suffocation of the heart, its pang
in the breast-bone? A feelingless cognition that certain circumstances
are deplorable, and nothing more. Every passion in turn tells the same
story. A purely disembodied human emotion is a nonentity. I do not say
that it is a contradiction in the nature of things, or that pure spirits
are necessarily condemned to cold intellectual lives; but I say that for
us, emotion dissociated from all bodily feeling is inconceivable.
The more closely I scrutinise my states, the more persuaded I become, that
whatever moods, affections, and passions I have, are in very truth constituted
by, and made up of, those bodily changes we ordinarily call their expression
or consequence; and the more it seems to me that if I were to become corporeally
anaesthetic, I should be excluded from the life of the affections, harsh
and tender alike, and drag out an existence of merely cognitive or intellectual
form. Such an existence, although it seems to have been the ideal of ancient
sages, is too apathetic to be keenly sought after by those born after the
revival of the worship of sensibility, a few generations ago.


But if the emotion is nothing but the feeling of the reflex bodily effects
of what we call its "objects," effects due to the connate adaptation of
the nervous system to that object, we seem immediately faced by this objection:
most of the objects of civilised men's emotions are things to which it
would be preposterous to suppose their nervous systems connately adapted.
Most occasions of shame and many insults are purely conventional, and vary
with the social environment. The same is true of many matters of dread
and of desire, and of many occasions of melancholy and regret. In these
cases, at least, it would seem that the [p.195] ideas of shame, desire,
regret, &c., must first have been attached by education and association
to these conventional objects before the bodily changes could possibly
be awakened. And if in these cases the bodily changes follow the
ideas, instead of giving rise to them, why not then in all cases?


To discuss thoroughly this objection would carry us deep into the study
of purely intellectual Aesthetics. A few words must here suffice.
We will say nothing of the argument's failure to distinguish between the
idea of an emotion and the emotion itself. We will only recall the well-known
evolutionary principle that when a certain power has once been fixed in
an animal by virtue of its utility in presence of certain features of the
environment, it may turn out to be useful in presence of other features
of the environment that had originally nothing to do with either producing
or preserving it. A nervous tendency to discharge being once there, all
sorts of unforeseen things may pull the trigger and let loose the effects.
That among these things should be conventionalities of man's contriving
is a matter of no psychological consequence whatever. The most important
part of my environment is my fellow-man. The consciousness of his attitude
towards me is the perception that normally unlocks most of my shames and
indignations and fears. The extraordinary sensitiveness of this consciousness
is shown by the bodily modifications wrought in us by the awareness that
our fellow-man is noticing us at all. No one can walk across the
platform at a public meeting with just the same muscular innervation he
uses to walk across his room at home. No one can give a message to such
a meeting without organic excitement. "Stage-fright" is only the extreme
degree of that wholly irrational personal self-consciousness which every
one gets in some measure, as soon as he feels the eyes of a number of strangers
fixed upon him, even though he be inwardly convinced that their feeling
towards him is of no practical account [2] . This being
so, it is not surprising that the additional persuasion that my fellow-man's
attitude means either well or ill for me, should awaken stronger emotions
still. In primitive societies "Well" may mean handing me a piece of beef,
and "Ill" may mean aiming a blow at my skull. In our "cultured [p.196]
age," "Ill" may mean cutting me in the street, and "Well," giving me an
honorary degree. What the action itself may be is quite insignificant,
so long as I can perceive in it intent or animus. That is
the emotion-arousing perception; and may give rise to as strong bodily
convulsions in me, a civilised man experiencing the treatment of an artificial
society, as in any savage prisoner of war, learning whether his captors
are about to eat him or to make him a member of their tribe.


But now, this objection disposed of, there arises a more general doubt.
Is there any evidence, it may be asked, for the assumption that particular
perceptions do produce widespread bodily effects by a sort of immediate
physical influence, antecedent to the arousal of an emotion or emotional
idea?


The only possible reply is, that there is most assuredly such evidence.
In listening to poetry, drama, or heroic narrative, we are often surprised
at the cutaneous shiver which like a sudden wave flows over us, and at
the heart-swelling and the lachrymal effusion that unexpectedly catch us
at intervals. In listening to music, the same is even more strikingly true.
If we abruptly see a dark moving form in the woods, our heart stops beating,
and we catch our breath instantly and before any articulate idea of danger
can arise. If our friend goes near to the edge of a precipice, we get the
well-known feeling of "all-overishness," and we shrink back, although we
positively know him to be safe, and have no distinct imagination
of his fall. The writer well remembers his astonishment, when a boy of
seven or eight, at fainting when he saw a horse bled. The blood was in
a bucket, with a stick in it, and, if memory does not deceive him, he stirred
it round and saw it drip from the stick with no feeling save that of childish
curiosity. Suddenly the world grew black before his eyes, his ears began
to buzz, and he knew no more. He had never heard of the sight of blood
producing faintness or sickness, and he had so little repugnance to it,
and so little apprehension of any other sort of danger from it, that even
at that tender age, as he well remembers, he could not help wondering how
the mere physical presence of a pailful of crimson fluid occasion in him
such formidable bodily effects.


Imagine two steel knife-blades with their keen edges crossing each other
at right-angles, and moving too and fro. Our whole nervous organisation
is "on-edge" at the thought; and yet what emotion can be there except the
unpleasant nervous feeling itself, or the dread that more of it may come?


[p.197] The entire fund and capital of the emotion here is the senseless
bodily effect the blades immediately arouse. This case is typical of a
class: where an ideal emotion seems to precede the bodily symptoms, it
is often nothing but a representation of the symptoms themselves. One who
has already fainted at the sight of blood may witness the preparations
for a surgical operation with uncontrollable heart-sinking and anxiety.
He anticipates certain feelings, and the anticipation precipitates their
arrival. I am told of a case of morbid terror, of which the subject confessed
that what possessed her seemed, more than anything, to be the fear of fear
itself. In the various forms of what Professor Bain calls "tender emotion,"
although the appropriate object must usually be directly contemplated before
the emotion can be aroused, yet sometimes thinking of the symptoms of the
emotion itself may have the same effect. In sentimental natures, the thought
of "yearning" will produce real "yearning". And, not to speak of coarser
examples, a mother's imagination of the caresses she bestows on her child
may arouse a spasm of parental longing.


In such cases as these, we see plainly how the emotion both begins and
ends with what we call its effects or manifestations. It has no mental
status except as either the presented feeling, or the idea, of the
manifestations; which latter thus constitute its entire material, its sum
and substance, and its stock-in-trade. And these cases ought to make us
see how in all cases the feeling of the manifestations may play a much
deeper part in the constitution of the emotion than we are wont to suppose.


If our theory be true, a necessary corollary of it ought to be that
any voluntary arousal of the so-called manifestations of a special emotion
ought to give us the emotion itself. Of course in the majority of emotions,
this test is inapplicable; for many of the manifestations are in organs
over which we have no volitional control. Still, within the limits in which
it can be verified, experience fully corroborates this test. Everyone knows
how panic is increased by flight, and how the giving way to the symptoms
of grief or anger increases those passions themselves. Each fit of sobbing
makes the sorrow more acute, and calls forth another fit stronger still,
until at last repose only ensues with lassitude and with the apparent exhaustion
of the machinery. In rage, it is notorious how we "work ourselves up" to
a climax by repeated outbreaks of expression. Refuse to express a passion,
and it dies. Count ten before venting your anger, and it occasion seems
ridiculous.


[p.198] Whistling to keep up courage is no mere figure of speech. On
the other hand, sit all day in a moping posture, sigh, and reply to everything
with a dismal voice, and your melancholy lingers. There is no more valuable
precept in moral education than this, as all who have experience know:
if we wish to conquer undesirable emotional tendencies in ourselves, we
must assiduously, and in the first instance cold-bloodedly, go through
the outward motions of those contrary dispositions we prefer to
cultivate. The reward of persistency will infallibly come, in the fading
out of the sullenness or depression, and the advent of real cheerfulness
and kindliness in their stead. Smooth the brow, brighten the eye, contract
the dorsal rather than the ventral aspect of the frame, and speak in a
major key, pass the genial compliment, and your heart must be frigid indeed
if it do not gradually thaw!


The only exception to this are apparent, not real. The great emotional
expressiveness and mobility of certain persons often lead us to say "They
would feel more if they talked less". And in another class of persons,
the explosive energy with which passion manifests itself on critical occasions,
seems correlated with the way in which they bottle it up during the intervals.
But these are only eccentric types of character, and within each type the
law of the last paragraph prevails. The sentimentalist is so constructed
that "gushing" is his or her normal mode of expression. Putting a stopper
on the "gush" will only to a limited extent cause more "real" activities
to take its place; in the main it will simply produce listlessness. On
the other hand the ponderous and bilious "slumbering volcano," let him
repress the expression of his passions as he will, will find them expire
if they get no vent at all; whilst if the rare occasions multiply which
he deems worthy of their outbreak, he will find them grow in intensity
as life proceeds.


I feel persuaded there is no real exception to the law. The formidable
effects of suppressed tears might be mentioned, and the calming results
of speaking out your mind when angry and having done with it. But these
are also but specious wanderings from the rule. Every perceptions must
lead to some nervous result. If this be the normal emotional expression,
it soon expends itself, and in the natural course of things a calm succeeds.
But if the normal issue be blocked from any cause, the currents may under
certain circumstances invade other tracts, and there work different and
worse effects. Thus vengeful brooding may replace a burst of indignation;
a dry heat may consume the [p.199] frame of one who fain would weep, or
he may, as Dante says, turn to stone within; and then tears or a storming-fit
may bring a grateful relief. When we teach children to repress their emotions,
it is not that they may feel more, quite the reverse. It is that
they may think more; for to a certain extent whatever nerve-currents
are diverted from the regions below, must swell the activity of the thought-tracts
of the brain. [3]


The last great argument in favour of the priority of the bodily symptoms
to the felt emotion, is the ease with which we formulate by its means pathological
cases and normal cases under a common scheme. In every asylum we find examples
of absolutely unmotived fear, anger, melancholy, or conceit; and others
of an equally unmotived apathy which persists in spite of the best of outward
reasons why it should give way. In the former cases we must suppose the
nervous machinery to be so "labile" in some one emotional direction, that
almost every stimulus, however inappropriate, will cause it to upset in
that way, and as a consequence to engender the particular complex of feelings
of which the psychic body of the emotion consists. Thus, to take one special
instance, if inability to draw deep breath, fluttering of the heart, and
that peculiar epigastric change felt as "precordial anxiety," with an irresistible
tendency to take a somewhat crouching attitude and to sit still, and with
perhaps other visceral processes not now known, all spontaneously occur
together in a certain person; his feeling of their combination is the
emotion of dread, and he is the victim of what is known as morbid fear.
A friend who has had occasional attacks of this most distressing of all
maladies, tells me that in his case the whole drama seems to centre about
the region of the heart and respiratory apparatus, that his main effort
during the attacks is to get control of his inspirations and to slow his
heart, and that the moment he attains to breathing deeply and to holding
himself erect, the dread, ipso facto, seems to depart [4]


[p.200] The account given to Brachet by one of his own patients of her
opposite condition, that of emotional insensibility, has been often quoted,
and deserves to be quoted again:-


"I still continue (she says) to suffer constantly ; I have not a moment
of comfort, and no human sensations. Surrounded by all that can render
life happy and agreeable, still to me the faculty of enjoyment and of feeling
is wanting - both have become physical impossibilities. In everything,
even in the most tender caresses of my children, I find only bitterness.
I cover them with kisses, but there is something between their lips and
mine; and this horrid something is between me and all the enjoyments of
life. My existence is incomplete. The functions and acts of ordinary life,
it is true, still remain to me; but in every one of them there is something
wanting-to wit, the feeling which is proper to them, and the pleasure which
follows them…Each of my senses, each part of my proper self, is as it
were separated from me and can no longer afford me any feeling; this impossibility
seems to depend upon a void which I feel in the front of my head, and to
be due to the diminution of the sensibility over the whole surface of my
body, for it seems to me that I never actually reach the objects which
I touch…I feel well enough the changes of temperature on my skin, but I
no longer experience the internal feeling of the air when I breathe…All
this would be a small matter enough, but for its frightful result, which
is that of the impossibility of any other kind of feeling and of any sort
of enjoyment, although I experience a need and desire of them that render
my life an incomprehensible torture. Every function, every action of my
life remains, but deprived of the feeling that belongs to it, of the enjoyment
that should follow it. My feet are cold, I warm them, but gain no pleasure
from the warmth. I recognise the taste of all I eat, without getting any
pleasure from it….My children are growing handsome and healthy, everyone
tells me so, I see it myself, but the delight, the inward comfort I ought
to feel, I fail to get. Music has lost all charm for me, I used to love
it dearly. My daughter plays very well, but for me it is mere noise. That
lively interest which a year ago made me hear a delicious concert in the
smallest air their fingers played,-that thrill, that general vibration
which made me shed such tender tears,-all that exists no more". [5]


Other victims describe themselves as closed in walls of [p.201] ice
or covered with an india-rubber integument, through which no impression
penetrates to the sealed-up sensibility.


If our hypothesis is true, it makes us realise more deeply than ever
how much our mental life is knit up with our corporeal frame, in the strictest
sense of the term. Rapture, love , ambition, indignation, and pride, considered
as feelings, are fruits of the same soil with the grossest bodily sensations
of pleasure and of pain. But it was said at the outset that this would
be affirmed only of what we then agreed to call the "standard" emotions;
and that those inward sensibilities that appeared devoid at first sight
of bodily results should be left out of our account. We had better, before
closing, say a word or two about these latter feelings.


They are, the reader will remember, the moral, intellectual, and aesthetic
feelings. Concords of sounds, of colours, of lines, logical consistencies,
teleological fitnesses, affect us with a pleasure that seems ingrained
in the very form of the representation itself, and to borrow nothing from
any reverberation surging up from the parts below the brain. The Herbartian
psychologists have tried to distinguish feelings due to the form in
which ideas may be arranged. A geometrical demonstration may be as "pretty,"
and an act of justice as "neat" as a drawing or a tune, although the prettiness
and neatness seem here to be a pure matter of sensation, and there to have
nothing to do with sensation. We have then, or some of us seem to have,
genuinely cerebral forms of pleasure and displeasure, apparently
not agreeing in their mode of production with the so-called "standard"
emotions we have been analysing. And it is certain that readers whom our
reasons have hitherto failed to convince, will now start up at this admission,
and consider that by it we give up our whole case. Since musical perceptions,
since logical ideas, can immediately arouse a form of emotional feeling,
they will say, is it not more natural to suppose that in the case of the
so-called "standard" emotions, prompted by the presence of objects or the
experience of events, the emotional feeling is equally immediate, and the
bodily expression something that comes later and is added on?


But a sober scrutiny of the cases of pure cerebral emotion gives little
force to this assimilation. Unless in them there actually be coupled with
the intellectual feeling a bodily reverberation of some kind, unless we
actually laugh at the neatness of the mechanical device, thrill at the
justice of the act, or tingle at the perfection of the musical form, our
mental condition is more allied to a judgment of right than [p.202]
to anything else. And such a judgment is rather to be classed among awarenesses
of truth: it is a cognitive act. But as a matter of fact the intellectual
feeling hardly ever does exist thus unaccompanied. The bodily sounding-board
is at work, as careful introspection will show, far more than we usually
suppose. Still, where long familiarity with a certain class of effects
has blunted emotional sensibility thereto as much as it has sharpened the
taste and judgment, we do get the intellectual emotion, if such it can
be called, pure and undefiled. And the dryness of it, the paleness, the
absence of all glow, as it may exist in a thoroughly expert critic's mind,
not only shows us what an altogether different thing it is from the "standard"
emotions we considered first, but makes us suspect that almost the entire
difference lies in the fact that the bodily sounding-board, vibrating in
the one case, is in the other mute. "Not so very bad" is, in a person of
consummate taste, apt to be the highest limit of approving expression.
"Rien ne me choque" is said to have been Chopin's superlative of
praise of new music. A sentimental layman would feel, and ought to feel,
horrified, on being admitted into such a critic's mind, to see how cold,
how thin, how void of human significance, are the motives for favour or
disfavour that there prevail. The capacity to make a nice spot on the wall
will outweigh a picture's whole content; a foolish trick of words will
preserve a poem; an utterly meaningless fitness of sequence in one musical
composition set at naught any amount of "expressiveness" in another.


I remember seeing an English couple sit for more than an hour on a piercing
February day in the Academy at Venice before the celebrated "Assumption"
by Titian; and when I , after being chased from room to room by the cold,
concluded to get into the sunshine as fast as possible and let the pictures
go, but before leaving drew reverently near to them to learn with what
superior forms of susceptibility they might be endowed, all I overheard
was the woman's voice murmuring : "What a deprecatory expression
her face wears! What a self-abnegation! How unworthy she feels of
the honour she is receiving!" Their honest hearts had been kept warm all
the time by a glow of spurious sentiment that would have fairly made old
Titian sick. Mr. Ruskin somewhere makes the (for him) terrible admission
that religious people as a rule care little for pictures, and that when
they do care for them they generally prefer the worst ones to the best.
Yes! In every art, in every science, there is the keen perception of certain
relations being right or not, [p.203] and there is the emotional
flush and thrill consequent thereupon. And these are two things, not one.
In the former of them it is that experts and masters are at home. The latter
accompaniments are bodily commotions that they may hardly feel, but that
may be experienced in their fulness by Crétins and Philistines
in whom the critical judgment is at its lowest ebb. The "marvels" of Science,
about which so much edifying popular literature is written, are apt to
be "caviare" to the men in the laboratories. Cognition and emotion are
parted even in this last retreat, - who shall say that their antagonism
may not just be one phase of the world-old struggle known as that between
the spirit and the flesh? - a struggle in which it seems pretty certain
that neither party will definitively drive the other off the field.


To return to our starting point, the physiology of the brain. If we
suppose its cortex t contain centres for the perception of changes in each
special sense-organ, in each portion of the skin, in each muscle, each
joint, and each viscus, and to contain absolutely nothing else, we still
have a scheme perfectly capable of representing the process of the emotions.
An object falls on a sense-organ and is apperceived by the appropriate
cortical centre; or else the latter, excited in some other way, gives rise
to an idea of the same object. Quick as a flash, the reflex currents pass
down through their pre-ordained channels, alter the condition of muscle,
skin and viscus; and these alterations, apperceived like the original object,
in as many specific portions of the cortex, combine with it in consciousness
and transform it from an object-simply-apprehended into an object-emotionally-felt.
No new principles have to be invoked, nothing is postulated beyond the
ordinary reflex circuit, and the topical centres admitted in one shape
or another by all to exist.


It must be confessed that a crucial test of the truth of the hypothesis
is quite as hard to obtain as its decisive refutation. A case of complete
internal and external corporeal anaesthesia, without motor alteration or
alteration of intelligence except emotional apathy, would afford, if not
a crucial test, at least a strong presumption, in favour of the truth of
the view we have set forth; whilst the persistence of strong emotional
feeling in such a case would completely overthrow our case. Hysterical
anaesthesias seem never to be complete enough to cover the ground. Complete
anaesthesias from organic disease, on the other hand, are excessibely rare.
In the famous case of Remigius Leims, no mention is made by [p.204] the
reporters of his emotional condition, a circumstance which by itself affords
no presumption that it was normal, since as a rule nothing ever is noticed
without a pre-existing question in the mind. Dr. Georg Winter has recently
described a case somewhat similar, [6] and in reply to
a question, kindly writes to me as follows:-"The case has been for a year
and a half entirely removed from my observation. But so far as I am able
to state, the man was characterised by a certain mental inertia and indolence.
He was tranquil, and had on the whole the temperament of a phlegmatic.
He was not irritable, not quarrelsome, went quietly about his farm-work,
and left the care of his business and housekeeping to other people. In
short, he gave one the impression of a placid countryman, who has no interests
beyond his work." Dr. Winter adds that in studying the case he paid no
particular attention to the man's psychic condition, as this seemed "nebensächlich"
to his main purpose. I should add that the form of my question to Dr. Winter
could give him no clue as to the kind of answer I expected.


Of course, this case proves nothing, but it is to be hoped that asylum-physicians
and nervous specialists may begin methodically to study the relation between
anaesthesia and emotional apathy. If the hypothesis here suggested is ever
to be definitively confirmed or disproved it seems as if it must be by
them, for they alone have the data in their hands.


P.S.- By an unpardonable forgetfulness at the time of despatching my
MS. to the Editor, I ignored the existence of the extraordinary case of
total anaesthesia published by Professor Strümpell in Ziemssen's
Deutsches Archiv für klinische Medicin xxii., 321, of which I
had nevertheless read reports at the time of its publication. [Cf. first
report of the case in Mind X., 263, translated from Pflüger's Archiv.Ed.]
I believe that it constitutes the only remaining case of the sort in medical
literature, so that with is our survey is complete. On referring to the
original, which is important in many connexions, I found that the patient,
a shoemaker's apprentice of 15, entirely anaesthetic, inside and out, with
the exception of one eye and one ear, had shown shame on the occasion
of soiling his bed, and grief, when a formerly favourite dish was
set before him, at the thought that he could no longer taste its flavour.
As Dr. Strümpell seemed however to have paid no special attention
to his psychic states, so far as these are matter for our theory, I wrote
to him in a few words what the essence of the theory was, and asked him
to say whether he felt sure the grief and shame mentioned were real feelings
in the boy's mind, or only the reflex manifestations provoked by certain
perceptions, manifestations that an outside observer might note, but to
which the boy himself might be insensible.


Dr. Strümpell has sent me a very obliging reply, of which I translate
the most important passage.


"I must indeed confess that I naturally failed to institute with my
Anoesthetiker observations as special as the sense of your theory
would require. Nevertheless I think I can decidedly make the statement,
that he was by no means completely lacking in emotional affections. In
addition to the feelings of grief and shame mentioned in
my paper, I recall distinctly that he showed e.f., anger, and frequently
quarrelled with the hospital attendants. He also manifested fear lest
I should punish him. In short, I do not think that my case speaks exactly
in favour of your theory. On the other hand, I will not affirm that it
positively refutes your theory. For my case was certainly one of a very
centrally conditioned anaesthesia (perception-anaesthesia, like that of
hysterics) and therefore the conduction of outward impressions may in him
have been undisturbed."


I confess that I do not see the relevancy of the last consideration,
and this makes me suspect that my own letter was too briefly or obscurely
expressed to put my correspondent fully in possession of my own thought.
For his reply still makes no explicit reference to anything but the outward
manifestations of emotion in the boy. Is it not at least conceivable that,
just as a stranger, brought into the boy's presence for the first time,
and seeing him eat and drink and satisfy other natural necessities, would
suppose him to have the feelings of hunger, thirst, &c., until informed
by the boy himself that he did all these things with no feeling at all
but that of sight and sound-is it not, I say, at least possible, that Dr.
Strümpell, addressing no direct introspective questions to his patient,
and the patient not being of a class from which one could expect voluntary
revelations of that sort, should have similarly omitted to discriminate
between a feeling and its habitual motor accompaniment, and erroneously
taken the latter as proof that the former was there? Such a mistake is
of course possible, and I must therefore repeat Dr. Strümpell's own
words, that his case does not yet refute my theory. Should a similar case
recur, it ought to be interrogated as to the inward emotional state that
co-existed with the outward expressions of shame, anger, &c. And if
it then turned out that the patient recognised explicitly the same mood
of feeling known under those names in his former normal state, my theory
would of course fall. It is, however, to me incredible that the patient
should have an identical feeling, for the dropping out of the organic
sounding-board would necessarily diminish its volume in some way. The teacher
of Dr. Strümpell's patient found a mental deficiency in him during
his anaesthesia, that may possibly have been due to the consequences resulting
to his general intellectual vivacity from the subtraction of so important
a mass of feelings, even though they were not the whole of his emotional
life. Whoever wishes to extract from the next case of total anaesthesia
the maximum of knowledge about the emotions, will have to interrogate the
patient with some such notion as that of my article in his mind. We can
define the pure psychic emotions far better by starting from such an hypothesis
and modifying it in the way of restriction and subtraction, than by having
no definite hypothesis at all. Thus will the publication of my article
have been justified, even thought the theory it advocates, rigorously taken,
be erroneous. The best thing I can say for it is, that in writing it, I
have almost persuaded myself it may be true.



Footnotes[1] Of course the physiological question arises, how
are the changes felt? -after they are produced, by the sensory
nerves of the organs bringing back to the brain a report of the modifications
that have occurred? or before they are produced, by our being conscious
of the outgoing nerve-currents starting on their way downward towards the
parts they are to excite? I believe all the evidence we have to be in favour
of the former alternative. The question is too minute for discussion here,
but I have said something about it in a paper entitled "The Feeling of
Effort," in the Anniversary Memoirs of the Boston Natural History Society,
1880 (translated in La Critique Philosophique for that year, and
summarised in MIND XX., 582). See also G.E. Müller's
Grundlegung der Psychophysik, 110.


[2] Let it be noted in passing that this personal self-consciousness
seems an altogether bodily affair, largely a consciousness of our attitude,
and that, like other emotions, it reacts on its physical condition, and
leads to modifications of the attitude,-to a certain rigidity in most men,
but in children to a regular twisting and squirming fit, and in women to
various gracefully shy poses.


[3] This is the opposite of what happens in injuries
to the brain, whether from outward violence, inward rupture or tumor, or
mere starvation from disease. The cortical permeability seems reduced,
so that excitement, instead of propagating itself laterally through the
ideational channels as before, tends to take the downward track into the
organs of the body. The consequences is that we have tears, laughter, and
temper-fits, on the most insignificant provocation, accompanying a proportional
feebleness in logical thought and the power of volitional attention and
decision.


[4] It must be confessed that there are cases of morbid
fear in which objectively the heart is not much perturbed. These however
fail to prove anything against our theory, for it is of course possible
that the cortical centres normally percipient of dread as a complex of
cardiac and other organic sensations due to real bodily change, should
become primarily excited in brain-disease, and give rise to an hallucination
of the changes being there,-an hallucination of dread, consequently, coexistent
with a comparatively calm pulse, &c. I say it is possible, for I am
ignorant of observations which might test the fact. Trance, ecstasy, &c.,
offer analogous examples,-not to speak of ordinary dreaming. Under all
these conditions one may have the liveliest subjective feelings, either
of eye or ear, or of the more visceral and emotional sort, as a result
of pure nerve-central activity, with complete peripheral repose. Whether
the subjective strength of the feeling be due in these cases to the actual
energy of the central disturbance, or merely to the narrowing of the field
of consciousness, need not concern us. In the asylum cases of melancholy,
there is usually a narrowing of the field.


[5] Quoted by Semal: De la Sensibilité générale
dans les Affections mélancoliques, Paris, 1876, pp. 130-135.


[6] "Ein Fall von allgemeiner Anaesthesie," Inaugural-Dissertation.
Heidelberg, Winter, 1882.




Here we have David Hume's view that reason alone can not cause us to act, but that emotions and feelings are the fundamental driving force to action. 


Source: https://www.informationphilosopher.com/solutions/philosophers/james/what_is_an_emotion.html
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What Is An Instinct?
From Scribner's Magazine, vol.1, 3(March, 1887) pp.355-66  
INSTINCT is usually defined as the faculty of acting in such a way as to 
produce certain ends, without foresight of the ends, and without previous 
education in the performance. That instincts, as thus defined, exist on an 
enormous scale in the animal kingdom needs no proof. They are the functional 
correlatives of structure. With the presence of a certain organ goes, one may 
say, almost always a native aptitude for its use. "Has the bird a gland for the 
secretion of oil? She knows instinctively how to press the oil from the gland, 
and apply it to the feather. Has the rattlesnake the grooved tooth and gland of 
poison? He knows without instruction how to make both structure and function 
most effective against his enemies. Has the silk-worm the function of secreting 
the fluid silk? At the proper time she winds the cocoon such as she has never 
seen, as thousands before have done; and thus without instruction, pattern, or 
experience, forms a safe abode for herself in the period of transformation. Has 
the hawk talons? She knows by instinct how to wield them effectively against the 
helpless quarry."[1]
A very common way of talking about these admirably definite tendencies to act 
is by naming abstractly the purpose they subserve, such as self-preservation, or 
defence, or care for eggs and young—and saying the animal has an instinctive 
fear of death or love of life, or that she has an instinct of self-preservation, 
or an instinct of maternity and the like. But this represents the animal as 
obeying abstractions which, not once in a million cases is it possible it can 
have framed. The strict physiological way of interpreting the facts leads to far 
clearer results. The actions we call instinctive all conform to the general 
reflex type; they are called forth by determinate sensory stimuli in contact 
with the animal's body, or at a distance in his environment. The cat runs after 
the mouse, runs or shows fight before the dog, avoids falling from walls and 
trees, shuns fire and water, etc., not because he has any notion either of life 
or of death, or of self, or of preservation. He has probably attained to no one 
of these conceptions in such a way as to react definitely upon it. He acts in 
each case separately, and simply because he cannot help it; being so framed that 
when that particular running thing called a mouse appears in his field of vision 
he must pursue; that when that particular barking

(356) and obstreperous thing called a dog appears there he must 
retire, if at a distance, and scratch if close by; that he must withdraw his 
feet from water and his face from flame, etc. His nervous system is to a great 
extent a preorganized bundle of such reactions—they are as fatal as sneezing, 
and as exactly correlated to their special excitants as it is to its own. 
Although the naturalist may, for his own convenience, class these reactions 
under general heads, he must not forget that in the animal it is a particular 
sensation or perception or image which calls them forth.
At first this view astounds us by the enormous number of special adjustments 
it supposes animals to possess ready-made in anticipation of the outer things 
among which they are to dwell. Can mutual dependence be so intricate and go so 
far? Is each thing born fitted to particular other things, and to them 
exclusively, as locks are fitted to their keys? Undoubtedly, this must be 
believed to be so. Each nook and cranny of creation, down to our very skin and 
entrails, has its living inhabitants, with organs suited to the place, to devour 
and digest the food it harbors and to meet the dangers it conceals; and the 
minuteness of adaptation, thus shown in the way of structure, knows no 
bounds. Even so are there no bounds to the minuteness of adaptation in the way 
of conduct which the several inhabitants display.
The older writings on instinct are ineffectual wastes of words, because their 
authors never came down to this definite and simple point of view, but smothered 
everything in vague wonder at the clairvoyant and prophetic power of the 
animals—so superior to anything in man—and at the beneficence of God in endowing 
them with such a gift. But God's beneficence endows them, first of all, with a 
nervous system; and, turning our attention to this, makes instinct immediately 
appear neither more nor less wonderful than all the other facts of life.
Every instinct is an impulse. Whether we shall call such impulses as 
blushing, sneezing, coughing, smiling, or dodging, or keeping time to music, 
instincts or not, is a mere matter of terminology.
The process is the same throughout. In his delightfully fresh and interesting 
work, "Der Thierische Wille," Herr G. H. Schneider subdivides impulses (Triebe) 
into sensation-impulses, perception-impulses, and idea-impulses. To crouch from 
cold is a sensation-impulse; to turn and follow, if we see people running one 
way, is a perception-impulse; to cast about for cover, if it begins to blow and 
rain, is an imagination-impulse. A single complex instinctive action may involve 
successively the awakening of impulses of all three classes. Thus a hungry lion 
starts to seek prey by the awakening in him of imagination coupled with 
desire; he begins to stalk it when, on eye, ear, or nostril, he gets an 
impression of its presence at a certain distance; he springs upon it, 
either when the booty takes alarm and flees, or when the distance is 
sufficiently reduced; he proceeds to tear and devour it the 
moment he gets a sensation of its contact with his claws and fangs. Seeking, 
stalking, springing, and devouring are just so many different kinds of muscular 
contraction, and neither kind is called forth by the stimulus appropriate to the 
other.
Schneider says of the hamster, which stores corn in its hole : " If we 
analyze the propensity of storing, we find that it consists of three impulses : 
First, an impulse to pick up the nutritious object, due to perception; 
second, an impulse to carry it off into the dwelling-place, due to the 
idea of this latter; and third, an impulse to lay it down there, due to 
the sight of the place. It lies in the nature of the hamster that it should 
never see a full ear of corn without feeling a desire to strip it; it lies in 
its nature to feel, as soon as its cheek-pouches are filled, an irresistible 
desire to hurry to its home; and finally, it lies it its nature that the sight 
of the storehouse should awaken the impulse to empty the cheeks" (p. 208). In 
certain animals of a low order the feeling of having executed one impulsive step 
is such an indispensable part of the stimulus of the next one, that the animal 
cannot make any variation in the order of its performance.
Now, why do the various animals do what seem to us such strange things, in

(357) the presence of such outlandish stimuli? Why does the hen, for example, 
submit herself to the tedium of incubating such a fearfully uninteresting set of 
objects as a nestful of eggs, unless she have some sort of a prophetic inkling 
of the result ? The only answer is ad hominem. We can only interpret the 
instincts of brutes by what we know of instincts in ourselves. Why do men always 
lie down, when they can, on soft beds rather than on hard floors ? Why do they 
sit round the stove on a cold day? Why, in a room, do they place themselves, 
ninety-nine times out of a hundred, with their faces toward its middle rather 
than to the wall? Why do they prefer saddle of mutton and champagne to hard-tack 
and ditch-water ? Why does the maiden interest the youth so that everything 
about her seems more important and significant than anything else in the world ? 
Nothing more can be said than that these are human ways, and that every creature 

likes its own ways, and takes to the following them as a matter of course. 
Science may come and consider these ways, and find that most of them are useful. 
But it is not for the sake of their utility that they are followed, but because 
at the moment of following them we feel that that is the only appropriate and 
natural thing to do. Not one man in a billion, when taking his dinner ever 
thinks of utility. He eats because the food tastes good and makes him want more. 
If you ask him why he should want to eat more of what tastes like that, 
instead of revering you as a philosopher he will probably laugh at you for a 
fool. The connection between the savory sensation and the act it awakens is for 
him absolute and selbstverständlich, an "a priori synthesis" of 
the most perfect sort, needing no proof but its own evidence. It takes, in 
short, what Berkeley calls a mind debauched by learning to carry the process of 
making the natural seem strange so far as to ask for the why
of any instinctive human act. To the metaphysician alone can such questions 
occur as : Why do we smile, when pleased, and not scowl? Why are we unable to 
talk to a crowd as we talk to a single friend? Why does a particular maiden turn 
our wits so upside down? The common man can only say, "of course we 
smile, of course our heart palpitates at the sight of the crowd, of 
course we love the maiden, that beautiful soul clad in that perfect form, so 
palpably and flagrantly made from all eternity to be loved!"
And so probably does each animal feel about the particular things it tends to 
do in presence of particular objects. They, too, are a priori syntheses. 
To the lion it is the lioness which is made to be loved; to the bear, the 
she-bear. To the broody hen the notion would probably seem monstrous that there 
should be a creature in the world to whom a nestful of eggs was not the utterly 
fascinating and precious and never-to-be-too-much-sat-upon object which it is to 
her.[2]
Thus we may be sure that, however mysterious some animals' instincts may 
appear to us, our instincts will appear no less mysterious to them. And we may 
conclude that, to the animal which obeys it, every impulse and every step of 
every instinct shines with its own sufficient light, and seems at the moment the 
only eternally right and proper thing to do. It is done for its own sake 
exclusively. What voluptuous thrill may not shake a fly, when she at last 
discovers the one particular leaf, or carrion, or bit of dung, that out of all 
the world can stimulate her ovipositor to its discharge? Does not the discharge 
then seem to her the only fitting thing? And need she care or know anything 
about the future maggot and its food ?
Since the egg-laying instincts are simple examples to consider, a few 
quotations about them from Schneider may be serviceable :
" The phenomenon so often talked about, so variously interpreted, so 

(358) surrounded with mystification, that an insect should always lay her eggs 
in a spot appropriate to the nourishment of her young, is no more marvellous 
than the phenomenon that every animal pairs with a mate capable of bearing 
posterity, or feeds on materials capable of affording him nourishment. . Not 
only the choice of a place for laying the eggs, but all the various acts for 
depositing and protecting them, are occasioned by the perception of the proper 
object, and the relation of this perception to the various stages of maternal 
impulse. When the burying beetle perceives a carrion, she is not only impelled 
to approach it and lodge her eggs in it, but also to go through the movements 
requisite for burying it; just as a bird who sees his hen-bird is impelled to 
caress her, to strut around her, dance before her, or in some other way to woo 
her; just as a tiger, when he sees an antelope, is impelled to stalk it, to 
pounce upon it, and to strangle it. When the tailor-bee cuts out pieces of 
rose-leaf, bends them, carries them into a caterpillar or mouse hole in trees or 
in the earth, covers their seams again with other pieces, and so makes a 
thimble-shaped case—when she fills this with honey and lays an egg in it, all 
these various appropriate expressions of her will are to be explained by 
supposing that at the time when the eggs are ripe within her the appearance of a 
suitable caterpillar or mouse hole and the perception of rose-leaves are so 
correlated in the insect with the several impulses in question that the 
performances follow as a matter of course when the perceptions take place." . .
"The perception of the empty nest, or of a single egg, seems in birds to 
stand in such a close relation to the physiological functions of oviparation, 
that it serves as a direct stimulus to these functions, while the perception of 
a sufficient number of eggs has just the opposite effect. It is well known that 
hens and ducks lay more eggs if we keep removing them than if we leave them in 
the nest. The impulse to sit arises, as a rule, when the bird sees a certain 
number of eggs in her nest. If this number is not yet to be seen there, the 
ducks continue to lay, although they perhaps have laid twice as many eggs as they 
are accustomed to sit upon. . . . That sitting, also, is independent of any idea 
of purpose and is a pure perception-impulse is evident, among other things, from 
the fact that many birds, e.g., wild ducks, steal eggs from each other. . The 
bodily disposition to sit is, it is true, one condition [since broody hens will 
sit where there are no eggs], but the perception of the eggs is the other 
condition of the activity of the incubating impulse. The propensity of the 
cuckoo and of the cow-bird to lay their eggs in the nests of other species must 
also be interpreted as a pure perception-impulse. These birds have no bodily 
disposition to become broody, and there is therefore in them no connection 
between the perception of an egg and the impulse to sit upon it. Eggs ripen, 
however, in their oviducts, and the body tends to get rid of them. And since the 
two birds just named do not drop their eggs anywhere on the ground, but in 
nests, which are the only places where they may preserve the species, it might 
easily appear that such preservation of the species was what they had in view, 
and that they acted with full consciousness of the purpose.
But this is not so. . The cuckoo is simply excited by the perception of quite 
determinate sorts of nest, which already contain eggs, to drop her own into them 
and throw the others out, because this perception is a direct stimulus to these 
acts. It is impossible that she should have any notion of the other bird coming 
and sitting on her egg."[3]
Remember that nothing is said yet of the origin of instincts, but only of the 
constitution of those that exist fully formed. How stands it with the instincts 
of mankind ?
Nothing is commoner than the remark that Man differs from lower creatures by 
the almost total absence of instincts, and the assumption of their work in him 
by "reason." A fruitless discussion might be waged on this point by two 
theorizers who were careful not to define their terms. "Reason" might be used, 
as it often has been used since Kant, not as the mere power of "inferring," but 
also as a name for the tendency

(359) to obey impulses of a certain lofty sort, such as duty, or 
universal ends. And " instinct " might have its significance so broadened as to 
cover all impulses whatever, even the impulse to act from the idea of a distant 
fact, as well as the impulse to act from a present sensation. Were the word 
instinct used in this broad way, it would of course be impossible to restrict 
it, as we began by doing, to actions done with no prevision of an end. We must 
of course avoid a quarrel about words, and the facts of the case are really 
tolerably plain ! Man has a far greater variety of impulses than any 
lower animal; and any one of these impulses, taken in itself, is as "blind" as 
the lowest instinct can be; but, owing to man's memory, power of reflection, 
and power of inference, they come each one to be felt by him, after he has once 
yielded to them and experienced their results, in connection with a foresight 

of those results. In this condition an impulse acted out may be said to be acted 
out, in part at least, for the sake of its results. It is obvious that 
		every instinctive act, in an animal with memory, must cease to be 
		"blind" after being once repeated, and must be accompanied with 
		foresight of its " end " just so far as that end may have fallen under 
		the animal's cognizance. An insect that lays her eggs in a place where 
		she never sees them hatch must always do so " blindly; " but a hen who 
		has already hatched a brood can hardly be assumed to sit with perfect 
		"blindness " on her second nest. Some expectation of consequences must 
		in every case like this be aroused; and this expectation, according as 
		it is that of something desired or of something disliked, must 
		necessarily either re-enforce or inhibit the mere impulse. The hen's 
		idea of the chickens would probably encourage her to sit; a rat's 
		memory, on the other hand, of a former escape from a trap would 
		neutralize his impulse to take bait from anything that reminded him of 
		that trap. If a boy sees a fat hopping-toad, he probably has 
		incontinently an impulse (especially if with other boys) to smash the 
		creature with a stone, which impulse we may suppose him blindly to obey. 
		But something in the expression of the dying toad's clasped hands 
		suggests the meanness of the act, or reminds him of sayings he has heard about the sufferings 
of animals being like his own; so that, when next he is tempted by a toad, 
an idea arises which, far from spurring him again to the torment, prompts kindly 
actions, and may even make him the toad's champion against less reflecting boys.
It is plain then that, no matter how well endowed an animal may originally be 
in the way of instincts, his resultant actions will be much modified if 
the instincts combine with experience, if in addition to impulses he have 
memories, associations, inferences, and expectations, on any considerable scale. 
An object O, on which he has an instinctive impulse to react in the manner A, 
would directly provoke him to that reaction. But O has meantime become 
for him a sign of the nearness of P, on which he has an equally strong 
impulse to react in the manner B, quite unlike A. So that when he meets O the 
immediate impulse A and the remote impulse B struggle in his breast for the 
mastery. The fatality and uniformity said to be characteristic of instinctive 
actions are so little manifest, that one might be tempted to deny to him 
altogether the possession of any instinct about the object O. Yet how false this 
judgment would be! The instinct about O is there; only by the complication of 
the mental machinery it has come into conflict with another instinct about P.
Here we immediately reap the good fruits of our simple physiological 
conception of what an instinct is. If it be a mere excito-motor impulse, due to 
the pre-existence of a certain " reflex-arc " in the nerve-centres of the 
creature, of course it must follow the law of all such reflex-arcs. One 
liability of such arcs is to have their activity "inhibited" by other processes 
going on at the same time. It makes no difference whether the arc be organized 
at birth, or ripen spontaneously later, or be due to acquired habit, it must 
take its chances with all the other arcs, and sometimes succeed, and sometimes 
fail, in draughting off the currents through itself. The mystical view of an 
instinct would make it invariable. The physiological view would require it to 
show occasional 

(360) irregularities in any animal in whom the number of separate instincts, 
and the possible entrance of the same stimulus into several of them, were great. 
And such irregularities are what every superior animal's instincts do show in 
abundance.[4]
Wherever the mind is elevated enough to discriminate; wherever several 
distinct sensory elements must combine to discharge the reflex-arc; wherever, 
instead of plumping into action instantly at the first rough intimation of what 
sort of a thing is there, the agent waits to see which one of its kind it is 
and what the
circumstances are of its appearance; wherever different individuals and 
different circumstances can impel him in different ways; wherever these are the 
conditions—we have a masking of the elementary constitution of the instinctive 
life. The whole story of our dealings with the lower wild animals is the history 
of our taking advantage of the way in which they judge of everything by its mere 
label, as it were, so as to ensnare or kill them. Nature, in them, has left 
matters in this rough way, and made them act always in the manner which 
would be oftenest right. There are more worms unattached to hooks than 
impaled upon them; therefore, on the whole, says Nature to her fishy children, 
bite at every worm and take your chances. But as her children get higher, and 
their lives more precious, she reduces the risks. Since what seems to be the 
same object may be now a genuine food and now a bait; since in gregarious 
species each individual may prove to be either the friend or the rival, 
according to the circumstances, of another; since any entirely unknown object 
may be fraught with weal or woe, Nature implants contrary impulses to act 
on many classes of things, and leaves it to slight alterations in the conditions 
of the individual case to decide which impulse shall carry the day. Thus, greediness and suspicion, curiosity and timidity, 
coyness and desire, bashfulness and vanity, sociability and pugnacity, seem to 
shoot over into each other as quickly, and to remain in as unstable equilibrium 
in the higher birds and mammals as in man. They are all impulses, congenital, 
blind at first, and productive of motor reactions of a rigorously determinate 
sort. Each one of them, then, is an instinct, as instincts are commonly defined. 
But they contradict each other—" experience" in each particular opportunity of 
application usually deciding the issue. The animal that exhibits them loses the 
"instinctive " demeanor and appears to lead a life of hesitation and choice, an 
intellectual life; not, however, because he has no instincts—rather because he 
has so many that they block each other's path.
Thus, then, without troubling ourselves about the words instinct and reason, 
we may confidently say that however uncertain man's reactions upon his 
environment may sometimes seem in comparison with those of lower creatures, the 
uncertainty is probably not due to their possession of any principles of action 
which he lacks, but to his possessing all the impulses that they have, and a 
great many more besides. In other 'words, there is no material antagonism 
between instinct and reason. Reason, per se, can inhibit no impulses; the only 
thing that can neutralize an impulse is an impulse the other way. Reason may, 
however, make an
inference which will set loose the impulse the other way; and thus, 
though the animal richest in reason might be also the animal richest in 
instinctive impulses too, he would never seem the fatal automaton which a
merely instinctive animal would be.
Let us now turn to human impulses with a little more detail. All we have 
ascertained so far is that impulses of an originally instinctive character may 
exist, and yet not betray themselves by automatic fatality of conduct. But in 
man what impulses do exist ? In the light of what has been said, it is obvious 
that an existing impulse may not always be superficially apparent even when its

(361) object is there. And we shall see that some impulses may be masked by causes 
of which we have not yet spoken.
Were one devising an abstract scheme, nothing would be easier than to 
discover from an animal's actions just how many instincts he possessed. He would 
react in one way only upon each class of objects with which his life had to deal; he would react in identically the same way upon every specimen of a class; 
and he would react invariably during his whole life. There would be no gaps 
among his instincts; all would come to light without perversion or disguise. 
But there are no such abstract animals, and nowhere does the instinctive life 
display itself in such a way. Not only, as we have seen, may objects of the same 
class arouse reactions of opposite sorts in consequence of slight changes in the 
circumstances in the individual object or in the agent's inward condition; but 
two other principles, of which we have not yet spoken, may come into play and 
produce results so striking that observers as eminent as Messrs. D. A. Spalding 
and Romanes do not hesitate to call them "derangements of the mental 
constitution," and to conclude that the instinctive machinery has got out of 
gear.
These principles are those of the inhibition of instincts by habits 

and of the transitoriness of instincts. Taken in conjunction with the two 
former principles —that an object may excite ambiguous impulses, or suggest
an impulse different from that which it excites, by suggesting a remote 
object—they explain any amount of departure from uniformity of conduct, without 
implying any getting out of gear of the elementary impulses from which the 
conduct flows.
Take first the inhibition of instincts by habits. The law is this : When 
objects of a certain class elicit from an animal a certain sort of reaction, it 
often happens that the animal becomes partial to the first specimen of 
the class on which it has reacted, and will not afterward react on any other 
specimen.
The selection of a particular hole to live in, of a particular mate, of a 
particular feeding-ground, a particular variety of diet, a particular anything, 
in short, out of a possible multitude, is every wide-spread tendency among 
animals, even those low down in the scale. The limpet will return to the same 
sticking-place in its rock, and the lobster to its favorite nook on the 
sea-bottom. The rabbit will deposit its dung in the same corner; the bird makes 
its nest on the same bough. But each of these preferences carries with it an 
insensibility to other opportunities and occasions—an insensibility which 
can only be described physiologically as an inhibition of new impulses by the 
habit of old ones already formed. The possession of homes and wives of our own 
makes us strangely insensible to the charms of those of other people. Few of us 
are adventurous in the matter of food; in fact, most of us think there is 
something disgusting in a bill of fare to which we are unused. Strangers, we are 
apt to think, cannot be worth knowing, especially if they come from distant 
cities, etc. The original impulse which got us homes, wives, dietaries, and 
friends, at all, seems to exhaust itself in its first achievements and to leave 
no surplus energy for reacting on new cases. And so it comes about that, 
witnessing this torpor, an observer of mankind might say that no instinctive 

propensity toward certain objects existed at all. It existed, but it existed 
miscellaneously, or as an instinct pure and simple only, before habit was 
formed. A habit, once grafted on an instinctive tendency, restricts the range of 
the tendency itself, and keeps us from reacting on any but the habitual objects, 
although other objects might just as well have been chosen had they been the 
first corners.
Another sort of arrest of instinct by habit is where the same class of 
objects awakens contrary instinctive impulses. Here the impulse first followed 
toward a given individual of the class is apt to keep him from ever awakening 
the opposite impulse in us. In fact, the whole class may be protected by this 
individual specimen from the application to it of the other impulse. Animals, 
for example, awaken in a child the opposite impulses of fearing and fondling. 
But if a child, in his first attempts to pat a dog, gets snapped at or bitten, 
so that the impulse of fear is strongly aroused,

(362) if may be that for years to come no dog will excite in him the impulse 
to fondle again. On the other hand, the greatest natural enemies, if carefully 
introduced to each other when young and guided at the outset by superior 
authority, settle down into those "happy families" of friends which we see in 
our menageries. Young animals, immediately after birth, have no instinct of 
fear, but show their dependence by allowing themselves to be freely handled. 
Later, however, they grow " wild," and, if left to themselves, will not let man 
approach them. I am told by farmers in the Adirondack wilderness that it is a 
very serious matter if a cow wanders off and calves in the woods and is not 
found for a week or more. The calf, by that time, is as wild and almost as fleet 
as a deer, and hard to capture without violence. But calves rarely show any 
particular wildness to the men who have been in contact with them during the 
first days of their life, when the instinct to attach themselves is uppermost, 
nor do they dread strangers as they would if brought up wild.
Chickens give a curious illustration of the same law. Mr. Spalding's 
wonderful article on instinct shall supply us with the facts. These little 
creatures show opposite instincts of attachment and fear, either of which maybe 
aroused by the same object, man. If a chick is born in the absence of the hen, 
it "will follow any moving object. And, when guided by sight alone, they seem to 
have no more disposition to follow a hen than to follow a duck or a human being. 
Unreflecting lookers-on, when they saw chickens a day old running after me," 
says Mr. Spalding, " and older ones following me for miles, and answering to my 
whistle, imagined that I must have some occult power over the creatures : 
whereas I had simply allowed them to follow me from the first. There is the 
instinct to follow; and the ear, prior to experience, attaches them to the 
right object."[5] But if a man presents himself for the first time when the 
instinct of fear is strong, the phenomena are altogether reversed. Mr. Spalding 
kept three chickens hooded until they were nearly four days old, and thus 
describes their behavior :
"Each of them, on being unhooded, evinced the greatest terror to me, dashing 
off in the opposite direction whenever I sought to approach it. The table on 
which they were unhooded stood before a window, and each in its turn beat 
against the window like a wild bird. One of them darted behind some books, and, 
squeezing itself into a corner, remained cowering for a length of time. We might 
guess at the meaning of this strange and exceptional wildness; but the odd fact 
is enough for my present purpose. Whatever might have been the meaning of this 
marked change in their mental constitution—had they been unhooded on the 
previous day they would have run to me instead of from me—it could not have been 
the effect of experience; it must have resulted wholly from changes in their 
own organizations."[6]
Their case was precisely analogous to that of the Adirondack calves. The two 
opposite instincts relative to the same object ripen in succession. If the first 
one engenders a habit, that habit will inhibit the application of the second 
instinct to that object. All animals are tame during some phase of their 
infancy. Habits formed then limit the effects of whatever instincts of wildness 
may later be evolved.
Mr. Romanes gives some very curious examples of the way in which instinctive 
tendencies may be altered by the habits to which their first "objects" have 
given rise. The cases are a little more complicated than those mentioned in the 
text, inasmuch as the object reacted on not only starts a habit which inhibits 
other kinds of impulse toward it (although such other kinds might be natural), 
but even modifies by its own peculiar conduct the constitution of the impulse it 
actually awakens.
Two of the instances in question are those of hens who hatched out broods of 
chicks after having (in three previous years) hatched ducks. They strove to coax 
or to compel their new progeny to enter the water, and seemed much perplexed at 
their unwillingness. Another hen adopted a brood of young ferrets which, having 
lost their mother, were put under her. During all the time they were
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like young chicks. She obeyed their hoarse growling as she would have obeyed her 
chickens' peep. She combed out their hair with her bill, and "used frequently to 
stop and look with one eye at the wriggling nestful, with an inquiring gaze, 
expressive of astonishment." At other times she would fly up with a loud scream, 
doubtless because the orphans had nipped her in their search for teats. Finally, 
a Brahma hen nursed a young peacock during the enormous period of eighteen 
months, and never laid any eggs during all this time. The abnormal degree of 
pride which she showed in her wonderful chicken is described by Dr. Romanes as 
ludicrous.[7]
This leads us to the law of transitoriness, which is this: That many 
instincts ripen at a certain age and then fade away. A consequence of 
this law is that if, during the time of such an instinct's vivacity, objects 
adequate to arouse it are met with, a habit of acting on them is formed, 
which remains when the original instinct has passed away; but that if no such 
objects are met with, then no habit will be formed; and, later on in life, when 
the animal meets the objects, he will altogether fail to react, as at the 
earlier epoch he would instinctively have done.
No doubt such a law is restricted. Some instincts are far less transient than 
others—those connected with feeding and "self-preservation" may hardly be 
transient at all, and some, after fading out for a time, recur as strong as 
ever, e.g., the instincts of pairing and rearing young. The law, however, though 
not absolute, is certainly very wide-spread, and a few examples will illustrate 
just what it means.
In the chickens and calves above mentioned, it is obvious that the instinct 
to follow and become attached fades out after a few days, and that the instinct 
of flight then takes its place, the conduct of the creature toward man being 
decided by the formation or non-formation of a certain habit during those days. 
The transiency of the chicken's instinct to follow is also proved by its conduct 
toward the hen. Mr. Spalding kept some chickens shut up till they were 
comparatively old, and, speaking of these, he says : "A chicken that has not 
heard the call of the mother till until eight or ten days old then hears it as 
if it heard it not. I regret to find that on this point my notes are not so full 
as I could wish, or as they might have been. There is, however, an account of 
one chicken that could not be returned to the mother when ten days old. The hen 
followed it and tried to entice it in every way; still, it continually left her 
and ran to the house or to any person of whom it caught sight. This it persisted 
in doing, though beaten back with a small branch dozens of times and, indeed, 
cruelly maltreated. It was also placed under the mother at night, but it again 
left her in the morning."
The instinct of sucking is ripe in all mammals at birth, and leads to that 
habit of taking the breast which, in the human infant, may be prolonged by daily 
exercise long beyond its usual term of a year or a year and a half. But the 
instinct itself is transient, in the sense that if, for any reason, the child be 
fed by spoon during the first few days of its life and not put to the breast, it 
may be no easy matter after that to make it suck at all. So of calves. If their 
mother die, or be dry, or refuse to let them suck for a day or two, so that they 
are fed by hand, it becomes hard to get them to suck at all when a new nurse is 
provided. The ease with which sucking creatures are weaned, by simply breaking 
the habit and giving them food in a new way, shows that the instinct, purely as 
such, must be entirely extinct.
Assuredly the simple fact that instincts are transient, and that the effect 
of later ones may be altered by the habits which earlier ones have left behind, 
is a far more philosophical explanation than the notion of an instinctive 
constitution vaguely " deranged " or " thrown out of gear."
I have observed a Scotch terrier, born on the floor of a stable in December, 
and transferred six weeks later to a carpeted house, make, when he was less than 
four months old, a very elaborate pretence of burying things, such

(364) as gloves, etc., which he had played with till he was tired. He 
scratched the carpet with his forefeet, dropped the object from his mouth upon 
the spot, and then scratched all about it (with both fore and hind feet, if I 
remember rightly), and finally went away and let it lie. Of course, the act was 
entirely useless. I saw him perform it at that age, some four or five times, and 
never again in his life. The conditions were not present to fix a habit which 
could last when the prompting instinct died away. But suppose meat instead of a 
glove, earth instead of a carpet, hunger pangs instead of a fresh supper a few 
hours later, and it is easy to see how this dog might have got into a habit of 
burying superfluous food, which might have lasted all his life. Who can swear 
that the strictly instinctive part of the food-burying propensity in the wild 
Canidoe may not be as short-lived as it was in this terrier ?
A similar instance is given by Dr. H. D. Schmidt,[8] of New Orleans.
"1 may cite the example of a young squirrel which I had tamed, a number of 
years ago, when serving in the army, and when I had sufficient leisure and 
opportunity to study the habits of animals. In the autumn, before the winter 
sets in, adult squirrels bury as many nuts as they can collect, separately, in 
the ground. Holding the nut firmly between their teeth, they first scratch a 
hole in the ground, and, after pointing their ears in all directions to convince 
themselves that no enemy is near, they ram—the head, with the nut still between 
the front teeth, serving as a sledge-hammer—the nut into the ground, and then 
fill up the hole by means of their paws. The whole process is executed with 
great rapidity, and, as it appeared to me, always with exactly the same 
movements; in fact, it is done so well that I could never discover the traces 
of the burial-ground. Now, as regards the young squirrel, which, of course, 
never had been present at the burial of a nut, I observed that, after having 
eaten a number of hickory nuts to appease its appetite, it would take one 
between its teeth, then sit upright
and listen in all directions. Finding all right, it would scratch upon the 
smooth blanket on which I was playing with it as if to make a hole, then hammer 
with the nut between its teeth upon the blanket, and finally perform all the 
motions required to fill up a hole—in the air ; after which it would jump 
away, leaving the nut, of course, uncovered."
The anecdote, of course, illustrates beautifully the close relation of 
instinct to reflex action—a particular perception calls forth particular 
movements, and that is all. Dr. Schmidt tells me that the squirrel in question 
soon passed away from his observation. It may fairly be presumed that, if he had 
been long retained prisoner in a cage, he would soon have forgotten his 
gesticulations over the hickory-nuts.
One might, indeed, go still further with safety, and expect that, if such a 
captive squirrel were then set free, he would never afterward acquire this 
peculiar instinct of his tribe.[9]
Leaving lower animals aside, and turning to human instincts, we see the law 
of transiency corroborated on the widest scale by the alternation of different 
interests and passions as human life goes on. With the child, life is all play 
and fairy-tales and learning the external properties of "things;" with the 
youth, it is bodily exercises of a more systematic sort, novels of the real 
world, boon-fellowship and song, friendship and love, nature, travel and 
adventure, science and philosophy; with the man, ambition and policy, 
acquisitiveness, responsibility to others, and the selfish zest of the battle of 
life. If a boy grows up alone at the age of games and sports, and learns neither 
to play ball, nor row, nor sail, nor ride, nor skate, nor fish, nor shoot, 
probably he will be sedentary to the end of his days; and, though the best of 
opportunities be afforded him for learning these things later, it is a hundred 
to one but he will

(365) pass them by and shrink back from the effort of taking those necessary 
first steps the prospect of which, at an earlier age, would have filled him with 
eager delight. The sexual passion expires after a protracted reign; but it is 
well known that its peculiar manifestations in a given individual depend almost 
entirely on the habits he may form during the early period of its activity. 
Exposure to bad company then makes him a loose liver all his days; chastity 
kept at first makes the same easy later on. In all pedagogy the great thing is 
to strike the iron while hot, and to seize the wave of the pupil's interest in 
each successive subject before its ebb has come, so that knowledge may be got 
and a habit of skill acquired—a headway of interest, in short, secured, on which 
afterward the individual may float. There is a happy moment for fixing skill in 
drawing, for making boys collectors in natural history, and presently dissectors 
and botanists; then for initiating them into the harmonies of mechanics and the 
wonders of physical and chemical law. Later, introspective psychology and the 
metaphysical and religious mysteries take their turn; and, last of all, the 
drama of human affairs and worldly wisdom in the widest sense of the term. In 
each of us a saturation-point is soon reached in all these things; the impetus 
of our purely intellectual zeal expires, and unless the topic be one associated 
with some urgent personal need that keeps our wits constantly whetted about it, 
we settle into an equilibrium, and live on what we learned when our interest was 
fresh and instinctive, without adding to the store. Outside of their own 
business, the ideas gained by men before they are twenty-five are practically 
the only ideas they shall have in their lives. They cannot get anything 
new. Disinterested curiosity is past, the mental grooves and channels set, the 
power of assimilation gone. If by chance we ever do learn anything about some 
entirely new topic we are afflicted with a strange sense of insecurity, and we 
fear to advance a resolute opinion. But, with things learned in the plastic days 
of instinctive curiosity we never lose entirely our sense of being at home. 
There remains a kinship, a sentiment of intimate acquaintance, which, even when 
we know we have failed to keep abreast of the subject, flatters us with a sense 
of power over it, and makes us feel not altogether out of the pale.
Whatever individual exceptions might be cited to this are of the sort that " 
prove the rule."
To detect the moment of the instinctive readiness for the subject is, then, 
the first duty of every educator. As for the pupils, it would probably lead to a 
more earnest temper on the part of college students if they had less belief in 
their unlimited future intellectual potentialities, and could be brought to 
realize that whatever physics and political economy and philosophy they are now 
acquiring are, for better or worse, the physics and political economy and 
philosophy that will have to serve them to the end.
The natural conclusion to draw from this transiency of instincts is that most 
of them are implanted for the sake of giving rise to habits, and that, this 
purpose once accomplished, the instincts themselves, as such, have no raison 
d'étre in the psychical economy, and consequently fade away. That 
occasionally an instinct should fade before circumstances permit of a habit 
being formed, or that, if the habit be formed, other factors than the pure 
instinct should modify its course, need not surprise us. Life is full of the 
imperfect adjustment to individual cases, of arrangements which, taking the 
species as a whole, are quite orderly and regular. Instinct cannot be expected 
to escape this general rule.
The most interesting thing possible now would be to test our principles by 
going through the human instincts in detail. But as I have already exceeded my 
allotted space, that must be reserved for another opportunity.

Notes
	        P. A. Chadbourne: Instinct, p. 28. New York, 1872.
	         "It would be very simple-minded to suppose that bees follow their queen, and 
protect her and care for her, because they are aware that without her the hive 
would become extinct. The odor or the aspect of their queen is manifestly 
agreeable to the bees—that is why they love her so. Does not all true love base 
itself on agreeable perceptions much more than on representations of utility?" 
Schneider; Thierische Wille, p. 187. A priori, there is no reason to suppose 
that any sensation might not in some animal cause any emotion and any impulse. 
To us it seems unnatural that an odor should directly excite anger or fear; or 
a color, lust. Yet there are creatures to which some smells are quite as 
frightful as any sounds, and very likely others to which color is as much a 
sexual irritant as form.
	         Der Thierische Wille.
	        In the instincts of mammals, and even of lower creatures, the uniformity and 
infallibility which, a generation ago, were considered as essential characters 
do not exist. The minuter study of recent years has found continuity, 
transition, variation, and mistake, wherever it has looked for them, and decided 
that what is called an instinct is usually only a tendency to act in a way of 
which the average is pretty constant, but which need not be mathematically 
"true." Cf. on this point, Darwin's Origin of Species; Romanes's Mental Evol., 
chaps. xi. to xvi., incl., and Appendix; Lindsay's Mind in Lower Animals, vol. 
1., 133-141 —ii., chaps, v., xx.; and Semper's Conditions of Existence in 
Animals, where a great many instances will be found.
	         Spalding, op. cit., p. 287.
	         Op. cit., p. 289.
	         For the cases in full, see Mental Evolution in Animals, pp. 213-217.
	        Transactions of American Neurological Association, vol. i., p. 129, 1875.
	        "Mr. Spalding," says Mr. Lewes (Problems of Life and Mind, Prob. I., chap., ii., 
iii 22, note), "tells me of a friend of his who reared a gosling in the kitchen, 
away from all water; when this bird was some months old, and was taken to a 
pond, it not only refused to go into the water, but when thrown in scrambled out 
again, as a hen would have done. Here was an instinct entirely suppressed." See 
a similar observation on ducklings in T. R. R. Spedding: Essays on Darwinism, 
1871, p. 78. London. 
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In closing in, therefore, after all these preliminaries, upon the more intimate nature of the volitional process, we find ourselves driven more and more exclusively to consider the conditions which make ideas prevail in the mind. With the prevalence, once there as a fact, of the motive idea the psychology of volition properly stops. The movements which ensue are exclusively physiological phenomena, following according to physiological laws upon the neura events to which the idea corresponds. The willing terminates with the prevalence of the idea; and whether the act then follows or not is a matter quite immaterial, so far as the willing itself goes. I will to write, and the act follows. I will to sneeze, and it does not. I will that the distant table slide over the floor towards me; it also does not. My willing representation can no more instigate my sneezing-centre than it can instigate the table to activity. But in both cases it is as true and good willing as it was when I willed to write.* In a word, volition is a psychic or moral fact pure and simple, and is absolutely completed when the stable state of the idea is there. The supervention of motion is a supernumerary phenomenon depending on executive ganglia whose function lies outside the mind.

In St. Vitus' dance, in locomotor ataxy, the representation of a movement and the consent to it take place normally. But the inferior executive centres are deranged, and although the ideas discharge them, they do not discharge them so as to reproduce the precise sensations anticipated. In aphasia the patient has an image of certain words which he wishes to utter, but when he opens his mouth he hears himself making quite unintended sounds. This may fill him with rage and despair—which passions only show how
intact his will remains. Paralysis only goes a step farther. The associated mechanism is not only deranged but altogether broken through. The volition occurs, but the hand remains as still as the table. The paralytic is made aware of this by the absence of the expected change in his afferent sensations. He tries harder, i.e., he mentally frames the sensation of muscular effort,' with consent that it shall occur. It does so : he frowns, he heaves his chest, he clinches his other fist, but the palsied arm lies passive as before.*


We thus find that we reach the heart of our inquiry into volition when we ask by what process it is that the thought of any given object comes to prevail stably in the mind. Where
thoughts prevail without effort, we have sufficiently studied in the several chapters on sensation, association, and attention, the laws of their advent before consciousness and of their stay. We will not go over that ground again, for we know that interest and association are the words, let their worth be what it may, on which our explanations must perforce rely. Where, on the other hand, the prevalence of the thought is accompanied by the phenomenon of effort, the case is much less clear. Already in the chapter on attention we postponed the final consideration of voluntary attention with effort to a later place. We have now brought things to a point at which we see that attention with effort is all that any case of volition implies. The essential achievement of the will, in short, when it is most voluntary,' is to ATTEND to a difficult object and hold it fast before the mind. The so-doing is the fiat; and it is a mere physiological incident that when the object is thus attended to, immediate motor consequences should ensue. A resolve, whose contemplated motor consequences are not to ensue until some possibly far distant future condition shall have been fulfilled, involves all the psychic elements of a motor fiat except the word 'now;' and it is the same with many of our purely theoretic beliefs. We saw in effect in the appropriate chapter, how in the last resort belief means only a peculiar sort of occupancy of the mind, and relation to the self felt in the thing believed; and we know in the case of many beliefs how constant an effort of the attention is required to keep them in this situation and protect them from displacement by contradictory ideas.* 
Effort of attention is thus the essential phenomenon of will.† Every reader must know by his own experience that this is so, for every reader must have felt some fiery passion's grasp. What constitutes the difficulty for a man laboring under an unwise passion of acting as if the passion were unwise? Certainly there is no physical difficulty. It is as easy physically to avoid a fight as to begin one, to pocket one's money as to squander it on one's cupidities, to walk away from as towards a coquette's door. The difficulty is mental; it is that of getting the idea of the wise action to stay before our mind at all. When any strong emotional state whatever is upon us the tendency is for no images but such as are congruous with it to come up. If others by chance offer themselves, they are instantly smothered and crowded out. If we be joyous, we cannot keep thinking of those uncertainties and risks of failure which abound upon our path; if lugubrious, we cannot think of new triumphs, travels, loves, and joys; nor if vengeful, of our oppressor's community of nature with ourselves. The cooling advice which we get from others when the fever-fit is on us is the most jarring and exasperating thing in life. Reply we cannot, so we get angry; for by a sort of self-preserving instinct which our passion has, it feels that these chill objects, if they once but gain a lodgment, will work and work until they have frozen the very vital spark from out of all our mood and brought our airy castles in ruin to the ground. Such is the inevitable effect of reasonable ideas over others — if they can once get a quiet hearing; and passion's cue accordingly is always and everywhere to prevent their still small voice from being heard at all. "Let me not think of that! Don't speak to me of that!" This is the sudden cry of all those who in a passion perceive some sobering considerations about to check them in mid-career. "Hæc tibi exit janua leti," we feel. There is something so icy in this cold-water bath, something which seems so hostile to the movement of our life, so purely negative, in Reason, when she lays her corpse-like finger on our heart and says, "Halt! give up! leave off! go back! sit down!" that it is no wonder that to most men the steadying influence seems, for the time being, a very minister of death.

The strong-willed man, however, is the man who hears the still small voice unflinchingly, and who, when the death-bringing consideration comes, looks at its face, consents to its presence, clings to it, affirms it, and holds it fast, in spite of the host of exciting mental images which rise in revolt against it and would expel it from the mind. Sustained in this way by a resolute effort of attention, the difficult object erelong begins to call up its own congerers and associates and ends by changing the disposition of the man's consciousness altogether. And with his consciousness, his action changes, for the new object, once stably in possesion of the field of his thoughts, infallibly produces its own motor effects. The difficulty lies in the gaining possession of that field. Though the spontaneous drift of thought is all the other way, the attention must be kept strained on that one object until at last it grows, so as to maintain itself before the mind with ease. This strain of the attention is the fundamental act of will. And the will's work is in most cases practically ended when the bare presence to our thought of the naturally unwelcome object has been secured. For the mysterious tie between the thought and the motor centres next comes into play, and, in a way which we cannot even guess at, the obedience of the bodily organs follows as a matter of course.

In all this one sees how the immediate point of application of the volitional effort lies exclusively in the mental world. The whole drama is a mental drama. The whole difficulty is a mental difficulty, a difficulty with an object of our thought. If I may use the word idea without suggesting associationist or Herbartian fables, I will say that it is an idea to which our will applies itself, an idea which if we let it go would slip away, but which we will not let go. Consent to the idea's undivided presence, this is effort's sole achievement. Its only function is to get this feeling of consent into the mind. And for this there is but one way. The idea to be consented to must be kept from flickering and going out. It must be held steadily before the mind until it fills the mind. Such filling of the mind by an idea, with its congruous associates, is consent to the idea and to the fact which the idea represents. If the idea be that, or include that, of a bodily movement of our own, then we call the consent thus laboriously gained a motor volition. For Nature here 'backs' us instantaneously and follows up our inward willingness by outward changes on her own part. She does this in no other instance. Pity she should not have been more generous, nor made a world whose other parts were as immediately subject to our will !


On page 531, in describing the reasonable type ' of decision, it was said that it usually came when the right conception of the case was found. Where, however, the right conception is an anti-impulsive one, the whole intellectual ingenuity of the man usually goes to work to crowd it out of sight, and to find names for the emergency, by the help of which the dispositions of the moment may sound sanctified, and sloth or passion may reign unchecked. How many excuses does the drunkard find when each new temptation comes! It is a new brand of liquor which the interests of intellectual culture in such matters oblige him to test; moreover it is poured out and it is sin to waste it; or others are drinking and it would be churlishness to refuse; or it is but to enable him to sleep, or just to get through this job of work; or it isn't drinking, it is because he feels so cold; or it is Christmas-day; or it is a means of stimulating him to make a more powerful resolution in favor of abstinence than any he has hitherto made; or it is just this once, and once doesn't count, etc., etc., ad libitum — it is, in fact, anything you like except being a drunkard. That is the conception that will not stay before the poor soul's attention. But if he once gets able to pick out that way of conceiving, from all the other possible ways of conceiving the various opportunities which occur, if through thick and thin he holds to it that this is being a drunkard and is nothing else, he is not likely to remain one long. The effort by which he succeeds in keeping the right name unwaveringly present to his mind proves to be his saving moral act.*


Everywhere then the function of the effort is the same: to keep affirming and adopting a thought which, if left to itself, would slip away. It may be cold and flat when the spontaneous mental drift is towards excitement, or great and arduous when the spontaneous drift is towards repose. In the one case the effort has to inhibit an explosive, in the other to arouse an obstructed will. The exhausted sailor on a wreck has a will which is obstructed. One of his ideas is that of his sore hands, of the nameless exhaustion of his whole frame which the act of farther pumping involves, and of the deliciousness of sinking into sleep. The other is that of the hungry sea ingulfing him. "Rather the aching toil!" he says; and it becomes reality then, in spite of the inhibiting influence of the relatively luxurious sensations which he gets from lying still. But exactly similar in form would be his consent to lie and sleep. Often it is the thought of sleep and what leads to it which is the hard one to keep before the mind. If a patient afflicted with insomnia can only control the whirling chase of his thoughts so far as to think of nothing at all (which can be done), or so far as to imagine one letter after another of a verse of scripture or poetry spelt slowly and monotonously out, it is almost certain that here, too, specific bodily effects will follow, and that sleep will come. The trouble is to keep the mind upon a train of objects naturally so insipid. To sustain a representation, to think, is, in short, the only moral act, for the impulsive and the obstructed, for sane and lunatics alike. Most maniacs know their thoughts to be crazy, but find them too pressing to be withstood. Compared with them the sane truths are so deadly sober, so cadaverous, that the lunatic cannot bear 'to look them in the face and say, "Let these alone be my reality !" But with sufficient effort, as Dr. Wigan says,

"Such a man can for a time wind himself up, as it were, and determine that the notions of the disordered brain shall not be manifested. Many instances are on record similar to that told by Pinel, where an inmate of the Bicêtre, having stood a long cross-examination, and given every mark of restored reason, signed his name to the paper authorizing his discharge 'Jesus Christ,' and then went off into all the vagaries connected with that delusion. In the phraseology of the gentleman whose case is related in an early part of this [Wigan's] work he had 'held himself tight' during the examination in order to attain his object; this once accomplished he let himself down' again, and, if even conscious of his delusion, could not control it. I have observed with such persons that it requires a considerable time to wind themselves up to the pitch of complete self-control, that the effort is a painful tension of the mind... When thrown off their guard by any accidental remark or worn out by the length of the examination, they let themselves go, and cannot gather themselves up again without preparation. Lord Erskine relates the story of a man who brought an action against Dr. Munro for confining him without cause. He underwent the most rigid examination by the counsel for the defendant without discovering any appearance of insanity, till a gentleman asked him about a princess with whom he corresponded in cherry-juice, and he became instantly insane."*


To sum it all up in a word, the terminus of the psychological process in volition, the point to which the will is directly applied, is always an idea. There are at all times some ideas from which we shy away like frightened horses the moment we get a glimpse of their forbidding profile upon the threshold of our thought. The only resistance which our will can possibly experience is the resistance which such an idea offers to being attended to at all. To attend to it is the volitional act, and the only inward volitional act which we ever perform.
I have put the thing in this ultra-simple way because I want more than anything else to emphasize the fact that volition is primarily a relation, not between our Self and extra-mental matter (as many philosophers still maintain), but between our Self and our own states of mind. But when, a short while ago, I spoke of the filling of the mind with an idea as being equivalent to consent to the idea's object, I said something which the reader doubtless questioned at the time, and which certainly now demands some qualification ere we pass beyond.

It is unqualifiedly true that if any thought do fill the mind exclusively, such filling is consent. The thought, for that time at any rate, carries the man and his will with it. But it is not true that the thought need fill the mind exclusively for consent to be there ; for we often consent to things whilst thinking of other things, even of hostile things ; and we saw in fact that precisely what distinguishes our 'fifth type' of decision from the other types (see p. 534) is just this coexistence with the triumphant thought of other thoughts which would inhibit it but for the effort which makes it prevail. The effort to attend is therefore only a part of what the word will ' covers ; it covers also the effort to consent to something to which our attention is not quite complete. Often, when an object has gained our attention exclusively, and its motor results are just on the point of setting in, it seems as if the sense of their imminent irrevocability were enough of itself to start up the inhibitory ideas and to make us pause. Then we need a new stroke of effort to break down the sudden hesitation which seizes upon us, and to persevere. So that although attention is the first and fundamental thing in volition, express consent to the reality of what is attended to is often an additional and quite distinct phenomenon involved.


The reader's own consciousness tells him of course just what these words of mine denote. And I freely confess that I am impotent to carry the analysis of the matter any farther, or to explain in other terms of what this consent consists. It seems a subjective experience sui generis, which we can designate but not define. We stand here exactly where we did in the case of belief. When an idea stings us in a certain way, makes as it were a certain electric connection with our self, we believe that it is a reality. When it stings us in another way, makes another connection with our Self, we say, let it be a reality. To the word 'is' and to the words 'let it be' there correspond peculiar attitudes of consciousness which it is vain to seek to explain. The indicative and the imperative moods are as much ultimate categories of thinking as they are of grammar. The 'quality of reality' which these moods attach to things is not like other qualities. It is a relation to our life. It means our adoption of the things, our caring for them, our standing by them. This at least is what it practically means for us; what it may mean beyond that we do not know. And the transition from merely considering an object as possible, to deciding or willing it to be real; the change from the fluctuating to the stable personal attitude concerning it; from the 'don't care' state of mind to that in which 'we mean business,' is one of the most familiar things in life. We can partly enumerate its conditions; and we can partly trace its consequences, especially the momentous one that when the mental object is a movement of our own body, it realizes itself outwardly when the mental change in question has occurred. But the change itself as a subjective phenomenon is something which we can translate into no simpler terms.
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Preface (pp. 291-293)


This work is called the Critique of Practical Reason, not of the pure practical reason, although its parallelism with the speculative critique would seem to require the latter term. The reason of this appears sufficiently from the treatise itself. Its business is to show that there is pure practical reason, and for this purpose it criticizes the entire practical faculty of reason. If it succeeds in this, it has no need to criticize the pure faculty itself in order to see whether reason in making such a claim does not presumptuously overstep itself (as is the case with the speculative reason). For if, as pure reason, it is actually practical, it proves its own reality and that of its concepts by fact, and all disputation against thee possibility of its being real is futile.

With this faculty, transcendental freedom is also established; freedom, namely, in that absolute sense in which speculative reason required it in its use of the concept of causality in order to escape the antinomy into which it inevitably falls, when in the chain of cause and effect it tries to think the unconditioned. 


Speculative reason could only exhibit this concept (of freedom) problematically as not impossible to thought, without assuring it any objective reality, and merely lest the supposed impossibility of what it must at least allow to be thinkable should endanger its very being and plunge it into an abyss of skepticism.

Inasmuch as the reality of the concept of freedom is proved by an apodeictic law of practical reason, it is the keystone of the whole system of pure reason, even the speculative, and all other concepts (those of God and immortality) which, as being mere ideas, remain in it unsupported, now attach themselves to this concept, and by it obtain consistence and objective reality; that is to say, their possibility is proved by the fact that freedom actually exists, for this idea is revealed by the moral law.


Freedom, however, is the only one of all the ideas of the speculative reason of which we know the possibility a priori (without, however, understanding it), because it is the condition of the moral law which we know.1

The ideas of God and immortality, however, are not conditions of the moral law, but only conditions of the necessary object of a will determined by this law; that is to say, conditions of the practical use of our pure reason. 

Here Kant has adopted Hume's skeptical position on knowledge by pure speculative reason. Hume's natural (moral) belief, for example, in causality, corresponds to Kant's practical (moral) reason.


Hence, with respect to these ideas, we cannot affirm that we know and understand, I will not say the actuality, but even the possibility of them. However they are the conditions of the application of the morally determined will to its object, which is given to it a priori, viz., the summum bonum. Consequently in this practical point of view their possibility must be assumed, although we cannot theoretically know and understand it. To justify this assumption it is sufficient, in a practical point of view, that they contain no intrinsic impossibility (contradiction).


Where Hume asserted we had a natural (moral) belief in causality, Kant asserts the practical need for freedom

 
Here we have what, as far as speculative reason is concerned, is a merely subjective principle of assent, which, however, is objectively valid for a reason equally pure but practical, and this principle, by means of the concept of freedom, assures objective reality and authority to the ideas of God and immortality. Nay, there is a subjective necessity (a need of pure reason) to assume them. Nevertheless the theoretical knowledge of reason is not hereby enlarged, but only the possibility is given, which heretofore was merely a problem and now becomes assertion, and thus the practical use of reason is connected with the elements of theoretical reason. And this need is not a merely hypothetical one for the arbitrary purposes of speculation, that we must assume something if we wish in speculation to carry reason to its utmost limits, but it is a need which has the force of law to assume something without which that cannot be which we must inevitably set before us as the aim of our action.

It would certainly be more satisfactory to our speculative reason if it could solve these problems for itself without this circuit and preserve the solution for practical use as a thing to be referred to, but in fact our faculty of speculation is not so well provided. Those who boast of such high knowledge ought not to keep it back, but to exhibit it publicly that it may be tested and appreciated. They want to prove: very good, let them prove; and the critical philosophy lays its arms at their feet as the victors. Quid static? Nolint. Atqui licet esse beatis. As they then do not in fact choose to do so, probably because they cannot, we must take up these arms again in order to seek in the mortal use of reason, and to base on this, the notions of God, freedom, and immortality, the possibility of which speculation cannot adequately prove.


Here first is explained the enigma of the critical philosophy, viz.: how we deny objective reality to the supersensible use of the categories in speculation and yet admit this reality with respect to the objects of pure practical reason. This must at first seem inconsistent as long as this practical use is only nominally known. But when, by a thorough analysis of it, one becomes aware that the reality spoken of does not imply any theoretical determination of the categories and extension of our knowledge to the supersensible; but that what is meant is that in this respect an object belongs to them, because either they are contained in the necessary determination of the will a priori, or are inseparably connected with its object; then this inconsistency disappears, because the use we make of these concepts is different from what speculative reason requires. On the other hand, there now appears an unexpected and very satisfactory proof of the consistency of the speculative critical philosophy. For whereas it insisted that the objects of experience as such, including our own subject, have only the value of phenomena, while at the same time things in themselves must be supposed as their basis, so that not everything supersensible was to be regarded as a fiction and its concept as empty; so now practical reason itself, without any concert with the speculative, assures reality to a super-sensible object of the category of causality, viz., freedom, although (as becomes a practical concept) only for practical use; and this establishes on the evidence of a fact that which in the former case could only be conceived. By this the strange but certain doctrine of the speculative critical philosophy, that the thinking subject is to itself in internal intuition only a phenomenon, obtains in the critical examination of practical reason its full confirmation, and this so thoroughly that we should be compelled to adopt this doctrine, even if the former had never proved it at all.1

By this also I can understand why the most considerable objections which I have as yet with against the Critique turn about these two points, namely, on the one side, the objective reality of the categories as applied to noumena, which is in the theoretical department of knowledge denied, in the practical affirmed; and on the other side, the paradoxical demand to regard oneself qua subject of freedom as a noumenon, and at the same time from the point of view physical nature as a phenomenon in one's empirical consciousness; for as long as one formed no definite notions of morality and freedom, one could not conjecture on the side what what was intended to be the noumenon, basis of the alleged phenomenon, and on other side it seemed doubtful whether it was all possible to form any notion of it, seeing that we had previously assigned all the notions of the pure understanding in its theoretical use exclusively to phenomena. Nothing but a detailed criticism of the practical reason can remove all this misapprehension and set in a clear light the consistency which constitutes its greatest merit.

So much by way of justification of the proceeding by which, in this work, the notions and principles of pure speculative reason which have already undergone their special critical examination are, now and then, again subjected to examination. This would not in other cases be in accordance with the systematic process by which a science is established, since matters which have been decided ought only to be cited and not again discussed. In this case, however, it was not only allowable but necessary, because reason is here considered in transition to a different use of these concepts from what it had made of them before. Such a transition necessitates a comparison of the old and the new usage, in order to distinguish well the new path from the old one and, at the same time, to allow their connection to be observed. Accordingly considerations of this kind, including those which are once more directed to the concept of freedom in the practical use of the pure reason, must not be regarded as an interpolation serving only to fill up the gaps in the critical system of speculative reason (for this is for its own purpose complete), or like the props and buttresses which in a hastily constructed building are often added afterwards; but as true members which make the connexion of the system plain, and show us concepts, here presented as real, which there could only be presented problematically. 

Hume made causality a natural belief and moral sentiment beyond empirical reason, Kant makes freedom one in his noumenal realm beyond pure speculative reason to establish the moral law


This remark applies especially to the concept of freedom, respecting which one cannot but observe with surprise that so many boast of being able to understand it quite well and to explain its possibility, while they regard it only psychologically, whereas if they had studied it in a transcendental point of view, they must have recognized that it is not only indispensable as a problematical concept, in the complete use of speculative reason, but also quite incomprehensible; and if they afterwards came to consider its practical use, they must needs have come to the very mode of determining the principles of this to which they  are now so loth to assent. 
The concept of freedom is the stone of stumbling for all empiricists, but at the same time the key to the loftiest practical principles for critical moralists, who perceive by its means that they must necessarily proceed by a rational method. For this reason I beg the reader not to pass lightly over what is said of this concept at the end of the Analytic.

I must leave it to those who are acquainted with works of this kind to judge whether such a system as that of the practical reason, which is here developed from the critical examination of it, has cost much or little trouble, especially in seeking not to miss the true point of view from which the whole can be rightly sketched. It presupposes, indeed, the Fundamental Principles of the Metaphysic of Morals, but only in so far as this gives a preliminary acquaintance with the principle of duty, and assigns and justifies a definite formula thereof; in other respects it is independent.1

Kant refers to Hume's project for a "science of man"


It results from the nature of this practical faculty itself that the complete classification of all practical sciences cannot be added, as in the critique of the speculative reason. For it is not possible to define duties specially, as human duties, with a view to their classification, until the subject of this definition (viz., man) is known according to his actual nature, at least so far as is necessary with respect to duty; this, however, does not belong to a critical examination of the practical reason, the business of which is only to assign in a complete manner the principles of its possibility, extent, and limits, without special reference to human nature. The classification then belongs to the system of science, not to the system of criticism.
Critical Examination of the Analytic of Pure Practical Reason
(pp. 329-337)


By the critical examination of a science, or of a portion of it, which constitutes a system by itself, I understand the inquiry and proof why it must have this and no other systematic form, when we compare it with another system which is based on a similar faculty of knowledge. Now practical and speculative reason are based on the same faculty, so far as both are pure reason. Therefore the difference in their systematic form must be determined by the comparison of both, and the ground of this must be assigned.

The Analytic of pure theoretic reason had to do with the knowledge of such objects as may have been given to the understanding, and was obliged therefore to begin from intuition [Anschauung] and consequently (as this is always sensible) from sensibility; and only after that could advance to concepts (of the objects of this intuition), and could only end with principles after both these had preceded. On the contrary, since practical reason has not to do with objects so as to know them, but with its own faculty of realizing them (in accordance with the knowledge of them), that is, with a will which is a causality, inasmuch as reason contains its determining principle; since, consequently, it has not to furnish an object of intuition, but as practical reason has to furnish only a law (because the notion of causality always implies the reference to a law which determines the existence of the many in relation to one another); hence a critical examination of the Analytic of reason, if this is to be practical reason (and this is properly the problem), must begin with the possibility of practical principles a priori. 


Kant here makes the explicit connection between his Practical Reason and Hume's Moral Sentiment


Only after that can it proceed to concepts of the objects of a practical reason, namely, those of absolute good and evil, in order to assign them is accordance with those principles (for prior to those principles they cannot possibly be given as good and evil by any faculty of knowledge), and only then could the section be concluded with the last chapter, that, namely, which treats of the relation of the pure practical reason to the sensibility and of its necessary influence thereon, which is a priori cognisable, that is, of the moral sentiment [moralische Gefühle]. 

Thus the Analytic of the practical pure reason has the whole extent of the conditions of its use in common with the theoretical, but in reverse order. The Analytic of pure theoretic reason was divided into transcendental Aesthetic and transcendental Logic, that of the practical reversely into Logic and Aesthetic of pure practical reason (if I may, for the sake of analogy merely, use these designations, which are not quite suitable). This logic again was there divided into the Analytic of concepts and that of principles: here into that of principles and concepts. 


Kant's pure practical Aesthetic is identified with Hume's feeling.


The Aesthetic also had in the former case two parts, on account of the two kinds of sensible intuition; here the sensibility is not considered as a capacity of intuition at all, but merely as feeling (which can be a subjective ground of desire), and in regard to it pure practical reason admits no further division.

It is also easy to see the reason why this division into two parts with its subdivision was not actually adopted here (as one might have been induced to attempt by the example of the former critique). For since it is pure reason that is here considered in its practical use, and consequently as proceeding from a priori principles, and not from empirical principles of determination, hence the division of the analytic of pure practical reason must resemble that of a syllogism; namely, proceeding from the universal in the major premiss (the moral principle), through a minor premiss containing a subsumption of possible actions (as good or evil) under the former, to the conclusion, namely, the subjective determination of the will (an interest in the possible practical good, and in the maxim founded on it). He who has been able to convince himself of the truth of the positions occurring in the Analytic will take pleasure in such comparisons; for they justly suggest the expectation that we may perhaps some day be able to discern the unity of the whole faculty of reason (theoretical as well as practical) and be able to derive all from one principle, which is what human reason inevitably demands, as it finds complete satisfaction only in a perfectly systematic unity of its knowledge.


If now we consider also the contents of the knowledge that we can have of a pure practical reason, and by means of it, as shown by the Analytic, we find, along with a remarkable analogy between it and the theoretical, no less remarkable differences. As regards the theoretical, the faculty of a pure rational cognition a priori could be easily and evidently proved by examples from sciences (in which, as they put their principles to the test in so many ways by methodical use, there is not so much reason as in common knowledge to fear a secret mixture of empirical principles of cognition). But, that pure reason without the admixture of any empirical principle is practical of itself, this could only be shown from the commonest practical use of reason, by verifying the fact, that every man's natural reason acknowledges the supreme practical principle as the supreme law of his will — a law completely a priori and not depending on any sensible data. It was necessary first to establish and verify the purity of its origin, even in the judgement of this common reason, before science could take it in hand to make use of it, as a fact, that is, prior to all disputation about its possibility, and all the consequences that may be drawn from it. But this circumstance may be readily explained from what has just been said; because practical pure reason must necessarily begin with principles, which therefore must be the first data, the foundation of all science, and cannot be derived from it. It was possible to effect this verification of moral principles as principles of a pure reason quite well, and with sufficient certainty, by a single appeal to the judgement of common sense, for this reason, that anything empirical which might slip into our maxims as a determining principle of the will can be detected at once by the feeling of pleasure or pain which necessarily attaches to it as exciting desire; whereas pure practical reason positively refuses to admit this feeling into its principle as a condition. The heterogeneity of the determining principles (the empirical and rational) is clearly detected by this resistance of a practically legislating reason against every admixture of inclination, and by a peculiar kind of sentiment, which, however, does not precede the legislation of the practical reason, but, on the contrary, is produced by this as a constraint, namely, by the feeling of a respect such as no man has for inclinations of whatever kind but for the law only; and it is detected in so marked and prominent a manner that even the most uninstructed cannot fail to see at once in an example presented to him, that empirical principles of volition may indeed urge him to follow their attractions, but that he can never be expected to obey anything but the pure practical law of reason alone.


The distinction between the doctrine of happiness and the doctrine of morality, in the former of which empirical principles constitute the entire foundation, while in the second they do not form the smallest part of it, is the first and most important office of the Analytic of pure practical reason; and it must proceed in it with as much exactness and, so to speak, scrupulousness, as any geometer in his work. The philosopher, however, has greater difficulties to contend with here (as always in rational cognition by means of concepts merely without construction), because he cannot take any intuition as a foundation (for a pure noumenon). He has, however, this advantage that, like the chemist, he can at any time make an experiment with every man's practical reason for the purpose of distinguishing the moral (pure) principle of determination from the empirical: namely, by adding the moral law (as a determining principle) to the empirically affected will (e.g., that of the man who would be ready to lie because he can gain something thereby). It is as if the analyst added alkali to a solution of lime in hydrochloric acid, the acid at once forsakes the lime, combines with the alkali, and the lime is precipitated. Just in the same way, if to a man who is otherwise honest (or who for this occasion places himself only in thought in the position of an honest man), we present the moral law by which he recognises the worthlessness of the liar, his practical reason (in forming a judgement of what ought to be done) at once forsakes the advantage, combines with that which maintains in him respect for his own person (truthfulness), and the advantage after it has been separated and washed from every particle of reason (which is altogether on the side of duty) is easily weighed by everyone, so that it can enter into combination with reason in other cases, only not where it could be opposed to the moral law, which reason never forsakes, but most closely unites itself with.


But it does not follow that this distinction between the principle of happiness and that of morality is an opposition between them, and pure practical reason does not require that we should renounce all claim to happiness, but only that the moment duty is in question we should take no account of happiness. It may even in certain respects be a duty to provide for happiness; partly, because (including skill, wealth, riches) it contains means for the fulfilment of our duty; partly, because the absence of it (e.g., poverty) implies temptations to transgress our duty. But it can never be an immediate duty to promote our happiness, still less can it be the principle of all duty. Now, as all determining principles of the will, except the law of pure practical reason alone (the moral law), are all empirical and, therefore, as such, belong to the principle of happiness, they must all be kept apart from the supreme principle of morality and never be incorporated with it as a condition; since this would be to destroy all moral worth just as much as any empirical admixture with geometrical principles would destroy the certainty of mathematical evidence, which in Plato's opinion is the most excellent thing in mathematics, even surpassing their utility.


Instead, however, of the deduction of the supreme principle of pure practical reason, that is, the explanation of the possibility of such a knowledge a priori, the utmost we were able to do was to show that if we saw the possibility of the freedom of an efficient cause, we should also see not merely the possibility, but even the necessity, of the moral law as the supreme practical law of rational beings, to whom we attribute freedom of causality of their will; because both concepts are so inseparably united that we might define practical freedom as independence of the will on anything but the moral law. But we cannot perceive the possibility of the freedom of an efficient cause, especially in the world of sense; we are fortunate if only we can be sufficiently assured that there is no proof of its impossibility, and are now, by the moral law which postulates it, compelled and therefore authorized to assume it. However, there are still many who think that they can explain this freedom on empirical principles, like any other physical faculty, and treat it as a psychological property, the explanation of which only requires a more exact study of the nature of the soul and of the motives of the will, and not as a transcendental predicate of the causality of a being that belongs to the world of sense (which is really the point). They thus deprive us of the grand revelation which we obtain through practical reason by means of the moral law, the revelation, namely, of a supersensible world by the realization of the otherwise transcendent concept of freedom, and by this deprive us also of moral law itself, which admits no empirical principle of determination. Therefore it will be necessary to add something here as a protection against this delusion and to exhibit empiricism in its naked superficiality.


The notion of causality as physical necessity, in opposition to the same notion as freedom, concerns only the existence of things so far as it is determinable in time, and, consequently, as phenomena, in opposition to their causality as things in themselves. Now if we take the attributes of existence of things in time for attributes of things in themselves (which is the common view), then it is impossible to reconcile the necessity of the causal relation with freedom; they are contradictory. 


Here Kant states the Determinism Objection in the standard argument against free will


For from the former it follows that every event, and consequently every action that takes place at a certain point of time, is a necessary result of what existed in time preceding. Now as time past is no longer in my power, hence every action that I perform must be the necessary result of certain determining grounds which are not in my power, that is, at the moment in which I am acting I am never free. Nay, even if I assume that my whole existence is independent on any foreign cause (for instance, God), so that the determining principles of my causality, and even of my whole existence, were not outside myself, yet this would not in the least transform that physical necessity into freedom. For at every moment of time I am still under the necessity of being determined to action by that which is not in my power, and the series of events infinite a parte priori, which I only continue according to a pre-determined order and could never begin of myself, would be a continuous physical chain, and therefore my causality would never be freedom.


Kant completes the standard argument against free will by saying the alternative to necessity is chance


If, then, we would attribute freedom to a being whose existence is determined in time, we cannot except him from the law of necessity as to all events in his existence and, consequently, as to his actions also; for that would be to hand him over to blind chance. Now as this law inevitably applies to all the causality of things, so far as their existence is determinable in time, it follows that if this were the mode in which we had also to conceive the existence of these things in themselves, freedom must be rejected as a vain and impossible conception. 

To save freedom, Kant puts it in a noumenal realm outside of time

He thus reconciles the contradictory concepts of freedom and necessity



Consequently, if we would still save it, no other way remains but to consider that the existence of a thing, so far as it is determinable in time, and therefore its causality, according to the law of physical necessity, belong to appearance, and to attribute freedom to the same being as a thing in itself. This is certainly inevitable, if we would retain both these contradictory concepts together; but in application, when we try to explain their combination in one and the same action, great difficulties present themselves which seem to render such a combination impracticable.

When I say of a man who commits a theft that, by the law of causality, this deed is a necessary result of the determining causes in preceding time, then it was impossible that it could not have happened; how then can the judgement, according to the moral law, make any change, and suppose that it could have been omitted, because the law says that it ought to have been omitted; that is, how can a man be called quite free at the same moment, and with respect to the same action in which he is subject to an inevitable physical necessity? Some try to evade this by saying that the causes that determine his causality are of such a kind as to agree with a comparative notion of freedom. According to this, that is sometimes called a free effect, the determining physical cause of which lies within the acting thing itself, e. g., that which a projectile performs when it is in free motion, in which case we use the word freedom, because while it is in flight it is not urged by anything external; or as we call the motion of a clock a free motion, because it moves its hands itself, which therefore do not require to be pushed by external force; so although the actions of man are necessarily determined by causes which precede in time, we yet call them free, because these causes are ideas produced by our own faculties, whereby desires are evoked on occasion of circumstances, and hence actions are wrought according to our own pleasure. 


Kant attacks Hume's compatibilism as a "wretched subterfuge" and his verbal confusion as "word-jugglery"


This is a wretched subterfuge [elender Behelf] with which some persons still let themselves be put off, and so think they have solved, with a petty word-jugglery [Wortklauberei], that difficult problem, at the solution of which centuries have laboured in vain, and which can therefore scarcely be found so completely on the surface. In fact, in the question about the freedom which must be the foundation of all moral laws and the consequent responsibility, it does not matter whether the principles which necessarily determine causality by a physical law reside within the subject or without him, or in the former case whether these principles are instinctive or are conceived by reason, if, as is admitted by these men themselves, these determining ideas have the ground of their existence in time and in the antecedent state, and this again in an antecedent, etc. Then it matters not that these are internal; it matters not that they have a psychological and not a mechanical causality, that is, produce actions by means of ideas and not by bodily movements; they are still determining principles of the causality of a being whose existence is determinable in time, and therefore under the necessitation of conditions of past time, which therefore, when the subject has to act, are no longer in his power. This may imply psychological freedom (if we choose to apply this term to a merely internal chain of ideas in the mind), but it involves physical necessity and, therefore, leaves no room for transcendental freedom, which must be conceived as independence on everything empirical, and, consequently, on nature generally, whether it is an object of the internal sense considered in time only, or of the external in time and space. Without this freedom (in the latter and true sense which alone is practical a priori, no moral law and no moral imputation are possible. Just for
this reason the necessity of events in time, according to the physical law of causality, may
be called the mechanism of nature, although we do not mean by this that things which are subject to it must be really material machines. We look here only to the necessity of the connection of events in a time-series as it is developed according to the physical law, whether the subject in which this development takes place is called automaton materiale when the mechanical being is moved by matter, or with Leibnitz spirituale when it is impelled by ideas: and if the freedom of our will were no other than the latter (say the psychological and comparative, not also transcendental, that is, absolute), then it would at bottom be nothing
better than the freedom of a turnspit, which when once it is wound up, accomplishes its motions of itself.


Kant introduces his own absurd "wretched subterfuge," that agents are determined and necessitated as phenomena but metaphysically free as noumena


Now, in order to remove in the supposed case the apparent contradiction between freedom and the mechanism of nature in one and the same action, we must remember what was said in the Critique of Pure Reason, or what follows therefrom; viz., that the necessity of nature, which cannot co-exist with the freedom of the subject, appertains only to the attributes of the thing that is subject to time-conditions, consequently only to those of the acting subject as a phenomenon; that therefore in this respect the determining principles of every action of the same reside in what belongs to past time and is no longer in his power (in which must be included his own past actions and the character that these may determine for him in his own eyes as a phenomenon). But the very same subject, being on the other side conscious of himself as a thing in himself, considers his existence also in so far as it is not subject to time-conditions, and regards himself as only determinable by laws which he gives himself through reason; and in this his existence nothing is antecedent to the determination of his will, but every action, and in general every modification of his existence, varying according to his internal sense, even the whole series of his existence as a sensible being is in the consciousness of his supersensible existence nothing but the result, and never to be regarded as the determining principle, of his causality as a noumenon. In this view now the rational being can justly say of every unlawful action that he performs, that he could very well have left it undone; although as appearance it is sufficiently determined in the past, and in this respect is absolutely necessary; for it, with all the past which determines it, belongs to the one single phenomenon of his character which he makes for himself, in consequence of which he imputes the causality of :hose appearances to himself as a cause independent of sensibility.

With this agree perfectly the judicial sentences of that wonderful faculty in us which we call conscience. A man may use as much art as he likes in order to paint to himself an unlawful act, that he remembers, as an unintentional error, a mere oversight, such as one can never altogether avoid, and therefore as something in which he was carried away by the stream of physical necessity, and thus to make himself out innocent, yet he finds that the advocate who speaks in his favour can by no means silence the accuser within, if only he is conscious that at the time when he did this wrong he was in his senses, that is, in possession of his freedom; and, nevertheless, he accounts for his error from some bad habits, which by gradual neglect of attention he has allowed to grow upon him to such a degree that he can regard his error as its natural consequence, although this cannot protect him from the blame and reproach which he casts upon himself. This is also the ground of repentance for a long past action at every recollection of it; a painful feeling produced by the moral sentiment, and which is practically void in so far as it cannot serve to undo what has been done. 


Kant's reference to compromise and freedom in words only refers to Hume's compatibilism


(Hence Priestley, as a true and consistent fatalist, declares it absurd, and he deserves to be commended for this candour more than those who, while they maintain he mechanism of the will in fact, and its freedom in words only, yet wish it to be thought that they include it in their system of compromise, although they do not explain the possibility of such moral imputation.) 

But the pain is quite legitimate, because when the law of our intelligible [supersensible] existence (the moral law) is in question, reason recognizes no distinction of time, and only asks whether the event belongs to me, as my act, and then always morally connects the same feeling with it, whether it has happened just now or long ago. For in reference to the supersensible consciousness of its existence (i. e., freedom) the life of sense is but a single phenomenon, which, inasmuch as it contains merely manifestations of the mental disposition with regard to the moral law (i. e., of the character), must be judged not according to the physical necessity that belongs to it as phenomenon, but according to the absolute spontaneity of freedom. It may therefore be admitted that, if it were possible to have so profound an insight into a man's mental character as shown by internal as well as external actions, as to know all its motives, even the smallest, and likewise all the external occasions that can influence them, we could calculate a man's conduct for the future with as great certainty as a lunar or solar eclipse; and nevertheless we may maintain that the man is free. In fact, if we were capable of a further glance, namely, an intellectual intuition of the same subject (which indeed is not granted to us, and instead of it we have only the rational concept), then we should perceive that this whole chain of appearances in regard to all that concerns the moral laws depends on the spontaneity of the subject as a thing in itself, of the determination of which no physical explanation can be given. In default of this intuition, the moral law assures us of this distinction between the relation of our actions as appearance to our sensible nature, and the relation of this sensible nature to the supersensible substratum in us. In this view, which is natural to our reason, though inexplicable, we can also justify some judgements which we passed with all conscientiousness, and which yet at first sight seem quite opposed to all equity. There are cases in which men, even with the same education which has been profitable to others, yet show such early depravity, and so continue to progress in it to years of manhood, that they are thought to be born villains, and their character altogether incapable of improvement; and nevertheless they are judged for what they do or leave undone, they are reproached for their faults as guilty; nay, they themselves (the children) regard these reproaches as well founded, exactly as if in spite of the hopeless natural quality of mind ascribed to them, they remained just as responsible as any other man. This could not happen if we did not suppose that whatever springs from a man's choice (as every action intentionally performed undoubtedly does) has as its foundation a free causality, which from early youth expresses its character in its manifestations (i. e., actions). These, on account of the uniformity of conduct, exhibit a natural connection, which however does not make the vicious quality of the will necessary, but on the contrary, is the consequence of the evil principles voluntarily adopted and unchangeable, which only make it so much the more culpable and deserving of punishment. There still remains a difficulty in the combination of freedom with the mechanism of nature in a being belonging to the world of sense; a difficulty which, even after all the foregoing is admitted, threatens freedom with complete destruction. But with this danger there is also a circumstance that offers hope of an issue still favourable to freedom; namely, that the same difficulty presses much more strongly (in fact as we shall presently see, presses only) on the system that holds the existence determinable in time and space to be the existence of things in themselves; it does not therefore oblige us to give up our capital supposition of the ideality of time as a mere form of sensible intuition, and consequently as a mere manner of representation which is proper to the subject as belonging to the world of sense; and therefore it only requires that this view be reconciled with this idea.



Hume also finds this difficulty of a causal chain an objection that he cannot deal with


The difficulty is as follows: Even if it is admitted that the supersensible subject can be free with respect to a given action, although, as a subject also belonging to the world of sense, he is under mechanical conditions with respect to the same action, still, as soon as we allow that God as universal first cause is also the cause of the existence of substance (a proposition which can never be given up without at the same time giving up the notion of God as the Being of all beings, and therewith giving up his all sufficiency, on which everything in theology depends), it seems as if we must admit that a man's actions have their determining principle in something which is wholly out of his power — namely, in the causality of a Supreme Being distinct from himself and on whom his own existence and the whole determination of his causality are absolutely dependent. In point of fact, if a man's actions as belonging to his modifications in time were not merely modifications of him as appearance, but as a thing itself, freedom could not be saved. Man would be a marionette or an automaton, like Vaucason's, prepared and wound up by the Supreme Artist. Self-consciousness would indeed make him a thinking automaton; but the consciousness of his own spontaneity would be mere delusion if this were mistaken for freedom, and it would deserve this name only in a comparative sense, since, although the proximate determining causes of its motion and a long series of their determining causes are internal, yet the last and highest is found in a foreign hand. Therefore I do not see how those who still insist on regarding time and space as attributes belonging to the existence of things in themselves can avoid admitting the fatality of actions; or if (like the otherwise acute Mendelssohn) they allow them to be conditions necessarily belonging to the existence of finite and derived beings, but not to that of the infinite Supreme Being, I do not see on what ground they can justify such a distinction, or, indeed, how they can avoid the contradiction that meets them, when they hold that existence in time is an attribute necessarily belonging to finite things in themselves, whereas God is the cause of this existence, but cannot be the cause of time (or space) itself (since this must be presupposed as a necessary a priori condition of the existence of things); and consequently as regards the existence of these things. His causality must be subject to conditions and even to the condition of time; and this would inevitably bring in everything contradictory to the notions of His infinity and independence. On the other hand, it is quite easy for us to draw the distinction between the attribute of the divine existence of being independent on all time-conditions, and that of a being of the world of sense, the distinction being that between the existence of being in itself and that of a thing in appearance. Hence, if this ideality of time and space is not adopted, nothing remains but Spinozism, in which space and time are essential attributes of the Supreme Being Himself, and the things dependent on Him (ourselves, therefore, included) are not substances, but merely accidents inhering in Him; since, if these things as His effects exist in time only, this being the condition of their existence in themselves, then the actions of these beings must be simply His actions which He performs in some place and time. Thus, Spinozism, in spite of the absurdity of its fundamental idea, argues more consistently than the creation theory can, when beings assumed to be substances, and beings in themselves existing in time, are regarded as effects of a Supreme Cause, and yet as not [belonging] to Him and His action, but as separate substances.

The above-mentioned difficulty is resolved briefly and clearly as follows: If existence in time is a mere sensible mode of representation belonging to thinking beings in the world and consequently does not apply to them as things in themselves, then the creation of these beings is a creation of things in themselves, since the notion of creation does not belong to the sensible form of representation of existence or to causality, but can only be referred to noumena. Consequently, when I say of beings in the world of sense that they are created, I so far regard them as noumena. As it would be a contradiction, therefore, to say that God is a creator of appearances, so also it is a contradiction to say that as creator He is the cause of actions in the world of sense, and therefore as appearances, although He is the cause of the existence of the acting beings (which are noumena). If now it is possible to affirm freedom in spite of the natural mechanism of actions as appearances (by regarding existence in time as something that belongs only to appearances, not to things in themselves), then the circumstance that the acting beings are creatures cannot make the slightest difference, since creation concerns their supersensible and not their sensible existence, and, therefore, cannot be regarded as the determining principle of the appearances. 


Hume finds that this difficulty implicates a creator God in responsibility for evil


It would be quite different if the beings in the world as things in themselves existed in time, since in that case the creator of substance would be at the same time the author of the whole mechanism of this substance.

Of so great importance is the separation of time (as well as space) from the existence of things in themselves which was effected in the Critique of the Pure Speculative Reason.


It may be said that the solution here proposed involves great difficulty in itself and is scarcely susceptible of a lucid exposition. But is any other solution that has been attempted, or that may be attempted, easier and more intelligible? Rather might we say that the dogmatic teachers of metaphysics have shown more shrewdness than candour in keeping this difficult point out of sight as much as possible, in the hope that if they said nothing about it, probably no one would think of it. If science is to be advanced, all difficulties must be laid open, and we must even search for those that are hidden, for every difficulty calls forth a remedy, which cannot be discovered without science gaining either in extent or in exactness; and thus even obstacles become means of increasing the thoroughness of science. On the other hand, if the difficulties are intentionally concealed, or merely removed by palliatives, then sooner or later they burst out into incurable mischiefs, which bring science to ruin in an absolute scepticism.


Since it is, properly speaking, the notion of freedom alone amongst all the ideas of pure speculative reason that so greatly enlarges our knowledge in the sphere of the supersensible, though only of our practical knowledge, I ask myself why it exclusively possesses so great fertility, whereas the others only designate the vacant space for possible beings of the pure understanding, but are unable by any means to define the concept of them. I presently find that as I cannot think anything without a category, I must first look for a category for the rational idea of freedom with which I am now concerned; and this is the category of causality; and although freedom, a concept of the reason, being a transcendent concept, cannot have any intuition corresponding to it, yet the concept of the understanding — for the synthesis of which the former demands the unconditioned — (namely, the concept of causality) must have a sensible intuition given, by which first its objective reality is assured. Now, the categories are all divided into two classes — the mathematical, which concern the unity of synthesis in the conception of objects, and the dynamical, which refer to the unity of synthesis in the conception of the existence of objects. The former (those of magnitude and quality) always contain a synthesis of the homogeneous, and it is not possible to find in this the unconditioned antecedent to what is given in sensible intuition as conditioned in space and time, as this would itself have to belong to space and time, and therefore be again still conditioned. Whence it resulted in the Dialectic of Pure Theoretic Reason that the opposite methods of attaining the unconditioned and the totality of the conditions were both wrong. The categories of the second class (those of causality and of the necessity of a thing) did not require this homogeneity (of the conditioned and the condition in synthesis), since here what we have to explain is not how the intuition is compounded from a manifold in it, but only how the existence of the conditioned object corresponding to it is added to the existence of the condition (added, namely, in the understanding as connected therewith); and in that case it was allowable to suppose in the supersensible world the unconditioned antecedent to the altogether conditioned in the world of sense (both as regards the causal connection and the contingent existence of things themselves), although this unconditioned remained indeterminate, and to make the synthesis transcendent. Hence, it was found in the Dialectic of the Pure Speculative Reason that the two apparently opposite methods of obtaining for the conditioned the unconditioned were not really contradictory, e. g., in the synthesis of causality to conceive for the conditioned in the series of causes and effects of the sensible world, a causality which has no sensible condition, and that the same action which, as belonging to the world of sense, is always sensibly conditioned, that is, mechanically necessary, yet at the same time may be derived from a causality not sensibly conditioned — being the causality of the acting being as belonging to the supersensible world — and may consequently be conceived as free. Now, the only point in question was to change this may be into is; that is, that we should be able to show in an actual case, as it were by a fact, that certain actions imply such a causality (namely, the intellectual, sensibly unconditioned), whether they are actual or only commanded, that is, objectively necessary in a practical sense. We could not hope to find this connections in actions actually given in experience as events of the sensible world, since causality with freedom must always be sought outside the world of sense in the world of intelligence. But things of sense are the only things offered to our perception and observation. Hence, nothing remained but to find an incontestable objective principle of causality which excludes all sensible conditions: that is, a principle in which reason does not appeal further to something else as a determining ground of its causality, but contains this determining ground itself by means of that principle, and in which therefore it is itself as pure reason practical. 


Just as Hume found the moral sentiments to be the grounds for natural beliefs such as causality, so Kant finds morality to be the grounding principle for freedom, which in his supersensible noumenal world breaks the causal chain of causality and necessity in the phenomenal world. 


Now, this principle had not to be searched for or discovered; it had long been in the reason of all men, and incorporated in their nature, and is the principle of morality. Therefore, that unconditioned causality, with the faculty of it, namely, freedom, is no longer merely indefinitely and problematically thought (this speculative reason could prove to be feasible), but is even as regards the law of its causality definitely and assertorially known; and with it the fact that a being (I myself), belonging to the world of sense, belongs also to the supersensible world. this is also positively known, and thus the reality of the supersensible world is established and in practical respects definitely given, and this definiteness, which for theoretical purposes would be transcendent, is for practical purposes immanent. We could not, however, make a similar step as regards the second dynamical idea, namely, that of a necessary being. We could not rise to it from the sensible world without the aid of the first dynamical idea. For if we attempted to do so, we should have ventured to leave at a bound all that is given to us, and to leap to that of which nothing is given us that can help us to effect the connection of such a supersensible being with the world of sense (since the necessary being would have to be known as given outside ourselves). On the other hand, it is now obvious that this connection is quite possible in relation to our own subject, inasmuch as I know myself to be on the one side as an intelligible [supersensible] being determined by the moral law (by means of freedom), and on the other side as acting in the world of sense. It is the concept of freedom alone that enables us to find the unconditioned and intelligible for the conditioned and sensible without going out of ourselves. For it is our own reason that by means of the supreme and unconditional practical law knows that itself and the being that is conscious of this law (our own person) belong to the pure world of understanding, and moreover defines the manner in which, as such, it can be active. In this way it can be understood why in the whole faculty of reason it is the practical reason only that can help us to pass beyond the world of sense and give us knowledge of a supersensible order and connection, which, however, for this very reason cannot be extended further than is necessary for pure practical purposes.

Let me be permitted on this occasion to make one more remark, namely, that every step that we make with pure reason, even in the practical sphere where no attention is paid to subtle speculation, nevertheless accords with all the material points of the Critique of the Theoretical Reason as closely and directly as if each step had been thought out with deliberate purpose to establish this confirmation. Such a thorough agreement, wholly unsought for and quite obvious (as anyone can convince himself, if he will only carry moral inquiries up to their principles), between the most important proposition of practical reason and the often seemingly too subtle and needless remarks of the Critique of the Speculative Reason, occasions surprise and astonishment, and confirms the maxim already recognized and praised by others, namely, that in every scientific inquiry we should pursue our way steadily with all possible exactness and frankness, without caring for any objections that may be raised from outside its sphere, but, as far as we can, to carry out our inquiry truthfully and completely by itself. Frequent observation has convinced me that, when such researches are concluded, that which in one part of them appeared to me very questionable, considered in relation to other extraneous doctrines, when I left this doubtfulness out of sight for a time and only attended to the business in hand until it was completed, at last was unexpectedly found to agree perfectly with what had been discovered separately without the least regard to those doctrines, and without any partiality or prejudice for them. Authors would save themselves many errors and much labour lost (because spent on a delusion) if they could only resolve to go to work with more frankness.





Hume claimed we could not know, but could not deny the possibility of concepts like causality
Kant claims that speculative reason cannot deny the possibility of freedom, which is a condition for the moral law



Source: https://www.informationphilosopher.com/solutions/philosophers/kant/critique_of_practical_reason.html
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Critique of Pure Reason, Second Part, Transcendental Logic, 


Second Division, Book II, Chapter II, Section IX, III


J. M. D. Meiklejohn translation, Britannica Great Books edition, 1952, (pp. 165-169)


I have thought it advisable to lay before the reader at first merely
a sketch of the solution of this transcendental problem, in order to
enable him to form with greater ease a clear conception of the
course which reason must adopt in the solution. I shall now proceed
to exhibit the several momenta of this solution, and to consider them
in their order.

The natural law that everything which happens must have a cause,
that the causality of this cause, that is, the action of the cause
(which cannot always have existed, but must be itself an event, for
it precedes in time some effect which it has originated), must have
itself a phenomenal cause, by which it is determined and, and,
consequently, all events are empirically determined in an order of
nature--this law, I say, which lies at the foundation of the
possibility of experience, and of a connected system of phenomena or
nature is a law of the understanding, from which no departure, and
to which no exception, can be admitted. For to except even a single
phenomenon from its operation is to exclude it from the sphere of
possible experience and thus to admit it to be a mere fiction of
thought or phantom of the brain.


Thus we are obliged to acknowledge the existence of a chain of
causes, in which, however, absolute totality cannot be found. But we
need not detain ourselves with this question, for it has already
been sufficiently answered in our discussion of the antinomies into
which reason falls, when it attempts to reach the unconditioned in
the series of phenomena. If we permit ourselves to be deceived by the
illusion of transcendental idealism, we shall find that neither nature
nor freedom exists. Now the question is: "Whether, admitting the
existence of natural necessity in the world of phenomena, it is
possible to consider an effect as at the same time an effect of nature
and an effect of freedom--or, whether these two modes of causality
are contradictory and incompatible?"


No phenomenal cause can absolutely and of itself begin a series.
Every action, in so far as it is productive of an event, is itself
an event or occurrence, and presupposes another preceding state, in
which its cause existed. Thus everything that happens is but a
continuation of a series, and an absolute beginning is impossible in
the sensuous world. The actions of natural causes are, accordingly,
themselves effects, and presuppose causes preceding them in time. A
primal action which forms an absolute beginning, is beyond the
causal power of phenomena.


Now, is it absolutely necessary that, granting that all effects
are phenomena, the causality of the cause of these effects must also
be a phenomenon and belong to the empirical world? Is it not rather
possible that, although every effect in the phenomenal world must be
connected with an empirical cause, according to the universal law of
nature, this empirical causality may be itself the effect of a
non-empirical and intelligible causality--its connection with
natural causes remaining nevertheless intact? Such a causality would
be considered, in reference to phenomena, as the primal action of a
cause, which is in so far, therefore, not phenomenal, but, by reason
of this faculty or power, intelligible; although it must, at the
same time, as a link in the chain of nature, be regarded as
belonging to the sensuous world.


A belief in the reciprocal causality of phenomena is necessary, if
we are required to look for and to present the natural conditions of
natural events, that is to say, their causes. This being admitted as
unexceptionably valid, the requirements of the understanding, which
recognizes nothing but nature in the region of phenomena, are
satisfied, and our physical explanations of physical phenomena may
proceed in their regular course, without hindrance and without
opposition. But it is no stumbling-block in the way, even assuming
the idea to be a pure fiction, to admit that there are some natural
causes in the possession of a faculty which is not empirical, but
intelligible, inasmuch as it is not determined to action by
empirical conditions, but purely and solely upon grounds brought
forward by the understanding--this action being still, when the
cause is phenomenized, in perfect accordance with the laws of
empirical causality. Thus the acting subject, as a causal
phenomenon, would continue to preserve a complete connection with
nature and natural conditions; and the phenomenon only of the
subject (with all its phenomenal causality) would contain certain
conditions, which, if we ascend from the empirical to the
transcendental object, must necessarily be regarded as intelligible.
For, if we attend, in our inquiries with regard to causes in the world
of phenomena, to the directions of nature alone, we need not trouble
ourselves about the relation in which the transcendental subject,
which is completely unknown to us, stands to these phenomena and their
connection in nature. The intelligible ground of phenomena in this
subject does not concern empirical questions. It has to do only with
pure thought; and, although the effects of this thought and action
of the pure understanding are discoverable in phenomena, these
phenomena must nevertheless be capable of a full and complete
explanation, upon purely physical grounds and in accordance with
natural laws. And in this case we attend solely to their empirical
and omit all consideration of their intelligible character (which is
the transcendental cause of the former) as completely unknown, except
in so far as it is exhibited by the latter as its empirical symbol.
Now let us apply this to experience. Man is a phenomenon of the sensuous
world and, at the same time, therefore, a natural cause, the causality
of which must be regulated by empirical laws. As such, he must possess
an empirical character, like all other natural phenomena. We remark
this empirical character in his actions, which reveal the presence
of certain powers and faculties. If we consider inanimate or merely
animal nature, we can discover no reason for ascribing to ourselves
any other than a faculty which is determined in a purely sensuous
manner. But man, to whom nature reveals herself only through sense,
cognizes himself not only by his senses, but also through pure
apperception; and this in actions and internal determinations, which
he cannot regard as sensuous impressions. He is thus to himself, on
the one hand, a phenomenon, but on the other hand, in respect of
certain faculties, a purely intelligible object--intelligible, because
its action cannot be ascribed to sensuous receptivity. These faculties
are understanding and reason. The latter, especially, is in a peculiar
manner distinct from all empirically-conditioned faculties, for it
employs ideas alone in the consideration of its objects, and by
means of these determines the understanding, which then proceeds to
make an empirical use of its own conceptions, which, like the ideas
of reason, are pure and non-empirical.


That reason possesses the faculty of causality, or that at least
we are compelled so to represent it, is evident from the
imperatives, which in the sphere of the practical we impose on many
of our executive powers. The words I ought express a species of
necessity, and imply a connection with grounds which nature does not
and cannot present to the mind of man. Understanding knows nothing
in nature but that which is, or has been, or will be. It would be
absurd to say that anything in nature ought to be other than it is
in the relations of time in which it stands; indeed, the ought, when
we consider merely the course of nature, has neither application nor
meaning. The question, "What ought to happen in the sphere of nature?"
is just as absurd as the question, "What ought to be the properties
of a circle?" All that we are entitled to ask is, "What takes place
in nature?" or, in the latter case, "What are the properties of a
circle?"


But the idea of an ought or of duty indicates a possible action, the
ground of which is a pure conception; while the ground of a merely
natural action is, on the contrary, always a phenomenon. This action
must certainly be possible under physical conditions, if it is
prescribed by the moral imperative ought; but these physical or
natural conditions do not concern the determination of the will
itself, they relate to its effects alone, and the consequences of
the effect in the world of phenomena. Whatever number of motives
nature may present to my will, whatever sensuous impulses--the moral
ought it is beyond their power to produce. They may produce a
volition, which, so far from being necessary, is always conditioned--a
volition to which the ought enunciated by reason, sets an aim and a
standard, gives permission or prohibition. Be the object what it
may, purely sensuous--as pleasure, or presented by pure reason--as
good, reason will not yield to grounds which have an empirical origin.
Reason will not follow the order of things presented by experience,
but, with perfect spontaneity, rearranges them according to ideas,
with which it compels empirical conditions to agree. It declares, in
the name of these ideas, certain actions to be necessary which
nevertheless have not taken place and which perhaps never will take
place; and yet presupposes that it possesses the faculty of
causality in relation to these actions. For, in the absence of this
supposition, it could not expect its ideas to produce certain
effects in the world of experience.


Now, let us stop here and admit it to be at least possible that
reason does stand in a really causal relation to phenomena. In this
case it must--pure reason as it is--exhibit an empirical character.
For every cause supposes a rule, according to which certain
phenomena follow as effects from the cause, and every rule requires
uniformity in these effects; and this is the proper ground of the
conception of a cause--as a faculty or power. Now this conception
(of a cause) may be termed the empirical character of reason; and this
character is a permanent one, while the effects produced appear, in
conformity with the various conditions which accompany and partly
limit them, in various forms.


Thus the volition of every man has an empirical character, which
is nothing more than the causality of his reason, in so far as its
effects in the phenomenal world manifest the presence of a rule,
according to which we are enabled to examine, in their several kinds
and degrees, the actions of this causality and the rational grounds
for these actions, and in this way to decide upon the subjective
principles of the volition. Now we learn what this empirical character
is only from phenomenal effects, and from the rule of these which is
presented by experience; and for this reason all the actions of man
in the world of phenomena are determined by his empirical character,
and the co-operative causes of nature. If, then, we could
investigate all the phenomena of human volition to their lowest
foundation in the mind, there would be no action which we could not
anticipate with certainty, and recognize to be absolutely necessary
from its preceding conditions. So far as relates to this empirical
character, therefore, there can be no freedom; and it is only in the
light of this character that we can consider the human will, when we
confine ourselves to simple observation and, as is the case in
anthropology, institute a physiological investigation of the motive
causes of human actions.


But when we consider the same actions in relation to reason--not for
the purpose of explaining their origin, that is, in relation to
speculative reason, but to practical reason, as the producing cause
of these actions--we shall discover a rule and an order very different
from those of nature and experience. For the declaration of this
mental faculty may be that what has and could not but take place in
the course of nature, ought not to have taken place. Sometimes, too,
we discover, or believe that we discover, that the ideas of reason
did actually stand in a causal relation to certain actions of man;
and that these actions have taken place because they were determined,
not by empirical causes, but by the act of the will upon grounds of
reason.


Now, granting that reason stands in a causal relation to
phenomena; can an action of reason be called free, when we know
that, sensuously, in its empirical character, it is completely
determined and absolutely necessary? But this empirical character is
itself determined by the intelligible character. The latter we
cannot cognize; we can only indicate it by means of phenomena, which
enable us to have an immediate cognition only of the empirical
character.* An action, then, in so far as it is to be ascribed to an
intelligible cause, does not result from it in accordance with
empirical laws. That is to say, not the conditions of pure reason,
but only their effects in the internal sense, precede the act. Pure
reason, as a purely intelligible faculty, is not subject to the
conditions of time. The causality of reason in its intelligible
character does not begin to be; it does not make its appearance at
a certain time, for the purpose of producing an effect. If this were
not the case, the causality of reason would be subservient to the
natural law of phenomena, which determines them according to time,
and as a series of causes and effects in time; it would consequently
cease to be freedom and become a part of nature. We are therefore
justified in saying: "If reason stands in a causal relation to
phenomena, it is a faculty which originates the sensuous condition
of an empirical series of effects." For the condition, which resides
in the reason, is non-sensuous, and therefore cannot be originated,
or begin to be. And thus we find--what we could not discover in any
empirical series--a condition of a successive series of events
itself empirically unconditioned. For, in the present case, the
condition stands out of and beyond the series of phenomena--it is
intelligible, and it consequently cannot be subjected to any
sensuous condition, or to any time-determination by a preceding cause.


But, in another respect, the same cause belongs also to the series
of phenomena. Man is himself a phenomenon. His will has an empirical
character, which is the empirical cause of all his actions. There is
no condition--determining man and his volition in conformity with this
character--which does not itself form part of the series of effects
in nature, and is subject to their law--the law according to which
an empirically undetermined cause of an event in time cannot exist.
For this reason no given action can have an absolute and spontaneous
origination, all actions being phenomena, and belonging to the world
of experience. But it cannot be said of reason, that the state in
which it determines the will is always preceded by some other state
determining it. For reason is not a phenomenon, and therefore not
subject to sensuous conditions; and, consequently, even in relation
to its causality, the sequence or conditions of time do not influence
reason, nor can the dynamical law of nature, which determines the
sequence of time according to certain rules, be applied to it.
Reason is consequently the permanent condition of all actions of the
human will. Each of these is determined in the empirical character
of the man, even before it has taken place. The intelligible
character, of which the former is but the sensuous schema, knows no
before or after; and every action, irrespective of the time-relation
in which it stands with other phenomena, is the immediate effect of
the intelligible character of pure reason, which, consequently, enjoys
freedom of action, and is not dynamically determined either by
internal or external preceding conditions. This freedom must not be
described, in a merely negative manner, as independence of empirical
conditions, for in this case the faculty of reason would cease to be
a cause of phenomena; but it must be regarded, positively, as a
faculty which can spontaneously originate a series of events. At the
same time, it must not be supposed that any beginning can take place
in reason; on the contrary, reason, as the unconditioned condition
of all action of the will, admits of no time-conditions, although
its effect does really begin in a series of phenomena--a beginning
which is not, however, absolutely primal.


I shall illustrate this regulative principle of reason by an
example, from its employment in the world of experience; proved it
cannot be by any amount of experience, or by any number of facts,
for such arguments cannot establish the truth of transcendental
propositions. Let us take a voluntary action--for example, a
falsehood--by means of which a man has introduced a certain degree
of confusion into the social life of humanity, which is judged
according to the motives from which it originated, and the blame of
which and of the evil consequences arising from it, is imputed to
the offender. We at first proceed to examine the empirical character
of the offence, and for this purpose we endeavour to penetrate to
the sources of that character, such as a defective education, bad
company, a shameless and wicked disposition, frivolity, and want of
reflection--not forgetting also the occasioning causes which prevailed
at the moment of the transgression. In this the procedure is exactly
the same as that pursued in the investigation of the series of
causes which determine a given physical effect. Now, although we
believe the action to have been determined by all these circumstances,
we do not the less blame the offender. We do not blame him for his
unhappy disposition, nor for the circumstances which influenced him,
nay, not even for his former course of life; for we presuppose that
all these considerations may be set aside, that the series of
preceding conditions may be regarded as having never existed, and that
the action may be considered as completely unconditioned in relation
to any state preceding, just as if the agent commenced with it an
entirely new series of effects. Our blame of the offender is
grounded upon a law of reason, which requires us to regard this
faculty as a cause, which could have and ought to have otherwise
determined the behaviour of the culprit, independently of all
empirical conditions. This causality of reason we do not regard as
a co-operating agency, but as complete in itself. It matters not whether
the sensuous impulses favoured or opposed the action of this
causality, the offence is estimated according to its intelligible
character--the offender is decidedly worthy of blame, the moment he
utters a falsehood. It follows that we regard reason, in spite of
the empirical conditions of the act, as completely free, and
therefore, therefore, as in the present case, culpable.


The above judgement is complete evidence that we are accustomed to
think that reason is not affected by sensuous conditions, that in it
no change takes place--although its phenomena, in other words, the
mode in which it appears in its effects, are subject to change--that
in it no preceding state determines the following, and,
consequently, that it does not form a member of the series of sensuous
conditions which necessitate phenomena according to natural laws.
Reason is present and the same in all human actions and at all
times; but it does not itself exist in time, and therefore does not
enter upon any state in which it did not formerly exist. It is,
relatively to new states or conditions, determining, but not
determinable. Hence we cannot ask: "Why did not reason determine
itself in a different manner?" The question ought to be thus stated:
"Why did not reason employ its power of causality to determine certain
phenomena in a different manner?" But this is a question which admits
of no answer. For a different intelligible character would have
exhibited a different empirical character; and, when we say that, in
spite of the course which his whole former life has taken, the
offender could have refrained from uttering the falsehood, this
means merely that the act was subject to the power and authority permissive
or prohibitive--of reason. Now, reason is not subject in
its causality to any conditions of phenomena or of time; and a
difference in time may produce a difference in the relation of
phenomena to each other--for these are not things and therefore not
causes in themselves--but it cannot produce any difference in the
relation in which the action stands to the faculty of reason.


Thus, then, in our investigation into free actions and the causal
power which produced them, we arrive at an intelligible cause,
beyond which, however, we cannot go; although we can recognize that
it is free, that is, independent of all sensuous conditions, and that,
in this way, it may be the sensuously unconditioned condition of
phenomena. But for what reason the intelligible character generates
such and such phenomena and exhibits such and such an empirical
character under certain circumstances, it is beyond the power of our
reason to decide. The question is as much above the power and the
sphere of reason as the following would be: "Why does the
transcendental object of our external sensuous intuition allow of no
other form than that of intuition in space?" But the problem, which
we were called upon to solve, does not require us to entertain any
such questions. The problem was merely this--whether freedom and natural
necessity can exist without opposition in the same action. To this
question we have given a sufficient answer; for we have shown that,
as the former stands in a relation to a different kind of condition
from those of the latter, the law of the one does not affect the law
of the other and that, consequently, both can exist together in
independence of and without interference with each other.


The reader must be careful to remark that my intention in the
above remarks has not been to prove the actual existence of freedom,
as a faculty in which resides the cause of certain sensuous phenomena.
For, not to mention that such an argument would not have a
transcendental character, nor have been limited to the discussion of
pure conceptions--all attempts at inferring from experience what
cannot be cogitated in accordance with its laws, must ever be
unsuccessful. Nay, more, I have not even aimed at demonstrating the
possibility of freedom; for this too would have been a vain endeavour,
inasmuch as it is beyond the power of the mind to cognize the
possibility of a reality or of a causal power by the aid of mere a
priori conceptions. Freedom has been considered in the foregoing
remarks only as a transcendental idea, by means of which reason aims
at originating a series of conditions in the world of phenomena with
the help of that which is sensuously unconditioned, involving
itself, however, in an antinomy with the laws which itself
prescribes for the conduct of the understanding. That this antinomy
is based upon a mere illusion, and that nature and freedom are at least
not opposed--this was the only thing in our power to prove, and the
question which it was our task to solve.



Source: https://www.informationphilosopher.com/solutions/philosophers/kant/freedom.html
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I. Of the Difference between Pure and Empirical Knowledge


That all our knowledge begins with experience there can be no doubt.
For how is it possible that the faculty of cognition should be
awakened into exercise otherwise than by means of objects which affect
our senses, and partly of themselves produce representations, partly
rouse our powers of understanding into activity, to compare to
connect, or to separate these, and so to convert the raw material of
our sensuous impressions into a knowledge of objects, which is
called experience? In respect of time, therefore, no knowledge of ours
is antecedent to experience, but begins with it.


But, though all our knowledge begins with experience, it by no means
follows that all arises out of experience. For, on the contrary, it
is quite possible that our empirical knowledge is a compound of that
which we receive through impressions, and that which the faculty of
cognition supplies from itself (sensuous impressions giving merely
the occasion), an addition which we cannot distinguish from the original
element given by sense, till long practice has made us attentive to,
and skilful in separating it. It is, therefore, a question which
requires close investigation, and not to be answered at first sight,
whether there exists a knowledge altogether independent of experience,
and even of all sensuous impressions? Knowledge of this kind is called
a priori, in contradistinction to empirical knowledge, which has its
sources a posteriori, that is, in experience.


But the expression, "a priori," is not as yet definite enough
adequately to indicate the whole meaning of the question above
started. For, in speaking of knowledge which has its sources in
experience, we are wont to say, that this or that may be known a
priori, because we do not derive this knowledge immediately from
experience, but from a general rule, which, however, we have itself
borrowed from experience. Thus, if a man undermined his house, we say,
"he might know a priorithat it would have fallen;" that is, he needed
not to have waited for the experience that it did actually fall. But
still, a priori, he could not know even this much. For, that bodies
are heavy, and, consequently, that they fall when their supports are
taken away, must have been known to him previously, by means of
experience.


By the term "knowledge a priori," therefore, we shall in the
sequel understand, not such as is independent of this or that kind
of experience, but such as is absolutely so of all experience. Opposed
to this is empirical knowledge, or that which is possible only a
posteriori, that is, through experience. Knowledge a priori is
either pure or impure. Pure knowledge a priori is that with which no
empirical element is mixed up. For example, the proposition, "Every
change has a cause," is a proposition a priori, but impure, because
change is a conception which can only be derived from experience.


II. The Human Intellect, even in an Unphilosophical State,
 is in Possession of Certain Cognitions "a priori".


The question now is as to a criterion, by which we may securely
distinguish a pure from an empirical cognition. Experience no doubt
teaches us that this or that object is constituted in such and such
a manner, but not that it could not possibly exist otherwise. Now,
in the first place, if we have a proposition which contains the idea
of necessity in its very conception, it is a if, moreover, it is not
derived from any other proposition, unless from one equally
involving the idea of necessity, it is absolutely priori. Secondly,
an empirical judgement never exhibits strict and absolute, but only
assumed and comparative universality (by induction); therefore, the
most we can say is--so far as we have hitherto observed, there is no
exception to this or that rule. If, on the other hand, a judgement
carries with it strict and absolute universality, that is, admits of
no possible exception, it is not derived from experience, but is valid
absolutely a priori.

Empirical universality is, therefore, only an arbitrary extension of
validity, from that which may be predicated of a proposition valid
in most cases, to that which is asserted of a proposition which
holds good in all; as, for example, in the affirmation, "All bodies
are heavy." When, on the contrary, strict universality characterizes
a judgement, it necessarily indicates another peculiar source of
knowledge, namely, a faculty of cognition a priori. Necessity and
strict universality, therefore, are infallible tests for
distinguishing pure from empirical knowledge, and are inseparably
connected with each other. But as in the use of these criteria the
empirical limitation is sometimes more easily detected than the
contingency of the judgement, or the unlimited universality which we
attach to a judgement is often a more convincing proof than its
necessity, it may be advisable to use the criteria separately, each
being by itself infallible.


Now, that in the sphere of human cognition we have judgements
which are necessary, and in the strictest sense universal,
consequently pure a priori, it will be an easy matter to show. If we
desire an example from the sciences, we need only take any proposition
in mathematics. If we cast our eyes upon the commonest operations of
the understanding, the proposition, "Every change must have a
cause," will amply serve our purpose. In the latter case, indeed,
the conception of a cause so plainly involves the conception of a
necessity of connection with an effect, and of a strict universality
of the law, that the very notion of a cause would entirely
disappear, were we to derive it, like Hume, from a frequent
association of what happens with that which precedes; and the habit
thence originating of connecting representations--the necessity
inherent in the judgement being therefore merely subjective.
Besides, without seeking for such examples of principles existing a
priori in cognition, we might easily show that such principles are
the indispensable basis of the possibility of experience itself, and
consequently prove their existence a priori. For whence could our
experience itself acquire certainty, if all the rules on which it
depends were themselves empirical, and consequently fortuitous? No
one, therefore, can admit the validity of the use of such rules as
first principles. But, for the present, we may content ourselves
with having established the fact, that we do possess and exercise a
faculty of pure a priori cognition; and, secondly, with having pointed
out the proper tests of such cognition, namely, universality and
necessity.


Not only in judgements, however, but even in conceptions, is an a
priori origin manifest. For example, if we take away by degrees from
our conceptions of a body all that can be referred to mere sensuous
experience--colour, hardness or softness, weight, even
impenetrability--the body will then vanish; but the space which it
occupied still remains, and this it is utterly impossible to
annihilate in thought. Again, if we take away, in like manner, from
our empirical conception of any object, corporeal or incorporeal,
all properties which mere experience has taught us to connect with
it, still we cannot think away those through which we cogitate it as
substance, or adhering to substance, although our conception of
substance is more determined than that of an object. Compelled,
therefore, by that necessity with which the conception of substance
forces itself upon us, we must confess that it has its seat in our
faculty of cognition a priori.


III. Philosophy stands in need of a Science which shall
 Determine the Possibility, Principles, and Extent of
 Human Knowledge "a priori"


Of far more importance than all that has been above said, is the
consideration that certain of our cognitions rise completely above
the sphere of all possible experience, and by means of conceptions,
to which there exists in the whole extent of experience no
corresponding object, seem to extend the range of our judgements
beyond its bounds. And just in this transcendental or supersensible
sphere, where experience affords us neither instruction nor
guidance, lie the investigations of reason, which, on account of their
importance, we consider far preferable to, and as having a far more
elevated aim than, all that the understanding can achieve within the
sphere of sensuous phenomena. So high a value do we set upon these
investigations, that even at the risk of error, we persist in
following them out, and permit neither doubt nor disregard nor
indifference to restrain us from the pursuit. These unavoidable
problems of mere pure reason are God, freedom (of will), and
immortality. The science which, with all its preliminaries, has for
its especial object the solution of these problems is named
metaphysics--a science which is at the very outset dogmatical, that
is, it confidently takes upon itself the execution of this task
without any previous investigation of the ability or inability of
reason for such an undertaking.

Now the safe ground of experience being thus abandoned, it seems
nevertheless natural that we should hesitate to erect a building
with the cognitions we possess, without knowing whence they come,
and on the strength of principles, the origin of which is
undiscovered. Instead of thus trying to build without a foundation,
it is rather to be expected that we should long ago have put the
question, how the understanding can arrive at these a priori
cognitions, and what is the extent, validity, and worth which they
may possess? We say, "This is natural enough," meaning by the word
natural, that which is consistent with a just and reasonable way of
thinking; but if we understand by the term, that which usually
happens, nothing indeed could be more natural and more
comprehensible than that this investigation should be left long
unattempted. For one part of our pure knowledge, the science of
mathematics, has been long firmly established, and thus leads us to
form flattering expectations with regard to others, though these may
be of quite a different nature. Besides, when we get beyond the bounds
of experience, we are of course safe from opposition in that
quarter; and the charm of widening the range of our knowledge is so
great that, unless we are brought to a standstill by some evident
contradiction, we hurry on undoubtingly in our course. This,
however, may be avoided, if we are sufficiently cautious in the
construction of our fictions, which are not the less fictions on
that account.


Mathematical science affords us a brilliant example, how far,
independently of all experience, we may carry our a priori
knowledge. It is true that the mathematician occupies himself with
objects and cognitions only in so far as they can be represented by
means of intuition. But this circumstance is easily overlooked,
because the said intuition can itself be given a priori, and therefore
is hardly to be distinguished from a mere pure conception. Deceived
by such a proof of the power of reason, we can perceive no limits to
the extension of our knowledge. The light dove cleaving in free flight
the thin air, whose resistance it feels, might imagine that her
movements would be far more free and rapid in airless space. Just in
the same way did Plato, abandoning the world of sense because of the
narrow limits it sets to the understanding, venture upon the wings
of ideas beyond it, into the void space of pure intellect. He did
not reflect that he made no real progress by all his efforts; for he
met with no resistance which might serve him for a support, as it
were, whereon to rest, and on which he might apply his powers, in
order to let the intellect acquire momentum for its progress. It is,
indeed, the common fate of human reason in speculation, to finish
the imposing edifice of thought as rapidly as possible, and then for
the first time to begin to examine whether the foundation is a solid
one or no. Arrived at this point, all sorts of excuses are sought
after, in order to console us for its want of stability, or rather,
indeed, to enable Us to dispense altogether with so late and dangerous
an investigation. But what frees us during the process of building
from all apprehension or suspicion, and flatters us into the belief
of its solidity, is this. A great part, perhaps the greatest part,
of the business of our reason consists in the analysation of the
conceptions which we already possess of objects. By this means we gain
a multitude of cognitions, which although really nothing more than
elucidations or explanations of that which (though in a confused
manner) was already thought in our conceptions, are, at least in
respect of their form, prized as new introspections; whilst, so far
as regards their matter or content, we have really made no addition
to our conceptions, but only disinvolved them. But as this process
does furnish a real priori knowledge, which has a sure progress and
useful results, reason, deceived by this, slips in, without being
itself aware of it, assertions of a quite different kind; in which,
to given conceptions it adds others, a priori indeed, but entirely
foreign to them, without our knowing how it arrives at these, and,
indeed, without such a question ever suggesting itself. I shall
therefore at once proceed to examine the difference between these
two modes of knowledge.


IV. Of the Difference Between Analytical and Synthetical Judgements.


In all judgements wherein the relation of a subject to the predicate
is cogitated (I mention affirmative judgements only here; the
application to negative will be very easy), this relation is
possible in two different ways. Either the predicate B belongs to
the subject A, as somewhat which is contained (though covertly) in
the conception A; or the predicate B lies completely out of the conception
A, although it stands in connection with it. In the first instance,
I term the judgement analytical, in the second, synthetical.
Analytical judgements (affirmative) are therefore those in which the
connection of the predicate with the subject is cogitated through
identity; those in which this connection is cogitated without
identity, are called synthetical judgements. The former may be
called explicative, the latter augmentative judgements; because the
former add in the predicate nothing to the conception of the
subject, but only analyse it into its constituent conceptions, which
were thought already in the subject, although in a confused manner;
the latter add to our conceptions of the subject a predicate which
was not contained in it, and which no analysis could ever have
discovered therein. For example, when I say, "All bodies are
extended," this is an analytical judgement. For I need not go beyond
the conception of body in order to find extension connected with it,
but merely analyse the conception, that is, become conscious of the
manifold properties which I think in that conception, in order to
discover this predicate in it: it is therefore an analytical
judgement. On the other hand, when I say, "All bodies are heavy,"
the predicate is something totally different from that which I think
in the mere conception of a body. By the addition of such a predicate,
therefore, it becomes a synthetical judgement.

Judgements of experience, as such, are always synthetical. For it
would be absurd to think of grounding an analytical judgement on
experience, because in forming such a judgement I need not go out of
the sphere of my conceptions, and therefore recourse to the
testimony of experience is quite unnecessary. That "bodies are
extended" is not an empirical judgement, but a proposition which
stands firm a priori. For before addressing myself to experience, I
already have in my conception all the requisite conditions for the
judgement, and I have only to extract the predicate from the
conception, according to the principle of contradiction, and thereby
at the same time become conscious of the necessity of the judgement,
a necessity which I could never learn from experience. On the other
hand, though at first I do not at all include the predicate of
weight in my conception of body in general, that conception still
indicates an object of experience, a part of the totality of
experience, to which I can still add other parts; and this I do when
I recognize by observation that bodies are heavy. I can cognize
beforehand by analysis the conception of body through the
characteristics of extension, impenetrability, shape, etc., all
which are cogitated in this conception. But now I extend my knowledge,
and looking back on experience from which I had derived this
conception of body, I find weight at all times connected with the
above characteristics, and therefore I synthetically add to my
conceptions this as a predicate, and say, "All bodies are heavy." Thus
it is experience upon which rests the possibility of the synthesis
of the predicate of weight with the conception of body, because both
conceptions, although the one is not contained in the other, still
belong to one another (only contingently, however), as parts of a
whole, namely, of experience, which is itself a synthesis of
intuitions.


But to synthetical judgements a priori, such aid is entirely
wanting. If I go out of and beyond the conception A, in order to
recognize another B as connected with it, what foundation have I to
rest on, whereby to render the synthesis possible? I have here no
longer the advantage of looking out in the sphere of experience for
what I want. Let us take, for example, the proposition, "Everything
that happens has a cause." In the conception of "something that
happens," I indeed think an existence which a certain time
antecedes, and from this I can derive analytical judgements. But the
conception of a cause lies quite out of the above conception, and
indicates something entirely different from "that which happens,"
and is consequently not contained in that conception. How then am I
able to assert concerning the general conception--"that which
happens"--something entirely different from that conception, and to
recognize the conception of cause although not contained in it, yet
as belonging to it, and even necessarily? what is here the unknown
= X, upon which the understanding rests when it believes it has found,
out of the conception A a foreign predicate B, which it nevertheless
considers to be connected with it? It cannot be experience, because
the principle adduced annexes the two representations, cause and
effect, to the representation existence, not only with universality,
which experience cannot give, but also with the expression of
necessity, therefore completely a priori and from pure conceptions.
Upon such synthetical, that is augmentative propositions, depends
the whole aim of our speculative knowledge a priori; for although
analytical judgements are indeed highly important and necessary,
they are so, only to arrive at that clearness of conceptions which
is requisite for a sure and extended synthesis, and this alone is a
real acquisition.


V. In all Theoretical Sciences of Reason, Synthetical Judgements
"a priori" are contained as Principles.


1. Mathematical judgements are always synthetical. Hitherto this
fact, though incontestably true and very important in its
consequences, seems to have escaped the analysts of the human mind,
nay, to be in complete opposition to all their conjectures. For as
it was found that mathematical conclusions all proceed according to
the principle of contradiction (which the nature of every apodeictic
certainty requires), people became persuaded that the fundamental
principles of the science also were recognized and admitted in the
same way. But the notion is fallacious; for although a synthetical
proposition can certainly be discerned by means of the principle of
contradiction, this is possible only when another synthetical
proposition precedes, from which the latter is deduced, but never
of itself.

Before all, be it observed, that proper mathematical propositions
are always judgements a priori, and not empirical, because they
carry along with them the conception of necessity, which cannot be
given by experience. If this be demurred to, it matters not; I will
then limit my assertion to pure mathematics, the very conception of
which implies that it consists of knowledge altogether non-empirical
and a priori.


We might, indeed at first suppose that the proposition 7 + 5 = 12 is
a merely analytical proposition, following (according to the principle
of contradiction) from the conception of a sum of seven and five.
But if we regard it more narrowly, we find that our conception of
the sum of seven and five contains nothing more than the uniting of
both sums into one, whereby it cannot at all be cogitated what this
single number is which embraces both. The conception of twelve is by
no means obtained by merely cogitating the union of seven and five;
and we may analyse our conception of such a possible sum as long as
we will, still we shall never discover in it the notion of twelve.
We must go beyond these conceptions, and have recourse to an intuition
which corresponds to one of the two--our five fingers, for example,
or like Segner in his Arithmetic five points, and so by degrees, add
the units contained in the five given in the intuition, to the
conception of seven. For I first take the number 7, and, for the
conception of 5 calling in the aid of the fingers of my hand as
objects of intuition, I add the units, which I before took together
to make up the number 5, gradually now by means of the material image
my hand, to the number 7, and by this process, I at length see the
number 12 arise. That 7 should be added to 5, I have certainly
cogitated in my conception of a sum = 7 + 5, but not that this sum
was equal to 12. Arithmetical propositions are therefore always
synthetical, of which we may become more clearly convinced by trying
large numbers. For it will thus become quite evident that, turn and
twist our conceptions as we may, it is impossible, without having
recourse to intuition, to arrive at the sum total or product by
means of the mere analysis of our conceptions. Just as little is any
principle of pure geometry analytical. "A straight line between two
points is the shortest," is a synthetical proposition. For my
conception of straight contains no notion of quantity, but is merely
qualitative. The conception of the shortest is therefore wholly
an addition, and by no analysis can it be extracted from our
conception of a straight line. Intuition must therefore here lend
its aid, by means of which, and thus only, our synthesis is possible.


Some few principles preposited by geometricians are, indeed,
really analytical, and depend on the principle of contradiction.
They serve, however, like identical propositions, as links in the
chain of method, not as principles--for example, 
  a
  =
  a
, the whole is
equal to itself, or (a+b) > a, the whole is greater than its part.
And yet even these principles themselves, though they derive their
validity from pure conceptions, are only admitted in mathematics
because they can be presented in intuition. What causes us here
commonly to believe that the predicate of such apodeictic judgements
is already contained in our conception, and that the judgement is
therefore analytical, is merely the equivocal nature of the
expression. We must join in thought a certain predicate to a given
conception, and this necessity cleaves already to the conception.
But the question is, not what we must join in thought to the given
conception, but what we really think therein, though only obscurely,
and then it becomes manifest that the predicate pertains to these
conceptions, necessarily indeed, yet not as thought in the
conception itself, but by virtue of an intuition, which must be
added to the conception.


2. The science of natural philosophy (physics) contains in itself
synthetical judgements a priori as principles. I shall adduce two
propositions. For instance, the proposition, "In all changes of the
material world, the quantity of matter remains unchanged"; or, that,
"In all communication of motion, action and reaction must always be
equal." In both of these, not only is the necessity, and therefore
their origin a priori clear, but also that they are synthetical
propositions. For in the conception of matter, I do not cogitate its
permanency, but merely its presence in space, which it fills. I
therefore really go out of and beyond the conception of matter, in
order to think on to it something a priori, which I did not think in
it. The proposition is therefore not analytical, but synthetical,
and nevertheless conceived a priori; and so it is with regard to the
other propositions of the pure part of natural philosophy.


3. As to metaphysics, even if we look upon it merely as an attempted
science, yet, from the nature of human reason, an indispensable one,
we find that it must contain synthetical propositions a priori. It
is not merely the duty of metaphysics to dissect, and thereby
analytically to illustrate the conceptions which we form a priori of
things; but we seek to widen the range of our a priori knowledge.
For this purpose, we must avail ourselves of such principles as add
something to the original conception--something not identical with,
nor contained in it, and by means of synthetical judgements a priori, 
leave far behind us the limits of experience; for example,
in the proposition, "the world must have a beginning," and such
like. Thus metaphysics, according to the proper aim of the science,
consists merely of synthetical propositions a priori.


VI. The Universal Problem of Pure Reason.


It is extremely advantageous to be able to bring a number of
investigations under the formula of a single problem. For in this
manner, we not only facilitate our own labour, inasmuch as we define
it clearly to ourselves, but also render it more easy for others to
decide whether we have done justice to our undertaking. The proper
problem of pure reason, then, is contained in the question: "How are
synthetical judgements a priori possible?"

That metaphysical science has hitherto remained in so vacillating
a state of uncertainty and contradiction, is only to be attributed
to the fact that this great problem, and perhaps even the difference
between analytical and synthetical judgements, did not sooner
suggest itself to philosophers. Upon the solution of this problem,
or upon sufficient proof of the impossibility of synthetical knowledge
a priori, depends the existence or downfall of the science of
metaphysics. Among philosophers, David Hume came the nearest of all
to this problem; yet it never acquired in his mind sufficient
precision, nor did he regard the question in its universality. On
the contrary, he stopped short at the synthetical proposition of the
connection of an effect with its cause (principium causalitatis),
insisting that such proposition a priori was impossible. According
to his conclusions, then, all that we term metaphysical science is
a mere delusion, arising from the fancied insight of reason into that
which is in truth borrowed from experience, and to which habit has
given the appearance of necessity. Against this assertion, destructive
to all pure philosophy, he would have been guarded, had he had our
problem before his eyes in its universality. For he would then have
perceived that, according to his own argument, there likewise could
not be any pure mathematical science, which assuredly cannot exist
without synthetical propositions a priori--an absurdity from which
his good understanding must have saved him.
In the solution of the above problem is at the same time
comprehended the possibility of the use of pure reason in the
foundation and construction of all sciences which contain
theoretical knowledge a priori of objects, that is to say, the
answer to the following questions:


How is pure mathematical science possible?


How is pure natural science possible?


Respecting these sciences, as they do certainly exist, it may with
propriety be asked, how they are possible?--for that they must be
possible is shown by the fact of their really existing.* But as to
metaphysics, the miserable progress it has hitherto made, and the fact
that of no one system yet brought forward, far as regards its true
aim, can it be said that this science really exists, leaves any one
at liberty to doubt with reason the very possibility of its existence.


Yet, in a certain sense, this kind of knowledge must
unquestionably be looked upon as given; in other words, metaphysics
must be considered as really existing, if not as a science,
nevertheless as a natural disposition of the human mind (metaphysica
naturalis). For human reason, without any instigations imputable to
the mere vanity of great knowledge, unceasingly progresses, urged on
by its own feeling of need, towards such questions as cannot be
answered by any empirical application of reason, or principles derived
therefrom; and so there has ever really existed in every man some
system of metaphysics. It will always exist, so soon as reason
awakes to the exercise of its power of speculation. And now the
question arises: "How is metaphysics, as a natural disposition,
possible?" In other words, how, from the nature of universal human
reason, do those questions arise which pure reason proposes to itself,
and which it is impelled by its own feeling of need to answer as
well as it can?


But as in all the attempts hitherto made to answer the questions
which reason is prompted by its very nature to propose to itself,
for example, whether the world had a beginning, or has existed from
eternity, it has always met with unavoidable contradictions, we must
not rest satisfied with the mere natural disposition of the mind to
metaphysics, that is, with the existence of the faculty of pure
reason, whence, indeed, some sort of metaphysical system always
arises; but it must be possible to arrive at certainty in regard to
the question whether we know or do not know the things of which
metaphysics treats. We must be able to arrive at a decision on the
subjects of its questions, or on the ability or inability of reason
to form any judgement respecting them; and therefore either to extend
with confidence the bounds of our pure reason, or to set strictly
defined and safe limits to its action. This last question, which
arises out of the above universal problem, would properly run thus:
"How is metaphysics possible as a science?"


Thus, the critique of reason leads at last, naturally and
necessarily, to science; and, on the other hand, the dogmatical use
of reason without criticism leads to groundless assertions, against
which others equally specious can always be set, thus ending unavoidably
in scepticism.


Besides, this science cannot be of great and formidable prolixity,
because it has not to do with objects of reason, the variety of
which is inexhaustible, but merely with Reason herself and her
problems; problems which arise out of her own bosom, and are not
proposed to her by the nature of outward things, but by her own
nature. And when once Reason has previously become able completely
to understand her own power in regard to objects which she meets
with in experience, it will be easy to determine securely the extent
and limits of her attempted application to objects beyond the confines
of experience.


We may and must, therefore, regard the attempts hitherto made to
establish metaphysical science dogmatically as non-existent. For
what of analysis, that is, mere dissection of conceptions, is
contained in one or other, is not the aim of, but only a preparation
for metaphysics proper, which has for its object the extension, by
means of synthesis, of our a priori knowledge. And for this purpose,
mere analysis is of course useless, because it only shows what is
contained in these conceptions, but not how we arrive, a priori, at
them; and this it is her duty to show, in order to be able
afterwards to determine their valid use in regard to all objects of
experience, to all knowledge in general. But little self-denial,
indeed, is needed to give up these pretensions, seeing the undeniable,
and in the dogmatic mode of procedure, inevitable contradictions of
Reason with herself, have long since ruined the reputation of every
system of metaphysics that has appeared up to this time. It will
require more firmness to remain undeterred by difficulty from
within, and opposition from without, from endeavouring, by a method
quite opposed to all those hitherto followed, to further the growth
and fruitfulness of a science indispensable to human reason--a science
from which every branch it has borne may be cut away, but whose
roots remain indestructible.
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      Whether the treatment of that portion of our knowledge which lies within
      the province of pure reason advances with that undeviating certainty which
      characterizes the progress of science, we shall be at no loss to
      determine. If we find those who are engaged in metaphysical pursuits,
      unable to come to an understanding as to the method which they ought to
      follow; if we find them, after the most elaborate preparations, invariably
      brought to a stand before the goal is reached, and compelled to retrace
      their steps and strike into fresh paths, we may then feel quite sure that
      they are far from having attained to the certainty of scientific progress
      and may rather be said to be merely groping about in the dark. In these
      circumstances we shall render an important service to reason if we succeed
      in simply indicating the path along which it must travel, in order to
      arrive at any results—even if it should be found necessary to
      abandon many of those aims which, without reflection, have been proposed
      for its attainment.
    

      That logic has advanced in this sure course, even from the earliest times,
      is apparent from the fact that, since Aristotle, it has been unable to
      advance a step and, thus, to all appearance has reached its completion.
      For, if some of the moderns have thought to enlarge its domain by
      introducing psychological discussions on the mental faculties, such as
      imagination and wit, metaphysical, discussions on the origin of knowledge
      and the different kinds of certitude, according to the difference of the
      objects (idealism, scepticism, and so on), or anthropological discussions
      on prejudices, their causes and remedies: this attempt, on the part of
      these authors, only shows their ignorance of the peculiar nature of
      logical science. We do not enlarge but disfigure the sciences when we lose
      sight of their respective limits and allow them to run into one another.
      Now logic is enclosed within limits which admit of perfectly clear
      definition; it is a science which has for its object nothing but the
      exposition and proof of the formal laws of all thought, whether it be a
      priori or empirical, whatever be its origin or its object, and whatever
      the difficulties—natural or accidental—which it encounters in
      the human mind.
    

      The early success of logic must be attributed exclusively to the
      narrowness of its field, in which abstraction may, or rather must, be made
      of all the objects of cognition with their characteristic distinctions,
      and in which the understanding has only to deal with itself and with its
      own forms. It is, obviously, a much more difficult task for reason to
      strike into the sure path of science, where it has to deal not simply with
      itself, but with objects external to itself. Hence, logic is properly only
      a propaedeutic—forms, as it were, the vestibule of the sciences; and
      while it is necessary to enable us to form a correct judgement with regard
      to the various branches of knowledge, still the acquisition of real,
      substantive knowledge is to be sought only in the sciences properly so
      called, that is, in the objective sciences.
    

      Now these sciences, if they can be termed rational at all, must contain
      elements of a priori cognition, and this cognition may stand in a twofold
      relation to its object. Either it may have to determine the conception of
      the object—which must be supplied extraneously, or it may have to
      establish its reality. The former is theoretical, the latter practical,
      rational cognition. In both, the pure or a priori element must be treated
      first, and must be carefully distinguished from that which is supplied
      from other sources. Any other method can only lead to irremediable
      confusion.
    

      Mathematics and physics are the two theoretical sciences which have to
      determine their objects a priori. The former is purely a priori, the
      latter is partially so, but is also dependent on other sources of
      cognition.
    

      In the earliest times of which history affords us any record, mathematics
      had already entered on the sure course of science, among that wonderful
      nation, the Greeks. Still it is not to be supposed that it was as easy for
      this science to strike into, or rather to construct for itself, that royal
      road, as it was for logic, in which reason has only to deal with itself.
      On the contrary, I believe that it must have remained long—chiefly
      among the Egyptians—in the stage of blind groping after its true
      aims and destination, and that it was revolutionized by the happy idea of
      one man, who struck out and determined for all time the path which this
      science must follow, and which admits of an indefinite advancement. The
      history of this intellectual revolution—much more important in its
      results than the discovery of the passage round the celebrated Cape of
      Good Hope—and of its author, has not been preserved. But Diogenes
      Laertius, in naming the supposed discoverer of some of the simplest
      elements of geometrical demonstration—elements which, according to
      the ordinary opinion, do not even require to be proved—makes it
      apparent that the change introduced by the first indication of this new
      path, must have seemed of the utmost importance to the mathematicians of
      that age, and it has thus been secured against the chance of oblivion. A
      new light must have flashed on the mind of the first man (Thales, or
      whatever may have been his name) who demonstrated the properties of the
      isosceles triangle. For he found that it was not sufficient to meditate on
      the figure, as it lay before his eyes, or the conception of it, as it
      existed in his mind, and thus endeavour to get at the knowledge of its
      properties, but that it was necessary to produce these properties, as it
      were, by a positive a priori construction; and that, in order to arrive
      with certainty at a priori cognition, he must not attribute to the object
      any other properties than those which necessarily followed from that which
      he had himself, in accordance with his conception, placed in the object.
    

      A much longer period elapsed before physics entered on the highway of
      science. For it is only about a century and a half since the wise Bacon
      gave a new direction to physical studies, or rather—as others were
      already on the right track—imparted fresh vigour to the pursuit of
      this new direction. Here, too, as in the case of mathematics, we find
      evidence of a rapid intellectual revolution. In the remarks which follow I
      shall confine myself to the empirical side of natural science.
    

      When Galilei experimented with balls of a definite weight on the inclined
      plane, when Torricelli caused the air to sustain a weight which he had
      calculated beforehand to be equal to that of a definite column of water,
      or when Stahl, at a later period, converted metals into lime, and
      reconverted lime into metal, by the addition and subtraction of certain
      elements; [Footnote: I do not here follow with exactness the history of
      the experimental method, of which, indeed, the first steps are involved in
      some obscurity.] a light broke upon all natural philosophers. They learned
      that reason only perceives that which it produces after its own design;
      that it must not be content to follow, as it were, in the leading-strings
      of nature, but must proceed in advance with principles of judgement
      according to unvarying laws, and compel nature to reply its questions. For
      accidental observations, made according to no preconceived plan, cannot be
      united under a necessary law. But it is this that reason seeks for and
      requires. It is only the principles of reason which can give to concordant
      phenomena the validity of laws, and it is only when experiment is directed
      by these rational principles that it can have any real utility. Reason
      must approach nature with the view, indeed, of receiving information from
      it, not, however, in the character of a pupil, who listens to all that his
      master chooses to tell him, but in that of a judge, who compels the
      witnesses to reply to those questions which he himself thinks fit to
      propose. To this single idea must the revolution be ascribed, by which,
      after groping in the dark for so many centuries, natural science was at
      length conducted into the path of certain progress.
    

      We come now to metaphysics, a purely speculative science, which occupies a
      completely isolated position and is entirely independent of the teachings
      of experience. It deals with mere conceptions—not, like mathematics,
      with conceptions applied to intuition—and in it, reason is the pupil
      of itself alone. It is the oldest of the sciences, and would still
      survive, even if all the rest were swallowed up in the abyss of an
      all-destroying barbarism. But it has not yet had the good fortune to
      attain to the sure scientific method. This will be apparent; if we apply
      the tests which we proposed at the outset. We find that reason perpetually
      comes to a stand, when it attempts to gain a priori the perception even of
      those laws which the most common experience confirms. We find it compelled
      to retrace its steps in innumerable instances, and to abandon the path on
      which it had entered, because this does not lead to the desired result. We
      find, too, that those who are engaged in metaphysical pursuits are far
      from being able to agree among themselves, but that, on the contrary, this
      science appears to furnish an arena specially adapted for the display of
      skill or the exercise of strength in mock-contests—a field in which
      no combatant ever yet succeeded in gaining an inch of ground, in which, at
      least, no victory was ever yet crowned with permanent possession.
    

      This leads us to inquire why it is that, in metaphysics, the sure path of
      science has not hitherto been found. Shall we suppose that it is
      impossible to discover it? Why then should nature have visited our reason
      with restless aspirations after it, as if it were one of our weightiest
      concerns? Nay, more, how little cause should we have to place confidence
      in our reason, if it abandons us in a matter about which, most of all, we
      desire to know the truth—and not only so, but even allures us to the
      pursuit of vain phantoms, only to betray us in the end? Or, if the path
      has only hitherto been missed, what indications do we possess to guide us
      in a renewed investigation, and to enable us to hope for greater success
      than has fallen to the lot of our predecessors?
    

      It appears to me that the examples of mathematics and natural philosophy,
      which, as we have seen, were brought into their present condition by a
      sudden revolution, are sufficiently remarkable to fix our attention on the
      essential circumstances of the change which has proved so advantageous to
      them, and to induce us to make the experiment of imitating them, so far as
      the analogy which, as rational sciences, they bear to metaphysics may
      permit. It has hitherto been assumed that our cognition must conform to
      the objects; but all attempts to ascertain anything about these objects a
      priori, by means of conceptions, and thus to extend the range of our
      knowledge, have been rendered abortive by this assumption. Let us then
      make the experiment whether we may not be more successful in metaphysics,
      if we assume that the objects must conform to our cognition. This appears,
      at all events, to accord better with the possibility of our gaining the
      end we have in view, that is to say, of arriving at the cognition of
      objects a priori, of determining something with respect to these objects,
      before they are given to us. We here propose to do just what Copernicus
      did in attempting to explain the celestial movements. When he found that
      he could make no progress by assuming that all the heavenly bodies
      revolved round the spectator, he reversed the process, and tried the
      experiment of assuming that the spectator revolved, while the stars
      remained at rest. We may make the same experiment with regard to the
      intuition of objects. If the intuition must conform to the nature of the
      objects, I do not see how we can know anything of them a priori. If, on
      the other hand, the object conforms to the nature of our faculty of
      intuition, I can then easily conceive the possibility of such an a priori
      knowledge. Now as I cannot rest in the mere intuitions, but—if they
      are to become cognitions—must refer them, as representations, to
      something, as object, and must determine the latter by means of the
      former, here again there are two courses open to me. Either, first, I may
      assume that the conceptions, by which I effect this determination, conform
      to the object—and in this case I am reduced to the same perplexity
      as before; or secondly, I may assume that the objects, or, which is the
      same thing, that experience, in which alone as given objects they are
      cognized, conform to my conceptions—and then I am at no loss how to
      proceed. For experience itself is a mode of cognition which requires
      understanding. Before objects, are given to me, that is, a priori, I must
      presuppose in myself laws of the understanding which are expressed in
      conceptions a priori. To these conceptions, then, all the objects of
      experience must necessarily conform. Now there are objects which reason
      thinks, and that necessarily, but which cannot be given in experience, or,
      at least, cannot be given so as reason thinks them. The attempt to think
      these objects will hereafter furnish an excellent test of the new method
      of thought which we have adopted, and which is based on the principle that
      we only cognize in things a priori that which we ourselves place in them.*
    
     [*Footnote: This method, accordingly, which we have borrowed
     from the natural philosopher, consists in seeking for the
     elements of pure reason in that which admits of confirmation
     or refutation by experiment. Now the propositions of pure
     reason, especially when they transcend the limits of
     possible experience, do not admit of our making any
     experiment with their objects, as in natural science. Hence,
     with regard to those conceptions and principles which we
     assume a priori, our only course ill be to view them from
     two different sides. We must regard one and the same
     conception, on the one hand, in relation to experience as an
     object of the senses and of the understanding, on the other
     hand, in relation to reason, isolated and transcending the
     limits of experience, as an object of mere thought. Now if
     we find that, when we regard things from this double point
     of view, the result is in harmony with the principle of pure
     reason, but that, when we regard them from a single point of
     view, reason is involved in self-contradiction, then the
     experiment will establish the correctness of this
     distinction.]


      This attempt succeeds as well as we could desire, and promises to
      metaphysics, in its first part—that is, where it is occupied with
      conceptions a priori, of which the corresponding objects may be given in
      experience—the certain course of science. For by this new method we
      are enabled perfectly to explain the possibility of a priori cognition,
      and, what is more, to demonstrate satisfactorily the laws which lie a
      priori at the foundation of nature, as the sum of the objects of
      experience—neither of which was possible according to the procedure
      hitherto followed. But from this deduction of the faculty of a priori
      cognition in the first part of metaphysics, we derive a surprising result,
      and one which, to all appearance, militates against the great end of
      metaphysics, as treated in the second part. For we come to the conclusion
      that our faculty of cognition is unable to transcend the limits of
      possible experience; and yet this is precisely the most essential object
      of this science. The estimate of our rational cognition a priori at which
      we arrive is that it has only to do with phenomena, and that things in
      themselves, while possessing a real existence, lie beyond its sphere. Here
      we are enabled to put the justice of this estimate to the test. For that
      which of necessity impels us to transcend the limits of experience and of
      all phenomena is the unconditioned, which reason absolutely requires in
      things as they are in themselves, in order to complete the series of
      conditions. Now, if it appears that when, on the one hand, we assume that
      our cognition conforms to its objects as things in themselves, the
      unconditioned cannot be thought without contradiction, and that when, on
      the other hand, we assume that our representation of things as they are
      given to us, does not conform to these things as they are in themselves,
      but that these objects, as phenomena, conform to our mode of
      representation, the contradiction disappears: we shall then be convinced
      of the truth of that which we began by assuming for the sake of
      experiment; we may look upon it as established that the unconditioned does
      not lie in things as we know them, or as they are given to us, but in
      things as they are in themselves, beyond the range of our cognition.*
    
     [*Footnote: This experiment of pure reason has a great
     similarity to that of the chemists, which they term the
     experiment of reduction, or, more usually, the synthetic
     process. The analysis of the metaphysician separates pure
     cognition a priori into two heterogeneous elements, viz.,
     the cognition of things as phenomena, and of things in
     themselves. Dialectic combines these again into harmony with
     the necessary rational idea of the unconditioned, and finds
     that this harmony never results except through the above
     distinction, which is, therefore, concluded to be just.]


      But, after we have thus denied the power of speculative reason to make any
      progress in the sphere of the supersensible, it still remains for our
      consideration whether data do not exist in practical cognition which may
      enable us to determine the transcendent conception of the unconditioned,
      to rise beyond the limits of all possible experience from a practical
      point of view, and thus to satisfy the great ends of metaphysics.
      Speculative reason has thus, at least, made room for such an extension of
      our knowledge: and, if it must leave this space vacant, still it does not
      rob us of the liberty to fill it up, if we can, by means of practical data—nay,
      it even challenges us to make the attempt.*
    
     [*Footnote: So the central laws of the movements of the
     heavenly bodies established the truth of that which
     Copernicus, first, assumed only as a hypothesis, and, at the
     same time, brought to light that invisible force (Newtonian
     attraction) which holds the universe together. The latter
     would have remained forever undiscovered, if Copernicus had
     not ventured on the experiment—contrary to the senses but
     still just—of looking for the observed movements not in the
     heavenly bodies, but in the spectator. In this Preface I
     treat the new metaphysical method as a hypothesis with the
     view of rendering apparent the first attempts at such a
     change of method, which are always hypothetical. But in the
     Critique itself it will be demonstrated, not hypothetically,
     but apodeictically, from the nature of our representations
     of space and time, and from the elementary conceptions of
     the understanding.]


      This attempt to introduce a complete revolution in the procedure of
      metaphysics, after the example of the geometricians and natural
      philosophers, constitutes the aim of the Critique of Pure Speculative
      Reason. It is a treatise on the method to be followed, not a system of the
      science itself. But, at the same time, it marks out and defines both the
      external boundaries and the internal structure of this science. For pure
      speculative reason has this peculiarity, that, in choosing the various
      objects of thought, it is able to define the limits of its own faculties,
      and even to give a complete enumeration of the possible modes of proposing
      problems to itself, and thus to sketch out the entire system of
      metaphysics. For, on the one hand, in cognition a priori, nothing must be
      attributed to the objects but what the thinking subject derives from
      itself; and, on the other hand, reason is, in regard to the principles of
      cognition, a perfectly distinct, independent unity, in which, as in an
      organized body, every member exists for the sake of the others, and all
      for the sake of each, so that no principle can be viewed, with safety, in
      one relationship, unless it is, at the same time, viewed in relation to
      the total use of pure reason. Hence, too, metaphysics has this singular
      advantage—an advantage which falls to the lot of no other science
      which has to do with objects—that, if once it is conducted into the
      sure path of science, by means of this criticism, it can then take in the
      whole sphere of its cognitions, and can thus complete its work, and leave
      it for the use of posterity, as a capital which can never receive fresh
      accessions. For metaphysics has to deal only with principles and with the
      limitations of its own employment as determined by these principles. To
      this perfection it is, therefore, bound, as the fundamental science, to
      attain, and to it the maxim may justly be applied:
    
    Nil actum reputans, si quid superesset agendum.


      But, it will be asked, what kind of a treasure is this that we propose to
      bequeath to posterity? What is the real value of this system of
      metaphysics, purified by criticism, and thereby reduced to a permanent
      condition? A cursory view of the present work will lead to the supposition
      that its use is merely negative, that it only serves to warn us against
      venturing, with speculative reason, beyond the limits of experience. This
      is, in fact, its primary use. But this, at once, assumes a positive value,
      when we observe that the principles with which speculative reason
      endeavours to transcend its limits lead inevitably, not to the extension,
      but to the contraction of the use of reason, inasmuch as they threaten to
      extend the limits of sensibility, which is their proper sphere, over the
      entire realm of thought and, thus, to supplant the pure (practical) use of
      reason. So far, then, as this criticism is occupied in confining
      speculative reason within its proper bounds, it is only negative; but,
      inasmuch as it thereby, at the same time, removes an obstacle which
      impedes and even threatens to destroy the use of practical reason, it
      possesses a positive and very important value. In order to admit this, we
      have only to be convinced that there is an absolutely necessary use of
      pure reason—the moral use—in which it inevitably transcends
      the limits of sensibility, without the aid of speculation, requiring only
      to be insured against the effects of a speculation which would involve it
      in contradiction with itself. To deny the positive advantage of the
      service which this criticism renders us would be as absurd as to maintain
      that the system of police is productive of no positive benefit, since its
      main business is to prevent the violence which citizen has to apprehend
      from citizen, that so each may pursue his vocation in peace and security.
      That space and time are only forms of sensible intuition, and hence are
      only conditions of the existence of things as phenomena; that, moreover,
      we have no conceptions of the understanding, and, consequently, no
      elements for the cognition of things, except in so far as a corresponding
      intuition can be given to these conceptions; that, accordingly, we can
      have no cognition of an object, as a thing in itself, but only as an
      object of sensible intuition, that is, as phenomenon—all this is
      proved in the analytical part of the Critique; and from this the
      limitation of all possible speculative cognition to the mere objects of
      experience, follows as a necessary result. At the same time, it must be
      carefully borne in mind that, while we surrender the power of cognizing,
      we still reserve the power of thinking objects, as things in themselves.*
      For, otherwise, we should require to affirm the existence of an
      appearance, without something that appears—which would be absurd.
      Now let us suppose, for a moment, that we had not undertaken this
      criticism and, accordingly, had not drawn the necessary distinction
      between things as objects of experience and things as they are in
      themselves. The principle of causality, and, by consequence, the mechanism
      of nature as determined by causality, would then have absolute validity in
      relation to all things as efficient causes. I should then be unable to
      assert, with regard to one and the same being, e.g., the human soul, that
      its will is free, and yet, at the same time, subject to natural necessity,
      that is, not free, without falling into a palpable contradiction, for in
      both propositions I should take the soul in the same signification, as a
      thing in general, as a thing in itself—as, without previous
      criticism, I could not but take it. Suppose now, on the other hand, that
      we have undertaken this criticism, and have learnt that an object may be
      taken in two senses, first, as a phenomenon, secondly, as a thing in
      itself; and that, according to the deduction of the conceptions of the
      understanding, the principle of causality has reference only to things in
      the first sense. We then see how it does not involve any contradiction to
      assert, on the one hand, that the will, in the phenomenal sphere—in
      visible action—is necessarily obedient to the law of nature, and, in
      so far, not free; and, on the other hand, that, as belonging to a thing in
      itself, it is not subject to that law, and, accordingly, is free. Now, it
      is true that I cannot, by means of speculative reason, and still less by
      empirical observation, cognize my soul as a thing in itself and
      consequently, cannot cognize liberty as the property of a being to which I
      ascribe effects in the world of sense. For, to do so, I must cognize this
      being as existing, and yet not in time, which—since I cannot support
      my conception by any intuition—is impossible. At the same time,
      while I cannot cognize, I can quite well think freedom, that is to say, my
      representation of it involves at least no contradiction, if we bear in
      mind the critical distinction of the two modes of representation (the
      sensible and the intellectual) and the consequent limitation of the
      conceptions of the pure understanding and of the principles which flow
      from them. Suppose now that morality necessarily presupposed liberty, in
      the strictest sense, as a property of our will; suppose that reason
      contained certain practical, original principles a priori, which were
      absolutely impossible without this presupposition; and suppose, at the
      same time, that speculative reason had proved that liberty was incapable
      of being thought at all. It would then follow that the moral
      presupposition must give way to the speculative affirmation, the opposite
      of which involves an obvious contradiction, and that liberty and, with it,
      morality must yield to the mechanism of nature; for the negation of
      morality involves no contradiction, except on the presupposition of
      liberty. Now morality does not require the speculative cognition of
      liberty; it is enough that I can think it, that its conception involves no
      contradiction, that it does not interfere with the mechanism of nature.
      But even this requirement we could not satisfy, if we had not learnt the
      twofold sense in which things may be taken; and it is only in this way
      that the doctrine of morality and the doctrine of nature are confined
      within their proper limits. For this result, then, we are indebted to a
      criticism which warns us of our unavoidable ignorance with regard to
      things in themselves, and establishes the necessary limitation of our
      theoretical cognition to mere phenomena.
    
     [*Footnote: In order to cognize an object, I must be able to
     prove its possibility, either from its reality as attested
     by experience, or a priori, by means of reason. But I can
     think what I please, provided only I do not contradict
     myself; that is, provided my conception is a possible
     thought, though I may be unable to answer for the existence
     of a corresponding object in the sum of possibilities. But
     something more is required before I can attribute to such a
     conception objective validity, that is real possibility—the
     other possibility being merely logical. We are not, however,
     confined to theoretical sources of cognition for the means
     of satisfying this additional requirement, but may derive
     them from practical sources.]


      The positive value of the critical principles of pure reason in relation
      to the conception of God and of the simple nature of the soul, admits of a
      similar exemplification; but on this point I shall not dwell. I cannot
      even make the assumption—as the practical interests of morality
      require—of God, freedom, and immortality, if I do not deprive
      speculative reason of its pretensions to transcendent insight. For to
      arrive at these, it must make use of principles which, in fact, extend
      only to the objects of possible experience, and which cannot be applied to
      objects beyond this sphere without converting them into phenomena, and
      thus rendering the practical extension of pure reason impossible. I must,
      therefore, abolish knowledge, to make room for belief. The dogmatism of
      metaphysics, that is, the presumption that it is possible to advance in
      metaphysics without previous criticism, is the true source of the unbelief
      (always dogmatic) which militates against morality.
    

      Thus, while it may be no very difficult task to bequeath a legacy to
      posterity, in the shape of a system of metaphysics constructed in
      accordance with the Critique of Pure Reason, still the value of such a
      bequest is not to be depreciated. It will render an important service to
      reason, by substituting the certainty of scientific method for that random
      groping after results without the guidance of principles, which has
      hitherto characterized the pursuit of metaphysical studies. It will render
      an important service to the inquiring mind of youth, by leading the
      student to apply his powers to the cultivation of genuine science, instead
      of wasting them, as at present, on speculations which can never lead to
      any result, or on the idle attempt to invent new ideas and opinions. But,
      above all, it will confer an inestimable benefit on morality and religion,
      by showing that all the objections urged against them may be silenced for
      ever by the Socratic method, that is to say, by proving the ignorance of
      the objector. For, as the world has never been, and, no doubt, never will
      be without a system of metaphysics of one kind or another, it is the
      highest and weightiest concern of philosophy to render it powerless for
      harm, by closing up the sources of error.
    

      This important change in the field of the sciences, this loss of its
      fancied possessions, to which speculative reason must submit, does not
      prove in any way detrimental to the general interests of humanity. The
      advantages which the world has derived from the teachings of pure reason
      are not at all impaired. The loss falls, in its whole extent, on the
      monopoly of the schools, but does not in the slightest degree touch the
      interests of mankind. I appeal to the most obstinate dogmatist, whether
      the proof of the continued existence of the soul after death, derived from
      the simplicity of its substance; of the freedom of the will in opposition
      to the general mechanism of nature, drawn from the subtle but impotent
      distinction of subjective and objective practical necessity; or of the
      existence of God, deduced from the conception of an ens realissimum—the
      contingency of the changeable, and the necessity of a prime mover, has
      ever been able to pass beyond the limits of the schools, to penetrate the
      public mind, or to exercise the slightest influence on its convictions. It
      must be admitted that this has not been the case and that, owing to the
      unfitness of the common understanding for such subtle speculations, it can
      never be expected to take place. On the contrary, it is plain that the
      hope of a future life arises from the feeling, which exists in the breast
      of every man, that the temporal is inadequate to meet and satisfy the
      demands of his nature. In like manner, it cannot be doubted that the clear
      exhibition of duties in opposition to all the claims of inclination, gives
      rise to the consciousness of freedom, and that the glorious order, beauty,
      and providential care, everywhere displayed in nature, give rise to the
      belief in a wise and great Author of the Universe. Such is the genesis of
      these general convictions of mankind, so far as they depend on rational
      grounds; and this public property not only remains undisturbed, but is
      even raised to greater importance, by the doctrine that the schools have
      no right to arrogate to themselves a more profound insight into a matter
      of general human concernment than that to which the great mass of men,
      ever held by us in the highest estimation, can without difficulty attain,
      and that the schools should, therefore, confine themselves to the
      elaboration of these universally comprehensible and, from a moral point of
      view, amply satisfactory proofs. The change, therefore, affects only the
      arrogant pretensions of the schools, which would gladly retain, in their
      own exclusive possession, the key to the truths which they impart to the
      public.
    

      Quod mecum nescit, solus vult scire videri.
    

      At the same time it does not deprive the speculative philosopher of his
      just title to be the sole depositor of a science which benefits the public
      without its knowledge—I mean, the Critique of Pure Reason. This can
      never become popular and, indeed, has no occasion to be so; for finespun
      arguments in favour of useful truths make just as little impression on the
      public mind as the equally subtle objections brought against these truths.
      On the other hand, since both inevitably force themselves on every man who
      rises to the height of speculation, it becomes the manifest duty of the
      schools to enter upon a thorough investigation of the rights of
      speculative reason and, thus, to prevent the scandal which metaphysical
      controversies are sure, sooner or later, to cause even to the masses. It
      is only by criticism that metaphysicians (and, as such, theologians too)
      can be saved from these controversies and from the consequent perversion
      of their doctrines. Criticism alone can strike a blow at the root of
      materialism, fatalism, atheism, free-thinking, fanaticism, and
      superstition, which are universally injurious—as well as of idealism
      and scepticism, which are dangerous to the schools, but can scarcely pass
      over to the public. If governments think proper to interfere with the
      affairs of the learned, it would be more consistent with a wise regard for
      the interests of science, as well as for those of society, to favour a
      criticism of this kind, by which alone the labours of reason can be
      established on a firm basis, than to support the ridiculous despotism of
      the schools, which raise a loud cry of danger to the public over the
      destruction of cobwebs, of which the public has never taken any notice,
      and the loss of which, therefore, it can never feel.
    

      This critical science is not opposed to the dogmatic procedure of reason
      in pure cognition; for pure cognition must always be dogmatic, that is,
      must rest on strict demonstration from sure principles a priori—but
      to dogmatism, that is, to the presumption that it is possible to make any
      progress with a pure cognition, derived from (philosophical) conceptions,
      according to the principles which reason has long been in the habit of
      employing—without first inquiring in what way and by what right
      reason has come into the possession of these principles. Dogmatism is thus
      the dogmatic procedure of pure reason without previous criticism of its
      own powers, and in opposing this procedure, we must not be supposed to
      lend any countenance to that loquacious shallowness which arrogates to
      itself the name of popularity, nor yet to scepticism, which makes short
      work with the whole science of metaphysics. On the contrary, our criticism
      is the necessary preparation for a thoroughly scientific system of
      metaphysics which must perform its task entirely a priori, to the complete
      satisfaction of speculative reason, and must, therefore, be treated, not
      popularly, but scholastically. In carrying out the plan which the Critique
      prescribes, that is, in the future system of metaphysics, we must have
      recourse to the strict method of the celebrated Wolf, the greatest of all
      dogmatic philosophers. He was the first to point out the necessity of
      establishing fixed principles, of clearly defining our conceptions, and of
      subjecting our demonstrations to the most severe scrutiny, instead of
      rashly jumping at conclusions. The example which he set served to awaken
      that spirit of profound and thorough investigation which is not yet
      extinct in Germany. He would have been peculiarly well fitted to give a
      truly scientific character to metaphysical studies, had it occurred to him
      to prepare the field by a criticism of the organum, that is, of pure
      reason itself. That he failed to perceive the necessity of such a
      procedure must be ascribed to the dogmatic mode of thought which
      characterized his age, and on this point the philosophers of his time, as
      well as of all previous times, have nothing to reproach each other with.
      Those who reject at once the method of Wolf, and of the Critique of Pure
      Reason, can have no other aim but to shake off the fetters of science, to
      change labour into sport, certainty into opinion, and philosophy into
      philodoxy.
    

      In this second edition, I have endeavoured, as far as possible, to remove
      the difficulties and obscurity which, without fault of mine perhaps, have
      given rise to many misconceptions even among acute thinkers. In the
      propositions themselves, and in the demonstrations by which they are
      supported, as well as in the form and the entire plan of the work, I have
      found nothing to alter; which must be attributed partly to the long
      examination to which I had subjected the whole before offering it to the
      public and partly to the nature of the case. For pure speculative reason
      is an organic structure in which there is nothing isolated or independent,
      but every Single part is essential to all the rest; and hence, the
      slightest imperfection, whether defect or positive error, could not fail
      to betray itself in use. I venture, further, to hope, that this system
      will maintain the same unalterable character for the future. I am led to
      entertain this confidence, not by vanity, but by the evidence which the
      equality of the result affords, when we proceed, first, from the simplest
      elements up to the complete whole of pure reason and, and then, backwards
      from the whole to each part. We find that the attempt to make the
      slightest alteration, in any part, leads inevitably to contradictions, not
      merely in this system, but in human reason itself. At the same time, there
      is still much room for improvement in the exposition of the doctrines
      contained in this work. In the present edition, I have endeavoured to
      remove misapprehensions of the aesthetical part, especially with regard to
      the conception of time; to clear away the obscurity which has been found
      in the deduction of the conceptions of the understanding; to supply the
      supposed want of sufficient evidence in the demonstration of the
      principles of the pure understanding; and, lastly, to obviate the
      misunderstanding of the paralogisms which immediately precede the rational
      psychology. Beyond this point—the end of the second main division of
      the "Transcendental Dialectic"—I have not extended my alterations,*
      partly from want of time, and partly because I am not aware that any
      portion of the remainder has given rise to misconceptions among
      intelligent and impartial critics, whom I do not here mention with that
      praise which is their due, but who will find that their suggestions have
      been attended to in the work itself.
    
     [*Footnote: The only addition, properly so called—and that
     only in the method of proof—which I have made in the
     present edition, consists of a new refutation of
     psychological idealism, and a strict demonstration—the only
     one possible, as I believe—of the objective reality of
     external intuition. However harmless idealism may be
     considered—although in reality it is not so—in regard to
     the essential ends of metaphysics, it must still remain a
     scandal to philosophy and to the general human reason to be
     obliged to assume, as an article of mere belief, the
     existence of things external to ourselves (from which, yet,
     we derive the whole material of cognition for the internal
     sense), and not to be able to oppose a satisfactory proof to
     any one who may call it in question. As there is some
     obscurity of expression in the demonstration as it stands in
     the text, I propose to alter the passage in question as
     follows: "But this permanent cannot be an intuition in me.
     For all the determining grounds of my existence which can be
     found in me are representations and, as such, do themselves
     require a permanent, distinct from them, which may determine
     my existence in relation to their changes, that is, my
     existence in time, wherein they change." It may, probably,
     be urged in opposition to this proof that, after all, I am
     only conscious immediately of that which is in me, that is,
     of my representation of external things, and that,
     consequently, it must always remain uncertain whether
     anything corresponding to this representation does or does
     not exist externally to me. But I am conscious, through
     internal experience, of my existence in time (consequently,
     also, of the determinability of the former in the latter),
     and that is more than the simple consciousness of my
     representation. It is, in fact, the same as the empirical
     consciousness of my existence, which can only be determined
     in relation to something, which, while connected with my
     existence, is external to me. This consciousness of my
     existence in time is, therefore, identical with the
     consciousness of a relation to something external to me, and
     it is, therefore, experience, not fiction, sense, not
     imagination, which inseparably connects the external with my
     internal sense. For the external sense is, in itself, the
     relation of intuition to something real, external to me; and
     the reality of this something, as opposed to the mere
     imagination of it, rests solely on its inseparable
     connection with internal experience as the condition of its
     possibility. If with the intellectual consciousness of my
     existence, in the representation: I am, which accompanies
     all my judgements, and all the operations of my
     understanding, I could, at the same time, connect a
     determination of my existence by intellectual intuition,
     then the consciousness of a relation to something external
     to me would not be necessary. But the internal intuition in
     which alone my existence can be determined, though preceded
     by that purely intellectual consciousness, is itself
     sensible and attached to the condition of time. Hence this
     determination of my existence, and consequently my internal
     experience itself, must depend on something permanent which
     is not in me, which can be, therefore, only in something
     external to me, to which I must look upon myself as being
     related. Thus the reality of the external sense is
     necessarily connected with that of the internal, in order to
     the possibility of experience in general; that is, I am just
     as certainly conscious that there are things external to me
     related to my sense as I am that I myself exist as
     determined in time. But in order to ascertain to what given
     intuitions objects, external me, really correspond, in other
     words, what intuitions belong to the external sense and not
     to imagination, I must have recourse, in every particular
     case, to those rules according to which experience in
     general (even internal experience) is distinguished from
     imagination, and which are always based on the proposition
     that there really is an external experience. We may add the
     remark that the representation of something permanent in
     existence, is not the same thing as the permanent
     representation; for a representation may be very variable
     and changing—as all our representations, even that of
     matter, are—and yet refer to something permanent, which
     must, therefore, be distinct from all my representations and
     external to me, the existence of which is necessarily
     included in the determination of my own existence, and with
     it constitutes one experience—an experience which would not
     even be possible internally, if it were not also at the same
     time, in part, external. To the question How? we are no more
     able to reply, than we are, in general, to think the
     stationary in time, the coexistence of which with the
     variable, produces the conception of change.]


      In attempting to render the exposition of my views as intelligible as
      possible, I have been compelled to leave out or abridge various passages
      which were not essential to the completeness of the work, but which many
      readers might consider useful in other respects, and might be unwilling to
      miss. This trifling loss, which could not be avoided without swelling the
      book beyond due limits, may be supplied, at the pleasure of the reader, by
      a comparison with the first edition, and will, I hope, be more than
      compensated for by the greater clearness of the exposition as it now
      stands.
    

      I have observed, with pleasure and thankfulness, in the pages of various
      reviews and treatises, that the spirit of profound and thorough
      investigation is not extinct in Germany, though it may have been overborne
      and silenced for a time by the fashionable tone of a licence in thinking,
      which gives itself the airs of genius, and that the difficulties which
      beset the paths of criticism have not prevented energetic and acute
      thinkers from making themselves masters of the science of pure reason to
      which these paths conduct—a science which is not popular, but
      scholastic in its character, and which alone can hope for a lasting
      existence or possess an abiding value. To these deserving men, who so
      happily combine profundity of view with a talent for lucid exposition—a
      talent which I myself am not conscious of possessing—I leave the
      task of removing any obscurity which may still adhere to the statement of
      my doctrines. For, in this case, the danger is not that of being refuted,
      but of being misunderstood. For my own part, I must henceforward abstain
      from controversy, although I shall carefully attend to all suggestions,
      whether from friends or adversaries, which may be of use in the future
      elaboration of the system of this propaedeutic. As, during these labours,
      I have advanced pretty far in years this month I reach my sixty-fourth
      year—it will be necessary for me to economize time, if I am to carry
      out my plan of elaborating the metaphysics of nature as well as of morals,
      in confirmation of the correctness of the principles established in this
      Critique of Pure Reason, both speculative and practical; and I must,
      therefore, leave the task of clearing up the obscurities of the present
      work—inevitable, perhaps, at the outset—as well as, the
      defence of the whole, to those deserving men, who have made my system
      their own. A philosophical system cannot come forward armed at all points
      like a mathematical treatise, and hence it may be quite possible to take
      objection to particular passages, while the organic structure of the
      system, considered as a unity, has no danger to apprehend. But few possess
      the ability, and still fewer the inclination, to take a comprehensive view
      of a new system. By confining the view to particular passages, taking
      these out of their connection and comparing them with one another, it is
      easy to pick out apparent contradictions, especially in a work written
      with any freedom of style. These contradictions place the work in an
      unfavourable light in the eyes of those who rely on the judgement of
      others, but are easily reconciled by those who have mastered the idea of
      the whole. If a theory possesses stability in itself, the action and
      reaction which seemed at first to threaten its existence serve only, in
      the course of time, to smooth down any superficial roughness or
      inequality, and—if men of insight, impartiality, and truly popular
      gifts, turn their attention to it—to secure to it, in a short time,
      the requisite elegance also.
    

      Konigsberg, April 1787.
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 These Prolegomena are destined for the use, not of pupils,
but of future teachers, and even the latter should not expect
that they will be serviceable for the systematic exposition of a
ready-made science, but merely for the discovery of the science
itself.

 There are scholars, to whom the history of philosophy
(both ancient and modern) is philosophy itself; for these the
present Prolegomena are not written. They must wait till those
who endeavor to draw from the fountain of reason itself have
completed their work; it will then be the historian’s turn to
inform the world of what has been done. Unfortunately, nothing
can be said, which in their opinion has not been said before, and
truly the same prophecy applies to all future time; for since the
human reason has for many centuries speculated upon innumerable
objects in various ways, it is hardly to be expected that we
should not be able to discover analogies for every new idea among
the old sayings of past ages.


My object is to persuade all those who think Metaphysics
worth studying, that it is absolutely necessary to pause a
moment, and, neglecting all that has been done, to propose first
the preliminary question, ’Whether such a thing as metaphysics be
at all possible?’



 If it be a science, how comes it that it cannot, like other
sciences, obtain universal and permanent recognition ? If not,
how can it maintain its pretensions, and keep the human mind in
suspense with hopes, never ceasing, yet never fulfilled? Whether
then we demonstrate our knowledge or our ignorance in this field,
we must come once for all to a definite conclusion respecting the
nature of this so-called science, which cannot possibly remain on
its present footing. It seems almost ridiculous, while every
other science is continually advancing, that in this, which
pretends to be Wisdom incarnate, for whose oracle every one
inquires, we should constantly move round the same spot, without
gaining a single step. And so its followers having melted away,
we do not find men confident of their ability to shine in other
sciences venturing their reputation here, where everybody,
however ignorant in other matters, may deliver a final verdict,
as in this domain there is as yet no standard weight and measure
to distinguish sound knowledge from shallow talk.


After all it is nothing extraordinary in the elaboration of
a science, when men begin to wonder how far it has advanced, that
the question should at last occur, whether and how such a science
is possible? Human reason so delights in constructions, that it
has several times built up a tower, and then razed it to examine
the nature of the foundation. It is never too late to become
wise; but if the change comes late, there is always more
difficulty in starting a reform.


The question whether a science be possible, presupposes a
doubt as to its actuality. But such a doubt offends the men whose
whole possessions consist of this supposed jewel; hence he who
raises the doubt must expect opposition from all sides. Some, in
the proud consciousness of their possessions, which are ancient,
and therefore considered legitimate, will take their metaphysical
compendia in their hands, and look down on him with contempt;
others, who never see anything except it be identical with what
they have seen before, will not understand him, and everything
will remain for a time, as if nothing had happened to excite the
concern, or the hope, for an impending change.


 Nevertheless, I venture to predict that the independent
reader of these Prolegomena will not only doubt his previous
science, but ultimately be fully persuaded, that it cannot exist
unless the demands here stated on which its possibility depends,
be satisfied; and, as this has never been done, that there is, as
yet, no such thing as Metaphysics. But as it can never cease to
be in demand,2 -- since the interests of common sense are
intimately interwoven with it, he must confess that a radical
reform, or rather a new birth of the science after an original
plan, are unavoidable, however men may struggle against it for a
while.


Since the Essays of Locke and Leibniz, or rather since the
origin of metaphysics so far as we know its history, nothing has
ever happened which was more decisive to its fate than the attack
made upon it by David Hume. He threw no light on this species of
knowledge, but he certainly struck a spark from which light might
have been obtained, had it caught some inflammable substance and
had its smoldering fire been carefully nursed and developed.
 

 Hume started from a single but important concept in
Metaphysics, viz., that of Cause and Effect (including its
derivatives force and action, etc.). He challenges reason, which
pretends to have given birth to this idea from herself, to answer
him by what right she thinks anything to be so constituted, that
if that thing be posited, something else also must necessarily be
posited; for this is the meaning of the concept of cause. He
demonstrated irrefutably that it was perfectly impossible for
reason to think a priori and by means of concepts a combination
involving necessity. We cannot at all see why, in consequence of
the existence of one thing, another must necessarily exist, or
how the concept of such a combination can arise a priori. Hence
he inferred, that reason was altogether deluded with reference to
this concept, which she erroneously considered as one of her
children, whereas in reality it was nothing but a bastard of
imagination, impregnated by experience, which subsumed certain
representations under the Law of Association, and mistook the
subjective necessity of habit for an objective necessity arising
from insight. Hence he inferred that reason had no power to think
such, combinations, even generally, because her concepts would
then be purely fictitious, and all her pretended a priori
cognitions nothing but common experiences marked with a false
stamp. In plain language there is not, and cannot be, any such
thing as metaphysics at all.


 However hasty and mistaken Hume’s conclusion may appear, it
was at least founded upon investigation, and this investigation
deserved the concentrated attention of the brighter spirits of
his day as well as determined efforts on their part to discover,
if possible, a happier solution of the problem in the sense
proposed by him, all of which would have speedily resulted in a
complete reform of the science.


But Hume suffered the usual misfortune of metaphysicians, of
not being understood. It is positively painful to see bow utterly
his opponents, Reid, Oswald, Beattie, and lastly Priestley,
missed the point of the problem; for while they were ever taking
for granted that which he doubted, and demonstrating with zeal
and often with impudence that which he never thought of doubting,
they so misconstrued his valuable suggestion that everything
remained in its old condition, as if nothing had happened.



The question was not whether the concept of cause was right,
useful, and even indispensable for our knowledge of nature, for
this Hume had never doubted; but whether that concept could be
thought by reason a priori, and consequently whether it possessed
an inner truth, independent of all experience, implying a wider
application than merely to the objects of experience. This was
Hume’s problem. It was a question concerning the origin, not
concerning the indispensable need of the concept. Were the former
decided, the conditions of the use and the sphere of its valid
application would have been determined as a matter of course.

But to satisfy the conditions of the problem, the opponents
of the great thinker should have penetrated very deeply into the
nature of reason, so far as it is concerned with pure thinking, - a
task which did not suit them. They found a more convenient method
of being defiant without any insight, viz., the appeal to common
sense. It is indeed a great gift of God, to possess right, or (as
they now call it) plain common sense. But this common sense must
be shown practically, by well-considered and reasonable thoughts
and words, not by appealing to it as an oracle, when no rational
justification can be advanced. To appeal to common sense, when
insight and science fail, and no sooner-this is one of the subtle
discoveries of modern times, by means of which the most
superficial ranter can safely enter the lists with the most
thorough thinker, and hold his own. But as long as a particle of
insight remains, no one would think of having recourse to this
subterfuge. For what is it but an appeal to the opinion of the
multitude, of whose applause the philosopher is ashamed, while
the popular charlatan glories and confides in it? I should think
that Hume might fairly have laid as much claim to common sense as
Beattie, and in addition to a critical reason (such as the latter
did not possess), which keeps common sense in check and prevents
it from speculating, or, if speculations are under discussion
restrains the desire to decide because it cannot satisfy itself
concerning its own arguments. By this means alone can common
sense remain sound. Chisels and hammers may suffice to work a
piece of wood, but for steel-engraving we require an engraver’s
needle. Thus common sense and speculative understanding are each
serviceable in their own way, the former in judgments which apply
immediately to experience, the latter when we judge universally
from mere concepts, as in metaphysics, where sound common sense,
so called in spite of the inapplicability of the word, has no
right to judge at all.



Hume’s concern was that we cannot discover from experience alone (e.g., "constant conjunctions") the concept of causality. Inductive logic provides no proof, no necessity.


I openly confess, the suggestion of David Hume was the very
thing, which many years ago first interrupted my dogmatic
slumber, and gave my investigations in the field of speculative
philosophy quite a new direction. I was far from following him in
the conclusions at which he arrived by regarding, not the whole
of his problem, but a part, which by itself can give us no
information. If we start from a well-founded, but undeveloped,
thought, which another has bequeathed to us, we may well hope by
continued reflection to advance farther than the acute man, to
whom we owe the first spark of light.


It is metaphysics that discovers many connections, like that between cause and effect, not from experience, as Hume thought, but from pure understanding. 


I therefore first tried whether Hume’s objection could not
be put into a general form, and soon found that the concept of
the connection of cause and effect was by no means the only idea
by which the understanding thinks the connection of things a
priori, but rather that metaphysics consists altogether of such
connections. I sought to ascertain their number, and when I had
satisfactorily succeeded in this by starting from a single
principle, I proceeded to the deduction of these concepts, which
I was now certain were not deduced from experience, as Hume had
apprehended, but sprang from the pure understanding. This
deduction (which seemed impossible to my acute predecessor, which
had never even occurred to any one else, though no one had
hesitated to use the concepts without investigating the basis of
their objective validity) was the most difficult task ever
undertaken in the service of metaphysics; and the worst was that
metaphysics, such as it then existed, could not assist me in the
least, because this deduction alone can render metaphysics
possible. But as soon as I had succeeded in solving Hume’s
problem not merely in a particular case, but with respect to the
whole faculty of pure reason, I could proceed safely, though
slowly, to determine the whole sphere of pure reason completely
and from general principles, in its circumference as well as in
its contents. This was required for metaphysics in order to
construct its system according to a reliable method.

But I fear that the execution of Hume’s problem in its
widest extent (viz., my Critique of the Pure Reason) will fare as
the problem itself fared, when first proposed. It will be
misjudged because it is misunderstood, and misunderstood because
men choose to skim through the book, and not to think through its
disagreeable task, because the work is dry, obscure, opposed to
all ordinary notions, and moreover long-winded. I confess,
however, I did not expect, to hear from philosophers complaints
of want of popularity, entertainment, and facility, when the
existence of a highly prized and indispensable cognition is at
stake, which cannot be established otherwise, than by the
strictest rules of methodic precision. Popularity may follow, but
is inadmissible at the beginning. Yet as regards a certain
obscurity, arising partly from the diffuseness of the plan, owing
to which. the principal points of the investigation are easily
lost sight of, the complaint is just, and I intend to remove it
by the present Prolegomena.


The first-mentioned work, which discusses the pure faculty
of reason in its whole compass and bounds, will remain the
foundation, to which the Prolegomena, as a preliminary, exercise,
refer; for our critique must first be established as a complete
and perfected science, before we can think of letting Metaphysics
appear on the scene, or even have the most distant hope of
attaining it.


We have been long accustomed to seeing antiquated knowledge
produced as new by taking it out of its former context, and
reducing it to system in a new suit of any fancy pattern under
new titles. Most readers will set out by expecting nothing else
from the Critique; but these Prolegomena may persuade him that it
is a perfectly new science, of which no one has ever even
thought, the very idea of which was unknown, and for which
nothing hitherto accomplished can be of the smallest use, except
it be the suggestion of Hume’s doubts. Yet even he did not
suspect such a formal science, but ran his ship ashore, for
safety’s sake, landing on skepticism, there to let it lie and
rot; whereas my object is rather to give it a pilot, who, by
means of safe astronomical principles drawn from a knowledge of
the globe, and provided with a complete chart and compass, may
steer the ship safely, whither he listeth.
 

If in a new science, which is wholly isolated and unique in
its kind, we started with the prejudice that we can judge of
things by means of our previously acquired knowledge, which., is
precisely what has first to be called in question, we should only
fancy we saw everywhere what we had already known, because the
expressions, having a similar sound, only that all would appear
utterly metamorphosed, senseless and unintelligible, because we
should have as a foundation out own notions, made by long habit a
second nature, instead of the author’s. But the longwindedness of
the work, so far as it depends on the subject, and not the
exposition, its consequent unavoidable dryness and its scholastic
precision are qualities which can only benefit the science,
though they may discredit the book.


Few writers are gifted with the subtlety, and at the same
time with the grace, of David Hume, or with the depth, as well as
the elegance, of Moses Mendelssohn. Yet I flatter myself I might
have made my own exposition popular, had my object been merely to
sketch out a plan and leave its completion to others instead of
having my heart in the welfare of the science, to which I had
devoted myself so long; in truth, it required no little
constancy, and even self-denial, to postpone the sweets of an
immediate success to the prospect of a slower, but more lasting,
reputation.


Making plans is often the occupation of an opulent and
boastful mind, which thus obtains the reputation of a creative
genius, by demanding what it cannot itself supply; by censuring,
what it cannot improve; and by proposing, what it knows not where
to find. And yet something more should belong to a sound plan of
a general critique of pure reason than mere conjectures, if this
plan is to be other than the usual declamations of pious
aspirations. But pure reason is a sphere so separate and self-contained,
that we cannot touch a part without affecting all the
rest. We can therefore do nothing without first determining the
position; of each part, and its relation to the rest. For, inasmuch as our
judgment cannot be corrected by anything without, the validity
and use of every part depends upon the relation in which it
stands to all the rest within the domain of reason, just as in the structure of an organized body, the end of each
member can only be deduced from the full conception of the whole.
It may, then, be said of such a critique that it is never
trustworthy except it be perfectly complete, down to the smallest
elements of pure reason. In the sphere of this faculty you can
determine either everything or nothing.


 But although a mere sketch, preceding the Critique of Pure
Reason, would be unintelligible, unreliable, and useless, it is
all the more useful as a sequel. For so we are able to grasp the
whole, to examine in detail the chief points of importance in the
science, and to improve in many respects our exposition, as
compared with the first execution of the work.


That work being completed, I offer here such a plan
which is sketched out after an analytical method, while the Critique
itself had to be executed in the synthetical style, in order that
the science may present all its articulations, as the structure
of a peculiar cognitive faculty, in their natural combination.
But should any reader find this plan, which I publish as the
Prolegomena to Any Future Metaphysics, still obscure, let him
consider that not every one is bound to study Metaphysics, that
many minds will succeed very well, in the exact and even in deep
sciences, 


For Kant, the essence of metaphysics is found in abstract concepts

more closely allied to intuition while
they cannot succeed in investigations dealing exclusively with
abstract concepts. In such cases men should apply their talents
to other subjects. But he who undertakes to judge, or still more,
to construct, a system of Metaphysics, must satisfy the demands
here made, either by adopting my solution, or by thoroughly
refuting it, and substituting another. To evade it is impossible.
In conclusion, let it be remembered that this much-abused
obscurity (frequently serving as a mere pretext under which
people hide their own indolence or dullness) has its uses, since
all who in other sciences observe a judicious silence, speak
authoritatively in metaphysics and make bold decisions, because
their ignorance is not here contrasted with the knowledge of
others. Yet it does contrast with sound critical principles,
which we may therefore commend in the words of Virgil:

" Ignavum, fucos, pecus a praesepibus arcent."

 "Bees are defending their hives against drones, those
 indolent creatures."



In this section, Kant summarizes the complex and disturbingly obscure ideas of his Critique of Pure Reason

§ 26 The third table of Principles drawn from the
nature of the understanding itself after the critical method,
shows an inherent perfection, which raises it far above every
other table which has hitherto though in vain been tried or may
yet be tried by analyzing the objects themselves dogmatically. It
exhibits all synthetical a priori principles completely and
according to one principle, viz., the faculty of judging in
general, constituting the essence of experience as regards the
understanding, so that we can be certain that there are no more
such principles, which affords a satisfaction such as can never
be attained by the dogmatical method. Yet is this not all: there
is a still greater merit in it.
 
We must carefully bear in mind the proof which shows the
possibility of this cognition a priori, and at the same time
limits all such principles to a condition which must never be
lost sight of, if we desire it not to be misunderstood, and
extended in use beyond the original sense which the understanding
attaches to it. This limit is that they contain nothing but the
conditions of possible experience in general so far as it is
subjected to laws a priori. Consequently I do not say, that
things in themselves possess a quantity, that their actuality
possesses a degree, their existence a connection of accidents in
a substance, etc. This nobody can prove, because such a
synthetical connection from mere concepts, without any reference
to sensuous intuition on the one side, or connection of it in a
possible experience on the other, is absolutely impossible. The
essential limitation of the concepts in these principles then is:
That all things stand necessarily a priori under the
aforementioned conditions, as objects of experience only.
 


Kant seems to think "appearances" are material and not carrying any form (information?) Yet that which is in appearances does not itself occupy any part of space or of time (thus immaterial?)


Hence there follows secondly a specifically peculiar mode of
proof of these principles: they are not directly referred to
appearances and to their relations, but to the possibility of
experience, of which appearances constitute the matter only, not
the form. Thus they are referred to objectively and universally
valid synthetical propositions, in which we distinguish judgments
of experience from those of perception. This takes place because
appearances, as mere intuitions, occupying a part of space and
time, come under the concept of Quantity, which unites their
multiplicity a priori according to rules synthetically. Again, so
far as the perception contains, besides intuition, sensibility,
and between the latter and nothing (i.e., the total disappearance
of sensibility), there is an ever-decreasing transition, it is
apparent that that which is in appearances must have a degree, so
far as it (viz., the perception) does not itself occupy any part
of space or of time. Still the transition to actuality from
empty time or empty space is only possible in time; consequently
though sensibility, as the quality of empirical intuition, can
never be known a priori, by its specific difference from other
sensibilities, yet it can, in a possible experience in general,
as a quantity of perception be intensely distinguished from every
other similar perception. Hence the application of mathematics to
nature, as regards the sensuous intuition by which nature is
given to us, becomes possible and is thus determined.
 
Above all, the reader must pay attention to the mode of
proof of the principles which occur under the title of Analogies
of Experience. For these do not refer to the genesis of
intuitions, as do the principles of applied mathematics, but to
the connection of their existence in experience; and this can be
nothing but the determination of their existence in time
according to necessary laws, under which alone the connection is
objectively valid, and thus becomes experience. The proof
therefore does not turn on the synthetical unity in the
connection of things in themselves, but merely of perceptions,
and of these not in regard to their matter, but to the
determination of time and of the relation of their existence in
it, according to universal laws. If the empirical determination
in relative time is indeed objectively valid (i.e., experience),
these universal laws contain the necessary determination of
existence in time generally (viz., according to a rule of the
understanding a priori).


In these Prolegomena I cannot further descant on the
subject, but my reader (who has probably been long accustomed to
consider experience a mere empirical synthesis of perceptions,
and hence not considered that it goes much beyond them, as it
imparts to empirical judgments universal validity, and for that
purpose requires a pure and a priori unity of the understanding)
is recommended to pay special attention to this distinction of
experience from a mere aggregate of perceptions, and to judge the
mode of proof from this point of view.


§ 27  Now we are prepared to remove Hume’s doubt. He
justly maintains, that we cannot comprehend by reason the
possibility of Causality, that is, of the reference of the
existence of one thing to the existence of another, which is
necessitated by the former. I add, that we comprehend just as
little the concept of Subsistence, that is, the necessity that at
the foundation of the existence of things there lies a subject
which cannot itself be a predicate of any other thing; nay, we
cannot even form a notion of the possibility of such a thing
(though we can point out examples of its use in experience). The
very same incomprehensibility affects the Community of things, as
we cannot comprehend bow from the state of one thing an inference
to the state of quite another thing beyond it, and vice versa,
can be drawn, and how substances which have each their own
separate existence should depend upon one another necessarily.
But I am very far from holding these concepts to be derived
merely from experience, and the necessity represented in them, to
be imaginary and a mere illusion produced in us by long habit. On
the contrary, I have amply shown, that they and the theorems
derived from them are firmly established a priori, or before all
experience, and have their undoubted objective value, though only
with regard to experience.


§ 28 Though I have no notion of such a connection of
things in themselves, that they can either exist as substances,
or act as causes, or stand in community with others (as parts of
a real whole), and I can just as little conceive such properties
in appearances as such (because those concepts contain nothing
that lies in the appearances, but only what the understanding
alone must think): we have yet a notion of such a connection of
representations in our understanding, and in judgments generally;
consisting in this that representations appear in one sort of
judgments as subject in relation to predicates, in another as
reason in relation to consequences, and in a third as parts,
which constitute together a total possible cognition. Besides we
know a priori that without considering the representation of an
object as determined in some of these respects, we can have no
valid cognition of the object, and, if we should occupy ourselves
about the object in itself, there is no possible attribute, by
which I could know that it is determined under any of these
aspects, that is, under the concept either of substance, or of
cause, or (in relation to other substances) of community, for I
have no notion of the possibility of such a connection of
existence. But the question is not how things in themselves, but
how the empirical cognition of things is determined as regards
the above aspects of judgments in general, that is, how things,
as objects of experience, can and shall be subsumed under these
concepts of the understanding. And then it is clear, that I
completely comprehend not only the possibility, but also the
necessity of subsuming all phenomena under these concepts, that
is, of using them for principles of the possibility of
experience.


 § 29  When making an experiment with Hume’s
problematical concept (his crux metaphysicorum), the concept of
cause, we have, in the first place, given a priori, by means of
logic, the form of a conditional judgment in general, i.e., we
have one given cognition as antecedent and another as
consequence. But it is possible, that in perception we may meet
with a rule of relation, which runs thus: that a certain
phenomenon is constantly followed by another (though not
conversely), and this is a case for me to use the hypothetical
judgment, and, for instance, to say, if the sun shines long
enough upon a body, it grows warm. Here there is indeed as yet no
necessity of connection, or concept of cause. But I proceed and
say, that if this proposition, which is merely a subjective
connection of perceptions, is to be a judgment of experience, it
must be considered as necessary and universally valid. Such a
proposition would be, "the sun is by its light the cause of
heat." The empirical rule is now considered as a law, and as
valid not merely of appearances but valid of them for the
purposes of a possible experience which requires universal and
therefore necessarily valid rules. 
 

Cause is a necessary concept for the form of experience, a synthetic union of perceptions 


I therefore easily comprehend
the concept of cause, as a concept necessarily belonging to the
mere form of experience, and its possibility as a synthetical
union of perceptions in consciousness generally; but I do not at
all comprehend the possibility of a thing generally as a cause,
because the concept of cause denotes a condition not at all
belonging to things, but to experience. It is nothing in fact but
an objectively valid cognition of appearances and of their
succession, so far as the antecedent can be conjoined with the
consequent according to the rule of hypothetical judgments.

 § 30  Hence if the pure concepts of the understanding do
not refer to objects of experience but to things in themselves
(noumena), they have no signification whatever. They serve, as it
were, only to decipher appearances, that we may be able to read
them as experience. The principles which arise from their
reference to the sensible world, only serve our understanding for
empirical use. Beyond this they are arbitrary combinations,
without objective reality, and we can neither know their
possibility a priori, nor verify their reference to objects, let
alone make it intelligible by any example; because examples can
only be borrowed from some possible experience, consequently the
objects of these concepts can be found nowhere but in a possible
experience.
 


Here is Kant's "second Copernican revolution," in which reason imposes concepts and necessary and universally valid laws (analytically) rather than abstracting them (synthetically) from experience 


This complete (though to its originator unexpected) solution
of Hume’s problem rescues for the pure concepts of the
understanding their a priori origin, and for the universal laws
of nature their validity, as laws of the understanding,  yet in
such a way as to limit their use to experience, because their
possibility depends solely on the reference of the understanding
to experience, but with a completely reversed mode of connection
which never occurred to Hume, not by deriving them from
experience, but by deriving experience from them.
 
 This is therefore the result of all our foregoing inquiries:
"All synthetical principles a priori are nothing more than
principles of possible experience, and can never be referred to
things in themselves, but to appearances as objects of
experience. And hence pure mathematics as well as a pure science
of nature can never be referred to anything more than mere
appearances, and can only represent either that which makes
experience generally possible, or else that which, as it is
derived from these principles, must always be capable of being
represented in some possible experience."





Hume never doubted the concept of cause, only whether it could be discovered a priori, by analytic reason alone without synthetic experience. This was Hume’s problem.


Source: https://www.informationphilosopher.com/solutions/philosophers/kant/prolegomena.html
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Here are a few areas of possible agreement suggested by Olivier's PSI Project.


1)	Can we agree that in a deterministic causal world there would be moral competence and the moral responsibility of compatiblism. We can trace this idea back to David Hume, P. F. Strawson, Daniel Dennett, and John Martin Fischer's Semi-Compatibilism?


2)	Can we agree that in a world with quantum indeterminism, that we have no control over the appearance of new information and information structures. Examples are new species that occur in genetic mutations, William James' "mental evolution" modelled on Darwin's biological evolution, and the blind variation and selective retention (BVSR) of Donald Campbell?


3)	Can we agree that quantum indeterminism is the only source of ontological chance that breaks the causal chain of strict determinism?


4)	Can we agree that genuinely random ideas that "pop into our heads" as James said, do not make any actions based on them random, as Karl Popper said, since we evaluate them in our decision process and are responsible for our choice?


5)	Can we agree that we have no control over such random new ideas, so it is a matter of luck which ideas "come to mind?" But again, choice grants responsibility.


6)	Can we agree that with two or more alternative possibilities of equal value, an indeterministic selection of any one preserves our moral responsibility? So chance centered in the decision does not destroy responsibility?


7)	Can we agree that genuinely new random ideas may have occurred to us at earlier times in our lives, 





Source: https://www.informationphilosopher.com/solutions/philosophers/kane/agree.html
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The Standard Argument Against Free Will states:
If our actions are determined, we are not free.

If they are random, we cannot be responsible for them.

Olivier Wright - Thoughts on Free Will
 (Chapter excerpt from "Psi - The Book")



My interest in free will was originally driven by my questioning of my own life: how free have I been to become who I am? It was later reinforced by a fear that anybody reading the news might legitimately worry about: is science really telling us that we don't have free will? Going into this project, I had some understanding of the matter - more than the regular Joe - enough at least to navigate it safely and know how to explore it further. But as I got into it, I discovered I had only started grappling with the outer weeds of the forest. And the process of making this project forced me to make some adjustments in my understanding which I will present here, because my own "un-weeding" of the question may be helpful to those who want to know more too.


To begin with, it took me a long time to come to really appreciate that the question "do we have free will or are we entirely determined?" is a misguided question, because it is implicitly opposing determinism and free will, which at first glance feels kind of natural, but depending on how you define free will, might not be at all justified. And it is essential to get this: most philosophers arguing about free will are often talking about different kinds of freedom. And while the distinction is often summarily presented at the beginning of classes or lectures, it often doesn't really register that we are talking about two different things, because we continue to use the expression "free will" indiscriminately. So the first step in approaching this discussion is to clearly understand that there are two very different ways of defining free will.


One way is to say that free will means being morally competent, and moral competence relies on two things: (1) being able to reason correctly, to make rational decisions and to act freely (in the sense of not being constrained by outside forces or internal incapacities) to pursue our desires and ambitions (whatever they may be and however they may have been formed, excluding the involvement of external authors), and (2) the presence of a society with other people who hold each other responsible. If either one of these two conditions isn't met (a child, for instance, or a person alone with no one else around), then this kind of free will just isn't there or worth talking about. With this kind of free will, we are essentially saying: a person is free because he is morally responsible; he is morally responsible because he is morally competent; and he is morally competent because he is able to decide and act in accordance with his will in such a way that he himself and other people will hold him responsible. Now if we define free will in this way, then determinism is not an issue, because determinism says nothing of our ability to be morally competent. In fact, living in a determined world (i.e. one where causal laws allow us to act in a controlled way and predict the actions of other objects and persons) enhances our ability to be morally competent. So, in short, this kind of freedom is compatible with determinism; this is why it is called Compatibilism.


The other way is to say that free will means some form of true authorship over our wills themselves. In simple terms, it can be defined in a negative sense, in contrast to determinism: you're free so long as you are not fully determined to be the way you are. So it's not enough that we be free to act in accordance with our will, we must have been responsible for forming the will from which we act. This is sometimes called "ultimate responsibility," in the sense that you were not just responsible for causing your act, but also for causing the will that motivated your act. So, in contrast to compatibilism, here you are responsible if and only if you are free, and being free requires that you were not fully determined to will what you will, which means in turn that at some point in your past, there must have been decisions which were both (1) undetermined and (b) caused by you in such a way that they weren't entirely random either. Answering these two conditions is where the meat of the work rests for those who hold this view of freedom, which, seeing as it is not compatible with determinism, is called Incompatibilism, or, more commonly, Libertarianism.


So you see, if you view freedom in the compatibilist sense, then determinism doesn't really matter; it's only if you think that freedom should be understood in a libertarian sense that the determinism question comes up. And this is important because the original question "Are we free or are we determined?" tells us something about our intuitions on free will: namely that most people - me included - have a natural bias towards libertarian free will. We really do believe that we are in charge, that if we were to go back in time, we could have made a different choice - and that we really could have, not just in a "no one is forcing me to do this" way, but in a "I dictate the course of the atoms around me with my decision" way. 


Because of this natural inclination, I think the indiscriminate use of the expression "free will" leads to a quite a bit of confusion, because when a scientist or a philosopher says "we do" or "we don't" have free will, it isn't obvious to the untrained listener which kind of free will is being talked about. Usually, when we hear people say "free will is impossible," they are referring to the libertarian kind of free will, and it makes absolute sense to say that if determinism is true, then it's going to be hard to have it; conversely when we hear philosophers being disgruntled at such claims that free will is impossible, arguing in return that free will is possible, they are usually not talking about libertarian free will anymore - they are talking about the compatibilist kind of free will, which, again, most would say is possible in a determined world.In fact, it's enlightening to detect potential points of agreement among philosophers who, on the spectrum of the debate, are polar opposites. Let's take the example of Dan Dennett and Robert Kane, who most clearly personify the compatibilist/libertarian divide. If you ask Kane and Dennet the following question: is free will possible? They will both say yes.-	Kane will say: "yes, free will is possible because of and thanks to quantum randomness, which I think really exists and affects us." He's referring to free will in the Libertarian sense.-	Dennett will say: "yes, free will is possible whether or not determinism is true, which I think it is." He's referring to free will in the compatibilist sense.They agree that we have free will, but they disagree both on what free will is and on the causal nature of the universe. But the fact they seem irreconcilable rests in large part because they are arguing mostly for their own version of free will while dismissing the other - Dennett says that Libertarian free will is not worth wanting, while Kane says that the Compatiblist free will is not what we want. But if we were to neatly compartmentalize the conversation, they would both probably agree on most things. If you ask Dennett and Kane whether or not free will in a libertarian sense is possible in a determined world, they will surely agree: no, it is not, but this is of little interest to Dennett. Conversely, if you ask them both whether free will in a compatibilist sense is possible in a determined world, they will both agree: yes, it is, but this is of little interest to Kane.And this is where a lot of people, myself included, get confused - because usually if you get interested in this subject, it's because you've read somewhere that science is proving that we don't have free will (and they mean it in the libertarian sense). So you get hooked, you read a few things then hear a philosopher who says "No not at all, don't listen to the naysayers, free will is possible" and then gives you the compatibilist argument, and then for a moment you get it, but then you don't, because something's off. And this is why: the compatibilists are essentially shifting the conversation, they are doing some form of conceptual slight of hand. When Object A (libertarian free will) seems to vanish into thin air, they make it appear again, saying "surprise, it hadn't actually disappeared," but it is in fact Object B (compatibilist free will). And I don't mean this in a bad way, either. Compatibilist free will is its own thing, just as important a subject as libertarian free will, and compatibilists are understandably baffled by people's eagerness to discuss libertarian free will. But they feel this way because they themselves, personally, have lost interest in it, and are quite happy having their compatibilist kind of free will. But in doing so they alienate many listeners because they don't address the issue those people are concerned with when they first dive into this subject.


The big question, then, is: which definition of free will should we favor? And there are basically two ways of looking at it: -	We have a question of scientific fact: how does the Universe work? Is it fully determined or is there some randomness?-	And we have a question of philosophical preference: what does free will mean? How should we define it and what are its requirements?And so there are two ways to approach this problem:-	Approach 1: you start by answering the first question of fact, and then you adjust your preferences in answering the second question.-	Approach 2: you start by answering the second, that is by setting your philosophical preference, and then probe the answer to the first one in the hope it can make it possible.


My initial impression was that generally, compatibilists and libertarians each had a preferred approach in this respect: -	I felt that compatibilists were the ones following approach 1, that they first looked at how the world works and then constructed a view of freedom that can operate within the bounds of that answer - thus compatibilism.-	In contrast, I initially suspected that the libertarians were prone to approach 2, that they started with their intuitive preference about what freedom should be, and then needed to look at science in the hope of finding some explanation to make it possible - thus their sometimes "hopeful" stance on the random interpretations of quantum mechanics and brain processes.But as I looked closer, I felt that both camps might sometimes be approaching the question the other way:-	Compatibilists sometimes seem so attached to the compatibilist view of freedom that they refuse to really engage with the research in quantum physics, simply dismissing the influence it might have on our brains and arguing that it is irrelevant to the compatibilist kind of free will (which, in a sense, it is). But in doing so they are resisting new scientific evidence that might shift the answer to the first question, in order to not distract from a definition of freedom that functions well. -	Meanwhile, libertarians sometimes appeared to be the most in tune with modern science, starting with an assessment of how the world works -including indeterminisic interpretations of quantum mechanics - and then constructing a view of free will accordingly. 


And so, on the libertarian side of things, I genuinely think that Doyle follows approach 1, that he is first and foremost a quantum physicist, convinced of indeterminism, before being a libertarian philosopher of free will. Whereas Kane, I feel, follows approach 2: he is first and foremost a philosopher who wants Libertarian free will to be possible and therefore must become scientifically knowledgeable enough to defend the indeterministic interpretations of quantum mechanics in support of his philosophical preference. While on the compatibilist side of things, I think that Gazzaniga is first and foremost a neurobiologist who, based on his own findings on the brain, has drawn conclusions about free will that happen to fit quite neatly in the compatibilist category. In contrast, Dennett seems to be first and foremost a philosopher who argued very successfully for a free will that is compatible with determinism at a time when science was claiming all over the place that free will (in a libertarian sense) is impossible, and is therefore uninterested in discussing the desirability or possibility of libertarian free will.


The bottom line here, that really muddies the waters, is this: we really don't have a definitive answer to the first question. How does the world actually work? Is there some randomness? Does it affect the brain? We don't know for sure, so the matter of fact is still open. Some think it's not open enough to leave room for any argument in favor of libertarianism, others do - and that is yet another level of possible debate. But still, most philosophers don't depart from what science is saying - at most they exploit some "open questions" in support of their view, but they hardly ever push the boundaries of what is scientifically possible beyond - otherwise they'd lose all credibility. So, despite everything we know and understand about the physical world, there's still a lot we don't, particularly on the causal order of the quantum world, and we know even less about the brain. So there's still a reasonable "fog of uncertainty" there where libertarianism can live. The reason why most philosophers are compatibilists, though, is because compatibilism is the "safe bet": whether the universe is deterministic or not, we can have it. The libertarian kind is the one that is a bit tricky, because it cannot exist if everything is actually genuinely deterministic.


How you feel about this issue really depends on what you consider to be important for freedom, what do you think is worth wanting. If free will in the compatibilist sense is good enough, then you have nothing to worry about, because even if quantum randomness did have an effect in our brain, it wouldn't fundamentally change anything -  it would essentially take the place of Dennett's "pseudo random generation" and be a "better" source of randomness - and in response to claims that this would make our actions random, we can just appeal to the libertarian arguments of "adequate determinism" and absorption of quantum randomness to restore reliability and coherence to our actions. In short, transitioning from compatibilism to libertarianism is fairly easy - it's the other way around that's painful.


Indeed, if free will in the libertarian sense is what matters to you, then you have to "take your chances" with science:-	Condition 1: You must endorse the view that quantum physics is indeed showing that there is randomness in the universe, and thereby rebut all those who claim that the apparent randomness is not actually what it seems.-	Condition 2: You must endorse the view that this randomness does affect our large-scale brain processes in a non-negligible way and therefore rebut those who say that this quantum randomness, while possibly being true, just has no effect on our mind.


If either of these steps fail, then you cannot have the libertarian kind of free will. And even if these steps are satisfied, there are further complications: how does a random event make us any more responsible for our actions? why doesn't that make us random? isn't an undetermined decision irrational? and so on. So beyond the tricky question of whether it is possible lies the question of whether it is at all useful.


While grappling with these issues, I always felt a little frustrated by the "free will debate", because it opposed two camps I kind of agree with: on the one hand, I felt that the libertarians did really capture the kind of freedom we intuitively feel and that actually matters to us in a deep way, and that determinism was thus legitimately a big concern; however, libertarianism requires fulfilling a bunch of conditions that are scientifically challenging, and also sometimes is a Trojan Horse for mystic, religious or otherwise new-age conceptions of human agency. This is why, on the other hand, the pragmatism of compatibilists appealed to me: I shared their suspicion that many libertarians seemed to hold out for some metaphysical view of free will and agreed that compatibilist freedom was not only what really should matter to us in a more practical sense, but that it's possible; however, compatibilism always left me wanting more, as though just stopping there was sidestepping the issue that the libertarians were addressing. And this bothered me too. So the debate didn't sit well with me: either you're a libertarian, either you're a compatibilist. One or the other.


As I worked on Psi, I slowly came to think that doesn't have to be the case, for one simple reason - that some philosophers may disagree with, but which works for me and may work for you - and that reason is this: compatibilists and libertarians are arguing about different things, two different definitions of freedom, and that means they don't have to be mutually exclusive. They can co-exist. They operate in a different space, or rather, at a different "time" or "level" in human behavior, and so you can have one and the other. In other words, compatibilism and incompatibilism are not… well, incompatible. The way I see it now is that they are in a continuum, like in a "two-stage model of free wills", if you will:-	In the first stage, we can grant the possibility of libertarian free will, which itself can be best construed as a two-stage model: o	First: if (a) quantum physics is actually random and (b) such micro-indeterminacies are amplified in the brain (through chaos, for instance) to have a non-negligible effect on cognitive processes (both things which I don't think we can for sure say aren't true), then the randomness part is established.o	Second: the functioning and scale of the brain mean that the end result of such micro random neuronal activity would not be macro random actions. The size of the brain allows for such micro indeterminacies to be "averaged over" in such a way that our behavior is "adequately determined," even though at the source of things there is some real randomness. Moreover, libertarians grant that many of our actions may be fully determined anyway, when we would have no reasons for such actions to be undetermined. -	Then in the second stage, once we have established that a libertarian will could be possible at a "base-level" and it wouldn't really undermine our control over our actions, then we can focus on a compatibilist kind of free will, which is then totally possible and useful too for discussing moral responsibility. And the potential presence of amplified quantum events in the brain takes nothing away from it.


So my two stage model basically would be:-	First stage: libertarian free will-	Second stage: compatibilist free willI know, this sounds like some neat, simplistic view of a centuries-long debate which has probably been held by every 1st year philosophy student. But I haven't heard it before and it seems like a fairly workable model to me. The only knock-down argument would be: if complete determinism were shown to be true, then libertarianism would be impossible. But then, whatever - we'd still have compatibilism, which after all is still pretty good and would perhaps accelerate an already needed reevaluation of our intuitions about moral desert. But then even if everything was determined, libertarian free will wouldn't be doomed the trash bin of ideas, for two reasons. The first is that our intuitions about libertarian free will are still pretty deeply ingrained in our genetic hardware - and it's one that is almost impossible to shake off, even willingly. So I think whatever we learn about the causal laws of the Universe, we'll still live in some "simulation" of libertarian free will. But the second reason is that there's even a way to get a "sort-of libertarian free will" even in a determined world: we just basically substitute the "real randomness" of quantum physics by the unpredictability of our behavior, given how chaotic our brains and social interactions are. In theory, sure, an all knowing machine could predict what you're going to do - so the future is not really undetermined - but this machine just doesn't exist. And so we would operate in a way that is for all intents and purposes "free-in-a-libertarian-sense" because our brains and our social interactions are so complex that they are just as unpredictable as quantum events.


This model, combining libertarianism and compatibilism as part of a continuum, or as working at two different layers in human behavior, is the one I tried to present in Act 3 of the film. My first edit was originally a more traditional presentation of the free will debate, where I basically started by saying "look, we're pretty determined, but it doesn't matter because we have compatibilist free will" and then went on with "but wait, is that enough? What about libertarian free will?" But then I started seeing both in the way presented above, and re-edited Act 3 to present libertarianism and compatibilism on a continuum, rather than as two different views that would have more or less merit. Obviously, I don't know if that will come across to the audience, which is why I wrote this entire chapter to explain. Thanks for indulging me. 


William James' Two-Stage Model (1884, based on Darwinian Evolution)
From "The Dilemma of Determinism," The Will to Believe (New York, Dover, 1956), p. 149.


Old-fashioned determinism was what we may call hard determinism. It did not shrink from such words as fatality, bondage of the will, necessitation, and the like. Nowadays, we have a soft determinism which abhors harsh words, and, repudiating fatality, necessity, and even predetermination, says that its real name is freedom; for freedom is only necessity understood, and bondage to the highest is identical with true freedom.


"What is meant by saying that my choice of which way to walk home after the lecture is ambiguous and matter of chance?...It means that both Divinity Avenue and Oxford Street are called but only one, and that one either one, shall be chosen." (p. 153.)


"The stronghold of the determinist argument is the antipathy to the idea of chance. As soon as we begin to talk indeterminism to our friends, we find a number of them shaking their heads. This notion of alternative possibility, they say, this admission that any one of several things may come to pass is, after all, only a roundabout name for chance; (p. 153.)


"Indeterminism… admits that possibilities may be in excess of actualities, and that things not yet revealed to our knowledge may really in themselves be ambiguous. Of two alternative futures which we conceive, both may now be really possible; and the one becomes impossible only at the very moment when the other excludes it by becoming real itself. Indeterminism thus denies the world to be one unbending unit of fact. It says there is a certain ultimate pluralism in it; and, so saying, it corroborates our ordinary unsophisticated view of things. To that view, actualities seem to float in a wider sea of possibilities from out of which they are chosen; and, somewhere, indeterminism says, such possibilities exist, and form a part of truth.


"A remarkable parallel, which I think has never been noticed, obtains between the facts of social evolution on the one hand, and of zoölogical evolution as expounded by Mr. Darwin on the other." - Great Men, Great Thoughts, and the Environment", Atlantic Monthly 46 (October 1880): 441-459.p. 441) p. 153.


"If we look at an animal or a human being, distinguished from the rest of his kind by the possession of some extraordinary peculiarity, good or bad, we shall be able to discriminate between the causes which originally produced the peculiarity in him and the causes that maintained it after it is produced; and we shall see, if the peculiarity be one that he was born with, that these two sets of causes belong to two such irrelevant cycles. It was the triumphant originality of Darwin to see this, and to act accordingly. Separating the causes of production under the title of 'tendencies to spontaneous variation,' and relegating them to physiological cycles which he forthwith agreed to ignore altogether, he confined his attention to the causes of preservation, and under the names of natural selection and sexual selection."


"…mental progress must result from a series of adaptive changes, in the sense already defined of that word...It might, accordingly, seem as if there were no room for any agency other than this; as if the distinction we have found so useful between "spontaneous variation," as the producer of changed forms, and the environment, as their preserver and destroyer…" (p. 445)



Karl Popper's Two-Stage Model (1977, also based on Darwinian Evolution)
From "Natural Selection and the Emergence of Mind," talk delivered at Darwin College, Cambridge, November 8, 1977



The selection of a kind of behavior out of a randomly offered repertoire may be an act of choice, even an act of free will. I am an indeterminist; and in discussing indeterminism I have often regretfully pointed out that quantum indeterminacy does not seem to help us;1 for the amplification of something like, say, radioactive disintegration processes would not lead to human action or even animal action, but only to random movements.


I have changed my mind on this issue.2 A choice process may be a selection process, and the selection may be from some repertoire of random events, without being random in its turn. This seems to me to offer a promising solution to one of our most vexing problems, and one by downward causation.


1.	Cf. my Objective Knowledge, chapter 6, pp. 226-29.2.	See p. 540 of J. C. Eccles and K. R. Popper, The Self and Its Brain (Berlin, Heidelberg, London, New York: Springer-Verlag, 1977).




Robert Kane on Popper (1985)

Natural evolution, conceived along Darwinian lines, is a trial and error process in which the results of chance mutation in the genetic makeup of individuals of a species are tested and selected through interaction with the natural environment. In practical deliberation…, the role of chance corresponds to the role of mutations in natural evolution, while the role of reason corresponds to that of the selecting environment. Chance occurrences may influence the stream of consciousness of the reflecting agent suggesting new possible options, consequences, etc., and these are then selected or rejected by the agent, first, by way of thought experimentation (i.e. deliberation), and ultimately by living in accordance with their implications as value experiments..


In this way, practical human freedom may be conceived as an extension of evolutionary processes allowing analogues of genetic mutations to occur in the mind and then to be subject to selection in the mental life of rational agents.  
This evolutionary theme has been emphasized by number of thinkers recently, and I believe it is one of the important pieces of the puzzle of libertarian freedom, at least of libertarian practical freedom…Free Will and Values, p.102-103



Daniel Dennett's Two-Stage Model
From "On Giving Libertarians What They Say They Want," Brainstorms, 1978


"The model of decision making I am proposing, has the following feature: when we are faced with an important decision, a consideration-generator whose output is to some degree undetermined produces a series of considerations, some of which may of course be immediately rejected as irrelevant by the agent (consciously or unconsciously). Those considerations that are selected by the agent as having a more than negligible bearing on the decision then figure in a reasoning process, and if the agent is in the main reasonable, those considerations ultimately serve as predictors and explicators of the agent's final decision. What can be said in favor of such a model…?" 1.	"First...The intelligent selection, rejection, and weighing of the considerations that do occur to the subject is a matter of intelligence making the difference."2.	"Second, I think it installs indeterminism in the right place for the libertarian, if there is a right place at all."3.	"Third...from the point of view of biological engineering, it is just more efficient and in the end more rational that decision making should occur in this way."4.	"A fourth observation in favor of the model is that it permits moral education to make a difference, without making all of the difference."5.	"Fifth - and I think this is perhaps the most important thing to be said in favor of this model - it provides some account of our important intuition that we are the authors of our moral decisions."6.	"Finally, the model I propose points to the multiplicity of decisions that encircle our moral decisions and suggests that in many cases our ultimate decision as to which way to act is less important phenomenologically as a contributor to our sense of free will than the prior decisions affecting our deliberation process itself: the decision, for instance, not to consider any further, to terminate deliberation; or the decision to ignore certain lines of inquiry."These prior and subsidiary decisions contribute, I think, to our sense of ourselves as responsible free agents, roughly in the following way: I am faced with an important decision to make, and after a certain amount of deliberation, I say to myself: "That's enough. I've considered this matter enough and now I'm going to act," in the full knowledge that I could have considered further, in the full knowledge that the eventualities may prove that I decided in error, but with the acceptance of responsibility in any case.Further notes in "From Bacteria to Bach and Back", p.43, 2017


In Darwin's Dangerous Idea (1995), I argued that natural selection is an algorithmic process, a collection of sorting algorithms that are themselves composed of generate-and-test algorithms that exploit randomness (pseudo-randomness, chaos) in the generation phase, and some sort of mindless quality-control testing phase, with the winners advancing in the tournament by having more offspring.



Robert Kane on Dennett

"Deliberation always works by trial and error, or more precisely, by the method of trial and of error elimination, by tentatively proposing various possibilities and eliminating those that do not seem adequate.


Similar conclusions are arrived at by some students of the fields of cybernetics and artificial intelligence, who note the importance of computer processes for generating random numbers to initiate trial and error probes in creative problem solving. This theme has been pursued by a number of thinkers, most recently by Daniel Dennett in his important work Brainstorms (1978). Dennett quotes approvingly the poet Paul Valery's claim that the essence of invention is the intelligent selection from among chance generated candidates and he goes on to suggest a model of decision making based on this idea... Dennett argues that such a model can help to make sense of the libertarian view. I agree-but with the proviso that such a model is only directly relevant to contexts of practical decision making. Moral and prudential choice, as I have emphasized, must be treated differently. Dennett does not suggest, nor could it be justifiably suggested, that such a model would account for moral decision-making without major revisions or additions. But he is nevertheless on to something important, a significant piece in the overall puzzle of a libertarian freedom.Free Will and Values, pp.103-104 ,p.19



Robert Kane's Two-Stage Model of "Practical Reason" (1985-2005)

From Free Will and Values,, pp.102, 1985


Practical deliberation and creative problem solving have much in common since both are trial and error processes involve thought experimentation about possible options and their consequences. The similarities suggest that, if chance occurrences play a role in practical reasoning at all, the role is likely to be like the role of inspiration to the creative thinker. Chance occurrences would influence the stream of consciousness of the reflecting agent, suggesting new possible options, new consequences of the options, new ways of viewing consequences of the options, etc. Inspiration in creative problem solving is not totally within the control of the reflecting agent. Yet its results are significant only to the prepared mind… chance occurrences are given meaning only within a wider context of reasoning and reasons; and the agent can be responsible for chance outcomes if he or she interprets them and accepts them as guides to further deliberation or to experiments in living. 
One can assume that some of these chance selected considerations well up from the unconscious mind. Freud and other theorists of the unconscious are often thought to be allies of determinists and compatibilists, not of libertarians, But, in reality, theories of the unconscious are two-edged swords in debates about free will. The unconscious may be the source of compelling desires and fears, but it may also be the source of novel insights resulting from chance associations of images and motives. It is odd that in theories of artistic creation the unconscious is often given the role of multiplying and expanding the inventive capacities of the agent, while in theories of freedom of choice the unconscious is usually viewed as limiting our options, determining them to one.


More from : A Contemporary Introduction to Free Will, pp.64-65, 2005


The final libertarian theory I want to consider in this chapter takes a very different approach to explaining libertarian free choices. This view rejects both simple indeterminism and agent-causation. Instead it focuses on the process of deliberation. When we deliberate, for example, about where to vacation or which law firm to join, many different thoughts, images, feelings, memories, imagined scenarios, and other considerations pass through our minds. Deliberation can be quite a complex process. When Mike thinks about Hawaii, he pictures himself surfing, walking on sunny beaches, eating in his favorite Hawaiian restaurants; and these various thoughts incline him to choose Hawaii. But he also thinks about skiing, sitting by a fireplace after a long day on the slopes, and visiting with friends he knows in Colorado; and he leans toward Colorado. Back and forth he goes, until after a period of time considerations on one side outweigh the others and he finally chooses one option. (Unless, of course he is one of those indecisive types who finds it hard to make up his mind.)


In the course of such deliberations-which may sometimes take hours or days and may be interrupted by daily activities-new thoughts, memories or images can often come to mind that influence our deliberations. Mike may suddenly remember a lively nightclub he visited in Honolulu when he was last there-great music, great girls-and the idea of going back to this place gives him an added reason to favor Hawaii, a reason that hadn't previously entered his deliberation. Other images that flit through his mind may turn him against Hawaii. Imagining himself out on the beach all day, suddenly he remembers his doctor's warning about not getting too much sun if he wants to avoid skin cancer.


Now one could imagine that some of these various thoughts, memories, and imagined scenarios that come to mind during our deliberations are undetermined and arise by chance and that some of these "chance selected considerations" might make a difference in how we decide. If this were to happen in Mike's case, the course of his deliberation, hence his choice, would be undetermined and unpredictable. A Laplacian demon could not know in advance which way Mike would go, even if the demon knew all the facts about the universe prior to Mike's deliberation, for these facts would not determine the outcome. Yet Mike would still have control over his choice in a certain sense. He could not control all the thoughts and imagined scenarios that come to mind by chance. But he would be in control of how he reacted to those thoughts and imaginings once they did occur. And his choice of Hawaii in the end would be perfectly rational, not arbitrary, if the weight of all the considerations that did come to mind (some of them by chance) weighed in favor of Hawaii. In this way, choices could thus be controlled and rational even though indeterminism was involved in the deliberations leading up to them.


A view of this kind is called causal indeterminism or event-causal libertarianism, for it allows that our thoughts, images, memories, beliefs, desires, and other reasons may be causes of our choices or actions without necessarily determining choices and actions; and yet this view does not postulate any extra kind of agent-causation either. Two philosophers who have suggested causal indeterminist views of this kind (without endorsing them), Daniel Dennett and Alfred Mele, argue that a view of this kind would give libertarians at least some of the important things they demand about free will. Such a view, for example, provides for an "open future," such as we think we have when we exercise free will. We would not have to think that our choices and the future direction of our lives had somehow been decided long before we were born. Nor would it be possible for behavioral engineers to completely control our behavior as in Walden Two or for Laplacian demons to know what we were going to do, if chance considerations might enter our deliberations.


Yet, as Dennett and Mele also admit, a causal indeterminist view of this deliberative kind does not give us everything libertarians have wanted from free will. For Mike does not have complete control over what chance images and other thoughts enter his mind or influence his deliberation. They simply come as they please. Mike does have some control after the chance considerations have occurred. But then there is no more chance involved. What happens from then on, how he reacts, is determined by desires and beliefs he already has. So it appears that he does not have control in the libertarian sense of what happens after the chance considerations occur as well. Libertarians require more than this for full responsibility and free will. What they would need for free will is for the agent to be able to control which of the chance events occur rather than merely reacting to them in a determined way once they have occurred.


Yet, as Mele points out, while this causal indeterminist view does not give us all the control and responsibility that libertarians have wanted, it does give us many of the things they crave about free will (an open future, a break in the causal order, etc.). And it is clearly a possible view. Perhaps it could be further developed to give us more; or perhaps this is as much as libertarians can hope for.



Daniel Dennett on Kane
From Freedom Evolves,  pp.97+ 


The traditional problem of free will is introduced by the proposition that if determinism is true, then we don't have free will, this proposition expresses incompatibilism, and it certainly seems plausible at the outset. Many who have thought long and hard about it still think it's true, so before returning to my project, which denies it outright, let's take it for a test drive to see what its appeal is, and what its strengths are, as well as its weaknesses…


Libertarianism: We do have free will, so determinism must be false; indeterminism is true. Since, thanks to quantum physicists, the received view among scientists today is that indeterminism is true (at the subatomic level and, by implication, at higher levels under various specifiable conditions), this can look like a happy resolution of the problem, but there is a snag: How can the indeterminism of quantum physics be harnessed to give us a clear, coherent picture of a human agent exercising this wonderful free will?


The best attempt so far is by Robert Kane, in his 1996 book, The Significance of Free Will. Only a libertarian account, Kane claims, can provide the feature we-some of us, at least-yearn for, which he calls Ultimate Responsibility… A human mind has to be a place where the buck stops, Kane says, and only libertarianism can provide this kind of free will, the kind that can give us Ultimate Responsibility. A mind is an arena of "willings (choices, decisions, or efforts)" and:


If these willings were in turn caused by something else, so that the explanatory chains could be traced back further to heredity or environment, to God, or fate, then the ultimacy would not lie with the agents but with something else. (Kane 1996, p. 4)


Libertarians have to find a way of breaking these ominous causal chains in the agent at the time of decision, and as Kane acknowledges, the inventory of libertarian models so far devised is a zoo of hopeless monsters. "Libertarians have invoked transempirical power centers, non- material egos, noumenal selves, non-occurrent causes, and a litany of other special agencies whose operations were not clearly explained" (p. 11). He sets out to correct that deficiency.


Before turning to his attempt, however, we should note that some libertarians don't see this as a deficiency. Unrepentant dualists and others actually embrace the idea that it would take a miracle of sorts for there to be free will. They are sure in their bones that free will, real free will, is strictly impossible in a materialist, mechanist, "reductionist" world-and so much the worse for that materialist vision!...


Kane grants that "even if we lived in a determined world, we could meaningfully distinguish persons who are free from such things as physical restraint, addiction or neurosis, coercion or political oppression, from persons not free from 
It is commonly supposed that in a deterministic world, there are no real options, only apparent options. In the previous two chapters, I have shown that this is an illusion, but if it is. it is also remarkably resilient and tempting. If determinism is true, then there is at any instant exactly one physically possible future, so since every choice has already been determined, all of life is just the playing out of a script that was fixed at the dawn of time. With no real options, no branch points in one's trajectory through history, it seems you can hardly be the author of your acts; you are more like an actor in a play, speaking your lines with apparent conviction, committing your "crimes" with grace or clumsiness, whichever has been fixed in the stage directions…


"If there is indeterminacy in free will, on my view, it must come somewhere between the input and the output" (Kane 1996, p. 27).


Kane sets up an example so we can see such a system in action: Consider the case of a businesswoman "who is on the way to a meeting important to her career when she observes an assault in an alley. An inner struggle ensues between her moral conscience, to stop and call for help, and her career ambitions, which tell her she cannot miss this meeting" (Kane 1996, p. 126). He ventures the idea that this struggle might set up two "recurrent and connected neural networks"-one for each side of the issue. These two interconnected networks feed back on each other, interacting in multifarious ways, interfering with each other, and generally churning along until one of them wins the tug- of-war, at which time the system settles, outputting a decision.


Such networks circulate impulses and information in feedback loops and generally play a role in complex cognitive processing in the brain of the kind that one would expect to be involved in human deliberation. Moreover, recurrent networks are nonlinear, thus allowing (as some recent research suggests) for the possibility of chaotic activity [my italics-DCD], which would contribute to the plasticity and flexibility human brains display in creative problem solving (of which practical deliberation is an example). The input of one of these recurrent networks consists of the woman's moral motives, and its output the choice to go back; the input of the other, her career ambitions, and its output, the choice to go on to her meeting. The two networks are connected, so that the indeterminism that made it uncertain [my italics-DCD] that she - would do the moral thing was coming from her desire to do the opposite, and vice versa-the indeterminism thus arising, as we said, from a conflict in the will. (Kane 1999, pp. 225-26)


Before we go any further, we need to separate two issues that are run together in this passage. The "chaotic activity" Kane mentions here is deterministic chaos, the practical unpredictability of certain sorts of phenomena that are describable in plain old Newtonian physics. As Kane recognizes, two networks interacting chaotically would not in themselves create any indeterminism, so if there is any "indeterminism that made it uncertain," it has to come from elsewhere. This is a key point. Kane is not alone in seeing the importance of chaos in decision making, but it is his idea to supplement chaos with a smidgen of quantum randomness…


What if your faculty of practical reasoning were to give different outputs for the very same inputs? Would this be a flaw? Usually we want systems to be reliable, and by this we mean that we count on them always to give the same output-the best output, whatever it is-for each possible input. Consider your hand calculator as an example. Sometimes, however, when the best output is not definable or we specifically want the system to introduce "random" variation into the surrounding supersystem, we are content to have it give different outputs for the very same input. The standard way to achieve this is to incorporate a pseudo-random number generator in the system, serving the function of a coin flip (by generating either a 0 or a 1 every time it is asked) or the throw of an ordinary six-sided die (by generating a number between 1 and 6 every time it is asked) or the spin of a wheel of fortune (by generating a number between 1 and n every time it is asked). Kane wants something better than pseudo-randomness. He wants genuine randomness, and he proposes to get it by supposing there is some kind of quantum-fluctuation amplifier in the neurons…


Kane wants the indeterminism to be "the result of our doings" rather than randomness that "just happens" in the input. This is easily provided: Have the faculty of practical reasoning send out for some randomness whenever, in the midst of its labors, it encounters something it interprets as a blockade of one sort or another-an imponderable choice or meta-choice about which way to turn or what to think about next.


That way, since the randomness will have been "called for" as a result of the specific activities of the faculty, it won't just arrive unbidden from out of the blue. Moreover, the use to which the requested randomness gets put will be determined by constructive activities of the faculty itself. (If I decide to flip a coin to settle where to dine tonight, it is still my choice; I made it settle my choice.)


But, for the sake of argument, let's assume that Kane can come up with a good reason to distinguish internal from external sources of randomness. We install the indeterminacy inside the faculty, in between input and output, per his specifications, and then we install the faculty inside the agent. How does it operate in daily life? Kane notes that


choices or decisions normally terminate processes of deliberation or practical reasoning, but they need not always do so. We need not rule out the possibility of impulsive, spur-of-the-moment, or snap, decisions, which also settle conditions of indecision but arise with minimal or no prior reasoning. Yet, while impulsive or snap decisions can occur, they are less important for free will than decisions that terminate processes of deliberation in which alternatives are reflectively considered. For, in the latter cases, we are more likely to feel we have control over the outcome and "could have done otherwise." (Kane 1996, p. 23)


So we get a picture of occasional acts of deliberate choice being the morally significant turning points-"they play a pivotal role" (p. 24)-laying down habits and intentions that are later acted on quite thoughtlessly but still with responsibility…


the policy of preparing oneself for tough choices by arranging to be determined to do the right thing when the time comes is one of the hallmarks of mature responsibility, and Kane accepts this. In fact, he builds his account of free will around the idea that for each of us morally responsible agents, there must have been some relatively infrequent occasions in our lives when we have encountered conflicting desires-generating his type (iii) striving will. On some of these occasions we have decided to perform "self-forming actions" (SFAs), which may have a deterministic effect on our subsequent behavior, and only these SFAs need be the result of processes in the faculty of practical reason that are genuinely indeterministic:


Ultimately responsible acts, or acts done of one's own free will, make up a wider class of actions than those self-forming actions (SFAs) which must be undetermined and such that the agent could have done otherwise. But if no actions were "self- forming" in this way, we would not be ultimately responsible for anything we did. (Kane 1996, p. 78)


This retreat of the Self into a walled enclave within which all the serious work of authorship has to be done parallels another retreat into the center of the brain, the various misbegotten lines of argument and reflection that lead to what I call the Cartesian Theater, the imaginary place in the center of the brain "where it all comes together" for consciousness. There is no such place, and any theory that tacitly presupposes that there is should be set aside at once as on the wrong track. All the work done by the imaginary homunculus in the Cartesian Theater must be distributed in time and space in the brain. The problem is compounded for Kane, since he has to figure out some way to get the undetermined quantum event to be not just in you but yours. He wants above all for the decision to be "up to you," but if the decision is undetermined-the defining requirement of libertarianism-it isn't determined by you, whatever you are, because it isn't determined by anything. Whatever you are, you can't influence the undetermined event-the whole point of quantum indeterminacy is that such quantum events are not influenced by anything-so you will somehow have to co-opt it or join forces with it, putting it to use in some intimate way, an objet trouve that you meaningfully incorporate into your decision-making in some fashion. But in order to do this, there has to be more to you than just some mathematical point; you have to be someone; you have to have parts-memories, plans, beliefs, and desires-that you've acquired along the way. And then all those causal influences from the past, from outside, come crowding back in, contaminating the workshop, preempting your creativity, usurping control of your decision-making. A serious quandary.


The problem, you will recall, was already clearly recognized by William James when he asked, "If a 'free' act be a sheer novelty, that comes not from me, the previous me, but ex nihilo, and simply tacks itself on to me, how can I, the previous I, be responsible?" Kane makes some useful headway on an answer to this rhetorical question with his idea of "plural rationality" (Kane 1996, Chapter 7). We don't want our free acts to be unmotivated, inexplicable, random lightning bolts without rhyme or reason. We want there to be reasons for them, we want these to be our reasons, and (if we're libertarians) we want them to meet the AP condition, to be free in the sense that "at time t" we "could have done otherwise." One way this could be the case is if you yourself have taken the time and effort to develop two (or more) sets of competing reasons. Then both sets of reasons are composed, devised, revised, sanded, and polished locally by you yourself. Though you may have borrowed some pieces and ideas from outside, you've made them your own, so these are indeed do- it-yourself reasons. Moreover, each set of reasons is at least tentatively endorsed by you. (If one of them wasn't, there wouldn't have been any fuss, would there? You'd have made a quick--perhaps even snap-decision in favor of the other.) So when deliberation finally terminates, whichever side you come down on is a side you have taken very seriously yourself, right up to the verge of endorsement. Your act amounts to a final verdict, a declaration that makes you the kind of person you are--and right then you could have done otherwise.


You can be rightly held responsible for the outcome of a deed that includes a chance or undetermined element, if that is what you were trying to accomplish... By setting up an opponent process pitting two different attempts against each other (e.g., the businesswoman's quandary about whether to do the right thing or advance her career), Kane guarantees that when one of the attempts fails, the other succeeds… So Kane claims that this embedding of indeterminism in the maelstrom of conflicting reasons, where the agent is actually trying-to get it right, saves the outcome, whichever it is, from being a fluke, a mere accident. Every adult agent will have faced such dilemmas, moral or prudential, and been shaped by them…


In most accounts of free will, the occurrence of tough choices in an agent's history plays no marked role and, in fact, is largely ignored, probably because it draws attention to the embarrassing limiting case: Buridan's Ass, who purportedly starves to death because he is equidistant from two piles of food and can't think of a reason for going left rather than right (or vice versa). This "liberty of indifference" has been noted since medieval times, and tie-breaking by flipping a coin has always been a recognized solution to such impasses, a useful prosthesis of the will, one might say, but it doesn't look like a good model for free will. If we theorists find ourselves approaching a view in which our only free choices will be those where we might as well flip a coin, then we must have blundered down the wrong path. Turn back quickly. And so the topic gets ignored. But Kane shows quite convincingly that the incremental character-building that may (but also may not) grow out of a lifetime of hard choices taken seriously really does add a "variety of free will worth wanting." There's one big problem with it, however: It doesn't need the indeterminism that inspired its creation.


Before leaving the topic of libertarianism, we should ask, once more, what the point of it might be. An indeterministic spark occurring at the moment we make our most important decisions couldn't make us more flexible, give us more opportunities, make us more self- made or autonomous in any way that could be discerned from inside or outside, so why should it matter to us? How could it be a difference that makes a difference? Well, it could be, could it not, that belief in such a spark, like belief in God, changes the whole way you think about the world and your life in it, even if you'll never know (in this lifetime) whether it is true…


But it is also true that however misguided such a craving is, it might be unwise to tamper with it. It might be that until or unless a suitable substitute is found, we should tiptoe away from further criticism of this irrational and unmotivated yearning… But if that is so, it's too late to put the cat back in the bag. We'd better see what can be done to help people get over their delusion.("Freedom Evolves," pp.97-139, 2003)



Alfred Mele's Two-Stage Modest Libertarianism

From Free Will and Luck, pp.7-14, 2006


Agents' control is the yardstick by which the bearing of luck on their freedom and moral responsibility is measured. When luck (good or bad) is problematic, that is because it seems significantly to impede agents' control over themselves or to highlight important gaps or shortcomings in such control. It may seem that to the extent that it is causally open whether or not, for example, an agent intends in accordance with his considered judgment about what it is best to do, he lacks some control over what he intends, and it may be claimed that a positive deterministic connection between considered best judgment and intention would be more conducive to freedom and moral responsibility.


This last claim will be regarded as a nonstarter by anyone who holds that freedom and moral responsibility require agential control and that determinism is incompatible with such control. Sometimes it is claimed that agents do not control anything at all if determinism is true. That claim is false. When I drive my car (in normal conditions), I control the turns it makes, even if our universe happens to be deterministic. I certainly control my car's turns in a way in which my passengers and others do not…


According to typical event-causal libertarian views, the proximate causes of free actions indeterministically cause them...


In light of the general point about the proximate causation of actions, typical event-causal libertarianism encompasses a commitment to what may be termed agent-internal indeterminism.


What I call modest libertarianism embraces that commitment, too, even though it rejects the idea that the proximate causes of free actions indeterministically cause the actions…


Indeterministic worlds in which every instance of causation within any agent is deterministic are hostile environments for libertarian freedom. What libertarians want that determinism precludes is not merely that agents have open to them more than one future that is compatible with the combination of the past and the laws of nature, but that, on some occasions, which possible future becomes actual is in some sense and to some degree up to the agents. 


They want something that seemingly requires that agents themselves be indeterministic in some suitable way--that some relevant things that happen under the skin are indeterministically caused bv other such things. The focus is on psychological events, of course (as opposed, for example, to indeterministically caused muscle spasms), and, more specifically, on psychological events that have a significant bearing on action.Requiring internal indeterminism for free action and moral responsibility is risky. To be sure, quantum mechanics, according to leading interpretations, is indeterministic. But indeterminism at that level does not ensure that any human brains themselves sometimes operate indeterministically, much less that they sometimes operate indeterministically in ways appropriate for free action and moral responsibility.


In any case, traditional libertarians need to show that what they want is coherent. That requires showing that what they want does not entail or presuppose a kind of luck that would itself undermine moral responsibility. The typical libertarian wants both indeterminism and significant control at the moment of decision. That is the desire that prompts a serious version of the worry about luck I sketched earlier. I argue that neither agent causationists nor event-causal libertarians have laid the worry to rest. In the absence of a plausible resolution of the worry, it is epistemically open that a modest libertarian proposal of the sort I sketched is the best a libertarian can do…Of course, even if I happen to hit on the best libertarian option, it does not follow that I have hit on the best option for believers in free action and moral responsibility-as long as compatibilism is still in the running.


The modest indeterminism at issue allows agents ample control over their deliberation... That a consideration is indeterministically caused to come to mind does not entail that the agent has no control over how he responds to it. Considerations that are indeterministically caused to come to mind (like considerations that are deterministically caused to come to mind) are nothing more than input to deliberation. Their coming to mind has at most an indirect effect on what the agent decides, an effect that is mediated by the agent's assessment of them. They do not settle matters. Moreover, not only do agents have the opportunity to assess these considerations, but they also have the opportunity to search for additional relevant considerationsbefore they decide, thereby lncreasing the probability that other relevant considerations will be indeterministically caused to come to mind. They have, then, at least sometimes, the opportunity to counteract instances of bad luck-for example, an indeterministically caused coming to mind of a misleading consideration or a chance failure to notice a relevant consideration. And given a suitable indeterminism regarding what comes to mind in an assessment process, there are causally open alternative possibilities for the conclusion or outcome of that process.


Compatibilists who hold that we act freely even when we are not in control of what happens at certain specific junctures in the process leading to action are in no position to hold that an indeterministic agent's lacking control at the same junctures precludes free action. And, again, real human beings are not in control of the coming to mind of everything that comes to mind during typical processes of deliberation. If this lack of perfect proximal control does not preclude its being the case that free actions sometimes issue from typical deliberation on the assumption that we are deterministic agents, it also does not preclude this on the assumption that we are indeterministic agents.


Is a modest indeterminism of the kind I have sketched useful to libertarians? Elsewhere, I have suggested that what at least some libertarians might prize that no compatibilist account of freedom offers them is a species of agency that gives them a kind of independence and an associated kind of explanatory bearing on their conduct that they would lack in any deterministic world.


Modest libertarians can also anticipate trouble from traditional libertarians, who want more than the modest indeterminism that I have described can offer… Of course, given that combinng compatibilist control with indeterminism in a certain psychological sphere was my explicit strategy in constructing a modest libertarian position… The typical libertarian wants both indeterminism and significant control at the moment of decision.



Bob Doyle's Two-Stage Model of Free Will

The two-stage model distinguishes a "free stage," in which alternative possibilities for thoughts and actions are generated, some involving quantum indeterminism, so as to break the causal chain of strict determinism. Causal determinism is assumed to go back to the Big Bang (e.g., Galen Strawson, Max Tegmark, Michael Gazzaniga) according to classical physics. It is assumed by many belief systems that involve an omniscient, omnipotent being.


New possibilities are ontologically random events. They add new information to the universe. In a deterministic universe, information is conserved, like matter and energy. There is nothing new under the sun. There is only one possible future. Our universe increases information constantly.


New ideas may occur in the course of deliberation, but they are more likely to have originated earlier in one's life, when new experiences are being recorded in the mind. Experiences may be recorded with random errors or played back with random noise that generates new possibilities. These then get added to the behavioral repertoire of an agent. Not only humans, but many lower-level organisms are free from determinism.


A random new idea may also be the work of others, simply learned by the agent.  And it may be traced back to quantum events in one's genetic inheritance, for example the normal chance variations leading to new species in biological evolution, as in William James' "mental evolution" modelled on the work of Charles Darwin. Any such events break the causal chain.


As Robert Kane, Alfred Mele, and others point out, the agent cannot control the creation of these random events, so some luck is always involved. But the agent can usually control which of them are considered as alternative possibilities, to be evaluated for consistency with the agent's reasons, motives, feelings, etc., in short, made consistent with the agent's character.


In  the second "will stage," one of these possibilities is chosen by an adequately determined decision process normally free of randomness. The agent is in no way "pre-determined" from all time to make a specific choice. The random origin of the new idea in no way makes the resulting action random, as first clearly stated by Karl Popper. Moreover, as Daniel Dennett and Kane have pointed out, the agent might deliberately make an undetermined choice, absent overwhelming reasons to do one thing or another, or simply because pressed for time. 


Acting on a new possibility and experiencing its consequences, good or bad, adds to the agent's character, as Aristotle first described and as psychologists see in behavioral conditioning.


From the standpoint of information philosophy, the essential attribute of freedom and creativity is whether a thought or action existed before the thinker and in some way is causally determinative of the present action. If so, it is not newly free. Otherwise, as Albert Einstein, who in 1916 discovered quantum chance, said, it is a "free creation of the human mind." 


For an online copy of this document, go toInformationphilosopher.com/MIT.pdf


For more information, please see these web pages:informationphilosopher.com/freedom/two-stage_models.htmlinformationphilosopher.com/books/scandalOr contact me: bobdoyle@informationphilosopher.com


Free Will and Moral Responsibility

Bob Doyle on the Separation of Free Will from Moral Responsibility

We must separate the concept "free" from the concept of "will" in order to better understand "free will," as John Locke recommended we do to avoid verbal confusion. He said, "I think the question is not proper, whether the will be free, but whether a man be free." (Essay Concerning Human Understanding, Book II, Chapter XXI, Of Power, s.21)We must also clarify the relationship between free will and moral responsibility. Semicompatibilist philosophers deflect direct discussion of free will and study it only as the "control condition for moral responsibility." 


We must go even further and separate "moral responsibility" from the question of punishment.

The Separation of "Free" from "Will"

"Free Will" - in scare quotes - refers to the common but mistaken notion that the adjective "free" modifies the concept "will." In particular, it indicates that the element of chance, one of the two requirements for free will is present in the determination of the will itself.Critics of "libertarian free will" usually adopt this meaning in order to attack the idea of randomness in our decisions, which clearly would not help to make us morally responsible.Some defenders of libertarian free will (Robert Kane and his followers, for example) continue to add indeterminism into the "torn" decision itself, making such free will "unintelligible" by their own account.Despite the claim of some professional philosophers that they are better equipped than scientists to make conceptual distinctions and evaluate the cogency of arguments, they have mistakenly conflated the concepts of "free" and "will." They (con)fuse them with the muddled term "free will," despite clear warnings from John Locke that this would lead to confusion. Locke said very clearly, as had some ancients like Lucretius, it is not the will that is free (in the sense of undetermined), it is the mind.Freedom of human action requires the randomness of absolute chance to break the causal chain of determinism, yet the conscious knowledge that we are adequately determined to be responsible for our choices.Freedom requires some events that are not causally determined by immediately preceding events, events that are unpredictable by any agency, events involving quantum uncertainty. These random events create some of the alternative possibilities for thought and action.Randomness is the "free" in free will.Freedom also requires an adequately determined will that evaluate the possibilities and then chooses or selects from those alternative possibilities. There is effectively nothing uncertain about this choice.Adequate determinism is the "will" in free will.


We must separate "free" thoughts from "willed" actions. Our thoughts come to us. Our actions come from us.

The Separation of "Free Will" from "Moral Responsibility"

From the earliest beginnings, the problem of "free will" has been intimately connected with the question of moral responsibility. Most of the ancient thinkers on the problem were trying to show that we humans have control over our decisions, that our actions "depend on us", and that they are not pre-determined by fate, by arbitrary gods, by logical necessity, or by a natural physical determinism.


The question of the existence of "free will" is an empirical and factual question about the nature of the mind. It does not depend in any way on values and the existence of "moral responsibility," which is a social and cultural question for ethics.

The Separation of "Moral Responsibility" from "Punishment"

Liberal and humanitarian thinkers who see that retributive punishment is sometimes cruel and unproductive should not try to argue that punishment is not "deserved" because free will does not exist. They have excellent reasons for preferring rehabilitation to vengeance without denying free will.Naturalists argue that humans are just a form of animal and that we lack free will because animals do. The idea that there is no free will in animals, that they are completely determined, was the old religious argument that God had given man the gift of free will. Whether man - and some higher animals too - have free will is an empirical scientific question. Whether they have moral responsibility is a social and cultural question. To make free will depend on arguments against vengeance and retributive punishment is to get the cart before the horse. Equating free will with moral responsibility, then to use spurious arguments to deny free will, and thus to deny moral responsibility - in order to oppose punishment - is fine humanism but poor philosophy, and terrible science.We must separate "free will and moral responsibility" from "punishment," retributive or consequentialist.-



Daniel Dennett's Moral Competence

(comments transcribed from interviews conducted for PSI)


What do we mean when we say free will? What we should mean, and the one that matters - the concept that matters, what we mean when we say something like free will what we mean is that there are morally competent agents. They are able to choose, guided by their reason and their knowledge, and we hold them responsible. And they hold themselves responsible.  


Now, if we start with the idea of a morally competent agent, then we can work backwards and say alright, what has to be true about the brain, and the world, in order for there to be a morally competent agent. And what we learn is, that determinism and indeterminism have nothing to do with it. It's simply an orthogonal issue. It does not come up. The age-old, it's thousands of years old, idea that in order for us to have free will, that indeterminism must reign, that we must have the random swerve, it's a tempting seducing idea, and it's simply wrong. 


It doesn't matter whether the universe is deterministic or indeterministic. Indeterminism current physics says, that at the quantum level at least, the universe is indeterministic.  OK. But at the macro level it pretty much isn't. OK. Some people think you have to have, in effect, little Geiger counters in your brain that will amplify quantum indeterminacy, quantum effects, in order to have free will. No, you don't need that. You do need something which looks a bit like it.


You need to have a source of disorder, a source of randomness in a watered-down sense. It doesn't have to be quantum randomness. But it has to be like the randomness on your computer. Every computer made has a random-number generator. They are not really random numbers, but they're good enough. You need that to do random sampling. You need that to do Monte Carlo methods. In a thousand ways, programs rely on randomness. Whenever the program has to make a decision and it doesn't have enough information to make the decision, so it doesn't just sit there like Buridan's ass, it flips a die, and goes left or right depending on how it comes up. You need a little dice-flipper in there. You need a little roulette wheel in there to get you to move when you don't have a good reason to move one way or the other. That comes up all the time in programs.  That's why all computers have "so-called" random number generators in them. But they're pseudo-random number generators.


Now that's good enough for almost everything. The one thing pseudo-random isn't good enough for is cryptography. And that's because if you use a standard pseudo-random number generator, at the heart of your cipher, of your code system, it can be broken. And so, to protect against decryption, you may really want to use quantum randomness. That's the only application I know of which is really secure…


As long as you aren't going to play rock, paper, and scissors with God, you don't need real randomness. If you didn't have real randomness, then God, who knows everything, could read your mind. But even God can't know the result of a genuine quantum random effect in advance.…
There isn't any immaterial soul in there pushing the buttons, so right, free will doesn't exist in that sense. What about the kinds of free will that are natural, that you can render consistent with a scientific vision?  That's where moral competence comes in. Have they got any evidence that  human beings in general are not morally competent? Absolutely not. They do have evidence that some people are not morally competent. We knew that all along. Children, imbeciles, people with serious brain damage, people who've been catastrophically misinformed, obsessive people, there's lots of people who, alas, often through no fault of their own, don't have moral competence, and we say they don't have free will.



Robert Kane's "Ultimate Responsibility"

From: Four Views on Free Will, pp.26-31


All free acts do not have to be undetermined on the libertarian view, but only those acts by which we made ourselves into the kinds of persons we are, namely the "will-setting" or "self-forming actions" (SFAs) that are required for ultimate responsibility.


Now I believe these undetermined self-forming actions or SFAs occur at those difficult times of life when we are torn between competing visions of what we should do or become. Perhaps we are torn between doing the moral thing or acting from ambition, or between powerful present desires and long-term goals, or we are faced with difficult tasks for which we have aversions. In all such cases, we are faced with competing motivations and have to make an effort to overcome temptation to do something else we also strongly want. There is tension and uncertainty in our minds about what to do at such times, I suggest, that is reflected in appropriate regions of our brains by movement away from thermodynamic equilibrium - in short, a kind of "stirring up of chaos" in the brain that makes it sensitive to micro-indeterminacies at the neuronal level. The uncertainty and inner tension we feel at such soul-searching moments of self-formation is thus reflected in the indeterminacy of our neural processes themselves. What we experience internally as uncertainty about what to do on such occasions would then correspond physically to the opening of a window of opportunity that temporarily screens off complete determination by influences of the past.When we do decide under such conditions of uncertainty, the outcome would not be determined because of the preceding indeterminacy - and yet the outcome can be willed (and hence rational and voluntary) either way owing to the fact that in such self-formation, the agents' prior wills are divided by conflicting motives. Consider a businesswoman who faces such a conflict. She is on her way to an important meeting when she observes an assault taking place in an alley. An inner struggle ensues between her conscience, to stop and call for help, and her career ambitions, which tell her she cannot miss this meeting. She has to make an effort of will to overcome the temptation to go on. If she overcomes this temptation, it will be the result of her effort, but if she fails, it will be because she did not allow her effort to succeed. And this is due to the fact that, while she willed to overcome temptation, she also willed to fail, for quite different and incommensurable reasons. When we, like the woman, decide in such circumstances, and the indeterminate efforts we are making become determinate choices, we make one set of competing reasons or motives prevail over the others then and there by deciding.


Now let us add a further piece to the puzzle. Just as indeterminism need not undermine rationality and voluntariness of choices, so indeterminism in and of itself need not undermine control and responsibility. Suppose you are trying to think through a difficult problem, say a mathematical problem, and there is some indeterminacy in your neural processes complicating the task - a kind of chaotic background. It would be like trying to concentrate and solve a problem, say a mathematical problem, with background noise or distraction. Whether you are going to succeed in solving the problem is uncertain and undetermined because of the distracting neural noise. Yet, if you concentrate and solve the problem nonetheless, we have reason to say you did it and are responsible for it, even though it was undetermined whether you would succeed. The indeterministic noise would have been an obstacle that you overcame by your effort…


Imagine in cases of conflict characteristic of self-forming actions or SFAs, like the businesswoman's, that the indeterministic noise which is providing an obstacle to her overcoming temptation is not coming from an external source, but has its source in her own will, since she also deeply desires to do the opposite. To understand how this could be, imagine that two crossing recurrent neural networks are involved in the brain, each influencing the other, and representing her conflicting motivations. (Recurrent neural networks are complex networks of interconnected neurons in the brain circulating impulses in feedback loops that are generally involved in higher-level cognitive processing.) The input of one of these neural networks consists in the woman's reasons for acting morally and stopping to help the victim; the input of the other network comprises her ambitious motives for going on to her meeting.


The two networks are connected so that the indeterminism that is an obstacle to her making one of the choices is present because of her simultaneous conflicting desire to make the other choice - the indeterminism thus arising from a tension-creating conflict in the will, as we said. This conflict, as noted earlier, would be reflected in appropriate regions of the brain by movement away from thermodynamic equilibrium. The result would be a stirring up of chaos in the neural networks involved. Chaos in physical systems is a phenomenon in which very small changes in initial conditions are magnified so that they lead to large and unpredictable changes in the subsequent behavior of a system. You may have heard the popular illustration of chaos in which the fluttering of a butterfly's wings in South America initiates a chain of events that affects the weather patterns of North America. Such popular examples may be an exaggeration. But chaotic phenomena, in which small changes lead to large effects, are now known to be far more common in nature than previously believed; and they are particularly common in living things. There is growing evidence that chaos plays a role in the information processing of the brain, providing some of the flexibility that the nervous system needs to adapt creatively - rather than in predictable or rigid ways - to an ever-changing environment.


Now determinists are quick to point out that chaos, or chaotic behavior, in physical systems, though unpredictable, is usually deterministic and does not itself imply genuine indeterminism in nature. But some scientists have suggested that a combination of chaos and quantum physics might provide the genuine indeterminism one needs. If the processing of the brain does "make chaos in order to make sense of the world" (as one recent research paper puts it), then the resulting chaos might magnify quantum indeterminacies in the firings of individual neurons so that they would have large-scale indeterministic effects on the activity of neural networks in the brain as a whole. If chaotic behavior were thus enhanced in these neural networks by tension-creating conflict in the will, the result would be some significant indeterminism in the cognitive processing of each of the competing neural networks.


In such circumstances, when either of the competing networks "wins" (or reaches an activation threshold, which amounts to choice), it would be like your solving the mathematical problem by overcoming the background indeterministic noise created by the presence of the competing network. And just as when you solved the mathematical problem by overcoming the distracting noise, one can say you did it and are responsible for it, so one can also say this, I would argue, in the present case, whichever outcome is chosen. For the neural pathway through which the woman does succeed in reaching a choice threshold will have overcome the obstacle in the form of indeterministic noise generated by the presence of the other competing network.


Note that, under such conditions, the choice the woman might make either way will not be "inadvertent," "accidental," "capricious," or "merely random" (as critics of indeterminism say) because the choice will be willed by the woman either way when it is made, and it will be done for reasons either way - reasons that she then and there endorses. For, let us recall that in SFAs, the agent's will is divided and the agent has strong reasons or motives for making either choice. So when she decides, she endorses one set of competing reasons over the other as the one she will act on. But willing what you do in this way, and doing it for reasons that you endorse, are conditions usually required to say something is done "on purpose," rather than accidentally, capriciously, or merely by chance. Moreover, these conditions taken together (that the choices were willed either way, were done for reasons and the agents endorsed them) rule out each of the reasons we have for saying that agents act, but do not have control over their actions. The businesswoman's choice either way, for example, will not have been made accidentally or inadvertently or by mistake, nor need it have been the result of coercion (no one was holding a gun to her head, for example) or the result of control by other agents. Of course, for undetermined SFAs, agents do not control or determine which choice outcome will occur before it occurs. But it does not follow, because one does not control or determine which of a set of outcomes is going to occur before it occurs, that one does not control or determine which of them occurs, when it occurs. When the above conditions for SFAs are satisfied, agents exercise control over their future lives then and there by deciding.


As a consequence, they have what I call plural voluntary control over their options in the following sense: Agents have plural voluntary control over a set of options (such as the woman's choosing to help the victim or to go on to her meeting), when they are able to bring about whichever of the options they will, when they will to do so, for the reasons they will to do so, on purpose, rather than accidentally or by mistake, without being coerced or compelled in doing so or willing to do so, or otherwise controlled in doing or willing to do so by any other agents or mechanisms. Each of these conditions can be satisfied for SFAs, like the businesswoman's, as I have described them. The conditions can be summed up by saying that the agents can choose either way at will. In other words, the choices are "will-setting": We set our wills one way or the other in the act of deciding itself, and not before.


Note also that this account of self-forming choices or SFAs amounts to a kind of "doubling" of the mathematical problem. It is as if an agent faced with such a self-forming choice is trying or making an effort to solve two cognitive problems at once, or to complete two competing (deliberative) tasks at once - in our example, to make a moral choice and to make a conflicting self-interested choice (corresponding to the two competing neural networks involved). Each task is being thwarted by the indeterminism generated by the presence of the competing network, so it might fail. But if it succeeds, then the agents can be held responsible because, as in the case of solving the mathematical problem, the agents will have succeeded in doing what they were knowingly and willingly trying to do…


You may find all this interesting and yet still find it hard to shake the intuition that if choices are undetermined, they must happen merely by chance - and so must be "random," "capricious," "uncontrolled," "irrational," and all the other things usually charged. Such intuitions are deeply ingrained. But if we are going to understand free will, I think we must break old habits of thought supporting such intuitions and learn to think in new ways.


The first step is to question the intuitive connection in people's minds between "indeterminism's being involved in something" and "its happening merely as a matter of chance or luck." "Chance" and "luck" are terms of ordinary language that carry the meaning of "its being out of my control." So using them already begs certain questions. Whereas "indeterminism" is a technical term that merely rules out deterministic causation, though not causation altogether. Indeterminism is consistent with nondeterministic or probabilistic causation, where the. outcome is not inevitable. It is therefore a mistake (in fact, one of the most common in debates about free will) to assume that "undetermined" means "uncaused" or "merely a matter of chance."



Galen Strawson Argument on Moral Responsibility
From: Philosophical Studies, Vol. 75, No. 1, pp. 5-24, 1994


There is an argument, which I will call the Basic Argument, which appears to prove that we cannot be truly or ultimately morally responsible for our actions. According to the Basic Argument, it makes no difference whether determinism is true or false. We cannot be truly or ultimately morally responsible for our actions in either case. 


The Basic Argument has various expressions in the literature of free will, and its central idea can be quickly conveyed. (1) Nothing can be causa sui - nothing can be the cause of itself. (2) In order to be truly morally responsible for one's actions one would have to be causa sui, at least in certain crucial mental respects. (3) Therefore nothing can be truly morally responsible.


In this paper I want to reconsider the Basic Argument, in the hope that anyone who thinks that we can be truly or ultimately morally responsible for our actions will be prepared to say exactly what is wrong with it. I think that the point that it has to make is obvious, and that it has been underrated in recent discussion of free will - perhaps because it admits of no answer. I suspect that it is obvious in such a way that insisting on it too much is likely to make it seem less obvious than it is, given the innate contrasuggestibility of human beings in general and philosophers in particular. But I am not worried about making it seem less obvious than it is so long as it gets adequate attention. As far as its validity is concerned, it can look after itself.


A more cumbersome statement of the Basic Argument goes as follows.


(1) Interested in free action, we are particularly interested in actions that are performed for a reason (as opposed to 'reflex' actions or mindlessly habitual actions).


(2) When one acts for a reason, what one does is a function of how one is, mentally speaking. (It is also a function of one's height, one's strength, one's place and time, and so on. But the mental factors are crucial when moral responsibility is in question.)


(3) So if one is to be truly responsible for how one acts, one must be truly responsible for how one is, mentally speaking-at least in certain respects.


(4) But to be truly responsible for how one is, mentally speaking, in certain respects, one must have brought it about that one is the way one is, mentally speaking, in certain respects. And it is not merely that one must have caused oneself to be the way one is, mentally speaking. One must have consciously and explicitly chosen to be the way one is, mentally speaking, in certain respects, and one must have succeeded in bringing it about that one is that way.


(5) But one cannot really be said to choose, in a conscious, reasoned, fashion, to be the way one is mentally speaking, in any respect at all, unless one already exists, mentally speaking, already equipped with some principles of choice, 'P1'-preferences, values, pro-attitudes, ideals-in the light of which one chooses how to be.


(6) But then to be truly responsible, on account of having chosen to be the way one is, mentally speaking, in certain respects, one must be truly responsible for one's having the principles of choice P1 in the light of which one chose how to be.


(7) But for this to be so one must have chosen P1, in a reasoned, conscious, intentional fashion.


(8) But for this, i.e. (7), to be so one must already have had some principles of choice P2, in the light of which one chose Pl.


(9) And so on. Here we are setting out on a regress that we cannot stop. True self-determination is impossible because it requires the actual completion of an infinite series of choices of principles of choice.'


(10) So true moral responsibility is impossible, because it requires true self-determination, as noted in (3).




A Glossary of Terms

Determinism is the position that every event is caused, in a chain of events with just one possible future. Historically, there are many kinds of determinisms or causes for the one possible future. They include Behavioral, Biological, Causal, Fatalism, Historical, Logical, Language, Mechanical, Physical, Psychological, Religious, Spatio-temporal, and Compatibilism.

"Hard" determinism and "soft" determinism are terms invented by William James who lamented the fact that some determinists were co-opting the term freedom for themselves. "Hard" determinists deny the existence of free will. James said they have an "antipathy to chance." "Soft" determinists simply claim their position is "free will." 

Compatibilism is the most common name used today for James's category of "soft" determinism. For compatibilists, free will is compatible with determinism, or would be, if determinism were true, the agnostics on determinism say. 


This makes compatibilism today much more complicated... We can divide two sub-categories of compatibilism, based on their view of determinism. Today's sophisticated compatibilists want to include both "the conjunction of compatibilism and the thesis that determinism is true" AND "the conjunction of compatibilism and the thesis that determinism is false." They want it both ways (or either way), because most compatibilists today are agnostic on the truth of determinism. (Most are cognizant of the indeterminism of quantum physics.) It is thus difficult today to know what compatibilists are compatible with! We are being sucked deeper and deeper into William James' "quagmire of evasion," and Immanuel Kant's "wretched subterfuge." 

Semicompatibilism.  Agnostic about both indeterminism and determinism, semicompatibilists claim that moral responsibility is compatible with determinism, in either case. 

Narrow incompatibilism is a similar concept. Hard incompatibilists think both free will and moral responsibility are incompatible with determinism, which is "true."

Illusionists are hard incompatibilists, who say free will is an illusion and usually deny moral responsibility. Some say we should preserve moral responsibility in society by maintaining the illusion (i.e., keep the masses uninformed about the "truth" of determinism).

Impossibilists are also hard incompatibilists. They say moral responsibility is provably impossible. Since every event is either determined or random, they apply the standard argument to all past events, to deny moral responsibility.

Incompatibilism is the idea that free will and determinism are incompatible. Unfortunately, incompatibilists today include both hard determinists and libertarians. This confusing category, created by analytic language philosophers who are normally committed to clear and unambiguous conceptualization, adds difficulties for new students of philosophy.

Indeterminism is the position that there are random (chance) events in a world with many possible futures. Libertarians believe that indeterminism makes free will possible. But it is not enough. An "adequately determined (not pre-determined) evaluation of alternative possibilities is also needed. 

Soft incompatibilists say that free will is incompatible with pre-determinism, and that pre-determinism is not true. It is preferable to the loose usage of the term "incompatibilist" to describe a libertarian, since "incompatibilist" is ambiguous and also used for determinists (hard incompatibilists). 

Source and Leeway incompatibilists locate indeterminism in the Actual Sequence of events or Alternative Sequences. A random event in the Actual Sequence breaks the causal chain. Alternative Sequences provide alternative possibilities.

Standard Argument against Free Will. If our actions are determined, we are not free. If they are random, we are not responsible for them. So indeterminism is not enough. We also need an "adequate determinism" - R. E. Hobart's and Elizabeth Anscombe's "self-determination." 

Agent-causal indeterminists are libertarians who think that agents originate new causes (the causa sui) for their actions, which they call sui generis. These causes are not considered events, which imply material and location in space-time. So their actions do not depend on any prior causes. Some call this "metaphysical" freedom. And many agent causalists trace this source of freedom to a gift from God, enabling the agent to break the laws of nature with a kind of miraculous power.

Non-causal indeterminists simply deny any causes whatsoever for libertarian free will. 

Event-causal indeterminists generally accept the view that random events (most likely quantum mechanical events) occur in the world. Whether in the physical world, in the biological world (where they are a key driver of genetic mutations), or in the mind, randomness and uncaused events are real. They introduce the possibility of accidents, novelty, and both biological and human creativity. 

Soft Causality is the idea that most events are adequately determined by normal causes, but that some events are not precisely predictable from prior events, because there are occasional quantum events that start new causal chains with unpredictable futures. These events are said to be causa sui. 

Self-Determination is the traditional name for decisions that are the result of our choices, determined by our character and values, etc., decisions that are "up to us." R.E. Hobart and Elizabeth Anscombe distinguish between determination and determinism.

SFA is the Self-Forming Action of Robert Kane's libertarian free-will model, with indeterminism centered in the choice itself. 

Two-Stage Models combine a limited Indeterminism and a limited Determinism (Determination). They have been discussed by many thinkers, including William James, Henri Poincaré, Arthur Holly Compton, Karl Popper, Daniel Dennett (Valerian Model), Henry Margenau, Robert Kane (Practical Reason), John Martin Fischer, Alfred Mele (Modest Libertarianism), Stephen Kosslyn, Bob Doyle (Cogito Model), and Martin Heisenberg. Two-stage models include both "adequate determinism" (which includes no pre-determinism from before a decision) and an indeterminism that is limited to generating alternative possibilities for action. It is pre-determinism that is incompatible with free will.





Source: https://www.informationphilosopher.com/solutions/philosophers/kane/positions.html
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Questions for the Free Will DebatesMIT, April 5, 2018
For Daniel Dennett

You say that your two-stage model ("Valerian") "installs indeterminism in the right place for the libertarian, if there is a right place at all." 


But for many years, you have said that the indeterminism provided by a pseudo-random number generator or deterministic chaos is good enough for the first stage. 


As a compatibilist, you are happy with the resulting determinism?


Can we assume that you agree that quantum indeterminism plays a role in biological evolution?


If so, could quantum noise in the storage and recall of information in the brain provide a natural source of alternative possibilities in the first stage, alongside any artificial computer-like alternatives. 


Assuming that man is a machine and the brain is a computer (moreover one that has evolved the specific algorithms needed to generate pseudo-random numbers) seems to multiply causes and suggests Ockham's Razor, when quantum noise is already a natural source of randomness.

For Robert Kane

In your two-stage model ("practical reason") you say this is not libertarian free will because some of the alternative possibilities that come to mind are indeterministic (a matter of chance) and so the agent does not have complete control over what comes to mind, as libertarians require?


You say, "What they would need for free will is for the agent to be able to control which of the chance events occur rather than merely reacting to them in a determined way once they have occurred."


But if the possibilities are not indeterministic, they cannot break the causal chain of determinism?


In your "moral and prudential" decisions, does the agent have such "complete control of what comes to mind"?


Furthermore, if the choice between equally important possibilities in a "torn decision" involves indeterminism, how can the agent have the control needed for your "ultimate responsibility?"


You say because the agent made the effort to choose, that constitutes "moral responsibility."


But  then why doesn't the agent's choice in "practical reason" also confer practical responsibility?

For Alfred Mele

In your two-stage model  (Modest Libertarianism), you share Bob Kane's concern that the alternative possibilities coming to mind present the "problem of luck."


But isn't the "control condition for moral responsibility" satisfied by the adequately determined (i.e., free of quantum noise, which is averaged over) second stage of evaluation and selection?


Since a significant element of luck is found in all aspects of the material world and the biological world, can we just accept that luck, both good and bad, is involved in all human actions?

For Galen Strawson

Your Basic Argument denies that an agent can be responsible for a thought or action that was completely random (causa sui), but both Dan Dennett and Bob Kane describe such cases (in 1978 Dennett considered a woman trying to decide between different graduate studies, in 1985 Kane a man deciding between a vacation in Colorado or Hawaii. These "torn decisions" as Kane describes them, allow the agent to accept responsibility for either choice, since they have good reasons behind both options, despite the fundamental indeterminacy.


Since luck plays an undeniable role in the material and biological world, why not some randomness in the mental world? Why can't we be responsible for thoughts that came to us by chance? 




Source: https://www.informationphilosopher.com/solutions/philosophers/kane/questions.html
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   Robert Kane was the acknowledged dean of the libertarian philosophers writing actively in the twentieth century on the free will problem. Before Kane, many Anglo-American philosophers had largely dismissed free will as a "pseudo-problem." Although, like many others, Kane did not find any traditional libertarian position "intelligible," he has developed a libertarian view according to which even if many of our actions are determined by our existing character, these actions can be free, if we at times in the past freely created our own character (and if we remain free to change it) with what he calls "self-forming actions" (SFAs). This resembles Aristotle's view of the formation of character  and agrees in some respects with Indian ideas of Karma. 
[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=A61X-5b847U



Since his earliest book, Free Will and Values (1985), Kane has focused on free choices that have moral or prudential significance, as as well as those with merely practical significance. He accepts two-stage models of free will as relevant to practical choices, but thinks "something more" is needed for moral choices, which are the grounds for his character-developing "Self-Forming Willings" or "Self-Forming Actions."   

Like most philosophers, Kane does not separate free will from moral responsibility. Indeed , he  conflates these two, which he describes as "the traditional definition of free will." He describes what he calls "ultimate responsibility" as his basis for free will. But whether or not we are predetermined by the laws of nature can not be shown by any verbal definition. Freedom of the will is a question for science.


Kane follows ideas that he traces back through Daniel Dennett, Karl Popper, Arthur Holly Compton, and David Wiggins. (They can be traced even earlier to Bertrand Russell, Arthur Stanley Eddington, all the way to Epicurus, whom Kane mentions briefly.)   


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=Lj5x7YTOVio


Kane's most original contribution to the free-will debates may be his account of decisions that involves some indeterminism, but for which the agent can properly claim responsibility. Compatibilists believe that any chance involved in the cause of an action compromises agent control and therefore responsibility. But in the case of what Kane calls a "torn decision" or "self-forming action" (SFA) the agent may have excellent reasons for choosing "either way."  In such a case, indeterminism may be involved (Kane defends the possibility of irreducible  quantum indeterminism), yet the agent may properly take responsibility for either option, as long as the final choice is a result of the agent's "efforts." Kane calls this "plural (or dual) rational control."


Kane's most careful articulation of his position was given in response to the Luck Objection, raised by several critics of Kane's inclusion of indeterminism in his Self-Forming Actions. Kane's critics who found indeterminism unhelpful in all cases included Galen Strawson, Alfred Mele, Bernard Berofsky, Richard Double, and Ishtiyaque Haji. Earlier works on Moral Luck by Thomas Nagel and Bernard Williams had similar implications.  


His critics postulate an example where an agent has an identical person in a nearby possible world, with exactly the same past experience, but chooses A instead of B. Surely, the critics say, it is a matter of luck which the agent did, so it is unjust to hold the agent morally responsible for doing the wrong thing. 


Kane replied to the critics in a 1999 paper, "Responsibility, Luck, and Chance." There he cited a 1977 article by Steven M. Cahn as the origin of the idea that compatibilists are wrong that any chance makes an agent irresponsible. ("Random Choices," Philosophy and Phenomenological Research,
vol. XXXVII, no. 4, 1977, p.549.) We can note that Daniel Dennett made even more specific defense of an agent's responsibility the choice between equal alternative possibilities in his 1978 book Brainstorms (p.294).


Kane claims that indeterminism in the brain makes it uncertain as to whether an agent's efforts will succeed. When those efforts do succeed, though indeterminism was involved (thus breaking the deterministic chain), the outcome was undetermined, though not uncaused - it was caused by the agent's efforts, he says.


Suppose two agents had exactly the same pasts up to the point where they were faced with a choice between
distorting the truth for selfish gain or telling the truth at great
personal cost. One agent lies and the other tells the truth... if the pasts of these two agents are really identical in every
way up to the moment of choice, and the difference in their acts results
from chance, would there be any grounds for distinguishing
between them, for saying that one deserves censure for a selfish
decision and the other deserves praise? 
Would it be just to reward the one and punish the other for what appears
to be ultimately the luck of the draw?

On the view just described,
you cannot separate the indeterminism from the effort to
overcome temptation in such a way that first the effort occurs followed
by chance or luck (or vice versa). One must think of the effort
and the indeterminism as fused; the effort is indeterminate and the
indeterminism is a property of the effort, not something separate
that occurs after or before the effort. The fact that the woman's effort
of will has this property of being indeterminate does not make
it any less her effort.


And just as expressions like 'She chose by chance' can mislead us
in these contexts, so can expressions like 'She got lucky'. Ask yourself
this question: Why does the inference 'He got lucky, so he was not
responsible' fail when it does fail? The first part of an answer goes back to the claim that
'luck', like 'chance', has question-begging implications in ordinary
language which are not necessarily implications of "indeterminism"
(which implies only the absence of deterministic causation). The
core meaning of 'He got lucky', which is implied by indeterminism, I
suggest, is that 'He succeeded despite the probability or chance of failure';
and this core meaning does not imply lack of responsibility, if he succeeds.


The inference 'He got
lucky, so he was not responsible' fails because what [the agents} succeeded in doing was what they were trying and
wanting to do all along. When they succeeded, their reaction
was not "Oh dear, that was a mistake, an accident—something
that happened to me, not something I did." Rather, they
endorsed the outcomes as something they were trying and wanting
to do all along, that is to say, knowingly and purposefully, not by
mistake or accident.



Here Kane adds a difference in the temporal sequences of the otherwise identical cases. Obviously, this is a difference that makes a difference. 
It becomes an example of a second (adequately determined) stage (in a two-stage model). The agent's efforts single out the reasons for the ultimate choice. 



In one world, one of the efforts
issued in a choice and in the other world, a different effort issued in
a different choice; but neither was merely accidental or inadvertent
in either world. I would go even further and say that we may also
doubt that the efforts they were both making really were exactly the
same. Where events are indeterminate, as are the efforts they were
making, there is no such thing as exact sameness or difference of
events in different possible worlds. Their efforts were not exactly the
same, nor were they exactly different, because they were not exact.
They were simply unique.



To avoid the conclusion that the outcome is merely a product of chance, 
 Kane says that one of the agent's efforts will be the cause of the choice that is made, although there was a chance that it might have failed. The reasons behind that choice causally influenced the making of the choice, but did not determine it. Thus we can say that   "the agent chose for those reasons." In his 33rd thesis on free will, Kane says



the agents (r1) will have had reasons for choosing as they did; (r2) they will have chosen for those reasons; and (r3) they will have made those reasons the ones they wanted to act on more than any others by choosing for them.

 
When Kane puts the indeterminism earlier in the temporal sequence than the results of the agent's efforts, it becomes a two-stage decision process and is free for that reason. If the indeterminism is "centered" in the decision (as Clarke calls it), then it will be an example of the ancient liberty of indifference (or an undetermined liberty as we call it), but the agent can justifiably describe the decision as rational, as Cahn argued, and it is just for society to hold the agent morally responsible.

For Kane, after the fact of indeterminism, to (1) redefine the indeterminism central to the efforts as merely singling out the reasons that the agent "will have chosen for," and to (2) claim that the indeterministic, statistically caused reasons have been (retrospectively) "made those reasons the ones they wanted to act on more by choosing them," seems to be an attempt to rewrite history simply to avoid the stigma associated with the notion of chance. Kane shares what William James called "antipathy to chance."  


Despite developing Cahn's insightful idea of randomness in the final decision as not invalidating responsibility, Kane is reluctant to use the argument for moral choices and his Self-Forming Actions. The equal weights of the alternatives suggests to Kane the liberty of indifference - the ass equidistant between two bales of hay. If the decision is simply a practical decision, something as unimportant as deciding between chocolate or vanilla, the mental equivalent of "flipping a coin" is acceptable, says Kane. But if it is a serious moral choice between acting ethically (for Kane, ethical means considering the interests of others) or acting in one's own self-interest, then he is appalled at the idea that such a choice should be made indeterministically, by randomly flipping a coin, for example.   


Serious moral choices do not deserve such flippancy, but Kane is hard pressed to identify why a free will model that explains practical responsibility should not also apply to moral responsibility.


See why the question of free will must be separated from the question of  moral responsibility
 A moral free choice is then simply a free choice that has moral implications. The question of freedom (from determinism) is a question for physicists, physiologists, psychologists, and neuroscientists. The question of morality is one for ethicists and moral philosophers.

The difficulty of articulating a difference beteen free practical choices and free moral choices is compounded because Kane relies on indeterminism to break the chain of determinism in both cases. And he specifically wants quantum indeterminism, which is notorously difficult to locate in the brain/mind. 


Notice that Kane has always accepted chance/indeterminism in the first "free" stage of a two-stage model.  He agrees that chance in the first "deliberative" stage (as Randolph Clarke calls it) does provide other options for the (adequately determined) decision. But Kane accepts chance in the second "will" stage of free will only for practical choices.  What Clarke calls chance "centered" in the decision is acceptable only for practical choices, not for moral choices.


So the question for Kane is, as long as he agrees that indeterministic chance is involved in the final "torn" decision itself, how is that final-stage chance does not make a moral choice (and therefore a Self-Forming Action) random - if final-stage chance makes a practical choice random?


And given that Kane agrees that despite the randomness in the decision, the agent is fully responsible for the choice, which ever way it turns out, why is this not an acceptable description for the responsibility in moral choices? Why does it not explain moral responsibility as well as it explains practical responsibility?


Kane's answer is that a moral choice should not be an event that just happens to the agent, such as waiting for the outcome of a coin flip. Instead, the agent should be actively involved in the decision, which makes it more like agent-causality than event-causality, but Kane appears to oppose agent-causal views. And why shouldn't an agent be just as actively involved in practical decisions?



Aristotle and Epicurus said that decisions "in us" or that "depend on us" are a tertium quid, or third thing, that is neither chance nor necessity

Kane makes this type of torn decision central to his self-forming actions (SFAs), which form the basis for an agent's "ultimate responsibility" (UR). By ultimate responsibility Kane means that the sources or origins of our actions lie "in us" rather than in something else (such as decrees of fate, foreordained acts of God, or antecedent causes and laws of nature) which are outside us and beyond our control. We review Kane's work extensively below and conclude that his Self-Forming Action may be considered an act of self-determination, that it is adequately determined by the reasons the agent favors one choice over the other, and that it could be considered an example of agent causality by a mind defined as immaterialinformation in a material brain.  


The Oxford Handbook of Free Will


    In addition to his work to find some pathway through the "free will labyrinth" to an intelligible account of freedom, Kane has assembled in his massive 2002 sourcebook The Oxford Handbook of Free Will perhaps the best survey of modern positions on free will, from theology and fatalism to metaphysical libertarian perspectives. 

The Handbook has contributions from over two dozen contemporary philosophers with strong ideas about free will. Sadly most continue to be wordy jargon-laden debates and attempts to logically refute one position or another. They reflect the fact that Peter Strawsonchanged the subject of the discussions from free will to moral responsibility and Harry Frankfurtchanged the debate from free will to the existence of alternative possibilities (there are no such possibilities in a deterministic world).


That there is little new and that it is dismissive of freedom as unintelligible, makes the Oxford Handbook an accurate reflection of the current state of the free will problem. Kane insightfully remarks "One may legitimately wonder why worries about determinism persist at all in the twenty-first century, when the physical sciences - once the stronghold of determinist thinking - seem to have turned away from determinism." 


Many of the Handbook authors tend to conflate the problems of  free will and moral responsibility. They describe free will as the "control condition" of moral responsibility. This is a conceptual error. Free will is indeed a prerequisite for responsibility. But whether an action is moral is a question for ethicists, not for psychologists and neuroscientists who want to know the nature of the mind and its capacity for free creations, deliberations, decisions, intentions, and actions.




Ultimate Responsibility


For Kane, ultimate responsibility is the core idea in the traditional definition of free will. He says:



Free will, in the traditional sense I want to retrieve (and the sense in which the term
will be used throughout this book), is the power of agents to be the ultimate creators
(or originators) and sustainers of their own ends or purposes. This notion should be
distinguished from free action, and not simply because free will is a power. 

To act freely is to be unhindered in the pursuit of your purposes (which are usually expressed
by intentions); to will freely, in this traditional sense, is to be the ultimate creator
(prime mover, so to speak) of your own purposes. 

Such a notion of ultimate creator
of purposes is obscure, to be sure — many would say it is unintelligible - but there is
little doubt that it has fueled intuitions about free will from the beginning. Its meaning can be captured initially by an image: when we trace the causal or explanatory
chains of action back to their sources in the purposes of free agents, these causal chains
must come to an end or terminate in the willings (choices, decisions, or efforts) of
the agents, which cause or bring about their purposes. If these willings were in turn
caused by something else, so that the explanatory chains could be traced back further to heredity or environment, to God, or fate, then the ultimacy would not lie with the agents but with something else.


It is owing to such an image that free will has traditionally been associated with
moral responsibility in a deep sense that entails, as Galen Strawson has put it, that
we are "truly deserving of praise and blame" because it is "truly up to us" what we
do, in the sense that we are the "ultimate, buck-stopping originator[s] of our actions. The idea is that the ultimate responsibility lies where the ultimate cause
is — where the buck stops. This is the traditional image of free will (which Strawson,
along with many others, finds problematic). Such an image also accounts for
the association of free will with human dignity, expressed in the religious traditions by saying that humans are made in the image of God — being creators ab initio
of at least some things in the universe, their own purposes and the actions issuing
from those purposes — and by Kant when he inferred that humans are to be treated as "ends in themselves" because they are the originators of their own ends or
purposes.




Kane argues that the alternative possibilities (AP) generated in two-stage models of free will are not enough to make the case for incompatibilist free will. It is ultimate responsibility (UR) that he says is required for free will. Ultimate responsibility requires that some of our actions are self-forming actions (SFAs). In turn, our self-forming actions require plural rational control in our decisions. And it is the plural rational control that requires alternative possibilities (AP). UR is fundamentally prior to AP.


Much of Kane's work has been to establish the role of quantum indeterminacy in making at least some of our actions undetermined. He describes the need for indeterminism as a thesis on UR that he calls the "Free Agency Principle":



T16 (on UR) ("The Free Agency Principle"): In the attempt to formulate an
incompatibilist or libertarian account of free agency that will satisfy the plurality conditions and UR, we shall not appeal to categories or kinds of entities (substances, properties, relations, events, states, etc.) that are not also needed by
nonlibertarian (compatibilist or determinist) accounts of free agency satisfying
the plurality conditions. The only difference allowed between libertarian and
nonlibertarian accounts is the difference one might expect — that some of the
events or processes involved in libertarian free agency will be indeterminate or
undetermined events or processes. But these undetermined events or processes
will not otherwise be of categories or ontological kinds that do not also play roles
in nonlibertarian accounts of free agency (such as choices, decisions, efforts,
practical judgments, and the like) — the difference being that in nonlibertarian
theories, these events or processes need not be undetermined. Such differences
as there are between libertarian and nonlibertarian theories should flow from
this difference alone and the task will be to make sense of a libertarian freedom
satisfying the plurality conditions, given this difference.


In his 1985 book Free Will and Values, aware of earlier proposals by John Eccles, Karl Popper, and Daniel Dennett, but working independently, Kane proposed an ambitious amplifier model for a quantum randomizer in the brain - a spinning wheel of fortune (Alfred Mele later used the same analogy) with probability bubbles corresponding to alternative possibilities, in the massive switch amplifier (MSA) tradition of Arthur Holly Compton. 


Kane's work is squarely in the tradition of several other brain mechanisms proposed to underlie freedom of the will.  

	James Clerk Maxwell's "Singularities" (1856)
  
	Arthur Stanley Eddington's "Free Electrons" (1928)
  
	Arthur Holly Compton's Photocell Amplifier (1931)
  
	John Eccles' "Critically Poised Neurons" (1953)
  
	A. O. Gomes' Quantum Composer (1964)
  





Kane says (Free Will and Values, p.169):


What I would like to do then, is to show how an MSA [massive switch amplifier] model, using Eccles' notion of critically poised neurons as a working hypothesis, might be adapted to the theory of practical, moral and prudential decision making.


Keeping these points in mind, let us now suppose that there are neurons in the brain "critically poised" in Eccles' sense, whose probability of firing  within a small interval of time is .5. (We shall tamper with this simplifying assumption in a moment.) For every n such neurons, there are 2n possible ordered combinations of firings and non-firings, which may be represented by sequences, such as (101... ), (01101... ), where the "1" 's indicate firings, the "0" 's non-firings, and the dots indicate that the sequences are continued with "0" 's up to n figures. A reasonably small number of such neurons, say a dozen, would yield ordered combinations, in the thousands, enough for the purposes of the theory. As indicated in 8.4, the exact number of possible alternatives or partitionings does not matter so long as it is large; it would likely depend on the exigencies of neurological programming rather than the demands of the theory.


For practical choice, these ordered combinations of firings and non-firings of critically poised neurons would correspond to places on a spinning wheel, most of which would give rise to chance selected considerations, opening doors to consciousness of possibly relevant memories, triggering associations of ideas and/or images, focussing attention in various ways, etc. Some combinations of firings and non-firings might draw a blank. But the wheel would keep spinning until it hit something worth considering, so long as the practical reasoner or creative thinker were in a receptive, yet reflective, state of mind. Then the relevance of the consideration to deliberation would have to be assessed and the consideration either accepted or rejected.


  
Kane introduces a probability bubble.
[image: bubble inexactness]

One might think of this as a picture of an air bubble in a glass tube filled with a liquid, with the lines A and B marked on the outside of the glass as on an ordinary carpenter's level. But this description is merely an aid to the imagination. We are going to give the bubble some extraordinary properties. The bubble may represent either the desire to choose to act from duty (out of equal respect) or the effort made to realize this desire in choice. The respective desire and effort are conceptually related because the desire is defined as the disposition to make the effort; and the intensity of the desire is measured by the intensity of the effort. The lines A and B in the figure represent choice thresholds. If the bubble passes above the line A, the choice is made to act from duty; if it passes below B, the choice is made to act on self interested motives. When the bubble is between the lines, as in the figure, no choice has yet been made. A downward pull of gravity in the figure may be thought to represent the natural pull of one's self interested motives, which must be counteracted by an effort to resist temptation. 


There is an ambiguity, essential to our problem, about what it means to say that the bubble "passes above" the line A, or "below" the line B. If the bubble passes above A, or below B, then the choice is made to act from duty, or from self interest, respectively. But does this mean that the bubble must be wholly, or only partly, above A, or below B? It is here that we give the bubble some extraordinary properties. We imagine that the bubble represents a probability space, so that, when it is partly above A, there is a corresponding  probability, but not certain that the choice is mate to act from duty, and when it is partly below B there is a corresponding probability, but not certainty, that the choice is made to act from self interest. When the bubble is wholly above A (or below B), it is certain that the choice is made to act from duty (or self interest). We	then imagine a point particle in the  
probability space (the bubble) that moves around randomly, while always remaining within the space. That is, it has an equal probability of appearing in any one of a number of equal sized regions in the space. (There will be further comment on this partitioning and its significance in a moment.) If part of the bubble is above the line A for a certain time and the point particle is in regions all of which are wholly above the line for the same length of time, then the choice is made to act from duty (and similarly for line B).


To complicate matters further, we want to assume that the bubble or probability space does not have an exact position vis a vis the thresholds at any given time and that this inexactness of position is also due to the undetermined movement of the point particle in the regions. There are a number of ways to represent this in the diagram, but the simplest way is the following.
Imagine, as in the following figure, that the choice thresholds A and B have indeterminate position so that they can be anywhere between (or on) the extremes A'-A" and B'-B" respectively:

[image: bubble inexactness]

The distances between any two possible threshold positions for A (or any two for B) are equal and each possible threshold position corresponds to a region in the bubble such that, if the point particle is in that region, the threshold is at the corresponding position. But adjacent regions in the bubble need not correspond to adjacent positions of the thresholds and higher or lower regions of the bubble need not correspond to higher and lower threshold positions respectively.



note the ethical fallacy of assuming free decisions are moral decisions


What all this means is that the intensity of the effort to overcome temptation at any given time, which is measure of the intensity of the desire to act from duty (represented by the position of the bubble vis a vis the thresholds and the position of the point particle within the bubble) is indeterminate. And, as a consequence, the outcome of the choice situation at a given time is undetermined and unpredictable as long as the bubble is not wholly above A' or wholly below B".

(Free Will and Values, p.144-6)


Kane's model combines free will and values. Kane claimed his free choice is moral and made in accord with Kant's concept of duty versus one's self-interest or desires. This is the ethical fallacy. Freedom is merely a prerequisite for responsibility. And responsibility is a prerequisite for moral responsibility.


Kane even relates equiprobability to a basis for human equality.
  

  "the succession of random selections among equiprobable alternatives is meant to be a continuing reminder (a mental or neurological representation) of the fact that the reason sets of other persons are to be treated equally."
  

Kane's model is also "restrictive," a term coined by John Martin Fischer to describe Peter van Inwagen's claim that only a tiny fraction of our decisions and actions could be free actions. For van Inwagen, it is those which have closely balanced alternatives (the ancient problem of the liberty of indifference. For Kane, it is those rare and difficult decisions that are deeply moral. They are those moments in which are character is formed. Later decisions made consistent with our character and values can then be traced back to these "self-forming actions." This provides us with what Kane calls ultimate responsibility or UR.

The first step in this rethinking is to note that indeterminism does not have to be involved in all acts done "of our own free wills" for which we are ultimately responsible. Not all acts done of our own free wills have to be undetermined, only those acts by which we made ourselves into the kinds of persons we are—namely, the "will-setting" or "self-forming actions" (SFAs) that are required for ultimate responsibility.

Now I believe that these undetermined self-forming actions, or SFAs, occur at those difficult times of life when we are torn between competing visions of what we should do or become. Perhaps we are torn between doing the moral thing or acting from ambition, or between powerful present desires and long-term goals; or we may be faced with difficult tasks for which we have aversions. In all such cases of difficult self-forming choices in our lives, we are faced with competing motivations and have to make an effort to overcome the temptation to do something else we also strongly want. There is tension and uncertainty in our minds about what to do at such times, let us suppose, that is reflected in appropriate regions of our brains by movement away from thermodynamic equilibrium—in short, a kind of "stirring up of chaos" in the brain that makes it sensitive to micro-indeterminacies at the neuronal level. The uncertainty and inner tension we feel at such soul-searching moments of self-formation would thus be reflected in the indeterminacy of our neural processes themselves. What we experience internally as uncertainty about what to do on such occasions would correspond physically to the opening of a window of opportunity that temporarily screens off complete determination by influences of the past.



  Kane is not satisfied with his solution. He explains that the main reason for failure is   
  
"locating the master switch and the mechanism of amplification...We do not know if something similar goes on in the brains of cortically developed creatures like ourselves, but I suspect it must if libertarian theories are to succeed." 


  Kane admits that the basic difficulty is the location of indeterminism in the decision process itself. Chance must not be the direct cause of action.


    Kane claims that the major criticism of all indeterminist libertarian models is explaining the power to choose or do otherwise in "exactly the same conditions," something he calls "dual rational self-control." Given that A was the rational choice, how can one defend doing B under exactly the same circumstances?" (p.59) Kane is concerned that such a "dual power" might be arbitrary, capricious, and irrational. 


Apart from the fact that information-rich systems with a history are never in the exact same conditions, and ignoring the fact that random  alternative possibilities are unlikely to repeat, an  adequately determined will would very likely make the same choice, for the same reasons, from the same set of alternative possibilities. But it might on the other hand exercise its irrational prerogative! We humans are unpredictable, which makes us occasionally capricious and arbitrary. So why the problem?


In his 1985 book, Free Will and Values, Kane also considered the two-stage models of Karl Popper (as described by Popper in his Arthur Holly Compton memorial lecture, "Of Clouds and Clocks"), and Daniel Dennett (as presented in his Brainstorms chapter, "On Giving Libertarians What They Say They Want"). 


Kane described these two-stage models as a "significant piece in the overall puzzle of a libertarian freedom." (p.104) But he thought them limited to practical decision making, and not suitable for moral decision making, which require his dual rational control and chance in the decision itself to provide "ultimate responsibility" (UR).


Given the randomly generated alternative possibilities in the first stage of the model, Kane thought that an agent would be determined in the second stage to choose the best available option. But note that the agent would not be pre-determined, 
even from moments just before deliberations began. As John Locke noted, the will itself can be determined, it need not itself be free in the sense of random. It is the man that is free, not the will, said Locke.



In his 1996 book The Significance of Free Will Kane again invokes quantum events in the brain at the moment of decision:


We now turn to the second part of an answer to the question of how prior reasons or motives can explain the effort to resist temptation without also explaining the choice that terminates the effort. We must now look at this "effort of will" (to resist moral of prudential temptation) that intervenes between prior reasons or motives, on the one hand, and the resulting choice, on the other.

T24 (on FW): Let its suppose that the effort of will (to resist temptation) in moral and prudential choice situations of T22 and T23 is (an) indeterminate (event or process), thereby making the choice that terminates it undetermined.


Consider a quantum analogue. Imagine an isolated particle, such as an electron, moving toward a thin atomic barrier. Whether or not the particle will penetrate the barrier is undetermined. There is a probability that it will penetrate, but not a certainty, because its position and momentum are not both determinate as it moves toward the barrier. Imagine that the choice (to overcome temptation) is like the penetration event. The choice one way or the other is undetermined because the process preceding it and potentially terminating in it (i.e., the effort of will to overcome temptation) is indeterminate.


Kane next adds chaos to amplify the microscopic quantum indeterminacy up to the macroscopic neurons. This is dangerously close to making chance the direct cause of the decision.

But this quantum analogy is merely that — an analogy. Our efforts of will most likely correspond to complex processes
in our brains that are macro processes involving many neuron firings and connections. Since we know that the effects of quantum level fluctuations are usually negligible at the macro level, how can these efforts be indeterminate? One way to begin thinking about this issue is to imagine that the neural processes occurring when the efforts are being made are chaotic processes, in the sense of what is nowadays called "chaos theory." In chaotic systems, very minute changes in initial conditions grow exponentially into large differences in final outcome, a phenomenon called "sensitivity to initial conditions." The ubiquity of chaotic systems in nature is now widely recognized, and there is growing interest in the chaotic behavior of the brain at many levels, from the transmission of impulses along individual nerve fibers, to the functioning of neural networks, to general patterns of brain waves.

But chaotic behavior, though unpredictable, is not necessarily indeterministic. In fact, chaos theory has shown that one can have determinism without predictability. Yet chaos theory may nonetheless be significant for discussions of human freedom, if quantum indeterminacy is also brought into the picture.



Kane describes the tension during "torn" decisions as stirring up deterministic chaos. He makes the deterministic chaos sensitive to quantum indeterminacy at the neuronal level (in a way similar to John Eccles's ideas about critically poised neurons).


T25 (on FW): Imagine that the indeterminate efforts of will of T24 are complex chaotic processes in the brain, involving neural networks that are globally sensitive to quantum indeterminacies at the neuronal level. Persons experience these complex processes phenomenologically as "efforts of will" they are making to resist temptation in moral and prudential situations. The efforts are provoked by the competing motives and conflicts within the wills of the persons described in T22 and T23. 

The brain, like any biological system, is very far from thermodynamic equilibrium


These conflicts create tensions that are reflected in appropriate regions of the brain by movement further from thermodynamic equilibrium, which increases the sensitivity to micro indeterminacies at the neuronal level and magnifies the indeterminacies throughout the complex macro process which, taken as a whole, is the agent's effort of will.

T26 (on FW): In effect, conflicts of will of the kinds described in T22 and 23 stir up chaos in the brain and make the agents' thought processes more sensitive to undetermined influences. The result is that, in soul-searching moments moral and prudential struggle, when agents are torn between conflicting visions of what they should become (that is, on the occasions of self-forming willings, or SFWs), the outcomes are influenced by, but not determined by, past motives and character. The uncertainty and inner tension that agents feel at such moments are reflected in the indeterminacy of their neural processes.




Two Cosmological Mysteries


Kane describes consciousness and the indeterminacy needed for free will as "cosmological problems" that are equally "mysterious." He says that while free agency "does not require mind/body dualism
to account for free will, neither does it allow one to describe deliberations, efforts, choices, and other mental goings on merely as physico-chemical processes,
whether they are undetermined or determined." He asks

"But now the suspicion arises that you are exchanging one mystery
for another. In place of the usual libertarian stuff, such as agent-causes, noumenal
selves, or mind/body dualism, you are giving us the mysteries of indeterministic
efforts of will - described physically as indeterminate processes that are happening in the brain, but phenomenologically as something the agents are doing...Perhaps dual-aspect theories of this kind are an improvement over substance dualisms, but they are scarcely without their own mysteries.
How can a physical process of the brain be at the same time a consciously experienced effort of will?"


Well, this is a puzzle, all right, but it is part of the larger riddle of consciousness, '
which is troubling no matter what position is taken on free will: how can thoughts,
sensations, perceptions, or any other conscious events — including efforts of will and
choices — be at the same time physical processes of the brain? This is a problem
whether you are a compatibilist or incompatibilist, or whether you think brain processes are determined or not.


As I said earlier, the goal of these chapters is
not to eliminate all mystery from free will. Rather, it is to eliminate mysteries
that are created by taking a distinctively libertarian view of free will — as opposed
to mysteries that confront everyone, no matter what their position on free will. Indeterministic efforts are mysterious because they partake of several deep cosmological problems that are problems for everyone, not just libertarians. One of these problems is "the mind/body problem," including at its core the "problem of consciousness": how can thoughts, perceptions, and other conscious
experiences — including efforts of will — be brain processes? But this is a problem whether you are a compatibilist or incompatibilist, libertarian or nonlibertarian. It is no less mysterious how neural firings in the brain could be conscious mental events if they are determined than if they are undetermined, or if
they involve undetermined chaotic processes than if they do not.


I said that the view presented here does not attempt to eliminate all mystery
from free will, but only such mysteries as are created by taking a distinctively libertarian view of it. And I added that the indeterministic efforts required by free will are
mysterious because they partake of several deep cosmological problems that are problems for everyone, not just libertarians. I can now say that I think there are at least two
such cosmological problems with which free will is deeply implicated, both of which
have been central to philosophical discussions throughout much of this century. The
first is the problem of consciousness already mentioned. I now add...


"The Second Cosmological Problem" of which free will partakes
is the problem of genuine indeterminacy-in-nature, which is pretty mysterious
as well. How can wave/particles such as electrons have indeterminate trajectories in which their position and momentum cannot both be exact at the same
time? How can physical systems in general have indeterminate properties? We
know that great scientists, some of whom were in on the founding of quantum
physics, such as Planck, Einstein, and De Broglie, could not accept the inexact
trajectories, the indeterminacy, and other related mysteries of the quantum world,
They hoped by way of hidden variables or some new theory to get back to the
exactness and determinacy of the classical picture. I suggest that we should expect the same resistance and puzzlement over indeterminate efforts of within
free will debates as indeterminate trajectories received from skeptical physicists
when they were first introduced. Indeterminate efforts force us to view human
actions and life histories in unaccustomed ways, just as indeterminate trajectories and properties force us to view the physical world in strange and novel ways.




Kane is absolutely right about this. As long as there is doubt among physicists about quantum uncertainty, philosophers have every right to doubt its ability to help solve the problem of free will and determinism. 


Kane is one of many philosophers to suggest that the two mysteries - consciousness and indeterminate free will - must be connected. Although some say that is trying to solve one mystery with another, Kane notes that William Hasker suggested that we try



to understand the nature of conscious experience and its unity (our first cosmological problem), as well as to understand how consciousness and mind are related, if at all,
to the indeterminacy of natural processes (our second cosmological problem).
In other words, it is possible that the ultimate understanding [lies] in the connection between the two cosmological problems — between consciousness and quantum reality.

So I concede that indeterminate efforts are mysterious. But I want
to suggest that their mysteriousness partakes of the difficulties of understanding
(i) consciousness and (ii) quantum indeterminacy — two of the central cosmological problems of the age. And these two problems, we should note, are problems for everyone; they are not problems specifically created by libertarian theories of freedom. Nor should it surprise
us that free will (which Kant regarded as the central "cosmological" problem)
should be intimately related to these two other cosmological enigmas.




  In 2005, Kane wrote a perceptive analysis of a two-stage solution for free will like our Cogito mind model and the suggestions of almost two-dozen other thinkers who have proposed two-stage models of free will.


The final libertarian theory I want to consider in this chapter takes a very different approach to explaining libertarian free choices. This view rejects both simple indeterminism and agent-causation. Instead it focuses on the process of deliberation. When we deliberate, for example, about where to vacation or which law firm to join, many different thoughts, images, feelings, memories, imagined scenarios, and other considerations pass through our minds. Deliberation can be quite a complex process. When Mike thinks about Hawaii, he pictures himself surfing, walking on sunny beaches, eating in his favorite Hawaiian restaurants; and these various thoughts incline him to choose Hawaii. But he also thinks about skiing, sitting by a fireplace after a long day on the slopes, and visiting with friends he knows in Colorado; and he leans toward Colorado. Back and forth he goes, until after a period of time considerations on one side outweigh the others and he finally chooses one option. (Unless, of course he is one of those indecisive types who finds it hard to make up his mind.)


Note that in the first stage our free thoughts appear to "come to mind"


In the course of such deliberations — which may sometimes take hours or days and may be interrupted by daily activities — new thoughts, memories or images can often come to mind that influence our deliberations. Mike may suddenly remember a lively nightclub he visited in Honolulu when he was last there — great music, great girls — and the idea of going back to this place gives him an added reason to favor Hawaii, a reason that hadn't previously entered his deliberation. Other images that flit through his mind may turn him against Hawaii. Imagining himself out on the beach all day, suddenly he remembers his doctor's warning about not getting too much sun if he wants to avoid skin cancer.

Now one could imagine that some of these various thoughts, memories, and imagined scenarios that come to mind during our deliberations are undetermined and arise by chance and that some of these "chance selected considerations" might make a difference in how we decide. If this were to happen in Mike's case, the course of his deliberation, hence his choice, would be undetermined and unpredictable. A Laplacian demon could not know in advance which way Mike would go, even if the demon knew all the facts about the universe prior to Mike's deliberation, for these facts would not determine the outcome. 


In the second stage, choices result from rational evaluations of the alternative possibilities that come in part by chance


Yet Mike would still have control over his choice in a certain sense. He could not control all the thoughts and
imagined scenarios that come to mind by chance. But he would be in control of how he reacted to those thoughts and imaginings once they did occur. And his choice of Hawaii in the end would be perfectly rational, not arbitrary, if the weight of all the considerations that did come to mind (some of them by chance) weighed in favor of Hawaii. In this way, choices could thus be controlled and rational even though indeterminism was involved in the deliberations leading up to them.

Causal indeterminism is a two-stage model, first "free" thoughts, then "willed" actions

	
A view of this kind is called causal indeterminism or event–causal libertarianism, for it allows that our thoughts, images, memories, beliefs, desires, and other reasons may be causes of our choices or actions without necessarily determining choices and actions; and yet this view does not postulate any extra kind of agent-causation either. Two philosophers who have suggested causal indeterminist views of this kind (without endorsing them), Daniel Dennett and Alfred Mele, argue that a view of this kind would give libertarians at least some of the important things they demand about free will. Such a view, for example, provides for an "open future," such as we think we have when we exercise free will. We would not have to think that our choices and the future direction of our lives had somehow been decided long before we were born. Nor would it be possible for behavioral engineers to completely control our behavior as in Walden Two or for Laplacian demons to know what we were going to do, if chance considerations might enter our deliberations.


It is unfortunate that Kane did not accept Dennett's ideas for "giving libertarians what they want." He might have reconciled many libertarians and compatibilists. Instead, Kane wants something more - an element of indeterminism in the decision itself, but (and this is unique to Kane) the indeterminism is not the proximate cause of the decision - so that our actions are not determined by our deliberations and evaluations of alternative possibilities, however much these are our own creations.

Yet, as Dennett and Mele also admit, a causal indeterminist view of this deliberative kind does not give us everything libertarians have wanted from free will. For Mike does not have complete control over what chance images and other thoughts enter his mind or influence his deliberation. They simply come as they please. Mike does have some control after the chance considerations have occurred.
The agent does have control over whether to continue the generation of new ideas that might "come to mind." Once deliberation is cut off, the action is adequately determined.

If the agent had complete control over chance events, they would not be random. The agent does control which chance events to consider.


	
But then there is no more chance involved. What happens from then on, how he reacts, is determined by desires and beliefs he already has. So it appears that he does not have control in the libertarian sense of what happens after the chance considerations occur as well. Libertarians require more than this for full responsibility and free will. What they would need for free will is for the agent to be able to control which of the chance events occur rather than merely reacting to them in a determined way once they have occurred.

Yet, as Mele points out, while this causal indeterminist view does not give us all the control and responsibility that libertarians have wanted, it does give us many of the things they crave about free will (an open future, a break in the causal order, etc.). And it is clearly a possible view. Perhaps it could be further developed to give us more; or perhaps this is as much as libertarians can hope for. 




Kane seems to want his freedom both ways. He wants the agent to "control which of the chance events occur" and he also wants chance to be involved at the decision stage to prevent its being "determined" - without chance being the cause of the decision. 

But the place for chance is in the first stage, where alternative possibilities are generated. And control is only needed in the second stage, where decisions and choices are made.


Nevertheless, Kane adds randomness to our choices to produce what he calls "dual (or plural) rational control" over our actions.


When we wonder about whether agents have freedom of will (rather than merely freedom of action), what interests us is not merely whether they could have done otherwise, even if the doing otherwise is undetermined, but whether they could have done otherwise voluntarily (or willingly), intentionally, and rationally. Or, more generally, we are interested in whether they could have acted in more than one way voluntarily, intentionally, and rationally, rather than only in one way voluntarily, and so on, and in other ways merely by accident or mistake, unintentionally or irrationally. 

Kane does accept that some of our thoughts "come to us" unbidden (undetermined) and that control, in the second stage, insures that our actions "come from us." Our willed actions "depend on us," as Aristotle required.


Kane has an illustrated version of the standard argument against free will. He describes the usual determinism and randomness objections (the two horns of the Libertarian Dilemma) as the ascent and descent of what he calls "Incompatibilism Mountain." (A Contemporary Introduction to Free Will, p.34)
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The ascent problem is to show free will is incompatible with determinism. The descent problem is to show that free will is compatible with indeterminism.  In earlier works Kane described ascent as "the compatibility question" and descent as "the intelligibility problem."


This is similar to what we do in a critical analysis of the standard argument against free will, in our two-stage model for free will, and in our requirements for free will. 


Free will is incompatible with strict causal determinism, but it actually requires an adequate determinism for moral responsibility. 


And free will is compatible with an indeterminism that generates alternative possibilitieswithout making chance the direct cause of actions.



In a recent work (Four Views on Free Will, 2007), Kane defends Libertarianism and 
again suggests that his occasional self-forming actions might involve a tension and uncertainty in our minds that stirs up a "chaos" which is sensitive to micro-indeterminacies at the neuronal level. 

All free acts do not have to be undetermined on the libertarian view, but only those acts by which we made ourselves into the kinds of persons we are, namely the "will-setting" or "self-forming actions" (SFAs) that are required for ultimate responsibility. 

Now I believe these undetermined self-forming actions or SFAs occur at those difficult times of life when we are torn between competing visions of what we should do or become. Perhaps we are torn between doing the moral thing or acting from ambition, or between powerful present desires and long-term goals, or we are faced with difficult tasks for which we have aversions. 
In all such cases, we are faced with competing motivations and have to make an effort to overcome temptation to do something else we also strongly want. There is tension and uncertainty in our minds about what to do at such times, I suggest, that is reflected in appropriate regions of our brains by movement away from thermodynamic equilibrium — in short, a kind of "stirring up of chaos" in the brain that makes it sensitive to micro-indeterminacies at the neuronal level. 


Kane's indeterminacy in the neural processes "stirring up of chaos" does screen the decision from determination by influence of the past, exactly as does randomness in the first stage of the two-stage model. But the final decision is then adequately determined by the agent's reasons, motives, desires.


The uncertainty and inner tension we feel at such soul-searching moments of self-formation is thus reflected in the indeterminacy of our neural processes themselves. What we experience internally as uncertainty about what to do on such occasions would then correspond physically to the opening of a window of opportunity that temporarily screens off complete determination by influences of the past.   

When we do decide under such conditions of uncertainty, the outcome would not be determined because of the preceding indeterminacy — and yet the outcome can be willed (and hence rational and voluntary) either way owing to the fact that in such self-formation, the agents' prior wills are divided by conflicting motives. 


Now let us add a further piece to the puzzle. Just as indeterminism need not undermine rationality and voluntariness of choices, so indeterminism in and of itself need not undermine control and responsibility. Suppose you are trying to think through a difficult problem, say a mathematical problem, and there is some indeterminacy in your neural processes complicating the task — a kind of chaotic background.   


Kane wants the agent's effort to overcome the distracting "micro-indeterminacies at the neuronal level".


It would be like trying to concentrate and solve a problem, say a mathematical problem, with background noise or distraction. Whether you are going to succeed in solving the problem is uncertain and undetermined because of the distracting neural noise. Yet, if you concentrate and solve the problem nonetheless, we have reason to say you did it and are responsible for it, even though it was undetermined whether you would succeed. The indeterministic noise would have been an obstacle that you overcame by your effort.  


Kane says that the indeterminism arising from a tension-creating conflict in the will


"would be reflected in appropriate regions of the brain by movement away from thermodynamic equilibrium. The result would be a stirring up of chaos in the neural networks involved. Chaos in physical systems is a phenomenon in which very small changes in initial conditions are magnified so that they lead to large and unpredictable changes in the subsequent behavior of a system.  

"Now determinists are quick to point out that chaos, or chaotic behavior, in physical systems, though unpredictable, is usually deterministic and does not itself imply genuine indeterminism in nature. But some scientists have suggested that a combination of chaos and quantum physics might provide the genuine indeterminism one needs. If the processing of the brain does "make chaos in order to make sense of the world" (as one recent research paper puts it), then the resulting chaos might magnify quantum indeterminacies in the firings of individual neurons so that they would have large-scale indeterministic effects on the activity of neural networks in the brain as a whole. If chaotic behavior were thus enhanced in these neural networks by tension-creating conflict in the will, the result would be some significant indeterminism in the cognitive processing of each of the competing neural networks."  


"'indeterminism' is a technical term that merely rules out deterministic causation, though not causation altogether. Indeterminism is consistent with nondeterministic or probabilistic causation, where the outcome is not inevitable. 


Events that are statistically caused are not uncaused, but they are a matter of chance.


It is therefore a mistake (in fact, one of the most common in debates about free will) to assume that "undetermined" means "uncaused" or "merely a matter of chance."  


Kane denies that such chance is the direct cause of actions

"If indeterminism is involved in a process so that its outcome is undetermined, one might argue that the outcome must merely happen and therefore cannot be somebody's choice. But there is no reason to assume such a claim is true. A choice is the formation of an intention or purpose to do something. It resolves uncertainty and indecision in the mind about what to do. 

Indeterminism in the deliberation preceding choice does not prevent the choice itself from being adequately determined - by the agent's efforts, as Kane says. 


Nothing in such a description implies that there could not be some indeterminism in the deliberation and neural processes of an agent preceding choice corresponding to the agent's prior uncertainty about what to do. Recall from the preceding arguments that the presence of indeterminism does not mean the outcome happened merely by chance and not by the agent's effort. Self-forming choices are undetermined, but not uncaused. They are caused by the agent's efforts.



This is Kane's main contribution to the free will debate. The agent's choice itself, the result of the agent's efforts to overcome indeterminism, is a new causal element. The agent's efforts are the cause of the choice. Indeterministic chance is not a causal factor, merely an ingredient in a complex process.

"In a similar fashion, the idea is not to think of the indeterminism involved in free choices as a cause acting on its own, but as an ingredient in a larger goal-directed or teleological process or activity.  


"What we need when we perform purposive activities, mental or physical, is rather macro-control of processes involving many neurons — complex processes that may succeed in achieving their goals despite the interfering effects of some recalcitrant neurons. We don't micro-manage our actions by controlling each individual neuron or muscle that might be involved. We don't know enough about neurology or physiology to do that; and it would be counterproductive to try. But that does not prevent us from macro-managing our purposive activities (whether they be mental activities such as practical reasoning, or physical activities, such as arm-swingings) and being responsible when those purposive activities attain their goals.


"In summary, I think the key to understanding the role of chance in free will is not to think of chance as a causal factor by itself, but rather to think of chance as an interfering ingredient in larger goal-directed processes. Viewing chance in this way is related to a peculiarly modern scientific way of understanding human agency that also his its roots in the ancient view of Aristotle. Agents, according to this modern conception with ancient roots, are to be conceived as information-responsive complex dynamical systems.  



Kane insightfully suggests that information theory may help understanding the problem of will. He proposes that the role of indeterminism is as an ingredient in the teleological process of will. But rather than making it the generator of possibilities and a creative force, Kane considers it a hindrance or obstacle to the attainment of the goal which raises the "level of effort." 



We should concede that indeterminism, wherever it occurs, does diminish control over what we are trying to do and is a hindrance or obstacle to the realization of our purposes.  


For Kane, indeterminism is not valued because it adds novelty and creativity, for example because "noise or static" in information transmission might garble messages that might be seen as potential new ideas (the parallel with Darwinian evolution is clear). He knows that the Cogito model considers indeterministic random noise (as Dennett considers deterministic pseudo-random noise) as a generator of alternative possibilities in a two-stage model. But Kane wants something more than freely generated alternative possibilities (AP), which are not enough for his notion of ultimate responsibility (UR). 


For Kane, the indeterministic noise is beneficial because it raises the level of effort needed for a moral decision. And the effort is itself the ultimate cause, not the particular reasons behind the specific choice in the "torn decision," although it is these reasons that makes the choice "rational." 


Kane addresses the implications of adding indeterministic chance, even as an ingredient in the decision itself. He knows that it threatens to make chance the cause of actions, to make the choice arbitrary (the standard compatibilist objection to any randomness).



"Let me conclude with one final objection to the account of free will presented here, which is perhaps the most telling and has not yet been discussed. Even if one granted that persons, such as the businesswoman, could make genuine self-forming choices that were undetermined, isn't there something to the charge that such choices would be arbitrary? A residual arbitrariness seems to remain in all self-forming choices since the agents cannot in principle have sufficient or conclusive prior reasons for making one option and one set of reasons prevail over the other. 

"There is some truth to this objection also, but again I think it is a truth that tells us something important about free will.


"Suppose we were to say to such persons: "But look, you didn't have sufficient or conclusive prior reasons for choosing as you did since you also had viable reasons for choosing the other way." They might reply. "True enough. But I did have good reasons for choosing as I did, which I'm willing to stand by and take responsibility for. If these reasons were not sufficient or conclusive reasons, that's because, like the heroine of the novel, I was not a fully formed person before I chose (and still am not, for that matter). Like the author of the novel, I am in the process of writing an unfinished story and forming an unfinished character who, in my case, is myself." 


Kane and the Cogito Model

Kane has found a way to avoid any determinism at all in some cases, not even determination by character and values, reasons and motives, feelings and desires, that I call self-determination (following Mortimer Adler). Compatibilists properly think that such self-determination is needed for moral responsibility.
 
Kane’s model is Self-Forming Actions (SFAs). He says the agent’s decision may not be determined by anything other than the agent’s choice, which can be rational (made for properly evaluated reasons), but nevertheless might have been otherwise and yet be equally rational.


This is because, in his character-forming cases, all the available alternative possibilities are equally determined by (consistent with) the agent's character and values, reasons and motives, feelings and desires. The agent is "torn" between these possibilities.   


As we have seen, Kane calls this “dual (or plural) rational control.” I believe that this may constitute an acceptable extension of my Cogito model, one that adds still more libertarian freedom. Let’s see how it works.


To find a way around the (adequately) determined second stage, without invoking metaphysical agent-causality, Kane adds event-causal randomness in the decision itself. Randolph Clarke calls such randomness “centered” in the decision, as opposed to chance located earlier in the “deliberative” stage (part of my first “free” stage where alternative possibilities are generated). 


Kane calls this The Indeterminist Condition:


“the agent should be able to act and act otherwise (choose different possible futures), given the same past circumstances and laws of nature.” 

 
Now in my Cogito model, the agent does have the capacity to “act otherwise” at the start of the first (“free”) stage of the two-stage model. The agent’s future is still “open” at this time. A decision is not determined by the “laws of nature” and the “fixed past,” as claimed by most contemporary compatibilists. This is because the agent can generate new possibilities during the deliberation stage.

But in the second (“will”) stage, the choice, and the act may now be adequately determined.  


Kane says that “something more” is needed beyond the alternative possibilities (AP) of my two-stage model for his model of libertarian freedom.


There are times, he says, when the deliberation and evaluation process is not at all simple and straightforward. The agent may be seriously conflicted, especially in difficult moral decisions, which Kane says define his Self-Forming Actions.


In such cases, the agent has developed excellent reasons for more than one option. This conflict requires extra effort on the part of the agent to make the decision, which Kane says may generate noise in the brain’s neural circuitry. This noise may make the decision random and indeterminate, although it selects from among options that are all defended by reasons (and thus may as a group be adequately determined by them?).


Kane deftly sidesteps the charge of critics who claim that the agent cannot be responsible for any decision involving randomness. In Kane’s model, the agent can claim responsibility, however the “torn” decision is made.

  
To summarize, my two-stage Cogito model provides for undetermined new ideas that are the source of human creativity. These are the alternative possibilities that are the reason the future is open. These alternative possibilities explain how the agent "can do otherwise" than it might appear the agent was required to do just before the first, “free” stage begins.


However, Kane is correct that the second, "will" stage in my two-stage model is normally adequately determined at the moment the last new possibility is generated.


In this case we have a decision that was not pre-determined before deliberations began, that possibly contains entirely new and original ideas, that was consistent with the agent's character, values, motives and desires, and that can be described as an act of self-determination.


This is not enough for Kane. To extend his model of libertarian free will into the second stage, Kane’s plural rational control adds indeterminism there.  In this case, even the decision is not determined until just after it has been made. (Although Kane adds indeterminism, it is not the proximate cause of the decision, the agent's decision itself is.)


Note the similarity to Kane’s criticism of the Frankfurt controller. The controller cannot know what the agent’s decision will be, because no information about the decision exists until it is actually made.

 
In my philosophy, no event is ever determined until new information about the event is encoded in the universe. 


But my Cogito model does not exclude decisions that are made at random, when the reason (the non-reason?) is that the agent has no good reasons to prefer one option over others. More importantly, the agent has equally good reasons for each option and thus can take responsibility for each.


I call these undetermined liberties, to distinguish them from the adequately determined decision or "de-liberation" that I now think is best called by the traditional name of  self-determination. But Kane wants to consider these undetermined liberties mere liberties of indifference.


Of course, language being as ambiguous as it is, we can say that the agent “deliberately” chose at random, chose to mentally "flip a coin." Or we can say that the decision to choose at random was adequately determined by the absence of reasons to choose one particular alternative possibility. This is the ancient liberty of indifference, but with the addition of the good reasons that allow the agent to take full moral responsibility for the "random" action. 


But this is to play the language game that has so far prevented us from making real progress in solving the problem of free will.


So let’s continue to focus on what Kane is trying to achieve with his Self-Forming Actions (SFAs) and his Ultimate Responsibility (UR), which he says requires “something more” than the mere alternative possibilities (APs) that are provided by my Cogito model of free will.


Kane’s Self-Forming Actions

Kane’s Self-Forming Action (SFA) locates randomness (true quantum indeterminacy) in the “torn decision” of an agent between multiple possible actions, each of which has excellent justifying reasons that allows the agent to take full moral responsibility for the choice, however the decision comes out. He calls this “plural rational control.” 

Critics (of any decision that involves indeterminism) say that the agent has given up control, and consequently cannot be responsible. But Kane cleverly argues for exactly balanced and valid reasons for each action. There appears to be a kind of liberty of indifference about the decision, although Kane dislikes this connection.  As I see it, Kane’s SFAs should be examples of my undetermined liberties.


But Kane disagrees, saying that my undetermined liberties are precisely liberties of indifference, which he rejects. He adds "something more" that results from increased efforts on the part of the agent needed to overcome tension caused by a rising indeterministic "noise" in the brain's neural circuitry.



"'indeterminism' is a technical term that merely rules out deterministic causation, though not causation altogether. Indeterminism is consistent with nondeterministic or probabilistic causation, where the outcome is not inevitable. It is therefore a mistake (in fact, one of the most common in debates about free will) to assume that "undetermined" means "uncaused" or "merely a matter of chance."

"If indeterminism is involved in a process so that its outcome is undetermined, one might argue that the outcome must merely happen and therefore cannot be somebody's choice. But there is no reason to assume such a claim is true. A choice is the formation of an intention or purpose to do something. It resolves uncertainty and indecision in the mind about what to do. Nothing in such a description implies that there could not be some indeterminism in the deliberation and neural processes of an agent preceding choice corresponding to the agent's prior uncertainty about what to do. Recall from the preceding arguments that the presence of indeterminism does not mean the outcome happened merely by chance and not by the agent's effort. Self-forming choices are undetermined, but not uncaused. They are caused by the agent's efforts."



Kane says that if there was any imbalance in favor of one of the options, that would “determine” the decision. This would just be the standard two-stage model of Dennett, Doyle, and Mele, which Kane thinks is inadequate, especially for a moral decision that would qualify for him as a Self-Forming Action.


But why aren't the agent's efforts, the true cause of Kane's Self-Forming Action, effectively producing such an imbalance in the otherwise perfectly balanced "torn decision?" 

 
Kane distinguishes between moral decisions, prudential decisions (where strong personal interests are involved), and merely practical decisions. He says that he accepts the two-stage model as sufficient for practical reasoning. But he argues that it is insufficient to establish the “ultimate responsibility” (UR) needed for moral and prudential decisions.


Kane’s Businesswoman Example


Kane’s best-known case of an SFA is the busineswoman on the way to an important meeting when she witnesses an attack on a victim in an alley. She has to decide whether to stop and aid the victim (deontological moral choice) or continue on to her meeting (self-interest). 

But now consider what my Cogito model offers her. Confronted with the uncertainty that Kane describes as part of his "torn decision," she could simply go back and generate more alternative possibilities in the first stage of my model. This indeed might be included in what Kane describes as the agent's extra efforts?


She might think to get out her cell phone and call 911 for an ambulance to help the victim (more real assistance than she can provide herself).


Or an external random event might occur. She sees another passerby and asks him to aid the victim.


I don’t mean to dismiss Kane’s example, which he means to restrict to the “torn” moral decisions he claims are the only truly free SFAs. But my variation on his example nicely puts the emphasis on the origination and creativity in my model of free will. 


Kane in Barcelona


Kane and I were invited in October 2010 to an “Experts Meeting” in Barcelona, Spain at the Social Trends Institute (STI). The question debated was “Is Science Compatible with Our Desire for Freedom?” The meeting was organized by Antoine Suarez of The Center for Quantum Philosophy in Geneva.

Also invited was Alfred Mele, who directs the Big Questions in Free Will project at Florida State University, and Martin Heisenberg, the neurogeneticist and son of Werner Heisenberg, the founder of quantum mechanics.


There were animated exchanges between all of us. The proceedings were videotaped and are available on the STI website. I edited the discussion between Mele, Kane, myself, and remarks by Heisenberg.


In Kane’s presentation, he said of the current situation,


“As Bob Doyle also notes in his conference paper, my own first efforts at dealing with this problem in the 1970s was to formulate a two-stage model very much like the one he nicely presents in his paper. I thought from the beginning that a two-stage model must be a part of the solution to the free will problem. But I also believed that it could not be the complete solution. Hence I did not publish anything about it in the 1970s and was surprised to see that Daniel Dennett had come up with a similar idea in a 1978 paper. He also believed a two-stage model was not all that libertarians wanted, but thought it at least provided some of what they wanted, as did Al Mele who also later formulated such a view. I believe Dennett and Mele were correct in thinking the two-stage model could not be all of what libertarians wanted; and hence, while I made the two-stage model part of my own theory in my first book on free will in 1985, it was only a part of the theory and I also tried to go beyond it.
 
“I am even more convinced today through the work of Martin Heisenberg as well as these others just mentioned and at this conference that not only is the two-stage model an important part of any adequate theory of free will, but that it is also an important, indeed a crucial, step in the evolution of human free will. The ability to randomize in lower organisms affords them flexibility and creativity as it does for humans. But I believe, as I did in the 70s, that a number of other steps are needed to get from this first crucial evolutionary step to the full evolution of free will in human beings, and that the two-stage model must be folded into a larger picture.” 



I am hopeful that Kane and I will come to agree that our combined efforts can strengthen the philosophical and scientific arguments for libertarian free will. These arguments are commonly dismissed by the compatibilist majority of philosophers as "unintelligible" and "incoherent." These are words that Kane has used to describe his own best efforts so far. In his standard lecture on his life's work (video at the top of this page), Kane cites P.F. Strawson's comment on "the obscure and panicky metaphysics of libertarianism." 

Kane says "if you were a libertarian about free will—believing in a free will that is incompatible with determinism—you must (in order to make sense of such a free will) inevitably appeal to uncaused causes, immaterial minds, noumenal selves, non-event agent causes, prime movers unmoved, or other examples of what P. F. Strawson called the “panicky metaphysics” of libertarianism".

Information philosophy (and physics) demonstrates the existence of all these phenomena.

Kane recently communicated his concerns about descriptions of his position on this webpage:


You describe my self forming actions in such a way on your website and elsewhere that readers will assume they are merely random selections like coin flips and that they are examples of a liberty of indifference. But I have taken pains to make clear in many writings the differences between my self forming actions and merely random coin flip choices or examples of liberty of indifference. They are not merely random and coin flip choices because in random coin flip choices, the agent merely *waits to see* which way the coin flip comes out and then makes one choice or the other depending on how the coin flip came out. Whereas in my self forming choices, the agent doesn't merely wait to see how some random events come out. Rather the agent actively *makes* or *brings it about that* one of the choices occurs *rather than* the other choice by making an active effort to do so and succeeding in that effort. And this is true which ever of the choices is made. 

If you had to find an analogy for this in terms of coin flipping, it would amount to the agents not only flipping the coin and waiting to see what came up and choosing accordingly, but actually making one side come up rather than the other by making an effort to do so and succeeding. And this of course would make no sense in terms of coin flipping. It would be magical. But what that shows is that the coin flipping analogy is inappropriate for self forming actions. For I have shown that it does make sense in the context of self forming actions to say that the agent makes or brings it about that one of the choices occurs rather than the other by making an active effort to bring about that choice rather than the other, whichever choice is made. Moreover, the agent *makes* that particular choice for the reasons that favor that choice over the other one, hence not merely randomly or arbitrarily. It's difficult to believe how this could be if the choices are undetermined. But I believe I have shown how it could be.






A Fourth Way Forward


In 2021, Kane explained that the "event-causal" (EC) view of free will, while identified with his early works, had never been the fundamental idea underlying his concept of "self forming actions" (SFAs). He writes...

What have since come to be called event-causal (EC) views were not yet on the horizon in those days when I began...
All libertarian views with such goals thereafter came to be designated “event-causal” (EC) libertarian views to distinguish them from traditional noncausal (NC) and agent-causal (AC) views. And since my view was one of the first of this new kind, it was often identified and discussed as a prime example of such an “event-causal” (EC) view. Yet I was never happy with this designation and did not use it myself in earlier writings, including The Significance of Free Will (1996)...
I now think it necessary to go one step further and repudiate the simple designation “event-causal” altogether for my view because of its misleading implications....


I have come to believe that to avoid numerous potential misunderstandings in current debates about free will, we should distinguish at least four different kinds of libertarian theories, not merely three: to non-causal (NC), agent-causal (AC), and event-causal (EC) theories, we need to add a fourth kind, which might be called an agent-causal/event-causal (AC/EC) theory. My view has always been of this fourth kind. It differs from noncausal (NC) views in not requiring that basic libertarian free actions be uncaused. It differs from event-causal (EC) views in rejecting claims that libertarian free actions can be adequately explained merely by claiming they are indeterministically caused in appropriate ways by beliefs, desires, intentions, and other mental states of agents.




Kane describes his new agent/causal (AC/EC) theory 


it is precisely because agents have the power to make such choices and the power to do otherwise, voluntarily, intentionally, and rationally either way, as this AC/EC view requires, that makes it possible for such choices to be will-setting rather than will-settled. Will-settled choices are those in which the agent’s will is already settled on making one choice rather than the other by prior reasons before the choice is made. Will-setting choices by contrast are those in which the agent’s will is set in one way rather than another only at the moment when one choice rather than another is made and not before. The power to make such will-setting choices at some points in our lives is what makes it possible for us to be makers or creators to some degree of our own wills rather than to be always acting from wills already formed. 


Kane emphasizes that agent choices made in his new theory are not determined by past events, but are the agent opting for a new possible path, based on one of the indeterministic events in the past, whether in the external world of experiences or "minute quantum indeterminacies occurred at the neural or synaptic levels of the brain" (p.7), 


“every undetermined self-forming choice is the initiation of a novel pathway into the future, whose justification lies partly in that future and is not fully explained by the past.” In making such a choice it is appropriate to say, “I am opting for this pathway. It is not required by my past reasons, but is consistent with my past reasons and is one branching pathway my life may now meaningfully take.”


This view is completely consistent with the two-stage model of free will that Kane and many other philosophers and scientists have suggested. In the first stage alternative possibilities appear indeterministically. In the second stage, the agent deliberates and makes a choice that is adequately determined by those deliberations, not the consequence of chance events during the deliberations.
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Aeneadum genetrix, hominum divomque voluptas,

 alma Venus, caeli subter labentia signa

 quae mare navigerum, quae terras frugiferentis

 concelebras, per te quoniam genus omne animantum

 concipitur visitque exortum lumina solis:5

 te, dea, te fugiunt venti, te nubila caeli


 adventumque tuum, tibi suavis daedala tellus

 summittit flores, tibi rident aequora ponti

 placatumque nitet diffuso lumine caelum.

 nam simul ac species patefactast verna diei10

 et reserata viget genitabilis aura favoni,

 aeriae primum volucris te, diva, tuumque


 significant initum perculsae corda tua vi.

 inde ferae pecudes persultant pabula laeta

 et rapidos tranant amnis: ita capta lepore15

 te sequitur cupide quo quamque inducere pergis.

 denique per maria ac montis fluviosque rapacis


 frondiferasque domos avium camposque virentis

 omnibus incutiens blandum per pectora amorem

 efficis ut cupide generatim saecla propagent.20

 quae quoniam rerum naturam sola gubernas

 nec sine te quicquam dias in luminis oras

 exoritur neque fit laetum neque amabile quicquam,


 te sociam studeo scribendis versibus esse,

 quos ego de rerum natura pangere conor25

 Memmiadae nostro, quem tu, dea, tempore in omni

 omnibus ornatum voluisti excellere rebus.

 quo magis aeternum da dictis, diva, leporem.

 effice ut interea fera moenera militiai


 per maria ac terras omnis sopita quiescant;30

 nam tu sola potes tranquilla pace iuvare

 mortalis, quoniam belli fera moenera Mavors

 armipotens regit, in gremium qui saepe tuum se

 reiicit aeterno devictus vulnere amoris,

 atque ita suspiciens tereti cervice reposta35


 pascit amore avidos inhians in te, dea, visus

 eque tuo pendet resupini spiritus ore.

 hunc tu, diva, tuo recubantem corpore sancto

 circum fusa super, suavis ex ore loquellas

 funde petens placidam Romanis, incluta, pacem;40

 nam neque nos agere hoc patriai tempore iniquo


 possumus aequo animo nec Memmi clara propago

 talibus in rebus communi desse saluti.

 omnis enim per se divum natura necessest

 immortali aevo summa cum pace fruatur45

 semota ab nostris rebus seiunctaque longe;

 nam privata dolore omni, privata periclis,


 ipsa suis pollens opibus, nihil indiga nostri,

 nec bene promeritis capitur nec tangitur ira.

 
Quod superest, vacuas auris animumque sagacem

semotum a curis adhibe veram ad rationern, 51

ne mea Bona tibi studio disposta fideli,

intellecta Arius quam sint, contempta relinquas.

nam tibi de summa caeli ratione deumque

disserere incipiam, et rerum primordia pandam, 55

unde omnis natura creet res auctet alatque

quove eadem rursum natura perempta resolvat,

quae nos materiem et genitalia corpora rebus

reddunda in ratione vocare et semina rerum

appellare stinaus et haec eadem usurpare	60

corpora prima, quod ex illis sunt omnia primis.

Humana ante oculos foede cum vita iaceret62

 in terris oppressa gravi sub religione,

 quae caput a caeli regionibus ostendebat

 horribili super aspectu mortalibus instans,65


 primum Graius homo mortalis tollere contra

 est oculos ausus primusque obsistere contra;

 quem neque fama deum nec fulmina nec minitanti

 murmure compressit caelum, sed eo magis acrem

 inritat animi virtutem, effringere ut arta70

 naturae primus portarum claustra cupiret.


 ergo vivida vis animi pervicit et extra

 processit longe flammantia moenia mundi

 atque omne immensum peragravit mente animoque,

 unde refert nobis victor quid possit oriri,75

 quid nequeat, finita potestas denique cuique

 qua nam sit ratione atque alte terminus haerens.


 quare religio pedibus subiecta vicissim

 opteritur, nos exaequat victoria caelo.

Illud in his rebus vereor, ne forte rearis80

 impia te rationis inire elementa viamque

 indugredi sceleris. quod contra saepius illa

 religio peperit scelerosa atque impia facta.


 Aulide quo pacto Triviai virginis aram

 Iphianassai turparunt sanguine foede85

 ductores Danaum delecti, prima virorum.

 cui simul infula virgineos circum data comptus

 ex utraque pari malarum parte profusast,

 et maestum simul ante aras adstare parentem


 sensit et hunc propter ferrum celare ministros90

 aspectuque suo lacrimas effundere civis,

 muta metu terram genibus summissa petebat.

 nec miserae prodesse in tali tempore quibat,

 quod patrio princeps donarat nomine regem;

 nam sublata virum manibus tremibundaque ad aras95


 deductast, non ut sollemni more sacrorum

 perfecto posset claro comitari Hymenaeo,

 sed casta inceste nubendi tempore in ipso

 hostia concideret mactatu maesta parentis,

 exitus ut classi felix faustusque daretur.100

 tantum religio potuit suadere malorum.

Tutemet a nobis iam quovis tempore vatum

 terriloquis victus dictis desciscere quaeres.

 quippe etenim quam multa tibi iam fingere possunt

 somnia, quae vitae rationes vertere possint105

 fortunasque tuas omnis turbare timore!

 et merito; nam si certam finem esse viderent


 aerumnarum homines, aliqua ratione valerent

 religionibus atque minis obsistere vatum.

 nunc ratio nulla est restandi, nulla facultas,110

 aeternas quoniam poenas in morte timendum.

 ignoratur enim quae sit natura animai,

 nata sit an contra nascentibus insinuetur


 et simul intereat nobiscum morte dirempta

 an tenebras Orci visat vastasque lacunas115

 an pecudes alias divinitus insinuet se,

 Ennius ut noster cecinit, qui primus amoeno

 detulit ex Helicone perenni fronde coronam,

 per gentis Italas hominum quae clara clueret;


 etsi praeterea tamen esse Acherusia templa120

 Ennius aeternis exponit versibus edens,

 quo neque permaneant animae neque corpora nostra,

 sed quaedam simulacra modis pallentia miris;

 unde sibi exortam semper florentis Homeri

 commemorat speciem lacrimas effundere salsas125


 coepisse et rerum naturam expandere dictis.

 qua propter bene cum superis de rebus habenda

 nobis est ratio, solis lunaeque meatus

 qua fiant ratione, et qua vi quaeque gerantur

 in terris, tunc cum primis ratione sagaci130

 unde anima atque animi constet natura videndum,


 et quae res nobis vigilantibus obvia mentes

 terrificet morbo adfectis somnoque sepultis,

 cernere uti videamur eos audireque coram,

 morte obita quorum tellus amplectitur ossa.135

Quod super est, vacuas auris animumque sagacem50

 semotum a curis adhibe veram ad rationem,


 ne mea dona tibi studio disposta fideli,

 intellecta prius quam sint, contempta relinquas.

 nam tibi de summa caeli ratione deumque

 disserere incipiam et rerum primordia pandam,55

 unde omnis natura creet res, auctet alatque,

 quove eadem rursum natura perempta resolvat,


 quae nos materiem et genitalia corpora rebus

 reddunda in ratione vocare et semina rerum

 appellare suemus et haec eadem usurpare60

 corpora prima, quod ex illis sunt omnia primis.

Nec me animi fallit Graiorum obscura reperta136

 difficile inlustrare Latinis versibus esse,


 multa novis verbis praesertim cum sit agendum

 propter egestatem linguae et rerum novitatem;

 sed tua me virtus tamen et sperata voluptas140

 suavis amicitiae quemvis efferre laborem

 suadet et inducit noctes vigilare serenas

 quaerentem dictis quibus et quo carmine demum


 clara tuae possim praepandere lumina menti,

 res quibus occultas penitus convisere possis.145

 hunc igitur terrorem animi tenebrasque necessest

 non radii solis neque lucida tela diei

 discutiant, sed naturae species ratioque.

Principium cuius hinc nobis exordia sumet,


 nullam rem e nihilo gigni divinitus umquam.150

 quippe ita formido mortalis continet omnis,

 quod multa in terris fieri caeloque tuentur,

 quorum operum causas nulla ratione videre

 possunt ac fieri divino numine rentur.

 quas ob res ubi viderimus nil posse creari156


 de nihilo, tum quod sequimur iam rectius inde

 perspiciemus, et unde queat res quaeque creari

 et quo quaeque modo fiant opera sine divom.155

Nam si de nihilo fierent, ex omnibus rebus159

 omne genus nasci posset, nil semine egeret.

 e mare primum homines, e terra posset oriri


 squamigerum genus et volucres erumpere caelo;

 armenta atque aliae pecudes, genus omne ferarum,

 incerto partu culta ac deserta tenerent.

 nec fructus idem arboribus constare solerent,165

 sed mutarentur, ferre omnes omnia possent.

 quippe ubi non essent genitalia corpora cuique,


 qui posset mater rebus consistere certa?

 at nunc seminibus quia certis quaeque creantur,

 inde enascitur atque oras in luminis exit,170

 materies ubi inest cuiusque et corpora prima;

 atque hac re nequeunt ex omnibus omnia gigni,

 quod certis in rebus inest secreta facultas.

Praeterea cur vere rosam, frumenta calore,

 vites autumno fundi suadente videmus,175

 si non, certa suo quia tempore semina rerum

 cum confluxerunt, patefit quod cumque creatur,

 dum tempestates adsunt et vivida tellus

 tuto res teneras effert in luminis oras?


 quod si de nihilo fierent, subito exorerentur180

 incerto spatio atque alienis partibus anni,

 quippe ubi nulla forent primordia, quae genitali

 concilio possent arceri tempore iniquo.

Nec porro augendis rebus spatio foret usus

 seminis ad coitum, si e nilo crescere possent;185


 nam fierent iuvenes subito ex infantibus parvis

 e terraque exorta repente arbusta salirent.

 quorum nil fieri manifestum est, omnia quando

 paulatim crescunt, ut par est semine certo,

 crescentesque genus servant; ut noscere possis190

 quicque sua de materia grandescere alique.

Huc accedit uti sine certis imbribus anni

 laetificos nequeat fetus submittere tellus

 nec porro secreta cibo natura animantum

 propagare genus possit vitamque tueri;195

 ut potius multis communia corpora rebus

 multa putes esse, ut verbis elementa videmus,


 quam sine principiis ullam rem existere posse.

Denique cur homines tantos natura parare

 non potuit, pedibus qui pontum per vada possent200

 transire et magnos manibus divellere montis

 multaque vivendo vitalia vincere saecla,

 si non, materies quia rebus reddita certast


 gignundis, e qua constat quid possit oriri?

 nil igitur fieri de nilo posse fatendumst,205

 semine quando opus est rebus, quo quaeque creatae

 aeris in teneras possint proferrier auras.

Postremo quoniam incultis praestare videmus

 culta loca et manibus melioris reddere fetus,


 esse videlicet in terris primordia rerum210

 quae nos fecundas vertentes vomere glebas

 terraique solum subigentes cimus ad ortus;

 quod si nulla forent, nostro sine quaeque labore

 sponte sua multo fieri meliora videres.

Huc accedit uti quicque in sua corpora rursum215


 dissoluat natura neque ad nihilum interemat res.

 nam siquid mortale e cunctis partibus esset,

 ex oculis res quaeque repente erepta periret;

 nulla vi foret usus enim, quae partibus eius

 discidium parere et nexus exsolvere posset.220

 quod nunc, aeterno quia constant semine quaeque,


 donec vis obiit, quae res diverberet ictu

 aut intus penetret per inania dissoluatque,

 nullius exitium patitur natura videri.

Praeterea quae cumque vetustate amovet aetas,225

 si penitus peremit consumens materiem omnem,

 unde animale genus generatim in lumina vitae


 redducit Venus, aut redductum daedala tellus

 unde alit atque auget generatim pabula praebens?

 unde mare ingenuei fontes externaque longe230

 flumina suppeditant? unde aether sidera pascit?

 omnia enim debet, mortali corpore quae sunt,

 infinita aetas consumpse ante acta diesque.


 quod si in eo spatio atque ante acta aetate fuere

 e quibus haec rerum consistit summa refecta,235

 inmortali sunt natura praedita certe.

 haud igitur possunt ad nilum quaeque reverti.

Denique res omnis eadem vis causaque volgo

 conficeret, nisi materies aeterna teneret,


 inter se nexus minus aut magis indupedita;240

 tactus enim leti satis esset causa profecto,

 quippe ubi nulla forent aeterno corpore, quorum

 contextum vis deberet dissolvere quaeque.

 at nunc, inter se quia nexus principiorum

 dissimiles constant aeternaque materies est,245


 incolumi remanent res corpore, dum satis acris

 vis obeat pro textura cuiusque reperta.

 haud igitur redit ad nihilum res ulla, sed omnes

 discidio redeunt in corpora materiai.

 postremo pereunt imbres, ubi eos pater aether250

 in gremium matris terrai praecipitavit;


 at nitidae surgunt fruges ramique virescunt

 arboribus, crescunt ipsae fetuque gravantur.

 hinc alitur porro nostrum genus atque ferarum,

 hinc laetas urbes pueris florere videmus255

 frondiferasque novis avibus canere undique silvas,

 hinc fessae pecudes pinguis per pabula laeta


 corpora deponunt et candens lacteus umor

 uberibus manat distentis, hinc nova proles

 artubus infirmis teneras lasciva per herbas260

 ludit lacte mero mentes perculsa novellas.

 haud igitur penitus pereunt quaecumque videntur,

 quando alit ex alio reficit natura nec ullam


 rem gigni patitur nisi morte adiuta aliena.

Nunc age, res quoniam docui non posse creari265

 de nihilo neque item genitas ad nil revocari,

 ne qua forte tamen coeptes diffidere dictis,

 quod nequeunt oculis rerum primordia cerni,

 accipe praeterea quae corpora tute necessest


 confiteare esse in rebus nec posse videri.270

Principio venti vis verberat incita corpus

 ingentisque ruit navis et nubila differt,

 inter dum rapido percurrens turbine campos

 arboribus magnis sternit montisque supremos

 silvifragis vexat flabris: ita perfurit acri275


 cum fremitu saevitque minaci murmure pontus.

 sunt igitur venti ni mirum corpora caeca,

 quae mare, quae terras, quae denique nubila caeli

 verrunt ac subito vexantia turbine raptant,

 nec ratione fluunt alia stragemque propagant280

 et cum mollis aquae fertur natura repente


 flumine abundanti, quam largis imbribus auget

 montibus ex altis magnus decursus aquai

 fragmina coniciens silvarum arbustaque tota,

 nec validi possunt pontes venientis aquai285

 vim subitam tolerare: ita magno turbidus imbri

 molibus incurrit validis cum viribus amnis,


 dat sonitu magno stragem volvitque sub undis

 grandia saxa, ruit qua quidquid fluctibus obstat.

 sic igitur debent venti quoque flamina ferri,290

 quae vel uti validum cum flumen procubuere

 quam libet in partem, trudunt res ante ruuntque

 impetibus crebris, inter dum vertice torto


 corripiunt rapidique rotanti turbine portant.

 quare etiam atque etiam sunt venti corpora caeca,295

 quandoquidem factis et moribus aemula magnis

 amnibus inveniuntur, aperto corpore qui sunt.

Tum porro varios rerum sentimus odores

 nec tamen ad naris venientis cernimus umquam


 nec calidos aestus tuimur nec frigora quimus300

 usurpare oculis nec voces cernere suemus;

 quae tamen omnia corporea constare necessest

 natura, quoniam sensus inpellere possunt;

 tangere enim et tangi, nisi corpus, nulla potest res.

Denique fluctifrago suspensae in litore vestis305


 uvescunt, eaedem dispansae in sole serescunt.

 at neque quo pacto persederit umor aquai

 visumst nec rursum quo pacto fugerit aestu.

 in parvas igitur partis dispergitur umor,

 quas oculi nulla possunt ratione videre.310

 quin etiam multis solis redeuntibus annis


 anulus in digito subter tenuatur habendo,

 stilicidi casus lapidem cavat, uncus aratri

 ferreus occulte decrescit vomer in arvis,

 strataque iam volgi pedibus detrita viarum315

 saxea conspicimus; tum portas propter aena

 signa manus dextras ostendunt adtenuari


 saepe salutantum tactu praeterque meantum.

 haec igitur minui, cum sint detrita, videmus.

 sed quae corpora decedant in tempore quoque,320

 invida praeclusit speciem natura videndi.

Postremo quae cumque dies naturaque rebus

 paulatim tribuit moderatim crescere cogens,


 nulla potest oculorum acies contenta tueri,

 nec porro quae cumque aevo macieque senescunt,325

 nec, mare quae impendent, vesco sale saxa peresa

 quid quoque amittant in tempore cernere possis.

 corporibus caecis igitur natura gerit res.

Nec tamen undique corporea stipata tenentur


 omnia natura; namque est in rebus inane.330

 quod tibi cognosse in multis erit utile rebus

 nec sinet errantem dubitare et quaerere semper

 de summa rerum et nostris diffidere dictis.

 qua propter locus est intactus inane vacansque.

 quod si non esset, nulla ratione moveri335


 res possent; namque officium quod corporis exstat,

 officere atque obstare, id in omni tempore adesset

 omnibus; haud igitur quicquam procedere posset,

 principium quoniam cedendi nulla daret res.

 at nunc per maria ac terras sublimaque caeli340

 multa modis multis varia ratione moveri


 cernimus ante oculos, quae, si non esset inane,

 non tam sollicito motu privata carerent

 quam genita omnino nulla ratione fuissent,

 undique materies quoniam stipata quiesset.345

Praeterea quamvis solidae res esse putentur,

 hinc tamen esse licet raro cum corpore cernas.


 in saxis ac speluncis permanat aquarum

 liquidus umor et uberibus flent omnia guttis.

 dissipat in corpus sese cibus omne animantum;350

 crescunt arbusta et fetus in tempore fundunt,

 quod cibus in totas usque ab radicibus imis

 per truncos ac per ramos diffunditur omnis.


 inter saepta meant voces et clausa domorum

 transvolitant, rigidum permanat frigus ad ossa.355

 quod nisi inania sint, qua possent corpora quaeque

 transire, haud ulla fieri ratione videres.

Denique cur alias aliis praestare videmus

 pondere res rebus nihilo maiore figura?


 nam si tantundemst in lanae glomere quantum360

 corporis in plumbo est, tantundem pendere par est,

 corporis officiumst quoniam premere omnia deorsum,

 contra autem natura manet sine pondere inanis.

 ergo quod magnumst aeque leviusque videtur,

 ni mirum plus esse sibi declarat inanis;365


 at contra gravius plus in se corporis esse

 dedicat et multo vacui minus intus habere.

 est igitur ni mirum id quod ratione sagaci

 quaerimus, admixtum rebus, quod inane vocamus.

Illud in his rebus ne te deducere vero370

 possit, quod quidam fingunt, praecurrere cogor.


 cedere squamigeris latices nitentibus aiunt

 et liquidas aperire vias, quia post loca pisces

 linquant, quo possint cedentes confluere undae;

 sic alias quoque res inter se posse moveri375

 et mutare locum, quamvis sint omnia plena.

 scilicet id falsa totum ratione receptumst.


 nam quo squamigeri poterunt procedere tandem,

 ni spatium dederint latices? concedere porro

 quo poterunt undae, cum pisces ire nequibunt?380

 aut igitur motu privandumst corpora quaeque

 aut esse admixtum dicundumst rebus inane,

 unde initum primum capiat res quaeque movendi.

Postremo duo de concursu corpora lata

 si cita dissiliant, nempe aer omne necessest,385

 inter corpora quod fiat, possidat inane.

 is porro quamvis circum celerantibus auris

 confluat, haud poterit tamen uno tempore totum

 compleri spatium; nam primum quemque necessest


 occupet ille locum, deinde omnia possideantur.390

 quod si forte aliquis, cum corpora dissiluere,

 tum putat id fieri quia se condenseat aer,

 errat; nam vacuum tum fit quod non fuit ante

 et repletur item vacuum quod constitit ante,

 nec tali ratione potest denserier aer395


 nec, si iam posset, sine inani posset, opinor,

 ipse in se trahere et partis conducere in unum.

Qua propter, quamvis causando multa moreris,

 esse in rebus inane tamen fateare necessest.

 multaque praeterea tibi possum commemorando400

 argumenta fidem dictis conradere nostris.


 verum animo satis haec vestigia parva sagaci

 sunt, per quae possis cognoscere cetera tute.

 namque canes ut montivagae persaepe ferai

 naribus inveniunt intectas fronde quietes,405

 cum semel institerunt vestigia certa viai,

 sic alid ex alio per te tute ipse videre


 talibus in rebus poteris caecasque latebras

 insinuare omnis et verum protrahere inde.

 quod si pigraris paulumve recesseris ab re,410

 hoc tibi de plano possum promittere, Memmi:

 usque adeo largos haustus e fontibus magnis

 lingua meo suavis diti de pectore fundet,


 ut verear ne tarda prius per membra senectus

 serpat et in nobis vitai claustra resolvat,415

 quam tibi de quavis una re versibus omnis

 argumentorum sit copia missa per auris.

Sed nunc ut repetam coeptum pertexere dictis,

 omnis ut est igitur per se natura duabus


 constitit in rebus; nam corpora sunt et inane,420

 haec in quo sita sunt et qua diversa moventur.

 corpus enim per se communis dedicat esse

 sensus; cui nisi prima fides fundata valebit,

 haut erit occultis de rebus quo referentes

 confirmare animi quicquam ratione queamus.425


 tum porro locus ac spatium, quod inane vocamus,

 si nullum foret, haut usquam sita corpora possent

 esse neque omnino quoquam diversa meare;

 id quod iam supera tibi paulo ostendimus ante.

 praeterea nihil est quod possis dicere ab omni430

 corpore seiunctum secretumque esse ab inani,


 quod quasi tertia sit numero natura reperta.

 nam quod cumque erit, esse aliquid debebit id ipsum

 augmine vel grandi vel parvo denique, dum sit;

 cui si tactus erit quamvis levis exiguusque,435

 corporis augebit numerum summamque sequetur;

 sin intactile erit, nulla de parte quod ullam


 rem prohibere queat per se transire meantem,

 scilicet hoc id erit, vacuum quod inane vocamus.

Praeterea per se quod cumque erit, aut faciet quid440

 aut aliis fungi debebit agentibus ipsum

 aut erit ut possint in eo res esse gerique.

 at facere et fungi sine corpore nulla potest res


 nec praebere locum porro nisi inane vacansque.

 ergo praeter inane et corpora tertia per se445

 nulla potest rerum in numero natura relinqui,

 nec quae sub sensus cadat ullo tempore nostros

 nec ratione animi quam quisquam possit apisci.

Nam quae cumque cluent, aut his coniuncta duabus


 rebus ea invenies aut horum eventa videbis.450

 coniunctum est id quod nusquam sine permitiali

 discidio potis est seiungi seque gregari,

 pondus uti saxis, calor ignis, liquor aquai,

 tactus corporibus cunctis, intactus inani.

 servitium contra paupertas divitiaeque,455


 libertas bellum concordia cetera quorum

 adventu manet incolumis natura abituque,

 haec soliti sumus, ut par est, eventa vocare.

 tempus item per se non est, sed rebus ab ipsis

 consequitur sensus, transactum quid sit in aevo,460

 tum quae res instet, quid porro deinde sequatur;


 nec per se quemquam tempus sentire fatendumst

 semotum ab rerum motu placidaque quiete.

 denique Tyndaridem raptam belloque subactas

 Troiiugenas gentis cum dicunt esse, videndumst465

 ne forte haec per se cogant nos esse fateri,

 quando ea saecla hominum, quorum haec eventa fuerunt,


 inrevocabilis abstulerit iam praeterita aetas;

 namque aliud terris, aliud regionibus ipsis

 eventum dici poterit quod cumque erit actum. 470

 denique materies si rerum nulla fuisset

 nec locus ac spatium, res in quo quaeque geruntur,


 numquam Tyndaridis forma conflatus amore

 ignis Alexandri Phrygio sub pectore gliscens

 clara accendisset saevi certamina belli475

 nec clam durateus Troiianis Pergama partu

 inflammasset equos nocturno Graiiugenarum;

 perspicere ut possis res gestas funditus omnis


 non ita uti corpus per se constare neque esse

 nec ratione cluere eadem qua constet inane,480

 sed magis ut merito possis eventa vocare

 corporis atque loci, res in quo quaeque gerantur.

Corpora sunt porro partim primordia rerum,

 partim concilio quae constant principiorum.


 sed quae sunt rerum primordia, nulla potest vis485

 stinguere; nam solido vincunt ea corpore demum.

 etsi difficile esse videtur credere quicquam

 in rebus solido reperiri corpore posse.

 transit enim fulmen caeli per saepta domorum

 clamor ut ac voces, ferrum candescit in igni490


 dissiliuntque fero ferventi saxa vapore;

 cum labefactatus rigor auri solvitur aestu,

 tum glacies aeris flamma devicta liquescit;

 permanat calor argentum penetraleque frigus,

 quando utrumque manu retinentes pocula rite495

 sensimus infuso lympharum rore superne.


 usque adeo in rebus solidi nihil esse videtur.

 sed quia vera tamen ratio naturaque rerum

 cogit, ades, paucis dum versibus expediamus

 esse ea quae solido atque aeterno corpore constent, 500

 semina quae rerum primordiaque esse docemus,


 unde omnis rerum nunc constet summa creata.

Principio quoniam duplex natura duarum

 dissimilis rerum longe constare repertast,

 corporis atque loci, res in quo quaeque geruntur,505

 esse utramque sibi per se puramque necessest.

 nam qua cumque vacat spatium, quod inane vocamus,


 corpus ea non est; qua porro cumque tenet se

 corpus, ea vacuum nequaquam constat inane.

 sunt igitur solida ac sine inani corpora prima.510

Praeterea quoniam genitis in rebus inanest,

 materiem circum solidam constare necessest;

 nec res ulla potest vera ratione probari


 corpore inane suo celare atque intus habere,

 si non, quod cohibet, solidum constare relinquas.515

 id porro nihil esse potest nisi materiai

 concilium, quod inane queat rerum cohibere.

 materies igitur, solido quae corpore constat,

 esse aeterna potest, cum cetera dissoluantur.

Tum porro si nil esset quod inane vocaret,520

 omne foret solidum; nisi contra corpora certa

 essent quae loca complerent quae cumque tenerent

 omne quod est spatium, vacuum constaret inane.

 alternis igitur ni mirum corpus inani

 distinctum, quoniam nec plenum naviter extat525


 nec porro vacuum; sunt ergo corpora certa,

 quae spatium pleno possint distinguere inane.

 haec neque dissolui plagis extrinsecus icta

 possunt nec porro penitus penetrata retexi

 nec ratione queunt alia temptata labare; 530


 id quod iam supra tibi paulo ostendimus ante.

 nam neque conlidi sine inani posse videtur

 quicquam nec frangi nec findi in bina secando

 nec capere umorem neque item manabile frigus

 nec penetralem ignem, quibus omnia conficiuntur.535

 et quo quaeque magis cohibet res intus inane,


 tam magis his rebus penitus temptata labascit.

 ergo si solida ac sine inani corpora prima

 sunt ita uti docui, sint haec aeterna necessest.

Praeterea nisi materies aeterna fuisset,540

 antehac ad nihilum penitus res quaeque redissent

 de nihiloque renata forent quae cumque videmus.


 at quoniam supra docui nil posse creari

 de nihilo neque quod genitumst ad nil revocari,

 esse inmortali primordia corpore debent,545

 dissolui quo quaeque supremo tempore possint,

 materies ut subpeditet rebus reparandis.

 sunt igitur solida primordia simplicitate


 nec ratione queunt alia servata per aevom

 ex infinito iam tempore res reparare.550

 denique si nullam finem natura parasset

 frangendis rebus, iam corpora materiai

 usque redacta forent aevo frangente priore,

 ut nihil ex illis a certo tempore posset


 conceptum summum aetatis pervadere finem.555

 nam quidvis citius dissolvi posse videmus

 quam rursus refici; qua propter longa diei

 infinita aetas ante acti temporis omnis

 quod fregisset adhuc disturbans dissoluensque,

 numquam relicuo reparari tempore posset.560


 at nunc ni mirum frangendi reddita finis

 certa manet, quoniam refici rem quamque videmus

 et finita simul generatim tempora rebus

 stare, quibus possint aevi contingere florem.

Huc accedit uti, solidissima materiai565

 corpora cum constant, possint tamen omnia reddi,


 mollia quae fiunt, aer aqua terra vapores,

 quo pacto fiant et qua vi quaeque gerantur,

 admixtum quoniam semel est in rebus inane.

 at contra si mollia sint primordia rerum,570

 unde queant validi silices ferrumque creari,

 non poterit ratio reddi; nam funditus omnis


 principio fundamenti natura carebit.

 sunt igitur solida pollentia simplicitate,

 quorum condenso magis omnia conciliatu575

 artari possunt validasque ostendere viris.

 porro si nullast frangendis reddita finis

 corporibus, tamen ex aeterno tempore quaeque


 nunc etiam superare necessest corpora rebus,

 quae non dum clueant ullo temptata periclo.580

 at quoniam fragili natura praedita constant,

 discrepat aeternum tempus potuisse manere

 innumerabilibus plagis vexata per aevom.

Denique iam quoniam generatim reddita finis


 crescendi rebus constat vitamque tenendi,585

 et quid quaeque queant per foedera naturai,

 quid porro nequeant, sancitum quando quidem extat,

 nec commutatur quicquam, quin omnia constant

 usque adeo, variae volucres ut in ordine cunctae

 ostendant maculas generalis corpore inesse, 590


 inmutabilis materiae quoque corpus habere

 debent ni mirum; nam si primordia rerum

 commutari aliqua possent ratione revicta,

 incertum quoque iam constet quid possit oriri,

 quid nequeat, finita potestas denique cuique595

 qua nam sit ratione atque alte terminus haerens,


 nec totiens possent generatim saecla referre

 naturam mores victum motusque parentum.

Tum porro quoniam est extremum quodque cacumen

 corporis illius, quod nostri cernere sensus600

 iam nequeunt, id ni mirum sine partibus extat

 et minima constat natura nec fuit umquam


 per se secretum neque post hac esse valebit,

 alterius quoniamst ipsum pars primaque et una,

 inde aliae atque aliae similes ex ordine partes605

 agmine condenso naturam corporis explent;

 quae quoniam per se nequeunt constare, necessest

 haerere unde queant nulla ratione revelli.


 sunt igitur solida primordia simplicitate,

 quae minimis stipata cohaerent partibus arte.610

 non ex illorum conventu conciliata,

 sed magis aeterna pollentia simplicitate,

 unde neque avelli quicquam neque deminui iam

 concedit natura reservans semina rebus.

Praeterea nisi erit minimum, parvissima quaeque615

 corpora constabunt ex partibus infinitis,

 quippe ubi dimidiae partis pars semper habebit

 dimidiam partem nec res praefiniet ulla.

 ergo rerum inter summam minimamque quod escit,

 nil erit ut distet; nam quamvis funditus omnis620


 summa sit infinita, tamen, parvissima quae sunt,

 ex infinitis constabunt partibus aeque.

 quod quoniam ratio reclamat vera negatque

 credere posse animum, victus fateare necessest

 esse ea quae nullis iam praedita partibus extent625

 et minima constent natura. quae quoniam sunt,


 illa quoque esse tibi solida atque aeterna fatendum.

Denique si minimas in partis cuncta resolvi

 cogere consuesset rerum natura creatrix,

 iam nihil ex illis eadem reparare valeret630

 propterea quia, quae nullis sunt partibus aucta,

 non possunt ea quae debet genitalis habere


 materies, varios conexus pondera plagas

 concursus motus, per quas res quaeque geruntur.

Quapropter qui materiem rerum esse putarunt635

 ignem atque ex igni summam consistere solo,

 magno opere a vera lapsi ratione videntur.

 Heraclitus init quorum dux proelia primus,


 clarus <ob> obscuram linguam magis inter inanis

 quamde gravis inter Graios, qui vera requirunt;640

 omnia enim stolidi magis admirantur amantque,

 inversis quae sub verbis latitantia cernunt,

 veraque constituunt quae belle tangere possunt


 auris et lepido quae sunt fucata sonore.

Nam cur tam variae res possent esse, requiro,645

 ex uno si sunt igni puroque creatae?

 nil prodesset enim calidum denserier ignem

 nec rare fieri, si partes ignis eandem

 naturam quam totus habet super ignis haberent.


 acrior ardor enim conductis partibus esset,650

 languidior porro disiectis <dis>que supatis.

 amplius hoc fieri nihil est quod posse rearis

 talibus in causis, ne dum variantia rerum

 tanta queat densis rarisque ex ignibus esse.

Id quoque: si faciant admixtum rebus inane,655

 denseri poterunt ignes rarique relinqui;

 sed quia multa sibi cernunt contraria quae sint

 et fugitant in rebus inane relinquere purum,

 ardua dum metuunt, amittunt vera viai

 nec rursum cernunt exempto rebus inane660


 omnia denseri fierique ex omnibus unum

 corpus, nil ab se quod possit mittere raptim,

 aestifer ignis uti lumen iacit atque vaporem,

 ut videas non e stipatis partibus esse.

Quod si forte alia credunt ratione potesse665

 ignis in coetu stingui mutareque corpus,


 scilicet ex nulla facere id si parte reparcent,

 occidet ad nihilum ni mirum funditus ardor

 omnis et <e> nihilo fient quae cumque creantur;

 nam quod cumque suis mutatum finibus exit,670

 continuo hoc mors est illius quod fuit ante.


 proinde aliquid superare necesse est incolume ollis,

 ne tibi res redeant ad nilum funditus omnes

 de nihiloque renata vigescat copia rerum.

Nunc igitur quoniam certissima corpora quaedam675

 sunt, quae conservant naturam semper eandem,

 quorum abitu aut aditu mutatoque ordine mutant


 naturam res et convertunt corpora sese,

 scire licet non esse haec ignea corpora rerum.

 nil referret enim quaedam decedere, abire680

 atque alia adtribui mutarique ordine quaedam,

 si tamen ardoris naturam cuncta tenerent;

 ignis enim foret omnimodis quod cumque crearet.


 verum, ut opinor, itast: sunt quaedam corpora, quorum

 concursus motus ordo positura figurae685

 efficiunt ignis mutatoque ordine mutant

 naturam neque sunt igni simulata neque ulli

 praeterea rei quae corpora mittere possit

 sensibus et nostros adiectu tangere tactus.


 dicere porro ignem res omnis esse neque ullam690

 rem veram in numero rerum constare nisi ignem,

 quod facit hic idem, perdelirum esse videtur.

 nam contra sensus ab sensibus ipse repugnat

 et labefactat eos, unde omnia credita pendent,

 unde hic cognitus est ipsi quem nominat ignem;695


 credit enim sensus ignem cognoscere vere,

 cetera non credit, quae nilo clara minus sunt.

 quod mihi cum vanum tum delirum esse videtur;

 quo referemus enim? quid nobis certius ipsis

 sensibus esse potest, qui vera ac falsa notemus?700

Praeterea quare quisquam magis omnia tollat


 et velit ardoris naturam linquere solam,

 quam neget esse ignis, <aliam> tamen esse relinquat?

 aequa videtur enim dementia dicere utrumque.

Quapropter qui materiem rerum esse putarunt705

 ignem atque ex igni summam consistere posse,


 et qui principium gignundis aera rebus

 constituere aut umorem qui cumque putarunt

 fingere res ipsum per se terramve creare

 omnia et in rerum naturas vertier omnis,710

 magno opere a vero longe derrasse videntur.

 adde etiam qui conduplicant primordia rerum


 aera iungentes igni terramque liquori,

 et qui quattuor ex rebus posse omnia rentur

 ex igni terra atque anima procrescere et imbri.715

 quorum Acragantinus cum primis Empedocles est,

 insula quem triquetris terrarum gessit in oris,

 quam fluitans circum magnis anfractibus aequor


 Ionium glaucis aspargit virus ab undis

 angustoque fretu rapidum mare dividit undis720

 Aeoliae terrarum oras a finibus eius.

 hic est vasta Charybdis et hic Aetnaea minantur

 murmura flammarum rursum se colligere iras,

 faucibus eruptos iterum vis ut vomat ignis


 ad caelumque ferat flammai fulgura rursum.725

 quae cum magna modis multis miranda videtur

 gentibus humanis regio visendaque fertur

 rebus opima bonis, multa munita virum vi,

 nil tamen hoc habuisse viro praeclarius in se

 nec sanctum magis et mirum carumque videtur.730


 carmina quin etiam divini pectoris eius

 vociferantur et exponunt praeclara reperta,

 ut vix humana videatur stirpe creatus.

Hic tamen et supra quos diximus inferiores

 partibus egregie multis multoque minores, 735

 quamquam multa bene ac divinitus invenientes


 ex adyto tam quam cordis responsa dedere

 sanctius et multo certa ratione magis quam

 Pythia quae tripodi a Phoebi lauroque profatur,

 principiis tamen in rerum fecere ruinas740

 et graviter magni magno cecidere ibi casu.

 Primum quod motus exempto rebus inani


 constituunt et res mollis rarasque relinquunt

 aera solem ignem terras animalia frugis

 nec tamen admiscent in eorum corpus inane;745

 deinde quod omnino finem non esse secandis

 corporibus facient neque pausam stare fragori

 nec prorsum in rebus minimum consistere qui<cquam>,


 cum videamus id extremum cuiusque cacumen

 esse quod ad sensus nostros minimum esse videtur,750

 conicere ut possis ex hoc, quae cernere non quis

 extremum quod habent, minimum consistere <rerum>.

Huc accedit item, quoniam primordia rerum


 mollia constituunt, quae nos nativa videmus

 esse et mortali cum corpore, funditus ut qui755

 debeat ad nihilum iam rerum summa reverti

 de nihiloque renata vigescere copia rerum;

 quorum utrumque quid a vero iam distet habebis.

Deinde inimica modis multis sunt atque veneno


 ipsa sibi inter se; quare aut congressa peribunt760

 aut ita diffugient, ut tempestate coacta

 fulmina diffugere atque imbris ventosque videmus.

Denique quattuor ex rebus si cuncta creantur

 atque in eas rursum res omnia dissoluuntur,

 qui magis illa queunt rerum primordia dici765


 quam contra res illorum retroque putari?

 alternis gignuntur enim mutantque colorem

 et totam inter se naturam tempore ab omni.

 [fulmina diffugere atque imbris ventosque videmus.]

 sin ita forte putas ignis terraeque coire770

 corpus et aerias auras roremque liquoris,


 nil in concilio naturam ut mutet eorum,

 nulla tibi ex illis poterit res esse creata,

 non animans, non exanimo cum corpore, ut arbos;

 quippe suam quicque in coetu variantis acervi775

 naturam ostendet mixtusque videbitur aer

 cum terra simul et quodam cum rore manere.


 at primordia gignundis in rebus oportet

 naturam clandestinam caecamque adhibere,

 emineat ne quid, quod contra pugnet et obstet780

 quo minus esse queat proprie quodcumque creatur.

Quin etiam repetunt a caelo atque ignibus eius

 et primum faciunt ignem se vertere in auras


 aeris, hinc imbrem gigni terramque creari

 ex imbri retroque a terra cuncta reverti,785

 umorem primum, post aera, deinde calorem,

 nec cessare haec inter se mutare, meare

 a caelo ad terram, de terra ad sidera mundi.

 quod facere haud ullo debent primordia pacto.


 immutabile enim quiddam superare necessest,790

 ne res ad nihilum redigantur funditus omnes;

 nam quod cumque suis mutatum finibus exit,

 continuo hoc mors est illius quod fuit ante.

 quapropter quoniam quae paulo diximus ante

 in commutatum veniunt, constare necessest795


 ex aliis ea, quae nequeant convertier usquam,

 ne tibi res redeant ad nilum funditus omnis;

 quin potius tali natura praedita quaedam

 corpora constituas, ignem si forte crearint,

 posse eadem demptis paucis paucisque tributis,800

 ordine mutato et motu, facere aeris auras,


 sic alias aliis rebus mutarier omnis?

'At manifesta palam res indicat' inquis 'in auras

 aeris e terra res omnis crescere alique;

 et nisi tempestas indulget tempore fausto805

 imbribus, ut tabe nimborum arbusta vacillent,

 solque sua pro parte fovet tribuitque calorem,


 crescere non possint fruges arbusta animantis.'

 scilicet et nisi nos cibus aridus et tener umor

 adiuvet, amisso iam corpore vita quoque omnis810

 omnibus e nervis atque ossibus exsoluatur;

 adiutamur enim dubio procul atque alimur nos

 certis ab rebus, certis aliae atque aliae res.


 ni mirum quia multa modis communia multis

 multarum rerum in rebus primordia mixta815

 sunt, ideo variis variae res rebus aluntur.

 atque eadem magni refert primordia saepe

 cum quibus et quali positura contineantur

 et quos inter se dent motus accipiantque;


 namque eadem caelum mare terras flumina solem820

 constituunt, eadem fruges arbusta animantis,

 verum aliis alioque modo commixta moventur.

 quin etiam passim nostris in versibus ipsis

 multa elementa vides multis communia verbis,

 cum tamen inter se versus ac verba necessest825


 confiteare et re et sonitu distare sonanti.

 tantum elementa queunt permutato ordine solo;

 at rerum quae sunt primordia, plura adhibere

 possunt unde queant variae res quaeque creari.

Nunc et Anaxagorae scrutemur homoeomerian830

 quam Grai memorant nec nostra dicere lingua


 concedit nobis patrii sermonis egestas,

 sed tamen ipsam rem facilest exponere verbis.

 principio, rerum quam dicit homoeomerian,

 ossa videlicet e pauxillis atque minutis835

 ossibus hic et de pauxillis atque minutis

 visceribus viscus gigni sanguenque creari


 sanguinis inter se multis coeuntibus guttis

 ex aurique putat micis consistere posse

 aurum et de terris terram concrescere parvis,840

 ignibus ex ignis, umorem umoribus esse,

 cetera consimili fingit ratione putatque.

 nec tamen esse ulla de parte in rebus inane


 concedit neque corporibus finem esse secandis.

 quare in utraque mihi pariter ratione videtur845

 errare atque illi, supra quos diximus ante.

Adde quod inbecilla nimis primordia fingit;

 si primordia sunt, simili quae praedita constant

 natura atque ipsae res sunt aequeque laborant


 et pereunt, neque ab exitio res ulla refrenat.850

 nam quid in oppressu valido durabit eorum,

 ut mortem effugiat, leti sub dentibus ipsis?

 ignis an umor an aura? quid horum? sanguen an ossa?

 nil ut opinor, ubi ex aequo res funditus omnis

 tam mortalis erit quam quae manifesta videmus855


 ex oculis nostris aliqua vi victa perire.

 at neque reccidere ad nihilum res posse neque autem

 crescere de nihilo testor res ante probatas.

Praeterea quoniam cibus auget corpus alitque,

 scire licet nobis venas et sanguen et ossa860

* * *860a


 sive cibos omnis commixto corpore dicent

 esse et habere in se nervorum corpora parva

 ossaque et omnino venas partisque cruoris,

 fiet uti cibus omnis et aridus et liquor ipse

 ex alienigenis rebus constare putetur,865

 ossibus et nervis sanieque et sanguine mixto.

Praeterea quae cumque e terra corpora crescunt,

 si sunt in terris, terram constare necessest

 ex alienigenis, quae terris exoriuntur.

 transfer item, totidem verbis utare licebit:870

 in lignis si flamma latet fumusque cinisque,

 ex alienigenis consistant ligna necessest,


 [praeterea tellus quae corpora cumque alit auget]

 ex alienigenis, quae lignis <ex>oriuntur.

Linquitur hic quaedam latitandi copia tenvis,875

 id quod Anaxagoras sibi sumit, ut omnibus omnis

 res putet inmixtas rebus latitare, sed illud


 apparere unum, cuius sint plurima mixta

 et magis in promptu primaque in fronte locata.

 quod tamen a vera longe ratione repulsumst;880

 conveniebat enim fruges quoque saepe, minaci

 robore cum in saxi franguntur, mittere signum

 sanguinis aut aliquid, nostro quae corpore aluntur.


 cum lapidi in lapidem terimus, manare cruorem

 consimili ratione herbis quoque saepe decebat,885

 et latices dulcis guttas similique sapore

 mittere, lanigerae quali sunt ubere lactis,

 scilicet et glebis terrarum saepe friatis

 herbarum genera et fruges frondesque videri


 dispertita inter terram latitare minute,890

 postremo in lignis cinerem fumumque videri,

 cum praefracta forent, ignisque latere minutos.

 quorum nil fieri quoniam manifesta docet res,

 scire licet non esse in rebus res ita mixtas,

 verum semina multimodis inmixta latere895


 multarum rerum in rebus communia debent.

'At saepe in magnis fit montibus' inquis 'ut altis

 arboribus vicina cacumina summa terantur

 inter se validis facere id cogentibus austris,

 donec flammai fulserunt flore coorto.' 900

 scilicet et non est lignis tamen insitus ignis,


 verum semina sunt ardoris multa, terendo

 quae cum confluxere, creant incendia silvis.

 quod si facta foret silvis abscondita flamma,

 non possent ullum tempus celarier ignes,905

 conficerent volgo silvas, arbusta cremarent.

 iamne vides igitur, paulo quod diximus ante,


 permagni referre eadem primordia saepe

 cum quibus et quali positura contineantur

 et quos inter se dent motus accipiantque,910

 atque eadem paulo inter se mutata creare

 ignes et lignum? quo pacto verba quoque ipsa

 inter se paulo mutatis sunt elementis,


 cum ligna atque ignes distincta voce notemus.

Denique iam quae cumque in rebus cernis apertis915

 si fieri non posse putas, quin materiai

 corpora consimili natura praedita fingas,

 hac ratione tibi pereunt primordia rerum:

 fiet uti risu tremulo concussa cachinnent


 et lacrimis salsis umectent ora genasque.920

Nunc age, quod super est, cognosce et clarius audi.

 nec me animi fallit quam sint obscura; sed acri

 percussit thyrso laudis spes magna meum cor

 et simul incussit suavem mi in pectus amorem

 Musarum, quo nunc instinctus mente vigenti925


 avia Pieridum peragro loca nullius ante

 trita solo. iuvat integros accedere fontis

 atque haurire iuvatque novos decerpere flores

 insignemque meo capiti petere inde coronam,

 unde prius nulli velarint tempora Musae; 930


 primum quod magnis doceo de rebus et artis

 religionum animum nodis exsolvere pergo,

 deinde quod obscura de re tam lucida pango

 carmina musaeo contingens cuncta lepore.

 id quoque enim non ab nulla ratione videtur;935

 sed vel uti pueris absinthia taetra medentes


 cum dare conantur, prius oras pocula circum

 contingunt mellis dulci flavoque liquore,

 ut puerorum aetas inprovida ludificetur

 labrorum tenus, interea perpotet amarum940

 absinthi laticem deceptaque non capiatur,

 sed potius tali facto recreata valescat,


 sic ego nunc, quoniam haec ratio plerumque videtur

 tristior esse quibus non est tractata, retroque

 volgus abhorret ab hac, volui tibi suaviloquenti945

 carmine Pierio rationem exponere nostram

 et quasi musaeo dulci contingere melle,

 si tibi forte animum tali ratione tenere


 versibus in nostris possem, dum perspicis omnem

 naturam rerum, qua constet compta figura.950

Sed quoniam docui solidissima materiai

 corpora perpetuo volitare invicta per aevom,

 nunc age, summai quaedam sit finis eorum

 nec<ne> sit, evolvamus; item quod inane repertumst


 seu locus ac spatium, res in quo quaeque gerantur,955

 pervideamus utrum finitum funditus omne

 constet an immensum pateat vasteque profundum.

Omne quod est igitur nulla regione viarum

 finitumst; namque extremum debebat habere.

 extremum porro nullius posse videtur960


 esse, nisi ultra sit quod finiat, ut videatur

 quo non longius haec sensus natura sequatur.

 nunc extra summam quoniam nihil esse fatendum,

 non habet extremum, caret ergo fine modoque.

 nec refert quibus adsistas regionibus eius;965

 usque adeo, quem quisque locum possedit, in omnis


 tantundem partis infinitum omne relinquit.

 Praeterea si iam finitum constituatur

 omne quod est spatium, si quis procurrat ad oras

 ultimus extremas iaciatque volatile telum,970

 id validis utrum contortum viribus ire

 quo fuerit missum mavis longeque volare,


 an prohibere aliquid censes obstareque posse?

 alterutrum fatearis enim sumasque necessest.

 quorum utrumque tibi effugium praecludit et omne975

 cogit ut exempta concedas fine patere.

 nam sive est aliquid quod probeat efficiatque

 quo minus quo missum est veniat finique locet se,


 sive foras fertur, non est a fine profectum.

 hoc pacto sequar atque, oras ubi cumque locaris980

 extremas, quaeram: quid telo denique fiet?

 fiet uti nusquam possit consistere finis

 effugiumque fugae prolatet copia semper.

Praeterea spatium summai totius omne


 undique si inclusum certis consisteret oris985

 finitumque foret, iam copia materiai

 undique ponderibus solidis confluxet ad imum

 nec res ulla geri sub caeli tegmine posset

 nec foret omnino caelum neque lumina solis,

 quippe ubi materies omnis cumulata iaceret990


 ex infinito iam tempore subsidendo.

 at nunc ni mirum requies data principiorum

 corporibus nullast, quia nil est funditus imum,

 quo quasi confluere et sedes ubi ponere possint.

 semper in adsiduo motu res quaeque geruntur995

 partibus <in> cunctis, infernaque suppeditantur


 ex infinito cita corpora materiai.

Postremo ante oculos res rem finire videtur;

 aer dissaepit collis atque aera montes,

 terra mare et contra mare terras terminat omnis;1000

 omne quidem vero nihil est quod finiat extra.

 est igitur natura loci spatiumque profundi,


 quod neque clara suo percurrere fulmina cursu

 perpetuo possint aevi labentia tractu

 nec prorsum facere ut restet minus ire meando;1005

 usque adeo passim patet ingens copia rebus

 finibus exemptis in cunctas undique partis.

Ipsa modum porro sibi rerum summa parare


 ne possit, natura tenet, quae corpus inane

 et quod inane autem est finiri corpore cogit,1010

 ut sic alternis infinita omnia reddat,

 aut etiam alterutrum, nisi terminet alterum eorum,

 simplice natura pateat tamen inmoderatum,

 nec mare nec tellus neque caeli lucida templa


 nec mortale genus nec divum corpora sancta 1015

 exiguum possent horai sistere tempus;

 nam dispulsa suo de coetu materiai

 copia ferretur magnum per inane soluta,

 sive adeo potius numquam concreta creasset


 ullam rem, quoniam cogi disiecta nequisset.1020

 nam certe neque consilio primordia rerum

 ordine se suo quaeque sagaci mente locarunt

 nec quos quaeque <darent motus pepigere profecto>

 sed quia multa modis multis mutata per omne


 ex infinito vexantur percita plagis,1025

 omne genus motus et coetus experiundo

 tandem deveniunt in talis disposituras,

 qualibus haec rerum consistit summa creata,

 et multos etiam magnos servata per annos

 ut semel in motus coniectast convenientis,1030


 efficit ut largis avidum mare fluminis undis

 integrent amnes et solis terra vapore

 fota novet fetus summissaque gens animantum

 floreat et vivant labentis aetheris ignes.

 quod nullo facerent pacto, nisi materiai1035

 ex infinito suboriri copia posset,


 unde amissa solent reparare in tempore quaeque.

 nam vel uti privata cibo natura animantum

 diffluit amittens corpus, sic omnia debent

 dissolui simul ac defecit suppeditare1040

 materies aliqua ratione aversa viai.

 nec plagae possunt extrinsecus undique summam


 conservare omnem, quae cumque est conciliata.

 cudere enim crebro possunt partemque morari,

 dum veniant aliae ac suppleri summa queatur; 1045

 inter dum resilire tamen coguntur et una

 principiis rerum spatium tempusque fugai


 largiri, ut possint a coetu libera ferri.

 quare etiam atque etiam suboriri multa necessest,

 et tamen ut plagae quoque possint suppetere ipsae,1050

 infinita opus est vis undique materiai.

Illud in his rebus longe fuge credere, Memmi,

 in medium summae quod dicunt omnia niti


 atque ideo mundi naturam stare sine ullis

 ictibus externis neque quoquam posse resolvi1055

 summa atque ima, quod in medium sint omnia nixa,

 ipsum si quicquam posse in se sistere credis,

 et quae pondera sunt sub terris omnia sursum

 nitier in terraque retro requiescere posta,


 ut per aquas quae nunc rerum simulacra videmus;1060

 et simili ratione animalia suppa vagari

 contendunt neque posse e terris in loca caeli

 reccidere inferiora magis quam corpora nostra

 sponte sua possint in caeli templa volare;

 illi cum videant solem, nos sidera noctis1065


 cernere et alternis nobiscum tempora caeli

 dividere et noctes parilis agitare diebus.

 sed vanus stolidis haec * * *

 amplexi quod habent perv * * *

 nam medium nihil esse potest * * *1070

 infinita; neque omnino, si iam <medium sit>,


 possit ibi quicquam consistere * * *

 quam quavis alia longe ratione * * *

 omnis enim locus ac spatium, quod in<ane vocamus>,

 per medium, per non medium, concedere <debet>1075

 aeque ponderibus, motus qua cumque feruntur.


 nec quisquam locus est, quo corpora cum venerunt,

 ponderis amissa vi possint stare <in> inani;

 nec quod inane autem est ulli subsistere debet,

 quin, sua quod natura petit, concedere pergat.1080

 haud igitur possunt tali ratione teneri


 res in concilium medii cuppedine victae.

Praeterea quoniam non omnia corpora fingunt

 in medium niti, sed terrarum atque liquoris

 umorem ponti magnasque e montibus undas,1086

 et quasi terreno quae corpore contineantur,1085

 at contra tenuis exponunt aeris auras1087


 et calidos simul a medio differrier ignis,

 atque ideo totum circum tremere aethera signis

 et solis flammam per caeli caerula pasci,1090

 quod calor a medio fugiens se ibi conligat omnis,

 nec prorsum arboribus summos frondescere ramos

 posse, nisi a terris paulatim cuique cibatum


* * *1094-1101

 ne volucri ritu flammarum moenia mundi1102

 diffugiant subito magnum per inane soluta

 et ne cetera consimili ratione sequantur

 neve ruant caeli tonitralia templa superne1105


 terraque se pedibus raptim subducat et omnis

 inter permixtas rerum caelique ruinas

 corpora solventes abeat per inane profundum,

 temporis ut puncto nihil extet reliquiarum

 desertum praeter spatium et primordia caeca.1110

 nam qua cumque prius de parti corpora desse


 constitues, haec rebus erit pars ianua leti,

 hac se turba foras dabit omnis materiai.

Haec sic pernosces parva perductus opella;

 namque alid ex alio clarescet nec tibi caeca1115

 nox iter eripiet, quin ultima naturai

 pervideas: ita res accendent lumina rebus.
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Suave, mari magno turbantibus aequora ventis

 e terra magnum alterius spectare laborem;

 non quia vexari quemquamst iucunda voluptas,

 sed quibus ipse malis careas quia cernere suavest.

 suave etiam belli certamina magna tueri5

 per campos instructa tua sine parte pericli;


 sed nihil dulcius est, bene quam munita tenere

 edita doctrina sapientum templa serena,

 despicere unde queas alios passimque videre

 errare atque viam palantis quaerere vitae,10

 certare ingenio, contendere nobilitate,


 noctes atque dies niti praestante labore

 ad summas emergere opes rerumque potiri.

 o miseras hominum mentes, o pectora caeca!

 qualibus in tenebris vitae quantisque periclis15

 degitur hoc aevi quod cumquest! nonne videre

 nihil aliud sibi naturam latrare, nisi ut qui


 corpore seiunctus dolor absit, mente fruatur

 iucundo sensu cura semota metuque?

 ergo corpoream ad naturam pauca videmus20

 esse opus omnino: quae demant cumque dolorem,

 delicias quoque uti multas substernere possint

 gratius inter dum, neque natura ipsa requirit,


 si non aurea sunt iuvenum simulacra per aedes

 lampadas igniferas manibus retinentia dextris,25

 lumina nocturnis epulis ut suppeditentur,

 nec domus argento fulget auroque renidet

 nec citharae reboant laqueata aurataque templa,

 cum tamen inter se prostrati in gramine molli


 propter aquae rivum sub ramis arboris altae30

 non magnis opibus iucunde corpora curant,

 praesertim cum tempestas adridet et anni

 tempora conspergunt viridantis floribus herbas.

 nec calidae citius decedunt corpore febres,

 textilibus si in picturis ostroque rubenti35


 iacteris, quam si in plebeia veste cubandum est.

 quapropter quoniam nihil nostro in corpore gazae

 proficiunt neque nobilitas nec gloria regni,

 quod super est, animo quoque nil prodesse putandum;

 si non forte tuas legiones per loca campi40

 fervere cum videas belli simulacra cientis,


 subsidiis magnis et opum vi constabilitas,

 ornatas armis statuas pariterque animatas,

 his tibi tum rebus timefactae religiones

 effugiunt animo pavidae mortisque timores45

 tum vacuum pectus lincunt curaque solutum.

 quod si ridicula haec ludibriaque esse videmus,


 re veraque metus hominum curaeque sequaces

 nec metuunt sonitus armorum nec fera tela

 audacterque inter reges rerumque potentis50

 versantur neque fulgorem reverentur ab auro

 nec clarum vestis splendorem purpureai,

 quid dubitas quin omnis sit haec rationis potestas,


 omnis cum in tenebris praesertim vita laboret?

 nam vel uti pueri trepidant atque omnia caecis55

 in tenebris metuunt, sic nos in luce timemus

 inter dum, nihilo quae sunt metuenda magis quam

 quae pueri in tenebris pavitant finguntque futura.

 hunc igitur terrorem animi tenebrasque necessest


 non radii solis neque lucida tela diei60

 discutiant, sed naturae species ratioque.

Nunc age, quo motu genitalia materiai

 corpora res varias gignant genitasque resolvant

 et qua vi facere id cogantur quaeque sit ollis

 reddita mobilitas magnum per inane meandi,65


 expediam: tu te dictis praebere memento.

 nam certe non inter se stipata cohaeret

 materies, quoniam minui rem quamque videmus

 et quasi longinquo fluere omnia cernimus aevo

 ex oculisque vetustatem subducere nostris,70

 cum tamen incolumis videatur summa manere


 propterea quia, quae decedunt corpora cuique,

 unde abeunt minuunt, quo venere augmine donant.

 illa senescere, at haec contra florescere cogunt,

 nec remorantur ibi. sic rerum summa novatur75

 semper, et inter se mortales mutua vivunt.

 augescunt aliae gentes, aliae minuuntur,


 inque brevi spatio mutantur saecla animantum

 et quasi cursores vitai lampada tradunt.

Si cessare putas rerum primordia posse80

 cessandoque novos rerum progignere motus,

 avius a vera longe ratione vagaris.

 nam quoniam per inane vagantur, cuncta necessest


 aut gravitate sua ferri primordia rerum

 aut ictu forte alterius. nam <cum> cita saepe85

 obvia conflixere, fit ut diversa repente

 dissiliant; neque enim mirum, durissima quae sint

 ponderibus solidis neque quicquam a tergibus obstet.


 et quo iactari magis omnia materiai

 corpora pervideas, reminiscere totius imum90

 nil esse in summa, neque habere ubi corpora prima

 consistant, quoniam spatium sine fine modoquest

 inmensumque patere in cunctas undique partis

 pluribus ostendi et certa ratione probatumst.


 quod quoniam constat, ni mirum nulla quies est95

 reddita corporibus primis per inane profundum,

 sed magis adsiduo varioque exercita motu

 partim intervallis magnis confulta resultant,

 pars etiam brevibus spatiis vexantur ab ictu.

 et quae cumque magis condenso conciliatu100


 exiguis intervallis convecta resultant,

 indupedita suis perplexis ipsa figuris,

 haec validas saxi radices et fera ferri

 corpora constituunt et cetera <de> genere horum.

 paucula quae porro magnum per inane vagantur,105


 cetera dissiliunt longe longeque recursant

 in magnis intervallis; haec aera rarum

 sufficiunt nobis et splendida lumina solis.

 multaque praeterea magnum per inane vagantur,

 conciliis rerum quae sunt reiecta nec usquam110

 consociare etiam motus potuere recepta.

Cuius, uti memoro, rei simulacrum et imago

 ante oculos semper nobis versatur et instat.

 contemplator enim, cum solis lumina cumque

 inserti fundunt radii per opaca domorum:115

 multa minuta modis multis per inane videbis

 corpora misceri radiorum lumine in ipso


 et vel ut aeterno certamine proelia pugnas

 edere turmatim certantia nec dare pausam,

 conciliis et discidiis exercita crebris;120

 conicere ut possis ex hoc, primordia rerum

 quale sit in magno iactari semper inani.

 dum taxat, rerum magnarum parva potest res


 exemplare dare et vestigia notitiai.

Hoc etiam magis haec animum te advertere par est125

 corpora quae in solis radiis turbare videntur,

 quod tales turbae motus quoque materiai

 significant clandestinos caecosque subesse.

 multa videbis enim plagis ibi percita caecis


 commutare viam retroque repulsa reverti130

 nunc huc nunc illuc in cunctas undique partis.

 scilicet hic a principiis est omnibus error.

 prima moventur enim per se primordia rerum,

 inde ea quae parvo sunt corpora conciliatu

 et quasi proxima sunt ad viris principiorum,135


 ictibus illorum caecis inpulsa cientur,

 ipsaque <pro>porro paulo maiora lacessunt.

 sic a principiis ascendit motus et exit

 paulatim nostros ad sensus, ut moveantur

 illa quoque, in solis quae lumine cernere quimus140


 nec quibus id faciant plagis apparet aperte.

Nunc quae mobilitas sit reddita materiai

 corporibus, paucis licet hinc cognoscere, Memmi.

 primum aurora novo cum spargit lumine terras

 et variae volucres nemora avia pervolitantes145

 aera per tenerum liquidis loca vocibus opplent,


 quam subito soleat sol ortus tempore tali

 convestire sua perfundens omnia luce,

 omnibus in promptu manifestumque esse videmus.

 at vapor is, quem sol mittit, lumenque serenum150

 non per inane meat vacuum; quo tardius ire

 cogitur, aerias quasi dum diverberat undas;


 nec singillatim corpuscula quaeque vaporis

 sed complexa meant inter se conque globata;

 qua propter simul inter se retrahuntur et extra 155

 officiuntur, uti cogantur tardius ire.

 at quae sunt solida primordia simplicitate,


 cum per inane meant vacuum nec res remoratur

 ulla foris atque ipsa suis e partibus unum,

 unum, in quem coepere, locum conixa feruntur,160

 debent ni mirum praecellere mobilitate

 et multo citius ferri quam lumina solis

 multiplexque loci spatium transcurrere eodem


 tempore quo solis pervolgant fulgura caelum.


* * *164ax

 nec persectari primordia singula quaeque,

 ut videant qua quicque geratur cum ratione.

At quidam contra haec, ignari materiai,

 naturam non posse deum sine numine reddunt


 tanto opere humanis rationibus atmoderate

 tempora mutare annorum frugesque creare170

 et iam cetera, mortalis quae suadet adire

 ipsaque deducit dux vitae dia voluptas

 et res per Veneris blanditur saecla propagent,

 ne genus occidat humanum. quorum omnia causa


 constituisse deos cum fingunt, omnibus rebus175

 magno opere a vera lapsi ratione videntur.

 nam quamvis rerum ignorem primordia quae sint,

 hoc tamen ex ipsis caeli rationibus ausim

 confirmare aliisque ex rebus reddere multis,

 nequaquam nobis divinitus esse creatam180


 naturam mundi: tanta stat praedita culpa.

 quae tibi posterius, Memmi, faciemus aperta;

 nunc id quod super est de motibus expediemus.

Nunc locus est, ut opinor, in his illud quoque rebus

 confirmare tibi, nullam rem posse sua vi185

 corpoream sursum ferri sursumque meare.


 ne tibi dent in eo flammarum corpora frudem;

 sursus enim versus gignuntur et augmina sumunt

 et sursum nitidae fruges arbustaque crescunt,

 pondera, quantum in se est, cum deorsum cuncta ferantur.190

 nec cum subsiliunt ignes ad tecta domorum

 et celeri flamma degustant tigna trabesque,


 sponte sua facere id sine vi subiecta putandum est.

 quod genus e nostro com missus corpore sanguis

 emicat exultans alte spargitque cruorem.195

 nonne vides etiam quanta vi tigna trabesque

 respuat umor aquae? nam quo magis ursimus altum

 derecta et magna vi multi pressimus aegre,


 tam cupide sursum removet magis atque remittit,

 plus ut parte foras emergant exiliantque.200

 nec tamen haec, quantum est in se, dubitamus, opinor,

 quin vacuum per inane deorsum cuncta ferantur.

 sic igitur debent flammae quoque posse per auras

 aeris expressae sursum succedere, quamquam


 pondera, quantum in <se> est, deorsum <de>ducere pugnent.205

 nocturnasque faces caeli sublime volantis

 nonne vides longos flammarum ducere tractus

 in quas cumque dedit partis natura meatum?


 non cadere in terras stellas et sidera cernis?

 sol etiam <caeli> de vertice dissipat omnis210

 ardorem in partis et lumine conserit arva;

 in terras igitur quoque solis vergitur ardor.

 transversosque volare per imbris fulmina cernis,


 nunc hinc nunc illinc abrupti nubibus ignes

 concursant; cadit in terras vis flammea volgo.215

Illud in his quoque te rebus cognoscere avemus,

 corpora cum deorsum rectum per inane feruntur

 ponderibus propriis, incerto tempore ferme

 incertisque locis spatio depellere paulum,


 tantum quod momen mutatum dicere possis.220

 quod nisi declinare solerent, omnia deorsum

 imbris uti guttae caderent per inane profundum

 nec foret offensus natus nec plaga creata

 principiis; ita nihil umquam natura creasset.

Quod si forte aliquis credit graviora potesse225


 corpora, quo citius rectum per inane feruntur,

 incidere ex supero levioribus atque ita plagas

 gignere, quae possint genitalis reddere motus,

 avius a vera longe ratione recedit.

 nam per aquas quae cumque cadunt atque aera rarum,230

 haec pro ponderibus casus celerare necessest


 propterea quia corpus aquae naturaque tenvis

 aeris haud possunt aeque rem quamque morari,

 sed citius cedunt gravioribus exsuperata;

 at contra nulli de nulla parte neque ullo 235

 tempore inane potest vacuum subsistere rei,


 quin, sua quod natura petit, concedere pergat;

 omnia qua propter debent per inane quietum

 aeque ponderibus non aequis concita ferri.

 haud igitur poterunt levioribus incidere umquam240

 ex supero graviora neque ictus gignere per se,

 qui varient motus, per quos natura gerat res.


 quare etiam atque etiam paulum inclinare necessest

 corpora; nec plus quam minimum, ne fingere motus

 obliquos videamur et id res vera refutet.245

 namque hoc in promptu manifestumque esse videmus,

 pondera, quantum in <se> est, non posse obliqua meare,


 ex supero cum praecipitant, quod cernere possis;

 sed nihil omnino <recta> regione viai

 declinare quis est qui possit cernere sese?250

Denique si semper motu conectitur omnis

 et vetere exoritur <motus> novus ordine certo


 nec declinando faciunt primordia motus

 principium quoddam, quod fati foedera rumpat,

 ex infinito ne causam causa sequatur,255

 libera per terras unde haec animantibus exstat,

 unde est haec, inquam, fatis avolsa voluntas,

 per quam progredimur quo ducit quemque voluptas,


 declinamus item motus nec tempore certo

 nec regione loci certa, sed ubi ipsa tulit mens?260

 nam dubio procul his rebus sua cuique voluntas

 principium dat et hinc motus per membra rigantur.

 nonne vides etiam patefactis tempore puncto

 carceribus non posse tamen prorumpere equorum


 vim cupidam tam de subito quam mens avet ipsa?265

 omnis enim totum per corpus materiai

 copia conciri debet, concita per artus

 omnis ut studium mentis conixa sequatur;

 ut videas initum motus a corde creari

 ex animique voluntate id procedere primum,270


 inde dari porro per totum corpus et artus.

 nec similest ut cum inpulsi procedimus ictu

 viribus alterius magnis magnoque coactu;

 nam tum materiem totius corporis omnem

 perspicuumst nobis invitis ire rapique,275

 donec eam refrenavit per membra voluntas.


 iamne vides igitur, quamquam vis extera multos

 pellat et invitos cogat procedere saepe

 praecipitesque rapi, tamen esse in pectore nostro

 quiddam quod contra pugnare obstareque possit?280

 cuius ad arbitrium quoque copia materiai

 cogitur inter dum flecti per membra per artus


 et proiecta refrenatur retroque residit.

 quare in seminibus quoque idem fateare necessest,

 esse aliam praeter plagas et pondera causam285

 motibus, unde haec est nobis innata potestas,

 de nihilo quoniam fieri nihil posse videmus.

 pondus enim prohibet ne plagis omnia fiant


 externa quasi vi; sed ne res ipsa necessum

 intestinum habeat cunctis in rebus agendis 290

 et devicta quasi cogatur ferre patique,

 id facit exiguum clinamen principiorum

 nec regione loci certa nec tempore certo.

Nec stipata magis fuit umquam materiai

 copia nec porro maioribus intervallis;295

 nam neque adaugescit quicquam neque deperit inde.

 qua propter quo nunc in motu principiorum

 corpora sunt, in eodem ante acta aetate fuere

 et post haec semper simili ratione ferentur,


 et quae consuerint gigni gignentur eadem300

 condicione et erunt et crescent vique valebunt,

 quantum cuique datum est per foedera naturai.

 nec rerum summam commutare ulla potest vis;

 nam neque quo possit genus ullum materiai

 effugere ex omni quicquam est <extra>, neque in omne305


 unde coorta queat nova vis inrumpere et omnem

 naturam rerum mutare et vertere motus.

Illud in his rebus non est mirabile, quare,

 omnia cum rerum primordia sint in motu,

 summa tamen summa videatur stare quiete,310

 praeter quam siquid proprio dat corpore motus.


 omnis enim longe nostris ab sensibus infra

 primorum natura iacet; qua propter, ubi ipsa

 cernere iam nequeas, motus quoque surpere debent;

 praesertim cum, quae possimus cernere, celent315

 saepe tamen motus spatio diducta locorum.

 nam saepe in colli tondentes pabula laeta


 lanigerae reptant pecudes, quo quamque vocantes

 invitant herbae gemmantes rore recenti,

 et satiati agni ludunt blandeque coruscant; 320

 omnia quae nobis longe confusa videntur

 et velut in viridi candor consistere colli.


 praeterea magnae legiones cum loca cursu

 camporum complent belli simulacra cientes,

 fulgor ubi ad caelum se tollit totaque circum325

 aere renidescit tellus supterque virum vi

 excitur pedibus sonitus clamoreque montes

 icti reiectant voces ad sidera mundi


 et circum volitant equites mediosque repente

 tramittunt valido quatientes impete campos;330

 et tamen est quidam locus altis montibus, <unde>

 stare videntur et in campis consistere fulgor.

Nunc age, iam deinceps cunctarum exordia rerum

 qualia sint et quam longe distantia formis,


 percipe, multigenis quam sint variata figuris;335

 non quo multa parum simili sint praedita forma,

 sed quia non volgo paria omnibus omnia constant.

 nec mirum; nam cum sit eorum copia tanta,

 ut neque finis, uti docui, neque summa sit ulla,

 debent ni mirum non omnibus omnia prorsum340


 esse pari filo similique adfecta figura.

Praeterea genus humanum mutaeque natantes

 squamigerum pecudes et laeta armenta feraeque

 et variae volucres, laetantia quae loca aquarum

 concelebrant circum ripas fontisque lacusque,345

 et quae pervolgant nemora avia pervolitantes,


 quorum unum quidvis generatim sumere perge;

 invenies tamen inter se differre figuris.

 nec ratione alia proles cognoscere matrem

 nec mater posset prolem; quod posse videmus350

 nec minus atque homines inter se nota cluere.

 nam saepe ante deum vitulus delubra decora


 turicremas propter mactatus concidit aras

 sanguinis expirans calidum de pectore flumen;

 at mater viridis saltus orbata peragrans355

 novit humi pedibus vestigia pressa bisulcis,

 omnia convisens oculis loca, si queat usquam

 conspicere amissum fetum, completque querellis


 frondiferum nemus adsistens et crebra revisit

 ad stabulum desiderio perfixa iuvenci,360

 nec tenerae salices atque herbae rore vigentes

 fluminaque ulla queunt summis labentia ripis

 oblectare animum subitamque avertere curam,

 nec vitulorum aliae species per pabula laeta


 derivare queunt animum curaque levare;365

 usque adeo quiddam proprium notumque requirit.

 praeterea teneri tremulis cum vocibus haedi

 cornigeras norunt matres agnique petulci

 balantum pecudes; ita, quod natura resposcit,

 ad sua quisque fere decurrunt ubera lactis.370

Postremo quodvis frumentum non tamen omne

 quidque suo genere inter se simile esse videbis,

 quin intercurrat quaedam distantia formis.

 concharumque genus parili ratione videmus

 pingere telluris gremium, qua mollibus undis375

 litoris incurvi bibulam pavit aequor harenam.


 quare etiam atque etiam simili ratione necessest,

 natura quoniam constant neque facta manu sunt

 unius ad certam formam primordia rerum,

 dissimili inter se quaedam volitare figura.380

Perfacile est animi ratione exsolvere nobis

 quare fulmineus multo penetralior ignis


 quam noster fluat e taedis terrestribus ortus;

 dicere enim possis caelestem fulminis ignem

 subtilem magis e parvis constare figuris385

 atque ideo transire foramina quae nequit ignis

 noster hic e lignis ortus taedaque creatus.

 praeterea lumen per cornum transit, at imber


 respuitur. quare, nisi luminis illa minora

 corpora sunt quam de quibus est liquor almus aquarum?390

 et quamvis subito per colum vina videmus

 perfluere, at contra tardum cunctatur olivom,

 aut quia ni mirum maioribus est elementis

 aut magis hamatis inter se perque plicatis,


 atque ideo fit uti non tam diducta repente395

 inter se possint primordia singula quaeque

 singula per cuiusque foramina permanare.

Huc accedit uti mellis lactisque liquores

 iucundo sensu linguae tractentur in ore;

 at contra taetra absinthi natura ferique 400


 centauri foedo pertorquent ora sapore;

 ut facile agnoscas e levibus atque rutundis

 esse ea quae sensus iucunde tangere possunt,

 at contra quae amara atque aspera cumque videntur,

 haec magis hamatis inter se nexa teneri405

 proptereaque solere vias rescindere nostris


 sensibus introituque suo perrumpere corpus.

 omnia postremo bona sensibus et mala tactu

 dissimili inter se pugnant perfecta figura;

 ne tu forte putes serrae stridentis acerbum410

 horrorem constare elementis levibus aeque

 ac musaea mele, per chordas organici quae


 mobilibus digitis expergefacta figurant;

 neu simili penetrare putes primordia forma

 in nares hominum, cum taetra cadavera torrent,415

 et cum scena croco Cilici perfusa recens est

 araque Panchaeos exhalat propter odores;

 neve bonos rerum simili constare colores


 semine constituas, oculos qui pascere possunt,

 et qui conpungunt aciem lacrimareque cogunt420

 aut foeda specie foedi turpesque videntur.

 omnis enim, sensus quae mulcet cumque, <tibi res>

 haut sine principiali aliquo levore creatast;


 at contra quae cumque molesta atque aspera constat,

 non aliquo sine materiae squalore repertast.425

Sunt etiam quae iam nec levia iure putantur

 esse neque omnino flexis mucronibus unca,

 sed magis angellis paulum prostantibus, <ut quae>

 titillare magis sensus quam laedere possint,


 fecula iam quo de genere est inulaeque sapores.430

Denique iam calidos ignis gelidamque pruinam

 dissimili dentata modo conpungere sensus

 corporis, indicio nobis est tactus uterque.

 tactus enim, tactus, pro divum numina sancta,

 corporis est sensus, vel cum res extera sese435


 insinuat, vel cum laedit quae in corpore natast

 aut iuvat egrediens genitalis per Veneris res,

 aut ex offensu cum turbant corpore in ipso,

 semina confundunt inter se concita sensum;

 ut si forte manu quamvis iam corporis ipse440

 tute tibi partem ferias atque experiare.


 qua propter longe formas distare necessest

 principiis, varios quae possint edere sensus.

Denique quae nobis durata ac spissa videntur,

 haec magis hamatis inter sese esse necessest445

 et quasi ramosis alte compacta teneri.

 in quo iam genere in primis adamantina saxa


 prima acie constant ictus contemnere sueta

 et validi silices ac duri robora ferri

 aeraque quae claustris restantia vociferantur.450

 illa quidem debent e levibus atque rutundis

 esse magis, fluvido quae corpore liquida constant.

 namque papaveris haustus itemst facilis quod aquarum;


 nec retinentur enim inter se glomeramina quaeque

 et perculsus item proclive volubilis exstat. 455

 omnia postremo quae puncto tempore cernis

 diffugere ut fumum nebulas flammasque, necessest,

 si minus omnia sunt e levibus atque rotundis,


 at non esse tamen perplexis indupedita,

 pungere uti possint corpus penetrareque saxa,460

 nec tamen haerere inter se; quod cumque videmus

 sensibus dentatum, facile ut cognoscere possis

 non e perplexis, sed acutis esse elementis.

 sed quod amara vides eadem quae fluvida constant,


 sudor uti maris est, minime mirabile debet465
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 nam quod fluvidus est, e levibus atque rotundis

 est, sed levibus <sunt hamata> admixta doloris

 corpora. nec tamen haec retineri hamata necessust:


 scilicet esse globosa tamen, cum squalida constent,

 provolvi simul ut possint et laedere sensus.470

 et quo mixta putes magis aspera levibus esse

 principiis, unde est Neptuni corpus acerbum,

 est ratio secernendi seorsumque videndi,

 umor dulcis ubi per terras crebrius idem


 percolatur, ut in foveam fluat ac mansuescat; 475

 linquit enim supera taetri primordia viri,

 aspera quo magis in terris haerescere possint.

Quod quoniam docui, pergam conectere rem quae

 ex hoc apta fidem ducat, primordia rerum

 finita variare figurarum ratione.480


 quod si non ita sit, rursum iam semina quaedam

 esse infinito debebunt corporis auctu.

 namque in eadem una cuiusvis iam brevitate

 corporis inter se multum variare figurae

 non possunt. fac enim minimis e partibus esse485

 corpora prima tribus, vel paulo pluribus auge;


 nempe ubi eas partis unius corporis omnis,

 summa atque ima locans, transmutans dextera laevis,

 omnimodis expertus eris, quam quisque det ordo

 formai speciem totius corporis eius,490

 quod super est, si forte voles variare figuras,

 addendum partis alias erit. inde sequetur,


 adsimili ratione alias ut postulet ordo,

 si tu forte voles etiam variare figuras.

 ergo formarum novitatem corporis augmen495

 subsequitur. quare non est ut credere possis

 esse infinitis distantia semina formis,

 ne quaedam cogas inmani maximitate


 esse, supra quod iam docui non posse probari.

 iam tibi barbaricae vestes Meliboeaque fulgens500

 purpura Thessalico concharum tacta colore,

 aurea pavonum ridenti imbuta lepore

 saecla novo rerum superata colore iacerent

 et contemptus odor smyrnae mellisque sapores,


 et cycnea mele Phoebeaque daedala chordis505

 carmina consimili ratione oppressa silerent;

 namque aliis aliud praestantius exoreretur.

 cedere item retro possent in deteriores

 omnia sic partis, ut diximus in melioris;

 namque aliis aliud retro quoque taetrius esset510


 naribus auribus atque oculis orisque sapori.

 quae quoniam non sunt, <sed> rebus reddita certa

 finis utrimque tenet summam, fateare necessest

 materiem quoque finitis differe figuris.

 denique ab ignibus ad gelidas hiemum usque pruinas515


 finitumst retroque pari ratione remensumst.

 omnis enim calor ac frigus mediique tepores

 interutrasque iacent explentes ordine summam.

 ergo finita distant ratione creata,

 ancipiti quoniam mucroni utrimque notantur,520

 hinc flammis illinc rigidis infesta pruinis.

Quod quoniam docui, pergam conectere rem quae

 ex hoc apta fidem ducat, primordia rerum,

 inter se simili quae sunt perfecta figura,

 infinita cluere. etenim distantia cum sit525

 formarum finita, necesse est quae similes sint

 esse infinitas aut summam materiai


 finitam constare, id quod non esse probavi.
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 versibus ostendam corpuscula materiai

 ex infinito summam rerum usque tenere

 undique protelo plagarum continuato.

 nam quod rara vides magis esse animalia quaedam


 fecundamque magis naturam cernis in illis,

 at regione locoque alio terrisque remotis

 multa licet genere esse in eo numerumque repleri;535

 sicut quadripedum cum primis esse videmus

 in genere anguimanus elephantos, India quorum

 milibus e multis vallo munitur eburno,


 ut penitus nequeat penetrari: tanta ferarum

 vis est, quarum nos perpauca exempla videmus.540

 sed tamen id quoque uti concedam, quam lubet esto

 unica res quaedem nativo corpore sola,

 cui similis toto terrarum non sit, in orbi;

 infinita tamen nisi erit vis materiai,


 unde ea progigni possit concepta, creari545

 non poterit neque, quod super est, procrescere alique.

 quippe etenim sumant alii finita per omne

 corpora iactari unius genitalia rei,

 unde ubi qua vi et quo pacto congressa coibunt

 materiae tanto in pelago turbaque aliena? 550


 non, ut opinor, habent rationem conciliandi:

 sed quasi naufragiis magnis multisque coortis

 disiactare solet magnum mare transtra cavernas

 antemnas prorem malos tonsasque natantis,

 per terrarum omnis oras fluitantia aplustra555

 ut videantur et indicium mortalibus edant,


 infidi maris insidias virisque dolumque

 ut vitare velint, neve ullo tempore credant,

 subdola cum ridet placidi pellacia ponti,

 sic tibi si finita semel primordia quaedam560

 constitues, aevom debebunt sparsa per omnem

 disiectare aestus diversi materiai,


 numquam in concilium ut possint compulsa coire

 nec remorari in concilio nec crescere adaucta;

 quorum utrumque palam fieri manifesta docet res,565

 et res progigni et genitas procrescere posse.

 esse igitur genere in quovis primordia rerum

 infinita palam est, unde omnia suppeditantur.

Nec superare queunt motus itaque exitiales

 perpetuo neque in aeternum sepelire salutem,570

 nec porro rerum genitales auctificique

 motus perpetuo possunt servare creata.

 sic aequo geritur certamine principiorum

 ex infinito contractum tempore bellum.


 nunc hic nunc illic superant vitalia rerum575

 et superantur item. miscetur funere vagor,

 quem pueri tollunt visentis luminis oras;

 nec nox ulla diem neque noctem aurora secutast,

 quae non audierit mixtos vagitibus aegris

 ploratus, mortis comites et funeris atri. 580

Illud in his obsignatum quoque rebus habere

 convenit et memori mandatum mente tenere,

 nil esse, in promptu quorum natura videtur,

 quod genere ex uno consistat principiorum,

 nec quicquam quod non permixto semine constet.585

 et quod cumque magis vis multas possidet in se


 atque potestates, ita plurima principiorum

 in sese genera ac varias docet esse figuras.

Principio tellus habet in se corpora prima,

 unde mare inmensum volventes frigora fontes590

 adsidue renovent, habet ignes unde oriantur;

 nam multis succensa locis ardent sola terrae,


 ex imis vero furit ignibus impetus Aetnae.

 tum porro nitidas fruges arbustaque laeta

 gentibus humanis habet unde extollere possit,595

 unde etiam fluvios frondes et pabula laeta

 montivago generi possit praebere ferarum.

 quare magna deum mater materque ferarum


 et nostri genetrix haec dicta est corporis una.

Hanc veteres Graium docti cecinere poetae600

 sedibus in curru biiugos agitare leones,

 aeris in spatio magnam pendere docentes

 tellurem neque posse in terra sistere terram.

 adiunxere feras, quia quamvis effera proles


 officiis debet molliri victa parentum.605

 muralique caput summum cinxere corona,

 eximiis munita locis quia sustinet urbes.

 quo nunc insigni per magnas praedita terras

 horrifice fertur divinae matris imago.

 hanc variae gentes antiquo more sacrorum610


 Idaeam vocitant matrem Phrygiasque catervas

 dant comites, quia primum ex illis finibus edunt

 per terrarum orbes fruges coepisse creari.

 Gallos attribuunt, quia, numen qui violarint

 Matris et ingrati genitoribus inventi sint,615

 significare volunt indignos esse putandos,


 vivam progeniem qui in oras luminis edant.

 tympana tenta tonant palmis et cymbala circum

 concava, raucisonoque minantur cornua cantu,

 et Phrygio stimulat numero cava tibia mentis,620

 telaque praeportant, violenti signa furoris,

 ingratos animos atque impia pectora volgi


 conterrere metu quae possint numine divae.

 ergo cum primum magnas invecta per urbis

 munificat tacita mortalis muta salute,625

 aere atque argento sternunt iter omne viarum

 largifica stipe ditantes ninguntque rosarum

 floribus umbrantes matrem comitumque catervam.


 hic armata manus, Curetas nomine Grai

 quos memorant, Phrygias inter si forte catervas630

 ludunt in numerumque exultant sanguine laeti

 terrificas capitum quatientes numine cristas,

 Dictaeos referunt Curetas, qui Iovis illum

 vagitum in Creta quondam occultasse feruntur,


 cum pueri circum puerum pernice chorea635

 [armat et in numerum pernice chorea]

 armati in numerum pulsarent aeribus aera,

 ne Saturnus eum malis mandaret adeptus

 aeternumque daret matri sub pectore volnus.

 propterea magnam armati matrem comitantur,640


 aut quia significant divam praedicere ut armis

 ac virtute velint patriam defendere terram

 praesidioque parent decorique parentibus esse.

 quae bene et eximie quamvis disposta ferantur,

 longe sunt tamen a vera ratione repulsa.645

 omnis enim per se divom natura necessest


 inmortali aevo summa cum pace fruatur

 semota ab nostris rebus seiunctaque longe;

 nam privata dolore omni, privata periclis,

 ipsa suis pollens opibus, nihil indiga nostri,650

 nec bene promeritis capitur neque tangitur ira.

 terra quidem vero caret omni tempore sensu,


 et quia multarum potitur primordia rerum,

 multa modis multis effert in lumina solis.

 hic siquis mare Neptunum Cereremque vocare655

 constituet fruges et Bacchi nomine abuti

 mavolt quam laticis proprium proferre vocamen,

 concedamus ut hic terrarum dictitet orbem


 esse deum matrem, dum vera re tamen ipse

 religione animum turpi contingere parcat.680

Saepe itaque ex uno tondentes gramina campo660

 lanigerae pecudes et equorum duellica proles

 buceriaeque greges eodem sub tegmine caeli

 ex unoque sitim sedantes flumine aquai


 dissimili vivont specie retinentque parentum

 naturam et mores generatim quaeque imitantur.665

 tanta est in quovis genere herbae materiai

 dissimilis ratio, tanta est in flumine quoque.

Hinc porro quamvis animantem ex omnibus unam

 ossa cruor venae calor umor viscera nervi


 constituunt, quae sunt porro distantia longe,670

 dissimili perfecta figura principiorum.

Tum porro quae cumque igni flammata cremantur.

 si nil praeterea, tamen haec in corpore tradunt,

 unde ignem iacere et lumen submittere possint

 scintillasque agere ac late differre favillam.675


 cetera consimili mentis ratione peragrans

 invenies igitur multarum semina rerum

 corpore celare et varias cohibere figuras.

Denique multa vides, quibus et color et sapor una

 reddita sunt cum odore in primis pleraque poma.681

 haec igitur variis debent constare figuris;


 nidor enim penetrat qua fucus non it in artus,

 fucus item sorsum, <sorsum> sapor insinuatur

 sensibus; ut noscas primis differre figuris.685

 dissimiles igitur formae glomeramen in unum

 conveniunt et res permixto semine constant.

Quin etiam passim nostris in versibus ipsis

 multa elementa vides multis communia verbis,

 cum tamen inter se versus ac verba necesse est690

 confiteare alia ex aliis constare elementis;

 non quo multa parum communis littera currat

 aut nulla inter se duo sint ex omnibus isdem,


 sed quia non volgo paria omnibus omnia constant.

 sic aliis in rebus item communia multa695

 multarum rerum cum sint, primordia rerum

 dissimili tamen inter se consistere summa

 possunt; ut merito ex aliis constare feratur

 humanum genus et fruges arbustaque laeta.

Nec tamen omnimodis conecti posse putandum est700

 omnia; nam volgo fieri portenta videres,

 semiferas hominum species existere et altos

 inter dum ramos egigni corpore vivo

 multaque conecti terrestria membra marinis,

 tum flammam taetro spirantis ore Chimaeras705


 pascere naturam per terras omniparentis.

 quorum nil fieri manifestum est, omnia quando

 seminibus certis certa genetrice creata

 conservare genus crescentia posse videmus.

 scilicet id certa fieri ratione necessust.710

 nam sua cuique cibis ex omnibus intus in artus


 corpora discedunt conexaque convenientis

 efficiunt motus; at contra aliena videmus

 reicere in terras naturam, multaque caecis

 corporibus fugiunt e corpore percita plagis,715

 quae neque conecti quoquam potuere neque intus

 vitalis motus consentire atque imitari.


 sed ne forte putes animalia sola teneri

 legibus his, quaedam ratio res terminat omnis

 nam vel uti tota natura dissimiles sunt720

 inter se genitae res quaeque, ita quamque necessest

 dissimili constare figura principiorum;

 non quo multa parum simili sint praedita forma,


 sed quia non volgo paria omnibus omnia constant.

 semina cum porro distent, differre necessust725

 intervalla vias conexus pondera plagas

 concursus motus; quae non animalia solum

 corpora seiungunt, sed terras ac mare totum

 secernunt caelumque a terris omne retentant.

Nunc age dicta meo dulci quaesita labore730

 percipe, ne forte haec albis ex alba rearis

 principiis esse, ante oculos quae candida cernis,

 aut ea quae nigrant nigro de semine nata;

 nive alium quemvis quae sunt inbuta colorem,

 propterea gerere hunc credas, quod materiai735


 corpora consimili sint eius tincta colore;

 nullus enim color est omnino materiai

 corporibus, neque par rebus neque denique dispar.

 in quae corpora si nullus tibi forte videtur

 posse animi iniectus fieri, procul avius erras.740

 nam cum caecigeni, solis qui lumina numquam


 dispexere, tamen cognoscant corpora tactu

 ex ineunte aevo nullo coniuncta colore,

 scire licet nostrae quoque menti corpora posse

 vorti in notitiam nullo circum lita fuco. 745

 denique nos ipsi caecis quaecumque tenebris


 tangimus, haud ullo sentimus tincta colore.

Quod quoniam vinco fieri, nunc esse docebo.

 omnis enim color omnino mutatur in omnis;

 quod facere haud ullo debent primordia pacto;750

 immutabile enim quiddam superare necessest,

 ne res ad nihilum redigantur funditus omnes;


 nam quod cumque suis mutatum finibus exit,

 continuo hoc mors est illius quod fuit ante.

 proinde colore cave contingas semina rerum,755

 ne tibi res redeant ad nihilum funditus omnes.

Praeterea si nulla coloris principiis est

 reddita natura et variis sunt praedita formis,


 e quibus omnigenus gignunt variantque colores,

 propterea magni quod refert, semina quaeque760

 cum quibus et quali positura contineantur

 et quos inter se dent motus accipiantque,

 perfacile extemplo rationem reddere possis,

 cur ea quae nigro fuerint paulo ante colore,


 marmoreo fieri possint candore repente,765

 ut mare, cum magni commorunt aequora venti,

 vertitur in canos candenti marmore fluctus;

 dicere enim possis, nigrum quod saepe videmus,

 materies ubi permixta est illius et ordo

 principiis mutatus et addita demptaque quaedam,770


 continuo id fieri ut candens videatur et album.

 quod si caeruleis constarent aequora ponti

 seminibus, nullo possent albescere pacto;

 nam quo cumque modo perturbes caerula quae sint,

 numquam in marmoreum possunt migrare colorem.775

 sin alio atque alio sunt semina tincta colore,


 quae maris efficiunt unum purumque nitorem,

 ut saepe ex aliis formis variisque figuris

 efficitur quiddam quadratum unaque figura,

 conveniebat, ut in quadrato cernimus esse780

 dissimiles formas, ita cernere in aequore ponti

 aut alio in quovis uno puroque nitore


 dissimiles longe inter se variosque colores.

 praeterea nihil officiunt obstantque figurae

 dissimiles, quo quadratum minus omne sit extra;785

 at varii rerum inpediunt prohibentque colores,

 quo minus esse uno possit res tota nitore.

Tum porro quae ducit et inlicit ut tribuamus


 principiis rerum non numquam causa colores,

 occidit, ex albis quoniam non alba creantur,790

 nec quae nigra cluent de nigris, sed variis ex.

 quippe etenim multo proclivius exorientur

 candida de nullo quam nigro nata colore

 aut alio quovis, qui contra pugnet et obstet.

Praeterea quoniam nequeunt sine luce colores795

 esse neque in lucem existunt primordia rerum,

 scire licet quam sint nullo velata colore;

 qualis enim caecis poterit color esse tenebris?

 lumine quin ipso mutatur propterea quod

 recta aut obliqua percussus luce refulget;800


 pluma columbarum quo pacto in sole videtur,

 quae sita cervices circum collumque coronat;

 namque alias fit uti claro sit rubra pyropo,

 inter dum quodam sensu fit uti videatur

 inter caeruleum viridis miscere zmaragdos.805

 caudaque pavonis, larga cum luce repleta est,


 consimili mutat ratione obversa colores;

 qui quoniam quodam gignuntur luminis ictu,

 scire licet, sine eo fieri non posse putandum est.

Et quoniam plagae quoddam genus excipit in se810

 pupula, cum sentire colorem dicitur album,

 atque aliud porro, nigrum cum et cetera sentit,


 nec refert ea quae tangas quo forte colore

 praedita sint, verum quali magis apta figura,

 scire licet nihil principiis opus esse colore,815

 sed variis formis variantes edere tactus.

Praeterea quoniam non certis certa figuris

 est natura coloris et omnia principiorum


 formamenta queunt in quovis esse nitore,

 cur ea quae constant ex illis non pariter sunt820

 omnigenus perfusa coloribus in genere omni?

 conveniebat enim corvos quoque saepe volantis

 ex albis album pinnis iactare colorem

 et nigros fieri nigro de semine cycnos


 aut alio quovis uno varioque colore.825

Quin etiam quanto in partes res quaeque minutas

 distrahitur magis, hoc magis est ut cernere possis

 evanescere paulatim stinguique colorem;

 ut fit ubi in parvas partis discerpitur austrum:

 purpura poeniceusque color clarissimus multo,830


 filatim cum distractum est, disperditur omnis;

 noscere ut hinc possis prius omnem efflare colorem

 particulas, quam discedant ad semina rerum.

Postremo quoniam non omnia corpora vocem

 mittere concedis neque odorem, propterea fit835

 ut non omnibus adtribuas sonitus et odores:


 sic oculis quoniam non omnia cernere quimus,

 scire licet quaedam tam constare orba colore

 quam sine odore ullo quaedam sonituque remota,

 nec minus haec animum cognoscere posse sagacem840

 quam quae sunt aliis rebus privata notare.

Sed ne forte putes solo spoliata colore


 corpora prima manere, etiam secreta teporis

 sunt ac frigoris omnino calidique vaporis,

 et sonitu sterila et suco ieiuna feruntur,845

 nec iaciunt ullum proprium de corpore odorem.

 sicut amaracini blandum stactaeque liquorem

 et nardi florem, nectar qui naribus halat,


 cum facere instituas, cum primis quaerere par est,

 quod licet ac possis reperire, inolentis olivi850

 naturam, nullam quae mittat naribus auram,

 quam minime ut possit mixtos in corpore odores

 concoctosque suo contractans perdere viro,

 propter eandem <rem> debent primordia rerum


 non adhibere suum gignundis rebus odorem855

 nec sonitum, quoniam nihil ab se mittere possunt,

 nec simili ratione saporem denique quemquam

 nec frigus neque item calidum tepidumque vaporem,

 cetera, quae cum ita sunt tamen ut mortalia constent,

 molli lenta, fragosa putri, cava corpore raro,860


 omnia sint a principiis seiuncta necessest,

 inmortalia si volumus subiungere rebus

 fundamenta, quibus nitatur summa salutis;

 ne tibi res redeant ad nihilum funditus omnes.

Nunc ea quae sentire videmus cumque necessest865

 ex insensilibus tamen omnia confiteare


 principiis constare. neque id manufesta refutant

 nec contra pugnant, in promptu cognita quae sunt,

 sed magis ipsa manu ducunt et credere cogunt

 ex insensilibus, quod dico, animalia gigni.870

 quippe videre licet vivos existere vermes

 stercore de taetro, putorem cum sibi nacta est


 intempestivis ex imbribus umida tellus.

Praeterea cunctas itidem res vertere sese.

 vertunt se fluvii in frondes et pabula laeta875

 in pecudes, vertunt pecudes in corpora nostra

 naturam, et nostro de corpore saepe ferarum

 augescunt vires et corpora pennipotentum.


 ergo omnes natura cibos in corpora viva

 vertit et hinc sensus animantum procreat omnes,880

 non alia longe ratione atque arida ligna

 explicat in flammas et <in> ignis omnia versat.

 iamne vides igitur magni primordia rerum


 referre in quali sint ordine quaeque locata

 et commixta quibus dent motus accipiantque?885

Tum porro, quid id est, animum quod percutit, ipsum,

 quod movet et varios sensus expromere cogit,

 ex insensilibus ne credas sensile gigni?

 ni mirum lapides et ligna et terra quod una


 mixta tamen nequeunt vitalem reddere sensum.890

 illud in his igitur rebus meminisse decebit,

 non ex omnibus omnino, quaecumque creant res

 sensilia, extemplo me gigni dicere sensus,

 sed magni referre ea primum quantula constent,

 sensile quae faciunt, et qua sint praedita forma,895


 motibus ordinibus posituris denique quae sint.

 quarum nil rerum in lignis glaebisque videmus;

 et tamen haec, cum sunt quasi putrefacta per imbres,

 vermiculos pariunt, quia corpora materiai

 antiquis ex ordinibus permota nova re900

 conciliantur ita ut debent animalia gigni.

Deinde ex sensilibus qui sensile posse creari

 constituunt, porro ex aliis sentire sueti
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 mollia cum faciunt; nam sensus iungitur omnis

 visceribus nervis venis, quae cumque videmus

 mollia mortali consistere corpore creta.


 sed tamen esto iam posse haec aeterna manere;

 nempe tamen debent aut sensum partis habere

 aut similis totis animalibus esse putari.

 at nequeant per se partes sentire necesse est:910

 namque animus sensus membrorum respuit omnis,

 nec manus a nobis potis est secreta neque ulla


 corporis omnino sensum pars sola tenere.

 linquitur ut totis animantibus adsimulentur,

 vitali ut possint consentire undique sensu.915

 qui poterunt igitur rerum primordia dici

 et leti vitare vias, animalia cum sint,

 atque animalia <sint> mortalibus una eademque?


 quod tamen ut possint, at coetu concilioque

 nil facient praeter volgum turbamque animantum,920

 scilicet ut nequeant homines armenta feraeque

 inter sese ullam rem gignere conveniundo.

 sic itidem quae sentimus sentire necessest.

 quod si forte suum dimittunt corpore sensum


 atque alium capiunt, quid opus fuit adtribui id quod925

 detrahitur? tum praeterea, quod fudimus ante,

 quatinus in pullos animalis vertier ova

 cernimus alituum vermisque effervere terra,

 intempestivos quam putor cepit ob imbris,

 scire licet gigni posse ex non sensibus sensus.930

Quod si forte aliquis dicet, dum taxat oriri

 posse ex non sensu sensus mutabilitate,

 aut aliquo tamquam partu quod proditur extra,

 huic satis illud erit planum facere atque probare,

 non fieri partum nisi concilio ante coacto,935

 nec quicquam commutari sine conciliatu.

Principio nequeunt ullius corporis esse

 sensus ante ipsam genitam naturam animantis,

 ni mirum quia materies disiecta tenetur

 aere fluminibus terris terraque creatis,940

 nec congressa modo vitalis convenientes

 contulit inter se motus, quibus omnituentes


 accensi sensus animantem quamque tuentur.

Praeterea quamvis animantem grandior ictus,

 quam patitur natura, repente adfligit et omnis945

 corporis atque animi pergit confundere sensus.

 dissoluuntur enim positurae principiorum

 et penitus motus vitales inpediuntur,


 donec materies omnis concussa per artus

 vitalis animae nodos a corpore solvit950

 dispersamque foras per caulas eiecit omnis;

 nam quid praeterea facere ictum posse reamur

 oblatum, nisi discutere ac dissolvere quaeque?

 fit quoque uti soleant minus oblato acriter ictu


 reliqui motus vitalis vincere saepe,955

 vincere et ingentis plagae sedare tumultus

 inque suos quicquid rursus revocare meatus

 et quasi iam leti dominantem in corpore motum

 discutere ac paene amissos accendere sensus;

 nam qua re potius leti iam limine ab ipso960


 ad vitam possint conlecta mente reverti,

 quam quo decursum prope iam siet ire et abire?

Praeterea, quoniam dolor est, ubi materiai

 corpora vi quadam per viscera viva per artus

 sollicitata suis trepidant in sedibus intus,965

 inque locum quando remigrant, fit blanda voluptas,


 scire licet nullo primordia posse dolore

 temptari nullamque voluptatem capere ex se;

 quandoquidem non sunt ex ullis principiorum

 corporibus, quorum motus novitate laborent970

 aut aliquem fructum capiant dulcedinis almae.

 haut igitur debent esse ullo praedita sensu.

Denique uti possint sentire animalia quaeque,

 principiis si iam est sensus tribuendus eorum,

 quid, genus humanum propritim de quibus auctumst?975

 scilicet et risu tremulo concussa cachinnant

 et lacrimis spargunt rorantibus ora genasque

 multaque de rerum mixtura dicere callent


 et sibi proporro quae sint primordia quaerunt;

 quando quidem totis mortalibus adsimulata980

 ipsa quoque ex aliis debent constare elementis,

 inde alia ex aliis, nusquam consistere ut ausis;

 quippe sequar, quod cumque loqui ridereque dices

 et sapere, ex aliis eadem haec facientibus ut sit.


 quod si delira haec furiosaque cernimus esse985

 et ridere potest non ex ridentibus auctus,

 et sapere et doctis rationem reddere dictis

 non ex seminibus sapientibus atque disertis,

 qui minus esse queant ea quae sentire videmus

 seminibus permixta carentibus undique sensu?990

Denique caelesti sumus omnes semine oriundi;

 omnibus ille idem pater est, unde alma liquentis

 umoris guttas mater cum terra recepit,

 feta parit nitidas fruges arbustaque laeta

 et genus humanum, parit omnia saecla ferarum,995

 pabula cum praebet, quibus omnes corpora pascunt


 et dulcem ducunt vitam prolemque propagant;

 qua propter merito maternum nomen adepta est.

 cedit item retro, de terra quod fuit ante,

 in terras, et quod missumst ex aetheris oris,1000

 id rursum caeli rellatum templa receptant.

 nec sic interemit mors res ut materiai


 corpora conficiat, sed coetum dissupat ollis;

 inde aliis aliud coniungit et efficit, omnis

 res ut convertant formas mutentque colores1005

 et capiant sensus et puncto tempore reddant;

 ut noscas referre earum primordia rerum

 cum quibus et quali positura contineantur


 et quos inter se dent motus accipiantque,

 neve putes aeterna penes residere potesse1010

 corpora prima quod in summis fluitare videmus

 rebus et interdum nasci subitoque perire.

 quin etiam refert nostris in versibus ipsis

 cum quibus et quali sint ordine quaeque locata;


 namque eadem caelum mare terras flumina solem1015

 significant, eadem fruges arbusta animantis;

 si non omnia sunt, at multo maxima pars est

 consimilis; verum positura discrepitant res.

 sic ipsis in rebus item iam materiai

 [intervalla vias conexus pondera plagas]1020


 concursus motus ordo positura figurae

 cum permutantur, mutari res quoque debent.

Nunc animum nobis adhibe veram ad rationem.

 nam tibi vehementer nova res molitur ad auris

 accedere et nova se species ostendere rerum.1025

 sed neque tam facilis res ulla est, quin ea primum


 difficilis magis ad credendum constet, itemque

 nil adeo magnum neque tam mirabile quicquam,

 quod non paulatim minuant mirarier omnes,

 principio caeli clarum purumque colorem1030

 quaeque in se cohibet, palantia sidera passim,

 lunamque et solis praeclara luce nitorem;


 omnia quae nunc si primum mortalibus essent

 ex improviso si sint obiecta repente,

 quid magis his rebus poterat mirabile dici,1035

 aut minus ante quod auderent fore credere gentes?

 nil, ut opinor; ita haec species miranda fuisset.

 quam tibi iam nemo fessus satiate videndi,


 suspicere in caeli dignatur lucida templa.

 desine qua propter novitate exterritus ipsa1040

 expuere ex animo rationem, sed magis acri

 iudicio perpende, et si tibi vera videntur,

 dede manus, aut, si falsum est, accingere contra.

 quaerit enim rationem animus, cum summa loci sit


 infinita foris haec extra moenia mundi,1045

 quid sit ibi porro, quo prospicere usque velit mens

 atque animi iactus liber quo pervolet ipse.

Principio nobis in cunctas undique partis

 et latere ex utroque <supra> supterque per omne


 nulla est finis; uti docui, res ipsaque per se1050

 vociferatur, et elucet natura profundi.

 nullo iam pacto veri simile esse putandumst,

 undique cum vorsum spatium vacet infinitum

 seminaque innumero numero summaque profunda

 multimodis volitent aeterno percita motu,1055


 hunc unum terrarum orbem caelumque creatum,

 nil agere illa foris tot corpora materiai;

 cum praesertim hic sit natura factus et ipsa

 sponte sua forte offensando semina rerum

 multimodis temere in cassum frustraque coacta1060

 tandem coluerunt ea quae coniecta repente


 magnarum rerum fierent exordia semper,

 terrai maris et caeli generisque animantum.

 quare etiam atque etiam talis fateare necesse est

 esse alios alibi congressus materiai,1065

 qualis hic est, avido complexu quem tenet aether.

Praeterea cum materies est multa parata,


 cum locus est praesto nec res nec causa moratur

 ulla, geri debent ni mirum et confieri res.

 nunc et seminibus si tanta est copia, quantam1070

 enumerare aetas animantum non queat omnis,

 quis eadem natura manet, quae semina rerum

 conicere in loca quaeque queat simili ratione


 atque huc sunt coniecta, necesse est confiteare

 esse alios aliis terrarum in partibus orbis1075

 et varias hominum gentis et saecla ferarum.

Huc accedit ut in summa res nulla sit una,

 unica quae gignatur et unica solaque crescat,

 quin aliquoius siet saecli permultaque eodem


 sint genere. in primis animalibus indice mente 1080

 invenies sic montivagum genus esse ferarum,

 sic hominum geminam prolem, sic denique mutas

 squamigerum pecudes et corpora cuncta volantum.

 qua propter caelum simili ratione fatendumst


 terramque et solem, lunam mare cetera quae sunt,1085

 non esse unica, sed numero magis innumerali;

 quando quidem vitae depactus terminus alte

 tam manet haec et tam nativo corpore constant

 quam genus omne, quod his generatimst rebus abundans.

Quae bene cognita si teneas, natura videtur1090


 libera continuo, dominis privata superbis,

 ipsa sua per se sponte omnia dis agere expers.

 nam pro sancta deum tranquilla pectora pace

 quae placidum degunt aevom vitamque serenam,

 quis regere immensi summam, quis habere profundi1095

 indu manu validas potis est moderanter habenas,


 quis pariter caelos omnis convertere et omnis

 ignibus aetheriis terras suffire feracis,

 omnibus inve locis esse omni tempore praesto,

 nubibus ut tenebras faciat caelique serena1100

 concutiat sonitu, tum fulmina mittat et aedis

 saepe suas disturbet et in deserta recedens


 saeviat exercens telum, quod saepe nocentes

 praeterit exanimatque indignos inque merentes?

Multaque post mundi tempus genitale diemque1105

 primigenum maris et terrae solisque coortum

 addita corpora sunt extrinsecus, addita circum

 semina, quae magnum iaculando contulit omne,


 unde mare et terrae possent augescere et unde

 appareret spatium caeli domus altaque tecta1110

 tolleret a terris procul et consurgeret aer.

 nam sua cuique, locis ex omnibus, omnia plagis

 corpora distribuuntur et ad sua saecla recedunt,

 umor ad umorem, terreno corpore terra


 crescit et ignem ignes procudunt aetheraque <aether>,1115

 donique ad extremum crescendi perfica finem

 omnia perduxit rerum natura creatrix;

 ut fit ubi nihilo iam plus est quod datur intra

 vitalis venas quam quod fluit atque recedit.


 omnibus hic aetas debet consistere rebus,1120

 hic natura suis refrenat viribus auctum.

 nam quae cumque vides hilaro grandescere adauctu

 paulatimque gradus aetatis scandere adultae,

 plura sibi adsumunt quam de se corpora mittunt,

 dum facile in venas cibus omnis inditur et dum1125


 non ita sunt late dispessa, ut multa remittant

 et plus dispendi faciant quam vescitur aetas.

 nam certe fluere atque recedere corpora rebus

 multa manus dandum est; sed plura accedere debent,

 donec alescendi summum tetigere cacumen.1130

 inde minutatim vires et robur adultum


 frangit et in partem peiorem liquitur aetas.

 quippe etenim quanto est res amplior, augmine adempto,

 et quo latior est, in cunctas undique partis

 plura modo dispargit et a se corpora mittit,1135

 nec facile in venas cibus omnis diditur ei

 nec satis est, pro quam largos exaestuat aestus,


 unde queat tantum suboriri ac subpeditare.

 iure igitur pereunt, cum rarefacta fluendo

 sunt et cum externis succumbunt omnia plagis,1140

 quando quidem grandi cibus aevo denique defit,

 nec tuditantia rem cessant extrinsecus ullam

 corpora conficere et plagis infesta domare.

Sic igitur magni quoque circum moenia mundi

 expugnata dabunt labem putrisque ruinas;1145

 omnia debet enim cibus integrare novando

 et fulcire cibus, <cibus> omnia sustentare,

 ne quiquam, quoniam nec venae perpetiuntur


 quod satis est, neque quantum opus est natura ministrat.

Iamque adeo fracta est aetas effetaque tellus1150

 vix animalia parva creat, quae cuncta creavit

 saecla deditque ferarum ingentia corpora partu.

 haud, ut opinor, enim mortalia saecla superne

 aurea de caelo demisit funis in arva


 nec mare nec fluctus plangentis saxa crearunt,1155

 sed genuit tellus eadem quae nunc alit ex se.

 praeterea nitidas fruges vinetaque laeta

 sponte sua primum mortalibus ipsa creavit,

 ipsa dedit dulcis fetus et pabula laeta;

 quae nunc vix nostro grandescunt aucta labore,1160


 conterimusque boves et viris agricolarum,

 conficimus ferrum vix arvis suppeditati:

 usque adeo parcunt fetus augentque laborem.

 iamque caput quassans grandis suspirat arator

 crebrius, in cassum magnos cecidisse labores,1165

 et cum tempora temporibus praesentia confert


 praeteritis, laudat fortunas saepe parentis.

 tristis item vetulae vitis sator atque <vietae>

 temporis incusat momen saeclumque fatigat,

 et crepat, antiquum genus ut pietate repletum1170

 perfacile angustis tolerarit finibus aevom,


 cum minor esset agri multo modus ante viritim;

 nec tenet omnia paulatim tabescere et ire

 ad capulum spatio aetatis defessa vetusto.
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E tenebris tantis tam clarum extollere lumen

qui primus potuisti inlustrans commoda vitae,

te sequor, o Graiae gentis decus, inque tuis nunc

ficta pedum pono pressis vestigia signis,

non ita certandi cupidus quam propter amorem5

quod te imitari aveo; quid enim contendat hirundo

cycnis, aut quid nam tremulis facere artubus haedi

consimile in cursu possint et fortis equi vis?

tu, pater, es rerum inventor, tu patria nobis


suppeditas praecepta, tuisque ex, inclute, chartis,10

floriferis ut apes in saltibus omnia libant,

omnia nos itidem depascimur aurea dicta,

aurea, perpetua semper dignissima vita.

nam simul ac ratio tua coepit vociferari

naturam rerum divina mente coortam,15

diffugiunt animi terrores, moenia mundi

discedunt. totum video per inane geri res.

apparet divum numen sedesque quietae,


quas neque concutiunt venti nec nubila nimbis

aspergunt neque nix acri concreta pruina20

cana cadens violat semper[que] innubilus aether

integit et large diffuso lumine ridet:

omnia suppeditat porro natura neque ulla

res animi pacem delibat tempore in ullo.

at contra nusquam apparent Acherusia templa,25

nec tellus obstat quin omnia dispiciantur,

sub pedibus quae cumque infra per inane geruntur.


his ibi me rebus quaedam divina voluptas

percipit atque horror, quod sic natura tua vi

tam manifesta patens ex omni parte retecta est.30

Et quoniam docui, cunctarum exordia rerum

qualia sint et quam variis distantia formis

sponte sua volitent aeterno percita motu,

quove modo possint res ex his quaeque creari,

hasce secundum res animi natura videtur35

atque animae claranda meis iam versibus esse


et metus ille foras praeceps Acheruntis agendus,

funditus humanam qui vitam turbat ab imo

omnia suffundens mortis nigrore neque ullam

esse voluptatem liquidam puramque relinquit.40

nam quod saepe homines morbos magis esse timendos

infamemque ferunt vitam quam Tartara leti

et se scire animi naturam sanguinis esse,

aut etiam venti, si fert ita forte voluntas,

nec prosum quicquam nostrae rationis egere,45


hinc licet advertas animum magis omnia laudis

iactari causa quam quod res ipsa probetur.

extorres idem patria longeque fugati

conspectu ex hominum, foedati crimine turpi,

omnibus aerumnis adfecti denique vivunt,50

et quo cumque tamen miseri venere parentant

et nigras mactant pecudes et manibus divis

inferias mittunt multoque in rebus acerbis

 acrius advertunt animos ad religionem.


quo magis in dubiis hominem spectare periclis55

convenit adversisque in rebus noscere qui sit;

nam verae voces tum demum pectore ab imo

eliciuntur [et] eripitur persona amanare.

denique avarities et honorum caeca cupido,

quae miseros homines cogunt transcendere fines60

iuris et inter dum socios scelerum atque ministros

noctes atque dies niti praestante labore

ad summas emergere opes, haec vulnera vitae


non minimam partem mortis formidine aluntur.

turpis enim ferme contemptus et acris egestas65

semota ab dulci vita stabilique videtur

et quasi iam leti portas cunctarier ante;

unde homines dum se falso terrore coacti

effugisse volunt longe longeque remosse,

sanguine civili rem conflant divitiasque70

conduplicant avidi, caedem caede accumulantes,

crudeles gaudent in tristi funere fratris


et consanguineum mensas odere timentque.

consimili ratione ab eodem saepe timore

macerat invidia ante oculos illum esse potentem,80

illum aspectari, claro qui incedit honore,

ipsi se in tenebris volvi caenoque queruntur.

intereunt partim statuarum et nominis ergo.

et saepe usque adeo, mortis formidine, vitae

percipit humanos odium lucisque videndae,85

ut sibi consciscant maerenti pectore letum


obliti fontem curarum hunc esse timorem:

hunc vexare pudorem, hunc vincula amicitiai

rumpere et in summa pietate evertere suadet:

nam iam saepe homines patriam carosque parentis90

prodiderunt vitare Acherusia templa petentes.

nam vel uti pueri trepidant atque omnia caecis

in tenebris metuunt, sic nos in luce timemus

inter dum, nihilo quae sunt metuenda magis quam

quae pueri in tenebris pavitant finguntque futura.90


hunc igitur terrorem animi tenebrasque necessest

non radii solis neque lucida tela diei

discutiant, sed naturae species ratioque.

Primum animum dico, mentem quem saepe vocamus,

in quo consilium vitae regimenque locatum est,95

esse hominis partem nihilo minus ac manus et pes

atque oculei partes animantis totius extant.

* * *

sensum animi certa non esse in parte locatum,


verum habitum quendam vitalem corporis esse,

harmoniam Grai quam dicunt, quod faciat nos100

vivere cum sensu, nulla cum in parte siet mens;

ut bona saepe valetudo cum dicitur esse

corporis, et non est tamen haec pars ulla valentis,

sic animi sensum non certa parte reponunt;

magno opere in quo mi diversi errare videntur.105

Saepe itaque, in promptu corpus quod cernitur, aegret,

cum tamen ex alia laetamur parte latenti;


 et retro fit ubi contra sit saepe vicissim,

cum miser ex animo laetatur corpore toto;

non alio pacto quam si, pes cum dolet aegri,110

in nullo caput interea sit forte dolore.

Praeterea molli cum somno dedita membra

effusumque iacet sine sensu corpus honustum,

est aliud tamen in nobis quod tempore in illo

multimodis agitatur et omnis accipit in se115


laetitiae motus et curas cordis inanis.

Nunc animam quoque ut in membris cognoscere possis

esse neque harmonia corpus sentire solere,

principio fit uti detracto corpore multo

saepe tamen nobis in membris vita moretur.120

Atque eadem rursum, cum corpora pauca caloris

diffugere forasque per os est editus aër,

deserit extemplo venas atque ossa relinquit;

noscere ut hinc possis non aequas omnia partis


corpora habere neque ex aequo fulcire salutem,125

sed magis haec, venti quae sunt calidique vaporis

semina, curare in membris ut vita moretur.

est igitur calor ac ventus vitalis in ipso

corpore, qui nobis moribundos deserit artus.

quapropter quoniam est animi natura reperta130

atque animae quasi pars hominis, redde harmoniai

nomen, ad organicos alto delatum Heliconi,

sive aliunde ipsi porro traxere et in illam


transtulerunt, proprio quae tum res nomine egebat.

quidquid [id] est, habeant: tu cetera percipe dicta.135

Nunc animum atque animam dico coniuncta teneri

inter se atque unam naturam conficere ex se,

sed caput esse quasi et dominari in corpore toto

consilium, quod nos animum mentemque vocamus.

idque situm media regione in pectoris haeret.140

hic exultat enim pavor ac metus, haec loca circum

laetitiae mulcent: hic ergo mens animusquest.


cetera pars animae per totum dissita corpus

paret et ad numen mentis momenque movetur.

idque sibi solum per se sapit et sibi gaudet,145

cum neque res animam neque corpus commovet una.

et quasi, cum caput aut oculus temptante dolore

laeditur in nobis, non omni concruciamur

corpore, sic animus nonnumquam laeditur ipse

laetitiaque viget, cum cetera pars animai150

per membra atque artus nulla novitate cietur;


verum ubi vementi magis est commota metu mens,

consentire animam totam per membra videmus

sudoresque ita palloremque existere toto

corpore et infringi linguam vocemque aboriri,155

caligare oculos, sonere auris, succidere artus,

denique concidere ex animi terrore videmus

saepe homines; facile ut quivis hinc noscere possit

esse animam cum animo coniunctam, quae cum animi [vi]

percussa est, exim corpus propellit et icit.160

Haec eadem ratio naturam animi atque animai

corpoream docet esse; ubi enim propellere membra,

 corripere ex somno corpus mutareque vultum

atque hominem totum regere ac versare videtur,

quorum nil fieri sine tactu posse videmus165

nec tactum porro sine corpore, nonne fatendumst

corporea natura animum constare animamque?

praeterea pariter fungi cum corpore et una


consentire animum nobis in corpore cernis.

si minus offendit vitam vis horrida teli170

ossibus ac nervis disclusis intus adacta,

at tamen insequitur languor terraeque petitus

suavis et in terra mentis qui gignitur aestus

inter dumque quasi exsurgendi incerta voluntas.

ergo corpoream naturam animi esse necessest,175

corporeis quoniam telis ictuque laborat.

Is tibi nunc animus quali sit corpore et unde


constiterit pergam rationem reddere dictis.

principio esse aio persuptilem atque minutis

perquam corporibus factum constare. id ita esse180

hinc licet advertas animum, ut pernoscere possis.

 Nil adeo fieri celeri ratione videtur,

quam si mens fieri proponit et inchoat ipsa;

ocius ergo animus quam res se perciet ulla,

ante oculos quorum in promptu natura videtur.185


at quod mobile tanto operest, constare rutundis

perquam seminibus debet perquamque minutis,

momine uti parvo possint inpulsa moveri.

namque movetur aqua et tantillo momine flutat,

quippe volubilibus parvisque creata figuris.190

at contra mellis constantior est natura

et pigri latices magis et cunctantior actus:

haeret enim inter se magis omnis materiai

copia, ni mirum quia non tam levibus extat


corporibus neque tam suptilibus atque rutundis.195

namque papaveris aura potest suspensa levisque

cogere ut ab summo tibi diffluat altus acervus,

at contra lapidum coniectum spicarumque

noenu potest. igitur parvissima corpora pro quam

et levissima sunt, ita mobilitate fruuntur;200

at contra quae cumque magis cum pondere magno

asperaque inveniuntur, eo stabilita magis sunt.

nunc igitur quoniamst animi natura reperta


mobilis egregie, perquam constare necessest

corporibus parvis et levibus atque rutundis.205

quae tibi cognita res in multis, o bone, rebus

utilis invenietur et opportuna cluebit.

Haec quoque res etiam naturam dedicat eius,

quam tenui constet textura quamque loco se

contineat parvo, si possit conglomerari,210

quod simul atque hominem leti secura quies est

indepta atque animi natura animaeque recessit,


nil ibi libatum de toto corpore cernas

ad speciem, nihil ad pondus: mors omnia praestat,

vitalem praeter sensum calidumque vaporem.215

ergo animam totam perparvis esse necessest

seminibus nexam per venas viscera nervos,

 qua tenus, omnis ubi e toto iam corpore cessit,

extima membrorum circumcaesura tamen se

incolumem praestat nec defit ponderis hilum.220


quod genus est, Bacchi cum flos evanuit aut cum

spiritus unguenti suavis diffugit in auras

aut aliquo cum iam sucus de corpore cessit;

nil oculis tamen esse minor res ipsa videtur

propterea neque detractum de pondere quicquam,225

ni mirum quia multa minutaque semina sucos

efficiunt et odorem in toto corpore rerum.

quare etiam atque etiam mentis naturam animaeque

scire licet perquam pauxillis esse creatam


seminibus, quoniam fugiens nil ponderis aufert230.

Nec tamen haec simplex nobis natura putanda est.

tenvis enim quaedam moribundos deserit aura

mixta vapore, vapor porro trahit aëra secum;

nec calor est quisquam, cui non sit mixtus et aër;

rara quod eius enim constat natura, necessest235

aëris inter eum primordia multa moveri.

iam triplex animi est igitur natura reperta;

nec tamen haec sat sunt ad sensum cuncta creandum,


nil horum quoniam recipit mens posse creare

sensiferos motus, quae denique mente volutat.240

quarta quoque his igitur quaedam natura necessest

adtribuatur; east omnino nominis expers;

qua neque mobilius quicquam neque tenvius extat

nec magis e parvis et levibus ex elementis;

sensiferos motus quae didit prima per artus.245

prima cietur enim, parvis perfecta figuris,

inde calor motus et venti caeca potestas


accipit, inde aër, inde omnia mobilitantur:

concutitur sanguis, tum viscera persentiscunt

omnia, postremis datur ossibus atque medullis250

sive voluptas est sive est contrarius ardor.

nec temere huc dolor usque potest penetrare neque acre

permanare malum, quin omnia perturbentur

usque adeo [ut] vitae desit locus atque animai

diffugiant partes per caulas corporis omnis.255

sed plerumque fit in summo quasi corpore finis


motibus: hanc ob rem vitam retinere valemus.

Nunc ea quo pacto inter sese mixta quibusque

compta modis vigeant rationem reddere aventem

abstrahit invitum patrii sermonis egestas;260

sed tamen, ut potero summatim attingere, tangam.

inter enim cursant primordia principiorum

motibus inter se, nihil ut secernier unum

possit nec spatio fieri divisa potestas,

sed quasi multae vis unius corporis extant.265


quod genus in quovis animantum viscere volgo

est odor et quidam color et sapor, et tamen ex his

omnibus est unum perfectum corporis augmen,

sic calor atque aër et venti caeca potestas

mixta creant unam naturam et mobilis illa270

vis, initum motus ab se quae dividit ollis,

sensifer unde oritur primum per viscera motus.

 nam penitus prorsum latet haec natura subestque


nec magis hac infra quicquam est in corpore nostro

atque anima est animae proporro totius ipsa.275

quod genus in nostris membris et corpore toto

mixta latens animi vis est animaeque potestas,

corporibus quia de parvis paucisque creatast,

sic tibi nominis haec expers vis, facta minutis

corporibus, latet atque animae quasi totius ipsa280

proporrost anima et dominatur corpore toto.

consimili ratione necessest ventus et aër


et calor inter se vigeant commixta per artus

atque aliis aliud subsit magis emineatque,

ut quiddam fieri videatur ab omnibus unum,285

ni calor ac ventus seorsum seorsumque potestas

aëris interemant sensum diductaque solvant.

est etiam calor ille animo, quem sumit, in ira

cum fervescit et ex oculis micat acrius ardor;

est et frigida multa, comes formidinis, aura,290

quae ciet horrorem membris et concitat artus;


est etiam quoque pacati status aëris ille,

pectore tranquillo fit qui voltuque sereno.

sed calidi plus est illis quibus acria corda

iracundaque mens facile effervescit in ira,295

quo genere in primis vis est violenta leonum,

pectora qui fremitu rumpunt plerumque gementes

nec capere irarum fluctus in pectore possunt.

at ventosa magis cervorum frigida mens est

et gelidas citius per viscera concitat auras,300


quae tremulum faciunt membris existere motum.

at natura boum placido magis aëre vivit

nec nimis irai fax umquam subdita percit

fumida, suffundens caecae caliginis umbra,

nec gelidis torpet telis perfixa pavoris;305

interutrasque sitast cervos saevosque leones.

sic hominum genus est: quamvis doctrina politos

constituat pariter quosdam, tamen illa relinquit

naturae cuiusque animi vestigia prima.


nec radicitus evelli mala posse putandumst,310

quin proclivius hic iras decurrat ad acris,

ille metu citius paulo temptetur, at ille

tertius accipiat quaedam clementius aequo.

inque aliis rebus multis differre necessest

naturas hominum varias moresque sequacis;315

quorum ego nunc nequeo caecas exponere causas

nec reperire figurarum tot nomina quot sunt

principiis, unde haec oritur variantia rerum.


illud in his rebus video firmare potesse,

usque adeo naturarum vestigia linqui320

parvola, quae nequeat ratio depellere nobis,

ut nihil inpediat dignam dis degere vitam.

Haec igitur natura tenetur corpore ab omni

ipsaque corporis est custos et causa salutis;

nam communibus inter se radicibus haerent325

nec sine pernicie divelli posse videntur.

quod genus e thuris glaebis evellere odorem


 haud facile est, quin intereat natura quoque eius,

sic animi atque animae naturam corpore toto

extrahere haut facile est, quin omnia dissoluantur.330

inplexis ita principiis ab origine prima

inter se fiunt consorti praedita vita,

nec sibi quaeque sine alterius vi posse videtur

corporis atque animi seorsum sentire potestas,

sed communibus inter eas conflatur utrimque335


motibus accensus nobis per viscera sensus.

Praeterea corpus per se nec gignitur umquam

nec crescit neque post mortem durare videtur.

non enim, ut umor aquae dimittit saepe vaporem,

qui datus est, neque ea causa convellitur ipse,340

sed manet incolumis, non, inquam, sic animai

discidium possunt artus perferre relicti,

sed penitus pereunt convulsi conque putrescunt.

ex ineunte aevo sic corporis atque animai


mutua vitalis discunt contagia motus,345

maternis etiam membris alvoque reposta,

discidium [ut] nequeat fieri sine peste maloque;

ut videas, quoniam coniunctast causa salutis,

coniunctam quoque naturam consistere eorum.

Quod super est, siquis corpus sentire refutat350

atque animam credit permixtam corpore toto

suscipere hunc motum quem sensum nominitamus,

vel manifestas res contra verasque repugnat.


quid sit enim corpus sentire quis adferet umquam,

si non ipsa palam quod res dedit ac docuit nos?355

'at dimissa anima corpus caret undique sensu.'

perdit enim quod non proprium fuit eius in aevo

multaque praeterea perdit quom expellitur aevo.

Dicere porro oculos nullam rem cernere posse,

sed per eos animum ut foribus spectare reclusis,360

difficilest, contra cum sensus ducat eorum;

sensus enim trahit atque acies detrudit ad ipsas,


fulgida praesertim cum cernere saepe nequimus,

lumina luminibus quia nobis praepediuntur.

quod foribus non fit; neque enim, qua cernimus ipsi,365

ostia suscipiunt ullum reclusa laborem.

praeterea si pro foribus sunt lumina nostra,

iam magis exemptis oculis debere videtur

cernere res animus sublatis postibus ipsis.

Illud in his rebus nequaquam sumere possis,370

Democriti quod sancta viri sententia ponit,


corporis atque animi primordia singula primis

adposita alternis, variare ac nectere membra.

nam cum multo sunt animae elementa minora

quam quibus e corpus nobis et viscera constant,375

tum numero quoque concedunt et rara per artus

dissita sunt, dum taxat ut hoc promittere possis,

quantula prima queant nobis iniecta ciere

corpora sensiferos motus in corpore, tanta

intervalla tenere exordia prima animai.380


nam neque pulveris inter dum sentimus adhaesum

corpore nec membris incussam sidere cretam,

 nec nebulam noctu neque arani tenvia fila

obvia sentimus, quando obretimur euntes,

nec supera caput eiusdem cecidisse vietam385

vestem nec plumas avium papposque volantis,

qui nimia levitate cadunt plerumque gravatim,

nec repentis itum cuiusvis cumque animantis


sentimus nec priva pedum vestigia quaeque,

corpore quae in nostro culices et cetera ponunt.390

usque adeo prius est in nobis multa ciendum

quam primordia sentiscant concussa animai,

semina corporibus nostris inmixta per artus,

et quam in his intervallis tuditantia possint

concursare coire et dissultare vicissim.395

Et magis est animus vitai claustra coërcens

et dominantior ad vitam quam vis animai.


nam sine mente animoque nequit residere per artus

temporis exiguam partem pars ulla animai,

sed comes insequitur facile et discedit in auras400

et gelidos artus in leti frigore linquit.

at manet in vita cui mens animusque remansit,

quamvis est circum caesis lacer undique membris;

truncus adempta anima circum membrisque remota

vivit et aetherias vitalis suscipit auras;405

si non omnimodis, at magna parte animai


privatus, tamen in vita cunctatur et haeret;

ut, lacerato oculo circum si pupula mansit

incolumis, stat cernundi vivata potestas,

dum modo ne totum corrumpas luminis orbem410

et circum caedas aciem solamque relinquas;

id quoque enim sine pernicie non fiet eorum.

at si tantula pars oculi media illa peresa est,

occidit extemplo lumen tenebraeque secuntur,

incolumis quamvis alioqui splendidus orbis.415


hoc anima atque animus vincti sunt foedere semper.

Nunc age, nativos animantibus et mortalis

esse animos animasque levis ut noscere possis,

conquisita diu dulcique reperta labore

digna tua pergam disponere carmina vita.420

tu fac utrumque uno subiungas nomine eorum

atque animam verbi causa cum dicere pergam,

mortalem esse docens, animum quoque dicere credas,

qua tenus est unum inter se coniunctaque res est.

Principio quoniam tenuem constare minutis425

corporibus docui multoque minoribus esse

principiis factam quam liquidus umor aquai

aut nebula aut fumus;Ænam longe mobilitate

praestat et a tenui causa magis icta movetur,

quippe ubi imaginibus fumi nebulaeque movetur;430

quod genus in somnis sopiti ubi cernimus alte

exhalare vaporem altaria ferreque fumum;

nam procul haec dubio nobis simulacra gerunturÆ


nunc igitur quoniam quassatis undique vasis

diffluere umorem et laticem discedere cernis,435

et nebula ac fumus quoniam discedit in auras,

crede animam quoque diffundi multoque perire

 ocius et citius dissolvi in corpora prima,

cum semel ex hominis membris ablata recessit;

quippe etenim corpus, quod vas quasi constitit eius,440

cum cohibere nequit conquassatum ex aliqua re


ac rarefactum detracto sanguine venis,

aëre qui credas posse hanc cohiberier ullo,

corpore qui nostro rarus magis incohibens sit?

Praeterea gigni pariter cum corpore et una445

crescere sentimus pariterque senescere mentem.

nam vel ut infirmo pueri teneroque vagantur

corpore, sic animi sequitur sententia tenvis.

inde ubi robustis adolevit viribus aetas,

consilium quoque maius et auctior est animi vis.450


post ubi iam validis quassatum est viribus aevi

corpus et obtusis ceciderunt viribus artus,

claudicat ingenium, delirat lingua [labat] mens,

omnia deficiunt atque uno tempore desunt.

ergo dissolui quoque convenit omnem animai455

naturam, ceu fumus, in altas aëris auras;

quando quidem gigni pariter pariterque videmus

crescere et, [ut] docui, simul aevo fessa fatisci.

Huc accedit uti videamus, corpus ut ipsum


suscipere inmanis morbos durumque dolorem,460

sic animum curas acris luctumque metumque;

quare participem leti quoque convenit esse.

quin etiam morbis in corporis avius errat

saepe animus; dementit enim deliraque fatur,

inter dumque gravi lethargo fertur in altum465

aeternumque soporem oculis nutuque cadenti;

unde neque exaudit voces nec noscere voltus

illorum potis est, ad vitam qui revocantes


circum stant lacrimis rorantes ora genasque.

quare animum quoque dissolui fateare necessest,470

quandoquidem penetrant in eum contagia morbi;

nam dolor ac morbus leti fabricator uterquest,

multorum exitio perdocti quod sumus ante.

[et quoniam mentem sanari corpus ut aegrum

et pariter mentem sanari corpus inani]475

denique cor, hominem cum vini vis penetravit

acris et in venas discessit diditus ardor,


consequitur gravitas membrorum, praepediuntur

crura vacillanti, tardescit lingua, madet mens,

nant oculi, clamor singultus iurgia gliscunt,480

et iam cetera de genere hoc quae cumque secuntur,

cur ea sunt, nisi quod vehemens violentia vini

conturbare animam consuevit corpore in ipso?

at quae cumque queunt conturbari inque pediri,

significant, paulo si durior insinuarit485

causa, fore ut pereant aevo privata futuro.

Quin etiam subito vi morbi saepe coactus

ante oculos aliquis nostros, ut fulminis ictu,

concidit et spumas agit, ingemit et tremit artus,

desipit, extentat nervos, torquetur, anhelat490

inconstanter, et in iactando membra fatigat,

ni mirum quia vis morbi distracta per artus

 turbat agens animam, spumans [ut] in aequore salso

ventorum validis fervescunt viribus undae.


exprimitur porro gemitus, quia membra dolore495

adficiuntur et omnino quod semina vocis

eliciuntur et ore foras glomerata feruntur

qua quasi consuerunt et sunt munita viai.

desipientia fit, quia vis animi atque animai

conturbatur et, ut docui, divisa seorsum500

disiectatur eodem illo distracta veneno.

inde ubi iam morbi reflexit causa, reditque

in latebras acer corrupti corporis umor,


tum quasi vaccillans primum consurgit et omnis

paulatim redit in sensus animamque receptat.505

haec igitur tantis ubi morbis corpore in ipso

iactentur miserisque modis distracta laborent,

cur eadem credis sine corpore in aëre aperto

cum validis ventis aetatem degere posse?

Et quoniam mentem sanari corpus ut aegrum510

cernimus et flecti medicina posse videmus,

id quoque praesagit mortalem vivere mentem.


addere enim partis aut ordine traiecere aecumst

aut aliquid prosum de summa detrahere hilum,

commutare animum qui cumque adoritur et infit515

aut aliam quamvis naturam flectere quaerit.

at neque transferri sibi partis nec tribui vult

inmortale quod est quicquam neque defluere hilum;

nam quod cumque suis mutatum finibus exit,

continuo hoc mors est illius quod fuit ante.520

ergo animus sive aegrescit, mortalia signa


mittit, uti docui, seu flectitur a medicina.

usque adeo falsae rationi vera videtur

res occurrere et effugium praecludere eunti

ancipitique refutatu convincere falsum.525

Denique saepe hominem paulatim cernimus ire

et membratim vitalem deperdere sensum;

in pedibus primum digitos livescere et unguis,

inde pedes et crura mori, post inde per artus

ire alios tractim gelidi vestigia leti.530


scinditur atque animae haec quoniam natura nec uno

tempore sincera existit, mortalis habendast.

quod si forte putas ipsam se posse per artus

introsum trahere et partis conducere in unum

atque ideo cunctis sensum diducere membris,535

at locus ille tamen, quo copia tanta animai

cogitur, in sensu debet maiore videri;

qui quoniam nusquamst, ni mirum, ut diximus [ante>,


dilaniata foras dispargitur, interit ergo.

quin etiam si iam libeat concedere falsum540

et dare posse animam glomerari in corpore eorum,

lumina qui lincunt moribundi particulatim,

mortalem tamen esse animam fateare necesse

nec refert utrum pereat dispersa per auras

an contracta suis e partibus obbrutescat,545

quando hominem totum magis ac magis undique sensus

deficit et vitae minus et minus undique restat.

 Et quoniam mens est hominis pars una locoque

fixa manet certo, vel ut aures atque oculi sunt

atque alii sensus qui vitam cumque gubernant,550

et vel uti manus atque oculus naresve seorsum

secreta ab nobis nequeunt sentire neque esse,

sed tamen in parvo lincuntur tempore tali,

sic animus per se non quit sine corpore et ipso

esse homine, illius quasi quod vas esse videtur,555


sive aliud quid vis potius coniunctius ei

fingere, quandoquidem conexu corpus adhaeret.

Denique corporis atque animi vivata potestas

inter se coniuncta valent vitaque fruuntur;

nec sine corpore enim vitalis edere motus560

sola potest animi per se natura nec autem

cassum anima corpus durare et sensibus uti.

scilicet avolsus radicibus ut nequit ullam

dispicere ipse oculus rem seorsum corpore toto,


sic anima atque animus per se nil posse videtur.565

ni mirum quia [per] venas et viscera mixtim,

per nervos atque ossa tenentur corpore ab omni

nec magnis intervallis primordia possunt

libera dissultare, ideo conclusa moventur

sensiferos motus, quos extra corpus in auras570

aëris haut possunt post mortem eiecta moveri

propterea quia non simili ratione tenentur;

corpus enim atque animans erit aër, si cohibere


sese anima atque in eos poterit concludere motus,

quos ante in nervis et in ipso corpore agebat.575

quare etiam atque etiam resoluto corporis omni

tegmine et eiectis extra vitalibus auris

dissolui sensus animi fateare necessest

atque animam, quoniam coniunctast causa duobus.

Denique cum corpus nequeat perferre animai580

discidium, quin in taetro tabescat odore,

quid dubitas quin ex imo penitusque coorta


emanarit uti fumus diffusa animae vis,

atque ideo tanta mutatum putre ruina

conciderit corpus, penitus quia mota loco sunt585

fundamenta foras manant animaeque per artus

perque viarum omnis flexus, in corpore qui sunt,

atque foramina? multimodis ut noscere possis

dispertitam animae naturam exisse per artus

et prius esse sibi distractam corpore in ipso,590

quam prolapsa foras enaret in aëris auras.

Quin etiam finis dum vitae vertitur intra,

saepe aliqua tamen e causa labefacta videtur

ire anima ac toto solui de corpore [tota]

et quasi supremo languescere tempore voltus595

molliaque exsangui cadere omnia [corpore] membra.

quod genus est, animo male factum cum perhibetur

aut animam liquisse; ubi iam trepidatur et omnes

extremum cupiunt vitae reprehendere vinclum;

conquassatur enim tum mens animaeque potestas600


omnis. et haec ipso cum corpore conlabefiunt,

ut gravior paulo possit dissolvere causa.

 Quid dubitas tandem quin extra prodita corpus

inbecilla foras in aperto, tegmine dempto,

non modo non omnem possit durare per aevom,605

sed minimum quodvis nequeat consistere tempus?

nec sibi enim quisquam moriens sentire videtur

ire foras animam incolumem de corpore toto,


nec prius ad iugulum et supera succedere fauces,

verum deficere in certa regione locatam;610

ut sensus alios in parti quemque sua scit

dissolui. quod si inmortalis nostra foret mens,

non tam se moriens dissolvi conquereretur,

sed magis ire foras vestemque relinquere, ut anguis.

Denique cur animi numquam mens consiliumque615

gignitur in capite aut pedibus manibusve, sed unis

sedibus et certis regionibus omnibus haeret,


si non certa loca ad nascendum reddita cuique

sunt, et ubi quicquid possit durare creatum

atque ita multimodis partitis artubus esse,620

membrorum ut numquam existat praeposterus ordo?

usque adeo sequitur res rem, neque flamma creari

fluminibus solitast neque in igni gignier algor.

Praeterea si inmortalis natura animaist

et sentire potest secreta a corpore nostro,625

quinque, ut opinor, eam faciundum est sensibus auctam.


nec ratione alia nosmet proponere nobis

possumus infernas animas Acherunte vagare.

pictores itaque et scriptorum saecla priora

sic animas intro duxerunt sensibus auctas.630

at neque sorsum oculi neque nares nec manus ipsa

esse potest animae neque sorsum lingua neque aures;

haud igitur per se possunt sentire neque esse.

Et quoniam toto sentimus corpore inesse

vitalem sensum et totum esse animale videmus,635


si subito medium celeri praeciderit ictu

vis aliqua, ut sorsum partem secernat utramque,

dispertita procul dubio quoque vis animai

et discissa simul cum corpore dissicietur.

at quod scinditur et partis discedit in ullas,640

scilicet aeternam sibi naturam abnuit esse.

falciferos memorant currus abscidere membra

saepe ita de subito permixta caede calentis,

ut tremere in terra videatur ab artubus id quod


decidit abscisum, cum mens tamen atque hominis vis

mobilitate mali non quit sentire dolorem;645

et simul in pugnae studio quod dedita mens est,

corpore relicuo pugnam caedesque petessit,

nec tenet amissam laevam cum tegmine saepe

inter equos abstraxe rotas falcesque rapaces,650

nec cecidisse alius dextram, cum scandit et instat.

inde alius conatur adempto surgere crure,

cum digitos agitat propter moribundus humi pes.


et caput abscisum calido viventeque trunco

servat humi voltum vitalem oculosque patentis,655

donec reliquias animai reddidit omnes.

quin etiam tibi si, lingua vibrante, minanti

 serpentis cauda, procero corpore, utrumque

sit libitum in multas partis discidere ferro,

omnia iam sorsum cernes ancisa recenti660

volnere tortari et terram conspargere tabo,


ipsam seque retro partem petere ore priorem,

volneris ardenti ut morsu premat icta dolore.

omnibus esse igitur totas dicemus in illis

particulis animas? at ea ratione sequetur665

unam animantem animas habuisse in corpore multas.

ergo divisast ea quae fuit una simul cum

corpore; quapropter mortale utrumque putandumst,

in multas quoniam partis disciditur aeque.

Praeterea si inmortalis natura animai670


constat et in corpus nascentibus insinuatur,

cur super ante actam aetatem meminisse nequimus

[interisse et quae nunc est nunc esse creatam]

nec vestigia gestarum rerum ulla tenemus?

nam si tanto operest animi mutata potestas,

omnis ut actarum exciderit retinentia rerum,675

non, ut opinor, id ab leto iam longius errat;

qua propter fateare necessest quae fuit ante

interiisse, et quae nunc est nunc esse creatam.

Praeterea si iam perfecto corpore nobis

inferri solitast animi vivata potestas680

tum cum gignimur et vitae cum limen inimus,

haud ita conveniebat uti cum corpore et una

cum membris videatur in ipso sanguine cresse,

sed vel ut in cavea per se sibi vivere solam

convenit, ut sensu corpus tamen affluat omne.685

quare etiam atque etiam neque originis esse putandumst

expertis animas nec leti lege solutas;


nam neque tanto opere adnecti potuisse putandumst

corporibus nostris extrinsecus insinuatas,

quod fieri totum contra manifesta docet res690

Ænamque ita conexa est per venas viscera nervos

ossaque, uti dentes quoque sensu participentur;

morbus ut indicat et gelidai stringor aquai

et lapis oppressus subitis e frugibus asperÆ

nec, tam contextae cum sint, exire videntur695

incolumes posse et salvas exsolvere sese


omnibus e nervis atque ossibus articulisque,

quod si forte putas extrinsecus insinuatam

permanare animam nobis per membra solere,

tanto quique magis cum corpore fusa peribit;700

quod permanat enim, dissolvitur, interit ergo;

dispertitur enim per caulas corporis omnis.

ut cibus, in membra atque artus cum diditur omnis,

disperit atque aliam naturam sufficit ex se,

sic anima atque animus quamvis [est] integra recens [in]705


corpus eunt, tamen in manando dissoluuntur,

dum quasi per caulas omnis diduntur in artus

particulae quibus haec animi natura creatur,

quae nunc in nostro dominatur corpore nata

ex illa quae tunc periit partita per artus.710

quapropter neque natali privata videtur

 esse die natura animae nec funeris expers.

Semina praeterea linquontur necne animai


corpore in exanimo? quod si lincuntur et insunt,

haut erit ut merito inmortalis possit haberi,715

partibus amissis quoniam libata recessit.

sin ita sinceris membris ablata profugit,

ut nullas partis in corpore liquerit ex se,

unde cadavera rancenti iam viscere vermes

expirant atque unde animantum copia tanta720

exos et exanguis tumidos perfluctuat artus?

quod si forte animas extrinsecus insinuari?


vermibus et privas in corpora posse venire

credis nec reputas cur milia multa animarum

conveniant unde una recesserit, hoc tamen est ut725

quaerendum videatur et in discrimen agendum,

utrum tandem animae venentur semina quaeque

vermiculorum ipsaeque sibi fabricentur ubi sint,

an quasi corporibus perfectis insinuentur.

at neque cur faciant ipsae quareve laborent730

dicere suppeditat. neque enim, sine corpore cum sunt,


sollicitae volitant morbis alguque fameque;

corpus enim magis his vitiis adfine laborat,

et mala multa animus contage fungitur eius.

sed tamen his esto quamvis facere utile corpus,735

cum subeant; at qua possint via nulla videtur.

haut igitur faciunt animae sibi corpora et artus.

nec tamen est ut qui [cum] perfectis insinuentur

corporibus; neque enim poterunt suptiliter esse

conexae neque consensu contagia fient.740

Denique cur acris violentia triste leonum

seminium sequitur, volpes dolus, et fuga cervos?

a patribus datur et [a] patrius pavor incitat artus,

et iam cetera de genere hoc cur omnia membris

ex ineunte aevo generascunt ingenioque,745

si non, certa suo quia semine seminioque

vis animi pariter crescit cum corpore quoque?

quod si inmortalis foret et mutare soleret

corpora, permixtis animantes moribus essent,


effugeret canis Hyrcano de semine saepe750

cornigeri incursum cervi tremeretque per auras

aëris accipiter fugiens veniente columba,

desiperent homines, saperent fera saecla ferarum.

illud enim falsa fertur ratione, quod aiunt

inmortalem animam mutato corpore flecti;755

quod mutatur enim, dissolvitur, interit ergo;

traiciuntur enim partes atque ordine migrant;

quare dissolui quoque debent posse per artus,


denique ut intereant una cum corpore cunctae.

sin animas hominum dicent in corpora semper760

ire humana, tamen quaeram cur e sapienti

stulta queat fieri, nec prudens sit puer ullus,

[si non, certa suo quia semine seminioque]

nec tam doctus equae pullus quam fortis equi vis.

scilicet in tenero tenerascere corpore mentem765

confugient. quod si iam fit, fateare necessest

 mortalem esse animam, quoniam mutata per artus


tanto opere amittit vitam sensumque priorem.

quove modo poterit pariter cum corpore quoque

confirmata cupitum aetatis tangere florem770

vis animi, nisi erit consors in origine prima?

quidve foras sibi vult membris exire senectis?

an metuit conclusa manere in corpore putri

et domus aetatis spatio ne fessa vetusto

obruat? at non sunt immortali ulla pericla.775

Denique conubia ad Veneris partusque ferarum


esse animas praesto deridiculum esse videtur,

expectare immortalis mortalia membra

innumero numero certareque praeproperanter

inter se quae prima potissimaque insinuetur;780

si non forte ita sunt animarum foedera pacta,

ut quae prima volans advenerit insinuetur

prima neque inter se contendant viribus hilum.

Denique in aethere non arbor, non aequore in alto

nubes esse queunt nec pisces vivere in arvis785


nec cruor in lignis neque saxis sucus inesse.

certum ac dispositumst ubi quicquid crescat et insit.

sic animi natura nequit sine corpore oriri

sola neque a nervis et sanguine longius esse.

quod si posset enim, multo prius ipsa animi vis790

in capite aut umeris aut imis calcibus esse

posset et innasci quavis in parte soleret,

tandem in eodem homine atque in eodem vase manere.

quod quoniam nostro quoque constat corpore certum


dispositumque videtur ubi esse et crescere possit795

sorsum anima atque animus, tanto magis infitiandum

totum posse extra corpus durare genique.

quare, corpus ubi interiit, periisse necessest

confiteare animam distractam in corpore toto.

quippe etenim mortale aeterno iungere et una800

consentire putare et fungi mutua posse

desiperest; quid enim diversius esse putandumst

aut magis inter se disiunctum discrepitansque,


quam mortale quod est inmortali atque perenni

iunctum in concilio saevas tolerare procellas?805

praeterea quaecumque manent aeterna necessest

aut quia sunt solido cum corpore respuere ictus

nec penetrare pati sibi quicquam quod queat artas

dissociare intus partis, ut materiai

corpora sunt, quorum naturam ostendimus ante,810

aut ideo durare aetatem posse per omnem,

plagarum quia sunt expertia sicut inanest,


quod manet intactum neque ab ictu fungitur hilum,

aut etiam quia nulla loci sit copia circum,

quo quasi res possint discedere dissoluique,815

sicut summarum summast aeterna, neque extra

quis locus est quo diffugiant neque corpora sunt quae

possint incidere et valida dissolvere plaga.

Quod si forte ideo magis inmortalis habendast,

quod vitalibus ab rebus munita tenetur,820

aut quia non veniunt omnino aliena salutis,


 aut quia quae veniunt aliqua ratione recedunt

pulsa prius quam quid noceant sentire queamus,

* * *

praeter enim quam quod morbis cum corporis aegret,

advenit id quod eam de rebus saepe futuris825

macerat inque metu male habet curisque fatigat,

praeteritisque male admissis peccata remordent.

adde furorem animi proprium atque oblivia rerum,


adde quod in nigras lethargi mergitur undas.

Nil igitur mors est ad nos neque pertinet hilum,830

quandoquidem natura animi mortalis habetur.

et vel ut ante acto nihil tempore sensimus aegri,

ad confligendum venientibus undique Poenis,

omnia cum belli trepido concussa tumultu

horrida contremuere sub altis aetheris auris,835

in dubioque fuere utrorum ad regna cadendum

omnibus humanis esset terraque marique,


sic, ubi non erimus, cum corporis atque animai

discidium fuerit, quibus e sumus uniter apti,

scilicet haud nobis quicquam, qui non erimus tum,840

accidere omnino poterit sensumque movere,

non si terra mari miscebitur et mare caelo.

et si iam nostro sentit de corpore postquam

distractast animi natura animaeque potestas,

nil tamen est ad nos, qui comptu coniugioque845

corporis atque animae consistimus uniter apti.


nec, si materiem nostram collegerit aetas

post obitum rursumque redegerit ut sita nunc est,

atque iterum nobis fuerint data lumina vitae,

pertineat quicquam tamen ad nos id quoque factum,850

interrupta semel cum sit repetentia nostri.

et nunc nil ad nos de nobis attinet, ante

qui fuimus, [neque] iam de illis nos adficit angor.

nam cum respicias inmensi temporis omne

praeteritum spatium, tum motus materiai855


multimodi quam sint, facile hoc adcredere possis,

semina saepe in eodem, ut nunc sunt, ordine posta

haec eadem, quibus e nunc nos sumus, ante fuisse.

nec memori tamen id quimus reprehendere mente;

inter enim iectast vitai pausa vageque860

deerrarunt passim motus ab sensibus omnes.

debet enim, misere si forte aegreque futurumst;

ipse quoque esse in eo tum tempore, cui male possit

accidere. id quoniam mors eximit, esseque prohibet


illum cui possint incommoda conciliari,865

scire licet nobis nihil esse in morte timendum

nec miserum fieri qui non est posse, neque hilum

differre an nullo fuerit iam tempore natus,

mortalem vitam mors cum inmortalis ademit.

Proinde ubi se videas hominem indignarier ipsum,870

post mortem fore ut aut putescat corpore posto

aut flammis interfiat malisve ferarum,

scire licet non sincerum sonere atque subesse


caecum aliquem cordi stimulum, quamvis neget ipse

credere se quemquam sibi sensum in morte futurum;875

 non, ut opinor, enim dat quod promittit et unde

nec radicitus e vita se tollit et eicit,

sed facit esse sui quiddam super inscius ipse.

vivus enim sibi cum proponit quisque futurum,

corpus uti volucres lacerent in morte feraeque,880

ipse sui miseret; neque enim se dividit illim


nec removet satis a proiecto corpore et illum

se fingit sensuque suo contaminat astans.

hinc indignatur se mortalem esse creatum

nec videt in vera nullum fore morte alium se,885

qui possit vivus sibi se lugere peremptum

stansque iacentem [se] lacerari urive dolere.

nam si in morte malumst malis morsuque ferarum

tractari, non invenio qui non sit acerbum

ignibus inpositum calidis torrescere flammis890


aut in melle situm suffocari atque rigere

frigore, cum summo gelidi cubat aequore saxi,

urgerive superne obrutum pondere terrae.

'Iam iam non domus accipiet te laeta neque uxor

optima, nec dulces occurrent oscula nati895

praeripere et tacita pectus dulcedine tangent.

non poteris factis florentibus esse tuisque

praesidium. misero misere' aiunt 'omnia ademit

una dies infesta tibi tot praemia vitae.'


illud in his rebus non addunt 'nec tibi earum900

iam desiderium rerum super insidet una.'

quod bene si videant animo dictisque sequantur,

dissoluant animi magno se angore metuque.

'tu quidem ut es leto sopitus, sic eris aevi

quod super est cunctis privatus doloribus aegris;905

at nos horrifico cinefactum te prope busto

insatiabiliter deflevimus, aeternumque

nulla dies nobis maerorem e pectore demet.'


illud ab hoc igitur quaerendum est, quid sit amari

tanto opere, ad somnum si res redit atque quietem,910

cur quisquam aeterno possit tabescere luctu.

Hoc etiam faciunt ubi discubuere tenentque

pocula saepe homines et inumbrant ora coronis,

ex animo ut dicant: 'brevis hic est fructus homullis;

iam fuerit neque post umquam revocare licebit.'915

tam quam in morte mali cum primis hoc sit eorum,

quod sitis exurat miseros atque arida torrat,


aut aliae cuius desiderium insideat rei.

nec sibi enim quisquam tum se vitamque requiret,

cum pariter mens et corpus sopita quiescunt;920

nam licet aeternum per nos sic esse soporem,

nec desiderium nostri nos adficit ullum,

et tamen haud quaquam nostros tunc illa per artus

longe ab sensiferis primordia motibus errant,

cum correptus homo ex somno se colligit ipse.925

multo igitur mortem minus ad nos esse putandumst,


si minus esse potest quam quod nihil esse videmus;

maior enim turbae disiectus materiai

consequitur leto nec quisquam expergitus extat,

frigida quem semel est vitai pausa secuta.930

 Denique si vocem rerum natura repente.

mittat et hoc alicui nostrum sic increpet ipsa:

'quid tibi tanto operest, mortalis, quod nimis aegris

luctibus indulges? quid mortem congemis ac fles?


nam [si] grata fuit tibi vita ante acta priorque935

et non omnia pertusum congesta quasi in vas

commoda perfluxere atque ingrata interiere;

cur non ut plenus vitae conviva recedis

aequo animoque capis securam, stulte, quietem?

sin ea quae fructus cumque es periere profusa940

vitaque in offensost, cur amplius addere quaeris,

rursum quod pereat male et ingratum occidat omne,

non potius vitae finem facis atque laboris?


nam tibi praeterea quod machiner inveniamque,

quod placeat, nihil est; eadem sunt omnia semper.945

si tibi non annis corpus iam marcet et artus

confecti languent, eadem tamen omnia restant,

omnia si perges vivendo vincere saecla,

atque etiam potius, si numquam sis moriturus',

quid respondemus, nisi iustam intendere litem950

naturam et veram verbis exponere causam?

grandior hic vero si iam seniorque queratur


atque obitum lamentetur miser amplius aequo,

non merito inclamet magis et voce increpet acri:

'aufer abhinc lacrimas, baratre, et compesce querellas.955

omnia perfunctus vitai praemia marces;

sed quia semper aves quod abest, praesentia temnis,

inperfecta tibi elapsast ingrataque vita,

et nec opinanti mors ad caput adstitit ante

quam satur ac plenus possis discedere rerum.960

nunc aliena tua tamen aetate omnia mitte


aequo animoque, age dum, magnis concede necessis?'

iure, ut opinor, agat, iure increpet inciletque;

cedit enim rerum novitate extrusa vetustas

semper, et ex aliis aliud reparare necessest.965

Nec quisquam in baratrum nec Tartara deditur atra;

materies opus est, ut crescant postera saecla;

quae tamen omnia te vita perfuncta sequentur;

nec minus ergo ante haec quam tu cecidere cadentque.

sic alid ex alio numquam desistet oriri970


vitaque mancipio nulli datur, omnibus usu.

respice item quam nil ad nos ante acta vetustas

temporis aeterni fuerit, quam nascimur ante.

hoc igitur speculum nobis natura futuri

temporis exponit post mortem denique nostram.975

numquid ibi horribile apparet, num triste videtur

quicquam, non omni somno securius exstat?

Atque ea ni mirum quae cumque Acherunte profundo

prodita sunt esse, in vita sunt omnia nobis.


nec miser inpendens magnum timet aëre saxum980

Tantalus, ut famast, cassa formidine torpens;

sed magis in vita divom metus urget inanis

mortalis casumque timent quem cuique ferat fors.

nec Tityon volucres ineunt Acherunte iacentem

nec quod sub magno scrutentur pectore quicquam985

 perpetuam aetatem possunt reperire profecto.

quam libet immani proiectu corporis exstet,


qui non sola novem dispessis iugera membris

optineat, sed qui terrai totius orbem,

non tamen aeternum poterit perferre dolorem990

nec praebere cibum proprio de corpore semper.

sed Tityos nobis hic est, in amore iacentem

quem volucres lacerant atque exest anxius angor

aut alia quavis scindunt cuppedine curae.

Sisyphus in vita quoque nobis ante oculos est,995

qui petere a populo fasces saevasque secures


imbibit et semper victus tristisque recedit.

nam petere imperium, quod inanest nec datur umquam,

atque in eo semper durum sufferre laborem,

hoc est adverso nixantem trudere monte1000

saxum, quod tamen [e] summo iam vertice rusum

volvitur et plani raptim petit aequora campi.

deinde animi ingratam naturam pascere semper

atque explere bonis rebus satiareque numquam,

quod faciunt nobis annorum tempora, circum1005


cum redeunt fetusque ferunt variosque lepores,

nec tamen explemur vitai fructibus umquam,

hoc, ut opinor, id est, aevo florente puellas

quod memorant laticem pertusum congerere in vas,

quod tamen expleri nulla ratione potestur.1010

Cerberus et Furiae iam vero et lucis egestas,

Tartarus horriferos eructans faucibus aestus!

qui neque sunt usquam nec possunt esse profecto;

sed metus in vita poenarum pro male factis


est insignibus insignis scelerisque luela,1015

carcer et horribilis de saxo iactus deorsum,

verbera carnifices robur pix lammina taedae;

quae tamen etsi absunt, at mens sibi conscia factis

praemetuens adhibet stimulos torretque flagellis,

nec videt interea qui terminus esse malorum1020

possit nec quae sit poenarum denique finis,

atque eadem metuit magis haec ne in morte gravescant.

hic Acherusia fit stultorum denique vita.

Hoc etiam tibi tute interdum dicere possis.

'lumina sis oculis etiam bonus Ancus reliquit,1025

qui melior multis quam tu fuit, improbe, rebus.

inde alii multi reges rerumque potentes

occiderunt, magnis qui gentibus imperitarunt.

ille quoque ipse, viam qui quondam per mare magnum

stravit iterque dedit legionibus ire per altum1030

ac pedibus salsas docuit super ire lucunas

et contempsit equis insultans murmura ponti,


lumine adempto animam moribundo corpore fudit.

Scipiadas, belli fulmen, Carthaginis horror,

ossa dedit terrae proinde ac famul infimus esset.1035

adde repertores doctrinarum atque leporum,

adde Heliconiadum comites; quorum unus Homerus

sceptra potitus eadem aliis sopitus quietest.

denique Democritum post quam matura vetustas

admonuit memores motus languescere mentis,1040

 sponte sua leto caput obvius optulit ipse.


ipse Epicurus obit decurso lumine vitae,

qui genus humanum ingenio superavit et omnis

restinxit stellas exortus ut aetherius sol.

tu vero dubitabis et indignabere obire?1045

mortua cui vita est prope iam vivo atque videnti,

qui somno partem maiorem conteris aevi,

et viligans stertis nec somnia cernere cessas

sollicitamque geris cassa formidine mentem

nec reperire potes tibi quid sit saepe mali, cum1050


ebrius urgeris multis miser undique curis

atque animo incerto fluitans errore vagaris.'

Si possent homines, proinde ac sentire videntur

pondus inesse animo, quod se gravitate fatiget,

e quibus id fiat causis quoque noscere et unde1055

tanta mali tam quam moles in pectore constet,

haut ita vitam agerent, ut nunc plerumque videmus

quid sibi quisque velit nescire et quaerere semper,

commutare locum, quasi onus deponere possit.


exit saepe foras magnis ex aedibus ille,1060

esse domi quem pertaesumst, subitoque [revertit>,

quippe foris nihilo melius qui sentiat esse.

currit agens mannos ad villam praecipitanter

auxilium tectis quasi ferre ardentibus instans;

oscitat extemplo, tetigit cum limina villae,1065

aut abit in somnum gravis atque oblivia quaerit,

aut etiam properans urbem petit atque revisit.


hoc se quisque modo fugit, at quem scilicet, ut fit,

effugere haut potis est: ingratius haeret et odit

propterea, morbi quia causam non tenet aeger;1070

quam bene si videat, iam rebus quisque relictis

naturam primum studeat cognoscere rerum,

temporis aeterni quoniam, non unius horae,

ambigitur status, in quo sit mortalibus omnis

aetas, post mortem quae restat cumque manendo.1075

Denique tanto opere in dubiis trepidare periclis


quae mala nos subigit vitai tanta cupido?

certe equidem finis vitae mortalibus adstat

nec devitari letum pote, quin obeamus.

praeterea versamur ibidem atque insumus usque1080

nec nova vivendo procuditur ulla voluptas;

sed dum abest quod avemus, id exsuperare videtur

cetera; post aliud, cum contigit illud, avemus

et sitis aequa tenet vitai semper hiantis.

posteraque in dubiost fortunam quam vehat aetas,1085


quidve ferat nobis casus quive exitus instet.

nec prorsum vitam ducendo demimus hilum

tempore de mortis nec delibare valemus,

quo minus esse diu possimus forte perempti.

proinde licet quod vis vivendo condere saecla,1090

mors aeterna tamen nihilo minus illa manebit,

nec minus ille diu iam non erit, ex hodierno

lumine qui finem vitai fecit, et ille,

mensibus atque annis qui multis occidit ante.
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Avia Pieridum peragro loca nullius ante

trita solo. iuvat integros accedere fontis

atque haurire, iuvatque novos decerpere flores

insignemque meo capiti petere inde coronam,

unde prius nulli velarint tempora musae;

primum quod magnis doceo de rebus et artis

religionum animum nodis exsolvere pergo,

deinde quod obscura de re tam lucida pango

carmina musaeo contingens cuncta lepore.


id quoque enim non ab nulla ratione videtur;

nam vel uti pueris absinthia taetra medentes

cum dare conantur, prius oras pocula circum

contingunt mellis dulci flavoque liquore,

ut puerorum aetas inprovida ludificetur

labrorum tenus, interea perpotet amarum

absinthi laticem deceptaque non capiatur,

sed potius tali facto recreata valescat,

sic ego nunc, quoniam haec ratio plerumque videtur


tristior esse quibus non est tractata, retroque

volgus abhorret ab hac, volui tibi suaviloquenti

carmine Pierio rationem exponere nostram

et quasi musaeo dulci contingere melle;

si tibi forte animum tali ratione tenere

versibus in nostris possem, dum percipis omnem

naturam rerum ac persentis utilitatem.

Sed quoniam docui cunctarum exordia rerum

qualia sint et quam variis distantia formis


sponte sua volitent aeterno percita motu

quoque modo possit res ex his quaeque creari,

[nunc agere incipiam tibi quod vehementer ad has res

attinet esse ea quae rerum simulacra vocamus,

quae quasi membranae vel cortex nominitandast,]

atque animi quoniam docui natura quid esset

et quibus e rebus cum corpore compta vigeret

quove modo distracta rediret in ordia prima,

nunc agere incipiam tibi, quod vehementer ad has res


attinet esse ea quae rerum simulacra vocamus,

quod speciem ac formam similem gerit eius imago,

cuius cumque cluet de corpore fusa vagari;

quae quasi membranae summo de corpore rerum

dereptae volitant ultroque citroque per auras,

atque eadem nobis vigilantibus obvia mentes

terrificant atque in somnis, cum saepe figuras

contuimur miras simulacraque luce carentum,

quae nos horrifice languentis saepe sopore


excierunt ne forte animas Acherunte reamur

effugere aut umbras inter vivos volitare

neve aliquid nostri post mortem posse relinqui,

cum corpus simul atque animi natura perempta

in sua discessum dederint primordia quaeque.

dico igitur rerum effigias tenuisque figuras

mittier ab rebus summo de cortice eorum;

id licet hinc quamvis hebeti cognoscere corde.

 Principio quoniam mittunt in rebus apertis


corpora res multae, partim diffusa solute,

robora ceu fumum mittunt ignesque vaporem,

et partim contexta magis condensaque, ut olim

cum teretis ponunt tunicas aestate cicadae,

et vituli cum membranas de corpore summo

nascentes mittunt, et item cum lubrica serpens

exuit in spinis vestem; nam saepe videmus

illorum spoliis vepres volitantibus auctas.

quae quoniam fiunt, tenuis quoque debet imago


ab rebus mitti summo de corpore rerum.

nam cur illa cadant magis ab rebusque recedant

quam quae tenvia sunt, hiscendist nulla potestas;

praesertim cum sint in summis corpora rebus

multa minuta, iaci quae possint ordine eodem

quo fuerint et formai servare figuram,

et multo citius, quanto minus indupediri

pauca queunt et [quae] sunt prima fronte locata.

nam certe iacere ac largiri multa videmus,


non solum ex alto penitusque, ut diximus ante,

verum de summis ipsum quoque saepe colorem.

et volgo faciunt id lutea russaque vela

et ferrugina, cum magnis intenta theatris

per malos volgata trabesque trementia flutant;

namque ibi consessum caveai supter et omnem

scaenai speciem patrum matrumque deorsum

inficiunt coguntque suo fluitare colore.

et quanto circum mage sunt inclusa theatri


moenia, tam magis haec intus perfusa lepore

omnia conrident correpta luce diei.

ergo lintea de summo cum corpore fucum

mittunt, effigias quoque debent mittere tenvis

res quaeque, ex summo quoniam iaculantur utraque.

sunt igitur iam formarum vestigia certa,

quae volgo volitant subtili praedita filo

nec singillatim possunt secreta videri.

Praeterea omnis odor fumus vapor atque aliae res


consimiles ideo diffusae rebus abundant,

ex alto quia dum veniunt extrinsecus ortae

scinduntur per iter flexum, nec recta viarum

ostia sunt, qua contendant exire coortae.

at contra tenuis summi membrana coloris

cum iacitur, nihil est quod eam discerpere possit,

in promptu quoniam est in prima fronte locata.

Postremo speculis in aqua splendoreque in omni

quae cumque apparent nobis simulacra, necessest,


quandoquidem simili specie sunt praedita rerum,

exin imaginibus missis consistere eorum.

[nam cur illa cadant magis ab rebusque recedant

quam quae tenuia sunt, hiscendist nulla potestas.]

sunt igitur tenues formarum illis similesque

effigiae, singillatim quas cernere nemo

cum possit, tamen adsiduo crebroque repulsu

reiectae reddunt speculorum ex aequore visum,

nec ratione alia servari posse videntur,


 tanto opere ut similes reddantur cuique figurae.

Nunc age, quam tenui natura constet imago

percipe. et in primis, quoniam primordia tantum

sunt infra nostros sensus tantoque minora

quam quae primum oculi coeptant non posse tueri,

nunc tamen id quoque uti confirmem, exordia rerum

cunctarum quam sint subtilia percipe paucis.

primum animalia sunt iam partim tantula, corum


tertia pars nulla possit ratione videri.

horum intestinum quodvis quale esse putandumst!

quid cordis globus aut oculi? quid membra? quid artus?

quantula sunt! quid praeterea primordia quaeque,

unde anima atque animi constet natura necessumst,

nonne vides quam sint subtilia quamque minuta?

praeterea quaecumque suo de corpore odorem

expirant acrem, panaces absinthia taetra

habrotonique graves et tristia centaurea,


quorum unum quidvis leviter si forte duobus

* * *

quin potius noscas rerum simulacra vagari

multa modis multis, nulla vi cassaque sensu?

Sed ne forte putes ea demum sola vagari,

quae cumque ab rebus rerum simulacra recedunt,

sunt etiam quae sponte sua gignuntur et ipsa

constituuntur in hoc caelo, qui dicitur aer,

quae multis formata modis sublime feruntur,


ut nubes facile inter dum concrescere in alto

cernimus et mundi speciem violare serenam

aëra mulcentes motu; nam saepe Gigantum

ora volare videntur et umbram ducere late,

inter dum magni montes avolsaque saxa

montibus ante ire et solem succedere praeter,

inde alios trahere atque inducere belua nimbos.

nec speciem mutare suam liquentia cessant

et cuiusque modi formarum vertere in oras.

Nunc ea quam facili et celeri ratione genantur

perpetuoque fluant ab rebus lapsaque cedant

* * *

semper enim summum quicquid de rebus abundat,

quod iaculentur. et hoc alias cum pervenit in res,

transit, ut in primis vestem; sed ubi aspera saxa

aut in materiam ligni pervenit, ibi iam

scinditur, ut nullum simulacrum reddere possit.

at cum splendida quae constant opposta fuerunt


densaque, ut in primis speculum est, nihil accidit horum;

nam neque, uti vestem, possunt transire, neque autem

scindi; quam meminit levor praestare salutem.

qua propter fit ut hinc nobis simulacra redundent.

et quamvis subito quovis in tempore quamque

rem contra speculum ponas, apparet imago;

perpetuo fluere ut noscas e corpore summo

texturas rerum tenuis tenuisque figuras.

ergo multa brevi spatio simulacra genuntur,


ut merito celer his rebus dicatur origo.

et quasi multa brevi spatio summittere debet

 lumina sol, ut perpetuo sint omnia plena,

sic ab rebus item simili ratione necessest

temporis in puncto rerum simulacra ferantur

multa modis multis in cunctas undique partis;

quandoquidem speculum quo cumque obvertimus oris,

res ibi respondent simili forma atque colore.

Praeterea modo cum fuerit liquidissima caeli

tempestas, perquam subito fit turbida foede,

undique uti tenebras omnis Acherunta rearis

liquisse et magnas caeli complesse cavernas.

usque adeo taetra nimborum nocte coorta

inpendent atrae Formidinis ora superne;

quorum quantula pars sit imago dicere nemost

qui possit neque eam rationem reddere dictis.

Nunc age, quam celeri motu simulacra ferantur,


et quae mobilitas ollis tranantibus auras

reddita sit, longo spatio ut brevis hora teratur,

in quem quaeque locum diverso numine tendunt,

suavidicis potius quam multis versibus edam;

parvus ut est cycni melior canor, ille gruum quam

clamor in aetheriis dispersus nubibus austri.

Principio persaepe levis res atque minutis

corporibus factas celeris licet esse videre.

in quo iam genere est solis lux et vapor eius,


propterea quia sunt e primis facta minutis,

quae quasi cuduntur perque aëris intervallum

non dubitant transire sequenti concita plaga;

suppeditatur enim confestim lumine lumen

et quasi protelo stimulatur fulgere fulgur.

qua propter simulacra pari ratione necessest

inmemorabile per spatium transcurrere posse

temporis in puncto, primum quod parvola causa

est procul a tergo quae provehat atque propellat,


quod super est, ubi tam volucri levitate ferantur,

deinde quod usque adeo textura praedita rara

mittuntur, facile ut quasvis penetrare queant res

et quasi permanare per aëris intervallum.

Praeterea si quae penitus corpuscula rerum

ex altoque foras mittuntur, solis uti lux

ac vapor, haec puncto cernuntur lapsa diei

per totum caeli spatium diffundere sese

perque volare mare ac terras caelumque rigare.


quid quae sunt igitur iam prima fronte parata,

cum iaciuntur et emissum res nulla moratur?

quone vides citius debere et longius ire

multiplexque loci spatium transcurrere eodem

tempore quo solis pervolgant lumina caelum?

Hoc etiam in primis specimen verum esse videtur,

quam celeri motu rerum simulacra ferantur,

quod simul ac primum sub diu splendor aquai

ponitur, extemplo caelo stellante serena


sidera respondent in aqua radiantia mundi.

iamne vides igitur quam puncto tempore imago

aetheris ex oris in terrarum accidat oras?

quare etiam atque etiam mitti fateare necessest

 corpora quae feriant oculos visumque lacessant.

perpetuoque fluunt certis ab rebus odores,

frigus ut a fluviis, calor ab sole, aestus ab undis

aequoris, exesor moerorum litora circum,


nec variae cessant voces volitare per auras.

denique in os salsi venit umor saepe saporis,

cum mare versamur propter, dilutaque contra

cum tuimur misceri absinthia, tangit amaror.

usque adeo omnibus ab rebus res quaeque fluenter

fertur et in cunctas dimittitur undique partis

nec mora nec requies interdatur ulla fluendi,

perpetuo quoniam sentimus et omnia semper

cernere odorari licet et sentire sonare.

Praeterea quoniam manibus tractata figura

in tenebris quaedam cognoscitur esse eadem quae

cernitur in luce et claro candore, necessest

consimili causa tactum visumque moveri.

nunc igitur si quadratum temptamus et id nos

commovet in tenebris, in luci quae poterit res

accidere ad speciem quadrata, nisi eius imago?

esse in imaginibus qua propter causa videtur

cernundi neque posse sine his res ulla videri.

Nunc ea quae dico rerum simulacra feruntur

undique et in cunctas iaciuntur didita partis;

verum nos oculis quia solis cernere quimus,

propterea fit uti, speciem quo vertimus, omnes

res ibi eam contra feriant forma atque colore.

et quantum quaeque ab nobis res absit, imago

efficit ut videamus et internoscere curat;

nam cum mittitur, extemplo protrudit agitque

aëra qui inter se cumque est oculosque locatus,


isque ita per nostras acies perlabitur omnis

et quasi perterget pupillas atque ita transit.

propterea fit uti videamus quam procul absit

res quaeque. et quanto plus aëris ante agitatur

et nostros oculos perterget longior aura,

tam procul esse magis res quaeque remota videtur.

scilicet haec summe celeri ratione geruntur,

quale sit ut videamus, et una quam procul absit.

Illud in his rebus minime mirabile habendumst,


cur, ea quae feriant oculos simulacra videri

singula cum nequeant, res ipsae perspiciantur.

ventus enim quoque paulatim cum verberat et cum

acre fluit frigus, non privam quamque solemus

particulam venti sentire et frigoris eius,

sed magis unorsum, fierique perinde videmus

corpore tum plagas in nostro tam quam aliquae res

verberet atque sui det sensum corporis extra.

praeterea lapidem digito cum tundimus, ipsum


tangimus extremum saxi summumque colorem

nec sentimus eum tactu, verum magis ipsam

duritiem penitus saxi sentimus in alto.

Nunc age, cur ultra speculum videatur imago

percipe: nam certe penitus remmota videtur.

quod genus illa foris quae vere transpiciuntur,

 ianua cum per se transpectum praebet apertum,

multa facitque foris ex aedibus ut videantur;


is quoque enim duplici geminoque fit aëre visus.

primus enim citra postes tum cernitur aër,

inde fores ipsae dextra laevaque secuntur,

post extraria lux oculos perterget et aër

alter, et illa foris quae vere transpiciuntur.

sic ubi se primum speculi proiecit imago,

dum venit ad nostras acies, protrudit agitque

aëra qui inter se cumquest oculosque locatus,

et facit, ut prius hunc omnem sentire queamus


quam speculum; sed ubi [in] speculum quoque sensimus ipsum,

continuo a nobis in eum quae fertur imago

pervenit, et nostros oculos reiecta revisit

atque alium prae se propellens aëra volvit,

et facit ut prius hunc quam se videamus, eoque

distare ab speculo tantum semota videtur.

quare etiam atque etiam minime mirarier est par

* * *

illis quae reddunt speculorum ex aequore visum,


aëribus binis quoniam res confit utraque.

Nunc ea quae nobis membrorum dextera pars est,

in speculis fit ut in laeva videatur eo quod

planitiem ad speculi veniens cum offendit imago,

non convertitur incolumis, sed recta retrorsum

sic eliditur, ut siquis, prius arida quam sit

cretea persona, adlidat pilaeve trabive,

atque ea continuo rectam si fronte figuram

servet et elisam retro sese exprimat ipsa.


fiet ut, ante oculus fuerit qui dexter, ut idem

nunc sit laevus et e laevo sit mutua dexter.

Fit quoque de speculo in speculum ut tradatur imago,

quinque etiam [aut] sex ut fieri simulacra suërint.

nam quae cumque retro parte interiore latebunt,

inde tamen, quamvis torte penitusque remota,

omnia per flexos aditus educta licebit

pluribus haec speculis videantur in aedibus esse.

usque adeo speculo in speculum translucet imago,


et cum laeva data est, fit rusum ut dextera fiat,

inde retro rursum redit et convertit eodem.

Quin etiam quae cumque latuscula sunt speculorum

adsimili lateris flexura praedita nostri,

dextera ea propter nobis simulacra remittunt,

aut quia de speculo in speculum transfertur imago,

inde ad nos elisa bis advolat, aut etiam quod

circum agitur, cum venit, imago propterea quod

flexa figura docet speculi convertier ad nos.

Indugredi porro pariter simulacra pedemque

ponere nobiscum credas gestumque imitari

propterea quia, de speculi qua parte recedas,

continuo nequeunt illinc simulacra reverti;

omnia quandoquidem cogit natura referri

ac resilire ab rebus ad aequos reddita flexus.

Splendida porro oculi fugitant vitantque tueri.

 sol etiam caecat, contra si tendere pergas,


propterea quia vis magnast ipsius et alte

aëra per purum simulacra feruntur

et feriunt oculos turbantia composituras.

Praeterea splendor qui cumque est acer adurit

saepe oculos ideo quod semina possidet ignis

multa, dolorem oculis quae gignunt insinuando.

lurida praeterea fiunt quae cumque tuentur

arquati, quia luroris de corpore eorum

semina multa fluunt simulacris obvia rerum,


multaque sunt oculis in eorum denique mixta,

quae contage sua palloribus omnia pingunt.

E tenebris autem quae sunt in luce tuemur

propterea quia, cum propior caliginis aër

ater init oculos prior et possedit apertos,

insequitur candens confestim lucidus aër,

qui quasi purgat eos ac nigras discutit umbras

aëris illius; nam multis partibus hic est

mobilior multisque minutior et mage pollens.


qui simul atque vias oculorum luce replevit

atque pate fecit, quas ante obsederat aër
, continuo rerum simulacra secuntur,

quae sita sunt in luce, lacessuntque ut videamus.

quod contra facere in tenebris e luce nequimus

propterea quia posterior caliginis aër

crassior insequitur, qui cuncta foramina complet

obsiditque vias oculorum, ne simulacra

possint ullarum rerum coniecta moveri.

Quadratasque procul turris cum cernimus urbis,

propterea fit uti videantur saepe rutundae,

angulus optusus quia longe cernitur omnis

sive etiam potius non cernitur ac perit eius

plaga nec ad nostras acies perlabitur ictus,

aëra per multum quia dum simulacra feruntur,

cogit hebescere eum crebris offensibus aër.

hoc ubi suffugit sensum simul angulus omnis.

fit quasi ut ad turnum saxorum structa tuantur;


non tamen ut coram quae sunt vereque rutunda,

sed quasi adumbratim paulum simulata videntur.

Umbra videtur item nobis in sole moveri

et vestigia nostra sequi gestumque imitari,

aëra si credis privatum lumine posse

indugredi, motus hominum gestumque sequentem;

nam nihil esse potest aliud nisi lumine cassus

aër id quod nos umbram perhibere suëmus.

ni mirum, quia terra locis ex ordine certis


lumine privatur solis qua cumque meantes

officimus, repletur item quod liquimus eius,

propterea fit uti videatur, quae fuit umbra

corporis, e regione eadem nos usque secuta.

semper enim nova se radiorum lumina fundunt

primaque dispereunt, quasi in ignem lana trahatur.

propterea facile et spoliatur lumine terra

et repletur item nigrasque sibi abluit umbras.

Nec tamen hic oculos falli concedimus hilum.


 nam quo cumque loco sit lux atque umbra tueri

illorum est; eadem vero sint lumina necne,

umbraque quae fuit hic eadem nunc transeat illuc,

an potius fiat paulo quod diximus ante,

hoc animi demum ratio discernere debet,

nec possunt oculi naturam noscere rerum.

proinde animi vitium hoc oculis adfingere noli.

Qua vehimur navi, fertur, cum stare videtur;


quae manet in statione, ea praeter creditur ire.

et fugere ad puppim colles campique videntur,

quos agimus praeter navem velisque volamus.

Sidera cessare aetheriis adfixa cavernis

cuncta videntur, et adsiduo sunt omnia motu,

quandoquidem longos obitus exorta revisunt,

cum permensa suo sunt caelum corpore claro.

solque pari ratione manere et luna videtur

in statione, ea quae ferri res indicat ipsa.

Exstantisque procul medio de gurgite montis

classibus inter quos liber patet exitus ingens,

insula coniunctis tamen ex his una videtur.

atria versari et circum cursare columnae

usque adeo fit uti pueris videantur, ubi ipsi

desierunt verti, vix ut iam credere possint

non supra sese ruere omnia tecta minari.

Iamque rubrum tremulis iubar ignibus erigere alte

cum coeptat natura supraque extollere montes,


quos tibi tum supra sol montis esse videtur

comminus ipse suo contingens fervidus igni,

vix absunt nobis missus bis mille sagittae,

vix etiam cursus quingentos saepe veruti;

inter eos solemque iacent immania ponti

aequora substrata aetheriis ingentibus oris,

interiectaque sunt terrarum milia multa,

quae variae retinent gentes et saecla ferarum.

At coniectus aquae digitum non altior unum,


qui lapides inter sistit per strata viarum,

despectum praebet sub terras inpete tanto,

a terris quantum caeli patet altus hiatus,

nubila despicere et caelum ut videare videre,

corpora mirande sub terras abdita caelo.

Denique ubi in medio nobis ecus acer obhaesit

flumine et in rapidas amnis despeximus undas,

stantis equi corpus transversum ferre videtur

vis et in adversum flumen contrudere raptim,


et quo cumque oculos traiecimus omnia ferri

et fluere adsimili nobis ratione videntur.

Porticus aequali quamvis est denique ductu

stansque in perpetuum paribus suffulta columnis,

longa tamen parte ab summa cum tota videtur,

paulatim trahit angusti fastigia coni,

tecta solo iungens atque omnia dextera laevis

donec in obscurum coni conduxit acumen.

In pelago nautis ex undis ortus in undis


sol fit uti videatur obire et condere lumen;

quippe ubi nil aliud nisi aquam caelumque tuentur;

 ne leviter credas labefactari undique sensus.

at maris ignaris in portu clauda videntur

navigia aplustris fractis obnitier undis.

nam quae cumque supra rorem salis edita pars est

remorum, recta est, et recta superne guberna;

quae demersa liquore obeunt, refracta videntur


omnia converti sursumque supina reverti

et reflexa prope in summo fluitare liquore.

Raraque per caelum cum venti nubila portant

tempore nocturno, tum splendida signa videntur

labier adversum nimbos atque ire superne

longe aliam in partem ac vera ratione feruntur

At si forte oculo manus uni subdita supter

pressit eum, quodam sensu fit uti videantur

omnia quae tuimur fieri tum bina tuendo,


bina lucernarum florentia lumina flammis

binaque per totas aedis geminare supellex

et duplicis hominum facies et corpora bina.

Denique cum suavi devinxit membra sopore

somnus et in summa corpus iacet omne quiete,

tum vigilare tamen nobis et membra movere

nostra videmur, et in noctis caligine caeca

cernere censemus solem lumenque diurnum,

conclusoque loco caelum mare flumina montis


mutare et campos pedibus transire videmur,

et sonitus audire, severa silentia noctis

undique cum constent, et reddere dicta tacentes.

Cetera de genere hoc mirande multa videmus,

quae violare fidem quasi sensibus omnia quaerunt,

ne quiquam, quoniam pars horum maxima fallit

propter opinatus animi, quos addimus ipsi,

pro visis ut sint quae non sunt sensibus visa;

nam nihil aegrius est quam res secernere apertas


ab dubiis, animus quas ab se protinus addit.

Denique nil sciri siquis putat, id quoque nescit

an sciri possit, quoniam nil scire fatetur.

hunc igitur contra minuam contendere causam,

qui capite ipse suo in statuit vestigia sese.

et tamen hoc quoque uti concedam scire, at id ipsum

quaeram, cum in rebus veri nil viderit ante,

unde sciat quid sit scire et nescire vicissim,

notitiam veri quae res falsique crearit


et dubium certo quae res differre probarit.

invenies primis ab sensibus esse creatam

notitiem veri neque sensus posse refelli.

nam maiore fide debet reperirier illud,

sponte sua veris quod possit vincere falsa.

quid maiore fide porro quam sensus haberi

debet? an ab sensu falso ratio orta valebit

dicere eos contra, quae tota ab sensibus orta est?

qui nisi sunt veri, ratio quoque falsa fit omnis.

An poterunt oculos aures reprehendere, an aures

tactus? an hunc porro tactum sapor arguet oris,

an confutabunt nares oculive revincent?

non, ut opinor, ita est. nam seorsum cuique potestas

 divisast, sua vis cuiquest, ideoque necesse est

et quod molle sit et gelidum fervensve videre

et seorsum varios rerum sentire colores

et quae cumque coloribus sint coniuncta necessest.


seorsus item sapor oris habet vim, seorsus odores

nascuntur, seorsum sonitus. ideoque necesse est

non possint alios alii convincere sensus.

nec porro poterunt ipsi reprehendere sese,

aequa fides quoniam debebit semper haberi.

proinde quod in quoquest his visum tempore, verumst.

Et si non poterit ratio dissolvere causam,

cur ea quae fuerint iuxtim quadrata, procul sint

visa rutunda, tamen praestat rationis egentem


reddere mendose causas utriusque figurae,

quam manibus manifesta suis emittere quoquam

et violare fidem primam et convellere tota

fundamenta quibus nixatur vita salusque.

non modo enim ratio ruat omnis, vita quoque ipsa

concidat extemplo, nisi credere sensibus ausis

praecipitisque locos vitare et cetera quae sint

in genere hoc fugienda, sequi contraria quae sint.

illa tibi est igitur verborum copia cassa


omnis, quae contra sensus instructa paratast.

Denique ut in fabrica, si pravast regula prima,

normaque si fallax rectis regionibus exit,

et libella aliqua si ex parti claudicat hilum,

omnia mendose fieri atque obstipa necessu est

prava cubantia prona supina atque absona tecta,

iam ruere ut quaedam videantur velle, ruantque

prodita iudiciis fallacibus omnia primis,

sic igitur ratio tibi rerum prava necessest


falsaque sit, falsis quae cumque ab sensibus ortast.

Nunc alii sensus quo pacto quisque suam rem

sentiat, haud quaquam ratio scruposa relicta est.

Principio auditur sonus et vox omnis, in auris

insinuata suo pepulere ubi corpore sensum.

corpoream quoque enim [vocem] constare fatendumst

et sonitum, quoniam possunt inpellere sensus.

Praeterea radit vox fauces saepe facitque

asperiora foras gradiens arteria clamor,


quippe per angustum turba maiore coorta

ire foras ubi coeperunt primordia vocum.

scilicet expletis quoque ianua raditur oris.

haud igitur dubiumst quin voces verbaque constent

corporeis e principiis, ut laedere possint.

nec te fallit item quid corporis auferat et quid

detrahat ex hominum nervis ac viribus ipsis

perpetuus sermo nigrai noctis ad umbram

aurorae perductus ab exoriente nitore,


praesertim si cum summost clamore profusus.

ergo corpoream vocem constare necessest,

multa loquens quoniam amittit de corpore partem.

Asperitas autem vocis fit ab asperitate

principiorum et item levor levore creatur;

nec simili penetrant auris primordia forma,

 cum tuba depresso graviter sub murmure mugit

et reboat raucum retro cita barbita bombum,


et [iam] Dauliades natae hortis ex Heliconis

cum liquidam tollunt lugubri voce querellam.

Hasce igitur penitus voces cum corpore nostro

exprimimus rectoque foras emittimus ore,

mobilis articulat nervorum daedala lingua,

formaturaque labrorum pro parte figurat.

hoc ubi non longum spatiumst unde illa profecta

perveniat vox quaeque, necessest verba quoque ipsa

plane exaudiri discernique articulatim;


servat enim formaturam servatque figuram.

at si inter positum spatium sit longius aequo,

aëra per multum confundi verba necessest

et conturbari vocem, dum transvolat auras.

ergo fit, sonitum ut possis sentire neque illam

internoscere, verborum sententia quae sit;

usque adeo confusa venit vox inque pedita.

Praeterea verbum saepe unum perciet auris

omnibus in populo missum praeconis ab ore.


in multas igitur voces vox una repente

diffugit, in privas quoniam se dividit auris

obsignans formam verbis clarumque sonorem.

at quae pars vocum non auris incidit ipsas,

praeter lata perit frustra diffusa per auras.

pars solidis adlisa locis reiecta sonorem

reddit et inter dum frustratur imagine verbi.

Quae bene cum videas, rationem reddere possis

tute tibi atque aliis, quo pacto per loca sola


saxa paris formas verborum ex ordine reddant.

palantis comites com montis inter opacos

quaerimus et magna dispersos voce ciemus.

sex etiam aut septem loca vidi reddere vocis,

unam cum iaceres: ita colles collibus ipsi

verba repulsantes iterabant dicta referri.

haec loca capripedes Satyros Nymphasque tenere

finitimi fingunt et Faunos esse locuntur,

quorum noctivago strepitu ludoque iocanti


adfirmant volgo taciturna silentia rumpi

chordarumque sonos fieri dulcisque querellas,

tibia quas fundit digitis pulsata canentum,

et genus agricolum late sentiscere, quom Pan

pinea semiferi capitis velamina quassans

unco saepe labro calamos percurrit hiantis,

fistula silvestrem ne cesset fundere musam.

cetera de genere hoc monstra ac portenta loquontur,

ne loca deserta ab divis quoque forte putentur


sola tenere. ideo iactant miracula dictis

aut aliqua ratione alia ducuntur, ut omne

humanum genus est avidum nimis auricularum.

Quod super est, non est mirandum qua ratione,

per loca quae nequeunt oculi res cernere apertas,

haec loca per voces veniant aurisque lacessant,

conloquium clausis foribus quoque saepe videmus;

ni mirum quia vox per flexa foramina rerum

 incolumis transire potest, simulacra renutant;


perscinduntur enim, nisi recta foramina tranant,

qualia sunt vitrei, species qua travolat omnis.

praeterea partis in cunctas dividitur vox,

ex aliis aliae quoniam gignuntur, ubi una

dissuluit semel in multas exorta, quasi ignis

saepe solet scintilla suos se spargere in ignis.

ergo replentur loca vocibus abdita retro,

omnia quae circum fervunt sonituque cientur.

at simulacra viis derectis omnia tendunt,


ut sunt missa semel; qua propter cernere nemo

saepe supra potis est, at voces accipere extra.

et tamen ipsa quoque haec, dum transit clausa [domorum>

vox optunditur atque auris confusa penetrat

et sonitum potius quam verba audire videmur.

Hoc, qui sentimus sucum, lingua atque palatum

plusculum habent in se rationis, plus operai.

principio sucum sentimus in ore, cibum cum

mandendo exprimimus, ceu plenam spongiam aquai


siquis forte manu premere ac siccare coëpit.

inde quod exprimimus per caulas omne palati

diditur et rarae per flexa foramina linguae,

hoc ubi levia sunt manantis corpora suci,

suaviter attingunt et suaviter omnia tractant

umida linguai circum sudantia templa;

at contra pungunt sensum lacerantque coorta,

quanto quaeque magis sunt asperitate repleta.

deinde voluptas est e suco fine palati;


cum vero deorsum per fauces praecipitavit,

nulla voluptas est, dum diditur omnis in artus;

nec refert quicquam quo victu corpus alatur,

dum modo quod capias concoctum didere possis

artubus et stomachi tumidum servare tenorem.

Nunc aliis alius qui sit cibus ut videamus,

expediam, quareve, aliis quod triste et amarumst,

hoc tamen esse aliis possit perdulce videri,

tantaque [in] his rebus distantia differitasque est,


ut quod aliis cibus est aliis fuat acre venenum;

est itaque ut serpens, hominis quae tacta salivis

disperit ac sese mandendo conficit ipsa.

praeterea nobis veratrum est acre venenum,

at capris adipes et cocturnicibus auget.

id quibus ut fiat rebus cognoscere possis,

principio meminisse decet quae diximus ante,

semina multimodis in rebus mixta teneri.

porro omnes quae cumque cibum capiunt animantes,


ut sunt dissimiles extrinsecus et generatim

extima membrorum circumcaesura coërcet,

proinde et seminibus constant variantque figura.

semina cum porro distent, differre necessest

intervalla viasque, foramina quae perhibemus,

omnibus in membris et in ore ipsoque palato.

esse minora igitur quaedam maioraque debent,

esse triquetra aliis, aliis quadrata necessest,

multa rutunda, modis multis multangula quaedam.


 namque figurarum ratio ut motusque reposcunt,

proinde foraminibus debent differe figurae

et variare viae proinde ac textura coërcet.

hoc ubi quod suave est aliis aliis fit amarum,

illi, cui suave est, levissima corpora debent

contractabiliter caulas intrare palati,

at contra quibus est eadem res intus acerba,

aspera ni mirum penetrant hamataque fauces.


nunc facile est ex his rebus cognoscere quaeque.

quippe ubi cui febris bili superante coorta est

aut alia ratione aliquast vis excita morbi,

perturbatur ibi iam totum corpus et omnes

commutantur ibi positurae principiorum;

fit prius ad sensum [ut] quae corpora conveniebant

nunc non conveniant, et cetera sint magis apta,

quae penetrata queunt sensum progignere acerbum;

utraque enim sunt in mellis commixta sapore;


id quod iam supera tibi saepe ostendimus ante.

Nunc age, quo pacto naris adiectus odoris

tangat agam. primum res multas esse necessest

unde fluens volvat varius se fluctus odorum,

et fluere et mitti volgo spargique putandumst;

verum aliis alius magis est animantibus aptus,

dissimilis propter formas. ideoque per auras

mellis apes quamvis longe ducuntur odore,

volturiique cadaveribus; tum fissa ferarum


ungula quo tulerit gressum promissa canum vis

ducit, et humanum longe praesentit odorem

Romulidarum arcis servator, candidus anser.

sic aliis alius nidor datus ad sua quemque

pabula ducit et a taetro resilire veneno

cogit, eoque modo servantur saecla ferarum.

Hic odor ipse igitur, naris qui cumque lacessit,

est alio ut possit permitti longius alter;

sed tamen haud quisquam tam longe fertur eorum


quam sonitus, quam vox, mitto iam dicere quam res

quae feriunt oculorum acies visumque lacessunt.

errabundus enim tarde venit ac perit ante

paulatim facilis distractus in aëris auras;

ex alto primum quia vix emittitur ex re;

nam penitus fluere atque recedere rebus odores

significat quod fracta magis redolere videntur

omnia, quod contrita, quod igni conlabefacta.

deinde videre licet maioribus esse creatum


principiis quam vox, quoniam per saxea saepta

non penetrat, qua vox volgo sonitusque feruntur.

quare etiam quod olet non tam facile esse videbis

investigare in qua sit regione locatum;

refrigescit enim cunctando plaga per auras

nec calida ad sensum decurrunt nuntia rerum.

errant saepe canes itaque et vestigia quaerunt.

Nec tamen hoc solis in odoribus atque saporum

in generest, sed item species rerum atque colores


non ita conveniunt ad sensus omnibus omnes,

ut non sint aliis quaedam magis acria visu.

 quin etiam gallum noctem explaudentibus alis

auroram clara consuetum voce vocare,

noenu queunt rapidi contra constare leones

inque tueri: ita continuo meminere fugai.

ni mirum quia sunt gallorum in corpore quaedam

semina, quae cum sunt oculis inmissa leonum,


pupillas interfodiunt acremque dolorem

praebent, ut nequeant contra durare feroces,

cum tamen haec nostras acies nil laedere possint,

aut quia non penetrant aut quod penetrantibus illis

exitus ex oculis liber datur, in remorando

laedere ne possint ex ulla lumina parte.

Nunc age, quae moveant animum res accipe, et unde

quae veniunt veniant in mentem percipe paucis.

principio hoc dico, rerum simulacra vagari


multa modis multis in cunctas undique partis

tenvia, quae facile inter se iunguntur in auris,

obvia cum veniunt, ut aranea bratteaque auri.

quippe etenim multo magis haec sunt tenvia textu

quam quae percipiunt oculos visumque lacessunt,

corporis haec quoniam penetrant per rara cientque

tenvem animi naturam intus sensumque lacessunt.

Centauros itaque et Scyllarum membra videmus

Cerbereasque canum facies simulacraque eorum


quorum morte obita tellus amplectitur ossa;

omnigenus quoniam passim simulacra feruntur,

partim sponte sua quae fiunt aëre in ipso,

partim quae variis ab rebus cumque recedunt

et quae confiunt ex horum facta figuris.

nam certe ex vivo Centauri non fit imago,

nulla fuit quoniam talis natura animata;

verum ubi equi atque hominis casu convenit imago,

haerescit facile extemplo, quod diximus ante,


propter subtilem naturam et tenvia texta.

cetera de genere hoc eadem ratione creantur.

quae cum mobiliter summa levitate feruntur,

ut prius ostendi, facile uno commovet ictu

quae libet una animum nobis subtilis imago;

tenvis enim mens est et mire mobilis ipsa.

haec fieri ut memoro, facile hinc cognoscere possis.

quatinus hoc simile est illi, quod mente videmus

atque oculis, simili fieri ratione necessest.

Nunc igitur docui quoniam me forte leonum

cernere per simulacra, oculos quae cumque lacessunt,

scire licet mentem simili ratione moveri

per simulacra leonum [et] cetera quae videt aeque

nec minus atque oculi, nisi quod mage tenvia cernit.

nec ratione alia, cum somnus membra profudit,

mens animi vigilat, nisi quod simulacra lacessunt

haec eadem nostros animos quae cum vigilamus,

usque adeo, certe ut videamur cernere eum quem


rellicta vita iam mors et terra potitast.

hoc ideo fieri cogit natura, quod omnes

corporis offecti sensus per membra quiescunt

nec possunt falsum veris convincere rebus.

 praeterea meminisse iacet languetque sopore,

nec dissentit eum mortis letique potitum

iam pridem, quem mens vivom se cernere credit.

quod super est, non est mirum simulacra moveri


bracchiaque in numerum iactare et cetera membra;

nam fit ut in somnis facere hoc videatur imago.

quippe, ubi prima perit alioque est altera nata

inde statu, prior hic gestum mutasse videtur.

scilicet id fieri celeri ratione putandumst:

tanta est mobilitas et rerum copia tanta

tantaque sensibili quovis est tempore in uno

copia particularum, ut possit suppeditare.

Multaque in his rebus quaeruntur multaque nobis


clarandumst, plane si res exponere avemus.

quaeritur in primis quare, quod cuique libido

venerit, extemplo mens cogitet eius id ipsum.

anne voluntatem nostram simulacra tuentur

et simul ac volumus nobis occurrit imago,

si mare, si terram cordist, si denique caelum?

conventus hominum, pompam, convivia, pugnas,

omnia sub verbone creat natura paratque?

cum praesertim aliis eadem in regione locoque


longe dissimilis animus res cogitet omnis.

quid porro, in numerum procedere cum simulacra

cernimus in somnis et mollia membra movere,

mollia mobiliter cum alternis bracchia mittunt

et repetunt oculis gestum pede convenienti?

scilicet arte madent simulacra et docta vagantur,

nocturno facere ut possint in tempore ludos.

an magis illud erit verum? quia tempore in uno,

cum sentimus, id est cum vox emittitur una,


tempora multa latent, ratio quae comperit esse,

propterea fit uti quovis in tempore quaeque

praesto sint simulacra locis in quisque parata.

tanta est mobilitas et rerum copia tanta.

hoc ubi prima perit alioque est altera nata

inde statu, prior hic gestum mutasse videtur.

et quia tenvia sunt, nisi quae contendit, acute

cernere non potis est animus; proinde omnia quae sunt

praeterea pereunt, nisi quae ex se[se] ipse paravit.


ipse parat sese porro speratque futurum

ut videat quod consequitur rem quamque: fit ergo.

nonne vides oculos etiam, cum tenvia quae sunt

[praeterea pereunt, nisi quae ex se ipse paravit]

cernere coeperunt, contendere se atque parare,

nec sine eo fieri posse ut cernamus acute?

et tamen in rebus quoque apertis noscere possis,

si non advertas animum, proinde esse quasi omni

tempore semotum fuerit longeque remotum.


cur igitur mirumst, animus si cetera perdit

praeter quam quibus est in rebus deditus ipse?

deinde adopinamur de signis maxima parvis

ac nos in fraudem induimus frustraminis ipsi.

Fit quoque ut inter dum non suppeditetur imago

eiusdem generis, sed femina quae fuit ante,

 in manibus vir uti factus videatur adesse,

aut alia ex alia facies aetasque sequatur.


quod ne miremur sopor atque oblivia curant.

Illud in his rebus vitium vehementer Äinesse

effugere errorem vitareque praemetuenter,

lumina ne facias oculorum clara creata,

prospicere ut possimus, et ut proferre queamus

proceros passus, ideo fastigia posse

surarum ac feminum pedibus fundata plicari,

bracchia tum porro validis ex apta lacertis

esse manusque datas utraque [ex] parte ministras,


ut facere ad vitam possemus quae foret usus.

cetera de genere hoc inter quae cumque pretantur,

omnia perversa praepostera sunt ratione,

nil ideo quoniam natumst in corpore ut uti

possemus, sed quod natumst id procreat usum.

nec fuit ante videre oculorum lumina nata,

nec dictis orare prius quam lingua creatast,

sed potius longe linguae praecessit origo

sermonem multoque creatae sunt prius aures


quam sonus est auditus, et omnia denique membra

ante fuere, ut opinor, eorum quam foret usus;

haud igitur potuere utendi crescere causa.

at contra conferre manu certamina pugnae

et lacerare artus foedareque membra cruore

ante fuit multo quam lucida tela volarent,

et volnus vitare prius natura coëgit

quam daret obiectum parmai laeva per artem.

scilicet et fessum corpus mandare quieti


multo antiquius est quam lecti mollia strata,

et sedare sitim prius est quam pocula natum.

haec igitur possunt utendi cognita causa

credier, ex usu quae sunt vitaque reperta.

illa quidem seorsum sunt omnia, quae prius ipsa

nata dedere suae post notitiam utilitatis.

quo genere in primis sensus et membra videmus;

quare etiam atque etiam procul est ut credere possis

utilitatis ob officium potuisse creari.

Illud item non est mirandum, corporis ipsa

quod natura cibum quaerit cuiusque animantis.

quippe etenim fluere atque recedere corpora rebus

multa modis multis docui, sed plurima debent

ex animalibus; [quae] quia sunt exercita motu,

multa per os exhalantur, cum languida anhelant,

multaque per sudorem ex alto pressa feruntur.

his igitur rebus rarescit corpus et omnis

subruitur natura, dolor quam consequitur rem.


propterea capitur cibus, ut suffulciat artus

et recreet vires inter datus, atque patentem

per membra ac venas ut amorem opturet edendi.

umor item discedit in omnia quae loca cumque

poscunt umorem; glomerataque multa vaporis

corpora, quae stomacho praebent incendia nostro,

dissupat adveniens liquor ac restinguit ut ignem,

urere ne possit calor amplius aridus artus.

 sic igitur tibi anhela sitis de corpore nostro


abluitur, sic expletur ieiuna cupido.

Nunc qui fiat uti passus proferre queamus,

cum volumus, quareque datum sit membra movere

et quae res tantum hoc oneris protrudere nostri

corporis insuerit, dicam: tu percipe dicta.

dico animo nostro primum simulacra meandi

accidere atque animum pulsare, ut diximus ante.

inde voluntas fit; neque enim facere incipit ullam

rem quisquam, [quam] mens providit quid velit ante.


id quod providet, illius rei constat imago,

ergo animus cum sese ita commovet ut velit ire

inque gredi, ferit extemplo quae in corpore toto

per membra atque artus animai dissita vis est;

et facilest factu, quoniam coniuncta tenetur.

inde ea proporro corpus ferit, atque ita tota

paulatim moles protruditur atque movetur.

praeterea tum rarescit quoque corpus et aër,

scilicet ut debet qui semper mobilis extat,


per patefacta venit penetratque foramina largus,

et dispargitur ad partis ita quasque minutas

corporis. hic igitur rebus fit utrimque duabus,

corpus ut ac navis velis ventoque feratur.

nec tamen illud in his rebus mirabile constat,

tantula quod tantum corpus corpuscula possunt

contorquere et onus totum convertere nostrum;

quippe etenim ventus subtili corpore tenvis

trudit agens magnam magno molimine navem


et manus una regit quanto vis impete euntem

atque gubernaclum contorquet quo libet unum,

multaque per trocleas et tympana pondere magno

commovet atque levi sustollit machina nisu.

Nunc quibus ille modis somnus per membra quietem

inriget atque animi curas e pectore solvat,

suavidicis potius quom multis versibus edam,

parvus ut est cycni melior canor, ille gruum quam

clamor in aetheriis dispersus nubibus austri.


tu mihi da tenuis auris animumque sagacem,

ne fieri negites quae dicam posse retroque

vera repulsanti discedas pectore dicta,

tutemet in culpa cum sis neque cernere possis.

Principio somnus fit ubi est distracta per artus

vis animae partimque foras eiecta recessit

et partim contrusa magis concessit in altum;

dissoluuntur enim tum demum membra fluuntque.

nam dubium non est, animai quin opera sit


sensus hic in nobis, quem cum sopor inpedit esse,

tum nobis animam perturbatam esse putandumst

eiectamque foras, non omnem; namque iaceret

aeterno corpus perfusum frigore leti.

quippe ubi nulla latens animai pars remaneret

in membris, cinere ut multa latet obrutus ignis,

unde reconflari sensus per membra repente

possit, ut ex igni caeco consurgere flamma?

Sed quibus haec rebus novitas confiat et unde


 perturbari anima et corpus languescere possit,

expediam: tu fac ne ventis verba profundam.

Principio externa corpus de parte necessum est,

aëriis quoniam vicinum tangitur auris,

tundier atque eius crebro pulsarier ictu,

proptereaque fere res omnes aut corio sunt

aut etiam conchis aut callo aut cortice tectae.

interiorem etiam partem spirantibus aër


verberat hic idem, cum ducitur atque reflatur.

quare utrimque secus cum corpus vapulet et cum

perveniant plagae per parva foramina nobis

corporis ad primas partis elementaque prima,

fit quasi paulatim nobis per membra ruina.

conturbantur enim positurae principiorum

corporis atque animi. fit uti pars inde animai

eliciatur et introrsum pars abdita cedat,

pars etiam distracta per artus non queat esse


coniuncta inter se neque motu mutua fungi;

inter enim saepit coetus natura viasque.

ergo sensus abit mutatis motibus alte.

et quoniam non est quasi quod suffulciat artus,

debile fit corpus languescuntque omnia membra,

bracchia palpebraeque cadunt poplitesque cubanti

saepe tamen summittuntur virisque resolvunt.

Deinde cibum sequitur somnus, quia, quae facit aër,

haec eadem cibus, in venas dum diditur omnis,


efficit. et multo sopor ille gravissimus exstat,

quem satur aut lassus capias, quia plurima tum se

corpora conturbant magno contusa labore.

fit ratione eadem coniectus parte animai

altior atque foras eiectus largior eius,

et divisior inter se ac distractior intus.

Et quo quisque fere studio devinctus adhaeret

aut quibus in rebus multum sumus ante morati

atque in ea ratione fuit contenta magis mens,


in somnis eadem plerumque videmur obire:

causidici causas agere et componere leges,

induperatores pugnare ac proelia obire,

nautae contractum cum ventis degere bellum,

nos agere hoc autem et naturam quaerere rerum

semper et inventam patriis exponere chartis.

cetera sic studia atque artes plerumque videntur

in somnis animos hominum frustrata tenere.

et qui cumque dies multos ex ordine ludis


adsiduas dederunt operas, plerumque videmus,

cum iam destiterunt ea sensibus usurpare,

relicuas tamen esse vias in mente patentis,

qua possint eadem rerum simulacra venire;

per multos itaque illa dies eadem obversantur

ante oculos, etiam vigilantes ut videantur

cernere saltantis et mollia membra moventis

et citharae liquidum carmen chordasque loquentis

auribus accipere et consessum cernere eundem


scenaique simul varios splendere decores.

usque adeo magni refert studium atque voluntas,

 et quibus in rebus consuerint esse operati

non homines solum sed vero animalia cuncta.

quippe videbis equos fortis, cum membra iacebunt,

in somnis sudare tamen spirareque semper

et quasi de palma summas contendere viris

aut quasi carceribus patefactis [edere voces>


venantumque canes in molli saepe quiete

iactant crura tamen subito vocisque repente

mittunt et crebro redducunt naribus auras.

ut vestigia si teneant inventa ferarum,

expergefactique secuntur inania saepe

cervorum simulacra, fugae quasi dedita cernant,

donec discussis redeant erroribus ad se.

at consueta domi catulorum blanda propago

discutere et corpus de terra corripere instant,


[iactant crura tamen subito vocisque repente

mittunt et crebro redducunt naribus auras

ut vestigia si teneant inventa ferarum

expergefactique secuntur inania saepe]

proinde quasi ignotas facies atque ora tuantur.

et quo quaeque magis sunt aspera seminiorum,

tam magis in somnis eadem saevire necessust.

at variae fugiunt volucres pinnisque repente

sollicitant divom nocturno tempore lucos,


accipitres somno in leni si proelia pugnas

edere sunt persectantes visaeque volantes.

porro hominum mentes, magnis quae motibus edunt

magna, itidem saepe in somnis faciuntque geruntque,

reges expugnant, capiuntur, proelia miscent,

tollunt clamorem, quasi si iugulentur ibidem.

multi depugnant gemitusque doloribus edunt

et quasi pantherae morsu saevive leonis

mandantur, magnis clamoribus omnia complent.


multi de magnis per somnum rebus loquuntur

indicioque sui facti persaepe fuere.

multi mortem obeunt. multi, de montibus altis

ut quasi praecipitent ad terram corpore toto,

exterruntur et ex somno quasi mentibus capti

vix ad se redeunt permoti corporis aestu.

flumen item sitiens aut fontem propter amoenum

adsidet et totum prope faucibus occupat amnem.

puri saepe lacum propter si ac dolia curta


somno devincti credunt se extollere vestem,

totius umorem saccatum corporis fundunt,

cum Babylonica magnifico splendore rigantur.

tum quibus aetatis freta primitus insinuatur

semen, ubi ipsa dies membris matura creavit,

conveniunt simulacra foris e corpore quoque,

nuntia praeclari voltus pulchrique coloris,

qui ciet inritans loca turgida semine multo,

ut quasi transactis saepe omnibus rebus profundant


fluminis ingentis fluctus vestemque cruentent.

Sollicitatur id [in] nobis, quod diximus ante,

semen, adulta aetas cum primum roborat artus.

namque alias aliud res commovet atque lacessit;

 ex homine humanum semen ciet una hominis vis.

quod simul atque suis eiectum sedibus exit,

per membra atque artus decedit corpore toto,

in loca conveniens nervorum certa cietque


continuo partis genitalis corporis ipsas.

inritata tument loca semine fitque voluntas

eicere id quo se contendit dira lubido,

[incitat inritans loca turgida semine multo]

idque petit corpus, mens unde est saucia amore;

namque omnes plerumque cadunt in vulnus et illam

emicat in partem sanguis, unde icimur ictu,

et si comminus est, hostem ruber occupat umor.

sic igitur Veneris qui telis accipit ictus,


sive puer membris muliebribus hunc iaculatur

seu mulier toto iactans e corpore amorem,

unde feritur, eo tendit gestitque coire

t iacere umorem in corpus de corpore ductum;

namque voluptatem praesagit muta cupido.

Haec Venus est nobis; hinc autemst nomen Amoris,

hinc illaec primum Veneris dulcedinis in cor

stillavit gutta et successit frigida cura;

nam si abest quod ames, praesto simulacra tamen sunt


illius et nomen dulce obversatur ad auris.

sed fugitare decet simulacra et pabula amoris

absterrere sibi atque alio convertere mentem

et iacere umorem coniectum in corpora quaeque

nec retinere semel conversum unius amore

et servare sibi curam certumque dolorem;

ulcus enim vivescit et inveterascit alendo

inque dies gliscit furor atque aerumna gravescit,

si non prima novis conturbes volnera plagis


volgivagaque vagus Venere ante recentia cures

aut alio possis animi traducere motus.

Nec Veneris fructu caret is qui vitat amorem,

sed potius quae sunt sine poena commoda sumit;

nam certe purast sanis magis inde voluptas

quam miseris; etenim potiundi tempore in ipso

fluctuat incertis erroribus ardor amantum

nec constat quid primum oculis manibusque fruantur.

quod petiere, premunt arte faciuntque dolorem


corporis et dentes inlidunt saepe labellis

osculaque adfigunt, quia non est pura voluptas

et stimuli subsunt, qui instigant laedere id ipsum,

quod cumque est, rabies unde illaec germina surgunt.

sed leviter poenas frangit Venus inter amorem

blandaque refrenat morsus admixta voluptas.

namque in eo spes est, unde est ardoris origo,

restingui quoque posse ab eodem corpore flammam.

quod fieri contra totum natura repugnat;


unaque res haec est, cuius quam plurima habemus,

tam magis ardescit dira cuppedine pectus.

nam cibus atque umor membris adsumitur intus;

quae quoniam certas possunt obsidere partis,

hoc facile expletur laticum frugumque cupido.

ex hominis vero facie pulchroque colore

 nil datur in corpus praeter simulacra fruendum

tenvia; quae vento spes raptast saepe misella.


ut bibere in somnis sitiens quom quaerit et umor

non datur, ardorem qui membris stinguere possit,

sed laticum simulacra petit frustraque laborat

in medioque sitit torrenti flumine potans,

sic in amore Venus simulacris ludit amantis,

nec satiare queunt spectando corpora coram

nec manibus quicquam teneris abradere membris

possunt errantes incerti corpore toto.

denique cum membris conlatis flore fruuntur


aetatis, iam cum praesagit gaudia corpus

atque in eost Venus ut muliebria conserat arva,

adfigunt avide corpus iunguntque salivas

oris et inspirant pressantes dentibus ora,

ne quiquam, quoniam nihil inde abradere possunt

nec penetrare et abire in corpus corpore toto;

nam facere inter dum velle et certare videntur.

usque adeo cupide in Veneris compagibus haerent,

membra voluptatis dum vi labefacta liquescunt.


tandem ubi se erupit nervis coniecta cupido,

parva fit ardoris violenti pausa parumper.

inde redit rabies eadem et furor ille revisit,

cum sibi quod cupiant ipsi contingere quaerunt,

nec reperire malum id possunt quae machina vincat.

usque adeo incerti tabescunt volnere caeco.

Adde quod absumunt viris pereuntque labore,

adde quod alterius sub nutu degitur aetas,

languent officia atque aegrotat fama vacillans.


labitur interea res et Babylonia fiunt

unguenta et pulchra in pedibus Sicyonia rident,

scilicet et grandes viridi cum luce zmaragdi

auro includuntur teriturque thalassina vestis

adsidue et Veneris sudorem exercita potat.

et bene parta patrum fiunt anademata, mitrae,

inter dum in pallam atque Alidensia Ciaque vertunt.

eximia veste et victu convivia, ludi,

pocula crebra, unguenta, coronae, serta parantur,


ne quiquam, quoniam medio de fonte leporum

surgit amari aliquid, quod in ipsis floribus angat,

aut cum conscius ipse animus se forte remordet

desidiose agere aetatem lustrisque perire,

aut quod in ambiguo verbum iaculata reliquit,

quod cupido adfixum cordi vivescit ut ignis,

aut nimium iactare oculos aliumve tueri

quod putat in voltuque videt vestigia risus.

Atque in amore mala haec proprio summeque secundo


inveniuntur; in adverso vero atque inopi sunt,

prendere quae possis oculorum lumine operto.

innumerabilia; ut melius vigilare sit ante,

qua docui ratione, cavereque, ne inliciaris.

nam vitare, plagas in amoris ne iaciamur,

non ita difficile est quam captum retibus ipsis

exire et validos Veneris perrumpere nodos.

et tamen implicitus quoque possis inque peditus

 effugere infestum, nisi tute tibi obvius obstes


et praetermittas animi vitia omnia primum

aut quae corporis sunt eius, quam praepetis ac vis.

nam faciunt homines plerumque cupidine caeci

et tribuunt ea quae non sunt his commoda vere.

multimodis igitur pravas turpisque videmus

esse in deliciis summoque in honore vigere.

atque alios alii inrident Veneremque suadent

ut placent, quoniam foedo adflictentur amore,

nec sua respiciunt miseri mala maxima saepe.


nigra melichrus est, inmunda et fetida acosmos,

caesia Palladium, nervosa et lignea dorcas,

parvula, pumilio, chariton mia, tota merum sal,

magna atque inmanis cataplexis plenaque honoris.

balba loqui non quit, traulizi, muta pudens est;

at flagrans, odiosa, loquacula Lampadium fit.

ischnon eromenion tum fit, cum vivere non quit

prae macie; rhadine verost iam mortua tussi.

at nimia et mammosa Ceres est ipsa ab Iaccho,


simula Silena ac Saturast, labeosa philema.

cetera de genere hoc longum est si dicere coner.

sed tamen esto iam quantovis oris honore,

cui Veneris membris vis omnibus exoriatur;

nempe aliae quoque sunt; nempe hac sine viximus ante;

nempe eadem facit et scimus facere omnia turpi

et miseram taetris se suffit odoribus ipsa,

quam famulae longe fugitant furtimque cachinnant.

at lacrimans exclusus amator limina saepe


floribus et sertis operit postisque superbos

unguit amaracino et foribus miser oscula figit;

quem si iam ammissum venientem offenderit aura

una modo, causas abeundi quaerat honestas

et meditata diu cadat alte sumpta querella

stultitiaque ibi se damnet, tribuisse quod illi

plus videat quam mortali concedere par est.

nec Veneres nostras hoc fallit; quo magis ipsae

omnia summo opere hos vitae poscaenia celant,


quos retinere volunt adstrictosque esse in amore,

ne quiquam, quoniam tu animo tamen omnia possis

protrahere in lucem atque omnis inquirere risus

et, si bello animost et non odiosa, vicissim

praetermittere [et] humanis concedere rebus.

Nec mulier semper ficto suspirat amore,

quae conplexa viri corpus cum corpore iungit

et tenet adsuctis umectans oscula labris;

nam facit ex animo saepe et communia quaerens


gaudia sollicitat spatium decurrere amoris.

nec ratione alia volucres armenta feraeque

et pecudes et equae maribus subsidere possent,

si non, ipsa quod illarum subat, ardet abundans

natura et Venerem salientum laeta retractat.

nonne vides etiam quos mutua saepe voluptas

vinxit, ut in vinclis communibus excrucientur,

in triviis cum saepe canes discedere aventis

divorsi cupide summis ex viribus tendunt,


 quom interea validis Veneris compagibus haerent?

quod facerent numquam, nisi mutua gaudia nossent,

quae iacere in fraudem possent vinctosque tenere.

quare etiam atque etiam, ut dico, est communis voluptas.

Et commiscendo quom semine forte virilem

femina vim vicit subita vi corripuitque,

tum similes matrum materno semine fiunt,

ut patribus patrio. sed quos utriusque figurae


esse vides, iuxtim miscentes vulta parentum,

corpore de patrio et materno sanguine crescunt,

semina cum Veneris stimulis excita per artus

obvia conflixit conspirans mutuus ardor,

et neque utrum superavit eorum nec superatumst.

fit quoque ut inter dum similes existere avorum

possint et referant proavorum saepe figuras,

propterea quia multa modis primordia multis

mixta suo celant in corpore saepe parentis,


quae patribus patres tradunt a stirpe profecta.

inde Venus varia producit sorte figuras,

maiorumque refert voltus vocesque comasque;

quandoquidem nihilo magis haec [de] semine certo

fiunt quam facies et corpora membraque nobis.

et muliebre oritur patrio de semine saeclum

maternoque mares existunt corpore creti;

semper enim partus duplici de semine constat,

atque utri similest magis id quod cumque creatur,


eius habet plus parte aequa; quod cernere possis,

sive virum suboles sivest muliebris origo.

Nec divina satum genitalem numina cuiquam

absterrent, pater a gnatis ne dulcibus umquam

appelletur et ut sterili Venere exigat aevom;

quod plerumque putant et multo sanguine maesti

conspergunt aras adolentque altaria donis,

ut gravidas reddant uxores semine largo;

ne quiquam divom numen sortisque fatigant;


nam steriles nimium crasso sunt semine partim,

et liquido praeter iustum tenuique vicissim.

tenve locis quia non potis est adfigere adhaesum,

liquitur extemplo et revocatum cedit abortu.

crassius hinc porro quoniam concretius aequo

mittitur, aut non tam prolixo provolat ictu

aut penetrare locos aeque nequit aut penetratum

aegre admiscetur muliebri semine semen.

nam multum harmoniae Veneris differre videntur.


atque alias alii complent magis ex aliisque

succipiunt aliae pondus magis inque gravescunt.

et multae steriles Hymenaeis ante fuerunt

pluribus et nactae post sunt tamen unde puellos

suscipere et partu possent ditescere dulci.

et quibus ante domi fecundae saepe nequissent

uxoris parere, inventast illis quoque compar

natura, ut possent gnatis munire senectam.

usque adeo magni refert, ut semina possint


seminibus commisceri genitaliter apta

crassaque conveniant liquidis et liquida crassis.

 atque in eo refert quo victu vita colatur;

namque aliis rebus concrescunt semina membris

atque aliis extenvantur tabentque vicissim.

et quibus ipsa modis tractetur blanda voluptas.

id quoque permagni refert; nam more ferarum

quadrupedumque magis ritu plerumque putantur


concipere uxores, quia sic loca sumere possunt

pectoribus positis sublatis semina lumbis.

nec molles opus sunt motus uxoribus hilum.

nam mulier prohibet se concipere atque repugnat,

clunibus ipsa viri Venerem si laeta retractat

atque exossato ciet omni pectore fluctus;

eicit enim sulcum recta regione viaque

vomeris atque locis avertit seminis ictum.

idque sua causa consuerunt scorta moveri,


ne complerentur crebro gravidaeque iacerent,

et simul ipsa viris Venus ut concinnior esset;

coniugibus quod nil nostris opus esse videtur.

Nec divinitus inter dum Venerisque sagittis

deteriore fit ut forma muliercula ametur;

nam facit ipsa suis inter dum femina factis

morigerisque modis et munde corpore culto,

ut facile insuescat secum [te] degere vitam.

quod super est, consuetudo concinnat amorem;


nam leviter quamvis quod crebro tunditur ictu,

vincitur in longo spatio tamen atque labascit.

nonne vides etiam guttas in saxa cadentis

umoris longo in spatio pertundere saxa?
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Avia Pieridum peragro loca nullius ante

trita solo. iuvat integros accedere fontis

atque haurire, iuvatque novos decerpere flores

insignemque meo capiti petere inde coronam,

unde prius nulli velarint tempora musae;

primum quod magnis doceo de rebus et artis

religionum animum nodis exsolvere pergo,

deinde quod obscura de re tam lucida pango

carmina musaeo contingens cuncta lepore.


id quoque enim non ab nulla ratione videtur;

nam vel uti pueris absinthia taetra medentes

cum dare conantur, prius oras pocula circum

contingunt mellis dulci flavoque liquore,

ut puerorum aetas inprovida ludificetur

labrorum tenus, interea perpotet amarum

absinthi laticem deceptaque non capiatur,

sed potius tali facto recreata valescat,

sic ego nunc, quoniam haec ratio plerumque videtur


tristior esse quibus non est tractata, retroque

volgus abhorret ab hac, volui tibi suaviloque


Quis potis est dignum pollenti pectore carmen

condere pro rerum maiestate hisque repertis?

quisve valet verbis tantum, qui fingere laudes

pro meritis eius possit, qui talia nobis

pectore parta suo quaesitaque praemia liquit?

nemo, ut opinor, erit mortali corpore cretus.

nam si, ut ipsa petit maiestas cognita rerum,

dicendum est, deus ille fuit, deus, inclyte Memmi,

qui princeps vitae rationem invenit eam quae


nunc appellatur sapientia, quique per artem

fluctibus et tantis vitam tantisque tenebris

in tam tranquillo et tam clara luce locavit.

confer enim divina aliorum antiqua reperta.

namque Ceres fertur fruges Liberque liquoris

vitigeni laticem mortalibus instituisse;

cum tamen his posset sine rebus vita manere,

ut fama est aliquas etiam nunc vivere gentis.

at bene non poterat sine puro pectore vivi;


quo magis hic merito nobis deus esse videtur,

ex quo nunc etiam per magnas didita gentis

dulcia permulcent animos solacia vitae.

Herculis antistare autem si facta putabis,

longius a vera multo ratione ferere.

quid Nemeaeus enim nobis nunc magnus hiatus

ille leonis obesset et horrens Arcadius sus,

tanto opere officerent nobis Stymphala colentes?

denique quid Cretae taurus Lernaeaque pestis


hydra venenatis posset vallata colubris?

quidve tripectora tergemini vis Geryonai

et Diomedis equi spirantes naribus ignem

Thracia Bistoniasque plagas atque Ismara propter

aureaque Hesperidum servans fulgentia mala,

asper, acerba tuens, immani corpore serpens

arboris amplexus stirpes? quid denique obesset

propter Atlanteum litus pelagique severa,

quo neque noster adit quisquam nec barbarus audet?


cetera de genere hoc quae sunt portenta perempta,

si non victa forent, quid tandem viva nocerent?

nil, ut opinor: ita ad satiatem terra ferarum

nunc etiam scatit et trepido terrore repleta est

per nemora ac montes magnos silvasque profundas;

quae loca vitandi plerumque est nostra potestas.

at nisi purgatumst pectus, quae proelia nobis

atque pericula tumst ingratis insinuandum!

quantae tum scindunt hominem cuppedinis acres


sollicitum curae quantique perinde timores!

quidve superbia spurcitia ac petulantia? quantas

efficiunt clades! quid luxus desidiaeque?

haec igitur qui cuncta subegerit ex animoque

expulerit dictis, non armis, nonne decebit

hunc hominem numero divom dignarier esse?

cum bene praesertim multa ac divinitus ipsis

iam mortalibus e divis dare dicta suerit

atque omnem rerum naturam pandere dictis.

Cuius ego ingressus vestigia dum rationes

persequor ac doceo dictis, quo quaeque creata

foedere sint, in eo quam sit durare necessum

nec validas valeant aevi rescindere leges,

quo genere in primis animi natura reperta est

nativo primum consistere corpore creta,

nec posse incolumem magnum durare per aevum,

sed simulacra solere in somnis fallere mentem,

cernere cum videamur eum quem vita reliquit,


quod super est, nunc huc rationis detulit ordo,

ut mihi mortali consistere corpore mundum

nativomque simul ratio reddunda sit esse;

et quibus ille modis congressus materiai

fundarit terram caelum mare sidera solem

lunaique globum; tum quae tellure animantes

extiterint, et quae nullo sint tempore natae;

quove modo genus humanum variante loquella

coeperit inter se vesci per nomina rerum;


et quibus ille modis divom metus insinuarit

pectora, terrarum qui in orbi sancta tuetur

fana lacus lucos aras simulacraque divom.

praeterea solis cursus lunaeque meatus

expediam qua vi flectat natura gubernans;

ne forte haec inter caelum terramque reamur

libera sponte sua cursus lustrare perennis,

morigera ad fruges augendas atque animantis,

neve aliqua divom volvi ratione putemus.


nam bene qui didicere deos securum agere aevom,

si tamen interea mirantur qua ratione

quaeque geri possint, praesertim rebus in illis

quae supera caput aetheriis cernuntur in oris,

rursus in antiquas referuntur religiones

et dominos acris adsciscunt, omnia posse

quos miseri credunt, ignari quid queat esse,

quid nequeat, finita potestas denique cuique

qua nam sit ratione atque alte terminus haerens.

Quod super est, ne te in promissis plura moremur,

principio maria ac terras caelumque tuere;

quorum naturam triplicem, tria corpora, Memmi,

tris species tam dissimilis, tria talia texta,

una dies dabit exitio, multosque per annos

sustentata ruet moles et machina mundi.

nec me animi fallit quam res nova miraque menti

accidat exitium caeli terraeque futurum,

et quam difficile id mihi sit pervincere dictis;


ut fit ubi insolitam rem adportes auribus ante

nec tamen hanc possis oculorum subdere visu

nec iacere indu manus, via qua munita fidei

proxima fert humanum in pectus templaque mentis.

sed tamen effabor. dictis dabit ipsa fidem res

forsitan et graviter terrarum motibus ortis

omnia conquassari in parvo tempore cernes.

quod procul a nobis flectat fortuna gubernans,

et ratio potius quam res persuadeat ipsa


 succidere horrisono posse omnia victa fragore.

Qua prius adgrediar quam de re fundere fata

sanctius et multo certa ratione magis quam

Pythia quae tripode a Phoebi lauroque profatur,

multa tibi expediam doctis solacia dictis;

religione refrenatus ne forte rearis

terras et solem et caelum, mare sidera lunam,

corpore divino debere aeterna manere,


proptereaque putes ritu par esse Gigantum

pendere eos poenas inmani pro scelere omnis,

qui ratione sua disturbent moenia mundi

praeclarumque velint caeli restinguere solem

inmortalia mortali sermone notantes;

quae procul usque adeo divino a numine distent

inque deum numero quae sint indigna videri,

notitiam potius praebere ut posse putentur

quid sit vitali motu sensuque remotum.


quippe etenim non est, cum quovis corpore ut esse

posse animi natura putetur consiliumque.

sicut in aethere non arbor, non aequore salso

nubes esse queunt neque pisces vivere in arvis

nec cruor in lignis neque saxis sucus inesse,

certum ac dispositumst ubi quicquid crescat et insit,

sic animi natura nequit sine corpore oriri

sola neque a nervis et sanguine longius esse.

quod si posset enim, multo prius ipsa animi vis


in capite aut umeris aut imis calcibus esse

posset et innasci quavis in parte soleret,

tandem in eodem homine atque in eodem vase manere.

quod quoniam nostro quoque constat corpore certum

dispositumque videtur ubi esse et crescere possit

seorsum anima atque animus, tanto magis infitiandum

totum posse extra corpus formamque animalem

putribus in glebis terrarum aut solis in igni

aut in aqua durare aut altis aetheris oris.


haud igitur constant divino praedita sensu,

quandoquidem nequeunt vitaliter esse animata.

Illud item non est ut possis credere, sedes

esse deum sanctas in mundi partibus ullis.

tenvis enim natura deum longeque remota

sensibus ab nostris animi vix mente videtur;

quae quoniam manuum tactum suffugit et ictum,

tactile nil nobis quod sit contingere debet;

tangere enim non quit quod tangi non licet ipsum.


quare etiam sedes quoque nostris sedibus esse

dissimiles debent, tenues de corpore eorum;

quae tibi posterius largo sermone probabo.

Dicere porro hominum causa voluisse parare

praeclaram mundi naturam proptereaque

adlaudabile opus divom laudare decere

aeternumque putare atque inmortale futurum,

nec fas esse, deum quod sit ratione vetusta

gentibus humanis fundatum perpetuo aevo,


sollicitare suis ulla vi ex sedibus umquam

nec verbis vexare et ab imo evertere summa,

 cetera de genere hoc adfingere et addere, Memmi,

desiperest. quid enim inmortalibus atque beatis

gratia nostra queat largirier emolumenti,

ut nostra quicquam causa gerere adgrediantur?

quidve novi potuit tanto post ante quietos

inlicere ut cuperent vitam mutare priorem?


nam gaudere novis rebus debere videtur

cui veteres obsunt; sed cui nihil accidit aegri

tempore in ante acto, cum pulchre degeret aevom,

quid potuit novitatis amorem accendere tali?

quidve mali fuerat nobis non esse creatis?

an, credo, in tenebris vita ac maerore iacebat,

donec diluxit rerum genitalis origo?

natus enim debet qui cumque est velle manere

in vita, donec retinebit blanda voluptas;


qui numquam vero vitae gustavit amorem

nec fuit in numero, quid obest non esse creatum?

exemplum porro gignundis rebus et ipsa

notities hominum divis unde insita primum est,

quid vellent facere ut scirent animoque viderent,

quove modost umquam vis cognita principiorum

quidque inter sese permutato ordine possent.

si non ipsa dedit speciem natura creandi?

namque ita multa modis multis primordia rerum


ex infinito iam tempore percita plagis

ponderibusque suis consuerunt concita ferri

omnimodisque coire atque omnia pertemptare,

quae cumque inter se possint congressa creare,

ut non sit mirum, si in talis disposituras

deciderunt quoque et in talis venere meatus,

qualibus haec rerum geritur nunc summa novando.

Quod [si] iam rerum ignorem primordia quae sint,

hoc tamen ex ipsis caeli rationibus ausim


confirmare aliisque ex rebus reddere multis,

nequaquam nobis divinitus esse paratam

naturam rerum: tanta stat praedita culpa.

principio quantum caeli tegit impetus ingens,

inde avidam partem montes silvaeque ferarum

possedere, tenent rupes vastaeque paludes

et mare, quod late terrarum distinet oras.

inde duas porro prope partis fervidus ardor

adsiduusque geli casus mortalibus aufert.


quod super est arvi, tamen id natura sua vi

sentibus obducat, ni vis humana resistat

vitai causa valido consueta bidenti

ingemere et terram pressis proscindere aratris.

si non fecundas vertentes vomere glebas

terraique solum subigentes cimus ad ortus.

sponte sua nequeant liquidas existere in auras.

et tamen inter dum magno quaesita labore

cum iam per terras frondent atque omnia florent,


aut nimiis torret fervoribus aetherius sol

aut subiti peremunt imbris gelidaeque pruinae

flabraque ventorum violento turbine vexant.

praeterea genus horriferum natura ferarum

 humanae genti infestum terraque marique

cur alit atque auget? cur anni tempora morbos

adportant? quare mors inmatura vagatur?

tum porro puer, ut saevis proiectus ab undis


navita, nudus humi iacet infans indigus omni

vitali auxilio, cum primum in luminis oras

nixibus ex alvo matris natura profudit,

vagituque locum lugubri complet, ut aequumst

cui tantum in vita restet transire malorum.

at variae crescunt pecudes armenta feraeque

nec crepitacillis opus est nec cuiquam adhibendast

almae nutricis blanda atque infracta loquella

nec varias quaerunt vestes pro tempore caeli,


denique non armis opus est, non moenibus altis,

qui sua tutentur, quando omnibus omnia large

tellus ipsa parit naturaque daedala rerum.

Principio quoniam terrai corpus et umor

aurarumque leves animae calidique vapores,

e quibus haec rerum consistere summa videtur,

omnia nativo ac mortali corpore constant,

debet eodem omnis mundi natura putari.

quippe etenim, quorum partis et membra videmus


corpore nativo mortalibus esse figuris,

haec eadem ferme mortalia cernimus esse

et nativa simul. qua propter maxima mundi

cum videam membra ac partis consumpta regigni,

scire licet caeli quoque item terraeque fuisse

principiale aliquod tempus clademque futuram.

Illud in his rebus ne corripuisse rearis

me mihi, quod terram atque ignem mortalia sumpsi

esse neque umorem dubitavi aurasque perire


atque eadem gigni rursusque augescere dixi.

principio pars terrai non nulla, perusta

solibus adsiduis, multa pulsata pedum vi,

pulveris exhalat nebulam nubesque volantis,

quas validi toto dispergunt aëre venti.

pars etiam glebarum ad diluviem revocatur

imbribus et ripas radentia flumina rodunt.

praeterea pro parte sua, quod cumque alit auget,

redditur; et quoniam dubio procul esse videtur


omniparens eadem rerum commune sepulcrum.

ergo terra tibi libatur et aucta recrescit.

Quod super est, umore novo mare flumina fontes

semper abundare et latices manare perennis

nil opus est verbis: magnus decursus aquarum

undique declarat. sed primum quicquid aquai

tollitur in summaque fit ut nihil umor abundet,

partim quod validi verrentes aequora venti

deminuunt radiisque retexens aetherius sol,


partim quod supter per terras diditur omnis;

percolatur enim virus retroque remanat

materies umoris et ad caput amnibus omnis

convenit, inde super terras fluit agmine dulci

qua via secta semel liquido pede detulit undas.

Aëra nunc igitur dicam, qui corpore toto

 innumerabiliter privas mutatur in horas.

semper enim, quod cumque fluit de rebus, id omne


aëris in magnum fertur mare; qui nisi contra

corpora retribuat rebus recreetque fluentis,

omnia iam resoluta forent et in aëra versa.

haut igitur cessat gigni de rebus et in res

reccidere, adsidue quoniam fluere omnia constat.

Largus item liquidi fons luminis, aetherius sol,

inrigat adsidue caelum candore recenti

suppeditatque novo confestim lumine lumen.

nam primum quicquid fulgoris disperit ei,


quo cumque accidit. id licet hinc cognoscere possis,

quod simul ac primum nubes succedere soli

coepere et radios inter quasi rumpere lucis,

extemplo inferior pars horum disperit omnis

terraque inumbratur qua nimbi cumque feruntur;

ut noscas splendore novo res semper egere

et primum iactum fulgoris quemque perire

nec ratione alia res posse in sole videri,

perpetuo ni suppeditet lucis caput ipsum.


quin etiam nocturna tibi, terrestria quae sunt,

lumina, pendentes lychni claraeque coruscis

fulguribus pingues multa caligine taedae

consimili properant ratione, ardore ministro,

suppeditare novom lumen, tremere ignibus instant,

instant, nec loca lux inter quasi rupta relinquit:

usque adeo properanter ab omnibus ignibus ei

exitium celeri celeratur origine flammae.

sic igitur solem lunam stellasque putandum


ex alio atque alio lucem iactare subortu

et primum quicquid flammarum perdere semper,

inviolabilia haec ne credas forte vigere.

Denique non lapides quoque vinci cernis ab aevo,

non altas turris ruere et putrescere saxa,

non delubra deum simulacraque fessa fatisci

nec sanctum numen fati protollere finis

posse neque adversus naturae foedera niti?

denique non monimenta virum dilapsa videmus,


[quaerere proporro, sibi cumque senescere credas,]

non ruere avolsos silices a montibus altis

nec validas aevi vires perferre patique

finiti? neque enim caderent avolsa repente,

ex infinito quae tempore pertolerassent

omnia tormenta aetatis, privata fragore.

Denique iam tuere hoc, circum supraque quod omne

continet amplexu terram: si procreat ex se

omnia, quod quidam memorant, recipitque perempta,


totum nativum mortali corpore constat.

nam quod cumque alias ex se res auget alitque,

deminui debet, recreari, cum recipit res.

Praeterea si nulla fuit genitalis origo

terrarum et caeli semperque aeterna fuere,

cur supera bellum Thebanum et funera Troiae

non alias alii quoque res cecinere poëtae?

quo tot facta virum totiens cecidere neque usquam

 aeternis famae monimentis insita florent?


verum, ut opinor, habet novitatem summa recensque

naturast mundi neque pridem exordia cepit.

quare etiam quaedam nunc artes expoliuntur,

nunc etiam augescunt; nunc addita navigiis sunt

multa, modo organici melicos peperere sonores,

denique natura haec rerum ratioque repertast

nuper, et hanc primus cum primis ipse repertus

nunc ego sum in patrias qui possim vertere voces.

Quod si forte fuisse ante hac eadem omnia credis,


sed periise hominum torrenti saecla vapore,

aut cecidisse urbis magno vexamine mundi,

aut ex imbribus adsiduis exisse rapaces

per terras amnes atque oppida coperuisse.

tanto quique magis victus fateare necessest

exitium quoque terrarum caelique futurum;

nam cum res tantis morbis tantisque periclis

temptarentur, ibi si tristior incubuisset

causa, darent late cladem magnasque ruinas.


nec ratione alia mortales esse videmur,

inter nos nisi quod morbis aegrescimus isdem

atque illi quos a vita natura removit.

Praeterea quae cumque manent aeterna necessust

aut, quia sunt solido cum corpore, respuere ictus

nec penetrare pati sibi quicquam quod queat artas

dissociare intus partis, ut materiai

corpora sunt, quorum naturam ostendimus ante,

aut ideo durare aetatem posse per omnem,


plagarum quia sunt expertia, sicut inane est,

quod manet intactum neque ab ictu fungitur hilum,

aut etiam quia nulla loci sit copia circum,

quo quasi res possint discedere dissoluique,

sicut summarum summa est aeterna, neque extra

qui locus est quo dissiliant neque corpora sunt quae

possint incidere et valida dissolvere plaga.

at neque, uti docui, solido cum corpore mundi

naturast, quoniam admixtumst in rebus inane,


nec tamen est ut inane, neque autem corpora desunt,

ex infinito quae possint forte coorta

corruere hanc rerum violento turbine summam

aut aliam quamvis cladem inportare pericli,

nec porro natura loci spatiumque profundi

deficit, exspargi quo possint moenia mundi,

aut alia quavis possunt vi pulsa perire.

haut igitur leti praeclusa est ianua caelo

nec soli terraeque neque altis aequoris undis,


sed patet immani et vasto respectat hiatu.

quare etiam nativa necessumst confiteare

haec eadem; neque enim, mortali corpore quae sunt,

ex infinito iam tempore adhuc potuissent

inmensi validas aevi contemnere vires.

Denique tantopere inter se cum maxima mundi

pugnent membra, pio nequaquam concita bello,

nonne vides aliquam longi certaminis ollis

posse dari finem, vel cum sol et vapor omnis


 omnibus epotis umoribus exsuperarint?

quod facere intendunt, neque adhuc conata patrantur;

tantum suppeditant amnes ultraque minantur

omnia diluviare ex alto gurgite ponti:

ne quiquam, quoniam verrentes aequora venti

deminuunt radiisque retexens aetherius sol,

et siccare prius confidunt omnia posse

quam liquor incepti possit contingere finem.


tantum spirantes aequo certamine bellum

magnis [inter se] de rebus cernere certant,

cum semel interea fuerit superantior ignis

et semel, ut fama est, umor regnarit in arvis.

ignis enim superavit et ambiens multa perussit,

avia cum Phaethonta rapax vis solis equorum

aethere raptavit toto terrasque per omnis.

at pater omnipotens ira tum percitus acri

magnanimum Phaethonta repenti fulminis ictu


deturbavit equis in terram, Solque cadenti

obvius aeternam succepit lampada mundi

disiectosque redegit equos iunxitque trementis,

inde suum per iter recreavit cuncta gubernans,

scilicet ut veteres Graium cecinere poëtae.

quod procul a vera nimis est ratione repulsum.

ignis enim superare potest ubi materiai

ex infinito sunt corpora plura coorta;

inde cadunt vires aliqua ratione revictae,


aut pereunt res exustae torrentibus auris.

umor item quondam coepit superare coortus,

ut fama est, hominum vitas quando obruit undis;

inde ubi vis aliqua ratione aversa recessit,

ex infinito fuerat quae cumque coorta,

constiterunt imbres et flumina vim minuerunt.

Sed quibus ille modis coniectus materiai

fundarit terram et caelum pontique profunda,

solis lunai cursus, ex ordine ponam.


nam certe neque consilio primordia rerum

ordine se suo quaeque sagaci mente locarunt

nec quos quaeque darent motus pepigere profecto;

sed quia multa modis multis primordia rerum

ex infinito iam tempore percita plagis

ponderibusque suis consuerunt concita ferri

omnimodisque coire atque omnia pertemptare,

quae cumque inter se possent congressa creare,

propterea fit uti magnum volgata per aevom


omnigenus coetus et motus experiundo

tandem conveniant ea quae coniecta repente

magnarum rerum fiunt exordia saepe,

terrai maris et caeli generisque animantum.

Hic neque tum solis rota cerni lumine largo

altivolans poterat nec magni sidera mundi

nec mare nec caelum nec denique terra neque aër

nec similis nostris rebus res ulla videri,

sed nova tempestas quaedam molesque coorta.


diffugere inde loci partes coepere paresque

cum paribus iungi res et discludere mundum

 membraque dividere et magnas disponere partes

omnigenis e principiis, discordia quorum

intervalla vias conexus pondera plagas

concursus motus turbabat proelia miscens

propter dissimilis formas variasque figuras,

quod non omnia sic poterant coniuncta manere


nec motus inter sese dare convenientis,

hoc est, a terris altum secernere caelum,

et sorsum mare, uti secreto umore pateret,

seorsus item puri secretique aetheris ignes.

Quippe etenim primum terrai corpora quaeque,

propterea quod erant gravia et perplexa, coibant

in medio atque imas capiebant omnia sedes;

quae quanto magis inter se perplexa coibant,

tam magis expressere ea quae mare sidera solem


lunamque efficerent et magni moenia mundi;

omnia enim magis haec e levibus atque rutundis

seminibus multoque minoribus sunt elementis

quam tellus. ideo per rara foramina terrae

partibus erumpens primus se sustulit aether

ignifer et multos secum levis abstulit ignis,

non alia longe ratione ac saepe videmus,

aurea cum primum gemmantis rore per herbas

matutina rubent radiati lumina solis


exhalantque lacus nebulam fluviique perennes

ipsaque ut inter dum tellus fumare videtur;

omnia quae sursum cum conciliantur, in alto

corpore concreto subtexunt nubila caelum.

sic igitur tum se levis ac diffusilis aether

corpore concreto circum datus undique saepsit

et late diffusus in omnis undique partis

omnia sic avido complexu cetera saepsit.

hunc exordia sunt solis lunaeque secuta,


interutrasque globi quorum vertuntur in auris;

quae neque terra sibi adscivit nec maximus aether,

quod neque tam fuerunt gravia ut depressa sederent,

nec levia ut possent per summas labier oras,

et tamen interutrasque ita sunt, ut corpora viva

versent et partes ut mundi totius extent;

quod genus in nobis quaedam licet in statione

membra manere, tamen cum sint ea quae moveantur.

his igitur rebus retractis terra repente,


maxuma qua nunc se ponti plaga caerula tendit,

succidit et salso suffudit gurgite fossas.

inque dies quanto circum magis aetheris aestus

et radii solis cogebant undique terram

verberibus crebris extrema ad limina fartam

in medio ut propulsa suo condensa coiret,

tam magis expressus salsus de corpore sudor

augebat mare manando camposque natantis,

et tanto magis illa foras elapsa volabant


corpora multa vaporis et aëris altaque caeli

densabant procul a terris fulgentia templa.

sidebant campi, crescebant montibus altis

ascensus; neque enim poterant subsidere saxa

 nec pariter tantundem omnes succumbere partis.

Sic igitur terrae concreto corpore pondus

constitit atque omnis mundi quasi limus in imum

confluxit gravis et subsedit funditus ut faex;


inde mare, inde aër, inde aether ignifer ipse

corporibus liquidis sunt omnia pura relicta

et leviora aliis alia, et liquidissimus aether

atque levissimus aërias super influit auras

nec liquidum corpus turbantibus aëris auris

commiscet; sinit haec violentis omnia verti

turbinibus, sinit incertis turbare procellis,

ipse suos ignis certo fert impete labens.

nam modice fluere atque uno posse aethera nisu


significat Pontos, mare certo quod fluit aestu

unum labendi conservans usque tenorem.

Motibus astrorum nunc quae sit causa canamus.

principio magnus caeli si vortitur orbis,

ex utraque polum parti premere aëra nobis

dicendum est extraque tenere et claudere utrimque;

inde alium supra fluere atque intendere eodem

quo volvenda micant aeterni sidera mundi;

aut alium supter, contra qui subvehat orbem,


ut fluvios versare rotas atque austra videmus.

est etiam quoque uti possit caelum omne manere

in statione, tamen cum lucida signa ferantur,

sive quod inclusi rapidi sunt aetheris aestus

quaerentesque viam circum versantur et ignes

passim per caeli volvunt summania templa,

sive aliunde fluens alicunde extrinsecus aër

versat agens ignis, sive ipsi serpere possunt,

quo cuiusque cibus vocat atque invitat euntis,


flammea per caelum pascentis corpora passim.

nam quid in hoc mundo sit eorum ponere certum

difficilest; sed quid possit fiatque per omne

in variis mundis varia ratione creatis,

id doceo plurisque sequor disponere causas,

motibus astrorum quae possint esse per omne;

e quibus una tamen sit et haec quoque causa necessest,

quae vegeat motum signis; sed quae sit earum

praecipere haud quaquamst pedetemptim progredientis.

Terraque ut in media mundi regione quiescat,

evanescere paulatim et decrescere pondus

convenit atque aliam naturam supter habere

ex ineunte aevo coniunctam atque uniter aptam

partibus aëriis mundi, quibus insita vivit.

propterea non est oneri neque deprimit auras,

ut sua cuique homini nullo sunt pondere membra

nec caput est oneri collo nec denique totum

corporis in pedibus pondus sentimus inesse;


at quae cumque foris veniunt inpostaque nobis

pondera sunt laedunt, permulto saepe minora.

usque adeo magni refert quid quaeque queat res.

sic igitur tellus non est aliena repente

allata atque auris aliunde obiecta alienis,

sed pariter prima concepta ab origine mundi

 certaque pars eius, quasi nobis membra videntur.

Praeterea grandi tonitru concussa repente


terra supra quae se sunt concutit omnia motu;

quod facere haut ulla posset ratione, nisi esset

partibus aëriis mundi caeloque revincta;

nam communibus inter se radicibus haerent

ex ineunte aevo coniuncta atque uniter aucta.

Nonne vides etiam quam magno pondere nobis

sustineat corpus tenuissima vis animai,

propterea quia tam coniuncta atque uniter apta est?

Denique iam saltu pernici tollere corpus


quid potis est nisi vis animae, quae membra gubernat?

iamne vides quantum tenuis natura valere

possit, ubi est coniuncta gravi cum corpore, ut aër

coniunctus terris et nobis est animi vis?

Nec nimio solis maior rota nec minor ardor

esse potest, nostris quam sensibus esse videtur.

nam quibus e spatiis cumque ignes lumina possunt

adiicere et calidum membris adflare vaporem,

nil magnis intervallis de corpore libant


flammarum, nihil ad speciem est contractior ignis.

proinde, calor quoniam solis lumenque profusum

perveniunt nostros ad sensus et loca fulgent,

forma quoque hinc solis debet filumque videri,

nil adeo ut possis plus aut minus addere vere.

[perveniunt nostros ad sensus et loca fulgent]

lunaque sive notho fertur loca lumine lustrans,

sive suam proprio iactat de corpore lucem,

quidquid id est, nihilo fertur maiore figura


quam, nostris oculis qua cernimus, esse videtur.

nam prius omnia, quae longe semota tuemur

aëra per multum, specie confusa videntur

quam minui filum. quapropter luna necesse est,

quandoquidem claram speciem certamque figuram

praebet, ut est oris extremis cumque notata,

quanta quoquest, tanta hinc nobis videatur in alto.

postremo quos cumque vides hinc aetheris ignes,

scire licet perquam pauxillo posse minores


esse vel exigua maioris parte brevique.

quandoquidem quos cumque in terris cernimus [ignes],

dum tremor [et] clarus dum cernitur ardor eorum,

perparvom quiddam inter dum mutare videntur

alteram utram in partem filum, quo longius absunt.

Illud item non est mirandum, qua ratione

tantulus ille queat tantum sol mittere lumen,

quod maria ac terras omnis caelumque rigando

compleat et calido perfundat cuncta vapore.


[quanta quoquest tanta hinc nobis videatur in alto]

nam licet hinc mundi patefactum totius unum

largifluum fontem scatere atque erumpere lumen,

ex omni mundo quia sic elementa vaporis

undique conveniunt et sic coniectus eorum

confluit, ex uno capite hic ut profluat ardor.

nonne vides etiam quam late parvus aquai

prata riget fons inter dum campisque redundet?

 est etiam quoque uti non magno solis ab igni


aëra percipiat calidis fervoribus ardor,

opportunus ita est si forte et idoneus aër,

ut queat accendi parvis ardoribus ictus;

quod genus inter dum segetes stipulamque videmus

accidere ex una scintilla incendia passim.

forsitan et rosea sol alte lampade lucens

possideat multum caecis fervoribus ignem

circum se, nullo qui sit fulgore notatus,

aestifer ut tantum radiorum exaugeat ictum.

Nec ratio solis simplex [et] recta patescit,

quo pacto aestivis e partibus aegocerotis

brumalis adeat flexus atque inde revertens

canceris ut vertat metas ad solstitialis,

lunaque mensibus id spatium videatur obire,

annua sol in quo consumit tempora cursu.

non, inquam, simplex his rebus reddita causast.

nam fieri vel cum primis id posse videtur,

Democriti quod sancta viri sententia ponit,


quanto quaeque magis sint terram sidera propter,

tanto posse minus cum caeli turbine ferri;

evanescere enim rapidas illius et acris

imminui supter viris, ideoque relinqui

paulatim solem cum posterioribus signis,

inferior multo quod sit quam fervida signa.

et magis hoc lunam: quanto demissior eius

cursus abest procul a caelo terrisque propinquat,

tanto posse minus cum signis tendere cursum.


flaccidiore etiam quanto iam turbine fertur

inferior quam sol, tanto magis omnia signa

hanc adipiscuntur circum praeterque feruntur.

propterea fit ut haec ad signum quodque reverti

mobilius videatur, ad hanc quia signa revisunt.

fit quoque ut e mundi transversis partibus aër

alternis certo fluere alter tempore possit,

qui queat aestivis solem detrudere signis

brumalis usque ad flexus gelidumque rigorem,


et qui reiciat gelidis a frigoris umbris

aestiferas usque in partis et fervida signa.

et ratione pari lunam stellasque putandumst,

quae volvunt magnos in magnis orbibus annos,

aëribus posse alternis e partibus ire.

nonne vides etiam diversis nubila ventis

diversas ire in partis inferna supernis?

qui minus illa queant per magnos aetheris orbis

aestibus inter se diversis sidera ferri?

At nox obruit ingenti caligine terras,

aut ubi de longo cursu sol ultima caeli

impulit atque suos efflavit languidus ignis

concussos itere et labefactos aëre multo,

aut quia sub terras cursum convortere cogit

vis eadem, supra quae terras pertulit orbem.

Tempore item certo roseam Matuta per oras

aetheris auroram differt et lumina pandit,

aut quia sol idem, sub terras ille revertens,


 anticipat caelum radiis accendere temptans,

aut quia conveniunt ignes et semina multa

confluere ardoris consuerunt tempore certo,

quae faciunt solis nova semper lumina gigni;

quod genus Idaeis fama est e montibus altis

dispersos ignis orienti lumine cerni,

inde coire globum quasi in unum et conficere orbem.

nec tamen illud in his rebus mirabile debet


esse, quod haec ignis tam certo tempore possint

semina confluere et solis reparare nitorem.

multa videmus enim, certo quae tempore fiunt

omnibus in rebus. florescunt tempore certo

arbusta et certo dimittunt tempore florem.

nec minus in certo dentes cadere imperat aetas

tempore et inpubem molli pubescere veste

et pariter mollem malis demittere barbam.

fulmina postremo nix imbres nubila venti


non nimis incertis fiunt in partibus anni.

namque ubi sic fuerunt causarum exordia prima

atque ita res mundi cecidere ab origine prima,

conseque quoque iam redeunt ex ordine certo.

Crescere itemque dies licet et tabescere noctes,

et minui luces, cum sumant augmina noctis,

aut quia sol idem sub terras atque superne

imparibus currens amfractibus aetheris oras

partit et in partis non aequas dividit orbem,


et quod ab alterutra detraxit parte, reponit

eius in adversa tanto plus parte relatus,

donec ad id signum caeli pervenit, ubi anni

nodus nocturnas exaequat lucibus umbras;

nam medio cursu flatus aquilonis et austri

distinet aequato caelum discrimine metas

propter signiferi posituram totius orbis,

annua sol in quo concludit tempora serpens,

obliquo terras et caelum lumine lustrans,


ut ratio declarat eorum qui loca caeli

omnia dispositis signis ornata notarunt.

aut quia crassior est certis in partibus aër,

sub terris ideo tremulum iubar haesitat ignis

nec penetrare potest facile atque emergere ad ortus;

propterea noctes hiberno tempore longae

cessant, dum veniat radiatum insigne diei.

aut etiam, quia sic alternis partibus anni

tardius et citius consuerunt confluere ignes,


qui faciunt solem certa de surgere parte,

propterea fit uti videantur dicere verum.

Luna potest solis radiis percussa nitere

inque dies magis [id] lumen convertere nobis

ad speciem, quantum solis secedit ab orbi,

donique eum contra pleno bene lumine fulsit

atque oriens obitus eius super edita vidit;

inde minutatim retro quasi condere lumen

debet item, quanto propius iam solis ad ignem


labitur ex alia signorum parte per orbem;

ut faciunt, lunam qui fingunt esse pilai

 consimilem cursusque viam sub sole tenere.

est etiam quare proprio cum lumine possit

volvier et varias splendoris reddere formas;

corpus enim licet esse aliud, quod fertur et una

labitur omnimodis occursans officiensque,

nec potis est cerni, quia cassum lumine fertur.


versarique potest, globus ut, si forte, pilai

dimidia ex parti candenti lumine tinctus,

versandoque globum variantis edere formas,

donique eam partem, quae cumque est ignibus aucta,

ad speciem vertit nobis oculosque patentis;

inde minutatim retro contorquet et aufert

luciferam partem glomeraminis atque pilai;

ut Babylonica Chaldaeum doctrina refutans

astrologorum artem contra convincere tendit,


proinde quasi id fieri nequeat quod pugnat uterque

aut minus hoc illo sit cur amplectier ausis.

denique cur nequeat semper nova luna creari

ordine formarum certo certisque figuris

inque dies privos aborisci quaeque creata

atque alia illius reparari in parte locoque,

difficilest ratione docere et vincere verbis,

ordine cum [videas] tam certo multa creari.

it Ver et Venus et Veneris praenuntius ante


pennatus graditur, Zephyri vestigia propter

Flora quibus mater praespargens ante viai

cuncta coloribus egregiis et odoribus opplet.

inde loci sequitur Calor aridus et comes una

pulverulenta Ceres [et] etesia flabra aquilonum.

inde Autumnus adit, graditur simul Euhius Euan.

inde aliae tempestates ventique secuntur,

altitonans Volturnus et Auster fulmine pollens.

tandem Bruma nives adfert pigrumque rigorem


reddit. Hiemps sequitur crepitans hanc dentibus algu.

quo minus est mirum, si certo tempore luna

gignitur et certo deletur tempore rusus,

cum fieri possint tam certo tempore multa.

Solis item quoque defectus lunaeque latebras

pluribus e causis fieri tibi posse putandumst.

nam cur luna queat terram secludere solis

lumine et a terris altum caput obstruere ei,

obiciens caecum radiis ardentibus orbem,


tempore eodem aliut facere id non posse putetur

corpus, quod cassum labatur lumine semper?

solque suos etiam dimittere languidus ignis

tempore cur certo nequeat recreareque lumen,

cum loca praeteriit flammis infesta per auras,

quae faciunt ignis interstingui atque perire?

et cur terra queat lunam spoliare vicissim

lumine et oppressum solem super ipsa tenere,

menstrua dum rigidas coni perlabitur umbras,


tempore eodem aliud nequeat succurrere lunae

corpus vel supra solis perlabier orbem,

quod radios inter rumpat lumenque profusum?

et tamen ipsa suo si fulget luna nitore,

 cur nequeat certa mundi languescere parte,

dum loca luminibus propriis inimica per exit?

[menstrua dum rigidas coni perlabitur umbras].

Quod superest, quoniam magni per caerula mundi


qua fieri quicquid posset ratione resolvi,

solis uti varios cursus lunaeque meatus

noscere possemus quae vis et causa cieret,

quove modo [possent] offecto lumine obire

et neque opinantis tenebris obducere terras,

cum quasi conivent et aperto lumine rursum

omnia convisunt clara loca candida luce,

nunc redeo ad mundi novitatem et mollia terrae

arva, novo fetu quid primum in luminis oras


tollere et incertis crerint committere ventis.

Principio genus herbarum viridemque nitorem

terra dedit circum collis camposque per omnis,

florida fulserunt viridanti prata colore,

arboribusque datumst variis exinde per auras

crescendi magnum inmissis certamen habenis.

ut pluma atque pili primum saetaeque creantur

quadripedum membris et corpore pennipotentum,

sic nova tum tellus herbas virgultaque primum


sustulit, inde loci mortalia saecla creavit

multa modis multis varia ratione coorta.

nam neque de caelo cecidisse animalia possunt,

nec terrestria de salsis exisse lacunis.

linquitur ut merito maternum nomen adepta

terra sit, e terra quoniam sunt cuncta creata.

multaque nunc etiam existunt animalia terris

imbribus et calido solis concreta vapore;

quo minus est mirum, si tum sunt plura coorta


et maiora, nova tellure atque aethere adulta.

principio genus alituum variaeque volucres

ova relinquebant exclusae tempore verno,

folliculos ut nunc teretis aestate cicadae

lincunt sponte sua victum vitamque petentes.

tum tibi terra dedit primum mortalia saecla.

multus enim calor atque umor superabat in arvis.

hoc ubi quaeque loci regio opportuna dabatur,

crescebant uteri terram radicibus apti;


quos ubi tempore maturo pate fecerat aetas

infantum, fugiens umorem aurasque petessens,

convertebat ibi natura foramina terrae

et sucum venis cogebat fundere apertis

consimilem lactis, sicut nunc femina quaeque

cum peperit, dulci repletur lacte, quod omnis

impetus in mammas convertitur ille alimenti.

terra cibum pueris, vestem vapor, herba cubile

praebebat multa et molli lanugine abundans.


at novitas mundi nec frigora dura ciebat

nec nimios aestus nec magnis viribus auras.

omnia enim pariter crescunt et robora sumunt.

Quare etiam atque etiam maternum nomen adepta

terra tenet merito, quoniam genus ipsa creavit

humanum atque animal prope certo tempore fudit

 omne quod in magnis bacchatur montibus passim,

aëriasque simul volucres variantibus formis.


sed quia finem aliquam pariendi debet habere,

destitit, ut mulier spatio defessa vetusto.

mutat enim mundi naturam totius aetas

ex alioque alius status excipere omnia debet

nec manet ulla sui similis res: omnia migrant,

omnia commutat natura et vertere cogit.

namque aliud putrescit et aevo debile languet,

porro aliud [suc]crescit et [e] contemptibus exit.

sic igitur mundi naturam totius aetas


mutat, et ex alio terram status excipit alter,

quod potuit nequeat, possit quod non tulit ante.

Multaque tum tellus etiam portenta creare

conatast mira facie membrisque coorta,

androgynem, interutras necutrumque utrimque remotum,

orba pedum partim, manuum viduata vicissim,

muta sine ore etiam, sine voltu caeca reperta,

vinctaque membrorum per totum corpus adhaesu,

nec facere ut possent quicquam nec cedere quoquam


nec vitare malum nec sumere quod volet usus.

cetera de genere hoc monstra ac portenta creabat,

ne quiquam, quoniam natura absterruit auctum

nec potuere cupitum aetatis tangere florem

nec reperire cibum nec iungi per Veneris res.

multa videmus enim rebus concurrere debere,

ut propagando possint procudere saecla;

pabula primum ut sint, genitalia deinde per artus

semina qua possint membris manare remissis,


feminaque ut maribus coniungi possit, habere,

mutua qui mutent inter se gaudia uterque.

Multaque tum interiisse animantum saecla necessest

nec potuisse propagando procudere prolem.

nam quae cumque vides vesci vitalibus auris,

aut dolus aut virtus aut denique mobilitas est

ex ineunte aevo genus id tuta reservans.

multaque sunt, nobis ex utilitate sua quae


commendata manent, tutelae tradita nostrae.

principio genus acre leonum saevaque saecla

tutatast virtus, volpes dolus et fuga cervos.

at levisomna canum fido cum pectore corda,

et genus omne quod est veterino semine partum

lanigeraeque simul pecudes et bucera saecla

omnia sunt hominum tutelae tradita, Memmi;

nam cupide fugere feras pacemque secuta

sunt et larga suo sine pabula parta labore,


quae damus utilitatis eorum praemia causa.

at quis nil horum tribuit natura, nec ipsa

sponte sua possent ut vivere nec dare nobis

utilitatem aliquam, quare pateremur eorum

praesidio nostro pasci genus esseque tutum,

scilicet haec aliis praedae lucroque iacebant

indupedita suis fatalibus omnia vinclis,

donec ad interitum genus id natura redegit.

Sed neque Centauri fuerunt nec tempore in ullo


 esse queunt duplici natura et corpore bino

ex alienigenis membris compacta, potestas

hinc illinc partis ut sat par esse potissit.

id licet hinc quamvis hebeti cognoscere corde.

principio circum tribus actis impiger annis

floret equus, puer haut quaquam; nam saepe etiam nunc

ubera mammarum in somnis lactantia quaeret.

post ubi equum validae vires aetate senecta


membraque deficiunt fugienti languida vita,

tum demum puerili aevo florenta iuventas

officit et molli vestit lanugine malas;

ne forte ex homine et veterino semine equorum

confieri credas Centauros posse neque esse,

aut rapidis canibus succinctas semimarinis

corporibus Scyllas et cetera de genere horum,

inter se quorum discordia membra videmus;

quae neque florescunt pariter nec robora sumunt


corporibus neque proiciunt aetate senecta

nec simili Venere ardescunt nec moribus unis

conveniunt neque sunt eadem iucunda per artus.

quippe videre licet pinguescere saepe cicuta

barbigeras pecudes, homini quae est acre venenum.

flamma quidem [vero] cum corpora fulva leonum

tam soleat torrere atque urere quam genus omne

visceris in terris quod cumque et sanguinis extet,

qui fieri potuit, triplici cum corpore ut una,


prima leo, postrema draco, media ipsa, Chimaera

ore foras acrem flaret de corpore flammam?

quare etiam tellure nova caeloque recenti

talia qui fingit potuisse animalia gigni,

nixus in hoc uno novitatis nomine inani,

multa licet simili ratione effutiat ore,

aurea tum dicat per terras flumina vulgo

fluxisse et gemmis florere arbusta suësse

aut hominem tanto membrorum esse impete natum,


trans maria alta pedum nisus ut ponere posset

et manibus totum circum se vertere caelum.

nam quod multa fuere in terris semina rerum,

tempore quo primum tellus animalia fudit,

nil tamen est signi mixtas potuisse creari

inter se pecudes compactaque membra animantum,

propterea quia quae de terris nunc quoque abundant

herbarum genera ac fruges arbustaque laeta

non tamen inter se possunt complexa creari,


sed res quaeque suo ritu procedit et omnes

foedere naturae certo discrimina servant.

Et genus humanum multo fuit illud in arvis

durius, ut decuit, tellus quod dura creasset,

et maioribus et solidis magis ossibus intus

fundatum, validis aptum per viscera nervis,

nec facile ex aestu nec frigore quod caperetur

nec novitate cibi nec labi corporis ulla.

multaque per caelum solis volventia lustra


volgivago vitam tractabant more ferarum.

nec robustus erat curvi moderator aratri

 quisquam, nec scibat ferro molirier arva

nec nova defodere in terram virgulta neque altis

arboribus veteres decidere falcibus ramos.

quod sol atque imbres dederant, quod terra crearat

sponte sua, satis id placabat pectora donum.

glandiferas inter curabant corpora quercus


plerumque; et quae nunc hiberno tempore cernis

arbita puniceo fieri matura colore,

plurima tum tellus etiam maiora ferebat.

multaque praeterea novitas tum florida mundi

pabula dura tulit, miseris mortalibus ampla.

at sedare sitim fluvii fontesque vocabant,

ut nunc montibus e magnis decursus aquai

claricitat late sitientia saecla ferarum.

denique nota vagis silvestria templa tenebant


nympharum, quibus e scibant umore fluenta

lubrica proluvie larga lavere umida saxa,

umida saxa, super viridi stillantia musco,

et partim plano scatere atque erumpere campo.

necdum res igni scibant tractare neque uti

pellibus et spoliis corpus vestire ferarum,

sed nemora atque cavos montis silvasque colebant

et frutices inter condebant squalida membra

verbera ventorum vitare imbrisque coacti.


nec commune bonum poterant spectare neque ullis

moribus inter se scibant nec legibus uti.

quod cuique obtulerat praedae fortuna, ferebat

sponte sua sibi quisque valere et vivere doctus.

et Venus in silvis iungebat corpora amantum;

conciliabat enim vel mutua quamque cupido

vel violenta viri vis atque inpensa libido

vel pretium, glandes atque arbita vel pira lecta.

et manuum mira freti virtute pedumque


consectabantur silvestria saecla ferarum

missilibus saxis et magno pondere clavae.

multaque vincebant, vitabant pauca latebris;

saetigerisque pares subus silvestria membra

nuda dabant terrae nocturno tempore capti,

circum se foliis ac frondibus involventes.

nec plangore diem magno solemque per agros

quaerebant pavidi palantes noctis in umbris,

sed taciti respectabant somnoque sepulti,


dum rosea face sol inferret lumina caelo.

a parvis quod enim consuerant cernere semper

alterno tenebras et lucem tempore gigni,

non erat ut fieri posset mirarier umquam

nec diffidere, ne terras aeterna teneret

nox in perpetuum detracto lumine solis.

sed magis illud erat curae, quod saecla ferarum

infestam miseris faciebant saepe quietem.

eiectique domo fugiebant saxea tecta


spumigeri suis adventu validique leonis

atque intempesta cedebant nocte paventes

hospitibus saevis instrata cubilia fronde.

Nec nimio tum plus quam nunc mortalia saecla

 dulcia linquebant lamentis lumina vitae.

unus enim tum quisque magis deprensus eorum

pabula viva feris praebebat, dentibus haustus,

et nemora ac montis gemitu silvasque replebat


viva videns vivo sepeliri viscera busto.

at quos effugium servarat corpore adeso,

posterius tremulas super ulcera tetra tenentes

palmas horriferis accibant vocibus Orcum,

donique eos vita privarant vermina saeva

expertis opis, ignaros quid volnera vellent.

at non multa virum sub signis milia ducta

una dies dabat exitio nec turbida ponti

aequora lidebant navis ad saxa virosque.


nam temere in cassum frustra mare saepe coortum

saevibat leviterque minas ponebat inanis,

nec poterat quemquam placidi pellacia ponti

subdola pellicere in fraudem ridentibus undis.

improba navigii ratio tum caeca iacebat.

tum penuria deinde cibi languentia leto

membra dabat, contra nunc rerum copia mersat.

illi inprudentes ipsi sibi saepe venenum

vergebant, nunc dant [aliis] sollertius ipsi.

Inde casas postquam ac pellis ignemque pararunt

et mulier coniuncta viro concessit in unum

* * *

cognita sunt, prolemque ex se videre creatam,

tum genus humanum primum mollescere coepit.

ignis enim curavit, ut alsia corpora frigus

non ita iam possent caeli sub tegmine ferre,

et Venus inminuit viris puerique parentum

blanditiis facile ingenium fregere superbum.


tunc et amicitiem coeperunt iungere aventes

finitimi inter se nec laedere nec violari,

et pueros commendarunt muliebreque saeclum,

vocibus et gestu cum balbe significarent

imbecillorum esse aequum misererier omnis.

nec tamen omnimodis poterat concordia gigni,

sed bona magnaque pars servabat foedera caste;

aut genus humanum iam tum foret omne peremptum

nec potuisset adhuc perducere saecla propago.

At varios linguae sonitus natura subegit

mittere et utilitas expressit nomina rerum,

non alia longe ratione atque ipsa videtur

protrahere ad gestum pueros infantia linguae,

cum facit ut digito quae sint praesentia monstrent.

sentit enim vim quisque suam quod possit abuti.

cornua nata prius vitulo quam frontibus extent,

illis iratus petit atque infestus inurget.

at catuli pantherarum scymnique leonum


unguibus ac pedibus iam tum morsuque repugnant,

vix etiam cum sunt dentes unguesque creati.

alituum porro genus alis omne videmus

fidere et a pennis tremulum petere auxiliatum.

proinde putare aliquem tum nomina distribuisse

rebus et inde homines didicisse vocabula prima,

 desiperest. nam cur hic posset cuncta notare

vocibus et varios sonitus emittere linguae,


tempore eodem alii facere id non quisse putentur?

praeterea si non alii quoque vocibus usi

inter se fuerant, unde insita notities est

utilitatis et unde data est huic prima potestas,

quid vellet facere ut sciret animoque videret?

cogere item pluris unus victosque domare

non poterat, rerum ut perdiscere nomina vellent.

nec ratione docere ulla suadereque surdis,

quid sit opus facto, facilest; neque enim paterentur


nec ratione ulla sibi ferrent amplius auris

vocis inauditos sonitus obtundere frustra.

postremo quid in hac mirabile tantoperest re,

si genus humanum, cui vox et lingua vigeret,

pro vario sensu varia res voce notaret?

cum pecudes mutae, cum denique saecla ferarum

dissimilis soleant voces variasque ciere,

cum metus aut dolor est et cum iam gaudia gliscunt.

quippe [et]enim licet id rebus cognoscere apertis.


inritata canum cum primum magna Molossum

mollia ricta fremunt duros nudantia dentes,

longe alio sonitu rabies [re]stricta minatur,

et cum iam latrant et vocibus omnia complent;

at catulos blande cum lingua lambere temptant

aut ubi eos lactant, pedibus morsuque potentes

suspensis teneros imitantur dentibus haustus,

longe alio pacto gannitu vocis adulant,

et cum deserti baubantur in aedibus, aut cum


plorantis fugiunt summisso corpore plagas.

denique non hinnitus item differre videtur,

inter equas ubi equus florenti aetate iuvencus

pinnigeri saevit calcaribus ictus Amoris

et fremitum patulis sub naribus edit ad arma,

et cum sic alias concussis artibus hinnit?

postremo genus alituum variaeque volucres,

accipitres atque ossifragae mergique marinis

fluctibus in salso victum vitamque petentes,


longe alias alio iaciunt in tempore voces,

et quom de victu certant praedaque repugnant.

et partim mutant cum tempestatibus una

raucisonos cantus, cornicum ut saecla vetusta

corvorumque gregis ubi aquam dicuntur et imbris

poscere et inter dum ventos aurasque vocare.

ergo si varii sensus animalia cogunt,

muta tamen cum sint, varias emittere voces,

quanto mortalis magis aequumst tum potuisse


dissimilis alia atque alia res voce notare!

Illud in his rebus tacitus ne forte requiras,

fulmen detulit in terram mortalibus ignem

primitus, inde omnis flammarum diditur ardor;

multa videmus enim caelestibus insita flammis

fulgere, cum caeli donavit plaga vaporis.

et ramosa tamen cum ventis pulsa vacillans

aestuat in ramos incumbens arboris arbor,

 exprimitur validis extritus viribus ignis,


emicat inter dum flammai fervidus ardor,

mutua dum inter se rami stirpesque teruntur.

quorum utrumque dedisse potest mortalibus ignem.

inde cibum quoquere ac flammae mollire vapore

sol docuit, quoniam mitescere multa videbant

verberibus radiorum atque aestu victa per agros.

Inque dies magis hi victum vitamque priorem

commutare novis monstrabant rebus et igni,

ingenio qui praestabant et corde vigebant.


condere coeperunt urbis arcemque locare

praesidium reges ipsi sibi perfugiumque,

et pecudes et agros divisere atque dedere

pro facie cuiusque et viribus ingenioque;

nam facies multum valuit viresque vigebant.

posterius res inventast aurumque repertum,

quod facile et validis et pulchris dempsit honorem;

divitioris enim sectam plerumque secuntur

quam lubet et fortes et pulchro corpore creti.


quod siquis vera vitam ratione gubernet,

divitiae grandes homini sunt vivere parce

aequo animo; neque enim est umquam penuria parvi.

at claros homines voluerunt se atque potentes,

ut fundamento stabili fortuna maneret

et placidam possent opulenti degere vitam,

ne quiquam, quoniam ad summum succedere honorem

certantes iter infestum fecere viai,

et tamen e summo, quasi fulmen, deicit ictos


invidia inter dum contemptim in Tartara taetra;

invidia quoniam ceu fulmine summa vaporant

plerumque et quae sunt aliis magis edita cumque;

ut satius multo iam sit parere quietum

quam regere imperio res velle et regna tenere.

proinde sine in cassum defessi sanguine sudent,

angustum per iter luctantes ambitionis;

quandoquidem sapiunt alieno ex ore petuntque

res ex auditis potius quam sensibus ipsis,


nec magis id nunc est neque erit mox quam fuit ante.

Ergo regibus occisis subversa iacebat

pristina maiestas soliorum et sceptra superba,

et capitis summi praeclarum insigne cruentum

sub pedibus vulgi magnum lugebat honorem;

nam cupide conculcatur nimis ante metutum.

res itaque ad summam faecem turbasque redibat,

imperium sibi cum ac summatum quisque petebat.

inde magistratum partim docuere creare


iuraque constituere, ut vellent legibus uti.

nam genus humanum, defessum vi colere aevom,

ex inimicitiis languebat; quo magis ipsum

sponte sua cecidit sub leges artaque iura.

acrius ex ira quod enim se quisque parabat

ulcisci quam nunc concessumst legibus aequis,

hanc ob rem est homines pertaesum vi colere aevom.

inde metus maculat poenarum praemia vitae.

circumretit enim vis atque iniuria quemque


 atque unde exortast, ad eum plerumque revertit,

nec facilest placidam ac pacatam degere vitam

qui violat factis communia foedera pacis.

etsi fallit enim divom genus humanumque,

perpetuo tamen id fore clam diffidere debet;

quippe ubi se multi per somnia saepe loquentes

aut morbo delirantes protraxe ferantur

et celata [mala] in medium et peccata dedisse.

Nunc quae causa deum per magnas numina gentis

pervulgarit et ararum compleverit urbis

suscipiendaque curarit sollemnia sacra,

quae nunc in magnis florent sacra rebus locisque,

unde etiam nunc est mortalibus insitus horror,

qui delubra deum nova toto suscitat orbi

terrarum et festis cogit celebrare diebus,

non ita difficilest rationem reddere verbis.

quippe etenim iam tum divom mortalia saecla


egregias animo facies vigilante videbant

et magis in somnis mirando corporis auctu.

his igitur sensum tribuebant propterea quod

membra movere videbantur vocesque superbas

mittere pro facie praeclara et viribus amplis.

aeternamque dabant vitam, quia semper eorum

subpeditabatur facies et forma manebat,

et tamen omnino quod tantis viribus auctos

non temere ulla vi convinci posse putabant.


fortunisque ideo longe praestare putabant,

quod mortis timor haut quemquam vexaret eorum,

et simul in somnis quia multa et mira videbant

efficere et nullum capere ipsos inde laborem.

praeterea caeli rationes ordine certo

et varia annorum cernebant tempora verti

nec poterant quibus id fieret cognoscere causis.

ergo perfugium sibi habebant omnia divis

tradere et illorum nutu facere omnia flecti.


in caeloque deum sedes et templa locarunt,

per caelum volvi quia nox et luna videtur,

luna dies et nox et noctis signa severa

noctivagaeque faces caeli flammaeque volantes,

nubila sol imbres nix venti fulmina grando

et rapidi fremitus et murmura magna minarum.

O genus infelix humanum, talia divis

cum tribuit facta atque iras adiunxit acerbas!

quantos tum gemitus ipsi sibi, quantaque nobis


volnera, quas lacrimas peperere minoribus nostris!

nec pietas ullast velatum saepe videri

vertier ad lapidem atque omnis accedere ad aras

nec procumbere humi prostratum et pandere palmas

ante deum delubra nec aras sanguine multo

spargere quadrupedum nec votis nectere vota,

sed mage pacata posse omnia mente tueri.

nam cum suspicimus magni caelestia mundi

templa super stellisque micantibus aethera fixum,


et venit in mentem solis lunaeque viarum,

tunc aliis oppressa malis in pectora cura

 illa quoque expergefactum caput erigere infit,

ne quae forte deum nobis inmensa potestas

sit, vario motu quae candida sidera verset;

temptat enim dubiam mentem rationis egestas,

ecquae nam fuerit mundi genitalis origo,

et simul ecquae sit finis, quoad moenia mundi


et taciti motus hunc possint ferre laborem,

an divinitus aeterna donata salute

perpetuo possint aevi labentia tractu

inmensi validas aevi contemnere viris.

praeterea cui non animus formidine divum

contrahitur, cui non correpunt membra pavore,

fulminis horribili cum plaga torrida tellus

contremit et magnum percurrunt murmura caelum?

non populi gentesque tremunt, regesque superbi


corripiunt divum percussi membra timore,

ne quod ob admissum foede dictumve superbe

poenarum grave sit solvendi tempus adauctum?

summa etiam cum vis violenti per mare venti

induperatorem classis super aequora verrit

cum validis pariter legionibus atque elephantis,

non divom pacem votis adit ac prece quaesit

ventorum pavidus paces animasque secundas?

ne quiquam, quoniam violento turbine saepe


correptus nihilo fertur minus ad vada leti.

usque adeo res humanas vis abdita quaedam

opterit et pulchros fascis saevasque secures

proculcare ac ludibrio sibi habere videtur.

denique sub pedibus tellus cum tota vacillat

concussaeque cadunt urbes dubiaeque minantur,

quid mirum si se temnunt mortalia saecla

atque potestatis magnas mirasque relinquunt

in rebus viris divum, quae cuncta gubernent?

Quod super est, ae[s at]que aurum ferrumque repertumst

et simul argenti pondus plumbique potestas,

ignis ubi ingentis silvas ardore cremarat

montibus in magnis, seu caelo fulmine misso,

sive quod inter se bellum silvestre gerentes

hostibus intulerant ignem formidinis ergo,

sive quod inducti terrae bonitate volebant

pandere agros pinguis et pascua reddere rura,

sive feras interficere et ditescere praeda;


nam fovea atque igni prius est venarier ortum

quam saepire plagis saltum canibusque ciere.

quicquid id est, qua cumque e causa flammeus ardor

horribili sonitu silvas exederat altis

a radicibus et terram percoxerat igni,

manabat venis ferventibus in loca terrae

concava conveniens argenti rivus et auri,

aeris item et plumbi. quae cum concreta videbant

posterius claro in terra splendere colore,


tollebant nitido capti levique lepore,

et simili formata videbant esse figura

atque lacunarum fuerant vestigia cuique.

tum penetrabat eos posse haec liquefacta calore

 quamlibet in formam et faciem decurrere rerum,

et prorsum quamvis in acuta ac tenvia posse

mucronum duci fastigia procudendo,

ut sibi tela parent silvasque ut caedere possint


materiemque dolare et levia radere tigna

et terebrare etiam ac pertundere perque forare.

nec minus argento facere haec auroque parabant

quam validi primum violentis viribus aeris,

ne quiquam, quoniam cedebat victa potestas

nec poterant pariter durum sufferre laborem.

nam fuit in pretio magis aes aurumque iacebat

propter inutilitatem hebeti mucrone retusum;

nunc iacet aes, aurum in summum successit honorem.


sic volvenda aetas commutat tempora rerum.

quod fuit in pretio, fit nullo denique honore;

porro aliud succedit et [e] contemptibus exit

inque dies magis adpetitur floretque repertum

laudibus et miro est mortalis inter honore.

Nunc tibi quo pacto ferri natura reperta

sit facilest ipsi per te cognoscere, Memmi.

arma antiqua manus ungues dentesque fuerunt

et lapides et item silvarum fragmina rami


et flamma atque ignes, post quam sunt cognita primum.

posterius ferri vis est aerisque reperta.

et prior aeris erat quam ferri cognitus usus,

quo facilis magis est natura et copia maior.

aere solum terrae tractabant, aereque belli

miscebant fluctus et vulnera vasta serebant

et pecus atque agros adimebant; nam facile ollis

omnia cedebant armatis nuda et inerma.

inde minutatim processit ferreus ensis


versaque in obprobrium species est falcis ahenae,

et ferro coepere solum proscindere terrae

exaequataque sunt creperi certamina belli.

et prius est armatum in equi conscendere costas

et moderarier hunc frenis dextraque vigere

quam biiugo curru belli temptare pericla.

et biiugo prius est quam bis coniungere binos

et quam falciferos armatum escendere currus.

inde boves Lucas turrito corpore, tetras,


anguimanus, belli docuerunt volnera Poeni

sufferre et magnas Martis turbare catervas.

sic alid ex alio peperit discordia tristis,

horribile humanis quod gentibus esset in armis,

inque dies belli terroribus addidit augmen.

Temptarunt etiam tauros in moenere belli

expertique sues saevos sunt mittere in hostis.

et validos partim prae se misere leones

cum doctoribus armatis saevisque magistris,


qui moderarier his possent vinclisque tenere,

ne quiquam, quoniam permixta caede calentes

turbabant saevi nullo discrimine turmas,

terrificas capitum quatientis undique cristas,

nec poterant equites fremitu perterrita equorum

pectora mulcere et frenis convertere in hostis.

 inritata leae iaciebant corpora saltu

undique et adversum venientibus ora patebant


et nec opinantis a tergo deripiebant

deplexaeque dabant in terram volnere victos,

morsibus adfixae validis atque unguibus uncis.

iactabantque suos tauri pedibusque terebant

et latera ac ventres hauribant supter equorum

cornibus et terram minitanti mente ruebant.

et validis socios caedebant dentibus apri

tela infracta suo tinguentes sanguine saevi

[in se fracta suo tinguentes sanguine tela,]


permixtasque dabant equitum peditumque ruinas.

nam transversa feros exibant dentis adactus

iumenta aut pedibus ventos erecta petebant,

ne quiquam, quoniam ab nervis succisa videres

concidere atque gravi terram consternere casu.

si quos ante domi domitos satis esse putabant,

effervescere cernebant in rebus agundis

volneribus clamore fuga terrore tumultu,

nec poterant ullam partem redducere eorum;


diffugiebat enim varium genus omne ferarum,

ut nunc saepe boves Lucae ferro male mactae

diffugiunt, fera facta suis cum multa dedere.

Sed facere id non tam vincendi spe voluerunt;

quam dare quod gemerent hostes, ipsique perire,

qui numero diffidebant armisque vacabant,

si fuit ut facerent. sed vix adducor ut ante

non quierint animo praesentire atque videre,

quam commune malum fieret foedumque, futurum.


et magis id possis factum contendere in omni

in variis mundis varia ratione creatis,

quam certo atque uno terrarum quolibet orbi.

Nexilis ante fuit vestis quam textile tegmen.

textile post ferrumst, quia ferro tela paratur,

nec ratione alia possunt tam levia gigni

insilia ac fusi, radii, scapique sonantes.

et facere ante viros lanam natura coëgit

quam muliebre genus; nam longe praestat in arte


et sollertius est multo genus omne virile;

agricolae donec vitio vertere severi,

ut muliebribus id manibus concedere vellent

atque ipsi pariter durum sufferre laborem

atque opere in duro durarent membra manusque.

At specimen sationis et insitionis origo

ipsa fuit rerum primum natura creatrix,

arboribus quoniam bacae glandesque caducae

tempestiva dabant pullorum examina supter;


unde etiam libitumst stirpis committere ramis

et nova defodere in terram virgulta per agros.

inde aliam atque aliam culturam dulcis agelli

temptabant fructusque feros mansuescere terra

cernebant indulgendo blandeque colendo.

inque dies magis in montem succedere silvas

cogebant infraque locum concedere cultis,

prata lacus rivos segetes vinetaque laeta

 collibus et campis ut haberent, atque olearum


caerula distinguens inter plaga currere posset

per tumulos et convallis camposque profusa;

ut nunc esse vides vario distincta lepore

omnia, quae pomis intersita dulcibus ornant

arbustisque tenent felicibus opsita circum.

At liquidas avium voces imitarier ore

ante fuit multo quam levia carmina cantu

concelebrare homines possent aurisque iuvare.

et zephyri cava per calamorum sibila primum


agrestis docuere cavas inflare cicutas.

inde minutatim dulcis didicere querellas,

tibia quas fundit digitis pulsata canentum,

avia per nemora ac silvas saltusque reperta,

per loca pastorum deserta atque otia dia.

[sic unum quicquid paulatim protrahit aetas

in medium ratioque in luminis eruit oras.]

haec animos ollis mulcebant atque iuvabant

cum satiate cibi; nam tum sunt omnia cordi.


saepe itaque inter se prostrati in gramine molli

propter aquae rivom sub ramis arboris altae.

non magnis opibus iucunde corpora habebant,

praesertim cum tempestas ridebat et anni

tempora pingebant viridantis floribus herbas.

tum ioca, tum sermo, tum dulces esse cachinni

consuerant; agrestis enim tum musa vigebat.

tum caput atque umeros plexis redimire coronis

floribus et foliis lascivia laeta movebat,


atque extra numerum procedere membra moventes

duriter et duro terram pede pellere matrem;

unde oriebantur risus dulcesque cachinni,

omnia quod nova tum magis haec et mira vigebant.

et vigilantibus hinc aderant solacia somno

ducere multimodis voces et flectere cantus

et supera calamos unco percurrere labro;

unde etiam vigiles nunc haec accepta tuentur.

et numerum servare genus didicere, neque hilo


maiore interea capiunt dulcedine fructum

quam silvestre genus capiebat terrigenarum.

nam quod adest praesto, nisi quid cognovimus ante

suavius, in primis placet et pollere videtur,

posteriorque fere melior res illa reperta

perdit et immutat sensus ad pristina quaeque.

sic odium coepit glandis, sic illa relicta

strata cubilia sunt herbis et frondibus aucta.

pellis item cecidit vestis contempta ferina;


quam reor invidia tali tunc esse repertam,

ut letum insidiis qui gessit primus obiret,

et tamen inter eos distractam sanguine multo

disperiise neque in fructum convertere quisse.

tunc igitur pelles, nunc aurum et purpura curis

exercent hominum vitam belloque fatigant;

quo magis in nobis, ut opinor, culpa resedit.

frigus enim nudos sine pellibus excruciabat

terrigenas; at nos nil laedit veste carere


purpurea atque auro signisque ingentibus apta,

dum plebeia tamen sit, quae defendere possit.

Ergo hominum genus in cassum frustraque laborat

semper et [in] curis consumit inanibus aevom,

ni mirum quia non cognovit quae sit habendi

finis et omnino quoad crescat vera voluptas;

idque minutatim vitam provexit in altum

et belli magnos commovit funditus aestus.

at vigiles mundi magnum versatile templum


sol et luna suo lustrantes lumine circum

perdocuere homines annorum tempora verti

et certa ratione geri rem atque ordine certo.

Iam validis saepti degebant turribus aevom,

et divisa colebatur discretaque tellus,

tum mare velivolis florebat navibus ponti,

auxilia ac socios iam pacto foedere habebant,

carminibus cum res gestas coepere poëtae

tradere; nec multo prius sunt elementa reperta.


propterea quid sit prius actum respicere aetas

nostra nequit, nisi qua ratio vestigia monstrat.

Navigia atque agri culturas moenia leges

arma vias vestes [et] cetera de genere horum,

praemia, delicias quoque vitae funditus omnis,

carmina, picturas et daedala signa polita

usus et impigrae simul experientia mentis

paulatim docuit pedetemptim progredientis.

sic unum quicquid paulatim protrahit aetas


in medium ratioque in luminis erigit oras;

namque alid ex alio clarescere corde videbant,

artibus ad summum donec venere cacumen.


nti

carmine Pierio rationem exponere nostram

et quasi musaeo dulci contingere melle;

si tibi forte animum tali ratione tenere

versibus in nostris possem, dum percipis omnem

naturam rerum ac persentis utilitatem.
Sed quoniam docui cunctarum exordia rerum

qualia sint et quam variis distantia formis


sponte sua volitent aeterno percita motu

quoque modo possit res ex his quaeque creari,

[nunc agere incipiam tibi quod vehementer ad has res

attinet esse ea quae rerum simulacra vocamus,

quae quasi membranae vel cortex nominitandast,]

atque animi quoniam docui natura quid esset

et quibus e rebus cum corpore compta vigeret

quove modo distracta rediret in ordia prima,

nunc agere incipiam tibi, quod vehementer ad has res


attinet esse ea quae rerum simulacra vocamus,

quod speciem ac formam similem gerit eius imago,

cuius cumque cluet de corpore fusa vagari;

quae quasi membranae summo de corpore rerum

dereptae volitant ultroque citroque per auras,

atque eadem nobis vigilantibus obvia mentes

terrificant atque in somnis, cum saepe figuras

contuimur miras simulacraque luce carentum,

quae nos horrifice languentis saepe sopore


excierunt ne forte animas Acherunte reamur

effugere aut umbras inter vivos volitare

neve aliquid nostri post mortem posse relinqui,

cum corpus simul atque animi natura perempta

in sua discessum dederint primordia quaeque.

dico igitur rerum effigias tenuisque figuras

mittier ab rebus summo de cortice eorum;

id licet hinc quamvis hebeti cognoscere corde.

 Principio quoniam mittunt in rebus apertis


corpora res multae, partim diffusa solute,

robora ceu fumum mittunt ignesque vaporem,

et partim contexta magis condensaque, ut olim

cum teretis ponunt tunicas aestate cicadae,

et vituli cum membranas de corpore summo

nascentes mittunt, et item cum lubrica serpens

exuit in spinis vestem; nam saepe videmus

illorum spoliis vepres volitantibus auctas.

quae quoniam fiunt, tenuis quoque debet imago


ab rebus mitti summo de corpore rerum.

nam cur illa cadant magis ab rebusque recedant

quam quae tenvia sunt, hiscendist nulla potestas;

praesertim cum sint in summis corpora rebus

multa minuta, iaci quae possint ordine eodem

quo fuerint et formai servare figuram,

et multo citius, quanto minus indupediri

pauca queunt et [quae] sunt prima fronte locata.

nam certe iacere ac largiri multa videmus,


non solum ex alto penitusque, ut diximus ante,

verum de summis ipsum quoque saepe colorem.

et volgo faciunt id lutea russaque vela

et ferrugina, cum magnis intenta theatris

per malos volgata trabesque trementia flutant;

namque ibi consessum caveai supter et omnem

scaenai speciem patrum matrumque deorsum

inficiunt coguntque suo fluitare colore.

et quanto circum mage sunt inclusa theatri


moenia, tam magis haec intus perfusa lepore

omnia conrident correpta luce diei.

ergo lintea de summo cum corpore fucum

mittunt, effigias quoque debent mittere tenvis

res quaeque, ex summo quoniam iaculantur utraque.

sunt igitur iam formarum vestigia certa,

quae volgo volitant subtili praedita filo

nec singillatim possunt secreta videri.

Praeterea omnis odor fumus vapor atque aliae res


consimiles ideo diffusae rebus abundant,

ex alto quia dum veniunt extrinsecus ortae

scinduntur per iter flexum, nec recta viarum

ostia sunt, qua contendant exire coortae.

at contra tenuis summi membrana coloris

cum iacitur, nihil est quod eam discerpere possit,

in promptu quoniam est in prima fronte locata.

Postremo speculis in aqua splendoreque in omni

quae cumque apparent nobis simulacra, necessest,


quandoquidem simili specie sunt praedita rerum,

exin imaginibus missis consistere eorum.

[nam cur illa cadant magis ab rebusque recedant

quam quae tenuia sunt, hiscendist nulla potestas.]

sunt igitur tenues formarum illis similesque

effigiae, singillatim quas cernere nemo

cum possit, tamen adsiduo crebroque repulsu

reiectae reddunt speculorum ex aequore visum,

nec ratione alia servari posse videntur,


 tanto opere ut similes reddantur cuique figurae.

Nunc age, quam tenui natura constet imago

percipe. et in primis, quoniam primordia tantum

sunt infra nostros sensus tantoque minora

quam quae primum oculi coeptant non posse tueri,

nunc tamen id quoque uti confirmem, exordia rerum

cunctarum quam sint subtilia percipe paucis.

primum animalia sunt iam partim tantula, corum


tertia pars nulla possit ratione videri.

horum intestinum quodvis quale esse putandumst!

quid cordis globus aut oculi? quid membra? quid artus?

quantula sunt! quid praeterea primordia quaeque,

unde anima atque animi constet natura necessumst,

nonne vides quam sint subtilia quamque minuta?

praeterea quaecumque suo de corpore odorem

expirant acrem, panaces absinthia taetra

habrotonique graves et tristia centaurea,


quorum unum quidvis leviter si forte duobus

* * *

quin potius noscas rerum simulacra vagari

multa modis multis, nulla vi cassaque sensu?

Sed ne forte putes ea demum sola vagari,

quae cumque ab rebus rerum simulacra recedunt,

sunt etiam quae sponte sua gignuntur et ipsa

constituuntur in hoc caelo, qui dicitur aer,

quae multis formata modis sublime feruntur,


ut nubes facile inter dum concrescere in alto

cernimus et mundi speciem violare serenam

aëra mulcentes motu; nam saepe Gigantum

ora volare videntur et umbram ducere late,

inter dum magni montes avolsaque saxa

montibus ante ire et solem succedere praeter,

inde alios trahere atque inducere belua nimbos.

nec speciem mutare suam liquentia cessant

et cuiusque modi formarum vertere in oras.

Nunc ea quam facili et celeri ratione genantur

perpetuoque fluant ab rebus lapsaque cedant

* * *

semper enim summum quicquid de rebus abundat,

quod iaculentur. et hoc alias cum pervenit in res,

transit, ut in primis vestem; sed ubi aspera saxa

aut in materiam ligni pervenit, ibi iam

scinditur, ut nullum simulacrum reddere possit.

at cum splendida quae constant opposta fuerunt


densaque, ut in primis speculum est, nihil accidit horum;

nam neque, uti vestem, possunt transire, neque autem

scindi; quam meminit levor praestare salutem.

qua propter fit ut hinc nobis simulacra redundent.

et quamvis subito quovis in tempore quamque

rem contra speculum ponas, apparet imago;

perpetuo fluere ut noscas e corpore summo

texturas rerum tenuis tenuisque figuras.

ergo multa brevi spatio simulacra genuntur,


ut merito celer his rebus dicatur origo.

et quasi multa brevi spatio summittere debet

 lumina sol, ut perpetuo sint omnia plena,

sic ab rebus item simili ratione necessest

temporis in puncto rerum simulacra ferantur

multa modis multis in cunctas undique partis;

quandoquidem speculum quo cumque obvertimus oris,

res ibi respondent simili forma atque colore.

Praeterea modo cum fuerit liquidissima caeli

tempestas, perquam subito fit turbida foede,

undique uti tenebras omnis Acherunta rearis

liquisse et magnas caeli complesse cavernas.

usque adeo taetra nimborum nocte coorta

inpendent atrae Formidinis ora superne;

quorum quantula pars sit imago dicere nemost

qui possit neque eam rationem reddere dictis.

Nunc age, quam celeri motu simulacra ferantur,


et quae mobilitas ollis tranantibus auras

reddita sit, longo spatio ut brevis hora teratur,

in quem quaeque locum diverso numine tendunt,

suavidicis potius quam multis versibus edam;

parvus ut est cycni melior canor, ille gruum quam

clamor in aetheriis dispersus nubibus austri.

Principio persaepe levis res atque minutis

corporibus factas celeris licet esse videre.

in quo iam genere est solis lux et vapor eius,


propterea quia sunt e primis facta minutis,

quae quasi cuduntur perque aëris intervallum

non dubitant transire sequenti concita plaga;

suppeditatur enim confestim lumine lumen

et quasi protelo stimulatur fulgere fulgur.

qua propter simulacra pari ratione necessest

inmemorabile per spatium transcurrere posse

temporis in puncto, primum quod parvola causa

est procul a tergo quae provehat atque propellat,


quod super est, ubi tam volucri levitate ferantur,

deinde quod usque adeo textura praedita rara

mittuntur, facile ut quasvis penetrare queant res

et quasi permanare per aëris intervallum.

Praeterea si quae penitus corpuscula rerum

ex altoque foras mittuntur, solis uti lux

ac vapor, haec puncto cernuntur lapsa diei

per totum caeli spatium diffundere sese

perque volare mare ac terras caelumque rigare.


quid quae sunt igitur iam prima fronte parata,

cum iaciuntur et emissum res nulla moratur?

quone vides citius debere et longius ire

multiplexque loci spatium transcurrere eodem

tempore quo solis pervolgant lumina caelum?

Hoc etiam in primis specimen verum esse videtur,

quam celeri motu rerum simulacra ferantur,

quod simul ac primum sub diu splendor aquai

ponitur, extemplo caelo stellante serena


sidera respondent in aqua radiantia mundi.

iamne vides igitur quam puncto tempore imago

aetheris ex oris in terrarum accidat oras?

quare etiam atque etiam mitti fateare necessest

 corpora quae feriant oculos visumque lacessant.

perpetuoque fluunt certis ab rebus odores,

frigus ut a fluviis, calor ab sole, aestus ab undis

aequoris, exesor moerorum litora circum,


nec variae cessant voces volitare per auras.

denique in os salsi venit umor saepe saporis,

cum mare versamur propter, dilutaque contra

cum tuimur misceri absinthia, tangit amaror.

usque adeo omnibus ab rebus res quaeque fluenter

fertur et in cunctas dimittitur undique partis

nec mora nec requies interdatur ulla fluendi,

perpetuo quoniam sentimus et omnia semper

cernere odorari licet et sentire sonare.

Praeterea quoniam manibus tractata figura

in tenebris quaedam cognoscitur esse eadem quae

cernitur in luce et claro candore, necessest

consimili causa tactum visumque moveri.

nunc igitur si quadratum temptamus et id nos

commovet in tenebris, in luci quae poterit res

accidere ad speciem quadrata, nisi eius imago?

esse in imaginibus qua propter causa videtur

cernundi neque posse sine his res ulla videri.

Nunc ea quae dico rerum simulacra feruntur

undique et in cunctas iaciuntur didita partis;

verum nos oculis quia solis cernere quimus,

propterea fit uti, speciem quo vertimus, omnes

res ibi eam contra feriant forma atque colore.

et quantum quaeque ab nobis res absit, imago

efficit ut videamus et internoscere curat;

nam cum mittitur, extemplo protrudit agitque

aëra qui inter se cumque est oculosque locatus,


isque ita per nostras acies perlabitur omnis

et quasi perterget pupillas atque ita transit.

propterea fit uti videamus quam procul absit

res quaeque. et quanto plus aëris ante agitatur

et nostros oculos perterget longior aura,

tam procul esse magis res quaeque remota videtur.

scilicet haec summe celeri ratione geruntur,

quale sit ut videamus, et una quam procul absit.

Illud in his rebus minime mirabile habendumst,


cur, ea quae feriant oculos simulacra videri

singula cum nequeant, res ipsae perspiciantur.

ventus enim quoque paulatim cum verberat et cum

acre fluit frigus, non privam quamque solemus

particulam venti sentire et frigoris eius,

sed magis unorsum, fierique perinde videmus

corpore tum plagas in nostro tam quam aliquae res

verberet atque sui det sensum corporis extra.

praeterea lapidem digito cum tundimus, ipsum


tangimus extremum saxi summumque colorem

nec sentimus eum tactu, verum magis ipsam

duritiem penitus saxi sentimus in alto.

Nunc age, cur ultra speculum videatur imago

percipe: nam certe penitus remmota videtur.

quod genus illa foris quae vere transpiciuntur,

 ianua cum per se transpectum praebet apertum,

multa facitque foris ex aedibus ut videantur;


is quoque enim duplici geminoque fit aëre visus.

primus enim citra postes tum cernitur aër,

inde fores ipsae dextra laevaque secuntur,

post extraria lux oculos perterget et aër

alter, et illa foris quae vere transpiciuntur.

sic ubi se primum speculi proiecit imago,

dum venit ad nostras acies, protrudit agitque

aëra qui inter se cumquest oculosque locatus,

et facit, ut prius hunc omnem sentire queamus


quam speculum; sed ubi [in] speculum quoque sensimus ipsum,

continuo a nobis in eum quae fertur imago

pervenit, et nostros oculos reiecta revisit

atque alium prae se propellens aëra volvit,

et facit ut prius hunc quam se videamus, eoque

distare ab speculo tantum semota videtur.

quare etiam atque etiam minime mirarier est par

* * *

illis quae reddunt speculorum ex aequore visum,


aëribus binis quoniam res confit utraque.

Nunc ea quae nobis membrorum dextera pars est,

in speculis fit ut in laeva videatur eo quod

planitiem ad speculi veniens cum offendit imago,

non convertitur incolumis, sed recta retrorsum

sic eliditur, ut siquis, prius arida quam sit

cretea persona, adlidat pilaeve trabive,

atque ea continuo rectam si fronte figuram

servet et elisam retro sese exprimat ipsa.


fiet ut, ante oculus fuerit qui dexter, ut idem

nunc sit laevus et e laevo sit mutua dexter.

Fit quoque de speculo in speculum ut tradatur imago,

quinque etiam [aut] sex ut fieri simulacra suërint.

nam quae cumque retro parte interiore latebunt,

inde tamen, quamvis torte penitusque remota,

omnia per flexos aditus educta licebit

pluribus haec speculis videantur in aedibus esse.

usque adeo speculo in speculum translucet imago,


et cum laeva data est, fit rusum ut dextera fiat,

inde retro rursum redit et convertit eodem.

Quin etiam quae cumque latuscula sunt speculorum

adsimili lateris flexura praedita nostri,

dextera ea propter nobis simulacra remittunt,

aut quia de speculo in speculum transfertur imago,

inde ad nos elisa bis advolat, aut etiam quod

circum agitur, cum venit, imago propterea quod

flexa figura docet speculi convertier ad nos.

Indugredi porro pariter simulacra pedemque

ponere nobiscum credas gestumque imitari

propterea quia, de speculi qua parte recedas,

continuo nequeunt illinc simulacra reverti;

omnia quandoquidem cogit natura referri

ac resilire ab rebus ad aequos reddita flexus.

Splendida porro oculi fugitant vitantque tueri.

 sol etiam caecat, contra si tendere pergas,


propterea quia vis magnast ipsius et alte

aëra per purum simulacra feruntur

et feriunt oculos turbantia composituras.

Praeterea splendor qui cumque est acer adurit

saepe oculos ideo quod semina possidet ignis

multa, dolorem oculis quae gignunt insinuando.

lurida praeterea fiunt quae cumque tuentur

arquati, quia luroris de corpore eorum

semina multa fluunt simulacris obvia rerum,


multaque sunt oculis in eorum denique mixta,

quae contage sua palloribus omnia pingunt.

E tenebris autem quae sunt in luce tuemur

propterea quia, cum propior caliginis aër

ater init oculos prior et possedit apertos,

insequitur candens confestim lucidus aër,

qui quasi purgat eos ac nigras discutit umbras

aëris illius; nam multis partibus hic est

mobilior multisque minutior et mage pollens.


qui simul atque vias oculorum luce replevit

atque pate fecit, quas ante obsederat aër
, continuo rerum simulacra secuntur,

quae sita sunt in luce, lacessuntque ut videamus.

quod contra facere in tenebris e luce nequimus

propterea quia posterior caliginis aër

crassior insequitur, qui cuncta foramina complet

obsiditque vias oculorum, ne simulacra

possint ullarum rerum coniecta moveri.

Quadratasque procul turris cum cernimus urbis,

propterea fit uti videantur saepe rutundae,

angulus optusus quia longe cernitur omnis

sive etiam potius non cernitur ac perit eius

plaga nec ad nostras acies perlabitur ictus,

aëra per multum quia dum simulacra feruntur,

cogit hebescere eum crebris offensibus aër.

hoc ubi suffugit sensum simul angulus omnis.

fit quasi ut ad turnum saxorum structa tuantur;


non tamen ut coram quae sunt vereque rutunda,

sed quasi adumbratim paulum simulata videntur.

Umbra videtur item nobis in sole moveri

et vestigia nostra sequi gestumque imitari,

aëra si credis privatum lumine posse

indugredi, motus hominum gestumque sequentem;

nam nihil esse potest aliud nisi lumine cassus

aër id quod nos umbram perhibere suëmus.

ni mirum, quia terra locis ex ordine certis


lumine privatur solis qua cumque meantes

officimus, repletur item quod liquimus eius,

propterea fit uti videatur, quae fuit umbra

corporis, e regione eadem nos usque secuta.

semper enim nova se radiorum lumina fundunt

primaque dispereunt, quasi in ignem lana trahatur.

propterea facile et spoliatur lumine terra

et repletur item nigrasque sibi abluit umbras.

Nec tamen hic oculos falli concedimus hilum.


 nam quo cumque loco sit lux atque umbra tueri

illorum est; eadem vero sint lumina necne,

umbraque quae fuit hic eadem nunc transeat illuc,

an potius fiat paulo quod diximus ante,

hoc animi demum ratio discernere debet,

nec possunt oculi naturam noscere rerum.

proinde animi vitium hoc oculis adfingere noli.

Qua vehimur navi, fertur, cum stare videtur;


quae manet in statione, ea praeter creditur ire.

et fugere ad puppim colles campique videntur,

quos agimus praeter navem velisque volamus.

Sidera cessare aetheriis adfixa cavernis

cuncta videntur, et adsiduo sunt omnia motu,

quandoquidem longos obitus exorta revisunt,

cum permensa suo sunt caelum corpore claro.

solque pari ratione manere et luna videtur

in statione, ea quae ferri res indicat ipsa.

Exstantisque procul medio de gurgite montis

classibus inter quos liber patet exitus ingens,

insula coniunctis tamen ex his una videtur.

atria versari et circum cursare columnae

usque adeo fit uti pueris videantur, ubi ipsi

desierunt verti, vix ut iam credere possint

non supra sese ruere omnia tecta minari.

Iamque rubrum tremulis iubar ignibus erigere alte

cum coeptat natura supraque extollere montes,


quos tibi tum supra sol montis esse videtur

comminus ipse suo contingens fervidus igni,

vix absunt nobis missus bis mille sagittae,

vix etiam cursus quingentos saepe veruti;

inter eos solemque iacent immania ponti

aequora substrata aetheriis ingentibus oris,

interiectaque sunt terrarum milia multa,

quae variae retinent gentes et saecla ferarum.

At coniectus aquae digitum non altior unum,


qui lapides inter sistit per strata viarum,

despectum praebet sub terras inpete tanto,

a terris quantum caeli patet altus hiatus,

nubila despicere et caelum ut videare videre,

corpora mirande sub terras abdita caelo.

Denique ubi in medio nobis ecus acer obhaesit

flumine et in rapidas amnis despeximus undas,

stantis equi corpus transversum ferre videtur

vis et in adversum flumen contrudere raptim,


et quo cumque oculos traiecimus omnia ferri

et fluere adsimili nobis ratione videntur.

Porticus aequali quamvis est denique ductu

stansque in perpetuum paribus suffulta columnis,

longa tamen parte ab summa cum tota videtur,

paulatim trahit angusti fastigia coni,

tecta solo iungens atque omnia dextera laevis

donec in obscurum coni conduxit acumen.

In pelago nautis ex undis ortus in undis


sol fit uti videatur obire et condere lumen;

quippe ubi nil aliud nisi aquam caelumque tuentur;

 ne leviter credas labefactari undique sensus.

at maris ignaris in portu clauda videntur

navigia aplustris fractis obnitier undis.

nam quae cumque supra rorem salis edita pars est

remorum, recta est, et recta superne guberna;

quae demersa liquore obeunt, refracta videntur


omnia converti sursumque supina reverti

et reflexa prope in summo fluitare liquore.

Raraque per caelum cum venti nubila portant

tempore nocturno, tum splendida signa videntur

labier adversum nimbos atque ire superne

longe aliam in partem ac vera ratione feruntur

At si forte oculo manus uni subdita supter

pressit eum, quodam sensu fit uti videantur

omnia quae tuimur fieri tum bina tuendo,


bina lucernarum florentia lumina flammis

binaque per totas aedis geminare supellex

et duplicis hominum facies et corpora bina.

Denique cum suavi devinxit membra sopore

somnus et in summa corpus iacet omne quiete,

tum vigilare tamen nobis et membra movere

nostra videmur, et in noctis caligine caeca

cernere censemus solem lumenque diurnum,

conclusoque loco caelum mare flumina montis


mutare et campos pedibus transire videmur,

et sonitus audire, severa silentia noctis

undique cum constent, et reddere dicta tacentes.

Cetera de genere hoc mirande multa videmus,

quae violare fidem quasi sensibus omnia quaerunt,

ne quiquam, quoniam pars horum maxima fallit

propter opinatus animi, quos addimus ipsi,

pro visis ut sint quae non sunt sensibus visa;

nam nihil aegrius est quam res secernere apertas


ab dubiis, animus quas ab se protinus addit.

Denique nil sciri siquis putat, id quoque nescit

an sciri possit, quoniam nil scire fatetur.

hunc igitur contra minuam contendere causam,

qui capite ipse suo in statuit vestigia sese.

et tamen hoc quoque uti concedam scire, at id ipsum

quaeram, cum in rebus veri nil viderit ante,

unde sciat quid sit scire et nescire vicissim,

notitiam veri quae res falsique crearit


et dubium certo quae res differre probarit.

invenies primis ab sensibus esse creatam

notitiem veri neque sensus posse refelli.

nam maiore fide debet reperirier illud,

sponte sua veris quod possit vincere falsa.

quid maiore fide porro quam sensus haberi

debet? an ab sensu falso ratio orta valebit

dicere eos contra, quae tota ab sensibus orta est?

qui nisi sunt veri, ratio quoque falsa fit omnis.

An poterunt oculos aures reprehendere, an aures

tactus? an hunc porro tactum sapor arguet oris,

an confutabunt nares oculive revincent?

non, ut opinor, ita est. nam seorsum cuique potestas

 divisast, sua vis cuiquest, ideoque necesse est

et quod molle sit et gelidum fervensve videre

et seorsum varios rerum sentire colores

et quae cumque coloribus sint coniuncta necessest.


seorsus item sapor oris habet vim, seorsus odores

nascuntur, seorsum sonitus. ideoque necesse est

non possint alios alii convincere sensus.

nec porro poterunt ipsi reprehendere sese,

aequa fides quoniam debebit semper haberi.

proinde quod in quoquest his visum tempore, verumst.

Et si non poterit ratio dissolvere causam,

cur ea quae fuerint iuxtim quadrata, procul sint

visa rutunda, tamen praestat rationis egentem


reddere mendose causas utriusque figurae,

quam manibus manifesta suis emittere quoquam

et violare fidem primam et convellere tota

fundamenta quibus nixatur vita salusque.

non modo enim ratio ruat omnis, vita quoque ipsa

concidat extemplo, nisi credere sensibus ausis

praecipitisque locos vitare et cetera quae sint

in genere hoc fugienda, sequi contraria quae sint.

illa tibi est igitur verborum copia cassa


omnis, quae contra sensus instructa paratast.

Denique ut in fabrica, si pravast regula prima,

normaque si fallax rectis regionibus exit,

et libella aliqua si ex parti claudicat hilum,

omnia mendose fieri atque obstipa necessu est

prava cubantia prona supina atque absona tecta,

iam ruere ut quaedam videantur velle, ruantque

prodita iudiciis fallacibus omnia primis,

sic igitur ratio tibi rerum prava necessest


falsaque sit, falsis quae cumque ab sensibus ortast.

Nunc alii sensus quo pacto quisque suam rem

sentiat, haud quaquam ratio scruposa relicta est.

Principio auditur sonus et vox omnis, in auris

insinuata suo pepulere ubi corpore sensum.

corpoream quoque enim [vocem] constare fatendumst

et sonitum, quoniam possunt inpellere sensus.

Praeterea radit vox fauces saepe facitque

asperiora foras gradiens arteria clamor,


quippe per angustum turba maiore coorta

ire foras ubi coeperunt primordia vocum.

scilicet expletis quoque ianua raditur oris.

haud igitur dubiumst quin voces verbaque constent

corporeis e principiis, ut laedere possint.

nec te fallit item quid corporis auferat et quid

detrahat ex hominum nervis ac viribus ipsis

perpetuus sermo nigrai noctis ad umbram

aurorae perductus ab exoriente nitore,


praesertim si cum summost clamore profusus.

ergo corpoream vocem constare necessest,

multa loquens quoniam amittit de corpore partem.

Asperitas autem vocis fit ab asperitate

principiorum et item levor levore creatur;

nec simili penetrant auris primordia forma,

 cum tuba depresso graviter sub murmure mugit

et reboat raucum retro cita barbita bombum,


et [iam] Dauliades natae hortis ex Heliconis

cum liquidam tollunt lugubri voce querellam.

Hasce igitur penitus voces cum corpore nostro

exprimimus rectoque foras emittimus ore,

mobilis articulat nervorum daedala lingua,

formaturaque labrorum pro parte figurat.

hoc ubi non longum spatiumst unde illa profecta

perveniat vox quaeque, necessest verba quoque ipsa

plane exaudiri discernique articulatim;


servat enim formaturam servatque figuram.

at si inter positum spatium sit longius aequo,

aëra per multum confundi verba necessest

et conturbari vocem, dum transvolat auras.

ergo fit, sonitum ut possis sentire neque illam

internoscere, verborum sententia quae sit;

usque adeo confusa venit vox inque pedita.

Praeterea verbum saepe unum perciet auris

omnibus in populo missum praeconis ab ore.


in multas igitur voces vox una repente

diffugit, in privas quoniam se dividit auris

obsignans formam verbis clarumque sonorem.

at quae pars vocum non auris incidit ipsas,

praeter lata perit frustra diffusa per auras.

pars solidis adlisa locis reiecta sonorem

reddit et inter dum frustratur imagine verbi.

Quae bene cum videas, rationem reddere possis

tute tibi atque aliis, quo pacto per loca sola


saxa paris formas verborum ex ordine reddant.

palantis comites com montis inter opacos

quaerimus et magna dispersos voce ciemus.

sex etiam aut septem loca vidi reddere vocis,

unam cum iaceres: ita colles collibus ipsi

verba repulsantes iterabant dicta referri.

haec loca capripedes Satyros Nymphasque tenere

finitimi fingunt et Faunos esse locuntur,

quorum noctivago strepitu ludoque iocanti


adfirmant volgo taciturna silentia rumpi

chordarumque sonos fieri dulcisque querellas,

tibia quas fundit digitis pulsata canentum,

et genus agricolum late sentiscere, quom Pan

pinea semiferi capitis velamina quassans

unco saepe labro calamos percurrit hiantis,

fistula silvestrem ne cesset fundere musam.

cetera de genere hoc monstra ac portenta loquontur,

ne loca deserta ab divis quoque forte putentur


sola tenere. ideo iactant miracula dictis

aut aliqua ratione alia ducuntur, ut omne

humanum genus est avidum nimis auricularum.

Quod super est, non est mirandum qua ratione,

per loca quae nequeunt oculi res cernere apertas,

haec loca per voces veniant aurisque lacessant,

conloquium clausis foribus quoque saepe videmus;

ni mirum quia vox per flexa foramina rerum

 incolumis transire potest, simulacra renutant;


perscinduntur enim, nisi recta foramina tranant,

qualia sunt vitrei, species qua travolat omnis.

praeterea partis in cunctas dividitur vox,

ex aliis aliae quoniam gignuntur, ubi una

dissuluit semel in multas exorta, quasi ignis

saepe solet scintilla suos se spargere in ignis.

ergo replentur loca vocibus abdita retro,

omnia quae circum fervunt sonituque cientur.

at simulacra viis derectis omnia tendunt,


ut sunt missa semel; qua propter cernere nemo

saepe supra potis est, at voces accipere extra.

et tamen ipsa quoque haec, dum transit clausa [domorum>

vox optunditur atque auris confusa penetrat

et sonitum potius quam verba audire videmur.

Hoc, qui sentimus sucum, lingua atque palatum

plusculum habent in se rationis, plus operai.

principio sucum sentimus in ore, cibum cum

mandendo exprimimus, ceu plenam spongiam aquai


siquis forte manu premere ac siccare coëpit.

inde quod exprimimus per caulas omne palati

diditur et rarae per flexa foramina linguae,

hoc ubi levia sunt manantis corpora suci,

suaviter attingunt et suaviter omnia tractant

umida linguai circum sudantia templa;

at contra pungunt sensum lacerantque coorta,

quanto quaeque magis sunt asperitate repleta.

deinde voluptas est e suco fine palati;


cum vero deorsum per fauces praecipitavit,

nulla voluptas est, dum diditur omnis in artus;

nec refert quicquam quo victu corpus alatur,

dum modo quod capias concoctum didere possis

artubus et stomachi tumidum servare tenorem.

Nunc aliis alius qui sit cibus ut videamus,

expediam, quareve, aliis quod triste et amarumst,

hoc tamen esse aliis possit perdulce videri,

tantaque [in] his rebus distantia differitasque est,


ut quod aliis cibus est aliis fuat acre venenum;

est itaque ut serpens, hominis quae tacta salivis

disperit ac sese mandendo conficit ipsa.

praeterea nobis veratrum est acre venenum,

at capris adipes et cocturnicibus auget.

id quibus ut fiat rebus cognoscere possis,

principio meminisse decet quae diximus ante,

semina multimodis in rebus mixta teneri.

porro omnes quae cumque cibum capiunt animantes,


ut sunt dissimiles extrinsecus et generatim

extima membrorum circumcaesura coërcet,

proinde et seminibus constant variantque figura.

semina cum porro distent, differre necessest

intervalla viasque, foramina quae perhibemus,

omnibus in membris et in ore ipsoque palato.

esse minora igitur quaedam maioraque debent,

esse triquetra aliis, aliis quadrata necessest,

multa rutunda, modis multis multangula quaedam.


 namque figurarum ratio ut motusque reposcunt,

proinde foraminibus debent differe figurae

et variare viae proinde ac textura coërcet.

hoc ubi quod suave est aliis aliis fit amarum,

illi, cui suave est, levissima corpora debent

contractabiliter caulas intrare palati,

at contra quibus est eadem res intus acerba,

aspera ni mirum penetrant hamataque fauces.


nunc facile est ex his rebus cognoscere quaeque.

quippe ubi cui febris bili superante coorta est

aut alia ratione aliquast vis excita morbi,

perturbatur ibi iam totum corpus et omnes

commutantur ibi positurae principiorum;

fit prius ad sensum [ut] quae corpora conveniebant

nunc non conveniant, et cetera sint magis apta,

quae penetrata queunt sensum progignere acerbum;

utraque enim sunt in mellis commixta sapore;


id quod iam supera tibi saepe ostendimus ante.

Nunc age, quo pacto naris adiectus odoris

tangat agam. primum res multas esse necessest

unde fluens volvat varius se fluctus odorum,

et fluere et mitti volgo spargique putandumst;

verum aliis alius magis est animantibus aptus,

dissimilis propter formas. ideoque per auras

mellis apes quamvis longe ducuntur odore,

volturiique cadaveribus; tum fissa ferarum


ungula quo tulerit gressum promissa canum vis

ducit, et humanum longe praesentit odorem

Romulidarum arcis servator, candidus anser.

sic aliis alius nidor datus ad sua quemque

pabula ducit et a taetro resilire veneno

cogit, eoque modo servantur saecla ferarum.

Hic odor ipse igitur, naris qui cumque lacessit,

est alio ut possit permitti longius alter;

sed tamen haud quisquam tam longe fertur eorum


quam sonitus, quam vox, mitto iam dicere quam res

quae feriunt oculorum acies visumque lacessunt.

errabundus enim tarde venit ac perit ante

paulatim facilis distractus in aëris auras;

ex alto primum quia vix emittitur ex re;

nam penitus fluere atque recedere rebus odores

significat quod fracta magis redolere videntur

omnia, quod contrita, quod igni conlabefacta.

deinde videre licet maioribus esse creatum


principiis quam vox, quoniam per saxea saepta

non penetrat, qua vox volgo sonitusque feruntur.

quare etiam quod olet non tam facile esse videbis

investigare in qua sit regione locatum;

refrigescit enim cunctando plaga per auras

nec calida ad sensum decurrunt nuntia rerum.

errant saepe canes itaque et vestigia quaerunt.

Nec tamen hoc solis in odoribus atque saporum

in generest, sed item species rerum atque colores


non ita conveniunt ad sensus omnibus omnes,

ut non sint aliis quaedam magis acria visu.

 quin etiam gallum noctem explaudentibus alis

auroram clara consuetum voce vocare,

noenu queunt rapidi contra constare leones

inque tueri: ita continuo meminere fugai.

ni mirum quia sunt gallorum in corpore quaedam

semina, quae cum sunt oculis inmissa leonum,


pupillas interfodiunt acremque dolorem

praebent, ut nequeant contra durare feroces,

cum tamen haec nostras acies nil laedere possint,

aut quia non penetrant aut quod penetrantibus illis

exitus ex oculis liber datur, in remorando

laedere ne possint ex ulla lumina parte.

Nunc age, quae moveant animum res accipe, et unde

quae veniunt veniant in mentem percipe paucis.

principio hoc dico, rerum simulacra vagari


multa modis multis in cunctas undique partis

tenvia, quae facile inter se iunguntur in auris,

obvia cum veniunt, ut aranea bratteaque auri.

quippe etenim multo magis haec sunt tenvia textu

quam quae percipiunt oculos visumque lacessunt,

corporis haec quoniam penetrant per rara cientque

tenvem animi naturam intus sensumque lacessunt.

Centauros itaque et Scyllarum membra videmus

Cerbereasque canum facies simulacraque eorum


quorum morte obita tellus amplectitur ossa;

omnigenus quoniam passim simulacra feruntur,

partim sponte sua quae fiunt aëre in ipso,

partim quae variis ab rebus cumque recedunt

et quae confiunt ex horum facta figuris.

nam certe ex vivo Centauri non fit imago,

nulla fuit quoniam talis natura animata;

verum ubi equi atque hominis casu convenit imago,

haerescit facile extemplo, quod diximus ante,


propter subtilem naturam et tenvia texta.

cetera de genere hoc eadem ratione creantur.

quae cum mobiliter summa levitate feruntur,

ut prius ostendi, facile uno commovet ictu

quae libet una animum nobis subtilis imago;

tenvis enim mens est et mire mobilis ipsa.

haec fieri ut memoro, facile hinc cognoscere possis.

quatinus hoc simile est illi, quod mente videmus

atque oculis, simili fieri ratione necessest.

Nunc igitur docui quoniam me forte leonum

cernere per simulacra, oculos quae cumque lacessunt,

scire licet mentem simili ratione moveri

per simulacra leonum [et] cetera quae videt aeque

nec minus atque oculi, nisi quod mage tenvia cernit.

nec ratione alia, cum somnus membra profudit,

mens animi vigilat, nisi quod simulacra lacessunt

haec eadem nostros animos quae cum vigilamus,

usque adeo, certe ut videamur cernere eum quem


rellicta vita iam mors et terra potitast.

hoc ideo fieri cogit natura, quod omnes

corporis offecti sensus per membra quiescunt

nec possunt falsum veris convincere rebus.

 praeterea meminisse iacet languetque sopore,

nec dissentit eum mortis letique potitum

iam pridem, quem mens vivom se cernere credit.

quod super est, non est mirum simulacra moveri


bracchiaque in numerum iactare et cetera membra;

nam fit ut in somnis facere hoc videatur imago.

quippe, ubi prima perit alioque est altera nata

inde statu, prior hic gestum mutasse videtur.

scilicet id fieri celeri ratione putandumst:

tanta est mobilitas et rerum copia tanta

tantaque sensibili quovis est tempore in uno

copia particularum, ut possit suppeditare.

Multaque in his rebus quaeruntur multaque nobis


clarandumst, plane si res exponere avemus.

quaeritur in primis quare, quod cuique libido

venerit, extemplo mens cogitet eius id ipsum.

anne voluntatem nostram simulacra tuentur

et simul ac volumus nobis occurrit imago,

si mare, si terram cordist, si denique caelum?

conventus hominum, pompam, convivia, pugnas,

omnia sub verbone creat natura paratque?

cum praesertim aliis eadem in regione locoque


longe dissimilis animus res cogitet omnis.

quid porro, in numerum procedere cum simulacra

cernimus in somnis et mollia membra movere,

mollia mobiliter cum alternis bracchia mittunt

et repetunt oculis gestum pede convenienti?

scilicet arte madent simulacra et docta vagantur,

nocturno facere ut possint in tempore ludos.

an magis illud erit verum? quia tempore in uno,

cum sentimus, id est cum vox emittitur una,


tempora multa latent, ratio quae comperit esse,

propterea fit uti quovis in tempore quaeque

praesto sint simulacra locis in quisque parata.

tanta est mobilitas et rerum copia tanta.

hoc ubi prima perit alioque est altera nata

inde statu, prior hic gestum mutasse videtur.

et quia tenvia sunt, nisi quae contendit, acute

cernere non potis est animus; proinde omnia quae sunt

praeterea pereunt, nisi quae ex se[se] ipse paravit.


ipse parat sese porro speratque futurum

ut videat quod consequitur rem quamque: fit ergo.

nonne vides oculos etiam, cum tenvia quae sunt

[praeterea pereunt, nisi quae ex se ipse paravit]

cernere coeperunt, contendere se atque parare,

nec sine eo fieri posse ut cernamus acute?

et tamen in rebus quoque apertis noscere possis,

si non advertas animum, proinde esse quasi omni

tempore semotum fuerit longeque remotum.


cur igitur mirumst, animus si cetera perdit

praeter quam quibus est in rebus deditus ipse?

deinde adopinamur de signis maxima parvis

ac nos in fraudem induimus frustraminis ipsi.

Fit quoque ut inter dum non suppeditetur imago

eiusdem generis, sed femina quae fuit ante,

 in manibus vir uti factus videatur adesse,

aut alia ex alia facies aetasque sequatur.


quod ne miremur sopor atque oblivia curant.

Illud in his rebus vitium vehementer Äinesse

effugere errorem vitareque praemetuenter,

lumina ne facias oculorum clara creata,

prospicere ut possimus, et ut proferre queamus

proceros passus, ideo fastigia posse

surarum ac feminum pedibus fundata plicari,

bracchia tum porro validis ex apta lacertis

esse manusque datas utraque [ex] parte ministras,


ut facere ad vitam possemus quae foret usus.

cetera de genere hoc inter quae cumque pretantur,

omnia perversa praepostera sunt ratione,

nil ideo quoniam natumst in corpore ut uti

possemus, sed quod natumst id procreat usum.

nec fuit ante videre oculorum lumina nata,

nec dictis orare prius quam lingua creatast,

sed potius longe linguae praecessit origo

sermonem multoque creatae sunt prius aures


quam sonus est auditus, et omnia denique membra

ante fuere, ut opinor, eorum quam foret usus;

haud igitur potuere utendi crescere causa.

at contra conferre manu certamina pugnae

et lacerare artus foedareque membra cruore

ante fuit multo quam lucida tela volarent,

et volnus vitare prius natura coëgit

quam daret obiectum parmai laeva per artem.

scilicet et fessum corpus mandare quieti


multo antiquius est quam lecti mollia strata,

et sedare sitim prius est quam pocula natum.

haec igitur possunt utendi cognita causa

credier, ex usu quae sunt vitaque reperta.

illa quidem seorsum sunt omnia, quae prius ipsa

nata dedere suae post notitiam utilitatis.

quo genere in primis sensus et membra videmus;

quare etiam atque etiam procul est ut credere possis

utilitatis ob officium potuisse creari.

Illud item non est mirandum, corporis ipsa

quod natura cibum quaerit cuiusque animantis.

quippe etenim fluere atque recedere corpora rebus

multa modis multis docui, sed plurima debent

ex animalibus; [quae] quia sunt exercita motu,

multa per os exhalantur, cum languida anhelant,

multaque per sudorem ex alto pressa feruntur.

his igitur rebus rarescit corpus et omnis

subruitur natura, dolor quam consequitur rem.


propterea capitur cibus, ut suffulciat artus

et recreet vires inter datus, atque patentem

per membra ac venas ut amorem opturet edendi.

umor item discedit in omnia quae loca cumque

poscunt umorem; glomerataque multa vaporis

corpora, quae stomacho praebent incendia nostro,

dissupat adveniens liquor ac restinguit ut ignem,

urere ne possit calor amplius aridus artus.

 sic igitur tibi anhela sitis de corpore nostro


abluitur, sic expletur ieiuna cupido.

Nunc qui fiat uti passus proferre queamus,

cum volumus, quareque datum sit membra movere

et quae res tantum hoc oneris protrudere nostri

corporis insuerit, dicam: tu percipe dicta.

dico animo nostro primum simulacra meandi

accidere atque animum pulsare, ut diximus ante.

inde voluntas fit; neque enim facere incipit ullam

rem quisquam, [quam] mens providit quid velit ante.


id quod providet, illius rei constat imago,

ergo animus cum sese ita commovet ut velit ire

inque gredi, ferit extemplo quae in corpore toto

per membra atque artus animai dissita vis est;

et facilest factu, quoniam coniuncta tenetur.

inde ea proporro corpus ferit, atque ita tota

paulatim moles protruditur atque movetur.

praeterea tum rarescit quoque corpus et aër,

scilicet ut debet qui semper mobilis extat,


per patefacta venit penetratque foramina largus,

et dispargitur ad partis ita quasque minutas

corporis. hic igitur rebus fit utrimque duabus,

corpus ut ac navis velis ventoque feratur.

nec tamen illud in his rebus mirabile constat,

tantula quod tantum corpus corpuscula possunt

contorquere et onus totum convertere nostrum;

quippe etenim ventus subtili corpore tenvis

trudit agens magnam magno molimine navem


et manus una regit quanto vis impete euntem

atque gubernaclum contorquet quo libet unum,

multaque per trocleas et tympana pondere magno

commovet atque levi sustollit machina nisu.

Nunc quibus ille modis somnus per membra quietem

inriget atque animi curas e pectore solvat,

suavidicis potius quom multis versibus edam,

parvus ut est cycni melior canor, ille gruum quam

clamor in aetheriis dispersus nubibus austri.


tu mihi da tenuis auris animumque sagacem,

ne fieri negites quae dicam posse retroque

vera repulsanti discedas pectore dicta,

tutemet in culpa cum sis neque cernere possis.

Principio somnus fit ubi est distracta per artus

vis animae partimque foras eiecta recessit

et partim contrusa magis concessit in altum;

dissoluuntur enim tum demum membra fluuntque.

nam dubium non est, animai quin opera sit


sensus hic in nobis, quem cum sopor inpedit esse,

tum nobis animam perturbatam esse putandumst

eiectamque foras, non omnem; namque iaceret

aeterno corpus perfusum frigore leti.

quippe ubi nulla latens animai pars remaneret

in membris, cinere ut multa latet obrutus ignis,

unde reconflari sensus per membra repente

possit, ut ex igni caeco consurgere flamma?

Sed quibus haec rebus novitas confiat et unde


 perturbari anima et corpus languescere possit,

expediam: tu fac ne ventis verba profundam.

Principio externa corpus de parte necessum est,

aëriis quoniam vicinum tangitur auris,

tundier atque eius crebro pulsarier ictu,

proptereaque fere res omnes aut corio sunt

aut etiam conchis aut callo aut cortice tectae.

interiorem etiam partem spirantibus aër


verberat hic idem, cum ducitur atque reflatur.

quare utrimque secus cum corpus vapulet et cum

perveniant plagae per parva foramina nobis

corporis ad primas partis elementaque prima,

fit quasi paulatim nobis per membra ruina.

conturbantur enim positurae principiorum

corporis atque animi. fit uti pars inde animai

eliciatur et introrsum pars abdita cedat,

pars etiam distracta per artus non queat esse


coniuncta inter se neque motu mutua fungi;

inter enim saepit coetus natura viasque.

ergo sensus abit mutatis motibus alte.

et quoniam non est quasi quod suffulciat artus,

debile fit corpus languescuntque omnia membra,

bracchia palpebraeque cadunt poplitesque cubanti

saepe tamen summittuntur virisque resolvunt.

Deinde cibum sequitur somnus, quia, quae facit aër,

haec eadem cibus, in venas dum diditur omnis,


efficit. et multo sopor ille gravissimus exstat,

quem satur aut lassus capias, quia plurima tum se

corpora conturbant magno contusa labore.

fit ratione eadem coniectus parte animai

altior atque foras eiectus largior eius,

et divisior inter se ac distractior intus.

Et quo quisque fere studio devinctus adhaeret

aut quibus in rebus multum sumus ante morati

atque in ea ratione fuit contenta magis mens,


in somnis eadem plerumque videmur obire:

causidici causas agere et componere leges,

induperatores pugnare ac proelia obire,

nautae contractum cum ventis degere bellum,

nos agere hoc autem et naturam quaerere rerum

semper et inventam patriis exponere chartis.

cetera sic studia atque artes plerumque videntur

in somnis animos hominum frustrata tenere.

et qui cumque dies multos ex ordine ludis


adsiduas dederunt operas, plerumque videmus,

cum iam destiterunt ea sensibus usurpare,

relicuas tamen esse vias in mente patentis,

qua possint eadem rerum simulacra venire;

per multos itaque illa dies eadem obversantur

ante oculos, etiam vigilantes ut videantur

cernere saltantis et mollia membra moventis

et citharae liquidum carmen chordasque loquentis

auribus accipere et consessum cernere eundem


scenaique simul varios splendere decores.

usque adeo magni refert studium atque voluntas,

 et quibus in rebus consuerint esse operati

non homines solum sed vero animalia cuncta.

quippe videbis equos fortis, cum membra iacebunt,

in somnis sudare tamen spirareque semper

et quasi de palma summas contendere viris

aut quasi carceribus patefactis [edere voces>


venantumque canes in molli saepe quiete

iactant crura tamen subito vocisque repente

mittunt et crebro redducunt naribus auras.

ut vestigia si teneant inventa ferarum,

expergefactique secuntur inania saepe

cervorum simulacra, fugae quasi dedita cernant,

donec discussis redeant erroribus ad se.

at consueta domi catulorum blanda propago

discutere et corpus de terra corripere instant,


[iactant crura tamen subito vocisque repente

mittunt et crebro redducunt naribus auras

ut vestigia si teneant inventa ferarum

expergefactique secuntur inania saepe]

proinde quasi ignotas facies atque ora tuantur.

et quo quaeque magis sunt aspera seminiorum,

tam magis in somnis eadem saevire necessust.

at variae fugiunt volucres pinnisque repente

sollicitant divom nocturno tempore lucos,


accipitres somno in leni si proelia pugnas

edere sunt persectantes visaeque volantes.

porro hominum mentes, magnis quae motibus edunt

magna, itidem saepe in somnis faciuntque geruntque,

reges expugnant, capiuntur, proelia miscent,

tollunt clamorem, quasi si iugulentur ibidem.

multi depugnant gemitusque doloribus edunt

et quasi pantherae morsu saevive leonis

mandantur, magnis clamoribus omnia complent.


multi de magnis per somnum rebus loquuntur

indicioque sui facti persaepe fuere.

multi mortem obeunt. multi, de montibus altis

ut quasi praecipitent ad terram corpore toto,

exterruntur et ex somno quasi mentibus capti

vix ad se redeunt permoti corporis aestu.

flumen item sitiens aut fontem propter amoenum

adsidet et totum prope faucibus occupat amnem.

puri saepe lacum propter si ac dolia curta


somno devincti credunt se extollere vestem,

totius umorem saccatum corporis fundunt,

cum Babylonica magnifico splendore rigantur.

tum quibus aetatis freta primitus insinuatur

semen, ubi ipsa dies membris matura creavit,

conveniunt simulacra foris e corpore quoque,

nuntia praeclari voltus pulchrique coloris,

qui ciet inritans loca turgida semine multo,

ut quasi transactis saepe omnibus rebus profundant


fluminis ingentis fluctus vestemque cruentent.

Sollicitatur id [in] nobis, quod diximus ante,

semen, adulta aetas cum primum roborat artus.

namque alias aliud res commovet atque lacessit;

 ex homine humanum semen ciet una hominis vis.

quod simul atque suis eiectum sedibus exit,

per membra atque artus decedit corpore toto,

in loca conveniens nervorum certa cietque


continuo partis genitalis corporis ipsas.

inritata tument loca semine fitque voluntas

eicere id quo se contendit dira lubido,

[incitat inritans loca turgida semine multo]

idque petit corpus, mens unde est saucia amore;

namque omnes plerumque cadunt in vulnus et illam

emicat in partem sanguis, unde icimur ictu,

et si comminus est, hostem ruber occupat umor.

sic igitur Veneris qui telis accipit ictus,


sive puer membris muliebribus hunc iaculatur

seu mulier toto iactans e corpore amorem,

unde feritur, eo tendit gestitque coire

t iacere umorem in corpus de corpore ductum;

namque voluptatem praesagit muta cupido.

Haec Venus est nobis; hinc autemst nomen Amoris,

hinc illaec primum Veneris dulcedinis in cor

stillavit gutta et successit frigida cura;

nam si abest quod ames, praesto simulacra tamen sunt


illius et nomen dulce obversatur ad auris.

sed fugitare decet simulacra et pabula amoris

absterrere sibi atque alio convertere mentem

et iacere umorem coniectum in corpora quaeque

nec retinere semel conversum unius amore

et servare sibi curam certumque dolorem;

ulcus enim vivescit et inveterascit alendo

inque dies gliscit furor atque aerumna gravescit,

si non prima novis conturbes volnera plagis


volgivagaque vagus Venere ante recentia cures

aut alio possis animi traducere motus.

Nec Veneris fructu caret is qui vitat amorem,

sed potius quae sunt sine poena commoda sumit;

nam certe purast sanis magis inde voluptas

quam miseris; etenim potiundi tempore in ipso

fluctuat incertis erroribus ardor amantum

nec constat quid primum oculis manibusque fruantur.

quod petiere, premunt arte faciuntque dolorem


corporis et dentes inlidunt saepe labellis

osculaque adfigunt, quia non est pura voluptas

et stimuli subsunt, qui instigant laedere id ipsum,

quod cumque est, rabies unde illaec germina surgunt.

sed leviter poenas frangit Venus inter amorem

blandaque refrenat morsus admixta voluptas.

namque in eo spes est, unde est ardoris origo,

restingui quoque posse ab eodem corpore flammam.

quod fieri contra totum natura repugnat;


unaque res haec est, cuius quam plurima habemus,

tam magis ardescit dira cuppedine pectus.

nam cibus atque umor membris adsumitur intus;

quae quoniam certas possunt obsidere partis,

hoc facile expletur laticum frugumque cupido.

ex hominis vero facie pulchroque colore

 nil datur in corpus praeter simulacra fruendum

tenvia; quae vento spes raptast saepe misella.


ut bibere in somnis sitiens quom quaerit et umor

non datur, ardorem qui membris stinguere possit,

sed laticum simulacra petit frustraque laborat

in medioque sitit torrenti flumine potans,

sic in amore Venus simulacris ludit amantis,

nec satiare queunt spectando corpora coram

nec manibus quicquam teneris abradere membris

possunt errantes incerti corpore toto.

denique cum membris conlatis flore fruuntur


aetatis, iam cum praesagit gaudia corpus

atque in eost Venus ut muliebria conserat arva,

adfigunt avide corpus iunguntque salivas

oris et inspirant pressantes dentibus ora,

ne quiquam, quoniam nihil inde abradere possunt

nec penetrare et abire in corpus corpore toto;

nam facere inter dum velle et certare videntur.

usque adeo cupide in Veneris compagibus haerent,

membra voluptatis dum vi labefacta liquescunt.


tandem ubi se erupit nervis coniecta cupido,

parva fit ardoris violenti pausa parumper.

inde redit rabies eadem et furor ille revisit,

cum sibi quod cupiant ipsi contingere quaerunt,

nec reperire malum id possunt quae machina vincat.

usque adeo incerti tabescunt volnere caeco.

Adde quod absumunt viris pereuntque labore,

adde quod alterius sub nutu degitur aetas,

languent officia atque aegrotat fama vacillans.


labitur interea res et Babylonia fiunt

unguenta et pulchra in pedibus Sicyonia rident,

scilicet et grandes viridi cum luce zmaragdi

auro includuntur teriturque thalassina vestis

adsidue et Veneris sudorem exercita potat.

et bene parta patrum fiunt anademata, mitrae,

inter dum in pallam atque Alidensia Ciaque vertunt.

eximia veste et victu convivia, ludi,

pocula crebra, unguenta, coronae, serta parantur,


ne quiquam, quoniam medio de fonte leporum

surgit amari aliquid, quod in ipsis floribus angat,

aut cum conscius ipse animus se forte remordet

desidiose agere aetatem lustrisque perire,

aut quod in ambiguo verbum iaculata reliquit,

quod cupido adfixum cordi vivescit ut ignis,

aut nimium iactare oculos aliumve tueri

quod putat in voltuque videt vestigia risus.

Atque in amore mala haec proprio summeque secundo


inveniuntur; in adverso vero atque inopi sunt,

prendere quae possis oculorum lumine operto.

innumerabilia; ut melius vigilare sit ante,

qua docui ratione, cavereque, ne inliciaris.

nam vitare, plagas in amoris ne iaciamur,

non ita difficile est quam captum retibus ipsis

exire et validos Veneris perrumpere nodos.

et tamen implicitus quoque possis inque peditus

 effugere infestum, nisi tute tibi obvius obstes


et praetermittas animi vitia omnia primum

aut quae corporis sunt eius, quam praepetis ac vis.

nam faciunt homines plerumque cupidine caeci

et tribuunt ea quae non sunt his commoda vere.

multimodis igitur pravas turpisque videmus

esse in deliciis summoque in honore vigere.

atque alios alii inrident Veneremque suadent

ut placent, quoniam foedo adflictentur amore,

nec sua respiciunt miseri mala maxima saepe.


nigra melichrus est, inmunda et fetida acosmos,

caesia Palladium, nervosa et lignea dorcas,

parvula, pumilio, chariton mia, tota merum sal,

magna atque inmanis cataplexis plenaque honoris.

balba loqui non quit, traulizi, muta pudens est;

at flagrans, odiosa, loquacula Lampadium fit.

ischnon eromenion tum fit, cum vivere non quit

prae macie; rhadine verost iam mortua tussi.

at nimia et mammosa Ceres est ipsa ab Iaccho,


simula Silena ac Saturast, labeosa philema.

cetera de genere hoc longum est si dicere coner.

sed tamen esto iam quantovis oris honore,

cui Veneris membris vis omnibus exoriatur;

nempe aliae quoque sunt; nempe hac sine viximus ante;

nempe eadem facit et scimus facere omnia turpi

et miseram taetris se suffit odoribus ipsa,

quam famulae longe fugitant furtimque cachinnant.

at lacrimans exclusus amator limina saepe


floribus et sertis operit postisque superbos

unguit amaracino et foribus miser oscula figit;

quem si iam ammissum venientem offenderit aura

una modo, causas abeundi quaerat honestas

et meditata diu cadat alte sumpta querella

stultitiaque ibi se damnet, tribuisse quod illi

plus videat quam mortali concedere par est.

nec Veneres nostras hoc fallit; quo magis ipsae

omnia summo opere hos vitae poscaenia celant,


quos retinere volunt adstrictosque esse in amore,

ne quiquam, quoniam tu animo tamen omnia possis

protrahere in lucem atque omnis inquirere risus

et, si bello animost et non odiosa, vicissim

praetermittere [et] humanis concedere rebus.

Nec mulier semper ficto suspirat amore,

quae conplexa viri corpus cum corpore iungit

et tenet adsuctis umectans oscula labris;

nam facit ex animo saepe et communia quaerens


gaudia sollicitat spatium decurrere amoris.

nec ratione alia volucres armenta feraeque

et pecudes et equae maribus subsidere possent,

si non, ipsa quod illarum subat, ardet abundans

natura et Venerem salientum laeta retractat.

nonne vides etiam quos mutua saepe voluptas

vinxit, ut in vinclis communibus excrucientur,

in triviis cum saepe canes discedere aventis

divorsi cupide summis ex viribus tendunt,


 quom interea validis Veneris compagibus haerent?

quod facerent numquam, nisi mutua gaudia nossent,

quae iacere in fraudem possent vinctosque tenere.

quare etiam atque etiam, ut dico, est communis voluptas.

Et commiscendo quom semine forte virilem

femina vim vicit subita vi corripuitque,

tum similes matrum materno semine fiunt,

ut patribus patrio. sed quos utriusque figurae


esse vides, iuxtim miscentes vulta parentum,

corpore de patrio et materno sanguine crescunt,

semina cum Veneris stimulis excita per artus

obvia conflixit conspirans mutuus ardor,

et neque utrum superavit eorum nec superatumst.

fit quoque ut inter dum similes existere avorum

possint et referant proavorum saepe figuras,

propterea quia multa modis primordia multis

mixta suo celant in corpore saepe parentis,


quae patribus patres tradunt a stirpe profecta.

inde Venus varia producit sorte figuras,

maiorumque refert voltus vocesque comasque;

quandoquidem nihilo magis haec [de] semine certo

fiunt quam facies et corpora membraque nobis.

et muliebre oritur patrio de semine saeclum

maternoque mares existunt corpore creti;

semper enim partus duplici de semine constat,

atque utri similest magis id quod cumque creatur,


eius habet plus parte aequa; quod cernere possis,

sive virum suboles sivest muliebris origo.

Nec divina satum genitalem numina cuiquam

absterrent, pater a gnatis ne dulcibus umquam

appelletur et ut sterili Venere exigat aevom;

quod plerumque putant et multo sanguine maesti

conspergunt aras adolentque altaria donis,

ut gravidas reddant uxores semine largo;

ne quiquam divom numen sortisque fatigant;


nam steriles nimium crasso sunt semine partim,

et liquido praeter iustum tenuique vicissim.

tenve locis quia non potis est adfigere adhaesum,

liquitur extemplo et revocatum cedit abortu.

crassius hinc porro quoniam concretius aequo

mittitur, aut non tam prolixo provolat ictu

aut penetrare locos aeque nequit aut penetratum

aegre admiscetur muliebri semine semen.

nam multum harmoniae Veneris differre videntur.


atque alias alii complent magis ex aliisque

succipiunt aliae pondus magis inque gravescunt.

et multae steriles Hymenaeis ante fuerunt

pluribus et nactae post sunt tamen unde puellos

suscipere et partu possent ditescere dulci.

et quibus ante domi fecundae saepe nequissent

uxoris parere, inventast illis quoque compar

natura, ut possent gnatis munire senectam.

usque adeo magni refert, ut semina possint


seminibus commisceri genitaliter apta

crassaque conveniant liquidis et liquida crassis.

 atque in eo refert quo victu vita colatur;

namque aliis rebus concrescunt semina membris

atque aliis extenvantur tabentque vicissim.

et quibus ipsa modis tractetur blanda voluptas.

id quoque permagni refert; nam more ferarum

quadrupedumque magis ritu plerumque putantur


concipere uxores, quia sic loca sumere possunt

pectoribus positis sublatis semina lumbis.

nec molles opus sunt motus uxoribus hilum.

nam mulier prohibet se concipere atque repugnat,

clunibus ipsa viri Venerem si laeta retractat

atque exossato ciet omni pectore fluctus;

eicit enim sulcum recta regione viaque

vomeris atque locis avertit seminis ictum.

idque sua causa consuerunt scorta moveri,


ne complerentur crebro gravidaeque iacerent,

et simul ipsa viris Venus ut concinnior esset;

coniugibus quod nil nostris opus esse videtur.

Nec divinitus inter dum Venerisque sagittis

deteriore fit ut forma muliercula ametur;

nam facit ipsa suis inter dum femina factis

morigerisque modis et munde corpore culto,

ut facile insuescat secum [te] degere vitam.

quod super est, consuetudo concinnat amorem;


nam leviter quamvis quod crebro tunditur ictu,

vincitur in longo spatio tamen atque labascit.

nonne vides etiam guttas in saxa cadentis

umoris longo in spatio pertundere saxa?
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Primae frugiparos fetus mortalibus aegris

dididerunt quondam praeclaro nomine Athenae

et recreaverunt vitam legesque rogarunt

et primae dederunt solacia dulcia vitae,

cum genuere virum tali cum corde repertum,

omnia veridico qui quondam ex ore profudit;

cuius et extincti propter divina reperta

divolgata vetus iam ad caelum gloria fertur.

nam cum vidit hic ad victum quae flagitat usus


omnia iam ferme mortalibus esse parata

et, pro quam possent, vitam consistere tutam,

divitiis homines et honore et laude potentis

affluere atque bona gnatorum excellere fama,

nec minus esse domi cuiquam tamen anxia cordi,

atque animi ingratis vitam vexare sine ulla

pausa atque infestis cogi saevire querellis,

intellegit ibi vitium vas efficere ipsum

omniaque illius vitio corrumpier intus,


quae conlata foris et commoda cumque venirent;

partim quod fluxum pertusumque esse videbat,

ut nulla posset ratione explerier umquam,

partim quod taetro quasi conspurcare sapore

omnia cernebat, quae cumque receperat, intus.

veridicis igitur purgavit pectora dictis

et finem statuit cuppedinis atque timoris

exposuitque bonum summum, quo tendimus omnes,

quid foret, atque viam monstravit, tramite parvo


qua possemus ad id recto contendere cursu,

quidve mali foret in rebus mortalibus passim,

quod fieret naturali varieque volaret

seu casu seu vi, quod sic natura parasset,

et quibus e portis occurri cuique deceret,

et genus humanum frustra plerumque probavit

volvere curarum tristis in pectore fluctus.

nam vel uti pueri trepidant atque omnia caecis

in tenebris metuunt, sic nos in luce timemus


inter dum, nihilo quae sunt metuenda magis quam

quae pueri in tenebris pavitant finguntque futura.

hunc igitur terrorem animi tenebrasque necessest

non radii solis nec lucida tela diei

discutiant, sed naturae species ratioque.

quo magis inceptum pergam pertexere dictis.

Et quoniam docui mundi mortalia templa

esse [et] nativo consistere corpore caelum,

et quae cumque in eo fiunt fierique necessest


pleraque dissolui, qui restant percipe porro,

quandoquidem semel insignem conscendere currum

* * *

tu mihi supremae praescripta ad candida callis

currenti spatium praemonstra, callida musa

Calliope, requies hominum divomque voluptas,

te duce ut insigni capiam cum laude coronam.

* * *

 ventorum existant, placentur [ut] omnia rursum


* * *

quae fuerint, sint placato conversa furore.

cetera quae fieri in terris caeloque tuentur

mortales, pavidis cum pendent mentibus saepe

et faciunt animos humilis formidine divom

depressosque premunt ad terram propterea quod

ignorantia causarum conferre deorum

cogit ad imperium res et concedere regnum.

[quorum operum causas nulla ratione videre


possunt ac fieri divino numine rentur.]

nam bene qui didicere deos securum agere aevom,

si tamen interea mirantur qua ratione

quaeque geri possint, praesertim rebus in illis

quae supera caput aetheriis cernuntur in oris,

rursus in antiquas referuntur religionis

et dominos acris adsciscunt, omnia posse

quos miseri credunt, ignari quid queat esse,

quid nequeat, finita potestas denique cuique


qua nam sit ratione atque alte terminus haerens;

quo magis errantes caeca ratione feruntur.

quae nisi respuis ex animo longeque remittis

dis indigna putare alienaque pacis eorum,

delibata deum per te tibi numina sancta

saepe oberunt; non quo violari summa deum vis

possit, ut ex ira poenas petere inbibat acris,

sed quia tute tibi placida cum pace quietos

constitues magnos irarum volvere fluctus,


nec delubra deum placido cum pectore adibis,

nec de corpore quae sancto simulacra feruntur

in mentes hominum divinae nuntia formae,

suscipere haec animi tranquilla pace valebis.

inde videre licet qualis iam vita sequatur.

quam quidem ut a nobis ratio verissima longe

reiciat, quamquam sunt a me multa profecta,

multa tamen restant et sunt ornanda politis

versibus; est ratio caelisque tenenda,


sunt tempestates et fulmina clara canenda,

quid faciant et qua de causa cumque ferantur;

ne trepides caeli divisis partibus amens,

unde volans ignis pervenerit aut in utram se

verterit hinc partim, quo pacto per loca saepta

insinuarit, et hinc dominatus ut extulerit se.

[quorum operum causas nulla ratione videre

possunt ac fieri divino numine rentur.]

Principio tonitru quatiuntur caerula caeli


propterea quia concurrunt sublime volantes

aetheriae nubes contra pugnantibus ventis.

nec fit enim sonitus caeli de parte serena,

verum ubi cumque magis denso sunt agmine nubes,

tam magis hinc magno fremitus fit murmure saepe.

praeterea neque tam condenso corpore nubes

esse queunt quam sunt lapides ac ligna, neque autem

tam tenues quam sunt nebulae fumique volantes;

nam cadere aut bruto deberent pondere pressae


 ut lapides, aut ut fumus constare nequirent

nec cohibere nives gelidas et grandinis imbris.

Dant etiam sonitum patuli super aequora mundi,

carbasus ut quondam magnis intenta theatris

dat crepitum malos inter iactata trabesque,

inter dum perscissa furit petulantibus auris

et fragilis [sonitus] chartarum commeditatur;

id quoque enim genus in tonitru cognoscere possis,


aut ubi suspensam vestem chartasque volantis

verberibus venti versant planguntque per auras.

fit quoque enim inter dum [ut] non tam concurrere nubes

frontibus adversis possint quam de latere ire

diverso motu radentes corpora tractim,

aridus unde auris terget sonus ille diuque

ducitur, exierunt donec regionibus artis.

Hoc etiam pacto tonitru concussa videntur

omnia saepe gravi tremere et divolsa repente


maxima dissiluisse capacis moenia mundi,

cum subito validi venti conlecta procella

nubibus intorsit sese conclusaque ibidem

turbine versanti magis ac magis undique nubem

cogit uti fiat spisso cava corpore circum,

post ubi conminuit vis eius et impetus acer,

tum perterricrepo sonitu dat scissa fragorem.

nec mirum, cum plena animae vensicula parva

saepe haud dat parvum sonitum displosa repente.

Est etiam ratio, cum venti nubila perflant,

ut sonitus faciant; etenim ramosa videmus

nubila saepe modis multis atque aspera ferri;

scilicet ut, crebram silvam cum flamina cauri

perflant, dant sonitum frondes ramique fragorem.

Fit quoque ut inter dum validi vis incita venti

perscindat nubem perfringens impete recto;

nam quid possit ibi flatus manifesta docet res,

hic, ubi lenior est, in terra cum tamen alta


arbusta evolvens radicibus haurit ab imis.

sunt etiam fluctus per nubila, qui quasi murmur

dant in frangendo graviter; quod item fit in altis

fluminibus magnoque mari, cum frangitur aestus.

Fit quoque, ubi e nubi in nubem vis incidit ardens

fulminis; haec multo si forte umore recepit

ignem, continuo magno clamore trucidat;

ut calidis candens ferrum e fornacibus olim

stridit, ubi in gelidum propter demersimus imbrem.

Aridior porro si nubes accipit ignem,

uritur ingenti sonitu succensa repente,

lauricomos ut si per montis flamma vagetur

turbine ventorum comburens impete magno;

nec res ulla magis quam Phoebi Delphica laurus

terribili sonitu flamma crepitante crematur.

Denique saepe geli multus fragor atque ruina

grandinis in magnis sonitum dat nubibus alte;

ventus enim cum confercit, franguntur in artum


concreti montes nimborum et grandine mixti.

Fulgit item, nubes ignis cum semina multa

 excussere suo concursu, ceu lapidem si

percutiat lapis aut ferrum; nam tum quoque lumen

exilit et claras scintillas dissipat ignis.

sed tonitrum fit uti post auribus accipiamus,

fulgere quam cernant oculi, quia semper ad auris

tardius adveniunt quam visum quae moveant res.


id licet hinc etiam cognoscere: caedere si quem

ancipiti videas ferro procul arboris auctum,

ante fit ut cernas ictum quam plaga per auris

det sonitum; sic fulgorem quoque cernimus ante

quam tonitrum accipimus, pariter qui mittitur igni

e simili causa, concursu natus eodem.

Hoc etiam pacto volucri loca lumine tingunt

nubes et tremulo tempestas impete fulgit.

ventus ubi invasit nubem et versatus ibidem


fecit ut ante cavam docui spissescere nubem,

mobilitate sua fervescit; ut omnia motu

percalefacta vides ardescere, plumbea vero

glans etiam longo cursu volvenda liquescit.

ergo fervidus hic nubem cum perscidit atram,

dissipat ardoris quasi per vim expressa repente

semina, quae faciunt nictantia fulgura flammae;

inde sonus sequitur, qui tardius adlicit auris

quam quae perveniunt oculorum ad lumina nostra.


scilicet hoc densis fit nubibus et simul alte

extructis aliis alias super impete miro.

ne tibi sit frudi quod nos inferne videmus

quam sint lata magis quam sursum extructa quid extent.

contemplator enim, cum montibus adsimulata

nubila portabunt venti transversa per auras,

aut ubi per magnos montis cumulata videbis

insuper esse aliis alia atque urguere superna

in statione locata sepultis undique ventis;


tum poteris magnas moles cognoscere eorum

speluncasque vel ut saxis pendentibus structas

cernere, quas venti cum tempestate coorta

conplerunt, magno indignantur murmure clausi

nubibus in caveisque ferarum more minantur,

nunc hinc nunc illinc fremitus per nubila mittunt,

quaerentesque viam circum versantur et ignis

semina convolvunt [e] nubibus atque ita cogunt

multa rotantque cavis flammam fornacibus intus,


donec divolsa fulserunt nube corusci.

Hac etiam fit uti de causa mobilis ille

devolet in terram liquidi color aureus ignis,

semina quod nubes ipsas permulta necessust

ignis habere; etenim cum sunt umore sine ullo,

flammeus [est] plerumque colos et splendidus ollis.

quippe etenim solis de lumine multa necessest

concipere, ut merito rubeant ignesque profundant.

hasce igitur cum ventus agens contrusit in unum


compressitque locum cogens, expressa profundunt

semina, quae faciunt flammae fulgere colores.

Fulgit item, cum rarescunt quoque nubila caeli;

nam cum ventus eas leviter diducit euntis

 dissoluitque, cadant ingratius illa necessest

semina quae faciunt fulgorem. tum sine taetro

terrore atque sonis fulgit nulloque tumultu.

Quod superest, [quali] natura praedita constent


fulmina, declarant ictus et inusta vaporis

signa notaeque gravis halantis sulpuris auras;

ignis enim sunt haec non venti signa neque imbris.

praeterea saepe accendunt quoque tecta domorum

et celeri flamma dominantur in aedibus ipsis.

hunc tibi subtilem cum primis ignibus ignem

constituit natura minutis mobilibusque

corporibus, cui nil omnino obsistere possit.

transit enim validum fulmen per saepta domorum


clamor ut ac voces, transit per saxa, per aera

et liquidum puncto facit aes in tempore et aurum.

curat item vasis integris vina repente

diffugiant, quia ni mirum facile omnia circum

conlaxat rareque facit lateramina vasis

adveniens calor eius et insinuatus in ipsum

mobiliter soluens differt primordia vini.

quod solis vapor aetatem non posse videtur

efficere usque adeo pollens fervore corusco.


tanto mobilior vis et dominantior haec est.

Nunc ea quo pacto gignantur et impete tanto

fiant ut possint ictu discludere turris,

disturbare domos, avellere tigna trabesque

et monimenta virum commoliri atque ciere,

exanimare homines, pecudes prosternere passim,

cetera de genere hoc qua vi facere omnia possint,

expediam neque [te] in promissis plura morabor.

Fulmina gignier e crassis alteque putandumst


nubibus extructis; nam caelo nulla sereno

nec leviter densis mittuntur nubibus umquam.

nam dubio procul hoc fieri manifesta docet res;

quod tunc per totum concrescunt aeëra nubes,

undique uti tenebras omnis Acherunta reamur

liquisse et magnas caeli complesse cavernas,

Æusque adeo tetra nimborum nocte coorta

inpendent atrae formidinis ora superne,Æ

cum commoliri tempestas fulmina coeptat.


praeterea persaepe niger quoque per mare nimbus,

ut picis e caelo demissum flumen, in undas

sic cadit effertus tenebris procul et trahit atram

fulminibus gravidam tempestatem atque procellis,

ignibus ac ventis cum primis ipse repletus,

in terra quoque ut horrescant ac tecta requirant.

sic igitur supera nostrum caput esse putandumst

tempestatem altam; neque enim caligine tanta

obruerent terras, nisi inaedificata superne


multa forent multis exempto nubila sole;

nec tanto possent venientes opprimere imbri,

flumina abundare ut facerent camposque natare,

si non extructis foret alte nubibus aether.

hic igitur ventis atque ignibus omnia plena

sunt; ideo passim fremitus et fulgura fiunt.

 quippe etenim supra docui permulta vaporis

semina habere cavas nubes et multa necessest


concipere ex solis radiis ardoreque eorum.

hoc ubi ventus eas idem qui cogit in unum

forte locum quemvis, expressit multa vaporis

semina seque simul cum eo commiscuit igni,

insinuatus ibi vortex versatur in arto

et calidis acuit fulmen fornacibus intus;

nam duplici ratione accenditur: ipse sua cum

mobilitate calescit et e contagibus ignis.

inde ubi percaluit venti vis [et] gravis ignis


impetus incessit, maturum tum quasi fulmen

perscindit subito nubem ferturque coruscis

omnia luminibus lustrans loca percitus ardor.

quem gravis insequitur sonitus, displosa repente

opprimere ut caeli videantur templa superne.

inde tremor terras graviter pertemptat et altum

murmura percurrunt caelum; nam tota fere tum

tempestas concussa tremit fremitusque moventur.

quo de concussu sequitur gravis imber et uber,


omnis uti videatur in imbrem vertier aether

atque ita praecipitans ad diluviem revocare;

tantus discidio nubis ventique procella

mittitur, ardenti sonitus cum provolat ictu.

Est etiam cum vis extrinsecus incita venti

incidit in validam maturo culmine nubem;

quam cum perscidit, extemplo cadit igneus ille

vertex, quem patrio vocitamus nomine fulmen.

hoc fit idem in partis alias, quo cumque tulit vis.

Fit quoque ut inter dum venti vis missa sine igni

igniscat tamen in spatio longoque meatu,

dum venit amittens in cursu corpora quaedam

grandia, quae nequeunt pariter penetrare per auras,

atque alia ex ipso conradens aeëre portat

parvola, quae faciunt ignem commixta volando;

non alia longe ratione ac plumbea saepe

fervida fit glans in cursu, cum multa rigoris

corpora dimittens ignem concepit in auris.

Fit quoque ut ipsius plagae vis excitet ignem,

frigida cum venti pepulit vis missa sine igni,

ni mirum quia, cum vehementi perculit ictu,

confluere ex ipso possunt elementa vaporis

et simul ex illa quae tum res excipit ictum;

ut, lapidem ferro cum caedimus, evolat ignis,

nec, quod frigida vis ferrist, hoc setius illi

semina concurrunt calidi fulgoris ad ictum.

sic igitur quoque res accendi fulmine debet,


opportuna fuit si forte et idonea flammis.

nec temere omnino plane vis frigida venti

esse potest, ea quae tanta vi missa supernest,

quin, prius in cursu si non accenditur igni,

at tepefacta tamen veniat commixta calore.

Mobilitas autem fit fulminis et gravis ictus

et celeri ferme percurrunt fulmina lapsu,

nubibus ipsa quod omnino prius incita se vis

 colligit et magnum conamen sumit eundi,


inde ubi non potuit nubes capere inpetis auctum,

exprimitur vis atque ideo volat impete miro,

ut validis quae de tormentis missa feruntur.

Adde quod e parvis et levibus est elementis,

nec facilest tali naturae obsistere quicquam;

inter enim fugit ac penetrat per rara viarum,

non igitur multis offensibus in remorando

haesitat, hanc ob rem celeri volat impete labens.

Deinde, quod omnino natura pondera deorsum


omnia nituntur, cum plagast addita vero,

mobilitas duplicatur et impetus ille gravescit,

ut vehementius et citius quae cumque morantur

obvia discutiat plagis itinerque sequatur.

Denique quod longo venit impete, sumere debet

mobilitatem etiam atque etiam, quae crescit eundo

et validas auget viris et roborat ictum;

nam facit ut quae sint illius semina cumque

e regione locum quasi in unum cuncta ferantur,


omnia coniciens in eum volventia cursum.

Forsitan ex ipso veniens trahat aeëre quaedam

corpora, quae plagis incendunt mobilitatem.

incolumisque venit per res atque integra transit

multa, foraminibus liquidus quia transviat ignis.

multaque perfringit, cum corpora fulminis ipsa

corporibus rerum inciderunt, qua texta tenentur.

dissoluit porro facile aes aurumque repente

conferve facit, e parvis quia facta minute


corporibus vis est et levibus ex elementis,

quae facile insinuantur et insinuata repente

dissoluont nodos omnis et vincla relaxant.

Autumnoque magis stellis fulgentibus alta

concutitur caeli domus undique totaque tellus,

et cum tempora se veris florentia pandunt.

frigore enim desunt ignes ventique calore

deficiunt neque sunt tam denso corpore nubes.

interutrasque igitur cum caeli tempora constant,


tum variae causae concurrunt fulminis omnes.

nam fretus ipse anni permiscet frigus [ad] aestum.

quorum utrumque opus est fabricanda ad fulmina nubi,

ut discordia [sit] rerum magnoque tumultu

ignibus et ventis furibundus fluctuet aeër.


ut discordia [sit] rerum magnoque tumultu

ignibus et ventis furibundus fluctuet aeër.

prima caloris enim pars est postrema rigoris;


tempus id est vernum; quare pugnare necessest

dissimilis [res] inter se turbareque mixtas.

et calor extremus primo cum frigore mixtus

volvitur, autumni quod fertur nomine tempus,

hic quoque confligunt hiemes aestatibus acres.

propterea [freta] sunt haec anni nominitanda,

nec mirumst, in eo si tempore plurima fiunt

fulmina tempestasque cietur turbida caelo,

 ancipiti quoniam bello turbatur utrimque,


hinc flammis, illinc ventis umoreque mixto.

Hoc est igniferi naturam fulminis ipsam

perspicere et qua vi faciat rem quamque videre,

non Tyrrhena retro volventem carmina frustra

indicia occultae divum perquirere mentis,

unde volans ignis pervenerit aut in utram se

verterit hinc partim, quo pacto per loca saepta

insinuarit, et hinc dominatus ut extulerit se,

quidve nocere queat de caelo fulminis ictus.


quod si Iuppiter atque alii fulgentia divi

terrifico quatiunt sonitu caelestia templa

et iaciunt ignem quo cuiquest cumque voluntas,

cur quibus incautum scelus aversabile cumquest

non faciunt icti flammas ut fulguris halent

pectore perfixo, documen mortalibus acre,

et potius nulla sibi turpi conscius in re

volvitur in flammis innoxius inque peditur

turbine caelesti subito correptus et igni?


cur etiam loca sola petunt frustraque laborant?

an tum bracchia consuescunt firmantque lacertos?

in terraque patris cur telum perpetiuntur

optundi? cur ipse sinit neque parcit in hostis?

denique cur numquam caelo iacit undique puro

Iuppiter in terras fulmen sonitusque profundit?

an simul ac nubes successere, ipse in eas tum

descendit, prope ut hinc teli determinet ictus?

in mare qua porro mittit ratione? quid undas


arguit et liquidam molem camposque natantis?

praeterea si vult caveamus fulminis ictum,

cur dubitat facere ut possimus cernere missum?

si nec opinantis autem volt opprimere igni,

cur tonat ex illa parte, ut vitare queamus,

cur tenebras ante et fremitus et murmura concit?

et simul in multas partis qui credere possis

mittere? an hoc ausis numquam contendere factum,

ut fierent ictus uno sub tempore plures?


at saepest numero factum fierique necessest,

ut pluere in multis regionibus et cadere imbris,

fulmina sic uno fieri sub tempore multa.

postremo cur sancta deum delubra suasque

discutit infesto praeclaras fulmine sedes

et bene facta deum frangit simulacra suisque

demit imaginibus violento volnere honorem?

altaque cur plerumque petit loca plurimaque eius

montibus in summis vestigia cernimus ignis?

Quod super est, facilest ex his cognoscere rebus,

presteras Graii quos ab re nominitarunt,

in mare qua missi veniant ratione superne.

nam fit ut inter dum tam quam demissa columna

in mare de caelo descendat, quam freta circum

fervescunt graviter spirantibus incita flabris,

et quae cumque in eo tum sint deprensa tumultu

navigia in summum veniant vexata periclum.

hoc fit ubi inter dum non quit vis incita venti


 rumpere quam coepit nubem, sed deprimit, ut sit

in mare de caelo tam quam demissa columna,

paulatim, quasi quid pugno bracchique superne

coniectu trudatur et extendatur in undas;

quam cum discidit, hinc prorumpitur in mare venti

vis et fervorem mirum concinnat in undis;

versabundus enim turbo descendit et illam

deducit pariter lento cum corpore nubem;


quam simul ac gravidam detrusit ad aequora ponti,

ille in aquam subito totum se inmittit et omne

excitat ingenti sonitu mare fervere cogens.

Fit quoque ut involvat venti se nubibus ipse

vertex conradens ex aeëre semina nubis

et quasi demissum caelo prestera imitetur;

hic ubi se in terras demisit dissoluitque,

turbinis immanem vim provomit atque procellae.

sed quia fit raro omnino montisque necessest


officere in terris, apparet crebrius idem

prospectu maris in magno caeloque patenti.

Nubila concrescunt, ubi corpora multa volando

hoc super in caeli spatio coiere repente

asperiora, modis quae possint indupedita

exiguis tamen inter se compressa teneri.

haec faciunt primum parvas consistere nubes;

inde ea comprendunt inter se conque gregantur

et coniungendo crescunt ventisque feruntur


usque adeo donec tempestas saeva coortast.

Fit quoque uti montis vicina cacumina caelo

quam sint quoque magis, tanto magis edita fument

adsidue fulvae nubis caligine crassa

propterea quia, cum consistunt nubila primum,

ante videre oculi quam possint tenvia, venti

portantes cogunt ad summa cacumina montis;

hic demum fit uti turba maiore coorta

et condensa queant apparere et simul ipso


vertice de montis videantur surgere in aethram.

nam loca declarat sursum ventosa patere

res ipsa et sensus, montis cum ascendimus altos.

Praeterea permulta mari quoque tollere toto

corpora naturam declarant litore vestis

suspensae, cum concipiunt umoris adhaesum.

quo magis ad nubis augendas multa videntur

posse quoque e salso consurgere momine ponti;

nam ratio consanguineast umoribus omnis.

Praeterea fluviis ex omnibus et simul ipsa

surgere de terra nebulas aestumque videmus,

quae vel ut halitus hinc ita sursum expressa feruntur

suffunduntque sua caelum caligine et altas

sufficiunt nubis paulatim conveniundo;

urget enim quoque signiferi super aetheris aestus

et quasi densendo subtexit caerula nimbis.

Fit quoque ut hunc veniant in caelum extrinsecus illa

corpora quae faciunt nubis nimbosque volantis;


innumerabilem enim numerum summamque profundi

esse infinitam docui, quantaque volarent

 corpora mobilitate ostendi quamque repente

immemorabile [per] spatium transire solerent.

haut igitur mirumst, si parvo tempore saepe

tam magnis ventis tempestas atque tenebrae

coperiant maria ac terras inpensa superne,

undique quandoquidem per caulas aetheris omnis


et quasi per magni circum spiracula mundi

exitus introitusque elementis redditus extat.

Nunc age, quo pacto pluvius concrescat in altis

nubibus umor et in terras demissus ut imber

decidat, expediam. primum iam semina aquai

multa simul vincam consurgere nubibus ipsis

omnibus ex rebus pariterque ita crescere utrumque

et nubis et aquam, quae cumque in nubibus extat,

ut pariter nobis corpus cum sanguine crescit,


sudor item atque umor qui cumque est denique membris.

concipiunt etiam multum quoque saepe marinum

umorem, vel uti pendentia vellera lanae,

cum supera magnum mare venti nubila portant.

consimili ratione ex omnibus amnibus umor

tollitur in nubis. quo cum bene semina aquarum

multa modis multis convenere undique adaucta,

confertae nubes umorem mittere certant

dupliciter; nam vis venti contrudit et ipsa


copia nimborum turba maiore coacta

urget et e supero premit ac facit effluere imbris.

praeterea cum rarescunt quoque nubila ventis

aut dissolvuntur solis super icta calore,

mittunt umorem pluvium stillantque, quasi igni

cera super calido tabescens multa liquescat.

sed vehemens imber fit, ubi vehementer utraque

nubila vi cumulata premuntur et impete venti.

at retinere diu pluviae longumque morari


consuerunt, ubi multa cientur semina aquarum

atque aliis aliae nubes nimbique rigantes

insuper atque omni vulgo de parte feruntur,

terraque cum fumans umorem tota redhalat.

hic ubi sol radiis tempestatem inter opacam

adversa fulsit nimborum aspargine contra,

tum color in nigris existit nubibus arqui.

Cetera quae sursum crescunt sursumque creantur,

et quae concrescunt in nubibus, omnia, prorsum


omnia, nix venti grando gelidaeque pruinae

et vis magna geli, magnum duramen aquarum,

et mora quae fluvios passim refrenat aventis,

perfacilest tamen haec reperire animoque videre,

omnia quo pacto fiant quareve creentur,

cum bene cognoris elementis reddita quae sint.

Nunc age, quae ratio terrai motibus extet

percipe. et in primis terram fac ut esse rearis

supter item ut supera ventosis undique plenam


speluncis multosque lacus multasque lucunas

in gremio gerere et rupes deruptaque saxa;

multaque sub tergo terrai flumina tecta

volvere vi fluctus summersos [cae]ca putandumst;

 undique enim similem esse sui res postulat ipsa.

his igitur rebus subiunctis suppositisque

terra superne tremit magnis concussa ruinis,

subter ubi ingentis speluncas subruit aetas;


quippe cadunt toti montes magnoque repente

concussu late disserpunt inde tremores.

et merito, quoniam plaustris concussa tremescunt

tecta viam propter non magno pondere tota,

nec minus exultant, si quidvis cumque viai

ferratos utrimque rotarum succutit orbes.

Fit quoque, ubi in magnas aquae vastasque lucunas

gleba vetustate e terra provolvitur ingens,

ut iactetur aquae fluctu quoque terra vacillans;


ut vas inter [aquas] non quit constare, nisi umor

destitit in dubio fluctu iactarier intus.

Praeterea ventus cum per loca subcava terrae

collectus parte ex una procumbit et urget

obnixus magnis speluncas viribus altas,

incumbit tellus quo venti prona premit vis.

tum supera terram quae sunt extructa domorum

ad caelumque magis quanto sunt edita quaeque,

inclinata minent in eandem prodita partem


protractaeque trabes inpendent ire paratae.

et metuunt magni naturam credere mundi

exitiale aliquod tempus clademque manere,

cum videant tantam terrarum incumbere molem!

quod nisi respirent venti, [vis] nulla refrenet

res neque ab exitio possit reprehendere euntis;

nunc quia respirant alternis inque gravescunt

et quasi collecti redeunt ceduntque repulsi,

saepius hanc ob rem minitatur terra ruinas


quam facit; inclinatur enim retroque recellit

et recipit prolapsa suas in pondere sedes.

hac igitur ratione vacillant omnia tecta,

summa magis mediis, media imis, ima perhilum.

Est haec eiusdem quoque magni causa tremoris.

ventus ubi atque animae subito vis maxima quaedam

aut extrinsecus aut ipsa tellure coorta

in loca se cava terrai coniecit ibique

speluncas inter magnas fremit ante tumultu


versabunda portatur, post incita cum vis

exagitata foras erumpitur et simul altam

diffindens terram magnum concinnat hiatum.

in Syria Sidone quod accidit et fuit Aegi

in Peloponneso, quas exitus hic animai

disturbat urbes et terrae motus obortus.

multaque praeterea ceciderunt moenia magnis

motibus in terris et multae per mare pessum


subsedere suis pariter cum civibus urbes.

quod nisi prorumpit, tamen impetus ipse animai

et fera vis venti per crebra foramina terrae

dispertitur ut horror et incutit inde tremorem;

frigus uti nostros penitus cum venit in artus,

concutit invitos cogens tremere atque movere.

ancipiti trepidant igitur terrore per urbis,

 tecta superne timent, metuunt inferne cavernas


terrai ne dissoluat natura repente,

neu distracta suum late dispandat hiatum

idque suis confusa velit complere ruinis.

proinde licet quamvis caelum terramque reantur

incorrupta fore aeternae mandata saluti:

et tamen inter dum praesens vis ipsa pericli

subdit et hunc stimulum quadam de parte timoris,

ne pedibus raptim tellus subtracta feratur

in barathrum rerumque sequatur prodita summa


funditus et fiat mundi confusa ruina.

* * *

Principio mare mirantur non reddere maius

naturam, quo sit tantus decursus aquarum,

omnia quo veniant ex omni flumina parte.

adde vagos imbris tempestatesque volantes,

omnia quae maria ac terras sparguntque rigantque;

adde suos fontis; tamen ad maris omnia summam

guttai vix instar erunt unius adaugmen;


quo minus est mirum mare non augescere magnum.

Praeterea magnam sol partem detrahit aestu.

quippe videmus enim vestis umore madentis

exsiccare suis radiis ardentibus solem;

at pelage multa et late substrata videmus.

proinde licet quamvis ex uno quoque loco sol

umoris parvam delibet ab aequore partem,

largiter in tanto spatio tamen auferet undis.

Tum porro venti quoque magnam tollere partem


umoris possunt verrentes aequora, ventis

una nocte vias quoniam persaepe videmus

siccari mollisque luti concrescere crustas.

Praeterea docui multum quoque tollere nubes

umorem magno conceptum ex aequore ponti

et passim toto terrarum spargere in orbi,

cum pluit in terris et venti nubila portant.

Postremo quoniam raro cum corpore tellus

est et coniunctast oras maris undique cingens,


debet, ut in mare de terris venit umor aquai,

in terras itidem manare ex aequore salso;

percolatur enim virus retroque remanat

materies umoris et ad caput amnibus omnis

confluit, inde super terras redit agmine dulci

qua via secta semel liquido pede detulit undas.

Nunc ratio quae sit, per fauces montis ut Aetnae

expirent ignes inter dum turbine tanto,

expediam; neque enim mediocri clade coorta


flammae tempestas Siculum dominata per agros

finitimis ad se convertit gentibus ora,

fumida cum caeli scintillare omnia templa

cernentes pavida complebant pectora cura,

quid moliretur rerum natura novarum.

Hisce tibi in rebus latest alteque videndum

et longe cunctas in partis dispiciendum,

ut reminiscaris summam rerum esse profundam

et videas caelum summai totius unum


 quam sit parvula pars et quam multesima constet

nec tota pars, homo terrai quota totius unus.

quod bene propositum si plane contueare

ac videas plane, mirari multa relinquas.

numquis enim nostrum miratur, siquis in artus

accepit calido febrim fervore coortam

aut alium quemvis morbi per membra dolorem?

opturgescit enim subito pes, arripit acer


saepe dolor dentes, oculos invadit in ipsos,

existit sacer ignis et urit corpore serpens

quam cumque arripuit partem repitque per artus,

ni mirum quia sunt multarum semina rerum

et satis haec tellus morbi caelumque mali fert,

unde queat vis immensi procrescere morbi.

sic igitur toti caelo terraeque putandumst

ex infinito satis omnia suppeditare,

unde repente queat tellus concussa moveri


perque mare ac terras rapidus percurrere turbo,

ignis abundare Aetnaeus, flammescere caelum;

id quoque enim fit et ardescunt caelestia templa

et tempestates pluviae graviore coortu

sunt, ubi forte ita se tetulerunt semina aquarum.

'at nimis est ingens incendi turbidus ardor.'

scilicet et fluvius qui visus maximus ei,

qui non ante aliquem maiorem vidit, et ingens

arbor homoque videtur et omnia de genere omni


maxima quae vidit quisque, haec ingentia fingit,

cum tamen omnia cum caelo terraque marique

nil sint ad summam summai totius omnem.

Nunc tamen illa modis quibus inritata repente

flamma foras vastis Aetnae fornacibus efflet,

expediam. primum totius subcava montis

est natura fere silicum suffulta cavernis.

omnibus est porro in speluncis ventus et aeër.

ventus enim fit, ubi est agitando percitus aeër.


hic ubi percaluit cale fecitque omnia circum

saxa furens, qua contingit, terramque et ab ollis

excussit calidum flammis velocibus ignem,

tollit se ac rectis ita faucibus eicit alte.

fert itaque ardorem longe longeque favillam

differt et crassa volvit caligine fumum

extruditque simul mirando pondere saxa;

ne dubites quin haec animai turbida sit vis.

praeterea magna ex parti mare montis ad eius


radices frangit fluctus aestumque resolvit.

ex hoc usque mari speluncae montis ad altas

perveniunt subter fauces. hac ire fatendumst

* * *

et penetrare mari penitus res cogit aperto

atque efflare foras ideoque extollere flammam

saxaque subiectare et arenae tollere nimbos.

in summo sunt vertice enim crateres, ut ipsi

nominitant, nos quod fauces perhibemus et ora.

Sunt aliquot quoque res quarum unam dicere causam

non satis est, verum pluris, unde una tamen sit;

 corpus ut exanimum siquod procul ipse iacere

conspicias hominis, fit ut omnis dicere causas

conveniat leti, dicatur ut illius una;

nam [ne]que eum ferro nec frigore vincere possis

interiisse neque a morbo neque forte veneno,

verum aliquid genere esse ex hoc quod contigit ei


scimus. item in multis hoc rebus dicere habemus.

Nilus in aestatem crescit campisque redundat

unicus in terris, Aegypti totius amnis.

is rigat Aegyptum medium per saepe calorem,

aut quia sunt aestate aquilones ostia contra,

anni tempore eo, qui etesiae esse feruntur,

et contra fluvium flantes remorantur et undas

cogentes sursus replent coguntque manere.

nam dubio procul haec adverso flabra feruntur


flumine, quae gelidis ab stellis axis aguntur;

ille ex aestifera parti venit amnis ab austro

inter nigra virum percocto saecla colore

exoriens penitus media ab regione diei.

est quoque uti possit magnus congestus harenae

fluctibus adversis oppilare ostia contra,

cum mare permotum ventis ruit intus harenam;

quo fit uti pacto liber minus exitus amnis

et proclivis item fiat minus impetus undis.


fit quoque uti pluviae forsan magis ad caput ei

tempore eo fiant, quo etesia flabra aquilonum

nubila coniciunt in eas tunc omnia partis.

scilicet, ad mediam regionem eiecta diei

cum convenerunt, ibi ad altos denique montis

contrusae nubes coguntur vique premuntur.

forsitan Aethiopum penitus de montibus altis

crescat, ubi in campos albas descendere ningues

tabificis subigit radiis sol omnia lustrans.

Nunc age, Averna tibi quae sint loca cumque lacusque,

expediam, quali natura praedita constent.

principio, quod Averna vocantur nomine, id ab re

inpositumst, quia sunt avibus contraria cunctis,

e regione ea quod loca cum venere volantes,

remigii oblitae pennarum vela remittunt

praecipitesque cadunt molli cervice profusae

in terram, si forte ita fert natura locorum,

aut in aquam, si forte lacus substratus Averni.


is locus est Cumas aput, acri sulpure montis

oppleti calidis ubi fumant fontibus aucti.

est et Athenaeis in moenibus, arcis in ipso

vertice, Palladis ad templum Tritonidis almae,

quo numquam pennis appellunt corpora raucae

cornices, non cum fumant altaria donis;

usque adeo fugitant non iras Palladis acris

pervigili causa, Graium ut cecinere poeëtae,

sed natura loci opus efficit ipsa suapte.


in Syria quoque fertur item locus esse videri,

quadripedes quoque quo simul ac vestigia primum

intulerint, graviter vis cogat concidere ipsa,

manibus ut si sint divis mactata repente.

 omnia quae naturali ratione geruntur,

et quibus e fiant causis apparet origo;

ianua ne pote eis Orci regionibus esse

credatur, post hinc animas Acheruntis in oras


ducere forte deos manis inferne reamur,

naribus alipedes ut cervi saepe putantur

ducere de latebris serpentia saecla ferarum.

quod procul a vera quam sit ratione repulsum

percipe; nam de re nunc ipsa dicere conor.

Principio hoc dico, quod dixi saepe quoque ante,

in terra cuiusque modi rerum esse figuras;

multa, cibo quae sunt, vitalia multaque, morbos

incutere et mortem quae possint adcelerare.


et magis esse aliis alias animantibus aptas

res ad vitai rationem ostendimus ante

propter dissimilem naturam dissimilisque

texturas inter sese primasque figuras.

multa meant inimica per auris, multa per ipsas

insinuant naris infesta atque aspera tactu,

nec sunt multa parum tactu vitanda neque autem

aspectu fugienda saporeque tristia quae sint.

Deinde videre licet quam multae sint homini res


acriter infesto sensu spurcaeque gravisque;

arboribus primum certis gravis umbra tributa

usque adeo, capitis faciant ut saepe dolores,

siquis eas subter iacuit prostratus in herbis.

est etiam magnis Heliconis montibus arbos

floris odore hominem taetro consueta necare.

scilicet haec ideo terris ex omnia surgunt,

multa modis multis multarum semina rerum

quod permixta gerit tellus discretaque tradit.


nocturnumque recens extinctum lumen ubi acri

nidore offendit nares, consopit ibidem,

concidere et spumas qui morbo mittere suevit.

castoreoque gravi mulier sopita recumbit,

et manibus nitidum teneris opus effluit ei,

tempore eo si odoratast quo menstrua solvit.

multaque praeterea languentia membra per artus

solvunt atque animam labefactant sedibus intus.

denique si calidis etiam cunctere lavabris


plenior et lueris, solio ferventis aquai

quam facile in medio fit uti des saepe ruinas!

carbonumque gravis vis atque odor insinuatur

quam facile in cerebrum, nisi aqua praecepimus ante!

at cum membra domans percepit fervida febris,

tum fit odor vini plagae mactabilis instar.

nonne vides etiam terra quoque sulpur in ipsa

gignier et taetro concrescere odore bitumen,

denique ubi argenti venas aurique secuntur,


terrai penitus scrutantes abdita ferro,

qualis expiret Scaptensula subter odores?

quidve mali fit ut exalent aurata metalla!

quas hominum reddunt facies qualisque colores!

nonne vides audisve perire in tempore parvo

quam soleant et quam vitai copia desit,

 quos opere in tali cohibet vis magna necessis?

hos igitur tellus omnis exaestuat aestus


expiratque foras in apertum promptaque caeli.

Sic et Averna loca alitibus summittere debent

mortiferam vim. de terra quae surgit in auras,

ut spatium caeli quadam de parte venenet;

quo simul ac primum pennis delata sit ales,

impediatur ibi caeco correpta veneno,

ut cadat e regione loci, qua derigit aestus.

quo cum conruit, hic eadem vis illius aestus

reliquias vitae membris ex omnibus aufert.


quippe etenim primo quasi quendam conciet aestum;

posterius fit uti. cum iam cecidere veneni

in fontis ipsos, ibi sit quoque vita vomenda,

propterea quod magna mali fit copia circum.

Fit quoque ut inter dum vis haec atque aestus Averni

aeëra, qui inter avis cumquest terramque locatus.

discutiat, prope uti locus hic linquatur inanis.

cuius ubi e regione loci venere volantis,

claudicat extemplo pinnarum nisus inanis


et conamen utrimque alarum proditur omne.

hic ubi nixari nequeunt insistereque alis,

scilicet in terram delabi pondere cogit

natura, et vacuum prope iam per inane iacentes

dispergunt animas per caulas corporis omnis.

* * *

frigidior porro in puteis aestate fit umor,

arescit quia terra calore et semina si qua

forte vaporis habet proprie, dimittit in auras.


quo magis est igitur tellus effeta calore,

fit quoque frigidior qui in terrast abditus umor.

frigore cum premitur porro omnis terra coitque

et quasi concrescit, fit scilicet ut coeundo

exprimat in puteos si quem gerit ipsa calorem.

Esse apud Hammonis fanum fons luce diurna

frigidus et calidus nocturno tempore fertur.

hunc homines fontem nimis admirantur et acri

sole putant subter terras fervescere partim,


nox ubi terribili terras caligine texit.

quod nimis a verast longe ratione remotum.

quippe ubi sol nudum contractans corpus aquai

non quierit calidum supera de reddere parte,

cum superum lumen tanto fervore fruatur,

qui queat hic supter tam crasso corpore terram

perquoquere umorem et calido focilare vapore?

praesertim cum vix possit per saepta domorum

insinuare suum radiis ardentibus aestum.


quae ratiost igitur? ni mirum terra magis quod

rara tenet circum fontem quam cetera tellus

multaque sunt ignis prope semina corpus aquai.

hoc ubi roriferis terram nox obruit undis,

extemplo penitus frigescit terra coitque.

hac ratione fit ut, tam quam compressa manu sit,

exprimat in fontem quae semina cumque habet ignis,

quae calidum faciunt laticis tactum atque vaporem.

 inde ubi sol radiis terram dimovit obortus


et rare fecit calido miscente vapore,

rursus in antiquas redeunt primordia sedes

ignis et in terram cedit calor omnis aquai.

frigidus hanc ob rem fit fons in luce diurna.

praeterea solis radiis iactatur aquai

umor et in lucem tremulo rarescit ab aestu;

propterea fit uti quae semina cumque habet ignis

dimittat; quasi saepe gelum, quod continet in se,

mittit et exsolvit glaciem nodosque relaxat.

Frigidus est etiam fons, supra quem sita saepe

stuppa iacit flammam concepto protinus igni,

taedaque consimili ratione accensa per undas

conlucet, quo cumque natans impellitur auris.

ni mirum quia sunt in aqua permulta vaporis

semina de terraque necessest funditus ipsa

ignis corpora per totum consurgere fontem

et simul exspirare foras exireque in auras,

non ita multa tamen, calidus queat ut fieri fons;


praeterea dispersa foras erumpere cogit

vis per aquam subito sursumque ea conciliari.

quod genus endo marist Aradi fons, dulcis aquai

qui scatit et salsas circum se dimovet undas;

et multis aliis praebet regionibus aequor

utilitatem opportunam sitientibus nautis,

quod dulcis inter salsas intervomit undas.

sic igitur per eum possunt erumpere fontem

et scatere illa foras; in stuppam semina quae cum


conveniunt aut in taedai corpore adhaerent,

ardescunt facile extemplo, quia multa quoque in se

semina habent ignis stuppae taedaeque tenentes.

nonne vides etiam, nocturna ad lumina linum

nuper ubi extinctum admoveas, accendier ante

quam tetigit flammam, taedamque pari ratione?

multaque praeterea prius ipso tacta vapore

eminus ardescunt quam comminus imbuat ignis.

hoc igitur fieri quoque in illo fonte putandumst.

Quod super est, agere incipiam quo foedere fiat

naturae, lapis hic ut ferrum ducere possit,

quem Magneta vocant patrio de nomine Grai,

Magnetum quia sit patriis in finibus ortus.

hunc homines lapidem mirantur; quippe catenam

saepe ex anellis reddit pendentibus ex se.

quinque etenim licet inter dum pluresque videre

ordine demisso levibus iactarier auris,

unus ubi ex uno dependet supter adhaerens


ex alioque alius lapidis vim vinclaque noscit;

usque adeo permananter vis pervalet eius.

Hoc genus in rebus firmandumst multa prius quam

ipsius rei rationem reddere possis,

et nimium longis ambagibus est adeundum;

quo magis attentas auris animumque reposco.

Principio omnibus ab rebus, quas cumque videmus,

perpetuo fluere ac mitti spargique necessest

corpora quae feriant oculos visumque lacessant.


 perpetuoque fluunt certis ab rebus odores;

frigus ut [a] fluviis, calor a sole, aestus ab undis

aequoris, exesor moerorum, litora propter;

nec varii cessant sonitus manare per auras;

denique in os salsi venit umor saepe saporis,

cum mare versamur propter, dilutaque contra

cum tuimur misceri absinthia, tangit amaror.

usque adeo omnibus ab rebus res quaeque fluenter


fertur et in cunctas dimittitur undique partis

nec mora nec requies interdatur ulla fluendi,

perpetuo quoniam sentimus et omnia semper

cernere odorari licet et sentire sonare.

Nunc omnis repetam quam raro corpore sint res

commemorare; quod in primo quoque carmine claret.

quippe etenim, quamquam multas hoc pertinet ad res

noscere, cum primis hanc ad rem protinus ipsam,

qua de disserere adgredior, firmare necessest


nil esse in promptu nisi mixtum corpus inani.

principio fit ut in speluncis saxa superna

sudent umore et guttis manantibus stillent.

manat item nobis e toto corpore sudor,

crescit barba pilique per omnia membra, per artus.

diditur in venas cibus omnis, auget alitque

corporis extremas quoque partis unguiculosque.

frigus item transire per aes calidumque vaporem

sentimus, sentimus item transire per aurum


atque per argentum, cum pocula plena tenemus.

denique per dissaepta domorum saxea voces

pervolitant, permanat odor frigusque vaposque

ignis, qui ferri quoque vim penetrare sueëvit,

denique qua circum caeli lorica coeërcet,

morbida visque simul, cum extrinsecus insinuatur;

et tempestate in terra caeloque coorta

in caelum terrasque remotae iure facessunt;

quandoquidem nihil est nisi raro corpore nexum.

Huc accedit uti non omnia, quae iaciuntur

corpora cumque ab rebus, eodem praedita sensu

atque eodem pacto rebus sint omnibus apta.

principio terram sol excoquit et facit are,

at glaciem dissolvit et altis montibus altas

extructas[que] nives radiis tabescere cogit;

denique cera lique fit in eius posta vapore.

ignis item liquidum facit aes aurumque resolvit,

at coria et carnem trahit et conducit in unum.


umor aquae porro ferrum condurat ab igni,

at coria et carnem mollit durata calore.

barbigeras oleaster eo iuvat usque capellas,

effluat ambrosias quasi vero et nectare tinctus;

qua nihil est homini quod amarius fronde ac[ida] extet.

denique amaracinum fugitat sus et timet omne

unguentum; nam saetigeris subus acre venenumst;

quod nos inter dum tam quam recreare videtur.

at contra nobis caenum taeterrima cum sit


spurcities, eadem subus haec iucunda videtur,

insatiabiliter toti ut volvantur ibidem.

 Hoc etiam super est, ipsa quam dicere de re

adgredior, quod dicendum prius esse videtur.

multa foramina cum variis sint reddita rebus,

dissimili inter se natura praedita debent

esse et habere suam naturam quaeque viasque.

quippe etenim varii sensus animantibus insunt,


quorum quisque suam proprie rem percipit in se;

nam penetrare alio sonitus alioque saporem

cernimus e sucis, alio nidoris odores.

[scilicet id fieri cogit natura viarum

multimodis varians, ut paulo ostendimus ante.]

praeterea manare aliud per saxa videtur,

atque aliud lignis, aliud transire per aurum,

argentoque foras aliud vitroque meare;

nam fluere hac species, illac calor ire videtur,


atque aliis aliud citius transmittere eadem.

scilicet id fieri cogit natura viarum

multimodis varians, ut paulo ostendimus ante,

propter dissimilem naturam textaque rerum.

Qua propter, bene ubi haec confirmata atque locata

omnia constiterint nobis praeposta parata,

quod super est, facile hinc ratio reddetur et omnis

causa pate fiet, quae ferri pelliciat vim.

Principio fluere e lapide hoc permulta necessest


semina sive aestum, qui discutit aeëra plagis,

inter qui lapidem ferrumque est cumque locatus.

hoc ubi inanitur spatium multusque vace fit

in medio locus, extemplo primordia ferri

in vacuum prolapsa cadunt coniuncta, fit utque

anulus ipse sequatur eatque ita corpore toto.

nec res ulla magis primoribus ex elementis

indupedita suis arte conexa cohaeret

quam validi ferri natura et frigidus horror.


quo minus est mirum, quod dicitur esse alienum,

corpora si nequeunt e ferro plura coorta

in vacuum ferri, quin anulus ipse sequatur;

quod facit et sequitur, donec pervenit ad ipsum

iam lapidem caecisque in eo compagibus haesit.

hoc fit idem cunctas in partis; unde vace fit

cumque locus, sive e transverso sive superne,

corpora continuo in vacuum vicina feruntur;

quippe agitantur enim plagis aliunde nec ipsa


sponte sua sursum possunt consurgere in auras.

huc accedit item, quare queat id magis esse,

haec quoque res adiumento motuque iuvatur,

quod, simul a fronte est anelli rarior aeër

factus inanitusque locus magis ac vacuatus,

continuo fit uti qui post est cumque locatus

aeër a tergo quasi provehat atque propellat.

semper enim circum positus res verberat aeër;

sed tali fit uti propellat tempore ferrum,


parte quod ex una spatium vacat et capit in se.

hic, tibi quem memoro, per crebra foramina ferri

parvas ad partis subtiliter insinuatus

trudit et inpellit, quasi navem velaque ventus.

 denique res omnes debent in corpore habere

aeëra, quandoquidem raro sunt corpore et aeër

omnibus est rebus circum datus adpositusque.

hic igitur, penitus qui in ferrost abditus aeër,


sollicito motu semper iactatur eoque

verberat anellum dubio procul et ciet intus,

scilicet illo eodem fertur, quo praecipitavit

iam semel et partem in vacuam conamina sumpsit.

Fit quoque ut a lapide hoc ferri natura recedat

inter dum, fugere atque sequi consueta vicissim.

exultare etiam Samothracia ferrea vidi

et ramenta simul ferri furere intus ahenis

in scaphiis, lapis hic Magnes cum subditus esset;


usque adeo fugere a saxo gestire videtur.

aere interposito discordia tanta creatur

propterea quia ni mirum prius aestus ubi aeris

praecepit ferrique vias possedit apertas,

posterior lapidis venit aestus et omnia plena

invenit in ferro neque habet qua tranet ut ante;

cogitur offensare igitur pulsareque fluctu

ferrea texta suo; quo pacto respuit ab se

atque per aes agitat, sine eo quod saepe resorbet.

Illud in his rebus mirari mitte, quod aestus

non valet e lapide hoc alias impellere item res.

pondere enim fretae partim stant, quod genus aurum;

at partim raro quia sunt cum corpore, ut aestus

pervolet intactus, nequeunt inpellier usquam,

lignea materies in quo genere esse videtur.

interutrasque igitur ferri natura locata

aeris ubi accepit quaedam corpuscula, tum fit,

inpellant ut eo Magnesia flumine saxa.


nec tamen haec ita sunt aliarum rerum aliena,

ut mihi multa parum genere ex hoc suppeditentur,

quae memorare queam inter se singlariter apta.

saxa vides primum sola colescere calce.

glutine materies taurino iungitur una,

ut vitio venae tabularum saepius hiscant

quam laxare queant compages taurea vincla.

vitigeni latices aquai fontibus audent

misceri, cum pix nequeat gravis et leve olivom.


purpureusque colos conchyli iungitur uno

corpore cum lanae, dirimi qui non queat usquam,

non si Neptuni fluctu renovare operam des,

non mare si totum velit eluere omnibus undis.

denique res auro non aurum copulat una,

aerique [aes] plumbo fit uti iungatur ab albo?

cetera iam quam multa licet reperire! quid ergo?

nec tibi tam longis opus est ambagibus usquam

nec me tam multam hic operam consumere par est,


sed breviter paucis praestat comprendere multa.

quorum ita texturae ceciderunt mutua contra,

ut cava conveniant plenis haec illius illa

huiusque inter se, iunctura haec optima constat.

est etiam, quasi ut anellis hamisque plicata

inter se quaedam possint coplata teneri;

 quod magis in lapide hoc fieri ferroque videtur.

Nunc ratio quae sit morbis aut unde repente


mortiferam possit cladem conflare coorta

morbida vis hominum generi pecudumque catervis,

expediam, primum multarum semina rerum

esse supra docui quae sint vitalia nobis,

et contra quae sint morbo mortique necessest

multa volare; ea cum casu sunt forte coorta

et perturbarunt caelum, fit morbidus aeër.

atque ea vis omnis morborum pestilitasque

aut extrinsecus ut nubes nebulaeque superne


per caelum veniunt aut ipsa saepe coorta

de terra surgunt, ubi putorem umida nactast

intempestivis pluviisque et solibus icta.

nonne vides etiam caeli novitate et aquarum

temptari procul a patria qui cumque domoque

adveniunt ideo quia longe discrepitant res?

nam quid Brittannis caelum differre putamus,

et quod in Aegypto est, qua mundi claudicat axis,

quidve quod in Ponto est differre et Gadibus atque


usque ad nigra virum percocto saecla colore?

quae cum quattuor inter se diversa videmus

quattuor a ventis et caeli partibus esse,

tum color et facies hominum distare videntur

largiter et morbi generatim saecla tenere.

est elephas morbus qui propter flumina Nili

gignitur Aegypto in media neque praeterea usquam.

Atthide temptantur gressus oculique in Achaeis

finibus. inde aliis alius locus est inimicus


partibus ac membris; varius concinnat id aeër.

proinde ubi se caelum, quod nobis forte alienum,

commovet atque aeër inimicus serpere coepit,

ut nebula ac nubes paulatim repit et omne

qua graditur conturbat et immutare coactat,

fit quoque ut, in nostrum cum venit denique caelum,

corrumpat reddatque sui simile atque alienum.

haec igitur subito clades nova pestilitasque

aut in aquas cadit aut fruges persidit in ipsas


aut alios hominum pastus pecudumque cibatus,

aut etiam suspensa manet vis aeëre in ipso

et, cum spirantes mixtas hinc ducimus auras,

illa quoque in corpus pariter sorbere necessest.

consimili ratione venit bubus quoque saepe

pestilitas et iam pigris balantibus aegror.

nec refert utrum nos in loca deveniamus

nobis adversa et caeli mutemus amictum,

an caelum nobis ultro natura corumptum


deferat aut aliquid quo non consuevimus uti,

quod nos adventu possit temptare recenti.

Haec ratio quondam morborum et mortifer aestus

finibus in Cecropis funestos reddidit agros

vastavitque vias, exhausit civibus urbem.

nam penitus veniens Aegypti finibus ortus,

aeëra permensus multum camposque natantis,

incubuit tandem populo Pandionis omni.

 inde catervatim morbo mortique dabantur.


principio caput incensum fervore gerebant

et duplicis oculos suffusa luce rubentes.

sudabant etiam fauces intrinsecus atrae

sanguine et ulceribus vocis via saepta coibat

atque animi interpres manabat lingua cruore

debilitata malis, motu gravis, aspera tactu.

inde ubi per fauces pectus complerat et ipsum

morbida vis in cor maestum confluxerat aegris,

omnia tum vero vitai claustra lababant.


spiritus ore foras taetrum volvebat odorem,

rancida quo perolent proiecta cadavera ritu.

atque animi prorsum [tum] vires totius, omne

languebat corpus leti iam limine in ipso.

intolerabilibusque malis erat anxius angor

adsidue comes et gemitu commixta querella,

singultusque frequens noctem per saepe diemque

corripere adsidue nervos et membra coactans

dissoluebat eos, defessos ante, fatigans.


nec nimio cuiquam posses ardore tueri

corporis in summo summam fervescere partem,

sed potius tepidum manibus proponere tactum

et simul ulceribus quasi inustis omne rubere

corpus, ut est per membra sacer dum diditur ignis.

intima pars hominum vero flagrabat ad ossa,

flagrabat stomacho flamma ut fornacibus intus.

nil adeo posses cuiquam leve tenveque membris

vertere in utilitatem, at ventum et frigora semper.


in fluvios partim gelidos ardentia morbo

membra dabant nudum iacientes corpus in undas.

multi praecipites nymphis putealibus alte

inciderunt ipso venientes ore patente:

insedabiliter sitis arida corpora mersans

aequabat multum parvis umoribus imbrem.

nec requies erat ulla mali: defessa iacebant

corpora. mussabat tacito medicina timore,

quippe patentia cum totiens ardentia morbis


lumina versarent oculorum expertia somno.

multaque praeterea mortis tum signa dabantur:

perturbata animi mens in maerore metuque,

triste supercilium, furiosus voltus et acer,

sollicitae porro plenaeque sonoribus aures,

creber spiritus aut ingens raroque coortus,

sudorisque madens per collum splendidus umor,

tenvia sputa minuta, croci contacta colore

salsaque per fauces rauca vix edita tussi.


in manibus vero nervi trahere et tremere artus

a pedibusque minutatim succedere frigus

non dubitabat. item ad supremum denique tempus

conpressae nares, nasi primoris acumen

tenve, cavati oculi, cava tempora, frigida pellis

duraque in ore, iacens rictu, frons tenta manebat.

nec nimio rigida post artus morte iacebant.

octavoque fere candenti lumine solis

aut etiam nona reddebant lampade vitam.


 quorum siquis, ut est, vitarat funera leti,

ulceribus taetris et nigra proluvie alvi

posterius tamen hunc tabes letumque manebat,

aut etiam multus capitis cum saepe dolore

corruptus sanguis expletis naribus ibat.

huc hominis totae vires corpusque fluebat.

profluvium porro qui taetri sanguinis acre

exierat, tamen in nervos huic morbus et artus


ibat et in partis genitalis corporis ipsas.

et graviter partim metuentes limina leti

vivebant ferro privati parte virili,

et manibus sine non nulli pedibusque manebant

in vita tamen et perdebant lumina partim.

usque adeo mortis metus iis incesserat acer.

atque etiam quosdam cepere oblivia rerum

cunctarum, neque se possent cognoscere ut ipsi.

multaque humi cum inhumata iacerent corpora supra


corporibus, tamen alituum genus atque ferarum

aut procul absiliebat, ut acrem exiret odorem,

aut, ubi gustarat, languebat morte propinqua.

nec tamen omnino temere illis solibus ulla

comparebat avis, nec tristia saecla ferarum

exibant silvis. languebant pleraque morbo

et moriebantur. cum primis fida canum vis

strata viis animam ponebat in omnibus aegre;

extorquebat enim vitam vis morbida membris.


incomitata rapi certabant funera vasta

nec ratio remedii communis certa dabatur;

nam quod ali dederat vitalis aeëris auras

volvere in ore licere et caeli templa tueri,

hoc aliis erat exitio letumque parabat.

Illud in his rebus miserandum magnopere unum

aerumnabile erat, quod ubi se quisque videbat

implicitum morbo, morti damnatus ut esset,

deficiens animo maesto cum corde iacebat,


funera respectans animam amittebat ibidem.

quippe etenim nullo cessabant tempore apisci

ex aliis alios avidi contagia morbi,

lanigeras tam quam pecudes et bucera saecla,

idque vel in primis cumulabat funere funus

nam qui cumque suos fugitabant visere ad aegros,

vitai nimium cupidos mortisque timentis

poenibat paulo post turpi morte malaque,

desertos, opis expertis, incuria mactans.


qui fuerant autem praesto, contagibus ibant

atque labore, pudor quem tum cogebat obire

blandaque lassorum vox mixta voce querellae.

optimus hoc leti genus ergo quisque subibat.

Praeterea iam pastor et armentarius omnis

et robustus item curvi moderator aratri

languebat, penitusque casa contrusa iacebant

corpora paupertate et morbo dedita morti.

exanimis pueris super exanimata parentum


corpora non numquam posses retroque videre

matribus et patribus natos super edere vitam.

 nec minimam partem ex agris maeror is in urbem

confluxit, languens quem contulit agricolarum

copia conveniens ex omni morbida parte.

omnia conplebant loca tectaque quo magis aestu,

confertos ita acervatim mors accumulabat.

multa siti prostrata viam per proque voluta


corpora silanos ad aquarum strata iacebant

interclusa anima nimia ab dulcedine aquarum,

multaque per populi passim loca prompta viasque

languida semanimo cum corpore membra videres

horrida paedore et pannis cooperta perire,

corporis inluvie, pelli super ossibus una,

ulceribus taetris prope iam sordeque sepulta.

omnia denique sancta deum delubra replerat

corporibus mors exanimis onerataque passim


cuncta cadaveribus caelestum templa manebant,

hospitibus loca quae complerant aedituentes.

nec iam religio divom nec numina magni

pendebantur enim: praesens dolor exsuperabat.

nec mos ille sepulturae remanebat in urbe,

quo prius hic populus semper consuerat humari;

perturbatus enim totus trepidabat et unus

quisque suum pro re [cognatum] maestus humabat.

multaque [res] subita et paupertas horrida suasit;


namque suos consanguineos aliena rogorum

insuper extructa ingenti clamore locabant

subdebantque faces, multo cum sanguine saepe

rixantes, potius quam corpora desererentur,

inque aliis alium populum sepelire suorum

certantes; lacrimis lassi luctuque redibant;

inde bonam partem in lectum maerore dabantur;

nec poterat quisquam reperiri, quem neque morbus

nec mors nec luctus temptaret tempore tali.
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  The traditional problem of freewill has been so adequately covered in recent philosophical literature that some excuse must be offered for re-opening it, and I do so because, although I believe that the traditional problem has been solved, I believe also that the solution leaves open certain further problems that are both interesting and important. It is to these problems that I propose to devote most of this paper ; but, even at the risk of flogging dead horses, I feel bound to say something about the traditional problem itself.

(i)



The problem arises out of a prima facie incompatibility between the freedom of human action and the universality of causal law. It was raised in an acute form when universal determinism was believed to be a necessary presupposition of science; but it was not then new, because the incompatibility, if it exist at all, exists equally between human freedom and the foreknowledge of God. As it appears to the 'plain man ' the problem may be formulated as follows: "Very often I seem to myself to be acting freely, and this freedom, if it exists, implies that I could have acted otherwise than I did. If this freedom is illusory, I shall need a very convincing argument to prove that it is so, since it appears to be something of which I am immediately aware. Moreover, if there is no freedom, there is no moral responsibility; for it would not be right to praise or blame a man for something that he could not help doing. But, if a man could have acted otherwise than he did, his action must have been uncaused, and universal determinism is therefore untrue."

Broadly, there are two methods of resolving this, as any other, antinomy. We can either assume that the incompatibility is a genuine one at a certain level of thought and try to resolve it at a higher plane in which either or 'both the terms 'freedom' and  necessity ' lose their ordinary meaning or we can try to show by an analysis of these terms that no such incompatibility exists. If the latter method is successful, it will show that what is essential in our concept of freedom does not conflict with what is essential in our concept of causal necessity and that the incompatibility arises only because, at some stage in our development of one or both of these concepts, we have been tempted into making a false step. This method seems to me the better, (provided always that it is successful), on the ground that it does not resort to any metaphysical conception imported ad hoc to solve this problem, which might be objectionable on other grounds. In the first two sections of this paper 1 shall give a brief outline of the analysis of the problem that I believe to be correct; and for this analysis I claim no originality. The method of presentation will, however, throw into relief the partial nature of the solution and help to indicate the further problems to be discussed in the last three sections.


Freedom, so far from being incompatible with causality, implies it.(R.E.Hobart, Mind, 1934, p.1) When I am conscious of being free, I am not directly conscious that my actions are uncaused, because absence of causation is not something of which one could be directly aware. That the plain man and the Libertarian philosopher are right in claiming to know directly the difference between voluntary and involuntary actions, at least in some cases, I have no doubt; but we can never have this direct knowledge that something is uncaused, since this is a general proposition and, like other general propositions, could only be established by reflection on empirical evidence. Fortunately it is not necessary here either to attempt an analysis of causality or to answer the question whether or not it is a necessary presupposition of science. It is now widely recognised that the considerations which lead scientists to suppose that strict determinism is not true are irrelevant to the problem of freewill, since these considerations lend no support to the view that the phenomena with which we are concerned are not predictable; and it is to predictability, not to any special theory of the grounds of predictability, that the Libertarian objects. He claims that if our actions are predictable we are 'pawns in the hands of fate' and cannot choose what we shall do. If, it is argued, someone can know what I shall do, then I have no choice but to do it.


The fallacy of this argument has often been exposed and the clearest proof that it is mistaken or at least muddled lies in showing that I could not be free to choose what I do unless determinism is correct. There are, indeed, grounds for supposing that strict determinism in psychology is not correct; but this, if true, constitutes not an increase but a limitation of our freedom of action. For the simplest actions could not be performed in an indeterministic universe. If I decide, say, to eat a piece of fish, I cannot do so if the fish is liable to turn into a stone or to disintegrate in mid-air or to behave in any other utterly unpredictable manner. It is precisely because physical objects have determinate causal characteristics that we are able to do what we decide to do. To this it is no answer to say that perhaps the behaviour of physical objects is determined while that of volitions is not. For we sometimes cause people to make decisions as well as to act on them. If someone shouts: " Look out! There is a bull", I shall probably run away. My action is caused by my decision to run; but my decision is itself caused by my fear, and that too is caused by what I have heard. Or, again, someone may try to influence my vote by offering me a bribe. If I accept the bribe and vote accordingly, the action is caused by the bribe, my avarice and my sense of obligation to the donor; yet this would certainly be held to be a blameworthy action, and therefore a voluntary one. A genuinely uncaused action could hardly be said to be an action of the agent at all; for in referring the action to an agent we are referring it to a cause.


In calling a man 'honest' or 'brave' we imply that he can be relied on to act honestly or bravely, and this means that we predict such actions from him. This does not mean that we can predict human actions with the same degree of assurance as that with which we predict eclipses. Psychology and the social sciences have not yet succeeded in establishing laws as reliable as those that we have established in some of the natural sciences, and maybe they never will. But any element of unreliability in our predictions of human actions decreases rather than increases the reliability of our moral judgements about them and of our consequent attributions of praise and blame. An expert chess-player has less difficulty in defeating a moderate player than in defeating a novice, because the moves of the moderate player are more predictable ; but they could hardly be said to be less voluntary. In calling an action 'voluntary' we do not, therefore, mean that it is unpredictable; we mean that no-one compelled the agent to act as he did. To say that, on the determinist view, we are 'mere pawns in the hands of fate' is to confuse causality with compulsion, to confuse natural laws (descriptions) with social laws (prescriptions) and to think of fate as a malignant deity that continually thwarts our aims. What the protagonist of freedom requires, in short, is not uncaused actions, but actions that are the effects of a peculiar kind of causes. I shall be as brief as possible in saying what these causes are, since this has often been said before. But it is one thing to state the criteria by which we decide whether or not an action is voluntary and another to say why this distinction is important for ethics. The problem which the analysts have not, in my view, sufficiently considered is that of analysing the peculiar relation of 'merit' or 'fittingness' that is held to exist between voluntary actions and moral responsibility.


(ii)



If someone overpowers me and compels me to fire a gun which causes a death, I should not be held guilty of murder. It would be said that my action was not voluntary; for I could not, had I so wished, have acted otherwise. On the other hand, if I kill someone because I hope to benefit under his will, my action is still caused, namely by my greed; but my action would be held to be voluntary and I should be blamed for it. The criterion here is that, while in the first case the cause is external to me, in the second it is my decision. A similar criterion would be used to distinguish a kleptomaniac from a thief. A kleptomaniac is held to be one who steals without having decided to do so, perhaps even in spite of a decision not to do so. He is not held morally responsible for his action because his action is not held to be voluntary. But in this case it is not true, as it was in the last, that his action is called involuntary because it is caused by some outside force. The cause of kleptomania is obscure; but it is not external compulsion. And, if the cause is not external, how can we say that the kleptomaniac is `compelled'? As used by psychologists, the term 'compulsion' is evidently a metaphor, similar to that by which we speak of a man's doing something when 'he is not himself '. Evidently our moral judgements imply not merely a distinction between voluntary and compelled actions but a further distinction among actions that are not compelled.

A third example will make it clear that some such distinction must be made. Suppose that a schoolmaster has two pupils, A and B, who fail to do a simple sum correctly. A has often done sums of similar difficulty before and done them correctly, while B has always failed. The schoolmaster will, perhaps, threaten A with punishment, but he will give B extra private tuition. On the traditional view his action might be explained as follows: "A has done these sums correctly before; therefore he could have done them correctly on this occasion. His failure is due to carelessness or laziness. On the other hand, B is stupid. He has never done these sums correctly; so I suppose that he cannot do them. A's failure is due to a moral delinquency, B's to an intellectual defect. A therefore deserves punishment, but B does not." This is, I think, a fair summary of what the 'plain man' thinks about a typical case, and the points to which I wish to draw attention are these :-


(a) Neither failure is said to be 'uncaused'.

(b) The causes assigned are divided into two classes, moral and. intellectual. (Cases of physical deficiency, e.g. not being strong or tall enough would go along with the intellectual class, the point being that such deficiencies are non-moral.)

(c) Praise and blame are thought appropriate to moral but not to non-moral defects.

(d) The criterion for deciding whether a defect is moral is 'Could the agent have acted otherwise ?'


I do not wish to suggest that the reasoning attributed to the plain man in this case is in any way incorrect, only that, particularly in regard to points (c) and (d) it needs explaining.


It is evident that one of the necessary conditions of moral action is that the agent 'could have acted otherwise' and it is to this fact that the Libertarian is drawing attention. His case may be stated as follows: " It is a well-known maxim that 'I ought' implies 'I can'. If I cannot do a certain action, then that action cannot be my duty. On the other hand, 'I ought' as clearly implies 'I need not'; for if I cannot possibly refrain from a certain action, there can be no merit or demerit in doing it. Therefore, in every case of moral choice it is possible for the agent to do the action and also possible for him not to do it; were it not so, there would be no choice; for choice is between possibilities. But this implies that the action is uncaused, because a caused action cannot but occur." The fallacy in this argument lies in supposing that, when we say 'A could have acted otherwise', we mean that A, being what he was and being placed in the circumstances in which he was placed, could have done something other than what he did. But in fact we never do mean this; and if we believe that voluntary action is uncaused action that is only because we believe erroneously that uncaused action is a necessary condition of moral responsibility. The Libertarian believes that an action cannot be a moral one if the agent could not have acted otherwise, and he takes no account of possible differences in the causes that might have prevented him from acting otherwise. The Determinist, on the other hand, holds that the objective possibility of alternative actions is an illusion and that, if A in fact did X, then he could not have done any action incompatible with X. But he holds also that differences in the various causes that might have led to X may be of great importance and that it is in fact from the consideration of such differences that we discover the criterion by which we judge an action to be voluntary, and so moral.


We all blame Nero for murdering Agrippina, and the Libertarian holds that this implies that Nero could have abstained from his action. But this last phrase is ambiguous. Even if we admit that it would have been impossible for anyone to predict Nero's action with the degree of assurance with which we predict eclipses, yet an acute observer at Nero's court might have laid longish odds that Nero, being what he was and being placed in the circumstances in which he was placed, would sooner or later murder his mother. To say that Nero might have acted otherwise is to say that he could have decided to act otherwise and that he would have so decided if he had been of a different character. If Nero had been Seneca, for example, he would have preferred suicide to matricide. But what could 'If Nero had been Seneca . . . possibly mean ? Unfulfilled conditionals in which both terms are names of individuals constitute, admittedly, a thorny philosophical problem; but it is clear, I think, that if 'If Nero had been Seneca' means anything at all, it is a quasi-general proposition which can be analysed either as 'If Nero had had the character of Seneca' or 'If Seneca had been emperor' or in some similar fashion. None of these analyses are incompatible with the Determinist's contention that, as things stood, Nero could not have abstained. But, adds the Determinist, the cause of his inability to abstain was not external compulsion nor some inexplicable and uncharacteristic quirk. His action was predictable because it was characteristic, and it is for the same reason that he is held to blame.


But the Libertarian's case is not yet fully answered. He might reply: "But, on this analysis, I still cannot blame Nero which in fact I do, and feel that I do justly. If the murder was caused by his character, he may not have been to blame. For his character may have been caused by hereditary and environmental factors over which be had no control. Can we justly blame a man if his vicious actions are due to hereditary epilepsy or to the influence of a corrupt and vicious court?" To this the answer is that we can and do. So long as we persist in supposing that, to be moral, an action must be uncaused, we can only push the moral responsibility back in time; and this, so far from solving the problem, merely shows the impossibility of any solution on these lines.


This is made abundantly clear by Aristotle's discussion of the subject, which I shall paraphrase somewhat freely in order to show that it must raise a difficulty which Aristotle does not squarely face. Aristotle says that, if a man plead that he could not help doing X because be was 'the sort of man to do X', then he should be blamed for being this sort of man. His character was caused by his earlier actions, Y and Z, that made him the sort of person who would, in the given situation, inevitably do X. But suppose the criminal pleads that at the time of doing Y and Z he did not know that these were vicious actions and did not know that doing vicious actions causes a vicious character? Then, says Aristotle, all we can say in such a case is that not to know that actions create character is the mark of a singularly senseless person. But this is clearly inadequate. For the criminal might proceed: "Very well then, I was a singularly senseless person; I neither knew that Y and Z were vicious actions nor that, if I did them, I would become the sort of person to do X. And, anyhow, at the time of doing Y and Z, I was the sort of person to do Y and Z. These actions were just as much caused as was X. You say that blaming me for doing X is really blaming me for having done Y and Z. Now apply the same argument to Y and Z and see where it leads you. Furthermore my ignorance at the time of doing Y and Z which, according to you, is the real source of the trouble, was not my fault either. My father did not have me properly educated. Blame him, if you must blame somebody; but he will offer the same reply as I have done, and so ad infinitum." This argument carries no conviction; but it admits of no reply, and it is here that the temptation to invoke a metaphysical deus ex machina becomes inviting. If we proceed on the assumption that, to be moral, an action must be uncaused, either we shall find a genuinely uncaused action at the beginning of the chain or we shall not. If we do not, then, according to the Libertarian, there can be no moral praise and blame at all (and it was to account for these that Libertarianism was invented); and, if we do, then we must suppose that, while almost all our actions are caused, and therefore amoral, there was in the distant past some one action that was not caused and for which we can justly be praised or blamed. This bizarre theory has in fact been held; but the objections to it are clear. We praise and blame people for what they do now, not for what they might have done as babies, and any theory of moral responsibility must account for this. Secondly the same man is subjected to judgements both of praise and of blame; therefore the subject of these judgements cannot be one solitary act, and, thirdly, even if we were able to discover this one hypothetical infantile act, would it in fact be a fit subject for either praise or blame? If it were genuinely uncaused, it could hardly be either, since it would not be an action of the agent.


(iii)



So far we have discovered nothing more startling than the fact that moral actions are the effects of a peculiar kind of causes, namely the voluntary actions of the agent. To sum up this part of the argument, I cannot do better than quote the words of Prof. Ayer: " To say that I could have acted otherwise is to say, first, that I should have acted otherwise, if I had so chosen ; secondly, that my action was voluntary in the sense in which the actions say of the kleptomaniac are not; and, thirdly, that nobody compelled me to choose as I did: and these three conditions may very well be fulfilled. When they are fulfilled, I may be said to have acted freely. But this is not to say that it was a matter of chance that I acted as I did, or, in other words, that my action could not be explained. And that my actions should be capable of being explained is all-that is required by the postulate of determinism."  With this I agree; but it leaves unsolved what is perhaps the most important part of the problem. Granted that we sometimes act 'freely' in the sense defined by Ayer, in what sense is it rational or just or moral to praise or blame voluntary actions but not involuntary ones? It is surely not enough to say: 'Actions of such-and-such a kind are given the name 'voluntary' and 'are praised and blamed ; others are not.' We need to explain the relation of 'fittingness' that is held to obtain between voluntary actions and moral judgement. Suppose that A and B each kill some one. We apply Ayer's tests and decide that A's was a voluntary action and B's not. We hang A, and B is immured in an asylum or regains his liberty...
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      C.S. Pierce's "response to the anticipated suspicion that he 
attaches a superstitious or fanciful importance to the number 
three, and forces divisions to a Procrustean bed of trichotomy."

"I fully admit that there is a not uncommon craze for 
trichotomies. I do not know but the psychiatrists have provided a name for it. If not, they should. "Trichimania," [?] 
unfortunately, happens to be preempted for a totally different 
passion; but it might be called triadomany. I am not so 
afflicted; but I find myself obliged, for truth's sake, to make 
such a large number of trichotomies that I could not [but] wonder if my readers, especially those of them who are in the way of 
knowing how common the malady is, should suspect, or even 
opine, that I am a victim of it. But I am now and here going 
to convince those who are open to conviction, that it is not so, 
but that there is a good reason why a thorough student of the 
subject of this book should be led to make trichotomies, that 
the nature of the science is such that not only is it to be expected that it should involve real trichotomies, but furthermore, that there is a cause that tends to give this form."
(Collected Papers, C.S.Peirce, Principles of Philosophy, 1.568)




      
      "The universe is not governed by immutable law."

      "The proof of this is surprisingly simple. Namely, I show that if precisely the same consequence always resulted from the same cause, there could be no progress. Now there is real progress. Every science proves it, and we must believe that the world is governed by a living spirit."
(Letter to Lady Welby, May 20, 1911)



The Breakdown of the Mechanical Philosophy
"It is sufficient to go out into the air 
and open one's eyes to see that the world is not governed 
altogether by mechanism, as Spencer, in accord with 
greater minds, would have us believe. The endless variety 
in the world has not been created by law. It is not of the 
nature of uniformity to originate variation, nor of law to 
beget circumstance. When we gaze upon the multifariousness of nature we are looking straight into the face of a 
living spontaneity. A day's ramble in the country ought to 
bring that home to us."
(Values in a Universe of Chance, p.348)
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THE ARCHITECTURE OF THEORIES
§1. PHILOSOPHIC ARCHITECTONIC

 
7. Of the fifty or hundred systems of philosophy that have been advanced at different times of the world's history, perhaps the larger number have been, not so much results of historical evolution, as happy thoughts which have accidentally occurred to their authors. An idea which has been found interesting and fruitful has been adopted, developed, and forced to yield explanations of all sorts of phenomena. The English have been particularly given to this way of philosophizing; witness, Hobbes, Hartley, Berkeley, James Mill. Nor has it been by any means useless labor; it shows us what the true nature and value of the ideas developed are, and in that way affords serviceable materials for philosophy. Just as if a man, being seized with the conviction that paper was a good material to make things of, were to go to work to build a papier mache house, with roof of roofing paper, foundations of pasteboard, windows of paraffined paper, chimneys, bath tubs, locks, etc., all of different forms of paper, his experiment would probably afford valuable lessons to builders, while it would certainly make a detestable house, so those one-idea'd philosophies are exceedingly interesting and instructive, and yet are quite unsound.

8. The remaining systems of philosophy have been of the nature of reforms, sometimes amounting to radical revolutions, suggested by certain difficulties which have been found to beset systems previously in vogue; and such ought certainly to be in large part the motive of any new theory. This is like partially rebuilding a house. The faults that have been committed are, first, that the repairs of the dilapidations have generally not been sufficiently thorough-going, and, second, that not sufficient pains have been taken to bring the additions into deep harmony with the really sound parts of the old structure.



When a man is about to build a house, what a power of thinking he has to do before he can safely break ground! With what pains he has to excogitate the precise wants that are to be supplied! What a study to ascertain the most available and suitable materials, to determine the mode of construction to which those materials are best adapted, and to answer a hundred such questions! Now without riding the metaphor too far, I think we may safely say that the studies preliminary to the construction of a great theory should be at least as deliberate and thorough as those that are preliminary to the building of a dwelling house.



9. That systems ought to be constructed architectonically has been preached since Kant, but I do not think the full import of the maxim has by any means been apprehended. What I would recommend is that every person who wishes to form an opinion concerning fundamental problems should first of all make a complete survey of human knowledge, should take note of all the valuable ideas in each branch of science, should observe in just what respect each has been successful and where it has failed, in order that, in the light of the thorough acquaintance so attained of the available materials for a philosophical theory and of the nature and strength of each, he may proceed to the study of what the problem of philosophy consists in, and of the proper way of solving it. I must not be understood as endeavoring to state fully all that these preparatory studies should embrace; on the contrary, I purposely slur over many points, in order to give emphasis to one special recommendation, namely, to make a systematic study of the conceptions out of which a philosophical theory may be built, in order to ascertain what place each conception may fitly occupy in such a theory, and to what uses it is adapted.



The adequate treatment of this single point would fill a volume, but I shall endeavor to illustrate my meaning by glancing at several sciences and indicating conceptions in them
serviceable for philosophy. As to the results to which long studies thus commenced have led me, I shall just give a hint at their nature.



10. We may begin with dynamics — field in our day of perhaps the grandest conquest human science has ever made — I mean the law of the conservation of energy. But let us revert to the first step taken by modern scientific thought — and a great stride it was — the inauguration of dynamics by Galileo. A modern physicist on examining Galileo's works is surprised to find how little experiment had to do with the establishment of the foundations of mechanics. His principal appeal is to common sense and it lume naturale. He always assumes that the true theory will be found to be a simple and natural one. And we can see why it should indeed be so in dynamics. For instance, a body left to its own inertia moves in a straight line, and a straight line appears to us the simplest of curves. In itself, no curve is simpler than another. A system of straight lines has intersections precisely corresponding to those of a system of like parabolas similarly placed, or to those of any one of an infinity of systems of curves. But the straight line appears to us simple, because, as Euclid says, it lies evenly between its extremities; that is, because viewed endwise it appears as a point. That is, again, because light moves in straight lines. Now, light moves in straight lines because of the part which the straight line plays in the laws of dynamics. Thus it is that, our minds having been formed under the influence of phenomena governed by the laws of mechanics, certain conceptions entering into those laws become implanted in our minds, so that we readily guess at what the laws are. Without such a natural prompting, having to search blindfold for a law which would suit the phenomena, our chance of finding it would be as one to infinity. The further physical studies depart from phenomena which have directly influenced the growth of the mind, the less we can expect to find the laws which govern them "simple," that is, composed of a few conceptions natural to our minds.



11. The researches of Galileo, followed up by Huygens and others, led to those modern conceptions of Force and Law, which have revolutionized the intellectual world. The great attention given to mechanics in the seventeenth century soon so emphasized these conceptions as to give rise to the Mechanical Philosophy, or doctrine that all the phenomena of the physical universe are to be explained upon mechanical principles. Newton's great discovery imparted a new impetus to this tendency. The old notion that heat consists in an agitation of corpuscles was now applied to the explanation of the chief properties of gases. The first suggestion in this direction was that the pressure of gases is explained by the battering of the particles against the walls of the containing vessel, which explained Boyle's law of the compressibility of air. Later, the expansion of gases, Avogadro's chemical law, the diffusion and viscosity of gases, and the action of Crookes's radiometer were shown to be consequences of the same kinetical theory; but other phenomena, such as the ratio of the specific heat at constant volume to that at constant pressure, require additional hypotheses, which we have little reason to suppose are simple, so that we find ourselves quite afloat. In like manner with regard to light. That it consists of vibrations was almost proved by the phenomena of diffraction, while those of polarization showed the excursions of the particles to be perpendicular to the line of propagation; but the phenomena of dispersion, etc., require additional hypotheses which may be very complicated. Thus, the further progress of molecular speculation appears quite uncertain. If hypotheses are to be tried haphazard, or simply because they will suit certain phenomena, it will occupy the mathematical physicists of the world say half a century on the average to bring each theory to the test, and since the number of possible theories may go up into the trillions, only one of which can be true, we have little prospect of making further solid additions to the subject in our time. When we come to atoms, the presumption in favor of a simple law seems very slender. There is room for serious doubt whether the fundamental laws of mechanics hold good for single atoms, and it seems quite likely that they are capable of motion in more than three dimensions.



12. To find out much more about molecules and atoms we must search out a natural history of laws of nature which may fulfill that function which the presumption in favor of simple
laws fulfilled in the early days of dynamics, by showing us what kind of laws we have to expect and by answering such questions as this: Can we, with reasonable prospect of not wasting time, try the supposition that atoms attract one another inversely as the seventh power of their distances, or can we not? To suppose universal laws of nature capable of being apprehended by the mind and yet having no reason for their special forms, but standing inexplicable and irrational, is hardly a justifiable position. Uniformities are precisely the sort of facts that need to be accounted for. That a pitched coin should sometimes turn up heads and sometimes tails calls for no particular explanation; but if it shows heads every time, we wish to know how this result has been brought about. Law is par excellence the thing that wants a reason.

§2. THREE THEORIES OF EVOLUTION

13. Now the only possible way of accounting for the laws of nature and for uniformity in general is to suppose them results of evolution. This supposes them not to be absolute, 'not to be obeyed precisely. It makes an element of indeterminacy, spontaneity, or absolute chance in nature. Just as, when we attempt to verify any physical law, we find our observations cannot be precisely satisfied by it, and rightly attribute the discrepancy to errors of observation, so we must suppose far more minute discrepancies to exist owing to the imperfect cogency of the law itself, to a certain swerving of the facts from any definite formula.


14. Mr. Herbert Spencer wishes to explain evolution upon mechanical principles. This is illogical, for four reasons. First, because the principle of evolution requires no extraneous cause, since the tendency to growth can be supposed itself to have grown from an infinitesimal germ accidentally started. Second, because law ought more than anything else to be supposed a result of evolution. Third, because exact law obviously never can produce heterogeneity out of homogeneity; and arbitrary heterogeneity is the feature of the universe the most manifest and characteristic. Fourth, because the law of the conservation of energy is equivalent to the proposition that all operations governed by mechanical laws are reversible; so that an immediate corollary from it is that growth is not explicable by those laws, even if they be not violated in the process of growth. In short, Spencer is not a philosophical evolutionist, but only a half-evolutionist — or, if you will, only a semi-Spencerian. Now philosophy requires thorough-going evolutionism or none.


15. The theory of Darwin was that evolution had been brought about by the action of two factors: first, heredity, as a principle making offspring nearly resemble their parents, while yet giving room for "sporting" or accidental variations — for very slight variations often, for wider ones rarely; and, second, the destruction of breeds or races that are unable to keep the birth rate up to the death rate. This Darwinian principle is plainly capable of great generalization. Wherever there are large numbers of objects having a tendency to retain certain characters unaltered, this tendency, however, not being absolute but giving room for chance variations, then, if the amount of variation is absolutely limited in certain directions by the destruction of everything which reaches those limits, there will be a gradual tendency to change in directions of departure from them. Thus, if a million players sit down to bet at an even game, since one after another will get ruined, the average wealth of those who remain will perpetually increase. Here is indubitably a genuine formula of possible evolution, whether its operation accounts for much or little in the development of animal and vegetable species.


16. The Lamarckian theory also supposes that the development of species has taken place by a long series of insensible changes, but it supposes that those changes have taken place during the lives of the individuals, in consequence of effort and exercise, and that reproduction plays no part in the process except in preserving these modifications. Thus, the Lamarckian theory only explains the development of characters for which individuals strive, while the Darwinian theory only explains the production of characters really beneficial to the race, though these may be fatal to individuals. But more
broadly and philosophically conceived, Darwinian evolution is evolution by the operation of chance, and the destruction of bad results, while Lamarckian evolution is evolution by the effect of habit and effort.


17. A third theory of evolution is that of Mr. Clarence King. The testimony of monuments and of rocks is that species are unmodified or scarcely modified, under ordinary circumstances, but are rapidly altered after cataclysms or rapid geological changes. Under novel circumstances, we often see animals and plants sporting excessively in reproduction, and sometimes even undergoing transformations during individual life, phenomena no doubt due partly to the enfeeblement of vitality from the breaking up of habitual modes of life, partly to changed food, partly to direct specific influence of the element in which the organism is immersed. If evolution has been brought about in this way, not only have its single steps not been insensible, as both Darwinians and Lamarckians suppose, but they are furthermore neither haphazard on the one hand, nor yet determined by an inward striving on the other, but on the contrary are effects of the changed environment, and have a positive general tendency to adapt the organism to that environment, since variation will particularly affect organs at once enfeebled and stimulated. This mode of evolution, by external forces and the breaking up of habits, seems to be called for by some of the broadest and most important facts of biology and paleontology; while it certainly has been the chief factor in the historical evolution of institutions as in that of ideas; and cannot possibly be refused a very prominent place in the process of evolution of the universe in general.


§3. THE LAW OF HABIT

18. Passing to psychology, we find the elementary phenomena of mind fall into three categories. First, we have Feelings, comprising all that is immediately present, such as pain, blue, cheerfulness, the feeling that arises when we contemplate a consistent theory, etc. A feeling is a state of mind having its own living quality, independent of any other state of mind. Or, a feeling is an element of consciousness which might conceivably override every other state until it monopolized the mind, although such a rudimentary state cannot actually be realized, and would not properly be consciousness. Still it is conceivable, or supposable, that the quality of blue should usurp the whole mind, to the exclusion of the ideas of shape, extension, contrast, commencement and cessation, and all other ideas whatsoever. A feeling is necessarily perfectly simple, in itself, for if it had parts these would also be in the mind, whenever the whole was present, and thus the whole could not monopolize the mind.

19. Besides Feelings, we have Sensations of reaction; as when a person blindfold suddenly runs against a post, when we make a muscular effort, or when any feeling gives way to a new feeling. Suppose I had nothing in my mind but a feeling of blue, which were suddenly to give place to a feeling of red; then, at the instant of transition, there would be a shock, a sense of reaction, my blue life being transmuted into red life. If I were further endowed with a memory, that sense would continue for some time, and there would also be a peculiar feeling or sentiment connected with it. This last feeling might endure (conceivably I mean) after the memory of the occurrence and the feelings of blue and red had passed away. But the sensation of reaction cannot exist except in the actual presence of the two feelings blue and red to which it relates. Wherever we have two feelings and pay attention to a relation between them of whatever kind, there is the sensation of which
I am speaking. But the sense of action and reaction has two types: it may either be a perception of relation between two ideas, or it may be a sense of action and reaction between feeling and something out of feeling. And this sense of external reaction again has two forms; for it is either a sense of something happening to us, by no act of ours, we being passive in the matter, or it is a sense of resistance, that is, of our expending feeling upon something without. The sense of reaction is thus a sense of connection or comparison between feelings, either, A, between one feeling and another, or B between feeling and its absence or lower degree ; and under B we have, first,
the sense of the access of feeling, and second, the sense of remission of feeling.


20. Very different both from feelings and from reaction-sensations or disturbances of feeling are general conceptions. When we think, we are conscious that a connection between feelings is determined by a general rule, we are aware of being governed by a habit. Intellectual power is nothing but facility in taking habits and in following them in cases essentially analogous to, but in non-essentials widely remote from, the normal cases of connections of feelings under which those habits were formed.


21. The one primary and fundamental law of mental action consists in a tendency to generalization. Feeling tends to spread; connections between feelings awaken feelings; neighboring feelings become assimilated; ideas are apt to reproduce themselves. These are so many formulations of the one law of the growth of mind. When a disturbance of feeling takes place, we have a consciousness of gain, the gain of experience; and a new disturbance will be apt to assimilate itself to the one that preceded it. Feelings, by being excited, become more easily excited, especially in the ways in which they have previously been excited. The consciousness of such a habit constitutes a general conception.


22. The cloudiness of psychological notions may be corrected by connecting them with physiological conceptions.* Feeling may be supposed to exist wherever a nerve-cell is in an excited condition. The disturbance of feeling, or sense of reaction, accompanies the transmission of disturbance between nerve-cells, or from a nerve-cell to a muscle-cell, or the external stimulation of a nerve-cell. General conceptions arise upon the formation of habits in the nerve-matter, which are molecular changes consequent upon its activity and probably connected with its nutrition.


23. The law of habit exhibits a striking contrast to all physical laws in the character of its commands. A physical law is absolute. What it requires is an exact relation. Thus, a physical force introduces into a motion a component motion to be combined with the rest by the parallelogram of forces; but the component motion must actually take place exactly as required by the law of force. On the other hand, no exact conformity is required by the mental law. Nay, exact conformity would be in downright conflict with the law; since it would instantly crystallize thought and prevent all further formation of habit. The law of mind only makes a given feeling more likely to arise. It thus resembles the "non-conservative" forces of physics, such as viscosity and the like, which are due to statistical uniformities in the chance encounters of trillions of molecules.

§4. OBJECTIVE IDEALISM

24. The old dualistic notion of mind and matter, so prominent in Cartesianism, as two radically different kinds of substance, will hardly find defenders today. Rejecting this, we are driven to some form of hylopathy, otherwise called monism. Then the question arises whether physical laws on the one hand and the psychical law on the other are to be taken 

(a) as independent, a doctrine often called monism, but which I would name neutralism; or,

(b) the psychical law as derived and special, the physical law alone as primordial, which is materialism; or,

(c) the physical law as derived and special, the psychical law alone as primordial, which is idealism.

The materialistic doctrine seems to me quite as repugnant to scientific logic as to common sense; since it requires us to suppose that a certain kind of mechanism will feel, which would be a hypothesis absolutely irreducible to reason — an ultimate, inexplicable regularity; while the only possible justification of any theory is that it should make things clear and reasonable.
Neutralism is sufficiently condemned by the logical maxim known as Ockham's razor, i.e., that not more independent elements are to be supposed than necessary. By placing the inward and outward aspects of substance on a par, it seems to render both primordial.


25. The one intelligible theory of the universe is that of objective idealism, that matter is effete mind, inveterate habits becoming physical laws. But before this can be
accepted it must show itself capable of explaining the tridimensionality of space, the laws of motion, and the general characteristics of the universe, with mathematical clearness and precision; for no less should be demanded of every philosophy.


...


30. Now, metaphysics has always been the ape of mathematics. Geometry suggested the idea of a demonstrative system of absolutely certain philosophical principles; and the ideas of the metaphysicians have at all times been in large part drawn from mathematics. The metaphysical axioms are imitations of the geometrical axioms; and now that the latter have been thrown overboard, without doubt the former will be sent after them. It is evident, for instance, that we can have no reason to think that every phenomenon in all its minutest details is precisely determined by law. That there is an arbitrary element in the universe we see — namely, its variety. This variety must be attributed to spontaneity in some form.


31. Had I more space, I now ought to show how important for philosophy is the mathematical conception of continuity. Most of what is true in Hegel is a darkling glimmer of a conception which the mathematicians had long before made pretty clear, and which recent researches have still further illustrated.

§6. FIRST, SECOND, AND THIRD

32. Among the many principles of Logic which find their application in Philosophy, I can here only mention one. Three conceptions are perpetually turning up at every point in every theory of logic, and in the most rounded systems they occur in connection with one another. They are conceptions so very broad and consequently indefinite that they are hard to seize and may be easily overlooked. I call them the conceptions of First, Second, Third. First is the conception of being or existing independent of anything else. Second is the conception of being relative to, the conception of reaction with, something else. Third is the conception of mediation, whereby a first and second are brought into relation. To illustrate these ideas, I will show how they enter into those we have been considering. The origin of things, considered not as leading to anything, but in itself, contains the idea of First, the end of things that of Second, the process mediating between them that of Third. A philosophy which emphasizes the idea of the One is generally a dualistic philosophy in which the conception of Second receives exaggerated attention; for this One (though of course involving the idea of First) is always the other of a manifold which is not one. The idea of the Many, because variety is arbitrariness and arbitrariness is repudiation of any Secondness, has for its principal component the conception of First. 

In psychology Feeling is First, Sense of reaction Second, General conception Third, or mediationj 

In biology, the idea of arbitrary sporting is First, heredity is Second, the process whereby the accidental characters become fixed is Third. 

Chance is First, Law is Second, the tendency to take habits is Third. 

Mind is First, Matter is Second, Evolution is Third.

33. Such are the materials out of which chiefly a philosophical theory ought to be built, in order to represent the state of knowledge to which the nineteenth century has brought us. Without going into other important questions of philosophical architectonic, we can readily foresee what sort of a metaphysics would appropriately be constructed from those conceptions. Like some of the most ancient and some of the most recent speculations it would be a Cosmogonic Philosophy. It would suppose that in the beginning— infinitely remote — there was a chaos of unpersonalized feeling, which being without connection or regularity would properly be without existence. This feeling, sporting here and there in pure arbitrariness, would have started the germ of a generalizing tendency. Its other sportings would be evanescent, but this would have a growing virtue. Thus, the tendency to habit would be started; and from this, with the other principles of evolution, all the regularities of the universe would be evolved. At any time, however, an element of pure chance survives and will remain until the world becomes an absolutely perfect, rational, and symmetrical system, in which mind is at last crystallized in the infinitely distant future.


34. That idea has been worked out by me with elaboration. It accounts for the main features of the universe as we know it — the characters of time, space, matter, force, gravitation, electricity, etc. It predicts many more things which new observations can alone bring to the test. May some future student go over this ground again, and have the leisure to give his results to the world.


From The Monist, vol.1, pp.161-176 (1891), CPP, vol.VI, p.11 (first in a series of five Monist papers).
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THE DOCTRINE OF NECESSITY EXAMINED
§1. THE MECHANICAL PHILOSOPHY

35. In The Monist for January, 1891, I endeavored to show what elementary ideas ought to enter into our view of the universe. I may mention that on those considerations I had already grounded a cosmical theory, and from it had deduced a considerable number of consequences capable of being compared with experience. This comparison is now in progress, but under existing circumstances must occupy many years.


36. I propose here to examine the common belief that every single fact in the universe is precisely determined by law. It must not be supposed that this is a doctrine accepted everywhere and at all times by all rational men. Its first advocate appears to have been Democritus, the atomist, who was led to it, as we are informed, by reflecting upon the "impenetrability, translation, and impact of matter (ἀντιτυπία κα`ι φορα κα`ι πληγ`η τὴς ὕλης)." That is to say, having 
restricted his attention to a field where no influence other than mechanical constraint could possibly come before his notice, he straightway jumped to the conclusion that throughout the universe that was the sole principle of action — a style of reasoning so usual in our day with men not unreflecting as to be more than excusable in the infancy of thought. But Epicurus, in revising the atomic doctrine and repairing its defenses, found himself obliged to suppose that atoms swerve from their courses by spontaneous chance; and thereby he conferred upon the theory life and entelechy. For we now see clearly that the peculiar function of the molecular hypothesis
in physics is to open an entry for the calculus of probabilities. Already, the prince of philosophers had repeatedly and emphatically condemned the dictum of Democritus (especially in the Physics, Book II, chapters 4, 5, 6), holding that events come to pass in three ways, namely, 


(1) by external compulsion, or the action of efficient causes, (2) by virtue of an inward nature, or the influence of final causes, and (3) irregularly without definite cause, but just by absolute chance; and this doctrine is of the inmost essence of Aristotelianism. It affords, at any rate, a valuable enumeration of the possible ways in which anything can be supposed to have come about. The freedom of the will, too, was admitted both by Aristotle and by Epicurus. But the Stoa, which in every department seized upon the most tangible, hard, and lifeless element, and blindly denied the existence of every other, which, for example, impugned the validity of the inductive method and wished to fill its place with the reductio ad absurdum, very naturally became the one school of ancient philosophy to stand by a strict necessitarianism, thus returning to a single principle of Democritus that Epicurus had been unable to swallow. Necessitarianism and materialism with the Stoics went hand in hand, as by affinity they should. At the revival of learning, Stoicism met with considerable favor, partly because it departed just enough from Aristotle to give it the spice of novelty, and partly because its superficialities well adapted it for acceptance by students of literature and art who wanted their philosophy drawn mild. Afterwards, the great discoveries in mechanics inspired the hope that mechanical principles might suffice to explain the universe; and, though without logical justification, this hope has since been continually stimulated by subsequent advances in physics. Nevertheless, the doctrine was in too evident conflict with the freedom of the will and with miracles to be generally acceptable, at first. But meantime there arose that most widely spread of philosophical blunders, the notion that associationalism belongs intrinsically to the materialistic family of doctrines; and thus was evolved the theory of motives; and libertarianism became weakened. At present, historical criticism has almost exploded the miracles, great and small; so that the doctrine of necessity has never been in so great vogue as now.

Laplace's super intelligence hypothesis 


37. The proposition in question is that the state of things existing at any time, together with certain immutable laws, completely determine the state of things at every other time (for a limitation to future time is indefensible). Thus, given the state of the universe in the original nebula, and given the laws of mechanics, a sufficiently powerful mind could deduce from these data the precise form of every curlicue of every letter I am now writing.


Without endorsing William James' position that chance is needed for freedom, Peirce joins James in attacking strict mechanical determinism


38. Whoever holds that every act of the will as well as every idea of the mind is under the rigid governance of a necessity coordinated with that of the physical world will logically be carried to the proposition that minds are part of the physical world in such a sense that the laws of mechanics determine anything that happens according to immutable attractions and repulsions. In that case, that instantaneous state of things, from which every other state of things is calculable, consists in the positions and velocities of all the particles at any instant. This, the usual and most logical form of necessitarianism, is called the mechanical philosophy.

§2. NECESSITY CONSIDERED AS A POSTULATE

41. When I have asked thinking men what reason they had to believe that every fact in the universe is precisely determined by law, the first answer has usually been that the proposition is a "presupposition" or postulate of scientific reasoning. Well, if that is the best that can be said for it, the belief is doomed. Suppose it be "postulated": that does not make it true, nor so much as afford the slightest rational motive for yielding it any credence. It is as if a man should come to borrow money and, when asked for his security, should reply he "postulated" the loan. To "postulate" a proposition is no more than to hope it is true. There are, indeed. practical emergencies in which we act upon assumptions of certain propositions as true, because if they are not so, it can make no difference how we act. But all such propositions I take to be hypotheses of individual facts. For it is manifest that no universal principle can in its universality be comprised* in a special case or can be requisite for the validity of any ordinary inference. To say, for instance, that the demonstration by Archimedes of the property of the lever would fall to the ground if men were endowed with free will is extravagant; yet this is implied by those who make a proposition incompatible with the freedom of the will the postulate of all inference. 


Science is merely probable. There is nothing logically true of the physical universe 


Considering, too, that the conclusions of science make no pretense to being more than probable, and considering that a probable inference can at most only suppose something to be most frequently, or otherwise approximately, true, but never that anything is precisely true without exception throughout the universe, we see how far this proposition in truth is from being so postulated.

§3. THE OBSERVATIONAL EVIDENCE FOR NECESSITARIANISM

43. I do not think a man who combines a willingness to be convinced with a power of appreciating an argument upon a difficult subject can resist the reasons which have been given to show that the principle of universal necessity cannot be defended as being a postulate of reasoning. But then the question immediately arises whether it is not proved to be true, or at least rendered highly probable, by observation of nature.


Peirce knows that observational data always contains errors that prevent an exact proof of any hypothesis 


44. Still, this question ought not long to arrest a person accustomed to reflect upon the force of scientific reasoning. For the essence of the necessitarian position is that certain continuous quantities have certain exact values. Now, how can observation determine the value of such a quantity with a probable error absolutely nil? To one who is behind the scenes, and knows that the most refined comparisons of masses, lengths, and angles, far surpassing in precision all other measurements, yet fall behind the accuracy of bank accounts, and that the ordinary determinations of physical constants, such as appear from month to month in the journals, are about on a par with an upholsterer's measurements of carpets and curtains, the idea of mathematical exactitude being demonstrated in the laboratory will appear simply ridiculous. There is a recognized method of estimating the probable magnitudes of errors in physics — the method of least squares. It is universally admitted that this method makes the errors smaller than they really are; yet even according to that theory an error indefinitely small is indefinitely improbable; so that any statement to the effect that a certain continuous quantity has a certain exact value, if well founded at all, must be founded on something other than observation.

45. Still, I am obliged to admit that this rule is subject to a certain qualification. Namely, it only applies to continuous quantity. Now, certain kinds of continuous quantity are discontinuous at one or at two limits, and for such limits the rule must be modified. Thus, the length of a line cannot be less than zero. Suppose, then, the question arises how long a line a certain person had drawn from a marked point on a piece of paper. If no line at all can be seen, the observed length is zero; and the only conclusion this observation warrants is that the length of the line is less than the smallest length visible with the optical power employed. But indirect observations — for example, that the person supposed to have drawn the line was never within fifty feet of the paper — may make it probable that no line at all was made, so that the concluded length will be strictly zero. In like manner, experience no doubt would warrant the conclusion that there is absolutely no indigo in a given ear of wheat, and absolutely no attar in a given lichen. But such inferences can only be rendered valid by positive experiential evidence, direct or remote, and cannot rest upon a mere inability to detect the quantity in question. We have reason to think there is no indigo in the wheat, because we have remarked that wherever indigo is produced it is produced
in considerable quantities, to mention only one argument. We have reason to think there is no attar in the lichen, because essential oils seem to be in general peculiar to single species. If the question had been whether there was iron in the wheat or the lichen, though chemical analysis should fail to detect its presence, we should think some of it probably was there, since iron is almost everywhere. Without any such information, one way or the other, we could only abstain from any opinion as to
the presence of the substance in question. It cannot, I conceive, be maintained that we are in any better position than this in regard to the presence of the element of chance or spontaneous departures from law in nature.


46. Those observations which are generally adduced in favor of mechanical causation simply prove that there is an element of regularity in nature, and have no bearing whatever upon the question of whether such regularity is exact and universal or not. Nay, in regard to this exactitude, all observation is directly opposed to it; and the most that can be said is that a good deal of this observation can be explained away. Try to verify any law of nature, and you will find that the more precise your observations, the more certain they will be to show irregular departures from the law. We are accustomed to ascribe these, and I do not say wrongly, to errors of observation; yet we cannot usually account for such errors in any antecedently probable way. Trace their causes back far enough and you will be forced to admit they are always due to arbitrary determination, or chance.


§4. ABSOLUTE CHANCE

47. But it may be asked whether if there were an element of real chance in the universe it must not occasionally be productive of signal effects such as could not pass unobserved. In answer to this question, without stopping to point out that there is an abundance of great events which one might be tempted to suppose were of that nature, 

Peirce shows his familiarity with the statistical mechanics of Ludwig Boltzmann

it will be simplest to remark that physicists hold that the particles of gases are moving about irregularly, substantially as if by real chance, and that by the principles of probabilities there must occasionally happen to be concentrations of heat in the gases contrary to the second law of thermodynamics, and these concentrations, occurring in explosive mixtures, must sometimes have tremendous effects. Here, then, is in substance the very situation supposed; yet no phenomena ever have resulted which we are forced to attribute to such chance concentration of heat, or which anybody, wise or foolish, has ever dreamed of accounting for in that manner.

48. In view of all these considerations, I do not believe that anybody, not in a state of case-hardened ignorance respecting the logic of science, can maintain that the precise and universal conformity of facts to law is clearly proved, or even rendered particularly probable, by any observations hitherto made. In this way, the determined advocate of exact regularity will soon find himself driven to a priori reasons to support his thesis. These received such a socdolager from Stuart Mill in his examination of Hamilton, that holding to them now seems to me to denote a high degree of imperviousness to reason, so that I shall pass them by with little notice.


49. To say that we cannot help believing a given proposition is no argument, but it is a conclusive fact if it be true, and with the substitution of "I" for "we," it is true in the mouths of several classes of minds: the blindly passionate, the unreflecting and ignorant, and the person who has overwhelming evidence before his eyes. But that which has been inconceivable today has often turned out indisputable on the morrow. Inability to conceive is only a stage through which every man must pass in regard to a number of beliefs -- unless endowed with extraordinary obstinacy and obtuseness. His understanding is enslaved to some blind compulsion which a vigorous mind is pretty sure soon to cast off.


50. Some seek to back up the a priori position with empirical arguments. They say that the exact regularity of the world is a natural belief, and that natural beliefs have generally been confirmed by experience. There is some reason in this. Natural beliefs, however, if they generally have a foundation of truth, also require correction and purification from natural illusions. The principles of mechanics are undoubtedly natural beliefs; but, for all that, the early formulations of them were exceedingly erroneous. The general approximation to truth in natural beliefs is, in fact, a case of the general adaptation of genetic products to recognizable utilities or ends. Now, the adaptations of nature, beautiful and often marvelous as they verily are, are never found to be quite perfect; so that the argument is quite against the absolute exactitude of any natural belief, including that of the principle of causation.


51. Another argument, or convenient commonplace, is that absolute chance is inconceivable. This word has eight current significations. The Century Dictionary enumerates six. Those who talk like this will hardly be persuaded to say in what sense they mean that chance is inconceivable. Should they do so, it would easily be shown either that they have no sufficient reason for the statement or that the inconceivability is of a kind which does not prove that chance is non-existent.


52. Another a priori argument is that chance is unintelligible; that is to say, while it may perhaps be conceivable, it does not disclose to the eye of reason the how or why of things; and since a hypothesis can only be justified so far as it renders some phenomenon intelligible, we never can have any right to
suppose absolute chance to enter into the production of anything in in nature. This argument may be considered in connection with two others. Namely, instead of going so far as to say that the supposition of chance can never properly be used to explain any observed fact, it may be alleged merely that no facts are known which such a supposition could in any way help in explaining. Or again, the allegation being still further weakened, it may be said that since departures from law are not unmistakably observed, chance is not a vera causa, and ought not unnecessarily to be introduced into a hypothesis.


53. These are no mean arguments, and require us to examine the matter a little more closely. Come, my superior opponent, let me learn from your wisdom. It seems to me that every throw of sixes with a pair of dice is a manifest instance of chance.

"While you would hold a throw of deuce-ace to be brought about by necessity?" (The opponent's supposed remarks are laced in quotation marks.)

Clearly one throw is as much chance as another.

"Do you think throws of dice are of a different nature from other events?"

I see that I must say that all the diversity and specificalness of events is attributable to chance.


54. "Would you, then, deny that there is any regularity in the world?"


That is clearly undeniable. I must acknowledge there is an approximate regularity, and that every event is influenced by it. But the diversification, specificalness, and irregularity of things I suppose is chance. A throw of sixes appears to me a case in which this element is particularly obtrusive.


" If you reflect more deeply, you will come to see that chance is only a name for a cause that is unknown to us."


Do you mean that we have no idea whatever what kind of causes could bring about a throw of sixes?


" On the contrary, each die moves under the influence of precise mechanical laws."


55. But it appears to me that it is not these laws which made the die turn up sixes; for these laws act just the same when other throws come up. The chance lies in the diversity of throws; and this diversity cannot be due to laws which are immutable.

"The diversity is due to the diverse circumstances under which the laws act. The dice lie differently in the box, and the motion given to the box is different. These are the unknown causes which produce the throws, and to which we give the name of chance; not the mechanical law which regulates the operation of these causes. You see you are already beginning to think more clearly about this subject."


56. Does the operation of mechanical law not increase the diversity?

"Properly not. You must know that the instantaneous state of a system of particles is defined by six times as many numbers as there are particles, three for the coordinates of each particle's position, and three more for the components of its velocity. This number of numbers, which expresses the amount of diversity in the system, remains the same at all times. There may be, to be sure, some kind of relation between the coordinates and component velocities of the different particles, by means of which the state of the system might be expressed by a smaller number of numbers. But, if this is the case, a precisely corresponding relationship must exist between the coordinates and component velocities at any other time, though it may doubtless be a relation less obvious to us. Thus, the intrinsic complexity of the system is the same at all times."



Without chance all the information in the universe today would have been there at the beginning


57. Very well, my obliging opponent, we have now reached an issue. You think all the arbitrary specifications of the universe were introduced in one dose, in the beginning, if there was a beginning, and that the variety and complication of nature has always been just as much as it is now. But I, for my part, think that the diversification, the specification, has been continually taking place. Should you condescend to ask me why I so think, I should give my reasons as follows:

58. (1) Question any science which deals with the course of time. Consider the life of an individual animal or plant, or of a mind. Glance at the history of states, of institutions, of language, of ideas. Examine the successions of forms shown by paleontology, the history of the globe as set forth in geology, of what the astronomer is able to make out concerning the
changes of stellar systems. Everywhere the main fact is growth and increasing complexity. Death and corruption are mere accidents or secondary phenomena. Among some of the lower organisms, it is a moot point with biologists whether there be anything which ought to be called death. Races, at any rate, do not die out except under unfavorable circumstances. From these broad and ubiquitous facts we may fairly infer, by the most unexceptionable logic, that there is probably in nature some agency by which the complexity and diversity of things can be increased; and that consequently the rule of mechanical necessity meets in some way with interference.


59. (2) By thus admitting pure spontaneity or life as a character of the universe, acting always and everywhere though restrained within narrow bounds by law, producing infinitesimal departures from law continually, and great ones with infinite infrequency, I account for all the variety and diversity of the universe, in the only sense in which the really sui generis and new can be said to be accounted for. The ordinary view has to admit the inexhaustible multitudinous variety of the world, has to admit that its mechanical law cannot account for this in the least, that variety can spring only from spontaneity, and yet denies without any evidence or reason the existence of this spontaneity, or else shoves it back to the beginning of time and supposes it dead ever since. The superior logic of my view appears to me not easily controverted.


60. (3) When I ask the necessitarian how he would explain the diversity and irregularity of the universe, he replies to me out of the treasury of his wisdom that irregularity is something which from the nature of things we must not seek to explain. Abashed at this, I seek to cover my confusion by asking how he would explain the uniformity and regularity of the universe, whereupon he tells me that the laws of nature are immutable and ultimate facts, and no account is to be given of them. But my hypothesis of spontaneity does explain irregularity, in a certain sense; that is, it explains the general fact of irregularity, though not, of course, what each lawless event is to be. At the same time, by thus loosening the bond of necessity, it gives room for the influence of another kind of causation, such as seems to be operative in the mind in the formation of associations, and enables us to understand how the uniformity of nature could have been brought about. That single events should be hard and unintelligible, logic will permit without difficulty: we do not expect to make the shock of a personally experienced earthquake appear natural and reasonable by any amount of cogitation. But logic does expect things general to be understandable. To say that there is a universal law, and that it is a hard, ultimate, unintelligible fact, the why and wherefore of which can never be inquired into, at this a sound logic will revolt, and will pass over at once to a method of philosophizing which does not thus barricade the road of discovery.



Necessitarianism makes free will an  illusion

61. (4) Necessitarianism cannot logically stop short of making the whole action of the mind a part of the physical universe. Our notion that we decide what we are going to do, if, as the necessitarian says, it has been calculable since the earliest times, is reduced to illusion. Indeed, consciousness in general thus becomes a mere illusory aspect of a material system. What we call red, green, and violet are in reality only different rates of vibration. The sole reality is the distribution of qualities of matter in space and time. Brain-matter is protoplasm in a certain degree and kind of complication — a certain arrangement of mechanical particles. Its feeling is but an inward aspect, a phantom. For, from the positions and velocities of the particles at any one instant, and the knowledge of the immutable forces, the positions at all other times are calculable; so that the universe of space, time, and matter is a rounded system uninterfered with from elsewhere. But, from the state of feeling at any instant, there is no reason to suppose the states of feeling at all other instants are thus exactly calculable; so that feeling is, as I said, a mere fragmentary and illusive aspect of the universe. This is the way, then, that necessitarianism has to make up its accounts. It enters consciousness under the head of sundries, as a forgotten trifle; its scheme of the universe would be more satisfactory if this little fact could be dropped out of sight.  On the other hand, by supposing the rigid exactitude of causation to yield, I care not how little — be it but by a strictly infinitesimal amount — we gain room to insert mind into our scheme, and to put it into the place where it is needed, into the position which, as the sole self-intelligible thing, it is entitled to occupy, that of the fountain of existence; and in so doing we resolve the problem of the connection of soul and body.

62. (5) But I must leave undeveloped the chief of my reasons, and can only adumbrate it. The hypothesis of chance-spontaneity is one whose inevitable consequences are capable of being traced out with mathematical precision into considerable detail. Much of this I have done and find the consequences to agree with observed facts to an extent which seems to me remarkable. But the matter and methods of reasoning are novel, and I have no right to promise that other mathematicians shall find my deductions as satisfactory as I myself do, so that the strongest reason for my belief must for the present remain a private reason of my own, and cannot influence others. I mention it to explain my own position; and partly to indicate to future mathematical speculators a veritable gold mine, should time and circumstances and the abridger of all joys prevent my opening it to the world.


63. If now I, in my turn, inquire of the necessitarian why he prefers to suppose that all specification goes back to the beginning of things, he will answer me with one of those last three arguments which I left unanswered.



Many ancient philosophers declared chance to be unintelligible and obscure (ἄδηλον) 


First, he may say that chance is a thing absolutely unintelligible, and therefore that we never can be entitled to make such a supposition. But does not this objection smack of naive impudence? It is not mine, it is his own conception of the universe which leads abruptly up to hard, ultimate, inexplicable, immutable law, on the one hand, and to inexplicable specification and diversification of circumstances on the other. My view, on the contrary, hypothetizes nothing at all, unless it be hypothesis to say that all specification came about in some sense, and is not to be accepted as unaccountable. To undertake to account for anything by saying baldly that it is due to chance would, indeed, be futile. But this I do not do. 

Peirce hopes to manage or control chance by finding regularities that develop in a certain, not chance, way by a logic like that of Hegel

I make use of chance chiefly to make room for a principle of generalization, or tendency to form habits, which I hold has produced all regularities. The mechanical philosopher leaves the whole specification of the world utterly unaccounted for, which is pretty nearly as bad as to baldly attribute it to chance. I attribute it altogether to chance, it is true, but to chance in the form of a spontaneity which is to some degree regular. It seems to me clear at any rate that one of these two positions must be taken, or else specification must be supposed due to a spontaneity which develops itself in a certain and not in a chance way, by an objective logic like that of Hegel. This last way I leave as an open possibility, for the present; for it is as much opposed to the necessitarian scheme of existence as my own theory is.


Chance is the source for biological diversity, although Peirce does not mention Darwin

64. Secondly, the necessitarian may say there are, at any rate, no observed phenomena which the hypothesis of chance could aid in explaining. In reply, I point first to the phenomenon of growth and developing complexity, which appears to be universal, and which, though it may possibly be an affair of mechanism perhaps, certainly presents all the appearance of increasing diversification. Then, there is variety itself, beyond comparison the most obtrusive character of the universe: no mechanism can account for this. Then, there is the very fact the necessitarian most insists upon, the regularity of the universe which for him serves only to block the road of inquiry. Then, there are the regular relationships between the laws of nature — similarities and comparative characters, which appeal to our intelligence as its cousins, and call upon us for a reason. Finally, there is consciousness, feeling, a patent fact enough, but a very inconvenient one to the mechanical philosopher.


Chance is a causa sui

65. Thirdly, the necessitarian may say that chance is not a vera causa, that we cannot know positively there is any such element in the universe. But the doctrine of the vera causa has nothing to do with elementary conceptions. Pushed to that extreme, it at once cuts off belief in the existence of a material universe; and without that necessitarianism could hardly maintain its ground. Besides, variety is a fact which must be admitted; and the theory of chance merely consists in supposing this diversification does not antedate all time. Moreover, the avoidance of hypotheses involving causes nowhere positively known to act is only a recommendation of logic, not a positive command. It cannot be formulated in any precise terms without at once betraying its untenable character — I mean as rigid rule, for as a recommendation it is wholesome enough.

I believe I have thus subjected to fair examination all the important reasons for adhering to the theory of universal necessity, and have shown their nullity. I earnestly beg that whoever may detect any flaw in my reasoning will point it out to me, either privately or publicly; for, if I am wrong, it much concerns me to be set right speedily. If my argument remains unrefuted, it will be time, I think, to doubt the absolute truth of the principle of universal law; and when once such a doubt has obtained a living root in any man's mind, my cause with him, I am persuaded, is gained.


From The Monist, vol.2, pp.321-337 (1892), CPP, vol.VI, p.28 (second in a series of five Monist papers).




Peirce (correctly) reads Aristotle as espousing absolute chance and offering a tertium quid beyond chance and necessity  


Source: https://www.informationphilosopher.com/solutions/philosophers/peirce/doctrine_of_necessity.html
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Does Moral Philosophy Rest on a Mistake?
Mind,  N.S., Vol. 21, 1912

Probably to most students of Moral Philosophy there comes a time when they feel a vague sense of dissatisfaction with the whole subject. And the sense of dissatisfaction tends to grow rather than to diminish. It is not so much that the positions, and still more the arguments, of particular thinkers seem unconvincing, though this is true. It is rather that the aim of the subject becomes increasingly obscure. "What," it is asked, "are we really going to learn by Moral Philosophy?" "What are books on Moral Philosophy really trying to show, and when their aim is clear, why are they so unconvincing and artificial?" And again: "Why is it so difficult to substitute anything better?"  Personally, I have been led by growing dissatisfaction of this kind to wonder whether the reason may not be that the subject, at any rate as usually understood, consists in the attempt to answer an improper question. And in this article, I shall venture to contend that the existence of the whole subject, as usually understood, rests on a mistake, and on a mistake parallel to that on which rests, as I think, the subject usually called the Theory of Knowledge. 

If we reflect on our own mental history or on the history of the subject, we feel no doubt about the nature of the demand which originates the subject. Any one who, stimulated by education, has come to feel the force of the various obligations in life, at some time or other comes to feel the irksomeness of carrying them out, and to recognise the sacrifice of interest involved; and, if thoughtful, he inevitably puts to himself the question: "Is there really a reason why I should act in the ways in which hitherto I have thought I ought to act? May I not have been all the time under an illusion in so thinking? Should not I really be justified in simply trying to have a good time?" Yet, like Glaucon, feeling that somehow he ought after all to act in these ways, he asks for a proof  that this feeling is justified.  In other words, he asks "Why should I do these things?" and his and other people's moral philosophising is an attempt to supply the answer, i.e. to supply by a process of reflexion a proof of the truth of what and they have prior to reflexion believed immediately or without proof. This frame of mind seems to present a close parallel the frame of mind which originates the Theory of Knowledge. Just as the recognition that the doing of our duty often vitally interferes with the satisfaction of our inclinations leads us to wonder whether we really ought to do what we usually call our duty, so the recognition that we and others are liable to mistakes in knowledge generally leads us, as it did Descartes,  to wonder whether hitherto we may not have been always mistaken. And just as we try to find a proof, based on the general consideration of action and of human life, that we ought to act in the ways usually called moral, so we, like Descartes, propose by a process of reflexion on our thinking to find a test of knowledge, i.e.  a principle by applying which we can show that a certain condition of mind was really knowledge, a condition which ex hypothesi existed  independently of the process of reflexion. 



Now, how has the moral question been answered? So far as I can see, the answers all fall, and fall from the necessities of the case, into one of two species. Either  they state that we ought to do so and so, because as we see when we fully apprehend the facts, doing so will be for our good, i.e.  really, as I would rather say, for our advantage, or, better still, for our happiness; or  they state that we ought to do so and so, because something realised either in or by the action is good. In other words, the reason "why" is stated in terms either of the agent's happiness or of the goodness of something involved in the action. 


To see the prevalence of the former species of answer, we have only to consider the history of Moral Philosophy. To take obvious instances, Plato, Butler, Hutcheson, Paley, Mill, each in his own way seeks at bottom to convince the individual that he ought to act in so-called moral ways by showing that to do so will really be for his happiness. Plato is perhaps the most significant instance, because of all philosophers he is the one to whom we are least willing to ascribe a mistake on such matters, and a mistake on his part would be evidence of the deep-rootedness of the tendency to make it. To show that Plato really justifies morality by its profitableness, it is only necessary to point out 

	 that the very formulation of the thesis to be met, viz., that justice is allotrion agaqon,  implies that any refutation must consist in showing that justice is oikeion agaqon, i.e.  really, as the context shows, one's own advantage, and 


	 that the term lusitelein  supplies the keynote not only to the problem but also to its solution. 



The tendency to justify acting on moral rules in this way is natural. For if, often happens, we put to ourselves the question "Why should we do so and so?" we are satisfied by being convinced either that the doing so will lead to something which we want (e.g.  that taking certain medicine will heal our disease), or that the doing so itself, as we see when we appreciate its nature, is something that we want or should like, e.g.  playing golf. The formulation of the question implies a state of unwillingness or indifference towards the action, and we are brought into a condition of willingness by the answer. And this process seems to be precisely what we desire when we ask, e.g., "Why should we keep our engagements to our own loss?" for it is just the fact that the keeping our engagements runs counter to the satisfaction of our desires which produced the question. 


The answer is, of course, not an answer, for it fails to convince us that we ought to keep our engagements; even if successful on its own lines, it only makes us want to keep them. And Kant was really only pointing out this fact when he distinguished hypothetical and categorical imperatives, even though he obscured the nature of the fact by wrongly describing his so-called "hypothetical imperatives" as imperatives. But if this answer be no answer, what other can be offered? Only, it seems an answer which bases the obligation to do something on the goodness either of something to which the act leads of the act itself. Suppose, when wondering whether we really ought to act in the ways usually called moral, we are told as a means of resolving our doubt that those acts are right which produce happiness. We at once ask "Whose happiness?" If we are told "Our own happiness," then, though we shall lose our hesitation to act in these ways, we shall not recover our sense that we ought to do so. But how can this result be avoided? Apparently, only by being told one of two things; either  that any one's happiness is a thing good in itself, and that therefore  we ought to do whatever will produce it, or  that the working for happiness is itself good, and that the intrinsic goodness of such an action is the reason why we ought to do it. The advantage of this appeal to the goodness of something consists in the fact that it avoids reference to desire, and, instead, refers to something impersonal and objective. In this way it seems possible to avoid the resolution of oblifation into inclination. But just for this reason it is of the essence of the answer, that, to be effective, it must neither include nor involve the view that the apprehension of the goodness of anything necessarily arouses the desire for it.  Otherwise the answer resolves itself into a form of the former answer by substituting desire or inclination for the sense of obligation, and in this way it loses whal seems its special advantage. 



Now it seems to me that both forms of this answer break down, though each for a different reason. 


Consider the first form. It is whal may be called Utilitarianism in the generic sense in which what is good is not limited to pleasure. It takes its stand upon the distinction between something which is not itself an action but which can be produced by an action and the action which will produce it, and contends that if something which is not an action is good, then we ought to undertake the action which will directly or indirectly, originate it. 


But this argument, if it is to restore the sense of obligation to act, must presuppose an intermediate link, viz., the further thesis that what is good ought to be. The necessity of this link is obvious. An "ought,"  if it is to be derived at all, can only be derived from another "ought." Moreover this link tacitly presupposes another, viz., that the apprehension that something good which is not an action ought to be involves just the feeling of imperativeness or obligation which is to be aroused by the thought of the action which will originate it. Otherwise the argument will not lead us to feel the obligation to produce it by the action. And, surely, both this link and its implication are false.1 The word "ought" refers to actions and to actions alone. The proper language is never "So and so ought to be," but "I ought to do so and so." Even if we are sometimes moved to say that the world or something in it is not what it ought to be, what we really mean is that God or some human being has not made some thing what he ought to have made it. And it is merely stating another side of this fact to urge that we can only feel the imperativeness upon us of something which is in our power; for it is actions and actions alone which, directly at least, are in our power. 


Perhaps, however, the best way to see the failure of this view is to see its failure to correspond to our actual moral convictions. Suppose we ask ourselves whether our sense that we ought to pay our debts or to tell the truth arises from our recognition that in doing so we should be originating something good,  e.g.,  material comfort in A or true belief in B,  i.e.,  suppose we ask ourselves whether it is this aspect of the action which leads to our recognition that we ought to do it. We, at once, and without hesitation answer "No." Again, if we take as our illustration our sense that we ought to act justly as between two parties, we have, if possible, even less hesitation in giving a similar answer; for the balance of resulting good may be, and often is, not on the side of justice. 



At best it can only be maintained that there is this element of truth in the Utilitarian view that unless we recognised that something which an act will originate is good, we should not recognise that we ought to do the action. Unless we thought knowledge a good thing, it may be urged, we should not think that we ought to tell the truth; unless we thought pain a bad thing, we should not think the infliction of it, without special reason, wrong. But this is not to imply that the badness of error is the reason why it is wrong to lie, or the badness of pain the reason why we ought not to inflict it without special cause.2

It is, I think, just because this form of the view is so plainly at variance with our moral consciousness, that we become driven to adopt the other form of the view, viz., that the act is good in itself and that its intrinsic goodness is the reason why it ought to be done. It is this form which has always made the most serious appeal; for the goodness of the act itself seems more closely related to the obligation to do it than that of its mere consequences or results, and therefore, if obligation is to be based on the goodness of something, it would seem that this goodness should be that of the act itself. Moreover, the view gains plausibility from the fact that moral actions are most conspicuously those to which the term "intrinsically good" is applicable. 


Nevertheless this view, though perhaps less superficial, is equally untenable. For it leads to precisely the dilemma which faces every one who tries to solve the problem raised by Kant's theory of the good will. To see this, we need only consider the nature of the acts to which we apply the term "intrinsically good." 


There is, of course, no doubt that we approve and even admire certain actions, and also that we should describe them as good, and as good in themselves. But it is, I think, equally unquestionable that our approval and our use of the term "good" is always in respect of the motive and refers to actions which have been actually done and of which we think we know the motive. Further, the actions of which we approve and which we should describe as intrinsically good are of two and only two kinds. They are either actions in which the agent did what he did because he thought he ought to do it, or actions of which the motive was a desire prompted by some good emotion, such as gratitude, affection, family feeling, or public spirit, the most prominent of such desires in books on Moral Philosophy being that ascribed to what is vaguely called benevolence. For the sake of simplicity I omit the case of actions done partly from some such desire and partly from a sense of duty; for even if all good actions are done from a combination of these motives, the argument will not be affected. The dilemma is this. If the motive in respect of which we think an action good is the sense of obligation, then so far from the sense that we ought to do it being derived from our apprehension of its goodness, our apprehension of its goodness will presuppose the sense that we ought to do it. In other words, in this case the recognition that the act is good will plainly presuppose the recognition that the act is right, whereas the view under consideration is that the recognition of the goodness of the act gives rise to the recognition of its rightness. On the other hand, if the motive in respect of which we think an action good is some intrinsically good desire, such as the desire to help a friend, the recognition of the goodness of the act will equally fail to give rise to the sense of obligation to do it. For we cannot feel that we ought to do that the doing of which is ex hypothesi prompted solely by the desire to do it. 



The fallacy underlying the view is that while to base the rightness of an act upon its intrinsic goodness implies that the goodness in question is that of the motive, in reality the rightness or wrongness of an act has nothing to do with any question of motives at all. For, as any instance will show, the rightness of an action concerns an action not in the fuller sense of the term in which we include the motive in the action, but in the narrower and commoner sense in which we distinguish an action from its motive and mean by an action merely the conscious origination of something, an origination which on different occasions or in different people may be prompted by different motives. The question "Ought I to pay my bills?" really means simply "Ought I to bring about my tradesmen's possession of what by my previous acts I explicitly or implicitly promised them?" There is, and can be, no question of whether I ought to pay my debts from a particular motive. No doubt we know that if we pay our bills we shall pay them with a motive, but in considering whether we ought to pay them we inevitably think of the act in abstraction from the motive. Even if we knew what our motive would be if we did the act, we should not be any nearer an answer to the question. 


Moreover, if we eventually pay our bills from fear of the county court, we shall still have done what we ought, even though we shall not have done it as we ought. The attempt to bring in the motive involves a mistake similar to that involved in supposing that we can will to will. To feel that I ought to pay my bills is to be moved towards paying them. But what I can be moved towards must always be an action and not an action in which I am moved in a particular way, i.e.  an action from a particular motive; otherwise I should be moved towards being moved, which is impossible. Yet the view under consideration involves this impossibility; for it really resolves the sense that I ought to do so and so, into the sense that I ought to be moved to do it in a particular way.3

So far my contentions have been mainly negative, but they form, I think, a useful, if not a necessary, introduction to what I take to be the truth. This I will now endeavour to state, first formulating what, as I think, is the real nature of our apprehension or appreciation of moral obligations, and then applying the result to elucidate the question of the existence of Moral Philosophy. 



The sense of obligation to do, or of the rightness of, an action of a particular kind is absolutely underivative or immediate. The rightness of an action consists in its being the origination of something of a certain kind A in a situation of a certain kind, a situation in a certain relation B of the agent to others or to his own nature. To appreciate its rightness two preliminaries may be necessary. We may have to follow out the consequences of the proposed action more fully than we have hitherto done, in order to realise that in the action we should originate A. Thus we may not appreciate the wrongness of telling a certain story until we realise that we should thereby be hurting the feelings of one of our audience. Again, we may have to take into account the relation B involved in the situation, which we had hitherto failed to notice. For instance, we may not appreciate the obligation to give X a present, until we remember that he has done us an act of  kindness. But, given that by a process which is, of course, merely a process of general and not of moral thinking we come to recognise that the proposed act is one by which we shall originate A in a relation B, then we appreciate the obligation immediately or directly, the appreciation being an activity of moral thinking. We recognise, for instance, that this performance of a service to X, who has done us a service, just in virtue of its being the performance of a service to one who has rendered a service to the would-be agent, ought to be done by us. This apprehension is immediate, in precisely the sense in which a mathematical apprehension is immediate, e.g.,  the apprehension that this three-sided figure, in virtue of its being three-sided, must have three angles. Both apprehensions are immediate in the sense that in both insight into the nature of the subject directly leads us to recognise its possession of the predicate; and it is only stating this fact from the other side to say that in both cases the fact apprehended is self-evident. 


The plausibility of the view that obligations are not self-evident but need proof lies in the fact that an act which is referred to as an obligation may be incompletely stated, what I have called the preliminaries to appreciating the obligation being incomplete. if, e.g.,  we refer to the act of repaying X by a present merely as giving X a present, it appears, and indeed is, necessary to give a reason. In other words, wherever a moral act is regarded in this incomplete way the question, "Why should I do it?" is perfectly legitimate. This fact suggests, but suggests wrongly, that even if the nature of the act is completely stated, it is still necessary to give a reason, or, in other words, to supply a proof.



 The relations involved in obligations of various kinds, are, of course, very different. The relation in certain cases is a relation to others due to a past act of theirs or ours. The obligation to repay a benefit involves a relation due to a past act of the benefactor. The obligation to pay a bill involves a relation due to a past act of ours in which we have either said or implied that we would make a certain return, for something which we have asked for and received. On the other hand the obligation to speak the truth implies no such definite act; it involves a relation consisting in the fact that others are trusting us to speak the truth, a relation the apprehension of which gives rise to the sense that communication of the truth is something owing by us to them. Again the obligation not to hurt the feelings of another, involves no special relation of us to that other, i.e.,  no relation other than that involved in our both being men and men in one and the same world. Moreover, it seems that the relation involved in an obligation need not be a relation to another at all. Thus we should admit that there is an obligation to overcome our natural timidity or greediness, and that this involves no relations to others. Still there is a relation involved, viz., a relation to our own disposition. It is simply because we can and because others cannot directly modify our disposition that it is our business to improve it, and that it is not theirs, or, at least, not theirs to the same extent. 


The negative side of all this is, of course, that we do not come to appreciate an obligation by an argument, i.e.  by a process of non-moral thinking, and that, in particular, we do not do so by an argument of which a premise is the ethical but not moral activity of appreciating the goodness either of the act or of a consequence of the act; i.e. that our sense of the rightness of an act is not a conclusion from our appreciation of the goodness either of it or of anything else. 


It will probably be urged that on this view our various obligations form, like Aristotle's categories, an unrelated chaos in which it is impossible to acquiesce. For, according to it, the obligation to repay a benefit, or to pay a debt, or to keep a promise, presupposes a previous act of another; whereas the obligation to speak the truth or not to harm another does not; and, again, the obligation to remove our timidity involves no relations to others at all. Yet, at any rate, an effective argumentum ad hominem is at hand in the fact that the various qualities which we recognise as good are equally unrelated; e.g.  courage, humility, and interest in knowledge. If, as is plainly the case, agaqa differ  h agaqa, why should not obligations equally differ qua  their obligatoriness? Moreover if this were not so, there could in the end be only one obligation, which is palpably contrary to fact.4

Certain observations will help to make the view clearer. 


In the first place, it may seem that the view, being -- as it is -- avowedly put forward in opposition to the view that what is right is derived from what is good, must itself involve the opposite of this, viz., the Kantian position that what is good is based upon what is right, i.e., that an act, if it be good, is good because it is right. But this is not so. For, on the view put forward, the rightness of a right action lies solely in the origination in which the act consists, whereas the intrinsic goodness of an action lies solely in its motive; and this implies that a morally good action is morally good not simply because it is a right action but because it is a right action done because it is right, i.e., from a sense of obligation. And this implication, it may be remarked incidentally, seems plainly true.


 In the second place the view involves that when, or rather so far as, we act from a sense of obligation, we have no purpose or end. By a "purpose" or "end" we really mean something the existence of which we desire, and desire of the existence of which leads us to act. Usually our purpose is something which the act will originate, as when we turn round in order to look at a picture. But it may be the action itself, i.e., the origination of something, as when we hit a golf ball into a hole or kill some one out of revenge.5 Now if by a purpose we mean something the existence of which we desire and desire for which leads us to act, then plainly so far as we act from a sense of obligation, we have no purpose, consisting either in the action itself or in anything which it will produce. This is so obvious that it scarcely seems worth pointing out. But I do so for two reasons. (1) If we fail to scrutinise the meaning of the terms "end" and "purpose," we are apt to assume uncritically that all deliberate action, i.e., action proper, must have a purpose; we then become puzzled both when we look for the purpose of an action done from a sense of obligation, and also when we try to apply to such an action the distinction of means and end, the truth all the time being that since there is no end, there is no means either. (2) The attempt to base the sense of obligation on the recognition of the goodness of something is really an attempt to find a purpose in a moral action in the shape of something good which, as good, we want. And the expectation that the goodness of something underlies an obligation disappears as soon as we cease to look for a purpose. 



The thesis, however, that, so far as we act from a sense of obligation, we have no purpose must not be misunderstood. It must not be taken either to mean or to imply that so far as we so act we have no motive. No doubt in ordinary speech the words "motive" and "purpose" are usually treated as correlatives, "motive" standing for the desire which induces us to act, and "purpose" standing for the object of this desire. But this is only because, when we are looking for the motive of some action, say some crime, we are usually presupposing that the act in question is prompted by a desire and not by the sense of obligation. At bottom, however, we mean by a motive what moves us to act; a sense of obligation does sometimes move us to act; and in our ordinary consciousness we should not hesitate to allow that the action we were considering might have had as its motive a sense of obligation. Desire and the sense of obligation are co-ordinate forms or species of motive. 


In the third place, if the view put forward be right, we must sharply distinguish morality and virtue as independent, though related, species of goodness, neither being an aspect of something of which the other is an aspect, nor again a form or species of the other, nor again something deducible from the other; and we must at the same time allow that it is possible to do the same act either virtuously or morally or in both ways at once. And surely this is true. An act, to be virtuous, must, as Aristotle saw, be done willingly or with pleasure; as such it is just not done from a sense of obligation but from some desire which is intrinsically good, as arising from some intrinsically good emotion. Thus in an act of generosity the motive is the desire to help another arising from sympathy with that other; in an act which is courageous and no more, i.e. in an act which is not at the same time an act of public spirit or family affection or the like, we prevent ourselves from being dominated by a feeling of terror, desiring to do so from a sense of shame at being terrified. The goodness of such an act is different from the goodness of an act to which we apply the term moral in the strict and narrow sense, viz. an act done from a sense of obligation. Its goodness lies in the intrinsic goodness of the emotion and the consequent desire under which we act, the goodness of this motive being different from the goodness of the moral motive proper, viz., the sense of duty or obligation. Nevertheless, at any rate in certain cases, an act can be done either virtuously or morally or in both ways at once. It is possible to repay a benefit either from desire to repay it or from the feeling that we ought to do so or from both motives combined. A doctor may tend his patients either from a desire arising out of interest in his patients or in the exercise of skill or from a sense of duty, or from a desire and a sense of duty combined. Further, although we recognise that in each case the act possesses an intrinsic goodness, we regard that action as the best in which both motives are combined; in other words, we regard as the really best man the man in whom virtue and morality are united. 


It may be objected that the distinction between the two kinds of motive is untenable on the ground that the desire  to repay a benefit, for example, is only the manifestation of that which manifests itself as the sense of  obligation to repay whenever we think of something in the action which is other than the repayment and which we should not like, such as the loss or pain involved. Yet the distinction can, I think, easily be shown to be tenable. For, in the analogous case of revenge, the desire to return the injury and the sense that we ought not to do so, leading, as they do, in opposite directions, are plainly distinct; and the obviousness of the distinction here seems to remove any difficulty in admitting the existence of a parallel distinction between the desire to return a benefit and the sense that we ought to return it.6

Further the view implies that an obligation can no more be based on or derived from a virtue than a virtue can be derived from an obligation, in which latter case a virtue would consist in carrying out an obligation. And the implication is surely true and important. Take the case of courage. It is untrue to urge that, since courage is a virtue, we ought to act courageously. It is and must be untrue, because, as we see in the end, to feel an obligation to act courageously would involve a contradiction. For, as I have urged before, we can only feel an obligation to act; we cannot feel   
an obligation to act from a certain desire,  in this case the desire to conquer one's feelings of terror arising from the sense of shame which they arouse. Moreover, if the sense of obligation to act in a particular way leads to an action, the action will be an action done from a sense of obligation, and therefore not, if the above analysis of virtue be right, an act of courage. 


The mistake of supposing that there can be an obligation to act courageously seems to arise from two causes. In the first place, there is often an obligation to do that which involves the conquering or controlling our fear in the doing of it, e.g.,  the obligation to walk along the side of a precipice to fetch a doctor for a member of our family. Here the acting on the obligation is externally, though only externally, the same as an act of courage proper. In the second place there is an obligation to acquire courage, i.e.,  to do such things as will enable us afterwards to act courageously, and this may be mistaken for an obligation to act courageously. The same considerations can of course, be applied, mutatis mutandis,  to the other virtues. 



The fact, if it be a fact, that virtue is no basis for morality will explain what otherwise it is difficult to account for, viz., the extreme sense of dissatisfaction produced by a close reading of Aristotle's Ethics.  Why is the Ethics so disappointing? Not, I think, because it really answers two radically different questions as if they were one: 

	 "What is the happy life?" 

	 "What is the virtuous life?" 



It is, rather, because Aristotle does not do what we as Moral Philosophers want him to do, viz., to convince us that we really ought to do what in our non-reflective consciousness we have hitherto believed we ought to do, or, if not, to tell us what, if any, are the other things which we really ought to do, and to prove to us that he is right. Now, if what I have just been contending is true, a systematic account of the virtuous character cannot possibly satisfy this demand. At best it can only make clear to us the details of one of our obligations, viz., the obligation to make ourselves better men; but the achievement of this does not help us to discover what we ought to do in life as a whole and why; to think that it did would be to think that our only business in life was self-improvement. Hence it is not surprising that Aristotle's account of the good man strikes us as almost wholly of academic value, with little relation to our real demand, which is formulated in Plato's words:on gar peri ton epitucontoV o logoV alla peri ton ontina tropon crh xhn.

I am not, of course, criticising  Aristotle for failing to satisfy this demand, except so far as here and there he leads us to think that he intends to satisfy it. For my main contention is that the demand cannot be satisfied and cannot be satisfied because it is illegitimate. Thus we are brought to the question: "Is there really such a thing as Moral Philosophy, and, if there is, in what sense?" 


We should first consider the parallel case -- as it appears to be -- of the Theory of Knowledge. As I urged before, at some time or other in the history of all of us, if we are thoughtful, the frequency of our own and of others' mistakes is bound to lead to the reflexion that possibly we and others have always  been mistaken in consequence of some radical defect of our faculties. In consequence certain things which previously we should have said without hesitation that we knew,  as e.g.,  that 
  4
  X
  7
  =
  28
  ,
 become subject to doubt; we become able only to say that we thought we knew these things. We inevitably go on to look for some general procedure by which we can ascertain that a given condition of mind is really one of knowledge. And this involves the search for a criterion of knowledge, i.e.  for a principle by applying which we can settle that a given state of mind is really knowledge. The search for this criterion and the application of it, when found, is what is called the Theory of Knowledge. The search implies that instead of its being the fact that the knowledge that A is B is obtained directly by consideration of  the nature of A and B, the knowledge that A is B, in the full or complete sense, can only be obtained by first knowing that A is B, and then knowing that we knew it, by applying a criterion, such as Descartes' principle that what we clearly and distinctly conceive is true. 



Now it is easy to show that the doubt whether A is B based on this speculative or general ground, could, if genuine, never be set at rest. For if, in order really to know that A is B, we must first know that we knew it, then really to know that we knew it, we must first know that we knew that we knew it. But -- what is more important -- it is also easy to show that this doubt is not a genuine doubt but rests on a confusion the exposure of which removes the doubt. For when we say we doubt whether our previous condition was one of knowledge, what we mean,  if we mean anything at all, is that we doubt whether our previous belief  was true,  a belief which we should express as the thinking  that A is B. For in order to doubt whether our previous condition was one of knowledge, we have to think of it not as knowledge but as only belief, and our only question can be "Was this belief true?" But as soon as we see that we are thinking of our previous condition as only one of belief, we see that what we are now doubting is not what we first said  we were doubting, viz., whether a previous condition of knowledge was really knowledge. Hence, to remove the doubt, it is only necessary to appreciate the real nature of our consciousness in apprehending, e.g.,  that 
  7
  X
  4
  =
  28
  ,
 and thereby see that it was no mere condition of believing but a condition of knowing, and then to notice that in our subsequent doubt what we are really doubting is not whether this consciousnes, was really knowledge, but whether a consciousness of another kind, viz. a belief that 
  7
  X
  4
  =
  28
  ,
 was true. We thereby see that though a doubt based on speculative grounds is possible, it is not a doubt concerning what we believed the doubt concerned, and that a doubt concerning this latter is impossible. 



Two results follow. In the first place, if, as is usually the case, we mean by the "Theory of Knowledge" the knowledge which supplies the answer to the question "Is what we have hitherto thought knowledge really knowledge?" there is and can be no such thing, and the supposition that there can is simply due to a confusion. There can be no answer to an illegitimate question, except that the question is illegitimate. Nevertheless the question is one which we continue to put until we realise the inevitable immediacy of knowledge. And it is positive knowledge that knowledge is immediate and neither can be, nor needs to be, improved or vindicated by the further knowledge that it was knowledge. This positive knowledge sets at rest the inevitable doubt, and, so far as by the "Theory of Knowledge" is meant this knowledge, then even though this knowledge be the knowledge that there is no Theory of Knowledge in the former sense to that extent the Theory of Knowledge exists. 


In the second place, suppose we come genuinely to doubt whether, e.g., 7 X 4 = 28  owing to a genuine doubt whether we were right in believing yesterday that 7 X 4 = 28,  a doubt which can in fact only arise if we have lost our hold of, i.e., no longer remember, the real nature of our consciousness of yesterday, and so think of it as consisting in believing. Plainly, the only remedy is to do the sum again. Or, to put the matter generally, if we do come to doubt whether it is true that A is B, as we once thought, the remedy lies not in any process of reflection but in such a reconsideration of the nature of A and B as leads to the knowledge that A is B. 


With these considerations in mind, consider the parallel which, as it seems to me, is presented -- though with certain differences -- by Moral Philosophy. The sense that we ought to do certain things arises in our unreflective consciousness, being an activity of moral thinking occasioned by the various situations in which we find ourselves. At this stage our attitude to these obligations is one of unquestioning confidence. But inevitably the appreciation of the degree to which the execution of these obligations is contrary to our interest raises the doubt whether after all these obligations are really obligatory, i.e., whether our sense that we ought not to do certain things is not illusion. We then want to have it proved to us that we ought to do so, i.e., to be convinced of this by a process which, as an argument, is different in kind from our original and unreflective appreciation of it. This demand is, as I have argued, illegitimate. 



Hence in the first place, if, as is almost universally the case, by Moral Philosophy is meant the knowledge which would satisfy this demand, there is no such knowledge, and all attempts to attain it are doomed to failure because they rest on a mistake, the mistake of supposing the possibility of proving what can only be apprehended directly by an act of moral thinking. Nevertheless the demand, though illegitimate, is inevitable until we have carried the process of reflexion far enough to realise the self-evidence of our obligations, i.e., the immediacy of our apprehension of them. This realisation of their self-evidence is positive knowledge, and so far, and so far only, as the term Moral Philosophy is confined to this knowledge and to the knowledge of the parallel immediacy of the apprehension of the goodness of the various virtues and of good dispositions generally, is there such a thing as Moral Philosophy. But since this knowledge may allay doubts which often affect the whole conduct of life, it is, though not extensive, important and even vitally important. 


In the second place, suppose we come genuinely to doubt whether we ought, for example, to pay our debts owing to a genuine doubt whether our previous conviction that we ought to do so is true, a doubt which can, in fact only arise if we fail to remember the real nature of what we now call our past conviction. The only remedy lies in actual getting into a situation which occasions the obligation, or -- if our imagination be strong enough -- in imagining ourselves in that situation, and then letting our moral capacities of thinking do their work. Or, to put the matter generally, if we do doubt whether there is really an obligation to originate A in a situation B, the remedy lies not in any process of general thinking, but in getting face to face with a particular instance of the situation B, and then directly appreciating the obligation to originate A in that situation. 


NOTES
1 When we speak of anything, e.g.,  of some emotion or of some quality of a human being, as good, we never dream in our ordinary consciousness of going on to say that therefore it ought to be. 


 2 It may be noted that if the badness of pain were the reason why we ought not to inflict pain on another, it would equally be a reason why we ought not to inflict pain on ourselves; yet, though we should allow the wanton infliction of pain on ourselves to be foolish, we should not think of describing it as wrong. 


3 It is of course not denied here than an action done from a particular motive may be good; it is only denied that the rightness  of an action depends on its being done with a particular motive. 


4 Two other objections may be anticipated: 

	 that obligations cannot be self-evident, since many actions regarded as obligations by some are not so regarded by others; and 

	 that if obligations are self-evident, the problem of how we ought to act in the presence of conflicting obligations is insoluble. 



To the first I should reply:-- 

	 That the appreciation of an obligation is, of course, only possible for a developed moral being, and that different degrees of development are possible. 

	 That the failure to recognize some particular obligation is usually due to the fact that, owing to a lack of thoughtfulness, what I have called the preliminaries to this recognition are incomplete. 

	 That the view put forward is consistent with the admission that, owing to a lack of thoughtfulness, even the best men are blind to many of their obligations, and that in the end our obligations are seen to be co-extensive with almost the whole of our life. 



To the second objection I should reply that obligation admits of degrees, and that where obligations conflict, the decision of what we ought to do turns not on the question "Which of the alternative courses of action will originate the greater good?" but on the question "Which is the greater obligation?" 

5 It is no objection to urge that an action cannot be its own purpose, since the purpose of something cannot be the thing itself. For, speaking strictly, the purpose is not the action's  purpose but our  purpose, and there is no contradiction in holding that our purpose in acting may be the action.



6 This sharp distinction of virtue and morality as co-ordinate and independent forms of goodness will explain a fact which otherwise it is difficult to account for. If we turn from books on Moral Philosophy to any vivid account of human life and action such as we find in Shakespeare, nothing strikes us more than the comparative remoteness of the discussions of Moral Philosophy from the facts of actual life. Is not this largely because, while Moral Philosophy has, quite rightly, concentrated its attention on the fact of obligation, in the case of many of those whom we admire most and whose lives are of the greatest interest, the sense of obligation, though it may be an important, is not a dominating factor in their lives? 










Source: https://www.informationphilosopher.com/solutions/philosophers/prichard/does_moral_philosophy_rest_on_a_mistake.html
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It is a great honor to have been invited to give the first Darwin Lecture at Darwin College, in Cambridge, which of all universities is most closely connected with Charles Darwin and the Darwin family.


When I received the invitation, I was worried whether or not I should accept it. I am not a scientist; nor am I a historian. There are Darwin scholars devoted to studying his life and his times; but I have done nothing of the kind. For these reasons, I suppose I ought to have declined the invitation. Yet it was an extremely kind and pressing invitation; and those who invited me were obviously well aware of the fact that I was neither a biologist nor a Darwin scholar, but simply an amateur. In the end I did accept, choosing as my topic a theme which, I believe, is closely linked to two of Darwin's central interests: natural selection; and the evolution of mind.


However, in the first Darwin Lecture a few words should be said about Charles Darwin himself, even by one who has no special qualifications to speak of him. So I may just as well start by saying that Darwin's face and Darwin's name belong to my earliest childhood memories. 


In my father's study in Vienna there were two striking portraits, the portraits of two old men. They were the portraits of Arthur Schopenhauer and of Charles Darwin. I must have questioned my father about these two men, even before I had learned to read. Schopenhauer's portrait was interesting, though I was not very attracted by it. But Darwin looked most attractive. He had a long white beard, even longer than my father's beard, and he wore a strange dark cloak, a kind of raincoat without sleeves. He looked very friendly and very quiet, but a little sad, and a little lonely. It was the well-known photograph taken in 1881, when he was seventy-two, a year before his death. This is how it is that I have known Darwin's face and name for as long as I can remember. I knew that he was a great Englishman and traveller, and one of the greatest students of animals who ever lived; and I liked him very much.

Darwin is not only the greatest of biologists — he has often been compare to Newton — but also a most admirable, venerable, and indeed a most lovable person. I know of few books that can be compared to the five volumes of his letter. that were edited by his son Francis, and that contain also his Autobiography. From these books there speaks a human being almost perfect in his simplicity, modesty, and devotion to truth.


The topic of my lecture is "Natural Selection and the Emergence of Mind". Natural selection is, obviously, Darwin's most central theme. But I shall not confine myself to this theme alone. I shall also follow Darwin in his approach to the problem of body and mind, both the mind of man and the animal mind.


I shall try to show that the theory of natural selection supports a doctrine which I also support. I mean the unfashionable doctrine of mutual interaction between
mind and brain.


My lecture will be divided into four sections.


In the first section, entitled "Darwin's Natural Selection versus Paley's Natural Theology", I shall briefly comment upon the Darwinian revolution and on today's counter-revolution against science.


The second section is entitled "Natural Selection and its Scientific Status".


The third section is entitled "Huxley's Problem". It contains the central
argument of my lecture, an argument based on natural selection. It is an argument for mutual interaction between mind and brain, and against T H. Huxley's
view that the mind is an epiphenomenon. It is also an argument against the so-called identity theory, the now fashionable theory that mind and brain are identical.


The fourth section, entitled "Remarks on the Emergence of Mind", concludes
with a few speculative suggestions on what seems to be the greatest marvel of
our universe — the emergence of mind and, more especially, of consciousness.

1. Darwin's Natural Selection versus Paley's Natural Theology


The first edition of Darwin's Origin of Species was published in 1859. In a reply to a letter from John Lubbock, thanking Darwin for an advance copy of his book, Darwin made a remarkable comment about William Paley's book Natural Theology, which had been published half a century before. Darwin wrote: "I do not think I hardly ever admired a book more than Paley's 'Natural Theology'. I could almost formerly have said it by heart."1 Years later in his Autobiography Darwin wrote of Paley that "The careful study of [his] works . . . was the only part of the academical course [in Cambridge] which . . . was of the least use to me in the education of my mind."2


I have started with these quotations because the problem posed by Paley
became one of Darwin's most important problems. It was the problem of design. 
The famous argument from design for the existence of God was at the center
of Paley's theism. If you find a watch, Paley argued, you will hardly doubt that
it was designed by a watchmaker. So if you consider a higher organism, with its
intricate and purposeful organs such as the eyes, then, Paley argued, you are bound to
 conclude that it must have been designed by an intelligent Creator. This is Paley's argument from design. Prior to Darwin, the theory of special creation — the the-that each species was designed by the Creator — had been widely accepted, only in the University of Cambridge, but also elsewhere, by many of the best
scientists. There were of course alternative theories in existence, such as Lamarck's; Hume had earlier attacked, somewhat feebly, the argument from design; but
Paley's theory was in those days the one most seriously entertained by serious
scientists.


It is almost unbelievable how much the atmosphere changed as a consequence :he publication, in 1859, of the Origin of Species. The place of an argument really had no status whatever in science has been taken by an immense number of the most impressive and well-tested scientific results. Our whole outlook, picture of the universe, has changed, as never before.


The Darwinian revolution is still proceeding. But now we are also in the midst of a counter-revolution, a strong reaction against science and against rationality. I feel that it is necessary to take sides in this issue, if only briefly; and also, in a Darwin lecture, to indicate where Darwin himself stood.


My position, very briefly, is this. I am on the side of science and of rationality, but I am against those exaggerated claims for science that have sometimes been, rightly, denounced as "scientism". I am on the side of the search for truth, of intellectual daring in the search for truth; but I am against intellectual arrogance, and especially against the misconceived claim that we have the truth in our pockets, or that we can approach certainty.


It is important to realize that science does not make assertions about ultimate
questions — about the riddles of existence, or about man's task in this world. 


This has often been well understood. But some great scientists, and many
lesser ones, have misunderstood the situation. The fact that science cannot make any
 pronouncement about ethical principles has been misinterpreted as indicating that there are no such principles; while in fact the search for truth presupposes	ethics. And the success of Darwinian natural selection in showing that the purpose or end which an organ like the eye seems to serve may be only apparent has been misinterpreted as the nihilist doctrine that all purpose is only apparent purpose, and that there cannot be any end or purpose or meaning or task in our life. 


Although Darwin destroyed Paley's argument from design by showing that
what appeared to Paley as purposeful design could well be explained as the result of chance and of natural selection, Darwin was most modest and undogmatic in his claims. He had a correspondence about divine design with Asa Gray of Harvard; and Darwin wrote to Gray, one year after the Origin of Species:  ". . .about Design. I am conscious that I am in an utterly hopeless muddle. I cannot think that the world, as we see it, is the result of chance; and yet I cannot look at each separate thing as the result of Design."3 And a year later Darwln wrote to Gray: "With respect to Design, I feel more inclined to show a white flag than to fire . . . [a] shot . . . You say that you are in a haze; I am in thick mud; . . . yet I cannot keep out of the question."4

To me it seems that the question may not be within the reach of science. And yet I do think that science has taught us a lot about the evolving universe that bears in an interesting way on Paley's and Darwin's problem of creative design.


I think that science suggests to us (tentatively of course) a picture of a universe that is inventive5 or even creative; of a universe in which new things emerge on new levels.


There is, on the first level, the theory of the emergence of heavy atomic nuclei in the centre of big stars, and, on a higher level, the evidence for the emergence somewhere in space of organic molecules.


On the next level, there is the emergence of life. Even if the origin of life should one day become reproducible in the laboratory, life creates something that is utterly new in the universe: the peculiar activity of organisms; especially the often purposeful actions of animals; and animal problem solving. All organisms are constant problem solvers; even though they are not conscious of most of the problems they are trying to solve.


On the next level, the great step is the emergence of conscious states. With the distinction between conscious states and unconscious states, again something utterly new and of the greatest importance enters the universe. It is a new world: the world of conscious experience.


On the next level, this is followed by the emergence of the products of the human mind, such as the works of art; and also the works of science; especially scientific theories.


I think that scientists, however sceptical, are bound to admit that the universe, or nature, or whatever we may call it, is creative. For it has produced creative men: it has produced Shakespeare and Michelangelo and Mozart, and thus indirectly their works. It has produced Darwin, and so created the theory of natural selection. Natural selection has destroyed the proof for the miraculous specific intervention of the Creator. But it has left us with the marvel of the creativeness of the universe, of life, and of the human mind. Although science has nothing to say about a personal Creator, the fact of the emergence of novelty, and of creativity, can hardly be denied. I think that Darwin himself, who could not "keep out of the question", would have agreed that, though natural selection was an idea which opened up a new world for science, it did not remove, from the picture of the universe that science paints, the marvel of creativity; nor did it remove the marvel of freedom: the freedom to create; and the freedom of choosing our own ends and our own purposes.


To sum up these brief remarks:


The counter-revolution against science is intellectually unjustifiable; morally it is indefensible. On the other hand, scientists should resist the temptations of scientism. They should always remember, as I think Darwin always did, that science is tentative and fallible. Science does not solve all the riddles of the universe, nor does it promise ever to solve them. Nevertheless it can sometimes throw some unexpected light even on our deepest and probably insoluble riddles.

2. Natural Selection and its Scientific Status

When speaking here of Darwinism, I shall speak always of today's theory — that is Darwin's own theory of natural selection supported by the Mendelian theory of heredity, by the theory of the mutation and recombination of genes in a gene pool, and by the decoded genetic code. This is an immensely impressive and powerful theory. The claim that it completely explains evolution is of course a bold claim, and very far from being established. All scientific theories are conjectures, even those that have successfully passed many severe and varied tests. The Mendelian underpinning of modern Darwinism has been well tested, and so has the theory of evolution which says that all terrestrial life has evolved from a few primitive unicellular organisms, possibly even from one single organism.

However, Darwin's own most important contribution to the theory of evolution, his theory of natural selection, is difficult to test. There are some tests, even some experimental tests; and in some cases, such as the famous phenomenon known as "industrial melanism", we can observe natural selection happening under our very eyes, as it were. Nevertheless, really severe tests of the theory of natural selection are hard to come by, much more so than tests of otherwise comparable theories in physics or chemistry.


The fact that the theory of natural selection is difficult to test has led some people, anti-Darwinists and even some great Darwinists, to claim that it is a tautology. A tautology like "All tables are tables" is not, of course, testable; nor has it any explanatory power. It is therefore most surprising to hear that some of the greatest contemporary Darwinists themselves formulate the theory in such a way that it amounts to the tautology that those organisms that leave most offspring leave most offspring. And C. H. Waddington even says somewhere (and he defends this view in other places) that "Natural selection . . . turns out . . . to be a tautology".6 However, he attributes at the same place to the theory an "enormous power . . . of explanation". Since the explanatory power of a tautology is obviously zero, something must be wrong here.



Yet similar passages can be found in the works of such great Darwinists as Ronald Fisher, J. B. S. Haldane, and George Gaylord Simpson; and others.


I mention this problem because I too belong among the culprits. Influenced by what these authorities say, I have in the past described the theory as "almost tautological",7 and I have tried to explain how the theory of natural selection could be untestable (as is a tautology) and yet of great scientific interest. My solution was that the doctrine of natural selection is a most successful metaphysical research program. It raises detailed problems in many fields, and it tells us what we would expect of an acceptable solution of these problems.


I still believe that natural selection works in this way as a research program. Nevertheless, I have changed my mind about the testability and the logical status of the theory of natural selection; and I am glad to have an opportunity to make a recantation. My recantation may, I hope, contribute a little to the understanding of the status of natural selection.


What is important is to realize the explanatory task of natural selection; and especially to realize what can be explained without the theory of natural selection.


We may start from the remark that, for sufficiently small and reproductively isolated populations, the Mendelian theory of genes and the theory of mutation and recombination together suffice to predict, without natural selection, what has been called "genetic drift". If you isolate a small number of individuals from the main population and prevent them from interbreeding with the main population, then, after a time, the distribution of genes in the gene pool of the new population will differ somewhat from that of the original population. This will happen even if selection pressures are completely absent.


Moritz Wagner, a contemporary of Darwin, and of course a pre-Mendelian, was aware of this situation. He therefore introduced a theory of evolution by genetic drift, made possible by reproductive isolation through geographical separation.


In order to understand the task of natural selection, it is good to remember Darwin's reply to Moritz Wagner.8 Darwin's main reply to Wagner was: if you have no natural selection, you cannot explain the evolution of the apparently designed organs, like the eye. Or in other words, without natural selection, you cannot solve Paley's problem.


In its most daring and sweeping form, the theory of natural selection would assert that all organisms, and especially all those highly complex organs whose existence might be interpreted as evidence of design and, in addition, all forms of animal behavior, have evolved as the result of natural selection; that is, as the result of chance-like inheritable variations, of which the useless ones are weeded out, so that only the useful ones remain. If formulated in this sweeping way, the theory is not only refutable, but actually refuted. For not all organs serve a useful purpose; as Darwin himself points out, there are organs like the tail of the peacock, and behavioral programs like the peacock's display of his tail, which cannot be explained by their utility, and therefore not by natural selection. Darwin explained them by the preference of the other sex, that is, by sexual selection. Of course one can get round this refutation by some verbal maneuver: one can get round any refutation of any theory. But then one gets near to rendering the theory tautological. It seems far preferable to admit that not everything that evolves is useful, though it is astonishing how many things are; and that in conjecturing what is the use of an organ or a behavioral program, we conjecture a possible explanation by natural selection: of why it evolved in the way it has, and perhaps even of how it evolved. In other words, it seems to me that like so many theories in biology, evolution by natural selection is not strictly universal, though it seems to hold for a vast number of important cases.


According to Darwin's theory, sufficiently invariant selection pressures may turn the otherwise random genetic drift into a drift that has the appearance of being purposefully directed. In this way, the selection pressures, if there are any, will leave their imprint upon the genetic material. (It may be mentioned, however, that there are selection pressures that can operate successfully over very short periods: one severe epidemic may leave alive only those who are genetically immune.)


I may now briefly sum up what I have said so far about Darwin's theory of natural selection.


The theory of natural selection may be so formulated that it is far from tautological. In this case it is not only testable, but it turns out to be not strictly universally true. There seem to be exceptions, as with so many biological theories; and considering the random character of the variations on which natural selection operates, the occurrence of exceptions is not surprising. Thus not all phenomena of evolution are explained by natural selection alone. Yet in every particular case it is a challenging research program to show how far natural selection can possibly be held responsible for the evolution of a particular organ or behavioral program.


It is of considerable interest that the idea of natural selection can be generalized. In this connection it is helpful to discuss the relation between selection and instruction. While Darwin's theory is selectionist, the theistic theory of Paley is instructionist. It is the Creator who, by His design, molds matter, and instructs it which shape to take. Thus Darwin's selectionist theory can be regarded as a theory that explains by selection something that looks like instruction. Certain invariant features of the environment leave their imprint on the genetic material as if they had molded it; while in fact, they selected it.


Many years ago I visited Bertrand Russell in his rooms at Trinity College and he showed me a manuscript of his in which there was not a single correction for many pages. With the help of his pen, he had instructed the paper. This is very different indeed from what I do. My own manuscripts are full of corrections — so full that it is easy to see that I am working by something like trial and error; by more or less random fluctuations from which I select what appears to me fitting. We may pose the question whether Russell did not do something similar, though only in his mind, and perhaps not even consciously, and at any rate very rapidly. For indeed, what seems to be instruction is frequently based upon a roundabout mechanism of selection, as illustrated by Darwin's answer to the problem posed by Paley.


I suggest that we might try out the conjecture that something like this happens in many cases. We may indeed conjecture that Bertrand Russell produced almost as many trial formulations as I do, but that his mind worked more quickly than mine in trying them out and rejecting the non-fitting verbal candidates. Einstein somewhere says that he produced and rejected an immense number of hypotheses before hitting on (and first rejecting) the equations of general relativity. Clearly, the method of production and selection is one that operates with negative feedback.


More than forty years ago I proposed the conjecture that this is also the method by which we acquire our knowledge of the external world: we produce conjectures, or hypotheses, try them out, and reject those that do not fit. This is a method of critical selection, if we look at it closely. From a distance, it looks like instruction or, as it is usually called, induction.
What a painter does is often strikingly similar. He puts on his canvas a spot of color and steps back to judge the effect, in order either to accept it, or to reject it and to go over the spot again. It does not matter for my discussion whether he compares the effect with an object painted, or with an inward image, or whether he merely approves or disapproves of the effect. What is important here has been described by Ernst Gombrich by the excellent phrase "making comes before matching".9 This phrase can be applied with profit to every case of selection, in particular to the method of producing and testing hypotheses, which includes perception, and especially Gestalt perception. Of course, the phrase "making comes before matching" can be applied also to Darwinian selection. The making of many new genetic variants precedes their selection by the environment, and thus their matching with the environment. The action of the environment is roundabout because it must be preceded by a partly random process that produces, or makes, the material on which selection, or matching, can operate.


One of the important points about this roundabout method of selection is that it throws light on the problem of downward causation to which Donald Campbell and Roger Sperry have called attention.10


We may speak of downward causation whenever a higher structure operates causally upon its substructure. The difficulty of understanding downward causation is this. We think we can understand how the substructures of a system cooperate to affect the whole system; that is to say, we think that we understand upward causation. But the opposite is very difficult to envisage. For the set of substructures, it seems, interacts causally in any case, and there is no room, no opening, for an action from above to interfere. It is this that leads to the heuristic demand that we explain everything in terms of molecular or other elementary particles (a demand that is sometimes called "reductionism").


I suggest that downward causation can sometimes at least be explained as selection operating on the randomly fluctuating elementary particles. The randomness of the movements of the elementary particles — often called "molecular chaos" — provides, as it were, the opening for the higher-level structure to interfere. A random movement is accepted when it fits into the higher level structure; otherwise it is rejected.


I think that these considerations tell us a lot about natural selection. While Darwin still worried that he could not explain variation, and while he felt uneasy about being forced to look at it as chancelike, we can now see that the chancelike character of mutations, which may go back to quantum indeterminacy, explains how the abstract invariances of the environment, the somewhat abstract selection pressures, can, by selection, have a downward effect on the concrete living organism — an effect that may be amplified by a long sequence of generations linked by heredity.


The selection of a kind of behavior out of a randomly offered repertoire may be an act of choice, even an act of free will. I am an indeterminist; and in discussing indeterminism I have often regretfully pointed out that quantum indeterminacy does not seem to help us;11 for the amplification of something like, say, radioactive disintegration processes would not lead to human action or even animal action, but only to random movements. 

This is now the leading two-stage model of free will.


I have changed my mind on this issue.12 A choice process may be a selection process, and the selection may be from some repertoire of random events, without being random in its turn. This seems to me to offer a promising solution to one of our most vexing problems, and one by downward causation.
3. Huxley's Problem
See Skinner.


The denial of the existence of mind is a view that has become very fashionable in our own time: mind is replaced by what is called "verbal behavior". Darwin lived to see the revival of this view in the nineteenth century. His close friend, Thomas Henry Huxley, proposed the thesis that animals, including men, are automata. Huxley did not deny the existence of conscious or subjective experiences, as do now some of his successors; but he denied that they can have any effect whatever on the machinery of the human or animal body, including the brain.
"It may be assumed", Huxley writes,,sup>13 " . . . that molecular changes in the brain are the causes of all the states of consciousness . . . [But is] there any evidence that these states of consciousness may, conversely, cause . . . molecular changes [in the brain] which give rise to muscular motion?" This is Huxley's problem. He answers it as follows: "I see no such evidence . . . [Consciousness appears] to be related to the mechanism of . . . [the] body simply as a collateral product of its working . . . [Consciousness appears] to be . . . completely without any power of modifying [the] working [of the body, just] as the steam-whistle . . . of a locomotive engine is without influence upon its machinery."

Huxley puts his question sharply and clearly. He also answers it sharply and clearly. He says that the action of the body upon the mind is one-sided; there is no mutual interaction. He was a mechanist and a physical determinist; and this position necessitates his answer. The world of physics, of physical mechanisms, is causally closed. Thus a body cannot be influenced by states of consciousness. Animals, including men, must be automata, even if conscious ones.
Darwin's view of the matter was very different. In his book on The Expression of the Emotions in Man and Animals he had shown in great detail how the emotions of men and of animals can and do express themselves in muscular movements.


One direct reply of Darwin's to his friend Huxley, whom he greatly admired and loved, is most characteristic. A charming letter to Huxley written three weeks before Darwin's death, closes with a characteristic mixture of tenderness, irony, and wit: " . . . my dear old friend. I wish to God there were more automata in the world like you."14

In fact, no Darwinist should accept Huxley's one-sided action of body upon mind as the solution of what is called the mind-body problem. In his Essay of 1844, in his Origin of Species, and even more so in his much larger manuscript on Natural Selection, Darwin discussed the mental powers of animals and men; and he argued that these are a product of natural selection.


Now if that is so, then mental powers must help animals and men in the struggle for life, for physical survival. It follows from this that mental powers must be able to exert in their turn an important influence on the physical actions of animals and men. Animals and men could not, therefore, be automata in Huxley's sense. If subjective experiences, conscious states, exist— and Huxley admitted their existence—we should, according to Darwinism, look out for their use, for their adaptive function. As they are useful for living, they must have consequences in the physical world.


Thus the theory of natural selection constitutes a strong argument against Huxley's theory of the one-sided action of body on mind and for the mutual interaction of mind and body. Not only does the body act on the mind — for example, in perception, or in sickness — but our thoughts, our expectations, and our feelings may lead to useful actions in the physical world. If Huxley had been right, mind would be useless. But then, it could not have evolved, as it did, by natural selection.


My central thesis here is that the theory of natural selection provides a strong argument for the doctrine of mutual interaction. between mind and body or, perhaps better, between mental states and physical states.


Of course, I am very much aware of the fact that the doctrine of mutual interaction is utterly old-fashioned. Still, I propose to defend interaction, and old-fashioned dualism (except that I reject the existence of so-called "substances"); I even defend pluralism, since I hold that there are three (or perhaps more) interacting levels or regions or worlds: the world 1 of physical things, or events, or, states, or processes, including animal bodies and brains; the world 2 of mental states; and the world 3 that consists of the products of the human mind, especially of works of art and of scientific theories.


I am afraid that I do not have time to say more about world 3 here. I must confine myself to formulating the conjecture that the world 1 of physical objects, and the world 2 of mental states, interact, and that the world 3 of scientific theories, for example of medical theories, also strongly interacts with the world of physical objects, via the psychological world 2.


The present fashion is either to deny that anything like mental experience exists, or to assert that mental experiences are somehow or other identical with physical states of the central nervous system.


I do not think the first of these fashions — the suggestion that we don't have experiences — is very interesting. For we have good intersubjective tests of the hypothesis that we do have such experiences. And all that ever seems to have been said against our hypothesis is that the universe would be a simpler place by far if we did not have experiences — or since we do have them, if only we could keep mum about them.


However, there is what seems to be a more serious position than the bare denial
of mind. It is the currently most fashionable theory that mental states are in some
sense identical with physical states: the so-called identity theory of body and mind.


Against the identity theory I think that I can use the same argument from
natural selection that I used against Huxley: the identity theory seems to me to
be incompatible with the theory of natural selection. For according to the identity theory, the world of physical objects or states is closed. All causation is physical causation. Thus even the identity theorist who admits consciousness cannot attribute to it any independent causal function in the physical world.15 It cannot have evolved by natural selection. The situation of the identity theorists is the same as that of T H. Huxley.

4. Remarks on the Emergence of Mind

I conjecture that life, and later also mind, have evolved or emerged in a universe that was, up to a certain time, lifeless and mindless. Life, or living matter, somehow emerged from nonliving matter; and it does not seem completely impossible that we shall one day know how this happened.

Things look far more difficult with the emergence of mind. While we think we know some of the preconditions of life, and some of the substructures of primitive organisms, we do not have the slightest idea on which evolutionary level mind emerges. H. S. Jennings said in 1906, in his great book on The Behaviour of the Lower Organisms, that, in observing the behavior of the amoeba, he could hardly help attributing to it consciousness. On the other hand, some students of biology and some students of human language do not wish to attribute mind or consciousness to any animal except man. And, as I have mentioned before, there are philosophers who deny the existence of mind altogether; who regard talk of mind or of conscious states as sheer babble: as a verbal habit that is bound to disappear, like talk about witches, with the progress of science, especially of brain research.


In contrast to these philosophers, I regard the emergence of mind as a tremendous event in the evolution of life. Mind illuminates the universe; and I regard the work of a great scientist like Darwin as important just because it contributes so much to this illumination. Herbert Feigl reports that Einstein said to him: "But for this internal illumination, the universe would be just a rubbish heap."16

As I said earlier, I think we have to admit that the universe is creative, or inventive. At any rate, it is creative in the sense in which great poets, great artists, and great scientists are creative. Once there was no poetry in the universe; once there was no music. But then, later, it was there. Obviously, it would be no sort of explanation to attribute to atoms, or to molecules, or even to the lower animals, the ability to create (or perhaps to proto-create) a forerunner of poetry, called protopoetry. I think it is no better explanation if we attribute to atoms or molecules a proto-psyche, as do the panpsychists. No, the case of great poetry shows clearly that the universe has the power of creating something new. As Ernst Mayr once said, the emergence of real novelty in the course of evolution should be regarded as a fact.


In view of the difficulty, if not the impossibility, of testing the conjectural ascription of mental powers to animals, speculation about the origin of mind in animals will probably never grow into a testable scientific theory. Nevertheless, I will briefly offer some speculative conjectures. At any rate, these conjectures are open to criticism, if not to tests.


I will start from the idea, stressed by ethologists such as Thorpe, that the behavior of animals, like that of computers, is programmed; but that unlike computers, animals are self-programmed. The fundamental genetic self-program is, we may assume, laid down in the coded DNA tape. There are also acquired programs, programs due to nurture; but what can be acquired and what cannot—the repertoire of possible acquisitions — is itself laid down in the form of the fundamental genetic self-program, which may even determine the probability or propensity of making an acquisition.


We may distinguish two kinds of behavioral programs, closed behavioral programs and open behavioral programs, as Mayr calls them.17 A closed behavioral program is one that lays down the behavior of the animal in great detail. An open behavioral program is one that does not prescribe all the steps in the behavior but leaves open certain alternatives, certain choices; even though it may perhaps determine the probability or propensity of choosing one way or another. The open programs evolve, we must assume, by natural selection, due to the selection pressure of complex and irregularly changing environmental situations.


I can now state my conjecture as follows:


Ecological conditions like those that favor the evolution of open behavioral programs sometimes also favor the evolution of the beginnings of consciousness, by favoring conscious choices. Or in other words, consciousness originates with the choices that are left open by open behavioral programs.


Let us look at various possible stages in the emergence of consciousness.


As a possible first stage there may evolve something that acts like a centralized warning, that is, like irritation or discomfort or pain, inducing the organism to stop an inadequate movement and to adopt some alternative behavior in its stead before it is too late, before too much damage has been done. The absence of a warning like pain will lead in many cases to destruction. Thus natural selection will favor those individuals that shrink back when they receive a signal indicating an inadequate movement; which means, anticipating the inherent danger of the movement. I suggest that pain may evolve as such a signal; and perhaps also fear.


As a second stage, we may consider that natural selection will favor those organisms that try out, by some method or other, the possible movements that might be adopted before they are executed. In this way, real trial-and-error behavior may be replaced, or preceded, by imagined or vicarious trial-and-error behavior. The imagining may perhaps initially consist of incipient efferent nervous signals, serving as a kind of model, or symbolic representation of the actual behavior, and of its possible results.


Richard Dawkins has brilliantly developed some such speculations about the beginnings of mind in considerable detail.18 The main points about them are two. One is that these beginnings of mind or consciousness should be favored by natural selection, simply because they mean the substitution of imagined or symbolic or vicarious behavior for real trials which, if erroneous, may have fatal consequences. The other is that we can here apply the ideas of selection and of downward causation to what is clearly a choice situation: the open program allows for possibilities to be played through tentatively — on a screen, as it were — in order that a selection can be made from among these possibilities.


As a third stage, we may perhaps consider the evolution of more or less conscious aims, or ends: of purposeful animal actions, such as hunting. Unconscious instinctive action may have been purpose-directed before, but once vicarious or imagined trial-and-error behavior has started, it becomes necessary, in situations of choice, to evaluate the end state of the imagined behavior. This may lead to feelings of avoidance or rejection — to anticipations of pain — or to feelings of eager acceptance of the end state; and the latter feelings may come to characterize a consciousness of aim or end or purpose. In connection with open choices, a feeling may evolve of preference for one possibility rather than another; preference for one kind of food, and thus for one kind of ecological niche, rather than another.


The evolution of language and, with it, of the world 3 of the products of the human mind allows a further step: the human step. It allows us to dissociate ourselves from our own hypotheses, and to look upon them critically. While an uncritical animal may be eliminated together with its dogmatically held hypotheses, we may formulate our hypotheses, and criticize them. Let our conjectures, our theories, die in our stead! We may still learn to kill our theories instead of killing each other. If natural selection has favored the evolution of mind for the reason indicated, then it is perhaps more than a utopian dream that one day may see the victory of the attitude (it is the rational or the scientific attitude) of eliminating our theories, our opinions, by rational criticism, instead of eliminating each other.


My conjecture concerning the origin of mind and the relation of the mind to the body, that is the relation of consciousness to the preceding level of unconscious behavior, is that its usefulness — its survival value — is similar to that of the preceding levels. On every level, making comes before matching; that is, before selecting. The creation of an expectation, of an anticipation, of a perception (which is a hypothesis) precedes its being put to the test.


If there is anything in this interpretation, then the process of variation followed by selection which Darwin discovered does not merely offer an explanation of biological evolution in mechanical terms, or in what has been slightingly and mistakenly described as mechanical terms, but it actually throws light on downward causation; on the creation of works of art and of science; and on the evolution of the freedom to create them. It is thus the entire range of phenomena connected with the evolution of life and of mind, and also of the products of the human mind, that are illuminated by the great and inspiring idea that we owe to Darwin.
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Descartes' Myth

Chapter 1 of The Concept of Mind
(1) The Official Doctrine.
THERE is a doctrine about the nature and place of minds which is so prevalent among theorists and even among laymen that it deserves to be described as the official theory. Most philosophers, psychologists and religious teachers subscribe, with minor reservations, to its main articles and, although they admit certain theoretical difficulties in it, they tend to assume that these can be overcome without serious modifications being made to the architecture of the theory. It will be argued here that the central principles of the doctrine are unsound and conflict with the whole body of what we know about minds when we are not speculating about them.


The official doctrine, which hails chiefly from Descartes, is something like this. With the doubtful exceptions of idiots and infants in arms every human being has both a body and a mind. Some would prefer to say that every human being is both a body and a mind. His body and his mind are ordinarily harnessed together, but after the death of the body his mind may continue to exist and function.


Human bodies are in space and are subject to the mechanical laws which govern all other bodies in space. Bodily processes and states can be inspected by external observers. So a man's bodily life is as much a public affair as are the lives of animals and reptiles and even as the careers of trees, crystals and planets.


But minds are not in space, nor are their operations subject to mechanical laws. The workings of one mind are not witnessable by other observers; its career is private. Only I can take direct cognisance of the states and processes of my own mind. A person therefore lives through two collateral histories, one consisting of what happens in and to his body, the other consisting of what happens in and to his mind. The first is public, the second private. The events in the first history are events in the physical world, those in the second are events in the mental world.


It has been disputed whether a person does or can directly monitor all or only some of the episodes of his own private history; but, according to the official doctrine, of at least some of these episodes he has direct and unchallengeable cognisance. In consciousness, self-consciousness and introspection he is directly and authentically apprised of the present states and operations of his mind. He may have great or small uncertainties about concurrent and adjacent episodes in the physical world, but he can have none about at least part of what is momentarily occupying his mind.


It is customary to express this bifurcation of his two lives and of his two worlds by saying that the things and events which belong to the physical world, including his own body, are external, while the workings of his own mind are internal. This antithesis of outer and inner is of course meant to be construed as a metaphor, since minds, not being in space, could not be described as being spatially inside anything else, or as having things going on spatially inside themselves. But relapses from this good intention are common and theorists are found speculating how stimuli, the physical sources of which are yards or miles outside a person's skin, can generate mental responses inside his skull, or how decisions framed inside his cranium can set going movements of his extremities.


Even when 'inner' and 'outer' are construed as metaphors, the problem how a person's mind and body influence one another is notoriously charged with theoretical difficulties. What the mind wills, the legs, arms and the tongue execute; what affects the ear and the eye has something to do with what the mind perceives; grimaces and smiles betray the mind's moods and bodily castigation lead, it is hoped, to moral improvement. But the actual transactions between the episodes of the private history and those of the public history remain mysterious, since by definition they can belong to neither series. They could not be reported among the happenings described in a person's autobiography of his inner life, but nor could they be reported among those described in some one else's biography of that person's overt career. They can be inspected neither by introspection nor by laboratory experiment. They are theoretical shuttlecocks which are forever being bandied from the physiologist back to the psychologist and from the psychologist back to the physiologist


Underlying this partly metaphorical representation of the bifurcation of a person's two lives there is a seemingly more profound and philosophical assumption. It is assumed that there are two different kinds of existence or status. What exists or happens may have the status of physical existence, or it may have the status of mental existence. Somewhat as the faces of coins are either heads or tails, or somewhat as living creatures are either male or female, so, it is supposed, some existing is physical existing, other existing is mental existing. It is a necessary feature of what has physical existence that it is in space and time; it is a necessary feature of what has mental existence that it is in time but not in space. What has physical existence is composed of matter, or else is a function of matter; what has mental existence consists of consciousness, or else is a function of consciousness.


There is thus a polar opposition between mind and matter, an opposition which is often brought out as follows. Material objects are situated in a common field, known as 'space', and what happens to one body in one part of space is mechanically connected with what happens to other bodies in other parts of space. But mental happenings occur in insulated fields, known as 'minds', and there is, apart maybe from telepathy, no direct causal connection between what happens in, one mind and what happens in another. Only through the medium of the public physical world can the mind of one person make a difference to the mind of	another. The mind is its own place and in his inner life each of us lives the life of a ghostly Robinson Crusoe. People can see, hear and jolt one another's bodies, but they are irremediably blind and deaf to the workings of one another's minds and inoperative upon them.	


What sort of knowledge can be secured of the workings of a mind? On the one side, according to the official theory, a person has direct knowledge of the best imaginable kind of the workings of his own mind. Mental states and processes are (or are normally) conscious states and processes, and the consciousness which irradiates them can engender no illusions and leaves the door open for no doubts. A person's present thinkings, feelings and willings, his perceivings, rememberings and imaginings are intrinsically 'phosphorescent'; their existence and their nature are inevitably betrayed to their owner. The inner life is a stream of consciousness of such a sort that it would be absurd to suggest that the mind whose life is that stream might be unaware of what is passing down it.


True, the evidence adduced recently by Freud seems to show that there exist channels tributary to this stream, which run hidden from their owner. People are actuated by impulses the existence of which they vigorously disavow; some of their thoughts differ from the thoughts which they acknowledge; and some of the actions which they think they will to perform they do not really will. They are thoroughly gulled by some of their own hypocrisies and they successfully ignore facts about their mental lives which on the official theory ought to be patent to them. Holders of the official theory tend, however, to maintain that anyhow in normal circumstances a person must be directly and authentically seized of the present state and workings of his own mind.


Besides being currently supplied with these alleged immediate data of consciousness, a person is also generally supposed to be able to exercise from time to time a special kind of perception, namely inner perception, or introspection. He can take a (non-optical) 'look' at what is passing in his mind. Not only can he view and scrutinize a flower through his sense of sight and listen to and discriminate the notes of a bell through his sense of hearing; he can also reflectively or introspectively watch, without any bodily organ of sense, the current episodes of his inner life. This self-observation is also commonly supposed to be immune from illusion, confusion or doubt. A mind's reports of its own affairs have a certainty superior to the best that is possessed by its reports of matters in the physical world. Sense-perceptions can, but consciousness and introspection cannot, be mistaken or confused.


On the other side, one person has no direct access of any sort to the events of the inner life of another. He cannot do better than make problematic inferences from the observed behaviour of the other person's body to the states of mind which, by analogy from his own conduct, he supposes to be signalised by that behaviour. Direct access to the workings of a mind is the privilege of that mind itself; in default of such privileged access, the workings of one mind 'are inevitably occult to everyone else. For the supposed arguments from bodily movements similar to their own to mental workings similar to their own would lack any possibility of observational corroboration. Not unnaturally, therefore, an adherent of the official theory finds it difficult to resist this consequence of his
premisses, that he has no good reason to believe that there do exist minds other than his own. Even if he prefers to believe that to other human bodies there are harnessed minds not unlike his own, he cannot claim to be able to discover their individual characteristics, or the particular things that they undergo and do. Absolute solitude is on this showing the ineluctable destiny of the soul. Only our bodies can meet.


As a necessary corollary of this general scheme there is implicitly prescribed a special way of construing our ordinary concepts of mental powers and operations. The verbs, nouns and adjectives, with which in ordinary life we describe the wits, characters and higher-grade performances of the people with whom we have do, are required to be construed as signifying special episodes in their secret histories, or else as signifying tendencies for such episodes to occur. When someone is described as knowing, believing or guessing something, as hoping, dreading, intending or shirking something, as designing this or being amused at that, these verbs are supposed to denote the occurrence of specific modifications in his (to us) occult stream of consciousness. Only his own privileged access to this stream in direct awareness and introspection could provide authentic testimony that these mental-conduct verbs were correctly or incorrectly applied. The onlooker, be he teacher, critic, biographer or friend, can never assure himself that his comments have any vestige of truth. Yet it was just because we do in fact all know how to make such comments, make them with general correctness and correct them when they turn out to be confused or mistaken, that philosophers found it necessary to construct their theories of the nature and place of minds. Finding mental-conduct concepts being regularly and effectively used, they properly sought to fix their logical geography. But the logical geography officially recommended would entail that there could be no regular or effective use of these mental-conduct concepts in our descriptions of, and prescriptions for, other people's minds.

(2) The Absurdity of the Official Doctrine.

Such in outline is the official theory. I shall often speak of it, with deliberate abusiveness, as 'the dogma of the Ghost in the Machine'. I hope to prove that it is entirely false, and false not in detail but in principle. It is not merely an assemblage of particular mistakes. It is one big mistake and a mistake of a special kind. It is, namely, a category-mistake. It represents the facts of mental life as if they belonged to one logical type or category (or range of types or categories), when they actually belong to another. The dogma is therefore a philosopher's myth. In attempting to explode the myth I shall probably be taken to be denying well-known facts about the mental life of human beings, and my plea that I aim at doing nothing more than rectify the logic of mental-conduct concepts will probably be disallowed as mere subterfuge.


I must first indicate what is meant by the phrase 'Category-mistake'. This I do in a series of illustrations.


A foreigner visiting Oxford or Cambridge for the first time is shown a number of colleges, libraries, playing fields, museums, scientific departments and administrative offices. He then asks 'But' where is the University? I have seen where the members of the Colleges live, where the Registrar works, where the scientists experiment and the rest. But I have not yet seen the University in which reside and work the members of your University.' It has then to be explained to him that the University is not another collateral institution, some ulterior counterpart to the colleges, laboratories and offices which he has seen. The University is just the way in which all that he has already seen is organized. When they are seen and when their co-ordination is understood, the University has been seen. His mistake lay in his innocent assumption that it was correct to speak of Christ Church, the Bodleian Library, the Ashmolean Museum and the University, to speak, that is, as if `the University' stood for an extra member of the class of which these other units are members. He was mistakenly allocating the University to the same category as that to which the other institutions belong.


The same mistake would be made by a child witnessing the march-past of a division, who, having had pointed out to him such and such battalions, batteries, squadrons, etc., asked when the division was going to appear. He would be supposing that a division was a counterpart to the units already seen, partly similar to them and partly unlike them. He would be shown his mistake by being told that in watching the battalions, batteries and squadrons marching past he had been watching the division marching past. The march-past was not a parade of battalions, batteries, squadrons and a division; it was a parade of the battalions, batteries and squadrons of a division.


One more illustration. A foreigner watching his first game of cricket learns what are the functions of the bowlers, the batsmen, the fielders, the umpires and the scorers. He then says 'But there is no one left on the field to contribute the famous element of team-spirit. I see who does the bowling, the batting and the wicketkeeping; but I do not see whose role it is to exercise esprit de corps.' Once more, it would have to be explained that he was looking for the wrong type of thing. Team-spirit is not another cricketing-operation supplementary to all of the other special tasks. It is, toughly, the keenness with which each of the special tasks is performed, and performing a task keenly is not performing two tasks. Certainly exhibiting team-spirit is not the same thing as bowling or catching, but nor is it a third thing such that we can say that the bowler first bowls and then exhibits team-spirit or that a fielder is at a given moment either catching or displaying esprit de corps.


These illustrations of category-mistakes have a common feature which must be noticed. The mistakes were made by people who did not know how to wield the concepts University, division and team-spirit. Their puzzles arose from inability to use certain items the English vocabulary.


The theoretically interesting category-mistakes are those made by people who are perfectly competent to apply concepts, at least the situations with which they are familiar, but are still liable in their abstract thinking to allocate those concepts to logical types
which they do not belong. An instance of a mistake of this sort would be the following story. A student of politics has learned the main differences between the British, the French and the American Constitutions, and has learned also the differences and connections between the Cabinet, Parliament, the various Ministries, the Judicature and the Church of England. But he still becomes embarrassed when asked questions about the connections between the Church of England, the Home Office and the British Constitution. For while the Church and the Home Office are institutions, the British Constitution is not another institution in the same sense of that noun. So inter-institutional relations which can be asserted or denied to hold between the Church and the Home Office cannot be asserted or denied to hold between either of them and the British Constitution. 'The British Constitution' is not a term of the same logical type as the Home Office' and 'the Church of England'. In a partially similar way, John Doe may be a relative, a friend, an enemy or a stranger to Richard Roe; but he cannot be any of these things to the Average Taxpayer. He knows how to talk sense in certain sorts of discussions about the Average Taxpayer, but he is baffled to say why he could not come across him in the street as he can come across Richard Roe.


It is pertinent to our main subject to notice that, so long as the student of politics continues to think of the British Constitution as a counterpart to the other institutions, he will tend to describe it as a mysteriously occult institution; and so long as John Doe continues to think of the Average Taxpayer as a fellow-citizen, he will tend to think of him as an elusive insubstantial man, a ghost who is everywhere yet nowhere.


My destructive purpose is to show that a family of radical category-mistakes is the source of the double-life theory. The representation of a person as a ghost mysteriously ensconced in a machine derives from this argument. Because, as is true, a person's thinking, feeling and purposive doing cannot be described solely in the idioms of physics, chemistry and physiology, therefore they must be described in counterpart idioms. As the human body is a complex organised unit, so the human mind must be another complex organised unit, though one made of a different sort of stuff and with a different sort of structure. Or, again, as the human body, like any other parcel of matter, is a field of causes and effects, so the mind must be another field of causes and effects, though not (Heaven be praised) mechanical causes and effects. 

(3) The Origin of the Category-mistake.

One of the chief intellectual origins of what I have yet to prove to be the Cartesian category-mistake seems to be this. When Galileo showed that his methods of scientific discovery were competent to provide a mechanical theory which should cover every occupant of space, Descartes found in himself two conflicting motives. As a man of scientific genius he could not but endorse the claims of mechanics, yet as a religious and moral man he could not accept, as Hobbes accepted, the discouraging rider to those claims, namely that human nature differs only in degree of complexity from clockwork. The mental could not be just a variety of the mechanical.


He and subsequent philosophers naturally but erroneously availed themselves of the following escape-route. Since mental-conduct words are not to be construed as signifying the occurrence of mechanical processes, they must be construed as signifying the occurrence of non-mechanical processes; since mechanical laws explain movements in space as the effects of other movements in space, other laws must explain some of the non-spatial workings of minds as the effects of other non-spatial workings of minds. The difference between the human behaviours which we describe as intelligent and those which we describe as unintelligent must be a difference in their causation; so, while some movements of human tongues and limbs are the effects of mechanical causes, others must be the effects of non-mechanical causes, i.e. some issue from movements of particles of matter, others from workings of the mind.


The differences between the physical and the mental were thus represented as differences inside the common framework of the categories of 'thing', 'stuff', 'attribute', 'state', 'process', 'change', 'cause' and 'effect'. Minds are things, but different sorts of things from bodies; mental processes are causes and effects, but different sorts of causes and effects from bodily movements. And so on. Somewhat as the foreigner expected the University to be an extra edifice, rather like a college but also considerably different, so the repudiators of mechanism represented minds as extra centres of causal processes, rather like machines but also considerably different from them. Their theory was a para-mechanical hypothesis.


That this assumption was at the heart of the doctrine is shown by the fact that there was from the beginning felt to be a major theoretical difficulty in explaining how minds can influence and be influenced by bodies. How can a mental process, such as willing, cause spatial movements like the movements of the tongue? How can a physical change in the optic nerve have among its effects a mind's perception of a flash of light? This notorious crux by itself shows the logical mould into which Descartes pressed his theory of the mind. It was the self-same mould into which he and Galileo set their mechanics. Still unwittingly adhering to the grammar of mechanics, he tried to avert disaster by describing minds in what was merely an obverse vocabulary. The workings of minds had to be described by the mere negatives of the specific descriptions given to bodies; they are not in space, they are not, motions, they are not modifications of matter, they are not accessible to public observation. Minds are not bits of clockwork, they are just bits of not-clockwork.


As thus represented, minds are not merely ghosts harnessed to machines, they are themselves just spectral machines. Though the human body is an engine, it it not quite an ordinary engine, since some of its workings are governed by another engine inside it — this interior governor-engine being one of a very special sort. It is invisible, inaudible and it has no size or weight. It cannot be taken to bits and the laws it obeys are not those known to ordinary engineers. Nothing is known of how it governs the bodily engine.


A second major crux points the same moral. Since, according to the doctrine, minds belong to the same category as bodies and since bodies are rigidly governed by mechanical laws, it seemed to many theorists to follow that minds must be similarly governed by rigid non-mechanical laws. The physical world is a deterministic system, so the mental world must be a deterministic system. Bodies cannot help the modifications that they undergo, so minds cannot help pursuing the careers fixed for them. Responsibility, choice, merit and demerit are therefore inapplicable concepts — unless the compromise solution is adopted of saying that the laws governing mental processes, unlike those governing physical processes, have the congenial attribute of being only rather rigid. The problem of the Freedom of the Will was the problem how to reconcile the hypothesis that minds are to be described in terms drawn from the categories of mechanics with the knowledge that higher-grade human conduct is not of a piece with the behaviour of machines.


It is an historical curiosity that it was not noticed that the entire argument was broken-backed. Theorists correctly assumed that any sane man could already recognise the differences between, say, rational and non-rational utterances or between purposive and automatic behaviour. Else there would have been nothing requiring to be salved from mechanism. Yet the explanation given presupposed that one person could in principle never recognise the difference between the rational and the irrational utterances issuing from other human bodies, since he could never get access to the postulated immaterial causes of some of their utterances. Save for the doubtful exception of himself, he could never tell the difference between a man and a Robot. It would have to be conceded, for example, that, for all that we can tell, the inner lives of persons who are classed as idiots or lunatics are as rational as those of anyone else. Perhaps only their overt behaviour is disappointing; that is to say, perhaps `idiots' are not really idiotic, or 'lunatics' lunatic. Perhaps, too, some of those who are classed as sane are really idiots. According to the theory, external observers could never know how the overt behaviour of others is correlated with their mental powers and processes and so they could never know or even plausibly conjecture whether their applications of mental-conduct concepts to these other people were correct or incorrect. It would then be hazardous or impossible for a man to claim sanity or logical consistency even for himself, since he would be debarred from comparing his own performances with those of others. In short, our characterisations of 'persons and their performances as intelligent, prudent and virtuous or as stupid, hypocritical and cowardly could never have been made, so the problem of providing a special causal hypothesis to serve as the basis of such diagnoses would never have arisen. The question, 'How do persons differ from machines? arose just because everyone already knew how to apply mental-conduct concepts before the new causal hypothesis was introduced, This causal hypothesis could not therefore be the source of the criteria used in those applications. Nor, of course, has the causal hypothesis in any degree improved our handling of those criteria. We still distinguish good from bad arithmetic, politic from impolitic conduct and fertile from infertile imaginations in the ways in which Descartes himself distinguished them before and after he speculated how the applicability of these criteria was compatible with the principle of mechanical causation.


He had mistaken the logic of his problem. Instead of asking by what criteria intelligent behaviour is actually distinguished from non-intelligent behaviour, he asked 'Given that the principle of mechanical causation does not tell us the difference, what other causal principle will tell it us?' He realised that the problem was not one of mechanics and assumed that it must therefore be one of some counterpart to mechanics. Not unnaturally psychology is often cast for just this role.


When two terms belong to the same category, it is proper to construct conjunctive propositions embodying them. Thus a purchaser may say that he bought a left-hand glove and a right-hand glove, but not that he bought a left-hand glove, a right-hand glove and a pair of gloves. 'She came home in a flood of tears and a sedan-chair' is a well-known joke based on the absurdity of conjoining terms of different types. It would have been equally ridiculous to construct the disjunction 'She came home either in a flood of tears or else in a sedan-chair'. Now the dogma of the Ghost in the Machine does just this. It maintains that there exist bodies and minds; that there occur physical processes and mental processes; that there are mechanical causes of corporeal movements and mental causes of corporeal movements. 'I shall argue that these and other analogous conjunctions are absurd; but, it must be noticed, the argument will not show that either of the illegitimately conjoined propositions is absurd in itself.' I am not, for example, denying that there occur mental processes. Doing long division is a mental process and so is making a joke. But I am saying that the phrase 'there occur mental processes' does not mean the same sort of thing as 'there occur physical processes', and, therefore, that it makes no sense to conjoin or disjoin the two.
will
If my argument is successful, there will follow some interesting consequences. First, the hallowed contrast between Mind and Matter will be dissipated, but dissipated not by either of the equally hallowed absorptions of Mind by Matter or of Matter by Mind, but in quite a different way. For the seeming contrast of the two will be shown to be as illegitimate as would be the contrast of 'she came home in a flood of tears' and 'she came home in a sedan-chair'. The belief that there is a polar opposition between Mind and Matter is the belief that they are terms of the same logical type.


It will also follow that both Idealism and Materialism are answers to an improper question. The 'reduction' of the material world to mental states and processes, as well as the 'reduction' of mental states and processes to physical states and processes, presuppose the legitimacy of the disjunction 'Either there exist minds or there exist bodies (but not both)'. It would be like saying, 'Either she bought a left-hand and a right-hand glove or she bought a pair of gloves (but not both)'.


It is perfectly proper to say, in one logical tone of voice, that there exist minds and to say, in another logical tone of voice, that there exist bodies. But these expressions do not indicate two different species of existence, for 'existence' is not a generic word like 'coloured' or 'sexed'. They indicate two different senses of 'exist', somewhat as 'rising' has different senses in 'the tide is rising', 'hopes are rising', and 'the average age of death is rising'. A man would be thought to be making a poor joke who said that three things are now rising, namely the tide, hopes and the average age of death. It would be just as good or bad a joke to say that there exist prime numbers and Wednesdays and public opinions and navies; or that there exist both minds and bodies. In the succeeding chapters I try to prove that the official theory does rest on a batch of category-mistakes by showing that logically absurd corollaries follow from it. The exhibition of these absurdities will have the constructive effect of bringing out part of the correct logic of mental-conduct concepts.

(4) Historical Note.

It would not be true to say that the official theory derives solely from Descartes' theories, or even from a more widespread anxiety about the implications of seventeenth century mechanics. Scholastic and Reformation theology had schooled the intellects of the scientists as well as of the laymen, philosophers and clerics of that age. Stoic-Augustinian theories of the will were embedded in the Calvinist doctrines of sin and grace; Platonic and Aristotelian theories of the intellect shaped the orthodox doctrines of the immortality of the soul. Descartes was reformulating already prevalent theological doctrines of the soul in the new syntax of Galileo. The theologian's privacy of conscience became the philosopher's privacy of consciousness, and what had been the bogy of Predestination reappeared as the bogy of Determinism.


It would also not be true to say that the two-worlds myth did no theoretical good. Myths often do a lot of theoretical good, while they are still new. One benefit bestowed by the para-mechanical myth was that it partly superannuated the then prevalent
para-political myth. Minds and their Faculties had previously been described by analogies with political superiors and political subordinates. The idioms used were those of ruling, obeying, collaborating and rebelling. They survived and still survive in many ethical and some epistemological discussions. As, in physics, the new myth of occult Forces was a scientific improvement on the old myth of Final Causes, so, in anthropological and psychological theory, the new myth of hidden operations, impulses and agencies was an improvement on the old myth of dictations, deferences and disobediences.
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(1) Foreword.

MOST of the mental-conduct concepts whose logical behaviour we examine in this book, are familiar and everyday concepts. We all know how to apply them and we understand other people when they apply them. What is in dispute is not how to apply them, but how to classify them, or in what categories to put them.


The concept of volition is in a different case. We do not know in daily life how to use it, for we do not use it in daily life and do not, consequently, learn by practice how to apply it, and how not to misapply it. It is an artificial concept. We have to study certain specialist theories in order to find out how it is to be manipulated. It does not, of course, follow from its being a technical concept that it is an illegitimate or useless concept. `Ionisation' and 'off-side' are technical concepts, but both are legitimate and useful. 'Phlogiston' and 'animal spirits' were technical concepts, though they have -now no utility.


I hope to show that the concept of volition belongs to the latter tribe.

(2) The Myth of Volitions.

It has for a long time been taken for an indisputable axiom that the Mind is in some important sense tripartite, that is, that there are just three ultimate classes of mental processes. The Mind or Soul, we are often told, has three parts, namely, Thought, Feeling and Will; or, more solemnly, the Mind or Soul functions in three irreducibly different modes, the Cognitive mode, the Emotional mode and the Conative mode. This traditional dogma is not only not self-evident, it is such a welter of confusions and false inferences that it is best to give up any attempt to re-fashion it. It should be treated as one of the curios of theory.


The main object of this chapter is not, however, to discuss the whole trinitarian theory of mind but to discuss, and discuss destructively, one of its ingredients, I hope to refute the doctrine that there exists a Faculty, immaterial Organ, or Ministry, corresponding to the theory's description of the 'Will' and, accordingly, that there occur processes, or operations, corresponding to what it describes' as 'volition'. I must however make it clear from the start that this refutation will not invalidate the distinctions which we all quite properly draw between voluntary and involuntary actions and between strong-willed and weak-willed persons. It will, on the contrary, make clearer what is meant by 'voluntary' and 'involuntary', by 'strong-willed' and 'weak-willed', by emancipating these ideas from bondage to an absurd hypothesis.


Volitions have been postulated as special acts, or operations, 'in the mind', by means of which a mind gets its ideas translated into facts. I think of some state of affairs which I wish to come into existence in the physical world, but, as my thinking and wishing are unexecutive, they require the mediation of a further executive mental process. So I perform a volition which somehow puts my muscles into action. Only when a bodily movement has issued from such a volition can I merit praise or blame for what my hand or tongue has done.
It will be clear why I reject this story. It is just an inevitable extension of the myth of the ghost in the machine. It assumes that there are mental states and processes enjoying one sort of existence, and bodily states and processes enjoying another. 


An occurrence on the one stage is never numerically identical with an occurrence on the other. So, to say that a person pulled the trigger intentionally is to express at least a conjunctive proposition, asserting the occurrence of one act on the physical stage and another on the mental stage; and, according to most versions of the myth, it is to express a causal proposition, asserting that the bodily act of pulling the trigger was the effect of a mental act of willing to pull the trigger.

According to the theory, the workings of the body are motions of matter in space. The causes of these motions must then be either the motions of matter in space or, in the privileged case of human beings, thrusts of another kind. In some way which must forever remain a mystery, mental thrusts, which are not movements of matter in space, can cause muscles to contract. To describe a man as intentionally pulling the trigger is to state that such a mental thrust did cause the contraction of the muscles of his finger. So the language of 'volitions' is the language of the para-mechanical theory of the mind. If a theorist speaks without qualms of 'volitions', or 'acts of will', no further evidence is needed to show that he swallows whole the dogma that a mind is a secondary field of special causes. It can be predicted that he will correspondingly speak of bodily actions as 'expressions' of mental processes. He is likely also to speak glibly of 'experiences', a plural noun commonly used to denote the postulated non-physical episodes which constitute the shadow-drama on the ghostly boards of the mental stage.


The first objection to the doctrine that overt actions, to which we ascribe intelligence-predicates, are results of counterpart hidden operations of willing is this. Despite the fact that theorists have, since the Stoics and Saint Augustine, recommended us to describe our conduct in this way, no one, save to endorse the theory, ever describes his own conduct, or that of his acquaintances, in the recommended idioms. No one ever says such things as that at 10 a.m. he was occupied in willing this or that, or that he performed five quick and easy volition and two slow and difficult volitions between midday and lunch-time. An accused person may admit or deny that he did something, or that he did it on purpose, but he never admits or denies having willed. Nor do the judge and jury require to be satisfied by evidence, which in the nature of the case could never be adduced, that a volition preceded the pulling of the trigger. Novelists describe the actions, remarks, gestures and grimaces, the daydreams, deliberations, qualms and embarrassments of their characters; but they never mention their volitions. They would not know what to say about them.


By what sorts of predicates should they be described? Can they be sudden or gradual, strong or weak, difficult or easy, enjoyable or disagreeable? Can they be accelerated, decelerated, interrupted, or suspended? Can people be efficient or inefficient at them? Can we take lessons in executing them? Are they fatiguing or distracting? Can I do two or seven of them synchronously? Can I remember executing them? Can I execute them, while thinking of other things, or while dreaming? Can they become habitual? Can I forget how to do them? Can I mistakenly believe that I have executed one, when I have not, or that I have not executed one, when I have? At which moment was the boy going through a volition to take the high dive? When he set foot on the ladder? When he took his first deep breath? When he counted off 'One, two, three — Go', but did not go? Very, very shortly before he sprang? What would his own answer be to those questions?


Champions of the doctrine maintain, of course, that the enactment of volitions is asserted by implication, whenever an overt act is described as intentional, voluntary, culpable or meritorious; they assert too that any person is not merely able but bound to know that he is willing when he is doing so, since volitions are defined as a species of conscious process. So if ordinary men and women fail to mention their volitions in their descriptions of their own behaviour, this must be due to their being untrained in the diction appropriate to the description of their inner, as distinct from their overt, behaviour. However, when a champion of the doctrine is himself asked how long ago he executed his last volition, or how many acts of will he executes in, say, reciting 'Little Miss Muffet' backwards, he is apt to confess to finding difficulties in giving the answer, though these difficulties should not, according to his own theory, exist.


If ordinary men never report the occurrence of these acts, for all that, according to the theory, they should be encountered vastly more frequently than headaches, or feelings of boredom; if ordinary vocabulary has no non-academic names for them; if we do not know bow to settle simple questions about their frequency, duration or strength, then it is fair to conclude that their existence is not asserted on empirical grounds. The fact that Plato and Aristotle never mentioned them in their frequent and elaborate discussions of the nature of the soul and the springs of conduct is due not to any perverse neglect by them of notorious ingredients of daily life but to the historical circumstance that they were not acquainted with a special hypothesis the acceptance of which rests not on the discovery, but on the postulation, of these ghostly thrusts.


The second objection is this. It is admitted that one person can never witness the volitions of another; he can only infer from an observed overt action to the volition from which it resulted, and then only if he has any good reason to believe that the overt action was a voluntary action, and not a reflex or habitual action, or one resulting from some external cause. It follows that no judge, schoolmaster, or parent ever knows that the actions which he judges merit praise or blame; for he cannot do better than guess that the action was willed. Even a confession by the agent, if such confessions were ever made, that he had executed a volition before his hand did the deed would not settle the question. The pronouncement of the confession is only another overt muscular action. The curious conclusion results that though volitions were called in to explain our appraisals of actions, this explanation is just what they fail to provide. If we had no other antecedent grounds for applying appraisal-concepts to the actions of others, we should have no reasons at all for inferring from those actions to the volitions alleged to give rise to them.


Nor could it be maintained that the agent himself can know that any overt action of his own is the effect of a given volition. Supposing, what is not the case, that he could know for certain, either from the alleged direct deliverances of consciousness, or from the alleged direct findings of introspection, that he had executed an act of will to pull the trigger just before he pulled it, this would not prove that the pulling was the effect of that willing. The connection between volitions and movements is allowed to be mysterious, so, for all lie knows, his volition may have had some other movement as its effect and the pulling of the trigger may have had some other event for its cause.


Thirdly, it would be improper to burke the point that the connection between volition and movement is admitted to be a mystery. It is a mystery not of the unsolved but soluble type, like the problem of the cause of cancer, but of quite another type. The episodes supposed to constitute the careers of minds are assumed to have one sort of existence, while those constituting the careers of bodies have another sort; and no bridge-status is allowed. Transactions between minds and bodies involve links where no links can be. That there should be any causal transactions between minds and matter conflicts with one part, that there should be none conflicts with another part of the theory. Minds, as the whole legend describes them, are what must exist if there is to be a causal explanation of the intelligent behaviour of human bodies; and minds, as the legend describes them, live on a floor of existence defined as being outside the causal system to which bodies belong.


Fourthly, although the prime function of volitions, the task for the performance of which they were postulated, is to originate bodily movements, the argument, such as it is, for their existence entails that some mental happenings also must result from acts of will. Volitions were postulated to be that which makes actions voluntary, resolute, meritorious and wicked. But predicates of these sorts are ascribed not only to bodily movements but also to operations which, according to the theory, are mental and not physical operations. A thinker may ratiocinate resolutely, or imagine wickedly; he may try to compose a limerick and he may meritoriously concentrate on his algebra. Some mental processes then can, according to the theory, issue from volitions. So what of volitions themselves? Are they voluntary or involuntary acts of mind? Clearly either answer leads to absurdities. If I cannot help willing to pull trigger, it would be absurd to describe my pulling it as 'voluntary'. But if my volition to pull the trigger is voluntary, in the sense assumed by the theory, then it must issue from a prior volition and that from another ad infinitum. It has been suggested, to avoid this difficulty, that volitions cannot be described as either voluntary or involuntary. 'Volition' is a term of the wrong type to accept either predicate. If so, it would seem to follow that it is also of the wrong type to accept such predicates as 'virtuous' and 'wicked', 'good' and `bad', a conclusion which might embarrass those moralists who use volitions as the sheet-anchor of their systems.


In short, then, the doctrine of volitions is a causal hypothesis, adopted because it was wrongly supposed that the question, 'What makes a bodily movement voluntary? was a causal question. This supposition is, in fact, only a special twist of the general supposition that the question, 'How are mental-conduct concepts applicable to human behaviour? is a question about the causation of that behaviour.


Champions of the doctrine should have noticed the simple fact that they and all other sensible persons knew how to decide questions about the voluntariness and involuntariness of actions and about the resoluteness and irresoluteness of agents before they had ever heard of the hypothesis of the occult inner thrusts of actions. They might then have realised that they were not elucidating the criteria already in efficient use, but, tacitly assuming their validity, were trying to correlate them with hypothetical occurrences of a para-mechanical pattern. Yet this correlation could, on the one hand, never be scientifically established, since the thrusts postulated were screened from scientific observation; and, on the other hand, it would be of no practical or theoretical use, since it would not assist our appraisals of actions, depending as it would on the presupposed validity of those appraisals. Nor would it elucidate the logic of those appraisal-concepts, the intelligent employment of which antedated the invention of this causal hypothesis.


Before we bid farewell to the doctrine of volitions, it is expedient to consider certain quite familiar and authentic processes with which volitions are sometimes wrongly identified.


Ryle accepts the idea of alternative possibilities

People are frequently in doubt what to do; having considered alternative courses of action, they then, sometimes, select or choose one of these courses. This process of opting for one of a set of alternative courses of action is sometimes said to be what is signified by 'volition'. But this identification will not do, for most voluntary actions do not issue out of conditions of indecision and are not therefore results of settlements of indecisions. Moreover it is notorious that a person may choose to do something but fail, from weakness of will, to do it; or he may fail to do it because some circumstance arises after the choice is made, preventing the execution of the act chosen. But the theory could not allow that volitions ever fail to result in action, else further executive operations would have to be postulated to account for the fact that sometimes voluntary actions are performed. And finally the process of deliberating between alternatives and opting for one of them is itself subject to appraisal-predicates. But if, for example, an act of choosing is describable as voluntary, then, on this suggested showing, it would have in its turn to be the result of a prior choice to choose, and that from a choice to choose to choose....

The same objections forbid the identification with volitions of such other familiar processes as that of resolving or making up our minds to do something and that of nerving or bracing ourselves to do something, I may resolve to get out of bed or go to the dentist, and I may, clenching my fists and gritting my teeth, brace myself to do so, but I may still backslide. If the action is not done, then, according to the doctrine, the volition to do it is also unexecuted. Again, the operations of resolving and nerving ourselves are themselves members of the class of creditable or discreditable actions, so they cannot constitute the peculiar ingredient which, according to the doctrine, is the common condition of any performance being creditable or discreditable.

(3) The Distinction between Voluntary and Involuntary.

It should be noticed that while ordinary folk, magistrates, parents and teachers, generally apply the words 'voluntary' and `involuntary' to actions in one way, philosophers often apply them in quite another way.


In their most ordinary employment 'voluntary' and 'involuntary' are used, with a few minor elasticities, as adjectives applying to actions which ought not to be done. We discuss whether someone's action was voluntary or not only when the action seems to have been his fault. He is accused of making a noise, and the guilt is his, if the action was voluntary, like laughing; he has successfully excused himself, if he satisfies us that it was involuntary, like a sneeze. In the same way in ordinary life we raise questions of responsibility only when someone is charged, justly or unjustly, with an offence. It makes sense, in this use, to ask whether a boy was responsible for breaking a window, but not whether he was responsible for finishing his homework in good time. We do not ask whether it was his fault that he got a long-division sum right, for to get a sum right is not a fault. If he gets it wrong, he may satisfy us that his failure was not his fault, perhaps because he had not yet been shown how to do such calculations. 


In this ordinary use, then, it is absurd to discuss whether satisfactory, correct or admirable performances are voluntary or involuntary. Neither inculpation nor exculpation is in point. We neither confess to authorship nor adduce extenuating circumstances; neither plead 'guilty' nor plead 'not guilty' ; for we are not accused.


But philosophers, in discussing what constitutes acts voluntary or involuntary, tend to describe as voluntary not only reprehensible but also meritorious actions, not only things that are someone's fault but also things that are to his credit. The motives underlying their unwitting extension of the ordinary sense of `voluntary', 'involuntary' and 'responsible' will be considered later. For the moment it is worth while to consider certain consequences which follow from it. In the ordinary use, to say that a sneeze was involuntary is to say that the agent could not help doing it, and to say that a laugh was voluntary is to say that the agent could have helped doing it. (This is not to say that the laugh was intentional. We do not laugh on purpose.) The boy could have got the sum right which he actually got wrong; he knew how to behave, but he misbehaved; he was competent to tie a reef-knot, though what he unintentionally produced was a granny-knot. His failure or lapse was his fault. But when the word 'voluntary' is given its philosophically stretched use, so that correct as well incorrect, admirable as well as contemptible acts are described as voluntary, it seems to follow by analogy with the ordinary use, that a boy who gets his sum right can also be described as having been 'able to help it'. It would then be proper to ask: Could you have helped solving the riddle? Could you have helped drawing the proper conclusion? Could you have helped tying a proper reef-knot? Could you have helped seeing the point of that joke? Could you have helped being kind to that child? In fact, however, no one could answer these questions, though it is not at first obvious why, if it is correct to say that someone could have avoided getting a sum wrong, it is incorrect to say that he could have avoided getting it right.


The solution is simple. When we say that someone could have avoided committing a lapse or error, or that it was his fault that he committed it, we mean that he knew how to do the right thing, or was competent to do so, but did not exercise his knowledge or competence. He was not trying, or not trying hard enough. But when a person has done the right thing, we cannot then say that he knew how to do the wrong thing, or that he was competent to make mistakes. For making mistakes is not an exercise of competence, nor is the commission of slips an exercise of knowledge how; it is a failure to exercise knowledge how. It is true in one sense of 'could' that a person who had done a sum correctly could have got it wrong; in the sense, namely, that he is not exempt from the liability to be careless. But in another sense of 'could', to ask, 'Could you have got it wrong? means 'Were you sufficiently intelligent and well-trained and were you concentrating hard enough to make a miscalculation?', this is as silly a question as to ask whether someone's teeth are strong enough to be broken by cracking nuts.


The tangle of largely spurious problems, known as the problem of the Freedom of the Will, partly derives from this unconsciously stretched use of 'voluntary' and these consequential misapplications of different senses of 'could' and 'could have helped'.


The first task is to elucidate what is meant in their ordinary, undistorted use by 'voluntary', 'involuntary', 'responsible', 'Could not have helped' and 'his fault', as these expressions are used in deciding concrete questions of guilt and innocence.


If a boy has tied a granny-knot instead of a reef-knot, we satisfy ourselves that it was his fault by first establishing that he knew how to tie a reef-knot, and then by establishing that his hand was not forced by external coercion and that there were no other agencies at work preventing him from tying the correct knot. We establish that he could tie reef-knots by finding out that he had been taught, had had practice, usually got them right, or by finding that he could detect and correct knots tied by others, or by finding that he was ashamed of what he had done and, without help from others, put it right himself. That he was not acting under duress or in panic or high fever or with numb fingers, is discovered in the way in which we ordinarily discover that highly exceptional incidents have not taken place; for such incidents would have been too remarkable to have gone unremarked, at least by the boy himself


The first question which we had to decide had nothing to do with the occurrence or non-occurrence of any occult episode in the boy's stream of consciousness; it was the question whether or not he had the required higher-level competence, that of knowing how to tie reef-knots. We were not, at this stage, inquiring whether he committed, or omitted, an extra public or private operation, but only whether he possessed or lacked a certain intelligent capacity. What satisfied us was not the (unattainable) knowledge of the truth or falsity of a particular covert cause-overt effect proposition, but the (attainable) knowledge of the truth or falsity of a complex and partially general hypothetical proposition—not, in short, that he did tie a shadowy reef- or granny-knot behind the scenes, but that he could have tied a real one with this rope and would have done so on this occasion, if he had paid more heed to what lie was doing. The lapse was his fault because, knowing how to tie the knot, he still did not tie it correctly.


Consider next the case of an act which everyone would decide was not the agent's fault. A boy arrives late for school and on inquiry it turns out that he left home at the usual time, did not dally on his way to the omnibus halt and caught the usual omnibus. But the vehicle broke down and could not complete the journey. The boy ran as fast as lie could the rest of the way, but was still late. Clearly all the steps taken by the boy were either the same as those which normally bring him to school in time, or were the only steps open to him for remedying the effects of the breakdown. There was nothing else that he could have done and his teacher properly recommends him to follow the same routine on future occasions. His late arrival was not the result of a failure to do what he was capable of doing. He was prevented by a circumstance which was not in his power to modify. Here again the teacher is judging an action with reference to the capacities and opportunities of the agent; his excuse is accepted that he could not have done better than he did. The whole question of the involuntariness of his late arrival is decided without the boy being asked to report any deliverances of consciousness or introspection about the execution or non-execution of any volitions.


It makes no difference if the actions with which an agent is charged either are or embody operations of silent soliloquy or other operations with verbal or non-verbal images. A slip in mental arithmetic is the pupil's fault on the same grounds as a slip made in written arithmetic; and an error committed in matching colours in the mind's eye may merit the reproach of carelessness in the same way as an error committed in matching colours on the draper's counter. If the agent could have done better than he did, then he could have helped doing it as badly as he did.


Besides considering the ordinary senses of voluntary' , 'involuntary', 'responsible', 'my fault' and 'could' or 'could not help', we should notice as well the ordinary uses of such expressions as `effort of will', 'strength of will' and 'irresolute'. A person is described as behaving resolutely when in the execution of difficult, protracted or disagreeable tasks he tends not to relax his efforts, not to let his attention be diverted, not to grumble and not to think much or often about his fatigue or fears. He does not shirk or drop things to which lie has set his hand. A weak-willed person is one who is easily distracted or disheartened, apt to convince himself that another time will be more suitable or that the reasons for undertaking the task were not after all very strong. Note that it is no part of the definition of resoluteness or of irresoluteness that a resolution should actually have been formed. A resolute man may firmly resist temptations to abandon or postpone his task, though he never went through a prefatory ritual-process of making up his mind to complete it. But naturally such a man will also be disposed to perform any vows which he has made to others or to himself. Correspondingly the irresolute man will be likely to fail to carry out his often numerous good resolutions, but his lack of tenacity of purpose will be exhibited also in surrenders and slacknesses in courses of action which were unprefaced by any private or public undertakings to accomplish them.


Strength of will is a propensity the exercises of which consist in sticking to tasks; that is, in not being deterred or diverted. Weakness of will is having too little of this propensity. The performances in which strength of will is exerted may be performances of almost any sort, intellectual or manual, imaginative or administrative. It is not a single-track disposition or, for that and other reasons, a disposition to execute occult operations of one special kind.


By 'an effort of will' is meant a particular exercise of tenacity of purpose, occurring when the obstacles are notably great, or the counter-temptations notably strong. Such efforts may, but need not, be accompanied by special processes, often of a ritual character, of nerving or adjuring oneself to do what is required; but these processes are not so much ways in which resoluteness is shown as ways in which fear of irresoluteness manifests itself.


Before we leave the concept or concepts of voluntariness, two further points need to be made. (I) Very often we oppose things done voluntarily to things suffered under compulsion. Some soldiers are volunteers, others are conscripts; some yachtsmen go out to sea voluntarily, others are carried out to sea by the wind and tide. Here questions of inculpation and exculpation need not arise. In asking whether the soldier volunteered or was conscripted, we are asking whether he joined up because he wanted to do so, or whether lie joined up because he had to do so, where 'had to' entails 'no matter what he wanted'. In asking whether the yachtsman went out to sea of his own accord or whether he was carried out, we are asking whether he went out on purpose, or whether he would still have gone out as he did, even if he had meant not to do so. Would bad news from home, or a warning from the coastguard, have stopped him?


What is involuntary, in this use, is not describable as an act. Being carried out to sea, or being called up, is something that happens to a person, not something which he does. In this respect, this antithesis between voluntary and involuntary differs from the antithesis we have in mind when we ask whether someone's tying of a granny-knot, or his knitting of his brows, is voluntary or involuntary. A person who frowns involuntarily is not forced to frown, as a yachtsman may be forced out to sea; nor is the careless boy forced to tie a granny-knot, as the conscript is forced to join the army. Even frowning is something that a person does. It is not done to him. So sometimes the question 'Voluntary or involuntary?' means 'Did the person do it, or was it done to him?'; sometimes it presupposes that he did it, but means 'Did he do it with or without heeding what he was doing?' or 'Did he do it on purpose or inadvertently, mechanically, or instinctively, etc.?'


(2) When a person does something voluntarily, in the sense that he does it on purpose or is trying to do it, his action certainly reflects some quality or qualities of mind, since (it is more than a verbal point to say) he is in some degree and in one fashion or another minding what he is doing. It follows also that, if linguistically equipped, he can then tell, without research or conjecture, what he has been trying to accomplish. But, as will argued in Chapter V, these implications of voluntariness do not carry with them the double-life corollaries often assumed. To frown intentionally is not to do one thing on one's forehead and another thing in a second metaphorical place; nor is it to do one thing with one's brow-muscles and another thing with some non-bodily organ. In particular, it is not to bring about a frown on one's forehead by first bringing about a frown-causing exertion of some occult non-muscle. 'He frowned intentionally' does not report the occurrence of two episodes. It reports the occurrence of one episode, but one of a very different character from that reported by 'he frowned involuntarily', though the frowns might be photographically as similar as you please.

(4) Freedom of the Will.

It has been pointed out that in some philosophers' discussions of the voluntariness of actions, the words 'voluntary', 'involuntary' and 'responsible' are used, not with their ordinary restriction to lapses or apparent lapses, but with a wider scope covering all performances which are to be adjudged favourably or unfavourably by any criteria of excellence or admissibility. In their use, a person is described as voluntarily doing the right thing and as voluntarily doing the wrong thing, or as being responsible not only for actions for which he is subject to accusation, but also for actions entitling him to kudos. It is used, that is, as a synonym of 'intentional'.


Now the philosophers who have worked with this stretched usage have had a strong intellectual motive for doing so. They felt the need for an apparatus of terms by which to demarcate those things and occurrences to which either plaudits or strictures are appropriate from those to which neither are appropriate. Without such an apparatus it would, they felt, be impossible to state what are the qualifications for membership of the realm of Spirit, the lack of which entails relegation to the realm of brute Nature.


The main source of this concern to discover some peculiar element present, wherever Spirit is present, and absent, where it is absent, was alarm at the bogy of Mechanism. It was believed that the physical sciences had established, or were on the way to establishing, that the things and events of the external world are rigidly governed by discoverable laws, laws the formulations of which admit no appraisal-words. It was felt that all external happenings are confined within the iron grooves of mechanical causation. The genesis, the properties and the courses of these happenings were, or would be, totally explained in terms of measurable and, it was supposed, therefore purposeless forces.


To salve our right to employ appraisal-concepts, the field of their proper application had to be shown to lie somewhere else than this external world, and an internal world of immeasurable but purposeful forces was thought to do the trick. 'Volitions' being already nominated as the required outputs of internal forces, it was then natural to suppose that voluntariness, defined in terms of propagation by volition, was the common and peculiar element which makes occurrences spiritual. Scientific propositions and appraisal-propositions were accordingly distinguished as being respectively descriptions of what takes place in the external world and descriptions of what takes place in the internal world — at least until psychologists claimed that their assertions were scientific descriptions of what takes place in the inner world.


The question whether human beings can merit praise or blame was consequently construed as the question whether volitions are effects.

(5) The Bogy of Mechanism.

Whenever a new science achieves its first big successes, its enthusiastic acolytes always fancy that all questions are now soluble by extension of its methods of solving its questions. At one time theorists imagined that the whole world was nothing more than a complex of geometrical figures, at another that the whole world was describable and explicable in the propositions of pure arithmetic. Chemical, electrical, Darwinian and Freudian cosmogonies have also enjoyed their bright but brief days. 'At long last', the zealots always say, 'we can give, or at least indicate, a solution of all difficulties and one which is unquestionably a scientific solution'.


The physical sciences launched by Copernicus, Galileo, Newton and Boyle secured a longer and a stronger hold upon the cosmogony-builders than did either their forerunners or their successors. People still tend to treat laws of Mechanics not merely as the ideal type of
scientific laws, but as, in some sense, the ultimate laws of Nature. They tend to hope or fear that biological, psychological and sociological laws will one day be 'reduced' to mechanical laws — though it is left unclear what sort of a transaction this 'reduction' would be.


I have spoken of Mechanism as a bogy. The fear that theoretically minded persons have felt lest everything should turn out to be explicable by mechanical laws is a baseless fear. And it is baseless not because the contingency which they dread happens not to be impending, but because it makes no sense to speak of such a contingency. Physicists may one day have found the answers to all physical questions, but not all questions are physical questions. The laws that they have found and will find may, in one sense of the metaphorical verb, govern everything that happens, but they do not ordain everything that happens. Indeed they do not ordain anything that happens. Laws of nature are not fiats.


An illustration may elucidate this point. A scientifically trained spectator, who is not acquainted with chess or any other game, is permitted to look at a chessboard in the intervals between the moves. He does not yet see the players making the moves. After a time he begins to notice certain regularities. The pieces known to us as 'pawns', normally move only one square at a time and then only forwards, save in certain special circumstances when they move diagonally. The pieces known to us as 'bishops' only move diagonally, though they can move any number of squares at a time. Knights always make dog-legged moves. And so on. After much  research this spectator will have worked out all rules of chess, and he is then allowed to see that the moves of the pieces are made by people whom we know as 'players'. He commiserates with them upon their bondage. "Every move that you make", he says, "is governed by unbreakable rules; from the moment that one of you puts his hand on a pawn, the move that he will make with it is, in most cases, accurately predictable. The whole course of what you tragically dub your 'game' is remorselessly pre-ordained; nothing in it takes place which cannot be shown to be governed by one or other of the iron rules. Heartless necessity dictates the play, leaving no room in it for intelligence or purpose. True, I am not yet competent to explain every move that I witness by the rules that I have so far discovered. But it would be unscientific to suppose that there are inexplicable moves. There must therefore be further rules, which I hope to discover and which will satisfactorily complete the explanations which I have inaugurated." The players, of course, laugh and explain to him that though every move is governed, not one of them is ordained by the rules. "True, given that I start to move my bishop, you can predict with certainty that it will end on a square of the same colour as that from which it started. That can be deduced from the rules. But that, or how far, I shall move my bishop at this or that stage of the game is not stated in, or deducible from, the rules. There is plenty of room for us to display cleverness and stupidity and to exercise deliberation and choice. Though nothing happens that is irregular, plenty happens that is surprising, ingenious and silly. The rules are the same for all the games of chess that have ever been played, yet nearly every game that has ever been played has taken a course for which the players can recall no close parallels. The rules are unalterable, but the games are not uniform. The rules prescribe what the players may not do-, everything else is permitted, though many moves that are permitted would be bad tactics.


"There are no further rules of the game for you to discover and the 'explanations' which you hope to find for the particular moves that we make can, of course, be discovered, but they are not explanations in terms of rules but in terms of some quite different things, namely, such things as the player's consideration and application of tactical principles. Your notion of what constitutes an explanation was too narrow. The sense in which a rule 'explains' a move made in conformity with it is not the same as the sense in which a tactical principle explains a move, for all that every move that obeys a tactical principle also obeys a rule. Knowing how to apply tactical principles involves knowing the rules of the game, but there is no question of these principles being 'reducible' to rules of the game."


This illustration is not intended to suggest that the laws of physics are very much like the rules of chess; for the, course of Nature is not a game and its laws are not human inventions, or conventions. What the illustration is meant to bring out is the fact there is no contradiction in saying that one and the same process, such as the move of a bishop, is in accordance with two principles of completely different types and such that neither is 'reducible' to the other, though one of them presupposes the other.


Hence there derive two quite different sorts of `explanation' of the moves, neither of which is incompatible with the other. Indeed the explanation in terms of tactical canons presupposes that in terms of the rules of chess, but it is not deducible from those rules. This point can be expressed in another way. A spectator might ask, in one sense of 'why', why the bishop always ends a move on a square of the same colour as that on which it began the game; he would be answered by being referred to the rules of chess, including those prescribing the design of the board. He might then ask, in another sense of 'why', why a player at a certain stage of the. game moved one of his bishops (and not some other piece) to one square (and not to another); he might be answered that it was to force the opposing Queen to cease to threaten the player's King.


Words like 'explanation', `law', 'rule', 'principle', 'why', `because', 'cause', 'reason', 'govern', 'necessitate', etc., have a range of typically different senses. Mechanism seemed to be a menace because it was assumed that the use of these terms in mechanical theories is their sole use; that all 'why' questions are answerable in terms of laws of motion. In fact all 'why' questions of one type are perhaps answerable in those terms and no 'why' questions of other types are answerable merely in those terms.


It may well be that throughout the whole length of The Decline and Fall of the Roman Empire Gibbon never once infringes the rules of English grammar. They governed his entire writing, yet they did not ordain what he should write, or even the style in which he should write; they merely forbade certain ways of conjoining words. Knowing these rules and Gibbon's obedience to them, a reader can predict from the fact that a particular sentence has for its subject a plural noun that its verb will be a plural verb. His predictions will be uniformly correct, yet we feel no inclination to lament that Gibbon's pen ran in a fatal groove. Grammar tells the reader that the verb must, be a plural verb, but not which verb it will be.


An argumentative passage from The Decline and Fall might be examined for the grammatical rules which its word-arrangements observe, the, stylistic canons which its word-arrangements observe, and, the logical rules which its word-arrangements observe. There is no conflict or competition between these different types of principles; all alike are applied in the same material; all alike can supply licenses for correct predictions; all alike may be referred to for answers to questions of the same verbal pattern 'Why did Gibbon write this and not something else?'


The discoveries of the physical sciences no more rule out life, sentience, purpose or intelligence from presence in the world than do the rules of grammar extrude style or logic from prose. Certainly the discoveries of the physical sciences say nothing of life, sentience, or purpose, but nor do the rules of grammar say anything about style or logic. For the laws of physics apply to what is animate as well as to what is inanimate, to intelligent people as well as to idiots, just as the rules of grammar apply to Whitaker's Almanac as well as to The Decline and Fall, to Mrs. Eddy's as well as to Hume's reasonings.


The favourite model to which the fancied mechanistic world is assimilated is that of billiard balls imparting their motion to one another by impact. Yet a game of billiards provides one of the simplest examples of a course of events for the description of which mechanical terms are necessary without being sufficient. Certainly from accurate knowledge of the weight, shape, elasticity and movements of the balls, the constitution of the table and the conditions of the atmosphere it is in principle possible, in accordance with known laws, to deduce from a momentary state of the balls what will be their later state. But it does not follow from this that the course of the game is predictable in accordance with those laws alone. A scientific forecaster, who was ignorant of the rules and tactics of the game and of the skill and plans of the players, could predict, perhaps, from the beginning of a single stroke, the positions in which the balls will come to rest before the next stroke is made; but he could predict no further. The player himself may be able to foresee with modest probability the sort of break that he will make, for he knows, perhaps, the best tactics to apply to situations like this and he knows a good deal about his own skill, endurance, patience, keenness and intentions.


It must be noticed that in so far as the player has any skill in getting the balls where he wishes, he must have knowledge, of a rule-of-thumb sort, of the mechanical principles which govern the accelerations and decelerations of the balls. His knowledge how to execute his intentions is not at loggerheads with his knowledge of mechanical laws; it depends on that knowledge. In applying appraisal-concepts to his play we are not worried by the fact that the motions imparted by him to the balls are governed by mechanical laws; for there could not be a game of skill at all if, per impossibile, the instruments of the game behaved randomly.


The modern interpretation of natural laws as statements not of necessities but of very, very long odds is sometimes acclaimed as providing a desiderated element of non-rigorousness in Nature. Now at last, it is sometimes felt, we can be scientific while reserving just a very few occasions in which appraisal-concepts can be properly applied. This silly view assumes that an action could not merit favourable or unfavourable criticism, unless it were an exception to scientific generalisations. But the billiards player asks for no special indulgences from the laws of physics any more than he does from
the rules of billiards. Why should he? They do not force his hand. The fears expressed by some moral philosophers that the advance of the natural sciences diminishes the field within which the moral virtues can be exercised rests on the assumption that there is some contradiction in saying that one and the same occurrence is governed both by mechanical laws and by moral principles, an assumption as baseless as the assumption that a golfer cannot at once conform to the laws of ballistics and obey the rules of golf and play with elegance and skill. Not only is there plenty of room for purpose where everything is governed by mechanical laws, but there would be no place for purpose if things were not so governed. Predictability is a necessary condition of planning.


Mechanism then is a mere bogy and while there is much to be elucidated in the special concepts of biology, anthropology, sociology, ethics, logic, aesthetics, politics, economics, historiography, etc., there is no need for the desperate salvage-operation of withdrawing the applications of them out of the ordinary world to some postulated other world, or of setting up a partition between things that exist in Nature and things that exist in non-Nature. No occult precursors of overt acts are required to preserve for their agent his title to plaudits or strictures for performing them, nor would they be effective preservatives if they did exist.


Men are not machines, not even ghost-ridden machines. They are men-a tautology which is sometimes worth remembering. People le often ten pose such questions as 'How does my mind get my hand to make the required movements ?' and even 'What makes my hand do what my mind tells it to do? Questions of these patterns are properly asked of certain chain-processes. The question 'What makes the bullet fly out of the barrel? is properly answered by `The expansion of gases in the cartridge'; the question 'What makes the cartridge explode?' is answered by reference to the percussion of the detonator; and the question 'How does my squeezing the trigger make the pin strike the detonator? is answered by describing the mechanism of springs, levers and catches between the trigger and the pin. So when it is asked 'How does my mind get my finger to squeeze the trigger? the form of the question presupposes that a still further chain-process is involved, embodying still earlier tensions, releases and discharges, though this time 'mental' ones. But. whatever is the act or operation adduced as the first step of this postulated chain-process, the performance of it has to be described in just the same way as in ordinary life we describe the squeezing of the trigger by the marksman. Namely we say simply 'He did it' and not 'He did or underwent something else which caused it'.
In conclusion, it is perhaps worth while giving a warning against a very popular fallacy. The hearsay knowledge that everything in Nature is subject to mechanical laws often tempts people to say that Nature is either one big machine, or else a conglomeration of machines. But in fact there are very few machines in Nature. The only machines that we find are the machines that human beings make, such as clocks, windmills  and turbines. There are a very few natural systems which somewhat resemble such machines, namely, such things as solar systems. These do go on by themselves and repeat indefinitely the same series of movements. They do go, as few unmanufactured things go, 'like clock-work'. True, to make machines we have to know and apply Mechanics. But inventing machines is not copying things found in inanimate Nature.


Paradoxical though it may seem, we have to look rather to living organisms for examples in Nature of self-maintaining, routine-observing systems. The movements of the heavenly bodies provided one kind of 'clock'. It was the human pulse that provided the next. Nor is it merely primitive animism which makes native children think of engines as iron horses. There is very little else in Nature to which they are so closely analogous. Avalanches and games of billiards are subject to mechanical laws; but they are not at all like the workings of machines.
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Ryle describes two stages, one mental (thoughts?), the other physical (actions, motions of the body). Cf. our two-stage model
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Introduction


‘Free will’ is the conventional name of a topic that is best discussed
without reference to the will. It is a topic in metaphysics and ethics
as much as in the philosophy of mind. Its central questions are ‘What
is it to act (or choose) freely?’, and ‘What is it to be morally
responsible for one’s actions (or choices)?’ These two questions are
closely connected, for it seems clear that freedom of action is a
necessary condition of moral responsibility, even if it is not
sufficient.


Philosophers give very different answers to these questions.
Consequently they give very different answers to two more specific
questions, which are questions about ourselves: (1) Are we free agents?
and (2) Can we be morally responsible for what we do? Answers to (1)
and (2) range from ‘Yes, Yes’, to ‘No, No’—via ‘Yes, No’ and various
degrees of ‘Perhaps’, ‘Possibly’, and ‘In a sense’. (The fourth pair of
outright answers, ‘No, Yes’, is rare, but it has a kind of
existentialist panache, and appears to be embraced by Wintergreen in
Joseph Heller’s novel Closing Time, as well as by some Protestants).


Prominent among the ‘Yes, Yes’ sayers are the compatibilists. They have
this name because they hold that free will is compatible with
determinism. Briefly, determinism is the view that the history of the
universe is fixed: everything that happens is necessitated by what has
already gone before, in
such a way that nothing can happen otherwise than it does. According to
compatibilists,
freedom is compatible with determinism because freedom is essentially
just
a matter of not being constrained or hindered in certain ways when one
acts
or chooses. Suppose one is a normal adult human being in normal
circumstances.
Then one is able to act and choose freely. No one is holding a gun to
one’s
head. One is not being threatened or manhandled. One is not drugged, or
in
chains, or subject to a psychological compulsion like kleptomania, or a
post-hypnotic
command. One is therefore wholly free to choose and act even if one’s
whole physical and psychological makeup is entirely determined by
things
for which one is in no way ultimately responsible—starting with one’s
genetic inheritance and early upbringing.



Compatibilism has many sophisticated variants, but this is its core,
and to state it is to see what motivates its opponents, the
incompatibilists. The incompatibilists hold that freedom is not
compatible with determinism. They point out that if determinism is
true, then every one of one’s actions was determined to happen as it
did before one was born. They hold that one can’t be held to be truly
free and finally morally responsible for one’s actions in this case.
Compatibilism is a ‘wretched subterfuge...,
a petty word-jugglery’, as Kant put it. It entirely fails to satisfy
our natural convictions about the nature of moral responsibility.


The incompatibilists have a good point, and may be divided into two
groups. First, there are the libertarians, who wish to answer ‘Yes,
Yes’ to questions (1) and (2). Libertarians hold that we are indeed
free and fully morally responsible agents, and that determinism must
therefore be false. Their great difficulty is to explain why the
falsity of determinism is any better than determinism, when it comes to
establishing our free agency and moral responsibility. For suppose that
not every event is determined, and that some events occur randomly, or
as a matter of chance. How can this help with free will? How can our
claim to moral responsibility be improved by the
supposition that it is partly a matter of chance or random outcome that
we
and our actions are as they are? This is a very difficult question for
libertarians.


The second group of incompatibilists are less sanguine. They answer
‘No, No’ to questions (1) and (2). They agree with the libertarians
that determinism rules out genuine moral responsibility, but argue that
the falsity of determinism can’t help. Accordingly, they conclude that
we are not genuinely free agents or genuinely morally responsible,
whether determinism is true or false. One of their arguments can be
summarized as follows. When one acts, one acts in the way that one does
because of the way one is. So to be truly morally responsible for one’s
actions, one would have to be truly responsible for the way one is: one
would have to be causa sui, or
the cause of oneself, at least in certain crucial mental respects. But
nothing
can be causa sui—nothing can be the ultimate cause of itself in any
respect. So nothing can be truly morally responsible.


Suitably developed, this argument against moral responsibility seems
very strong. (Some objections will be considered in the main article.)
But in many
human societies belief in ultimate moral responsibility continues
unabated. In many human beings, the experience of choice gives rise to
a conviction of absolute responsibility that is untouched by
philosophical arguments that put it in question. This conviction is the
deep and inexhaustible source of
the free will problem:  there are powerful arguments that seem to
show
that we cannot be morally responsible in the ultimate way that we
suppose.  But these arguments keep coming up against equally
powerful psychological and cultural reasons why we continue to believe
that we are ultimately morally responsible.


1  Compatibilism



      Do we have free will? It depends what you mean by the
word ‘free’. More than 200 senses of the word have been distinguished;
the history of the discussion of free will is rich and remarkable.
David Hume
called the problem of free will "the most contentious question of
metaphysics, the most contentious science" (Enquiry p. 95).



      Here it will be enough to focus on two main senses of
the word ‘free’. The first has the consequence that the answer to the
question ‘Do we have free will?’ is ‘Yes’. The second has the
consequence that the answer is ‘No’. The first is compatibilist; that
is, it is a sense of the word ‘free’ according to which free will is
compatible with determinism, even though determinism is the view that
the history of the universe is fixed in such a way that nothing
can happen otherwise than it does, because everything that happens is
necessitated
by what has already gone before.


      Suppose tomorrow is a national holiday. You are
considering what to do. You can climb a mountain or read Lao Tzu. You
can mend your bicycle or go to the zoo. At this moment you are reading
the Routledge Encyclopaedia of Philosophy. You are free to go on
reading or stop now. You have started on this sentence, but you don’t
have to—finish it. 


      In this situation, as so often in life, you have a
number of options. Nothing forces your hand. It seems natural to say
that you are entirely free to choose what to do. And, given that
nothing hinders you, it
seems natural to say that you act entirely freely when you actually do
(or
try to do) what you have decided to do. 


      Compatibilists claim that this is the right thing to
say. They believe that to have free will, to be a free agent, to be
free in choice and action, is simply to be free from constraints of
certain sorts. Freedom is a matter of not being physically or
psychologically forced or compelled to do what one does.


      This raises the question of what counts as a
constraint or compulsion. In one sense, compatibilist freedom can be
limited by imprisonment, which is likely to prevent one from doing what
one wants to do. It can be limited by a gun at one’s head, or a threat
to the life of one’s children, or a psychological obsession. All these
things are standardly counted as constraints that can limit freedom.


      In another and more fundamental sense, however,
compatibilist freedom is something one continues to possess
undiminished so long as one can choose or act in any way at all. One
continues to possess it in any situation in which one is not panicked,
or literally compelled to do what one does in
such a way that it is not clear that one can still be said to choose or
act
at all (as when one presses a button, because one’s finger is actually
forced down on the button).


       Consider pilots of hijacked aeroplanes. They usually
stay calm. They choose to comply with the hijackers’ demands. They act
responsibly, as we naturally say. They are able to do other than they
do, but they choose not to. They do what they most want to do, all
things considered, in the circumstances
in which they find themselves. And all circumstances limit one’s
options
in some way.



      It is true that some circumstances limit one’s options
much more drastically than others; but it doesn’t follow that one isn’t
free to choose in those circumstances. Only literal compulsion, panic,
or uncontrollable impulse really removes one’s freedom to choose, and
to
(try to) do what one most wants to do given one’s character or
personality. Even when one’s finger is being forced down on the button,
one can still
act freely in resisting the pressure, and in many other ways.


      So most of us are free to choose throughout our waking
lives, according to the compatibilist conception of freedom. We are
free
to choose between the options that we perceive to be open to us.
(Sometimes
we would rather not face options, but are unable to avoid awareness of
the
fact that we do face them.) One has options even when one is in chains,
or
falling through space. Even if one is completely paralysed, one is
still
free in so far as one is free to choose to think about one thing rather
than
another. Sartre observed that there is a sense in which we are
‘condemned’ to freedom, not free not to be free.


      One may well not be able to do everything one
wants—one may want to fly unassisted, vapourize every gun in the United
States by an act of thought, or house all those who sleep on the
streets of Calcutta by the end of the month. But few have supposed that
free will or free agency is a matter of being able to do everything one
wants. That is one possible view of what it is to be free; but
according to the compatibilists, free will
is simply a matter of having genuine options and opportunities for
action, and being able to choose between them according to what one
wants or thinks best.


      Compatibilists grant that one’s character,
personality, preferences, and general motivational set may be entirely
determined by things for which one is in no way responsible. These
things may be determined, for example, by one’s genetic inheritance,
upbringing, historical situation, chance encounters, and so on. But one
does not have to be in control of any of these things in order to have
compatibilist freedom, because compatibilist freedom is just a matter
of being able to choose and act in the way one prefers or thinks best
given how one is. As its name declares, it is compatible with
determinism. It is compatible with determinism even though it follows
from determinism that every aspect of your character, and everything
you will ever
do, was already inevitable before you were born.


      It may be said that dogs and other animals can be free
agents, according to this basic account of compatibilism.
Compatibilists
may reply that dogs can indeed be free agents. And yet we do not think
that
dogs can be free or morally responsible in the way we can be. So
compatibilists
need to say what the relevant difference is between dogs and ourselves.


      Many suppose that it is our capacity for
self-conscious thought that makes the crucial difference, because it
makes it possible for us to be explicitly aware of ourselves as facing
choices and engaging in processes
of reasoning about what to do. This is not because being self-conscious
can
somehow liberate one from the facts of determinism: if determinism is
true,
one is determined to have whatever self-conscious thoughts one has,
whatever
their complexity. Nevertheless, many are inclined to think that a
creature’s
explicit self-conscious awareness of itself as chooser and agent can
constitute
it as a free agent in a fundamental way that is unavailable to any
unself-conscious
agent.


      Compatibilists can agree with this. They can
acknowledge and incorporate the view that self-conscious awareness of
oneself as facing choices can give rise to a kind of freedom that is
unavailable to unself-conscious agents. They may add that human beings
are sharply marked off from dogs by their capacity to act for reasons
that they explicitly take to be moral reasons. In general,
compatibilism has many variants. According to H. Frankfurt’s version,
for example, one has free will if one wants to be moved to action by
the motives that do in fact move one to action.  On this view,
freedom is a matter of having a personality that is harmonious in a
certain way. Freedom
in this sense is clearly compatible with determinism.


      Compatibilism has been refined in many ways, but this
gives an idea of its basis. ‘What more could free agency possibly be?’,
compatibilists like to ask (backed by Hobbes, Locke, and Hume, among
others). And this is a very powerful question.


2  Incompatibilism



      Those who want to secure the conclusion that we are
free agents do well to adopt a compatibilist theory of freedom, for
determinism is unfalsifiable, and may be true. (Contemporary physics
gives us no more reason to suppose that determinism is false than to
suppose that it is true.) Many, however, think that the compatibilist
account of things does not even touch the real problem of free will.
They believe that all compatibilist theories
of freedom are patently inadequate.


      What is it, they say, to define freedom in such a way
that it is compatible with determinism? It is to define it in such a
way that an
agent can be a free agent even if all its actions throughout its life
are
determined to happen as they do by events that have taken place before
it
is born: so that there is a clear sense in which it could not at any
point in its life have done otherwise than it did. This, they say, is
certainly not free will. More importantly, it is not a sufficient basis
for true moral responsibility. One cannot possibly be truly or
ultimately morally responsible for what one does if everything one does
is ultimately a deterministic outcome of events that took place before
one was born; or (more generally) a deterministic outcome of events for
whose occurrence one is in no way ultimately responsible.


      These anti-compatibilists or incompatibilists divide
into two groups: the libertarians and the no-freedom theorists or
pessimists about free will and moral responsibility. The libertarians
think that the compatibilist account of freedom can be improved on.
They hold (1) that we do have free will, (2) that free will is not
compatible with determinism, and (3) that determinism is therefore
false. But they face an extremely difficult task: they have to show how
indeterminism (the falsity of determinism) can help with free will and
in particular with moral responsibility.


      The pessimists or no-freedom theorists do not think
that this can be shown. They agree with the libertarians that the
compatibilist account of free will is inadequate, but they don’t think
it can be improved
on. They agree that free will is not compatible with determinism, but
deny
that indeterminism can help to make us (or anyone else) free. They
believe
that free will, of the sort that is necessary for genuine moral
responsibility, is provably impossible.



      The pessimists about free will begin by granting what
everyone must. They grant that there is a clear and important
compatibilist sense in
which we can be free agents (we can be free, when unconstrained, to
choose and to do what we want or think best, given how we are). But
they go on to insist that this compatibilist sense of freedom isn’t
enough: it doesn’t give us what we want, in the way of free will. Nor
does it give us what we believe we have. And it is not as if the
compatibilists have missed something. The truth is that nothing can
give us what we (think we) want, or what we ordinarily think we have.
All attempts to furnish a stronger notion of free will fail. We cannot
be morally responsible, in the absolute, buck-stopping way in which we
often unreflectively think we are. We cannot have ‘strong’ free will of
the kind that we would need to have, in order to be morally responsible
in this way.


      It is the worry about moral responsibility that is the
fundamental motor of the free will debate. If no one had this worry, it
is
doubtful whether the problem of free will would be a famous
philosophical
problem. The rest of this discussion will therefore be organized around
the
question of moral responsibility.


      First, though, it is worth remarking that the worry
about free will does not have to be expressed as a worry about the
grounds of moral responsibility. Two points are worth making. The first
is that a commitment to belief in free will may be integral to feelings
that are extremely important to us independently of the issue of moral
responsibility: feelings of gratitude, for example, and perhaps of
love. The second is that one’s belief in strong free will may be driven
simply by the conviction that one is or can be radically
self-determining in one’s actions in a way that is incompatible with
determinism; and this conviction about radical self-determination need
not involve giving much—or any—thought to the issue of moral
responsibility.
It seems that a creature could conceive of itself as radically
self-determining
without having any conception of moral right or wrong at all—and so
without being any sort of moral agent.


3  Pessimism



      One way of setting out the no-freedom theorists’
argument is as follows. 


      (1) When you act, you do what you do, in the situation
in which you find yourself, because of the way you are.


      It seems to follow that



      (2) To be truly or ultimately morally responsible for
what you do, you must be truly or ultimately responsible for the way
you are, at
least in certain crucial mental respects. (Obviously you don’t have to
be responsible for the way you are in all respects. You don’t have to
be responsible for your height, age, sex, and so on. But it does seem
that
you have to be responsible for the way you are at least in certain
mental respects. After all, it is your overall mental make up that
leads you to do
what you do when you act.)


      But


      (3) You can’t be ultimately responsible for the way
you are in any respect at all, so you can’t be ultimately morally
responsible for what you do. 

      Why can’t you be ultimately responsible for the way
you are? Because



      (4) To be ultimately responsible for the way you are,
you would have to have intentionally brought it about that you are the
way you are, in a way that is impossible.


      The impossibility is shown as follows. Suppose that


      (5) You have somehow intentionally brought it about
that you are the way you now are, in certain mental respects: suppose
that you have intentionally brought it about that you have a certain
mental nature N, and that you have brought this about in such a way
that you can now be said to be ultimately responsible for having nature
N. (The limiting case of this would be the case in which you had simply
endorsed your existing mental
nature N from a position of power to change it.)


      For this to be true


      (6) You must already have had a certain mental nature
N-1, in the light of which you intentionally brought it about that you
now have nature N. (If you didn’t already have a certain mental nature,
then you can’t have had any intentions or preferences, and even if you
did change in some way, you can’t be held to be responsible for the way
you now are.)


      But then


      (7) For it to be true that you and you alone are truly
responsible for how you now are, you must be truly responsible for
having
had the nature N-1 in the light of which you intentionally brought it
about
that you now have nature N.



      So 


      (8) You must have intentionally brought it about that
you had that nature N-1. But in that case, you must have existed
already with a prior nature, N-2, in the light of which you
intentionally brought it about that you had the nature N-1 in the light
of which you intentionally brought it about that you now have nature N.


      And so on. Here one is setting off on a potentially
infinite regress. In order for one to be truly or ultimately
responsible for how one is, in such a way that one can be truly morally
responsible for what one does,
something impossible has to be true: there has to be, and cannot be, a
starting
point in the series of acts of bringing it about that one has a certain
nature;
a starting point that constitutes an act of ultimate self-origination.


      There is a more concise way of putting the point: in
order to be truly morally responsible for what one does, it seems that
one would have to be the ultimate cause or origin of oneself, or at
least of some crucial part of one’s mental nature. One would have to be
causa sui, in the old terminology. But nothing can be truly or
ultimately causa sui in any respect
at all. Even if the property of being causa sui is allowed to belong
unintelligibly
to God, it cannot plausibly be supposed to be possessed by ordinary
finite
human beings. ‘The causa sui is the best self-contradiction that has
been conceived so far’, as Nietzsche remarked in 1886: 


      it is a sort of rape and perversion of logic. But the
extravagant pride of man has managed to entangle itself profoundly and
frightfully with just this nonsense. The desire for ‘freedom of the
will’ in the superlative metaphysical sense, which still holds sway,
unfortunately, in the minds of the half-educated; the desire to bear
the entire and ultimate responsibility for one’s actions oneself, and
to absolve God, the world, ancestors, chance, and society involves
nothing less than to be precisely this causa sui and, with more than
Baron Münchhausen’s audacity, to pull oneself up into existence by
the hair, out of the swamps of nothingness.... (Beyond Good and Evil,
§21)


      In fact, nearly all of those who believe in strong
free will do so without any conscious thought that it requires ultimate
self-origination. It remains true that such self-origination is the
only thing that could actually ground the kind of strong free will that
is regularly believed in. And it does seem that one way in which the
belief in strong free will manifests itself
is in the very vague and (necessarily) unexamined belief that many have
that
they are somehow or other radically responsible for their general
mental
nature, or at least for certain crucial aspects of it.


      The pessimists’ argument may seem contrived, but
essentially the same argument can be given in a more natural form as
follows. 



      (1) It is undeniable that one is the way one is,
initially, as a result of heredity and early experience.


      (2) It is undeniable that these are things for which
one cannot be held to be in any way responsible (this might not be true
if there were reincarnation, but reincarnation would just shift the
problem backwards).


      (3) One cannot at any later stage of one’s life hope
to accede to true or ultimate responsibility for the way one is by
trying to change the way one already is as a result of one’s heredity
and previous
experience.


      For one may well try to change oneself, but


      (4) both the particular way in which one is moved to
try to change oneself, and the degree of one’s success in one’s attempt
at change, will be determined by how one already is as a result of
heredity and previous experience.


      And


      (5) any further changes that one can bring about only
after one has brought about certain initial changes will in turn be
determined, via the initial changes, by heredity and previous
experience.



      (6) This may not be the whole story, for it may be
that some changes in the way one is are traceable to the influence of
indeterministic or random factors. 


      But 


      (7) it is foolish to suppose that indeterministic or
random factors, for which one is ex hypothesi in no way responsible,
can in themselves contribute to one’s being truly or ultimately
responsible for how one is.


      The claim, then, is not that people cannot change the
way they are. They can, in certain respects (which tend to be
exaggerated by North
Americans and underestimated, perhaps, by members of many other
cultures). The claim is only that people cannot be supposed to change
themselves in such
a way as to be or become truly or ultimately responsible for the way
they
are, and hence for their actions. One can put the point by saying that
the
way you are is, ultimately, in every last detail, a matter of luck—good
or bad. 


4  Moral responsibility



      Two main questions are raised by the pessimists’
arguments. First, is it really true that one needs to be self-creating
or
causa sui in some way, in order to be truly or ultimately 
responsible
for what one does, as step (2) of the pessimists’ argument asserts?
This question will be delayed until §6, because a more basic
question
arises: What notion of responsibility is being appealed to in this
argument?
What exactly is this ‘ultimate’ responsibility that we are held
to believe in, in spite of Nietzsche’s scorn? And if we do believe
in it, what makes us believe in it?


      One dramatic way to characterize the notion of
ultimate responsibility is by reference to the story of heaven and
hell: ‘ultimate’ moral responsibility is responsibility of such a kind
that, if we have it, it makes sense to propose that it could be just to
punish some of us with torment in hell and reward others with bliss in
heaven. It makes sense because what we do is absolutely up to us. The
words ‘makes sense’ are stressed because one certainly does not have to
believe in the story of heaven and hell in order to understand the
notion of ultimate responsibility that it is used to illustrate. Nor
does one have to believe in the story of heaven and hell in order to
believe in ultimate responsibility (many atheists have believed in it).
One doesn’t have to have heard of it.


      The story is useful because it illustrates the kind of
absolute or ultimate responsibility that many have supposed—and do
suppose—themselves to have. It is particularly vivid when one is
specifically
concerned with moral responsibility, and with questions of desert
(punishment
and reward) , but it serves equally well to illustrate the sense of
radical
freedom and responsibility that may be had by a self-conscious agent
that
has no concept of morality. And one does not have to refer to the story
of
heaven and hell in order to describe the sorts of everyday situation
that
are perhaps primarily influential in giving rise to our belief in
ultimate
responsibility. Suppose you set off for a shop on the evening of a
national
holiday, intending to buy a cake with your last ten pound note.
Everything
is closing down. There is one cake left; it costs ten pounds. On the
steps
of the shop someone is shaking an Oxfam tin. You stop, and it seems
completely
clear to you that it is entirely up to you what you do next. That is,
it
seems clear to you that you are truly, radically free to choose, in
such
a way that you will be ultimately responsible for whatever you do
choose.
You can put the money in the tin, or go in and buy the cake, or just
walk
away. (You are not only completely free to choose. You are not free not
to
choose.)


      Standing there, you may believe that determinism is
true. You may believe that in five minutes time you will be able to
look back on the situation you are now in and say, of what you will by
then have done, ‘It was determined that I should do that’. But even if
you do believe this, it does not seem to undermine your current sense
of the absoluteness of your freedom, and of your moral responsibility
for your choice.


      One diagnosis of this phenomenon is that one can’t
really believe that determinism is true, in such situations of choice,
and can’t help thinking that the falsity of determinism might make
freedom possible.  But the feeling of ultimate responsibility
seems to remain inescapable even if one doesn’t think this, and even if
one has been convinced by the entirely general argument against
ultimate responsibility given in §3. Suppose one accepts that no
one can be in any way causa sui, and that one would have to be causa
sui (in certain crucial mental respects) in order to be ultimately
responsible for one’s actions. This does not
seem to have any impact on one’s sense of one’s radical freedom and
responsibility, as one stands there, wondering what to do. One’s
radical responsibility seems to stem simply from the fact that one is
fully conscious of one’s situation, and knows that one can choose, and
believes that one action is morally better than the other. This seems
to be immediately enough to confer full and ultimate responsibility.
And yet it cannot really do so, according to the pessimists. For
whatever one actually does, one will do what one does because of the
way one is, and the way one is is something for which one neither is
nor can be responsible, however self-consciously aware of one’s
situation one is.


      The example of the cake may be artificial, but similar
situations of choice occur regularly in human life. They are the
experiential
rock on which the belief in ultimate responsibility is founded. The
belief
often takes the form of belief in specifically moral, desert-implying
responsibility. But an agent could have a sense of ultimate
responsibility without possessing any conception of morality, as noted,
and there is an interesting intermediate case: an agent could have an
irrepressible experience of ultimate responsibility, and believe in
objective moral right and wrong, while still denying the coherence of
the notion of desert.


5  Metaphysics and
moral psychology



      We now have the main elements of the problem of free
will. It is natural to start with the compatibilist position;  but
this has only to be stated to trigger the objection that compatibilism
cannot possibly satisfy our intuitions about moral responsibility.
According to this objection, an incompatibilist notion of free will is
essential in order to make sense of the idea that we are genuinely
morally responsible. But this view, too, has only to be stated to
trigger the pessimists’ objection that indeterministic occurrences
cannot possibly contribute to moral responsibility: one can hardly be
supposed to be more truly morally responsible for one’s choices and
actions or character if indeterministic occurrences have played a part
in
their causation than if they have not played such a part. Indeterminism
gives
rise to unpredictability, not responsibility. It cannot help in any way
at
all.


      The pessimists therefore conclude that strong free
will is not possible, and that ultimate responsibility is not possible
either. So no punishment or reward is ever truly just or fair, when it
comes to moral matters. 


      This conclusion may prompt a further question: What
exactly is this ‘ultimate’ responsibility that we are supposed to
believe in? One answer refers to the story of heaven and hell, which
serves to illustrate the kind of responsibility that is shown to be
impossible by the pessimists’ argument, and which many people do
undoubtedly believe themselves to have, however fuzzily they think
about the matter. A less colourful answer has the
same import, although it needs more thought: ‘ultimate’ responsibility
exists if and only if punishment and reward can be fair without having
any pragmatic justification.


      Now the argument may cycle back to compatibilism.
Pointing out that that ‘ultimate’ moral responsibility is obviously
impossible, compatibilists may claim that we should rest content with
the compatibilist account of things—since it is the best we can do. But
this claim reactivates the incompatibilist objection, and the cycle
continues.



      There is an alternative strategy at this point: quit
the traditional metaphysical circle for the domain of moral psychology.
The principal positions in the traditional metaphysical debate are
clear. No radically new
option is likely to emerge after millennia of debate. The interesting
questions
that remain are primarily psychological: Why do we believe we have
strong
free will and ultimate responsibility of the kind that can be
characterized by reference to the story of heaven and hell? What is it
like to live with this belief? What are its varieties? How might we be
changed by dwelling intensely
on the view that ultimate responsibility is impossible? And so on.


      A full answer to these questions is beyond the scope
of this article, but one fundamental cause of our belief in ultimate
responsibility has been mentioned. It lies in the experience of choice
that we have as self-conscious agents who are able to be fully
conscious of what they are doing when they deliberate about what to do
and make choices. (We choose between the Oxfam box and the cake; or
make a difficult, morally neutral choice about which of two paintings
to buy.) This raises an interesting question: Is it true that any
self-conscious agent that faces choices and is fully aware of the fact
that it does so must experience itself as having strong free will, or
as being radically self-determining, simply in virtue of the fact that
it is a self-conscious agent (and whether or not it has a conception of
moral responsibility)? It seems that we cannot live or experience our
choices as determined, even if determinism is true. But perhaps this is
a human peculiarity, not an inescapable feature of any possible
self-conscious agent. And perhaps it is not even universal among human
beings.


      Other causes of the belief in strong free will have
been suggested. Hume stressed our experience of serious indecision, as
above. Spinoza
proposed that one of the causes is simply that we are not conscious of
the
determined nature of our desires. Kant held that our experience of
moral
obligation makes belief in strong free will inevitable. P. F. Strawson
argued
that the fundamental fact is that we are irresistibly committed to
certain
natural reactions to other people like gratitude and resentment.
Various
other suggestions have been made: those who think hard about free will
are
likely to become convinced that investigation of the complex moral
psychology
of the belief in freedom, and of the possible moral and psychological
consequences
of altering the belief, is the most fruitful area of research that
remains.
New generations, however, will continue to launch themselves onto the
old
metaphysical roundabout. 


6  Challenges to
pessimism



      The preceding discussion attempts to illustrate the
internal dynamic of the free will debate, and to explain why the debate
is likely to
continue for as long as human beings can think. The basic point is
this: powerful
logical or metaphysical reasons for supposing that we can’t have strong
free will keep coming up against equally powerful psychological reasons
why
we can’t help believing that we do have it. The pessimists’ or
no-freedom theorists’ conclusions may seem irresistible during
philosophical discussion, but they are likely to lose their force, and
seem obviously irrelevant to life, when one stops philosophizing.


      Various challenges to the pessimists’ argument have
been proposed, some of which appear to be supported by the experience
or ‘phenomenology’
of choice. One challenge grants that one cannot be ultimately
responsible
for one’s mental nature—one’s character, personality, or
motivational structure—but denies that it follows that one can’t
be truly morally responsible for what one does (it therefore challenges
step
(2) of the argument set out in §3). 


      This challenge has at least two versions. One has
already been noted: we are attracted by the idea that our capacity for
fully explicit self-conscious deliberation, in a situation of choice,
suffices by itself to constitute us as truly morally responsible agents
in the strongest possible sense. The idea is that such full
self-conscious awareness somehow renders irrelevant the fact that one
neither is nor can be ultimately responsible for any aspect of one’s
mental nature. On this view, the mere fact of
one’s self-conscious presence in the situation of choice can confer
true moral responsibility: it may be undeniable that one is, in the
final analysis, wholly constituted as the sort of person one is by
factors for which
one cannot be in any way ultimately responsible; but the threat that
this
fact appears to pose to one’s claim to true moral responsibility is
simply obliterated by one’s self-conscious awareness of one’s situation.



      The pessimists reply: This may correctly describe a
strong source of belief in ultimate (moral) responsibility, but it is
not an account of something that could constitute ultimate (moral)
responsibility. When one
acts after explicit self-conscious deliberation, one acts for certain
reasons.
But which reasons finally weigh with one is a matter of one’s mental
nature, which is something for which one cannot be in any way
ultimately responsible.
One can certainly be a morally responsible agent in the sense of being
aware
of distinctively moral considerations when one acts. But one cannot be
morally
responsible in such a way that one is ultimately deserving of
punishment
or reward for what one does.


      The conviction that fully explicit self-conscious
awareness of one’s situation can be a sufficient foundation of strong
free will is extremely powerful. The no-freedom theorists’ argument
seems to show
that it is wrong, but it is a conviction that runs deeper than rational
argument,
and it survives untouched, in the everyday conduct of life, even after
the
validity of the no-freedom theorists’ argument has been admitted.


      Another version of the challenge runs as follows. The
reason why one can be truly or ultimately (morally) responsible for
what one does is that one’s self is, in some crucial sense, independent
of one’s general mental nature (one’s character, personality,
motivational structure, and so on). Suppose one faces a difficult
choice between A, doing one’s duty, and B, following one’s non-moral
desires. The pessimists describe this situation as follows: Given one’s
mental nature, they say, one responds in a certain way. One is swayed
by reasons for and against both A
and B. One tends towards A or B, and in the end one does one or the
other, given one’s mental nature, which is something for which one
cannot be
ultimately responsible.


      Those who challenge this description say that it
reckons without the self—without what one might call ‘the agent-self’.
As an agent-self, one is in some way independent of one’s mental
nature. One’s mental nature inclines one to do one thing rather than
another, but it does not thereby necessitate one to do one thing rather
than the other. (The distinction between inclining and necessitating
derives from Leibniz.) As an agent-self, one incorporates a power of
free decision that is independent of all the particularities of one’s
mental nature in such a way that one can after all count as truly and
ultimately morally responsible in one’s decisions and actions even
though one is not ultimately responsible for any aspect of one’s mental
nature.


      The pessimists reply: Even if one grants the validity
of this conception of the agent-self for the sake of argument, it
cannot help to establish ultimate moral responsibility. According to
the conception, the
agent-self decides in the light of the agent’s mental nature, but is
not determined by the agent’s mental nature. The following question
immediately arises: Why does the agent-self decide as it does? The
general answer is clear. Whatever the agent-self decides, it decides as
it does because of the overall way it is; and this necessary truth
returns us to where we started. For once again, it seems that the
agent-self must be responsible for being the way it is, in order to be
a source of true or ultimate responsibility. But this is impossible,
for the reasons given in §3: nothing can be causa
sui in the required way. Whatever the nature of the agent-self, it is
ultimately
a matter of luck (or, for those who believe in God, a matter of grace).
It
may be proposed that the agent-self decides as it does partly or wholly
because
of the presence of indeterministic occurrences in the decision process.
But
it is clear that indeterministic occurrences can never be a source of
true
(moral) responsibility.


      Some believe that free will and moral responsibility
are above all a matter of being governed in one’s choices and actions
by reason—or by Reason with a capital ‘R’. But possession of
the property of being governed by Reason cannot be a ground of radical
moral
responsibility as ordinarily understood. It cannot be a property that
makes
punishment (for example) ultimately just or fair for those who possess
it,
and unfair for those who do not possess it. Why not? Because to be
morally responsible, on this view, is simply to possess one sort of
motivational set
among others. It is to value or respond naturally to rational
considerations—which are often thought to include moral considerations,
by those who propound this
view. It is to have a general motivational set that may be attractive,
and
that may be more socially beneficial than many others. But there is no
escape
from the fact that someone who does possess such a motivational set is
simply
lucky to possess it—if it is indeed a good thing—while someone
who lacks it is unlucky.


      This may be denied. It may be said that some people
struggle to become more morally responsible, and make an enormous
effort. Their moral responsibility is then not a matter of luck; it is
their own hard won achievement.



      The pessimists’ reply is immediate. Suppose you are
someone who struggles to be morally responsible, and make an enormous
effort. Well, that too is a matter of luck. You are lucky to be someone
who has a character of a sort that disposes you to make that sort of
effort. Someone who lacks a character of that sort is merely unlucky.
Kant is a famous example of a philosopher who was attracted by the idea
that to display free will is
to be governed by Reason in one’s actions. But he became aware of the
problem just described, and insisted, in a later work, that ‘man
himself
must make or have made himself into whatever, in a moral sense, whether
good
or evil, he is to become. Either condition must be an effect of his
free
choice; for otherwise he could not be held responsible for it and could
therefore
be morally neither good nor evil’. Since he was committed to belief
in ultimate moral responsibility, Kant held that such self-creation
does
indeed take place, and wrote accordingly of ‘man’s character, which he
himself creates’, and of ‘knowledge [that one has] of oneself as a
person who ...is his own originator’. Here he made the demand for
self-creation that is natural for someone who believes in ultimate
moral responsibility and who thinks through what is required for it.


      In the end, luck swallows everything. This is one way
of putting the point that there can be no ultimate responsibility,
given the natural, strong conception of responsibility that was
characterized at the beginning of §4. Relative to that conception,
no punishment or reward is ever ultimately just or fair, however
natural or useful or otherwise humanly appropriate it may be or seem.


      The facts are clear, and they have been known for a
long time. When it comes to the metaphysics of free will, André
Gide’s remark is apt: ‘Everything has been said before, but since
nobody listens we have to keep going back and beginning all over
again’. It seems that
the only freedom that we can have is compatibilist freedom.
If—since—that is not enough for ultimate responsibility, we cannot have
ultimate responsibility. The only alternative to this conclusion is to
appeal to God and mystery—this in order to back up the claim that
something that appears to be provably impossible
is not only possible but actual.


      The debate continues; some have thought that
philosophy ought to move on. There is little reason to expect that it
will do so, as each new generation arises bearing philosophers gripped
by the conviction that they can have ultimate responsibility. Would it
be a good thing if philosophy did move on, or if we became more
clear-headed about the topic of free will than we are?  It’s hard
to say.




Source: https://www.informationphilosopher.com/solutions/philosophers/strawsong/free_will.html
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  1. INTRODUCTORY REMARKS

The number of conceivable, logically possible, physical worlds is infinite; the human imagination, however, is surprisingly poor in conceiving and working out new possibilities. The power of imagination is so limited by the intuitive conditions of gross perceptual experience that it can hardly by itself progress a step beyond them. It is only by aid of the strict discipline of more refined scientific experience that our thought can transcend its habitual channels. The most colourful fairyland of the Thousand and One Nights is created by a slight rearrangement of the familiar material of everyday life. And upon reflection, when one examines them with more precision, one finds the same to be true of the boldest and most profound philosophical systems: If for the poet it was creation by aid of intuitive pictures, so for the philosopher it is construction by more abstract yet still familiar concepts, from which by apparently more transparent principles of combination new structures are formed.


The physicist, too, at first proceeds in much the same way in the construction of hypotheses. This is particularly indicated by the tenacity of the belief, held for many centuries by the physicist, that to explain nature a copy of its processes in models perceptible to the senses is necessary. Thus, for instance, he repeatedly attributed characteristics of visible, tangible substances to the ether without the slightest reason for doing so. Only when observed facts either suggest or necessitate his use of the new systems of concepts does the physicist realise the new possibilities and break himself free from his former habits of thought; but then he readily and with the greatest ease makes the jump to, say, Riemannian space or to Einsteinian time, to concepts so daring and profound that neither the imagination of the poet nor the intellect of the philosopher could have been able to anticipate them.


The turning point at which recent physics has arrived with respect to the question of causality could likewise not have been foreseen. Although there has been so much philosophising about determinism and indeterminism, about the content, validity, and mode of testing of the principle of causality, no one thought of precisely that possibility leading in quantum physics to the key that allows us a view of the real nature of the causal order. Only in retrospect do we realise how the new ideas differ from the old, and we are perhaps a little amazed that so far we have always missed the point. Now, however, after the significance of the concept of quantum theories has been demonstrated by the extraordinary results of its application, and we have had some years to accustom ourselves to the new ideas, it should not be premature to attempt to arrive at philosophical clarity as to the meaning and scope of the ideas that contemporary physics contributes to the problem of causality.


2. CAUSALITY AND THE PRINCIPLE OF CAUSALITY


The observation that philosophical meditations did not foresee possibilities that were found later on, because of their close adherence to existing ideas, is true also of the ideas I propounded more than ten years ago.' Still it is probably not useless to return to some points of those earlier considerations, since in this way the progress accomplished in the meantime becomes so much clearer.


First it is necessary to determine what the scientist actually means when he speaks of "causality." Where does he use this word? Obviously, wherever he supposes a "dependence" between certain events. (Nowadays it is self-evident that only events and not "things" come into question as elements of a causal relationship, since physics forms the four dimensional reality from events, and considers "things," three dimensional bodies, as mere abstractions.) But what does "dependence" mean? In science, in any case, it is always expressed by a law; causality is, accordingly, nothing but another word for the existence of a law. The content of the principle of causality then clearly lies in the assertion that everything in the world occurs according to laws; it is indifferent whether we affirm the validity of the principle of causality or of determinism. In order to formulate the principle of causality or the deterministic thesis, we must first have defined what is meant by a law of nature or by mutual "dependence" of natural events. For only when we know this are we able to understand the meaning of determinism, which states that every event is a member of a causal relation, that every process is wholly dependent upon other processes. (We shall not discuss whether the attempt to make a statement about "all" natural processes could lead to logical difficulties.)


Thus in any event we distinguish the question of the meaning of the word "causality" or "natural law" from the question of the validity of the principle of causality or the law of causality, and we concern ourselves at the beginning with the first question only.


The distinction we thus make coincides with that made by H. Reichenbach at the beginning of his essay "Die Kausalstruktur der Welt." He speaks there of the difference between two "forms of the hypothesis of causality." He calls the first the "implication form." It is given "when physics establishes laws, that is, makes statements of the form: 'if A then B.' " The second is "the deterministic form of the causal hypothesis;" it is identical with determinism, which states that the course of the world as a whole "remains unchangeable, that with a single cross section of the four dimensional world the past and future are fully determined." It seems to me simpler and more to the point to characterise the difference involved as the difference between the concept of causality and the principle of causality.


The question then concerns the content of the concept of causality. When do we say that a process A "determines" another B, that B "depends" upon A, that B is related to A by law? What do the words "if—then," indicating causal relationship, mean in the statement "if A then B?"


3. LAW AND ORDER


In the language of physics a natural process is represented as a sequence of values of definite physical magnitudes. We note already here that, of course, in a sequence only a finite number of values can be measured, that, therefore, experience affords only a discrete manifold of observed magnitudes, and further, that every value is conceived as subject to a certain inexactitude.


Assuming that a large number of such observed magnitudes are given, we then ask quite generally: How does such a number of values have to be constituted so that we may say that it represents a law-like sequence, that there is a causal relationship between the observed magnitudes? We may, to begin with, presuppose that the data already possesses a natural order, namely the spatio-temporal one; that is to say, each quantitative value relates to a definite position in space and time. It is of course true that only with the aid of causal considerations are we able to indicate the position of events in physical space-time, by passing from phenomenal space-time, which represents the natural order of our experiences, to the physical world. But this complication may be excluded in our considerations, which limit themselves entirely to the realm of the physical world. Furthermore, our considerations are based upon a most fundamental assumption which I here mention in passing only, since it has already been discussed in a previous work (loc. cit. p. 463). It is the hypothesis that in nature there are certain "similarities," in the sense that different realms of nature are comparable to one another, so that we may say for instance: "the same" magnitude that in this place has value f1 has the value f, in another place. Comparability is then one of the presuppositions of measurability. It is not easy to give the real meaning of this assumption, but we need not concern ourselves with it since this last analysis is likewise irrelevant to our problem.


According to these observations, our problem regarding the content of the concept of causality reduces itself to this: what characteristic must the spatio-temporally ordered group of values have so that it may be regarded as an expression of a "law of nature"? This characteristic can be nothing but an order, and indeed, since events extensive in space and time are already orderly, it must be a kind of intensive order. This order must be of the temporal sort, for, as is well known, we do not speak of causality in reference to spatial order (popularly expressed by "simultaneous," coexistent events) ; the concept of activity finds no application there. Spatial regularities, if such there be, would be called "coexistence laws."


After limiting ourselves to the time dimension we must, I believe, now say: Every order of events in time, of whatever kind, is to be regarded as a causal relationship. Only complete chaos, complete irregularity, is to be designated as an acausal occurrence, as pure chance; every trace of an order would mean dependence, therefore causality. I believe that this use of the word "causal" is closer to its everyday sense than when confined, as seems to be done by many natural philosophers, to such an order as we could designate by "complete causality"—by which phrase it appears that something like "complete determination" of the event in question is meant (of course, we can express ourselves here in inexact terms only). If we should restrict the word to complete causality, we run the danger of finding no use at all for it in nature, while in some sense we do regard the existence of causality as a fact of experience. And there would be even less reason to place the boundary between law and chance at some other point.


The only alternative that confronts us is thus: order or disorder? Causality and law are identical with order; irregularity and chance are identical with disorder.


The result up to the present therefore seems to be: we call a natural process, described by a group of values, causal or regular if the values show any temporal order whatever. This definition becomes meaningful only when we know what is to be understood by "order," how it differs from chaos. A most puzzling problem!


4. ATTEMPTS AT DEFINITION OF REGULARITY


It is certain that in our daily life as well as in science we differentiate rather clearly between order and disorder, regularity and irregularity. How are we to understand this? At first glance the answer does not seem very difficult. It appears that we need only make sure how physics actually represents laws of nature, in which form it describes the dependence of events. Now, this form is the mathematical function. The dependence of one event upon another is expressed by the fact that the values of apart of the magnitudes are represented as functions of the others. Every order of numbers is mathematically represented by a function; and so it appears as if the desired criterion of order, which differentiates it from disorder, is expressibility by a function.


But as soon as the idea of the identity of function and law is expressed, we see that it cannot possibly be correct. For, as is well-known, whatever be the distribution of given magnitudes, functions may always be found that represent just that distribution with any degree of accuracy; and this means that every possible distribution of magnitudes, every conceivable series of values is to be considered as an order. There would be no chaos.


Thus we do not in this way successfully distinguish causality from chance, order from disorder, or succeed in defining rule and law in this manner. As was shown also in our previous considerations, there seems to remain only the alternative of imposing certain requirements on the functions that describe the observed series of values, and by means of them to determine the concept of order. We should then have to say: if the functions that describe the distribution of values of the magnitudes have such and such a definite structure, the represented sequence is in accordance with law, otherwise it is unordered.


Thereby we find ourselves in a rather hopeless situation, for it is clear that in this way arbitrariness is given free rein, and a distinction between law and chance resting upon such an arbitrary basis could never be satisfactory. It could be so only if a fundamental and sharp distinction in the structure of the functions could be ascertained, which at the same time possessed such definite empirical possibilities of application that everyone would immediately recognise them as the correct formulation of the concepts of regularity and irregularity as they are applied in science.


Here there appear simultaneously two ways, both of which men have tried to adopt. The first was already used by Maxwell to define causality. It consists of the following stipulation: the space and time co-ordinates are not to appear explicitly in the equations that describe the sequence in question. This requirement is equivalent to the notion popularly expressed in the phrase: similar causes, similar effects. In fact it means that a process that takes place anywhere and any time in a definite manner will take place in exactly the same manner in every other place and time, under the same circumstances. In other words, the rule states the universal validity of the relationship represented. Universal validity, however, is, as has been generally acknowledged, exactly that which in laws of nature has been designated by the ambiguous term "necessity," so that it appears as if the essential nature of the causal relation had been correctly hit upon by this stipulation.


Concerning Maxwell's definition of law, which I myself previously defended (in the passage cited), we may say the following:


The concept of law in physics is undoubtedly such that this requirement is always fulfilled. Actually no investigator thinks of formulating laws of nature that refer explicitly to definite positions and moments in the universe. If space and time occurred explicitly in the physical equations, they would have quite a different significance from the one they actually have in our world. The relativity of space and time, fundamental to our world-view, would be denied, and time and space could no longer assume the peculiar role of "forms" of occurrence which they have in our cosmos. We should therefore be free to maintain the Maxwellian condition of causality — would it, however, be a necessary condition? We shall hardly be allowed to say that, for surely a world is conceivable in which all events would have to be expressed in formulas in which space and time appear explicitly, without our denying that these formulas represent true laws and that this world is completely orderly. So far as I can see, it would be conceivable, for instance, that uniform measurements of the elementary quantum of electricity (electric charge) would give values for these magnitudes that would fluctuate about 5 per cent in seven hours and then again in seven hours, and then ten hours, without our being able to find the slightest "reason" for it. And besides that, perhaps still another variation might appear for which we would make an absolute change of position of the earth in space responsible. In this case then the Maxwellian condition would not be fulfilled, but we would surely not find the world to be disorderly and we would formulate its regularity and be able to make predictions by means of it. We shall therefore be inclined to the view that the Maxwellian definition is too limited, and we shall ask ourselves what the criterion of law would be in the hypothetical case we have discussed.


Now, the decisive factor of the hypothetical case seems to be that we could so easily consider the influence of space and time, that they enter into the formulas in such a simple manner. If, in our example, the electric charge were to behave differently every week and every hour, or form a completely "irregular curve," we could of course afterwards represent its dependence upon time by a function, but this function would be very complicated. We would then say that no law exists but that the variations of magnitudes are governed by "chance." We do not have to invent cases of this kind since, as is well known, the new physics accepts them as commonplace. The discontinuous events in the atom that Bohr's theory, interpreted as jumps of an electron from one orbit into another are regarded as purely accidental, as "acausal," although we may subsequently think of their occurrence as a function of time. But this function would be very complicated, not periodic, not readily grasped, and it is for this reason only that we say that no regularity exists. But as soon as any simple statement regarding the jumps is formulable — if, for instance, the time intervals become increasingly larger — this would at once appear to us as a regularity, even though time would explicitly enter into the formula.


Accordingly, it appears as if we speak of order, law, causality when the course of events is described by functions of simple form; while complexity of the formula is the criterion for disorder, lawlessness, chance. And so one very easily arrives at the point of defining causality by the simplicity of the descriptive functions. Simplicity is, however, a half pragmatic, half aesthetic concept. We may therefore call this definition aesthetic. Also, without being able to state what is here meant by "simplicity," we must yet affirm the fact that every investigator who has succeeded in representing a series of observations in a simple formula (for instance, linear, quadratic, exponential function) is quite sure of having discovered a law, and so the aesthetic definition, as well as the Maxwellian one, obviously discloses a characteristic of causality that is considered a decisive criterion. Which of the two attempts at formulating the concept of law shall we accept? Or shall we formulate a new definition by combining both?


5. INADEQUACY OF THE ATTEMPTS AT DEFINITION


To sum up: the Maxwellian definition has in its favour the fact that all known laws of nature satisfy it, and that it may be considered to be an adequate expression of the proposition, "similar causes, similar effects." Against this definition is the fact that cases are conceivable in which we should certainly acknowledge regularity without the fulfillment of the criterion.


The "aesthetic" definition has in its favour that it is also applicable to the above considered cases, to which the other one is not, and that also undoubtedly in the prosecution of science "simplicity" of functions is used as a criterion of order and law. Against it, however, is the fact that simplicity is clearly a relative and indefinite concept, so that a strict definition of causality is not obtained, and law and chance cannot be sufficiently distinguished. It might indeed be possible that we have to take this last idea into account, and that a "law of nature" is actually not something so precisely conceivable as one might at first think; however, such a point of view will be accepted only when one is sure that no other possibility remains.


It is certain that the concept of simplicity can only be fixed by a convention that must always remain arbitrary. We should probably be inclined to consider a function of the first degree simpler than a function of the second degree; however, even the latter undoubtedly represents an unexceptionable law when it describes the data of observation with great accuracy. The Newtonian formula of gravitation, in which the square of the distance occurs, is generally still regarded as a paradigm case of a simple natural law. One may, for example, agree further that of all continuous curves that pass through a given number of points with sufficient proximity, we may consider as simplest the one that everywhere on the average has the greatest radius of curvature. (There is an unpublished work on this by Marcel Natkin.) However, such artifices seem unnatural, and the fact alone that there are degrees of simplicity makes the definition of causality based upon it unsatisfactory.


This state of affairs is made even worse by the fact that, as we know, it is not at all a matter of the simplicity of an isolated law, but of the simplicity of the system of all natural laws. And so, for instance, the true equation of the law of gases has by no means the simple form given to it by Boyle-Mariotte; yet we know that its complicated form may be explained by a particularly simple set of elementary laws. In principle it should be much more difficult to find rules for the simplicity of a system of formulas. They would always remain provisional, so that apparent order could with progressive knowledge turn out to be disorder.


And so neither the Maxwellian nor the aesthetic criterion seems to give a really satisfactory answer to the question as to what causality actually is. The first seems too narrow, the second too vague. No progress in principle is made by a combination of both attempts, and one may readily see that the shortcomings cannot be removed by improvements along the same lines. The shortcomings observed are clearly of a fundamental nature, and that gives us the idea of revising the present point of departure and of considering whether we are in general on the right path.


6. PREDICTION AS CRITERION OF CAUSALITY


Until now we have assumed that a definite distribution of values is given, and asked: when does it represent a regular and when a chance sequence? It may be that this question cannot be answered at all by mere consideration of the distribution of values, but that it is necessary to go beyond this domain.


Let us for a moment consider the consequences that the statements made about the concept of causality have for the principle of causality. We imagine that for as many internal and boundary points of a physical system as possible we attempt to determine the value of the state variables by precise observation. Now one is in the habit of saying that the principle of causality is valid if from the state of the system during a very short time and from the boundary conditions all other states of the system may be deduced. Such a deduction is, however, possible under all circumstances, for according to what has been said, functions may always be found that represent all observed values with any desired accuracy. And as soon as we have such functions we may by means of them compute all states already observed, whether earlier or later, from any state of the system. For functions have been chosen in such a way that they represent everything observed in the system. In other words: the principle of causality would be satisfied under all circumstances. A statement, however, that is applicable to any system whatever, no matter what its properties, says nothing at all about this system, is an empty statement, a mere tautology, and it is futile to construct it. Hence if the causal law is actually to mean something, if it has content, the formulation from which we began must be false, for the law has turned out to be tautological. If, however, we make the qualification that the equations used are not to contain the space and time co-ordinates explicitly, or that they are to be very "simple," the principle acquires, to be sure, a real content; but, in the first case the reflection is valid that we have formulated too limited a concept of causality, and in the second the sole characteristic would be that the computation would be easier. However, we should certainly not want to formulate the difference between chaos and order in such manner that we say the first is comprehensible only to an excellent mathematician, the second to an average one.


We must therefore begin anew and attempt to formulate the meaning of the causal law differently. Our error until now was that we did not conform with enough precision to the actual procedure by which, in science, one actually tests whether processes are or are not dependent upon one another, whether or not a law, a causal sequence, exists. Until now we only investigated how a law is constructed. To learn its real meaning, however, one must observe how it is tested. It is always the case that the significance of a statement is revealed only by the manner of its verification. How then is the test made?


After we have succeeded in finding a function that satisfactorily connects a group of observational data, we are by no means satisfied, even when the function found has a very simple structure, for now comes the main thing, which our considerations hitherto have not touched: We observe whether the formula obtained also represents correctly those observations that were not used in achieving the formula. For the physicist, as an investigator of reality, the only important, decisive, and essential thing is that equations derived from certain data be applicable to other, new data. Only when this is true does he consider his formula to be a law. In other words, the true criterion of law, the essential sign of causality, is the success of prediction.


By success of prediction is to be understood, according to what has been said, nothing but the confirmation of a formula for such data as have not been used in its construction. Whether these data have already been observed or are only subsequently determined is in this connection of no consequence whatever. This observation is of great importance: past and future data are altogether on the same footing in this respect, the future is not of special significance; the criterion of causality is not confirmation in the future but confirmation in general.
It is self-evident that the test of a law can occur only after its formulation, but this gives no special distinction to the future. What is essential is that it is indifferent whether the verifying data are in the past or the future; it is incidental when they become known or are used for verification. The confirmation remains the same whether the data were known before the formulation of a theory, as in the case of the anomaly of Mercury's movement, or whether it was prophesied by the theory, as in the case of the red-shift of the spectral lines. Only for the application of science, for technique, is it of fundamental importance that natural laws allow prediction of something new, observed by no one as yet. And so earlier philosophers, Bacon, Hume, Comte, have long known that knowledge of reality coincides with the possibility, of prediction. Thus fundamentally they correctly formulated the essence of causality.


7. ELUCIDATION OF THE RESULT


If we accept the success of prediction as the true criterion of a causal relationship—and, with an important limitation to be mentioned presently, we shall have to do so—we thereby admit as well that the previous attempts at definition no longer enter into consideration. In fact, if we can really predict new observations, it does not matter how the formulas that enabled us to do so were constructed, whether they seem simple or complicated, whether time and space enter explicitly or not. As soon as someone can calculate the new observation data from the old, we shall admit that he has grasped the law governing the processes; prediction is therefore a sufficient characteristic of causality.


We easily realize that confirmation is also a necessary characteristic, and that the Maxwellian and aesthetic criteria do not suffice, when we imagine we have found a formula of -great simplicity that describes a definite natural process with great precision but at once ceases to work when applied to the further phases of the process, to new observations. Obviously we should then say that the distribution of magnitudes occurring once has simulated a dependence of natural events which in reality does not exist, that it was a matter of mere chance the particular sequence could be described by simple formulas. That there was no natural law is proven by the fact that our formula can stand no test, for in the attempt to repeat the observations the sequence occurs quite differently; the formula is no longer applicable. A second alternative seems, of course, to be that one may say the law was valid at the time of the observation but no longer holds. It is clear, however, that this is only another way of expressing the absence of law, the universality of the law being denied. The "regularity" observed for the single sequence was not true regularity, but merely chance. The confirmation of prediction is therefore the only criterion of causality. Through it alone does reality speak to us; the construction of laws and formulas is simply the work of man.


Here I must include two observations that go together and are of basic importance. First, I said previously that we may recognise the "verification" of a regularity as the adequate characteristic of causality only subject to a limitation. This limitation consists in the fact that the confirmation of a prediction never actually proves the existence of causality but always only makes it probable. Further observations may indeed show the supposed law to be always incorrect, and then we should have to say that "it expressed the sequence only by chance." A final verification is therefore, so to say, impossible in principle. We deduce therefrom that a causal statement logically does not at all have the characteristic of a proposition, for a genuine proposition must in the end allow itself to be verified. We shall return to this shortly without, however, being able to explain this apparent paradox fully here, where we are not concerned with logic.


The second observation concerns the fact that between the criterion of confirmation and the two rejected attempts at definition a remarkable relationship exists nevertheless. It lies simply in the fact that actually the different characteristics go hand in hand. We certainly expect with great assurance that precisely those formulas satisfying the Maxwellian criterion and distinguished by aesthetic simplicity will be confirmed, and that the propositions made by their help will be true. And even if we should sometimes be disappointed in this expectation, the fact remains that the laws that have really proved to be valid were always of a profound simplicity, and always fulfilled the Maxwellian definition. But what the significance of this "simplicity" is, is difficult to say, and much erroneous thinking has been done in this connection; we do not wish to put too much stress upon it. It is certain that we may imagine much "simpler" worlds than our own. There is also a "simplicity" that is merely a matter of representation, that is, pertains to symbolism by means of which we express facts. Its consideration leads to the question of "conventionalism" and does not interest us in this connection.


At any rate we see that if a formula corresponds to both of the earlier and inadequate criteria we consider it probable that it is really the expression of a law, of an actually existing order, that it will therefore be confirmed. If it has been confirmed, we think it again probable that it will continue to be so. (And indeed, it is understood, without bringing in new hypotheses, for in general physical laws are so constructed that they may always be maintained by new hypotheses brought in ad hoc. But if these become too complicated, one says that the law nevertheless does not hold, the right order has not been found.) The word probability, which we use here, moreover designates something completely different from the concept treated in the calculus of probability and occurring in statistical physics.


For the sake of logical clarity (for philosophers this is the prime concern) it is of greatest importance to realise the situation precisely. We have seen that, basically, causality is not at all definable in the sense that for an already given sequence one could answer the question: Was it causal or not? Only in reference to the single case, to the single verification, can one say: It behaves as causality demands. For advancement in knowledge of nature (and this is the main concern of the physicist) this is fortunately quite sufficient. If a few verifications — under some circumstances only one — are successful, we build practically on the verified law, with the unqualified reliance with which we trust our life to a motor constructed according to natural laws.


It has indeed been frequently observed that one cannot actually speak of an absolute verification of a law, since we always, so to say, silently reserve the right to modify it on the basis of further experience. If I may in passing add a few words about the logical situation, the circumstance mentioned means that basically a natural law does not have the logical character of a "proposition" but represents "a direction for the formulation of propositions." (I owe these ideas and terms to Ludwig Wittgenstein.) We have already indicated this, above, regarding causal statements, and actually a causal statement is identical with a law. The statement, "The principle of energy holds," for instance, says no more nor less about nature than the principle of energy itself says. As is well known, only the individual propositions derived from a natural law are testable, and these always have the form: "Under such and such circumstances this indicator will point to that mark on the scale," "Under such and such circumstances there occurs a darkening on this point of the photographic plate," and the like. The verifiable propositions are of this nature and of this nature is every verification.


Verification in general, the success of a prediction, confirmation in experience, is therefore the criterion of causality, simply; and indeed in the practical sense in which alone we may speak of the test of a law. In this sense, however, the question regarding the existence of causality is testable. That confirmation in experience, the success of a prediction, is something final, not subject to further analysis, cannot be over-emphasised. No number of propositions can state when it must occur, but we must simply await whether it occur or not.


8. CAUSALITY AND QUANTUM THEORY


In the previous considerations nothing was said except what, in my opinion, may be read out of the procedure of the scientist. No concept of causality was constructed; only the role it actually plays in physics was determined. Now the attitude of most physicists towards certain results of quantum theory shows that they see the essence of causality just where the foregoing considerations also found it, namely, in the possibility of prediction. When the physicists say that complete validity of the causal principle is not compatible with the quantum theory, the basis, indeed the meaning, of this assertion, lies simply in the fact that the theory makes precise predictions impossible. We must try to make this really clear to ourselves.


In contemporary physics it is possible to say, in a manner of speaking, that, with certain limitations to be mentioned, each physical system is to be considered as a system of protons and electrons, and that its state is completely determined by the position and momentum of its particles being known at every moment. Now, as is well known, a certain formula is derived from the quantum theory, the so-called "uncertainty principle" of Heisenberg, which teaches that it is impossible to indicate for a particle both determinants, place and velocity, with any desired precision, and that the more precise the value of one co-ordinate the greater inexactness we must expect for the other. If we know say that the place coordinate lies within a small interval Δp, the velocity co-ordinate q may be indicated only with such precision that its value remains undetermined in the interval Δq, and indeed so that the product ΔpΔq is of the order of magnitude of Planck's quantum effect h. In principle then the one co-ordinate could be determined with any degree of precision, but absolutely precise observation of it will have as a consequence that we can say nothing more about the other co-ordinate.


This principle of indeterminacy has been so frequently illustrated, even in popular form, that we need not describe the situation any more closely; our task must be to understand exactly its real meaning. When we ask for the meaning of a statement this always means (not only in physics) : by which particular experiences do we test its truth? When thus, for example, we conceive the place of an electron to be determined by observation with an inexactness Δp, what does it mean when I say, for instance, the direction of the velocity of this electron may be indicated only with an inexactness ΔΘ? How do I determine whether this statement is true or false?


Now, that a particle has gone in a definite direction may be tested only by its arrival at a definite point. To give the velocity of a particle signifies absolutely nothing more than to predict that in a certain time it will arrive at a certain point. "The inexactness of direction amounts to ΔΘ" means: in a certain experiment I shall find the electron within the angle ΔΘ; however, I do not know exactly where therein. And if I repeat "the same" experiment I shall find the electron at various points within the angle, and I never know beforehand at which point in it. If the position of the particle is observed with absolute precision the result would be that in principle we could not know at all in which direction the electron would be found after a short time. Only further observation could subsequently tell us this, and with very frequent repetition of "the same" experiment it must appear that on the average no one direction predominates.


The fact that both position and velocity of an electron cannot be precisely measured is usually interpreted as saying: it would be impossible to describe fully the state of a system at a definite point in time, and therefore the principle of causality becomes inapplicable. Since the principle asserts that the future states of the system are determined by its initial state, since, thus, it presupposes that the initial state may be described in principle exactly, the principle of causality collapses, for this presupposition has not been fulfilled. I should not like to call this idea false, but it seems useless to me, because it does not express the essential point clearly. What is essential is that one realise that the indeterminacy that the Heisenberg-relation expresses is in truth an indeterminacy of prediction.


In principle nothing interferes (this is also emphasised by Eddington in a similar thought context) with our determining the position of an electron twice at any two closely adjacent points in time, and with our considering these measurements equivalent to position and velocity measurements. But the vital point is that with data about a state obtained in such a manner we are never in a position to predict a future state with precision. If, that is, we should define the velocity of the electron in the usual manner (distance divided by time) by means of the observed places and times, the velocity would nevertheless be different in the next moment, for, as we know, it must be assumed that its course is disturbed by observation in a quite uncontrollable manner. This alone is the true significance of the statement that a momentary state is not precisely determinable; that is, the impossibility of prediction alone is the actual reason why the physicist deems necessary the denial of causality.


There is no doubt, therefore, that quantum physics finds the criterion of causality precisely where we too have discovered it, and speaks of the failure of the principle of causality only because it has become impossible to make predictions with any desired degree of accuracy. I cite M. Born, Naturwiss. 17 (1929):


The impossibility of measuring exactly all the data of a state prevents the predetermination of its further course of development. Because of this principle of causality in its usual formulation loses all significance. For when it is impossible in principle to know all the conditions (causes) of an event, it is empty talk to say that every event has a cause.



Causality as such, the existence of laws, is however not denied. There are still valid predictions, but they do not consist in the expression of exact magnitude values, but are of the form: the A- magnitude X will lie in the interval between a and Δa.

What is new in the contribution of the most recent physics to the problem of causality does not consist in the fact that the validity of the causal principle is contested at all, nor that, say, the microstructure of nature is described by statistical rather than causal regularities, nor in the fact that the realisation of the merely probable validity of natural laws has displaced belief in their absolute validity. All these ideas have, in part, long since been expressed. The novelty rather consists in the hitherto unsuspected discovery that through natural laws themselves a limit is set in principle to precision in predictions. That is something quite different from the rather obvious idea that actually and practically there is a limit to precision in observations and that the assumption of absolutely precise natural laws is in every case unnecessary if one wants to give an account of every experience. Previously it must always have seemed as if the question of determinism had to remain undecided in principle. The kind of decision now available, namely, by means of a natural law itself (the Heisenberg relation), was not foreseen. In any case, one who today speaks of a decidability and holds the question to be answered unfavorably for determinism must assume that law of nature as actually existing and raised beyond all doubt. That we are absolutely sure of this, or ever could be, a careful investigator will hesitate to state. But the principle of indeterminacy is an integral part of the structure of the quantum theory, and we must trust its correctness so long as new experiments and new observations do not force us to revise the quantum theory. (In fact it is daily better confirmed.) But to have shown that a theory of such structure is at all possible in the description of nature is in itself a great accomplishment of modern physics. It signifies an important philosophical clarification of the basic concepts of natural science. The progress in principle is clear. One may now speak of an empirical test of the principle of causality in the same sense as of the test of some special law of nature. And that we may in some sense justifiably speak of it is proven simply by the existence of science.


9. IS THE PRINCIPLE OF CAUSALITY IN THE QUANTUM THEORY FALSE OR EMPTY?


In order to understand the situation it is necessary to compare two formulations that the criticism of the causal principle assumes in physics. Some say that the quantum theory has shown (of course presupposing that it is correct in its present form) that the principle is not valid in nature. The others say that it is empty. The former believe thus that it makes a definite assertion about reality that experience has proven false; the others believe that the proposition in which it is apparently expressed is not at all a genuine assertion but is a meaningless succession of words.


As evidence for the first point of view, Heisenberg's oft cited article (in Z. Physik, 1927, 43) is quoted, which says: "Because all experiments are subject to the laws of quantum mechanics, the invalidity of the causal law is definitively determined by quantum mechanics." Born is commonly named as representing the second point of view (cf. the passage cited above). Hugo Bergmann ("Der Kampf um das Kausalgesetz in der jungsten Physik," Braunschweig, 1929) and Thilo Vogel ("Zur Erkenntnistheorie der quantentheoretischen Grundbegriffe" Diss., Giessen, 1929) have concerned themselves with the philosophical aspects of this dilemma. Both of these authors correctly assume that those physicists who reject the causal principle are none the less of the same opinion basically, even if they say different things, and that the apparent difference is to be attributed to the inexact language of the one party. Both are of the opinion that it is Heisenberg who is guilty of the inexactness, and that therefore it should not be said that the quantum theory has proven the principle to be false. Both emphasize the fact that the causal law can neither be affirmed nor rejected by experience. Shall we consider this interpretation as correct?


First we must affirm that we consider the bases upon which H. Bergmann forms his opinion to be quite incorrect. For him the causal law is to be neither discredited nor affirmed, because he considers it to be a synthetic judgment a priori in the Kantian sense. On the one hand, as is well known, such a judgment is supposed to express a genuine cognition (this is conveyed by the word "synthetic") , on the other hand it must be incapable of test by experience because "the possibility of experience" rests upon it (that is conveyed by the words a priori). We know today that these two requirements contradict each other; there are no synthetic judgments a priori. If a proposition says anything at all about reality (and only when it does so does it contain knowledge) its truth or falsity must be determinable by observation of reality. If there is no possibility of such a test in principle, if the proposition is compatible with every experience, it must be empty and cannot contain any knowledge of nature. If, on the assumption of the falsity of the proposition, something in the world of experience were different from what it would be if the proposition were true, then of course it could be tested. Consequently not-testable-throughexperience means that the way the world appears to us is quite independent of the truth or falsity of the proposition, hence it says nothing about the world. Kant, of course, believed that the principle of causality says a great deal about the empirical world, even determines its essential nature. Therefore one does no favour to Kantianism or a-priorism when one affirms that the principle cannot be tested. With this we have rejected H. Bergmann's point of view (the same would hold true of Th. Vogel's opinion in so far as he inclines towards a moderated, a priorism; however his formulations at the end of the treatise cited are not quite clear to me) and we must therefore consider a new phase of the question. Does the falsity of the principle of causality really follow from results of quantum mechanics? Or does it follow rather that the proposition is without content?


A sequence of words may be meaningless in two ways: either it is tautological (empty) or it is not a proposition at all, not an assertion in the logical sense. It would appear at first sight as if the latter possibility did not enter into our considerations here, for if the words that are to express the causal principle do not represent a real proposition, they must simply be a meaningless, absurd succession of words. One must, however, bear in mind that there are sequences of words that are not propositions and express no facts and yet fulfil very significant functions in life; so-called question and command sentences. And even if the causal principle is expressed in the grammatical form of a declarative sentence, we know from modern logic that one can hardly judge the logical content of a sentence by its form. And thus it is quite possible that beneath the categorical form of the causal principle a kind of command, a demand exists—thus, approximately, what Kant calls a "regulative principle." A similar opinion regarding this principle is indeed held by those philosophers who see in it merely the expression of a postulate or of a "decision"5 never to give up the quest for laws and causes. This point of view therefore must be carefully considered.
Accordingly, we must decide between the following three possibilities:


I. The principle of causality is a tautology. In this case it would always be true but without content.


II. It is an empirical proposition. In this case it could be either true or false, either knowledge or error.


III. It represents a postulate, an injunction to continue to seek causes. In this case it cannot be either true or false but is at most either appropriate or inappropriate.


I. We shall soon become clear regarding the first possibility, especially as we have already mentioned it above (§6). We found that the causal principle as expressed in the form, "All events occur according to law," is certainly tautological if by lawfulness is meant, "representable by some formula or other." From this, however, we inferred that this could not be the true content of the principle, and we looked fora new formulation. In fact, science in principle has no interest in a tautological proposition. If the causal principle were of this nature, determinism would be self-evident, but empty. And indeterminism, its opposite, would be self-contradictory, for the negation of a tautology is a contradiction. The ,question as to which one of the two is correct could not be raised at all. Therefore if modern physics not only formulates the question but believes it to be definitely answered by experience, what physics means by determinism and the principle of causality surely cannot be a tautology. In order to know whether a proposition is tautological or not one obviously needs no experience at all, one need only realise its meaning. If one should say that physics has demonstrated the tautological nature of the causal principle, it would be as senseless as to say that astronomy has shown that 2 times 2 equals 4.


Since the time of Poincar6, we have learned to note that apparently certain general statements enter into a description of nature which are not subject to confirmation or disproval, namely the "conventions." The genuine conventions, which are actually a type of definition, must in fact be formulated as tautologies. Here, however, it is not necessary to go further into this matter. We conclude only that since we have already admitted that modern physics at any rate teaches us something about the validity of the principle of causality, it cannot be an empty proposition, a tautology, a convention; but it must be of such a nature that in some way it is subject to the judgment of experience.


II. Is the principle of causality simply a proposition the truth or falsity of which may be determined by observation of nature? Our previous considerations seem to support this interpretation. If it is correct we shall have to side with Heisenberg, therefore, in opposition to H. Bergmann and Th. Vogel in the above mentioned apparent opposition between the formulations of Heisenberg and Born, in which these investigators express the results of the quantum theory. I call that opposition apparent, for while Heisenberg speaks of the invalidity and Born of the senselessness of the causal principle, Born yet adds "in its usual formulation." Therefore it may well be that the usual formulation gives rise to nothing but a tautology, but that the real meaning of the principle could be formulated in a genuine statement which could be proven false by quantum experiments. In order to determine this we must again consider which formulation of the causal principle we found ourselves driven to accept. According to our former statements the content of the principle may be expressed thus: "All events are in principle predictable." If this statement were a genuine proposition it would be verifiable—and not only this, but we would be able to say that the verification has been attempted and has so far given a negative result.


But what is the case with our principle? Can the meaning of the word "predictable" be clearly indicated? We called an event "predicted" when it was deduced by the help of a formula that was constructed on the basis of a series of observations of other events. Mathematically expressed, prediction is an extrapolation. The denial of exact predictability, as the quantum theory teaches, would mean then that it is impossible to derive from a series of observations a formula that will also represent, exactly, new observation data. But what again does this "impossible" mean? One may, as we saw, subsequently always find a function that includes the new as connects the previous data with the new data and makes both appear derivative from the same natural regularity. That impossibility is therefore not a logical one; it does not mean that there is no formula with the desired properties. Strictly speaking, however, it is also not a real impossibility; for it is possible that someone should by mere chance, by pure guess, always get the correct formula. No natural law prevents correct guesses regarding the future. No, that impossibility means that it is impossible to seek that formula, that is, there is no rule for obtaining such a formula. This, however, cannot be expressed in a legitimate proposition.
Our efforts to find a testable proposition equivalent to the causal principle have therefore failed. Our attempts at formulations have led only to pseudo-propositions. This result is not entirely unexpected, however, for we have already said that the causal principle may be tested for its correctness in the same sense that a natural law may be tested. We also noted, however, that natural laws, strictly analysed, are not propositions that are true or false, but are, rather, x "directions" for the construction of such propositions. If this holds also of the causal principle, we find ourselves referred to the third possibility:


III. The principle of causality does not directly express a fact to us, say, about the  regularity of the world, but it constitutes an imperative, a precept to seek regularity, to describe events by laws. Such a direction is not true or false but is good or bad, useful or-,, useless. And what quantum physics teaches us is just this: that the principle is bad, useless, impracticable within the limits precisely laid down by the principle of indeterminacy. Within those limits it is impossible to seek for causes. Quantum mechanics actually teaches us this, and thus gives us a guiding thread to the activity that is called investigation of nature, an opposing rule against the causal principle.


Here one sees again how much the situation created by physics is different from the possibilities that have been thought out by philosophy. The causal principle is no postulate in the sense in which this concept occurs in earlier philosophers, for there it means a rule to which we must adhere under all circumstances. Experience, however, decides upon the causal principle, of course, not upon its truth or falsity—that would be senseless—but upon its utility. And natural laws themselves decide the limits of utility. In this lies the novelty of the situation. There are no postulates in the sense of the older philosophy. Each postulate may be limited by an opposing rule taken from experience, that is, may be recognised as inappropriate and thus nullified.


One might perhaps believe that this point of view would lead to a type of pragmatism, since the validity of natural laws and of causality depends only on their confirmation and on nothing else. But here there is a big difference that must be sharply emphasised. The statement of pragmatism that the truth of propositions consists entirely in their confirmation, in their usefulness, must from our standpoint be rejected. Truth and confirmation are not identical for us. On the contrary, since in the case of the causal principle we may test only its confirmation, only the usefulness of its -precept, we may not speak of its "truth," and we deny to it the nature of a genuine statement. Of course, pragmatism may be understood psychologically and its teaching may, as it were, be excused, by saying that it is really difficult and requires thorough reflection to see the difference between a true proposition and useful rule, between a false proposition and useless rule. For "directions" of this type occur grammatically in the form of ordinary propositions.


While for a real assertion it is essential that it be in principle verifiable or falsifiable, the usefulness of a direction can never be absolutely proven because later observations may still prove it to be inappropriate. The Heisenberg relation itself expresses a natural law, and as such has the nature of a direction. On this basis alone the rejection of determinism arising therefrom cannot be considered proof of the falsity of a definite proposition, but may be considered only an indication of the inadequacy of a rule. The hope therefore always remains that with further knowledge the causal principle will again triumph.


The expert will observe that by considerations such as the above the so-called problem of "induction," too, ceases to have application, and is thus solved in the way in which Hume solved it. For the problem of induction consists in the question of the logical justification of general propositions regarding reality, which are always extrapolations from individual observations. We recognise, as Hume does, that there is no logical justification for them; there cannot be one because they are not real propositions. Natural laws are not (in the logician's language) "general implications," because they cannot be verified for all cases, but are rules, instructions, aiding the investigator to find his way about in reality, to discover true propositions, to expect certain events. This expectation, this practical attitude, is what Hume expresses by the word "belief." We must not forget that observation and experimentation are actions by which we come into direct contact with nature. The relations between reality and us are sometimes expressed in sentences that have the grammatical form of propositions, but whose real meaning lies in their being directives for possible action.


To sum up: The rejection of determinism by modern physics means neither the falsity nor the emptiness of a definite proposition about nature, but the uselessness of the rule that, as the "causal principle," points the way to every induction and every natural law. And in fact the inapplicability of the rule is asserted only for a definitely circumscribed realm; there, however, with all the certainty that pertains to investigation in the exact physical sciences.


10. ORDER, DISORDER, AND "STATISTICAL REGULARITY"


After the peculiar nature of the causal principle has become clear to us, we may now also understand the role actually played by the previously discussed, but then rejected, criterion of simplicity. It had to be rejected only in so far as it does not accord with the concept of cause. However we noticed that de facto it coincides with the true criterion, that of confirmation. For it clearly represents the special precept fruitful in our world, by which the general injunction of the causal principle, to seek regularity, is supplemented and perfected. The causal principle directs us to construct, from given observations, functions that lead to prediction of new ones. The principle of simplicity gives us the practical method by which we follow this direction, by saying: Connect the observation data by the "simplest" curve—which will then represent the function sought.


The causal principle could remain valid even if the rule, leading to success, were quite different. Therefore this rule does not suffice to determine the causal concept, but merely represents a narrower, more special application. As a matter of fact it often does not suffice to attain the correct extrapolation. If we thus recognise the purely practical nature of the principle of simplicity, it becomes clear that "simplicity" is not to be strictly defined. Here, however, the vagueness does not matter.


If, say, we should draw the simplest curve through the points representing data of the quantum processes in some experiment (for instance electronic jumps in the atom) it will be of no use in making predictions. And since we know of no other rule by which this aim would be realised, we say that the processes follow no law but are accidental. De facto, however, there does exist a marked concordance between simplicity and lawfulness, between chance and complexity. This leads us to an important consideration.


It is conceivable that extrapolation with the help of the simplest curve would almost always lead to the correct result; that, however, with no ascertainable reason now and then some single observation will not match in the prediction. In order to make the idea firm let us imagine the following simple case: By means of a very long series of observations in nature we determine that in 99 per cent of the cases, an event A is followed by an event B; but not in the remaining (irregulary distributed) 1 per cent — without it being possible to find the slightest "cause" for the exception. We would say of such a world that it is still quite orderly, since our prophecies would be fulfilled on the average of 99 per cent (therefore much better than at present in meteorology or in many phases of medicine). We should therefore ascribe to this world causality, though of an "imperfect" sort. Every time that A occurs we shall expect the occurrence of B with great confidence; we shall rely upon it and get along not at all badly. Let us assume that the world otherwise is quite intelligible. If, then, with the best methods and the greatest efforts, science cannot account for the average 1 per cent deviation we shall finally rest content with that, and shall explain the world as orderly within limits. In such a case we have a "statistical law" before us. It is important to observe that a law of this kind, wherever we encounter it in science, is as it were a result of two components, in that the incomplete or statistical causality is divided into strict law and chance, which are superimposed upon each other. In the above example we should say that it is a strict law that on the average B follows A, in 99 out of 100 cases and that the distribution of the 1 per cent of deviating cases over the whole is completely a matter of chance. An example from physics: in the kinetic theory of gases the laws according to which each particle moves are accepted as perfectly strict; but the distribution of single particles and their states are, however, assumed to be completely "random" at any given moment. From a combination of both hypotheses, then, the macroscopic laws of gases result (for instance Van der Waal's law of gases) as well as the imperfect regularity of the Brownian movement.


Thus in a scientific description of the process we separate a purely causal from a purely accidental part. For the former we construct a strict theory, and the latter we view in the statistical manner, that is, using "laws" of probability, which, however, are not actually laws but (as will be shown) represent the definition of the "accidental." In other words, we are not satisfied with a statistical law of the above form, but conceive it as a mixture of strict regularity and complete irregularity. Another example obviously occurs in the Schr6dinger quantum mechanics (in the interpretation of Born). There the description of the processes is also split into two parts: into the strictly regular diffusion of the ψ waves, and in the occurrence of a particle or a quantum, which is simply accidental, within the limits of "probability" determined by the ψ value at the point concerned. (That is, the value of ψ tells us, for instance, that at a definite point on the average 1,000 quanta per second enter. These 1,000, however, show quite an irregular distribution in themselves.)


What does "simply accidental" or "chance" or "completely unordered" mean here? From the previous case, of the regular occurrence of A and B together in an average of 99 per cent of the observations, which does not represent complete order, we may by gradual transitions pass to disorder. Let us assume, say, that observation shows that on the average the process B follows the process A in 50 per cent of the cases, the process C follows A in 40 per cent, and D follows A in the remaining 10 per cent. We should still speak of a definite regularity, of statistical causality, but we should then judge a much smaller degree of order to be present than in the first case. (A metaphysician would perhaps say that the process A has a certain "tendency" to call forth the process B, a slighter tendency toward the process C, etc.) When would we state that there is no kind of regularity, that therefore the events, A, B, C, D are completely independent on one another (in which case the metaphysician would say that there is no inherent tendency in A to produce its consequent)?


Obviously only when, after a very long sequence of observations every series formed out of the different events by permutation (with repetition) occurs on the average with the same frequency (where the series would have to be small with respect to the whole sequence of observations). We should then say that nature has no predilection for a definite succession of processes, that the succession therefore takes place quite irregularly. Such a distribution of the events has usually been called a distribution "according to the rules of probability." Where such a distribution exists we speak of complete independence of the events in question; we say they are not causally connected with one another. And according to what has been said, this manner of speech does not signify merely an indication of the lack of regularity but is identical with it by definition. The so-called "probability distribution" is simply the definition of complete disorder, pure chance. It seems to be generally admitted that to speak of "laws of chance" is a very poor way of expressing the matter (since chance means the exact opposite of law). One too easily tends to ask the meaningless question (the so-called "problem of application" relates to this) how it happens that even chance is subject to law. I cannot therefore accept Reichenbach's point of view when he speaks of a "principle of distribution according to the law of probability" as a presupposition of all the natural sciences; which principle, along with the principle of causality, is to form the basis of all physical knowledge. That principle, he thinks, consists in the assumption that the irrelevant factors in a causal relationship, the "remaining factors," "exert their influence in accordance with the law of probability." It seems to me that these "laws of probability" are nothing more than the definition of causal independence.


Of course we must here include an observation that although without practical significance is yet of great importance, logically as well as in principle. The above definition of absolute disorder (equi-frequent average occurrence of all possible sequences of events) would be correct only in the case of an infinite number of observations. For it must be valid for series of any magnitude and every one of these must, according to the previous observation, be regardable as small in comparison with the total number of cases, that is, the total number of cases must surpass all limits. Since in reality this, of course, is impossible, we cannot, strictly speaking, decide whether disorder conclusively exists in any case. That this must be so follows, moreover, from our previous result, that for an already given sequence we cannot decide whether it is "orderly" or not. The same difficulty of principle exists here that makes it impossible to define the probability of any event in nature by the relative frequency of its occurrence. To arrive at correct estimates such as are required for mathematical computation (probability calculations) we should have to pass to the limit for an infinite number of cases—naturally a senseless demand for empiricism. This is often not sufficiently considered. The only useful method of defining probabilities is the one of Spielraume, logical range (Bolzano, V. Kries, Wittgenstein, Waismann; see the above cited article of Waismann).


This, however, does not belong to our theme. We now proceed to derive some consequences from the above considerations and to criticise others that are drawn here and there in this connection.


11. WHAT DOES "DETERMINED" MEAN?


Since, generally, we speak of causality by saying that one process determines another, that the future is determined by the present, we want once more to clarify for ourselves the true significance of this unhappy word "determine." That a certain state determines another later one can in the first place not mean that there is a hidden connection between them called causality, which could somehow be found or must be thought. For such naive ways of thinking are, for us, surely no longer possible, 200 years after Hume.


Now we have already given the positive answer, at the beginning of our deliberations: "A determines B" cannot mean anything but: B may be calculated from A. And this again means: there is a general formula which describes the state B as soon as certain values of the "initial state" A are put into it, and as soon as a certain value is given to certain variables, for instance that of time, t. That the formula is "general" means, again, that besides A and B there are any number of other states connected with one another by the same formula and in the same manner. Indeed a large part of our efforts was directed to answering the question of when one may say there is such a formula (called "natural law"). And the answer was that the criterion lay in nothing but the actual observation of the B computed from A. Only when we can indicate a formula that is used successfully in prediction can we say that there is a formula (order is present).


The word "determined" therefore means exactly the same as "predictable" or "computable in advance." This simple viewpoint alone is needed to resolve a well-known paradox, important for the problem of causality, which perplexed Aristotle and is even today a source of confusion. It is the paradox of so-called "logical determinism." It states that the principles of contradiction and of excluded middle would not be valid for propositions regarding future facts if determinism is not valid. In fact, so Aristotle argued, if indeterminism is correct, if the future is not already determined, it seems that the proposition, "the event E will take place the day after tomorrow," can be today neither true nor false. For if, for instance, it were true the event would have to occur, it would already be determined, contrary to the indeterministic assumption. Even in our day this argument is sometimes held to be conclusive, and is even said to be the basis of a new logic. There must of course be an error here, for logical propositions, which are only rules of our symbolism, cannot depend as regards their validity upon the existence of causality in the world; every proposition must have truth or falsity as a timeless characteristic. The correct interpretation of determinism removes the difficulty at once and leaves to the logical principles their validity. The proposition "the event E occurs on such and such a day" is timeless—therefore even now either true or false, and only one of the two, quite independently of whether determinism or indeterminism holds in the world. For the latter by no means asserts that today the proposition about the future E is not unambiguously true or false, but only that the truth or falsity of that proposition cannot be calculated on the basis of propositions about present events. This means, then, that we cannot know whether the proposition is true before the corresponding point in time has passed, but this has nothing to do with its being true or with the basic laws of logic.


12. DETERMINATION OF THE PAST


If physics today, speaking indeterministically, says that the future is (within certain limits) undetermined, it means nothing more or less than: it is impossible to find a formula by which we may calculate the future from the present. (More correctly it would mean: it is impossible to seek such a formula, there is no rule for its discovery; it could be guessed only by pure chance.) It is perhaps comforting to observe that in quite the same sense (and I cannot imagine any other meaning of the word "undetermined") we must say of the past that in a certain respect it, too, is undetermined. Let us assume for example that the velocity of an electron has been precisely measured and then its location observed: in this case the equations of the quantum theory also enable us to compute, exactly, previous positions of the electrons However, actually, this indication of position is physically meaningless, for its correctness cannot in principle be tested, since it is impossible to verify subsequently whether the electron appeared in the computed place at the given time. If, however, one had observed it in this computed place, it would certainly not have reached those places later noted, since its course is known to be disturbed by observation in an incalculable manner. Heisenberg says (p. 15): "Whether or not one attributes a physical reality to the calculation of the past of the electron is merely a matter of taste." However, I should prefer to express myself even more strongly, in complete agreement with what I believe to be the fundamental point of view of Bohr and Heisenberg himself. If an assertion regarding the position of an electron is not verifiable in atomic dimensions, then we cannot attribute any meaning to it; it becomes impossible to speak of the "path" of a particle between two points where it has been observed. (This of course is not true of bodies of molar dimensions. If a bullet is now here and a second later at a distance of 10 metres, then it must have passed the points in between during that second, even if no one has perceived it; for in principle it is possible to verify subsequently that it has been at the intervening points.) One may treat this as the sharpened formulation of a proposition of the general theory of relativity: just as transformations that leave all point coincidences — intersection points of world lines — unchanged have no physical meaning, so we may say here, there is no sense at all in attributing physical reality to the segments of world-lines between the points of intersection.


The most concise description of the state of affairs we have discussed is perhaps to say (as the most important investigators of the quantum problems do) that the validity of the usual spatiotemporal concepts is limited to that which is macroscopically observable; they are not applicable to atomic dimensions.
None the less let us spend another moment with the results just arrived at concerning determination of the past. We sometimes find it asserted in current literature that contemporary physics has reestablished the ancient Aristotelian concept of "final cause," in the form of that which is earlier being determined by the later, but not vice versa. This idea occurs in the interpretation of the formulas of atomic radiation which, according to the theory of Bohr, is supposed to take place so that the atom sends out a light quantum every time an electron jumps from a higher to a lower orbit. The frequency of the light quantum depends upon the initial orbit and the final orbit of the electron (it is proportional to the difference in energy values of the two orbits) ; it is therefore obviously determined by a future event (the entrance of the electron into the final orbit).


Let us test the meaning of this idea. Aside from the fact that the concept of final cause must have had a different content for Aristotle, this idea, according to our analysis of "determine," states that in certain cases it is impossible to compute a future event Z from the data of past events V, but that, on the other hand, V may be derived from the known Z. Good, let us imagine that the formula for this is given and that a V has been computed therefrom. How do we test the correctness of the formula? Only by comparing that which is computed with the observed V. V, however, is already in the past (it existed before Z, which has also already occurred and had to be known in order to be insertable into the formula) ; it cannot be observed post factum. If then we have not previously ascertained it, the proposition that the computed V occurred is not verifiable in principle and is therefore meaningless. If however V has already been observed, we have a formula that connects events already observed. There is no reason why such a formula should not be reversible. (For in practice one-many functions do not occur in physics.) If by means of it V may be calculated from Z, it must be equally possible to determine Z by means of it when V is given. We therefore encounter a contradiction when we say the past may be calculated from the present but not vice versa. Logically both are the same. Note well: the essence of this argument is that the data of the events V and Z enter into the natural law with entirely equal right; they must all already have been observed if the formula is to be verifiable.


For the rest, here too, all the obscurities are basically due to the lack of clear distinction between that which may be formulated as a contribution of thought and that which has really been observed. Here again we see the great advantage of Heisenberg's point of view, which would offer a purely mathematical and not an apparently intuitive model of the atom; with it the temptation to introduce so-called "final causes" falls to the ground. It seems to me that the mere elucidation of the meaning of the word "determine" shows that it is under all circumstances impermissible to assume (quite independently of the question of determinism) that a later event determines an earlier one, but that the reverse is not true.


13. TOWARD DIFFERENTIATION OF PAST AND FUTURE


The last considerations seem to teach that an inference regarding past events has precisely the same nature logically as one regarding future events. In so far as, and to the extent that, causality holds at all, we may say with equal justice that the earlier determines the later and the later determines the earlier. In accordance with this all attempts to differentiate conceptually between the temporal direction from the past to the future and from future to past fail. This I believe is true also of H. Reichenbach's attempt (in the treatise cited in the Bayrischen Sitzungsberichten) to demonstrate the asymmetry of the causal relationship, and by its help to ascertain conceptually the positive temporal direction and thereby to be able to define even the time of the present, the now. He believes that the causal structure in the direction of the future differs topologically from that of the reverse direction. The arguments he gives for this belief I consider incorrect. However, I do not want to dwell upon this (compare for instance the critique, in need of some further elaboration, of Reichenbach's ideas by H. Bergmann in "Der Kampf um das Kausalgesetz in der jungsten Physik") but merely to mention that the demand fora definition of the now is logically meaningless. The difference between earlier and later in physics may be described objectively, and in fact, as far as I can see, only by aid of the principle of entropy. But in this way the direction past-future is only differentiated from the opposite. However, that real events proceed in the first direction and not in the reverse cannot be said at all, and no natural law can express it. Eddington (The Nature of the Physical World) describes this in an intuitive way, in claiming that a positive temporal direction (time's arrow) may be defined physically, but that it is not possible to formulate conceptually the passage from the past to the future (becoming). H. Bergmann rightly sees, in opposition to H. Reichenbach, that physics has no means whatever of distinguishing the now, of defining the concept of the present. He seems, however, to assume falsely tha'. by means of "psychological categories" this may not be impossible. In truth the meaning of the word "now" may only be shown, just as we may only show and not define what we understand by "blue" or by "happiness."


That the causal relation is asymmetrical, unidirectional (as Reichenbach, loc. cit. believes) is falsely suggested by facts connected with the principle of entropy. It is only due to this law that in everyday life the earlier may be more readily derived from the later than vice versa. The calculation of the later is of course not by itself identical with an inference to the future, and neither is the calculation of earlier itself identical with an inference to the past. This is the case only when the temporal point from which we make the inference is the present. Reichenbach believes (loc. cit., p. 155) that the latter case is actually distinguished by the fact that the past is objectively determined whereas the future is objectively undetermined. Brief analyses show that all that is meant by "objectively determined" is "inferable from a partial effect." The future is "objectively undetermined" because it cannot be inferred from a partial cause, for the totality of all partial causes can not be defined in the absence of determinism. All sorts of things may be said against the concepts of partial cause and partial effect, and we have already indicated that the apparently easier process of inference is falsely suggested by facts involved in the principle of entropy. But even if the argument contained no error it would again only characterise the difference between the earlier and later, not the difference between past and future.


14. INDETERMINATENESS OF NATURE AND FREEDOM OF THE WILL


The psychological reason for the sort of ideas last mentioned (and that is why I referred to them) seems to me to lie in the circumstance that, in addition to the simple meaning our analysis found for the word "undetermined," implicitly a sort of metaphysical, related meaning is attributed to it; namely, as if one could attribute determinateness or indeterminateness to a process in itself. That, however, is meaningless. Since "determined" means calculable by means of certain data, to speak of determinism makes sense only when we add: By what? Each real process whether it belongs to the past or to the future is as it is; being undetermined cannot belong to its characteristics. Regarding the natural processes themselves one cannot sensibly assert a "vagueness" of "indefiniteness." Only in reference to our thoughts may we speak of such (namely, when we do not know definitely which propositions are true, which representations are correct.) Sommerfeld evidently means just this when he says:10 "It is not the experimentally that are indeterminate. With sufficient attention to experimental conditions, these may be precisely treated. Indeterminism applies only to our ideational forms which accompany physical facts." One must not believe therefore that modern physics has any place for the misconception of natural processes "undetermined in themselves." If, for instance, in an experiment it is not possible to give an electron a precise location, and if the same is true of its momentum, this means nothing more than that position and momentum values of a punctiform electron are not suitable means for the description of the process that takes place in nature. The modern formulations of the quantum theory recognise this and take it into account.


Just as little as the present situation in modern physics allows the formulation of a metaphysical concept of indeterminism does it allow speculations about the so-called "problem of freedom of the will" which is connected with it. This must be sharply emphasised, for not only philosophers but also men of science have not been able to withstand the temptation to utter thoughts such as the following: Science shows us that the physical universe is not fully determined; it follows, (1) that indeterminism is in the right and that physics therefore does not contradict the assertion of freedom of the will; (2) that nature, since strict causality does not prevail in it, provides room for spiritual or mental factors.


In answer to (1) we may say: the real problem regarding freedom of the will as it occurs in ethics has been confused with the question of indeterminism only because of crude errors which, since Hume, have long since been corrected. The moral freedom that the concept of responsibility presupposes does not stand in opposition to causality but would be entirely destroyed without it.


To (2) we may say: the statement implies a dualism, the juxtaposition of a spiritual and physical world between which there may be an interaction because of the imperfect causality of the latter. In my opinion no philosopher has succeeded in elucidating the real meaning of such a proposition, that is, no one has shown which experiences would enable us to confirm its truth and which experiences would disclose its falsity. Quite the contrary, logical analysis (for which of course there is no place here) leads to the conclusion that in the data of experience there is no legitimate ground for that dualism. It is therefore a meaningless, untestable metaphysical proposition. It seems to be believed that the possibility of "psychical" factors entering through possible loopholes of "physical" causality has consequences relating to our world outlook that satisfy certain emotional needs. However this is an illusion (since the purely theoretical interpretation of the world has no relationship to emotional needs correctly understood) . If the tiny gaps in causality could in some way be filled in, it would only mean that the above mentioned, practically insignificant traces of indeterminism existent in the modern world-picture would again be partly wiped out.


In this realm the metaphysics of earlier times was guilty of certain errors which sometimes occur even now where metaphysical motives are completely absent. Thus we read in Reichenbach (p. 141) : "If determinism is correct nothing can justify our undertaking an action for tomorrow but not for yesterday. It is clear that we then have no possibility at all even to abstain from the plan for the morrow's action and from the belief in freedom — certainly not, but in that case our action does not make sense." It seems to me that the exact opposite is the case: our actions and plans obviously make sense only in so far as the future is determined by them. Here there is simply a confusion of determinism with fatalism, which has so often been criticised in the literature that we need not dwell upon it. Moreover, he who still represents the opinion criticised above would not be helped at all by the indeterminism of modern physics. For with utmost consideration of all relevant facts, happenings are still so precisely calculable beforehand in it, the remaining indeterminateness is so slight, that the significance our actions would have in this world of ours would still be vanishingly small.


Precisely the last considerations teach us again how different the contributions of modern physics to the question of causality are from those of earlier philosophical thinking; and how correct we were in saying at the very beginning that human imagination was in no position to foresee the structure of the world as revealed to us by patient investigation. For it is even difficult for it to progress in the steps science has already shown to be possible.
  





Source: https://www.informationphilosopher.com/solutions/philosophers/schlick/causality.html
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When Is A Man Responsible? Chapter VII of Problems in Ethics, 

1. The Pseudo-Problem of Freedom of the Will

With hesitation and reluctance I prepare to add this chapter to the discussion of ethical problems. For in it I must speak of a matter which, even at present, is thought to be a fundamental ethical question, but which got into ethics and has become a much discussed problem only because of a misunderstanding. This is the so-called problem of the freedom of the will. Moreover, this pseudo-problem has long since been settled by the efforts of certain sensible persons; and, above all, the state of affairs just described has been often disclosed — with exceptional clarity by Hume. Hence it is really one of the greatest scandals of philosophy that again and again so much paper and printer's ink is devoted to this matter, to say nothing of the expenditure of thought, which could have been applied to more important problems (assuming that it would have sufficed for these). Thus I should truly be ashamed to write a chapter on "freedom." In the chapter heading, the word "responsible" indicates what concerns ethics, and designates the point at which misunderstanding arises. Therefore the concept of responsibility constitutes our theme, and if in the process of its clarification I also must speak of the concept of freedom I shall, of course, say only what others have already said better; consoling myself with the thought that in this way alone can anything be done to put an end at last to that scandal.


The main task of ethics (of which we convinced ourselves in Chapter I) is to explain moral behavior. To explain means to refer back to laws: every science, including psychology, is possible only in so far as there are such laws to which the events can be referred. Since the assumption that all events are subject to universal laws is called the principle of causality, one can also say, "Every science presupposes the principle of causality." Therefore every explanation of human behavior must also assume the validity of causal laws; in this case the existence of psychological laws. (If for example our law of motivation of Chapter II were incorrect, then human conduct would be quite unexplained.) All of our experience strengthens us in the believe that this presupposition is realized, at least to the extent required for all purposes of practical life in intercourse with nature and human beings, and also for the most precise demands of technique. Whether, indeed, the principle of causality holds universally, whether, that is, determinism is true, we do not know; no one knows. But we do know that it is impossible to settle the dispute between determinism and indeterminism by mere reflection and speculation, by the consideration of so many reasons for and so many reasons against (which collectively and individually are but pseudo-reasons). Such an attempt becomes especially ridiculous when one considers with what enormous expenditure of experimental and logical skill contemporary physics carefully approaches the question of whether causality can be maintained for the most minute intra-atomic events.


But the dispute concerning "freedom of the will" generally proceeds in such fashion that its advocates attempt to refute, and its opponents to prove, the validity of the causal principle, both using hackneyed arguments, and neither in the least abashed by the magnitude of the undertaking. (I can exclude only Bergson from this criticism, with whom, however, this whole question is not an ethical but a metaphysical problem. His ideas, which in my opinion will not stand epistemological analysis, are of no significance for us.) Others distinguish two realms, in one of which determinism holds, but not in the other. This line of thought (which was unfortunately taken by Kant) is, however, quite the most worthless (though Schopenhauer considered it to be Kant's most profound idea).


Fortunately, it is not necessary to lay claim to a final solution of the causal problem in order to say what is necessary in ethics concerning responsibility; there is required only an analysis of the concept, the careful determination of the meaning which is in fact joined to the words "responsibility" and "freedom" as these are actually used. If men had made clear to themselves the sense of those propositions, which we use in everyday life, that pseudo-argument which lies at the root of the pseudo-problem, and which recurs thousands of times within and outside of philosophical books, would never have arisen.


The argument runs as follows - "If determinism is true, if, that is, all events obey immutable laws, then my will too is always determined, by my innate character and my motives. Hence my decisions are necessary, not free. But if so, then I am not responsible for my acts, for I would be accountable for them only if I could do something about the way my decisions went; but I can do nothing about it, since they proceed with necessity from my character and the motives. And I have made neither, and have no power over them: the motives come from without, and my character is the necessary product of the innate tendencies and the external influences which have been effective during my lifetime. Thus determinism and moral responsibility are incompatible. Moral responsibility presupposes freedom, that is, exemption from causality."


This process of reasoning rests upon a whole series of confusions, just as the links of a chain hang together. We must show these confusions to be such, and thus destroy them.


2. Two Meanings of the Word "Law"
It all begins with an erroneous interpretation of the meaning of "law." In practice this is understood as a rule by which the state prescribes certain behavior to its citizens. These rules often contradict the natural desires of the citizens (for if they did not do so, there would be no reason for making them), and are in fact not followed by many of them; while others obey, but under compulsion. The state does in fact compel its citizens by imposing certain sanctions (punishments) which serve to bring their desires into harmony with the prescribed laws.


In natural science, on the other hand, the word "law" means something quite different. The natural law is not a prescription as to how something should behave, but a formula, a description of how something does in fact behave. The two forms of "laws" have only this in common: both tend to be expressed in formulae. Otherwise they have absolutely nothing to do with one another, and it is very blameworthy that the same word has been used for two such different things; but even more so that philosophers have allowed themselves to be led into serious errors by this usage. Since natural laws are only descriptions of what happens, there can be in regard to them no talk of "compulsion." The laws of celestial mechanics do not prescribe to the planets how they have to move, as though the planets would actually like to move quite otherwise, and are only forced by these burdensome laws of Kepler to move in orderly paths; no, these laws do not in any way "compel" the planets, but express only what in fact planets actually do.


If we apply this to volition, we are enlightened at once, even before the other confusions are discovered. When we say that a man's will "obeys psychological laws," these are not civic laws, which compel him to make certain decisions, or dictate desires to him, which he would in fact prefer not to have. They are laws of nature, merely expressing which desires he actually has under given conditions; they describe the nature of the will in the same manner as the astronomical laws describe the nature of planets. "Compulsion" occurs where man is prevented from realizing his natural desires. How could the rule according to which these natural desires arise itself be considered as "compulsion"?


3. Compulsion and Necessity

But this is the second confusion to which the first leads almost inevitably: after conceiving the laws of nature, anthropomorphically, as order imposed nolens volens upon the events, one adds to them the concept of "necessity." This word, derived from "need," also comes to us from practice, and is used there in the sense of inescapable compulsion. To apply the word with this meaning to natural laws is of course senseless, for the presupposition of an opposing desire is lacking; and it is then confused with something altogether different, which is actually an attribute of natural laws. That is, universality. It is of the essence of natural laws to be universally valid, for only when we have found a rule which holds of events without exception
do we call the rule a law of nature. Thus when we say "a natural law holds necessarily" this has but one legitimate meaning: "It holds in all cases where it is applicable." It is again very deplorable that the word "necessary" has been applied to natural laws (or, what amounts to the same thing, with reference to causality), for it is quite superfluous, since the expression "universally valid" is available. Universal validity is something altogether different from "compulsion"; these concepts belong to spheres so remote from each other that once insight into the error has been gained one can no longer conceive the possibility of a confusion.


The confusion of two concepts always carries with it the confusion of their contradictory opposites. The opposite of the universal validity of a formula, of the existence of a law, is the nonexistence of a law, indeterminism, acausality; while the opposite of compulsion is what in practice everyone calls "freedom." Here emerges the nonsense, trailing through centuries, that freedom means "exemption from the causal principle," or "not subject to the laws of nature." Hence it is believed necessary to vindicate indeterminism in order to save human freedom.


4. Freedom and Indeterminism
This is quite mistaken. Ethics has, so to speak, no moral interest in the purely theoretical question of "determinism or indeterminism?," but only a theoretical interest, namely: in so far as it seeks the laws of conduct, and can find them only to the extent that causality holds. But the question of whether man is morally free (that is, has that freedom which, as we shall show, is the presupposition of moral responsibility) is altogether different from the problem of determinism. Hume was especially clear on this point. He indicated the inadmissible confusion of the concepts of "indeterminism" and "freedom"; but he retained, inappropriately, the word "freedom" for both, calling the one freedom of "the will," the other, genuine kind, "freedom of conduct." He showed that morality is interested only in the latter, and that such freedom, in general, is unquestionably to be attributed to mankind. And this is quite correct. Freedom means the opposite of compulsion; a man is free if he does not act under compulsion, and he is compelled or unfree when he is hindered from without in the realization of his natural desires. Hence he is unfree when he is locked up, or chained, or when someone forces him at the point of a gun to do what otherwise he would not do. This is quite clear, and everyone will admit that the everyday or legal notion of the lack of freedom is thus correctly interpreted, and that a man will be considered quite free and responsible if no such external compulsion is exerted upon him. There are certain cases which lie between these clearly described ones, as, say, when someone acts under the influence of alcohol or a narcotic. In such cases we consider the man to be more or less unfree, and hold him less accountable, because we rightly view the influence of the drug as "external," even though it is found within the body; it prevents him from making decisions in the manner peculiar to his nature. If he takes the narcotic of his own will, we make him completely responsible for this act and transfer a part of the responsibility to the consequences, making, as it were, an average or mean condemnation of the whole. In the case also of a person who is mentally ill we do not consider him free with respect to those acts in which the disease expresses itself, because we view the illness as a disturbing factor which hinders the normal functioning of his natural tendencies. We make not him but his disease responsible.


5. The Nature of Responsibility
But what does this really signify? What do we mean by this concept of responsibility which goes along with that of "freedom," and which plays such an important role in morality ? It is easy to attain complete clarity in this matter; we need only carefully determine the manner in which the concept is used. What is the case in practice when we impute "responsibility" to a person ? What is our aim in doing this ? The judge has to discover who is responsible for a given act in order that he may punish him. We are inclined to be less concerned with the inquiry as to who deserves reward for an act, and we have no special officials for this; but of course the principle would be the same. But let us stick to punishment in order to make the idea clear. What is punishment, actually? The view still often expressed, that it is a natural retaliation for past wrong, ought no longer to be defended in cultivated society; for the opinion that an increase in sorrow can be "made good again" by further sorrow is altogether barbarous. Certainly the origin of punishment may lie in an impulse of retaliation or vengeance; but what is such an impulse except the instinctive desire to destroy the cause of the deed to be avenged, by the destruction of or injury to the malefactor? Punishment is concerned only with the institution of causes, of motives of conduct, and this alone is its meaning. Punishment is an educative measure, and as such is a means to the formation of motives, which are in part to prevent the wrongdoer from repeating the act (reformation) and in part to prevent others from committing a similar act (intimidation). Analogously, in the case of reward we are concerned with an incentive.


Hence the question regarding responsibility is the question: Who, in a given case, is to be punished? Who is to be considered the true wrongdoer? This problem is not identical with that regarding the original instigator of the act; for the great-grandparents of the man, from whom he inherited his character, might in the end be the cause, or the statesmen who are responsible for his social milieu, and so forth. But the "doer" is the one upon whom the motive must have acted in order, with certainty, to have prevented the act (or called it forth, as the case may be). Consideration of remote causes is of no help here, for in the first place their actual contribution cannot be determined, and in the second place they are generally out of reach. Rather, we must find the person in whom the decisive junction of causes lies. The question of who is responsible is the question concerning the correct point of application of the motive. And the important thing is that in this its meaning is completely exhausted; behind it there lurks no mysterious connection between transgression and requital, which is merely indicated by the described state of affairs. It is a matter only of knowing who is to be punished or rewarded, in order that punishment and reward function as such — be able to achieve their goal.


Thus, all the facts connected with the concepts of responsibility and imputation are at once made intelligible. We do not charge an insane person with responsibility, for the very reason that he offers no unified point for the application of a motive. It would be pointless to try to affect him by means of promises or threats, when his confused soul fails to respond to such influence because its normal mechanism is out of order. We do not try to give him motives, but try to heal him (metaphorically, we make his sickness responsible, and try to remove its causes). When a man is forced by threats to commit certain acts we do not blame him, but the one who held the pistol at his breast. The reason is clear: the act would have been prevented had we been able to restrain the person who threatened him; and this person is the one whom we must influence in order to prevent similar acts in the future.


6. The Consciousness of Responsibility
But much more important than the question of when a man is said to be responsible is that of when he himself feels responsible. Our whole treatment would be untenable if it gave no explanation of this. It is, then, a welcome confirmation of the view here developed that the subjective feeling of responsibility coincides with the objective judgment. It is a fact of experience that, in general, the person blamed or condemned is conscious of the fact that he was "rightly" taken to account — of course, under the supposition that no error has been made, that the assumed state of affairs actually occurred. What is this consciousness of having been the true doer of the act, the actual instigator? Evidently not merely that it was he who took the steps required for its performance; but there must be added the awareness that he did it "independently," "of his own initiative," or however it be expressed. This feeling is simply the consciousness of freedom, which is merely the knowledge of having acted of one's own desires. And "one's own desires" are those which have their origin in the regularity of one's character in the given situation, and are not imposed by an external power, as explained above. The absence of the external power expresses itself in the well-known feeling (usually considered characteristic of the consciousness of freedom) that one could also have acted otherwise. How this indubitable experience ever came to be an argument in favor of indeterminism is incomprehensible to me. It is of course obvious that I should have acted differently had I willed something else; but the feeling never says that I could also have willed something else, even though this is true, if, that is, other motives had been present. And it says even less that under exactly the same inner and outer conditions I could also have willed something else. How could such a feeling inform me of anything regarding the purely theoretical question of whether the principle of causality holds or not? Of course, after what has been said on the subject, I do not undertake to demonstrate the principle, but I do deny that from any such fact of consciousness the least follows regarding the principle's validity. This feeling is not the consciousness of the absence of a cause, but of something altogether different, namely, of freedom, which consists in the fact that I can act as I desire.


Thus the feeling of responsibility assumes that I acted freely, that my own desires impelled me; and if because of this feeling I willingly suffer blame for my behavior or reproach myself, and thereby admit that I might have acted otherwise, this means that other behavior was compatible with the laws of volition - of course, granted other motives. And I myself desire the existence of such motives and bear the pain (regret and sorrow) caused me by my behavior so that its repetition will be prevented. To blame oneself means just to apply motives of improvement to oneself, which is usually the task of the educator. But if, for example, one does something under the influence of torture, feelings of guilt and regret are absent, for one knows that according to the laws of volition no other behavior was possible — no matter what ideas, because of their feeling tones, might have functioned as motives. The important thing, always, is that the feeling of responsibility means the realization that one's self, one's own psychic processes constitute the point at which motives must be applied in order to govern the acts of one's body.


7. Causality as the Presupposition of Responsibility
We can speak of motives only in a causal context; thus it becomes clear how very much the concept of responsibility rests upon that of causation, that is, upon the regularity of volitional decisions. In fact if we should conceive of a decision as utterly without any cause (this would in all strictness be the indeterministic presupposition) then the act would be entirely a matter of chance, for chance is identical with the absence of a cause; there is no other opposite of causality. Could we under such conditions make the agent responsible? Certainly not. Imagine a man, always calm, peaceful and blameless, who suddenly falls upon and begins to beat a stranger. He is held and questioned regarding the motive of his action, to which he answers, in his opinion truthfully, as we assume: "There was no motive for my behavior. Try as I may I can discover no reason. My volition was without any cause — I desired to do so, and there is simply nothing else to be said about it." We should shake our heads and call him insane, because we have to believe that there was a cause, and lacking any other we must assume some mental disturbance as the only cause remaining; but certainly no one would hold him to be responsible. If decisions were causeless there would be no sense in trying to influence men; and we see at once that this is the reason why we could not bring such a man to account, but would always have only a shrug of the shoulders in answer to his behavior. One can easily determine that in practice we make an agent the more responsible the more motives we can find for his conduct. If a man guilty of an atrocity was an enemy of his victim, if previously he had shown violent tendencies, if some special circumstance angered him, then we impose severe punishment upon him; while the fewer the reasons to be found for an offense the less do we condemn the agent, but make "unlucky chance," a momentary aberration, or something of the sort, responsible. We do not find the causes of misconduct in his character, and therefore we do not try to influence it for the better: this and only this is the significance of the fact that we do not put the responsibility upon him. And he too feels this to be so, and says, "I cannot understand how such a thing could have happened to me."


In general we know very well how to discover the causes of conduct in the characters of our fellow men; and how to use this knowledge in the prediction of their future behavior, often with as much certainty as that with which we know that a lion and a rabbit will behave quite differently in the same situation. From all this it is evident that in practice no one thinks of questioning the principle of causality, that, thus, the attitude of the practical man offers no excuse to the metaphysician for confusing freedom from compulsion with the absence of a cause. If one makes clear to himself that a causeless happening is identical with a chance happening, and that, consequently, an indetermined will would destroy all responsibility, then every desire will cease which might be father to an indeterministic thought. No one can prove determinism, but it is certain that we assume its validity in all of our practical life, and that in particular we can apply the concept of responsibility to human conduct only in so far as the causal principle holds of volitional processes.


For a final clarification I bring together again a list of those concepts which tend, in the traditional treatment of the "problem of freedom," to be confused. In the place of the concepts on the left are put, mistakenly, those of the right, and those in the vertical order form a chain, so that sometimes the previous confusion is the cause of that which follows:

	Natural Law.	Law of State.
	Determinism (Causality).	Compulsion. 
	(Universal Validity).	(Necessity).
	Indeterminism (Chance).	Freedom.
	(No Cause).	(No Compulsion).
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Freedom and Resentment
I

Some philosophers say they do not know what
the thesis of determinism is. Others say, or imply, that they do know
what it is. Of these, some — the pessimists perhaps — hold that if the
thesis is true, then the concepts
of moral obligation and responsibility really have no application, and
the practices of punishing and blaming, of expressing moral
condemnation and approval,
are really unjustified. Others — the optimists perhaps — hold that these
concepts and practices in no way lose their raison d’être
if the thesis of determinism is true. Some hold even that the
justification of these concepts and practices requires the truth of the
thesis. There is
another opinion which is less frequently voiced: the opinion, it might
be
said, of the genuine moral sceptic. This is that the notions of moral
guilt,
of blame, of moral responsibility are inherently confused and that we
can
see this to be so if we consider the consequences either of the truth
of
determinism or of its falsity. The holders of this opinion agree with
the
pessimists that these notions lack application if determinism is true,
and
add simply that they also lack it if determinism is false. If I am
asked
which of these parties I belong to, I must say it is the first of all,
the
party of those who do not know what the thesis of determinism is. But
this
does not stop me from having some sympathy with the others, and a wish
to
reconcile them. Should not ignorance, rationally, inhibit such
sympathies?
Well, of course, though darkling, one has some inkling — some notion
of what sort of thing is being talked about. This lecture is intended
as
a move towards reconciliation; so is likely to seem wrongheaded to
everyone.  
But can there be any possibility of
reconciliation between such
clearly opposed positions as those of pessimists and optimists about
determinism? Well, there might be a formal withdrawal on one side in
return for a substantial concession on the other. Thus, suppose the
optimist’s position were
put like this: 1 the facts as we know them do not show determinism to
be false; (2) the facts as we know them supply an adequate basis for
the concepts and practices which the pessimist feels to be imperilled
by the possibility of determinism’s truth. Now it might be that the
optimist is right
in this, but is apt to give an inadequate account of the facts as we
know
them, and of how they constitute an adequate basis for the problematic
concepts and practices; that the reasons he gives for the adequacy of
the basis are
themselves inadequate and leave out something vital. It might be that
the
pessimist is rightly anxious to get this vital thing back and, in the
grip
of his anxiety, feels he has to go beyond the facts as we know them;
feels
that the vital thing can be secure only if, beyond the facts as we know
them,
there is the further fact that determinism is false. Might he not be
brought
to make a formal withdrawal in return for a vital concession?  
II

Let me enlarge very briefly on this, by way
of preliminary only. Some optimists about determinism point to the
efficacy of the practices of
punishment, and of moral condemnation and approval, in regulating
behaviour in socially desirable ways. (1) In the fact of their
efficacy, they suggest, is an adequate basis for these practices; and
this fact certainly does not
show determinism to be false. To this the pessimists reply, all in a
rush,
that just punishment and moral condemnation imply moral guilt and guilt
implies
moral responsibility and moral responsibility implies freedom and
freedom
implies the falsity of determinism. And to this the optimists are wont
to
reply in turn that it is true that these practices require freedom in a
sense,
and the existence of freedom in this sense is one of the facts as we
know
them. But what ‘freedom’ means here is nothing but the absence
of certain conditions the presence of which would make moral
condemnation
or punishment inappropriate. They have in mind conditions like
compulsion
by another, or innate incapacity, or insanity, or other less extreme
forms
of psychological disorder, or the existence of circumstances in which
the
making of any other choice would be morally inadmissible or would be
too
much to expect of any man. To this list they are constrained to add
other
factors which, without exactly being limitations of freedom, may also
make
moral condemnation or punishment inappropriate or mitigate their force:
as
some forms of ignorance, mistake, or accident. And the general reason
why
moral condemnation or punishment are inappropriate when these factors
or
conditions are present is held to be that the practices in question
will
be generally efficacious means of regulating behaviour in desirable
ways
only in cases where these factors are not present. 


Now the pessimist
admits
that the facts as we know them include the existence of freedom, the
occurrence
of cases of free action, in the negative sense which the optimist
concedes;
and admits, or rather insists, that the existence of freedom in this
sense
is compatible with the truth of determinism. Then what does the
pessimist
find missing? When he tries to answer this question, his language is
apt
to alternate between the very familiar and the very unfamiliar.2 Thus
he
may say, familiarly enough, that the man who is the subject of
justified
punishment, blame or moral condemnation must really deserve it; and
then
add, perhaps, that, in the case at least where he is blamed for a
positive
act rather than an omission, the condition of his really deserving
blame
is something that goes beyond the negative freedoms that the optimist
concedes.
It is, say, a genuinely free identification of the will with the act.
And
this is the condition that is incompatible with the truth of
determinism.  
The conventional, but conciliatory, optimist
need not give up yet.
He may say: Well, people often decide to do things, really intend to do
what they do, know just what they’re doing in doing it; the reasons
they
think they have for doing what they do, often really are their reasons
and
not their rationalizations. These facts, too, are included in the facts
as we know them. If this is what you mean by freedom — by the
identification of the will with the act — then freedom may again be
conceded. But again the concession is compatible with the truth of the
determinist thesis. For
it would not follow from that thesis that nobody decides to do
anything; that
nobody ever does anything intentionally; that it is false that people
sometimes
know perfectly well what they are doing. I tried to define freedom
negatively.
You want to give it a more positive look. But it comes to the same
thing.
Nobody denies freedom in this sense, or these senses, and nobody claims
that
the existence of freedom in these senses shows determinism to be
false.  
But it is here that the lacuna in the
optimistic story can be made
to show. For the pessimist may be supposed to ask: But why does freedom
in this sense justify blame, etc.? You turn towards me first the
negative, and
then the positive, faces of a freedom which nobody challenges. But the
only
reason you have given for the practices of moral condemnation and
punishment
in cases where this freedom is present is the efficacy of these
practices
in regulating behaviour in socially desirable ways. But this is not a
sufficient
basis, it is not even the right sort of basis, for these practices as
we
understand them.  
Now my optimist, being the sort of man he is,
is not likely to invoke an intuition of fittingness at this point. So
he really has no more to say.
And my pessimist, being the sort of man he is, has only one more thing
to
say; and that is that the admissibility of these practices, as we
understand them, demands another kind of freedom, the kind that in turn
demands the falsity
of the thesis of determinism. But might we not induce the pessimist to
give
up saying this by giving the optimist something more to say?  
III

I have mentioned punishing and moral
condemnation and approval;
and it is in connection with these practices or attitudes that the
issue
between optimists and pessimists — or, if one is a pessimist, the issue
between determinists and libertarians — is felt to be particularly
important.
But it is not of these practices and attitudes that I propose, at
first,
to speak. These practices or attitudes permit, where they do not imply,
a
certain detachment from the actions or agents which are their objects.
I
want to speak, at least at first, of something else: of the
non-detached
attitudes and reactions of people directly involved in transactions
with
each other; of the attitudes and reactions of offended parties and
beneficiaries;
of such things as gratitude, resentment, forgiveness, love, and hurt
feelings.
Perhaps something like the issue between optimists and pessimists
arises
in this neighbouring field too; and since this field is less crowded
with
disputants, the issue might here be easier to settle; and if it is
settled
here, then it might become easier to settle it in the disputant-crowded
field.  
What I have to say consists largely of
commonplaces. So my language, like that of commonplaces generally, will
be quite unscientific and imprecise. The central commonplace that I
want to insist on is the very great importance that we attach to the
attitudes and intentions towards us of other human beings,
and the great extent to which our personal feelings and reactions
depend
upon, or involve, our beliefs about these attitudes and intentions. I
can
give no simple description of the field of phenomena at the centre of
which
stands this commonplace truth; for the field is too complex. Much
imaginative
literature is devoted to exploring its complexities; and we have a
large
vocabulary for the purpose. There are simplifying styles of handling it
in
a general way. Thus we may, like La Rochefoucauld, put self-love or
self-esteem
or vanity at the centre of the picture and point out how it may be
caressed
by the esteem, or wounded by the indifference or contempt, of others.
We
might speak, in another jargon, of the need for love, and the loss of
security
which results from its withdrawal; or, in another, of human
self-respect
and its connection with the recognition of the individual’s dignity.
These simplifications are of use to me only if they help to emphasize
how
much we actually mind, how much it matters to us, whether the actions
of
other people — and particularly of some other people — reflect attitudes
towards us of goodwill, affection, or esteem on the one hand or
contempt, indifference, or malevolence on the other. If someone treads
on my hand accidentally,
while trying to help me, the pain may be no less acute than if he
treads
on it in contemptuous disregard of my existence or with a malevolent
wish
to injure me. But I shall generally feel in the second case a kind and
degree
of resentment that I shall not feel in the first. If someone’s actions
help me to some benefit I desire, then I am benefited in any case; but
if
he intended them so to benefit me because of his general goodwill
towards
me, I shall reasonably feel a gratitude which I should not feel at all
if
the benefit was an incidental consequence, unintended or even regretted
by
him, of some plan of action with a different aim.  
These examples are of actions which confer
benefits or inflict injuries over and above any conferred or inflicted
by the mere manifestation of attitude
and intention themselves. We should consjder also in how much of our
behaviour
the benefit or injury resides mainly or entirely in the manifestation
of
attitude itself. So it is with good manners, and much of what we call
kindness,
on the one hand; with deliberate rudeness, studied indifference, or
insult
on the other. Besides resentment and gratitude, I mentioned just now
forgiveness.
This is a rather unfashionable subject in moral philosophy at present;
but
to be forgiven is something we sometimes ask, and forgiving is
something
we sometimes say we do. To ask to be forgiven is in part to acknowledge
that
the attitude displayed in our actions was such as might properly be
resented
and in part to repudiate that attitude for the future (or at least for
the
immediate future); and to forgive is to accept the repudiation and to
forswear
the resentment.  
We should think of the many different kinds of
relationship which
we can have with other people — as sharers of a common interest; as
members of the same family; as colleagues; as friends; as lovers; as
chance parties to an enormous range of transactions and encounters.
Then we should think, in each of these connections in turn, and in
others, of the kind of importance we attach to the attitudes and
intentions towards us of those who stand in
these relationships to us, and of the kinds of reactive attitudes and
feelings
to which we ourselves are prone. In general, we demand some degree of
goodwill
or regard on the part of those who stand in these relationships to us,
though
the forms we require it to take vary widely in different connections.
The
range and intensity of our reactive attitudes towards goodwill, its
absence
or its opposite vary no less widely. I have mentioned, specifically,
resentment
and gratitude; and they are a usefully opposed pair. But, of course,
there
is a whole continuum of reactive attitude and feeling stretching on
both
sides of these and — the most comfortable area — in between them.  
The object of these commonplaces is to try to
keep before our minds something it is easy to forget when we are
engaged in philosophy, especially in our cool, contemporary style, viz.
what it is actually like to be involved in ordinary interpersonal
relationships, ranging from the most intimate to
the most casual.  
IV

It is one thing to ask about the general
causes of these reactive attitudes I have alluded to; it is another to
ask about the variations to
which they are subject, the particular conditions in which they do or
do
not seem natural or reasonable or appropriate; and it is a third thing
to
ask what it would be like, what it is like, not to suffer them. I am
not
much concerned with the first question; but I am with the second; and
perhaps
even more with the third.  
Let us consider, then, occasions for
resentment: situations in which one person is offended or injured by
the action of another and in which — in the absence of special
considerations — the offended person might naturally or normally be
expected to feel resentment. Then let us consider what sorts of special
considerations might be expected to modify or mollify this feeling or
remove it altogether. It needs no saying now how multifarious these
considerations
are. But, for my purpose, I think they can be roughly divided into two
kinds.
To the first group belong all those which might give occasion for the
employment
of such expressions as ‘He didn’t mean to’, ‘He hadn’t realized’, ‘He
didn’t know’; and also all those which
might give occasion for the use of the phrase ‘He couldn’t help
it’, when this is supported by such phrases as ‘He was pushed’,
‘He had to do it’, ‘It was the only way’, ‘They
left him no alternative’, etc. Obviously these various pleas, and the
kinds of situations in which they would be appropriate, differ from
each
other in striking and important ways. But for my present purpose they
have
something still more important in common. None of them invites us to
suspend
towards the agent, either at the time of his action or in general, our
ordinary
reactive attitudes. They do not invite us to view the agent as one in
respect
of whom these attitudes are in any way inappropriate. They invite us to
view
the injury as one in respect of which a particular one of these
attitudes
is inappropriate. They do not invite us to see the agent as other than
a
fully responsible agent. They invite us to see the injury as one for
which
he was not fully, or at all, responsible. They do not suggest that the
agent
is in any way an inappropriate object of that kind of demand for
goodwill
or regard which is reflected in our ordinary reactive attitudes. They
suggest
instead that the fact of in jury was not in this case incompatible with
that
demand’s being fulfilled, that the fact of injury was quite consistent
with the agent’s attitude and intentions being just what we demand
they should be.3 The agent was just ignorant of the injury he was
causing,
or had lost his balance through being pushed or had reluctantly to
cause
the injury for reasons which acceptably override his reluctance. The
offering
of such pleas by the agent and their acceptance by the sufferer is
something
in no way opposed to, or outside the context of, ordinary
inter-personal
relationships and the manifestation of ordinary reactive attitudes.
Since
things go wrong and situations are complicated, it is an essential and
integral
element in the transactions which are the life of these
relationships.  
The second group of considerations is very
different. I shall take
them in two subgroups of which the first is far less important than the
second. In connection with the first subgroup we may think of such
statements as ‘He
wasn’t himself’, ‘He has been under very great strain recently’,
‘He was acting under post-hypnotic suggestion’; in connection
with the second, we may think of ‘He’s only a child’, ‘He’s
a hopeless schizophrenic’, ‘His mind has been systematically
perverted’, ‘That’s purely compulsive behaviour on his
part’. Such pleas as these do, as pleas of my first general group do
not, invite us to suspend our ordinary reactive attitudes towards the
agent,
either at the time of his action or all the time. They do not invite us
to
see the agent’s action in a way consistent with the full retention of
ordinary inter-personal attitudes and merely inconsistent with one
particular attitude. They invite us to view the agent himself in a
different light from
the light in which we should normally view one who has acted as he has
acted.
I shall not linger over the first subgroup of cases. Though they
perhaps
raise, in the short term, questions akin to those raised, in the long
term,
by the second subgroup, we may dismiss them without considering those
questions
by taking that admirably suggestive phrase, ‘He wasn’t himself’,
with the seriousness that — for all its being logically comic — it
deserves. We shall not feel resentment against the man he is for the
action done by the man he is not; or at least we shall feel less. We
normally have
to deal with him under normal stresses; so we shall not feel towards
him,
when he acts as he does under abnormal stresses, as we should have felt
towards
him had he acted as he did under normal stresses.  
The second and more important subgroup of
cases allows that the
circumstances were normal, but presents the agent as psychologically
abhormal — or
as morally undeveloped. The agent was himself; but he is warped or
deranged,
neurotic or just a child. When we see someone in such a light as this,
all
our reactive attitudes tend to be profoundly modified. I must deal here
in
crude dichotomies and ignore the ever-interesting and ever-illuminating
varieties
of case. What I want to contrast is the attitude (or range of
attitudes)
of involvement or participation in a human relationship, on the one
hand,
and what might be called the objective attitude (or range of attitudes)
to
another human being, on the other. Even in the same situation, I must
add,
they are not altogether exclusive of each other; but they are,
profoundly,
opposed to each other. To adopt the objective attitude to another human
being
is to see him, perhaps, as an object of social policy; as a sub ject
for
what, in a wide range of sense, might be called treatment; as something
certainly to be taken account, perhaps precautionary account, of; to be
managed or handled
or cured or trained; perhaps simply to be avoided, though this
gerundive
is not peculiar to cases of objectivity of attitude. The objective
attitude
may be emotionally toned in many ways, but not in all ways: it may
include
repulsion or fear, it may include pity or even love, though not all
kinds
of love. But it cannot include the range of reactive feelings and
attitudes
which belong to involvement or participation with others in
inter-personal
human relationships; it cannot include resentment, gratitude,
forgiveness,
anger, or the sort of love which two adults can sometimes be said to
feel
reciprocally, for each other. If your attitude towards someone is
wholly
objective, then though you may light him, you cannot quarrel with him,
and
though you may talk to him, even negotiate with him, you cannot reason
with
him. You can at most pretend to quarrel, or to reason, with him.  
Seeing someone, then, as warped or deranged or
compulsive in behaviour or peculiarly unfortunate in his formative
circumstances — seeing someone so tends, at least to some extent, to set
him apart from normal participant reactive attitudes on the part of one
who so sees him, tends to promote, at
least in the civilized, objective attitudes. But there is something
curious
to add to this. The objective attitude is not only something we
naturally
tend to fall into in cases like these, where participant attitudes are
partially
or wholly inhibited by abnormalities or by immaturity, It is also
something
which is available as a resource in other cases too. We look with an
objective
eye on the compulsive behaviour of the neurotic or the tiresome
behaviour
of a very young child, thinking in terms of treatment or training. But
we
can sometimes look with something like the same eye on the behaviour of
the
normal and the mature. We have this resource and can sometimes use it;
as
a refuge, say, from the strains of involvement; or as an aid to policy;
or
simply out of intellectual curiosity. Being human, we cannot, in the
normal
case, do this for long, or altogether. If the strains of involvement,
say,
continue to be too great, then we have to do something else - like
severing
a relationship. But what is above all interesting is the tension there
is,
in us, between the participant attitude and the objective attitude. One
is
tempted to say: between our humanity and our intelLigence. But to say
this
would be to distort both notions.  
What I have called the participant reactive
attitudes are essentially natural human reactions to the good or ill
will or indifference of others towards us, as displayed in their
attitudes and actions. The question we have
to ask is: What effect would, or should, the acceptance of the truth of
a
general thesis of determinism have upon these reactive attitudes? More
specifically,
would, or should, the acceptance of the truth of the thesis lead to the
decay
or the repudiation of all such attitudes? Would, or should, it mean the
end
of gratitude, resentment, and forgiveness; of all reciprocated adult
loves;
of all the essentially personal antagonisms?  
But how can I answer, or even pose, this
question without knowing
exactly what the thesis of determinism is? Well, there is one thing we
do
know; that if there is a coherent thesis of determinism, then there
must
be a sense of ‘determined’ such that, if that thesis is true,
then all behaviour whatever is determined in that sense. Remembering
this,
we can consider at least what possibilities lie formally open; and then
perhaps
we shall see that the question can be answered without knowing exactly
what
the thesis of determinism is. We can considçr what possibilities
lie open because we have already before us an account of the ways in
which particular
reactive attitudes, or reactive attitudes in general, may be, and,
sometimes,
we judge, should be, inhibited. Thus I considered earlier a group of
considerations
which tend to inhibit, and, we judge, should inhibit, resentment, in
particular
cases of an agent causing an injury, without inhibiting reactive
attitudes
in general towards that agent. Obviously this group of considerations
cannot
strictly bear upon our question; for that question concerns reactive
attitudes
in general. But resentment has a particular interest; so it is worth
adding
that it has never been daimed as a consequence of the truth of
determinism
that one or another of these considerations was operative in every case
of
an injury being caused by an agent; that it would follow from the truth
of
determinism that anyone who caused an injury either was quite simply
ignorant
of causing it or had acceptably overriding reasons for acquiescing
reluctantly
in causing it or. . ., etc. The prevalence of this happy state of
affairs
would not be a consequence of the reign of universal determinism, but
of
the reign of universal goodwill. We cannot, then, find here the
possibility
of an affirmative answer to our question, even for the particular case
of
resentment.  
Next, I remarked that the participant
attitude, and the personal
reactive attitudes in general, tend to give place, and it is judged by
the
civilized should give place, to objective attitudes, just in so far as
the
agent is seen as excluded from ordinary adult human relationships by
deep-rooted. psychological abnormality — or simply by being a child. But
it cannot
be a consequence of any thesis which is not itself self-contradictory
that abnormality is the universal condition.  
Now this dismissal might seem altogether too
facile; and so, in
a sense, it is. But whatever is too quickly dismissed in this dismissal
is
allowed for in the only possible form of affirmative answer that
remains.
We can sometimes, and in part, I have remarked, look on the normal
(those
we rate as ‘normal’) in the objective way in which we have learned
to look on certain classified cases of abnormality. And our question
reduces
to this: could, or should, the acceptance of the determinist thesis
lead
us always to look on everyone exclusively in this way? For this is the
only
condition worth considering under which the acceptancc of determinism
could
lead to the decay or repudiation of participant reactive
attitudes.  
It does not seem to be self-contradictory to
suppose that this might happen. So I suppose we must say that it is not
absolutely inconceivable that
it should happen. But I am strongly inclined to think that it is, for
us
as we are, practically inconceivable. The human commitment to
participation in ordinary inter-personal relationships is, I think, too
thoroughgoing and
deeply rooted for us to take seriously the thought that a general
theoretical conviction might so change our world that, in it, there
were no longer any
such things as inter-personal relationships as we normally understand
them;
and being involved in inter-personal relationships as we normally
understand
them precisely is being exposed to the range of reactive attitudes and
feelings
that is in question.  
This, then, is a part of the reply to our
question. A sustained
objectivity of inter-personal attitude, and the human isolation which
that
would entail, does not seem to be something of which human beings would
be
capable, even if some general truth were a theoretical ground for it.
But
this is not all. There is a further point, implicit in the foregoing,
which
must be made explicit. Exceptionally, I have said, we can have direct
dealings with human beings without any degree of personal involvement,
treating them
simply as creatures to be handled in our own interest, or our side’s,
or society’s — or even theirs. In the extreme case of the mentally
deranged, it is easy to see the connection between the possibility of a
wholly
objective attitude and the impossibility of what we understand by
ordinary
interpersonal relationships. Given this latter impossibility, no other
civilized
attitude is available than that of viewing the deranged person simply
as
something to be understood and controlled in the most desirable
fashion.
To view him as outside the reach of personal relationships is already,
for
the civilized, to view him in this way. For reasons of policy or
self-protection we may have occasion, perhaps temporary, to adopt a
fundamentally similar attitude to a ‘normal’ human being; to
concentrate, that is,
on understanding ‘how he works’, with a view to determining our
policy accordingly, or to finding in that very understanding a relief
from
the strains of involvement. Now it is certainly true that in the case
of
the abnormal, though not in the case of the normal, our adoption of the
objective
attitude is a consequence of our viewing the agent as incapacitated in
some
or all respects for ordinary interpersonal relationships. He is thus
incapacitated,
perhaps, by the fact that his picture of reality is pure fantasy, that
he
does not, in a sense, live in the real world at all; or by the fact
that
his behaviour is, in part, an unrealistic acting out of unconscious
purposes;
or by the fact that he is an idiot, or a moral idiot. But there is
something
else which, because this is true, is equally certainly not true. And
that
is that there is a sense of ‘determined’ such that (1) if determinism
is true, all behaviour is determined in this sense, and (2) determinism
might
be true, i.e. it is not inconsistent with the facts as we know them to
suppose that all behaviour might be determined in this sense, and (3)
our adoption of the objective attitude towards the abnormal is the
result of a prior embracing
of the belief that the behaviour, or the relevant stretch of behaviour,
of
the human being in question is determined in this sense. Neither in the
case
of the normal, then, nor in the case of the abnormal is it true that,
when
we adopt an objective attitude, we do so because we hold such a belief.
So
my answer has two parts. The first is that we cannot, as we are,
seriously
envisage ourselves adopting a thoroughgoing objectivity of attitude to
others
as a result of theoretical conviction of the truth of determinism; and
the
second is that when we do in fact adopt such an attitude in a
particular
case, our doing so is not the consequence of a theoretical conviction
which
might be expressed as ‘Determinism in this case’, but is a consequence
of our abandoning, for different reasons in different cases, the
ordinary
inter-personal attitudes.  
It might be said that all this leaves the real
question unanswered, and that we cannot hope to answer it without
knowing exactly what the thesis of determinism is. For the real
question is not a question about what we actually
do, or why we do it. It is not even a question about what we would in
fact
do if a certain theoretical conviction gained general acceptance. It is
a
question about what it would be rational to do if determinism were
true,
a question about the rational justification of ordinary inter-personal
attitudes
in general. To this I shall reply, first, that such a question could
seem
real only to one who had utterly failed to grasp the purport of the
preceding
answer, the fact of our natural human commitment to ordinary
inter-personal
attitudes. This commitment is part of the general framework of human
life,
not something that can come up for review as particular cases can come
up
for review within this general framework. And I shall reply, second,
that
if we could imagine what we cannot have, viz, a choice in this matter,
then
we could choose rationally only in the light of an assessment of the
gains
and losses to human life, its enrichment or impoverishment; and the
truth
or falsity of a general thesis of determinism would not bear on the
rationality
of this choice.4
V

The point of this discussion of the
reactive attitudes in their
relation — or lack of it — to the thesis of determinism was to bring
us, if possible, nearer to a position of compromise in a more usual
area
of debate. We are not now to discuss reactive attitudes which are
essentially
those of offended parties or beneficiaries. We are to discuss reactive
attitudes
which are essentially not those, or only incidentally are those, of
offended
parties or beneficiaries, but are nevertheless, I shall claim, kindred
attitudes to those I have discussed. I put resentment in the centre of
the previous discussion. I shall put moral indignation — or, more weakly,
moral disapprobation — in the centre of this one.  
The reactive attitudes I have so far discussed
are essentially reactions to the quality of others’ wills towards us,
as manifested in their
behaviour: to their good or ill will or indifference or lack of
concern.
Thus resentment, or what I have called resentment, is a reaction to
injury
or indifference. The reactive attitudes I have now to discuss might be
described
as the sympathetic or vicarious or impersonal or disinterested or
generalized analogues of the reactive attitudes I have already
discussed. They, are reactions
to the qualities of others’ wills, not towards ourselves, but towards
others. Because of this impersonal or vicarious character, we give them
different
names. Thus one who experiences the vicarious analogue of resentment is
said
to be indignant or disapproving, or morally indignant or disapproving.
What
we have here is, as it were, resentment on behalf of another, where
one’s
own interest and dignity are not involved; and it is this impersonal or
vicarious
character of the attitude, added to its others, which entitle it to the
qualification
‘moral’. Both my description of, and my name for, these attitudes
are, in one important respect, a little misleading. It is not that
these
attitudes are essentially vicarious — one can feel indignation on one’s
own account — but that they are essentially capable of being vicarious.
But I shall retain the name for the sake of its suggestiveness; and I
hope
that what is misleading about it will be corrected in what
follows.  
The personal reactive attitudes rest on, and
reflect, an expectation of, and demand for, the manifestation of a
certain degree of goodwill or regard
on the part of other human beings towards ourselves; or at least on the
expectation
of, and demand for, an absence of the manifestation of active ill will
or
indifferent disregard. (What will, in particular cases, count as
manifestations
of good or ill will or disregard will vary in accordance with the
particular
relationship in which we stand to another human being.) The generalized
or
vicarious analogues of the personal reactive attitudes rest on, and
reflect,
exactly the same expectation or demand in a generalized form; they rest
on,
or reflect, that is, the demand for the manifestation of a reasonable
degree
of goodwill or regard, on the part of others, not simply towards
oneself,
but towards all those on whose behalf moral indignation may be felt,
i.e.,
as we now think, towards all men. The generalized and non-generalized
forms
of demand, and the vicarious and personal reactive attitudes which rest
upon,
and reflect, them are connected not merely logically. They are
connected
humanly; and not merely with each other. They are connected also with
yet
another set of attitudes which I must mention now in order to complete
the
picture. I have considered from two points of view the demands we make
on
others and our reactions to their possibly injurious actions. These
were
the points of view of one whose interest was directly involved (who
suffers,
say, the injury) and of others whose interest was not directly involved
(who
do not themselves suffer the injury). Thus I have  
spoken of personal reactive attitudes in the
first connection and
of their vicarious analogues in the second. But the picture is not
cornplete unless we consider also the correlates of these attitudes on
the part of those
on whom the demands are made, on the part of the agents. Just as there
are
personal. and vicarious reactive attitudes associated with demands on
others
for oneself and demands on others for others, so there are
self-reactive attitudes
associated with demands on oneself for others. And here we have to
mention
such phenomena as feeling bound or obliged (the ‘sense of obligation’);
feeling compunction; feeling guilty or remorseful or at least
responsible; and the more complicated phenomenon of shame.  
All these three types of attitude are humanly
connected. One who
manifested the personal reactive attitudes in a high degree but showed
no
inclination at all to their vicarious analogues would appear as an
abnormal
case of moral egocentricity, as a kind of moral solipsist. Let him be
supposed fully to acknowledge the claims to regard that others had on
him, to be susceptible
of the whole range of self-reactive attitudes. He would then see
himself
as unique both as one (the one) who had a general claim on human regard
and
as one (the one) on whom human beings in general had such a claim. This
would
be a kind of moral solipsism. But it is barely more than a conceptual
possibility;
if it is that. In general, though within varying limits, we demand. of
others
for others, as well as of ourselves for others, something of the regard
which
we demand of others for ourselves. Can we imagine, besides that of the
moral
solipsist, any other case of one or two of these three types of
attitude
being fully developed, but quite unaccompanied by any trace, however
slight,
of the remaining two or one? If we can, then we imagine something far
below
or far above the level of our common humanity — a moral idiot or a saint.
For all these types of attitude alike have common roots in our human
nature
and our membership of human communities.  
Now, as of the personal reactive attitudes, so
of their vicarious
analogues, we must ask in what ways, and by what considerations, they
tend
to be inhibited. Both types of attitude involve, or express, a certain
sort
of demand for inter-personal regard. The fact of injury constitutes a
prima
fade appearance of this demand’s being flouted or unfulfilled. We saw,
in the case of resentment, how one class of considerations may show
this
appearance to be mere appearance, and hence inhibit resentment, without
inhibiting,
or displacing, the sort of demand of which resentment can be an
expression,
without in any way tending to make us suspend our ordinary
interpersonal
attitudes to the agent. Considerations of this class operate in just
the
same way, for just the same reasons, in connection with moral
disapprobation
or indignation; they inhibit indignation without in any way inhibiting
the
sort of demand on the agent of which indignation can be an expression,
the
range of attitudes towards him to which it belongs. But in this
connection
we may express the facts with a new emphasis. We may say, stressing the
moral,
the generalized aspect of the demand: considerations of this group have
no
tendency to make us see the agent as other than a morally responsible
agent;
they simply make us see the- injury as one for which he was not morally
responsible. The offering and acceptance of such exculpatory pleas as
are here in question in no way detracts in our eyes from the agent’s
status as a term of
moral relationships. On the contrary, since things go wrong and
situations
are complicated, it is an essential part of the life of such
relationships.  
But suppose we see the agent in a different
light: as one whose
picture of the world is an insane delusion; or as one whose behaviour,
or
a part of whose behaviour, is unintelligible to us, perhaps even to
him,
in terms of conscious purposes, and intelligible only in terms of
unconscious
purposes; or even, perhaps, as one wholly impervious to the
self-reactive
attitudes I spoke of, wholly lacking, as we say, in moral sense. Seeing
an
agent in such a light as this tends, I said, to inhibit resentment in a
wholly different way. It tends to inhibit resentment because it tends
to inhibit ordinary interpersonal attitudes in general, and the kind of
demand and expectation
which those attitudes involve; and tends to promote instead the purely
objective
view of the agent as one posing problems simply of intellectual
understanding,
management, treatment, and control. Again the parallel holds for those
generalized
or moral attitudes towards the agent which we are now concerned with.
The
same abnormal light which shows the agent to us as one in respect of
whom
the personal attitudes, the personal demand, are to be suspended, shows
him
to us also as one in respect of whom the impersonal.attitudes, the
generalized
demand, are to be suspended. Only, abstracting now from direct personal
interest,
we may express the facts with a new emphasis. We may say: to the extent
to
which the agent is seen in this light, he is not seen as one on whom
demands
and expectations lie in that particular way in which we think of them
as
lying when we speak of moral obligation; he is not, to that extent,
seen
as a morally responsible agent, as a term of moral relationships, as a
member
of the moral community.  
I remarked also that the suspension of
ordinary inter-personal attitudes and the cultivation of a purely
objective view is sometimes possible even when we have no such reasons
for it as I have just mentioned. Is this possible also in the case of
the moral reactive attitudes? I think so; and perhaps it is easier. But
the motives for a total suspension of moral reactive attitudes
are fewer, and perhaps weaker: fewer, because only where there is
antecedent
personal involvement can there be the motive of seeking refuge from the
strains
of such involvement; perhaps weaker, because the tension between
objectivity
of view and the moral reactive attitudes is perhaps less than the
tension
between objectivity of view and the personal reactive attitudes, so
that
we can in the case of the moral reactive attitudes more easily secure
the
speculative or political gains of objectivity of view by a kind of
setting
on one side, rather than a total suspension, of those attitudes.  
These last remarks are uncertain; but also,
for the present purpose, unimportant. What concerns us now is to
inquire, as previously in connection with the personal reactive
attitudes, what relevance any general thesis of
determinism might have to their vicarious analogues. The answers once
more
are parallel; though I shall take them in a slightly different order.
First,
we must note, as before, that when the suspension of such an attitude
or
such attitudes occurs in a particular case, it is never the consequence
of
the belief that the piece of behaviour in question was determined in a
sense
such that all behaviour might be, and, if determinism is true, all
behaviour
is, determined in that sense. For it is not a consequence of any
general
thesis of determinism which might be true that nobody knows what he’s
doing or that everybody’s behaviour is unintelligible in terms of
conscious
purposes or that everybody lives in a world of delusion or that nobody
has
a moral sense, i.e. is susceptible of self-reactive attitudes, etc. In
fact
no such sense of ‘determined’ as would be required for a general thesis
of determinism is ever relevant to our actual suspensions of moral
reactive attitudes. Second, suppose it granted, as I have already
argued, that we cannot take seriously the thought that theoretical
conviction of such
a general thesis would lead to the total decay of the personal reactive
attitudes.
Can we then take seriously the thought that such a conviction — a
conviction,
after all, that many have held or said they held — would nevertheless
lead to the total decay or repudiation of the vicarious analogues of
these attitudes? I think that the change in our social world which
would leave us
exposed to the personal reactive attitudes but not at all to their
vicarious analogues, the generalization of abnormal egocentricity which
this would entail,
is perhaps even harder for us to envisage as a real possibility than
the
decay of both kinds of attitude together. Though there are some
necessary
and some contingent differences between the ways and cases in which
these
two kinds of attitudes operate or are inhibited in their operation,
yet,
as general human capacities or pronenesses, they stand or lapse
together. Finally, to the further question whether it would not be
rational, given a
general theoretical conviction of the truth of determinism, so to
change our
world that in it all these attitudes were wholly suspended, I must
answer,
as before, that one who presses this question has wholly failed to
grasp
the import of the preceding answer, the nature of the human commitment
that
is here involved: it is useless to ask whether it would not be rational
for
us to do what it is not in our nature to (be able to) do. To this I
must
add, as before, that if there were, say, for a moment open to us the
possibility
of such a god-like choice, the rationality of making or refusing it
would
be determined by quite other considerations than the truth or falsity
of
the general theoretical doctrine in question. The latter would be
simply
irrelevant; and this becomes ironically clear when we remember that for
those
convinced that the truth of determinism nevertheless really would make
the
one choice rational, there has always been the insuperable difficulty
of
explaining in intelligible terms how its falsity would make the
opposite
choice rational.  
I am aware that in presenting the argument as
I have done, neglecting the ever-interesting varieties of case, I have
presented nothing more than a schema, using sometimes a crude
opposition of phrase where we have a great
intricacy of phenomena. In particular the simple opposition of
objective attitudes
on the one hand and the various contrasted attitudes which I have
opposed
to them must seem as grossly crude as it is central. Let me pause to
mitigate
this crudity a little, and also to strengthen one of my central
contentions,
by mentioning some things which straddle these contrasted kinds of
attitude.
Thus parents and others concerned with the care and upbringing of young
children
cannot have to their charges either kind of attitude in a pure or
unqualified
form. They are dealing with creatures who are potentially and
increasingly
capable both of holding, and being objects of, the full range of human
and
moral attitudes, but are not yet truly capable of either. The treatment
of
such creatures must therefore represent a kind of compromise,
constantly
shifting in one direction, between objectivity of attitude and
developed
human attitudes. Rehearsals insensibly modulate towards true
performances.
The punishment of a child is both like and unlike the punishment of an
adult.
Suppose we try to relate this progressive emergence of the child as a
responsible
being, as an object of non-objective attitudes, to that sense of
‘determined’
in which, if determinism is a possibly true thesis, all behaviour may
be
determined, and in which, if it is a true thesis, all behaviour is
determined.
What bearing could such a sense of ‘determined’ have upon the
progressive modification of attitudes towards the child? Would it not
be
grotesque to think of the development of the child as a progressive or
patchy
emergence from an area in which its behaviour is in this sense
determined
into an area in which it isn’t? Whatever sense of ‘determined’
is required for stating the thesis of determinism, it can scarcely be
such
as to allow of compromise, border-line-style answers to the question,
‘Is
this bit of behaviour determined or isn’t it?’ But in this matter
of young children, it is essentially a border-line, penumbral area that
we
move in. Again, consider — a very different matter — the strain in
the attitude of a psycho-analyst to his patient. His objectivity of
attitude,
his suspension of ordinary moral reactive attitudes, is profoundly
modified
by the fact that the aim of the enterprise is to make such suspension
unnecessary
or less necessary. Here we may and do naturally speak of restoring the
agent’s
freedom. But here the restoring of freedom means bringing it about that
the
agent’s behaviour shall be intelligible in terms of conscious purposes
rather than in terms only of unconscious purposes. This is the object
of
the enterprise; and it is in so far as this object is attained that the
suspension,
or half-suspension, of ordinary moral attitudes is deemed no longer
necessary
or appropriate. And in this we see once again the irrelevance of that
concept
of ‘being determined’ which must be the central concept of determinism.
For we cannot both agree that this object is attainable and that its
attainment
has this consequence and yet hold (1) that neurotic behaviour is
determined
in a sense in which, it may be, all behaviour is determined, and (2)
that
it is because neurotic behaviour is determined in this sense that
objective
attitudes are deemed appropriate to neurotic behaviour. Not, at least,
without
accusing ourselves of incoherence in our attitude to psycho-analytic
treatment.  
VI

And now we can try to fill in the lacuna
which the pessimist
finds in the optimist’s account of the concept of moral responsibility,
and of the bases of moral condemnation and punishment; and to fill it
in
from the facts as we know them. For, as I have already remarked, when
the
pessimist himself seeks to fill it in, he rushes beyond the facts as we
know
them and proclaims that it cannot be filled in at all unless
determinism
is false.  
Yet a partial sense of the facts as we know
them is certainly present to the pessimist’s mind. When his opponent,
the optimist, undertakes
to show that the truth of determinism would not shake the foundations
of
the concept of moral responsibility and of the practices of moral
condemnation and punishment, he typically refers, in a more or less
elaborated way, to
the efficacy of these practices in regulating behaviour in socially
desirable
ways. These practices are represented solely as instruments of policy,
as
methods of individual treatment and social control. The pessimist
recoils
from this picture; and in his recoil there is, typically, an element of
emotional
shock. He is apt to say, among much else, that the humanity of the
offender
himself is offended by this picture of his condemnation and
punishment.  
The reasons for this recoil — the explanation of
the sense of
an emotional, as well as a conceptual, shock — we have already before
us. The picture painted by the optimists is painted in a style
appropriate
to a situation envisaged as wholly dominated by objectivity of
attitude,The
only operative notions invoked in this picture are such as those of
policy,
treatment, control. But a thoroughgoing objectivity of attitude,
excluding
as it does the moral reactive attitudes, excludes at the same time
essential
elements in the concepts of moral condemnation and moral
responsibility.
This is the reason for the conceptual shock. The deeper emotional shock
is
a reaction, not simply to an inadequate conceptual analysis, but to the
suggestion
of a change in our world. I have remarked that it is possible to
cultivate
an exclusive objectivity of attitude in some cases, and for some
reasons, where the object of the attitude is not set aside from
developed inter-personal and moral attitudes by immaturity or
abnormality. And the suggestion which seems to be contained in the
optimist’s account is that such an attitude should be universally
adopted to all offenders. This is shocking enough in
the pessimist’s eyes. But, sharpened by shock, his eyes see further. It
would be hard to make this division in our natures. If to all
offenders, then to all mankind. Moreover, to whom could this
recommendation be, in any
real sense, addressed? Only to the powerful, the authorities. So
abysses seem
to open.5
But we will confine our attention to the case
of the offenders.
The concepts we are concerned with are those of responsibility and
guilt,
qualified as ‘moral’, on the one hand — together with that
of membership of a moral community; of demand, indignation,
disapprobation
and condemnation, qualified as ‘moral’, on the other hand — together
with that of punishment. Indignation, disapprobation, like resentment,
tend
to inhibit or at least to limit our goodwill towards the object of
these
attitudes, tend to promote an at least partial and temporary withdrawal
of
goodwill; they do so in proportion as they are strong; and their
strength
is in general proportioned to what is felt to be the magnitude of the
injury
and to the degree to which the agent’s will is identified with, or
indifferent to, it. (These, of course, are not contingent connections.)
But
these attitudes of disapprobation and indignation are precisely the
correlates
of the moral demand in the case where the demand is felt to be
disregarded.
The making of the demand is the proneness to such attitudes. The
holding
of them does not, as the holding of objective attitudes does, involve
as
a part of itself viewing their object other than as a member of the
moral
community. The partial withdrawal of goodwill which these attitudes
entail,
the modification they entail of the general demand that another should,
if
possible, be spared suffering, is, rather, the consequence of
continuing
to view him as a member of the moral community; only as one who has
offended
against its demands. So the preparedness to acquiesce in that
infliction
of suffering on the offender which is an essential part of punishment
is
all of a piece with this whole range of attitudes of which I have been
speaking.
It is not only moral reactive attitudes towards the offender which are
in
question here. We must mention also the self-reactive attitudes of
offenders
themselves. Just as the other-reactive attitudes are associated with a
readiness
to acquiesce in the infliction of suffering on an offender, within the
‘institution’ of punishment, so the self-reactive attitudes are
associated with a readiness on the part of the offender to acquiesce in
such infliction without developing the reactions (e.g. of resentment)
which he would normally develop to the infliction of injury upon him;
i.e. with a readiness, as we say, to accept punishment6 as ‘his due’
or as ‘just’.  
I am not in the least suggesting that these
readinesses to acquiesce, either on the part of the offender himself or
on the part of others, are always
or commonly accompanied or preceded by indignant boilings or remorseful
pangs;
only that we have here a continuum of attitudes and feelings to which
these
readinesses to acquiesce themselves belong. Nor am I in the least
suggesting
that it belongs to this continuum of attitudes that we should be ready
to
acquiesce in the infliction of injury on offenders in a fashion which
we
saw to be quite indiscriminate or in accordance with procedures which
we
knew to be wholly useless. On the contrary, savage or civilized, we
have
some belief in the utility of practices of condemnation and punishment.
But
the social utility of these practices, on which the optimist lays such
exclusive
stress, is not what is now in question. What is in question is the
pessimist’s
justified sense that to speak in terms of social utility alone is to
leave
out something vital in our conception of these practices. The vital
thing
can be restored by attending to that complicated web of attitudes and
feelings
which form an essential part of the moral life as we know it, and which
are
quite opposed wobjectivity of attitude. Only by attending to this range
of
attitudes can we recover from the facts as we know them a sense of what
we
mean, i.e. of all we mean, when, speaking the language of morals, we
speak
of desert, responsibility, guilt, condemnation, and justice. But we do
recover
it from the facts as we know them. We do not have to go beyond them.
Because
the optimist neglects or misconstrues these attitudes, the pessimist
rightly
claims to find a lacuna in his account. We can fill the lacuna for him.
But
in return we must demand of the pessimist a surrender of his
metaphysics.  
Optimist and pessimist misconstrue the facts
in very different styles. But in a profound sense there is something in
common to their misunderstandings. Both seek, in different ways, to
over-intellectualize the facts. Inside the
general structure or web of human attitudes and feelings Of which I
have
been speaking, there is endless room for modification, redirection,
criticism,
and justification. But questions of justification are internal to the
structure
or relate to modifications internal to it. The existence of the general
framework
of attitudes itself is something we are given with the fact of human
society.
As a whole, it neither calls for, nor permits, an external ‘rational’
justification. Pessimist and optimist alike show themselves, in
different
ways, unable to accept this.7 The optimist’s style of
over-intellectualizing
the facts is that of a characteristically incomplete empiricism, a
one-eyed
utilitarianism. He seeks to find an adequate basis for certain social
practices
in calculated consequences, and loses sight (perhaps wishes to lose
sight)
of the human attitudes of which these practices are, in part, the
expression.
The pessimist does not lose sight of these attitudes, but is unable to
accept
the fact that it is just these attitudes themselves which fill the gap
in
the optimist’s account. Because of this, he thinks the gap can be
filled
only if some general metaphysical proposition is repeatedly verified,
verified
in all cases where it is appropriate to attribute moral responsibility.
This
proposition he finds it as difficult to state coherently and with
intelligible
relevance as its determinist contradictory. Even when a formula has
been
found (‘contra-causal freedom’ or something of the kind) there
still seems to remain a gap between its applicability in particular
cases
and its supposed moral consequences. Sometimes he plugs this gap with
an
intuition of fittingness — a pitiful intellectualist trinket for a
philosopher
to wear as a charm against the recognition of his own humanity.  
Even the moral sceptic is not immune from his
own form of the wish
to over-intellectualize such notions as those of moral responsibility,
guilt, and blame. He sees that the optimist’s account is inadequate and
the
pessimist’s libertarian alternative inane; and finds no resource except
to declare that the notions in question are inherently confused, that
‘blame
is metaphysical’. But the metaphysics was in the eye of the
metaphysician.
It is a pity that talk of the moral sentiments has fallen out of
favour.
The phrase would be quite a good name for that network of human
attitudes
in acknowledging the character and place of which we find, I suggest,
the
only possibility of reconciling these disputants to each other and the
facts.  
There are, at present, factors which add, in a
slightly paradoxical way, to the difficulty of making this
acknowledgement. These human attitudes themselves, in their development
and in the variety of their manifestations, have to an increasing
extent become objects of study in the social and psychological
sciences; and this growth of human self-consciousness, which we might
expect
to reduce the difficulty of acceptance, in fact increases it in several
ways.
One factor of comparatively minor importance is an increased historical
and
anthropological awareness of the great variety of forms which these
human
attitudes may take at different times and in different cultures. This
makes
one rightly chary of claiming as essential features of the concept of
morality
in general, forms of these attitudes which may have a local and
temporary
prominence. No doubt to some extent my own descriptions of human
attitudes
have reflected local and temporary features of our. own culture. But an
awareness
of variety of forms should not prevent us from acknowledging also that
in
the absence of any forms of these attitudes it is doubtful whether we
should
have anything that we could find intelligible as a system of human
relationships,
as human society. A quite different (actor of greater importance is
that
psychological studies have made us rightly mistrustful of many
particular
manifestations of the attitudes I have spoken of. They are a prime
realm
of self-deception, of the ambiguous and the shady, of
guilt-transference,
unconscious sadism and the rest. But it is an exaggerated horror,
itself
suspect, which would make us unable to acknowledge the facts because of
the
seamy side of the facts. Finally, perhaps the most important factor of
all
is the prestige of these theoretical studies themselves. That prestige
is
great, and is apt to make us forget that in philosophy, though it also
is
a theoretical study, we have to take account of the facts in all their
bearings;
we are not to suppose that we are required, or permitted, as
philosophers,
to regard ourselves, as human beings, as detached from the attitudes
which, as scientists, we study with detachment. This is in no way to
deny the possibility
and desirability of redirection and modification of our human attitudes
in
the light of these studies. But we may reasonably think it unlikely
that
our progressively greater understanding of certain aspects of ourselves
will
lead to the total disappearance of those aspects. Perhaps it is not
inconceivable
that it should; and perhaps, then, the dreams of some philosophers will
be
realized.  
If we sufficiently, that is radically, modify
the view of the optimist, his view is the right one. It is far from
wrong to emphasize the efficacy of all those practices which express or
manifest our moral attitudes, in regulating
behaviour in ways considered desirable; or to add that when certain of
our
beliefs about the efficacy of some of these practices turn out to be
false,
then we may have good reason for dropping or modifying those practices.
What
is wrong is to forget that these practices, and their reception, the
reactions
to them, really are expressions of our moral attitudes and not merely
devices
we calculatingly employ for regulative purposes. Our practices do not
merely
exploit our natures, they express them. Indeed the very understanding
of
the kind of efficacy these expressions of our attitudes have turns on our
remembering
this. When we do remember this, and modify the optimist’s position
accordingly, we simultaneously correct its conceptual deficiencies and
ward
off the dangers it seems to entail, without recourse to the obscure and
panicky
metaphysics of libertarianism.  
NOTES  
(1) Cf. P. H. Nowell-Smith, 'Freewill and
Moral Responsibility',
Mind, 1948.  
(2) As Nowell-Smith pointed out in a later
article, 'Determinists
and Libertarians', Mind, 1954.  
(3) Perhaps not in every case just what we
demand they should be,
but in any case not just what we demand they should not be. For my
present purpose these
differences do not matter.  
(4) The question, then, of the connection
between rationality and
the adoption of the objective attitude to others is misposed when it is
made to seem dependent on the issue of determinism. But there is
another question which should be raised, if only to distinguish it from
the misposed question. Quite apart from the issue of determinism, might
it not be said that we should
be nearer to being purely rational creatures in proportion as our
relation
to others was in fact dominated by the objective attitude? I think this
might
be said; only it would have to be added, once more, that if such a
choice
were possible, it would not necessarily be rational to choose to be
more
purely rational than we are.  
(5) Peered into by Mr. J. D. Mabbott, in his
article ‘Freewill
and Punishment’, published in Contemporary British Philosophy, 3rd ser.,
1956.  
(6). Of course not any punishment for anything
deemed an offence.  
(7) Compare the question of the justification
of induction. The
human commitment to inductive belief-formation is original, natural,
non-rational (not irrational), in no way something we choose or could
give up. Yet rational criticism and reflection can refine standards and
their application, supply 'rules for judging of cause and effect'. Ever
since the facts
were made clear by Hume, people have been resisting acceptance of
them.  
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Dieses Buch wird vielleicht nur der verstehen, der
die Gedanken, die darin ausgedrückt sind—oder doch
ähnliche Gedanken—schon selbst einmal gedacht hat.—
Es ist also kein Lehrbuch.—Sein Zweck wäre erreicht,
wenn es Einem, der es mit Verständnis liest Vergnügen
bereitete.

Das Buch behandelt die philosophischen Probleme und
zeigt—wie ich glaube—dass die Fragestellung dieser Probleme
auf dem Missverständnis der Logik unserer Sprache
beruht. Man könnte den ganzen Sinn des Buches etwa in
die Worte fassen : Was sich überhaupt sagen lässt, lässt
sich klar sagen; und wovon man nicht reden kann, darüber
muss man schweigen.


Das Buch will also dem Denken eine Grenze ziehen, oder
vielmehr—nicht dem Denken, sondern dem Ausdruck der
Gedanken: Denn um dem Denken eine Grenze zu ziehen,
müssten wir beide Seiten dieser Grenze denken können (wir
müssten also denken können, was sich nicht denken
lässt).


Die Grenze wird also nur in der Sprache gezogen werden
können und was jenseits der Grenze liegt, wird einfach
Unsinn sein.


Wieweit meine Bestrebungen mit denen anderer Philosophen
zusammenfallen,will ich nicht beurteilen. Ja, was
ich hier geschrieben habe macht im Einzelnen überhaupt
nicht den Anspruch auf Neuheit; und darum gebe Ich auch
keine Quellen an, weil es mir gleichgültig igt, ob das was
ich gedacht habe, vor mir schon ein anderer gedacht hat.


Nur das will ich erwähnen, dass ich den grossartigen
Werken Freges und den Arbeiten meines Freundes Herrn
Bertrand Russell einen grossen Teil der Anregung zu
meinen Gedanken schulde.


Wenn diese Arbeit einen Wert hat, so besteht er in
Zweierlei. Erstens darin dass in ihr Gedanken ausgedrückt
sind, und dieser Wert wird umso grösser sein, je
besser die Gedanken ausgedrückt sind. Je mehr der
Nagel auf den Kopf getroffen ist.—Hier bin ich mir
bewusst, weit hinter dem Möglichen zurückgeblieben zu
sein. Einfach darum, weil meine Kraft zur Bewältigung
der Aufgabe zu gering ist.—Mögen andere kommen und
es besser machen.


Dagegen scheint mir die W a h r h e i t der hier mitgeteilten
Gedanken unantastbar und definitiv. Ich bin
also der Meinung, die Probleme im Wesentlichen
endgültig gelöst zu haben. Und wenn ich mich hierin
nicht irre, so besteht nun der Wert dieser Arbeit zweitens
darin, dass sie zeigt, wie wenig damit getan ist, dass
diese Probleme gelöst sind.
     

L. W.
     
Wien, 1918
	PREFACE



This book will perhaps only be understood by those
who have themselves already thought the thoughts which
are expressed in it—or similar thoughts. It is therefore
not a text-book. Its object would be attained if it
afforded pleasure to one who read it with understanding.

The book deals with the problems öf philosophy and
shows, as I believe, that the method of formulating these
problems rests on the misunderstanding of the logic of
our language. Its whole meaning could be summed up
somewhat as follows : What can be said at all can be said
clearly; and whereof one can not speak thereof one must
be silent.



The book will, therefore, draw a limit to thinking,
or rather—not to thinking, but to the expression of
thoughts; for, in order to draw a limit to thinking we
should have to be able to think both sides of this limit
(we should therefore have to be able to think what cannot
be thought).



The limit can, therefore, only be drawn in language
and what lies on the other side of the limit will be simply
nonsense,


How far my efforts agree with those of other philosophers 
I will not decide. Indeed what I have here
written makes no claim to novelty in points of detail;
and therefore I give no sources. because it is indifferent
to me whether what I have thought has already been
thought before me by another.



I will only mention that to the great works of Frege
and the writings of my friend Bertrand Russell I owe in
large measure the stimulation of my thoughts.


If this work has a value it consists in two things.
First that in it thoughts are expressed, and this value will
be the greater the better the thoughts are expressed. The
more the nail has been hit on the head. — Here I am
conscious that I have fallen far short of the possible.
Simply because my powers are insufficient to cope with




On the other hand the truth of the thoughts communicated
here seems to me unassailable and definitive. I
am, therefore, of the opinion that the problems have in
essentials been finally solved. And if I am not mistaken
in this, then the value of this work secondly consists in the
fact that it shows how little has been done when these
problems have been solved.
   
	
	1 Die Welt ist alles, was der Fall ist.   
     	
     1 The world is everything that is the case.
   	
	1.1 Die Welt ist die Gesamtheit der Tatsachen,
nicht der Dinge.
   	
     1.1 The world is the totality of facts, not of
things.
   	
	1.11 Die Welt ist durch die Tatsachen bestimmt und
dadurch, dass es a l l e Tatsachen sind.
   	
     1.11 The world is determined by the facts, and by
these being all the facts.
   	
	1.12 Denn, die Gesamtheit der Tatsachen bestimmt,
was der Fall ist und auch, was alles nicht der Fall ist.
   	
     1.12 For the totality of facts determines both what is
the case, and also all that is not the case.
   	
	1.13 Die Tatsachen im logischen Raum sind die Welt.
   	
     1.13 The facts in logical space are the world.
   	
			
	2 Was der Fall ist, die Tatsache, ist das Bestehen
von Sachverhalten.
   	
     2 What is the case, the fact, is the existence of
atomic facts.
   	
	2.01 Der Sachverhalt ist eine Verbindung von
Gegenständen. (Sachen, Dingen.)
   	
     2.01 An atomic fact is a combination of objects
(entities, things).
   	
	2.011 Es ist dem Ding wesentlich, der Bestandteil
eines Sachverhaltes sein zu können.
   	
     2.011 It is essential to a thing that it can be a constituent
part of an atomic fact.
   	
	2.011 Es ist dem Ding wesentlich, der Bestandteil
eines Sachverhaltes sein zu können.
   	
     2.011 It is essential to a thing that it can be a constituent
part of an atomic fact.
   	
	2.012 In der Logik ist nichts zufallig : Wenn das Ding
im Sachverhalt vorkommen k a n n, so muss die
Möglichkeit des Sachverhaltes im Ding bereits
präjudiziert sein.
   	
     2.012 In logic nothing is accidental: if a thing can
occur in an atomic fact the possibility of that
atomic fact must already be prejudged in the
thing.
   	
In logic every proposition is necessarily true or false.
   
	2.0121 Es erschiene gleichsam als Zufall, wenn dem
Ding, das allein für sich bestehen könnte, nachträglich
eine Sachlage passen würde.


Wenn die Dinge in Sachverhalten vorkommen
können, so muss dies schon in ihnen liegen.


(Etwas Logisches kann nicht nur-möglich sein.
Die Logik handelt von jeder Möglichkeit und alle
Möglichkeiten sind ihre Tatsachen.)
   	
     2.0121 It would, so to speak, appear as an accident, when
to a thing that could exist alone on its own account,
subsequently a state of affairs could be made to fit.


If things can occur in atomic facts, this possibility
must already lie in them.


(A logical entity cannot be merely possible.
Logic treats of every possibility, and all possibilities
are its facts.)
   	
	2.02 Der Gegenstand ist einfach. 
   	
     2.02 The object is simple. 
   	
	2.0201 Jede Aussage über Komplexe lässt sich in eine
Aussage über deren Bestandteile und in diejenigen
Sätze zerlegen, welche die Komplexe vollständig
beschreiben. 
   	
     2.0201 Every Statement about complexes can be analysed
into a Statement about their constituent parts, and
into those propositions which completely describe
the complexes.  
   	
	2.021 Die Gegenstände bilden die Substanz der Welt.
Darum können sie nicht zusammengesetzt sein. 
   	
     2.021 Objects form the substance of the world.
Therefore they cannot be compound. 
   	
	2.0211 Hätte die Welt keine Substanz, so würde, ob ein
Satz Sinn hat, davon abhängen, ob ein anderer Satz
wahr ist. 
   	
     2.0211 If the world had no substance, then whether
a proposition had sense would depend on whether
another proposition was true.  
   	
	2.0212 Es wäre dann unmöglich, ein Bild der Welt
(wahr oder falsch) zu entwerfen. 
   	
     2.0212 It would then be impossible to form a picture
of the world (true or false).   
   	
	2.022 Es ist offenbar, dass auch eine von der wirklichen
noch so verschieden gedachte Welt Etwas—
eine Form—mit der wirklichen gemein haben muss. 
   	
     2.022 It is clear that however different from the real
one an imagined world may be, it must have something—a
form—in common with the real world.    
   	
The something in common is the isomorphism with an information structure in the world. Cf. 2.15
	2.0233 Zwei Gegenstände von der gleichen logischen
Form sind — abgesehen von ihren externen Eigenschafte — 
von einander nur dadurch unterschieden,
dass sie verschieden sind.
   	
     2.0233 Two objects of the same logical form are —
apart from their external properties — only differentiated
from one another in that they are
different.
   	
Two things with the same intrinsic internal and extrinsic relational information are one and the same thing. This is self-identity.
   
	2.02331 Entweder ein Ding hat Eigenschaften, die kein
anderes hat, dann kann man es ohneweiteres durch
eine Beschreibung aus den anderen herausheben,
und darauf hinweisen ; oder aber, es gibt mehrere
Dinge, die ihre sämtlichen Eigenschaften gemeinsam
 haben, dann ist es überhaupt unmöglich auf
eines von ihnen zu zeigen.

Denn, ist das Ding durch nichts hervorgehoben,
so kann ich es nicht hervorheben, denn sonst ist
es eben hervorgehoben.
   	
     2.02331 Either a thing has properties which no other
has, and then one can distinguish it straight away
from the others by a description and refer to it;
or, on the other hand, there are several things
which have the totality of their properties in
common, and then it is quite impossible to point
to any one of them.

For if a thing is not distinguished by anything,
I cannot distinguish it—for otherwise it would be
distinguished.
   	
We define relative identity as two things with the same intrinsic internal information, but numerically distinct. 
For example, they may be in two different places..
   

	2.12 Das Bild ist ein Modell der Wirklichkeit.
   	
     2.12 The picture is a model of reality.
   	
Dynamic interactive information structures are models directly shown, not mediated by language (said).
   
	2.13 Den Gegenständen entsprechen im Bilde die
Elemente des Bildes.
   	
     2.13 To the objects correspond in the picture the
elements of the picture.
   	
Information correspondence is when the representation is isomorphic with part of the intrinsic information in the object
   
	2.15 Dass sich die Elemente des Bildes in bestimmter
Art und Weise zu einander verhalten stellt vor,
dass sich die Sachen so zu einander verhalten.
Dieser Zusammenhang der Elemente des Bildes
heisse seine Struktur und ihre Möglichkeit seine
Form der Abbildung.
   	
     2.15 That the elements of the picture are combined
with one another in a definite way, represents that
the things are so combined with one another.
This connexion of the elements of the picture is
called its structure, and the possibility of this structure
is called the form of representation of the picture
   	
The representation is the isomorphism with information structure in the object. Cf. 2.022
	2.16 In Bild und Abgebildetem muss etwas identisch
sein, damit das eine überhaupt ein Bild des anderen
sein kann.
   	
     2.16 In order to be a picture a fact must have something
in common with what it pictures.
   	
That something in common is the isomorphism with part of the information in the object
   
	2.161 In Bild und Abgebildetem muss etwas identisch
sein, damit das eine überhaupt ein Bild des anderen
sein kann.
   	
     2.161 In the picture and the pictured there must be
something identical in order that the one can be a
picture of the other at all.
   	
That which is identical is only a relative identity.
   
			
	3 Das logische Bild der Tatsachen ist der
Gedanke.
   	
     3 The logical picture of the facts is the
thought.
   	
	3.001 „Ein Sachverhalt ist denkbar" heisst: Wir
können uns ein Bild von ihm machen.
   	
     3.001 "An atomic fact is thinkable"—means : we can
imagine it.
   	
	3.01 Die Gesamtheit der wahren Gedanken sind
ein Bild der Welt.
   	
     3.01 The totality of true thoughts is a picture of the
world.
   	
	3.203 Der Name bedeutet den Gegenstand. Der
Gegenstand ist seine Bedeutung. 
(„A" ist dasselbe
Zeichen wie „ A " .)
   	
     3.203 The name means the object. The object is its
meaning. 
("A" is the same sign as " A ".)
   	
The two "A"'s are distinct objects that are only relatively identical.
   
	3.323 In der Umgangssprache kommt es ungemein
häufig vor, dass dasselbe Wort auf verschiedene
Art und Weise bezeichnet — also verschiedenen
Symbolen angehört —, oder, dass zwei Wörter,
die auf verschiedene Art und Weise bezeichnen,
äusserlich in der gleichen Weise im Satze angewandt
werden.


So erscheint das Wort „ist" als Kopula, als
Gleichheitszeichen und als Ausdruck der Existenz ;
„existieren" als intransitives Zeitwort wie „gehen";
„identisch" als Eigenschaftswort; wir reden von
E t w a s , aber auch davon, dass e t w a s geschieht.


(Im Satze „Grün ist grün"—wo das erste Wort
ein Personenname, das letzte ein Eigenschaftswort
ist—haben diese Worte nicht einfach verschiedene
Bedeutung, sondern es sind v e r s c h i e d e ne
S y m b o l e . )
   	
     3.323 In the language of everyday life it very often
happens that the same word signifies in two different
ways—and therefore belongs to two different
Symbols — or that two words, which signify in
different ways, are apparently applied in the same
way in the proposition.

Thus the word " is " appears as the copula,
as the sign of equality, and as the expression of
existence; " to exist " as an intransitive verb like
" to go "; " identical " as an adjective; we speak
of something but also of the fact of something
happening.


(In the proposition "Green is green "—where
the first word is a proper name and the last an
adjective—these words have not merely different
meanings but they are different symbols.)
   
	


"Is" as a copula predicates a property of the subject. 


"Is" as the mathematical symbol of equivalence "=" means the proposition is symmetric. 


"Is" as the sign of existence predicates nothing, so Kant said "exists" is not a predicate, to prevent the ontological argument "proving" God's existence.


Seee 5.53ff.
   

			
	4 Der Gedanke ist der sinnvolle Satz.
   	
     4 The thought is the significant proposition.
   	
The meaningful proposition.
   
	4.001 Die Gesamtheit der Sätze ist die Sprache.
   	
     4.001 The totality of propositions is the language.
   	
	4.002 Der Mensch besitzt die Fähigkeit Sprachen zu
bauen, womit sich jeder Sinn ausdrücken lässt,
ohne eine Ahnung davon zu haben, wie und was
jedes Wort bedeutet.—Wie man auch spricht, ohne
zu wissen, wie die einzelnen Laute hervorgebracht
werden.


Die Umgangssprache ist ein Teil des menschlichen
Organismus und nicht weniger kompliziert als
dieser.

Es ist menschenunmöglich, die Sprachlogik aus
ihr unmittelbar zu entnehmen.

Die Sprache verkleidet den Gedanken. Und
zwar so, dass man nach der äusseren Form des
Kleides, nicht auf die Form des bekleideten Gedankens
schliessen kann ; weil die äussere Form des
Kleides nach ganz anderen Zwecken gebildet ist, als
danach, die Form des Körpers erkennen zu lassen.


Die stillschweigenden Abmachungen zum Verständnis
der Umgangssprache sind enorm kompliziert.
   	
     4.002 Man possesses the capacity of constructing
languages, in which every sense can be expressed,
without having an idea how and what each word
means—just as one speaks without knowing how
the single sounds are produced.

Colloquial language is a part of the human
organism and is not less complicated than it.
From it it is humanly impossible to gather
immediately the logic of language.

Language disguises the thought; so that from
the external form of the clothes one cannot infer
the form of the thought they clothe, because the
external form of the clothes is constructed with
quite another object than to let the form of the
body be recognized.

The silent adjustments to understand colloquial
language are enormously complicated.
   	
	4.002 Der Mensch besitzt die Fähigkeit Sprachen zu
bauen, womit sich jeder Sinn ausdrücken lässt,
ohne eine Ahnung davon zu haben, wie und was
jedes Wort bedeutet.—Wie man auch spricht, ohne
zu wissen, wie die einzelnen Laute hervorgebracht
werden.


Die Umgangssprache ist ein Teil des menschlichen
Organismus und nicht weniger kompliziert als
dieser.


Es ist menschenunmöglich, die Sprachlogik aus
ihr unmittelbar zu entnehmen.


Die Sprache verkleidet den Gedanken. Und
zwar so, dass man nach der äusseren Form des
Kleides, nicht auf die Form des bekleideten Gedankens
schliessen kann ; weil die äussere Form des
Kleides nach ganz anderen Zwecken gebildet ist, als
danach, die Form des Körpers erkennen zu lassen.


Die stillschweigenden Abmachungen zum Verständnis
der Umgangssprache sind enorm kompliziert.
   	
     4.002 Man possesses the capacity of constructing
languages, in which every sense can be expressed,
without having an idea how and what each word
means—just as one speaks without knowing how
the single sounds are produced.

Colloquial language is a part of the human
organism and is not less complicated than it
From it it is humanly impossible to gather
immediately the logic of language.


Language disguises the thought; so that from
the external form of the clothes one cannot infer
the form of the thought they clothe, because the
external form of the clothes is constructed with
quite another object than to let the form of the
body be recognized.


The silent adjustments to understand colloquial
language are enormously complicated.
   
	
	4.003 Die meisten Sätze und Fragen, welche über
philosophische Dinge geschrieben worden sind, sind
nicht falsch, sondern unsinnig. Wir können daher
Fragen dieser Art überhaupt nicht beantworten,
sondern nur ihre Unsinnigkeit feststellen. Die
meisten Fragen und Sätze der Philosophen beruhen
darauf, das wir unsere Sprachlogik nicht verstehen.
(Sie sind von der Art der Frage, ob das Gute
mehr oder weniger identisch sei als das Schöne.)
Und es ist nicht verwunderlich, dass die tiefsten
Probleme eigentlich k e i n e Probleme sind.
   	
     4.003 Most propositions and questions, that have been
written about philosophical matters, are not false, but
senseless. We cannot, therefore, answer questions
of this kind at all, but only state their senselessness.
Most questions and propositions of the philosophers
result from the fact that we do not understand the
logic of our language.
(They are of the same kind as the question
whether the Good is more or less identical than the
Beautiful.)
And so it is not to be wondered at that the
deepest problems are really no problems.
   	
	4.0031 Alle Philosophie ist „Sprachkritik". (Allerdings
nicht im Sinne Mauthners.) Russell's Verdienst ist
es, gezeigt zu haben, dass die scheinbare logische
Form des Satzes nicht seine wirkliche sein muss.
   	
     4.0031 All philosophy is "Critique of language" (but
not at all in Mauthner's sense). Russell's merit is
to have shown that the apparent logical form of the
proposition need not be its real form.
   	
	4.01 Der Satz ist ein Bild der Wirklichkeit.

Der Satz ist ein Modell der Wirklichkeit, sowie
wir sie uns denken.
   	
     4.01 The proposition is a picture of reality.
The proposition is a model of the reality as we
think it is.
   	
Cf. 2.12  The picture is a model of reality.
 
	4.011 Auf den ersten Blick scheint der Satz—wie er
etwa auf dem Papier gedruckt steht—kein Bild der
Wirklichkeit zu sein, von der er handelt. Aber
auch die Notenschrift scheint auf den ersten Blick
kein Bild der Musik zu sein, und unsere Lautzeichen-
(Buchstaben-)Schrift kein Bild unserer Lautsprache.


Und doch erweisen sich diese Zeichensprachen
auch im gewöhnlichen Sinne als Bilder dessen, was
sie darstellen.
   	
     4.011 At the first glance the proposition—say as it
stands printed on paper—does not seem to be a
picture of the reality of which it treats. But nor
does the musical score appear at first sight to be a
picture of a musical piece; nor does our phonetic
spelling (letters) seem to be a picture of our spoken
language. 

And yet these symbolisms prove to be
pictures—even in the ordinary sense of the word
—of what they represent.
   	
Letters and words are in fact not pictures.  

Words can stimulate the Experience Recorder in the mind to reproduce related experiences which may produce mental pictures.   

Words only represent and mean through the intermediating mind and its experiences.

	4.012 Offenbar ist, dass wir einen Satz von der Form
„a R b" als Bild empfinden. Hier ist das Zeichen
offenbar ein Gleichnis des Bezeichneten.
   	
     4.012 It is obvious that we perceive a proposition
of the form aRb as a picture. Here the sign is
obviously a likeness of the signified.
   	
This is not obvious.   
	4.013 Und wenn wir in das Wesentliche dieser Bildhaftigkeit
eindringen, so sehen wir, dass dieselbe
durch s c h e i n b a r e U n r e g e l m ä s s i g k e i t en
(wie die Verwendung der ♯ und ♭ in der Notenschrift)
n i c h t gestört wird.


Denn auch diese Unregelmässigkeiten bilden
das ab, was sie ausdrücken sollen; nur auf eine
andere Art und Weise.
   	
     4.013 And if we penetrate to the essence of this
pictorial nature we see that this is not disturbed
by apparent irregularities (like the use of ♯ and ♭ in
the score).


For these irregularities also picture what they
are to express; only in another way.
   	
	4.014 Die Grammophonplatte, der musikalische Gedanke,
die Notenschrift, die Schallwellen, stehen
alle in jener abbildenden internen Beziehung zu
einander, die zwischen Sprache und Welt besteht.

Ihnen allen ist der logische Bau gemeinsam.

(Wie im Märchen die zwei Jünglinge, ihre zwei
Pferde und ihre Lilien. Sie sind alle in gewissem
Sinne Eins.)
   	
     4.014 The gramophone record, the musical thought,
the score, the waves of sound, all "stand to one
another in that pictorial internal relation, which
holds between language and the world.

To all of them the logical structure is common.

(Like the two youths, their two horses and their
lilies in the story. They are all in a certain sense
one.)
   	
	4.0141 Dass es eine allgemeine Regel gibt, durch die
der Musiker aus der Partitur die Symphonie
entnehmen kann, durch welche man aus der Linie
auf der Grammophonplatte die Symphonie und
nach der ersten Regel wieder die Partitur ableiten
kann, darin besteht eben die innere Ähnlichkeit
dieser scheinbar so ganz verschiedenen Gebilde.
Und jene Regel ist das Gesetz der Projektion,
welches die Symphonie in die Notensprache projiziert.
Sie ist die Regel der Übersetzung der
Notensprache indie Sprache der Grammophonplatte.
   	
     4.0141 In the fact that there is a general rule by which
the musician is able to read the symphony out of
the score, and that there is a rule by which one
could reconstruct the symphony from the line on
a gramophone record and from this again—by
means of the first rule—construct the score, herein
lies the internal similarity between these things
which at first sight seem to be entirely different.
And the rule is the law of projection which projects
the symphony into the language of the musical
score. It is the rule of translation of this language
into the language of the gramophone record.
   	
	4.015 Die Möglichkeit aller Gleichnisse, der ganzen
Bildhaftigkeit unserer Ausdrucksweise, ruht in der
Logik der Abbildung.
   	
     4.015 The possibility of all similes, of all the
imagery of our language, rests on the logic of
representation.
   	
An information-based representation has an isomorphism between sign and signified. Words and logical symbols do not.   
	4.016 Um das Wesen des Satzes zu verstehen, denken
wir an die Hieroglyphenschrift, welche die Tatsachen
die sie beschreibt abbildet.

Und aus ihr wurde die Buchstabenschrift, ohne
das Wesentliche der Abbildung zu verlieren.
   	
     4.016 In order to understand the essence of the
proposition, consider hieroglyphic writing, which
pictures the facts it represents.

And from it came the alphabet without the
essence of the representation being lost.
   	
All alphabets, except the semitic, have forgotten the meanings of the symbols.   
	4.001 Die Gesamtheit der Sätze ist die Sprache.
   	
     4.001 The totality of propositions is the language.
   	
	4.001 Die Gesamtheit der Sätze ist die Sprache.
   	
     4.001 The totality of propositions is the language.
   	
	4.001 Die Gesamtheit der Sätze ist die Sprache.
   	
     4.001 The totality of propositions is the language.
   	
	4.001 Die Gesamtheit der Sätze ist die Sprache.
   	
     4.001 The totality of propositions is the language.
   	
	4.01 Der Satz ist ein Bild der Wirklichkeit.

Der Satz ist ein Modell der Wirklichkeit, sowie
wir sie uns denken.
   
	
     4.01 The proposition is a picture of reality.
The proposition is a model of the reality as we
think it is.
   
	
Compare 2.12
	4.011 Auf den ersten Blick scheint der Satz—wie er
etwa auf dem Papier gedruckt steht—kein Bild der
Wirklichkeit zu sein, von der er handelt. Aber
auch die Notenschrift scheint auf den ersten Blick
kein Bild der Musik zu sein,und unsere Lautzeichen-
(Buchstaben-)Schrift kein Bild unserer Lautsprache.

Und doch erweisen sich diese Zeichensprachen
auch im gewöhnlichen Sinne als Bilder dessen, was
sie darstellen.
   
	
     4.011 At the first glance the proposition—say as it
stands printed on paper—does not seem to be a
picture of the reality of which it treats. But nor
does the musical score appear at first sight to be a
picture of a musical piece; nor does our phonetic
spelling (letters) seem to be a picture of our spoken
language. 

And yet these symbolisms prove to be
pictures—even in the ordinary sense of the word
—of what they represent.
   
	
Written and spoken representations are not pictures in the same sense as the dynamic interactive structures (animations) of information philosophy.

Words mediated through the ERR of the mind can only reproduce experiences associated with printed or spoken words. These experiences are isomorphic with the original reality.
   

	4.012 Offenbar ist, dass wir einen Satz von der Form
„aRb" als Bild empfinden. Hier ist das Zeichen
offenbar ein Gleichnis des Bezeichneten.
   	
     4.012 It is obvious that we perceive a proposition
of the form aRb as a picture. Here the sign is
obviously a likeness of the signified.
   	
The sign is only a likeness if it is a semiotic icon, according to Charles Sanders Peirce.
   
	4.1 Der Satz stellt das Bestehen und Nichtbestehen
der Sachverhalte dar.
   	
     4.1 A proposition presents the existence and nonexistence
of atomic facts.
   	
	4.11 Die Gesamtheit der wahren Sätze ist die
gesamte Naturwissenschaft (oder die Gesamtheit
der Naturwissenschaften).
   	
     4.11 The totality of true propositions is the total
natural science (or the totality of the natural
sciences).
   	
The erroneous logical empiricist claim that science can be represented by the sum of all true propositions.
   
	4.1212 Was gezeigt werden k a n n, k a n n nicht gesagt
werden.
   	
     4.1212 What can be shown cannot be said.
   	
Compare 7
	4.241 Gebrauche ich zwei Zeichen in ein und derselben
Bedeutung, so drücke ich dies aus, indem
ich zwischen beide das Zeichen ,,=" setze.

,,a = b " heisst also: das Zeichen , ,a " ist durch
das Zeichen ,,b" ersetzbar.


(Führe ich durch eine Gleichung ein neues
Zeichen ,,b " ein, indem ich bestimme, es solle ein
bereits bekanntes Zeichen ,,a" ersetzen, so schreibe
ich die Gleichung—Definition—(wie Russell) in
der Form ,,a = b Def.". Die Definition ist eine
Zeichenregel.)
   
	
     4.241 If I use two signs with one and the same
meaning, I express this by putting between them
the sign "=".

"a = b" means then, that the sign "a" is
replaceable by the sign "b".


(If I introduce by an equation a new sign "b",
by determining that it shall replace a previously
known sign "a" , I write the equation—definition
—(like Russell) in the form " a=b Def.". A
definition is a symbolic rule.)
   
	
This is the problem of Frege's "identical" signs - Morning Star and Evening Star.

For the past few decades, Willard Van Orman Quine has shown how this mathematical "principle of substitutivity" fails in linguistic contexts because of "referential opacity," e.g, "the number of planets = 9."


See the Metaphysicist discussion of modality

			
	5 Der Satz ist eine Wahrheitsfunktion der Elementarsätze.

(Der Elementarsatz ist eine Wahrheitsfunktion
seiner selbst.)
   
	
     5 Propositions are truth-functions of elementary
propositions.
(An elementary proposition is a truth-function
of itself.)
   	
	5.01 Die Elementarsätze sind die Wahrheitsargumente
des Satzes.
   	
     5.01 The elementary propositions are the truth-arguments
of propositions.
   	
	5.1361 Die Ereignisse der Zukunft k ö n n e n wir nicht
aus den gegenwärtigen erschliessen.

Der Glaube an den Kausalnexus ist der A b e r g l a u b e .
   
	
     5.1361 The events of the future cannot be inferred from
those of the present.

Superstition is the belief in the causal
nexus.
   
	
Here is future contingency.
   
	5.1632 Die Willensfreiheit besteht darin,dass zukünftige
Handlungen jetzt nicht gewusst werden können.
Nur dann könnten wir sie wissen, wenn die Kausalität
eine i n n e r e Notwendigkeit wäre, wie die
des logischen Schlusses.—Der Zusammenhang
von Wissen und Gewusstem, ist der der logischen
Notwendigkeit.

(„A weiss, dass p der Fall ist" ist sinnlos, wenn
p eine Tautologie ist.)
   
	
     5.1632 The freedom of the will consists in the fact that
future actions cannot be known now. We could
only know them if causality were an inner necessity,
like that of logical deduction.—The connexion
of knowledge and what is known is that of logical
necessity.

(" A knows that p is the case" is senseless if p
is a tautology.)
   
	
See the problem of  free will.
   
	5.53 Gleichheit des Gegenstandes drücke ich durch
Gleichheit des Zeichens aus, und nicht mit Hilfe
eines Gleichheitszeichens. Verschiedenheit der
Gegenstände durch Verschiedenheit der Zeichen.
   	
     5.53 Identity of the object I express by identity of
the sign and not by means of a sign of identity.
Difference of the objects by difference of the
signs.
   	
See the Metaphysicist discussion of identity.
   
	5.5301 Dass die Identität keine Relation zwischen Gegenständen
ist, leuchtet ein. Dies wird sehr klar,
wenn man z. B. den Satz „(x) : fx . ⊃ . x = a"
betrachtet. Was dieser Satz sagt, ist einfach,
dass n u r a der Funktion f genügt, und nicht,
dass nur solche Dinge der Funktion f genügen,
welche eine gewisse Beziehung zu a haben.

Man könnte nun freilich sagen, dass eben n ur
a diese Beziehung zu a habe, aber um dies auszudrücken,
brauchten wir das Gleichheitszeichen
selber.
   
	
     5.5301 That identity is not a relation between objects is
obvious. This becomes very clear if, for example,
one considers the proposition "(x) : fx. ⊃ . x = a".
What this proposition says is simply that only
a satisfies the function f , and not that only such
things satisfy the function f which have a certain
relation to a.

One could of course say that in fact only
a has this relation to a, but in order to express
this we should need the sign of identity itself.
   
	
See the Metaphysicist discussion of relative identity.
   
	5.5302 Russells Definition von „=" genügt nicht; weil
man nach ihr nicht sagen kann, dass zwei Gegenstände
alle Eigenschaften gemeinsam haben.
(Selbst wenn dieser Satz nie richtig ist, hat er
doch S i n n .)
   	
     5.5302 Russell's definition of "=" won't do; because
according to it one cannot say that two objects
have all their properties in common. (Even if
this proposition is never true, it is nevertheless
significant.)
   	
See the Metaphysicist discussion of identity.
   
	5.5303 Beiläufig gesprochen: Von z w e i Dingen zu
sagen, sie seien identisch, ist ein Unsinn, und von
E i n   e m zu sagen, es sei identisch mit sich selbst,
sagt gar nichts.
   	
     5.5303 Roughly speaking: to say of two things that
they are identical is nonsense, and to say of one
thing that it is identical with itself is to say
nothing.
   	
See the Metaphysicist discussion of self-identity.
   
	5.633 W o in der Welt ist ein metaphysisches Subjekt
zu merken ?
Du sagst, es verhält sich hier ganz, wie mit Auge
und Gesichtsfeld. Aber das Auge siehst du wirklich
nicht.
Und nichts a m G e s i c h t s f evl d lässt darauf
schliessen, dass es von einem Auge gesehen wird. 
   	
     5.633 Where in the world is a metaphysical subject to
be noted ?

You say that this case is altogether like that of
the eye and the field of sight. But you do not
really see the eye.

And from nothing in the field of sight can it be
concluded that it is seen from an eye
   	
	5.634 Das hängt damit zusammen, dass kein Teil
unserer Erfahrung auch a priori ist.

Alles, was wir sehen, könnte auch anders
sein.

Alles, was wir überhaupt beschreiben können,
könnte auch anders sein.

Es gibt keine Ordnung der Dinge a priori. 
   	
     5.634 This is connected with the fact that no part of
our experience is also a priori.

Everything we see could also be otherwise.

Everything we can describe at all could also be
otherwise.

There is no order of things a priori.
	
	5.641 Es gibt also wirklich einen Sinn, in welchem in
der Philosophie nicht-psychologisch vom Ich die
Rede sein kann.

Das Ich tritt in die Philosophie dadurch ein,
dass die „Welt meine Welt ist".

Das philosophische Ich ist nicht der Mensch,
nicht der menschliche Körper, oder die menschliche
Seele, von der die Psychologie handelt, sondern das
metaphysische Subjekt, die Grenze—nicht ein Teil
der Welt. 
   	
     5.641 There is therefore really a sense in which in
philosophy we can talk of a non-psychological I.

The I occurs in philosophy through the fact
that the "world is my world" .

The philosophical I is not the man, not the
human body or the human soul of which psychology
treats, but the metaphysical subject, the 
limit—not a part of the world. 
   	
			
	6.1 Die Sätze der Logik sind Tautologien.
   	
     6.1 The propositions of logic are tautologies.
   	
	6.11 Die Sätze der Logik sagen also Nichts. (Sie
sind die analytischen Sätze.).
   	
     6.11 The propositions of logic therefore say nothing.
(They are the analytical propositions.)
   	
	6.1222 Dies wirft ein Licht auf die Frage, warum die
logischen Sätze nicht durch die Erfahrung bestätigt
werden können, ebenso wenig, wie sie durch die
Erfahrung widerlegt werden können. Nicht nur
muss ein Satz derLogik durch keine mögliche Erfahrung
widerlegt werden können, sondern er darf auch
nicht durch eine solche bestätigt werden können.
   	
     6.1222 This throws light on the question why logical
propositions can no more be empirically confirmed
than they can be empirically refuted. Not only
must a proposition of logic be incapable of being
contradicted by any possible experience, but it
must also be incapable of being confirmed by any
 such.
   	
	6.1261 In der Logik sind Prozess und Resultat äquivalent.
(Darum keine Überraschung.)
   	
     6.1261 In logic process and result are equivalent
(Therefore no surprises.)
   	
	6.1262 Der Beweis in der Logik ist nur ein mechanisches
Hilfsmittel zum leichteren Erkennen der
Tautologie, wo sie kompliziert ist.
   	
     6.1262 Proof in logic is only a mechanical expedient
to facilitate the recognition ot tautology, where
it is complicated.
   	
	6.2 Die Mathematik ist eine logische Methode.
Die Sätze der Mathematik sind Gleichungen
also Scheinsätze.
   	
     6.2 Mathematics is a logical method.
The propositions of mathematics are equations,
and therefore pseudo-propositions.
   	
	6.21 Der Satz der Mathematik drückt keinen Gedanken
aus.
   	
     6.21 Mathematical propositions express no thoughts.
   	
	6.211 Im Leben ist es ja nie der mathematische Satz,
den wir brauchen, sondern wir benützen den
mathematischen Satz n u r, um aus Sätzen, welche
nicht der Mathematik angehören, auf andere zu
schliessen, welche gleichfalls nicht der Mathematik
angehören.
(In der Philosophie führt die Frage „wozu
gebrauchen wir eigentlich jenes Wort, jenen Satz"
immer wieder zu wertvollen Einsichten.)
   	
     6.211 In life it is never a mathematical proposition
which we need, but we use mathematical propositions
only in order to infer from propositions
which do not belong to mathematics to others
which equally do not belong to mathematics.
(In philosophy the question " Why do we really
use that word, that proposition ? " constantly leads
to valuable results.)
   	
	6.22 Die Logik der Welt, die die Sätze der Logik in
den Tautologien zeigen, zeigt die Mathematik in
den Gleichungen.
   	
     6.22 The logic of the world which the propositions
of logic show in tautologies, mathematics shows
in equations.
   	
	6.23 Wenn zwei Ausdrücke durch das Gleichheitszeichen
verbunden werden, so heisst das, sie sind
durch einander ersetzbar. Ob dies aber der Fall ist
muss sich an den beiden Ausdrücken selbst zeigen.

Es charakterisiert die logische Form zweier Ausdrücke,
dass sie durch einander ersetzbar sind.
   
	
     6.23 If two expressions are connected by the sign of
equality, this means that they can be substituted
for one another. But whether this is the case
must show itself in the two expressions themselves.

It characterizes the logical form of two expressions,
that they can be substituted for one
another.
   
	Willard Van Orman Quine argued that expressions cannot be substituted in modal contexts.
   
	6.4312 Die zeitliche Unsterblichkeit der Seele des
Menschen, das heisst also ihr ewiges Fortleben
auch nach dem Tode, ist nicht nur auf keine Weise
verbürgt, sondern vor allem leistet diese Annahme
gar nicht das, was man immer mit ihr erreichen
wollte. Wird denn dadurch ein Rätsel gelöst, dass
ich ewig fortlebe? Ist denn dieses ewige Leben
dann nicht ebenso rätselhaft wie das gegenwärtige ?
Die Lösung des Rätsels des Lebens in Raum und
Zeit liegt a u s s e r h a 1 b von Raum und Zeit. 
   	
     6.4312 The temporal immortality of the human
soul, that is to say, its eternal survival after
death, is not only in no way guaranteed, but
this assumption in the first place will not do
for us what we always tried to make it do.
 Is a riddle solved by the fact that I survive for
ever? Is this eternal life not as enigmatic as
our present one? The solution of the riddle of
life in space and time lies outside space and time.
   	
			
	7 Wovon man nicht sprechen kann, darüber muss
man schweigen.
   	
     7 Whereof one cannot speak, thereof one must be
silent.
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A.J. Ayer

  A. J. Ayer's essay Freedom and Necessity (published in his 1954 Philosophical Essays) made it clear what determinism or compatibilism requires, the ability to do otherwise, which alone makes one morally responsible.

Ayer claims, following G. E. Moore, that he could have done otherwise, if he had chosen to do otherwise:
  

"When I am said to have done something of my own free will it is implied that I could have acted otherwise; and it is only when it is believed that I could have acted otherwise that I am held to be morally responsible for what I have done. For a man is not thought to be morally responsible for an action that it was not in his power to avoid. But if human behaviour is entirely governed by causal laws, it is not clear how any action that is done could ever have been avoided. It may be said of the agent that he would have acted otherwise if the causes of his action had been different, but they being what they were, it seems to follow that he was bound to act as he did. Now it is commonly assumed both that men are capable of acting freely, in the sense that is required to make them morally responsible, and that human behaviour is entirely governed by causal laws: and it is the apparent conflict between these two assumptions that gives rise to the philosophical problem of the freedom of the will. (Philosophical Essays, p.271)



The lack of causal laws, says Ayer,
  
"does not give the moralist what he wants. For he is anxious to show that men are capable of acting freely in order to infer that they can be morally responsible for what they do. But if it is a matter of pure chance that a man should act in one way rather than another, he may be free but he can hardly be responsible." (p.275)

"It seems that it we are to retain this idea of moral responsibility, we must either show that men can be held responsible for actions which they do not do freely, or else find some way of reconciling determinism with the freedom of the will." (p.277)


"from the fact that my behaviour is capable of being explained, in the sense that it can be subsumed under some natural law, it does not follow that I am acting under constraint.


"If this is correct, to say that I could have acted otherwise is to say, first, that I should have acted otherwise if I had so chosen; secondly, that my action was voluntary in the sense in which the actions, say, of the kleptomaniac are not; and thirdly, that nobody compelled me to choose as I did: and these three conditions may very well be fulfilled. When they are fulfilled, I may be said to have acted freely. But this is not to say that it was a matter of chance that I acted as I did, or, in other words, that my action could not be explained. And that my actions should be capable of being explained is all that is required by the postulate of determinism." (p.282)
  



  Ayer gives one of the earliest clear statements of the standard argument against free will, that there are logically only two alternatives - our choices are either causally determined or accidental (i.e., chance or  indeterminism), with both denying moral responsibility.
  
  But now we must ask how it is that I come to make my choice. Either it is an accident that I choose to act as I do or it is not. If it is an accident, then it is merely a matter of chance that I did not choose otherwise; and if it is merely a matter of chance that I did not choose otherwise, it is surely irrational to hold me morally responsible for choosing as I did. But if it is not an accident that I choose to do one thing rather than another, then presumably there is some causal explanation of my choice: and in that case we are led back to determinism.



(Philosophical Essays, 1954, p.275)

  


  In his 1969 book Metaphysics and Common Sense, Ayer discussed the problem of free will and backed away from his earlier compatibilist position that the antithesis between the claims of free will and determinism was illusory. Looked at from the standpoint of common sense, Ayer says that "in so far as this is a question of what people actually believe, I now think it more likely that I was wrong."
  
  In any case, it is not always true that a philosophical inquiry will, for all practical purposes, leave things just as they were. A conspicuous counter-example is one which I mentioned earlier in passing, the problem of the freedom of the will. As often happens in philosophy, this problem takes the form of a dilemma. On the one hand, we are inclined to believe that all spatio-temporal processes, and therefore also human actions, are governed by natural laws; and from this we are inclined to infer that given the initial circumstances whatever actually happens could not have happened otherwise. On the other hand, all our moral assessments of our own and other people's conduct and all our legal practice depend on the assumption that people are responsible for their acts; but this seems to imply that, even given the existing circumstances, they could have acted otherwise. But these conclusions are mutually contradictory. It has to be shown, then, either that there is some flaw in this reasoning, or that at least one of the premisses of one or other of these arguments is false.

Again, I do not propose to offer you a solution of this problem. To do so would mean going very carefully into a set of notions of which the correct analysis is by no means obvious; the notion of causality and of natural law on the one hand, and on the other the whole group of concepts; which figure in the teleological explanation of human action, as well as our idea of moral responsibility. The concept of a person would itself come under review. One would have to consider exactly what was involved in the shift from causal to statistical laws in micro-physics, and whether this was relevant to the present issue; whether there were any logical reasons for denying that every human action could be predicted; whether there was anything at all about a human being that could not be explained in physiological terms. My own view, which I give you without argument, is that we have as yet no very strong reason to believe in the emergence of a physiological theory which will account for every facet of our behaviour, but that the possibility of it cannot be excluded a priori. [I try to deal with some of these questions in my essay 'Man as a Subject for Science'. ]


The point which I now wish to make is that it may very well turn out, in the course of such an inquiry, that the picture of ourselves which underlies much of our moral thinking, the idea of our actions as proceeding from the unfettered choices of self-propelling agents, did not stand up to critical scrutiny. If this did prove to be the case, it would not follow that the idea of freedom would have to go by the board. We could still draw a distinction between the actions which a person chose to do, never mind how the choice came to be made, and those which were forced upon him, in the sense that he was subject to unusual pressures, or even deprived of any power to choose; and there might be utilitarian grounds for our responding to actions of these different sorts in different judicial ways. But certainly a great strain would be placed on the conventional ideas of merit and of guilt; and if these ideas were given up or greatly modified, it is hardly to be expected that our moral and our legal outlook would remain unchanged.

(Metaphysics and Common Sense, chapter I, "On Making Philosophy Intelligible," p.14)
  



  In "Man as a Subject for Science," chapter 14 of (Metaphysics and Common Sense, Ayer explores the question of "Naturalism," which presumes that human beings are subject to the causal laws of nature that apply to all animate and inanimate things. 
  
   The idea that man somehow stands outside the order of nature is one that many people find attractive on emotional grounds; so that it has to be received with some caution. It is, however, fairly widely accepted nowadays, even by philosophers who are supposed to be able to discount their emotional prejudices, and this for various reasons. One of them is of course the belief in the freedom of the will. It is argued that since men are free to behave as they choose, they are always capable of nullifying any generalization about their conduct to which they are alleged to be subject. If any such generalization is produced, it is only to be expected that someone will proudly or perversely exercise his option of rendering it false.

The trouble with this argument is that it simply assumes the falsehood of the position which it is intended to demolish. If the attribution of free will is construed in such a way that a man can be said to have acted freely only if his action is not susceptible of any causal explanation, then there will indeed be no question but that if men ever act freely, their behaviour is not totally subject to causal laws. This still allows for its being subject to statistical laws, but on the assumption, which the proponents of this view tacitly make, that a man is free on any given occasion to try to do anything whatsoever that he believes to be feasible, the possibility of there being even statistical laws about human behaviour which would be of any scientific value is effectively excluded. But now it is surely fair to ask for some justification of these very strong assumptions. What reason have we for believing that men ever do act freely, in this sense? There may be a prima facie case for holding that men are capable of acting freely in some sense or other; but it is by no means clear that an action which passes this test of freedom, whatever it may be, cannot also be governed by some causal law. 


Many philosophers have in fact held that what we ordinarily mean by speaking of an action as freely done is not incompatible with its being causally determined; some have gone even further to the point of holding that when we say that an action is free we actually imply, or presuppose, that it is determined; others who take the view that determinism excludes free will, as this is ordinarily understood, have concluded just for this reason that our ordinary notion of free will has no application. I do not myself think that we stand to gain very much by making a conscientious effort to discover what people ordinarily mean when they talk about free will: it might very well turn out that some people mean one thing by it, and some another, and that many people's idea of it is very confused. The important question, so far as we are concerned, is whether human behaviour is or is not entirely subject to law. If we conclude that it is, or even just that there is no good reason to suppose that it is not, then we may find it expedient to introduce a sense of acting freely which squares with these conclusions. We shall presumably want it to apply, so far as possible, to the same actions as those that most people would now regard as being free, though not necessarily with the same implications, but we shall rather be correcting ordinary usage than merely following it. If, on the other hand, our conclusion is that human behaviour is not entirely subject to law, then again we shall have to decide what provision, if any, this enables us to make for freedom of action; for example, if we make the absence of causal determination a necessary condition of an action's being freely done, we shall have to consider whether we can still preserve the connection between freedom and responsibility. But the point is that before we can usefully embark upon such matters, we must first decide the issue of determinism. How far and in what sense is man's behaviour subject to law?

It may appear, indeed, that this is not an issue which one could hope to settle a priori. Surely, it may be said, we can never be in a position to show that any piece of human conduct is inexplicable: the most that we can claim is that we have not been able to find any explanation for it, but this does not imply that there is no explanation, or even that the explanation is one which it will always be beyond our power to discover. But while this remark is perfectly sound, it may also be thought to miss the point. For what is most commonly maintained by those who wish to set limits to the extent to which men's actions are governed by law is not that these actions are inexplicable, but rather that the kinds of explanation which they call for do not conform to the scientific model. That is to say, they do not account for an action as resulting from the operation of a natural law. It is allowed that explanations of the scientific type are sometimes appropriate, as when we account for some piece of deviant behaviour by relating it to a disorder in the agent's constitution, but cases of this kind are said to be the exception rather than the rule. In the normal way we explain a man's action in terms of his intentions, or his motives, or his beliefs, or the social context in which the action takes place. Consider, for example, the simple action of drinking a glass of wine. As performed by different people in different circumstances, this may be an act of self-indulgence, an expression of politeness, a proof of alcoholism, a manifestation of loyalty, a gesture of despair, an attempt at suicide, the performance of a social rite, a religious communication, an attempt to summon up one's courage, an attempt to seduce or corrupt another person, the sealing of a bargain, a display of professional expertise, a piece of inadvertence, an act of expiation, the response to a challenge and many other things besides. All these are accepted as good explanations: if the circumstances are right, they render the performance of the action intelligible; but only in the case of the alcoholic is it clear that the explanation is of a scientific character. In the other cases we find the action intelligible because we are given a reason for its performance; it is explained in terms of the agent's purpose, or by reference to a social norm, or through some combination of these two.

(ibid. p.221-223)


A philosophical question which I have not here discussed, partly because I do not think that I have anything new to say about it, is whether the denial of determinism is implied in our usual ascriptions of moral and legal responsibility. 

Ayer calls here for some experimental philosophy to determine the popular opinions and common sense

In common with many other philosophers I used to hold that it was not, that in this respect the antithesis between the claims of free will and determinism was illusory, but in so far as this is a question of what people actually believe, I now think it more likely that I was wrong. This is indeed a matter for a social survey which, as I said before, would probably not yield a very clear result. I should however expect it to indicate that if it were shown to them that a man's action could be explained in causal terms, most people would take the view that he was not responsible for it. Since it is not at all clear why one's responsibility for an action should depend on its being causally inexplicable, this may only prove that most people are irrational, but there it is. I am, indeed, strongly inclined to think that our ordinary ideas of freedom and responsibility are very muddleheaded: but for what they are worth, they are also very firmly held. It would not be at all easy to estimate the social consequences of discarding them.

(ibid. p.238-239)
  

Compatibilist and incompatibilist views among philosophers and the general public may be a source of confusion.
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Alexander of Aphrodisias

Alexander of Aphrodisias, the most famous commentator on Aristotle, wrote 500 years after Aristotle's death, at a time when Aristotle and Plato were rather forgotten minor philosophers in the age of Stoics, Epicureans, and Skeptics. He defended a view of moral responsibility we would call libertarianism today. 


Greek philosophy had no precise term for "free will" as did Latin (liberum arbitrium or libera voluntas). The discussion was in terms of responsibility, what "depends on us" (in Greek ἐφ ἡμῖν). Alexander believed that Aristotle was not a strict determinist like the Stoics, and Alexander himself argued that some events do not have predetermined causes. 


In particular, he held that man is responsible for self-caused decisions, and can choose to do or not to do something. This appears to be not very different from the Stoic Chrysippus' idea that one can assent or dissent to an action. Chrysippus said actions are pre-determined (fated) but not necessitated.


Alexander denied three things - necessity (ἀνάγκη), the foreknowledge of fated events that was part of the Stoic identification of God and Nature, and determinism in the sense of a sequence of causes that was laid down beforehand (προκαταβεβλημένος) or predetermined by antecedents (προηγουμένος).
    

Alexander on Chance

    Most of the ancient thinkers recognized the obvious difficulty with chance (or an uncaused cause) as the source of human freedom. Both Aristotle and Alexander describe chance (ἡ τύχη) as a "cause obscure to human reason" 

τί γὰρ ἄλλο ποιοῦσιν οἱ τὴν τύχην καὶ τὸ αὐτόματον ἀιτιάν ἄδηλον ἀνθρωπίνῳ λογισμῷ.

(De Fato, VIII, 174.1) 


Alexander makes it clear that the role of chance is to break the causal chain of determinism. If this means that some things happen at random and "for no reason" (μάτην) then so be it. And the randomness is ontological, not merely the result of human ignorance.

Alexander is not being original here. He is reading Aristotle as denying the Leucippean necessity. Epicurus denies necessity even more clearly with his "swerve."  


Leucippus said,


     Nothing occurs at random, but everything for a reason and by necessity.

     οὐδὲν χρῆμα μάτην γίνεται, ἀλλὰ πάντα ἐκ λόγου τε καὶ ὑπ’ ἀνάγκης
     



Aristotle clearly accepts that things happen at random. In his Metaphysics he makes the case for chance as an uncaused cause (causa sui). 


Nor is there any definite cause for an accident (συμβεβηκός), but only chance (τυχόν), namely an indefinite (ἀόριστον) cause. 

οὐδὲ δὴ αἴτιον ὡρισμένον οὐδὲν τοῦ συμβεβηκότος ἀλλὰ τὸ τυχόν: τοῦτο δ' ἀόριστον. 


(Metaphysics, Book V, 1025a25)





    Without such indefinite (uncaused) causes, everything would happen by necessity.

It is obvious that there are principles and causes which are generable and destructible apart from the actual processes of generation and destruction; for if this is not true, everything will be of necessity: that is, if there must necessarily be some cause, other than accidental, of that which is generated and destroyed. Will this be, or not? Yes, if this happens; otherwise not. 

(Metaphysics, Book VI, 1027a29) 


For Alexander, as for Aristotle, a random event "for no reason" provides a fresh start or new beginning (ἀρχή) of a causal chain (ἄλυσις) that can not be traced back indefinitely. This effectively puts an end to the Stoic ideas of foreknowledge and pre-determination.


These new beginnings are associated with chance (τύχη) and happen by themselves (αῦτόματος)


But Alexander does not equate a fresh start with a decision, which would lead to the randomness objection in the standard argument against free will that the Stoics mistakenly leveled against Epicurus. Fresh starts of new causal chains merely create alternative possibilities for deliberation.        



Alexander on Doing Otherwise

Alexander says that the Stoic assent (συγκατάθεσις) requires a choice after deliberating (βουλεύεσθαι) among alternative possibilities. (De Fato, XIV, 184.13)


If Stoic pre-determinism is true and there was but a single choice, men would deliberate "for no reason" (μάτην). (De Fato, XI-XII)

Chrysippus calls assent a choice (προαίρεσισ). Perhaps inconsistently with his Stoic doctrine of fate, Chrysippus thinks alternatives are possible in some sense.


Alexander says that what gives man the power of a rational assent is the existence of new beginnings. He goes to the extreme of making this the essence of humanity (sounding very Hegelian),


To be rational (λογικῷ) is nothing other than to be the origin (ἀρχή) of one's actions. 

(De Fato, XIV, 184.15)

For man is the origin (ἀρχή) and cause (αίτια) of actions that happen through him (δι’ αὐτοῦ)

(De Fato, XV, 185.11)


  
Alexander says that these origins allow agents to do otherwise in the same circumstances (τῶν αὐτῶν περιεστώτων) at another time (ἄλλοτε). (De Fato, XV, 185.8)
Doing otherwise requires the existence of real alternative possibilities. Unfortunately, Alexander does not see that the role of chance is merely to generate these possibilities, creating new causal chains which can be evaluated for the best choice of action.                                                                                                                          


Alexander on the Causal Chain of the Stoics

(R. W. Sharples translation)


[The Stoics] say that this universe, which is one and contains in itself all that exists, and is organised by a Nature which is alive, rational and intelligent, possesses the organisation of the things that are, which is eternal and progresses according to a certain sequence and order; the things which come to be first are causes for those after them, and in this way all things are bound together with one another. Nothing comes to be in the universe in such a way that there is not something else which follows it with no alternative and is attached to it as to a cause; nor, on the other hand, can any of the things which come to be subsequently be disconnected from the things which have come to be previously, so as not to follow some one of them as if bound to it. But everything which has come to be is followed by something else which of necessity depends on it as a cause, and everything which comes to be has something preceding it to which it is connected as a cause. For nothing either is or comes to be in the universe without a cause, because there is nothing of the things in it that is separated and disconnected from all the things that have preceded. 

For the universe would be torn apart and divided and not remain single for ever, organised according to a single order and organisation, if any causeless motion were introduced; and it would be introduced, if all the things that are and come to be did not have causes which have come to be beforehand [and] which they follow of necessity. And they say that for something to come to be without a cause is similar to, and as impossible as, the coming to be of something from what is not. The organisation of the whole, which is like this, goes on from infinity to infinity evidently and unceasingly. 

(De Fato, XXII, 191.32-192.18)


the famous "causal chain"


...all the things that are become causes of some of the things after them, and that in this way things are connected to one another by the later being attached to the earlier in the manner of a chain (ἄλυσις), this being what they propose as the essence as if it were of fate. 

(De Fato, XXII, 193.5-193.8)



a single uncaused event would make the universe collapse

Alexander on Logical Determinism

The present truth value of statements about the future was an important argument that occupied Aristotle (the "sea-battle" of de Int. IX), Epicurus, and the Stoics. It was thought by many to demonstrate the necessity of fate. But it is dismissed as mere words by some commentators, Carneades, for example. Alexander says those who make this argument are childish or joking, and do not know what they are talking about. 


[The Stoics make] the argument that the proposition 'there will be a sea-battle tomorrow' can be true but not also necessary; for what is necessary is what is always true, but this [proposition] no longer remains true when the sea-battle comes to be; but if this is not necessary, neither is what is signified by it of necessity, [namely] that there will be a sea-battle. But if there will be a sea-battle, but not of necessity (since it is true that there will be a sea-battle, but not [true that there will be a sea-battle] of necessity), clearly [there will be a sea-battle] contingently; and if contingently, the coming-to-be of some things contingently is not done away with by the coming-to-be of all things in accordance with fate.

But this [is an argument] of those who both jest and do not know what they are talking about. For neither is everything that comes to be of necessity necessary, if what is necessary is the eternal, but what comes to be of necessity has been prevented from being like this by its very coming-to-be; nor is the proposition that asserts this [sc. what comes to be of necessity] necessary, if what is signified by it is not of this sort [sc. necessary]. (For we do not describe every proposition, in which what is necessary is contained, as ipso facto] necessary; for it is not in this way that it is judged that a proposition is necessary, but by its not being able to change from being true to being false.)


If then [the proposition that asserts what comes to be of necessity] is not necessary, it has not at all been prevented from being true, just as 'there will be a sea-battle tomorrow'. For, [even] if [when] stated as [something] necessary it is not true because of the addition of the necessary, if it does not become necessary by the addition of 'of necessity' it will still be true in the same way as [the proposition] uttered without this addition. But if this is true, when the next day arrives the proposition that 'a sea-battle came to be of necessity' will be true; and if of necessity, not contingently.


And indeed, if 'there will be a sea-battle tomorrow' is true, it will always be the case that a sea-battle came to be in accordance with fate, if indeed all the things that come to be are in accordance with fate. But if in accordance with fate, unalterably, and if unalterably, it cannot not come to be, and it is impossible for that not to come to be which cannot come to be; and how can we say that that for which it is impossible not to come to be can also not come to be, since it is necessary for that to come to be for which it is impossible not to come to be? So all the things that come to be in accordance with fate will be of necessity, according to them, and not also contingently, as they say in jest. 

(De Fato, X, 177.7-178.8)
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  Alexander's Arguments for the Determinist Position 
  
XXII-XXV. Causation and the unity of the universe. (R. W. Sharples translation)

XXII. Now that we have first considered these points, it would not be a bad idea to set alongside them those which they actually make concerning fate, and to see whether there is any such force in the latter as to make it reasonable, on account of their closeness to the truth, to disregard in this way even the clear facts of the matter. But our discussion of these points will only be to the extent to which it is useful for the purpose before us.


Well then, they say that this universe, which is one and contains in itself all that exists, and is organised by a Nature which is alive, rational and intelligent, possesses the organisation of the things that are, which is eternal and progresses according to a certain sequence and order; the things which come to be first are causes for those after them, and in this way all things are bound together with one another. Nothing comes to be in the universe in such a way that there is not something else which follows it with no alternative and is attached to it as to a cause; nor, on the other hand, can any of the things which come to be subsequently be disconnected from the things which have come to be previously, so as not to follow some one of them as if bound to it. But everything which has come to be is followed by something else which of necessity depends on it as a cause, and everything which comes to be has something preceding it to which it is connected as a cause. For nothing either is or comes to be in the universe without a cause, because there is nothing of the things in it that is separated and disconnected from all the things that have preceded. For the universe would be torn apart and divided and not remain single for ever, organised according to a single order and organisation, if any causeless motion were introduced; and it would be introduced, if all the things that are and come to be did not have causes* which have come to be beforehand [and] which they follow of necessity. And they say that for something to come to be without a cause is similar to, and as impossible as, the coming to be of something from what is not. The organisation of the whole, which is like this, goes on from infinity to infinity evidently and unceasingly.


There is a certain difference among the causes, in expounding which they speak of a swarm of causes, some initiating, some contributory, some sustaining, some constitutive, and so on (for [our] need is not at all to prolong the argument by bringing in everything they say, but to show the point of their opinion concerning fate). — There are, then, several sorts of cause, and they say that it is equally true of all of them that it is impossible that, when all the circumstances surrounding both the cause and that for which it is a cause are the same, the matter should sometimes not turn out in a particular way and sometimes should. For if this happens there will be some motion without a cause.


Fate itself, Nature, and the reason according to which the whole is organised, they assert to be God; it is present in all that is and comes to be, and in this way employs the individual nature of every thing for the organisation of the whole. And such, to put it briefly, is the opinion they lay down concerning fate.


XXIII. The falsity of what they say needs no arguments or refutations from elsewhere, but is evident from the statements themselves. For what clearer refutation of a statement could there be than that it does not fit the things about which it is made? The first statement, at any rate, that all the things that are become causes of some of the things after them, and that in this way things are connected to one another by the later being attached to the earlier in the manner of a chain, this being what they propose as the essence as if it were of fate — how is this not clearly in conflict with the facts? For if fathers are causes of their children, and enquiry after causes should be governed by considerations of affinity, so that the cause of a man is a man, and of a horse a horse, of which of those after them are those who never even married in the first place the causes? Of whom are those children that die before maturity the causes? For many of the things that come to be, because of their falling short in size, either are not roused or perish too early, and so do not succeed in becoming the causes of anything in accordance with the potential that they possess. What will they say is caused by the superfluities that grow on certain parts of the body? What by monstrosities and things which come to be in a way contrary to nature, which cannot even survive in the first place? But if the outer husk in plants is for the sake of the inner husk and the inner husk for the sake of the fruit, and if they are watered so that they may be nourished and nourished so that they may bear fruit — even so, one can find many things in them which do not come to be in this way. For of what subsequent things would one say that those fruits which have rotted or dried up are the causes? Of what the fact that certain leaves are double? From these points it is obvious to those who want to see the truth and are able [to do so] that, just as not all that has potential exercises it, so not everything that might become a cause either is already a cause or has become one or will become one; indeed, it is not the case that everything that has come to be is at once, in virtue of its being, already the cause of something that will be in the future.


To say on the one hand, in engaging with their opponents, that these things too are causes, but retreat to the claim that it is not clear of what they are the causes (as, indeed, they are often compelled to do in connection with the Providence of which they speak, too) is the tactic of those who are trying to find an easy way out of their difficulties. For by using this argument it will be possible to say of all the most absurd things that they both exist and have causes which are in accordance with reason, though still obscure to us.


XXIV. Is it then the case that, if this is how these things are, something will come to be without a cause, and does our argument give support to this? Or is it possible to preserve [the thesis] that nothing comes to be without a cause, even though matters are as we state? For if we abandon the chain of causes and cease saying that, when certain things have first come to be, it follows of necessity that they must by nature become causes, as if [being] causes were included in their essence, and [if instead we] assign causes starting from the things that are coming to be and are subsequent, and, further, look for the causes in the proper sense of the things that are
coming to be, we will find both that nothing that comes to be comes to be without a cause, and that it is not, on account of this, the case that everything that comes to be will be of necessity, in accordance with the sort of fate described.


For it does not follow of necessity that, just because Sophroniscus exists, he must therefore be a father and the cause of some one of those after him. If however Socrates is to exist, of necessity Sophroniscus is the cause of his coming-to-be. If a foundation exists, it is not necessary for a house to come to be, but if a house exists the foundation must necessarily have been laid first; and it is in this way that one must understand that the causes are of necessity in the things that come to be by nature too, not that it follows of necessity that the things that are first should be causes of something, but that those that come to be subsequently must of necessity have one of the things preceding them as a cause.


And there are some things among those that come to be that are of such a sort as to have a cause, indeed, not however one that is proper to them and primary*, but [rather], as we are accustomed to say, [one that is] accidental. The finding of treasure by someone who was digging in order to plant has the digging as a cause, indeed, but it is not [a cause] proper to it and did not come to be on account of it. For causes in the strict sense are followed by what is caused either of necessity, as our opponents think, or for the most part; but causes that are accidental in this way rarely become causes of such things.


So if one argues in this way it follows that one both says that nothing comes to be without a cause and preserves the coming-to-be of some things as a result of luck and fortuitously, and the existence of what depends on us and the contingent, in the realm of facts and not just as expressions.


XXV. For how is it not clearly false to say that everything that follows something derives the cause of its being from it, and that everything that precedes something is its cause? For we see that not all the things which succeed one another in time come to be because of those which have come to be earlier and before them. Walking is not caused by standing up, nor night by day, nor the Isthmian /games by the Olympian, nor yet summer by winter. And for this reason one might wonder at their making the assignment of causes in such a way that they always regard what has come to be first as the cause of what follows it and construct a successive connection and continuity of the causes, and [at their] giving this as the explanation for nothing's coming to be without a cause.


For we see that in many cases the same thing is the cause both for the things that come to be first and for those that come to be later. At any rate, the cause of standing up and of walking about is the same; for standing up is not the cause of walking about, but the cause of both is the [man] who stands up and walks about and his choice. 


And we see that night and day, too, which have a certain order in relation to each other, have one and the same cause, as does similarly the changing of the seasons. Winter is not the cause of summer, but both the former things [night and day] and the latter things [winter and summer] are caused by the motion and rotation of the divine body* and the inclination along the ecliptic; the sun, moving along this, is the cause of all alike of the things mentioned above. 

Nor indeed does it follow that, because night is not the cause of day nor winter of summer, and these things are not intertwined with one another in the manner of a chain, they therefore come to be without a cause, or that if they did not come to be in this way [sc. in the manner of a chain] the unity of the universe and of the things that are and come to be in it will be torn apart. For the heavenly bodies and their rotation are sufficient to preserve the continuity of the things that come to be in the universe. Nor indeed is walking without a cause, [just] because it does not derive its cause from standing up.


So the sequence of causes of which they speak would not be a reasonable explanation to give of nothing's coming to be without a cause. For as motions and times have some cause indeed, though the cause of a motion is not the previous motion nor of a time the previous time, so it is with the things that come to be in them and through them. For the continuity of the things that come to be has a cause, and it is on account of this that the universe is one and eternal, always organised in one and the same way; and one should look for this and not leave the cause aside. But one should not suppose that it is of such a sort as this, [namely] that what is younger comes to be from what is older, as we see is the case with the coming-to-be of living creatures.
It is reasonable, too, to say that there is some first beginning among the causes, which has no other beginning or cause before it.


For it is not the case that, if all things that come to be have causes, therefore all things must necessarily have causes. For not everything that is comes to be. How is it not absurd to say that the causes and the sequence and successive connection of them extend to infinity, so that there is nothing that is first or last? For to say that there is no first cause is to do away with cause; for if the first beginning is done away with it is necessary that what follows it be done away with. And knowledge too would be done away with by this argument, if knowledge in the proper sense is acquaintance with the first causes, but according to them there is no first cause among causes.
Nor does every transgression of an established order do away with the things in which it occurs: for it is not impossible that some things should come to pass in a way that conflicts with the monarch's order, but not therefore be altogether destructive of his monarchy. Nor, if something of the sort happens in the universe, does it at once follow that it altogether destroys the happy state of the universe, just as that of the house and its master is not [altogether destroyed] by some negligence or other on the part of the servants.

  




Alexander anticipates criticisms of Hume's "constant conjunctions" as causes




Source: https://www.informationphilosopher.com/solutions/philosophers/alexander/





  
  Anaximander
  

  


  
  Home › Solutions › Philosophers › Anaximander
Anaximander

Anaximander of Miletus, a student of Thales, described a first principle (archē) as a sort of indefinite and unbounded moving element, the apeiron (ἄπειρον). Unlike the other presocratics, Anaximander did not name a known specific element as the origin of all matter, like water (Thales), fire (Heraclitus), or air (Anaximenes). Anaximander may have been the first natural scientist, describing principles about the creation and destruction of order as an arrangement of things in time, which are created and later perish. 


We have only one major fragment of Anaximander, and a couple of important phrases. They come from Theophrastus (c. 370-290 BCE), the successor to Aristotle as head of the Peripatetic school, and Simplicius (c. 490-560 CE.), who is quoting from Theoprastus.


ἀρχὴ ... τῶν ὄντων τὸ ἄπειρον ... ἐξ ὧν δὲ ἡ γένεσίς ἐστι τοῖς οὖσι͵ καὶ τὴν φθορὰν εἰς ταῦτα γίνεσθαι κατὰ τὸ χρεών· διδόναι γὰρ αὐτὰ δίκην καὶ τίσιν ἀλλήλοις τῆς ἀδικίας κατὰ τὴν τοῦ χρόνου τάξιν.

Ἀθάνατον [...] καὶ ἀνώλεθρον.



Kathleen Freeman's translations are:

The Non-Limited is the original material of existing things; further, the source from which existing things derive their existence is also that to which they return at their destruction, according to necessity; for they give justice and make reparation to one another for their injustice, according to the arrangement of Time.

(The Non-Limited) is immortal [ἀ + θάνατον] and indestructible [ἀν + ὂλεθρον. N.B., φθορὰν is another word for destruction].
   


Kirk and Raven translate the version given by Theophrastus as


...some other apeiron nature, from which come into being all the heavens and the world in them. And the source of coming-to-be for existing things is that into which destruction, too, happens. 'according to necessity [translating κατὰ τὸ χρεών]; for they pay penalty [translating διδόναι δίκην] and retribution to each other for their injustice according to the assessment of Time [personified as Chronos].
   
Martin Heidegger cited this "Anaximander Fragment" as the introduction of Being (and perhaps Time?) into philosophy, after which he claims that Being (Existence itself or perhaps the noumenal Idea of Being outside space and time?) is forgotten as philosophical and scientific thought concentrates on the multitude of beings (existing things).

Friedrich Nietzsche had also cited this ancient fragment in his posthumous Philosophy in the Tragic Age of the Greeks. Much of Heidegger's work and even his terminology can be traced back to Nietzsche.



We can read ἀρχὴ as both beginning and principle, with its important relatives ἄρχω (of time, to begin) and ἄρχων (a ruler, king). 


There is no "material" obvious at the beginning of the fragment, so it is better to read ἀρχὴ  as a cosmological "origin" of existing things in general, of things (τῶν ὄντων) that have "being" (τὸ ὀν). 


We can read ἄπειρον as without a limit (ἀ + πεῖρας), but even more deeply, see the relative πειρα as an attempt, an experiment, and as "experience." This is the root of our "empirical," from ἐν "in" + πειρα "experiment." So apeiron can mean "without experience," or, in the context of an origin, "before experience." This is then Immanuel Kant's distinction between onto-theology (discovering God from thinking about the concept alone) and cosmo-theology (discovering God based on our experiences).  



Anaximander's mention of χρεών is etymologically related to χρῆματα, things for which man is the measure, according to Protagoras. These are material and useful things of value (χρῆματα, or πράγματα). 



διδόναι δίκην ("giving justice") is a similar idiom "suffer punishment, make amends"


The German translation given in the first edition of the Fragmente der Vorsokratiker of Hermann Diels (1903) translates τῶν ὄντων  as Dinge. A better translation would be simple "beings" or "things that exist." Diels translates κατὰ τὸ χρεών as nach der Notwendigkeit, which is too strong, implying the determinism of the later atomists and materialists.


Anfang der Dinge ist das Unendliche. Woraus aber ihnen die Geburt ist, dahin geht auch ihr Sterben nach der Notwendigkeit. Denn sie zahlen einander Strafe und Buße für ihre Ruchlosigkeit nach der Zeit Ordnung.
Notwendigkeit is the strong concept of necessity that implies determinism. It was introduced in Greek thought a century later by atomists such a Leucippus. Dinge implies material "things" and not "beings" - let alone the Being" that Martin Heidegger is looking for. 


Leucippus said about necessity...
  

"Nothing occurs at random, but everything for a reason and by necessity." (Leucippus, Fragment 569 - from Fr. 2 Actius I, 25, 4)

οὐδὲν χρῆμα μάτην γίνεται, ἀλλὰ πάντα ἐκ λόγου τε καὶ ὑπ’ ἀνάγκης 
  


A better translation for the idiom κατὰ τὸ χρεών· is "according to that which must be," according to what is due, or just "needed," and not the "necessity" = ἀν + ανκη of Leucippus. The χρῆμα of Leucippus and the plural χρῆματα of Protagoras are the everyday "things of which man is the measure," not Parmenides "things that exist," let alone "Being itself"

In Plato, Phaedrus (255a), του χρόνου ἣ τε ἡλικἰα και τὸ χρεών, is translated in the Loeb Plato as  "in time, at an age, according to destiny."


In the sixth edition of the Fragmente der Vorsokratiker, now edited by Walther Kranz, we find a surprisingly different German translation, described as "in direct speech."


1. (In direkter Rede:) Anfang und Ursprung der seienden Dinge ist das Apeiron (das grenzenlos-Unbestimmbare). Woraus aber das Werden ist den seienden Dingen, in das hinein geschieht auch ihr Vergehen nach der Schuldigkeit; denn sie zahlen einander gerechte Strafe und Buße für ihre Ungerechtigkeit nach der Zeit Anordnung.
2. Das Apeiron ist ohne Alter.

3. Das Apeiron ist ohne Tod und ohne Verderben.



Here Kranz inserts "seienden Dinge, "things that are, "being things"" rather than just "things." And he replaces Diels' Notwendigkeit with Schuldigkeit or Duty.

The latest modern compilation of the Fragments, sixty years after the latest Diels-Kranz, is by Daniel W. Graham, a philosopher with classical training, but not a classicist. Here are full excerpts from ancient Anaximander quotations by Simplicius, via Theophrastus, by Hippolytus, and by Aristotle. Anaximander's own words are bolded.


9. Simplicius Physics 24.13-25, Theophrastus fr. 226A Fortenbaugh (A9, B1)


9 [report of the interpretation of Theophrastus:] Of those who say the source is one and in motion and boundless, Anaximander, the son of Praxiades, of Miletus, the successor and student of Thales, said the source and element of existing things was the boundless, being the first one to apply this term to the source. And he says it is neither water nor any other of the so-called elements, but some other boundless nature, from which come to be all the heavens and the world-orders in them:



[F1] From what things existing objects come to be, into them too does their destruction take place, according to what must be: for they give recompense and pay restitution to each other for their injustice according to the ordering of time, expressing it in these rather poetic terms.

[comment by Simplicius:] It is clear that, observing the change of the four elements into each other, he did not think it appropriate to make one of them the substratum of the others, but something else besides them. And he did not derive generation from the alteration of some element, but from the separation of contraries due to everlasting motion. That is why Aristotle classified him with the followers of Anaxagoras. 


10 Hippolytus Refutation 1.6.1-2 (A11, B2)


10 Anaximander, was the student of Thales. Anaximander, son of Praxiades, of Miletus. He said the source and element of existing things was a certain nature of the boundless, from which come to be the heavens and the world-order in them. [Fa] And this is everlasting and ageless [translating ἁίδιον (ἁείδιον) εῖναι καὶ ἀγήρω], and it also surrounds all the world- orders. He speaks of time as though there were a determinate period of coming to be and existing and perishing. (2) He has said the source and element of existing things is the boundless, being the first to call the source by  term. Furthermore, motion is everlasting, as a result of which the heavens come to be.


16 Aristotle Physics 203b6-28 (A15+, B3)


16 Everything is either a source or derives from a source, but there is no source of the boundless or infinite, for then there would be a boundary of it. Furthermore, it would be without coming to be and perishing insofar as it is a source; for what comes to be must reach an end, and there is an end of every perishing. For that reason, as we say, there is no source of the infinite, but [F3] this seems to be a source of everything else and to contain all things and steer all things, as everyone claims who does not posit some cause beyond the boundless, as for instance mind or love. (B3) And this is the divine, for it is deathless and imperishable [translating ἁθάνατον γάρ καὶ ἀνώλεθρον], as Anaximander says, together with the majority of the natural philosophers.


The belief in some infinite principle would seem to arise especially from five considerations: [1] from the concept of time (for this is infinite), [2] from the division in magnitudes (for mathematicians employ the concept of infinity), [3] and again from the fact that only in this way will coming to be and perishing not cease: so long as there is something infinite from which what comes to be is subtracted. [4] And again from the fact that what is limited always meets some limit, so that there must be no limit if everything is limited by something else. [5] But the main and chief reason, is what causes a general problem for everyone: because we cannot imagine an end of the series, number seems infinite, and likewise mathematical magnitudes and also what is outside the heaven. And if what is outside the heavens is infinite, so, we tend to believe, are body and the world-orders themselves. For why should there be more void in one place than in another? So if there is body in one place it must be everywhere.


17 Aristotle Physics 204b22-29 (A16)


17 But it is not possible for the boundless body to be one and simple - neither as some say something besides the elements, from which they generate them, nor without qualification. For there are some who posit a boundless, not air or water, in order that other things may not be destroyed by the infinite amount of their opposite; for each of these has a character contrary to the others, for instance air is cold, water moist, fire hot. So if any one of these was infinite, the rest would
already have been destroyed. But it is really something else, they say, from which these things arise.
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Note that coming-to-be and destruction are now thought to be Simplicius' addition, as first suspected by John Burnet in the 1890's and as Heidegger knew. Even ἀρχὴ is a later term, and Graham drops it, γένεσίς, and φθορὰν 


Source: https://www.informationphilosopher.com/solutions/philosophers/anaximander/
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Anselm


Anselm of Canterbury was known as the founder or Scholasticism and originator of the ontological argument for the existence of God. (A perfect being must exist.)

He developed a theory for the freedom of the will in his De Libertate Arbitrii (On Freedom of Choice) somewhat different from that of Augustine (De Libero Arbitrio), in that he combined two of Augustine's senses into one. These are theories on the freedom of the will and not compatibilist notions that we call "freedom of action" or Isaiah Berlin calls "negative freedom."


It is convenient to refer to them by Mortimer  Adler's three kinds of freedom. In The Idea of Freedom, vol.I, Adler classifies all freedoms into three categories:

	The Circumstantial Freedom of Self-Realization
	The Acquired Freedom of Self-Perfection
	The Natural Freedom of Self-Determination

Self-realization is freedom from external coercion, political end economic freedom, etc. 

The freedom we have identified as circumstantial is variously called "economic freedom," "political freedom," "civil liberty," "individual freedom," "the freedom of man in society," "freedom in relation to the state," and "external freedom." It is sometimes referred to negatively as "freedom from coercion or restraint," "freedom from restrictions," or
"freedom from law," and sometimes positively as "freedom of action," "freedom of spontaneity," or "freedom under law." 


The Acquired Freedom of Self-perfection is the idea from Plato to Anselm to Kant that we are only free when our decisions are for reasons and we are not slaves to our passions (making moral choices rather than satisfying desires). 


This is the acquired or learned knowledge to distinguish right from wrong, good from evil, true from false, etc. Anselm calls this libertas, in which man is only free when following a divine moral law. Sinners, says Anselm, do not have this kind of free will, which is odd because sinners are presumably responsible for evil in the world despite an omniscient and omnipotent God.


Instead, Anselm says that those who have the ability (posse) to sin or not to sin have what he calls liberum arbitrium, this is the ability to choose from among alternative possibilities, some of which may include self interest.


For Anselm, thanks to God's grace, only God and the angels have pure libertas. 


Anselm cites the example of an agent who is given the choice to lie or to die. Shall he do the right thing and tell the truth, in which case he dies, or do what is in his self-interest and lie? Compare Robert Kane's example of the businesswoman who has to choose between aiding a victim in an alley or going on to her business meeting.


This is Adler's Natural Freedom of Self-Determination. 


According to G. Stanley Kane, Anselm combines libertas and liberum arbitrium. This makes sense, because pure freedom (libertas) is to live a perfect life in God's grace, whereas a more normal sense of free will (liberum arbitrium) involves judgment, decisions between alternatives (including moral decisions). 



In the intellectual tradition that he received, Anselm inherited two distinct notions of freedom. In one, freedom is thought of as the state in which a person is exempt from all possibility of sin or corruption—the state of sinless perfection. Here freedom is the ability to fulfill completely the will of God. The only way to possess this freedom is to attain it or merit it (which, of course, cannot be done without the grace of God). In this notion, while "freedom" designates a state or condition, it also designates a subjective power or capacity. Freedom is the state of sinless perfection and the power to maintain that state. The antithesis of this kind of freedom is sin or the ability to sin.


The second kind of freedom is the property of will by which it is able to choose any one of a set of two or more alternatives. This kind of freedom does not have to be attained; it is a natural property of the human will. Having this kind of freedom entails having the ability to sin along with the ability not to sin. The antithesis of this kind of freedom is determinism—any kind of compulsion or necessity that so conditions a person's choices that he cannot do otherwise than he actually does.



This is the freedom of the Cogito two-stage model


On God's Omnipotence and Omniscience


In the first edition of my book on Free Will (p.5), I argued that God could not logically be both omnipotent and omniscient. I thought I had discovered this logical contradiction. But reading Richard Sorabji's excellent book Necessity, Cause, and Blame. I was mistakenly led to believe that Anselm had considered this contradiction. I wrote this in 2011.  
On Omniscience, Omnipotence, Benevolence
In passing, it is worth noting that the idea of God as an
omniscient and omnipotent being has an internal logical
contradiction that is rarely discussed by the theologians.1
If such a being had perfect knowledge of the future, like
Laplace’s demon, who knows the positions, velocities, and
forces for all the particles, it would be perfectly impotent.
Because if God had the power to change even one thing
about the future, his presumed perfect knowledge would
have been imperfect. Omniscience entails impotence.
Omnipotence some ignorance.

As to benevolence, Archibald MacLeish said in J.B, “If
God is Good, He is not God. If God is God, He is Not Good.”



A careful rereading of Sorabji, as well as Anselm's Concordia Praescientiae et Praedestinationis et Gratiae Dei cum Libero Arbitrio tells me that Anselm did not in fact reach my 2011 conclusion. 


First, Sorabji wrote (p.126),


Anselm had earlier been worried by the determinist objection that what is eternal cannot be changed.


Sorabji might here have understood Anselm saying that since God's knowledge is eternal, the deterministic future cannot be changed destroying God's omnipotence.


But Anselm has no such clear logical thinking. Sorabji tells us so on his next page 127.


He [Anselm] replied that the very same thing, which, as eternal, is immutable, is also in time, and hence mutable.


Does Anselm think God's eternal (omniscient foreknowledge) is compatible with God's omnipotent power to change the future?


And in Anselm's Concordia we find examples of Anselm believing blatant logical contradictions in defense of God's powers, for example God's omniscient foreknowledge and human free will.


I think I have demonstrated with the help of God’s grace that no impossibility is involved in the coexistence of God’s foreknowledge and our free choice and that no unsolvable objection can be raised if someone carefully weighs my words.
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Source: https://www.informationphilosopher.com/solutions/philosophers/anselm/
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Aristotle

      The Pythagoreans, Socrates, and Plato attempted to reconcile an element of human freedom with material determinism and causal law. But the first major philosopher to argue convincingly for some indeterminism was probably Aristotle.  This is despite the fact that he described a causal chain back to a prime mover or first cause, and he elaborated the four possible causes (material, efficient, formal, and final). 
    

In his Physics and Metaphysics Aristotle also said there were "accidents" caused by "chance (τυχή)."  In his Physics (Book II, chapter iv), he clearly reckoned chance among the causes. Aristotle might have added chance as a fifth cause - an uncaused or self-caused cause - that happens when two causal chains come together by accident (συμβεβεκός). He noted that the early physicists found no place for chance among the causes. 
    

Aristotle knew that many decisions were quite predictable based on habit and character, but they were no less free if one's character itself and predictable habits were developed freely in the past and were changeable in the future. This was the view of Eastern philosophies and religions. Our karma has been determined by our past actions (even from past lives), and strongly influences our current actions, but we are free to improve our karma by future good actions.  
    

As a principal architect of the concept of causality, and the formulator of the four causes, Aristotle's statements on indefinite causes are perhaps his most significant contribution to freedom, in the world and in human decisions. 

[image: David Marans' Logic Gallery]
See more philosopher profiles at the Logic Gallery by David Marans

In his Metaphysics and the Physics, Aristotle makes the case for chance and uncaused causes (causa sui). And in the Nicomachean Ethics he shows our actions can be voluntary and "up to us" so that we can be morally responsible. 



Nor is there any definite cause for an accident, but only chance (τυχόν), namely an indefinite (ἀόριστον) cause. 



    Without such indefinite (uncaused) causes, everything would happen by necessity.

It is obvious that there are principles and causes which are generable and destructible apart from the actual processes of generation and destruction; for if this is not true, everything will be of necessity: that is, if there must necessarily be some cause, other than accidental, of that which is generated and destroyed. Will this be, or not? Yes, if this happens; otherwise not. 



     Some determinist philosophers have interpreted Aristotle's "accident" as the convergence of two causal chains as being compatible with determinism, but Aristotle himself is unequivocal in opposing strict necessity. Accidents are a consequence of chance.

     Aristotle rejected determinism in his statement on chance. Unfortunately, his description of chance as "obscure" (ἄδηλος) to human reason led centuries of philosophers to deny the existence of chance: 


Causes from which chance results might happen are indeterminate; hence chance is obscure to human calculation and is a cause by accident. 



Aristotle clearly believed our deliberations (βουλευτῶν) involve choices (προαιρετῶν) between alternative possibilities. At a minimum it is "up to us" whether to act or not to act, and this implies both the possibility to do otherwise and moral responsibility for our actions. 

Aristotle's definition of the voluntary will as caused by deliberations within an agent (the first agent-causallibertarianism) is still valid today. 


If then whereas we wish for our end, the means to our end are matters of deliberation and choice, it follows that actions dealing with these means are done by choice, and are voluntary. But the activities in which the virtues are exercised deal with means. Therefore vίrtue also depends on ourselves. And so also does vice. For where we are free to act we are also free to refrain from acting, and where we are able to say No we are also able to say Yes; if therefore we are responsible for doing a thing when to do it is right, we are also responsible for not doing it when not tο dο it is wrong, and if we are responsible fοr rightly not doing a thing, we are also responsible fοr wrongly doing it. But if it is in our power tο dο and tο refrain from doing right and wrong, and if, as we saw, being good οr bad is doing right οr wrong, it consequently depends οn us whether we are virtuous οr vicious.

But if it is manifest that a man is the author of his own actions, if we are unable to trace conduct back to any other origins than those within ourselves, then actions of which the origins are within us (ἐν ἡμῖν), themselves depend upon us (ἐφ' ἡμῖν), and are voluntary (ἐκούσια - willed). 





In his Physics, Book II, Aristotle described chance as a cause and deliberation (βουλευτῶν) by an agent as a cause. Both these causes stand as possible causes separate from causal necessity and determinism.

In the century after Aristotle, Epicurus described these same three causes. Following Aristotle, Epicurus thought human agents have an autonomous ability to transcend the necessity and chance of some events. This special ability makes us morally responsible for our actions.


...some things happen of necessity (ἀνάγκη), others by chance (τύχη), others through our own agency (παρ’ ἡμᾶς).

...necessity destroys responsibility and chance is uncertain; whereas our own actions are autonomous, and it is to them that praise and blame naturally attach.

λέγει ἐν ἄλλοις γίνεσθαι ἃ μὲν κατ’ ἀνάγκην, ἃ δὲ ἀπὸ τύχης, ἃ δὲ παρ’ ἡμᾶς, διὰ τὸ τὴν μὲν ἀνάγκην ἀνυπεύθυνον εἶναι, τὴν δὲ τύχην ἄστατον ὁρᾶν, τὸ δὲ παρ’ ἡμᾶς ἀδέσποτον, ᾧ καὶ τὸ μεμπτὸν καὶ τὸ ἐναντίον παρακολουθεῖν πέφυκεν
 

(Letter to Menoeceus, §133)




Epicurus, clearly following Aristotle, finds a tertium quid, beyond necessity (Democritus' physics) and chance
(Epicurus' swerve). 
The tertium quid is agent autonomy. Aristotle describes it as the agent's deliberation as to what to choose from the chance possibilities.


Aristotle challenged those who said our actions are determined by our character. That would deny moral responsibility. He admitted that some aspects of our character may be innate and thus limit our responsibility. But we are at least partially free to form our character.  

Even when our character adequately determines our choices, since we were directly responsible for forming at least part of that character at an earlier time in our lives, so we are now indirectly responsible for all those choices.                                         


But suppose somebody says: "All men seek what seems tο them good, but they are not responsible for its seeming gοod: each man's conception οf his end is determined by his character." 

If then, as is said, our virtues are voluntary (and in fact we are in a sense ourselves partly the cause of our states of character, and it is our having a certain character that makes us set up an end of a certain kind), it follows that our vices are voluntary also; they are voluntary in the same manner as our virtues. 




That Aristotle believes in an open and ambiguous future with alternative possibilities is also shown by his denial of the logical Master Argument for determinism of Diodorus Cronus, in the form of Aristotle's famous "sea battle."


Diodorus argued from an assumed necessity of past truths (which is understandable, if a misapplication of logic to physical reality) that something is impossible that neither is or ever will be true.


Aristotle reframed the argument as the truth or falsity of the statement that a sea battle will occur tomorrow. Despite the law of the excluded middle (or principle of bivalence), which allows no third case (or tertium quid), Aristotle concluded that the statement is neither true nor false, supporting an ambiguous future. 


What is, necessarily is, when it is; and what is not, necessarily is not, when it is not. But not everything that is, necessarily is; and not everything that is not, necessarily is not. For to say that everything that is, is of necessity, when it is, is not the same as saying unconditionally that it is of necessity. Similarly with what is not. And the same account holds for contradictories: everything necessarily is or is not, and will be or will not be; but one cannot divide and say that one or the other is necessary. 

I mean, for example: it is necessary for there to be or not to be a sea-battle tomorrow; but it is not necessary for a sea-battle to take place tomorrow, nor for one not to take place — though it is necessary for one to take place or not to take place. So, since statements are true according to how the actual things are, it is clear that wherever these are such as to allow of contraries as chance has it, the same necessarily holds for the contradictories also. This happens with things that are not always so or are not always not so. With these it is necessary for one or the other of the contradictories to be true or false — not, however, this one or that one, but as chance has it; or for one to be true rather than the other, yet not already true or false.



Aristotle never denied the law of the excluded middle, merely that the truth or falsity of statements about future events does not exist yet. Note that this implies at least some things in the past may be changed in the future, i.e., the truth values of statements about the future.


In the century following Aristotle, Epicurus proposed a random swerving of some atoms, at no particular places and times, as the cosmological source of chance. Although this physical model for chance is ingenious and anticipated twentieth-century quantum mechanics, Epicurus provides little of deep significance for free will and moral responsibility that is not already implicit in Aristotle.
    


On the Soul (De Anima) 
    

In Book III, Parts IV and V, perhaps the most controversial and confusing part of his entire corpus, Aristotle says that the soul (psyche) or mind is immaterial. Intellect (nous) is that part of the soul whose active thinking gives it a causal (aitia) power (dynamis) over the material (hyle) body (soma). This claim appears to anticipate the mind-body problem of Descartes, how exactly does an immaterial thing (substance) or property exert a causal force on the material body?


Turning now to the part of the soul with which the soul knows and (whether this is separable from the others in definition only, or spatially as well) we have to inquire what differentiates this part, and how thinking can take place. 

If thinking is like perceiving, it must be either a process in which the soul is acted upon by what is capable of being thought, or a process different from but analogous to that. The thinking part of the soul must therefore be, while impassible, capable of receiving the form of an object; that is, must be potentially identical in character with its object without being the object. Thought must be related to what
is thinkable, as sense is to what is sensible...


Thus that in the soul which is called thought (by thought I mean that whereby soul thinks and judges) is, before it thinks, not actually any real thing. For this reason it cannot reasonably be regarded as blended with the body: if so, it would acquire some quality, e.g. warmth or cold, or even have an organ like the sensitive faculty: as it is, it has none. It was a good idea to call the soul 'the place of forms', though this description holds only of the thinking soul, and even this is the forms only potentially, not actually.



Part V

Since in every class of things, as in nature as a whole, we find two factors involved, (1) a matter which is potentially all the particulars included in the class, (2) a cause which is productive in the sense that it makes them all (the latter standing to the former, as e.g. an art to its material), these distinct elements must likewise be found within the soul.


And in fact mind as we have described it is what it is what it is by virtue of becoming all things, while there is another which is what it is by virtue of making all things: this is a sort of positive state like light; for in a sense light makes potential colours into actual colours.


Mind in this sense of it is separable, impassible, unmixed, since it is in its essential nature activity (for always the active is superior to the passive factor, the originating force to the matter which it forms).


Actual knowledge is identical with its object: in the individual, potential knowledge is in time prior to actual knowledge, but in the universe as a whole it is not prior even in time. Mind is not at one time knowing and at another not. When mind is set free from its present conditions it appears as just what it is and nothing more: this alone is immortal and eternal (we do not, however, remember its former activity because, while mind in this sense is impassible, mind as passive is destructible), and without it nothing thinks.


Part V in Greek


430a 10-25
	


   Ἐπεὶ δ' [ὥσπερ] ἐν ἁπάσῃ τῇ φύσει ἐστὶ [τι] τὸ μὲν ὕλη ἑκάστῳ γένει (τοῦτο δὲ ὃ πάντα δυνάμει ἐκεῖνα), ἕτερον δὲ τὸ αἴτιον καὶ ποιητικόν, τῷ ποιεῖν πάντα, οἷον ἡ τέχνη πρὸς τὴν ὕλην πέπονθεν, ἀνάγκη καὶ ἐν τῇ ψυχῇ ὑπάρχειν ταύτας τὰς διαφοράς· 


καὶ ἔστιν ὁ μὲν τοιοῦτος νοῦς τῷ πάντα γίνεσθαι, ὁ δὲ τῷ πάντα ποιεῖν, ὡς ἕξις τις, οἷον τὸ φῶς· τρόπον γάρ τινα καὶ τὸ φῶς ποιεῖ τὰ δυνάμει ὄντα χρώματα ἐνεργείᾳ χρώματα. καὶ οὗτος ὁ νοῦς χωριστὸς καὶ ἀπαθὴς καὶ ἀμιγής, τῇ οὐσίᾳ ὢν ἐνέργεια·


ἀεὶ γὰρ τιμιώτερον τὸ ποιοῦν τοῦ πάσχοντος καὶ ἡ ἀρχὴ τῆς ὕλης. 


[τὸ δ' αὐτό ἐστιν ἡ κατ' ἐνέργειαν ἐπιστήμη τῷ πράγματι· ἡ δὲ κατὰ δύναμιν χρόνῳ προτέρα ἐν τῷ ἑνί, ὅλως δὲ οὐδὲ χρόνῳ, ἀλλ' οὐχ ὁτὲ μὲν νοεῖ ὁτὲ δ' οὐ νοεῖ.] χωρισθεὶς δ' ἐστὶ μόνον τοῦθ' ὅπερ ἐστί, καὶ τοῦτο μόνον ἀθάνατον καὶ ἀΐδιον (οὐ μνημονεύομεν δέ, ὅτι τοῦτο μὲν ἀπαθές, ὁ δὲ παθητικὸς νοῦς φθαρτός)· καὶ ἄνευ τούτου οὐθὲν νοεῖ.





Chance as a Fifth Cause, Physics, Book II, Parts 4-6

Source
Part 4
But chance also and spontaneity are reckoned among causes: many 
things are said both to be and to come to be as a result of chance and 
spontaneity. We must inquire therefore in what manner chance and spontaneity 
are present among the causes enumerated, and whether they are the same 
or different, and generally what chance and spontaneity 
are.


Some people even question whether they are real or not. They say 
that nothing happens by chance, but that everything which we ascribe to 
chance or spontaneity has some definite cause, e.g. coming 'by chance' 
into the market and finding there a man whom one wanted but did not expect 
to meet is due to one's wish to go and buy in the market. Similarly in 
other cases of chance it is always possible, they maintain, to find something 
which is the cause; but not chance, for if chance were real, it would seem 
strange indeed, and the question might be raised, why on earth none of 
the wise men of old in speaking of the causes of generation and decay took 
account of chance; whence it would seem that they too did not believe that 

anything is by chance. But there is a further circumstance that is surprising. 
Many things both come to be and are by chance and spontaneity, and although 
know that each of them can be ascribed to some cause (as the old argument 
said which denied chance), nevertheless they speak of some of these things 
as happening by chance and others not. For this reason also they ought 
to have at least referred to the matter in some way or 
other.


Certainly the early physicists found no place for chance among 
the causes which they recognized-love, strife, mind, fire, or the like. 
This is strange, whether they supposed that there is no such thing as chance 
or whether they thought there is but omitted to mention it-and that too 
when they sometimes used it, as Empedocles does when he says that the air 
is not always separated into the highest region, but 'as it may chance'. 
At any rate he says in his cosmogony that 'it happened to run that way 
at that time, but it often ran otherwise.' He tells us also that most of 
the parts of animals came to be by chance.


There are some too who ascribe this heavenly sphere and all the 

worlds to spontaneity. They say that the vortex arose spontaneously, i.e. 
the motion that separated and arranged in its present order all that exists. 
This statement might well cause surprise. For they are asserting that chance 
is not responsible for the existence or generation of animals and plants, 
nature or mind or something of the kind being the cause of them (for it 
is not any chance thing that comes from a given seed but an olive from 
one kind and a man from another); and yet at the same time they assert 
that the heavenly sphere and the divinest of visible things arose spontaneously, 
having no such cause as is assigned to animals and plants. Yet if this 
is so, it is a fact which deserves to be dwelt upon, and something might 
well have been said about it. For besides the other absurdities of the 
statement, it is the more absurd that people should make it when they see 
nothing coming to be spontaneously in the heavens, but much happening by 
chance among the things which as they say are not due to chance; whereas 
we should have expected exactly the opposite.


Others there are who, indeed, believe that chance is a cause, but 
that it is inscrutable to human intelligence, as being a divine thing and 

full of mystery.


Thus we must inquire what chance and spontaneity are, whether they 
are the same or different, and how they fit into our division of 
causes.


Part 5

First then we observe that some things always come to pass in the 
same way, and others for the most part. It is clearly of neither of these 
that chance is said to be the cause, nor can the 'effect of chance' be 
identified with any of the things that come to pass by necessity and always, 
or for the most part. But as there is a third class of events besides these 
two-events which all say are 'by chance'-it is plain that there is such 
a thing as chance and spontaneity; for we know that things of this kind 
are due to chance and that things due to chance are of this 
kind.



But, secondly, some events are for the sake of something, others 
not. Again, some of the former class are in accordance with deliberate 
intention, others not, but both are in the class of things which are for 
the sake of something. Hence it is clear that even among the things which 
are outside the necessary and the normal, there are some in connexion withwhich 
the phrase 'for the sake of something' is applicable. (Events that are 
for the sake of something include whatever may be done as a result of thought 
or of nature.) Things of this kind, then, when they come to pass incidental 
are said to be 'by chance'. For just as a thing is something either in 
virtue of itself or incidentally, so may it be a cause. For instance, the 
housebuilding faculty is in virtue of itself the cause of a house, whereas 
the pale or the musical is the incidental cause. That which is per se cause 
of the effect is determinate, but the incidental cause is indeterminable, 
for the possible attributes of an individual are innumerable. To resume 
then; when a thing of this kind comes to pass among events which are for 
the sake of something, it is said to be spontaneous or by chance. (The 
distinction between the two must be made later-for the present it is sufficient 

if it is plain that both are in the sphere of things done for the sake 
of something.)


Example: A man is engaged in collecting subscriptions for a feast. 
He would have gone to such and such a place for the purpose of getting 
the money, if he had known. He actually went there for another purpose 
and it was only incidentally that he got his money by going there; and 
this was not due to the fact that he went there as a rule or necessarily, 
nor is the end effected (getting the money) a cause present in himself-it 
belongs to the class of things that are intentional and the result of intelligent 
deliberation. It is when these conditions are satisfied that the man is 
said to have gone 'by chance'. If he had gone of deliberate purpose and 
for the sake of this-if he always or normally went there when he was collecting 
payments-he would not be said to have gone 'by chance'.


It is clear then that chance is an incidental cause in the sphere 
of those actions for the sake of something which involve purpose. Intelligent 
reflection, then, and chance are in the same sphere, for purpose implies 
intelligent reflection.



It is necessary, no doubt, that the causes of what comes to pass 
by chance be indefinite; and that is why chance is supposed to belong to 
the class of the indefinite and to be inscrutable to man, and why it might 
be thought that, in a way, nothing occurs by chance. For all these statements 
are correct, because they are well grounded. Things do, in a way, occur 
by chance, for they occur incidentally and chance is an incidental cause. 
But strictly it is not the cause-without qualification-of anything; for 
instance, a housebuilder is the cause of a house; incidentally, a fluteplayer 
may be so.


And the causes of the man's coming and getting the money (when 
he did not come for the sake of that) are innumerable. He may have wished 
to see somebody or been following somebody or avoiding somebody, or may 
have gone to see a spectacle. Thus to say that chance is a thing contrary 
to rule is correct. For 'rule' applies to what is always true or true for 
the most part, whereas chance belongs to a third type of event. Hence, 
to conclude, since causes of this kind are indefinite, chance too is indefinite. 
(Yet in some cases one might raise the question whether any incidental 

fact might be the cause of the chance occurrence, e.g. of health the fresh 
air or the sun's heat may be the cause, but having had one's hair cut cannot; 
for some incidental causes are more relevant to the effect than 
others.)


Chance or fortune is called 'good' when the result is good, 'evil' 
when it is evil. The terms 'good fortune' and 'ill fortune' are used when 
either result is of considerable magnitude. Thus one who comes within an 
ace of some great evil or great good is said to be fortunate or unfortunate. 
The mind affirms the essence of the attribute, ignoring the hair's breadth 
of difference. Further, it is with reason that good fortune is regarded 
as unstable; for chance is unstable, as none of the things which result 
from it can be invariable or normal.


Both are then, as I have said, incidental causes-both chance and 
spontaneity-in the sphere of things which are capable of coming to pass 
not necessarily, nor normally, and with reference to such of these as might 
come to pass for the sake of something.


Part 6

They differ in that 'spontaneity' is the wider term. Every result 
of chance is from what is spontaneous, but not everything that is from 
what is spontaneous is from chance.


Chance and what results from chance are appropriate to agents that 
are capable of good fortune and of moral action generally. Therefore necessarily 
chance is in the sphere of moral actions. This is indicated by the fact 
that good fortune is thought to be the same, or nearly the same, as happiness, 
and happiness to be a kind of moral action, since it is well-doing. Hence 
what is not capable of moral action cannot do anything by chance. Thus 
an inanimate thing or a lower animal or a child cannot do anything by chance, 
because it is incapable of deliberate intention; nor can 'good fortune' 
or 'ill fortune' be ascribed to them, except metaphorically, as Protarchus, 
for example, said that the stones of which altars are made are fortunate 
because they are held in honour, while their fellows are trodden under 

foot. Even these things, however, can in a way be affected by chance, when 
one who is dealing with them does something to them by chance, but not 
otherwise.


The spontaneous on the other hand is found both in the lower animals 
and in many inanimate objects. We say, for example, that the horse came 
'spontaneously', because, though his coming saved him, he did not come 
for the sake of safety. Again, the tripod fell 'of itself', because, though 
when it fell it stood on its feet so as to serve for a seat, it did not 
fall for the sake of that.


Hence it is clear that events which (1) belong to the general class 
of things that may come to pass for the sake of something, (2) do not come 
to pass for the sake of what actually results, and (3) have an external 
cause, may be described by the phrase 'from spontaneity'. These 'spontaneous' 
events are said to be 'from chance' if they have the further characteristics 
of being the objects of deliberate intention and due to agents capable 
of that mode of action. This is indicated by the phrase 'in vain', which 
is used when A which is for the sake of B, does not result in B. For instance, 

taking a walk is for the sake of evacuation of the bowels; if this does 
not follow after walking, we say that we have walked 'in vain' and that 
the walking was 'vain'. This implies that what is naturally the means to 
an end is 'in vain', when it does not effect the end towards which it was 
the natural means-for it would be absurd for a man to say that he had bathed 
in vain because the sun was not eclipsed, since the one was not done with 
a view to the other. Thus the spontaneous is even according to its derivation 
the case in which the thing itself happens in vain. The stone that struck 
the man did not fall for the purpose of striking him; therefore it fell 
spontaneously, because it might have fallen by the action of an agent and 
for the purpose of striking. The difference between spontaneity and what 
results by chance is greatest in things that come to be by nature; for 
when anything comes to be contrary to nature, we do not say that it came 
to be by chance, but by spontaneity. Yet strictly this too is different 
from the spontaneous proper; for the cause of the latter is external, that 
of the former internal.


We have now explained what chance is and what spontaneity is, and 
in what they differ from each other. Both belong to the mode of causation 
'source of change', for either some natural or some intelligent agent is 
always the cause; but in this sort of causation the number of possible 
causes is infinite.


Spontaneity and chance are causes of effects which though they 
might result from intelligence or nature, have in fact been caused by something 
incidentally. Now since nothing which is incidental is prior to what is 
per se, it is clear that no incidental cause can be prior to a cause per 
se. Spontaneity and chance, therefore, are posterior to intelligence and 
nature. Hence, however true it may be that the heavens are due to spontaneity, 
it will still be true that intelligence and nature will be prior causes 
of this All and of many things in it besides.


Greek Source
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1 Λέγεται δὲ καὶ ἡ τύχη καὶ τὸ αὐτόματον τῶν αἰτίων, καὶ πολλὰ καὶ εἶναι καὶ γίγνεσθαι διὰ τύχην καὶ διὰ τὸ αὐτόματον· τίνα οὖν τρόπον ἐν τούτοις ἐστὶ τοῖς αἰτίοις ἡ τύχη καὶ τὸ αὐτόματον, καὶ πότερον τὸ αὐτὸ ἡ τύχη καὶ τὸ αὐτόματον ἢ ἕτερον, καὶ ὅλως τί ἐστιν ἡ τύχη καὶ τὸ αὐτόματον, ἐπισκεπτέον.


2 Ἔνιοι γὰρ καὶ εἰ ἔστιν ἢ μὴ ἀποροῦσιν· [196a] οὐδὲν γὰρ δὴ γίγνεσθαι ἀπὸ τύχης φασίν, ἀλλὰ πάντων εἶναί τι αἴτιον ὡρισμένον ὅσα λέγομεν ἀπὸ ταὐτομάτου γίγνεσθαι ἢ τύχης, οἷον τοῦ ἐλθεῖν ἀπὸ τύχης εἰς τὴν ἀγοράν, καὶ καταλαβεῖν ὃν ἐβούλετο μὲν οὐκ ᾤετο δέ, αἴτιον τὸ βούλεσθαι ἀγοράσαι ἐλθόντα. 3 Ὁμοίως δὲ καὶ ἐπὶ τῶν ἄλλων τῶν ἀπὸ τύχης λεγομένων ἀεί τι εἶναι λαβεῖν τὸ αἴτιον, ἀλλ' οὐ τύχην, ἐπεὶ εἴ γέ τι ἦν ἡ τύχη, ἄτοπον ἂν φανείη ὡς ἀληθῶς, καὶ ἀπορήσειεν ἄν τις διὰ τί ποτ' οὐδεὶς τῶν ἀρχαίων σοφῶν τὰ αἴτια περὶ γενέσεως καὶ φθορᾶς λέγων περὶ τύχης οὐδὲν διώρισεν, ἀλλ' ὡς ἔοικεν, οὐδὲν ᾤοντο οὐδ' ἐκεῖνοι εἶναι ἀπὸ τύχης.


4 Ἀλλὰ καὶ τοῦτο θαυμαστόν· πολλὰ γὰρ καὶ γίγνεται καὶ ἔστιν ἀπὸ τύχης καὶ ἀπὸ ταὐτομάτου, ἃ οὐκ ἀγνοοῦντες ὅτι ἔστιν ἐπανενεγκεῖν ἕκαστον ἐπί τι αἴτιον τῶν γιγνομένων, καθάπερ ὁ παλαιὸς λόγος εἶπεν ὁ ἀναιρῶν τὴν τύχην, ὅμως τούτων τὰ μὲν εἶναί φασι πάντες ἀπὸ τύχης τὰ δ' οὐκ ἀπὸ τύχης. 5 Διὸ καὶ ἁμῶς γέ πως ἦν ποιητέον αὐτοῖς μνείαν. Ἀλλὰ μὴν οὐδ' ἐκείνων γέ τι ᾤοντο εἶναι τὴν τύχην, οἷον φιλίαν ἢ νεῖκος ἢ νοῦν ἢ πῦρ ἢ ἄλλο γέ τι τῶν τοιούτων. Ἄτοπον οὖν εἴτε μὴ ὑπελάμβανον εἶναι εἴτε οἰόμενοι παρέλειπον. 6 Καὶ ταῦτ' ἐνίοτε χρώμενοι, ὥσπερ Ἐμπεδοκλῆς οὐκ ἀεὶ τὸν ἀέρα ἀνωτάτω ἀποκρίνεσθαί φησιν, ἀλλ' ὅπως ἂν τύχῃ. Λέγει γοῦν ἐν τῇ κοσμοποιίᾳ ὡς “οὕτω συνέκυρσε θέων τοτέ, πολλάκι δ' ἄλλως”· καὶ τὰ μόρια τῶν ζῴων ἀπὸ τύχης γενέσθαι τὰ πλεῖστά φησιν.


7 Εἰσὶ δέ τινες οἳ καὶ τοὐρανοῦ τοῦδε καὶ τῶν κόσμων πάντων αἰτιῶνται τὸ αὐτόματον· ἀπὸ ταὐτομάτου γὰρ γενέσθαι τὴν δίνην καὶ τὴν κίνησιν τὴν διακρίνασαν καὶ καταστήσασαν εἰς ταύτην τὴν τάξιν τὸ πᾶν.


8 Καὶ μάλα τοῦτό γε αὐτὸ θαυμάσαι ἄξιον· λέγοντες γὰρ τὰ μὲν ζῷα καὶ τὰ φυτὰ ἀπὸ τύχης μήτε εἶναι μήτε γίγνεσθαι, ἀλλ' ἤτοι φύσιν ἢ νοῦν ἤ τι τοιοῦτον ἕτερον εἶναι τὸ αἴτιον (οὐ γὰρ ὅ τι ἔτυχεν ἐκ τοῦ σπέρματος ἑκάστου γίγνεται, ἀλλ' ἐκ μὲν τοῦ τοιουδὶ ἐλαία ἐκ δὲ τοῦ τοιουδὶ ἄνθρωπος), τὸν δ' οὐρανὸν καὶ τὰ θειότατα τῶν φανερῶν ἀπὸ τοῦ αὐτομάτου γενέσθαι, τοιαύτην δ' αἰτίαν μηδεμίαν εἶναι οἵαν τῶν ζῴων καὶ τῶν φυτῶν. 9 Καίτοι εἰ οὕτως ἔχει, τοῦτ' αὐτὸ ἄξιον ἐπιστάσεως, καὶ καλῶς ἔχει λεχθῆναί [196b] τι περὶ αὐτοῦ. Πρὸς γὰρ τῷ καὶ ἄλλως ἄτοπον εἶναι τὸ λεγόμενον, ἔτι ἀτοπώτερον τὸ λέγειν ταῦτα ὁρῶντας ἐν μὲν τῷ οὐρανῷ οὐδὲν ἀπὸ ταὐτομάτου γιγνόμενον, ἐν δὲ τοῖς οὐκ ἀπὸ τύχης πολλὰ συμβαίνοντα ἀπὸ τύχης· καίτοι εἰκός γε ἦν τοὐναντίον γίγνεσθαι.


10 Εἰσὶ δέ τινες οἷς δοκεῖ εἶναι μὲν αἰτία ἡ τύχη, ἄδηλος δὲ ἀνθρωπίνῃ διανοίᾳ ὡς θεῖόν τι οὖσα καὶ δαιμονιώτερον.


11 Ὥστε σκεπτέον καὶ τί ἑκάτερον, καὶ εἰ ταὐτὸν ἢ ἕτερον τό τε αὐτόματον καὶ ἡ τύχη, καὶ πῶς εἰς τὰ διωρισμένα αἴτια ἐμπίπτουσιν.
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1 Πρῶτον μὲν οὖν, ἐπειδὴ ὁρῶμεν τὰ μὲν ἀεὶ ὡσαύτως γιγνόμενα τὰ δὲ ὡς ἐπὶ τὸ πολύ, φανερὸν ὅτι οὐδετέρου τούτων αἰτία ἡ τύχη λέγεται οὐδὲ τὸ ἀπὸ τύχης, οὔτε τοῦ ἐξ ἀνάγκης καὶ αἰεὶ οὔτε τοῦ ὡς ἐπὶ τὸ πολύ. Ἀλλ' ἐπειδὴ ἔστιν ἃ γίγνεται καὶ παρὰ ταῦτα, καὶ ταῦτα πάντες φασὶν εἶναι ἀπὸ τύχης, φανερὸν ὅτι ἔστι τι ἡ τύχη καὶ τὸ αὐτόματον· τά τε γὰρ τοιαῦτα ἀπὸ τύχης καὶ τὰ ἀπὸ τύχης τοιαῦτα ὄντα ἴσμεν.


2 Τῶν δὲ γιγνομένων τὰ μὲν ἕνεκά του γίγνεται τὰ δ' οὔ (τούτων δὲ τὰ μὲν κατὰ προαίρεσιν, τὰ δ' οὐ κατὰ προαίρεσιν, ἄμφω δ' ἐν τοῖς ἕνεκά του), ὥστε δῆλον ὅτι καὶ ἐν τοῖς παρὰ τὸ ἀναγκαῖον καὶ τὸ ὡς ἐπὶ τὸ πολὺ ἔστιν ἔνια περὶ ἃ ἐνδέχεται ὑπάρχειν τὸ ἕνεκά του. Ἔστι δ' ἕνεκά του ὅσα τε ἀπὸ διανοίας ἂν πραχθείη καὶ ὅσα ἀπὸ φύσεως. 3 Τὰ δὴ τοιαῦτα ὅταν κατὰ συμβεβηκὸς γένηται, ἀπὸ τύχης φαμὲν εἶναι (ὥσπερ γὰρ καὶ ὄν ἐστι τὸ μὲν καθ' αὑτὸ τὸ δὲ κατὰ συμβεβηκός, οὕτω καὶ αἴτιον ἐνδέχεται εἶναι, οἷον οἰκίας καθ' αὑτὸ μὲν αἴτιον τὸ οἰκοδομικόν, κατὰ συμβεβηκὸς δὲ τὸ λευκὸν ἢ τὸ μουσικόν. 4 Τὸ μὲν οὖν καθ' αὑτὸ αἴτιον ὡρισμένον, τὸ δὲ κατὰ συμβεβηκὸς ἀόριστον· ἄπειρα γὰρ ἂν τῷ ἑνὶ συμβαίη).  5 Καθάπερ οὖν ἐλέχθη, ὅταν ἐν τοῖς ἕνεκά του γιγνομένοις τοῦτο γένηται, τότε λέγεται ἀπὸ ταὐτομάτου καὶ ἀπὸ τύχης (αὐτῶν δὲ πρὸς ἄλληλα τὴν διαφορὰν τούτων ὕστερον διοριστέον· νῦν δὲ τοῦτο ἔστω φανερόν, ὅτι ἄμφω ἐν τοῖς ἕνεκά τού ἐστιν).  6 Οἷον ἕνεκα τοῦ ἀπολαβεῖν τὸ ἀργύριον ἦλθεν ἂν κομιζομένου τὸν ἔρανον, εἰ ᾔδει· ἦλθε δ' οὐ τούτου ἕνεκα, ἀλλὰ συνέβη αὐτῷ ἐλθεῖν, καὶ ποιῆσαι τοῦτο τοῦ κομίσασθαι ἕνεκα· τοῦτο δὲ οὔθ' ὡς ἐπὶ τὸ πολὺ φοιτῶν εἰς τὸ [197a] χωρίον οὔτ' ἐξ ἀνάγκης· 7 ἔστι δὲ τὸ τέλος, ἡ κομιδή, οὐ τῶν ἐν αὐτῷ αἰτίων, ἀλλὰ τῶν προαιρετῶν καὶ ἀπὸ διανοίας· καὶ λέγεταί γε τότε ἀπὸ τύχης ἐλθεῖν, εἰ δὲ προελόμενος καὶ τούτου ἕνεκα ἢ ἀεὶ φοιτῶν ἢ ὡς ἐπὶ τὸ πολύ [κομιζόμενος], οὐκ ἀπὸ τύχης.


8 Δῆλον ἄρα ὅτι ἡ τύχη αἰτία κατὰ συμβεβηκὸς ἐν τοῖς κατὰ προαίρεσιν τῶν ἕνεκά του. 9 Διὸ περὶ τὸ αὐτὸ διάνοια καὶ τύχη· ἡ γὰρ προαίρεσις οὐκ ἄνευ διανοίας. 10 Ἀόριστα μὲν οὖν τὰ αἴτια ἀνάγκη εἶναι ἀφ' ὧν ἂν γένοιτο τὸ ἀπὸ τύχης. Ὅθεν καὶ ἡ τύχη τοῦ ἀορίστου εἶναι δοκεῖ καὶ ἄδηλος ἀνθρώπῳ, καὶ ἔστιν ὡς οὐδὲν ἀπὸ τύχης δόξειεν ἂν γίγνεσθαι. Πάντα γὰρ ταῦτα ὀρθῶς λέγεται, εὐλόγως. 11 Ἔστιν μὲν γὰρ ὡς γίγνεται ἀπὸ τύχης· κατὰ συμβεβηκὸς γὰρ γίγνεται, καὶ ἔστιν αἴτιον ὡς συμβεβηκὸς ἡ τύχη· ὡς δ' ἁπλῶς οὐδενός· 12 οἷον οἰκίας οἰκοδόμος μὲν αἴτιος, κατὰ συμβεβηκὸς δὲ αὐλητής, καὶ τοῦ ἐλθόντα κομίσασθαι τὸ ἀργύριον, μὴ τούτου ἕνεκα ἐλθόντα, ἄπειρα τὸ πλῆθος· καὶ γὰρ ἰδεῖν τινὰ βουλόμενος καὶ διώκων καὶ φεύγων καὶ θεασόμενος.


13 Καὶ τὸ φάναι εἶναί τι παράλογον τὴν τύχην ὀρθῶς· ὁ γὰρ λόγος ἢ τῶν ἀεὶ ὄντων ἢ τῶν ὡς ἐπὶ τὸ πολύ, ἡ δὲ τύχη ἐν τοῖς γιγνομένοις παρὰ ταῦτα. Ὥστ' ἐπεὶ ἀόριστα τὰ οὕτως αἴτια, καὶ ἡ τύχη ἀόριστον. 14 Ὅμως δ' ἐπ' ἐνίων ἀπορήσειεν ἄν τις, ἆρ' οὖν τὰ τυχόντα αἴτι' ἂν γένοιτο τῆς τύχης· οἷον ὑγιείας ἢ πνεῦμα ἢ εἵλησις, ἀλλ' οὐ τὸ ἀποκεκάρθαι· ἔστιν γὰρ ἄλλα ἄλλων ἐγγύτερα τῶν κατὰ συμβεβηκὸς αἰτίων.


15 Τύχη δὲ ἀγαθὴ μὲν λέγεται ὅταν ἀγαθόν τι ἀποβῇ, φαύλη δὲ ὅταν φαῦλόν τι, εὐτυχία δὲ καὶ δυστυχία ὅταν μέγεθος ἔχοντα ταῦτα·  16 διὸ καὶ τὸ παρὰ μικρὸν κακὸν ἢ ἀγαθὸν λαβεῖν μέγα ἢ εὐτυχεῖν ἢ ἀτυχεῖν ἐστίν, ὅτι ὡς ὑπάρχον λέγει ἡ διάνοια· τὸ γὰρ παρὰ μικρὸν ὥσπερ οὐδὲν ἀπέχειν δοκεῖ. 17 Ἔτι ἀβέβαιον ἡ εὐτυχία εὐλόγως· ἡ γὰρ τύχη ἀβέβαιος· οὔτε γὰρ ἀεὶ οὔθ' ὡς ἐπὶ τὸ πολὺ οἷόν τ' εἶναι τῶν ἀπὸ τύχης οὐθέν. 
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1  Ἔστι μὲν οὖν ἄμφω αἴτια, καθάπερ εἴρηται, κατὰ συμβεβηκός – καὶ ἡ τύχη καὶ τὸ αὐτόματον – ἐν τοῖς ἐνδεχομένοις γίγνεσθαι μὴ ἁπλῶς μηδ' ὡς ἐπὶ τὸ πολύ, καὶ τούτων ὅσ' ἂν γένοιτο ἕνεκά του. 2 Διαφέρει δ' ὅτι τὸ αὐτόματον ἐπὶ πλεῖόν ἐστι· τὸ μὲν γὰρ ἀπὸ τύχης [197b] πᾶν ἀπὸ ταὐτομάτου, τοῦτο δ' οὐ πᾶν ἀπὸ τύχης.


3 Ἡ μὲν γὰρ τύχη καὶ τὸ ἀπὸ τύχης ἐστὶν ὅσοις καὶ τὸ εὐτυχῆσαι ἂν ὑπάρξειεν καὶ ὅλως πρᾶξις. Διὸ καὶ ἀνάγκη περὶ τὰ πρακτὰ εἶναι τὴν τύχην (σημεῖον δ' ὅτι δοκεῖ ἤτοι ταὐτὸν εἶναι τῇ εὐδαιμονίᾳ ἡ εὐτυχία ἢ ἐγγύς, ἡ δ' εὐδαιμονία πρᾶξίς τις· εὐπραξία γάρ), ὥσθ' ὁπόσοις μὴ ἐνδέχεται πρᾶξαι, οὐδὲ τὸ ἀπὸ τύχης τι ποιῆσαι.  4 Καὶ διὰ τοῦτο οὔτε ἄψυχον οὐδὲν οὔτε θηρίον οὔτε παιδίον οὐδὲν ποιεῖ ἀπὸ τύχης, ὅτι οὐκ ἔχει προαίρεσιν· οὐδ' εὐτυχία οὐδ' ἀτυχία ὑπάρχει τούτοις, εἰ μὴ καθ' ὁμοιότητα, ὥσπερ ἔφη Πρώταρχος εὐτυχεῖς εἶναι τοὺς λίθους ἐξ ὧν οἱ βωμοί, ὅτι τιμῶνται, οἱ δὲ ὁμόζυγες αὐτῶν καταπατοῦνται. 5 Τὸ δὲ πάσχειν ἀπὸ τύχης ὑπάρξει πως καὶ τούτοις, ὅταν ὁ πράττων τι περὶ αὐτὰ πράξῃ ἀπὸ τύχης, ἄλλως δὲ οὐκ ἔστιν.


6 Τὸ δ' αὐτόματον καὶ τοῖς ἄλλοις ζῴοις καὶ πολλοῖς τῶν ἀψύχων, οἷον ὁ ἵππος αὐτόματος, φαμέν, ἦλθεν, ὅτι ἐσώθη μὲν ἐλθών, οὐ τοῦ σωθῆναι δὲ ἕνεκα ἦλθε· καὶ ὁ τρίπους αὐτόματος κατέπεσεν· ἔστη μὲν γὰρ τοῦ καθῆσθαι ἕνεκα, ἀλλ' οὐ τοῦ καθῆσθαι ἕνεκα κατέπεσεν.  7 Ὥστε φανερὸν ὅτι ἐν τοῖς ἁπλῶς ἕνεκά του γιγνομένοις, ὅταν μὴ τοῦ συμβάντος ἕνεκα γένηται ὧν ἔξω τὸ αἴτιον, τότε ἀπὸ τοῦ αὐτομάτου λέγομεν· ἀπὸ τύχης δέ, τούτων ὅσα ἀπὸ τοῦ αὐτομάτου γίγνεται τῶν προαιρετῶν τοῖς ἔχουσι προαίρεσιν.  8 Σημεῖον δὲ τὸ μάτην, ὅτι λέγεται ὅταν μὴ γένηται τὸ ἕνεκα ἄλλου ἐκείνου ἕνεκα, οἷον εἰ τὸ βαδίσαι λαπάξεως ἕνεκά ἐστιν, εἰ δὲ μὴ ἐγένετο βαδίσαντι, μάτην φαμὲν βαδίσαι καὶ ἡ βάδισις ματαία, ὡς τοῦτο ὂν τὸ μάτην, τὸ πεφυκὸς ἄλλου ἕνεκα, ὅταν μὴ περαίνῃ ἐκεῖνο οὗ ἕνεκα ἦν καὶ ἐπεφύκει, ἐπεὶ εἴ τις λούσασθαι φαίη μάτην ὅτι οὐκ ἐξέλιπεν ὁ ἥλιος, γελοῖος ἂν εἴη· οὐ γὰρ ἦν τοῦτο ἐκείνου ἕνεκα. Οὕτω δὴ τὸ αὐτόματον καὶ κατὰ τὸ ὄνομα ὅταν αὐτὸ μάτην γένηται· κατέπεσεν γὰρ οὐ τοῦ πατάξαι ἕνεκεν ὁ λίθος· ἀπὸ τοῦ αὐτομάτου ἄρα κατέπεσεν ὁ λίθος, ὅτι πέσοι ἂν ὑπὸ τινὸς καὶ τοῦ πατάξαι ἕνεκα.


9 Μάλιστα δ' ἐστὶ χωριζόμενον τοῦ ἀπὸ τύχης ἐν τοῖς φύσει γιγνομένοις· ὅταν γὰρ γένηταί τι παρὰ φύσιν, τότε οὐκ ἀπὸ τύχης ἀλλὰ μᾶλλον ἀπὸ ταὐτομάτου γεγονέναι φαμέν. Ἔστι δὲ καὶ τοῦτο ἕτερον· τοῦ μὲν γὰρ ἔξω τὸ αἴτιον, τοῦ δ' ἐντός.


10 [198a] Τί μὲν οὖν ἐστιν τὸ αὐτόματον καὶ τί ἡ τύχη, εἴρηται, καὶ τί διαφέρουσιν ἀλλήλων. 11 Τῶν δὲ τρόπων τῆς αἰτίας ἐν τοῖς ὅθεν ἡ ἀρχὴ τῆς κινήσεως ἑκάτερον αὐτῶν· ἢ γὰρ τῶν φύσει τι ἢ τῶν ἀπὸ διανοίας αἰτίων ἀεί ἐστιν· ἀλλὰ τούτων τὸ πλῆθος ἀόριστον.12.Ἐπεὶ δ' ἐστὶ τὸ αὐτόματον καὶ ἡ τύχη αἴτια ὧν ἂν ἢ νοῦς γένοιτο αἴτιος ἢ φύσις, ὅταν κατὰ συμβεβηκὸς αἴτιόν τι γένηται τούτων αὐτῶν, οὐδὲν δὲ κατὰ συμβεβηκός ἐστι πρότερον τῶν καθ' αὑτό [cause per se], δῆλον ὅτι οὐδὲ τὸ κατὰ συμβεβηκὸς αἴτιον πρότερον τοῦ καθ' αὑτό. Ὕστερον ἄρα τὸ αὐτόματον καὶ ἡ τύχη καὶ νοῦ καὶ φύσεως· ὥστ' εἰ ὅτι μάλιστα τοῦ οὐρανοῦ αἴτιον τὸ αὐτόματον, ἀνάγκη πρότερον νοῦν αἴτιον καὶ φύσιν εἶναι καὶ ἄλλων πολλῶν καὶ τοῦδε τοῦ παντός.




Possibilities and Actualities


In his Metaphysics, Aristotle described the "real" or physical status of "actualities" (ἐνέργεια) or "complete reality" (ἐντελέχειαν), as compared to "possibilities" that Aristotle says exist only "potentially" (δυνάμει). His ideas were briefly cited by quantum physicist  Werner Heisenberg in his 1955 Gifford Lectures, as helping to explain the role of probability in quantum mechanics.

In Metaphysics Book IX, iii (1047a) we find


"The word 'actuality', which we connect with 'complete reality', has, in the main, been extended from movements to other things; for actuality in the strict sense is thought to be identical with movement. And so people do not assign movement to non-existent things, though they do assign some other predicates. E.g. they say that non-existent things are objects of thought and desire, but not that they are moved; and this because, while ex hypothesi they do not actually exist, they would have to exist actually if they were moved. For of non-existent things some exist potentially; but they do not exist, because they do not exist in complete reality. 



 ἐλήλυθε δ᾽ ἡ ἐνέργεια τοὔνομα, ἡ πρὸς τὴν ἐντελέχειαν συντιθεμένη, καὶ ἐπὶ τὰ ἄλλα ἐκ τῶν κινήσεων μάλιστα: δοκεῖ γὰρ ἡ ἐνέργεια μάλιστα ἡ κίνησις εἶναι, διὸ καὶ τοῖς μὴ οὖσιν οὐκ ἀποδιδόασι τὸ κινεῖσθαι, ἄλλας δέ τινας κατηγορίας, οἷον διανοητὰ καὶ ἐπιθυμητὰ εἶναι τὰ μὴ ὄντα, [35] κινούμενα δὲ οὔ, τοῦτο δὲ ὅτι οὐκ ὄντα ἐνεργείᾳ ἔσονται ἐνεργείᾳ. [1047β] [1] τῶν γὰρ μὴ ὄντων ἔνια δυνάμει ἐστίν: οὐκ ἔστι δέ, ὅτι οὐκ ἐντελεχείᾳ ἐστίν.
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1. Aristotle, Metaphysics, Book V, 1025a25

 
οὐδὲ δὴ αἴτιον ὡρισμένον οὐδὲν του̂ συμβεβηκότος ἀλλὰ τὸ τυχόν: του̂το δ' ἀόριστον.

Metaphysics, Book V,  1025a25


2. Aristotle, Metaphysics, Book VI, 1027a29


ὅτι δ' εἰσὶν ἀρχαὶ καὶ αἴτια γενητὰ καὶ φθαρτὰ [30] ἄνευ τοῦ γίγνεσθαι καὶ φθείρεσθαι, φανερόν. εἰ γὰρ μὴ τοῦτ', ἐξ ἀνάγκης πάντ' ἔσται, εἰ τοῦ γιγνομένου καὶ φθειρομένου μὴ κατὰ συμβεβηκὸς αἴτιόν τι ἀνάγκη εἶναι. πότερον γὰρ ἔσται τοδὶ ἢ οὔ; ἐάν γε τοδὶ γένηται: εἰ δὲ μή, οὔ.

Metaphysics, Book VI, 1027a


3. Aristotle, Metaphysics, Book XI, 1065a33


τὰ δ' αἴτια ἀόριστα ἀφ' ὡ̂ν ἂν γένοιτο τὰ ἀπὸ τύχης, διὸ ἄδηλος ἀνθρωπίνῳ λογισμῳ̂ καὶ αἴτιον κατὰ συμβεβηκός, ἁπλω̂ς δ' οὐδενός.

Metaphysics, Book XI, 1065a


4. Aristotle, Nichomachean Ethics, III.v


ὄντος δὴ βουλητοῦ μὲν τοῦ τέλους, βουλευτῶν δὲ καὶ προαιρετῶν τῶν πρὸς τὸ τέλος, αἱ περὶ ταῦτα πράξεις κατὰ προαίρεσιν ἂν εἶεν καὶ ἑκούσιοι. αἱ δὲ τῶν ἀρετῶν ἐνέργειαι περὶ ταῦτα. ἐφ' ἡμῖν δὴ καὶ ἡ ἀρετή, ὁμοίως δὲ καὶ ἡ κακία. ἐν οἷς γὰρ ἐφ' ἡμῖν τὸ πράττειν, καὶ τὸ μὴ πράττειν, καὶ ἐν οἷς τὸ μή, καὶ τὸ ναί: ὥστ' εἰ τὸ πράττειν καλὸν ὂν ἐφ' ἡμῖν ἐστί, καὶ τὸ μὴ πράττειν ἐφ' ἡμῖν ἔσται αἰσχρὸν ὄν, καὶ εἰ τὸ μὴ πράττειν καλὸν ὂν ἐφ' ἡμῖν, καὶ τὸ πράττειν αἰσχρὸν ὂν ἐφ' ἡμῖν. εἰ δ' ἐφ' ἡμῖν τὰ καλὰ πράττειν καὶ τὰ αἰσχρά, ὁμοίως δὲ καὶ τὸ μὴ πράττειν, τοῦτο δ' ἦν τὸ ἀγαθοῖς καὶ κακοῖς εἶναι, ἐφ' ἡμῖν ἄρα τὸ ἐπιεικέσι καὶ φαύλοις εἶναι.

Nichomachean Ethics, III.v.1-3
εἰ δὲ ταῦτα φαίνεται καὶ μὴ ἔχομεν εἰς ἄλλας ἀρχὰς ἀναγαγεῖν παρὰ τὰς ἐν ἡμῖν, ὧν καὶ αἱ ἀρχαὶ ἐν ἡμῖν, καὶ αὐτὰ ἐφ' ἡμῖν καὶ ἑκούσια.

Nichomachean Ethics, III.v.6



5. Aristotle, Nichomachean Ethics, III.v,17-20


εἰ δ' οὕτω, καὶ ἐπὶ τῶν ἄλλων αἱ ἐπιτιμώμεναι τῶν κακιῶν ἐφ' ἡμῖν ἂν εἶεν. εἰ δέ τις λέγοι ὅτι πάντες ἐφίενται τοῦ φαινομένου ἀγαθοῦ, τῆς δὲ φαντασίας οὐ κύριοι,

Nichomachean Ethics, III.v.17

εἰ οὖν, ὥσπερ λέγεται, ἑκούσιοί εἰσιν αἱ ἀρεταί ̔καὶ γὰρ τῶν ἕξεων συναίτιοί πως αὐτοί ἐσμεν, καὶ τῷ ποιοί τινες εἶναι τὸ τέλος τοιόνδε τιθέμεθἀ, καὶ αἱ κακίαι ἑκούσιοι ἂν εἶεν: ὁμοίως γάρ.
Nichomachean Ethics, III.v.20
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  Augustine argued for free will, but only as compatible with God's foreknowledge.
  
   "God must needs have given free will to man. God's foreknowledge is not opposed to our free choice." (On Free Choice of the Will, Book Two, I, 7, Book Three, IV, 38) 
  


  He found God blameless for the evil He knows will happen. He solves the problem of evil by blaming man.
  
"God foreknows all the things of which He Himself is the Cause, and yet He is not the Cause of all that He foreknows. He is not the evil cause of these acts, though He justly avenges them. You may understand from this, therefore, how justly God punishes sins; for He does not do the things which He knows will happen." (Book Three, IV, 40)
  


   Augustine argued for his undeniable existence with a form like that of Descartes' famous Cogito, Ergo Sum.
   
     In respect of these truths, I am not at all afraid of the arguments of the Academicians, who say, What if you are deceived? For if I am deceived, I am. For he who is not, cannot be deceived; and if I am deceived, by this same token I am. (City of God, Book XI, Ch. 2)
   


   Augustine analyzed Latin words to find the meanings behind them
   
And how many things of this kind does my memory bear..., they must as it were be collected together
from their dispersion: whence the word "cogitation" is derived.  For
cogo (collect) and cogito (re-collect) have the same relation to
each other as ago and agito, facio and factito.  But the mind hath
appropriated to itself this word (cogitation), so that, not what is
"collected" any how, but what is "recollected," i.e., brought
together, in the mind, is properly said to be cogitated, or thought
upon.  (Confessions, Book X, xi)
   

See our two-stage model of free will we call the Cogito
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David Malet Armstrong's book Knowledge, Truth and Belief (1973, pp.150-61) contains an important analysis of the infinite regress of inferences - "reasons behind the reasons" - first noticed by Plato in the Theatetus (200D-201C). 

Knowledge traditionally entails true belief, but true belief does not entail knowledge. 


Knowledge is true belief plus some justification in the form of reasons or evidence. But that evidence must itself be knowledge, which in turn must be justified, leading to a regress. 




[image: image-placeholder]
Following some unpublished work of Gregory O'Hair, Armstrong identifies and diagrams several possible ways to escape Plato's regress, including:

	Skepticism - knowledge is impossible

	The regress is infinite but virtuous

	The regress is finite, but has no end (Coherence view)

	The regress ends in self-evident truths (Foundationalist view)

	Non-inferential credibility, such as direct sense perceptions

	Externalist theories (O'Hair is the source of the term "externalist")

	Causal view (Ramsey)

	Reliability view (Ramsey)


Armstrong is cited by Hilary Kornblith and other epistemologists as restoring interest in "externalist" justification of knowledge. Since Descartes, epistemology had been focused on "internalist" justifications. 


Armstrong does not subscribe to traditional views of justifying true beliefs, but he cited "causal" and "reliabilist" theories as direct non-inferential validation of knowledge. Direct validation or justification avoids the problem of the infinite regress of inferences.


Causality and reliabilism also were not original with Armstrong. He referred to the 1929 work of Frank Ramsey. Today these ideas are primarily associated with the name of Alvin Goldman, who put forward both "causal" (in 1967) and "reliabilist" (in 1969) theories of justification for true beliefs (apparently not being familiar with the earlier Ramsey work, since it is not mentioned in the early Goldman papers? 




Here is how Armstrong described "causal" and "reliabilist" views:
   

According to "Externalist" accounts of non-inferential knowledge, what makes a true non-inferential belief a case of knowledge is some natural relation which holds between the belief-state, Bap ['a believes p'], and the situation which makes the belief true. It is a matter of a certain relation holding between the believer and the world. It is important to notice that, unlike "Cartesian" and "Initial Credibility" theories, Externalist theories are regularly developed as theories of the nature of knowledge generally and not simply as theories of non-inferential knowledge. But they still have a peculiar importance in the case of non-inferential knowledge because they serve to solve the problem of the infinite regress.

Externalist theories may be further sub-divided into 'Causal' and `Reliability' theories.


6 (i) Causal theories. The central notion in causal theories may be illustrated by the simplest case. The suggestion is that Bap ['a believes p'] is a case of Kap ['a knows p'] if 'p' is true and, furthermore, the situation that makes 'p' true is causally responsible for the existence of the belief-state Bap. I not only believe, but know, that the room is rather hot. Now it is certainly the excessive heat of the room which has caused me to have this belief. This causal relation, it may then be suggested, is what makes my belief a case of knowledge.


the source for causal theories is Frank Ramsey (1929)

Ramsey's brief note on 'Knowledge', to be found among his 'Last Papers' in The Foundations of Mathematics, puts forward a causal view. A sophisticated recent version of a causal theory is to be found in 'A Causal Theory of Knowing' by Alvin I. Goldman (Goldman 1967).

Causal theories face two main types of difficulty. In the first place, even if we restrict ourselves to knowledge of particular matters of fact, not every case of knowledge is a case where the situation known is causally responsible for the existence of the belief. For instance, we appear to have some knowledge of the future. And even if all such knowledge is in practice inferential, non-inferential knowledge of the future (for example, that I will be ill tomorrow) seems to be an intelligible possibility. Yet it could hardly be held that my illness tomorrow causes my belief today that I will be ill tomorrow. Such cases can perhaps be dealt with by sophisticating the Causal analysis. In such a case, one could say, both the illness tomorrow and today's belief that I will be ill tomorrow have a common cause, for instance some condition of my body today which not only leads to illness but casts its shadow before by giving rise to the belief. (An 'early-warning' system.)


In the second place, and much more seriously, cases can be envisaged where the situation that makes 'p' true gives rise to Bap, but we would not want to say that A knew that p. Suppose, for instance, that A is in a hypersensitive and deranged state, so that almost any considerable sensory stimulus causes him to believe that there is a sound of a certain sort in his immediate environment. Now suppose that, on a particular occasion, the considerable sensory stimulus which produces that belief is, in fact, a sound of just that sort in his immediate environment. Here the p-situation produces Bap, but we would not want to say that it was a case of knowledge.


I believe that such cases can be excluded only by filling out the Causal Analysis with a Reliability condition. But once this is done, I think it turns out that the Causal part of the analysis becomes redundant, and that the Reliability condition is sufficient by itself for giving an account of non-inferential (and inferential) knowledge.


6 (ii) Reliability theories. The second 'Externalist' approach is in terms of the empirical reliability of the belief involved. Knowledge is empirically reliable belief. Since the next chapter will be devoted to a defence of a form of the Reliability view, it will be only courteous to indicate the major precursors of this sort of view which I am acquainted with.


Ramsey is the source for reliabilist views as well

Once again, Ramsey is the pioneer. The paper 'Knowledge', already mentioned, combines elements of the Causal and the Reliability view. There followed John Watling's 'Inference from the Known to the Unknown' (Watling 1954), which first converted me to a Reliability view. Since then there has been Brian Skyrms' very difficult paper 'The Explication of "X knows that p" ' (Skyrms 1967), and Peter Unger's 'An Analysis of Factual Knowledge' (Unger 1968), both of which appear to defend versions of the Reliability view. There is also my own first version in Chapter Nine of A Materialist Theory of the Mind. A still more recent paper, which I think can be said to put forward a Reliability view, and which in any case anticipates a number of the results I arrive at in this Part, is Fred Dretske's 'Conclusive Reasons' (Dretske 1971).
   

Hilary Kornblith on Armstrong
The Terms "Internalism" and "Externalism"

The terms "internalism" and "externalism" are used in philosophy in a variety of different senses, but their use in epistemology for anything like the positions which are the focus of this book dates to 1973. More precisely, the word "externalism" was introduced in print by David Armstrong' in his book Belief; Truth and Knowledge' in the following way:
   
According to "Externalist" accounts of non-inferential knowledge, what makes a true non-inferential belief a case of knowledge is some natural relation which holds between the belief-state, Bap ['a believes p'], and the situation which makes the belief true. It is a matter of a certain relation holding between the believer and the world. It is important to notice that, unlike "Cartesian" and "Initial Credibility" theories, Externalist theories are regularly developed as theories of the nature of knowledge generally and not simply as theories of non-inferential knowledge. (Belief, Truth and Knowledge, p.157)
   

So in Armstrong's usage, "externalism" is a view about knowledge, and it is the view that when a person knows that a particular claim p is true, there is some sort of "natural relation" which holds between that person's belief that p and the world. One such view, suggested in 1967 by Alvin Goldman, was the Causal Theory of Knowledge. On this view, a person knows that p (for example, that it's raining) when that person's belief that p was caused by the fact that p. A related view, championed by Armstrong and later by Goldman as well, is the Reliability Account of Knowledge, according to which a person knows that p when that person's belief is both true and, in some sense, reliable: on some views, the belief must be a reliable indicator that p; on others, the belief must be produced by a reliable process, that is, one that tends to produce true beliefs. Frank Ramsey was a pioneer in defending a reliability account of knowledge. Particularly influential work in developing such an account was also done by Brian Skyrms, Peter Unger, and Fred Dretske.

Accounts of knowledge which are externalist in Armstrong's sense mark an important break with tradition, according to which knowledge is a kind of justified, true belief. On traditional accounts, in part because justification is an essential ingredient in knowledge, a central task of epistemology is to give an account of what justification consists in. And, according to tradition, what is required for a person to be justified in holding a belief is for that person to have a certain justification for the belief, where having a justification is typically identified with being in a position, in some relevant sense, to produce an appropriate argument for the belief in question. What is distinctive about externalist accounts of knowledge, as Armstrong saw it, was that they do not require justification, at least in the traditional sense. Knowledge merely requires having a true belief which is appropriately connected with the world.


But while Armstrong's way of viewing reliability accounts of knowledge has them rejecting the view that knowledge requires justified true belief, Alvin Goldman came to offer quite a different way of viewing the import of reliability theories: in 1979, Goldman suggested that instead of seeing reliability accounts as rejecting the claim that knowledge requires justified true belief, we should instead embrace an account which identifies justified belief with reliably produced belief. Reliability theories of knowledge, on this way of understanding them, offer a non-traditional account of what is required for a belief to be justified. This paper of Goldman's, and his subsequent extended development of the idea, have been at the center of epistemological discussion ever since. 
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   Elizabeth Anscombe was a student of Ludwig Wittgenstein and later served, with G. H. von Wright and Rush Rhees as the executor of his papers and as editor of his Philosophical Investigations.

Her Inaugural Lecture as Professor of Philosophy at Cambridge University in 1971 was entitled "Causality and Determination." She explained that we had no empirical grounds for believing in a determinism that is logically necessary or even in the physical determinism that appears to be required by natural laws like Newton's. Anscombe thus properly distinguishes between determinism and determination, which requires only adequate determinism. And she sees that a strict causal, logical, and necessitated determinism (really predeterminism), is an illusion.
   

  The high success of Newton's astronomy was in one way an intellectual disaster: it produced an illusion from which we tend still to suffer. This illusion was created by the circumstance that Newton's mechanics had a good model in the solar system. For this gave the impression that we had here an ideal of scientific explanation; whereas the truth was, it was mere obligingness on the part of the solar system, by having had so peaceful a history in recorded time, to provide such a model. (p.20)
   
 
She asks... 
     
   Must a physicist be a 'determinist'? That is, must he believe that the whole universe is a system such that, if its total states at t and t' are thus and so, the laws of nature are such as then to allow only one possibility for its total state at any other time? No.
   


   Anscombe is familiar with developments in quantum physics. She notes that Max Born dissociated causality from determinism. And she mentions Richard Feynman's suggestion (following Arthur Holly Compton) of a Geiger counter firing that might be connected to a bomb "There would be no doubt of the cause of the explosion if the bomb did go off," she says. So there can be causality without determinism. (p.24)
   

   She notes that C. D. Broad, in his 1934 inaugural lecture, had considered indeterminism, but he had added that whatever happened without being determined was "accidental."
   
He did not explain what he meant by being accidental; he must have meant more than not being necessary. He may have meant being uncaused; but, if I am right, not being determined does not imply not being caused. Indeed, I should explain indeterminism as the thesis that not all physical effects are necessitated by their causes. But if we think of Feynman's bomb, we get some idea of what is meant by "accidental". It was random: it 'merely happened' that the radioactive material emitted particles in such a way as to activate the Geiger counter enough to set off the bomb. Certainly the motion of the Geiger counter's needle is caused; and the actual emission is caused too: it occurs because there is this mass of radioactive material here. (I have already indicated that, contrary to the opinion of Hume, there are many different sorts of causality.) But all the same the causation itself is, one could say, mere hap. It is difficult to explain this idea any further. (p.25)
   


   Indeed it is. We wish that Anscombe had tried. 

But she goes on to say Broad naively assumed that our actions were therefore randomly caused.  Apparently aware that randomness as a cause of action had been criticized since antiquity, she calls Broad naive.
   

Broad used the idea to argue that indeterminism, if applied to human action, meant that human actions are 'accidental'. Now he had a picture of choices as being determining causes, analogous to determining physical causes, and of choices in their turn being either determined or accidental. To regard a choice as such – i.e. any case of choice – as a predetermining causal event, now appears as a naif mistake in the philosophy of mind, though that is a story I cannot tell here. 
   
 
Again, we could hope she would have told us more.
  

   Anscombe recounts the severe criticism of scientists' suggestions that indeterminism could account for human freedom.
   
   It was natural that when physics went indeterministic, some thinkers should have seized on this indeterminism as being just what was wanted for defending the freedom of the will. They received severe criticism on two counts: one, that this 'mere hap' is the very last thing to be invoked as the physical correlate of 'man's ethical behaviour'; the other, that quantum laws
predict statistics of events when situations are repeated; interference with these, by the will's determining individual events which the laws of nature leave undetermined, would be as much a violation of natural law as would have been interference which falsified a deterministic mechanical law. (p.25)

Ever since Kant it has been a familiar claim among philosophers, that one can believe in both physical determinism and 'ethical' freedom. The reconciliations have always seemed to me to be either so much gobbledegook, or to make the alleged freedom of action quite unreal. My actions are mostly physical movements; if these physical movements are physically predetermined by processes which I do not control, then my freedom is perfectly illusory. The truth of physical indeterminism is then indispensable if we are to make anything of the claim to freedom. But certainly it is insufficient. The physically undetermined is not thereby 'free'. For freedom at least involves the power of acting according to an idea, and no such thing is ascribed to whatever is the subject (what would be the relevant subject?) of unpredetermination in indeterministic physics. (p.26)
   



   Nevertheless, Anscombe is surprised that indeterministic physics has had so little effect on the thinking of philosophers of mind, who remain mostly determinists.
   
It has taken the inventions of indeterministic physics to shake the rather common dogmatic conviction that determinism is a presupposition or perhaps a conclusion, of scientific knowledge. Not that that conviction has been very much shaken even so. Of course, the belief that the laws of nature are deterministic has been shaken. But I believe it has often been supposed that this makes little difference to the assumption of macroscopic determinism: as if undeterminedness were always encapsulated in systems whose internal workings could be described only by statistical laws, but where the total upshot, and in particular the outward effect, was as near as makes no difference always the same. What difference does it make, after all, that the scintillations, whereby my watch dial is luminous, follow only a statistical law – so long as, the gross manifest effect is sufficiently guaranteed by the statistical law? Feynman's example of the bomb and Geiger counter smashes this conception; but as far as I can judge it takes time for the lesson to be learned. I find deterministic assumptions more common now among people at large, and among philosophers, than when I was an undergraduate. (p.28)
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Harald Atmanspacher is Head of the Department of Theory and Data Analysis of the Institute for Frontier Areas of Psychology and Mental Health, Freiburg, Faculty Member of the C. G. Jung Institute, Zurich, Associate Fellow at the Collegium Helveticum, Zurich, at the ETH, as well as at the University of Zurich. Since 2003 he is Editor-in-Chief of the journal Mind and Matter, published by the Society for Mind-Matter Research. 

His main fields of work are nonlinear dynamics, complex systems, and psychophysical dualism. He is, with Hans Primas, an editor of Recasting Reality: Wolfgang Pauli's Philosophical Ideas and Contemporary Science and he wrote the Stanford Encyclopedia of Philosophy page on 
Quantum Approaches to Consciousness.


With Robert Bishop, Atmanspacher developed the theory of "contextual emergence," in which the description of properties of a lower level of emergence offers necessary but not sufficient conditions to rigorously describe the properties of the next higher level. The sufficient conditions are provided by "contextual" and contingent conditions.



Atmanspacher distinguishes between levels of description and levels of reality, i.e. between epistemological and ontological frameworks for reduction and emergence. He says:
   

Broadly speaking, descriptive terms are subjects of epistemological
discourse while elements of reality are subjects of ontological discourse. Both
types of discourse are used in reductionist and emergentist approaches. The concept
of reference establishes a connection between descriptive terms and described
elements of reality (leaving aside difficult questions about reference itself).

If one wants to have the option of ontic elements at each level of description
rather than only at one or a few fundamental levels, a straightforward and strictly
reductive scheme for interlevel relations becomes impossible and must be relaxed.
The way in which ontic and epistemic descriptions are related to each other motivates
contextual emergence as a viable alternative.


In order to clearly distinguish between different concepts of reduction and emergence,
it is desirable to have a transparent classification scheme, so that the basic
characteristics of these concepts can be discussed coherently. A useful approach
toward such a classification is based on the role which contingent contexts play in
reduction and emergence. More precisely, the way in which necessary and sufficient
conditions are assumed in the relation between different levels of description can be
used to distinguish four classes of relations:
   


Atmanspacher situates contextual emergence in a matrix of related pictures of reductionism and emergence. He says the way in which necessary and sufficient
conditions are assumed in the relation between different levels of description can be
used to distinguish four classes of relations:



(1) The description of features of a system at a particular level of description offers
both necessary and sufficient conditions to rigorously derive the description of
features at a higher level. This is the strictest possible form of reduction. It
was most popular under the influence of positivist thinking in the mid-20th
century.

(2) The description of features of a system at a particular level of description offers
necessary but not sufficient conditions to derive the description of features at
a higher level. This version is called contextual emergence, because contingent
contextual conditions are required in addition to the lower-level description
for a rigorous derivation of higher-level features.


(3) The description of features of a system at a particular level of description offers
sufficient but not necessary conditions to derive the description of features at
a higher level. This version includes the idea that a lower-level description
offers multiple realizations of a particular feature at a higher level, which is
characteristic of supervenience.


(4) The description of features of a system at a particular level of description offers
neither necessary nor sufficient conditions to derive the description of features
at a higher level. This represents a form of radical emergence insofar as there
are no relevant conditions connecting the two levels whatsoever.
   


In a recent article, Atmanspacher makes the argument that genuine chance may be involved in sub-cellular brain processes, although neural networks may be adequately determined.
   

Any distribution characterizing a state can in principle be interpreted as
due to genuine chance (ontically) or due to ignorance (epistemically). This
ignorance, or missing information, can in turn be deliberate, e.g. in order
to disregard details that are inessential in a particular context, or it can be
caused by uncontrollable perturbations. At the ion channel level, where
quantum effects must be expected to occur, an ontic interpretation in terms
of indeterminate states is possible or likely.

However, the fact that the stochastic dynamics of ion channels typically
yields highly reliable and precise neuronal behaviour suggests that any
potentially genuine micro-stochasticity is inefficacious at the neuronal level
(and even more so at the network level). Therefore, statistical neuronal
states are assumed to be of epistemic nature and genuine indeterministic
contributions to the dynamics of neurons seem to be of low relevance. After
all, the representation of the neurodynamics in a neuronal state space
amounts to a fairly well-defined trajectory of quasi-ontic states...


Since stochastic descriptions can generally be transformed into deterministic descriptions, it is an important issue whether or not there is a genuinely stochastic neuronal dynamics for which a (hidden) deterministic interpretation can be excluded. To all our present knowledge this is the
case for stochastic quantum processes, for which the Schrödinger dynamics
breaks down so that they are to be conceived as ontologically indeterministic.


Although the neurobiological literature does not refer to quantum
phenomena a lot, it would be premature to assume that indeterministic
quantum processes do not occur on relevant scales in the brain. 
   


"Two-stage models of free will" combine ontologically indeterministic quantum processes as a low-level generator of noise in the brain with more macroscopic but still stochastic processes.  They use quantum-level indeterminism in the first stage, which generates alternative possibilities for action. These are evaluated in the second stage, which is a "willful" and "adequately" determined process that considers motives, reasons, and desires to choose between the "freely" generated alternatives of the first stage.


The two-stage model can be described simply as first chance, then choice (cf. the book Chance and Choice, ed. by Atmanspacher and Bishop), or first "free" then "will." As it was 
first described by William James, it is a model of "mental evolution" of creative new ideas analogous to the two-step process of Darwinian evolution of new species. 

[image: image-placeholder]



Wolfgang Pauli and Carl Jung

  Atmanspacher is a faculty member of the C.G. Jung-Institut, Zurich, and has researched the extraordinary twenty-year collaboration between physicist Wolfgang Pauli and psychologist Carl Jung, culminating in a study of their dual-aspect monism.  
   

Dual-Aspect Monism



Atmanspacher explains the relationship of "dual-aspect" to "neutral" monism



The classic starting point for most contemporary discussions of mind-matter
relations is Descartes' ontologically conceived dualism of the mental (res cogitans, thought) and the material (res extensa, extended matter). In the history
of philosophy, Descartes' position was immediately upgraded, criticized, or replaced
by essentially three forms of thought: (i) alternative dualistic approaches
(occasionalism, parallelism), (ii) essentially monistic approaches (idealism, materialism),
and (iii) approaches combining (i) and (ii) by assuming a monistic
domain underlying the mind-matter distinction. An early protagonist of this
latter view is Baruch de Spinoza.

Spinoza's monism provides an elegant and robust sense in which mind and
matter are related to a "unity of essence". It does so by concatenating an ontological
monism with an epistemological dualism, yielding an overall worldview
in which both philosophy and the sciences can 
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   John L. Austin was an analytic philosopher who favored the analysis of ordinary language, rather than the creation of new technical philosophical terms, such as the "logical atoms" of Bertrand Russell and the early Ludwig Wittgenstein. He opposed logical positivistic philosophers such as A. J. Ayer, who believed that all sentences had a truth value. For Austin, some sentences were not passive statements about facts, but performative utterances, such as "I do" in a wedding ceremony. He called them "speech-acts."

Austin analyzed the ordinary meaning of "I can," and argued that there might be an implicit "if" lurking in the background of such statements. "Are cans constitutionally iffy?," he asked in his famous 1956 essay "Ifs and Cans."


In his Ethics, G. E. Moore had made free will compatible with determinism by analyzing the phrase "could have done otherwise" as meaning, "could have done otherwise, if I had chosen to do otherwise" 



Austin's Putt


Austin extends "I can" to mean "I can, if I try." He separates the physical ability from the desire or intention to perform an action. His celebrated example is (footnote 9 in "Ifs and Cans") an attempt to "hole" a putt. He normally has the ability to putt successfully. He wants (or tries or intends) to hole a putt. But in one case, his physical ability (or perhaps physical conditions beyond his control) prevent him from making the putt.

Austin then asks, could I have done otherwise? Could I have made the putt, in exactly the same physical conditions? "Further experiments," he says, "may confirm my belief that I could have done it although I did not." This is a sound empirical point of view. If Austin tries to hole the putt several times - on the same green, the same "lie" of the ball, the same distance to the hole, etc. - and finds that he does succeed, say, 95% of the time, it is reasonable to say that he could have, indeed normally would have, holed the putt. Physical reality often gives us only a statistical probability concerning what we "can" do.


In his work, Ethics, P.H.Nowell-Smith, who is also trying to come to grips with the implications of determinism, argues that "could have" means "would have, if." But Austin argues that this cannot be the categorical statement Nowell-Smith makes of it, because there are so many other conditionals that might be part of the "if" clause - if he had the opportunity, if he had the ability, if he was lucky, etc. 



Daniel Dennett on Austin's Putt


  In his 2003 book, Freedom Evolves, Daniel Dennett says that Austin's Putt clarifies the mistaken fear that determinism reduces posibilities. Considering that Dennett is an actualist, who believes there is only one possible future, this bears close examination.

First, don't miss the irony that Dennett is using "possible worlds" thinking, which makes the one world we are in only able to have one possible future, our actual world.


Dennett says


Now that we have a clearer understanding of possible worlds, we can expose three major confusions about possibility and causation that have bedeviled the quest for an account of free will. First is the fear that determinism reduces our possibilities. We can see why the claim seems to have merit by considering a famous example proposed many years ago by John Austin:

Consider the case where I miss a very short putt and kick myself because I could have holed it. It is not that I should have holed it if I had tried: I did try, and missed. It is not that I should have holed it if conditions had been different: that might of course be so, but I am talking about conditions as they precisely were, and asserting that I could have holed it. There is the rub. Nor does "I can hole it this time" mean that I shall hole it this time if I try or if anything else; for I may try and miss, and yet not be convinced that I could not have done it; indeed, further experiments may confirm my belief that I could have done it that time, although I did not. (Austin 1961, p. 166)



Austin didn't hole the putt. Could he have, if determinism is true? The possible-worlds interpretation exposes the misstep in Austin's thinking. First, suppose that determinism holds, and that Austin misses, and let H be the sentence "Austin holes the putt." We now need to choose the set X of relevant possible worlds that we need to canvass to see whether he could have made it. Suppose X is chosen to be the set of physically possible worlds that are identical to the actual world at some time t0 prior to the putt. Since determinism says that there is at any instant exactly one physically possible future, this set of worlds has just one member, the actual world, the world in which Austin misses. So, choosing set X in this way, we get the result that H does not hold for any world in X. So it was not possible, on this reading, for Austin to hole the putt.


Of course, this method of choosing X (call it the narrow method) is only one among many. Suppose we were to admit into X worlds that differ in a few imperceptibly microscopic ways from actuality at t0; we might well find that we've now included worlds in which Austin holes the putt, even when determinism obtains. This is, after all, what recent work on chaos has shown: Many phenomena of interest to us can change radically if one minutely alters the initial conditions. So the question is: When people contend that events are possible, are they really thinking in terms of the narrow method?

Suppose that Austin is an utterly incompetent golfer, and his partner in today's foursome is inclined to deny that he could have made the putt. If we let X range too widely, we may include worlds in which Austin, thanks to years of expensive lessons, winds up a championship player who holes the putt easily. That is not what Austin is claiming, presumably. Austin seems to endorse the narrow method of choosing X when he insists that he is "talking about conditions as they precisely were." Yet in the next sentence he seems to rescind this endorsement, observing that "further experiments may confirm my belief that I could have done it that time, although I did not." What further experiments might indeed confirm Austin's belief that he could have done it? Experiments on the putting green? Would his belief be shored up by his setting up and sinking near-duplicates of that short putt ten times in a row? If this is the sort of experiment he has in mind, then he is not as interested as he claims he is in conditions as  they precisely were. To see this, suppose instead that Austin's "further experiments" consisted in taking out a box of matches and lighting ten in a row. "See," he says, "I could have made that very putt." We would rightly object that his experiments had absolutely no bearing on his claim. Sinking ten short putts would have no more bearing on his claim, understood in the narrow sense as a claim about "conditions as they precisely were." We suggest that Austin would be content to consider "Austin holes the putt" possible if, in situations very similar to the actual occasion in question, he holes the putt. We think that this is what he meant, and that he would be right to think about his putt this way. This is the familiar, reasonable, useful way to conduct "further experiments" whenever we are interested in understanding the causation involved in a phenomenon of interest. We vary the initial conditions slightly (and often systematically) to see what changes and what stays the same. This is the way to gather useful information from the world to guide our further campaigns of avoidance and enhancement.



Curiously, this very point was made, at least obliquely, by G. E. Moore in the work Austin was criticizing in  the passage quoted. Moore's examples were simple: Cats can climb trees and dogs can't, and a steamship that is now traveling at 25 knots can, of course, also steam at 20 knots (but not, of course, in precisely the circumstances it is now in, with the engine set at Full Speed Ahead). The sense of "can" invoked in these uncontroversial claims, the sense called "can (general)" by Honoré (1964) in an important but neglected article, is one that requires us to look not at "conditions as they precisely were" but at minor variations on those conditions.


So Austin equivocates when he discusses possibilities. In truth, the narrow method of choosing X does not have the significance that he and many others imagine. From this it follows that the truth or falsity of determinism should not affect our belief that certain unrealized events were nevertheless "possible," in an important everyday sense of the word. We can bolster this last claim by paying a visit to a narrow domain in which we know with certainty that determinism reigns: the realm of chess-playing computer programs.




To include adjacent worlds seems to add alternative possibilities?
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Louise Antony is a philosopher of mind who defends a form of non-reductive physicalism. She argues for a middle ground between eliminative materialists who deny the existence of mind (like Daniel Dennett and the Churchlands) and the dualists, panpsychists, or neutral monists who look for something other than a purely physical explanation of the mind.

Antony divides her fellow defenders of a non-reductive physicalism into 1) those she calls "Neumanians," who are content to consider mind ineliminable by taking the descriptions, predictions, and explanations of "folk psychology" at face value, and 2) those, like herself, who want more robust reductive explanations of psychological phenomena. She wants to know how psychology can be embodied in material beings. She says:
    
   

The debate about non-reductive materialism is, I acknowledged, esoteric - it is
an in-house dispute among committed materialists. But I must warn the reader
that there is an even more outré dispute on the horizon. Non-reductive materialists
do not all agree with each other about exactly what it means to call the mind material.
Some (the philosophers I think of as "Neumanians") are willing to stop arguing
once it has been shown that psychology is ineliminable, that the descriptions, predictions,
and explanations of folk psychology must be taken at face value (Davidson.
1970; Baker, 1995; Burge, 1993). But others of us (and I am in this camp) think that
a full defense of psychology requires more - an account of how psychology, with all
its distinctive features, could be embodied in material beings. Such an account we
contend, requires providing a reductive explanation of psychological phenomena.
Thus, I intend to defend a version of non-reductive materialism that insists on ontological autonomy for the entities and properties of psychology, while demanding at
the same time an account of psychological phenomena in terms of non-psychological
phenomena.
   

Antony's account is to embrace the functionalist and computationalist views of Jerry Fodor and Hilary Putnam. Minds are advanced Turing machines which process "representations." Creatures that reason and deliberate, exhibit intentionality that conceives things and actions which do not yet exist, creatures that have a view of the world as they want it, as opposed to the world that exists, and that have powerful predictive powers, creatures with these characteristics need only possess a capacity to generate, store, and manipulate "representations," she says.


   

A good naturalist would make this picture the starting point of scientific investigation
- why not? The data are manifest; the picture offers an explanation. The first
question to ask would be how to understand the notion of "representation" - what
kinds of physical states and mechanisms could implement the information processing
posited in the naive picture? Turing, of course, provided an answer, by demonstrating
how, in principle, a completely physical and fully automatic representation-processing
machine could be built. This would be a machine with structured internal elements
that could be construed as symbols and internal states defined partly in relation to
those symbols, built in such a way that the principles governing the causal interactions
among the states (in conjunction with "inputs" and "outputs") mirror rational
relations among the representational contents encoded in the symbols. It is important
to the adequacy of Turing's model as a model of mind that the "mirroring" be quite
strong, and it is - the physical features of the representational elements to which the
machine's causal laws are sensitive are precisely the features that serve to encode the
elements of the representational contents that are semantically relevant. The generality
of the mirroring - the ability of the mechanism to track all the semantic relations
that exist among the contents of the symbols - is due to the compositionality of the
symbol system as a whole.

The application of Turing's theory of automatic computation to psychology
yields a satisfying precisification of the naive conception of mind: Thinking is fundamentally
a matter of the manipulation of symbols - physical items with representational
properties. The logically relevant aspects of the representational properties of
the symbols are encoded in their syntactic forms, and the compositional structure
of the symbol system mirrors the semantic and logical relations in which the representational
contents of the symbols participate. Mental states are functional relations
to mental symbols, and mental processes are computational processes defined over
the mental symbols. The hypothesis that minds are like this is the hypothesis that
minds have a "classical" architecture. In the 1970s this hypothesis was first articulated
and defended, as the "language of thought" theory, by Jerry Fodor, perhaps the world's
foremost champion of intentional realism,8 but it has received substantial development
since then, notably by cognitive scientist Zenon Pylyshyn.


The LOTT explains the central phenomena. The hypothesis that mental representations
are syntactically structured explains how psychological processes can respect
rational relations during deliberation. The hypothesis that agents' behavior is mediated
by representations explains both intentional inexistence and opacity phenomena. And
the hypothesis that representations are realized in physical structures whose forms
strongly mirror syntactic structure explains how representations can have causal
powers that track rational relations. Finally, the entire picture explains the projectibility of mentalistic discourse: it explains how beliefs, desires, and other mental states
implicated in perception and action can constitute natural kinds, capable of grounding
prediction and explanation.


Not only does computationalism provide a satisfying account of folk psychological
data, it has proved immensely fertile when extended beyond the realm of conscious
and deliberate thought. Beginning with Chomsky's pioneering approach to language
acquisition, and continuing with David Marr's theory of visual processing (Marr,
1982), the computationalist model has offered promising explanations of largely
unconscious cognitive feats performed by human beings on a daily basis, such as face
recognition. The idea that an innate "theory of mind" underlies our ability to quickly
interpret the facial expressions of our con-specifics, and to give intentionalistic construals
to characteristically human patterns of behavior, has gained wide acceptanor
among psychologists: there is serious evidence that absence of such a "psychology
module" might be the central deficit in autism. Computationalism has also been
extended to the cognitive achievements of infrahuman animals, such as birds' acquisition
of their species' songs and insects' spatial navigation, to account for animal cognition.


So here is the situation: we have available to us an intuitively appealing model of
mind, one that explains the central phenomena of mentality and that has generates!
new and fruitful programs of research within the fields of human psychology ami
ethology. It is striking, then, that there is so much resistance to this model within
philosophy. But what is more striking than the resistance itself is the fact that critics
of this picture have no alternative to offer.
   

 

Antony discusses Jaegwon Kim's objections to a non-reductive physicalism. 

   
In general, Kim and other reductionists need to show that there is a compelling difference
between biology and psychology, such that we can rest content with a biologv
that is autonomous from chemistry, but not a psychology that is autonomous from
biology. I submit that no such difference will be - or can be - found. Biological theories
earn their keep by providing fertile and explanatorily satisfying accounts of the phenomena
we pick out under biological description. No one frets about how such theories
will be "integrated" into the non-biological realm (although I understand that there
have been such worries in the past), for it is presumed that the truth cannot be an enemy
to the truth; that if biological phenomena are, as they certainly appear to be, part of
the natural material world, that their existence is compatible with their being composed
of chemical and ultimately physical stuff. Why cannot the same attitude be taken
toward psychological phenomena? It is only if one assumes going into the game that
"the mental" is somehow defined in contradistinction to the physical that there
can even appear to be a problem about "locating" the mind in a physical world. Nonreductive
materialists are thoroughgoing naturalists: we want only the same consideration
for the psychological data as are according the data in any other domain.

Think about it.
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  Mortimer Adler's work was always encyclopedic. He is perhaps best known as the editor of the Great Books of the Western World (1952, 52 volumes), and its companion A Syntopicon: An Index to The Great Ideas (1952, 2 volumes). Both of these are the work of a team of writers working with Adler.

But even the books written directly by Adler are encyclopedic in nature, especially his two-volume survey on freedom - The Idea of Freedom: A Dialectical Examination of the Conceptions of Freedom (1958) and its sequel The Idea of Freedom: A Dialectical Examination of the Controversies about Freedom (1961).


In The Idea of Freedom, vol.I, Adler classifies all freedoms into three categories:

	The Circumstantial Freedom of Self-Realization
	The Acquired Freedom of Self-Perfection
	The Natural Freedom of Self-Determination

Self-realization is freedom from external coercion, political end economic freedom, etc. 

The freedom we have identified as circumstantial is variously called "economic freedom," "political freedom," "civil liberty," "individual freedom," "the freedom of man in society," "freedom in relation to the state," and "external freedom." It is sometimes referred to negatively as "freedom from coercion or restraint," "freedom from restrictions," or
"freedom from law," and sometimes positively as "freedom of action," "freedom of spontaneity," or "freedom under law." 


Freedom from these constraints is the kind of freedom worth having stressed by the classical compatibilists from Thomas Hobbes on. 

Today most philosophers might include a large number of circumstantial internal constraints on freedom such as an agent's mental disabilities, addictions, behavioral conditioning, both normal and coercive (indoctrination or brainwashing), and perhaps even factors like heredity and environment.     

Self-perfection is the idea from Plato to Kant that we are only free when our decisions are for reasons and we are not slaves to our passions (making moral choices rather than satisfying desires). 


This is the acquired or learned knowledge to distinguish right from wrong, good from evil, true from false, etc. Adler also includes many theologically minded philosophers who argue that man is only free when following a divine moral law. Sinners, they say, do not have free will, which is odd because sinners are presumably responsible for evil in the world despite an omniscient and omnipotent God. 


As signifying one of the three ways in which writers think that men possess freedom, the word "acquired" refers to that the possession of which depends upon a change or development in human beings whereby they have a state of mind, or character, or personality which differentiates them from other men. 

Whatever word is used to designate this difference (whether it be "good," "wise," "virtuous," "righteous," "holy," "healthy," "sound," "flexible," etc.), the difference represents an improvement, or the attainment of a superior condition, as measured on whatever scale of values is posited by the particular writer. 


Freedom, in other words, is thought to be possessed only in conjunction with a certain state of mind, character, or personality that marks one man as somehow "better" than another. 


Self-determination covers the classic problem of free will. Are our actions "up to us," could we have done otherwise, are there alternative possibilities, or is everything simply part of a great causal chain leading to a single possible future? 


Most of Adler's natural freedoms are compatibilisms. They include Hegel's freedom of a stone falling according to Newton's law of gravity.


Adler defines the natural freedom of self-determination as that which is not either circumstantial or acquired. 


A freedom that is natural is one which is (i) inherent in all men, (ii) regardless of the circumstances under which they live and (iii) without regard to any state of mind or character which they may or may not acquire in the course of their lives. 


In volume II, writtten a few years later, Adler revisits the idea of a natural freedom of self-determination, which explicitly includes alternative possibilities and the self as a cause so our actions are "up to us." Note that the uncaused self decides from prior alternative possibilities.

We have employed the following descriptive formula to summarize the understanding of self-determination that is shared by authors who affirm man's possession of such freedom. They regard it, we have said, as "a freedom which is possessed by all men, in virtue of a power inherent in human nature, whereby a man is able to change his own character creatively by deciding for himself what he shall do or shall become."

We have further explained that "being able to change one's own character creatively by deciding for one's self what one shall do or shall become" expresses the topical agreement about self-determination only when at least two of the three following points are affirmed:


(i) that the decision is intrinsically unpredictable,
i.e., given perfect knowledge of all relevant causes, the decision cannot be foreseen or predicted with certitude;



(ii) that the decision is not necessitated,
i.e., the decision is always one of a number of alternative possible decisions any one of which it was simultaneously within the power of the self to cause, no matter what other antecedent or concurrent factors exercise a causal influence on the making of the decision;

(iii) that the decision flows from the causal initiative of the self,
i.e., on the plane of natural or finite causes, the self is the uncaused cause of the decision it makes.



These three points, as we shall see, generate three distinct existential issues about man's natural freedom of self-determination. Writers who deny (iii) that, on the plane of natural or finite causes, there are any uncaused causes deny, in consequence, the existence of a freedom the conception of which posits such causes. Writers who deny (ii) that an effect can be caused in a manner which does not necessitate it deny, in consequence, the existence of a freedom the conception of which attributes to the self the power of causing but not necessitating the decisions it makes. The existence of self-determination is also denied by writers who claim (i) that God's omniscience excludes a freedom the conception of which involves the intrinsic unpredictability of decisions that are the product of man's power of self-determination




Adler may see a two-stage model, first alternative possibilities,
not causal factors,
then an act of will.


 
In his over 1400 pages, Adler devotes only six pages to brief comments on quantum mechanical indeterminism 53 (v.1, p.461-466). Adler depends heavily on the thoughts of Max Planck and Erwin Schrödinger, who along with major thinkers like Einstein, Louis de Broglie, and David Bohm, rejected indeterminism. 
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Robert Audi

Robert Audi's work focuses on epistemology, ethical intuitionism, and theory of action .

Audi describes himself as a moderate foundationalist. He says that his account of justification is internalist. 


Knowledge depends on direct evidence such as perception or a priori knowledge. Examples of a priori knowledge include self-evident propositions that are clearly true, such as "nothing is round and square." Perceptions such as "I see red" are equally clear and are "experiential" grounds for justification. "Perception is epistemologically fundamental," he says. 

For Audi, knowledge does not entail justification and so his account of knowledge is externalist
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Rogers Albritton


Rogers Albritton was a philosopher of independent mind who was once chair of the philosophy department at Harvard, and later the chair at UCLA.

Out in California, he became the president of the American Philosophical Association's western division. His 1985 presidential address, "Freedom of Will and Freedom of Action," to the APA  distinguished freedom of action (the freedom to do what we will) from freedom of the will itself.


"Where there's a will, there just isn't always a way," as he put it.


This was a clear and thoughtful distinction at a time when compatibilists - or "soft determinists" as they were known since William James, were identifying free will with the lack of external constraints. 


This view of freedom as freedom of action originated with Thomas Hobbes and David Hume. 
It was the foremost view in the age of Newtonian deterministic physics, and continued to grow stronger in modern times despite the discovery of real quantum mechanical indeterminism in the early twentieth century.


Albritton was particularly critical of Elizabeth Anscombe and her essay "Soft Determinism."


Most philosophers seem to think it quite easy to rob the will of some freedom. Thus Elizabeth Anscombe, in an essay called "Soft Determinism," appears to suppose that a man who can't walk because he is chained up has lost some freedom of will. He "has no 'freedom of will' to walk," she says, or, again; no "freedom of the will in respect of walking." "Everyone will allow," she says, "that 'A can walk, i.e. has freedom of the will in respect of walking' would be gainsaid by A's being chained up." And again, "External constraint is generally agreed to be incompatible with freedom", by which she seems to mean: incompatible with perfect freedom of will, because incompatible with freedom of will to do, or freedom of the will in respect of doing, whatever the constraint prevents. 


Albritton made it very clear that we could will something even if it proved impossible to do.

But I do want to dispute, first, what Anscombe thinks "everyone will allow." I don't allow it. I don't see (do you?) that my freedom of will would be reduced at all if you chained me up. You would of course deprive me of considerable freedom of movement if you did that; you would thereby diminish my already unimpressive capacity to do what I will. But I don't see that my will would be any the less free. What about my "freedom of will to walk," you will ask (or perhaps you won't, but there the phrase is, in Anscombe's essay); what about my "freedom of the will in respect of walking"? I reply that I don't understand either of those phrases. They seem to me to mix up incoherently two different things: free will, an obscure idea which is the one I am after, on this expedition, and physical ability to walk, a relatively clear idea which has nothing to do with free will. 


In the end, Albritton learned from Anscombe, and from John Earman, that there were limits on the "hard determinsm" that we should call predeterminism. But if the indeterminism was just randomness, he found it led to the standard argument against free will:


Fortunately, Elizabeth Anscombe has taught me, by her essay "Causality and Determination," that I needn't go in for Lapacean fantasies, and I gather that John Earman is intent on conveying the same reassurance. That's fine. But one wouldn't care to think one's freedom of will secured by the physical possibility in pure theory that one will stay in bed for the rest of one's life, with Russian explanations ready in case anyone asks, much less by the theoretical possibility that instead of doing one's duty one will suddenly deliquesce into a nasty liquid all over the rug. Are we or aren't we as approximately deterministic as alarm clocks, say? That seems an awful question.



Albritton could not see that the adequate determinism we share with alarm clocks can be augmented by some modest libertarianism, a bit of randomness that generates alternative possibilities for our thoughts and subsequent actions. 
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Samuel Alexander

Samuel Alexander was one of the "British Emergentists," so-named by Brian McLaughlin.


Other emergentists include  John Stuart Mill, George Henry Lewes, C. Lloyd Morgan, 
and C. D. Broad.



In his 1920 book Space, Time, and Deity Samuel Alexander initially cited Lloyd Morgan as the source of emergentism, but Lloyd Morgan reminded Alexander about Lewes' 1875 work. 


Alexander wrote:


much of what I have to say has been already said by Mr. Lloyd Morgan in the
concluding chapter of his work on Instinct and Experience. The argument is that mind has certain specific characters to which there is or even can be no neural counterpart.    It is not enough to say that there is no mechanical
counterpart, for the neural  structure is not mechanical
but physiological and has life. Mind is, according to our
interpretation of the facts, an 'emergent' from life, and
life an emergent from a lower physico-chemical level of
existence. It may well be that, as some think, life itself
implies some independent entity and is indeed only mind
in a lower form. But this is a different question, which
does not concern us yet. If life is mind, and is a non-physical entity, arguments derived from the conscious features of mind are at best only corroborative, and it is
an inconvenience in these discussions that the two sets
of arguments are sometimes combined. Accordingly. I
may neglect such considerations as the selectiveness of
mind which it shares with all vital structures.



Alexander describes the process of emergence:

   
The facts can best be descibed as follows. New orders of finites come into existence in Time; the world actualy or historically develops from its first or elementary condition of Space-Time, which possesses no quality except what we agreed to call the spatio-temporal quality of motion. But as in the course of Time new complexity of motions come into existence, a new quality emerges, that is, a new complex possesses as a matter of observed empirical fact a new or emergent quality. The case which we are using as a clue is the emergence of the quality of consciousness from a lower level of complexity which is vital. The emergence of a new quality from any level of existence means that at that level there comes into being a certain constellation or collocation of the motions
belonging to that level, and this collocation possesses a new quality distinctive of the higher complex... 
   

Alexander says life and mind both belong to "vital" levels.
   
...just as mind is a new quality distinct from life, with its own peculiar methods of behaviour, for the reason already made clear that the complex collocation
which has mind, though itself vital, is determined by the
order of its vital complexity, and is therefore not merely
vital but also vital...
   


Alexander gives examples of the three hierarchical levels, one purely material or physical, one biological or "vital," and one with quality of mind and consciousness.
   
Material things have certain motions of their
own which carry the quality of materials. In the presence
of light they are endowed with the secondary quality of
colour. Physical and chemical processes of a certain
complexity have the quality of life. The new quality life
emerges with this constellation of such processes, and
therefore life is at once a physico-chemical complex and is
not merely physical and chemical, for these terms do not
sufficiently characterise the new complex which in the
course and order of time has been generated out of them.
Such is the account to be given of the meaning of quality
as such. The higher quality emerges from the lower
level of existence and has its roots therein, but it emerges
therefrom, and it does not belong to that lower level,
but constitutes its possessor a new order of existent with
its special laws of behaviour. The existence of emergent
qualities thus described is something to be noted, as some
would say, under the compulsion of brute empirical fact...

Roughly speaking, the different levels of existence which are more obviously distinguishable are motions, matter as physical (or mechanical), matter with secondary qualities, mind, life.
   

On Meaning


'Meaning,' it is said, has no neural counterpart, but 
the use of meaning is the very life-blood of mind. Now 
it is important here to distinguish two senses of meaning, 
because the argument for animism has been used by
different writers in the two senses. I may mean in the
first place an object, as when I point with my finger to
a person and say, I mean you. Meaning here signifies
reference to an object, and in this sense every conscious
process means or refers to an object other than the mental
process itself. All mental action implies the relation of
a subject to an object; and it makes no difference whether
the object is a perceived one present to the senses; or an
ideal one like a purpose consciously entertained, such as
going to London as entertained in idea or in thought; or
even an imaginary object such as √(— 1). What neural (or
as it is sometimes irrelevantly asked what mechanical)
equivalent can there be for this unique relation? This
sense of meaning corresponds to what the logicians call
the meaning of a word in extension. On the other hand, 
meaning may signify what the logician calls intension; a 
word is used with a meaning; a flower may mean for me
a person who is fond of it; " there's pansies, that's for
thoughts"; and in general our minds may have a sensory
object before them, but what we mean by it is a thought
which has no sensory embodiment. In the words, "when
I say religion, I mean the religion of the Church of
England as by law established," these two senses of the
word meaning seem to be combined, but on the whole it
is mainly in the second sense that the word is used.

Now meaning in extension raises a quite different
problem from meaning in intension; and that problem is
not the question of the relation of mind to its alleged
neural basis. It is the question whether the relation of
the conscious subject to an object which transcends it is
unique, or whether it is not, as I shall maintain, found
wherever two finites are compresent with each other. It
is the problem of what is involved in the knowledge of
what is not-mental. To be conscious of an object, to
mean it, or to refer to it, may turn out in the end to be
nothing but the fact that, to take a particular case, a table
excites in my mind a conscious process of perceiving it.
Accordingly in this sense of meaning, meaning does not
belong here but to a later stage of our inquiry. Nor do
I think that it would have seemed relevant were not the
neural structure taken as alleged to be mechanical. For
if it is a vital structure there is surely nothing very far-fetched in thinking that the stomata of leaves mean something beyond themselves, the air, to which they are
adapted. I may then neglect meaning in the extensive
sense for the present. 


The other sense of meaning is undoubtedly relevant,
and it offers real difficulty. For meaning is a conscious
condition of mind. When I use a word, the meaning is
in my mind (and of course besides this refers to something
not in my mind). What then is meaning ? Any part of
a complex whole means for me the rest of the complex.
A word, for instance, has been intimately connected with
the characters of the things it names, and it means those
characters. That is what it is to use a word with a meaning. My perception of the word means my thought of
what the word stands for. The sight of the orange means
for me the feel of it; the sight of the marble means its
coldness. The knight on the chess-board means the
moves which I may make with that piece. The symbol
√(— 1) means its mathematical interpretation. Now what
is there in meaning so described which prevents us from
believing that the conscious meaning corresponds to or,
as I should say, is identical with a certain neural process?
Doubtless if we imagine that our mind is made up of
sensations connected together by mere indifferent lines of
association, the solution is impossible. But if mental life
is mental processes arranged in various complicated
patterns, why should not a word set going in my brain,
and also in my mind, that pattern of process which we
call the meaning?  I  have answered the question  in
Anticipation when I pointed to the existence of imageless
thought, customs of mind which may also be customs in
the neural structure, not mere neural statical dispositions,
but those neural exercises of a habit which are identical
with the consciousness of a thought without its necessary
embodiment in sense. When the exercise of the habit is
more specific and detailed we may have the meaning turn
into an illustration or concrete embodiment of the meaning, as when the word horse not only makes me think
of horse but of the  particular foal whose affection I
attach to myself in the country by the offer of sugar.
And when the marble looks cold the very essence of the
condition of my mind is that the sight process is qualified
by the ideal touch process, and the transition from the
one to the other is in my mind. Even bare association
of the orange with Sicily is more than the fact that I
think of Sicily when I see an orange. Orange and Sicily
no woven into a complex, of comparatively loose texture
indeed as compared with the relation of cold to white in
the marble, but still a texture in which the transition from
the orange to Sicily is felt as a transition, and not as a
mere juxtaposition. When I use a word like 'government,' a whole complicated neuro-psychical pattern is set
going in my mind and brain, which is transitive and
elusive, but none the less conscious, and only called
transitive because it is wanting in definite detail. I may
go on to fill out this transitive outline with the pictures
of the coalition ministry. But it is still the elusive
complex which stands out as the main occupation of my
mind.  The figures of the ministers are the fringes of it,
not it the fringe of them. Thus mental connections to
which correspond neural connections are as much conscious as what they connect, and meaning remains a unitary
whole, while it still possesses its neural counterpart.


If meaning is thus neural as well as mental, it follows
that a very slight change in an object, or stimulus, may
produce an overwhelming difference in the mental response if that change is charged with meaning.    The famous telegram argument for animism loses therefore
all its force. A telegram 'our son is dead' may find the
recipient sympathetic but calm. Alter the word 'our'
to 'your,' a trifling change in the stimulus, and the
recipient may be overcome with grief. On the other hand,
change all the words into French, a large change in the
stimulus, and the effect on the recipient is the same as
when the telegram was in English. The facts present
no difficulty in view of the constitution of the recipient's
mind. The little change of a letter makes an enormous
change in the meaning of the telegram. But the words
mean the same in French as in English. No conclusion
in favour of a mind independent of the neural process can
be drawn unless we are prepared to say that a spark
should physically produce the same effect when it falls on
a sheet of iron as when it falls upon a mass of gunpowder,
or that a red ball will not cause the same bruise when it
hits my body as if it were painted white.
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   Aquinas' ideas about the will are a complex of three powers of the human soul, which can be described as the intellect (perceptive, apprehensive, cognitive), the will (motive, appetitive, conative) and the passions or feelings (sensitive, emotive). 
  
Eleonore Stump, in her 2003 book Aquinas, compared Aquinas' view of human freedom with contemporary accounts of free will. For Aquinas, she says, freedom is a property of the whole human being, not a component part of a person. Secondly, the will is not independent of the intellect. 

Intellect and will are engaged in a dynamic, complex interaction, with multiple stages between an initial perception and cognition by the intellect to the final action of the will, with occasional interruptions or overrides by the passions. 


All these stages may happen in the "twinkle of an eye" or in a long drawn-out process. At any stage the will can change the subject and ask the intellect to think about something else. The intellect may or may not do so, however.


The whole picture greatly resembles the modern Theater of Consciousness model of Bernard Baars, with the will focusing or selectively directing the attention of the mind. (Also compare Ayn Rand and Richard Franklin.)
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  Stump condenses Aquinas complicated picture of what goes on in an action to these simplified five stages. 
  
	
  Intellect - apprehends a situation and determines that a particular end is appropriate (good) for the given circumstances.
  

  Will - approves a simple volition for that end (or can reject, change the subject, etc.)
  

	
  Intellect - determines that the end can be achieved, is within the power of the agent.
  

  Will - Intention: to achieve the end through some means
  

	
  Intellect - Counsel: determines various means to achieve the end.
  

  Will - accepts these means (or can ask for more means)
  

	
  Intellect - determines the best means for the given circumstances.
  

  Will - Electio (choice): selects the means the intellect proposes as best.
  

	
  Intellect - Command: says "Do the best means!"
  

  Will - Use: exercises control over the body or mind as needed.
  



  One of these five stages, the electio, is most often identified with the liberum arbitrium - free decision or judgment. Aquinas used this term rather than free will (libera voluntas).

  Stump says that Aquinas puts limits on the liberum arbitrium and distinguishes freedom of action (limited by external constraints) from freedom of willing. He also recognizes that mental problems can cause a loss of intellect and so be an internal constraint on the will.


 Note that Aquinas locates multiple open possibilities or potentialities in the intellect. He locates the determination of the choice (the electio) in the will, which then causes the body to act. This agrees well with our Cogito model. 


But note that in Stump's fourth stage, it is the intellect that de-liberates, when it evaluates the best of the alternative means.  


Aquinas associates the liberum arbitrium with the power to do otherwise. In those rare cases when the intellect provides only a single means to achieve an end, the Counsel and Electio stages are skipped, but Aquinas nevertheless describes them as freely willed, even in the absence of alternative possibilities.


This, says Stump, is like the contemporary debate about whether actions can be free in the absence of alternative possibilities. (See Harry Frankfurt, David Widerker.)
  


Following Aristotle, Aquinas in De Malo denied that the will was necessitated. That would be heretical because it eliminates praise and blame, denying moral responsibility.     
  

   On the other hand, for Aquinas' God, time is an eternal moment (totem simul). With respect to God's foreknowledge, Aquinas is a compatibilist.  But Stump is convincing in her arguments that Aquinas may have been an incompatibilist with respect to causes, at least causes originating outside our minds. (See Peter van Inwagen's Consequence Argument.)
  

  However, if the will was caused by events that originate within us (Aristotle's ἐν ἡμῖν), then Stump thinks Aquinas would regard those actions as free, because they would be "up to us" (Aristotle's ἐφ ἡμῖν).
  

   Aquinas followed Aristotle in allowing chance events in the universe as accidentally intersecting causal chains. God as divine providence was seen as executing a plan (ratio) that includes continued governance of the world. Since providence means foresight, Aquinas believed in divine foreknowledge of all events, even those "chance" events.      
  

Free Choice

  (From Introduction to St. Thomas Aquinas, Modern Library, 1948, pp.368-375)

  Question LXXXIII of the Summa Theologica, in four articles


We now inquire concerning free choice. Under this head there are four points of inquiry: 


(1) Whether man has free choice? 

(2) What is free choice — a power, an act, or a habit? 

(3) If it is a power, is it appetitive or cognitive? 

(4) If it is appetitive, is it the same power as the will, or distinct? 



  First Article

WHETHER MAN HAS FREE CHOICE?

We proceed thus to the First Article: -


Objection 1. It would seem that man has not free choice. For whoever has free choice does what he wills. But man does not what he wills, for it is written (Rom. vii. 19): For the good which I will I do not, but the evil which I will not, that I do. Therefore man has not free choice.

Obj. 2. Further, whoever has free choice has in his power to will or not to will, to do or not to do. But this is not in man's power, for it is written (Rom. ix. 16): It is not of him that willeth — namely, to will — nor of him that runneth - namely, to run. Therefore man has not free choice.

Obj. 3. Further, he is free who is his own master, as the Philosopher says. Therefore what is moved by another is not free. But God moves the will, for it is written (Prov. xxi. I): The heart of the king is in the hand of the Lord; whithersoever He will He shall turn it; and (Phil. ii. 13): It is God Who worketh in you both to will and to accomplish. Therefore man has not free choice.

Obj. 4. Further, whoever has free choice is master of his own actions. But man is not master of his own actions, for it is written (Jer. X. 23) : The way of a man is not his, neither is it in a man to walk. Therefore man has not free choice.

Obj. 5. Further, the Philosopher says: According as each one is, such does the end seem to him . But it is not in our power to be such as we are, for this comes to us from nature.
Therefore it is natural to us to follow some particular end, and therefore we are not free in so doing.

On the contrary, It is written (Ecclus. xv. W:) God made man from the beginning, and left him in the hand of his own counsel; and the Gloss adds: That is, in the liberty of
choice.

I answer that, Man has free choice, or otherwise counsels, exhortations, commands, prohibitions, rewards and punishments would be in vain. In order to make this evident, we must observe that some things act without judgment, as a stone moves downwards; and in like manner all things which lack knowledge. And some act from judgment, but not a free judgment; as brute animals. For the sheep, seeing the wolf, judges it a thing to be shunned, from a natural and not a free judgment; because it judges, not from deliberation, but from natural instinct. And the same thing is to be said of any judgment in brute animals. But man acts from judgment, because by his apprehensive power he judges that something should be avoided or sought. But because this judgment, in the case of some particular act, is not from a natural instinct, but from some act of comparison in the reason, therefore he acts from free judgment and retains the power of being inclined to various things. For reason in contingent matters may follow opposite courses, as we see in dialectical syllogisms and rhetorical arguments. Now particular operations are contingent, and therefore in such matters the judgment of reason may follow opposite courses, and is not determinate to one. And in that man is rational, it is necessary that he have free choice.

Reply Obj. 1. As we have said above, the sensitive appetite, though it obeys the reason, yet in a given case can resist by desiring what the reason forbids. This is therefore the good which man does not when he wishes — namely, not to desire against reason, as Augustine says.

Reply Obj. 2. Those words of the Apostle are not to be taken as though man does not wish or does not run of his free choice, but because free choice is not sufficient thereto unless it be moved and helped by God.
Reply Obj. 3. Free choice is the cause of its own movement, because by his free choice man moves himself to act. But it does not of necessity belong to liberty that what is free should be the first cause of itself, as neither for one thing to be cause of another need it be the first cause. God, therefore, is the first cause, Who moves causes both natural and voluntary. And just as by moving natural causes He does not prevent their actions from being natural, so by moving voluntary causes He does not deprive their actions of being voluntary: but rather is He the cause of this very thing in them, for He operates in each thing according to its own nature.

Reply Obj. 4. Man's way is said not to be his in the execution of his choice, wherein he may be impeded, whether he will or not. The choice itself, however, is in us, but presupposes the help of God.

Reply Obj. 5. Quality in man is of two kinds: natural and adventitious. Now the natural quality may be in the intellectual part, or in the body and its powers. From the very fact, therefore, that man is such by virtue of a natural quality which is in the intellectual part, he naturally desires his last end, which is happiness. This desire is, indeed, a natural desire, and is not subject to free choice, as is clear from what we have said above. But on the part of the body and its powers, man may be such by virtue of a natural quality, inasmuch as he is of such a temperament or disposition due to any impression whatever produced by corporeal causes, which cannot affect the intellectual part, since it is not the act of a corporeal organ. And such as a man is by virtue of a corporeal quality, such also does his end seem to him, because from such a disposition a man is inclined to choose or reject something. But these inclinations are subject to the judgment of reason, which the lower appetite obeys, as we have said. Therefore this is in no way prejudicial to free choice.


The adventitious qualities are habits and passions, by virtue of which a man is inclined to one thing rather than to another. And yet even these inclinations are subject to the judgment of reason. Such qualities, too, are subject to reason, as it is in our power either to acquire them, whether by causing them or disposing ourselves to them, or to reject them. And so there is nothing in this that is repugnant to free choice.
  


Second Article

WHETHER FREE CHOICE IS A POWER?

We proceed thus to the Second Article:
Objection 1. It would seem that free choice is not a power, For free choice is nothing but a free judgment. But judgment denominates an act, not a power. Therefore free choice is not a power.

Obj. 2. Further, free choice is defined as the faculty of the will and reason. But faculty denominates the facility of power, which is due to a habit. Therefore free choice is a habit. Moreover Bernard says that free choice is the soul's habit of disposing of itself. Therefore it is not a power.
Obj. 3. Further, no natural power is forfeited through sin. But free choice is forfeited through sin, for Augustine says that man, by abusing free choice, loses both it and himself. Therefore free choice is not a power.

On the contrary, Nothing but a power, seemingly, is the subject of a habit. But free choice is the subject of grace, by the help of which it chooses what is good. Therefore free choice is a power.

I answer that, Although free choice, in its strict sense, denotes an act, in the common manner of speaking we call free choice that which is the principle of the act by which man judges freely. Now in us the principle of an act is both power and habit; for we say that we know something both by science and by the intellectual power. Therefore free choice must be either a power, or a habit, or a power with a habit. That it is neither a habit nor a power together with a habit can be clearly proved in two ways. First of all, because, if it is a habit, it must be a natural habit; for it is natural to man to have free choice. But there is no natural habit in us with respect to those things which come under free choice, for we are naturally inclined to those things of which we have natural habits, for instance, to assent to first principles. Now those things to which we are naturally inclined are not subject to free choice, as we have said in the, case of the desire of happiness. Therefore it is against the very notion of free choice that it should be a natural habit; and that it should be a non-natural habit is against its nature. Therefore in no sense is it a habit.


Secondly, this is clear because habits are defined as that by reason of which we are well or ill disposed with regard to actions and passions. For by temperance we are well-disposed as regards concupiscences, and by intemperance ill-disposed; and by science we are well-disposed to the act of the intellect when we know the truth, and by the contrary habit ill-disposed. But free choice is indifferent to choosing well or ill, and therefore it is impossible that it be a habit. Therefore it is a power.

Reply Obj. 1. It is not unusual for a power to be named from its act. And so from this act, which is a free judgment, is named the power which is the principle of this act. Otherwise, if free choice denominated an act, it would not always remain in man.

Reply Obj. 2. Faculty sometimes denominates a power ready for operation, and in this sense faculty is used in the definition of free choice. But Bernard takes habit, not as divided against power, but as signifying any aptitude by which a man is somehow disposed to an act. This may be both by a power and by a habit, for by a power man is, as it were, empowered to do the action, and by the habit he is apt to act well or ill.

Reply Obj. 3. Man is said to have lost free choice by falling into sin, not as to natural liberty, which is freedom from coercion, but as regards freedom from fault and unhappiness. Of this we shall treat later in the treatise on Morals in the second part of this work.  
  


Third Article

WHETHER FREE CHOICE IS AN APPETITIVE POWER?

We proceed thus to the Third Article:


Objection 1. It would seem that free choice is not an appetitive, but a cognitive power. For Damascene says that free choice straightway accompanies the rational power. But reason is a cognitive power. Therefore free choice is a cognitive power.

Obj. 2. Further, free choice is so called as though it were a free judgment. But to judge is an act of a cognitive power. Therefore free choice is a cognitive power.

Obj. 3. Further, the principal function of free choice is election. But election seems to belong to knowledge, because it implies a certain comparison of one thing to another; which belongs to the cognitive power. Therefore free choice is a cognitive power.

On the contrary, The Philosopher says that election is the desire of those things which are in our power. But desire is an act of the appetitive power. Therefore election is also. But free choice is that by which we elect. Therefore free choice is an appetitive power.

I answer that, The proper act of free choice is election, for we say that we have a free choice because we can take one thing while refusing another; and this is to elect. Therefore we must consider the nature of free choice by considering the nature of election. Now two things concur in election: one on the part of the cognitive power, the other on the part of the appetitive power. On the part of the cognitive power, counsel is required, by which we judge one thing to be preferred to another; on the part of the appetitive power, it is required that the appetite should accept the judgment of counsel. Therefore Aristotle leaves it in doubt whether election belongs principally to the appetitive or the cognitive power: since he says that election is either an appetitive intellect or an intellectual appetite. But he inclines to its being an intellectual appetite when he describes election as a desire proceeding from counsel. And the reason of this is because the proper object of election is the means to the end. Now the means, as such, has the nature of that good which is called useful; and since the good, as such, is the object of the appetite, it follows that election is principally an act of an appetitive power. And thus free choice is an appetitive power.

Reply Obj. 1. The appetitive powers accompany the apprehensive, and in this sense Damascene says that free choice straightway accompanies the rational power.

Reply Obj. 2. Judgment, as it were, concludes and terminates counsel. Now counsel is terminated, first, by the
judgment of reason; secondly, by the acceptation of the appetite. Hence the Philosopher says that, having formed a judgment by counsel, we desire in accordance with that counsel.And in this sense election itself is a judgment from which free choice takes its name.

Reply Obj. 3. This comparison which is implied in the term election belongs to the preceding counsel, which is an act of reason. For though the appetite does not make comparisons, yet inasmuch as it is moved by the apprehensive power which does compare, it has some likeness of comparison, by choosing one in preference to another.
  
  


  Fourth Article

WHETHER FREE CHOICE IS A POWER DISTINCT FROM
THE WILL?

We proceed thus to the Fourth Article:


Objection 1. It would seem that free choice is a power distinct from the Will. For Damascene says that θέλησις is one thing and βούλησις another. But θέλησις is will, while βούλησις seems to be free choice, because βούλησις, according to him, is the will as concerning an object by way of comparison between two things. Therefore it seems that free choice is a power distinct from the will.

Obj. 2. Further, powers are known by their acts. But election, which is the act of free choice, is distinct from the will, because the will regards the end, whereas choice regards the means to the end. Therefore free choice is a power distinct from the will.
Obj. 3. Further, the will is the intellectual appetite. But on the part of the intellect there are two powers—agent and possible. Therefore, also on the part of the intellectual appetite there must be another power besides the will. And this, seemingly, can be only free choice. Therefore free choice is a power distinct from the will.

On the contrary, Damascene says free choice is nothing else than the will.

I answer that, The appetitive powers must be proportionate to the apprehensive powers, as we have said above. Now, as on the part of intellectual apprehension we have intellect and reason, so on the part of the intellectual appetite we have will and free choice, which is nothing else but the power of election. And this is clear from their relations to their respective objects and acts. For the act of understanding implies the simple acceptation of something, and hence we say that we understand first principles, which are known of themselves without any comparison. But to reason, properly speaking, is to come from one thing to the knowledge of another, and so, properly speaking, we reason about conclusions, which are known from the principles. In like manner, on the part of the appetite, to will implies the simple appetite for something, and so the will is said to regard the end, which is desired for itself. But to elect is to desire something for the sake of obtaining something else, and so, properly speaking, it regards the means to the end. Now in appetitive matters, the end is related to the means, which is desired for the end, in the same way as, in knowledge, principles are related to the conclusion to which we assent because of the principles. Therefore it is evident that as intellect is to reason, so will is to the elective power, which is free choice. But it has been shown above that it belongs to the same power both to understand and to reason even as it belongs to the same power to be at rest and to be in movement. Hence it belongs also to the same power to will and to elect. And on this account will and the free choice are not two powers, but one.

Reply Obj. 1. βούλησις is distinct from θέλησις because of a distinction, not of powers, but of acts.

Reply Obj. 2. Election and will — that is, the act of willing — are different acts, yet they belong to the same power, as do to understand and to reason, as we have said.

Reply Obj. 3. The intellect is compared to the will as moving the will. And therefore there is no need to distinguish in the will an agent and a possible will.
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William Alston

William P. Alston was an analytic philosopher and epistemologist. With Alvin Plantinga, he founded the Society of Christian Philosophers and the journal Faith and Philosophy.

He argued for a blend of internalism and externalism. The fulfillment of one's epistemic duty (deontological justification) strengthened foundationalist justification on the internalist side. He argued for levels of justification, first order, second order, etc.  One need not be justified in holding a second-order belief in p, but still may be directly justified in believing p.


Alston tried to show the reliability of perception, despite circular reasoning, and thereby defended justified beliefs in God.


On the externalist side, he followed Thomas Reid in seeing justification as a certain kind of social practice.


Alston was a leader in the effort to create a "reformed epistemology" that could justify belief in God as a "basic belief" and defend faith as rational. Basic beliefs do not require explicit justification. They are self-justifying, according to some epistemologists. Alston did not care for the adjective "Reformed," as it refers back to John Calvin's Reformed theology, and the doctrine that God placed a sensus divinatus in the minds of men.
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Alexander Bain


Alexander Bain was a Scottish philosopher who influenced the Americans Charles Sanders Peirce and William James. Their meetings of the short-lived "Metaphysical Club" in the early 1860's often included discussions of Bain's work. Peirce thought the core idea of his new philosophy of pragmatism came from Bain's definition of a belief as "that upon which a man is prepared to act." 

William James gave "The Will to Believe" agential force in his own version of pragmatism. The "difference between the objects of will and belief is entirely immaterial, as far as the relation of the mind to them goes." (Principles, vol.2, p.320) "When a thing is such as to make us act on it, then we believe it, according to Bain," said James (p.322). 


In his 1859 book Emotions and the Will, Bain said 
   

It remains to consider the line of demarcation between belief and mere conceptions involving no belief - there being instances where the one seems to shade into the other. It seems to me impossible to draw this line without referring to action, as the only test, and the essential import of the state of conviction even in cases the farthest removed in appearance from any actions of ours, there is no other criterion.




Bain on Free Will

Bain followed John Locke and considered it absurd to describe the will as "free." His psychological theory marked the beginning of psychophysical parallelism, and it denied a purely physical or materialist explanation of mind. Knowledge and all mental events flowed from the sensations. So the physical body could generate spontaneous movements, but they could be known to a Laplacian intelligence. 


Spontaneity, Self determination. - These names are introduced into the discussion of the will, as aides to the theory of liberty, which they are supposed to elucidate and unfold. That there is such a thing as 'spontaneity,' in the action of voluntary agents has been seen in the foregoing pages. The spontaneous beginnings of movement are a result of the physical mechanism under the stimulus of nutrition... There is nothing in all this that either takes human actions out of the sweep of law, or renders liberty and necessity appropriate terms of description... The physical, or nutritive, stimulus is a fact of our Constitution, counting at each moment for a certain amount, according to the bodily condition; and if anyone knew exactly the condition of a man or animal in this respect, a correct allowance might be made in the computation of present motives.




Bain thought that the mind also could generate "outgoing" thoughts and new associations at "random," but it is likely that his idea of randomness was the prevalent 19th-century view that randomness and chance were just the result of human ignorance and our incapacity to make arbitrarily accurate measurements, following the views of Adolphe Quételet  and Henry Thomas Buckle.   

   

When Watt invented his 'parallel motion' for the steam engine, his intellect and observation were kept at work, going out in all directions for the change of some suitable combination rising to view; his sense of the precise thing to be done was the constant touchstone of every contrivance occurring to him, and all the successive suggestions were arrested, or repelled, as they came near to, or disagreed with, this touchstone. The attraction and repulsion were purely volitional effects; they were the continuance of the very same energy that, in his babyhood, made him keep his mouth to his mother's breast widely felt hunger on appeased and withdraw it when satisfied... 

No formal resolution of the mind, adopted after consideration or debate, no special intervention of the 'ego,' or the personality, is essential to this putting forth of the energy of retaining on the one hand, or repudiating on the other, what is felt to be clearly suitable, or clearly unsuitable, to the feelings or aims of the moment. The inventor sees the incongruity of a proposal, and forth with it vanishes from his view. There may be extraneous considerations happening to keep it up in spite of the volitional stroke of repudiation, but the genuine tendency of the mind is to withdraw all further consideration, on the mere motive of unsuitability; while some other scheme of an opposite nature is, by the same instinct, embraced and held fast. 


In all these new constructions, be they mechanical, verbal, scientific, practical, or aesthetical, the outgoings of the mind are necessarily at random; the end alone is the thing that is clear to the view, and with that there is a perception of the fitness of every passing suggestion. The volitional energy keeps up the attention, or the active search, and the moment that anything in point rises before the mind, springs upon that like a wild beast on its prey. I might go through all the varieties of creative effort, detailed under the law of constructive association, but I should only have to repeat the same observation at every turn.



Among Bain's many accomplishments was the founding of the influential philosophical journal, Mind, in 1876.  
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Bernard Berofsky is a well-known champion of determinism. He edited the influential anthology Free Will and Determinism in 1966, including some very important papers, such as "Free Will as Involving Determination and Inconceivable Without It" by R. E. Hobart, "Free Will as Involving Determinism" by Phillipa Foot, and "Freedom and Responsiblity" by P. H. Nowell-Smith. 

These papers helped to establish determinism (or compatibilism) as the dominant view of philosophers in the late twentieth century, at least until Peter van Inwagen's 1982 Essay on Free Will restated the standard arguments against free will as his "Consequence Argument" and "Mind Argument, and Robert Kane's 1985 Free Will and Values claimed quantum indeterminism could provide human freedom without jeopardizing control."  


In the introduction to Free Will and Determinism, Berofsky laments the lack of a good definition of determinism in most works on human freedom.

 
In discussions of human freedom it is not uncommon to omit a definition or clarification of the thesis of determinism, although reference to it may be made. This is quite serious if one considers (1) the fact that this thesis often plays a fundamental role in conceptions of human freedom and (2) the possibility that resolutions of fundamental questions about human freedom hinge upon clarification of the thesis of determinism. 

 
Berofsky spends over five pages in his introduction on religious determinism, questions like divine foreknowledge, but only one page on science.  And in the science section there is no mention of quantum indeterminism.

In 1971 Berofsky published his book Determinism, in which he gave an abstract and formal definition of determinism in mathematical, logical, and analytical philosophical terms:

 
(x) [x is an R-sentence ⊃ (∃y) (∃z) (y is a state description-sentence • z is a law-sentence • [image: image-placeholder] (y • z) ⊃ x)]

An R-sentence is true, contingent, singular, and temporal. It must not contain a causal, evaluative, or basic dispositional predicate. Any logical consequence of either an R-sentence or any conjunction of R-sentences is an R-sentence. If the predicate of the R-sentence is a determinable whose determinates admit as values any or almost any real number, the laws in the deterministic account of this sentence must contain variables for that determinable that may also take values from any or almost any real number (Continuity-requirement).


A state description-sentence is a conjunction of any mathematical, logical, and linguistic truths, any true sentences of the form "x = y," and the state description proper. The state description proper is a subset of R-sentences except that sentences containing basic dispositional predicates are allowed, and sentences containing positional and temporal predicates are ruled out. The state description must be logically and criterially independent of the sentence the deterministic account is about; and no sentence may refer to a time period subsequent to t where t is the temporal designation in the sentence the deterministic account is about.


No other temporal restrictions on state descriptions are made.


A law (as used in the definition of determinism) is a true, logically contingent universal conditional with non-self-contradictory, open-ended, nonpositional, and qualitative predicates that meets five requirements (DS, C, S, AE, D). ("A law" may actually be a conjunction of laws.)


A deterministic account of some R-sentence is, of course, a specific state description-sentence and a specific law (or laws) that entails the R-sentence. Thus, any deterministic account of x is a deterministic account of each logical consequence of x. Moreover, a deterministic account of an R-sentence may be povided by several deterministic accounts of sentences which conjunctively entail that R-sentence.

 (Determinism, pp.268-9)



  
Berofsky maintains three things (Determinism, pp.1-3):

	Determinism is a claim about the world that is true or false, 
insofar as determinism is a proposition.

The libertarian believes that humans are not free if determinism is true. The reconciliationist (compatibilist), accepts determinism and believes that it does not rule out freedom.


	Determinism is not true in virtue of linguistic or other conventions alone.
 
The truth of determinism is guaranteed by virtue of its definitions and certain scientific conventions. Indeterminism is virtually self-contradictory, with "devastating consequences" for the free will debates.



	Determinism is prima facie incompatible with human freedom
In terms of the notion of law, all human behavior is law-governed and thus not free. But Berofsky asks whether laws are necessary, and concludes that they are not. This reduces the truth staus of determinism to  three: contingent truth, contingent falsity, and necessary falsity (p.291). He concludes that the scope of determinism is limited. Since human actions cannot be determined, he considers the possibility that determinism is necessarily false. In Information Philosophy, nothing about the physical world is necessarily true or false.
 




Berofsky cites what he calls a "univocity condition," that the meaning of the term "determined" in "All events are determined" has the same meaning in the statement "This event is determined." But obviously, some events may be determined and others not, since some causes may not themselves have causes, which philosophers since Aristotle have noted.  


Berofsky also defines a "unicity condition," that what occurs in the world at any time t restricts the world to just one possible future. This is the view of Laplace and the concern of William James in The Dilemma of Determinism. 


Berofsky says that any definition of determinism must capture this idea, but we prefer to call this idea "predeterminism" to contrast it with the adequate determinism we have in the real world, which admits some indeterminism but keeps it under control, limiting chance to the creation of alternative possibilities for action.


Berofsky considers other definiens for determinism, including human and divine foreknowledge (p.9), predictability, which he claims may not require foreknowledge (p.28), and universal causality, the doctrine that every event has a cause.


He compares a generality theory of causation to a regularity theory (which may not be "necessary"), a thought which he associates with David Hume (p.42)


Berofsky is a strong supporter of Hume. He says that "no great philosopher has been treated as unfairly as has Hume by philosophers on both sides of the Atlantic." (p.6)


In 1987, Berofsky claimed in his book Freedom from Necessity that 


No philosophical problem is more deserving of the title 'the free will problem' than that concerning the assessment of the claim that a deterministic world, i.e., one governed completely by universal scientific law, has no room for agents with dignity sufficient to justify attributions of moral responsibility to them.


Berofsky notes that the "incompatibilist" assumes that moral responsibility presupposes that the world is not deterministic. He extends the definition of incompatibilist, amazed that others have not also done this:

We shall also extend the term "incompatibilist" in a perfectly natural way to one who applies his reasoning to a particular case by concluding that an agent is not morally responsible for an action in the event that that particular action is determined.

It is a psychological mystery to me why so few writers on this subject note the significance of this extension. Although it is virtually a truism that an incompatibilist draws an important conclusion about some determined action regardless of the truth or falsity of the general thesis of determinism, many philosophers regard the free will problem as having been deprived of its motivation once determinism is surrendered. This response is as viable as a refusal to see the danger in an arsenic-laced apple because not all the apples in the basket are laced with arsenic.


 
We agree that a single determined action does not 1) imply that all actions are determined, or 2) imply that the action is predetermined back to the beginning of the universe by a causal chain, as pointed out so clearly by Phillipa Foot in her important article anthologized by Berofsky in 1966.

In Berofsky's last book, Liberation from Self in 1995, he turns to psychology to explore the notion of human autonomy. Defying the etymological origins1, he denies that autonomous agents are individuals whose actions are self directed.


He says

 I will argue that autonomy is essentially constituted by the manner in which an agent is engaged in her world rather than the metaphysical origin of her motivations. (p.1)

Critics of the view that freedom is the liberty of indifference are fond of observing that our freedom is not threatened by the need to subordinate ourselves to the rules of mathematics and logic. We do not feel that we would have greater freedom (at least of a worthwhile sort) if we retained the ability to withhold judgment in the face of deductively conclusive evidence. I believe that we should feel similarly unafraid by the correlative need to subordinate ourselves to the other areas of life in which we act and find our satisfactions. In this way, autonomy is achieved. (p.2)


...there is something perverse in wanting the freedom to reject a theorem one knows to be true. (p.2)


Autonomous persons must be independent, not just from the pernicious influence of others, but from the pernicious influence of their own earlier lives. 
For that robust engagement with the world is possible only for persons who have liberated themselves from the disabling effects of physiological and psychological afflictions. We are all limited and, perhaps, our lives are completely determined. But there are crucial differences in the manner in which our earlier life bears on our later life. The possibly deterministic process that has brought us to our current state may have an independence and authenticity depending on the character of current interactions. The autonomy of a sculptor is grounded in knowledge of the craft, its techniques, its history, its standards, in his openness, and in his ability to respond to relevant inputs, his work as it has so far evolved, his own responses to that work, and relevant features of the world such as the manner of his involvement in professional life. If these elements are in place, we do not require in addition a radical rupture with the past.


On the other hand, when we have formed and retained an irrational belief that is rendered immune from learning through experience, when we respond to the world in a cognitive style that is prone to produce distortion, when our experience is filtered through subjective principles designed to reinforce prejudices which serve a defensive function, we have failed to transcend our origins in a way that bears on our capacity to establish an autonomous connection to the world.


In order to characterize impediments to autonomy, therefore, we must turn to psychology for a deeper understanding of the ways these barriers can form. It is striking to observe that this is done by very few philosophers who are interested in autonomy. (p.2-3)



In 2003, Berofsky contributed an article on "Classical Compatibilism" to Moral Responsibility and Alternative Possibilities, edited by Michael McKenna and David Widerker.


He describes a "Strong Compatibilism" that rules out alternative possibilities and claims that "Classical Compatibilism" does not rule them out:


Those philosophers who draw depressing consequences about human freedom
and responsibility from the existence of deterministic accounts' usually do so because they draw an intermediate conclusion that has been characterized in a variety of ways: from the fact that a particular action is determined, the conclusion is drawn that the agent could not have done otherwise (or that the action is necessitated or that there is no alternative possibility or that the action is inevitable, and so on). 

Some compatibilists believe that freedom does not require determinism and, therefore, concede to the incompatibilist the possibility of a freedom-assuring indeterministic process of deliberation leading to a decision D at t1. Some of these compatibilists believe as well that such a process can exist alongside a distinct mechanism that insures but does not determine that D occur at t1. The presence of the distinct insuring mechanism guarantees that the agent could not have done otherwise, while the agent's freedom over the decision is ostensibly assured by the fact that it is the result, not of the distinct mechanism, but rather of the deliberative process. The latter incorporates whatever elements are deemed essential for freedom, one of which the libertarian believes is indetermination. The incompatibilist's complaint that determinism rules out freedom and moral responsibility by ruling out an agent's ability to do otherwise is thereby rendered otiose — determinism is harmless even if it entails that everything we do we must do. Call this strategy 'strong compatibilism,' a label whose qualifier designates immunity from refutation by the 'discovery' that deterministic accounts entail that an agent could not have done otherwise.


Strong compatibilists do not believe that all freedom-assuring deliberative processes are indeterministic. They are compatibilists, after all, and believe that the key freedom-conferring elements — deciding not under coercion or compulsion for reasons one is neither constrained nor compelled to possess — may be found in some deterministic processes as well. In this respect, of course, they part ways with the libertarian. Their position is stronger than classical compatibilism, for the latter accepts the incompatibilist demand for alternative possibilities, but supposes that the demand fails to be met only when specific sorts of determining conditions are present. Classical compatibilists agree then with incompatibilists that the presence of a distinct process that renders the agent unable to choose otherwise negates the agent's prima facie freedom conferred by the deliberative process. They both see the agent as the victim of an illusion. For he deliberates in the belief that he faces open possibilities. It is also of some interest that, in the eyes of the classical compatibilist, since determination per se neither destroys freedom nor renders an agent unable to do otherwise, the destructive elements of the process that insures the decision must be different from simple determination.



In recent journal articles, Berofsky has challenged the idea of "source incompatibilism", whether Robert Kane’s event-causal libertarianism or the various agent-causal varieties defended by Derk Pereboom and Randolph Clarke. He says


We are very different from machines and the lower animals.
We are complex creatures who often deliberate about a multiplicity
of options. We reflect and make decisions, often rationally,
that we do not have to make. We occasionally have original
ideas and create original products. We are to some extent
responsible for the lives we lead, including the decisions we make...Even if we find ourselves with inculcated values, we can sometimes
alter them upon reflection and adopt a new set of values.

(Philosophical Studies 131 (2) p.419)


Berofsky says that there are very few philosophers who hold the extreme position
that the discovery that this is a deterministic world would
require us to abandon this picture entirely and to replace it
with a picture of ourselves as puppets, devoid of any sort of
freedom or dignity." But we could cite hard determinists who call themselves "illusionists" like Saul Smilansky and the psychologist Daniel Wegner.
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On Free Will

In his classic 1925 book The Mind and Its Place in Nature (p.490), Broad discussed Kant's requirement that an agent can only have a "duty" to perform an action if the agent is able to choose to do otherwise, namely, to perform or not perform that action. But he found it "not in the least certain that the "freedom" required is inconsistent with determinism."


   Years later (1952), Broad wrote the influential essay Determinism, Indeterminism, and Libertarianism which suggested that indeterminism might be possible, but that libertarianism was impossible.


In his essay, Broad introduced the confusing philosophical jargon terms "occurrent causation" and "non-occurrent causation," which became the basis for today's "agent causal" and "event causal" distinctions. 
  


This is sadly typical of analytical language philosophers, who hope to clarify our use of ordinary language in philosophy but often abuse ordinary language and introduce new technical terms that confuse things instead. Broad also hoped to distinguish between "events" and what he called "continuants".

Broad's "non-occurrent causation" corresponds roughly to the idea of a break in the causal chain of determinism, which is best understood as a probabilistic event, or "causa sui." A probabilistic event is one not completely determined by preceding events. The ancients called this a causa sui and today it is a fundamental fact of modern quantum physics that some microscopic events are irreducibly probabilistic.


Broad considered the "putting forth of a certain amount of effort" by an individual to be
  

  "literally determined by the agent or self, considered as a substance or continuant, and not by a total cause which contains as factors events in and dispositions of the agent. If this could be maintained, our puttings-forth of effort would be completely determined, but their causes would neither be events nor contain events as cause-factors. Certain series of events would then originate from causal progenitors which are continuants and not events. Since the first event in such a series would be completely determined, it would not be an accident. And, since the total cause of such an event would not be an event and would not contain an event as a cause-factor, the two alternatives 'completely determined' and 'partially undetermined' would both be inapplicable to it. For these alternatives apply only to events."

  "Let us call the kind of causation which I have just described... 'non-occurrent causation of events.' We will call the ordinary kind of causation, which I had in mind when I defined 'Determinism' and 'Indeterminism,' 'occurrent causation.'"
  



  Broad also used the ambiguous term "causal progenitor" to describe the beginning of a new causal chain. We can identify this with a causa sui or uncaused cause. Originator might have been better than causal originator. He says such a cause is neither 'completely determined' nor 'partially undetermined.'
  
  "Certain series of events would then originate from causal progenitors which are continuants and not events. Since the first event in such a series would be completely determined, it would not be an accident. And, since the total cause of such an event would not be an event and would not contain an event as a cause-factor, the two alternatives 'completely determined' and 'partially undetermined' would both be inapplicable to it. For these alternatives apply only to events."
  

Causal chains with fresh starts or beginnings, that do not go back in an infinite regress, are ideas that go back to ancient philosophy, especially Aristotle. He called such an event an archē (ἀρχῆ).
  

   Broad found Indeterminism to be possible, but Libertarianism, which according to his definition entails Indeterminism, he found to be impossible. 
  
  "We are now in a position to define what I will call 'Libertarianism.' This doctrine may be summed up in two propositions. (i) Some (and it may be all) voluntary actions have a causal ancestor which contains as a cause-factor the putting-forth of an effort which is not completely determined in direction and intensity by occurrent causation. (ii) In such cases the direction and the intensity of the effort are completely determined by non-occurrent causation, in which the self or agent, taken as a substance or continuant, is the non-occurrent total cause. Thus, Libertarianism, as defined by me, entails Indeterminism, as defined by me; but the converse does not hold."

If I am right, Libertarianism is self-evidently impossible, whilst Indeterminism is prima facie possible.
  



Broad came close to seeing the need for both some indeterminism and some determinism in voluntary actions.


On the Mind


Broad's view of the mind was emergentist and vitalist. 

But Broad distinguished between what he called "Substantial Vitalism" (a dualist theory of an immaterial substance as a vital force, for example, Henri Bergson's élan vital) and what Broad called "Emergent Vitalism" (some kind of non-reductive materialism, in which the vital property emerges from the body, and in the case of mind, from the highest bodily level - the brain). 


Broad says he borrowed the adjective "emergent" from C. Lloyd Morgan and Samuel Alexander. But he defined it simply as:


An emergent quality is roughly a quality which belongs to a complex as a whole and not to its parts.


Broad contrasted the two forms of Substantial and Emergent Vitalism with what he called "Biological Mechanism," which is essentially a reduction of biology to physics and chemistry. All the emergentists were of course also anti-mechanists or anti-reductionists.



Broad also mentioned Hans Driesch, another anti-mechanist who developed a sophisticated form of vitalism that he called "neovitalism." 


Driesch saw clear evidence of a kind of teleology in the ability of lower organisms to rebuild their lost limbs and other vital parts. He used Aristotle's term "entelechy" (loosely translated as "having the final cause in") to describe the organism's capacity to rebuild. Driesch said this disproved the theory of preformation from an original cell. Driesch studied the original cells of a sea urchin, after they had divided into two cells, then four, then eight. At each of these stages, Driesch separated out single cells and found that the separated cells went on to develop into  complete organisms. This is regarded as the first example of biological cloning. 


Broad rejected Driesch's idea of entelechy as a non-material, non-spatial agent that is neither energy nor a material substance of a special kind, but we should note that it well describes the information content of any cell that lets it develop into a complete organism. Driesch himself maintained that his entelechy theory was something very different from the substance dualism of older vitalisms. So what was Broad's criticism of Driesch? Neither thinker could produce a clear description of their vital element. 


Broad was sophisticated in his discussion of emergence. He saw that the kind of emergence that leads to water and its unique chemical properties, when compared to the properties of its molecular components hydrogen and oxygen, has no element of purpose or teleology. The emergence of life (and mind) from physics and chemistry, however, clearly introduces a kind of design or purpose. Modern biologists call it teleonomy, to distinguish it from a metaphysical telos that pre-exists the organism. "The goal of every cell is to become two cells."


It seems likely that both Driesch and Broad were trying to grasp this teleonomy.




The Seventeen Types of Theory of Mind


It is now time to gather together the various threads of
the earlier chapters, and to see whether we can come
to any conclusions about the probable position and
probable prospects of Mind in the Universe. It appears
to me that seventeen different types of metaphysical theory
are possible theoretically on the relation between Mind
and Matter. I will first proceed to justify this very
startling statement, and to enumerate, classify, and
name the theories. Afterwards I shall consider the
strong and weak points of each, and see whether we
can come to any tentative decision between them.
The Seventeen Types of Theory. In order to understand
the discussion that follows the reader should
refer back to the section on Pluralism and Monism in
Chapter I, where I defined the notion of "Differentiating
Attributes" and distinguished them from other
kinds of attribute. He should also refer to Chapter II,
where I distinguished between those non-differentiating
attributes which are "Emergent" and those which
are not. I propose here to call non-differentiating
attributes which actually apply to certain things in
the world, but are not emergent, "Reducible Attributes".
It will be necessary to introduce one further
distinction which we have not so far made use of. Some
attributes have application, i.e., there are things in the
Universe which have these attributes in some determinate
form. Other attributes have no application.


The characteristic of being a fire-breathing serpent, or
of being mistress of the Duke of Bletchley, applies to
nothing in the world. Now it is held by many people
that there are characteristics which do not in fact apply
to anything but which seem to some or all men to apply
to something. E.g., if Dr McTaggart be right, it can
be proved that the characteristic of being extended
cannot apply to anything. But it certainly seems
to all men as if there were extended things. I
propose to call a characteristic which seems to apply
to certain things, but does not in fact apply to anything,
a "Delusive Characteristic". I am going to
use words in such a way that Differentiating Attributes,
Emergent Qualities, and Reducible Qualities,
are to be understood to have application and therefore
not to be delusive. With these preliminary explanations
we can pass to our classification of theoretically
possible types of metaphysical theory about Mind and
matter.


We have to consider the two attributes of "mentality"
and "materiality". We at once find three great divisions
of possible theories. (i) Both mentality and
materiality might be differentiating attributes. (2) One
might be a differentiating attribute and the other not.
Or (3) it might be that neither is a differentiating
attribute. We now proceed to divide up these three
types of theory in turn.


(1, 1) Both mentality and materiality may be capable
of belonging to the same substance; or (1, 2) it may
be that no substance can have both these differentiating
attributes.


(2, 1) Mentality might be a differentiating attribute
and materiality not; or (2, 2) materiality might be a
differentiating attribute and mentality not. We now
further subdivide these alternatives as follows. (2, 11)
Materiality, though not a differentiating attribute, might
still have application; or (2, 12) materiality might be
a delusive characteristic. Similarly (2, 21) mentality,
though not a differentiating attribute, might still have
application; or (2, 22) mentality might be a delusive
characteristic. The alternatives (2, 12) and (2, 22) need
no further subdivision ; but the alternatives (2, 11) and
(2, 21) both need further subdivision. Let us begin
with (2, 11). It might be that materiality is (2, 111)
an emergent characteristic; or (2, 112) that it is a
reducible characteristic. Similarly, it might be (2, 211)
that mentality is emergent; or (2, 212) that it is reducible.
This completes the subdivisions of alternative (2).


We pass now to the subdivisions of alternative (3).
Granted that neither mentality nor materiality is a differentiating
attribute, there are three alternatives open.
(3, 1) Both attributes might have application ; or (3, 2)
one might have application and the other be delusive ;
or (3, 3) both might be delusive. The last alternative
needs no further subdivision; the first two require to
be further subdivided. We will begin with (3, 1). If
mentality and materiality both have application, they
may (3, 11) both be emergent; or (3, 12) one may be
emergent and the other reducible; or (3, 13) they may
both be reducible. The first and third of these alternatives
need no further subdivision, but the second divides
into two. It may be (3, 121) that mentality is emergent
and materiality reducible; or (3, 122) that materiality is
emergent and mentality reducible. It remains to subdivide
(3, 2). If one of the attributes has application
and the other is delusive, it may be (3, 21) that mentality
has application and materiality is delusive; or (3, 22)
that materiality has application and mentality is delusive.
Each of these latter alternatives subdivides into two
viz., (3, 211) that mentality is emergent; or (3, 212) that
mentality is reducible; or (3, 221) that materiality is
emergent; or (3, 222) that materiality is reducible.


We have now got our seventeen alternative theories,
which I will recapitulate and name.


(1, 1) Mentality and materiality are both differentiating
attributes which can belong to the same substance.
This I will call "Dualism of Compatibles".


(1, 2) Mentality and materiality are both differentiating
attributes, but they cannot both belong to the
same substance. This I will call "Dualism of Incompatibles".


(2, 12) Mentality is a differentiating attribute, but
materiality is delusive. This I will call "Pure Mentalism
".


(2, 22) Materiality is a differentiating attribute, but mentality
is delusive. This I will call "Pure Materialism".


(2, 111) Mentality is a differentiating attribute, and
materiality is an emergent characteristic. This I will
call "Emergent Mentalism".


(2, 112) Mentality is a differentiating attribute, and
materiality is a reducible characteristic. This I will
call "Reductive Mentalism ".


(2, 211) Materiality is a differentiating attribute, and
mentality is an emergent characteristic. This I will
call "Emergent Materialism".


(2, 212) Materiality is a differentiating attribute, and
mentality is a reducible characteristic. This I will call
"Reductive Materialism". [called "Behaviorism" below]


(3, 11) Neither mentality nor materiality is a differentiating
attribute, but both are emergent characteristics.
This I will call "Emergent Neutralism".


(3, 13) Neither mentality nor materiality is a differentiating
attribute, but both are reducible characteristics.
This I will call "Reductive Neutralism".


(3, 121) Neither mentality nor materiality is a differentiating
attribute, but mentality is an emergent characteristic
and materiality is a reducible characteristic.


(3, 122) Neither mentality nor materiality is a differentiating
attribute, but mentality is a reducible characteristic
and materiality is an emergent characteristic.
I class these two alternatives together under the name
of "Mixed Neutralism".


(3, 211) Neither mentality nor materiality is a differentiating
attribute, but mentality is emergent and
materiality is delusive.


(3, 212) Neither mentality nor materiality is a differentiating
attribute, but mentality is a reducible characteristic
and materiality is delusive. I class these two
alternatives together under the name of "Mentalistic
Neutralism".


(3, 221) Neither mentality nor materiality is a differentiating
attribute, but mentality is delusive and
materiality is an emergent characteristic.


(3, 222) Neither mentality nor materiality is a differentiating
attribute, but mentality is delusive and
materiality is a reducible characteristic. I class these
two alternatives together under the name of "Materialistic
Neutralism".


(3, 3) Neither mentality nor materiality is a differentiating
attribute, and both of them are delusive. This
I call "Pure Neutralism".


We have now got our seventeen alternative possible
theories about Mind and Matter definitely stated. I
propose now to take them in order, to explain more
fully what each of them means, and to consider the
strong and weak points (if any) in each of them. It
may then be possible to make a tentative decision
between them.

Discussion of the Seventeen Types of Theory. It will
save time and simplify the discussion if we begin by
eliminating those alternatives which are quite plainly
impossible. It is easy to see that any theory which
makes mentality a delusive characteristic is self-contradictory.
For to say that mentality is a delusive characteristic
is to say that it in fact belongs to nothing, but
that it is misperceived or misjudged to belong to something.
But, if there be misperceptions or misjudgments,
there are perceptions or judgments; and, if there be
perceptions or judgments, there are events to which the
characteristic of mentality applies. This enables us at
once to eliminate (2, 22) Pure Materialism; (3, 221) and
(3, 222) the two forms of Materialistic Neutralism ; and
(3, 3) Pure Neutralism. We have thus reduced our
alternatives to thirteen.


There are two other types of theory which, I believe,
can be positively refuted. These are (2, 112) Reductive
Mentalism, and (2, 212) Reductive Materialism. So far
as I am aware, Reductive Mentalism has never been
held; but Reductive Materialism flourishes to-day
under the name of "Behaviourism". I will therefore
take the latter theory first, and try to prove that it is
absurd.

Reductive Materialism or "Behaviourism". This theory
holds that there really are material objects, and that
materiality is a differentiating attribute. And it also
holds that the characteristic of being a mind or being
a mental process reduces to the fact that a certain kind
of body is making certain overt movements or is undergoing
certain internal physical changes. Of course
many writers who call themselves " Behaviourists" are
really Epiphenomenalists, and Epiphenomenalism is an
entirely different doctrine; but there is a residue of
quite genuine Behaviourists, and it is with their views
which we are now concerned.


Behaviourism in psychology may be compared to
mechanism in biology. But there is a very important
difference between the problem of life and that of mind,
which makes Behaviourism in psychology much less
plausible than mechanism in biology. The one and only
kind of evidence that we ever have for believing that a
thing is alive is that it behaves in certain characteristic
ways. E.g., it moves spontaneously, eats, drinks, digests,
grows, reproduces, and so on. Now all these are just
actions of one body on other bodies. There seems to
be no reason whatever to suppose that "being alive"
means any more than exhibiting these various forms of
bodily behaviour. That is why Substantial Vitalism,
which is the biological analogue of Cartesian Dualism
in psychology, is a dead issue; and why the whole
controversy about life is really between Emergence and
Mechanism. But the position about consciousness,
certainly seems to be very different. It is perfectly true
that an essential part of our evidence for believing that
anything but ourselves has a mind and is having such
and such experiences is that it performs certain characteristic
bodily movements in certain situations. E.g.,
we observe it avoiding obstacles, repeating some series
of movements again and again with suitable variations
until a certain, end is gained, giving appropriate answers
to questions, and so on. When external bodies behave
in these ways, we are inclined to associate minds and
mental processes with them; and, when they do not,
we are inclined to deny these to them. Now, if this
were the only evidence that we ever had in any case for
the existence of minds and mental processes, it may be
admitted that the latter could, at most, be regarded as
purely hypothetical causes of certain kinds of bodily
behaviour. And it might then be plausible, though it
would certainly not be logically necessary, to suggest
that "having a mind" simply means "behaving in such
and such ways". But it is plain that our observation of
the behaviour of external bodies is not our only or our
primary ground for asserting the existence of minds and
mental processes. And it seems to me equally plain
that by "having a mind" we do not mean simply
"behaving in such and such ways".




For Teachers
Noesis
Stanford Encyclopedia of Philosophy
Wikipedia


For Scholars

 Excerpts from Determinism, Indeterminism, and Libertarianism.

Ethics and the History of Philosophy. London: Routledge & Kegan Paul, 1952, pp. 195-217.
  
The Implications of Obligability

  We often make retrospective judgments about the past actions of ourselves or other people which take the form: 'You ought not to have done the action X, which you in fact did; you ought instead to have done the action Y, which in fact you did not.' If I make such a judgment about a person, and he wants to refute it, he can take two different lines of argument. (1) He may say: 'I could have done Y instead of X, but you are mistaken in thinking that Y was the action that I ought to have done. In point of fact, X, the action that I did, was the one that I ought to have done. If I had done Y, I should have done what I ought not to have done.' (2) He may say: 'I could not help doing X,' or he may say: 'Though I need not have done X, I could not possibly have done Y.'

If the accused person makes an answer of the first kind, he is admitting that the alternatives 'ought' and 'ought not' apply to the actions X and Y, but he is objecting to my applying 'ought' to Y and 'ought not' to X. He is saying that 'ought' applies to X, and 'ought not' to Y. It is as if two people, who agree that X and Y are each either black or white, should differ because one holds that X is black and Y white whilst the other holds that X is white and Y black. If the accused person makes an answer of the second kind, he is denying the applicability of the alternatives 'ought' and 'ought not.' If he says: 'I could not help doing X,' he assumes that his critic will admit that neither 'ought' nor 'ought not' has any application to an action which the agent could not help doing. If he says: 'Though I need not have done X, yet I could not possibly have done Y,' he assumes that his critic will admit that neither 'ought' nor `ought not' has any application to an action which the agent could not have done. It is as if one person should say that X is black and Y is white, and the other should answer that at least one of them is unextended and therefore incapable 'of being either black or white...

Analysis of Categorical Substitutability

We can now proceed to discuss the notion of categorical substitutability. It seems to me to involve a negative and a positive condition. I think that the negative condition can be clearly formulated, and that there is no insuperable difficulty in admitting that it may sometimes be fulfilled. The ultimate difficulty is to give any intelligible account of the positive condition. I will now explain and illustrate these statements.


Suppose that, on a certain occasion, I willed a certain alternative with a certain degree of force and persistence, and that, in consequence of this volition, I did a certain voluntary action which I should not have done unless I had willed this alternative with this degree of intensity and persistence. To say that I categorically could have avoided doing this action implies at least that the following negative condition is fulfilled. It implies that the process of my willing this alternative with this degree of force and persistence was not completely determined by the nomic, the occurrent, the dispositional, and the background conditions which existed immediately before and during this process of willing. In order to see exactly what this means it will be best to contrast it with a case in which we believe that a process is completely determined by such conditions.


Suppose that two billiard-balls are moving on a table, that they collide at a certain moment, and that they go on moving in modified directions with modified velocities in consequence of the impact. 


Let us take as universal premisses the general laws of motion and of elastic impact. We will call these 'nomic premisses.' Let us take as singular premisses the following propositions. (i) That each ball was moving in such and such a direction and with such and such a velocity at the moment of impact. We will call this an 'occurrent premiss.' (ii) That the masses and co-efficients of elasticity of the balls were such and such. We will call this a `dispositional premiss.' (iii) That the table was smooth and level before, at, and after the moment of impact. We will call this a 'background premiss.' Lastly, let us take the proposition that the balls are moving, directly after the impact, in such and such directions with such and such velocities. Then this last proposition is a logical consequence of the conjunction of the nomic, the occurrent, the dispositional, and the background premisses. That is to say, the combination of these premisses with the denial of the last proposition would be logically inconsistent. It is so in exactly the sense in which the combination of the premisses of a valid syllogism with the denial of its conclusion would be so.
The Negative Condition

We can now work towards a definition of the statement that a certain event e was completely determined in respect of a certain characteristic. When we have defined this statement it will be easy to define the statement that a certain event was not completely determined in respect of a certain characteristic...


We can now define the statement that a certain event e was completely determined. It means that e has zero range of indetermination for every dimension of every determinable characteristic of which it is a manifestation. The statement that a certain event e was not completely determined can now be defined. It means that e had a finite range of indetermination for at least one dimension of at least one of the characteristics of which it was a manifestation.


And now at last we can define 'Determinism' and 'Indeterminism.' Determinism is the doctrine that every event is completely determined, in the sense just defined. Indeterminism, is the doctrine that some, and it may be all, events are not completely determined, in the sense defined. Both doctrines are, prima facie, intelligible, when defined as I have defined them.



Broad uses the ambiguous term "causal progenitor" to describe the beginning of a new causal chain - a causa sui or uncaused cause. Originator would have been better.


There is one other point to be noticed. An event might be completely determined, and yet it might have a 'causal ancestor' which was not completely determined. If Y is the total cause of Z, and X is the total cause of Y, I call both Y and X 'causal ancestors' of Z. Similarly, if W were the total cause of X, I should call Y, X, and W 'causal ancestors' of Z. And so on. If at any stage in such a series there is a term, e.g. W, which contains a cause-factor that is not completely determined, the series will stop there, just as the series of human ancestors stops with Adam. Such a term may be called the 'causal progenitor' of such a series. If Determinism be true, every event has causal ancestors, and therefore there are no causal progenitors. If Indeterminism be true, there are causal progenitors in the history of the world.
The Positive Condition

Let us now try to discover the positive conditions of categorical obligability. I think that we should naturally tend to answer the sort of objection which I have just raised in the following way. We should say: 'I deliberately identified myself with my desire to do A, or I deliberately threw my weight on the side of that desire. I might instead have made no particular effort in one direction or the other; or I might have identified myself with, and thrown my weight on the side of, my desire to do B. So my desire to do A did not just happen to be present with the requisite strength and persistence, as compared with my desire to do B. It had this degree of strength and persistence because, and only because, I reinforced it by a deliberate effort, which I need not have made at all and which I could have made in favour of my desire to do B.' Another way of expressing the same thing would be this: 'I forced myself to do A; but I need not have done so, and, if I had not done so, I should have done B.' Or again: 'I might have forced myself to do B; but I did not, and so I did A.'


It is quite plain that these phrases express a genuine positive experience with which we are all perfectly familiar. They are all, of course, metaphorical. It will be noticed that they all attempt to describe the generic fact by metaphors drawn from specific instances of it, e.g. deliberately pressing down one scale of a balance, deliberately joining one side in a tug-of-war, deliberately thrusting a body in a certain direction against obstacles, and so on. In this respect they may be compared with attempts to describe the generic facts about time and change by metaphors drawn from specific instances, such as flowing streams, moving spots of light, and so on. The only use of such metaphors is to direct attention to the sort of fact which one wants one's hearers to contemplate. They give no help towards analysing or comprehending this fact. A metaphor helps us to understand a fact only when it brings out an analogy with a fact of a different kind, which we already understand. When a generic fact can be described only by metaphors drawn from specific instances of itself it is a sign that the fact is unique and peculiar, like the fact of temporal succession and the change of events from futurity, through presentness, to pastness.


Granted that there is this unique and peculiar factor of deliberate effort or reinforcement, how far does the recognition of it help us in our present problem? So far as I can see, it merely takes the problem one step further back. My doing of A is completely determined by a total cause which contains as factors my desire to do A and my desire to do B, each of which has a certain determinate strength and persistence. The preponderance of my desire to do A over my desire to do B, in respect of strength and persistence, is completely determined by a total cause which contains as a factor my putting forth a certain amount of effort to reinforce my desire for A. This effort-factor is not completely determined. It is logically consistent with all the nomic, occurrent, dispositional, and background facts that no effort should have been made, or that it should have been directed towards reinforcing the desire for B instead of the desire for A, or that it should have been put forth more or less strongly than it actually was in favour of the desire for A. Surely then we can say no more than that it just happened to occur with a certain degree of intensity in favour of the desire for A.



I think that the safest course at this stage tor those who maintain that some actions are categorically obligable would be the following. They should admit quite frankly what I have just stated, and should then say: 'However paradoxical it may seem, we do regard ourselves and other people as morally responsible for accidents of this unique kind, and we do not regard them as morally responsible, in the categorical sense, for anything but such accidents and those consequences of them which would have been different if the accidents had happened differently. Only such accidents, and their causal descendants in the way of volition and action, are categorically obligable.' If anyone should take up this position, I should not know how to refute him, though I should be strongly inclined to think him mistaken.


This is not, however, the position which persons who hold that some actions are categorically obligable, generally do take at this point. I do not find that they ever state quite clearly what they think they believe, and I suspect that is because, if it were clearly stated, it would be seen to be impossible. I shall therefore try to state clearly what I think such people want to believe, and shall try to show that it is impossible. I suspect that they would quarrel with my statement that, on their view, the fact that one puts forth such and such an effort in support of a certain desire is, in the strictest sense, an accident. They would like to say that the putting forth of a certain amount of effort in a certain direction at a certain time is completely determined, but is determined in a unique and peculiar way. 


Broad's idea of agent causation, vs. event causation


It is literally determined by the agent or self, considered as a substance or continuant, and not by a total cause which contains as factors events in and dispositions of the agent. If this could be maintained, our puttings-forth of effort would be completely determined, but their causes would neither be events nor contain events as cause-factors. Certain series of events would then originate from causal progenitors which are continuants and not events. Since the first event in such a series would be completely determined, it would not be an accident. And, since the total cause of such an event would not be an event and would not contain an event as a cause-factor, the two alternatives 'completely determined' and 'partially undetermined' would both be inapplicable to it. For these alternatives apply only to events.

I am fairly sure that this is the kind of proposition which people who profess to believe in Free Will want to believe. I have, of course, stated it with a regrettable crudity, of which they would be incapable. Now it seems to me clear that such a view is impossible. The putting-forth of an effort of a certain intensity, in a certain direction, at a certain moment, for a certain duration, is quite clearly an event or process, however unique and peculiar it may be in other respects. It is therefore subject to any conditions which self-evidently apply to every event, as such. Now it is surely quite evident that, if the beginning of a certain process at a certain time is determined at all, its total cause must contain as an essential factor another event or process which enters into the moment from which the determined event or process issues. I see no prima facie objection to there being events that are not completely determined. But, in so far as an event is determined, an essential factor in its total cause must be other events. How could an event possibly be determined to happen at a certain date if its total cause contained no factor to which the notion of date has any application? And how can the notion of date have any application to anything that is not an event?


Of course I am well aware that we constantly use phrases, describing causal transactions, in which a continuant is named as the cause and no event in that continuant is mentioned. Thus we say: 'The stone broke the window,' 'The cat killed the mouse,' and so on. But it is quite evident that all such phrases are elliptical. The first, e.g., expresses what would be more fully expressed by the sentence: 'The coming in contact of the moving stone with the window at a certain moment caused a process of disintegration to begin in the window at that moment.' Thus the fact that we use and understand such phrases casts no doubt on the general principle which I have just enunciated.



Broad's definition of non-occurrent causation


Let us call the kind of causation which I have just described and rejected 'non-occurrent causation of events.' We will call the ordinary kind of causation, which I had in mind when I defined 'Determinism' and 'Indeterminism,' 'occurrent causation.'

Now I think we can plausibly suggest what may have made some people think they believe that puttings-forth of effort are events which are determined by non-occurrent causation. It is quite usual to say that a man's putting-forth of effort in a certain direction on a certain occasion was determined by 'Reason' or 'Principle' or 'Conscience' or 'The Moral Law.' Now these impressive names and phrases certainly do not denote events or even substances. If they denote anything, they stand for propositions or systems of propositions, or for those peculiar universals or systems of universals which Plato called 'Ideas.' If it were literally true that puttings-forth of effort are determined by such entities, we should have causation of events in time by timeless causes. But, of course, statements like 'Smith's putting-forth of effort in a certain direction on a certain occasion was determined by the Moral Law' cannot be taken literally. The Moral Law, as such, has no causal efficacy. What is meant is that Smith's belief that a certain alternative would be in accordance with the Moral Law, and his desire to do what is right, were cause-factors in the total cause which determined his putting-forth of effort on the side of that alternative. Now this belief was an event, which happened when he began to ;effect on the alternatives and to consider them in the light of the moral principles which he accepts and regards as relevant. And this desire was an event, which happened when his conative-emotional moral dispositions were stirred by the process of reflecting on the alternatives. Thus the use of phrases about action being 'determined by the Moral Law' may have made some people think they believe that some events are determined by non-occurrent causation. But our analysis of the meaning of such phrases shows that the facts which they express give no logical support to this belief.

Libertarianism

We are now in a position to define what I will call 'Libertarianism.' This doctrine may be summed up in two propositions. (i) Some (and it may be all) voluntary actions have a causal ancestor which contains as a cause-factor the putting-forth of an effort which is not completely determined in direction and intensity by occurrent causation. (ii) In such cases the direction and the intensity of the effort are completely determined by non-occurrent causation, in which the self or agent, taken as a substance or continuant, is the non-occurrent total cause. Thus, Libertarianism, as defined by me, entails Indeterminism, as defined by me; but the converse does not hold.


If I am right, Libertarianism is self-evidently impossible, whilst Indeterminism is prima facie possible. Hence, if categorical obligability entails Libertarianism, it is certain that no action can be categorically obligable. But if categorical obligability entails only Indeterminism, it is prima facie possible that some actions are categorically obligable. Unfortunately, it seems almost certain that categorical obligability entails more than Indeterminism, and it seems very likely that it entails Libertarianism. It is therefore highly probable that the notion of categorical obligability is a delusive notion, which neither has nor can have any application.




Broad's assumes classical mechanical laws, but makes them "nomic premisses" as if the laws are logical laws





Source: https://www.informationphilosopher.com/solutions/philosophers/broad/





  
  Daniel Boyd
  

  


  
  Home › Solutions › Philosophers › Boyd
Daniel Boyd

Daniel Boyd is an independent scholar and researcher in the Netherlands. He has developed an interpretation of information as a substance residing in its own separate dimension, which exists alongside the space and time dimensions of the physical world. He calls this "emergent information theory." 


The starting point of the theory is similar to many others: it recognizes that information is something other than matter or energy. What distinguishes this theory is that it concerns only a very specific type of information: that exploited by systems whose function is based on information rather than on physical properties. In such systems interaction between a source (S) and target (T) changes the physical state of T in such a way that it carries information (I) about the state of S. What distinguishes these systems is that further processes (P) involving T are based on its representation (I) of the state of S rather than on the physical properties of T.

[image: image-placeholder]

A simple example is seen in the physical bits of a computer. These have a magnetic orientation, but this orientation is not the ‘difference that makes the difference’. Instead what matters is the binary value that is attached to this orientation by the processes that caused it. That this binary value is not matter or energy is demonstrated by the fact that it is impossible to determine the value simply by looking at the bit. After all, the same bit could carry different values depending on the mechanisms that determined its state. A similar situation is seen in sense organs. When a retinal red cone discharges, what matters is not the electrical impulse, but the information carried by that impulse that red light has entered the eye.


Significantly, such dislocation of cause and effect is not possible in physical systems in which interaction can only ever be based on the current states of the interacting entities. The creation of systems with these remarkable properties is one of the more remarkable achievements of biological evolution. In a secondary creative phase, intelligent organisms (humans) designed and built information technologies that also exploit these possibilities.





Since quarks are the most elementary particles in the physical world, Boyd suggests that the fundamental element of his "information dimension" be regarded as "information quarks," or more succinctly, "quirks." Like the digital bits of Shannon information, Boyd's quirks take on values of 1 and 0.


Unlike many cosmological theories that assume the information in the universe today must have been present at the universe origin, Boyd argues (correctly) that information is being created, that it is an emergent property. Information philosophy has shown that the universe began in a state of  minimal information (the maximum disorder or entropy for its density at that time). See the cosmic creation process.


Just as macroscopic physical objects are made of combinations of microscopic particles (quarks form nucleons, which combine with electrons to form atoms, which combine to form molecules, etc.), Boyd visualizes information objects (or structures) as built from the smallest information "particles" or "quirks."
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Emil du Bois-Reymond


   Emil du Bois-Reymond was a pioneering physiologist and the father of electrophysiology. He discovered the "action potential" that travels along a neuron when it "fires." Shortly after his discovery, Hermann von Helmholtz measured the speed of the action potential, about 30 meters/sec.  

Du Bois-Reymond's philosophical ideas greatly influenced Ernst Cassirer, who argued for the importance of an objective and physical determinism alongside a subjective and spiritual freedom - a dualistic philosophy, probably inspired by Immanuel Kant's phenomenal and noumenal realms.


Cassirer's arguments, in turn, were a great influence on the early quantum physicists, including even Max Born, who was reluctant to press his discovery of irreducible chance in the form of quantum events that could only be predicted statistically.


In his book Determinism and Indeterminism in Modern Physics, Cassirer says of du Bois-Reymond


In his famous speech "Über die Grenzen des Naturerkennens" (1872) Emil du Bois-Reymond lifted the Laplacean formula out of its long oblivion and placed it at the focal point of epistemological and scientific discussion...

It claimed to fix once and for all the permanent, unalterable form of all scientific knowledge. At the same time, however, it regarded this very form as an insuperable limit. For du Bois-Reymond elevated scientific knowledge far above all accidental, merely empirical bounds. Within its own sphere he endowed it with a kind of omniscience. But this exaltation is only the precursor of its fall. From the heights of the strictest, most exact knowledge it is dashed into the abyss of ignorance, an ignorance from which nothing can deliver it, for it is not temporary and relative but final and absolute. If it were possible for human understanding to raise itself to the ideal of the Laplacean spirit, the universe in every single detail past and future would be completely transparent. "For such a spirit the hairs on our head would be numbered and no sparrow would fall to the ground without his knowledge. He would be a prophet facing forward and backward for whom the universe would be a single fact, one great truth." And yet this one truth would present only a limited and partial aspect of the totality of being, of genuine "reality." For reality contains vast and important domains which must remain forever and in principle inaccessible to the kind of scientific knowledge thus described. No enhancement or intensification of this knowledge can bring us a step nearer to the inner mysteries of being. Our knowledge dissolves into nothingness as soon as we leave the world of material atoms and enter the world of the "spirit," of consciousness. Here our understanding ends; for even with perfect, "astronomically exact" knowledge of all the material systems of the universe, including the system of our brain, it would still be impossible for us to comprehend how material being can give rise to the enigmatic appearance of consciousness. 


Accordingly the demand for "explanation" not only cannot be fulfilled here - strictly speaking it cannot even be raised: ignorabimus is the only answer that science can give to the question of the essence and origin of consciousness.

In the last decades of the nineteenth century the problem as thus put by du Bois-Reymond exercised a strong influence both on metaphysics and on the theory of scientific principles. Of course the attempt was made to escape from the radical consequences he had drawn. There was no ready surrender to the apodictic dogmatic conclusion of du Bois-Reymond's speech. But there seemed to be no doubt that here an important and pertinent problem had been raised with which epistemology and science had to wrestle using every power at their disposal. Even the neo-Kantian movement, which began in the early seventies almost at the time of du Bois-Reymond's speech, did not at first alter the situation substantially.


Bois-Reymond's speech [was made in] the period of controversy over materialism, when philosophy was confronted with the crisis of deciding whether to accept the guidance of scientific thought, which seemed to lead inevitably to a strictly mechanistic view of nature, or to maintain and defend its own position over against the scientific view, granting to the "spiritual" a different and special status. 


For Cassirer, the work of du Bois-Reymond is to defend the spiritual elements of philosophy against materialism


It was here that du Bois-Reymond's speech took place, interpretable as a resolution of doubt and a way out of the dilemma. For it appeared to do justice to both claims, to satisfy in a certain sense the demands of materialism as well as those of systems having a place for the spiritual. Materialism and mechanism could find satisfaction in du Bois-Reymond's definition of science, for in this domain their basic maxims were not only recognized but set up as the sole and exclusive standard.  "For us there exists nothing but mechanical knowledge," du Bois-Reymond emphasized, "no matter how miserable a substitute it is for true knowledge, and accordingly only one true form of scientific thought, that of mathematical physics." On the other hand, however, this form was rejected in regard to intrinsically transcendental problems. The scientist has to give up once and for all the idea of investigating these problems, leaving the way open for others to attempt purely speculative solutions. Thus the radical advocates of materialism as well as its bitterest opponents could appeal with equal right to du Bois-Reymond's basic thesis: the former, because they found enunciated in it the identity of scientific with materialistic, mechanistic thought, the latter because in addition a reality was assumed which was in principle inaccessible to scientific thought and which remained as a dark and impenetrable residue.



Cassirer limits understanding to make room for spiritual mysteries, and follows positivism in denying the possibility of "explanations"


Du Bois-Reymond was quite wrong about determinism, which was equated with necessity in the eighteenth-century debates about freedom versus necessity. He is right that those debates turned into questions of freedom versus determinism in the nineteenth century, but they both assumed there were causal chains that threatened human freedom. See chapter 18 on "Cassirer's Thesis" in Ian Hacking's The Taming of Chance for more. 


Hans Driesch (in his History and Theory of Vitalism, p.170) says that duBois-Reymond gave the latest anti-materialist teleological theories the name "Neov   italism."  
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Émile Boutroux


Émile Boutroux  was a French idealist philosopher who sought to reconcile science and religion, by limiting the range of applicability of the laws of physics (and chemistry).

He imagined that materialist laws would apply to the macroscopic world, but that the micro-physical world might include a realm of indeterminism beyond the reach of the best experiments and observations.


He influenced Charles Sanders Peirce, who argued that no observational or experimental evidence would be perfect enough to "prove" that determinism was true.


Boutroux's most significant contribution was his 1874 The Contingency Of The Laws Of The Nature,, which included the idea of the emergence of different sets of laws at different levels of organization. The laws of physics could not "determine" the laws of chemistry. Laws of biology are not determinable from chemistry, laws of society are not the direct consequence of laws of biology, etc. 


Boutroux gave the Gifford lectures of 1903-1905 on Science and Religion in Contemporary Philosophy, in which he applauded the internal and subjective views of William James, his radical empiricism, and his pragmatism. 


Boutroux on Pragmatism


It is an idea now grown familiar to scientists, that the mind takes an active part in the production of science. But, in saying this, they usually mean that the discovery of truth calls upon the mind for effort and inventiveness, for the intelligent use of all the resources at its disposal. They are not prepared to assert that science per se, science as constituted once for all, is merely a mode of human activity. Justified by facts, an hypothesis becomes law. The way in which the mind discovered this law has, hence-forward, no more than an historical interest.


For the philosophers with whom we are now dealing, on the contrary, the mind considered in its activity is not only the agent of science: it is veritably the subject and the substance thereof.
This point of view is found to-day — maintained in an original manner — among the adherents of a famous philosophical school styling itself Pragmatistic.


According to the Pragmatists, not only does science assume an incessant contribution by the active mind which looks at things from its own standpoint and creates symbols adapted to its use; but she is predisposed to action, and has no other aim than to promote action. Go back to the origin of scientific concepts: always you will find that they denote methods to be followed in order to, lead up to the appearance of such or such phenomenon, in order to obtain such or such result. They are rules with regard to action, hypothetical imperatives: outside this signification, they have no real content. A proposition which does not engender practical consequences has no meaning. Two propositions which do not lead to a difference in the way of acting, present nothing but a verbal difference.


To say that the signification of scientific formulæ is purely practical, is to say that these formulæ refer, not to the past, but to the future. Science considers the past merely with a view to the future. She tells us what we must expect if we perform such or such act; what sensations will be produced within us, if, actually, we experience such or such sensation.


In this way is reached the pragmatistic idea of truth. Truth is not the agreement of our conceptions with such or such part of a whole, given to us ready-made, and answering to the name of world: it is, purely and simply, the service that a conception can render us, if we purpose such and such result. Truth stands for verifiability, and verifiability means aptness in guiding us through experience.
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F.H. Bradley

Bradley rejected the utilitarian movement in ethics, as well as the positivist and empiricist schools that questioned metaphysics. He was a follower of Kant and the German Idealists Fichte, Schelling and Hegel. His idea of free will is greatly influenced by their enthusiastic endorsements of human freedom. Bradley stands opposed to his strict determinist countrymen like John Locke, David Hume, and John Stuart Mill.

Bradley's idea of freedom is a sort of confused compatibilism, with a strong theistic element.


In his first major publication, Ethical Studies, in 1876, he appended a note on freedom to his first essay, "The Vulgar Notion of Responsibility in Connexion with the Theories of Free Will and Necessity." (pp.55-57 of the second edition)

C. Freedom

  I am not going to try to treat such a subject as this by the way, but a very few words may be of use to the beginner. If we put it in as ordinary language as we can, the main difficulty is this — If there is a 'because' to my acts, responsibility seems to go ; and yet we have an irresistible impulse to find a 'because' everywhere. But is it not the sort of 'because' which gives all the trouble?


(1) We may say there is one kind of 'because', and one only. Then I am put on a level with nature ; and whether you take your 'because' from mechanism, or start from will and put nature on a level with me, makes no practical difference, since in neither case do you distinguish.


(2) We may say there is no 'because' for us, and may say,


(a) We know will, and it is beyond the 'because'. 


It = chance. Or,


(b) Will is unknowable. 'Because' is for thought only, and for intelligible objects.


Neither of these assertions can hold; for, apart from metaphysical difficulties, we actually do predict volitions to a large extent.


(3) We may admit the 'because' (or rather, since our will is rational, we may demand it), but may say, there is more than one sort of 'because'. There is mechanical 'because', but that is not adequate to the lowest life, still less to mind. And if we take this line, we may find that the 'because' which excludes accountability is only the 'because' which does not apply to the mind, but to something else.


If 'must' always means the 'must' of the falling stone, then 'must' is irreconcilable with 'ought' or 'can'. Freedom will be a bare 'not-must', and will be purely negative.


But how if the 'must' is a higher 'must'? And how if freedom is also positive — if a merely negative freedom is no freedom at all? We may find then that in true freedom the 'can' is not only reconcilable with, but inseparable from, the 'ought'; and both not only reconcilable with, but inseparable from, the 'must'. Is not freedom something positive? And can we give a positive meaning to freedom except by introducing a will which not only 'can', but also 'ought to' and 'must', fulfil a law of its nature, which is not the nature of the physical world?


There is a view, which says to the necessitarian,'Are you not neglecting distinctions?'; to the believer in 'liberty', 'Are you sure you are distinguishing? Is there the smallest practical difference between external necessity and chance? Can you even define them theoretically, and keep them distinct? Is the opposite of a false view always true? Is it not much rather often (and always in some spheres) just as false?'; and to both, 'So long as you refuse to read metaphysic, so long will metaphysical abstractions prey upon you.'


Or, to put the same thing in a slightly different way, we all want freedom. Well then, what is freedom? 'It means not being made to do or be anything. "Free " means "free from".' And are we to be quite free? 'Yes, if freedom is good, we can not have too much of it.' Then, if 'free' = 'free from', to be quite free is to be free from everything — free from other men, free from law, from morality, from thought, from sense, from — Is there anything we are not to be free from? To be free from everything is to be — nothing. Only nothing is quite free, and freedom is abstract nothingness. If in death we cease to be anything, then there first we are free, because there first we are — not.


Every one sees this is not the freedom we want. '"Free" is "free from", but then I am to be free. It is absurd to think that I am to be free from myself. I am to be free to exist and to assert myself.' Well and good; but this is not what we began with. Freedom now means the self-assertion which is nothing but self-assertion. It is not merely negative — it is also positive, and negative only so far as, and because, it is positive.


'I am to assert myself and nothing else, and this is freedom.' So far as this goes we quite agree; but it tells us scarcely anything. I am to assert myself, but then what action does assert myself; or rather, what action does not assert myself? And if I am to assert nothing but myself, what can I do, so as to do this and nothing but this? What, in short, is this self, the assertion of which is freedom?


'My self', we shall hear, 'is what is mine; and mine is what is not yours, or what does not belong to any one else. I am free when I assert my private will, the will peculiar to me.' Can this hold? Apart from any other objection, is it freedom? Suppose I am a glutton and a drunkard; in these vices I assert my private will; am I then free so far as a glutton and drunkard, or am I a slave — the slave of my appetites? The answer must be, 'The slave of his lusts is, so far, not a free man. The man is free who realizes his true self.' Then the whole question is, What is this true self, and can it be found apart from something like law? Is there any 'perfect freedom' which does not mean 'service'?

Reflection shows us that what we call freedom is both positive and negative. There are then two questions — What am I to be free to assert? What am I to be free from? And these are answered by the answer to one question — What is my true self?
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George Berkeley

Although Berkeley is often listed along with John Locke and David Hume as one of the "British Empiricists," Berkeley was actually an idealist who denied the existence of the material world.

"Esse est percipi," to be is to be perceived, was his motto. What exists is that we see in our perceptions and our resulting concepts.


He described his philosophy as "immaterialism." He was a Platonic idealist in the sense he regarded ideas as prior, but he was an empiricist since he described how we form the ideas from our perceptions of the world, as did Locke and Hume.  
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George Boole


In 1847, George Boole published one of the founding documents of modern algebraic or symbolic logic, The Mathematical Analysis of Logic. 

Augustus DeMorgan's Formal Logic, Or the Calculus of Inference  appeared the same year. In the next few decades, Charles Sanders Peirce would develop many of Boole's ideas into modern quantification logic, but the core of the theory was already in Boole.



It appeared to
me that, although Logic might be viewed with reference to the idea of
quantity,* it had also another and a deeper system of relations. If it was
lawful to regard it from without, as connecting itself through the medium
of Number with the intuitions of Space and Time, it was lawful also to
regard it from within, as based upon facts of another order which have
their abode in the constitution of the Mind...

THEY who are acquainted with the present state of the theory of Symbolical
Algebra, are aware, that the validity of the processes of analysis
does not depend upon the interpretation of the symbols which are employed,
but solely upon the laws of their combination. Every system of
interpretation which does not affect the truth of the relations supposed, is
equally admissible, and it is thus that the same process may, under one
scheme of interpretation, represent the solution of a question on the properties
of numbers, under another, that of a geometrical problem, and under
a third, that of a problem of dynamics or optics. This principle is indeed
of fundamental importance; and it may with safety be affirmed, that the
recent advances of pure analysis have been much assisted by the influence
which it has exerted in directing the current of investigation...



LET US employ the symbol 1, or unity, to represent the Universe, and
let us understand it as comprehending every conceivable class of objects
whether actually existing or not, it being premised that the same individual
may be found in more than one class, inasmuch as it may possess more
than one quality in common with other individuals. Let us employ the
letters X, Y, Z, to represent the individual members of classes, X applying
to every member of one class, as members of that particular class, and
Y to every member of another class as members of such class, and so on,
according to the received language of treatises on Logic.

Further let us conceive a class of symbols x, y, z, possessed of the
following character.


The symbol x operating upon any subject comprehending individuals
or classes, shall be supposed to select from that subject all the Xs which
it contains. In like manner the symbol y, operating upon any subject,
shall be supposed to select from it all individuals of the class Y which are
comprised in it, and so on.
When no subject is expressed, we shall suppose 1 (the Universe) to be
the subject understood, so that we shall have



x = x             (1).



the meaning of either term being the selection from the Universe of all
the Xs which it contains, and the result of the operation being in common
language, the class X, i. e. the class of which each member is an X...


In virtue of the principle, that a Proposition is either true or false, every
elective symbol employed in the expression of hypotheticals admits only of
the values 0 and 1, which are the only quantitative forms of an elective
symbol. It is in fact possible, setting out from the theory of Probabilities
(which is purely quantitative), to arrive at a system of methods and
processes for the treatment of hypotheticals exactly similar to those which
have been given. 


Boole is aware that contingency requires probability values between 0 and 1


The two systems of elective symbols and of quantity osculate,
if I may use the expression, in the points 0 and 1. It seems to me
to be implied by this, that unconditional truth (categoricals) and probable
truth meet together in the constitution of contingent truth (hypotheticals).
The general doctrine of elective symbols and all the more characteristic applications
are quite independent of any quantitative origin.
 


Boole's "universe" is the universe of discourse, the set of all true or false propositions


  Nature of the Work, 
Chapter I,  p.20-23 of The Laws of Thought

Boole's The Laws of Thought (on which are founded the mathematical theories of logic and probabilities) was an enormously influential work. Writing in the heyday of Quételet and Buckle, Boole concluded that    



the consideration of human free-agency would seem at first sight to preclude the idea that the movements of the social system should ever manifest that character of orderly evolution which we are prepared to expect under the reign of a physical necessity. Yet already do the researches of the statist reveal to us facts at variance with such an anticipation. (p.20)

If we regard the intellect as free, and this is apparently the view most in accordance with the general spirit of these speculations, its freedom must be viewed as opposed to the dominion of necessity, not to the existence of a certain just supremacy of truth.


I would especially direct attention to that view of the constitution of the intellect which represents it as subject to laws determinate in their character, but not operating by the power of necessity; which exhibits it as redeemed from the dominion of fate, without being abandoned to the lawlessness of chance. (p.420)
  


  Nature of the Work, 
Chapter I,  p.20-23 of The Laws of Thought

18.  It would, perhaps, be premature to speculate here upon the question whether the methods of abstract science are likely at any future day to render service in the investigation of social problems at all commensurate with those which they have rendered in various departments of physical inquiry. An attempt to resolve this question upon pure a priori grounds of reasoning would be very likely to mislead us. For example, the consideration of human free-agency would seem at first sight to preclude the idea that the movements of the social system should ever manifest that character of orderly evolution which we are prepared to expect under the reign of a physical necessity. Yet already do the researches of the statist reveal to us facts at variance with such an anticipation. Thus the records of crime and pauperism present a degree of regularity unknown in regions in which the disturbing influence of human wants and passions is unfelt. On the other hand, the distemperature of seasons, the eruption of volcanoes, the spread of blight in the vegetable, or of epidemic maladies in the animal kingdom, things apparently or chiefly the product of natural causes, refuse to be submitted to regular and apprehensible laws. "Fickle as the wind," is a proverbial expression. Reflection upon these points teaches us in some degree to correct our earlier judgments. We learn that we are not to expect, under the dominion of necessity, an order perceptible to human observation, unless the play of its producing causes is sufficiently simple; nor, on the other hand, to deem that free agency in the individual is inconsistent with regularity in the motions of the system of which he forms a component unit. Human freedom stands out as an apparent fact of our consciousness, while it is also, I conceive, a highly probable deduction of analogy (Chap. xxii.) from the nature of that portion of the mind whose scientific constitution we are able to investigate. But whether accepted as a fact reposing on consciousness, or as a conclusion sanctioned by the reason, it must be so interpreted as not to conflict with an established result of observation, viz. : that phaenomena, in the production of which large masses of men are concerned, do actually exhibit a very remarkable degree of regularity, enabling us to collect in each succeeding age the elements upon which the estimate of its state and progress, so far as manifested in outward results, must depend. There is thus no sound objection a priori against the possibility of that species of data which is requisite for the experimental foundation of a science of social statistics. Again, whatever other object this treatise may accomplish, it is presumed that it will leave no doubt as to the existence of a system of abstract principles and of methods founded upon those principles, by which any collective body of social data may be made to yield, in an explicit form, whatever information they implicitly involve. There may, where the data are exceedingly complex, be very great difficulty in obtaining this information,—difficulty due not to any imperfection of the theory, but to the laborious character of the analytical processes to which it points. It is quite conceivable that in many instances that difficulty may be such as only united effort could overcome. But that we possess theoretically in all cases, and practically, so far as the requisite labour of calculation may be supplied, the means of evolving from statistical records the seeds of general truths which lie buried amid the mass of figures, is a position which may, I conceive, with perfect safety be affirmed.

19. But beyond these general positions I do not venture to speak in terms of assurance. Whether the results which might be expected from the application of scientific methods to statistical records, over and above those the discovery of which requires no such aid, would so far compensate for the labour involved as to render it worth while to institute such investigations upon a proper scale of magnitude, is a point which could, perhaps, only be determined by experience. It is to be desired, and it might without great presumption be expected, that in this, as in other instances, the abstract doctrines of' science should minister to more than intellectual gratification. Nor, viewing the apparent order in which the sciences have been evolved, and have successively contributed their aid to the service of mankind, does it seem very improbable that a day may arrive in which similar aid may accrue from departments of the field of knowledge yet more intimately allied with the elements of human welfare. Let the speculations of this treatise, however, rest at present simply upon their claim to be regarded as true.


20. I design, in the last place, to endeavour to educe from the scientific results of the previous inquiries some general intimations respecting the nature and constitution of the human mind. Into the grounds of the possibility of this species of inference it is not necessary to enter here. One or two general observations may serve to indicate the track which I shall endeavour to follow. It cannot but be admitted that our views of the science of Logic must materially influence, perhaps mainly determine, our opinions upon the nature of the intellectual faculties. For example, the question whether reasoning consists merely in the application of certain first or necessary truths, with which the mind has been originally imprinted, or whether the mind is itself a seat of law, whose operation is as manifest and as conclusive in the particular as in the general formula, or whether, as some not undistinguished writers seem to maintain, all reasoning is of particulars; this question, I say, is one which not merely affects the science of Logic, but also concerns the formation of just views of the constitution of the intellectual faculties. Again, if it is concluded that the mind is by original constitution a seat of law, the question of the nature of its subjection to this law, — whether, for instance, it is an obedience founded upon necessity, like that which sustains the revolutions of the heavens, and preserves the order of Nature, — or whether it is a subjection of some quite distinct kind, is also a matter of deep speculative interest. Further, if the mind is truly determined to be a subject of law, and if its laws also are truly assigned, the question of their probable or necessary influence upon the course of human thought in different ages is one invested with great importance, and well deserving a patient investigation, as matter both of philosophy and of history. These and other questions I propose, however imperfectly, to discuss in the concluding portion of the present work. They belong, perhaps, to the domain of probable or conjectural, rather than to that of positive, knowledge. But it may happen that where there is not sufficient warrant for the certainties of science, there may be grounds of analogy adequate for the suggestion of highly probable opinions. It has seemed to me better that this discussion should be entirely reserved for the sequel of the main business of this treatise, — which is the investigation of scientific truths and laws. Experience sufficiently instructs us that the proper order of advancement in all inquiries after truth is to proceed from the known to the unknown. There are parts, even of the philosophy and constitution of the human mind, which have been placed fully within the reach of our investigation. To make a due acquaintance with those portions of our nature the basis of all endeavours to penetrate amid the shadows and uncertainties of that conjectural realm which lies beyond and above them, is the course most accordant with the limitations of our present condition.
  


  On the Theory of Probabilities, 
Chapter XVI, p.243-246 of The Laws of Thought


1. BEFORE the expiration of another year just two centuries will have rolled away since Pascal solved the first known question in the theory of Probabilities, and laid, in its solution, the foundations of a science possessing no common share of the attraction which belongs to the more abstract of mathematical speculations. The problem which the Chevalier de Mere, a reputed gamester, proposed to the recluse of Port Royal (not yet withdrawn from the interests of science* by the more distracting contemplation of the " greatness and the misery of man"), was the first of a long series of problems, destined to call into existence new methods in mathematical analysis, and to render valuable service in the practical concerns of life. Nor does the interest of the subject centre merely in its mathematical connexion, or its associations of utility. The attention is repaid which is devoted to the theory of Probabilities as an independent object of speculation, — to the fundamental modes in which it has been conceived, — to the great secondary principles which, as in the contemporaneous science of Mechanics, have gradually been annexed to it, — and, lastly, to the estimate of the measure of perfection which has been actually attained. I speak here of that perfection which consists in unity of conception and harmony of processes. Some of these points it is designed very briefly to consider in the present chapter.

2. A distinguished writer (Poisson) has thus stated the fundamental definitions of the science: 


"The probability of an event is the reason we have to believe that it has taken place, or that it will take place."
"The measure of the probability of an event is the ratio of the number of cases favourable to that event, to the total number of cases favourable or contrary, and all equally possible" (equally likely to happen).



From these definitions it follows that the word probability, in its mathematical acceptation, has reference to the state of our knowledge of the circumstances under which an event may happen or fail. With the degree of information which we possess concerning the circumstances of an event, the reason we have to think that it will occur, or, to use a single term, our expectation of it, will vary. Probability is expectation founded upon partial knowledge. A perfect acquaintance with all the circumstances affecting the occurrence of an event would change expectation into certainty, and leave neither room nor demand fora theory of probabilities.

3. Though our expectation of an event grows stronger with the increase of the ratio of the number of the known cases favourable to its occurrence to the whole number of equally possible cases, favourable or unfavourable, it would be unphilosophical to affirm that the strength of that expectation, viewed as an emotion of the mind, is capable of being referred to any numerical standard. The man of sanguine temperament builds high hopes where the timid despair, and the irresolute are lost in doubt. As subjects of scientific inquiry, there is some analogy between opinion and sensation. The thermometer and the carefully prepared photographic plate indicate, not the intensity of the sensations of heat and light, but certain physical circumstances which accompany the production of those sensations. So also the theory of probabilities contemplates the numerical measure of the circumstances upon which expectation is founded; and this object embraces the whole range of its legitimate applications. The rules which we employ in life-assurance, and in the other statistical applications of the theory of probabilities, are altogether independent of the mental phaenomena of expectation. They are founded upon the assumption that the future will bear a resemblance to the past; that under the same circumstances the same event will tend to recur with a definite numerical frequency; not upon any attempt to submit to calculation the strength of human hopes and fears.


Now experience actually testifies that events of a given species do, under given circumstances, tend to recur with definite frequency, whether their true causes be known to us or unknown. Of course this tendency is, in general, only manifested when the area of observation is sufficiently large. The judicial records of a great nation, its registries of births and deaths, in relation to age and sex, &c., present a remarkable uniformity from year to year. In a given language, or family of languages, the same sounds, and successions of sounds, and, if it be a written language, the same characters and successions of characters recur with determinate frequency. The key to the rude Ogham inscriptions, found in various parts of Ireland, and in which no distinction of words could at first be traced, was, by a strict application of this principle, recovered. The same method, it is understood, has been applied to the deciphering of the cuneiform records recently disentombed from the ruins of Nineveh by the enterprise of Mr. Layard.


4. Let us endeavour from the above statements and definitions to form a conception of the legitimate object of the theory of Probabilities.


Probability, it has been said, consists in the expectation founded upon a particular kind of knowledge, viz., the knowledge of the relative frequency of occurrence of events. Hence the probabilities of events, or of combinations of events, whether deduced from a knowledge of the particular constitution of things under which they happen, or derived from the long-continued observation of a past series of their occurrences and failures, constitute, in all cases, our data. The probability of some connected event, or combination of events, constitutes the corresponding quaesitum, or object sought. Now in the most general, yet strict meaning of the term "event," every combination of events constitutes also an event. The simultaneous occurrence of two or more events, or the occurrence of an event under given conditions, or in any conceivable connexion with other events, is still an event. Using the term in this liberty of application, the object of the theory of probabilities might be thus defined. Given the probabilities of any events, of whatever kind, to find the probability of some other event connected with them. 
  


  Constitution of the Intellect, 
Chapter XXII, p.420-424 of The Laws of Thought

  9. Refraining from the further prosecution of a train of thought which to some may appear to be of too speculative a character, let us briefly review the positive results to which we have been led. It has appeared that there exist in our nature faculties which enable us to ascend from the particular facts of experience to the general propositions which form the basis of Science; as well as faculties whose office it is to deduce from general propositions accepted as true the particular conclusions which they involve. It has been seen, that those faculties are subject in their operations to laws capable of precise scientific expression, but invested with an authority which, as contrasted with the authority of the laws of nature, is distinct, sui generis, and underived. Further, there has appeared to be a manifest fitness between the intellectual procedure thus made known to us, and the conditions of that system of things by which we are surrounded, — such conditions, I mean, as the existence of species connected by general resemblances, of facts associated under general laws; together with that union of permanency with order, which while it gives stability to acquired knowledge, lays a foundation for the hope of indefinite progression. Human nature, quite independently of its observed or manifested tendencies, is seen to be constituted in a certain relation to Truth; and this relation, considered as a subject of speculative knowledge, is as capable of being studied in its details, is, moreover, as worthy of being so studied, as are the several departments of physical science, considered in the same aspect. I would especially direct attention to that view of the constitution of the intellect which represents it as subject to laws determinate in their character, but not operating by the power of necessity; which exhibits it as redeemed from the dominion of fate, without being abandoned to the lawlessness of chance. We cannot embrace this view without accepting at least as probable the intimations which, upon the principle of analogy, it seems to furnish respecting another and a higher aspect of our nature, — its subjection in the sphere of duty as well as in that of knowledge to fixed laws whose authority does not consist in power, — its constitution with reference to an ideal standard and a final purpose. It has been thought, indeed, that scientific pursuits foster a disposition either to overlook the specific differences between the moral and the material world, or to regard the former as in no proper sense a subject for exact knowledge. Doubtless all exclusive pursuits tend to produce partial views, and it may be, that a mind long and deeply immersed in the contemplation of scenes over which the dominion of a physical necessity is unquestioned and supreme, may admit with difficulty the possibility of another order of things. But it is because of the exclusiveness of this devotion to a particular sphere of knowledge, that the prejudice in question takes possession, if at all, of the mind. The application of scientific methods to the study of the intellectual phaenomena, conducted in an impartial spirit of inquiry, and without overlooking those elements of error and disturbance which must be accepted as facts, though they cannot be regarded as laws, in the constitution of our nature, seems to furnish the materials of a juster analogy.

10. If it be asked to what practical end such inquiries as the above point, it may be replied, that there exist various objects, in relation to which the courses of men's actions are mainly determined by their speculative views of human nature. Education, considered in its largest sense, is one of those objects. The ultimate ground of all inquiry into its nature and its methods must be laid in some previous theory of what man is, what are the ends for which his several faculties were designed, what are the motives which have power to influence them to sustained action, and to elicit their most perfect and most stable results. It may be doubted, whether these questions have ever been considered fully, and at the same time impartially, in the relations here suggested. The highest cultivation of taste by the study of the pure models of antiquity, the largest acquaintance with the facts and theories of modern physical science, viewed from this larger aspect of our nature, can only appear as parts of a perfect intellectual discipline. Looking from the same point of view upon the means to be employed, we might be led to inquire, whether that all but exclusive appeal is made in the present day to the spirit of emulation or cupidity, does not tend to weaken the influence of those more enduring motives which seem to have been implanted in our nature for the immediate end in view. Upon these, and upon many other questions, the just limits of authority, the reconciliation of freedom of thought with discipline of feelings, habits, manners, and upon the whole moral aspect of the question,—what unfixedness of opinion, what diversity of practice, do we meet with ! Yet, in the sober view of reason, there is no object within the compass of human endeavours which is of more weight and moment than this, considered, as I have said, in its largest meaning. Now, whatsoever tends to make more exact and definite our view of human nature, in any of its real aspects, tends, in the same proportion, to reduce these questions into narrower compass, and restrict the limits of their possible solution. Thus may even speculative inquiries prove fruitful of the most important principles of action.


11. Perhaps the most obviously legitimate bearing of such speculations would be upon the question of the place of Mathematics in the system of human knowledge, and the nature and office of mathematical studies, as a means of intellectual discipline. No one who has attended to the course of recent discussions can think this question an unimportant one. Those who have maintained that the position of Mathematics is in both respects a fundamental one, have drawn one of their strongest arguments from the actual constitution of things. The material frame is subject in all its parts to the relations of number. All dynamical, chemical, electrical, thermal, actions, seem not only to be measurable in themselves, but to be connected with each other, even to the extent of mutual convertibility, by numerical relations of a perfectly definite kind. But the opinion in question seems to me to rest upon a deeper basis than this. The laws of thought, in all its processes of conception and of reasoning, in all those operations of which language is the expression or the instrument, are of the same kind as are the laws of the acknowledged processes of Mathematics. It is not contended that it is necessary for us to acquaint ourselves with those laws in order to think coherently, or, in the ordinary sense of the terms, to reason well. Men draw inferences without any consciousness of those elements upon which the entire procedure depends. Still less is it desired to exalt the reasoning faculty over the faculties of observation, of reflection, and of judgment. But upon the very ground that human thought, traced to its ultimate elements, reveals itself in mathematical forms, we have a presumption that the mathematical sciences occupy, by the constitution of our nature, a fundamental place in human knowledge, and that no system of mental culture can be complete or fundamental, which altogether neglects them.


But the very same class of considerations shows with equal force the error of those who regard the study of Mathematics, and of their applications, as a sufficient basis either of knowledge or of discipline. If the constitution of the material frame is mathematical, it is not merely so. If the mind, in its capacity of formal reasoning, obeys, whether consciously or unconsciously, mathematical laws, it claims through its other capacities of sentiment and action, through its perceptions of beauty and of moral fitness, through its deep springs of emotion and affection, to hold relation to a different order of things. There is, moreover, a breadth of intellectual vision, a power of sympathy with truth in all its forms and manifestations, which is not measured by the force and subtlety of the dialectic faculty. Even the revelation of the material universe in its boundless magnitude, and pervading order, and constancy of law, is not necessarily the most fully apprehended by him who has traced with minutest accuracy the steps of the great demonstration. And if we embrace in our survey the interests and duties of life, how little do any processes of mere ratiocination enable us to comprehend the weightier questions which they present ! As truly, therefore, as the cultivation of the mathematical or deductive faculty is a part of intellectual discipline, so truly is it only a part. The prejudice which would either banish or make supreme any one department of knowledge or faculty of mind, betrays not only error of judgment, but a defect of that intellectual modesty which is inseparable from a pure devotion to truth. It assumes the office of criticising a constitution of things which no human appointment has established, or can annul. It sets aside the ancient and just conception of truth as one though manifold. Much of this error, as actually existent among us, seems due to the special and isolated character of scientific teaching — which character it, in its turn, tends to foster. The study of philosophy, notwithstanding a few marked instances of exception, has failed to keep pace with the advance of the several departments of knowledge, whose mutual relations it is its province to determine. It is impossible, however, not to contemplate the particular evil in question as part of a larger system, and connect it with the too prevalent view of knowledge as a merely secular thing, and with the undue predominance, already adverted to, of those motives, legitimate within their proper limits, which are founded upon a regard to its secular advantages. In the extreme case it is not difficult to see that the continued operation of such motives, uncontrolled by any higher principles of action, uncorrected by the personal influence of superior minds, must tend to lower the standard of thought in reference to the objects of knowledge, and to render void and ineffectual whatsoever elements of a noble faith may still survive. And ever in proportion as these conditions are realized must the same effects follow. Hence, perhaps, it is that we sometimes find juster conceptions of the unity, the vital connexion, and the subordination to a moral purpose, of the different parts of Truth, among those who acknowledge nothing higher than the changing aspect of collective humanity, than among those who profess an intellectual allegiance to the Father of Lights. But these are questions which cannot further be pursued here. To some they will appear foreign to the professed design of this work. But the consideration of them has arisen naturally, either out of the speculations which that design involved, or in the course of reading and reflection which seemed necessary to its accomplishment.
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Henri Bergson


   Henri Bergson's doctoral thesis was published in France in 1889, and much later translated into English (1910) under the title Time and Free Will. It contained basic ideas that Bergson developed further in Matter and Memory (1896), The Creative Mind(1903-1923), of course Creative Evolution (1907), and Mind Energy (1911), all based on Bergson's dualistic contrast between mechanism and dynamism, between deterministic physical laws of nature and the actions of living things and conscious minds, especially his idea of duration durée. 
Creative Evolution was a great influence on William James and much later Pierre Teilhard de Chardin's idea that evolution is purposeful and directed toward an end state or goal he called the noösphere. 


Where Immanuel Kant imagined a noumenal realm beyond the phenomenal (and deterministic) realm of Newtonian space and time, Bergson imagined a new kind of time that makes room for free will. 


Despite the 1905 four-dimensional picture of Einstein and Minkowski in which space and time describe events with similar intervals between "points," Bergson says that time does not have the same homogeneous character as space. It may flow unevenly. In particular, whereas "time flown" (viz., the past) has a fixed and determined character, "time flowing" (into the future) is unpredictable, has multiple alternative possibilities, and is the source of human freedom and the creativity of evolution.


...every demand for explanation in regard to freedom comes back, without our suspecting it, to the following question: "Can time be adequately represented by space?" To which we answer: Yes, if you are dealing with time flown; No, if you speak of time flowing. Now, the free act takes place in time which is flowing and not in time which has already flown. Freedom is therefore a fact, and among the facts which we observe there is none clearer. All the difficulties of the problem, and the problem itself, arise from the desire to endow duration with the same attributes as extensity, to interpret a succession by a simultaneity, and to express the idea of freedom in a language into which it is obviously untranslatable.




Bergson says correctly that because our our actions are "determined" by our motives, this does not mean necessitated or pre-determined. 


Consciousness indeed informs us that the majority of our actions can be explained by motives. But it does not appear that determination here means necessity, since common sense believes in free will.




Compare R.E.Hobart


Bergson recognizes that the world has an "approximate determinism," even for psychological states. This is because... 


The simplest
psychic states do in fact occur as accessories
to well-defined physical phenomena, and the
greater number of sensations seem to be bound
up with definite molecular movements.
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Hilary Bok


Hilary Bok's 1991 Harvard Ph.D. thesis Free Will and Moral Responsibility was later expanded as her 1998 book Freedom and Responsibility. Bok is a compatibilist who thinks that "libertarians should take no comfort from the idea that our actions might be caused by indeterministic natural events." She agrees with Gary Watson that to the extent libertarians hope to explain "our ability to act for reasons, they make it unclear why self-determination requires that our choices be causally undetermined."
    
Bok was a student of John Rawls at Harvard, and like Rawls, was greatly influenced by the works of Immanuel Kant, especially the Critiques of Pure and Practical Reason, which distinguish matters of truth (epistemology/knowledge) from moral questions (ethics/values). 

The Critique of Practical Reason includes Kant's attempt to solve the problem of free will. Critics of Kant's solution for freedom, in the face of Newton's deterministic laws of nature, complain that it requires a transcendental realm that Kant called noumenal, which was in some ways an extension of Descartes' mental realm. Both Kant and Descartes locate human freedom in their noumenal/mental realms and consider the dualisticphenomenal/material/bodily realm to be completely governed by deterministic laws.


But there are readings of Kant that make human freedom, for him a prerequisite for morality, something entirely inside us, as seen in his famous distinction between the "starry skies above us and the moral law within." Bok focuses on a view of free will and responsibility that is something entirely within us and in some sense independent of natural causal explanations.  


Bok applies some Kantian concepts, notably the important distinction between pure reason (theory) and practical reason (actual practice), to explain how humans can be free and responsible agents even if determinism is "true." She separates the question of freedom from that of responsibility and does not discuss the conditions under which we should hold persons morally responsible for their conduct. She also wisely separates (and does not discuss) the question of punishment from moral responsibility.


For Bok, practical reasoning does not look for causal chains, but looks for the grounds for choices not yet made, and not in a cause-and-effect temporal sequence. The purpose of practical reason is to determine the will, to answer the (Kantian) question "What should I do?" (Theoretical reason answers the question "What can I know?")


Bok says that libertarians cannot explain "self-determination" by discovering a theoretical causal chain of events. In any cases, there are many (perhaps infinite numbers of) causes for any event. Which cause is the most important is often a subjective matter.  


Following Galen Strawson, even if some events in that chain are indeterministic (which she correctly notes means that our actions are not pre-determined from before our birth), discovering all the causes theoretically leaves our selves out of the picture. Quoting Thomas Nagel, she says in causal accounts the 'self' simply disappears.  


Bok faults libertarians for using theoretical causal chains including indeterministic events to explain free will. They use indeterministic natural events to make our freedom "entirely independent of our purposes, our interests, our reasons and our selves." Only then would freedom exist for them, she says,


"Libertarians [should] want to show not only that antecedent events do not determine our conduct but that we do; that our choices are not just indeterministic but self-determined."


This is a reasonable criticism. The challenge for libertarians is to show that indeterministic events can break causal chains, as Bok sees clearly, but that in no way do they directly cause our actions. 


This requires that the indeterminism be limited to the first stage in a two-stage model, where it simply expands the number of alternative possibilities available for evaluation and selection in the second, adequately determined, stage.


Bok concludes that the most rudimentary form of freedom is this: "to be free, our wills must be determined by ourselves and not by the external world."  Theoretical reason is concerned to provide causal explanations of events. In this case "determined" must be interpreted as "caused." Our choices must be interpreted as "events."With such a theoretical formulation, the problem of free will cannot be solved. We cannot make sense of the problem as long as we assume that the kind of determination in question is causal.


Whereas theoretical reasoning is concerned with the causes of events, practical reasoning is concerned with the grounds on the basis of which we choose to act as we do. Practical reasoning constructs a system of reasons that allow us to determine which actions we should perform. 


Bok says that when we engage in practical reasoning we must use a particular concept of freedom. She argues that "when we act freely in this sense we choose among genuine alternatives, that we should hold ourselves responsible for those acts we freely perform, that we should likewise hold others responsible for their conduct, and that this sort of responsibility differs in kind from mere causal responsibility."


She says that the truth of her claims is independent of the truth or falsity of determinism, or any hypothesis about the causes of human action. She says that the problem with libertarian accounts of self-determination derives from their attempt to construe self-determination as a causal property.


The practical reasons by which conduct is determined are not temporal, she claims. Thus she does not need to cite earlier and earlier events in a causal chain, though of course such events and their causes are considerations for practical reason. This agrees with the two-stage model view that the alternative possibilities (free thoughts) for willed action are all in existence in the mind at the same time (some indeterministically generated and in that sense "uncaused") for evaluation and selection at the later second stage. 


Moreover, although the events that cause an action may be external to the mind, the practical reasons that are determining the action cannot be. Justifications for the action (reasons) are independent of any ultimate external natural events (whether deterministic or indeterministic) considered as causes. Bok says we must consider not causal origins but rational grounds, not the causes leading to the action but the reasons that convince her an action is sound.


Even if a particular action, the consequence of our practical reasoning, could be described theoretically as the effect of natural causes, we should not regard ourselves as obeying the dictates of some original natural event that controls our lives. She says that the coexistence of theoretical and practical views explains how we can be both fully natural beings and genuinely free and responsible beings. 


Bok concludes:


On the one hand, we want to see our freedom and our dignity as moral agents written into the fabric of the universe for all to see. But on the other, we are unwilling to regard ourselves as worthy of being its sources or its guarantors. We may feel that as purposive agents we are tainted or fickle or untrustworthy; that our freedom is at risk to the extent that it depends on us. We may believe that any conception of ourselves that depends on our practical reasoning could only be a self-aggrandizing distortion or a way of projecting our own desires onto the universe. In either case we would think it an unworthy foundation for our freedom. If we adopt this view, and look to theoretical reasoning for our dignity as free agents, we will find no dignity worth having. But that is only because, in devaluing its source in our practical reasoning, we have already denied it.



Neuroscience and Free Will

In 2007, Bok updated her form of compatibilism against the neuroscientists who may be discovering all the brain mechanisms that underlie our illusion of thinking, reasoning, and acting with a degree of freedom. Her principal references are Michael Gazzaniga and Benjamin Libet.

Bok nicely summarizes the standard argument against free will, if determined, not free, if undetermined, not responsible.
  
   

The fundamental problem is as follows. Gazzaniga
and Libet both assume that if our choices are causally
determined by something, then we are not free. If they
are right, then claiming that our choices are due to something
nonnatural, like a ‘ghost in the machine’ or a spirit,
cannot solve the problem unless that claim allows us to
argue that our choices are not causally determined by
anything. If, however, our choices are not causally determined
by anything, then our choices are not under our
control and we are not morally responsible for what we
do. Moreover, the idea that our freedom consists in a
tendency to make decisions in an indeterministic, uncontrollable
way makes it unclear either that we are free, or
why we would want to be.
   


Of course, not only Gazzaniga and Libet, but virtually every philosopher who has written on free will has confronted this dilemma. Very few have been unable to see beyond it. 

Bok offers what she calls an alternative account - her arguments in Freedom and Responsibility described above. She once again argues that alternative possibilities are open for her to choose between, even if one of these has been pre-determined, as Gazzaniga claims.

   

In this situation, I am deciding between two alternatives:
two courses of action that I can perform if I choose
to do so. I take the question of which alternative I will
choose to be open, not because I believe that determinism
is false, or that my choice is uncaused, but because
I take that question to be one whose answer depends on
me, and which I have yet to answer...

If determinism is true, then that decision is itself the
result of antecedent causes—but that fact is irrelevant to
me when I am deciding what to do. For one thing, it is
impossible in principle that I know what in particular it
is determined that I will choose, if that knowledge would
affect my deliberation. Therefore I cannot avoid the need
to decide for myself what to do by simply embracing the
inevitable. For another, when I try to figure out what to
do, I am not trying to figure out what causes will ultimately
lead me to choose one way or another; rather, I
am trying to figure out what reasons I have for choosing
one alternative over another, and the fact that my decision
is itself determined is not relevant to this question...


When our actions are up to us in this sense, I would
argue that we are free. This does not mean that we have
to act as if our choices are uncaused, or that we have to
accept the illusion of genuine freedom for practical purposes.
For one thing, I have not argued that, when we try
to figure out what to do, we have to believe that our
choices are not determined; indeed, I see no reason to
believe that this is true. I have argued only that the truth
or falsity of determinism is irrelevant to us when we
make decisions...


On the account I have sketched, freedom requires not
causal indeterminism, but a capacity for self-governance.
When we can decide for ourselves what kind of life to
lead, what kind of person to be, and what kinds of actions
to perform, then we are free.
   

Two-stage models of free will agree that we have Bok's "self-governance."  


It is perhaps better called "self-determination" because our actions are evaluated and chosen in accordance with our reasons and motives, thus they are adequately determined by, or loosely speaking, "caused" by  our character.


The correct way to say that we are "self-governed" is that we as agents are the cause of our willed actions. There is nothing that was "pre-determined" from the time before we started deliberating. This is called agent causation, a direct consequence of mental causation.


This is because the first stage of "free will" is the free stage, in which we creatively generate the alternative possibilities that Bok clearly sees before us in her example.


The fact that some alternatives just "pop into our heads" in no way makes them the direct cause of our actions. Those possibilities are "thoughts" - pure immaterial information, but they have causal power in the material world.


First "free thoughts," then "willed actions."


Compare Phillipa Foot, who correctly doubted that the ordinary language meaning of saying our actions are "determined" by motives has the same meaning as strict physical determinism, which assumes a causal law that determines every event in the future of the universe. 

 



For Teachers

  Bok considers that indeterministic natural events occur in the world and have an effect on her actions. Despite their indeterminism, she is completely determined in her reaction to them (chapter 2, p.).
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Isaiah Berlin

Isaiah Berlin's inaugural lecture at Oxford University in 1957 was a very influential essay called "Two Concepts of Liberty."

In it Berlin defined the concepts of negative freedom - "freedom from," and positive freedom - "freedom to" 
   
The notion of `negative' freedom

I am normally said to be free to the degree to which no man or body of men interferes with my activity. Political liberty in this sense is simply the area within which a man can act unobstructed by others. If I am prevented by others from doing what I could otherwise do, I am to that degree unfree; and if this area is contracted by other men beyond a certain minimum, I can be described as being coerced, or, it may be, enslaved. Coercion is not, however, a term that covers every form of inability. If I say that I am unable to jump more than ten feet in the air, or cannot read because I am blind, or cannot understand the darker pages of Hegel, it would be eccentric to say that I am to that degree enslaved or coerced. Coercion implies the deliberate interference of other human beings within the area in which I could otherwise act. You lack political liberty or freedom only if you are prevented from attaining a goal by human beings.1 Mere incapacity to attain a goal is not lack of political freedom.2 This is brought out by the use of such modern expressions as 'economic freedom' and its counterpart, 'economic slavery'. It is. argued, very plausibly, that if a man is too poor to afford something on which there is no legal ban — a loaf of bread, a journey round the world, recourse to the law courts — he is as little free to have it as he would be if it were forbidden him by law. If my poverty were. a kind of disease, which prevented me from buying bread, or paying for the journey round the world or getting my case heard, as lameness prevents me from running, this inability would not naturally be described as a lack of freedom, least of all political
freedom. It is only because I believe that my inability to get a given thing is due to the fact that other human beings have made arrangements whereby I am, whereas others are not, prevented from having enough money with which to pay for it, that I think myself a victim of coercion or slavery. In other words, this use of the term depends on a particular social and economic theory about the causes of my poverty or weakness. If my lack of material means is due to my lack of mental or physical capacity, then I begin to speak of being deprived of freedom (and not simply about poverty) only if I accept the theory.' If, in addition, I believe that I am being kept in want by a specific arrangement which I consider unjust or unfair, I speak of economic slavery or oppression. 'The nature of things does not madden us, only ill will does', said Rousseau. The criterion of oppression is the part that I believe to be played by other human beings, directly or indirectly, with or without the intention of doing so, in frustrating my wishes. By being free in this sense I mean not being interfered with by others. The wider the area of non-interference the wider my freedom.   
The notion of positive freedom

The 'positive' sense of the word 'liberty' derives from the wish on the part of the individual to be his own master. I wish my life and decisions to depend on myself, not on external forces of whatever kind. I wish to be the instrument of my own, not of other men's, acts of will. I wish to be a subject, not an object; to be moved by reasons, by conscious purposes, which are my own, not by causes which affect me, as it were, from outside. I wish to be somebody, not nobody; a doer — deciding, not being decided for, self-directed and not acted upon by external nature or by other men as if I were a thing, or an animal, or a slave incapable of playing a human role, that is, of conceiving goals and policies of my own and realizing them. This is at least part of what I mean when I say that I am rational, and that it is my reason that distinguishes me as a human being from the rest of the world. I wish, above all, to be conscious of myself as a thinking, willing, active being, bearing responsibility for my choices and able to explain them by references to my own ideas and purposes. I feel free to the degree that I believe this to be true, and enslaved to the degree that I am made to realize that it is not.
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Jeffrey Barrett


Jeffrey Barrett is a philosopher of science at University of California Irvine. He is a major expositor of Hugh Everett's theory of the universal wave function, which Everett and his thesis adviser John Wheeler called the "relative state" formulation of quantum mechanics. 

Bryce DeWitt popularized Everett's notion of the universe "splitting" at any measurement-like event. DeWitt said it implies the simultaneous existence of many possible "parallel" worlds, and Everett's work became widely known as the "many-worlds" interpretation of quantum mechanics.


Barrett has published several articles and three books on the Everett interpretation. With writer Peter Byrne, he is a curator of Everett papers at UC Irvine. They compiled The Everett Interpretation of Quantum Mechanics: Collected Works 1955-1980 with Commentary in 2012. 


Following Everett, Barrett argues for a logical inconsistency between the two dynamical laws in the standard theory of quantum mechanics:

	
 the unitary time evolution of the wave function deterministically generated by  Schrödinger equation  (See von Neumann Process 2.)

	
the randomcollapse of the wave function from a superposition of quantum states into a single state, with the probability of collapsing into a given state proportional to the overlap of the wave functions of new state with each of the superposition states. (See von Neumann Process 1.) 



Barrett says that these two laws are logically inconsistent and that taken together they lead to the problem of measurement:

   
In the context of the standard theory, the measurement problem results
from the fact that the two dynamical laws are mutually incompatible.
Since the first is deterministic and continuous and the second is stochastic
and discontinuous, no physical system can be governed by both laws
simultaneously — indeed, as we shall see, the two laws would typically
lead to very different physical states. There is nothing wrong with a theory
having mutually incompatible dynamical laws as long as it also provides
clear and disjoint conditions for when each correctly describes the
evolution of a system, but this is where our loose talk of things behaving
one way when someone is looking and another way when no one is looking catches up to us. 

The standard theory tells us that the deterministic dynamics describes the evolution of a system unless it is measured, in 
which case the random dynamics kicks in. But the theory does not tell
us what constitutes a measurement. One is left to one's own intuitions
concerning what interactions ought to count as measurements. While it
turns out that one can typically use such intuitions to get good empirical
predictions from the theory, the fact that our intuitions concerning
what it takes for an interaction to count as a measurement are ultimately
vague means that quantum mechanics is at best ambiguous. Further, if one
supposes that measuring devices are ordinary physical systems just like
any other, constructed of fundamental particles interacting in their usual
deterministic way (and why wouldn't they be?), then the standard theory
is logically inconsistent since no system can obey both the deterministic
and stochastic dynamical laws simultaneously. This is the measurement
problem.
   


In the information interpretation of quantum mechanics, there is a temporal sequence, the deterministic unitary law describes isolated systems (for example, a gas particle in free flight between collisions), the random collapse law describes the interaction during 
the next collision. 

If information is recorded, the 
collision might be a measurement.



Barrett explains that quantum mechanics is an incomplete theory because it does not tell us which of the possible outcomes of an experiment actually occurs:
   

If one accepts Everett's model of a good measuring device and if one
insists that the usual deterministic linear dynamics always correctly
describes the time-evolution of the quantum-mechanical state, then, as
we have seen, an ideal observer M who begins in an eigenstate of being
ready to measure the x-spin of a system S that is initially in an eigenstate
of z-spin will end up in a post-measurement state like
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There are several strategies for interpreting 
  |
  ψ
  >
.
One strategy would be to insist that, contrary to what the standard
eigenvalue-eigenstate link tells us about 
  |
  ψ
  >
, there is a single post-measurement
observer who has recorded a single determinate measurement
result. If this is right, then 
  |
  ψ
  >
 must be an incomplete description
of the state of the composite system M + S since it clearly fails to tell us
what result M recorded. Further, even if the coefficients on the two terms
in the post-measurement superposition (in the determinate-record basis)
were different, one would not want to say that the quantum-mechanical
state was complete since we know from experience that any term in the
post-measurement state with a nonzero coefficient represents a possible
measurement record (and the usual quantum-mechanical state would
not tell us which term represented the observer's actual record). 


On this
strategy, one would have to supplement the usual quantum-mechanical
state description with a parameter that effectively selects one of the terms
in the final state (in the determinate-record basis) as the one that correctly
describes what result the observer in fact recorded. That is, if
one insists that the usual linear dynamics always correctly describes the
time-evolution of the quantum-mechanical state and that there is a single
post-measurement observer who records a single determinate measurement
result, then one is naturally led to abandon the assumption that
the quantum-mechanical state provides a complete description of the post-measurement
state of the observer and his object system. Given this, one
might try to complete the state by (1) choosing a particular physical quantity
as always determinate (the path taken by standard hidden-variable
theories) or (2) choosing a rule that itself chooses a determinate physical
quantity given the current quantum-mechanical state and the system in
which one is interested (the path taken by some so-called modal theories).
But in either case, one must also have a rule for determining the value 
of the determinate physical quantity. What quantity is determinate, its
value, and the quantum-mechanical state would then together provide a
complete physical description of a system at a time. 

   


It is of the essence of statistical indeterministic theories that the exact outcome cannot be predicted. 

In this sense, Einstein was right that quantum mechanics is incomplete. Bohr was too proud to simply accept this fact. 


Classical mechanics, with twice as many simultaneously determinate variables (e.g., position and momentum) has twice the information of quantum mechanics.



For Barrett, a "determinate" quantity is one that yields an eigenvalue when measured (it is found in an eigenstate). Otherwise, a quantum system can be in a superposition of states.

 
the most immediate explanatory demand on
quantum mechanics is to explain why we never directly observe a system
in a superposition of possessing and not possessing a given property;
or, put somewhat differently, quantum mechanics should explain
why measurements typically yield determinate measurement records.

The standard explanation replies on the dual structure of the dynamics
in the standard collapse formulation of quantum mechanics: (A) if no
measurement is made, then a system S evolves continuously according
to the linear, deterministic dynamics, which depends only on the energy
properties of the system, but (B) if a measurement is made, then the
system S instantaneously and randomly jumps to a state where it either
determinately has or determinately does not have the property being
measured, where the probability of each possible post-measurement
state depends on the system’s initial state. While this does explain why
measurements typically yield determinate physical records, the dual
structure of the dynamics and the occurrence of measurement as an
undefined primitive term in the theory is at least curious. Albert Einstein,
for one, did not believe that this aspect of the theory could be
right.
   


In the information interpretation of quantum mechanics, an isolated system S evolves continuously. When it interacts with another system, it jumps instantaneously and randomly to a state of the combined system.

A measurement is not required, only an interaction.


If information is recorded, the 
interaction might be a measurement.



Barrett tells the story of Einstein saying "Look, I don’t believe that
when I am not in my bedroom my bed spreads out all over the room,
and whenever I open the door and come in it jumps into the corner."

Many physicists dislike the idea that something happens just because an observer is "looking," including David Bohm, John Bell, and Everett.

 
Barrett writes that there are many "many-worlds" models and many "many-minds" models as well.
He personally supports a "single-mind Q theory" (Minds and Worlds, pp.204-206)



In the effort to guarantee that one has made an
observer’s measurement records determinate, one might add a physical
hidden-variable Q to the standard quantum-mechanical state such
that Q is that physical quantity on which mental records in fact
supervene, whatever this happens to be. The quantum-mechanical
state evolves in the usual linear way, and an auxiliary dynamics
describes the evolution of the determinate value of Q just as the
auxiliary dynamics describes the evolution of determinate particle
positions in Bohmian mechanics. The value of Q plays the role of the
determinate mental states in the single-mind theory by guaranteeing
determinate mental records, but here one seeks to exchange
mind–body dualism for a variety of physical–physical dualism.

This Q-theory solves the quantum measurement problem if and
only if there is a single physical quantity Q on which all mental
records in fact supervene. Simply stipulating that there is a just-right
physical quantity Q that is always determinate and in fact determines
all mental states looks more than a little ad hoc.
Moreover, since one is left with a hidden-variable theory where there
are two very different types of physical parameters, the quantum-mechanical
state and the determinate physical quantities, each with
their own dynamical laws, one has arguably not altogether escaped
from committing to a strong metaphysical dualism.
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Jeremy Butterfield is a philosopher at the University of Cambridge, noted particularly for his work on philosophical aspects of quantum theory, relativity theory and classical mechanics.


He analyzed the Bell inequalities in the light of Hans Reichenbach's principle of the common cause, and has argued that the violation of these inequalities implies causation between the space-like separated wings of a Bell experiment. He writes:

[image: image-placeholder]


In his PCC, Reichenbach's idea was that (i) if events E and F are correlated according to some objective probability function... : while 
 (ii) there is no direct causal relation between E and F then E and F must be joint effects of a common cause.

Reichenbach took this to mean that there must be a third event C in the 'common past' that 'screens them off, in the sense that their correlations disappear. 



While this idea of "screening off" is not clear, John Bell suggested that a region 3 in light cone 1 "completely shields off from 1 the overlap of the backward light cones of 1 and 2." 

[image: image-placeholder]

See our explanation of the perfectly correlated outcomes at 1 and 2 as a common cause, plus a constant of the motion, plus the spherical symmetry of the two-particle wave function. 



Source: https://www.informationphilosopher.com/solutions/philosophers/butterfield/
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Laurence BonJour criticizes much of contemporary epistemology. In his book Epistemic Justification, he says that the typical concerns of recent epistemologists - the Gettier problem, doubts about closure, the lottery paradox, contextual views, etc. - are "devouring much time and effort and philosophical cleverness and giving almost nothing back in return" (A Companion to Epistemology, 2nd ed., p.118)

In a recent profile of his work, he says:
   

My epistemological thinking has focused primarily on a set of related issues that I take to
be the central issues of epistemology, both
historically and substantively. Do we have
good reasons for thinking that our various
beliefs about the world (primarily about
the common-sense world of material objects,
including its history and scientific nature)
are true? If we have such reasons, what is their
detailed nature and structure, and how ultimately cogent are they?

In recent epistemology, issues in this
vicinity have been standardly formulated in
terms of the concepts of knowledge and epistemic
justification; and my own discussion has often
been couched in these terms. I have lately
come to think, however, for reasons that are
briefly suggested in the final section of this self-
profile, that such formulations, are inessential and, to a significant degree, misleading.
What the great historical epistemologists
(here I have especially Descartes and Locke
in mind) were asking more than anything
else was, I believe, just the questions I have
mentioned, even though they often couched
them in terms of knowledge (though rarely, if
ever, in terms of the somewhat technical
notion of justification).


Much recent epistemological discussion
has been devoted to the issue between internalist and externalist theories of justification and knowledge. Here I shall only say
that, as I understand the issues listed above,
externalist views are simply irrelevant to
them: externalism may offer conceptions
of knowledge or of justification or perhaps
even (in what I can understand only as a
stipulated sense) of a reason for a belief, but
having a reason is an essentially internalist
notion.
    

  

One might think that BonJour's concern with "the common-sense world of material objects" would make him externalist and leaning toward "naturalizing" epistemology by using scientific methods. But BonJour is a strong internalist who originally defended coherentism but now defends "Pure Reason." 

BonJour now argues for a Cartesian foundationalism and a priorijustification. He describes his rationalist conception of the a priori:


In contrast to the radical changes in my
views concerning empirical reasons, my position on a priori reasons has remained essentially unchanged. In opposition to the radical
empiricism that denies the very existence of a
priori reasons and the moderate empiricism
that insists that they are confined to claims
that are analytic, I have defended the traditional rationalist view that a priori insight
yields genuinely cogent reasons for accepting
non-analytic claims about the world.
My main argument for such a view is
extremely simple, but also, I believe, quite
compelling. It begins with two premises that
only a very extreme skeptic can deny: first,
that experience or observation provides, in
some way, direct reasons for accepting certain
empirical claims; and, second, that the class
of broadly empirical claims for which we
have good reasons is much larger than thai
for which there are reasons of this directly
experiential sort. (The former class would
include at least claims about unobserved
situations in the past and present, claims
about the future, claims about unobservable
entities of various sorts, and claims about
laws of nature.) The argument is then that
we can have a good reason for some claim in
this former class only if we have a logically
prior good reason for a conditional proposition
having some claim (or conjunction of claims)
supported by directly experiential reasons
as the antecedent and the claim in question
as the consequent. And the reason for this
conditional proposition can only be a priori,
since it is obviously not a matter of direct
experience.
    

BonJour accepts the traditional view that a priori reasons are based on an immediate insight into the truth, indeed a necessary truth.


Turning to the positive aspect of the concept
of an a priori reason, the traditional view,
which I believe to be essentially correct, is
that in the most basic cases such reasons
result from direct or immediate insight into
the truth, indeed the necessary truth, of the
relevant claim. A derivative class of a priori
reasons results from similar insights into
the derivability of a claim from one or more
premises for which such a priori reasons exist
or from a chain of such derivations. And a
partially a priori reason may result from an a
priori insight into the derivability of a claim
from others established on broadly empirical
grounds.

Here it is important to be clear that
insights of this sort are not supposed to be
merely brute convictions of truth, on a par with
hunches that may be psychologically compelling. On the contrary, a priori insights
purport to reveal not just that the claim in question must be true but also, at some level, why
this is so. They are thus putative insights into
the essential nature of things or situations
of the relevant kind, into the way that reality
in the respect in question must be. But, contrary to the most standard historical views,
the idea of an a priori reason does not imply
either: (i) that experience could not also
count for or against the claim in question; or
(ii) that an a priori reason could not be overridden by experience; or still less (iii) that an
a priori reason renders the claim certain or
infallible.
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In 1999, Mark Balaguer wrote Libertarianism as a Scientifically Reputable View (Philosophical Studies 93: 189–211, 1999)

His basic argument was that libertarianism was at least as reasonable from a scientific point of view as other theories of human decision making - determinism, compatibilism, etc. He defined libertarianism 



"to be the view that human beings are capable of actions and decisions that are (a) undetermined and (b) nonrandom in a certain yet-to-be-specified sense." (p.189)


Balauguer's "appropriate nonrandomness" is the idea that some neural events which are undetermined by prior physical events do not occur randomly, or without reason. He calls this "neurological libertarianism" or NL, which is the reasonable thesis that "we have free will because of the nature of our brains - in particular, because some neural events are undetermined
and appropriately nonrandom."  


This idea is not original with Balaguer. He says that "numerous philosophers have defended materialistic (i.e., non-Cartesian) versions of libertarianism – see, e.g., Kane (1985), Nozick (1981), van Inwagen (1983), and Wiggins (1973)"


Balaguer notes that strict logical and physical determinism (he calls it "universal determinism") is not supported by empirical science, since quantum mechanics involves indeterminism. 


Ii is better to use the term "predeterminism" to distinguish Balaguer's strict determinism from the "adequate determinism" that we have in the real physical world. 


Nevertheless, he introduces an opposing view to his NL that he calls ND - "neurological determinism," which holds that all neural (and mental) events
are causally necessitated by prior neural (and other bodily) events. The basic idea is that the world might include indeterministic (e.g., quantum) events, but that these are "for practical purposes" insignificant in the brain. 


This is indeed the view of most molecular biologists and neuroscientists. Macroscopic structures as large as neurons contain vast numbers (1020) of molecules, insuring that the statistical laws of physics approach the near certainty of classical physics. This is our "adequate" determinism. Balaguer explains this as a consequence of the "Law of Large Numbers," which it is.


"The most plausible view here – or, at any rate, the most popular – holds that (a) the
only undetermined events are quantum events, and (b) all quantum indeterminacies get “canceled out” somehow before we get to the macrolevel." (p.192)

"Macrolevel phenomena consist of huge numbers of elementary particles; thus, even though the particles themselves behave stochastically, huge ensembles of them will be extraordinarily predictable, because the Law of Large Numbers will kick in, and the actual frequencies will coincide extremely closely with the probabilities"...What the appeal to the Law of Large Numbers explains is not how the macrolevel could be deterministic while the quantum level is indeterministic but, rather, how the macrolevel could be predictable while the quantum level is unpredictable. Perhaps it also explains how the macrolevel could be determined for all practical purposes while the quantum level is indeterministic." (p.200)



Apart from the fact that the Law of Large Numbers does not "kick in" (it applies smoothly and uniformly and classical laws become true in the limit of large numbers), and the slight misstatement that quantum effects "cancel out" (they average out), Balaguer has this all right.

Balaguer tries to permit indeterminism, but in an "appropriately nonrandom" way. He says he does not take decisions to be abnormal among mental events.



"The problem of understanding how decisions are bound up with neural events is a special case of the more general problem of understanding the relationship between the neural and the mental.


Indeterminism that is appropriately nonrandom may occur in any brains, not just humans,


"it might very well turn out that parakeets have free will. If
we are free, then the seat of this freedom is not anything particularly
noble, or dignified, or human – it is the braininess of our brains.
Now, I have no idea how far down the evolutionary scale freedom
extends; earthworm actions might be just as undetermined as human
actions are, but it is doubtful, at this level, that they are appropriately
nonrandom."

Martin Heisenberg has found that a biophysical basis for behavioral freedom exists in fruit flies and bacteria.



In 2004, Balaguer wrote A Coherent, Naturalistic, and Plausible Formulation of Libertarian Free Will (NOÛS 38:3 (2004) 379–406).



Balaguer begins with a variation of the standard argument against free will when he says: 


Thus, if our decisions are appropriately non-random, then they couldn’t possibly be undetermined. Therefore, libertarianism is simply incoherent: it is not possible for a decision to be undetermined and appropriately non-random at the same time. (p.379)


He then develops some ideas of Robert Kane into what Balaguer calls "L-freedom" in "torn decisions."


These are decisions that require significant "effort" (C.A.Campbell) or what Kane called "self-forming actions" (SFAs).



Kane's model combines free will and values. Kane claimed his free choice is moral and made in accord with Kant's concept of duty versus one's self-interest or desires. This is the ethical fallacy. Freedom is merely a prerequisite for responsibility.


Balaguer's model and Kane's model are "restrictive," a term coined by John Martin Fischer to describe Peter van Inwagen's claim that only a tiny fraction of our decisions and actions could be free actions. For van Inwagen, it is those which have closely balanced alternatives (the ancient problem of the liberty of indifference. For Kane, it is those rare and difficult decisions that are deeply moral. They are those moments in which are character is formed. Later decisions made consistent with our character and values can then be traced back to these "self-forming actions." This provides us with what Kane calls ultimate responsibility or UR.


Although Balaguer argues, unlike Kane, that we may make many torn decisions a day, they are still restricted to cases where reasons for the alternatives are closely balanced. The ancients called freedom in such cases liberum arbitrium indifferentiae. To prove that only humans had such a freedom, they denied it to animals in the classic example of Buridan's Ass.


Balaguer says,


A torn decision is a decision in which the person in question (a) has reasons
for two or more options and feels torn as to which set of reasons is
strongest, i.e., has no conscious belief as to which option is best, given her
reasons; and (b) decides without resolving this conflict —i.e., the person has
the experience of "just choosing". (p.382)


He defines L-freedom, in the case of these torn decisions, in terms of "appropriate non-randomness" and authorship and control as follows:


L-freedom is defined as the ability to make decisions that are simultaneously
(a) undetermined and (b) appropriately non-random. Much needs to be said
about what appropriate non-randomness amounts to, but for now, let me
just say that the central requirement that a decision needs to satisfy in order
to count as appropriately non-random is that of having been authored and
controlled by the person in question; i.e., it has to have been her decision,
and she has to have controlled which option was chosen. (p.382)


Balaguer knows that he is open to the criticism that he makes indeterminacy the direct cause of actions. He quotes Daniel Dennett that  


"It would be insane to hope that after ... deliberation had terminated with an assessment of the best available course of action, indeterminism would then intervene to flip a coin before action (1978, p.51)"


In a forthcoming book from MIT press, Free Will as an Open Scientific Question, Balaguer adds to this definition that "the indeterminacy generates or procures the nonrandomness." This is not the common view (in Dennett for example, which says indeterminacy in the moment of choice (especially following the careful balancing of reasons) would reduce agential control. 


Balaguer expands the definition of appropriate non-randomness in terms of indeterminacy. He differs from most compatibilists and determinists who think that the laws of nature and the fixed past require our choice to be determined. He entertains the idea of quantum events in the brain just prior to choice, but if they are the direct cause of the choice, then it is not L-freedom.
   

when I say that if a torn decision is undetermined,
then it is appropriately non-random, what I mean is that if it’s undetermined
at the moment of choice, then it’s appropriately non-random. Thus, if
I say that a decision was determined, that does not mean it was determined
prior to the agent’s birth, or any such thing; if an undetermined quantum
event occurs in my head two seconds prior to a decision, and if this event
(together with physical laws and other circumstances) causally determines
my decision, then on my usage, the decision counts as determined. (p.383)
   
  
Balaguer then argues that 
   
if our torn decisions are undetermined at the moment of choice, then we author and control them. And I would like to point out here that this conclusion is introspectively satisfying. To appreciate this, suppose that a race of super-intelligent neuro-cognitive scientists
studied your brain and told you that, in fact, your own torn decisions are
undetermined at the moment of choice, so that when you make these
decisions, nothing external to you makes you choose as you do. Would
you conclude from this that you do not author or control these decisions? It
seems to me that it would be downright bizarre to draw that conclusion.
Indeed, if I found out that when I make my torn decisions, nothing external
to me causally influences how I choose, I would conclude from this
(together with what I already know about these decisions, namely, that
they’re conscious, purposeful, intentional, and so on) that I do author and
control these decisions. And this suggests to me that the intuitive notions of
authorship and control do apply here, and hence, that if my torn decisions
are undetermined at the moment of choice, then I author and control them. (p.393)
   

Balaguer realizes that he is trying to balance some indeterminacy with the control needed for us to be the authors and originators of our actions, that they are "up to us" (Aristotole's ἐφ' ἡμῖν). 


He describes the standard two-horn dilemma argument against free will as randomness vs appropriate non-randomness.


Any event that’s undetermined is uncaused and, hence, accidental. That is,
it just happens; i.e., happens randomly. Thus, if our decisions are undetermined,
then they are random, and so they couldn’t possibly be "appropriately
non-random". Or to put the point the other way around, if our
decisions are appropriately non-random, then they are authored and
controlled by us; that is, we determine what we choose and what we don’t
choose, presumably for rational reasons. Thus, if our decisions are
appropriately non-random, then they couldn’t possibly be undetermined.
Therefore, libertarianism is simply incoherent: it is not possible for a decision
to be undetermined and appropriately non-random at the same time. (p.379)


Balaguer thinks his L-freedom might be extended to obtain even in the case where there is an imbalance of reasons, i.e., where sufficient reasons to make a choice already exist.

I would like to say a few words about cases in which the agent’s
reasons pick out a unique best option and perhaps even causally determine
the agent’s decision. I think that decisions like this can be free in the ordinary
sense of the term, and I think that libertarians ought to allow that they can
be L-free. (p.401)


Is Balaguer wrong to say these "unbalanced" decisions are causally and strictly determined? In our view, they are merely "adequately determined" by our own reasons and desires. He knows that for large numbers, quantum indeterminacy approaches classical determinacy. 

it may be that these decisions are determined for all practical purposes; e.g., it may be that the neural events...are composed of large numbers of indeterministic quantum events that "cancel each other out."


In two-stage models of free will, quantum events may allow random alternative possibilities in the first "free" stage. But in the second "will" stage, Balaguer is right that the conscious will is adequately "determined for all practical purposes". 


What would Balaguer's race of super-intelligent neuro-cognitive scientists conclude about choices we make for good and sufficient reasons consistent with our character and values, with our habits, and with our current desires? As he said earlier, 


"when you make these decisions, nothing external to you makes you choose as you do. Would
you conclude from this that you do not author or control these decisions?...It
seems to me that it would be downright bizarre to draw that conclusion."



In 2009, Balaguer published two more articles, "The Metaphysical Irrelevance of the Compatibilism Debate (and, More Generally, of Conceptual Analysis," in the Southern Journal of Philosophy, 47: 1-24, and "Why There Are No Good Arguments for Any Interesting Version of Determinism," in Synthese, 168 168, 1-21. 

His 2009 book Free Will as an Open Scientific Problem is an expanded and revised version of the three articles - SJP as chapter 2, Noûs as chapter 3, and Synthese as chapter 4.


Balaguer has a new explanation for his “appropriate non-randomness.” On page 10 of his new introductions he adds a new clause b),


"Libertarianism is the view that human beings are L-free, where a person is L-free if and only if she makes at least some decisions that are such that (a) they are both undetermined and appropriately nonrandom,  and (b) the indeterminacy is relevant to the appropriate nonrandomness in the sense
that it generates the nonrandomness, or procures it, or enhances it, or increases it, or something along these lines."



In the Noûs paper, Balaguer argued that undetermined decisions simply are appropriately non-random. In the book, he argues that the indeterminacy actually generates the non-randomness.

In chapter 3, titled "Libertarianism Reduces to a Kind of Indeterminacy," Balaguer expands his Noûs idea of an appropriately nonrandom decision, defining it as one that is authored and controlled by the agent.



Balaguer notes that from many alternative possibilities an agent might narrow down the choices for prior determining reasons, but might leave some of the possibilities “tied-for-best.”  It is choosing among these “tied-for-best” options that is “wholly undetermined at the moment of choice.” A specific example is choosing to have dessert after dinner for a prior reason, but leaving the particular dessert undetermined. 



He then (p.92) confronts two objections. 1) the "luck" or “chance” objection.  and 2) if a decision is undetermined, then it isn't determined by the agent's reasons or character, which seems like less control and authorship.



Contrary to most commentators (van Inwagen, Fischer, Mele, Clarke, G. Strawson, et al.), Balaguer maintains that even if the agent's decision were to be randomly distributed (if the world could be rewound and the same circumstances were replayed - following van Inwagen's thought experiment  - and the results were random), this simply shows that it is the agent who makes the choices (p.92-94). If there were a pattern in the decisions, it would imply a hidden cause.  For Balaguer, randomness is evidence that no prior cause was involved! So we must be the cause.


He then denies the familiar idea that "the looser the connection between the agent’s reasons on the one hand and her decision on the other, the less authorship and control she has over the decision" (p.95).


The basic idea seems to be that the agent had good reasons for winnowing down her alternatives to the "tied-for-best" options, so whichever of these she chooses, it can be considered a conscious, intentional and purposeful choice.


Balaguer then (p.96) offers two theses why "Wholly Undetermined Torn Decisions" (he calls this TDW-Indeterminism) procure, increase, and enhance authorship and control.


Thesis 1) Such decisions, he says “provide as much authority and control over them as we could possibly have.” 

Thesis 2) If the decision were in any way causally determined , he says we would "have less authorship and/or control."


 
Does he include reasons, motives, or feelings here? Or Robert Kane's self-forming actions (SFAs)?


These two theses, Balaguer claims, entail that TDW-Indeterminism is freedom-enhancing, i.e., procuring or increasing authorship and/or control.



Since any less indeterminism (e.g., prior reasons) would reduce control, more indeterminism must increase it. He makes this synonymous with generating freedom. (QED?)


One interesting new item is that Balaguer says (p.123) that readers might have assumed from arguments in the book thus far that L-free decisions must be wholly undetermined and appropriately non-random (he calls them "type-1" decisions).


But, he says (p.123), "I never said that." He only claimed that if decisions are undetermined and appropriately non-random, then they are L-free.


So the Balaguer novelty is his argument that even actions that are causally determined by reasons ("type-2" in the article, "type-5" in the book) can be regarded as "L-free" (libertarian-free). The argument is that because agents are capable of "type-1" (undetermined and appropriately non-random) decisions, even decisions that are "determined" by reasons can be regarded as L-free.


(It's not obvious how the prior reasons that previously reduced authorship and control are now brought out as L-freedom.



Balaguer notes that he differs from Robert Kane, who says that if our reasons and motives even partially cause our decisions, then they are not free, unless the reasons in question were caused by prior undetermined L-free choices. On the contrary, Balaguer says that if an agent is L-free, and makes many undetermined L-free decisions every day, then her decisions that are caused by her reasons can also be called L-free.


He also differs from Kane, whose original idea of "torn decisions" is central to Balaguer's work, in that torn decisions need not be weighty and difficult moral decisions as Kane would have it. Indeed, we may make many torn decisions in the course of everyday actions, according to Balaguer.



In his Noûs article, Balaguer made the common mistake among philosophers of claiming that R. E. Hobart's classic 1934 article asserted that determinism was required for free will. Like many others including Philippa Foot, Balaguer misquoted Hobart's title - "Free Will as Involving Determinism."


He also misunderstands Hobart, when he says (p.6), "most compatibilists endorsed determinism. Some of these philosophers (Hobart for sure and arguably Hobbes and Hume as well) also held that freedom requires determinism."


Hobart's correct title is "Free Will as Involving Determination," which he defines only as the idea that reasons, character, values, etc. are determining factors in our free decisions. Neither he nor Phillipa Foot argue for determinism in the sense of predeterminism. Both think that chance is real


Balaguer (or his fact-checking editors) corrected Hobart's title in the book's bibliography. And in new material in the book, Balaguer argued, as had Hobart and Foot, against predeterminism, which is of course the real problem that is solved by some indeterminism in the world.

Hobbes and Hume did think they had reconciled free will with determinism, The hard problem is to reconcile free will with indeterminism. Balaguer attempts to do this with his claim that indeterminacy in the torn decision enhances "appropriate non-randomness."


In his Noûs article, Balaguer had distinguished only type 1 and type 2 decisions. Type 1 are "a) undetermined at the moment of choice and b) appropriately non-random." Type 2 are "determined by the agent's reasons for choosing."  In his book (p.122-3), Balaguer distinguishes several more types of decision, including "Buridan's-ass decisions" that are wholly undetermined, "Maybe decisions" that are spontaneous and "not teleologically rational," and decisions in which the agent is "leaning toward one or more options." 


With ideas that are hardly new (cf. Peter van Inwagen's Consequence Argument and Ted Honderich calling determinism a "black thing"), Balaguer says "The idea that determinism might be true can seem disturbing and depressing to us, and the reason, I think, is that it can seem to follow from determinism that we are something like puppets. If it was already determined before any of us were born that our lives would take the exact course that they in fact take, then it can seem that we don't have free will in any interesting or worthwhile sense."



In Balaguer's final chapter, "No Good Arguments for or against Determinism," he argues that there is no good evidence from empirical science in favor of determinism (quantum mechanics clearly denies it).  He also notes that logical arguments alone cannot establish an empirical truth and therefore indeterminism is an open question. And since he argued in chapter 3 that the right kind of indeterminism would generate L-freedom, he concludes that free will is indeed the "open scientific question" of his title.
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Max Black was an analytic language philosopher who worked with Peter Geach to translate the philosophical writings of Gottlob Frege. Both Geach and Black were taken by the question of what constitutes identity.

Black wrote a somewhat cryptic dialogue between A and B, perhaps ironically questioning whether A can ever be said to be identical with any B? They cannot, because A always has the property of being A, of being itself, which can never be true of B, while being B. 


They can, however, be identical with respect to their intrinsic internal information, which neglects the extrinsic properties


This requires ignoring the object’s position in space and time, which is the only remaining distinction between the two spheres in Black’s construct of identical spheres in otherwise empty space.



A. The principle of the Identity of Indiscernibles seems to me
obviously true. And I don't see how we are going to define
identity or establish the connexion between mathematics and
logic without using it.

B. It seems to me obviously false. And your troubles as a
mathematical logician are beside the point. If the principle is
false you have no right to use it.


A. You simply say it's false - and even if you said so three
times that wouldn't make it so.


B. Well, you haven't done anything more yourself than assert
the principle to be true. As Bradley once said, "assertion can
demand no more than counter-assertion; and what is affirmed
on the one side, we on the other can simply deny ".


A. How will this do for an argument? If two things, a and b,
are given, the first has the property of being identical with a.
Now b cannot have this property, for else b would be a, and we
should have only one thing, not two as assumed. Hence a
has at least one property, which b does not have, that is to say
the property of being identical with a.


B. This is a roundabout way of saying nothing, for  "a has the
property of being identical with a" means no more than "a is a"
When you begin to say " a is . . . " I am supposed to know what
thing you are referring to as 'a' and I expect to be told something
about that thing. But when you end the sentence with the
words " . . . is a " I am left still waiting. The sentence "a is
a" is a useless tautology.


A. Are you as scornful about difference as about identity?
For a also has, and b does not have, the property of being different
from b. This is a second property that the one thing has but
not the other.


B. All you are saying is that b is different from a. I think the
form of words "a is different from b" does have the advantage
over "a is a" that it might be used to give information. I might
learn from hearing it used that 'a' and 'b' were applied to
different things. But this is not what you want to say, since
you are trying to use the names, not mention them. When I
already know what 'a' and 'b' stand for, "a is different from
b" tells me nothing. It, too, is a useless tautology. 



Black's paper was titled The Identity of Indiscernibles, taken from Leibniz's Law, which also has a converse or contrapositive as the Indiscernibility of Identicals.


The Indiscernibility of Identicals can be described  as "for every x and for every y, if x is identical to y, then every property F that is possessed by x is also possessed by y, and every property F that is possessed by y is also possessed by x" or in symbolic logic,   (x)(y) [x=y → (F)(Fx ↔ Fy)].  Note that given two truly identical things, by definition there can be no discernible differences between them. The Indiscernibility of Identicals may be simply an ideal concept, unrealizable for two distinct material objects.


Black's version (the identity of indiscernibles) may be described as "for every x and for every y, if every property F that is possessed by x is also possessed by y, and every property F that is possessed by y is also possessed by x, then x is identical to y." Again, in symbolic logic terms,  (x)(y) [(F )(Fx ↔ Fy) → x=y]. 


Black's basic argument is if two things were identical, then they would be only one thing, and not two. This is correct in information philosophy. Only a unique individual has exactly the same information as itself.


If we say a is identical to b, Black says that we are using two different names to refer to the same thing. (Cf., the "Hesperus is Phosphorus" example from Frege) If a and b are merely two different names for the same thing, then when we say that "a is identical to b," we are merely saying that "a is a," which is a tautology. According to Black, the idea is trivial that "If there is no difference between a and b, then they are the same." 


Black imagines a universe consisting of just two things, two exactly similar perfect spheres. These two spheres could share the same properties and still not be the same, (because they have different dispositional properties, they are in two different places) challenging the identity of indiscernibles. 


What we have in Black's simple case of two similar spheres is what Peter Geach and David Wiggins call "relative identity." 




Frege Translation


In 1948, Black translated the classic Frege work "Sinn und Bedeutung" as "Sense and Reference," thus establishing the term "reference," where John Stuart Mill and Bertrand Russell had used "denotation." Denotation and connotation nicely fit the difference between naming and meaning. Black also mistranslated Gleichheit ("Sameness") as "Identity." Frege said in a footnote that he was using Gleichheit "in the sense of Identität, but Black changed the footnote, saying Frege used the word "strictly," adding to the confusion.

See our bilingual version of Sinn und Bedeutung
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In information philosophy, only a unique individual has exactly the same information as itself.
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Michael Burke is Professor Emeritus of Philosophy at Indiana University–Purdue University Indianapolis (IUPUI).


He worked on problems of material constitution and critically examined Chrysippus's ancient problem of Dion and Theon.


Burke wrote in 1994:


The Stoic philosopher Chrysippus is said
to have posed the following puzzle. Yesterday, there was a whole-bodied
man called 'Dion' who had a proper part called 'Theon'.
Theon was that part of Dion which consisted of all of Dion except
his left foot. Today, Dion's left foot was successfully amputated. So,
if Dion and Theon both still exist, they are numerically different
objects now occupying just the same place and wholly composed of
just the same matter. Presuming this to be impossible, the question
is which of the two, Dion or Theon, has ceased to exist.

At first thought, of course, it seems that neither has ceased to
exist. It would seem absurd to deny that Dion is still with us. Surely,
a man can retain his identity despite the loss of a foot. But it also
seems undeniable that Theon still exists. Theon, it seems, has
emerged from the surgery intact.


Might it be that Dion and Theon, who initially were two, have
both survived, but now are one? Assuming the indiscernibility of
identicals, a principle invoked even in Hellenistic philosophy, the
answer is "no." For even now there is something true of Dion which
is not true of Theon: that he once had two feet.


As will be obvious to those familiar with contemporary identity
theory, the puzzle of Dion and Theon is of more than antiquarian
interest. The same type of puzzle commands much attention today.
(The example discussed most often is that of Tibbles the cat.) Interestingly,
none of today's theorists would agree with Chrysippus that Theon has perished.
Theon has perished. 



Tibbles the Cat



The original suggestion of Tibbles by Peter Geach in the 1960's may not have been what is called today a "body-minus" problem. But in 1968, David Wiggins imagined Tibbles as a cat without a tail, a renaming of the  problem of Dion and Theon that has become very popular.

In 1980,  Geach showed that Tibbles might actually be composed of 1,001 cats!
About the same time, Peter Unger (1980) called this the Problem of the Many. Instead of cat hairs, Unger used water droplets in a cloud, both examples of the problem of vagueness.


 About the same time, Peter van Inwagen (1981) imagined a Descartes who had lost a leg ("Doctrine of Arbitrary Undetached Parts," reprinted in Michael Rea's 1997 book, Material Constitution). 



In their great 1987 compilation of Hellenic thought, A. A. Long and D. N. Sedley described Tibbles as an example of "two peculiarly qualified individuals coming to occupy one substance," something the Stoics explicitly denied is possible. Long and Sedley clearly are following Wiggins' 1968 version of Tibbles. They suggest that Chrysippus has given us an example of Dion surviving a diminution in his material without losing his identity, as the Academic Skeptics claimed. 



The key is to recognize this as the ancestor of a puzzle which has featured in recent discussions of place and identity. Take a cat, 
Tibbies, and assign the name Tib to that portion of her which excludes her tail.
Tibbies is a cat with a tail, Tib is a cat without a tail. Then amputate the tail. The
result is that Tibbies, now tailless, occupies precisely the same space as Tib. Yet
they are two distinct cats, because their histories are different. The conclusion is 
unacceptable, and the philosophical interest lies in pin-pointing the false step. 

That Chrysippus' puzzle works along similar lines is made clear by Philo's
later comments, in which he takes Theon to be related to Dion as part to whole.
Dion corresponds to Tibbies, Theon to Tib, and Dion's foot to Tibbies' tail. The 
differences are twofold. First, the problem is about occupying the_same
substance, not the same place. Second, Chrysippus assumes both the validity of 
the opening steps of the argument and the truth of the principle that two 
peculiarly qualified individuals cannot occupy the same substance at the same
time. He therefore concludes that one of the two must have perished, and his
problem is to see why it should be one rather than the other. Philo's elliptical
summary leaves unclear Chrissippus' reason for selecting Theon for this honour, but
it is probably that if we are asked whose foot has been amputated we can only
answer 'Dion's'. Theon cannot have lost a foot which he never had.


The title of Chrysippus' work shows that this puzzle was developed in
connexion with the Growing Argument. But to what purpose? The following is
a guess. According to the Growing Argument, matter is the sole principle of 
individuation, so that a change of matter constitutes a change of identity. Hence
Socrates is a different person from the same individual with one extra particle of
matter added. Now these two individuals are related as part to whole —just as
Theon and Dion in the amputation paradox are related. Thus the paradox's
presupposition that Dion and Theon start out as distinct individuals is not one
that Chrysippus need endorse; it is a premise attributed for dialectical purposes 
to the Academic opponents, who cannot deny it without giving up the Growing
Argument. But once they have accepted it, the Growing Argument is doomed
anyhow. For whereas the Growing Argument holds that any material
diminution constitutes a loss of identity. Chrysippus has presented them with a
case, based on their own premises, where material diminution is the necessary
condition of enduring identity: it is the diminished Dion who survives, the
undiminished Theon who perishes.



In his 1996 article "Tibbles the cat: A Modern 'Sophisma',"  Burke claimed Tibbles was "scholastic in origin," which is puzzling as he knows the story of the Greek Dion and Theon very well (Burke 1994b). He describes Tibbles, clearly following Wiggins or Long and Sedley?,



Before us stands a 10-pound cat named 'Tibbles'. Before us also is
that 9-pound part of Tibbles which consists of all of Tibbles except
his tail. Following philosophical custom, call that bodily part, for
which English has no common name, a 'puss'; and give Tibbles'
puss the proper name 'Tib'. Further, assume that cats are wholly
physical. (Or else let 'Tibbles' name the body of the cat, or even a
toy cat.) Suppose now that Tibbles loses his tail. We are left with a
tailless cat - and a puzzle. If Tib and Tibbles both still exist, they are
numerically different physical objects, one a former 10-pounder, one
not, which now consist of just the same matter and occupy just the
same place. That, presumably, is impossible. Either Tib or Tibbles,
therefore, has ceased to exist. But which one? The identity of a cat
surely is not tied to its tail. So Tibbles still exists. But surely Tib has
not ceased to exist: Tib lost none of its parts. Something has to give.
But what?

Tibbles-type puzzles are a mainstay of revisionist metaphysics.
They figure in arguments for mereological esssentialism, the doctrine
that every part of an object, no matter how small, is essential to its
identity. They persuade some philosophers to deny the dictum that
different objects cannot occupy the same place at the same time.
They are part of what persuades other philosophers to relativize
numerical identity, whether to time or to sort. They are used to
motivate rejection of our ordinary conception of (physical) objects
as three-dimensional in favor of a conception on which objects are
assimilated to events and have temporal as well as spatial parts. And
they convince Peter van Inwagen that there are no such things as
undetached tails and pusses...



Burke proposes a "novel and conservative solution" to the body-minus problem, based on the idea of "essentialism," the idea that properties of an object are essential to the object. Burke's argument agrees with Chrysippus' view that it is Dion who survives. Tib ceases to exist because she was a puss and, if she still existed, would now be a cat. Though he doubts this was Chrysippus' argument.

Here is what I propose to say about Tib and Tibbies: Initially we
had a 10-pound cat, Tibbies, which contained a 9-pound puss, Tib.
Before us now, following the loss of the tail, is a single 9-pound
object, one which is both a cat and a puss. That object is Tibbies,
which earlier had a tail but now is tailless. Tib has ceased to exist.

What is novel in this account, and what will surely seem counterintuitive,
is the claim that Tib has ceased to exist. After all, I allow
that there was such a thing as the puss Tib. And I allow that there
is a puss before us now. The latter is spatiotemporally continuous
with Tib. And it is both qualitatively and compositionally identical
to Tib. So how could it fail to be Tib? My answer, very simply, is
that Tib was merely a puss, whereas the puss now before us is also a
cat...


I assume that cats are essentially cats, from which it follows  
that noncats are essentially noncats. 
 In doing so, I presuppose Aristotelian essentialism, the
doctrine that some of the properties of an object are (non-trivially)
essential to it, that others are accidental to it, and that the essentiality
or accidentality of those properties is independent of how the object
is described. More specifically, I presuppose sortal essentialism, the
doctrine that an object's sort is essential to it. Second, I assume that
Tib was a noncat. More generally, I assume the maximality of (the 
concept) cat. That is, I make the commonsensical assumption that
proper parts of cats are not themselves cats. Third, I assume that if
Tib still exists, now that Tibbles' tail is no longer connected to it, then
Tib is now a cat. This, too, is a thoroughly commonsensical assumption.
If Tib still exists, why wouldn't it be a cat? What qualification
would it lack? 


From the first two assumptions it follows that Tib was a noncat
essentially, meaning that Tib could not have survived a change that
would have made it, if it survived, a cat. In effect, the third assumption
is that Tib's disconnection from Tibbles' tail was just such a
change. Taken together, the three assumptions yield the surprising
conclusion that Tib has ceased to exist. 



Mereological Essentialism


Essentialism has its roots in Aristotle's definition of the essence (ουσία), the unchanging "Being" of an object. Is "Essentialism" metaphysically valid or only an analytic language claim?


The essence of an object, the "kind" or "sort" of object that it "is", its "constitution," its "identity,"  includes those "proper" parts of the object without which it would cease to be that sort or kind. It would lose its identity.

Mereology is the study of parts and is historically the decomposition of an entity into its components, the parts which "compose" the whole.  Some of these may be "proper parts," but in what sense can we say that? Others may be merely parts that we have picked out to focus on and have given names. They may in no way be "natural" parts, kinds, or sorts.


Aristotle knew that most living things can survive the loss of various parts (limbs, for example), but not others (the head, say). By analogy, he thought that other objects (and even concepts) could have parts (or properties) that are essential to its definition and other properties or qualities that are merely accidental. Mereological essentialism should ba the study of those essential parts.



At his presidential address to the twenty-fourth annual
meeting of the Metaphysical Society of America in 1973, Roderick Chisholm defined "mereological essentialism," the idea that if some object has parts, then those parts are essential, metaphysically necessary, to the particular object..


The puzzle pertains to what I shall call the principle of mereological essentialism. 
The principle may be formulated by saying
that, for any whole x, if x has y as one of its parts then y is part of x
in every possible world in which x exists. The principle may also be
put by saying that every whole has the parts that it has necessarily,
or by saying that if y is part of x then the property of having y as one
of its parts is essential to x. If the principle is true, then if y is ever
part of x, y will be part of x as long as x exists.  
   

No doubt some parts are essential, in the sense that the brain or heart is essential to a human being. But surely not every part of any whole is a necessary part in all possible worlds? As Aristotle said, some parts may be accidental. And some parts may not persist as criteria of the object's "identity through time."


An information analysis shows that much of the verbal quibbling in metaphysical disputes is about objects or "parts" of objects that are arbitrarily named, defined by language conventions, as opposed to objects that are "natural kinds." 


Theon and Tib are what Peter van Inwagen called "arbitrary undetached parts." They have been "picked out" a separate objects to pose puzzles about the different persistence properties of different objects.



Coinciding Objects Demystified


An information-based metaphysics can show that for two "coinciding objects" can often be shown to be distinguishing between the matter and form of a single object, for example the statue and the lump of clay. But the immaterial form (abstract information) and the concrete material are not "parts" in the same sense. This seems to be a "category mistake."


In his 1992 article "Copper Statues and Pieces of Copper: A Challenge to the Standard Account," describes this "standard account."
   

We have before us a copper statue. In the same place,presumably, there is a piece of copper. Let's call the statue
'Statue' and the piece of copper 'Piece'. Now what is the
relationship between Statue and Piece? 

Among philosophers who
reject the view that objects have temporal parts, by far the most
popular account of such cases is one on which Statue and Piece
are numerically different objects even though they consist of just
the same matter and are wholly present in just the same place.
What shows them to be different objects, according to this
account, is that they have different persistence conditions: Piece
could survive a drastic change in shape; Statue could not. Let's call
this 'the standard account.'
   


Information philosophy denies these two "consist" of the same matter. The Piece is wholly matter. The Statue is merely form. They have been picked out and named for their dialectical value as having different persistence conditions


In his 1994 article "Preserving the principle of one object to a place," Burke begins by arguing that the standard account for many metaphysical identity theorists is:
   

It is common for the whole of one object and the whole of another object to occupy just the same place at the same time. So say many identity theorists...
   

Among the "identity theorists" cited by Burke are  David Wiggins (1967), Saul Kripke (1971), Roderick Chisholm (1973), and E. Jonathan Lowe (1983).


Exceptions include Peter van Inwagen (1981), who Burke says calls it a "desperate expedient,"   David Lewis (1986), who wrote, "This multiplication of entities is absurd on its face," and Harold Noonan (1988), who says it "manifests a bad case of double vision" (as the Ancient Skeptics complained about the Stoic categories of material substate or body and the 'peculiarly qualified individual' or person in their discussions of the Growing Argument )."


In his extensive article, Burke cites several examples of coinciding objects, the statue and clay, a tree and its molecules, cats and pusses, and persons and bodies. 


Information philosophy, and an information-based metaphysics, analyzes all these problems as distinctions between the immaterial form (the information) and the material substance. As such, information philosophy is a dualist theory. Burke recognizes the importance of this distinction, potentially solving problems that are intractable for a modern materialist or naturalist philosopher, who denies anything immaterial, notably the mind. 



Perhaps the most frequently cited example of coincidence is that of persons
and their bodies. Let's briefly consider the example from both dualist and
materialist points of view.

On dualist theories of the human person, there is no threat of genuine coincidence.
Dualist theories divide into those on which the body is a proper
part of the person and those on which the body is something like a possession.
On theories of the first type, it is true that a person occupies the
place occupied by his body. But it's not the whole of the person that occupies
that place; it's merely a part of him that does so. This is no more a case
of coincidence than is the case of a pipe and its bowl...  On theories of the second
type, on which a person is a mind or soul that "possesses" a body, it is only
in some non-literal sense that a person may be said to "occupy" the place
occupied by her body. The sense is similar to that in which a general may
be said to occupy the area occupied by his army, even if he commands the
army from outside that area.


On materialist theories, the matter is more complicated. For materialists
who identify persons with their bodies, there is no question of coincidence.
But for supporters of (some version of) the brain criterion or the psychological
criterion of personal identity, coincidence may seem unavoidable...


To conclude this subsection, I want to indicate, although I won't here
develop, a line of reasoning that suggests that coincidence is especially
worth resisting precisely in the case of persons and their bodies. Suppose
that Pete, a person, coincides with his body, Bob. Then Pete, like Bob, is a
physical object. (It is only on theories on which persons are purely physical
objects that persons are literally coextensive with their bodies.) Indeed, Pete
consists of just the same particles of matter as does Bob.


Now here is the problem. Suppose that Pete is thinking. On both type-type
and token-token versions of materialism, Pete's thinking is identifiable
with some physical event taking place within Pete. But any physical event
taking place within Pete is taking place also within Bob. Does this mean
that Bob, also, is thinking? If not, why not? If a person and his body are different
physical objects composed of just the same particles of matter, the
only differences between them, it would seem, lie in their persistence conditions
and, perhaps, in their early histories. (No doubt it would be said that
death without dismemberment would terminate the existence of Pete but
not that of Bob. And perhaps it would be said that Bob came into existence
some months or years earlier than Pete.) But there is no apparent way to
explain, simply by reference to those differences, why thinking (or talking
or walking) is something done by persons but not by their bodies. Unless an
explanation can be provided, or unless materialists are willing to accept the
multiplication and coincidence of agents, they had better find a way to
avoid saying that persons and their bodies are different physical objects
wholly present in just the same place. To materialists who favor the psychological
criterion (or the brain criterion) of personal identity, I commend
the sort of account presented above.
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Richard J. Bernstein is a moral and political philosopher with a deep interest in the sources of values.


His 1986 collection of essays Philosophical Profiles, published in the heyday of postmodernism and deconstruction, was a wide-ranging comparative review of the work of several philosophers, including Richard Rorty, Alasdair MacIntyre, and Martin Heidegger, from Bernstein's perspective as an Americal pragmatist in the tradition of Charles Sanders Peirce and John Dewey. 


Bernstein lamented the loss of interest in American pragmatism.  
   

But by 1948, Dewey’s voice was barely heard by professional philosophers in America; the brutal truth is that despite Dewey’s enormous influence in the first quarter of the twentieth century, he was no longer taken seriously as a philosopher. He was viewed as a fuzzy-minded thinker who might have had his heart in the right placed but not his head. Academic professionalism in philosophy had triumphed, and with this triumph not only Dewey but the philosophers associated with the “golden age” of philosophy in America including Peirce, James, Mead, Santayana, Royce, and Whitehead were marginalized.

Philosophy in America was already in the process of being transformed during the late 1930s, due to the growing influence of the emigre philosophers forced to leave Europe. Reichenbach, Carnap, Tarski, Feigl, Hempel (and many others associated with logical positivism and the “new” logic) were setting the agenda for philosophy. Logical positivism in the militant form of the Vienna Circle or in the more polemical form advocated by A. J. Ayer did not take deep root in America. But a positivistic temper, and the legacy of logical empiricism in the disciplines of the philosophy of the natural sciences and logic, did flourish. In the period following the Second World War, w'hen there was an enormous growth of academic institutions, there
was almost a scurrying to refashion graduate schools in America so that they would become respectable analytic departments. This was a time of great confidence among professional philosophers. It was felt that philosophy had to give up its pretensions to grand systems and syntheses; it must be much more modest in its scope and claims. But there was a collective sense among the analytic community that philosophers had “finally” discovered the techniques and conceptual tools to achieve high standards of clarity and logical rigor - and consequently were able to make genuine progress in solving and dissolving problems. This was also a time when the Anglo-American/Continental split in philosophy became an almost unbridgeable chasm. What was going on in European “philosophy” was taken to be pretentious, obscure, and muddled. By the new standards of what constituted “doing philosophy,” Continental philosophy” no longer counted as serious philosophy. Of course, there were pockets of resistance to the new analytic style of doing philosophy. There were those who still defended and practiced speculative philosophy in the style of Whitehead; there were those who saw greater promise in phenomenology and existentialism; there were those who sought to carry on ohilosophy in the pragmatic tradition. But philosophers who had not taken “the linguistic turn” were clearly on the defensive. Richard Rorty captures the mood of this time when he writes [in Consequences of Pragmatism, p.215]


In 1951, a graduate student who (like myself) was in the process of learning about, or being converted to, analytic philosophy, could still believe that there were a finite number of distinct specifiable problems to be resolved - problems which any serious analytic philosopher would agree to be the outstanding problems. For example, there was the problem of the counter- factual conditional, the problem of whether an “emotive” analysis of ethical terms was satisfactory, Quine’s problem about the nature of analyticity, and a few more. These were problems which fitted nicely into the vocabularly of the positivists. They could easily be seen as the final, proper formulation of problems which had been seen, as in a glass darkly, by Leibniz, Hume and Kant. Further there was agreement on what a
solution to a philosophical problem looked like, - e.g., Russell on definite descriptions, Frege on meaning and reference, Tarski on truth. In those days, when my generation was young, all of the conditions for a Kuhnian “normal,” problem-solving discipline were fulfilled.



There were other influences shaping the character of analytic philosophy at the time. In the post-war period, there was also a receptivity to the type of “ordinary language philosophy” 0r “conceptual analysis” that was so fashionable at Oxford. Ryle, Austin, and the later Wittgenstein (as filtered and domesticated through Anglo-American spectacles) rivaled the more formalistic methods favored by logical empiricists. But whether one’s allegiances were to the more formal or informal methods ol analysis, there was a shared conviction that philosophers could now make genuine progress in solving and dissolving well- formulated problems. Soon, a new generation of philosophers was trained in America who not only mastered analytic techniques, but whose contributions surpassed the work of their teachers. Quine was a new hero, for he represented a transitional figure who had assimilated what was taken to be most enduring in the pragmatic tradition but whose style of argumentation and logical finesse owed more to Carnap and Tarski than to Peirce, James, or Dewey. Davidson, Kripke, and Putnam soon became the philosophers to be taken seriously. With the increased sophistication of analytic philosophy, there was also a growing complexity. Whereas, with an earlier generation of logical positivists and empiricists, the ramifications of their claims for other fields of inquiry could be clearly discerned - even if they were controversial and provocative —' it was difficult for many outsiders (or even insiders to philosophy who were not tuned into the latest controversies in the professional journals) to figure out the significance of the problems that analytic philosophers took to be so central. It looked as if philosophers were perfecting a jargon that was barely intelligible to others. But for insiders this is what was to be properly expected as philosophy became more sophisticated - just as in any other specialized discipline.
   

Bernstein singled out Rorty and MacIntyre as confronting the loss of traditional values in moral philosophy. Macintyre said the enlightenment project was a failure. Rorty said analytic philosophy could not make a ratioaal argument for values, though he called values "as real as your shirt."




As an undergraduate in physics at Brown University in the 1950's, I attended a required course in the philosophy department that claimed science can have nothing foundational to say about ethics. I also took a course in existentialism, where I read Friedrich Nietzsche and Jean-Paul Sartre's argument that we are condemned to freedom, but that our freedom is absurd because there are no universal criteria for values or morality to help us choose our actions


But Arthur Stanley Eddington had said in his Nature of the Physical World (required reading in our foundation of physics course with Bruce Lindsay) that the second law of thermodynamics might imply something about good and evil. I decided to follow that idea.


That led me to read Rorty, Bernstein, and especially Jacques Derrida. Rorty was reacting to deconstruction and postmodernisn. He left philosophy to become a literary critic, claiming that moral values could and should be imparted through literature and the humanities.


The nineteenth-century hermeneutics of Friedrich Schleiermacher and Wilhelm Dilthey were being imported to America, along with arguments for Praxis and Action by Frankfurt School philosophers, Walter Benjamin, Theodor Adorno, and Jurgen Habermas. 
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Robert Bishop is a professor at Wheaton College. His research is in the history and philosophy of science, philosophy of physics, philosophy of social science, philosophy of mind, and metaphysics. He is particularly interested in chaos and complex systems and their philosophical implications.
He is the area editor for philosophy of science at the Internet Encyclopedia of Philosophy


With Harald Atmanspacher, he is the editor of Between Chance and Choice: Interdisciplinary Perspectives on Determinism, papers from an international workshop in June, 2001, sponsored by the Institut für Grenzgebiete der Psychologie und Psychohygiene of Freiburg.


Also with Atmanspacher, Bishop developed a theory of "contextual emergence," in which the description of properties of a lower level of emergence offers necessary but not sufficient conditions to rigorously describe the properties of the next higher level. The sufficient conditions are provided by "contextual" and contingent conditions.



Bishop and Atmanspacher distinguish between levels of description and levels of reality, i.e. between epistemological and ontological frameworks for reduction and emergence. They say:
   

Broadly speaking, descriptive terms are subjects of epistemological
discourse while elements of reality are subjects of ontological discourse. Both
types of discourse are used in reductionist and emergentist approaches. The concept
of reference establishes a connection between descriptive terms and described
elements of reality (leaving aside difficult questions about reference itself).

If one wants to have the option of ontic elements at each level of description
rather than only at one or a few fundamental levels, a straightforward and strictly
reductive scheme for interlevel relations becomes impossible and must be relaxed.
The way in which ontic and epistemic descriptions are related to each other motivates
contextual emergence as a viable alternative.


In order to clearly distinguish between different concepts of reduction and emergence,
it is desirable to have a transparent classification scheme, so that the basic
characteristics of these concepts can be discussed coherently. A useful approach
toward such a classification is based on the role which contingent contexts play in
reduction and emergence. More precisely, the way in which necessary and sufficient
conditions are assumed in the relation between different levels of description can be
used to distinguish four classes of relations:
   


Bishop and Atmanspacher situate contextual emergence in a matrix of related pictures of reductionism and emergence. He says the way in which necessary and sufficient
conditions are assumed in the relation between different levels of description can be
used to distinguish four classes of relations:



(1) The description of properties at a particular level of description offers
both necessary and sufficient conditions to rigorously derive the description of
properties at a higher level. This is the strictest possible form of reduction. It
was most popular under the influence of positivist thinking in the mid-20th
century.

(2) The description of properties at a particular level of description offers
necessary but not sufficient conditions to derive the description of features at
a higher level. This version is called contextual emergence, because contingent
contextual conditions are required in addition to the lower-level description
for a rigorous derivation of higher-level properties.


(3) The description of properties at a particular level of description offers
sufficient but not necessary conditions to derive the description of features at
a higher level. This version includes the idea that a lower-level description
offers multiple realizations of a particular property at a higher level, which is
characteristic of supervenience.


(4) The description of properties at a particular level of description offers
neither necessary nor sufficient conditions to derive the description of properties
at a higher level. This represents a form of radical emergence insofar as there
are no relevant conditions connecting the two levels whatsoever.
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Susan Blackmore is a British psychologist and freelance writer who has written extensively on consciousness.

Just as many philosophers and scientists think that free will may be an illusion, Blackmore appears to think that consciousness is a "Grand Illusion" or a delusion.


She says about a "conscious will" 


For some people it is the human capacity for self-conscious thought that makes us different from other animals and machines; they believe that it is because we can consciously weigh up alternatives and consider the outcomes that we have free will and hence can be held responsible for our choices. Yet this brings us straight back to the same problem. If consciousness is conceived of as a force that makes free will possible, then it amounts to magic - an impossible intervention in an otherwise causally closed world. But if consciousness is not such a force, then our feelings of having conscious control must be an illusion. 


She describes the "classic problem of free will" in three short paragraphs; 


David Hume called the problem of free will the most contentious of metaphysics. Indeed, it is said to be the most discussed problem in all of philosophy, going back to the ancient Greeks and beyond. The issue raises strong feelings because freedom implies responsibility. We consider ourselves responsible, and we hold others accountable for their actions on the assumption that they freely chose to act the way they did. If there is no free will, then human moral responsibilitymight seem to be threatened, and with it the rule of law.

Part of the problem lies with determinism. To many early philosophers, as well as to modern scientists, the universe appears to be deterministic; that is, all events are determined by prior events. If this is so, the argument goes, then everything that happens must be inevitable and if everything is inevitable there is no room for free will, because all my actions must be predetermined. This means that there is no point in my choosing to do anything, and no sense in which I could have done otherwise.


Some philosophers accept that free will and determinism are incompatible. They argue that either determinism is false (which seems unlikely and is extremely hard to prove) or free will must be an illusion (because it would amount to magic - an impossible non-physical intervention). Note that the addition of truly random processes to a determined world, as in radioactive decay or quantum physics, does not provide a loophole for free will since these processes, if they are truly random, cannot be influenced at all.
 



Blackmore does not see that the "truly random processes" may be the (first stage) source for those "alternatives" that we can "consciously weigh" and that when we "consider the outcomes" we use an "adequately determined" second stage of evaluation, deliberation, and choice. 
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Susanne Bobzien

Susanne Bobzien is Professor of Philosophy at Oxford University specializing in the problem of determinism and freedom, especially among Hellenistic and later ancient philosophers. 

Her 1998 book Determinism and Freedom in Stoic Philosophy is a detailed analysis of arguments, especially those of Chrysippus, for the compatibilism of freedom with causal determinism. 


In her book and a 1998 article in Phronesis (Vol. 43, No. 2 (May, 1998), pp. 133-175), Bobzien identified several variations on the theme of human freedom that were important in antiquity. Three of them are indeterminist freedoms, by which she means the decision is partly or wholly a matter of chance, and does not involve the character and values of the agent. (These are "extreme" libertarian positions, but are held today by Robert Kane, Mark Balaguer, and others):


1) freedom to do otherwise: I am free to do otherwise if, being the same agent, with the same desires and beliefs, and being in the same circumstances, it is possible for me to do or not to do something in the sense that it is not fully causally determined whether or not I do it. 

2) freedom of decision: a subtype of freedom to do otherwise. I am free in my decision, if being the same agent, with the same desires and beliefs, and being in the same circumstances, it is possible for me to decide between alternative courses of action in the sense that it is not fully causally determined which way I decide. 1) differs from 2) in that it leaves it undecided in which way it is possible for the agent to do or not to do something. 


3) freedom of the will: a subtype of freedom of decision. I act from free will, if I am in the possession of a will, i.e. a specific part or faculty of the soul by means of which I can decide between alternative courses of actions independently of my desires and beliefs [this is "extreme"], in the sense that it is not fully causally determined in which way I decide. 2) differs from 3) in that the latter postulates a specific causally independent faculty or part of the soul which functions as a "decision making faculty."


(Phronesis, p.133)



Bobzien contrasts these radical libertarianisms with what she calls "un-predeterminist" freedom: 

4) un-predeterminist freedom: I have un-predeterminist freedom of action/choice if there are no causes prior to my action/choice which determine whether or not I perform/choose a certain course of action, but in the same circumstances, if I have the same desires and beliefs, I would always do/choose the same thing. Un-predeterminist freedom guarantees the agents' autonomy in the sense that nothing except the agents themselves is causally responsible for whether they act, or for which way they decide. Un-predeterminist freedom requires a theory of causation that is not (just) a theory of event-causation (i.e. a theory which considers both causes and effects as events). For instance, un-predeterminist freedom would work with a concept of causality which considers things or objects (material or immaterial) as causes, and events, movements or changes as effects. Such a conception of causation is common in antiquity.


(Phronesis, p.133)


In Bobzien's "un-predeterminist" freedom, there is nothing that causally determines the agent's action, but the agent will always make the same decision in exactly the same circumstances, because the decision is completely consistent with the agent's desires and beliefs (and character and values).

Bobzien's idea of un-predeterminist freedom is a good fit with two-stage models of free will.


Finally, Bobzien lists three compatibilist freedoms, negative "freedoms from" rather than positive "freedoms to..." 


5) freedom from force and compulsion: I am free in my actions/choices in this sense, if I am not externally or internally forced or compelled when I act/choose. This does not preclude that my actions/choices may be fully causally determined by extemal and internal factors. 

6) freedom from determination by external causal factors: agents are free from external causal factors in their actions/choices if the same external situation or circumstances will not necessarily always elicit the same (re-)action or choice of different agents, or of the same agent but with different desires or beliefs. 


7) freedom from determination by (external and) certain internal causal factors: I am in my actions/choices free from certain intemal factors (e.g. my desires), if having the same such internal factors will not necessarily always elicit in me the same action/choice. 


(Determinism and Freedom in Stoic Philosophy, p.278)
  




In Oxford Studies in Ancient Philosophy (2000), Bobzien challenged Pamela Huby's 1967 assertion that Epicurus discovered the "free will problem."

In 1967 Epicurus was credited with the discovery of the problem of free will and determinism. Among the contestants were Aristotle and the early Stoics. 

Epicurus emerged victorious, because — so the argument went — Aristotle did not yet have the problem, and the Stoics inherited it from Epicurus. In the same year David Furley published his essay 'Aristotle and Epicurus on Voluntary Action', in which he argued that Epicurus' problem was not the free will problem. In the thirty-odd years since then, a lot has been published about Epicurus on freedom and determinism.
 
But it has only rarely been questioned whether Epicurus, in one way or another, found himself face to face with some version of the free will problem. In this paper I intend to take up the case for those who have questioned the point, combining a fresh perspective on the debate with a selection of new arguments and a detailed textual analysis of the relevant passages. Let me begin with a brief sketch of the problem of freedom and determinism which Epicurus is widely taken to have been concerned with.


The determinism Epicurus defends himself against is usually understood as causal determinism: every event is fully determined in all its details by preceding causes. These causes are commonly pictured as forming an uninterrupted chain or network, reaching back infinitely into the past, and as governed by an all-embracing set of laws of nature, or as manifestations of such a set of laws of nature.



Freedom to do otherwise, freedom of decision, and extreme freedom of the will Bobzien now labels "two-sided" freedom


On the side of freedom, Epicurus is generally understood to have been concerned with freedom of decision (the freedom to decide whether or not to do some action) or freedom of choice (the freedom to choose between doing and not doing some action) or freedom of the will (where the freedom to will to do something entails the freedom to will not to do it, and vice versa; I call this two-sided freedom of the will). Epicurus is taken to have introduced an indeterminist conception of free decision or free choice or two-sided free will: agents are free in this sense only if they are causally undetermined (or not fully causally determined) in their decision whether or not to act or their choice between alternative courses of action; undetermined, that is, by external and internal causal factors alike. There is assumed to be a gap in the causal chain immediately before, or simultaneously with, the decision or choice, a gap which allows the
coming into being of a spontaneous motion. 

Epicurus did not make actions directly the result of random atomic swerves, and he did think volitions were "up to us."


In this way every human decision or choice is directly linked with causal indeterminism. The assumption of such indeterminist free decision, free choice, or two-sided free will does not presuppose that one specifies an independent mental faculty, like e.g. a will, and indeed it is not usually assumed that Epicurus' theory involved such a faculty.

The 'free will problem' that Epicurus is assumed to have faced is then roughly as follows: If determinism is true, every decision or choice of an agent between alternative courses of actions is fully determined by preceding causes, and forms part of an uninterrupted causal chain. On the other hand, if an agent has (two-sided) freedom of the will, it seems that the agent's decision or choice must not be fully determined by preceding causes. Hence, it appears, determinism and freedom of the will (freedom of decision, freedom of choice) are incompatible.


I do not believe that Epicurus ever considered a problem along the lines of the one just described. In particular, I am sceptical about the assumption that he shared in a conception of free decision or free choice akin to the one I have sketched. (I also have my doubts that he ever conceived of a determinism characterized by a comprehensive set of laws of nature; but this is a point I only mention in passing.) To avoid misunderstandings, I should stress that I do believe that Epicurus was an indeterminist of sorts — only that he did not advocate indeterminist free decision or indeterminist free choice.





Furley merely de-emphasized the direct involvement of the random swerve in volition, as had Bailey before him.


Bobzien is of course right that Epicurus did not think that our decisions were made at random with no regard for our character and values, or for our feelings and desires. This is a straw argument put up by critics of Epicurean philosophy, notably the Stoic Chryssipus and the Academic Skeptic Cicero. 

Epicurus explicitly said human actions are caused by an autonomous agency, a third cause beyond chance and necessity. 


But Bobzien is wrong to suggest that Epicurus did not see a problem between human freedom and the causal determinism of his fellow atomist Democritus, and that Epicurus' atomic swerve was not his proposed solution to that "free will problem (viz, by breaking the causal chain)." Bobzien recognizes that her claim depends on the definiton of free will when she notes that


Whether Epicurus discussed free will depends on what one means by 'free will'. For example, if one intends 'free will' to render Lucretius "libera voluntas," and to mean whatever element of Epicurus' doctrine Lucretius meant to capture by this phrase, then Epicurus evidently was concerned with free will. My concern is only to show that he did not discuss a problem of free will that involves a conception of freedom of decision or choice as adumbrated in the main text. [namely, "extreme" libertarianism in which chance is the direct cause of action.]


See our account of free will in antiquity for more details and which ancient philosophers were first to take positions as determinist, libertarian, and compatibilist in antiquity. 
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William Barrett

William Barrett helped to introduce existentialism to American philosophers with his book Irrational Man in 1958. 


In 1986 his book The Death of the Soul described the "scientistic" attempts to reduce humans to machines and the brain to a computer.


Barrett traced this approach back to Alfred North Whitehead who called it "scientific materialism."


For both Whitehead and Barrett, the recovery of the soul seemed to require traditional religious and theological explanations of an immaterial soul, which was the solution for  René Descartes, who introduced dualism and the "mind-body problem in the first place.


Psychology has struggled for decades to establish a "science of the mind," first by "introspecting" what is going on inside the mind, then adopting "behaviorism" which denies the existence of the unobservable immaterial mind and allows only verifiable "observations of human behavior," then replacing behaviorism with "cognitive science," and finally neuroscience, which is now measuring observable changes inside the brain that are correlated with various aspects of consciousness. 


Barrett makes the case that in the "modern age" this "scientistic" psychology has  "banished consciousness."


When did this Modern Age begin? Historical epochs merge into one another, and it may be arbitrary to seek for points of absolute beginning. When, for example, did the Middle Ages begin? When end? It would be futile here to seek an absolute point of division between the past and the epoch that succeeded it. But sometimes there are points at which we can see clearly that by this time something new has already arrived and is bound to transform human history radically. Accordingly, we may take the beginning of our Modern Age to be the early-seventeenth century. For that was the century that created modern science and its accompanying technology; and these two, science and technology, have become, as we have seen, the driving forces within modern civilization.

What is modern science? As often as we have asked and answered this question, we need to rethink it again as we approach the end of the millennium in which that science has
decisively transformed human life. We shall have more to say on this question in a later chapter. Suffice it here simply to note that, whatever else it may be, science is an exhibition of the power of the human mind, of its freedom and originality to construct concepts that are not passively found in nature but nevertheless serve to organize our experience of nature. Thus the existence of a body of science is in itself a powerful evidence of human freedom.


Yet here a curious paradox arises. Mechanics was a central part of the new physics; until mechanics was firmly established, physics could not get under way. But the science of mechanics was no sooner founded than a widespread ideology of mechanism followed in its wake. Man is a machine, so the lament goes. The molecules in nature blindly run according to the inalterable mechanical laws of nature; and as our molecules
go, so do we. The human mind is a passive and helpless pawn pushed around by the forces of nature. Freedom is an illusion. And this lament was to rise to a crescendo of pessimism during the nineteenth century.


In short, no sooner has science entered the modern world than it becomes dogged by its shadow, scientism. What is this peculiar phenomenon we call scientism? It is not science, any more than the shadow is anywhere identical with the substance of a thing. Nor is science ever evidence of scientism. At most, science merely serves to heat up the imagination of certain minds—and they are not few—who are too prone to sweeping and unqualified generalizations in the first place. ^Scientism is pseudoscience or misinterpreted science. Its conclusions are sweeping and large, and therefore sometimes pretend to be philosophical. But it is not a part of philosophy, if by philosophy we mean the effort to think soberly within the restrictions that human reflection must impose for itself. No; scientism is neither science nor philosophy, but that peculiarly modern invention and malady—an ideology. And as such, along with other ideologies that beset us, it has become a permanent part of our modern culture.


The science which the seventeenth century sought was chiefly physics, the understanding of physical nature. But at the same time, as the science of nature blossoms, the theories of mind that sprout among philosophers become more paradoxical and at odds with each other. It is as if the thinkers who had reared this dazzling structure of the new science were more and more puzzled to understand the mind that had produced it. The situation has not improved since. In the three and a half centuries since modern science entered the world, we have added immeasurably to our knowledge of physical nature, in scope, depth, and subtlety. But our understanding of human consciousness in this time has become more fragmentary and bizarre, until at present we seem in danger of losing any intelligent grasp of the human mind altogether.


It may be worthwhile, then, to take a step backward and try to see how this situation has come about. For this purpose we need not burden the reader with heavy and excessive historical detail. We shall be pursuing a single theme throughout, and we shall make use of only as much history as may serve to establish its thematic clarity. Nor shall we be seeking here to establish any new "theory of mind,” whatever that might be. Such theories, in their ingenuity, sometimes lose their grasp on the very fact of consciousness itself as they seek to replace it by something different; and what we shall be trying here to do is simply to lay hold of the fact itself, the fact of consciousness as a human reality that seems on the way to getting lost in the modern world.
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William Belsham

Published in two volumes in 1789 and 1799, Belsham's Essays Philosophical and Moral, Historical and Literary are typical of the religious philosophy of the day.


HIs first essay was "On Liberty and Necessity," a topic much discussed since Thomas Hobbes' famous essay of the same title.


This essay is cited as the first to use the term "Libertarian." For Belsham it was a term of abuse. Liberty was nearly synonymous with libertine, a description of a person with no responsibility.


Belsham dismisses the ideas of the Libertarians, citing the foreknowledge of God, as did Hobbes  and the religious leaders Luther and Calvin before him. 


Belsham is a Necessarian, as he describes his fellow determinists.


Here he describes the confusion in the libertarian's view of a "self-determining power." 


By the self-determining power therefore must be meant, if indeed it has any meaning, either the actual exertion of volition, or the mental energy which precedes volition, and which is the efficient cause of it. If it means the actual exertion of volition, then the assertors of this power evidently confound the cause with the effect, making the act of volition prior to itself, distinct from itself, and the cause of itself. But if it means the mental energy preceding and producing volition, it is then plainly equivalent to the term motive, and the question is reduced to a mere verbal controversy; for this mental energy, denoting only a particular disposition and state of mind, muff itself have resulted from a previous disposition of mind, as likewise that previous disposition from one yet more remote: — a regular and uninterrupted concatenation of volitions thus extending itself backwards to the original
source of agency, each volition or mental state, like
wave impelling wave, arising from preceding, and
giving rise to succeeding states or definite situations
of mind analogous to itself, and corresponding
to those immutable laws by which the mental no
less than the material world is governed by infinite
wisdom and power.
But the term motive, according to the Necessarian definition, includes all those
previous circumstances which contribute to produce
a definite volition or determination of the will.
To what purpose then attempt to distinguish between the power and the motive of determination,
when the ideas precisely coincide; the definite cause
of a definite volition being all which is really
meant by either?


Or where is the difference between the Libertarian, who says that the mind chooses
the motive; and the Necessarian, who asserts that the
motive determines the mind; if the volition be the
necessary result of all the previous circumstances? 


The distinction in this case can only amount to an
idle and trifling evasion; and it is evident, that
in order to preserve a shadow of liberty, its advocates make no scruple to adopt a gross impropriety
of expression: to boast, that the mind chooses the motive when the mind is restricted to a definite choice,
is ridiculous; and it is in fact as great a solecism, as to
affirm that the volition chooses the motive: for the
choice of the mind is not prior, but subsequent to
the motive; it is therefore not the cause, but the
effect of the motive; and this pretended mental
choice manifestly neither more nor less than the necessary determination of volition.
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Anthony Collins was a contemporary of the libertariansSamuel Clarke and the older William King. Collins was a freethinker who challenged religion based on scriptures and a determinist, to use a modern description. In those days, the argument between free will and determinism was described as the problem of liberty and necessity. Some philosophers, including Clarke and King, distinguished strongly between physical and moral necessity. Collins' position was more nuanced. He was a complete necessitarian. The three philosophers, who all died in 1729, were significant influences on David Hume, then a teenager, but Collins was probably the greatest influence.

Collins, like Hume, followed Thomas Hobbes, who defined liberty (or freedom) as being free from external compulsion, what today we call freedom of action. William James called this "soft determinism" and today it is known as compatibilism.  This means human choices are determined by necessity (either or both moral and physical necessity). Where Clarke claimed that moral necessity was simply self-determination for good reasons and not predetermination, Collins claimed it was as necessary as physical necessity, even as he thought it essentially different from the mechanical necessity of clocks, for example. 


In the explanatory preface to his 1717 essay, A Philosophical Inquiry Concerning Human Liberty, Collins says,



Too much care cannot be taken to prevent being misunderstood and prejudged in handling questions of such nice speculation as those of Liberty and Necessity; and therefore, though I might in justice expect to be read before any judgment be passed on me, I think it proper to premise the following observations.

1. First, though I deny Liberty, in a certain meaning of that word, yet I contend for Liberty as it signifies a power in man to do as he wills, or pleases; which is the notion of Liberty maintained by Aristotle, Cicero, Mr. Locke, and several other philosophers, ancient and modern; and indeed, after a careful examination of the best authors who have treated of Liberty, I may affirm that, however opposite they appear in words to one another, and how much soever some of them seem to maintain another notion of liberty, yet at the bottom, there is an almost universal agreement in the notion defended by me, and all that they say, when examined, will be found to amount to no more.


2. Secondly, when I affirm Necessity, I contend only for what is called Moral Necessity, meaning thereby, that man, who is an intelligent and sensible being, is determined by his reason and his senses; and I deny man to be subject to such necessity as is in clocks, watches, and such other beings, which for want of sensation and intelligence, are subject to an absolute, physical, or mechanical necessity. And here also I have the concurrence of almost all the greatest asserters of Liberty, who either expressly maintain moral necessity, or the thing signified by those words.


3. Thirdly, I have undertaken to show, that the notions I advance, are so far from being inconsistent with, that they are the sole foundations of morality and laws and of rewards and punishments in society and that the notions I explode are subversive of them. This I judged necessary to make out, in treating a subject that has a relation to Morality, because nothing can be true which subverts those things; and all discourse must be defective wherein the reader perceives any disagreement to moral truth; which is as evident as any speculative truth, and much more necessary to be rendered clear to the reader's mind than truth in all other sciences.


4. Fourthly, I have entitled my discourse, a Philosophical Enquiry, etc. because I propose only to prove my point by experience and by reason, omitting all considerations strictly theological. By this method I have reduced the matter to a short compass; and hope I shall give no less satisfaction than if I had considered it also theological; for all but enthusiasts] must think true theology consistent with reason, and with experience.


5. Fifthly, if any should ask of what use such a discourse is, I might offer to their consideration, first, the usefulness of truth in general; and secondly, the usefulness of the truths I maintain towards establishing laws and morality, rewards and punishments in society; hut shall content myself with observing, that it may be of use to all those who desire to know the truth in the questions that I handle, and that think examination the proper means to arrive at that knowledge. As for those who either make no inquiries at all, and concern not themselves about any speculations; or who take up with speculations without any examination; or who read only books to confirm themselves in the speculations they have received — I allow my book to be of no use to them, but yet think they may allow others to enjoy a taste different from their own.



In his essay, Collins reconciled God's foreknowledge and pre-destination (pre-determinism) with the freedom of human agents. His was not the mysterious position of the Catholic church, that God knows the future, but despite that, humans are free. It was the idea that freedom is consistent with being determined by a logical and necessitated chain of causes going back to the creation of the world. We are free from that logical causal chain as long as we are not in physical chains, externally constrained or compelled by others.


This idea goes back to the Stoic Chrysippus and is what William James later called "soft determinism" and we now call compatibilism or "compatibilist free will," as compared to libertarianism and "libertarian free will."


Like most philosophers who consider the history of philosophy, Collins finds that the problem of free will, opposing the concepts of liberty and necessity, has been the most vexing of all philosophical problems over the centuries,


It is a common observation, even among the learned, that there are certain matters of speculation about which it is impossible, from the nature of the subjects themselves, to speak clearly and distinctly. Upon which account men are very indulgent to, and pardon the unintelligible discourses of theologers and philosophers, which treat of the sublime points in theology and philosophy. And there is no question in the whole compass of speculation of which men have written more obscurely, and of which it is thought more impossible to discourse clearly, and concerning which men more expect and pardon obscure discourse, than upon the subjects of Liberty and Necessity.


Collins begins by stating the question before us.


Man is a necessary agent, if all his actions are so determined by the causes preceding each action, that not one past action could possibly not have come to pass, or have been otherwise than it hath been; nor one future action can possibly not come to pass, or be otherwise than it shall he. He is a free agent, if he is able, at any time under the circumstances and causes he then is, to do different things; or, in other words, if he is not unavoidably determined in every point of time by the circumstances he is in, and the causes he is under, to do that one thing he does, and not possibly to do any other.



Collins thinks that our phenomenoogical experience of freedom misleads us.

The vulgar, who are bred up to believe Liberty or Freedom, think themselves secure of success, constantly appealing to experience for a proof of their freedom, and being persuaded that they feel themselves free on a thousand occasions. And the source of their mistake, seems to be as follows. They either attend not to, or see not the causes of their actions, especially in matters of little moment, and thence conclude they are free, or not moved by causes, to do what they do.

They also frequently do actions whereof they repent; and because in the repenting humor they find no present motive to do those actions, they conclude that they might not have done them at the time they did them, and that they were free from necessity (as they were from outward impediments) in the doing them.


They also find that they can do as they will, and forbear as they will, without any external impediment to hinder them from doing as they will; let them will either doing or forbearing. They likewise see that they often change their minds; that they can, and do choose differently every successive moment; and that they frequently deliberate, and thereby are sometimes at a near balance, and in a state of indifference with respect to judging about some propositions, and willing or choosing with respect to some objects. And experiencing these things they mistake them for the exercise of Freedom, or Liberty from Necessity. For ask them whether they think themselves free, and they will immediately answer, Yes; and say some one or other of these foregoing things, and particularly think they prove themselves free when they affirm they can do as they will.



Collins provides an extensive  history of libertarian accounts of free will worth quoting at length.


Celebrated philosophers and theologers, both ancient and modern, who have meditated much on this matter, talk after the same manner, giving definitions of Liberty that are consistent with Fate or Necessity although, at the same time, they would be thought to exempt some of the actions of man from the power of Fate, or to assert Liberty from Necessity. Cicero defines Liberty to be a power to do as we will. And therein several moderns follow him. One defines Liberty to be a power to act, or not to act, as we will. Another defines it in more words thus: "A power to do what we will, and because we will; so that if we did not will it, we should not do it; we should even do the contrary if we willed it." And another: "A power to do or forbear an action, according to the determination or thought of the mind, whereby either is preferred to the other." [Locke] On all which definitions, if the reader will be pleased to reflect, he will see them to be only definitions of Liberty or Freedom from outward impediments of action, and not a Freedom or Liberty from Necessity; as I also will show them to be in the sequel of this discourse, wherein I shall contend equally with them for such a power as they describe, though I affirm that there is no Liberty from Necessity.
Alexander the Apbrodissean (a most acute philosopher of the second century, and the earliest commentator now extant upon Aristotle, and esteemed his best defender and interpreter) defines Liberty to be "A power to choose what to do after deliberation and consultation, and to choose and do what is most eligible to our reason; whereas otherwise we should follow our fancy." Now a choice after deliberation, is a no less necessary choice than a choice by fancy. For though a choice by fancy, or without deliberation, may be one way, and a choice with deliberation may be another way, or different; yet each choice being founded on what is judged best, the one for one reason and the other for another, is equally necessary; and good or bad reasons, hasty or deliberate thoughts, fancy or deliberation, make no difference.


In the same manner Bishop Bramhal1, who has written several books for Liberty, and pretends to assert the Liberty taught by Aristotle, defines Liberty thus: He says, "That act which makes a man's actions to be truly free, is election; which is the deliberate choosing or refusing of this or that means, or the acception of one means before another, where divers are represented by the understanding." And that this definition places Liberty wholly in choosing the seeming best means, and not in choosing the seeming worst means, equally with the best, will appear from the following passages. He says, "Actions done in sudden and violent passions, are not free: because there is no deliberation nor election. To say the will is determined by motives, that is, by reasons or discourses, is as much as to say that the agent is determined by himself or is free. Because motives determine not naturally but morally; which kind of determination is consistent with true Liberty. 


Admitting that the will follows necessarily the last dictate of the understanding, this is not destructive of the Liberty of the will; this is only an hypothetical necessity." So that Liberty with him consists in choosing or refusing necessarily after deliberation; which choosing or refusing is morally and hypothetically determined, or necessary by virtue of the said deliberation.

Lastly, a great Armenian theologer [Le Clerc], who has writ a course of Philosophy and entered into several controversies on the subject of Liberty, makes Liberty to consist in " an indifferency of mind while a thing is under deliberation." "For;" says he, "while the mind deliberates it is free till the moment of action; because nothing determines it necessarily to act or not to act." Whereas when the mind balances or compares ideas or motives together, it is then no less necessarily determined to a state of indifferency by the appearances of those ideas and motives, than it is necessarily determined in the very moment of action. Were a man to be at liberty in this state of indifferency he ought to have it in his power to be not indifferent, at the same time that he is indifferent.


If experience therefore proves the Liberty contended for by the foregoing asserters of Liberty, it proves men to have no Liberty from Necessity.




Actions "determined " by the strongest motive are not therefore pre-determined from before deliberations began. 



Collins cites his libertarian contemporary William King as testifying to the difficulty of the problem, "A famous author, who appeals to common experience for a proof of Liberty, confesses that the question of Liberty is the most obscure and difficult question in all philosophy; that the learned are fuller of contradictions to themselves, and to one another, on this than on any other subject: and that he writes against the common notion of Liberty, and endeavors to establish another notion, which he allows to be intricate. (ibid., p. 30)"

Collins then lays out his argument why why our actions are necessitated, and that there is libertarian freedom of the will is impossible.


Willing is ... matter of daily experience that we begin or forbear, continue or end, several actions barely by a thought, or preference of the mind, ordering the doing or not doing, the continuing or ending, such or such actions. Thus, before we think or deliberate on any subject, as before we get on horseback, we do prefer those things to anything else in competition with them. In like manner, if we forbear these actions when any of them are offered to our thoughts, or if we continue to proceed in any one of these actions once begun, or if at any time we make an end of prosecuting them, we do forbear, or continue, or end them on our preference of the forbearance to the doing of them, of the continuing of them to the ending them, and of the ending to the continuing them. This power of the man thus to order the beginning or forbearance, the continuance or ending of any action, is called the will, and the actual exercise thereof willing.

There are two questions usually put about this matter - first, Whether we are at liberty to will or not to will? secondly, Whether we are at liberty to will one or the other of two or more objects?


1. As to the first, whether we are at liberty to will or not to will, it is manifest we have not that liberty. For let an action in a man's power be proposed to him as presently to be done, as for example, to walk - the will to walk or not to walk exists immediately. And when an action in a man's power is proposed to him to be done to-morrow, as to walk to-morrow, he is no less obliged to have some immediate will. He must either have a will to defer willing about the matter proposed, or he must will immediately in relation to the thing proposed, and one or the other of those wills must exist immediately, no less than the will to walk or not to walk in the former case. Wherefore, in every proposal of something to be done which is in a man's power to do, he cannot but have some immediate will.


Hence appears the mistake of those [e.g., Locke] who think men at liberty to will, or not to will, because, say they, they can suspend willing, in relation to actions to be done to-morrow; wherein they plainly confound themselves with words. For when it is said man is necessarily determined to will, it is not thereby understood that he is determined to will or choose one out of two objects immediately in every case proposed to him (or to choose at all in some cases - as whether he will travel into France or Holland), but that on every proposal he must necessarily have some will. And he is not less determined to will, because he does often suspend willing or choosing in certain cases; for suspending to will is itself, an act of willing; it is willing to defer willing about the matter proposed. In fine, though great stress is laid on the case of suspending the will to prove Liberty, yet there is no difference between that and the most common cases of willing and choosing upon the manifest excellency of one object before another. For, as when a man wills or chooses living in England before going out of it (in which will he is manifestly determined by the satisfaction he has in living in England) he rejects the will to go out of England; so a man who suspends a will about any matter, wills doing nothing in it at present, or rejects for a time willing about it; which circumstances of wholly rejecting, and rejecting for a time, make no variation that affects the question. So that willing, or choosing suspension, is like all other choices or wills that we have.


2. Secondly, let us now see whether we are at liberty to will or choose one or the other of two or more objects. Now as to this we will first consider whether we are at liberty to will one of two or more objects wherein we discern any difference; that is, where one upon the whole seems less hurtful than another. And this will not admit of much dispute, if we consider what willing is.. Willing or preferring is the same with respect to good and evil, that judging is with respect to truth or falsehood. It is 'judging that one thing is, upon the whole, better than another, or not so bad as another. Wherefore, as we judge of truth or falsehood according to appearances, so we must will or prefer as things seem to us, unless we can lie to ourselves, and think that to be worst which we think best.


An ingenious author [Locke] expresses this matter well when he says, "the question whether a man be at liberty to will which of the two he pleases, motion or rest, carries the absurdity of it so manifestly in itself that one might hereby be sufficiently convinced that Liberty concerns not the will. For to ask whether a man be at liberty to will either motion or rest, speaking or silence, which he pleases, is to ask whether a man can will what he wills, or be pleased with what he is pleased with. A question that needs no answer" 


To suppose a sensible being capable of willing or preferring (call it as you please) misery and refusing good, is to deny it to be really sensible; for every man while he has his senses, aims at pleasure and happiness, and avoids pain and misery; and this, in willing actions, which are supposed to be attended with the most terrible consequences. And therefore the ingenious Mr. Norris very justly observes, that all who commit sin, think it at the instant of commission, all things considered, a lesser evil; otherwise it is impossible they should commit it; and he instances in St. Peter's denial of his master, who he says, "judged that part most eligible which he choose, that is, judged the sin of denying his master, at that present juncture, to be a less evil than the danger of not denying him; and so chose it. Otherwise, if he had then actually thought it a greater evil, all that whereby it exceeded the other, he would have chosen gratis, and consequently have willed evil as evil, which is impossible." And another acute philosopher [Bayle] observes, that there are in France many new converts, who go to mass with great reluctance. They know they mortally offend God, but as each offence would cost them (suppose) two pistoles, and having reckoned the charge, and finding that this fine, paid as often as there are festivals and Sundays would reduce them and their families to beg their bread, they conclude it is better to offend God than beg.


In fine, though there is hardly anything so absurd, but some ancient philosopher or other may be cited for it; yet, according to Plato, none of them were so absurd as to say that men did evil voluntarily; and he asserts that it is contrary to the nature of man to follow evil as evil, and not pursue good; and that when a manic compelled to choose between two evils, you will never find a man who chooses the greatest, if it is in his power to choose the less; and that this is a truth manifest to all. And even the greatest modern advocates for Liberty allow that whatever the will chooseth, it chooseth under the notion of good; and that the object of the will is good in general, which is the end of all human actions.


This I take to be sufficient to show that man is not at liberty to will one or the other of two or more objects between which (all things considered) he perceives a difference; and to account truly for all the choices of that kind which can be assigned.




Collins goes on to deny even the ancient liberty of indifference.


But, secondly, some of the patrons of Liberty contend that we are free in our choice among things indifferent, or alike, as in choosing one out of two or more eggs; and that in such cases the man, having no motives from the objects, is not necessitated to choose one rather than the other, because there is no perceivable difference between them, but chooses one by a mere act of willing without any cause but his own free act.[Bramhall]

To which I answer, (1) first, by asking whether this and other instances like this are the only instances wherein man is free to will or choose among objects? If they are the only instances where man is free to will or choose among objects, then we are advanced a great way in the question; because there are few (if any) objects of the will that are perfectly alike; and because Necessity is hereby allowed to take place in all cases where there is a perceiveable difference in things, and consequently in all moral and religious cases, for the sake whereof such endeavors have been used to maintain so absurd and inconsistent a thing as Liberty or Freedom from Necessity. So that Liberty is almost, if not quite, reduced to nothing and destroyed, as to the grand end in asserting it. If those are not the only instances wherein man is free to will or choose among objects, but man is free to will in other cases, these other cases should be assigned, and not such cases as are of no consequence, and which by the great likeness of the objects to one another, and for other reasons, make the cause of the determination of man's will less easy to be known, and consequently serve to no other purpose but to darken the question, which may be better determined by considering, whether man he free to will or not in more important instances.


2. Secondly, I answer, that whenever a choice is made, there can be no equality of circumstances preceding the choice. For in the case of choosing one out of two or more eggs, between which there is no perceivable difference; there is not, nor can there be, a true equality of circumstances and causes preceding the act of choosing one of the said eggs. It is not enough to render things equal to the will, that they are equal or alike in themselves. All the various modifications of the man, his opinions, prejudices, temper, habit, and circumstances, are to be taken in, and considered as causes of election, no less than the objects without us among which we choose; and these will ever incline or determine our wills, and make the choice we do make preferable to us, though the external objects of our choice are ever so much alike to each other. And, for example, in the case of choosing one out of the two eggs that are alike, there is first, in the person choosing, will to eat or use an egg. There is, secondly, a will to take but one, or one first. Thirdly, consequent to these two wills, follow in the same instant choosing and taking one; which one is chosen and taken, most commonly, according as the parts of our bodies have been formed long since by our wills, or by other causes, to an habitual practice, or as those parts are determined by some particular circumstances at that time. And we may know, by reflection on our actions, that several of our choices have been determined to one among several objects by these last means, when no cause has arisen from the mere consideration of the objects themselves. For we know by experience that we either use all the parts of our bodies by habit, or according to some particular cause determining their use at that time.



Collins asks about the presumed liberty of humans, compared with the animals, and since children are thought to have no liberty until a certain age, how does that come about?



To what age do children continue necessary agents, and when do they become free? What different experience have they when they are supposed to be free agents from what they had while necessary agents? And what different actions do they do from whence it appears that they are necessary agents to a certain age, and free agents afterwards?


Manuel Vargas still asks this question in the 21st century. Children and animals both have behavioral freedom. Their actions are not pre-determined. The proper question is at what age they become morally responsible


Collins now argues for necessity based on the impossibility of liberty, since every event has a cause, and all causes are necessary. The idea of an uncaused event (a causa suiis not only absurd but atheistical, he says.


Second argument taken from the impossibility of Liberty.

II. A second reason to prove man a necessary agent is because all his actions have a beginning. For whatever has a beginning must have a cause, and every cause is a necessary cause.


If anything can have a beginning which has no cause, then nothing can produce something. And if nothing can produce something, then the world might have had a beginning without a cause; which is not only an absurdity commonly charged on Atheists, but is a real absurdity in itself.


Besides, if a cause be not a necessary cause, it is no cause at all. For if causes are not necessary causes, then causes are not suited to, or are indifferent to effects; and the Epicurean System of chance is rendered possible; and this orderly world might have been produced by a disorderly or fortuitous concourse of atoms; or which is all one, by no cause at all. For in arguing against the Epicurean system of chance, do we not say (and that justly) that it is impossible for chance ever to have produced an orderly system of things, as not being a cause suited to the effect; and that an orderly system of things which had a beginning, must have had an intelligent agentfor its cause, as being the only proper cause to that effect? All which implies that causes are suited, or have relation to some particular effects, and not toothers. And if they be suited to some particular effect and not to others, they can be no causes at all to those others. And therefore a cause not suited to the effect, and no cause, are the same thing. And if a cause not suited to the effect is no cause, then a cause suited to the effect is a necessary cause; for if it does not produce the effect, it is not suited to it, or is no cause at all of it.


Liberty therefore, or a power to act or not to act, to do this is another thing under the same causes, is an impossibility and atheistical.




Collins correctly traces the idea of theological necessity from the Stoics through the Jews (who he notes "had intimate and personal conversation with God himself") to the early Christians. 


And as Liberty stands and can only be grounded on the absurd principle of Epicurean Atheism, so the Epicurean Atheists, who were the most popular and most numerous sect of the Atheists of antiquity, were the great asserters of Liberty; as on the other side the Stoics, who were the most popular and most numerous sect among the religionaries of antiquity, were the great asserters of Fate and Necessity. The case was also the same among the Jews, as among the heathen; the Jews, I say, who besides the light of nature, had many books of Revelation (some whereof are now lost) and who had intimate and personal conversation with God himself. They were principally divided into three sects, the Sadducees, the Pharisees, and the Essenes. The Sadducees, who were esteemed an irreligious and atheistical sect, maintained the liberty of man. But the Pharisees, who were a religious sect, ascribed all things to fate, or to God's appointment, and it was the first article of their creed that fate and God do all; and consequently they do not assert a true liberty, when they asserted a liberty together with this fatality and necessity of all things. And the Essenes, who were the most religious sect among the Jews, and fell not under the censure of our Savior for their hypocrisy as the Pharisees did, were asserters of absolute fate and necessity. St. Pau1, who was a Pharisee, and the son of a Pharisee, is supposed by the learned Dodwell, to have received his doctrine of fate from the masters of that sect, as they received it from the Stoics. And he observes further, that the Stoic philosophy is necessary for the explication of Christian theology; that there are examples in the holy scriptures of the Holy Ghost's speaking according to the opinions of the Stoics, and that in particular the apostle St. Paul in what he has disputed concerning predestination and reprobation, is to be expounded according to the Stoics' opinion concerning fate. So that Liberty is both the real foundation of popular Atheism, and has been the professed principle of the Atheists themselves; as on the other side, Fate, or the necessity of events, has been esteemed a religious opinion and been the professed principle of the religious, both among heathens and Jews, and also of that great convert to Christianity and great converter of others, St. Pau1.



Collins makes the case that necessity is more perfect than liberty. Mimicking the scholastic argument for the existence of God based on God's perfection, Collins claims to establish necessity. Of course, he only establishes Necessity, God, and perfection itself as abstract ideas.

The perfection of Necessity.

But the imperfection of Liberty inconsistent with Necessity will yet more appear by considering the great perfection of being necessarily determined.


Can anything be perfect that is not necessarily perfect I For whatever is not necessarily perfect may be imperfect, and is by consequence imperfect.


Is it not a perfection in God necessarily to know all truth?


Is it not a perfection in him to be necessarily happy ?


Is it not also a perfection in him to will and do always what is best? For if all things are indifferent to him, as some of the advocates of Liberty assert [King], and become good only by his willing them, he cannot have any motive from his own ideas, or from the nature of things, to will one thing rather than another, and consequently he must will without any reason or cause, which cannot be conceived possible of any being, and is contrary to this self-evident, truth that whatever has a beginning must have a cause. But if things are not indifferent to him, he must be necessarily determined by what is best. Besides, as he is a wise being, he must have some end and design, and as he is a good being, things cannot be indifferent to him, when the happiness of intelligent and sensible beings depend on the will he has in the formation of things. With what consistency, therefore, can those advocates of Liberty assert God to be a holy and good being, who maintain that all things are indifferent to him before he wills anything, and that he may will and do all things which they themselves esteem wicked and unjust?



Collins has a charming argument about why the perfection of clocks is superior to the chance events proposed by libertarians.
 
Are not angels and other heavenly beings esteemed more perfect than men; because, having a clear insight into the nature of things, they are necessarily determined to judge right in relation to truth and falsehood, and to choose right in relation to good and evil, pleasure and pain; and also to act right in pursuance of their judgment and choice? And therefore would not man be more perfect than he is, if, by having a clear insight into the nature of things, he was necessarily determined to assent to truth only, to choose only such objects as would make him happy, and to act accordingly?

Further, is not man more perfect the more capable he is of conviction? And will he not be more capable of conviction if he be necessarily determined in his assent by what seems a reason to him, and necessarily determined in his several volitions by what seems good to him, than if he was indifferent to propositions, notwithstanding any reason for them, or was indifferent to any objects, notwithstanding they seemed good to him? for otherwise he could be convinced upon no other principles, and would be the most undisciplinable and untractable of all animals. All advice and all reasonings would be of no use to him. You might offer arguments to him, and lay before him pleasure and pain; and he might stand unmoved like a rock. He might reject what appears true to him, assent to what seems absurd to him, avoid what he sees to be good, and choose what he sees to be evil. Indifference therefore to receive truth, that is Liberty to deny it when we see it; and indifference to pleasure and pain, that is, Liberty to refuse the first, and choose the last; are direct obstacles to knowledge and happiness. On the contrary, to be necessarily determined by what seems reasonable, and by what seems good, has a direct tendency to promote truth and happiness, and is the proper perfection of an understanding and sensible being. And indeed it seems strange that men should allow that God and angels act more perfectly because they are determined by reason; and also allow that clocks, watches, mills, and other artificial unintelligent beings are the better, the more they are determined to go right by weight and measure; and yet that they should deem in a perfection in man not to be determined by his reason, but to have Liberty to go against it. Would it not be as reasonable to say it would be a perfection in a clock not to be necessarily determined to go right, but to have its motions depend upon chance?




Finally, Collins argues that moral responsibility would be impossible unless our actions were determined by our reasons. Furthermore, he examines the justification for punishment of criminals.

My sixth and last argument to prove man a necessary agent is; if man was not a necessary agent determined by pleasure and pain, he would have no notion of morality, or motive to practise it; the distinction between morality and immorality, virtue and vice, would be lost; and man would not be a moral agent.

Morality or Virtue, consists of such actions as are in their own nature, and upon the whole pleasant; and immorality or vice, consists in such actions as are in their own nature, and upon the whole painful. Wherefore a man must be affected with pleasure and pain in order to know what morality is, and to distinguish it from immorality. He must also be affected with pleasure and pain to have a reason to practise morality; for there can be no motives but pleasure and pain to make a man do or forbear any action. And a man must be the more moral the more he understands or is duly sensible, what actions give pleasure and what pain; and must be perfectly moral if necessarily determined by pleasure and pain rightly understood and apprehended. But if man be indifferent to pleasure and pain, or is not duly affected with them, he cannot know what morality is nor distinguish it from immorality, nor have any motive to practise morality and abstain from immorality; and will be equally indifferent to morality and immorality or virtue and vice. Man in his present condition is sufficiently immoral by mistaking pain for pleasure and thereby judging, willing, and practising amiss; but if he was indifferent to pleasure and pain, he would have no rule to go by, and might never judge, will, and practise right.


Though I conceive I have so proposed my arguments as to have obviated most of the plausible objections- usually urged against the doctrine of Necessity, yet it may not be improper to give a particular solution to the principal of them.


1. First then it is objected that if men are necessary agents,9 and do commit necessarily all breaches of the law, it would be unjust to punish them fordoing what they cannot avoid doing.


To which I answer that the sole end of punishment in society is to prevent, as far as may be, the commission of certain crimes; and that punishments have their designed effect two ways; first, by restraining or cutting off from society the vicious members; and secondly, by correcting men or terrifying them from the commission of those crimes. Now let punishments be inflicted with either of these views, it will be manifest that no regard is had to any free agency in man, in order to render those punishments just; but that on the contrary, punishments may be justly inflicted on man, though a necessary agent. For, first, if murderers for example, or any such vicious members are cut off from society, merely as they are public nuisances and unfit to live among men; it is plain they are in that case so far from being considered as free agents that they are cut off from society as a cankered branch is from a tree, or as a mad dog is killed in the streets. And the punishment of such men is just, as it takes mischievous members out of society. Also, for the same reason, furious madmen, whom all allow to be necessary agents, are in many places of the world either the objects of judicial punishments, or be allowed to be dispatched by private men. Nay, even men infected with the plague, who are not voluntary agents and are guilty of no crime, are sometimes thought to be justly cut off from society to prevent contagion from them.


Secondly, let punishments be inflicted on some criminals with a view to terrify, it will appear that in inflicting punishments with that view, no regard is had to any free agency in man in order to make those punishments just. To render the punishment of such men just, it is sufficient that they were voluntary agents, or had the will to do the crime for which they suffer, for the law very justly and rightly regardeth only the will, and no other preceding causes of action. For example, suppose the law, on pain of death, forbids theft, and there be a man who, by the strength of temptation, is necessitated to steal, and is thereupon put to death for it; doth not his punishment deter others from theft? Is it not a cause that others steal not? doth it not frame their wills to justice? Whereas a criminal who is an involuntary agent (as for instance a man who has killed another in a chance medly, or while in a fever or the like) cannot serve for an example to deter any others from doing the same, he being no more an intelligent agent in doing the crime than a house is which kills a man by its fall, and by consequence the punishment of such an involuntary agent would be unjust. When therefore a man does a crime voluntarily, and his punishment will serve to deter others from doing the same, he is justly punished for doing what (through strength of temptation, ill habits, or other causes) he could not avoid doing.


It may not be improper to add this farther consideration from the law of our country. There is one case wherein our law is so far from requiring that the persons punished should be free agents, that it does not consider them as voluntary agents, or even as guilty of the crime for which they suffer: so little is free agency requisite to make punishments just. The children of rebel parents suffer in their fortunes for the guilt of their parents, and their punishment is deemed just, because it is supposed to be a means to prevent rebellion in parents.


II. Secondly, it is objected that it is useless to threaten punishment, or inflict it on men to prevent crimes, when they are necessarily determined in all their actions.


1. To which I answer first, that threatening of punishments is a cause which necessarily determines some men's wills to a conformity to law, and against committing the crimes to which punishments are annexed, and therefore is useful to all those whose wills must be determined by it. It is as useful to such men, as the sun is to the ripening the fruits of the earth, or as any other causes are to produce their proper effects, and a man may as well say the sun is useless, if the ripening the fruits of the earth be necessary, as say there is no need of threatening punishment for theuse of those to whom threatening punishment is a necessary cause of forbearing to do a crime. It is also of use to society to inflict punishments on men for doing what they cannot avoid doing, to the end that necessary causes may exist to form the wills of those who in virtue of them necessarily observe the laws, and also of use to cut them off as noxious members of society.


A Philosophical Inquiry Concerning Human Liberty, 1702
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Antonella Corradini is a philosopher at the Catholic University of Milan, where she has organized conferences on "Analytic Philosophy without Naturalism" (2003). "Emergence in Science and Philosophy" (2007), and "Quantum Physics and the Philosophy of Mind" (2013).

She is co-editor of books on analytic philosophy, psycho-physical dualism, and emergence.


Corradini describes solving the logical conflict between "bottom-up" causation (the basis for all "reduction" of higher level properties to the base physical level of atoms and molecules) and the assumed "downward causation" of the emergent properties as some kind of "magic."


Emergent phenomena are said to arise
out of and be sustained by more basic phenomena, while at the same time
exerting a 'top-down' control, constraint or some other sort of influence
upon those very sustaining processes. To some critics, this has the air of
magic, as it seems to suggest a kind of circular causality. (See Kim, 1999,
for an argument to this conclusion.) Other critics deem the concept of emergence
to be objectionably anti-naturalistic, requiring the onset at particular
historical junctures of novel properties and behavior that are discontinuous
with the world's fundamental dynamics.


  
Her systematic analysis of the British Emergentists’ philosophy (notably Samuel Alexander, C. Lloyd Morgan, and C. D. Broad) concludes that the British Emergentists were monists. She proposes a dualist reinterpreation of emergence and develops a specific version of Emergence as a Dualism. 



She examines Jaegwon Kim's criticism of Emergentism and Non-reductive Physicalism and finds that Kim mistakenly assimilates these two.  


Along with Kim, she asks whether downward causation is compatible with "bottom-up" determination and accepts Kim's argument that downward causation (and thus emergence) is incompatible with physicalism.


However, her agreement with Kim’s conclusions has the aim of differentiating between emergentism and non-reductive physicalism and of giving up physicalism. In emergentism there are ideas “that generate some tension within emergentism understood as a form of monism, but it can become wholly coherent by disavowing monism itself and by putting emergentism into a dualistic framework”.


Corradini says that: 


In non-reductive physicalism downward causation is a derivative concept. In fact, Kim obtains it by showing that it is implied by same-level causation, which, in its turn, is implied by upward causation. But the implication from same-level causation to downward causation holds only under the condition that upward determination holds. Therefore, non-reductive physicalism is committed to downward causation insofar as it is a form of physicalism. Kim applies the same scheme to emergentism, but in this case his strategy is not justified, since for emergentists downward causation is not a derivative notion, but a primitive one, which lies at the very heart of their view. It is the utmost expression of the emergentistic thesis of the irreducibility of higher-level properties, thus it cannot be thought as disjointed from the non-explainability thesis. The fact that explainability  of the mental by the physical does not hold for emergentism undermines any project - like Kim's - to give a physicalistic interpretation of downward causation.


Corradini proposes a dualistic version of emergence of mind from the body which does not exclude substance dualism. She does not deny that the mind remains functionally dependent on the body, but she gives the mind ontological independence, with causal powers that are not determined by the lower biophysical and physical layers from which it emerges. 


Corradini claims that emergentism cannot coherently be supported
without admitting that the underlying basis be only a necessary condition of
the mental dimension, but not a sufficient one. 

Information is immaterial. It is neither 
matter nor energy. 
See information as an emergent dualism

In order to allow the mental to emerge from its biological basis, a non-material dimension of reality is needed, which is endowed with ontological independence and exists from
the very beginning of the emergent process. It follows from this that, if emergentists want to realize their non-reductionistic purposes, emergence must be understood as a dualistic relation.

Corradini sees the mind as non-material, ontologically independent of the brain from which it emerged. This emergence is dualistic beyond "property dualism." She calls it a distinctive kind of substance dualism.
   

What a developmental psychologist observes concerning the developmental history of a child is the appearance at a certain stage of her development of mental capabilities,
whose complexity and sophistication gradually increase, together with
the concomitant maturing of the physical structure. This empirical state
of affairs — it seems to me — may be interpreted equally well both by an
"emergent composite view" and by an emergent substance dualistic view
of the human being. In other words, accordance with empirical evidence
is not the benchmark on whose basis a confrontation among both positions has to take place. The merits of my variant of emergent dualism are
to be found first of all at the conceptual level. My proposal explains the
emergence of the mental substance without resorting to any creation ex nihilo, and also accounts for its ontological independence from the biological structure. In so doing, it guarantees that the mental substance has
autonomous emergent powers that it can exert in a downward fashion on
the body. Moreover, due to the mind's functional dependence on the
body, my proposal, unlike Cartesian dualism, accounts for the existence
of correlations of all mental states with brain states. As we know, neuroscientific research attests the detailed dependence of mental functions on
brain functions and the existence of a systematic network of mind-brain
correlations, so that at this stage of neuroscientific advancement no dualistic theory can afford to be ill at ease with such empirical data.

Other forms of emergent substance dualism meet the criterion of accounting for mind-body correlations. I submit that, together with these, my proposal deserves a closer look.
   


Corradini also analyzes some other contemporary forms of emergentism which can be potentially understood as dualistic versions (e.g., Timothy O’Connor, Paul Humphreys, and William Hasker).
 
E. Jonathan Lowe (Corradini's co-editor of Analytic Philosophy and Psycho-physical Dualism Today) has developed a related proposal for an interactionist non-Cartesian substance dualism. With his colleague Storrs McCall, Lowe  developed a two-stage model of free will.   
  



The causal powers of the mind are not determined because of the two-stage model of free will.
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August Compte

Auguste Comte was a French philosopher, mathematician and writer who formulated the doctrine of positivism. He is often regarded as the first philosopher of science in the modern sense of the term.  Comte's ideas also fundamental to the development of sociology, with him inventing the name Sociology for the new science and treating it as the crowning achievement of the sciences.


Comte hoped his new ideas of a social science would remedy the social disorder caused by the French Revolution. His concept of Sociology and social evolutionism set the tone for early social theorists and anthropologists such as Herbert Spencer
, leading to modern academic sociology presented by Émile Durkheim as practical and objective social research.


Comte's social theories culminated in his "Religion of Humanity", jointly developed with John Stuart Mill, which led to the development of non-theistic secular humanism in the 19th century.
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C.A. Campbell


   C. A. (Charles Arthur) Campbell's inaugural address at Glasgow University in 1938, In Defence of Free Will, attempted to restore sensible discussion to a problem he regarded as unparalleled in the history of metaphysics.  
  

  Since Bertrand Russell, Moritz Schlick, and Ludwig Wittgenstein, philosophy had turned to logical positivism (or logical empiricism) and linguistic analysis. Free will had been declared a pseudo-problem (by Schlick) that could not be solved, only dis-solved, by careful attention to the use of language.

  Logical positivists delighted in framing such problems in terms that revealed impossibilities, contradictions, paradoxes, or category mistakes. Free will was declared "unintelligible," a term previously reserved for the concept of absolute chance.


Campbell argued that a free choice must involve an "effort" of the will. He said only choices made from "duty" were really uncaused. Choices based on desires were caused by those desires. This is the Kantian view and what we call the ethical fallacy. Kant said that we are free only when our actions are good. When our actions are bad, he said, we are slaves to our passions.


Campbell was negative about involving quantum indeterminacy in free will:


"I am not myself...disposed to rest any part of the case against universal determinism upon these recent dramatic developments of physical science."

(In Defence of Free Will, p.45)


  A dozen years later, a specific aspect of the free will problem that continues to concern even libertarians today was addressed by Campbell in his essay Is Free Will A Pseudo-Problem?. Campbell showed that Schlick's analysis of the problem was severely limited - to questions of external compulsion and the usefulness of punishment for "educative reasons."  But Campbell took up a more difficult question  - "Could one have done otherwise?" or the modern, "Could one do otherwise in exactly the same circumstances?" 
  


In his Ethics, G. E. Moore in 1912 had argued it could only mean "could have done otherwise, if one had chosen to do otherwise." But since one had not so chosen, and since one's choices are entirely determined by the causal chain, one could not have so chosen. 
  

In 1948 P. H. Nowell-Smith had raised this question again, asking what libertarians thought it could mean. The second half of Campbell's 1951 article attacked Moore's hypothetical construction of meaning for "could have done otherwise only if one had chosen otherwise."  
  

  See our historical review of "could have done otherwise" from the time of Bramhall and Hobbes to the present. 
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Carneades was head of the Platonic Academy in the 2nd century BCE. As a fierce academic skeptic, he was a strong critic of other schools, especially the Stoics, who vigorously attacked his academic skepticism. 

Carneades also attacked the Epicureans, challenging the value of the "swerve" of the atoms proposed by Epicurus as necessary to break the "fate" or necessity implicit in the determinism of the atomist Democritus. 


Following his predecessor Arcesilaus, Carneades mitigated his skepticism. He knew his claim that "knowledge is impossible" is itself a knowledge claim. 


He denied the Academy's founder Plato's definition of  certain knowledge as  - "justified true belief" - but he believed that we can acquire enough probable and fallible knowledge to lead a good life. 


We know Carneades from Cicero's De Fato, where Cicero attacks the absurdity of the Epicurean swerve as an explanation for human freedom using Carneades as the spokesman for academic skepticism.


Although they say the swerve itself is unintelligible, Cicero and Carneades strongly defend chance as adequate to deny the causal determinism and fate that worried the Epicureans.


Carneades said that Epicurus would have done better to give the mind a special non-causal voluntary power than to claim the atoms had a special power to swerve uncaused. 


(Cicero, De Fato, XI)  


Although Carneades was a skeptic and had no positive positions of his own, this suggestion perhaps makes him the first "agent-causal" thinker, although Alexander of Aphrodisias argued that Aristotle believed that the mind had powers that were unaffected by physical determinism.
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  Tim O'Keefe on Carneades as First Libertarian
  

Most of what Epicurus  and Lucretius say about our freedom is compatible with causal determinism. This should not surprise us. Epicurus is not concerned with the freedom required for genuine moral responsibility, but with securing a sort of freedom of action — a rational self-rule that allows us to control our actions and shape our character, so that we can attain a tranquil life. This type of freedom is compatible with causal determinism. However, Epicurus was led, by a series of philosophical mistakes — understandable mistakes, but mistakes nonetheless — to posit an indeterministic atomic motion to help defuse a threat to our freedom. The swerve plays only the subsidiary role of defusing the fatalist implications of the Master Argument and similar arguments based on the universal applicability of the Principle of Bivalence. Despite the swerve's relative unimportance in Epicurus' own theory of freedom, it is this element of his theory that in the end has had the greatest philosophical impact!

If I am right that it would be anachronistic to saddle Epicurus with a libertarian response to the 'traditional' problem of the apparent incompatibility of determinism and the 'ability to do otherwise' necessary for genuine moral responsibility, this raises the following questions: how did the 'traditional' problem arise, who was the first person to put forward a libertarian response to this problem, and how was this transmitted into the western philosophical tradition? Also, what role did Epicurus' positing of the swerve play?


To answer these questions fully, and to justify those answers, would go well beyond the bounds of the present study. However, now that I have laid out how I think Epicurus' theory works, I would like to close this book by briefly telling the story, as I see it, of the way this theory helped lead to the creation by later philosophers of a libertarian solution to the problem of free will and determinism. I plan to fill out and defend in future work the claims sketched out here.


Epicurus helped shape the subsequent problem of free will and determinism through his influence on Carneades, and Carneades should be credited as the first person to come up with a libertarian position vis-a-vis the 'traditional' problem. This view requires arguing for three distinct theses: that the problem Carneades is confronting is fairly described as similar to the 'traditional' problem, that his solution to this problem is libertarian, and that Epicurus was the inspiration for Carneades' solution. It is often tricky to ascertain the exact influence of one philosopher on another, but this is not one of those cases. 


When Cicero describes Carneades' position, he says quite explicitly that Carneades developed it as a modification of the Epicurean position: Carneades' doctrine is that the Epicureans could maintain that there is a 'voluntary movement of the mind,' against the Stoic Chrysippus, without positing the swerve or any other sort of motion without a cause. (De fato xi 23)

To spell out what sort of problem Carneades is confronting, it will be helpful to refer back to the schema of different 'free will and determinism' problems, as involving a combination of three factors, detailed earlier (section 1.1):


Type of determinism X threatens (at least potentially) Y, and Y is a necessary condition for Z


I have argued that Epicurus' primary concern is with fatalist arguments that hinge on logical determinism — the position that there is already a fact of the matter, and always has been, about what is going to occur in the future — but that he also opposed causal determinism because of the Interentailment Thesis [logical and causal determinisms entail each other]. 

Carneades here follows Chrysippus, who denied logical necessity, but argued for fate and causal determinism


As described above (sections 6.3 and 6.4), Carneades uncouples logical and causal determinism. He maintains that logical determinism need not imply causal determinism, and that logical determinism has no unwelcome implications for our freedom: if it is simply my freely deciding to raise my arm at 12:15 EST on July 28, 2004 (as I just have) that makes it to have always been the case that I raise my arm at that time, and thus for the statement "Tim O'Keefe will raise his arm at 12:15 EST on July z8, 2004" to have been true for an eternity before I raised my arm, the eternal truth of that statement does nothing to threaten my freedom.

However, Carneades does deny causal determinism — the thesis that the "laws of nature" along with past states of the universe determine exactly one unique future — because it is incompatible with there being a voluntary movement of the mind and with anything being in our power. Carneades does not put the thesis of causal determinism in these terms, but he is clearly targeting this sort of doctrine. The Stoics, against whom Carneades is arguing, conceive of fate as an everlasting ordering and interconnection of causes, flowing from all eternity like the unwinding of a rope. And so, nature has contained in it already (and always has) the causes which will bring about what is going to occur. When Carneades attempts to pry apart logical and causal determinism, he gives examples of free action (like his going down to the Academy) and says that the statements describing these actions are true from eternity, but not in virtue of "an eternal stream of natural and necessary causation," or "foreordained causes" (De fato ix 19), or "immutable causes, eternally existing" (De fato xii 28), or a "nexus of eternal causes" (De fato xvi 38).



Here Carneades departs from Chrysippus, who denies necessity but accepts fate and causal determinism


Carneades' denial of causal determinism, however, is most clear in his discussion of epistemic determinism. Carneades thinks that epistemic determinism entails causal determinism, and since causal determinism is false, so too is epistemic determinism. Carneades' argument proceeds from the assumption that to know what is going to occur in the future, one must know what presently obtaining causes will bring about that future event. For instance, in order for me to know that a major earthquake will occur in California a year hence, I would need to have information about the present disposition of California's various faults, the pressure they are exerting on one another, etc., along with the facts about how faults, rocks and dirt of various kinds, etc., behave, which all together will bring about the future quake. Carneades says that not even Apollo, however, can foretell events like Oedipus killing his father (although it has always been true that he would do so). That is because such actions, before they occurred, had no pre-existing causes that would bring them about, that Apollo could inspect in order to tell that they are going to occur (De fato xiv 32-33).

The parallel with a Laplacean omniscient demon is striking. Laplace claims that such a demon, knowing the present disposition of all of the matter in the universe, along with the laws of nature, would on this basis be able to predict everything that was going to occur (as well as retrodict all that had occurred). Although Laplace affirms determinism and Carneades denies it, their epistemic examples serve similar functions: the demon's abilities illustrate Laplace's thesis of universal causal determinism, and the limitations facing even Apollo drive home what is involved in Carneades' denial of that thesis.


If causal determinism were true, according to Carneades, then nothing would be "in our power" (De fato xiv 31-32). What this amounts to can be seen more clearly by looking at how Carneades objects to the Stoic position. The Stoic Chrysippus replies to the 'Idle Argument' as follows: just because it is fated that you will recover from a snake-bite does not make your taking anti-venom in order to recover from the bite pointless. (See sections 6.3 and 6.4.) Chrysippus says that certain events are 'co-fated': for instance, it is fated (and causally determined) both that I will recover from the snake-bite and that I will take the anti-venom; it is through my fated action of taking the anti-venom that my fated recovery will occur (De fato xiii 3o). The Stoics say that motions like my taking the anti-venom, which are brought about by fate through me, are "in my power," and they deny that we are free to choose between opposite actions (Alexander On Fate 181,13-182,20 L&S 62G).


Carneades, however, rejects the whole class of 'co-fated' events. He restates the 'Idle Argument' in terms of causes, instead of truth; Cicero believes that this restated argument is as tight as can be. Carneades argues that if everything is fated, everything occurs because of antecedent causes. This would make everything take place in a closely knit web of natural interconnection, which would make all things occur of necessity, and nothing would be in our power (De fato xiv 31). 


Carneades insists that the power to do otherwise requires the rejection of determinism.


Given this context, and Carneades' repeated railings against causal determinism, for an action to be in our power most likely means that it is in our power either to perform it or not to perform it. And so, Carneades thinks that causal determinism threatens one's ability to do otherwise than one does, and for this reason he rejects causal determinism.

This may seem wrong, since Cicero derides Epicurus for positing 'motion without a cause,' whereas Carneades (via Cicero) affirms that every event, including human action, does have a cause. But even though every event has a cause, Carneades' position is still incompatibilist. We can best understand Carneades' position and the arguments he works through by comparing what he says to Roderick Chisholm's views on 'agent causation.' Like Carneades, Chisholm thinks that both causal determinism and causal indeterminism are incompatible with freedom.


Like Carneades, Chisholm thinks that merely uncaused events cannot be free, because freedom is not the same as randomness. So Chisholm proposes that every event has a cause, but not all events are caused by other events in accordance with exceptionless laws of nature. Instead, some events, such as voluntary human actions, are caused by the agent — by the person — yet how this 'agent causation' itself acts is not causally determined by previous events or states of affairs.


This is quite similar to Carneades' description of the 'voluntary motion of the mind' that is in our power. All events, including human actions, have causes. However, voluntary actions do not have antecedent causes stretching back eternally to past events and states of affairs. Instead, these actions are simply the result of a 'voluntary motion of the mind,' a motion which has an intrinsic nature of being in our power and of obeying us (De fato xi 24-25).



The power to do otherwise is a control condition for moral_responsibility.


Having this sort of ability to do otherwise than one does is a necessary condition both for the rationality of deliberation and action, and for moral responsibility. As noted above, Carneades' rejection of Chrysippus' 'co-fated' events occurs in his restatement of the Idle Argument, which concerns the question of whether determinism renders us helpless and makes action pointless. Cicero, who acts as Carneades' spokesman through the dialogue, also thinks that causal determinism would fetter the human mind in the chains of a fated necessity (De fato ix 20).

The case for attributing to Carneades a libertarian position on the incompatibility of determinism and the sort of free will necessary for moral responsibility is less direct, but still quite plausible. The key text is
De fato xvii—xix 39-45, where Cicero takes up the question of whether fate is consistent with justified praise, blame, and punishment, and where he describes Chrysippus' attempt to make them compatible. 


Those people would include, first Aristotle and Epicurus, then Carnades, Lucretius, and Cicero, among others?


Some people, according to Cicero, assert that not everything takes place by fate, because fate and freedom are incompatible. Their argument goes as follows: a necessary condition on justified praise, blame and punishment is that the assents, which produce our actions, be in our power. But if everything is fated, then everything takes place with an antecedent cause. Our assents are caused by our desires. But our desires would also then have antecedent causes, causes which are outside us and not in our power. (For instance, my vicious decision to eat a chicken patty made from factory farm-raised chickens is prompted by my hunger, along with a sense-impression of a chicken patty. But the cause of this sense-impression is an external object, and that I had this sense-impression was not something in my power.) But if the causes of our assents are not in our power, then our assents themselves are not in our power.

However, Chrysippus wants everything to be fated and have antecedent causes, and also assent to be in our power. He tries to maintain both by distinguishing types of causes. He agrees that assents must be prompted by sense-impressions, e.g., I would not reach for the chicken patty without the appropriate sense-impression. These sorts of auxiliary causes, however, which act as triggers to action, do not place assent out of our power. That is because they are not sufficient conditions on our actions, and what sort of action they prompt depends on the person, so that the cause of action is still internal to him, and the action in his power. The character of the person himself is the principal cause of his actions. So, for instance, the same sort of sense-impression which triggers my eating the chicken patty would not cause somebody to eat it who cares more about the suffering of de-beaked and overcrowded chickens than about his gustatory pleasure.


So far, so good. Cicero presents Chrysippus' distinctions approvingly, and says that once they are accepted, the differences between the disputing parties over fate might seem merely verbal (De fato xix 44-45). But then he adds,


This distinction [between antecedent and principal causes] is approved by both sides, but one of the two schools holds that although fate does govern those matters in which, when antecedent causes have occurred, it is not in our power to make the results turn out otherwise [non sit in nostra potestate ut aliter ilia eveniant], yet fate is not present in the case of matters which are in our power...


Unfortunately, the text breaks off at this point. But it is not hard to see that the same Carneadean point is being made here, about in what sense actions must be 'in our power' in order for praise, blame, and punishments to be justified, as was being made earlier about in what sense actions must be in our power in order to escape the Idle Argument. Once an antecedent cause has occurred as a trigger to action, do I then have the ability to make results turn out otherwise, or not? Once the chicken-patty impression has struck me, do I have the ability either to eat the patty or not to? If I have this ability to do otherwise than I do, then my action is not fated. But if how I respond is 'up to me' merely in the Chrysippean sense that it causally depends on my present character, which is itself 'co-fated' and the way in which fate works its will through me, then my action is both fated and not truly in my power, so that praise, blame, and punishment would not be justified.

Ironically, the first person to put forward a libertarian theory of the freedom of the will may not himself have been a libertarian. As head of the skeptical academy, Carneades was in the business of refuting the arguments of others in order to show that they did not have the knowledge they thought they did. He did not confine himself to criticizing others' arguments, however. He also retailed arguments of his own in support of positive theses — not in order to show that they are true, but because doing so would help counterbalance the arguments for contradictory theses and bring his audience to realize that none of the opposing arguments establish their conclusions.


Beyond Cicero, tracing the paths of historical influence becomes even murkier. But one line by which this 'traditional' problem of free will, along with the libertarian solution to it, is likely then transmitted into the Western philosophical tradition is via St. Augustine, particularly in the position he lays out in On free choice of the will (De libero arbitrio). In addition to his deep familiarity with Cicero's corpus overall, Augustine is in particular familiar with what Cicero has to say about the incompatibility of free choice and epistemic determinism (i.e., foreknowledge), as contained in works like De fato and De divinatione. Part of his purpose in writing On free choice of the will is to reconcile divine foreknowledge and freedom. And so, even though he does not explicitly credit Cicero, the many points of overlap between Augustine's conception of freedom and the libertarian position reported by Cicero are likely not just coincidental. However, Augustine's purposes are in many ways importantly different from Carneades'; let me note briefly the content of Augustine's doctrine and its goals.


Like Carneades, Augustine asserts that voluntas has a cause: it is a movement of the soul which is under our control (De lib. arb. 2.20). Also like Carneades (as reported in De fato xi 24-25), he makes this point by likening this movement of the soul to the movement of a body: just as it is the nature of a stone to move downwards, so to it is the nature of the soul to be able to move itself by the will, the difference being that how the soul exercises this power is up to it (De lib. arb. 3.1). He accepts the doctrine that sense-impressions function as triggering causes to action but are not sufficient to determine one's will. Augustine says that only something that is seen (in a sufficiently wide sense of 'seen') can incite the will to act. He adds that we control whether we accept or reject what we see, but we do not control what we see (De lib. arb. 3.25). This is supposed to help make all acts of will at least somewhat explicable: they have a motive, which is an object that the agent perceives as desirable.


Augustine emphasizes even more strongly than Cicero that will is a self-movement of the mind that has no cause beyond itself. He notes at many places that what we will is, in a very strong sense, within our power (e.g., De lib. arb. 3.3). And so, the will, as a higher part of soul, cannot strictly speaking be overcome by passion — instead, a mind that sins of its own volition turns away from virtue and chooses to be a slave of desire (De lib. arb. 1.10-11). But Augustine also notes, as Cicero does not, that if this is so, the will also can ignore the verdict of right reason. Augustine maintains that the will is the cause of sin, and that there is no cause for the will beyond itself, because if there were a cause of the will beyond itself, there would be no sin (De lib. arb. 3.17). And so, the will can simply turn from a greater perceived good to a lesser one — a movement which is sin — for no reason whatsoever beyond its own decision. As Mann notes, "[One] aspect of the power of the human will is to reject the verdict of reason." This autonomy of the will from both desire and from reason would not be welcomed by Epicurus; we will briefly explore below why Augustine insists on it.


In his discussion of the freedom of the will, Augustine does not bring up the 'Idle Argument' at all. Instead, just like the foes of fate that Cicero describes in De fato 39-45, Augustine insists that our actions being in our power, in the sense of our being able to choose one way or the other, is necessary for them to be justifiably subject to moral appraisal. When asked why God would allow people to have a free will, since free will is what allows evil into the world, one of Augustine's replies is that we cannot do right without having free will, and no action would be either a sin or a good deed if it were not performed by the will (De lib. arb. 2.1). Part of the nature of free will, however, is that it can be misused. Without this built-in liability, which allows us to sin, we would not be able to choose to live rightly. But Augustine, in particular, wants to vindicate the justification of punishment, especially God's eternal punishment of sinners: because sinners turn away from virtue of their own volition, and this turning away from higher goods to lower ones is caused by the sinner's own will and not by God, God is just when He punishes sinners for it (e.g., De lib. arb. 2.19).


Augustine's other reason for insisting on this libertarian free will is in order to defuse the problem of evil. On free choice of the will opens with Augustine's interlocutor Evodius asking whether God is the cause of evil, and the main task of the book is to show that He is not. Since God is wholly good, He cannot create anything that is evil. In sin, the will turns from eternal higher goods (such as justice, conceived of by Augustine as akin to Platonic ideas in the mind of God) to changeable, lower ones (such as bodily pleasure). The will itself is good, the higher goods are good, the lower goods are good, and all of these are from God. The turning from higher to lower goods is evil, but this movement is not caused by God, but simply by the will itself and nothing else (De lib. arb. 2.19; see also 1.15).


Augustine's concern to construct a theodicy also helps to explain why he insists on the autonomy of will from both desire and from reason. As MacDonald notes, if free choice is supposed to explain the origin of evil in a world that is created entirely good, with no defect or corruption, Augustine realizes that this "requires him to maintain that the first sinners are not created defective in any morally relevant way — that is, that the moral defects constituted by their primal sin are not preceded by any other morally relevant flaw in creation." Choices like Satan's defection from the ranks of the angels and Adam and Eve's decision to eat the forbidden fruit illustrate the "sheer willfulness of sin."


Near the end of On free choice of the will, Augustine brings together his concerns to provide a theodicy and to justify divine punishment, saying that God deserves no blame when somebody fails to do what he ought but deserves praise when somebody suffers what he ought (De lib. arb. 3.16), and that people repay their debt to God, their creator from whom all good things come, either by doing what they ought or by suffering what they ought (De lib. arb. 3.15).


By this point, we have traveled quite far from Epicurus' concerns. Carneades' modifications of Epicurus' position, in order to strengthen it as a counterweight to Stoic compatibilism, are quite understandable. So too are the ways in which Augustine appropriates for his own theological purposes what he found in Cicero of Carneades' theory. But if Epicurus had foreknown what the intellectual descendant of his theory was going to be like — a notion of a will, whereby we can perversely reject the verdicts of right reason, a notion which is used to defend the existence of a providential creator-god against the problem of evil and to justify eternal afterlife punishments at the hands of that god — he would have turned away in horror and dismay.
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Carneades is more likely the first explicit agent-causal libertarian, although Epicurus and Aristotle both held that actions are 'up to us."
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Chrysippus

Chrysippus was the most prolific of all the Stoic philosophers. Sadly, only a few fragments of his over 700 works survive today. His philosophical style was to summarize the arguments of his opponents, usually quite fairly, and then provide his own position in a reply. 


He was third to head the Stoa, after the founder, Zeno of Citium, and Cleanthes, both of whom were his teachers. He may also have studied with Arcesilaus, head of the (Platonic) Middle Academy. Chrysippus not only synthesized earlier Stoic thought into a philosophical system, but also integrated his great understanding of Hellenistic physics and formal logic, including propositional logic. 


Many of the classical unsolved problems in philosophy are the direct result of thinking that they could be solved by logic, reason, and a deterministic physics. Although Chrysippus helped to establish deterministic physics, he challenged the idea that logical truths necessitate physical events (logical determinism). He said that an event is only necessitated if the physical causes for that event exist in the present.


Chrysippus opposed the atomists and Epicurus' idea of irreducible chance in the universe. Stoic physics had no room for discrete entities like atoms. It was a continuum theory perhaps inspired by Parmenides, a plenum of material infinitesimals in contact everywhere, although Chrysippus admitted an external void (κενόν) surrounding the cosmos (ὅλον κοσμος).


[image: David Marans' Logic Gallery]
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In early Stoic philosophy, every event has a cause, and causes necessitate their effects.


Stoics, including Chrysippus, thought they could prove the existence of causes from a logical analysis of statements about the future. This problem of future contingents was dealt with by Aristotle (de Interpretatione, IX), who denied the present truth or falsity of statements about the future. As Cicero describes it:


 Chrysippus argues thus: If uncaused motion exists, it will not be the case that every proposition (termed by the logicians an axioma) is either true or false, for a thing not possessing efficient causes will be neither true nor false; but every proposition is either true or false; therefore uncaused motion does not exist.

(Cicero, De Fato X, 20)


Chrysippus claimed that a single uncaused cause could destroy the universe (cosmos), a concern shared by some modern philosophers, for whom reason itself would fail.


     Everything that happens is followed by something else which depends on it by causal necessity. Likewise, everything that happens is preceded by something with which it is causally connected. For nothing exists or has come into being in the cosmos without a cause. The universe will be disrupted and disintegrate into pieces and cease to be a unity functioning as a single system, if any uncaused movement is introduced into it.



Despite his fear of chance, Chrysippus later loosened the strictness of determinism by separating logical necessity from causal determinism and the idea of fate. He argued that all things are fated, including human decisions. But although the past is fixed and unchangeable, and all the antecedent events fated, future events are not necessitated logically unless the causes for the future event exist at the present time. 


Chrysippus thus eliminated the non-causal and arbitrary fatalism which maintains that a future event will happen no matter what we do in the meantime. This gave him room for his subtle compatibility between free will and determinism. Our fated actions are a necessary part of the causal chain that brings about the future which Chrysippus needed to establish moral responsibility.


Since future events are not necessary (though they are fated), human decisions are not constrained or forced by antecedent events or anything external to the mind. This lack of coercion, including one's heredity and environment, was critical for Chrysippus' idea that we have a freedom to assent (or not to assent) that made our decisions "depend on us." He called this πάρ’ ἡμᾶς or ἐξ ἡμῶν, depending on us, similar to Aristotle's ἐφ ἡμῖν. 

 
This is the core idea of modern compatibilism. Chrysippus was thus the first compatibilist. 


Although on the surface, being able to act (assent) or not act in a given circumstance seems inconsistent with causal determinism and the Stoic belief in an "eternal return" or "great cycle" in which the world would repeat everything exactly as they occurred in the past, modern philosophers (e.g., G.E.Moore) take this to mean "could have acted differently if one had chosen to do so."


Notice that in Chrysippus' compatibilist freedom our decisions are determined by our character and values, which were partially determined by factors beyond our control like heredity and environment. But they also include factors that we acquired freely in learning and training by our parents and educators. 


Thus our character in not necessitated, though it is fated by the Stoic dogma of universal reason and lawful causal nature. Since the Stoics saw God as Nature, Chryssipus' idea of a fate compatible with freedom seems parallel to the religious idea of divine foreknowledge of our decisions that is compatible with our free will. 


In this respect, Stoic determinism is less a physical determinism than a teleological or theological determinism. (See our dogmas of determinism.)
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Carneades


Carneades was head of the Platonic Academy in the 2nd century BCE. As a fierce academic skeptic, he was a strong critic of other schools, especially the Stoics, who vigorously attacked his academic skepticism. 

Carneades also attacked the Epicureans, challenging the value of the "swerve" of the atoms proposed by Epicurus as necessary to break the "fate" or necessity implicit in the determinism of the atomist Democritus. 


Following his predecessor Arcesilaus, Carneades mitigated his skepticism. He knew his claim that "knowledge is impossible" is itself a knowledge claim. 


He denied the Academy's founder Plato's definition of  certain knowledge as  - "justified true belief" - but he believed that we can acquire enough probable and fallible knowledge to lead a good life. 


We know Carneades from Cicero's De Fato, where Cicero attacks the absurdity of the Epicurean swerve as an explanation for human freedom using Carneades as the spokesman for academic skepticism.


Although they say the swerve itself is unintelligible, Cicero and Carneades strongly defend chance as adequate to deny the causal determinism and fate that worried the Epicureans.


Carneades said that Epicurus would have done better to give the mind a special non-causal voluntary power than to claim the atoms had a special power to swerve uncaused. 


(Cicero, De Fato, XI)  


Although Carneades was a skeptic and had no positive positions of his own, this suggestion perhaps makes him the first "agent-causal" thinker, although Alexander of Aphrodisias argued that Aristotle believed that the mind had powers that were unaffected by physical determinism.







For Teachers
Noesis
Stanford Encyclopedia of Philosophy
Wikipedia


For Scholars

  Tim O'Keefe on Carneades as First Libertarian
  

Most of what Epicurus  and Lucretius say about our freedom is compatible with causal determinism. This should not surprise us. Epicurus is not concerned with the freedom required for genuine moral responsibility, but with securing a sort of freedom of action — a rational self-rule that allows us to control our actions and shape our character, so that we can attain a tranquil life. This type of freedom is compatible with causal determinism. However, Epicurus was led, by a series of philosophical mistakes — understandable mistakes, but mistakes nonetheless — to posit an indeterministic atomic motion to help defuse a threat to our freedom. The swerve plays only the subsidiary role of defusing the fatalist implications of the Master Argument and similar arguments based on the universal applicability of the Principle of Bivalence. Despite the swerve's relative unimportance in Epicurus' own theory of freedom, it is this element of his theory that in the end has had the greatest philosophical impact!

If I am right that it would be anachronistic to saddle Epicurus with a libertarian response to the 'traditional' problem of the apparent incompatibility of determinism and the 'ability to do otherwise' necessary for genuine moral responsibility, this raises the following questions: how did the 'traditional' problem arise, who was the first person to put forward a libertarian response to this problem, and how was this transmitted into the western philosophical tradition? Also, what role did Epicurus' positing of the swerve play?


To answer these questions fully, and to justify those answers, would go well beyond the bounds of the present study. However, now that I have laid out how I think Epicurus' theory works, I would like to close this book by briefly telling the story, as I see it, of the way this theory helped lead to the creation by later philosophers of a libertarian solution to the problem of free will and determinism. I plan to fill out and defend in future work the claims sketched out here.


Epicurus helped shape the subsequent problem of free will and determinism through his influence on Carneades, and Carneades should be credited as the first person to come up with a libertarian position vis-a-vis the 'traditional' problem. This view requires arguing for three distinct theses: that the problem Carneades is confronting is fairly described as similar to the 'traditional' problem, that his solution to this problem is libertarian, and that Epicurus was the inspiration for Carneades' solution. It is often tricky to ascertain the exact influence of one philosopher on another, but this is not one of those cases. 


When Cicero describes Carneades' position, he says quite explicitly that Carneades developed it as a modification of the Epicurean position: Carneades' doctrine is that the Epicureans could maintain that there is a 'voluntary movement of the mind,' against the Stoic Chrysippus, without positing the swerve or any other sort of motion without a cause. (De fato xi 23)

To spell out what sort of problem Carneades is confronting, it will be helpful to refer back to the schema of different 'free will and determinism' problems, as involving a combination of three factors, detailed earlier (section 1.1):


Type of determinism X threatens (at least potentially) Y, and Y is a necessary condition for Z


I have argued that Epicurus' primary concern is with fatalist arguments that hinge on logical determinism — the position that there is already a fact of the matter, and always has been, about what is going to occur in the future — but that he also opposed causal determinism because of the Interentailment Thesis [logical and causal determinisms entail each other]. 

Carneades here follows Chrysippus, who denied logical necessity, but argued for fate and causal determinism


As described above (sections 6.3 and 6.4), Carneades uncouples logical and causal determinism. He maintains that logical determinism need not imply causal determinism, and that logical determinism has no unwelcome implications for our freedom: if it is simply my freely deciding to raise my arm at 12:15 EST on July 28, 2004 (as I just have) that makes it to have always been the case that I raise my arm at that time, and thus for the statement "Tim O'Keefe will raise his arm at 12:15 EST on July z8, 2004" to have been true for an eternity before I raised my arm, the eternal truth of that statement does nothing to threaten my freedom.

However, Carneades does deny causal determinism — the thesis that the "laws of nature" along with past states of the universe determine exactly one unique future — because it is incompatible with there being a voluntary movement of the mind and with anything being in our power. Carneades does not put the thesis of causal determinism in these terms, but he is clearly targeting this sort of doctrine. The Stoics, against whom Carneades is arguing, conceive of fate as an everlasting ordering and interconnection of causes, flowing from all eternity like the unwinding of a rope. And so, nature has contained in it already (and always has) the causes which will bring about what is going to occur. When Carneades attempts to pry apart logical and causal determinism, he gives examples of free action (like his going down to the Academy) and says that the statements describing these actions are true from eternity, but not in virtue of "an eternal stream of natural and necessary causation," or "foreordained causes" (De fato ix 19), or "immutable causes, eternally existing" (De fato xii 28), or a "nexus of eternal causes" (De fato xvi 38).



Here Carneades departs from Chrysippus, who denies necessity but accepts fate and causal determinism


Carneades' denial of causal determinism, however, is most clear in his discussion of epistemic determinism. Carneades thinks that epistemic determinism entails causal determinism, and since causal determinism is false, so too is epistemic determinism. Carneades' argument proceeds from the assumption that to know what is going to occur in the future, one must know what presently obtaining causes will bring about that future event. For instance, in order for me to know that a major earthquake will occur in California a year hence, I would need to have information about the present disposition of California's various faults, the pressure they are exerting on one another, etc., along with the facts about how faults, rocks and dirt of various kinds, etc., behave, which all together will bring about the future quake. Carneades says that not even Apollo, however, can foretell events like Oedipus killing his father (although it has always been true that he would do so). That is because such actions, before they occurred, had no pre-existing causes that would bring them about, that Apollo could inspect in order to tell that they are going to occur (De fato xiv 32-33).

The parallel with a Laplacean omniscient demon is striking. Laplace claims that such a demon, knowing the present disposition of all of the matter in the universe, along with the laws of nature, would on this basis be able to predict everything that was going to occur (as well as retrodict all that had occurred). Although Laplace affirms determinism and Carneades denies it, their epistemic examples serve similar functions: the demon's abilities illustrate Laplace's thesis of universal causal determinism, and the limitations facing even Apollo drive home what is involved in Carneades' denial of that thesis.


If causal determinism were true, according to Carneades, then nothing would be "in our power" (De fato xiv 31-32). What this amounts to can be seen more clearly by looking at how Carneades objects to the Stoic position. The Stoic Chrysippus replies to the 'Idle Argument' as follows: just because it is fated that you will recover from a snake-bite does not make your taking anti-venom in order to recover from the bite pointless. (See sections 6.3 and 6.4.) Chrysippus says that certain events are 'co-fated': for instance, it is fated (and causally determined) both that I will recover from the snake-bite and that I will take the anti-venom; it is through my fated action of taking the anti-venom that my fated recovery will occur (De fato xiii 3o). The Stoics say that motions like my taking the anti-venom, which are brought about by fate through me, are "in my power," and they deny that we are free to choose between opposite actions (Alexander On Fate 181,13-182,20 L&S 62G).


Carneades, however, rejects the whole class of 'co-fated' events. He restates the 'Idle Argument' in terms of causes, instead of truth; Cicero believes that this restated argument is as tight as can be. Carneades argues that if everything is fated, everything occurs because of antecedent causes. This would make everything take place in a closely knit web of natural interconnection, which would make all things occur of necessity, and nothing would be in our power (De fato xiv 31). 


Carneades insists that the power to do otherwise requires the rejection of determinism.


Given this context, and Carneades' repeated railings against causal determinism, for an action to be in our power most likely means that it is in our power either to perform it or not to perform it. And so, Carneades thinks that causal determinism threatens one's ability to do otherwise than one does, and for this reason he rejects causal determinism.

This may seem wrong, since Cicero derides Epicurus for positing 'motion without a cause,' whereas Carneades (via Cicero) affirms that every event, including human action, does have a cause. But even though every event has a cause, Carneades' position is still incompatibilist. We can best understand Carneades' position and the arguments he works through by comparing what he says to Roderick Chisholm's views on 'agent causation.' Like Carneades, Chisholm thinks that both causal determinism and causal indeterminism are incompatible with freedom.


Like Carneades, Chisholm thinks that merely uncaused events cannot be free, because freedom is not the same as randomness. So Chisholm proposes that every event has a cause, but not all events are caused by other events in accordance with exceptionless laws of nature. Instead, some events, such as voluntary human actions, are caused by the agent — by the person — yet how this 'agent causation' itself acts is not causally determined by previous events or states of affairs.


This is quite similar to Carneades' description of the 'voluntary motion of the mind' that is in our power. All events, including human actions, have causes. However, voluntary actions do not have antecedent causes stretching back eternally to past events and states of affairs. Instead, these actions are simply the result of a 'voluntary motion of the mind,' a motion which has an intrinsic nature of being in our power and of obeying us (De fato xi 24-25).



The power to do otherwise is a control condition for moral_responsibility.


Having this sort of ability to do otherwise than one does is a necessary condition both for the rationality of deliberation and action, and for moral responsibility. As noted above, Carneades' rejection of Chrysippus' 'co-fated' events occurs in his restatement of the Idle Argument, which concerns the question of whether determinism renders us helpless and makes action pointless. Cicero, who acts as Carneades' spokesman through the dialogue, also thinks that causal determinism would fetter the human mind in the chains of a fated necessity (De fato ix 20).

The case for attributing to Carneades a libertarian position on the incompatibility of determinism and the sort of free will necessary for moral responsibility is less direct, but still quite plausible. The key text is
De fato xvii—xix 39-45, where Cicero takes up the question of whether fate is consistent with justified praise, blame, and punishment, and where he describes Chrysippus' attempt to make them compatible. 


Those people would include, first Aristotle and Epicurus, then Carnades, Lucretius, and Cicero, among others?


Some people, according to Cicero, assert that not everything takes place by fate, because fate and freedom are incompatible. Their argument goes as follows: a necessary condition on justified praise, blame and punishment is that the assents, which produce our actions, be in our power. But if everything is fated, then everything takes place with an antecedent cause. Our assents are caused by our desires. But our desires would also then have antecedent causes, causes which are outside us and not in our power. (For instance, my vicious decision to eat a chicken patty made from factory farm-raised chickens is prompted by my hunger, along with a sense-impression of a chicken patty. But the cause of this sense-impression is an external object, and that I had this sense-impression was not something in my power.) But if the causes of our assents are not in our power, then our assents themselves are not in our power.

However, Chrysippus wants everything to be fated and have antecedent causes, and also assent to be in our power. He tries to maintain both by distinguishing types of causes. He agrees that assents must be prompted by sense-impressions, e.g., I would not reach for the chicken patty without the appropriate sense-impression. These sorts of auxiliary causes, however, which act as triggers to action, do not place assent out of our power. That is because they are not sufficient conditions on our actions, and what sort of action they prompt depends on the person, so that the cause of action is still internal to him, and the action in his power. The character of the person himself is the principal cause of his actions. So, for instance, the same sort of sense-impression which triggers my eating the chicken patty would not cause somebody to eat it who cares more about the suffering of de-beaked and overcrowded chickens than about his gustatory pleasure.


So far, so good. Cicero presents Chrysippus' distinctions approvingly, and says that once they are accepted, the differences between the disputing parties over fate might seem merely verbal (De fato xix 44-45). But then he adds,


This distinction [between antecedent and principal causes] is approved by both sides, but one of the two schools holds that although fate does govern those matters in which, when antecedent causes have occurred, it is not in our power to make the results turn out otherwise [non sit in nostra potestate ut aliter ilia eveniant], yet fate is not present in the case of matters which are in our power...


Unfortunately, the text breaks off at this point. But it is not hard to see that the same Carneadean point is being made here, about in what sense actions must be 'in our power' in order for praise, blame, and punishments to be justified, as was being made earlier about in what sense actions must be in our power in order to escape the Idle Argument. Once an antecedent cause has occurred as a trigger to action, do I then have the ability to make results turn out otherwise, or not? Once the chicken-patty impression has struck me, do I have the ability either to eat the patty or not to? If I have this ability to do otherwise than I do, then my action is not fated. But if how I respond is 'up to me' merely in the Chrysippean sense that it causally depends on my present character, which is itself 'co-fated' and the way in which fate works its will through me, then my action is both fated and not truly in my power, so that praise, blame, and punishment would not be justified.

Ironically, the first person to put forward a libertarian theory of the freedom of the will may not himself have been a libertarian. As head of the skeptical academy, Carneades was in the business of refuting the arguments of others in order to show that they did not have the knowledge they thought they did. He did not confine himself to criticizing others' arguments, however. He also retailed arguments of his own in support of positive theses — not in order to show that they are true, but because doing so would help counterbalance the arguments for contradictory theses and bring his audience to realize that none of the opposing arguments establish their conclusions.


Beyond Cicero, tracing the paths of historical influence becomes even murkier. But one line by which this 'traditional' problem of free will, along with the libertarian solution to it, is likely then transmitted into the Western philosophical tradition is via St. Augustine, particularly in the position he lays out in On free choice of the will (De libero arbitrio). In addition to his deep familiarity with Cicero's corpus overall, Augustine is in particular familiar with what Cicero has to say about the incompatibility of free choice and epistemic determinism (i.e., foreknowledge), as contained in works like De fato and De divinatione. Part of his purpose in writing On free choice of the will is to reconcile divine foreknowledge and freedom. And so, even though he does not explicitly credit Cicero, the many points of overlap between Augustine's conception of freedom and the libertarian position reported by Cicero are likely not just coincidental. However, Augustine's purposes are in many ways importantly different from Carneades'; let me note briefly the content of Augustine's doctrine and its goals.


Like Carneades, Augustine asserts that voluntas has a cause: it is a movement of the soul which is under our control (De lib. arb. 2.20). Also like Carneades (as reported in De fato xi 24-25), he makes this point by likening this movement of the soul to the movement of a body: just as it is the nature of a stone to move downwards, so to it is the nature of the soul to be able to move itself by the will, the difference being that how the soul exercises this power is up to it (De lib. arb. 3.1). He accepts the doctrine that sense-impressions function as triggering causes to action but are not sufficient to determine one's will. Augustine says that only something that is seen (in a sufficiently wide sense of 'seen') can incite the will to act. He adds that we control whether we accept or reject what we see, but we do not control what we see (De lib. arb. 3.25). This is supposed to help make all acts of will at least somewhat explicable: they have a motive, which is an object that the agent perceives as desirable.


Augustine emphasizes even more strongly than Cicero that will is a self-movement of the mind that has no cause beyond itself. He notes at many places that what we will is, in a very strong sense, within our power (e.g., De lib. arb. 3.3). And so, the will, as a higher part of soul, cannot strictly speaking be overcome by passion — instead, a mind that sins of its own volition turns away from virtue and chooses to be a slave of desire (De lib. arb. 1.10-11). But Augustine also notes, as Cicero does not, that if this is so, the will also can ignore the verdict of right reason. Augustine maintains that the will is the cause of sin, and that there is no cause for the will beyond itself, because if there were a cause of the will beyond itself, there would be no sin (De lib. arb. 3.17). And so, the will can simply turn from a greater perceived good to a lesser one — a movement which is sin — for no reason whatsoever beyond its own decision. As Mann notes, "[One] aspect of the power of the human will is to reject the verdict of reason." This autonomy of the will from both desire and from reason would not be welcomed by Epicurus; we will briefly explore below why Augustine insists on it.


In his discussion of the freedom of the will, Augustine does not bring up the 'Idle Argument' at all. Instead, just like the foes of fate that Cicero describes in De fato 39-45, Augustine insists that our actions being in our power, in the sense of our being able to choose one way or the other, is necessary for them to be justifiably subject to moral appraisal. When asked why God would allow people to have a free will, since free will is what allows evil into the world, one of Augustine's replies is that we cannot do right without having free will, and no action would be either a sin or a good deed if it were not performed by the will (De lib. arb. 2.1). Part of the nature of free will, however, is that it can be misused. Without this built-in liability, which allows us to sin, we would not be able to choose to live rightly. But Augustine, in particular, wants to vindicate the justification of punishment, especially God's eternal punishment of sinners: because sinners turn away from virtue of their own volition, and this turning away from higher goods to lower ones is caused by the sinner's own will and not by God, God is just when He punishes sinners for it (e.g., De lib. arb. 2.19).


Augustine's other reason for insisting on this libertarian free will is in order to defuse the problem of evil. On free choice of the will opens with Augustine's interlocutor Evodius asking whether God is the cause of evil, and the main task of the book is to show that He is not. Since God is wholly good, He cannot create anything that is evil. In sin, the will turns from eternal higher goods (such as justice, conceived of by Augustine as akin to Platonic ideas in the mind of God) to changeable, lower ones (such as bodily pleasure). The will itself is good, the higher goods are good, the lower goods are good, and all of these are from God. The turning from higher to lower goods is evil, but this movement is not caused by God, but simply by the will itself and nothing else (De lib. arb. 2.19; see also 1.15).


Augustine's concern to construct a theodicy also helps to explain why he insists on the autonomy of will from both desire and from reason. As MacDonald notes, if free choice is supposed to explain the origin of evil in a world that is created entirely good, with no defect or corruption, Augustine realizes that this "requires him to maintain that the first sinners are not created defective in any morally relevant way — that is, that the moral defects constituted by their primal sin are not preceded by any other morally relevant flaw in creation." Choices like Satan's defection from the ranks of the angels and Adam and Eve's decision to eat the forbidden fruit illustrate the "sheer willfulness of sin."


Near the end of On free choice of the will, Augustine brings together his concerns to provide a theodicy and to justify divine punishment, saying that God deserves no blame when somebody fails to do what he ought but deserves praise when somebody suffers what he ought (De lib. arb. 3.16), and that people repay their debt to God, their creator from whom all good things come, either by doing what they ought or by suffering what they ought (De lib. arb. 3.15).


By this point, we have traveled quite far from Epicurus' concerns. Carneades' modifications of Epicurus' position, in order to strengthen it as a counterweight to Stoic compatibilism, are quite understandable. So too are the ways in which Augustine appropriates for his own theological purposes what he found in Cicero of Carneades' theory. But if Epicurus had foreknown what the intellectual descendant of his theory was going to be like — a notion of a will, whereby we can perversely reject the verdicts of right reason, a notion which is used to defend the existence of a providential creator-god against the problem of evil and to justify eternal afterlife punishments at the hands of that god — he would have turned away in horror and dismay.




Bibliography



Carneades is more likely the first explicit agent-causal libertarian, although Epicurus and Aristotle both held that actions are 'up to us."
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David Chalmers

David Chalmers is a philosopher of mind whose characterization of consciousness as "the hard problem" has set a very high bar for understanding the mind. He says that "the problem of quantum mechanics is almost as hard as the problem of consciousness." 


For the past two decades, he has repeatedly asked two questions, "What is the place of consciousness in nature?," and "What is the reality behind quantum mechanics?" 


That these questions are connected comes from many scientists who speculated that the mind of the conscious observer is the cause of the collapse of the wave function. This is nonsense. Wave functions have been collapsing long before physicists and human beings existed. 


Physicists like John von Neumann and Eugene Wigner and many other "interpreters" of quantum mechanics argue that wave-function collapse is evidence for a cosmic consciousness or mind of God at work creating the universe. Chalmers sees it for evidence of panpsychism, that consciousness is a fundamental, non-material component of the universe.



Chalmers describes his position as a naturalisticdualism, also known as physicalism. He doubts that consciousness can be explained by physical theories, because consciousness is itself not physical. We partly agree, because all experiences are recorded and reproduced as immaterial information - in both conscious and unconscious playback. 


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=LRrnAXgxS2U



But information, while not material, is embodied in the physical world - as human knowledge, and as the experiences recorded in our minds (our ERR mind model). It is a property of the material world. The relationship between idealism (ideas are immaterial information) and materialism (the idea that everything in the universe is matter - or energy) is a "dualism." And Chalmers thinks (correctly)  it is a "property" dualism, not the "substance" dualism usually attributed to René Descartes, but actually much older. See our extensive table of dualisms over the centuries.)


Chalmers says that the failure of supervenience implies that materialism - as a monistic theory of the complete contents of the world, that there is "nothing but" matter, and that the world is "causally closed," for example - is "false." We agree with this and believe that the reductionist arguments of Jaegwon Kim can be shown wrong. Here is Chalmers...

   
	In our world, there are conscious experiences.
	There is a logically possible world physically identical to ours, in which the positive facts about consciousness in our world do not hold.
	Therefore, facts about consciousness are further facts about our world, over and above the physical facts.
	So materialism is false.



Chalmers suggests that the dualistic (non-physical) element might be information. Indeed it might. With this idea too, information philosophy completely agrees. Mind/body is a property dualism, not a "substance" dualism, as Descartes thought.


Chalmers says that a "fundamental theory of consciousness" might be based on information. He says that "physical realization is the most common way to think about information embedded in the world, but it is not the only way information can be found. We can also find information realized in our phenomenology." (ibid, p.284)

He is quite correct. Information is neither matter nor energy. It needs matter to be embedded temporarily in the brain. And it needs energy to be communicated. Phenomenal experiences transmitted to us as visual perceptions, for example, consist of information that is pure radiant energy. The pure (mental) information content in one brain can be transmitted to other brains, by converting it to energy for communication; other brains can then embody the same information (perhaps with significant differences in the details) for use by other minds (the "multiply realizable" software in different brains' hardware).


But such transmitted information is stripped of the contextual emotions that are generated by each individual's past-life experiences reproducer (ERR). So the same "information" "or "knowledge" 


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=6Uy5-mOGgC8


  
Chalmers comes very close to our view of the mind as information. He describes his fundamental theory as a "double-aspect principle."

   

The treatment of information brings out a crucial link between the physical and the phenomenal: whenever we find an information space realized phenomenally, we find the same information space realized physically...It is natural to suppose that this double life of information spaces corresponds to a duality at a deep level. We might even suggest that this double realization is the key to the fundamental connection between physical processes and conscious experience. We need some sort of construct to make the link, and information seems as good a construct as any. It may be that
principles concerning the double realization of information could be fleshed out into a system of basic laws connecting the physical and phenomenal domains.

We might put this by suggesting as a basic principle that information (in
the actual world) has two aspects, a physical and a phenomenal aspect.
Wherever there is a phenomenal state, it realizes an information state, an
information state that is also realized in the cognitive system of the brain.
Conversely, for at least some physically realized information spaces, whenever an information state in that space is realized physically, it is also realized phenomenally...



Information seems to be a simple and straightforward construct that is well
suited for this sort of connection, and which may hold the promise of yielding a set of laws that are simple and comprehensive. If such a set of laws could be achieved, then we might truly have a fundamental theory of consciousness.



It may just be...that there is a way of seeing information itself
as fundamental.
   


In his conclusions, Chalmers declares himself to be a mind-body dualist.


I resisted mind-body dualism for a long time, but I have now come to the point where
I accept it, not just as the only tenable view but as a satisfying view in its
own right. It is always possible that I am confused, or that there is a new
and radical possibility that I have overlooked; but I can comfortably say
that I think dualism is very likely true. I have also raised the possibility of
a kind of panpsychism. Like mind-body dualism, this is initially counterintuitive, but the counterintuitiveness disappears with time. I am unsure whether the view is true or false, but it is at least intellectually appealing, and on reflection it is not too crazy to be acceptable.
   

Chalmers has explored panpsychism, the thesis that some fundamental material entities have mental states. Information philosophy denies this, identifying mind-like behavior only with the information processing in the "subjective experiences" of living things. 


We have surveyed many philosophers and scientists who turned to panpsychism, including Alfred North Whitehead, Wolfgang Pauli (greatly influenced by Carl Jung), Gregory Bateson, William Seager, Roger Penrose, Henry Stapp, Stuart Hameroff, Ulrich Mohrhoff, Uwe Meixner, David Chalmers,  and Galen Strawson. Since information is a universal property of matter, it "goes all the way down," so in one sense, the basis of mentality - information - is present in the simplest physical structures. 


But information philosophy shows there is nothing like reflective awareness in the passive information structures like the galaxies. stars, and planets. It is only living things, that use information processing to manage the flow of matter and energy through this information structures, that have the awareness and reactions to their environments that can be called consciousness in higher beings. 


And there is nothing like the accumulated experiences recorded in the brains of higher animals that make their "conscious" reactions to similar events quite diverse. This accounts for the first-person, "subjective" nature of experience that Chalmers calls the "hard problem" of consciousness.


Material objects react "objectively" in their interactions with other objects. Living things, with their immaterial minds, react "subjectively" to events in the world. They have "behaviors," which are the products of their individual life experiences that have been acquired environmentally ("nurture") as well as the past experiences of their species, which are transmitted genetically ("nature"). Higher organisms with two stages of freedom and creativity also can create genuinely new behaviors and add to the increasing sum of human knowledge.


Chalmers restates his view of the "hard problem" in a recent publication:


"What it's like to be..." is to have an experience recorder and reproducer (ERR)


The hard problem of consciousness is the problem of experience. Humans beings have subjective
experience: there is something it is like to be them. We can say that a being is conscious
in this sense – or is phenomenally conscious, as it is sometimes put—when there is something it
is like to be that being. A mental state is conscious when there is something it is like to be in that
state. Conscious states include states of perceptual experience, bodily sensation, mental imagery,
emotional experience, occurrent thought, and more. There is something it is like to see a vivid
green, to feel a sharp pain, to visualize the Eiffel tower, to feel a deep regret, and to think that one
is late. Each of these states has a phenomenal character, with phenomenal properties (or qualia)
characterizing what it is like to be in the state.
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Diodorus Cronus


Diodorus Cronus (Διόδωρος Κρόνος, Cronus was a nickname, the old 'crone') was a member (or perhaps a late follower) of the Megarian School, whose arguments about the truth and falsity of statements about the future may have influenced Aristotle. But they have certainly influenced modern philosophers who think that philosophical problems can be decided by logic and language games.
 
Diodorus was known as "The Dialectician," testimony to his sophistry with words, or for his ability to create paradoxes. Epictetus wrote a diatribe "Against those who embrace philosophical opinions only in words," in Book 2, Chapter 1, of his Discourses. It is our major reference to Diodorus and his famous Master Argument (the κυριεύων or κύριος λόγος). 


Master Argument is a misleading translation. A better translation for κύριος λόγος might be the Main or Principal Argument. The familiar English title was probably translated by a Christian scholar, for whom κύριος translates English "Sir" and the Hebrew Ba'al, to give us "Lord" and "Master." Ba'al is husband, lord, and master in modern Israeli Hebrew. 


Diodorus' Master Argument is a set of propositions designed to show that the actual is the only possible and that some true statements about the future imply that the future is already determined. This follows logically from his observation that if something in the future is not going to happen, it must have been that statements in the past that it would not happen must have been true.


The Master Argument was central in the Hellenistic debates about determinism, as shown by Cicero's descriptions in On Fate. 


It is closely related to the problem of future contingency, also discussed by Diodorus, but made famous in Aristotle's example of a Sea-Battle in De Interpretatione 9. Aristotle thought statements about the past and present must be either true or false. But statements about the future are only potentials, possibilities, so they lack any truth value until their potential becomes actual at some time in the future.


Note that there are in fact some things in the past that can be changed in the future.  They are the truth values of statements made in the past.  Aristotle's statement "there will be a sea-battle next week," can "actually" be changed if the event does not happen, showing that the concept of a "fixed past," so important in analytic language philosophy debates about free will, has some changeability. In language philosophy, ideas from the "fixed past" are far from fixed. 


Diodorus was a great logician and word-juggler. Like Socrates, he wrote little or nothing and preferred verbal debates. The Dialectician was a precursor of the later language game players, Ludwig Wittgenstein, Jacques Derrida, and Daniel Dennett.


Diodorus applied Democritus' great insight that much knowledge is pure convention (νόμος), but "in reality" there is only atoms and a void.
For him, language definitions were conventional and quite arbitrary. His most famous example was the linguistic puzzle of how to define a "heap" (philosophers call this the Sorites paradox, from Greek σωρείτης so-ri'-tes, meaning "heaped up"). When does a number of grains become a heap? One? No. Two? No. Three? Etc. Or, given a heap of grains, as you take grains away, at which point does it stop being a heap?
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Epictetus on the Master Argument


Ὁ κυριεύων λόγος ἀπὸ τοιούτων τινῶν ἀφορμῶν ἠρωτῆσθαι φαίνεται: κοινῆς γὰρ οὔσης μάχης τοῖς τρισὶ τούτοις πρὸς ἄλληλα, 

τῷ [τὸ] πᾶν παρεληλυθὸς ἀληθὲς ἀναγκαῖον εἶναι 

καὶ τῷ [ἀ]δυνατῷ ἀδύνατον μὴ ἀκολουθεῖν 

καὶ τῷ [*? δυνατὸν εἶναι ὃ οὔτ᾽ ἔστιν ἀληθὲς οὔτ᾽ ἔσται, 


συνιδὼν τὴν μάχην ταύτην ὁ Διόδωρος τῇ τῶν πρώτων δυεῖν πιθανότητι συνεχρήσατο πρὸς παράστασιν 

τοῦ μηδὲν εἶναι δυνατόν, ὃ οὔτ᾽ ἔστιν ἀληθὲς οὔτ᾽ ἔσται. 


[2] λοιπὸν ὁ μέν τις ταῦτα τηρήσει τῶν δυεῖν, ὅτι ἔστι τέ τι δυνατόν, ὃ οὔτ᾽ ἔστιν ἀληθὲς οὔτ᾽ ἔσται, καὶ δυνατῷ ἀδύνατον οὐκ ἀκολουθεῖ: οὐ πᾶν δὲ παρεληλυθὸς ἀληθὲς ἀναγκαῖόν ἐστιν, καθάπερ οἱ περὶ Κλεάνθην φέρεσθαι δοκοῦσιν, οἷς ἐπὶ πολὺ συνηγόρησεν Ἀντίπατρος. [3] οἱ δὲ τἆλλα δύο, ὅτι δυνατόν τ᾽ ἐστίν, ὃ οὔτ᾽ ἔστιν ἀληθὲς οὔτ᾽ ἔσται, καὶ πᾶν παρεληλυθὸς ἀληθὲς ἀναγκαῖόν ἐστιν, δυνατῷ δ᾽ ἀδύνατον ἀκολουθεῖ. [4] τὰ τρία δ᾽ ἐκεῖνα τηρῆσαι ἀμήχανον διὰ τὸ κοινὴν εἶναι αὐτῶν μάχην.

The argument called the ruling argument (ὁ κυριεύων λόγος） appears to have been proposed from such principles as these: there is in fact a common contradiction between one another in these three propositions, each two being in contradiction to the third. The propositions are, 


that every thing past must of necessity be true; 

that an impossibility does not follow a possibility; 

and that a thing is possible which neither is nor will be true. 


Diodorus observing this contradiction employed the probative force of the first two for the demonstration of this proposition, 

That nothing is possible which is not true and never will be. 


Now another will hold these two: That something is possible. which is neither true nor ever will be: and That an impossibility does not follow a possibility. But he will not allow that every thing which is past is necessarily true, as the followers of Cleanthes seem to think, and Antipater copiously defended them. But others maintain the other two propositions, That a thing is possible which is neither true nor will be true: and That everything which is past is necessarily true; but then they will maintain that an impossibility can follow a possibility. But it is impossible to maintain these three propositions, because of their common contradiction.


(Discourses, Book 2, chapter 1, "Against those who embrace philosophical opinions only in words," Perseus Project, Tufts
   
 

Epictetus continues:

If then any man should ask me, which of these propositions do you maintain? I will answer him, that I do not know; but I have received this story, that Diodorus maintained one opinion, the followers of Panthoides, I think, and Cleanthes maintained another opinion, and those of Chrysippus a third. What then is your opinion? I was not made for this purpose, to examine the appearances that occur to me, and to compare what others say and to form an opinion of my own on the thing. Therefore I differ not at all from the grammarian. 
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Ernst Cassirer


   Ernst Cassirer was a neo-Kantian philosopher who had a great influence on the philosophical implications of quantum physics, by personal contacts with the major quantum physicists, and through his 1936 book Determinism and Indeterminism in Modern Physics.  The English translation, published in 1956, was prepared with the help of Henry Margenau, who had studied with Cassirer.
  
Max Born said it was a satisfaction to him that Cassirer "also sees the philosophical importance of quantum theory not so much in the question of indeterminism but in the possibility of several complementary perspectives in the description of the same phenomena as soon as different standpoints of meaning are taken."
  
Arthur Stanley Eddington had associated free decisions with "free" electron jumps, a position he repudiated a few years after Cassirer's book, responding to fellow British philosophers who ridiculed the idea, especially L. Susan Stebbing.
  

Cassirer attacked this simplistic notion:

When it is said that the electron is bound in no other way than as demanded by these rules, or that it has a certain playground within which it is "free," this is nothing else and nothing more than a metaphysical mode of expression. From this interpretation of freedom as a mere possibility, bounded by natural laws, there is no path toward that reality of will and decision which concerns ethics. To identify the "selection" (Auswahl) that an electron is able to make from the set of different quantum orbits — in accordance with Bohr's theory — with "choice" (Wahl) in the ethical sense of that concept would be to succumb to a purely linguistic confusion. For a choice exists only when there are not only different possibilities, but where also a conscious differentiation and a conscious decision is made.



  Note that Cassirer is here very close to the idea of the two-stage Cogito model of free will, if he would accept the different alternative possibilities as generated by quantum randomness.
  

  But Cassirer strongly defends determinism (p.203), so doubts that quantum mechanics can help with the problem of free will:

The new mode of determination which is to be established is not built on the ruins of nature's conformity to law; rather it joins the latter as a correlative and complement. For this reason alone it is most questionable whether, or in what manner, a relaxation or dissolution of scientific determinism can be made useful for the solution of the fundamental problem of ethics.


 A "freedom" emanating from such a source and based on such a foundation would be a fatal gift to ethics. For it would contradict the characteristic and positive meaning of ethics; it would not leave room for that moral responsibility the possibility and necessity of which ethics aims to prove. Whenever something is "ascribed" to a person in the ethical sense, it presupposes, and is connected with, some type of prior determination on the part of that person. An action which should simply fall out of the causal nexus, which should take place at random without reasons, would stand entirely alone and could not be referred or ascribed to a persisting ethical subject.


Dogmatic fatalism is pre-determinism.  Adequate determinism is a critically developed determinism


 Only an action "grounded" in some way can be considered a responsible action, and the value ascribed to it depends on the type, on the quality of these grounds and not on their absence. Thus the question of free will cannot and must not be confused with the question of physical indeterminism. The free will whose establishment concerns ethics is incompatible with a dogmatic fatalism; but it is by no means incompatible with a critically conceived and developed determinism.



Cassirer is concerned about the randomness objection in the standard argument against free will



Henry Margenau on Ernst Cassirer


Margenau was a close colleague, perhaps more a disciple, of Ernst Cassirer and generally claimed to agree with Cassirer's thoughts on causality and determinism. When Cassirer died, Margenau was preparing an appendix for the 1956 English translation of Determinism and Indeterminism in Modern Physics.  The appendix (and a bibliography) was to bring the question of causality up to date as of 1956. 

A dozen years later, Margenau was invited to give the Wimmer Lecture at St. Vincent College in Pennsylvania. His topic was Scientific Indeterminism and Human Freedom, and instead of holding to Cassirer's view "that it would be fatal for ethics to tie itself to and, as it were, fling itself into the arms of a limitless indeterminism," Margenau embraced indeterminism as the first step toward a solution of the problem of human freedom.

  
Margenau lamented that "it forces us to part company with many distinguished moral philosophers who see the autonomy of ethics threatened when a relation of any sort is assumed to exist between that august discipline and science." He clearly means his longtime mentor. "Ethics," says Cassirer, "should not be forced to build its nests in the gaps of physical causation, but he fails to tell where else it should build them, if at all." 




Ernst Cassirer on Emil du Bois-Reymond

Cassirer devotes the opening pages of his Determinism and Indeterminism in Modern Physics to the claim that "determinism" in the modern sense of a complete causal physical determinism was not really understood until an essay of du Bois-Reymond in 1872.

This seems completely wrong, but Cassirer was very influential for many modern physicists, insisting on subjective versus objective views (mirroring Neils Bohr's dualistic complementarity, with its wave versus particle views. Cassirer preserves a spiritual view, similar to Immanuel Kant's noumenal world view, as the realm of ethics and freedom. 


Du Bois-Reymond was quite wrong about determinism, which was equated with necessity in the eighteenth-century debates about freedom versus necessity. He is right that those debates turned into questions of freedom versus determinism in the nineteenth century, but they both assumed there were causal chains that threatened human freedom. See chapter 18 on "Cassirer's Thesis" in Ian Hacking's The Taming of Chance for more. 


Here is Cassirer's somewhat obscure discussion of Laplace's thesis (which is a picture of complete determinism) and du Bois-Reymond's 1872 lecture.

CHAPTER 1
The "Laplacean Spirit"
"Rest, rest, perturbed spirit!" HAMLET, I. v. 181

IN THE INTRODUCTION to his Theorie analytique des probabilitès Laplace envisages an all-embracing spirit possessing complete knowledge of the state of the universe at a given moment, for whom the whole universe in every detail of its existence and development would thus be completely determined. Such a spirit, knowing all forces operative in nature, and the exact positions of all the particles that make up the universe, would only have to subject these data to mathematical analysis in order to arrive at a cosmic formula that would incorporate the movements both of the largest bodies and of the lightest atoms. Nothing would be uncertain for it; future and past would lie before its gaze with the same clarity. 


The human mind may be seen as the copy, though weak, of such a spirit when one considers the completeness to which it has brought astronomy, but it will certainly never reach the perfection of its original. No matter how great the effort to approach it, human understanding will always remain infinitely far behind.

I begin with this picture of the Laplacean spirit, not because I consider
is introduction logically appropriate or as particularly suitable psychologically
but for exactly the opposite reason. In all the discussions of the general problem of causality which have arisen from the present state of atomic physics, the Laplacean spirit has played an important if not a decisive role. The defenders as well as the attackers of the causality principle of classical physics seem to be agreed at least in this respect, that this
picture may be taken as an adequate expression of the problem, that one
may use it without hesitation in order to clarify the nature of a strictly deterministic view of the world. The following considerations will seek to show in detail why I cannot share this opinion. However, before I begin it might be advantageous to look at the history of the problem, for only such a historical survey can explain the significance which the Laplacean cosmic formula has attained in the present epistemological and scientific discussions of the concept of cause.


For Laplace himself the idea of this formula was hardly more than an ingenious metaphor by means of which he sought to make clear the difference between the concepts of probability and certainty. The idea that this metaphor should be endowed with a wider meaning and validity, that it should be made the expression of a general epistemological principle, was, to my mind, quite foreign to him. 


Cassirer is quite wrong about this


This transition occurred in a much later period, and its date can be established quite definitely. In his famous speech "Über die Grenzen des Naturerkennens" (1872) Emil du Bois-Reymond lifted the Laplacean formula out of its long oblivion and placed it at the focal point of epistemological and scientific discussion. This speech attracted wide attention and exercised a very powerful influence. Half a century later W. Nernst in his article "Zum Gültigkeitsbereich der Naturgesetze" praised the "engaging eloquence" with which du Bois-Reymond had depicted the efficacy of the Laplacean cosmic formula.1 This eloquence, however, created certain hazards. It provided a fragile yet inviting basis on which certain basic problems of philosophical and scientific knowledge were dealt with, not to be analytically clarified but to be brought to a quick and final though thoroughly dogmatic conclusion.

This conclusion had a positive and negative aspect. It claimed to fix once and for all the permanent, unalterable form of all scientific knowledge. At the same time, however, it regarded this very form as an insuperable limit. For du Bois-Reymond elevated scientific knowledge far above all accidental, merely empirical bounds. Within its own sphere he endowed it with a kind of omniscience. But this exaltation is only the precursor of its fall. From the heights of the strictest, most exact knowledge it is dashed into the abyss of ignorance, an ignorance from which nothing can deliver it, for it is not temporary and relative but final and absolute. If it were possible for human understanding to raise itself to the ideal of the Laplacean spirit, the universe in every single detail past and future would be completely transparent. "For such a spirit the hairs on our head would be numbered and no sparrow would fall to the ground without his knowledge. He would be a prophet facing forward and backward for whom the universe would be a single fact, one great truth." And yet this one truth would present only a limited and partial aspect of the totality of being, of genuine "reality." For reality contains vast and important domains which must remain forever and in principle inaccessible to the kind of scientific knowledge thus described. No enhancement or intensification of this knowledge can bring us a step nearer to the inner mysteries of being. Our knowledge dissolves into nothingness as soon as we leave the world of material atoms and enter the world of the "spirit," of consciousness. Here our understanding ends; for even with perfect, "astronomically exact" knowledge of all the material systems of the universe, including the system of our brain, it would still be impossible for us to comprehend how material being can give rise to the enigmatic appearance of consciousness. 


Cassirer limits understanding to make room for spiritual mysteries, and follows positivism in denying the possibility of "explanations"


Accordingly the demand for "explanation" not only cannot be fulfilled here - strictly speaking it cannot even be raised: ignorabimus is the only answer that science an give to the question of the essence and origin of consciousness.

In the last decades of the nineteenth century the problem as thus put by du Bois-Reymond exercised a strong influence both on metaphysics and on the theory of scientific principles. Of course the attempt was made to escape from the radical consequences he had drawn. There was no ready surrender to the apodictic dogmatic conclusion of du Bois-Reymond's speech. But there seemed to be no doubt that here an important and pertinent problem had been raised with which epistemology and science had to wrestle using every power at their disposal. Even the neo-Kantian movement, which began in the early seventies almost at the time of du Bois-Reymond's speech, did not at first alter the situation substantially. Otto Liebmann, one of the first to call for a "return to Kant," develops his analysis of the causal problem along exactly the same lines. For him too the Laplacean formula is the complete and perfectly valid expression of what he likes to call the "logic of facts." If we begin with a hypothetical absolute universal intelligence," he explains, "then for this intelligence the whole universal process, which to us is dispersed in infinite space, would be given even in its minutest detail as a timeless universal logic sub specie aeternitatis. This would then be the complete logic of facts in objective universal reason; and Spinoza would have
been right, albeit in a sense that could not have been completely clear to him, since he died a decade before the publication of Newton's Principia and a century before the appearance of Laplace's Mècanique Cèleste." 2 One can see from this that the Laplacean formula is as capable of a scientific as of a purely metaphysical interpretation, and it is precisely this dual character that accounts for the strong influence it exercised. This influence becomes fully understandable when the total intellectual climate of the period is considered in which du Bois-Reymond's speech as made. It was the period of controversy over materialism, when philosophy was confronted with the crisis of deciding whether to accept the guidance of scientific thought, which seemed to lead inevitably to a strictly mechanistic view of nature, or to maintain and defend its own position over against the scientific view, granting to the "spiritual" a different and special status. 


For Cassirer, the work of du Bois-Reymond is to defend the spiritual elements of philosophy against materialism


It was here that du Bois-Reymond's speech took place, interpretable as a resolution of doubt and a way out of the dilemma. For it appeared to do justice to both claims, to satisfy in a certain sense the demands of materialism as well as those of systems having a place for the spiritual. Materialism and mechanism could find satisfaction in du Bois-Reymond's definition of science, for in this domain their basic maxims were not only recognized but set up as the sole and exclusive standard. "For us there exists nothing but mechanical knowledge," du Bois-Reymond emphasized, "no matter how miserable a substitute it is for true knowledge, and accordingly only one true form of scientific thought, that of mathematical physics." On the other hand, however, this form was rejected in regard to intrinsically transcendental problems. The scientist has to give up once and for all the idea of investigating these problems, leaving the way open for others to attempt purely speculative solutions. Thus the radical advocates of materialism as well as its bitterest opponents could appeal with equal right to du Bois-Reymond's basic thesis: the former, because they found enunciated in it the identity of scientific with materialistic, mechanistic thought, the latter because in addition a reality was assumed which was in principle inaccessible to scientific thought and which remained as a dark and impenetrable residue.

At this juncture we immediately find ourselves faced with a question whose significance reaches far beyond the particular situation out of which du Bois-Reymond's speech arose. A systematic connection becomes evident which will become confirmed again and again in the course of our inquiry: the answer that an epistemology of science gives to the problem of causality never stands alone but always depends on a certain assumption as to the nature of the object in science. These two are intimately interconnected and mutually determine each other. We can never understand the significance and basis of the causal concept of a given period or of a given tendency in scientific thought unless we ask about the concept of physical "reality" that is presupposed, unless
we apply the lever at this point. Later on I will try to show that this is the case with modern quantum mechanics also, that in the "crisis of the causal concept" which seems to distinguish it we have far more to do with a critical transformation, a new version of the concept of object. For the moment I will content myself with making clear this relation in the implications of du Bois-Reymond's theory of scientific knowledge. Since the causal claim in this theory is extended beyond all limits of empirical applicability, since it is connected in its expression and definition with the assumption of an infinite spirit, reality too recedes to an inaccessible distance. It is removed beyond all real comprehension, beyond all grasp, by the fundamental theoretical means of attaining knowledge. In spite of all our understanding, all the refinements and improvements of our physical instruments of cognition, we do not advance a step further, we only enmesh ourselves ever more tightly in the net of our own concepts. For according to du Bois-Reymond, unknowability by no means starts when we enter the realm of the spirit, of consciousness. It is fundamentally the same whether we ask about the essence of consciousness or of the material world and its basic constituents, the atoms. Even the Laplacean spirit, possessing complete knowledge of all particles, together with all their positions and velocities, would not be helped the slightest by this knowledge in understanding the "essence" of mass and force. "Nobody who has gone a little deeper in his reflections," declares du Bois-Reymond, "mistakes the transcendental nature of the obstacle. All the advances of science have not been able to assail it, and all future ones will be unavailing against it. We shall never improve our knowledge of what here, where matter is, 'haunts space.' For even the Laplacean spirit would in this respect be no wiser." 3

Far from clear and undisguised, du Bois-Reymond is as fuzzy and mysterious as today's "New Mysterians"


The mode of argument which du Bois-Reymond employs in all his discussions now appears clear and undisguised. At first glance it is strange and almost incomprehensible. For what could be more odd than an approach by which the very principles and bases of scientific knowledge are branded as unknowable, by which concepts such as matter and force, which are nothing but instruments of scientific knowledge, are made into something spectral and ghostlike, mysteriously "haunting space"? And yet science only succumbs, in this strange mode of argument, to the same fate that it shares with all forms of symbolic knowledge. At a very advanced stage of knowledge, indeed at one of its peaks, a process repeats itself which we can trace back to the first attempts at comprehending the universe. Wherever we attempt to analyze the various symbols which have facilitated a "comprehension" of the universe, of nature as well as of "spiritual reality," we come upon this dualism in the interpretations of the basic means on which this comprehension rests. Language and image are the first means the human mind creates for this comprehension. Through them alone is it able to divide, distinguish, and control the "always equably flowing stream" of happening (Geschehen). It is, however, just these means of control that now acquire an existence of their own, a reality and significance through which they then turn on the human mind and bring it under their dominion. The instrument begins to take on, as it were, a life of its own. It is hypostatized and in this hypostasis it becomes an independent, distinctive, and self-directing force which holds man in its sway. The farther we press back to the origins of language and myth, the more clearly does this fundamental character of language and image symbols become evident. The symbolic turns into the magical: magic based on word and image forms the basis for all magical knowledge and for all magical control of reality.4 However curious and paradoxical it may seem, not even the most abstract symbol is free from this compulsion to be visualized, and consequently free of the urge toward "reification." It too has to struggle constantly against the danger of being substantialized and hypostasized. At the moment when it succumbs to this danger, the process of attaining knowledge undergoes a curious reversal. The principles, the "first" of knowledge, become the "last," become that which knowledge seeks to grasp but which at the same time withdraws from knowledge more and more and finally threatens to retreat indefinitely. The symbols are divested of their immediate "magical" character, but they are still infected with the character of the mysterious, the "unknowable." Still more sharply and undisguised than in the lecture of Emil du Bois-Reymond, this conclusion is drawn in the book of his brother, the mathematician Paul du Bois-Reymond, Über die Grundlagen der Erkenntnis in den exakten Wissenschaften, which purports to show how every attempt of physics to grasp and describe reality is from the beginning doomed to failure. Every such attempt only serves to teach us anew "how impenetrable are the walls of our intraphenomenal prison." "Our thinking, which wears itself out attempting to advance in an area of misty uniformity, is as if lamed and does not take a single step forward. We are encased within the housing of our perceptions and are as it were born blind for what lies outside. We cannot even get a glimmer from the outside, for a glimmer would already be like light, and what in the real corresponds to light?" 5



Cassirer contrasts the finite mind of man with that of an infinite God
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From "Concluding Remarks and Implications for Ethics," chapter 13 of Determinism and Indeterminism in Modern Physics
Within the limits of this investigation it is neither possible nor necessary to pursue further the history of the concept of freedom and its systematic significance. The examples quoted are only to prove one thing, that none of the great thinkers who were deeply conscious of the problems connected with this concept and continuously wrestled with them, ever yielded to the temptation to master them simply by denying the general causal principle and equating freedom with causelessness.  Such an attempt is not to be found in Plato or Spinoza or Kant. For all of them freedom did not mean indeterminateness but rather a certain form of determinability: determinability through the pure intuition of Ideas, determinability through a universal law of reason that at the same time is the highest law of being, determinability through the pure concept of duty in which autonomy, the will's self-ordering according to law, expresses itself; these are the basic criteria to which the problem of freedom is brought back. 

That other form of determination, which occurs in the general laws of nature, is here neither denied nor discarded, but rather presupposed. The new mode of determination which is to be established is not built on the ruins of nature's conformity to law; rather it joins the latter as a correlative and complement. For this reason alone it is most questionable whether, or in what manner, a relaxation or dissolution of scientific determinism can be made useful for the solution of the fundamental problem of ethics. A "freedom" emanating from such a source and based on such a foundation would be a fatal gift to ethics. For it would contradict the characteristic and positive meaning of ethics; it would not leave room for that moral responsibility the possibility and necessity of which ethics aims to prove. Whenever something is "ascribed" to a person in the ethical sense, it presupposes, and is connected with, some type of prior determination on the part of that person. An action which should simply fall out of the causal nexus, which should take place at random without reasons, would stand entirely
alone and could not be referred or ascribed to a persisting ethical subject. Only an action "grounded" in some way can be considered a responsible action, and the value ascribed to it depends on the type, on the quality of these grounds and not on their absence. Thus the question of free will cannot and must not be confused with the question of physical indeterminism. The free will whose establishment concerns ethics is incompatible with a dogmatic fatalism; but it is by no means  incompatible with a critically conceived and developed determinism.


 We have seen time and again that quantum mechanics has also by no means abandoned the idea of natural order according to law, but has rather lent it a new form. Thus if the idea of ethical freedom is threatened by natural order, it could not expect any help from quantum mechanics. For the problem under consideration, it makes no difference whether we think of natural events as being governed by strict dynamical laws, or whether we merely presuppose a statistical regularity. For from the latter standpoint they would also remain determined to such an extent that the supposed "freedom," a liberum arbitrium indifferentiae, would not find any refuge there. An action which from a physical standpoint is branded as not entirely impossible but in the highest degree improbable is not an action we can count on in any way in the realm of the decisions of our will. Our ethical decisions would be in a sad state if we had to count on such improbabilities and had to make our decisions dependent on them. The extremely improbable is practically the same as the impossible; the degree of predictability which is left us by quantum mechanics would be entirely sufficient to destroy ethical freedom if the latter, in its conception and its essential meaning, were inconsistent with predictability.


But one of the essential tasks of philosophical ethics consists of showing why such an opposition does not exist, why freedom does not need to be upheld against physical causality, but instead maintains and asserts itself on its own grounds. "Persistence" is not only a physical but also and at the same time an ethical category, although in an entirely different sense. For all  ethical actions must spring from the unity and persistence of a definite ethical character. This in itself shows us that it would be fatal for ethics to tie itself to and, as it were, fling itself into the arms of a limitless indeterminism. 


From such a standpoint we would have evaluate an action more highly, the more it bears the earmark of the arbitrary, the unforeseen, the unpredictable. Yet true ethical judgment runs in exactly the opposite direction. It does not value behavior highly which is capricious, "uncontrollable," and changing from moment to moment; rather it values a course of action that springs from the basic substratum of the personality and is firmly anchored in it. Ethical character is distinguished by the fact that it is not completely determined from the outside, that in its decisions it is not thrown hither and thither by the changing conditions of the moment but remains itself and persists in itself. By virtue of this persistence we can count on such a person; we rely on his remaining true to himself and on his arriving at his decision not by mood and arbitrariness but by an autonomous law, by that which he himself recognizes and acknowledges right. 


Schiller sets the foundation of his doctrine of moral freedom on the postulate that there exist ultimately two fundamental theoretical and ethical concepts, before which analysis must come to a halt and acknowledge its limitations. The one is the concept of person, the other the concept of state (Zustand). In man, as finite being, the two determinations must necessarily remain different and cannot be reduced to each other. "The person must be his own ground, for the permanent cannot arise out of change; and thus we have in the first place the idea of the absolute being, grounded in itself — that is, freedom. A state must have a cause; it must follow something, since it does not exist through the person, and it is therefore not absolute; and thus we have in the second place the condition of all dependent being or becoming, viz. time." Accordingly, causality and freedom are as little opposed as are being and time; the structure of our theoretical as well as ethical world depends on the permeation and correct complementation of each by the other.


This complementation is of course not to be understood as suggesting that the two factors are simply to be put side by side, or regarded as parts which may be added together and which, by this addition, produce a homogeneous whole. The synthesis here sought and demanded is entirely a synthesis of different elements, which, however, are not incapable of union, though they are qualitatively disparate. This disparity cannot be overcome or eliminated in any way. Thus it becomes clear from this side as well, that a possible change of the physical "causality concept" cannot directly touch ethics. For however physics may change its internal structure, by abandoning, for example, the concept of the simple mass point or the possibility of strict predictions, the opposition in principle between the physical and ethical world, between the realm of nature and the realm of ethics cannot be bridged. 


These realms will always confront each other in the same manner, no matter to what immanent transformations of their form we consider them subjected. The problem of freedom and nature remains the same, whether we formulate the general laws constituting nature as dynamic or statistical laws. We are concerned here not with a difference in their thing-content, but with a formal difference, or more precisely a difference in category. We cannot do away with the guiding concept of determination in either case, in the structure of the physical word or of the ethical world. But determination follows different categories in the realm of being and in that of duty (Sollen). 


These categories do not conflict because they belong to entirely different dimensions of consideration. Thus they can never meet in one point; they cannot become identical, nor do they disturb or destroy each other. Equally, they are not distributed over separate special realms of being, but always demand the whole of being, though each from a special "aspect."
The methodological problem here before us is by no means restricted to the relation between "nature" and "ethics"; it has a far more general character. It recurs wherever different determinations and interpretations of meaning confront each other. For instance in the case of religion, its philosophical interpretation was again and again faced with the basic problem, whether, and in what manner, the religious explanation of events can be brought into harmony with the other, humanly "natural" one. 


Again and again at this point the conflict between faith and knowledge sprang up; and for faith the miracle seemed to be "faith's dearest child." An event was more securely understood and established in a religious sense; the more it was documented as a miracle, the more it constituted a breach of the general laws of nature. However, in the modern philosophy of religion since Leibniz and Schleiermacher, this interpretation has undergone a considerable change. It no longer questions the validity of a strict and general order according to law in nature; rather it lends the latter a religious character; it sees in it a proof of the divine nature of being. "A miracle," Schleiermacher maintains, "is nothing but the religious term for an event"; it does not contradict the concept of regularity; rather it elevates this regularity as such into the sphere of religion and expresses it in religious terminology.


The aesthetic "sense" is constituted in an analogous manner. Art is not an "imitation of nature," nor does it add something entirely foreign to nature by transforming it according to aesthetic ideals. Rather it discovers the beautiful in nature by measuring it with a new and independent standard. An idol revered in a shrine can be described according to purely scientific principles, and can be represented according to the concepts and categories of science. In this way it becomes a "piece of nature," subject like any other to physicochemical laws. Yet we know that with all these determinations we do not penetrate to its full meaning. The latter is not exhausted by the mere enumeration of scientific data. It demands other criteria, different in principle. No matter from how many viewpoints we may observe and analyze the marble as it natural object, the result will never divulge anything about its form and the beauty of this form, or about its significance in religious worship as an object of religious reverence. 


And it is just as impossible to arrive at the characteristic content of the problem of freedom if we strictly adhere to the realm of statements of scientific knowledge. This problem also is a problem sui generis, a question which cannot be solved by simple reduction to natural laws but has to be based on an independent type of orderliness according to law, the autonomous orderly structure of the will. If this is kept in mind, it becomes understandable why ethics has nothing to fear and little to hope from the changes in the basic concepts of science which have taken place in modern physics. Now as always it will have to seek and find its own way, a way on which physics can neither confuse nor greatly assist it. 


Everywhere, as with Spinoza, ethics was bound to a strict naturalism, this situation was not changed in principle. The distinctive methodological character of its approach always broke through at some point or other. Regardless then of how the conflict between determinism and indeterminism will ultimately be decided in the realm of physics, one thing is certain, that the decision of ethics cannot be anticipated by it. For ethics, the cry Hic Rhodus, hic Salta will always be valid at this point. 


Cf. T. James, Aesop's Fables (New York, 1848), p. 209. Fable 199, "The Boasting Traveller": "A man who had been travelling in foreign parts, on his return home was always bragging and boasting of the great feats he had accomplished in different places. In Rhodes for instance, he said he had taken such an extraordinary leap, that no man could come near him, and he had witnesses there to prove it. 'Possibly,' said one of his hearers, 'but if this be true, just suppose this to be Rhodes, and then try the leap again."'


Ethics must pass judgment in its own right on the problem of freedom. It cannot refer the problem to another court, nor can it acknowledge any prejudice in this its most proper basic question. The student of ethics who inquires after the possibility of freedom cannot expect any essential help from physics, as long as he poses his question in the only sense significant for ethics. Even if a solution to the riddle could be offered in the form of some physical indeterminism, he would have to reject it with the words Queen Christina of Sweden is said to have used when she renounced crown and kingdom: non mi bisogna e non mi basta.

Cf. Leibniz, "Theodicee": "As a comment on the explanations of such mysteries which appear from time to time, one might cite what the queen of Sweden had inscribed on a medal, with reference to the crown she had abandoned: 'I don't need it, and it's not enough anyway.' " Philosophische Schriften, ed. Gerhardt, 6, 81.


This state of affairs becomes the more apparent, the more we examine the individual problems to which the indeterminism of quantum theory has led us. The question may be raised as to what constituted the new understanding and the new fundamental view which atomic physics put in the place of the classical physical concepts. It consisted primarily of no longer posing the question why? in the same manner and at the same point as before. In Bohr's theory the path of an electron is determined by two different conditions, one classical, the other required by quantum theory. From the interaction of these conditions it develops that the electron can move only in certain designated circles whose radii are in proportion to the squares and whose frequencies are in proportion to the cubes of the quantum numbers; further it was shown that the electron can be raised from an inner to an outer orbit upon absorption of energy, and that it can fall from an outer to an inner orbit by energy emission. But to the question as to the why? of these two processes the theory lacks an answer. It merely determines that the process occurs and how it occurs; it narrows down the process, observed and accepted as empirically given, to certain precisely formulable rules. 


When it is said that the electron is bound in no other way than as demanded by these rules, or that it has a certain playground within which it is "free," this is nothing else and nothing more than a metaphysical mode of expression. From this interpretation of freedom as a mere possibility, bounded by natural laws, there is no path toward that reality of will and decision which concerns ethics. To identify the "selection" (Auswahl) that an electron is able to make from the set of different quantum orbits — in accordance with Bohr's theory — with "choice" (Wahl) in the ethical sense of that concept would be to succumb to a purely linguistic confusion. For a choice exists only when there are not only different possibilities, but where also a conscious differentiation and a conscious decision is made. 


To credit the electron with such acts would constitute a severe relapse into anthropomorphism, of which modern physics, insisting more strongly than ever on emancipation from the anthropomorphic elements in the description of nature, cannot and has not become guilty. For modern physics the electron has become so unlike a personal unity that it demands exactly the opposite step from us; the physicist ceases even to consider and treat the electron as an individual in the ordinary sense of the word — that is, as a single thing. Far from favoring any form of personification, modern physics even questions the attempt at mere identification, at retention of even numerical identity of individual electrons. 


We have seen how the theoretical establishment of quantum statistics in its various forms was led again and again to question a fully determined individuality of electrons. We can no longer isolate two electrons from an electronic grouping and juxtapose them as independent individual entities in the way that used to be considered possible for two material points within the system of classical physics. If we take two electrons which are at first located at two distant points A and B, and which then collide, after which the positions A and B are again occupied each by one electron, then, according to the general considerations and principles of quantum theory it is meaningless to ask whether the same electrons again occupy points A and B or whether they exchanged positions. Such a form of identification not only cannot be attained, but according to the principles of quantum theory cannot even be sought after, and this has been realized and emphasized with ever increasing clarity. A "re-recognition" of an electron is no longer possible
in the same manner and with means analogous to those which were
possible within the framework of classical physics. 


Thus here, where physical individuality itself becomes questionable, we are further than ever removed from ethical individuality, from the "person" as the subject of autonomous decisions of the will; the distance between the two is not diminished but rather more strongly accentuated.
We find ourselves forced to the same conclusion when we approach the question from the opposite direction, by fixing our attention solely on ethical problems as such. Is it really true that what these problems demand of us stands in apparent or actual opposition to a certain form of natural causality? Does not this question extend, when asked with true accuracy and consistency, to the whole of this natural causality? 


Fundamentally only one decision remains to be made: the possibility of uniting "nature" and "freedom" must be either asserted or denied. One is invariably led to a denial, to an insoluble antinomy, when one understands "determinism" in its metaphysical instead of its critical sense. For the moment one does this, causality ceases to be a principle of physical knowledge; it is hypostatized as an independent being, and becomes a metaphysical fate (Fatum) with which the human will conflicts and to which it must ultimately acknowledge itself captive. 


This uncritical metamorphosis of causality into a thinglike necessity or imperative (Mussen), a kind of kismet, can be countered only by a change of principle, by a philosophical about-face. It is not sufficient when, in order to avoid or weaken the consequences, one merely attempts a "loosening" which is unable to change the nature of the bond here presupposed. When once the rules of knowledge are changed into a thinglike compulsion, or the norm of causal understanding into a necessity which inexorably forces its form on events, and thus, as it were, puts them in fetters, all subsequent rectification of this fundamental methodological error comes too late. 


It  does not matter in this case of the causality governing nature in the form of strict dynamic laws, or of mere statistical laws. The real fault lies in a different place and must be corrected by methods which are different in principle. If this kind of necessity is once included in the formulation of natural laws, it will make itself no less strongly and imperatively felt when we consider statistical regularities as the basic feature of natural events than when we think of the latter as being governed by strictly deterministic relations in the sense of classical physics. Neither the one nor the other path leaves an opening for that sphere of freedom which ethics claims for itself. To make this clear it is sufficient to cast a glance at the historical development of the problem.


The first contact between the problems of moral philosophy and those of statistics was brought about by the so-called "moral statistics." This discipline, in the formulation given to it by its founder, Quetelet, consciously set itself the task of abolishing the frontiers between merely physical and purely moral phenomena, by undertaking to show that both groups of phenomena are subject to exactly the same regularity, and can be described fully and without exception by means of the latter. 


According to Quetelet there exists a physics of human society in exactly the same sense as there is a physics of atoms and of the material bodies made from them. The apparent contradiction in the "what," in the mere substratum of happening, is more than bridged. It is completely abolished by the insight that happenings in both cases are subject to exactly the same regularities. These regularities are of the same character and strictness, whether they concern material or spiritual, physical or ethical phenomena. In this way ethics was in principle included in the circle of calculability, which hitherto seemed reserved to physics. And the only methodologically compelling consequence resulting from this postulate had to be that freedom was lost for both ethics and physics. 


The numerical laws of statistics seemed to show, in an immediately comprehensible and compelling manner, that in the realm of phenomena of the will also there is no room for any free choice. The law of large numbers obliterates the differences which we are in the habit of making between appearances of nature and appearances of the will, and within the latter, between free and unfree actions. From the standpoint of knowledge, from the standpoint of the historian and the sociologist, these differences must disappear. They only see the never changing chain of causes and effects, through which each individual event and entity is held together with every other in such a manner that it loses its particular meaning, its significance as an individual. 


Even the ethical values by which we seek to elevate certain groups of actions and to secure them a privileged position are lowered to purely accidental determinations, when viewed from this standpoint. The statistical rule embraces both the good and the bad, and tolerates neither an essential difference of being nor a methodological difference of explanation between them. "Crimes are recurring each year in equal numbers with the same punishments, and in the same proportions," says Quetelet, and he seeks to show that this principle refers not only to the type of crime but also to all their apparently accidental external circumstances. Not only will there be, in a given country, a definite number of murders committed annually, but the methods and weapons used will show it relation just as uniform as that which we are able to observe in physical phenomena, such as for instance in the movements of the tides. 


From this basic view there developed that form of materialistic philosophy of history which sees in the strictly mechanical determination which has to be acknowledged and used for both natural and historical considerations the connecting and conciliatory link between the two. Statistics everywhere took on the role of the true spiritual mediator. 


Thus Buckle in the introduction to his History of Civilization in England (1857), where he pursues Quetelet's basic idea further, writes that those who have a steady conception of the regularity of events and have firmly seized the great truth that the actions of men, being guided by preceding causes, are always consistent will no longer be astonished by the fact that this regularity extends to include even the smallest and apparently most insignificant. "Indeed, the progress of inquiry is becoming so rapid and earnest, that I entertain little doubt that before another century has elapsed, the chain of evidence will be complete, and it will be as rare to find an historian who denies the undeviating regularity of the moral world, as it now is to find a philosopher who denies the regularity of the material world. . . . The . . . proofs of our actions being regulated by law, have been derived from statistics; a branch of knowledge which, though still in its infancy, has already thrown more light on the study of human nature than all the sciences put together." 


All this demonstrates why the statistical character of the laws of quantum mechanics cannot in itself decide the question of ethical freedom, without the help of quite different considerations. From the same premises offered by physics, entirely dissimilar conclusions can be drawn, according to the rules of the philosophical and epistemological method accepted as valid. From the statistically "given," a path can be followed equally well in the direction of an indeterministic view as in the direction of a strict determinism and mechanism. 


For even statistical thought, as its history clearly shows, is by no means immune from the danger that its results will at a certain point "turn rigid" dogmatically, that the law of knowledge which is established in it undergoes such an interpretation that it appears to the thinking mind as an external, absolute, and compelling entity. As soon as this stage is reached, we find ourselves again caught in the antinomy of the problem of freedom; and this can be countered, as with dynamical laws, only by a radical transformation of the question, by a kind of Copernican revolution. 


Thus Simnel writes in his epistemological analysis of the concept of historical laws (G. Simmel, Die Probleme der Geschichtsphilosophie (2d ed. Leipzig, 1905) pp. 104 ff.):


"If it is considered a social law that among 10,000 deaths per year there are a definite number of suicides, there has been a misunderstanding. For each one of the suicides under consideration is merely the result of social and psychological forces, or rather of the laws governing these; and the fact that there is a total of so and so many suicides is the result of the action of these laws on a given material, and thus cannot itself be a law. . . . The summation of these cases is a synthesis undertaken by the observer; the fact that it yields this particular result has of course an objective foundation, yet only through the circumstance that each of its elements has one, whereas it would be a faulty circle and a kind of mystical teleology to attempt to deduce from the necessary determination of the result the conclusion that the elements are determined. . . . The history of each individual suicide furnishes the material for this . . . question, but does not answer it, because the question applies not to the level of immediate realities but to those levels in which the more abstract categories are developed from these realities. In the same way, for instance, the geometrical description of crystalline forms and of their systematic arrangement is not concerned, according to this standpoint, with the energies which cause each individual crystal to form."


If one adheres to this fundamental interpretation, he will find that the προτων ψευδος, the original fallacy, of the entire causal problem consists of considering laws themselves as a kind of reality and in describing them by predicates which are only applicable to realities. Once this confusion has arisen, there is no way out of the labyrinth. It is useless to attempt to save freedom by putting statistical regularities in place of dynamic laws, for the stumbling block in the way of recognizing and making visible the problems of ethics is not the type of law accepted; rather it is the ambiguous and epistemologically insufficient formulation of the concept of law as such.

But in another indirect sense the problems of quantum mechanics can be used to draw a conclusion of general philosophical significance. What modern physics has taught us is the fact that the change of standpoint which we have to make whenever we move from one dimension of meaning to another, whenever we exchange the world of science for that or ethics, art, etc. is not confined to this type of transition alone. The manifold of perspectives which open up before us has its counterpart within the scientific realm itself. 


Modern physics had to abandon the hope of exhaustively presenting the whole of natural happening by means of a single strictly determined system of symbols. It finds itself faced with the necessity of applying various types of symbols, of schematic explanations to the same event. It has to describe one and the same entity as a particle and as a wave, and must not be deterred in this use by the fact that the intuitive combination of the two pictures proves impossible. 


When the fundamental task of physical knowledge, the connection of phenomena into firm orders according to law, demands a duality of description, the habits and demands of intuitive representation and understanding must be subordinated to this fundamental requirement. When, even in science, such a superposition of dissimilar aspects is necessary, it will be the more easily understandable that we shall meet such a superposition again as soon as we go outside its realm - as soon as we seek to realize the full concept of reality, which requires the cooperation of all functions of the spirit and can only be reached through all of them together.







Source: https://www.informationphilosopher.com/solutions/philosophers/cassirer/
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Gregg Caruso is a philosopher at SUNY Corning. He is a free will skeptic and a "hard-enough" determinist, who thinks human beings are not in control of their actions.


He writes:


We all naturally take ourselves to be free agents capable of acting in alternative ways by consciously choosing and deciding to follow different courses of action. Indeed, belief in freedom of the will lies at the core of our self-conception and underlies many of our moral, legal, and theological attitudes. When we think of free will we usually think of a kind of personal power to originate choices and decisions and thus action. We believe we have free will when "(a) it is 'up to us' what we choose from an array of alternative possibilities and (b) the origin or source of our choices and actions is in us and not in anyone or anything else over which we have no control." (Kane 2002a, 5).



He says that the threat to free will comes from the theory in classical physics that every event is the result of deterministic physical laws of nature. Of course, indeterministicquantum mechanics has now replaced classical mechanics.  


Although there are different ways to state this threat, determinism, as it is commonly understood, is roughly the position that every event or action, including human action, is the inevitable result of preceding events and actions and the laws of nature.1 If determinism is true then every human action is causally necessitated by events and states of affairs that occurred or obtained prior to the agent's existence. But if every action is causally necessitated in this way it would seem no one could have ever acted otherwise...

These positions can be defined by how they answer two main questions: whether all events are determined or not — determinism versus indeterminism — and whether freedom can coexist with determinism or not — compatibilism versus incompatibilism. Libertarians, for example, are incompatibilists who defend a form of indeterminist free will. That is, libertarians maintain that free will is at odds with determinism — if determinism is true, free will is impossible — but they also maintain that at least some of our choices and actions are free in the sense that they are not causally determined. Determinists (or hard determinists), on the other hand, are incompatibilists who deny the existence of free will — they maintain that all human behavior, like the behavior of all other things, arises from antecedent conditions given which no other behavior is possible. The third position, that of compatibilism (or soft-determinism), tries to reconcile free will with causal determinism. Compatibilists maintain that the problem of free will and determinism is a pseudo-problem that can be solved (or dissolved) once we acknowledge that moral freedom (the kind of freedom required for responsibility) does not require the denial of determinism.




Caruso wrote his Ph.D. thesis under Michael Levin, who is a compatibiist. Caruso's website is GreggCaruso.com.

Caruso's latest book is a Just Deserts, a debate with Daniel Dennett. 


In this new book with Dennett, Caruso says why he is a free will skeptic...


My own reasons for favoring free will skepticism do not depend upon the truth of determinism – I’m officially agnostic about the thesis of universal determinism. Instead, I maintain that the sort of free will required for desert-based moral responsibility is incom- patible with both causal determination by factors beyond the agent’s control and with the kind of indeterminacy in action required by the most plausible versions of libertarianism. That is, I maintain that we lack free will either way. I argue that since the various rival libertarian and compatibilist accounts all fail to preserve the control in action required for desert-based moral responsibility, the skeptical position remains the only reasonable position left standing. Since my view maintains that free will is incompatible with both determinism and indeterminism, I follow Derk Pereboom in labeling it hard incompatibilism so as to distinguish it from traditional hard determinism.

Against libertarian accounts of free will, I first distinguish between (a) views that maintain actions are caused solely by way of events, and some type of indeterminacy in the production of actions by appropriate events is held to be a decisive requirement for free will and moral responsibility; and (b) those views that appeal to sui generis kinds of agency or causation, where an agent, understood as a substance and not just a collection of events, has the power to cause various events (i.e. “free actions”) without being causally determined to do so. Against the former view, which is known as event- causal libertarianism, I object that on such an account, agents are left unable to settle whether a decision occurs and hence cannot have the control in action (i.e. the free will) required for moral responsibility (see Pereboom 2014).



Caruso particularly objects to the idea of free will because it is used, especially in the courts, to support a "retributive" punishment as opposed to a "consequentialist" form, which uses "punishment" only if it is designed to improve the future behaviors of the agent. To punish someone who is not morally responsible is not right. And consequential punishment is always preferable to retribution, fundamentally "revenge."  


About his forthcoming book from Cambridge University Press Rejecting Retributivism: Free Will, Punishment, and Criminal Justice, he writes,


I develop six distinction arguments for rejecting retributivism. They are the (1) Skeptical Argument, (2) Epistemic Argument, (3) Misalignment Argument, (4) Poor Epistemic Position Argument (PEPA), (5) Indeterminacy in Judgment Argument, and (6) Limited Effectiveness Argument. 

The dual aims of the book are to argue against retributivism and to develop and defend a viable non-retributive alternative for addressing criminal behavior that is both ethically defensible and practically workable. In the first half of the book, I develop six distinct arguments for rejecting retributivism, not the least of which is that it’s unclear that agents possess the kind of free will and moral responsibility needed to justify it. I also consider a number of alternatives to retributivism, including consequentialist deterrence theories, educational theories, and communicative theories, and argue that they each have ethical problems of their own. In the second half of the book, I then develop and defend my novel non-retributive approach, which I call the public health-quarantine model. The model draws on the public health framework and prioritizes prevention and social justice. I argue that it not only offers a stark contrast to retributivism, it also provides a more humane, holistic, and effective approach to dealing with criminal behavior, one that is superior to both retributivism and other leading non-retributive alternatives. 




Source: https://www.informationphilosopher.com/solutions/philosophers/caruso/
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Joseph Keim Campbell is a rare critic of Frankfurt-style examples which are intended to deny the importance, even the existence, of alternative possibilities.


Campbell even argues that far from disproving alternative possibilities, the Frankfurt examples strengthen the case for a "strong compatibilism," one that includes alternative possibilities.


In his article "A Compatibilist Theory of Alternative Possibilities," Philosophical Studies, 88, pp.319-30, 1997, Campbell wrote:1

In recent discussions of freedom and determinism, two views of compatibilism
have emerged. One, which I call strong compatibilism,2
assumes the following:
	 Alternative possibilities of action are necessary for both
free will and moral responsibility.

	 Both free will and moral responsibility are compatible
with causal determinism.



Strong compatibilism has long been thought to be incoherent by 
incompatibilists, who deny (2),3 but recently it has also received
criticism from other compatibilists, who deny (1). In a celebrated
essay, for instance, Harry Frankfurt has provided examples in which
it seems that a person is morally responsible for some action even
though she could not have done otherwise.4 This result has delighted
many philosophers who find that attempts to establish (2) in light of
(1) have generally led to failure,5 and has given rise to what I call
weak compatibilism:

1'. Moral responsibility does not require alternative possibilities
of action, so neither does any freedom that is necessary
for moral responsibility.

2'. Moral responsibility – and any freedom that is essential
to it – is compatible with causal determinism.6


The strength and uniqueness of weak compatibilism rests with (1')
and, thus, the supposed counterexamples put forth by Frankfurt.

In this paper I prove that (1') is false. The Frankfurt examples,7
as I call them, not only fail to establish (1') but they lend support
to strong compatibilism instead. The paper is a defense of the traditional
theory of the will which states that a person has free will
provided that she has certain powers of agency and cognition which
are not in any way impeded. That one has such powers entails the
existence of possibilities which can be used to construct a compatibilist
account of ‘could have done otherwise’. Since agents in the
Frankfurt examples have the appropriate powers they must also have
alternative possibilities of action. At most, the agents lack categorical
possibilities that are incompatible with determinism. Therefore, the
Frankfurt examples promote strong, not weak, compatibilism.


According to the strong compatibilist, a person has free will only if
she has alternative possibilities of action, that is, only if she could
have, in some relevant sense, done otherwise.8 In addition, the strong
compatibilist will also endorse the following:

The Principle of Alternative Possibilities [PAP]: A
person is morally responsible for what she has done only
if she could have done otherwise.9

Given PAP and a standard incompatibilist argument,10 one may contend
that moral responsibility is also incompatible with determinism.
Since many previous compatibilist accounts of alternative possibilities
are flawed11 some compatibilists have jettisoned the notion of
alternative possibilities altogether and provided some other basis
for a theory of freedom and moral responsibility. Thus, we are led
to weak compatibilism, which is primarily driven by Frankfurt’s
apparent counterexamples to PAP.

NOTES



In his 2004 introduction to his book Freedom and Determinism, written with Michael O'Rourke and David Shier, Campbell describes the current context of the traditional problem of freedom and determinism.


Thoughts about freedom and determinism have engaged philosophers since the days of ancient Greece. On the one hand, we generally regard ourselves as free and autonomous beings who are responsible for the actions that we perform. But this idea of ourselves appears to conflict with a variety of attitudes that we also have about the inevitable workings of the world around us. For instance, some people believe that strict, universal laws of nature govern the world. Others think that there is an omnipotent God who is the ultimate cause of all things. These more global views suggest that each particular event — including each human action — is causally necessitated, and so they suggest a conflict with the claim that we are free. Hence, the problem of freedom and determinism is, at base, a problem about reconciling attitudes we have toward ourselves with our more general thoughts about the world around us. It is a problem about locating our actions within those streams of events that make up the broader universe.

Freedom is usually discussed within the context of theoretical concerns about the nature of moral responsibility. For it is a basic assumption that some kind of freedom — call it "moral freedom" — is a necessary precondition for our being accountable for our actions. Moreover, even those who endorse moral nihilism, the claim that no one is ever morally responsible for anything, usually do so because they also believe that we lack moral freedom...


In summary, the majority of contemporary philosophers agree that some kind of freedom — moral freedom — is required for moral responsibility. But they differ as to the nature of this freedom as well as some of the other necessary conditions for moral responsibility. Proponents of the traditional view continue to maintain that moral freedom is just free will, but a variety of philosophers have rejected the latter notion altogether. This is primarily due to the impact of the Frankfurt examples and formal arguments for moral nihilists, and  incompatibilism. Moreover, while debate about the compatibility of moral freedom and determinism is still alive and well,  most philosophers have rejected determinism given quantum mechanics. Gone are the labels of soft determinism and hard determinism, but the lion's share of opinions on the nature of freedom and determinism still fall into three main groups: libertarians, moral nihilists, and compatibilists, including semicompatibilists. 



In 2011, Campbell wrote Free Will, a survey of the dazzling number of "problems, arguments, and theories" about free will that now comprise "free will skepticism," the claim that no one has free will. Campbell's three main groups still include libertarianism (which he does not explore deeply) and compatibilism, but he replaces moral nihilism with free will skepticism (p. 73).


Campbell is concerned that there are many conflicting views on the definition of free will. This is so, but Campbell does not clearly define the major difference betweeen "libertarian free will" and "compatibilist free will." the latter being the determinist position that as long as our actions are not externally coerced or compelled then we have freedom of action.


He defines a "monism" as the idea that all views of free will are the same, or reducible to one view, and "pluralism" as the idea that there are multiple conflicting views. His "provisional" monist proposal is that free will exists when our actions are up to us. This is the way Aristotle and Epicurus defined what we now call "libertarian free will," as something that was neither chance nor necessity.


Campbell says that his provisional view could cover both the "classical view," i.e., that free will requires the ability to do otherwise, and the "source view," that the agent need only be the "adequate" or perhaps the "ultimate" source of the action traceable back in the "actual sequence."
 

He presents the standard argument against free will as what he calls the "free will dilemma."

	If determinism is true then no one has free will.
	If indeterminism is true, then no one has free will.
	Therefore, no one has free will.


Campbell calls premise 1 in this simple logical argument against free will "the problem of free will and determinism."


He calls premise 2 "the problem of luck." And he later revises it as premise 2' - Indeterminism cannot help." This he defends following Galen Strawson's attack on indeterminism as making our actions random. 


But some indeterminism does not entail that all our actions are undetermined, says Campbell. 


In a sensible analysis of of premise 2 (and 2') Campbell says:


Determinism entails that every act is determined by prior causes. Indeterminism does not entail anything about the causal structure of the world surrounding any particular human action. Thus, indeterminism cannot entail that every act is undetermined let alone that every act is a matter of luck. Ergo, the Mind  argument does not support premise 2 of the free will dilemma. Considerations of luck are relevant to free will skepticism but not for this reason. They are relevant because they lend support to the view that indeterminism cannot help [premise 2'].


Campbell has a finely nuanced understanding of quantum indeterminism, as not making events uncaused, but as only making them probabilistically caused. He says:


Informally, determinism is the thesis that "given the past and the laws of nature, there is only one possible future." Determinism is usually understood as a causal thesis: past events together with the laws of nature bring about future events. But we should be careful to distinguish determinism from the thesis of universal causality: every event has a cause. Perhaps quantum mechanics requires indeterminism but it doesn't follow from this that quantum events are uncaused. Quantum laws might be probabilistic, so there can be universal causality without determinism.


Indeed, indeterministic events that generate alternative possibilities for action do not in any way reduce our responsibility for evaluating the alternatives and choosing one, for reasons, motives, feelings, etc. that are consistent with our character. This is the two-stage model of free will, with indeterminism limited to the first stage and adequate determinism in the second stage.


It is not clear why logical philosophers who make such dramatic assumptions as premise 1 are not making similar dramatic assumptions about premise 2, namely, that indeterminism does entail that every act is undetermined, the logical opposite of premise 1. This was what the ancients Leucippus and Chrysippus feared, and moderns like J. J. C. Smart and Nowell-Smith also maintained. And is not Galen Strawson's argument similar?


Perhaps not. Perhaps Campbell thinks Strawson is saying some acts are determined (no responsibility there) and some acts are undetermined (no responsibility there either). This indeed is Strawson's view. He does not care whether actions are determined or undetermined. Free will skepticism, according to Strawson, "holds good whether determinism is true or false; the issue of determinism is irrelevant." (p. 55.)


Nevertheless, Campbell argues correctly (p. 55) that "indeterminism is not incompatible with free will." Indeed, some indeterminism is required to break the causal chain of physical determinism. The question becomes, is indeterminism helpful? (yes, because it introduces alternative possibilities and ambiguous futures) and can it be shown to be not harmful? (yes, as long as it is limited to generating possibilities and is not the direct cause of our actions).


And even chance "centered" in the decision is acceptable as long as all of the alternative possibilities that remain after second-stage deliberation are defended by reasons, motives, etc, so none is simply random. Examples of these defensible possibilities are Robert Kane's Self-Forming Actions.


Campbell was trained as an epistemologist and notes that we might define "knowledge" as absolute infallible certainty. "Given this definition, it is pretty easy to show," he says, "that no one knows anything. But no one cares about that because we all accept that knowledge is fallible, that even the most certain of evidence does not guarantee truth." (p.57) Campbell should apply this epistemological skepticism and pragmatic reasoning to the absolute truth of determinism, for which no evidence at all exists. Indeed, considerable evidence exists for some indeterminism, though not enough to make our actions random, unless we want them to be random.  Might he not conclude that the determinism we have is merely "adequate" for all practical purposes?


Campbell concludes his survey of free will skepticism with an argument that "for every response to the argument for epistemological skepticism, there is a formally analogous response to the consequence argument that is equally plausible." (p. 103) Campbell provides no explicit parallels, but concludes his work on an optimistic note, with what he says is a "compelling argument."

	For every response to the argument for epistemological skepticism there is a formally analogous response to the consequence argument that is equally plausible.
	If one adopts epistemological skepticism, 
	Therefore, there is no good reason to deny that we have free will.


The second premise should be obvious: the epistemological skeptic is an agnostic about free will, not a free will denier. The firt premise is debatable but if it can be established, it would show that there is no good reason to endorse free will skepticism. 
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Lawrence Cahoone is a professor of philosophy at The College of the Holy Cross. He has published on a range of topics in and near philosophy and politics. In 2104 he wrote a play, Wise Guys, he calls a philosophical comedy. It is available from www.heartlandplays.com. And in 2015 he won the J.N.Findlay Award given by the Metaphysical Society of America. 

His most recent book, The Orders of Nature, shows his familiarity with most all the ideas in philosophy from Plato forward, with special appreciation of the 20th-  and 21st-century gyrations form modernism to post-modernism. He proposes a new version of naturalism based in what he describes as a systematic metaphysics. While this would normally reject any form of supernaturalism, Cahoone says his wide readings in modern cosmology suggest the need for a "Ground of Nature" which he situates in an examination of natural religion.


Although Cahoone does not refer to him, C.F. von Weizsäcker called for God as a "Ground of Nature" in his 1971 The Unity of Nature.


Cahoone describes the breadth of his naturalism.


beginning an inquiry into ethics or aesthetics or philosophy of science rightly presupposes definitions on which the inquiry is based, boundaries dictating what is not to be studied. But a systematic metaphysics claims an open-ended subject matter— what is not at least indirectly an object of its inquiry?... For our world has lots in it. It seems partly physical and material. But it includes dimensions or zones of being or phenomena that seem neither physical nor publicly accessible, for example, my feelings and thoughts, as well as layers of interpretation that differ from one public to another, e.g., different cultures, societies, and the historical funding they bring, as well as all specialized forms of culture—science, art, politics, sports, etc. Our lives are multiple. We engage in publicly normed social activities, lose ourselves in private torment or reverie, become ecologists on camping trips, pour out our personal experience in public signs, act as idiosyncratic individuals then as role-performers or group-members, deal with technologies through scientific physicalism before we go to church, pepper economic activities explainable by functionalism with emotive decisions based on charisma and tribal resentments, act like a materialist one moment, a dualist the next, an idealist the third, etc.
The Orders of Nature, p.4



Publications


The Orders of Nature, State University of New York Press, 2013

Cultural Revolutions: Reason versus Culture in Philosophy, Politics, and Jihad, Pennsylvania State University Press, 2005

From Modernism to Postmodernism: An Anthology, Blackwell Publishers, 2003

The Ends of Philosophy: Pragmatism, Foundationalism, and Postmodernism, Blackwell Publishers, 2002

Civil Society: The Conservative Meaning of Liberal Practices, Blackwell Publishers, 2002

The Dilemma of Modernity: Philosophy, Culture, and Anti-Culture, State University of New York Press, 1988.

His 36-lecture video courses Modern Intellectual Tradition: From Descartes to Derrida (2010) 

and Modern Political Tradition: Hobbes to Habermas (2014) is part of The Great Courses.
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Mario De Caro is a moral philosopher at the University of Rome and a regular visiting professor at Tufts University. He has written and edited numerous articles and and books on moral philosophy, theory of action, the problem of free will, philosophical naturalism, and the history of science. He advocates for more collaboration between scientists and philosophers. Current problems are unlikely to be solved by specialists in one or the other discipline, he says. 

With his Australian colleague David Macarthur, De Caro espouses a broadening of today's "scientific naturalism" - which tends to be an eliminative materialism - to address in a non-reductionist way features like norms, beliefs, and values. They hope to combine the "scientific image" and "manifest image" of Wilfrid Sellars. 
   

What makes Scientific Naturalism and Liberal Naturalism both versions
of naturalism is that neither countenances the supernatural, whether in the
form of entities (such as God, spirits, entelechies, or Cartesian minds), events
(such as miracles or magic), or epistemic faculties (such as mystical insight or
spiritual intuition). The importance of this for the philosophical approach to
normativity is that any form of naturalism will be opposed to Platonism
about norms, where this is understood as the view that normative facts hold
wholly independently of human practices (say, of reason giving) and are, as it
were, simply there anyway waiting to be discovered. For similar reasons it
will be opposed to a Moorean non-naturalism that holds that our access to
normative facts is by way of a sui generis epistemic faculty of intuition
directed at just this kind of fact. And of course it will be opposed to any theistic
foundation for normative facts or our access to them.
   

De Caro has written several articles and a book surveying a "galaxy" of problems surrounding the questions of human action, free will, and moral responsibility. In his 2004 book, Il libero arbitrio, De Caro lists the four historic problems with indeterminism:

	The inability to explain agent control (the crux of libertarianism, he says)

	The risk of an obscure metaphysics
	The danger of infinite regress
	The problem of localizing the time and place of indeterminism



De Caro suggests three types of indeterminism - 1) radical indeterminism, 2) causal indeterminism, and 3) the idea of agent causation, for example, that of Roderick Chisholm.

In his discussions of determinism, De Caro describes how compatibilists accept the idea that they have freedom of action as long as they are not being coerced, even if they lack the freedom to choose or "free will." He reviews the Consequence Argument of Peter van Inwagen. And he discusses an attempt by Donald Davidson to reconcile determinism with free will in a physically monistic world by interpreting mental properties as "anomalous." 


As is well=known, Davidson argues that mental events are irreducible to physical events. Davidson's "anomaly" is an explicit defense of human freedom and autonomy, says De Caro, which he traces back to an idea of Kant. Davidson's argument for an "anomalous monism "is one of the most complex arguments debated in contemporary analytic philosophy, he says, but it is shown to fail by Jaegwon Kim's arguments against the emergence of a non-reductive physicalism.


Moreover, De Caro says, where Kant was a libertarian, Davidson is a compatibilist, because he defines freedom as the ability to act without hindrance or coercion. In his last years, Willard van Orman Quine accepted Davidson's anomalous monism, says De Caro. Quine was a compatibilist who hoped for as much determinism as quantum physics would allow him, as a principle of reason itself. Most compatibilists agreed with Quine, says De Caro, holding a position called supercompatibilism, in which determinism is not merely compatible with free will, it is a necessary requirement. De Caro cites Moritz Schlick, A. J. Ayer, and quotes R.E. Hobart, who said that determination (not determinism) is required for free will.


De Caro describes the standard argument against free will.

[I]ndeterminism by itself—far from automatically generating
freedom—produces only randomness.

However, a different question can also be asked with regard to this issue:
does indeterminism also make freedom impossible, as it is frequently maintained?
Or, to put it differently, can it not be that the addition of some other factors to
indeterminism may make freedom possible, as libertarians (who think that freedom
requires indeterminism) argue?


At this stage, however, one should notice that the above-stated argument
against unreflective libertarianism clearly shows that philosophy, with its conceptual
clarifications and analyses, has an essential role to play in the discussion on free
will. It accomplishes this by determining the correct scope and the conditions of use
of the concepts involved, and by evaluating the relevance of empirical evidence. In
this sense, philosophy’s role is not confined to assessing the relation between
indeterminism and freedom. Another example is the very common view that, if our
actions were determined, ipso facto we would lack freedom.
    


Consistent with his theory of a "liberal naturalism," De Caro promotes the idea of "pluralism," 
in which conceptual analysis and empirical science play complementary roles.
   

What all this shows is only that science cannot play an exclusive role in the free will
discussion. It does not show that it cannot, and perhaps should not, complement
conceptual analysis. Actually, most of the major views imply that, if free will has to
be real, the natural world has to be structured in an adequate way (a way that each
view describes in its own terms). Certainly, determining the structure of the world is
a task for empirical science. In this sense, according to many, the empirical evidence
mentioned in the previous paragraph is very relevant. This is a methodological stance 
I call "pluralism," the view according to which, besides conceptual
analysis, the investigation on free will also requires that empirical research explain
how the natural world actually works.
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Cartwright is a member of the "Stanford School" of the philosophy of science, including John Dupré, Peter Galison, Ian Hacking, and Patrick Suppes. They are polemicists against the "unity of science," a notion that goes back to the Vienna Circle. Following Dupré, they defend the "Disunity of Science." Members of the Vienna Circle powerfully attacked metaphysics. Dupré's book The Disorder of Things is subtitled "Metaphysical Foundations of the Disunity of Science."


Cartwright is perhaps best known for her provocative book How the Laws of Physics Lie."


She writes...





Philosophers distinguish phenomenological from theoretical laws. Phenomenological laws are about appearances; theoretical ones are about the reality behind the appearances. The distinction is rooted in epistemology. Phenomenological laws are about things we can at least in principle observe directly, whereas theoretical laws can be known only by inference. Normally for philosophers ‘phenomenologlcal and ‘theoretical’ mark the distinction
between the observable and the unobservable. 

Physicists also use the terms 'theoretical’ and ‘phenomenological’. But their usage makes a different distinction. Physicists contrast ‘phenomenological’ with ‘fundamental’. 



Cartwright says phenomenological laws describe what happens. The terms 'theoretical’ and ‘phenomenological’ separate laws which are fundamental and explanatory from those that merely describe.


She writes...



The divide between theoretical and phenomenological ^ commonly separates realists from anti-realists. I argue in these essays for a kind of anti-realism, and typically it is an antirealism that accepts the phenomenological and rejects the theoretical. But it is not theory versus observation that I reject. Rather it is the theoretical as opposed to the phenomenological.

In modern physics, and I think in other exact sciences as well, phenomenological laws are meant to describe, and they often succeed reasonably well. But fundamental equations are meant to explain, and paradoxically enough the cost of explanatory power is descriptive adequacy. Really powerful explanatory laws of the sort found in theoretical physics do not state the truth.




Cartwright says laws of physics are not true, particularly compared with the phenomenological laws they are meant to explain.



I will argue that the accounts [laws of physics} give are generally not true, patently not true by the same practical standards that admit an indefinite number of commonplace phenomenological laws. We have detailed expertise for testing the claim of physics about what happens in concrete situations. When we look to the real implications of our fundamental laws, they do not meet these ordinary standards. Realists are inclined to believe that if theoretical laws are false and inaccurate, then phenomenological laws are more so. I urge just the reverse. When it comes to the test, fundamental laws are far worse off than the phenomenological laws they are supposed to explain.


She offers three arguments...




(1) The manifest explanatory power of fundamental laws does not argue for their truth.
(2) In fact the way they are used in explanation argues for their falsehood. We explain by ceteris paribus laws, by composition of causes, and by approximations that improve on what the fundamental laws dictate. In all of these cases the fundamental laws patently do not get the facts right.

(3) The appearance of truth comes from a bad model of explanation, a model that ties laws directly to reality. As an alternative to the conventional picture I propose a simulacrum account of explanation. The route from theory to reality is from theory to model, and then from model to phenomenological law. The phenomenological laws are indeed true of the objects in reality—or might be; but the fundamental laws are true only of objects in the model.



Cartwright's work builds on the claims of Bas van Fraasen that truth has nothing to do with explanatory power. 



She writes...




I will argue that the falsehood of fundamental laws is a consequence of their great explanatory power. This is the exact opposite of what is assumed by a well-known and widely discussed argument form—inference to the best explanation. The basic idea of this argument is: if a hypothesis explains a sufficiently wide variety of phenomena well enough, we can infer that the hypothesis is true. Advocates of this argument form may disagree about what counts as well enough, or how much variety is necessary.
( But they all think that explanatory power, far from being at odds with truth, leads us to it. My first line of argument in these essays denies that explanation is a guide to truth...

Numerous traditional philosophical positions bar inferences to best explanations. Scepticism, idealism, and positivism are examples. But the most powerful argument I know is found in Pierre Duhem’s Aim and Structure of Physical Theory, reformulated in a particularly pointed way by Bas van Fraassen in his recent book The Scientific Image. Van Fraassen asks, what has explanatory power to do with ' truth? He offers more a challenge than an argument: show exactly what about the explanatory relationship tends to guarantee that if x explains y and y is true, then x should be true as well. This challenge has an answer in the case of causal explanation, but only in the case of causal explanation...


Causal reasoning provides good grounds for our beliefs in theoretical entities. Given our general knowledge about what kinds of conditions and happenings are possible in the circumstances, we reason backwards from the detailed structure of the effects to exactly what characteristics the causes must have in order to bring them about. I have sometimes summarized my view about explanation this way: no inference to best explanation; only inference to most likely cause. But that is right only if we are very careful about what makes a cause ‘likely’. We must have reason to think that this cause, and no other, is the only practical possibility, and it should take a good deal of critical experience to convince us of this.


We make our best causal inferences in very special situations—situations where our general view of the world makes us insist that a known phenomenon has a cause; where the cause we cite is the kind of thing that could bring about the effect and there is an appropriate process connecting the cause and the effect; and where the likelihood of other causes is ruled out. This is why controlled experiments are so important in finding out about entities and processes which we cannot observe. Seldom outside of the controlled conditions of an experiment are we in a situation where a cause can legitimately be inferred...


Explanatory power is no guarantee of truth, unless van Fraassen’s challenge can be met. I argue that, in the very special case of causal explanation, the challenge is met. In causal explanations truth is essential to explanatory success. But it is only the truth of low-level causal principles and concrete phenomenological laws. Is there no further account that secures the truth of abstract laws as well; no story of 'explanation that shows that abstract laws must be tr.ue if they are to explain?




Cartwright on Russell


In her well known essay Causal Laws and Effective Strategies,  Cartwright argued for two kinds of physical laws, laws of nature and causal laws
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  From Clarke's web page at Florida State University
   My primary research interests are issues concerning human agency, particularly intentional action, free will, and moral responsibility. I’ve also written on practical reason, mental causation, and dispositions.

I favor a causal theory of action, on which something counts as an intentional action in virtue of being appropriately caused by mental events of certain sorts, such as the agent’s having an intention with pertinent content. This kind of action theory takes human agency to be a natural phenomenon, something of a kind with (even if differing in sophistication from) the agency of many non-human animals.


Many philosophers have thought that free and morally responsible action would be ruled out if our actions were causally determined by prior events. My book, Libertarian Accounts of Free Will, examines whether indeterminism of any sort is more hospitable. Though I defend libertarian views (accounts requiring indeterminism) from several common objections, I argue that none of these accounts is adequate. If responsibility isn’t compatible with determinism, then, I think, it isn’t possible. 




Clarke introduced the terms "broad incompatibilism" and "narrow incompatibilism." A narrow incompatibilist is an incompatibilist on free will and a compatibilist on moral responsibility. A broad incompatibilist sees determinism as incompatible with both free will and moral responsibility.

Narrow incompatibilism resembles John Martin Fischer's term semicompatibilism. Semicompatibilism is the idea that moral responsibility is compatible with determinism.


The term "incompatibilism" is used to characterize both determinists and libertarians.


Thus broad incompatibilism resembles Derek Pereboom's term "hard incompatibilism."  Hard incompatibilism is the idea that free will and moral responsibility do not exist. Some hard incompatibilists like Saul Smilansky and Daniel Wegner call free will an illusion.


Like many philosophers, Clarke tends to equate moral responsibility with simple responsibility or accountability, that is, being the cause of an action.   



In recent years, it has come to be a matter of some dispute whether moral responsibility requires free will, where the latter is understood as requiring an ability to do otherwise. 

I shall not take sides here in these disputes. I treat the thesis that responsibility is incompatible with the truth of determinism as a separate claim, and I call incompatibilism without this further claim "narrow." Narrow incompatibilism holds that free will, understood as indicated above, is incompatible with determinism, but it (at least) allows that responsibility and determinism may be compatible. I call the position that free will and determinism are not compatible but responsibility and determinism are compatible "merely narrow incompatibilism." A semicompatibilist may endorse merely narrow incompatibilism, but she need not, as she may remain uncommitted on the question whether determinism precludes the ability to do otherwise.
I call the view that both free will and responsibility are incompatible with
determinism "broad incompatibilism." (Libertarian Accounts of Free Will, p.11)



The technical language of philosophers specializing in free will is a total mess, quite opposite to the stated goal of analytic language philosophy to make conceptual analysis clear. This  makes it very difficult for outsiders (and some insiders) to follow their contentious debates. 

Conceptual analysis would be much easier if a more careful separation of concepts was made, for example "free" from "will," and "free will" from "moral responsibility." 



Clarke's Objections to Dennett, Mele, Ekstrom, Kane and our Cogito Model.


Clarke defines additional new terms in his 2003 book Libertarian Accounts of Free Will. He calls  two-stage model of free will "deliberative" (he cites Daniel Dennett's decision-making model), since randomness internal to the mind is limited to the deliberations in the first stage. And he calls Robert Kane's model "centered," by which he means the randomness is in the center of the decision itself. Clarke does not notice that Dennett's randomness is only pseudo-random, where Kane's is quantum indeterminism. Dennett is a determinist.

Clarke accepts the Kane and Ekstrom views that if the agent's decision simply results from the events in the deliberation phase that that could not be what he calls "directly free." Clarke calls this deliberative freedom "indirect." 

"Indirectly free" is a reasonable description for our Cogito Model, which has indeterminism in the "free" deliberation stage and "adequate" determinism in the "will" stage. 


Although Clarke says that a "centered event-causal libertarian view provides a conceptually adequate account of free will," he doubts that it can provide for moral responsibility. He says that 


An event-causal libertarian view secures ultimate control, which no compatibilist account provides. But the secured ultimacy is wholly negative: it is just (on a centered view) a matter of the absence of any determining cause of a directly free action. The active control that is exercised on such a view is just the same as that exercised on an event-causal compatibilist account.


It is a bit puzzling to see how the active control of a libertarian decision based on quantum randomness is "just the same as that exercised" on a compatibilist account, unless it means, as Double argued, no control at all. So it may be worth quoting Clarke at length.

Dennett requires only that the coming to mind of certain beliefs be undetermined; Mele maintains that (in combination with the satisfaction of compatibilist requirements) this would suffice, as would the undetermined coming to mind of certain desires.

Likewise, on Ekstrom's view, we have undetermined actions — the formations of preferences — among the causes of free decisions. But she does not require that these preference-formations either be or result from free actions. Nor can she require this. Any free action, she holds, must be preceded by a preference-formation. An infinite regress would be generated if these preference-formations had to either be or result from free actions. And a similar regress would result if Dennett or Mele required that the undetermined comings-to-mind, attendings, or makings of judgments that figure in their accounts had to either be or result from free actions.


Thus, given the basic features of these views, all three must allow that an action can be free even if it is causally determined and none of its causes, direct or indirect, is a free action by that agent. Setting aside the authors currently under discussion, it appears that all libertarians disallow such a thing. What might be the basis for this virtual unanimity?


When an agent acts with direct freedom — freedom that is not derived from the freedom of any earlier action— she is able to do other than what she, in fact, does. Incompatibilists (libertarians included) maintain that, if events prior to one's birth (indirectly) causally determine all of one's actions, then one is never able to do other than perform the actions that one actually performs, for one is never able to prevent either those earlier events or the obtaining of the laws of nature.



Clarke now claims that even prior events thought up freely by the agent during deliberations will "determine" the agent's decision. This is roughly what the Cogito Model claims. After indeterminism in the "free" deliberation stage, we need "adequate" determinism in the "will" stage to insure that our actions are consistent with our character and values (including Kane's SFAs), with our habits and (Ekstrom's) preferences, and with our current feelings and desires.

Clarke oddly attempts to equate events prior to our births with events in our deliberations, claiming that they are equally determinist. He says,


If this is correct, then a time-indexed version of the same claim is correct, too. If events that have occurred by time t causally determine some subsequent action, then the agent is not able at t to do other than perform that action, for one is not able at t to prevent either events that have occurred by t or the obtaining of the laws of nature. An incompatibilist will judge, then, that, on Dennett's and Mele's views, it is allowed that once the agent has made an evaluative judgment, she is not able to do other than make the decision that she will, in fact, make, and that, on Ekstrom's view, it is allowed that once the preference is formed, again the agent is not able to avoid making the decision that she will, in fact, make. If direct freedom requires that, until an action is performed, the agent be able to do otherwise, then these views do not secure the direct freedom of such decisions. 

Mele confronts this line of thinking head-on. Some libertarians, he acknowledges, do hold that a decision is directly free only if, until it is made, the agent is able to do other than make that decision, where this is taken to require that, until the action occurs, there is a chance that it will not occur. But such a position, Mele charges, is "mere dogmatism" (1995a: 218). It generates the problem of control that he (along with Dennett and Ekstrom) seeks to evade, and hence libertarians would do well to reject this position.


There is, however, a decisive reason for libertarians not to reject this position, a reason that stems from the common belief — one held by compatibilists and incompatibilists alike — that, in acting freely, agents make a difference, by exercises of active control, to how things go. The difference is made, on this common conception, in the performance of a directly free action itself, not in the occurrence of some event prior to the action, even if that prior event is an agent-involving occurrence causation of the action by which importantly connects the agent, as a person, to her action. On a libertarian understanding of this difference-making, some things that happen had a chance of not happening, and some things that do not happen had a chance of happening, and in performing directly free actions, agents make the difference. If an agent is, in the very performance of a free action, to make a difference in this libertarian way, then that action itself must not be causally determined by its immediate antecedents. In order to secure this libertarian variety of difference-making, an account must locate openness and freedom-level active control in the same event — the free action itself — rather separate these two as do deliberative libertarian views.


On the views of Dennett, Ekstrom, and Mele, agents might be said to make a difference between what happens but might not have and what does not happen but might have, but such a difference is made in the occurrence of something nonactive or unfree prior to the action that is said to be free, not in the performance of the allegedly free action itself. Failure to secure for directly free actions this libertarian variety of difference-making constitutes a fundamental inadequacy of deliberative libertarian accounts of free action.


(Libertarian Accounts of Free Will, p.63-4)	



We need only extend the process of decision to include everything from the start of free deliberations to the moment of willed choice to see that the Cogito Model allows the agent to make a real difference. The agent is justified saying "I could have done otherwise," "This action was up to me," and "I am the originator of my actions and the author of my life."

Clarke goes on to consider his "centered" event-causal view, and initially claims that it provides an adequate account of free will, but his "adequate" is damning with faint praise.


Clarke finds a "conceptually adequate account of free will" for narrow, but not for broad, incompatibilism. His "centered" account, like that of Kane, van Inwagen, Ekstrom, and Balaguer, includes indeterminism in the decision itself. It is not limited to deliberations as in most two-stage models. 


If merely narrow incompatibilism is correct, then an unadorned, centered event-causal libertarian view provides a conceptually adequate account of free will. Such a view provides adequately for fully rational free action and for the rational explanation —  simple, as well as contrastive — of free action. The indeterminism required by such a view does not diminish the active control that is exercised when one acts. Given incompatibilism of this variety, a libertarian account of this type secures both the openness of alternatives and the exercise of active control that are required for free will.


It is thus unnecessary to restrict indeterminism, as deliberative accounts do, to locations earlier in the processes leading to free actions. Indeed, so restricting indeterminism undermines the adequacy of an event-causal view. Any adequate libertarian account must locate the openness of alternatives and freedom-level active control in the same event — in a directly free action itself. For this reason, an adequate event-causal view must require that a directly free action be nondeterministically caused by its immediate causal antecedents.


how can the incompatibilism of determinism and moral responsibility affect free will?


If, on the other hand, broad incompatibilism is correct, then no event-causal account is adequate. An event-causal libertarian view secures ultimate control, which no compatibilist account provides. But the secured ultimacy is wholly negative: it is just (on a centered view) a matter of the absence of any determining cause of a directly free action. The active control that is exercised on such a view is just the same as that exercised on an event-causal compatibilist account.


how then can this view be libertarian?


This sort of libertarian view fails to secure the agent's exercise of any further positive powers to causally influence which of the alternative courses of events that are open will become actual. 
For this reason, if moral responsibility is precluded by determinism, the freedom required for responsibility is not secured by any event-causal libertarian account. (pp.219-20)



Clarke compromises the adequate determinism of the will if he admits indeterminism as a direct cause of action
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Excerpts from 
Libertarian Accounts of Free Will.

Introduction (p. xiii)

Accounts of free will purport to tell us what is required if we are to be free agents, individuals who, at least sometimes when we act, act freely. Libertarian accounts, of course, include a requirement of indeterminism of one sort or another somewhere in the processes leading to free actions. But while proponents of such views take determinism to preclude free will, indeterminism is widely held to be no more hospitable. An undetermined action, It is said would be random or arbitrary. It could not be rational or rationally explicable. The agent would lack control over her behavior. At best, indeterminism in the processes leading to our actions would be superfluous, adding nothing of value even if it did not detract from what we want.


This book examines libertarian accounts to see whether any can meet such challenges. It offers what may be called a conceptual assessment of libertarian views: an assessment of their adequacy apart from the questions whether there, in fact, exists, and whether we have evidence that there exists, the phenomenon that they purport to characterize. (Thus, the accounts considered here may be taken not to include any claim that we have free will. They may be understood as claims about what free will is or would be, if it does or did exist.) 
This type of assessment is one to which philosophers are particularly suited. It can be carried out by thinking and requires no specialized knowledge of natural science.


A conceptually adequate libertarian view must, first, provide a clear, intelligible account of the relevant phenomena. It cannot omit to say anything at all about something that is required for free will, and, of course, what it does say must be comprehensible. Second, an adequate account must require only things that are, in fact, possible, in a broadly logical sense. Third, it must present us with a characterization of something such that, if we have it, we have free will; the satisfaction of all the requirements of the account must suffice for the existence of free will. And finally, its requirement of indeterminism must not be superfluous; the required indeterminism must be of a sort and located such that, were it to exist, it would make a difference, a difference in whether free will does or could exist.



[Clarke defines "narrow" and "broad incompatibilism." (p.11)]


In recent years, it has come to be a matter of some dispute whether moral responsibility requires free will, where the latter is understood as requiring an ability to do otherwise. 

I shall not take sides here in these disputes." I treat the thesis that responsibility is incompatible with the truth of determinism as a separate claim, and I call incompatibilism without this further claim "narrow." Narrow incompatibilism holds that free will, understood as indicated above, is incompatible with determinism, but it (at least) allows that responsibility and determinism may be compatible. I call the position that free will and determinism are not compatible but responsibility and determinism are compatible "merely narrow incompatibilism." A semicompatibilist may endorse merely narrow incompatibilism, but she need not, as she may remain uncommitted on the question whether determinism precludes the ability to do otherwise.
I call the view that both free will and responsibility are incompatible with
determinism "broad incompatibilism." 



Conclusion (p.219)
  

I have assessed libertarian accounts of three main types for their conceptual adequacy. The questions addressed regarding each account have been: Are the crucial phenomena involved in free action (on the assumption of incompatibilism) clearly explicated? Is all that is required on a given account genuinely possible? If the account in question is true, does that suffice for free action (on the assumption that no compatibilist account can secure all that is needed)? The results have been mixed.

No noncausal libertarian account is adequate. Acting freely requires that one exercise active control over what one does, and (if free action is at all possible) it must be possible for a free action to be one that is performed for reasons. The exercise of active control, I argued, is a causal phenomenon, and noncausal accounts thus fail to provide an adequate account of it. They likewise fail to provide for acting for reasons.


If merely narrow incompatibilism is correct, then an unadorned, centered event-causal libertarian view provides a conceptually adequate account of free will. Such a view provides adequately for fully rational free action and for the rational explanation —  simple, as well as contrastive — of free action. The indeterminism required by such a view does not diminish the active control that is exercised when one acts. Given incompatibilism of this variety, a libertarian account of this type secures both the openness of alternatives and the exercise of active control that are required for free will.



It is thus unnecessary to restrict indeterminism, as deliberative accounts do, to locations earlier in the processes leading to free actions. Indeed, so restricting indeterminism undermines the adequacy of an event-causal view. Any adequate libertarian account must locate the openness of alternatives and freedom-level active control in the same event — in a directly free action itself. For this reason, an adequate event-causal view must require that a directly free action be nondeterministically caused by its immediate causal antecedents.

It is not necessary that an event-causal account require such additional features as self-subsuming decisions, a state of wanting more to act on certain reasons than one wants to act on any others, indeterminate, directed efforts of will, or parallel processing. Although some such features might figure in free actions, they are not crucial to the freedom of those actions. An unadorned centered event-causal account can be adequately defended against the charge of diminished control. It needs no further help, and gets none, from these further features.


If, on the other hand, broad incompatibilism is correct, then no event-causal account is adequate. An event-causal libertarian view secures ultimate control, which no compatibilist account provides. But the secured ultimacy is wholly negative: it is just (on a centered view) a matter of the absence of any determining cause of a directly free action. The active control that is exercised on such a view is just the same as that exercised on an event-causal compatibilist account. This sort of libertarian view fails to secure the agent's exercise of any further positive powers to causally influence which of the alternative courses of events that are open will become actual. For this reason, if moral responsibility is precluded by determinism, the freedom required for responsibility is not secured by any event-causal libertarian account.


This type of view nevertheless provides for some things of value that are secured by no view that is compatible with determinism. It provides for the varieties of difference-making and attributability that are precluded by determinism and that appear to be of some value, even if, all things considered, one might reasonably prefer not to have them in certain cases. Similarly, a centered event-causal account can secure the openness of alternatives that Is needed if a certain illusion is to be consistently avoided in deliberation. This, too, is something of value, as to be subject to illusion detracts from one's dignity.


Whatever freedom can be provided by an event-causal account can be secured for actions that are not decisions, as well as for decisions. Such a view can apply to both overt and mental actions. The freedom of a decision and of (later) doing what one has previously decided may come to the same thing. Libertarians who have restricted direct freedom to mental actions, or to certain types of mental actions, such as decisions, have been mistaken in doing so.


Given broad incompatibilism, if all that is required by an integrated agent-causal libertarian account is genuinely possible, then such a view is conceptually adequate. Unlike a traditional agent-causal view, which denies that the agent's having certain reasons causes her free action, an integrated account adequately provides for acting for reasons and for reason-explanation. Further, the requirement of agent causation is not otiose. It provides for the agent's exercising when she acts, in addition to the active control secured by by an event-causal view, a further power to causally influence which of the open alternatives will be made actual. In exercising this further power, the agent is literally an originator of her action, and neither the action nor her initiating the action is causally determined by events. No infinite regress of free actions is required, and an agent-causal view need not require that microlevel laws be superseded when one acts freely.


The sticking point for an agent-causal account is the notion of agent causation - of causation by a substance. Either of two causal realist views may be drawn on to clarify what is being claimed when it is said that a substance causes an event. It does not help in this regard to maintain that agent causation is exercised purposively and at will, though such claims may helpfully distinguish causation by an intelligent, rational substance from other substance causation. Finally, however, there are, on balance, reasons to think that substance causation is impossible. If that is so, then, given broad incompatibilism, it appears that free will is impossible.


It is an important question how we might live with the fact that we lack free will, if in fact we do lack it. Several recent works have addressed this question in an illuminating way. (I think particularly of Honderich 1988: part 3; Pereboom 2001; and Smilansky 2000.) I have made no direct contribution to this project here. However, if the argument of this book is correct, then the importance of this practical question is underscored.




Clarke compromises the adequate determinism of the will if he admits indeterminism as a direct cause of action

Excerpt from Libertarian Views: Critical Survey of Noncausal and Event-Causal Accounts of Free Agency, from Oxford Handbook of Free Will, Kane (2002), chapter 16. p.377.

The Evidence

I turn now to the question whether we have good evidence that either a noncausal or an event-causal libertarian view is true. The answer seems to be negative.

Both types of account require, first, that determinism be false. But more than this, each requires that there be indeterminism of a certain sort (with some events uncaused, or nondeterministically caused) and that this indeterminism be located in specific places (in the occurrence of decisions or other actions, or at certain earlier stages in the deliberative process). What is our evidence with regard to the satisfaction of these requirements?


It is sometimes claimed that our experience when we make decisions and act constitutes evidence that there is indeterminism of the required sort in the required place. We can distinguish two parts of this claim: one, that in deciding and acting, things appear to us to be the way that one or another libertarian account says they are, and two, that this appearance is evidence that things are in fact that way. Some (for example, Mele 1995: 135-37) deny the first part. But even if this first part is correct, the second part seems dubious. If things are to be the way they are said to be by some libertarian account, then the laws of nature — laws of physics, chemistry, and biology — must be a certain way. And it is incredible that how things seem to us in making decisions and acting gives us insight into the laws of nature. Our evidence for the required indeterminism, then, will have to come from the study of nature, from natural science.


The scientific evidence for quantum mechanics is sometimes said to show that determinism is false. Quantum theory is well confirmed. However, there is nothing approaching a consensus on how to interpret it, on what it shows us with respect to how things are in the world. Moreover, there are deterministic as well as indeterministic interpretations of the theory, and in the view of many, the evidence we have does not decisively rule out the former. Perhaps the best that can be said for libertarianism here is that, given the demise of classical mechanics and electromagnetic theory, there is no good evidence that determinism is true. (For further discussion of these issues, see Loewer 1996 and the essays by Bishop and Hodgson in this volume, chs. 4 and 5, respectively.)


The evidence is even less decisive regarding the presence of the kind of indeterminism in exactly the places required by one or another of the libertarian accounts we have considered. Unless there is a complete independence of mental events from physical events, then even for free decisions there has to be indeterminism of a specific sort at specific junctures in certain brain processes. There are some interesting speculations in the works of some libertarians about how this might be so (see Kane 1996a: 128-30 and 137-42, and the sources cited there); but our current understanding of the brain gives us no solid evidence one way or the other on this question. At best, it seems we must remain, for the time-being, agnostic.


If our beliefs on the issue are to be (as I think they should be) guided by the evidence, then we will leave the question open whether we have what is characterized by any libertarian view. We will accept, then, that perhaps we never have more than one course of action open to us at any given time and we never exercise any greater degree of active control than what can be characterized by a compatibilist account. If this is in fact so, then we have never actually possessed something that many of us thought we had, and something that we may reasonably value. Though not the end of the world, neither is that a matter of indifference.








Source: https://www.informationphilosopher.com/solutions/philosophers/clarke/
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   Roderick Chisholm studied at Harvard but was strongly opposed to behaviorist analytic philosophers like Willard van Orman Quine. His major work was titled Person and Object to draw the contrast with analytic language philosophy implicit in Quine's famous Word and Object.  
  

  Chisholm was a libertarian who distinguished "agent causation" from "event-causation" (see his Freedom and Action), which is a major distinction made by current incompatibilist philosophers. Late in life he recanted this distinction.
   
  "In earlier writings on this topic, I had contrasted agent causation with event causation and had suggested that "causation by agents" could not be reduced to "causation by events." I now believe that that suggestion was a mistake. What I had called agent causation is a subspecies of event causation. My concern in the present study is to note the specific differences by reference to which agent causation can be distinguished from other types of event causation."  
    


  In his 1964 Lindley Lecture at the University of Kansas, "Human Freedom and the Self,"  Chisholm saw free will as a metaphysical problem. He asserts that a man who performs an act is completely free and uncaused, a causa sui.
   
   The metaphysical problem of human freedom might be summarized in the following way: "Human beings are responsible agents; but this fact appears to conflict with a deterministic view of human action (the view that every event that is involved in an act is caused by some other event); and it also appears to conflict with an indeterministic view of human action (the view that the act, or some event that is essential to the act, is not caused at all)." To solve the problem, I believe, we must make somewhat far-reaching assumptions about the self of the agent — about the man who performs the act.

Perhaps it is needless to remark that, in all likelihood, it is impossible to say anything significant about this ancient problem that has not been said before. 
     



  Chisholm says the agent must be able to perform an act and also able not to perform it, he or she could have done otherwise.
   
   Let us consider some deed, or misdeed, that may be attributed to a responsible agent: one man, say, shot another. If the man was responsible for what he did, then, I would urge, what was to happen at the time of the shooting was something that was entirely up to the man himself. There was a moment at which it was true, both that he could have fired the shot and also that he could have refrained from firing it. And if this is so, then, even though he did fire it, he could have done something else instead. (He didn't find himself firing the shot "against his will," as we say.) I think we can say, more generally, then, that if a man is responsible for a certain event or a certain state of affairs (in our example, the shooting of another man), then that event or state of affairs was brought about by some act of his, and the act was something that was in his power either to perform or not to perform. 
       


  Chisholm talks about others who might control the agent's mind, by hypnosis for example, which anticipates Harry Frankfurt's mind controllers.
   
    But now, if the act which he did perform was an act that was also in his power not to perform, then it could not have been caused or determined by any event that was not itself within his power either to bring about or not to bring about. For example, if what we say he did was really something that was brought about by a second man, one who forced his hand upon the trigger, say, or who, by means of hypnosis, compelled him to perform the act, then, since the act was caused by the second man, it was nothing that was within the power of the first man to prevent. And precisely the same thing is true, I think, if instead of referring to a second man who compelled the first one, we speak instead of the desires and beliefs which the first man happens to have had. For if what we say he did was really something that was brought about by his own beliefs and desires, if these beliefs and desires in the particular situation in which he happened to have found himself caused him to do just what it was that we say he did do, then, since they caused it, he was unable to do anything other than just what he did do. It makes no difference whether the cause of the deed was internal or external: if the cause was some state or event for which the man himself was not responsible, then he was not responsible for what we have been  mistakenly calling his act. If a flood caused the poorly structured dam to break, then, given the flood and the constitution of the dam, the break, we may say, had to occur and nothing could have happened in its place. And if the flood of desire caused the weak-willed man to give in, then he, too, had to do just what it was that he did do and he was no more responsible than was the dam for the results that followed.
       


  Chisholm reprises the Determinism Objection and Randomness Objection in the standard argument against free will.
   
      the ascription of responsibility conflicts with a deterministic view of action.
Perhaps there is less need to argue that the ascription of responsibility also conflicts with an indeterministic view of action — with the view that the act, or some event that is essential to the act, is not caused at all. 


If the act — the firing of the shot — was not caused at all, if it was fortuitous or capricious, happening so to speak "out of the blue," then, presumably, no one — and nothing — was responsible for the act. Our conception of action, therefore, should be neither deterministic nor indeterministic. Is there any other possibility?
 
We must not say that every event involved in the act is caused by some other event, and we must not say that the act is something that is not caused at all. The possibility that remains, therefore, is this: We should say that at least one of the events that are involved in the act is caused, not by any other events, but by something else instead. And this something else can only be the agent — the man. 



The origin of 
"agent causation"


If there is an event that is caused, not by other events, but by the man, then there are some events involved in the act that are not caused by other events. But if the event in question is caused by the man, then it is caused and we are not committed to saying that there is something involved in the act that is not caused at all.

       


The "chance a direct cause of action" error


Parts and Wholes

 

At his presidential address to the twenty-fourth annual
meeting of the Metaphysical Society of America in 1973, Chisholm defined what he called "mereological essentialism," the idea that if some object has parts then those parts are essential, metaphysically necessary, to the particular object. Compare it to today's "mereological nihilism"  and "mereological universalism," as defined by Peter van Inwagen, in his 1990 book Material Beings.

The puzzle pertains to what I shall call the principle of mereological essentialism. 
The principle may be formulated by saying
that, for any whole x, if x has y as one of its parts then y is part of x
in every possible world in which x exists. The principle may also be
put by saying that every whole has the parts that it has necessarily,
or by saying that if y is part of x then the property of having y as one
of its parts is essential to x. If the principle is true, then if y is ever
part of x, y will be part of x as long as x exists.  
   

Parts may be essential to biological wholes in a slightly different way from inanimate objects.  Chisholm notes he could lose a hand without ceasing to be the person that he is. A statue may similarly lose a hand without representing a human figure. But some parts of organisms are vital. Their loss means a loss of life. They are vitally essential.



On Temporal Parts


Granting the existence of spatial parts, metaphysicians inspired by the special theory of relativity extend the parts notion to different parts in time. Chisholm succinctly attacks the idea of temporal parts with the observation that a thing can be at the same place for two different times, but it cannot be in two different places at the same time (pace quantum entangled particles?).

What are we to say, then, of the doctrine of "temporal parts,"
of the doctrine according to which, for every period of time during
which an individual thing exists, there is a temporal part of that thing
which is unique to that period of time? We can point out, as I have
tried to do, that it is not adequate to the experience we have of ourselves.
We can also point out that the doctrine multiplies entities
beyond necessity. And, finally, we can criticize the case for the doctrine
of temporal parts.

What is this case? It is based, presumably, upon the assumption
that whatever may be said about spatial continuity and identity may
also be said, mutatis mutandis, about temporal continuity and identity.
If this assumption is correct, then the doctrine of temporal parts would
seem to be true. We may say, as our metaphysician did: "Just as an
object that is extended through space at a given time has, for each portion
of space that it occupies, a spatial part that is unique to that
portion of space at that time, so, too, any object that persists through
a period of time has, for each subperiod of time during which it exists,
a temporal part that is unique to that subperiod of time." But is it
correct to assume that whatever may be said about spatial continuity
and identity may also be said, mutatis mutandis, about temporal 
continuity and identity? I would say that there is a fundamental disanalogy
between space and time.


The disanalogy may be suggested by saying simply: "One and the
same thing cannot be in two different places at one and the same time.
But one and the same thing can be at two different times in one and the
same place." Let us put the*point of disanalogy, however, somewhat
more precisely.



When we say "a thing cannot be in two different places at one and
the same time," we mean that it is not possible for all the parts of the
thing to be in one of the places at that one time and also to be in the
other of the places at that same time.
   


Entangles particles in quantum mechanics raise this question anew.

Persistence (Identity through Time)


Chisholm was surprised by how many metaphysicians were pursuing ancient paradoxes that have always been quibbles over words or trivial distinctions, for example insisting on the perfect identity of an object over time. Otherwise, even the slightest change would end the existence of an object. He called this "bad metaphysics."
Alteration
One of the ways in which a metaphysician can help a nonmetaphysician is to protect
him from bad metaphysics.


People are sometimes led to think that nothing persists through any period of
time and hence that all things are constantly ceasing to be and new things are constantly
coming into being to replace them. This was the view of Heraclitus who
said "You cannot step into the same river twice." (One of Heraclitus's followers,
according to Aristotle, held that things are in such constant flux that you can't even
step into the same river once.) If this view is true, then it would be incorrect to
say that you and I have existed for any period of time. The things that bore our
names at any given moment yesterday have since then ceased to be and you and
I are no more the same people as those people of yesterday than we are identical
with each other. This view is a disastrous beginning, if our aim is to understand
coming into being and passing away.


Why would anyone think that such a thing is true? Respectable philosophers
I regret to say, have accepted this view. When philosophers don't simply pick
their theories out of the air, they arrive at them in attempting to deal with philosophical
puzzles. The kind of puzzle that has led philosophers to think that everything
is in flux, in the sense in question, may be illustrated as follows.


You say to me: "I see you have a new fence in your back yard." I say: "No,
it's the same fence I've always had." You say: "But your fence is red; the fence
you used to have was white." I say: "No, it's the same fence; I painted it, that's
all." And you say: "But it couldn't be the same fence. If something A is identical
with something B, then whatever is true of A is true of B. But if today's fence
is identical with yesterday's, how can it be that the old one is red and the other
is white?"


Very great philosophers, I'm afraid, have stumbled over that one. (Some have
been led to conclude not that everything is in flux, but that things can be identical
with each other even though they don't have all their properties in common.) What
went wrong in the dialogue we have just imagined?


Consider the sentence: "Today's fence is red and yesterday's fence was white."
One trouble with it is that the dates are in the wrong place. For what we know
is not merely that there was something that was yesterday's fence and that was
white. It is rather that there is something that is a fence and that was white yesterday.
And it's not merely that there is a thing that is today's fence and is red. It's
rather that there is a fence that is red today. The fence I have now and the fence
I had yesterday have all their properties in common. I have had just one fence —
one that is red today and that was white yesterday.


If you don't see the error involved in using the expressions "today's fence" and
"yesterday's fence," perhaps this analogy will help. Consider someone who reasons
as follows: "Mr. Jones the husband is very meek and submissive. Yet Mr.
Jones the father is extremely authoritative and overbearing. But one and the same
thing can't be meek and submissive and also authoritative and overbearing. Therefore
there are two Mr. Joneses —Mr. Jones the husband and Mr. Jones the father."


Saying what went wrong in this case is like explaining a joke. But perhaps we
should risk it. It's not that Mr. Jones the husband has properties that are different
from those that Mr. Jones the father has. It's rather that Mr. Jones is such that
he is meek and submissive toward his wife and overbearing and authoritative toward
his children.


All this is to spell out, once again, what ought to be obvious. But let us keep
the moral in mind: The fact that a thing has altered in a certain way does not imply
that the thing has ceased to be and that some new thing has come into being.
   


One Case for Minds


So let us ask, then, "Why assume that there is such a thing as my mind?" This
is different from asking "Why assume that there is such a thing as me?" And it
is also different from asking "Why assume that I have various mental properties
and potentialities, such as the the ability to think or to think in such ways?" For
the assumption that / have the^e mental properties and potentialities doesn't imply
that I have a mind which has them.

Why should one suppose that there is a nonmaterial thing which is the mind?


Aristotle had argued that "that in the soul which is called mind (by mind I mean
that whereby the soul thinks and judges) . . . cannot reasonably be regarded as
blended with body." The mind, he said, must be "capable of receiving the form
of an object" but without thereby becoming that object. And this would be impossible
if the mind were itself a material thing.


Aristotle's reasoning was essentially this: (1) If you apprehend a thing — say,
a dog — then you do it by means of something which bears a certain intimate relation
to the form or nature of a dog. But (2) a material thing couldn't bear the requisite
relation to the form or nature of a dog unless the material thing were thereby
to become itself a dog. On the other hand (3) a nonmaterial thing could bear the
requisite relation without thereby becoming a dog. Hence if you and I can apprehend
dogs, and of course we can, then it is by means of a certain nonmaterial
thing which is our mind.


What are we to say of this argument? The argument requires a more specific
characterization of the relation in question—the relation that must be born to the
form or nature of a dog if one is to be able to apprehend a dog. Until we have
such an account, I think we must say that both premise (1) and premise (2) are
problematic.


Perhaps the most important consideration which may make us wonder whether
there is a nonmaterial substance which is a mind is the nature of our immediate
experience —our experience of what are sometimes called "sense-data" or "appearances."


Let us consider one twentieth-century conception of appearances, for
this was thought by many to demonstrate an irreducible dualism between mind
and body. I am referring to the view set forth by A. O. Lovejoy in his book The
Revolt Against Dualism (1930).


"No man doubts," Lovejoy wrote, "that when he brings to mind the look of
a dog he owned when a boy, there is something of a canine sort immediately present
to and therefore compresent with his consciousness, but that it is quite certainly
not that dog in the flesh" (p. 305). The thing that is there—the something
of a canine sort that is immediately before the mind—is not itself a physical object,
Lovejoy said; it is a private, psychological object, conditioned by a series
of physiological and psychological events, reaching back to the earlier dog which
it now reveals.


If the man now looks at his desk, then, according to Lovejoy, there is another
series of physiological and psychological events, this time involving the activity
of sense organs, but resulting as before in a private, psychological object—a sensation,
this time something of a desk sort, a "visible desk" which in certain
respects serves to duplicate the real, external, physical desk which it makes
known to us.


Both of these examples—the earlier dog and the external desk being presented
by an inner visual desk—provide us with the essentials of two philosophical theories,
which Lovejoy had referred to as "epistemological dualism" and "psychophysical
dualism." According to "epistemological dualism," which is a thesis
about our knowledge, we have direct or immediate knowledge only of certain private
or subjective states; some external objects, past or present, are "duplicated"
in these private or subjective states and it is in virtue of this duplication that we
know what we do about the rest of the world. Our knowledge of external things
and of past events involves a "cleavage" between the object of our knowing and
the subjective vehicle which makes that object known. And according to "psychophysical
dualism," which is a thesis about reality, the world is constituted out
of at least two fundamentally different kinds of stuff—the physical or material
things that are studied by physics, and the psychical or mental things that are objects
of our private or subjective states. When asserted in conjunction, as they
were by Lovejoy, and in the seventeenth century by Descartes and Locke, these
two forms of dualism imply that our knowledge of physical or material things is
derived from our knowledge of the mental or psychical duplicates of these things.


Our present interest is in the second of these types of dualism—psychophysical
dualism, the view that there is a set of mental or psychical entities, which are 
appearances or sense-data, and that these psychical entities are housed in a psychical 
place, known as "the mind."
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Responsibility and Avoidability


From Determinism and Freedom in the Age of Modern Science, Hook, 1958.


Edwards and Hospers hold that there is an important sense in which we may be said not to be morally responsible for any of our acts or choices. I propose the following as an explicit formulation of their reasoning:

1. If a choice is one we could not have avoided making, then it is one for which we are not morally responsible.

2. If we make a choice under conditions such that, given those conditions, it is (causally but not logically) impossible for the choice not to be made, then the choice is one we could not have avoided making.


3. Every event occurs under conditions such that, given those conditions, it is (causally but not logically) impossible for that event not to occur.


4. The making of a choice is the occurrence of an event.


5. We are not morally responsible for any of our choices.




If we wish to reject the conclusion (5) — and for most of us (5) is difficult to accept — we must reject at least one of the premises.

Premise (1), I think, may be interpreted as a logical truth. If a man is responsible for what he did, then we may say, "He could have done otherwise." And if we may say, "He couldn't help it," then he is not responsible for what he did.


Many philosophers would deny (2), substituting a weaker account of avoidability. A choice is avoidable, they might say, provided only it is such that, if the agent had reflected further, or had reflected on certain things on which in fact he did not reflect, he would not have made the choice. To say of a choice that it "could not have been avoided," in accordance with this account, would be to say that, even if the agent had reflected further, on anything you like, he would all the same have made the choice. But such conditional accounts of avoidability ("An act or choice is avoidable provided only it is such that, if the agent were to do so-and-so, the act or choice would not occur") usually have this serious defect: the antecedent clause ("if the agent were to do so-and-so") refers to some act or choice, or to the failure to perform some act or to make some choice; hence we may ask, concerning the occurrence or nonoccurrence of this act or choice, whether or not it is avoidable. Thus one who accepted (5) could say that, if the agent's failure to reflect further was itself unavoidable, his choice was also unavoidable. And no such conditional account of avoidability seems adequate to the use of "avoidable" and "unavoidable" in questions and statements such as these.



If we accept a conditional account of avoidability, we may be tempted to say, of course, that it would be a misuse of "avoidable" to ask whether the nonoccurrence of the antecedent event ("the agent does so-and-so") is avoidable. But the philosopher who accepts (5) may well insist that, since the antecedent clause refers to an act or a choice, the use of "avoidable" in question is not a misuse.



What, then, if we were to deny (3)? Suppose that some of our choices do not satisfy (3) — that when they are made they are not made under any conditions such that it is (causally) impossible (though logically possible) for them not to be made. If there are choices of this sort, then they are merely fortuitous or capricious. And if they are merely fortuitous or capricious, if they "just happen," then, I think, we may say with Blanchard that we are not morally responsible for them. Hence denying (3) is not the way to avoid (5).



We seem confronted, then, with a dilemma: either our choices have sufficient causal conditions or they do not; if they do have sufficient causal conditions they are not avoidable; if they do not, they are fortuitous or capricious; and therefore, since our choices are either unavoidable or fortuitous, we are not morally responsible for them.

There are philosophers who believe that by denying the rather strange-sounding premise (4) we can escape the dilemma. Insisting on something like "the primacy of practical reason," they would say that since we are certain that (5) is false we must construct a metaphysical theory about the self, a theory denying (4) and enabling us to reconcile (3) and the
denial of (5). I say "metaphysical" because it seems to be necessary for the theory to replace (4) by sentences using such terms as "active power," "the autonomy of the will," "prime mover," or "higher levels of causality"—terms designating something to which we apparently need not refer when expressing the conclusions of physics and the natural sciences. But I believe we cannot know whether such theories enable us to escape our dilemma. For it seems impossible to conceive what the relation is that, according to these theories, holds between the "will," "self," "mover," or "active power," on the one hand, and the bodily events this power is supposed to control, on the other—the relation between the "activities" of the self and the events described by physics.


I am dissatisfied, then, with what philosophers have proposed as alternatives to premises (1) through (4) above, but since I feel certain that (5) is false I also feel certain that at least one of the premises is false.




Here is the standard argument against free will


Agents, Causes, and Events: The Problem of Free Will


From Agents, Causes, and Events: Essays on Indeterminism and Free Will, O'Connor, Oxford, 1995.


In earlier writings on this topic, I had contrasted agent causation with event causation and had suggested that "causation by agents" could not be reduced to "causation by events." I now believe that that suggestion was a mistake. What I had called agent causation is a subspecies of event causation. My concern in the present study is to note the specific differences by reference to which agent causation can be distinguished from other types of event causation.

We cannot hope to succeed in this task unless we try to cope with the very difficult concept of causation — event causation. And this means, in turn, that we should have a clear conception of the ontological status of events and, in particular, of their relation to attributes or properties and of their relation to individual things.


We begin with the ontological question.

The Nature of States

Events are here construed as being a subspecies of states. The concept of a state is taken as undefined, but it can be clarified in several different ways.


Suppose that you are reading. Then the following entities are involved: (1) that contingent substance which is yourself; (2) that noncontingent thing, which is the property of reading; and (3) that contingent state which is you reading. It will be useful to say that you are the substrate of that state and that the property of reading is the content.


We introduce the following twofold definitional abbreviation:



D1   x is the substrate of the state y, and z is the content of the state y

= Df. y is that state which is x-exemplifying-the-property z.


We may now formulate a general principle, telling us that every state is necessarily such that it has the substrate that it has.

A1 For every x, if there exists the state, x-being-F, then x-being-F is necessarily such that it is a state of x.


From the fact that that state, which is you reading something, is necessarily such that it is a state of you, it does not follow, of course, that you are necessarily such that you are reading something.
Higher Order States and the Concept of an Event

We have assumed that, for every x there is the state x-being-F, if and only if x is F. Our assumptions imply, therefore, that there are infinitely many states. They also imply that there is an infinite hierarchy of states. The hierarchy may be illustrated this way:


(1) x-being-F

(2) (x-being-F)-being-G


(3) [ (x-being-F)-being-G]-being-H



An instance of (1) would be Jones walking. An instance of (2) would be (Jones walking) being strenuous. And an instance of (3) would be (Jones walking being strenuous) contributing causally to (Jones being tired).

We could say that a first-order state is a state that has a non-state as its substrate. Second-order states will have first-order states as their substrates. Second-order states are illustrated by those states that consist of one first-order state contributing causally to another first-order state.


In order to say what an event is, we refer to the concepts of a first-order state and of a second-order state:


D2 x is a first-order state = Df. x is a state of a substance.

D3 x is a second-order state = Df. x is a state of a first-order state.



We are now in a position to characterize the concept of an event.

D4 x is an event = Df. x is either a first-order state or a second-order state.


In some of his earlier writings on the concept of an event, Jaegwon Kim suggests a theory according to which all events would be first-order states. Such a restriction provides no place for those paradigmatic events that consist of one event contributing causally to the occurrence of another event. Examples are the striking of a match contributing causally to the burning of a piece of paper; the treatment of a patient contributing causally to the patient being cured; and the rush of the sea contributing causally to the destruction of the pier. Here we have second-order events that relate first-order events.
Events and the Concept of Causation

Causation cannot be analyzed by reference to the "constant conjunction" of events. Most investigators agree that the concept of causation is nomological. It presupposes the concept of physical necessity, a concept that is usually expressed by reference to "laws of nature."


How are we to interpret "It is a law of nature that if A occurs then B occurs"? Speaking somewhat loosely, we may say that the reference to "a law of nature" is intended to call attention to two types of necessity: that imposed "by logic" and that imposed "by nature." How, then, might one distinguish "laws of logic" from "laws of nature"?


If it is "a law of logic that if A then B," then conceivably a rational being could know a priori, just by reflection, that it must be the case that if A occurs, then B occurs. Some philosophers would say: "Every possible world is such that, if A occurs in that world, then B also occurs in that world." But rational reflection does not suffice to tell us what the laws of nature are.


It is possible that there occurs a conjunction of events A that taken together will constitute a sufficient causal condition of B without logically implying B. The states that would make up such a conjunction are "partial causes," or "contributing causes," of B. One of the most common errors to which discussions of freedom and causation are subject is that of confusing partial or contributing causes with sufficient causal conditions. The contributing causes that make up a sufficient causal condition of an event B need not themselves be sufficient causal conditions of B.


Let us consider an example.


We will define the concept of a sufficient causal condition, not by reference to a set of states or events, but by reference to those properties we have called the contents of the states or events. Thus we may have:


D5 S is a sufficient causal condition of E = Df. S is a set of properties such that the conjunction of its members does not logically imply E; and it is law of nature that, if all the members of S are exemplified by the same thing at the same time, then E will be exemplified either at that time or later.


In referring in the definition to the properties of the thing that undergoes the effect, we do not thereby exclude the properties of other things that happen to be in the environment of the thing that undergoes the effect. The piece of wood bums in part because of the presence of oxygen in the environment. But in that case one of the properties of the piece of wood is that it happens to be in an environment in which oxygen is present.

The realistic view of properties, here presupposed, implies that, for any two properties, P and Q, there is also the property, P-and-Q. It also implies that, for any two properties, there is also the property of having those two properties.


Why say that the effect of the sufficient causal conditions must be exemplified either at the same time as or later than the members of that condition? To say this is simply to say that the effect not precede its cause. The effect, in other words, will not be exemplified before the members of any sufficient causal condition of that effect are exemplified.


We next single out the concept of a minimal sufficient causal condition:


D6 C is a minimal sufficient causal condition of E = Df. C is a sufficient causal condition of E; and no subset of C is a sufficient causal condition of E.


We may speak of a "subset" of a sufficient causal condition, since such a condition, according to our previous definition, is a set of properties.

If your action is a part or member of a minimal sufficient causal condition of an event, then, clearly, the action contributes causally to that event. It is a partial cause of the event (which is not to say, of course, that it is the cause of that event).


D7 That state which is x-being-C contributes causally to that state which is y-being-E = Df. C is a member of a set S of properties that are all exemplified by x at the same time, and S is a minimal sufficient causal condition of E.


What of those situations where the effect is overdetermined? Two marksmen shoot at the victim; they are each successful and the two shots do their work at precisely the same time. Given the one shot, the other shot was not needed to bring about the effect. Both shots, therefore, would not be a part of a minimal sufficient causal condition; yet each contributed. We need not, therefore, revise the definition of a minimal sufficient causal condition.
Freedom and Indeterminism

The concept of being able to undertake is somewhat more broad than that of being free to undertake. It is only when you "could have done otherwise" that your undertaking may be said to be free.


I have not used the expression "free will," for the question of free
dom, as John Locke said, is not the question "whether the will be free"; it is the question "whether a man be free."' The question is whether the agent is free to undertake any of those things he does not undertake and whether he is free not to undertake any of those things he does undertake.


Consider the question: Is the person free to bring about what it is that he or she undertakes to bring about? This is not the question with which we have been concerned. But many would have us think that it is. Many philosophers and theologians whose views may seem unduly to curtail our freedom have tried to soften this consequence by redefining the problem of freedom. Thus Jonathan Edwards, using the the verb "to will" where I have used "to undertake," would have us think that the question is this: Is the person free to do what it is that he wills to do? This question is not difficult to deal with. We may answer it affirmatively by pointing out that on occasion people do do the things that they will to do; that is to say, they do bring about what it is that they undertake to bring about. Those who put this question are asking about what Thomas Aquinas called the actus voluntatis imperatus. They are simply asking: Do we ever bring about the things we intend to bring about? But our question might be put by asking: Are we free to will the things that we do will? Thus they have tried to bypass the more fundamental question of the freedom of the . 


Objection: "An undertaking that has no sufficient causal condition is completely arbitrary; it is simply a random event for which the agent has no responsibility at all. Hence your proposal implies that we are really not responsible for anything that we do."


From the fact that an undertaking has no sufficient causal condition, it does not at all follow that it is "completely arbitrary" or "random." Nor does it follow that the person has no responsibility for that undertaking. For even if the undertaking has no sufficient causal condition, there are several ways in which other events may contribute causally to that undertaking.


Suppose you are in the middle of a room that has many exits and you hear someone screaming "Fire!" Your hearing the scream may complete a sufficient causal condition for your undertaking to leave the room. But, so far as each particular exit is concerned, there may be no sufficient causal condition for your undertaking to leave by that exit rather than by any of the others. Suppose, then, that you undertake to leave by the exit that is north of you and that you succeed. In this case, your undertaking to leave may have a sufficient causal condition but your undertaking to leave by the northern exit may not. The latter event, although it has no sufficient causal condition, was such that the shout of "Fire!" contributed causally to it.


And there are other ways of contributing causally to an event that has no sufficient causal condition.


An automobile driver with a long trip ahead of him interrupts the trip to get something to eat. of the two available restaurants, he chooses the one that serves alcoholic beverages, not with the intention of getting a drink, but because he thinks the food is better there. He knows full well, however, that he could easily succumb to the temptation to have a drink. Suppose now that he does succumb to that temptation and endeavors to have a drink. Even if this endeavor has no sufficient causal condition, the driver's beliefs, motives, and desires contributed causally to its occurrence. And if the results of that endeavor should be still more drinks and a subsequent serious accident, then one would be completely justified in holding him responsible for that free endeavor and for everything to which it led.


If an agent's undertaking contributes causally to a certain event, then he, the agent, may also be said to contribute causally to that event. Agent causation need not be construed as an alternative to event causation; we may think of it as a subspecies of event causation. For "Agent S contributed causally to so-and-so" may be construed as: "There was a certain thing that agent S undertook and his undertaking that thing contributed causally to the occurrence of so-and-so."
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Rudolf Carnap


   Rudolf Carnap and his colleagues in the Vienna Circle added very little of lasting value to either science or philosophy with their strong ideas in the philosophy of science. They believed that both subjects were reducible to language and logic.
Ludwig Wittgenstein had set the project for the Vienna Circle in the Tractatus Logico-Philosophicus.


4.11	The totality of true propositions is the whole of natural science (or the whole corpus of the natural sciences)


In his 1928 book Der Logische Aufbau der Welt, and especially his 1934 work Logische Syntax der Sprache (published in 1937 as The Logical Syntax of Language), Carnap thought that he completed the Wittgenstein project, but with significant differences from some of Wittgenstein's views in the Tractatus. 


The logical syntax of a language is a set of formal rules. They have nothing to do with the "meaning" of the symbols (for example, the words) or the sequence of expressions (the sentences), but simply and solely to the kinds and order of the symbols from which the expressions are constructed." 


As logical empiricists or positivists, they were committed to minimal "interpretations" of "reality" itself. Their goal was a "unified science" built up from pointer readings, from physical "observables." They were inspired by the early work on relativity by Albert Einstein, who had been inspired by Ernst Mach's positivism and opposition to metaphysics.
  


   Limiting physics to observables, instead of a preconception about how reality must be, was behind Werner Heisenberg's uncertainty principle. Thus we can observe the spectral lines emitted by electrons when they jump from one orbit to another, but we cannot observe the orbiting electrons themselves.   
  

  For Carnap, a causal law was simply the fact that events are predictable. Quantum uncertainty put limits on that predictability, and some physicists spoke loosely of "the failure of the principle of causality only because it has become impossible to make predictions with any desired degree of accuracy."
  

Carnap and the End of Metaphysics
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Samuel Clarke


  Samuel Clarke was a libertarian who strongly opposed the atheistic materialism popularized by Thomas Hobbes a generation earlier, despite Clarke's enthusiasm for the deterministic physics of his close friend Isaac Newton.

Clarke defends against the charge that the final determination of the will, after consideration of the alternative possibilities, implies necessity and strict causal determinism


As to the former, viz., the necessity of the will's being determined by the last judgment of the understanding, this is only a necessity upon supposition, that is to say, a necessity that a man should will a thing, when it is supposed that he does will it; just as if one should affirm that everything which is, is therefore necessary to be, because when it is it cannot but be.


Clarke makes a fine analogy to deflect foreknowledge as a cause. Our own knowledge that something is "certain" to happen has nothing to do with making it certain.

For first, the certainty of foreknowledge does not cause the certainty of things but is itself founded on the reality of their existence... We may illustrate this in some measure by the comparison of our own knowledge. We know certainly that some things are, and when we know that they are, they cannot but be; yet it is evident our knowledge does not at all affect the things to make them more necessary or more certain. Now foreknowledge in God is the very same as knowledge. 


But Clarke seems convinced that anything that now happens was already certain to happen in the past. He does not see the importance of Aristotle's future contingency or William James' "ambiguous futures." Clarke is an actualist.

Whatever now is, it is certain that it is, and it was yesterday and from eternity as certainly true that the thing would be today as it is now certain that it is. And this certainty of event is equally the same whether it be supposed that the thing could be foreknown or not. For whatever at any time is, it was certainly true from eternity, as to the event, that that thing would be; and this certain truth of every future event would not at all have been the less though there had been no such thing as foreknowledge. Bare prescience, therefore, has no influence at all upon anything, nor contributes in the least towards the making it necessary.

A Demonstration of the Being and Attributes of God
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Tom Clark

Tom Clark is founder and director of the Center for Naturalism and developer of Naturalism.org, a leading web resource on the worldview naturalism, its implications and applications. He is also author of Encountering Naturalism: A Worldview and its Uses and many articles on naturalism, science, free will, consciousness, addiction, and criminal and social justice. 

Clark's naturalists deny that individuals have ultimate responsibility for their actions (in the sense of origination - being the self-caused authors of their actions) and assert that free will is an illusion. Nevertheless, the Center believes that individuals should be held morally responsible for their actions, and should be given appropriate rewards or sanctions, to help control behavior. So their moral responsibility position is similar to that of David Hume, and perhaps to John Martin Fischer's semicompatibilism, although Fischer is agnostic on the free will question, and Hume's free will is compatible with determinism.


We agree with Clark that retributive punishment is never justified, even if, as we believe, agents freely choose their actions. Consequentialism, the idea that some combination of punishments, re-education, and possibly even rewards can lead to changes in the agent's future behaviors that make the agent a better member of society, is far superior to the idea that negative punishment is a "just desert." 


Clark applied his theory to mitigating the blaming of an addicted person for their addiction, seeing that multiple causes beyond their control have likely been responsible. 


He recently edited and republished an early essay on compatibilism by his son Peter, The Compatibility of Free Will and Determinism. 
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Baron d'Holbach


Paul-Henri Thiry, Baron d'Holbach, was a major figure of the French Enlightenment. More importantly, he was a contemporary of British Empiricists like David Hume and Adam Smith, whose thinking was greatly influenced by the new mechanical and deterministic science of Galileo Galilei and Isaac Newton.

More than the British, and more than his fellow French philosophes Condillac, Condorcet, Diderot, d'Alembert, Helvetius, Rousseau, and Voltaire, D'Holbach embraced the hard determinism that is implicit in a world of matter governed by perfectly strict and absolute Newtonian laws of motion.


D'Holbach was an ontological materialist. He denied the existence of anything like an immaterial spirit, most notably anything supernatural, but specifically the idea of human free will. His writings are primarily a lengthy polemic against religion and the destructive consequences of belief in God and an afterlife. Where Hume's attacks on religion were published posthumously, d'Holbach's were published in his lifetime under various pseudonyms and in free-thinking Amsterdam.. 


It is not clear how many of the guests at his sumptuous salons in Paris knew that their patron had written a most powerful defense of atheism, although it seems most likely that other philosophers knew very well. Voltaire attacked him violently.


D'Holbach developed many of the arguments in use today by philosophers who call themselves naturalists. Where Hume was a "soft determinist" or "compatibilist," d'Holbach accepted most of the implications of his belief that natural causes are behind all human actions.


D'Holbach's greatest book, The System of Nature, celebrated his new understanding of the workings of Nature as the means of liberating humanity from the absurdities of religion. Many enlightenment thinkers predicted the end of belief in supernatural powers, but few were as optimistic as d'Holbach that all the end of religion needed was for man to understand Nature and treat his fellow creatures justly, fairly, kindly, and peaceably. We might call it d'Holbach's thesis:



The source of man's unhappiness is his ignorance of Nature. To remove the Cimmerian darkness, man should learn to know Nature herself, destroy delusions that can never do more than mislead us, understand that happiness is simply an emanative quality formed by reflection; that each individual ought to be the sun of
      his own system, continually shedding around him his genial rays, in
      the belief that
      happiness, the true end of man's existence, can never be attained but BY
      PROMOTING THAT OF HIS FELLOW CREATURE.



Preface to the System of Nature

The source of man's unhappiness is his ignorance of Nature. The
      pertinacity with which he clings to blind opinions imbibed in his infancy,
      which interweave themselves with his existence, the consequent prejudice
      that warps his mind, that prevents its expansion, that renders him the
      slave of fiction, appears to doom him to continual error. He resembles a
      child destitute of experience, full of ideal notions: a dangerous leaven
      mixes itself with all his knowledge: it is of necessity obscure, it is
      vacillating and false:—He takes the tone of his ideas on the
      authority of others, who are themselves in error, or else have an interest
      in deceiving him. To remove this Cimmerian darkness, these barriers to the
      improvement of his condition; to disentangle him from the clouds of error
      that envelope him; to guide him out of this Cretan labyrinth, requires the
      clue of Ariadne, with all the love she could bestow on Theseus. It exacts
      more than common exertion; it needs a most determined, a most undaunted
      courage—it is never effected but by a persevering resolution to act,
      to think for himself; to examine with rigour and impartiality the opinions
      he has adopted. He will find that the most noxious weeds have sprung up
      beside beautiful flowers; entwined themselves around their stems,
      overshadowed them with an exuberance of foliage, choaked the ground,
      enfeebled their growth, diminished their petals; dimmed the brilliancy of
      their colours; that deceived by their apparent freshness of their verdure,
      by the rapidity of their exfoliation, he has given them cultivation,
      watered them, nurtured them, when he ought to have plucked out their very
      roots. 

      Man seeks to range out of his sphere: notwithstanding the reiterated
      checks his ambitious folly experiences, he still attempts the impossible;
      strives to carry his researches beyond the visible world; and hunts out
      misery in imaginary regions. He would be a metaphysician before he has
      become a practical philosopher. He quits the contemplation of realities to
      meditate on chimeras. He neglects experience to feed on conjecture, to
      indulge in hypothesis. He dares not cultivate his reason, because from his
      earliest days he has been taught to consider it criminal. He pretends to
      know his fate in the indistinct abodes of another life, before he has
      considered of the means by which he is to render himself happy in the
      world he inhabits: in short, man disdains the study of Nature, except it
      be partially: he pursues phantoms that resemble an ignis-fatuus, which
      at once dazzle, bewilders, and affright: like the benighted traveller led
      astray by these deceptive exhalations of a swampy soil, he frequently
      quits the plain, the simple road of truth, by pursuing of which, he can
      alone ever reasonably hope to reach the goal of happiness. 

      The most important of our duties, then, is to seek means by which we may
      destroy delusions that can never do more than mislead us. The remedies for
      these evils must be sought for in Nature herself; it is only in the
      abundance of her resources, that we can rationally expect to find
      antidotes to the mischiefs brought upon us by an ill directed, by an
      overpowering enthusiasm. It is time these remedies were sought; it is time
      to look the evil boldly in the face, to examine its foundations, to
      scrutinize its superstructure: reason, with its faithful guide experience,
      must attack in their entrenchments those prejudices, to which the human
      race has but too long been the victim. For this purpose reason must be
      restored to its proper rank,—it must be rescued from the evil
      company with which it is associated. It has been too long degraded—too
      long neglected—cowardice has rendered it subservient to delirium,
      the slave to falsehood. It must no longer be held down by the massive
      claims of ignorant prejudice.
    

      Truth is invariable—it is requisite to man—it can never harm
      him—his very necessities, sooner or later, make him sensible of
      this; oblige him to acknowledge it. Let us then discover it to mortals—let
      us exhibit its charms—let us shed it effulgence over the darkened
      road; it is the only mode by which man can become disgusted with that
      disgraceful superstition which leads him into error, and which but too
      often usurps his homage by treacherously covering itself with the mask of
      truth—its lustre can wound none but those enemies to the human race
      whose power is bottomed solely on the ignorance, on the darkness in which
      they have in almost every claimed contrived to involve the mind of man.
    

      Truth speaks not to those perverse beings:—her voice can only be
      heard by generous souls accustomed to reflection, whose sensibilities make
      them lament the numberless calamities showered on the earth by political
      and religious tyranny—whose enlightened minds contemplate with
      horror the immensity, the ponderosity of that series of misfortunes which
      error has in all ages overwhelmed mankind.
    

      To error must be attributed those insupportable chains which tyrants,
      which priests have forged for most nations. To error must be equally
      attributed that abject slavery into which the people of almost every
      country have fallen. Nature designed they should pursue their happiness by
      the most perfect freedom.—To error must be attributed those
      religious terrors which, in almost every climate, have either petrified
      man with fear, or caused him to destroy himself for coarse or fanciful
      beings. To error must be attributed those inveterate hatreds, those
      barbarous persecutions, those numerous massacres, those dreadful
      tragedies, of which, under pretext of serving the interests of heaven, the
      earth has been but too frequently made the theatre. It is error
      consecrated by religious enthusiasm, which produces that ignorance, that
      uncertainty in which man ever finds himself with regard to his most
      evident duties, his clearest rights, the most demonstrable truths. In
      short, man is almost everywhere a poor degraded captive, devoid of
      greatness of soul, of reason, or of virtue, whom his inhuman gaolers have
      never permitted to see the light of day.
    

      Let us then endeavour to disperse those clouds of ignorance, those mists
      of darkness, which impede man on his journey, which obscure his progress,
      which prevent his marching through life with a firm, with a steady grip.
      Let us try to inspire him with courage—with respect for his reason—with
      an inextinguishable love for truth—with a remembrance of Gallileo—to
      the end that he may learn to know himself—to know his legitimate
      rights—that he may learn to consult his experience, and no longer be
      the dupe of an imagination led astray by authority—that he may
      renounce the prejudices of his childhood—that he may learn to found
      his morals on his nature, on his wants, on the real advantage of society—that
      he may dare to love himself—that he may learn to pursue his true
      happiness by promoting that of others—in short, that he may no
      longer occupy himself with reveries either useless or dangerous—that
      he may become a virtuous, a rational being, in which case he cannot fail
      to become happy.
    

      If he must have his chimeras, let him at least learn to permit others to
      form theirs after their own fashion; since nothing can be more immaterial
      than the manner of men's thinking on subjects not accessible to reason,
      provided those thoughts be not suffered to embody themselves into actions
      injurious to others: above all, let him be fully persuaded that it is of
      the utmost importance to the inhabitants of this world to be JUST, KIND,
      and PEACEABLE.
    

      Far from injuring the cause of virtue, an impartial examination of the
      principles of this work will shew that its object is to restore truth to
      its proper temple, to build up an altar whose foundations shall be
      consolidated by morality, reason, and justice: from this sacred pane,
      virtue guarded by truth, clothed with experience, shall shed forth her
      radiance on delighted mortals; whose homage flowing consecutively shall
      open to the world a new era, by rendering general the belief that
      happiness, the true end of man's existence, can never be attained but BY
      PROMOTING THAT OF HIS FELLOW CREATURE.
    

      In short, man should learn to know, that happiness is simply an emanative
      quality formed by reflection; that each individual ought to be the sun of
      his own system, continually shedding around him his genial rays; that
      these, re-acting, will keep his own existence constantly supplied with the
      requisite heat to enable him to put forth kindly fruit.
    

Chapter XX. Of the System of Man's Free Agency


      Those who have pretended that the soul is distinguished from the
      body, is immaterial, draws its ideas from its own peculiar source, acts by
      its own energies without the aid of any exterior object; by a consequence
      of their own system, have enfranchised it from those physical laws,
      according to which all beings of which we have a knowledge are obliged to
      act. They have believed that the foul is mistress of its own conduct, is
      able to regulate its own peculiar operations; has the faculty to determine
      its will by its own natural energy; in a word, they have pretended man is
      a free agent.
    

      It has been already sufficiently proved, that the soul is nothing more
      than the body, considered relatively to some of its functions, more
      concealed than others: it has been shewn, that this soul, even when it
      shall be supposed immaterial, is continually modified conjointly with the
      body; is submitted to all its motion; that without this it would remain
      inert and dead: that, consequently, it is subjected to the influence of
      those material, to the operation those physical causes, which give impulse
      to the body; of which the mode of existence, whether habitual or
      transitory, depends upon the material elements by which it is surrounded;
      that form its texture; that constitute its temperament; that enter into it
      by the means of the aliments; that penetrate it by their subtility; the
      faculties which are called intellectual, and those qualities which are
      styled moral, have been explained in a manner purely physical; entirely
      natural: in the last place, it has been demonstrated, that all the ideas,
      all the systems, all the affections, all the opinions, whether true or
      false, which man forms to himself, are to be attributed to his physical
      powers; are to be ascribed to his material senses. Thus man is a being
      purely physical; in whatever manner he is considered, he is connected to
      universal Nature: submitted to the necessary, to the immutable laws that
      she imposes on all the beings she contains, according to their peculiar
      essences; conformable to the respective properties with which, without
      consulting them, she endows each particular species. Man's life is a line
      that Nature commands him to describe upon the surface of the earth:
      without his ever being able to swerve from it even for an instant. He is
      born without his own consent; his organizations does in no wise depend
      upon himself; his ideas come to him involuntarily; his habits are in the
      power of those who cause him to contract them; he is unceasingly modified
      by causes, whether visible or concealed, over which he has no controul;
      give the hue to his way of thinking, and determine his manner of acting.
      He is good or bad—happy or miserable—wise or foolish—reasonable
      or irrational, without his will going for anything in these various
      states. Nevertheless, in despite of the shackles by which he is bound, it
      is pretended he is a free agent, or that independent of the causes by
      which he is moved, he determines his own will; regulates his own
      condition.
    

      However slender the foundation of this opinion, of which every thing ought
      to point out to him the error; it is current at this day for an
      incontestible truth, and believed enlightened; it is the basis or
      religion, which has been incapable of imagining how man could either merit
      reward or deserve punishment if he was not a free agent. Society has been
      believed interested in this system, because an idea has gone abroad, that
      if all the actions of man were to be contemplated as necessary, the right
      of punishing those who injure their associates would no longer exist. At
      length human vanity accommodated itself to an hypothesis which,
      unquestionable, appears to distinguish man from all other physical beings,
      by assigning to him the special privilege of a total independence of all
      other causes; but of which a very little reflection would have shewn him
      the absurdity or even the impossibility.
    

      As a part, subordinate to the great whole, man is obliged to experience
      its influence. To be a free agent it were needful that each individual was
      of greater strength than the entire of Nature; or, that he was out of this
      Nature: who, always in action herself, obliges all the beings she
      embraces, to act, and to concur to her general motion; or, as it has been
      said elsewhere, to conserve her active existence, by the motion that all
      beings produce in consequence of their particular energies, which result
      from their being submitted to fixed, eternal, and immutable laws. In order
      that man might be a free agent, it were needful that all beings should
      lose their essences; it is equally necessary that he himself should no
      longer enjoy physical sensibility; that he should neither know good nor
      evil; pleasure nor pain; but if this was the case, from that moment he
      would no longer be in a state to conserve himself, or render his existence
      happy; all beings would become indifferent to him; he would no longer have
      any choice; he would cease to know what he ought to love; what it was
      right he should fear; he would not have any acquaintance with that which
      he should seek after; or with that which it is requisite he should avoid.
      In short, man would be an unnatural being; totally incapable of acting in
      the manner we behold. It is the actual essence of man to tend to his
      well-being; to be desirous to conserve his existence; if all the motion of
      his machine springs as a necessary consequence from this primitive
      impulse; if pain warns him of that which he ought to avoid; if pleasure
      announces to him that which he should desire; if it is in his essence to
      love that which either excites delight, or, that from which he expects
      agreeable sensations; to hate that which makes him either fear contrary
      impressions; or, that which afflicts him with uneasiness; it must
      necessarily be, that he will be attracted by that which he deems
      advantageous; that his will shall be determined by those objects which he
      judges useful; that he will be repelled by those beings which he believes
      prejudicial, either to his habitual, or to his transitory mode of
      existence; by that which he considers disadvantageous. It is only by the
      aid of experience, that man acquires the faculty of understanding what he
      ought to love; of knowing what he ought to fear. Are his organs sound? his
      experience will be true: are they unsound? it will be false: in the first
      instance he will have reason, prudence, foresight; he will frequently
      foresee very remote effects; he will know, that what he sometimes
      contemplates as a good, may possibly become an evil, by its necessary or
      probable consequences: that what must be to him a transient evil, may by
      its result procure him a solid and durable good. It is thus experience
      enables him to foresee that the amputation of a limb will cause him
      painful sensation, he consequently is obliged to fear this operation, and
      he endeavours to avoid the pain; but if experience has also shewn him,
      that the transitory pain this amputation will cause him may be the means
      of saving his life; the preservation, of his existence being of necessity
      dear to him, he is obliged to submit himself to the momentary pain with a
      view to procuring a permanent good, by which it will be overbalanced.
    

      The will, as we have elsewhere said, is a modification of the brain, by
      which it is disposed to action or prepared to give play to the organs.
      This will is necessarily determined by the qualities, good or bad,
      agreeable or painful, of the object or the motive that acts upon his
      senses; or of which the idea remains with him, and is resuscitated by his
      memory. In consequence, he acts necessarily; his action is the result of
      the impulse he receives either from the motive, from the object, or from
      the idea, which has modified his brain, or disposed his will. When he does
      not act according to this impulse, it is because there comes some new
      cause, some new motive, some new idea, which modifies his brain in a
      different manner, gives him a new impulse, determines his will in another
      way; by which the action of the former impulse is suspended: thus, the
      sight of an agreeable object, or its idea, determines his will to set him
      in action to procure it; but if a new object or a new idea more powerfully
      attracts him, it gives a new direction to his will, annihilates the effect
      of the former, and prevents the action by which it was to be procured.
      This is the mode in which reflection, experience, reason, necessarily
      arrests or suspends the action of man's will; without this, he would, of
      necessity, have followed the anterior impulse which carried him towards a
      then desirable object. In all this he always acts according to necessary
      laws, from which he has no means of emancipating himself.
    

      If, when tormented with violent thirst, he figures to himself an idea, or
      really perceives a fountain, whose limpid streams might cool his feverish
      habit, is he sufficient master of himself to desire or not to desire the
      object competent to satisfy so lively a want? It will no doubt be
      conceded, that it is impossible he should not be desirous to satisfy it;
      but it will be said,—If at this moment it is announced to him, the
      water he so ardently desires is poisoned, he will, notwithstanding his
      vehement thirst, abstain from drinking it; and it has, therefore, been
      falsely concluded that he is a free agent. The fact, however, is, that the
      motive in either case is exactly the same: his own conservation. The same
      necessity that determined him to drink, before he knew the water was
      deleterious, upon this new discovery, equally determines him not to drink;
      the desire of conserving himself, either annihilates or suspends the
      former impulse; the second motive becomes stronger than the preceding;
      that is, the fear of death, or the desire of preserving himself,
      necessarily prevails over the painful sensation caused by his eagerness to
      drink. But, (it will be said) if the thirst is very parching, an
      inconsiderate man, without regarding the danger, will risque swallowing
      the water. Nothing is gained by this remark: in this case, the anterior
      impulse only regains the ascendency; he is persuaded, that life may
      possibly be longer preserved, or that he shall derive a greater good by
      drinking the poisoned water, than by enduring the torment, which, to his
      mind, threatens instant dissolution: thus, the first becomes the
      strongest, and necessarily urges him on to action. Nevertheless, in either
      case, whether he partakes of the water, or whether he does not, the two
      actions will be equally necessary; they will be the effect of that motive
      which finds itself most puissant; which consequently acts in a most
      coercive manner upon his will.
    

      This example will serve to explain the whole phaenomena of the human will.
      This will, or rather the brain, finds itself in the same situation as a
      bowl, which although it has received an impulse that drives it forward in
      a straight line, is deranged in its course, whenever a force, superior to
      the first, obliges it to change its direction. The man who drinks the
      poisoned water, appears a madman; but the actions of fools are as
      necessary as those of the most prudent individuals. The motives that
      determine the voluptuary, that actuate the debauchee to risk their health,
      are as powerful, their actions are as necessary, as those which decide the
      wise man to manage his. But, it will be insisted, the debauchee may be
      prevailed on to change his conduct; this does not imply that he is a free
      agent; but, that motives may be found sufficiently powerful to annihilate
      the effect of those that previously acted upon him; then these new motives
      determine his will to the new mode of conduct he may adopt, as necessarily
      as the former did to the old mode.
    

      Man is said to deliberate when the action of the will is suspended;
      this happens when two opposite motives act alternately upon him. To
      deliberate, is to hate and to love in succession; it is to be alternately
      attracted and repelled; it is to be moved sometimes by one motive,
      sometimes by another. Man only deliberates when he does not distinctly
      understand the quality of the objects from which he receives impulse, or
      when experience has not sufficiently apprised him of the effects, more or
      less remote, which his actions will produce. He would take the air, but
      the weather is uncertain; he deliberates in consequence; he weighs the
      various motives that urge his will to go out or to stay at home; he is at
      length determined by that motive which is most probable; this removes his
      indecision, which necessarily settles his will either to remain within or
      to go abroad: this motive is always either the immediate or ultimate
      advantage he finds or thinks he finds in the action to which he is
      persuaded.
    

      Man's will frequently fluctuates between two objects, of which either the
      presence or the ideas move him alternately: he waits until he has
      contemplated the objects or the ideas they have left in his brain; which
      solicit him to different actions; he then compares these objects or ideas:
      but even in the time of deliberation, during the comparison, pending these
      alternatives of love and hatred, which succeed each other sometimes with
      the utmost rapidity, he is not a free agent for a single instant; the good
      or the evil which he believes he finds successively in the objects, are
      the necessary motives of these momentary wills; of the rapid motion of
      desire or fear that he experiences as long as his uncertainty continues.
      From this it will be obvious, that deliberation is necessary; that
      uncertainty is necessary; that whatever part he takes, in consequence of
      this deliberation, it will always necessarily be that which he has judged,
      whether well or ill, is most probable to turn to his advantage.
    

      When the soul is assailed by two motives that act alternately upon it, or
      modify it successively, it deliberates; the brain is in a sort of
      equilibrium, accompanied with perpetual oscillations, sometimes towards
      one object, sometimes towards the other, until the most forcible carries
      the point, and thereby extricates it, from this state of suspense, in
      which consists the indecision of his will. But when the brain is
      simultaneously assailed by causes equally strong, that move it in opposite
      directions; agreeable to the general law of all bodies, when they are
      struck equally by contrary powers, it stops, it is in nisu; it is
      neither capable to will nor to act; it waits until one of the two causes
      has obtained sufficient force to overpower the other, to determine its
      will, to attract it in such a manner that it may prevail over the efforts
      of the other cause.
    

      This mechanism, so simple, so natural, suffices to demonstrate, why
      uncertainty is painful; why suspense is always a violent state for man.
      The brain, an organ so delicate, so mobile, experiences such rapid
      modifications, that it is fatigued; or when it is urged in contrary
      directions, by causes equally powerful, it suffers a kind of compression,
      that prevents the activity which is suitable to the preservation of the
      whole, which is necessary to procure what is advantageous to its
      existence. This mechanism will also explain the irregularity, the
      indecision, the inconstancy of man; and account for that conduct, which
      frequently appears an inexplicable mystery, which indeed it is, under the
      received systems. In consulting experience, it will be found that the soul
      is submitted to precisely the same physical laws as the material body. If
      the will of each individual, during a given time, was only moved by a
      single cause or passion, nothing would be more easy than to foresee his
      actions; but his heart is frequently assailed by contrary powers, by
      adverse motives, which either act on him simultaneously or in succession;
      then his brain, attracted in opposite directions, is either fatigued, or
      else tormented by a state of compression, which deprives it of activity.
      Sometimes it is in a state of incommodious inaction; sometimes it is the
      sport of the alternate shocks it undergoes. Such, no doubt, is the state
      in which man finds himself, when a lively passion solicits him to the
      commission of crime, whilst fear points out to him the danger by which it
      is attended: such, also, is the condition of him whom remorse, by the
      continued labour of his distracted soul, prevents from enjoying the
      objects he has criminally obtained.
    

      If the powers or causes, whether exterior or interior, acting on the mind
      of man, tend towards opposite points, his soul, is well as all other
      bodies, will take a mean direction between the two; in consequence of the
      violence with which his soul is urged, his condition becomes sometimes so
      painful that his existence is troublesome: he has no longer a tendency to
      his own peculiar conservation; he seeks after death, as a sanctuary
      against himself—as the only remedy to his despair: it is thus we
      behold men, miserable and discontented, voluntarily destroy themselves,
      whenever life becomes insupportable. Man is competent to cherish his
      existence, no longer than life holds out charms to him; when he is wrought
      upon by painful sensations, or drawn by contrary impulsions, his natural
      tendency is deranged, he is under the necessity to follow a new route;
      this conducts him to his end, which it even displays to him as the most
      desirable good. In this manner may be explained, the conduct of those
      melancholy beings, whose vicious temperaments, whose tortured consciences,
      whose chagrin, whose ennui, sometimes determine them to renounce
      life.
    

      The various powers, frequently very complicated, that act either
      successively or simultaneously upon the brain of man, which modify him so
      diversely in the different periods of his existence, are the true causes
      of that obscurity in morals, of that difficulty which is found, when it is
      desired to unravel the concealed springs of his enigmatical conduct. The
      heart of man is a labyrinth, only because it very rarely happens that we
      possess the necessary gift of judging it; from whence it will appear, that
      his circumstances, his indecision, his conduct, whether ridiculous, or
      unexpected, are the necessary consequences of the changes operated in him;
      are nothing but the effect of motives that successively determine his
      will; which are dependent on the frequent variations experienced by his
      machine. According to these variations, the same motives have not, always,
      the same influence over his will, the same objects no longer enjoy the
      faculty of pleasing him; his temperament has changed, either for the
      moment, or for ever. It follows as a consequence, that his taste, his
      desires, his passions, will change; there can be no kind of uniformity in
      his conduct, nor any certitude in the effects to be expected.
    

      Choice by no means proves the free-agency of man; he only deliberates when
      he does not yet know which to choose of the many objects that move him, he
      is then in an embarrassment, which does not terminate, until his will as
      decided by the greater advantage he believes be shall find in the object
      he chooses, or the action he undertakes. From whence it may be seen that
      choice is necessary, because he would not determine for an object, or for
      an action, if he did not believe that he should find in it some direct
      advantage. That man should have free-agency, it were needful that he
      should be able to will or choose without motive; or, that he could prevent
      motives coercing his will. Action always being the effect of his will once
      determined, as his will cannot be determined but by a motive, which is not
      in his own power, it follows that he is never the master of the
      determination of his own peculiar will; that consequently he never acts as
      a free agent. It has been believed that man was a free agent, because he
      had a will with the power of choosing; but attention has not been paid to
      the fact, that even his will is moved by causes independent of himself, is
      owing to that which is inherent in his own organization, or which belongs
      to the nature of the beings acting on him. Indeed, man passes a great
      portion of his life without even willing. His will attends the motive by
      which it is determined. If he was to render an exact account of every
      thing he does in the course of each day, from rising in the morning to
      lying down at night, he would find, that not one of his actions have been
      in the least voluntary; that they have been mechanical, habitual,
      determined by causes he was not able to foresee, to which he was either
      obliged to, yield, or with which he was allured to acquiesce; he would
      discover, that all the motives of his labours, of his amusements, of his
      discourses, of his thoughts, have been necessary; that they have evidently
      either seduced him or drawn him along. Is he the master of willing, not to
      withdraw his hand from the fire when he fears it will be burnt? Or has he
      the power to take away from fire the property which makes him fear it? Is
      he the master of not choosing a dish of meat which he knows to be
      agreeable, or analogous to his palate; of not preferring it to that which
      he knows to be disagreeable or dangerous? It is always according to his
      sensations, to his own peculiar experience, or to his suppositions, that
      he judges of things either well or ill; but whatever way be his judgment,
      it depends necessarily on his mode of feeling, whether habitual or
      accidental, and the qualities he finds in the causes that move him, which
      exist in despite of himself.
    

      All the causes which by his will is actuated, must act upon him in a
      manner sufficiently marked, to give him some sensation, some perception,
      some idea, whether complete or incomplete, true or false; as soon as his
      will is determined, he must have felt, either strongly or feebly; if this
      was not the case he would have determined without motive: thus, to speak
      correctly, there are no causes which are truly indifferent to the will:
      however faint the impulse he receives, whether on the part of the objects
      themselves, or on the part of their images or ideas, as soon as his will
      acts, the impulse has been competent to determine him. In consequence of a
      slight, of a feeble impulse, the will is weak, it is this weakness of the
      will that is called indifference. His brain with difficulty
      perceives the sensation, it has received; it consequently acts with less
      vigour, either to obtain or remove the object or the idea that has
      modified it. If the impulse is powerful, the will is strong, it makes him
      act vigorously, to obtain or to remove the object which appears to him
      either very agreeable or very incommodious.
    

      It has been believed man was a free agent, because it has been imagined
      that his soul could at will recall ideas, which sometimes suffice to check
      his most unruly desires. Thus, the idea of a remote evil frequently
      prevents him from enjoying a present and actual good: thus, remembrance,
      which is an almost insensible, a slight modification of his brain,
      annihilates, at each instant, the real objects that act upon his will. But
      he is not master of recalling to himself his ideas at pleasure; their
      association is independent of him; they are arranged in his brain, in
      despite of him, without his own knowledge, where they have made an
      impression more or less profound; his memory itself depends upon his
      organization; its fidelity depends upon the habitual or momentary state in
      which he finds himself; when his will is vigorously determined to some
      object or idea that excites a very lively passion in him, those objects or
      ideas that would be able to arrest his action no longer present themselves
      to his mind; in those moments his eyes are shut to the dangers that menace
      him, of which the idea ought to make him forbear; he marches forward
      headlong towards the object by whose image he is hurried on; reflection
      cannot operate upon him in any way; he sees nothing but the object of his
      desires; the salutary ideas which might be able to arrest his progress
      disappear, or else display themselves either too faintly or too late to
      prevent his acting. Such is the case with all those who, blinded by some
      strong passion, are not in a condition to recal to themselves those
      motives, of which the idea alone, in cooler moments, would be sufficient
      to deter them from proceeding; the disorder in which they are, prevents
      their judging soundly; render them incapable of foreseeing the consequence
      of their actions; precludes them from applying to their experience; from
      making use of their reason; natural operations, which suppose a justness
      in the manner of associating their ideas; but to which their brain is then
      not more competent, in consequence of the momentary delirium it suffers,
      than their hand is to write whilst they are taking violent exercise.
    

      Man's mode of thinking is necessarily determined by his manner of being;
      it must, therefore, depend on his natural organization, and the
      modification his system receives independently of his will. From this we
      are obliged to conclude, that his thoughts, his reflections, his manner of
      viewing things, of feeling, of judging, of combining ideas, is neither
      voluntary nor free. In a word, that his soul is neither mistress of the
      motion excited in it, nor of representing to itself, when wanted, those
      images or ideas that are capable of counterbalancing the impulse it
      receives. This is the reason why man, when in a passion, ceases to reason;
      at that moment reason is as impossible to be heard, as it is during an
      extacy, or in a fit of drunkenness. The wicked are never more than men who
      are either drunk or mad: if they reason, it is not until tranquillity is
      re-established in their machine; then, and not till then, the tardy ideas
      that present themselves to their mind, enable them to see the consequence
      of their actions, and give birth to ideas, that bring on them that
      trouble, which is designated shame, regret, remorse.
    

      The errors of philosophers on the free-agency of man, have arisen from
      their regarding his will as the primum mobile, the original motive
      of his actions; for want of recurring back, they have not perceived the
      multiplied, the complicated causes, which, independently of him, give
      motion to the will itself, or which dispose and modify his brain, whilst
      he himself is purely passive in the motion he receives. Is he the master
      of desiring or not desiring an object that appears desirable to him?
      Without doubt it will be answered, No: but he is the master of resisting
      his desire, if he reflects on the consequences. But, I ask, is he capable
      of reflecting on these consequences when his soul is hurried along by a
      very lively passion, which entirely depends upon his natural organization,
      and the causes by which he is modified? Is it in his power to add to these
      consequences all the weight necessary to counterbalance his desire? Is he
      the master of preventing the qualities which render an object desirable
      from residing in it? I shall be told, he ought to have learned to resist
      his passions; to contract a habit of putting a curb on his desires. I
      agree to it without any difficulty: but in reply, I again ask, Is his
      nature susceptible of this modification? Does his boiling blood, his
      unruly imagination, the igneous fluid that circulates in his veins, permit
      him to make, enable him to apply true experience in the moment when it is
      wanted? And, even when his temperament has capacitated him, has his
      education, the examples set before him, the ideas with which he has been
      inspired in early life, been suitable to make him contract this habit of
      repressing his desires? Have not all these things rather contributed to
      induce him to seek with avidity, to make him actually desire those objects
      which you say he ought to resist.
    

      The ambitious man cries out,—You will have me resist my
      passion, but have they not unceasingly repeated to me, that rank, honours,
      power, are the most desirable advantages in life? Have I not seen my
      fellow-citizens envy them—the nobles of my country sacrifice every
      thing to obtain them? In the society in which I live, am I not obliged to
      feel, that if I am deprived of these advantages, I must expect to languish
      in contempt, to cringe under the rod of oppression?
    

      The miser says,—You forbid me to love money, to seek after
      the means of acquiring it: alas! does not every thing tell me, that in
      this world money is the greatest blessing; that it is amply sufficient to
      render me happy? In the country I inhabit, do I not see all my
      fellow-citizens covetous of riches? but do I not also witness that they
      are little scrupulous in the means of obtaining wealth? As soon as they
      are enriched by the means which you censure, are they not cherished,
      considered, and respected? By what authority, then, do you object to my
      amassing treasure? what right have you to prevent my using means, which
      although you call them sordid and criminal, I see approved by the
      sovereign? Will you have me renounce my happiness?
    

      The voluptuary argues,—You pretend that I should resist my
      desires; but was I the maker of my own temperament, which unceasingly
      invites me to pleasure? You call my pleasures disgraceful; but in the
      country in which I live, do I not witness the most dissipated men enjoying
      the most distinguished rank? Do I not behold, that no one is ashamed of
      adultery but the husband it has outraged? do not I see men making trophies
      of their debaucheries, boasting of their libertinism, rewarded, with
      applause?
    

      The choleric man vociferates,—You advise me to put a curb on
      my passions; to resist the desire of avenging myself: but can I conquer my
      nature? Can I alter the received opinions of the world? Shall I not be for
      ever disgraced, infallibly dishonoured in society, if I do not wash out,
      in the blood of my fellow-creature, the injuries I have received?
    

      The zealous enthusiast exclaims,—You recommend to me
      mildness, you advise me to be tolerant, to be indulgent to the opinions of
      my fellow-men; but is not my temperament violent? Do I not ardently love
      my God? Do they not assure me that zeal is pleasing to him; that
      sanguinary inhuman persecutors have been his friends? That those who do
      not think as I do are his enemies? I wish to render myself acceptable in
      his sight, I therefore adopt the means you reprobate.
    

      In short, the actions of man are never free; they are always the necessary
      consequence of his temperament, of the received ideas, of the notions,
      either true or false, which he has formed to himself of happiness: of his
      opinions, strengthened by example, forfeited by education, consolidated by
      daily experience. So many crimes are witnessed on the earth, only because
      every thing conspires to render man vicious, to make him criminal; very
      frequently, the superstitions he has adopted, his government, his
      education, the examples set before him, irresistibly drive him on to evil:
      under these circumstances morality preaches virtue to him in vain. In
      those societies where vice is esteemed, where crime is crowned, where
      venality is constantly recompenced, where the most dreadful disorders are
      punished, only in those who are too weak to enjoy the privilege of
      committing them with impunity; the practice of virtue is considered
      nothing more than a painful sacrifice of fancied happiness. Such societies
      chastise, in the lower orders, those excesses which they respect in the
      higher ranks; and frequently have the injustice to condemn those in
      penalty of death, whom public prejudices, maintained by constant example,
      have rendered criminal.
    

      Man, then, is not a free agent in any one instant of his life; he is
      necessarily guided in each step by those advantages, whether real or
      fictitious, that he attaches to the objects by which his passions are
      roused: these passions themselves are necessary in a being who,
      unceasingly tends towards his own happiness; their energy is necessary,
      since that depends on his temperament; his temperament is necessary,
      because it depends on the physical elements which enter into his
      composition; the modification of this temperament is necessary, as it is
      the infallible result, the inevitable consequence of the impulse he
      receives from the incessant action of moral and physical beings.
    

      In despite of these proofs of the want of free-agency in man, so clear to
      unprejudiced minds, it will, perhaps, be insisted upon with no small
      feeling of triumph, that if it be proposed to any one to move or not to
      move his hand, an action in the number of those called indifferent,
      he evidently appears to be the master of choosing; from which it is
      concluded, evidence has been offered of his free-agency. The reply is,
      this example is perfectly simple; man in performing some action which he
      is resolved on doing, does not by any means prove his free-agency: the
      very desire of displaying this quality, excited by the dispute, becomes a
      necessary motive which decides his will either for the one or the other of
      these actions: what deludes him in this instance, or that which persuades
      him he is a free agent at this moment, is, that he does not discern the
      true motive which sets him in action; which is neither more nor less than
      the desire of convincing his opponent: if in the heat of the dispute he
      insists and asks, "Am I not the master of throwing myself out of the
      window?" I shall answer him, no; that whilst he preserves his reason,
      there is not even a probability that the desire of proving his
      free-agency, will become a motive sufficiently powerful, to make him
      sacrifice his life to the attempt; if, notwithstanding this, to prove he
      is a free agent, he should actually precipitate himself from the window,
      it would not be a sufficient warrantry to conclude he acted freely, but
      rather that it was the violence of his temperament which spurred him on to
      this folly. Madness is a state that depends upon the heat of the blood,
      not upon the will. A fanatic or a hero, braves death as necessarily as a
      more phlegmatic man or a coward flies from it. There is, in point of fact,
      no difference between the man who is cast out of the window by another,
      and the man who throws himself out of it, except that the impulse in the
      first instance comes immediately from without, whilst that which
      determines the fall in the second case, springs from within his own
      peculiar machine, having its more remote cause also exterior. When Mutius
      Scaevola held his hand in the fire, he was as much acting under the
      influence of necessity, caused by interior motives, that urged him to this
      strange action, as if his arm had been held by strong men; pride, despair,
      the desire of braving his enemy, a wish to astonish him, an anxiety to
      intimidate him, &c. were the invisible chains that held his hand bound
      to the fire. The love of glory, enthusiasm for their country, in like
      manner, caused Codrus and Decius to devote themselves for their fellow
      citizens. The Indian Calanus and the philosopher Peregrinus were equally
      obliged to burn themselves, by the desire of exciting the astonishment of
      the Grecian assembly.
    

      It is said that free-agency is the absence of those obstacles competent to
      oppose themselves to the actions of man, or to the exercise of his
      faculties: it is pretended that he is a free agent, whenever, making use
      of these faculties, he produces the effect he has proposed to himself. In
      reply to this reasoning, it is sufficient to consider that it in no wise
      depends upon himself to place or remove the obstacles that either
      determine or resist him; the motive that causes his action is no more in
      his own power than the obstacle that impedes him, whether this obstacle or
      motive be within his own machine or exterior of his person: he is not
      master of the thought presented to his mind which determines his will;
      this thought is excited by some cause independent of himself.
    

      To be undeceived on the system of his free-agency, man has simply to recur
      to the motive by which his will is determined, he will always find this
      motive is out of his own controul. It is said, that in consequence of an
      idea to which the mind gives birth, man acts freely if he encounters no
      obstacle. But the question is, what gives birth to this idea in his brain?
      has he the power either to prevent it from presenting itself, or from
      renewing itself in his brain? Does not this idea depend either upon
      objects that strike him exteriorly and in despite of himself, or upon
      causes that without his knowledge act within himself and modify his brain?
      Can he prevent his eyes, cast without design upon any object whatever,
      from giving him an idea of this object, from moving his brain? He is not
      more master of the obstacles; they are the necessary effects of either
      interior or exterior causes, which always act according to their given
      properties. A man insults a coward, who is necessarily irritated against
      his insulter, but his will cannot vanquish the obstacle that cowardice
      places to the object of his desire, which is, to resent the insult;
      because his natural conformation, which does not depend upon himself,
      prevents his having courage. In this case the coward is insulted in
      despite of himself, and against his will is obliged patiently to brook the
      insult he has received.
    

      The partizans of the system of free-agency appear ever to have confounded
      constraint with necessity. Man believes he acts as a free agent, every
      time he does not see any thing that places obstacles to his actions; he
      does not perceive that the motive which causes him to will is always
      necessary, is ever independent of himself. A prisoner loaded with chains
      is compelled to remain in prison, but he is not a free agent, he is not
      able to resist the desire to emancipate himself; his chains prevent him
      from acting, but they do not prevent him from willing; he would save
      himself if they would loose his fetters, but he would not save himself as
      a free agent, fear or the idea of punishment would be sufficient motives
      for his action.
    

      Man may therefore cease to be restrained, without, for that reason,
      becoming a free agent: in whatever manner he acts, he will act
      necessarily; according to motives by which he shall be determined. He may
      be compared to a heavy body, that finds itself arrested in its descent by
      any obstacle whatever: take away this obstacle, it will gravitate or
      continue to fall; but who shall say this dense body is free to fall or
      not? Is not its descent the necessary effect of its own specific gravity?
      The virtuous Socrates submitted to the laws of his country, although they
      were unjust; notwithstanding the doors of his gaol were left open to him
      he would not save himself; but in this he did not act as a free agent; the
      invisible chains of opinion, the secret love of decorum, the inward
      respect for the laws, even when they were iniquitous, the fear of
      tarnishing his glory, kept him in his prison: they were motives
      sufficiently powerful, with this enthusiast for virtue, to induce him to
      wait death with tranquillity; it was not in his power to save himself,
      because he could find no potential motive to bring him to depart, even for
      an instant, from those principles to which his mind was accustomed.
    

      Man, says he, frequently acts against his inclination, from whence he has
      falsely concluded he is a free agent; when he appears to act contrary to
      his inclination, he is determined to it by some motive sufficiently
      efficacious to vanquish this inclination. A sick man, with a view to his
      cure, arrives at conquering his repugnance to the most disgusting
      remedies: the fear of pain, the dread of death, then become necessary and
      intelligent motives; consequently, this sick man cannot be said, with
      truth, by any means, to act freely.
    

      When it is said, that man is not a free agent, it is not pretended to
      compare him to a body moved by a simple impulsive cause: he contains
      within himself causes inherent to his existence; he is moved by an
      interior organ, which has its own peculiar laws; which is itself
      necessarily determined, in consequence of ideas formed from perceptions,
      resulting from sensations, which it receives from exterior objects. As the
      mechanism of these sensations, of these perceptions, and the manner they
      engrave ideas on the brain of man, are not known to him, because he is
      unable to unravel all these motions; because he cannot perceive the chain
      of operations in his soul, or the motive-principle that acts within him,
      he supposes himself a free agent; which, literally translated, signifies
      that he moves himself by himself; that he determines himself without
      cause; when he rather ought to say, he is ignorant how or for why he acts
      in the manner he does. It is true the soul enjoys an activity peculiar to
      itself, but it is equally certain that this activity would never be
      displayed if some motive or some cause did not put it in a condition to
      exercise itself, at least it will not be pretended that the soul is able
      either to love or to hate without being moved, without knowing the
      objects, without having some idea of their qualities. Gunpowder has
      unquestionably a particular activity, but this activity will never display
      itself, unless fire be applied to it; this, however, immediately sets in
      motion.
    

      It is the great complication of motion in man, it is the variety of his
      action, it is the multiplicity of causes that move him, whether
      simultaneously or in continual succession, that persuades him he is a free
      agent: if all his motions were simple, if the causes that move him did not
      confound themselves with each other, if they were distinct, if his machine
      was less complicated, he would perceive that all his actions were
      necessary, because he would be enabled to recur instantly to the cause
      that made him act. A man who should be always obliged to go towards the
      west would always go on that side, but he would feel extremely well, that
      in so going he was not a free agent: if he had another sense, as his
      actions or his motion augmented by a sixth would be still more varied,
      much more complicated, he would believe himself still more a free agent
      than he does with his five senses.
    

      It is, then, for want of recurring to the causes that move him, for want
      of being able to analyse, from not being competent to decompose the
      complicated motion of his machine, that man believes himself a free agent;
      it is only upon his own ignorance that he founds the profound yet
      deceitful notion he has of his free-agency, that he builds those opinions
      which he brings forward as a striking proof of his pretended freedom of
      action. If, for a short time, each man was willing to examine his own
      peculiar actions, to search out their true motives, to discover their
      concatenation, he would remain convinced that the sentiment he has of his
      natural free-agency is a chimera that must speedily be destroyed by
      experience.
    

      Nevertheless, it must be acknowledged that the multiplicity, the diversity
      of the causes which continually act upon man, frequently without even his
      knowledge, render it impossible, or at least extremely difficult, for him
      to recur to the true principles of his own peculiar actions, much less the
      actions of others; they frequently depend upon causes so fugitive, so
      remote from their effects, and which, superficially examined, appear to
      have so little analogy, so slender a relation with them, that it requires
      singular sagacity to bring them into light. This is what renders the study
      of the moral man a task of such difficulty; this is the reason why his
      heart is an abyss, of which it is frequently impossible for him to fathom
      the depth. He is, then, obliged to content himself with a knowledge of the
      general and necessary laws by which the human heart is regulated; for the
      individuals of his own species these laws are pretty nearly the same, they
      vary only in consequence of the organization that is peculiar to each, and
      of the modification it undergoes; this, however, is not, cannot be
      rigorously the same in any two. It suffices to know that by his essence
      man tends to conserve himself, to render his existence happy: this
      granted, whatever may be his actions, if he recurs back to this first
      principle, to this general, this necessary tendency of his will, he never
      can be deceived with regard to his motives. Man, without doubt, for want
      of cultivating reason, being destitute of experience, frequently deceives
      himself upon the means of arriving at this end; sometimes the means he
      employs are unpleasant to his fellows, because they are prejudicial to
      their interests; or else those of which he avails himself appear
      irrational, because they remove him from the end to which he would
      approximate: but whatever may be these means, they have always necessarily
      and invariably for object, either an existing or imaginary happiness; are
      directed to preserve himself in a state analogous to his mode of
      existence, to his manner of feeling, to his way of thinking; whether
      durable or transitory. It is from having mistaken this truth, that the
      greater number of moral philosophers have made rather the romance, than
      the history of the human heart; they have attributed the actions of man to
      fictitious causes; at least they have not sought out the necessary motives
      of his conduct. Politicians and legislators have been in the same state of
      ignorance; or else impostors have found it much shorter to employ
      imaginary motive-powers, than those which really have existence: they have
      rather chosen to make man wander out of his way, to make him tremble under
      incommodious phantoms, than guide him to virtue by the direct road to
      happiness; notwithstanding the conformity of the latter with the natural
      desires of his heart. So true it is, that error can never possibly be
      useful, to the human species.
    

      However this may be, man either sees or believes he sees, much more
      distinctly, the necessary relation of effects with their causes in natural
      philosophy than in the human heart; at least he sees in the former
      sensible causes constantly produce sensible effects, ever the same, when
      the circumstances are alike. After this, he hesitates not to look upon
      physical effects as necessary, whilst he refuses to acknowledge necessity
      in the acts of the human will; these he has, without any just foundation,
      attributed to a motive-power that acts independently by its own peculiar
      energy, that is capable of modifying itself without the concurrence of
      exterior causes, and which is distinguished from all material or physical
      beings. Agriculture is founded upon the assurance afforded by
      experience, that the earth, cultivated and sown in a certain manner, when
      it has otherwise the requisite qualities, will furnish grain, fruit, and
      flowers, either necessary for subsistence or pleasing to the senses. If
      things were considered without prejudice, it would be perceived, that in
      morals education is nothing more than the agriculture of the mind;
      that like the earth, by reason of its natural disposition, of the culture
      bestowed upon it, of the seeds with which it is sown, of the seasons, more
      or less favorable, that conduct it to maturity, we may be assured that the
      soul will produce either virtue or vice; moral fruit that will be
      either salubrious for man or baneful to society. Morals is the
      science of the relations that subsist between the minds, the wills, and
      the actions of men; in the same manner that geometry is the science
      of the relations that are found between bodies. Morals would be a chimera,
      it would have no certain principles, if it was not founded upon the
      knowledge of the motives which must necessarily have an influence upon the
      human will, and which must necessarily determine the actions of human
      beings.
    

      If in the moral as well as in the physical world, a cause of which the
      action is not interrupted be necessarily followed by a given effect, it
      flows consecutively that a reasonable education, grafted upon
      truth, founded upon wise laws,—that honest principles instilled
      during youth, virtuous examples continually held forth, esteem attached
      solely to merit, recompense awarded to none but good actions, contempt
      regularly visiting vice, shame following falsehood as its shadow, rigorous
      chastisements applied without distinction to crime, are causes that would
      necessarily act on the will of man; that would determine the greater
      number of his species to exhibit virtue, to love it for its own sake, to
      seek after it as the most desirable good, as the surest road to the
      happiness he so ardently desires. But if, on the contrary, superstition,
      politics, example, public opinion, all labour to countenance wickedness,
      to train man viciously; if, instead of fanning his virtues, they stifle
      good principles; if, instead of directing his studies to his advantage,
      they render his education either useless or unprofitable; if this
      education itself, instead of grounding him in virtue, only inoculates him
      with vice; if, instead of inculcating reason, it imbues him with
      prejudice; if, instead of making him enamoured of truth, it furnishes him
      with false notions; if, instead of storing his mind with just ideas drawn
      from experience, it fills him with dangerous opinions; if, instead of
      fostering mildness and forbearance, it kindles in his breast only those
      passions which are incommodious to himself and hurtful to others; it must
      be of necessity, that the will of the greater number shall determine them
      to evil; shall render them unworthy, make them baneful to society. Many
      authors have acknowledged the importance of a good education, that youth
      was the season to feed the human heart with wholesome diet; but they have
      not felt, that a good education is incompatible, nay, impossible, with the
      superstition of man, since this commences with giving his mind a false
      bias: that it is equally inconsistent with arbitrary government, because
      this always dreads lest he should become enlightened, and is ever sedulous
      to render him servile, mean, contemptible, and cringing; that it is
      incongruous with laws that are not founded in equity, that are frequently
      bottomed on injustice; that it cannot obtain with those received customs
      that are opposed to good sense; that it cannot exist whilst public opinion
      is unfavourable to virtue; above all, that it is absurd to expect it from
      incapable instructors, from masters with weak minds, who have only the
      ability to infuse into their scholars those false ideas with which they
      are themselves infected. Here, without doubt, is the real source from
      whence springs that universal corruption, that wide-spreading depravity,
      of which moralists, with great justice, so loudly complain; without,
      however, pointing out those causes of the evil, which are true as they are
      necessary: instead of this, they search for it in human nature, say it is
      corrupt, blame man for loving himself, and for seeking after his own
      happiness, insist that he must have supernatural assistance, some
      marvellous interference, to enable him to become good: this is a very
      prejudicial doctrine for him, it is directly subversive of his true
      happiness; by teaching him to hold himself in contempt, it tends
      necessarily to discourage him; it either makes him sluggish, or drives him
      to despair whilst waiting for this grace: is it not easy to be perceived,
      that he would always have it if he was well educated; if he was honestly
      governed? There cannot well exist a wilder or a stranger system of morals,
      than that of the theologians who attribute all moral evil to an original
      sin, and all moral good to the pardon of it. It ought not to excite
      surprise if such a system is of no efficacy; what can reasonably be the
      result of such an hypothesis? Yet, notwithstanding the supposed, the
      boasted free-agency of man, it is insisted that nothing less than the
      Author of Nature himself is necessary to destroy the wicked desires of his
      heart: but, alas! no power whatever is found sufficiently efficacious to
      resist those unhappy propensities, which, under the fatal constitution of
      things, the most vigorous motives, as before observed, are continually
      infusing into the will of man; no agency seems competent to turn the
      course of that unhappy direction these are perpetually giving to the
      stream of his natural passions. He is, indeed, incessantly exhorted to
      resist these passions, to stifle them, and to root them out of his heart;
      but is it not evident they are necessary to his welfare? Can it not be
      perceived they are inherent in his nature? Does not experience prove them
      to be useful to his conservation, since they have for object, only to
      avoid that which may be injurious to him; to procure that which may be
      advantageous to his mode of existence? In short, is it not easy to be
      seen, that these passions, well directed, that is to say, carried towards
      objects that are truly useful, that are really interesting to himself,
      which embrace the happiness of others, would necessarily contribute to the
      substantial, to the permanent well-being of society? Theologians
      themselves have felt, they have acknowledged the necessity of the
      passions: many of the fathers of the church have broached this doctrine;
      among the rest Father Senault has written a book expressly on the subject:
      the passions of man are like fire, at once necessary to the wants of life,
      suitable to ameliorate the condition of humanity, and equally capable of
      producing the most terrible ravages, the most frightful devastation.
    

      Every thing becomes an impulse to the will; a single word frequently
      suffices to modify a man for the whole course of his life, to decide for
      ever his propensities; an infant who has burned his finger by having
      approached it too near the flame of a lighted taper, is warned from
      thence, that he ought to abstain from indulging a similar temptation; a
      man, once punished and despised for having committed a dishonest action,
      is not often tempted to continue so unfavourable a course. Under whatever
      point of man is considered, he never acts but after the impulse given to
      his will, whether it be by the will of others, or by more perceptible
      physical causes. The particular organization decides the nature of the
      impulse; souls act upon souls that are analogous; inflamed, fiery
      imaginations, act with facility upon strong passions; upon imaginations
      easy to be inflamed, the surprising progress of enthusiasm; the hereditary
      propagation of superstition; the transmission of religious errors from
      race to race, the excessive ardour with which man seizes on the
      marvellous, are effects as necessary as those which result from the action
      and re-action of bodies.
    

      In despite of the gratuitous ideas which man has formed to himself on his
      pretended free-agency; in defiance of the illusions of this suppose
      intimate sense, which, contrary to his experience, persuades him that he
      is master of his will,—all his institutions are really founded upon
      necessity: on this, as on a variety of other occasions, practice throws
      aside speculation. Indeed, if it was not believed that certain motives
      embraced the power requisite to determine the will of man, to arrest the
      progress of his passions, to direct them towards an end, to modify him; of
      what use would be the faculty of speech? What benefit could arise from
      education itself? What does education achieve, save give the first impulse
      to the human will, make man contract habits, oblige him to persist in
      them, furnish him with motives, whether true or false, to act after a
      given manner? When the father either menaces his son with punishment, or
      promises him a reward, is he not convinced these things will act upon his
      will? What does legislation attempt, except it be to present to the
      citizens of a state those motives which are supposed necessary to
      determine them to perform some actions that are considered worthy; to
      abstain from committing others that are looked upon as unworthy? What is
      the object of morals, if it be not to shew man that his interest exacts he
      should suppress the momentary ebullition of his passions, with a view to
      promote a more certain happiness, a more lasting well-being, than can
      possibly result from the gratification of his transitory desires? Does not
      the religion of all countries suppose the human race, together with the
      entire of Nature, submitted to the irresistible will of a necessary being,
      who regulates their condition after the eternal laws of immutable wisdom?
      Is not God the absolute master of their destiny? Is it not this divine
      being who chooses and rejects? The anathemas fulminated by religion, the
      promises it holds forth, are they not founded upon the idea of the effects
      they will necessarily produce upon mankind? Is not man brought into
      existence without his own knowledge? Is he not obliged to play a part
      against his will? Does not either his happiness or his misery depend on
      the part he plays?
    

      All religion has been evidently founded upon Fatalism. Among the
      Greeks they supposed men were punished for their necessary faults, as may
      be seen in Orestes, in Oedipus, &c. who only committed crimes
      predicted by the oracles. It is rather singular that the theological
      defenders of the doctrine of free-agency, which they endeavour to
      oppose to that of predestination,—which according to them is
      irreconcileable with Christianity, inasmuch as it is a false and
      dangerous system,—should not have been aware that the doctrines of
      the fall of angels, original sin, the small number of the elect, the
      system of grace, &c. were most incontestibly supporting, by the
      most cogent arguments, a true system of fatalism.
    
Education, then, is only necessity shewn to children: legislation
      is necessity shewn to the members of the body politic: morals is
      the necessity of the relations subsisting between men, shewn to reasonable
      beings: in short, man grants necessity in every thing for which he
      believes he has certain, unerring experience: that of which he does not
      comprehend the necessary connection of causes with their effects he styles
      probability: he would not act as he does, if he was not convinced,
      or, at least, if he did not presume he was, that certain effects will
      necessarily follow his actions. The moralist preaches reason,
      because he believes it necessary to man: the philosopher writes,
      because he believes truth must, sooner or later, prevail over falsehood:
      tyrants and fanatical priests necessarily hate truth,
      despise reason, because they believe them prejudicial to their interests:
      the sovereign, who strives to terrify crime by the severity of his
      laws, but who nevertheless, from motives of state policy sometimes renders
      it useful and even necessary to his purposes, presumes the motives he
      employs will be sufficient to keep his subjects within bounds. All reckon
      equally upon the power or upon the necessity of the motives they make use
      of; each individual flatters himself, either with or without reason, that
      these motives will have an influence on the conduct of mankind. The
      education of man is commonly so defective, so inefficacious, so little
      calculated to promote the end he has in view, because it is regulated by
      prejudice: even when this education is good, it is but too often speedily
      counteracted, by almost every thing that takes place in society.
      Legislation and politics are very frequently iniquitous, and serve no
      better purpose than to kindle passions in the bosom of man, which once set
      afloat, they are no longer competent to restrain. The great art of the
      moralist should be, to point out to man, to convince those who are
      entrusted with the sacred office of regulating his will, that their
      interests are identified; that their reciprocal happiness depends upon the
      harmony of their passions; that the safety, the power, the duration of
      empires, necessarily depend on the good sense diffused among the
      individual members; on the truth of the notions inculcated in the mind of
      the citizens, on the moral goodness that is sown in their hearts, on the
      virtues that are cultivated in their breasts; religion should not be
      admissible, unless it truly fortified, unless it really strengthened these
      motives. But in the miserable state into which error has plunged a
      considerable portion of the human species, man, for the most part, is
      seduced to be wicked: he injures his fellow-creature as a matter of
      conscience, because the strongest motives are held out to him to be
      persecuting; because his institutions invite him to the commission of
      evil, under the lure of promoting his own immediate happiness. In most
      countries superstition renders him a useless being, makes him an abject
      slave, causes him to tremble under its terrors, or else turns him into a
      furious fanatic, who is at once cruel, intolerant, and inhuman: in a great
      number of states arbitrary power crushes him, obliges him to become a
      cringing sycophant, renders him completely vicious: in those despotic
      states the law rarely visits crime with punishment, except in those who
      are too feeble to oppose its course? or when it has become incapable of
      restraining the violent excesses to which a bad government gives birth. In
      short, rational education is neglected; a prudent culture of the human
      mind is despised; it depends, but too frequently, upon bigotted,
      superstitious priests, who are interested in deceiving man, and who are
      sometimes impostors; or else upon parents or masters without
      understanding, who are devoid of morals, who impress on the ductile mind
      of their scholars those vices with which they are themselves tormented;
      who transmit to them the false opinions, which they believe they have an
      interest in making them adopt.
    

      All this proves the necessity of falling back to man's original errors,
      and recurring to the primitive source of his wanderings, if it be
      seriously intended to furnish him with suitable remedies for such enormous
      maladies: it is useless to dream of correcting his mistakes, of curing him
      of his depravity, until the true causes that move his will are unravelled;
      until more real, more beneficial, more certain motives are substituted for
      those which are found so inefficacious; which prove so dangerous both to
      society and to himself. It is for those who guide the human will, who
      regulate the condition of nations, who hold the real happiness of man in
      their grasp, to seek after these motives,—with which reason will
      readily furnish them—which experience will enable them to apply with
      success: even a good book, by touching the heart of a great prince, may
      become a very powerful cause that shall necessarily have an influence over
      the conduct of a whole people, and decide upon the felicity of a portion
      of the human race.
    

      From all that has been advanced in this chapter, it results, that in no
      one moment of his existence man is a free agent: he is not the architect
      of his own conformation; this he holds from Nature, he has no controul
      over his own ideas, or over the modification of his brain; these are due
      to causes, that, in despite of him, very frequently without his own
      knowledge, unceasingly act upon him; he is not the master of not loving
      that which he finds amiable; of not coveting that which appears to him
      desirable; he is not capable of refusing to deliberate, when he is
      uncertain of the effects certain objects will produce upon him; he cannot
      avoid choosing that which he believes will be most advantageous to him: in
      the moment when his will is determined by his choice, he is not competent
      to act otherwise than he does: in what instance, then, is he the master of
      his own actions? In what moment is he a free agent?
    

      That which a man is about to do is always a consequence of that which he
      has been—of that which he is—of that which he has done up to
      the moment of the action: his total and actual existence, considered under
      all its possible circumstances, contains the sum of all the motives to the
      action he is about to commit; this is a principle, the truth of which no
      thinking, being will be able to refuse accrediting: his life is a series
      of necessary moments; his conduct, whether good or bad, virtuous or
      vicious, useful or prejudicial, either to himself or to others, is a
      concatenation of action, a chain of causes and effects, as necessary as
      all the moments of his existence. To live, is to exist in a
      necessary mode during the points of its duration, which succeed each other
      necessarily: to will, is to acquiesce or not in remaining such as
      he is: to be free, is to yield to the necessary motives that he
      carries within himself.
    

      If he understood the play of his organs, if he was able to recal to
      himself all the impulsions they have received, all the modifications they
      have undergone, all the effects they have produced, he would perceive,
      that all his actions are submitted to that fatality which regulates
      his own particular system, as it does the entire system of the universe:
      no one effect in him, any more than in Nature, produce itself by chance;
      this, as has been before proved, is a word void of sense. All that passes
      in him, all that is done by him, as well as all that happens in Nature, or
      that is attributed to her, is derived from necessary laws, which produce
      necessary effects; from whence necessarily flow others.
    
Fatality is the eternal, the immutable, the necessary order
      established in Nature, or the indispensible connection of causes that act
      with the effects they operate. Conforming to this order, heavy bodies
      fall, light bodies rise; that which is analogous in matter, reciprocally
      attracts; that which is heterogeneous, mutually repels; man congregates
      himself in society, modifies each his fellow, becomes either virtuous or
      wicked; either contributes to his mutual happiness, or reciprocates his
      misery; either loves his neighbour, or hates his companion necessarily;
      according to the manner in which the one acts upon the other. From whence
      it may be seen, that the same necessity which regulates the physical, also
      regulates the moral world: in which every thing is in consequence
      submitted to fatality. Man, in running over, frequently without his own
      knowledge, often in despite of himself, the route which Nature has marked
      out for him, resembles a swimmer who is obliged to follow the current that
      carries him along; he believes himself a free agent, because he sometimes
      consents, sometimes does not consent, to glide with the stream; which,
      notwithstanding, always hurries him forward; he believes himself the
      master of his condition, because he is obliged to use his arms under the
      fear of sinking.
    

      The false ideas he has formed to himself upon free-agency, are in general
      thus founded: there are certain events which he judges necessary;
      either because he sees they are effects that are constantly, are
      invariably linked to certain causes, which nothing seems to prevent; or
      because he believes he has discovered the chain of causes and effects that
      is put in play to produce those events: whilst he contemplates as contingent,
      other events, of whose causes he is ignorant; the concatenation of which
      he does not perceive; with whose mode of acting he is unacquainted: but in
      Nature, where every thing is connected by one common bond, there exists no
      effect without a cause. In the moral as well as in the physical world,
      every thing that happens is a necessary consequence of causes, either
      visible or concealed; which are, of necessity, obliged to act after their
      peculiar essences. In man, free-agency is nothing more than necessity
      contained within himself.
    



Preface to Common Sense (Good Sense, without God)


When we examine the opinions of men, we find that nothing is more
      uncommon, than common sense; or, in other words, they lack judgment to
      discover plain truths, or to reject absurdities, and palpable
      contradictions. We have an example of this in Theology, a system revered
      in all countries by a great number of men; an object regarded by them as
      most important, and indispensable to happiness. An examination of the
      principles upon which this pretended system is founded, forces us to
      acknowledge, that these principles are only suppositions, imagined by
      ignorance, propagated by enthusiasm or knavery, adopted by timid
      credulity, preserved by custom which never reasons, and revered solely
      because not understood.
    

      In a word, whoever uses common sense upon religious opinions, and will
      bestow on this inquiry the attention that is commonly given to most
      subjects, will easily perceive that Religion is a mere castle in the air.
      Theology is ignorance of natural causes; a tissue of fallacies and
      contradictions. In every country, it presents romances void of
      probability, the hero of which is composed of impossible qualities. His
      name, exciting fear in all minds, is only a vague word, to which, men
      affix ideas or qualities, which are either contradicted by facts, or
      inconsistent.
    

      Notions of this being, or rather, the word by which he is
      designated, would be a matter of indifference, if it did not cause
      innumerable ravages in the world. But men, prepossessed with the opinion
      that this phantom is a reality of the greatest interest, instead of
      concluding wisely from its incomprehensibility, that they are not bound to
      regard it, infer on the contrary, that they must contemplate it, without
      ceasing, and never lose sight of it. Their invincible ignorance, upon this
      subject, irritates their curiosity; instead of putting them upon guard
      against their imagination, this ignorance renders them decisive, dogmatic,
      imperious, and even exasperates them against all, who oppose doubts to the
      reveries which they have begotten.
    

      What perplexity arises, when it is required to solve an insolvable
      problem; unceasing meditation upon an object, impossible to understand,
      but in which however he thinks himself much concerned, cannot but excite
      man, and produce a fever in his brain. Let interest, vanity, and ambition,
      co-operate ever so little with this unfortunate turn of mind, and society
      must necessarily be disturbed. This is the reason that so many nations
      have often been the scene of extravagances of senseless visionaries, who,
      believing their empty speculations to be eternal truths, and publishing
      them as such, have kindled the zeal of princes and their subjects, and
      made them take up arms for opinions, represented to them as essential to
      the glory of the Deity. In all parts of our globe, fanatics have cut each
      other's throats, publicly burnt each other, committed without a scruple
      and even as a duty, the greatest crimes, and shed torrents of blood. For
      what? To strengthen, support, or propagate the impertinent conjectures of
      some enthusiasts, or to give validity to the cheats of impostors, in the
      name of a being, who exists only in their imagination, and who has made
      himself known only by the ravages, disputes, and follies, he has caused.
    

      Savage and furious nations, perpetually at war, adore, under divers names,
      some God, conformable to their ideas, that is to say, cruel, carnivorous,
      selfish, blood-thirsty. We find, in all the religions, "a God of armies,"
      a "jealous God," an "avenging God," a "destroying God," a "God," who is
      pleased with carnage, and whom his worshippers consider it a duty to
      serve. Lambs, bulls, children, men, and women, are sacrificed to him.
      Zealous servants of this barbarous God think themselves obliged even to
      offer up themselves as a sacrifice to him. Madmen may everywhere be seen,
      who, after meditating upon their terrible God, imagine that to please him
      they must inflict on themselves, the most exquisite torments. The gloomy
      ideas formed of the deity, far from consoling them, have every where
      disquieted their minds, and prejudiced follies destructive to happiness.
    

      How could the human mind progress, while tormented with frightful
      phantoms, and guided by men, interested in perpetuating its ignorance and
      fears? Man has been forced to vegetate in his primitive stupidity: he has
      been taught stories about invisible powers upon whom his happiness was
      supposed to depend. Occupied solely by his fears, and by unintelligible
      reveries, he has always been at the mercy of priests, who have reserved to
      themselves the right of thinking for him, and of directing his actions.
    

      Thus, man has remained a slave without courage, fearing to reason, and
      unable to extricate himself from the labyrinth, in which he has been
      wandering. He believes himself forced under the yoke of his gods, known to
      him only by the fabulous accounts given by his ministers, who, after
      binding each unhappy mortal in the chains of prejudice, remain his
      masters, or else abandon him defenceless to the absolute power of tyrants,
      no less terrible than the gods, of whom they are the representatives.
    

      Oppressed by the double yoke of spiritual and temporal power, it has been
      impossible for the people to be happy. Religion became sacred, and men
      have had no other Morality, than what their legislators and priests
      brought from the unknown regions of heaven. The human mind, confused by
      theological opinions, ceased to know its own powers, mistrusted
      experience, feared truth and disdained reason, in order to follow
      authority. Man has been a mere machine in the hands of tyrants and
      priests. Always treated as a slave, man has contracted the vices of
      slavery.
    

      Such are the true causes of the corruption of morals. Ignorance and
      servitude are calculated to make men wicked and unhappy. Knowledge,
      Reason, and Liberty, can alone reform and make men happier. But every
      thing conspires to blind them, and to confirm their errors. Priests cheat
      them, tyrants corrupt and enslave them. Tyranny ever was, and ever will
      be, the true cause of man's depravity, and also of his calamities. Almost
      always fascinated by religious fiction, poor mortals turn not their eyes
      to the natural and obvious causes of their misery; but attribute their
      vices to the imperfection of their natures, and their unhappiness to the
      anger of the gods. They offer to heaven vows, sacrifices, and presents, to
      obtain the end of sufferings, which in reality, are attributable only to
      the negligence, ignorance, and perversity of their guides, to the folly of
      their customs, and above all, to the general want of knowledge. Let men's
      minds be filled with true ideas; let their reason be cultivated; and there
      will be no need of opposing to the passions, such a feeble barrier, as the
      fear of gods. Men will be good, when they are well instructed; and when
      they are despised for evil, or justly rewarded for good, which they do to
      their fellow citizens.
    

      In vain should we attempt to cure men of their vices, unless we begin by
      curing them of their prejudices. It is only by showing them the truth,
      that they will perceive their true interests, and the real motives that
      ought to incline them to do good. Instructors have long enough fixed men's
      eyes upon heaven; let them now turn them upon earth. An incomprehensible
      theology, ridiculous fables, impenetrable mysteries, puerile ceremonies,
      are to be no longer endured. Let the human mind apply itself to what is
      natural, to intelligible objects, truth, and useful knowledge.
    

      Does it not suffice to annihilate religious prejudice, to shew, that what
      is inconceivable to man, cannot be good for him? Does it require any
      thing, but plain common sense, to perceive, that a being, incompatible
      with the most evident notions—that a cause continually opposed to
      the effects which we attribute to it—that a being, of whom we can
      say nothing, without falling into contradiction—that a being, who,
      far from explaining the enigmas of the universe, only makes them more
      inexplicable—that a being, whom for so many ages men have vainly
      addressed to obtain their happiness, and the end of sufferings—does
      it require, I say, any thing but plain, common sense, to perceive—that
      the idea of such a being is an idea without model, and that he himself is
      merely a phantom of the imagination? Is any thing necessary but common
      sense to perceive, at least, that it is folly and madness for men to hate
      and damn one another about unintelligible opinions concerning a being of
      this kind? In short, does not every thing prove, that Morality and Virtue
      are totally incompatible with the notions of a God, whom his ministers and
      interpreters have described, in every country, as the most capricious,
      unjust, and cruel of tyrants, whose pretended will, however, must serve as
      law and rule the inhabitants of the earth?
    

      To discover the true principles of Morality, men have no need of theology,
      of revelation, or of gods: They have need only of common sense. They have
      only to commune with themselves, to reflect upon their own nature, to
      consider the objects of society, and of the individuals, who compose it;
      and they will easily perceive, that virtue is advantageous, and vice
      disadvantageous to themselves. Let us persuade men to be just, beneficent,
      moderate, sociable; not because such conduct is demanded by the gods, but,
      because it is pleasant to men. Let us advise them to abstain from vice and
      crime; not because they will be punished in another world, but because
      they will suffer for it in this.—These are, says Montesquieu,
      means to prevent crimes—these are punishments; these reform
      manners—these are good examples.

      The way of truth is straight; that of imposture is crooked and dark.
      Truth, ever necessary to man, must necessarily be felt by all upright
      minds; the lessons of reason are to be followed by all honest men. Men are
      unhappy, only because they are ignorant; they are ignorant, only because
      every thing conspires to prevent their being enlightened; they are wicked
      only because their reason is not sufficiently developed.
    

      By what fatality then, have the first founders of all sects given to their
      gods ferocious characters, at which nature revolts? Can we imagine a
      conduct more abominable, than that which Moses tells us his God showed
      towards the Egyptians, where that assassin proceeds boldly to declare, in
      the name and by the order of his God, that Egypt shall be afflicted
      with the greatest calamities, that can happen to man? Of all the different
      ideas, which they give us of a supreme being, of a God, creator and
      preserver of mankind, there are none more horrible, than those of the
      impostors, who represented themselves as inspired by a divine spirit, and
      "Thus saith the Lord."
    

      Why, O theologians! do you presume to inquire into the impenetrable
      mysteries of a being, whom you consider inconceivable to the human mind?
      You are the blasphemers, when you imagine that a being, perfect according
      to you, could be guilty of such cruelty towards creatures whom he has made
      out of nothing. Confess, your ignorance of a creating God; and cease
      meddling with mysteries, which are repugnant to Common Sense.
    


Major Works

The System of Nature
Good Sense without God
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Brendan Graham Dempsey is a writer and poet with a BA degree in religious studies from the University of Vermont.

He directs the Sky Meadow Institute, a 115-acre organic homestead and retreat center in Stannard, Vermont


Dempsey says his "work focuses on the meaning crisis and the reconstruction of spirituality after postmodernism" and that he is  "interested in how we might co-create new conceptions of the sacred that can help us heal our world"...


He coined the term "Metamodernism" to define what comes after Postmodernism. There are semi-annual Metamodern Spirituality Labs, defined as "Explorations into new forms of meaning and spirituality in metamodernity."


He publishes the Metamodern Spirituality Series, currently six volumes, with titles like "Metamodernism
and the Return of Transcendence" (volume 1)  and "Emergentism: A Religion of Complexity for the Metamodern World" (volume 6), which sees the emergence of a new God...


The new sciences of complexity have completely revolutionized our understanding of the universe as well as our place in it. At a time when nihilism and meaninglessness are affecting more people than ever, the new cosmic story of complexification comes as a genuine revelation. Evolution, we now know, is not some senseless meandering, but part of an ever-deepening learning process by which the universe is waking up to itself. And, as highly complex, conscious beings, we have a unique role to play in this cosmic drama.

Addressing the meaning crisis head-on, this book synthesizes such insights and explains their profound implications for spirituality and human purpose. Applying a ‘civilizational design’ lens to this endeavor, it boldly presents these ideas in terms of a new religion for our time. Emergentism is the complexity-informed, sincerely ironic, co-created religion for a metamodern moment poised between breakdown and breakthrough. In a time between worlds, at the edge of chaos, the conditions are ripe for a new God to emerge. 



In his 2022 book, A Universal Learning ProcessThe Evolution of Meaning), he writes...

Sky Meadow Institute was founded in 2023 as an organization dedicated to advancing systems-based thinking about the things that matter most. That’s a succinct, tidy way to try and express a whole bunch of interrelated concerns and efforts. So, what does it really mean? And how does a phrase like that try to tie together content as seemingly disparate as permaculture, psycho-social development, big history, metamodernism, and holistic well-being—topics core to the Institute’s vision? 

Systems are dynamic networks that unite many components into an integrated whole—one with new capacities and capabilities. Many elements working together can produce new powers and outcomes that transcend the mere sum of their parts. That’s synergy; that’s emergence—when increasingly complex, energy-unlocking configurations somehow allow for novel forms of depth, strength, vitality, and flourishing. 


​But if words like “system” and “complexity” sound too cold and mechanical, just replace them with something more organic. Think generative relationships and relationality, the context-sensitive, the holistic. That’s what Nature is all about, after all. The web of life, interconnection, symbiosis, Gaia. The word “complexity” just means “to weave together,” and that’s what the tapestry of existence ultimately is: an ever more intricate embroidery revealing an ever more refined image of an ever-evolving cosmos. 


Forging more intricate relationships is what the Universe does—and keeps doing, since out of those relationships come new entities with entirely new abilities which in turn create the possibility for even more novel relationships to cohere, and so on. So quarks relate to form atoms, atoms relate to form molecules, molecules relate to form cells, etc., all the way up to complex, conscious, caring human beings, who themselves relate to one another to form a vast global society rapidly coming to increasing knowledge of the cosmos. Every “thing,” then, is really a process: a dynamic relational event unfolding in relation to all other dynamic relational events. That’s what the Universe is. That’s what you are—a mind-blowing moment at the edge of this 14-billion-year process of cosmic complexification and evolution, headed for still greater complexity…



Dempsey introduces new language to describe his mission, especially metamodern, to go beyond modern and postmodern...


Today, we need a worldview of complexity if we’re to see civilization, if not life itself, to the end of the 21st century and beyond. Such a worldview sees in the complexification process itself a spiritually profound narrative. Moving beyond modern utilitarianism and postmodern nihilism, we must reframe issues of meaning and purpose within a broader cosmic frame of evolution and productive, care-enhancing integration. 

The emerging metamodern paradigm seems to be speaking to such a shift in perspective. A truly metamodern spirituality is precisely that which brings a complexity lens to bear on the things that matter most. Part of that entails looking at the very evolution of worldviews and meaning structures as a process of complexification—a vital, promising, but (as yet) under-explored field of study. More broadly, it entails engaging complexification, integration, and emergence as fundamental dynamics of the self-organizing cosmos—processes in which we ourselves take part through our own journeys of learning, development, integration, and self-transcendence. 


Seeing these deep patterns playing out across the fractal spans of self and Universe, stepping into a worldview of worldviews, and learning about learning all help expand our perspective and return a profound sense of meaning to life after epochs of disenchantment and disillusionment. After the revelations of modern and postmodern thought, we are once more, and at long last, learning to find ourselves at home in the universe again—not through naïve projection and assimilation, but through genuine systemic integration into and as a singular, sublime Whole.
 




Source: https://www.informationphilosopher.com/solutions/philosophers/dempsey/





  
  Curt Ducasse
  

  


  
  Home › Solutions › Philosophers › Ducasse
Curt Ducasse

Curt John Ducasse was an American philosopher who taught a landmark course on the philosophy of religion at Brown University.


At Harvard, he earned his Ph.D. as a student of William James and Josiah Royce.


He shared William James' interest in parapsychology and Henry James' interest in life after death. He joined the American Society for Psychical Research in 1951 and served a term as vice president beginning in 1966.


His book A Critical Examination of the Belief in a Life After Death is a philosophical attempt to examine the idea of life after death. In it he expressed his belief in survival. Ducasse was no doubt influenced by Indian religion.


Ducasse was a long-time friend of Swami Akhilananda, who established the Vedanta Society of Providence in 1928 (still at 227 Angell St.) and the Ramakrishna Vedanta Society of Boston in 1941.


Like his predecessors, Ramakrishna and Vivekananda, Akhilananda adhered to a broad spectrum of religious practices from the Hindu traditions of Vaishnavism, Tantric Shaktism, and Advaita Vedanta, to Christianity and Islam. They all "found that it is the same God toward whom all are directing their steps, though along different paths."


Ducasse wrote Philosophy as a Science in 1941 and in 1954 he published his great text A Philosophical Scrutiny of Religion which we read for his course.
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   While he himself is a confirmed compatibilist, even a determinist, in "On Giving Libertarians What They Say They Want," Chapter 15 of his 1978 book Brainstorms, Daniel Dennett articulated the case for a two-stage model of free will better than any libertarian. 

His "Valerian" model of decision making, named after the poet Paul Valéry, combines indeterminism to generate alternative possibilities, with (in our view, adequate) determinism to choose among the possibilities.
  

  "The model of decision making I am proposing, has the following feature: when we are faced with an important decision, a consideration-generator whose output is to some degree undetermined produces a series of considerations, some of which may of course be immediately rejected as irrelevant by the agent (consciously or unconsciously). Those considerations that are selected by the agent as having a more than negligible bearing on the decision then figure in a reasoning process, and if the agent is in the main reasonable, those considerations ultimately serve as predictors and explicators of the agent's final decision." (Brainstorms, p.295)
  


   Dennett gives six excellent reasons why this is the kind of free will that libertarians say they want. He says,
   	
     "First...The intelligent selection, rejection, and weighing of the considerations that do occur to the subject is a matter of intelligence making the difference."
    
	
     "Second, I think it installs indeterminism in the right place for the libertarian, if there is a right place at all."
    
	
     "Third...from the point of view of biological engineering, it is just more efficient and in the end more rational that decision making should occur in this way."
    
	
     "A fourth observation in favor of the model is that it permits moral education to make a difference, without making all of the difference."
    
	
     "Fifth - and I think this is perhaps the most important thing to be said in favor of this model - it provides some account of our important intuition that we are the authors of our moral decisions."
    
	
     "Finally, the model I propose points to the multiplicity of decisions that encircle our moral decisions and suggests that in many cases our ultimate decision as to which way to act is less important phenomenologically as a contributor to our sense of free will than the prior decisions affecting our deliberation process itself: the decision, for instance, not to consider any further, to terminate deliberation; or the decision to ignore certain lines of inquiry."

"These prior and subsidiary decisions contribute, I think, to our sense of ourselves as responsible free agents, roughly in the following way: I am faced with an important decision to make, and after a certain amount of deliberation, I say to myself: "That's enough. I've considered this matter enough and now I'm going to act," in the full knowledge that I could have considered further, in the full knowledge that the eventualities may prove that I decided in error, but with the acceptance of responsibility in any case." (p.295-7)
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  At times, Dennett seems pleased with his result. 
  
    "This result is not just what the libertarian is looking for, but it is a useful result nevertheless. It shows that we can indeed install indeterminism in the internal causal chains affecting human behavior at the macroscopic level while preserving the intelligibility of practical deliberation that the libertarian requires. We may have good reasons from other quarters for embracing determinism, but we need not fear that macroscopic indeterminism in human behavior would of necessity rob our lives of intelligibility by producing chaos." (p.292)
  
    "we need not fear that causal indeterminism would make our lives unintelligible." (p.298)
  

"Even if one embraces the sort of view I have outlined, the deterministic view of the unbranching and inexorable history of the universe can inspire terror or despair, and perhaps the libertarian is right that there is no way to allay these feelings short of a brute denial of determinism. Perhaps such a denial, and only such a denial, would permit us to make sense of the notion that our actual lives are created by us over time out of possibilities that exist in virtue of our earlier decisions; that we trace a path through a branching maze that both defines who we are, and why, to some extent (if we are fortunate enough to maintain against all vicissitudes the integrity of our deliberational machinery) we are responsible for being who we are." (p.299)
  



  At other times, he is skeptical. 
  

  His model, he says, "installs indeterminism in the right place for the libertarian, if there is a right place at all." and "it seems that all we have done is install indeterminism in a harmless place by installing it in an irrelevant place." (p.295)
  

  Dennett seems to be soliciting interest in the model - from libertarian quarters? It is unfortunate that libertarians did not accept and improve Dennett's two-stage model. See What if Libertarians Had Accepted What Dan Dennett Gave Them in 1978?
If they had, the history of the free will problem would have been markedly different for the last forty years, perhaps successfully reconciling indeterminism with free will, as the best two-stage models now do, just as Hume reconciled freedom with determinism.



"There may not be compelling grounds from this quarter for favoring an indeterministic vision of the springs of our action, but if considerations from other quarters favor indeterminism, we can at least be fairly sanguine about the prospects of incorporating indeterminism into our picture of deliberation, even if we cannot yet see what point such an incorporation would have." (p.299)
    

The point of incorporating indeterminism is, of course, to break the causal chain of pre-determinism, and to provide a source for novel ideas that were not already implicit in past events, thus explaining not only free will but creativity. This requires irreducible and ontological quantum indeterminacy. 


But Dennett does not think that irreducible quantum randomness provides anything essential beyond the deterministic pseudo-random number generation of computer science. 
    

"Isn't it the case that the new improved proposed model for human deliberation can do as well with a random-but-deterministic generation process as with a causally undetermined process? Suppose that to the extent that the considerations that occur to me are unpredictable, they are unpredictable simply because they are fortuitously determined by some arbitrary and irrelevant factors, such as the location of the planets or what I had for breakfast." (p.298)
    


With his strong background in computer science and artificial intelligence, it is no surprise that Dennett continues to seek a "computational" model of the mind. But man is not a machine and the mind is not a computer.



Dennett accepts the results of modern physics and does not deny the existence of quantum randomness. He calls himself a "naturalist" who wants to reconcile free will with natural science.


But what is "natural" about a computer-generated pseudo-random number sequence? The algorithm that generates it is quintessentially artificial. In the course of evolution, quantum mechanical randomness (along with the incredible quantum stability of information structures, without which no structures at all would exist) is naturally available to generate alternative possibilities. 


Why would evolution need to create an algorithmic computational capability to generate those possibilities, when genuine and irreducible quantum randomness already provides them? 


And who, before human computer designers, would be the author or artificer of the algorithm? Gregory Chaitin tells us that the information in a random-number sequence is only as much as is in the algorithm that created the sequence. And note that the artificial algorithm author implicitly has the kind of knowledge attributed to Laplace's Demon. 


Since Dennett is a confirmed atheist, it seems odd that he has the "antipathy to chance" described by William James that is characteristic of religious believers. Quantum randomness is far more atheistic than pseudo-randomness, with the latter's implicit author or artificer.


Despite his qualms, Dennett seems to have located randomness in exactly the right place, the random generation of alternative considerations for his adequately determined selection process. In this first stage of free will, genuine quantum randomness (though not pseudo-randomness) breaks the causal chain of Laplacian determinism, without making the decisions themselves random.




In his Brainstorms 40th Edition, Dennett finally accepted his (and my) two-stage model!


In his introduction to the 40th edition of Brainstorms, Dennett writes (most generously)...


Chapter 15, "On Giving Libertarians What They Want," contains a model of free will that I viewed as an instructive throwaway when I concocted it, but it has recently found champions who credit me with finding the only defensible path (the "Valerian model") to a libertarian position on free will! I have conceded this much to Bob Doyle (the "Information Philosopher"—see http://www.informationphilosopher.com): Thanks to his relentless questioning I can now conceive of a situation in which I, compatibilist that I am, would ardently wish for the truth of genuine indeterminism so that I could act with absolute freedom: if I were playing rock-paper-scissors with God for high stakes! An omniscient and antagonistic (I'm an atheist after all) God could foil me in this competition unless my choice was quantum indeterministic, not merely chaotic and practically unpredictable. Some version of the Valerian model—minus the [in?]determinism—is all we need for free will worth wanting in this Godless world. 

And in perhaps Dennett's last video interview before his death, he concedes that my idea of quantum indeterminism in the first stage is needed (and criticizes Robert Sapolsky's new book Determined.


See Daniel Dennett: Consciousness, AI, Free Will, Evolution, & Religion


Dennett on Austin's Putt


  In his 2003 book, Freedom Evolves, Daniel Dennett says that Austin's Putt clarifies the mistaken fear that determinism reduces possibilities. Considering that Dennett is an actualist, who believes there is only one possible future, this bears close examination.

First, don't miss the irony that Dennett is using "possible worlds" thinking, which makes the one world we are in only able to have one possible future, our actual world.


Dennett says


Now that we have a clearer understanding of possible worlds, we can expose three major confusions about possibility and causation that have bedeviled the quest for an account of free will. First is the fear that determinism reduces our possibilities. We can see why the claim seems to have merit by considering a famous example proposed many years ago by John Austin:

Consider the case where I miss a very short putt and kick myself because I could have holed it. It is not that I should have holed it if I had tried: I did try, and missed. It is not that I should have holed it if conditions had been different: that might of course be so, but I am talking about conditions as they precisely were, and asserting that I could have holed it. There is the rub. Nor does "I can hole it this time" mean that I shall hole it this time if I try or if anything else; for I may try and miss, and yet not be convinced that I could not have done it; indeed, further experiments may confirm my belief that I could have done it that time, although I did not. (Austin 1961, p. 166)



Austin didn't hole the putt. Could he have, if determinism is true? The possible-worlds interpretation exposes the misstep in Austin's thinking. First, suppose that determinism holds, and that Austin misses, and let H be the sentence "Austin holes the putt." We now need to choose the set X of relevant possible worlds that we need to canvass to see whether he could have made it. Suppose X is chosen to be the set of physically possible worlds that are identical to the actual world at some time t0 prior to the putt. Since determinism says that there is at any instant exactly one physically possible future, this set of worlds has just one member, the actual world, the world in which Austin misses. So, choosing set X in this way, we get the result that H does not hold for any world in X. So it was not possible, on this reading, for Austin to hole the putt.


To include adjacent worlds seems to add alternative possibilities?


Of course, this method of choosing X (call it the narrow method) is only one among many. Suppose we were to admit into X worlds that differ in a few imperceptibly microscopic ways from actuality at t0; we might well find that we've now included worlds in which Austin holes the putt, even when determinism obtains. This is, after all, what recent work on chaos has shown: Many phenomena of interest to us can change radically if one minutely alters the initial conditions. So the question is: When people contend that events are possible, are they really thinking in terms of the narrow method?

Suppose that Austin is an utterly incompetent golfer, and his partner in today's foursome is inclined to deny that he could have made the putt. If we let X range too widely, we may include worlds in which Austin, thanks to years of expensive lessons, winds up a championship player who holes the putt easily. That is not what Austin is claiming, presumably. Austin seems to endorse the narrow method of choosing X when he insists that he is "talking about conditions as they precisely were." Yet in the next sentence he seems to rescind this endorsement, observing that "further experiments may confirm my belief that I could have done it that time, although I did not." What further experiments might indeed confirm Austin's belief that he could have done it? Experiments on the putting green? Would his belief be shored up by his setting up and sinking near-duplicates of that short putt ten times in a row? If this is the sort of experiment he has in mind, then he is not as interested as he claims he is in conditions as  they precisely were. To see this, suppose instead that Austin's "further experiments" consisted in taking out a box of matches and lighting ten in a row. "See," he says, "I could have made that very putt." We would rightly object that his experiments had absolutely no bearing on his claim. Sinking ten short putts would have no more bearing on his claim, understood in the narrow sense as a claim about "conditions as they precisely were." We suggest that Austin would be content to consider "Austin holes the putt" possible if, in situations very similar to the actual occasion in question, he holes the putt. We think that this is what he meant, and that he would be right to think about his putt this way. This is the familiar, reasonable, useful way to conduct "further experiments" whenever we are interested in understanding the causation involved in a phenomenon of interest. We vary the initial conditions slightly (and often systematically) to see what changes and what stays the same. This is the way to gather useful information from the world to guide our further campaigns of avoidance and enhancement.



Curiously, this very point was made, at least obliquely, by G. E. Moore in the work Austin was criticizing in  the passage quoted. Moore's examples were simple: Cats can climb trees and dogs can't, and a steamship that is now traveling at 25 knots can, of course, also steam at 20 knots (but not, of course, in precisely the circumstances it is now in, with the engine set at Full Speed Ahead). The sense of "can" invoked in these uncontroversial claims, the sense called "can (general)" by Honoré (1964) in an important but neglected article, is one that requires us to look not at "conditions as they precisely were" but at minor variations on those conditions.


So Austin equivocates when he discusses possibilities. In truth, the narrow method of choosing X does not have the significance that he and many others imagine. From this it follows that the truth or falsity of determinism should not affect our belief that certain unrealized events were nevertheless "possible," in an important everyday sense of the word. We can bolster this last claim by paying a visit to a narrow domain in which we know with certainty that determinism reigns: the realm of chess-playing computer programs.



Evolution as an Algorithmic Process


Dennett maintains that biological evolution does not need quantum randomness, and says he was shocked by Jacques Monod's claim that random quantum processes are "essential" to evolution. Monod defines the importance of chance, or what he calls "absolute coincidence" as something like the intersection of causal chains that Aristotle calls an "accident."  But, says Dennett, in his 1984 book Elbow Room, 

when Monod comes to define the conditions under which such coincidences can occur, he apparently falls into the actualist trap. Accidents must happen if evolution is to take place, Monod says, and accidents can happen — "Unless of course we go back to Laplace's world, from which chance is excluded by definition and where Dr. Brown has been fated to die under Jones' hammer ever since the beginning of time." (Chance and Necessity, p. 115)

If "Laplace's world" means just a deterministic world, then Monod is wrong. Natural selection does not need "absolute" coincidence. It does not need "essential" randomness or perfect independence; it needs practical independence — of the sort exhibited by Brown and Jones, and Jules and Jim, each on his own trajectory but "just happening" to intersect, like the cards being deterministically shuffled in a deck and just happening to fall into sequence. Would evolution occur in a deterministic world, a Laplacean world where mutation was caused by a nonrandom process? Yes, for what evolution requires is an unpatterned generator of raw material, not an uncaused generator of raw material. Quantum-level effects may indeed play a role in the generation of mutations, but such a role is not required by theory.

 
It is not clear that "genuine" or "objective" randomness of either the quantum-mechanical sort or of the mathematical, informationally incompressible sort is ever required by a process, or detectable by a process. (Chaitin (1976) presents a Gödelian proof that there is no decision procedure for determining whether a series is mathematically random.) Even in mathematics, where the concept of objective randomness can find critical application within proofs, there are cases of what might be called practical indistinguishability.


(Elbow Room, p.150)




Dennett's Challenge - Where Indeterminism Might Matter



Dennett has asked for cases where quantum indeterminism would make a substantive improvement over the pseudo-randomness that he thinks is enough for both biological evolution and free will. Dennett does not deny quantum indeterminacy. He just doubts that quantum randomness is necessary for free will. Information philosophy suggests that its great importance is that it breaks the causal chain of pre-determinism.

See the page Where, and When, is Randomness Located? for more details on where indeterminism is located, and for the positions of Bob Doyle, Bob Kane, and Al Mele compared to Dennett's Valerian Model of free will.


Quantum randomness has been available to evolving species for billions of years before pseudo-randomness emerges with humans.  But Dennett does not think, as does Jacques Monod, for example, that quantum indeterminacy is necessary for biological evolution. The evolved virtual creatures of artificial life programs demonstrate for Dennett that biological evolution is an algorithmic process.


Here are five cases where quantum chance is critically important and better than pseudo-randomness. They all share a basic insight from information physics. Whenever a stable new information structure is created, two things must happen. The first is a collapse of the quantum wave function that allows one or more particles to combine in the new structure. The second is the transfer away from the structure to the cosmic background of the entropy required by the second law of thermodynamics to balance the local increase in negative entropy (information).



Laplace's Demon


Indeterministic events are unpredictable. Consequently, if any such probabilistic events occur, as Dennett admits, Laplace’s demon cannot predict the future. Information cosmology provides a second reason why such a demon is impossible. There was little or no information at the start of the universe. There is a great deal today, and more being created every day. There is not enough information in the past to determine the present, let alone completely determine the future. Creating future information requires quantum events, which are inherently indeterministic. The future is only probable, though it may be "adequately determined." Since there is not enough information available at any moment to comprehend all the information that will exist in the future, Laplace demons are impossible.


Intelligent Designers


Suppose that determinism is true, and that the chance driving spontaneous variation of the gene pool is merely epistemic (human ignorance), so that a deterministic algorithmic process is driving evolution. Gregory Chaitin has shown that the amount of information (and thus the true randomness) in a sequence of random numbers is no more than that in the algorithm that generates them.

This makes the process more comprehensible for a supernatural intelligent designer. And it makes the idea of an intelligent designer, deterministically controlling evolution with complete foreknowledge, more plausible. This is unfortunate.


An intelligent designer with a big enough computer could reverse engineer and alter the algorithm behind the pseudo-randomness driving evolution. This is just what genetic engineers do.


But cosmic rays, which are inherently indeterministic quantum events, damage the DNA to produce genetic mutations, variations in the gene pool. No intelligent designer could control such evolution. 


So genetic engineers are intelligent designers, but they cannot control the whole of evolution.



Frankfurt Controllers


For almost fifty years, compatibilists have used Frankfurt-style Cases to show that alternative possibilities are not required for freedom of action and moral responsibility.
Bob Kane showed in 1985 that, if a choice is undetermined, the Frankfurt controller cannot tell until the choice is made whether the agent will do A or do otherwise. Compatibilists were begging the question by assuming a deterministic connection between a “prior sign” of a decision and the decision itself.


More fundamentally, information philosophy tells us that because chance (quantum randomness) helps generate the alternate possibilities, information about the choice does not come into the universe until the choice has been made.

Either way, the controller would have to intervene before the choice, in which case it is the controller that is responsible for the decision. Frankfurt controllers do not exist.




Dennett's Eavesdropper


We can call this Dennett's Eavesdropper because, in a discussion of quantum cryptography, Dennett agrees there is a strong reason to prefer quantum randomness to pseudo-randomness for encrypting secure messages. He sees that if a pseudo-random number sequence were used, a clever eavesdropper might discover the algorithm behind it and thus be able to decode the message.

Quantum cryptography and quantum computing use the non-local properties of entangled quantum particles. Non-locality shows up when the wave-function of a two-particle system collapses and new information comes into the universe. See the Einstein-Podolsky-Rosen experiment.




Creating New Memes


Richard Dawkin’s unit of cultural information has the same limits as purely physical information. Claude Shannon’s mathematical theory of the communication of information says that information is not new without probabilistic surprises.  Quantum physics is the ultimate source of that probability and the possibilities that surprise us. If the result were not truly unpredictable, it would be implicitly present in the information we already have. A new meme, like Dennett’s intuition pumps, skyhooks, and cranes, would have been already predictable there in the past and not his very original creations.

See the Information Philosopher contributions to Dennett's Fall 2010 seminar on Free Will at Tufts University.
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On Giving Libertarians What They Say They Want


Chapter 15 of Brainstorms, 1978.
  

Why is the free will problem so persistent? Partly, I suspect, because it is called the free will problem. Hilliard, the great card magician, used to fool even his professional colleagues with a trick he called the tuned deck. Twenty times in a row he'd confound the quidnuncs, as he put it, with the same trick, a bit of prestidigitation that resisted all the diagnostic hypotheses of his fellow magicians. The trick, as he eventually revealed, was a masterpiece of subtle misdirection; it consisted entirely of the name, "the tuned deck", plus a peculiar but obviously non-functional bit of ritual. It was, you see, many tricks, however many different but familiar tricks Hilliard had to perform in order to stay one jump ahead of the solvers. As soon as their experiments and subtle arguments had conclusively eliminated one way of doing the trick, that was the way he would do the trick on future trials. This would have been obvious to his sophisticated onlookers had they not been so intent on finding the solution to the trick.

The so called free will problem is in fact many not very closely related problems tied together by a name and lots of attendant anxiety. Most people can be brought by reflection to care very much what the truth is on these matters, for each problem poses a threat: to our self-esteem, to our conviction that we are not living deluded lives, to our conviction that we may justifiably trust our grasp of such utterly familiar notions as possibility, opportunity and ability.* 




There is no very good reason to suppose that an acceptable solution to one of the problems will be, or even point to, an acceptable solution to the others, and we may be misled by residual unallayed worries into rejecting or undervaluing partial solutions, in the misguided hope that we might allay all the doubts with one overarching doctrine or theory. But we don't have any good theories. Since the case for determinism is persuasive and since we all want to believe we have free will, compatibilism is the strategic favorite, but we must admit that no compatibilism free of problems while full of the traditional flavors of responsibility has yet been devised.

The alternatives to compatibilism are anything but popular. Both the libertarian and the hard determinist believe that free will and determinism are incompatible. The hard determinist says: "So much of the worse for free will." The libertarian says: "So much the worse for determinism," at least with regard to human action. Both alternatives have been roundly and routinely dismissed as at best obscure, at worst incoherent. But alas for the compatibilist, neither view will oblige us by fading away. Their persistence, like Hilliard's success, probably has many explanations. I hope to diagnose just one of them.


In a recent paper, David Wiggins has urged us to look with more sympathy at the program of libertarianism.' Wiggins first points out that a familiar argument often presumed to demolish libertarianism begs the question. The first premise of this argument is that every event is either causally determined or random. Then since the libertarian insists that human actions cannot be both free and determined, the libertarian must be supposing that any and all free actions are random. But one would hardly hold oneself responsible for an action that merely happened at random, so libertarianism,
far from securing a necessary condition for responsible action, has unwittingly secured a condition that would defeat responsibility altogether. Wiggins points out that the first premise, that every event is either causally determined or random, is not the innocent logical truth it appears to be. The innocent logical truth is that every event is either causally determined or not causally determined. There may be an established sense of the word "random" that is unproblematically synonymous with "not causally determined", but the word "random" in common parlance has further connotations of pointlessness or arbitrariness, and it is these very connotations that ground our acquiescence in the further premise that one would not hold oneself responsible for one's random actions. It may be the case that whatever is random in the sense of being causally undetermined, is random in the sense connoting utter meaninglessness, but that is just what the libertarian wishes to deny. This standard objection to libertarianism, then, assumes what it must prove; it fails to show that
undetermined action would be random action and hence action for which we could not be held responsible.


But is there in fact any reasonable hope that the libertarian can find some defensible ground between the absurdity of "blind chance" on the one hand and on the other what Wiggins calls the cosmic unfairness of the determinist's view of these matters? Wiggins thinks there is. He draws our attention to a speculation of Russell's: "It might be that without infringing the laws of physics, intelligence could make improbable things happen, as Maxwell's demon would have defeated the second law of thermo-dynamics by opening the trap door to fast-moving particles and closing it to slow-moving particles. Wiggins sees many problems with the speculation, but he does, nevertheless, draw a glimmer of an idea from it.


For indeterminism maybe all we really need to imagine or conceive is a world in which (a) there is some macroscopic indeterminacy founded in microscopic indeterminacy, and (b) an appreciable number of the free actions or policies or deliberations of individual agents, although they are not even in principle hypothetico-deductively derivable from antecedent conditions, can be such as to persuade us to fit them into meaningful sequences. We need not trace free actions back to volitions construed as little pushes aimed from outside the physical world. What we must find instead are patterns which are coherent and intelligible in the low level terms of practical deliberation, even though they are not amenable to the kind of generalization or necessity which is the stuff of rigorous theory. (p. 52)


The "low level terms of practical deliberation" are, I take it, the familiar terms of intentional or reason-giving explanation. We typically render actions intelligible by citing their reasons, the beliefs and desires of the agent that render the actions at least marginally reasonable under the circumstances. Wiggins is suggesting then that if we could somehow make sense of human actions at the level of intentional explanation, then in spite of, the fact that those actions might be physically undetermined, they would not be random. Wiggins invites us to take this possibility seriously, but he has little further to say in elaboration or defense of this. He has said enough, however, to suggest to me a number of ways in which we could give libertarians what they seem to want.

Wiggins asks only that human actions be seen to be intelligible in the low-level terms of practical deliberation. Surely if human actions were predictable in the low-level terms of practical deliberation, they would be intelligible in those terms. So I propose first to demonstrate that there is a way in which human behavior could be strictly undetermined from the physicist's point of view while at the same time accurately predictable from the intentional level. This demonstration, alas, will be very disappointing, for it relies on a cheap trick and what it establishes can be immediately seen to be quite extraneous to the libertarian's interests. But it is a necessary preamble to what I hope will be a more welcome contribution to the libertarian's cause. So let us get the disappointing preamble behind us.


Here is how a bit of human behavior could be undetermined from the physicist's point of view, but quite clearly predictable by the intentionalist. Suppose we were to build an electronic gadget that I will call an answer box. The answer box is designed to record a person's answers to simple questions. It has two buttons, a Yes button, and a No button, and two foot pedals, a Yes pedal, and a No pedal, all clearly marked. It also has a little display screen divided in half, and on one side it says "use the buttons" and on the other side it says "use the pedals". We design this bit of apparatus so that only one half of this display screen is illuminated at any one time. Once a minute, a radium randomizer determines, in an entirely undetermined way of course, whether the display screen says "use the buttons" or "use the pedals". I now propose the following experiment. First, we draw up a list of ten very simple questions that have Yes or No answers, questions of the order of difficulty of "Do fish swim?" and "Is Texas bigger than Rhode Island?" We seat a subject at the answer box and announce that a handsome reward will be given to those who correctly follow all the experimental instructions, and a bonus will be given to those who answer all our questions correctly.


Now, can the physicist in principle predict the subject's behavior? Let us suppose the subject is in fact a physically deterministic system, and let us suppose further that the physicist has perfect knowledge of the subject's initial state, all the relevant deterministic laws, and all the interactions within the closed situation of the experimental situation. Still, the unpredictable behavior of the answer box will infect the subject on a macroscopic scale with its own indeterminacy on at least ten occasions during the period the physicist must predict. So the best the physicist can do is issue a multiple disjunctive or multiple conditional prediction. Can the intentionalist do any better? Yes, of course. The intentionalist, having read the instructions given to the subject and having sized up the subject as a person of roughly normal intelligence and motivation, and having seen that all the odd numbered questions have Yes answers and the even numbered questions have No answers, confidently predicts that the subject will behave as follows: "The subject will give Yes answers to questions 1, 3, 5, 7, and 9, and the subject will answer the rest of the questions in the negative". There are no if's, or's or maybe's in those predictions. They are categorical and precise — precise enough for instance to appear in a binding contract or satisfy a court of law.


This is, of course, the cheap trick I warned you about. There is no real difference in the predictive power of the two predictors. The intentionalist for instance is no more in a position to predict whether the subject will move finger or foot than the physicist is, and the physicist may well be able to give predictions that are tantamount to the intentionalist's. The physicist may for instance be able to make this prediction: "When question 6 is presented, if the illuminated sign on the box reads use the pedals, the subject's right foot will move at velocity k until it depresses the No pedal n inches, and if the illuminated sign says use the buttons, the subject's right index finger will trace a trajectory terminating on the No button." Such a prediction is if anything more detailed than the intentionalist's simple prediction of the negative answer to question 6, and it might in fact be more reliable and better grounded as well. But so what? What we are normally interested in, what we are normally interested in predicting, moreover, is not the skeletal motion of human beings but their actions, and the intentionalist can predict the actions of the subject (at least insofar as most of us would take any interest in them) without the elaborate rigmarole and calculations of the physicist. The possibility of indeterminacy in the environment of the kind introduced here, and hence the possibility of indeterminacy in the subject's reaction to that environment, is something with regard to which the intentionalistic predictive power is quite neutral. Still, we could not expect the libertarian to be interested in this variety of undetermined human behavior, behavior that is undetermined simply because the behavior of the answer box, something entirely external to the agent, is undetermined.


Suppose then we move something like the answer box inside the agent. It is a commonplace of action theory that virtually all human actions can be accomplished or realized in a wide variety of ways. There are, for instance, indefinitely many ways of insulting your neighbor, or even of asserting that snow is white. And we are often not much interested, nor should we be, in exactly which particular physical motion accomplishes the act we intend. So let us suppose that our nervous system is so constructed. and designed that whenever in the implementation of an intention, our control system is faced with two or more options with regard to which we are non-partisan, a purely undetermined tie-breaking "choice" is made. There you are at the supermarket, wanting a can of Campbell's Tomato Soup, and faced with an array of several hundred identical cans of Campbell's Tomato Soup, all roughly equidistant from your hands. What to do? Before you even waste time and energy pondering this trivial problem, let us suppose, a perfectly random factor determines which can your hand reaches out for. This is of course simply a variation on the ancient theme of Buridan's ass, that unfortunate beast who, finding himself hungry, thirsty and equidistant between food and water, perished for lack of the divine nudge that in a human being accomplishes a truly free choice. This has never been a promising vision of the free choice of responsible agents, if only because it seems to secure freedom for such a small and trivial class of our choices. What does it avail me if I am free to choose this can of soup, but not free to choose between buying and stealing it? But however unpromising the idea is as a centerpiece for an account of free will, we must not underestimate its possible scope of application. Such trivial choice points seldom obtrude in our conscious deliberation, no doubt, but they are quite possibly ubiquitous nonetheless at an unconscious level. Whenever we choose to perform an action of a certain sort, there are no doubt slight variations in timing, style and skeletal implementation of those actions that are within our power but beneath our concern. For all we know, which variation occurs is undetermined. That is, the implementation of any one of our intentional actions may encounter undetermined choice points in many places in the causal chain. The resulting behavior would not be distinguishable to our everyday eyes, or from the point of view of our everyday interests, from behavior that was rigidly determined. What we are mainly interested in, as I said before, are actions, not motions, and what we are normally interested in predicting are actions.


It is worth noting that not only can we typically predict actions from the intentional stance without paying heed to possibly undetermined variations of implementation of these actions, but we can even put together chains of intentional predictions that are relatively immune to such variation. In the summer of 1974 many people were confidently predicting that Nixon would resign. As the day and hour approached, the prediction grew more certain and more specific as to time and place; Nixon would resign not just in the near future, but in the next hour, and in the White House and in the presence of television cameramen and so forth. Still, it was not plausible to claim to know just how he would resign, whether he would resign with grace, or dignity, or with an attack on his critics, whether he would enunciate clearly or mumble or tremble. These details were not readily predictable, but most of the further dependent predictions we were interested in making did not hinge on these subtle variations. However Nixon resigned, we could predict that Goldwater would publicly approve of it, Cronkite would report that Goldwater had so approved of it, Sevareid would comment on it, Rodino would terminate the proceedings of the Judiciary Committee, and Gerald Ford would be sworn in as Nixon's successor. Of course some predictions we might have made at the time would have hinged crucially on particular details of the precise manner of Nixon's resignation, and if these details happened to be undetermined both by Nixon's intentions and by any other feature of the moment, then some human actions of perhaps great importance would be infected by the indeterminacy of Nixon's manner at the moment just as our exemplary subject's behavior was infected by the indeterminacy of the answer box. That would not, however, make these actions any the less intelligible to us as actions.


This result is not just what the libertarian is looking for, but it is a useful result nevertheless. It shows that we can indeed install indeterminism in the internal causal chains affecting human behavior at the macroscopic level while preserving the intelligibility of practical deliberation that the libertarian requires. We may have good reasons from other quarters for embracing determinism, but we need not fear that macroscopic indeterminism in human behavior would of necessity rob our lives of intelligibility by producing chaos. Thus, philosophers such as Ayer and Hobart, who argue that free will requires determinism, must be wrong. There are some ways our world could be macroscopically indeterministic, without that fact remotely threatening the coherence of the intentionalistic conceptual scheme of action description presupposed by claims of moral responsibility.


Still, it seems that all we have done is install indeterminism in a harmless place by installing it in an irrelevant place. The libertarian would not be relieved to learn that although his decision to murder his neighbor was quite determined, the style and trajectory of the death blow was not. Clearly, what the libertarian has in mind is indeterminism at some earlier point, prior to the ultimate decision or formation of intention, and unless we can provide that, we will not aid the libertarian's cause. But perhaps we can provide that as well.


Let us return then, to Russell's speculation that intelligence might make improbable things happen. Is there any way that something like this could be accomplished? The idea of intelligence exploiting randomness is not unfamiliar. The poet, Paul Valéry, nicely captures the basic idea:


It takes two to invent anything. The one makes up combinations; the other one chooses, recognizes what he wishes and what is important to him in the mass of the things which the former has imparted to him. What we call genius is much less the work of the first one than the readiness of the second one to grasp the value of what has been laid before him and to choose it.*


Here we have the suggestion of an intelligent selection from what may be a partially arbitrary or chaotic or random production, and what we need is the outline of a model for such a process in human decision-making.

An interesting feature of most important human decision-making is that it is made under time pressure. Even if there are, on occasion, algorithmic decision procedures giving guaranteed optimal solutions to our problems, and even if these decision procedures are in principle available to us, we may not have time or energy to utilize them. We are rushed, but moreover, we are all more or less lazy, even about terribly critical decisions that will affect our lives — our own lives, to say nothing of the lives of others. We invariably settle for a heuristic decision procedure; we satisfice (The term is Herbert Simon's. See his The Sciences of the Artificial (1969) for a review of the concept.); we poke around hoping for inspiration; we do our best to think about the problem in a more or less directed way until we must finally stop mulling, summarize our results as best we can, and act. A realistic model of such decision-making just might have the following feature: When someone is faced with an important decision, something in him generates a variety of more or less relevant considerations bearing on the decision. Some of these considerations, we may suppose, are determined to be generated, but others may be non-deterministically generated. For instance, Jones, who is finishing her dissertation on Aristotle and the practical syllogism, must decide within a week whether to accept the assistant professorship at the University of Chicago, or the assistant professorship at Swarthmore. She considers the difference in salaries, the probable quality of the students, the quality of her colleagues, the teaching load, the location of the schools, and so forth. Let us suppose that considerations A, B, C, D, E, and F occur to her and that those are the only considerations that occur to her, and that on the basis of those, she decides to accept the job at Swarthmore. She does this knowing of course that she could devote more time and energy to this deliberation, could cast about for other relevant considerations, could perhaps dismiss some of A-F as being relatively unimportant and so forth, but being no more meticulous, no more obsessive, than the rest of us about such matters, she settles for the considerations that have occurred to her and makes her decision.


Let us suppose though, that after sealing her fate with a phone call, consideration G occurs to her, and she says to herself: "If only G had occurred to me before, I would certainly have chosen the University of Chicago instead, but G didn't occur to me". Now it just might be the case that exactly which considerations occur to one in such circumstances is to some degree strictly undetermined. If that were the case, then even the intentionalist, knowing everything knowable about Jones' settled beliefs and preferences and desires, might nevertheless be unable to predict her decision except perhaps conditionally. The intentionalist might be able to argue as follows: "If considerations A-F occur to Jones, then she will go Swarthmore," and this would be a prediction that would be grounded on a rational argument based on considerations A-F according to which Swarthmore was the best place to go. The intentionalist might go on to add, however, that if consideration G also occurs to Jones (which is strictly unpredictable unless we interfere and draw Jones' attention to G), Jones will choose the University of Chicago instead. Notice that although we are supposing that the decision is in this way strictly unpredictable except conditionally by the intentionalist, whichever choice Jones makes is retrospectively intelligible. There will be a rationale for the decision in either case; in the former case a rational argument in favor of Swarthmore based on A-F, and in the latter case, a rational argument in favor of Chicago, based on A-G. (There may, of course be yet another rational argument based on A-H, or I, or J, in favor of Swarthmore, or in favor of going on welfare, or in favor of suicide.) Even if in principle we couldn't predict which of many rationales could ultimately be correctly cited in justification or retrospective explanation of the choice made by Jones, we could be confident that there would be some sincere, authentic, and not unintelligible rationale to discover.


The model of decision making I am proposing, has the following feature: when we are faced with an important decision, a consideration-generator whose output is to some degree undetermined produces a series of considerations, some of which may of course be immediately rejected as irrelevant by the agent (consciously or unconsciously). Those considerations that are selected by the agent as having a more than negligible bearing on the decision then figure in a reasoning process, and if the agent is in the main reasonable, those considerations ultimately serve as predictors and explicators of the agent's final decision. What can be said in favor of such a model, bearing in mind that there are many possible substantive variations on the basic theme?


First, I think it captures what Russell was looking for. The intelligent selection, rejection and weighting of the considerations that do occur to the subject is a matter of intelligence making the difference. Intelligence makes the difference here because an intelligent selection and assessment procedure determines which microscopic indeterminacies get amplified, as it were, into important macroscopic determiners of ultimate behavior.


Second, I think it installs indeterminism in the right place for the libertarian, if there is a right place at all. The libertarian could not have wanted to place the indeterminism at the end of the agent's assessment and deliberation. It would be insane to hope that after all rational deliberation had terminated with an assessment of the best available course of action, indeterminism would then intervene to flip the coin before action. It is a familiar theme in discussions of free will that the important claim that one could have done otherwise under the circumstances is not plausibly construed as the claim that one could have done otherwise given exactly the set of convictions and desires that prevailed at the end of	rational deliberation. So if there is to be a crucial undetermined nexus, it had better be prior to the final assessment of the considerations on the stage, which is right where we
have located it.


Third, I think that the model is recommended by considerations that have little or nothing to do with the free will problem. It may well turn out to be that from the point of view of biological engineering, it is just more efficient and in the end more rational that decision-making should occur in this way. Time rushes on, and people must act, and there may not be time for a person to canvass all his beliefs, conduct all the investigations and experiments that he would see were relevant, assess every preference in his stock before acting, and it may be that the best way to prevent the inertia of Hamlet from overtaking us is for our decision-making processes to be expedited by a process of partially random generation and test. Even in the rare circumstances where we know there is, say, a decision procedure for determining the optimal solution to a decision problem, it is often more reasonable to proceed swiftly and by heuristic methods, and this strategic principle may in fact be incorporated as a design principle at a fairly fundamental level of cognitive-conative organization.


A fourth observation in favor of the model is that it permits moral education to make a difference, without making all of the difference. A familiar argument against the libertarian is that if our moral decisions were not in fact determined by our moral upbringing, or our moral education, there would be no point in providing such an education for the young. The libertarian who adopted our model could answer that a moral education, while not completely determining the generation of considerations and moral decision-making, can nevertheless have a prior selective effect on the sorts of considerations that will occur. A moral education, like  mutual discussion and persuasion generally, could adjust the boundaries and probabilities of the generator without rendering it deterministic.


Fifth - and I think this is perhaps the most important thing to be said in favor of this model — it provides some account of our important intuition that we are the authors of our moral decisions. The unreflective compatibilist is apt to view decision-making on the model of a simple balance or scale on which the pros and cons of action are piled. What gets put on the scale is determined by one's nature and one's nurture, and once all the weights are placed, gravity as it were determines which way the scale will tip, and hence determines which way we will act. On such a view, the agent does not seem in any sense to be the author of the decisions, but at best merely the locus at which the environmental and genetic factors bearing on him interact to produce a decision. It all looks terribly mechanical and inevitable, and seems to leave no room for creativity or genius. The model proposed, however, holds out the promise of a distinction between authorship and mere implication in a causal chain.


Consider in this light the difference between completing a lengthy exercise in long division and constructing a proof in, say, Euclidian geometry. There is a sense in which I can be the author of a particular bit of long division, and can take credit if it turns out to be correct, and can take pride in it as well, but there is a stronger sense in which I can claim authorship of a proof in geometry, even if thousands of school children before me have produced the very same proof. There is a sense in which this is something original that I have created. To take pride in one's computational accuracy is one thing, and to take pride in one's inventiveness is another, and as Valery claimed, the essence of invention is the intelligent selection from among randomly generated candidates. I think that the sense in  which we wish to claim authorship of our moral decisions, and hence claim responsibility for them requires that we view them as products of intelligent invention, and not merely the results of an assiduous application of formulae. I don't want to overstate this case; certainly many of the decisions we make are so obvious, so black and white, that no one would dream of claiming any special creativity in having made them and yet would still claim complete responsibility for the decisions thus rendered. But if we viewed all our decision-making on those lines, I think our sense of our dignity as moral agents would be considerably impoverished.


Finally, the model I propose points to the multiplicity of decisions that encircle our moral decisions and suggests that in many cases our ultimate decision as to which way to act is less important phenomenologically as a contributor to our sense of free will than the prior decisions affecting our deliberation process itself: the decision, for instance, not to consider any further, to terminate deliberation; or the decision to ignore certain lines of inquiry.


These prior and subsidiary decisions contribute, I think, to our sense of ourselves as responsible free agents, roughly in the following way: I am faced with an important decision to make, and after a certain amount of deliberation, I say to myself: "That's enough. I've considered this matter enough and now I'm going to act," in the full knowledge that I could have considered further, in the full knowledge that the eventualities may prove that I decided in error, but with the acceptance of responsibility in any case.


I have recounted six recommendations for the suggestion that human decision-making involves a non-deterministic generate-and-test procedure. First, it captures whatever is compelling in Russell's hunch. Second, it installs determinism in the only plausible locus for libertarianism (something we have established by a process of elimination). Third, it makes sense from the point of view of strategies of biological engineering. Fourth, it provides a flexible justification of moral education. Fifth, it accounts at least in part for our sense of authorship of our decisions. Sixth, it acknowledges and explains the importance of decisions internal to the deliberation process. 


It is embarrassing to note, however, that the very feature of the model that inspired its promulgation is apparently either gratuitous or misdescribed or both, and that is the causal indeterminacy of the generator. We have been supposing, for the sake of the libertarian, that the process that generates considerations for our assessment generates them at least in part by a physically or causally undetermined or random process. But here we seem to be trading on yet another imprecision or ambiguity in the word "random". When a system designer or programmer relies on a "random" generation process, it is not a physically undetermined process that is required, but simply a patternless process. Computers are typically equipped with a random number generator, but the process that generates the sequence is a perfectly deterministic and determinate process. If it is a good random number generator (and designing one is extraordinarily difficult, it turns out) the sequence will be locally and globally patternless. There will be a complete absence of regularities on which to base predictions about unexamined portions of the sequence.



Dennett here completely misses the point of quantum uncertainty invalidating determinism


Isn't it the case that the new improved proposed model for human deliberation can do as well with a random-but-deterministic generation process as with a causally undetermined process? Suppose that to the extent that the considerations that occur to me are unpredictable, they are unpredictable simply because they are fortuitously determined by some arbitrary and irrelevant factors, such as the location of the planets or what I had for breakfast. It appears that this alternative supposition diminishes not one whit the plausibility or utility of the model that I have proposed. Have we in fact given the libertarians what they really want without giving them indeterminism? Perhaps. We have given the libertarians the materials out of which to construct an account of personal authorship of moral decisions, and this is something that the compatibilistic views have never handled well. But something else has emerged as well. Just as the presence or absence of macroscopic indeterminism in the implementation style of intentional actions turned out to be something essentially undetectable from the vantage point of our Lebenswelt, a feature with no significant repercussions in the "manifest image", to use Sellars' term, so the rival descriptions of the consideration generator, as random-but-causally-deterministic versus random-and-causally-indeterministic, will have no clearly testable and contrary implications at the level of micro-neurophysiology, even if we succeed beyond our most optimistic fantasies in mapping deliberation processes onto neural activity.

That fact does not refute libertarianism, or even discredit the motivation behind it, for what it shows once again is that we need not fear that causal indeterminism would make our lives unintelligible. There may not be compelling grounds from this quarter for favoring an indeterministic vision of the springs of our action, but if considerations from other quarters favor indeterminism, we can at least be fairly sanguine about the prospects of incorporating indeterminism into our picture of deliberation, even if we cannot yet see what point such an incorporation would have. Wiggins speaks of the cosmic unfairness of determinism, and I do not think the considerations raised here do much to allay our worries about that. Even if one embraces the sort of view I have outlined, the deterministic view of the unbranching and inexorable history of the universe can inspire terror or despair, and perhaps the libertarian is right that there is no way to allay these feelings short of a brute denial of determinism. Perhaps such a denial, and only such a denial, would permit us to make sense of the notion that our actual lives are created by us over time out of possibilities that exist in virtue of our earlier decisions; that we trace a path through a branching maze that both defines who we are, and why, to some extent (if we are fortunate enough to maintain against all vicissitudes the integrity of our deliberational machinery) we are responsible for being who we are. That prospect deserves an investigation of its own. All I hope to have shown here is that it is a prospect we can and should take seriously.
  


"Could Have Done Otherwise"


Chapter 6 of Elbow Room, 1984.
  
I. Do We Care Whether We Could Have Done Otherwise?
In the midst of all the discord and disagreement among philosophers about free will, there are a few calm islands of near unanimity. As van Inwagen notes:


Almost all philosophers agree that a necessary condition for holding an agent responsible for an act is believing that the agent could have refrained from performing that act. (van Inwagen 1975, p.189)


But if this is so, then whatever else I may have done in the preceding chapters, I have not yet touched the central issue of free will, for I have not yet declared a position on the "could have done otherwise" principle: the principle that holds that one has acted freely (and responsibly) only if one could have done otherwise. It is time, at last, to turn to this central, stable area in the logical geography of the free will problem. First I will show that this widely accepted principle is simply false. Then I will turn to some residual problems about the meaning of "can"—Austin's frog at the bottom of the beer mug (see chapter one, page 19).

The "could have done otherwise" principle has been debated for generations, and the favorite strategy of compatibilists—who must show that free will and determinism are compatible after all—is to maintain that "could have done otherwise" does not mean what it seems at first to mean; the sense of the phrase denied by determinism is irrelevant to the sense required for freedom. It is so obvious that this is what the compatibilists have to say that many skeptics view the proffered compatibilist "analyses" of the meaning of "could have done otherwise" as little more than self-deceived special pleading. James (1921, p.149) called this theme "a quagmire of evasion" and Kant (Critique of Practical Reason, Abbot translation 1873, p.96) called it a "wretched subterfuge."


Instead of rising to the defense of any of the earlier analyses — many of which are quite defensible so far as I can see — I will go on the offensive. I will argue that whatever "could have done otherwise" actually means, it is not what we are interested in when we care about whether some act was freely and responsibly performed. There is, as van Inwagen notes, something of a tradition of simply assuming that the intuitions favoring the "could have done otherwise" principle are secure. But philosophers who do assume this do so in spite of fairly obvious and familiar grounds for doubt.


One of the few philosophers to challenge it is Frankfurt, who has invented a highly productive intuition pump that generates counterexamples in many flavors: cases of overdetermination, where an agent deliberately and knowingly chose to do something, but where — thanks typically to some hovering bogeyman — if he hadn't so chosen, the bogeyman would have seen to it that he did the thing anyway (Frankfurt 1969, but see also van Inwagen 1978 and 1983, and Fischer 1982). Here is the basic, stripped-down intuition pump (minus the bells and whistles on the variations, which will not concern us — but only because we will not be relying on them):


Jones hates Smith and decides, in full possession of his faculties, to murder him. Meanwhile Black, the nefarious neurosurgeon (remember him?), who also wants Smith dead, has implanted something in Jones' brain so that just in case Jones changes his mind (and chickens out), Black, by pushing his special button, can put Jones back on his murderous track. In the event Black doesn't have to intervene; Jones does the deed all on his own.


In such a case, Frankfurt claims, the person would be responsible for his deed, since he chose it with all due deliberation and wholeheartedness, in spite of the lurking presence of the overdeterminer whose hidden presence makes it the case that Jones couldn't have done otherwise.
I accept Frankfurt's analysis of these cases (that is, I think they can be defended against the objections raised by van Inwagen, Fischer, and others), and think these thought experiments are useful in spite of their invocation of imaginary bogeymen, for they draw attention to the importance, for responsibility, of the actual causal chain of deliberation and choice running through the agent—whatever may be happening elsewhere.

But Frankfurt's strategy seems to me to be insufficiently ambitious. Although he takes his counterexamples to show that the "could have done otherwise" principle—which he calls the principle of alternate possibilities—is irremediably false, his counterexamples are rather special and unlikely cases, and they invite the defender of the principle to try for it patch: modify the principle slightly to take care of Frankfurt's troublesome cases. Exotic circumstances do little or nothing to dispel the illusion that in the normal run of things, where such overdetermination is lacking, the regnant principle is indeed that if a person could not have refrained (could not have done otherwise), he would not be held responsible. But in fact, I will argue, it is seldom that we even seem to care whether or not a person could have done otherwise. And when we do, it is often because we wish to draw the opposite conclusion about responsibility from the one tradition endorses.


"Here I stand," Luther said. "I can do no other." Luther claimed that he could do no other, that his conscience made it impossible for him to recant. He might, of course, have been wrong, or have been deliberately overstating the truth. But even if he was — perhaps especially if he was — his declaration is testimony to the fact that we simply do not exempt someone from blame or praise for an act because we think he could do no other. Whatever Luther was doing, he was not trying to duck responsibility.


There are cases where the claim "I can do no other" is an avowal of frailty: suppose what I ought to do is get on the plane and fly to safety, but I stand rooted on the ground and confess I can do no other — because of my irrational and debilitating fear of flying. In such a case I can do no other, I claim, because my rational control faculty is impaired. But in other cases, like Luther's, when I say I cannot do otherwise I mean I cannot because I see so clearly what the situation is and because my rational control faculty is not impaired. It is too obvious what to do; reason dictates it; I would have to be mad to do otherwise, and since I happen not to be mad, I cannot do otherwise. (Notice, by the way, that we say it was "up to" Luther whether or not to recant, and we do not feel tempted to rescind that judgment when we learn that he claimed he could do no other. Notice, too, that we often say things like this: "If it were up to me, I know for certain what I would do.")


I hope it is true — and think it very likely is true — that it would be impossible to induce me to torture an innocent person by offering me a thousand dollars. "Ah" — comes the objection — "but what if some evil space pirates were holding the whole world ransom, and promised not to destroy the world if only you would torture an innocent person? Would that be something you would find impossible to do?" Probably not, but so what? That is a vastly different case. If what one is interested in is whether under the specified circumstances I could have done otherwise, then the other case mentioned is utterly irrelevant. I claimed it would not be possible to induce me to torture someone for a thousand dollars. Those who hold dear the principle of "could have done otherwise" are always insisting that we should look at whether one could have done otherwise in exactly the same circumstances. I claim something stronger; I claim that I could not do otherwise even in any roughly similar case. I would never agree to torture an innocent person for a thousand dollars. It would make no difference, I claim, what tone of voice the briber used, or whether or not I was tired and hungry, or whether the proposed victim was well illuminated or partially concealed in shadow. I am, I hope, immune to all such offers.


Now why would anyone's intuitions suggest that if I am right, then if and when I ever have occasion to refuse such an offer, my refusal would not count as a responsible act? Perhaps this is what some people think: they think that if I were right when I claimed I could not do otherwise in such cases, I would be some sort of zombie, "programmed" always to refuse thousand-dollar bribes. A genuinely free agent, they think, must be more volatile somehow. If I am to be able to listen to reason, if I am to be flexible in the right way, they think, I mustn't be too dogmatic. Even in the most preposterous cases, then, I must be able to see that "there are two sides to every question." I must be able to pause, and weigh up the pros and cons of this suggested bit of lucrative torture. But the only way I could be constituted so that I can always "see both sides" — no matter how preposterous one side is — is by being constituted so that in any particular case "I could have done otherwise."


That would be fallacious reasoning. Seeing both sides of the question does not require that one not be overwhelmingly persuaded, in the end, by one side. The flexibility we want a responsible agent to have is the flexibility to recognize the one-in-a-zillion case in which, thanks to that thousand dollars, not otherwise obtainable, the world can be saved (or whatever). But the general capacity to respond flexibly in such cases does not at all require that one "could have done otherwise" in the particular case, but only that under some variations in the circumstances—the variations that matter—one would do otherwise.


It might be useful to compare two cases that seem quite different at first, but belong on a continuum.


I. Suppose I know that if I ever see the full moon, I will probably run amok and murder the first person I see. So I make careful arrangements to have myself locked up in a windowless room on several nights each month. I am thus rendered unable to do the awful things I would do otherwise. Moreover, it is thanks to my own responsible efforts that I have become unable to do these things. A fanciful case, no doubt, but consider the next case, which is somewhat more realistic.


II. Suppose I know that if I ever see a voluptuous woman walking unescorted in a deserted place I will probably be overcome by lust and rape her. So I educate myself about the horrors of rape from the woman's point of view, and enliven my sense of the brutality of the crime so dramatically that if I happen to encounter such a woman in such straits, I am unable to do the awful thing I would have done otherwise. (What may convince me that 1 would otherwise have done this thing is that when the occasion arises I experience a considerable inner tumult; I discover myself shaking the bars of the cage I have built for myself.) Thanks to my earlier responsible efforts, I have become quite immune to this rather more common sort of possession; I have done what had to be done to render certain courses of action unthinkable to me. Like Luther, I now can do no other


Suppose — to get back all the way to realism — that our parents and teachers know that if we grow up without a moral education, we will become selfish, untrustworthy and possibly dangerous people. So they arrange to educate us, and thanks to their responsible efforts, our minds recoil from thoughts of larceny, treachery and violence. We find such alternatives unthinkable under most normal circumstances, and moreover have been taught to think ahead for ourselves and to contribute to our own moral development. Doesn't a considerable part of being a responsible person consist in making oneself unable to do the things one would be blamed for doing if one did them? Philosophers have often noted, uneasily, that the difficult moral problem cases, the decisions that "might go either way," are not the only, or even the most frequent, sorts of decisions for which we hold people responsible. They have seldom taken the hint to heart, however, and asked whether the "could have done otherwise" principle was simply wrong.


I grant that we do indeed often ask ourselves whether an agent could have done otherwise — and in particular whether or not we ourselves could have done otherwise — in the wake of some regrettable act. But we never show any interest in trying to answer the question we have presumably just asked! Defenders of the principle suppose that there is a sense of "could have done otherwise" according to which, if determinism is true, no one ever could have done otherwise than he did. Suppose they are right that there is such a sense. Is it the sense we intend when we use the words "could he have done otherwise?" to inaugurate an inquiry into an agent's responsibility for an act he committed? It is not. In pursuing such inquiries we manifestly ignore the sort of investigations that would have to be pursued if we really were interested in the answer to that question, the metaphysicians' question about whether or not the agent was completely determined by the state of the universe at that instant to perform that action.


If our responsibility really did hinge, as this major philosophical tradition insists, on the question of whether we ever could do otherwise than we in fact do in exactly those circumstances, we would be faced with a most peculiar problem of ignorance: it would be unlikely in the extreme, given what now seems to be the case in physics, that anyone would ever know whether anyone has ever been responsible. For today's orthodoxy is that indeterminism reigns at the subatomic level of quantum mechanics, so in the absence of any general and accepted argument for universal determinism, it is possible for all we know that our decisions and actions are truly the magnified, macroscopic effects of quantum-level indeterminacies occurring in our brains. But it is also possible, for all we know, that even though indeterminism reigns in our brains at the subatomic quantum mechanical level, our macroscopic decisions and acts are all themselves determined; the quantum effects could just as well be self-canceling, not amplified (as if by organic Geiger counters in the neurons). And it is extremely unlikely, given the complexity of the brain at even the molecular level (a complexity for which the word "astronomical" is a vast understatement), that we could ever develop good evidence that any particular act was such a large-scale effect of a critical subatomic indeterminacy. So if someone's responsibility for an act did hinge on whether, at the moment of decision, that decision was (already) determined by a prior state of the world, then barring a triumphant return of universal determinism in microphysics (which would rule out all responsibility on this view), the odds are very heavy that we will never have any reason to believe of any particular act that it was or was not responsible. The critical difference would be utterly inscrutable from every macroscopic vantage point, and practically inscrutable from the most sophisticated microphysical vantage point imaginable.


Some philosophers might take comfort in this conclusion, but I would guess that only a philosopher could take comfort in it. To say the very least it is hard to take seriously the idea that something that could matter so much could be so magnificently beyond our ken. (Or look at the point another way: those who claim to know that they have performed acts such that they could have done otherwise in exactly those circumstances must admit that they proclaim this presumably empirical fact without benefit of the slightest shred of evidence, and without the faintest hope of ever obtaining any such evidence.)*




Given the sheer impossibility of conducting any meaningful investigation into the question of whether or not an agent could have done otherwise, what can people think they are doing when they ask that question in particular cases? They must take themselves to be asking some other question. They are right; they are asking a much better question. (If a few people have been asking the unanswerable metaphysical question, they were deluded into it by philosophy.) The question people are really interested in asking is a better question for two reasons: it is usually empirically answerable, and its answer matters. For not only is the traditional metaphysical question unanswerable; its answer, even if you knew it, would be useless.

What good would it do to know, about a particular agent, that on some occasion (or on every occasion) he could have done otherwise than he did? Or that he could not have done otherwise than he did? Let us take the latter case first. Suppose you knew (because God told you, presumably) that when Jones pulled the trigger and murdered his wife at time t, he could not have done otherwise. That is, given Jones' microstate at t and the complete microstate of Jones' environment (including the gravitational effects of distant stars, and so on) at t, no other Jones-trajectory was possible than the trajectory he took. If Jones were ever put back into exactly that state again, in exactly that circumstance, he would pull the trigger again. And if he were put in that state a million times, he would pull the trigger a million times.


Now if you learned this, would you have learned anything about Jones? Would you have learned anything about his character, for instance, or his likely behavior on merely similar occasions? No. Although people are physical objects which, like atoms or ball bearings or bridges, obey the laws of physics, they are not only more complicated than anything else we know in the universe, they are also designed to be so sensitive to the passing show that they never can be in the same microstate twice. One doesn't even have to descend to the atomic level to establish this. People learn, and remember, and get bored, and shift their attention, and change their interests so incessantly, that it is as good as infinitely unlikely that any person is ever in the same (gross) psychological or cognitive state on two occasions. And this would be true even if we engineered the surrounding environment to be "utterly the same" on different occasions—if only because the second time around the agent would no doubt think something that went unthought the first time, like "Oh my, this all seems so utterly familiar; now what did I do last time?" (see chapter two, page 33)


There is some point in determining how a bridge is caused to react to some very accurately specified circumstances, since those may be circumstances it will actually encounter in its present state on a future occasion. But there would be no payoff in understanding to be gained by determining the micro-causation of the behavior of a human being in some particular circumstance, since he will certainly never confront that micro-circumstance again, and even if he did, he would certainly be in a significantly different reactive state at the time.


Learning (from God, again) that a particular agent was not thus determined to act would be learning something equally idle, from the point of view of character assessment or planning for the future. As we saw in chapter five, the undetermined agent will be no more flexible, no more versatile, no more sensitive to nuances, no more reformable, than his deterministic cousin.


So if anyone is interested at all in the question of whether or not one could have done otherwise in exactly the same circumstances (and internal state), this will have to be a particularly pure metaphysical curiosity—that is to say, a curiosity so pure as to be utterly lacking in any ulterior motive, since the answer could not conceivably make any noticeable difference to the way the world went.*


Why, though, does it still seem as if there ought to be a vast difference, somehow visible from the ordinary human vantage point, between a world in which we could not do otherwise and a world in which we could? Why should determinism still seem so appalling? Perhaps we are misled by the God's-eye-view image, "sub specie aeternitatis," in which we spy our own life-trajectories in space and time laid out from birth to death in a single, fixed, rigid, unbranching, four-dimensional "space-time worm," pinned to the causal fabric and unable to move. (Causation, in Hume's fine metaphor, is "the cement of the universe" (Mackie 1974), so perhaps we see our entire lives as cast in concrete, trapped like a fossil in the unchanging slab of space-time.)

What we would like, it seems, is for someone to show us that we can
move about in that medium. But this is a confusion; if we feel this yearning
it is because we have forgotten that time is one of the dimensions we
have spatialized in our image. Scanning from left to right is scanning
from past to future, and a vertical slice of our image captures a single
moment in time. To have elbow room in that medium—to be able to
wiggle and squirm in between the fixed points of birth and death for
instance—would not be to have the power to choose in an undetermined
way, but to have the power to choose two or more courses at one time.


Is that what we want—to have our cake and eat it too? To have
chosen both to marry and to remain unmarried, both to pull the trigger
and to drop the gun? If that is the variety of free will we want, then whether or not it might be worth wanting, we can be quite confident that it must elude us — unless, perhaps, we adopt Everett's many-worlds interpretation of quantum mechanics, in which case it just might follow that we do lead a zillion lives (though our many alter egos, alas, could never get together and compare notes)!


If we let go of that fantasy and ask what we really, soberly want, we find a more modest hope: while there are indeed times when we would give anything to be able to go back and undo something in the past, we recognize that the past is closed for us, and we would gladly settle for an "open future." But what would an open future be? A future in which our deliberation is effective: a future in which if I decide to do A then I will do A, and if I decide to do B then I will do B; a future in which — since only one future is possible — the only possible thing that can happen is the thing I decide in the end to do.

2. What We Care About

If it is unlikely then that it matters whether or not a person could have done otherwise (when we look microscopically closely at the causation involved) what is the other question that we are really interested in when we ask "but could he have done otherwise?"


Once more I am going to use the tactic of first answering a simpler question about simpler entities. Consider a similar question that might arise about our deterministic robot, the Mark I Deterministic De-liberator. By hypothesis, it lives its entire life as a deterministic machine on a deterministic planet, so that whatever it does, it could not have done otherwise, if we mean that in the strict and metaphysical sense of those words that philosophers have concentrated on. Suppose then that one fine Martian day it makes a regrettable mistake; it concocts and executes a scheme that destroys something valuable — another robot, perhaps. I am not supposing, for the moment, that it can regret anything* but just that its designers, back on Earth, regret what it has done, and find themselves wondering a wonder that might naturally be expressed: could it have done otherwise?

They know it is a deterministic system, of course, so they know better than to ask the metaphysical question. Their question concerns the design of the robot; for in the wake of this regrettable event they may wish to redesign it slightly, to make this sort of event less likely in the future.*

 What they want to know, of course, is what information the robot was relying on, what reasoning or planning it did, and whether it did "enough" of the right sort of reasoning or planning. Of course in one sense of "enough" they know the robot did not do enough of the right sort of thing; if it had, it would have done the right thing. But it may be that the robot's design in this case could not really be improved. For it may be that it was making optimal use of optimally designed heuristic procedures — but this time, unluckily, the heuristic chances it took didn't pay off. Put the robot in a similar situation in the future, and thanks to no more than the fact that its pseudo-random number generator is in a different state, it will do something different; in fact it will usually do the right thing. It is tempting to add: it could have done the right thing on this occasion—meaning by this that it was well enough designed, at that time, to have done the right thing (its "character" is not impugned). Its failure depended on nothing but the fact that something undesigned (and unanticipatable) happened to intervene in the process in a way that made an unfortunate difference.

A heuristic program is not guaranteed to yield the "right" or sought-
after result. Some heuristic programs are better than others; when one
fails, it may be possible to diagnose the failure as assignable to some
characteristic weakness in its design. But even the best are not foolproof,
and when they fail, as they sometimes must, there may be no reason at all
for the failure: as Cole Porter would say, it was just one of those things.


Such failures are not the only cases of failures that will "count" for
the designers as cases where the system "could have done otherwise." If
they discover that the robot's failure, on this occasion, was due to a
"freak" bit of dust that somehow drifted into a place where it could
disrupt the system, they may decide that this was such an unlikely event
that there is no call to redesign the system to guard against its recur-
rence.*


 They will note that, in the micro-particular case, their robot could
not have done otherwise; moreover, if (by remotest possibility) it ever
found itself in exactly the same circumstance again, it would fail again.
But the designers will realize that they have no rational interest in doing anything to improve the design of the robot. It failed on the occasion, but its design is nevertheless above reproach. There is a difference between being optimally designed and being infallible. (See chapter seven.)

Consider yet another sort of case. The robot has a ray gun that it fires with 99.9 percent accuracy. That is to say, sometimes, over long distances, it fails to hit the target it was aiming at. Whenever it misses, the engineers want to know something about the miss: was it due to some systematic error in the controls, some foible or flaw that will keep coming up, or was it just one of those things — one of those "acts of God" in which, in spite of an irreproachable execution of an optimally designed aiming routine, the thing just narrowly missed? There will always be such cases; the goal is to keep them to a minimum — consistent with cost-effectiveness of course. Beyond a certain point, it isn't worth caring about errors. Quine (1960, pp. 182 and 259) notes that engineers have a concept of more than passing philosophical interest: the concept of "don't-cares" — the cases that one is rational to ignore. When they are satisfied that a particular miss was a don't-care, they may shrug and say: "Well, it could have been a hit."


What concerns the engineers when they encounter misperformance in their robot is whether or not the misperformance is a telling one: does it reveal something about a pattern of systematic weakness, likely to recur, or an inappropriate and inauspicious linking between sorts of circumstances and sorts of reactions? Is this sort of thing apt to happen again, or was it due to the coincidental convergence of fundamentally independent factors, highly unlikely to recur? To get evidence about this they ignore the micro-details, which will never be the same again in any case, and just average over them, analyzing the robot into a finite array of macroscopically defined states, organized in such a way that there are links between the various degrees of freedom of the system. The question they then ask is this: are the links the right links for the task ?*



This rationale for ignoring micro-determinism (wherever it may "in principle" exist) and squinting just enough to blur such fine distinctions into probabilistically related states and regions that can be treated as homogeneous is clear, secure, and unproblematic in science, particularly in engineering and biology, as we have seen. (See Wiener 1948 and Wimsatt 1980.) That does not mean, of course, that this is also just the right way to think of people, when we are wondering if they have acted responsibly. But there is a lot to be said for it.

Why do we ask "could he have done otherwise?" We ask it because something has happened that we wish to interpret. An act has been performed, and we wish to understand how the act came about, why it came about, and what meaning we should attach to it. That is, we want to know what conclusions to draw from it about the future. Does it tell us anything about the agent's character, for instance? Does it suggest a criticism of the agent that might, if presented properly, lead the agent to improve his ways in some regard? Can we learn from this incident that this is or is not an agent who can be trusted to behave similarly on similar occasions in the future? If one held his character constant, but changed the circumstances in minor—or even major—ways, would he almost always do the same lamentable sort of thing? Was what we have just observed a "fluke," or was it a manifestation of a "robust" trend—a trend that persists, or is constant, over an interestingly wide variety of conditions?*


When the agent in question is oneself, this rationale is even more plainly visible. Suppose I find I have done something dreadful. Who cares whether, in exactly the circumstances and state of mind I found myself, I could have done something else? I didn't do something else, and it's too late to undo what I did.*




But when I go to interpret what I did, what do I learn about myself? Ought I to practice the sort of maneuver I botched, in hopes of making it more reliable, less vulnerable to perturbation, or would that be wasted effort? Would it be a good thing, so far as I can tell, for me to try to adjust my habits of thought in such sorts of cases in the future?

Knowing that I will always be somewhat at the mercy of the considerations that merely happen to occur to me as time rushes on, knowing that I cannot entirely control this process of deliberation, I may take steps to bias the likelihood of certain sorts of considerations routinely "coming to mind" in certain critical situations. For instance, I might try to cultivate the habit of counting to ten in my mind before saying anything at all about Ronald Reagan, having learned that the deliberation time thus gained pays off handsomely in cutting down regrettable outbreaks of intemperate commentary. Or I might decide that no matter how engrossed in conversation I am, I must learn to ask myself how many glasses of wine I have had every time I see someone hovering hospitably near my glass with a bottle. This time I made a fool of myself; if the situation had been quite different, I certainly would have done otherwise; if the situation had been virtually the same, I might have done otherwise and I might not. The main thing is to see to it that I will jolly well do otherwise in similar situations in the future.


That, certainly, is the healthy attitude to take toward the regrettable parts of one's recent past. It is the self-applied version of the engineers' attitude toward the persisting weaknesses in the design of the robot. Of course if I would rather find excuses than improve myself, I may dwell on the fact that I don't have to "take" responsibility for my action, since I can always imagine a more fine-grained standpoint from which my predicament looms larger than I do. (If you make yourself really small, you can externalize virtually everything.)


In chapter seven I will say more about the rationale for being generous with one's self-ascriptions of responsibility. But for now I will just draw attention to a familiar sort of case in which we hover in the vicinity of asking whether we really could have done otherwise, and then (wisely) back off. One often says, after doing something awful, "I'm terribly sorry; I simply never thought of the consequences; it simply didn't occur to me what harm I was doing!" This looks almost like the beginning of an excuse—"Can I help it what occurs to me and what doesn't?"—but healthy self-controllers shun this path. They take responsibility for what might be, very likely is, just an "accident," just one of those things. That way, they make themselves less likely to be "accident" victims in the future.

3. The Can of Worms

The chance of the

quantum-theoretician is not the

ethical freedom of the 
Augustinian, and Tyche is as

relentless a mistress as 
Ananke.—Norbert Wiener (1948,
P 49)


These edifying reflections invite one final skeptical thrust: "You paint a rose picture of self-controllers doing the best they can to improve their characters, but what sense can be made of this striving? If determinism is true, then whatever does happen is the only thing that can happen." As van Inwagen (1975, PP. 49-50) says, "To deny that men have free will is to assert that what a man does do and what he can do coincide." In a deterministic world what sense could we make of the exhortation to do the best we can? It does seem to us that sometimes people do less well than they are able to do. How can we make sense of this? If determinism is true, and if this means that the only thing one can do is what one does in fact do, then without even trying, everyone will always be doing his very best—and also his very worst. Unless there is some room between the actual and the possible, some elbow room in which to maneuver, we can make no sense of exhortation. Not only that: retrospective judgment and assessment are also apparently rendered pointless. Not only will it be true that everyone always does his best, but every thing will be as good as it can be. And as bad. Dr. Pan-gloss, the famous optimist, will be right: it is the best of all possible worlds. But his nemesis, Dr. Pang-loss the pessimist, will sigh and agree: it is the best of all possible worlds — and it couldn't be worse!* As the philosophers' saying goes, "ought" implies "can" — even in domains having nothing whatever to do with free will and moral responsibility.


Even if we are right to abandon allegiance to the "could have done otherwise" principle as a prerequisite of responsible action, there is the residual problem (according to the incompatibilists) that under determinism, we can never do anything but what we in fact do. As Slote observes, "this itself seems a sufficient challenge to deeply entrenched and cherished beliefs to make it worthwhile to see whether the recent arguments can be attacked at some point before the conclusion that all actions are necessary." (Slote 1982, P. 9). But the challenge is even more unpalatable than Slote claims.


If the incompatibilists were right about us, it would be because they were right about everything: under determinism nothing can do anything other than what it in fact does. The conclusion must be that in a deterministic world, since an atom of oxygen that never links up with any hydrogen atoms is determined never to link up with any hydrogen atoms, it is physically impossible for it to link up with any hydrogen atoms. In what sense, then, could it be true that it, like any oxygen atom, can link up with two hydrogen atoms?


Ayers calls this threatened implication of determinism "actualism" — only the actual is possible. (Ayers 1968, p. 6) Something is surely wrong with actualism, but actualism is so wrong that it is highly unlikely that its falsehood can be parlayed into a reductio ad absurdum of determinism. The argument would be disconcertingly short: this oxygen atom has valence 2; therefore it can unite with two hydrogen atoms to form a molecule of water (it can right now, whether or not it does); therefore determinism is false. There are impressive arguments from physics that lead to the conclusion that determinism is false — but this isn't one of them.


Hume speaks of "a certain looseness" we want to exist in our world. (Treatise, II, III, 2, Selby-Bigge ed., P. 408) This is the looseness that prevents the possible from shrinking tightly around the actual, the looseness presupposed by our use of the word "can." We need this looseness for many things, so we need to know what "can" means, not just for our account of human freedom, and for the social sciences, but for our account of biology, engineering (see chapter three), and in fact any field that relies significantly on statistics and probability theory.


What could the biologist mean, for instance, when speaking of some feature of some species as better than some other "possible" feature? If the generally adaptive trend of natural selection is to be coherently described — let alone explained — we must often distinguish a design selected as better (or as no better) than other "possible" designs that selection has spurned.* 



Biologists assure us that unicorns are not only not actual; they are impossible — as impossible as mermaids. (It has something to do with the violation of bilaterality required for a single, centered horn, I gather.) But the biologists also assure us that there are many possible species that haven't yet existed, and probably never willshort-legged, fat horses good only for eating, say, or blotchless giraffes. Only a small portion of the possible variations ever appear.

In probability theory, we take it that a coin toss has two possible outcomes: heads or tails.


When witnessing the toss of a coin, X will normally envisage as possibly true the hypothesis that the coin will land heads up and that it will land tails up. He may also envisage other possibilities — e.g., its landing on its edge. However, if he takes for granted even the crudest folklore of modern physics, he will rule out as impossible the coin's moving upward to outer space in the direction of Alpha Centauri. (Levi 198o, P. 3)


Everywhere one looks, one finds reliance on claims about what things can be in what states, what outcomes are possible, and what is impossible but not logically impossible (self-contradictory).

If this elusive sense of "can" has nothing particular to do with agency, it nevertheless makes it appearance vividly in that area. In "Ifs and Cans," Austin (1961) offers a famous series of criticisms of the attempt to define "could have done otherwise" as "would have done otherwise if. . ." for various different fillings of the blank. Austin's objections to this strategy have been ably criticized by several philosophers (see especially Chisholm, 1964a). But more important than those objections and criticisms, which have received a great deal of attention from philosophers, is Austin's abrupt, unargued, and all too influential dismissal (in one footnote and one aside) of the most promising approach to the residual, froggy problem.


Austin notes in passing that "There is some plausibility, for example, in the suggestion that 'I can do X' means 'l shall succeed in doing X, if I try,' and 'I could have done X' means 'I should have succeeded in doing X, if I had tried.' " But a famous long footnote dismisses the suggestion:


Plausibility, but no more. Consider the case where I miss a very short putt and kick myself because I could have holed it. It is not that I should have holed it if I had tried: I did try, and missed. It is not that I should have holed it if conditions had been different: that might of course be so, but I am talking about conditions as they precisely were, and asserting that I could have holed it. There is the rub. Nor does 'I can hole it this time' mean that I shall hole it this time if I try or if anything else: for I may try and miss, and yet not be convinced that I could not have done it; indeed, further experiments
may confirm my belief that I could have done it that time, although I did not.

But if I tried my hardest, say, and missed, surely there must have been something that caused me to fail, that made me unable to succeed? So that I could not have holed it. Well, a modern belief in science, in there being an explanation of everything, may make us assent to this argument. But such a belief is not in line with the traditional beliefs enshrined in the word can: according to them, a human ability or power or capacity is inherently liable not to produce success, on occasion, and that for no reason (or are bad luck and bad form sometimes reasons?). (p. 166)



But then what should give way, according to Austin—"a modern belief in science" or the "traditional beliefs enshrined in the word can"? Austin does not say, and leaves the impasse unresolved. The impasse is an illusion; modern science needs the same "can" that traditional beliefs about human agency need. And what must give is Austin's insistence that he was "talking about conditions as they precisely were." As we have seen, there is never any purchase to be gained by talking about micro-precise conditions; when we talk about what someone—or something—can do we are always interested in something general.

This point is made well by Honore (1964), in a seldom-cited critical commentary on Austin's paper. Honore proposes that we distinguish between two senses of "can": "can" (particular) and "can" (general)—and notes that the particular sense is almost degenerate: it "is almost equivalent to 'will' and has predictive force." (p. 464) In the past tense, particular "can" is only appropriate for describing success: "Thus 'I could see you in the undergrowth' is properly said only when I have succeeded in seeing you."


Success or failure, on the assumption that an effort has been or will be made, is the factor which governs the use of the notion: if the agent tried and failed, he could not do the action: if he tried and succeeded, he was able to do it. (Honore 1964, P. 464)


The more useful notion is "can" (general), which in the case of an agent imputes skill or ability, and in the case of an inanimate thing, imputes the sort of potentiality discussed in chapter five (for example, the different states that something can be in). But as we saw then, that sense of "can" is a manifestly epistemic notion; that is, it is generated by any self-controlling planner's need to partition the world into those things and their "states" that are all possible-for-all-it-knows.

Philosophical tradition distinguishes several varieties of possibility.

Among them:

(a) logical or "alethic" possibility: the complement of logical impossibility; something is logically possible if it is consistently describable; it is logically possible that there is a unicorn in the garden, but (if the biologists are right) it is not biologically or physically possible.

(b) physical or "nomic" possibility: something is physically possible if it does not violate the laws of physics or the laws of nature (nomos = law, in Greek). It is physically impossible to travel faster than the speed of light, even though one can describe such a feat without contradicting oneself.

(c) epistemic possibility: something is epistemically possible for Jones if it is consistent with everything Jones already knows. So epistemic possibility is generally viewed as subjective and relative, unlike logical and physical possibility, which are deemed entirely objective.*



It is customary in philosophical discussions of free will to distinguish epistemic possibility from its kin, and then dismiss it as of no further interest in that context.*
 Austin's dismissal is one of the briefest. After considering two other senses of "could have," he mentions a third sense,
in which sense 'I could have done something different' means 'I might, for all anyone could know for certain beforehand, have done something different.' This third kind of 'could have' might, I think, be held to be a vulgarism, 'could' being used incorrectly for 'might': but in any case we shall not be concerned with it here. (Austin 1961, P. 207)

It is a shame that philosophers have not been concerned with it, for it is the key to the resolution of the riddle about "can." The useful notion of "can," the notion that is relied upon not only in personal planning and deliberation, but also in science, is a concept of possibility—and with it, of course, interdefined concepts of impossibility and necessity—that are, contrary to first appearances, fundamentally "epistemic."


As Slote points out in his pioneering article, "Selective Necessity and Free Will" (Slote 1982), the sorts of concepts of necessity and possibility relied upon in these contexts obey different modal principles from the concept of "classical" alethic necessity. In particular, such necessity is not "agglomerative," by which Slote means closed with respect to conjunction introduction.*

Slote illustrates the concept with an example of an "accidental" meeting: Jules happens to meet his friend Jim at the bank; he thinks it is a happy accident, as indeed it is. But Jules' being at the bank is not an accident, since he always goes there on Wednesday morning as part of his job; and Jim's being there is also no accident, since he has been sent by his superior. That Jules is at L at time t is no accident; that Jim is at L at time t is no accident. But that Jules is at L at time t and Jim is at L at time t — that is an accident. (Slote 1982, esp. pp. 15-17)

This is apparently accidentality or coincidentality from-a-limitedpoint-of-view. We imagine that if we knew much, much more than Jules and Jim together know, we would have been able to predict their convergence at the bank; >em>to us, their meeting would have been "no accident." But this is nevertheless just the concept of accidentality we need to describe the "independence" of a thing's powers or abilities from the initial conditions or background conditions in which those powers are exercised. For instance, it is no accident that this particular insect has just the evasive flight pattern it does have (for it was designed by evolution to have that pattern). And it is no accident that the predatory bird that catches that insect has the genes it does (for it too was designed to have those genes). But it is an accident — happy for the bird and its progeny, unhappy for the insect — that a bird with just those genes caught just that evasive insect. And out of thousands of such happy accidents better birds — and better insects — come to be designed. Out of a conspiracy of accidents, by the millions, comes the space of "possibility" within which selection can occur.


The eminent biologist, Jacques Monod, describes the importance for evolution of chance, or what he calls "absolute coincidence" (Monod 1972, P. 112ff.), and illustrates absolute coincidence with an example strikingly like Slote's:


Suppose that Dr. Brown sets out on an emergency call to a new patient. In the meantime Jones the contractor's man has started making emergency repairs on the roof of a nearby building. As Dr. Brown walks past the building, Jones inadvertently lets go of his hammer, whose (deterministic) trajectory happens to intercept that of the physician, who dies of a fractured skull. We say he was a victim of chance. (p. 114)


But when Monod comes to define the conditions under which such coincidences can occur, he apparently falls into the actualise trap. Accidents must happen if evolution is to take place, Monod says, and accidents can happen—"Unless of course we go back to Laplace's world, from which chance is excluded by definition and where Dr. Brown has been fated to die under Jones' hammer ever since the beginning of time."
(p. 115)

If "Laplace's world" means just a deterministic world, then Monod is wrong. Natural selection does not need "absolute" coincidence. It does not need "essential" randomness or perfect independence; it needs practical independence—of the sort exhibited by Brown and Jones, and Jules and Jim, each on his own trajectory but "just happening" to intersect, like the cards being deterministically shuffled in a deck and just happening to fall into sequence. Would evolution occur in a deterministic world, a Laplacean world where mutation was caused by a nonrandom process? Yes, for what evolution requires is an unpatterned generator of raw material, not an uncaused generator of raw material. Quantum-level effects may indeed play a role in the generation of mutations, but such a role is not required by theory.*


It is not clear that "genuine" or "objective" randomness of either the quantum-mechanical sort or of the mathematical, informationally incompressible sort is ever required by a process, or detectable by a process. (Chaitin (1976) presents a Godelian proof that there is no decision procedure for determining whether a series is mathematically random.) Even in mathematics, where the concept of objective randomness can find critical application within proofs, there are cases of what might be called practical indistinguishability.

In number theory, the Fermat-Lagrange Theorem states that every natural number is the sum of four perfect squares:

n = x2 + y2 + z2 + w2

The theorem is easy enough to prove, I gather, but finding the values for x, y, z, and w for a given n is a tedious business. There is a straightforward, "brute force" algorithm that will always find the values by simple exhaustive trial and error, but it has the alarming property of requiring, oil the average, 2" steps to terminate. Thus, for a natural number as small as, say, 203, the algorithm could not be expected to find the answer before the heat death of the universe. It is not what the jargon calls a feasible algorithm, even though in principle (as a philosopher would note) it always yields the correct answer.


But all is not lost. Rabin and others have developed so-called random algorithms, which rely in extremely counterintuitive ways on randomization. One such algorithm has been discovered by Rabin for finding values for the Fermat-Lagrange theorem. It is not logically guaranteed to find the right answer any faster than the brute force algorithm, but its expected termination time (with the right answer) is only (log n)3 steps, a manageably small number even for large values of n. The probability of a much longer or much shorter termination time drops off so steeply as to be entirely negligible. The formal proof that this is its expected termination time makes essential mention of the invocation of random sequences in the algorithm.


Question: in the actual world of hardware computers, does it make any difference whether the computer uses a genuinely random sequence or a pseudo-random sequence? That is, if one wrote Rabin's program to run on a computer that didn't have a radium randomizer but relied instead on a pseudo-random number generating algorithm, would this cheap shortcut work? Or would attempts to find the values for a particular n run longer than the expected number of steps in virtue of the hidden, humanly undetectable nonrandomness of the sequence? Would the number system, in its hauteur, punish the mathematician for trying to plumb its secrets with mere pseudo-random exploration? As it turns out, experience to date has been that one can indeed get away with pseudorandom sequences. In the actual runs that have been attempted, it has made no difference.*



But surely mere practical indistinguishability, even in the limit, is not the Real Thing—real, objective possibility. That is the intuition we must now examine. It is at the heart of the brusque rejection, by philosophers, of epistemic possibility as a building stone in the foundation of free will. So-called "classical" or Newtonian physics is deterministic, but as several physicists have recently noted, many of the most mundane macroscopic phenomena in a Newtonian world would be, by Newtonian principles, unpredictable by any being that fell short of being an infinite Laplacean demon, for they would require infinite precision of initial observation. That is, errors in observation, however minuscule, would propagate and grow exponentially (Berry 1983 and Ford 1983).

In Newtonian physics, there are stable systems (precious few of them) and unstable or chaotic systems. "For nonchaotic systems, error propagates less rapidly and . . . even a coarse-grained past suffices to determine precisely a coarse-grained future." Eclipses, for instance, may be predicted centuries in advance. But "a chaotic orbit is random and incalculable; its information content is both infinite and incompressible." (Ford 1983, P. 7) The trajectory of a pinball (the example is Berry's) after bumping, say, twenty posts (in a few seconds) is unpredictable in the limit, far outstripping the limits of accuracy of any imaginable observation devices. Now this result is surely "just epistemic." What could it have to do with free will?


Just this, I think: such chaotic systems are the source of the "practical" (but one might say infinitely practical) independence of things that shuffles the world and makes it a place of continual opportunity. The opportunities provided are not just our opportunities, but also those of Mother Nature—and of oxygen atoms which can join forces on occasion with hydrogen atoms. It is not any parochial fact about our epistemic limitations that distinguishes the world into stable, predictable systems and unstable, chaotic systems; it is a fact about the world itself—because it is a fact about the world's predictability by any predicting system at all, however powerful. There is no higher perspective (unless we count the perspective of an infinite being) from which the "accidental" collisions of locally predictable trajectories are themselves predictable and hence "no accident" after all.


It is this contrast between the stable and the chaotic that grounds our division of the world into the enduring and salient features of the world, and those features that we must treat statistically or probabilistically (in effect, either averaging over them and turning them into a blur, or treating them as equi-possible members of some ensemble of alternatives). And this division of the world is not just our division; it is, for instance, Mother Nature's division as well. Since for all Mother Nature knows (or could know) it is possible that these insects will cross paths (sometime, somewhere) with these insectivorous birds, they had better be designed with some avoidance machinery. This endows them with a certain power (a bit of "can do," as slang has it) that will serve well (in general).


(These all too sketchy remarks about "can" are at best a pointing gesture toward the final, finished surface of this part of my sculpted portrayal of the free agent. This is another area where much more work needs to be done, and some of the work, certainly, is quite beyond me. But if I am even approximately right in this first, rough pass over the region, the work still to be done will at least move the investigation off of stale, overworked surfaces into new spaces.)






[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=R-Nj_rEqkyQ
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Democritus and his teacher Leucippus replaced theological and supernatural explanations of phenomena with natural materialist explanations. They assumed the world was completely made of matter, which they postulated to consist of just a few types of invisible particles that could be combined to make all of the visible objects, their properties, and their behaviors.   

The fundamental elements of their time - earth, water, air, and fire - were in turn simply compounds of sub-elementary particles they called atoms (indivisibles) in a void or vacuum between the atoms.
  

  "By convention hot, by convention cold, but in reality atoms and void." 

(Fragment 117, Diogenes Laertius IX, 72)
  

Parmenides had denied the possibility of the void with the simple logical argument that if nothing was between two bodies, it follows that they are in contact with one another. Plato and Aristotle generally preferred Parmenides' idea of a continuous filled plenum and opposed the atomists' ideas of discrete particulate objects separated by nothing.

Democritus denied the arbitrariness of phenomena that was implied if they were the free actions of the gods. He replaced that explanation with the idea of deterministic laws governing the behavior of the atoms, and as a consequence explaining all phenomena made of atoms, including human beings and their actions. Leucippus had denied that anything happened at random (μάτην),
  

"Nothing occurs at random, but everything for a reason and by necessity." 

(Leucippus, Fragment 569 - from Fr. 2 Actius I, 25, 4)
  

All the events in the world would now be connected in an eternal deterministic causal chain with a single possible future, possibly one that would loop back and repeat itself in a cosmic "great cycle."

In denying the gods and their freedom, Democritus was no doubt aware of the negative implications for human freedom and moral responsibility. Would causal material explanations reduce all events to mere happenings, with no room for intentions, purposes, and human wills?


Moral responsibility was very important to Democritus. It was a large part of his reason for eliminating the gods and the idea of fate. Unfortunately, eliminating the gods was impolitic and Democritus' work was shunned by many philosophers, starting with Socrates and Plato.  


Nevertheless, his view of atoms and a void working by natural causal laws was such a gain over the traditional view of arbitrary fate and capricious gods, that Democritus simply insisted that determinism provided enough responsibility. In this respect, Democritus seems to anticipate the idea of the semi-compatibilism of determinism and moral responsibilty.


A couple of centuries later, the atomist Epicurus added an element of chance to break the causal chain and provide still more control and moral responsibility than physical determinism could provide, because in his opinion, the strict causal determinism of Democritus was worse that the arbitrary fate of the gods. At least one might appeal to the gods for some mercy. 


Epicurus said, in his Letter to Menoeceus, 134, 



It is better to follow the myth about the gods than to be a slave of the "fate" of the physicists: for the former suggests a hope of forgiveness, in return for honor, but the latter has an ineluctable necessity. 
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νόμωι χροιή, νόμωι γλυκύ, νόμωι πικρόω, ἑτεῆι δ’ ἄτομα καὶ κενόν (Diels Kranz, fragment B125)
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Donald Davidson argued in his influential 1963 essay Actions, Reasons, and Causes that the relation between a reason and an action was some kind of causal connection. Ludwig Wittgenstein had claimed in his Blue and Brown Books that reasons and actions were not related as causes and effects. 

This led several other philosophers to deny that reasons were causes, including Gilbert Ryle, G. E. M. Anscombe, and Stuart Hampshire. On the other hand, Wittgenstein's colleague and translator, Frank Ramsey, developed a causal theory of knowledge called reliabilism.


Davidson agreed that reasons and actions have a purposeful or teleological relation, but that this does not prevent a causal relation. 


Today many philosophers have reverted back to Wittgenstein and describe the teleological relation as "non-causal" and not nomological. They do this largely to prevent the argument that our actions are caused and therefore determined, prohibiting human freedom.


Among the non-causal libertarians are Carl Ginet, Stewart Goetz, Hugh McCann, and David Widerker.


Davidson states the case simply:


Noting that nonteleological causal explanations do not display the element of justification provided by reasons, some philosophers have concluded that the concept of cause that applies elsewhere cannot apply to the relation between reasons and actions, and that the pattern of justification provides, in the case of reasons, the required explanation. But suppose we grant that reasons alone justify actions in the course of explaining them; it does not follow that the explanation is not also - and necessarily - causal. Indeed our first condition for primary reasons is designed to help set rationalizations apart from other sorts of explanation. If rationalization is, as I want to argue, a species of causal explanation, then justification, in the sense given, is at least one differentiating property. How about the other claim: that justifying is a kind of explaining, so that the ordinary notion of cause need not be brought in? Here it is necessary to decide what is being included under justification. It could be taken to cover only what is called for: that the agent have certain beliefs and attitudes in the light of which the action is reasonable. But then something essential has certainly been left out, for a person can have a reason for an action, and perform the action, and yet this reason not be the reason why he did it. Central to the relation between a reason and an action it explains is the idea that the agent performed the action because he had the reason. Of course, we can include this idea too in justification; but then the notion of justification becomes as dark as the notion of reason until we can account for the force of that 'because'.
("Actions, Reasons, and Causes", in Essays on Actions and Events, p.9)

A few years later, Davidson claimed that mental events are anomalous, they are not (as physical events are) describable by strict deterministic laws that can be used to predict our thoughts. Nevertheless, he believed that mental events can be causally related to physical events. Can he have it both ways?  


Davidson admitted he was in sympathy with Immanuel Kant and might be only explaining away an apparent contradiction between the mental and the physical, resolving a kind of antinomy, and perhaps the paradox of free will?


In his 1970 essay "Mental Events" (in Experience and Theory, Univ of Massachusetts Press, 1970), Davidson describes his "Anomalous Monism":


Mental events such as perceivings, rememberings, decisions, and actions resist capture in the nomological net of physical theory. How can this fact be reconciled with the causal role of mental events in the physical world? Reconciling freedom with causal determinism is a special case of the problem if we suppose that causal determinism entails capture in, and freedom requires escape from, the nomological net. But the broader issue can remain alive even for someone who believes a correct analysis of free action reveals no conflict with determinism. Autonomy (freedom, self-rule) may or may not clash with determinism; anomaly (failure to fall under a law) is, it would seem, another matter.

I start from the assumption that both the causal dependence, and the anomalousness, of mental events are undeniable facts. My aim is therefore to explain, in the face of apparent difficulties, how this can be. I am in sympathy with Kant when he says,


it is as impossible for the subtlest philosophy as for the commonest reasoning to argue freedom away. Philosophy must therefore assume that no true contradiction will be found between freedom and natural necessity in the same human actions, for it cannot give up the idea of nature any more than that of freedom. Hence even if we should never be able to conceive how freedom is possible, at least this apparent contradiction must be convincingly eradicated. For if the thought of freedom contradicts itself or nature ... it would have to be surrendered in competition with natural necessity.


Generalize human actions to mental events, substitute anomaly for freedom, and this is a description of my problem. And of course the connection is closer, since Kant believed freedom entails anomaly.


Now let me try to formulate a little more carefully the 'apparent contradiction' about mental events that I want to discuss and finally dissipate. It may be seen as stemming from three principles.


The first principle asserts that at least some mental events interact causally with 
physical events. (We could call this the Principle of Causal Interaction.) Thus for example if someone sank the Bismarck, then various mental events such as perceivings, notings, calculations, judgements, decisions, intentional actions, and changes of belief played a causal role in the sinking of the Bismarck. In particular, I would urge that the fact that someone sank the Bismarck entails that he moved his body in a way that was caused by mental events of certain sorts, and that this bodily movement in turn caused the Bismarck to sink. Perception illustrates how causality may run from the physical to the mental: if a man perceives that a ship is approaching, then a ship approaching must have caused him to come to believe that a ship is approaching. (Nothing depends on accepting these as examples of causal interaction.)


Though perception and action provide the most obvious cases where mental and physical events interact causally, I think reasons could be given for the view that all mental events ultimately, perhaps through causal relations with other mental events, have causal intercourse with physical events. But if there are mental events that have no physical events as causes or effects, the argument will not touch them.


The second principle is that where there is causality, there must be a law: events related as cause and effect fall under strict deterministic laws. (We may term this the Principle of the Nomological Character of Causality.) This principle, like the first, will be treated here as an assumption, though I shall say something by way of interpretation.


The third principle is that there are no strict deterministic laws on the basis of which mental events can be predicted and explained (the Anomalism of the Mental).


The paradox I wish to discuss arises for someone who is inclined to accept these three assumptions or principles, and who thinks they are inconsistent with one another. The inconsistency is not, of course, formal unless more premises are added. Nevertheless it is natural to reason that the first two principles, that of causal interaction and that of the nomological character of causality, together imply that at least some mental events can be predicted and explained on the basis of laws, while the principle of the anomalism of the mental denies this. Many philosophers have accepted, with or without argument, the view that the three principles do lead to a contradiction. It seems to me, however, that all three principles are true, so that what must be done is to explain away the appearance of contradiction, essentially the Kantian line.





Davidson may have chosen "anomalous" to describe mental events as "outside the nomological net" because the word suggests a-nomos (not law in the Greek roots). But the true etymology of anomalous is from the Greek an-homos or an-homalous (not the same in Greek), in the sense of not normal. 


In order to allow mental events to cause physical events, yet not be reducible to them, Davidson  developed the following set of arguments.

	"at least some mental events interact causally with physical events"
	"where there is causality, there must be a law: events related as cause and effect fall under strict deterministic laws."
	"there are no strict deterministic laws on the basis of which mental events can be predicted and explained." (mental events are "anomalous.")


Davidson viewed his work as extending that of Immanuel Kant on reconciling (eliminating the anomalous contradiction between) freedom and necessity. Davidson's rejection of strict deterministic laws for mental events is perhaps consistent with two-stage models of free will.


Of course, Kant follows René Descartes in making the mental/noumenal the realm of freedom and the physical/phenomenal the realm of determinism.


Davidson gave the term supervenience a specific philosophical meaning within analytic philosophy in his essay "Mental Events." 


Supervenience is seen as the last hope for a nonreductive physicalism, which does not reduce the mental to the physical, the psychological to the neurophysiological.  Davidson set two requirements:

	a domain can be supervenient on another without being reducible to it (non reduction)
	if a domain supervenes, it must be dependent on and be determined by the subvenient domain (dependence)



But Davidson also said:
	"supervenience might be taken to mean that there cannot be two events alike in all physical respects, but differing in mental respects"


This seems to make mental events reducible to physical events. 


It is hard to see how the mind, if causally determined by the subvenient brain, is not therefore reducible to it. 


In Jaegwon Kim's 1989 presidential address to the APA, he said:
 


The fact is that under Davidson's anomalous monism, mentality does no causal work. Remember: in anomalous monism, events are causes only as they instantiate physical laws, and this means that an event's mental properties make no causal difference.


This is in apparent contradiction with Davidson's first premise above. But Davidson's third premise states that there are no "strict psycho-physical laws," so Kim has a point. Davidson apparently wants mental and physical events to have causal relations, but without "strict deterministic laws." This may be compatible with two-stage models of free will, if Davidson thinks of the mental as the anomalous indeterministic free part and the physical as the lawful deterministic will part. 

In two-stage models of free will, the first stage generates alternative possibilities, at least some of which can be randomly generated, so are uncaused. Since they are only unrealized, unactualized possibilities, one can describe them as Kim does - as doing "no causal work." 


In the concluding paragraphs of "Mental Events," Davidson argues that the anomalism of the mental is a necessary condition for viewing action as autonomous. He thinks he has resolved a paradox (essentially the problem of free will) - the efficacy of thought and purpose in the material world, and their freedom from law.


Two features of mental events in their relation to the physical — causal dependence and nomological independence — combine, then, to dissolve what has often seemed a paradox, the
efficacy of thought and purpose in the material world, and their
freedom from law. When we portray events as perceivings, rememberings, decisions and actions, we necessarily locate them
amid physical happenings through the relation of cause and effect;
but that same mode of portrayal insulates mental events, as long
as we do not change the idiom, from the strict laws that can in
principle be called upon to explain and predict physical phenomena.

Mental events as a class cannot be explained by physical
science; particular mental events can when we know particular
identities. But the explanations of mental events in which we
are typically interested relate them to other mental events and
conditions. We explain a man's free actions, for example, by
appeal to his desires, habits, knowledge and perceptions. Such
accounts of intentional behavior operate in a conceptual framework removed from the direct reach of physical law by describing
both cause and effect, reason and action, as aspects of a portrait
of a human agent. The anomalism of the mental is thus a necessary condition for viewing action as autonomous. I conclude with a second passage from Kant:


It is an indispensable problem of speculative philosophy to
show that its illusion respecting the contradiction rests on
this, that we think of man in a different sense and relation
when we call him free, and when we regard him as subject to the laws of nature. ... It must therefore show that
not only can both of these very well co-exist, but that both
must be thought as necessarily united in the same subject...


Op. cit, p. 76.
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Fred Dretske


Fred Dretske is an epistemologist who proposed in his 1971 essay "Conclusive Reasons," that evidence, grounds, and reasons should be considered as justifications for beliefs. He says that we can 


say of any subject, S, who believes that P and who has
conclusive reasons for believing that P, that, given these reasons, he could
not be wrong about P or, given these reasons, it is false that he might be
mistaken about P.

Suppose, then, that


(1) S knows that P and he knows this on the basis (simply) of R entails


(2) R would not be the case unless P were the case.


The latter formula expresses a connection between R and P which is strong
enough, I submit, to permit us to say that if (2) is true, then R is a conclusive
reason for P. For if (2) is true, we are entitled, not only to deny that, given R,
not-P is the case, but also that, given R, not-P might be the case. That is to
say, (2) eliminates R and not-P as a possible (joint) state of affairs and, when
we are given R, it eliminates not-P as a possible state of affairs. This is so
because (2) entails the falsity of,


(3) Although R is the case P might not be the case.



How can Dretske's claim that the evidence, grounds, or reasons must be "conclusive" strengthen the case for knowledge? He admits there are many examples of mistaken knowledge claims, one where the thermometer used is known to stick at readings above 98.6 degrees and another example of mistaken testimony.


And he cites Gilbert Harman's example of the lottery player with a friend that will provide the $100,00 prize in the event the player gets a losing ticket. 
This contrived case is similar to the highly unlikely but possible Edmund Gettier's 1963 and Keith Lehrer's sophistical examples.  


Dretske approved Alvin Goldman's development of a causal account of knowledge. (This idea that causes matter goes back to Frank Ramsey.) 



Dretske's work was just a few years after Willard van Orman Quine had proposed the "naturalization" of epistemology, by which he meant seeing epistemology of a part of empirical science. This was the end of searching for a priori justifications of true belief 


In 1981 Dretske called for epistemology to be put on an information-science basis.


At the time when cognitive science was proposing mind models based on input and output from digital computers, Dretske likened the problem of knowledge to an analysis of the information communicated by statements or propositions (which he called "digital") and by pictures or images (which he called "analog"). 


In his book Knowledge and the Flow of Information, Dretske reviewed Claude Shannon's mathematical treatment of the amount of information that can be communicated over a channel between a source s and a receiver r.


He showed that alternative possibilities must exist for messages, otherwise no information is transmitted. (In a deterministic world, the total information is conserved over time.)   


Information, Dretske claimed, can causally sustain belief, although he asked himself "How can an abstract commodity like information be causally efficacious".


For his answer, Dretske fell back to the standard epistemological arguments. S knows F because he has received a signal s over an information channel that F is the case. But an information-theoretic argument as to how S learns something does not advance the quality or verifiability of the presumed knowledge.


As Charles Sanders Peirce and Frank Ramsey knew, that requires a connection between the belief or knowledge and the efficacious behavior of the agent.
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Jacques Derrida was a sort of enfant terrible of philosophy who attacked conventional thinking on the meaning (semantics) of philosophical terms. He undermined much of traditional and especially Anglo-American analytic-linguistic philosophy, e.g., Bertrand Russell. Where American philosophers like Willard van Orman Quine sought for an authoritative "meaning of meaning" in Russellian and Fregean "theories of reference," Derrida saw meaning as constantly shifting in time with usage (cf., the later Wittgenstein's meaning as use, which precipitated his break with Russell's logical atomism).  

Where structuralists saw meaning as determined by the contrast between a word and the many possible synonyms that could replace it "synchronically" in a sentence (Saussure's "difference"), Derrida saw its meaning as constantly shifting - dis-sem-inating - "diachronically," as the future alters the meaning of the past, making a deferred "differance."


Derrida's coinage of a word that sounds the same (in both French and English) as "difference" (one of the most important words in literary criticism and philosophy) allows him to deconstruct any privilege of the spoken word (the phonocentrism of Plato) over writing (the text).


Derrida was a culture critic with an enormous influence on philosophy, law, anthropology, linguistics, sociology, psychoanalysis, political theory, and feminism. His notion of close semiotic analyses and textual "deconstruction" (il n'y a pas hors de texte) burned like wildfire through American philosophy and English departments in the 1970's and 80's, although few Americans really understood his complex, flamboyant language, his dazzling neologisms (in multiple languages), and his deeply skeptical relativistic arguments attacking the philosophical claims of linguistic analytic philosophy.


Derrida's deconstruction was a core element of what became known as post-modernism. 


It is very difficult to understand Derrida's unique contributions to philosophy, because on the surface they appear to be playful language games, but underneath they carry deep moralistic attitudes about conventional - and what Derrida believed to be, hypocritical - western morality.


Derrida's work is hard to separate from a constellation of thinkers important to continental philosophy, especially those who contributed to the flowering of French philosophical thinking in the 1960's. They include Ferdinand de Saussure (the signifier and the signified - s/S) and the many structuralists and post-structuralists that he inspired, e.g,  Claude Lévi-Strauss (language determinism - myths/texts using us - cf., the Sapir-Whorf hypothesis), the structural linguist Roman Jakobson (displacement, when poetics becomes metonymic), psychoanalyst Jacques Lacan (the lack, absence), Roland Barthes (binary oppositions, death of the author, no transcendental signified - S/Z, and a circle of signifiers), the poet Stéphane Mallarmé (absence preferable to presence), 


Derrida's influences also include giants of European philosophy who also played with - or deeply questioned - the meanings of words and the philosophical concepts behind them, starting with Plato's Cratylus, René Descartes, Friedrich Nietzsche, G. W. F. Hegel, Edmund Husserl, and Martin Heidegger. 

Richard Rorty resigned his professorship of philosophy at Princeton to become a professor of literary criticism at the University of Virginia, because sterile analytic philosophy had collapsed under criticisms like that starting with Ludwig Wittgenstein and ending with Jacques Derrida.


The Methodology and Terminology of Derridean Deconstruction


As a method of philosophical and literary criticism, deconstruction seeks to discover structures in thought, in texts, and expose any implicit hierarchy (privilege, centering) in a structure. Derrida's principal deconstructive target is Plato's privilege of speaking (the author's voice) over writing, an implicit contradiction since all of Socrates' writing is only known to us through Plato's writing. (If S is M, and M is P, then S is P - Socrates is Plato, in Derrida's Jeu des Cartes.)   

Derrida's tactic is to reverse any structural hierarchy (this appears to be the purely deconstructive step, inspired in part by Nietzsche's questioning of which comes first - which cause and which effect? - the "pin" or the "pain"?). The reversed structure is unable to sustain itself, of course, resulting in a final step which neutralizes the hierarchy. This final step is not seen as necessarily negative or nihilistic, but simply as an interruption or displacement of the dialectical synthesis (Hegelian aufheben). 


The principal structure exposed in most deconstructive philosophy is the classical binary opposition (or dualism) of idealism versus materialism, which Barthes and Derrida call the basis for the Western epistémè, and possibly for all thought. In deconstructive literary criticism, foundational triplicities (or triads) are also targets, most notably the genetic metaphor (birth, life, death), the Judaeo-Christian architelic cycle (an original Eden, an alienating Fall, and a future atonement or redemption), and sexual/reproductive metaphors (Freud's Oedipus complex, etc.).


One structure that needs critical attention from Derrida is the Hegelian dialectic itself, which is clearly the structure or process underlying deconstruction. The Hegelian negation, followed by the negation of the negation or aufheben, was described by Heidegger as destruction (destruktion), followed by reappropriation of the whole (wiederholung). In Derrida's terminology, it becomes deconstruction, followed by relever (a word with the same connotations of cancelling and uplifting as aufheben). Derrida knows that his work, like any relativist or skeptical position, risks the self-referential danger of deconstructing deconstruction itself. Indeed, his dissemination is an unavoidable interruption of the aufheben/relever, forever blocking reappropriation of the lost origin or thesis.


An important deconstructive reading (or misreading) of deconstruction could be to expose it as a not so subtle version of the sexual/reproductive metaphor. Derrida, and his influential precursor Lacan (a sexual Lack), were both heavily loaded with Freudian terminology and technique. Derrida's other great influences, Hegel, Nietzsche, and Heidegger, participated in the sexual reading of the founding binary opposition or dualism of idealism-materialism as male-female (since Aristotle).


That Derrida is playing with himself and with his readers becomes clear in his vision of dissemination, the irresistible movement (free play) of the infinite chain of signifiers never producing a "transcendental signified" (Barthes' S/Z). No skeptical relativist can ever make a consistent knowledge claim, and thus Derrida's reproductive metaphor becomes a process that never produces a product. The logocentric-phallocentric-phonocentric signifier is forever prematurely ejaculating, the seed spilling and the hymen eternally folded, always intact as it is always ravished. The result is a seed/signifier that never conceives a concept/signified, writing as continuous coitus interruptus.


Although feminist critics like Kristeva and Spivak seem comfortable with Derrida's apparent emasculation of structuralism and the death of the author as father, the whole sexual reading is a pen-as-penis misadventure that should be discredited back to Aristotle except as a productive literary metaphor. Feminists who see a positive gesture in Derrida's identification of the blanks or spaces as female between the male signifiers are being seduced by associations of creativity and openness and non-closure. Derrida's prelude or foreplay will leave them unsatisfied in the long run, deferred forever with no consummation or orgasm, if they accept his image of the sign as a limp phallus that "comes too soon" (Elle - le [le sens] laisse d'avance tomber, Dis 300 and Spivak/Derrida lxvi). They should seize the word. Carpe verbum.
Women provide just as many chromosomes to a new signifier as do males, and they can nourish it and bring it to "term" (i.e., add it to the language). Women join men as equals in textual intercourse.


Glossing Jacques Derrida's master concepts or master words, perhaps master metaphors or controlling tropes?. Parléz-vous Derrida? Oui, un peu.


Absence (death or non-existence of the author)

Abyss (Nietzsche, Zoroaster, Schopenhauer)

Alterity (Otherness)

Always already (immer schon, for Husserl, something always a "given" that cannot be bracketed in the phenomenological reduction; for Heidegger, dasein, being there, thrown into the world; maybe jederzeit schon in Kant; for Derrida, we are always already in language) 

Arche-trace, arche-writing (structures or writing existing before
speech, mental images?, the text of nature - natural law?) 

Blank (blanc, the phallic pen disseminates into the open white space
in Mallarmé, textual silence)

Blindness (Nietzsche, looking into the sun of creative metaphor? de Man, blind to one's own original metaphors)

Breach (le frayage in ED - pathbreaking/Bahnung, entamer in G - enter into, begin)

Brisure (hinge, articulation, joining and breaking)

Closure (of metaphysics, the epistémè, reduction to a fixed meaning,
immobilizing the free play of signifiers)

Creativity (Derrida's term for linguistic "productivity")

Deferral (differance, diachronic/syntagmatic/contiguous/metonym) 

Delude (the false belief in fixed truths, de-played)

Differance (deferral, Derrida's neologism on Saussure's difference)

Difference (difference, in the synchronic, paradigmatic, or associative dimension - Saussurean, metaphoric/substitution)

Displacement (dislocating, decentering - Derrida uses it in connection with dissemination, thus in the chain of signifiers each term displaces the one prior, and in deconstruction, the failure to achieve aufhebung is a displacement. 

in Linguistics, talk about things absent, 

in Psychoanalysis = shift of emotions which makes the unimportant important)

Dissimulation

Dissemination (the infinite chain of ' signifiers in constant movement, deferral, and difference - literally seed spilling, a kind of free association of synonyms, homonyms, puns,
anagrams, translations, etc. which create new openings) 

Economy (of Identity and Difference, from Hegel, Freud, Heidegger)

Efface (rub out, obliterate, opposite of inscribe - aphasia?) 

Forgetfulness (of Being - Nietzsche, Heidegger)

Graft (one text, e.g. Genet, inserted, woven into another, Hegel = Glas) 

Grammatology (Science of Writing)

Gramme

Hymen (tissue, fabric, text, hymn?)

Identity

Innocence of Becoming

Inscription (hard stylus - inscribed, imprinted, engraved, impressed on the tomb/pyramid)

Interiorization (working from within the text/writing)

Intertextuality (the web/seams of different authors' texts, Barthes?) 

Lack (that missing, so that the supplement isn't! - makes whole; usually a reference to Lacan, as castration)

Logocentric (phonocentric, phonologism, valorizing the author as originary source, a reality behind, logos as eternal, timeless, transcendental )

Margins ("I write in the margins of those (texts) who precede me," Derrida's emphasis on reversing hierarchies calls attention to the privileged voice of male heterosexual Christians,
and the repression of marginalized women, homosexuals, and Jews in Western society, the holes in the whole)

Metaphysics of presence ("the history of metaphysics is the history of the determination of being as presence." G 97) 

Moment

Nostalgia (for lost origins, presence)

Ontico-ontological difference - between beings and Being

Ontotheology (beings-Being, Heidegger)

Origin

Originary delay

Other

Ousia (presence, of the Godhead)

Parergon

Parousia (second coming, or re-presence, re-presentation) 

Phallocentric (the patriarchal privileged view in literature and society - e.g.,Church fathers)

Pharmakon (of Plato, poison and remedy)

Phonocentric (a straw construct to be deconstructed by Derrida, the ironic Platonic privilege of Socratic speaking/voice over Platonic writing/text)

Play (ludic, illusion, collusion, prelude - Schelling, Nietzsche, Peirce) 
Presence (of the speaking author, - pre-sense?, Being, es-sence) 

Repetition (reproduction, rehearsal of simulacra, eternal return of the
same?)

Repression (the Freudian concept extended to all things lacking in privilege in logo-phallo-phonocentrist society) 

Reserve (with Investment, Expenditure, Economy)

Rupture (dissemination interrupts the aufheben of difference,
preventing the reappropriation of the whole/origin) 

Seme/Semen (false etymology, but second only to Differance) Signature (problematic if no author)

Signifier

Simulacrum (copy, repetition, as against an original)

Solicitation (shaking the totality?)

Sous rature (under erasure, not effaced)

Spacing (opening)

Style, stylus (phallic)

Supplement (an addition and substitution, as writing is to text, masturbation is to sex)

Text (Il n'y a pas hors de texte, as against book = closure) 

Transcendental signified (Barthes: a concept that exists with no reference to
any signifiers, even arche-writing or arche-trace) 

Trace (Freudian concept - the physical record in the brain of an
experience)

Umbrella (a fabric wrapped around, penetrated by, a stylus) 

Undecidables (words with multiple meaning - polysemy, causing a simultaneous neither/nor or either/or)

Unfolding (layers of tissue, text, plex as in complex)

Violence (implicit in hierarchy, power, idealism/ideology)

Writing (always "sous rature," always already inscribed in the trace)


References [in square brackets]


Dis Dissemination
ID	L'ecriture et la difference, Writing and Difference

G	Of Grammatology

Pos Positions

 
On Dissemination


"I risk meaning nothing that can simply be heard/understood [entendu]. To be entangled in hundreds of pages of a writing simultaneously insistent and elliptical, imprinting even its erasures, carrying off each concept into an interminable chain of differences [dissemination], surrounding or confusing itself with so many precautions, references, notes, citations, collages, supplements - this "meaning to say nothing" is not, you will agree, the most assured of exercises." [Pos 14]

"differance finds itself enmeshed in the work that pulls it through a chain of other 'concepts,' other 'words,' other textual configurations. (for example, gram, reserve, incision, trace, spacing, blank - sens blanc, sang blanc, sans blanc, cent blancs, semblant - supplement, pharmakon, margin-mark-march, etc.)" [Pos 40]


"the motif, the concept, the operator of generality named dissemination inserted itself into the open chain of differance, "supplement," " pharmakon," "hymen" [Note Eden! Pos 44]


"style - a pointed object - eperon, sporo (Frankish), spor (Gaelic), spur (English), spur (German), trace" "umbrella" [Spurs 41]


"we play on the fortuitous resemblance, the purely simulated common parentage of seme and semen. There is no communication of meaning between them - yet, by collusion, accident [seemingly] produces a kind of semantic mirage." [Pos 46]


As a Derridean exercise, consider the seminal semiotic chain - semen, seme, seem, seam, same - just because semen and seme (Gr. semeion) seem the same to a French speaker, doesn't mean Derrida can sow them in the folds and seams of his differential hymen, or otherwise sew them together in his deconstructive fabric - sew, sow, so?	


And what about the blinding insight of sun, seen, sin, sown, soon, son, sign - is this sane? Dissemination is simply dissimulation, if metaphor is assimilated to seminal similes and homonymous homilies. Derrida seems to be a sophisticated sophist, a Logosophist.


Is Derrida only a negative dialectician? a 20th century Sophist? a word juggler, as Kant would call him? What is... Derrida?


Derrida thinks there is something in the nature of writing (trace) that is prior to speech. Is it structure and information, which is "alwasy already" there in the universe?


Derrida uses arbitrariness of the sign (Protagoras, Cratylus), and free association (Freud?), to argue that language is creative. The text is writing itself. Many inspired authors feel they are simply taking dictation. In this regard, Derrida is a determinist who places the locus of control not in our genes, not in our experience, not in the natural law governing our physical material bodies, not in the stars or in God, - but in culture, not in culture as a whole, but in language, not even in language as a whole, but in the "Text," in the disseminating "Sign."


Derrida's commitment to time and becoming (like Hegel but contra Heidegger's Being), to deferral, tempers his determinism with an element of freedom, because he believes in the text as a causa sui, as a creative force. In an extreme version of Kenneth Burke's "Logology," Derrida seems to have crafted a master controlling trope out of Genesis. In a literal misreading of "the Word is God," he imagines the Text is God, and it is writing us.


Is this a sham? Or is Derrida (mis)reading too much into the etymology of sign - seme, namely that the ancient Greek semeion comes from the Hebrew "sem" or "shem," which means sign or name in Hebrew and signs the eponymous Shem, ancestor of all Semites. It would be a shame if this were taken for anti-semitism. 


(Indo-european sem = one, e.g., same, some, handsome, sum, similar, simple, syn? as in synthesis; also Gr. heno; semi, Gr. hemi, half)


Another Derridean game might be Tel Quel (as is, so-so, lit. such what), etymologically = Telos Quelle, the Zweck and the Arche, the Purpose and the Source! Recall the Tel Quel journal editor's attack on Derrida, "a language, derived from Germany's extreme right [Heidegger], has been displaced, unknown to all, and has been introduced into the Parisian left." [Pos 103]




What is not Derrida (some sources for ideas now often confounded with Derrida's deconstruction and post-structuralism).


Absence preferable to presence (Mallarmé)

Binary oppositions - Barthes (cf. dualisms vs. dichotomies.)

Death of the author - Barthes/Mallarmé (disappearance, cf. Reader-response criticism) 

Displacement - when poetics became metonymic - (Jakobson); 

Language as alive (Selbstbewegung) - Hegel (cf. Jones, Life of Language, evolution before biological evolution)

Language determinism - (cf. Sapir/Whorf hypothesis)

No transcendental signified, circle of signifiers - Barthes? (S/Z)

Text (myths) using us - Levi-Strauss

Playing with words - Plato/Cratylus, Hegel, Nietzsche, Heidegger 

Reversing hierarchies, e.g. cause/effect, - Nietzsche (Twilight) 



Cambridge,	April 14, 1988	Robert 0. Doyle 617-876-5678
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Jonathan Dancy is an epistemologist and moral philosopher who argues for moral particularism, the idea that there are no absolute moral principles. There are no invariant reasons that contribute to moral decisions in the very same way no matter what the context of the situation. Reasons are variable, contextual, and dependent on the other reasons that are relevant in the situation.


He describes a "holism of reasons." Responsiveness to reasons requires that each reason be evaluated in the context of all - the whole of - the relevant reasons that apply to a moral situation. He says, "This is the doctrine that what is a reason in one case may be no reason at all in another, or even a reason on the other side. In ethics, a feature that makes one action better can make another one worse, and make no difference at all to a third." 


Although moral principles are often thought to be absolutes - e.g., keep your promises, do the just thing, act for the best, don't cause harm - which are uttered with invariant qualifiers like "always" or "never," Dancy argues that they should be considered no more absolute than practical and prudential reasons. His main goal is to attack the generalist conception under which a moral reason must be categorical in the Kantian sense, it must function in the same way, favoring the same actions, for example, in all situations. To be a moral particularist is to claim, as Dancy does, that any reason is capable of being altered by changes in context, and Dancy excels in developing many examples of such alterations, even reversals.


As a particularist, specific examples are an excellent method, but Dancy also attempts to form a general (sic) theory of moral reasoning, of practical or normative reasoning especially. It is a difficult enterprise to develop a theory of practice in which there are in theory no best practices! As an epistemologist, Dancy's theory of theoretical reason is the same holistic view, i.e.,

	A reason in one situation that favors a conclusion to a belief or action may in another situation disfavor the conclusion.
	The way in which reasons contribute to the conclusion is a complex function of the other contributory reasons present and not a simple adding up of the weights of independent reasons


Dancy applies this one holistic view to theoretical reasoning and practical reasoning. 




Normative reasons are all contributory, one among many reasons that are considered. There is rarely if ever an "overall" reason. Although when we give an account and answer to why we acted in such and such a way, or why we hold such and such a belief, we may cite a single reason, this is to follow conventional ideas about absolute moral principles derived from traditional "virtues," which Dancy questions.


He says that truly absolute principles could not conflict with one another, and conflict is often the essence of a moral problem. The apparent lack of conflict is a result of claiming that there is always a dominant or "best" reason.


In his 2002 book, Practical Reality, Dancy explores the reasons why we should act (normative reasons), distinguishing them from those for which we do act (motivating reasons), and more generally the reasons why we act. He says:


Motivating reasons are supposed to be the ones that actually made a difference to how he acted; they constitute the light in which he chose to do what he did. Normative reasons are the ones we try to cite in favour of an action, because they are the ones that should show that the action was sensible or right or whatever. So if an agent does something extremely silly, we might say he had a motivating reason for doing what he did but little normative reason. What this means is that we can give a certain sort of explanation for his acting as he did, but we cannot defend it.

If we do speak in this way, of motivating and normative reasons, this should not be taken to suggest that there are two sorts of reason, the sort that motivate and the sort that are good. There are not. There are just two questions that we use the single notion of a reason to answer. When I call a reason ‘motivating’, all that I am doing is issuing a reminder that the focus of our attention is on matters of motivation, for the moment. When I call it ‘normative’, again all that I am doing is stressing that we are currently thinking about whether it is a good reason, one that favours acting in the way proposed...


We can normally explain an agent's doing what he did by specifying the reasons in the light of which he acted. But there are other ways of explaining an action — ways that do not involve specifying the agent's reason. For instance, we might say that the reason why he did this was that he had forgotten his promise to her. In so explaining his action, we are not involved in laying out the reasons in the light of which he acted. We are not supposing that the considerations that he took to favour the action included that he had forgotten his promise to her. When we mention the fact that he had forgotten his promise, we mention something of which he was wholly unconscious, and which could not have been among his reasons for acting. 


Beliefs, Desires, and Intentions

Dancy describes Humean (and perhaps Kantian - deontological?)  views of motivation.

   
There is a classic position in the theory of motivation that is known as Humeanism, despite the fact that it bears little resemblance to the views of its supposed progenitor, David Hume. The basic claim made by this theory is that intentional actions are to be explained by reference to the beliefs and desires of the agent. For an intentional action to take place, its agent must have a suitable combination of beliefs and desires. There must be something that the agent wants, an aim or goal which the proposed action subserves in some way...

It is possible to object to Humeanism on the very simple grounds that we often do things that we do not want to do, either in themselves or as means to some end that we want to pursue or promote. Certainly, the ordinary use of the word ‘desire’ is restricted in a way that would render ridiculous any claim that all action is motivated by desire; its main use nowadays seems to be in sexual contexts. But when philosophers speak of desire, at least in the context of the theory of motivation, they are to some extent constructing a term of art. I may say that I am doing this because it is my duty, though I have no desire to do it whatever. The reply is that I must none the less take a positive attitude to some aspect of what I am doing—a ‘pro‐attitude’, in current terms owed to W. D. Ross. And the current philosophical use of the term ‘desire’ takes it to be equivalent to this much broader notion of a pro‐attitude. In this sense it becomes much more plausible to say that all action is motivated by desire.    


  
Hume famously distinguished between beliefs as theoretical reasons for action versus desires (the passions) as the true motivations for action. Dancy connects this to the psychological states of the agent, defending a position he calls "psychologism" (not to be confused with the Frege and Husserl problems). 


Pure cognitivism accepts two central features of the Humean picture. The first of these is the asymmetry of belief and desire, i.e. the fact that belief and desire play quite different roles in motivation; this is captured in the distinction between two directions of fit. Pure cognitivism accepts that asymmetry, in accepting that what belief does desire cannot do, and vice versa. But it rejects the characteristic Humean stress on the dominance of desire in the generation of motivation. Desire is not the leading partner in anything, even though desire is a state that is out to change the world to be the way it wants, while belief is merely out to represent the world as it is.

Pure cognitivism also accepts the Humean claim that desire is an independent existence, with its own phenomenology. Desires occur, and they may have a distinctive ‘feel’, at least on occasion (the strong ones, probably). Their occurrence is required for motivation, but this is not surprising, since to desire is just to be motivated, and being motivated can have a distinctive feel.


There is, however, a further thing that pure cognitivism took unexamined from Humeanism, and this is much more significant than the two mentioned above. This is the idea that the theory of motivating states, as conceived by Humeans, constitutes or is the theory of acting for a reason—the theory of motivating reasons. To put it another way, Humeans presume that the theory of motivation is the theory of motivating reasons, and that this theory is to be written in terms of motivating states of the agent. The question  we were debating was whether such reasons could be beliefs—whether a belief alone could be a reason for acting, in particular a moral belief—or whether there needed also to be a desire. If desire dominates belief in motivation, then it would be true to say that our desires are the ‘real’ reasons why we act. If not, beliefs could be reasons too, reasons as real as the desires. But this debate is premissed on something itself hidden but still eminently debatable, namely that our motivating reasons are psychological states of ourselves. I call this view psychologism. We were not arguing about psychologism; we took it for granted, and argued only about which psychological states were involved, and in which combinations.
   



Dancy argues that good practical reasons are not based on the agent's desires and that they are not based on the agent's beliefs either. Beyond good reasons is the topic of motivation. He claims that pure cognitivism is the soundest form of psychologism in the theory of motivation as standardly conceived, but that we should nevertheless not accept any form of psychologism. We should attempt to understand the reasons that motivate us as features of the situation rather than as features of ourselves. 

He argues that motivating reasons are not mental states of the agent but (real or supposed) states of affairs. Since a reason to act (a good reason) is a state of affairs, the reasons in the light of which we act must also be capable of being states of affairs, for otherwise it would be impossible to act for a good reason. Our reasons are what we believe rather than that we so believe, or our so believing. 


Dancy considers and rejects the view that motivating reasons are best specified in psychological form (S's reason was that he believed that . . .) rather than in non‐psychological form (S's reason was that . . .). He asks how we should then explain the fact that, if S acts for the reason that p, S must believe that p. 


He discusses whether the account of motivating reasons that he gives is either itself causal or at least compatible with a causal account, but concludes that such causal explanations cannot be accounts of the reasons for which the agent acted; we cannot have two such accounts in play at once (overdetermination?).


To accept causes, even the reasons or beliefs as causes per se, would be to put the responsibility on the causes rather than on the agent (compare Jonathan Lowe, who says he is following Dancy).


Ethics without Principles

In his 2006 book, Dancy classifies various purported contributory reasons into three kinds of relevance - favoring/disfavoring, enabling/disabling, and intensifying/attenuating. These exhibit the kinds of dependencies between the various reasons that make reasons ultimately context-dependent, viz. dependent on the other particular reasons present.

He offers the following piece of practical ‘reasoning’:


    1. I promised to do it.


    2. My promise was not given under duress.


    3. I am able to do it.


    4. There is no greater reason not to do it.


    5. So: I do it.

Note here that there is a similar train of thought that ends not with (5) as presented, but with:


    5*. So I ought to do it.
   



Premise (1) is a clear favorer. Premise (3) seems (literally) to be an enabler. If "ought" implies "can," absent (3) would be a disabler relevant to (5*).

What of (2)? The opposite of (2) would clearly disable the favorer (1). And given a greater reason (4) overriding the promise would also be a disabler.


What then are contributory reasons that merely strengthen a favoring premise? Dancy gives another example
   

    1. She is in trouble and needs help.


    2. I am the only other person around.


    3. So: I help her.   
  
Premise (2) makes a difference that intensifies the conclusion. But now consider
   
    1. She is in trouble and needs help.


    2. It is all her own fault, and she got in this situation through trying to spite someone else.


    3. But still: I help her.   

  
Here (2) is the opposite of an intensifier that Dancy calls an attenuator. It does not reverse the favoring reason (1), but weakens it.
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In his 1644 Principles of Philosophy, Descartes identified freedom with actions that are not pre-determined, even by the existence of divine foreknowledge.

Descartes was the origin of the Mind-Body Problem. He famously divided the world into mind (the ideal realm of thoughts) and body (the material world). For him, the physical world was a deterministic machine, but our ideas and thoughts could be free (undetermined) and could change things in the material world (through the pineal gland in the brain, he thought).


Here are the relevant sections in Descartes' Principles. 



37. The supreme perfection of man is that he acts freely or voluntarily,
and it is this which makes him deserve praise or blame.
The extremely broad scope of the will is part of its very nature. And it is a supreme perfection in man that he acts voluntarily, that is, freely; this makes him in a special way the author of his actions and deserving of praise for what he does. We do not praise automatons for accurately producing all the movements they were designed to perform, because the production of these movements occurs necessarily. It is the designer who is praised for constructing such carefully-made devices; for in constructing them he acted not out of necessity but freely. By the same principle, when we embrace the truth, our doing so voluntarily is much more to our credit than would be the case if we could not do otherwise.


39. The freedom of the will is self-evident.

There is freedom in our will, and that we have power in many cases or withhold our assent at will, is so evident that it must be counted among the first and most common notions that are innate in us. This was obvious earlier on when, in our attempt to doubt everything, we went so far as to make the supposition of some supremely powerful author of our being who was attempting to deceive us in every possible way. For in spite of that supposition, the freedom which we experienced within us was nonetheless so great as to enable us to abstain from believing whatever was not quite certain or fully examined. And what we saw to be beyond doubt even during the period of that supposition is as self-evident and as transparently clear as anything can be.


40. It is also certain that everything was preordained by God.

But now that we have come to know God, we perceive in him a power so immeasurable that we regard it as impious to suppose that we could ever do anything which was not already preordained by him. And we can easily get ourselves into great difficulties if we attempt to reconcile this divine preordination with the freedom of our will, or attempt to grasp
both these things at once.


[image: image-placeholder]

41. How to reconcile the freedom of our will with divine preordination. But we shall get out of these difficulties if we remember that our mind is finite, while the power of God is infinite — the power by which he not only knew from eternity whatever is or can be, but also willed it and preordained it. We may attain sufficient knowledge of this power to perceive clearly and distinctly that God possesses it; but we cannot get
sufficient grasp of it to see how it leaves the free actions of men undetermined. Nonetheless, we have such close awareness of the freedom and indifference1 which is in us, that there is nothing we can grasp evidently or more perfectly. And it would be absurd, simply because we do not grasp one thing, which we know must by its very nature be beyond our comprehension, to doubt something else of which we have intimate grasp and which we experience within ourselves.


42. Although we do not want to go wrong, nevertheless we go wrong by our own will.

Now that we know that all our errors depend on the will, it may surprising that we should ever go wrong, since there is no one who wants to go wrong. But there is a great difference between choosing to go wrong and choosing to give one's assent in matters where, as it happens, error is to be found. And although there is in fact no one who expressly wishes to
go wrong, there is scarcely anyone who does not often wish to assent to something which, though he does not know it, contains some error. Indeed, precisely because of their eagerness to find the truth, people who do not know the right method of finding it often pass judgement on things of which they lack perception, and this is why they fall into error.




If Descartes did equate freedom and indeterminacy with the mind, and determinism with the body, it would anticipate and be consistent with Kant's later view that the realm of freedom is noumenal, where phenomena are determined, for Kant by Newton's deterministic laws of nature.
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  In his 1990 book The Non-Reality of Free Will, Richard Double claims that "there can be nothing that answers to the deep senses of free will and moral responsibility."
   
   I shall argue that there can be no such thing as free will and moral responsibility. My argument is a metaphilosophical one that holds that neither concept can have discrete reference, Instead, these terms are merely honorific and subjective; they cannot be legitimized by appeal to the nature of extralinguistic reality, Free will and moral responsibility, as they are viewed in philosophical discourse and everyday life, are not to be counted as candidates among the class of real entities. 

I have come to the non-realist position grudgingly.(p.5)


The ideas of free will and moral responsibility play a deep and central role in the way that we view ourselves. Because of this, almost all of the great figures in Western philosophy have addressed free will and moral responsibility, most of them attempting to vindicate these beliefs. In recent years, the importance of freedom and responsibility have been well documented. The belief that we often act freely and are at those times morally responsible for our behavior is an integral constituent of the Manifest Image of Man, the view of ourselves and the world that we hold before we entertain the postulation of theoretical entities that constitutes the Scientific Image (Sellars, 1963). The belief that persons are capable of moral responsibility and deserve moral consideration comprises (along with the logically prior intentional stance) the personal stance that we take toward each other (Dennett, 1978, Chapter 12). This personal attitude is characterized by "reactive attitudes" such as gratitude and resentment, which stand in distinction to the "objective" attitude that we take toward beings that we believe are not endowed with free will (Strawson, 1962; Nagel, 1986). The capacity for free will has been alleged to be a criterion for distinguishing persons from non-persons (Frankfurt, 1971). And in law, besides the obvious issue of retributive justice, the ideas of free will and moral responsibility provide the moral rationale for legal responsibility. (p.3)
   



  Double explains what he means by defining his terms and calling for three requirements, the ability to have chosen otherwise, control, and rationality.
   Free choice (decision), freedom, free, free will, free act, free agent — Because the aim of this book is to see whether any theory of free will is acceptable (what "free will" really means), I cannot produce a complete definition here prior to that investigation. It is clear, though, that free will has to do with making choices that have the desirable property of being free, which enables agents who make such choices to be more worthy of dignity than agents who cannot. Free will seems, at first blush, to be something without which our moral responsibility for our actions will be jeopardized. At the same time, free will has connections with other highly desirable things like independence, autonomy, activeness rather than passivity, and rationality.

There is reason to believe that these general desiderata might be generated by the satisfaction of three basic conditions that have produced much of the historical debate between the compatibilists and incompatibilists. The first condition is the requirement that free agents have the ability to choose and to act differently than they actually do. The point here is that free agents do not have to make the choices they do; they have the ability, in a sense to be established, to choose otherwise. The second condition, often subsumed under the first, is that free agents control what their choices shall be. The intuitive idea, accepted by compatibilists and incompatibilists, is that if I choose freely the choice that I make is 'up to me', again in a sense to be established. The third component of free will is  rationality. Free choices are reasonable and sensible in the light of a belief-desire psychology where we choose in order to maximize the likelihood of achieving our goals. (p.12)
   



I hope to show that a libertarian account of dual rationality, control, and the ability to choose otherwise also fails.


The most important [condition] for the libertarian is the requirement that free agents have the ability to choose otherwise under the exact conditions that obtain at the moment of choice. The libertarian's interpretation of this requirement signifies the clearest demarcation between the incompatibilists and the compatibilists and is probably incompatibilism's greatest selling point. The compatibilist's argument that the concept of "can choose otherwise" is analytically definable in terms of the hypothetical notion that agents would have chosen otherwise had some condition been different seems dubious to me. Chisholm rejects the hypothetical analysis by arguing that the categorical statement (a) "He could have done otherwise" is not logically equivalent to the hypothetical statement (b) "If he had chosen to do otherwise, then he would have done otherwise". I think that Chisholm is correct in his rejection of the compatibilist's claim when viewed as linguistic analysis. (p.191)


the libertarian's commitment to indeterminism guarantees a dual interpretation of the control and rationality conditions. For the libertarian, free agents not only have the ability to choose in two directions, but they must be in control of either choice. This consequence could be deduced from the demands of moral responsibility. If an agent is to be truly responsible for either choice, A or not A, then both outcomes are under the agent's control. The case is likewise with rationality, although a predictable amount of strain is likely to arise. Libertarians, at the very least, need to show how indeterministic choices can be rational whichever way they turn out. Ideally, libertarians will show us how such a dual ability might be, contrary to appearances, a desirable or even necessary element of rational choices. (p                                                                                                                                                                                                                                                                                                                                                                                                                                                        .192)
  


The simple answer to Double's point about rationality is that we are not "just as likely" to opt for something different from "rational self control", but as human beings we can and do choose occasionally to be irrational.
  
Valerian, Non-Valerian and Delay Libertarianism

In his "Trouble with Libertarianism" chapter (p. 190), Double has an excellent review of three kinds of libertarian theories, based on how each allows indeterminism to enter. One he calls "Valerian" two-stage theories after Daniel Dennett's decision model (named for the poet Paul Valery). Valerian models introduce indeterminism in the early stages of deliberation, before the decision itself.

The next he calls "Non-Valerian." These allow indeterminism in the decision process itself, which means that chance is sometimes the direct cause of actions.


The last is his own theory, which he calls "Delay Libertarianism." The main idea is to recognize that free will is a process that takes place over a period of time. This gives Double the opportunity to locate the indeterminism in a delay between deliberations and resultant decisions.


But he still argues that the deliberations "set the stage" for whatever decision will be made - if any decision is made. So he leaves himself open to the randomness objection. 


Double recognizes that the act of the will might be simply to avoid a decision, and send the problem back for more deliberations, which could involve generating more alternative possibilities, as in our Cogito mind model.


But in the end, says Double, delay libertarianism fails, for the same reason as the others, the dual rational control condition.
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Delay Libertarianism


I now want to sketch another Valerian theory that relies on the possibility of quantum indeterminacies, which I call delay libertarianism. This theory makes the possibility of time gaps a common feature of our decision making, and, to the extent that is empirically warranted, an ubiquitous feature of the rest of our cognitive and biological lives. On this view, for most decisions it is indeterminate whether the decision will follow the deliberation immediately or whether it will be delayed a small fraction of a second. (I leave this imprecise, because the length of the delays needs to be specified empirically.) Sometimes delays may occur in sequence, producing longer delays between the deliberations and the resultant decisions.

Delay libertarianism locates indeterminacy at the point where our deliberations are followed by our decisions. (To make this more psychologically realistic, we could suppose that not all deliberative processes are conscious, but that supposition is tangential to understanding the delay concept. The important thing is that delay theorists want to focus on the point at which the determinists believe that deliberations cause decisions.) The delay theory holds that, in the case of free choices, the deliberations "set the stage" for the ensuing decision in the sense that the former establish which decision will be made if any decision is made. The deliberations do not, however, make the decision physically necessary, since the decision is indeterminate, and may either occur or not occur. 

This is dual control

If the indeterminate decision occurs, then it immediately follows the deliberation and appears exactly as it would if it were caused by the deliberation. If the indeterminate decision does not occur, there is a delay. In this case, there are two possibilities. First, since most of the psychological factors that went into the deliberation that led up to the initial indeterminate decision remain intact, the stage remains set for the same decision to be made. (Metaphorically, the deliberative state of the agent has another chance to push the decision across the threshold.) If, on the next try, the decision fails to occur (thereby producing an iterated delay), the same process may be repeated, and so on. Here Double imagines our second thoughts

The second possibility is that during any of the delays brought about by the failure of the indeterminate decision to occur, agents may think of some other considerations that prompt them to extend their original deliberations, possibly leading them to different decisions than they would have made had no delays occurred. Thus, at no single instant are the two alternatives, e.g., decide A and decide not A, physically possible; yet in free decisions the alternatives of deciding A and not deciding A (that is, having one's decision delayed) are physically possible.

Double recognizes the problem of when and where quantum effects occur.


There are some reasons why a libertarian might prefer delay libertarianism to the theories considered above. First, it has always been difficult for libertarians who try to avail themselves of quantum indeterminacy to explain why the sub-atomic indeterminacies occur just when we manifest libertarian freedom. It cannot be, for instance, that when we prepare to make a decision, the sub-atomic particles 'know' that they should 'go on a spree'. So, is it not miraculous that the sub-atomic and macro-levels correspond in any significant way? Delay libertarianism answers this objection. Because the possibility of delays is a common feature of our mental lives, there is no problem in seeing how they correspond to free decisions. They are always, or almost always, there.

A second, related, advantage of delay libertarianism is that it allows free will to be as frequent a phenomenon as common sense believes it is. (The libertarian should not claim that delays are sufficient for free will, since unfree agents will also experience delays.) 

Delay libertarianism is not restrictivist.


It has always seemed to me that theories like those of Campbell, Kane, and Kant, which make free will realized only under the greatest of efforts, were not really accounts of "free will," but of a much narrower concept. Delay libertarianism does not deny that the moral phenomenology that these theories describe occurs, but it explicates free will at a broader, more mundane level that cleaves more closely to the prephilosophical notion of freedom.

Delay libertarianism makes free will more "egalitarian," since you do not need Taoist/ Buddhist receptivity (Kane) or an especially keen sense of duty (Kant, Kane, Campbell) to enjoy it.
Third, more so than the other views examined, delay libertarianism satisfies the intuitive demands of rationality. It clearly does this better than Nonvalerian theories. It is even slightly better on this score than Dennett's or Kane's theories, because delay libertarianism's indeterminacy does not apply to the considerations generated or to the degree of effort expended. The delays simply give agents more time to deliberate. Thus, agents who are especially subject to delays are not, ipso facto, as whimsical or flighty as agents who are particularly prone to the occurrence of new considerations in their deliberations or to having their will power fluctuate. Such agents would simply be slower. One might say that the indeterminate possibility of delays constitutes the difference between rational decision making (if the delays fail to occur), and even more rational, one-last-chance-to-reconsider decision making (if they occur).


All this notwithstanding, the hard question is whether delay libertarianism enables us to satisfy the libertarian requirements any better than the previous theories did. Ultimately, I think that delay libertarianism fails. Although it is better at providing one-way rationality than van Inwagen's, Dennett's, or Kane's view, it fails just as clearly at dual rationality. It shows how one choice could be rational provided the delays occur and another could be rational if the delays do not occur, but it does not show how we could rationally select either choice given the actual occurrence or nonoccurrence of the delays. The delay theory also fails to produce a sort of indeterminacy that libertarians want. An agent's ability to choose otherwise is, on this theory, dependent on whether the delays occur. But this condition creates the same type of situation that libertarians find objectionable in Dennett's and Kane's view. Indeterminacy needs to be located at the instant of the choice — keeping all previous factors the same — if it is to satisfy the libertarian notion of genuine categorical freedom. Thus, it seems that only a Nonvalerian view such as van Inwagen's can satisfy the desire that motivates the could-have-chosen-otherwise condition. The story is similar for the dual-control requirement. Delay libertarianism satisfies one-way control much the same way that Dennett's theory does. The 'randomizer' that the delay theory adds to the deterministic one-way control is simply the possibility of time gaps that enable agents to deliberate longer, but such delays do not give agents control over both possible outcomes. A chance to change one's mind that is contingent upon delays does not provide control over the alternative choices that are not made if the delays fail to occur. (pp.211-14)
  

The Moral Hardness of Libertarianism

  (Philo, Vol. 5, No. 2, pp. 226-234)
ABSTRACT The following is a criticism designed to apply to
most libertarian free will theorists. I argue that most libertarians
hold three beliefs that jointly show them to be unsympathetic or
hard-hearted to persons whom they hold morally responsible: that persons are morally
responsible only because they make libertarian choices, that we should
hold persons responsible, and that we lack epistemic justification for
thinking persons make such choices. Softhearted persons who held these
three beliefs would espouse hard determinism, which exonerates all
persons of moral responsibility, or, at least, would not espouse
libertarianism. I do not address the view held by some libertarians
that we do have epistemic justification for thinking that persons make
libertarian choices, a minority position that I believe cannot be
sustained.



I propose four premises to argue that most libertarians are
hard-hearted (unsympathetic, not morally conscientious). (1)
Libertarians believe that we may hold persons morally responsible only
if they exercise libertarian free will. (2) Libertarians believe that
we should hold persons morally responsible. (3) Most libertarians
believe that we have scant epistemic justification that
persons have such free will. I believe, but shall not argue in this
paper,
that libertarians who believe they have epistemic justification for
libertarian
free will are mistaken.1 I add a fourth premise describing how
soft-hearted
persons would respond to accepting the first three premises, and
conclude
that those libertarians who do not believe they have epistemic
justification
that persons make free choices are hard-hearted. In the first section I
present
my argument. In section two I consider three implausible replies
libertarians
may make to my argument. In section three I examine three replies that
are
not available to libertarians.


1. The Moral Problem with Libertarianism 


Libertarians believe that persons choose freely in such a way as to
make them morally responsible at least some significant amount of the
time, and that persons are free and morally responsible only because
they make undetermined choices. Whatever variety of undetermined
choices they postulate, few libertarians purport to provide epistemic
justification that persons actually make such choices. Traditionally,
the existence of agents in agent-cause theories has always been treated
conjecturally, as evinced in the writings of Roderick Chisholm (1976),
Richard Taylor (1966) and Peter van Inwagen (1983). More recent
agent-cause advocates such as William Rowe (1995), Timothy O’Connor
(1995A), and Randolph Clarke (1995) give more details, but provide
little reason to suppose that such choices really occur. Robert Kane’s
event-cause account (1996) sketches how choices made at times of
conflicting motives might
coincide with the amplification of quantum indeterminism in persons’
brains, but Kane provides little reason to believe that such choices
occur. Mark Balaguer (1999) argues that we have as much reason for
believing choices are undetermined as we do for believing they are
determined, because nobody knows how the brain works. But his argument
has to discount the inductive evidence that every other macroscopic
event we understand seems to be causally determined by previous events.
Even if one accepts Balaguer’s point, it provides no more reason to
think that brains make undermined choices than we have reason to think
we make determined choices.


Immanuel Kant proclaims that we can have no epistemic justification for
believing that persons make libertarian choices, but recommends that we
postulate
on faith alone the existence of trans-empirical selves ‘in’ a
noumenal world who (that?) make such choices. William James (1962)
provides
a will-to-believe type of argument for believing that persons make
libertarian
choices, but his reasoning, like his argument regarding belief in God,
is
designed to operate in lieu of epistemic justification, not to provide
it.


Libertarians’ confessed lack of epistemic justification that persons
make libertarian choices raises the issue of moral hardness. By the
libertarians’ own lights, are they being morally conscientious when
they (1) adopt libertarianism as a theory or (2) put their belief in
libertarianism into practice in their own treatment of persons? Because
the former question is intellectual, it might seem that the issue of
moral hardness pertains only to the latter, which
deals with action. But the theory of libertarianism supports the
practice of holding persons morally responsible. If the practices
sanctioned by libertarianism are morally objectionable, the charge of
lack of moral conscientiousness seems
to apply to libertarian theory. Moreover, a theory can be hard-hearted
even
if no one ever acts on it, such as Descartes’s denial of animal
suffering
or certain theodicy-arguments.


Holding persons morally responsible includes a wide range of positive
and negative behaviors: expressed reactive attitudes, verbal
recrimination, praise and blame, retributive punishment and
just-deserts rewards, all the way to eternal torment in Hell and bliss
in Heaven. Libertarians disagree among themselves
over how much of that range moral responsibility includes. But because
even
the mildest of the adverse behaviors harms persons, libertarians use
the
assignment of moral responsibility as a justificatory mantra that turns
otherwise
immoral treatment into just-deserts goods. Whatever the degree of
harshness
of the assignments of moral responsibility they select, libertarians
agree
that to assign those adverse aspects of moral responsibility to persons
who
lack libertarian free will is to act wrongly. Such reasoning, no doubt,
lies
behind many libertarians’ expressed contempt for compatibilism. By
the same reasoning, then, libertarians need to provide a moral
justification for visiting these evils upon persons. By their own
lights, if libertarians are to hold persons responsible while avoiding
the charge of treating persons immorally, libertarians should provide
epistemic justification that persons actually make libertarian choices.
The mere hope will not suffice.


How much epistemic justification that free will exists must
libertarians provide to avoid the accusation of endorsing unwarranted
recrimination, blame, and retribution? I believe it requires a great
deal, well over a 0.5 probability, which is more than any of the
above-cited libertarians claim exists. If we have insufficient
epistemic justification for believing that persons satisfy the
conditions we deem necessary for them to deserve assignments of moral
responsibility, then, unless there are overwhelming consequentialist
reasons for doing so (I discuss this later), we have insufficient moral
justification for those assignments. Consider a simple case stipulated
so that there are no consequentialist reasons for the assignment of
responsibility: If I lack evidence that you committed an arson, then I
should not blame you for committing that arson—even if you did commit
the arson.



Robert Kane (1985, 1996, and in correspondence) distances himself from
other libertarians by pointing out that Kanian free choosers have only
partial control
over their choices and, hence, are only partially morally responsible
for
their actions. Because Kane’s theory makes indeterministic choices
depend
on and coincide with indeterministic (and indeterminate) quantum
events, he
acknowledges that Kanian free persons lack control over their choices
before
they make them. Kane (1999) disagrees with his critics over whether
losing
antecedent control means losing control per se, which Kane admits would
eliminate
responsibility. Regardless of this dispute, Kane gives a plausible
reason
why Kanian free persons would merit a less strident kind of moral
responsibility
than would non-materialist Kantian trans-empirical selves or Cartesian
souls.
The latter are postulated as dictators of choices irrespective of the
influences
from their bodies, including all genetic and environmental influences.
Traditional
libertarians will dislike this implication of Kane’s view precisely
because lessened control fails to underpin the strong type of
responsibility
that libertarians historically have wished to assign. It would be
difficult
to over-emphasize the importance to libertarians of justifying the
practices
of holding persons morally responsible. 


Despite the plausibility of the claim that partial control merits
partial responsibility, Kane at most mitigates this paper’s objection
without rebutting it. Regardless of the strength of moral
responsibility they endorse, all libertarians are committed to
exonerating all persons of all moral responsibility if they came to
believe that persons are determined. All libertarians who confess that
they lack epistemic justification that anybody chooses
indeterministically should exonerate everyone of moral responsibility,
whether the most blood-chilling type of blame or Kane’s milder variety.


2. Three Unsatisfactory Replies: Digging in One’s Heels, Conceptual
Schemes, and the Pragmatic Value of Believing in Libertarianism


A first reply by libertarians might be to insist that moral
responsibility requires libertarian free will and that nothing could
ever make them surrender the belief that persons make libertarian
choices, despite their lack of epistemic justification. One could put a
happy gloss on this by seeing it as intransigence for a good cause, but
this would be bad epistemology. Surely the belief that persons make
libertarian choices—an a posteriori claim that is acknowledged as
unknowable by almost everyone—is a paradigm of a defeasible claim. This
is a strategically inapt place to dig in one’s heels.


A second reply might be that libertarianism, although not epistemically
warranted in the face of deterministic skepticism, is acceptable
because
of its centrality to our conceptual scheme as persons.2 If we are to
see
ourselves as persons who deliberate about our actions, then we must see
ourselves
as making libertarian dual-choices, even if we have no knowledge that
we
are the libertarian deliberators we take ourselves to be. Thus, the
following
are synthetic a priori truths; if we take ourselves to be persons, then
we
must take ourselves to make libertarian choices.


In response, I see little merit in “conceptual frame” arguments to
support substantive philosophical theories. I concede to the
libertarians that we cannot deliberate about choices we believe are
going to occur irrespective of our choosing them, but to my knowledge
no compatibilist has ever maintained that determinism entails this
absurdity. As to whether deliberation requires two-way, metaphysically
open libertarian choices, I think it is clear that the only openness we
need is an epistemological openness in which we do not know what we
will choose until we choose it (Kapitan, 1986). Clearly, this is
consistent with determinism.


As a counter-balance to the above libertarian argument, consider Peter
Strawson’s (1963) famous argument for the irrelevance of determinism to
moral responsibility based on his non-libertarian analysis that
reactive attitudes would persist irrespective of what we learned about
the determinism of human behavior. Even
if Strawson were right about this, a highly questionable assumption,
the
fact that both compatibilists and libertarians can use conceptual
scheme arguments
to support their contradictory views suggests caution regarding such
arguments.  


A third reply might defend the claim that persons make libertarian
choices, despite its lack of epistemic credentials, by claiming that
our believing in libertarian free will and moral responsibility has
salutary moral effects, a claim Kant shares with James. Of course, this
claim is debatable armchair psychology. To the best of my knowledge,
psychologists have not studied the results of the belief and non-belief
in moral responsibility, so the whole issue seems to me conjectural.
But so long as we are conjecturing, perhaps there are moral advantages
to rejecting moral responsibility, as Saul Smilansky (1994) avers, or
even advantages that make doing so morally superior to libertarianism,
as B. F. Skinner (1948) and Bruce Waller (1990) claim. Libertarians are
not obviously right on this conjecture.


But let us concede libertarians the dubious psychological premise and
see if it helps to rebut my objection. Any libertarian who stresses the
pragmatic value of believing in libertarianism is committed to
consequentialist cost-benefit analysis. So, even if the psychological
speculation were true, the benefit of inculcating better moral behavior
among the public at large must be weighed against the possible cost of
the unfairness of assigning moral responsibility to persons who do not
deserve it. Instead of reveling in the hope that we might have
libertarian freedom, a compassionate incompatibilist would consider the
injustice we do to persons when we retributively punish them under the
banner of libertarian free will and then consider the probability that
we actually have such freedom. To ignore the probability that we have
libertarian freedom when we adopt libertarianism is as confused as
ignoring the probability that we will win the sweepstakes because we
are inveigled by the size of the
prize. Moreover, the belief in moral responsibility may do considerable
damage
even if persons generally are morally responsible: for example,
retributive punishment dispensed to individuals who are mistakenly
thought to have committed crimes.


Therefore, libertarians who endorse this pragmatic argument, by their
own premises, find themselves in an unenviable position. They are
committed to believing that an improbable moral good (encouraging
better moral behavior at large) outweighs the probable moral evil of
inflicting negative reactive attitudes, blame, and retributive
punishment on undeserving victims. In sum, by their own lights,
libertarians should not use the presumed pragmatic advantage of
believing in libertarianism to justify imputing libertarian choices to
persons. The probable cost of the pragmatic strategy should be enough
to make
any rational, morally sensitive libertarian reconsider using the
pragmatic argument.


I find it odd for libertarians to do two things: (1) to condemn
behavior modification as the sole rationale for punishment, because,
following Kant, doing so treats persons as mere means, thereby doing
them a moral injustice. Kant writes:


Judicial punishment can never be used merely as a means to promote some
other good for the criminal himself or for civil society, but instead
it
must in all cases be imposed on him only on the grounds that he has
committed
a crime. (Kant, 1965, 100)


(2) to impute to persons libertarian free will (without epistemic
justification) in order to make them act better morally. Both
strategies of behavior modification and imputing libertarian free will
have consequentialist motivations, and if the former strategy uses
persons, so does the latter. Worse, there is a
second degree of using persons operative when libertarians endorse the
pragmatic
strategy. Libertarian fans of the pragmatic argument impute libertarian
free
will to persons not simply to improve humanity’s moral conduct, which
could be done just as well by endorsing compatibilism’s route to moral
responsibility. Libertarians wish to improve moral conduct while
holding
on to their incompatibilist conviction that only libertarian free will
underpins
moral responsibility.



If “using” seems too strong, I could rephrase the last point.
Libertarians underestimate the likelihood that their theory
(incompatibilism and the belief in undetermined choices) is false and
then discount the harm done if that theory is accepted and is false. If
libertarians were softhearted, they would not risk hurting persons by
imputing unknowable libertarian free will (and moral responsibility) to
them simply on the strength of their libertarian vision. Fallibilism
about one’s views is a desirable quality in general, but it is morally
obligatory when dogmatism has potentially harmful repercussions for
persons.


I can see two ways for libertarians to respond to my objection to the
pragmatic argument. The first appeals to some barbarous moral thinking
under the guise of an unjustifiable metaphysical premise. The second
leads directly to compatibilism.


The first response would go like this. Libertarians could reply that if
persons lack libertarian free will, then none of us have moral worth,
and,
hence, it does not matter if libertarians mistakenly subject persons to
blame
and retributive punishment. Libertarians might as well assume that
persons
exercise libertarian free will, because if persons do not, nobody can
treat
anybody immorally. One cannot treat a being lacking in moral worth
immorally.
(Kant thought our duties to beasts were only indirect: One must not
mistreat
beasts only because it may lead to mistreating humans.) A zany variant
on
this would be to insist that because “ought” implies a libertarian
“can,” if libertarianism is false, no one ought to do otherwise
than they do, which includes refraining from assigning unwarranted
moral
responsibility. The premise behind this response would be question
begging
against compatibilists. Worse, this response is unspeakably
hard-hearted,
using an unjustifiable philosophical premise to support a cruel moral
position.


For a second response to my objection, consider Daniel Dennett’s (1984,
164) suggestion in Elbow Room:


we simply hold persons responsible for their conduct (within limits we
take care not to examine too closely). And we are rewarded for adopting
this strategy by the higher proportion of “responsible” behavior we
thereby inculcate (1984, 164).


Dennett’s cavalier position appears heartless until Dennett adds to it
the compatibilist premise that determined persons can be morally
responsible. Until Dennett does this, his recommendation not to look
closely at the causation of human actions will seem to overlook what
incompatibilists see as the gross injustice of holding determined
persons morally responsible. Thus, to avoid my objection to the
Kant/James pragmatic line, Dennett needs to claim that determined
persons could be responsible. As a compatibilist, Dennett happily
endorses this premise, although, Dennett’s idea of moral responsibility
is a milder variety than most libertarians endorse. Unfortunately for
libertarians, accepting this premise would be to surrender
libertarianism for compatibilism.


3. Three Replies Not Available to Libertarians


The following are reasonable responses to my argument, but each is
unavailable to libertarians. First, libertarians might treat their
theories as hypothetical: “I believe that if persons are morally
responsible, they need to make libertarian choices; but because I have
no epistemic justification for the claim that anyone makes such
choices, I shall not hold anyone morally responsible until I find
some.” Someone who says this combines conviction about incompatibilism
with a reasonable skepticism about the likelihood of libertarian
metaphysics, thus avoiding the worst excesses of dogmatism and
heartlessness. The problem for the libertarian is that adopting this
agnostic position would be a tentative acceptance of hard determinism.
This position is contrary to
what most historical libertarians want: If one’s libertarian theory
recommends that one act like a hard determinist, then on epistemic and
practical grounds, one probably should be a hard determinist. Erstwhile
libertarians who adopted this move would, of course, leave open the
possibility of endorsing libertarianism should new evidence for
libertarian choices emerge.


   One variation on this theme would be for the libertarians
to refuse to endorse the negative aspects of moral responsibility, but
continue to endorse the positive ones. This proposal reminds one of the
compatibilist Susan Wolf’s (1980) proposal that blame requires
libertarian free will, but praise does not. The problem with this
modulated proposal is that it is
not consistent with the traditional libertarian aim of vindicating the
whole
range of morally responsibility. It would be tantamount to accepting
hard
determinism for the part of moral responsibility that is most important
to
most libertarians and compatibilism for the rest.


   Another variation on this theme suggested by Lee McCracken
in correspondence is that libertarians might concede that human beings
could never know whether persons make libertarian choices, but God
would. So, libertarians might deny persons the right to hold persons
morally responsible, but grant it to God. There are three things to
note about this riposte. First, the result
would be that libertarians should act like hard determinists, as noted
above.
This applies with even more force against libertarians such as Kane
(1996,
81-89) who allege that an extremely wide array of qualities require
libertarian
free choices: not simply free will and moral responsibility, but
creativity,
autonomy, individuality, dignity, and worthiness of love and
friendship.
The more extensive the qualities the libertarians make depend on
libertarian
free will, the more extensive the qualities libertarians should
withdraw
in light of the epistemic problem.


Second, if we do not have epistemic justification that persons have
free will, how could we have epistemic justification that God knows
they do? An omniscient God would know all truths, but the question at
stake is precisely whether persons make libertarian choices.
Postulating that God would know who makes libertarian choices if they
do is no more epistemically justified than our belief that persons make
libertarian choices.


Third, I find it a curious metaphilosophical motivation to endorse a
theory for which one has little epistemic justification, not to improve
humanity’s lot (as do Kant and James, whose pragmatic argument I have
criticized), but to exonerate a postulated entity. The theist might
reply that ‘vindicating God’s justice,’ to paraphrase Leibniz, does
serve humanity or, at least, makes some theists happy. If it difficult
to see, though, the practical benefit to persons of being assured that
if God exists, and if He discovers that persons make libertarian
choices, then His punishment will be just.


   A second libertarian response would be to become agnostic
about incompatibilism to defend the belief in responsibility.
Libertarians
might say that the belief in responsibility is so important that even
if
persons cannot be shown to be morally responsible by incompatibilist
lights,
they are willing to reconsider those lights and adopt compatibilism, at
least provisionally. This modest position looks much like Alfred Mele’s
“agnostic autonomist” (1995), but it also is not libertarianism.


Finally, erstwhile libertarians might defend responsibility by saying
that both determined choices and undetermined choices can be free. [In
Double 1996
and 1999 I call this Free-Will-Either-Way Theory.] But because this
view
endorses compatibilism’s positive claim that one can be morally
responsible
for determined choices, it, too, is not libertarianism.


4. Conclusion


Libertarians can answer this paper’s objection if they (1) reject
incompatibilism, or (2) quit holding persons morally responsible, or
(3)
provide epistemic justification that persons make enough libertarian
choices
to support the practices of expressing reactive attitudes, blaming, and
punishing
retributively. Because libertarians cannot do either of the first two
and
remain libertarians, and seem unable to do the third, the three
strategies
are unpromising. All in all, the wisest and kindest strategy for
libertarians
would be to let go of moral responsibility—for the time being, at
least.3
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William Dembski

William Dembski is an American mathematician, philosopher, and theologian. 


He was a senior fellow of the Discovery Institute's Center for Science and Culture (CSC).


When the Supreme Court ruled against the teaching of Creationism in public schools, author George Gilder, the founder of Discovery Institute, proposed Intelligent Design" as a replacement term  for Creationism, the belief that the universe, the Earth, the stars, and all life were created by a supernatural being or God, rather than through natural processes, like cosmic evolution, stellar evolution, and biological evolution (Darwinian natural selection). 
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Epictetus

The Stoic Epictetus famously believed that his mind was free even if his body was enslaved, and this was enough freedom for him.

The Stoic word for freedom, ἐλευθερία, emphasizes the freedom from external coercion that modern compatibilists argue is the only freedom in the idea of voluntary actions and "free will."


But long before the Stoics, Aristotle had used "depends on us" (ἐφ’ ἡμῖν), to describe the kind of internal freedom Epictetus prized. 


Epictetus knew that some actions in the world were external to his will and out of his control. Like all Stoics, he said we should not be bothered by anything out of our control. Our emotions should only respond to things that we can control, that depend on us, and these he called προαίρεσις. 


For Epictetus, good and evil were exclusively involved in things under our control, not in external events. The events themselves were neither good or evil, but these were in our view of events.


Chrysippus had identified things that depend on us as not necessitated (though fated), because they causally depend on our assent (συνκατάθεσις) or dissent. Our assent is needed for us to assume moral responsibility for our actions.


Epictetus taught his students to distinguish clearly those things that were up to us from those beyond our control (ἀπροαίρεσις). These included anything that might, under some circumstances, be beyond our control. Normally we are free to walk about, a prime example of free action for Lucretius, but Epictetus had been put in a cage, so the act of walking was not included for him.


To achieve the Stoic goal of the serene and undisturbed life (ἀταραχία), Epictetus severely limited the things in our power (τά ἐφ’ ἡμῖν) to internal mental activities like assent and intention.  


Epictetus very likely accepted Chrysippus' view that our assent was causally determined (fated), but as long as our assent was in the causal chain we could be said to originate our actions so they "depend on us." Our actions are not necessitated. If we were to dissent, they would not happen. 


But like Chrysippus, his distinguishing things in our control from those not up to us suggests that Epicurus appreciated that our assent and dissent was a choice (προαίρεσις) between alternative possibilities. He said that even god cannot affect decisions that are "up to us." (Dissertationes, 1.6.40)

  





For Teachers
Noesis
Stanford Encyclopedia of Philosophy
Wikipedia


For Scholars








    Philosophers
    

Mortimer Adler
Rogers Albritton
G.E.M.Anscombe
Anselm
Thomas Aquinas
Aristotle
Augustine
J.L.Austin
A.J.Ayer
Alexander Bain
Mark Balaguer
William Belsham
Henri Bergson
Isaiah Berlin
Bernard Berofsky
Susanne Bobzien
George Boole
Émile Boutroux
F.H.Bradley
C.D.Broad
C.A.Campbell
Joseph Keim Campbell
Carneades
Ernst Cassirer
David Chalmers
Roderick Chisholm
Chrysippus
Cicero
Randolph Clarke
Samuel Clarke
Anthony Collins
Diodorus Cronus
Donald Davidson
Mario De Caro
Democritus
Daniel Dennett
René Descartes
Richard Double
Emil du Bois-Reymond
Fred Dretske
John Earman
Laura Waddell Ekstrom
Epictetus
Epicurus
John Martin Fischer
Owen Flanagan
Luciano Floridi
Philippa Foot
Alfred Fouillée
Harry Frankfurt
Richard L. Franklin
Michael Frede
Carl Ginet
H.Paul Grice
Nicholas St. John Green
Ian Hacking
Ishtiyaque Haji
Stuart Hampshire
W.F.R.Hardie
R.M.Hare
Georg W.F. Hegel
Martin Heidegger
R.E.Hobart
Thomas Hobbes
David Hodgson
Shadsworth Hodgson
Ted Honderich
Pamela Huby
David Hume
William James
Lord Kames
Robert Kane
Immanuel Kant
Tomis Kapitan
Jaegwon Kim
William King
Christine Korsgaard
Keith Lehrer
Gottfried Leibniz
Leucippus
Michael Levin
C.I.Lewis
David Lewis
Peter Lipton
John Locke
Michael Lockwood
John R. Lucas
Lucretius
James Martineau
Storrs McCall
Hugh McCann
Colin McGinn
Michael McKenna
Paul E. Meehl
Alfred Mele
John Stuart Mill
Dickinson Miller
G.E.Moore
Thomas Nagel
Friedrich Nietzsche
P.H.Nowell-Smith
Robert Nozick
William of Ockham
Timothy O'Connor
David F. Pears
Charles Sanders Peirce
Derk Pereboom
Steven Pinker
Karl Popper
H.A.Prichard
Hilary Putnam
Willard van Orman Quine
Frank Ramsey
Ayn Rand
Thomas Reid
Charles Renouvier
Nicholas Rescher
C.W.Rietdijk
Josiah Royce
Bertrand Russell
Paul Russell
Gilbert Ryle
T.M.Scanlon
Moritz Schlick
Arthur Schopenhauer
John Searle
Henry Sidgwick
Walter Sinnott-Armstrong
J.J.C.Smart
Saul Smilansky
Michael Smith
L. Susan Stebbing
George F. Stout
Galen Strawson
Peter Strawson
Eleonore Stump
Richard Taylor
Kevin Timpe
Peter van Inwagen
Manuel Vargas
John Venn
Kadri Vihvelin
Voltaire
G.H. von Wright
David Foster Wallace
R. Jay Wallace
W.G.Ward
Ted Warfield
Roy Weatherford
William Whewell
Alfred North Whitehead
David Widerker
David Wiggins
Bernard Williams
Ludwig Wittgenstein
Susan Wolf

Scientists


Source: https://www.informationphilosopher.com/solutions/philosophers/epictetus/





  
  Epicurus
  

  


  
  Home › Solutions › Philosophers › Epicurus
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    One generation after Aristotle, Epicurus argued that as atoms move through the void, there are occasions when they might "swerve" from their otherwise determined paths, thus initiating new causal chains - with a causa sui or uncaused cause. Epicurus wanted to break the causal chain of physical determinism and deny claims that the future is logically necessary.

Parenthetically, we now know that atoms do not occasionally swerve, they are moving unpredictably whenever they are in close contact with other atoms or interacting with radiation. Everything in the material universe is made of atoms in unstoppable perpetual motion. "Deterministic" paths are only the case for very large objects, where the statistical laws of atomic physics average to become nearly certain dynamical laws for billiard balls and planets. The paths of such large objects are only statistically determined, albeit with negligible randomness. 


We call the real physical determinism we have in the world "adequate determinism" to distinguish it from predeterminism, with its causal chain going back to the origin of the universe. 


So Epicurus' intuition of a fundamental randomness was correct. Just as Democritus' intuition of atoms in a void was confirmed by modern physics, so Epicurus' swerve (the "clinamen") has been confirmed by quantum physics. 


Like the other physiologoi (φυσιολόγοι) and physicists (φύσικοι), Democritus had replaced the gods as explanations of phenomena with his deterministic laws of nature in order to give humans more control over their fate and thus moral responsibility.  


For similar reasons, Epicurus added an element of chance to provide still more control and moral responsibility than physical determinism alone can provide. He said, in his Letter to Menoeceus, §134, 


It is better to follow the myth about the gods than to be a slave of the "fate" of the physicists: for the former suggests a hope of forgiveness, in return for honor, but the latter has an ineluctable necessity. 

ἐπεὶ κρεῖττον ἦν τῷ περὶ θεῶν μύθῳ κατακολουθεῖν ἢ τῇ τῶν φυσικῶν εἱμαρμένῃ δουλεύειν· ὁ μὲν γὰρ ἐλπίδα παραιτή- σεως ὑπογράφει θεῶν διὰ τιμῆς, ἣ δὲ ἀπαραίτητον ἔχει τὴν ἀνάγκην 



It is critically important to note that there is very little new of importance in Epicurus - except the specific mechanism of the atomic swerve - that was not already there in Aristotle's treatment of moral responsibility in the Nichomachean Ethics and the Metaphysics.


Aristotle had already argued against the atomists' necessity (Leucippus) and causal determinism (Democritus). He did not care for the atomists' atheistic dismissal of the gods, but he unequivocally endorsed chance, itself an atheistic idea flying in the face of the gods' foreknowledge, as the specific means of breaking the causal chain of determinism and necessity.



Aristotle had also treated a related problem that greatly concerned Epicurus, namely the idea that the current truth or falsity of a statement about the future entails the necessity of the future event. In de Interpretatione, IX, Aristotle argued that statements about future events have no truth value until the event does or does not occur. The future is thus open, to accidental chance for example. Epicurus connected this logical necessity to causal determinism, because, he said, a future event could not be fated and logically necessitated unless the causes of that event are already present. Note that neither Aristotle nor Epicurus are denying the principles of bivalence or non-contradiction. They both think these principles will apply once the future arrives. 


The difference between Aristotle and Epicurus is then very slight as concerns the problem of free will.  Aristotle never acknowledges the existence of a "free will problem." For him, it is transparent and obvious that our voluntary actions are "up to us." The determinism and necessity of the atomists is simply another impractical ideal, as inapplicable to the real world as the transcendental Ideas of his master Plato. And he was explicit that chance exists in the world.


Aristotle sees three causes or explanations for things that happen - necessity, chance, and a third thing (a tertium quid) in the agent-causality that he describes as "up to us" (παρ’ ἡμᾶς).


Since it clearly was Epicurus who first recognized an explicit conflict between determinism/necessity and free will, we can confirm that Epicurus was the first to recognize the traditional "problem of free will."


For Epicurus, the atomic swerve was a means to deny the fatalistic future implied by determinism (and necessity). As the Epicurean Roman Lucretius explained the idea,


...if all motion is always one long chain, and new motion arises out of the old in order invariable, and if the first-beginnings do not make by swerving a beginning of motion such as to break the decrees of fate, that cause may not follow cause from infinity, whence comes this freedom in living creatures all over the earth

(De Rerum Natura, Book 2, lines 251-256)


Epicurus did not say the swerve was directly involved in decisions so as to make them random. His critics, ancient (the Stoics) and modern (determinists), have claimed mistakenly that Epicurus did assume "one swerve - one decision," so that our thoughts and actions would be random. Some recent philosophers call this the "traditional interpretation" of Epicurean free will. 

On the contrary, following Aristotle, Epicurus thought human agents have an autonomous ability to transcend the necessity and chance of some events. This special ability makes us morally responsible for our actions.


...some things happen of necessity (ἀνάγκη), others by chance (τύχη), others through our own agency (παρ’ ἡμᾶς).

...necessity destroys responsibility and chance is uncertain; whereas our own actions are autonomous, and it is to them that praise and blame naturally attach.

λέγει ἐν ἄλλοις γίνεσθαι ἃ μὲν κατ’ ἀνάγκην, ἃ δὲ ἀπὸ τύχης, ἃ δὲ παρ’ ἡμᾶς, διὰ τὸ τὴν μὲν ἀνάγκην ἀνυπεύθυνον εἶναι, τὴν δὲ τύχην ἄστατον ὁρᾶν, τὸ δὲ παρ’ ἡμᾶς ἀδέσποτον, ᾧ καὶ τὸ μεμπτὸν καὶ τὸ ἐναντίον παρακολουθεῖν πέφυκεν
 

(Letter to Menoeceus, §133)




Epicurus, clearly following Aristotle, finds a tertium quid, beyond necessity (Democritus' physics) and chance
(Epicurus' swerve). 
The tertium quid is agent autonomy, leading to moral responsibility.


We know Epicurus' work largely from Lucretius and his friend Cicero. Lucretius describes Epicurus' idea of breaking the causal chain of determinism in De Rerum Natura. Indeed, without swerves, nothing would ever have been produced.



One further point in this matter I desire you to understand: that while the first bodies are being carried downwards by their own weight in a straight line through the void, at times quite uncertain and uncertain places, they swerve a little from their course, just so much as you might call a change of motion. For if they were not apt to incline, all would fall downwards like raindrops through the profound void, no collision would take place and no blow would be caused amongst the first-beginnings: thus nature would never have produced anything.

But if by chance anyone believes it to be possible that heavier elements, being carried more quickly straight through the void, fall from above or, the lighter, and so deal blows which can produce generative motions, he is astray and departs far from true reasoning. For whatever things fall through water and through fine air, these must speed their fall in accordance with their weights, because the body of water and the thin nature of air cannot delay each thing equally, but yield sooner overcome by the heavier ; but contrariwise empty void cannot offer any support to anything anywhere or at any time, but it must give way continually, as its nature demands : therefore they must all be carried with equal speed, although not of equal weight, through the unresisting void. So the heavier bodies will never be able to fall from above on the lighter, nor deal blows of themselves so as to produce the various motions by which nature carries on her processes. Therefore again and again I say, the bodies must incline a little; and not more than the least possible, or we shall seem to assume oblique movements, and thus be refuted by the facts. For this we see to be manifest and plain, that weights, as far as in them lies, cannot travel obliquely, when they drop straight from above, as far as one can perceive; but who is there who can perceive that they never swerve ever so little from the straight undeviating course?

(Lucretius, De Rerum Natura), book 2, lines 216-250, Loeb Classical Library, 113-115)



Lucretius may have associated the swerve more closely than did Epicurus himself with human freedom (libera) and with the will (voluntas) in this passage, where he identifies swerving (declinando) with "first-beginnings" of motions and describes our mind as swerving our motions wherever pleasure leads us.

Again, if all motion is always one long chain, and new motion arises out of the old in order invariable, and if the first-beginnings do not make by swerving a beginning of motion such as to break the decrees of fate, that cause may not follow cause from infinity, whence comes this free will (libera) in living creatures all over the earth, whence I say is this will (voluntas) wrested from the fates by which we proceed whither pleasure leads each, swerving also our motions not at fixed times and fixed places, but just where our mind has taken us? For undoubtedly it is his own will in each that begins these things, and from the will movements go rippling through the limbs.

(Lucretius, De Rerum Natura), book 2, lines 251-262, Loeb Classical Library, 115) 


Note that the Loeb translators have made the common error of substituting "free will" for the first (free) part of Lucretius' description of the "libera voluntas." The second part is the will. 


The original text says "whence comes this freedom (libera)," not "whence comes this free will." Epicurus and Lucretius need the swerve only to break the causal chains at some point earlier than our willed actions, so that our will can proceed "whither pleasure leads us" and "just where our mind takes us."


Neither Epicurus nor Lucretius likely assumed we could hold our will morally responsible for actions that are purely random, actions not involving our desires ("whither pleasure") or beliefs ("our mind"). 

 
Nevertheless, both thinkers have been misinterpreted and criticized, starting in antiquity with the Stoics, notably Chrysippus, and later the Academic Skeptic Cicero, who in his De Fato and De Natura Deorum attacks the Epicureans and lampoons the idea of a "free will" based on random atomic motions.


Epicurus saw that if the atoms travelled downwards by their own weight; we should have no freedom of the will [Cicero says literally "nothing would be in our power"], since the motion of the atoms would be determined by necessity. He therefore invented a device to escape from determinism (the point had apparently escaped the notice of Democritus): he said that the atom while travelling vertically downward by the force of gravity makes a very slight swerve to one side. This defence discredits him more than if he had had to abandon his original position.
(Cicero, De Natura Deorum, Loeb Classical Library translation, v.40, p.67) 


This "traditional interpretation" of a libertarian free will dependent on chance has been attacked for centuries as irrational and unintelligible. 


This randomness objection is the second horn in the dilemma of the standard argument against free will. The first horn is the determinism objection and Epicurus was its discoverer.


Works of Epicurus
Letter to Herodotus
Letter to Menoeceus
Letter to Pythocles
Principal Doctrines
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Commentators on Epicurean Freedom

Carlo Giussani

In his 1896 Studi lucreziani (p.126),Giussani put forward the idea that atomic swerves are involved directly in every case of human free action, not just somewhere in the past that breaks the causal chain of determinism. 

The complete conception of the will according to Epicurus comprises two elements, a complex atomic movement which has the characteristic of spontaneity, that is, is withdrawn from the necessity of mechanical causation: and then the sensus, or self-consciousness in virtue of which the will, illuminated by previous movements of sensation, thought, and emotion, profits by the peculiar liberty or spontaneity of the atomic motions, to direct or not to direct these in a direction seen or selected. (Cyril Bailey translation)


Cyril Bailey

In 1928 Bailey agreed with Giussani that the atoms of the mind-soul provide a break in the continuity of atomic motions, otherwise actions would be necessitated. Bailey imagined complexes of mind-atoms that work together to form a consciousness that is not determined, but also not susceptible to the pure randomness of individual atomic swerves, something that could constitute Epicurus' idea of actions being "up to us" (πὰρ' ἡμάς).

It is a commonplace to state that Epicurus, like his follower Lucretius, intended primarily to combat the 'myths' of the orthodox religion, to show by his demonstration of the unfailing laws of nature the falseness of the old notions of the arbitrary action of the gods and so to relieve humanity from the terrors of superstition. But it is sometimes forgotten that Epicurus viewed with almost greater horror the conception of irresistible 'destiny' or 'necessity', which is the logical outcome of the notion of natural law pressed to its conclusion. This conclusion had been accepted in its fulness by Democritus, but Epicurus conspicuously broke away from him: 'it were better to follow the myths about the gods than to become a slave to the "destiny" of the natural philosophers: for the former suggests a hope of placating the gods by worship, whereas the latter involves a necessity which knows no placation'. Diogenes of Oenoanda brings out the close connexion with moral teaching: 'if destiny be believed in, then all advice and rebuke is annihilated'. If any ethical system is to be effective it must postulate the freedom of the will. If in the sphere of human action too 'destiny' is master, if every action is the direct and inevitable outcome of all preceding conditions and man's belief in his own freedom of choice is a mere delusion, then a moral system is useless: it is futile to tell a man what he ought or ought not to do, if he is not at liberty to do it. Here at all events 'destiny' must be eliminated. It is a more fatal enemy than superstition, for it means complete paralysis: spontaneity — voluntas — must be at all costs maintained.

But why, in order to secure this very remote object, should a protest against 'inexorable necessity' be made at this point in the physical system? It would have been easy, one might think, to accomplish the immediate purpose of securing the meeting of the atoms in their fall through space by some device, such as the Stoic notion that all things tend to the centre,' which should not be a breach of the fundamental law of causality, instead of this sporadic spontaneous deviation. And in what sense can this 'swerve' be said to be vital for the freedom of the will, with which Lucretius so emphatically connects it? The answer must be looked for in the very material notions of Epicurus' psychology, which may be briefly anticipated here. The mind (νοῦς) is a concentration in the breast of an aggregate of very fine atoms, the same in character as those which, distributed all over the body and intermingling with the body atoms, form the vital principle (ψυχή). This aggregation of atoms may be set in motion by images, whether coming directly from external things or stored up as an 'anticipation' (πρόληχις) in the mind itself. Suppose, for instance, that in this way there comes before my mind the image of myself walking: ultimately the atoms of the mind being themselves stirred, will set in motion the atoms of the vital principle: they in turn will stir the atoms of body, the limbs will be moved and I shall walk. But before this can happen another process must take place, the process of volitional choice. 


When the image is presented to the mind it does not of itself immediately and inevitably start the chain of motions which results in the physical movement; I can at will either accept or reject the idea which it suggests, I can decide either to walk or not to walk. This is a matter of universal experience and it must I not be denied or rejected. 

Bailey identifies one swerve with volition


But how is this process of choice to be explained on purely material lines? It is due, said Epicurus, to the spontaneous swerving of the atoms: the act of volition is neither more nor less than the 'swerve' of the fine atoms which compose the mind. The fortuitous indeterminate movement of the individual atoms in the void 'is in the conscious complex (concilium) of the mind transformed into an act of deliberate will. The vital connexion, indeed the identity of the two processes is clearly brought out by Lucretius at the close of his exposition of the theory: 'but that the very mind feels not some necessity within in doing all things, and is not constrained like a conquered thing to bear and suffer, this is brought about by the tiny swerve of the first-beginnings in no determined direction of place and at no determined time'. It is not merely, as has been suggested, that Epicurus decided to get over two difficult problems in his system economically by adopting a single solution, but that he perceived an essential connexion between them: if freedom is to be preserved, it must be asserted at the very basis of the physical world.

The 'swerve' of the atoms is, no doubt, as the critics have always pointed out, a breach of the fundamental laws of cause and effect, for it is the assertion of a force for which no cause can be given and no explanation offered. For if it be said that the atom swerves because it is its nature to do so, that is merely to put 'nature' as a deus ex machina on a level with 'necessity' as it was conceived by some of the early physicists, a force which came in to do what could not otherwise be explained. But it was no slip or oversight on Epicurus' part which a more careful consideration of his principles might have rectified. On the contrary it was a very deliberate breach in the creed of 'necessity' and is in a sense the hinge on which the whole of his system turns. He wished to secure 'freedom' as an occasional breach of 'natural law'. If criticism is to be brought against him, it must not be on the technical ground of inconsistency in this detail, but on the broader ground that in his system as a whole he was attempting the impossible. To escape from the old notion of the divine guidance of the world, the Atomists had set up a materialist philosophy directed solely by uniform laws of cause and effect. Democritus saw that this, if pursued to its logical conclusion, must lead to an unflinching determinism, which with more scientific insight perhaps, but less care for his ethical precepts, he had wholly accepted. Epicurus, unwilling in this way to risk his moral system, tried to escape from the impasse without abandoning a materialist position. 


Bailey says some metaphysical agency is necessary to explain freedom


Such a compromise is in reality impossible: a wholly materialist view of the world, which excludes altogether the spiritual and the supernatural, must lead to determinism, and there is no real path of escape, except in the acknowledgement of other than material conditions and causes. From the point of view of ultimate consistency, the 'swerve' is a flaw in Epicureanism, but it is not to be treated as a petty expedient to get over a temporary difficulty, or an unintelligent mistake which betrays the superficial thinker.

It may not be uninteresting to notice that a parallel difficulty arises for modern thinkers and that a solution not unlike that of Epicurus' atomic swerve has sometimes been propounded. 

(Bailey, The Greek Atomists and Epicurus, pp. 318-321)



In a single atom the swerve is merely random chance


Of what nature then is this self-initiated movement? In the individual atom it is automatic, spontaneous, and wholly undetermined in occasion or direction. Is the movement of the mind in will merely the result of such a movement in one of its component atoms, or even the sum of many such movements? If so it too must be automatic and undetermined. When the image of action is presented to the mind, it is impossible to foretell in what way the movement will occur, or even whether it will occur at all. In other words the mind is not really self-determined, but is at the mercy of wholly undetermined movements inside itself, and freewill after all its careful preservation turns out to be nothing better than chance. This is indeed the conclusion reached by one modern critic, and it is not to be wondered at that he is unwilling to believe that Epicurus himself can have rested the claim for freewill on the atomic 'swerve'. But the solution of this difficulty lies once again to the Epicurean conception of a compound body (concilium, conciliatus). 

In a large number of atoms compounded as a "mind," the swerve of many atoms becomes the free volition of an undetermined consciousness.


The compound is more than a mere aggregate of independent atoms: it is their union in a complex, which has a new individuality of its own in which it may acquire qualities and even powers which are not possessed by the individual component atoms. The soul or mind is a compound body of such peculiar constitution in the nature of its component atoms and their motions among themselves, that it acquires the power of sensation or consciousness. 
The automatic swerve of the individual atoms then is translated in the complex of the mind into a consciously spontaneous movement, in other words into a movement of volition. 

Giussani's two elements look like a temporal sequence - free spontaneous thoughts illuminate the subsequent decision of the will to act  


'The complete conception of the will according to Epicurus, Giussani argues in an admirable summary of his position, 'comprises two elements, a complex atomic movement which has the characteristic of spontaneity, that is, is withdrawn from the necessity of mechanical causation: and then the sensus, or self-consciousness in virtue of which the will, illuminated by previous movements of sensation, thought, and emotion, profits by the peculiar liberty or spontaneity of the atomic motions, to direct or not to direct these in a direction seen or selected.' In other words the blind primitive 'swerve' of the atom has become the conscious psychic act. It may be that this account presses the Epicurean doctrine slightly beyond the point to which the master had thought it out for himself, but it is a direct deduction from undoubted Epicurean conceptions and is a satisfactory explanation of what Epicurus meant: 

Epicurus did not identify freedom of the will with chance

that he should have thought that the freedom of the will was chance, and fought hard to maintain it as chance and no more, is inconceivable.

And if the further question is asked how can a complex of blind spontaneous movements of atoms become the conscious act of volition of the mind, we are only thrown back once more on the ultimate difficulty, which has made itself felt all through this account of the soul. For indeed, if we look back over it, we find that here and there crudities of thought or incoherences in the connexion of ideas have been noted, yet as a whole the general theory is self-consistent and complete; but at the back of it always lies the difficulty which must beset Epicureanism or any other form of materialism: can the movement of insensible particles produce or account for consciousness? That all forms of consciousness have their physical counterpart, that sensation, thought, will are accompanied by material movements of parts of the physical organism is credible, and indeed scientific investigation seems to be revealing this parallelism more and more clearly to us. The more material thinkers of our own time are content to say that consciousness 'supervenes' as an 'epiphenomenon' on the movements of matter: Epicurus went the step farther and was prepared to say that consciousness, sensation, thought, and will are the movements of the soul-atoms. Such an idea is to most modern minds, as it was to the majority of philosophers in Epicurus' day, unthinkable: between the one set of facts and the other there is a great gulf fixed: nothing can bridge the gulf that lies between the most elementary sensation and the atomic vibrations which accompany and condition it. If we accept a purely materialistic system in any form, its conclusions will have to be mutatis mutandis something like those of Epicurus: but he has done nothing to bridge over the abyss or to make the gulf seem less wide. Consequitur sensus, inde voluntas fit, his pupil says glibly, but each time rouses in us the same feeling that this is just what can never be understood.


And if it is impossible to accept his account of the nature of the soul and its workings, so the inference from it cannot be admitted. If the soul is a mere atomic complex, a 'body', then no doubt like the body it perishes and cannot have any sort of existence after death. But if that account be unsatisfactory, then the problem of survival remains open: the soul may or may not survive bodily death, but the question cannot be decided on the basis of a purely material analysis.


It is impossible in dealing with a material system to refrain from pointing out its fundamental weakness, but in an attempt to estimate Epicurus as a thinker, it is less profitable to quarrel with his base-principles than to think of the superstructure he has built upon them. And once again in examining the account of the soul, for all its weaknesses, we are conscious of the workings of a great mind, capable of grasping alike broad ideas and minute details of elaboration. We are certainly not left with the picture of a moral teacher, who merely patched together any kind of physics and metaphysics to back up his ethical preaching. 

(Bailey, The Greek Atomists and Epicurus, pp. 435-37)




We can choose to do otherwise

David Furley

In 1967 Furley examined the ideas of Giussani and Bailey and de-emphasized the importance of the swerve in both Epicurus and Lucretius so as to defend Epicurus from the "extreme" libertarian view that our actions are caused directly by random swerves.  (Bailey had also denied this "traditional interpretation.") Furley argues for a strong connection between the ideas of Aristotle and Epicurus on autonomous actions that are "up to us." 

If we now put together the introduction to Lucretius' passage on voluntas and Aristotle's theory of the voluntary, we can see how the swerve of atoms was supposed to do its work. Aristotle's criterion of the voluntary was a negative one: the source of the voluntary action is in the agent himself, in the sense that it cannot be traced back beyond or outside the agent himself. Lucretius says that voluntas must be saved from a succession of causes which can be traced back to infinity. All he needs to satisfy the Aristotelian criterion is a break in the succession of causes, so that the source of an action cannot be traced back to something occurring before the birth of the agent. A single swerve of a single atom in the individual's psyche would be enough for this purpose, if all actions are to be referred to the whole of the psyche. 

But there is no evidence about the number of swerves. One would be enough, and there must not be so many that the psyche exhibits no order at all; between these limits any number would satisfy the requirements of the theory.

The swerve, then, plays a purely negative part in Epicurean psychology. It saves voluntas from necessity, as Lucretius says it does, but it does not feature in every act of voluntas. There is no need to scrutinize the psychology of a voluntary action to find an uncaused or spontaneous element in it. The peculiar vulnerability of Epicurean freedom — that it seemed to fit random actions, rather than deliberate and purposive ones — is a myth, if this explanation is correct.


We can now understand why the swerve gets no mention in Lucretius' account of voluntary action. It gets no mention because it plays no direct part in it. The theory of the swerve asserts merely that our actions are not caused conjointly by the environment and our parentage. There was no need for Lucretius to mention this in his account of the psychology of action, any more than there was for Aristotle to insist on his negative criterion of the voluntary in De Motu Animalium.


It may be objected that a swerve in the psyche must have been supposed to produce some observable effect. But not even this is true. We have already glanced at Lucretius' doctrine that the mind has before it innumerable simulacra which never reach the level of consciousness, because the time interval during which they are present is imperceptibly small. But if the impact of those complicated atomic configurations which constitute simulacra could have no observable effect, it is a safe inference that the minute swerve of a single atom would be undetectable. So we can, after all, make use of the Epicurean concept of the concilium in our explanation. I argued previously against Bailey's use of it in saying that "what in the individual atom is a matter of chance, in the conscious complex of the animus is 'conscious chance.'" It is impossible to see how the random motion of an individual atom can by itself account for the end-directed motions of the complex of which it is a part. It is perfectly reasonable, however, that the random motion of a single atom should be concealed by the fact that it is just one element in a complex.


The Epicurean psychology of action, if I am right, was in outline as follows.


Each person is born with a psyche of a particular character, determined by the proportions of atoms of the four different kinds which constitute a psyche. From the beginning of life, reactions occur between the psyche and the external world, through the medium of atomic eidola which flow from all objects and may reach the psyche through the sense organs and the mind. From the beginning, the child experiences feelings of pleasure and pain; in atomic terms, pain is a disturbance of the motions of the psyche atoms caused by a lack of something, and pleasure is either the restoration of the undisturbed motions which constitute tranquillity, or else the state of tranquillity itself. The child learns to associate external objects with one or other of these feelings. A feeling of something lacking constitutes a motive to make good the lack, and so creates an impulse towards an object in the external world which the child has learned will supply the deficiency.


A person's feelings, and therefore his motives and his behavior, are to some extent determined by his genetic inheritance of a psyche of such and such a constitution. 


Swerves allow psychological character development (cf. Robert Kane's "self-forming actions")


But the motions of the psyche (and it is in its motions that all its character and action consists) are not determined ab initio, because a discontinuity is brought about by the atomic swerve. The swerve of an atom or atoms in the psyche means that the inherited motions are disturbed, and this allows new patterns of motion to be established which cannot be explained by the initial constitution of the psyche.

There is both continuity and discontinuity. The character of the person is to some extent still determined by the initial constitution of his psyche, because the proportions of atoms of different types in it remain the same. But to a much greater extent his character is adaptable, because the motions of the atoms are not determined and can be changed by learning.


A person learns by experience. He learns what desires must be satisfied, and what objects satisfy them, simply by constant repetition of the experience of desire and satisfaction. He can learn by individual trial and error, or by precept and example from others. If he is indoctrinated in the Epicurean philosophy, he learns to distinguish desires which arise from nature and must be satisfied from those which arise from nature but need not be satisfied and from those which do not arise from nature and are best eliminated. He learns that the limit of pleasure is the absence of pain, and so ceases to feel pain through desire for some extra pleasure. His feelings become disciplined, so that an improper object—one that brings more pain than pleasure in the long run—no longer arouses desire in him. He learns not so much to reject some of the things he desires as to cease to desire the things he ought to reject.


The wise Epicurean is not to be pictured as asserting himself by repeated "acts of volition" against the temptations of the world, but as having learned not to be tempted. His "freedom" does not consist in being presented with possible alternatives, and in choosing one when he might have chosen the other. It consists rather in the fact that his psyche is the product of his own actions and is not unalterably shaped by some "destiny" from the time before his birth.


The weakness of this theory of "freedom," both in its Epicurean and in its Aristotelian form, is to be found chiefly in its refusal to consider the processes of character formation. When Aristotle says that children should be brought up from the beginning to feel pleasure and pain in the right objects, he obviously does not consider such education to be equivalent to compulsion. He stresses that educators and lawgivers use punishments and other incentives to make people behave in the right way, and at the same time insists that the acts which create virtuous dispositions are not to be referred to causes outside ourselves." It is curious that he does not see this as a problem, since it was clearly raised by Gorgias in his Praise of Helen, almost a century before, when he offered as one of his excuses for Helen's behavior the possibility that she was persuaded by argument. It might well have arisen, too, from a consideration of Democritus' ethical opinions. Part of the explanation is probably that persuasion was commonly seen as an antithesis to compulsion? But Aristotle should have seen the need to reestablish this antithesis, since he had to some extent broken it down himself in talking of a class of actions which were a mixture of the voluntary and the involuntary.


If Aristotle had seriously examined the reasons why he took the results of education to be "in our own power," he would have been compelled to specify more exactly what he meant by saying "the source is in us." He might then have been led to say that the criterion of morality (that is to say, the criterion that determines whether an action is liable to moral appraisal or not) is to be found precisely in our ability to be influenced by persuasion as opposed to force. If he had stressed this, then I think Epicurus might after all have thought the swerve unnecessary (unnecessary, that is to say, in his psychology; it was still needed in his cosmology). For in his theory, the effects of persuasion would be similarly explained whether the swerve were there or not. Persuasion is by words, and words, in the crude atomism of the time, do their work by collisions, through the medium of the sense organs. The swerve is not needed for them to have this effect. 


In his conclusion, Furley seems comfortable with modern compatibilism

I leave it to others to decide whether the Epicurean theory, without the swerve, would have been "determinist" as opposed to "libertarian," because I do not yet see how to define this particular antithesis. But if it would be determinist, I think it would be a sort of determinism that is compatible with morality.

(Furley, Two Studies in the Greek Atomists, pp.232-236)



Multiple random events can average out to produce an adequate determinism

Pamela Huby

In the same year 1967, Huby suggested that Epicurus was the original discoverer of the "freewill problem." Huby noted that there had been two main free will problems, corresponding to different determinisms, namely theological determinism (predestination and foreknowledge) and the physical causal determinism of Democritus.   


It is unfortunate that our knowledge of the early history of the Stoics is so fragmentary, and that we have no agreed account of the relations between them and Epicurus. On the evidence we have, however, it seems to me more probable that Epicurus was the originator of the freewill controversy, and that it was only taken up with enthusiasm among the Stoics by Chrysippus, the third head of the school. 

The outlines of Epicurus' approach are familiar enough. He took over the atomic theory of Democritus almost unchanged, but introduced one significant new point, the swerve of the atoms, a slight change of direction that could occur without any cause. According to tradition this was to solve two problems for him: the change of direction would enable atoms otherwise falling all in the same direction and at the same speed to collide and so enter into larger combinations, and the fact that it occurred without cause would break the otherwise continuous chain of causation and so allow room for freedom of action by men, whose minds were composed of atoms and therefore subject to the same laws as everything else. 


In spite of the poverty of our evidence, it is quite clear that one main reason Epicurus had for introducing the swerve, or rather the swerve as a random, uncaused event, was as a solution to the problem of freewill. Unlike Aristotle, he fully appreciated that there was a problem. He believed in free will, because it seemed to him manifestly clear that men could originate action, but he could not, like Aristotle, regard this as the end of the matter. We may not think much of the solution he offers, but he deserves full credit for appreciating the problem.

 There are now two main points to be cleared up: (1) was Epicurus the first to appreciate the problem, or was he anticipated by the Stoics or someone else? (2) If he was the first, how did he come to do so, and what exactly was the nature of the problem as he saw it?


...we have to explain why Aristotle was so resistant to determinism, and Epicurus so impressed by it. The answer must surely lie, in part at least, in their differing attitudes to Democritus. Aristotle was indeed steeped in Democritus, and had a considerable admiration for him, but at the same time found his system quite unacceptable. We can see why this was so. Aristotle's thought was dominated by a teleological view of causality, in which the paradigm of what guides change is the tendency of an organism to develop into a certain kind of thing. This made the idea of a causal chain in which the future is entirely determined by the past strange and irrelevant.


...in Book K (1064b 35) Aristotle takes his stand on the point that we know very well that some things happen kata symbebekos, which is in opposition to ex anankes, and that, in this context, means causally determined in our sense. What happens kata symbebekos is, then, undetermined. Aristotle then had two reasons for rejecting determinism, (i) that some things obviously happened kata symbebekos, and (ii) that men had free will [Aristotle only says some actions are "up to us."] At the same time it is putting it too strongly to say that he rejected determinism: rather it seems that it was for him a non-starter. This is clearly in sharp contrast to the views of Epicurus and the Stoics, both of whom made valiant if unsuccessful attempts to reconcile freedom and determinism.


...the fact remains, on the evidence of Cicero and Lucretius, that Epicurus still ultimately traced the freedom of the will to the swerve of the atoms. How exactly he did this remains a mystery.


The philosophical, as distinct from the historical, conclusion of my argument is twofold, first that it was possible for men like Plato and Aristotle to hold many educational and psychological beliefs in common with us without being aware of any freewill problem because they had no notion of thorough-going psychological determinism, and, second, that once the problem had been formulated it was appreciated by philosophers of many different schools throughout later antiquity as if it were indeed a natural problem.

(Pamela Huby, "The First Discovery of the Freewill Problem", Philosophy, 42 (1867), pp.353-62) 



A. A. Long and D. N. Sedley

In their great 1987 work The Hellenistic Philosophers (dedicated to David Furley), Long and Sedley discussed Epicurus and the free will problem at length, with references to the principal original Greek and Latin sources. (Long and Sedley did for the Hellenistic philosophers what Diels Kranz did for the Pre-Socratics. Letter references below are to the fragments in L&S volume 2. Number refernces are to sewctions of volume 1.)

Epicurus' problem is this: if it has been necessary all along that we should act as we do, it cannot be up to us, with the result that we would not be morally responsible for our actions at all (especially A, E 3, F 1, G). Thus posing the problem of determinism he becomes arguably the first philosopher to recognize the philosophical centrality of what we know as the Free Will Question. His strongly libertarian approach to it can be usefully contrasted with the Stoics' acceptance of determinism (see 62).

Epicurus certainly saw the Democritean atomism which he had inherited as vulnerable to such a challenge, since it made all phenomena, including human behaviour, fully accountable in terms of rigid physical laws of atomic motion, and hence necessary: see A 2, C 13-14, E 3, G. It is perhaps the most widely known fact about Epicurus that he for this reason modified the deterministic Democritean system by introducing a slight element ofindeterminacy to atomic motion, the 'swerve' (on which see also 11H with commentary): E 2-3, F, G. But taken in isolation such a solution is notoriously unsatisfactory. It promises to liberate us from rigid necessity only to substitute an alternative human mechanism, perhaps more undependable and eccentric but hardly more autonomous. Epicurus' remarks in A 1, where 'that which depends on us' (or `that which is up to us') is contrasted with unstable fortune as well as with necessity, suggest that he meant to avoid this trap. In order to see how, we must defer discussion of the swerve for now..


The swerve is not even mentioned in the surviving papyrus fragments [B,C] of Epicurus' book on the issue of responsibility from which B and C are drawn But the book still sheds abundant light on the question. In C he conducts a running debate with a Democritean determinist. Democritus himself, we are told, simply failed to see the implications of his determinism for human action (C 13-14). Epicurus' principal target in C 2-12, on the other hand, is someone who consciously applies mechanistic determinism to all human behaviour, including his own. He probably has in mind such fourth-century Democriteans as his own reviled teacher Nausiphanes — the heirs of Democritus derided C 13, as perhaps also implicitly in G. (The early Stoics have sometimes been identified as his target, but cf. 62 with commentary; 'natural philosophers', A 2. would not normally be used of Stoics, in any case.)


In C I Epicurus is arguing that since we start with a wide range of potentials ('seeds') for character development our actual direction of development is not physically predetermined but 'up to us'. There are physical influences, but we can control them (cf. 15D 7-8). If it were they that controlled us, our moral and critical attitudes to each other would make no sense (C 2). This leads him into his anti-determinist digression, which continues until its express conclusion at C 15. The determinist may simply regard these attitudes as themselves necessitated (C 3). But this does not save him from the charge of self-refutation (C 5, and perhaps already in the very fragmentary C 4): his own critical attitude in this very debate still implies what he wishes to deny, that the parties to the debate are responsible for their own views. The determinist will resort to the defence that he is compelled to behave in this way; when challenged once again for continuing to argue, will repeat the defence; and so on ad infinitum. Epicurus' objection to this infinite regress (C 6) is not that it is in itself vicious, but rather that it leaves the inconsistency untouched: at every stage of the regress the determinist's behaviour in continuing to argue his case as if with a responsible agent contradicts his thesis that everything, including our beliefs, is mechanically necessitated.


In the second stage of the digression, C 8-12, Epicurus suggests that determinism cannot amount to a substantive thesis about the world, and that its application of 'necessity' to human agency will turn out to be no more than a change of terminology. First (C 8) comes an appeal to 'preconception' (on which as a criterion, see 17 above). We all share a preconception of our own agency as that which is responsible for our behaviour: to defuse the evidential force of this, the determinist would have to show how the alleged preconception has come to embody a faulty 'delineation' (cf. 17E 2, 5) of the facts. (Compare Epicurus' own grounds for dismissing the alleged preconception of the gods as provident, 23B—C below.) If he cannot, the preconception remains valid and the determinist's contribution is merely a new name for it. Second (C 9), his thesis is pragmatically empty. Since he denies us an internal source of self-determination (an 'auxiliary element or impulse in us') he can never expect his arguments to dissuade us from any action. In this Epicurus contrasts him with someone who has a proper grasp (as recommended in A 1) of the difference between the necessitated and the unnecessitated, and who consequently can expect to dissuade us from actions which would involve resisting necessity (C to) perhaps, for example, dissuade us from a vain desire to evade the inevitability of death, because unlike the determinist he can appreciate that while death is necessary our wishes are up to us. Third (C II), the determinist leaves himself no tools for analysing 'mixed' actions (as they are called by Aristotle, Nicomachean ethics in. I), those performed freely but reluctantly in avoidance of a greater evil, since he is unable to distinguish the voluntary from the necessitated elements in them.


The final stage of the argument, C 13-14, is pragmatic, appealing to the disastrous practical consequences that would have ensued had Democritus remembered to apply his thesis of universal necessitation to himself. No illustration is given, but one easy example would be the abandonment of decision-making (cf. 55S).
It is remarkable how closely the internal structure of this anti-determinist argument matches that of 16A's anti-sceptic argument, with the sequence of a self-refutation challenge (C 3-7; cf. 16A 1), an appeal to preconception and word-meaning (C 8-12; cf. 16A 2-3), and a pragmatic argument (C 13-14; cf. 16A 9-10). So too its function as a digression added late in the book to justify the preceding positive account of psychological causation matches the role of 16A in relation to Lucretius' preceding positive account of sense-perception. None of this is likely to be mere coincidence. For scepticism and the kind of mechanistic determinism envisaged here were seen as joint consequences of Democritus' reductionist atomism. If phenomenal properties were reducible to mere configurations of atoms and void, it seemed to follow that the atoms and void alone were real while the sensible properties were arbitrary constructions placed upon them by our cognitive organs. The result was scepticism about the sensible world, which had become the characteristic stance of most fourth-century Democriteans (see further, 1 and 16). Similarly, if the 'self' and its volitions were reducible to mere sequences of atomic motion in the soul, human action would easily appear to be mechanistic, fully explicable in terms of primary physical laws, with no additional explanatory or descriptive role left for such psychological entities as belief and volition. And that is just the kind of theory under attack in C (cf. especially C 2, 9).


Given the extent of this parallelism between scepticism and determinism, and between Epicurus' respective refutations of them, we might expect his own positive alternatives to them to be similarly comparable. And so they are. 


Just as his answer to scepticism is to affirm the reality of phenomenal properties and the truth of sense-impressions of them (see on 7 and 16), so too his answer to mechanism is to affirm the reality and causal efficacy of the self and its volitions as something over and above the underlying patterns of atomic motion. This plainly emerges from B, despite the lack of context and certain difficulties of interpretation. Epicurus is speaking of self-determining animals. (Volitional autonomy is not restricted to human beings, cf. F 1-2; but elsewhere in the book, j in vol. 2, wild animals seem to be excluded, as lacking self-determination and hence as exempt from moral criticism, though not from hate.) Their misbehaviour is quite explicitly said (B 1-4) to be attributable not to their atoms but to their selves and their 'developments'. The latter term, which is crucial to the entire book's discussion, is explicated at B 5. The kind of 'development' which contributes psychological autonomy is one which is distinct from the underlying atoms in a 'differential' way ('transcendent' would be a tempting translation of the Greek word) — a way more radical than 'the way which is like viewing from a different distance'. The point is apparently that all bodies have certain properties, e.g. colour, over and above their constituent atoms, but that there the main difference is one of scale, one between macroscopic and microscopic analysis; whereas the 'developments' which supply autonomy differ from the atoms in a much more fundamental way. The fragmentary state of the text leaves us to guess at the nature of this difference, although it is hard to doubt that it includes the intentional properties associated with consciousness. How do these psychological entities relate metaphysically and causally to the mind's atoms? They can only be, technically speaking, 'accidental attributes' of those atoms (cf. 7). But they are not mere epiphenomena, supervenient on atomic motions and causally determined by them. For Epicurus is quite explicit in attributing to them a causal efficacy distinct from that of the atoms. Hence, although atomic make-up may be responsible for disorderly motions of the mind-atoms (B 4), it does not follow that we cannot make decisions which override those motions, and according to B 6 psychological causation actually operates on our component atoms. This throws immediate light on Lucretius' insistence at 14D 5 that although atomic composition of the soul determines our natural temperament, we can learn through reason to overcome that temperament. Perhaps, for instance, a natural coward can learn courage through rational reflection. His disorderly motions of soul atoms may then be stabilized, so that he ceases to suffer even the physical sensations of fear.

By now the familiar 'materialist' label is beginning to fit Epicurus less neatly. Although he holds prima facie an Identity Theory of mind (see 14), he does not regard mental states as capable of straightforward physical analysis, for although properties of the corporeal mind they are not mere physical states of it. We have here, then, an interactionist dualism of the mental and the physical. But there is no hint of Cartesian dualism. A better comparison would be with the modern notion of Emergence. In Epicurus' view, matter in certain complex states can take on non-physical properties, which in turn bring entirely new causal laws into operation.


B 7 emphasizes that the distinction between physical and psychological causation is crucial to an understanding of responsibility. And certainly it does constitute at least the beginning of an answer to determinism. The 'self' which is responsible for our actions is, Epicurus will say, more than a mere bundle of atoms, and therefore is not reducible to a link in a physical causal chain. Indeed Carneades, in defending Epicurean libertarianism for his own dialectical purposes (see 70G and commentary), suggested that this was already a sufficient answer to determinism: E 4-7. But how, it will be asked, can this emergent property of the corporeal mind so effectively take control of the soul, and through it of the body, as to move their atoms in ways in which according to the laws of physics alone they should not have moved? If the laws of physics are sufficient to determine the precise trajectory of every atom in us, how can the self be anything more than a helpless spectator of the body's actions?


Here at last a significant role for the swerve leaps to the eye. For it is to answer just this question, according to Cicero at E 3, that the swerve was introduced. The evident power of the self and its volitions to intervene in the physical processes of soul and body would be inexplicable if physical laws alone were sufficient to determine the precise trajectory of every atom. Therefore physical laws are not sufficient to determine the precise trajectory of every atom. There is a minimal degree of physical indeterminism — the swerve. An unimpeded atom may at any given moment continue its present trajectory, but equally may `swerve' into one of the adjacent parallel trajectories (see commentary on 11H).


As far as physics is concerned there is simply no reason for its following one rather than another of these trajectories. Normally, then, the result will be, in this minimal degree, random. But in the special case of the mind there is also a non-physical cause, volition, which can affect the atoms of which it is a property. 


Long and Sedley here arrive at our Cogito model, speculating that randomness provides the alternative possibilities from which an adequately determined volition can choose


It does so, we may speculate, not by overriding the laws of physics, but by choosing between the alternative possibilities which the laws of physics leave open. In this way a large group of soul atoms might simultaneously be diverted into a new pattern of motion, and thus radically redirect the motion of the body. Such an event, requiring as it does the coincidence of numerous swerves, would be statistically most improbable according to the laws of physics alone. But it is still, on the swerve theory, an intrinsically possible one, which volition might therefore be held to bring about. For a very similar thesis relating free will to modern quantum indeterminism, see A. S. Eddington, The nature of the physical world (1928). (It may be objected that swerves are meant to be entirely uncaused; but, as E 2 shows, that was only an inference by Epicurus' critics, made plausible by concentrating on the swerve's cosmogonic function, cf. 11H, for there it must indeed occur at random and without the intervention of volition.)



Epicurus's reaction to skepticism is similar to David Hume's "naturalism" or "realism."


Sedley here assumes a non-physical (metaphysical) ability of the volition to affect the atoms, which is implausible. But the idea that the volition chooses (consistent with and adequately determined by its character and values and its desires and feelings - from among alternative possibilities provided randomly by the atoms - is quite plausible.   

Lucretius' evidence in F does not explicitly state the swerve's relation to volition, although numerous attempts have been made to discover it there. But if the above account of Epicurus' theory is justified by the other testimonia, it becomes clear that F is, at least, fully consistent with it. For the dominant theme of F 1-3 is precisely the evident power of volition to redirect the bodily mass in defiance of its purely mechanical patterns of motion. This is said, in F 1 and 4, to be explicable only if there is an undetermined swerve of atoms, since if impact and weight were the only causes of atomic motion the mind's behaviour would be rigidly mechanistic. Some have also seen in F 1 the further implication that the initiation of every new course of action directly involves the swerve. All this fits the above account comfortably enough. What is missing, of course, is an explanation of the non-physical character of psychological causation — not surprisingly, given that Lucretius' poem is about physics and that his sole object in the context is to complete his account of the laws of atomic motion (cf. 11).

One further dimension to the debate emerges from E 1, H and I. Epicurus saw the threat of universal necessitation not only in unbreakable chains of physical causation, but also in the logical principle of bivalence according to which every proposition is either true or false, including those about the future. His solution of denying the principle as far as certain future-tensed propositions are concerned (the denial is slightly garbled in I's version, where 'one or the other is necessary' ought to read 'one or the other is true'; but the example is clearly authentic — Hermarchus was Epicurus' pupil and successor) was essentially that of Aristotle, according to the traditional reading of his celebrated Sea Battle discussion at De interpretatione 9. But Epicurus, like the Stoic with whom he is contrasted in E I (see further, 38G), saw physical and logical determinism as two aspects of a single thesis. The two formulations of determinism tend to be treated as interchangeable, as do the two respective solutions, the swerve and the denial of bivalence (cf. Cicero, On fate 18-19, and perhaps E 1-3). This conflation seems to rest on the assumed equivalence of 'true in advance' with 'determined by pre-existing causes'; cf. also the telling comment at the end of I.


The interpretation of the swerve theory adopted above may help explain how it could be thought interchangeable with the denial of bivalance. Neither doctrine is involved in analysing the nature of volition itself (as many have thought the swerve to be). Their shared function is to guarantee the efficacy of volition, by keeping alternative possibilities genuinely open.


(Long and Sedley, The Hellenistic Philosophers, section 20, "Free Will," pp.107-112)



Don Fowler

In his 1983 thesis, Fowler criticized Sedley's limits on the swerve and defended the ancient claim that Epicurus proposed random swerves as directly causing our actions.

[The discussion of the swerve in Book II of   De rerum natura] has received brilliant treatment from D. J. Furley in a work which is in many ways a model for the analysis of ancient philosophical texts. Yet it still seems to me that there is more to be said. I want here to try briefly to offer a fresh analysis of the argument of the vital paragraph 251-93, and to situate it within an Epicurean context. Inevitably this will involve criticism of Furley; let me state again at the outset my admiration of his work.

(p.330)

I turn to the overall interpretation. Lucretius is arguing from the existence of voluntas to the existence of the clinamen; nothing comes to be out of nothing, therefore voluntas must have a cause at the atomic level, viz. the clinamen. The most natural interpretation of this is that every act of voluntas is caused by a swerve in the atoms of the animal's mind. The σημείωσις of L. 2. 125-41 is exactly parallel; the visible motions of the dust-particles are a σημεῖον [ἀπὸ τῶν φαινομένον] (128 significant) for the invisible atomic motions which are their cause. There is a close causal, physical relationship between the macroscopic and the atomic. Furley, however, argued that the relationship between voluntas and the clinamen was very different; not every act of volition was accompanied by a swerve in the soul-atoms, but the clinamen was only an occasional event which broke the chain of causation between the σύστασις of our mind at birth and the 'engendered' state (τὸ ἀπογεγεννημένον) which determines our actions. Its role in Epicureanism is merely to make a formal break with physical determinism, and it has no real effect on the outcome of particular actions.

(p.338) 


For Furley, both of these accounts are essentially ones of stimulus and response; action follows automatically upon perception, and the nature of the action is determined by our constitution, the sort of person we are. In accordance with this, he analyses the passage from De rerum natura Book 4 as follows:


(1) Simulacra meandi must strike our minds, among the innumerable other simulacra which are always abroad in the air (881-885).
(2) The mind must be focussed, as it were, on walking, so that these simulacra form an image while others do not (882-886).

(3) Voluntas fit . . . animus sese ita commovet ut velit ire (883, 886). (4) The mind transmits motion to the limbs, bit by bit (887-891).



Here the occurrence of voluntas is consequent on the focusing of the mind. But that is not what Lucretius says; a more accurate analysis of the paragraph would be:

(1) 881-2. First simulacra strike the mind, as explained previously.
(2) 883-5. Next voluntas occurs; for the mind does not begin any action before the process of 'prevision' has taken place. An imago is formed of what the mind anticipates. 

(3) 886-90. Therefore, when the animus moves itself in such a
way as to want to go, straight away it transmits its motion to the anima. Then the anima strikes the body . . .



Lucretius is concerned in this passage with how we move when we wish to, not with how we come to wish to move; hence there is no explanation of how voluntas occurs. But there is certainly no evidence for the idea that voluntas is caused by sense perception directly, and hence that there is no room for the occurrence of a clinamen in the soul-atoms. Simulacra are striking our mind all the time, but we do not 'see' them unless we concentrate on them in an ἐπιβολή τῆσ διανοίας, as Lucretius explains in 4. 802-17. What we concentrate on depends on our voluntas. Once the image is clearly visualized — once we have a φαντασία — then indeed the bodily reactions proceed from that automatically. But voluntas comes before, not after, the production of the image; as K. Kleve remarks, 'wir können selbst wählen, welche Bilder wir bemerken wollen, d.h. auf welche Bilder wir unsere Aufmerksamkeit (ἐπιβολή) richten wollen'. Furley argues that we cannot situate voluntas at this stage 'because Lucretius goes to great lengths to give a causal explanation of why the mind focuses on some things rather than others'. The passage
referred to is 4. 962-1036, and in particular 973-83. But Lucretius is clearly there describing an exceptional and involuntary experience which offers an analogy for the phenomenon of dreaming. There is no suggestion that that is what ordinary perception and thought, still less action, are like. There is therefore no reason to doubt that in 4. 881-90 Lucretius situates voluntas before the act of ἐπιβολή and therefore no reason to see voluntas as causally conditioned by perception. Ample room is left for the clinamen to fill; and indeed what else could fill it?


(p.341)

For Lucretius, voluntas takes place in the mind, the animus, but it is also a purely
physical occurrence. There is no disembodied faculty of the will separate from the physical constitution of the animal." Voluntas is not, moreover, in Lucretius' view merely the object of introspection; we can see it occurring in others. It takes place when the mind decides to focus on certain simulacra in an ἐπιβολή τῆσ διανοίας, and is thus situated between sense perception and the formation of a specific φαντασία which leads to action. It is caused by a random swerve in the downward motion of an atom or atoms in the 'fourth substance' of the animus, which causes an alteration in the atomic motions which eventually leads to a specific action. What action, if any, a swerve issues in is determined by which atoms swerve and by the constitution of the animus. On any particular occasion, what action the animal will take is unpredictable, but over a series of actions his reactions to the external world will be broadly consistent with the sort of being he is. This theory has usually been greeted with contempt, in ancient and modern times. And its special problems are undoubtedly immense, quite apart from those which face any traditional account of the will as a distinct psychological phenomenon. But it is also a bold imaginative scheme, and an attempt to produce a precise physical account of puzzling psychological problems; it is surely, other considerations apart, a more interesting theory than a mere rehash of Aristotelianism would have been, however philosophically more respectable. It was not the whole of Epicurus' answer to the problems of human freedom; I have not touched at all on Epicurus' denial of a truth-value to statements about the future, which was designed to refute logical determinism as the clinamen did physical. The relationship between this move and the introduction of the clinamen is not clear, and requires further study. But I hope I have shown that the theory of the clinamen as presented by Lucretius is a self-consistent, reasoned theory
in itself, firmly embedded in the Epicurean system as a whole and designed to answer real philosophical problems, rather than merely an awkward embarrassment.

(p.351-2)


(Don Fowler, "Lucretius on the Clinamen and 'Free Will'", Συζήτησισ: Studi sull'epicureismo greco e romano offerti a Marcello Gigante, (Naples, 1983) 329-52)



Julia Annas

In her 1992 book, The Hellenistic Philosophy of Mind, Annas finds it hard to see how random swerves can help to explain free action.

...since swerves are random, it is hard to see how they help to explain free action. We can scarcely expect
there to be a random swerve before every free action. Free actions are frequent, and (fairly) reliable. Random swerves cannot account for either of these features. This problem would be lessened if we could assume that swerves are very frequent, so that there is always likely to be one around before an action. However, if swerves are frequent, we face the problem that stones and trees ought to be enabled to act freely. And even in the case of humans random swerves would seem to produce, if anything, random actions; we still lack any clue as to how they could produce actions which are free.

An influential modern line of thought avoids these problems by arguing that our evidence does not demand that there be a swerve for each free action [Furley]. Rather, swerves explain the fact that people have characters capable of change and reaction that goes beyond mechanical response to stimuli. We act freely because we have characters that are flexible and spontaneous, and this is because we are composed of atoms which swerve occasionally. On this account, swerves do not have to be frequent, since they are not part of any mechanism of action; one swerve in your soul is enough for the kind of character flexibility that is required. Such an account avoids the problems attaching to any account that brings swerves into free action, but at the cost of not answering very closely to the evidence; the Lucretius passage certainly suggests that swerves are in some way relevant at the point of action.


Another kind of suggestion is that swerves are not the causes of free actions at all. Rather, they come into the process whereby free actions are brought about. Swerves are supposed to explain something about the nature of free agency and how it works, but they do not cause free actions (by cutting across causal chains, for example). This suggestion can be developed in several ways. The boldest version holds that swerves do not explain the existence of free volitions at all; [Sedley] rather Epicurus holds anyway that volitions are nonphysical, "emergent" entities. 


The role of swerves is to provide alternative possibilities for volitions to choose between, for there would be no point in having free will if there were no genuinely open possibilities between which to select. This suggestion depends on the strong thesis that Epicurus regards the mind as something nonphysical, which we have seen to be highly contentious; and also it likewise does not really answer to the evidence, in which it is not merely the possibility of swerves, but actual swerves, which play a role at the level of action. A second kind of account gives the swerve a role in enabling the mind to focus on one thing rather than another by way of the mind's selective "grasp" or epibole tes dianoias. A third sees it as parallel to Aristotle's use of the connate pneuma; that is, it creates a new kind of physical substance which explains, within a physicalist system, how human minds can be active, and in particular can initiate action.

It is undoubtedly more attractive to find a role for swerves in the mechanism of free action, rather than as mysterious events enabling free action to come about. However, all such accounts face the problem of evidence: Lucretius, the only source who gives us much detail about the swerve in human action, associates it with the formation of impulse (voluntas), not with any subsequent mechanism to carry it out. However embarrassing we may find the thesis that the swerve explains the formation of free impulses, and in some way explains how they are free, that remains the view best supported by the ancient evidence.


As we have seen, however, occasional random swerves cannot produce reliable free actions. The only way that the theory has a hope of working is on the assumption that swerves are extremely frequent, so as to produce a standing physical con 
dition. How, though, do we avoid the obvious objection that trees and stones would also contain frequent swerves, given that it is an important aspect of Epicureanism that human beings are parts of nature, atomic compounds like the others? We can meet this objection by the consideration that swerves are indeed everywhere frequent, but that they produce effects only in human souls, perhaps indeed only in the rational parts of human souls. This is because the human rational soul is a compound of the finest and most tenuous atoms, and only this kind of compound permits swerves to have effects. Thus we are free, and trees are not, because of a physical difference: in our minds atomic swerves produce effects, which somehow enable us to act freely. While the mechanism remains somewhat sketchy, we can see the general idea. Swerves do not operate one per action; rather, because we (and some animals) are the kinds of atomic compound that we are, we are able to act freely, in a way that genuinely chooses between alternatives.


But now we find a striking redundancy, for Epicurus has already postulated the nameless atoms in the soul to account for the complexity of sentient and intelligent behavior. Why do we need swerves as well to account for the same fact? Impressive as the fact may be, we hardly need two such physical differences to account for it. It might be objected that nameless atoms account only for agency, while we need swerves to account for free agency. But it is quite unclear from our evidence what this difference would be taken to consist in. This is especially so since Lucretius uses animal behavior as an example of free agency, ruling out the otherwise promising idea that freedom might be a matter of informed choice between alternatives, or something similar which is plausibly found only in humans.


It is very hard not to feel pressured here toward a developmental hypothesis, namely, that Epicurus had both these ideas, but not at the same time. It has been suspected on other grounds that the swerve was a late idea of Epicurus', one developed after he had written his major works, possibly in response to objections. It is also possible that Epicurus himself had no very definite theory of how the swerve underpins free agency, and that later Epicureans filled in the story, possibly in divergent ways, just as modern scholars do. It is hard to conclude, however, that the swerve was a good idea, and the disproportionate emphasis which it has received in discussion of Epicurus' ideas about the mind has been unfortunate.

(Julia Annas, The Hellenistic Philosophy of Mind, pp.184-88)




Random swerves provide alternative possibilities for an adequately determined will to choose from


Jeffrey Purinton

In a 1999 Phronesis article, Purinton agrees with Fowler that random swerves directly cause volitions and actions. The ideas of Furley and Fowler do not do justice to Epicurus' libertarianism, he says, "since they do not make volition itself a fresh start of motion, and Sedley's view does not do justice to his atomism...It seems to me, therefore, that there is no good reason to reject the thesis that Epicurus held that swerves cause volitions from the bottom up. And there are a number of good reasons to accept it." 

(1) First and foremost, there is De Rerum Natura 2.251-93, where Lucretius presents what I shall call 'the libertarian argument' for the thesis that atoms swerve. Lucretius maintains that the swerve is that "whence" (unde) arises the "free volition" (libera voluntas) whereby "we likewise swerve our motions" (declinamus item motus) when and where we wish. And the natural way to read this is as claiming that swerves cause volitions from the bottom up. (I shall call this 'the argument from Lucretius.') 


Purinton simply identifies swerves (one or more) with volitions


(2) Other than Lucretius, none of the authors who mention the swerve gives any account at all of the relation between swerves and volitions. That is not very surprising, if the relation between swerves and volitions is so simple that it can go without saying (as it is on my view, according to which volitions 'at bottom' just are swerves). But it would be very surprising, if Epicurus had a complicated view of the relation of swerves to volitions, such as that swerves are very rare events which are not directly linked to volitions, but function only to break the chain of causation every once in a long while (as Furley would have it) or that swerves cause us to focus on images of actions, which then cause volitions (as Fowler would have it) or that first volitions occur and then, after a short wait, swerves occur to trigger the desired bodily motion (as Englert would have it) or that swerves are caused by volitions, as emergent properties of the mind, from the top down (as Sedley would have it). For none of our sources say any such thing. (I shall call this 'the argument from silence.') 


Purinton is wrong here. As Long and Sedley argued, our thoughts and alternative possibilities can be free, and our willed actions adequately determined

(3) Now set aside all textual evidence and simply ask what a would-be libertarian atomist is obliged to say. Since, to be a libertarian, one must say that volitions are fresh starts of motion, and since, to be an atomist, one must say that all mental events are caused from the bottom up by the motions of the mind's constituent atoms, a would-be libertarian atomist is obliged to say that volitions are caused from the bottom up by fresh starts of atomic motion. (I shall call this 'the a priori argument,' since it does not depend on any textual evidence.) 

(4) At Ennead 3.1.1, Plotinus formulates the problem with Epicurus' position thus: 


One must not admit the uncaused by positing vain swerves or a sudden motion of bodies which happens with no antecedent cause or a sudden volition (ὁρμή) of the soul with nothing moving it toward doing what it was not doing before. Or else, by this very thing, a greater necessity would hold the soul, that of not belonging to itself, but of being borne along with such motions as are undesired and uncaused. 


Plotinus does not mention Epicurus here, but the allusions to "the uncaused" and "swerves" strongly suggest that it is Epicurus' view that Plotinus is here criticizing. And that is significant. For the objection that Plotinus makes - that we would not be in control of our own lives if we were borne along by random atomic motions - is basically Furley's objection to the view that swerves cause volitions from the bottom up. But, whereas Furley presents this as an objection to the thesis that Epicurus held such a view, Plotinus presents it as an argument against Epicurus' view. And that supports my thesis that, as a matter of historical fact, Epicurus did hold that swerves cause volitions from the bottom up. (I shall call this 'the argument from Plotinus.') 

Notice, by the way, that Plotinus speaks here of "swerves" in the plural but of "volition" in the singular. This raises a question: what are we to say is Epicurus' view of volition in the singular? We can be sure that, according to Epicurus, just as a mind is at bottom a plurality of atoms, so a volition, as a motion of the mind, is at bottom the motions of a plurality of atoms. But, in a given volition, how many of these many atomic motions are swerves? All of them? Only one? Some, but neither all nor only one? My guess is that Epicurus did not believe that, in a typical volition, only one atom swerves. He rather believed that many do, and that more do the more strenuous the action; more mind-atoms swerve when one tries to turn one's body sharply, for instance, than when one tries to deviate just a little from one's path. But this is just guesswork, which I want to keep separate from my main thesis. So here is how I shall formulate in the singular my thesis that Epicurus held that volitions (in the plural) are caused by swerves from the bottom up: Epicurus held that an agent's volition (in the singular) is caused from the bottom up by that agent's mind's atoms' motions, at least one of which is a swerve. 

That is my main thesis.

(Jeffrey Purinton, "Epicurus on 'Free Volition' and the Atomic Swerve,' Phronesis, 44, pp.256-59)




Purinton makes the all-too-common common error of translating Lucretius' libera as 'free volition'


Susanne Bobzien

In Bobzien's 1998 book Determinism and Freedom in Stoic Philosophy she made a detailed analysis of arguments, especially those of Chrysippus, for the compatibilism of freedom with causal determinism. 


In her book and a 1998 article in Phronesis (Vol. 43, No. 2 (May, 1998), pp. 133-175), Bobzien identified several variations on the theme of human freedom that were important in antiquity. Three of them are indeterminist freedoms, by which she means the decision is partly or wholly a matter of chance, and does not involve the character and values of the agent:



1) freedom to do otherwise: I am free to do otherwise if, being the same agent, with the same desires and beliefs, and being in the same circumstances, it is possible for me to do or not to do something in the sense that it is not fully causally determined whether or not I do it. 

2) freedom of decision: a subtype of freedom to do otherwise. I am free in my decision, if being the same agent, with the same desires and beliefs, and being in the same circumstances, it is possible for me to decide between altemative courses of action in the sense that it is not fully causally determined which way I decide. 1) differs from 2) in that it leaves it undecided in which way it is possible for the agent to do or not to do something. 


3) freedom of the will: a subtype of freedom of decision. I act from free will, if I am in the possession of a will, i.e. a specific part or faculty of the soul by means of which I can decide between alternative courses of actions independently of my desires and beliefs, in the sense that it is not fully causally determined in which way I decide. 2) differs from 3) in that the latter postulates a specific causally independent faculty or part of the soul which functions as a "decision making faculty."


(Phronesis, p.133)



Then in 2000 Bobzien challenged Pamela Huby's 1967 assertion that Epicurus discovered the "free will problem."

In 1967 Epicurus was credited with the discovery of the problem of free will and determinism. Among the contestants were Aristotle and the early Stoics. 

Epicurus emerged victorious, because — so the argument went — Aristotle did not yet have the problem, and the Stoics inherited it from Epicurus. In the same year David Furley published his essay 'Aristotle and Epicurus on Voluntary Action', in which he argued that Epicurus' problem was not the free will problem. In the thirty-odd years since then, a lot has been published about Epicurus on freedom and determinism.
 
But it has only rarely been questioned whether Epicurus, in one way or another, found himself face to face with some version of the free will problem. In this paper I intend to take up the case for those who have questioned the point, combining a fresh perspective on the debate with a selection of new arguments and a detailed textual analysis of the relevant passages. Let me begin with a brief sketch of the problem of freedom and determinism which Epicurus is widely taken to have been concerned with.


The determinism Epicurus defends himself against is usually understood as causal determinism: every event is fully determined in all its details by preceding causes. These causes are commonly pictured as forming an uninterrupted chain or network, reaching back infinitely into the past, and as governed by an all-embracing set of laws of nature, or as manifestations of such a set of laws of nature.



Freedom to do otherwise, freedom of decision, and extreme freedom of the will Bobzien now labels "two-sided" freedom


On the side of freedom, Epicurus is generally understood to have been concerned with freedom of decision (the freedom to decide whether or not to do some action) or freedom of choice (the freedom to choose between doing and not doing some action) or freedom of the will (where the freedom to will to do something entails the freedom to will not to do it, and vice versa; I call this two-sided freedom of the will). Epicurus is taken to have introduced an indeterminist conception of free decision or free choice or two-sided free will: agents are free in this sense only if they are causally undetermined (or not fully causally determined) in their decision whether or not to act or their choice between alternative courses of action; undetermined, that is, by external and internal causal factors alike. There is assumed to be a gap in the causal chain immediately before, or simultaneously with, the decision or choice, a gap which allows the
coming into being of a spontaneous motion. 

Epicurus did not make actions directly the result of random atomic swerves, and he did think volitions were "up to us."


In this way every human decision or choice is directly linked with causal indeterminism. The assumption of such indeterminist free decision, free choice, or two-sided free will does not presuppose that one specifies an independent mental faculty, like e.g. a will, and indeed it is not usually assumed that Epicurus' theory involved such a faculty.

The 'free will problem' that Epicurus is assumed to have faced is then roughly as follows: If determinism is true, every decision or choice of an agent between alternative courses of actions is fully determined by preceding causes, and forms part of an uninterrupted causal chain. On the other hand, if an agent has (two-sided) freedom of the will, it seems that the agent's decision or choice must not be fully determined by preceding causes. Hence, it appears, determinism and freedom of the will (freedom of decision, freedom of choice) are incompatible.


I do not believe that Epicurus ever considered a problem along the lines of the one just described. In particular, I am sceptical about the assumption that he shared in a conception of free decision or free choice akin to the one I have sketched. (I also have my doubts that he ever conceived of a determinism characterized by a comprehensive set of laws of nature; but this is a point I only mention in passing.) To avoid misunderstandings, I should stress that I do believe that Epicurus was an indeterminist of sorts — only that he did not advocate indeterminist free decision or indeterminist free choice.





Furley merely de-emphasized the direct involvement of the random swerve in volition, as had Bailey before him.


Bobzien is of course right that Epicurus did not think that our decisions were made at random with no regard for our character and values, or for our feelings and desires. This is a straw argument put up by critics of Epicurean philosophy, notably the Stoic Chryssipus and the Academic Skeptic Cicero. 

But Bobzien is wrong to suggest that Epicurus did not see a problem between human freedom and the causal determinism of his fellow atomist Democritus, and that his atomic swerve was not his proposed solution to that "free will problem." She notes that


Whether Epicurus discussed free will depends on what one means by 'free will'. For example, if one intends 'free will' to render Lucretius "libera voluntas," and to mean whatever element of Epicurus' doctrine Lucretius meant to capture by this phrase, then Epicurus evidently was concerned with free will. My concern is only to show that he did not discuss a problem of free will that involves a conception of freedom of decision or choice as adumbrated in the main text. [namely, "extreme" libertarianism in which chance is the direct cause of action.]


Tim O'Keefe

In his 2005 study Epicurus on Freedom, O'Keefe concluded that Epicurus was mostly concerned with defending an open future against fatalism and the logical necessity of statements about future events. If it is true that there will be a sea battle on Monday, the future event is necessitated.

My own thesis is that Epicurus' main concern is not with justified praise and blame, but with preserving the rationality and efficacy of deliberating about one's future actions, although he thinks that determinism is incompatible with both. The reason for this is that a necessary condition on effective deliberation is the openness and contingency of the future, and determinism makes the future necessary. Furthermore, even though Epicurus posits the swerve in order to render causal determinism false, the sort of deterministic argument that Epicurus is concerned to rebut is the fatalist argument given in de Int. 9 and by the Megarians, which moves from considerations of future truth, to the fixity of the future, to the pointlessness of deliberation. Epicurus thinks that, if the Principle of Bivalence (the principle that every statement either is true or is false) held universally, this would make the future fixed in a way such as to render us helpless. (And so we can call my view the 'bivalence' interpretation.) Epicurus thinks that both logical and causal determinism are incompatible with the contingency of the future, and the swerve renders both false, since logical and causal determinism are mutually entailing. The swerve plays no direct role in the production of action or the formation of character.

The main textual support for attributing this role for the swerve to Epicurus is Cicero's De fato. There is precedent for the sort of position Epicurus adopts in Aristotle's rejection of the Principle of Bivalence for similar reasons in de Int. 9. If I am right about this, to assimilate Epicurus' concerns to those of modern libertarians is highly misleading.


In order to establish the 'bivalence interpretation,' I need to go through die texts that bear on the Epicurean position regarding human freedom. Rut before doing so, let me first establish its initial plausibility by showing that none of the terminology Epicureans use when discussing human freedom preclude it, and that the sort of 'free will and determinism' problem that I take Epicurus to be concerned with is one he should be concerned with, given his ethics and psychology, whereas — even apart from considerations of how successfully the swerve addresses these problems the other sorts of free will and determinism problems should not even trouble Epicurus at all.


Epicurus is concerned to defend human freedom, but none of the terminology he uses (or that others use who report on the Epicurean position) show that he is worried about preserving the ability of an agent to do otherwise than he does, much less that he conceived of this two-way ability in libertarian terms. Libera voluntas is often translated `free will,' but depending on the context, it can mean something like 'unfettered impulse.' After all, Cicero is willing to describe even the compatibilist Chrysippus, who certainly did not have a two-sided libertarian conception of freedom of will, as wanting to free (libero) our minds from necessity of motion and to accommodate the views of those who think that the movements of our minds are voluntary (voluntarius)." (For this reason, I will usually translate voluntas as 'volition,' since it is not potentially misleading in the way 'will' is, and while I think that the Epicurean theory of libera voluntas actually ends up being something like a theory of 'unfettered impulse,' using that as a translation would be highly tendentious.)



Likewise, Epicurus says that how we act and develop "depends on us" (παρ’ ῆμᾶς) and that our actions arise through us ourselves or from us ourselves (δι’ ἡμῶν αὑτῶν or ἑξ ἡμῶν αὑτῶν). That our actions are παρ’ ῆμᾶς is compatible with them simply being caused by us (e.g., that I caused myself to walk, so that my walking "depended on me"), and need not imply that, however we act, it is "up to us" whether to act one way rather than another (e.g., that it was up to me whether or not to walk). In fact, Bobzien argues at length, and I think convincingly, that to say our actions are παρ’ ῆμᾶς is more naturally read as indicating that we are causally responsible for our actions (what she calls a 'one-sided causative' παρ’ ῆμᾶς and has no implications about free choice." To say that actions are δι’ ἡμῶν αὑτῶν or ἑξ ἡμῶν αὑτῶν also has no implications of free choice. In fact, Chrysippus defends the thesis that certain things originate "from us" (ἑξ ἡμῶν), and when the Stoics are concerned to describe precisely what type of agency we do have and are at pains to deny the thesis that freedom is a matter of having free choice between opposite actions, they say repeatedly that what is up to us is what happens through us (δι’ ἡμῶν)"


The passages which report the Epicurean views on determinism and freedom indicate that Epicurus is concerned about defending something like the view that we have moral responsibility. The much later Epicurean Diogenes of Oinoanda claims that all censure and admonition would be abolished if fate controlled what we did, and Cicero, in reporting the worry that motivates the various parties to the fate and free volition debate, says that if fate were operative, there would be no justice in either praise or blame. Epicurus, likewise, when arguing that some things 'depend on us,' says praise and blame properly attach to such things, and in his anti-fatalist argument in On Nature 25, he asserts that our practices of rebuking, opposing and reforming each other presuppose that the cause of actions is 'in ourselves.'


However, even more prominent in Epicurean thought is the theme that determinism would render us helpless. When Lucretius describes the libera voluntas that the swerve snatches from the fates, he says nothing about responsibility, praise, or blame. Instead, libera voluntas is what allows each animal to go where pleasure leads it and the mind to move itself (DRN 2 257-260). Although Lucretius' later discussions of voluntas do not mention the swerve, they do confirm that it is voluntas that allows us to act as we wish to act — to visualize what we wish to visualize, to move our limbs as we desire, etc. (DRN 4 777-780, 877-880) So, if determinism threatens this voluntas, the implication is that determinism would render us unable to act as we wish to act, to move our limbs as we will, etc.


A similar concern with fatalism lurks in Epicurus' discussion of the "fate of the natural philosophers" in Ep. Men. 133-134. Epicurus contrasts what is ἁνάγκη, which is ἁνυπεύθυνος; — 'unanswerable' or 'beyond human control' — with what is παρ’ ῆμᾶς, which is ἁδέσποτος; — 'without master' or 'autonomous.' He then goes on to say that it would better to believe in the meddling Olympian gods than to be a 'slave' to the fate of the natural philosophers, since at least one can try to placate the Olympian gods, whereas the necessity of the natural philosophers is inescapable. In On Nature 25, the target of Epicurus' argument is a fatalist: this person denies that our decisions make any difference; what we do is not a cause or explanation (aitia) of what happens.' Finally, Cicero's discussions of the Epicurean and Stoic positions in the De fato show that a major concern of theirs was whether, if what will occur in the future has always been true and always been causally determined, the future is necessary in a way that makes all deliberation and action pointless.


Now, before going through the texts, let's step back and ask: given Epicurus' ethics and his psychology, what sort of freedom should he be worried about? Epicurean ethics is egoistic and hedonistic. In every choice, one should strive to attain the 'goal of nature,' pleasure (KD 25). 


The problem with most of the traditional 'libertarian' interpretations of Epicurus is that they dissociate one's actions not only from external causation but also from being caused by the psychological states of the agent present at the moment of choice: his beliefs, desires, and character, since being causally determined by these states is incompatible with a robust ability to do otherwise than one does.

Let us leave aside, for the moment, the objection that a random atomic swerving in one's mind is an unpromising basis for the production of free and responsible actions, instead of random and blameless twitches. Why should Epicureans be concerned to try to defend this sort of freedom of choice in the first place? If one has correct beliefs about the workings of the world and the limits of what is required for happiness, and one knows what one needs to do in the present situation to attain a pleasurable life, then having one's actions determined by these psychological states would not be ethically problematic — in fact, it is exactly what one would want to happen. This is the state of the Epicurean Sage. It is hard to see how having a 'two-sided' libertarian freedom of choice would help in the pursuit of ataraxia, or tranquility, which Epicurus maintains is the chief constituent of the happy life. And if this freedom would not help in the pursuit of ataraxia, it is hard to see why any good Epicurean should care abhout defending its possibility against the threat of determinism.





This extreme form of libertarianism, in which chance is the direct cause of action, developed by Epicurus critics to attack him, is unlikely to have been what he had in mind



O'Keefe, following Bobzien, makes libertarian freedom a will that ignores character and values, desires and feelings.
 


from Epicurus' Letter to Menoeceus
 ἐπεὶ κρεϊττον ἦν τῶ περί θεῶν μύθῳ, κατακολουθεîν ή τή τῶν φυσικῶν είμαρμένη δουλεύειν• ό μέν γάρ έλπίδα παραιτήσεωs ύπογράφει θεῶν διά τιμῆς, ή δέ άπαραίτητον έχει τήν άνάyκην. (Letter tο Menοeceus §134)

Lucretius, De Rerum Natura, Book II, lines 251-262 ("whence comes this free will?" - unde haec libera) 

Denique si semper motus conectitur omnis et vetere exoritur motu novus ordine certo, nec declinando faciunt primordia motus principium quoddam quod fati foedera rumpat, ex infinito ne causam causa sequatur, libera per terras unde haec animantibus exstat, unde est haec, inquam, fatis avolsa voluntas, per quam progredimur quo ducit quemque voluptas, declinamus item motus nec tempore certo nec regione loci certa, sed ubi ipsa tulit mens? nam dubio procul his rebus sua cuique voluntas principium dat et hinc motus per membra rigantur








Source: https://www.informationphilosopher.com/solutions/philosophers/epicurus/
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John Earman

  John Earman is a philosopher of science who in 1986 wrote a most influential book on physical determinism. His A Primer on Determinism describes the history from the classical mechanical determinism in pre-Newtonian physics to quantum mechanics, which he claims is more deterministic than classical mechanics.

Earman is also co-author of the 2006 Philosophy of Physics (2-volume Handbook of the Philosophy of Science) with Jeremy Butterfield, Dov M. Gabbay, and Paul Thagard.


Earman wrote in 1986 (Primer on Determinism, p. 235)
   

The determinism-free will controversy has all of the earmarks of a dead problem. The positions are well staked out and the opponents manning them stare at one another in mutual incomprehension. No advances in philosophy of science or cognitive psychology seem to move the problem forward. (When I began writing this book I entertained the hope that getting a more precise fix on determinism would help. I now see how naive and vain my hope was.) Genuinely new ideas are scarce. Some of the most intriguing ones to emerge in recent years are to found in Robert Nozick's account of "contra-causal [read: contra-deterministic] freedom"; but, I am sorry to report, the account is ultimately inscrutable. Finally, and, worst of all, for those of us who are not attached to one of the standard positions, it has become hard to sort new proposals into the serious and the nutty.

If the problem keeps leading us up blind alleys, why can't we walk away from it? Because the issues it joins are essential to an understanding of human action and of man's place in nature. Here we have a major clue as to why the problem has proved so divisive and why it resists any neat resolution. And we also have an early indication that 'the determinism-free will problem' is a misnomer: though the apparent conflict between determinism and free will helps to focus our attention on puzzles about human action, the puzzles go for beyond anything to do with determinism and free will per se.
   



  As a philosopher of physics, Earman influenced many philosophers with his criticisms of the random (stochastic) elements of quantum mechanics. He notes correctly that the evolution of the Schrödinger wave equation is as deterministic as classical mechanics. An quantum mechanics  predictions have been verified to even greater precision than the predictions of classical mechanics. But Earman is skeptical of Max Born's probabilities, which do not admit of the standard ignorance interpretation of classical probability theory. He says (p. 232),
   
   Rather these probabilities have to be seen as propensities for the system to undergo a transition from potentialities to actualities, and again we have no coherent account of this transition. In sum, while irreducible stochasticity may be an idea whose time may come, it is far from clear that QM marks its debut.
   
 
He concludes his chapter XI about quantum mechanics... 
  
Previous chapters have detailed a number of ways in which Laplacian determinism and its close relatives can fail, but not one of those cases conformed to the standard philosophical picture of indeterminism rooted in an irreducible chance or stochastic element. Quantum physics promised to bring that picture into focus, but today, over three quarters of a century since the advent of the quantum theory, we have only a blurred image. An astounding — and frustrating — feature of the theory lies in the contrast between the exquisite accuracy of its empirical predictions on one hand and the zaniness of its metaphysical 'consequences' on the other. The theory has been used to 'prove' not only that determinism is false but that realism fails, that logic is non-classical, that there is a Cartesian mental-physical dualism, that the world has the structure of Borges' garden of forking paths, etc. One is tempted to say that any theory which proves all of this proves nothing. But the temptation must be resisted. Although it is not clear what the quantum theory implies about determinism, it is clear that the implications are potentially profound. Bringing the implications into sharper focus requires a simultaneous focusing of a host of other foundations issues, most especially concerning the nature of quantum magnitudes and the nature of the quantum measurement process. By now it is no surprise that pressing the question of determinism has helped to unearth the deepest and most difficult problems that challenge our understanding of the theory.
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Determinism and Free Will, chapter XII of A Primer on Determinism

I have no new solutions to offer. Nor do I have a magic Ariadne thread that will guide us painlessly through the maze of claims and counterclaims. But I do hope to be able to illuminate the role determinism plays in generating the controversies, and secondarily I hope to show why thinking about these controversies is like banging your head against the wall.

1. MORAL AND LEGAL RESPONSIBILITY AND THE
COMPATIBILIST POSITION


The philosophical discussion of the determinism-free will problem has been badly skewed by the tendency to locate it within the context of questions about moral and legal responsibility. This context produces an almost irresistible pressure for a compatibilist solution, a pressure exploited by Moritz Schlick and his followers. My complaint is not that Schlick's solution is incorrect; indeed, I think that Schlick is roughly right about the sense of free will relevant to ordinary ascriptions of responsibility. Rather, my objection is that Schlick's solution is shallow and comes to grips with only a small piece of the larger problem.


Let us begin by trying to approach questions of responsibility, praise, and blame with a vision unclouded by philosophical argumentation. If we can locate informants innocent of philosophy, we will have little trouble in securing commonsensical agreement on two points:


(C1)	People should be held responsible for their action unless there are exculpating circumstances.


(C2) Circumstances which make it impossible for a person to act freely are exculpating.


If we succeed in introducing the subject of determinism in a non-corrupting manner (one may have doubts after the preceding eleven chapters!), we will probably also elicit:


(C3)	Discoveries in physics and the life sciences indicating that determinism applies to people as well as inanimate particles would not undermine ascriptions of responsibility.


Finding innocents ready to volunteer (C3) may not be easy, as witnessed by the recent New Yorker cartoon. 

[image: image-placeholder]

But the fact that we are supposed to see the humor is evidence that (C3) is the correct commonsensical response. (Of course, there are philosophers for whom this is no laughing matter, but remember we are trying to proceed pre-analytically.) Now that we have elicited the responses we want, we can whip out our philosophical logic and derive the conclusion that acting freely, in so far as it is a necessary condition for responsibility, is compatible with determinism. What then is this sense of freedom? A little further prompting will produce:




(C4) Freedom is the absence of compulsion, coercion, constraint.

For it is just these factors — compulsion, coercion, and constraint — which would be regarded by the real-life counterpart of the New Yorker judge as being exculpating.
The title of the chapter in which Schlick discusses the free will problem — "When Is a Man Responsible?" — is a giveaway as to his analysis of freedom. A man is free for Schlick just in case he does not act under compulsion, coercion, or constraint. These factors apply just when a man is prevented from realizing his natural desires. Freedom as the absence of these factors is quite compatible with determinism since natural laws do not entail them — laws of nature do not prescribe what happens but only describe it. Punishment is justified as an "educative measure," serving to "prevent the wrongdoer from repeating the act (reformation) and in part to prevent others from committing a similar act (intimidation)." This fits nicely with the analysis of freedom since it is just in those cases where freedom is lacking because of compulsion, coercion, or constraint that punishment is ineffective either as a reformative or intimidative measure.


Schlick took all of this to be so obvious that he felt that he had to apologize for writing the chapter:


With hesitation and reluctance I prepare to add this chapter ... it is really one of the greatest scandals of philosophy that again and again so much paper and printer's ink is devoted to this matter, to say nothing of the expenditure of thought, which could have been applied to more important problems ... (1966, p. 54)


But despite Schlick's attempts at intimidation there are concerns that even our philosophical innocents will want to raise with not much more prompting than was used to get (C1)—(C4). For example, there are many different kinds of cases where the laws of nature and the relevant physical circumstances combine to make it physically impossible for an agent to perform an action A. Schlick directs our attention to cases where the agent has formed the intention or desire to do A but something, so to speak, comes between the agent's natural desire and its realization. But consider cases where it is physically impossible for the agent to, say, raise his right arm not because his arm is strapped down or because the tug of gravity is too strong but because the laws and the antecedent circumstances make it physically impossible for him to desire, intend, or will to raise his arm — his arm can go up in a convulsive twitch or jerk, but he cannot raise his arm. I take it that what Schlick would say about this case would depend on the further details. If, for instance, what has made it impossible for the agent to desire of will to raise his arm was torture, brainwashing, or the injection of mind altering chemicals, then by a natural extension of Schlick's doctrine we have a case of coercion or compulsion and, hence a case where the agent is not free. If, on the other hand, what induces the impossibility is
no such warping of the agents 'natural' desires but the unfolding of his 'normal' genetic heritage, then Schlick would presumably say that the agent is free to raise his arm. The odd ring to this result is in no way dispelled by repeating the incantation that natural laws do not compel, they describe not prescribe. Natural laws do not compel or prescribe in the cases where it is physically impossible for the agent to raise his arm because of the strength of the gravitational field or the strength of the straps that bind his wrists, but the impossibility is no less for that. Libertarians are incensed, and rightly so, at Schlick's accusation that their bellyache is to be diagnosed as the result of swallowing the mistaken equation 'determinism by natural laws is compulsion'; rather, their bellyache is that if determinism, whatever its ontological strength, negates freedom and undermines responsibility in one type of case, then it seems to do so in others as well. That the man-in-the-street initially agrees to sort cases along Schlick's lines when it comes to answering "When is a man responsible?" hardly settles the matter. My experience is that when the man-in-the-street comes to believe that determinism applies not just to eye color and general personality traits (as the phrase 'genetic determinism' suggests) but also to the most intimate details of our outer actions and inner mental lives, then the laughter at the New Yorker cartoon turns nervous. And the nervousness, once induced, affects much more than questions about guilt and punishment. What is threatened is nothing less than the basis of the moral perspective and our sense of worth as human beings.

2. TROPISMS


Let us attempt to understand more fully from the Libertarian's point of view the threat that determinism poses. The Compatibilist should be interested in this goal, if only to better refute the Libertarian. To state the issues in as neutral a way as possible, let us drop for the moment questions about responsibility, guilt, and punishment and begin instead by asking questions like: How are the actions of man different from those of a sunflower as it turns to face the sun? If determinism is true, aren't all of our actions merely complicated cases of tropisms, forced motions produced by circumstances beyond our control?


The Libertarian may pose such questions in a rhetorical mode, but I propose to take them literally. The immediate and obvious difficulty then is that human actions are mediated by mental states — beliefs, desires, etc., — and mental acts — willings, choosings, etc. — so that any serious answers to the question must come to grips with the mind-body problem, a problem second only to the determinism-free will problem in its divisiveness and intractability. I claim, however, that it is possible to appreciate the church of determinism without first having to solve the mind-body problem.


We have two cases to consider: either the mental is parasitic on the physical or not. By parasitism I mean:


(P) For any physically possible worlds W1 and W2, if W1 and W2 agree on all physical attributes then they agree on all mental attributes as well.


this is also called supervenience

Parasitism might be explained by trying to identify mental events with physical events, but whether such an identity relation is implied by parasitism and, if so, what form the identity takes (e.g., type-type or token-token) need not be settled here. Likewise, the failure of parasitism might be explained by Cartesian dualism, but again the exact form of the explanation is irrelevant for our purposes. Now suppose that futuristic physical determinism holds and that if we go back far enough in time (say, to t = —1010 years) we reach a state of the world which can be characterized in purely physicalistic terms (say, positions and velocities of particles). If (P) fails then the physical state at t = —1010 years may not uniquely determine your current beliefs, desires, and willings. But from the assumption of futuristic physical determinism it follows that in so far as your inner mental life is autonomous it is inefficacious in producing physical actions. Imagine, if you will, that you are agonizing over the decision of whether or not to pull the trigger of a S & W .357 magnum you have trained on a mass murderer. You know that if you don't pull the trigger he is sure to escape to kill again and again; but at the same time you are revolted at the thought of taking a human life and more than a little perturbed at the thought of splattering gore over your favorite Shirvan prayer rug. Some or all of these internal debates may be underdetermined by the physical state at t = —1010 years, but whatever differences are allowed make for no difference in the upshot since the state at t = —1010 already determines that you do not pull the trigger (you wimp!). Alternatively, if (P) holds then not only the upshot but all of your internal debate as well is uniquely determined by the state at t = —1010 years. Your inner deliberations combine with your outer actions to form one elaborate tropism.

Various forms of this tracing-back-the-state construction are found over and over again in Libertarian tracts. 

see for example Peter van Inwagen's Consequence Argument


The commonly cited motivation is to show, by tracing back the state to a time before the agent was born, that the agent's actions are produced by factors that are clearly not under his control. I would prefer to put the point slightly differently. In my form of the construction we see that all human actions, in so far as they are physically characterizable, are deterministically explained by exactly the same factors — those that go to make up the state at t = —1010 years — that explain the actions of sunflowers and everything else in the physical realm; and as for human mental life, either it is parasitic on the physical or else it makes no difference in producing the physical actions.

Libertarians are so-called because they want to go on to join to this construction further premises: if human actions are deterministically explained by exactly the same factors that explain the actions of sunflowers, then humans no more act freely than do sunflowers; or, alternatively, if human mental life is inefficacious in producing physical actions, or else is parasitic on the physical and the physical unfolds deterministically, then true 'choice' and 'decision' are illusions. While I feel a certain sympathy for these extra premises, I am not sure that I want to endorse either and align myself with the Libertarians, and I most certainly do not want to join the Woolite wing of the Libertarians who want to do a modus tollens on physical determinism, arguing that since determinism implies unfreedom and since we are free, determinism must be false.


"up to us" is Aristotle's term for the tertium quid beyond chance and necessity that causes actions


 But to state what should now be obvious, it is not just the Libertarians who feel the crunch of determinism but anyone who wants to accord man a special place in nature on the grounds that, in contrast to inanimate objects and the lower life forms, we enjoy an autonomy in that what we do is up to us. This is why Schlick's tactic of trying to saddle his opponents with the indefensible 'determinism implies compulsion', already a questionable tactic when applied to Libertarians, is completely off the mark when applied to Autonomists.

There is an aspect of the tracing-back-the-state construction that has gone unremarked in the literature. Many of the fundamental physical laws we have studied are historically as well as futuristically deterministic. But we never see the construction presented in reverse form, tracing the state forward in time and then noting that by historical determinism the later state uniquely determines the present one. One obvious reason is the widespread acceptance of the notion that earlier states produce, cause, or bring about later states but not conversely. This notion was present in Laplace's original definition of Laplacian determinism and it crept into my presentation of the tracing-back construction. However, I now assert that despite all of the efforts of philosophers, the cause-effect relation in general and the notion of the direction of causation in particular remain so obscure that basing any conclusion on them makes the conclusion suspect. Suppose then that we reconsider the tracing-back construction, now taking care to understand futuristic determinism in a manner that does not entail any causal oomph. And suppose further that we agree with the claim of Ch. V that 'it is nomologically necessary that L' comes to no more than that L is part of the simplest and strongest system of occurrent regularities in the actual world. Then isn't much of the sting of determinism as it applies to human actions drawn? Perhaps, but drawing the sting in this way does nothing to soothe the Autonomist since even under the more scrupulous reading of determinism men and sunflowers are still in the same garden.


There is a related but perhaps more promising way to challenge the contention that men and sunflowers are in the same garden. Granted that if Laplacian determinism holds, the actions of men and sunflowers alike are deterministically explained by reference to the state at t = —1010 years. But the actions of men are also explained by later states involving beliefs, preferences, motives, intentions, etc., and this constitutes a significant difference from sunflowers. The Libertarians and their allies the Autonomists seem to be tacitly appealing to the further principle that explanations using temporally prior states take precedence over or preempt explanations starting from later status, which principle may derive from the suspect notion that the earlier states causally produce the later ones. While I think that there is sonic justice to this charge, again I don't see that enough of the sting ol, determinism has been drawn to satisfy the Autonomist. To be concerned about autonomy one doesn't have to subscribe to the principle that the explanation starting from t = —1010 years cancels or preempts explanations starting from later states; it is enough that the former exists.


It should be obvious by now that Popper's sense of 'indeterminism' does nothing to diminish the tension between determinism and freedom-autonomy, for Popper's 'indeterminism' is fully compatible with the deterministic scenario we have been imagining and it requires only that no embodied super-scientist can parallel the deterministic unfolding of events with precisely accurate forecasts (recall Ch. II).1 It is only slightly less obvious that the real failures of ontological determinism I described for classical physics (Ch. III) and general relativistic physics (Ch. X) likewise provide cold comfort for the Libertarian. Whether any form of indeterminism will foster freedom and autonomy is the topic to which I now turn.



3. INDETERMINISTIC ACTIONS AND THE POSSIBILITY OF
A SCIENCE OF HUMAN BEHAVIOR


Following the moves in the determinism-free will controversy is an exercise in frustration: whichever way we turn we are checked. We have been operating on the assumption of determinism. If we now turn away from this assumption then even worse results follow, or so we are told. B. F. Skinner argues that turning away from determinism is tantamount to abandoning the possibility of a science of human behavior:


If we are to use the methods of science in the field of human affairs, we must assume that behavior is lawful and determined. We must expect to discover that what a man does is the result of specifiable conditions and that once these conditions have been discovered, we can anticipate and to some extent determine his actions. (Beyond Freedom and Dignity, 1953, p. 6)

this is the Randomness Objection in the 
Standard Argument against Free Will


An allied sentiment often found in Compatibilist tracts goes: if a man's actions are not determined but are merely spontaneous or random occurrences, then they cannot be said to be his actions as opposed to something that just happens to him.

The reader will immediately recognize that we are being presented with a false dichotomy: determinism vs. non-lawful behavior or determinism vs. spontaneity and randomness. In the preceding chapters I have tried to show just how important determinism, both as an empirical claim and as a guiding methodological principle, has been in the development of modem physics. 

here Earman shows what William James called "antipathy to chance"

But we have seen not the slightest reason to think that the science of physics would be impossible without determinism, and from the many examples studied we know that denying determinism does not push us over the edge of the lawful and into the abyss of the utterly chaotic and non-lawful.

Nevertheless there are valid points to the worry expressed in the passage from Skinner and in the little gloss following it. One of these points was made in a vivid, if somewhat overblown way, in R. E. Hobart's (1966) famous article "Free Will as Involving Determination and Inconceivable Without It." 


more importantly, indeterminism  breaks the causal chain of the Determinism Objection in the 
Standard Argument against Free Will


If the rising of Alonzo's arm is to be counted as an action performed by Alonzo rather than a twitch or a jerk, then Alonzo's desire to raise his arm (or perhaps his willing his arm to go up) must in part determine the rising motion. To inject indeterminism here is not to inject freedom but to break the link that allows us to see Alonzo as the author of his action.

I want to suggest that one of the few valuable kernels in all of the chaff of the `if and cans' literature is a reiteration of the same point in the language of causation. As an analysis of


(1)	Alonzo did A freely


we are offered


(2)	Alonzo could have done otherwise. And (2) in turn is analyzed as


(3)	Alonzo would have done otherwise if he had desired (willed) to do otherwise.


I suggest that (3) be viewed as a counterfactual test for the causal efficacy of Alonzo's desires (willings) in producing the action. Just such a test is used in the law of torts to establish causal responsibility, the formula being that but for the negligent action of the defendant the harm would not have resulted. Some philosophers want to promote the counterfactual test to the status of a full-blown analysis of causation (see Lewis (1973b)). The analysis founders, just as does every other attempt to explicate this murky notion, but this does not undermine the explanation of the role of (3) in discussions of free will. (Cause-effect terminology will keep popping up in the discussion of free will — the topic calls for it the way greasy food calls for catchup.)


As a test for freedom, however, (3) fails miserably, whether by the lights of the Compatibilist or the Libertarian. A Compatibilist of Schlick's persuasion would hold that Alonzo freely raised his arm if he was not acting under compulsion or coercion but simply following his natural desires. But this may be so while (3) is false. Suppose, for instance, that we can read Alonzo's desires from his brain waves and that if he shows the symptoms of not desiring to raise his arm we are, prepared to step in and raise it for him with the help of an irresistibly strong mechanical arm.' We might try to save (3) as a necessary condition for freedom by claiming that if Alonzo had desired to reach
down rather than up, then he would at least have put forth an effort to lower his arm and this is enough to satisfy the spirit of (3). But if you are willing to tolerate an even more science-fictiony scenario (and you must if you are going to talk free-will with philosophers), we can imagine that Alonzo's brain has been so wired by the Evil Scientist that upon receipt of the appropriate electrical impulse from the Evil One, Alonzo is unable to exert any muscular effort to move his arm. This may be overcome by substituting a mental effort for a muscular one, but that move runs the danger of turning (3) into a tautology. And it also brings us to the Libertarian's objection of (3) as a sufficient condition for freedom. If the hand of the Evil Scientist, or the invisible hand of determinism, controls Alonzo's desires and willings so that it was physically impossible in the circumstances for him to will or desire otherwise, then Alonzo was not free by the Libertarian's lights even though (3) may have been true. Relating this to Hobart, the Libertarian may agree that Alonzo's actions should be conditionally deterministic on his desires and willings but deny that, if free, his actions, desires, and willings are deterministic simpliciter. As so often happens with the determinism-free will problem, we have come full circle and are repeating ourselves.


After this excursion through one of the many byways of the free will problem, let us ask how indeterminism might help to resolve the concerns raised by the application of determinism to human actions. There are so many concerns and so many conflicting desiderata that this is a vague question, so for sake of definiteness I will impose three boundary conditions on a resolution of the determinism-free will problem.


(B1) (Skinner) The resolution makes a science of human behavior possible.


(B2) (Hobart) The resolution implies that the agent determines his behavior.


(B3) (Autonomist) The resolution allows the agent to be autonomous in that his behavior is not a form of tropism.


We no sooner write down such conditions than we smell an impossibility. Indeterminism per se will not by itself secure the required autonomy. If, because of quantum mechanical considerations, the state at t = —1010 years does not determine whether Alonzo will raise his arm in the next second but gives a probability of .734, then we have merely traded strict deterministic tropisms for probabilistic tropisms; men, sunflowers, radioactive decay, and photons impinging on half-silvered mirrors are all planted in the same probabilistic garden. A way to secure the desired autonomy is to somehow take the agent out of the flow of events, be it deterministic or indeterministic. Consistent with this interpretation of (B3) we may still be able to satisfy (B2), but not if we understand 'Alonzo determined his arm to go up' to mean that Alonzo was in such-and-such a physical-mental state and this state determined (in the sense we have been studying) via psycho-physical laws his subsequent action. What is required is a new kind of determinism in which the determiners are not states or events by agents or selfs. As C. D. Broad characterized the position,


the putting forth of a certain amount of effort in a certain direction at a certain time is completely determined, but is determined in a unique and peculiar way; it is literally determined by the agent or self, considered as a substance or continuant, and not by a total cause which contains as factors events in and dispositions of the agent. If this could be maintained, our puttings-forth of effort would be completely determined, but their causes would neither be events nor contain events as cause-factors. (1966, p. 157)


Broad goes on to try to show that agent determinism is a conceptual impossibility, but his 'proof' consists of no more than saying it just can't be (". . . in so far as an event is determined, an essential factor in its total cause must be other events').

What we can say with more confidence is that such a view is incompatible with Skinner's demand (131). A recent proponent of agent causation, Roderick Chisholm, is almost forthright in drawing this moral:


This means that, in one very strict sense of the terms, there can be no science of man. If we think of science as a matter of finding out what laws happen to hold, and if the statement of a law tells us what kinds of events are caused by what other kinds of events, then there will be human actions which we cannot explain by subsuming them under any laws. We cannot say, 'It is causally necessary that, given such and such desires and beliefs, and being subject to such and such stimuli, the agent will do so and so'. For at times the agent, if he chooses, may rise above his desires and do something else instead. (1982,  p. 33)


My only quarrel here is with Chisholm's qualifier "in one very strict sense of the terms." In any reasonable sense of the terms the conception of the self being offered is incompatible with a science of man. First, by construction there can be no natural laws at the level of agents or selfs.
 
Second, at the level of physical events natural laws become problematic as applied to human actions. Agent determinism is otiose if there is a perfect pre-established harmony between what the agent determines and the natural order of events, for then there would be no distinction between an event being determined by the agent vs. the event occurring naturally and undetermined by the agent. On the other hand, if the harmony is broken, one is at a loss to describe scientifically the difference the agent makes. One is at first tempted to say that the effect of the agent is a miracle — e.g., the agent determines atoms to swerve in contravention to the trajectories implied by natural laws. But in speaking thus we immediately contradict ourselves since what a law asserts must be true. Truth can be restored by building the exceptions into the law statement, but the modification removes the difference the agent was supposed to make and it saps both strength and simplicity, undermining the lawlikeness of the statement while supporting its truth.' Nor do I see that it helps to posit indeterministic probabilistic laws. Either the agent affects the relative frequencies of events or not, and either way we get a rerun of the same difficulties.' Agent determinism, so-called, pushes us toward the worst form of indeterminism — the absence of natural laws, deterministic or indeterministic, for human behavior. The self as something that is separable from and can rise above all momentary beliefs and desires and all longer term dispositions has been condemned in positivistic philosophy as a piece of metaphysical nonsense. I do not say that it is nonsense, but I do say that it cannot be the object of scientific scrutiny.


We have not ruled out the possibility that there is some other way to simultaneously satisfy the demands (B1)—(B3), and given the vagueness of the conditions no final proof will ever be forthcoming. But we gain strong evidence for the impossibility by watching two of the ablest philosophers of recent decades struggle valiantly but unsuccessfully to find a workable alternative. I do not want to spoil the pleasure the reader will find at perusing the attempts of Robert Nozick (1981) and Paul Meehl (1984) to provide a positive account of free will in a setting of physical indeterminism, but it may be useful to say a few words about how these attempts fit into the framework set out above.


Nozick, as I read him, is attempting to rehabilitate agent determinism or causation by bringing it down to the level of events. An agent's actions, on Nozick's account, are caused by his desires; so the spirit of Hobart's (B2) is satisfied without the need of a transcendent self as the cause of actions. Free will and autonomy are to be secured by maintaining that although the agent's actions are caused they are not causally determined since in exactly the same circumstances another action could have been performed. I think I detect in Nozick's description of this non-deterministic causation a ghost of the old agent determinism. The agent is supposed to somehow bestow weights on desires and so (indeterministically?) determine which desire prevails as the cause of the action; the old transcendent self which rises above the desires seems to have been replaced by a self which annoints desires. Meehl is concerned, as is Nozick, to rebut the charge that undetermined choices and actions are merely random or spontaneous occurrences. I agree with the rebuttal, but I get from neither Meehl nor Nozick any clear sense of how indeterminism makes the choice 'up to us' and secures for us an autonomy not enjoyed by indeterministic sunflowers while leaving us as objects of scientific enquiry. My suspicion that there is no such sense grows.


Some aspects of transcendent selfs which rise above desires and annointing selfs which bestow weights on desires can be made respectable by modeling them in terms of second and higher order desires (see Frankfurt (1982)). A second order desire may be a desire that our first order desires be such-and-so or that they have such-and-such strengths; or it may be a desire to act on one first order desire rather than another (called a volition in Harry Frankfurt's terminology). While the recognition of the hierarchical structure of desires has contributed valuable insights, I doubt that it holds a key to free will, for no matter how high up the hierarchy we climb the same concerns about autonomy follow us (see Slote (1980)). Moreover, when I reflect on decisions I have made under conditions of moral conflict — just the sort of circumstances where higher order desires come vividly into play — I do not get any special sense of having acted freely. On the contrary, upon looking back, there is a sense of inevitability, whether or not I gave into my first order appetite or overcame it by reflecting on how I ought to align my preferences to accord with the good or the just. By contrast, it seems on looking back that I was most free in those cases where no moral conflict was present and no higher order desire came into play (at least not consciously); e.g., I 'just chose' vanilla over chocolate ice cream. This inverts the usual doctrine that paradigm cases of free action are to be found in cases of conflict and angst. Thinking that 'rising above' first order desires by going to 2nd or nth level desires is the kind of rising above that confers freedom and autonomy is a mistake if my introspective evidence is any guide. Of course, introspected differences in degrees of freedom may not correspond to deep or interesting differences in psychology or physiology; still, it would be nice to have a more detailed and precise phenomenology of 'free choice' than is currently available.


4. CONCLUSION


Determinism leaves an indelible mark on every subject it brushes against. The mind-body problem is no exception. My characterization of physical determinism employs a conception of the physical that is so broad that it seems to swallow up the mental. In the terminology of events, causes, and effects that the mind-body theorists favor, a physical event in my sense is any event that fits into the spatio-temporal net and is thus a candidate for a cause or effect. Only the most farout dualists would deny that mental events are physical in this minimal sense. Of course, we still have a mind-body problem since it remains to be seen how those physical events we call mental are related to physical events in the narrower sense (e.g., those studied in standard physics). We have seen that physical determinism in the narrower sense strongly constrains any possible answer: mental events must be parasitic on physical events in the narrower sense, else differences in the former are not matched by any differences in the latter and are therefore inefficacious in bringing about physiological acts. Further pressure for an identity relation comes from the notion that parasitism without identity condemns mental events to the limbo of the epiphenominal, denying them a real causal role in producing the physiological act. I will leave it to those who think they know what a 'real causal role' is to adjudicate these issues. All I have to add is that both identity theorists and their opponents tend to operate with a false sense of how easy it is to establish identities in physics. All right thinking physicists believe that macro-thermodynamical quantities, states, and events are parasitic on the microscopic. But it turns out to be hard to characterize the parasitism in terms of identities (e.g., 'temperature is mean kinetic energy' is a glib over-simplification of a very complicated relation which may not in the end turn out to be a relation of identity). I am not suggesting that there are no special difficulties about the mental but only that a more careful look at problems of reduction in physics may point the way for more fruitful attacks on the mind-body question.


The more precisely science locates man in nature the more difficult it becomes to sustain a sense of autonomy for human actions.5 As autonomy shrinks so does our sense of uniqueness and worth as well as the basis for a moral perspective on human action. As I have tried to indicate, this difficulty would arise even if the ultimate laws of nature proved to be non-deterministic, but since determinism poses the difficulty in its sharpest form it is appropriate to continue to speak of the determinism-free will problem. As a practical 'solution' I recommend the ostrich tactic: don't think too closely or too long on the issues raised here, and in daily life continue with the presumption that the 'I' that chooses and the self to which we attach value judgments are autonomous. Let those who want to call themselves philosophers bear the risk to their mental health that comes from thinking too much about
free will.


NOTES



SELECTED READINGS FOR CHAPTER XII

Clifford Williams' (1980) Free Will and Determinism: A Dialogue gives a quick 58 page introduction to some of the basic moves in the determinism-free will controversy. Bernard Berofsky's (1966) collection Free Will and Determinism contains many of the classic papers. Gary Watson's (1982) Free Will collects some of the more recent articles. The more intrepid readers will want to consult the chapter on "Free Will" from Robert Nozick's (1981) Philosophical Explanations and Paul Meehl's (1984) "Psychological Determinism or Chance: Configural Cerebral Autoselection as a Tertium Quid."
   


Hobbes' and Hume's view of freedom as compatible with determinism.

This is freedom of action, not freedom of the will
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   Laura Ekstrom has surveyed the arguments for libertarianincompatibilist free will in her 2000 book Free Will: A Philosophical Study. She has also proposed her own model, based on the idea that our preferences are developed in a causal but not determined way. Our character is an aggregation of these freely developed preferences, which we have the power to alter at any time. 
  

  She is concerned that incompatibilist accounts have thus far been incoherent.
  
  "I first elaborate the central difficulties for presenting an incompatibilist free will theory, giving sense to critics' judgments that some sort of compatibilist analysis of free will must be right, since all incompatibilist accounts are doomed to failure through incoherency. Our first question, then, is whether or not an indeterminist model of free agency can be made coherent. I believe the answer to this question is affirmative." (p.82)
  


  Ekstrom pays a lot of attention to where exactly the indeterminism is located in the process. She says:
  
  "Libertarians, then, share the problem of providing a positive thesis concerning the metaphysical conditions enabling free will. Without a solution to the where's the indeterminism? problem, libertarian accounts of the nature of free will cannot get off the ground. This problem is the central, most significant difficulty for the endeavor of presenting a plausible incompatibilist account of the nature of free action: locating the requisite indeterminism in the causal history of the act, together with explaining why this precise location is appropriate and important." (p.85)
  


  She says the libertarian requires multiple possible futures:
  
  "Indeterminism says that it is not the case that, given the actual past and the actual laws of nature, there is at every moment exactly one possible future. Alternately (and, I take it, equivalently), indeterminism holds that not every event is causally necessitated by prior events. Libertarians in common endorse this negative thesis. (Some incompatibilists concerning free will and determinism are, then, compatibilists concerning free will and indeterminism.)" (p.85)
  


  And she says the agent must have been able to do otherwise:
  
  "Arguments for incompatibilism...rest upon the requirement for freedom that an agent be able at the time of acting to do otherwise than she does, where this ability is understood in a categorical, and not a conditional, sense. Given the actual reigning laws and conditions, the free agent is taken to be able to perform more than one action, and her possession of this ability means not only that she has the appropriate faculties for performing a multiple number of actions, but further that she can in the circumstances exercise them. The incompatibilist argument is grounded upon, in other words, an understanding of freedom according to which it must be undetermined by natural laws and events of the past what the free agent will do next.)" (p.81)
  


  Ekstrom is also concerned about chance as the direct cause of an action. She says:
  
  "A further problem for libertarians is readily apparent: If what the free agent does at a given moment is not determined by the natural laws and the past, including even the agent's immediately previous preference concerning what to do, then what is it determined by? Anything at all? If nothing, then what makes the act any different from a fluke or an accident? Incompatibilists intend in speaking of agential freedom to refer to something other than haphazard events that occur willy-nilly, do they not?" (p.86)
  


  Her proposed account of free will is an "event-causal" model, not agent causation in which the agent (mind) is a new substance, or what Campbell called "non-occurent causation." She says:
  
  "Despite recent attempts to revive the sort of libertarian theory appealing to agent-causation and arguments to the effect that any hope for providing a defensible incompatibilist account of freedom lies in this direction, I want nonetheless to explore here a fuller variety of indeterminist options and ultimately to endorse an account not reliant upon the existence of an irreducible form of nonoccurent- or agent-causation." (p.83)
  


  Where does Ekstrom locate the indeterminism? She wants the deliberative process itself to become probabilistic. She says:
  
  "The indeterminism involved in free agency is thus held by this view to be located between the factors that influence an agent's decision concerning what preference to form and the decisively formed preference itself...What is involved is indeterministic but probabilistic causation — the inputs to deliberation do not determine a particular decision outcome, but they make more probable the formation of certain preferences." (p.110) 

"what the libertarian affirms is precisely that there is a third option between determined and random. The third option, according to this view, is that the decision is explicable by reference to the deliberative events that caused the decision to be what it was. Why did the free agent decide in that way? Because of reasons x, y, z, and so on. Why did those reasons lead him to decide as he did? The determinist would answer: Because of a deterministic causal law linking such reasons to such a decision. But the proposed account answers: Because the agent exercised his evaluative faculty in a particular way. Why? For reasons that inclined but did not necessitate a particular outcome to his deliberation process." (p.111)
  



  Why does Ekstrom not locate indeterminism in prior alternative possibilities? She only wants indeterminism "during deliberation," where "there are genuinely available alternatives, multiple branching paths before us." She actually argues that the Principle of Alternative Possibilities is false, although she thinks "Frankfurt-style cases" do not establish this, whereas she does. (pp.181-214) 

She considers and rejects the Dennett and Mele suggestions to locate indeterminism in the early stages (random alternative possibilities) of the process. This is also our two-stage Cogito mind model. 
  

52. In the free will literature, there are two accounts of a sort similar to the one I have proposed (besides those of Kane and Nozick) worthy of mention. Daniel Dennett sketches — without himself endorsing — what he contends is the best model of free agency available to a libertarian ("On Giving Libertarians What They Say They Want," in Brainstorms, Montgomery, VT. Bradford Books, 1978, pp. 286-299). Dennett describes a scenario in which an agent must make a decision about what to do — namely, to accept academic job offer A or to accept academic job offer B. According to the model, "It just might be the case that exactly which considerations occur to one in such circumstances is to some degree strictly undetermined" (p. 294). In Dennett's example, considerations A through F occur to Jones, and on the basis of them, she decides to take a job at Swarthmore. But had consideration G also occurred to her, she would have taken a job at the University of Chicago instead. As it happened, G did not occur to her, although it might have, given the past and the laws. The proposal is that the indeterminism required for an act to be free is quite far back in the causal history of the act in question: just prior to the events describable as certain considerations occurring to the agent as inputs to the process of deliberation over what to do.


Dennett's proposal — set out only on the way toward making the ultimate point that incompatibilist freedom is not really the sort of freedom we want — is closely related to the model of libertarian autonomy proposed (but, again, not endorsed) by Alfred Mele (see Mele, Autonomous Agents). Mele's proposal is this: What should be held by the libertarian to be causally undetermined is "which members of a shifting subset of Jones's relevant nonoccurrent beliefs will become occurrent and function in his deliberation" (Mele, Autonomous Agents, p. 214). So, some beliefs will come to mind and some will not, and of those that come to mind, a subset of them are undetermined to occur by the past and the laws — they just happen to occur when they do in the deliberation process, but they might not have. Mele takes judgments concerning what to do to be the outcome of practical deliberation. So, what an agent decisively judges best in the case of deliberation leading to free action remains causally open until deliberation ends, and when deliberation ends remains causally open, since it is causally open whether a certain belief will come to mind and prolong deliberation. Mele claims as virtues of this account of modest libertarianism the following: (1.) compatibilists have no good reason to insist on determinism at this point in the deliberative process as a requirement for freedom; (2.) this sort of internal indeterminism is, for all we know, a reality; (3.) such indeterminism does not diminish the agent's control over his deliberations (Autonomous Agents, chap. 12).


The views set out by Dennett and Mele offer another interesting T-3 libertarian alternative. But, in my view, they locate the indeterminism in the wrong place. Specifically, the views are too weak, in virtue of the indeterminism location, to secure agential freedom. On these views, free agents are subject to luck in what thoughts come into their minds as they are deliberating about what to do. But once the thoughts occur and the last of them has occurred during deliberation, there is a deterministic causal connection between the particular pattern of beliefs that has happened to occur and the subsequent decision outcome. But this is problematic. For I might be a free agent, on Dennett's or Mele's account, while being a victim, with regard to what I judge best and what I consequently intend and do, of what thoughts happen to occur to me at the time. Granted, there are "forks in the road" of some sort on this picture of free agency (alternate physically possible futures). But it is not up to me, the free agent, which one I take. Which one I take is decided by which considerations happen to come to mind, where this is indeterministically caused by some previous events. On both Dennett's and Mele's views, once a certain pattern of considerations has happened to occur to the agent, a particular action may follow of physical necessity and yet count as free. Since neither of the views includes an account of the nature of the self, they leave unanswered the question of why an act that is the causally necessary outcome of whatever considerations have happened to occur is plausibly claimed to be originated by the agent. (pp.136-7)
  



  Ekstrom's own model attempts to move the indeterminism partly into the decision itself (as does Robert Kane). Although she is aware that to the extent the decision itself involves randomness, the agent loses control.

She begins by developing the notion of an agent's preference and extending the moment of decision to a process over time.
  

I wish here to broaden the notion of preference: We might form preferences for having or acting on certain desires; but more ordinarily, I suppose, we simply form preferences for acting in certain ways. I will think of a preference, then, as a specially processed desire — a desire (for instance, for performing some act) formed by a process of critical evaluation with respect to one's conception of the good. (p.106)

The term 'decision' is variably and sometimes ambiguously used in free will literature. In developing the view to be proposed, I will use the term 'decision' to refer to a process: the sequence of events describable as the consideration of various factors by the agent's deliberative faculty, leading up to the formation of a state of mind settling the agent's uncertainty. I view the momentary mental act ending the decision process as part of the process, the end event of the process. The decision process might be settled either by the formation of an intention to act or by the formation of a preference. That is to say, if the decision concerns simply what to commit oneself to doing, then the outcome of the decision process — its settlement state — is an intention to act (now or in the future). If the decision in question concerns what to desire (so that in deciding one asks oneself, What do I want to do or to desire?) and if, in the process of making the decision, the agent considers centrally her acceptances concerning what is good and as the outcome of that consideration reflectively endorses a certain desire or course of action, then the outcome of the decision — its settlement state — is a preference. The event of preference formation thus settles the agent's indecision concerning what she wants to do. When we say of an agent S that "S's decision is made," I will take this to mean that S has ceased deliberating over a given matter by forming a particular preference (or intention, depending upon the type of decision) for action. (p.106-7)
  


But decisions may be causally determined by the agent's character. 
  
   One might, then, propose that action causally derivative from an agent's uncoerced preference is freely performed. But here is a problem with taking action on uncoerced preference as free. Consider an agent making an important decision...further suppose that, as the agent reasoned about the situation, weighing various factors, consulting other people, considering what he accepts and prefers, he was causally necessitated to reason in just the way he did. His deliberative or evaluative faculty was the source of the preference he formed, but, in fact, he was causally determined by factors such as his genetic makeup, environment, past experiences, and physiological constitution to evaluate potential courses of action in just the way in which he did evaluate them. (If someone had known all of the past events and the laws of nature, she could have accurately predicted exactly what he would decide.) In fact, though his preferences are his in that they were formed as a result of his own reflection on what he takes to be true and good, they are not, we might say, ultimately his, since the past, the current conditions, and the laws of nature conspire to make him prefer just what he does. This is because causal necessitation implies a unique, determinate outcome, an outcome that could not have been otherwise. In such a case, the agent could accept and prefer nothing other than what he did at the time, given the conditions and natural laws as they were. (p.108)
  

These (adequately) determined decisions, based on the agent's character, itself the consequence of earlier free decisions, seem to be exactly what Dennett and Mele were suggesting. Ekstrom claims that the fact that the decision was caused and predictable does not "defeat" freedom because it is strongly self-determined. She calls it a "preference with undefeated authorization." Undefeated authorization is defined as follows:

Undefeated Authorization: S is authorized in preferring A in a way that is undefeated if and only if S's evaluative faculty was neither coerced nor causally determined by anything to form the preference for A, but rather the preference for A was indeterminately caused by S's considerations. (p.108)


And she goes on to claim this as the basis for her model of free agency...

Freedom of action may then be defined in terms of preferences with undefeated authorization. Many of us conceive of ourselves as an agent possessing a certain kind of power: the power to form and reform one's own character. This power, we suppose, is often an uncoerced and undetermined determinant of our actions. It is the correctness of this very conception, I suggest, that allows (or would allow) one to act freely. An agent enjoys freedom of action in performing an act at a particular time, on this proposal, if and only if it is true that the agent's act results by a normal causal process from a preference for the act whose authorization is undefeated. (p.109)

 
This seems on the surface similar to our two-stage model, but Ekstrom is moving the location of indeterminism.

The proposed view claims not that preferences with undefeated authorization are uncaused, but that they are undetermined — they could have been otherwise. The indeterminism involved in free agency is thus held by this view to be located between the factors that influence an agent's decision concerning what preference to form and the decisively formed preference itself. The action resulting from the preference is free only if the formation of the preference for acting is caused, but not determined, by events involving the individual's evaluative faculty or intellect. What is involved is indeterministic but probabilistic causation — the inputs to deliberation do not determine a particular decision outcome, but they make more probable the formation of certain preferences. (p.110)


It is hard to see exactly how far Ekstrom's proposal has moved away from the idea of alternative possibilities generated indeterministically as additional "factors that influence an agent's decision." Then the decisively formed preference is adequately self determined. She says  

the act resulting from the preference, in the case of free action, is controlled by the agent in being causally determined by the agent, since the agent on my view, is to be identified with a set of preferences and acceptances, together with the power to fashion and refashion the character. The decision concerning what preference to form — which in part, given this analysis of the agent, is a decision about what sort of person to become — is caused, but not fully determined, by the past. (p.115)


Indeed, she sums up the central merits of her proposed libertarian view...

(1.) The account appropriately captures intuitions concerning what we want in valuing freedom: It proposes some causal openness in the construction of the self, so that who we are is not the necessary unfolding of the past and the natural laws. Yet, what preferences we form is explicable, both causally and rationally. 

(2.) The account is a phenomenologically accurate one: It seems that the ending point of deliberation is the outcome of our considerations yet that during deliberation there are genuinely available alternatives, multiple branching paths before us. 


(3.) The view is consistent with a wholly naturalistic metaphysics. We need not believe in immaterial souls in order to believe in free will, and we need not believe in an uncaused substance-event causal relation. The view of free action as action on undefeated authorized preference leaves free acts within the realm of what is scientifically explicable, and there is no need on this account to deny the antecedently plausible principle that every event has a cause. (p. 116) 
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  Excerpts from Free Will: A Philosophical Study.
  
From the Preface
Among the other great philosophical issues — the nature of truth, the foundation of ethics, the existence of God, the source of political authority, the possibility and scope of human knowledge, and the nature of meaning, causation, and consciousness — the problem of free will takes its place prominently as one both vigorously debated through philosophical history and to this day largely unsolved. Philosophers continue to debate not only the empirical question of whether or not we have free will, but also certain deeper and more fundamental theoretical questions: What is the essence or nature of a free act? Is our having the ability to act freely consistent or inconsistent with certain other propositions about the nature of the supernatural and the natural world? Would our having free will be, in fact, a good? And if so, what kind?


This book is designed both to highlight central issues in recent discussions of free will and to propose a particular indeterminist account of its nature. Various developments of the consequence argument for incompatibilism and the consequent debates over the properties of power necessity have been for many philosophers the centerpiece of free will theory during the past two decades. Discussion of the issues relevant to assessing the incompatibilist arguments thus takes a prominent place in this book. But it is also important to set out and examine directly the differing conceptions of free action itself underlying the arguments for incompatibilism and the compatibilist responses to those arguments. Hence I spend some time, following discussion of the arguments, making explicit and critically evaluating not just one compatibilist and one incompatibilist understanding of the nature of freedom, but rather a number of particular versions of each type of account, culminating in the proposal of a particular libertarian theory. This theory makes appeal, as libertarians traditionally have, to agent causation but proposes, contrary to tradition, that the notion is reducible to purely event-causal terms.
  
From chapter 4, Varieties of Libertarianism

  Bolstered by the sophisticated work of the past two decades designed to demonstrate the incompatibility of free will and determinism — including arguments by van Inwagen, Fischer, Ginet, and others, discussed in Chapter 2 — many incompatibilists now rest confident in their incompatibilist position. But that confidence has a way of turning to unease when incompatibilists are asked to articulate their own accounts of the nature of free action and free will. In what way precisely is the assumption of indeterminism friendly to the cause of freedom? Insofar as indeterminacy is associated with chaos and randomness, the truth of the thesis of indeterminism would seem not only to be unrequired for the right account of freedom, but further to be positively antithetical to it. For an act done of one's own free will is an act under one's own control in excelsis, yet an act undetermined by a chain of previous events, and hence subject to some indeterminacy, seems an act produced from randomness and not under control.


Arguments for incompatibilism such as van Inwagen's First Argument rest upon the requirement for freedom that an agent be able at the time of acting to do otherwise than she does, where this ability is understood in a categorical, and not a conditional, sense. Given the actual reigning laws and conditions, the free agent is taken to be able to perform more than one action, and her possession of this ability means not only that she has the appropriate faculties for performing a multiple number of actions, but further that she can in the circumstances exercise them. The incompatibilist argument is grounded upon, in other words, an understanding of freedom according to which it must be undetermined by natural laws and events of the past what the free agent will do next.


But holding fixed everything about the past up until the moment of action, including even the agent's preference or judgment about what to do next, and maintaining that, crucial to the agent's freedom is her ability to do otherwise than what she, at an immediately prior moment, prefers or judges best to do, presents an extremely puzzling picture of free agency. Is this where the incompatibilist proposes to locate the requisite indeterminism— between the agent's preference for acting and her subsequent action? If not, then where else instead?


This chapter takes up these and other fundamental problems for setting out a precise account of the nature of free action encapsulated in the intuitions driving the incompatibilist argument. I first elaborate the central difficulties for presenting an incompatibilist free will theory, giving sense to critics' judgments that some sort of compatibilist analysis of free will must be right, since all incompatibilist accounts are doomed to failure through incoherency. Our first question, then, is whether or not an indeterminist model of free agency can be made coherent. I believe the answer to this question is affirmative and that many of the prominent critical worries about incompatibilist free will accounts can be assuaged. If so, then, second, what is the best sort of indeterminist account that can be offered, the one with the fewest problems and the one best answering to the deep-seated and pervasive conception of ourselves as agents with incompatibilist freedom?


The present chapter thus addresses head-on the perplexing but crucial task of giving a positive incompatibilist theory of the nature of free agency. The chapter sets out various sorts of incompatibilist accounts of freedom, some of which have, in my judgment, more strength and plausibility than others. This discussion leads to the development of a new indeterminist model of free action. I defend this model of free action as superior to competing accounts.


Some philosophers have taken commitment to incompatibilism to imply commitment to a theory of free will invoking a notion of the causation of an event by an agent as substance, where this is taken to be fundamentally irreducible to the causation of that event by other events. For instance, in speaking of "the fundamental watershed, in philosophical anthropology, between those who think of human beings as free" in an incompatibilist sense and "adherents of determinism," Alvin Plantings writes that "what is really at stake in this discussion is the notion of agent causation: the notion of a person as an ultimate source of action." We will look at accounts of freedom appealing to an agent as cause as a primitive notion. But incompatibilists have other options for constructing a free will theory. In fact, despite recent attempts to revive the sort of libertarian theory appealing to agent-causation and arguments to the effect that any hope for providing a defensible incompatibilist account of freedom lies in this direction, I want nonetheless to explore here a fuller variety of indeterminist options and ultimately to endorse an account not reliant upon the existence of an irreducible form of nonoccurent- or agent-causation.


A large part of the work of this chapter may thus be seen by some as an in-house matter for incompatibilists: that of determining which sort of incompatibilist conception of freedom ought to be endorsed. Since, however, I take the truth of incompatibilism to be demonstrated by successful argument, in my view, this task holds significance for anyone interested in free will, for the matter is, ultimately, the discernment of the right or best account of free will. Even those unconvinced of the truth of incompatibilism nonetheless might take an interest in seeing whether or not a successful incompatibilist account of freedom can be worked out. As a benefit to the recalcitrant compatibilist, our discussion here will provide a number of libertarian accounts of freedom for critique.


Libertarianism and Indeterminism

Typically the term 'libertarian' has been used to refer to those incompatibilists who maintain that persons in fact possess free will and hence that the thesis of determinism must be false, whereas an incompatibilist, speaking more generally, might remain neutral concerning the question of freedom's actual instantiation (or even take a negative stance, as does what is sometimes called the 'hard determinist'). But in describing various accounts of free will as libertarian, I do not mean to imply that a defender of such an account necessarily takes free will to be actually possessed by anyone. In using the term, I mean only to group together different accounts of the nature of free will by their common starting point — namely, the contention that a theoretical requirement for free will is that determinism be false. I will describe theories of free will sharing this assumption as 'indeterminist', 'incompatibilist', and 'libertarian', using the terms here interchangeably.


Libertarian theories have been famously charged with being "obscure," "incoherent," and, on some versions, guilty of "panicky metaphysics." According to Arthur Schopenhauer, for instance, the libertarian makes every free action "an inexplicable miracle, an effect without a cause." Libertarians themselves sometimes admit to a certain degree of theoretical impenetrability. Richard Taylor, in speaking of his own version of libertarian theory, comments that "one can hardly affirm such a theory of agency with complete comfort and wholly without embarrassment, for the conception of men and their powers which is involved in it is strange indeed, if not positively mysterious." Especially in light of such admissions, one can understand the suspicion cast in the direction of incompatibilist free will theorists.


But mere bad press from critics (and even some proponents) is not the fundamental problem for libertarian theory. Rather, certain ways of dealing with what are the fundamental problems give rise to accounts that are vulnerable to such charges. Alternate ways of dealing with the central difficulties, however, are not so vulnerable. That is to say, while objections such as the above of incoherency and "panicked" theorizing are perhaps accurately lodged against certain libertarian accounts of the past, I believe that they can be rebuffed by a number of different sorts of contemporary indeterminist account. Let me lead into those accounts by first explaining what I see to be the fundamental problems for incompatibilist free will theory.

The First Problem: Indeterminism Where?

The construction of an intelligible incompatibilist theory of freedom must begin with the libertarian assumption: If we ever act and choose freely, then it is the case that, given the past and the laws of nature, at some moment t (or at some moments t1, t2, t3,. . . ), there is more than one physically possible future.


But to assert as a metaphysical precondition of free will that, at some moment(s), given the actual laws and past, multiple physically possible futures exist, does not yet locate agents at the crucial junctures. In other words, the denial of determinism does not itself provide an interpretation of the alternative-possibilities condition of freedom, since the denial does not itself say anything directly about agents. In order to present a complete account of freedom, the incompatibilist needs to explain in what ways determinism must be false, to say when and where the indeterminism that allows for agents' production of free actions and free choices is located. Where precisely are the gaps that must exist in nature in the chain of deterministic causal links between events in order to allow for human free will? The mere truth of indeterminism does not ensure that persons can act and choose freely.


This problem for all libertarian theories may be elaborated as follows. Indeterminism is a negative thesis: It claims what is not the case. Specifically, indeterminism is the denial of the thesis of determinism. Indeterminism says that it is not the case that, given the actual past and the actual laws of nature, there is at every moment exactly one possible future. Alternately (and, I take it, equivalently), indeterminism holds that not every event is causally necessitated by prior events. Libertarians in common endorse this negative thesis. (Some incompatibilists concerning free will and determinism are, then, compatibilists concerning free will and indeterminism.)


But here is the problem: There are various ways in which it can fail to be the case that every event is causally necessitated by prior events. That is, there are various propositions about the actual world that, if true, would entail the truth of indeterminism. Since this is so, commitment to the compatibility of indeterminism and free will (indeed, further, the requirement of the former for the latter) is where unanimity ends among incompatibilist believers in free will concerning the metaphysical preconditions of free will. Libertarians divide over the matter of precisely in what way the falsity of determinism allows for the agential possession of free will.


Libertarians, then, share the problem of providing a positive thesis concerning the metaphysical conditions enabling free will. Without a solution to the where's the indeterminism? problem, libertarian accounts of the nature of free will cannot get off the ground. This problem is the central, most significant difficulty for the endeavor of presenting a plausible incompatibilist account of the nature of free action: locating the requisite indeterminism in the causal history of the act, together with explaining why this precise location is appropriate and important.

The Second Problem:

Distinguishing Free Acts from Mere Accidents

A further problem for libertarians is readily apparent: If what the free agent does at a given moment is not determined by the natural laws and the past, including even the agent's immediately previous preference concerning what to do, then what is it determined by? Anything at all? If nothing, then what makes the act any different from a fluke or an accident? Incompatibilists intend in speaking of agential freedom to refer to something other than haphazard events that occur willy-nilly, do they not?


Of course, they do. The challenge, once having located the causal indeterminism required for the account, is to explain how it is that the event constituting the agent's action counts as sufficiently his own, sufficiently under his control, to be rightly called freely done by him. Some theorists refer to this as the problem of control. The problem gains force from the common philosophical assumption that a certain event is under control insofar as its causally antecedent events determine it to occur. If causal determination by prior events does, in fact, exhaust the scope of the notion of control, then incompatibilists indeed have a very serious problem: Any event that is undetermined by previous events is out of control and hence, it would appear, merely accidental. Incompatibilists, then, must examine the notion of control and explain how, on their own particular accounts, the free agent's act is grounded in his agency and is not a haphazard or accidental happening.

Undefeated Authorization of Preference

In previous work, I defined the notion of 'preference' as an evaluatively formed desire (formed by a process of critical reflection with respect to one's conception of the good) for a certain first-level desire to be effective in action. (p.106)


I wish here to broaden the notion of preference: We might form preferences for having or acting on certain desires; but more ordinarily, I suppose, we simply form preferences for acting in certain ways. I will think of a preference, then, as a specially processed desire — a desire (for instance, for performing some act) formed by a process of critical evaluation with respect to one's conception of the good.


The term 'decision' is variably and sometimes ambiguously used in free will literature. In developing the view to be proposed, I will use the term 'decision' to refer to a process: the sequence of events describable as the consideration of various factors by the agent's deliberative faculty, leading up to the formation of a state of mind settling the agent's uncertainty. I view the momentary mental act ending the decision process as part of the process, the end event of the process. The decision process might be settled either by the formation of an intention to act or by the formation of a preference. That is to say, if the decision concerns simply what to commit oneself to doing, then the outcome of the decision process — its settlement state — is an intention to act (now or in the future). If the decision in question concerns what to desire (so that in deciding one asks oneself, What do I want to do or to desire?) and if, in the process of 
making the decision, the agent considers centrally her acceptances concerning what is good and as the outcome of that consideration reflectively endorses a certain desire or course of action, then the outcome of the decision — its settlement state — is a preference. The event of preference formation thus settles the agent's indecision concerning what she wants to do. When we say of an agent S that "S's decision is made," I will take this to mean that S has ceased deliberating over a given matter by forming a particular preference (or intention, depending upon the type of decision) for action.


Action upon desire is not necessarily free. I might desire and intend to do X because I am addicted to doing X. Then, although I desire to do X, when I do X, I do not act freely but, rather, addictively. In Frankfurt's terms, although I want to X, I do not want to want to X. Then in doing X, I frustrate rather than express my self (which Frankfurt would explicate in terms of higher-order desires, but which is better characterized, I believe, in terms of preferences and acceptances, as I will explain). In acting addictively, I frustrate the goals and values (otherwise expressible as the preferences and acceptances) intimate to — that is, in part constitutive of — me.


The introduction of the notion of preference is intended to solve this problem (the internal problem) with the basic account of free action as action on desire. Since a 'preference' represents what an agent wants as the outcome of her reflection on what is good (and not what she wants simply as an instinctive drive or as an addictive desire), when an agent acts on a decisively formed preference, barring external manipulation of the reflective process, she is involved in the action — she is its source. In other words, action on preference is authored by the agent.


One might, then, propose that action causally derivative from an agent's uncoerced preference is freely performed. But here is a problem with taking action on uncoerced preference as free. Consider an agent making an important decision, such as whether or not to quit his full-time job in order to make a go at it as a musician. Suppose that he decides to quit his job and undertake the new endeavor, and this outcome of the decision appears to have been "up to him." But further suppose that, as the agent reasoned about the situation, weighing various factors, consulting other people, considering what he accepts and prefers, he was causally necessitated to reason in just the way he did. His deliberative or evaluative faculty was the source of the preference he formed, but, in fact, he was causally determined by factors such as his genetic makeup, environment, past experiences, and physiological constitution to evaluate potential courses of action in just the way in which he did evaluate them. (If someone had known all of the past events and the laws of nature, she could have accurately predicted exactly what he would decide.) In fact, though his preferences are his in that they were formed as a result of his own reflection on what he takes to be true and good, they are not, we might say, ultimately his, since the past, the current conditions, and the laws of nature conspire to make him prefer just what he does. This is because causal necessitation implies a unique, determinate outcome, an outcome that could not have been otherwise. In such a case, the agent could accept and prefer nothing other than what he did at the time, given the conditions and natural laws as they were.


Normally, we think of what an agent accepts and prefers as elements of his mental life that are up to him, under his full authority. But the arguments for incompatibilism are designed to show that, if those states are the deterministic outcome of previous events together with the laws of nature, then those states are not in fact under the agent's own full authority after all.


Consider the notion of undefeated authorization of preference. A preference with undefeated authorization is one fully attributable to the self. Its claim to being authentic to the agent is not defeated by the claim that it is merely the causally deterministic outcome — the sole physically possible outcome at the time — of the past and the laws. An act that one performs as the normal causal outcome of a preference with undefeated authorization then is strongly self-determined in a way that is sufficient for that act to be free. Undefeated authorization is defined as follows:

Undefeated Authorization: S is authorized in preferring A in a way that is undefeated if and only if S's evaluative faculty was neither coerced nor causally determined by anything to form the preference for A, but rather the preference for A was indeterminately caused by S's considerations.


Freedom of action may then be defined in terms of preferences with undefeated authorization. Many of us conceive of ourselves as an agent possessing a certain kind of power: the power to form and reform one's own character. This power, we suppose, is often an uncoerced and undetermined determinant of our actions. It is the correctness of this very conception, I suggest, that allows (or would allow) one to act freely. An agent enjoys freedom of action in performing an act at a particular time, on this proposal, if and only if it is true that the agent's act results by a normal causal process from a preference for the act whose authorization is undefeated.

To say that an action is free just in case it results, by a nondeviant causal process, from an event-causally undetermined and uncoerced decisively formed preference is to say that the agent could have, prior to forming the preference, decided in a number of ways. The outcome of her decision to prefer to act in a particular manner was neither coerced nor necessitated; there was a range of options for preference formation within the agent's power at the time. During the decision process, we experience thoughts, desires, insights, preferences, and the like. On the view being proposed, the libertarian maintains that a preference-forming decision process can lead ultimately to a free action only if the outcome of that process (the event of preference formation) is caused, but not determined, by other deliberative events—by the occurrence to the agent of particular thoughts.

Merits of the Proposed Approach


The proposed view has the merit of not making whether or not a free act follows an agent's decisively formed preference to perform it a matter of chance. Notice that the preference-forming decisions at the center of the account need not immediately precede the act in time: One might form a preference for committing a certain act at a particular time in the future, leading to the formation of a future-directed intention that, together with the belief that the time has become appropriate, generates an immediately executive intention, which, in turn, if all goes well and the agent does not change his mind, leads normally to the act. Alternately, one might deliberately form a preference to act in a certain way in the future, not at a particular time, but whenever certain circumstances arise, such that one then has a standing preference from which free acts can arise without immediately following a deliberative process. For instance, the first time I chose a caregiver for my child, I may have had to put in a great deal of consideration (concerning such matters as my values, my child's needs, and the qualifications of various candidates) before forming a preference concerning whom to hire. But subsequently, when the need arises again, I may simply phone the regular baby-sitter and do so freely, without needing to elaborately reevaluate the matter, but instead acting from a standing preference to use the person in question when he or she is available. In counting my view as a T-3 account, then, I am taking the preference leading to the act, whether standing or just formed, to be sufficiently crucial to count as a crucial precursor to the act.


The proposed view claims not that preferences with undefeated authorization are uncaused, but that they are undetermined — they could have been otherwise. The indeterminism involved in free agency is thus held by this view to be located between the factors that influence an agent's decision concerning what preference to form and the decisively formed preference itself. The action resulting from the preference is free only if the formation of the preference for acting is caused, but not determined, by events involving the individual's evaluative faculty or intellect. What is involved is indeterministic but probabilistic causation — the inputs to deliberation do not determine a particular decision outcome, but they make more probable the formation of certain preferences.


Suppose, for the purpose of illustration, that Kim is deciding whether or not Jason is the one to marry. The possible outcomes to her deliberation process are: the preference to marry Jason, the preference to marry someone else instead now or in the future, and the preference to never get married at all. Various considerations occur to her, including: the thought that Jason is intelligent and funny; a desire for security; a preference for lifelong companionship with someone who shares her values; a desire for freedom; the arguments of some feminists she has read that marriage is an outdated patriarchal institution; a slight attraction toward Steve; an overwhelming attraction toward Jason; the suggestion of her father that she marry someone financially secure; the acceptance that Jason is not at present financially secure; the suggestion of her mother that she not marry at all; a preference for having children one day soon; and her own conviction that children are best off being born to married parents. Each of these deliberative inputs points rationally toward one or another of the differing conclusive preferences; and each raises the probability of one of the three potential deliberative outcomes.


Suppose Kim decides to marry Jason. If she acts freely in marrying him, then her preference for marrying him must have been neither coerced nor causally necessitated by the past. That is, during the decision process, she was able to have formed any of the three potential outcome preferences. Given the inputs to her deliberation and the natural laws, in other words, it was physically possible for any of the alternate preferences to result.


Note that the compatibilist cannot require strictly sufficient conditions for an event in order for that event to be nonrandom. To do so is question begging, for what the libertarian affirms is precisely that there is a third option between determined and random. The third option, according to this view, is that the decision is explicable by reference to the deliberative events that caused the decision to be what it was. Why did the free agent decide in that way? Because of reasons x, y, z, and so on. Why did those reasons lead him to decide as he did? The determinist would answer: Because of a deterministic causal law linking such reasons to such a decision. But the proposed account answers: Because the agent exercised his evaluative faculty in a particular way. Why? For reasons that inclined but did not necessitate a particular outcome to his deliberation process. These causal statements report necessary, but not strictly sufficient, conditions for the decisively formed preference. In order to be explicable, the decisively formed preference need not be necessitated. But in order to be free, the decisively formed preference must not be necessitated. It may be tempting to suppose that a preference cannot be explained if it might have been otherwise, given all of the considerations of the agent and holding fixed the natural laws. But this supposition is only what Christopher Hitchcock calls a "demon of determinism." Not all explanation is deterministic.


Certainly there are a number of factors that influence us as we deliberate. These include the media, friendly advice, the attitudes of one's colleagues, one's own acceptances and preferences, the wishes of one's parents, subconscious needs and desires, dreams, the political climate, concern for the environment, the interests of one's children or siblings, regard for what is true and right, and so on. What we desire when focusing on freedom is that none of these factors necessitate particular outcomes of our decisions. We welcome the influence of any such factors if we are reasonable, but what we abhor, when concentrating on the value of freedom, is the causal determination of our deliberative process by any of these influences. We do not want the deliberative process to be driven down a single path by previous factors. Freedom is opposed to constraint, and having to form a preference to act in any particular way — no matter how appealing that way may be, or how objectively right it is, or how much one's parent approves of it — is constraining.


So the view under consideration has intuitive plausibility. Furthermore, this sort of libertarian theory has the benefit of not positing mysterious agents in the form of "unmoved movers." It is a naturalistic libertarian view, not in that it requires the truth of naturalism, but in that it is consistent with a naturalistic conception of the world. The proposed account appeals only to causal relations between events (or states of affairs). There are no entities posited that we must believe in when we think of ourselves as having libertarian freedom, such as immaterial souls, and we need not ourselves, as substances, stand somehow in causal relations to events.

Initial Objection


But wait a minute, the reader might object. True enough, the proposed T-3 [uncaused action] libertarian view does not share the problems had by an A-C [agent causal] account, and its naturalistic orientation is a benefit. But does not the proposed account face a certain difficulty, that is, providing a satisfactory answer to the problem of control? We considered earlier the view (T-3a) that an agent is free with respect to a particular action only if that action is event-causally undetermined in the sense that the action is indeterministically caused by the agent's intention. But the reason for rejecting this view is that, to require that the link between an agent's intention to act and the act itself not be necessary, but only probabilistic, is to make the act accidental, not in the agent's control. A problem for the present view is that it suffers from a similar weakness. just as indeterminism between the agent's
preference and her intention, or between her intention and her action, seemed to leave the action out of the agent's control, so too indeterminism between the factors that influence the agent's formation of preference and her decisively formed preference itself seems to leave that preference, and hence the resulting act, out of the agent's control.


Surely an agent does reflect on a variety of considerations prior to making a choice, including reasons for deciding in one way and reasons for deciding in a different way. Given the influences upon the agent, including these considerations, we are asked by the proposed view to imagine that which decision outcome results from these deliberations is undetermined. Given the deliberations, a certain potential decision outcome may or may not follow. But does this not make the particular way in which the indecision is resolved arbitrary? A decisively formed preference that may or may not follow upon the particular considerations that strike an agent during the deliberation process seems to be a preference that is not under the agent's authority. If there is some random element between the considerations serving as input to the decision and the decision outcome itself (so that the decisively formed preference has no strictly sufficient conditions), then the preference and the act to which it leads are uncontrolled by the agent.

The Proposal Further Elaborated


This is a natural concern and a fair one. However, the specification of the theory is not completed. In particular, I have not yet fully filled in a conception of the agent. Suppose we take an agent to be constituted by a character, together with the power to fashion and refashion that character. A character, or character system, is an aggregate of preferences and acceptances. Then an agent is an evaluating and choosing faculty (by which she creates preferences and acceptances), along with the character system, made up of those preferences and acceptances.


In previous work, I defended this notion of the self, or agent. Surely, I urged, the faculty for shaping the character — for evaluating desires, beliefs, and courses of action with respect to standards — ought fairly uncontroversially to be taken as a constituent of the self. We. clearly have some faculty for deciding what becomes a component of our character, what remains a component of our character, and what gets discarded as no longer an element of our character (although whether or not the operation of this faculty is causally necessitated by prior factors remains less clear). And this conception of the character is plausible, I think, for several reasons. For one, unlike hierarchical conceptions of the self as structured solely by desire, the proposed conception of the self incorporates some beliefs. Our convictions concerning the truth are central to who we are. But, appropriately, not just any beliefs and desires count as parts of the character. Opinions that one holds unreflectively and passions that overtake one are too common, as well as too blindly had, to be part of the character. For a character is the complex of attributes or features that mark and distinguish the individual. Elements of the character— preferences and acceptances — are the outputs of the individual's own evaluative activity.


I may thus now alternately state the proposed T-3 [actions caused but not determined] libertarian theory: An act is free just in case it results by way of a normal causal process from a pertinent intention (e.g., an intention to perform the act here and now) that is agent caused. The agent causation of an intention is, in my view, an ontologically and conceptually reducible notion. Take an agent to consist of evaluated reasons (preferences and acceptances, as a group constituting the character), together with an evaluating and choosing faculty (in other words, a power to fashion and refashion character). Then an intention is agent caused just in case it results by a normal causal process from a preference for acting as specified in the content of the intention, where the preference itself is the output of an uncoerced exercise of the agent's evaluative faculty, the inputs into which (various considerations) cause but do not determine the decisive formation of the preference.


Why did the occurrence of considerations r1, r2, and r3 raise the probability of decision outcomes preference1, preference2, and preference3 occurring to 0.51, 0.90, and 0.75, respectively? The reply "Because r1, r2, and r3 are good reasons for the decision outcomes preference1, preference2, and preference3, respectively, and r2 is the best" can be given no substance without reference to a perspective from which the reasons are judged to be positively relevant to the particular decision outcomes and a point of view from which the reasons are estimated to be good or worthwhile, with r2  judged to be the best. This point of view is built into the proposed account: The agent's evaluative faculty is the source of the evaluation of reasons and of the subsequently produced decision outcomes. Thus I endorse an indeterminist account of the following sort:

Theory Type 3d (T-3d Theories): An action is free only if it results, by a normal causal process, from a pertinent intention (e.g., an intention to perform that act here and now) that is caused by the agent, where this latter term ('caused by the agent') is reducible to event-causal terms.


Consider again the problem of control. In response, although the notion of control does require elucidation in some causal terms, it does not require deterministic explanation. In the case of deliberation preceding a free act, which decision-settling event it will be that occurs is not determined until it occurs. The formation of preference x or preference y or preference z may happen at t-1. At t, suppose that preference x is formed. Its formation has a causal (and rational) explanation in terms of the agent's considerations.

Furthermore, the act resulting from the preference, in the case of free action, is controlled by the agent in being causally determined by the agent, since the agent on my view, is to be identified with a set of preferences and acceptances, together with the power to fashion and refashion the character. The decision concerning what preference to form — which in part, given this analysis of the agent, is a decision about what sort of person to become — is caused, but not fully determined, by the past. One may object that this means that it is partly or wholly out of one's control what sort of person to become, and that this is problematic. However, the location for the indeterminism specified by the proposed account is precisely where we want the indeterminism to be in a free will model. What is especially objectionable about determinism is the thought that our character is fully determined by the past, that we could not have become different sorts of individuals, given the causal determination of our traits by the events of the past and the natural laws.


Thus, although an agent may be unable at t to do otherwise than a, she is free in performing a at t only if she is genuinely self-determined with respect to a — that is, only if she performs a for reasons and those reasons are genuinely her own, in that she was not coercively caused to have them and in that the reasons were not causally determined to be her preferences by previous deliberative events.


In sum, the central merits of the proposed libertarian view of free action as action on undefeated authorized preference I take to be these: (1.) The account appropriately captures intuitions concerning what we want in valuing freedom: It proposes some causal openness in the construction of the self, so that who we are is not the necessary unfolding of the past and the natural laws. Yet, what preferences we form is explicable, both causally and rationally. (2.) The account is a phenomenologically accurate one: It seems that the ending point of deliberation is the outcome of our considerations yet that during deliberation there are genuinely available alternatives, multiple branching paths before us. (3.) The view is consistent with a wholly naturalistic metaphysics. We need not believe in immaterial souls in order to believe in free will, and we need not believe in an uncaused substance-event causal relation. The view of free action as action on undefeated authorized preference leaves free acts within the realm of what is scientifically explicable, and there is no need on this account to deny the antecedently plausible principle that every event has a cause.


In short, given the power of the arguments for incompatibilism, some indeterminist model of free action must have a hold on us, and the proposed account, I have argued, is the best of the available options. When I act freely, the preference leading to the act is generated by the evaluative faculty that in part constitutes me, and the preference is not coerced by an external source. Hence, on the proposed view, when the appropriately formed preference leads to my act, what I do is "up to me," since I, quite literally, causally determine it.
Excerpts from Challenges to the Proposed Indeterminist Model of Free Agency (p.120)


Any incompatibilist model of freedom is going to have to locate the event-causal indeterminism somewhere in the history of the free act, and the specified place — between the considerations and the decisive formation of preference — seems to me the most reasonable place to locate it. One might, instead, locate the indeterminism prior to some of the considerations that occur to the agent during the deliberative process, so that what is undetermined is which (and perhaps at what points during the process) particular considerations come into the agent's mind. But if this were the only place specified for required indeterminism, then an act might be the purely causally deterministic outcome of the considerations that happen to occur to the agent and yet, on the proposal, count as free. Such an account is too weak to ground agent freedom and deep responsibility, since, given the occurrence of the particular considerations in any case, one particular act follows of physical necessity, as the completely deterministic unfolding of previous events.


Consider an agent whose act is, in such a sense, "libertarian free." Now a duplicate agent in exactly similar circumstances governed by the same natural laws and subject to the same occurrence of considerations at the same points in the deliberative process will form exactly the same judgment concerning the best thing to do and will act accordingly. But then, given the consideration pattern that occurs (but might not have), there is no "wiggle room" for the agent in forming an evaluative judgment — it simply falls out, of necessity, from the consideration pattern. Hence such an account does not leave sufficient room for free agency.


Where causal indeterminism is best located, instead, is after the considerations (which in the usual case have been determined to occur by previous events, such as how much rest one has had, what one has recently eaten, with whom one has recently spoken, what one has read) yet prior to the decisive formation of preference, such that given the exact consideration pattern, the agent may decide to prefer a and may decide to prefer otherwise. The considerations themselves are indeterministic causes of the preference.


Again, every libertarian model of free action has to locate the indeterminism somewhere in the history of the act. Where else would one put it? One might, out of dissatisfaction with the proposed model, opt to be a compatibilist. But then one must face the fact that the arguments for incompatibilism considered in Chapter 2 are powerful and that no response to them is, as I have argued, particularly persuasive. Thus some incompatibilist model of free action is needed. Furthermore, the intuitions underlying our deep-rooted notion of human dignity, our commonsensical conception of the future as we engage in practical deliberation, and commonly held judgments concerning deserved attributions of moral responsibility are incompatibilist in nature. It is central to our self-image as practical deliberators that there are forks in the path in front of us representing causally open future alternatives. Where are the junctures that are important to us for acting freely?


The proposed model, I have urged, appropriately locates them. Moreover, I have argued that the other available models of incompatibilist free action are problematic. I have aimed to avoid an appeal to the agent as a primitive sort of cause, for reasons discussed above.

6. On the proposed account, it seems that what is partially not "up to me" is who I am, what sort of person I become. But this is odd as an account of free agency grounding human dignity and moral responsibility.

But it is up to me in a significant sense or to a significant degree who I am, because it is my deliberative faculty doing the reasoning in light of considerations and forming the preferences and acceptances. Also, on any indeterminist model, there is something that is not 'up to me', if by this phrase one means something that is causally undetermined by previous events. Control cannot be equated to event-causal determinism without begging the question against all sorts of libertarian theory. Also, the act done, on the proposed account of free action, is completely up to the agent. In fact, it is caused by the agent, since the agent is taken to be the evaluative faculty together with the preferences and acceptances. So one's free act is fully under one's control in being causally determined by one's self.

7. How does the proposed account meet the two initial problems posed in the previous chapter for the basic account of free action as action on desire: the manipulation problem and the internal problem?

It meets the internal problem by requiring preference for action. Action on a desire that is not a preference is not free. Hence "the unwilling addict," as Frankfurt calls him, does not act freely on my account. Does "the willing addict" (that is, an addict who prefers to take the drug) act freely on my account? No, because his preference is causally determined to be what it is by physiological factors responsible for the addiction. His preference, given the addiction, could not have been otherwise. So his evaluative faculty, as he decides what to do, is determined to reason just as it does and thus is  causally determined to form precisely the preference formed.
The account of undefeated authorized preference is designed to address the manipulation problem posed by threats, posthypnotic
suggestions, and the like. An agent has undefeated authorization for her preference just in case her evaluative faculty is neither coerced nor causally determined by anything to form that particular preference, but rather the preference is indeterministically caused by her considerations. The preference leading to a free act must be uncoerced and caused by an indeterministic deliberative process. The proposed account has need, then, of the same list that the compatibilist needs concerning the act's (or preference's) not being the product of coercion by threat, direct brain stimulation by an evil neuroscientist, posthypnotic suggestion, and so on, in order to rule out foul play in the formation of the preference.

8. How is it, again, that the free act on your account is controlled by the agent, when there is some indeterminism in the production of it the act? Insofar as an act is not causally determined by prior causes, it is out of control, a mere random event. Your model of free agency re- places causal determinism, in the process leading to the act, with randomness. But then your account does not provide a right account of action that is under the control of the agent, or free action. Why should anyone want to be able to act freely as characterized by the proposed account, since that account only gives to an agent the status of being prone to a random process in the generation of action?

First, the incompatibilist not appealing to agent-causation is distinctive among proponents of free will models in defending a third option other than an event's being causally determined or its being random. To assert that those two alternatives are the only alternatives begs the question against all T-3 views. Every incompatibilist who thinks that the notion of free action is coherent alleges precisely that there is a third alternative between an event's being causally determined by previous events, on the one hand, and an event's being random, on the other.


Furthermore, on the particular incompatibilist account I have proposed, the act is causally determined: It is causally determined by the agent. Recall the proposed account of the self as the evaluative faculty together with the character. The free act is agent caused on the proposed account, where this notion is reducible to event-causal terms.


The problem of control is, I admit, the most serious difficulty facing the type of view I have defended. But consider the alternatives. We could, in accounting for free action, appeal to agent-causation as a primitive notion, irreducible to causation among events. But I find this approach unsatisfactory, as have many philosophers. The agent-causal theory, indeed, seems merely to label rather than to illuminate the problem of free agency. In light of problems for the A-C approach, as Robert Kane has urged (1996b), why not see how far we can get in constructing an indeterminist model  of free action without relying on primitive agent-causation before giving up and making such an appeal?


Alternatively, we could adopt a T-1 approach, relying on the posit of an uncaused volition or choice. But to adopt a T-1 theory requires that we believe in something — uncaused events — with which we have no familiarity in the physical world. Uncaused events of volition or choice can be explained by reference to the agent's purposes, but they cannot be causally explained; they derive from absolutely nothing. In other words, with regard to any uncaused volition or uncaused choice, we can answer the question, Why did it occur? (by citing the agent's goals), but we cannot answer — it is impossible to answer — the question, What made it occur? This is unsatisfying. On the T-3 view I have defended, free actions result from preferences, and those preferences are formed noncoercively for reasons that are probabilistic causes of them.

9. How might the proposed indeterministic model of free action be actually realized? What evidence is there for thinking that we in fact have free will in this sense?

Several recent theorists have done interesting exploratory work on the matter of how indeterminism at the quantum level might be magnified if the brain is a chaotic system.  Additionally, if we have evidence for thinking that we are morally responsible (in what I will call in the subsequent chapter the 'metaphysical' sense) and if incompatibilist freedom is required for such moral responsibility, then we have reason to think that we have incompatibilist freedom. Further, if we have reason to think that we have dignity, that our most intimate relationships are genuine, and that our commonsensical conception of the future as we practically deliberate is accurate, then we have reason to think that we have incompatibilist freedom.

10. You have proposed that, between the considerations serving as input to the agent's evaluative process and its outcome, there is non-deterministic or probabilistic causation. Suppose that one particular consideration is so powerful that it raises the probability of a certain decision outcome to 0.99999. Then suppose that that outcome in fact occurs and leads appropriately to the agent's act. Why is such an act free, whereas it would not have been free had the probability been equal to 1 that the preference for that act would occur, given the previous considerations?

We sometimes speak of a range of freedom of action, some acts being fully free and others less so. The probabilistic model gives one way of making sense of degrees of freedom. Perhaps the most free acts derive from preferences whose probability of occurring was raised by the occurrence of certain previous considerations to values within a range of, say, 0.2-0.8, whereas the act would be less free when resulting from a preference at either end of the spectrum, that is, in cases where the considerations made the probability of the preference's occurrence near 0.9 or 0.1.


Consider the case of a cancer patient's agreeing to a round of chemotherapy treatment by signing a particular document. It seems to me that in such a case the agent retains her freedom in signing the document, provided that she does so as the result of a normal causal process from an evaluatively formed preference for signing it that was neither coercively formed nor causally necessitated. The patient must have been able to form a different preference instead (namely, the preference for refusing the treatment) in order for her act of signing to be freely done.


But although the signing act is free, it seems to me less so than a different act done such that considerations did not make it so highly probable that there would be one particular outcome of the decision process. That is, given the agent's acceptance that if she refuses chemotherapy treatment, she will very likely die, her preference for signing the form has a high probability value. Compare a case in which I am deciding whether to give a certain sum of money to a charitable cause or instead to use it for a family vacation. I accept the great worthiness of the cause and prefer to use my money to benefit others as well as my own family; yet, I am convinced that my family members would enjoy the trip and relax during a vacation, and I prefer that we occasionally spend focused time together. Suppose that the matter is a "toss-up," given all of my prior considerations. Acting in one way or another then manifests my full freedom. 

11. You have appealed to something unverifiable in characterizing the agent, namely, his "evaluative and choosing faculty." Why is your account not just as vulnerable as is the A-C account to a charge of mysterious agency?

In characterizing free action, I have appealed to a feature of persons that has been described as an agent's evaluative faculty for forming preferences and acceptances in light of his conception of the true and the good. But the critic may protest that this feature of persons is not empirically observable and, in this sense, is mysterious. However, this charge puts at risk of being dismissed as "mysterious" any posited ability or faculty of persons. How do we become aware of the existence of any ability? By observing its exercise or its effects. Normally, of course, we cannot discern simply by looking at a person at any time whether or not he has the ability to solve complex mathematical problems, but we can observe him in the process of exercising the ability and, from this evidence, justifiedly infer the ability's existence. Similarly, though it is true that we cannot directly observe another's evaluative faculty from the external standpoint, we can, from that standpoint, observe his exercise of the power as he fashions and refashions his character — in other words, as he deliberates among alternatives and decides upon forming one preference or acceptance rather than another. We justifiedly infer the existence of the ability from our observation of its exercise. We can and do witness others considering various factors and making up their minds, settling on a decision outcome. Others report verbally about their deliberations and their decisions; their facial expressions change as they deliberate; they hesitate, stop what they are doing, and so on.

12. But the evaluative faculty you have proposed is not just the ability to form one's character; it is further the ability to do so without being determined by anything to decide as one does. It is a particularly unverifiable position to assert that we have the ability to decide in a way that is not necessitated by anything. How could we ever know whether or not this is the case?
To claim that persons retain the power to fashion and refashion their character, without being necessitated by anything to do so in one way rather than another, is not to assert something incomprehensible or utterly opaque. We know from the inside what it is like
to deliberate among competing desires or courses of action and to exercise our faculty to decide to form one particular preference rather than another, without being necessitated by any prior factor to decide as we do. It is commonplace, at any rate, to operate on the assumption that we have such an ability, and there are various considerations that justify this assumption on our part.


The account I have presented does not make free action wholly mysterious. It does not place agents entirely outside the causal nexus, and it does not require for the existence of freedom the falsity of the Principle of Universal Causation (the principle that every event has a cause). Further, free actions, on the view, are not random or arbitrary; they are directly under the agent's control in being determined by and only by the agent, and the notion of an agent is explicated rather than left as a primitive. Free actions are explicable in terms of an individual's character.


Consider, again, the internal evidence. We often introspectively observe ourselves or directly experience choosing without being necessitated to choose in any particular manner. We may, of course, be wrong. Our evidence of how it feels to make decisions about what sorts of people to be and about what to do, without being either coerced or determined by the past, may be deceiving. However, in the absence of any good reasons for thinking so, and in the presence of reasons for thinking that our internal observations of the process are accurate, it is legitimate to account for this evidence by positing an undetermined evaluative faculty, which is not to be conceived as an immaterial substance, but as an ability to form preferences.

13. A decision to form a particular preference should be reasonable or rational for the agent, rather than arbitrary, in order for the act resulting from that decision to be free. But if the agent's deliberative process comes up with the answer that, all things considered, A is the best choice, then it seems that she ought to be necessitated to choose A. To require for freedom that her choice outcome remain undetermined by the reasons seems to require an odd ability: the ability to decide against the best reasons. But no one wants this ability.

To require for freedom that an agent be able to choose otherwise in the categorical sense after the occurrence in her mind of various considerations — that she be able to choose A and that she be able to choose B, given the laws of nature and all of the facts about her and her past, including the deliberations of her evaluative faculty — seems to require for freedom the ability to act irrationally. As Robert Kane expresses the problem, what is difficult to understand and in need of explanation is "how I could have reasonably chosen to do otherwise, how I could have reasonably chosen B, given exactly the same prior deliberation that led me to choose A, the same information deployed, the same consequences considered, the same assessments made, and so on."


Once A has been judged to be the right decision outcome, a choice of B would appear to be irrational. In cases in which the deliberative faculty reveals one best answer, the proposed account of freedom, the critic charges, requires something nondesirable: the ability to choose what is not the most rational alternative. To want the ability to act freely as I have characterized it might then seem to be, in the words of Susan Wolf:


not only to want the ability to make choices even when there is no basis for choice, but to want the ability to make choices on no basis even when there is a basis. But the latter ability would seem to be an ability no one could ever have reason to want to exercise. (Freedom Within Reason, 1990, p.55)


But on the proposed account, it is not true of choice outcomes that they have no basis whatsoever; they are, rather, caused indeterministically by prior considerations. Suppose that my decision outcome is preference A. Now, what does it mean to say that I could have reasonably formed preference B, given exactly the same prior deliberation that led me, in fact, to choose A? We know what it means to say that I could have chosen otherwise than A: I had the skill required for forming some choice outcome other than A, and, given the past and the laws, it was undetermined what choice outcome would follow. In other words, the physical conditions and laws left room for the exercise of my skill. As to the question of how I could have reasonably chosen otherwise, suppose that I had decisively formed preference B (rather than preference A), that preference B was uncoerced, and that preference B was indeterminately caused by my prior considerations. Then preference B was reasonable. That is, if formed, the preference for B would have been caused and justified by reasons. In fact, so long as the choice outcome follows on reasons considered by the agent in the deliberative process, it is reasonable in some sense: in the sense that it results for a reason, although it is not necessarily the most rational option, given the total set of the agent's reasons.

If the objector claims to prefer at every juncture being determined to decide as he does by the best considerations rather than by just any considerations, then this merely shows something about the objector's values: that he prizes being right over being free. Being pushed into deciding in a certain way by anything — whether one's grandmother, one's genetic blueprint, or overwhelmingly powerful considerations — is antithetical to free agency. Contrary to Wolf's claim about what we want, in deciding what to do and what sort of person to be, we do not want to be determined by anything. Rational and causal influence is one thing; determination of choice is another. Again, freedom is opposed to constraint, and having to choose in any particular way, no matter how rational or objectively right that way may be, is constraining.


On the proposed account, then, prior to the working of the agent's evaluative faculty, the agent can form a preference for A and can form a preference for B. Both preference A and preference B could, at that point, be rational for the agent if she has reasons supporting each preference. A preference probabilistically caused by considerations of the agent's is not a preference formed "on no basis." The objection might be construed as a request for an explanation of how either of two alternate decisively formed preferences that the agent could potentially form could be rational for that if formed. The answer, then, is that whichever one is made is rationally explicable by reference to the agent's evaluative process and its inputs. Suppose she decided to form preference A. Why did she do so? Because of prior considerations that reasonably supported that particular decision outcome. The decisions from which free acts result are those that the agent forms on some basis, yet no basis is causally determining of what she decides.
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Alfred Fouillée's book La Liberté at le Determinisme  made a powerful claim for the existence of absolute chance (hasard absolu) in the universe, and for the importance of chance in human free will.

Fouillée was not specific about how chance would help (beyond breaking the causal chain of determinism), nor did he address how chance would be prevented from making our decisions random.


Fouillée's influence on Charles Sanders Peirce and William James is well known. Peirce credited Fouillée and Charles Renouvier with the origin of his ideas for Tychism. And William James' personal copy of La Liberté at le Determinisme (now in Harvard's Houghton Library) is well-marked with passages he found important.


Excerpts from La Liberté at le Determinisme (1872)
CHAPITRE II. PUISSANCE EFFICACE DE VIDÉE DE LIBERTÉ SELON LA LOI
DES CAUSES EFFICIENTES.
I. Recherche de la notion la plus synthétique où puissent colncider, dans ce qu'ils ont de positif, le système de la détermination et celui de indifférence. Faits psychologiques.

II. Au point de vue métaphysique, l'acte libre doit avoir la liberté et pour fin et pour cause. Organisme idéal de la liberté, que nous cherchons à réaliser.


III. Comment nous arrivons à produire des actes qui ont pour fin l'idée de liberté.


IV. Puissance efficace de l'idée de liberté comme cause, selon la loi du mécanisme. Objections et réponses.


V. Introduction d'un nouvel élément dans les théories idéalistes de Leibnitz et de Kant, et dans les théories naturalistes.


VI. L'idée de liberté, équivalent logique, mathématique et mécanique de la liberté.



I. — Nous n'entendons point par liberté une détermination qu'on ne saurait trop comment qualifier, qui aurait lieu abstraction faite de toute appréciation des choses, de toute considération des buts qui sont offerts ; une détermination sans motif et sans mobile, en un mot sans raison. La liberté nous semble plutôt le pouvoir de faire équilibre aux raisons tirées de la nature intrinsèque des choses par une raison tirée de l'indépendance du moi. Si la valeur intrinsèque des choses, telle que mon intelligence la conçoit, détermine seule mon action, cette valeur des choses étant impersonnelle et conçue en vertu de lois imper
sonnelles, je n'aurai pas le libre-arbitre; mais si je trouve dans la conscience môme de mon individualité, du sujet qui est moi, un motif et un mobile capable de contre-balancer les raisons qui procèdent des objets, il y aura attribution de l'acte à moi-mémé et non pas au non-moi, il y aura personnalité et non impersonnalité. Le libre-arbitre est donc le sujet se posant en face de l'objet comme une force capable de résister avec la conscience de sa résistance c'est le moi, trouvant dans le moi une raison d'agir qu'il se fait à lui-même, au lieu de la recevoir du dehors. Nous admettons toujours une raison d'agir; mais tantôt elle est dans la conscience du sujet individuel, tantôt dans la perception des objets.

On tonnait les deux théories relatives au libre-arbitre qu'il faudrait concilier dans une doctrine plus large et plus compréhensive. Selon le déterminisme, nous nous déterminons pour tels et tels -motifs; et ces motifs sont des pensées actuelles qui, étant donnée notre constitution psychologique, devaient nécessairement amener cette détermination. Dès lors l'idée de notre liberté ne serait plus qu'une forme vide s'appliquant indifféremment à tous nos actes; le contenu positif de ces actes serait déterminé réellement par les motifs actuels et pais toute la série d'états de conscience antécédents. — Selon la doctrine vulgaire de la liberté d'indifférence, nous nous déterminons parce que nous le voulons; cela revient à dire que nous nous déterminons ainsi parce que nous nous déterminons à nous déterminer ainsi. C'est là un acte absolu et indépendant de tout le reste ; comment alors expliquer le contenu positif et
déterminé de ses effets? comment cette suprême indifférence a-t-elle pu aboutir à telles et telles différences? — Voilà lés deux notions contraires de la liberté.


Il y a deux manières de concilier les notions; on peut, selon la méthode recommandée par Hegel, les combiner dans ce qu'elles ont de positif, pour arriver à une troisième idée distincte et une, qui en est la synthèse; c'est là, ce semble, la vraie méthode. On peut aussi juxtaposer simplement les notions contraires, et, pour éviter la contradiction, en éliminer les caractères spécifiques ou différentiels ; mais on n'arrive ainsi, selon la juste remarque de Hegel, qu'à une identité vide et sans contenu déterminé ; ou, si on laisse subsister la moindre différence, l'opposition éclate bientôt au sein même de la conciliation, et réclame en vain une conciliation nouvelle.


L'abstrait, et conséquemment l'incomplet, voilà le défaut ordinaire des systèmes relatifs à la liberté. « Nous nous déterminons pour tels et tels motifs; » mais alors les motifs sont tout sans la volonté, et le mot a nous nous déterminons » n'a plus de sens. a Nous nous déterminons pour nous déterminer, nous voulons pour vouloir; » mais alors la volonté demeure abstraite et sans motif, comme une forme -ans contenu. Toutes ces doctrines, après avoir brisé la vivante unité du vouloir, s'efforcent vainement de la reconstruire; c'est l'analogue des systèmes qui, ne pouvant comprendre l'être sans la manière d'être, en concluent qu'il faut poser la manière d'être sans l'être, tandis qu'il faudrait réunir les deux termes au lieu d'en supprimer un.



Il faut d'abord rétablir la réalité psychologique des faits, avant de passer aux objections métaphysiques.


En premier lieu, relativement au motif de nos actes, l'observation intérieure nous a montré que les systèmes adverses sont également incomplets. —Je puis vouloir pour vouloir, disent les partisans de la liberté indifférente. — Oui, leur avons-nous répondu; mais vous avez alors un motif intérieur, qui est d'exercer la puissance même que vous concevez. — Alors, disent à7 leur tour les déterministes, je veux pour une raison, et en vue de quelque chose? — Oui; seulement cette raison, ce quelque chose que vous avez en vue, est le vouloir même et le vouloir libre.— En ce cas, ma volition est ,déterminée par le motif, et je ne suis pas libre.'— Votre volition est déterminée par le motif, et comme ce motif est précisément d'être libre, la question que vous ne devez pas préjuger est de savoir si vous ne réalisez pas effectivement la liberté en vous-mêmes. Reconnaissez tout au moins que la question doit être mieux posée qu'elle ne l'a été.


Voici donc, relativement au motif de nos actions, les deux extrêmes et la notion synthétique, fournie par l'expérience intérieure, qui les concilie dans ce qu'ils ont de positif. — Je ne puis vouloir pour vouloir et sans raison, disait Leibnitz. — Je puis vouloir sans raison et pour vouloir, disait Reid. — La vérité psychologique est que je puis vouloir pour la raison de vouloir, et alors je veux tout à la fois pour une raison et sans raison : pour une raison subjective (l'idée de ma puissance), et sans raison objective (tirée de la nature des choses que je veux, ou des fins externes). Dans ce œs nous expliquons notre acte en disant « Parce que je veux»; cette expression ne désigne pas seulement l'agent ou la volonté, mais aussi un objet de pensée ou un motif que la volonté se pose à elle-même : ce n'est donc pas, comme on le croit, une tautologie. Lorsque la volonté choisit un bien moindre ou égal parce qu'elle le veut, ce mot est pris dans un sens spécial, et sert àrendre raison du choix ainsi fait : il ne désigne plus la volonté en général, mais la volonté se prenant elle-même spécialement pour motif et pour fin, par un acte de réflexion. Quand nous préférons le plus grand bien extérieur, nous croyons inutile d'ajouter que nous le voulons pour vouloir : la valeur du motif extrinsèque suffit alors pour expliquer la détermination de la volonté ; mais dans le choix d'un moindre bien ou d'un bien égal, si on nous interroge sur le motif, nous donnons pour raison : parce que je veux. La volonté devient alors pour elle-même un vrai motif, car elle s'objective et se pose en face d'elle-même : Sit pro ratione voluialas. — Reid n'a vu que le côté extrinsèque des choses; il n'a pas vu la raison intrinsèque qui détruit en nous l'indifférence : à savoir l'idée de l'indépendance même, à laquelle nous sommes loin d'être indifférents. Et d'autre part, les déterministes ont n ligé à tort l'idée de la volonté parmi les motifs determination.


La même insuffisance des doctrines opposées se retrouve à propos du mobile de nos déterminations, qui n'est que le motif senti et désiré. Ici encore les faits psychologiques semblent mal analysés.


Selon les déterministes, non-seulement il n'y a point d'acte sans raison ou sans motif, mais encore la raison d'agir ne peut être que quelque bien; on ne peut vouloir que pour un bien, et tout motif devient ainsi un mobile. — Je puis vouloir pour vouloir et sans mobile, disent au contraire les partisans de la liberté d'indifférence. - Mais, répondrons-nous aux deux systèmes adverses, si la volonté libre est elle-même un bien, les contraires ne sont plus inconciliables : je puis vouloir pour le bien de vouloir.

Ici encore les partis dissidents font à tort abstraction de l'idée de liberté; celle-ci nous apparaît toujours comme l'idée d'un bien réalisable dans le moi, et conséquemment, de même qu'elle est un motif, elle est un mobile.


Ce n'est pas un bien, objectera-t-on, de lever le bras ou de l'abaisser ; et'cependant je lève librement le bras pour le lever, je l'abaisse librement pour l'abaisser. — Analyse incomplète. Quand vous faites ces mouvements avec réflexion, vous les faites pour montrer - aux autres votre libre-arbitre , ou pour vous le montrer à vous-même; et cette sorte de triomphe que vous remportez sur le simple possible en le rendant actuel, est assurément un bien dont vous avez la notion plus ou moins confuse et le sentiment plus ou moins vif : il y a ici un mobile.
De même, vous me proposez le choix entre deux biens extérieurs, l'un beaucoup plus grand que l'autre, et je choisis le moindre : ma détermination est-elle sans mobile? Non. Je veux vous prouver ou me prouver à moi-même que je ne suis pas ,esclave d'une influence extérieure; j'affirme ma personnalité, mon moi, 'ma liberté et ma dignité, en préférant le ma puissance personnelle est un bien à mes yeux, et je préfère ma liberté aux choses extérieures. Les déterministes ont donc raison : quoique je fasse, je ne puis vouloir qu'un bien; mais ce bien peut être précisément la liberté. En concevant la liberté, je la conçois comme bonne, je l'aime, et je suis excité ainsi à la réaliser; l'être raisonnable, qui se créait tout-àl'heure à lui-même un.motif par la conception de la liberté, se crée aussi un mobile et une fin ; le moi trouve en lui-même une raison de vouloir et un intérèt à vouloir. Que cette idée et ce désir de la liberté' aillent croissant par l'attention et la réflexion, ils produiront des effets en analogie avec eux-mêmes, indépendants de la valeur des autres motifs ou des autres. mobiles. Voilà, ce semble, la réalité psychologique. Le grand tort du déterminisme est donc de n'avoir pas vu que, si l'homme veut toujours en vue d'un bien, il peut vouloir en vue d'un bien qui soit sa vo- lonté même. Cette conception de la volonté libre comme bonne en soi, se mêle à tous nos actes réfléchis; elle 'constitue un motif et un mobile inhérent au moi, et dont l'intervention modifie tous les autres motifs et tous les autres mobiles empreints de passivité extérieure. C'est proprement la part du moi et de son idée dans l'acte accompli ; aussi est-ce ce que le moi croit pouvoir s'attribuer à lui-même.


En résumé, l'idée du vouloir qui semble la plus synthétique et la plus conforme à l'expérience intérieure, est la suivante : nous voulons pour telles ou telles raisons, pour tels ou tels biens; et de plus. pout la raison et le bien de vouloir. 


II. — C'est là aussi ce qui répond le mieux, ce Semble, à la notion métaphysique de la vraie liberté. D'une part, en effet, pour être entièrement libre, la volonté ne doit pas, en se portant vers tels et tels objets, s'y porter exclusivement pour eux; elle ne doit pas s'absorber dans la matière sur laquelle elle s'exerce : il faut qu'elle veuille encore dans le but d'être libre, dans le but de vouloir librement. D'autre part, elle ne peut vouloir à vide, dans une indifférence qui exclurait tout contenu déterminé. La réalité concrète, c'est de vouloir librement telle chose, 1° pour vouloir cette chose-là et non une autre, 2° pour la vouloir librement et non d'une autre manière.


La liberté doit donc remplir deux conditions elle doit donner à son acte la forme de la liberté, non une forme tout extérieure, mais cette forme réelle et constitutive qu'Aristote appelait a l'essence »; et en même temps elle doit donner à cet acte libre un} contenu déterminé.


La forme essentielle de la liberté est de vouloir pour vouloir, de se déterminer par soi-même pour se déterminer par soi-même. Vouloir ainsi pour vouloir n'est pas une identité vide posée par l'entendement, et au moyen de laquelle on se dispenserait de toute explication en répondant à la question par la question même. Le premier vouloir n'est pas la même chose que le second; ce sont deux éléments à la fois identiques et différents., dont l'unitû concrète se suffit à elle-même, parce que le premier a sa raison dans le second, et le second sa raison dans le premier.

veux pour vouloir, le premier terme est le vouloir actuel, raison efficiente, et le second un vouloir possible, raison finale du premier. SiTon pouvait montrer que ces deux vouloirs se suffisent l'un à l'autre indépendamment de tout le reste, il en résulterait que l'acte libre, composé de deux vouloirs inséparables, à la fois identiques et différents, subsiste dans leur unité, ou plutôt qu'il est lui-même cette unité.
En ce qui concerne le premier point, il n'y a pas de difficulté à admettre que le vouloir libre devienne une fin pour notre activité présente. On conçoit très-bien la possibilité de se proposer à soi-même, comme raison finale, un acte libre, et non un acte libre abstrait, une notion sans contenu, mais un acte libre particulier, enveloppé dans un ensemble de circonstances données. Je veux faire telle chose et non telle autre, et je veux la faire librement; c'est-à-dire que je veux, tout en la faisant, être indépendant de ce que je fais, et ne pas y épuiser une puissance qui contient en elle des choses opposées. En fait, c'est là l'idée dont nous nous proposons à chaque instant la réalisation dans là pratique : nous voulons, par exemple, faire un acte de désintéressement pour le faire et aussi pour exercer notre liberté; nous de voulons pas être libres sans agir et sans faire passer notre liberté dans un acte particulier, ni accomplir un acte particulier 'sans y mettre notre liberté. La liberté se trouve donc toujours dans l'idée de l'acte proposé et en est la forme essentielle : nous agissons en vue de la liberté.


Bien plus, pour que le contenu déterminé de l'acte sentielle, nous voulons imprimer cette forme à tous les éléments dont il se compose, et conséquemment à cet ensemble de circonstances où nous nous trou-vous engagés. Or, pour ne pas être déterminé par ces circonstances, il faut les connaitre, sinon dans leur nature intime, du moins dans leur rapport avec le moi. Si je ne les connaissais pas et qu'elles me déterminassent à mon insu, il se trouverait, dans l'acte accompli, des choses dont je ne verrais pas la raison en moi-même. Voilà pourquoi je pénètre, par la réflexion , dans les moindres détails de l'acte et du milieu où il se produit, loin de m'y mouvoir sans y porter la lumière. Ce que je connais, je l'ai ramené à moi et mis sous ma dépendance; ce que je connais, je le tiens. Aussi, plus mon vouloir est libre, plus il est raisonné, réfléchi, et par suite concret. Mon premier vouloir se subdivise en autant de vouloirs particuliers qu'il y a de conditions à remplir pour que l'acte produit soit, et soit libre. Et tous ces vouloirs ont leur raison dans la fin à atteindre, c'est-à-dire dans l'acte libre dont ils sont les moyens; comme d'autre part l'acte libre, qui ne sera que le dernier de ces vouloirs, aura son principe dans les vouloirs antécédents dont il sera la conséquence. C'est une série de choses déterminées et liées, qui sembleront se nécessiter quand on remontera des conséquences aux principes, mais qui, dans l'autre sens, apparaltront comme des moyens en vue de la liberté. Une fois que toutes les conditions seront ainsi déterminées, une fois que je cou-naîtrai dans tous ses points la
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Arthur Fine is a philosopher of science noted for his early readings of Albert Einstein's unpublished papers which became available to him at Princeton as part of the Collected Papers of Albert Einstein project, edited by John Stachel, Don Howard,  and others.

Especially important was Fine's critical reading of the Einstein-Schrödinger correspondence of 1926, which prefigures their exchanges nine years later about nonlocality and nonseparability, following Einstein's epoch-making EPR paper in 1935.


Fine traces the Einstein's debates in the late 1920's about interpretations of the "new" quantum mechanics with Bohr, Heisenberg, Schrödinger, and Max Born, among others. Fine shows that the standard attacks on Einstein as not understanding their ideas, that he is senile, are completely inappropriate. In particular, their portrayal of Einstein as hoping to restore determinism and objecting to Heisenberg's uncertainty principle is misplaced. 


Fine shows that Einstein had five objections to the new quantum mechanics, even before Heisenberg formulated his uncertainty principle in mid-1927.



(1) the equations of the theory are not relativistically invariant; 

(2) it does not yield the classical behavior of macroscopic objects to a good approximation;


(3) it leads to correlations among spatially separated objects that appear to violate action-by-contact principles; 


(4) it is an essentially statistical theory that seems incapable even of describing the behavior of individual systems; 


and (5) the scope of the commutation relations may not in fact be so broad as the theory supposes.
   


Fine is correct that Einstein held these views in early 1927. But we have shown that he suspected many of them (especially 1, 3) as early as 1905. That chance is involved he saw clearly in 1916, so alternative possibilities exist with calculable probabilities. Quantum mechanics is a statistical theory that applies to ensembles of identical systems. It does not describe individual systems. 


Sometime, likely before 1920, Einstein described the Führungsfeld and the Gespensterfeld to Max Born and others. For Einstein, these wave fields are the probabilities of finding a light quantum. Born gave Einstein credit for what has become known as the "Born Rule" in his 1926 paper on atomic collisions


I shall recall a remark
that Einstein made about the behavior of the wave field and light quanta. He said that
perhaps the waves only have to be wherever one needs to know the path of the
corpuscular light quanta, and in that sense, he spoke of a “ghost field.” It determines the
probability that a light quantum - viz., the carrier of energy and impulse – follows a
certain path; however, the field itself is ascribed no energy and no impulse
   

Einstein made his probability view explicit in 1927 at the Solvay Conference where he said



 |ψ|2 expresses the probability that there exists at the point considered a particular particle of the cloud, for example at a given point on the screen.
   

In 1982, Fine summarized the efforts of those hoping that hidden variables could restore an underlying determinism to indeterministic quantum mechanics, 


It is shown that the following statements about a quantum correlation experiment are
mutually equivalent.(1) There is a deterministic hidden-variables model for the
experiment.(2) There is a factorizable, stochastic model.(3) There is one joint distribution for
all observables of the experiment, returning the experimental probabilities.(4) There are well-
defined, compatible joint distributions for all pairs and triples of commuting and
noncommuting observables.(5) The Bell inequalities hold.
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Austin Farrer

Austin Farrer was a theologian, biblical scholar, and philosopher who gave the Gifford Lectures at Edinburgh in 1957. He adapted his lectures as an article in Arthur Lovejoy's Dictionary of the History of Ideas entitled "Free Will in Theology."

Farrer was an Anglican but deeply indebted to the Roman Catholic Thomas Aquinas, whose style and methods of scholarship he followed. 


Like Aquinas, Farrer believed that an omnipotent and omniscient God knows in advance all human actions, yet both claim that this foreknowledge does not pre-destine nor pre-determine those actions.


The idea of God as an omniscient and omnipotent being has an
internal logical contradiction that is rarely discussed by theologians like Farrer.
If such a being had perfect knowledge of the future, like
Laplace’s demon, who knows the positions, velocities, and forces
for all the particles, such a God would be perfectly impotent,
because the future is already completely determined. That is, if God had the
power to change even one thing about the future, his presumed
perfect knowledge would have been imperfect. . Prayer
is useless.
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Bas van Fraassen

Bas van Fraassen is a philosopher of science known for his attack on scientific theories as "true." This is of course quite reasonable, since "truth" is a concept properly only applicable in fields like logic and mathematics. He calls this "scientific realism." But this is only the position of the failed philosophical school of logical positivism.

He defines his (straw man?) of scientific realism....


Science aims to give us, in its theories, a literally true story of what the world is like: and acceptance of a scientific theory involves the belief that it is true. This is the correct statement of scientific realism.


van Fraassen knows scientific theories are not "true," because they are judged by their agreement with the statistical outcomes of experiments. Theories make predictions, sometime with probabilities. Their "correctness" is judged by their agreement with experiments, which are always statistical. His term for this is "empirically adequate," which is fine.


He writes...

 
Science aims to give us theories which are empirically adequate; and acceptance of a theory involves as belief only that it is empirically adequate. This is the statement of the anti-realist position I advocate; I shall call it constructive empiricism.


Compare the "manifest image" and the "scientific image"  of Wilfred Sellars, whose manifest image was of a world we know from experience as opposed to the scientific image, which he saw as a constructed conceptual framework based on a "scientific determinism," which contains a picture of man as part and parcel of a deterministic order. 






Source: https://www.informationphilosopher.com/solutions/philosophers/frassen/
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Frederic Fitch

Frederic B. Fitch was the Sterling Professor of Logic at Yale.
 
Among those attending his classes on propositional logic based on the great Principia Mathematica of Bertrand Russell and Alfred North Whitehead was Warren McCulloch, who went on to establish the modern idea that the brain is a logical machine equivalent to a digital computer (the ideal Turing Machine). 


Despite the fact that information flows along neurons in the brain, the neural network is not a computer network, brain processes are not algorithms, there is no central processing unit (CPU) or even distributed parallel processing. Very simply, man is not a machine and the brain is not a computer. 


In general, mathematicians in general and logicians in particular should know that logic is a tool used in scientific reasoning, but it does not control the physical world.


Fitch's 1952 textbook Symbolic Logic, An Introduction was important in the history of modern debates about the "necessity of identity." 


Fitch was Ruth Barcan (Marcus)' thesis adviser. 


In 1947, Marcus wrote an article on "The Identity of Individuals " asserting the "necessity of identity."  Her work was written in the dense expressions of symbolic logic, with little explanation. We present it for historical completeness,


2.33*. ⊢ (β1I(β2) ≡ (β1Im(β2).


                ((βI1m(β2) (β1I(β1) ) ⥽   (β11(β2)     2.21, 2.3, subst, 14.26


                (β1Im(β2)  ⥽   (β1I(β2)                       2.6, 2.32*, subst, adj, 18.61, mod pon  


                (β1I(β2) ≡ (β1Im(β2)                        18.42, 2.23, subst, adj, def 

A direct consequence of 2.33* is

2.34*. ⊢ (β1Im(β2) ⥽ (B1  ≡ B2)



Five years later, Fitch published his book, Symbolic Logic, which contained the simplest proof ever of the necessity of identity, by the simple mathematical substitution of b for a in the necessity of self-identity statement. 


23.4
(1) a = b, 
(2) ◻[a = a], 
then (3) ◻[a = b], by identity elimination. (p.164)

 
Clearly this is mathematically and logically sound. Fitch substitutes b from (1), for a in the modal context of (2). This would be fine if these are just equations. But as Barcan Marcus knew very well from C.S.Lewis's work on strict implication, substitutivity in statements also requires that the substitution is intensionally meaningful. In the sense that b is actually just a, substituting b is equivalent to keeping a there, a tautology, something with no new information.  


To be informative and prove the necessary truth of the new statement, we must know more about b, for example, that its intrinsic information in b is identical to that of a.

Extrinsic information can differ.




Source: https://www.informationphilosopher.com/solutions/philosophers/fitch/
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Gottlob Frege


Gottlob Frege was a German logician, mathematician, and language philosopher. His great goal was to reduce mathematics, or at least arithmetic, to a form of logic, in order to provide mathematics with a proper foundation. Greatly influenced by Frege, Bertrand Russell, working with Alfred North Whitehead, tried to do the same with their Principia Mathematica, and later, working with his pupil Ludwig Wittgenstein, Russell tried to reduce science and all knowledge to a kind of logical atomism. Logical positivism, or logical empiricism (as the Vienna Circle of philosophers called it) thought that all of science could be represented with a set of verifiably true statements.. All these foundational projects were failures, although some advances in logic and language philosophy were made.

We trace this fundamental idea of capturing all knowledge in language-independent logical statements back through Frege to Gottfried Leibniz.


In his 1879 Begriffsschrift (or "Concept-Writing"), Frege developed a propositional calculus to determine the truth values of propositions from their general form, not from any particular predicates (using specific words, names, properties, attributes, relations, etc.)  The propositional calculus, a truth-functional analysis of statements as a whole, is widely considered to be the greatest advance in logic since Aristotle, whose logic of syllogisms was a predicate logic, where truths depend on the meaning of individual terms in the predicate (or the subject). 


Frege may then be regarded as the originator of the idea of the logical positivists, e.g., Russell and Wittgenstein, that all of knowledge, including science, may be represented in propositions. But since these propositions are written in his new notation, an "ideography" for an ambiguity-free language, it is not clear what knowledge can actually be expressed. Frege knows the idea of ambiguity-free language goes back to Leibniz.

  

Leibniz, too, recognized—and perhaps overrated—the advantages of an adequate
system of notation. His idea of a universal characteristic, of a calculus philosophicus
or ratiocinator was so gigantic that the attempt to realize it could not go beyond the
bare preliminaries. The enthusiasm that seized its originator when he contemplated
the immense increase in the intellectual power of mankind that a system of notation
directly appropriate to objects themselves would bring about led him to underestimate
the difficulties that stand in the way of such an enterprise. But, even if this worthy
goal cannot be reached in one leap, we need not despair of a slow, step-by-step approximation.
When a problem appears to be unsolvable in its full generality, one should
temporarily restrict it; perhaps it can then be conquered by a gradual advance. It is
possible to view the signs of arithmetic, geometry, and chemistry as realizations, for
specific fields, of Leibniz's idea. The ideography proposed here adds a new one to these
fields, indeed the central one, which borders on all the others. If we take our departure
from there, we can with the greatest expectation of success proceed to fill the gaps in
the existing formula languages, connect their hitherto separated fields into a single
domain, and extend this domain to include fields that up to now have lacked such a
language.

I am confident that my ideography can be successfully used wherever special value
must be placed on the validity of proofs, as for example when the foundations of the
differential and integral calculus are established... 


If it is one of the tasks of philosophy to break the domination of the word over the
human spirit by laying bare the misconceptions that through the use of language often
almost unavoidably arise concerning the relations between concepts and by freeing
thought from that with which only the means of expression of ordinary language,
constituted as they are, saddle it, then my ideography, further developed for these
purposes, can become a useful tool for the philosopher.
  



Note Leibniz imagined both a new language and a machine that would reason using that language


In Frege's 1892 Über Sinn und Bedeutung ("Sense and Reference"), he distinguished the sense (meaning , connotation, intension, significance) from the reference (name, denotation, extension, signifier).  


Frege speculated that two references to the same object could therefore be considered "identical" in that respect even if the "names" are distinct. This gives rise to the sophisticated modern idea of the "necessity of identity."  

This motivated several philosophers to develop a new theory of how words refer to objects, especially in modal contexts. It gave rise to Saul Kripke's theories about "possible world semantics."


What we call a "concept" about a material object is some subset of the information in the object, accurate to the extent that the concept is isomorphic to that subset. By "picking out" different subsets, we can sort objects. We can compare objects, finding them similar qua one concept and different qua another concept. We can say that "a = b" qua color but not qua size.  


Frege said that "the Morning Star = the Morning Star" is an identity and therefore tautological and tells us nothing.  But "the Morning Star = the Evening Star" has cognitive value. 


Because there are well-known difficulties with the English translation of Sinn und Bedeutung, we prepared a bilingual version of Frege's original German and the popular translation by Max Black and Peter Geach. So far we provide the first few critical pages and important last paragraph.


Black's choice of English terms was complicated, because the German terms Sinn and Bedeutung are both frequently translated as "meaning ." Black translated it as "reference." He  could have chosen "denotation" following Bertrand Russell ("On Denoting") and John Stuart Mill, who very nicely distinguishes denotation from connotation (meaning). . 


Our English title would then have been Meaning  and Denotation, and would have very likely been much less confusing to modern readers. (Russell suggested this very translation in his 1905 On Denoting, p. 383)


The etymological base of bedeuten is to indicate, to point out (ostension is used by the logical philosophers). The root of denotation is to mark, to provide a sign for something. To designate is very close, and Frege uses the German equivalent bezeichnen and Bezeichnet (signified). But its use in recent philosophy is to name. The English denominate is literally to name, German benennen, but broadly to assign things to categories, which much of linguistic philosophy tries to do with set theory and logic.


To refer is etymologically to send back, to relate one thing to another. This is what a word or name bears to an object, so perhaps is what Frege then and Quine and Kripke recently are trying to explain.


Black provided a list of translations for several important terms we list here.

	
Anschauung - Experience

Art des Gegebenseins - Mode of presentation
[Gegebenseins  is givenness, being given]
Bedeutung - Reference [for the process]

              - Referent [for the object]
Black uses Referent for Bezeichnet (Signified)

Begriff - Concept or predicate

Begriffsausdruck - Predicate expression

Behauptungssatz - Declarative sentence

Bezeichnung - Designation
	
Eigenname - Proper name

Erkenntniswerth - Cognitive value

Gedanke - Thought, or Proposition

Gewöhnliche Bedeutung - Customary reference

Sinn - Sense

Satz - Sentence or clause

Unbestimmt andeutender Bestandtheil 

      - Indefinite indicator or variable

Vorstellung - Conception [Idea, Representation?]

Warheitswerth - Truth value


	
      Sense and Reference
    	Über Sinn und Bedeutung
    
	
Translated by Max Black and Peter Geach


(1948) The philosophical review, 57(3), 209-230.
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Identity1 gives rise to challenging questions which are not altogether
easy to answer. Is it a relation? A relation between objects, or between
names or signs of objects? In my BegriffsschriftA I assumed the latter.


The reasons which seem to favor this are the following: a=a and
a = b are obviously statements of differing cognitive value; a = a holds
a priori and, according to Kant, is to be labeled analytic, while statements
of the form a = b often contain very valuable extensions of our
knowledge and cannot always be established a priori. The discovery
that the rising sun is not new every morning, but always the same,
was of very great consequence to astronomy. Even today the identification
of a small planet or a comet is not always a matter of course.
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 Now if we were to regard identity as a relation between that which the
names "a" and "b" designate, it would seem that a=b could not differ
from a=a (i.e., provided a=b is true). A relation would thereby be
expressed of a thing to itself, and indeed one in which each thing
stands to itself but to no other thing. What is intended to be said by
a=b seems to be that the signs or names "a" and "b" designate the
same thing, so that those signs themselves would be under discussion;
a relation between them would be asserted. But this relation would
hold between the names or signs only insofar as they named or designated
something. It would be mediated by the connection of each of
the two signs with the same designated thing. But this is arbitrary.
Nobody can be forbidden to use any arbitrarily producible event or
object as a sign for something. In that case the sentence a=b would
no longer refer to the subject matter, but only to its mode of designation;
we would express no proper knowledge by its means. But in
many cases this is just what we want to do. If the sign "a" is distinguished
from the sign "b" only as object (here, by means of its
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 shape), not as sign (i.e., not by the manner in which it designates
something), the cognitive value of a=a becomes essentially equal to
that of a=b, provided a=b is true. A difference can arise only if the
difference between the signs corresponds to a difference in the mode
of presentation of that which is designated. Let a, b, c be the lines connecting
the vertices of a triangle with the midpoints of the opposite
sides. The point of intersection of a and b is then the same as the point
of intersection of b and c. So we have different designations for the
same point, and these names ("Point of intersection of a and b," "Point
of intersection of b and c") likewise indicate the mode of presentation;
and hence the statement contains true knowledge.




It is natural, now, to think of there being connected with a sign
(name, combination of words, letter), besides that to which the sign
refers, which may be called the referent of the sign, also what I would
like to call the sense of the sign, wherein the mode of presentation is
contained. 
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In our example, accordingly, the referents of the expressions 
"the point of intersection of a and b" and "the point of intersection of
b and c" would be the same, but not their senses. The referent of
"evening star" would be the same as that of "morning star," but not
the sense.

It is clear from the context that by "sign" and "name" I have here
understood any designation representing a proper name, whose referent
is thus a definite object (this word taken in the widest range), but
no concept and no relation, which shall be discussed further in another
article.B The designation of a single object can also consist of several
words or other signs. For brevity, let every such designation be called
a proper name.


The sense of a proper name is grasped by everybody who is sufficiently
familiar with the language or totality of designations to which it
belongs;2 
but this serves to illuminate only a single aspect of 
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 referent, supposing it to exist. Comprehensive knowledge of the
would require us to be able to say immediately whether every
given sense belongs to it. To such knowledge we never attain.




The regular connection between a sign, its sense, and its referent
is of such a kind that to the sign there corresponds a definite sense
and to that in turn a definite referent, while to a given referent (an
object) there does not belong only a single sign. The same sense has
different expressions in different languages or even in the same language.
To be sure, exceptions to this regular behavior occur. To every
expression belonging to a complete totality of signs, there should
certainly correspond a definite sense; but natural languages often do
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 not satisfy this condition, and one must be content if the same word
has the same sense in the same context. It may perhaps be granted that
every grammatically well-formed expression representing a proper
name always has a sense. But this is not to say that to the sense there
also corresponds a referent. The words "the celestial body most distant
from the earth" have a sense, but it is very doubtful if they also have
a referent. The expression "the least rapidly convergent series" has
a sense; but it is known to have no referent, since for every given
convergent series, another convergent, but less rapidly convergent,
series can be found. In grasping a sense, one is not certainly assured of
a referent.




If words are used in the ordinary way, one intends to speak of
their referents. It can also happen, however, that one wishes to talk
about the words themselves or their sense. This happens, for instance,
when the words of another are quoted. One's own words then first
designate words of the other speaker, and only the latter have their
usual referents. We then have signs of signs. In writing, the words are
in this case enclosed in quotation marks. Accordingly, a word standing
between quotation marks must not be taken as having its ordinary
referent.



In order to speak of the sense of an expression "A" one may simply
use the phrase "the sense of the expression 'A."' In reported speech
one talks about the sense-e.g., of another person's remarks. It is
quite clear that in this way of speaking words do not have their customary
referents but designate what is usually their sense. In order
to have a short expression, we will say: In reported speech, words
are used indirectly or have their indirect referents. 
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We distinguish  
accordingly the customary from the indirect referent of a word; and
its customary sense from its indirect sense. The indirect referent of a
word is accordingly its customary sense. Such exceptions must always
be borne in mind if the mode of connection between sign, sense, and
referent in particular cases is to be correctly understood.
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The referent and sense of a sign are to be distinguished from the
associated conception. If the referent of a sign is an object perceivable
by the senses, my conception of it is an internal image,
3 arising from
memories of sense impressions which I have had and activities, both
internal and external, which I have performed. Such a conception
is often saturated with feeling; the clarity of its separate parts varies
and oscillates. The same sense is not always connected, even in the
same man, with the same conception. The conception is subjective:
One man's conception is not that of another. There result, as a matter
of course, a variety of differences in the conceptions associated with the
same sense. 
A painter, a horseman, and a zoologist will probably connect
different conceptions with the name "Bucephalus." This constitutes
an essential distinction between the conception and the sign's
sense, which may be the common property of many and therefore is
not a part or a mode of the individual mind. For one can hardly deny
that mankind has a common store of thoughts which is transmitted
from one generation to another.4
In the light of this, one need have no scruples in speaking simply
of the sense, whereas in the case of a conception one must precisely
indicate to whom it belongs and at what time. It might perhaps be
said: Just as one man connects this conception and another that conception
with the same word, so also one man can associate this sense
and another that sense. But there still remains a difference in the mode
of connection. They are not prevented from grasping the same sense;
but they cannot have the same conception. Si duo idem faciunt, non est
idem. 
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If two persons conceive the same, each still has his own conception.
It is indeed sometimes possible to establish differences in the conceptions,
or even in the sensations, of different men; but an exact
comparison is not possible, because we cannot have both conceptions
together in the same consciousness. 





Let us return to our starting point!


If we found "a=a" and "a=b" to have different cognitive values,
the explanation is that for the purpose of knowledge, the sense of the
sentence, viz., the thought expressed by it, is no less relevant than its
referent, i.e., its truth value. If now a=b, then indeed the referent of
"b" is the same as that of "a," and hence the truth value of "a=b" is
the same as that of "a=a." In spite of this, the sense of "b" may differ
from that of "a," and thereby the sense expressed in "a=b" differs
from that of "a=a." In that case the two sentences do not have the
same cognitive value. If we understand by "judgment" the advance
from the thought to its truth value, as in the above paper, we can
also say that the judgments are different.









Footnotes

1 I use this word strictly and understand "a=b" to have the sense of "a is the
same as b" or "a and b coincide." [Frege's actual word was Gleichheit, "sameness" and he says he uses it in the sense of Identität. But Black and Geach simply use Identity!]
,
A The reference is to Frege's Begriffsschrift, eine der arithmetischen nachgebildete
Formelsprache des reinen Denkens (Halle, 1879). 

B See his "Über Begriff und Gegenstand" in Vierteilahrsschrift fur wissenschaftliche Philosophie (XVI [i892], I92-205).

2 In the case of an actual proper name such as "Aristotle" opinions as to the
sense may differ. It might, for instance, be taken to be the following: the pupil
of Plato and teacher of Alexander the Great. Anybody who does this will attach
another sense to the sentence "Aristotle was born in Stagira" than will a man
who takes as the sense of the name: the teacher of Alexander the Great who was
born in Stagira. So long as the referent remains the same, such variations of
sense may be tolerated, although they are to be avoided in the theoretical structure
of a demonstrative science and ought not to occur in a complete language. 

3
We can include with the conceptions the direct experiences in which senseimpressions
and activities themselves take the place of the traces which they
have left in the mind. The distinction is unimportant for our purpose, especially
since memories of sense-impressions and activities always help to complete the
conceptual image. One can also understand direct experience as including any
object, in so far as it is sensibly perceptible or spatial.

4Hence it is inadvisable to use the word "conception" to designate something
so basically different. 
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Die Gleichheit 1 fordert das Nachdenken heraus durch Fragen, die
sich daran knüpfen und nicht ganz leicht zu beantworten sind. Ist
sie eine Beziehung? eine Beziehung zwischen Gegenständen? oder
zwischen Namen oder Zeichen für Gegenstände? Das letzte hatte ich
in meiner Begriffsschrift angenommen. Die Gründe, die dafür zu
sprechen scheinen, sind folgende: a=a und a=b sind offenbar Sätze
von verschiedenem Erkenntniswerte: a=a gilt a priori und ist nach
Kant analytisch zu nennen, während Sätze von der Form a=b oft sehr
wertvolle Erweiterungen unserer Erkenntnis enthalten und a priori
nicht immer zu begründen sind. Die Entdeckung, daß nicht jeden
Morgen eine neue Sonne aufgeht, sondern immer dieselbe, ist wohl
eine der folgenreichsten in der Astronomie gewesen. Noch jetzt ist
die Wiedererkennung eines kleinen Planeten oder eines Kometen
nicht immer etwas Selbstverständliches.

26

Wenn wir nun in der Gleichheit eine Beziehung
zwischen dem sehe wollten, was die Namen "a" und b" bedeuten, so
schiene a=b von a=a nicht verschieden sein zu können, falls
nämlich a=b wahr ist. Es wäre hiermit eine Beziehung eines Dinges
zu sich selbst ausgedrückt, und zwar eine solche, in der jedes
Ding mit sich selbst, aber kein Ding mit einem andern steht. Was
man mit a=b sagen will, scheint zu sein, daß die Zeichen oder
Namen "a" und "b" dasselbe bedeuten, und dann wäre eben von jenen
Zeichen die Rede; es würde eine Beziehung zwischen ihnen
behauptet. Aber diese Beziehung bestände zwischen den Namen oder
Zeichen nur, insofern sie etwas benennen oder bezeichnen. Sie wäre
eine vermittelte durch die Verknüpfung jedes der beiden Zeichen
mit demselben Bezeichneten. Diese aber ist willkürlich. Man kann
keinem verbieten, irgendeinen willkürlich hervorzubringenden
Vorgang oder Gegenstand zum Zeichen für irgend etwas anzunehmen.
Damit würde dann ein Satz a=b nicht mehr die Sache selbst sondern
nur noch unsere Bezeichnungsweise betreffen; wir würden keine
eigentliche Erkenntnis darin ausdrücken. Das wollen wir aber doch
grade in vielen Fällen. Wenn sich das Zeichen "a" von dem Zeichen
"b" nur als Gegenstand (hier durch die Gestalt) unterscheidet,
nicht als Zeichen; das soll heißen: nicht in der Weise, wie es
etwas bezeichnet: so würde der Erkenntniswerth von a=a wesentlich
gleich dem von a=b sein, falls a=b wahr ist. Eine Verschiedenheit
kann nur dadurch zustande kommen, daß der Unterschied des Zeichens
einem Unterschiede in der Art des Gegebenseins des Bezeichneten
entspricht. Es seien a, b, c die Geraden, welche die Ecken eines
Dreiecks mit den Mitten der Gegenseiten verbinden. Der
Schnittpunkt von a und b ist dann derselbe wie der Schnittpunkt
von b und c. Wir haben also verschiedene Bezeichnungen für
denselben Punkt, und diese Namen ("Schnittpunkt von a und b",
"Schnittpunkt von b und c") deuten zugleich auf die Art des
Gegebenseins, und daher ist in dem Satze eine wirkliche Erkenntnis
enthalten.


Es liegt nun nähe, mit einem Zeichen (Namen, Wortverbindung,
Schriftzeichen) außer dem Bezeichneten, was die Bedeutung des
Zeichens heißen möge, noch das verbunden zu denken, was ich den
Sinn des Zeichens nennen möchte, worin die Art des Gegebenseins
enthalten ist. 
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Es würde danach in unserem Beispiele zwar die
Bedeutung der Ausdrücke "der Schnittpunkt von a und b" und "der
Schnittpunkt von b und c" dieselbe sein, aber nicht ihr Sinn. Es
würde die Bedeutung von "Abendstern" und "Morgenstern" dieselbe
sein, aber nicht der Sinn.


Aus dem Zusammenhange geht hervor, daß ich hier unter "Zeichen" und
"Namen" irgendeine Bezeichnung verstanden habe, die einen
Eigennamen vertritt, deren Bedeutung also ein bestimmter
Gegenstand ist (dies Wort im weitesten Umfange genommen), aber
kein Begriff und keine Beziehung, auf die in einem anderen
Aufsatze näher eingegangen werden soll. Die Bezeichnung eines
einzelnen Gegenstandes kann auch aus mehreren Worten oder
sonstigen Zeichen bestehen. Der Kürze wegen mag jede solche
Bezeichnung Eigenname genannt werden.

Der Sinn eines Eigennamens wird von jedem erfaßt, der die Sprache
oder das Ganze von Bezeichnungen hinreichend kennt, der er
angehört; Die Gleichheit 2 damit ist die Bedeutung aber, falls sie vorhanden
ist, doch immer nur einseitig beleuchtet. Zu einer allseitigen
Erkenntniß der Bedeutung würde gehören, daß wir von jedem
gegebenen Sinne sogleich angeben könnten, ob er zu ihr gehöre.
Dahin gelangen wir nie.


Die regelmäßige Verknüpfung zwischen dem Zeichen, dessen Sinn und
dessen Bedeutung ist der Art, daß dem Zeichen ein bestimmter Sinn
und diesem wieder eine bestimmte Bedeutung entspricht, während zu
einer Bedeutung (einem Gegenstande) nicht nur ein Zeichen
zugehört. Derselbe Sinn hat in verschiedenen Sprachen, ja auch in
derselben verschiedene Ausdrücke. Freilich kommen Ausnahmen von
diesem regelmäßigen Verhalten vor. Gewiß sollte in einem
vollkommenen Ganzen von Zeichen jedem Ausdrucke ein bestimmter
Sinn entsprechen; aber die Volkssprachen


28 erfüllen diese Forderung vielfach nicht, und man muß zufrieden
sein, wenn nur in demselben Zusammenhange dasselbe Wort immer
denselben Sinn hat. Vielleicht kann man zugeben, daß ein
grammatisch richtig gebildeter Ausdruck, der für einen Eigennamen
steht, immer einen Sinn habe. Aber ob dem Sinne nun auch eine
Bedeutung entspreche, ist damit nicht gesagt. Die Worte "der von
der Erde am weitesten entfernte Himmelskörper" haben einen Sinn;
ob sie aber auch eine Bedeutung haben, ist sehr zweifelhaft. Der
Ausdruck "die am wenigsten convergente Reihe" hat einen Sinn; aber
man beweist, daß er keine Bedeutung hat, da man zu jeder
convergenten Reihe eine weniger convergente, aber immer noch
convergente finden kann. Dadurch also, daß man einen Sinn auffaßt,
hat man noch nicht mit Sicherheit eine Bedeutung.


Wenn man in der gewöhnlichen Weise Worte gebraucht, so ist das,
wovon man sprechen will, deren Bedeutung. Es kann aber auch
vorkommen, daß man von den Worten selbst oder von ihrem Sinne
reden will. Jenes geschieht z.B., wenn man die Worte eines Anderen
in gerader Rede anfährt. Die eigenen Worte bedeuten dann zunächst
die Worte des Andern, und erst diese haben die gewöhnliche
Bedeutung. Wir haben dann Zeichen von Zeichen. In der Schrift
schließt man in diesem Falle die Wortbilder in Anführungszeichen
ein. Es darf also ein in Anführungszeichen stehendes Wortbild
nicht in der gewörhnlichen Bedeutung genommen werden.


Wenn man von dem Sinne eines Ausdrucks ,A' reden will so kann man
dies einfach durch die Wendung "der Sinn des Ausdrucks ,A'". In
der ungeraden Rede spricht man von dem Sinne z. B. der Rede eines
Andern. Es ist daraus klar, daß auch in dieser Redeweise die Worte
nicht ihre gewöhnliche Bedeutung haben, sondern das bedeuten, was
gewöhnlich ihr Sinn ist. Um einen kurzen Ausdruck zu haben, wollen
wir sagen: die Wörter werden in der ungeraden Rede UNGERADE
gebraucht, oder haben ihre UNGERADE Bedeutung. Wir unterscheiden
dem nach die GEWÖHNLICHE Bedeutung eines Wortes von seiner
UNGERADEN und seinen GEWÖHNLICHEN Sinn von seinem UNGERADEN Sinne.
Die ungerade Bedeutung eines Wortes ist also sein gewöhnlicher
Sinn. Solche Ausnahmen muß man immer im Auge behalten, wenn man
die Verknörpfungsweise von Zeichen, Sinn und Bedeutung im einzelnen
Falle richtig auffassen will.
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Von der Bedeutung und dem Sinne eines Zeichens ist die mit ihm
verknüpfte Vorstellung zu unterscheiden. Wenn die Bedeutung eines
Zeichens ein sinnlich wahrnehmbarer Gegenstand ist, so ist meine
Vorstellung davon ein aus Erinnerungen von Sinneseindrücken, die
ich gehabt habe, und von Thätigkeiten, inneren sowohl wie äußern,
die ich ausgeübt habe, entstandenes inneres Bild. 3 Dieses ist
oft mit Gefühlen getränkt; die Deutlichkeit seiner einzelnen
Theile ist verschieden und schwankend. Nicht immer ist, auch bei
demselben Menschen, dieselbe Vorstellung mit demselben Sinne
verbunden. Die Vorstellung ist subjectiv: die Vorstellung des
Einen ist nicht die des Andern. Damit sind von selbst mannigfache
Unterschiede der mit demselben Sinne verknüpften Vorstellungen
gegeben. Ein Maler, ein Reiter, ein Zoologe werden wahrscheinlich
sehr verschiedene Vorstellungen mit dem Namen "Bucephalus"
verbinden. 
Die Vorstellung unterscheidet sich dadurch wesentlich
von dem Sinne eines Zeichens, welcher gemeinsames Eigenthum von
Vielen sein kann und also nicht Theil oder Modus der Einzelseele
ist; denn man wird wohl nicht leugnen können, daß die Menschheit
einen gemeinsamen Schatz von Gedanken hat, den sie von einem
Geschlechte auf das andere überträgt. 4

Während es dem nach keinem Bedenken unterliegt, von dem Sinne
schlecht weg zu sprechen, muß man bei der Vorstellung genau
genommen hinzufügen, wem sie angehört und zu welcher Zeit. Man
könnte vielleicht sagen: ebensogut, wie mit demselben Worte der
Eine diese, der Andere jene Vorstellung verbindet, kann auch der
Eine diesen, der Andere jenen Sinn damit verknüpfen. Doch besteht
der Unterschied dann doch nur in der Weise dieser Verknüpfung. Das
hindert nicht, daß beide denselben Sinn auffassen; aber dieselbe 
Vorstellung können sie nicht haben. SI DUO IDEM
FACIUNT, NON EST IDEM. 
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Wenn zwei sich dasselbe vorstellen, so hat
jeder doch seine eigene Vorstellung. Es ist zwar zuweilen möglich,
Unterschiede der Vorstellungen, ja der Empfindungen verschiedener
Menschen festzustellen; aber eine genaue Vergleichung ist nicht
möglich, weil wir diese Vorstellungen nicht in demselben
Bewußtsein zusammen haben können.






Kehren wir nun zu unserem Ausgangspunkte zurück!


Wenn wir den Erkenntniswert von "a=a" und "a=b" im Allgemeinen
verschieden fanden, so erklärt sich das dadurch, daß für den
Erkenntniswerth der Sinn des Satzes, nämlich der in ihm
ausgedrückte Gedanke, nicht minder in Betracht kommt als seine
Bedeutung, das ist sein Wahrheitswerth. Wenn nun a=b st, so ist
zwar die Bedeutung von "b" dieselbe wie die von "a" und also auch
der Wahrheitswerth von "a=b" derselbe wie von  "a=a". Trotzdem
kann der Sinn von "b" von dem Sinn von "a" verschieden sein, und
mithin auch der in "a=b" ausgedrückte Gedanke verschieden von dem
"a=a" ausgedrückten sein; dann haben beide Sätze auch nicht
denselben Erkenntniswerth. Wenn wir wie oben, unter "Urtheil"
verstehen den Fortschritt vom Gedanken zu dessen Wahrheitswerthe,
so werden wir auch sagen, daß die Urtheile verschieden sind.



Fußnoten

1g 
Ich brauche dies Wort im Sinne von Identität und verstehe "a=b" in
dem Sinne von "a ist dasselbe wie b" oder "a und b fallen
zusammen."
2 
Bei einem eigentlichen Eigennamen wie "Aristoteles" können
freilich die Meinungen über den Sinn auseinander gehen. Man könnte
z.B. als solchen annehmen: der Schüler Platos und Lehrer
Alexanders des Großen. Wer dies thut, wird mit dem Satze
"Aristoteles war aus Stagira gebürtig" einen anderen Sinn
verbinden als einer, der als Sinn dieses Namens annähme: der aus
Stagira gebürtige Lehrer Alexanders des Großen. Solange nur die
Bedeutung dieselbe bleibt, lassen sich diese Schwankungen des
Sinnes ertragen, wiewohl auch sie in dem Lehrgebäude einer
beweisenden Wissenschaft zu vermeiden sind und in einer
vollkommenen Sprache nicht vorkommen därften.

3
Wir können mit den Vorstellungen gleich die Anschauungen
zusammennehmen, bei denen die Sinneseindrücke und die Thätigkeiten
selbst an die Stelle der Spuren treten, die sie in der Seele
zurückgelassen haben. Der Unterschied ist für unseren Zweck
unerheblich, zumal wohl immer neben den Empfindungen und
Thätigkeiten Erinnerungen von solchen das Anschauungsbild
vollenden helfen. Man kann unter Anschauung aber auch einen
Gegenstand verstehen, sofern er sinnlich wahrnehmbar oder räumlich
ist.

4
Darum ist es unzweckmäßig, mit dem Worte "Vorstellung" so
Grundverschiedenes zu bezeichnen.





In modern times, Frege's insight has been defended with elaborate logical arguments, using Leibniz's Law about identity and indiscernibility, that seem to suggest that for any a and b, 
if a = b then necessarily a = b. 



 ∀x ∀y (x = y) ⊃  [◻(x = x) ⊃ ◻ (x = y)]


For example, see David Wiggins' 1965 version and  Saul Kripke's adaptation of Wiggins' version.



The Necessity of Truth


Leibniz, Frege, Russell and other mathematically inclined philosophers have always hoped to discover "truths" about the world, certain facts that could become the basis for all knowledge of the external world. 

After Frege, Russell, and Wittgenstein, philosophy turned toward linguistic analysis of concepts. But some philosophers continued the quixotic search for certainty and truth.


Frege's work has returned in the late twentieth and early twenty-first in the development of modal logic and its insights into "possible worlds." Frege's thoughts about when we can say 
"a = b" are the starting point of Saul Kripke's arguments about the necessity of identity. 


Frege's shared Leibniz's vision of the "immense increase in the intellectual power of mankind that a system of notation directly appropriate to objects themselves would bring about." Information philosophy uses such system of notation, not in words, but in bits of digital information. And the interconnected computers of the Internet are not only Leibniz's calculus ratiocinator, but humanity's storehouse of shared experiences and accumulated knowledge. 


   



Frege on Meaning


Frege famously distinguished intension and extension (or W. V. O. Quine's ostension) by the German words Sinn and Bedeutung (which translate usually as Sense and Reference).


Most logicians follow Frege’s distinction between the reference (denotation, name) and the sense (meaning , concept) of a word. But few know that Frege limited the “sense” to the everyday meaning attached to a word by the users of the language. Frege also described the “idea” or “representation” (Vorstellung) that would form in the mind of the message receiver. This concept, he said, would be different in every mind, since it is dependent on the peculiar experiences of each person. Frege wrote


...one need have no scruples in speaking simply
of the sense, whereas in the case of a conception one must precisely
indicate to whom it belongs and at what time. It might perhaps be
said: Just as one man connects this conception and another that conception
with the same word, so also one man can associate this sense
and another that sense. But there still remains a difference in the mode
of connection. They are not prevented from grasping the same sense;
but they cannot have the same conception. Si duo idem faciunt, non est
idem.  
If two persons conceive the same, each still has his own conception. 

It is indeed sometimes possible to establish differences in the conceptions,
or even in the sensations, of different men; but an exact
comparison is not possible, because we cannot have both conceptions
together in the same consciousness. 



This fits perfectly with our experience recorder and reproducer (ERR) as a model of mind, memory, and knowledge.
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   Harry G. Frankfurt was the inventor of wildly unrealistic but provocative "thought experiments" designed to show that a person can be morally responsible for actions without the ability to "have done otherwise." Specifically, his goal is to provide a hypothetical example of an agent who is not free to choose among alternative possibilities, yet is still clearly responsible.  
Traditional arguments for free will require alternative possibilities so that an agent could have done otherwise, without which there is no moral responsibility. In the 1960's, the criticism that compatibilism could not provide the alternative possibilities needed to enable "doing otherwise" was disturbing some compatibilist thinkers. Frankfurt set out to defend compatibilism by providing hypothetical examples of agents who could not have done otherwise but are nevertheless clearly responsible. His work has undoubtedly contributed to the significant fraction of philosophers who call themselves compatibilist.


Frankfurt's 1969 article Alternative Possibilities and Moral Responsibility encouraged many philosophers, notably John Martin Fischer, to ignore libertarian free will and emphasize moral responsibility. Fischer came to the extreme view that free will can be identified with moral responsibility. But they must be separated. Free will is a scientific question. Moral responsibility is a social and cultural question. 
  

David Widerker and Michael McKenna cleverly titled their 2003 book of critical articles on Frankurt's famous principle Moral Responsibility and Alternative Possibilities.  

In their introduction to the book they created three acronyms, FW for Free Will, PAP for "The Principle of Alternate Possibilities," and IRR for Irrelevant, without clearly defining IRR.


(FW) An agent is morally responsible for what she did only if she did it freely.

(PAP) A person is morally responsible for what he has done only if he could have done otherwise.


(IRR) There may be circumstances that in no way bring it about that a person performs a certain action; nevertheless, those very circumstances make it impossible for him to avoid performing that action.





  Frankfurt's thought experiments are attacks on his own famous principle. 

Considering the absurd nature of his attacks (Frankfurt asks us to imagine an agent who can control the minds of others, or a demon inside one's mind that can intervene in our decisions), the recent philosophical literature is surprisingly full of articles with "Frankfurt-type cases," logical counterexamples to Frankfurt's attempt to defend moral responsibility in the absence of alternative possibilities. 



Despite the absurdity, Frankfurt changed the debate on free will and moral responsibility with his hypothetical intervening demon. For example, John Martin Fischer's semicompatibilism assumes with Frankfurt that we can have moral responsibility, even if determinism (and/or indeterminism) are incompatible with free will. 


  Frankfurt's basic claim is as follows:
  

  "The principle of alternate possibilities is false. A person may well be morally responsible for what he has done even though he could not have done otherwise. The principle's plausibility is an illusion, which can be made to vanish by bringing the relevant moral phenomena into sharper focus."
  



Frankfurt posits a counterfactual demon who can intervene in an agent's decisions if the agent is about to do something different from what the demon wants the agent to do. Frankfurt's demon will block any alternative possibilities, but leave the agent to "freely choose" to do the one possibility desired by the demon. Frankfurt claims the existence of the hypothetical control mechanisms blocking alternative possibilities are irrelevant to the agent's free choice. This is true when the agent's choice agrees with the demon, but obviously false should the agent disagree. In that case, the demon would have to block the agent's will and the agent would surely notice.


Compatibilists have long been bothered by alternative possibilities, apparently needed in order that agents "could do otherwise." They knew that determinism allows only a single future, one actual causal chain of events. They were therefore delighted to get behind Frankfurt's examples as proofs that alternative possibilities, perhaps generated in part by random events, did not exist. Frankfurt argued for moral responsibility without libertarian free will. 


Note, however, that Frankfurt assumes that genuine alternative possibilities do exist. If not, there is nothing for his counterfactual intervening demon to block. Furthermore, without alternatives, Frankfurt would have to admit that there is only one "actual sequence" of events leading to one possible future. "Alternative sequences" would be ruled out. Since Frankfurt's demon, much like Laplace's demon, has no way of knowing the actual information about future events - such as agent's decisions - until that information comes into existence, such demons are not possible and Frankfurt-style thought experiments, entertaining as they are, can not establish the compatibilist version of free will.   



  Incompatibilist libertarians like Robert Kane, David Widerker, and Carl Ginet have mounted attacks on Frankfurt-type examples, in defense of free will.

Their basic idea is that in an indeterministic world Frankfurt's demon cannot know in advance what an agent will do. As Widerker put it, there is no "prior sign" of the agent's de-liberatechoice.


In information theoretic terms, the information about the choice does not yet exist in the universe. So in order to block an agent's decision, the demon would have to act in advance, and that would destroy the presumed "responsibility" of the agent for the choice, whether or not there are available alternative possibilities. We could call this the "Information Objection."


And note that no matter how many alternative possibilities are blocked by Frankfurt's hypothetical intervener, the simple alternative of not acting always remains open, and in cases of moral actions, not acting almost always has comparable moral significance. This could be called the "Yes/No Objection." 


Here is a discussion of the problem, from Kane's A Contemporary Introduction to Free Will,  2005, (p.87)
  
5. The Indeterminist World Objection
While the "flicker of freedom" strategy will not suffice to refute Frankfurt, it does lead to a third objection that is more powerful. This third objection is one that has been developed by several philosophers, including myself, David Widerker, Carl Ginet, and Keith Wyma.5 We might call it the Indeterministic World Objection. I discuss this objection in my book Free Will and Values. Following is a summary of this discussion:
  

Suppose Jones's choice is undetermined up to the moment when it occurs, as many incompatibilists and libertarians require of a free choice. Then a Frankfurt controller, such as Black, would face a problem in attempting to control Jones's choice. For if it is undetermined up to the moment when he chooses whether Jones will choose A or B, then the controller Black cannot know before Jones actually chooses what Jones is going to do. Black may wait until Jones actually chooses in order to see what Jones is going to do. But then it will be too late for Black to intervene. Jones will be responsible for the choice in that case, since Black stayed out of it. But Jones will also have had alternative possibilities, since Jones's choice of A or B was undetermined and therefore it could have gone either way. Suppose, by contrast, Black wants to ensure that Jones will make the choice Black wants (choice A). Then Black cannot stay out of it until Jones chooses. He must instead act in advance to bring it about that Jones chooses A. In that case, Jones will indeed have no alternative possibilities, but neither will Jones be responsible for the outcome. Black will be responsible since Black will have intervened in order to bring it about that Jones would choose as Black wanted.
  

In other words, if free choices are undetermined, as incompatibilists require, a Frankfurt controller like Black cannot control them without actually intervening and making the agent choose as the controller wants. If the controller stays out of it, the agent will be responsible but will also have had alternative possibilities because the choice was undetermined. If the controller does intervene, by contrast, the agent will not have alternative possibilities but will also not be responsible (the controller will be). So responsibility and alternative possibilities go together after all, and PAP would remain true — moral responsibility requires alternative possibilities — when free choices are not determined.6
If this objection is correct, it would show that Frankfurt-type examples will not work in an indeterministic world in which some choices or actions are undetermined. In such a world, as David Widerker has put it, there will not always be a reliable prior sign telling the controller in advance what agents are going to do.7 Only in a world in which all of our free actions are determined can the controller always be certain in advance how the agent is going to act. This means that, if you are a compatibilist, who believes free will could exist in a determined world, you might be convinced by Frankfurt-type examples that moral responsibility does not require alternative possibilities. But if you are an incompatibilist or libertarian, who believes that some of our morally responsible acts must be undetermined you need not be convinced by Frankfurt-type examples that moral responsibility does not require alternative possibilities.
  




  There are also many defenders of Frankfurt's attack on alternative possibilities, notably John Martin Fischer. Many of these positions appear in the 2003 book Moral Responsibility and Alternative Possibilities, edited by David Widerker and Michael McKenna.
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 ALTERNATE POSSIBILITIES AND MORAL RESPONSIBILITY
  

  (Harry Frankfurt, Journal of Philosophy, 66/23 (1969), 829-39.)
  

A dominant role in nearly all recent inquiries into the free-will problem has been played by a principle which I shall call "the principle of alternate possibilities." This principle states that a person is morally responsible for what he has done only if he could have done otherwise. Its exact meaning is a subject of controversy, particularly concerning whether someone who accepts it is thereby committed to believing that moral responsibility and determinism are incompatible. Practically no one, however, seems inclined to deny or even to question that the principle of alternate possibilities (construed in some way or other) is true. It has generally seemed so overwhelmingly plausible that some philosophers have even characterized it as an a priori truth. People whose accounts of free will or of moral responsibility are radically at odds evidently find in it a firm and convenient common ground upon which they can profitably take their opposing stands.

But the principle of alternate possibilities is false. A person may well be morally responsible for what he has done even though he could not have done otherwise. The principle's plausibility is an illusion, which can be made to vanish by bringing the relevant moral phenomena into sharper focus.


I



In seeking illustrations of the principle of alternate possibilities, it is most natural to think of situations in which the same circumstances both bring it about that a person does something and make it impossible for him to avoid doing it. These include, for example, situations in which a person is coerced into doing something, or in which he is impelled to act by a hypnotic suggestion, or in which some inner compulsion drives him to do what he does. In situations of these kinds there are circumstances that make it impossible for the person to do otherwise, and these very circumstances also serve to bring it about that he does whatever it is that he does.
However, there may be circumstances that constitute sufficient conditions for a certain action to be performed by someone and that therefore make it impossible for the person to do otherwise, but that do not actually impel the person to act or in any way produce his action. A person may do something in circumstances that leave him no alternative to doing it, without these circumstances actually moving him or leading him to do it — without them playing any role, indeed, in bringing it about that he does what he does.

An examination of situations characterized by circumstances of this sort casts doubt, I believe, on the relevance to questions of moral responsibility of the fact that a person who has done something could not have done otherwise. I propose to develop some examples of this kind in the context of a discussion of coercion and to suggest that our moral intuitions concerning these examples tend to disconfirm the principle of alternate possibilities. Then I will discuss the principle in more general terms, explain what I think is wrong with it, and describe briefly and without argument how it might appropriately be revised.


II



It is generally agreed that a person who has been coerced to do something did not do it freely and is not morally responsible for having done it. Now the doctrine that coercion and moral responsibility are mutually exclusive may appear to be no more than a somewhat particularized version of the principle of alternate possibilities. It is natural enough to say of a person who has been coerced to do something that he could not have done otherwise. And it may easily seem that being coerced deprives a person of freedom and of moral responsibility simply because it is a special case of being unable to do otherwise. The principle of alternate possibilities may in this way derive some credibility from its association with the very plausible proposition that moral responsibility is excluded by coercion.

It is not right, however, that it should do so. The fact that a person was coerced to act as he did may entail both that he could not have done otherwise and that he bears no moral responsibility for his action. But his lack of moral responsibility is not entailed by his having been unable to do otherwise. The doctrine that coercion excludes moral responsibility is not correctly understood, in other words, as a particularized version of the principle of alternate possibilities.


Let us suppose that someone is threatened convincingly with a penalty he finds unacceptable and that he then does what is required of him by the issuer of the threat. We can imagine details that would make it reasonable for us to think that the person was coerced to perform the action in question, that he could not have done otherwise, and that he bears no moral responsibility for having done what he did. But just what is it about situations of this kind that warrants the judgment that the threatened person is not morally responsible for his act?


This question may be approached by considering situations of the following kind. Jones decides for reasons of his own to do something, then someone threatens him with a very harsh penalty (so harsh that any reasonable person would submit to the threat) unless he does precisely that, and Jones does it. Will we hold Jones morally responsible for what he has done? I think this will depend on the roles we think were played, in leading him to act, by his original decision and by the threat.


One possibility is that Jones1, is not a reasonable man: he is, rather, a man who does what he has once decided to do no matter what happens next and no matter what the cost. In that case, the threat actually exerted no effective force upon him. He acted without any regard to it, very much as if he were not aware that it had been made. If this is indeed the way it was, the situation did not involve coercion at all. The threat did not lead Jones, to do what he did. Nor was it in fact sufficient to have prevented him from doing otherwise: if his earlier decision had been to do something else, the threat would not have deterred him in the slightest. It seems evident that in these circumstances the fact that Jones, was threatened in no way reduces the moral responsibility he would otherwise bear for his act. This example, however, is not a counterexample either to the doctrine that coercion excuses or to the principle of alternate possibilities. For we have supposed that Jones, is a man upon whom the threat had no coercive effect and, hence, that it did not actually deprive him of alternatives to doing what he did.


Another possibility is that Jones2 was stampeded by the threat. Given that threat, he would have performed that action regardless of what decision he had already made. The threat upset him so profoundly, moreover, that he completely forgot his own earlier decision and did what was demanded of him entirely because he was terrified of the penalty with which he was threatened. In this case, it is not relevant to his having performed the action that he had already decided on his own to perform it. When the chips were down he thought of nothing but the threat, and fear alone led him to act. The fact that at an earlier time Jones2, had decided for his own reasons to act in just that way may be relevant to an evaluation of his character; he may bear full moral responsibility for having made that decision. But he can hardly be said to be morally responsible for his action. For he performed the action simply as a result of the coercion to which he was subjected. His earlier decision played no role in bringing it about that he did what he did, and it would therefore be gratuitous to assign it a role in the moral evaluation of his action.


Now consider a third possibility. Jones3 was neither stampeded by the threat nor indifferent to it. The threat impressed him, as it would impress any reasonable man, and he would have submitted to it wholeheartedly if he had not already made a decision that coincided with the one demanded of him. In fact, however, he performed the action in question on the basis of the decision he had made before the threat was issued. When he acted, he was not actually motivated by the threat but solely by the considerations that had originally commended the action to him. It was not the threat that led him to act, though it would have done so if he had not already provided himself with a sufficient motive for performing the action in question.


No doubt it will be very difficult for anyone to know, in a case like this one, exactly what happened. Did Jones3 perform the action because of the threat, or were his reasons for acting simply those which had already persuaded him to do so? Or did he act on the basis of two motives, each of which was sufficient for his action? It is not impossible, however, that the situation should be clearer than situations of this kind usually are. And suppose it is apparent to us that Jones3 acted on the basis of his own decision and not because of the threat. Then I think we would be justified in regarding his moral responsibility for what he did as unaffected by the threat even though, since he would in any case have submitted to the threat, he could not have avoided doing what he did. It would be entirely reasonable for us to make the same judgment concerning his moral responsibility that we would have made if we had not known of the threat. For the threat did not in fact influence his performance of the action. He did what he did just as if the threat had not been made at all.


III


The case of Jones3 may appear at first glance to combine coercion and moral responsibility, and thus to provide a counterexample to the doctrine that coercion excuses. It is not really so certain that it does so, however, because it is unclear whether the example constitutes a genuine instance of coercion. Can we say of Jones3, that he was coerced to do something, when he had already decided on his own to do it and when he did it entirely on the basis of that decision? Or would it be more correct to say that Jones3 was not coerced to do what he did, even though he himself recognized that there was an irresistible force at work in virtue of which he had to do it? My own linguistic intuitions lead me toward the second alternative, but they are somewhat equivocal. Perhaps we can say either of these things, or perhaps we must add a qualifying explanation to whichever of them we say.

This murkiness, however, does not interfere with our drawing an important moral from an examination of the example. Suppose we decide to say that Jones3 was not coerced. Our basis for saying this will clearly be that it is incorrect to regard a man as being coerced to do something unless he does it because of the coercive force exerted against him. The fact that an irresistible threat is made will not, then, entail that the person who receives it is coerced to do what he does. It will also be necessary that the threat is what actually accounts for his doing it. On the other hand, suppose we decide to say that Jones3 was coerced. Then we will be bound to admit that being coerced does not exclude being morally responsible. And we will also surely be led to the view that coercion affects the judgment of a person's moral responsibility only when the person acts as he does because he is coerced to do so — i.e., when the fact that he is coerced is what accounts for his action.


Whichever we decide to say, then, we will recognize that the doctrine that coercion excludes moral responsibility is not a particularized version of the principle of alternate possibilities. Situations in which a person who does something cannot do otherwise because he is subject to coercive power are either not instances of coercion at all, or they are situations in which the person may still be morally responsible for what he does if it is not because of the coercion that he does it. When we excuse a person who has been coerced, we do not excuse him because he was unable to do otherwise. Even though a person is subject to a coercive force that precludes his performing any action but one, he may nonetheless bear full moral responsibility for performing that action.


IV



To the extent that the principle of alternate possibilities derives its plausibility from association with the doctrine that coercion excludes moral responsibility, a clear understanding of the latter diminishes the appeal of the former. Indeed the case of Jones3 may appear to do more than illuminate the relationship between the two doctrines. It may well seem to provide a decisive counterexample to the principle of alternate possibilities and thus to show that this principle is false. For the irresistibility of the threat to which Jones3 is subjected might well be taken to mean that he cannot but perform the action he performs. And yet the threat, since Jones3, performs the action without regard to it, does not reduce his moral responsibility for what he does.

The following objection will doubtless be raised against the suggestion that the case of Jones, is a counterexample to the principle of alternate possibilities. There is perhaps a sense in which Jones3 cannot do otherwise than perform the action he performs, since he is a reasonable man and the threat he encounters is sufficient to move any reasonable man. But it is not this sense that is germane to the principle of alternate possibilities. His knowledge that he stands to suffer an intolerably harsh penalty does not mean that Jones3, strictly speaking, cannot perform any action but the one he does perform. After all it is still open to him, and this is crucial, to defy the threat if he wishes to do so and to accept the penalty his action would bring down upon him. In the sense in which the principle of alternate possibilities employs the concept of "could have done otherwise," Jones3's inability to resist the threat does not mean that he cannot do otherwise than perform the action he performs. Hence the case of Jones3 does not constitute an instance contrary to the principle.


I do not propose to consider in what sense the concept of "could have done otherwise" figures in the principle of alternate possibilities, nor will I attempt to measure the force of the objection I have just described.* 


For I believe that whatever force this objection may be thought to have can be deflected by altering the example in the following way.*
 
Suppose someone — Black, let us say — wants Jones4 to perform a certain action. Black is prepared to go to considerable lengths to get his way, but he prefers to avoid showing his hand unnecessarily. So he waits until Jones4 is about to make up his mind what to do, and he does nothing unless it is clear to him (Black is an excellent judge of such things) that Jones4 is going to decide to do something other than what he wants him to do. If it does become clear that Jones4 is going to decide to do something else, Black takes effective steps to ensure that Jones4 decides to do, and that he does do, what he wants him to do.*
 
Whatever Jones4's initial preferences and inclinations, then, Black will have his way.
What steps will Black take, if he believes he must take steps, in order to ensure that Jones4 decides and acts as he wishes? Anyone with a theory concerning what "could have done otherwise" means may answer this question for himself by describing whatever measures he would regard as sufficient to guarantee that, in the relevant sense, Jones4 cannot do otherwise. Let Black pronounce a terrible threat, and in this way both force Jones4 to perform the desired action and prevent him from performing a forbidden one. Let Black give Jones4 a potion, or put him under hypnosis, and in some such way as these generate in Jones4 an irresistible inner compulsion to perform the act Black wants performed and to avoid others. Or let Black manipulate the minute processes of Jones4's brain and nervous system in some more direct way, so that causal forces running in and out of his synapses and along the poor man's nerves determine that he chooses to act and that he does act in the one way and not in any other. Given any conditions under which it will be maintained that Jones4 cannot do otherwise, in other words, let Black bring it about that those conditions prevail. The structure of the example is flexible enough, I think, to find a way around any charge of irrelevance by accommodating the doctrine on which the charge is based.*
 
Now suppose that Black never has to show his hand because Jones4, for reasons of his own, decides to perform and does perform the very action Black wants him to perform. In that case, it seems clear, Jones4 will bear precisely the same moral responsibility for what he does as he would have borne if Black had not been ready to take steps to ensure that he do it. It would be quite unreasonable to excuse Jones4 for his action, or to withhold the praise to which it would normally entitle him, on the basis of the fact that he could not have done otherwise. This fact played no role at all in leading him to act as he did. He would have acted the same even if it had not been a fact. Indeed, everything happened just as it would have happened without Black's presence in the situation and without his readiness to intrude into it.

In this example there are sufficient conditions for Jones4's performing the action in question. What action he performs is not up to him. Of course it is in a way up to him whether he acts on his own or as a result of Black's intervention. That depends upon what action he himself is inclined to perform. But whether he finally acts on his own or as a result of Black's intervention, he performs the same action. He has no alternative but to do what Black wants him to do. If he does it on his own, however, his moral responsibility for doing it is not affected by the fact that Black was lurking in the background with sinister intent, since this intent never comes into play.


V



The fact that a person could not have avoided doing something is a sufficient condition of his having done it. But, as some of my examples show, this fact may play no role whatever in the explanation of why he did it. It may not figure at all among the circumstances that actually brought it about that he did what he did, so that his action is to be accounted for on another basis entirely. Even though the person was unable to do otherwise, that is to say, it may not be the case that he acted as he did because he could not have done otherwise. Now if someone had no alternative to performing a certain action but did not perform it because he was unable to do otherwise, then he would have performed exactly the same action even if he could have done otherwise. The circumstances that made it impossible for him to do otherwise could have been subtracted from the situation without affecting what happened or why it happened in any way. Whatever it was that actually led the person to do what he did, or that made him do it, would have led him to do it or made him do it even if it had been possible for him to do something else instead.

Thus it would have made no difference, so far as concerns his action or how he came to perform it, if the circumstances that made it impossible for him to avoid performing it had not prevailed. The fact that he could not have done otherwise clearly provides no basis for supposing that he might have done otherwise if he had been able to do so. When a fact is in this way irrelevant to the problem of accounting for a person's action it seems quite gratuitous to assign it any weight in the assessment of his moral responsibility. Why should the fact be considered in reaching a moral judgment concerning the person when it does not help in any way to understand either what made him act as he did or what, in other circumstances, he might have done?


This, then, is why the principle of alternate possibilities is mistaken. It asserts that a person bears no moral responsibility — that is, he is to be excused — for having performed an action if there were circumstances that made it impossible for him to avoid performing it. But there may be circumstances that make it impossible for a person to avoid performing some action without those circumstances in any way bringing it about that he performs that action. It would surely be no good for the person to refer to circumstances of this sort in an effort to absolve himself of moral responsibility for performing the action in question. For those circumstances, by hypothesis, actually had nothing to do with his having done what he did. He would have done precisely the same thing, and he would have been led or made in precisely the same way to do it, even if they had not prevailed.


We often do, to be sure, excuse people for what they have done when they tell us (and we believe them) that they could not have done otherwise. But this is because we assume that what they tell us serves to explain why they did what they did. We take it for granted that they are not being disingenuous, as a person would be who cited as an excuse the fact that he could not have avoided doing what he did but who knew full well that it was not at all because of this that he did it.


What I have said may suggest that the principle of alternate possibilities should be revised so as to assert that a person is not morally responsible for what he has done if he did it because he could not have done otherwise. It may be noted that this revision of the principle does not seriously affect the arguments of those who have relied on the original principle in their efforts to maintain that moral responsibility and determinism are incompatible. For if it was causally determined that a person perform a certain action, then it will be true that the person performed it because of those causal determinants. And if the fact that it was causally determined that a person perform a certain action means that the person could not have done otherwise, as philosophers who argue for the incompatibility thesis characteristically suppose, then the fact that it was causally determined that a person perform a certain action will mean that the person performed it because he could not have done otherwise. The revised principle of alternate possibilities will entail, on this assumption concerning the meaning of 'could have done otherwise', that a person is not morally responsible for what he has done if it was causally determined that he do it. I do not believe, however, that this revision of the principle is acceptable.


Suppose a person tells us that he did what he did because he was unable to do otherwise; or suppose he makes the similar statement that he did what he did because he had to do it. We do often accept statements like these (if we believe them) as valid excuses, and such statements may well seem at first glance to invoke the revised principle of alternate possibilities. But I think that when we accept such statements as valid excuses it is because we assume that we are being told more than the statements strictly and literally convey.


We understand the person who offers the excuse to mean that he did what he did only because he was unable to do otherwise, or only because he had to do it. And we understand him to mean, more particularly, that when he did what he did it was not because that was what he really wanted to do. The principle of alternate possibilities should thus be replaced, in my opinion, by the following principle: a person is not morally responsible for what he has done if he did it only because he could not have done otherwise. This principle does not appear to conflict with the view that moral responsibility is compatible with determinism.


The following may all be true: there were circumstances that made it impossible for a person to avoid doing something; these circumstances actually played a role in bringing it about that he did it, so that it is correct to say that he did it because he could not have done otherwise; the person really wanted to do what he did; he did it because it was what he really wanted to do, so that it is not correct to say that he did what he did only because he could not have done otherwise. Under these conditions, the person may well be morally responsible for what he has done. On the other hand, he will not be morally responsible for what he has done if he did it only because he could not have done otherwise, even if what he did was something he really wanted to do.
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Herbert Feigl was an Austrian philosopher of science who studied physics and philosophy under Moritz Schlick. His 1927 thesis was on Chance and Law. Feigl always maintained that it would be impossible to tell whether the chance was epistemic (human ignorance) or ontological and real, whether the universe was basically random or determined, because there always might be a lower-level explanation. In this he followed Schlick and most importantly perhaps Albert Einstein.

He joined Schlick's Vienna Circle and suggested a better term than "logical positivism" would be "logical empiricism," with its emphasis on scientific evidence. Feigl visited Harvard in 1930, where he met Willard van Orman Quine, author of the famous essay "Two Dogmas of Empiricism." 


Feigl was at the University of Minnesota for many years, where he founded the Minnesota Center for Philosophy of Science with Wilfrid Sellars and Paul Meehl. 


Like most analytic philosophers, Feigl thought philosophical problems were reducible to problems of language. Analytic language philosophy was often defined as "therapeutic" or "hygienic." Feigl's philosopher colleagues resented his defining "philosophy as the disease of which it should be the cure," (though this was Ludwig Wittgenstein's "therapy" idea).



In 1949, Feigl and Sellars edited perhaps the most influential single volume defining logical empiricism and the new analytic language philosophy, their celebrated Readings in Philosophical Analysis."  The introductory chapter, "Logical Empiricism," was written by Feigl.



The most important, the most widely debated, and, unfortunately, the
most frequently misunderstood regulative principle used by Logical Empiricism
is the criterion of factual meaningfulness. The purpose of this
criterion is to delimit the type of expression which has possible reference
to fact from the other types which do not have this kind of significance:
the emotive, the logico-mathematical, the purely formal, and—if there
should be such—the completely non-significant.
If it is the ostensive steps that connect a purely formal array of signs
(e. g., words) with something outside of language, no sign or combination
of signs can have factual meaning without this reference to experience.
Furthermore, if a sentence is considered true when it corresponds to an
existing state of affairs, a sentence is factually-meaningful only if we are
in principle capable of recognizing such states of affairs as would either
validate or invalidate the sentence. 

If we cannot possibly conceive of
what would have to be the case in order to confirm or disconfirm an assertion
we would not be able to distinguish between its truth and its falsity.
In that case we would simply not know what we are talking about. C. S.
Peirce's pragmatic maxim, formulated in his epoch-making essay, "How 
to Make Our Ideas Clear,"  has essentially the same import. 

We may 
paraphrase it crudely: A difference that is to be a difference (i. e., more than
merely a verbal or an emotive one) must make a difference. Or, a little 
more precisely: If and only if assertion and denial of a sentence imply
a difference capable of observational (experiential, operational, or experimental)
test, does the sentence have factual meaning. Another useful
formulation is Ayer's: "It is the mark of a genuine factual proposition
. . . that some experiential propositions can be deduced from it in conjunction
with certain other premises without being deducible from these
other premises alone." This is simply empiricism brought up to date.



Feigl (and Peirce) may have been the origin of Gregory Bateson's famous "difference that makes a difference."


In his address to the American Psychological Association in 1958 (titled "Philosophical Embarassments of Psychology"), Feigl offered as an illustration of philosophical disease the "hoary puzzle" of free will vs. scientific determinism that had lately exercised even a few prominent psychologists.


The perplexity of this ancient issue consists in
the apparent logical incompatibility between two
beliefs, each of which appears plausible on its own
grounds: The assumption of free choice seems borne
out by the testimony of introspection; also it seems
indispensable as a presupposition for moral responsibility.
On the other hand, a great deal of
biological and psychological evidence points in the
direction of a fairly strict determinism in regard to
human behavior. "Nature" and "nurture" (i.e.,
hereditary constitution and all environmental influences
up to the moment of choice or action) are
assumed to go a long way toward determining our
decisions as well as our conduct. But, so it seems to many thinkers, if we are to be free, we cannot
be enmeshed in a strict network of causal relations.
Hence, the relief and jubilation in many quarters
when the "good tidings" of indeterminacy in basic
physics were proclaimed.

But a little critical reflection shows readily that
this sort of "absolute chance," far from constituting
free choice, would be experienced as a queer
kind of compulsion, and thus not serve at all as a
basis for moral responsibility (i.e., praisability or
blamability). Only if, to a significant extent, we
are the choosers of our choices, and the doers of
our deeds, can we be held accountable. The entire
bafflement is due to a confusion which can be easily
dispelled. 


We must not confuse freedom with indeterminacy
(i.e., the absence of causality), and
we must not confuse causal determination with
compulsion, coercion, or constraint. As already
Spinoza essentially saw it, we are free to the degree
that our choices and our conduct are determined
by our character and personality. The fact
that our personality and character in turn may
have been completely determined by antecedent
conditions does not militate against regarding our
actions as a consequence of what we are at the
moment of action. Apples are produced by apple
trees, even if apple trees themselves are the products
of seeds, soil, air, rain, and sunshine. To be
unfree means no more than to be under some sort
of constraint. To be free means that the chooser
or agent is an essential link in the chain of causal
events and that no extraneous compulsion—be it
physical, biological, or psychological—forces him
to act in a direction incompatible with his basic
desires or intentions.

It has been asked how one can be held responsible
for actions springing from a personality whose
structure might have been determined by the initial
and boundary conditions long before the infant
was born. The answer to this question can be
found by a logical analysis of the concept of responsibility.
We are responsible to the extent that
our behavior is responsive to the usual sanctions
of society. Rewards and punishments, encouragements
and discouragements of any sort can be successfully
applied only under the conditions of at
least a high degree of causal determinism. The
nonresponsibility of the psychotic as well as the
responsibility of the normal person can be understood
only within the causal scheme of events.
(The borderline cases of neurotic compulsion may 
be intriguing, but have to be dealt with pragmatically
and in the light of the nature of the special
situation on hand.) Empiricist philosophers have
long ago explicated causal necessity in terms of
lawfulness and predictability.


R.E. Hobart's determination is often confused with determinism, as Feigl does here.


Free will, properly understood, "presupposes
causal determination (in this sense) and is inconceivable
without it" (Hobart, 1934). If human
acts to any extent, and through some amplification
processes, were a result of basic quantum indeterminacies
(i.e., on the microlevel of atomic interactions),
then to that extent we could not be held
responsible for our conduct. 

This is G. E. Moore's claim that "I could have done otherwise" simply means "I could have done otherwise, if the past had been slightly different and I had chosen to do otherwise."


The phrase "I could
have acted differently," as used in common parlance,
does not imply indeterminacy of this or any
other sort. It merely means "If I had been wiser
or if I had had different attitudes, I would have
acted differently." Under the influence of positive
and negative reinforcements (some of which may
well be internal to our personalities) we learn how
to adjust ourselves for future exigencies and contingencies.
The sentiments of regret or remorse
can be instrumental in this respect only if they do
not hopelessly and exclusively fix the individual's
attention upon his past deeds, but rather if they
are prospective and thus mobilize the resolution to
act differently on future similar occasions. Docility,
the capacity of modifying both one's beliefs
and one's attitudes under the influence of cumulative
experience, is of the very essence of freedom.

I hope this brief sketch will have shown that an
examination of the meaning of the terms we use can
go a long way toward the clarification of deeply
puzzling issues. Proper attention to the two questions
"What do you mean?" and "How do you
know?" quite generally constitutes the most effective
strategy in modern philosophical analysis. (It
should be noted, however, that this is nothing really
new in philosophy, Ever since Socrates conversed
with the bright young men of Athens, inquiries into
meaning and validity have been an important part
of the philosophical endeavor; but this search for
clarity has often been overshadowed, if not suppressed,
by the extravagancies of speculation concerning
absolute truth, reality, or values.)




This is the 
standard argument 
against free will. 
If we are determined, we are not free. If we are random, then we are not responsible.


Feigl and Meehl wrote a paper in 1974 entitled "The Determinism-Freedom and Mind-Body Problems,"for Paul Schilpp's festschrift volume on Karl Popper. Popper had for many years been a Dualist and Interactionist.


Following Popper's usage, they called these problems Compton's problem and Descartes' problem.


They argued that determinism could not be rejected simply because of the practical difficulty carrying out predictions of the future that in principle could be done by a Laplace super-intelligence. They called the accomplishments of such a prediction the "World Formula." 


They frame a pseudo-logical argument that the World Formula requires 1) determinism and predictability, specifically 2) measurability and 3) calculability. But because we cannot accomplish a World Formula, they say, we do not invalidate determinism.
   

Now, as is agreed on all hands, the idea of the World Formula is to be understood as a logical conjunction of three propositions: (1) the doctrine of the deterministic form of all basic natural laws, (2) the precise, complete (and simultaneous) ascertainability of all initial and boundary conditions, (3) the mathematical feasibility of the hopelessly complex computations necessary for precise and complete predictions (or retrodictions). Now, as no one knows better than Popper (though this is really a matter of the most elementary propositional logic), if a conjunction of several independent propositions entails a false or absurd conclusion, not every one of the conjuncts is (necessarily) false... There are excellent reasons for regarding propositions (2) and (3) as false at any rate, thus leaving the hypothesis of determinism at least open for further consideration.

  
Feigl and Sellars founded the journal Philosophical Studies, a major publication for the new field of analytic philosophy. They compiled two major reference books of readings in philosophical analysis. Sellars was Robert Kane's thesis adviser in the 1960's and assigned him to work on the problem of free will. Kane worked on the problem for over 40 years, but ultimately found a solution for moral responsibility even if the decision involves indeterminism. 
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   John Martin Fischer is best known for the idea of "semicompatibilism" - the idea that moral responsibility is compatible with determinism, whether free will is or is not compatible.
  

The concept is similar but not identical to Randolph Clarke's idea of a "narrow incompatibilist." A narrow incompatibilist is an incompatibilist on free will and a compatibilist on moral responsibility. Confusingly, this can include those who believe in free will and those who deny free will. 

Semicompatibilists assert only their belief in moral responsibility. They are agnostic on free will and argue that moral responsibility exists whether determinism or indeterminism is "true."


A broad incompatibilist sees determinism as incompatible with both free will and moral responsibility. Broad incompatibilists thus include (very confusingly) both those who accept and those who deny free will and moral responsibility. Those who deny one or both are variously called "hard incompatibilists," "illusionists," or "impossibilists."


Here is a taxonomy of determinist and compatibilist positions showing where semicompatibilism fits.

[image: Taxonomy of Determinist Positions]

Many of these philosophers reduce free will to the "control condition" for moral responsibility. This is to make freedom dependent on moral responsibility, which we call an ethical fallacy.


As Fischer says:
  

   Some philosophers do not distinguish between freedom and moral responsibility. Put a bit more carefully, they tend to begin with the notion of moral responsibility, and "work back" to a notion of freedom; this notion of freedom is not given independent content (separate from the analysis of moral responsibility). For such philosophers, "freedom" refers to whatever conditions are involved in choosing or acting in such a way as to be morally responsible.5

Free will is of course a prerequisite for responsibility. Questions about free will are scientific questions about the physical nature of minds. The question of moral responsibility is a moral and ethical question, not a question for physical science. We must separate the problem of free will from the issue of moral responsibility.   



Fischer has written three books on moral responsibility and compiled what is the largest anthology of articles on free will, determinism, and moral responsibility - his four-volume, 46-contributor, 72-entry, 1300+ pages, Free Will, a reference work in the Routledge Critical Concepts in Philosophy series.4



Although it is titled "Free Will," the material is mostly about moral responsibility.


Fischer describes the development of the idea of semicompatibilism:1

In ancient times — some fifteen years ago — I suggested that Frankfurt-type examples call into question the principle of transfer of nonresponsibility (which I then called, a bit too narrowly, the 'principle of transfer of blamelessness', following John Taurek's usage in his fascinating Ph.D. dissertation at UCLA in 1972). In the introductory essay to my anthology, Moral Responsibility, I presented a somewhat informal version of van Inwagen's modal principle (which he called principle 'B'), and (following van Inwagen) explained how it could be employed as part of a 'direct' argument for the incompatibility of causal determinism and moral responsibility (i.e., an argument for the incompatibility claim that does not employ the claim that causal determinism rules out alternative possibilities):

Also, I told the following story:

Of course, this case contains the distinctive characteristics of a Frankfurt-type case: a fail-safe arrangement that plays no actual role but the presence of which nevertheless ensures the actual result.


I then suggested that the Frankfurt-type examples are plausible counterexamples to the principle of transfer of nonresponsibility, even though they would not be counterexamples to the parallel modal principle employed in the argument for the incompatibility of causal determinism and alternative possibilities (the principle of the transfer of powerlessness):


Thus, semicompatibilism was born. Here I wish to defend the basic intuition, which I still believe is correct, that the principle of transfer of blamelessness (or, more broadly, nonresponsibility) is called into question by the Frankfurt-type cases, and that it cannot be employed in an uncontroversial, decisive argument against the compatibility of causal determinism and moral responsibility.




  Fischer's technical interests have been in the area of theological determinism (compatibilism of God's foreknowledge and free will), logical determinism (the idea that truths in the "fixed past" constrain present actions), and the recent work of Harry Frankfurt to deny the existence of alternative possibilities yet affirm moral responsibility. 
  

The set of Free Will books reflects these interests strongly, with five entries from Fischer, Frankfurt, and Peter van Inwagen (a Frankfurt critic). There are four from libertarian Robert Kane, but only one about his free-will model, the rest are on responsibility and Frankfurt examples. Daniel Dennett appears only once, criticizing Kane's indeterministic decision-making model. Two excerpts from Laura Waddell Ekstrom's Free Will - Varieties of Libertarianism provide other incompatibilist models. 
  

Volume III, Part 1 of Free Will is devoted to libertarian (incompatibilist) accounts of free will. Here is how Fischer describes it:
   
  Given the appeal of the fundamental argument for incompatibilism about causal determinism and the sort of freedom that involves genuine access to alternative pathways into the future, one might be attracted to an indeterministic notion of freedom. The libertarian believes that causal determinism would rule out free will (this is incompatibilism), but that causal determinism is false. Further, the libertarian holds that we do in fact have free will. Just as with the compatibilist, it is not enough for the libertarian simply to assert our freedom — it is desirable to provide some sort of account of such freedom.

There are two basic strategies for coming up with an indeterministic analysis of freedom. The first is the "event-causal approach." On this approach, prior events do in fact cause our decisions and behavior, but via indeterministic sequences. The structure and nature of some of these sequences confers control and moral responsibility on agents. Kane offers a detailed and sophisticated event-causal account of indeterministic freedom ("Free will: New directions for an ancient problem"). It is important to Kane to render his libertarianism consistent with materialism about the mind, and, indeed, with contemporary neuroscience and physics. Some libertarian approaches, particularly in the past, have been committed to extravagant or unscientific excesses; Kane is at pains to avoid such implausible commitments. Dennett offers a critique of Kane's analysis of freedom.


Laura Ekstrom offers an alternative, event-causal model of freedom ("Excerpt from 'Varieties of libertarianism'"). O'Connor presents a critique of event-causal indeterministic models. A fundamental worry, according to O'Connor, is that the event causal approach does not confer control on the agent. Clarke ("Event-causal accounts and the problem of explanation"), and Kane ("Responsibility, luck, and chance: reflections on free will and indeterminism") discuss and respond to some such worries.


The following selections by Clarke ("Agent causation and event causation in the production of free action") and O'Connor ("Excerpt from 'The metaphysics of free will'") develop cutting-edge versions of agent-causal libertarianism. On this view, agents cause certain events (choices, decisions, actions), but they are not caused by prior events to cause these events. Further, when an agent causes such events, the causation by the agent is basic: the agent's causal role cannot be reduced to that of an event or set of events. Whereas this approach may seem attractive to those who are concerned that event-causal theories do not offer enough in the way of control, there are various problems with agent-causation, Some of these problems are explored in Ekstrom ("Excerpt from 'Varieties of libertarianism'") and Pereboom ("'Empirical objections to agent causal libertarianism'").6



  Fischer's view of moral responsibility takes its basic starting point from Peter Strawson's 1962 essay Freedom and Resentment. 
   
  In his landmark essay, "Freedom and resentment," Peter Strawson argues that the concept of moral responsibility is analyzed in terms of a set of attitudes he termed the "reactive attitudes": indignation, resentment, hatred, respect, gratitude, and love. A morally responsible agent is the target (or perhaps appropriate target) of such attitudes. Practices such as punishment presuppose and express the reactive attitudes. Strawson suggests that human life without moral responsibility, so understood, would be extremely unattractive, if coherently conceivable at all. Further, he suggests that his analysis of moral responsibility can help to show that moral responsibility is compatible with causal determinism.7
That we apply the reactive attitudes toward ourselves and other persons signals something extremely important: we take a certain distinctive perspective toward persons (as opposed to nonpersons). We are engaged with persons. In contrast to the perspective from which we view other persons, our perspective toward nonpersons tends to be "objective." We treat nonpersons as objects to be used, exploited, manipulated, or perhaps just enjoyed. But we do not have attitudes such as resentment or love toward them; rather, we view them from a more detached and uninvolved - a more objective - perspective.8



  How does Fischer make the case for "semicompatibilsm" appealing to reflective thinkers? In his 1998 book Responsibility and Control, written with Mark Ravizza, Fischer hopes to avoid the implications of strict causal determinism. Determinism is such a dark idea, one that "hard determinist" Ted Honderich calls a "black thing."9 And in any case, Fischer says, we don't really know whether determinism is true or false

 
Ordinarily, we simply assume that we and other human beings are persons and are at least sometimes morally responsible agents. Thus, we assume that we (most of us) at least sometimes have the kind of control that grounds moral responsibility and personhood. Typically, this assumption is deemed so obvious as not to command any attention or elicit even the slightest bit of controversy.

But imagine now that a certain doctrine turns out to be true: the doctrine of causal determinism. Roughly, causal determinism is the view that all events can in principle be fully explained by reference to past states of the world and the laws of nature. Slightly more carefully, "Causal determinism is the thesis that, for any given time, a complete statement of the facts about that time, together with a complete statement of the laws of nature, entails every truth as to what happens after that time."


We certainly do not know that this doctrine is true; indeed, many contemporary physicists would claim it is false. But then again we do not know that it is false. For all we know, contemporary physicists could announce that their previous theories were defective, and that the indeterminacies those theories posited were the result of inadequacies of information and analysis. They could in the future develop an entirely deterministic theory of the universe.


Our contention is that even if causal determinism were true, there is a strong impetus to think that human beings should still be properly considered persons, morally responsible, and at least sometimes in control of their behavior. That is, even if we discovered that causal determinism were true, there is a strong tendency to think that this sort of discovery should not make us abandon our view of ourselves as persons and morally responsible agents.10

Fischer separates an agent's control into two kinds he calls "legislative control" - the kind needed to choose between alternative possibilities, and "guidance control" - the kind of control needed to initiate or originate an action, by being "reasons responsive" and taking ownership of the action, meaning the agent can say the action was "up to me."


Fischer is convinced enough by Harry Frankfurt's arguments against the Principle of Alternate Possibilities to give up the need for legislative control. All Fischer says he needs for his "semicompatibilism" is guidance control in the "actual sequence" of events. Hypothetical alternate sequences are unimportant.


Incompatibilist critics attack the idea of guidance control with what they call "sourcehood" or "source incompatibilism," which requires that the source of an action be "internal" to the agent. Fischer notes that if causal determinism is true, then our behavior is the result of external causally deterministic sequences that began well before we were even born. Compare Peter van Inwagen's Consequence Argument. 


Fischer says source incompatibilists call for some kind of "gaps" in the actual causal sequence to make room for free will. Fischer does not go into any detail on these gaps, bur they may be something like a causa sui. Fischer calls the kind of "total control" demanded "a total fantasy - metaphysical megalomania." 12

  So total control is a chimaera. It is manifestly ludicrous to aspire to it or to regret its absence. The locus of control is not wholly within us. We do not exist in a protective bubble of control. Rather, we are thoroughly and pervasively subject to luck: actual causal factors entirely out of our control are such that, if they were not to occur, things at least might be very different. Quite apart from any special assumption about causal determinism, we can see that from a broader perspective, it is entirely a matter of luck or arbitrary that I behave as I do (or even that I developed into an agent at all — or have maintained that status). Although it is perfectly reasonable to wish to be the source of one's choices and behavior, it is not reasonable to interpret the relevant notion of sourcehood in terms of total control and internality.13
Nietzsche famously said, "the causa sui is the best self-contradiction that has been conceived so far; it is a sort of rape and perversion of logic." The quotation is from Twilight of the Idols, or: How to Philosophize with a Hammer, section 8, "The Four Great Errors." Now I am not sure that the causa sui would make my Top Ten List of Good (or perhaps Egregious) Self-Contradictions, but to be the cause of oneself (in a stringent way) is surely an unreasonable aspiration. Whereas some philosophers would claim (with Nietzsche) that being a causa sui is both ludicrous and part of commonsense, I would urge that we note that being the "initiator" or "source" of our choices and behavior is indeed part of commonsense, but that it is inchoate and undeveloped in commonsense. We should not be quick to attribute a ludicrous and obviously self-contradictory notion to commonsense. Rather, we should seek to capture the kernel of truth embedded in our ordinary conceptual scheme and articulate it in a more plausible, attractive way. (p.70)


  Since taking responsibility is one of the components of guidance control, we need to argue that the conditions we have specified for taking responsibility are compatible with causal determinism. Clearly, causal determinism does not rule out an individual's believing that he is an agent (in our sense) and that the given social practices render him a fair target for the reactive attitudes in certain circumstances.14

Things get a bit more complicated when we turn to individuals who are philosophically sophisticated and have reflected on the relationship between causal determinism and the fairness of the application of the reactive attitudes. So, imagine that an individual has immersed himself in the debates about causal determinism, free will, and moral responsibility. 


Presumably, most reflective individuals will not be confident about what to think here. That is, most reflective individuals will find considerable force in arguments on both sides. We believe that many (although not all) of these open-minded individuals can be brought to adopt a certain stance. More specifically, they can be brought to think that it is at least plausible that causal determinism does not rule out the aptness of the reactive attitudes. Further, they can be convinced – if they need to be convinced – that, for all practical purposes, they should "put aside" their doubts about the consistency of causal determinism with the aptness of the reactive attitudes. 15

Why should such an individual deem himself a prima facie plausible candidate for the reactive attitudes, and be willing to put aside metaphysical worries? We believe that the considerations developed thus far in this book can move a reflective individual in precisely this direction. First, we have sought to defend the idea that the sort of control that involves alternative possibilities is not required for moral responsibility. Thus, we have attempted to remove what is probably the most significant objection to the compatibility of causal determinism and the appropriateness of the reactive attitudes. This should move reflective, open-minded individuals toward adopting the stance we have specified.


Further, we have contended that moral responsibility is grounded in a kind of control – guidance control – with two components. The first component is moderate reasons-responsiveness of the mechanism leading to the behavior in question. And we have argued that this sort of responsiveness is entirely compatible with causal determinism. Of course, the second component remains – the ownership condition. But we would suggest that the Frankfurt-type examples are also illuminating here. 16

We concede that some individuals will not be convinced. For example, some individuals are "natural incompatibilists"; when they adopt the assumption of causal determinism, they might be dubbed "natural hard determinists." Such individuals will not deem themselves apt targets for the reactive attitudes, and thus they will not take responsibility for the kinds of mechanisms that lead to their behavior. Thus, on our account, they will not be morally responsible for their behavior. But we do not take this to be a defect of our theory. Indeed, it follows straightforwardly from the fact (noted earlier) that we agree with Galen Strawson in embracing a "subjectivist" approach to moral responsibility. Recall that this sort of approach requires that an agent have a certain kind of view of himself, in order to be morally responsible for his behavior. And this is precisely the case, on our account of taking responsibility (and moral responsibility). In order to be morally responsible, a person must see himself as an agent who is an appropriate candidate for the reactive attitudes.17



  In their 2007 book Four Views on Free Will, Fischer, Robert Kane, Saul Smilansky, and Manuel Vargas, present their positions and comment on one another's views.

Fischer makes it clear that he is trying to develop a compatibilist position based on a priori metaphysical truths that will remain defensible even if causal determinism is found to be true. He says that a compatibilist need not flip-flop metaphysically and give up his assumption, 
  

  "even if he were to wake up to the headline, "Causal Determinism is True!" (and he were convinced of its truth). Nor need the compatibilist give up any of his basic metaphysical views — apparently apriori metaphysical truths that support his views about free will — simply because the theoretical physicists have established that the relevant probabilities are 100 percent rather than 99 percent. Wouldn't it be bizarre to give up a principle such as that the past is fixed and out of our control or that logical truths are fixed and out of our control, simply because one has been convinced that the probabilities in question are 100 percent rather than 99 percent. A compatibilist need not "flipflop" in this weird and unappealing way." 18


Since the time of Peter van Inwagen's 1983 classic Essay on Free Will which introduced the Consequence Argument, Fischer has been arguing the case for a compatibilism that focuses on moral responsibility and agent control rather than compatibilist free will per se.

Fischer also has been influenced by Harry Frankfurt's attack on what Frankfurt called the Principle of Alternate Possibilities (PAP). Before Frankfurt, compatibilists and incompatibilists alike had argued that alternative possibilities seemed to be a condition not only for free will but for moral responsibility.


Frankfurt's clever examples changed the debate from compatibilism vs. incompatibilism to the very existence of alternative possibilities.


Although attacks and counterattacks continue, Frankfurt-style examples have become far too arcane and unlikely to win support outside a small number of compatibilists and incompatibilists.


Nevertheless, Fischer has tried to carve out a position called semicompatibilism, which de-emphasizes alternative possibilities and emphasizes agent control.  Fischer hopes that semicompatibilism will be resistant to any discovery by science that strict causal determinism is true. He does this by dividing the needed agent control into two parts, "regulative control" and "guidance control."


Regulative control involves alternative possibilities, which lead to what Fischer calls "alternative sequences" of action. Fischer thinks he can simply deny that agents have regulative control, and bypass the question of alternative possibilities, based on Frankfurt-style examples.  Although Fischer generally supports Frankfurt-style examples, he is the author of one of the cleverest counterattacks, the idea that the mere possibility that the agent might try an alternative gives rise to a "flicker of freedom." 19

Fischer wants to focus our attention on the more critical guidance control, which describes the "reasons-responsiveness" and "sourcehood" involved in the "actual sequence" of events leading up to the agent's action. For Fischer, no alternative sequences, however many and however they flicker with freedom, are as relevant as the actual sequence.


Being the source of our actions allows us to say that our actions are "up to us," that we can take ownership of our actions. This is what Fischer regards as the "freedom-relevant condition."  It is what Robert Kane calls our "ultimate responsibility (UR)." And it is what Manuel Vargas calls the "self-governance condition" in his Revisionism.


Kane, Vargas, Derk Pereboom and Fischer co-authored the recent book Four Views on Free Will. Pereboom also focuses on moral responsibility like Fischer, but he disagrees with Fischer that moral desert justifies praise and blame, reward and punishment. At the most, says Pereboom,  responsibility can justify that we can be "legitimately called to moral improvement." Desert implies retributivism. Pereboom says the most we can justify is moral rehabilitation, for its beneficial consequences to society.


Parallel to Fischer's guidance control (sourcehood in the actual sequence) and regulative control (alternative possibilities), Pereboom distinguishes source incompatibilism from leeway incompatibilism, the latter corresponding to Fischer's regulative control, which depends on the existence of alternative possibilities. 


Although Fischer is officially agnostic on the ancient problem of free will versus determinism, he shows a strong commitment to causality and determinism over his years of defending compatibility with determinism.


Nevertheless, Fischer's dividing of agent control issues into regulative control (involving alternative possibilities) and guidance control (what happens in the actual sequence) is an excellent approach that allows us to situate the indeterminism that many thinkers feel is critical to any libertarian model. Fischer notes that indeterminism in the alternative possibilities might generate "flickers of freedom." And he says clearly (Four Views, p.74) that guidance control is not enhanced by positing indeterminism.


In his 1998 book Responsibility and Control, written with Mark Ravizza, Fischer describes what he calls the Direct and Indirect Arguments for incompatibilism. The Indirect Argument says that determinism rules out alternative possibilities.  From his semicompatibilist view, that does not threaten moral responsibility. Only in the Direct Argument for incompatibilism does determinism rule out moral responsibility.


So might Fischer agree with a view that 1) allows the "freedom-relevant condition"  (reasons responsiveness and ownership) in the actual sequence to be governed by what he calls "almost causal determinism" (Responsibility and Control, p.15n) and 2) allows indeterminism in the generation of the alternative possibilities (flickers of freedom)?


That is the view we offer in the I-Phi Cogito model. Although they do not endorse it themselves, Daniel Dennett and Alfred Mele have also offered this view as something libertarians should like.


Indeterminism is important only in microscopic structures, but that is enough to introduce noise and randomness into our thoughts, especially when we are rapidly generating alternatives for action by random combinations of past experiences. But our brain and our neurons can suppress microscopic noise when they need to, insuring what we call adequate determinism, what Fischer calls almost causal determinism, and what Ted Honderich calls near determinism - in our willed actions.


In Robert Kane's contribution to Four Views on Free Will, he correctly identifies noise in messages as generated indeterministically, but mistakenly thinks these are merely a "hindrance or obstacle" that raises our level of effort when making his rare but morally significant "self-forming actions."


The role of indeterminism in free will is better seen as simply generating Fischer's AP "flickers of freedom." These alternative possibilities are then the "free" part of "free will" (Fischer's regulative control).


The "will" part (Fischer's guidance control) is "almost causally" determined to be reasons responsive and to take ownership for the determination to act in a fashion consistent with the agent's character and values.


Event-causal libertarians like Kane, Mark Balaguer, and Laura Waddell Ekstrom think this kind of freedom is not enough. And agent-causal libertarians like Randolph Clarke and Timothy O'Connor want even more "metaphysical" freedom. They say that if the will is determined to act in a rational way consistent with its character and values, then the agent will make exactly the same decision in exactly the same circumstances.


Such consistency of action does not bother the common sense thinker or the compatibilist (even a hard incompatibilist?) philosopher.


Kane, Balaguer, Ekstrom, and others continue to invoke some indeterminism in the decision process itself. As Daniel Dennett recommended as early as 1978 (in Brainstorms) and Alfred Mele has been promoting as a "modest libertarianism" in his recent books (Autonomous Agency and Free Will and Luck), indeterminism is best kept in the early stage of a two-stage process.


We first need free (alternative possibilities) and then will (adequately determined actions) in a temporal sequence. First chance, then choice.


I think that John Martin Fischer's guidance control, perfectly compatible with his "almost causal determinism," validates not only his semicompatibilist view of moral responsibility, but also supports the common sense or popular view of free will that is found in the opinion surveys of experimental philosophers Joshua Knobe and Shaun Nichols.


While limited compared to "metaphysical" freedom, this view is consistent with a broadly scientific world view, a requirement for any systematic revisionism that Manuel Vargas calls "naturalistic plausibility." 20

Ironically perhaps, this view would be the very opposite of a revisionism, in the sense that the diagnostic (descriptive) analysis of common sense would agree remarkably well with what Vargas calls the prescriptive view for philosophers. Or perhaps it is the philosophers' views that need revision?


As an illustration of just how naturalistically plausible this new view of free will is, consider the case of biological evolution. The evidence is overwhelming that variations in the gene pool are driven by random mutations in the DNA. Many of these mutations are caused by indeterministic quantum mechanical events, cosmic ray collisions for the most part. Think of the mutations as alternative possibilities for new species. An adequately determined process of natural selection then weeds out those random variations that can reproduce themselves and compete with their ancestors. First chance, then selection.


Indeed, the story of life is maintaining some information stability (parts of our DNA have been the same for 2.8 billion years) in a chaotic environment - and not the pseudo-random deterministic chaos of the computer theorists, but real irreducible chaos.


Only a believer in metaphysical determinism would deny the evolutionary evidence for indeterminism and two stages, the first microscopic and random (chance) the second macroscopic and adequately determined (choice). Sadly, such a metaphysical belief is the intelligent design position of the creationists.


Of course we are discussing only science, not logical certainty.


So we can also ameliorate John Martin Fischer's nightmare of waking up one morning to a New York Times headline "Causal Determinism Is True." 21

Nothing in science is logically true, in the sense of true in all possible worlds, true by the principle of non-contradiction or the weaker law of the excluded middle.  It is the excluded middle argument that leads us to the muddled standard argument against free will.


Our two-stage argument is quite old. We can trace it back to William James (1884 in The Dilemma of Determinism), Henri Poincaré (1906), Arthur Holly Compton (1935), and Karl Popper (1961).


What does Information Philosophy have to do with the two-stage model?


Information is the principal reason that biology is not reducible to chemistry and physics. Information is what makes an organism an individual, each with a different history. No atom or molecule has a history. Information is what makes us ourselves. Increasing information is involved in all "emergent" phenomena.


In information philosophy, the future is unpredictable for two basic reasons. First, quantum mechanics shows that some events are not predictable. The world is causal but not determined. Second, the early universe does not contain the information of later times, just as early primates do not contain the information structures for intelligence and verbal communication, and infants do not contain the knowledge and remembered experience they will have as adults.


The universe began in a state of minimal information nearly fourteen billion years ago. Information about the future is always missing, not present until it has been created, after which it is frozen.


John Martin Fischer calls this the "Principle of the Fixity of the Past." 22 It suggests that even divine foreknowledge is not present in our open expanding universe, lending support to the religious view called Open Theism.



Fischer's Two-Stage Model of Libertarian Free Will
  

  In 1995, in a debate with David Widerker, Fischer proposed a variation on Daniel Dennett's "Valerian" model.   Like Dennett , he had his doubts about whether the model could solve the control problem.

Fischer uses the Dennett idea - that the indeterminism comes at an early stage of the overall deliberation-decision process - to locate a Frankfurt-style "prior sign" needed by the hypothetical intervener at a place deterministically linked to the decision and subsequent action.


Fischer's main criticism of alternative possibilities for action is that it is implausible to suppose that one's moral responsibility is grounded on the possibility of forming a certain sort of judgment about what is best: a judgment on behalf of doing something there are no good reasons to do. The responsibility for doing good is not grounded in the possibility of doing bad. Note that freedom of action is completely independent of, and merely a prerequisite to, moral responsibility. Otherwise it would be the ethical fallacy.


Fischer hopes to develop "another sort of libertarianism." He says he does not have the space to lay out his "second family of libertarian accounts," and gives us very little on how it differs from Dennett. He says "Dennett argues that it is the only sort of libertarianism that is plausible, and I believe that it is at least minimally plausible. I also believe that it is libertarianism." It may simply be a libertarianism with a built-in place for the Frankfurt intervener, in order to support the absence of alternative possibilities and Fischer's semicompatibilism. Here is Fischer's sketch of his main idea. 


 I wish to develop (in an extremely sketchy way) another sort of libertarianism; on this kind of approach, the relationship between the relevant "sign" or "signal" and the subsequent choice is causally deterministic, but there is nevertheless a lack of causal determination along the sequence that issues in the decision (and action). And I shall point out that this approach also seems to lead to the view that an agent can be morally responsible for making a choice even though he could not have (at any relevant time) made a different choice.

I do not have the space here to lay out this second family of libertarian accounts fully or carefully. But I shall simply sketch the main ideas and hope that enough of the content of the approach will emerge to convince the reader that this family of views constitutes a minimally plausible, serious libertarian approach-worth further elaboration and evaluation in the context of the issues under discussion here. In his article, "On Giving Libertarians What They Say They Want," Daniel Dennett has presented this family of approaches; he does not necessarily endorse the view, but presents it as the most plausible and appealing version of libertarianism.7

What is crucial to Dennett's view is that indeterminacy be installed at the appropriate place, and Dennett argues that this is not between the judgment that a particular act is the best among one's alternatives and the subsequent choice. He says, "Clearly, what the libertarian has in mind is indeterminism at some earlier point, prior to the ultimate decision or formation of intention...."8 Rather, Dennett argues that there can be lack of causal determinism (of a certain sort) within the process of deliberation that leads to the agent's judgment as to what is the best option (under the circumstances). He attributes the following thought to the poet, Paul Valery, and claims that it nicely captures the basic idea of the approach he is suggesting on behalf of the libertarian:

		
	It takes two to invent anything. The one makes up combinations; the other one chooses, recognizes what he wishes and what is important to him in the mass of the things which the former has imparted to him. What we call genius is much less the work of the first one than the readiness of the second one to grasp the value of what has been laid before him and to choose it.9

Dennett goes on to say:

	When someone is faced with an important decision, something in him generates a variety of more or less relevant considerations bearing on the decision. Some of these considerations, we may suppose, are determined to be generated, but others may be non-deterministically generated....Those considerations that are selected by the agent as having a more than negligible bearing on the decision then figure in a reasoning process, and if the agent is in the main reasonable, those considerations ultimately serve as predictors and explicators of the agent's final decision.10

So Dennett's picture suggested on behalf of the libertarian involves some lack of causal determination in the process of deliberation, but no such lack in the link between the judgment as to what is best and the formation of an intention (or the making of a decision). Let me emphasize that I am not in a position here fully to lay out this view (or set of views) or to defend it. Dennett argues that it is the only sort of libertarianism that is plausible, and I believe that it is at least minimally plausible. I also believe that it is libertarianism. Note that Widerker only considers those forms of libertarianism according to which no state of the world (including the judgment as to what is best) prior to the decision causally determines the decision. But this unduly restricts the options open to the libertarian, and it was not the understanding of libertarianism with which I operated in "Responsibility and Control"; there I spoke more broadly of a lack of determination in the actual sequence issuing in the decision and action:
11 	


Now if roughly the sort of libertarianism suggested by Dennett is correct, then we can take the prior sign to be the agent's judgment about what is best to do. By hypothesis this sign is deterministically related to the subsequent decision. Given the approach suggested by Dennett, the example of Jones and Black can be developed as follows. Prior to T, Jones engages in deliberation; some aspects of this deliberation - perhaps the precise considerations that emerge or the precise order of Jones' reflections - are not causally deterministic. At T Jones comes to judge that voting for Reagan is best. On the basis of this judgment, at T+i Jones decides to vote for Reagan. Given the libertarian view of the fixity of the past, Jones cannot at T+i refrain from deciding to vote for Reagan. And yet the actual sequence that issued in his decision was not causally deterministic. Further, given the presence of Black and his ability to intervene should Jones form the judgment at T that voting for Carter would be best, it is true in the example that Jones at no relevant time has the ability to decide to vote for Carter (or anyone else). And yet he may be deemed by the libertarian morally responsible for voting for Reagan.

But perhaps Widerker would here object that I have simply pushed the debate back to the issue of whether the relevant agent can make a different judgment as to what is best (and how this ability relates to moral responsibility). And I agree that in a full discussion of the relevance of alternative possibilities to moral responsibility one would need carefully to consider these matters.12 Let me say a few brief words here.


There obviously are cases (perhaps different from the Jones/Black case) in which it is absolutely clear what one should do - cases in which there are extremely strong reasons to do something and no good reasons not to. For example, a baby has fallen into a swimming pool in front of you and is in immediate danger of drowning. All you have to do is bend over and pick the baby up; this would be extremely easy for you, and we may suppose that there are no other morally relevant reasons. On the picture suggested by Dennett and given the presence of a counterfactual intervener such as Black, if you decide to save the baby, you may well be morally responsible for this decision even though you could not have made a different decision. And this is compatible with lack of causal determination in the sequence leading to the decision: the precise ordering of considerations in the (admittedly brief) deliberations that preceded your decision may have been indeterministic. (Thus far, the analysis implies that things are the same as in the Jones/Black case.)


Now is it plausible here to say that it is in virtue of the fact that you could have formed a different judgment as to what is best that you are morally responsible for your decision? That is, does the existence of this alternative possibility ground your moral responsibility for your decision? I do not deny that the alternative possibility exists, but I do very much doubt that it is what grounds your moral responsibility. For what would such an alternative possibility be like? It would be the possibility to judge best something for which there are no good reasons - failing to bend over and save the baby. And it does not seem to me plausible to say that this kind of possibility is what grounds your moral responsibility for your decision.13 Thus, I believe that this case is plausibly construed as a case in which the actual sequence exhibits the lack of causal determination, the agent does not have the ability to make a different decision, and the agent is morally responsible for making his decision; further, the ascription of moral responsibility is not based on the existence of any alternative possibility.

 ("Libertarianism and Avoidability: A Reply to Widerker," Faith and Philosophy 12: 122-25.



  Fischer was a founder and general advisor to the Garden of Forking Paths group blog on free will and moral responsibility, which was later replaced by the Flickers of Freedom blog.
  
Fischer's Objection to Indeterminism and Alternative Possibilities
  

In 1999, Fischer wrote a short review of Alfred Mele's 1995 book Autonomous Agents, which gives us a good idea of Fischer's attitude toward two-stage models like our Cogito.

Fischer cannot make sense of how indeterministic alternative possibilities could add control compared to an agent who is completely determined. For the determined agent, he says, what "comes to mind," one's prior states — desires, beliefs, values, general dispositions — determine the precise content and ordering of the subsequent doxastic states (that constitute deliberation). Having this all totally determined seems to Fischer to be more control than allowing anything new to enter for the agent to choose from. 




On Mele's picture of libertarian agency and control, the precise sequence of doxastic states leading ultimately to a judgment as to what is best is undetermined, although the agent's standing desires, values, and general dispositions constrain the content and presumably the order (to some degree) of the states. Everything else in the sequence — the formation of a best judgment based on one's deliberations, the transitions to an intention, a proximal intention, and an action are all deterministic. 

Whereas Daniel Dennett has suggested a similar picture, a distinctive twist is added by Mele: he argues that indeterminism of the sort he posits — internal, doxastic indeterminacy — is no worse, in respect to control, than determination in this portion of the sequence leading ultimately to action. This is because the agent typically does not directly control the sequence of doxastic states he undergoes — this is generally a passive rather than an active process. Mele says:

...notice that we are not always in (proximal) control of which of our beliefs come to mind anyway, even if determinism is true. Assuming determinism, everything that happens on this front is causally determined, but the causal story often does not place the agent in the driver's seat. (p. 215)


So Mele's suggestion is that, even though installing indeterminacy may seem to erode genuine control, installing it at this particular place (at some points in the sequence of doxastic states which constitute deliberation) does not diminish control that otherwise would be present (under the assumption of determinism); a proponent of doxastic indeterminacy is thus not worse off than a proponent of doxastic determination, with respect to control.

Additionally, Mele contends that by installing indeterminacy in the sequence leading to action, one is able to preserve the crucial libertarian belief in alternative possibilities or freedom to choose and do otherwise. Of course, one has to be careful about the specification of the temporal index associated with the alternative possibility. 
The agent can always have second thoughts and deliberate further


It will be true during the period of doxastic indeterminacy in the agent's deliberation that he has the power to form different best judgments and thus to pursue more than one path in the future; but after the period of doxastic indeterminacy (and just prior to the formation of the agent's best judgment), he will no longer have alternative possibilities, insofar as the process is now causally deterministic.

Genuine indeterministic alternative possibilities break the causal chain of determinism, allowing novelty and creativity as well as increasing control


My puzzle could be put as follows. How can adding arbitrariness of the sort envisaged — the lack of determination of the beliefs that come to mind during deliberation — to a causally deterministic process yield genuine control? A libertarian of course will contend that an entirely deterministic process does not contain genuine control by the relevant agent. How, then, can installing the sort of indeterminacy envisaged — indeterminacy as to which belief states will come to the agent's mind — transform the sequence from one of lack of control to one containing control? This smacks of alchemy. 13
Perhaps my point could be made in terms of a crucial distinction (of which Mele is certainly aware) between an agent's having control over what happens, and its being the case merely that something different might have occurred. If an agent has genuine control in the sense of possessing alternative possibilities, he can make it the case that one path is followed, or another path is followed, in accordance with what he judges best and chooses. He can deliberately pursue one course of action, or deliberately pursue another; what path the world takes (at least in certain respects) is "up to him." In contrast, when it is merely possible that something different have occurred, the path the world takes need not depend in the relevant way on the agent. In a genuinely random event, presumably there are various metaphysically open possibilities; but by definition no agent has control over what happens.
Now it seems to me that, whereas it may well be possible that Mele's libertarian agent do something different from what he actually does, it is not clear that he has genuine control over what he does. Mele admits that the precise sequence of doxastic states can have an effect on what the agent judges best (and then does); given that the sequence is not (entirely) determined by prior states of the agent (although it is constrained by such states), it is not clear that what the agent judges best and then does is genuinely up to him.


Mele's point that even on a deterministic model, the agent is not "in the driver's seat" with respect to which considerations come to mind (and thus that the libertarian is here not losing anything with respect to control) is an intriguing and suggestive idea. But presumably the compatibilist will point out that, even though the agent does not directly control what belief-states come to mind (in the sense of choosing them or willing them), they are envisaged as strongly connected to the agent's prior states to the extent that they are a deterministic product of those past states. 

Fischer shows he is much more comfortable with determinism


Under determinism, one's prior states — desires, beliefs, values, general dispositions — determine the precise content and ordering of the subsequent doxastic states (that constitute deliberation), even if the agent does not directly control what doxastic states he will be in (and thus is not in the "driver's seat," in this sense).

It may then be possible to argue that one does give up some measure of control, when one shifts from thinking of the doxastic sequence as deterministic to thinking of it as indeterministic: one gives up the notion that the states constituting one's deliberations are an "outflowing" of the agent's prior states in a strong sense. How one assesses Mele's libertarianism seems to me to hinge on whether one believes that the doxastic states that constitute one's deliberations can be a genuine "outflowing" of the agent's prior states, even though they are not causally determined by those prior states. I am not convinced, however, that from the mere fact that the agent is deemed passive in regard to his doxastic states even under determinism, it follows that one does not attenuate the agent's control in positing doxastic indeterminism. Thus, whereas Mele's suggestion on behalf of the libertarian is suggestive and argued with considerable resourcefulness, I am left with nagging doubts about the strategy.

 (Nous, 33:1 (1999), pp.140-2)




This would no doubt apply to Dennett's model as well?
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Review of Autonomous Agents, by Alfred R. Mele
Introduction to Fischer, Free Will

The network of concepts associated with the traditional idea of Free Will has received a huge amount of attention by philosophers (as well as social scientists, legal theorists, and authors of fiction). This is certainly one of the most spectacularly active and vital areas of contemporary philosophical research. Although the topics are enticing, the sheer volume of the work can be daunting. A primary purpose of this collection is to present and organize much of the best contemporary work in philosophy on free will. Regrettably for the editor (but perhaps not all readers!), even four volumes are not nearly enough to include all of the very high quality work on this set of topics, and I have had to make some somewhat arbitrary decisions about topics and selections to exclude. I hope however to provide a kind of "roadmap" to the vast territory of recent work on this fascinating set of subjects.

"Free will" covers a large range of phenomena. The term is used differently by different philosophers, and I think that it is most helpful to think of it as an "umbrella-term" used to describe some sort of freedom that connects in important ways with moral responsibility, and, ultimately, person-hood. More specifically, the domain of free will includes various sorts of freedom (freedom of choice, of action, choosing and acting freely, and so forth), and the practices constitutive of moral responsibility (moral praise and blame, punishment and moral reward, and a set of distinctively moral attitudes, such as indignation, resentment, gratitude, respect, and so forth). The term, "free will" is often employed when it is not necessary to be more specific about which element in the domain of phenomena is being discussed; but in particular dialectical contexts it is important at least to keep in mind the various distinct notions.


Some philosophers do not distinguish between freedom and moral responsibility. Put a bit more carefully, they tend to begin with the notion of moral responsibility, and "work back" to a notion of freedom; this notion of freedom is not given independent content (separate from the analysis of moral responsibility). For such philosophers, "freedom" refers to whatever conditions are involved in choosing or acting in such a way as to be morally responsible. Most philosophers, however, would be inclined to seek to give separate accounts of freedom and moral responsibility. On this sort of approach, freedom (of a certain specific sort) may well be a necessary condition of moral responsibility, but freedom (of the relevant kind) is given a content apart from merely being whatever non-epistemic ingredient is necessary for moral responsibility. I believe that the latter approach has the virtue that it helps us to avoid conflation of different sorts of freedom, and thus helps us to see that there are importantly different threats to our possession of free will.


Putting aside Quinean skepticism about the distinction between analytic and synthetic truths, it is helpful to distinguish the concepts or notions involved in free will from their conditions of application. John Rawls makes a similar distinction in his work on distributive justice (Rawls 1971). Rawls separates what he calls the concept of justice from the conditions of application of this concept. For Rawls, the concept of justice includes the abstract notion of treating like cases alike. But then there are more specific accounts of what the relevant likenesses or dimensions of similarity are, which give rise to particular accounts of the conditions of application of the concept, "distributive justice." These theories include utilitarianism of various sorts, Marxism, and Rawls's own theory of justice, including the "Priority of Liberty" and the "Difference Principle." It is not surprising that there would be a similar analytical structure with respect to notions related to retributive justice (the free will family of phenomena).


In Volume I, the collection begins with a discussion of the major elements of the concepts of freedom and moral responsibility. Typically, human beings think of ourselves as both free and morally responsible (apart from specific contexts in which our freedom and moral responsibility are impaired or eliminated). One might distinguish a "forward-looking" and "backward-looking" perspective or viewpoint. From the forward-looking perspective, we engage in planning, deliberation, and practical reasoning concerning the future. Here we tend to presuppose that we are free to choose from among a range of options — that the future is, in Borges phrase, "a garden of forking paths". We are inclined to think of ourselves as having the capacity to select one path into the future, where there are (often at least) various paths extending into the future that are "really" or "genuinely" available to us. The presupposition that our freedom involves the capacity to select from among genuinely open possibilities implies that, although we make a particular choice on a particular occasion, we could have chosen otherwise (we had, at the relevant time, "alternative possibilities").


The assumption that we possess the sort of freedom that includes alternative possibilities is also a feature of the "backward-looking" perspective. This is the viewpoint we take when we evaluate our own and others' behavior. Typically, we assume that an agent is blameworthy or morally responsible for a bit of behavior (an action, an omission, an upshot, and so forth) only if he or she "could have done otherwise". Thus, the concept of a certain sort of freedom, a freedom that involves selection from among really available pathways or possibilities, is deeply ingrained in our conception of ourselves as agents.


Additionally, we see ourselves as deeply and importantly different from mere animals and inanimate beings (including sophisticated computers). We human beings (except for those who have specific impairments that exempt them) are morally responsible agents, and we can legitimately be held accountable (or morally responsible) for our behavior (and perhaps elements of our emotions and characters). Human beings are (normally) "persons" —we have a serious right to life and we are (or potentially are) morally responsible agents. The concept of personhood does not exclude the possibility that members of other species or different sorts of creatures (or entities) be considered persons, but it at least entails that (in the normal case) a fully developed human being is a person.


Although freedom and moral responsibility are encoded in our concepts of ourselves as agents and specifically as persons, there are different ways of understanding the relevant notions of freedom and moral responsibility. Part 1 of Volume I of the collection begins by charting this territory. In Part 2 we go on to consider a set of worries about whether our ordinary picture of ourselves as free and morally responsible agents is justified. Although we typically think of ourselves as free and morally responsible, we can be led to question the basis of these ordinary views. Of course, we do not have evidence that decisively establishes that we have the sort of freedom that involves alternative possibilities; whatever evidence we have is compatible with our sense of freedom being an illusion. And there are elements of our reflective views of ourselves and the world that can be organized into troubling arguments for skepticism about our freedom and moral responsibility.


The skeptical arguments about free will are in some respects parallel to skeptical arguments in epistemology. Although we typically take ourselves to know lots of things about the world, we can be made to worry that our phenomenological evidence issues in illusory beliefs. Perhaps we are dreaming, hallucinating, or in the hands of an evil neurophysiologist who is stimulating our brains electronically. Maybe I'm a "brain-in-a vat" or in a "Matrix-like" simulation, and my experiences do not point accurately to an external world of which they are faithful images. This sort of skepticism would not be troubling, if it did not latch onto important facts about our experiences and the relationship between those experiences and the world. Similarly, skepticism about free will engages important facts (or putative facts) about truth, the past, the laws of nature, and the relationships between these notions and our agency.


We begin by considering skeptical arguments that have been called versions of the doctrine of "fatalism." Ancient philosophers worried about fatalism. We shall move to a discussion of the Medieval concern that God's existence would rule out our free will. In a significant respect the skeptical arguments for fatalism and theological incompatibilism are similar: they both rest on the idea that the past is "fixed" and out of our control because it is "over-and-done-with". In Volume II, we continue by investigating the modern worry generated by science, that is, we consider the argument that full scientific predictability of our behavior would rule out freedom (in the sense that involves alternative possibilities). More specifically, in Part 1 we consider whether the doctrine of "causal determinism" is incompatible with human freedom. Again, the basic argument for the incompatibility of causal determinism and human freedom employs the commonsense idea of the fixity of the past (among other ingredients).


Although the argument for incompatiblism about causal determinism and such doctrines as the existence of God or causal determinism is powerful, it is not decisive. The collection presents various ways of seeking to block the argument (and thus refute the skeptic about our free will). Consideration of the worries generated by the skeptical arguments from God's existence, and the possibility that the doctrine of causal determinism obtains, helps us to separate two elements of our concept of freedom: the idea that we select from a range of possibilities, and the idea that it is we who select — that we are the source of our behavior. The first is the alternative-possibilities element, and the second is the "source" element.


Given that the skeptical arguments are not decisive, it is illuminating to consider various compatibilist and incompatibilist accounts of the conditions of application of the concepts of freedom and moral responsibility. We begin Part 2 by looking at compatibilist accounts of alternative-possibilities freedom. Of course, if some version of the skeptical argument about our free will is correct, then no compatibilist account of the conditions of application of the concepts involved in free will can be acceptable. But we are here putting aside the skeptical argument (given that it is not uncontroversially decisive). Different compatibilist accounts of freedom are considered, as well as critiques of such accounts. These critiques focus on particular compatibilist theories of freedom apart from considerations arising from the general skeptical argument for incompatibilism; so even if one does not accept the skeptical argument (in any version), one can see that there are specific problems with compatibilist accounts of freedom (in the sense that involves alternative possibilities).


Given these problems (as well as the general problems presented by the basic argument for incompatibilism), one might try to develop an incompatibilistic account of our freedom (see Volume III). It is here helpful to separate "event—causal" and "agent—causal" approaches to giving an incompatibilistic account of the relevant sort of freedom. In Part I both sorts of approaches are presented, together with specific criticisms.


To take stock. We typically think of ourselves as having free will — as being free and morally responsible agents. Ordinarily we take ourselves to have the sort of freedom that involves selection from a range of genuinely available paths. But there are powerful reasons to worry that our ordinary conception of ourselves may be mistaken. These reasons can be combined into various argument-forms that have a similar basic structure. This structure involves such ideas premises as the fixity of the past and the fixity of the natural laws. Although the basic argument for incompatibilism is not decisive, it does have considerable force. It casts into doubt our view of ourselves as having the sort of freedom that involves real access to alternative possibilities. Additionally, both compatibilist and incompatibilist attempts to give accounts of this sort of freedom are problematic in certain ways (despite having thoughtful proponents).


It may then be promising to look more closely at the sort of freedom that is connected with moral responsibility (see Part 2). Historically, philosophers have distinguished between the "liberty of indifference" and the "liberty of spontaneity". Whereas the liberty of indifference is a sort of freedom that involves access to alternative possibilities, the liberty of spontaneity is not. The latter sort of freedom is exhibited when an individual freely manifests the distinctive human capacity for choice and action in an unimpaired fashion (roughly speaking). So, the liberty of spontaneity can be displayed even if the relevant agent lacks liberty of indifference, insofar as the barriers to access to alternative possibilities do not impair the agent's activity.


John Locke presented an example that begins to prize apart the two sorts of liberty or freedom. Locke discusses a man who is put into a room while he is asleep. Unbeknownst to him, the door to the room is locked, and he cannot leave the room. When the man awakens, he decides to stay in the room, and does so, for his own reasons; the locked door plays absolutely no role in the man's deliberations or behavior. According to Locke, the man stays in the room freely, although he could not have done otherwise. We might say that he freely stayed in the room, although he lacked the freedom to leave the room. In a sense, then, the man exhibited a kind of freedom (similar to liberty of spontaneity), even though he lacked another kind (similar to liberty of indifference).


Harry Frankfurt has recently developed more sophisticated versions of Locke's example that seek to address some obvious objections to the conclusions some draw from Locke's example (about the separability of the two sorts of freedom). Someone might point out that, although the man in Locke's example could not have left the room, he could have chosen to leave the room, tried to leave the room, tried to open the door, and so forth. Thus there appear to be some alternative possibilities in Locke's example, even if the man could not have left the room. Frankfurt's examples, involving a signature sort of fail-safe mechanism that can reach into the agent's very brain, seek to address these problems with Locke's version of the example. Frankfurt contends that there can be agents who choose and act freely, even though they lack freedom to choose and do otherwise. Further, Frankfurt suggests that the sort of freedom that involves alternative possibilities is not necessary for our status as morally responsible agents; choosing and acting freely is sufficient for moral responsibility.


The Frankfurt examples have produced a huge literature in contemporary philosophy. Some of the major papers in this literature are collected here. The authors discuss whether Frankfurt's cases really show that there can be agents who are morally responsible, even though they lack the sort of freedom that involves selection from a range of really available paths (alternative-possibilities freedom). Whereas some authors seek to defend Frankfurt, others remain unconvinced.


Philosophers who agree with Frankfurt disagree about the significance of this conclusion. Some argue that Frankfurt has helped to establish compatibilism about causal determinism (or God's existence) and moral responsibility. On their view, even if causal determinism rules out the sort of freedom that involves alternative possibilities, it does not thereby rule out moral responsibility. Further, there is no other reason to conclude that causal determinism rules out moral responsibility.


Recall, however, that above we noted that the ordinary concept of freedom includes selection from a range of paths into the future and also being the source of one's choices and behavior. Even if Frankfurt's examples show (to some degree of plausibility) that alternative possibilities are not required for moral responsibility, the examples do not thereby show that causal determinism is compatible with moral responsibility. Some philosophers are willing to accept Frankfurt's conclusion about the relationship between alternative possibilities and moral responsibility, while insisting that causal determinism would rule out an agent's being the source of his behavior and thus moral responsibility.


If indeed acting (choosing) freely is a separate kind of freedom from alternative-possibilities freedom, it would be helpful to have an account of it. After all, Frankfurt-examples merely show, if successful, that there is some sort of freedom that can be exhibited even in the absence of alternative-possibilities freedom. We still need a better understanding of this putative species of freedom. In Volume IV, Part 1, the collection includes various important analyses of acting freely.


We have seen that there are powerful skeptical worries about our ordinary, commonsense view of ourselves as free and morally responsible agents. After all, I cannot be certain that causal determinism is not true, and if it were true, there are good reasons to think that, despite my intuitive conception of myself, I lack access to alternative possibilities. Similar considerations apply to God's existence. Additionally, there are specific challenges to particular compatibilistic accounts of freedom and moral responsibility.
Seeking refuge in indeterminism may not seem any more attractive, given the problems with specific indeterministic accounts of freedom. These problems can be seen to be quite general — they flow from the concern that indeterminism erodes control, and that control is required for the relevant kind of freedom and for moral responsibility.



This dilemma was presented by William James in a particularly striking way. James's "dilemma of determinism" is as follows. Either causal determinism is true, or it is not. If it is true, then we would lack freedom (in the alternative-possibilities and source senses). If it is false, then we would lack freedom in that we would not select the path into the future — we would not be the source of our behavior. Indeterminism appears to entail that it is not the agent who is the locus of control.

Such concerns have prompted some philosophers to conclude that free will is a mystery or perhaps that our ordinary notion of free will is fundamentally incoherent (see Part 2). The "Mysterian" view about free will is parallel to such a view about consciousness and the nature of the mind (and its relationship to the brain). Philosophers who hold such a view about free will, or who think that our ordinary views about free will are fundamentally incoherent, disagree about "where to go from here". Some think that we ought to abandon the entire conceptual framework of free will and all of the practices associated with moral responsibility, and to replace them with what are allegedly more accurate, honest conceptualizations and more humane practices. These may simply involve positive and negative reinforcement of behavior with an eye to producing more desirable and socially acceptable behavior. Others believe that we can preserve much of what we care about in a sort of revised conceptualization and associated set of practices. Some such philosophers would prune out practices of what they take to be an unjustified "retributive" component. According to these philosophers, we can have much of what we care about in free will without supposing that we are free and morally responsible in a robust sense.


As I said at the beginning, there is much excellent work on the topics mentioned above that I have simply not had the space to include. Also, I have had to limit the topics. Some topics that could not be included due to constraints of space are: neuroscience and free will, "empirically-informed" philosophy and free will, and the connections between free will and distributive justice. Some excellent collections that include important contributions to these and other topics are O'Connor (1995), Pereboom (1997), Kane (2002a,b), Buss and Overton (2002), Widerker and McKenna (2003), and Watson (2003).



James's dilemma was actually regret vs. determinism
this is the standard argument against free will

Fischer-inspired Blogs


Fischer's colleagues and students  created two important blogs on Free Will and Moral Responsibility:
The Garden of Forking Paths and Flickers of Freedom

Both blogs had a large community of contributors but both are currently inactve
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Luciano Floridi is the Professor of Philosophy and Ethics of Information and Director of the Digital Ethics Lab at the University of Oxford

His work combines a theoretical perspective of logic and epistemology on the one hand (he was trained as an analytic language philosopher), with a technical perspective based on computer science and information technology on the other.


He calls his field the philosophy of information (and computing).



I was drawn to what I later defined as the philosophy of information because, in the late eighties, I was looking for a conceptual framework in which psychologism, introspection, armchair speculations and all those linguistic (or perhaps one should say, Anglo-Saxon, or Indo-European) intuitions could be monitored, tamed and kept under tight control. I shared with Popper a desire for an "epistemology without the knowing subject", as the title of one of his papers declared. The sort of philosophy popular at the time smacked too much of bad metaphysics, a sort of betrayal of the purer and cleaner approach defended by Analytic as well as Neopositivist philosophy, which I admired so much (since then, I have somewhat repented and now I consider myself an ex-analytic philosopher). Since I was interested in epistemology and logic, the move from knowledge to information and from inferential to computational processes was almost natural.


(Philosophy of Computing and Information, p. 89)


The philosophy of information is parallel to philosophy of language, or philosophy of biology, or any "philosophy of." It uses the methods of philosophy to study another field.


Information philosophy is to the philosophy of information as linguistic philosophy is to the philosophy of language.

Information philosophy is like (but more fundamental than, and thus a foundation for) linguistic philosophy.


Information philosophy tries to solve several problems, not by arguing about them verbally with linguistic (and conceptual) analysis, but by analyzing them in terms of the information created, communicated, and destroyed in any process.


Information philosophy is a new methodology, a way of doing philosophy, which may throw light on several classical problems in philosophy, and even some in physics.


Floridi is particularly interested in information ethics, which might more consistently be called the ethics of information (technology), examining the issues of ethics that arise from proper and improper uses of information technology.


By contrast, information philosophy is an attempt to ground an objective cosmic values system on information (or negative entropy) as a sine qua non of any possible good, with its information-theoretic opposite, entropy, as a universal force of destruction or evil. 
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Michael Frede argued that the modern notion of a free will was not present in the earliest Greek thinkers, but developed late in Stoicism, especially with Epictetus, and was refined by Augustine to become the modern notion.

Frede thus appears to agree with Susanne Bobzien, but it depends on the definition of "free will" and the "free will problem" that they are using. Pamela Huby, for example, argues (correctly) that Epicurus should be credited with the first discussion of the problem of free will.


Frede claims to have no preconception of free will. He hopes that it will emerge from a careful reading of the ancient works. In his 2011 book, A Free Will: Origins of the Notion in Ancient Thought, he says,


"Now, though I do not presuppose a specific notion of a free will, let alone want to endorse or advocate some specific notion of it, I do rely on something like a general idea of a free will, something like a schema which any specific notion of a free will or any particular version of the notion of a free will, at least in antiquity, will fit into. I do not arrive at this general idea or schema on the basis of some philosophical view as to what any notion of a free will has to look like but rather with the benefit of historical hindsight. That is to say, I have looked at the relevant ancient texts and have abstracted this schema from those texts which explicitly talk of a will, the freedom of the will, or a free will. In having such a schema, we shall at least have a general idea of what we are looking for when we investigate the origins of the notion of a free will but without having to commit ourselves to any particular view, ancient or modern, as to what a free will really is." (pp.6-7)


Frede finds in the Stoics a notion of will that is distinguished from the Platonic or Aristotelian notions by denying any role for a nonrational element in the mind or soul.


"With Stoicism, then, we get for the first time a notion of the will as an ability of the mind or of reason to make choices and decisions. This ability, though, which we all share, in the case of each of us is formed and developed in different ways. How it develops is crucially a matter of the effort and care with which we ourselves develop this ability, which we also might neglect to do. The will thus formed and developed accounts for the different choices and decisions different human beings make. As we have seen, the precise form in which the Stoics conceive of the will depends on their denial of a nonrational part or parts of the soul. Hence in this specific form the notion of a will was unacceptable to Platonists and to Aristotelians, who continued to insist on a nonrational part of the soul."
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  Annotated critical copy of A Free Will: Origins of the Notion in Ancient Thought
CHAPTER ONE

Introduction



The notion of a free will is a notion we have inherited from antiquity. It was first in antiquity that one came to think of human beings as having a free will. But, as with so many other notions we have inherited from antiquity, for instance, the notion of an essence or the notion of a teleological cause, we have to ask ourselves whether the notion of a free will has not outlived its usefulness, has not become a burden rather than of any real help in understanding ourselves and what we do. Contemporary philosophers for the most part dispense with the notion of a free will, and the few attempts which are still made to give an account of what it is to have free will seem rather discouraging. In this situation it may be of some help to retrace our steps and see what purpose the notion of a free will originally was supposed to serve, how it was supposed to help our understanding, and whether it was flawed right from its beginnings, as we might now see in hindsight.

In these lectures it is in this spirit that I want to pursue the question "When in antiquity did one first think of human beings as having a free will, why did one come to think so, and what notion of a free will was involved when one came to think of human beings in this way?" To raise this question, though, is to make a substantial assumption about the very nature of the notion of a free will. I assume, and I will try to show, that this notion in its origins is a technical, philosophical notion which already presupposes quite definite and far from trivial assumptions about ourselves and the world. It is for this reason that I presume its having an identifiable historical origin.


In contrast, this is not the view scholars took until fairly recently. They went on the assumption that the notion of a free will is an ordinary notion, part of the repertory of notions in terms of which the ordinary person thinks about things and in terms of which the ancient Greeks must have already been thinking all along. And on this assumption, of course, there is no place for the question of when the ancients first came to think of human beings as having a free will.


The assumption that the Greeks all along must have been thinking of human beings as having a free will seems truly astounding nowadays. For, if we look at Greek literature from Homer onwards, down to long after Aristotle, we do not find any trace of a reference to, let alone a mention of, a free will. 


This is all the more remarkable, as Plato and in particular Aristotle had plenty of occasion to refer to a free will. But there is no sign of such a reference in their works. Scholars did indeed notice this with a certain amount of puzzlement. But it did not occur to them to draw what would seem to be the obvious inference, namely, that Plato and Aristotle did not yet have a notion of a free will and that it was for this reason that they did not talk of a free will. As eminent a scholar as W. D. Ross again could note that Plato and Aristotle do not refer to a will, let alone a free will.

But even Ross concludes that we must assume that Aristotle, as Ross puts it, "shared the plain man's belief in free will." And he explains Aristotle's failure to refer to a free will explicitly as due to the fact that Aristotle did not think hard and carefully enough about the matter to arrive at a philosophical account of what it is to have a free will.


But why should we assume in the first place that Aristotle believed in a free will? To understand the assumption Ross and earlier scholars make, we have to take into account the following. Let us assume that it is a fact that, at least sometimes when we do something, we are responsible for what we are doing, as nothing or nobody forces us to act in this way; rather, we ourselves desire or even choose or decide to act in this way. Let us also assume, as is reasonable enough, that this is what the Greeks believed all along. It certainly is something Aristotle took to be a fact. 


Frede links free will to moral responsibility. We separate them 


The notion of a free will was originally introduced within the context of a particular theory, namely, a late Stoic theory, in a way specific to this theory, to account for this presumed fact. But once this notion had been introduced into Stoicism, rival theories, either Peripatetic or Platonist, developed their own version of a notion of a free will, which fitted in with their overall theory. In fact, it was a notion which was eagerly taken up by Christians, too. And, largely due to the influence of mainstream Christianity, it came to be a notion which, in one version or another, gained almost universal acceptance. People quite generally, whether followers of Stoicism, Platonism, or mainstream Christianity, felt committed to a belief in a free will. Even if they themselves were not able to give a theoretical account of what a free will is, they relied on such an account's being available. This had the effect that the mere assumption that sometimes we are responsible for what we are doing, since we do it not because we are forced to but because we ourselves want to, came to be regarded as tantamount to a belief in a free will. From here it was just a short step to the assumption that the mere notion of a free will was an ordinary notion, with philosophical theory coming in only to give a theoretical account of what it is to have a free will. This is why Ross could assume that Aristotle shared the plain man's belief in a free will but failed to give a theoretical account of that.

It seems to me to be clear, though, that we should carefully distinguish between the belief in a free will and the ordinary belief that at least sometimes we are responsible for what we are doing, because we are not forced or made to behave in this way but really want or even choose or decide to act in this way. This belief in a free will is involved in some theoretical accounts of what we ordinarily believe. But it is not to be identified with this ordinary belief. And it seems to me that Aristotle is a good example of a philosopher who is committed to the ordinary belief but does not resort to the notion of a free will to account for this belief. Hence, since even Aristotle does not yet talk of a free will, we should assume that he did not yet have a notion of a free will.


Gilbert Ryle is a behaviorist and a determinist, so defends a Humean "compatibilist free will" 


This indeed is what scholars nowadays are generally agreed on. The change of scholarly opinion is largely due to the fact that philosophical discussions, of the kind we find, for instance, in Gilbert Ryle's The Concept of Mind, have persuaded scholars that the notion of a free will is at best a highly controversial notion.' In light of this, Aristotle's failure to refer to a free will is no longer regarded as a cause for puzzlement but by many is registered with outright relief.

Once one finally comes to see that it is not the case that the Greeks all along had a notion of a free will and that we do not yet find this notion even in Aristotle, the question naturally poses itself: When did the notion of a free will arise? And so more recent scholars have begun to inquire into this question.


By far the most substantial attempt to answer this question was made by Albrecht Dihle in his Sather Lectures of 1974, which were published by the University of California Press in 1982 under the title The Theory of Will in Classical Antiquity. This book remains the most important contribution to the subject. One must admire the wide learning and insight which went into its writing. But, even if one does not dispose of the kind of learning Dihle does, one cannot help being struck by one fact about his account which pervasively shapes his book.
 

It is an account which is focused on a highly specific notion of a free will. What Dihle attempts to lay bare and to shed light on is the origin of this particular notion of a free will. He calls it "our modern notion of will."' This cannot fail to provoke two reactions.
To begin with, we should query the phrase, "our modern notion of will," especially since Dihle assumes that this notion of will is a notion of a free will.4 In light of what we have said before, he hardly seems entitled to the assumption that there is one notion of a will, and a free will at that, which we all share. Dihle talks as if a certain notion of the will, though not there all along, became common currency from a certain point onwards up to the present. But this does not seem to be true. He is of course perfectly entitled to a view about how we all should or would conceive of the will, if we had properly understood what a will is. 


Presumably, Dihle assumes a "libertarian free will."


But, if we then look more closely at what Dihle has to say about the will, it turns out to be a notion of a free will which is dangerously close to the kind of notion which philosophers have been attacking, a notion which is supposed to do justice to the presumed fact that we can do something by sheer volition, by a sheer act of the will.
	
We should quote here Dihle's argument that Augustine invented our "modern notion" of free will.

"It is generally accepted in the study of the history of philosophy that the notion of the will, as it is used as a tool of analysis and description in many philosophical doctrines from the early Scholastics to Schopenhauer and Nietzsche, was invented by Augustine."


Dihle is clearly interested in a "modern" notion of free will that is needed for theological purposes. One concludes that Frede's work is similarly biased toward religious views. His remark about being guided by Latin vocabulary is very interesting.


"St. Augustine was, in fact, the inventor of our modern notion of will, which he conceived for the needs and purposes of his specific theology and in continuation of the attempts of Greek theologians, who developed their doctrine of the Trinity in terms of Neoplatonic ontology. He took the decisive step towards the concept of human will by reinterpreting a hermeneutical term as an anthropological one. This eventually led him to an adequate philosophical description of what the Biblical tradition taught about man's fall, salvation, and moral conduct. But in doing so, he was greatly helped and tacitly guided by the Latin vocabulary of his time.





Second, the very phrase "our modern notion of will" quite rightly reminds us that history presents us with a wide variety of versions of a notion of a free will, which differ quite substantially from Dihle's favored notion, presumed to be our notion. In part these differ in that, as he puts it, they are much too "intellectualistic" and not "voluntaristic" enough.' Dihle passes over all such notions with little or no discussion, as they cannot count as notions of a will in what he takes to be our sense of the concept.


It seems to me that Dihle does indeed contribute a great deal to our understanding of the historical origins of a specific notion of a free will - one that is still quite widespread and that many may think captures the way we ought to conceive of the will as such. But my aim is completely different from Dihle's. I do not aim to elucidate the origins of some specific notion of a free will which we might have, let alone a notion I myself favor. For I regard my inquiry as purely historical. I do not want it to depend on, and be shaped and slanted by, a notion of a free will which at best can be regarded as philosophically quite controversial. Rather, I am interested, as I said at the outset, in trying to find out when and why a notion of a free will arose in the first place and what notion this was. I will then try to trace the history of this notion to see whether and how it changed in the course of the discussions to which it gave rise in antiquity. In this way, I hope, we shall also be able to identify the ancestor of Dihle's favored notion of a free will or, for that matter, the ancestors of any later notion of a free will. It is in this sense that I plan to talk about the origins of the notion of a free will.


Now, though I do not presuppose a specific notion of a free will, let alone want to endorse or advocate some specific notion of it, I do rely on something like a general idea of a free will, something like a schema which any specific notion of a free will or any particular version of the notion of a free will, at least in antiquity, will fit into. I do not arrive at this general idea or schema on the basis of some philosophical view as to what any notion of a free will has to look like but rather with the benefit of historical hindsight. That is to say, I have looked at the relevant ancient texts and have abstracted this schema from those texts which explicitly talk of a will, the freedom of the will, or a free will. In having such a schema, we shall at least have a general idea of what we are looking for when we investigate the origins of the notion of a free will but without having to commit ourselves to any particular view, ancient or modern, as to what a free will really is.


It should be clear that in order to have any such notion, one must first of all have a notion of a will. As a matter of historical fact, it turns out that a notion of a will is not necessarily a notion of a will which is free. In any case, in order to have a notion of a free will, one must, in addition to the notion of a will, also have a notion of freedom. These notions of a will and of freedom must be such that it makes sense to say that we have a will which is free.


In order to get any notion of a will at all, one must assume the following. Unless one is literally forced or made to do something in such a manner that what one is doing is in no way one's own action (as when one is pushing something over because one is pushed oneself), one does what one does because something happens in one's mind which makes one do what one does. Moreover, one has to assume that what happens in one's mind which makes one do what one does is that one chooses or decides to act in this way. Or at least one has to assume that there is something going on in the mind which can be construed as a choice or decision. We need not worry for the moment about this qualification or its significance. Thus, for instance, if one feels hungry or feels like having something to eat, one might or might not choose or decide to have something to eat. If one then does have something to eat, it is because one has chosen or decided to have something to eat, since one feels hungry.


But the notion of the will, at least in antiquity, involves a notion of the mind such that the mere fact that one feels hungry will not yet explain why one is having something to eat. This is supposed to be so, because, even if one does feel hungry or does feel like having something to eat, one might choose or decide not to have anything to eat because one thinks that it would not be a good thing to have something to eat now. One might also decide to have something to eat, though one does not feel hungry at all, because one thinks that it would be a good thing to have something to eat. But, in any case, for there to be an action that is one's own action, there is supposed to be an event in one's mind, a mental act, a choice or decision which brings about the action. The notion of a will, then, is the notion of our ability to make such choices or decisions which make us act in the way we do. It is crucial for the notion of the will that this ability differs greatly from person to person, as different people not only have different thoughts about what is or is not a good thing to do but also have quite different feelings about different things. This is why different people in the same situation will make very different choices and hence will act quite differently. It is also crucial for the notion of the will that it is an ability which needs to be developed, cultivated, and perfected. One can get better and better at making choices, just as one can get worse and worse. One can choose or decide to improve one's will, one's ability to make choices.



This is doubtful. προαιρέω means to choose and αἵρεω to take, grasp. The most common word for will is βούλησισ, cognate with voluntas, and connoting purpose

ἐλεύθερια means free from coercion or cost


The standard Greek term for the will is prohairesis, literally, "choice" or "disposition to choose." Later boulēsis and, in particular, thelēsis will also be used in this sense, especially in Byzantine times. The standard Latin term, of course, is voluntas. The Greek term for the relevant notion of freedom is eleutheria. This term provides us with some guidance as to how the notion of freedom we are interested in is to be understood. As the very term indicates, it must be a notion formed by analogy to the political notion of freedom. According to the political notion, one is free if one is a citizen rather than a slave and living in a free political community rather than in a community governed, for instance, by a tyrant. 
Susanne Bobzien defined a "two-sided" freedom of the will. Frede's is a freedom of action

This political notion of freedom is two-sided. It is characterized, on the one side, by the laws which the citizens of the community have imposed on themselves and, on the other side, by there being no further external constraints on a free citizen which would systematically prevent him from doing what he could reasonably want to do in pursuit of his own good, in particular from living the kind of life he could reasonably want to live. It is crucial that this freedom, to put the matter in a grossly simplified form, almost invariably seems to be understood as a freedom from external constraints which go beyond the acceptable constraints involved in living in a political community and which would systematically prevent one from doing what it takes to have a good life. Living under a tyrant and being a slave are regarded as involving such constraints, as the tyrant and the slave master, by definition, impose constraints on what one can do which systematically prevent one from having a good life, at least given a certain traditional understanding of what a good life amounts to.


Political freedom of action (Isaiah Berlin's "negative freedom") is not freedom of the will ("positive freedom")


The notion of freedom we are interested in is formed by analogy to this political notion, but its precise relation to the political is never definitively settled, in good part for political and social reasons; being formed by analogy to the political notion, it also inherits its double-sided character. Thus the ability of a free person to have a good life is understood more precisely as the ability to live a good life in what we, not very helpfully, might be tempted to call a moral sense. The lack of clarity about the relation between the political notion and this personal notion of freedom in part is due to a lack of clarity about the relation between the good life one is able to have when one is politically free and the good life one can live if one has personal freedom. The tendency among ancient philosophers, needless to say, is to claim that one can live a good life even under a tyrant or as a slave.

What, then, are the external constraints which this personal notion of freedom envisages which could systematically prevent us from doing what we need to do in order to live a good life, assuming that the constraints a tyrant or a slave master could impose on us do not count as such? The answer, in a nutshell and again very grossly simplified, is that at the time when the notion of a free will arises, there are any number of views, some of them widespread, according to which the world we live in, or at least part of the world we live in, is run by a tyrant or a slave master or a whole group of them. We should not forget that even Christians like Augustine or John of Damascus had no difficulty in thinking that the right way to characterize our relationship to God is to say that we are slaves of God. Now the Christian God is a benevolent agent who provides for his slaves in such a way as to enable them to live a good life. Even on this view there is an obvious tension between our being free and our being slaves, one may even say at least an apparent contradiction. But there were lots of other views, according to which those who rule the world, or our sublunary part of it, are far from benevolent, far from concerned about our well-being.


There are, for instance, the so-called archontes, the rulers or planetary gods who rule the sublunary world and determine what happens in it, including our lives, so as to fit their designs and ideas and to serve their interests as they perceive them.' They do not care about what this does to our lives or to our ability to have or to live a good life. Indeed, they might try to do what they can to make it impossible for us to live a good life. There is also a widespread view, which we find among groups (following some early Christian authors like Irenaeus) we have come to call "Gnostics," according to which the agent who created the visible world we live in, the demiurge or creator, is a being which pursues its own interests without regard for what this does to us, a being lacking in wisdom and goodness, as one can see from the fact that it deludes itself into thinking that it is God and demanding worship. 


Frede avoids the Gnostic view that "this" world is evil and that Jesus, being worldly, is also evil


This view, if held by Gnostics, as a rule seems to be combined with the view that this God is the God of Jewish scripture, who created this world which in all sorts of ways reflects his lack of wisdom and goodness, for instance, in that it puts at least many, if not all of us, into a position in which it is impossible to live a good life.


Frede clearly is interested in a "compatibilist freedom"


It is against the background of a large number of such views that the notion of freedom we are interested in emerges. To say that human beings are free is to say that the world does not put such constraints on us from the outside as to make it impossible for us to live a good life. These views will strike most of us as extremely fanciful. But we should keep in mind that late antiquity was full of such views, which exercised an enormous attraction. And we should also keep in mind that there were other views which, though much less fanciful, were also perceived to put at least into question whether we are free.


This is the "problem of free will" that Epicurus addresses


The views in question assume some kind of physical determinism, according to which everything which happens, including our actions, is determined by antecedent physical causes and is thus predetermined. The nearest we ever get in antiquity to the kind of physical determinism we are now thinking of, when we talk about determinism, is in Epicurus, if only for Epicurus to reject it without much of an argument.7 Epicurus is concerned that the kind of atomism introduced by Democritus, and espoused by himself, might be misunderstood as entailing a view according to which everything which happens, including what we do, is predetermined by an endless chain of antecedent causes. If this were true, nothing that we do would in any substantial sense depend on us. For the conditions from which it would ineluctably follow that one day you would exist, that you would be this sort of person with those beliefs and those desires, and that in a certain situation you would respond to this situation in this way, would already be there all along. 

This is how Lucretius and Cicero describe the causal chain


These conditions would have come about without any thought of you, without any regard to you or your life, and you certainly would have had no active part in bringing them about. So your action would just be a part of how the world ineluctably unfolds from antecedent conditions which have predetermined your action long before you existed.

It is almost impossible for us not to understand Democritus in the way Epicurus rejects. Democritus assumes that all there is are atoms moving in a void. They collide and rebound, form transient compounds, among them compounds which are relatively stable, owing to the configuration of their constituent atoms. What we call "objects," including plants, animals, and human beings, are such compounds. These entities, owing to the particular configurations of their constituent atoms, display a certain regularity in their behavior.
We can hardly resist the temptation to assume wrongly that Democritus must have thought that the atoms move, collide, or rebound according to fixed laws of nature, such that everything which happens ultimately is governed by these laws. But it is perfectly clear that Democritus has no idea of such laws. He is concerned, rather, to resist the idea that the apparent regularity in the behavior of objects be understood as the result of their being designed to behave in this fashion; for in Greek thought regularity of behavior as a rule is associated with design by an intellect. 


Democritus' purpose was to free man from the arbitrary interference in our lives from these planet/gods and restore human responsibility 


The planets are taken to be supremely intelligent, if not wise, because they move with an extreme degree of regularity.8 If an object is not intelligent but displays regularity in behavior, it is readily thought to do so by design of an intelligent agent. Democritus's point is that the apparent regularity in the world is not a work of design, say, by an Anaxagorean cosmic intellect but a surface phenomenon produced by the aimless, random motion of the atoms. Thus apparent regularity is supposed to be explained in terms of randomness. But already in Epicurus's day there was the temptation to think of the motion of the atoms as itself regular. Hence Epicurus, to avoid this misinterpretation of his own atomism, tries to insist on the irregularity of the motion of the atoms by claiming that they swerve from their paths without cause.9
Epicurus's doctrine of the swerve, it seems to me, has been widely misunderstood as a doctrine which is meant to explain human freedom, as if a postulated swerve of atoms in the mind could explain such a thing. 


Here Frede gets Epicurus' purpose right. The swerve breaks the causal chain, so some things are "up to us" 


Epicurus's point is, rather, that, since the world is not deterministic in this way, it does not constitute a threat to the idea that some of the things we do are genuinely our own actions, rather than something which happens to us or something we are made to do. But here is at least an envisaged possible view, which is not fanciful at all but is rather close to what we call physical determinism. According to that, the world puts constraints on what we can do, which are such that we cannot but do whatever it is that we are doing, and hence might systematically prevent us from doing what we would need to do to live a good life.

The doctrine which in antiquity comes nearest to physical determinism in our sense, and was actually espoused, is the Stoic doctrine of fate.10 According to the Stoics, everything which happens has antecedent physical causes which form a chain reaching back as far as we care to trace it. But even this form of universal physical determinism differs radically from its modern counterpart in three crucial respects. First, Stoic fate is the work of an agent, namely, God, whose plan dictates the way the world evolves and changes, including what we ourselves do, down to the smallest detail." Modern determinists, in contrast, do not normally believe in a cosmic agent who determines things. Second, this plan is providential precisely in the sense that the Stoic God predetermines things in part with regard to us, taking into consideration what his determination does to us and to our life. Modern determinists, however, will find it natural to think not only that everything we do is predetermined but also that our choices and decisions are predetermined entirely without regard to us. Third, in a curious twist to the Stoic position (and with nothing comparable in the case of modern determinism), the divine plan itself seems to be contingent on our choices and decisions, in such a way that God anticipates them in determining the way the world evolves.


In any case, God in his providence sets the world up in such a way that there are no constraints imposed on us from the outside which would systematically make it impossible for us to do what we need to do to live a good life. So here we do have a form of causal determinism, but it was a matter of dispute whether it 
posed a threat to freedom or not. Tellingly, those who argued that it did, like Alexander of Aphrodisias, conveniently disregarded the idea that, on this theory, our choices are not just the product of fate but themselves to some extent determine fate.12

Universal causal determinism, though, was not a view which had many adherents in antiquity. This was not because the ancients believed for the most part that things happen without a cause or an explanation. For the most part they came to believe that things do have a natural cause or explanation. But they had a very different conception from ours of what constitutes a cause or explanation. 


Heraclitus' notion that everything changes, but that change is governed by a logos, comes close 


Perhaps the most crucial difference is that nobody in antiquity had the notion of laws of nature, meaning a body of laws which govern and explain the behavior of all objects, irrespective of their kind. For the most part, at least, philosophers believed (and this is true, though in different ways, of Aristotelians, Platonists, Stoics, and Epicureans alike) that the most important factor for one's understanding of the way things behave is the nature of an object. If you wish, you can think of the nature of an object as something which could be explained by a set of principles and laws which govern and explain the behavior of objects with this nature, for instance, plants or stars. But they are principles and laws governing a specific set of items. The nature of an object puts certain internal constraints on what objects of this kind or nature can do. Human beings, for instance, cannot do everything; just because they are human beings, they cannot fly, even if they wanted to. But there are also lots of things the nature of an object enables it to do. For instance, the nature of a sunflower enables it to turn in the direction of the sun. In fact, it makes the flower turn towards the sun, when the sun is visible. Quite generally, the nature of an object is such that, given certain specifiable conditions, it cannot but behave in a certain identifiable way.

It is only when we come to more complex animals and, of course, to human beings that the behavior is not entirely determined by the nature of the object and the circumstances or conditions the object finds itself in. Animals can learn, be trained, or even be taught to do certain things. Different animals of the same kind might behave quite differently in the same circumstances. Their behavior is not entirely fixed by their nature or the laws of their nature. And, notoriously, human beings have to be trained and taught and educated. They have to learn a lot before they are able to act in a truly human and mature way. What is more, and what is crucially important, human beings have to actively involve themselves in acquiring the competence it takes to lead a truly human life. It is certainly not by their nature that human beings act virtuously.



Frede ignores the deterministic idea of only one actual future that Diodorus Cronus and the Megarians proposed. Aristotle dealt with this Master Argument, defending future contingency in his discussion of the "Sea Battle" (De. Int. IX).


Given a view of the world in which what happens is largely accounted for in terms of the nature of things, there may be nothing which does not have a natural cause and explanation, but, given the kinds of causes and explanations appealed to, the world might remain in our sense causally underdetermined, leaving enough space for us to live our life as we see fit. But, as we come to late antiquity, there is a growing sense that at least the physical world may be determined. Yet by then, of course, there is also the view, which rapidly spreads, that the mind is not physical. In any case, the notion of freedom gets its point only from the fact that there are available at the time numerous views about the world, according to which we are under such constraints as to possibly, if not necessarily, be unable to do what we need to do to live a good life.

With this we come to the combination of the two notions of
the will, on the one hand, and of freedom, on the other hand, in the notion of a free will. Given the view that our actions are caused by a choice or a decision of the will, our freedom to do the things we need to do in order to live a good life must involve the freedom to make the choices which need to be made in order to produce the actions which need to be taken.


But this is indeed the problem of free will, and it is not trivial!


 This, however, is a trivial connection between the will and freedom. It would hardly explain the great emphasis on the freedom of the will.

A less trivial connection is this. We might act under such constraints that the choices we have are so limited that they might not produce a good life. Just think of a cosmic tyrant who again and again confronts you with a choice like this: having your children killed or betraying your friends; or killing your child or being condemned for not obeying the order to kill your child. This too, though, would hardly suffice to explain the emphasis on freedom of the will.



This was the original problem that Democritus saw. He wanted deterministic laws to eliminate arbitrary interference by the gods.


A still more promising connection is this. As soon as we think of a world run by a cosmic tyrant or by planetary intellects and their daemonic minions who have access to our mind, perhaps can manipulate it, and perhaps can systematically try to prevent us from gaining the knowledge we would need to live a good life, we can see that there is a special point in emphasizing the freedom of the will. No cosmic power has such a force over our minds as to prevent the will from making the choices it needs to make.

There is, though, yet a further connection. By the time we come to late antiquity, most people think that in one important sense our freedom is reduced to the freedom of the mind and in particular the will. For, even if we choose to act in a certain way, we have no control over whether we shall succeed in doing out there in the world what we decided to do in our mind. We may decide to cross the street but be run over as we try to do so. We may decide to raise our arm, but the arm does not rise. The doctrine of a free will is certainly not a doctrine to explain how we manage to raise our arm or cross the street. It is, rather, a doctrine of how we are responsible for raising our arm, if we do raise our arm, irrespective of the fact that the world out there is populated by agents of various kinds who might thwart our endeavor." At least for Stoics, Christians, and, to a lesser degree, Platonists, there is also divine providence, which already has settled ab initio whether what we decide to do fits into its plan for the best possible world and hence will be allowed to come to fruition.


This, then, is the general schema for a notion of a free will. Our next major step will be to see how the notion of a specific and actual will first emerged in Stoicism. But before we can turn to this, we have to take a look at Aristotle.


CHAPTER TWO

Aristotle on Choice

without a Will




There are at least three reasons why we should begin our detailed study with Aristotle. First, the Stoics can only develop a notion of a will, because they have a certain notion of the mind. But they have developed this notion of the mind in opposition to Plato's and Aristotle's notion of the mind, or rather of the soul. Second, we should reassure ourselves that we have understood not only that Aristotle does not have a notion of a free will but also why he does not have a notion of a free will. Third, there will come a time in late antiquity when Aristotle is studied again with great care by philosophers and when at least some of his writings are recommended, if not required, reading for any highly educated person. What we find as a result, if we look at certain philosophical authorsóbut also at some influential Christian writers like Nemesius of Emesaóis that they reimport into a discussion, which by this point has moved far beyond Aristotle, certain doctrines from the Nicomachean Ethics in a way that confused, rather than clarified, matters.

Neither Plato nor Aristotle has a notion of a will. What they do have, though, is a closely related notion, namely, the notion of somebody's willing or wanting something, in particular, somebody's willing or wanting to do something, the notion of boulesthai or of a boulēsis. Indeed, this notion plays a fundamental role in their thought about human beings and their behavior, and it will continue to play a crucial role throughout antiquity. But the term boulesthai will be a source of confusion, and hence it is important to be clear about what it means in Plato and in Aristotle. It will be a source of confusion in part because the word is the Greek version of a verb which we seem to find in many, if not all, Indo-European languages, for example, velle in Latin and its derivatives in the Romance languages, and wollen in German, or "to will" in English. These languages also form a corresponding noun, like voluntas in Latin, or "will" in English, which from a certain point onwards will also be used to refer to the will, though the Greeks are rather late and hesitant in using boulēsis in this way.


Yet the intimate etymological connection should not confuse us into thinking that boulesthai, at least as used in Plato and Aristotle and in later Greek philosophy, has the same rather broad use as Latin velle or German wollen or English "to will" in the sense of "to want." In Plato and Aristotle it refers to a highly specific form of wanting or desiring, in fact, a form of wanting which we no longer recognize or for which we tend to have no place in our conceptual scheme. For Plato and Aristotle willing, as I will call it, is a form of desire which is specific to reason.1 It is the form in which reason desires something. If reason recognizes, or believes itself to recognize, something as a good, it wills or desires it. If reason believes itself to see a course of action which would allow us to attain this presumed good, it thinks that it is a good thing, other things being equal, to take this course of action. And, if it thinks that it is a good thing to do something, 
it wills or desires to do it. Thus it is assumed that there is such a thing as a desire of reason and hence also that reason by itself suffices to motivate us to do something. This is an assumption which is made by Socrates, Plato, Aristotle, the Stoics, and their later followers. They all agree that reason, just as it is attracted by truth, is also attracted by, and attached to, the good and tries to attain it.


In Plato and Aristotle but not in the Stoics, this view of willing, as a form of desire distinctive of reason, is closely bound up with the view that the soul is bipartite or, rather, tripartite, meaning that, in addition to reason, it consists of a nonrational part or parts. (I will, for our purposes, disregard their specification of two nonrational parts.) This division of the soul is based on the assumption that there are radically different forms of desire, and correspondingly radically different forms of motivation, which may even be in conflict with each other and which therefore must have their origin in different capacities, abilities, or parts of the soul.2 Thus one may be hungry, and in this way desire something to eat, and hence desire to get something to eat. This sort of desire is called appetite (epithymia). It is clearly a nonrational desire. One may be hungry, no matter what one thinks or believes. One may be hungry, even though one believes that it would not be a good thing at all to have something to eat. One might be right in believing this. Hence a nonrational desire may be a reasonable or an unreasonable desire. Similarly, though, it might be quite unreasonable for one to believe that it would be a good thing to have something to eat. Hence a desire of reason too might be a reasonable or an unreasonable desire. Therefore the distinction between reasonable and unreasonable desires is not the same as the distinction between desires of reason, or rational desires, and desires of the nonrational part of the soul, or nonrational desires. It is also assumed that, just as one may act on a rational desire, one may act on a nonrational desire. What is more, one may do so, even if this nonrational desire is in conflict with a rational desire.


Now, the assumption that, if there is a conflict, one may follow either reason or appetite amounts, of course, to a denial of Socrates' claim that nobody ever acts against his better knowledge or, indeed, against his mere beliefs. So, according to Socrates, if you really believe, whether rightly or wrongly, that it is not a good thing to have something to eat now, you will not be driven by appetite, as if your reason were a slave dragged around by the passions, and have something to eat.3 Plato's and Aristotle's doctrine of a tripartite soul and different forms of motivation, with their possible conflict and the resolution of such conflict, constitutes an attempt to correct Socrates' position, in order to do justice to the presumed fact that people sometimes, in cases of conflict, do act, against their better knowledge, on their non-rational desire. In any event, Aristotle in his famous discussion of this presumed phenomenon, called akrasia, or, rather misleadingly, "weakness of will," is explicitly attacking Socrates' position.4 Now, in looking at this discussion in the Nicomachean Ethics, it is important to notice that it is not focused, as modern readers apparently can hardly help thinking, on cases of acute mental conflict, that is to say, on cases in which we sit there anguished, tormented, torn apart by two conflicting desires which pull us in opposite directions, while we try to make up our mind which direction to take. We tend to read Aristotle in this way, because we have a certain conception of the mind which we project onto Aristotle. But the cases on which Aristotle is focusing are rather different.


Take the case of impetuous akrasia. Somebody insults you,
and you get so upset and angry that you let your anger preempt any thought you would have, if you took time to think about an appropriate response. You just act on your anger. Once you have calmed down, you might realize that you do not think that this is an appropriate way to respond to the situation. In general, you think that this is not a good way to act. But at the time you act, you have no such thought. The conflict here is a conflict between a nonrational desire and a rational desire which you would have, if you gave yourself or had the space to think about it. Or look at the very different case of akrasia of appetite. You have the rational desire not to eat any sweets. At some point you decided not to have any sweets. But now a delicious sweet is offered to you, and your appetite may be such that, at least for the moment, it does not even come into your mind that you do not want to eat sweets any more. This again is not a case of acute conflict. But, whichever cases of akrasia we consider, Aristotle's view is never that, if we are confronted with such a conflict, whether it is acute or not, and act on a nonrational desire against reason, we do so because there is a mental event, namely, a choice or a decision to act in this way. 


It certainly sometimes is this case!


And certainly it is not the case that one chooses or decides between acting on one's belief and acting on one's nonrational desire. For, as we have seen, the way Aristotle describes these cases, they often, if not for the most part, do not even involve an occurrent thought to the effect that it would not be a good thing to act in this way.

More important, Aristotle himself explicitly characterizes these cases as ones in which one acts against one's choice (prohairesiss), rather than as cases in which one chooses to act against reason.5 What in Aristotle's view explains that one is acting against one's own beliefs is not a choice which causes the action. It is, rather, a long story about how in the past one has failed to submit oneself to the training, practice, exercise, discipline, and reflection which would ensure that one's nonrational desires are reasonable, that one acts for reasons, rather than on impulse, and hence that, if there is a conflict, one follows reason. It is this past failure, rather than a specific mental event, a choice or decision, which in Aristotle accounts for akratic action.


It should now be clear why Aristotle does not have a notion of a will. One's willing, one's desire of reason, is a direct function of one's cognitive state, of what reason takes to be a good thing to do. One's nonrational desire is a direct function of the state of the nonrational part of the soul. One acts either on a rational desire, a willing, or on a nonrational desire, an appetite. In the case of conflict, there is not a further instance which would adjudicate or resolve the matter. In particular, reason is not made to appear in two roles, first as presenting its own case and then as adjudicating the conflict by making a decision or choice. How the conflict gets resolved is a matter of what happened in the past, perhaps the distant past.


What Aristotle does have is a distinction between things we do hekontes and things we do akontes.6 The distinction he is aiming at is the distinction between things we do for which we can be held responsible and things we do for which we cannot be held responsible. Aristotle tries to draw the distinction by marking off things we do only because we are literally forced to do them or because we act out of ignorance, that is to say, because we are not aware, and could not possibly be expected to be aware, of a crucial feature of the situation, such that, if we had been aware of it, we would have acted otherwise. If somebody offers you a chocolate, he might not be aware, and there may have been no way for him to know, a crucial fact involved, namely, that the chocolate is poisoned, such that, if he had known this, he would 
not have offered it to you. We are, then, responsible for those things we do which we do neither by force nor out of ignorance. Put positively, for us to be responsible for what we do, our action has to somehow reflect our motivation. We must have acted in this way, because in one way or another we were motivated to act in this way, that is, either by a rational desire or a nonrational desire or both.


Traditionally, and highly misleadingly, Aristotle's distinction is represented as the distinction between the voluntary and the involuntary, and Aristotle's terms hekon and akon are translated accordingly. This tradition is ancient. Already Cicero translates hekon in this way.7 It reflects a projection of a later conception of the mind onto Aristotle. To begin with, we have to keep in mind that Aristotle's distinction is supposed to apply to all beings - for instance, domestic animals, children, and mature human beings - who have been trained or taught or have learned to behave in a certain way and whom we can therefore expect to behave in a certain way. If we hold an animal responsible, scold and punish it to discourage it or praise and reward it to encourage it, we do so not because we think that it made the right choice or that it had any choice. At least Aristotle assumes that the animal, whatever it does, just acts on a nonrational desire, albeit one which may be the product of conditioning and habituation, which may or may not have been fully successful. The same, more or less, according to Aristotle, is true of children. But children begin to have and act on rational desires, and mature human beings should have, and should act on, rational desires rather than on impulse. But when they nevertheless do act on a nonrational desire, again it is not by choice. The nonrational desire in and by itself suffices to motivate us, even when we are grown up. And, as we have seen, even if we act against our rational desire, this does not involve a choice. Thus there is no notion of a will, or a willing, in Aristotle, such that somebody could be said to act voluntarily or willingly, whether he acts on a rational or a nonrational desire. Hence for Aristotle responsibility also does not involve a will, since any form of motivation to act in a given way suffices for responsibility.8

But, as I have already indicated, this does not mean that Aristotle does not have a notion of choice. For he says that if one acts on a nonrational desire against one's better knowledge, one acts against one's choice. Indeed, the notion of a choice plays an important role in Aristotle.9 For he thinks that if an action is to count as a virtuous action, it has to satisfy a number of increasingly strict conditions. It must not only be the right thing to do, one must be doing it hekon, of one's own accord; indeed, one must will to do it. What is more, one must do it from choice (ek prohaireseōs), that is, one must choose (prohaireisthai) to do it, and the choice itself must satisfy certain conditions. Hence Aristotle explains what it is to choose to do something. In doing so, given what we have said, he also distinguishes choosing from willing. This has contributed to a widespread misunderstanding of what Aristotle takes choosing to be. It is often thought that willing and choosing are two entirely different things, that choice is a composite desire, consisting of a nonrational desire to do something and a belief, arrived at by deliberation, that it would be a good thing to act in this way in this situation.


I hardly need point out that this interpretation in part is driven by a model of the mind according to which our actions are determined by our beliefs and our nonrational desires, and in any case are motivated by our nonrational desires. But this clearly is not Aristotle's view, given his notion of willing. The 
reason why he distinguishes willing and choosing is not that willing and choosing are altogether different but that choosing is a very special form of willing. One may will or want something which is unattainable. One may will to do something which one is unable to do. One may will something without having any idea as to what one should do to attain it. Choosing is different. We can choose to do something only if, as Aristotle puts it, it is up to us (eph' hemin), if it is in our hands, if whether it gets done or not or happens or not depends on us.10 Thus one cannot choose to be elected to an office, since whether one is elected depends on others. But one can will or want to be elected to an office.


Yet choosing still is a form of willing. In Aristotle's view there is a certain good which we all will or want to attain in life, namely, a good life. As grown-up human beings, we have a certain conception, though different people have rather different ones, of what this final good consists of. So in a particular situation we shall, as mature human beings, choose what to do in light of our conception of this final good, because we think, having deliberated about the matter, that acting in this way will help us to attain this good. But this is what willing to do something is: desiring to do something, because one thinks that it will help one to attain something which one considers a good and which one therefore wills or wants. Hence choosing is just a special form of willing. So in Aristotle's account choice does play an important role. But choices are not explained in terms of a will but in terms of the attachment of reason to the good, however it might be conceived of, and the exercise of reason's cognitive abilities to determine how in this situation the good might best be attained.11

Just as there is no notion of a will in Aristotle, there is also no notion of freedom. This does not at all mean that Aristotle has a view of the world which entails that we are not free. Aristotle's view of the world is such that the behavior of things in the celestial spheres is governed by strict regularity dictated by the nature of the things involved. But once we come to the sublunary, grossly material sphere in which we live, this regularity begins to give out. It turns into a regularity "for the most part," explained by the imperfect realization of natures in gross matter. What is more, these regularities, dictated by the natures of things, even if they were exceptionless, would leave many aspects of the world undetermined. This is not to say that there is anything in the world which, according to Aristotle, does not have an explanation. But the way Aristotle conceives of explanation, the conjunction of these explanations still leaves the world underdetermined in our sense of casual determination. So in Aristotle's world there is plenty of space left for human action which does not collide with, or is excluded by, the existing regularities. Aristotle appeals to this, for instance, when he explains that choosing presupposes that it is up to us, depends on us, whether something gets done or not. Whether it gets done or not is not already settled by some regularity in the world. What is more, Aristotle's universe is not populated by sinister powers who try to thwart us in trying to live the kind of life which is appropriate for beings of our nature. There is a God whose thought determines the natures and thus the regularities in the world as far as they go, and there are truly angelic intellects who move the planets.12 They should be a source of inspiration for us. They certainly are not a hindrance to our life.


This bright view of the world with plenty of space for free action should not delude us into thinking that we have, according to Aristotle, much of a choice in doing what we are doing. Let us look at Aristotelian choice again. We can choose to do something, if it is up to us to do it or not to do it. This notion of something's being up to us will play a crucial role in all later ancient thought. And it will often be interpreted in such a way that, if something is up to us, we have a choice to do it or not to do it. But, if we go back to Aristotle, this is not quite so. All Aristotle is committed to is that, if something is up to us, we can choose to do it. We can also fail to choose to do it. But to fail to choose to do it, given Aristotle's notion of choice, is not the same as choosing not to do it. We saw this in the case of akrasia. One can choose to follow reason. But if one fails to follow reason and acts on a nonrational desire, it is not because one chooses not to follow reason and, rather, chooses to do something else. So the choice one makes in Aristotle is not, at least necessarily, a choice between doing X and not doing X, let alone a choice between doing X and doing Y. It is a matter of choosing to do X or failing to choose to do X, such that X does not get done.


What is more, Aristotle's and, for that matter, Socrates', Plato's, and the Stoics' view of the wise and virtuous person is that such a person cannot fail to act virtuously and wisely, that is to say, fail to do the right thing for the right reasons. But this means or Aristotle that a wise and virtuous person cannot but make the choices he makes. This is exactly what it is to be virtuous. Hence the ability to act otherwise or the ability to choose otherwise, if construed in a narrow or strong sense, is not present in the virtuous person, because it is a sign of immaturity and imperfection to be able to act otherwise, narrowly construed. So long as one can choose and act otherwise, one is not virtuous. So Aristotle's virtuous person could act otherwise only in an attenuated sense, namely, in the sense that the person could act otherwise, if he had not turned himself into a virtuous person by making the appropriate choices at a time when he could have chosen otherwise in a less attenuated sense. Unfortunately, this more robust, less attenuated, sense is not a sense Aristotle is particularly concerned with. And the reason for this is that Aristotle thinks rather optimistically that the ability to make the right choices comes with human nature and a good upbringing. But he also, given the age he lives in and his social background, has no difficulty with the assumption that human nature is highly complex and thus extremely difficult to reproduce adequately in gross matter. Thus he has no difficulty in assuming that most human beings are such imperfect realizations of human nature that they have little or no hope of becoming virtuous and wise. He also has no difficulty with the assumption that most human beings lack a good upbringing. We shall see that this way of thinking will increasingly offend the sensibilities of later antiquity.


Aristotle's view leaves plenty of space for unconstrained human action, but it is hardly hospitable, even in principle, to a notion of a free will. In any case, he lacks this notion. For Aristotle a good life is not a matter of a free will but of hard work and hard thought, always presupposing the proper realization of human nature in the individual, and a good upbringing, which unfortunately many are without.


CHAPTER THREE

The Emergence of a Notion

of Will in Stoicism


UNIPARTITE PSYCHOLOGY:

REASON, IMPRESSION, IMPULSE, AND ASSENT




As we have seen, for Aristotle to have had a notion of the will, be would have had to have the appropriate notion of a choice. Although he did have a notion of a choice, he did not have the kind of notion which would allow him to say that whenever we do something of our own accord (hekontes), we do so because we choose or decide to act in this way. Aristotle did not have such a notion of choice since he assumed that we sometimes just act on a nonrational desire (i.e., a desire which has its origin in nonrational part of the soul) without choosing to act in this way and in fact sometimes against our choice. He could assume this, since he supposed that there are nonrational parts of the soul which generate such nonrational desires and that these by themselves suffice to motivate us to act. The crucial assumption is that being hungry may be enough to make you have something to eat and that being angry may be enough to make you take out your anger on the person who made you angry or on someone else. 

The underlying conception of the soul as bi- or tripartite, which we find in Plato and in Aristotle, was rejected by the Stoics.1 Plato and Aristotle had developed their conception of the soul in part in response to Socrates' denial of akrasia and his view that, in what we are doing, we are entirely guided by our beliefs. The Stoics took themselves to be reverting to Socrates' view, as they saw it represented in Plato's earlier dialogues, in particular, Plato's Protagoras.2 There is no indication in these dialogues, down to and including the Phaedo, of a division of the soul. Even in the Phaedo the soul in its entirety seems to be an embodied reason. So the Stoics took the soul to be a reason. They also called it, borrowing a term from Plato's Protagoras 352b, to hēgemonikon, the governing part of us.3 It is reason which governs us and our entire life. There is no nonrational part of our soul to generate nonrational desires which would constitute a motivation for us to act quite independent of any beliefs we have and could even overpower reason and make us act against our beliefs. The way we behave is completely determined by our beliefs. If we act utterly irrationally, this is not because we are driven by nonrational desires but because we have utterly unreasonable beliefs. To understand fully why the Stoics reject the partition of the soul, we have to take into account that the opposing view, that the soul has a nonrational part, naturally brings with it two further views: (1) that since it is by nature that the soul is divided, it is also by nature that we have these nonrational desires, and hence it is perfectly natural and acceptable to have such desires, and (2) that these desires, at least if properly conditioned and channeled, aim at the attainment of certain genuine goods, like the food and the drink we need, or at the avoidance of certain 
genuine evils, like death, mutilation, or illness. This is why we have these desires by nature.


Against this the Stoics argue that these supposedly natural desires, and quite generally all our emotions like anger or fear, are by no means natural. For it is not the case that they naturally aim at the attainment of certain goods and the avoidance of certain evils. According to the Stoics, it is not true that the things the supposedly natural desires and emotions aim to attain or to avoid are genuine goods or evils: the only good is wisdom or virtue, and the only evil is folly or vice. Everything else is indifferent. So it cannot be the case that by nature we have a nonrational part of the soul, so as to be motivated by its appetites and fears to attain certain goods and avoid certain evils. The cause of these appetites and fears is not to be looked for in a supposedly nonrational part of the soul, whose natural emotions they are, but rather in beliefs of reason, namely, in the beliefs that these things are good and hence desirable and that those things are evil and hence repulsive, when, in truth, they are all neither good nor evil but indifferent.


According to the Stoics, the division of the soul threatens the unity of the person and obscures the responsibility we have for our supposedly nonrational desires. It invites the thought that what we are essentially is only the rational part of the soul, which nevertheless cohabits in the body with an unruly, nonrational animal soul and its animal desires. It invites the thought that it is our responsibility to tame this unruly animal, establish the rule of reason in ourselves, and thus create a unified person. It is not our responsibility, but a mere fact of life, that we are confronted and have to deal with this often very strong and beastly animal soul and its crude desires. Against this the Stoics argue that this supposedly nonrational, animal part of our soul with its supposedly nonrational, animal desires is the creation of our mind in the following sense.4 It is not that we have these desires naturally, because we have a nonrational part of the soul. It is our mind which produces these irrational and often monstrous desires. It is a sheer piece of rationalization to invent a nonrational part of the soul and to devolve on it the responsibility for such desires. They are actually of our own making, because it is our mind or reason which produces them as a result of its beliefs and attitudes.


Aristotle, unlike Plato, had believed that we are not born with reason but with a nonrational soul of the kind other animals have, except that (1) this nonrational soul has an extraordinary capacity to store and process perceptual information and thus to accumulate experience to a degree no other animal can, and that (2) it can not only discriminate recurrent features but also come to recognize them as such. Because of this ability, human beings in the course of their natural development also develop concepts and thus become rational. Reason, as it were, grows out of the nonrational soul with which we are born, to constitute together with this nonrational soul a bi- or tripartite soul.5 Our upbringing has already involved a conditioning and habituation of this nonrational soul, ideally in such a way as to make it have reasonable desires. Once we have reason, this will greatly affect the way our nonrational soul operates. For now, by having reason ourselves, we can bring it about that the nonrational part of the soul generates only desires which are reasonable. Or we can at least bring it about that when the nonrational part generates desires which are not reasonable, we do not act on these desires. But, however much our nonrational desires may be in line with reason, they in themselves remain the desires of the animal we were born, though now shaped and molded by upbringing and by our own reason. And so long as reason has not acquired perfect control over the nonrational part of the soul, we shall also sometimes continue to act as the animals we were born, namely, to act on mere impulse or on a nonrational desire, instead of a desire of reason.6

In contrast, the Stoics believe that in the course of our natural development, we undergo a much more radical metamorphosis.7 When we are conceived and in our embryonic state, we are plantlike. Our behavior is governed by a nature (physis), as the behavior of plants is. When the embryo is sufficiently developed, the shock of birth transforms this nature into a nonrational soul. We become like animals, acting on the prompting of nonrational desires, on nonrational impulse. But, as we grow up, we develop reason. We come to have concepts and begin to understand how we function and why we behave the way we do. But this reason is not, as in Aristotle and in Plato, a further, additional part of the soul. It is the product of a complete transformation of our innate and nonrational soul into a rational soul, a reason or a mind. This transformation also turns the nonrational desires, with which we grew up and which motivated us as children, into desires of reason. Once we are rational beings, there are no nonrational desires left. They have all become something quite different.
To say that these nonrational desires have become something quite different in becoming desires of reason is to acknowledge that there is some continuity. To see what the continuity is, we have to look briefly at how the Stoics understand the desires or Impulses of other animals. They view them very much as Aristotle does. Animals perceive things. This perception involves their having an impression (phantasia) of the thing perceived.' Now, animals also perceive things as pleasant, satisfying, and conducive to their maintaining themselves in their natural state or as unpleasant, unsatisfying, or detrimental to their maintenance. And so they develop a liking for some things and a dislike of other things. This has an effect on the impressions an animal has. If the animal now perceives something it likes or dislikes, the impression it has takes on a certain coloring. In one case it is an agreeable impression, in the other it is a disagreeable impression. Depending on the complexity of the animal, an agreeable or disagreeable impression may produce memories of past encounters with this sort of thing and expectations about the future. But, whether or not it does so, in the appropriate circumstances the impression in itself, given its coloring, will constitute an impulse either to go after the thing perceived or to avoid it. If a carnivorous animal like a lion feels depleted or hungry, and it has the agreeable impression of a nice piece of meat in reach, this impression in itself will suffice to make it go after the meat. If the little animal to whom the piece of meat belongs in its turn has the disagreeable impression of a lion it is in easy reach of, this disagreeable impression in itself will suffice to impel the little animal to avoid the lion and run away. Such impressions are called "impulsive" (hormetikai), since they impel the animal to act.9 It is these impressions which constitute the desire of an animal or a child to get something or to avoid something.


According to the Stoics, there is this much continuity between being a child and being a mature human being - that as grownup human beings we continue to have impulsive impressions. The discontinuity lies in the twofold fact that these impulsive impressions now have a completely different character and that in themselves they no longer constitute an impulse sufficient to impel us to do something. To move us they require an assent of, or acceptance by, reason. It is only if reason accedes to the impulsive impression that it will constitute an actual impulse. So a human impulse, a rational impulse, will have two elements: a certain kind of impulsive impression and an assent of reason to that.


Let us look at these two elements more closely and, to begin with, at the impulsive impressions. According to the Stoics, all human impressions, whether impulsive or not, differ from animal impressions in that they are rational.10 Animal impressions, being formed in and by a nonrational soul, lack a certain distinctive character which all mature human impressions have, given that they are formed in and by reason: mature human impressions do not just represent something in some way or other but are articulated in such a way as to have a propositional content. They are impressions to the effect that something is the case. Hence they are true or false. Their formation involves the use of concepts, ways of conceiving of things. Thus the Stoics also call such rational impressions "thoughts" (noēseis). Even the perceptual impressions we have when we see something, according to the Stoics, are such thoughts, albeit thoughts produced in a certain way, namely, through the senses.


There is a point here which needs to be emphasized. Clearly, the Stoic idea is that a rational impulse is a compound which has a passive element, namely, the impression, and an active element, the assent. An impression is something you find yourself with. The question is what you do with the impression you find yourself with, for instance, whether you give assent to it. To mark this passive, receptive character of an impression, Zeno, the founder of Stoicism, characterized it as a typōsis, an imprint or impression." Hence, Cicero sometimes translates the standard Stoic term for an impression, phantasia, by impressio (see Acad. 2.58). This is how we have come to use the term impression.


Already Chrysippus (just two generations after Zeno) objected to this characterization of impressions.12 I take it that he did so because it is quite misleading in the following respect. It is true that we do not actively form an impression, a certain kind of representation of something, in the way in which we paint a painting or draw a map or describe a person. The impression is formed without our doing anything. But this should not obscure the fact that the way the impression is formed reflects the fact that it is formed in and by a mind. This is why the impressions animals form in their souls will differ from one another depending on the kind of animal in which they are formed, and this is why our impressions differ from the impressions of any other animal in having a propositional content, because they are formed in and by a mind or reason. But, given that, it is also easy to see why the impressions even of the same object will differ among different people, reflecting the difference between different minds. This is bound to be the case, for instance, because not all people have precisely the same concepts or the same habits of thinking about things, the same experiences, or the same beliefs. So it is perfectly true that an impression is something which we find ourselves with. But it is by no means true that we are completely innocent of the particular details of the impressions we individually form. They very much reflect the beliefs, habits, and attitudes of the particular mind in which and by which they are formed.


What is true of impressions in general is also true of impulsive impressions. They are thoughts which reflect your ways and habits of thinking about things. Let us now, though, focus on their impulsive character. Suppose you cut yourself badly with a rusty knife. Given your beliefs, the thought might occur to you that you got infected. And the further thought might occur to you that you might die from this infection. At this point this is a mere impression or thought which you find yourself with. It is a disagreeable, perhaps even disconcerting, thought; that is to say, the mere thought in itself is disconcerting. The question then arises: "What is the source and nature of this disquieting character of the impression?"


According to the Stoics, there are two possibilities. The first is this: you wrongly believe that death is an evil, perhaps even a terrible evil. No wonder, then, that the mere impression that you might die is very disturbing. The second is this: you rightly believe, not that death is an evil but that it is natural to try to avoid death, and that nature means you, other things being equal, to try to avoid death. So the impression that you might die has an alarming character; it puts you on alert. This has a teleological function. It alerts you to the need to be on your guard. And, by a natural mechanism, your whole body will go into a state of alert, ready to move as needed. But the impression, though alarming, is not deeply disturbing. For, after all, you have a clear mind, and you know that there are many false alarms; and even if there is reason for alarm, you as a Stoic know that all you have to do is try to do what you can to avoid death. This is what you are meant to do. You do not actually have to avoid death. That is a matter of divine providence. So the question of whether you are going to die or not in this sense does not affect you at all. This is God's problem, as it were.


But in the case of the person who believes that death is a terrible evil, the alarming character of the impression, which teleologically is just a signal to be on one's guard, turns into a deeply disturbing experience, and as a consequence the whole body goes into a disturbed, perturbed, or excited state, which might affect the operation of reason. Later Stoics will call an impression with such a coloring, and perhaps with the attendant bodily state, a propatheia, an incipient passion.13

We have to firmly remember, though this might not be so clear to the person in a deeply disturbed state, that so far we are dealing with a mere impression or thought. Naturally, as the thought may occur to you, it may also be false. After all, we have not yet found out, or made up our mind, as to whether we actually got infected. And we have not yet considered whether we should believe that one may die from this infection. So far we have just the mere thought. Now, one cannot be afraid that one might die from this infection unless one believes that one got infected and that one could die from this infection. We clearly have to distinguish between concern and fear, on the one hand, and the alarming or disturbing character of the impression, on the other hand. The wise person will be concerned, but the foolish person who believes that death is an evil will be afraid. Thus fear, according to the Stoics, is nothing but the false belief that an evil is coming, or might come, one's way - a belief generated by assent to an impression which is deeply disturbing because one wrongly takes the situation to be an evil. Sometimes the Stoics also think of fear as the belief coupled with the attendant bodily state.


In the same way in which the Stoics treat a fear, they also treat an appetite, the supposedly natural desire of the non-rational part of the soul. In truth it is nothing but a belief of a certain kind, a belief generated by assent to a highly agreeable impression to the effect that something one conceives of as a good is coming or might come one's way; the highly agreeable and impulsive character of the impression is the result of this mistaken belief that it is a good. The Stoics treat all the emotions, like anger, which are supposed by Plato and Aristotle to originate in a nonrational part of the soul, as misguided beliefs. They call them pathē, passions, that is to say, pathological affections, produced by the mind. The Stoic wise man does not experience any such passion. He is apathēs. But this does not at all mean that he does not have any emotion. He knows concern, the counterpart of fear; he knows reasonable willing, the counterpart of appetite; and he knows joy, the elated satisfaction at the attainment of a real good, as opposed to gleefulness at the attainment of an imagined good.14 So much, then, about impulsive impressions and the way they heavily depend on one's own mind and reason.


As to assent, we can now be brief. Animals can do nothing, or at least very little, but rely on their impressions. They have little
or no way to discriminate between trustworthy and misleading instances. But our impressions are true or false. We also have reason, which allows us to scrutinize our impressions critically before we accept them as true and reliable. Here it is important to remember that there is more to our impressions than their propositional content. This is obvious in the case of perceptual impressions. But we have also seen that a thought that one might die from a certain infection, though it has the same propositional content, might come in different colorings, and the coloring is regarded as part of the thought or impression. So, to give assent to an impression, while primarily a matter of taking its propositional content to be true, is also a matter of accepting it in all its detail, for instance, accepting it, though it is not a clear and distinct impression, and accepting it in its coloring. Given an impulsive impression, one might accept its propositional content but find its impulsive character inappropriate and therefore refuse to assent to the impression on that ground.


There is one last detail which I will merely touch on. The notion of assent, like its legal counterpart of consent, can be construed quite generously. Just as tacit acquiescence in being ruled or governed by somebody can be construed as assenting to the person's rule, so assenting to an impression does not have to involve an explicit act of acceptance. Not to revolt against an impression but simply acquiescing to it and in fact relying on it can constitute as much an assent as an explicit acceptance.


If we now return to the question of how the Stoics think of the desires Plato and Aristotle characterize as nonrational, it should be clear why the Stoics think that they are all rational, all the product of reason. For the Stoics there is an ambiguity in the term desire here. If by desire we mean an impulse which actually moves us to action, then, according to the Stoics, we are dealing with a belief of a certain kind that is constituted by reason's assent to an impulsive impression. If, on the other hand, by desire we mean, as Plato and Aristotle obviously sometimes do, a motive which might be overridden by a conflicting desire, something which just might move us to act but also may fail to do so, then, according to the Stoics, we must be talking about an impulsive rational impression. And this impulsive impression is formed by reason.


Whatever we make of the details of all this, there is one point which is absolutely crucial for the emergence of the notion of the will. The case of the Stoics against Plato and Aristotle would completely collapse without the assumption that any action, unless one is physically and literally forced into doing something, presupposes an act of reason's assent to an appropriate impulsive impression. This assent will constitute a rational impulse which prompts or drives, as it were, the action. So any human desire (orexis) is a desire of reason. Thus any desire of a grown-up human being is a willing, a boulēsis. Here, therefore, we do have the notion of a willing which was lacking in Plato and Aristotle, a notion which allows us to say that, when a person does not act by being forced or out of ignorance, the person acts voluntarily or willingly.15 Among such willings, though, the Stoics now distinguish between boulēsis in a narrower sense, namely, reasonable willings, the kind of willings only a wise person has, and appetites (epithymiai), unreasonable willings, which are what we who are not wise have.16

So now we have the notion of assent, and hence the appropriate notion of a willing, but we do not yet have the notion of a choice, let alone of a will. To see how we get this, we have to step hack a bit. It is clear from what we have said that, according to the Stoics, our whole life is entirely a matter of what we assent to and what not. For our beliefs are a matter of assent, and so are our desires, which are just special forms of belief. Ensuring our life will come out well is entirely a matter of giving assent when that is appropriate and refusing to give assent when it is inappropriate. This focus on our internal life is sharpened by the fact that, according to the Stoics, wisdom is the only good, that a wise life is a good life, and that nothing else matters. So long as one acts wisely, one lives a life of (for us) unimaginable satisfaction and bliss, whatever may happen to one, whether one gets tortured or maimed or killed. The wise person will normally be concerned to avoid such things, but, if they do happen, they will make no difference to him, as he is just concerned to act wisely, by giving assent when appropriate and refusing assent when inappropriate.

 So the whole focus of one's life now is on one's inner life. And there is a further factor which reinforces this focus, namely, the assumption that the course of the world outside is predetermined. All the wise person can do is try to avoid death, but if he does not manage that, he takes this as a sure sign that nature in her wisdom means him to die and that therefore it is a good thing for him to die. All he has to do, having failed in his attempts to avoid impending death, is to give assent to the thought that it must be a good thing that he is going to die.


Moreover, besides this increasing focus on one's inner life, we also have to take note of the emphasis we find in later Stoics on the assumption that philosophical theory is not an end in itself but a means to living one's life, and their insistence that the application of this theory to one's life requires a great deal of attention to, and reflection on, how one as an individual actually does function, including a great deal of practice (askēsis) and exercise in learning to think about things in appropriate ways and to act accordingly. Hence later Stoics will turn to this inner life in a way which is supposed to help us to learn to give assent appropriately. One of these philosophers is Epictetus at the turn from the first to the second century A.D., the most respected and influential Stoic of his time.


EPICTETUS AND THE FIRST NOTION OF A WILL



In Epictetus's Discourses the notion of prohairesis (choice) plays perhaps the central role!17 It is our prohairesis which defines us as a person, as the sort of person we are; it is our prohairesis which determines how we behave; it is our prohairesis which we need to concern ourselves with more than anything else; indeed, our prohairesis is the only thing which in the end matters. Now, given what has been said, we might think that we readily understand this. Since we aim at a good life, our concern should be to give assent to the right impressions and in particular to give assent to the right impulsive impressions, which assent will constitute a rational impulse or desire and make us act in the appropriate way. Therefore we might think that the assent to our impulsive impressions constitutes a choice to act in a certain way and that the prohairesis which stands at the center of Epictetus's thought is the disposition of the mind to make the choices which it makes to act in the way we do.

But the matter is more complicated. This is already signaled by tbe very term prohairesis. It should strike us as curious that Epictetus makes such prominent use of a term which is strongly associated with Aristotle and Peripateticism and which had played almost no role in Stoic thought up to this point. We should also remember that in Aristotle willing and choosing are distinguished by the fact that choosing is a matter of willing something which is up to us and in our power.


Clearly, this is highly relevant in Epictetus. In classical Stoicism the phrase "up to us" (eph' hemin) is used in such a way that an action is up to us if its getting done is a matter of our giving assent to the corresponding impulsive impression. Thus it is up to me to cross the street, because whether I cross the street is a matter of my giving assent to the impression that it would be a good thing to cross the street. But Epictetus uses "up to us" in a much narrower way.18 He insists on taking account of the fact that no external action in the world is entirely under our control. We may not succeed in crossing the street for any number of trivial reasons but ultimately because it may not be part of God's providential plan that we should cross the street. This had been assumed by the Stoics all along, so Epictetus's narrowing of the use of "up to us" hardly constitutes a change in doctrine but rather a shift in emphasis or focus. What Epictetus wants us to focus on is that it is up to us to give, or refuse to give, assent to the impulsive impression to cross the street but that it is not up to us to cross the street. So we can choose to give assent to the impression to cross the street, and we can thus will to cross the street, but we cannot choose or decide to cross the street. It is to make this point that Epictetus resorts to Aristotle's terminology, with its distinction of willing and choosing, and talks of choosing to give assent but of willing to cross the street.


There is another important point which we should take note of. It is conspicuous that assent does not play as central a role in Epictetus as we might expect. He prefers to talk more generally of our "use of impressions" (chrēsis tōn phantasiōn) or of the way we deal with our impressions. Assenting to them is just one thing we can do with them, though the most important one. So now it becomes clear, and Epictetus makes this explicit, that what is up to us, what is a matter of our choice, is how we deal with our impressions. We can scrutinize them, reflect on them, try to deflate and dissolve them, dwell on them, and, of course, give assent to them. But giving assent is just one of the things which it is up to us to do, which we can choose to do. And our prohairesis, which defines us as the kind of person we are, is not a disposition, as we at first thought, to choose to act in a certain way, because we do not have that choice, but rather a disposition to choose to deal with our impressions in a certain way, most crucially to choose how to assent to impulsive impressions. This assent, which you choose to give, will constitute a willing, and this willing is the impulse which makes you act in a certain way. So this ability and disposition, insofar as it accounts for your willing whatever it is that you will to do, can be called "the will." But the will is called prohairesis, rather than boulesis, to mark that it is an ability to make choices, of which willings are just products. This indeed is the first time that we have any notion of a will.


This notion of a will is clearly developed to pinpoint the source of our responsibility for our actions and to identify precisely what it is that makes them our own doings. Chrysippus had said that it is up to us, for instance, to cross the street or not. And he had explained this by saying that it is up to us to give, or refuse to give, our assent to the appropriate impulsive impression. We are now told, according to Epictetus, that the sense of "up to us" involved in the two cases is different. The second case is a narrower and stricter sense of "up to us," whereby it is up to us to give or not to give assent to the impression. And we get an explanation of precisely what that means. We can choose or decide to give assent, but we can also choose or decide not to give assent. This choice is to be explained by the will. In explaining your choices, it also explains your willings. But it is not in the same sense up to you to do something or not to do something, since you cannot choose to do something in the way you can choose to give assent.


There are various details here which I will not go into at the length they deserve but which I want to mention at least briefly. The will thus conceived can be a good will or a bad will, depending on whether the choices we make in virtue of it are good choices or bad choices. We may not like the choices we make and therefore not like the will we have. We may will to have a will which makes different choices. We may, for instance, will it to no longer choose to give assent to the tempting impressions we have when we are faced by a delicious piece of cake. So there are second- and higher-order willings which can give the will a great deal of structure and stability. We should also note t hat the will, as it is conceived here, can choose to give assent to :in ordinary nonimpulsive impression, like the impression that it will rain a lot tomorrow, such that, given this assent, we believe t hat it will rain a lot tomorrow. So in this sense what we believe is a matter of our will, as thus conceived. However, this does Hot at all mean that we will to believe something. We can at best be said to choose to believe something. For we get a willing only if the will chooses to give assent, not to an ordinary but to an impulsive impression which leads to action. Put differently, not every act of the will is a willing or a volition. Moreover, nothing which has been said so far shows that the will is free in its choices. It can make a particular choice or fail to make a particular choice.19 But there is nothing in what has been said which forces us to assume, for instance, that it can freely choose whether to give assent or not, or whether to give assent to this impression or another impression. It can choose or decide to give assent to a given impression, but it also can fail to do so.


This notion of the will as our ability to make choices and decisions includes the ability to choose to give assent to impulsive impressions and thus to choose to will to do something. Thus in this complex way it accounts for what other ancient philosophers and we ourselves would call our choosing or deciding to do something. In what follows I shall for the most part focus only on the will as an ability to make choices and decisions as to what to do.


With Stoicism, then, we get for the first time a notion of the will as an ability of the mind or of reason to make choices and decisions. This ability, though, which we all share, in the case of each of us is formed and developed in different ways. How it develops is crucially a matter of the effort and care with which we ourselves develop this ability, which we also might neglect to do. The will thus formed and developed accounts for the different choices and decisions different human beings make. As we have seen, the precise form in which the Stoics conceive of the will depends on their denial of a nonrational part or parts of the soul. Hence in this specific form the notion of a will was unacceptable to Platonists and to Aristotelians, who continued to insist on a nonrational part of the soul.
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Aristotle was very concerned that our actions not be the result of chance or necessity, but are sometimes "up to us.
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   Owen Flanagan has written extensively on mind, consciousness, and moral psychology. He believes that the problem of consciousness will be solved through work in empirical psychology and neuroscience.

In his 2002 book The Problem of the Soul, he devoted a chapter to free will. He says that free will has deep theological roots. It is the idea of a gift of god-like powers that permits us to circumvent natural laws. He cites Roderick Chisholm's idea of "agent causation," which claims that free agents are "prime movers unmoved." 


The mind is not an immaterial substance, as Descartes claimed, but embodied as an evolved capacity of the brain. Men are simply human animals. As a result, Flanagan says, free will is a "falsehood" that we are better off without. 


Flanagan describes the difficulties involved in the traditional problem of free will, that it is compatible with determinism.


The only conception of free will that has ever been entertained that deserves the name of free will is the Cartesian conception of a mode of mental processing, or a mental faculty, that is totally unconstrained, totally self-caused. The prime mover, itself unmoved. But there is no reason, none, to think that there could be any such thing. It is so conceptually puffed up that it is incredible, incoherent. 

Consider what it would mean to have such a free will. When I make a choice I do so ex nihilo, by electing, without anything constraining my deliberation, a course of action. But if nothing constrains my choice, then reasons don't constrain my choice either. And if that is so, then ordinary introspection must be deemed wildly wrong. After all, it seems to most everyone that when they are deliberating among the options at hand that they are weighing pros and cons and that this information constrains the choice.


Second, and just as bad, if when I choose I do so for no reason (choice may create a reason for action but does not itself rest on any reasons) then my choice is either arational or irrational. Since one of the main things — perhaps the main thing — any conception of free will worth wanting is supposed to do is to explain how rational choice is possible, and so to explain how I can be held rationally accountable for my choices, the orthodox conception of free will is a miserable failure. It is conceptually incoherent, in the sense that it provides no coherent way of conceiving of what it wants to gain for itself.


If you were only able to say that the orthodox picture of free will makes no sense from the perspective of the scientific image, you could be rightly accused of begging the question. All you would then be saying would be that what I assume doesn't permit what you assume. But I am making a stronger claim. Upon examination, the orthodox concept of free will makes no sense in terms of the agenda it sets for itself — to explain rational deliberation and choice.


If this is true, then there is no problem of "free will and determinism" worth discussing. There is a problem in the vicinity worth discussing, but free will and determinism is not it. The problem worth discussing is how to make sense of freedom, deliberation, reason, and choice within the framework set out by the human sciences generally and by mind science in particular. This can be done.


But before proceeding, let me mark as clearly as I can where I am positioning myself. The texts that discuss the "free will–determinism" problem take two main positions:


• Compatibilism: Free will is compatible with causal determinism. Most compatibilists say that free will requires causal determinism in the sense that the state of my will (itself determined by prior and contemporaneous causes) must be a sufficient cause of any choice I make.

• Incompatibilism: Free will is incompatible with causal determinism. Incompatibilists take one of two roads. Libertarians claim that since we have free will, determinism is false. Libertarians employ the concept of free will as Cartesian agent causation, or those who sense its incoherence by a promissory hand wave in the direction of "something or other that does the trick but that is yet to be articulated or formulated to anyone's satisfaction." 

Hard determinists claim that since determinism is true, there is no such thing as free will.



Given my argument that the normal way of framing the problem — as the problem of "free will and determinism" — makes no sense you will not be surprised to discover that I think all these answers are unsatisfactory and the reason is that the problem is ill-posed. If forced to comment on the three positions I would say this. Libertarianism is a nonstarter because the Cartesian conception of free will, the only conception that has received articulation within philosophy as deserving the name free will, is a nonstarter.

The compatibilist, meanwhile, if he thinks free will is compatible with determinism, must have changed the subject. He cannot be saying that the Cartesian conception of free will is compatible with determinism because, well, it isn't. And indeed if one looks at the literature one will see that compatibilists invariably mean something different by free will than what the orthodox concept says it is.


The hard determinist, unlike the compatibilist, accepts the terms of the exercise as they are set and sees correctly that determinism is incompatible with free will, as the Cartesian conceives it. But both the compatibilist and the hard determinist make the same mistake. They both claim to know that determinism is true. But if what I have said about causation — there being both deterministic and indeterministic causes — is plausible, then neither can sensibly be said to know that determinism is true. Causation is ubiquitous. Ours is a causal universe. But no one yet knows the exact range of deterministic and indeterministic causation — assuming the universe contains some of each.


What to do? My proposal is this: Change the subject. Stop talk about free will and determinism and talk instead about whether and how we can make sense of the concepts of "deliberation," choice," "reasoning," "agency," and "accountability" (scorecard items) within the space allowed by the scientific image of minds. This is, I hasten to admit, just what I accused the compatibilists of doing. Since they cannot be saying that free will is compatible with causation, either deterministic or indeterministic, they must be claiming that something else—hopefully something similar to free will—is compatible with causation.


It would be misleading to call my position compatibilism, however, since compatibilism seems to accept the terms of the standard debate about "free will and determinism." Since I have been trying to frame the pressing question in terms of the compatibility of "rational deliberation and choice and causation," or as the problem of the voluntary and the involuntary, it will be best to call my view neocompatibilism. I do claim that we can make sense of rational deliberation and choice in a causal universe.




Flanagan calls himself a "neo-compatibilist" with a position similar to that of Daniel Dennett, John Martin Fischer, Harry Frankfurt, and Susan Wolf.


He very neatly summarizes the standard argument against free will.


 Free actions, if there are any, are not deterministically caused nor are they caused by random processes of the sort countenanced by quantum physicists or complexity theorists. Free actions need to be caused by me, in a nondetermined and nonrandom manner...


I am open to there being genuine ontological indeterminacy at both the quantum level and the level of neural processing. But the attempt to gain free will from indeterminacy at the quantum level or at the level of global brain processes is a bad idea The last thing anyone wants is for free will to be the result of random causal processes. 


Give me the choice between my actions being strict causal outcomes of my genes, my history, my personality, the state or my mind/brain, and the current environment, and I will take that every day of the week, over the view that when I deliberate or act, I do so randomly, because my will has flown the causal coop and moved arbitrarily into a new, unpredictable place in the causal nexus.




In the two-stage model of free will, our actions are adequate, determined by all these causes


Flanagan  sees two visions of mind, variations on the ideas of Wilfrid Sellars (who set his student Robert Kane, to work on the problem of free will over 50 years ago). Sellars' manifest image and scientific image have become Flanagan's humanistic image and scientific image. Like Sellars, Flanagan is a compatibilist though he prefers "neocompatibilist."



This book is about the conflict between two grand images of who we
are: the humanistic and the scientific. The humanistic image says that
we are spiritual beings endowed with free will—a capacity that no
ordinary animal possesses and that permits us to circumvent ordinary
laws of cause and effect. The twentieth-century philosopher Roderick
Chisholm sums up the main idea this way: When we act freely we
exercise "a prerogative which some would attribute only to God: each
of us, when we act, is a prime mover unmoved. In doing what we do,
we cause certain things to happen, and nothing—or no one—causes
us to cause those events to happen." The scientific image says that we
are animals that evolved according to the principles of natural selection.
Although we are extraordinary animals we possess no capacity
that permits us to circumvent the laws of cause and effect. The question
is this: Which is it? The two images, at least as depicted in these
terms, are incompatible. The answer can't be both. Or, if it is, there is
a lot of explaining to do.

We want to see ourselves truthfully, and we also want our stories
to depict life as if it really means something. But we live in a world in
which two distinct self-images, vying for our allegiance, disagree
about human nature and about the ground of meaning. One image
says humans are possessed of a spiritual part—an incorporeal mind or
soul—and that one's life and eternal fate turn on the state of this soul.
The other image says that there is no such thing as the soul and thus
that nothing—nothing at all—depends on its state. We are finite
social animals. When we die, we—or better: the particles that once
composed us—return to nature's bosom, not to God's right hand.
The humanistic image, embraced by most laypersons, scientists,
and intellectuals, claims to be uplifting and inspiring. We create ourselves
by exercising our free will. If we will well, when we die we reap
eternal reward. From the perspective of the scientific image, this idea
is extremely implausible, excessively flattering, and self-serving. If it
provides meaning, it does so at cost to the truth.


But the scientific image, from the humanistic perspective, is dehumanizing—
it drains life of meaning. Life has no transcendent purpose,
and the quest to live morally becomes just one among several
quirky features of our kind of animal. Defenders of the scientific
image claim that their image need not be seen as depressing or inhospitable
to a dignified, moral, and meaningful life. Humanists are skeptical.
It is part of the humanistic perspective to deem science,
especially the mental and human sciences, as a threat. Science is
reductive and materialistic, and it offers no resources to help us find
our way in the high-stakes drama that is life.


Perhaps the truth about human nature is eternally incompatible
with an uplifting story about the meaning of life. The truth can sometimes
be painful. Perhaps honestly acknowledging the truth about
human nature would necessarily undermine any sense of purpose and
meaning, and bring ennui and nihilism in its train. We tell our children
stories about Santa Claus and tooth fairies. These stories are
false, but they please the kids. Could we be acting like grown-up children
who fabricate false stories for our own comfort, for the sake of
meaning? Possibly. Some defenders of the scientific image think this
is exactly the case.


But there is another possibility. Perhaps the mythic stories we are
used to telling about our nature are beloved not because they are
indispensable to a meaningful life but only because we have been historically
conditioned to think so. Perhaps, too, there is sufficient
room in the scientific image for mind, morals, and meaning that it can
preserve much of what it means to be a person. If this is so, then the
stark inconsistency between the two images is—at some level at
least—more apparent than real. This is what I think.


In my experience, most defenders of the scientific image either
ignore the dominant humanistic image or deem it silly and misguided,
while defenders of the humanistic image simply assert that the scientific
image is de-meaning. But both images share a common
aspiration: to maintain a robust conception of what it means to be a
person, a being possessed of consciousness, with capacities for self-knowledge
and the ability to live rationally, morally, and meaningfully.
No advocate of the scientific image has yet made an adequate
effort to explain carefully, patiently, and explicitly how the scientific
image can do this. That is the task I set for myself.


"The problem of the soul" is a shorthand way of referring to a cluster
of philosophical concepts that are central components of the dominant
humanistic image. These concepts include, for starters, a
nonphysical mind, free will, and a permanent, abiding, and immutable
self or soul. It is the survival of these concepts that ordinary people
fear are at risk from scientific progress, and this fear is at the root of
the deep-seated resistance to the scientific image. Ordinary, intelligent
people have a (somewhat inchoate) view that nothing less than
the meaning of life turns on how these concepts fare. If the nonphysical
mind, free will, and the soul are not real things but are mere
appearances, then, well, it is the end of the world—at least the end of
the world as we know it.
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   Philippa Foot was an Oxford-trained philosopher who argued for a neo-Aristotelian virtue ethics as opposed to deontology, utilitarianism, or consequentialism in ethics. 

Foot created the famous moral thought experiment known as the trolley problem.


In 1957 she wrote an article in The Philosophical Review entitled "Free Will As Involving Determinism." Foot criticized arguments that free will requires determinism, and in particular the idea that one could not be held responsible for "chance" actions chosen for no particular reason. 


Her article begins with the observation that determinism has become widely accepted as compatible with free will. 


The idea that free will can be reconciled with the strictest determinism is now very widely accepted. To say that a man acted freely is, it is often suggested, to say that he was not constrained, or that he could have done otherwise if he had chosen, or something else of that kind; and since these things could be true even if his action was determined it seems that there could be room for free will even within a universe completely subject to causal laws. (The Philosophical Review, vol LXVI, (1957), p.439)


Foot's estimate of the wide acceptance of determinism is correct, but hard to reconcile with quantum indeterminacy in modern physics, as Elizabeth Anscombe pointed out a few years later in her inaugural lecture at Cambridge.


It has taken the inventions of indeterministic physics to shake the rather common dogmatic conviction that determinism is a presupposition or perhaps a conclusion, of scientific knowledge. Not that that conviction has been very much shaken even so...I find deterministic assumptions more common now among people at large, and among philosophers, than when I was an undergraduate. (Causality and Determination, 1971, p.28)


Foot examines arguments by David Hume, R. E. Hobart (the pseudonym of Dickinson S. Miller, a student and later colleague of William James), P. H. Nowell-Smith, Gilbert Ryle, and A. J. Ayer. 


Foot correctly doubted that the ordinary language meaning of saying our actions are "determined" by motives has the same meaning as strict physical determinism, which assumes a causal law that determines every event in the future of the universe. She cites Bertrand Russell's view of causal determinism:


The law of universal causation . . . may be enunciated as follows:...given the state of the whole universe,...every previous and subsequent event can theoretically be determined.


Foot is also skeptical of the simple logical argument that everything happens either by chance or because it is causally determined. This is the standard argument against free will that makes indeterminism and determinism the two horns of a logical dilemma.


Foot notes that our normal use of "determined" does not imply universal determinism.


For instance, an action said to be determined by the desires of the man who does it is not necessarily an action for which there is supposed to be a sufficient condition. In saying that it is determined by his desires we may mean merely that he is doing something that he wants to do, or that he is doing it for the sake of something else that he wants. There is nothing in this to suggest determinism in Russell's sense. (ibid, p.441)


And when we do something "by chance" it may not mean physically undetermined, and may not be used to deny responsibility.


It is not at all clear that when actions or choices are called "chance" or "accidental" this has anything to do with the absence of causes...  Ayer says, "Either it is an accident that I choose to act as I do, or it is not." The notion of choosing by accident to do something is on the face of it puzzling; for usually choosing to do something is opposed to doing it by accident. What does it mean to say that the choice itself was accidental? (p.449-50)

If I say that it was a matter of chance that I chose to do something,...I do not imply that there was no reason for my doing what I did, and I say nothing whatsoever about my choice being undetermined. If we use "chance" and "accident" as Ayer wants to use them, to signify the absence of causes, we shall have moved over to a totally different sense of the words, and "I chose it by chance" can no longer be used to disclaim responsibility. (p.450)



Foot does not see that the role of chance and indeterminism might simply be to provide "free" alternative possibilities for action, to be deliberated upon and used as causes or reasons behind motives of our "will" as we choose to act.


She also does not seem to know that Hobart's 1934 article was entitled "Free Will As Involving Determination And Inconceivable Without It."  In her reference (note 5), she thinks Hobart's article has the same title she is using - "Free Will As Involving Determinism".
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  FREE WILL AS INVOLVING DETERMINISM 
  

  The Philosophical Review, Vol. 66, No. 4 (Oct., 1957), pp. 439-450



THE idea that free will can be reconciled with the strictest determinism is now very widely accepted. To say that a man acted freely is, it is often suggested, to say that he was not constrained, or that he could have done otherwise if he had chosen, or something else of that kind; and since these things could be true even if his action was determined it seems that there could be room for free will even within a universe completely subject to causal laws. Hume put forward a view of this kind in contrasting the "liberty of spontaneity ... which is oppos'd to violence" with the nonexistent "liberty of indifference . . . which means a negation of necessity and causes."' A.J. Ayer, in his essay "Freedom and Necessity"2 was summing up such a position when he said, "from the fact that my action is causally determined ... it does not necessarily follow that I am not free"3 and "it is not when my action has any cause at all, but only when it has a special sort of cause, that it is reckoned not to be free."4 I am not here concerned with the merits of this view but only with a theory which appears more or less incidentally in the writings of those who defend it. This is the argument that so far from being incompatible with determinism, free will actually requires it. It appears briefly in Hume's Treatise and was set out in full in an article by R. E. Hobart.5 P. H. Nowell-Smith was expressing a similar view when he said of the idea that determin- ism is opposed to free will that "the clearest proof that it is mistaken or at least muddled lies in showing that I could not be free to choose what I do unless determinism is correct. . . . Free- dom, so far from being incompatible with causality implies it."6 Ayer has taken up a similar position, arguing that the absence 1 Treatise, bk. II, pt. III, sec. 2. 2 Polemic, no. 5 (I946); reprinted in his Philosophical Essays (London, I954). 3 Philosophical Essays, p. 278. 4 Ibid., p. 28I. 5 "Freewill as Involving Determinism," Mind, XLIII (1934), I-27. 6 "Freewill and Moral Responsibility," Mind, LVII (I948), 46. 439 I
PHILIPPA FO O T of causal laws governing action "does not give the moralist what he wants. For he is anxious to show that men are capable of acting freely in order to infer that they can be morally re- sponsible for what they do. But if it is a matter of pure chance that a man should act in one way rather than another, he may be free but he can hardly be responsible."7 This argument is not essential to the main thesis of those who use it; their own account of free will in such terms as the absence of constraining causes might be correct even though there were no inconsistencies in the suggestion put forward by their libertar- ian opponents. But if valid the argument would be a strong argument, disposing of the position of anyone who argued both that free will required the absence of determining causes and that free will was a possibility. That the argument is not valid, and indeed that it is singularly implausible, I shall now try to show. It is, I think, surprising that it should have survived so long; this is perhaps because it has not had to bear much weight. In any case the weapons which can be used against it are ones which are in general use elsewhere. In discussing determinism and free will it is important to be clear about the sense which is given in this context to words such as "determined" and "caused." Russell gave this account: The law of universal causation . . . may be enunciated as follows: There are such invariable relations between different events at the same or different times that, given the state of the whole universe throughout any finite time, however short, every previous and subse- quent event can theoretically be determined as a function of the given events during that time.8 This seems to be the kind of determinism which worries the defender of free will, for if human action is subject to a universal law of causation of this type, there will be for any action a set of sufficient conditions which can be traced back to factors outside the control of the agent. We cannot of course take it for granted that whenever the word "determined" or the word "cause" is used this is what 7Philosophical Essays, p. 275. 8 "On the Notion of Cause," in Our Knowledge of the External World (London, I914), p. 22I. 440
FREE WILL AND DETERMINISM is implied, and what is intended may be in no way relevant to the question of free will. For instance, an action said to be determined by the desires of the man who does it is not necessarily an action for which there is supposed to be a sufficient condition. In saying that it is determined by his desires we may mean merely that he is doing something that he wants to do, or that he is doing it for the sake of something else that he wants. There is nothing in this to suggest determinism in Russell's sense. On the whole it is wise to be suspicious of expressions such as "determined by desire" unless these have been given a clear sense, and this is particularly true of the phrase "determined by the agent's character." Philosophers often talk about actions being deter- mined by a man's character, but it is not certain that anyone else does, or that the words are given any definite sense. One might suppose that an action was so determined if it was in character, for instance the generous action of a generous man; but if this is so we will not have the kind of determinism traditionally supposed to raise difficulties for a doctrine of free will. For nothing has been said to suggest that where the character trait can be predicated the action will invariably follow; it has not been supposed that a man who can truly be said to be generous never acts ungenerously even under given conditions. Keeping the relevant sense of "determinism" in mind, we may now start to discuss the view that free will requires determinism. The first version which I shall consider is that put forward by Hobart, who suggests that an action which is not determined cannot properly be called an action at all, being something that happened to the agent rather than something he did. Hobart says, "In proportion as it [the action] is undetermined, it is just as if his legs should suddenly spring up and carry him off where he did not prefer to go." To see how odd this suggestion is we have only to ask when we would say that a man's legs were carrying him where he did not prefer to go. One can imagine the scene: he is sitting quietly in his chair and has said that he is going to go on reading his book; suddenly he cries, "Good heavens, I can't control my legs!" and as he moves across the room, he hangs on to the furniture or asks someone else to hold him. Here indeed his legs are carrying him where he does not 44I
PHILIPPA FOOT want to go, but what has this to do with indeterminism, and what has the ordinary case, where he walks across the room, to do with determinism? Perhaps Hobart thinks that when a man does something meaning to do it, he does what he wants to do, and so his action is determined by his desire. But to do something meaning to do it is to do it in a certain way, not to do it as the result of the operation of a causal law. When one means to do something, one does not call out for help in preventing the movement of one's limbs; on the contrary, one is likely to stop other people from interfering, saying, "I want to do this." It is by such factors that walking across the room is distinguished from being carried off by one's legs. It is to be explained in terms of the things said and done by the agent, not in terms of some force, "the desire," present before the action was done and still less in terms of some law telling us that whenever this "desire" is found it will be followed by the action. The indeterminist has no difficulty in distinguishing an action from something that happens to the agent; he can say exactly the same as anyone else. Nowell-Smith seems to be thinking along somewhat the same lines as Hobart when he attacks C. A. Campbell for saying that free will requires indeterminism: The essence of Campbell's account is that the action should not be predictable from a knowledge of the agent's character. But, if this is so, can what he does be called his action at all? Is it not rather a lusus naturae, an Act of God or a miracle? If a hardened criminal, bent on robbing the poor-box, suddenly and inexplicably fails to do so, we should not say that he chose to resist or deserves credit for resisting the tempta- tion; we should say, if we were religious, that he was the recipient of a sudden outpouring of Divine Grace or, if we were irreligious, that his "action" was due to chance, which is another way of saying that it was inexplicable. In either case we should refuse to use the active voice.9 It is hard to see why a man who does something inexplicably does not really do it. Let us suppose that the hardened criminal's action really is inexplicable; we can only say, "He just turned away," and not why he did so; this does not mean that he did it by accident, or unintentionally, or not of his own free will, and 9 Ethics (London, I954), pp. 28i-282. 442
FREE WILL AND DETERMINISM I see no reason for refusing to use the active voice. In any case, to explain an action is not necessarily to show that it could have been predicted from some fact about the agent's character-that he is weak, greedy, sentimental, and so forth. We may if we like say that an action is neverfully explained unless it has been shown to be covered by a law which connects it to such a character trait; but then it becomes even more implausible to say that an action must be explicable if we are to admit it as something genuinely done. In the ordinary sense we explain the criminal's action if we say, for instance, that a particular thought came into his mind; we do not also have to find a law about the way such thoughts do come into the minds of such men. A rather different version of this argument runs as follows. We hold responsible only a man who is a rational agent; if someone were always to do things out of the blue, without having any reason to do them, we should be inclined to count him as a lunatic, one who could not be held responsible for his actions, so that even if he did things he would do things for which he could not be held responsible. And is it not through being determined by motives that actions are those of a rational agent whom we can praise or blame? It certainly would be odd to suppose that free will required the absence of motives for action. We do not of course expect that everything that the rational man does should be done with a motive; if he gets up and walks about the room he need not be doing so in order to take exercise; it is quite usual for people to do this kind of thing without any particular purpose in view, and no one is counted irrational for doing so. And yet we do expect a man to have a motive for a great number of the things that he does, and we would count anyone who constantly per- formed troublesome actions without a motive as irrational. So it looks as if a moral agent is a man whose actions are in general determined, if determinism is involved in "having a motive" for what he does. What does it mean to say that someone had a motive for doing what he did? Often this particular expression means that he did it with a particular intention, so we should first say something about intentions and the sense in which they can be said to 443
PHILIPPA FOOT determine action. We say that a man had a certain intention in acting when he aimed at a certain thing, and "his motive for such and such" often means "his aim in doing such and such," for instance, "His motive for going to the station was to take a train to London." But where motives are intentions it is clear that they cannot be determining causes; for intending to do x and being ready to take the steps thought necessary to do x are connected not empirically but analytically. A man cannot be said to have an intention unless he is reconciled to what he believes to be the intermediate steps. We cannot speak as if the intention were something which could be determined first, and "being ready to take the necessary steps" were a second stage following on the first. It might be objected that this does not cover the case of "doing y because one wants x" where "wanting x" does not imply trying to get x. In one sense of "want" it is possible to say, "He wants x" without knowing whether he is prepared to take steps to get it. (One might, for instance, want to go to London but not be prepared to spend the money to get there.) So that wanting seems here to be a separate condition, which might in certain cases be connected by an empirical law to the adoption of particular courses of action. Certainly wanting is not an event, but one gets rid of wanting as a determining factor too easily if one merely says that desires are not causes because they are not occurrences. We say "He wants" in this sense where he would adopt certain policies if there were no reasons for not doing so. We can say, "He wants to get to London," even when he is not prepared to take the necessary steps to get to London, provided he can say, "Trains are too expensive," or "Hitchhiking is too uncom- fortable." If we offered him a spare railway ticket or otherwise disposed of his reasons against going, and he still did not go, we would have to say, "He didn't really want to go after all." So wanting in this sense is being prepared to act under certain conditions, though not being prepared to act under the given conditions. It is a description which could be applied to a man before we knew whether he was ready to act in a given situation, and it seems that there might then be a causal relation between 444
FREE WILL AND DETERMINISM the wanting and the acting where the latter took place. This is quite true; there could be a law to the effect that when the de- scription "He wants x" applied at t1, the description "He is taking the necessary steps to get x" applied at t2. It would be possible to say this without making a mistake about what it is to want and inventing a hidden condition of body or mind. One could say, "Wanting in this sense just is being prepared to act under some conditions," and still maintain that there could be an empirical law connecting wanting with acting under a particular set of conditions. The mistake lies not in the idea that such laws are possible but in the thought that there is a reference to them in the statement that a man did one thing because he wanted some- thing else. So far we have been dealing only with cases in which a question about a motive was answered by specifying something aimed at or wanted. Now we should turn to the cases in which the motive is said to be kindness, vanity, ambition, meanness, jealousy, and so on, to see whether determinism is involved. It is easy to show that a motive is not a cause in Russell's sense, for it is clearly not an antecedent cause. Professor Gilbert Ryle has pointed out that a man who acts out of vanity is not a man who had a feeling of vanity immediately before he acted, and if it is objected that the vanity which preceded the action need not have manifested itself in a feeling, one may ask what else would count as the vanity which was causing him to act. A man's motives are not given by what was happening to him immediately before he started to act. Nor do we discover some independent condition contemporaneous with the action and a law linking the two, for again there is nothing which would count as vanity except the tendency to do this kind of thing. So much is implied in what Ryle says about acting out of vanity, but his own account of what it is to do so still uses something which is objectionably like a causal model. The analogy which he thinks apt is that between saying a man acted out of vanity and saying a piece of glass broke because it was brittle: "To explain an act as done from a certain motive is not analogous to saying that the glass broke because a stone hit it, but to the quite different type of statement that the glass broke, when the stone 445
PHILIPPA FOOT hit it, because the glass was brittle."10 The positive part of this statement seems to me mistaken. Acting out of vanity is not so closely connected with being vain as Ryle must suppose it to be. Let us suppose that his account of what it is to be vain is entirely correct; to say that a man is vain is to say that he tends to behave in certain ways, to feel aggrieved in particular situations, and so on.1" It does not follow that ascribing vanity as a motive for an action is bringing this action under the "lawlike" proposition that the agent is a man who tends to do these things. For it makes sense to say that a man acts out of vanity on a particular occasion although he is not in general vain, or even vain about this kind of thing. It cannot therefore be true that when we speak of an agent's motive for a particular action we are explaining it in terms of his character, as Ryle suggests; we are not saying "he would do that." It is of course possible to give a motive and to say that the agent has the character trait concerned, but the latter cannot be included in an account of what it is to assign a motive to a particular action. The explanation of why Ryle says what he does seems to lie in the fact that he has taken a false example of explaining an action by giving a motive. He considers as his example the expla- nation, "He boasted because he is vain," which is not in fact an explanation of the right type; considered as a statement assigning a motive to a particular action it would be uninformative, for except in very special cases boasting is acting out of vanity. It is not surprising that this particular sentence has a different function-that of relating this act of vanity to the character trait. What Ryle says about the example is correct, but it is not an example of the kind of thing he is trying to describe. It might seem as if we could reformulate the theory to meet the objection about the man who acts out of vanity on one occasion by saying that a man's acting out of vanity is like glass breaking because of a brittleness which could be temporary. "He acted out of vanity" would then be explained as meaning that at that particular time he tended to react in the ways described by 10 Concept of Mind (London, I949), pp. 86-87. 11 Ibid., p. 86. 446
FREE WILL AND DETERMINISM Ryle. (If he finds a chance of securing the admiration and envy of others, he does whatever he thinks will produce this admira- tion and envy.) This is wrong because, whereas glass which is even temporarily brittle has all the reactions which go by this name, a man who is temporarily acting out of vanity is not liable to do other things of this kind. To find concepts which this model would fit one must turn to such descriptions as "a boastful mood," "a savage frame of mind," or "a fit of bad temper." Assigning a motive to an action is not bringing it under any law; it is rather saying something about the kind of action it was, the direction in which it was tending, or what it was done as. A possible comparision would be with the explanation of a movement in a dance which consisted in saying what was being danced. Often in diagnosing motives we should look to purposes- to what the action was done for. This we should discover if we found out what the agent was prepared to go without and what he insisted on having; the fact that visitors are made to admire a garden even in the rain is strong evidence that they were invited out of vanity rather than kindness. In other cases finding the motive will be better described as finding what was being done-finding, for instance, that someone was taking revenge. We should take it that a man's motive was revenge if we dis- covered that he was intentionally harming someone and that his doing so was conditional on his believing that that person had injured him. In the same way we should take it that someone was acting out of gratitude if he (i) intended to confer a benefit and (2) saw this as called for by a past kindness. The fact that it is only the character of the particular action which is involved shows how far we are from anything which could involve motives as determining causes. We have now considered two suggestions: (i) that an unde- termined action would not be one which could properly be attributed to an agent as something that he did and (2) that an undetermined action would not be the action of a rational agent. A third version, the one put forward by Hume, suggests that an undetermined action would be one for which it would be impos- sible to praise or blame, punish or reward a man, because it would be connected with nothing permanent in his nature. 447
PHILIPPA FO O T 'Tis only [Hume says] upon the principles of necessity, that a person acquires any merit or demerit from his actions. . . . Actions are by their very nature temporary and perishing; and where they proceed not from some cause in the characters and disposition of the person, who perform'd them, they infix not themselves upon him, and can neither redound to his honour, if good, nor infamy, if evil. The action in itself may be blameable.... But the person is not responsible for it; and as it proceeded from nothing in him, that is durable and constant, and leaves nothing of that nature behind it, 'tis impossible he can, upon its account, become the object of punishment or vengeance.'2 Hume is surely wrong in saying that we could not praise or blame, punish or reward, a person in whose character there was nothing "permanent or durable." As he was the first to point out, we do not need any unchanging element in order to say that a person is the same person throughout a period of time, and our concept of merit is framed to fit our concept of personal identity. We honor people as well as nations for what they have done in the past and do not consider what has been done merely as an indication of what may be expected in the future. Moreover, it is perfectly rational to punish people for what they have done, even if there is no reason to think that they would be likely to do it again. The argument that it will be a different me who will be beaten tomorrow carries no weight, for "different" or not the back which will be beaten is the one about which I am concerned today. So we have no reason to invent something durable and constant underlying the actions which we punish or reward. And it is not in fact our practice to pick out for praise or blame only those actions for which something of the kind can be found. It would be possible, of course, that we should do this, punishing the cruel action of the cruel man but not that of one usually kind. But even in such a situation there would be no argument against the man who said that moral responsibility depended upon indeterminism; for a motive is not a determining cause, nor is an habitual motive. If we say that a man constantly acts out of cruelty, we no more say that his actions are determined than if we say that he acts out of cruelty on a particular occasion. There could of course be a law to the effect that no one who has 12 Treatise, bk. II, pt. III, sec. 2. 448
FREE WILL AND DETERMINISM been cruel for thirty years can turn to kindness after that, and this would throw responsibility back from the later to the earlier acts. But it is clear that this is a special assumption in no way involved in the statement that cruelty is a "durable and constant" element in someone's character. I have already mentioned Ayer's argument that moral re- sponsibility cannot be defended on the basis of indeterminism and will now consider his version in detail. Ayer says that the absence of a cause will not give the moralist what he wants, because "if it is a matter of pure chance that a man should act in one way rather than another, he may be free but he can hardly be re- sponsible."13 To the suggestion that "my actions are the result of my own free choice," Ayer will reply with a question about how I came to make my choice: Either it is an accident that I choose to act as I do or it is not. If it is an accident, then it is merely a matter of chance that I did not choose otherwise; and if it is merely a matter of chance that I did not choose otherwise, it is surely irrational to hold me morally responsible for choosing as I did. But if it is not an accident that I chose to do one thing rather than another, then presumably there is some causal explanation of my choice: and in that case we are led back to deter- minism.14 The "presumably" seems to be the weak link in the argument, which assumes a straightforward opposition between causality and chance that does not in general exist. It is not at all clear that when actions or choices are called "chance" or "accidental" this has anything to do with the absence of causes, and if it has not we will not be saying that they are in the ordinary sense a matter of chance if we say that they are undetermined. When should we say that it was a matter of chance that a man did what he did? A typical example would be the case in which a man killed someone with a bullet which glanced off some object in a totally unforseeable way; here he could disclaim responsibility for the act. But in this instance, and that of something done "by accident," we are dealing with what is done unintentionally, and this is not the case which Ayer has in mind. We may turn, 13 Philosophical Essays, p. 275. 14 Ibid. 449
FREE WILL AND DETERMINISM as he does, to the actions which could be said to have been "chosen" and ask how the words "chance" and "accident" apply to choices. Ayer says, "Either it is an accident that I choose to act as I do, or it is not." The notion of choosing by accident to do something is on the face of it puzzling; for usually choosing to do something is opposed to doing it by accident. What does it mean to say that the choice itself was accidental? The only application I can think of for the words "I chose by acci- dent" is in a case such as the following. I choose a firm with which to have dealings without meaning to pick on one run by an international crook. I can now rebut the charge of choosing a firm run by an international crook by saying that I chose it by accident. I cannot be held responsible for this but only for any carelessness which may have been involved. But this is because the relevant action-the one with which I am being charged-was uninten- tional; it is for this reason and not because my action was un- caused that I can rebut the charge. Nothing is said about my action being uncaused, and if it were, this could not be argued on my behalf; the absence of causes would not give me the same right to make the excuse. Nor does it make any difference if we substitute "chance" for "accident." If I say that it was a matter of chance that I chose to do something, I rebut the suggestion that I chose it for this reason or for that, and this can be a plea against an accusation which has to do with my reasons. But I do not imply that there was no reason for my doing what I did, and I say nothing what- soever about my choice being undetermined. If we use "chance" and "accident" as Ayer wants to use them, to signify the absence of causes, we shall have moved over to a totally different sense of the words, and "I chose it by chance" can no longer be used to disclaim responsibility. PHILIPPA FOOT Somerville College, Oxford 450
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  Richard L. Franklin, the Australian philosopher, developed an idea of indeterministic (libertarian) freedom as the "selective directing of attention" in our thoughts, which develop intentions preparatory to actions. This rough idea seems to be in much earlier thought (e.g., William James's Principles of Psychology), and Franklin seems unaware of the importance of the concept of focusing attention in modern psychology and cognitive science.

Franklin is enthusiastic about analytical language philosophical techniques inspired by Ludwig Wittgenstein which dis-solve philosophical problems.


He is not embarrassed to say that such a concept puts human freedom outside the natural causal order, which he believes is causal and deterministic. His view is thus in the category of "metaphysical" freedoms such as agent causation, non-occurrent causation, and contra-causal freedom. He cites R. M. Hare, Wilfred Sellars, Richard Taylor, and others as holding similar views.
   

Excerpts from Franklin's Freewill and Determinism

  (Routledge, Kegan, Paul, 1968)
THE PROBLEM (pp.1-5)


The problem of freewill is always with us. Both libertarianism and determinism, and each in many forms, have been proved to the satisfaction of innumerable protagonists; while to the satisfaction of innumerable others the conflict has been dissolved, has been shown to rest on misunderstandings of the concepts involved. The thesis of this book is both more modest and more ambitious than any of these. It is more modest in that, though I have argued for one particular view, I have not claimed to present conclusive reasons for it; and in fact I have tried to show in what respects, and on what grounds, it could and would be rationally rejected by many men. It is more ambitious in that I believe I have placed the problem in a new perspective. I have suggested why there is this never-ending dispute; what underlies the contentions of each position; why at a given period one may be in the ascendent over others; why the protagonists so easily, in fact almost inevitably, overstate their cases; and finally, what might offer the best chance of future progress.


Let us begin with a simple statement of the problem, and of the positions which may be adopted. Men do not often doubt that in most circumstances they can freely decide between one course of action and another, in a way that certainly inanimate objects, and presumably also animals, cannot. Nor, in the realm of morals, do they often doubt that unless a man chose freely he cannot properly be praised or blamed for his action. These beliefs give rise to a problem, however, when they are considered together with other frequently held ones which may seem to leave no place for such freedom. There thus arises the philosophical problem of freewill. Historically the difficulty has often been that of reconciling freedom with beliefs in God's omniscience or foreordination of all things, which raise what may be called questions of predestination. In the present climate of opinion among British philosophers these issues have been largely handed over to theologians, and for reasons of space I shall largely have to leave them there. I am concerned with another set of considerations which give rise to what may be called the problem of determinism.


People not only make choices, they explain why choices are made and they predict what they will be. If we reflect on what is involved in explanation or prediction we may conclude that they always involve some more or less explicit and more or less precise generalisation to the effect that this sort of thing occurs in this sort of situation. The ideal limit of such a generalisation is a causal or scientific law to which there are no exceptions. Moreover, on further reflection we may decide we cannot doubt that such laws exist, even if undiscovered. For we can hardly doubt that in principle all that occurs is fully explicable, and only this ideal limit, it may seem, would give a really satisfactory explanation. In traditional language the Law of Causation, that every event has a cause, is equivalent to the Principle of Sufficient Reason, 'by virtue of which', as Leibniz formulates it, we consider that no fact can be real or existing and no proposition can be true unless there is a sufficient reason, why it should be thus and not otherwise, even though in most cases these reasons cannot be known to us.


And on this Principle (together with the Principle of Contradiction), he said, all our reasoning is based., Yet the existence of such causal laws may seem to imply that for a given agent in a given situation only one course of action is a real possibility, and may thus seem incompatible with his freedom.


To this general problem philosophers return many different answers, but they may conveniently be grouped into three types. One position is that our distinctive human power to choose implies 'contra-causal' or undetermined freedom. This is libertarianism. It divides into various forms, which differ as to whether all or only some, and if so which, choices imply indeterminism. For example, one form holds that we have undetermined freedom only when facing up to moral demands.


The second group consists of philosophers who accept the incompatibility which the libertarian alleges between causality and at least the usual notion of freedom; accept, as he does not, the principle of universal causation; and thus reject the belief in freedom. These are par excellence determinists. We may, however, distinguish two sub-groups. First, there are those who aim to break to men the news that they are in no significant sense free. Secondly, there are those who set out to reconcile determinism with some consciously transformed notion of freedom. They agree that the common or unphilosophical notion of freedom inclines to libertarianism, but argue that this is a vulgar error, and that true freedom is, say, the recognition of necessity.
The less that such a philosopher emphasises or concedes that his view of freedom is not the common one, the more he merges into a third group. These deny that the suggested incompatibility between freedom and universal causation exists at all. They refuse to save the notion of freedom by transforming it; they believe it is not the common man but the philosopher who is confused. Since, they suggest, we all assume both that we are free and that
all events can be explained, it is for the philosopher to show by careful analysis how these beliefs fit together, and not to sacrifice either to the other. If we thus examine carefully what is under our noses we will discover what we might have expected: that the apparent conflict is due to various conceptual errors, such as, in the realm of morals, a faulty analysis of the concept of responsibility, or of the assertion that the agent 'could have done something else'. We will then see that what we all mean by freedom, and not some truncated or transformed account of it, is compatible with, and perhaps requires, determinism.
Traditionally there are only two classifications, 'libertarian' and 'determinist', to apply to all these positions; for the word 'indeterminist', which is sometimes found, seems to be nothing but a synonym for 'libertarian'. This leads to little confusion, except In the case of the third group of philosophers. 'Libertarian' suggests to them that we have an undetermined freedom, and 'determinist' that we are not as free as we thought; and it is the very point of their contention that both these suggestions are wrong. Since they claim that on a proper analysis the problem dissolves, I find it sometimes useful to call them `dissolutionists'. In general, there are some contexts, such as that of clarifying the precise libertarian position, where it is convenient to call all denials of libertarianism 'determinist'; and others, including many ethical ones, where the threefold classification is more helpful. But all such nomenclature is merely a matter of convenience, and I do not wish to pin on anyone a label to which he would object. 1

The central issue may be put in terms of a contrast between two notions, which may be called self-determinism and indeterminism. No one other than an absurd fatalist would suggest that a man is in normal circumstances at the mercy of his environment, as a rudderless boat is driven by the waves. It is we who decide how to act, and act as we decide. We respond to situations with more or less intelligence and integrity. Another person, or we in a different mood, might respond to the same situation quite differently. No account of a man's environment and external stimuli would usually enable us to know what he will do; the answer will depend on his own deliberation and choice. We might express this manifest ability of human beings to transcend a mere immediate reaction to stimuli by saying that they are self-determined. But this is quite compatible with saying that there are causal or scientific laws (for example, psychological ones about thought-processes, or physiological ones about brain-processes) which govern an agent's decision. The fact that a full causal account would have to be enormously complicated, that it would have to include statements about the agent as well as about his environment, and that it cannot in practice be achieved, does not show that it is in principle unobtainable. So self-determinism is compatible with determinism; indeed it is the only intelligent form of determinism. The determinist says that this self-determinism is the only sense (if any) in which a man is free, and the dissolutionist adds that it is in fact all we mean when we speak of human freedom. The libertarian, however, denies this. He insists that such laws, if they existed, would be incompatible with our most basic conception of freedom. His view may be put by saying that man's freedom is undetermined.1


THE SELECTIVE DIRECTING OF ATTENTION (pp.71-79)
   
 In day-dreams, and in other relaxed or lazy moments, we may be conscious, in one sense of that vague word, without paying attention to anything. But as soon as we become involved in, or concerned with, any situation or train of thought we start to pay attention to it. The activities, such as choices, with which the freewill debate is concerned, are primarily ones which are performed attentively. It is this difficult and fundamental notion of attention which I wish to examine.


Though it is possible, with difficulty, to pay attention to more than one thing at once, our consciousness is normally focused on one. The focus, however, often changes, as when our attention is distracted by something else while we are engaged on some matter to which, in general, it is directed. It is not easy, however, to decide how often this occurs. We might be tempted to try to answer the question by paying attention to some topic, and at the same time noticing how often our attention is distracted. But if we do we are apt to find that what we had taken to be our reasonably sustained power of concentration dissolves into a kaleidoscope of shifting phenomena. Let someone read this paragraph while paying heed to the question how often his attention wanders ; and almost at once, I think, it will. The buzzing of a fly, the memory of a past holiday, wondering what the time is or whether the whole procedure is absurd—such things as these will immediately intervene. Moreover, if he succeeds in reaching the end of the paragraph he will find he can hardly remember much of it. This suggests that the whole approach is at fault, for it involves precisely that attempt to focus consciousness on more than one thing at once which we find so difficult. We are here so exercised in the second-order activity of trying to notice what we are conscious of, that we lose almost entirely our first-order capacity to concentrate on anything at all. If, on the other hand, forgetting this peculiar exercise, someone should, after reading a paragraph with attention, ask himself whether his attention had wandered, I think he will normally be unable to recollect that it had. This cannot be merely because these wanderings are immediately forgotten. For, apart from the inherent implausibility of that suggestion, there is the unquestionable difference in the speed and comprehension of his reading.


The capacity to pay attention doubtless varies greatly between individuals. Certain cases, such as the very highest reaches of disciplined religious meditation, are almost different in kind from achievements in the lower range. No doubt also in each individual the power varies in accordance with many factors. It is much greater when we are attracted to some subject matter than when we force ourselves to concentrate on it. It is also much greater when the subject matter on which we focus is itself changing; for example, most people can read a book, that is, keep their attention on a progression of words and sentences, for a much longer period than they can fixedly contemplate a single unchanging object. But for present purposes these matters need not concern us, and the following points which I have made are sufficient. One may be conscious without paying attention to anything. Activity of any sort, however, including coherent and connected thought, involves paying attention. Our power to do so can be exercised without break for much longer than we might conclude from the unfortunate attempt to introspect the process while it goes on. Yet nevertheless it is an essential feature of our paying attention, in all but the rarest and most highly disciplined cases, that the focus of our consciousness is continually changing.


It is these changes of focus which I wish to consider, and I wish to ask whether one can appropriately apply to them certain distinctions that have often been recognised in other contexts. The first distinction is that between an action and an occurrence, or between what a man does and what happens to him. This, as I shall later mention, seems an essential distinction in philosophy of mind. The second one is drawn, within the realm of action or activity, between an act and a choice. On some occasions a man may simply act, without any deliberate selection of his course of action, while on other occasions he chooses between two possible courses of conduct. The notion of a choice, as here used, implies that alternatives are considered, and all but one rejected. How, if at all, do these notions apply to the paying of attention?


A philosopher might be inclined to say that changes in our attention are mental acts, as opposed to occurrences such as twinges of pain. For if we put aside special cases, as when a subject attracts us with a virtually hypnotic power, or repels us so strongly as to produce a mental blockage, we may agree that we can always control the movement of our attention, even if only with difficulty. But to say that we can control it is not to say that we do. Our attention is continually being attracted by what we would like to think about, or distracted from what we are or ought to be thinking about, or, as it were, rebuffed by the dullness or unpleasantness of the subject matter. These influences account for the direction taken by a vast amount of our thinking, particularly in our less disciplined moments. They are part of our mental activity, in the sense that they are what goes on while we think. Yet in another sense they are what happens to us, rather than what we do. We seem therefore driven (though such moves are perilous in philosophy) to draw a further distinction, within the realm of mental activity, between the relatively passive and the more fundamentally active. In fact I think we must apply the distinctions between occurrence, action and choice in this more minute field, as we are accustomed to do in larger scale activities.


The cases where the movement of our attention is attracted, distracted or rebuffed involve nothing which, in the strictest sense, we do. A distinct, if rarer, phenomenon is the active switching of attention from one thing to another. A man who has to decide a matter may suddenly notice that he is day-dreaming about some topic suggested by his earlier train of thought, and the very realisation of this fact is enough to cause him to direct his attention immediately back to the issue he has to decide. This directing is quite different in kind from the unconscious distraction which led him to the day-dream, and as compared to the latter it is activity as opposed to what happened to him. Yet it is hardly a choice. He did not decide to stop day-dreaming, rather the realisation that he was day-dreaming led to his stopping it. Now within this directing of attention, which is itself a sub-class of the changes in our attention, there is a yet smaller sub-sub-class which seems to me to correspond strictly to the notion of a choice; and indeed it is a genuine choice, though of a minute kind. This arises when we consciously decide between pursuing, or dwelling on, this consideration or that. Whether our deliberation is concerned to reach some truth or some decision about how to act, we may be faced with a situation which can be described by saying that we are aware of two trains of thought which we might dwell on, and that we select one and we decide to pursue it rather than the other. I shall call this the selective directing of attention, and it is on this notion that I shall concentrate in the next section.


I have no definite suggestion as to how often the selective directing of attention may occur. I suspect that the frequency of its occurrence varies from individual to individual, and it surely varies according to the type of thought involved. Certainly it represents only a small proportion of the changes in our attention, but these changes as a whole are so frequent that even this sub-sub-class of them need not be a rare phenomenon. My own view would be that for any normal person, engaged in rigorous or careful thought, it is a common occurrence. In any case, the distinctions which I have attempted to draw do seem to me to apply to the very difficult phenomena in question, even if in certain cases the line between the various categories may be somewhat blurred. It follows that it is unconvincing to reduce the process of thought to any account which presents it merely as an interplay of attractive and distractive influences. Undoubtedly such influences occur, and govern a vast amount of our thinking. Further, we may have psychological evidence to suppose that there are others, of the existence or power of which we are frequently unaware. But if we attempt to reduce all mental activity to the passive interplay of various influences, the result is not a satisfactory piece of philosophical psychology.


Before going further I must relate my remarks to a discussion in Professor Stuart Hampshire's important book Thought and Action. 1 The issue arises from a passage where he is concerned to emphasise the difference between thought and action. 2 He is right, I think, basically to take the side of Spinoza against Descartes on this point, and to say that reaching a conclusion is not analogous to an act of will. We do not decide to believe, we decide or realise that we believe; and if the process has been honest, the conclusion is independent of our will. He is right also in the hints he gives of the necessary qualifications to this position, and his indications of the way in which our will to believe or disbelieve may influence the thinking process. Finally, he is right in saying that this may have deep moral implications. The difference arises when he argues that what goes on in us when we think systematically cannot be described as an action, because the will plays no part in it.
   


Thought, when it is most pure, is self-directing, as in the exercise of the intellect in deduction and in the following of an argument. When I use the active verbs of will and speak of directing my thoughts to a certain topic, or of concentrating my attention on it, I still contrast these acts of will, which start the process, from the process itself. Thought begins on its own path, governed by its universal rules, when the preliminary work of the will is done. No process of thought could be punctuated by acts of will, voluntary switchings of attention, and retain its status as a continuous process of thought.1

The point is impressive if we concentrate on the case of following an argument, or of expounding one when we have worked it out. Here the direction of thought is in an intelligible sense controlled by the argument, and the only element of will involved is that of renewing our attention if we notice that it has flagged.2 Perhaps this is all Hampshire meant. But in original or constructive thinking, the directing of attention seems ubiquitous and essential. Certainly from time to time it may lead to the recognition of a conceptual connection. 'Of course this follows from that,' we may say, or, 'But this won't go with what I concluded previously.' Still, the movement of our thought is directed not by a chain of argument but by our groping for one. It is controlled by the argument, not as the movement of a train is controlled by the rails, but only as that of an explorer is controlled by the country. In the last resort, if the italicised sentence of Hampshire's were true, then creative thinking would not be 'a continuous process of thought'.

4. INDETERMINISM AS THE SELECTIVE DIRECTING OF ATTENTION

I now argue that a libertarianism which is rationally constructed out of the common view of choice should locate its indeterminism in the selective directing of attention. In the first place, this suggestion is surely thoroughly congruous with the four cases where I suggested that the common view would insist on indeterminism. In a clash between what is believed to be our duty and temptation, what actually happens at the moment of decision? Is it not that we either direct our attention to the fact that this is our duty, and refuse to think about the attractiveness of the other course; or alternatively dwell on the attractiveness of the other course, and simply try to put our duty out of our mind as best we can? The second case of honesty in deliberation is even clearer, for it was defined by reference to the difficulty of keeping our attention fixed on matters which we ought to consider. The third case was that of moral perplexity. Here the position would seem to be that, having found no satisfactory rational solution of our dilemma and still being obliged to choose, we simply by an act of will direct our attention to one course rather than the other. Finally, in relation to the whole sphere of original thinking, does not the originality lie in the selection of one aspect after another for attention, in the hope of seeing familiar things in a new light, making new connections or questioning established ones? All else that there is even in genius is surely an achievement which either comes or does not; whence and how it does is a matter on which common men have no opinion and the learned no consensus. Creative freedom is exercised in grappling with the matter, not in achieving the result.


This may be reinforced by another consideration. In so far as the common view is based on the selective directing of attention, the most obvious cases of indeterminism will be those where the directing is most obvious. All such frequent activities are commonly best thrown into relief when we experience difficulty in performing them. The difficulties in selectively directing our attention are of two sorts: (a) The keeping of our attention fixed on some chosen consideration, in the face of some counter-consideration which attracts us or makes a demand on our attention; (b) when we are faced with difficulty in ordering a complicated set of material, and must therefore direct our attention systematically over the whole of it. We may add, as a cross-classification, that the directing of attention may be apparent either (i) as a decision or act of choice at the end of deliberation, or (ii) as an element in the deliberation itself. Now the four suggested paradigms of indeterminism represent fairly well the four possible combinations of these elements. Moral libertarianism is case (a) (i), where the choice, rather than the deliberation, is to be exercised in the face of the attraction to dwell on other matters. The second example is case (a) (ii), the third case is (b) (i) and the fourth is (b) (ii). The fact that these cases fit so neatly into this classification gives some support to the view that the classification expresses their underlying principle.


My suggestion seems equally compatible with cases where the actual choice is thought of as self-determined. First we may put aside cases where a man acts, as we often do in small matters, without really noticing what he is doing. The notion of directing attention, let alone of selectively directing it, need here hardly arise, but also we hardly speak of choice. Where there is choice between alternatives there is doubtless some selective directing of attention, but in some cases it is, as it were, essentially irrelevant to the final outcome. Sometimes the result of deliberation is to bring us to see that only one course really has anything (from our point of view) to commend it. We might say that the deliberation had its elements of indeterminism, in the sense that we might have explored either this or that aspect first, etc., but that the eventual decision did not. Again, a man may be of such firm character that he knows in advance that, however much he directs his attention to various aspects of his situation, it will not alter his decision. This, for example, might be Luther's case. Here one might say that though the precise course of the deliberation was undetermined the outcome was never in doubt. These seem to me the sort of cases where the common view would say that, given the man's character, only one course was a real possibility for him.


The picture at which we arrive is that in serious cases of deliberation and choice there is a frequent selective directing of attention, which I suggest should be seen as the basis of libertarianism. But its significance varies from case to case. Sometimes it may affect no more than the trivial details of a path which in general we could have predicted that the agent would traverse. There are innumerable intermediate cases in which it becomes relatively more important. At the other end of the range its existence in a given situation may be crucial. A man's whole action, and even his whole future, may depend on the minute movement of thought by which he chooses to attend to one consideration rather than to another. It is a matter of profound importance for our conception of man whether or not we see such a movement as only a special case of general laws, and thus as an example of what would always happen if just this situation should repeat itself.


I have spoken of this position as a rational reconstruction of the common view of choice. I do not suggest that the directing of attention is the only consideration which might commonly lead men to a belief in indeterminism. In fact I suspect that at least two other matters, related to each other, would play a part. The first is what I may call the lack of expectation of precise prediction. In understanding human conduct, and indeed generally outside the realm of the exact sciences, we must normally employ generalisations which are expected to have occasional exceptions; and this may incline men to the view that no precise regularities could in principle be obtained. The second related matter is the obvious fact of sheer human uniqueness. After all, if two candidates were to submit examination answers which were even largely the same in wording, the presumption that they were not independently produced would be irrebuttable. Yet both these considerations seem to me to lack cogency. My basic reason for this, which will emerge more fully when I discuss determinism, is frankly conceptual rather than based on the phenomenology of choice and action. It is that if the sorts of complexity and uniqueness which I have just mentioned cannot even in principle be reduced to regularities, in however complicated a way, then it would seem that they simply cannot be explained at all; whereas cases of the selective directing of attention allow an explanation of a radically different and non-determinist sort. The result is that I would not wish to defend any libertarianism other than that which I have outlined. I do not directly appeal to the common view in support of my position, as if to a majority verdict. But I believe my position is not only largely consistent with what most men would hold, but also is held for reasons which would appeal to them. Henceforth I shall call the view I have outlined 'libertarianism'. I shall now turn to consider some of the ways in which it has been alleged that the problem dissolves.
   

5. ASSESSMENT OF THE ISSUES (pp.304-309)

I must begin by stating my own position. I have elaborated a libertarian view based on the selective directing of attention, which I have presented as the most defensible form of the doctrine. In terms of the current debate this is the position I would hold. But it would be more accurate to say I am not a determinist. For if I had to bet on what the future holds I would put my money on the suggestion mentioned in Chapter II, Section 3, that the future course of discovery would produce what I called a scientific transformation of the problem. This suggestion is that an adequate neurophysiology will eventually erode the assumption usually made by determinist and libertarian alike; namely the assumption that we could in principle specify with unlimited pre vision the state of affairs which would turn out to be, or fail to be, a sufficient condition for its successor. The eroding of this assumption might occur in either of two ways. The first is that the relevant phenomena in the brain might be so minute that Heisenberg's Uncertainty Principle (assuming that it is not itself superseded) would suffice to raise a necessary imprecision in the specification of the total situation. Or, secondly, a new sort of complexity, hitherto completely unknown, might be brought to light. In other words, the 'emergent levels of relations between neurons in masses' postulated by Bullock, might in crucial cases be such that the concepts required for determinism were inapplicable. 1 Any such scientific transformation would seem, however, for reasons I shall mention, to be much more akin to libertarianism than determinism.
   

My reasons for holding this view are various. In the first place, I am aware of more than those I can state here, though the others are, like the ones I shall mention, persuasive only. This seems to me appropriate. For if we are seeking to draw together separate puzzles into a coherent account which offers an ultimate explanation, then it would follow that the debate must be discursive. It would be impossible to indicate in advance what might be relevant, or to confine the discussion within set limits. A persuasive consideration drawn from one field may have to be balanced against an opposing one drawn from another. I shall here make one point, not with thoroughness but as an illustration of this discursiveness. It is that there are significant links between the whole debate about freewill and traditional religious beliefs. I do not mean to suggest that no theist can be a determinist. But there are, I think, relatively subterranean and easily missed elements of congruity which lead from theism to a denial of determinism, if not vice versa. I see in fact more than one such element, but one will do as illustration.


Traditional morality rests on desert and an ethic of intentions. As we might expect (whatever the problems of temporal and logical priority), this is paralleled in the traditional religious notion of a final moral accounting. Determinists who reject the traditional moral values for an ethic of consequences would have to reject or transform this religious notion too; what they could put in its place, if so minded, will not concern me here. I have argued, however, that a determinist may keep something like the traditional moral values, based on respect for personality, by substituting for the ontological responsibility of libertarianism a responsibility of self-acceptance. My present question is whether a parallel conceptual move could be made in the religious sphere.


It might seem a priori certain that it could be. For surely the theist's categories derive in the first place from our ideal of human personality at its best, before being transformed in an attempt to do justice to the notion of a being worthy of worship. If moral goodness is a pre-eminent constituent of our ideal, how could it fail to have analogical application to the divine? But the issue is not nearly so simple. For the relation of divine to human is fundamentally different from the relation of man to man, and it would seem to me that there are difficulties which might well be insuperable in any analogical extension at all.


First, I have suggested that an ethic of self-acceptance might have to justify the infliction of penalties on those who denied their responsibility by falling back on a social pressure view. In human relationships this would be entirely legitimate; society must Survive. But is there a divine analogue? God has no need to protect himself. Any notion of justified penalties, therefore, could get going only if there were self-acceptance. In traditional language God could justly condemn to hell only those who admitted they deserved it. Secondly, what good reason could they have for admitting it? I can understand what it would be, as between man and man, rationally to accept oneself and others as responsible agents, despite the belief that one could not (nomically) have done otherwise. For in whatever sense I may be responsible for my act, at least it is clear that those before whom I acknowledge it are not responsible for it. But in what sense would it be rational to accept responsibility before a being which had created me to be the very entity which, being just as it was, must commit the sins for which responsibility is being attributed? The closest human analogies might well seem to be, not with mature admission of one's faults, but with neurotic and compulsive guilt-feelings. Finally, if a man did in fact accept responsibility for his sins, his doing so would of course also be predetermined. Again, as between man and man, this need not destroy the seriousness and legitimacy of the attitude, since the others do not cause me to accept my responsibility. But God, in the last resort, would be the cause, and this does seem to destroy moral seriousness. A ventriloquist does not prove himself right by getting his dummy to agree with him.


My suggestion is that, even if a determinist wished to retain the notion of desert by basing it on self-acceptance, the move which seems possible in the purely moral sphere may be impossible in the religious. In arguing this I have of course partly transgressed my self-denying ordinance, and have taken sides on the theological question of whether predestination can be reconciled with the justice of God. For though I have not discussed how the crucial texts of a revelation are to be interpreted, I have in effect suggested that, even if they implied both predestination and divine justice (which in the case of Christianity I strongly doubt), there would remain a conceptual point, of the sort where philosophers have professional competence. It is that`justice' could (logically) be here employed only in a Pickwickian sense which was incompatible with its ordinary meaning. But my purpose has not been to pronounce even on the latter issue. It has been only to illustrate by means of an example the ramifications in which we may be involved in any final assessment of the freewill issue. Contemporary philosophy has found great profit in the method of isolating small and precise problems for individual treatment. It is therefore all the more important to insist that there may be some issues, including the present, where this method is inapplicable.


By this illustration I have tried to indicate the point of my proviso that I have more reasons for denying determinism than those now mentioned. For I would wish to elaborate a view within which the denial appeared as rationally integrated with, rather than incongruously attached to, other beliefs about man and the universe as a whole. I cannot attempt this now, but I can give my final assessment of the considerations discussed in this book.


To many philosophers it has seemed that reflection on practical and on theoretical reason tends to lead in different directions, and thus to provide the central tension in the freewill problem. Reflection on how we decide (whether in general or solely in moral situations) raises the demand for indeterminism; reflection on how we explain a fact to be the case leads naturally to a belief in regularity. I would agree that this is the natural division of the matters to be considered, but I do not think the dichotomy is as neat as this. I find that in both areas the arguments against determinism seem the stronger; though in the first case perhaps more than in the second, and in neither case for conclusive reasons. I shall begin with practical reason.


First, I repeat that the natural view of choice is not determinist, and that determinism must be an attitude superimposed on an earlier view. It is an attitude which I cannot achieve. I am, for example, quite unable to agree with Freud that we are inclined to believe in the undetermined freedom of our trivial but not of our fundamental choices. On the contrary, there stand out in my mind several important issues of past years where it seems to me, even now, that I well might have decided the other way, in which case my life would have been notably different to what it is. Further, at the more minute level of careful introspection, I think that the selective directing of attention is of fundamental importance. I am prepared to believe that all other phenomena which occur in deliberation, such as the attractions and distractions which play so large a part in it, are determined by causes of which I am not necessarily aware. For otherwise, since we do not in such cases select or choose our train of thought, there would be no reason why the outcome should be this rather than that. But the selective directing of attention alone seems to demand that we apply it to the notion of a deliberate choice between alternatives. Both its sheer phenomenological distinctiveness, and its importance for life and conduct, seem to me so great that I am not embarrassed to make it the exception to a general assumption of the determinism of mental phenomena.


Secondly, the moral issues also weigh deeply with me. The morality of an ethic of intentions, based on respect for personality, seems to me so important, and so well justified when understood, that I could not abandon it. I can understand, as I have tried to indicate, that a determinist could base a broadly similar morality on self-acceptance rather than indeterminism. But still it would be in an important sense a new morality. Here the onus of proof is very relevant. I do not feel at liberty to change my conception of man in such a fundamental respect unless the change is forced upon me.
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Alvin Goldman

Alvin Goldman put forward "A Causal Theory of Knowing" in 1967. He said that the knowledge status of a belief depends on the cause (perhaps some event in the external world) that formed the belief. 



Ten years later Goldman presented a  reliabilist approach to justification. He said:


The theory
focused on the truth-ratios of the process
types used in belief formation, and generally
goes by the name "process reliabilism". In its
simplest form, it says that a belief's justificational status hinges on the psychological
processes that produce it, e.g., perception,
memory, introspection, or various inference
patterns. Beliefs formed by highly reliable
processes are justified; beliefs formed by insufficiently reliable processes are unjustified.
The approach is motivated by examples.
Intuitively, beliefs formed by unreliable processes like sheer guesswork or wishful thinking are unjustified even if their propositional
contents stand in appropriate relations to
evidence beliefs. Process reliabilism contrasts
with traditional theories like foundationalism
and coherentism in being a "historical" theory rather than a "current time-slice" theory.
Foundationalism and coherentism imply that
justificational status is fixed by mental states
held at the time of believing. According to
reliabilism, it's the mental history of a belief that fixes its justificational status.
    

As David Armstrong pointed out a few years later (1973), Frank Ramsey had in 1929 suggested both "causal" and "reliable process" theories.


I have always said that a belief was knowledge if it was (i) true, (ii) certain, (iii) obtained by a reliable process. But the word 'process' is very unsatisfactory; we can call inference a process, but even then unreliable seems to refer only to a fallacious method not to a false premiss as it is supposed to do. Can we say that a memory is obtained by a reliable process? I think perhaps we can if we mean the causal process connecting what happens with my remembering it. We might then say, a belief obtained by a reliable process must be caused by what are not beliefs in a way or with accompaniments that can be more or less relied on to give true beliefs, and if in this train of causation occur other intermediary beliefs these must all be true ones.


In 1986, Goldman published Epistemology and Cognition, in which he defended a naturalized version of epistemology. He argued for separate refined treatments of reliabilism, dealing with both knowledge and justification. He also distinguished type reliabilism (he called this "global" reliability) from token-directed model reliabilism ("local reliability).


Goldman argued that epistemology needed help from cognitive science. Years earlier, Willard Van Orman Quine had called for help from the methods of natural science, and thought that epistemology should be "replaced" by psychological science. Goldman says that "historical philosophers never drew a distinction between epistemology and (what is today) called psychology."
   

In modern times, epistemology
should take notice of what cognitive science
says about the mechanisms or heuristics of
belief formation, both their strengths and
their infirmities (Goldman, 2002 a). This way
of naturalizing epistemology contrasts with
Quine's (1969) way by preserving both
the analytic and the normative aspects of
epistemology.
   
  
Quine responded to criticisms that he ignored the normative aspects of epistemology.
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   Carl Ginet is an incompatibilist. He may have helped originate the position called incompatibilism, in his 1966 article. 

Ginet argues that reasons can be considered as causal explanations for actions, but that reasons themselves are "non-causal," allowing us to escape from causal determinism. What he claims is that (contra Donald Davidson) the truth of a reasons explanation of an action does not require that the explaining reason-states (beliefs, desires, etc.) caused the action; but he allows that their causing the action is compatible with the reasons explanation. 
  


He has written two important articles on the subject - "Might We Have No Choice?" in Freedom and Determinism, ed. K. Lehrer (1966) and "Can the Will be Caused?" in Determinism, Free Will, and Moral Responsibility, G. Dworkin, 1970.  
  

  In "Might We Have No Choice?," Ginet stated the Determinism Objection to Free Will in a form similar to Peter van Inwagen's "Consequence Argument" of twenty years later.
  
  I shall be concerned with one possible specification of the old unclear question of whether free will is incompatible with determinism. I want to see if it is possible to construct an hypothesis about the antecedents of human behavior that...is compatible with all previous observations and well-established hypotheses... and implies that no human being ever has a choice as to whether or not he shall behave as he actually does (ever really chooses the way that he does behave). (p.87)

Every temporal segment of every human being's behavior 'B' has a...series of antecedent sets of circumstances having the descriptions 'A1', 'A2' .. . . . , 'An', such that

	'A1' does not entail 'B';

	A1 contingently necessitates A2, A2 contingently necessitates A3, . . . , An-1 contingently necessitates An; and

	the human being in question clearly had no choice as to whether or not the antecedent instance of A1 would occur. (p.88)




  In this seminal article, Ginet also described hypothetical mind-controllers that anticipate Harry Frankfurt's controllers a couple of years later. Ginet says that his controller directly causes both the path the car takes and the motivational and volitional events in the agent's brain in such a way as to make them coincide and give the agent the illusion that his voluntary bodily actions are steering the car.  The corresponding Frankfurt controller would directly cause only the motivational and volitional processes and through them cause the bodily actions and the steering of the car by the agent.
  
  Suppose that the path that the car takes is controlled by some person other than the rider, who also controls (through, say, instruments attached to the rider's brain) what delusions or illusions of steering the rider will have, and suppose that this controller sees to it that the path he makes the rider think he is choosing is always the same as the path he (the controller) makes the car take. In this case, even though it is true that, if the rider had had the impression of choosing a different path the car would have taken a correspondingly different path, it is still the case that the rider's choice-impression does not determine what path the car takes, that the rider has no choice of any sort as to what path it will take, and, hence, that he does not effectively choose its path. (p.103)
  


  Frankfurt designed his controllers to question his "Principle of Alternate Possibilities," in order to deny that an agent could have done otherwise. 

The ability to do otherwise is widely regarded as a necessary condition for moral responsibility. Some philosophers think that we can be morallly responsible even if determinism is true. Peter F. Strawson argued in 1962 that even if determinism were true, it would still be a natural fact that humans act as if they have moral responsibility. They have attitudes of praise and blame, gratitude and resentment. 


Ginet has also written on alternative possibilities. "In Defense of the Principle of Alternative Possibilities: Why I Don't Find Frankfurt's Argument Convincing," in Tomberlin ed., Philosophical Perspectives 10: Metaphysics (1996) and on "Freedom, Responsibilty, and Agency," The Journal of Ethics I, pp. 85-98, reprinted in Free Will, ed. R. Kane, (2002) p. 206.
  


  Ginet defends a non-causalindeterministlibertarianism that Timothy O'Connor and he call "simple indeterminism," contrasting it with the "agent causation" of O'Connor and others, including Roderick Chisholm, Richard Taylor, and Thomas Reid who first advocated mental events as metaphysical agent causation in the eighteenth century. Others who espouse a non-causal theory include Donald Davidson, Stewart Goetz, Hugh McCann, and David Widerker.

Ginet also contrasts his view with the event-causal "indeterminist-causation" view of Robert Kane and Robert Nozick, both of which add some indeterminism to the decision process itself, contributing an element of chance to the direct cause of action. 


For Ginet, there is no chance involved in his volition, his mental event that has a certain "actish" quality, an event not causally necessitated by antecedent events, but simply determined and controlled by him. 
  

  Every action, according to me, either is or begins with a causally simple mental action, that is, a mental event that does not consist of one mental event causing others. A simple mental event is an action if and only if it has a certain intrinsic phenomenal quality, which I've dubbed the "actish" quality and tried to describe by using agent-causation talk radically qualified by "as if": the simple mental event of my volition to exert force with a part of my body phenomenally seems to me to be intrinsically an event that does not just happen to me, that does not occur unbidden, but it is, rather, as if I make it occur, as if I determine that it will happen just when and as it does (likewise for simple mental acts that are not volitions, such as my mentally saying "Shucks!"). A simple mental event's having this intrinsic actish phenomenal quality is sufficient for its being an action. But its having the quality entails nothing either way as to whether it satisfies the incompatibilist requirement for free action (which is that it not be causally necessitated by antecedent events).

An action may be causally complex, may consist of a simple mental action plus consequences of it. For example, my action of voluntarily pushing with my arm and hand against a door begins with a volition, a simple mental act of willing to exert a certain force in a certain direction with my arm and hand, and consists further in that volition's causing my arm and hand to exert such a force. My action of opening the door has a still further component of the door's opening being caused by the force exerted against it by my arm and hand.


Now, as I explained earlier, if an event is not an action of mine — for example, the door's opening — then I can make that event occur only by causing it, that is, by performing some action that causes it. But I make my own free, simple mental acts occur, not by causing them, but simply by being their subject, by their being my acts. They are ipso facto determined or controlled by me, provided they are free, that is, not determined by something else, not causally necessitated by antecedent states and events.
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Edmund Gettier

Edmund Gettier is famous for his widely cited paper proposing what is now known as the "Gettier Problem."


In his 1963 article in Analysis, "Is Justified True Belief Knowledge?" Gettier challenged the definition of knowledge as "justified true belief," thought to have been accepted since Plato. He suggested two examples of cases where an agent could have "justified true belief," but could not be said to have knowledge.  


In Greek, justified meant to provide an "account" (λογοσ), true was "right" (ορθη), and belief was merely "opinion" (δοχα) 


Although typical Gettier examples are little more than wordplay, the Gettier Problem looms large when philosophy has been reduced to problems in logic and language. 

Similar embarrassments for analytic language philosophy are the cleverly worded examples of "Frankfurt cases" designed to deny alternative possibilities, which attempts to deny the essential first stage in the two-stage model of free will.


Philosophers have tried to correct the idea of justification, of rational explanations, of good reasons, of evidence for the belief. But other philosophers continue to generate Gettier (counter)-examples to deny the existence of "true belief" or certain knowledge.


Here is Gettier's three-page 1963 paper (his only publication):
 
IS JUSTIFIED TRUE BELIEF KNOWLEDGE?

(Analysis vol. 23, 1963, pp.121-3)
 
    VARIOUS attempts have been made in recent years to state necessary and sufficient conditions for someone's knowing a given proposition. The attempts have often been such that they can be stated in a form similar to the following:1


    (a) S knows that P	IFF	

       (i) P is true,

       (ii) S believes that P, and

       (iii) S is justified in believing that P. 




    For example, Chisholm has held that the following gives the necessary and sufficient conditions for knowledge:2

    (b) S knows that P 	IFF	

       (i) S accepts P,

       (ii) S has adequate evidence for P, and

       (iii) P is true. 



    Ayer has stated the necessary and sufficient conditions for knowledge as follows:3

    (c) S knows that P 	IFF	

       (i) P is true,

       (ii) S is sure that P is true, and

       (iii) S has the right to be sure that P is true. 




    I shall argue that (a) is false in that the conditions stated therein do not constitute a sufficient condition for the truth of the proposition that S knows that P. The same argument will show that (b) and (c) fail if 'has adequate evidence for' or 'has the right to be sure that' is substituted for 'is justified in believing that' throughout.

    I shall begin by noting two points. First, in that sense of 'justified' in which S's being justified in believing P is a necessary condition of S's knowing that P, it is possible for a person to be justified in believing a proposition that is in fact false Secondly, for any proposition P, if S is justified in believing P, and P entails Q, and S deduces Q from P and accepts Q as a result of this deduction, then S is justified in believing Q. Keeping these two points in mind, I shall now present two cases in which the conditions stated in (a) are true for some proposition, though it is at the same time false that the person in question knows that proposition.

Case I:


    Suppose that Smith and Jones have applied for a certain job. And suppose that Smith has strong evidence for the following conjunctive proposition:



       (d) Jones is the man who will get the job, and Jones has ten coins in his pocket. 



    Smith's evidence for (d) might be that the president of the company assured him that Jones would in the end be selected, and that he, Smith, had counted the coins in Jones's pocket ten minutes ago. Proposition (d) entails:


       (e) The man who will get the job has ten coins in his pocket. 



    Let us suppose that Smith sees the entailment from (d) to (e), and accepts (e) on the grounds of (d), for which he has strong evidence. In this case, Smith is clearly justified in believing that (e) is true.

    But imagine, further, that unknown to Smith, he himself, not Jones, will get the job. And, also, unknown to Smith, he himself has ten coins in his pocket. Proposition (e) is then true, though proposition (d), from which Smith inferred (e), is false. In our example, then, all of the following are true: (i) (e) is true, (ii) Smith believes that (e) is true, and (iii) Smith is justified in believing that (e) is true. But it is equally clear that Smith does not know that (e) is true; for (e) is true in virtue of the number of coins in Smith's pocket, while Smith does not know how many coins are in Smith's pocket, and bases his belief in (e) on a count of the coins in Jones's pocket, whom he falsely believes to be the man who will get the job.

Case II:

    Let us suppose that Smith has strong evidence for the following proposition:



       (f) Jones owns a Ford. 



    Smith's evidence might be that Jones has at all times in the past within Smith's memory owned a car, and always a Ford, and that Jones has just offered Smith a ride while driving a Ford. Let us imagine, now, that Smith has another friend, Brown, of whose whereabouts he is totally ignorant. Smith selects three place names quite at random and constructs the following three propositions:


       7. Either Jones owns a Ford, or Brown is in Boston.

       8. Either Jones owns a Ford, or Brown is in Barcelona.

       9. Either Jones owns a Ford, or Brown is in Brest-Litovsk. 



    Each of these propositions is entailed by (f). Imagine that Smith realizes the entailment of each of these propositions he has constructed by (f), and proceeds to accept (g), (h), and (i) on the basis of (f). Smith has correctly inferred (g), (h), and (i) from a proposition for which be has strong evidence. Smith is therefore completely justified in believing each of these three propositions, Smith, of course, has no idea where Brown is.

    But imagine now that two further conditions hold. First Jones does not own a Ford, but is at present driving a rented car. And secondly, by the sheerest coincidence, and entirely unknown to Smith, the place mentioned in proposition (h) happens really to be the place where Brown is. If these two conditions hold, then Smith does not know that (h) is true, even though (i) (h) is true, (ii) Smith does believe that (h) is true, and (iii) Smith is justified in believing that (h) is true.



    These two examples show that definition (a) does not state a sufficient condition for someone's knowing a given proposition. The same cases, with appropriate changes, will suffice to show that neither definition (b) nor definition (c) do so either.
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Gorgias


Gorgias was one of the early "pre-Socratic" philosophers that Socrates labelled as Sophists. Another was Gorgias' contemporary, Protagoras. These two were both the subjects of Platonic dialogues.

It was a commonplace for natural philosophers, the earliest scientists, to give lectures on the nature of things, proving that things exist, that we can have knowledge of them, and that we can communicate that knowledge through teaching.


Gorgias and Protagoras were critics of the Eleatic philosophers, especially Parmenides, who was Plato's inspiration for the idea that Truth must be eternal. Parmenides argued that Being must be unchanging. Being cannot be generated from nothing, nor can it cease to be. 

Heraclitus disagreed, saying that everything was constantly changing ("All is flux" and "you cannot step in the same river twice"), but he held there was a "logos" governing change. In that respect, he anticipated the laws of nature.


The Eleatics were pre-cursors of the modern rationalists (Descartes, Spinoza, and Leibniz). Thomas Aquinas was a scholastic intermediary. They believed everything about the world could be deduced from first principles, working in an "ivory tower."


They were especially critical of the nature philosophers (physiologoi), who thought that knowledge could be gained by observing the material world. Perceptions of phenomena are unreliable, they said. Such knowledge is merely conventional, relative to each observer, not certain. The goal of philosophy is certain knowledge and truth.


The early materialist/physicalist philosophers Democritus and his teacher Leucippus replaced theological and supernatural explanations of phenomena with natural materialist explanations. They assumed the world was completely made of matter, which they postulated to consist of just a few types of invisible particles that could be combined to make all of the visible objects, their properties, and their behaviors.   


The fundamental elements of their time - earth, water, air, and fire - were in turn simply compounds of sub-elementary particles they called atoms (indivisibles) in a void or vacuum between the atoms.
  

  "By convention hot, by convention cold, but in reality atoms and void." 

(Fragment 117, Diogenes Laertius IX, 72)
  

Parmenides had denied the possibility of the void with the simple logical/language argument that if "nothing" was between two bodies, it follows that they must be in contact with one another. Plato and Aristotle generally preferred Parmenides' idea of a continuous filled plenum and opposed the atomists' ideas of discrete particulate objects separated by nothing.


Democritus denied the arbitrariness of phenomena that was implied if they were the free actions of the gods. He replaced that explanation with the idea of deterministic laws governing the behavior of the atoms, and as a consequence explaining all phenomena made of atoms, including human beings and their actions. Leucippus had denied that anything happened at random (μάτην),
  

"Nothing occurs at random, but everything for a reason and by necessity." 

(Leucippus, Fragment 569 - from Fr. 2 Actius I, 25, 4)
  

Gorgias' colleague Protagoras accepted the criticism of phenomena as merely conventional. The same wind might seem warm to one man and cool to another. But their perceptions of the phenomena are equally valid. "Man is the measure of all things," he said, where things (χρημα) refers to physical phenomena. 




    In his Theaetetus, Plato tells us that Socrates considered, but ultimately rejected, three possibilities for what knowledge (ἐπιστήμη) is and how we come to have it. 


The first is perception (αἴσθησις). Our perceptions are "true" (ἀληθῆ), at least to us, a kind of private knowledge. But they may be dreams or illusions. (160D)


The second is true (ἀληθῆ) opinion or belief (δόξαν). Socrates asserts that Protagoras' relativistic argument that "man is the measure of all things," means "what is true is what is true for me." But "myriad" others may properly judge your opinion false (ψευδῆ).(170D)


The third is true belief that had some reasons (λόγος) or justification (συλλογισμῶ), a rational explanation for the belief. True (or right) opinion accompanied by reason is knowledge. (δόξαν ἀληθῆ μετὰ λόγου ἐπιστήμην εἶναι) (202C)


This third possibility that knowledge is "justified true belief" has come down to modern times as the three-part "traditional" theory of knowledge. 


Although Socrates' "negative" dialectic never established any certain knowledge, Plato believed that Socrates' method of inquiry (ἔλεγχος) was the way to achieve knowledge.  


Nevertheless, the Theaetetus ends with Socrates' utter rejection of perception, true belief, or true belief combined with reasons or explanations as justification. Socrates says:


And it is utterly silly, when we are looking for a definition of knowledge, to say that it is right opinion with knowledge, whether of difference or of anything else whatsoever. So neither perception, Theaetetus, nor true opinion, nor reason or explanation combined with true opinion could be knowledge (epistéme). 


Gorgias was in some sense a skeptic, an early post-modern thinker, even a deconstructionist as to the power of language. He expressly used the language, the rhetorical style, and the arguments of the Eleatics to refute their claims about Being (το ον) and their denial of the existence of Non-Being (το μη ον)


He and Protagoras can be seen as attacking the view that thought alone can establish true knowledge. One must look at the world of material things. In this respect they are precursors of the modern empiricists (Locke, Berkeley, and Hume). Their medieval predecessor was John Duns Scotus, who insisted that the freedom of God meant that one had to look at the world to understand it. Despite the ancient Stoic dicta that God is Nature and that God is Reason, one can not understand the world with reason alone.


Many ancient physicists (φυσικοι, φυσιολογοι) lectured and wrote on "what there is" in treatises called "Peri Physis" (Περι Φύσις) - roughly, About Nature, or The Nature of the Physical World. 


The content of the typical physicist/philosopher lectures was usually in three parts:

	 Things exist
	 You can know what things exist
	 You can tell others about what exists


Gorgias is reported to have dazzled and delighted his audiences by proving the opposites, by using nearly identical arguments:

	 Nothing exists
	 If by chance something did exist, you could not know anything about it
	 If you did accidentally learn something about it, there is no way you could communicate your knowledge to others


Note that the Gorgias claim "nothing exists" is not so extreme when it is seen as an attack on the Platonic/Parmenidean view that only Being really exists. Parmenides denies the existence of the void as Non-Being. Gorgias thus can be seen as providing a logical defense for the ephemeral phenomena that exhibit "Becoming" - coming and going - if all he claims is that "Non-Being" exists. 

   
One (negative) lesson we can take away from Gorgias is that arguments, especially verbal reasoning alone, can be used to prove anything by clever rhetoricians.  Logical and linguistic arguments can tell us nothing "true" about the physical world.


This is the problem of knowledge. How can we know - how can we be certain about - what we know? It is related closely to the question of how abstract concepts/thoughts and concrete physical objects (epistemology, ontology, cosmology) exist in the universe - how "ideal" thoughts relate to the material "things themselves." How is what we perceive through our senses related to the physical things and the abstract concepts that our reason tells us lie behind the laws of nature (metaphysics).


But the other lesson from Gorgias may simply be that the phenomena, changing as they do, including the atoms and void of the materialists, are a source of equally valid knowledge.   
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H.Paul Grice


Paul Grice was a member of the ordinary language school of philosophers who, following the later Wittgenstein, sought to find meaning in the usage of language. Others included J. L. Austin, Stuart Hampshire,  and John Searle.


Implicature vs. Implication


Grice was interested in the additional meaning in statements beyond what the normal syntactic and semantic analysis of a statement provides. This meaning depends in a complex way on what the utterer of the statement intends to mean by it, and on what the hearer takes to be the utterer's intentions. Here is Grice's

Suppose that A and B are talking about a mutual friend, C, who is now working in a bank. A asks B how C is getting on in his job, and B replies, Oh quite well, I think; he likes his colleagues, and he hasn't been to prison yet. At this point, A might well inquire what B was implying, what he was suggesting, or even what he meant by saying that C had not yet been to prison. The answer might be any one of such things as that C is the sort of person likely to yield to the temptation provided by his occupation, that C's colleagues are really very unpleasant and treacherous people, and so forth. It might, of course, be quite unnecessary for A to make such an inquiry of B, the answer to it being, in the context, clear in advance. It is clear that whatever B implied, suggested, meant in this example, is distinct from what B said, which was simply that C had not been to prison yet. I wish to introduce, as terms of art, the verb implicate and the related nouns implicature (cf. implying) and implicatum (cf. what is implied). The point of this maneuver is to avoid having, on each occasion, to choose between this or that member of the family of verbs for which implicate is to do general duty.

 
Statements often mean something other than the literal meanings of the words and the syntax would suggest. And some statements get overloaded with pleonastic additions, even in what appears to be pure logic. Grice says that, "It is true that p," says no more than p, for example. (Others argue that it says something about the utterer certifying the statement's truth.)

For example, the statement "Could you open the door?," is not a question about the hearer's ability, nor is it a factual statement in the indicative mood. It is actually an imperative like "Will you (please) open the door?"


One might infer that the conjunction "Mary had a baby and Mary got married" implies that the baby came before the marriage. This "implicature," as Grice calls it to distinguish it from logical implication, can be cancelled by adding, "not necessarily in that order."


The statement "Lincoln was assassinated and Lincoln is dead" cannot be so cancelled.



Maxims of the Cooperative Principle (cf. Davidson's Principle of Charity?)


Grice developed four sets of maxims to govern "talk exchanges." Their names were explicitly modeled on Kant's Tafel der Kategorien -  Quantität, Qualität, Relation, Modalität.



Quantity - Make your contribution as informative as is required for the current purposes of the exchange. Do not make your contribution more informative than is required. (Compare Occam's Razor and Beard.)


Quality - Do not say that for which you lack adequate evidence. Do not say what you believe to be false


Relation - Be relevant.


Manner - Avoid obscurity and ambiguity. Be brief and orderly. Be perspicuous.



Analytic-Synthetic Distinction


Grice and P. F. Strawson wrote a defense of the analytic-synthetic distinction that had been a tradition in philosophy, especially used to distinguish logical statements (assumed analytically or tautologically true, true by definition of the terms) from empirical statements, that depend on evidence in the world.
Willard Van Orman Quine had attacked that distinction during a visit to Harvard by Rudolph Carnap in 1940-41. Carnap lectured on the distinction, which for him and for Harvard philosopher C. I. Lewis was fundamental, and found himself under attack by Quine.


Quine published his famous "Two Dogmas of Determinism" in 1953, arguing that in the end the "truth" of analytic statements, the proofs of mathematical theorems, and the use of logic, also depend on empirical verification.


The key idea of Quine's empiricism (and of David Hume's) is to deny the existence of any a priori, logically provable, knowledge of the world, whether analytic or synthetic. 


As Charles Sanders Peirce had said, nothing is logically and necessarily true of the physical world.


Logical truths like the Principles of Non-Contradiction and Bivalence (Excluded Middle) might be true in all possible worlds, but they tell us nothing about our physical world, unless they are applicable and empirically verified. 


Grice and Strawson published "Defense of a Dogma" in 1956. They said that Quine "declares, or seems to declare, not merely that the distinction is useless or inadequately clarified, but that it is altogether illusory, that the belief in its existence is a philosophical mistake.” They argue that the analytic-synthetic distinction has a well-understood use in the philosophical tradition, which "seems to suggest that it it absurd, even senseless, to say that there is no such distinction." And they conclude bluntly that "Quine's case against the existence of the analytic-synthetic distinction is not made out." 



Meaning


Grice wrote an essay on Meaning in 1948 and revisited it several times over the years. The topic was controversial, from the nineteenth-century work of Gottlob Frege (Meaning is Sense), through Bertrand Russell, the young Ludwig Wittgenstein, and the Vienna Circle, (Meaning is Verification), to the late Wittgenstein (Meaning is Use).

Grice's work is subtle, attempting to distinguish between natural meaning (such as Peirce icons or indexicals, where the meaning is not conventional) and what he calls "non-natural" meanin that is only a matter of convention (like Peirce's symbols).  


It has been my suggestion that there are two distinguishable meaning concepts which may be called "natural" meaning and "non-natural" meaning and that there are tests which may be brought to bear to distinguish them. We may, for example, inquire whether a particular occurrence of the verb "mean" is (active or nonfactive, that is to say 

whether for it to be true that so and so means that p it does or does not have to be the case that it is true that p; again, one may ask whether the use of quotation marks to enclose the specification of what is meant would be inappropriate or appropriate. If (activity is present and quotation marks would be inappropriate, we would have a case of natural meaning; otherwise the meaning involved would be nonnatural meaning. We may now ask whether there is a single overarching idea which lies behind both members of this dichotomy of uses to which the word "mean" seems to be subject. If there is such a central idea it might help to indicate to us which of the two concepts is in greater need of further analysis and elucidation and in what direction such elucidation should proceed. I have fairly recently come to believe that there is such an overarching idea and that it is indeed of some service in the proposed inquiry. The idea behind both uses of "mean" is that of consequence; if x means y then y, or something which includes y or the idea of y, is a consequence of x. In "natural" meaning, consequences are states of affairs; in "nonnatural" meaning, consequences are conceptions or complexes which involve conceptions. This perhaps suggests that of the two concepts it is "nonnatural" meaning which is more in need of further elucidation; it seems to be the more specialized of the pair, and it also seems to be the less determinate; we may, for example, ask how conceptions enter the picture and whether what enters the picture is the conceptions themselves or their justifiability. On these counts I should look favorably on the idea that if further analysis should be required for one of the pair the notion of "nonnatural" meaning would be first in line.
There are factors which support the suitability of further analysis for the concept of "nonnatural" meaning. "MeaningNN" ("non-natural meaning") does not look as if it names an original feature of items in the world, for two reasons which are possibly not mutually independent: (a) given suitable background conditions, meaning, can be changed by fiat; (b) the presence of meaningNN is dependent on a framework provided by a linguistic, or at least a communication-engaged community.

It seems to me, then, at least reasonable and possibly even mandatory, to treat the meaning of words, or of other communication vehicles, as analyzable in terms of features of word users or other communicators; nonrelativized uses of "meaning," are posterior to and explicable through relativized uses involving reference to word users or communicators. More specifically, what sentences mean is what (standardly) users of such sentences mean by them; that is to say, what psychological attitudes toward what propositional objects such users standardly intend (more precisely, M-intend) to produce by their utterance. Sentence-meaning then will be explicable either in terms of psychological attitudes which are standardly M-intended to produce in hearers by sentence utterers or to attitudes taken up by hearers toward the activities of sentence utterers.




Recall Wittgenstein's "The world (of facts, or "states of affairs") is all that is the case"


Value


[G]ranted that there is a rational demand for absolute value, one can then perhaps argue that within whatever limits are imposed by metaphysical constructions already made, we are free to rig our metaphysics in such a way as to legitimize the conception of absolute value; what it is proper to believe to be true may depend in part on what one would like to be true. Perhaps part of the Kantian notion of positive freedom, a dignity which as rational beings we enjoy, is the freedom not merely to play the metaphysical game but, within the limits of rationality, to fix its rules as well. In any case, a trouble-free metaphysical story which will safeguard the credentials of absolute value is to be accepted should it be possible to devise one. I have some hopes that the methodology at work here might link up with my earlier ideas about the quasi-practical character of metaphysical argument.


Indeterminacy


In his "Actions and Events," Grice was sceptical about introducing, 'out of the blue', as it  were, 'chance and causal indeterminism' to solve  something like the
problem of freewill.


Freedom


In his 1986 article, "Actions and Events," Grice distinguishes four elements or stages in the step-by-step development of freedom. J.L. Speranza provided this brief summary.


First stage:
 
   
  
"transeunt" causation: in inanimate objects. Hume's realm -- the atomists's realm. This is "external or 'transeunt' casuation," "when an object is affected by processes in other objects."
   
  

 
Second stage:
 
     
'internal' or "immanent" causation: where a process in an object is "the outcome of previous stages in that process, as in a 'freely moving' body."
    
  

 
Third stage:
 
     
"Internal causation of living beings" 

"in which changes are generated in a creature by
internal features of the creature which are NOT earlier
stages of the same change ... but independent
items, the function (or finality) of which is ... to provide
for THE GOOD of the creature in question."
    

  

 
Fourth stage:
     

"a culminating stage at which
the conception of a certain
mode by a human .... of
something as being
for that creature's good is
SUFFICIENT to *initiate*
the doing of that thing."
   
   
 
------
 
Grice expands on this interesting last stage:
    
"At this stage, it is ... the case that the
creature is LIBERATED ... from all
factive causes."


J. L. Speranza (of the Grice Club) on Grice on Freedom


Speranza provides an analysis of Grice's thoughts on free will. Page references are to Grice's essay "Actions and Events," in the Pacific Philosophical Quarterly, 1986. 

WoW is "Grice's book Studies in the Ways of Words.
  
In something like a "shopping list" that Grice provides for issues on
'free', he notes:  "Attention to ... freedom calls for formidably difficult  ...
undertakings" including the search for a justification for the adoption (or
 abandonment) of an (ultimate) end. The point is to secure that freedom
does not  'dissolve into compulsion or chance' (p. 34). Grice proposes four
items for this  'shopping list'.

A first point is that "full action calls for 'strong' freedom". Here  one
has to be careful that since Grice abides by what he calls the "Modified
Occam's Razor" (WoW:III) he would not like to think of this two ('strong
freedom' and 'weak freedom') as being different _senses_ of the word 'free'.
Again, his 'calls for' is best understood as 'presupposes'. It may connect
with,  say, Kane's full-blown examples of decisions in practical settings that
'call  for' (or presuppose) libertarianism.


A second point is that the  desire-belief characterisation of action (of
the type favoured by Davidson and  the early Grice) has to accomodate for the
fact that we need freedom which is  strong. In Grice's words: "Strong
freedom ensures that some actions are  represented as directed to ends which are
not merely mine, but which are also  FREELY ADOPTED or pursued by me." He was
previously discussing the case of the  gym instructor, "Raise your left
arm!" which may relate!). The serious point  then involves this 'free adoption'
or 'free pursuit'. Note Grice's use of  'personal-identitity' pronouns:
'not merely mine'. It should connect with what  Aristotle said of actions as
being 'up to me' (and Kant's idea of the  transcendental ego). A will can be
mine in a sense like Kant's 'liberum  arbitrium': a low-level desire which is
circumstantial. A 'weak freedom' then  would satisfactorily account for
action as directed to an end which is mine. A  'strong freedom', and a strong
freedom only, would account for action as  directed to an end which is mine,
but, unlike, say, some circumstantial desire  which may have sprung out of
some circumstantial adaptability to a given  scenario, is, first, FREELY
adopted by me, and second FREELY pursued by me. The  use of the disjunctive
particle 'or' in the above is of some interest. Grice  seems to be suggesting
that unless you have adopted an end freely you are not  pursuing it freely (in
this strong connotation that 'free' sometimes has).


A third point then introduces 'causal indeterminism'. Grice writes: "Any
attempt to remedy this situation
by resorting to the introduction of (a)  CHANCE or (b) causal
INDETERMINATION will only infuriate the scientist without  aiding the moral philosopher".
The remark has to be understood casually. For, as  it can be shown, many
scientists have resorted to precisely that introduction  and in any case have
not self-infuriated. The professional tag that is connoted  by 'the moral
philosopher' should also be seen as best implicated than entailed.  A
scientist who does resort to the introduction of indeterminism, say, may be eo  ipso
putting forward a serious consideration regarding moral theory as such. In
other words, a cursory examination of the views of scientists like
Eddington or  moral philosophers like Kane should be born in mind when considering
this third  point by Grice. His reference to 'chance' should best be
understood vis-a-vis  Aristotle's emphasis on 'tykhe' and some things happen just
'by accident', which  should also open a can of worms for the naive Griceian
(but not the  sophisticated one).


A fourth point or item in Grice's shopping list involves the idea of value.
 "The precise nature of 'strong' freedom ..." turns out to consist, we
hope, in  'the idea of action as the outcome of a certain kind of 'strong'
valuation' --  where this strong valuation "would include the rational selection
[as per, say,  rational decision theory --] of ultimate ENDS." What Grice
elsewhere calls  outweighed or extrinsically weighed rationality,where it's
the end that is  rational, not the means towards the end ("Probability,
desirability, and mood  operators").


For the record, there is a different line, which Grice also  pursues.
"Action (full human action) calls for the presence ... of reasons ...  which
require that the actions for which they account should be the outcome of  strong
rational valuation." Both lines, Grice notes, "suggest that action
requires both strong freedom and strong valuation."


Grice then sets to  consider how to adapt the desire-belief psychology to
reach these goals. "In the  case of ultimate ends," Grice writes (p. 35),
"justification should be thought  of as lying (directly, at least) in some
outcome not of their FULFILMENT but  rather of their PRESENCE-AS-ENDS." This may
relate to his Kantian views on the  good will (and the evil will). Grice
had considered actions like 'giving Jones a  job', by Smith. He was arguing
that, in his idiolect, Smith may be deemed to  have given Jones a job, whether
or not Jones "actually gets the job". In a more  general fashion then, it's
the presence of an end (of a given action) that  provides the justification
of the end, and not its mere fulfilment.


A second point involves: "My having such and such an end, E1, or such  and
such a combination of ends [E1 and E2], would be justified by showing that
my having this end, ... will exhibit some desirable feature (... that the
combo  will be harmonious -- [for how can one combine one's desire to smoke
with one's  desire to lead a healthy life?]". Harmony is one of the six or so
requirements  for a 'happy life' -- essay on "happiness" in "Conception of
Value".


A  third point involves "the desire-belief psychology" as being "back in
business at a higher level". "The suggestions would involve an appeal, in the
 justification of ends, to HIGHER-ORDER ends which would be realised by
having  first-order ends, or lower-order ends of a certain sort. Such valuation
of  lower-order ends lie within reach of the desire-belief psychology."
Grice has an  important caveat at this point: "The higher-order ends involved
in the defense  would themselves stand in need of justification, and the
regress ... might well  turn out to be vicious" -- here one is recalled of
Watson's further requirements  to things like freedom and personal identity to
overcome the alleged  counterexamples to freewill provided by Harry Frankfurt.


It is after the laying of a shopping list, as it were, and considerations
such as those above that Grice concludes his "Actions and Events" with a
defense  of noumenalism, complete with the inner conflict that it brings. "So,
attention to the idea of freedom may lead us to the need to resolve OR
DISSOLVE  the most important unsolved problem of philosophy. Namely: how we can
be at the  same time members both of the phenomenal and the noumenal world".
"Or, "to put  the issue less cryptically, to settle the internal conflict
between one part of  our rational nature -- the SCIENTIFIC part which calls
or seems to call for the  universal reign of deterministic law and the OTHER
part which insists that not  merely MORAL RESPONSIBILITY but EVERY variety
of rational belief demands  exemption from just such a reign." (p. 35).

   


The intermediate paragraphs above are very interesting for their remarks about
"desire-belief psychology." Besides  his nonsensical demons in the Frankfurt
cases, Harry Frankfurt is famous for  second-order and maybe higher-order desires. 

J.L.Speranza provided an account of Grice's eight levels of pirots, from Grice's Method in Philosophical Psychology.  
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Nicholas St. John Green


   Nicholas St. John Green was an influential member of the Metaphysical Club in Cambridge, Mass., during its brief existence in the early 1870's. Other famous members were Charles Sanders Peirce,  William James,  Oliver Wendell Holmes, Jr., and Chauncey Wright.  

Green wrote a powerful article for the American Law Review (edited by Holmes), the first published in his collection Essays and Notes on the Law of Tort and Crime, entitled "Proximate and Remote Cause", the former said to determine its effect, the latter merely being necessary but not sufficient for the effect to occur.


Green debunked the popular idea of a single "chain of causation" and the notion of a single proximate cause as just a rationalization. He argued that there are always multiple causes for events. People simply choose a proximate cause from the multiplicity of possible causes to serve their purposes and interests in assigning responsibility.


Causation is the law of cause in relation to effect. Nothing more imperils the correctness of a train of reasoning than the use of metaphor. 

By its over free use the subject of causation has been much obscured. The phrase "chain of causation," which is a phrase in frequent use when this maxim is under discussion, embodies a dangerous metaphor. It raises in the mind an idea of one determinate cause, followed by another determinate cause, created by the first, and that followed by a third, created by the second, and so on, one succeeding another till the effect is reached. The causes are pictured as following one upon the other in time, as the links of a chain follow one upon the other in space. There is nothing in nature which corresponds to this. Such an idea is a pure fabrication of the mind.

There is but one view of causation which can be of practical service. To every event there are certain antecedents, never a single antecedent, but always a set of antecedents,..



There are always multiple causes
for an event


From every point of view from which we look at the facts, a new cause appears. In as many different ways as we view an effect, so many different causes, as the word is generally used, can we find for it. The true, the entire, cause is none of these separate causes taken singly, but all of them taken together. These separate causes are not causes which stand to each other in the relation of proximate and remote, in any intelligible sense in which those words can be used. There is no chain of causation consisting of determinate links ranged in order of proximity to the effect. They are rather mutually interwoven with themselves and the effect, as the meshes of a net are interwoven. As the existence of each adjoining mesh of the net is necessary for the existence of any particular mesh, so the presence of each and every surrounding circumstance, which, taken by itself we may call a cause, is necessary for the production of the effect.

In this view of causation there is nothing mysterious. Common people conduct their affairs by it, and die without having found it beyond their comprehension. When the law has to do with abstract theological belief, it will be time to speculate as to what abstract mystery there may be in causation ; but as long as its concern is confined to practical matters it is useless to inquire for mysteries which exist in no other sense than the sense in which every thing is a mystery.

(Proximate and Remote Cause, pp.11-13




There is no single "chain of causation"


Green left Harvard Law School in 1873, objecting to its formalism, to become a dean at the new Boston University Law School. 
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Niels Henrik Gregersen

Niels Henrik Gregersen is Professor of Systematic Theology at the University of Copenhagen. 


Gregersen was the editor of the 2003 book From Complexity to Life: On the Emergence of Life and Meaning. The book came out of a 1999 research symposium at the Santa Fe Institute on the topic "Complexity, Information, and Design."


The "meaning" in the title is the meaning or purpose of lifebefore life appeared in the universe. The "design" in the subtitle is "Intelligent Design" or Creationism.


With Paul Davies, Gregersen edited the 2010 book Information and the Nature of Reality: From Physics to Metaphysics. The writers all are "wrestling with the theme of God as the ultimate informational and structuring principle of the universe."
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Peter Geach
  
Peter Geach and Elizabeth Anscombe were younger colleagues of Ludwig Wittgenstein. Geach tried to synthesize analytic philosophy and Thomism. He was an expert on Gottlob Frege. With Max Black, in 1952 he translated Frege's works.



Relative Identity 


Geach worked on problems of identity and debated for years with David Wiggins about relative identity. 

For Geach and Wiggins, relative identity means "x is the same F as y," but "x may not be the same G as y." Wiggins argued against this idea of relative identity, but accepted what he called a sortal-dependent identity,  "x is the same F as y." Geach called this a "criterion of identity."



I had here best interject a note on how I mean this term
"criterion of identity". I maintain that it makes no sense to
judge whether x and y are 'the same', or whether x remains 'the
same', unless we add or understand some general term—"the
same F". That in accordance with which we thus judge as to
the identity, I call a criterion of identity; this agrees with the
etymology of "criterion". Frege sees clearly that "one" cannot
significantly stand as a predicate of objects unless it is (at least
understood as) attached to a general term; I am surprised he
did not see that the like holds for the closely allied expression
"the same".

  

In his 1967 article "Identity," in the Review of Metaphysics, Geach wrote

I am arguing for the thesis that identity is relative. When one
says "x is identical with y", this, I hold, is an incomplete expression;
it is short for "x is the same A as y", where "A" represents
some count noun understood from the context of utterance—or
else, it is just a vague expression of a half-formed thought. Frege
emphasized that "x is one" is an incomplete way of saying "x is
one A, a single A", or else has no clear sense; since the connection
of the concepts one and identity comes out just as much in the
German "ein und dasselbe" as in the English "one and the same",
it has always surprised me that Frege did not similarly maintain
the parallel doctrine of relativized identity, which I have just
briefly stated. On the contrary, Frege actually enunciated with
all vigour a doctrine that identity cannot be relativized: "Identity
is a relation given to us in such a specific form that it is inconceivable
that various forms of it should occur" (Grundgesetze,
Vol. II, p. 254).

Absolute identity seems at first sight to be presupposed in the
branch of formal logic called identity theory. Classical identity
theory may be obtained by adjoining a single schema to ordinary
quantification theory (for bound name-variables):



⊢Fa ↔ Vx(Fx ∧ x=a).          (1)



Quine in his Set Theory and its Logic attributes to Hao Wang
(p. 13) the recognition that (1) will serve as a single axiom schema
for identity theory. In the vernacular we may intuitively express 
the content of (1) by saying: Whatever is true of something
identical with an object a is true of a, and conversely.
We readily derive from schema (1) the Law of Self-Identity,
"⊢(a = a)". For if we take "Fξ" to be "ξ ≠ a", then schema (1)
gives us:



⊢(a ≠ a) ↔ Vx(x ≠ a) ∧ x = a),        (2)



which of course yields "⊢a = a". And there are equally easy proofs
of what has been called (I believe by Quine) the Indiscernibility of
Identicals:


⊢Fb ∧ b = a → Fa           (3)


and of theorems asserting the symmetry and transitiveness of
identity as a relation. The logical system got by adjoining schema
(1) to classical quantification theory is a system with a complete
proof procedure; moreover, its interpretation is categorical, in the
following sense: If we try to introduce two two-place predicables,
each separately conforming to schema (1), they turn out to coincide
in application. (In this paper, as in my book Reference and
Generality, I use "predicables" as a term for the verbal expressions
called "predicates" by other logicians; I reserve the term "predicate"
for a predicable actually being used as the main functor in a
given proposition.) 




It was Ruth Barcan Marcus who introduced the identity of indiscernibles


Tibbles, the Cat 


Some time in the early 1960's reformulated Chrysippus's ancient problem of Dion and Theon as "Tibbles, the Cat."

In 1968, David Wiggins described Geach's first version of Tibbles. Where Theon is identical to Dion except he is missing a foot, we now have a cat named Tibbles and a second cat named Tib who lacks a tail.


Wiggins begins his argument with an assertion S*



S*: No two things of the same kind (that is, no two things which
satisfy the same sortal or substance concept) can occupy exactly
the same volume at exactly the same time.

This, I think, is a sort of necessary truth... 


A final test for the soundness of S* or, if you wish, for Leibniz' Law,
is provided by a puzzle contrived by Geach out of a discussion in
William of Sherwood. A cat called Tibbles loses his tail at time t2.
But before t2somebody had picked out, identified, and distinguished
from Tibbles a different and rather peculiar animate entity-namely,
Tibbles minus Tibbles' tail. Let us suppose that he decided to call this
entity "Tib." Suppose Tibbles was on the mat at time t1. Then both
Tib and Tibbles were on the mat at t1. This does not violate S*.



But consider the position from t3 onward when, something the worse
for wear, the cat is sitting on the mat without a tail. Is there one cat or
are there two cats there? Tib is certainly sitting there. In a way nothing
happened to him at all. But so is Tibbles. For Tibbles lost his tail,
survived this experience, and then at t3 was sitting on the mat. And
we agreed that Tib ≠ Tibbles. We can uphold the transitivity of
identity, it seems, only if we stick by that decision at t3 and allow that
at t3 there are two cats on the mat in exactly the same place at exactly
the same time. But my adherence to S* obliges me to reject this. So
I am obliged to find something independently wrong with the way in
which the puzzle was set up. 




It was set up in such a way that before t2
Tibbles had a tail as a part and Tib allegedly did not have a tail as a
part. If one dislikes this feature (as I do), then one has to ask, "Can one
identify and name a part of a cat, insist one is naming just that, and
insist that what one is naming is a cat"? This is my argument against
the supposition that one can: Does Tib have a tail or not? I mean the 
question in the ordinary sense of "have," not in any peculiar sense
"have as a part." For in a way it is precisely the propriety of some
other concept of having as a part which is in question. 


As an arbitrary undetached part, Tib has been picked out and defined as coinciding with Tibbles, except for the tail Tibbles is about to lose. This violates S*


Surely Tib adjoins
and is connected to a tail in the standard way in which cats who have
tails are connected with their tails. There is no peculiarity in this case.
Otherwise Tibbles himself might not have a tail. Surely any animal
which has a tail loses a member or part of itself if its tail is cut off. But
then there was no such cat as the cat who at t1 has no tail as a part of
himself. Certainly there was a cat-part which anybody could call
"Tib" if they wished. But one cannot define into existence a cat called
Tib who had no tail as part of himself at t, if there was no such cat
at t1. If someone thought he could, then one might ask him (before the
cutting at t2), "Is this Tib of yours the same cat as Tibbles or is he a
different cat?"



This is a clear case of Peter van Inwagen's Doctrine of Arbitrary Undetached Parts


In Geach's second account of Tibbles as an exemplar of a metaphysical problem, published some years later (1980), Tibbles is a cat with 1,000 hairs that can be interpreted as 1,001 cats, by "picking out" and then pulling out one of those cat hairs at a time and each time identifying a new cat.. 



Geach's second version of Tibbles is widely cited as a discussion of the problem of vagueness or what Peter Unger called the Problem of the Many, also published in 1980. It is not the "body-minus" problem of the original Tibbles.


If a few of Tibbles' hairs are pulled out, do we still have Tibbles, the Cat? Obviously we do. Have we created other cats, now multiple things in the same place at the same time? Obviously not.


Geach argues that removing one of a thousand hairs from Tibbles shows that there are actually 1,001 cats on the mat. 


The fat cat sat on the mat. There was just one cat on the mat.
The cat's name was "Tibbles": "Tibbles" is moreover a name for
a cat.—This simple story leads us into difficulties if we assume
that Tibbles is a normal cat. For a normal cat has at least 1,000
hairs. Like many empirical concepts, the concept (single) hair is
fuzzy at the edges; but it is reasonable to assume that we can
identify in Tibbles at least 1,000 of his parts each of which definitely
is a single hair. I shall refer to these hairs as h1, h2,
h3, . . . up to h1,000.

Now let c be the largest continuous mass of feline tissue on the mat. Then
for any of our 1,000 cat-hairs, say hn, there is a proper part cn of c which
contains precisely all of c except the hair hn; and every such part cn differs
in a describable way both from any other such part, say cm, and from c as
a whole. Moreover, fuzzy as the concept cat may be, it is clear that not
only is c a cat, but also any part cn is a cat: cn would clearly be a cat were
the hair hn plucked out, and we cannot reasonably suppose that plucking
out a hair generates a cat, so cn must already have been a cat. So, contrary
to our story, there was not just one cat called 'Tibbles' sitting on the mat;
there were at least 1,001 sitting there! 


All the same, this result is absurd. We simply do not speak of
cats, or use names of cats, in this way; nor is our ordinary practice
open to logical censure. I am indeed far from thinking that ordinary
practice never is open to logical censure; but I do not believe
our ordinary use of proper names and count nouns is so radically
at fault as this conclusion would imply.


Everything falls into place if we realize that the number of cats
on the mat is the number of different cats on the mat; and c13,
c279, and c are not three different cats, they are one and the same
cat. Though none of these 1,001 lumps of feline tissue is the
same lump of feline tissue as another, each is the same cat as any
other: each of them, then, is a cat, but there is only one cat on
the mat, and our original story stands.


Thus each one of the names "c1 ; c2, . . . c1.000 or again the
name "c", is a name of a cat; but none of these 1,001 names is a
name for a cat, as "Tibbles" is. By virtue of its sense "Tibbles" is
a name, not for one and the same thing (in fact, to say that would
really be to say nothing at all), but for one and the same cat. This
name for a cat has reference, and it names the one and only cat
on the mat; but just on that account "Tibbles" names, as a shared
name, both c itself and any of the smaller masses of feline tissue
like c12 and c279; for all of these are one and the same cat, though
not one and the same mass of feline tissue. "Tibbles" is not a
name for a mass of feline tissue.


So we recover the truth of the simple story we began with. The
price to pay is that we must regard " is the same cat as "
as expressing only a certain equivalence relation, not an absolute
identity restricted to cats; but this price, I have elsewhere argued,
must be paid anyhow, for there is no such absolute identity as
logicians have assumed.
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David Hodgson

   David Hodgson, in his 1991 book Mind Matters: Consciousness and Choice in a Quantum World, makes a case for the relevance of quantum mechanics to the workings of the mind.


Unfortunately, he follows Roger Penrose in invoking non-local quantum effects to explain how in the brain "all information can be instantaneously correlated" as "correlations which do exist between spatially separated quantum potentialities." (p. 388)


At one point, Hodgson offers a plausible model for alternative possibilities. "the brain—mind can be considered (consistently with the approach of cognitive psychology) as a mechanistic (though indeterministic) computer; but only in so far as it throws up alternatives for choice." (p.390) 


Then he says very clearly (and mistakenly), "The choice itself, from a physical viewpoint, would appear as a random reduction of these possibilities." And again "The number of alternatives could be finite, if the possibilities are discrete; or infinite, if they are in a continuous spectrum. Each choice would appear as a random state reduction." (p.390)


On the other hand, we also find this apparent metaphysical/theological contradiction 


"The choice does not in fact occur at random in accordance with some quantum probability: the apparent random occurrence of one alternative is simply the manifestation of the choice to the physical viewpoint. There is a striking statement in Wilber (1983) that 'the Heisenberg uncertainty principle represents all that is left of God's radical freedom on the physical plane' (p. 169); and that is substantially what I am saying about quantum indeterminism and human choice." (p.392)


In the 2002 Oxford Handbook of Free Will, Hodgson reviewed the many suggestions for incorporating indeterminism in free will models. He finds himself in agreement with Henry Stapp and Roger Penrose, both of whom appeal to "non-local" entanglement aspects of quantum mechanics. 


Hodgson says he is "not an outright dualist" but says the brain-mind is a "physical-and-mental whole, whose causal properties are not captured by the physical aspect." (p.108)


He says his views are similar to those of Robert Kane, especially "that from the physical perspective, free will looks like chance, since from a physical perspective, there is just an indeterministic chaotic process with a probabilistic outcome, whereas experientially considered, the process is the agent's effort of will and the single outcome is the agent's choice.


Hodgson is comfortable that indeterminism in the brain could have a simple evolutionary explanation:


"if there were any ways in which quantum processes could be used to advantage in the brain, it is likely that evolution would have found them." (p.108)


And he has a fine appreciation of how much information processing in the brain goes on below the conscious level. 

"Certainly, our brains perform staggering computations, outside consciousness, such as the preconscious calculations necessary to achieve three-dimensional vision and apparent stability of a viewed scene despite voluntary movements of head and eyes, and those necessary for walking on uneven ground and for catching balls. Compared with these nonconscious feats, our conscious efforts may in fact seem paltry: conscious performance of such tasks as simple mental arithmetic is clumsy and prone to error, conscious reasoning generally is riddled with fallacies and biases, and conscious awareness of a crisis can bring on irrational panic. One might therefore have expected that evolution, which has given us both our prodigious nonconscious computing capabilities and our fallible conscious processes, would have made sure that, for really important decisions, and especially in a crisis, our consciousness would be shut off, in order that our nonconscious processes could work away without interference to find the solution and give effect to it. Yet, as we know, the reverse is true. When faced with an important decision, and particularly in a crisis, our conscious attention is automatically brought to bear, so that we cannot help addressing the problem with full consciousness. This strongly suggests that something about our conscious processes gives them an advantage over wholly nonconscious computations, which cannot be explained in terms of algorithms that could be carried out unconsciously." (p.107)


In 2005, Hodgson published A Plain Person's Free Will. He addresses three broad areas:


(1) The randomness problem: how can there be an intelligible and
plausible alternative to determinism that is not mere randomness? Cf. Smart (1961).

(2) The moral luck problem: we are products of genes and environment, so
how can the way we are at any time and therefore the way we act be other than
due to things outside our control, that is, be other than just a matter of
luck? Cf. Strawson (1986, 1998, 2002).


(3) The supernaturalism problem: science has given us a successful and
comprehensive naturalistic account of how the world works, so is it not
unreasonable to propose that human beings are somehow outside this account and
outside the causal order apparently demonstrated by this account?


(Journal of Consciousness Studies, vol. 12, no. 11, (2005) p.3)



In two of his "nine propositions" we can detect signs of a two-stage model. He says 


1. The alternatives requirement: there is a pre-choice state such that the way the world is and the laws of nature leave open at least
two post-choice states.

This requirement is intelligible, and is not implausible having regard to what quantum mechanics (QM) tells us about the world. Of course, there is the difficulty that, according to QM, any indeterminism is mere randomness, and I will return to this. And there is also the difficulty that QM indeterminism may be at scales of mass, distance and time such that it cannot account for macroscopic alternatives like doing or not doing an act, or deciding a question one way or another. (p.4)


5.The selection requirement: the subject makes an effective non-random selection between the available alternatives, based on these non-conclusive reasons, albeit not determined by rules or laws of nature.


The contrary position, that what is not wholly determined by initial conditions plus laws or rules must be random, is widely assumed but rarely examined. (p.7)



But in the end, Hodgson still maintains his 1991 view that (a non-physical?) consciousness provides the selection requirement in rational decision making, and that consciousness is beyond reductionist science.

Reductionist science has had enormous success in accounting for many aspects of the universe, but very little success in explaining consciousness and its role in the way events unfold in the world. I think it is reasonable to believe that consciousness does have an important and irreducible causal role, and I suggest that something like this version of free will is required to account for this role.

So all in all, I say my account is believable, indeed at present more so than any alternative. (p.19)  
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(Chapter 16 of Mind Matters, 1991.

The initial interest in quantum mechanics as being relevant to the mind—matter problem concerned its indeterministic character, and the possible 'room' it could leave for freedom of the will. My discussion of quantum mechanics has confirmed its indeterministic character; and has also suggested that quantum mechanics shows that matter is ultimately 'non-material' and non-local, and (perhaps) that mind and matter are interdependent.

My basic hypothesis is that (consistently with some consensus views) mental events and associated physical events are (both of them) aspects or manifestations of the same (comprehensive) events of the brain—mind, with some discoverable correlations between them; but that (contrary to consensus views):

	. just as the macroscopic physical events of neural firings are manifestations of micro events of the quantum world, so also mental events are related more directly to those quantum events than to the neural firings themselves;

	. even the best objective description of the events as physical events (that is, in their objective character), comprehending all the insights of quantum theory, cannot account for all the properties of mental events, in particular all their causal properties; and

	. the best description of the events as mental events (that is, in their subjective character) must use the language and concepts of folk psychology, which can, of course, be improved and refined.


16.1. Brain, Mind, and Quantum Reality
On this approach, mind and brain are both manifestations of the same underlying reality. Mind can to some extent be said to be a function of the brain, but only if the brain here is understood not as the detectable macroscopic object, but as the quantum reality underlying both this object and the mental events of consciousness. Mind and brain are two manifestations of, and viewpoints towards, a single reality; but with important differences, in particular in relation to the development over time of this reality and (specifically) the causes and explanations of such development.


Quantum physics confirms that the world, uninterpreted by the mind, can be considered as a cosmic code; but shows that the things that are detectable by us, and interpreted by us as the objects and events of our perception, are not the fine details of this code, but rather its gross statistical properties. This is true of the brain itself and of macroscopic events within the brain, considered as objects of perception. These macroscopic events (and their statistical properties) will, as a matter of fact, have extensive correlations with the mental events of subjective experience and action: however, my suggestion is that such mental events must relate more directly to the quantum level than to the macroscopic level of gross statistical properties, inter alia (1) because mental events seem to involve the instantaneous correlation of spatially separated physical events, and (2) because of the arguments against mechanism in Part II.


16.1.1. Elaboration of Conjecture

The general idea is not new. For example, in Barrett (1987) a similar idea is attributed to Leibniz, in the following terms: 'What we call body and what we call soul are abstractions, aspects of one unitary reality and process' (p. 26). However, its elaboration with reference to quantum physics is of recent origin.


One important difference between this conjecture and the consensus position lies in the denial that any identity between brain and mind can he adequately considered at the level of neurons and neural firings. My suggestion is that the mind is not a function of neurons and neural firings, but rather that both mental events and neural firings are 'functions' of the development of the underlying state of the brain.


Thus, I am conjecturing that there can be no adequate type—type identification between categories of mental events and categories of detectable macro physical events, whether in terms of functions or in terms of other properties, I suggest rather that, because of the common underlying substratum, there will be significant correlations between certain types of macro physical events (such as patterns of firings of neurons in the visual cortex) and certain types of mental events (such as perception of particular shapes and colours) but that these correlations will not amount to type—type identities. in particular, even if patterns could be artificially created which apparently have the same functional role as do the natural patterns in a neural network, and apparently have the same other relevant properties as do such natural patterns, the same types of mental events will not occur unless (at least) appropriate developments of quantum states also occur.


To give a crude analogy. If one plays a videotape of a person speaking, one has a correlation between the moving picture and the sound of the worth spoken. However, this is because both are manifestations of the underlying substratum of the videotape, the video machine, and the television set. There is no type—type identity between the picture and the sound; and clearly one can occur without the other.


Thus, as regards my seeing my red pen, I suggest that the standard account in terms of light reflected from the pen's surface entering my eyes, an image formed on the retinas giving rise to electrical—chemical signals to my brain, and further electrical—chemical signals in neurons of the cortex, is inadequate to ground a satisfactory account of the mental events involved, inter alia because it is not the most complete and fundamental account of the physical events involved.


If it were possible to give it, the most complete and fundamental account of the physical events would comprehend the time development of combined quantum physical states; but the complexity of the many-particle systems involved is such as to make such an account a practical impossibility. In fact, at eacb stage of the process, up to the stage of events within the cortex, the developments of the quantum physical states are such that indeterminacies, interference effects, EPR correlations, and suchlike quantum physical properties make no detectable difference to what happens; so that an account in terms of classical physics, perhaps with some quantum mechanical trimmings, is quite adequate.


At the stage of events within the cortex, however, I suggest that an account in terms of classical physics is substantially inadequate, if one wishes to explain the mental events involved. A description in terms of macroscopic matter and events is not only insufficient: it is also possibly misleading, inter alia in suggesting a gulf between the physical and the mental. In order to identify the physical types with the best correlation to mental events, it is necessary to go to the quantum level.


I will support this hypothesis in Section 16.2 with reference to the arguments of Part II, by attempting to show how it conforms to the anti-mechanistic arguments of that part, while at the same time maintaining consistency with physical causation and also giving appropriate scope to cognitive psychology. However, in the remainder of this section, I will support it primarily by reference to another important aspect of quantum reality, namely non-locality. For the most part, in this chapter I do not rely on the suggestion that quantum physics shows that matter is dependent on mind; although clearly, if this is the case, it would strongly support my general approach.


16.1.2. Non-locality

In my view, a very strong indication of the close relationship between mental events and the development of quantum physical states is the element of non-locality in both. This can be considered under a number of headings.


1. Extension of relevant macroscopic physical events. Single or unified  mental events have some association with (at least roughly) simultaneous macroscopic neural firings occurring in specific, but spatially extended and even separate, regions of the brain. What would be considered a single, coherent, apparently unified, and indivisible conscious experience is associated with a pattern of physical events which are substantially contemporaneous and spatially extended.


For example, perception of an object involves events in the brain associated with detection of many features of the appearance of the object, and with recognition of (and consequent beliefs about) the object: such events must involve many neurons and accordingly some spatial extension. This must be so even when what one perceives is as simple as (say) a red circle. Subjectively, the perception of an object is a unified experience, which at any instant of time includes detection of many features of the object's appearance together with beliefs about what the object is. Somehow, it would seem, the subjective experience has to take in, all at once and non-sequentially, contributions from extended and perhaps separate regions of the brain.
In general, every experience–action involves physical brain events extending in space, including some at least of the following: sensation events, cognition events, other association events (involving memory and understanding), affective events (appreciation, enjoyment, pain, emotion), and action events. All of these events are associated with signals passing round the brain at less than the speed of light, yet apparently may be combined nonsequentially in association with a unified conscious experience–action.


2. The unity of conscious experience. As noted in the previous point, a conscious experience appears to be unified, to comprise many aspects presented all at once, to embrace many features which must be contributed to by events spanning appreciable space. Not only does a complete experience appear to be present to consciousness at each instant, but also changes to different aspects of that experience appear similarly to be simultaneously present to consciousness, together with the remainder of the experience con. tinning unchanged. If I am watching a moving object, I see its movement and the still background at the same time.


It may be said that this is explained by short-term memory: different aspects of experience only seem to be present at the one time, since some of them are there merely due to short-term memory. Indeed, the so-called specious present (or psychological present) of experience appears to span time  as illustrated by the recognition of a melody involving successive notes, However, this just restates the problem: any contribution to experience from short-term memory is itself part of, the experience, and is itself associated with many neuron events in spatially extended portions of the brain.


Similarly, when a decision or choice is made, or action is done, it seems to be based on many aspects of the experience giving rise to it. An evaluation of a work of art, for example, is based on many features of the work, and Indeed (at least in difficult cases) one tries to' hold many of its features in the forefront of one's mind, all at once, as the basis for a judgement. The features so held and assessed must be associated with many separated neuron events in the brain: yet they all seem to contribute simultaneously to the decision. The point is similar to some of the views on informal reasoning made in Part II, but it is made here with a different objective: in so far as informal reasoning involves assessing wholes, it seems to require simultaneous awareness of such wholes and their constituent parts or aspects, notwithstanding that such parts or aspects are associated with spatially separated physical events.


3. The non-locality of mental events. Thus I suggest that mental events bring together, non-sequentially, elements associated with spatially separated physical events, and that in that respect they are indifferent to spatial separation. This indifference to spatial separation is also supported by the apparent non-locality of the mental events themselves. I recall the point made in Section 2.4 that visual perception, for example, seems to place images in space around an observer, with the experiences–subject being placed, if anywhere, behind the eyes of the person in question.


4. The non-locality of quantum states. All the above suggests that mental events somehow span space, so as to enable simultaneous experiencing of, and acting upon, matters associated with spatially separated physical events. As noted in the previous chapter, indifference to spatial separation is shown by quantum states: indeed, consistently with the theory of relativity, there can be (instantaneous) correlations effected between spacelike separated events only in the quantum world, that is, in the world of potentialities comprised in quantum states. The existence of EPR correlations between such states, and also the non-local correlations of probabilities associated with any 'collapse' of a quantum state, show that to some extent quantum states are indifferent to spatial separation, in a way which (consistently with the theory of relativity) macroscopic physical events cannot be.


These considerations, it seems to me, make it plausible to associate mental events closely with the quantum physical states manifested by brain events. Such a view proposes an answer to a question suggested by the non-local character of quantum states, as shown by Bell's theorem. Question (as put in Herbert 1986: 44): 'Why . . . does nature need to deploy a faster-than-light subatomic reality to keep up merely light-speed macroscopic appearances?' Answer: to make possible consciousness and mental events.


16.1.3. Previous Views

The point that conscious mental events apparently correspond to spatially separated physical events in the brain has been remarked upon previously. It is instructive to consider some examples of how it has been dealt with.


1 . Kohler. An early consideration of the point is found in Kohler (1961):


It seems to me that in requiring fast interactions, this exposition understates the problem: any causal interaction, however fast, involves temporal sequence; yet the relationship between different aspects of a visual experience (such as the shape and colour of the object seen) is such that they apparently combine without temporal order.
 
Of course, the above passage was written before Bell devised his theorem, and well before the non-local properties of quantum physics were established by experiment. Hence it is perhaps not surprising that Kohler chose the electric field as the medium for correlating events in separate parts of the brain. However, leaving aside quantum physical non-locality, events in one part of the electric field can be detected in another part of the field only by means of perturbations spreading at no greater than the speed of light. We know now that spatially separated events can be correlated instantaneously, or non-locally, at the quantum level; so that if different aspects of (say) a visual experience are indeed present non-sequentially to consciousness, it seems reasonable to invoke quantum non-locality to explain this.


2. Barlow. A more recent approach to the problem is found in Barlow (1985):


The solution proposed here seems to be to the effect that non-topographic mapping could bring all the information together to 'one region'. However, even then this one region would have to involve huge numbers of events in huge numbers of cells, with some spatial separation; and the problem remains of combining all these events non-sequentially in a single experience. Again, the proposed solution of quantum non-locality seems preferable.


3. Wolf and Schumacher. The suggestion that_ quantum non-locality has something to do with the operations of the mind is to be found in Wolf (1984) and Schumacher (1986). I find Wolf's writing obscure; while Schumacher seems to be suggesting that vision involves quantum correlations not only within the brain, but also incorporating the eye and the thing seen as well. Schumacher may be correct if the measurement-by-consciousness solution to the measurement problem of quantum mechanics is correct; but my argument is not limited to this: it is directed essentially to quantum correlations which are entirely within the brain.


16.1.4. Comparison with the Computer

My approach may be considered by comparing the operation of a computer. In a computer, its 'knowledge' or 'awareness' of any substantial information comprises many states and/or events in spatially separated parts of the computer in which such information is encoded: any operation which uses such information requires causal input (transmitted at no more than the speed of light) involving all of such separate locations. There is no need to postulate, and (I suggest) no good reason to believe in, any subjective aspect of the computer which can know or be aware of all such information (from the states or events in various locations in the computer); and, in particular, know or be aware at the same time of changes to different parts of that information in different locations in the computer. The time required to co-ordinate information and changes in information in different locations in a computer may be measured in millionths of seconds: but such co-ordination can never be instantaneous and non-sequential. On the other hand, it seems to be the case that in the brain there can, via conscious experience, be instantaneous knowledge of (and two-way correlation between) events in distant parts of the brain.


For a decision to be based on all available information, such information must be co-ordinated, either in stages or all at once. A computer achieves this in stages by cause and effect. This is perhaps most obvious in relation to a Turing machine, where the different pieces of (coded) information are correlated by steps dictated by the information itself and by the organization of the machine; but the Name applies to any computer, including one with parallel processing. The consequence of the correlation of such information can only then be used for computation or displayed in output.


However, if in the brain all information can be instantaneously correlated, so that (for example) data X and data Y, and changes occurring in each, are together present, then this data can be used all at once to base action. Indeed, if, as I contend, conscious experience makes an irreducible difference, then the whole experience must enter into the causal order at whatever location or locations in the brain the choice becomes manifest; and for this to happen its parts and their correlations must be simultaneously effective, so that each part can simultaneously contribute to the one action or decision. And this in turn suggests the instantaneous correlations which do exist between spatially separated quantum potentialities.


In this discussion of computers, I am referring to computers as we know them now, which do not operate with quantum physical correlations or indeterminacies. In Deutsch (1985) there appears a description of an idealized  quantum computer, which could mix together quantum states in ways that have no classical analogues; although Deutsch does not suggest that it could operate non-algorithmically. Perhaps our brains–minds are such 'machines', but I would say with the difference that they can operate non-algorithmically.


16.1.5. Summary

In short, then, I suggest an association between mental events and the development of quantum states, because the content of consciousness has properties, corresponding to spatially separated events, which are nevertheless present together; and because this 'togetherness' is not plausibly regarded as macroscopic cause and effect connecting the separated events, but is plausibly regarded as associated with the sort of correlation between distant events which exists in quantum states. I am not asserting that the unity of conscious experience is provided specifically by EPR correlations, or indeed any particular kind of quantum non-locality; merely that quantum states have this property of non-locality in various respects, and this general property seems to be what is necessary to explain the unity of consciousness.






Hodgson is hopeful that his hypothesis provides a theory of conscious choice - the beginnings of an account of freedom of the will. 
   
16.2 Conscious Choice
   The other main support for my hypothesis is that it can provide a plausible theory of conscious choice: it can accommodate the anti-mechanism arguments of Part II, and at the same time accept many of the ideas of cognitive psychology; it can accept that from the physical viewpoint the brain is a physical object operating in accordance with physical laws, that from  the mental viewpoint a person can make rational indeterministic choices, and that no contradiction or conflict is involved; and it makes possible an account of
choice which gives an appropriate role to our elaborate brains, and does not postulate some ghostly entity which, without the assistance of the brain, makes the real decisions.


16.2.1. General Account

I do not seek to infer a theory of choice from quantum indeterminism: at best, quantum indeterminism makes room for such a theory. Rather, I approach it this way.


A brain—mind (or a person) is a physical—mental object. Its behaviour seems to be determined to some extent by mental events, choices based on beliefs, desires, etc.; and to some extent by physical events, the objective brain processes of neural firings, etc.


The success of the objective sciences suggests that the behaviour of this object might be completely determined by the physical events, so that the apparent determinative role of the mental events either is illusory or else simply coincides with the role of physical events. This gives rise to the project of abstracting the measurable physical properties of the object, and seeking quantitative physical laws of nature which are sufficient, together with the measurable physical properties, to determine the behaviour.


However, when that project is pursued to the limit, it becomes clear that the physical properties and laws are not sufficient to determine completely the behaviour of the brain—mind, because of quantum indeterminism. It may still be possible to exclude independent mental determination, however, by showing that quantum indeterminism has no significant impact on the behaviour of the brain—mind: for example, by showing that the firing of neurons cannot be affected by quantum indeterminism, or by success in cognitive psychology and/or artificial intelligence research in accounting for all purposive behaviour. This has not been done, so one may reasonably believe on the basis of the arguments of Part II that mental events do have an independent determinative role in behaviour.


An account can be given of how this could work, as follows.


1. Cognitive psychology and choice. The brain—mind can be regarded from a physical viewpoint and a mental viewpoint.


From the physical viewpoint, it can be considered as a macroscopic object, operating in accordance with laws appropriate to such objects; and for many purposes that will give a sufficient approximation to the true position. However,  in cases where conscious subjective choices are being made (that is, all cases of conscious decision and action), I suggest that an adequate physical account of the brain would have regard to quantum mechanical effects. Even then, however, I suggest that the physical account could not, even in principle, predict or explain which choice is made: it would at most show the alternatives and their respective probabilities. So, the brain—mind can be considered (consistently with the approach of cognitive psychology) as a mechanistic (though indeterministic) computer; but only in so far as it throws up alternatives for choice.


Where, for example, a choice involved determining the application of a word whose meaning could encompass a range or spectrum, the identification of the range and of probabilities within that range could be achieved mechanistically: it may be an operation of the kind undertaken by the 'fuzzy logic' programs mentioned earlier. It could take account of many factors bearing on the appropriateness of various alternatives within the spectrum. 


Ultimately, this mechanistic process could provide a range (either continuous or discrete) of possibilities, with probabilities within that range: rather like the range shown by a quantum physical state function for observables such as position and momentum. The choice itself, from a physical viewpoint, would appear as a random reduction of these possibilities.

There could be a similar process in relation to any and all of the conscious choices which we make. The process could be of great complexity, having regard to the number of neurons and connections in the brain: and choices could arise at many stages of dealing with a particular problem. The general point is that computational procedures plus quantum physics would seem appropriate to give rise to probability-weighted alternatives. The number of alternatives could be finite, if the possibilities are discrete; or infinite, if they are in a continuous spectrum. Each choice would appear as a random state reduction.


From the mental viewpoint, there would be little if any consciousness of the computer-like processing which gives rise to the alternatives. There would be some consciousness of alternatives (even if only the alternatives of doing something and not doing it), and consciousness of vaguely weighted considerations for and/or against each alternative: these considerations may be felt as various kinds and degrees of inclination and aversion, of obligation and inhibition, and so on. The felt weight of the considerations, the mental effort required to give effect to one set of considerations rather than another, and the difficulty of coming to a decision, may perhaps be related to the probabilities indicated by the quantum physical viewpoint.


However, on my suggested approach, any prior weighting of the considerations is associated only with probabilities, and does not determine the choice: it is only the conscious choice which determines which considerations prevail in the particular case, and thereby precisely determines their weighting inter se. A somewhat similar idea was proposed in Nozick (1981) using the analogy of quantum mechanical measurement:


Consistently with my discussion of plausible reasoning in Chapter 5, I contend that rational decisions are indeed like this: they give effect to rational considerations in ways which cannot be formalized, and which are accordingly not mechanistic or predetermined. They are fallible, but may have a probability of being correct greater than the mechanistic probability suggested by the physical viewpoint.

2. An objection. A possible difficulty for this kind of approach is raised in Nagel (1986):


That seems reasonable, at first blush; but I suggest it is fundamentally incorrect. I do not deny that one can look for further explanations in such formative causes; and these could either be mechanistic physical explanations or plausible explanations involving mental terms. However, I strongly disagree that without such further explanation there is no answer to the question of explanation posed by Nagel. If one accepts the rationality of plausible reasoning, as contended in Chapter 5, then one must accept that there can be reasoning to a rationally based conclusion which is not compelled by its premisses; and that other conclusions may be less rational, or even irrational, although not excluded by the premisses or indeed by any weighing of commensurable reasons. (By 'less rational', I am suggesting a qualitative rather than a quantitative judgement.) In that sense, a complete explanation of action can be given, without any need to go to 'formative causes' of one's character. Nagel's point is good only if one rejects the rationality of plausible reasoning and says, with Hume and others, that it is only a matter of useful habit selected by evolution; and that approach, as I have suggested, undermines all reason and all knowledge.


 My disagreement here with Nagel is close to the heart of the whole problem. His unstated assumption is that an explanation must either be conclusive (and so algorithmic, mechanistic, etc.) or else no explanation at all; whereas our whole experience of reasoning and acting is to the contrary, as I have tried to show in Chapter 5. It is of the nature of most of our justifications and explanations of action that they are not conclusive — but, nevertheless, they may be rational, and different ones may be less rational, or irrational. The pervasiveness of the mechanistic assumption made by Nagel has led, I believe, to mistakes such as that of Swinburne noted in Section 5.6; and also to endeavours such as that of Kane (1985) to find free will in randomness rather than rational choice.


3. The relationship to quantum probabilities. The hypothesis of a close association of mental events with the time development of quantum physical states of the brain suggests a natural explanation of the difference we feel between experiencing and doing. Quantum physics identifies two kinds of time development: the deterministic development of such states in accordance with the relevant rules of motion, notably Schrodinger's equation, and the sudden partly unpredictable changes which occur upon state reduction. Actions, including decisions and choices, may be identified with certain developments of the second kind, in which possibilities thrown up by previous time development are eliminated. Prior to any particular action, this action was possible (with a probability calculable in principle from the prior quantum state), as were alternative actions. The occurrence of one action, rather than any of the alternatives, would be, from an objective physical point of view, random. However, from the subjective mental point of view, it could be chosen.


On this approach, the quantum physical probabilities of the alternatives may be related to the consciously felt weight of competing reasons for the different actions. Where the alternative which occurs is an action which was objectively highly probable, one might have a case of an action with small 'mental input', an action done virtually by habit or as of course. Where the alternative which occurs is an action which was objectively improbable, perhaps one could have a case of concentration, effort, the exercise of 'willpower'. Where a decision has to be made between alternatives of objectively similar probability, perhaps the weighing, judgemental aspect of decision making is especially exercised.


The choice does not in fact occur at random in accordance with some quantum probability: the apparent random occurrence of one alternative is simply the manifestation of the choice to the physical viewpoint. There is a striking statement in Wilber (1983) that 'the Heisenberg uncertainty principle represents all that is left of God's radical freedom on the physical plane' (p. 169); and that is substantially what I am saying about quantum indeterminism and human choice. Penrose (1989: 431) appears to overlook this approach when he questions whether random state reduction can have anything to do with freedom.


In similar vein, there is a reference in Gomes (1978: 450) to an argument by Schrodinger to the effect that quantum physics is in fact inconsistent with free choices being made between superposed alternatives of quantum states, because those free choices could violate the statistical predictions of quantum physics. Even if this were correct, it would not be conclusive: it could simply mean that, when choices are made, the 'known' as represented in the relevant state function is not all there is to know, because there is a mental element involved which cannot be so represented. In any event, the argument seems to overlook that every choice is a unique event: each person is unique, and a matter for choice cannot be precisely one which has previously faced the same person (that would itself be a difference!). Accordingly, the quantum physical superposition of alternatives corresponding to each choice must itself be a single unique highly complicated quantum state; so that there never could be a series of like state reductions in which statistical effects could be disclosed. In my view, the linking of quantum probabilities to the felt strength of reasons is very plausible.


16.2.2. What Chooses, and How?

How, then, does this approach deal with what I have suggested to be a problem of dualist approaches such as that of Eccles; that is, the postulation of some immaterial entity which makes the real decisions, using some other faculty apart from the human brain?


On my approach, the human brain viewed purely as a physical object, even a quantum physical object, does not choose (or explain the choice) between the alternatives which it throws up for decision. However, the human brain at the macro level is a manifestation of the underlying reality described by the corresponding quantum physical state function, which reality is also manifested in the subjective world of consciousness. So, both the chooser and a faculty by which the choice is made can be located in just this same underlying reality. As stated earlier, the most complete objective physical description of this reality (if it could be given) would be in terms of a multi-particle quantum physical state; while the best subjective description would be in terms of the language of folk psychology (which can, of course, be progressively refined and improved). This reality, in its subjective manifestation, does comprehend the choice, and also explain it, to the greatest extent that an explanation can be given.


Looked at subjectively, the reality appears to consist of both a subject and the experiences–actions of which the subject is conscious. One cannot separate out the subject from this combination: as noted in Section 2.5, mental events involve the interdependent existence of both an experiencer–actor and the experience–action. Indeed, as noted there, it seems that one may with equal justification regard either the subject as the substance to which the experience–action is adjectival, or vice versa.


In either case, one may in general terms regard the subject, this experiencer–actor, as being what makes the choices; and one may regard the quantum reality underlying both physical and mental events as providing the faculty for making these choices. I do not contend that the experiencer–actor is, necessarily a continuing unchanging self, much less an immortal soul. Indeed, as discussed further in Section 16.3, it may be that the conscious self, which each of us takes to he a single experiences-doer, is some sort of combination of many such entities; and it may be that there are many such entities ('conscious subsystems') associated with each of us, whose experiences and actions are not always fully integrated into those of the self-conscious being each of us takes himself or herself to be.


Thus, on my approach, one could suggest that a decision or action is partly the result of physical mechanistic causes, and partly the result of choices between alternatives left open by those causes. However, one would normally not mix objective and subjective viewpoints in this way; and it would generally be difficult or impossible in practice to identify the choices. One would normally take either an objective approach, and say that the decision or action is caused by physical laws operating upon physical events, in the sense of being the outcome of deterministic developments plus random steps; or alternatively take a subjective approach, and say that the decision or action is made or done for reasons. From either viewpoint, the decision or action could have been otherwise. On the objective approach, the random steps could have been other than they turned out to be. On the subjective approach, the reasons are not conclusive, and the person acting could have weighed them differently.


In this way, one has the beginnings of an account of freedom of the will. To develop such an account, it is necessary in particular to consider in more detail problems pertaining to the self, which will be pursued in the next section and in Chapter 17.
   


Hodgson appears to make chance the direct cause of action


David Hodgson was invited by the Journal of Consciousness Studies to provide an account of his theories and they invited responses from other philosophers.
 



A Plain Person's Free Will
  

  (Journal of Consciousness Studies, 2005, 12(1))

journal web page: http://www.imprint.co.uk/jcs.html)
In my experience, plain persons (here meaning persons
who are neither philosophers or cognitive scientists) tend to accept something
like a libertarian position on free will, namely that free will exists and is
inconsistent with determinism.That
position is widely debunked by philosophers and cognitive scientists.My view at present is that something like
this plain person’s position is not only defensible but is likely to be closer
to the truth than opposing views. To
put this to the test, I have written a simple and straightforward outline of
what I hope is a philosophically and scientifically respectable version of the
plain person’s position on free will, and have offered it for demolition by
those who say such a view is untenable.
My account of free will is a robust
one, explicitly inconsistent with determinism and intended to support equally
robust views of personal responsibility for conduct. I see three broad areas of difficulty for this account.
(1) The randomness problem: how can there be an intelligible and
plausible alternative to determinism that is not mere randomness? Cf. Smart (1961).
(2) The moral luck problem: we are products of genes and environment, so
how can the way we are at any time and therefore the way we act be other than
due to things outside our control, that is, be other than just a matter of
luck? Cf. Strawson (1986, 1998, 2002).
(3) The supernaturalism problem: science has given us a successful and
comprehensive naturalistic account of how the world works, so is it not
unreasonable to propose that human beings are somehow outside this account and
outside the causal order apparently demonstrated by this account?
 I address
these difficulties in this article.
I   NINE
PROPOSITIONS

I will proceed by asserting and explaining nine
propositions.I see the first five as
basic requirements for any intelligible account of indeterministic free will;
while the remainder are further explanations and elaborations of my own
particular account of free will and responsibility.All these propositions have some relevance to each of the three
problems I have identified; but propositions 3 to 5 are particularly relevant
to the randomness problem, propositions 5 and 7 to 9 are particularly relevant
to the moral luck problem, and propositions 5 and 6 are particularly relevant
to the supernaturalism problem.
1. The alternatives

requirement: there is a pre-choice
state such that the way the world is and the laws of nature leave open at least
two post-choice states.
This is a minimum requirement for
indeterministic free will.There must
be a time before an exercise of free will by the doing of an action (or the
making of some other choice or decision) when the action (or result of the
choice or decision) is not uniquely pre-determined by the way the world then is
and the laws of nature. There must be alternatives
available: they may be the alternatives
of two actions such as pushing button A and pushing button B; or of doing
something and not doing it; or of shaping an action in one way and shaping it
in another way. I say that the
alternatives may also be the alternatives of making one judgment as to what to
believe and making a different judgment, because I say that free will is
exercised in making decisions or appraisals of this kind as well as in doing
actions.
This requirement is intelligible, and
is not implausible having regard to what quantum mechanics (QM) tells us about
the world. Of course, there is the
difficulty that, according to QM, any indeterminism is mere randomness, and I
will return to this. And there is also
the difficulty that QM indeterminism may be at scales of mass, distance and
time such that it cannot account for macroscopic alternatives like doing or not
doing an act, or deciding a question one way or another.
This second difficulty does not affect
intelligibility, and the degree to which it affects plausibility is a matter of
controversy: I will not consider it in
detail here. However, there are
plausible suggestions as to how QM indeterminacy and indeterminism (perhaps
together with chaos theory) could give rise to macroscopic alternatives:see Stapp (1998), Penrose (1994), Eccles
(1994), and Jibu and Yasue (1995).
It is not part of this requirement that
the alternatives be equally open, or that there be a sudden jump from a single
pre-choice state to a single post-choice state.In some or even all cases, there could be a period of transition
in which the likelihood of all but one possibility is progressively reduced to
zero; and there may sometimes be extended processes of decision-making in which
the likelihood of the various possibilities fluctuates significantly:see Hodgson (1999).
2. The consciousness
requirement: the transition from the
pre-choice state to a single post-choice state is a conscious process,
involving the interdependent existence of a subject and contents of
consciousness.
This associates the exercise of free
will with consciousness, and adopts a view of consciousness as involving
the interdependent existence of a self or subject and contents of consciousness
(cf. Honderich 1987), with the subject taken as continuing as the same subject
throughout the process of transition from the pre-choice state to the
post-choice state. I will later argue
that the subject in fact continues longer than this; but I do not contend, and
my account does not require, that it be a ‘substance’ distinct from the brain
processes that support it, much less an immortal soul. My account is rather a dual-aspect account
of physical processes and conscious processes, with the subject being
considered as the bearer or experiencer of the contents of consciousness.
The contents of consciousness may be
generally described as experiences, but should not be considered as
limited to passive contents: it is
essential to an account of free will that subjects be considered as capable of
being active, and this activity must presumably be reflected in the
contents of consciousness. Again, this
is intelligible and plausible:indeed,
it is widely accepted that voluntary behaviour is active conscious behaviour.
 However,
some have argued that experiments by Benjamin Libet (Libet et al 1983) demonstrate
that the real decisions are made pre-consciously, so that conscious free will
can be no more than an illusion. In
these experiments, participants were asked to press a button at any time they
wished and to note the time of deciding to do so; and neural preparations for
the action were recorded as occurring some tens of seconds before the time
noted by the participants as the time of deciding to push the button. But it should be recognised that these experiments
are applicable only to one kind of choice, namely that between doing and not
doing an action; and even in relation to that kind of choice, show no more than
that unconscious preparation is required before a person has immediately
available the alternatives of consciously doing or not doing an action; and
that is neither surprising nor inconsistent with conscious free will.
In specifying this requirement, I am not suggesting
that all our motivation is conscious: 
plainly this is not the case. 
Nor am I suggesting that consciousness is other than a matter of
degree:I am content to adopt the
‘dimmer-switch’ view of consciousness advocated by Susan Greenfield (1999).
And I do not think I am
succumbing to the myth of the homunculus in the Cartesian theatre (Dennett
1991, Part II). Daniel Dennett
convincingly refutes the idea that there is a central headquarters in the brain
where consciousness occurs; but my proposition does suppose that there is. I accept that the physical processes that
correlate with conscious mental processes occur over spatially extended regions
of the brain, but this by no means precludes the existence or causal efficacy
of conscious processes involving the interdependent existence of a subject and
contents of consciousness. In so far as
Dennett’s rejection of the Cartesian theatre suggests the contrary, this
depends on an assumption that causation must be local, as required by classical
relativistic physics, an assumption which has been decisively undermined by QM
(see Hodgson 1996, 2002a).
3. The grasping

requirement: in this conscious
transition process, the subject grasps the availability of alternatives and
knows-how to select one of them.
Again, this is a minimum
requirement for free will. For example,
if the choice between doing or refraining from doing an action is to be
considered an exercise of free will, the subject must to some minimum extent
grasp the possibility of either doing an action or not doing it, and must
know-how to do the action and also know-how to refrain from doing it. This again is intelligible and plausible.
Once we have learnt to
control our bodily movements, we are during consciousness generally aware that
we can make various movements or not make them, and we know-how to make them or
not make them. This requirement accords
with the Libet experiments mentioned above, namely that there must in general
be non-conscious preparation before the choice process starts: it is plausible that there could not be
conscious grasping of available alternatives unless this has been made possible
by some preparation that must be largely unconscious.
In previous writings I have
suggested that free will can also be exercised in the shaping of bodily
movements, as distinct from their initiation. 
For example, when a pianist performs a well-learnt piece of music,
consciousness comes too late to direct fingers the right keys, but not too late
to make choices in the shaping of musical passages. In such a case, I suggest, the pianist grasps the possibility of
shaping the music in a particular way, and also is at least faintly aware of
the possibility of shaping it in another way or else not consciously shaping it
at all, and knows-how to select either alternative; and thereby can respond
consciously, and I would say freely, to sounds heard and emotions felt. This is part of the reason for the intense
concentration that musicians report to be a requirement for their
performances.
In those cases where we are
faced with a choice or decision to be made between two or more
explicitly-presented alternatives, whether they be alternative actions or
alternative beliefs or appraisals, this requirement will plainly be satisfied.
4.The reasons
requirement: in significant exercises
of free will, the subject experiences reasons on which a selection can be
based, reasons that are non-conclusive and thus can influence but not dictate
the selection.
I suggest that in
significant choices we are consciously aware of experiences, thoughts
(including thoughts in which we attend to beliefs), and/or feelings,
that provide reasons, generally inconclusive and often conflicting, for
one or more of the available alternatives. 

As mentioned earlier, I do not suggest that all our motivation is
consciously experienced, much less that it is all consciously understood by
us:plainly, much of our motivation is
unconscious, and even the reasons of which we are conscious have a basis in
extensive non-conscious processing. 
However, we do become consciously aware of feelings like pain or hunger,
and of ‘somatic markers’ (to use a phrase from Damasio 1996) associated with
different alternatives, and also of beliefs and experiences relevant to our
choices; and it seems that we are motivated by these feelings, beliefs and
experiences.
It is plain that such
feelings and other reasons are of diverse kinds, generally not measurable, and
generally incommensurable. There is,
for example, no common scale on which hunger for food can be measured against a
feeling of obligation to carry out a promised task. That is one reason why it is a mistake to suggest that we act
according to the preponderance of our desires: 
desires are not like forces in Newtonian physics that are commensurable
and so can be combined to produce a resultant force.In general, the reasons experienced by a subject and relevant to
a decision to be made by the subject do not dictate a conclusion. As I put it in Hodgson (1999), the reasons
do not include a clincher; and as John Searle put it in Searle (2001),
there is a gap between the reasons and the conclusion.The only clincher is the choice itself.
I cannot exclude the
possibility that a choice between apparently incommensurable reasons is in fact
wholly determined by unconscious processes, which are identical with physical
processes that are in turn determined by measurable and commensurable physical
properties and laws of nature; but the existence of that possibility does not
justify disregard of this alternative account I am giving, or show that it is
not intelligible and plausible.
5.The selection
requirement: the subject makes an
effective non-random selection between the available alternatives, based on
these non-conclusive reasons, albeit not determined by rules or laws of nature.
This is a vital
proposition, one that is necessary to overcome the alleged dichotomy of determinism
and randomness. It is a proposition
which I’ve been advocating since 1991, following ideas of Nozick (1981) and
Putnam (1983) (see for example Hodgson 1991 Ch. 5, and particularly Hodgson
1999), but which is still generally overlooked. If it is true, it is of enormous significance, inter alia in that
it would show how different human beings are from computing machines as
presently understood, no matter how powerful such machines may be or
become. The contrary position, that
what is not wholly determined by initial conditions plus laws or rules must be
random, is widely assumed but rarely examined. 

It is considered with some care in Strawson (1986), but my opposing
arguments remain unanswered.
It is convenient to
consider first those exercises of free will involved in deciding between
competing hypotheses or appraisals on the basis of inconclusive evidence. What is often overlooked is that, apart from
rules of reasoning such as those of mathematics, logic, and probability theory,
there are no known rules (that is, strict rules as distinct from non-conclusive
heuristics) governing good plausible reasoning.Of course, it is possible that plausible reasoning proceeds in
accordance with evolution-selected computation-like procedures that we do not
understand, and undoubtedly this is part of the story (I would say, that part
concerning the determination of alternatives, reasons and tendencies); but
there are powerful arguments for thinking that it is not the whole story, and
that there is an element of judgment in plausible reasoning that is not
accounted for by strict rules of any kind. 
These arguments include the following:
(1) If choices were in fact determined by algorithms,
such as evolution-selected computation-like procedures, which as algorithms

need no help from conscious judgment and could indeed be hindered by conscious
interference, there could be no plausible explanation of why evolution selected
in favour of brains that, at considerable expense in terms of complexity and
energy-use, support conscious processes.
(2) In particular, there could in that event be no
plausible explanation (a) of why we have feelings like pain to motivate
us, when it would be absurd (even if possible) to use pain or any other
feelings to motivate a computer to proceed in accordance with its program; or
(b) of why are we so constituted that our conscious awareness is automatically
called into play when we are faced with a novel situation calling for decisive
action.
(3) Our rationality is well adapted to dealing with problems
remote from the evolutionary tests that faced our evolutionary ancestors, and
this makes it unlikely that it is no more than a matter of useful algorithmic
processes selected through those tests: 
see Nagel (1986, p. 79).
(4) If we cannot rely on our plausible reasoning as
the conscious non-algorithmic process that we instinctively take it to be, then
any confidence that we could have in it would have to depend on the
circumstance that it comprises computation-like processes whose reliability is assured
by the evolutionary tests they have passed; yet any belief in this circumstance
and accordingly any justified confidence would itself depend on extensive
plausible reasoning, giving rise to a vicious circle:cf. Plantinga (1993, Ch. 12), Nagel (1997, Ch. 7).
(5) When we are conscious, our brain processes give
rise to qualia (experiences or potential experiences) of various types
and chunk them into unique particular global experiences of
particular subjects:these are what I
have called two tricks of consciousness, the qualia trick and the chunking
trick (Hodgson 2002b). If a particular
subject/experience combination produced by these tricks is to have a causal
role in what happens, otherwise than through its general properties
whose existence does not require this combination of tricks, then, because of
the uniqueness and particularity of the subject/experience, this role cannot be
one determined by generally applicable rules or laws of nature.Yet it seems clear that a particular gestalt
or global experience, for example an experience of a unique and unprecedented
work of art like Picasso’s Les Demoiselles d’Avignon by the artist when
he created it or an early appraiser of the work, does have a role in aesthetic
judgments, a role that is part of rational appraisal yet which cannot be
rule-governed because there can be no general rules that engage with a
particular subject’s particular global experience of a unique unprecedented
object (see Hodgson 2001, 2002b).1
 This
fifth argument applies to judgments as to what to believe as well as to
aesthetic appraisals. In deciding what
to believe on the basis of uncertain evidence, we seem to take into account our
assessments of whole particular gestalt experiences; yet these experiences
cannot, as unique and particular wholes, engage with general rules.For example, in deciding whether an
experience is an accurate experience of some aspect of the world or is some
kind of illusion or otherwise inaccurate, we take into account the particular
global experience, and have regard to its clarity, immediacy, vividness,
internal coherence, coherence with accepted beliefs, relevant similarities to
experiences accepted as real, and so on. 


In such cases, I suggest, the outcome is not completely determined by
the pre-choice state plus rules or laws of nature, but by a process that
depends in part on a particular subject’s non-algorithmic response to a whole
particular experience. It is not
reasonable to think that the outcome in such cases is either merely random or
the result of some unique constraint that engages with the unique pre-choice
state and no other: it is more
plausible to think that it is the result of an indeterministic but non-random
selection.
 Roger
Penrose (1994) has argued strongly for the view that human intelligence
involves understanding of a kind that computers lack. My contention is that our access to and
ability to use particular global experiences in a way that rules cannot
determine is an important part of what is required for this understanding.
Similar arguments apply
also to decisions about what to do, as well as about what to believe. What I suggest is that the ability of a
conscious subject to take into account whole particular gestalt experiences, and
to act upon judgments based on inconclusive reasons, has been selected by
evolution just because it is more conducive to actions favourable to survival
and reproduction than are purely algorithmic processes.
 All
this is confirmed by the powerful and ineradicable feeling we have that we are
consciously making choices and making things happen by doing them. Suggestions, such as that by Crick (1994, p.
266), to the effect that we have this feeling just because we are not aware of
the unconscious processes that are actually efficacious, provide no reason why
any feeling of choosing or doing would be involved if this were the case. It would be as if I simply became aware of a
thought and a movement of my body in accordance with that thought, without
actually making a choice or doing an action. If this happened, surely I would not have
any feeling of choosing or doing: 

rather, I would be puzzled by such an occurrence, in the same sort of
way that the talking hemisphere of a split brain patient is puzzled by bodily
movements initiated by the non-talking hemisphere
 This
fifth proposition is probably the most crucial and difficult of my nine
propositions. It is difficult, because
we are so accustomed to looking for reductionist explanations, in particular explanations
in terms of law-governed processes, and because in all fields apart from those
involving questions about consciousness, reductionist explanations have been
spectacularly successful. But while
acceptance of this fifth proposition may go against the grain, I would argue
that nothing is more familiar to us than our non-algorithmic plausible
reasoning, which we can understand, to some extent at least, without making the
reductionist assumption that it is no more than a small part of a wholly algorithmic
iceberg that somehow gives rise to the misleading illusion that the processes
of its conscious tip are rational but non-algorithmic.
Indeed, unless and until
there were to be some other explanation of why we have conscious experiences
and of what is their causal role, and also a satisfactory account of plausible
reasoning in terms of algorithms, an account that altogether dispenses with
judgments based on feelings and particular gestalts, I believe acceptance of
this fifth proposition is more reasonable than its rejection.
Before leaving this
proposition, I should note one significant attempt to give an evolutionary
explanation of conscious experiences and their causal role, notwithstanding an
assumption that they are constituted by and/or wholly depend upon computational
algorithms carried out by our brains (see for example Dennett 2003). This is to the effect that there have been
evolutionary advantages for human beings and their close evolutionary ancestors
in being able to monitor and communicate some of their own mental
processes. Because these processes are
too complex at the level of the computational algorithms (or any more basic
level) to be grasped for monitoring or communication, evolutionary selection
has developed brains able to produce simplified ‘user-friendly’ accounts of
these processes, in terms of the existence of an integrated conscious subject
or self that has conscious experiences, has goals and purposes, and chooses
between available alternatives. These
accounts are not exactly false, on this approach, because at the level at which
our brains can grasp their own processes for monitoring and communication, they
give about the best available approximation to the truth; but they are not
exactly true either, in that they tend to suggest that the brain’s processes
are other than the working out of computational algorithms, and to that extent
they are false or at least misleading.
To anyone who strongly
adheres to the view that our mental processes must be algorithmic, this
approach may seem attractive. However,
I think it has far too high a cost .A
person’s agonising pain would be treated as an account of the person’s complex
of dispositions to act in certain ways, produced by the person’s brain and
thereby enabling the person to monitor and communicate relevant brain
processes:it would have no other
causal role, and in particular no efficacy in contributing to conduct by virtue
of its subjective feel. Such a pain
would be ‘felt’ no less by a Turing machine carrying out the same algorithms
and thus producing the same account; whereas the brains of animals that do not
monitor and/or communicate their mental processes would not produce such
accounts, so that presumably those animals would not ‘feel’ pain even in this
sense. I think pain has a reality, both
as a feeling and as a motivator, that this approach denies; and I strongly
disagree with the view (going back to Descartes) that no non-human animals feel
any pain.
6. 

Naturalism: there is nothing
supernatural and no violation of physical law involved in such selections.
A standard complaint about
libertarianism is that it introduces a supernatural element in order to account
for ‘contra-causal freedom’, and that it involves violation of physical
law. However, as mentioned earlier, QM
and chaos theory make it possible for there to be macroscopic alternatives for
selection, and QM shows that causation can operate non-locally so that
spatially extended conscious processes could be globally efficacious. 
Even when these points are
accepted, it is still argued that, unless in every case one of the alternatives
that are possible according to QM occurs at random within the probability
parameters established by the laws of QM, then physical law would be violated,
in the sense that the statistical predictions of QM would be falsified. However, it is reasonable to think that the
felt strength of reasons has some relationship to QM probabilities, so that
selections are likely to approximate to QM statistics; and having regard to the
uniqueness and complexity of pre-choice states, a demonstrated violation of QM
statistical predictions is unlikely in the extreme (see Hodgson 1999).
More importantly, QM has
not yet been applied to conscious systems, and it is an open question how its
statistical predictions apply to such systems. 

The qualia trick and the chunking trick give rise to particular
experiences of particular subjects; and if these whole particular experiences
of particular subjects have an irreducible causal role in what happens, then,
because of the uniqueness and particularity of the experiences and subjects,
that causal role cannot be fully accounted for by any system of physical laws
of general application, even those of QM. 
Indeed, my suggestion is that the capacity to respond to particular
gestalts, to which rules cannot apply, has been selected by evolution just
because this capacity is conducive to satisfactory choices and in that sense
makes satisfactory choices more likely than they would be if choices occurred
at random in accordance with QM statistics; so that, if it were possible to
calculate them, the statistics of free choices would not be the same as if free
will did not exist. This would not be a
violation of physical law, but a limitation on the law’s applicability.
And this is not
an appeal to the supernatural, but a recognition that the natural is not as
narrow and limited as it is sometimes supposed to be; in particular, that it is
not limited to the mechanistic development of systems in accordance with
physical laws and randomness. I have
previously argued (Hodgson 2001) that laws of nature may be of different kinds,
in particular that there may, in addition to laws that constrain outcomes
(C-laws), be laws that empower systems to direct or select outcomes (E-laws) and
laws that guide systems in such selections (G-laws). I there suggested that E-laws provide systems such as human
beings with both the capacity to make selections and the reasons on the basis
of which selections are made; and that G-laws include moral principles that
affect such selections.
On that approach, exercise
of a capacity to select is not contra-causal, but in accordance with a wider
concept of causation. And I do not
suggest that the capacity to select appeared suddenly in human beings.Rather, I suggest it emerged very gradually
in evolution along with the gradual emergence of consciousness.I believe that even primitive consciousness
involves qualia and chunking, and may also involve the capacity to select.In primitive conscious systems, this might
be exercised in such things as selecting in particular circumstances between
getting food and avoiding predators. 

But I would not regard such capacity to select as amounting to free will
unless and until combined with the self-conscious rationality of human beings.
7. Capacity to
select:although differences between
persons affect alternatives, reasons and tendencies, they do not otherwise
affect capacity to select, which is the same for all persons.
It follows from the above that
a person exercising free will does so subject to considerable pre-choice
limitations. The person has no
alternatives apart from those made available by the pre-choice state and
grasped by the person in the process of selection.The person has no reasons apart from those presented by the
pre-choice state, generally based on non-conscious processes; and those same
processes largely determine how the reasons feel and appeal to the person, and
also give rise to tendencies to act in various ways.Another aspect of the pre-choice state, for which the person can
have no responsibility, is that the person has the capacity to make a selection
between the alternatives on the basis of the reasons. But I suggest that nothing in the pre-choice state pre-determines
the result of exercise of that capacity.
The totality of ‘the way a
person is’, prior to the selection being made, is inconclusive as between the
available alternatives: it gives rise
to reasons and tendencies to act in one or other of the ways that are open, but
does not pre-determine the outcome. 
Thus the person’s selection is influenced by the reasons and the
tendencies, but not pre-determined by them. 
Indeed, it is reasonable to think that ‘the way a person is’, prior to
the selection, does not affect the selection otherwise than through
providing the alternatives, the reasons, the tendencies, and through the
existence and exercise of the capacity to select.Different persons have different characters, and act differently
because of these different characters. 
However, I am suggesting that this is because of the differences that
pre-choice states make to alternatives, reasons, and tendencies, not because of
any differences in the persons’ capacity to select. In relation this capacity, each person is entirely the same,
unaffected by differences in pre-choice states, whether due to genes,
environment, prior selections, or all three; and in relation to its exercise,
to the extent that each person can notionally be considered apart from
differences affecting alternatives, reasons and tendencies, each person is
entirely the same.
Thomas Clark (1999, p. 286)
has suggested that this approach makes the choosing subject an abstract entity
devoid of character and motives.The
reverse is the truth. The subject is
the unique totality of all its properties, and it is precisely because this
unique totality together with particular experiences enters into the causal
process that outcomes are not predetermined by constituent properties which it
may share in varying degrees with other entities and with which general laws
can engage.
 We
can’t help having capacity to select, and nothing we can do at the time of
selection can make us responsible for our particular characteristics that
affect alternatives, reasons, and tendencies; but our particular
characteristics do not otherwise affect the way we exercise our capacity
to select. We do this by choosing which
alternative occurs, thus providing the clincher; and there is an element (by
which I do not mean a distinct or severable element) of this process
that is entirely up to us, unaffected by any differences between different
persons.And as asserted by the fifth
proposition, this does not mean that the selection, or any part of it, is
random or otherwise not rational.
8. Moral
principles:to greater or lesser
extents, persons grasp moral requirements that should guide selections.
It could be argued that,
even if persons have the capacity to make selections, that does not make it
fair to treat them well or badly because of selections they make, because this
would pre-suppose some objectively valid and binding standards of behaviour,
and an ability in persons generally to know these standards.But I suggest it is intelligible and
plausible to say that there are such standards and that persons can to greater
and lesser extents grasp them. I
mentioned earlier my proposal in Hodgson (2001) for a classification of laws of
nature so as to include G-laws, which guide systems in making selections from
alternatives open to them.
 As suggested there, the grasping of G-laws could begin with
the emergence in evolution of conscious systems, having some marginal capacity
and reason to select and bring about one future state of itself, among those
left open by the C-laws, in circumstances where there was fuzziness or conflict
in the disposition or motivation of such a system as to what state should
occur.For example, suppose that such a
system felt, in a primitive way, something like what we would feel as
motivation to minimise the pain of an injury, and also something like what we
would feel as motivation to satisfy hunger; and that it felt it could follow
one feeling or the other, but that following one would preclude following the
other (getting the food would exacerbate the pain).The system, having these conflicting feelings, and feeling itself
motivated by them towards differing future states of itself, both of which were
open to selection by it, could I suggest also feel something like a requirement
to resolve them ‘rightly’, and to bring about one state of itself (that is, to
act) in accordance with that resolution.
This
suggests the most basic G-law, which would to some degree guide and be felt by
even such a primitive conscious system, a law which I call ‘act rightly’:
Act so as
‘rightly’ to resolve fuzziness or conflicts of motivation.
I use ‘rightly’ at this
stage without any moral implications, so that the law here simply means, do
whichever of the conflicting possibilities is apt or fitting or appropriate or ‘to
be done’.I say this law would be felt,
because its guidance would, to some extent at least, take effect through its
influence being felt and acted upon by the system itself.In more complex conscious systems, the basic
G-law could come to separate out into two distinct aspects or sub-laws, which I
call ‘decide rightly’ and ‘carry out’:
Decide what act
would rightly resolve fuzziness or conflicts of motivation; and
Carry out that
decision.
And in such systems,
selections could be assisted by further G-laws and/or by principles associated
with them.In particular, these systems
could feel and apply a G-law, which I call ‘find out’:
Optimise the
reasons (including information and feelings) on the basis of which to act.
In moderately primitive
conscious systems, this could be felt as requiring attention to relevant
information-and-feelings, as delivered by the senses and emotions.In more elaborate conscious systems, it
could be felt as requiring such things as exploration of relevant
information-and-feelings, verification by checking, looking for coherence and
consistency, attending to analogies, and seeking an understanding of issues
facing the system.
 In conscious systems without the self-conscious rationality
of human beings, the application of G-laws would not be a matter of morality,
although analogies with human moral issues could be drawn.For example, some conflicts of motivation
could be analogous to human moral conflicts, such as a conflict between an animal’s
motivation to minimise its own pain and its motivation to protect its
offspring; and some actions by animals may display ‘virtues’ of courage and
determination in carrying out decisions as to what act would be ‘right’. However, in systems with self-conscious
rationality, G-laws could have central moral significance.The basic G-law ‘act rightly’, as it applies
to these systems, could be the fundamental moral prescription.Moral laws such as ‘do no harm’, ‘be fair’,
‘be honest’, ‘fulfil commitments’, and ‘do good’ could be further G-laws felt
by these systems. Plainly, these
further moral laws can conflict with each other, and they can also conflict
with a system’s basic motivating feelings.


In such cases, the basic G-law would require the conscious systems to
resolve conflicts rightly, having regard to all relevant G-laws.
 Another G-law that a rational self-conscious system could
feel is the following moral law, which I call ‘improve oneself’:
Enhance one’s
own ability to find out, decide rightly, carry out, and do good.
This law would require the
cultivation of virtues associated with the seeking of truth, particularly in so
far as the truth was relevant to one’s own actions; and of virtues associated
with readiness, willingness, and ability to put decisions rightly made into
effect, and also to enlarge one’s opportunities to do good.
 Thus, in systems with self-conscious rationality, the
G-laws, which I conjecture are laws of nature that are to some degree felt by
all conscious systems, could come to be felt as being or including a system of
guiding moral laws, which are truly existing features of the universe,
ascertainable, and to be respected by us whether we like it or not. Although such a view is very unfashionable
today in some circles, some such view is required if, for example, an opinion
that it is wrong to torture children for amusement is to be considered a matter
of truth rather than merely something we have been programmed to believe
by evolution and education. And there
is no greater problem with saying that the truth of such moral rules can be
supported by plausible reasoning than, for example, with saying that the truth
of factual inductive conclusions can be supported by plausible reasoning.There could be disagreement as to what it is
that G-laws require in particular circumstances, and as to what, among rules
which people claim to be moral laws, are G-laws or rightly derived from G-laws
and what are merely fallible human inventions; although I don’t think there
would be much room for disagreement about the G-laws I have identified, most or
all of which are I suggest to some extent grasped by all persons of reasonable
mental capacity and sanity.
9. Ultimate
responsibility: accordingly, there is
some ultimate responsibility for selections, and thereby for subsequent pre-choice
states.
On this account, then,
persons generally have alternatives open to them in their conscious behaviour,
and feel reasons for selecting among these alternatives, including reasons
associated with their grasp of moral principles such as those discussed
above. 'The way a person is' provides
alternatives, reasons (including the grasp of moral principles), tendencies,
and capacity to select, but does not otherwise influence the selection. Thus I suggest that, in making selections,
persons do have some ultimate responsibility, with degrees of
responsibility affected by how hard it is, by reason of the pre-choice state,
to make the right selection. And I do
accept that these degrees of responsibility may vary widely, so that, for
example, environmental disadvantages such as abuse in childhood may enormously
reduce responsibility and blameworthiness for later conduct.
I earlier suggested that
subjects continue throughout processes of selection; and now I suggest that it
is reasonable to see this continuance as indicative of a more extensive
continuance, throughout longer periods of deliberation on problems, and indeed
throughout a whole integrated life-history that can be regarded as a
progressive and continuous addressing of life’s challenges (Hodgson 1999,
2001). A conscious system comes into
existence at or prior to the birth of a human being and continues as a system
with the same subject, at least until this continuance is interrupted or
terminated by significant brain injury or mental illness, or death.Thus there can be justice in treating a
person differently according to what that person has done in the past, not just
because the person has some ultimate responsibility for what was done, but also
because the person is in a substantial sense the same person both at the
time of the action and at the time of the subsequent treatment.
Furthermore, since prior
selections, for which a subject has some ultimate responsibility, can in turn
affect later pre-choice states of the same subject, the subject has some
ultimate responsibility also for those later pre-choice states and thereby
additional responsibility for what is done at later times.
II  THREE QUESTIONS
I will conclude this essay by considering three
questions about the account of free will given in my nine propositions.
1.Does this
account involve agent causation?
 One
prominent version of indeterministic free will embraces a distinction between
what is called event causation and what is called agent causation.The former is causation by events or
happenings in the world, which is the causation dealt with by the physical
sciences; and the latter is causation by agents rather than events, which is
the causation supposed to be involved in exercises of free will.
 In one
sense my account of free will involves causation by agents, in that I suggest
that a subject or agent persists throughout a process of selection (indeed,
generally throughout a life) and actually makes the selection on the basis of
inconclusive reasons: as I have put it,
in selection the agent provides the clincher that finally determines which
alternative out of those open actually occurs.  However, I do not draw a sharp distinction between causation by
events and causation by agents.
For one thing, I do not say
that causal processes not involving subjects or agents must be analysed in
terms of events:analysis in terms of
things or processes or states of affairs may be equally or more appropriate for
certain purposes.I do not think it is
helpful to debate whether the world really is made up of things or
events or processes or states of affairs, or whether causation is really

causation by things or events or processes or states of affairs.There are things and events and processes
and states of affairs, and consideration of questions of causation may involve
any one or more of these categories: 
none I suggest needs to be considered as being more basic than the
others.
More importantly, I suggest
that events do have an important role in exercises of free will. Events have a role at least in limiting
available alternatives and in providing reasons and tendencies; and the
selection itself can be regarded as an event.  
The causation of the selection might be considered as being partly by
other events and partly by the activity of the conscious subject or agent
exercising its capacity to select; but even that analysis could be misleading,
in that I regard the selection process as a global process, not divisible into
distinct parts.So rather than distinguishing
causation by events and causation by agents, I prefer to distinguish physical
causation, which is that aspect of causation capable of being fully
understood in terms of the operation of laws of nature and randomness, and volitional
causation, in which the conscious activity of a subject or agent makes a
contribution that can’t be fully understood in that way.2
On my account, then, the
nature and degree of responsibility of an agent for the agent’s conduct can be
a matter for rational consideration; whereas on the standard ‘agent causation’
account, causation by agents seems to be mysterious, absolute, and incapable of
further explanation.
2. Does this
account deal with the randomness problem and the moral luck problem?
I mentioned earlier the randomness
problem, the problem of making intelligible an alternative to determinism that
is not mere randomness, and the problem of giving an intelligible answer to the
moral luck argument.
The substantial answer to the
randomness problem is that given in the discussion of the fifth proposition:
but to see if the problem is really answered, it is useful to look at two
elaborations of the problem given by Peter van Inwagen (2002).
In the first, van Inwagen supposes that
God repeats many times a person’s pre-choice state, and that (as required by
libertarianism) on some occasions the decision goes one way and on others it
goes another way.He supposes that, as
the repetitions continue, the statistics of the choices appear consistent with
a certain probability for each decision. 
He suggests that free choice is thus indistinguishable from random
occurrences within probability parameters.
 But as
stated above, on my account of free will the statistics of many choices would
not necessarily be the same as the statistics suggested by the laws of QM as
applied to the pre-choice state that is repeated in this way, because the QM
statistics would not take into account the subject’s particular gestalt
experiences that are part of the pre-choice state. The subject’s selected response to the particular experiences is,
for evolutionary reasons, more likely to be conducive to survival and
reproduction than random occurrences within QM probability parameters,
 In the
second, van Inwagen supposes a choice between upholding public morality and
betraying a friend on the one hand, and keeping silent on the other hand, in
which the pre-choice state gives only just over 0.5 probability of keeping
silent.Van Inwagen asks whether a
person, knowing this probability, could in good conscience promise the friend
to keep silent, when there is over 0.4 probability that the promise will not be
kept.
 On my
account of free will, the probability given by the pre-choice state is at best
a QM probability that does not take into account all relevant factors,
including the particular gestalts of the pre-choice state; and in any event,
the person will be able to freely choose what to do when the time comes.Furthermore, plainly the making of the
promise will affect the pre-choice state, presumably making it more likely that
what is promised will be done.But
finally, if a person concluded that, even if the promise were made, he or she
could not be confident of keeping the promise, that would be a strong reason
for saying that the promise could not in good conscience be made.In this respect, libertarianism is in no
worse case than competing views.
 Turning
to the moral luck argument, Galen Strawson elaborates on this argument in
Strawson (2002), building on two premisses:
(1) We act as we do because of the way we are.
(2) We cannot be responsible (in the sense of ultimately
responsible, the buck stopping with us) for the way we act unless we are
responsible for the way we are.
And he goes on to argue that we cannot be responsible
for the way we are when we first make decisions in life, so we cannot be
responsible for actions based on those decisions, or for how those decisions
and actions affect the way we are later on; and so on.Thus, we can never become responsible for
the way we are later in life, or responsible for the way we act later in life.
 He
suggests that there can be no argument with his first premiss, and, relying
partly on the first premiss, argues powerfully in support of the second
premiss.
 What I
say to this is that it is necessary to bring out an ambiguity in the word
‘because’ in first premiss. It could
mean that the way we are plus our circumstances plus the laws of nature
pre-determine the way we act in those circumstances; and if it means that and
is true, then it is hard to argue with the second premiss. However, on my account of free will,
‘because’ in the first premiss means that the way we are plus our circumstances
plus laws of nature provide alternatives, inconclusive reasons, and tendencies,
and also the capacity to select between the alternatives on the basis of the
reasons; and what we do is what we select in exercise of that capacity, the
selection not being influenced by any differentiating features of the way we
are otherwise than through the alternatives, reasons, and
tendencies. If the first premiss is
true on that interpretation of ‘because’, the second premiss is untrue; and the
Strawson argument collapses.3
3. Is this
account believable?
 As
noted earlier, there is a question mark over the first proposition in terms of
the availability of macroscopic alternatives. 
The fifth proposition is difficult, but in my contention difficult
mainly because of ingrained habits of thought; and for reasons I have given I
believe it is reasonable to accept it at the present time. The eighth proposition is highly
unfashionable; but I think that at least some moral opinions are matters of
fact and truth rather than mere evolutionary artefacts, and thus that it is
reasonable to accept my eighth proposition.
Reductionist science has
had enormous success in accounting for many aspects of the universe, but very
little success in explaining consciousness and its role in the way events
unfold in the world. I think it is
reasonable to believe that consciousness does have an important and irreducible
causal role, and I suggest that something like this version of free will is
required to account for this role.
So all in all, I say my
account is believable, indeed at present more so than any alternative.
FOOTNOTES

1. This argument,
introduced in the first of these two articles and developed in the second of
them, is I think an original and just possibly even an important argument. It is one of very few attempts to give a
positive and non-mysterious account of why and how conscious processes can
contribute to rational decision-making in a way not available to law-governed
machines. I would refer readers to
those articles, particularly the second of them, for a full exposition of this
argument.
2. My view may
be closer to the standard agent-causation view than is that of Robert Kane
(1996), and it may be that Kane does not accept my fifth proposition.I think the criticism of Kane by Dennett
(2003, Ch. 4) in fact, rightly or wrongly, assumes that Kane does not accept
this proposition.
3. In his
recent impressive exposition of a compatibilist view of free will and
responsibility, Dennett (2003) does not refer to Galen Strawson or the moral
luck argument.He does set out a
related argument, along the following lines: 

what we do is wholly determined by events in the distant past and laws
of nature; those events and laws are not ‘up to us’; therefore what we do is
not up to us. He claims (pp. 126-36)
that this argument commits the same fallacy as an argument that there couldn’t
be mammals:if there have been any
mammals, there have been only a finite number of them; every mammal has a
mammal for a mother; therefore if there have been any mammals, there have been
an infinite number of them. However,
the fallacy in this argument is that there is an indeterminate boundary between
mammal-like reptiles and reptile-like mammals; and while it may be said that
there is a similar indeterminate boundary between actions in our early lives
that are in no sense ‘up to us’ and actions in our later lives that are in some
sense up to us, this does not deal with Strawson’s premisses (1) and (2) and
thus does not answer Strawson’s moral luck argument.I suggest that something like my propositions 5 and 7 to 9 is
required to answer that argument.
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David Hume's A Treatise of Human Nature, Book II, Part III, Sections I-II and Enquiry Concerning Human Understanding, Chapter VIII are said by many current philosophers to be the locus classicus of "compatibilism," the position that "free will" is compatible with strict physical determinism. 

There is no doubt that Hume's reconciliation of freedom and necessity was a great influence on most analytic and logical empiricist philosophers, through John Stuart Mill, G. E. Moore, Bertrand Russell, A. J. Ayer, and Moritz Schlick, as well as physical scientists like Ernst Mach.

R. E. Hobart developed Hume's compatibilism in his landmark 1934 essay Free Will As Involving Determination And Inconceivable Without It. But Hobart did not deny chance, as did Hume. P. H. Nowell-Smith in 1948 strengthened the attack on chance. But Philippa Foot in her 1957 article Free Will As Involving Determinism (misquoting Hobart) cautioned that "determination" of the will, by reasons and motives for example, does not imply the kind of strict causal determinism back to the beginning of time that denies the existence of chance.  


And we will show below that Hume himself did not like a universal causal determinism - it denies the possibility of liberty.


So what is it that distinguishes Hume's compatibilism from earlier compatibilists from Chrysippus to Thomas Hobbes? 


Major differences between Hobbes and Hume can be traced to the work of empiricist philosophers John Locke and George Berkeley and the scientist Isaac Newton between Hobbes and Hume.


Locke's "Theory of Ideas," which limits human knowledge to that gathered through the senses (the mind starts as a blank slate with no innate ideas) was an enormous influence on Hume. Hume is often simply regarded as one of the three British empiricists who put knowledge of the "things themselves" with their "primary" qualities, beyond the reach of our perceptions. It is this standard  view of Hume, as one denying unknowable concepts, particularly the notion of "causation," that inspired the positivists to declare such concepts "meaningless" and "metaphysical.   


But Hume is much more complex, as a careful reading of the Treatise and especially the Enquiry concerning Human Understanding shows. Hume did not deny causation. He embraced it. But he did say that empirical methods could not logically prove its necessity, as observations only show a "constant conjunction" of events, a "regular succession" of A followed by B, which leads the mind to the inference of cause and effect.  For Hume, causality is something humans naturally believe. 


The skeptical Hume argued that we cannot logically prove causation and "matters of fact," as we can know and prove "relations of ideas" internal to mathematics and logical systems of thought. But Hume the naturalist said that we can have a natural belief in causation and in many matters of fact. Kant would later argue that such things were knowable as "synthetic" a priori.



Reasons and Passions


A major theme of Hume's work, perhaps his core contribution, is that "Reason" cannot motivate our Beliefs. Reason is an evaluative tool only. It is "Feeling" and "Passion" that motivates our "natural" beliefs, judgements, and actions. He says that reason alone can never be a motive to any action of the will; and secondly, that it can never oppose passion in the direction of the will.

Reason is, and ought only to be the slave of the passions, and can never pretend to any other office than to serve and obey them. As this opinion may appear somewhat extraordinary, it may not be improper to confirm it by some other considerations.

A passion is an original existence, or, if you will, modification of existence, and contains not any representative quality, which renders it a copy of any other existence or modification. When I am angry, I am actually possest with the passion, and in that emotion have no more a reference to any other object, than when I am thirsty, or sick, or more than five foot high. It is impossible, therefore, that this passion can be opposed by, or be contradictory to truth and reason; since this contradiction consists in the disagreement of ideas, considered as copies, with those objects, which they represent.




Most earlier and later philosophers make the feelings and passions subject to reason. Hume turned this around and based his ideas of morality on sentiments and feelings. He denied that one could ever produce reasoned arguments to derive "ought" from "is," but that we naturally hold many of our moral beliefs simply based on our feelings and moral sentiments. And that only these Passions, not Reason, are capable of motivating us to action. In a most famous observation, he says...


I cannot forbear adding to these reasonings an observation, which may, perhaps, be found of some importance. In every system of morality, which I have hitherto met with, I have always remark'd, that the author proceeds for some time in the ordinary way of reasoning, and establishes the being of a God, or makes observations concerning human affairs; when of a sudden I am surpriz'd to find, that instead of the usual copulations of propositions, is, and is not, I meet with no proposition that is not connected with an ought, or an ought not. This change is imperceptible; but is, however, of the last consequence. For as this ought, or ought not, expresses some new relation or affirmation, 'tis necessary that it shou'd be observ'd and explain'd; and at the same time that a reason should be given, for what seems altogether inconceivable, how this new relation can be a deduction from others, which are entirely different from it.

(Treatise of Human Nature, Selby-Bigge, p.469) 


What is true in moral thinking is true in our physical understanding; we have a natural belief in causality, says Hume. Although it is not an empirically justified "idea" and thus not knowledge, we have a natural feeling about how one billiard ball causes a second one to move, even when watching a single example - "constant conjuctions" are not needed for this "natural" belief. 


Similarly, we judge a person praiseworthy or blameworthy because we see the causal connection between a person's character, volition, and resulting actions. This agrees with Thomas Hobbes and with the later work of R.E.Hobart and Philippa Foot on "determination."


But on the surface, Hume's compatibilism contains a basic contradiction, one that calls into question the entire theory of causal mechanical determinism that was the basis of Hobbes' compatibilism. Hume showed that causality could not be proved logically from mere induction. For Hume, the necessity of causality was found in the human mind and in its natural beliefs. But if necessity and causality are in the mind and not in nature, how can that explain the work of Isaac Newton, which Hume claimed as his model for the experimental study of human nature? 


To be sure, Hume was as cautious as Newton had been in claims to know the reality underlying observations and experiments. Empiricism must not "go beyond experience" to the "things themselves," as Kant would later call them.  


Hume's academic skepticism about logical proofs has withstood the test of time. There is nothing that can be shown to be logically true of the physical world. Unfortunately for Hume, that includes causality and strict physical determinism. Newton himself was not convinced of the "truth" of strict physical determinism. It could not be proved on the basis of observations, which Newton understood always contain experimental errors.


Nevertheless, Hume was also skeptical about his skepticism (as any good skeptic ought to be) and said that just because we are unable to prove things like causality and an external world of objects, that did not prevent us from believing that such things really exist.


In Hume's study of Morals we find another skeptical/realist contradiction. He famously claims we cannot derive "ought" (logically and rationally) from "is." Yet he affirms the existence of "moral sentiments" which he says we know by direct observation and from his experimental study of human nature - a "science of man." 



Facts and Values


In Book III. part I, section I of  A Treatise of Human Nature, Hume tells us how moral philosophers attempt to reason to normative laws "how things ought to be" from purely descriptive fact about the way the world "is." 

In every system of morality, which I have hitherto met with, I have always remarked, that the author proceeds for some time in the ordinary way of reasoning, and establishes the being of a God, or makes observations concerning human affairs; when of a sudden I am surprised to find, that instead of the usual copulations of propositions, is, and is not, I meet with no proposition that is not connected with an ought, or an ought not. This change is imperceptible; but is, however, of the last consequence. For as this ought, or ought not, expresses some new relation or affirmation, 'tis necessary that it should be observed and explained; and at the same time that a reason should be given, for what seems altogether inconceivable, how this new relation can be a deduction from others, which are entirely different from it. But as authors do not commonly use this precaution, I shall presume to recommend it to the readers; and am persuaded, that this small attention would subvert all the vulgar systems of morality, and let us see, that the distinction of vice and virtue is not founded merely on the relations of objects, nor is perceived by reason.


Hume at first appears to state what G. E. Moore will later call the naturalistic fallacy, namely that "good" cannot be defined as corresponding to anything in nature. But then Hume proceeds to find moral sentiments in his human naturalism, studying man as a part of nature, what Hume called a "moral science."  Hume's phrase was translated into German as Geisteswissenschaft (science of the spirit), to distinguish it from Naturwissenschaft, (the science of nature).


Hume has put strict limits on what we can know (or derive) from logical analysis or "reason." In this he anticipates Immanuel Kant's Critique of Practical Reason, where Kant says he must put limits on Reason and Knowledge to make room for belief in God, Freedom, and Immortality.


Unlike Kant, who invented a metaphysical "noumenal" realm to locate our Freedom, Hume could not find God or Freedom in Kant's metaphysical sense. Kant called Hume's compatibilist freedom a "wretched subterfuge." William James called it a "quagmire of evasion."


Most of Hume's followers ignore his skeptical doubts about certain knowledge and causality. For example, many philosophers of science continue to claim they can put a sound epistemological foundation under physics, probing to find fault with quantum mechanical uncertainty. Many philosophers of mind continue to assert the truth of compatibilism, though under pressure from the success of indeterministic quantum physics, many now claim to be agnostic about the truth of physical determinism.



...there is but one kind of necessity, as there 
is but one kind of cause, and that the common distinction 
betwixt moral and physical necessity is without any foundation in nature.	This clearly appears from the precedent 
explication of necessity. 'Tis the constant conjunction of 
objects, along with the determination of the mind, which 
constitutes a physical necessity: And the removal of these 
is the same thing with chance. As objects must either be 
conjoin'd or not, and as the mind must either be determin'd or not to pass from one object to another, 'tis 
impossible to admit of any medium betwixt chance and 
an absolute necessity. In weakening this conjunction and 
determination you do not change the nature of the necessity; since even in the operation of bodies, these have 
different degrees of constancy and force, without producing 
a different species of that relation.

(Treatise, Book I, Part I, Section XIV, p.171)

Of all the immediate effects of pain and pleasure, there is 
none more remarkable than the WILL.  I desire it may be observ'd, 
that by the will, I mean nothing but the internal impression 
we feel and are conscious of, when we knowingly give rise to
any new motion of our body, or new perception of our mind.  


'Tis universally acknowledg'd, that the operations of external bodies are necessary, and that in the communication of their motion, in their attraction, and mutual cohesion,
there are not the least traces of indifference or liberty. Every object is determin'd by an absolute fate to a certain 
degree and direction of its motion, and can no more depart 
from that precise line, in which it moves, than it can convert 
itself into an angel, or spirit, or any superior substance. 
The actions, therefore, of matter are to be regarded as instances of necessary actions; and whatever is in this respect 
on the same footing with matter, must be acknowledg'd to 
be necessary. That we may know whether this be the case 
with the actions of the mind, we shall begin with examining 
matter, and considering on what the idea of a necessity in 
its operations are founded, and why we conclude one body 
or action to be the infallible cause of another.
(Treatise, Book II, Part III, Section I, p.399-400)


I dare be positive no one will ever endeavour to refute 
these reasonings otherwise than by altering my definitions, 
and assigning a different meaning to the terms of cause, and 
effect, and necessity, and liberty, and chance. 
According to 
my definitions, necessity makes an essential part of causation; and consequently liberty, by removing necessity, removes also causes, and is the very same thing with chance. 


As chance is commonly thought to imply a contradiction, 
and is at least directly contrary to experience, there are 
always the same arguments against liberty or free-will. If 
any one alters the definitions, I cannot pretend to argue 
with him, 'till I know the meaning he assigns to these 
terms.


The objection to chance is half of the standard argument against free will



In the Treatise Hume distinguishes the 
liberty of indifference (in which a random decision is made because the options are evenly balanced) from the liberty of spontaneity (freedom of action from external coercion or voluntarism, as Hobbes called it).

I believe we may assign the three following reasons for 
the prevalence of the doctrine of liberty, however absurd it 
may be in one sense, and unintelligible in any other. First, 
After we have perform'd any action; tho' we confess we 
were influenc'd by particular views and motives; 'tis difficult 
for us to persuade ourselves we were govern'd by necessity, 
and that 'twas utterly impossible for us to have acted otherwise; the idea of necessity seeming to imply something of 
force, and violence, and constraint, of which we are not 
sensible. Few are capable of distinguishing betwixt the 
liberty of spontaneity, as it is call'd in the schools, and the 
liberty of indifference; betwixt that which is oppos'd to violence, and that which means a negation of necessity and 
causes. (Treatise, Book II, Part III, Sections I-II, p.407)


Hume himself has difficulty distinguishing between these two liberties, or two senses of the word liberty. Today we can see that this is in part because the idea of absolute chance had become anathema to the scientists and mathematicians who developed the "calculus of probabilities." Probabilities describe merely human ignorance, not the existence of absolute chance. 

In the Enquiry Concerning Human Understanding, Section VIII, "Of Liberty and Necessity,"  Hume attributes the lack of progress on this controversy to  the lack of clear conceptual definitions and ambiguities in the words.  


It might reasonably be expected in questions which have been canvassed and disputed with great eagerness, since the first origin of science, and philosophy, that the meaning of all the terms, at least, should have been agreed upon among the disputants; and our enquiries, in the course of two thousand years, been able to pass from words to the true and real subject of the controversy. For how easy may it seem to give exact definitions of the terms employed in reasoning, and make these definitions, not the mere sound of words, the object of future scrutiny and examination? But if we consider the matter more narrowly, we shall be apt to draw a quite opposite conclusion. From this circumstance alone, that a controversy has been long kept on foot, and remains still undecided, we may presume that there is some ambiguity in the expression, and that the disputants affix different ideas to the terms employed in the controversy...It is true, if men attempt the discussion of questions which lie entirely beyond the reach of human capacity, such as those concerning the origin of worlds, or the economy of the intellectual system or region of spirits, they may long beat the air in their fruitless contests, and never arrive at any determinate conclusion. But if the question regard any subject of common life and experience, nothing, one would think, could preserve the dispute so long undecided but some ambiguous expressions, which keep the antagonists still at a distance, and hinder them from grappling with each other. (p.80-1)

I hope, therefore, to make it appear that all men have ever agreed in the doctrine both of necessity and of liberty, according to any reasonable sense, which can be put on these terms; and that the whole controversy, has hitherto turned merely upon words. We shall begin with examining the doctrine of necessity. (p.81)



Hume redefines "necessity"


Hume himself has "affixed different ideas" to the terms in this ancient debate - both "indifference"/chance and "spontaneity"/determination in the Treatise and only the latter in the Enquiry. For a moment Hume seems to realize that "both" liberty and necessity are involved, but he soon decides that the only "reasonable sense" for liberty is to make it consistent with a uniform nature of necessity and causation.

Hume redefines the term "necessity" to describe the inference of the human mind that discovers causality in the regular succession of events, that postulates "uniformity of nature" to assume that the laws of nature will continue tomorrow to be the same as today, and even to describe the assumption that we can predict future behaviors of an agent based on our observations of the agent's habitual behaviors.


While this is true, modern uses of Hume's word "necessity" lead many philosophers to misunderstand Hume. Today we should say that the empirical observations of all these regularities only justify our assigning high probabilities to such predictions, and never the "certainty" that is associated with a physical causal determinism or a logical necessity. Hume's usage may be closer to the eighteenth-century use of the terms "moral necessity" or "moral certainty."



Indeed, now that quantum mechanics has shown that the laws of nature are fundamentally probabilistic, Hume's insight "that the common distinction 
betwixt moral and physical necessity is without any foundation in nature" is seen to be correct, though perhaps not exactly in the way that Hume hoped. There is evidence that Hume's "necessity" was only such a high probability. 


It seems evident that, if all the scenes of nature were continually shifted in such a manner that no two events bore any resemblance to each other, but every object was entirely new, without any similitude to whatever had been seen before, we should never, in that case, have attained the least idea of necessity, or of a connexion among these objects...Inference and reasoning concerning the operations of nature would, from that moment, be at an end; and the memory and senses remain the only canals, by which the knowledge of any real existence could possibly have access to the mind. Our idea, therefore, of necessity and causation arises entirely from the uniformity observable in the operations of nature, where similar objects are constantly conjoined together, and the mind is determined by custom to infer the one from the appearance of the other...it must follow, that all mankind have ever agreed in the doctrine of necessity, and that they have hitherto disputed, merely for not understanding each other. (p.81-2)


Hume is cautious and circumspect. He knows that perfect uniformity has never been seen. Agents may act differently even in the same circumstances.  

We must not, however, expect that this uniformity of human actions should be carried to such a length as that all men, in the same circumstances, will always act precisely in the same manner, without making any allowance for the diversity of characters, prejudices, and opinions. Such a uniformity in every particular, is found in no part of nature. On the contrary, from observing the variety of conduct in different men, we are enabled to form a greater variety of maxims, which still suppose a degree of uniformity and regularity. (p.85)


Despite the "variety of conduct in different men," Hume seriously over-exaggerates the workings of necessity in human affairs. He claims history and politics would not be sciences without it (they are of course not sciences in the sense Hume wants), and that morals would be undermined as well. Science and action of any kind demands necessity, he mistakenly claims, but the high probability of adequate determinism is good enough.

Have we not reason, therefore, to affirm that all mankind have always agreed in the doctrine of necessity according to the foregoing definition and explication of it?


Philosophers entertain many opinions


Nor have philosophers even entertained a different opinion from the people in this particular. For, not to mention that almost every action of their life supposes that opinion, there are even few of the speculative parts of learning to which it is not essential. What would become of history, had we not a dependence on the veracity of the historian according to the experience which we have had of mankind? How could politics be a science, if laws and forms of government had not a uniform influence upon society? Where would be the foundation of morals, if particular characters had no certain or determinate power to produce particular sentiments, and if these sentiments had no constant operation on actions? And with what pretence could we employ our criticism upon any poet or polite author, if we could not pronounce the conduct and sentiments of his actors either natural or unnatural to such characters, and in such circumstances? It seems almost impossible, therefore, to engage either in science or action of any kind without acknowledging the doctrine of necessity, and this inference from motive to voluntary actions, from characters to conduct. (p.89-90)



We do not have such reason


Hume's idea of the "nature" of a person is that we can reliably predict the behaviors of someone based on their past behaviors, because their actions are normally "determined" by their character and motives. This is the basis of the second stage in our two-stage model of free will.

A careful reading shows that Hume backs away from strict necessity and says the inferences are only probabilistic, with certainty only "more or less."


Above one half of human reasonings contain inferences of a similar nature, attended with more or less degrees of certainty proportioned to our experience of the usual conduct of mankind in such particular situations. (p.91)


Hume wonders how mankind continues to believe in absolute freedom (that some actions are not caused by existing character, that some motives might be new and free from prior habits) when they acknowledge (his kind of) necessity. He might have made the occasional freedom of an undetermined liberty one of those things that cannot be "known" but that humans naturally believe as a matter of moral sentiment.


I have frequently considered, what could possibly be the reason why all mankind, though they have ever, without hesitation, acknowledged the doctrine of necessity in their whole practice and reasoning, have yet discovered such a reluctance to acknowledge it in words, and have rather shown a propensity, in all ages, to profess the contrary opinion. The matter, I think, may be accounted for after the following manner. If we examine the operations of body, and the production of effects from their causes, we shall find that all our faculties can never carry us farther in our knowledge of this relation than barely to observe that particular objects are constantly conjoined together, and that the mind is carried, by a customary transition, from the appearance of one to the belief of the other. 

But though this conclusion concerning human ignorance be the result of the strictest scrutiny of this subject, men still entertain a strong propensity to believe that they penetrate farther into the powers of nature, and perceive something like a necessary connexion between the cause and the effect. When again they turn their reflections towards the operations of their own minds, and feel no such connexion of the motive and the action; they are thence apt to suppose, that there is a difference between the effects which result from material force, and those which arise from thought and intelligence. 

But being once convinced that we know nothing farther of causation of any kind than merely the constant conjunction of objects, and the consequent inference of the mind from one to another, and finding that these two circumstances are universally allowed to have place in voluntary actions; we may be more easily led to own the same necessity common to all causes. And though this reasoning may contradict the systems of many philosophers, in ascribing necessity to the determinations of the will, we shall find, upon reflection, that they dissent from it in words only, not in their real sentiment. Necessity, according to the sense in which it is here taken, has never yet been rejected, nor can ever, I think, be rejected by any philosopher. It may only, perhaps, be pretended that the mind can perceive, in the operations of matter, some farther connexion between the cause and effect; and a connexion that has not place in voluntary actions of intelligent beings. Now whether it be so or not, can only appear upon examination; and it is incumbent on these philosophers to make good their assertion, by defining or describing that necessity, and pointing it out to us in the operations of material causes. (p.92-3)




Hume says we naturally believe in causation, even if it cannot be proved


Hume hopes to "reconcile" freedom and necessity.

But to proceed in this reconciling project with regard to the question of liberty and necessity; the most contentious question of metaphysics, the most contentious science; it will not require many words to prove, that all mankind have ever agreed in the doctrine of liberty as well as in that of necessity, and that the whole dispute, in this respect also, has been hitherto merely verbal. For what is meant by liberty, when applied to voluntary actions? 


We cannot surely mean that actions have so little connexion with motives, inclinations, and circumstances, that one does not follow with a certain degree of uniformity from the other, and that one affords no inference by which we can conclude the existence of the other. For these are plain and acknowledged matters of fact. 
By liberty, then, we can only mean a power of acting or not acting, according to the determinations of the will; this is, if we choose to remain at rest, we may; if we choose to move, we also may. Now this hypothetical liberty is universally allowed to belong to every one who is not a prisoner and in chains. Here, then, is no subject of dispute.

Whatever definition we may give of liberty, we should be careful to observe two requisite circumstances; First, that it be consistent with plain matter of fact; secondly, that it be consistent with itself. If we observe these circumstances, and render our definition intelligible, I am persuaded that all mankind will be found of one opinion with regard to it. (p.95)



But since mankind has always combined chance and necessity in ideas of freedom, Hume must abolish chance

It is universally allowed that nothing exists without a cause of its existence, and that chance, when strictly examined, is a mere negative word, and means not any real power which has anywhere a being in nature. But it is pretended that some causes are necessary, some not necessary. Here then is the advantage of definitions. Let any one define a cause, without comprehending, as a part of the definition, a necessary connexion with its effect; and let him show distinctly the origin of the idea, expressed by the definition; and I shall readily give up the whole controversy. But if the foregoing explication of the matter be received, this must be absolutely impracticable. Had not objects a regular conjunction with each other, we should never have entertained any notion of cause and effect; and this regular conjunction produces that inference of the understanding, which is the only connexion, that we can have any comprehension of. Whoever attempts a definition of cause, exclusive of these circumstances, will be obliged either to employ unintelligible terms or such as are synonymous to the term which he endeavours to define. And if the definition above mentioned be admitted; liberty, when opposed to necessity, not to constraint, is the same thing with chance; which is universally allowed to have no existence. (p.96)





In the two-stage model of free will, liberty is in the first stage, creating free thoughts, willed actions are of course adequately determined (not logically necessitated nor pre-determined by earlier events) by our reasons, motives, and for Hume especially, by our feelings


For Hume, there was no such thing as chance. Human ignorance leads to all our ideas of probability. This was the view of all the great mathematicians who developed the calculus of probabilities - Abraham de Moivre before Hume and Pierre-Simon Laplace after him. And, following de Moivre, Hume called chance a mere word.

Though there be no such thing as Chance  in the world; our ignorance of the real cause of any event has the same influence on the understanding, and begets a like species of belief or opinion.

(Enquiry, Book VI, Of Probability, p. 56) 


Hume on Moral Responsibility

The only proper object of hatred or vengeance is a person or creature, endowed with thought and consciousness; and when any criminal or injurious actions excite that passion, it is only by their relation to the person, or connexion with him. Actions are, by their very nature, temporary and perishing; and where they proceed not from some cause in the character and disposition of the person who performed them, they can neither redound to his honour, if good; nor infamy, if evil. The actions themselves may be blameable; they may be contrary to all the rules of morality and religion: but the person is not answerable for them; and as they proceeded from nothing in him that is durable and constant, and leave nothing of that nature behind them, it is impossible he can, upon their account, become the object of punishment or vengeance. According to the principle, therefore, which denies necessity, and consequently causes, a man is as pure and untainted, after having committed the most horrid crime, as at the first moment of his birth, nor is his character anywise concerned in his actions, since they are not derived from it, and the wickedness of the one can never be used as a proof of the depravity of the other.

Men are not blamed for such actions as they perform ignorantly and casually, whatever may be the consequences. Why? but because the principles of these actions are only momentary, and terminate in them alone. Men are less blamed for such actions as they perform hastily and unpremeditatedly than for such as proceed from deliberation. For what reason? but because a hasty temper, though a constant cause or principle in the mind, operates only by intervals, and infects not the whole character. Again, repentance wipes off every crime, if attended with a reformation of life and manners. How is this to be accounted for? but by asserting that actions render a person criminal merely as they are proofs of criminal principles in the mind; and when, by an alteration of these principles, they cease to be just proofs, they likewise cease to be criminal. But, except upon the doctrine of necessity, they never were just proofs, and consequently never were criminal.


It will be equally easy to prove, and from the same arguments, that liberty, according to that definition above mentioned, in which all men agree, is also essential to morality, and that no human actions, where it is wanting, are susceptible of any moral qualities, or can be the objects either of approbation or dislike. For as actions are objects of our moral sentiment, so far only as they are indications of the internal character, passions, and affections; it is impossible that they can give rise either to praise or blame, where they proceed not from these principles, but are derived altogether from external violence.



Hume on the Determinism Objection

Most compatibilists and determinists since Hobbes and Hume never mention the fact that a causal chain of events going back before our birth would not provide the kind of liberty they are looking for. But Hume frankly admits that such a causal chain would be a serious objection to his theory. 

I pretend not to have obviated or removed all objections to this theory, with regard to necessity and liberty. I can foresee other objections, derived from topics which have not here been treated of. It may be said, for instance, that, if voluntary actions be subjected to the same laws of necessity with the operations of matter, there is a continued chain of necessary causes, pre-ordained and pre-determined, reaching from the original cause of all to every single volition, of every human creature. No contingency anywhere in the universe; no indifference; no liberty. While we act, we are, at the same time, acted upon. 


To escape this objection, we might imagine that Hume wanted some kind of agent-causal freedom in voluntarist acts.


Hume's Natural Belief in Free Will


Although Hume was aware that we can not prove causality from any number of empirical examples of constant conjunction (just as we cannot logically prove the existence of external things), he nevertheless asserts that we have a natural belief in causality and external things.

Might Hume have similarly defended a natural belief in free will and its moral companion - responsibility? Since most of his contemporaries who defended free will were theists, might Hume have thrown the free will baby out with the theistic bath water?



Hume's Association of Ideas


OF THE ASSOCIATION OF IDEAS.

18. It is evident that there is a principle of connexion between the different thoughts or ideas of the mind, and that, in their appearance to the memory or imagination, they introduce each other with a certain degree of method and regularity. In our more serious thinking or discourse this is so observable that any particular thought, which breaks in upon the regular tract or chain of ideas, is immediately remarked and rejected. And even in our wildest and most wandering reveries, nay in our very dreams, we shall find, if we reflect, that the imagination ran not altogether at adventures, but that there was still a connexion upheld among the different ideas, which succeeded each other. Were the loosest and freest conversation to be transcribed, there would immediately be observed something which connected it in all its transitions. Or where this is wanting, the person who broke the thread of discourse might still inform you, that there had secretly revolved in his mind a succession of thought, which had gradually led him from the subject of conversation. Among different languages, even where we cannot suspect the least connexion or communication, it is found, that the words, expressive of ideas, the most compounded, do yet nearly correspond to each other: a certain proof that the simple ideas, comprehended in the compound ones, were bound together by some universal principle, which had an equal influence on all mankind.



19. Though it be too obvious to escape observation, that different ideas are connected together; I do not find that any philosopher has attempted to enumerate or class all the principles of association; a subject, however, that seems worthy of curiosity. To me, there appear to be only three principles of connexion among ideas, namely, Resemblance, Contiguity in time or place, and Cause or Effect.


That these principles serve to connect ideas will not, I believe, be much doubted. A picture naturally leads our thoughts to the original: the mention of one apartment in a building naturally introduces an enquiry or discourse concerning the others: and if we think of a wound, we can scarcely forbear reflecting on the pain which follows it. But that this enumeration is complete, and that there are no other principles of association except these, may be difficult to prove to the satisfaction of the reader, or even to a man's own satisfaction. All we can do, in such cases, is to run over several instances, and examine carefully the principle which binds the different thoughts to each other, never stopping till we render the principle as general as possible. The more instances we examine, and the more care we employ, the more assurance shall we acquire, that the enumeration, which we form from the whole, is complete and entire.



Hume's Projectivism


BOOK I, PART III, SECT. XIV. OF THE IDEA OF NECESSARY CONNEXION.


It is a common observation,
that the mind has a great propensity to spread itself on external
objects, and to conjoin with them any internal impressions, which they
occasion, and which always make their appearance at the same time that
these objects discover themselves to the senses. Thus as certain sounds
and smells are always found to attend certain visible objects, we
naturally imagine a conjunction, even in place, betwixt the objects and
qualities, though the qualities be of such a nature as to admit of no
such conjunction, and really exist no where. But of this more fully
hereafter.. Meanwhile it is sufficient to observe,
that the same propensity is the reason, why we suppose necessity and
power to lie in the objects we consider, not in our mind that considers
them; notwithstanding it is not possible for us to form the most distant
idea of that quality, when it is not taken for the determination of the
mind, to pass from the idea of an object to that of its usual attendant.


Excerpts from the Works of David Hume
Treatise of Human Nature, Introduction (1739)Treatise of Human Nature, Book II, Part III - The Will and Direct Passions (1739)
Of Liberty and Necessity, Chapter VIII, Enquiry Concerning Human Understanding (1750)
Letter from a Gentleman (1745)
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Hume's Natural Belief in Free Will



In his Freedom and Belief, Galen Strawson writes
 
It is interesting that Hume does not in the case of freedom explicitly adopt his characteristic double position: that of inevitable philosophical scepticism about true responsibility on the one hand, and equally inevitable commitment to natural belief in true responsibility on the other hand. It is especially interesting because the case for scepticism about true responsibility is essentially stronger than the case for scepticism about, say, the existence of the exteranal world. For in the latter case what philosophy establishes is only that we cannot know that the external world does exist, not that we can know that it does not exist. Whereas in the case of responsibility the stronger conclusion does seem available. The reason Hume does not explicitly adopt the double position in this case is perhaps one of caution — although it is at least as much a desire to indulge in some heavy irony at the expense of theists: for he states the deeper objection to belief in true responsibility in indirect, theological terms, when he could equally well have stated it in terms of godless determinism.37
37 Cf. Enquiry, pp. 99-103. It could be argued that although Hume does not explicitly adopt his double position, it is there in essentials, connected to his moral subjectivism. Hume was surely aware of the sense in which true responsibility is impossible, God or no God. And he was, surely, aware of our deep commitment to belief in true responsibility, for it is built in to our natural disposition to praise and blame and to distinguish vice and virtue in actions, and these distinctions are "founded in the natural sentiments of the human mind, [which are] not to be controuled by any philosophical theory or speculation whatsoever" (p. 103). 


He would certainly have agreed that we cannot give up belief in true responsibility, even if true responsibility is impossible, and not (like the existence of the material objects) just unprovable: "it is a point, which we must take for granted in all our [practical] reasonings" to adapt what he says about belief in material objects (Treatise 1.4.2, p. 187).


Thus Hume is a source for P. F. Strawson famous thesis






Source: https://www.informationphilosopher.com/solutions/philosophers/hume/
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Ferenc Huoranszki is a Central European philosopher whose 2011 book, Freedom of the Will: A Conditional Analysis is a defense of "compatibilist free will," based on what he calls the "conditional analysis" of doing otherwise, namely, the agent could have done otherwise IF he had chosen to do otherwise. This he traces back to Hobbes, Hume, and Locke, and he cites the explicit example of G.E. Moore
Huoranszki accepts physical determinism, that events can happen only as they actually do happen. He denies that "determinism at the level of fundamental physical laws is incompatible with agents having free will." (p. 3.)


Like John Martin Fischer, Huoranszki regards "the issue of free will only as a question about the conditions of responsibility for our behavior." (p. 6.) He is right that "many things originate in us and are attributable to us even if we do not do them of our own free will," so that we can be held responsible even if we were not "free" to do otherwise. But this should be grounds for separating free will and moral responsibility, not conflating them.


The problem of free will and determinism is a scientific question. The problem of moral responsibility and appropriate reward or punishment is a social and cultural question.


For a compatibilist, Huoranszki has a very sympathetic understanding of Robert Kane's "plural rationality" and Self-Forming Actions, and he offers a strong defense for them against Richard Double's criticisms. He starts with Peter van Inwagen's idea that free decisions where the agent can do otherwise are restricted to three special occasions - Buridan's Ass cases (the liberty of indifference), when our duty is in conflict with our interests (Kane's Self-Forming Actions are here), and when we have to choose between incommensurable values. (p. 151)


All these cases are what Huoranszki calls "indifference cases." But can libertarians avoid the conclusion, he asks, " that the ultimate grounds of our responsibility must be our indifference?" "What free will would require is that our preferences be undetermined because our reasons do not determine our judgment about the best course of action." (p. 159) This sounds very much like Kane's Self-Forming Actions. "Why would our responsibility be rooted in the fact that sometimes our reasons fail to determine what we judge to be best," he asks, and then explains,



In such cases, agents are not determined to act upon one set of reasons. But the chosen action is undetermined not because the agent's action might go against her reasons, but because it is undetermined whether one set of reasons rather than another will eventually cause her action. Hence, although agents' rational preferences (what they judge to be good) causally explain their actions, it is up to them which set of their reasons shall cause their action.

Robert Kane calls this requirement about libertarian free will dual, or later, plural rationality (Kane 1989; Kane 1996: 107-109). Importantly, plural rationality, despite the way it is called, is not a requirement about the morally responsible agent's abilities. Rather, it is meant to refer to a particular mental state or condition. The ability that ultimately grounds agents' responsibility is volitional. But agents can exercise that capacity only in those conditions in which their volitional effort must decide which of the two or more potentially motivating sets of reasons will become causally operative in the production of their action (Kane 1997: 127).15


The idea is that volitional control requires the presence of at least two competing sets of reasons. Both sets of reasons must have some motivational potential. In some situations, however, it is undetermined which sets will actually motivate the agent. But whichever set of reasons has actually become operative in the production of the action, agents perform the chosen action for a reason. Interestingly, this libertarian account - just as certain versions of compatibilism — presupposes reasons dependence. For the actions that ultimately ground agents' responsibility must depend on their reasons. Plural rationality is a condition of freedom of will not because agents can act against their reasons, but rather because they themselves can choose, by their own volitional effort, the reasons that will cause their actions. If libertarian free will is understood in this way, then the indeterminacy of choices does not imply that agents cannot rationally control what they do. Agents' actions can be controlled by their reasons; it is the motivating force of their reasons that is controlled by their volitions.


To estimate its plausibility, it is instructive to compare the plural rationality strategy with the indifference strategy. The plural rationality strategy has the obvious advantage that it does not require indifference in any sense. In order to be in the state of plural rationality, agents are not required to be equally motivated to do two or more incompatible actions. They only have to have conflicting reasons, all of which have some motivational potential. Which reason will actually become operative and thus which action will be performed is, however, up to the agent. It is the agent's own volitional effort that will decide.




Huoranszki points out that Kane's plural rationality argument does require the ability to do otherwise (the availability of alternative possibilities), nor does it even assume that the resulting decision is "free" in the sense of undetermined by reasons, character, motives, etc. He quotes Kane,  
   
An adequate account of incompatibilist free will should allow that some (and potentially many) everyday acts explicable by reasons may be caused or determined by characters and motives already formed. The possibility of such actions, as I see it, is part of a complete theory of ultimate responsibility. (Kane 1996: 120)


Thus, Kane accepts that agents can be responsible even if they could not have done otherwise at the time when they perform the action. We have seen already that every theory of the freedom of will as a condition of agents' responsibility must accommodate this possibility. But Kane, following Dennett and van Inwagen, does not only claim that there are special situations in which we are responsible even if we lack the ability to do otherwise. They assume that most of our actions that are explainable by our motives and character are not freely willed at all. Most motivated actions cannot be spontaneous in the sense that they cannot depend on the agent's choices and hence cannot be freely willed either. It is for this reason that they must introduce a strong and — as I shall argue in the next chapter — unsatisfiable condition of responsibility: the condition that agents must determine their own self.

Kane says that when agents' actions are determined by their character and motives they are responsible to the extent that they are responsible for being the sort of person they had become by that time (Kane 1996: 39). And Peter van Inwagen claims that 'it is an old, and very plausible, philosophical idea that, by our acts, we can make ourselves into the sorts of people we eventually become' (van Inwagen 1989: 420). It seems, therefore, that both the indifference strategy and the plural rationality strategy rest on the possibility of ultimate control. According to both, agents are responsible even if their character and motives determine what they do. But agents are responsible only because their own character and motives have been self-determined by their earlier undetermined free actions.
And it is exactly here where I see the fundamental difficulty with these libertarian views. According to the compatibilist view I endorse, we are responsible only if our actions are self-determined in the sense that we ourselves determine what we do or what we are able to do. But libertarian 'ultimate responsibility' implies that we are responsible only if we can determine our selves. Both libertarian views which we have considered assume that our responsibility for our actions is rooted in our responsibility for being the sort of persons we are, or that 'by our acts, we can make ourselves into the sorts of people we eventually become'. But, as I shall argue in the next chapter, we have serious reasons to doubt both that 'ultimate responsibility' exists and that it is necessary for responsible agency.
   

  
Huoranszki's claim that we cannot determine our own selves is a variation on Galen Strawson's Basic Argument that a causa sui is impossible.

There are well-known arguments aiming to prove that free will and responsibility are impossible, no matter whether our world is deterministic or not. According to those arguments, we could be responsible only if we were causa sui in the sense that we determined our own self. For how we are, mentally speaking, determines what we do. And even if how we are, mentally speaking, is determined by our earlier choices, since those choices are also determined by how we were, mentally speaking, at an earlier time, responsibility would require that agents themselves create their own self. But no finite being, like us, is able to do that. So we are never 'truly' or 'ultimately' responsible. Some libertarians hope to answer this difficulty by claiming that there are some 'buck-stopping' undetermined actions by which agents can ultimately control how they are (Kane 1996: 114). According to them, we are responsible for our other actions only because they are the results of these self-forming and hence buck-stopping actions.

In the last two chapters I argued that libertarians cannot answer the causa sui objection in this way. But I have also claimed that self-determination in the sense in which it is indeed a necessary condition of responsibility in certain contexts does not depend on our alleged capacity to determine our own self. Rather, in order to be responsible for our actions, we ourselves must be able to determine some of our future abilities and the situations in which the lack of our ability can matter for our moral responsibility. But this notion of self-determination does not require either that we determine how we ate, mentally speaking, or what reasons we have for our actions.


Our reasons, character,- and motives are not abilities, neither are they factors that can deprive us of any responsibility-relevant actional abilities. Even if they may constrain to a certain extent what we do, they surely do not make us unable to perform actions that we have actually failed to perform. As we have seen in Chapter 6, sometimes we explain agents' actions by their reasons, at other times we explain what they do or fail to do with reference to their character or motives. But in whatever way we explain agents' actions, as long as they have the ability to perform an actually unperformed action, it is up to them, in the relevant sense, what they do.
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   Hegel's philosophical method of dialectical idealism describes an Absolute Spirit (sometimes synonymous with human thought - like our Sum), in which Absolute Ideas are evolving to ever higher levels of consciousness. See paragraph 2  and paragraph 31 below to get an idea of his strange "logic." 
  

  Hegel thinks earlier efforts to "prove" the freedom of the will were flawed compared to his science of logic...
  

    "It is worth while to recall the older way of proceeding with regard to
the freedom of the will. First of all, the idea of the will was assumed,
and then an effort was made to deduce from it and establish a definition
of the will. Next, the method of the older empirical psychology was
adopted, and different perceptions and general phenomena of the ordinary
consciousness were collected, such as remorse, guilt, and the like,
on the ground that these could be explained only as proceeding out of a
will that is free. [cf. Peter Strawson] Then from these phenomena was deduced the so-called proof that the will is free. But it is more convenient to take a short cut
and hold that freedom is given as a 'fact of consciousness', and simply must be
believed [cf. William James]. (Philosophy of Right, Introduction Sect.4, trans. ?)

We quote at length from the Introduction to Hegel's Philosophy of Right. Although his formalism gets in the way - it always develops ideas in three steps (the famous aufhebung of thesis-synthesis-antithesis, or subject-object-unity) - Hegel's discussion roughly describes two stages of the will (he calls them moments), an initially indeterminate stage (paragraphs 4 and 5), followed by a determinate choice (paragraph 6). And he says clearly that the will is the unity of both these moments (paragraph 7).  
  
Introduction, Philosophy of Right
[Concept of the Philosophy of Right, of the Will, Freedom, and Right], translated by T.M.Knox.
1. The subject-matter of the philosophical science of right is the Idea of right, i.e. the concept of right together with the actualization of that concept.


2. The science of right is a section of philosophy. Consequently, its task is to develop the Idea — the Idea being the rational factor in any object of study - out of the concept, or, what is the same thing, to look on at the proper immanent development of the thing itself. As a section, it has a definite, starting-point, i.e. the result and the truth of what has preceded, and it is what has preceded which constitutes the so-called 'proof' of the starting-point. Hence the concept of right, so far as its coming to be is concerned, falls outside the science of right; it is to be taken up here as given and its deduction is presupposed.


3. Right is positive in general when it has the form of being valid in a particular state, and this legal authority is the guiding principle for the knowledge of right in this positive form, i.e. for the science of positive law.


 4. The basic of right is, in general, mind; its precise place and point of origin is the will. The will is free, so that freedom is both the substance of right and its goal, while the system of right is the realm of freedom made actual, the world of mind brought forth out of itself like a second nature.


5. The will contains (α) the element of pure indeterminacy or that pure reflection of the ego into itself which involves the dissipation of every restriction and every content either immediately presented by nature, by needs, desires, and impulses, or given and determined by any means whatever. This is the unrestricted infinity of absolute abstraction or universality, the pure thought of oneself.



6. (β) At the same time, the ego is also the transition from undifferentiated indeterminacy to the differentiation,: determination, and positing of a determinacy as a content and object. Now further, this content may either be given by nature or engendered by the concept of mind. Through th1s positing of itself as something determinate, the ego steps in principle into determinate existence. This is the absolute moment, the finitude or particularization of the ego.


7. (γ) The will is the unity of both these moments. It is particularity, reflected into itself and so, brought back to universality, i.e. it is individuality. It is the self-determination of the ego, which means that at one and the same time the ego posits itself as its own negative, i.e. as restricted and determinate, and yet remains by itself, i.e. in its self-identity and universality. It determines itself and yet at the same time binds itself together with itself. The ego determines itself in so far as it is the relating of negativity to itself. As this self-relation, it is indifferent to this determinacy; it knows it as something which is its own, something which is only ideal, a mere possibility by which it is not constrained and in which it is confined only because it has put itself in it. This is the freedom of the will and it constitutes the concept or substantiality of the will, its weight, so to speak, just as weight constitutes the substantiality of a body.


8. The more detailed process of particularization (see Paragraph 6) constitutes the difference between the forms of the will: (a) If the will's determinate character lies in the abstract opposition of its subjectivity to the objectivity of external immediate existence, then this is the formal will of mere self-consciousness which finds an external world confronting it. As individuality returning in its determinacy into itself, it is the process of translating the subjective purpose into objectivity through the use of its own activity and some external means. Once mind has developed its potentialities to actuality (wie er an und fur sich ist), its determinate character is true and simply its own. At that stage, the relation of consciousness constitutes only the appearance of the Will, an aspect which is not separately considered any further here.


9. (b) In so far as the specific determinations of the will are its own or, in general, its particularization reflected into itself, they are its content. This content, as content of the will, is, in accordance with the form of will described in (a), its purpose, either its inward or subjective purpose when the will merely images its object, or else its purpose actualized and achieved by means of its activity of translating its subjective purpose into objectivity.


10. This content, or the will's determination on something specific, is in the first place immediate. Consequently the will is then free only in itself or for an external observer, or, to speak generally, it is the will in its concept. It is not until it has itself as its object that the will is for itself what it is in itself.


11. The will which is but implicitly free is the immediate or natural will. The specific characteristics of the difference which the self-determining concept sets up within the will appear in the natural will as an immediately existing content, i.e. as the impulses, desires, inclinations, whereby the will finds itself determined in the course of nature. This content, together with the specific differences developed within it, arises from the rationality of the will and so is implicitly rational; but, poured out in this way into the mould of immediacy, it still lacks the form of rationality. It is true that this content has for me the general character of being mine; but this form is still different from the content, and hence the Will is still a will finite in character.


12. The whole of this content, as we light upon it in its immediacy in the will, is there only as a medley and multiplicity of impulses, each of which is merely 'my desire' but exists alongside other desires which are likewise all 'mine', and each of which is at the same time something universal and indeterminate, aimed at all kinds of objects and satiable in all kinds of ways. When, in this twofold indeterminacy, the will gives itself the form of individuality (see Paragraph 7), this constitutes the resolution of the will, and it is only in so far as it resolves that the will is an actual will at all.



13. By resolving, the will posits itself as the will of a specific individual and as a will separating itself off against another individual. But apart from this finitude as consciousness (see Paragraph 8), the immediate will is on account of the difference between its form and its content (see Paragraph 11) a will only in form. The decision which belongs to it as such is only abstract and its content is not yet the content and product of its freedom.


14. The finite will as, in respect of its form, though only its form, the self-reflecting, independent, and infinite ego (see Paragraph 5), stands over its content, i.e. its various impulses, and also over the further separate ways in which these are actualized and satisfied. At the same time, since it is infinite in form only, it is tied to this content (see Paragraphs 6 and 11) as to the specific determinations of its nature and its external actuality; though since it is indeterminate, it is not tied to this or that specific content. From the point of view of the ego reflected into itself, this content is only a possible one, i.e. it may be mine or it may not; and the ego similarly is the possibility of determining myself to this or to something else, of choosing between these specific determinations, which at this point I regard as external to me.


15. At this stage, the freedom of the will is arbitrariness (Willkur) and this involves two factors: (a) free reflection, abstracting from everything, and (b) dependence on a content and material given either from within or from without. Because this content, implicitly necessary as purposes, is at the same time qualified in the face of free reflection as possible, it follows that arbitrariness is contingency manifesting itself as will.


16. What the will has decided to choose (see Paragraph 14) it can equally easily renounce (see Paragraph 5). But its ability to go beyond any other choice which it may substitute, and so on ad infinitum, never enables it to get beyond its own finitude, because the content of every such choice is something other than the form of the will and therefore something finite, while the opposite of determinacy, namely indeterminacy, i.e. indecision or abstraction from any content, is only the other, equally one-sided, moment of the Will.


17. The contradiction which the arbitrary will is (see Paragraph 15), comes into appearance as a dialectic of impulses and inclinations; each of them is in the way of every other—the satisfaction of one is unavoidably subordinated or sacrificed to the satisfaction of another, and so on. An impulse is simply a uni-directional urge and thus has no measuring-rod in itself, and so this determination of its subordination or sacrifice is the contingent decision of the arbitrary will which, in deciding, may proceed either by using intelligence to calculate which impulse will give most satisfaction, or else in accordance with any other optional consideration. 


18. In connexion with the judgment of impulses, this dialectic appears in the following form: (a) As immanent and so positive, the determinations of the immediate will are good; thus man is said to be by nature good. (b) But, in so far as these determinations are natural and thus are in general opposed to freedom and the concept of mind, and hence negative, they must be uprooted, and so man is said to be by nature evil. — At this point a decision in favor of either thesis depends equally on subjective arbitrariness.


19. In the demand for the purification of impulses there lies the general notion that they should be freed both from their form as immediate and natural determinations, and also from the subjectivity and contingency of their content, and so brought back to their substantial essence. The truth behind this vague demand is that the impulses should become the rational system of the will's volitions. To grasp them like that, proceeding out of the concept of the will, is the content of the philosophical science of right.


20. When reflection is brought to bear on impulses, they are imaged, estimated, compared with one another, with their means of satisfaction and their consequences, etc., and with a sum of satisfaction (i.e. with happiness). In this way reflection invests this material with abstract universality and in this external manner purifies it from its crudity and barbarity. This growth of the universality of thought is the absolute value in educations (compare Paragraph 187). 


21. The truth, however, of this abstract universality, which is indeterminate in itself and finds its determinacy in the material mentioned in Paragraph 20, is self-determining universality, the will, freedom. In having universality, or itself qua infinite form for its object, content, and aim, the will is free not only in itself but for itself also; it is the Idea in its truth.


22. It is the will whose potentialities have become fully explicit which is truly infinite, because its object is itself and so is not in its, eyes an 'other' or a barrier; on the contrary, in its object this will has simply turned backward into itself. Further this will is not mere potentiality, capacity, potency (potentia), but the infinite in actuality (infinitum acts), since the concept's existence or its objective externality is inwardness itself.


23. Only in freedom of this kind is the will by itself without qualification, because then it is related to nothing except itself and so is released from every tie of dependence on anything else. The will is then true, or rather truth itself, because its self-determination consists in a correspondence between what it is in its existence (i.e. what it is as objective to itself) and its concept; or in other words, the pure concept of the will has the intuition of itself for its goal and its reality.


24. The will is then universal, because all restriction and all particular individuality have been absorbed within it. These lie only in the difference between the concept and its content or object, or, to put it otherwise, in the difference between its implicit character and its subjective awareness of itself, or between its universality and its exclusive individuality, the individuality which resolves.


25. The subjective, in relation to the will in general, means the will's self-conscious side, its individuality (see Paragraph 7) in distinction from its implicit concept. The subjectivity of the will means therefore

(α) the pure form of the will, the absolute unity of self-consciousness with itself (a unity in which self-consciousness, as I = I, is purely and simply inward and abstractly self-dependent), the pure certainty, as distinguished from the truth, of individuality;

(β) the particular will as the arbitrary will and the contingent content of optional aims;

(γ) in general, the one-sided form of the will (see Paragraph 8) for which the thing willed, whatever its content, is but a content belonging to self-consciousness and an aim unfulfilled.


26. (α) The will is purely and simply objective in so far as it has itself for its determination and so is in correspondence with its concept and is genuinely a will.

(β) but the objective will, being without the infinite form of self-consciousness, is the will absorbed in its object or condition, whatever the content of these may be; it is the will of the child, the ethical Will, also the will of the slave, the superstitious man, etc.;

(γ) objectivity, finally, is the one-sided form opposed to the subjective volition, and hence it is the immediacy of existence as external reality; the will first becomes objective to itself in this, sense through the fulfillment of its aims.


27. The absolute goal, or, if you like, the absolute impulse, of free mind (see Paragraph 21) is to make its freedom its object, i.e. to make freedom objective as much in the sense that freedom shall be the rational system of mind, as in the sense that this system shall be the world of immediate actuality (see Paragraph 26). In making freedom its object, mind's purpose is to be explicitly, as Idea, what the will is implicitly. The definition of the concept of the will in abstraction from the Idea of the will is 'the free will which wills the free will'.


28. The will's activity consists in annulling the contradiction between subjectivity and objectivity and giving its aims an objective instead of a subjective character, while at the same time remaining by itself even in objectivity. Outside the formal mode of willing (i.e. consciousness, see Paragraph 8) where objectivity is present only as immediate actuality, this activity is in essence the development of the substantive content of the Idea (see Paragraph 21) - a development through which the concept determines the Idea, itself at first abstract, until it becomes a systematized whole. This whole, as what is substantive, is independent of the opposition between a merely subjective aim and its realization and is the same in both despitc their difference in form.


29. An existent of any sort embodying the free will, this is what right is. Right therefore is by definition freedom as Idea.



30. It is only because right is the embodiment of the absolute concept or of self-conscious freedom that it is something sacrosanct. But the exclusively formal character of right (and duty also, as we shall see) arises at a distinct stage in the development of the concept of freedom. By contrast with the right which is comparatively formal (i.e. abstract) and so comparatively restricted, a higher right belongs to the sphere and stage of mind in which mind has determined and actualized within itself the further moments contained in its Idea; and it belongs to this sphere as the sphere which is concretes, intrinsically richer, and more genuinely universal.


31. The method whereby, in philosophic science, the concept develops itself out of itself is expounded in logic and is here likewise presupposed. Its development is a purely immanent progress, the engendering of its determinations. Its advance is not effected
by the assertion that various things exist and then by the application of the universal to extraneous material of that sort culled from elsewhere.
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Heraclitus


Heraclitus famously said πάντα ῥεῖ (panta rhei) "all is flux" or "everything flows." Heraclitus did not here use an explicit word for things. He said simply "all flows." 

His most famous quotation is perhaps 


ποταμοῖσι τοῖσιν αὐτοῖσιν ἐμβαίνουσιν, ἕτερα καὶ ἕτερα ὕδατα ἐπιρρεῖ.

Potamoisi toisin autoisin embainousin, hetera kai hetera hudata epirrei

"On those stepping into rivers (staying the same), other and other waters flow on."


Herodotus's Greek words have  a most mellifluous internal rhyme and rhythm - 

oisi oisi oisi ousi, hetera hetera hudata.


In his Cratylus 402a, Plato much less poetically paraphrases Heraclitus's saying about rivers, and he uses χωρεῖ (gives way, make room) rather than ῥεῖ (flows).


πάντα χωρεῖ καὶ οὐδὲν μένει" καὶ δὶς ἐς τὸν αὐτὸν ποταμὸν οὐκ ἂν ἐμβαίης

Panta chōrei kai ouden menei kai dis es ton auton potamon ouk an embaies
   

The Loeb translation (H.N.Fowler) is "all things move and nothing remains still, and he likens the universe to the current of a river, saying that you cannot step twice into the same river."


In Cratylus 401d we find,


τὰ ὄντα ἰέναι τε πάντα καὶ μένειν οὐδέν

Ta onta ienai te panta kai menein ouden

"All things move and nothing remains still"


Here Plato adds "onta," things that exist or have being (to on) as opposed to Protagoras's word χρήματα for the things (of value) of which "man is the measure," 

Heraclitus is said to have concluded rather dialectically that we both "step and do not step into the river, that we are and are not," sounding obscurely like the modern obscurant G.W.F.Hegel

ποταμοῖσ τοῖσ αὐτοῖσ ἐμβαίνομεν τε και οὐκ ἐμβαίνομεν, εἶμεν τε και οὐκεἶμεν. (Diels-Kranz B49a, "Homeric Questions.")


The Logos

Heraclitus is also famous for saying that there is something that governs all this change, something which in itself is eternal. He called it "Logos." The modern interpretation is that he intuits the notion of laws of nature that describe the material world. Theologians have for centuries identified Heraclitus's logos with God.


In Aristotle's Rhetoric 1407b we find,


τοῦ λόγου τοῦδ᾽ ἐόντος ἀεὶ ἀξύνετοι ἄνθρωποι γίγνονται

Tou logou tous eontos aei

"the logos of all things is eternal"


Aristotle uses ἐόντος, the early Ionic form of ὂντος from Heraclitus's time and place. 

Martin Heidegger translates τὰ ὄντα as das Seindes - "beings." He contrasts these "things that exist" with his  Sein - "Being." Heidegger hoped to answer the "question of Being" by looking back before Aristotle, Plato, and Socrates to the "presocratic thinkers Anaximander, Heraclitus, andParmenides.


For Plato, "Being" is one of his forms or "ideas" that are prior to any instance of an object with a given form. The forms exist, or subsist,  in another "realm" that is more "real" for Plato than the everyday physical world of material objects. Forms outside space and time resemble Immanuel Kant's noumenal world of the thing in-itself, the "Ding an sich.". 

Plato set up the fundamental dualism of philosophy, the distinction between idealism and materialism, between abstract eternal essences and concrete ephemeral existences, between ParmenideanBeing and Heraclitean Becoming



In Timaeus 27d, Plato asked "What is Being always, but has no Becoming (origin or genesis), and what is Becoming always, and never Being?" 


τί τὸ ὂν ἀεί͵ γένεσιν δὲ οὐκ ἔχον͵ καὶ τί τὸ γιγνόμενον μὲν ἀεί͵ ὂν δὲ οὐδέποτε,

 
Plato preferred the "Being" (τὸ ὂν) of Parmenides over the "Becoming" (γιγνόμενον) of Heraclitus. That Being was from the earliest times associated with God may account for the survival of Plato's corpus and the demolition into fragments of the work of Heraclitus.
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Ian Hacking

Ian Hacking is a philosopher and historian of science (trained in analytic language philosophy) who documented the development of probability from the seventeenth century to the late nineteenth in his major works, The Emergence of Probability (1975), and The Taming of Chance (1990).


Hacking identifies probability with the mathematics of randomness and chance, which did not appear until the Renaissance. From the beginning, he says, probability was dual. It has an epistemic element having to do with degrees of belief, and an ontological aspect, having to do with the performance of randomizing devices like dice and coins in the long run of large numbers of trials. The first is epistemic or a priori probability, the latter is the ontological and a posteriori frequency statistics that we get from experiments.


Probabilities are theories used to establish degrees of belief. Statistics are experiments that may validate some theories.


In The Taming of Chance, Hacking argues for a nineteenth-century "erosion of determinism," making room for genuine chance. (Other historians, e.g., Stephen Brush, made similar claims at about the same time.)


The most decisive conceptual event of twentieth century physics has been the discovery that the world is not deterministic. Causality, long the bastion of metaphysics, was toppled, or at least tilted: the past does not determine exactly what happens next. This event was preceded by a more gradual transformation. During the nineteenth century it became possible to see that the world might be regular and yet not subject to universal laws of nature. A space was cleared for chance.

This erosion of determinism made little immediate difference to anyone. Few were aware of it. Something else was pervasive and everybody came to know about it: the enumeration of people and their habits. Society became statistical. A new type of law came into being, analogous to the laws of nature, but pertaining to people. These new laws were expressed in terms of probability. They carried with them the connotations of normalcy and of deviations from the norm. The cardinal concept of the psychology of the Enlightenment had been, simply, human nature. By the end of the nineteenth century, it was being replaced by something different: normal people.


I argue that these two transformations are connected. Most of the events to be described took place in the social arena, not that of the natural sciences, but the consequences were momentous for both.


Throughout the Age of Reason, chance had been called the superstition of the vulgar. Chance, superstition, vulgarity, unreason were of one piece. The rational man, averting his eyes from such things, could cover chaos with a veil of inexorable laws. The world, it was said, might often look haphazard, but only because we do not know the inevitable workings of its inner springs. As for probabilities — whose mathematics was called the doctrine of chances — they were merely the defective but necessary tools of people who know too little.



There were plenty of sceptics about determinism in those days: those who needed room for freedom of the will, or those who insisted on the individual character of organic and living processes. None of these thought for a moment that laws of chance would provide an alternative to strictly causal laws. Yet by 1900 that was a real possibility, urged as fact by an adventurous few. The stage was set for ultimate indeterminism.

(The Taming of Chance, Cambridge, 1990, pp.1-2)



chance and determinism were the two-horns of a dilemma in the standard arguments against free will

Most of the mathematicians (Abraham de Moivre, Pierre-Simon Laplace, Carl Friedrich Gauss, and others) who developed the calculus of probabilities, and most nineteenth-century physical scientists believed that randomness in chance events, including the atomic and molecular randomness that succeeded in explaining irreversibility and the second law of thermodynamics, may be the result of some unknown underlying universal laws of nature, such as the "law of large numbers" and the "normal distribution."


Laplace explained the appearance of chance as the result of human ignorance. He said,


"The word 'chance,' then expresses only our ignorance of the causes of the phenomena that we observe to occur and to succeed one another in no apparent order."


For most of them, the growing indeterminism described by Hacking was traceable to human ignorance of the detailed motion of atomic particles. To be sure, there were some nineteenth-century vociferous proponents of "absolute" chance, such as Charles Sanders Peirce and the French philosophers  Charles Renouvier and Alfred Fouillée, who inspired Peirce and his colleague William James.


But the kind of indeterminism we have as a result of quantum mechanical indeterminacy is quite different from typical nineteenth centuries of probability and chance.


For example, Arthur Stanley Eddington, who was intimately familiar with the statistical mechanical basis of the second law of thermodynamics, maintained that the determinism of classical physics, which presumably included chance and probability, was gone forever. 


In The Nature of the Physical World (1928), Eddington dramatically announced 


"It is a consequence of the advent of the quantum theory that physics is no longer pledged to a scheme of deterministic law,"


Prominent dissenters from quantum theory such as Max Planck, Albert Einstein, Louis de Broglie, Erwin Schodinger, and David Bohm, hoped that an underlying deterministic explanation would be found some day for quantum randomness. 


Many philosophers, and a few scientists, still hold to this possibility of a return to strict determinism and causality.


The example of C. S. Peirce

Hacking uses Charles Sanders Peirce as his model of a nineteenth-century thinker who embraced ontological chance (Peirce called it tychism). While Peirce is an excellent choice, he is not at all typical. And Peirce had his doubts about chance, for example he criticized chance's role in the Darwinist version of evolution. 

Peirce actually modeled his thinking on the work of Charles Darwin, but he was not satisfied with Darwin's fortuitous variation and natural selection. He falsely associated it with the Social Darwinist thinking of his time and called it a "greed philosophy." Peirce also rejected the deterministic evolution scheme of Herbert Spencer, and proposed his own grand scheme for the evolution of everything including the laws of Nature! He called this third possibility synechism, a coined term for continuity, in clear contrast to the merely random events of his tychism. 


With his typical triad of chance, determinism, and continuity, Pierce's evolutionist thinking resembles that of Hegel. It was the basis for the evolutionary growth of variety, of irregular departures from an otherwise mechanical universe, including life and Peirce's own original thoughts. For Peirce and Hegel, ideas are living things with meanings that grow over time. Peirce was a "realist" in that he believed these ideas have a metaphysically real existence.


Peirce argued that the laws of nature themselves changed with time, at least that laws "emerge" at different epochs and that the laws of biology are not reducible to the laws of chemistry and physics, and idea Peirce likely got from Emile Boutroux. 


Hacking ends The Taming of Chance with a paean to Peirce... 


Peirce denied determinism. He also doubted that the world is a determinate given. He laboured in a community seeking to establish the true values of Babbage's constants of nature; he said there aren't any, over and above those numbers upon which we increasingly settle. He explained inductive learning and reasoning in terms of merely statistical stability. At the level of technique, he made the first self-conscious use of randomization in the design of experiments: that is, he used the law-like character of artificial chances in order to pose sharper questions and to elicit more informative answers. He provided one of the standard rationalia for statistical inference — one that, named after other and later workers, is still with us. He had an objective, frequentist approach to probability, but pioneered a measure of the subjective weight of evidence (the log odds). In epistemology and metaphysics, his pragmatic conception of reality made truth a matter of what we find out in the long run. But above all, he conceived of a universe that is irreducibly stochastic.


(ibid, pp.200-1)

I end with Peirce because he believed in absolute chance, but that is not my focus. His denial of the doctrine of necessity was incidental to a life permeated by statistics and probabilities. Somebody had to make a first leap to indeterminism. Maybe it was Peirce, perhaps a predecessor. It does not matter. He 'rejoiced to find' himself in the company of others, including Renouvier. He did argue against the doctrine of necessity, but it was not an argument that convinced him that chance is an irreducible clement of reality. He opened his eyes, and chance poured in — from a world which, in all its small details, he was seeing in a probabilistic way. In this respect, although he was very much a nineteenth-century man, he was already living in a twentieth-century environment. His working days of experimental routine, and his voyages of the mind, took place in a new kind of world that his century had been manufacturing: a world made of probabilities.


Peirce is the strongest possible indicator that certain things which could not be expressed at the end of the eighteenth century were said at the end of the nineteenth. I do not use him here because he is the happy upshot of preceding chapters, the point at which groping events finally led to the truth as we now see it. Not at all: some of what he wrote strikes me as false and much of it is obscure. I use him instead to exemplify a new field of possibilities, the one that we still inhabit. Chance poured in at every avenue of sense because he was living in a new probabilistic world. One can't grasp that just by reading him on the romantic subject of absolute chance. You have to glimpse the almost innumerable ways in which his world had become constructed out of probabilities, just like ours.


(ibid, pp.214-5)


Free Will
 
Hacking ends his opening argument with a famous quote from Kant on free will (from an essay, Idea for a Universal History with a Cosmopolitan Intent,), which shows Kant to believe that statistics may appear to be random but are clearly governed by a universal law.

Whatsoever difference there may be in our notions of the freedom of will metaphysically considered, it is evident that the manifestations of this will, viz. human actions, are as much under the control of universal laws of nature as any other physical phenomena. It is the province of History to narrate these manifestations; and, let their causes be ever so secret, we know that History, simply by taking its station at a distance and contemplating the agency of the human will upon a large scale, aims at unfolding to our view a regular stream of tendency in the great succession of events — so that the very same course of incidents which, taken separately and individually, would have seemed perplexed, incoherent, and lawless, yet viewed in their connection and as the actions of the human species and not of independent beings, never fail to discover a steady and continuous, though slow, development of certain great predispositions in our nature. Thus, for instance, deaths, births, and marriages, considering how much they are separately dependent on the freedom of the human will, should seem to be subject to no law according to which any calculation could be made beforehand of their amount: and yet the yearly registers of these events in great countries prove that they go on with as much conformity to the laws of nature as the oscillations of the weather.'


(ibid, p.15)


Hacking also looks briefly at twentieth-century arguments for freedom and tries to understand why they differ from a century earlier. He explains why probability seemed to create space for freedom in 1936, despite the fact that it had seemed to rule it out in 1836. 

But this hardly explains why leading quantum scientists like Max Planck, Albert Einstein, and especially Erwin Schrödinger, who endorsed the 19th-century view of probability and statistical mechanics developed by Ludwig Boltzmann, should by 1936 be more determinist than Hacking feels that Peirce and other thinkers of the late 19th-century had become. 



The second wave of quantum mechanics. which commenced in 1926, established that the fundamental laws of microphysics are irreducibly probabilistic. 

In 1936 John von Neumann proved the first 'no hidden variables' theorem: no necessitarian, purely deterministic laws can underlie quantum physics. Some physicists and many kibitzers inferred that physics proves the reality of human freedom. Even today some say this solves the problem of free will.

The contrast between the sensibility of the 1830s and the 1930s seems paradoxical. In the 1930s, the conviction that the laws of nature are probabilistic was thought to make the world safe for freedom. The incoherence went in the opposite direction in the 1830s: if there were statistical laws of crime and suicide, then criminals could not help themselves. In 1930, probability made room for free will; in 1830, it precluded it.



This contrast only seems paradoxical. In the 1930s the laws of physics, which had long been the model of impersonal and irrevocable necessity, were shorn of their magisterial power. They had once ordained the slightest motion of the lightest atom and hence the fall of every sparrow, perhaps the Fall itself. 


large collections are actually only adequately determined

By 1936 they described only the probabilities of the future course of any individual particle. At most the collective behaviour of an enormous collection of entities or events was determined. Hence individuals within the ensemble might act freely. In the 1830s, in contrast, human behaviour was lumped under new probabilistic laws that were constantly compared to the law of gravity. Physics was still inexorable. Laws of society were like laws of physics and hence could not be violated. The 1930s pulled physics, and hence all law, away from determinism. The 1830s pulled laws of society towards physics, and hence towards determinism. That's why probability seemed to create space for freedom in 1936, and seemed to rule it out in 1836.


(ibid, p.116)



see the contribution of the quantum debates to the history of free will

On Thomas Kuhn

Hacking wrote an introductory essay for the 50th-anniversary edition of Kuhn's classic The Structure of Scientific Revolutions. 
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Ishtiyaque Haji

Ishtiyaque Haji has developed an enormous number of Frankfurt-style cases that exhibit puzzles about moral responsibility. 
He presents the standard argument against free will and moral responsibility and then suggests that this "age-old grand puzzle" might be more tractable if we consider a more restrictive form of "responsibility" that he calls "appraisability".

Appraisability apparently grows out of Peter Strawson's notion of the "reactive attitudes" of blame and praise that humans would feel whether or not determinism or free will is the case.


Haji explains "moral appraisability" by identifying actions that 1) we normally regard as free (he calls this "volitional control"), 2) actions that are performed autonomously (which he defines as issuing from an "authentic evaluative scheme"), and 3) actions that the agent regards as morally obligatory, right, or wrong. (Moral Appraisability, 1998, p. 237) 


In his later work Deontic Morality and Control, Haji identifies these last three attributes as "deontic" properties. They make the acts deontic acts. 


Haji says he has identified three conditions that are necessary and sufficient for moral appraisability for intentional actions. 


The conditions are recorded in principle Appraisability, which has three central constituents: a control constituent, which says that the sort of control required for moral appraisability is volitional control; an epistemic one, which — stripped down to its core — says that in order for an agent to be morally appraisable for an action, the agent must believe she is doing something wrong or morally amiss, or she is either executing her moral duty or at least doing what is morally permissible by performing that action; and finally, an authenticity constituent, which says that the agent's action for which she is appraisable must issue from actional springs that are "truly her own."

(Moral Appraisability, 1998, p. 237)

 

Like many of his modern colleagues, Haji is agnostic on the truth of determinism.

My last objective in this work is to motivate the suggestion that the three conditions laid down in the analysis of appraisability I defend are threatened neither by determinism nor by (certain varieties) of indeterminism. (p.viii)


 
While Haji focuses on morally appraisable actions, his work is not a form of restrictivism. He says it applies also to non-moral actions. 

I suggest that the conditions registered in the analysis, with suitable amendments, capture conditions for nonmoral but other normative varieties of appraisability like etiquettical or prudential appraisability. One result of this exploration into varieties of appraisability that will undoubtedly strike many as controversial is that, even if appraisability is not undermined either by determinism or indeterminism, most of us most of the time are not morally appraisable for what we do. (p.viii)


His condition that the agent must believe she is doing something wrong, right, or obligatory implies that others not sharing that belief will make mistakes assigning praise or blame.

I discuss the implications of the analysis for what I dub "intersocietal" attributions of blameworthiness: people who are not part of a particular culture — "outsiders" relative to a culture — often attribute blame to a person within that culture for doing something regarded as morally repulsive by the outsiders. Relying on the epistemic element of my analysis — that blameworthiness requires belief in what is wrong (and not "objective" wrongness) — I argue that outsiders' attributions of blame are probably frequently erroneous. (p.viii)


Haji accepts that agents lacking control for reasons of addiction, hypnosis, manipulation, etc. are not morally appraisable. But then, in a surprise, he thinks agents are morally appraisable for their thoughts and even dreams. Note that in our two-stage model of free will, thoughts are the result of alternative possibilities generated in part indeterministically.

Falling back partly on conclusions I draw regarding appraisability for unconscious thoughts, I argue that we can be appraisable for some of the thoughts of our dream selves (at least if dreams are experiences involving mental activity). (p.viii)

Haji on Modest Libertarianism

In his book Deontic Morality and Control, Haji extensively examines Alfred Mele's proposal for a Modest Libertarianism. 

   
In Mele's theory indeterminacy in the actional pathway leading to an agent's decision or other sort of action occurs relatively early at the juncture between the agent's deliberations about what to do and the formation of a best judgment regarding what to do (Mele 1995: ch. 12). In standard nondeviant cases of intentional action, the agent decides on the basis of such judgment, say, to perform some action and then acts accordingly, intentionally performing the action. It is the best judgments, on this view, that are undetermined. I argue that this sort of modest libertarianism, even if it accommodates some deontic morality, accommodates far too little. 
(p.89)

Indeterminism at the decision stage invites the randomness objection of the standard argument, which  Mele calls the Luck Objection

Next, I turn to a more robust form of modest R-libertarianism in which indeterminacy is located relatively late in the pathway, culminating in action at the juncture between, roughly, the consideration of reasons and the formation of intentions or the making of decisions. Here, it is the intentions or decisions that are undetermined. My verdict will be that this more robust form of libertarianism is hospitable to deontic morality.

However, prior to being in a position to draw this verdict, a serious hurdle I previously thought could not be overcome (see Haji 1999a) will have to be cleared. It has been charged that the more robust version of R-libertarianism that I have distinguished succumbs to a powerful objection: In brief, if our choices are indeterministically caused, and it is the very intentions or decisions that are undetermined, then our choices are a matter of luck. 

Even in a two-stage deliberation-decision process, Mele notes that random alternative possibilities are a matter of luck 


For holding constant the conditions of the past that include the agent's powers, values, deliberations, and character, the agent could have made one choice just as easily as she could have made another. Moreover, with nothing about the agent's capacities, states of mind, reasons for action, and so on rationalizing this difference in outcome —as would be the case if the past were held fixed — the difference in outcome does seem to be a matter of luck. Luck of this sort appears to be incompatible with responsibility.

I will argue that this luck objection does in fact have bite. This concession may seem suicidal to the project of accommodating deontic morality by appealing to elements of a robust modest R-libertarian theory. For luck, it appears, is not only incompatible with responsibility, it is incompatible with deontic morality as well. How could one, for example, do moral wrong if all of one's actions were luck infected and so, it would seem, out of one's control?
   

John Martin Fischer criticized Daniel Dennett's "Valerian" proposal which adds indeterminism to the early stages of deliberation in order to enhance control. Fischer called it alchemy. He clearly thought it reduced control. Haji notes the same criticism applies to Mele, but he denies Fischer's claim of alchemy.

To respond to Fischer's charge of alchemy — the charge that adding indeterminacy as to which belief states will come to mind in an otherwise deterministic sequence that, without the added indeterminacy, would be considered by the libertarian to be one in which an agent lacks control — it will be helpful to remind ourselves, once again, of Mele's distinction between proximal and ultimate control. The former, as we have seen, concerns the direct causal production of agent-involving events. The latter, in contrast, involves the causal influence of agent-external events. In order for an agent S to have ultimate control over an event, say, S's x-ing at a time t, where x-ing might, for example, be the making of a decision, there must be no time at which there are minimally causally sufficient conditions that do not include events or states internal to S, for S's x-ing at t. In other words, to have ultimate control over S's making some decision, roughly, there shouldn't be conditions "external" to S that are minimally causally sufficient for S's making that decision. Hence, agents could have ultimate control over their actions only if determinism is false. But proximal control, according to Mele, is compatible with determinism (1995: 211).


Modest libertarians should not deny that an entirely deterministic "actional process" is one in which an agent lacks proximal control but need only deny that it is one in which the agent lacks ultimate control. Indeed, Mele insists that satisfaction of his compatibilist conditions for autonomous or responsible action, along with the proximal control that that involves, together with doxastic indeterminism, suffices for the agent's having ultimate control over the pertinent action. On his view, then, as he says, ultimate control, rather than requiring the possession of any special "control power" beyond the powers required for satisfaction of compatibilist conditions for responsible action, "is something one has in virtue of satisfying the compatibilist conditions and being suitably internally indeterministic" (1995: 213). Transformation of a deterministic actional process from one of lack of ultimate control to one containing such control by installation of the sort of internal indeterminacy that Mele recommends, should, consequently, not smack of alchemy. 
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Martin Heidegger


   Martin Heidegger asks a question that he thinks has gone unanswered, perhaps ignored, but at the least forgotten by philosophy since the presocratic philosophers, especially Parmenides and Heraclitus, but also what may be the single oldest fragment in Greek philosophy, that of Anaximander. 


...some other apeiron nature, from which come into being all the heavens and the world in them. And the source of coming-to-be for existing things is that into which destruction, too, happens. 'according to necessity [translating κατὰ τὸ χρεών]; for they pay penalty [translating διδόναι δίκην] and retribution to each other for their injustice according to the assessment of Time [personified as Chronos].
   

The information philosophy answer to Heidegger's question is the cosmic creation process.



With his great work, Sein und Zeit - "Being and TIme," Heidegger hoped to return to a time when philosophers were more "open to Being." 


Perhaps inspired by Franz Brentano's study on the many uses of the concept of Being (τὸ ὄν) in Aristotle, which also inspired Heidegger's mentor, Edmund Husserl, Heidegger's question is "What is Being? or "the Question of Being," as opposed to the multitude of time-bound, merely existing beings "thrown into the world" whom he called "das Seinde" (a plurality of beings that Heidegger wants to think about in its totality and thus a singularity) or "Dasein" - a human being thrown into the always already (immer schon) existent world. 


From Parmenides, Heidegger takes the ideas that "Being Is," that "all is One,", and beyond those to the thought that "Being and thinking are the same." 


From Heraclitus, Heidegger learns that "Being Becomes,"  because "all is flux."


But most of all, from Friedrich Nietzsche, Heidegger takes the Eternal Return of the Same as a philosophical method of turning Becoming into Being. We may learn more about Heidegger's own thinking from reading his extraordinary and extensive commentary on Nietzsche's Eternal Return in Also Sprach Zarathustra and the posthumous Will to Power. Heidegger argued that the most important thought of Nietzsche did not appear in his published works, but could only be found in his Nachlass.



Heidegger's Nietzsche 


However, we cannot begin to understand Heidegger's dense argumentation, his invention of new technical language in German that he believes captures ancient philosophical and theological concerns, and his mesmerizing lecture style, unless we see how he mimics the writing styles of the early Greeks. 


Heidegger believed that the early Greek language and the modern German have unique powers to elucidate philosophical problems.  With Nietzsche, he accepted the special access through poetry and the arts to higher ideas. Certainly the greatest work on Greek thinking in the nineteenth century was being done by German thinkers.


As shown by Eliza Butler in her prescient 1935 book The Tyranny of Greece over Germany, the fascination of Germans with Greece is a long tradition of being anti-Roman that began with the art historian Johann Joachim WInckelmann in the mid-eighteenth century and continued through Johann Wolfgang von Goethe, Johann Gottfried Herder, and Friedrich Schiller to Friedrich Hólderlin, who was a great personal inspiration to Heidegger.


We also cannot begin to understand Heidegger without recognizing his position in a long line of "onto-theological" thinkers who puzzled over the question of the existence of a "supreme being." From Christian theologians like Augustine and Anselm, to Georg W. F. Hegel, Friedrich W. J. Schelling, and Hólderlin, the two philosophers and a poet who were young students together at the Túbingen Stift (an Evangelical-Lutheran seminary in Württemberg and Heidegger's own alma mater), there is a common thread of equating God and existence with the philosophical, even metaphysical, question of Being and beings. 


They all worked on logical, ontological, or cosmological proofs of God'e existence, and although Heidegger elides and evades the pure religious aspects, it is "always already" in the background of his thinking. And his underlying, if sublimated, religion accounts for the phenomenal success of his writings in academic institutions that are just one collar away from being in the priesthood. This includes a large fraction of today's academics who consider themselves metaphysicians.


Now the information philosopher and metaphysicist is very comfortable discussing God, having discovered the  cosmic creation process that must have been used by a God or gods to create the universe, should they exist. No professed theologian should ignore what modern science now tells us about the creation of non-living and living things.


Although Heidegger made it famous, the term onto-theology was coined by Immanuel Kant to describe reasoning theoretically to the existence of God, with no evidence from experience, based entirely on the concept of God. Kant defined cosmo-theology as deducing an original being from experience, from the empirical evidence of God in nature. These two transcendental forms of theology Kant distinguished from natural theology, in which an author of the world is discovered in the constitution of the world, demonstrating a natural or a moral order, respectively physico-theology or moral theology. 
(The Critique of All Theology, ch. III, sect. 7, The Critique of Reason, A631)

It is in some ways ironic that Heidegger thought the presocratics were the right place to look for the origins of the search for God in thinking about the pure concept of Being.


Although metaphysics properly begins with Aristotle's search for the underlying "first principles" of reality, he looked to the claims of the presocratics as possible answers to deep questions such as "what is there?" and what are the causes behind everything.


Most of their presocratic claims were speculations about the physical nature of the cosmos and its origins. In some ways, the presocratics might be viewed as the earliest natural scientists, with their strong interest in physics, chemistry, astronomy, geology, meteorology,  and even psychology. Where earlier thinkers had given mythological or religious explanations of natural phenomena, attributing them to named gods, the first thinkers in the Ionian school were called physiologoi by Aristotle, because they offered accounts (logoi) for nature (phusis). 


If we describe the great triad of traditional/modern/postmodern as mythos/logos/nomos, we can say that the presocratics abandoned the traditional myths (mythos) in favor of modern reasoning (logos)  about natural phenomena.


By contrast, Socrates/Plato changed the subject to ethical issues. The sophists argued that ethical problems are relative to the cultural values of a given community. They cannot be decided by reason. Science can discover how the world is (facts), but not how it ought to be (values). Values depend on the conventions and norms of a society, a question of nomos. Protagoras studied the norms of a community before writing their constitution for them. Protagoras was a postmodern thinker, probably the first. We make modern and postmodern a philosphical stance, not a temporal period.


It took Aristotle to return to cosmological, theological, and metaphysical issues first raised by the presocratic philosophers and the great epic writers like Homer and Hesiod. And in his great works on ethics, Aristotle sought universal principles. He was a modern thinker, who thought we can reason to values.


But Heidegger argues that the presocratic insights into Being have been forgotten, concealed, or abandoned by Aristotle. Heidegger, who is notoriously anti-science and anti-technology, ironically begins his onto-theological search for Being with the first thinkers to look for a scientific understanding of natural phenomena rather than a mythical-theological one.



Heidegger and Nietzsche


Heidegger thinks that Nietzsche's fundamental metaphysical position is captured in his doctrines of will to power and the eternal return of the same.

Heidegger claims that with Nietzsche's position, metaphysics has come to an end ("God is dead"), or perhaps to a new beginning?, viz., in Heidegger's own work with the recovery of Being.


This is because Heidegger arguably identifies metaphysics with onto-theology. When God dies so does metaphysics.


Now metaphysics has had a strong history as a necessary foundation for the empirical science of modern physics.

 Kant claimed it was a scandal that philosophers could not even prove the existence of the external world - the "Dasein" of Things, let alone the Sein of God.. Heidegger said of such a proof:


The 'scandal of philosophy' is not that this proof has yet to be given, but that such proofs are expected and attempted again and again.



Heidegger's mentor, Edmund Husserl questioned Kant's division of the world into phenomena that are only revealing the "secondary qualities" of the British empiricists  David Hume, John Locke, and George Berkeley. Empricists said we could not know the things themselves - Kant's Ding an sich,"  but Husserl said we did reach them in our "Ideas." Information philosophy agrees with this access "to the things themselves" in our perception (at least some of) of their information content.


Nietzsche's Fundamental Metaphysical Position (from Heidegger's Nietzsche)

Nietzsche once wrote, at the time when the thought of return first loomed on his horizon, during the years 1881-82 (XII, 66, number 124): "Let us imprint the emblem of eternity on our life!" The phrase means: let us introduce an eternalization to ourselves as beings, and hence to beings as a whole; let us introduce the transfiguration of what becomes as something that becomes being; and let us do this in such a way that the eternalization arises from being itself, originating for being, standing in being.

This fundamental metaphysical demand — that is, a demand that grapples with the guiding question of metaphysics — is expressed several years later in a lengthy note entitled "Recapitulation," the title suggesting that the note in just a few sentences provides a résumé of the most important. aspects of Nietzsche's philosophy. (See The Will to Power, number 617, presumably from early 1886.)1 Nietzsche's "Recapitulation" begins with the statement: "To stamp Becoming with the character of Being — that is the supreme will to power ." The sense is not that one must brush aside and replace Becoming as the impermanent — for impermanence is what Becoming implies — with Being as the permanent. The sense is that one must shape Becoming as being in such a way that as becoming it is preserved, has subsistence, in a word, is. Such stamping, that is, the recoining of Becoming as being, is the supreme will to power. In such recoining the will to power comes to prevail most purely in its essence.


What is this recoining, in which whatever becomes comes to be being? It is the reconfiguration of what becomes in terms of its supreme possibilities, a reconfiguration in which what becomes is transfigured and attains subsistence in its very dimensions and domains. This recoining is a creating. To create, in the sense of creation out beyond oneself, is most intrinsically this: to stand in the moment of decision, in which what has prevailed hitherto, our endowment, is directed toward a projected task. When it is so directed, the endowment is preserved. The "momentary" character of creation is the essence of actual, actuating eternity, which achieves its greatest breadth and keenest edge as the moment of eternity in the return of the same. The recoining of what becomes into being — will to power in its supreme configuration — is in its most profound essence something that occurs in the "glance of an eye" as eternal recurrence of the same. The will to power, as constitution of being, is as it is solely on the basis of the way to be which Nietzsche projects for being as a whole: Will to power, in its essence and according to its inner possibility, is eternal recurrence of the same.


The aptness of our interpretation is demonstrated unequivocally in that very fragment which bears the title "Recapitulation." After the statement we have already cited — "To stamp Becoming with the character of Being — that is the supreme will to power" — we soon read the following sentence: "That everything recurs is the closest approximation of a world of Becoming to one of Being: peak of the meditation." It would scarcely be possible to say in a more lucid fashion, first, how and on what basis the stamping of Being on Becoming is meant to be understood, and second, that the thought of eternal return of the same, even and precisely during the period when the thought of will to power appears to attain preeminence, remains the thought which Nietzsche's philosophy thinks without cease.1

Nietzsche conjoins in one both of the fundamental determinations of being that emerge from the commencement of Western philosophy, to wit, being as becoming and being as permanence. That "one" is his most essential thought — the eternal recurrence of the same.


Yet can we designate Nietzsche's way of grappling with the commencement of Western philosophy as an end? Is it not rather a reawakening of the commencement? Is it not therefore itself a commencement and hence the very opposite of an end? It is nonetheless the case that Nietzsche's fundamental metaphysical position is the end of Western philosophy. For what is decisive is not that the fundamental determinations of the commencement are conjoined and that Nietzsche's thinking stretches back to the commencement; what is metaphysically essential is the way in which these things transpire. The question is whether Nietzsche reverts to the incipient commencement, to the commencement as a commencing. And here our answer must be: no, he does not.


Neither Nietzsche nor any thinker prior to him — even and especially not that one who before Nietzsche first thought the history of philosophy in a philosophical way, namely, Hegel — revert to the incipient commencement. Rather, they invariably apprehend the commencement in the sole light of a philosophy in decline from it, a philosophy that arrests the commencement — to wit, the philosophy of Plato. Here we cannot demonstrate this matter in any detail. Nietzsche himself quite early characterizes his philosophy as inverted Platonism; yet the inversion does not eliminate the fundamentally Platonic position. Rather, precisely because it seems to eliminate the Platonic position, Nietzsche's inversion represents the entrenchment of that position.


What remains essential, however, is the following: when Nietzsche's metaphysical thinking reverts to the commencement, the circle closes. Yet inasmuch as it is the already terminated commencement and not the incipient one that prevails there, the circle itself grows inflexible, loses whatever of the commencement it once had. When the circle closes in this way it no longer releases any possibilities for essential inquiry into the guiding question. Metaphysics — treatment of the guiding question — is at an end. That seems a bootless, comfortless insight, a conclusion which like a dying tone signals ultimate cessation. Yet such is not the case.



Because Nietzsche's fundamental metaphysical position is the end of metaphysics in the designated sense, it performs the grandest and most profound gathering — that is, accomplishment - of all the essential fundamental positions in Western philosophy since Plato and in the light of Platonism. It does so from within a fundamental position that is determined by Platonism and yet which is itself creative. However, this fundamental position remains an actual, actuating fundamental metaphysical position only if it in turn is developed in all its essential forces and regions of dominion in the direction of its counterposition. For a thinking that looks beyond it, Nietzsche's philosophy, which is inherently a turning against what lies behind it, must itself come to be a forward-looking counterposition. 
Nietzsche the Last Metaphysician

Yet since Nietzsche's fundamental position in Western metaphysics constitutes the end of that metaphysics, it can be the counterposition for our other commencement only if the latter adopts a questioning stance vis-à-vis the initial commencement - as one which in its proper originality is only now commencing. After everything we have said, the questioning intended here can only be the unfolding of a more original inquiry. Such questioning must be the unfolding of the prior, all-determining, and commanding question of philosophy, the guiding question, "What is being?" out of itself and out beyond itself.

Nietzsche himself once chose a phrase to designate what we are calling his fundamental metaphysical position, a phrase that is often cited and is readily taken as a way to characterize his philosophy: amor fati, love of necessity. (See the Epilogue to Nietzsche contra Wagner; VIII, 206).* Yet the phrase expresses Nietzsche's fundamental metaphysical position only when we understand the two words amor and fatum and, above all, their conjunction — in terms of Nietzsche's ownmost thinking, only when we avoid mixing our fortuitous and familiar notions into it.

Amor — love - is to be understood as will, the will that wants whatever it loves to be what it is in its essence. The supreme will of this kind, the most expansive and decisive will, is the will as transfiguration. Such a will erects and exposes what it wills in its essence to the supreme possibilities of its Being.

Fatum - necessity — is to be understood, not as a fatality that is inscrutable, implacable, and overwhelming, but as that turning of need which unveils itself in the awestruck moment as an eternity, an eterniy pregnant with the Becoming of being as a whole: circulus vitiosus deus.

Amor fati is the transfiguring will to belong to what is most in being among beings. A fatum is unpropitious, disruptive, and devastating to the one who merely stands there and lets it whelm him. That fatum is sublime and is supreme desire, however, to one who appreciates and grasps the fact that he belongs to his fate insofar as he is a creator, that is, one who is ever resolute. His knowing this is nothing else than the knowledge which of necessity resonates in his love.


The thinker inquires into being as a whole and as such; into the world as such. Thus with his very first step he always thinks out beyond the world, and so at the same time back to it. He thinks in the direction of that sphere within which a world becomes world. Wherever that sphere is not incessantly called by name, called aloud, wherever it is held silently in the most interior questioning, it is thought most purely and profoundly. For what is held in silence is genuinely preserved; as preserved it is most intimate and actual. What to common sense looks like "atheism," and has to look like it, is at bottom the very opposite. In the same way, wherever the matters of death and the nothing are treated, Being and Being alone is thought most deeply — whereas those who ostensibly occupy themselves solely with "reality" flounder in nothingness.


Supremely thoughtful utterance does not consist simply in growing taciturn when it is a matter of saying what is properly to be said; it consists in saying the matter in such a way that it is named in nonsaying. The utterance of thinking is a telling silence.' Such utterance corresponds to the most profound essence of language; which has its origin in silence. As one in touch with telling silence, the thinker, in a way peculiar to him, rises to the rank of a poet; yet he remains eternally distinct from the poet, just as the poet in turn remains eternally distinct from the thinker.


Everything in the hero's sphere turns to tragedy; everything in the demigod's sphere turns to satyr-play; and everything in God's sphere turns to ... to what? "world" perhaps?



The End of Metaphysics
On the Scandal in Philosophy (from Sein und Zeit)
Reality as a problem of Being, and whether the 'External World' can be Proved


Of these questions about Reality, the one which comes first in order is the ontological question of what "Reality" signifies in general. But as long as a pure ontological problematic and methodology was lacking, this question (if it was explicitly formulated at all) was necessarily confounded with a discussion of the 'problem of the external world'; for the analysis of Reality is possible only on the basis of our having appropriate access to the Real. But it has long been held that the way to grasp the Real is by that kind of knowing which is characterized by beholding [das anschauende Erkennen]. Such knowing 'is' as a way in which the soul — or consciousness — behaves. In so far as Reality has the character of something independent and "in itself", the question of the meaning of "Reality" becomes linked with that of whether the Real can be independent 'of consciousness' or whether there can be a transcendence of consciousness into the 'sphere' of the Real. The possibility of an adequate ontological analysis of Reality depends upon how far that of which the Real is to be thus independent — how far that which is to be transcended — has itself been clarified with regard to its Being. Only thus can even the kind of Being which belongs to transcendence be ontologically grasped. And finally we must make sure what kind of primary access we have to the Real, by deciding the question of whether knowing can take over this function at all.

These investigations, which take precedence over any possible ontological question about Reality, have been carried out in the foregoing existential analytic. According to this analytic, knowing is a founded  mode of access to the Real. The Real is essentially accessible only as entities within-the-world. All access to such entities is founded ontologically upon the basic state of Dasein, Being-in-the-world; and this in turn has care as its even more primordial state of Being (ahead of itself — Being already in a world — as Being alongside entities within-the-world).


The question of whether there is a world at all and whether its Being
can be proved, makes no sense if it is raised by Dasein as Being-in-the-world; and who else would raise it? Furthermore, it is encumbered with a double signification. The world as the "wherein" [das Worin] of Being-in, and the 'world' as entities within-the-world (that in which [das Wobei] one is concernfully absorbed) either have been confused or are not distinguished at all. But the world is disclosed essentially along with the Being of Dasein; with the disclosedness of the world, the 'world' has in each case been discovered too. Of course entities within-the-world in the sense of the Real as merely present-at-hand, are the very things that can remain concealed. But even the Real can be discovered only on the basis of a world which has already been disclosed. And only on this basis can anything Real still remain hidden. The question of the 'Reality' of the `external world' gets raised without any previous clarification of the phenomenon of the world as such. Factically, the 'problem of the external world' is constantly oriented with regard to entities within-the-world (Things and Objects). So these discussions drift along into a problematic which it is almost impossible to disentangle ontologically.



Kant's 'Refutation of Idealism' shows how intricate these questions are and how what one wants to prove gets muddled with what one does prove and with the means whereby the proof is carried out. Kant calls it 'a scandal of philosophy and of human reason in general'  that there is still no cogent proof for the 'Dasein of Things outside of us' which will do away with any scepticism. He proposes such a proof himself, and indeed he does so to provide grounds for his 'theorem' that 'The mere consciousness of my own Dasein — a consciousness which, however, is empirical in character — proves the Dasein of objects in the space outside of me.'

We must in the first instance note explicitly that Kant uses the term 'Dasein' to designate that kind of Being which in the present investigation we have called 'presence-at-hand'. 'Consciousness of my Dasein' means for Kant a consciousness of my Being-present-at-hand in the sense of Descartes. When Kant uses the term `Dasein' he has in mind the Being-present-at-hand of consciousness just as much as the Being-present-at-hand of Things.


The proof for the `Dasein of Things outside of me' is supported by the fact that both change and performance belong, with equal primordiality, to the essence of time. My own Being-present-at-hand — that is, the Being-present-at-hand of a multiplicity of representations, which has been given in the inner sense — is a process of change which is present-at-hand. To have a determinate temporal character [Zeitbestimmtheit], however, presupposes something present-at-hand which is permanent. But this cannot be 'in us', 'for only through what is thus permanent can my Dasein in time be determined'. Thus if changes which are present-at-hand have been posited empirically 'in me', it is necessary that along with these something permanent which is present-at-hand should be posited empirically 'outside of me'. What is thus permanent is the condition which makes it possible for the changes 'in me' to be present-at-hand. The experience of the Being-in-time of representations posits something changing 'in me' and something permanent 'outside of me', and it posits both with equal primordiality.


Of course this proof is not a causal inference and is therefore not encumbered with the disadvantages which that would imply. Kant gives, as it were, an 'ontological proof' in terms of the idea of a temporal entity. It seems at first as if Kant has given up the Cartesian approach of positing a subject one can come across in isolation. But only in semblance. That Kant demands any proof at all for the `Dasein of Things outside of me' shows already that he takes the subject — the 'in me' — as the starting-point for this problematic. Moreover, his proof itself is then carried through by starting with the empirically given changes 'in me'. For only `in me' is 'time' experienced, and time carries the burden of the proof. Time provides the basis for leaping off into what is 'outside of me' in the course of the proof. Furthermore, Kant emphasizes that "The problematical kind [of idealism], which merely alleges our inability to prove by immediate experience that there is a Dasein outside of our own, is reasonable and accords with a sound kind of philosophical thinking: namely, to permit no decisive judgment until an adequate proof has been found."
But even if the ontical priority of the isolated subject and inner experience should be given up, Descartes' position would still be retained ontologically. What Kant proves—if we may suppose that his proof is
Icorrect and correctly based—is that entities which are changing and entities which are permanent are necessarily present-at-hand together. But when two things which are present-at-hand are thus put on the same level, this does not as yet mean that subject and Object are present-athand together. And even if this were proved, what is ontologically decisive would still be covered up—namely, the basic state of the 'subject', Casein, as Being-in-the-world. The Being-present-at-hand-together of the physical and the psychical is completely different ontically and ontologically from the phenomenon of Being-in-the-world.
Kant presupposes both the distinction between the 'in me' and the `outside of me', and also the connection between these; factically he is correct in doing so, but he is incorrect from the standpoint of the tendency of his proof. It has not been demonstrated that the sort of thing which gets established about the Being-present-at-hand-together of the changing and the permanent when one takes time as one's clue, will also apply to the connection between the 'in me' and the 'outside of me'. But if one were to see the whole distinction between the 'inside' and the 'outside' and the whole connection between them which Kant's proof presupposes, and if one were to have an ontological conception of what has been presupposed in this presupposition, then the possibility of holding that a proof of the `Dasein of Things outside of me' is a necessary one which has yet to be given [noch ausstehend], would collapse.



Heidegger thinks the only scandal is that philosophers keep looking for a proof


The 'scandal of philosophy' is not that this proof has yet to be given, but that such proofs are expected and attempted again and again. Such expectations, aims, and demands arise from an ontologically inadequate way of starting with something of such a character that independently of it and 'outside' of it a 'world' is to be proved as present-at-hand. It is not that the proofs are inadequate, but that the kind of Being of the entity which does the proving and makes requests for proofs has not been made definite enough. This is why a demonstration that two things which are present-at-hand are necessarily present-at-hand together, can give rise to the illusion that something has been proved, or even can be proved, about Dasein as Being-in-the-world. If Dasein is understood correctly, it defies such proofs, because, in its Being, it already is what subsequent proofs deem necessary to demonstrate for it.

If one were to conclude that since the Being-present-at-hand of Things outside of us is impossible to prove, it must therefore 'be taken merely on faith' , one would still fail to surmount this perversion of the problem. The assumption would remain that at bottom and ideally it must still be possible to carry out such a proof. This inappropriate way of approaching the problem is still endorsed when one restricts oneself to a 'faith in the Reality of the external world', even if such a faith is explicitly 'acknowledged' as such. Although one is not offering a stringent proof, one is still in principle demanding a proof and trying to satisfy that demand.


Even if one should invoke the doctrine that the subject must presuppose and indeed always does unconsciously presuppose the presence-at-hand of the 'external world', one would still be starting with the construct of an isolated subject. The phenomenon of Being-in-the-world is something that one would no more meet in this way than one would by demonstrating that the physical and the psychical are present-at-hand together. With such presuppositions, Dasein always comes 'too late'; for in so far as it does this presupposing as an entity (and otherwise this would be impossible), it is, as an entity, already in a world. 'Earlier' than any presupposition which Dasein makes, or any of its ways of behaving, is the 'a priori' character of its state of Being as one whose kind of Being is care.


Heidegger on the Presocratics


Heidegger is said to have had a turn (Kehre) from the combined existential and ontological concerns in his 1927 masterwork Being and Time to focus on the fundamental problem of ontology - the meaning of "Being." He first studied Aristotle's views on ontology and then looked backward in time to the earlier work in Plato's fictitious Parmenides, then to the few fragments of Parmenides' great Poem On Nature 
Heidegger's turn to the earliest presocratic philosophers was to recover what he called the "question of Being," which he claimed had been forgotten in the sophisticated development of metaphysics by the time of Socrates, Plato, and Aristotle. He lectured on Parmenides as early as 1922 and in 1932 started his arguments with Anaximander of Miletus, in a work published in German in 2012 and recently translated into English as The Beginning of Western Philosophy.



Heidegger began lecturing on early Greek thinkers perhaps as early as 1915, and repeated work on their works for the rest of his life. The questions he raised are those first treated by Friedrich Nietzsche in his Philosophy in the Tragic Age of the Greeks, which appeared only posthumously in 1903. Nietzsche singled out Anaximander, Heraclitus, Parmenides, and Anaxagoras.





Kant called the inability to prove the existence of an external world the "scandal" of philosophy



References
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Pamela Huby earned her B.A. and M.A. (1947) from Oxford University . She was a lecturer in philosophy at St. Anne's College, Oxford (1947-49). She then joined the faculty at Liverpool University, where she was named a senior lecturer in 1971. Her philosophical works include Greek Ethics (1967) and Plato and Modern Morality (1972). 

As a classicist Huby read the works of Epicurus and decided he was the first philosopher to recognize the traditional free will problem - the conflict between free will and determinism. She also said Epicurus was concerned with an earlier free will problem, the conflict between free will and the foreknowledge of the Gods.



It is unfortunate that our knowledge of the early history of the Stoics is so fragmentary, and that we have no agreed account of the relations between them and Epicurus. On the evidence we have, however, it seems to me more probable that Epicurus was the originator of the freewill controversy, and that it was only taken up with enthusiasm among the Stoics by Chrysippus, the third head of the school. 

The outlines of Epicurus' approach are familiar enough. He took over the atomic theory of Democritus almost unchanged, but introduced one significant new point, the swerve of the atoms, a slight change of direction that could occur without any cause. According to tradition this was to solve two problems for him: the change of direction would enable atoms otherwise falling all in the same direction and at the same speed to collide and so enter into larger combinations, and the fact that it occurred without cause would break the otherwise continuous chain of causation and so allow room for freedom of action by men, whose minds were composed of atoms and therefore subject to the same laws as everything else. 


In spite of the poverty of our evidence, it is quite clear that one main reason Epicurus had for introducing the swerve, or rather the swerve as a random, uncaused event, was as a solution to the problem of freewill. Unlike Aristotle, he fully appreciated that there was a problem. He believed in free will, because it seemed to him manifestly clear that men could originate action, but he could not, like Aristotle, regard this as the end of the matter. We may not think much of the solution he offers, but he deserves full credit for appreciating the problem.

 There are now two main points to be cleared up: (1) was Epicurus the first to appreciate the problem, or was he anticipated by the Stoics or someone else? (2) If he was the first, how did he come to do so, and what exactly was the nature of the problem as he saw it?



...we have to explain why Aristotle was so resistant to determinism, and Epicurus so impressed by it. The answer must surely lie, in part at least, in their differing attitudes to Democritus. Aristotle was indeed steeped in Democritus, and had a considerable admiration for him, but at the same time found his system quite unacceptable. We can see why this was so. Aristotle's thought was dominated by a teleological view of causality, in which the paradigm of what guides change is the tendency of an organism to develop into a certain kind of thing. This made the idea of a causal chain in which the future is entirely determined by the past strange and irrelevant.


...in Book K (1064b 35) Aristotle takes his stand on the point that we know very well that some things happen kata symbebekos, which is in opposition to ex anankes, and that, in this context, means causally determined in our sense. What happens kata symbebekos is, then, undetermined. Aristotle then had two reasons for rejecting determinism, (i) that some things obviously happened kata symbebekos, and (ii) that men had free will [Aristotle only says some actions are "up to us."] At the same time it is putting it too strongly to say that he rejected determinism: rather it seems that it was for him a non-starter. This is clearly in sharp contrast to the views of Epicurus and the Stoics, both of whom made valiant if unsuccessful attempts to reconcile freedom and determinism.


...the fact remains, on the evidence of Cicero and Lucretius, that Epicurus still ultimately traced the freedom of the will to the swerve of the atoms. How exactly he did this remains a mystery.



The philosophical, as distinct from the historical, conclusion of my argument is twofold, first that it was possible for men like Plato and Aristotle to hold many educational and psychological beliefs in common with us without being aware of any freewill problem because they had no notion of thorough-going psychological determinism, and, second, that once the problem had been formulated it was appreciated by philosophers of many different schools throughout later antiquity as if it were indeed a natural problem.

(Pamela Huby, "The First Discovery of the Freewill Problem", Philosophy, 42 (1867), pp.353-62) 


Susanne Bobzien claimed in 2000 that Huby was mistaken about Epicurus' priority, because, she claims, he did not hold a libertarian view of free will, which she defines as chance (the swerve) directly causing human actions. 

Bobzien is correct that Epicurus did not hold such a view. He explicitly said human actions are caused by an autonomous agency, a third cause beyond chance and necessity.  But Huby is right that Epicurus was first to see the traditional problem. 


Epicurus' famous "swerve" of the atoms was meant only to break the causal chain of determinism, not to make it the cause of our actions as his critics maintained and as some modern radical libertarians think.


See our account of free will in antiquity for more details and which ancient philosophers were first to take positions as determinist, libertarian, and compatibilist in antiquity. 


Perhaps influenced by William James, Huby was a member of both the Parapsychological Association and the Society for Psychical Research, London. She conducted experiments in group telepathy and clairvoyance, about which she wrote several papers, one of which she contributed to Philosophical Foundations of Psychical Research.
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   R. E. Hobart is the pseudonym of Dickinson S. Miller, a student of William James who was later one of his closest personal friends and for some years a colleague in the Harvard philosophy department. Hobart (Miller) criticized the core idea of The Will to Believe, namely that it was acceptable to hold religious faith in the absence of evidence for or against that faith. James referred to Miller as "my most penetrating critic and intimate enemy."  

Nearly 25 years after James' death, R. E. Hobart published a short article in Mind in 1934 that is considered one of the definitive statements of determinism and compatibilism. The title of the article was "Free Will as Involving Determination, and Inconceivable Without It."


 Hobart's compatibilism followed earlier landmark positions by Thomas Hobbes and David Hume, and refined the 19th-century compatibilist views of John Stuart Mill, Henry Sidgwick, and F. H. Bradley.


Unlike his compatibilist predecessors, however, Hobart explicitly does not endorse strict logical or physical determinism. He uses the word "determination," not determinism. And he explicitly endorses the existence of alternative possibilities, which can depend on absolute chance. Remember that Hobart is writing about six years after the discovery of quantum indeterminacy.


He says:


I am not maintaining that determinism is true...it is not here
affirmed that there are no small exceptions, no slight undetermined
swervings, no ingredient of absolute chance. (Mind, Vol XLIII, No. 169, January, 1934, p.2)

"We say," I can will this or I can will that, whichever
I choose ". Two courses of action present themselves to my
mind. I think of their consequences, I look on this picture
and on that, one of them commends itself more than the other,
and I will an act that brings it about. I knew that I could
choose either. That means that I had the power to choose either. (p.8)



Here Hobart seems to agree with William James that there are ambiguous futures. One could parse the previous paragraph as supporting the two-stage model of free will - first "free" courses of action present themselves, then an adequately determined "will" chooses between them, in a temporal sequence.

Note that Hobart sees clearly that courses of action "present themselves" (William James' exact phrase). Our thoughts "come to us."  The will brings the act about - our actions "come from us." 


Hobart refers to G.E. Moore's idea that one could have done otherwise - "if" one had chosen otherwise. But Hobart seems convinced that we have that real power.


Thus it is true, after the act of will, that I could have willed
otherwise. It is most natural to add, "if I had wanted to";
but the addition is not required. The point is the meaning of
"could". I could have willed whichever way I pleased. I
had the power to will otherwise, there was nothing to prevent
my doing so, and I should have done so if I had wanted. (p.9)


Hobart finds fault with the indeterminist's position, but he gives the typical overstatement by a determinist critic, that any chance will be the direct cause of our actions, which of course would clearly be a loss of freedom and responsibility   

Indeterminism maintains that we need not be impelled to action
by our wishes, that our active will need not be determined by
them. Motives "incline without necessitating". We choose
amongst the ideas of action before us, but need not choose solely
according to the attraction of desire, in however wide a sense
that word is used. Our inmost self may rise up in its autonomy
and moral dignity, independently of motives, and register its
sovereign decree.

Now, in so far as this "interposition of the self" is undetermined,
the act is not its act, it does not issue from any concrete continuing self; it is born at the moment, of nothing, hence it expresses no quality; it bursts into being from no source. (p.6)


In proportion as an act of volition starts of itself
without cause it is exactly, so far as the freedom of the individual
is concerned, as if it had been thrown into his mind from without
— "suggested" to him — by a freakish demon. It is exactly like
it in this respect, that in neither case does the volition arise from
what the man is, cares for or feels allegiance to; it does not come
out of him. In proportion as it is undetermined, it is just as if
his legs should suddenly spring up and carry him off where he
did not prefer to go. Far from constituting freedom, that
would mean, in the exact measure in which it took place, the
loss of freedom. (p.7)



It is very likely that Hobart has William James in mind as "the indeterminist." If so, despite knowing James very well, he is mistaken about James's position. James would not have denied that our will is an act of determination, consistent with, and in some sense "caused by" our character and values, our habits, and our current feelings and desires. He simply wanted chance to provide alternative possibilities for actions and a break in the causal chain of strict determinism. 

Since Hobart accepts alternative possibilities, It is arguable that his analysis is actually consistent with Jamesian free will, properly understood. His title includes "determination," not determinism. And he sincerely believes we make free, determining choices:


In daily life we are all determinists,
just as we are all libertarians. We are constantly attributing
behaviour to the character, the temperament, the peculiarities
of the person and expecting him to behave in certain fashions.
The very words of our daily converse, as we have so amply observed,
are full of determinism. And we see nothing inconsistent
in being aware at the same time that he is free in choosing
his course, as we know ourselves to be. (p.21)

Misquoting Hobart's Title
Philippa Foot's misquote of Hobart's landmark article led to its wide citation as support for determinism and compatibilism.  

She titled her 1957 article for Philosophical Review "Free Will as involving Determinism," and in her references she substituted determinism where Hobart had said determination. 


Nevertheless, we know Foot read and understood Hobart, because she agrees with his argument completely.


This can't be said for several other philosophers who also misquote the title. Indeed, it may suggest that philosophers do not read very much philosophy, even their most important references! 


They likely did not read the Hobart. Some may never have seen his correct title, so widely misquoted!



These following books (and some articles) misquote Hobart as saying "determinism."


Robert Kane, Free Will and Values, 1984

Galen Strawson, Freedom and Belief, 1986 (and still uncorrected in 2010 edition, p.5)

Ted Honderich, The Consequences of Determinism, 1988

John Martin Fischer, Metaphysics and Free Will, 1995

Alfred Mele, Autonomous Agents, 1995

Derk Pereboom, Living Without Free Will, 2001
Oxford Handbook of Free Will,  2002

Robert Kane, Contemporary Introduction to Free Will, 2005

Alfred Mele, Free Will and Luck, 2006

Arthur Danto, "Freedom and Forbearance", in Keith Lehrer, Freedom and Determinism, 2006

John Martin Fischer, et al., Four Views on Free Will, 2007

Joseph Keim Campbell, Free Will, 2011


I have found five who get it right:


Herbert Feigl, Philosophical Embarassments of Psychology, 1958

Bernard Berofsky, Free Will and Determinism, 1966 (he reprints the original Hobart)

Peter van Inwagen, Essay on Free Will, 1983

Laura Waddell Ekstrom, Free Will, 2000

Nicholas Rescher, Free Will, 2009


David Widerker and Michael McKenna's 2003 Moral Responsibility and Alternative Possibilities were another odd exception, they said it was "Free Will as involving Indeterminism"!


I wonder how many authors just copied it from earlier mistaken bibliographies? They should all be required to read the original very important article!


It's important for Information Philosopher, because I am now saying that Hume and Hobart reconciled freedom with some determinism, and that James and I reconciled free will with some indeterminism.
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  FREE WILL AS INVOLVING DETERMINATION AND INCONCEIVABLE WITHOUT IT 
  

  (excerpt from Mind, Vol XLIII, No. 169, January, 1934, p.1)
  

  The thesis of this article is that there has never been any ground for the controversy between the doctrine of free will and determinism, that it is based upon a misapprehension, that the two assertions are entirely consistent, that one of them strictly implies the other, that they have been opposed only because of our natural want of the analytical imagination. In so saying I do not tamper with the meaning of either phrase. That would be unpardonable. I mean free will in the natural and usual sense, in the fullest, the most absolute sense in which for the purposes of the personal and moral life the term is ever employed. I mean it as implying responsibility, merit and demerit, guilt and desert. I mean it as implying, after an act has been performed, that one "could have done otherwise" than one did. I mean it as conveying these things also, not in any subtly modified sense but in exactly the sense in which we conceive them in life and in law and in ethics. These two doctrines have been opposed because we have not realised that free will can be analysed without being destroyed, and that determinism is merely a feature of the analysis of it. And if we are tempted to take refuge in the thought of an "ultimate", an "innermost" liberty that eludes the analysis, then we have implied a deterministic basis and constitution for this liberty as well. For such a basis and constitution lie in the idea of liberty.

The thesis is not, like that of Green or Bradley, that the contending opinions are reconciled if we adopt a certain metaphysic of the ego, as that it is timeless, and identifies itself with a desire by a "timeless act". This is to say that the two are irreconcilable, as they are popularly supposed to be, except by a theory that delivers us from the conflict by taking us out of time. Our view on the contrary is that from the natural and temporal point of view itself there never was any need of a reconciliation but only of a comprehension of the meaning of terms. (The metaphysical nature of the self and its identity through time is a problem for all who confront memory, anticipation, etc.; it has no peculiar difficulties arising from the present problem.)


I am not maintaining that determinism is true; only that it is true in so far as we have free will. That we are free in willing is, broadly speaking, a fact of experience. That broad fact is more assured than any philosophical analysis. It is therefore surer than the deterministic analysis of it, entirely adequate as that in the end appears to be. But it is not here affirmed that there are no small exceptions, no slight undetermined swervings, no ingredient of absolute chance. All that is here said is that such absence of determination, if and so far as it exists, is no gain to freedom, but sheer loss of it; no advantage to the moral life, but blank subtraction from it. - When I speak below of "the indeterminist" I mean the free will libertarian indeterminist, that is, him who believes in free will and holds that it involves indetermination.


By the analytical imagination is meant, of course, the power we have, not by nature but by training, of realising that the component parts of a thing or process, taken together, each in its place, with their relations, are identical with the thing or process itself. If it is "more than its parts", then this "more" will appear in the analysis. It is not true, of course, that all facts are susceptible of analysis, but so far as they are, there is occasion for the analytical imagination. We have been accustomed to think of a thing or a person as a whole, not as a combination of parts. We have been accustomed to think of its activities as the way in which, as a whole, it naturally and obviously behaves. It is a new, an unfamiliar and an awkward act on the mind's part to consider it, not as one thing acting in its natural manner, but as a system of parts that work together in a complicated process. Analysis often seems at first to have taken away the individuality of the thing, its unity, the impression of the familiar identity. For a simple mind this is according to the wish (that is another law). A man has the power (sometimes) to act as he wishes. He has the power (whenever he is not physically bound or held) to act as he wills, He has the power always (except in certain morbid states) to will as he wishes. All this depends upon the laws of his being. Wherever there is a power there is a law. In it the power wholly consists. A man's power to will as he wishes is simply the law that his will follows his wish.


What, again, does freedom mean? It means the absence of any interference with all this. Nothing steps in to prevent my exercising my power.*



All turns on the meaning of "can". "I can will either this or that" means, I am so constituted that if I definitively incline to this, the appropriate act of will will take place, and if I definitively incline to that, the appropriate act of will will take place. The law connecting preference and will exists, and there is nothing to interfere with it. My free power, then, is not an exemption from law but in its inmost essence an embodiment of law.

Thus it is true, after the act of will, that I could have willed otherwise. It is most natural to add, "if I had wanted to" ; but the addition is not required. The point is the meaning of "could". I could have willed whichever way I pleased. I had the power to will otherwise, there was nothing to prevent my doing so, and I should have done so if I had wanted. If someone says that the wish I actually had prevented my willing otherwise, so that I could not have done it, he is merely making a slip in the use of the word "could". He means, that wish could not have produced anything but this volition. But "could" is asserted not of the wish (a transient fact to which power in this sense is not and should not be ascribed) but of the person. And the person could have produced something else than that volition. He could have produced any volition he wanted; he had the power to do so.


But the objector will say, "The person as he was at the moment — the person as animated by that wish — could not have produced any other volition". Oh, yes, he could. "Could"
meaning not as applied to a momentary actual phase of a person's life, but to the person himself of whose life that is but a phase; and it means that (even at that moment) he had the power to will just as he preferred. The idea of power, because it is the idea of a law, is hypothetical, carries in itself hypothesis as part of its very intent and meaning - "if he should prefer this, if he should prefer that", — and therefore can be truly applied to a person irrespective of what at the moment he does prefer. It remains hypothetical even when applied.*

This very peculiarity of its meaning is the whole point of the idea of power. It is just because determinism is true, because a law obtains, that one " could have done otherwise "...
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R. M. Hare was a moral philosopher, who thought "about moral questions by exposing the logical structure of the language in which this thought is expressed." 

He was an early member of the  so-called "Ordinary Language School of
Philosophy", which proposed to "dis-solve" the classical unanswered questions of philosophy by regarding them as "pseudo-problems" to be analyzed as linguistic problems.  


Hare succeeded J. L. Austin as  White's Professor of Moral Philosophy at Oxford. He
discusses issues of freedom in his  earlier Freedom and Reason, and in later
essays like "Prediction and Moral Appraisal" (originally Midwest Studies in
Philosophy, 1978, repr. in his Essays  on Bioethics, 1993).


Hare writes of the necessity to simplify some of  the basic tenets in the
so-called "Free Will controversy", especially when  looking for its
application in practical policies.


But Hare did not see that one of the great predecessors of analytic language philosophy had already dis-solved the "free will" problem as a confusion of language. 

John Locke pointed out in 1690 that the adjective "free" applies to the agent, not to the will, which is determined by the mind, and which determines the action.
   


    I think the question is not proper, whether the will be free, but whether a man be free... This way of talking, nevertheless, has prevailed, and, as I guess, produced great confusion.  


To be fair, the problems of moral responsibility need to be separated from the problem of free will, and Hare knows that moral problems are real problems, not pseudo-problems. 
   
"Determinism and Libertarianism are still thought by many to be locked in
a conflict which  philosophers have been unable to resolve, and it is also
thought that the  conflict is of great practical significance, so that for
example, important  policy decisions about the punishment of offenders or the
education of children  hang upon its solution. But in fact I do not think
that many of those who have  come down decisively on one of what they think
are the two sides of the  so-called 'Free Will controversy' have been caused
thereby to alter their  opinions on any important practical question -- or if
they have, they have  lacked reason. For as soon as we ask, what an extreme
determinist or an extreme  libertarian would have to say about practical
issues as a result of embracing  their doctrines, both are faced with the same
dilemma. Either they say that the  consequences of their views are
something so utterly absurd as to cast doubt on  the seriousness of anybody who
maintains them; or they say that the consequences  are no different from what
the rest of us think -- in which case, they are left,  in spite of their
alleged dispute, in substantial agreement with one another and  with the ordinary
man. This is, in short, one of the class of puzzles which used  to be
called 'pseudo-problems' -- a very misleading expression, because if  something
is a problem for someone, it really is a problem for him and he needs  to
solve it. What the people who invented this term ought to have said is that
there are different kinds of problems, of which some admit a 'yes'-or-'no'
answer; others, such as this one, require instead a fuller understanding of
the  question itself, to see the pitfalls and ambiguities in it".


Universal Prescriptivism

Hare extended Immanuel Kant's Categorical Imperative by insisting that all the words used in such imperatives must be universals. There should be no references to the individuals involved, no pronouns like you or I, us or they.

Secondly, you must be prepared to act yourself on that imperative, no matter what position you are in. This resembles John Rawls' "veil of ignorance."
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Sam Harris famously argues that organized religions are the source of many of the world's evils. His first book was the best-selling The End of Faith (2003), written shortly after and in reaction to the September 11 attacks. His emphasis is on militant or radical Islam, but he also cites Christian atrocities, from the middle ages to American slavery. He does not spare Judaism, as the source of the ideology that a God can command its followers to exterminate another nation (the Canaanites).

And Harris does not limit his criticism of Islam to its most radical exponents. The opinions of a majority of muslims in many countries are abhorrent to him, like the death sentence for a muslim leaving the religion and the horrid treatment of women. 


Following a bachelor's degree in philosophy and a Ph.D in neuroscience from UCLA, Harris has become in many ways the leading hard determinist. This may be because libertarian free will is so widely regarded to be a religious belief?


While other neuroscientists ask the question whether our neurons may be in complete charge (e.g., Michael Gazzaniga), Harris has absolutely no doubt about it. He says,



Free will is an illusion. Our wills are simply not of our own making. Thought and intentions emerge from background causes of which we are unaware and over which we exert no conscious control. We do not have the freedom we think we have.


Free will is actually more than an illusion (or less), in that it cannot be made conceptually coherent. 
Either our wills are determined by prior causes and we are not responsible for them, or they are the product of chance and we are not responsible for them. 
   


   This is the erroneous standard argument against free will


If determinism is true, the future is set —  and this includes all our future states of mind and our subsequent behavior. And to the extent that the law of cause and effect is subject to indeterminism — quantum or otherwise — we can take no credit for what happens. There is no combination of these truths that seems compatible with the popular notion of free will.
    


   The two-stage model is precisely such a combination of chance and determinism that explains the popular concept of free will
  



Harris actually knows the profound difference between a premeditated, voluntary action and a mere chance accident. He knows that even if the reason behind a choice may have "sprung from the void," it is still your choice. He knows that the "emergence of choices, efforts, and intentions is fundamentally a mysterious process." Ideas just appear in your mind.  


  
When we consider human behavior, the difference between premeditated, voluntary action and mere accident seems immensely consequential. As we will see, this distinction can be preserved—and with it, our most important moral and legal concerns—while banishing the idea of free will once and for all.


Certain states of consciousness seem to arise automatically, beyond the sphere of our intentions. Others seem self-generated, deliberative, and subject to our will. When I hear the sound of a leaf blower outside my window, it merely impinges upon my consciousness: I haven't brought it into being, and I cannot stop it at will. I can try to put the sound out of my mind by focusing on something else—my writing, for instance— and this act of directing attention feels different from merely hearing a sound. I am doing it. Within certain limits, I seem to choose what I pay attention to. The sound of the leaf blower intrudes, but I can seize the spotlight of my attention in the next moment and aim it elsewhere. This difference between nonvolitional and volitional states of mind is reflected at the level of the brain—for they are governed by different systems. And the difference between them must, in part, produce the felt sense that there is a conscious self endowed with freedom of will.


   Freely (randomly) generated alternative possibilities for thoughts and actions are not only the very stuff of freedom, they are the source of our creativity.
  

As we have begun to see, however, this feeling of freedom arises from our moment-to-moment ignorance of the prior causes of our thoughts and actions. The phrase "free will" describes what it feels like to identify with certain mental states as they arise in consciousness. Thoughts like "What should I get my daughter for her birthday? I know—I'll take her to a pet store and have her pick out some tropical fish" convey the apparent reality of choices, freely made. But from a deeper perspective (speaking both objectively and subjectively), thoughts simply arise unauthored and yet author our actions.


This is not to say that conscious awareness and deliberative thinking serve no purpose. Indeed, much of our behavior depends on them. I might unconsciously shift in my seat, but I cannot unconsciously decide that the pain in my back warrants a trip to a physical therapist. To do the latter, I must become aware of the pain and be consciously motivated to do something about it. Perhaps it would be possible to build an insentient robot
capable of these states—but in our case, certain behaviors seem to require the presence of conscious thought.

And we know that the brain systems that allow us to reflect upon our experience are different from those involved when we automatically react to stimuli. So consciousness, in this sense, is not inconsequential. And yet the entire process of becoming aware of the pain in my back, thinking about it, and seeking a remedy for it results from processes of which I am completely unaware. Did I, the conscious person, create my pain? No. It simply appeared. Did I create the thoughts about it that led me to consider physical therapy? No. They, too, simply appeared. This process of conscious deliberation, while different from unconscious reflex, offers no foundation for freedom of will...


And the fact that our choices depend on prior causes does not mean that they don't matter. If I had not decided to write this book, it wouldn't have written itself. My choice to write it was unquestionably the primary cause of its coming into being. Decisions, intentions, efforts, goals, willpower, etc., are causal states of the brain, leading to specific behaviors, and behaviors lead to outcomes in the world. Human choice, therefore, is as important as fanciers of free will believe. But the next choice you make will come out of the darkness of prior causes that you, the conscious witness of your experience, did not bring into being. 



   Does Harris really believe he is no more responsible for being the author of his book than for his birth? His choice to write it was the cause of its being - even if it appeared in his mind sprung from the void, right?
  

Therefore, while it is true to say that a person would have done otherwise if he had chosen to do otherwise, this does not deliver the kind of free will that most people seem to cherish—because a person's "choices" merely appear in his mind as though sprung from the void. From the perspective of your conscious awareness, you are no more responsible for the next thing you think (and therefore do) than you are for the fact that you were born into this world.
    


   The idea of focusing our attention as the source of a decision between random competing thoughts or sensations is the basis of William James' and Ayn Rand's models of human freedom
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Shadsworth Hodgson was a 19th-century philosopher who exchanged important ideas with William James. In his 1891 Mind article, Free Will: An Analysis, he wrote:
  

"The question concerning the nature and reality of Free-will is one which will probably long retain its interest, notwithstanding that many look upon it rather as a speculative plaything, lending itself to the display of idle ingenuity, than as a problem possessing practical importance, due to its direct bearing on the theory of Conduct.

"The reality of duty, of the judgments of conscience, and of moral responsibility, depends upon the reality of freedom in acts of choosing. If that freedom is unreal, their whole ethical theory is unsound. Hence, so long as there are moralists of this type, so long will the question of Free-will retain its interest. This must serve as my apology for venturing once more to discuss the well-worn theme. 


"Placing myself, then, at the point of view of the Ethic of Duty, as opposed to the Ethic of Happiness, I propose to take account of that theory of volition which denies its freedom, and which, if tenable, would rob the words duty, conscience, right, and wrong, of all distinctive meaning, and at the same time make of Ethic a positive, instead of a practical and philosophical science. I mean the theory which maintains, that immanent volitions are really not free but compelled actions, or which, in other words, denies the fact of Free-will. 


"The real nature of volitional action is thus brought into question. And it is evident that, if we have indeed no power to choose otherwise than we choose actually, in any single instance of immanent volition, it is of little practical consequence what names we give to the different parts of the mechanism of choosing, or how we describe the rules by which we seem to strive to choose, as we call it, aright. Without real freedom of choice there could be no real moral responsibility, and the sense of it, if it were still felt, would have, like the sense of freedom, to be classed as an illusion." (Mind, Vol. 16, No. 62 (Apr., 1891), pp.161-2)
   

  
Hodgson cites the "negative freedom" of Hobbes that we have when we are not constrained externally:

We say, for instance, that a man is free to act and move, when his limbs are unfettered, and his motions unimpeded by external hindrances; or as Hobbes puts it, "Liberty is the absence of all the impediments to action that are not contained in the nature and intrinsical quality of the agent". The question is, whether freedom or liberty is also, and equally, and in the same sense, a reality, when regarded as belonging to immanent acts of choice, as it is when it belongs to overt bodily movements. 


Hodgson describes "two opposite sophisms" that arise when a transcendental Mind or Ego is set up as the agent. These are the two horns in the standard argument against free will in terms of indeterminism vs. determinism.


"to set up an abstract or transcendental Mind or Ego as the Subject or real agent in all conscious action, is to set up as a reality something of which we have no positive knowledge, and which, so far as our knowledge goes, is an unreality. Upon which the result follows, that this unreal agent may be treated either (1) as pure activity, and thus as an absolute originator of action, which is the sophism of the Indeterminists, or (2) as pure passivity, that is, as an inert recipient of impulses, which is the sophism of the Compulsory Determinists. 

"Of the Indeterminist sophism it is not necessary to speak at length. Its effect is to maintain the reality of Free-will as a fact, however fallacious may be the reasons alleged in support of it; and then, the fact being admitted, and the consequence of moral responsibility drawn, the real mechanism of action, and of self-conscious judgment of action, remains unimpaired, as the object-matter of ethical analysis. The errors involved in the original sophism are of a theoretical nature, the practical consequences of which are confined to the discredit which they cast on the fact of Free-will, when their fallacy is discovered. The empty and fictitious Ego of the Indeterminists is really a superfluous encumbrance of their ethical theory, from first to last; and at every stage of their ethical argument the real facts can be seen shining through, or at least can easily be read into, their fallacious language, without doing any violence to the facts themselves...Their Ego, taken literally, and as they mean it to be taken, is a non-entity, and involves the inconceivable idea of action originated ex nihilo. Such action would be strictly what we intend by the word chance; the idea of real chance itself being also inconceivable. No such action can possibly be the ground of moral responsibility, in which the idea and fact of Law are everywhere involved. An agent who was perpetually originating, actions ex nihilo, mero motu, without antecedent motives, would be wholly lawless as well as inconceivable. If free-will and moral responsibility could only be maintained on the footing of ideas of this stamp, they must of necessity be regarded as illusions. (pp.164-5)


"The case is very different with the opposite conclusion, drawn from the same hypothesis of an abstract and empty Ego, by using it as a pure passivity, which is the sophism of the Compulsory Determinists. The use which they make of the fiction is wholly different, though equally fallacious. They use it to deny, not to assert the fact of Free-will as a reality. With them, the pure passivity of the supposed agent secures its unreality as an agent, and consequently the unreality of its supposed acts. These so-called acts of the fictitious agent, the purely passive Ego, are resolved into a conflict of motives issuing in the emergence of one as victor over the rest, which emergence it would plainly be an illusion to call an act of choice on the part of the Ego, even supposing it to exist. Not the Ego, but whatever is from time to time the strongest motive, which imposes itself on the Ego, is the principal agent, which, by its victory over weaker motives, determines, in their view, what we fondly call the Ego's choice.


"The original fallacy is here precisely the same as in Indeterminism, namely, the assumption of a shadow-man, or abstract Ego. And if this were the only argument brought forward by Compulsory Determinists against the fact of Free-will, we might be content with applying the same brief criticism to both, and pass at once to consider the real mechanism of choice, in which freedom will be found an essential feature. But there is another notable confusion of ideas, used as an argument by Compulsory Determinists, against the reality of Free-will, sometimes alone, sometimes in connexion with the fallacy of the abstract Ego, which cannot be so briefly dismissed. 


"This confusion consists in supposing that, when the will is said to be free, the freedom intended is a freedom from subjection to laws of Nature. Now it is only Indeterminists who can intend a freedom of this kind, when they speak of the will being free. They indeed must do so, if they are consistent; inasmuch as their abstract or transcendental Ego, which is Chance personified, is eo ipso imagined as free from Law, in the sense of law natural, or Uniformity of Nature and the Course of Nature. How otherwise could it originate action ex nihilo and mero motu? But Determinists, simply in virtue of their Determinism, hold and must hold the doctrine of the Uniformity of Nature, and in fact of the universal reign of Law throughout the whole range of existence. Existence is not conceivable apart from Law. The foundations of the conception of Law are laid in the most universal elements of all perception and all consciousness; I inean, in the form of all perception, Time, and in the forms of all visual and tactual perceptions, Time and Spatial Extension, together. To conceive anything whatever absolved or free from Law is to conceive its existence ceasing. Pure non-existence alone has no law." 


"The fact of freedom in volition is the thing to be proved or disproved, not the agreement or disagreement of its conception with the conception of laws of nature. The simple truth is, that, of those who assert freedom in volition, none but Indeterminists understand thereby freedom or exemption from natural law." (pp.167-8)


"This fatal confusion is greatly aided, even where it is not originated, by introducing the ambiguous word Necessity into the question, and opposing it to Liberty, without carefully distinguishing between the two meanings which the word conveys. 


"motives of conscious action, when restinig on physical brain processes, may be irresistible by counter motives, and thus act as compelling forces rendering the actions resulting from them compulsory. Laws of Nature, when truly known, are necessary in the first sense, as having taken their place among thoughts which we cannot avoid accepting. Some conscious actions, but by no means all, are necessary in the second sense. The motives which compel them, and indeed all motives, to the extent of the energy which they exert, seem to inaccurate reasoners to lend their efficiency to the laws of nature which are exemplified by their action, and thus, favoured by the ambiguous term necessity, invest the Laws of Nature universally, in their eyes, with compulsory power. Now among the motives which have compulsory power over actions are those which have been adopted by choice, and have thereby proved themselves the strongest of the motives in conflict at the moment of choice. Onwards from that moment of choice, in which they are adopted by volition, they exercise, for a time, a compelling power over the course of action. But what of their state, and degree of strength, before and up to the moment of choice, that is, during the period, long or short, of the deliberation which precedes it? Compulsory Determinists are apt, I think, to read back into the motives, as they were before and during the period of deliberation, the degree of strength which they possess after the moment of choice or volition which ends it, and imagine the motive which is proved to be strongest by the fact of its being chosen, and which then governs the action dictated by the choice, to have been the strongest from the beginning of the deliberation, and to have governed the process of choosing, as it subsequently governs the action chosen. 


"But a close consideration of the phenomena seems rather to point the other way, and warrant the opposite conclusion, namely, that the victorious motive owes its superior strength at the moment of choice, to the act or process of deliberation, which terminates in choice, at least as much as to its own initial degree of strength compared to the initial degrees of strength of the other motives, with which it is said to have been in conflict. The kernel of the question of Free-will lies in the question thus opened, after divesting it of the logomachies built up round it by the various confusions of thought which have been previously noticed. These con- fusions attached to the idea and reality of freedom; we have now to do with those which attach to the idea and reality of volition, as a specifically distinct action, to which freedom belongs, and which, in virtue of its property of freedom, takes the name of Free-will. Thus volition now becomes our immediate object of enquiry, as freedom has been hitherto. 


"Here then it is, that we enter upon the second part of our examination, which must finally decide for us the question of the reality of free-will, an examination into the mechanism of deliberation ending in choice. What is it to deliberate and choose? What are the essential characteristics of actions of this kind? I say of deliberation and choice, or of deliberation ending in choice, because choice involves deliberation however brief or cursory it may be, and is impossible without it, because it involves the representation of alternatives. In drawing out the whole act called choosing into two parts, deliberation and choice, a process and the moment of its termination, we are, as it were, magnifying it under the microscope of analysis, the first application of which yields this distinction. Two further steps remain to be taken, the first being, a somewhat more minute analysis of acts of deliberation ending in choice, and the second a separation or contradistinction of those acts from others which are liable to be confused with them. I begin with the first, and with the first division of it. 


"Deliberation, prior to the act of choice which terminates it, plainly involves (1) a consciousness of incompatible or alternative desires, (2) a comparison of their relative degrees of desirability, and (3) a prior volition to compare the alternatives and to adopt, in the immediate future, that which shall appear the most desirable; which adoption is the act of choice which terminates the deliberation, and completes the volition as a whole. 


"as to the act of choice which terminates the de-liberation. This is undistinguishable, in point of nature, from acts of selective attention in perception and thought, such as enter into the deliberative process, and with which I must here assume that we are already familiar. Its distinctive character as an act of choice consists in its standing as the outcome and termination of a deliberative process, the End at which the prior volition, above spoken of, aimed. It is immediately known by two features only, one of which gives it the character of an act, the other the character of an act of choice. The first of these consists in the sense of effort or tension, which may be great or small according as the alternative desire adopted is more or less distinctly felt either as disagreeable, or as difficult of retention or execution, in comparison with the desires which are rejected on the ground of their being less desirable on the whole. I need not stay here to prove what has been abundantly proved by others, Prof. W. James and Dr. Munsterberg for instance, that this element of conscious choice, namely, the sense of effort accompanying the experience of it, is not an immediate concomitant of any efferent innervation, and therefore cannot be said to be a sense or perception of neural or cerebral activity. At the same time, the distinction between action or activity on the one hand, and feeling, perception, and thought on the other, so far as it is an immediately perceived distinction within consciousness, seems to be given ultimately by the sense of effort only, which thus becomes the differentia of conscious action, the mark by which we distinguish in conscious processes their apparent character of activity or conation, from their character of feeling, and from their character of cognition. (p.170-1)


"The other feature in acts of choice, to which their selective character is due, consists in a consciousness of a decisive change in the relative desirabilities of the alternative desires represented in the deliberation, including the retention and intensifying of one, the weakening or disappearance of the others...This consciousness is the consciousness of what we call our selection of the most desirable alternative and dismissal of the rest; and otherwise than as so perceived we have no direct knowledge of our own act, any more than we have direct knowledge of physical objects and agencies, otherwise than as they are perceived in consciousness...This, in cases of choice, is perceived as an identity between what is anticipated before the moment of choice, namely, that a selection is about to be made between given alternatives, and what is remembered after the moment of choice, namely, that a selection has been made between those same alternatives...


"The psychological explanation of all phenomena, as they are apprehended by common sense, consists in turning them, by analysis, into neural processes together with their concomitant and dependent process-contents of consciousness; both elements of the explanation being of a verifiable nature, and together constituting a different mode of representing the phenomena which they are required to account for. This alone is true psychological analysis. Contrast this with the pretended explanation afforded by inventing an abstract or transcendental Mind or Ego, a shadow-man as I have called it above, and referring the phenomena to its agency, without any change in the common-sense mode of apprehending them. This is nothing but the explicanda repeated, plus an unverifiable hypothesis. (pp.172-3)


"We have...seen...that the power of deliberation ending in choice, which is volition, may be, on the one hand, weakened by some particular overmastering motive down to the point at which it ceases to be volition by the disappearance of deliberation altogether, and on the other hand strengthened by the habit of deliberating and choosing, up to the point at which, again in the case of particular motives, it likewise ceases to be volition, by a similar disappearance of deliberation from its action. Volition, therefore, holds a middle position between these two extremes, an action retaining its volitional character only so long as it contains a certain minimum of deliberation and consequent choice among its actual features or constituents. The results for the individual Subject, in point of general volitional power and strength of character, are of course widely different, stand indeed in the most trenchantly marked contrast, in the two cases. But both cases alike show, that action which was once volition may lose its volitional character, and become a fixed and indurated mode of action, which is habitually and spontaneously repeated, on every occurrence of the appropriate stimuli. (p.175)


"A question is thus raised which brings us at last to the root of the whole matter -- Where and how are we to draw the line between volition itself and desires or motives which are extraneous to it, and fetter its action from without? The aniswer must be drawn from what has been already said concerning the essential characteristics of volition. A desire or motive wholly undeliberated upon is extraneous to volitional action, but deliberating upon it incorporates it therewith; and it may be added, that the act of choice, which terminates the deliberation, incorporates the desire or motive adopted with the nature and habits of the agent. It is thus through deliberation that what is originally extraneous and pre-volitional becomes part and parcel of volition, by having its operation delayed until it has been brought into competition with other desires or motives, and modified by the already existing habits and powers of the cerebral organs concerned in deliberating; so that the result, which is the act of choice, is the result of this deliberative competition and modification, and not of any single desire or niotive which enters into it, taken alone. 


The physical brain process or action, which supports a concomitant conscious process of deliberation and choice, is, taken alone, a process of organic and living mechanism, not teleological, that is, not guided by conscious purpose. But inasmuch as the consciousness which it supports includes anticipation, comparison, judgment, and purpose, the action taken as a whole, (physical process and conscious process together), has a teleologic or purposive character. And thus it is, both that in volition the living mechanism of action ceases to be a "blind" mechanism, and also that in volition we have the first origination of the idea of design and teleology. We know our own character by means of the consciousness which accompanies and depends upon the physical brain process, and whenever we think of ourselves as concrete agents, including both processes, we think of ourselves as acting for anticipated Ends, that is, by design or purpose. So far we think truly; but at the same time it is true, that the design or anticipated End, taken in abstraction from the physical half of the process, or as if it belonged to the conscious half only, is no real link in the train of our action, and has no real efficiency in producing its results. Final Causes, as they are called, are no real conditions in determining action. 


"This, then, being the nature of Volition, we are brought face to face with our final question-Is volition free, and in what sense? Or in another shape - Is Free-will a reality? Now these are questions which, after the foregoing analysis and discrimination, almost answer themselves. 


Since volition is deliberation and choice in a real agent, its freedom must consist in the absence of impediments to deliberating and choosing. And since it is clear that as real agents we do deliberate and choose, the freedom to do so must be commensurate with and inseparable from the act of so doing, that is, the act of volition. Will means and implies Free-will; and unless free has no existence. Volition and Freedom of volition begin and end together. Freedom in willing is merely the power to will. Consider it thus. Volition is completed in out of several represented alternative desires, an adoption which is still future, still to be made, during the period of deliberation and up to the moment of choice. This element of futurity in the action is that which makes us characterise it as free. The freedom of the action of choosing is the action itself characterised by its relation to the future, its termination in the actual moment of choice. But this is only saying in other words, that it is not the action as completed but the action as having the power of being completed - the action in potentia not in actu - that we call free. 

Free will is self-determination, choosing from competing alternative motives

Up to the moment of completion, the moment of choice, i.e., during deliberation, comparison, and weighing of alternative motives or desires, the volition is not an act of choice, but a power of choosing. That power in the volition is its freedom. - Now the agent in volition is a self-determining agent. And what volition is freedom is, since freedom is the power of doing what volition does. Free-will is therefore the power of self-determination in conscious acts of choice, volition being the self-determination in its entirety. Volition is the name for the whole action, of which Freedom is the potential state, and Choice or Resolve the completing act. When we have chosen we are no longer free to choose, but we are free until we have chosen. Those fetters of the will which depend on prior acts of choice are all self-forged. (p.178)

"One more remark I would make, before quitting the subject of Free-will. It is, that the kind or quality of the desires or motives, adopted or rejected in deliberation and choice, is wholly irrelevant to the question of freedom. That question concerns, not what we choose, but whether we choose at all, in any real sense of the word. Yet no doctrine is more common, especially among nominal upholders of free-will, than to represent true freedom of the will as consisting in a man's following his best impulses, obeying the dictates of his conscience, or going on to attain ever higher degrees of moral excellence or self-perfection. A great confusion of thought is here involved. Goodness of will is not the same thing as freedom of will. Its freedom is the condition of its goodness and badness alike. 



Hodgson is well aware of the ethical fallacy

"A power to choose only the good is a contradiction in terms; and were such a power (per impossibile) to be attained, it would be at once the highest perfection of the character, and the euthanasia of Free-will. The will would then no longer choose at all; it would have done with choosing; and the brain mechanism would thenceforward work spontaneously and habitually, no longer volitionally. The will in its new shape would indeed be free; - but free from what? From the influence of evil desires and motives, not from impediments to its power of choosing between bad motives and good ones. 

"It will perhaps be said, that every advance made by the will in moral perfection opens a further vista of alternatives, no longer, perhaps, between the bad and the good, but between the good and the better; and that the absolute best lies at an unattainable, and in fact infinite distance. The more the power of choosing is strengthened, the more new alternatives will arise for choice. And this is perfectly true. But it does not touch the question as to what the essentials of free choice are. These are the same, whatever be the quality of the alternatives between which we have to choose, whatever the stage or degree of moral perfection, which we may have reached in our onward progress. It is as the basis of moral action, the ground in actual fact of moral responsibility for our actions, that it concerns us to establish the reality of Free-will, the reality of the power to choose between alternative desires or motives. The results which may be reached by a consistent course of choosing rightly are another matter, and so also, it must be added, are the results which will follow from pursuing an opposite line of choice. The will may be strengthened in pursuit of evil, as well as in pursuit of good. The results of either course are equally certain, the character of the individual Subject equally dependent upon the course of action which he chooses to pursue. It is in deciding upon the particular course to be pursued that the question of Free-will has its connexion with the question of Conscience. But the question of what we ought to choose is not the question whether we can choose at all. Unless the power of choosing is first established as a reality, the question, what kinds of choice are best, is left unconnected with the character of any real and self-determining agent. (pp.179-80)





Hodgson sees an element of futurity in a potential choice not yet made, not yet self determined
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  Stuart Hampshire succeeded A. J. Ayer as the Grote Professor of Mind and Logic at University College, London in 1960. There he was to influence Ted Honderich to begin a lifelong interest in the subject of determinism and freedom. 

Honderich, himself later Grote Professor, says of his struggles with Hampshire's book Thought and Action, "It attached me to the general subject of determinism and freedom. My future would be concerned with settling or upstaging the dispute as to whether determinism was consistent or inconsistent with freedom."  (Philosopher: A Kind of Life, 2002, p.106) 
  


  Hampshire was a student of Spinoza, interested in the principles of necessity and determinism in nature so strong in Spinoza's thinking, but also in the "freedom of mind" in Spinoza's Ethics. 

In his books Thought and Action and Freedom of the Individual, Hampshire inquired into the power of thought to escape the fate of the material brain.  
   

   One may say that the sense of freedom that men undoubtedly have is to be identified with their power of reflection and with the self-modifying power of thought. The intuition that when we are thinking of ourselves as thinking beings, we are excluding deterministic explanations of our performances, can be justified, so far at least.

The conclusion is near to Spinoza's. The relation between thought and the physico-chemical mechanisms of the body and brain is still left unclear.

(Freedom of the Individual, 1975, p.142)
   



 In Thought and Action, Hampshire developed Spinoza's ideas of "reflection" about past actions and thoughts of the future. He sharply distinguished knowledge of the future from knowledge about the past and present. He further distinguished knowledge about oneself from knowledge about the natural world, which depends upon observations, evidence, and natural laws.

These are very familiar distinctions of course, between an open ambiguous future and a closed fixed past on the one hand, and on the other between an internal subjective mind and an objective external world. Compare Hampshire's contemporary Peter Strawson's subjective participant and objective observer viewpoints. Only the former justifies his "reactive attitudes" and moral sentiments.
   
 
A common pattern emerges in the theory of knowledge, common both to the theory of perception and to epistemological problems in the philosophy of mind; that we have to distinguish the first-person knowledge that a person may have of his own actions and attitudes from knowledge by observation, and that we check the deliverances of the internal source against the external senses and vice versa. Philosophers who claim incorrigibility and final authority for the internal source are no less in error than the behaviourists, who claim that only the evidences available to any observer yield genuine knowledge about actions and mental attitudes.

 (Thought and Action, 1982, p.278)
   

Knowledge about "what one is doing now" might be understandable and explained by a clever observer familiar with one's character. But knowledge about one "what one is going to do in the future" involves ones "intentions." Hampshire says it deserves the title of knowledge no less than the kind of knowledge of the past. 


Hampshire proposes an account of freedom that arises at the intersection and collisions of these kinds of knowledge.
   
 
   The account of freedom that is suggested cannot be convincing if the distinction between the two kinds of knowledge is not first made convincing; the reader must first be persuaded that different types of claim to knowledge can legitimately be placed under these two headings, and that there is a distinct kind of knowledge which a person normally has of her own conduct and intentions, and also of her own sentiments and attitudes, distinct in its sources and in the manner in which the claims to knowledge are properly defended, when challenged.

 (Thought and Action, 1982, p.274)
   


 Hampshire criticizes the logical empiricist philosophers, who only analyze propositions about the external world. They neglect "subjunctive conditionals," statements about "what would have happened if...which are not testable in experience." Hampshire clearly sees that our thoughts generate alternative possibilities for our actions. Moreover, reflecting after the fact shows that we could have done otherwise.
    
I argued that propositions of this form are indispensable in practical reasoning, when a man considers what would be the effects of various courses of action open to him, and also what he would do under various different circumstances. The possibilities that he considers as he deliberates, looking to the future, also may be reviewed in retrospect, when he considers what would have been the case if he had decided differently. The power to consider possibilities of action long in advance of the particular occasion, and the power to assess decisions retrospectively, are among the most conspicuous of all the distinguishable powers that come from the possession of a language. Yet the irreducibly singular proposition of conditional form, referring to a particular occasion, was usually dismissed from the text-books of modern logic, as by W. V. Quine in Methods of Logic, except in so far as the singular proposition was intended to be the instantiation of a general proposition and therefore to be testable in experience. 

 (Thought and Action, 1982, p.279)
   


Hampshire briefly recognized the importance of quantum uncertainty in limiting physical determinism:
   

   For instance, it is possible that the uncertainty, which is a principle in physical theory, will have further and now unexpected applications within the theories that give an acceptable representation of some human performances, or of biological systems generally. If this were to happen, then the word 'deterministic', used in this discussion, will be out of place. 
(Freedom of the Individual, 1975, p.140)
   


  A reflection on Stuart Hampshire's Thought and Action
Our THOUGHTS Are FREE

- They Are Within Us (Aristotle's ἐν ἡμῖν)

- But They Seem To COME TO US.


We DETERMINE Our ACTIONS

- They COME FROM US.

- And They Make Our Will Feel "Up To Us." (Aristotle's ἐφ ἡμῖν)


Excerpts from Thought and Action

  In his 1982 Postscript to Thought and Action, Hampshire describes his interest in "freedom of mind." (pp.285-288)
    
   In this context freedom as a moral value is to be understood, in the manner of Spinoza, as a person's limited autonomy and limited power of self-direction. A person is more free, in the desired sense, in proportion as his intentions are a reliable guide to his actions in the present and the future. Freedom as a moral value is here represented as arising directly from the kind of self-knowledge that enables a person to match his actions to his thoughts and intentions, and not to be deceived about what he is doing and about what his objectives are. This is the kind of freedom, called 'freedom of mind', that is described in Part V of Spinoza's Ethics, according to which a man becomes more free in proportion as his emotions, desires and actions are genuinely the outcome of his own active thinking and reflection, and are not to be explained as immediate responses to external stimuli.

Freedom of mind, so conceived, has a long history as a moral value outside the Christian tradition and going back to Epicureans and Stoics. But there is a largely new context for it when the metaphysical problem of free-will versus determinism is sharpened by progress in the physical sciences; Spinoza was a determinist, but he argued that the laws of thought are entirely different from the laws of motion governing physical things. The metaphysical doctrine that reality reveals itself to us in these two distinct but inseparable orders enabled him to give a sense to freedom of mind while asserting an unqualified determinism: or so he claimed. The more restricted aim of my argument, without the metaphysical doctrine, was that the two orders of explanation, the explanation of thoughts and intentions and the explanation of observed objects and motions, at least provided a way of understanding the tension in the free-will controversy. We naturally shift back and forth, as we view our own actions and also those of others, and we may need to explain the same tract of the same person's behaviour, as described first under one type of description and then as described under the other type of description; and evidently the subject who does the explaining will on occasion be the person whose actions are explained.


The complexities of explanation under specific descriptions, and the problems of identity involved, have been closely examined by philosophers since Thought and Action was written. Some have argued that descriptions of actions and of activity in terms of governing intentions are indeterministic; by contrast descriptions of a man's activity in physical terms are deterministic, that is, they pick out and distinguish activities in such a way that they can be correlated as distinct causes, and distinct effects, with other observable physical states and processes within the ordinary pattern of natural laws. The explanations of thought are said to be indeterministic just because they cannot be fitted into the ordinary scientific pattern, and for a number of sufficient reasons, as I believe*. But in writing Thought and Action I was arguing for the mutual dependence, as well as for the distinction, of the two orders of explanation, because this two-way dependence helps to explain the unanalysed sentiment, or intuitive belief, often reported as the belief that the will is free; this intuitive belief is sometimes combined in the same person with the belief that his movements, described in physical terms, must be supposed to be determined in accordance with the laws of physics.


The argument from the two-way dependence, simplified, is as follows: every addition to a person's knowledge of the causes determining his actions and reactions is an addition to his knowledge of what he can and cannot do, and of what means are available to him to satisfy his desires and to realise his intentions. Secondly, the intentions that he forms are genuine intentions, as opposed to mere wishes, only in so far as he takes account of what is possible, as far as his knowledge goes. Therefore additions to his knowledge of causes determining his own actions require further decisions from him and a review of his intentions. The fact that a person as agent steps back, as it were, from his situation and applies his causal knowledge in forming his intentions gives him the sense of freedom. He always has a decision to make, a set of intentions to form, no matter what the causes determining his desires and sentiments may be. When he learns more about the determining causes, he adds these causes to the elements already known in the situation that confronts him. I think the intuitive belief in free-will, so often reported, is in most cases no more than this sense of reflective agency, and no more than the recognition that evidence of causal determinants of human actions and reactions is not evidence of human helplessness.


In summary, there are in this book two grounds given for regarding the traditional free-will problem as less confusing: first, that thoughts and intentions are not to be explained deterministically and by the methods of the natural sciences; secondly, that a person as self-conscious agent always has decisions to make, and intentions to form, whatever discoveries are made in the natural sciences, discoveries that explain his actions and reactions under appropriate descriptions; appropriate, that is, to orthodox causal explanations. But these two points still leave the traditional argument unclear: are human beings to be regarded as 'islands within nature', not entirely subject to the natural laws that apply to all other known species? Or is Spinoza's denial that persons are islands in nature made acceptable by some elaboration of the two points above? The book stops short of answering these questions. 
   


Excerpts from Freedom of the Individual

  In the first chapter of Freedom of the Individual - "Two Kinds of Possibility," Hampshire engaged J. L. Austin's arguments abut "Ifs and Cans," and distinguished two kinds of knowledge, the knowledge we have of natural events, and the possible knowledge we can acquire about human actions. (pp.23-52)
   
   To summarise: The existence or non-existence of the power to do a specific thing at a particular moment can be conclusively established by actual performance in the normal conditions presupposed, but, subject to the condition that an attempt that fails establishes lack of power, only if the subject really at that time wanted to perform the action in question and was not diverted by some stronger interest. One needs to know the aims of a person in order to be sure that his not doing something is a case of his being unable to do it. The ultimate test of my ability to do something at a particular moment is 'experiment,' in the sense of my seriously trying, with a will to succeed.

I am not arguing that there is anything easy and unproblematic about the distinction between lack of the will to do something and lack of the power to do it, as this distinction is applied in particular cases, and especially in the context of moral -argument, of censure, regret, and the assessment of responsibility. On the contrary, it is notoriously difficult, even if one is untroubled by theoretical doubts, to apply in particular cases the ordinary distinction between failures to do something, which are cases of lack of will to do it, and failures that justify saying, 'I cannot do it,' or 'He cannot do it.' It is easy enough to say that failure, when we make the attempt with a strong desire to succeed, shows that we could not at that moment do it. If I certainly wanted to do the thing in question very much, and if I made the attempt and failed, this would in all normal circumstances establish beyond reasonable doubt the truth of the categorical statement that I could not do it, that I was unable to do it, at that moment. Perhaps I have in general the capacity to do it, and perhaps I could have done it on that occasion, if such-and-such conditions, within me or in the environment, had been different. But the fact remains that I could not do it, that I was unable to do it, at that moment, where the phrase 'at that moment' is shorthand for 'all the conditions being what they were at that moment.' If lack of will is excluded, lack of power is the only account that can be given of my not doing it, given that I made the attempt. But I may on occasion be deceived about the strength and direction of my own desires and interests, and even more obviously, and often, be deceived about the desires and interests of others. And these errors about dispositions must lead to complementary errors about powers. My not doing it, or my failing to do it, may look like a case of inability, and yet, more closely scrutinised, it may turn out to be a case of not fully wanting to do it, and therefore of not really trying to do it. 'It is not true that he was unable to do it; he did not really want to and the attempt was half-hearted. He could have done it, if he had really wanted to, and wanted enough.' But we would start to talk, and to think, idly, if we made the notion of a power entirely untestable and indeterminate, by pressing the notion of wanting beyond its normal conditions of application.


Suggested re-drawings of this line between 'He would not' and 'He could not' have always entered into controversy about conduct. When I would normally say that I did not want to do something, which I could have done, if I had wanted to, how do I know that I have not been deceived by ignorance of the specific conditions on which the ability depends? This is a questioning of the adequacy of the commonplace inductive tests of powers by parallel cases. Presented with a contrary-to fact conditional statement of the kind 'I could have done it at that moment if I had wanted to,' it is often not unreasonable to doubt whether the apparently parallel cases really are relevantly parallel. More exact, systematic, and controlled experiment might reveal an unsuspected condition on which the ability depends. Alternatively, the revision can be made in the opposite direction, as, for example, by Sartre, with the suggestion that many cases of failing to do something, because of an alleged inability, are to be counted as cases of lack of will to do it. When, exhausted on the mountain, I say 'I cannot take another step,' Sartre suggests that I ought rather to say something like 'I prefer to sit down rather than painfully continue to walk.' These proposals for a thorough-going conceptual revision properly have a systematic and metaphysical basis, which I am omitting. But they do make contact at certain points with the apparent incoherencies and complacencies of ordinary usage and belief. Psychologists may persuade us, in the light of new experimental evidence, to question the normal methods of distinction, and may reclassify many apparent cases of lack of ability as 'really' cases of lack of desire. Simultaneously, they revise the criteria attached to `He wanted,' or of 'He really wanted to do so-and-so,' with the suggestion that there are repressed and normally unconscious desires, which are to be discovered and identified only in certain special circumstances.


This is one point at which there seems to be genuine difficulty in sustaining the distinction. For can it not be suggested that I am sometimes unable to do something, particularly when the
inability is a symptom of neurosis, because of some unconscious desire, where the 'because' marks a causal connection? I made the attempt and I found that I could not do it; but perhaps only because of some conflicting desire, which I didn't know that I had. And does not this causal dependence of the inability on the desire prevent us from classifying the failure as definitely either a case of inability, or as a case of lack of will, if these two are mutually exclusive alternatives? Certainly this kind of case does prevent us from regarding the alternative accounts of failure as in all cases mutually exclusive. There are inabilities at particular moments, which are identified as such by failure in an attempt, that has been made with a conscious will to do the action in question. But often a man's desires may be confused, ambiguous and conflicting, and the confusions of desire may be at the time unrecognised, and unrecognisable, by the agent; then an inability may sometimes co-exist with, and be explained by, an unconscious, or repressed, wish not to do what the agent can also be truly said to have tried to do with a conscious will to succeed. He showed and felt a desire to succeed, which is sufficient to justify the statement that he could not at that moment do what he tried to do; but perhaps it is also true that not all his desires pointed in the same direction; and this fact may explain his powerlessness at that moment. We do often speak of the existence of a will to do, or to achieve, something as a condition of the existence of the ability to do it. And men may commonly hope to extend the apparent limits of their own powers by further appeals to will, or by incitement of the will of others. Once again, it is speech, and the possibilities of incitement, exhortation and appeals to the will, which give a place to a partially indeterminate notion of the will in the explanation of conduct. A man may both explore the limits, and extend the limits, of his powers by questioning his apparent will to succeed.


I am certainly not suggesting that the line of distinction between vouloir and pouvoir, between lack of will and lack of power, is clear and immutable in its application to human actions. I am suggesting that 'can do' and 'cannot do' is a different kind of 'can' from that of 'can happen' and 'cannot happen,' when the former is applied to creatures who may know, form, reflect on, and criticise their own occasional desires and aims, and who may, or may not, disclose them to others. The fact that men may authoritatively disclose their desires and aims, and more fundamentally, that they are capable of reflection, and that they may find reasons for wanting to do one thing rather than another, entails the consequence that the existence and nature of these desires and aims are not established solely, or even primarily, by observation of their actual behaviour. We need to know how they think of the actions which they want to perform. Animals complicate the issue, because we do properly attribute desires to them. But their desires and aims, linked with the necessary concomitants of desire, namely, pleasure and pain, are unformulated and are not mediated by thought; so we are prepared, in our unsentimental moments, to establish the nature of their desires solely by reference to their observable behaviour; and perhaps we are even ready to take statements about their wants as equivalent to some set of hypothetical statements about their observable behaviour. But we cannot accurately specify the more sophisticated desires of men without knowledge of their thoughts.


Machines have powers attributed to them, and we now often compare their powers with human powers very directly. About a particular machine, at a particular time, we may say that it can now play chess better than a particular man can. My suggestion is that the 'cans' on either side of this comparison are different in important respects. Of the particular machine, it cannot in principle be true that it can now, and at this moment, play better than the man, if, when it is now tested in action under the normal conditions presupposed, it in fact plays worse. Of the machine we may, of course, say that it could play better than the man, or that it could have played better, that it has unrealised potentialities, potentialities which would be realised under different conditions, either inside the machine itself, or outside it. But this is not to make the plain categorical statement that this particular machine can now play better, conditions inside and outside the machine being what they now in fact are. If it can now play better, it will play better, when it is tested under the normally presupposed conditions. Contrast the man: it is in principle possible that he can now play better than the machine, even though, when he is observed in action, he in fact plays worse. He may not want to play better, and therefore he may not try to; perhaps he prefers at this time to leave his ability unused, and prefers not to play as well as he can. This cannot be true of the machine; its powers, or potentialities, are merely that which it would observably do under certain implied or stated conditions.


Suppose a machine that is programmed to make a losing move whenever its human opponent makes a foolish, losing move. Of this machine on this occasion, playing against a bad player, we can say 'It cannot win now.' It is certain that it will lose. Sufficient conditions of its defeat already exist in its programming. Contrast a man, a good player, who very much wants to save his opponent humiliation; there is a good sense in which he can win, but it is certain that he won't. We know two categorical statements about him to be true: (1) that he has the power to win, and (2) that he is determined, firmly intends, not to use his power. I am not denying that to a machine may be attributed powers and potentialities to do various things at particular moments, powers that may come and go, as the conditions on which they depend are varied. But to establish the existence of a machine's power to do something at a particular moment, and under the conditions then obtaining, it is both necessary and sufficient to provide the standard and appropriate input, or stimulus, which is required for the realisation of this power, and to wait for the appropriate response in performance. In the case of establishing the existence of a man's power to do something at a particular moment, this is not sufficient. There is one overriding condition that must be known to be satisfied before the equivalent test of performance is accepted as decisive: that the subject wants, or has the will, to pass the test. If this peculiar, internal condition is not known to be satisfied, failure in present performance does not prove inability.


J. L. Austin, in his published British Academy Lecture 'Ifs and Cans,' made the point that 'I can do so-and-so now,' and 'I can do so-and-so now, if I want' or 'if I choose,' are categorical statements. I shall not repeat the argument. The important point here is that 'I can do so-and-so now' is the form of words that we typically use when a feat, something involving, or thought to involve, the possibility of failure, is in question. You may predict, or bet, that I cannot escape from a certain position, and I may predict, or bet, that I can; in this setting of a challenge to a feat, where the will to succeed is assumed, 'can' is scarcely distinguishable from 'will succeed, if I make the attempt.' My statement is conclusively verified, and yours conclusively falsified, if I do escape when I make the attempt. If I do not then escape, the contradictory is true. Having failed, I still may argue that I could have escaped, using a form of words that implies I would have been able to escape, if some missing condition had been satisfied: I could have, if I had been more careful, or if I had not been distracted, or even if I had tried harder; for `trying' can also be included among the conditions of success. `You can if you try, but you will not be able to, unless you try' is a familiar causal judgment. Equally familiar — 'Why cannot I do it?" (said by a golfer, or by a pianist, or by someone trying to remember a name): 'Well, you would be able to do it if you didn't try so hard: just don't try, you will find that you can do it.' 'Try,' as it occurs in these causal judgments, has a rather different use and implication from the 'try' which means 'make an attempt to' — in French, essayer, or H. A. Prichard's 'set oneself to.' I may make either a half-hearted or a serious attempt to do something. I may set about it with a will to succeed, or without any real desire to succeed. In the causal judgments, 'You can do it, if you try: but you will not be able to do it unless you try,' 'try' implies something like 'make an effort to' — the use of 'try' that William James stressed in his chapter on the will. But when I say, contradicting you, 'I can raise this glass without spilling the wine,' and when in this context I intend this to be scarcely distinguishable from 'I will succeed if I try,' the 'try' does not imply 'make an effort.' If I make the attempt and fail, I have to admit that you were right when you said 'You cannot do it now.' Perhaps I could have, if I had not been over-confident, and if I had not thought that I could do it without taking trouble; but the fact remains that I could not at that moment, as things were, with my overconfidence included in the conditions at that moment. Perhaps you knew me well enough to gamble on my over-confidence, and that is why you said 'You cannot do it.' When I ask you whether you can now remember the first lines of Paradise Lost, and you answer that you can, you claim that you will succeed on this particular occasion. In the peculiar setting of a challenge to a feat, or to a test of ability, 'can' and 'will succeed' almost coincide, because the will succeed is assumed. In other settings of inquiry into your powers, I am normally asking what you would succeed in doing if you really wanted to and really tried, that is, made the attempt with an unqualified desire to succeed.


It is important to notice that, if we learn what we can do by trying, the slipperiness, amounting almost to ambiguity, in the notion of 'trying' must infect the notion of a man's power to do something with an equivalent slipperiness. We do normally, in reviewing actions, include the existence of an unqualified desire to do something in the conditions that must be satisfied before the power to do something on a particular occasion has been proved not to exist. In some contexts and for some purposes — for example, those of the stern moralist — we may say that a man can only be known to be unable to do something, if it has been proved that he fails, when all the internal conditions are favourable; that is, when he has strongest possible desire to do the thing in question, and when there are no conflicting desires of any kind. In other contexts and for other purposes — e.g. of challenges and bets — we may take the weaker test as decisive — 'conditions being what they are, in your mind and elsewhere, you will not succeed, if you make the attempt now.' There is not any firm and general rule that prescribes the background of standing conditions presupposed in the test of powers and potentialities, either of persons or of things. The background of conditions presupposed will vary with the situation in which a man's powers are being judged, and with the purposes for which the judgment is needed. I shall be mainly concerned in this book with the situation of a man who, before acting, has to decide what to do, and, secondarily, with that of a man who advises him about his decision, taking into account, as they both must, the limits of the agent's powers, as they exist on a particular occasion. In this situation, in which an estimate needs to be made as a guide to future action, 'You (or I) can do so-and-so' is conclusively verified or falsified when an attempt is made with a full conscious desire to succeed, and without any conscious conflict of desire: even though a subsequent acceptable explanation of the failure might refer to an unconscious desire to fail.


It is sometimes implied that we must wait upon science, and the discovery of causal laws, to know what men can and cannot do, as we must wait upon science and the discovery of causal laws to learn about the powers of metals and gases. But this is not true. I unavoidably acquire an immense amount of knowledge about what I can and cannot do, directly, and in the ordinary course of existence, in my attempts, achievements, and failures. Certainly scientific investigation of the necessary conditions upon which these powers depend will greatly add to this knowledge, and will permit reliable inferences, far beyond the range of direct experience, to an estimate of what my powers would be under various specified conditions. And much more important, such investigation will enable me to find the means of increasing my powers to act in specific ways in specific kinds of situation. No conceivable advances in scientific knowledge can lead to the conclusion that I am not often—for example, at this moment--confronted with a plurality of things that I can do if I want to, between which I must choose: that there is this plurality of open possibilities I know by experience, as surely as I know anything, including the laws of physics and psychology.


To summarise:


We make a mistake if we interpret 'He cannot act differently' as parallel to 'This gas cannot behave differently.' `There is no possibility of his acting differently' is indeed parallel to 'This gas cannot behave differently,' where this latter is interpreted to mean, 'It is certain that this gas will not behave differently.' 'He cannot act differently' neither entails, nor is entailed by, 'There is no possibility of his acting differently.' The entailment that does hold is between `There is no possibility that he will be able to act differently' (i.e. 'It is certain that he will not be able to') and 'There is no possibility that he will act differently.' It may be certain that a man will not do X because it is certain that he will not want to do X; but it does not follow that there are no possibilities other than X which are open to him, in the sense that there is nothing that he can do. The notion of a power, as applied to men, depends on the twin notion of 'want,' or 'will,' used in the explanation of action, when the will, or desire, to do something on a particular occasion may be formed, discovered, reflected upon, criticised, and formulated, and perhaps also disclosed to others.	
   



  In chapter 3, "Two Kinds of Knowledge," Hampshire discusses what we can know about the future, again stressing the difference between anticipating thoughts and actions from anticipating natural events. (pp.53-55)
   
   We have two sharply distinguishable kinds of knowledge of the future. Secondly, these two kinds of knowledge are mutually dependent; it is not possible that we should possess one kind without possessing the other. There is the knowledge of the future that we possess in virtue of having formed firm intentions to act in certain ways in the immediate future, and sometimes also in the relatively remote future. I very often know, when I am speaking to you, what I am going to say next; I know how the sentence, which I am at the moment uttering, will end; and I may know this in virtue of having decided that these are the words that I shall use. Many, perhaps most, of my distinguishable actions and performances are extended in time, and I commonly know in the earlier phases of an action what the ensuing phases will be. This is the most evident type of case in which we have knowledge of the future arising from firm intentions. In the ordinary flow of a purposive action this knowledge is extended over a period of time. But I also sometimes know what I shall do on a specific occasion in the more remote future; I know in virtue of being fully determined to do it on that occasion.

The other, and, as I claim, entirely distinct kind of knowledge of the future is that which is normally to be justified by inductive reasoning and by observation of the natural course of things. Knowledge of the future of this kind is not restricted in subject matter, and may extend to my own future achievements. Knowing, as I do, the natural course of events, I know that I shall find myself doing various things that I could mention in the next days, weeks, months, and years. The only restriction is that I cannot intelligibly justify a claim to certain knowledge of what I shall voluntarily do on a specific occasion by an inductive argument; if I do really know what I shall do, voluntarily, and entirely of my own free will, on a specific occasion, I must know this in virtue of a firm intention to act in a certain way. This is a conceptual necessity, and it helps to explain the concept of an action, which the agent performs of his own free will.


I must now try to answer those who will object that there are not two clearly distinguishable kinds of knowledge of the future: first, with a concession. He who claims to know that be will perform such-and-such a voluntary action in the future, and who claims to know this in virtue of his intention to perform it, is still liable to have his claim rebutted by inductive arguments; in this sense, and to this degree, there is an inductive component in non-inductive knowledge of the future. There are at least two typical ways in which a claim to knowledge of the future, which is not founded upon, and to be justified by, inductive reasoning, might still be rebutted by inductive considerations. The first possibility is simply that he who claims to know about his own future voluntary action on a specific occasion has not observed, or has forgotten, that something will probably, or will certainly, prevent him doing what he intends to do, and that he will, or may, lack the power, the opportunity, or the means, to do it. The statement of intention which he might have made — 'I shall go by train to London tomorrow' — maybe met by the statement: 'No, you will not; there are no trains tomorrow.' He did have the intention to go; but his statement purported, among other things, to be a guide to the future; and considered as a guide to the future, it was incorrect. Let us suppose that he had been asked what he intended to do tomorrow by someone who needed this information about the future course of events. The agent's answer, given in good faith, has failed to provide the  information sought.


The second, more interesting, possibility is that he who claims to know what he will do tomorrow has failed to observe, or to remember, that he has frequently made similar claims with similar justification in the past, and that they have subsequently proved mistaken. Perhaps he has overlooked the fact that he very often changes his mind in relevantly similar circumstances; therefore, on reflection, he may agree that his so-called firm resolution to give up smoking cannot properly be counted as a firm resolution in this case; it has rather to be classified as a wish, or as a hope, or as a vague ambition. It does not follow from the fact that he has often changed his mind in the past that he cannot properly be said to be firmly resolved now, or that he does not in this case know what he will do. The man who, on being asked the time on his watch, looks at his watch and gives an answer, may be irritated by the further question `But are you sure?' But, if he is someone who has often in the past misread his watch, and has given the wrong answer, he will admit that it is reasonable that he should be asked to look again, to make sure that he has not on this occasion been careless once again. His claim to knowledge about the time shown on his watch did not require inductive support, and it was not founded upon an inductive argument; but the reasons for doubting its truth may be of an inductive kind, in the sense that the doubts are founded on the speaker's record of unreliability.


All claims to knowledge may be said to have an inductive component, in the sense that the record of reliability of the man claiming to know is relevant in assessing the justifiability of the claim. We distinguish different kinds of knowledge by the kind of support that different claims to knowledge in any case require, if they are to be justified claims to knowledge.
   



  Hampshire here discusses the theory of a transcendental ethical will (Kant's idea), but also in Schopenhauer and Wittgenstein.
(pp.62-64)
   
   There is in the literature a doctrine which does knowingly confound the will to do something with the wish that it should be done, and which thereby neatly separates a man's knowledge of his own mind, and his responsibility for his own ideals, from his knowledge of the natural course of things, for which he is not responsible. This is the doctrine of the will as transcendent; it is associated with one interpretation of Kant: it is suggested by Schopenhauer, and hinted at by Wittgenstein in the Tractatus Logico-Philosophicus. A man is free in virtue of his wish that it should be true of him that he has achieved such-and-such an effect. The wish is the thought that he ought ideally to act in this way. Whether it will in fact be true of him or not is another question, of which he is not necessarily in a better position, as the willing agent, to know the answer than is any scientifically competent observer. The thought, or wish, and the action, that which was actually done, lie in different domains, disconnected. The one is in the domain of the ethical, of values or ideals: the other of empirical study, of natural fact. There is the fact that a man did certain things, and that he did them deliberately and voluntarily, as far as these qualifications can be established by empirical investigation; for example, it may be a fact that he was not forced or confused at the time. But whether he acted because of his thought that he ought to become the voluntary doer of these things, because he attached value to this fact about himself, is not similarly ascertainable in the domain of fact. The 'because' here is a confusion, a superstition; his wish cannot have effects in the world. His wish, or thought, of that which ought to be, belongs to the domain of the ethical, of the private, of that which is not to be conveyed in propositions to which truth-values can be allotted. A man's relation to the world of fact, to things as they are, is either a happy or an unhappy relation, one of positive acceptance, or one of pessimism, or of indifference. One may have the story of that which has happened in the world, including the things that men have done; but the value that one attaches to what has happened is not part of the narrative. It is expressed, if at all, in the style and aesthetic form of the story-telling. Ethics and aesthetics are one, at least in the sense that arguments about truth or falsity have no grip, where ideals of life, visions of what the world ought to be like, are expressed or exhibited. There cannot be a causal relation between my thought that something ought to be done, my ideal of conduct, and that which I observably do. Events occur, and actions are performed, in accordance with, or contrary to, men's ideals: but not as the effects of these ideals.

This doctrine of the transcendent will, as 'the bearer of the ethical,' the absolute separation of what ought to be from what is the case, may be, and has been, rejected on many different counts; that it allows no coherent account to be given of our normal descriptions of intentional action: that it offers no coherent account of our anxious moral assessments of the history of our own conduct and of the conduct of others: and that it suggests a metaphysical notion of the will, without explaining the relation of the will, so conceived, to our ordinarily felt and revealed desires and interests. Above all, it leaves a mystery in the situation of a man wondering what to do, and hesitating before deciding on one course rather than another; for it seems that he will have only the illusion of agency in initiating one train of events rather than another. As a conclusion of his thought, he wishes that something (e.g. that he is the benefactor of his friend at the expense of another) were true of him, and perhaps he also observes that in fact it becomes true. But his first hesitation and his anxiety had been anxiety about his making it true; and if he has anxieties in retrospect, they may be anxieties about his responsibility for what happened. This doctrine of the transcendent will is one more philosophical analysis that is plausible only when one assumes the standpoint of a man who is contemplating his own conduct and its relation to the natural course of events: or the standpoint of one who contemplates the conduct of others. In retrospect, and reviewing the record of a life from this detached standpoint, one may indeed find that there is only a choice between acceptance or regret in the face of the total history, which includes one's own decisions as equal links in the single chain of events. Schopenhauer was recommending this inactive, contemplative standpoint, this retreat into perpetual retrospect, as the only remedy for the anxieties of present activity, which on other grounds he thought must always be wasted anxieties.





  Hampshire then touches on the connection between consciousness and the processing of information. Facts, thoughts, and feelings combine to provide possibilities for action. The range of one's thoughts determine the alternative possibilities from which his will will make a choice. (pp.80-83) 
   
  It is a truism that, in virtue of being conscious, any man is always receiving information relevant to his expectations of the future; he is not only receiving it, but also actively seeking it, guided by the information which he already has. Concurrently his expectations are being verified and falsified in experience. This pre-scientific induction is the unavoidable background of his actions and of his plans of action. In this way he learns what he can and cannot do. It is easy to overlook, and difficult to exaggerate, the weight and variety of these commonplace habits of inference. Recalling these truisms, one recalls also that almost everything that a man observes is scanned and assessed for its relevance to his intentions, and, conversely, that his purposes and plans direct his attention to the information that he needs. The two kinds of knowledge intertwine, each affecting and guiding the other. But there is an order of priority, or of dependence, between them.

If my expectations of that which will happen, affecting my desires and interests, and independently of any intended action of mine, are revised, my intentions must be reviewed also. The question 'What will I do?' is unavoidably raised whenever my expectations of events touching upon my interests are changed; a new problem is set. I must always form my intentions relative to a concurrent expectation of what is the likely natural course of events, if the future conduct which I am now considering is left out of account. 'The likely natural course of events' here means the likely course of events as it will be, or would be, if my own possible voluntary actions in the future are left out of the account. The total course of events in the past, including my own past voluntary actions, are for me part of the given course of events, of which I must take account in forming my intentions. The situation that confronts me now, and that sets the problem, is constituted by that which has happened, together with that which is likely to happen, estimated apart from that which I might succeed in doing, if I tried. The mere fact that I now know, or believe, that something will happen in the natural course of events exposes me to the charge of letting it happen, if I could prevent it, and if I in fact do nothing. An intention to act in a certain way, if it is to be distinguished from a mere desire or hope, must be focussed upon the possibilities in the natural order of events, as the agent, rightly or wrongly, conceives them. Among a man's expectations may be included expectations of his own future states of mind, attitudes, and desires. Either by induction from his own experience, or from knowledge of some well-attested propositions of psychology, or by some combination of these two, the agent may have had good reason to expect that he would have certain feelings and desires on a specific occasion, and that he would be disposed to act in a certain way; he may be able to forecast what his emotions would be and what he would want to do. This is ordinary inductive self-knowledge, and it is knowledge of the natural course of events; a man may anticipate his own states of mind and impulses, as he may anticipate any other natural phenomena. He may learn to recognise the conditions on which their occurrence depends; they maybe elements in the situation which he confronts. If he expects that he will be in a certain state of mind on the relevant occasion, and that he will want to do certain things, he has to take account of these facts or probabilities about himself, alongside the facts and probabilities of the external situation. To 'take account' of them in two ways: first, as possibly constituting reasons for acting in one way, rather than another; secondly, as possibly constituting obstructions to acting in some way in which he was disposed to act, that is, as limiting his powers. He cannot avoid asking himself the question, 'Given that the situation is likely to be such-and-such, and, as part of this situation, my given feelings and impulses are likely to be such-and-such, what shall I do?' He steps back (and the force of this metaphor will be considered later) and decides.


He must find the various paths of practical possibility in the situation before him: in both senses of 'possibility' previously discriminated. He has nothing to decide, even if he thinks he has, in respect of those things that are certain to happen in the natural course of events; and he has nothing to decide, even if he thinks he has, in respect of those things which it is not in his power to change, because he has not the means, or the opportunity, or the authority, or the skill. The agent necessarily sees a contrast between the fixed elements in the situation and the elements changeable by him; he may misjudge in any particular case; but he always tries to draw this line as realistically as he can. The range of his own thoughts and interests will determine, within the limits of the changeable, as he sees it, the narrower possibilities of action between which he chooses.


Some of his anticipations of his own passions, feelings, and desires are derived from knowledge of the conditions which generally precede, and are the occasion of, these feelings and desires. To know the causal dependencies is to know what it would be necessary to do in order to prevent such feelings and desires occurring. In general, any addition to my psychological knowledge, which enables me to calculate correctly what some of my future passions, impulses, and inclinations will be, will also add to my knowledge of what I would need to do in order to prevent these states and impulses occurring.


I may try to find the cause of, and the means of changing, those states of mind and desires which can be said to be recognised, identified, or diagnosed, as facts of consciousness, rather than to be formed as the outcome of a process of thought. The source of these states or inclinations is not to be found in my decisions; I did not make up my mind that this is my feeling about so-and-so, or that this is what I want. But for some types of states of mind, and for some instances of some types, it would be absurd, for reasons already noticed, to look for means of preventing or inducing their occurrence; and it would be particularly absurd to look for such means in conditions external to the mind. Some examples for illustration: a man who tries to induce in himself some state of calm confidence in his leader by a technique, which uses his knowledge of the bodily conditions that produce calm confidence, would scarcely think of himself, or describe himself, as having achieved calm confidence in his leader at the end of the exercise; the attempt would be intrinsically absurd. 
   



  Hampshire ponders the very important connection between knowledge and freedom. It goes back at least to Francis Bacon, with his famous dictum knowledge is power. But it is so for any theory that equates information in a trained mind with the power to generate more alternative possibilities for action. Hampshire asks "Why has so little attention been given to the Baconian doctrine—that the more a man knows of the laws of nature, including the laws of human nature, the greater his power and his freedom of choice?" (pp.90-96)
   
   However far inductive self-knowledge is extended, the other kind of uncertainty about the future, my uncertainty about what I shall do before I have decided, will always arise. The more reliable and extensive my inductive knowledge is, including self-knowledge, the less likely I am to attempt a course of action which, unknown to me, I cannot carry through. The more I learn of the conditions on which my passions and abilities depend, the narrower the gap between that which I set myself to do, and that which I actually achieve, will become. If, for example, I know that under certain conditions I shall become weak-willed and vacillating, then I may be in a position to ensure that the worst consequences of this condition do not ensue. I may find that I cannot prevent this state of weakness, and that the sufficient conditions of its occurrence lie outside my control. I will not then struggle uselessly, as, lacking this knowledge, I might have done; but I will rather take account of the unavoidable weakness and its effects in the further plans that I make. I may try to ensure that I am never placed in the kind of situation in which the effects of this defect are particularly bad. The new knowledge has saved me from attempting something that seemed, on the basis of parallel instances in my experience, to be within my power, but that is actually not so, as careful experiment has shown. Secondly, it has directed my attention to a new feature of situations confronting me, a feature that I will now take account of.


Bacon equates knowledge with an increased freedom of choice


Why then has it been thought that the growth of scientific knowledge of human nature would lead to a narrowing of the area of the free decision, and therefore of the area of individual freedom? Why has so little attention been given to the Baconian doctrine — that the more a man knows of the laws of nature, including the laws of human nature, the greater his power and his freedom of choice? The reasons are, I think, not simple. First, there is a picture of scientific knowledge, as something that may exist quite independently of the minds of the individuals who acquire and use the knowledge; the picture appears in the use of phrases like 'Perhaps there are laws, which we have not yet discovered, and which govern our so-called free decisions;' and 'Perhaps, when I hesitate about what I shall do, it is already certain, and entirely predictable, what I shall do.' These ways of speaking and of thinking may be legitimate in some contexts; but they can be misleading, if we forget that natural laws are discovered, and formulated, by men, and put to use in action as the conclusions of their inquiries; and that certainties are certainties only relative to the knowledge that someone already possesses. If I am denied scientific knowledge which other men possess, and if they know much more than I do of the causes of my states of mind, I may indeed be the victim of their manipulations, and the slave of their will. They will be able to use their knowledge to induce states of mind in me which they want me to have; in virtue of this knowledge, and of the use that they make of it, they may be better informed than I am about my future feelings, desires and conduct. If anyone wants to know what I shall do, he would do better to consult those who operate upon me rather than to ask for a statement of intention from me. This condition of comparative slavery, of one's feelings and conduct being the effects of another man's contrivance, is the reverse of the condition of the man who knows better than anyone else what he will do, just because he is the agent, and because he has made the decision. The manipulation of men's emotions and dispositions, pictured in Aldous Huxley's Brave New World and Orwell's 1984 is a picture of the freedom of the individual completely lost; for Huxley's and Orwell's stories represent the ordinary citizen's interests, actions, and forms of life as explicable only by reference to causes outside his own mind, causes that he does not himself recognise as the factors determining his interests and his conduct.

For these reasons an individual who acquires more systematic knowledge of the causes of states of mind, emotions, and desires, insofar as these are not the outcome of his decision, thereby becomes more free than he previously was to control and direct his own life: more free to control and direct his own life, in the sense that there will in general be a closer correlation between that which he sets himself to do and that which he actually achieves in his life. Knowledge of his intentions will be the more reliable guide to his actual future conduct.


The kind of psychological knowledge that gives systematic understanding of the causes of desires, attitudes and states of mind can be put to use, either in manipulation and control of others, or in self-control, that is, in a man's contriving by some technique that his states of mind and dispositions should in future be as he wants them to be. A man may on reflection want to be the kind of man who has certain interests and desires; he may cultivate certain interests in himself, and may try to smother or to divert others, in pursuit of some ideal of character. This reflexiveness—the desire not to have certain desires—is unavoidable in anyone who reflects and criticises. We do now in fact apply such fragments of psychological knowledge as we already possess in both these ways, and we could scarcely avoid doing so. But they are fragments, and the majority of what we know has been so far learned in the ordinary course of experience, and not as a conclusion of systematic psychological theory.


A man is less free, in proportion as his interests and activities are adequately explained as the effects of external causes and of conditions which he has little or no power to change, even if these causes and conditions do not include the will of others. Insofar as there are genuine possibilities open to him, and he can be said to have decided to live as he does, he can be said to be self-directed and free. Those who have defined the freedom of the individual in terms of their differing conceptions of an active mind, as Spinoza and Kant did, have made explicit one element in the ordinary connotation of the word 'free,' as it is commonly used. We ordinarily talk and act on the assumption, which we have built into the normal forms of speech, that many of our emotions and attitudes, desires and interests, were formed, and can be altered, by our own thinking about the appropriateness or inappropriateness of their objects. The distinction of desires and attitudes, which are formed as the outcome of considering the appropriateness of their objects, and which remain dependent on a conviction of appropriateness, from desires and moods that are not in this sense thought-dependent, is built into the vocabulary of emotions and attitudes. In some particular case one might have thought that a desire, emotion, or attitude of one's own would change in response to a change noticed in the relevant properties of the object, when further experience shows that it does not. The reasons that one has might turn out to be rationalisations, and the desire, emotion, or attitude might be seen to have its determining condition in conditions external to one's own beliefs. If one is convinced that one's regret, shame, discouragement, disapproval, hope, confidence, admiration, are utterly inappropriate to their objects, the state of mind must disappear, even if some lingering affect, pleasant or unpleasant, still associated with the original object, remains. Just as a belief, when once recognised by the subject to be misdirected, must, if it persists as a thought, be re-classified as a thought of another kind, so a state of mind, which in its nature requires to be to some degree founded on the properties of its object, must disappear or be reclassified, when the subject recognises that the object does not have the properties that are required. I cannot still regret that which I now know not to be regrettable.


The evidence of superficially parallel cases, encountered in ordinary experience, may in some cases turn out to have been misleading; one might discover cases in which our apparently reasoned attitudes or emotions did not vary with our changing opinions of the properties of the object; they vary only with some unsuspected external condition. But this discovery, arising from experiment and perhaps explicable within a more extensive theory of the mind's workings, still does not undermine our present explanatory scheme. We already recognise, in the rudimentary experiments of ordinary experience, that men are often deceived in supposing their attitudes and emotions to be founded on reasons, when in fact the reasons that they give are mere rationalisations and do not really explain that which they are supposed to explain. I am often brought to admit, without benefit of science and theory, that I have bestowed my fear or sadness on the first vaguely appropriate object or event that I encounter; I would have been no less frightened or sad, even if I had never encountered the object or event which I have sincerely specified as that which I am frightened of, or sad about. But there remain the more simple cases in which my fear of something, or my sadness about something, is formed and changed as I think about the properties of the object, and in which my belief that the object is dangerous, or of its saddening features, constitutes my fear of it, or my sadness about it.


When I truthfully say that I am sad about something, or that I am frightened of something (e.g. of German nationalism), I am not always reporting an inner perturbation, an affect, in addition to the thought of the object as an appropriate object of sadness or of fear. 'How strongly do you feel about it?' 'How deeply were you affected by it?' These questions about the intensity of feeling do require me to report the inner affect. I may myself be surprised by an excess of affect, or by the lack of it. I might say 'Of course I was sad when I heard the news: but I was surprised to find that my feelings at that moment were so faint: I only began to feel the loss intensely much later.' Language provides us with a variety of means of distinguishing a calm passion from a passion that includes as an element an inner perturbation or affect. I may truthfully say that I regret something without confessing thereby to any strong feeling; but I cannot be terrified of something without affect. When we are concerned with the effect of our actions upon the feelings of others and upon our own — and utilitarians require that this should be our sole concern — we are concerned with men's affects, or inner feelings, and with their intensities: how great was the suffering, and how intense was the pleasure, and would X be more deeply affected by the disappointment than Y? — these are the questions that primarily concern us when we are practically concerned with men's feelings. If, following G. E. Moore's prescription in Principia Ethica, we calculate the effect of political policies, and of all our actions in private life, on men's states of mind and emotions, we certainly will not interpret their states of mind and emotions as dispositions to behave in characteristic ways, as some philosophers have suggested. We are then concerned with the intensities of feeling accompanying the conception of the objects of the emotion as being objects of a certain kind.
   



  In the Conclusion to his original 1965 edition, Hampshire then wonders if natural laws will be found to describe human behaviors. He asks whether any of his work has raised doubts about deterministic schemes. He then concludes that the standard view of determinism is unacceptable, "For these reasons a thesis of determinism, which entails that the commonplace scheme of explanation of conduct is replaceable by a neutral vocabulary of natural law, seems to me unacceptable." (pp.108-112)
   
  There remains one possible misunderstanding: I have avoided the word 'determinism,' and I have not even stated, even less tried to refute, a thesis of determinism. I have tried to specify a distinction between the observed natural course of events and a man's decisions about the natural course of events; this distinction is, or at least seems, an irreplaceable feature of our thought about ourselves, as creatures who have beliefs and intentions, and who have desires and emotions which are in part constituted by beliefs. There is at least one clear thesis of determinism that requires one to suppose that one might think of a man's behaviour in a quite different way, as conforming to a scheme held to be applicable to all natural phenomena: namely, the scheme that requires experimentally confirmed laws of reasonable simplicity which correlate, with sufficient precision and determinacy, ranges of specified inputs with ranges of specified outputs from the organism. If the discovered laws prove to be of sufficient simplicity, generality and precision, this can be a scheme of explanation that is properly called deterministic. The choice of the type of descriptions that will enter into the laws, specifying distinct inputs and outputs, is here peculiarly difficult; we are still in no position, in the present state of knowledge, to forecast, even roughly, the types of descriptions needed. But this difficulty does not by itself constitute a sufficient a priori objection to this scheme of explanation, as some philosophers have suggested. One would have to demonstrate that there is a contradiction, or at least an incoherence of some kind, in the requirement of descriptions which could enter into experimentally testable laws, and which at the same time can be said to 'replace,' in some acceptable sense, the established specifications of beliefs and intentions. If no such demonstration is provided, it is open to an upholder of this thesis of determinism to argue that we cling to our existing schemes of explanation only in virtue of our present ignorance. The question therefore remains: have I in the foregoing pages given any grounds from which one might infer that the thesis of determinism, so formulated, is an incoherent one? Or does the account given of features of our present scheme of explanation and description — of desires, powers, intentions and of beliefs- leave the possibility of deterministic schemes untouched?

There is a difficulty in even beginning to answer this question: namely, that one cannot reasonably claim to anticipate, or to set limits to, the types of scientific explanation that may in the future be found to yield useful results. For example, one simply does not know how successful the simulation of human conduct and performance by machines will in the long run prove to be. Nor does one know how the operations of the human brain will in the long run be understood, with what precision and with the aid of what kind of theory and model; one does not know what kind of relation, or set of relations, between physical processes and the specific higher functions of the mind, will in the long run emerge. At the present time one can only point to the purposes which such scientific explanations of human conduct, and of mental processes, are expected to serve, and the contrasting purposes which our deliberations about actions and attitudes now serve. No metaphysical absoluteness, or finality, need be claimed for the distinction between the usefulness of different kinds of discourse. It is sufficient that we cannot now formulate an intelligible alternative to the relation between knowing why I want X and deciding that I want X: sufficient, that is, to justify saying that we cannot conceive how one type of discourse — in particular, the scientific explanation of human conduct in accordance with the deterministic scheme - could `replace' the other type.


This discussion constantly recurred to the peculiar features of first-person present, or future, tense statements about conduct and states of mind. It seems that these statements have an indispensable function in the thought and speech of reflective agents, who, in deciding what their state of mind and action will be, or is to be, decide what state of mind and action is appropriate to the occasion. My objection to a thesis of determinism is not that there is no possibility of replacing, in some acceptable sense, intentional verbs with state descriptions of a kind that could enter into precise and experimentally testable natural laws. This may be a valid objection; but it is not the one that I am now raising. My objection is: there is a normative element in first-person present and future tense statements about some states of mind and some types of conduct, and this normative element would not be reproduced in the descriptions which a scientific observer would use. The terminology required for deterministic explanations of human conduct and states of mind would not reproduce the relation between the first-person present and future uses of psychological verbs and the use of these verbs in the past tense, and with a reference to persons who are not identical with the speaker or writer. The shift from 'I regret this' to 'I regretted it,' and from 'I regret this' to 'He regrets it,' is a change in the kind of support that the speaker must have, if his statement is to be sustainable under challenge; the kind of knowledge, which he claims to have, is different when he is announcing what his attitude is, namely, that he considers something regrettable, from the kind of knowledge that he claims to have when he announces that he did consider something regrettable, or that someone else considers this thing regrettable. In explaining the sense, and correct use, of the verb 'regret,' one has to explain that relation between 'I regret X' and 'X is to be regretted,' which distinguishes attitudes of this type from moods, strong passions, or sensations. Such distinctions would not be preserved in a deterministic vocabulary; within such a vocabulary therefore there would be no place for discussion of present and future conduct as an expression of appropriate attitudes towards that which has happened, or is happening. More fundamentally, there would be no means of relating what a man would say of himself, in explaining, by reference to a norm of appropriateness, why he now has these desires, attitudes, and intentions, to what could he said about him in explaining his desires, attitudes and intentions.


For these reasons a thesis of determinism, which entails that the commonplace scheme of explanation of conduct is replaceable by a neutral vocabulary of natural law, seems to me unacceptable. But it is possible that some other thesis of determinism, which does not claim that a neutral vocabulary of natural law might 'replace' the existing vocabulary, might be untouched by the arguments of these lectures.


There is one last objection that must be met: that a persuasive definition of freedom of mind has been offered under the guise of an analysis of the use of certain mental concepts. The objector will claim that the following two inquiries must be kept apart: what precisely does a man claim to know when he claims to know what he is going to do, and what his attitude is, and what support does such a claim to knowledge require, if it is challenged? Secondly, under what conditions can a man properly be said to be free in his behaviour, and in the attitudes that he adopts? I have not held these two inquiries apart, and for the following reason. In distinguishing belief from other kinds of thought with which it might be confused, one cannot fail to mention the canons of rational belief; for a thought can be counted as a belief only in so far as it approximates to well-founded belief. So the norm of belief cannot be excluded from the analysis of the concept of belief. Similarly, an activity, or a movement, can be counted as an action imputable to a person only to the degree to which it approximates to an action, performed intentionally, with an awareness of alternative possibilities, and of the agent's own free will. The notion of freedom properly enters into the analysis of intentional action. The man who is comparatively free in his conduct of his life is active in the adoption of his own attitudes and of his own way of life; his decisions and intentions are the best guide to his future actions; and just this is the significance of calling him 'free'. He is a free man, in so far as he is the authority on his own future actions as issuing from his decisions; then his self-knowledge is predominantly of the kind that comes, not from observation and induction, but from his making up his mind what his attitudes and actions are to be.
   



  In his 1975 Postscript on Determinism and Psychological Explanation, Hampshire hopes to correct "gaps and obscurities" in his deterministic explanations. (pp.113-117)
   
   So prolific is the recent literature around this topic, and so various and detailed are the arguments used in it, that it may seem foolhardy to confront the issue directly once again : and in a summary form, as a postscript. But I need to write more about the familiar issue of deterministic explanation, as applied to mental states, if my suggestions about the issue in this book are to be understood and assessed. Criticisms of the first edition of Freedom of the Individual showed this to be necessary and showed the gaps and obscurities in my account.

I list familiar propositions which I shall take to be true without further argument here.


(a) A general thesis of determinism, applying to all events without restriction, is too general to be either falsified, or confirmed, or rendered probable, and is empty and uninteresting, until it is in some way restricted, or placed in a context within a theory.


(b) Of any given event, whether it would ordinarily be classified as a mental event or as a physical event, it always makes sense to ask what is its cause: similarly also for any specified class of events.


(c) If an answer to such a question about causes is suggested, that answer is not immune from the test of parallel negative instances, which may be looked for. This test may be more or less loosely applied in different contexts. In some contexts it may not be obvious what the implied proposition is, if there is one. But even in these cases it is relevant to cite apparent parallel cases, where the alleged cause-effect correlation failed : this citation is a putative rebuttal of a causal claim, and at least casts doubt upon it, unless the apparent parallel is shown to be apparent only.


(d) Not all interesting explanations of mental events, and of the behaviour of persons, are causal explanations; other forms of explanation may be satisfactory in their appropriate contexts. But the availability of these alternative forms of explanation does not by itself preclude the possibility of normal causal explanations of the same phenomena, identified under the same descriptions.


(e) The same event, process or state in the history of a person may be correctly identified and correctly described in several different terminologies. But there is a commonplace vocabulary of mental states and processes in daily use in unprofessional talk, and in unprofessional thought, about persons' thoughts, desires, beliefs, emotions, and attitudes. This is the terminology which is used in practical dealings with people and in the ordinary planning of one's own life. It is the terminology in which history is normally written.


(f) This terminology identifies and distinguishes mental states and processes by reference both to their effects in behaviour and to their causes in stimulating conditions, and by reference to typical contemporary thoughts, which the subject may or may not reveal. The criteria of application for descriptions within this vocabulary are not strictly determined; and the terminology serves many social purposes in communication apart from the communication of information. For these principal reasons the commonplace terminology does not satisfy the normal requirements of a vocabulary used in scientific explanations.


(g) A terminology suitable for strictly scientific explanation of persons' behaviour would refer only to publicly observable and exactly specified features of behaviour, and to publicly observable and exactly specified features of stimulating conditions. This terminology would be unsuitable for many of the social purposes, and types of communication, which the commonplace terminology serves. But it could reasonably be expected to yield testable general statements which would provide fully rational backing for singular causal judgments. It could reasonably be expected to allow scientific explanations of behaviour, suitably described, explanations that are deterministic in form. There are no good a priori grounds for doubting that such explanations may be found.


(h) Within the commonplace vocabulary beliefs and desires are referred to in explaining most types of behaviour; and to attribute beliefs to a person entails attributing thoughts to him; and to attribute a desire to a person is to attribute at least an imagination, and in this sense to attribute a thought to him. The connections between thoughts, which ordinarily render them intelligible to us, are not the standard type of causal connection. Rather a sequence of thought is ordinarily rendered intelligible, as a sequence, by being shown to constitute a variant of some form of argument, or to be itself an argument. But it does not follow that a sequence of thoughts cannot also be explained within standard causal forms.


These are the familiar propositions that I will leave unargued; the arguments that support them are familiar in the literature.


Starting from these assumptions, I put this question: are there any peculiar features of the commonplace terminology used in the description of mental states, and particularly in accounts of desires and beliefs, which are obstacles to the standard types of causal explanation applicable to physical states? I shall suggest several reasons why this question should be answered with a qualified 'Yes'. There are peculiarities in the established, familiar descriptions of mental states, and in the ascription of beliefs and desires to persons, which are at least obstacles to adequate causal explanations of the standard scientific type, even if they do not altogether preclude them. These peculiarities arise partly from the asymmetry between self-ascription and ascription of desires and beliefs, and of states of mind generally, to others: they also arise from the form of belief statements, and of statements about desires, and of statements about thoughts of all kinds, which use oratio obliqua and introduce opaque contexts. These are the foundations of the obstacles to carrying through standard types of causal explanation applicable to physical states, when desires, beliefs and other thoughts are in question.


It is to be noted that these obstacles, for the existence of which I shall argue, stand in the way only when the commonplace terminology is in use. Their existence, if established, in no way implies that there cannot be found standard causal explanations of human behaviour and of human reactions which are specified in some other terminology, lacking the two features mentioned above. My argument will contain no suggestion that human beings are as a species unique in the world in not being susceptible to strictly scientific understanding to any degree or in any way. It is an argument about the actual terminology in which human beings, for a variety of different purposes, choose to talk about themselves, and in which they need to talk about themselves.


In proportion as the desire, or need, to predict and to control human behaviour prevails over other interests that human beings have in each other, a terminology adapted to precise causal judgments can be expected sometimes, and for some purposes, to replace the commonplace terminology. But such a scientific terminology, whether materialistic or not, will still encounter two limits discernible in advance: first, that a man does not predict and control every segment of his own future only by applying causal knowledge; there are some segments that he changes by deciding what he wants to happen and what his attitude will be and what he will do. The commonplace vocabulary serves this kind of thought also, when a man considers what he wants and what he will do. His conclusion becomes a disposition or an intention. Secondly, thoughts, and processes of thought, have their natural expression in a type of report which is altogether unlike a report of an observed event : in avowals like 'I believe...', 'I want...',
'I hope that ...', 'I am angry that...', and 'I am embarrassed that...', and so on indefinitely for other propositional attitudes. In addition to these two discernible limits, there is the fact that the commonplace terminology serves many interests and social purposes, quite distinct from the exchange of accurate information; and it is certain that most of these interests and purposes will not be discarded; and, if some of them are discarded, it is unlikely to be only an interest in scientific accuracy and in social engineering which takes their place.
   



  In his final remarks, Hampshire makes a convincing case for associating an indeterministic freedom with thought.   (pp.132-142)
   
   From all these considerations one may conclude that both a man's beliefs, and even more his desires, are often not clearly identifiable at specified times, and therefore that they are ill-suited to deterministic explanations; and this is true even apart from the fact that knowledge of the cause of beliefs and desires is apt on many occasions to modify the effect. The defects of the psychological vocabulary, from the point of view of deterministic explanation, are not be eliminated without frustrating the purposes that the vocabulary serves. The looseness and indeterminacy of the vocabulary are not to be cured, if only because a man who asks himself why he wants something, or why he believes something, is usually not looking for a cause that is clearly distinct from the effect in the way in which a cut is clearly distinct from the pain that it causes. The vocabulary of beliefs, desires, attitudes, and sentiments differs from the physical vocabulary in that the former does not in general specify distinct states which can be pinpointed as discrete states of the organism at a particular time. A process of thought is not a sequence of clockable discrete states of the organism, as a physical process in the organism is, or as even a succession of sensations is. Suppose that for the purposes of some medical research it became necessary to distinguish separate sensations experienced in a sequence of sensations; then a somewhat arbitrary and ad hoc convention could be introduced, perhaps picking out changes in quality of sensation as marking borderlines between different sensations; differences of location might also be used. If it seemed similarly necessary to individuate thoughts in a sequence of thought, the obvious method would be to take as distinct thoughts distinct sentences in the natural expression of the thoughts. But this would make the sequence of thoughts relative to a particular language, and relative to a particular choice of syntax within that language.

What is the need for deterministic explanations? They are the type of explanation that one needs for a reliable method of control and manipulation: briefly, for a technology. If, for instance, one is trying to control pain, one needs to know the mechanism at work, and therefore to know the general laws that correlate inputs to the nervous system, and to the brain, with the resulting sensation. If this information is available, one has a path to a technology of anaesthesia, on which one can rely. There is a comparatively minor difficulty in finding experimentally an exact and general law that correlates physical stimuli with a sensation of pain; the effect is not immediately measurable in quantitative terms, and exactness is therefore not easily achieved. But the technology that can modify and control sensations does not meet difficulties which are so fundamental that one may doubt whether it is a technology at all, in the sense that surgery is a technology. It is true that the anaesthetist cannot directly see the desired effect of his operations, as the surgeon can; and he cannot point directly to the desired effects for the benefit of his students, as the surgeon can. He can see, and he can point to, some effects, namely, the patient's tranquil or sleepy behaviour: but the important desired effect is the absence of pain, and that is not something that is visible to any observer, as the absence of a limb is. The technology may therefore be more difficult to establish.


The idea of a technology that would control beliefs, desires, and other intentional states by applying knowledge of the mechanisms on which they depend is not a clear idea : it is not clear, in proportion as the intentional state cannot be assimilated in at least one relevant respect to a sensation. Consider a case that may be near to a borderline between an intentional state and a sensation. A man has a desire, amounting to a craving, which he for good reasons wishes he did not have. He acquires a technique for getting rid of the desire as soon as he feels its onset. Perhaps the technique is a form of aversion therapy which involves various operations that a man can perform upon himself as well as upon another. If the technique required a more or less systematic knowledge of the stimulating conditions and of the state of the nervous system, which together caused the onset of the desire, then the technique would amount to a technology. If the mechanism was understood systematically and with some exactness, then a variety of willed adjustments to desires and aversions falling within the same range would be possible. Suppose that the first-order desire was for something concrete and physical, e.g. alcohol; then there might be a second desire to get rid of the desire for good reasons, because other desires were being frustrated by alcoholism. This second-order desire might reasonably be satisfied by a technique, analogous to the techniques of anaesthesia and surgery. The first desired state was a state of consciousness, the effect of alcohol, and the desire was not itself the outcome of much calculation or thought. The part that thought may play in the formation of the first order desire, the thought either of some particular alcoholic drink or just of some alcoholic drink, may in such a case be very small. Just because the thought involved may be minimal and therefore may be neglected, the desire may be assimilated to a sensation and one may naturally speak of 'feeling' its onset, as one feels the onset of an ache or pain. The assimilation of a desire to a sensation depends on the comparatively minor part of thought in the specification of the desire.


Consider for contrast a man who has at intervals a craving, or at least an intense desire, to dress in women's clothes, and who at the same time wishes that he did not have this desire, because its gratification is apt to cause the frustration of his other desires. The first-order desire cannot be assimilated to a sensation, because the thought of the clothes, and of himself as being temporarily like a woman, or the imagination of himself as a woman, is essential to the desire. The thought of femininity makes this particular desire what it is and distinguishes it from other desires which might manifest themselves in the same behaviour, where 'same' refers to what the external observer sees. The thought that informs the very specific desire of a transvestite need not be articulated and explicit in the mind of the subject. It need not even be fully conscious. There are cases in which a child has this desire, and becomes aware of an overwhelming impulse to dress in his mother's clothes, without his knowing why he has this desire; this may even happen without his knowing what the desire is, in the sense of knowing how the desire is to be most accurately characterised. The desire to wear women's clothes, with the attendant thought of their femininity, is quite different from the desire to wear one's mother's clothes, with the attendant thought that she is one's mother. Femininity is not the same as maternity, and what is wanted is different, even if in the particular circumstances the desire is focussed upon the same objects.


An accurate characterisation of the desire will mention the thought that enters into the desire, including the thought of the reason for the desire or of the feature that makes the object desired desirable. The cases of sexual perversions, and is no clear way of distinguishing between a desire that is overridden by another desire and a desire that changes its object. The mechanical analogy, when pressed, cannot be taken seriously, even though it is entirely natural that psychological explanation should be modelled to some degree on physical explanation. There are too many independent reasons for insisting on the ineliminable indeterminacy of psychological explanations when compared with explanations of physical states and processes.


Belief and desire are the two propositional attitudes that are essential to explanations of conduct, both from the standpoint of an observer explaining the conduct of another and from the standpoint of an agent reviewing the reasons that he has for acting in one way rather than another. The indefinitely open range of other propositional attitudes — fear that, pleased that, embarrased that, angry that, ashamed that, disappointed that, hoping that, mortified that, anxious that, regretting that, and so on — each always involve a belief or imagination that so-and-so is the case, together with a disposiion or desire to behave in some broadly characterisable manner in some broadly characterisable circumstances, actual or notional. For present purposes there is no need to show the same looseness in contexts of explanation, the same indeterminacy in statements that attribute these states of mind to persons, for each of these sentiments. As they all involve thought of an object characterised in some way, they are all subject to the same scheme of explanation, with its distinguishing features: that the subject's belief, and change of belief, about the correct account of his own state of mind, and about the explanation of it, always modifies the state of mind: that the thought constituting the state of mind is causally linked to a vast background of beliefs and imaginations, of which only a few are brought to consciousness and to attention at any one time: that reflection on the causes of a thought and of an associated disposition is at the same time usually an assessment of them as appropriate or not, or as wrong or undesirable; and this reflective criticism confuses explanation with justification in the mind of the subject, who is generally in the best position to judge what his state of mind is, because he can be expected to know what he is or was thinking. In so far as he is confused, and in so far as his thought is continuing and has not reached a conclusion, there will be no determinate answer to a Yes-or-No question about his contemporary state of mind.


'I do want it in one way and in another way I do not': 'I oscillate between loving and hating him' : 'I am half attracted, half repelled': 'Perhaps I am rather frightened of it': 'I am not sure whether I am pleased that it has happened or not': 'I am half ashamed of it, half pleased'. A divided mind is not abnormal or unexpected, and no refinement of the psychological vocabulary will alter this, nor prevent uncertainty and consequent confusion of mind; for the reasons given, these are intrinsic features of thought and of mental processes generally.
Deterministic explanation exhibits a universal correlation between more or less exactly stated initial conditions and more or less exactly stated outcomes, with the assumed background conditions also statable: a law-like formulation which is also part of a theory. The physical machinery of brain and sense-organs, on which thought and knowledge depend, operate in accordance with this deterministic scheme, even if physicists impute some degree of indeterminacy to some smaller physical systems. The physical actions and motions of a person, including those that go with his talking and his listening, are instances of law-like patterns which we presume will be explained in chemistry and in other relevant sciences. 'We presume' is added, as a note of caution, because there is no a priori certainty that anticipations, based on the physical sciences in their present state, will in fact be entirely realised by future developments in knowledge, e.g. in physiology and biology. However difficult it may turn out to be to discover, and to represent, the workings of the brain, and the mechanisms of thought, we shall continue to develop the available physical and chemical theory of the day in the hope of understanding. The  terms 'mechanism' and 'machinery' may come to seem rather inappropriate, because the machinery may turn out to be very unlike the machines that are at present known and that can at present be imagined. The machinery may even turn out to be so complex that our theories fall short of being adequate representations, and we may despair of ever reaching a full understanding of how the organism performs its higher functions : e.g. how the brain operates in composing sentences and in interpreting the sentences that are heard. We cannot reasonably anticipate the rate of progress of the relevant sciences or the forms that they will assume as they advance. For instance, it is possible that the uncertainty, which is a principle in physical theory, will have further and now unexpected applications within the theories that give an acceptable representation of some human performances, or of biological systems generally. If this were to happen, then the word 'deterministic', used in this discussion, will be out of place. But it will still be true that the scheme of explanation for bodily, and therefore for physical, processes will need a vocabulary that allows for comparatively clear and definite identification of the elements in the explanation, and one that is comparatively exact; and it will need a vocabulary that is applied by all observers and experimenters from a single and constant standpoint. The vocabulary used to communicate thoughts will always be applied from two different standpoints: that of a person thinking and that of a person reporting or inferring the thoughts of another or of his own past. The vocabulary applied to psychological states is a vocabulary adapted, in the conditions of its application, to two different purposes in two different types of situation: that of a man making up his mind what he believes, wants, fears and so forth: and that of a man recording what he has believed and wanted and what is believed and wanted by another person. The reflexiveness of thought entails a shifting of standpoint, because one considers what one has believed and wanted, and asks oneself why; and this reflexiveness in turn entails the kinds of indeterminacy already discussed, particularly the indeterminacy that results from changing second-order thoughts about the causes of thoughts.


The conclusion that I draw from these considerations is not a new or unfamiliar one. Human beings can be considered as very complex organisms which function in accordance with the laws of physics and of chemistry, as do all other biological systems. Among the complex powers built into the physical mechanisms is the power to speak and to understand a language, which entails that the behaviour of the organism is to be explained, not only by the actual situations in which it is placed together with its known needs and appetites, but also by spoken beliefs about its situation, and by beliefs about its own needs and appetites, and by beliefs about a remote future. All and only creatures who have a language have beliefs about the remote future, which help to explain what they do. This power to speak a language once developed, multiplies itself, like a cancer, and the power to have thoughts about thoughts develops from it. A speechless creature acquires through its sense organs unspoken expectations and beliefs about its present situation and the immediate future following it. These beliefs, together with unspoken desires and needs, determine and explain most of its behaviour. These expectations and beliefs are the direct effects of external things acting on the creatures through sense-organs and brain. Therefore we can imagine a physical model of the input signals from the environment setting in motion the already adjusted machinery of the brain, which then leads to an outcome either in behaviour, including speech, or in a re-adjusted brain state, or in both. The imagination may in the future turn out to be vain, in the sense that we in fact are not able to develop the model satisfactorily, or to exhibit a realisation of it. The physical complexities may be too great and our powers of mind may be insufficient, or for many years they may appear to be so. But we shall certainly persevere in the attempt, and we shall use such fragments of adequate knowledge that we do acquire in a new technology : to improve our thinking and mental health and efficiency generally, as we now use knowledge of the mechanisms of eye and ear to assist sight and hearing.


One may say that the sense of freedom that men undoubtedly have is to be identified with their power of reflection and with the self-modifying power of thought. The intuition that when we are thinking of ourselves as thinking beings, we are excluding deterministic explanations of our performances, can be justified, so far at least.


The conclusion is near to Spinoza's. The relation between thought and the physico-chemical mechanisms of the body and brain is still left unclear.
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Ted Honderich

Ted Honderich was Grote Professor Emeritus of the Philosophy of Mind and Logic at University College London and past chairman of the Royal Institute of Philosophy, founded by Bertrand Russell in the 1920's. 
  

Honderich was the principal spokesman for strict causality and "hard determinism." 

He has written more widely (with excursions into quantum mechanics, neuroscience, and consciousness), more deeply, and certainly more extensively than most of his colleagues on the problem of free will. 


Unlike most of his colleagues specializing in free will, Honderich has not succumbed to the easy path of Compatibilism by simply declaring that the free will we have (and should want, say some, e.g., Dan Dennett) is completely consistent with determinism, namely a "voluntarism" in which our will is completely caused by prior events.  



Nor does Honderich go down the path of Incompatibilism, looking for non-physical substances, dualist forms of agency, or simply identifying freedom with Epicurean chance, as have many scientists with ideas of brain mechanisms amplifying quantum mechanical indeterminism to help with the uncaused "origination" of actions and decisions. 


Honderich did not claim to have found a solution to the problem of free will or determinism, but he did claim to have confronted the problem of the consequences of determinism. He was "dismayed" because the truth of determinism requires that we give up "origination" with its promise of an open future, restricting - though not eliminating - our "life hopes."


Unlike many of his hard determinist colleagues, who appear to welcome determinism and enjoy describing belief in free will as an illusion, Honderich was unique in his passionate sense of real loss.  We might have been the author of our own actions, we could have done otherwise, and thus be held accountable and morally responsible in a way more acceptable to common sense. He described the life hope that is lost - a future we can make for ourselves.


We have a kind of life-hope which is incompatible with a belief in determinism. An open future, a future we can make for ourselves, is one of which determinism isn't true. 

Suppose you become convinced of the truth of our theory of determinism. Becoming really convinced will not be easy, for several reasons. But try now to imagine a day when you do come to believe determinism fully.  What would the upshot be? It would almost certainly be dismay. Your response to determinism in connection with the hope would be dismay. If you really were persuaded of determinism, the hope would collapse.


This is so because such a hope has a necessary part or condition on which the rest of it depends. This is is the image of origination. There can be no such hope if all the future is just effects of effects. It is for this reason, I think, that many people have found determinism to be a black thing. John Stuart Mill felt it as an incubus, and, to speak for myself, it has certainly got me down in the past. 

(How Free Are You?, p.94)



Though he was its foremost champion, Honderich characterizes determinism as a black thing and an incubus which gives him dismay.


Honderich faults the Compatibilists and Incompatibilists on three counts. First, he says that moral responsibility is not all that is at stake, there are personal feelings, reactive attitudes, problems of knowledge, and rationalizing punishment with ideas of limited responsibility. Second, these problems can not be resolved by logical "proofs" nor by linguistic analyses of propositions designed to show "free" and "determined" are logically compatible. And third, he faults their simplistic idea that one or the other of them must be right. 


And unlike some of his colleagues, Honderich does not competely dismiss indeterminism and considers the suggestion of "near-determinism." He says, "Maybe it should have been called determinism-where-it-matters. It allows that there is or may be some indeterminism but only at what is called the micro-level of our existence, the level of the small particles of our bodies."  


In his book On Determinism, Honderich has an extensive discussion of Quantum Theory. On pp.120-127, he says



"Does Quantum Theory as interpreted have some clause, hitherto unheard of, that its random events occur only in such places as to make us morally responsible in a certain sense? This objection of inconsistency, perhaps, is less effective with some uncommitted philosophers because they do not really take the philosophers of origination seriously. If it really were accepted as true that a random event could get in between the question and the intention, with great effect, then it would have to be accepted that one could get in between the intention and the lie, with as much effect. Any attempt to exclude the possibility is bound to be fatally ad hoc."


There is no inconsistency in quantum mechanics. Quantum noise is ever present. It just normally averages out in macroscopic situations. Microscopic situations, like the storage and retrieval of information in the neurons of the mind/brain, are much more susceptible to noise. Information structures in computers, and in modern digital media devices like CDs and DVDs,  are also susceptible to random noise. Both media devices and the brain have elaborate error detection and suppression capabilities.

  

   Honderich maintained a website on Determinism and Freedom, with a selection of important pieces by various thinkers, and a companion guide to the terminology.  
  

   Honderich long defended what he calls the "truth" of determinism. We agree that there must be "adequate determinism" in our choices and actions for us to take moral responsibility. All that we lose with an "adequate determinism" is the truly grand, but unsupportable, idea of pre-determinism, namely that every event and all prior events form a causal chain back to the origin of the universe. Indeed, in On Determinism (p.6), Honderich calls for "the truth of a conceptually adequate determinism."   
  

In his early thoughts, Honderich wrote in 1973, in his essay "On Determinism," that determinism may actually preclude responsibility...

States of the brain are, in the first place, effects, the effects of other physical states. Many states of the brain, secondly, are correlates. A particular state accompanied my experience the other moment of thinking about having walked a lot on Hampstead Heath, and a like state accompanies each like experience: each of my experiences of thinking of having walked a lot on Hampstead Heath. Given our present concern, it is traditional that the most important experiences are decidings and choosings. Some states of the brain, thirdly, are causes, both of other states of the brain and also of certain movements of one's body. The latter are actions. Some are relatively simple while others, such as speech acts and bits of ritual, depend on settings of convention and have complex histories. Simple or complex, however, all actions are movements, or of course stillnesses, caused by states of the brain. It follows from these three premisses, about states of the brain as effects, as correlates and as causes, that on every occasion when we act, we can only act as in fact we do. It follows too that we are not responsible for our actions, and, what is most fundamental, that we do not possess selves of a certain character.


The Consequences of Determinism

  Honderich's great work is the 750-page The Theory of Determinism, Oxford, 1988, later broken into two volumes, of which one is The Consequences of Determinism. Honderich claims to have solved the "problem of the consequences of determinism." 

Note that this is not the problem of free will and determinism. Honderich believes determinism is true.


Rather than discuss the problem of free will directly, or even indirectly via the familiar though muddled terms determinism, compatibilism, incompatibilism, and libertarianism, Honderich introduces new concepts and still more terminology.


In the style of Peter Strawson, Honderich's interest is in our feelings and attitudes toward the truth of determinism, as what he calls our "life-hopes" are altered by belief in determinsm. 


One hope is that we can originate actions affecting our future life. The truth of determinism, which denies the freedom to originate actions, might give rise to a "sad" attitude of "dismay." In this respect, Honderich regards determinism as a "black thing." He calls dismay the sad attitude toward determinism.


But we can have another "tough" attitude, that of intransigence, in that our hope involving belief in "voluntariness" is consistent with determinism. With his term intransigence, Honderich wants us to resist compromise with ideas like origination. But he seems to imply that moral responsibility can be reconciled with determinism.


Finally, Honderich argues that we can choose the attitude of affirmation rather than intransigence or dismay.


It might appear that Honderich's terms dismay and intransigence roughly correlate with the ideas of 

	incompatibilist libertarian free will (involving randomness), which is denied by determinism, leading to his attitude of dismay
	compatibilism which is reconciled to determinism, leading to the attitude of intransigence, (irreconcilable with the "fiction" of origination)


But Honderich says he avoids the mistakes of Incompatibilism and Compatibilism. His point of their mistakes is subtle. It depends on his introduction of the two kinds of "life hopes," the one voluntariness alone, the other voluntariness plus origination. He says:


Let us finish here by having clear the relation of affirmation to Compatibilism and Incompatibilism. Affirmation differs wholly from both in that it recognizes the existence of two attitudes where Compatibilism and Incompatibilism assert a single conception and a single connection with moral responsibility and the like. Affirmation does involve reliance on a single attitude, having to do only with voluntariness, which of course is related to the single conception of initiation which Compatibilists assign to us. Affirmation also has to do with the other attitude, pertaining also to origination, related to the single conception which Incompatibilists assign to us. It is not much more like Compatibilism than Incompatibilism. (p.149) 


The mistake of Incompatibilism appears to be that it assumes that determinism destroys moral approval and disapproval. This, Honderich says, ignores the tough attitude of intransigence.


The mistake of Compatibilism, is to assert that nothing changes as a consequence of determinism, when clearly we have lost the life-hope of origination. This ignores the sad attitude of dismay.



Honderich summarizes his lengthy argument (p.169).
  

  The argument about the consequences of determinism has been a long one, and can usefully be brought into a succinct form. 

1.2 All our life-hopes involve thoughts to the effect that we somehow initiate our future actions. Some involve not only beliefs as to voluntariness or willingness but also an idea, or what is more an image, of our originating our future actions. To think of life-hopes of this kind, and their manifest inconsistency with determinism, and to accept the likely truth of determinism, is to fall into dismay. We are deprived of the hopes.


1.3 We also have life-hopes involving only beliefs as to voluntariness — that we will act not from reluctant desires and intentions, but from embraced desires and intentions, that we will act in enabling circumstances rather than frustrating ones. These circumstances have to do with at least the way of my world, the absence of self-frustration, independence of others, and absence of bodily constraint. Thinking of hopes of this kind, and noting the clear consistency of a determinism with them, may issue in intransigence. These life-hopes are not at all significantly threatened by determinism.


1.4 We have appreciative and also resentful feelings about others, owed to their actions deriving from good or bad feelings and judgements about us. Both sorts of personal feelings involve assumptions somehow to the effect that others could do otherwise than they do. It is natural in one way of thinking and feeling to take the assumptions to amount to this: others act with knowledge, without internal constraint, in character, and in line with personality, not out of abnormality, not because of constraint by others. This second one of a set of fundamentally like conceptions of voluntary action, wholly consistent with determinism, may lead us to make the response of intransigence with respect to personal feelings. However, we also have other personal feelings, having a certain person-directed character and including an assumption as to a power or control of their actions by others. The assumption is inconsistent with determinism and may lead to dismay.


1.5 We accept that our claims to knowledge derive in part from beliefs and assumptions	to our mental acts and our ordinary actions, by which we come to have evidence and the like. We may take it that originated acts and actions are necessary, and, taking them as ruled out by a determinism, suffer a want of confidence in our beliefs, a dismay having to do with the possibility of a further reality. Inevitably, however, we can have a different kind of confidence, owed only to an assumption as to voluntariness, the possibility of our satisfying our desires for information. Hence intransigence about knowledge. These are facts which the Epicurean tradition of objection to determinism has greatly misconstrued.


1.6 One fundamental question in morality is that of how the world ought to be in so far as we can affect it. However, it allows us to concentrate either on the nature of good men and women, or the nature of right actions. The other fundamental question is that of moral approval and disapproval of agents for particular actions, the responsibility they must have for their actions. An action's being right, and a person's having a good moral standing, presuppose that we do somehow have responsibility for our actions. Hence determinism's effect on all of morality can be considered by way of its effect on moral responsibility. 


1.7 What feelings enter into our moral disapproval of the vicious husband and father anticipating his divorce? We may have tendencies to act against him, retributive desires for at least his discomfiture. These desires, by a kind of direct reflection can be seen to be vulnerable to a determinism. The result may be dismay. However, reflection on the purpose of morality brings into view a kind of moral disapproval, and approval, which rest not on an image of origination but only certain beliefs as to voluntariness. There is no conflict between them and determinism. Intransigence with respect to determinism and morality is as possible and natural as dismay.


2.1 There are two traditional views of the challenge of determinism, Compatibilism and Incompatibilism. Considering them throws into greater definition the fact that each of us has two families of attitudes, including two sorts of life-hopes and so on, and may respond to determinism with at least dismay and intransigence. The two traditional views also demand consideration as the principal alternatives to the correct resolution of the problem of the consequences of determinism.


2.2 Compatibilist philosophers ascribe to us a single conception of the initiation of action, and a kind of belief as to the sufficiency of this initiation in so far as moral approval and disapproval are concerned. The conception is that of a voluntary action, and hence a determinism is taken to affect moral responsibility not at all. Incompatibilists also ascribe to us a single conception of the initiation of action, which includes origination, and a belief as to its role. They take it that the truth of determinism would destroy moral responsibility. Both philosophical parties take the problem of the consequences of determinism to be of an intellectual or theoretical kind, to which can be added that Compatibilists are in a way overwhelmed by the great fact of causation generally, and Incompatibilists are greatly desirous of our having a certain stature, of elevating us.


2.3 Our two families of attitudes, and the two responses, establish the falsehood of both Compatibilism and Incompatibilism. We do not have a single conception of the initiation of action, or a single belief as to the role of such a conception. Our circumstance is not either that a determinism leaves moral approval and disapproval untouched, or that it destroys it. To suppose that it destroys it, as Incompatibilists do, is to ignore our attitudes which may issue in intransigence. To suppose that a determinism leaves moral approval and disapproval untouched, as Compatibilists do, is to ignore our attitudes which issue in dismay. Compatibilism and Incompatibilism are as mistaken in other respects, not least in offering what are very nearly absurd explanations of the persistence of the problem of the consequences of determinism.


3.1 The true problem of the consequences of determinism is to escape the unsatisfactory situation in which we find ourselves, prone to two inconsistent families of attitudes, and two inconsistent responses. It is fundamentally a problem of dealing with desires. In trying to make this escape, we are not restrained by some fundamentality of origination as against voluntariness. Our endeavour must be to accept the defeat of certain desires, by reflecting, in part, on the satisfaction of others. It is an endeavour which enters into arriving at a philosophy of life.


3.2 In so far as origination is a fiction, life-hopes which we have are affected, and the damage cannot be assuaged by the reflections that ideas of origination are faint ones, or that a determinism saves us from chance. There is little solace in the fact that determinism gives us a particular membership in nature. There is more in the escape from failure which it allows. There is also the fact that our life-hopes in a deterministic world are no more bounded in their objects than life-hopes would be in a world of origination. If these hopes also have other recommendations, a final acceptance of our situation will depend on full belief in a determinism. We may respond to determinism, nevertheless, in so far as our life-hopes are concerned, with affirmation rather than dismay or intransigence. This includes the endeavour to accept what must be accepted, by several means, and also the recognition that our life-hopes can be life-sustaining things. They can enter into a celebratory philosophy of life.


3.3 A determinism conflicts with personal feelings of the kind that involve an image of origination, and an acceptance of this is included in the response of affirmation. The renunciation, particularly of the appreciative personal feelings of this kind, is made more tolerable by a related escape from the resentful ones. The response of affirmation also includes an assertion of the great value of the personal feelings as they can exist in a deterministic world. To make the response is to keep one's balance, which balance allows for a recognition of the great worth of an existence enriched by facts of personal relationship.


3.4 We can be said to be barred by determinism from knowledge of a possible reality. Thus there is a truth distantly related to propositions of Plato, Spinoza, and others. That is not to say that our lot must be a kind of unhappy agnosticism. Affirmation, as elsewhere, gives a place
to both considerations.


3.5 Moral approval and disapproval, since they may rest partly on origination, are affected by a determinism. Our specifically retributive desires are affected. There is more consolation here than with life-hopes, however, and perhaps more than with personal feelings. The moral responsibility untouched by determinism is of a large significance. For one thing, each of us has a moral standing. There are corollaries having to do with right action, and good men and women.


3.6 The response of affirmation enters importantly into a number of possible philosophies of life. It may be asked if it is possible for us really to make the response, since it involves a significant change in our lives. It may be asked if it would be rational to make the change. In fact the change is possible, and the question about whether it would be rational can be answered in the affirmative.


These answers effectively give the main ideas of a resolution of the problem of the consequences of determinism, the problem which has most exercised philosophers. What remains is a consideration, for which we now have some guiding principles, of certain fundamental
social and political facts.
  


On Consciousness and Radical Externalism

  Honderich's study of Mind and Brain, originally the first two parts of Theory of Determinism, inform Honderich's later works On Consciousness and Radical Externalism.

How do these works reveal Honderich's perception of the problem of the originator, the kind of free will that libertarians are looking for?


A careful reading of Mind and Brain tells us that Honderich is concerned about micro-indeterministic chance being the direct cause of action. He calls this the Postulate of Neural Indeterminacy, and generally opposes the idea. "How could an unnecessitated or chance event be something for which the person in question could be censured in the given way?" (p.184) He finds "strong and clear support for the proposition that neural sequences are somehow or in some way causal sequences." (p. 266)


Neurobiologists, and cell biologists before them, have long shown that the size of cellular structures is macroscopic enough for quantum micro-indeterminism to be irrelevant in the normal operations of a cell. We grant this, and it seems as if this is the basic evidence for Honderich's claim of determinism and causality in the Psychoneural intimacy of the mind/brain.


But there is another level of operations in the mind, the one computer scientists and cognitive scientists use to defend the "mind as computer" or "machine."  That is the famous analogy of the relationship of software to the hardware.


Here the macroscopic neurological brain is storing and retrieving pure information to serve the mind's consciousness of its surroundings, to inform its actions and interactions with the world. 


Now we know that there is no such thing as an information system that can communicate without noise in the system, both quantum noise and the more common thermal noise. Such noise is the informational equivalent of those chance microscopic events in Honderich's Postulate of Neural Indeterminacy, but now the emphasis must be on the Psyche side of Psychoneural intimacy. It is indeterminacy of thought, not of action.


And indeterminacy of thought, while not directly causing action, can influence our choices for action, not by causing them, and not by changing their probabilities, but simply by becoming alternative possibilities for action by the adequately determined will, which also includes determination of our muscular motions to implement the action. 


We may occasionally exhibit spastic behaviors, but there is absolutely no evidence, and no need, for actions that are affected randomly by microscopic quantum uncertainty, despite the fears of many philosophers of the consequences of admitting some indetermism. 

Determinists have been right about the Will, but wrong about Freedom (or origination).

 Libertarians have been right about Freedom, but wrong about the Will, which must be as adequately determined as the rest of our physical selves.

What does this information in the mind/brain have to do with Honderich's theory of "Consciousness as Existence" or more recently "Radical Externalism?"  Consciousness is quintessentially ideas, including of course our feelings about those ideas, which as associationists from Hume's time thought, are recollections of sense experiences.


Now small errors or "noise" in our recollections are the stuff of "new ideas," such as we experience when dreaming or half-dreaming, musing about possibilities. 


Radical Externalism says that:


Consciousness is perceptual, reflective or affective — in brief it has to do with seeing, thinking and wanting. We are as good as never engaged in only one of the sorts of things. There are large problems here. One is the understanding of the mixing and melding of the three parts, kinds, sides or whatever of consciousness, of how one contributes to another, even in ordinary seeing and acting. (Radical Externalism, 2006, p.6)

 
Honderich wants his "perceptual consciousness" to encompass not merely the representation of the world in the mind but a commitment to the existence of the perceived world. In informational terms we say that there is at least a partial isomorphism, a "mapping" of the information stored in our neural systems, and the information in the world I am seeing.
  
You are seeing this page. What does that fact come to? What is that state of affairs? The natural answer has a lot in it, about the page as a physical thing, whatever one of those is, and about your retinas and your visual cortex. It also has in it philosophy and science about the relation between a neural process and your consciousness.

So there is more to your seeing the page than your consciousness of it. (p.3)
  



  Honderich seems to agree with the partial isomorphism in his description of reflective and affective consciousness, which can have thoughts that correspond not to the real world, but to a modified world of the imagination, including states of affairs that the agent has the power to originate, to bring about in an open future.
  
Now a few words about reflective consciousness, say thinking of home, and affective consciousness, say wanting to be there or intending to get there. (p.8) 

Very briefly, what it seems to be to think of home now is for something to exist that has some of the properties of home. That is what a representation essentially is — something that shares some effects with what is represented. (p.9)


As for wanting to be at home or intending to get there, and affective consciousness generally, one essential point is that this too is to be understood in terms of the characters of anyone's perceptual and also reflective consciousness. 


Part of the rest of the story here is that there are values in our perceptual worlds — including scenes in nature, pictures in art galleries, and people who are good-lookers or who care about the hurts of all others. It is very mistaken to suppose that the story of value is a story that does not contains things as real as woods, paintings and people — stuff of perceptual consciousness. More of the story of affective consciousness has to do with bodily sensation before acting or in acting and of course representations of actions. (p.9)
  



  Can Honderich see that our affective consciousness is so much more powerful if it can imagine ways of wanting the world (for example, wanting to be home) that are not already pre-determined in the one possible future of his intransigence attitude toward the meagre "life-hope" he accepts in voluntarism with no origination? 

Such imaginations, in the abstract world of information, in our minds, can then stimulate our bodily sensations before we act on them. 
  


  Honderich wonders how close Radical Externalism is to a dualism.
  
In brief, [dualism] is is the theory, rightly associated with Descartes, that your consciousness is somehow non-spatial and hence not physical. It is in fact only misleadingly called dualism, mainly because its distinctive nature and its problems are not owed to its asserting that consciousness is other than physical but rather to its asserting that consciousness is out of space and in fact of a mysterious nature. As remarked, it is better named spiritualism or mentalism. (p.11)
  

  In Information Philosophy, the abstract world of information is neither spatial nor physical, neither matter nor energy, yet it needs matter for its concrete embodiment and energy for its communication. Information is the modern spirit, the ghost in the machine, the realm of Descartes' mind.    
  

  Honderich lists several criteria for evaluating Radical Empiricism, and notes that as a near-physicalism, it gives us a clear sense to our conviction about subjectivity.
  
You have heard of two criteria tor a theory of consciousness, one being that it must actually be of consciousness as we know we have it, one being truth to appearance. Devout physicalism fails absolutely to satisfy these criteria. Radical Externalism does satisfy them.

A third criterion is that consciousness is somehow subjective. The term has been variously used and abused, but that consciousness has some character that the term points to is indubitable. Devout physicalism allows for no persuasive sense in which consciousness is subjective. Spiritualism in its carry-on about a self or subject or the mind faces overwhelming objections. If it is a near-physicalism, it does give clear sense to our conviction about subjectivity.


For Radical Externalism, perceptual consciousness consists in a state of affairs that not only is partly dependent on one individual, but in also different from related states of affairs dependent on other individual, It is also different from the state of affairs that is the perceived physical world as well as other states of affairs that are in defined senses objective. 


A fourth criterion of adequacy is that a theory of consciousness must make consciousness a reality, which is to say physical or approximate to physical or in some strong sense reducible to the physical. A fifth criterion is that a theory must not make impossible what is actual, which is causal interaction between consciousness and the physical. Spiritualism fails both tests absolutely. Radical Externalism passes them. Those who follow Descartes take consciousness out of space, and therefore postulate causes and effects that are nowhere. That is certainly not so with Radical Externalism.
  



  Nor is it the case in Information Philosophy, which takes consciousness to exist in part as abstract information.
  
There are other criteria that can be no more than mentioned. One has to do with the efficacy of consciousness, which is to say the impossibility of epiphenomenalism. Another, of lesser importance, derives from a common uncertainty about whether our consciousness, all of it, is something in our heads.

I leave unconsidered, too, the recommendation of Radical Externalism with respect to the science of consciousness in particular. It saves it from a certain self-doubt, by making all of consciousness persuasively understood a subject for science. It also clarifies a long-running uncertainty about the dependency of mind on brain. In proposing a considerable conceptual shift, hopefully a revolution, it can be no stranger to science, certainly not to physics.
  



Chapter 23 of Free Will: The Scandal in Philosophy, on Ted Honderich's Determinism (PDF)

In 2014, Honderich published this very generous commentary on the above chapter, as well as the chapter content, on his website at University College London.


This is a chapter of Dr. Doyle's book, Free Will, The Scandal in Philosophy. The book, blessedly, is not the same old stuff about the human consequences of determinism. It is important for its originality, clarity and fortitude. Few things published in this neighbourhood in the last couple of decades have had that recommendation. The book is not the dead theory that determinism is perfectly compatible with our freedom and responsibility, or the dead theory that determinism is incompatible with freedom and responsibility. Turn to a brief obituary of that pair if you want.. Nor is Doyle's book, by way of an additional example, the wonderful and hopeless idea that determinism is compatible with one of freedom and responsibility and incompatible with the other. Those two things, in one of my more confident views, are welded together, inseparable. For Doyle's own view of the determinism problem, go to The Two-Stage Solution to the Problem of Free Will. For Doyle's website on these and other subjects, go to The Information Philosopher. You can also go to a development of my thinking on consciousness that he mentions.
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Chapter 4 of How Free Are You, Oxford, 2002, p.37


The theory of determinism we are putting together, and more particularly the fundamental part that can be called Initiation Determinism, takes a choice to  be a real effect, like the  neural event associated with it. The choice is not an uncertain effect of some funny kind. That is important, but it isn't everything. In order to be a real determinism the theory also needs to take the choice to be an effect of some causes rather than others, or, as you might say, enough causes. This is easy to see.

Suppose you took the view that someone's choice, say Toby's choice to try to leave his secure job, was a real effect — but of something or other that definitely was not an effect itself. Maybe this thing was the forming of an intention, a forming of an intention to choose as he then did. It was a kind of pre-choice. Whether the pre-choice took place an instant before the fateful choice itself, or a long time before, this view wouldn't be determinism but more or less the opposite.


Shall we say that what Initiation Determinism comes to with respect to a particular choice is that it was an effect and everything that led up to it or was in the story behind it was an effect? Well, that would be something of the right sort, but when you think about it, it is more than a little unclear what led up to a particular choice — what it is for something to lead up to a choice.


We can do better. Let us avoid the difficulty by saying, in a way, that all choices and other conscious events are effects of heredity and environment. To make our theory more explicit we need the idea of a causal sequence or chain. The shortest complete one of these consists in an effect preceded by a causal circumstance and that causal circumstance preceded by a still earlier one for it — for all of it. Most sequences we think about are longer, chains with more links.


Everything within any causal sequence, which is to say everything but the parts of the initial causal circumstance and the final effect, whatever may be true of them, is both an effect and a cause. There aren't any gaps. Thus it is true of the sequence that the final effect was made necessary not only by middle or intermediate circumstances but also by what we are calling the initial circumstance. When you get the initial circumstance the end of any sequence is settled.


Although we are not likely to think of the possibility at first, the parts of a causal circumstance, even an initial causal circumstance, can occur at different times, even very different times. To go back to the lighting of the match, suppose we first describe a causal circumstance for it in terms of the match's being dry, in oxygen, struck, and the surface it is struck on being of the right kind. We take these four things as being at the same time, the time of the striking. But we get another perfectly good causal circumstance if we take the first three items together with something earlier that guaranteed that the surface was of the right kind at the time of striking.


The causal sequence for any choice or any other conscious event, we say, is such that the parts of the initial causal circumstance occur at different times. They are also of different sorts. Some of the earliest parts are neural facts and other bodily facts just prior to the very first mental event in the history  of the person in question. The other parts of the initial causal circumstance are events in the person's environment then and thereafter, probably right up to the time of the choice or whatever.


To have a definite idea of these environmental events, we can restrict them to items that affect a person directly, not through intermediaries. So each of these items is the last item in some environmental story, presumably causal, and this item's immediate effect is a bodily or neural event of the person in question. Suppose Toby's saying something shirty to his boss makes his boss feel that he may have to take a difficult decision about him. Our initial causal circumstance for his feeling this at the moment doesn't include all of Toby's history leading up to his words, but only the very last bit.


What we arrive at, then, is the idea that each choice and other conscious event is the effect of a causal sequence whose initial circumstance has in it neural and other bodily events just before the first moment of consciousness of the person in question, and what can be called last environmental events then and thereafter.


Certainly, the sequence for almost any choice will be complicated beyond tracing. For a start, there will be a multitude of conscious events within the sequence. A lot of them will have to do with learning. There will also be a multitude of things so far unnoticed, mental dispositions. These are dispositions to think or feel this or that, and are best regarded as persisting neural structures. In my view they are what can properly be meant, by the way, by evocative talk of the subconscious or the unconscious mind.


However impossible it is to set out all the links of a single causal sequence, we have a clear idea of what this explanation of the mental event comes to. We don't have to know the details, any more than we have to know the details to understand the claim that what crushed the daisy in the valley was the avalanche that started up on the mountain.


As with Mind–Brain Determinism, it will help to have in mind a particular idea of consciousness and the brain, the Union Theory. What it comes to is that conscious events, events of subjectivity, are nomic correlates of simultaneous neural events. Here is a model or diagram of Initiation Determinism in terms of this theory. Or rather, a model or diagram of a very small part of such an Initiation Determinism.


FIGURE


M1 is Juliet's mental event, her feeling at a particular moment about having met a man called Toby. It goes with her neural event N1. As for E1, it is some last environmental event which comes a little later. The event El together with the pair made up of M1 and N1 are the two parts of a causal circumstance for what comes later, the pair made up of another mental event M2 and another neural event N2. Maybe M2 is a happy feeling of anticipation on Juliet's part. The model leaves out everything before the time when M1 happened, and so doesn't come near to showing the very early neural and bodily events in the long causal sequence.


This is a good moment to glance at something distracting that goes against all of this. It is a picture of the mind which admittedly comes from true things we say. We say some mental events are effects and some are causes. Seeing something is an effect and deciding something is a cause. We also say that some mental events are both effects and causes. These beliefs can in fact be explained in terms of the picture of the mind we have been developing, but
some philosophers have done otherwise. They have come up with something called Interactionism (Eccles and Popper). Here is a little model of a version of it.1

The first item shown in the model is neural event N1 in Juliet, maybe having to do with the neural side of her seeing or hearing something. N1 causes Juliet's feeling about having met Toby, M1, to happen a moment later. Another moment later, M1 has the effect N2, which is a neural event that maybe will lead to the physical action of Juliet's sending him a note.

This Interactionism is not easy to take seriously, for several reasons. It is supposed to be the full story of this bit of Juliet's history. If it isn't, and we add to it, we are likely to get the sort of thing we ourselves have been developing. If it is the full story, M1 was a free-floating or ghostly event. What I mean is that it was something mental that was unconnected to any neural event at the same moment. That is about as hard to believe in as ghosts themselves, which if they existed would also be free-floating mentality.


Another problem is the explanation of N2. That was a neural event which came out of nothing neural. At the moment before N2 — at the moment of M1 — there was nothing happening neurally. That is not a promising move in theory-construction, and is hard to swallow. We don't think there are gaps in a brain's history, gaps in the history of a part of a physical body. If our present business is setting out and clarifying a theory, whether Initiation Determinism or Interactionism, we can't help but do so with an eye on probable truth.


Interactionism as sketched is a bad determinism, which must not delay us. What really needs attention is the kind of explanation of mental events that is radically different from all of what we have been considering so far. This different kind is in terms of Free Will and is indeterministic, not a matter of causation as we know it. It has often been assumed and talked about, and it has also been set out in full complexity by industrious philosophers. In fact, they say more than anyone is likely to have the fortitude to be able to consider.


A Free Will theory may have a source in religion, now American religion in particular (Ekstrom; Boyle et al.). It may have a source in politics, perhaps a conservative politics that is keen to credit people with a certain right to the considerable amount of private property they have, and to leave others without such a right to any more than the lesser amount they have. A Free Will theory may also have a source in something more widely shared, a desire to give us humans a certain dignity—a standing above the rest of what exists, including what the Free Will philosophers in question would not be inclined to describe as the other animals (Kane
1996).	


But the main guiding aim of a Free Will theory is likely to be a related one. In fact, it enters into the three already mentioned. It is the aim of getting to a conclusion from which it will then follow that we can be taken as absolutely responsible for our choices and our ensuing actions. It is to get to something such that it will follow that we can be taken as responsible in a certain way. That is all-important. As noticed in passing at the start, there is more than one thing that can be called being held responsible for things or being credited with responsibility for things.



to make free will dependent on responsibility is the  ethical fallacy

The aim of a Free Will theory is likely to be to make us such that we can be held responsible or credited with responsibility where our doing these latter things involves certain feelings. 2
But above all, our being responsible in this way involves our being able now to choose differently from how we do, given the present and ourselves exactly as they are and the past exactly as it wad. Our choices, on this story, cannot be effects but come about somehow very differently.

Almost all historical and also most recent theories have to do with not only neural events and mental events but also something else, a self or originator. What they come to is that in each of us there exists an ongoing entity that is said to originate choices and decisions and hence actions, which things are not necessitated by neural events or anything else. Let us start with a very incomplete little model, later on in the adventure of Juliet and Toby.

FIGURE


M3 is Juliet's mental event of seeing Toby on waking up one morning. M4 is her deciding a moment later to say to him that they should have a child together. This conscious event M4 will turn out to be what the model is really focused on, a free decision. The later item A is her still later action of actually saying to him that they should have a child. N3 is a neural event at the first time, and N4 a neural event at the second time, leading towards the action A. That leaves S, which is Juliet's self. It might be better to call it a Self. Certainly it is very different from the other items in the model. For a start, it is not an event, not something that occurs at a time. Rather, it is an enduring thing, moving through time from the first to the last moment shown.


The model leaves a lot out. It gives no indication of the kind of connection between the associated neural and mental bits. It gives no indication of the kind of connection between the neural bits themselves. It doesn't say anything either about the connection between the enduring thing S and, in particular, Juliet's piece of deciding, M4. The idea is that the first of these two things, her self, somehow gives rise to the second, the deciding. We will have to try to fill the model in.


Free Will sounds like something out of the past, as it is, but it can be brought up to date. Its supporters do this. So, as I have already implied, they do pay attention to neuroscience and neural events. They then face the question of the relation between mental and neural events, and in particular between M3 and N3 and also M4 and N4. They have two possibilities.


To speak in a loose way, they can deny necessity or nomic connection here and thereby allow for Free Will, or they can deny necessity or nomic connection at another point. Their better or least bad option, I think, is not to deny it here. This has been their common habit since they have paid attention to the brain and neuroscience, and it continues (Searle 2000; cf. Eccles and Popper).


Let us then suppose they say that each mental event is in nomic connection with the neural event at the same time. That is the one feature that this picture of the mind shares with our determinist one. But if M4 is tied in this way to N4, and the aim is to make Juliet responsible in a certain way for M4, we need to regard N4 as something other than an unavoidable effect. It can't be a real effect of N3 or anything else, or we will make its partner M4 unsatisfactorily inevitable

.
This is the stage when we bring in an interpretation of physics,  or rather an interpretation of the part of it that is Quantum Theory. It is in fact an interpretation of some mathematics, a way of saying what the mathematics could come to in terms of the actual world. We will be returning to the subject. What is important now is that the interpretation supposes that there are things that happen that are not effects but which are made probable by what happens before them. So we say that the neural partner N4 of the decision M4 is not an effect. It didn't have to happen. It was just something made probable by what went before, in particular the neural event N3, which went with Juliet's seeing Toby.


We now come on a first large problem. That the theory takes neural events to be made probable by antecedents is not just a case of its supporters granting something of what seems true. It is not just a necessary bow on their part in the direction of neuroscience. That is, it is not just a concession in the direction of real causal connection.


There is the reason that there has to be a pretty sure connection between N4 and subsequent neural events on the way to the action, A, or else the action A will be made uncertain. There will be too much chance that Juliet's words aren't at all to the effect that they should have a child, but are something else. If there is not a very high probability that items like N4 will be followed by the right other neural events, then actions we fully and absolutely intend will on too many occasions mysteriously not happen.


So the links after N4 have to be pretty tight. But then in factual consistency so do the neural links before N4. That is unfortunate, since the theory needs these earlier links to be pretty loose in order for Juliet to be held really responsible for what is tied to N4, her decision to speak up.


Can this large problem of seeming inconsistency really be dealt with? Maybe it can. Maybe we can tolerate the ad hoc idea that the earlier neural events are not so probable, in order to leave room for Free Will, but the later neural events are more probable, so that our behaviour doesn't involve many mysterious failures and surprises. Even so, we have not got very far in filling out the theory.


Soon after Quantum Mechanics was interpreted as the idea that there are truly unnecessitated events in the world, events not nomically connected with what precedes them, it was supposed that Free Will was thereby automatically saved. It was saved just by these random or chance events.  That is, it was supposed that these events by themselves give us Free Will. But of course they don't. To put the matter briefly, I can't be any more responsible in the desired way for a mere chance event and what goes with it than for a necessitated event and what goes with it. A chance event comes out of nothing. I might be less responsible. In fact, until more was supposed by the hopeful philosophers, this was a case of out of the frying pan into the fire.


The theory of Free Will we are trying to put together tries to deal with this. The neural facts, as we have seen, leave it somehow uncertain that the decision M4 will happen. What is supposed to explain that it really does happen is Juliet's self and its activity (O'Connor 1995a; Searle 2000; Eccles and Popper; Kenny; Boyle et al.). So, in terms of the model, we need to know what S comes to and what its relation is to M4.


A couple of things are clear about S. If you want to explain a decision somehow, but not make it into a necessary event, it will be a good idea not to explain it by citing something that happens before it, a prior event that somehow gives rise to it. That will
immediately raise the question of the prior event's being caused, and worse, being caused to cause the decision. An ongoing entity, a self or originator, seems better than an event.

 
Also, if the aim is to hold us responsible now in a way for a past choice or decision conceived as causally unconnected with our brains and characters and everything else, it is at least useful to have something definite on hand now to aim at, something that seems to be of the right sort. We need the right kind of object for our feelings. The same point applies to our having a certain moral credit.


But awful questions arise, first the question of what S comes to. What is the nature of a self? Necessarily, there is supposed to be a lot more to one of these selves than we ourselves had in mind at the beginning of chapter 3 in connection with the character of subjectivity of mental events. We speculated about an interdependent duality within mental events, involving an aspect for which another aspect exists. A self is far from being a mere aspect of mental events. It is some kind of real entity outside of them, with some kind of power with respect to them. What we can all hesitantly discern about a side of a mental event becomes something much larger. It might indeed be better to elevate it from a self to a Self.


To repeat, what is such a self supposed to be? We already have mental events and neural events on hand. What sort of thing is this originator? Is it a third sort? Does our existence involve the brain, and mental events or the flow of consciousness, and also something different from both? So it seems. Of what material is this self? We have an idea of the material of mental events or consciousness, so to speak, and an analysis of the material of neural events, but what about the self? Is it of no material at all?


If the question about its material is just out of place or wrong for some reason, what are we supposed to think about it? If it is somehow mental, in what sense is that? We need some information to be going on with, long before we get to such questions as whether it, unlike mental events, is not tied to but is entirely free of the brain—which, incidentally, would certainly go against what was called psychoneural intimacy.


There is a temptation into which some philosophers have fallen at this point in trying to provide it. It is the temptation to regard a self as a person within a person, a homunculus. There is a temptation to think of S as an inner person deciding M4. But this is terrible.


John Locke described this infinite regress of wills


One familiar and smaller reason is that it seems we will then have to try to give an account of this inner Juliet along exactly the lines of the account we are now trying to give for Juliet, and so on.


Getting rhetorical or trying out deep thoughts is no help either. Nor is a deceptive kind of plain speaking. The latter happens when it is said, as if no more needed to be said, that this talk about a self is just about 'the mind' or 'a person'—in this case the real person Juliet. But plainly it's not all of the mind or all of Juliet, or even much of it, or even close to much of it, that is in question. We need something more definite. We can't just forget that the self is supposed to be able to overcome desires and the like which are surely elements of a person. If it chooses between inclinations, it doesn't include them.


In short, we have a second problem, still larger than the one about inconsistency in probabilities. It is a problem of clarity. All we can get hold of with respect to a self or originator is that it is in a kind of relation to decisions — we are told that it originates them. It is safe to say that no one has ever begun to answer the question of
the nature of a self or originator. In fact no advocate has really faced up to the problem. All have slid by it. It seems to me likely that all future announcements of a self will be like the traditional  and the recent ones (Reid; O'Connor 1995a; Clarke; Rowe).


Originating the decision is simply selecting, deterministically, among alternative possibilities.


So there are two large problems, one about inconsistency in matters of probability, and one about clarity in talk of the nature of the self. There is a third problem, related to the second, and such as to make the second worse. It is another problem of clarity. It is all very well, when asked about the relation between an originator and a decision, to say that it originates the decision. What does that mean? We do need to know what the connection is between S and the decision M4 in the model.

	
It is downright embarrassing to hear that the originator looks over the brain and selects neurons for activating in order to get what it wants, or rather the mental events it wants. This turns up in a large book on Free Will by a philosopher and a neurophysiologist (Eccles and Popper). It does of course involve the homunculus trouble, but that is not all. There  is another much larger difficulty.


It is no good using ordinary mental verbs such as 'look over', select', and 'want' in order to try to describe what the relation is between an originator and a mental event. At any rate it is no good leaving the matter there. We want to know what these verbs come
to in these uses, what is involved in the activities they describe. We need a general understanding of these activities. A general understanding of such activities is in fact exactly the concern of determinist and indeterminist philosophies of mind. Determinist philosophies understand such activities as a matter of standard effects. What is the opposed understanding — something in addition to the denial that the activities are such effects?


In the earlier discussion of causation in chapter 2, it was allowed that some of us ordinarily talk of our choices and decisions as being effects but would say they are not necessitated — not standard effects. And earlier we noticed various non-standard ideas of effects sometimes proposed by philosophers. There were ideas of events as just made probable by previous ones,
or events vaguely owed to a vague power, or events having previous ones as required conditions, or events having a 'usual cause'. My own feeling is that most of us will really say, if we can be got to think about it without distractions, that our choices and decisions are best thought of in terms of standard effects. But forget about that. 


In order to have a general understanding of the relation between an originator and a decision, let us try to think in terms of one or another of the non standard ideas of causation. It doesn't matter which one. We try out the idea, as various philosophers have, that the originator by itself in some non-standard sense causes mental events to happen. We noticed this possibility at the beginning of the chapter about causation. To say the least, problems arise.



The alternative possibilities are events, albeit uncaused - i.e., probabilistic.


We need to remember, as remarked earlier, that an originator is not an event, not something that happens. In the model, S is of a different kind from everything else. There are good reasons for this from the point of view of Free Willers, as we know. If we keep events right out of it when we are thinking of an originator, as we have to, we are left with an ongoing and unchanging thing, what used to be called a substance. Putting aside our instructions, this is also what naturally comes to mind in trying to picture an originator or self.

But if the originator in the Juliet story was the same from start to finish, why did it somehow cause her decision M4 when it did, rather than at the earlier time of M3 or the later time of the action A? Why wasn't it always causing it throughout its entire career? Indeed, is there any point in saying that it 'caused' it in any sense when it occurred? Surely this causal language is so different from the standard one that it is baffling and as good as incomprehensible until more is said.


Moreover, if the originator  is unchanging, how can it be said to cause endless numbers of different things, endless different decisions, as of course it is supposed to? What is the point of saying it caused Juliet to decide as she did when it might as well have resulted in her deciding the very opposite? That fact is fundamental to all non-standard causation. Remember that nothing made Juliet's decision happen, nothing necessitated it. The self didn't guarantee or ensure that decision. This last and overwhelming objection, by the way, is also one of several objections to something you may be tempted to think about, an originator that does change or develop over time.


One more remark here. Some of the philosophers who try to save Free Will by way of a self make use of a certain old idea taken from religion and  theology. They even make use of the idea to try to define or explain the nature of a self. It is the idea of God as self-causing or cause-of-himself. What the philosophers  of Free Will say about the self is that it, and certainly not an event in or of it, causes itself to make a decision — or something like that. It is hard for me to believe that time needs to be spent on trying to make sense of such stuff, wherever it turns up. Surely it does not make as much sense, even, as talk of causes as things that make other events probable, talk of causes as only required conditions, and so on.


My reason for this impatience is that causation as we know it, whatever it is, and all ideas of causation other than this one of self-causation, involve a relation between two things, a dyadic relation between two non-identical things. That is what you can call an axiom about causation. So if someone talks of exactly C causing exactly C, they are not talking at all of the sort of thing we know something about. They need to start explaining from the beginning, rather than assume they can start with a certain understanding on our part.


Can this bundle of problems be dealt with by making a certain move? Can we help out advocates of Free Will by offering them the use of our clearer ideas of causation? Of standard or ordinary causation?


In fact, have at least some of us not implicitly been thinking of the originator as something like a causal circumstance? Certainly this is natural. It avoids some difficulties, since it is satisfactorily impossible to think that a whole causal circumstance persists through time but has its effect only at one moment rather than another. It is also satisfactorily impossible to think that a causal circumstance can give rise to a multitude of different things, and at one moment to opposite things. But despite advantages, we simply cannot take the originator as a causal circumstance. It doesn't guarantee anything. Is there another possibility? What if we think of an originator as just a cause, just a part of a causal circumstance?


We now have an idea of Free Will, very different indeed from the model we have been considering. The originator becomes one constant or ongoing element of various causal circumstances for decisions. The other items in each particular circumstance might be different mental events, including desires, inclinations, and so on. We certainly face a difficulty. If such a causal circumstance really is a causal circumstance, then one particular decision and no other has to be the upshot. If it is to serve the ends of a Free Will theory, we are going to have to make the new story very different, and very mysterious.


It will have to be that when everything else is in place for a decision, it is up to the originator whether or not to pull its weight. Certainly an originator has traditionally been thought to be able to defeat desires, go against the person's whole nature, rise over the past, choose the path of duty, and so on. But then we seem to be back with the originator as decisive by itself, again something like a causal circumstance — which in fact it can't be. We get pretty much the same bafflements as before. How could what is unchanging give rise to something or its opposite? What is this obscure activity?


We do not get out of these various difficulties about the relation between an originator and decisions by turning to seemingly different conceptions of an originator, perhaps as a faculty of the mind called the Will, or an active power, or the Self-Conscious Mind. If is not clear what these entities are, but it does seem that the different ways of talking simply inherit the various difficulties. The Will, for example, is sometimes said to be a rational disposition (Kenny 1975). Such a thing has the power to produce something all by itself, but it may not. But then what are we to understand about its working when it does work? Why does it work at one time rather than another? How can it give rise to a different and opposite decision from the one it does give rise to? All this seems to be the same mystery again.


One summary of the mystery is that we are given no explanation of why or how decisions and the like are supposed to come about, and thus given no content to talk of their being in our
control, or their being such that we are responsible for them. The sad fact is that these theories seem to fall back into being what we noticed earlier, and what they must of course try to add to, the idea owed to Quantum Theory that decisions and choices are a matter of mere chance events. This falling-back does indeed wreck responsibility and dignity and special rights and so on.


In my opinion the least embarrassing response to the request for an explanation of the relation between an originator and decisions is that an explanation cannot be given. We have to regard this relation as primitive or unanalysable. The situation is to be taken as like one with a language or a logical system. Not every term can be broken down into others — there has to be at least one term that is taken as clear without being explained in terms of others. We start with that and explain other things in terms of it.


What this response comes to is that there exists a relation between an originator and a decision such that the person in question can in a way be he responsible for the decision. More can be said about what it is to hold a person responsible, but nothing can be said about the relation itself. We just somehow understand it. This may seem suspicious, or a cop-out, and of course it does not help with the two earlier problems, about inconsistency in connection with probability and the very nature of an originator. But it is a possible position. Something like it it is held by a very acute philosopher who has been to the fore among Incompatibilists. Freedom is incompatible with determinism, he said, but this freedom remains a mystery (van Inwagen 2002).


After all this, it may come as no surprise, despite the temptations of the idea of an originator, that there are philosophers of Free Will who have given up entirely on the idea. They argue for origination without an originator or self. They have no truck with a non event
or unchanging substance somehow giving rise to choices and decisions. They have nothing to say about self-causation. They take S right out of our model and try to make satisfactory sense of the decision in other ways. The general idea is that you can explain Free Will and save the desired kind of responsibility just by seeing that items like M3, N3, M4, N4, and A stand in certain relations. By such means you can explain why or how decisions come about and are in our control and why we are in a way responsible for them.


Of the various relations mentioned, perhaps the simplest is that a choice or decision, although it is not a standard effect, is owed to a reason. This reason may be identified somehow with a belief, a desire, a combination of those two, an intention, or something of the sort. To go back to the little model, but with S taken out of it, what explains M4, Juliet's deciding to say to Tony that they should have a child, is her reason, M3 — something like the look of him that happy morning. Indeterminism was true of the whole episode. It may be added, bravely, that M4 was not an effect in any sense at all, however special. M4 is explained just by the reason for it (cf. Ginet; Nozick; Searle 2000).


This certainly seems to fail. Speaking very generally, we have two ideas of reasons, the first being of what it is natural to call good reasons. Such a reason is a proposition that makes another proposition true. Take a first proposition that itself has two parts: if I am an uncle then someone is my nephew or niece, and I am an uncle. That is a conclusive reason for a second proposition: I do have a nephew or niece. Of course the first proposition does not cause the second — because, for a start, neither proposition is an event, something that happens. Also, the relation between the reason and the conclusion, as we say, is just a logical one.


Our second idea of a reason is of a belief or desire or whatever, a conscious event, that causes another such event, say another belief or a choice or decision. Such a reason may have as its content a reason in the first sense — a good reason. But the later event does not occur because of that logical relation, but rather because it is the effect of the earlier event. One proof is that the logical relation could exist, and the person in fact think of the good reason, without the second event's happening at all. We aren't always logical.


What follows from this is that if you try to explain an event by citing a reason, you are already in the business of giving a causal explanation of some sort. If you deny that you are in this business, you need to begin to try to tell a whole new story. You can't depend on reasons where they are no more than terms of logical relations. You need an explanation of events.


There are other attempts to make a relation of origination clear. Some use the ideas noticed in connection with an originator. A decision is said to be self-causing. Or it is said to be an effect only in the sense that it was preceded by something that made it probable, or was a required condition for it, or had an uncertain power to produce it, or was something like a 'usual cause'. If we no longer face the awful problems having to do with an unchanging originator sailing through time, we do have other problems with these ideas.


The main one is that these various items simply seem to fail to give us an explanation of the choice or decision. We get no reason to think that the choice or decision is in the control of the person. The simple fact is that we are to understand that the earlier event could have occurred entirely without the so-called effect. That must be true because all that is said is consistent with the assumed indeterminism — there being no causal circumstance for the so-called effect, no necessitation of it.


This is not necessarily the slightly controversial claim that all explanations of events are standard causal explanations. Rather, it can be the proposition that if you give up standard causation, you really do need to supply some other general idea of explanation. You can't leave a hole where there was something before. And you can't fill the hole by giving it the name of being some sort of funny cause. Funny causes, by definition, don't say why things actually happen.


As it seems to me, this is the situation of the philosopher (Kane 2002b) who has laboured most manfully to explain origination without recourse to an originator. To talk of choices and decisions as events in the sense of being probable, he adds a good deal. Choices and decisions are the results of efforts, the outcomes of struggles, the upshots of willings, the resolving of conflicts between duty and desire. They are, perhaps most importantly, self-forming actions.


All this is conveyed to us as if these descriptions themselves are supposed to give us an explanation of the coming-about of the decisions. But if the various verbs and locutions are deprived of a standard causal content, which they must be, and given only some content having to do with probabilities, the choices and decisions remain unexplained. For all that has been said, any one of them might never have happened.


 That is not all that can be said at this point, particularly about the matter of probability and effects. Probability is a difficult and disputed subject, as was remarked earlier, even if it is clear that an event's having been made probable by something is not the same as the thing's having been a causal circumstance for it. But this is consistent with another clear and good idea — the possibility that our talk of the probability of an event's happening actually presupposes and depends on there really being a standard causal explanation of the event. This bad news for Free Will philosophy is roughly as follows.


What is it for an earlier event A to have made it 95 per cent probable that a later event B would occur? A good idea about this has to do with the fact, of which you have already heard, that typically we don't know exactly and fully what is in a causal circumstance for B. And that typically we have a pretty good idea. We know in what situation a causal circumstance tends to occur.


Suppose it has been our experience that in 95 per cent of the situations in which event A occurred, it was followed by B. We say B is 95 per cent probable with respect to A, and what this means is just that in 95 per cent of the situations in which A occurs, there is precisely a causal circumstance for B. That leaves B as just probable with respect to A, and not the effect of A as a causal circumstance. But the fact of probability simply presupposes that B is the standard effect of something. As I say, bad news if you want to put probability together with indeterminism.


Let us notice just one other attempt to make sense of origination. Some advocates of Free Will, including the philosopher lateiy mentioned,  have said that decisions are explained teleologically, that is, in terms of their goal. They are explained by what they lead to. This ancient line of thought is owed to the fact that we can indeed say things like this: Birds have hollow bones because that enables them to fly better and We perspire because that reduces our bodily temperature. But this talk, as almost everyone agrees, ca of really give us the conclusion that effects by themselves explain their causes. That seems to be an astonishing idea.


Attempts have been made to make teleology less astonishing (G. A. Cohen). They have not succeeded, and nothing is going to get us to agree that the occurrence of a decision is explained just by what it results in. In connection with the birds and our perspiration, what will come to mind is an  evolutionary story, which really is standardly causal. To say birds have hollow bones because that enables them to fly better is to say there is an evolutionary explanation of the hollow bones — some types of creature have survived because of the advantage to their predecessors of their hollow bones. If we turn the Free Will theory's teleological explanation into some standard causal one, however, we will defeat its main purpose (Honderich 1982).


Last but not least, it is likely that a Free Will theory really cannot get rid of the embarrassment of an originator. It has to have something that is going to be responsible. A past decision itself, whether it was probable or self-causing or teleological or anything else, isn't what we hold responsible for actions or give a kind of moral credit to for actions. If a philosopher says it is not a person in an ordinary sense who is responsible, something of certain traits, desires and so an, he will indeed need to offer us something more than a choice or decision in certain relations. We don't put past decisions in jail either.


Have I been too hard on the philosophy of Free Will, too judgementaI? Well, have a look for yourself at efforts to set out clear, consistent and complete accounts (Kane 2002a; O'Connor 1995b). As for our project of setting out a determinist philosophy, we need to finish it by looking at the relation of conscious events to subsequent actions. We will then come to a final judgement about the clarity, consistency, and completeness of the two philosophies, and then really look at the question which has already been pushing in, their truth.
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  Thomas Hobbes was a determinist.
  
   "That which I say necessitates and determinates every action is the sum of all those things which, being now existent, conduce and concur to the production of the action hereafter, whereof if any one thing were wanting, the effect could not be produced. This concourse of causes, whereof every one is determined to be such as it is by a like concourse of former causes, may well be called the decree of God." (Of Liberty and Necessity, 1654, § 11)  
  


  For Hobbes, the idea that one could ever do otherwise was a contradiction and nonsense.
  
  "I hold that ordinary definition of a free agent, namely that a free agent is that which, when all things are present which are needful to produce the effect, can nevertheless not produce it, implies a contradiction and is nonsense; being as much as to say the cause may be sufficient, that is necessary, and yet the effect shall not follow." (§ 32)
  


  But Hobbes was also the modern inventor of compatibilism, the idea that necessary causes and voluntary actions are compatible. (In antiquity, compatibilism was first proposed by the Stoic Chrysippus)
  
  "when first a man has an appetite or will to something, to which immediately before he had no appetite nor will, the cause of his will is not the will itself, but something else not in his own disposing. So that whereas it is out of controversy that of voluntary actions the will is the necessary cause, and by this which is said the will is also caused by other things whereof it disposes not, it follows that voluntary actions have all of them necessary causes and therefore are necessitated." (§ 30)
  


In his 1656 book The Questions concerning Liberty, Necessity, and Chance, Hobbes presents the religious controversy in his day between the Catholic church, which endorsed a "free will" for man, and the various protestant sects, most of which denied such freedom (Arminianism an exception).
  
  "You shall find in this little volume the questions concerning necessity, freedom, and chance, which in all ages have perplexed the minds of curious men, largely and clearly discussed, and the arguments on all sides, drawn from the authority of Scripture, from the doctrine of the Schools, from natural reason, and from the consequences pertaining to common life, truly alleged and severally weighed between two persons who both maintain that men are free to do as they will and to forbear as they will. The things they dissent in are that the one holds that it is not in a man's power now to choose the will he shall have anon; that chance produces nothing; that all events and actions have their necessary causes; that the will of God makes the necessity of all things. The other, on the contrary, maintains that not only the man is free to choose what he will do, but the will also to choose what it shall will; that when a man wills a good action, God's will concurs with his, else not; that the will may choose whether it will will or not; that many things come to pass without necessity, by chance; that though God foreknow a thing shall be, yet it is not necessary that that thing shall be, inasmuch as God sees not the future as in its causes but as present. In sum, they adhere both of them to the Scripture, but one of them is a learned School-divine, the other a man that does not much admire that kind of learning. 
T.H.




Note the tertium quid - necessity, chance, and freedom


The occasion of the controversy [namely the debates between Hobbes and Bishop Bramhall]


Whether whatsoever comes to pass proceed from necessity, or some things from chance, has been a question disputed amongst the old philosophers long time before the incarnation of our Saviour, without drawing into argument on either side the almighty power of the Deity. 

But the third way of bringing things to pass, distinct from necessity and chance, namely, free-will, is a thing that never was mentioned amongst them, nor by the Christians in the beginning of Christianity. For Saint Paul, that disputes that question largely and purposely, never uses the term of `free-will'; nor did he hold any doctrine equivalent to that which is now called the doctrine of free-will, but derives all actions from the irresistible will of God, and nothing from the will of him that runs or wills. But for some ages past, the doctors of the Roman Church have exempted from this dominion of God's will the will of man, and brought in a doctrine that not only man but also his will is free, and determined to this or that action not by the will of God, nor necessary causes, but by the power of the will itself. And though by the reformed Churches instructed by Luther, Calvin, and others, this opinion was cast out; yet not many years since it began again to be reduced by Arminius and his followers, and became the readiest way to ecclesiastical promotion; and by discontenting those that held the contrary, was in some part the cause of the following troubles; which troubles were the occasion of my meeting with the Bishop of Derry at Paris, where we discoursed together of the argument now in hand; from which discourse we carried away each of us his own opinion, and for aught I remember, without any offensive words, as 'blasphemous', 'atheistical', or the like, passing between us; either for that the Bishop was not then in passion or suppressed his passion, being then in the presence of my Lord of Newcastle.

But afterwards the Bishop sent to his Lordship his opinion concerning the question in writing, and desired him to persuade me to send an answer thereunto likewise in writing. There were some reasons for which I thought it might be inconvenient to let my answer go abroad; yet the many obligations wherein I was obliged to him, prevailed with me to write this answer, which was afterwards, not only without my knowledge but also against my will, published by one that found means to get a copy of it surreptitiously. And thus you have the occasion of this controversy.





Hobbes is simply mistaken here - both Aristotle and Epicurus described a third way other than necessity and chance - what "depends on us"
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From Of Liberty and Necessity § 25- § 35, 
My opinion about liberty and necessity
  

  § 25 First, I conceive that when it comes into a man's mind to do or not to do some certain action, if he have no time to deliberate, the doing it or abstaining necessarily follows the present thought he has of the good or evil consequence thereof to himself As, for example, in sudden anger the action shall follow the thought of revenge, in sudden fear the thought of escape. Also when a man has time to deliberate but deliberates not, because never anything appeared that could make him doubt of the consequence, the action follows his opinion of the goodness or harm of it. These actions I call voluntary; my Lord [Bishop Bramhall], if I understand him aright, calls them spontaneous. I call them voluntary because those actions that follow immediately the last appetite are voluntary, and here where there is one only appetite that one is the last. Besides, I see it is reasonable to punish a rash action, which could not be justly done by man to man unless the same were voluntary. For no action of a man can be said to be without deliberation, though never so sudden, because it is supposed he had time to deliberate all the precedent time of his life whether he should do that kind of action or not. And hence it is that he that kills in a sudden passion of anger shall nevertheless be justly put to death, because all the time, wherein he was able to consider whether to kill were good or evil, shall be held for one continual deliberation; and consequently the killing shall be adjudged to proceed from election. 

§ 26 Secondly, I conceive when a man deliberates whether he shall do a thing or not do it, that he does nothing else but consider whether it be better for himself to do it or not to do it. And to consider an action is to imagine the consequences of it, both good and evil. From whence is to be inferred, that deliberation is nothing but alternate imagination of the good and evil sequels of an action, or, which is the same thing, alternate hope and fear or alternate appetite to do or quit the action of which he deliberates. 


§ 27 Thirdly, I conceive that in all deliberations, that is to say, in all alternate succession of contrary appetites, the last is that which we call the will, and is immediately next before the doing of the action, or next before the doing of it become impossible. All other appetites to do and to quit that come upon a man during his deliberation are usually called intentions and inclinations, but not wills; there being but one will, which also in this case may be called the last will, though the intention change often. 


§ 28 Fourthly, that those actions which a man is said to do upon deliberation are said to be voluntary and done upon choice and election, so that voluntary action and action proceeding from election is the same thing; and that of a voluntary agent it is all one to say he is free, and to say he has not made an end of deliberating. 


§ 29 Fifthly, I conceive liberty to be rightly defined in this manner: Liberty is the absence of all the impediments to action that are not contained in the nature and intrinsical quality of the agent. As, for example, the water is said to descend freely, or to have liberty to descend, by the channel of the river, because there is no impediment that way; but not across, because the banks are impediments. And though the water cannot ascend, yet men never say it wants the liberty to ascend, but the faculty or power, because the impediment is in the nature of the water and intrinsical. So also we say he that is tied wants the liberty to go, because the impediment is not in him but in his bands; whereas we say not so of him that is sick or lame, because the impediment is in himself.


§ 30 Sixthly, I conceive that nothing takes beginning from itself, but from the action of some other immediate agent without itself And that, therefore, when first a man has an appetite or will to something, to which immediately before he had no appetite nor will, the cause of his will is not the will itself, but something else not in his own disposing. So that whereas it is out of controversy that of voluntary actions the will is the necessary cause, and by this which is said the will is also caused by other things whereof it disposes not, it follows that voluntary actions have all of them necessary causes and therefore are necessitated. 


§ 31 Seventhly, I hold that to be a sufficient cause to which nothing is wanting that is needful to the producing of the effect. The same also is a necessary cause. For if it be possible that a sufficient cause shall not bring forth the effect, then there wants somewhat which was needful to the producing of it, and so the cause was not sufficient. But if it be impossible that a sufficient cause should not produce the effect, then is a sufficient cause a necessary cause, for that is said to produce an effect necessarily that cannot but produce it. Hence it is manifest that whatsoever is produced is produced necessarily, for whatsoever is produced has a sufficient cause to produce it, or else it had not been; and therefore also voluntary actions are necessitated.




§ 32 Lastly, I hold that ordinary definition of a free agent, namely that a free agent is that which, when all things are present which are needful to produce the effect, can nevertheless not produce it, implies a contradiction and is nonsense; being as much as to say the cause may be sufficient, that is necessary, and yet the effect shall not follow. 


My reasons


§ 33 For the first five points, where it is explicated, first, what spontaneity is, secondly, what deliberation is, thirdly, what will, propension, and appetite are, fourthly, what a free agent is, fifthly, what liberty is; there can no other proof be offered but every man's own experience, by reflection on himself and remembering what he uses to have in his mind; that is, what he himself means when he says an action is spontaneous, a man deliberates, such is his will, that action or that agent is free. Now he that so reflects on himself cannot but be satisfied that deliberation is the consideration of the good and evil sequels of an action to come; that by spontaneity is meant inconsiderate proceeding (or else nothing is meant by it); that will is the last act of our deliberation; that a free agent is he that can do if he will and forbear if he will; and that liberty is the absence of external impediments. But to those that out of custom speak not what they conceive but what they hear, and are not able or will not take the pains to consider what they think when they hear such words, no argument can be sufficient, because experience and matter of fact are not verified by other men's arguments but by every man's own sense and memory. For example, how can it be proved that to love a thing and to think it good are all one to a man that does not mark his own meaning by those words? Or how can it be proved that eternity is not nunc stans to a man that says those words by custom, and never considers how he can conceive the thing itself in his mind? 


Also the sixth point, that a man cannot imagine anything to begin without a cause, can no other way be made known but by trying how he can imagine it. But if he try, he shall find as much reason, if there be no cause of the thing, to conceive it should begin at one time as at another, that is, he has equal reason to think it should begin at all times; which is impossible, and therefore he must think there was some special cause why it began then rather than sooner or later; or else that it began never, but was eternal. 


§34 For the seventh point, which is that all events have necessary causes, it is there proved in that they have sufficient causes. Further let us in this place suppose any event never so casual, as, for example, the throwing ambs-ace upon a pair of dice, and see if it must not have been necessary before it was thrown. For seeing it was thrown, it had a beginning, and consequently a sufficient cause to produce it, consisting partly in the dice, partly in outward things, as the posture of the parts of the hand, the measure of force applied by the caster, the posture of the parts of the table, and the like. In sum, there was nothing wanting which was necessarily required to the producing of that particular cast, and consequently the cast was necessarily thrown. For if it had not been thrown, there had wanted somewhat requisite to the throwing of it, and so the cause had not been sufficient. In the like manner it may be proved that every other accident, how contingent soever it seem or how voluntary soever it be, is produced necessarily, which is that that my Lord Bishop disputes against. The same also may be proved in this manner. Let the case be put, for example, of the weather. It is necessary that tomorrow it shall rain or not rain. If therefore it be not necessary it shall rain, it is necessary it shall not rain; otherwise there is no necessity that the proposition, it shall rain or not rain, should be true. I know there be some that say, it may necessarily be true that one of the two shall come to pass, but not singly that it shall rain or that it shall not rain, which is as much as to say, one of them is necessary yet neither of them is necessary. And therefore to seem to avoid that absurdity, they make a distinction, that neither of them is true determinate [determinately], but indeterminate [indeterminately]; which distinction either signifies no more but this, one of them is true but we know not which, and so the necessity remains though we know it not; or if the meaning of the distinction be not that, it has no meaning, and they might as well have said, one of them is
true Tityrice but neither of them Tupatulice.


§ 35 The last thing, in which also consists the whole controversy, namely that there is no such thing as an agent which, when all things requisite to action are present, can nevertheless forbear to produce it; or, which is all one, that there is no such thing as freedom from necessity; is easily inferred from that which before has been alleged. For if it be an agent, it can work; and if it work, there is nothing wanting of what is requisite to produce the action, and consequently the cause of the action is sufficient; and if sufficient, then also necessary, as has been proved before.


§ 36 And thus you see how the inconveniences, which his Lordship objects must follow upon the holding of necessity, are avoided, and the necessity itself demonstratively proved. To which I could add, if I thought it good logic, the inconvenience of denying necessity, as that it destroys both the decrees and the prescience of God Almighty. 


For Hobbes chance is atheistic


For whatsoever God has purposed to bring to pass by man as an instrument, or foresees shall come to pass, a man, if he have liberty (such as his Lordship affirms) from necessitation, might frustrate and make not to come to pass; and God should either not foreknow it and not decree it, or he should foreknow such things shall be as shall never be, and decree that which shall never come to pass.
  


For Hobbes, one cannot do otherwise. 



Source: https://www.informationphilosopher.com/solutions/philosophers/hobbes/
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William Francis Ross (Frank) Hardie was a Professor of Classics and Philosophy at Oxford University and President of Corpus Christi College, Oxford, from 1950 to 1969. He was the son of Wiliam Ross Hardie, the Scottish classical scholar, a Professor of Humanity at Edinburgh University.

Frank Hardie was the mentor and philosophy don for some of the most important leaders of the new ordinary language school of philosophy that formed at Oxford in the early 1950's, including H. Paul Grice. [Other may include Peter Strawson, Isaiah Berlin, Antony Flew - JL Speranza will know]


Hardie's major work was his book Aristotle's Ethical Theory, and his writing on free will shows a strong Aristotelian influence. He clearly understands the need for alternative possibilities to choose from.

 
His 1957 article "My Own Free Will" for Philosophy begins with a paradigm-case argument for the existence of free will, namely that there is a perfectly good use of the expression "of my own free will," so it is absurd to deny free will. 
   

The words "free will" have uses in ordinary talk as in "free will
offering" and, most commonly, in the expression "of my (your, etc.)
own free will." We all know what states of affairs make this expression
applicable, and its standard use is defined by this application. Yet
philosophers discuss, or used to discuss, whether the will is free,
libertarians saying that it is and determinists denying this. Are they,
or were they, asking whether anyone ever acts of his own free will?
If so, the question asked was absurd. For from the fact that "of his
own free will" has a standard use, and therefore an application, it
follows that it is trivial to assert, and absurd to deny, that men will
freely, that the will is free.


Only an analytic language philosopher could be so certain that language usage can settle such an ancient problem. Kant said language philosophers "think they have solved, with a petty word-jugglery, that difficult problem, at the solution of which centuries have laboured in vain, and which can therefore scarcely be found so completely on the surface." 


But Hardie goes on to make some sensible remarks about the need for 
alternative possibilities to provide a "free choice":
   

It is an old contention that to assert that all events have causes is not
to deny that men are free agents; we think that there is an inconsistency
only because we confuse causal necessity with external constraint,
as though a man were acting under compulsion when he does
something because he wishes to do it. Again confusion about the
meaning of "possible" leads to the idea that universal causation
would exclude the reality of choice. If what happens is causally
determined, what does not happen could not possibly happen. But if
a man has a free choice between alternatives, the alternative he
rejects must have been possible. This temptation to think that freedom is inconsistent with universal determination is removed (it
is said) when we see that to say that something is possible is to say
that it is not excluded by some restricted set of factors known to the
speaker. That we choose between possibilities open to us is not
inconsistent with the principle that all events, including acts of
choosing, have causes, just as the fact that it may or may not rain
this afternoon does not imply uncaused showers. It is claimed that,
if we follow carefully these and connected lines of thought, we can
cure ourselves of any inclination towards an out-of-date indeterminism,
and a no less out-of-date determinism, since the evanescence
of indeterminism deprives determinism of its interest and its point.

 
Is Hardie thinking of a combination of  determinism (limited) and some indeterminism to provide the alternative possibilities? Maybe not. But his words are favorable to  indeterminism, and this is unusual for philosophers in the late twentieth century.

My main object in this paper is to criticize some arguments
which have been urged against indeterminism by contemporary
philosophers. But I wish to begin by insisting on the plausibility of
the view I reject, the view that the problem has been misconceived.
I think that I can do this best by dwelling first on the standard use of
the expression "of my (your, etc.) own free will."
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William Hasker is a philosopher trained in theology and interested in problems of philosophy of mind. His theory of "Emergent Dualism" argues that the emergence of the mind from the brain provides a solution to the mind-body problem. He says:


While emergent dualism shares with (nonreductive) materialism the
claim that ordinary matter contains within itself the potentiality for consciousness, it actually goes some way beyond materialism in the powers it
attributes to matter. For standard materialism, the closure of the physical
guarantees that consciousness does not "make a difference" to the way
matter itself operates; all of the brain-processes are given a mechanistic explanation which would be just the same whether or not the processes were
accompanied by conscious experience. 

Emergent dualism, on the other
hand recognizes that a great many mental processes are irreducibly teleological, and cannot be explained by or supervenient upon brain processes
that have a complete mechanistic explanation. So the power attributed to
matter by emergent dualism amounts to this: when suitably configured, it
generates a field of consciousness that is able to function teleologicaliy
and to exercise libertarian free will, and the field of consciousness in turn
modifies and directs the functioning of the physical brain. At this point, it
must be admitted, the tension between the apparently mechanistic character of the physical basis of mind and the irreducibly teleological nature
of the mind itself becomes pretty severe, and the siren song of Cartesian
dualism once again echoes in our ears.



Teleonomic is preferable to teleological, which implies a purpose before existence



Free Will and Agency


Hasker analyzes the problem of free will and concludes that determinism is very likely not the case. Indeed, determinism is an emergent property of large numbers of particles treated statistically.

Empirically speaking, there is not much of a case for determinism. The only direct empirical evidence for determinism is
the existence of consistent, reliable, and accurate predictions
of individual events.1 In some fields of science we do have such predictions to a remarkable degree, but in others they are conspicuously absent.
To be sure, the failure of prediction in many areas of science can be explained in ways that are consistent with an underlying determinism. Perhaps the causal factors involved are simply too complex for our analysis - or (as chaos theory has shown) long-range outcomes may depend with
incredible sensitivity on minute (and undetectable) differences in initial
conditions. And the indeterminism of quantum mechanics, even if it is ultimate and not merely apparent, can in many contexts be ignored as
making no difference to the behavior of macroscopic objects.
So deterministic theories can be maintained in the absence of reliable,
accurate, predictions — but why should they be maintained? Why not
admit that determinism just does not apply to certain aspects of the world.



Hasker criticizes Harry Frankfurt's attempt to deny the existence of alternative possibilities for action. 


I will proceed, then, on the assumption that we do have free will in
the libertarian sense, and that the principle of alternative possibilities is
intact. Our concern in this section and the next will be with the other,
perhaps even more difficult, part of the free will problem: the task of giving an illuminating positive characterization of the nature of the act of free
choice. 

For the libertarian will always have to confront the compatibilist's
contention that chance and randomness are even more inimical to freedom
and responsibility than is causal determination. As Hume explained (and
his argument has been echoed ever since): "Actions are, by their very nature, temporary and perishing; and where they proceed not from some
cause in the character and disposition of the person who performed them,
they can neither redound to his honour, if good; nor infamy, if evil."
The challenge for the libertarian is to explain how free actions are praiseworthy or blameworthy even though they lack a sufficient cause, whether
in the agent's character or elsewhere.



The randomness objection is indeed more difficult than the determinism objection to free will


Hasker then discusses the two-stage models of free will developed in the 1970's by Daniel Dennett and Robert Kane. He begins with Dennett:



In approaching this problem, we shall look for help to an unexpected
source, namely Daniel Dennett's essay "On Giving Libertarians What
They Say They Want." In this essay Dennett sketches out, though he
does not fully endorse, a strategy for explaining libertarian free will. Following a suggestion from David Wiggins, he undertakes to show that an
action might be "random" in the sense of causally undetermined, without
being random in the sense of pointless or arbitrary.


Note that this argument had been made by Karl Popper in 1977, who said "A choice process may be a selection process, and the selection may be from some repertoire of random events, without being random in its turn. This seems to me to offer a promising solution to one of our most vexing problems, and one by downward causation."  


The reason Dennett is an "unexpected source" is that Dennett is the very model of a compatibilist and determinist (with the exception that he does not deny moral responsibility, as do most determinists). Hasker is concerned that Dennett as a source of a libertarian free will model might motivate questions about its adequacy. He says:


I am suggesting that libertarians
should ask themselves, "With Dennett for our friend, why do we need enemies?" Dennett's contributions to the philosophy of mind are numerous
and impressive, but few of his doctrines are such as to be welcomed enthusiastically by libertarians — indeed, he has become known as an outstanding contemporary advocate of compatibilism. Surely a proposal for
understanding libertarianism which is acceptable (or nearly acceptable) to
Dennett requires the most careful scrutiny? 



Hasker need not be concerned. Many other philosophers and scientists have proposed a two-stage model of free will

Hasker then turns to Kane's 1984 work. Kane says he developed his two-stage model earlier than Dennett, but actually this is because both Dennett and Kane knew of some earlier models (besides Wiggins' suggestion, they include Henri Poincaré, Jacques Hadamard, Arthur Holly Compton, and Popper).



As we've noted, Dennett does not fully endorse this model, but he does
feel it has impressive merits. Rather than linger over these, however, I
wish to call attention to a striking fact: Dennett's model for free will coincides, in its most important features, with that proposed in one of the best
and most insightful books of recent years advocating libertarian free will.
I am referring to Robert Kane's Free Will and Values. In virtue of this
similarity, I shall refer to their common doctrine as DK-libertarianism.

One nontrivial difficulty for DK-libertarianism is that it requires one to
postulate within the brain a process by which quantum-level indeterminacy
is amplified to produce macroscopic effects. While this notion has seemed
attractive to many, the general trend of brain science seems to be unfavorable to it, though the issue is not yet closed. So this assumption clearly represents a significant empirical burden for DK-libertarianism to carry.


Quite apart from this, the theory is hardly without difficulties. Kane
observes that some libertarians will find his theory inadequate because it
does not permit "total rational control" for the free agent. It is clear
enough what he has in mind. Consider a situation in which one comes to
make a decision in which the reasons on both sides are about equally balanced, so that neither set of reasons necessitates a particular outcome. The
decision actually made, in this case, is the product of chance — of the internal "randomizing device" about which we learned from Dennett. Is the
outcome then merely the result of chance? 


No, because the range of possibilities available to one — the fact that these choices, and no others, are the
"live options" in the situation — is itself a consequence of the reasons one
has, and thus of the underlying values which are a stable part of one's personality. But why are these particular reasons, and values, part of the
choice situation? One could, given sufficient knowledge, trace the causal
history of those values and reasons in one's brain and nervous system. But
somewhere back along the line, one comes upon another chance event — 
either the chance involved in the fact that these reasons, and not others,
occurred to one, or the chance determination of some previous actions
which led to those particular values becoming reinforced as a part of one's
personality. And so on. When we complain about randomness, we are
given (partial) causal determination by reasons. When we ask about the
origin of the reasons, we are referred back to prior chance events, occurring of course within the context of reasons which were efficacious at that
previous time. What we have, then, is an alternation of causal necessitation and chance; what we never get, is a person making a decision in what
a libertarian will take to be the ordinary sense of those terms.

I believe, in fact, that the strategy of DK-libertarianism at this point is
basically a compatibilist strategy. The compatibilist recognizes that
straightforward determination of actions by external causes negates freedom and responsibility. His answer to this is to display the causal chains
as interwoven, in subtle and complex ways, with the inner life of the
agent. Similarly, the DK-libertarian recognizes that straightforward determination either by sufficient causation or by chance is inimical to freedom and responsibility. And the response is similar: the causation and
the randomness are shown as being interwoven in complex ways with the
agent's inner life, with the chance events actually occurring within the
agent's nervous system. I shall not debate at length the merits of these
strategies. Rather, I shall content myself with pointing out that libertarians consistently reject such a strategy as followed by compatibilists, and
if so they should reject it also when put forward by DK-libertarians.
But what then? If free will can be explicated neither by causal necessitation, nor by chance, nor by any combination of the two however subtle,
then how are we to explicate this crucial notion?




Hasker here clearly explains Kane's defense of "torn decisions"


Hasker is right that a subtle combination of causality and chance is what is needed in a plausible two-stage model of libertarian free will. The model depends on where indeterminism fits. Most two-stage_models of free will locate indeterminism in the early deliberative stage, in order to generate alternative possibilities that are not pre-determined. The reason that Dennett did not endorse his model is because he is a determinist.


The other place that indeterminism might be involved is in the decision itself. This would make the decision random, except for Kane's defense of his "torn decisions." Kane's "torn decisions" are often between a moral choice and an expedient choice. These are the kinds of decisions that Aristotle thought of as character building and Kane calls "Self-Forming Actions" or SFAs. When this is a moral decision, Kane makes it the basis for his SFAs that provide "ultimate responsibility" (UR).

[image: image-placeholder]

Hasker is right to think compatibilists might like this model, because the normal causal factors of the decision are the agent's motives, reasons, desires, etc. as compatibilists insist. In these cases, the decision can be described as "self-determination." But the decision is not 
pre-determined from the "fixed past" moments before the generation of alternative possibilities and their deliberation and evaluation begins. Note that the agent can refuse to decide on the basis of possibilities generated so far and can go back to generate more, time permitting.

[image: image-placeholder]



While Hasker regards the soul as an "emergent" substance, he says that it is dependent upon the body from which it emerges for its existence. And he is an advocate for "Open Theism." The omniscience of God does not extend to things in the future that have not yet happened. 
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   Peter van Inwagen is an intellectual giant in two major fields of philosophy, the problem of free will and today's materialist analysis of metaphysics.

First we see how van Inwagen has changed the conversation from the "problem of free will and determinism" into an obscure distinction between compatibilism and his portmanteau concept incompatibilism, which confusingly combines hard determinists who deny free will and libertarians who endorse free will.


See below and our companion website the Metaphysicist for his influential contributions to metaphysics. 



Incompatibilism


Van Inwagen made a significant reputation for himself by bucking the trend among philosophers in most of the twentieth century to accept compatibilism, the idea that free will is compatible with a strict causal determinism. 

Indeed, van Inwagen has been given credit for rehabilitating the idea of incompatibilism in the last few decades. He explains that the old problem of whether we have free will or whether determinism is true is no longer being debated. In the first chapter of his landmark 1983 book, An Essay on Free Will, van Inwagen says:
  

1.2 It is difficult to formulate "the problem of free will and determinism" in a way that will satisfy everyone. Once one might have said that the problem of free will and determinism — in those days one would have said 'liberty and necessity' — was the problem of discovering whether the human will is free or whether its productions are governed by strict causal necessity. But no one today would be allowed to formulate "the problem of free will and determinism" like that, for this formulation presupposes the truth of a certain thesis about the conceptual relation of free will to determinism that many, perhaps most, present-day philosophers would reject: that free will and determinism are incompatible. Indeed many philosophers hold not only that free will is compatible with determinism but that free will entails determinism. I think it would be fair to say that almost all the philosophical writing on the problem of free will and determinism since the time of Hobbes that is any good, that is of any enduring philosophical interest, has been about this presupposition of the earlier debates about liberty and necessity. It is for this reason that nowadays one must accept as a fait accompli that the problem of finding out whether free will and determinism are compatible is a large part, perhaps the major part, of "the problem of free will and determinism".

(Essay on Free Will, p.1) 
  

Van Inwagen Changes the Subject


Just as Peter. F. Strawson in 1962 changed the subject from the existence of free will, from the question of whether determinism or indeterminism is true, and just as Harry Frankfurt changed the debate to the question of the existence of alternative possibilities, so Peter van Inwagen made a major change, at least in the terminology, to the question of whether free will and determinism are compatible, indeed whether free will entails determinism, as he says above.

Van Inwagen replaces the Traditional Problem of "liberty and necessity," finding out whether determinism is true or false, and thus whether or not we have free will, with a new problem that he calls the Compatibility Problem. 



I shall attempt to formulate the problem in a way that takes account of this fait accompli by dividing the problem into two problems, which I will call the Compatibility Problem and the Traditional Problem. The Traditional Problem is, of course, the problem of finding out whether we have free will or whether determinism is true. But the very existence of the Traditional Problem depends upon the correct solution to the Compatibility Problem: if free will and determinism are compatible, and, a fortiori, if free will entails determinism, then there is no Traditional Problem, any more than there is a problem about how my sentences can be composed of both English words and Roman letters.

(Essay on Free Will, p.2) 
  

Despite the obvious over-reaching claim that the Traditional Problem would disappear, which was nonsense, van Inwagen's new framing proved immensely popular over the next few decades. And the new framing introduced a new jargon term that is in major use today, the position of "Incompatibilism." Earlier writers, Carl Ginet and Wilfred Sellars, for example, had said that free will is "incompatible" with determinism. But that was simply the original position of all libertarians, in opposition to both the determinists and the compatibilists (William James' "soft' determinists), who were following what Sellars called the traditional Hume-Mill solution, which "reconciled" free will with determinism.  


Before van Inwagen then, incompatibilists were libertarians, opposing the idea that free will is compatible with determinism.


But after van Inwagen, the new emphasis on "incompatibilism" drew attention to the idea that that James' "hard" determinists were also incompatibilist in the sense of denying compatibilism. 


Unfortunately for the clarity of the dialectic, this new category of incompatibilism is very confusing, because it now contains two opposing concepts, libertarian free will and hard determinism!  


And like determinism versus indeterminism, compatibilism versus incompatibilism is a false and unhelpful dichotomy. J. J. C. Smart once claimed he had an exhaustive description of the possibilities, determinism or indeterminism, and that neither one neither allowed for free will. (Since Smart, dozens of others have repeated this standard logical argument against free will.)



The Consequence Argument and Mind Argument

Van Inwagen developed his own terminology for the two-part standard argument, dividing it into the Consequence Argument and the Mind Argument. 


  Van Inwagen defines determinism very simply. "Determinism is quite simply the thesis that the past determines a unique future." (Essay on Free Will, p.2) 


He concludes that such a Determinism is not true, because we could not then be responsible for our actions, which would all be simply the consequences of events in the distant past that were not "up to us." 


This approach, known as van Inwagen's Consequence Argument, is just a renaming of the perennial Determinism Objection in the standard argument against free will. The Consequence Argument has proved very popular in philosophy courses taught by professors with little knowledge of the history of the free will problem.
  


  In recent decades, centuries-old debates about free will have been largely replaced by debates about moral responsibility. Since Peter Strawson, many philosophers have claimed to be agnostic on the traditional problem of free will and determinism and focus on whether the concept of moral responsibility itself exists. Some say that, like free will itself, moral responsibility is an illusion. Van Inwagen is not one of those. He hopes to establish moral responsibility based on a libertarian free will, in opposition to prevailing compatibilist views.
  

Van Inwagen also notes that quantum mechanics shows indeterminism to be "true." He is correct. But we still have a very powerful and "adequate" determinism. It is this adequate determinism that R. E. Hobart and others have recognized when he wrote that "Free Will Involves Determination and is Inconceivable Without It." Our will and actions are adequately determined, by our reasons, motives, feelings, etc., not in any way pre-determined from before we begin thinking, evaluating, and selecting one of the alternative possibilities in our thoughts. It is our thoughts and the open future that are undetermined.

Sadly, many philosophers mistake indeterminism to imply that nothing is causal and therefore that everything is completely random. This is the Randomness Objection in the standard argument.
  



  Van Inwagen states his Consequence Argument as follows:
  
  "If determinism is true, then our acts are the consequences of the laws of nature and events in the remote past. But it is not up to us what went on before we were born, and neither is it up to us what the laws of nature are. Therefore, the consequences of these things (including our present acts) are not up to us." (Essay on Free Will, 1983, p.16)
  


  Exactly how this differs from the arguments of centuries of Libertarians is not clear, but van Inwagen is given a great deal of credit in the contemporary literature for this obvious argument. See for example, Carl Ginet's article "Might We Have No Choice?" in Freedom and Determinism, Ed. K. Lehrer, 1966. 

We note that apparently Ginet also thought his argument was original. What has happened to philosophers today that they so ignore the history of philosophy?
  



  Van Inwagen offers several concise observations leading up to his Consequence Argument, including concerns about the terminology used (which concerns arise largely because of his variations on the traditional problem terminology).
  
Determinism may now be defined: it is the thesis that there is at any instant exactly one physically possible future.

Let us now see what can be done about defining free will.

I use the term 'free will' out of respect for tradition. 


When I say of a man that he "has free will" I mean that very often, if not always, when he has to choose between two or more mutually incompatible courses of action — such that he can, or is able to, or has it within his power to carry out. 


It is in these senses that I shall understand 'free will' and 'determinism'. I shall argue that free will is incompatible with determinism. It will be convenient to call this thesis incompatibilism and to call the thesis that free will and determinism are compatible compatibilism. 


I have no use for the terms 'soft determinism', 'hard determinism; and 'libertarianism'. I do not object to these terms on the ground that they are vague or ill-defined. They can be easily defined by means of the terms we shall use and are thus no worse in that respect than our terms.


Soft determinism is the conjunction of determinism and compatibilism; hard determinism is the conjunction of determinism and incompatibilism; libertarianism is the conjunction of incompatibilism and the thesis that we have free will.


I object to these terms because they lump together theses that should be discussed and analysed separately. They are therefore worse than useless and ought to be dropped from the working vocabulary of philosophers.


'Contra-causal freedom' might mean the sort of freedom, if freedom it would be, that someone would enjoy if his acts were uncaused. But that someone's acts are undetermined does not entail that they are uncaused.


Incompatibilism can hardly be said to be a popular thesis among present-day philosophers (the "analytic" ones, at any rate). Yet it has its adherents and has had more of them in the past. It is, however, surprisingly hard to find any arguments for it. That many philosophers have believed something controversial without giving any arguments for it is perhaps not surprising; what is surprising is that no arguments have been given when arguments are so easy to give. 


Perhaps the explanation is simply that the arguments are so obvious that no one has thought them worth stating. If that is so, let us not be afraid of being obvious. Here is an argument that I think is obvious (I don't mean it's obviously right; I mean it's one that should occur pretty quickly to any philosopher who asked himself what arguments could be found to support incompatibilism):


If determinism is true, then our acts are the consequences of the laws of nature and events in the remote past. But it is not up to us what went on before we were born, and neither is it up to us what the laws of nature are. Therefore, the consequences of these things (including our present acts) are not up to us.

I shall call this argument the Consequence Argument.



We call his Mind Argument the "Randomness Objection"


[What van Inwagen calls] The Mind argument proceeds by identifying indeterminism with chance and by arguing that an act that occurs by chance, if an event that occurs by chance can be called an act, cannot be under the control of its alleged agent and hence cannot have been performed freely. Proponents of [this argument] conclude, therefore, that free will is not only compatible with determinism but entails determinism. (p.16)
  



Van Inwagen does not seem to mind that "incompatibilism" lumps together opposite schools - hard determinists and libertarians


Note that van Inwagen's Mind argument adds the second horn of the dilemma of determinism. He named it the Mind Argument after the philosophical journal Mind where objections to chance were often published.


Thus van Inwagen's Consequence and Mind Arguments are the two parts of the standard argument against free will.


Although van Inwagen is famous for the first horn of the dilemma, the Determinism Objection to free will (also known as the Direct Argument), he has also contributed significantly to the second - and much more difficult to reconcile - Randomness Objection. (also known as the Indirect Argument).


Free Will Remains a Mystery for van Inwagen
  


Van Inwagen dramatized his understanding of the indeterministic brain events needed for agent causation by imagining God "replaying" a situation to create exactly the same circumstances and then arguing that decisions would reflect the indeterministic probabilities. Here he mistakenly assumes that possibilities translate directly into probabilities.

He also mistakenly assumes that random possibilities directly cause human actions.


Now let us suppose that God a thousand times caused the universe to revert to exactly the state it was in at t1 (and let us suppose that we are somehow suitably placed, metaphysically speaking, to observe the whole sequence of "replays"). What would have happened? What should we expect to observe? Well, again, we can't say what would have happened, but we can say what would probably have happened: sometimes Alice would have lied and sometimes she would have told the truth. As the number of "replays" increases, we observers shall — almost certainly — observe the ratio of the outcome "truth" to the outcome "lie" settling down to, converging on, some value. We may, for example, observe that, after a fairly large number of replays, Alice lies in thirty percent of the replays and tells the truth in seventy percent of them—and that the figures 'thirty percent' and 'seventy percent' become more and more accurate as the number of replays increases. But let us imagine the simplest case: we observe that Alice tells the truth in about half the replays and lies in about half the replays. If, after one hundred replays, Alice has told the truth fifty-three times and has lied forty-eight times, we'd begin strongly to suspect that the figures after a thousand replays would look something like this: Alice has told the truth four hundred and ninety-three times and has lied five hundred and eight times. Let us suppose that these are indeed the figures after a thousand [1001] replays. Is it not true that as we watch the number of replays increase we shall become convinced that what will happen in the next replay is a matter of chance. 


Van Inwagen reveals that he clearly thinks that indeterminism directly results in actions. No wonder on his account that "free will remains a mystery!" 

He repeated the argument more recently:


If God caused Marie's decision to be replayed a very large number of times, sometimes (in thirty percent of the replays, let us say) Marie would have agent-caused the crucial brain event and sometimes (in seventy percent of the replays, let us say) she would not have... I conclude that even if an episode of agent causation is among the causal antecedents of every voluntary human action, these episodes do nothing to undermine the prima facie impossibility of an undetermined free act.

("Van Inwagen on Free Will," in Freedom and Determinism, 2004, ed. Joseph Keim Campbell, et al., p.227)


Van Inwagen, Kane, and Compatibilism compared to the Cogito Model
Robert Kane has argued that randomnmess in the decision need not be there all the time, just enough to be able to say we are not completely determined.  Even if just a small percentage of decisions are random, we could not be responsible for them.

We can make a quantitative comparison of the outcome of 1000 thought experiments (or "instant replays" by God as van Inwagen imagines) that shows how the indeterminism in the Cogito Model is limited to generating alternative possibilities for action. 


Van Inwagen's results after 1000 experiments are approximately 500 times when Alice lies and 500 times when Alice tells the truth.

Robert Kane is well aware of the problem that chance reduces moral responsibility, especially in his sense of Ultimate Responsibility (UR).


In order to keep some randomness but add rationality, Kane says perhaps only some small percentage of decisions will be random, thus breaking the deterministic causal chain, but keeping most decisions predictable. Laura Ekstrom and others follow Kane with some indeterminism in the decision.


Let’s say randomness enters Kane’s decisions only ten percent of the time. The other ninety percent of the time, determinism is at work. In those cases, presumably Alice tells the truth. Then Alice’s 500 random lies in van Inwagen’s first example would become only 50.
But this in no way explains moral responsibility for those few cases.


Compare the Information Philosophy Cogito model, which agrees with compatibilism/determinism except in cases where something genuinely new and valuable emerges as a consequence of randomness.


In our two-stage model, we have first “free” – random possibilities, then “will” – adequately determined evaluation of options and selection of the "best" option.


Alice’s random generation of alternative possibilities will include 50 percent of options that are truth-telling, and 50 percent lies.


Alice’s adequately determined will evaluates these possibilities based on her character, values, and current desires.

In the Cogito model, she will almost certainly tell the truth. So it predicts almost the same outcome as a compatibilist/determinist model.


The Cogito model is not identical, however, since it can generate new alternatives.


It is possible that among the genuinely new alternative possibilities generated, there will be some that determinism could not have produced.


It may be that Alice will find one of these options consistent with her character, values, desires, and the current situation she is in. One might include a pragmatic lie, to stay with van Inwagen’s example.


In a more positive example, it may include a creative new idea that information-preserving determinism could not produce.


Alice’s thinking might bring new information into the universe. And she can legitimately accept praise (or blame) for that new action or thought that originates with her.


To summarize the results:

		
    Van Inwagen
   	
    Kane
   	

    Cogito
   	
    Compatiblism
   
	Alice tells truth
  	500
  	950
  	1000*	1000
  
	Alice lies
  	500
  	50
  	0*	0
  

* (Alice tells the truth unless a good reason emerges from her free deliberations in the Cogito Model, in which case, to stay with van Inwagen's actions, she might tell a pragmatic lie.)

We should also note the Moral Luck criticism of actions that have a random component in their source.

Alfred Mele would perhaps object that the alternative possibilities depend on luck, and that this compromises moral responsibility.



On the Cogito Model view, Mele is right with respect to moral responsibility. But Mele is wrong that luck compromises free will.


Free will and creativity may very well depend on fortuitous circumstances, having the new idea "coming to mind" at the right time, as Mele says.


The universe we live in includes chance and therefore luck, including moral luck, is very real, but not a valid objection to our libertarian free will model (or Mele's "modest libertarianism").




How to Think about the Problem of Free Will
  

  Van Inwagen recently produced a very clear proposal for thinking about free will. It is a paper to appear in The Journal of Ethics entitled How to Think about the Problem of Free Will. 

It starts with a very concise wording of the Standard Argument against Free Will that includes the Determinism, Randomness, and Responsibility Objections.
  

There are seemingly unanswerable arguments that (if they are indeed unanswerable) demonstrate that free will is incompatible with determinism.  

And there are seemingly unanswerable arguments that (if indeed . . . ) demonstrate that free will is incompatible with indeterminism. 


But if free will is incompatible both with determinism and indeterminism, the concept “free will” is incoherent, and the thing free will does not exist. 


There are, moreover, seemingly unanswerable arguments that, if they are correct, demonstrate that the existence of moral responsibility entails the existence of free will, and, therefore, if free will does not exist, moral responsibility does not exist either. It is, however, evident that moral responsibility does exist.
  



  Van Inwagen concludes:
  
  It must, therefore, be that at least one of the following three things is true:
  
The seemingly unanswerable arguments for the incompatibility of free will and determinism are in fact answerable; these arguments are fallacious

The seemingly unanswerable arguments for the incompatibility of free will and indeterminism are in fact answerable; these arguments are fallacious.


The seemingly unanswerable arguments for the conclusion that the existence of moral responsibility entails the existence of free will are in fact answerable; these arguments are fallacious.
  



we call this the Responsibility Objection

The “problem of free will” is just this problem (this is my proposal): to find out which of these arguments is fallacious, and to enable us to identify the fallacy or fallacies on which they depend.
  


  Van Inwagen recognizes that the philosophical discussions of free will are clouded by the use of vague terminology. He recommends some terms be avoided - ‘libertarianism’, ‘hard determinism’, and soft ‘determinism’ - and that terms be confined to ‘the free-will thesis’, ‘determinism’, ‘compatibilism’ and ‘incompatibilism.’ He says
  
  There is a tendency among writers on free will to oppose ‘compatibilism’ and ‘libertarianism’; but the fundamental opposition is between compatibilism and incompatibilism.

Here is a major example (not entirely unconnected with my minor example). Philosophers who use the term 'libertarianism' apparently face an almost irresistible temptation to speak of 'libertarian free will.'


	What is this libertarian free will they speak of? What does the phrase 'libertarian free will' mean?  
  



  Although van Inwagen says he has presented the free-will problem "in a form in which it is possible to think about it without being constantly led astray by bad terminology and confused ideas," he himself is apparently confused by the ambiguous term incompatibilism.

 Incompatibilists are of two opposing types; libertarians who take incompatibilism plus the free will thesis to mean that determinism is not true, and determinists who deny the free will thesis because determinism is true.


So "libertarian free will" and "compatibilist free will" nicely distinguish between an indeterminist view of free will and the view that free will is compatible with determinism.


And it is impossible to define a libertarian with just one of van Inwagen's set of terms.


Van Inwagen makes his confusion clear:
  

  Noun-phrases like ‘free will’ and ‘compatibilist free will’ and ‘libertarian free will’ are particularly difficult for me. I find it difficult to see what sort of thing such phrases are supposed to denote. In serious philosophy, I try never to use an abstract noun or noun-phrase unless it’s clear what ontological category the thing it purports to denote belongs to. For many abstract noun-phrases, it’s not at all clear what sort of thing they’re supposed to denote, and I therefore try to use such phrases only in introductory passages, passages in which the reader’s attention is being engaged and a little mush doesn’t matter.
  


  Van Inwagen then looks closely at the noun phrase "free will" and asserts that it always means the same thing, that the agent is/was able to do otherwise.
  
   ‘free will’, ‘incompatibilist free will’, ‘compatibilist free will’ and ‘libertarian free will’ are four names for one and the same thing. If this thing is a property, they are four names for the property is on some occasions able to do otherwise. If this thing is a power or ability, they are four names for the power or ability to do otherwise than what one in fact does.

All compatibilists I know of believe in free will. Many incompatibilists (just exactly the libertarians: that’s how ‘libertarian’ is defined) believe in free will. And it’s one and the same thing they believe in. 
  


This seems to be word jugglery. Libertarians and compatibilists are using the same noun phrase, but they are denoting two different models for free will, two different ways that free will might operate. Free will is not just the words in a set of propositions to be adjudicated true or false by analytic language philosophers. 
  

John Locke explicitly warned us of the potential confusion in such noun phrases, and carefully distinguished the freedom in "free" from the determined "will." Van Inwagen's problem stems in part from taking this phrase to be a single entity. 

In Latin and all the romance languages, as well as the Germanic languages - in short, all the major philosophical languages (excepting the Greek of Aristotle, before the Stoics created the problem we have today and Chrysippus invented compatibilism) - the concept of free will is presented as a complex of two simple ideas - free and will. 

liberum arbitrium, libre arbitre (French), libera volontà or libero arbitrio (Italian), livre arbítrio (Portuguese), va gratuit (Romanian), libre voluntad (Spanish)

Willensfreiheit (German), fri vilje (Danish), vrije wil (Dutch), fri vilja (Swedish)


ελεύθερη βούληση (Greek), свободную волю (Russian), स्वतंत्र इच्छा (Hindi). 

	
Even some non-Indo-European languages combine two elementary concepts - vapaasta tahdosta (Finnish).


Polish - woli - is an exception to the rule. 


  
The reason Aristotle did not conflate freedom with will, according to his fourth-century commentator Alexander of Aphrodisias, was because for Aristotle the problem was always framed in terms of responsibility, whether our actions are "up to us" (in Aristotle's Greek ἐφ ἡμῖν), whether the causes behind our actions, including Aristotelian accidents  (συμβεβεκός), come from within us (ἐν ἡμῖν).
  


  Coming back to van Inwagen, he then asks what it is that libertarians, including himself, really want. For one thing, he wishes that free will could be compatible with determinism. "It would be so simple," he says. But reason has convinced him it is incompatible.

Will van Inwagen be satisfied to learn that free will is compatible with the adequate determinism that we really have in the world? And that the microscopic indeterminism that we have need not be the direct cause of our actions? 
  

 Let us turn from what libertarians want to have to what they want to be true. Do libertarians want libertarianism to be true? Well, libertarianism is the conjunction of the free-will thesis and incompatibilism. To want libertarianism to be true, therefore, would be to want both the free-will thesis and incompatibilism to be true. I will stipulate, as the lawyers say, that libertarians want the free-will thesis to be true. (And who wouldn’t? Even hard determinists, or most of them, seem to regard the fact — they think it’s a fact — that we do not have free will as a matter for regret.) 

But do libertarians want incompatibilism to be true? Perhaps some do. I can say only that I don’t want incompatibilism to be true. Just as hard determinists regard the non-existence of free will as a matter for regret, I regard the fact — I think it’s a fact — that free will is incompatible with determinism as a matter for regret. But reason has convinced me that free will is incompatible with determinism, and I have to accept the deliverances of reason, however unpalatable they may be. I should think that any philosopher in his or her right mind would want compatibilism to be true. It would make everything so simple. But we can’t always have what we want and things are not always simple.
  


Sadly, incompatibilist libertarians have been right about indeterministic freedom, but wrong about the Will, which must be adequately determined.

And compatibilists have been right about the adequately determined Will, and wrong about indeterminist Freedom, which is never the direct cause of human actions.


See the Cogito model for more details.
  


  Van Inwagen then congratulates himself for having reintroduced the standard argument for the incompatibilism of free will and determinism. As our history of the free will problem shows, this argument has been around since Epicurus.
  
  The Consequence Argument is my name for the standard argument (various more-or-less equivalent versions of the argument have been formulated by C. D. Broad, R. M. Chisholm, David Wiggins, Carl Ginet, James Lamb, and myself) for the incompatibility. It is beyond the scope of this paper seriously to discuss the Consequence Argument. I will, however, make a sociological point. Before the Consequence Argument was well known (Broad had formulated an excellent version of it in the 1930s, but no one was listening), almost all philosophers who had a view on the matter were compatibilists. It’s probably still true that most philosophers are compatibilists. But it’s also true that the majority of philosophers who have a specialist’s knowledge of the ins and outs of the free-will problem are incompatibilists. And this change is due entirely to the power, the power to convince, the power to move the intellect, of the Consequence Argument. If, therefore, the Consequence Argument is fallacious (in some loose sense; it certainly contains no logical fallacy), the fallacy it embodies is no trivial one. Before the Consequence Argument was well known, most philosophers thought that incompatibilists (such incompatibilists as there were) were the victims of a logical “howler” that could be exposed in a paragraph or two. 
  

[Eddy Nahmias, in a post called Counting Heads on the Garden of Forking Paths blog, has surveyed philosophers and finds the ratio of compatibilists to incompatibilists (2:1) to be about the same in the general and specialist populations.] 
  

  Van Inwagen concludes:
  
  The problem of free will, I believe, confronts us philosophers with a great mystery. Under it our genius is rebuked. But confronting a mystery is no excuse for being in a muddle. In accusing others of muddle, I do not mean to imply that that they are muddled because they do not believe what I do about free will. I do not mean to imply that they are muddled because they are compatibilists. 
  

  Describing the problem of free will as whether compatibilism or incompatibilism is true - a redescription that van Inwagen takes most of the credit for - is likely a major contribution to the philosophical muddle we find ourselves in.
  


The Metaphysics of Material Composition


Van Inwagen's 1990 book Material Beings defined some of the major terms for metaphysical discourse and debates in the past twenty-five years. His textbook Metaphysics, in its fourth edition, is one of the best selling philosophy texts, as is his anthology collection Metaphysics, The Big Questions, now in its second edition. 

Van Inwagen asks in what circumstances material objects could be the parts of a larger whole objects. When do simple objects combine as composite objects?


What van Inwagen calls his Special Composition Question is 
 

Suppose one had certain (nonoverlapping) objects, the xs , at ones disposal; what would one have to do - what could one do - to get the xs  to compose something?
   

His more General Composition Question is "what is composition?" Is there some composition function f ?

 

A composition function f would immediately provide  us with an answer to the General Composition Question, an answer of the form

xs compose y if and only if y has f (the xs).

   



Van Inwagen examines four possible ways in which the most simple objects could compose something. FIrst, when the simples are arranged to be in contact with one another, like a stack of alphabet blocks. Second, when the simples have been fastened together, with nuts and bolts, for example, or tinkertoys pressed together to form a house. Third, when the simple objects cohere because they are glued together, like the mortar in a brick house. Finally, when the simples mix together as a fusion with no discernible boundary, like wine and water. 


In the four cases of bonding together by contact, fastening, cohesion, or fusion, van Inwagen cites examples where bonding simple parts does not compose a new complex object, so he considers two more extreme possibilities. One of these is similar to Peter Unger's "Problem of the Many." Van Inwagen calls this "mereological universalism. The other is to deny there is any way for simples to compose anything other than themselves, which he calls "mereological nihilism. 


Van Inwagen questions Unger's early nihilistic claims about objects. Van Inwagen says Unger's logical conclusion should have been that there are many possible objects wherever there is a collection of simple ones, a case of mereological universalism." Van Inwagen goes on to define a much stronger form of mereological nihilism than that in the early Unger work.
He says
 

It is impossible for one to bring it about that something is such that the xs compose it, because necessarily (if the xs are two or more), nothing is such that the xs compose it...


Here is a precise statement of Nihilism


(∃y the xs compose y) if and only if

there is only one of the xs.


An examination of this statement reveals that Nihilism has an interesting
and unique logical property. We said in Section 4 that no answer to the
Special Composition Question entailed an answer to the General Composition
Question. This is not quite true. There is one exception. Nihilism
entails an answer to the General Composition Question:

The xs compose y if and only if

each of the xs is y.


{Left to Right: The xs compose y. Hence, the xs compose something.
Hence, by Nihilism, for some z, the xs are the things identical with z.
Hence, the things identical with z compose y. Hence, z is a part of y. But
Nihilism entails that y has no proper parts. Hence, y is identical with z.
Hence, each of the things identical with z is y. Hence, each of the xs is y.

Right to Left: Each of the xs is y. Hence, each of the xs is a part of y and
every part of y overlaps one of the xs. And no two of the xs overlap, there
being only one of them. Hence, the xs compose y.)
   


Note that the tablewise arrangement is information, the Aristotelian "form," the "final cause" or telos of the carpenter who made the table. But van Inwagen's materialism denies such immaterial forms. He says (p.142), "Immaterial concrete objects, if such there be, fall outside the scope of this book"


Van Inwagen then moderates his extreme nihilism in two ways. One is to soften the way of talking about it. While he denies that composite objects like tables exist, he suggest a paraphrase that allows one to think one is correct when one says "there is a table in the room."  His circumlocution is to say, "there are simples 'arranged tablewise' in the room."

A second moderation of his extreme mereological nihilism is to argue for the existence of animals, especially thinking animals, following René Descartes's famous proof of his existence - Cogito, ergo sum. 

  
(∃y the xs compose y) if and only if

the activity of the xs constitutes a life.
   

Why should I think that I exist? Why should who think that who exists?
To raise the question whether one exists is to presuppose that one exists;
even an omnipotent deceiver could not deceive one about one's own
existence, owing to the fact that one would have to be there in order to be
deceived...


Presumably Descartes meant by
saying 'Cogito, ergo sum' that he was in some sense directly aware of a
thinking being, a being about whose existence he could not be mistaken,
and that this being would have to be himself, since, for any being distinct
from himself, he could be mistaken about that distinct being's existence...



Information philosophy explains the ontological status of those ideas.


Even if one does exist, the most one is aware of
at any given moment is a succession of ideas; one is not aware of a
thinking being, of a being composed of the members of some large
collection of ideas of which the ideas one currently perceives are but a
few.


In van Inwagen's purely material world immaterial ideas simply can not exist


Now, I find this all perfectly unintelligible. To mention just one difficulty
among many, I do not understand what it means to say that I am
composed of ideas. Whatever things compose me, they are all of them
material—or, at any rate, are no further from being material than quarks
and electrons are...

"You have
offered paraphrases of sentences about artifacts into sentences that refer
only to simples. Why do you suppose that the same thing can't be done
in respect of sentences about you and other thinkers? Why couldn't
we introduce a variable polyadic predicate—say, 'the ys are arranged
intellectually'—and paraphrase talk apparently about thinkers into talk
that refers only to simples?"


I have no knock-down response to this challenge. What I am going to
say will perhaps be thought to beg the question, but it is the best I can do...



Unlike passive contact, fastening, cohesion, or fusion of material objects, organisms are composite objects that communicate interactive and vital information between their proper parts, from the cellular to the mental levels and back again.


But if I exist because the
activity of certain simples constitutes a life, then it would be wholly
implausible to suppose that I exist and that no other organisms do. If I
exist, then you do too, and so all other human beings. That is to say, if in
one case in which simples are arranged "anthroponomically" they compose
an object, then in all cases in which simples are arranged anthroponomically
they compose an object...

Let us now turn to the metaphysics of artifacts...



Artisans do createimmaterial forms in their artifacts. Rearranging things is only possible if new information about the arrangement enters the universe, despite the second law


There are, therefore, no tables and chairs, and there are no other
artifacts...Artisans do not create; not, at least, in the sense of causing
things to exist. They rearrange objects in space and cause bonding
relations to begin to hold or to cease to hold (as in the case of the
sculptor who chips away at a block of marble) between objects...


Here we see the limits of analytic language philosophy. Existence is not a question about sentences, not a predicate, as Kant said.


Now, if there are no artifacts, then there are no philosophical problems
about artifacts. Or, at least, those philosophical problems that we
should have said were "about artifacts" are real problems only to the
extent that the sentences that are used to state them can be translated
into sentences that can be clearly seen to imply the existence of no
physical objects but simples and organisms. And I know of no traditional
problem about artifacts that can survive that sort of translation. This is
particularly true of problems of identity and persistence through mereological
change.



Peter Unger and van Inwagen now agree that they both exist, which is somewhat helpful for their future contributions to metaphysical debates. Unfortunately, none of their books and articles exist, nor do these Information Philosopher web pages on their work that you are reading now.


Fortunately, van Inwagen "paraphrases" his extreme mereological nihilist position as accepting that "simples arranged van Inwagen wise" do exist, so we hope you will continue reading these simples arranged pagewise about him and other great thinkers. 



The Doctrine of Arbitrary Undetached Parts



Van Inwagen is right to criticize the "metaphysical" puzzles created by "arbitrary" proper parts of an animate or inanimate object, such as the 1,001 cats on the mat imagined by Peter Geach. Geach imagined the removal (detaching) of one of 1,000 hairs of the cat Tibbles, thereby creating 1,001 cats, the original Tibbles and 1,000 others, each with a different hair removed.


Other metaphysicians imagine a Tibbles who has lost just a tail, making it more parallel to the ancient problem of Dion and Theon posed by Chrysippus,.


Tibbles the cat is a modern version of the Stoic puzzle of PuzzlesDion and Theon. Theon is the part of Dion left if we imagine Dion has lost a foot. Van Inwagen's example imagines Descartes as losing a leg. Neither of these imagined beings are "integral parts" of the whole nor are the surgically removed parts vital. They are arbitrary objects imagined for the express purpose of creating puzzles.
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Excerpt from Essay on Free Will

1.1 There is no single philosophical problem that is "the problem of free will". There are rather a great many philosophical problems about free will.' In this book I shall solve one of these problems and worry another at great length.

The problem I solve is the problem of "fatalism" or "future contingencies". This problem will be dealt with in Chapter II, which is a more or less self-contained essay. That chapter might have been left out of the book with almost no impairment of the argument of the remainder. It is included because it does, after all, bear on the question whether we have free will. And perhaps the fact that what it says is right will go some way toward making up for its irrelevance to the  other parts of the book.


The problem of future contingencies is an old and honourable philosophical problem, but it is not one of the great central problems of philosophy. The main topic of this book is one of the great central problems: the problem of free will and determinism.


1.2 It is difficult to formulate "the problem of free will and determinism" in a way that will satisfy everyone. Once one might have said that the problem of free will and determinism — in those days one would have said 'liberty and necessity' — was the problem of discovering whether the human will is free or whether its productions are governed by strict causal necessity. But no one today would be allowed to formulate "the problem of free will and determinism" like that, for this formulation presupposes the truth of a certain thesis about the conceptual relation of free will to determinism that many, perhaps most, present-day philosophers would reject: that free will and determinism are incompatible. Indeed many philosophers hold not only that free will is compatible with determinism but that free will entails determinism. I think it would be fair to say that almost all the philosophical writing on the problem of free will and determinism since the time of Hobbes that is any good, that is of any enduring philosophical interest, has been about this presupposition of the earlier debates about liberty and necessity. It is for this reason that nowadays one must accept as a fait accompli that the problem of finding out whether free will and determinism are compatible is a large part, perhaps the major part, of "the problem of free will and determinism".


I shall attempt to formulate the problem in a way that takes account of this fait accompli by dividing the problem into two problems, which I will call the Compatibility Problem and the Traditional Problem. The Traditional Problem is, of course, the problem of finding out whether we have free will or whether determinism is true. But the very existence of the Traditional Problem depends upon the correct solution to the Compatibility Problem: if free will and determinism are compatible, and, a fortiori, if free will entails determinism, then there is no Traditional Problem, any more than there is a problem about how my sentences can be composed of both English words and Roman letters.


One of the main theses of this book is that the correct solution of the Compatibility Problem does not imply the nonexistence of the Traditional Problem; therefore my division of the problem of free will and determinism into two is no idle exercise. But before I say more about this division of the problem and about the ways in which I shall use it to organize this book, I shall explain what I mean by free will and determinism in sufficient detail to forestall certain possible misunderstandings.


1.3 In Chapter III, I shall formulate the thesis of determinism with as much precision as I am able to give it. Our present purposes will be served by a short, preliminary account of what is meant by determinism. Determinism is quite simply the thesis that the past determines a unique future. But let us see what that might mean.


Presumably, at any given moment there are many "possible futures", many ways in which the world might go on, Or at least this is true if we understand 'possible' in a sufficiently liberal way: there are certainly many "picturable" or "conceivable" or "consistently describable" futures. But many of the futures that are possible in this sense are impossible in another: they are physically impossible. For example, though I can picture to myself what it would be like for there to be a total eclipse of the sun this afternoon, though I can say without contradicting myself that a total eclipse of the sun will be visible this afternoon, there is an obvious sense in which this future I might imagine or describe is physically impossible. To say this is not to say that it is contrary to the laws of nature — if we may allow ourselves this piece of terminology — that there should be an eclipse this afternoon, for the laws of nature do not by themselves dictate when particular events like eclipses shall occur.' To say that a "possible future" containing an imminent eclipse is physically impossible is rather to say that given the past, the actual past, and the laws of nature, no eclipse will occur; that the past and the laws of nature together rule out any possibility of an eclipse this afternoon. Those who, like me, do not object to talk of "possible worlds" may think of the matter this way: while there are presumably possible worlds in which the laws of nature are the actual laws and in which there is an eclipse this afternoon, there is no possible world in which (i) the laws of nature are the actual laws, (ii) the past is the actual past, and (iii) there will be an eclipse this afternoon.


This example shows that there is a clear sense in which certain "imaginable", "conceivable", or "consistently describable" futures are physically impossible. Determinism may now be defined: it is the thesis that there is at any instant exactly one physically possible future.' There must, of course, be at least one physically possible future; if there is more than one, if at some instant there are two or more ways in which the world could go on, then indeterminism is true.


Determinism in this sense must be carefully distinguished from what we might call the Principle of Universal Causation, that is, from the thesis that every event (or fact, change, or state of affairs) has a cause. It is far from obvious what the logical relations that hold between these two theses are. I doubt, for example, whether the Principle of Universal Causation entails determinism. In order to deduce the latter from the former, we should need at least three premisses:


(1) if an event (or fact, change, state of affairs, or what have you) has a cause, then its cause is always itself an event (or what have you) and never a substance or continuant, such as a man;

(2) if an event (or what have you) A was the cause of an event B, then it follows, given that A happened and given the laws of nature, that A "causally necessitated" B, that B could not have failed to happen;


(3) every chain of causes that has no earliest member is such that, for every time t, some event in that chain happens earlier than t.



It is easy to see why each of these premisses is necessary for the deduction of determinism from the Principle of Universal Causation.

Suppose that the Principle of Universal Causation is true and suppose that premiss (1) is false. Suppose, that is, that the doctrine of immanent or agent causation is true." Suppose, to be more specific, that a certain change occurs in an agent, Tom, and Tom himself is the cause of this change, and no earlier state of affairs necessitated this change. Then the thesis of determinism is false. But our description of this case is internally consistent, for it does not entail that any event is without a cause. In particular, the change in Tom has a cause: Tom himself. The cause of this change, it is true, has no cause, but this does not entail the falsity of the Principle of Universal Causation, since its cause is not an event or change but a man, that is, a continuant.'


Suppose that the Principle of Universal Causation is true and suppose that premiss (1) is true and suppose that premiss (2) is false. That is, suppose that every event is caused by some earlier event or events but that these earlier causes do not necessitate, but merely produce, their effects. (That this supposition is consistent with our concept of causation—that is to say, with the concept of causation, for every concept is the concept it is and is not some other concept—has been argued by Professor Anscombe in her inaugural lecture.' I shall present
and defend similar arguments in Chapter IV.) I think it is easy to see that, if these suppositions are correct, then, while every event has a prior cause, the past nevertheless does not determine a unique future.


Suppose that the Principle of Universal Causation is true and suppose that both premiss (1) and premiss (2) are true and suppose that premiss (3) is false. Then every event is caused by an earlier event that necessitates it; nevertheless, determinism might be false, for as Lukasiewicz pointed out, there might be a pair of times, t1 and t2, such that (i) a certain event A happens at t2, (ii) A is the final member of an infinite chain of causes, and (iii) every member of this chain occurs later than t1.' In that case, we could consistently suppose that the past (up to and including ti) and the laws of nature do not together determine whether A shall or shall not happen at t2, and do not, therefore, determine a unique future.


It follows that to deduce determinism from the Principle of Universal Causation we must assume (1), (2), and (3) as premisses. I doubt whether all three of these propositions are true. I am particularly doubtful about (2).' Therefore, I doubt whether universal causation entails determinism.


I am uncertain what to say about the question whether determinism entails universal causation. Could there be, e.g., an explosion that was not caused by any earlier events but which was none the less inevitable, given the past and the laws of nature? I think that anyone who answers immediately "Of course not!" reveals that a certain picture, or definition, or theory of causation has a very firm grip on him (which is not to say that he is wrong). But any real discussion of this question would lead us needlessly, for we need not answer it, into a discussion of causation, something I shall avoid whenever it is possible.


Having distinguished determinism from the Principle of Universal Causation, let us return to our examination of determinism. Our definition of determinism presupposes some understanding of the notion of a law of nature. I should like to define 'law of nature' in its turn, but I do not know how. I will mention, however, some constraints on an adequate definition of this concept and some necessary conditions for its application. These remarks, though they will not constitute a definition of 'law of nature', will at least show how my use of this term differs from that of some other writers. I should require any definition of 'law of nature' to have the following three consequences:


(i) the phrase 'is a law of nature' is a real predicate: it is typically and properly used in ascribing a certain property to certain objects (unlike, say, 'exists', according to Kant, or 'is good', according to R. M. Hare);

(ii) the objects that have this property are sentences or propositions (non-linguistic entities expressed by sentences) or whatever it is that are the bearers of truth-value: anything that is a law is also either true or false;


(iii) whether a proposition or sentence is a law is independent of what scientists or others happen to believe or happen to have discovered: a proposition, if it is a law, is unchangeably and objectively so, just as, according to the prevailing view of mathematics, a proposition, if it is a theorem, is unchangeably and objectively so, whatever mathematicians or others happen to believe or happen to have proved.



Philosophers have on occasion proposed necessary conditions for a proposition's being a law of nature. A law, for example, is supposed to be true, to be contingent, to entail the existence of no particular (contingent) individual and to "support its counter-factuals" or "warrant inference to subjunctive conditionals". But even if these conditions are individually necessary for lawhood, they are certainly not jointly sufficient.9 Consider, for example, the proposition that all men who are deprived of vitamin C develop scurvy. This proposition is presumably both true and contingent. Moreover, we may suppose that it "supports its counter-factuals": every man, past, present, or future, is such that if he were deprived of vitamin C, he would develop scurvy.` But it hardly follows that this general proposition is a law of nature, for the fact that it supports its counter-factuals might depend on quite accidental circumstances. Suppose, for example, that there is such a thing as "vitamin X", which could be used as an effective replacement for vitamin C; but suppose that all the vitamin X there is is locked in a vault on Mars. If that is true, then while our proposition does in fact support its counter-factual instances, its supporting them depends upon the accidental circumstance that the sole supply of vitamin X is inaccessible to human beings. Or, again, we may imagine that all men are such that they would develop scurvy if they were deprived of vitamin C, but that if an accident involving certain radioactive materials had happened at a certain time and place, some of the witnesses would have had descendants whose bodies were capable of synthesizing vitamin C and who would therefore not develop scurvy under any conditions of diet. It seems to me to be obvious that our concept of a law of nature entails that the possession of lawhood by a proposition cannot depend on such accidental occurrences as these. Therefore, these examples show that the conditions we have been examining are not jointly sufficient for lawhood. I know of none that are—except, of course, sets of conditions that are trivially sufficient, such as sets involving the requirement that a law be a physically necessary proposition—and neither, I think, does anyone else. Nevertheless, 'law of nature' seems to be an intelligible concept and one we can't get along without if we wish to give a complete description of the world. Let me give a simple example of this that is quite independent of any problems about determinism.

I have recently read an article on the possibility of inter-sidereal travel in which the authors divide the unpleasant necessities of this sort of travel into two categories: those imposed upon the travellers by the ignorance of the designer of their vehicle, and those imposed upon the travellers by the laws of nature. This is an important distinction. Spaceships and other artefacts are doubtless never perfect. But certain disadvantages of intersidereal travel are not going to be removed by technological advance as the corresponding disadvantages of inter-continental travel were removed. Inter-continental travel, now a matter of hours, was once a matter of months or years. But intersidereal travel, if it should ever come to pass, will always be a matter of years or centuries. No technological advance could ever change this unfortunate fact, for it is a consequence of the laws of nature.


Now I have just said something about the way things are; what I have said is as much a part of a complete description of the world as are the most ordinary factual statements of the geographer or the historian. And I think it is plain that what I have said I could not have said without employing the concept of a law of nature, or, at least, without employing some essentially equivalent concept like the concept of physical necessity. Therefore the notion of a law of nature makes sense, even if no one knows how to explain it to one who has not yet acquired it. (How you and I did acquire it is a question for the epistemologist or the historian of science; I am content to point out that we have it.) And, therefore, my definition of determinism, though it may rest on an undefined concept, at least rests on an undefined concept we have.
Let us now see what can be done about defining free will.


1.4 I use the term 'free will' out of respect for tradition. My use of the term is not meant to imply that I think there is such a "faculty" as "the will". When I say of a man that he "has free will" I mean that very often, if not always, when he has to choose between two or more mutually incompatible courses of action—that is, courses of action that it is impossible for him to carry out more than one of—each of these courses of action is such that he can, or is able to, or has it within his power to carry it out. A man has free will if he is often in positions like these: he must now speak or now be silent, and he can now speak and can now remain silent; he must attempt to rescue a drowning child or else go for help, and he is able to attempt to rescue the child and able to go for help; he must now resign his chairmanship or else lie to the members, and he has it within his power to resign and he has it within his power to lie.


'Free will', then, is to be defined in terms of 'can'. But how is 'can' to be defined? I am afraid I do not know how to define 'can', any more than I know how to define 'law of nature'. Nevertheless, I think that the concept expressed by 'can' in the examples given in the preceding paragraph—the concept of the power or ability of an agent to act—is as clear as any philosophically interesting concept is likely to be. In fact, I doubt very much whether there are any simpler or better understood concepts in terms of which this concept might be explained. There are, however, concepts with which the concept of human power or ability might be confused, either because they really are similar to the concept of power, or because they are sometimes expressed by similar words. Perhaps what I say in the sequel will be clearer if I explicitly distinguish the concept of power or ability from those concepts with which it might be improperly conflated. 


(i) The concept of the power or ability of an agent to act is not the concept of moral or legal permissibility. I might say to a hard-hearted landlord, "You can't simply turn them out into the street", knowing full well that, in the sense of 'can' that is our present concern, he very well can. The popular retort, "Oh, can't I? Just you watch!" is, I should think, usually a play on these two senses of 'can', though sometimes it may be an expression of a genuine confusion between them. And in some few cases, cases typified by the use of words like 'I can't go through with it', it may be that no one, either agent or spectator, can say with any confidence whether can is being used to express the idea of power or the idea of permissibility.


(ii) The concept of the power or ability of an agent to act is not the concept of physical possibility, nor is power or ability entailed by physical possibility. This can be shown by a simple example. Suppose I have been locked in a certain room and suppose that the lock on the door of that room is a device whose behaviour is physically undetermined; it may come unlocked and it may not: there is a future consistent with both the actual past and the laws of nature in which an internal mechanism unlocks the lock and another such future in which it doesn't. Then it is physically possible that I shall leave the room. But it does not follow that in any relevant sense I can leave the room.


(iii) The concept of the power or ability of an agent to act is not the concept of epistemic possibility. Consider the sentence, 'Castro could have arranged for Kennedy's assassination'. Clearly there are at least two things that someone who spoke these words might mean by them. He might mean, 'For all we know, Castro did arrange for Kennedy's assassination', or he might mean, 'Castro had it within his power to arrange for Kennedy's assassination'. These senses are obviously quite different and the first is of no particular interest to us.


(iv) The concept of the power or ability of an agent to act is not the concept of causal power or capacity. We say that penicillin has the power to kill certain bacteria, that a hydrogen bomb is capable of destroying a large city, and that a certain computer can perform a thousand calculations per second. (These are statements about capacities that may be unrealized. The vocabulary of our talk about the realization of causal capacities and the vocabulary of agency similarly overlap: we talk about the action of hydrochloric acid on zinc and the action of an automatic pistol.) But this sort of talk is really very different from talk of the power of an agent to act, despite their common origin in the technical terminology of medieval Aristotelianism. Perhaps the best way to appreciate this difference is to examine some ascriptions of causal capacity to human agents and to contrast them with ascriptions of ability to human agents.
We ascribe a capacity, rather than an ability, to an agent when we say he:


can digest meat (being an omnivore);

has absolute pitch;


has normal colour vision; 


can understand French.



We ascribe an ability, rather than a capacity, to an agent when we say he:

can cook meat;

can sing correctly; 


can name the colours; 


can speak French.



Despite their superficial similarity, there is all the difference in the world between the sort of property that the predicates in the first list ascribe to an agent and the sort of property that those in the second list ascribe to an agent. Consider, for example, the last item in each list. For a man to have the capacity to understand French is for him to be such that if he were placed in certain circumstances, which wouldn't be very hard to delimit, and if he were to hear French spoken, then, willy-nilly, he would understand what was being said. But if a man can speak French, it certainly does not follow that there are any circumstances in which he would, willy-nilly, speak French. The concept of a causal power or capacity would seem to be the concept of an invariable disposition to react to certain determinate changes in the environment in certain determinate ways, whereas the concept of an agent's power to act would seem not to be the concept of a power that is dispositional or reactive, but rather the concept of a power to originate changes in the environment."

Three points need to be made about what I have said about capacities and abilities.


First, it does not pretend to be an analysis of the distinction between capacities and abilities. It is, rather, an argument by example for the existence of this distinction. I do not know how to give a general account of it. (The reader may have noticed that I rarely attempt to give any general account or analysis of a concept, being content, in problematical cases, to try to show that we have a concept answering to a certain description and to try to distinguish it from other, similar concepts. In general, I am suspicious of philosophers' "analyses" of concepts, which seem to me to be only rarely correct and almost always tendentious. In the course of this book, I shall frequently appeal to our understanding of various unanalysed concepts — such as the concept of an agent's power to act — in order to convince the reader that one of my premisses is true. But note that if I were to offer a philosophical analysis of these concepts, I should have to appeal to our pre-analytical understanding of them as part of my argument for the correctness of my analysis. The appeal to intuition must turn up at some level of discourse. I prefer making "nonce" appeals to intuition at specific points in the argument to making the very abstract and general appeals to intuition that are inevitable when one is defending a philosophical analysis. This rationale for my procedure is, of course, self-serving, since I almost never know of any plausible analysis of the concepts I employ. I should add that my definitions of terms — such as 'determinism' — are not supposed to be analyses of concepts but explanations of my own technical terminology.)


Secondly, I do not mean to imply that this distinction is, at least in any very straightforward way, supported by ordinary usage. There is certainly nothing wrong with saying that someone is able to understand French, and probably nothing wrong with saying that a certain king lacks the capacity to rule.


Thirdly, I have been making a conceptual distinction. No ontological conclusions should be drawn from the existence of this distinction. Nothing I have said entails that the abilities of agents are not in some sense "reducible to" or do not "supervene upon" the causal capacities of the agents—or of some parts of agents, such as organs, cells, or atoms—and their environment. Here are two analogous cases that may make this point clearer: the concept of a number is not the concept of a set, but that does not mean that statements about numbers cannot be reduced to statements about sets or that there are numbers in addition to sets; the concept of a mental event is not the concept of a physical event, but that does not mean that statements about mental events cannot be reduced to statements about physical events or that there are mental events in addition to physical events.


I repeat: the purpose of this discussion of abilities and capacities, unlike the purposes of the discussions of most other philosophers who have made this distinction, has been conceptual and not ontological. My only purpose has been to state as clearly as I can what concept it is I shall be using 'can' and `able' and 'power' to express. It is this sense, of course, that these words bear in the above definition of free will. And it is free will as defined in the present section that I shall argue is incompatible with determinism as defined in the previous section.


(v) The concept of the power or ability of an agent to act is not the same as the concept of a skill or an accomplishment. In the preceding discussion of abilities and causal capacities, I used the predicate 'can speak French' as an example of a predicate that expresses the power of an agent to act. I did this because 'can speak French' stands in instructive opposition to the capacity-predicate 'can understand French'. But there is more to be said about 'can speak French'. Suppose that Jean-Paul, a valiant member of the Resistance, has been captured by the Germans and bound and gagged. Can he speak French?
Well, to be able to speak French is to be able to speak, and. he can't speak because he is gagged: so he can't speak French. On  the other hand, if the German commander ordered all prisoners who could speak French brought before him, he would be unlikely to look approvingly on the action of the subordinate who produced only the ungagged French-speaking prisoners ("For the others, Herr Oberst, cannot speak simpliciter, and, a fortiori, cannot speak French").


Clearly there is a distinction to be made between a skill, accomplishment, or general ability, on the one hand, and, on the other, the power to exercise it on a given occasion. This is true despite the fact that the same words might be used in both kinds of situation (`can speak French'; 'can move her left arm'; 'can play the flute'). That is not to say that there may not be a close conceptual connection between the two. I should think, - in fact, that a statement ascribing a skill or other general ability to an agent is probably equivalent to some statement asserting that, under certain conditions, that agent has the power to perform acts that fall under certain descriptions. But I shall not pursue this question, since it is not relevant to our present concerns. It is plain that the 'can' that figures in discussions of free will and determinism is not the `can' of skill: the thesis of determinism may or may not be relevant to the question whether someone on a particular occasion can or cannot speak French; it is certainly irrelevant to the question whether that person is a French-speaker.


1.5 It is in these senses that I shall understand 'free will' and `determinism'. In Chapters III and IV, I shall argue that free will is incompatible with determinism. It will be convenient to call this thesis incompatibilism and to call the thesis that free will and determinism are compatible compatibilism. I have no use for the terms 'soft determinism', 'hard determinism; and `libertarianism'. I do not object to these terms on the ground that they are vague or ill-defined. They can be easily defined by means of the terms we shall use and are thus no worse in that respect than our terms. Soft determinism is the conjunction of determinism and compatibilism; hard determinism is the conjunction of determinism and incompatibilism; libertarianism is the conjunction of incompatibilism and the thesis that we have free will." (I should like to appropriate libertarianism' as a name for the thesis that we have free will, but the incompatibilistic associations of this term are too firmly ingrained in too many readers for this to be wise. I have toyed with the idea of using `elutherianism' for this purpose, but reason has prevailed. I have finally and reluctantly settled on `the free-will thesis'.) I object to these terms because they lump together theses that should be discussed and analysed separately. Even having them on hand is a permanent temptation to conflate the Traditional Problem and the Compatibility Problem. They are therefore worse than useless and ought to be dropped from the working vocabulary of philosophers.


There is one other term that commonly figures in discussions of free will and determinism that I shall avoid: 'contra-causal freedom'. This term is highly ambiguous and, moreover, in accepting incompatibilism the believer in free will commits himself to accepting none of the things it might mean.


'Contra-causal freedom' might mean the sort of freedom, if freedom it would be, that someone would enjoy if his acts were uncaused. But, as we shall see in Chapter IV, that someone's acts are undetermined does not entail that they are uncaused. (This point was briefly touched on in Section 1.3.)


'Contra-causal freedom' might mean the sort of freedom, if freedom it would be, that someone would enjoy if in acting he violated the laws of nature, that is, if he worked miracles—even if only small miracles, local to the motor centres of his brain. Now I am not one of those philosophers who think that miracles are conceptually impossible. It seems to me that if God created ex nihilo a spinning object, then the proposition we call 'the law of the conservation of angular momentum' would be false. Yet, it seems to me, it might be a law of nature for all that. I think I understand the notion of a supernatural being, that is, the notion of an agent who is superior to and not a part of Nature (this enormous object that the natural sciences investigate), and I think that the falsity of a proposition counts against its being a law of nature if and only if that falsity is due entirely to the mutual operations of natural things, and not if it is due to the action of such an "external" agent upon Nature. But it does not follow from this perhaps rather quaint thesis about the concept of miracle that we can perform miracles, for there is no reason to suppose we are supernatural beings. And even if we are supernatural beings, that we are is not a consequence of the joint truth of the freewill thesis and incompatibilism. If these two theses are true, then determinism is false, and, moreover, one's free choices are undetermined: if I have a free choice between A and B, then my doing A is consistent with the past and the laws of nature and so is my doing B. Incompatibilism, therefore, entails that neither my freely doing A nor my freely doing B would "violate" a law of nature. It follows that it is sheer confusion to attribute a belief in contra-causal freedom, in the present sense, to the incompatibilist who believes in free will.


Finally, "contra-causal freedom" might be attributed to an agent if that agent has it within his power to act contrary to the laws of nature; that is, if the agent is able to perform certain acts whose performance would be sufficient for the falsity of certain propositions that are in fact laws of nature. But the incompatibilist, whether or not he accepts the free-will thesis, does not believe in contra-causal freedom in this sense. Quite the contrary: it is because the incompatibilist believes that we do not possess this power with respect to the laws of nature that he believes free will requires indeterminism. The precise sense in which this is true will be evident from an inspection of the arguments for incompatibilism that will be presented in Chapter III.


Incompatibilism, therefore, may perhaps be described as the thesis that free action is "extra-causal"; to say it is the doctrine that free action is "contra-causal" can only lead to confusion.


1.6 Incompatibilism can hardly be said to be a popular thesis among present-day philosophers (the "analytic" ones, at any rate). Yet it has its adherents and has had more of them in the past. It is, however, surprisingly hard to find any arguments for it. That many philosophers have believed something controversial without giving any arguments for it is perhaps not surprising; what is surprising is that no arguments have been given when arguments are so easy to give. Perhaps the explanation is simply that the arguments are so obvious that no one has thought them worth stating. If that is so, let us not be afraid of being obvious. Here is an argument that I think is obvious (I don't mean it's obviously right; I mean it's one that should occur pretty quickly to any philosopher who asked himself what arguments could be found to support incompatibilism):


If determinism is true, then our acts are the consequences of the laws of nature and events in the remote past. But it is not up to us what went on before we were born, and neither is it up to us what the laws of nature are. Therefore, the consequences of these things (including our present acts) are not up to us.


I shall call this argument the Consequence Argument. In Chapter III, I shall argue for incompatibilism by presenting three very detailed versions of the Consequence Argument. Or, if you like—how does one count arguments, anyway?—I shall present three detailed arguments each of which is suggested by the Consequence Argument.

In Chapter IV, I shall examine three arguments for compatibilism: the "Paradigm Case Argument", the "Conditional Analysis Argument", and an argument I shall call the Mind Argument because it has appeared so often in the pages of that journal."


The Paradigm Case Argument attempts to establish the compatibility of free will and determinism by an examination of cases of human action that, it is alleged, serve as paradigms for the teaching of the meanings of words like 'free'.


The Conditional Analysis Argument maintains that statements ascribing to human agents the power or ability to act otherwise are to be analysed as disguised conditionals, which, when their disguise is removed, can be seen to be compatible with determinism.


The Mind Argument proceeds by identifying indeterminism with chance and by arguing that an act that occurs by chance, if an event that occurs by chance can be called an act, cannot be under the control of its alleged agent and hence cannot have been performed freely. (In this brief statement of the Mind Argument I have left entwined three strands of reasoning that I shall disentangle in Chapter IV.) Proponents of the Mind Argument conclude, therefore, that free will is not only compatible with determinism but entails determinism.


I shall argue in Chapter IV that these arguments fail. There are, I think, no other arguments for compatibilism that need be taken seriously. Let me give just one example of an argument that need not be taken seriously. Some philosophers have urged that to suppose that free will and determinism are in conflict is to confuse compulsion with determination by causal laws. For, these philosophers argue, to do something of one's own free will is to do that thing without being compelled to do it, and to behave in accordance with a deterministic set of causal laws is not to be compelled. I reply that this argument confuses doing things of one's own free will with having free will about what one does. These are not the same thing. The following case shows this. Suppose a certain man is in a certain room and is quite content to be there; suppose, in fact, that he wants very much to. remain in that room and that it would be difficult indeed to induce him even to consider leaving it. Then, I should think, he remains in the room of his own free will. But we can with perfect consistency go on to suppose that he has no free will about whether he leaves the room: suppose that, unknown to him, the only door is locked and that it is not within his power to open it.


Now someone might want to say that our imaginary agent did not remain in the room "of his own free will". I don't think this is right, but I will not argue the point. For if it is true that our agent did not remain in the room "of his own free will", then we cannot establish that a person does something "of his own free will" by establishing that his doing it is uncompelled. But the "compulsion" argument we have been considering certainly does depend on the premiss that one can so establish that a person has acted "of his own free will". Let us grant this premiss. The example of the man locked in the room shows that it does not follow from a person's doing something "of his own free will" that he can do otherwise. And thus it does not follow from the undoubted fact that we often do things of our own free will that what I have called the free-will thesis is true. And, therefore, the Compatibility Problem is not going to be solved by jejune reflections on compulsion.


1.7 If the arguments of Chapter III are correct, then incompatibilism is true. These arguments have premisses. Some of the premisses are more controversial than others. That is, some of the premisses of Chapter III will be accepted without question by the compatibilist and others he will want to argue about. Let us call the conjunction of these "controversial" premisses P. Suppose I am willing to grant that if any of my premisses are false, the false ones are conjuncts of P. The compatibilist and I will thus agree that if compatibilism is true, then P is false. One compatibilist has actually argued (in effect) that this proposition on which he and I agree entails that I am begging the question against compatibilism by assuming the truth of P.


It should suffice to point out that the situation in which this argument places the compatibilist and me is a perfectly symmetrical one: I am in a position to employ the same argument, mutatis mutandis, to prove the conclusion that his choice of premisses begs the question, and I should be as well justified in employing the argument against him as he is in employing it against me. Now why, I have asked myself uneasily, would anyone say something that can be so easily refuted? I think there are two possible answers. (i) The compatibilist thinks that compatibilism is prima facie true and that the burden of proof lies on the incompatibilist. (When a philosopher says, "The burden of the proof lies on you", he means, "You must deduce your conclusion from the truths of immediate sensory experience by means of an argument that is formally valid according to the rules of elementary logic, I on the other hand may employ any dialectical tactic I find expedient".) (ii) He thinks that the premisses from which he derives compatibilism are more plausible than those from which I derive incompatibilism.


As to the first of these possibilities, I deny that compatibilism is prima facie right and incompatibilism prima facie wrong. Quite the other way round, if you ask me. But I shall not assume that either of these propositions is prima facie right. I shall treat them as philosophical theses of equal initial plausibility, and this, it seems to me, is the only reasonable way to approach the Compatibility Problem.


In Section 4.3, I shall attempt to undermine the thesis that the premisses of the compatibilist are prima facie more plausible than my own by comparing the premisses of one argument for compatibilism, the Conditional Analysis Argument, with the premisses of one of the incompatibilist arguments presented in Chapter III. I think that the unprejudiced reader—if such can be found: very likely anyone willing to read as far as Chapter IV will have brought strong feelings about the Compatibility Problem to his reading of this book—will agree that if the premisses of my argument and the premisses of the Conditional Analysis Argument are considered independently of their implications for the Compatibility Problem, then the former will be seen to be considerably more plausible than the latter. 


1.8 If the arguments of Chapters III and IV are cogent, then I shall have provided good reasons for thinking that free will and determinism are incompatible. Suppose I am right. Suppose these theses are incompatible. Which, if either, ought we to accept? As a first step towards answering this question, I shall, in Chapter V, address the question, "What would it mean to reject free will?" I shall argue that such a rejection would have at least two interesting consequences.


First, anyone who rejected free will could not consistently deliberate about future courses of action. This is so, I shall argue, owing simply to the fact that one cannot deliberate without believing that the things about which one is deliberating are things it is possible for one to do. How important one takes this consequence to be will, of course, depend on how important one thinks consistency is.


Secondly, and, I think, much more importantly, to deny the existence of free will commits one to denying the existence of moral responsibility. Until a short while ago, most philosophers would have taken this to be obvious. But if any of these philosophers had been asked to defend this obvious thesis, he would almost certainly have appealed to the following principle: a person can be held morally responsible for what he has done only if he could have done otherwise. In a recent remarkable article, however, Harry Frankfurt has presented convincing counter-examples to this principle. I shall devote the bulk of Chapter V to showing that even if Frankfurt is right, it is none the less true that moral responsibility is possible only if we have free will.


Now some philosophers will perhaps want to protest at this point in the argument that while I may indeed have shown that in some sense free will is incompatible with determinism, and while I may have shown that free will in some sense is logically necessary for moral responsibility, I have not shown that there is any single notion of free will that has both these features. Therefore, these philosophers may allege, I am not in a position to say that considerations having to do with moral responsibility can be used to show that we ought to accept the doctrine called 'free will' in Chapters III and IV and there shown to be incompatible with determinism.


I shall meet this possible objection in two ways. First, I shall ask the reader to examine the premisses of the arguments of Chapter III after they have been rewritten according to the following rule: at each place at which the words 'free will' occur in the premisses of these arguments, replace them with the words 'free will in just that sense of free will that is relevant to questions of moral responsibility'. I contend that the reader will find that the rewritten premisses are no less plausible than the original ones. Secondly, I shall present an argument for the incompatibility of moral responsibility and determinism that makes no mention whatever of free will, though it will be structurally identical with one of the arguments for the incompatibility of free will and determinism that occurs in Chapter III. I think this "direct" argument for the incompatibility of responsibility and determinism will have the following feature: it will clearly be sound if and only if the corresponding argument of Chapter III is sound. But if this is true, then it seems very unlikely that it is only some sort of "free will" that has nothing to do with moral responsibility that is shown in Chapter III to be incompatible with determinism.


The principal conclusion of Chapter V will therefore be that to reject free will—in just that sense of 'free will' in which we have earlier argued that free will is incompatible with determinism—is to reject moral responsibility.


In Chapter VI, I shall discuss the Traditional Problem, that is, the problem of finding out whether determinism is true, or whether the free-will thesis is true, or whether neither is true.
I shall proceed by asking what reasons we have for thinking that determinism is true and what reasons we have for thinking that the free-will thesis is true.


There are two sorts of reason for believing in determinism. First, one might believe in determinism because one believes that science has shown determinism to be true. I shall argue at length that science has, if anything, shown determinism to be false. Secondly, one might believe that determinism is a truth of reason, on the ground that it is a logical consequence of the Principle of Sufficient Reason. I shall show that, whether or not determinism is a consequence of the Principle of Sufficient Reason, the Principle of Sufficient Reason must be rejected, since it entails the collapse of all modal distinctions.


In addition to asking what reasons might be brought in support of determinism, we shall also ask what reasons might be brought in support of a certain closely related but weaker thesis: the thesis that human beings, like typical digital computers, behave in ways that are entirely determined by their past states and their current "input". It is important to consider this thesis because: (i) it would seem to be incompatible with free will if and only if determinism proper is; (ii) unlike determinism proper it is not in even prima-facie conflict with current physical theory; and (iii) it is commonly contended that the empirical study of human beings has uncovered facts that strongly support it. I shall argue that this common contention is sheer bluff.


The conclusion of the argument whose course is summarized in the last few paragraphs is that neither physics nor pure reason supports determinism, and, moreover, that the scientific study of human beings does not support the thesis that the behaviour of human beings is "for all practical purposes" determined.


What reasons can be brought in support of the free-will thesis? It cannot, I think, be seriously maintained that we can know by some sort of introspection that we have or that we do not have free will. And neither can it be maintained that the empirical study of human beings is likely to show us that we have or that we do not have free will. The only relevant argument would seem to be this: if we do not have free will, then there is no such thing as moral responsibility; therefore, since there is such a thing as moral responsibility, there is such a thing as free will. (Moreover, since free will is incompatible with determinism, determinism is false.) The first premiss of this argument is defended in Chapter V in the way outlined above. In Chapter VI, we shall examine its second premiss, and I shall defend my use of this argument against the charge that for an incompatibilist so to argue amounts to his claiming to be able to prove that determinism — a thesis about the motion of matter in the void — can be shown to be false by a priori reflection on moral responsibility. I shall also examine a condition of certain philosophers (their having fallen under the spell of "scientism") that makes it psychologically very difficult for them to believe that such "tender-minded" arguments as this could possibly provide one with good reason to reject determinism.


I shall finally address the question, "What would you say if, after all, the progress of science did show that indeterminism was untenable?"
  

Peter van Inwagen - Quam Dilecta




Note that the tablewise arrangement is information, the Aristotelian "form," the "final cause" or telos of the carpenter who made the table. But van Inwagen's materialism denies such immaterial forms. He says (p.142), "Immaterial concrete objects, if such there be, fall outside the scope of this book"




Source: https://www.informationphilosopher.com/solutions/philosophers/vaninwagen/
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Frank Jackson

Frank Jackson is professor emeritus of philosophy at Australian National University and for 2007-2014 was a visiting professor at Princeton.

Jackson's special interest is the philosophy of mind, especially the problem of physicalist or reductionist explanations of mind. Physicalism is the view that the entire contents of the world are matter alone, atoms and the void. Immaterial entities, such as mind, are merely epiphenomena, a byproduct of brain activity, with no causal effect on the material world.  


But what then is human knowledge? Does knowledge not affect our world every day? Jackson may be best known for his "knowledge argument" against physicalism — against the view that the universe consists entirely of the kinds of entities described by physics. His prime example of the knowledge argument is a scientist named Mary who lives in a black and white room and sees the outside world through a black and white television monitor.


Mary is a brilliant scientist who is, for whatever reason, forced to investigate the
world from a black and white room via a black and white television monitor.
She specialises in the neurophysiology of vision and acquires, let us suppose,
all the physical information there is to obtain about what goes on when we
see ripe tomatoes, or the sky, and use terms like 'red', 'blue', and so on. She
discovers, for example, just which wave-length combinations from the sky
stimulate the retina, and exactly how this produces via the central nervous
system the contraction of the vocal chords and expulsion of air from the
lungs that results in the uttering of the sentence 'The sky is blue'...

What will happen when Mary is released from her black and white room
or is given a colour television monitor? Will she learn anything or not? It
seems just obvious that she will learn something about the world and our
visual experience of it. But then it is inescapable that her previous knowledge
was incomplete. But she had all the physical information. Ergo there
is more to have than that, and Physicalism is false.




But isn't it clear that Mary did not have all the information? In particular, even if told everything about every physical and biological process others use to see the color red, Mary has never had the experience of seeing the color red, the difficult to define "qualia." 


Once Mary has experienced color, she has learned more, she knows more. 


But surely Mary's personal information content and her experiences, in short, her "knowledge," can not alone count as evidence that "physicalism is false."


In his more recent work, Jackson questions his earlier "strongly held intuitions...that there is something seriously incomplete about any purely physical story about the mind"   



Most contemporary philosophers given a choice between going with science and going with intuitions, go with science. Although I once dissented from the majority, I have capitulated and now see the interesting issue as being where the arguments from the intuitions against physicalism—the arguments that seem so compelling—go wrong.,,

The epistemic intuition that founds the knowledge argument is that you cannot deduce from purely physical information about us and our world, all there is to know about the nature of our world because you cannot deduce how things look to us...


[Mary] is, despite [her] artificial restrictions, extraordinarily knowledgeable about the physical nature of our world, including the neurophysiology of human beings and sentient creatures in general, and how their neurophysiology underpins their interactions with their surroundings. Can she in principle deduce from all this physical information, what it is like to see, say, red?




The I-Phi Experience Recorder and Reproducer


In terms of information philosophy's mind model as an experience recorder and reproducer, Mary's first encounter with colors would not yet allow her to contextualize her new experience. She would not yet have, but would soon acquire, the past feelings associated with different colors that are felt again when similar new experiences fire those neurons that were "wired together" by past experiences. 

The ERR model is an extension of neuroscientist Donald Hebb's famous insight that "neurons that fire together wire together." Our experience recorder and reproducer ERR model simply assumes that "neurons that have been wired together will fire together." It is our model for "learning" and "memory" in all living things.


We propose that the ERR can in principle reproduce the entire complex of past sensations experienced, together with the emotional responses to the original experience (pleasure, pain, fear, etc.). Playback of past experiences may be stimulated by anything in the current experience that resembles something in past similar experiences.


The ERR model stands in contrast to the popular cognitive science or “computational” model of a mind as a digital computer with a "central processor" or even many "parallel processors." No algorithms or stored programs are needed for the ERR model. There is nothing comparable to the addresses and data buses used to store and retrieve information in a digital computer. Analog "action potentials (electrical discharges) simply travel along the branching neural networks that were connected together by past experiences. 


Later firing of even a part of the previously wired neurons can stimulate firing of all or part of the original complex, thus "playing back" similar past experiences (including the critically important emotional reaction to those original experiences), without which a genuinely new experience lacks the context needed to give it "meaning" and produce the "feelings" that accompany the "qualia," Thomas Nagel's "what it's like to be..." and Jackson's "what it's like to see...," the color red, for example.
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William James simply asserted that his will was free. As his first act of freedom, he said, he chose to believe his will was free. He was encouraged to do this by reading Charles Renouvier. In his diary entry of April 30, 1870, he wrote,

"I think that yesterday was a crisis in my life. I finished the first part of Renouvier's second Essais and see no reason why his definition of free will — 'the sustaining of a thought because I choose to when I might have other thoughts' — need be the definition of an illusion. At any rate, I will assume for the present — until next year — that it is no illusion. My first act of free will shall be to believe in free will." 


James later coined the terms "hard determinism" and "soft determinism" in his essay on "The Dilemma of Determinism," delivered as an address to Harvard Divinity School students in Divinity Hall, on March 13, 1884 at 7:30pm, and published in the Unitarian Review for September 1884.


Old-fashioned determinism was what we may call hard determinism. It did not shrink from such words as fatality, bondage of the will, necessitation, and the like. Nowadays, we have a soft determinism which abhors harsh words, and, repudiating fatality, necessity, and even predetermination, says that its real name is freedom; for freedom is only necessity understood, and bondage to the highest is identical with true freedom.


James described chance as neither of these, but "indeterminism."  He said,

"The stronghold of the determinist argument is the antipathy to the idea of chance. As soon as we begin to talk indeterminism to our friends, we find a number of them shaking their heads. This notion of alternative possibility, they say, this admission that any one of several things may come to pass is, after all, only a roundabout name for chance; and chance is something the notion of which no sane mind can for an instant tolerate in the world. What is it, they ask, but barefaced crazy unreason, the negation of intelligibility and law? And if the slightest particle of it exists anywhere, what is to prevent the whole fabric from falling together, the stars from going out, and chaos from recommencing her topsy-turvy reign?" 


James was the first thinker to enunciate clearly a two-stage decision process, with chance in a present time of random alternatives, leading to a choice which grants consent to one possibility and transforms an equivocal ambiguous future into an unalterable and simple past. (ibid., p.158)


There is a temporal sequence of undetermined alternative possibilities followed by adequately determined choices. 



"What is meant by saying that my choice of which way to walk home after the lecture is ambiguous and matter of chance?...It means that both Divinity Avenue and Oxford Street are called but only one, and that one either one, shall be chosen."  


James was considering a case where his two choices were essentially equivalent, the so-called "liberty of indifference" (the scholastic liberum arbitrium indifferentiae). He also imagined his actions repeated in exactly the same circumstances, which is regarded today as one of the great challenges to libertarian free will.


Imagine that I first walk through Divinity Avenue, and then imagine that the powers governing the universe annihilate ten minutes of time with all that it contained, and set me back at the door of this hall just as I was before the choice was made. Imagine then that, everything else being the same, I now make a different choice and traverse Oxford Street. You, as passive spectators, look on and see the two alternative universes,--one of them with me walking through Divinity Avenue in it, the other with the same me walking through Oxford Street. Now, if you are determinists you believe one of these universes to have been from eternity impossible: you believe it to have been impossible because of the intrinsic irrationality or accidentality somewhere involved in it. But looking outwardly at these universes, can you say which is the impossible and accidental one, and which the rational and necessary one? I doubt if the most ironclad determinist among you could have the slightest glimmer of light on this point. In other words, either universe after the fact and once there would, to our means of observation and understanding, appear just as rational as the other. (ibid., p.155)


    James very likely had the new (1859) model of Darwinian evolution in mind. Unlike his colleague Charles Sanders Peirce, from whom he learned much about chance, James accepted Darwin's explanation of human evolution. Although Peirce is well-known for his enthusiastic acceptance of chance (he called it "Tychism"), he did not care for Darwin's idea that chance drove the variations.

Compare James, who in 1880 suggested a strong similarity between genetic evolution and the evolution of ideas.  


A remarkable parallel, which I think has never been noticed, obtains between the facts of
social evolution on the one hand, and of zoölogical evolution as expounded by Mr.
Darwin on the other.

Darwin's  achievement
was to define the true problem with which we have to deal when we study the effects of the
visible environment on the animal.  That problem is simply this: Is the environment more
likely to preserve or to destroy him, on account of this or that peculiarity with
which he may be born? 



James says that Darwin probably thought that his "accidental variations" were produced in accordance with some grand natural law, so that everything, in some remote and round-about way, hangs together. But James was more willing to see accidents and chance in mental evolution. 


If we look at an animal or a human being,
distinguished from the rest of his kind by the possession of some extraordinary peculiarity,
good or bad, we shall be able to discriminate between the causes which originally
produced the peculiarity in him and the causes that maintained it
after it is produced; and we shall see, if the peculiarity be one that he was born with, that
these two sets of causes belong to two such irrelevant cycles.  It was the triumphant
originality of Darwin to see this, and to act accordingly.  Separating the causes of production
under the title of 'tendencies to spontaneous variation,' and relegating them to physiological
cycles which he forthwith agreed to ignore altogether, he confined his attention to the causes of preservation, and under the names of natural selection and sexual selection studied them
exclusively as functions of the cycle of the environment.

[In mental evolution], if anywhere, it would seem at first sight as if that school must be right which makes the mind
passively plastic, and the environment actively productive of the form and order of its
conceptions; which, in a word, thinks that all mental progress must result from a series of 
adaptive changes, in the sense already defined of that word...It might, accordingly, seem as if there were no room for any agency other than this; as if the distinction we have found so useful between "spontaneous variation," as the producer of changed forms, and the environment, as their preserver and destroyer, did not hold in the case of mental progress; as if, in a word, the parallel with Darwinism might no longer obtain...


But, in spite of all these facts, I have no hesitation whatever in holding firm to the
Darwinian distinction even here.  I maintain that the facts in question are all drawn from the
lower strata of the mind, so to speak, - from the sphere of its least evolved functions, from the
region of intelligence which man possesses in common with the brutes. 



James sounds much like Lucretius in his descriptions of random images that "come to us."


And I can easily show...that as a matter of
fact the new conceptions, emotions, and active tendencies which evolve are originally
produced in the shape of random images, fancies, accidental out-births of spontaneous 
variation in the functional activity of the excessively instable human brain, which the outer
environment simply confirms or refutes, adopts or rejects, preserves or destroys, - selects, in
short, just as it selects morphological and social variations due to molecular accidents of an
analogous sort. (ibid., p.445)

Note that James does not literally mean that the environment selects, but only in the Kantian sense that we put our questions to Nature and nature responds. 


It is one of the tritest truisms that human intelligences of a simple order are very literal. They are slaves of habit, doing what they have been taught without variation; dry, prosaic, and matter-of-fact in their remarks; devoid of humor, except of the coarse physical kind which rejoices in a practical joke; taking the world for granted; and possessing in their faithfulness and honesty the single gift by which they are sometimes able to warm us into admiration. 

James is perfectly clear that the human will chooses from among alternative possibilities, which are generated by chance "spontaneous variations"


But even this faithfulness seems to have a sort of inorganic ring, and to remind us more of the immutable properties of a piece of inanimate matter than of the steadfastness of a human will capable of alternative choice. When we descend to the brutes, all these peculiarities are intensified. No reader of Schopenhauer can forget his frequent allusions to the trockener ernst of dogs and horses, nor to their ehrlichkeit. And every noticer of their ways must receive a deep impression of the fatally literal character of the few, simple, and treadmill-like operations of their minds.

But turn to the highest order of minds, and what a change! Instead of thoughts of concrete things patiently following one another in a beaten track of habitual suggestion, we have the most abrupt cross-cuts and transitions from one idea to another, the most rarefied abstractions and discriminations, the most unheard-of combinations of elements, the subtlest associations of analogy; in a word, we seem suddenly introduced into a seething caldron of ideas, where everything is fizzling and bobbing about in a state of bewildering activity, where partnerships can be joined or loosened in an instant, treadmill routine is unknown, and the unexpected seems the only law. 


Here James is influenced by the pragmatic ideas of his colleague Charles Sanders Peirce, who saw three levels of thought - abduction (hypotheses based on pure chance), induction (working through many examples), and deductions (drawing the right logical conclusions)


According to the idiosyncrasy of the individual, the scintillations will have one character or another. 
They will be sallies of wit and humor; they will be flashes of poetry and eloquence; they will be constructions of dramatic fiction or of mechanical devices, logical or philosophic abstractions, business projects, or scientific hypotheses, with trains of experimental consequences based thereon; they will be musical sounds, or images of plastic beauty or picturesqueness, or visions of moral harmony. But, whatever their differences may be, they will all agree in this, - that their genesis is sudden and, as it were, spontaneous. That is to say, the same premises would not, in the mind of another individual, have engendered just that conclusion; although, when the conclusion is offered to the other individual, he may thoroughly accept and enjoy it, and envy the brilliancy of him to whom it first occurred. 


We find that William James was the first of two dozen philosophers and scientists who have proposed a two-stage model for free will and creativity. 


The first stage involves chance that generates alternative possibilities for action. 

The second stage is an adequately determined choice by the will. 


First chance, then choice. First "free," then "will." 
Compare the Cogito Model.


Our thoughts come to us freely. Our actions go from us  willfully.



Radical Empiricism, Pure Experience, and Neutral Monism


In a dozen essays published between 1905 and 1907, James put forward his thesis of a radical empiricism that would greatly simplify the idea of consciousness, pulling it back from the dualist metaphysical position that the neo-Kantiams and transcendentalists consigned it to. "Thoughts" and "things" have something important in common, and that is our experience of them. The separation of mind and body, spirit and matter, had produced the "transcendental ego," a bare "consciousness" of which nothing can be said.

I believe that ‘consciousness,’ when once it has evaporated to this estate of pure diaphaneity, is on the point of disappearing altogether. It is the name of a nonentity, and has no right to a place among first principles. Those who still cling to it are clinging to a mere echo, the faint rumor left behind by the disappearing ‘soul’ upon the air of philosophy. During the past year, I have read a number of articles whose authors seemed just on the point of abandoning the notion of consciousness, and substituting for it that of an absolute experience not due to two factors. But they were not quite radical enough, not quite daring enough in their negations. For twenty years past I have mistrusted ‘consciousness’ as an entity; for seven or eight years past I have suggested its non-existence to my students, and tried to give them its pragmatic equivalent in realities of experience. It seems to me that the hour is ripe for it to be openly and universally discarded.

To deny plumply that ‘consciousness’ exists seems so absurd on the face of it — for undeniably ‘thoughts’ do exist — that I fear some readers will follow me no farther. Let me then immediately explain that I mean only to deny that the word stands for an entity, but to insist most emphatically that it does stand for a function. There is, I mean, no aboriginal stuff or quality of being, contrasted with that of which material objects are made, out of which our thoughts of them are made; but there is a function in experience which thoughts perform, and for the performance of which this quality of being is invoked. That function is knowing. ‘Consciousness’ is supposed necessary to explain the fact that things not only are, but get reported, are known. Whoever blots out the notion of consciousness from his list of first principles must still provide in some way for that function’s being carried on.


My thesis is that if we start with the supposition that there is only one primal stuff or material in the world, a stuff of which everything is composed, and if we call that stuff ‘pure experience,’ the knowing can easily be explained as a particular sort of relation towards one another into which portions of pure experience may enter. The relation itself is a part of pure experience; one if its ‘terms’ becomes the subject or bearer of the knowledge, the knower, the other becomes the object known...


It means that not subject, not object, but object-plus-subject is the minimum that can actually be. The subject-object distinction meanwhile is entirely different from that between mind and matter, from that between body and soul. Souls were detachable, had separate destinies; things could happen to them. To consciousness as such nothing can happen, for, timeless itself, it is only a witness of happenings in time, in which it plays no part. It is, in a word, but the logical correlative of ‘content’ in an Experience of which the peculiarity is that fact comes to light in it, that awareness of content takes place...

Experience, I believe, ...and the separation of it into consciousness and content comes, not by way of subtraction, but by way of addition — the addition, to a given concrete piece of it, other sets of experiences, in connection with which severally its use or function may be of two different kinds...The dualism connoted by such double-barrelled terms as ‘experience,’ ‘phenomenon,’ ‘datum,’ ‘Vorfindung’ — terms which, in philosophy at any rate, tend more and more to replace the single-barrelled terms of ‘thought’ and ‘thing’ — that dualism, I say, is still preserved in this account, but reinterpreted, so that, instead of being mysterious and elusive, it becomes verifiable and concrete. It is an affair of relations, it falls outside, not inside, the single experience considered, and can always be particularized and defined. 


The entering wedge for this more concrete way of understanding the dualism was fashioned by Locke when he made the word ‘idea’ stand indifferently for thing and thought, and by Berkeley when he said that what common sense means by realities is exactly what the philosopher means by ideas. Neither Locke nor Berkeley thought his truth out into perfect clearness, but it seems to me that the conception I am defending does little more than consistently carry out the ‘pragmatic’ method which they were the first to use.


If the reader will take his own experiences, he will see what I mean. Let him begin with a perceptual experience, the ‘presentation,’ so called, of a physical object, his actual field of vision, the room he sits in, with the book he is reading as its centre; and let him for the present treat this complex object in the common-sense way as being ‘really’ what it seems to be, namely, a collection of physical things cut out from an environing world of other physical things with which these physical things have actual or potential relations. Now at the same time it is just those self-same things which his mind, as we say, perceives; and the whole philosophy of perception from Democritus’s time downwards has just been one long wrangle over the paradox that what is evidently one reality should be in two places at once, both in outer space and in a person’s mind. ‘Representative’ theories of perception avoid the logical paradox, but on the other hand the violate the reader’s sense of life, which knows no intervening mental image but seems to see the room and the book immediately just as they physically exist.


The puzzle of how the one identical room can be in two places is at bottom just the puzzle of how one identical point can be on two lines. It can, if it be situated at their intersection; and similarly, if the ‘pure experience’ of the room were a place of intersection of two processes, which connected it with different groups of associates respectively, it could be counted twice over, as belonging to either group, and spoken of loosely as existing in two places, although it would remain all the time a numerically single thing.


Well, the experience is a member of diverse processes that can be followed away from it along entirely different lines. The one self-identical thing has so many relations to the rest of experience that you can take it in disparate systems of association, and treat it as belonging with opposite contexts. In one of these contexts it is your ‘field of consciousness’; in another it is ‘the room in which you sit,’ and it enters both contexts in its wholeness, giving no pretext for being said to attach itself to consciousness by one of its parts or aspects, and to out reality by another. What are the two processes, now, into which the room-experience simultaneously enters in this way?


One of them is the reader’s personal biography, the other is the history of the house of which the room is part. The presentation, the experience, the that in short (for until we have decided what it is it must be a mere that) is the last term in a train of sensations, emotions, decisions, movements, classifications, expectations, etc., ending in the present, and the first term in a series of ‘inner’ operations extending into the future, on the reader’s part. On the other hand, the very same that is the terminus ad quem of a lot of previous physical operations, carpentering, papering, furnishing, warming, etc., and the terminus a quo of a lot of future ones, in which it will be concerned when undergoing the destiny of a physical room. The physical and the mental operations form curiously incompatible groups. As a room, the experience has occupied that spot and had that environment for thirty years. As your field of consciousness it may never have existed until now. As a room, attention will go on to discover endless new details in it. As your mental state merely, few new ones will emerge under attention’s eye. AS a room, it will taken an earthquake, or a gang of men, and in any case a certain amount of time, to destroy it. As your subjective state, the closing of your eyes, or any instantaneous play of your fancy will suffice. IN the real world, fire will consume it. IN your mind, you can let fire play over it without effect. As an outer object, you must pay so much a month to inhabit it. As an inner content, you may occupy it for any length of time rent-free. If, in short, you follow it in the mental direction, taking it along with events of personal biography solely, all sorts of things are true of it which are false, and false of it which are true if you treat it as a real thing experienced, follow it in the physical direction, and relate it to associates in the outer world.




James' notion of "pure experience" provides a philosophical basis for the experience recorder and reproducer (ERR) that is the core of the informational theory of mind and a solution to the "hard" problem of consciousness.


The Consciousness of Self


The consciousness of Self involves a stream of thought, each part of which as ' I '
can 1) remember those which went before, and know the
things they knew ; and 2) emphasize and care paramountly
for certain ones among them as 'me,' and appropriate to
these the rest. The nucleus of the 'me' is always the bodily
existence felt to be present at the time. Whatever remembered-
past-feelings resemble this present feeling are deemed
to belong to the same me with it. Whatever other things
are perceived to be associated with this feeling are deemed
to form part of that me's experience; and of them certain
ones (which fluctuate more or less) are reckoned to be
themselves constituents of the me in a larger sense, —such
are the clothes, the material possessions, the friends, the
honors and esteem which the person receives or may receive.
This me is an empirical aggregate of things objectively
known. The I which knows them cannot itself be an
aggregate, neither for psychological purposes need it be
considered to be an unchanging metaphysical entity like
the Soul, or a principle like the pure Ego, viewed as 'out
of time.' It is a Thought, at each moment different from
that of the last moment, but appropriative of the latter,
together with all that the latter called its own. All the
experiential facts find their place in this description,unencumbered
with any hypothesis save that of the existence of
passing thoughts or states of mind. The same brain may
subserve many conscious selves, either alternate or coexisting; 
but by what modifications in its action, or whether
ultra-cerebral conditions may intervene, are questions which
cannot now be answered

If anyone urge that I assign no reason why the successive
passing thoughts should inherit each other's possessions,
or why they and the brain-states should be functions
(in the mathematical sense) of each other, I reply that the
reason, if there be any, must lie where all real reasons lie,
in the total sense or meaning of the world. If there be such
a meaning, or any approach to it (as we are bound to trust
there is), it alone can make clear to us why such finite
human streams of thought are called into existence in
such functional dependence upon brains. This is as much
as to say that the special natural science of psychology must
stop with the mere functional formula. If the passing thought
be the directly verifiable existent which no school has hitherto
doubted it to be, then that thought is itself the thinker, and
psychology need not look beyond. The only pathway that
I can discover for bringing in a more transcendental thinker
would be to deny that we have any direct knowledge of the
thought as such. The latter's existence would then be
reduced to a postulate, an assertion that there must be a
knower correlative to all this known; and the problem who
that knower is would have become a metaphysical problem.
"With the question once stated in these terms, the spiritualist
and transcendentalist solutions must be considered
as prima facie on a par with our own psychological one,
and discussed impartially. But that carries us beyond the
psychological or naturalistic point of view.




James' "Pontifical Cell" - site of "The Soul?"


The cell is no
more a unit, materially considered, than the total brain is a unit.
It is a compound of molecules, just as the brain is a compound of
cells and fibres. And the molecules, according to the prevalent
physical theories, are in turn compounds of atoms. The theory in
question, therefore, if radically carried out, must set up for its
elementary and irreducible psycho-physic couple, not the cell and
its consciousness, but the primordial and eternal atom and its
consciousness. We are back at Leibnitzian monadism, and
therewith leave physiology behind us and dive into regions
inaccessible to experience and verification; and our doctrine,
although not self-contradictory, becomes so remote and unreal as
to be almost as bad as if it were. Speculative minds alone will take
an interest in it; and metaphysics, not psychology, will be
responsible for its career. That the career may be a successful one
must be admitted as a possibility - a theory which Leibnitz,
Herbart, and Lotze have taken under their protection must have
some sort of a destiny.
The Soul - Theory.

But is this my last word? By no means. Many readers have
certainly been saying to themselves for the last few pages: "Why
on earth doesn't the poor man say the Soul and have done with
it?" Other readers, of antispiritualistic training and
prepossessions, advanced thinkers, or popular evolutionists, will
perhaps be a little surprised to find this much-despised word now
sprung upon them at the end of so physiological a train of
thought. But the plain fact is that all the arguments for a
'pontifical cell' or an 'arch-monad' are also arguments for that
well-known spiritual agent in which scholastic psychology and
common-sense have always believed. And my only reason for
beating the bushes so, and not bringing it in earlier as a possible
solution of our difficulties, has been that by this procedure I
might perhaps force some of these materialistic minds to feel the
more strongly the logical respectability of the spiritualistic
position.



Are We Automata? (Mind, vol.4, 1 3(January, 1879) pp.1-22 )
Bain and Renouvier (The Nation, vol.22 (June 8, 1876) pp.367-69) 

The Dilemma of Determinism
Does "Consciousness" Exist?
Essays In Radical Empiricism
Great Men, Great Thoughts, and the Environment
Relations of Belief and Will(Principles of Psychology, vol.2, XXI, p.320)
The Mind and its 'Ideas'(Principles of Psychology, vol.2, XXVI, pp.559-69)
The Question of 'Free Will'(Principles of Psychology, vol.2, XXVI, pp.569-79)
What Is An Emotion?(Mind, 9, 188-205. 1884)
What Is An Instinct?(Scribner's Magazine, vol.1, 3(March, 1887) pp.355-66)
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   Christine Korsgaard is a Kantian moral philosopher who works on the problem of value. 

She searches for the source of normative moral obligation - the answer to Kant's question 
"what ought I to do?" and the meta-question "why should I do what I ought to do?" 
Why should we be moved by any motives provided by morality?


She wants not only to explain the moral obligations we have to one another, but also justify those obligations.


In her 1992 book The Sources of Normativity, Korsgaard surveys four proposals, starting with Thomas Hobbes, who in the seventeenth century found the source of obligation in the legislative authority of a monarch, who implements divine commands with "irresistible power." 


In the early eighteenth century, Samuel Clarke was a "realist" and "rational intuitionist" who argued that intrinsic normative entities, such as values and obligations, exist and are supportive of "true" moral claims. Korsgaard says that in the early twentieth century this view was held by G.E.Moore and recently by Thomas Nagel.


Later in the eighteenth century, David Hume found the source of morality as human nature. This raises what Korsgaard calls the "normative question." Do we have reason to accept the claims of our moral nature? The question is not "are the claims true," as the realists held, but can we find "practical reasons" that show morality to be good for us. In the nineteenth century, this will be John Stuart Mill's utilitarian view, and in the twentieth, the view of Bernard Williams.


Although Korsgaard finds some justification for moral obligations in all these, her preferred arguments look to the autonomy or self-legislation championed by Immanuel Kant and contemporary Kantian constructivists like John Rawls and Korsgaard herself. They believe the source of normativity of moral claims is found in the agent's own will. Indeed Kant identifies the moral law (in the form of a categorical imperative) with the human will. Moral obligations are self-imposed, giving us a kind of authority over ourselves which provides the normativity to moral claims.


Korsgaard's arguments are intended to show that if we take anything to have value, then we must acknowledge that we have moral obligations. 


In Kant's moral system, human beings can only be ends, never the means to an end. In Korsgaard's view, humans belong to the "Kingdom of Ends." Humans are distinguished by their ability to reflect consciously on their actions. The self-conscious human mind is essentially introspective and reflective. This reflexivity generates feelings of guilt or resentment when our deeds or the acts of others are seen to be immoral. Obligations and values are "projections" of our moral sentiments and dispositions. [Compare P.F.Strawson.]


She says:


[Reflexivity] sets us a problem no other animal has. It is the problem of the normative. For our capacity to turn our attention on to our own mental activities is also a capacity to distance ourselves from them, and to call them into question. I perceive, and I find myself with a powerful impulse to believe. But I back up and bring that impulse into view and then I have a certain distance. Now the impulse doesn't dominate me and now I have a problem. Shall I believe? Is this perception really a reason to believe? I desire and I find myself with a powerful impulse to act. But I back up and bring that impulse into view and then I have a certain distance. Now the impulse doesn't dominate me and now I have a problem. Shall I act? Is this desire really a reason to act? The reflective mind cannot settle for perception and desire, not just as such. It needs a reason. Otherwise, at least as long as it reflects, it cannot commit itself or go forward.



This leads Korsgaard to an extended discussion of Kant's view of free will.

The problem can also be described in terms of freedom. It is because of the reflective character of the mind that we must act, as Kant put it, under the idea of freedom. He says 'we cannot conceive of a reason which consciously responds to a bidding from the outside with respect to its judgments'.3  If the bidding from outside is desire, then the point is that the reflective mind must endorse the desire before it can act on it, it must say to itself that the desire is a reason. As Kant puts it, we must make it our maxim to act on the desire. Then although we may do what desire bids us, we do it freely.

Occasionally one meets the objection that the freedom that we discover in reflection is a delusion. Human actions are causallydetermined. The philosopher's bugbear, the Scientific World View, threatens once more to deprive us of something we value. When desire calls we think we can take it or leave it, but in fact someone could have predicted exactly what we will do.


But how can this be a problem? The afternoon stretches before me, and I must decide whether to work or to play. Suppose first that you can predict which one I am going to do. That has no effect on me at all: I must still decide what to do. I am tempted to play but worried about work, and I must decide the case on its merits. Suppose next I believe that you can predict which one I'm going to do. You've done it often enough before. What then? I am tempted by play but worried about work, and I must decide the case on its merits.



The worry seems to be that if we were sure we were determined or knew how we were determined then either we could not act or we would not act, or else we would act differently. But why is this supposed to happen? Having discovered that my conduct is predictable, will I now sit quietly in my chair, waiting to see what I will do? Then I will not do anything but sit quietly in my chair. And that had better be what you predicted, or you will have been wrong. But in any case why should I do that, if I think that I ought to be working? Well, suppose that you tell me what you predict I am going to do. If you predict that I am going to work, and I think that I should work, then there is no problem. Or do I now have to do it less freely? If you predict that I am going to play, and I think that I should work, I am glad to have been forewarned. For if I am about to do what I think I have good reason not to do, then a moment of weakness or self-deception must be in the offing, and now I can take precautions against it. And then perhaps I will work after all.


If you are going to tell me what you predict I will do, then your prediction must take into account the effect on me of knowing your prediction, because otherwise it will probably be wrong. Of course it can happen, in a specific kind of case, that knowing the sort of thing I am usually determined to do diminishes my freedom. If I see that I often give in to temptation, I might become discouraged, and fight against it even less hard. But there is no reason to think that this kind of discouragement would be the general result of understanding ourselves better. Or if there is, it must come from some pessimistic philosophy of human nature, not from the Scientific World View If predictions can warn us when our self-control is about to fail, then they are far more likely to increase that self-control than to diminish it. Determinism is no threat to freedom.


Now it will be objected that this is not what philosophers mean when they claim that determinism is a threat to freedom. They aren't talking about a practical problem — that knowledge could somehow take away our freedom — but about a theoretical one — that knowledge would show us we weren't free after all. But how is it supposed to do that? By showing that we could not have done otherwise?

That might show that we aren't responsible.4 But it is a different question whether determinism is a threat to responsibility. Freedom is the capacity to do otherwise, not the capacity to have done otherwise. No one has that capacity, because you cannot change the past. That sounds like a joke but I mean it. The freedom discovered in reflection is not a theoretical property which can also be seen by scientists considering the agent's deliberations third-personally and from outside. It is from within the deliberative perspective that we see our desires as providing suggestions which we may take or leave. You will say that this means that our freedom is not 'real' only if you have defined the 'real' as what can he identified by scientists looking at things third-personally and from outside.



The point here is the same as the point I made against the argument that reasons are not real because we do not need them for giving scientific explanations of what people think and do. That is not, in the first instance, what we need them for, but that does not show that they are not real. We need them because our reflective nature gives us a choice about what to do. We may need to appeal to the existence of reasons in the course of an explanation of why human beings experience choice in the way that we do, and in particular, of why it seems to us that there are reasons. But that explanation will not take the form 'it seems to us that there are reasons because there really are reasons'. Instead, it will be just the sort of explanation which I am constructing here: reasons exist because we need them, and we need them because of the structure of reflective consciousness, and so on.


In the same way, we do not need the concept of 'freedom' in the first instance because it is required for giving scientific explanations of what people do, but rather to describe the condition in which we find ourselves when we reflect on what to do. But that doesn't mean that I am claiming that our experience of our freedom is scientifically inexplicable. I am claiming that it is to be explained in term of the structure of reflective consciousness, not as the (possibly delusory) perception of a theoretical or metaphysical property of the self.


The Scientific World View is a description of the world which serves the purposes of explanation and prediction. When its concepts are applied correctly it tells us things that are true. But it is not a substitute for human life. And nothing in human life is more real than the fact we must make our decisions and choices 'under the idea of freedom'.5 When desire bids, we can indeed take it or leave it. And that is the source of the problem.


'Reason' means reflective success. So if I decide that my desire is a reason to act, I must decide that on reflection I endorse that desire. And here we run into the problem. For how do I decide that? Is the claim that I look at the desire, and see that it is intrinsically normative, or that its object is? Then all of the arguments against realism await us. Does the desire or its object inherit its normativity from something else? Then we must ask what makes that other thing normative, what makes it the source of a reason. And now of course the usual regress threatens. What brings such a course of reflection to a successful end?


Kant, as I mentioned, described this problem in terms of freedom. He defines a free will as a rational causality which is effective without being determined by any alien cause. Anything outside of the will counts as an alien cause, including the desires and inclinations of the person. The free will must be entirely self-determining. Yet, because the will is a causality, it must act according to some law or other. Kant says: 'Since the concept of a causality entails that of laws . . . it follows that freedom is by no means lawless . ..'6 Alternatively, we may say that since the will is practical reason, it cannot be conceived as acting and choosing for no reason. Since reasons are derived from principles, the free will must have a principle. But because the will is free, no law or principle can be imposed on it from outside. Kant concludes that the will must be autonomous: that is, it must have its own law or principle. And here again we arrive at the problem. For where is this law to come from? If it is imposed on the will from outside then the will is not free. So the will must make the law for itself. But until the will has a law or principle, there is nothing from which it can derive a reason. So how can it have any reason for making one law rather than another?


Well, here is Kant's answer. The categorical imperative, as represented by the Formula of Universal Law, tells us to act only on a maxim which we could will to be a law. And this, according to Kant, is the law of a free will. To see why, we need only compare the problem faced by the free will with the content of the categorical imperative. The problem faced by the free will is this: the will must have a law, but because the will is free, it must be its own law And nothing determines what that law must be. All that it has to be is a law. Now consider the content of the categorical imperative, as represented by the Formula of Universal Law. The categorical imperative merely tells us to choose a law Its only constraint on our choice is that it has the form of a law. And nothing determines what the law must be. All that it has to be is a law.


Therefore the categorical imperative is the law of a free will. It does not impose any external constraint on the free will's activities, but simply arises from the nature of the will. It describes what a free will must do in order to be what it is. It must choose a maxim it can regard as a law.7



Korsgaard began with a search for moral entities (and values) that might provide the basis for normativity. She concludes that all the accounts of normativity she discusses are "true."

	Normativity must spring from the commands of a legislative authority.

(Hobbes)

	Reasons are intrinsically moral entities. What we should do when a desire presents itself is to reflect on it, to look at it more objectively to see whether it is such an entity.
(Clarke, Moore, Nagel)

	Reflection has the power to compel obedience, and to punish us for disobedience. It in turn is bound to govern us by laws that are good. Reflection makes us authorities over ourselves.
(Hume, Mill, Williams)

	In so far as we have authority over ourselves, we can make laws for ourselves, and those laws will be normative. 
Autonomy is the source of moral obligation.
(Kant, Rawls, Korsgaard)


Finally, Korsgaard ends with a brilliant criticism of John Mackie's famous 'argument from queerness'.


According to Mackie, it is fantastic to think that the world contains objective values, or intrinsically normative entities. For in order to do what values do, they would have to meet certain impossible criteria. They would have to be entities of a very strange sort. utterly unlike anything else in the universe. The way that we know them would have to be different from the way that we know other sorts of facts. Knowledge of them, Mackie said, would have to provide the knower with both a direction and a motive. For when you met an objective value, according to Mackie, it would have to be — and I'm nearly quoting now — able both to tell you what to do and make you do it. And nothing is like that.

But Mackie is wrong and realism is right. Of course there are entities that meet these criteria. It's true that they are queer sorts of entities, and that knowing them isn't like anything else. But that doesn't mean that they don't exist. John Mackie must have been alone in his room with the Scientific World View when he wrote those words. For it is the most familiar fact of human life that the world contains entities that can tell us what to do and make us do it. They are people, and the other animals.
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Hilary Kornblith

Hilary Kornblith is a prominent supporter of a naturalized version of epistemology, following the 1969 suggestion of Willard Van Orman Quine to follow the methods of natural science. Quine thought that epistemology should be "replaced" by psychological science. Quine initially was criticized for neglecting the normative aspects of epistemology, but Kornblith thinks this can be corrected.

Kornblith on Armstrong
The Terms "Internalism" and "Externalism"

The terms "internalism" and "externalism" are used in philosophy in a variety of different senses, but their use in epistemology for anything like the positions which are the focus of this book dates to 1973. More precisely, the word "externalism" was introduced in print by David Armstrong' in his book Belief; Truth and Knowledge' in the following way:
   
According to "Externalist" accounts of non-inferential knowledge, what makes a true non-inferential belief a case of knowledge is some natural relation which holds between the belief-state, Bap ['a believes p'], and the situation which makes the belief true. It is a matter of a certain relation holding between the believer and the world. It is important to notice that, unlike "Cartesian" and "Initial Credibility" theories, Externalist theories are regularly developed as theories of the nature of knowledge generally and not simply as theories of non-inferential knowledge. (Belief, Truth and Knowledge, p.157)
   

So in Armstrong's usage, "externalism" is a view about knowledge, and it is the view that when a person knows that a particular claim p is true, there is some sort of "natural relation" which holds between that person's belief that p and the world. One such view, suggested in 1967 by Alvin Goldman, was the Causal Theory of Knowledge. On this view, a person knows that p (for example, that it's raining) when that person's belief that p was caused by the fact that p. A related view, championed by Armstrong and later by Goldman as well, is the Reliability Account of Knowledge, according to which a person knows that p when that person's belief is both true and, in some sense, reliable: on some views, the belief must be a reliable indicator that p; on others, the belief must be produced by a reliable process, that is, one that tends to produce true beliefs. Frank Ramsey was a pioneer in defending a reliability account of knowledge. Particularly influential work in developing such an account was also done by Brian Skyrms, Peter Unger, and Fred Dretske.

Accounts of knowledge which are externalist in Armstrong's sense mark an important break with tradition, according to which knowledge is a kind of justified, true belief. On traditional accounts, in part because justification is an essential ingredient in knowledge, a central task of epistemology is to give an account of what justification consists in. And, according to tradition, what is required for a person to be justified in holding a belief is for that person to have a certain justification for the belief, where having a justification is typically identified with being in a position, in some relevant sense, to produce an appropriate argument for the belief in question. What is distinctive about externalist accounts of knowledge, as Armstrong saw it, was that they do not require justification, at least in the traditional sense. Knowledge merely requires having a true belief which is appropriately connected with the world.


But while Armstrong's way of viewing reliability accounts of knowledge has them rejecting the view that knowledge requires justified true belief, Alvin Goldman came to offer quite a different way of viewing the import of reliability theories: in 1979, Goldman suggested that instead of seeing reliability accounts as rejecting the claim that knowledge requires justified true belief, we should instead embrace an account which identifies justified belief with reliably produced belief. Reliability theories of knowledge, on this way of understanding them, offer a non-traditional account of what is required for a belief to be justified. This paper of Goldman's, and his subsequent extended development of the idea, have been at the center of epistemological discussion ever since. 
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    Kant reacted to the Enlightenment, to the Age of Reason, and to Newtonian mechanics (which he probably understood better than any other philosopher), by accepting determinism as a fact in the physical world, which he calls the phenomenal world. Kant's goal was to rescue the physical sciences from the devastating and unanswerable skepticism of David Hume, especially Hume's assertion that no number of "constant conjunctions" of cause and effect could logically prove causality. 

Kant called this assertion the "crux metaphysicorum." If Hume is right, he said, metaphysics is impossible. Perhaps even knowledge is impossible? Kant's Critique of Pure Reason was to prove that Hume was wrong. 



Hume criticized the Theory of Ideas of his fellow British empiricists John Locke and George Berkeley. If, as they claim, knowledge is limited to perceptions of sense data, we cannot "know" anything about external objects, even our own bodies. But Hume said that we do have a natural belief in the external world and causal laws. 

Hume's idea of the mind having a "feeling" (not a reason) that leads to natural beliefs became Kant's "second Copernican revolution" that the mind projects "concepts of the understanding" and "forms of perception" on the external world.



    Kant's main change in the second edition of the Critique of Pure Reason was an attempted refutation of this British idealism (B 274). He thought he had a proof of the existence of the external world. Kant thought it a scandal in philosophy that we must accept the existence of material things outside ourselves merely as a belief, with no proof.


The only thing which might be called an addition, though in the method of proof only, is the new refutation of psychological idealism, and the strict (and as I believe the only possible) proof of the objective reality of outer intuition. However innocent idealism may be considered with respect to the essential purposes of metaphysics (without being so in reality), it remains a scandal to philosophy, and to human reason in general, that we should have to accept the existence of things outside us (from which after all we derive the whole material for our knowledge, even for that of our inner sense) merely on trust, and have no satisfactory proof with which to counter any opponent who chooses to doubt it.
(Preface to Second Edition, Critique of Pure Reason, B XL)


Martin Heidegger commented on Kant's scandal:

The 'scandal of philosophy' is not that this proof has yet to be given, but that such proofs are expected and attempted again and again. 



The Dialectical Antinomy of Causality 


In Kant's 1781 Critique of Pure Reason, Transcendental Doctrine of Elements, Second Part: Transcendental Logic, Second Division: Transcendental Dialectic, Book II: Of the Dialectical Procedure of Pure Reason, Chapter II: The Antinomy of Pure Reason, Section II: The Antithetic of Pure Reason, Third Conflict of the Transcendental Ideas (his third Antinomy), Kant writes      

THIRD CONFLICT OF THE TRANSCENDENTAL IDEAS. THESIS.

Causality according to the laws of nature, is not the only causality operating to originate the phenomena of the world. A causality of freedom is also necessary to account fully for these phenomena.


PROOF.


Let it be supposed, that there is no other kind of causality than that according to the laws of nature. Consequently, everything that happens presupposes a previous condition, which it follows with absolute certainty, in conformity with a rule. But this previous condition must itself be something that has happened (that has arisen in time, as it did not exist before), for, if it has always been in existence, its consequence or effect would not thus originate for the first time, but would likewise have always existed. The causality, therefore, of a cause, whereby something happens, is itself a thing that has happened. Now this again presupposes, in conformity with the law of nature, a previous condition and its causality, and this another anterior to the former, and so on. If, then, everything happens solely in accordance with the laws of nature, there cannot be any real first beginning of things, but only a subaltern or comparative beginning. There cannot, therefore, be a completeness of series on the side of the causes which originate the one from the other. But the law of nature is that nothing can happen without a sufficient à priori determined cause. The proposition therefore—if all causality is possible only in accordance with the laws of nature—is, when stated in this unlimited and general manner, self-contradictory. It follows that this cannot be the only kind of causality.


From what has been said, it follows that a causality must be admitted, by means of which something happens, without its cause being determined according to necessary laws by some other cause preceding. That is to say, there must exist an absolute spontaneity of cause, which of itself originates a series of phenomena which proceeds according to natural laws—consequently transcendental freedom, without which even in the course of nature the succession of phenomena on the side of causes is never complete.


ANTITHESIS.


There is no such thing as freedom, but everything in the world happens solely according to the laws of nature.


PROOF.


Granted, that there does exist freedom in the transcendental sense, as a peculiar kind of causality, operating to produce events in the world—a faculty, that is to say, of originating a state, and consequently a series of consequences from that state. In this case, not only the series originated by this spontaneity, but the determination of this spontaneity itself to the production of the series, that is to say, the causality itself must have an absolute commencement, such that nothing can precede to determine this action according to unvarying laws. But every beginning of action presupposes in the acting cause a state of inaction; and a dynamically primal beginning of action presupposes a state, which has no connection—as regards causality—with the preceding state of the cause—which does not, that is, in any wise result from it. Transcendental freedom is therefore opposed to the natural law of cause and effect, and such a conjunction of successive states in effective causes is destructive of the possibility of unity in experience and for that reason not to be found in experience—is consequently a mere fiction of thought.


We have, therefore, nothing but nature to which we must look for connection and order in cosmical events. Freedom—independence of the laws of nature—is certainly a deliverance from restraint, but it is also a relinquishing of the guidance of law and rule. For it cannot be alleged that, instead of the laws of nature, laws of freedom may be introduced into the causality of the course of nature. For, if freedom were determined according to laws, it would be no longer freedom, but merely nature. Nature, therefore, and transcendental freedom are distinguishable as conformity to law and lawlessness. The former imposes upon understanding the difficulty of seeking the origin of events ever higher and higher in the series of causes, inasmuch as causality is always conditioned thereby; while it compensates this labour by the guarantee of a unity complete and in conformity with law. The latter, on the contrary, holds out to the understanding the promise of a point of rest in the chain of causes, by conducting it to an unconditioned causality, which professes to have the power of spontaneous origination, but which, in its own utter blindness, deprives it of the guidance of rules, by which alone a completely connected experience is possible.


OBSERVATIONS ON THE THIRD ANTINOMY. ON THE THESIS.


The transcendental idea of freedom is far from constituting the entire content of the psychological conception so termed, which is for the most part empirical. It merely presents us with the conception of spontaneity of action, as the proper ground for imputing freedom to the cause of a certain class of objects. It is, however, the true stumbling-stone to philosophy, which meets with unconquerable difficulties in the way of its admitting this kind of unconditioned causality. That element in the question of the freedom of the will, which has for so long a time placed speculative reason in such perplexity, is properly only transcendental, and concerns the question, whether there must be held to exist a faculty of spontaneous origination of a series of successive things or states. How such a faculty is possible is not a necessary inquiry; for in the case of natural causality itself, we are obliged to content ourselves with the à priori knowledge that such a causality must be presupposed, although we are quite incapable of comprehending how the being of one thing is possible through the being of another, but must for this information look entirely to experience. Now we have demonstrated this necessity of a free first beginning of a series of phenomena, only in so far as it is required for the comprehension of an origin of the world, all following states being regarded as a succession according to laws of nature alone. But, as there has thus been proved the existence of a faculty which can of itself originate a series in time—although we are unable to explain how it can exist—we feel ourselves authorized to admit, even in the midst of the natural course of events, a beginning, as regards causality, of different successions of phenomena, and at the same time to attribute to all substances a faculty of free action. But we ought in this case not to allow ourselves to fall into a common misunderstanding, and to suppose that, because a successive series in the world can only have a comparatively first beginning—another state or condition of things always preceding—an absolutely first beginning of a series in the course of nature is impossible. For we are not speaking here of an absolutely first beginning in relation to time, but as regards causality alone. When, for example, I, completely of my own free will, and independently of the necessarily determinative influence of natural causes, rise from my chair, there commences with this event, including its material consequences in infinitum, an absolutely new series; although, in relation to time, this event is merely the continuation of a preceding series. For this resolution and act of mine do not form part of the succession of effects in nature, and are not mere continuations of it; on the contrary, the determining causes of nature cease to operate in reference to this event, which certainly succeeds the acts of nature, but does not proceed from them. For these reasons, the action of a free agent must be termed, in regard to causality, if not in relation to time, an absolutely primal beginning of a series of phenomena.


The justification of this need of reason to rest upon a free act as the first beginning of the series of natural causes is evident from the fact, that all philosophers of antiquity (with the exception of the Epicurean school) felt themselves obliged, when constructing a theory of the motions of the universe, to accept a prime mover, that is, a freely acting cause, which spontaneously and prior to all other causes evolved this series of states. They always felt the need of going beyond mere nature, for the purpose of making a first beginning comprehensible.


ON THE ANTITHESIS.


The assertor of the all-sufficiency of nature in regard to causality (transcendental Physiocracy), in opposition to the doctrine of freedom, would defend his view of the question somewhat in the following manner. He would say, in answer to the sophistical arguments of the opposite party: If you do not accept a mathematical first, in relation to time, you have no need to seek a dynamical first, in regard to causality. Who compelled you to imagine an absolutely primal condition of the world, and therewith an absolute beginning of the gradually progressing successions of phenomena—and, as some foundation for this fancy of yours, to set bounds to unlimited nature? Inasmuch as the substances in the world have always existed—at least the unity of experience renders such a supposition quite necessary—there is no difficulty in believing also, that the changes in the conditions of these substances have always existed; and, consequently, that a first beginning, mathematical or dynamical, is by no means required. The possibility of such an infinite derivation, without any initial member from which all the others result, is certainly quite incomprehensible. But, if you are rash enough to deny the enigmatical secrets of nature for this reason, you will find yourselves obliged to deny also the existence of many fundamental properties of natural objects (such as fundamental forces), which you can just as little comprehend; and even the possibility of so simple a conception as that of change must present to you insuperable difficulties. For if experience did not teach you that it was real, you never could conceive à priori the possibility of this ceaseless sequence of being and non-being.


But if the existence of a transcendental faculty of freedom is granted—a faculty of originating changes in the world—this faculty must at least exist out of and apart from the world; although it is certainly a bold assumption, that, over and above the complete content of all possible intuitions, there still exists an object which cannot be presented in any possible perception. But, to attribute to substances in the world itself such a faculty, is quite inadmissible; for, in this case; the connection of phenomena reciprocally determining and determined according to general laws, which is termed nature, and along with it the criteria of empirical truth, which enable us to distinguish experience from mere visionary dreaming, would almost entirely disappear. In proximity with such a lawless faculty of freedom, a system of nature is hardly cogitable; for the laws of the latter would be continually subject to the intrusive influences of the former, and the course of phenomena, which would otherwise proceed regularly and uniformly, would become thereby confused and disconnected.



Putting Limits on Reason 


Where Kant puts limits on reason, Hume thought reason could not motivate human action. For that, passions, feelings, moral sentiments, are the driving forces. These create "natural beliefs."


Neither Hume's Idea of "natural belief" nor Kant's "concepts of the understanding" are the apodictic and necessary truths sought by metaphysicians. They are both abstract theories about the world, whose information content is validated by experiments.



Neither Hume's Idea of "natural belief" nor Kant's "concepts of the understanding" are the apodictic and necessary truths sought by metaphysicians. They are abstract theories about the world, whose information content is validated by experiments.


Kant put limits on what we can know by pure speculative Reason, in order to make room for Belief in a timeless noumenal (or mental) world of "analytic," a priori truths that include God, freedom, and immortality. 

    "I cannot even make the assumption − as the practical interests of morality require − of God, freedom, and immortality, if I do not deprive speculative reason of its pretensions to transcendent insight. For to arrive at these, it must make use of principles which, in fact, extend only to the objects of possible experience, and which cannot be applied to objects beyond this sphere without converting them into phenomena, and thus rendering the practical extension of pure reason impossible. I must therefore, abolish knowledge, to make room for belief."
(Preface to Second Edition, Critique of Practical Reason, B XXX)



    Kant's noumenal world outside of space and time is a variation on Plato's concept of Soul, Descartes' mental world, and the Scholastic idea of a world in which all times are present to the eye of God. His idea of free will is a most esoteric form of compatibilism. Our decisions are made in our souls outside of time and only appear determined to our senses, which are governed by our built-in a priori forms of sensible perception, like space and time, and built-in categories or concepts of intelligible understanding. 



   "We then see how it does not involve any contradiction to assert, on the one hand, that the will, in the phenomenal sphere − in visible action − is necessarily obedient to the law of nature, and, in so far, not free; and, on the other hand, that, as belonging to a thing in itself, it is not subject to that law, and, accordingly, is free."
(Preface to Second Edition, Critique of Practical Reason, B XXVIII)

If Kant's Critique of Pure Reason can be seen as a reaction to David Hume's skeptical attitude toward knowledge that depends on sense data, the parallel between Hume and Kant is even stronger in Kant's Critique of Practical Reason.



Hume and Kant both sought a reconciling of freedom and necessity or causality.


Where Hume said we could not reason to knowledge of causality, for example, but could have a natural belief in causality because of our moral sentiments and feelings, so Kant claims that his Practical Reason establishes freedom in a noumenal realm whose grounding principle is morality. Freedom is the condition for the moral law.



   "Freedom, however, is the only one of all the ideas of the speculative reason of which we know the possibility a priori (without, however, understanding it), because it is the condition of the moral law which we know."
(Critique of Practical Reason, p.329)


Freedom as Following Deterministic Laws of Nature?

Both the empiricist philosophers John Locke, George Berkeley, and David Hume, as well as rationalists like Baruch Spinoza and Gottfried Wilhelm Leibniz had great difficulties with the concept of freedom. They were all immensely influenced by the new Newtonian mechanics. The "laws of Nature" had been discovered. 

Confusion about freedom may have been implicit in the everyday usage of the word "free." The notion of a "freely falling stone" unconstrained by any forces on it (except that of universal gravitation) produced the concept of a free motion that was actually completely determined physically. Hobbes, for example, said that freedom was simply the absence of external constraints. For him, freedom of action is enough. Freedom of the will is a contradiction and nonsense, he thought.


Kant's command of Newtonian physics was greater than Hume's admiration of it as a model for his human nature. Kant asked how we could call a man free while he is subject to physical necessity. He thought that ideas could be determined (bestimmt) by psychological forces just as the motion of matter is determined by mechanical forces.


how can a man be called quite free at the same moment, and with respect to the same action in which he is subject to an inevitable physical necessity? 

Some try to evade this by saying that the causes that determine his causality are of such a kind as to agree with a comparative notion of freedom. According to this, that is sometimes called a free effect, the determining physical cause of which lies within the acting thing itself, e. g., that which a projectile performs when it is in free motion, in which case we use the word freedom, because while it is in flight it is not urged by anything external; or as we call the motion of a clock a free motion, because it moves its hands itself, which therefore do not require to be pushed by external force; so although the actions of man are necessarily determined by causes which precede in time, we yet call them free, because these causes are ideas produced by our own faculties, whereby desires are evoked on occasion of circumstances, and hence actions are wrought according to our own pleasure. 
 
Locke had warned that the words we use could be a source of confusion. Kant accuses philosophers of juggling words. 


This is a wretched subterfuge ["miserable substitute" is a better translation of ein elender Behelf, but the English phrase is now famous in philosophy] with which some persons still let themselves be put off, and so think they have solved, with a petty word-jugglery [again, "a little quibbling" is better for einer kleinen Wortklauberei], that difficult problem, at the solution of which centuries have laboured  In vain, and which can therefore scarcely be found so completely on the surface.


An internal causal chain is just as deterministic as an external chain


 In fact, in the question about the freedom which must be the foundation of all moral laws and the consequent responsibility, it does not matter whether the principles which necessarily determine causality by a physical law reside within the subject or without him, 
or in the former case whether these principles are instinctive or are conceived by reason, if, as is admitted by these men themselves, these determining ideas have the ground of their existence in time and in the antecedent state, and this again in an antecedent. etc. 



Psychological freedom is not free, just because it is not mechanically caused, if there is an internal determining principle, a causal chain of mental events.  Transcendental freedom must be independent of the material/empirical.


Then it matters not that these are internal; it matters not that they have a psychological and not a mechanical causality, that is, produce actions by means of ideas and not by bodily movements; they are still determining principles of the causality of a being whose existence is determinable in time, and therefore under the necessitation of conditions of past time, which therefore, when the subject has to act, are no longer in his power. This may imply psychological freedom (if we choose to apply this term to a merely internal chain of ideas in the mind), but it involves physical necessity and, therefore, leaves no room for transcendental freedom, which must be conceived as independence on everything empirical, and, consequently, on nature generally, whether it is an object of the internal sense considered in time only, or of the external in time and space. Without this freedom (in the latter and true sense), which alone is practical a priori, no moral law and no moral imputation are possible. Just for this reason the necessity of events in time, according to the physical law of causality, may be called the mechanism of nature, although we do not mean by this that things which are subject to it must be really material machines. We look here only to the necessity of the connection of events in a time-series as it is developed according to the physical law, 

Kant says ideas can be determined by psychological forces (immaterial/spiritual ideas), just as matter is determined by mechanical forces, without some transcendental/absolute free element


whether the subject in which this development takes place is called automaton materiale when the mechanical being is moved by matter, or with Leibnitz spirituale when it is impelled by ideas; and if the freedom of our will were no other than the latter (say the psychological and comparative, not also transcendental, that is, absolute), then it would at bottom be nothing better than the freedom of a turnspit, which, when once it is wound up, accomplishes its motions of itself.



Comparative freedom (cf., the compatibilism of Hobbes and Hume) can be determined by internal causes, as long as there are no external constraints 
(freedom of action)




For Descartes, ideas were in a mind that is immaterial and indeterministic, and thus the seat of freedom and liberty. Why did Kant not see this possibility? 

Even Hume had his doubts about the assumption of universal causality. He sees clearly it implies no liberty.


if voluntary actions be subjected to the same laws of necessity with the operations of matter, there is a continued chain of necessary causes, pre-ordained and pre-determined, reaching from the original cause of all to every single volition, of every human creature. No contingency anywhere in the universe; no indifference; no liberty. While we act, we are, at the same time, acted upon. 


Kant invented the noumenal realm (outside space and time) to make room for belief in God, freedom, and immortality. Even more important, his theory of freedom provided a basis for moral responsibility.


It is sad that Kant did not see (as Descartes saw) that the mind could be the locus of the indeterminism needed to break causal chains.




Intuition and Anschauung

   Kant's Critiques are not an easy read.
  

Statistical Regularities Imply Deterministic Laws


  As early as 1784, in his Idea for a Universal History with a Cosmopolitan Intent, Kant thought that statistical regularities of social data on births, deaths, and marriages demonstrated a lack of free will in human actions as phenomena. This strange idea, that regularities seen in the distribution of random events implies an underlying deterministic law, would become very strong and influential in the works of Adolphe Quételet and Henry Thomas Buckle in the nineteenth century and, remarkably, in the work of  David Bohm, in his 20th-century explanation of "hidden variables," deterministic laws underlying the statistical regularities of quantum mechanics.


"No matter what conception may form of the freedom of the will in metaphysics, the phenomenal appearances of the will, i.e., human actions, are determined by general laws of nature like any other event of nature. History is concerned with telling about these events. History allows one to hope that when history considers in the large the play of the freedom of human will, it will be possible to discover the regular progressions thereof. Thus (it is to be hoped) that what appears to be complicated and accidental in individuals, may yet be understood as a steady, progressive, though slow, evolution of the original endowments of the entire species. Thus marriages, the consequent births and the deaths, since the free will seems to have such a great influence on them, do not seem to be subject to any law according to which one could calculate their number beforehand. Yet the annual (statistical) tables about them in the major countries show that they occur according to stable natural laws. It is like the erratic weather the occurrence of which cannot be determined in particular instances, although it never fails in maintaining the growth of plants, the flow of streams, and other of nature's arrangements at a uniform, uninterrupted pace. Individual human beings, each pursuing his own ends according to his inclination and often one against another (and even one entire people against another) rarely unintentionally promote, as if it were their guide, an end of nature which is unknown to them. They thus work to promote that which they would care little for if they knew about it.

"Since men in their endeavors do not act like animals merely according to instinct, nor like rational citizens according to an agreed plan, no planned history seems to be possible (as in the case of bees and beavers). It is hard to suppress a certain disgust when contemplating men's action upon the world stage. For one finds, in spite of apparent wisdom in detail that everything, taken as a whole, is interwoven with stupidity, childish vanity, often with childish viciousness and destructiveness. In the end, one does not know what kind of conception one should have of our species which is so conceited about its superior qualities. Since the philosopher must assume that men have a flexible purpose of their own, it is left to him to attempt to discover an end of nature in this senseless march of human events. A history of creatures who proceed without a plan would be possible in keeping with such an end; the history would proceed according to such an end of nature."



For Teachers

   Kant texts online
What Is Enlightenment?
Preface to the Second Edition of the Critique of Pure Reason
Introduction to the Second Edition of the Critique of Pure Reason
Cosmological Idea of Freedom from the Critique of Pure Reason
Critique of Pure Reason
Excerpt from the Critique of Practical Reason
Critique of Practical Reason
Critique of Judgement
Prolegomena to Any Future Metaphysics
Idea for a Universal History (1784)
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Jaegwon Kim has spent many years working on the mind-body problem and the related problem of mental causation. He has critically examined the concept of supervenience, the idea that emergent properties or laws in the higher level of a hierarchy might give them some downward causal control over the properties or laws of lower levels.

Kim accepts and promotes the idea of physicalism, which for him means that the world consists solely of material particles subject to the known laws of physics. Kim's "physicalism" is more properly pure "materialism."


For many thinkers, this physicalism or materialism implies reductionism, the idea that all worldly phenomena are reducible to physics. Indeed, today chemistry has largely been reduced to physics, although the properties of even simple molecules like water are generally not predictable from the properties of the component atoms hydrogen and oxygen (as first pointed out by John Stuart Mill).


Like many philosophers, and even many scientists who are not physicists, Kim accepts the pre-quantum physics idea that all the "events" in the world form a "causal chain." He calls this the causal closure of the world.


By causal closure of the physical world, Kim says that non-physical (by which we understand immaterial) mental events are superfluous and must be excluded from our world. 
(Physicalism, or Something Near Enough, pp.44-45)


This pure material view of the physical world neglects the role of energy, especially the indeterministic interaction of radiation with matter. But most importantly, Kim's view ignores information, which is neither matter nor energy (though it requires matter for its embodiment and energy for its communication). Information is the modern spirit, the mind, the soul.


Since Kim's physical world is "causally closed," he asks,

what options are there if we set aside the physicalist picture?
Leaving physicalism behind is to abandon ontological physicalism, the view that bits of matter and their aggregates in space-time exhaust the contents of the world. This means that one
would be embracing an ontology that posits entities other than
material substances — that is, immaterial minds, or souls, outside
physical space, with immaterial, nonphysical properties.


Is there anything that is not reducible to matter? In what sense can new things emerge?



As most all of us know, matter and energy are conserved quantities. This means that there is just the same total amount of matter and energy today as there was at the universe origin. 


But then what accounts for all the change that we see, the new things under the sun? 
It is information, which is not conserved and has been increasing since the beginning of time. 



Biology in particular seems to have emergent properties and laws that are not reducible to physics. Is the molecular biology of a cell reducible to the laws governing the motions of its component molecules, or are there emergent laws governing motions at the cellular level, the organ level, the organism level, and so on up to the mental level? If so, then mental causation would be a special example of an emergent level in a hierarchy exerting downward causation on the components of all lower levels.


The term supervenience was used by the early emergentists to describe this downward or top-down causation. But if all the levels are made up of physical particles obeying causal laws, Kim asks how can any level escape the "causal closure" implied in the reductionist view of bottom-up causation?


Kim has investigated claims of a "non-reductive physicalism," notably those of Donald Davidson.
 


In his 1970 essay "Mental Events" (in Experience and Theory, Univ of Massachusetts Press, 1970), Davidson claimed that mental events are anomalous, they are not (as physical events are) describable by strict deterministic laws that can be used to predict our thoughts. Nevertheless, he believed that mental events can be causally related to physical events. Can he have it both ways?  


Davidson admitted he was in sympathy with Immanuel Kant and might be only explaining away an apparent contradiction between the mental and the physical, resolving a kind of antinomy, and perhaps the paradox of free will?


Davidson describes what he calls "Anomalous Monism" based on three principles:



The first principle asserts that at least some mental events interact causally with 
physical events. (We could call this the Principle of Causal Interaction.) Thus for example if someone sank the Bismarck, then various mental events such as perceivings, notings, calculations, judgements, decisions, intentional actions, and changes of belief played a causal role in the sinking of the Bismarck. In particular, I would urge that the fact that someone sank the Bismarck entails that he moved his body in a way that was caused by mental events of certain sorts, and that this bodily movement in turn caused the Bismarck to sink. Perception illustrates how causality may run from the physical to the mental: if a man perceives that a ship is approaching, then a ship approaching must have caused him to come to believe that a ship is approaching. (Nothing depends on accepting these as examples of causal interaction.)

Though perception and action provide the most obvious cases where mental and physical events interact causally, I think reasons could be given for the view that all mental events ultimately, perhaps through causal relations with other mental events, have causal intercourse with physical events. But if there are mental events that have no physical events as causes or effects, the argument will not touch them.


The second principle is that where there is causality, there must be a law: events related as cause and effect fall under strict deterministic laws. (We may term this the Principle of the Nomological Character of Causality.) This principle, like the first, will be treated here as an assumption, though I shall say something by way of interpretation.


The third principle is that there are no strict deterministic laws on the basis of which mental events can be predicted and explained (the Anomalism of the Mental).


The paradox I wish to discuss arises for someone who is inclined to accept these three assumptions or principles, and who thinks they are inconsistent with one another. The inconsistency is not, of course, formal unless more premises are added. Nevertheless it is natural to reason that the first two principles, that of causal interaction and that of the nomological character of causality, together imply that at least some mental events can be predicted and explained on the basis of laws, while the principle of the anomalism of the mental denies this. Many philosophers have accepted, with or without argument, the view that the three principles do lead to a contradiction. It seems to me, however, that all three principles are true, so that what must be done is to explain away the appearance of contradiction, essentially the Kantian line.




To summarize Davidson's arguments:

	"at least some mental events interact causally with physical events"
	"where there is causality, there must be a law: events related as cause and effect fall under strict deterministic laws."
	"there are no strict deterministic laws on the basis of which mental events can be predicted and explained." (mental events are "anomalous.")


Davidson viewed his work as extending that of Immanuel Kant on reconciling (eliminating the anomalous contradiction between) freedom and necessity. Davidson's rejection of strict deterministic laws for mental events is perhaps consistent with two-stage models of free will.


Davidson saw supervenience as the last hope for a nonreductive physicalism, which does not reduce the mental to the physical, the psychological to the neurophysiological.  Davidson set two requirements:

	a domain can be supervenient on another without being reducible to it (non reduction)
	if a domain supervenes, it must be dependent on and be determined by the subvenient domain (dependence)



But Davidson also said:
	"supervenience might be taken to mean that there cannot be two events alike in all physical respects, but differing in mental respects"


This threatens to make mental events essentially identical to physical events. It is hard to see how the mind, if causally determined by the subvenient brain, is not therefore reducible to it. 


In Kim's 1988 presidential address to the APA, he said:
 


The fact is that under Davidson's anomalous monism, mentality does no causal work. Remember: in anomalous monism, events are causes only as they instantiate physical laws, and this means that an event's mental properties make no causal difference.


This is in apparent contradiction with Davidson's first premise above. But Davidson's third premise states that there are no "strict psycho-physical laws." Davidson apparently wants mental and physical events to have causal relations, but without "strict deterministic laws." This may be compatible with two-stage models of free will, if Davidson thinks of the mental as the anomalous indeterministic free part and the physical as the lawful deterministic will part. 

In two-stage models of free will, the first stage generates alternative possibilities, at least some of which can be randomly generated, so are uncaused. Since they are only thoughts - unrealized, unactualized possibilities - one can describe them, as Kim does, as doing "no causal work." 



In his latest book, Kim diagrams Davidson's view of mental events supervening on physical events, to illustrate his claim that having both mental and physical causes would be "overdetermination" and thus one is redundant and must be excluded. 

	M1		M2
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on

	P1	
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	P1


By causal closure of the physical world, Kim says it is the mental events that are superfluous and must go. 
(Physicalism, or Something Near Enough, pp.44-45)

This pure material view of the physical world ignores energy. And most importantly, this view ignores information, which is neither matter nor energy (though it requires matter for its embodiment and energy for its communication). Information is the modern spirit.


Kim says that Davidson's goal of "non-reductive physicalism" is simply not possible. The physical world is "causally closed," says Kim:

what options are there if we set aside the physicalist picture?
Leaving physicalism behind is to abandon ontological physicalism, the view that bits of matter and their aggregates in space-time exhaust the contents of the world. This means that one
would be embracing an ontology that posits entities other than
material substances — that is, immaterial minds, or souls, outside
physical space, with immaterial, nonphysical properties.
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Henry Home was a Scottish jurist who took the title Lord Kames when he ascended to the bench in 1752. He was a leader of the Scottish Enlightenment and took as protégés James Boswell, David Hume and Adam Smith.

Kames was a necessitarian or determinist, as we say today. But unlike his protégé Hume, who was satisfied with the freedom of action enjoyed by an agent who is not coerced or constrained by external compulsions, Kames thought that if the general public knew that all our choices are necessitated it would harm public morality. 


He concluded that God had given man a natural belief in freedom that was needed as the basis for moral responsibility. Although this is a false belief, it would still suffice to support morality because men were unlikely to give it up.


This radical idea has echoes in modern philosophers. Peter Strawson argued that we would be unwilling to give up belief in moral responsibility even if determinism were shown to be true. John Martin Fischer and Alfred Mele share this view.


And Saul Smilansky goes farther. He thinks that philosophers should hide the "truth" about determinism in order to maintain moral responsibility.


Kames concludes that there is but one possible future, the one foreseen by an omniscient God. To deny this is to deny God's power.


From what hath been proved it appears, that the Divine Being decreed all future events: for he who gave such a nature to his creatures, and placed them in such circumstances, as that a certain train of actions must necessarily follow; did certainly resolve or decree, that events should fall out, and men should act as they do. Prescience indeed is not, properly speaking, any cause of events: for events do not happen because they are foreseen, but because they are to happen, they are capable of being foreseen. Though prescience doth not cause, yet it undoubtedly supposes, the certain futurition (as schoolmen speak) of events. And were there not causes that render the existence of future events certain, it would involve a contradiction to maintain, that future events could be certainly foreseen.

In [Kames'] Sketches of the History of Man, the argument here insisted on is brought within a narrow compass.

With respect to instinctive actions, no man I presume thinks there is any freedom: an infant applies to the nipple, and a bird builds a nest, no less necessarily than a stone falls to the ground. With respect to voluntary actions, the necessity is the same, tho’ less apparent at first view. The external action is determined by the will, the will is determined by desire, and desire by what is agreeable or disagreeable. Here is a chain of causes and effects, not one link of which is arbitrary, or under command of the agent. He cannot act but according to his will: he cannot will but according to his desire: he cannot desire but according to what is agreeable or disagreeable in the objects perceived. Nor do these qualities depend on his inclination or fancy: he has no power to make a beautiful woman appear ugly, nor to make a rotten car case smell sweet.


Kames argues that God has arranged our (false) beliefs so that we think that some events are contingent (that chance exists).   
   

The Deity is the primary cause of all things. In his infinite mind he formed the great plan of government, which is carried on by laws fixed and immutable. These laws produce a regular train of causes and effects in the moral as well as material world, bringing about those events which are comprehended in the original plan, and admitting the possibility of none other. This universe is a vast machine, winded up and set a-going: the several springs and wheels operate unerringly one upon another: the hand advanceth and the clock strikes, precisely as the artist had determined. Whoever hath just ideas, will see this to be the real theory of the universe; and that other ways there can be no general order, no whole, no plan, no means nor end in its administration. In this plan, man bears his part, and fulfils certain ends for which he was designed. He must be an actor, and must act with consciousness of spontaneity. He exercises thought and reason, and his nature is improved by the due use of these powers. Consequently, it is necessary, that he should have some notion of things depending upon himself to cause, that he may be led to a proper exercise of that activity for which he was designed. But as a sense of necessity would be a perpetual contradiction to that activity, it was well ordered, that his being a necessary agent should be hid from him. To have had his perceptions and ideas formed upon the plan of universal necessity, to have seen himself a part of that great machine, winded up and set a-going by the author of his nature; would have been inconsistent with the part that is allotted him to act. Then indeed the ignava ratio, the inactive doctrine of the Stoics, would have followed. Conceiving no thing to be contingent, or depending upon himself to cause, there would have been no room for forethought about futurity, nor for any sort of industry and care. He would have had no motives to action, but immediate sensations of pleasure and pain. He must have been formed like the brutes, who have no other principle of action but mere instinct. The few instincts he is at present endued with, would have been insufficient. He must have had an instinct to sow, another to reap; he must have had instincts to pursue every conveniency, and perform every office of life. In short, reason and thought could not have been exercised in the way they are, had not man been furnished with a sense of contingency, and been kept in ignorance of his being a necessary agent. Let the philosopher meditate in his closet upon abstract truth; let him be ever so much convinced of the settled necessary train of causes and effects, which leaves nothing, properly speaking, in his power; yet the moment he comes forth into the world, he acts as a free agent. And, what is wonderful, though in this he acts upon a false supposition, yet he is not thereby misled from the ends of action, but, on the contrary, fulfils them to better advantage.



Kames equates moral and physical necessity.

Comparing the laws that govern human actions with those that govern the actions of matter, they will be found equally operative, and their effects equally necessary. Where the motives to any action are perfectly full, cogent, and clear, the sense of liberty, as we showed before, entirely vanisheth. In other cases, where the field of choice is wider, and where opposite motives counter balance and work a gains teach other, the mind fluctuates for a while, and feels itself more loose: but at last, must as necessarily be determined to the side of the most powerful motive, as the balance, after several vibrations, to the side of the preponderating weight. The laws of mind, and the laws of matter, are in this respect perfectly similar; though, in making the comparison, we are apt to deceive ourselves. In forming a notion of physical necessity, we seldom think of any force, but what hath visibly a full effect. A man in prison, or tied to a post, must remain there: if dragged along, he cannot resist. Whereas motives, which are very different, do not always produce sensible effects. Yet, when the comparison is accurately instituted, the very same thing holds in the actions of matter. A weak motive makes some impression: but, in opposition to one more powerful, it has no effect to determine the mind. In the precise same manner, a small force will not overcome a great resistance; nor an ounce in one scale, counter balance a pound in the other. Comparing together the actions of mind and of matter, similar causes will in both equally produce similar effects.

But admitting all that hath been contended for, of the necessary influence of motives to bring on the choice or last judgment of the understanding, it is urged by Dr. Clarke, that man is still a free agent, because he hath a power of acting or beginning motion according to his will. In this he placeth human liberty, that motives are not physical efficient causes of motion. 


Man is a free agent undoubtedly, because he acts as he wills; but he is equally a necessary agent, as being necessarily influenced by motives to act. The motive, according to his own concession, necessarily determines the will; and the will necessarily produces the action, unless it be obstructed by some foreign force. “But,” says he, “it is only a moral necessity which is produced by motives; and a moral necessity is no necessity at all, being consistent with the highest liberty.” The Doctor’s error lies in opposing moral necessity to liberty. Man is a free agent, because he acts according to his own will. He is at the same time a necessary agent, because his will is necessarily influenced by motives. These are perfectly consistent. The laws of action which respect the human mind, are as fixed as those which respect matter. The idea of necessary, certain, unavoidable, equally agrees to both.  



Here ie the reason that libertarians want the agent not to be determined by reasons, motives, etc. They fear is means pre-determined, but it does not
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   Robert Kane was the acknowledged dean of the libertarian philosophers writing actively in the twentieth century on the free will problem. Before Kane, many Anglo-American philosophers had largely dismissed free will as a "pseudo-problem." Although, like many others, Kane did not find any traditional libertarian position "intelligible," he has developed a libertarian view according to which even if many of our actions are determined by our existing character, these actions can be free, if we at times in the past freely created our own character (and if we remain free to change it) with what he calls "self-forming actions" (SFAs). This resembles Aristotle's view of the formation of character  and agrees in some respects with Indian ideas of Karma. 
[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=A61X-5b847U



Since his earliest book, Free Will and Values (1985), Kane has focused on free choices that have moral or prudential significance, as as well as those with merely practical significance. He accepts two-stage models of free will as relevant to practical choices, but thinks "something more" is needed for moral choices, which are the grounds for his character-developing "Self-Forming Willings" or "Self-Forming Actions."   

Like most philosophers, Kane does not separate free will from moral responsibility. Indeed , he  conflates these two, which he describes as "the traditional definition of free will." He describes what he calls "ultimate responsibility" as his basis for free will. But whether or not we are predetermined by the laws of nature can not be shown by any verbal definition. Freedom of the will is a question for science.


Kane follows ideas that he traces back through Daniel Dennett, Karl Popper, Arthur Holly Compton, and David Wiggins. (They can be traced even earlier to Bertrand Russell, Arthur Stanley Eddington, all the way to Epicurus, whom Kane mentions briefly.)   


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=Lj5x7YTOVio


Kane's most original contribution to the free-will debates may be his account of decisions that involves some indeterminism, but for which the agent can properly claim responsibility. Compatibilists believe that any chance involved in the cause of an action compromises agent control and therefore responsibility. But in the case of what Kane calls a "torn decision" or "self-forming action" (SFA) the agent may have excellent reasons for choosing "either way."  In such a case, indeterminism may be involved (Kane defends the possibility of irreducible  quantum indeterminism), yet the agent may properly take responsibility for either option, as long as the final choice is a result of the agent's "efforts." Kane calls this "plural (or dual) rational control."


Kane's most careful articulation of his position was given in response to the Luck Objection, raised by several critics of Kane's inclusion of indeterminism in his Self-Forming Actions. Kane's critics who found indeterminism unhelpful in all cases included Galen Strawson, Alfred Mele, Bernard Berofsky, Richard Double, and Ishtiyaque Haji. Earlier works on Moral Luck by Thomas Nagel and Bernard Williams had similar implications.  


His critics postulate an example where an agent has an identical person in a nearby possible world, with exactly the same past experience, but chooses A instead of B. Surely, the critics say, it is a matter of luck which the agent did, so it is unjust to hold the agent morally responsible for doing the wrong thing. 


Kane replied to the critics in a 1999 paper, "Responsibility, Luck, and Chance." There he cited a 1977 article by Steven M. Cahn as the origin of the idea that compatibilists are wrong that any chance makes an agent irresponsible. ("Random Choices," Philosophy and Phenomenological Research,
vol. XXXVII, no. 4, 1977, p.549.) We can note that Daniel Dennett made even more specific defense of an agent's responsibility the choice between equal alternative possibilities in his 1978 book Brainstorms (p.294).


Kane claims that indeterminism in the brain makes it uncertain as to whether an agent's efforts will succeed. When those efforts do succeed, though indeterminism was involved (thus breaking the deterministic chain), the outcome was undetermined, though not uncaused - it was caused by the agent's efforts, he says.


Suppose two agents had exactly the same pasts up to the point where they were faced with a choice between
distorting the truth for selfish gain or telling the truth at great
personal cost. One agent lies and the other tells the truth... if the pasts of these two agents are really identical in every
way up to the moment of choice, and the difference in their acts results
from chance, would there be any grounds for distinguishing
between them, for saying that one deserves censure for a selfish
decision and the other deserves praise? 
Would it be just to reward the one and punish the other for what appears
to be ultimately the luck of the draw?

On the view just described,
you cannot separate the indeterminism from the effort to
overcome temptation in such a way that first the effort occurs followed
by chance or luck (or vice versa). One must think of the effort
and the indeterminism as fused; the effort is indeterminate and the
indeterminism is a property of the effort, not something separate
that occurs after or before the effort. The fact that the woman's effort
of will has this property of being indeterminate does not make
it any less her effort.


And just as expressions like 'She chose by chance' can mislead us
in these contexts, so can expressions like 'She got lucky'. Ask yourself
this question: Why does the inference 'He got lucky, so he was not
responsible' fail when it does fail? The first part of an answer goes back to the claim that
'luck', like 'chance', has question-begging implications in ordinary
language which are not necessarily implications of "indeterminism"
(which implies only the absence of deterministic causation). The
core meaning of 'He got lucky', which is implied by indeterminism, I
suggest, is that 'He succeeded despite the probability or chance of failure';
and this core meaning does not imply lack of responsibility, if he succeeds.


The inference 'He got
lucky, so he was not responsible' fails because what [the agents} succeeded in doing was what they were trying and
wanting to do all along. When they succeeded, their reaction
was not "Oh dear, that was a mistake, an accident—something
that happened to me, not something I did." Rather, they
endorsed the outcomes as something they were trying and wanting
to do all along, that is to say, knowingly and purposefully, not by
mistake or accident.



Here Kane adds a difference in the temporal sequences of the otherwise identical cases. Obviously, this is a difference that makes a difference. 
It becomes an example of a second (adequately determined) stage (in a two-stage model). The agent's efforts single out the reasons for the ultimate choice. 



In one world, one of the efforts
issued in a choice and in the other world, a different effort issued in
a different choice; but neither was merely accidental or inadvertent
in either world. I would go even further and say that we may also
doubt that the efforts they were both making really were exactly the
same. Where events are indeterminate, as are the efforts they were
making, there is no such thing as exact sameness or difference of
events in different possible worlds. Their efforts were not exactly the
same, nor were they exactly different, because they were not exact.
They were simply unique.



To avoid the conclusion that the outcome is merely a product of chance, 
 Kane says that one of the agent's efforts will be the cause of the choice that is made, although there was a chance that it might have failed. The reasons behind that choice causally influenced the making of the choice, but did not determine it. Thus we can say that   "the agent chose for those reasons." In his 33rd thesis on free will, Kane says



the agents (r1) will have had reasons for choosing as they did; (r2) they will have chosen for those reasons; and (r3) they will have made those reasons the ones they wanted to act on more than any others by choosing for them.

 
When Kane puts the indeterminism earlier in the temporal sequence than the results of the agent's efforts, it becomes a two-stage decision process and is free for that reason. If the indeterminism is "centered" in the decision (as Clarke calls it), then it will be an example of the ancient liberty of indifference (or an undetermined liberty as we call it), but the agent can justifiably describe the decision as rational, as Cahn argued, and it is just for society to hold the agent morally responsible.

For Kane, after the fact of indeterminism, to (1) redefine the indeterminism central to the efforts as merely singling out the reasons that the agent "will have chosen for," and to (2) claim that the indeterministic, statistically caused reasons have been (retrospectively) "made those reasons the ones they wanted to act on more by choosing them," seems to be an attempt to rewrite history simply to avoid the stigma associated with the notion of chance. Kane shares what William James called "antipathy to chance."  


Despite developing Cahn's insightful idea of randomness in the final decision as not invalidating responsibility, Kane is reluctant to use the argument for moral choices and his Self-Forming Actions. The equal weights of the alternatives suggests to Kane the liberty of indifference - the ass equidistant between two bales of hay. If the decision is simply a practical decision, something as unimportant as deciding between chocolate or vanilla, the mental equivalent of "flipping a coin" is acceptable, says Kane. But if it is a serious moral choice between acting ethically (for Kane, ethical means considering the interests of others) or acting in one's own self-interest, then he is appalled at the idea that such a choice should be made indeterministically, by randomly flipping a coin, for example.   


Serious moral choices do not deserve such flippancy, but Kane is hard pressed to identify why a free will model that explains practical responsibility should not also apply to moral responsibility.


See why the question of free will must be separated from the question of  moral responsibility
 A moral free choice is then simply a free choice that has moral implications. The question of freedom (from determinism) is a question for physicists, physiologists, psychologists, and neuroscientists. The question of morality is one for ethicists and moral philosophers.

The difficulty of articulating a difference beteen free practical choices and free moral choices is compounded because Kane relies on indeterminism to break the chain of determinism in both cases. And he specifically wants quantum indeterminism, which is notorously difficult to locate in the brain/mind. 


Notice that Kane has always accepted chance/indeterminism in the first "free" stage of a two-stage model.  He agrees that chance in the first "deliberative" stage (as Randolph Clarke calls it) does provide other options for the (adequately determined) decision. But Kane accepts chance in the second "will" stage of free will only for practical choices.  What Clarke calls chance "centered" in the decision is acceptable only for practical choices, not for moral choices.


So the question for Kane is, as long as he agrees that indeterministic chance is involved in the final "torn" decision itself, how is that final-stage chance does not make a moral choice (and therefore a Self-Forming Action) random - if final-stage chance makes a practical choice random?


And given that Kane agrees that despite the randomness in the decision, the agent is fully responsible for the choice, which ever way it turns out, why is this not an acceptable description for the responsibility in moral choices? Why does it not explain moral responsibility as well as it explains practical responsibility?


Kane's answer is that a moral choice should not be an event that just happens to the agent, such as waiting for the outcome of a coin flip. Instead, the agent should be actively involved in the decision, which makes it more like agent-causality than event-causality, but Kane appears to oppose agent-causal views. And why shouldn't an agent be just as actively involved in practical decisions?



Aristotle and Epicurus said that decisions "in us" or that "depend on us" are a tertium quid, or third thing, that is neither chance nor necessity

Kane makes this type of torn decision central to his self-forming actions (SFAs), which form the basis for an agent's "ultimate responsibility" (UR). By ultimate responsibility Kane means that the sources or origins of our actions lie "in us" rather than in something else (such as decrees of fate, foreordained acts of God, or antecedent causes and laws of nature) which are outside us and beyond our control. We review Kane's work extensively below and conclude that his Self-Forming Action may be considered an act of self-determination, that it is adequately determined by the reasons the agent favors one choice over the other, and that it could be considered an example of agent causality by a mind defined as immaterialinformation in a material brain.  


The Oxford Handbook of Free Will


    In addition to his work to find some pathway through the "free will labyrinth" to an intelligible account of freedom, Kane has assembled in his massive 2002 sourcebook The Oxford Handbook of Free Will perhaps the best survey of modern positions on free will, from theology and fatalism to metaphysical libertarian perspectives. 

The Handbook has contributions from over two dozen contemporary philosophers with strong ideas about free will. Sadly most continue to be wordy jargon-laden debates and attempts to logically refute one position or another. They reflect the fact that Peter Strawsonchanged the subject of the discussions from free will to moral responsibility and Harry Frankfurtchanged the debate from free will to the existence of alternative possibilities (there are no such possibilities in a deterministic world).


That there is little new and that it is dismissive of freedom as unintelligible, makes the Oxford Handbook an accurate reflection of the current state of the free will problem. Kane insightfully remarks "One may legitimately wonder why worries about determinism persist at all in the twenty-first century, when the physical sciences - once the stronghold of determinist thinking - seem to have turned away from determinism." 


Many of the Handbook authors tend to conflate the problems of  free will and moral responsibility. They describe free will as the "control condition" of moral responsibility. This is a conceptual error. Free will is indeed a prerequisite for responsibility. But whether an action is moral is a question for ethicists, not for psychologists and neuroscientists who want to know the nature of the mind and its capacity for free creations, deliberations, decisions, intentions, and actions.




Ultimate Responsibility


For Kane, ultimate responsibility is the core idea in the traditional definition of free will. He says:



Free will, in the traditional sense I want to retrieve (and the sense in which the term
will be used throughout this book), is the power of agents to be the ultimate creators
(or originators) and sustainers of their own ends or purposes. This notion should be
distinguished from free action, and not simply because free will is a power. 

To act freely is to be unhindered in the pursuit of your purposes (which are usually expressed
by intentions); to will freely, in this traditional sense, is to be the ultimate creator
(prime mover, so to speak) of your own purposes. 

Such a notion of ultimate creator
of purposes is obscure, to be sure — many would say it is unintelligible - but there is
little doubt that it has fueled intuitions about free will from the beginning. Its meaning can be captured initially by an image: when we trace the causal or explanatory
chains of action back to their sources in the purposes of free agents, these causal chains
must come to an end or terminate in the willings (choices, decisions, or efforts) of
the agents, which cause or bring about their purposes. If these willings were in turn
caused by something else, so that the explanatory chains could be traced back further to heredity or environment, to God, or fate, then the ultimacy would not lie with the agents but with something else.


It is owing to such an image that free will has traditionally been associated with
moral responsibility in a deep sense that entails, as Galen Strawson has put it, that
we are "truly deserving of praise and blame" because it is "truly up to us" what we
do, in the sense that we are the "ultimate, buck-stopping originator[s] of our actions. The idea is that the ultimate responsibility lies where the ultimate cause
is — where the buck stops. This is the traditional image of free will (which Strawson,
along with many others, finds problematic). Such an image also accounts for
the association of free will with human dignity, expressed in the religious traditions by saying that humans are made in the image of God — being creators ab initio
of at least some things in the universe, their own purposes and the actions issuing
from those purposes — and by Kant when he inferred that humans are to be treated as "ends in themselves" because they are the originators of their own ends or
purposes.




Kane argues that the alternative possibilities (AP) generated in two-stage models of free will are not enough to make the case for incompatibilist free will. It is ultimate responsibility (UR) that he says is required for free will. Ultimate responsibility requires that some of our actions are self-forming actions (SFAs). In turn, our self-forming actions require plural rational control in our decisions. And it is the plural rational control that requires alternative possibilities (AP). UR is fundamentally prior to AP.


Much of Kane's work has been to establish the role of quantum indeterminacy in making at least some of our actions undetermined. He describes the need for indeterminism as a thesis on UR that he calls the "Free Agency Principle":



T16 (on UR) ("The Free Agency Principle"): In the attempt to formulate an
incompatibilist or libertarian account of free agency that will satisfy the plurality conditions and UR, we shall not appeal to categories or kinds of entities (substances, properties, relations, events, states, etc.) that are not also needed by
nonlibertarian (compatibilist or determinist) accounts of free agency satisfying
the plurality conditions. The only difference allowed between libertarian and
nonlibertarian accounts is the difference one might expect — that some of the
events or processes involved in libertarian free agency will be indeterminate or
undetermined events or processes. But these undetermined events or processes
will not otherwise be of categories or ontological kinds that do not also play roles
in nonlibertarian accounts of free agency (such as choices, decisions, efforts,
practical judgments, and the like) — the difference being that in nonlibertarian
theories, these events or processes need not be undetermined. Such differences
as there are between libertarian and nonlibertarian theories should flow from
this difference alone and the task will be to make sense of a libertarian freedom
satisfying the plurality conditions, given this difference.


In his 1985 book Free Will and Values, aware of earlier proposals by John Eccles, Karl Popper, and Daniel Dennett, but working independently, Kane proposed an ambitious amplifier model for a quantum randomizer in the brain - a spinning wheel of fortune (Alfred Mele later used the same analogy) with probability bubbles corresponding to alternative possibilities, in the massive switch amplifier (MSA) tradition of Arthur Holly Compton. 


Kane's work is squarely in the tradition of several other brain mechanisms proposed to underlie freedom of the will.  

	James Clerk Maxwell's "Singularities" (1856)
  
	Arthur Stanley Eddington's "Free Electrons" (1928)
  
	Arthur Holly Compton's Photocell Amplifier (1931)
  
	John Eccles' "Critically Poised Neurons" (1953)
  
	A. O. Gomes' Quantum Composer (1964)
  





Kane says (Free Will and Values, p.169):


What I would like to do then, is to show how an MSA [massive switch amplifier] model, using Eccles' notion of critically poised neurons as a working hypothesis, might be adapted to the theory of practical, moral and prudential decision making.


Keeping these points in mind, let us now suppose that there are neurons in the brain "critically poised" in Eccles' sense, whose probability of firing  within a small interval of time is .5. (We shall tamper with this simplifying assumption in a moment.) For every n such neurons, there are 2n possible ordered combinations of firings and non-firings, which may be represented by sequences, such as (101... ), (01101... ), where the "1" 's indicate firings, the "0" 's non-firings, and the dots indicate that the sequences are continued with "0" 's up to n figures. A reasonably small number of such neurons, say a dozen, would yield ordered combinations, in the thousands, enough for the purposes of the theory. As indicated in 8.4, the exact number of possible alternatives or partitionings does not matter so long as it is large; it would likely depend on the exigencies of neurological programming rather than the demands of the theory.


For practical choice, these ordered combinations of firings and non-firings of critically poised neurons would correspond to places on a spinning wheel, most of which would give rise to chance selected considerations, opening doors to consciousness of possibly relevant memories, triggering associations of ideas and/or images, focussing attention in various ways, etc. Some combinations of firings and non-firings might draw a blank. But the wheel would keep spinning until it hit something worth considering, so long as the practical reasoner or creative thinker were in a receptive, yet reflective, state of mind. Then the relevance of the consideration to deliberation would have to be assessed and the consideration either accepted or rejected.


  
Kane introduces a probability bubble.
[image: bubble inexactness]

One might think of this as a picture of an air bubble in a glass tube filled with a liquid, with the lines A and B marked on the outside of the glass as on an ordinary carpenter's level. But this description is merely an aid to the imagination. We are going to give the bubble some extraordinary properties. The bubble may represent either the desire to choose to act from duty (out of equal respect) or the effort made to realize this desire in choice. The respective desire and effort are conceptually related because the desire is defined as the disposition to make the effort; and the intensity of the desire is measured by the intensity of the effort. The lines A and B in the figure represent choice thresholds. If the bubble passes above the line A, the choice is made to act from duty; if it passes below B, the choice is made to act on self interested motives. When the bubble is between the lines, as in the figure, no choice has yet been made. A downward pull of gravity in the figure may be thought to represent the natural pull of one's self interested motives, which must be counteracted by an effort to resist temptation. 


There is an ambiguity, essential to our problem, about what it means to say that the bubble "passes above" the line A, or "below" the line B. If the bubble passes above A, or below B, then the choice is made to act from duty, or from self interest, respectively. But does this mean that the bubble must be wholly, or only partly, above A, or below B? It is here that we give the bubble some extraordinary properties. We imagine that the bubble represents a probability space, so that, when it is partly above A, there is a corresponding  probability, but not certain that the choice is mate to act from duty, and when it is partly below B there is a corresponding probability, but not certainty, that the choice is made to act from self interest. When the bubble is wholly above A (or below B), it is certain that the choice is made to act from duty (or self interest). We	then imagine a point particle in the  
probability space (the bubble) that moves around randomly, while always remaining within the space. That is, it has an equal probability of appearing in any one of a number of equal sized regions in the space. (There will be further comment on this partitioning and its significance in a moment.) If part of the bubble is above the line A for a certain time and the point particle is in regions all of which are wholly above the line for the same length of time, then the choice is made to act from duty (and similarly for line B).


To complicate matters further, we want to assume that the bubble or probability space does not have an exact position vis a vis the thresholds at any given time and that this inexactness of position is also due to the undetermined movement of the point particle in the regions. There are a number of ways to represent this in the diagram, but the simplest way is the following.
Imagine, as in the following figure, that the choice thresholds A and B have indeterminate position so that they can be anywhere between (or on) the extremes A'-A" and B'-B" respectively:

[image: bubble inexactness]

The distances between any two possible threshold positions for A (or any two for B) are equal and each possible threshold position corresponds to a region in the bubble such that, if the point particle is in that region, the threshold is at the corresponding position. But adjacent regions in the bubble need not correspond to adjacent positions of the thresholds and higher or lower regions of the bubble need not correspond to higher and lower threshold positions respectively.



note the ethical fallacy of assuming free decisions are moral decisions


What all this means is that the intensity of the effort to overcome temptation at any given time, which is measure of the intensity of the desire to act from duty (represented by the position of the bubble vis a vis the thresholds and the position of the point particle within the bubble) is indeterminate. And, as a consequence, the outcome of the choice situation at a given time is undetermined and unpredictable as long as the bubble is not wholly above A' or wholly below B".

(Free Will and Values, p.144-6)


Kane's model combines free will and values. Kane claimed his free choice is moral and made in accord with Kant's concept of duty versus one's self-interest or desires. This is the ethical fallacy. Freedom is merely a prerequisite for responsibility. And responsibility is a prerequisite for moral responsibility.


Kane even relates equiprobability to a basis for human equality.
  

  "the succession of random selections among equiprobable alternatives is meant to be a continuing reminder (a mental or neurological representation) of the fact that the reason sets of other persons are to be treated equally."
  

Kane's model is also "restrictive," a term coined by John Martin Fischer to describe Peter van Inwagen's claim that only a tiny fraction of our decisions and actions could be free actions. For van Inwagen, it is those which have closely balanced alternatives (the ancient problem of the liberty of indifference. For Kane, it is those rare and difficult decisions that are deeply moral. They are those moments in which are character is formed. Later decisions made consistent with our character and values can then be traced back to these "self-forming actions." This provides us with what Kane calls ultimate responsibility or UR.

The first step in this rethinking is to note that indeterminism does not have to be involved in all acts done "of our own free wills" for which we are ultimately responsible. Not all acts done of our own free wills have to be undetermined, only those acts by which we made ourselves into the kinds of persons we are—namely, the "will-setting" or "self-forming actions" (SFAs) that are required for ultimate responsibility.

Now I believe that these undetermined self-forming actions, or SFAs, occur at those difficult times of life when we are torn between competing visions of what we should do or become. Perhaps we are torn between doing the moral thing or acting from ambition, or between powerful present desires and long-term goals; or we may be faced with difficult tasks for which we have aversions. In all such cases of difficult self-forming choices in our lives, we are faced with competing motivations and have to make an effort to overcome the temptation to do something else we also strongly want. There is tension and uncertainty in our minds about what to do at such times, let us suppose, that is reflected in appropriate regions of our brains by movement away from thermodynamic equilibrium—in short, a kind of "stirring up of chaos" in the brain that makes it sensitive to micro-indeterminacies at the neuronal level. The uncertainty and inner tension we feel at such soul-searching moments of self-formation would thus be reflected in the indeterminacy of our neural processes themselves. What we experience internally as uncertainty about what to do on such occasions would correspond physically to the opening of a window of opportunity that temporarily screens off complete determination by influences of the past.



  Kane is not satisfied with his solution. He explains that the main reason for failure is   
  
"locating the master switch and the mechanism of amplification...We do not know if something similar goes on in the brains of cortically developed creatures like ourselves, but I suspect it must if libertarian theories are to succeed." 


  Kane admits that the basic difficulty is the location of indeterminism in the decision process itself. Chance must not be the direct cause of action.


    Kane claims that the major criticism of all indeterminist libertarian models is explaining the power to choose or do otherwise in "exactly the same conditions," something he calls "dual rational self-control." Given that A was the rational choice, how can one defend doing B under exactly the same circumstances?" (p.59) Kane is concerned that such a "dual power" might be arbitrary, capricious, and irrational. 


Apart from the fact that information-rich systems with a history are never in the exact same conditions, and ignoring the fact that random  alternative possibilities are unlikely to repeat, an  adequately determined will would very likely make the same choice, for the same reasons, from the same set of alternative possibilities. But it might on the other hand exercise its irrational prerogative! We humans are unpredictable, which makes us occasionally capricious and arbitrary. So why the problem?


In his 1985 book, Free Will and Values, Kane also considered the two-stage models of Karl Popper (as described by Popper in his Arthur Holly Compton memorial lecture, "Of Clouds and Clocks"), and Daniel Dennett (as presented in his Brainstorms chapter, "On Giving Libertarians What They Say They Want"). 


Kane described these two-stage models as a "significant piece in the overall puzzle of a libertarian freedom." (p.104) But he thought them limited to practical decision making, and not suitable for moral decision making, which require his dual rational control and chance in the decision itself to provide "ultimate responsibility" (UR).


Given the randomly generated alternative possibilities in the first stage of the model, Kane thought that an agent would be determined in the second stage to choose the best available option. But note that the agent would not be pre-determined, 
even from moments just before deliberations began. As John Locke noted, the will itself can be determined, it need not itself be free in the sense of random. It is the man that is free, not the will, said Locke.



In his 1996 book The Significance of Free Will Kane again invokes quantum events in the brain at the moment of decision:


We now turn to the second part of an answer to the question of how prior reasons or motives can explain the effort to resist temptation without also explaining the choice that terminates the effort. We must now look at this "effort of will" (to resist moral of prudential temptation) that intervenes between prior reasons or motives, on the one hand, and the resulting choice, on the other.

T24 (on FW): Let its suppose that the effort of will (to resist temptation) in moral and prudential choice situations of T22 and T23 is (an) indeterminate (event or process), thereby making the choice that terminates it undetermined.


Consider a quantum analogue. Imagine an isolated particle, such as an electron, moving toward a thin atomic barrier. Whether or not the particle will penetrate the barrier is undetermined. There is a probability that it will penetrate, but not a certainty, because its position and momentum are not both determinate as it moves toward the barrier. Imagine that the choice (to overcome temptation) is like the penetration event. The choice one way or the other is undetermined because the process preceding it and potentially terminating in it (i.e., the effort of will to overcome temptation) is indeterminate.


Kane next adds chaos to amplify the microscopic quantum indeterminacy up to the macroscopic neurons. This is dangerously close to making chance the direct cause of the decision.

But this quantum analogy is merely that — an analogy. Our efforts of will most likely correspond to complex processes
in our brains that are macro processes involving many neuron firings and connections. Since we know that the effects of quantum level fluctuations are usually negligible at the macro level, how can these efforts be indeterminate? One way to begin thinking about this issue is to imagine that the neural processes occurring when the efforts are being made are chaotic processes, in the sense of what is nowadays called "chaos theory." In chaotic systems, very minute changes in initial conditions grow exponentially into large differences in final outcome, a phenomenon called "sensitivity to initial conditions." The ubiquity of chaotic systems in nature is now widely recognized, and there is growing interest in the chaotic behavior of the brain at many levels, from the transmission of impulses along individual nerve fibers, to the functioning of neural networks, to general patterns of brain waves.

But chaotic behavior, though unpredictable, is not necessarily indeterministic. In fact, chaos theory has shown that one can have determinism without predictability. Yet chaos theory may nonetheless be significant for discussions of human freedom, if quantum indeterminacy is also brought into the picture.



Kane describes the tension during "torn" decisions as stirring up deterministic chaos. He makes the deterministic chaos sensitive to quantum indeterminacy at the neuronal level (in a way similar to John Eccles's ideas about critically poised neurons).


T25 (on FW): Imagine that the indeterminate efforts of will of T24 are complex chaotic processes in the brain, involving neural networks that are globally sensitive to quantum indeterminacies at the neuronal level. Persons experience these complex processes phenomenologically as "efforts of will" they are making to resist temptation in moral and prudential situations. The efforts are provoked by the competing motives and conflicts within the wills of the persons described in T22 and T23. 

The brain, like any biological system, is very far from thermodynamic equilibrium


These conflicts create tensions that are reflected in appropriate regions of the brain by movement further from thermodynamic equilibrium, which increases the sensitivity to micro indeterminacies at the neuronal level and magnifies the indeterminacies throughout the complex macro process which, taken as a whole, is the agent's effort of will.

T26 (on FW): In effect, conflicts of will of the kinds described in T22 and 23 stir up chaos in the brain and make the agents' thought processes more sensitive to undetermined influences. The result is that, in soul-searching moments moral and prudential struggle, when agents are torn between conflicting visions of what they should become (that is, on the occasions of self-forming willings, or SFWs), the outcomes are influenced by, but not determined by, past motives and character. The uncertainty and inner tension that agents feel at such moments are reflected in the indeterminacy of their neural processes.




Two Cosmological Mysteries


Kane describes consciousness and the indeterminacy needed for free will as "cosmological problems" that are equally "mysterious." He says that while free agency "does not require mind/body dualism
to account for free will, neither does it allow one to describe deliberations, efforts, choices, and other mental goings on merely as physico-chemical processes,
whether they are undetermined or determined." He asks

"But now the suspicion arises that you are exchanging one mystery
for another. In place of the usual libertarian stuff, such as agent-causes, noumenal
selves, or mind/body dualism, you are giving us the mysteries of indeterministic
efforts of will - described physically as indeterminate processes that are happening in the brain, but phenomenologically as something the agents are doing...Perhaps dual-aspect theories of this kind are an improvement over substance dualisms, but they are scarcely without their own mysteries.
How can a physical process of the brain be at the same time a consciously experienced effort of will?"


Well, this is a puzzle, all right, but it is part of the larger riddle of consciousness, '
which is troubling no matter what position is taken on free will: how can thoughts,
sensations, perceptions, or any other conscious events — including efforts of will and
choices — be at the same time physical processes of the brain? This is a problem
whether you are a compatibilist or incompatibilist, or whether you think brain processes are determined or not.


As I said earlier, the goal of these chapters is
not to eliminate all mystery from free will. Rather, it is to eliminate mysteries
that are created by taking a distinctively libertarian view of free will — as opposed
to mysteries that confront everyone, no matter what their position on free will. Indeterministic efforts are mysterious because they partake of several deep cosmological problems that are problems for everyone, not just libertarians. One of these problems is "the mind/body problem," including at its core the "problem of consciousness": how can thoughts, perceptions, and other conscious
experiences — including efforts of will — be brain processes? But this is a problem whether you are a compatibilist or incompatibilist, libertarian or nonlibertarian. It is no less mysterious how neural firings in the brain could be conscious mental events if they are determined than if they are undetermined, or if
they involve undetermined chaotic processes than if they do not.


I said that the view presented here does not attempt to eliminate all mystery
from free will, but only such mysteries as are created by taking a distinctively libertarian view of it. And I added that the indeterministic efforts required by free will are
mysterious because they partake of several deep cosmological problems that are problems for everyone, not just libertarians. I can now say that I think there are at least two
such cosmological problems with which free will is deeply implicated, both of which
have been central to philosophical discussions throughout much of this century. The
first is the problem of consciousness already mentioned. I now add...


"The Second Cosmological Problem" of which free will partakes
is the problem of genuine indeterminacy-in-nature, which is pretty mysterious
as well. How can wave/particles such as electrons have indeterminate trajectories in which their position and momentum cannot both be exact at the same
time? How can physical systems in general have indeterminate properties? We
know that great scientists, some of whom were in on the founding of quantum
physics, such as Planck, Einstein, and De Broglie, could not accept the inexact
trajectories, the indeterminacy, and other related mysteries of the quantum world,
They hoped by way of hidden variables or some new theory to get back to the
exactness and determinacy of the classical picture. I suggest that we should expect the same resistance and puzzlement over indeterminate efforts of within
free will debates as indeterminate trajectories received from skeptical physicists
when they were first introduced. Indeterminate efforts force us to view human
actions and life histories in unaccustomed ways, just as indeterminate trajectories and properties force us to view the physical world in strange and novel ways.




Kane is absolutely right about this. As long as there is doubt among physicists about quantum uncertainty, philosophers have every right to doubt its ability to help solve the problem of free will and determinism. 


Kane is one of many philosophers to suggest that the two mysteries - consciousness and indeterminate free will - must be connected. Although some say that is trying to solve one mystery with another, Kane notes that William Hasker suggested that we try



to understand the nature of conscious experience and its unity (our first cosmological problem), as well as to understand how consciousness and mind are related, if at all,
to the indeterminacy of natural processes (our second cosmological problem).
In other words, it is possible that the ultimate understanding [lies] in the connection between the two cosmological problems — between consciousness and quantum reality.

So I concede that indeterminate efforts are mysterious. But I want
to suggest that their mysteriousness partakes of the difficulties of understanding
(i) consciousness and (ii) quantum indeterminacy — two of the central cosmological problems of the age. And these two problems, we should note, are problems for everyone; they are not problems specifically created by libertarian theories of freedom. Nor should it surprise
us that free will (which Kant regarded as the central "cosmological" problem)
should be intimately related to these two other cosmological enigmas.




  In 2005, Kane wrote a perceptive analysis of a two-stage solution for free will like our Cogito mind model and the suggestions of almost two-dozen other thinkers who have proposed two-stage models of free will.


The final libertarian theory I want to consider in this chapter takes a very different approach to explaining libertarian free choices. This view rejects both simple indeterminism and agent-causation. Instead it focuses on the process of deliberation. When we deliberate, for example, about where to vacation or which law firm to join, many different thoughts, images, feelings, memories, imagined scenarios, and other considerations pass through our minds. Deliberation can be quite a complex process. When Mike thinks about Hawaii, he pictures himself surfing, walking on sunny beaches, eating in his favorite Hawaiian restaurants; and these various thoughts incline him to choose Hawaii. But he also thinks about skiing, sitting by a fireplace after a long day on the slopes, and visiting with friends he knows in Colorado; and he leans toward Colorado. Back and forth he goes, until after a period of time considerations on one side outweigh the others and he finally chooses one option. (Unless, of course he is one of those indecisive types who finds it hard to make up his mind.)


Note that in the first stage our free thoughts appear to "come to mind"


In the course of such deliberations — which may sometimes take hours or days and may be interrupted by daily activities — new thoughts, memories or images can often come to mind that influence our deliberations. Mike may suddenly remember a lively nightclub he visited in Honolulu when he was last there — great music, great girls — and the idea of going back to this place gives him an added reason to favor Hawaii, a reason that hadn't previously entered his deliberation. Other images that flit through his mind may turn him against Hawaii. Imagining himself out on the beach all day, suddenly he remembers his doctor's warning about not getting too much sun if he wants to avoid skin cancer.

Now one could imagine that some of these various thoughts, memories, and imagined scenarios that come to mind during our deliberations are undetermined and arise by chance and that some of these "chance selected considerations" might make a difference in how we decide. If this were to happen in Mike's case, the course of his deliberation, hence his choice, would be undetermined and unpredictable. A Laplacian demon could not know in advance which way Mike would go, even if the demon knew all the facts about the universe prior to Mike's deliberation, for these facts would not determine the outcome. 


In the second stage, choices result from rational evaluations of the alternative possibilities that come in part by chance


Yet Mike would still have control over his choice in a certain sense. He could not control all the thoughts and
imagined scenarios that come to mind by chance. But he would be in control of how he reacted to those thoughts and imaginings once they did occur. And his choice of Hawaii in the end would be perfectly rational, not arbitrary, if the weight of all the considerations that did come to mind (some of them by chance) weighed in favor of Hawaii. In this way, choices could thus be controlled and rational even though indeterminism was involved in the deliberations leading up to them.

Causal indeterminism is a two-stage model, first "free" thoughts, then "willed" actions

	
A view of this kind is called causal indeterminism or event–causal libertarianism, for it allows that our thoughts, images, memories, beliefs, desires, and other reasons may be causes of our choices or actions without necessarily determining choices and actions; and yet this view does not postulate any extra kind of agent-causation either. Two philosophers who have suggested causal indeterminist views of this kind (without endorsing them), Daniel Dennett and Alfred Mele, argue that a view of this kind would give libertarians at least some of the important things they demand about free will. Such a view, for example, provides for an "open future," such as we think we have when we exercise free will. We would not have to think that our choices and the future direction of our lives had somehow been decided long before we were born. Nor would it be possible for behavioral engineers to completely control our behavior as in Walden Two or for Laplacian demons to know what we were going to do, if chance considerations might enter our deliberations.


It is unfortunate that Kane did not accept Dennett's ideas for "giving libertarians what they want." He might have reconciled many libertarians and compatibilists. Instead, Kane wants something more - an element of indeterminism in the decision itself, but (and this is unique to Kane) the indeterminism is not the proximate cause of the decision - so that our actions are not determined by our deliberations and evaluations of alternative possibilities, however much these are our own creations.

Yet, as Dennett and Mele also admit, a causal indeterminist view of this deliberative kind does not give us everything libertarians have wanted from free will. For Mike does not have complete control over what chance images and other thoughts enter his mind or influence his deliberation. They simply come as they please. Mike does have some control after the chance considerations have occurred.
The agent does have control over whether to continue the generation of new ideas that might "come to mind." Once deliberation is cut off, the action is adequately determined.

If the agent had complete control over chance events, they would not be random. The agent does control which chance events to consider.


	
But then there is no more chance involved. What happens from then on, how he reacts, is determined by desires and beliefs he already has. So it appears that he does not have control in the libertarian sense of what happens after the chance considerations occur as well. Libertarians require more than this for full responsibility and free will. What they would need for free will is for the agent to be able to control which of the chance events occur rather than merely reacting to them in a determined way once they have occurred.

Yet, as Mele points out, while this causal indeterminist view does not give us all the control and responsibility that libertarians have wanted, it does give us many of the things they crave about free will (an open future, a break in the causal order, etc.). And it is clearly a possible view. Perhaps it could be further developed to give us more; or perhaps this is as much as libertarians can hope for. 




Kane seems to want his freedom both ways. He wants the agent to "control which of the chance events occur" and he also wants chance to be involved at the decision stage to prevent its being "determined" - without chance being the cause of the decision. 

But the place for chance is in the first stage, where alternative possibilities are generated. And control is only needed in the second stage, where decisions and choices are made.


Nevertheless, Kane adds randomness to our choices to produce what he calls "dual (or plural) rational control" over our actions.


When we wonder about whether agents have freedom of will (rather than merely freedom of action), what interests us is not merely whether they could have done otherwise, even if the doing otherwise is undetermined, but whether they could have done otherwise voluntarily (or willingly), intentionally, and rationally. Or, more generally, we are interested in whether they could have acted in more than one way voluntarily, intentionally, and rationally, rather than only in one way voluntarily, and so on, and in other ways merely by accident or mistake, unintentionally or irrationally. 

Kane does accept that some of our thoughts "come to us" unbidden (undetermined) and that control, in the second stage, insures that our actions "come from us." Our willed actions "depend on us," as Aristotle required.


Kane has an illustrated version of the standard argument against free will. He describes the usual determinism and randomness objections (the two horns of the Libertarian Dilemma) as the ascent and descent of what he calls "Incompatibilism Mountain." (A Contemporary Introduction to Free Will, p.34)
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The ascent problem is to show free will is incompatible with determinism. The descent problem is to show that free will is compatible with indeterminism.  In earlier works Kane described ascent as "the compatibility question" and descent as "the intelligibility problem."


This is similar to what we do in a critical analysis of the standard argument against free will, in our two-stage model for free will, and in our requirements for free will. 


Free will is incompatible with strict causal determinism, but it actually requires an adequate determinism for moral responsibility. 


And free will is compatible with an indeterminism that generates alternative possibilitieswithout making chance the direct cause of actions.



In a recent work (Four Views on Free Will, 2007), Kane defends Libertarianism and 
again suggests that his occasional self-forming actions might involve a tension and uncertainty in our minds that stirs up a "chaos" which is sensitive to micro-indeterminacies at the neuronal level. 

All free acts do not have to be undetermined on the libertarian view, but only those acts by which we made ourselves into the kinds of persons we are, namely the "will-setting" or "self-forming actions" (SFAs) that are required for ultimate responsibility. 

Now I believe these undetermined self-forming actions or SFAs occur at those difficult times of life when we are torn between competing visions of what we should do or become. Perhaps we are torn between doing the moral thing or acting from ambition, or between powerful present desires and long-term goals, or we are faced with difficult tasks for which we have aversions. 
In all such cases, we are faced with competing motivations and have to make an effort to overcome temptation to do something else we also strongly want. There is tension and uncertainty in our minds about what to do at such times, I suggest, that is reflected in appropriate regions of our brains by movement away from thermodynamic equilibrium — in short, a kind of "stirring up of chaos" in the brain that makes it sensitive to micro-indeterminacies at the neuronal level. 


Kane's indeterminacy in the neural processes "stirring up of chaos" does screen the decision from determination by influence of the past, exactly as does randomness in the first stage of the two-stage model. But the final decision is then adequately determined by the agent's reasons, motives, desires.


The uncertainty and inner tension we feel at such soul-searching moments of self-formation is thus reflected in the indeterminacy of our neural processes themselves. What we experience internally as uncertainty about what to do on such occasions would then correspond physically to the opening of a window of opportunity that temporarily screens off complete determination by influences of the past.   

When we do decide under such conditions of uncertainty, the outcome would not be determined because of the preceding indeterminacy — and yet the outcome can be willed (and hence rational and voluntary) either way owing to the fact that in such self-formation, the agents' prior wills are divided by conflicting motives. 


Now let us add a further piece to the puzzle. Just as indeterminism need not undermine rationality and voluntariness of choices, so indeterminism in and of itself need not undermine control and responsibility. Suppose you are trying to think through a difficult problem, say a mathematical problem, and there is some indeterminacy in your neural processes complicating the task — a kind of chaotic background.   


Kane wants the agent's effort to overcome the distracting "micro-indeterminacies at the neuronal level".


It would be like trying to concentrate and solve a problem, say a mathematical problem, with background noise or distraction. Whether you are going to succeed in solving the problem is uncertain and undetermined because of the distracting neural noise. Yet, if you concentrate and solve the problem nonetheless, we have reason to say you did it and are responsible for it, even though it was undetermined whether you would succeed. The indeterministic noise would have been an obstacle that you overcame by your effort.  


Kane says that the indeterminism arising from a tension-creating conflict in the will


"would be reflected in appropriate regions of the brain by movement away from thermodynamic equilibrium. The result would be a stirring up of chaos in the neural networks involved. Chaos in physical systems is a phenomenon in which very small changes in initial conditions are magnified so that they lead to large and unpredictable changes in the subsequent behavior of a system.  

"Now determinists are quick to point out that chaos, or chaotic behavior, in physical systems, though unpredictable, is usually deterministic and does not itself imply genuine indeterminism in nature. But some scientists have suggested that a combination of chaos and quantum physics might provide the genuine indeterminism one needs. If the processing of the brain does "make chaos in order to make sense of the world" (as one recent research paper puts it), then the resulting chaos might magnify quantum indeterminacies in the firings of individual neurons so that they would have large-scale indeterministic effects on the activity of neural networks in the brain as a whole. If chaotic behavior were thus enhanced in these neural networks by tension-creating conflict in the will, the result would be some significant indeterminism in the cognitive processing of each of the competing neural networks."  


"'indeterminism' is a technical term that merely rules out deterministic causation, though not causation altogether. Indeterminism is consistent with nondeterministic or probabilistic causation, where the outcome is not inevitable. 


Events that are statistically caused are not uncaused, but they are a matter of chance.


It is therefore a mistake (in fact, one of the most common in debates about free will) to assume that "undetermined" means "uncaused" or "merely a matter of chance."  


Kane denies that such chance is the direct cause of actions

"If indeterminism is involved in a process so that its outcome is undetermined, one might argue that the outcome must merely happen and therefore cannot be somebody's choice. But there is no reason to assume such a claim is true. A choice is the formation of an intention or purpose to do something. It resolves uncertainty and indecision in the mind about what to do. 

Indeterminism in the deliberation preceding choice does not prevent the choice itself from being adequately determined - by the agent's efforts, as Kane says. 


Nothing in such a description implies that there could not be some indeterminism in the deliberation and neural processes of an agent preceding choice corresponding to the agent's prior uncertainty about what to do. Recall from the preceding arguments that the presence of indeterminism does not mean the outcome happened merely by chance and not by the agent's effort. Self-forming choices are undetermined, but not uncaused. They are caused by the agent's efforts.



This is Kane's main contribution to the free will debate. The agent's choice itself, the result of the agent's efforts to overcome indeterminism, is a new causal element. The agent's efforts are the cause of the choice. Indeterministic chance is not a causal factor, merely an ingredient in a complex process.

"In a similar fashion, the idea is not to think of the indeterminism involved in free choices as a cause acting on its own, but as an ingredient in a larger goal-directed or teleological process or activity.  


"What we need when we perform purposive activities, mental or physical, is rather macro-control of processes involving many neurons — complex processes that may succeed in achieving their goals despite the interfering effects of some recalcitrant neurons. We don't micro-manage our actions by controlling each individual neuron or muscle that might be involved. We don't know enough about neurology or physiology to do that; and it would be counterproductive to try. But that does not prevent us from macro-managing our purposive activities (whether they be mental activities such as practical reasoning, or physical activities, such as arm-swingings) and being responsible when those purposive activities attain their goals.


"In summary, I think the key to understanding the role of chance in free will is not to think of chance as a causal factor by itself, but rather to think of chance as an interfering ingredient in larger goal-directed processes. Viewing chance in this way is related to a peculiarly modern scientific way of understanding human agency that also his its roots in the ancient view of Aristotle. Agents, according to this modern conception with ancient roots, are to be conceived as information-responsive complex dynamical systems.  



Kane insightfully suggests that information theory may help understanding the problem of will. He proposes that the role of indeterminism is as an ingredient in the teleological process of will. But rather than making it the generator of possibilities and a creative force, Kane considers it a hindrance or obstacle to the attainment of the goal which raises the "level of effort." 



We should concede that indeterminism, wherever it occurs, does diminish control over what we are trying to do and is a hindrance or obstacle to the realization of our purposes.  


For Kane, indeterminism is not valued because it adds novelty and creativity, for example because "noise or static" in information transmission might garble messages that might be seen as potential new ideas (the parallel with Darwinian evolution is clear). He knows that the Cogito model considers indeterministic random noise (as Dennett considers deterministic pseudo-random noise) as a generator of alternative possibilities in a two-stage model. But Kane wants something more than freely generated alternative possibilities (AP), which are not enough for his notion of ultimate responsibility (UR). 


For Kane, the indeterministic noise is beneficial because it raises the level of effort needed for a moral decision. And the effort is itself the ultimate cause, not the particular reasons behind the specific choice in the "torn decision," although it is these reasons that makes the choice "rational." 


Kane addresses the implications of adding indeterministic chance, even as an ingredient in the decision itself. He knows that it threatens to make chance the cause of actions, to make the choice arbitrary (the standard compatibilist objection to any randomness).



"Let me conclude with one final objection to the account of free will presented here, which is perhaps the most telling and has not yet been discussed. Even if one granted that persons, such as the businesswoman, could make genuine self-forming choices that were undetermined, isn't there something to the charge that such choices would be arbitrary? A residual arbitrariness seems to remain in all self-forming choices since the agents cannot in principle have sufficient or conclusive prior reasons for making one option and one set of reasons prevail over the other. 

"There is some truth to this objection also, but again I think it is a truth that tells us something important about free will.


"Suppose we were to say to such persons: "But look, you didn't have sufficient or conclusive prior reasons for choosing as you did since you also had viable reasons for choosing the other way." They might reply. "True enough. But I did have good reasons for choosing as I did, which I'm willing to stand by and take responsibility for. If these reasons were not sufficient or conclusive reasons, that's because, like the heroine of the novel, I was not a fully formed person before I chose (and still am not, for that matter). Like the author of the novel, I am in the process of writing an unfinished story and forming an unfinished character who, in my case, is myself." 


Kane and the Cogito Model

Kane has found a way to avoid any determinism at all in some cases, not even determination by character and values, reasons and motives, feelings and desires, that I call self-determination (following Mortimer Adler). Compatibilists properly think that such self-determination is needed for moral responsibility.
 
Kane’s model is Self-Forming Actions (SFAs). He says the agent’s decision may not be determined by anything other than the agent’s choice, which can be rational (made for properly evaluated reasons), but nevertheless might have been otherwise and yet be equally rational.


This is because, in his character-forming cases, all the available alternative possibilities are equally determined by (consistent with) the agent's character and values, reasons and motives, feelings and desires. The agent is "torn" between these possibilities.   


As we have seen, Kane calls this “dual (or plural) rational control.” I believe that this may constitute an acceptable extension of my Cogito model, one that adds still more libertarian freedom. Let’s see how it works.


To find a way around the (adequately) determined second stage, without invoking metaphysical agent-causality, Kane adds event-causal randomness in the decision itself. Randolph Clarke calls such randomness “centered” in the decision, as opposed to chance located earlier in the “deliberative” stage (part of my first “free” stage where alternative possibilities are generated). 


Kane calls this The Indeterminist Condition:


“the agent should be able to act and act otherwise (choose different possible futures), given the same past circumstances and laws of nature.” 

 
Now in my Cogito model, the agent does have the capacity to “act otherwise” at the start of the first (“free”) stage of the two-stage model. The agent’s future is still “open” at this time. A decision is not determined by the “laws of nature” and the “fixed past,” as claimed by most contemporary compatibilists. This is because the agent can generate new possibilities during the deliberation stage.

But in the second (“will”) stage, the choice, and the act may now be adequately determined.  


Kane says that “something more” is needed beyond the alternative possibilities (AP) of my two-stage model for his model of libertarian freedom.


There are times, he says, when the deliberation and evaluation process is not at all simple and straightforward. The agent may be seriously conflicted, especially in difficult moral decisions, which Kane says define his Self-Forming Actions.


In such cases, the agent has developed excellent reasons for more than one option. This conflict requires extra effort on the part of the agent to make the decision, which Kane says may generate noise in the brain’s neural circuitry. This noise may make the decision random and indeterminate, although it selects from among options that are all defended by reasons (and thus may as a group be adequately determined by them?).


Kane deftly sidesteps the charge of critics who claim that the agent cannot be responsible for any decision involving randomness. In Kane’s model, the agent can claim responsibility, however the “torn” decision is made.

  
To summarize, my two-stage Cogito model provides for undetermined new ideas that are the source of human creativity. These are the alternative possibilities that are the reason the future is open. These alternative possibilities explain how the agent "can do otherwise" than it might appear the agent was required to do just before the first, “free” stage begins.


However, Kane is correct that the second, "will" stage in my two-stage model is normally adequately determined at the moment the last new possibility is generated.


In this case we have a decision that was not pre-determined before deliberations began, that possibly contains entirely new and original ideas, that was consistent with the agent's character, values, motives and desires, and that can be described as an act of self-determination.


This is not enough for Kane. To extend his model of libertarian free will into the second stage, Kane’s plural rational control adds indeterminism there.  In this case, even the decision is not determined until just after it has been made. (Although Kane adds indeterminism, it is not the proximate cause of the decision, the agent's decision itself is.)


Note the similarity to Kane’s criticism of the Frankfurt controller. The controller cannot know what the agent’s decision will be, because no information about the decision exists until it is actually made.

 
In my philosophy, no event is ever determined until new information about the event is encoded in the universe. 


But my Cogito model does not exclude decisions that are made at random, when the reason (the non-reason?) is that the agent has no good reasons to prefer one option over others. More importantly, the agent has equally good reasons for each option and thus can take responsibility for each.


I call these undetermined liberties, to distinguish them from the adequately determined decision or "de-liberation" that I now think is best called by the traditional name of  self-determination. But Kane wants to consider these undetermined liberties mere liberties of indifference.


Of course, language being as ambiguous as it is, we can say that the agent “deliberately” chose at random, chose to mentally "flip a coin." Or we can say that the decision to choose at random was adequately determined by the absence of reasons to choose one particular alternative possibility. This is the ancient liberty of indifference, but with the addition of the good reasons that allow the agent to take full moral responsibility for the "random" action. 


But this is to play the language game that has so far prevented us from making real progress in solving the problem of free will.


So let’s continue to focus on what Kane is trying to achieve with his Self-Forming Actions (SFAs) and his Ultimate Responsibility (UR), which he says requires “something more” than the mere alternative possibilities (APs) that are provided by my Cogito model of free will.


Kane’s Self-Forming Actions

Kane’s Self-Forming Action (SFA) locates randomness (true quantum indeterminacy) in the “torn decision” of an agent between multiple possible actions, each of which has excellent justifying reasons that allows the agent to take full moral responsibility for the choice, however the decision comes out. He calls this “plural rational control.” 

Critics (of any decision that involves indeterminism) say that the agent has given up control, and consequently cannot be responsible. But Kane cleverly argues for exactly balanced and valid reasons for each action. There appears to be a kind of liberty of indifference about the decision, although Kane dislikes this connection.  As I see it, Kane’s SFAs should be examples of my undetermined liberties.


But Kane disagrees, saying that my undetermined liberties are precisely liberties of indifference, which he rejects. He adds "something more" that results from increased efforts on the part of the agent needed to overcome tension caused by a rising indeterministic "noise" in the brain's neural circuitry.



"'indeterminism' is a technical term that merely rules out deterministic causation, though not causation altogether. Indeterminism is consistent with nondeterministic or probabilistic causation, where the outcome is not inevitable. It is therefore a mistake (in fact, one of the most common in debates about free will) to assume that "undetermined" means "uncaused" or "merely a matter of chance."

"If indeterminism is involved in a process so that its outcome is undetermined, one might argue that the outcome must merely happen and therefore cannot be somebody's choice. But there is no reason to assume such a claim is true. A choice is the formation of an intention or purpose to do something. It resolves uncertainty and indecision in the mind about what to do. Nothing in such a description implies that there could not be some indeterminism in the deliberation and neural processes of an agent preceding choice corresponding to the agent's prior uncertainty about what to do. Recall from the preceding arguments that the presence of indeterminism does not mean the outcome happened merely by chance and not by the agent's effort. Self-forming choices are undetermined, but not uncaused. They are caused by the agent's efforts."



Kane says that if there was any imbalance in favor of one of the options, that would “determine” the decision. This would just be the standard two-stage model of Dennett, Doyle, and Mele, which Kane thinks is inadequate, especially for a moral decision that would qualify for him as a Self-Forming Action.


But why aren't the agent's efforts, the true cause of Kane's Self-Forming Action, effectively producing such an imbalance in the otherwise perfectly balanced "torn decision?" 

 
Kane distinguishes between moral decisions, prudential decisions (where strong personal interests are involved), and merely practical decisions. He says that he accepts the two-stage model as sufficient for practical reasoning. But he argues that it is insufficient to establish the “ultimate responsibility” (UR) needed for moral and prudential decisions.


Kane’s Businesswoman Example


Kane’s best-known case of an SFA is the busineswoman on the way to an important meeting when she witnesses an attack on a victim in an alley. She has to decide whether to stop and aid the victim (deontological moral choice) or continue on to her meeting (self-interest). 

But now consider what my Cogito model offers her. Confronted with the uncertainty that Kane describes as part of his "torn decision," she could simply go back and generate more alternative possibilities in the first stage of my model. This indeed might be included in what Kane describes as the agent's extra efforts?


She might think to get out her cell phone and call 911 for an ambulance to help the victim (more real assistance than she can provide herself).


Or an external random event might occur. She sees another passerby and asks him to aid the victim.


I don’t mean to dismiss Kane’s example, which he means to restrict to the “torn” moral decisions he claims are the only truly free SFAs. But my variation on his example nicely puts the emphasis on the origination and creativity in my model of free will. 


Kane in Barcelona


Kane and I were invited in October 2010 to an “Experts Meeting” in Barcelona, Spain at the Social Trends Institute (STI). The question debated was “Is Science Compatible with Our Desire for Freedom?” The meeting was organized by Antoine Suarez of The Center for Quantum Philosophy in Geneva.

Also invited was Alfred Mele, who directs the Big Questions in Free Will project at Florida State University, and Martin Heisenberg, the neurogeneticist and son of Werner Heisenberg, the founder of quantum mechanics.


There were animated exchanges between all of us. The proceedings were videotaped and are available on the STI website. I edited the discussion between Mele, Kane, myself, and remarks by Heisenberg.


In Kane’s presentation, he said of the current situation,


“As Bob Doyle also notes in his conference paper, my own first efforts at dealing with this problem in the 1970s was to formulate a two-stage model very much like the one he nicely presents in his paper. I thought from the beginning that a two-stage model must be a part of the solution to the free will problem. But I also believed that it could not be the complete solution. Hence I did not publish anything about it in the 1970s and was surprised to see that Daniel Dennett had come up with a similar idea in a 1978 paper. He also believed a two-stage model was not all that libertarians wanted, but thought it at least provided some of what they wanted, as did Al Mele who also later formulated such a view. I believe Dennett and Mele were correct in thinking the two-stage model could not be all of what libertarians wanted; and hence, while I made the two-stage model part of my own theory in my first book on free will in 1985, it was only a part of the theory and I also tried to go beyond it.
 
“I am even more convinced today through the work of Martin Heisenberg as well as these others just mentioned and at this conference that not only is the two-stage model an important part of any adequate theory of free will, but that it is also an important, indeed a crucial, step in the evolution of human free will. The ability to randomize in lower organisms affords them flexibility and creativity as it does for humans. But I believe, as I did in the 70s, that a number of other steps are needed to get from this first crucial evolutionary step to the full evolution of free will in human beings, and that the two-stage model must be folded into a larger picture.” 



I am hopeful that Kane and I will come to agree that our combined efforts can strengthen the philosophical and scientific arguments for libertarian free will. These arguments are commonly dismissed by the compatibilist majority of philosophers as "unintelligible" and "incoherent." These are words that Kane has used to describe his own best efforts so far. In his standard lecture on his life's work (video at the top of this page), Kane cites P.F. Strawson's comment on "the obscure and panicky metaphysics of libertarianism." 

Kane says "if you were a libertarian about free will—believing in a free will that is incompatible with determinism—you must (in order to make sense of such a free will) inevitably appeal to uncaused causes, immaterial minds, noumenal selves, non-event agent causes, prime movers unmoved, or other examples of what P. F. Strawson called the “panicky metaphysics” of libertarianism".

Information philosophy (and physics) demonstrates the existence of all these phenomena.

Kane recently communicated his concerns about descriptions of his position on this webpage:


You describe my self forming actions in such a way on your website and elsewhere that readers will assume they are merely random selections like coin flips and that they are examples of a liberty of indifference. But I have taken pains to make clear in many writings the differences between my self forming actions and merely random coin flip choices or examples of liberty of indifference. They are not merely random and coin flip choices because in random coin flip choices, the agent merely *waits to see* which way the coin flip comes out and then makes one choice or the other depending on how the coin flip came out. Whereas in my self forming choices, the agent doesn't merely wait to see how some random events come out. Rather the agent actively *makes* or *brings it about that* one of the choices occurs *rather than* the other choice by making an active effort to do so and succeeding in that effort. And this is true which ever of the choices is made. 

If you had to find an analogy for this in terms of coin flipping, it would amount to the agents not only flipping the coin and waiting to see what came up and choosing accordingly, but actually making one side come up rather than the other by making an effort to do so and succeeding. And this of course would make no sense in terms of coin flipping. It would be magical. But what that shows is that the coin flipping analogy is inappropriate for self forming actions. For I have shown that it does make sense in the context of self forming actions to say that the agent makes or brings it about that one of the choices occurs rather than the other by making an active effort to bring about that choice rather than the other, whichever choice is made. Moreover, the agent *makes* that particular choice for the reasons that favor that choice over the other one, hence not merely randomly or arbitrarily. It's difficult to believe how this could be if the choices are undetermined. But I believe I have shown how it could be.






A Fourth Way Forward


In 2021, Kane explained that the "event-causal" (EC) view of free will, while identified with his early works, had never been the fundamental idea underlying his concept of "self forming actions" (SFAs). He writes...

What have since come to be called event-causal (EC) views were not yet on the horizon in those days when I began...
All libertarian views with such goals thereafter came to be designated “event-causal” (EC) libertarian views to distinguish them from traditional noncausal (NC) and agent-causal (AC) views. And since my view was one of the first of this new kind, it was often identified and discussed as a prime example of such an “event-causal” (EC) view. Yet I was never happy with this designation and did not use it myself in earlier writings, including The Significance of Free Will (1996)...
I now think it necessary to go one step further and repudiate the simple designation “event-causal” altogether for my view because of its misleading implications....


I have come to believe that to avoid numerous potential misunderstandings in current debates about free will, we should distinguish at least four different kinds of libertarian theories, not merely three: to non-causal (NC), agent-causal (AC), and event-causal (EC) theories, we need to add a fourth kind, which might be called an agent-causal/event-causal (AC/EC) theory. My view has always been of this fourth kind. It differs from noncausal (NC) views in not requiring that basic libertarian free actions be uncaused. It differs from event-causal (EC) views in rejecting claims that libertarian free actions can be adequately explained merely by claiming they are indeterministically caused in appropriate ways by beliefs, desires, intentions, and other mental states of agents.




Kane describes his new agent/causal (AC/EC) theory 


it is precisely because agents have the power to make such choices and the power to do otherwise, voluntarily, intentionally, and rationally either way, as this AC/EC view requires, that makes it possible for such choices to be will-setting rather than will-settled. Will-settled choices are those in which the agent’s will is already settled on making one choice rather than the other by prior reasons before the choice is made. Will-setting choices by contrast are those in which the agent’s will is set in one way rather than another only at the moment when one choice rather than another is made and not before. The power to make such will-setting choices at some points in our lives is what makes it possible for us to be makers or creators to some degree of our own wills rather than to be always acting from wills already formed. 


Kane emphasizes that agent choices made in his new theory are not determined by past events, but are the agent opting for a new possible path, based on one of the indeterministic events in the past, whether in the external world of experiences or "minute quantum indeterminacies occurred at the neural or synaptic levels of the brain" (p.7), 


“every undetermined self-forming choice is the initiation of a novel pathway into the future, whose justification lies partly in that future and is not fully explained by the past.” In making such a choice it is appropriate to say, “I am opting for this pathway. It is not required by my past reasons, but is consistent with my past reasons and is one branching pathway my life may now meaningfully take.”


This view is completely consistent with the two-stage model of free will that Kane and many other philosophers and scientists have suggested. In the first stage alternative possibilities appear indeterministically. In the second stage, the agent deliberates and makes a choice that is adequately determined by those deliberations, not the consequence of chance events during the deliberations.
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Saul Kripke was a philosopher and logician and emeritus professor at Princeton. He is best known for reintroducing modal concepts, such as necessity and possibility, with his landmark works Naming and Necessity and Identity and Necessity, as well as his popularizing Gottfried Leibniz's notion of "possible worlds" as a way of analyzing the concepts of 'a priori', 'analytic', and 'necessary'.

Kripke is enthusiastic about talk of "possible worlds," but says they should be interpreted as counterfactual possibilities in our "actual world." In the preface to the 1981 publication of Naming and Necessity, he says:



I will say something briefly about 'possible worlds'. (I hope
to elaborate elsewhere.) In the present monograph I argued
against those misuses of the concept that regard possible worlds
as something like distant planets, like our own surroundings
but somehow existing in a different dimension, or that lead to
spurious problems of 'transworld identification'. Further, if
one wishes to avoid the Weltangst and philosophical confusions
that many philosophers have associated with the 'worlds'
terminology, I recommended that 'possible state (or history)
of the world', or 'counterfactual situation' might be better.
One should even remind oneself that the 'worlds' terminology
can often be replaced by modal talk—'It is possible that . . .'
   

By comparison with Kripke, the possible worlds of the actualistDavid Lewis are all deterministic worlds in which the only possibilities are actuals.  

There are no counterfactual possibilities in Lewis' possible worlds.

Where for Leibniz, "truth in all possible worlds" is limited to logically possible and non-contradictory statements, Kripke applies his modal concepts to "quantifiable" material objects in the physical world, as had Rudolf Carnap and Ruth Barcan Marcus. Carnap distinguished the "object language" in what he called the "material mode" from a higher level "metalanguage" of logical syntax that he called the "formal mode." The formal mode studies the truth-functional analysis of propositions.


Kripke's metaphysical necessity claims that some empirical facts are necessarily true in all possible worlds, which is problematic for two reasons. First, truth in possible worlds describes the purely logical and mathematical aspects of any world. Second, there is no way to know anything empirical factual about merely possible worlds. However, Kripke's arguments for the "necessity of identity" suggests a connection between the fundamental properties of elementary physical and chemical systems that preserve their identity over time and his claims for necessary a posteriori truths.


Kripke also attacked the theory that proper names are descriptions, for examples bundles of properties,  as espoused by Gottlob Frege and especially Bertrand Russell. In this case, Kripke is correct, his 1970 theory of names as "rigid designators" is a great improvement over the Russell theory of descriptions. But the best theory of what Willard Van Orman Quine called in 1943 "purely designative" references was the suggestion of arbitrary numeric "tags" by Ruth Barcan (later Marcus) in 1961, nearly a decade before Kripke's rigid designators.


The Frege-Russell theory of descriptions was also a theory of meaning. The meaning of a proper name was said to consist in all the properties attached to the named person. The Frege-Russell theory was also a theory of reference, of denotation, of terms that "pick out" or identify an individual, whether an inanimate object, a natural kind, or a human being. 


Frege and Russell said that some of these properties can be substituted in statements for the name and preserve the truth value of the statements. For example, George Washington can be replaced by "the first president of the United States." But descriptive properties can be problematic.


Kripke's modal analysis of alternative possibilities shows that the first president of the United States might not have been Washington. Things might have been otherwise. Washington might have died in the Revolutionary War.


But Washington's proper name, given him as a child by his parents, told to family and friends and then to people widely through a chain of communications that grew worldwide, could only be a reference, a necessary reference, to this unique individual, an essential reference that identifies him more strongly than any accidental property. 


Kripke says that proper names are "rigid designators" that only refer to the objects they designate. They contain none of the likely accidental properties that accrue to persons during their lifetimes, such as "first president." Rigidity of proper names describes their fixed, even necessary character, says Kripke, colorfully described as "true in all possible worlds."  Kripke even claims to find truths that are  "necessary a posteriori," presumably only "true" within a logical system or  language framework, not a fact in the irreducibly contingent material world.


Kripke says that once an object is "baptized" with the first use (the origin) of its proper name, it more reliably denotes that individual than any other properties the individual might acquire during a lifetime.


But note that the name's privilege of being a "rigid designator" is only relative to its early date.  So later names, descriptions, or other properties that became more widely known might also serve as a rigid designator.  Any property that was established in the past is now unchangeable – "necessary ex post facto?" – even if it could have been otherwise. Mohammed Ali is today known to relatively few as Cassius Clay. 


In her 1961 presentation on modalities at the Boston University Colloquium for the Philosophy of Science, Ruth Barcan Marcus suggested purely numerical "tags" to uniquely identify objects. This is today's globally unique identifier (GUID) that is used in transponding devices with a radio-frequency identifier (RFID) such as passports. 


Kripke and Willard Van Orman Quine attended the Marcus presentation. Kripke was then a student at Harvard and he developed his idea of a rigid designator (stripped of any meaning) in the immediate following years. He presented his ideas in his 1970 lectures at Princeton, without mentioning Marcus' idea of "tags," perhaps having forgotten them.


Much of Quine's work has been devoted to the confusion when different descriptions are substituted in a statement that then alter the truth value of the statement. A famous example is replacing the number 9 with the number of planets, but most all Quine's conundrums share this substitution failure because the different descriptions do not purely and precisely "refer" (often called "referential opacity").  The Barcan Marcus "tags" and Kripke's rigid designators both solve Quine's problem.


The "number of planets" does not refer to the number 9 per se, but to the quantity of planets. Clarifying the reference is a question of what information philosophy calls "qualification before quantification." Qualification "picks out" the subset of the total information in an object that is relevant to a comparison with others, in what respect – qua – two objects are "identical." Qualification solves many paradoxes and puzzles of metaphysics and analytic philosophy.


In Quine's case, "number of planets" qua planets refers to how many planets there are in the solar system. The "number of planets" qua numerosity might refer to 9 (actually 8 today). But without this qualification, the reference is what Quine calls "opaque" and not useful for quantifying into propositions, including modal propositions.


Beyond Kripke's interest in names and unambiguous references to objects, he proposes a dramatic change in the meaning and the use of some core philosophical concepts in logic, language, and metaphysics – particularly 'a priori', 'analytic', 'necessary' and 'certainty,' normally a quantitative measure of the probability (provability?) of factual evidence.



Before I go any further into this problem, I want to talk
about another distinction which will be important in the
methodology of these talks. Philosophers have talked (and, of
course, there has been considerable controversy in recent
years over the meaningfulness of these notions) [about] various
categories of truth, which are called 'a priori', 'analytic',
'necessary' — and sometimes even 'certain' is thrown into this
batch. The terms are often used as if whether there are things
answering to these concepts is an interesting question, but we
might as well regard them all as meaning the same thing. Now,
everyone remembers Kant (a bit) as making a distinction between
'a priori' and 'analytic'. So maybe this distinction is still
made. In contemporary discussion very few people, if any,
distinguish between the concepts of statements being a priori
and their being necessary. At any rate I shall not use the terms
'a priori' and 'necessary' interchangeably here.

Consider what the traditional characterizations of such terms
as 'a priori' and 'necessary' are. First the notion of a prioricity is a
concept of epistemology. I guess the traditional characterization
from Kant goes something like: a priori truths are those which
can be known independently of any experience. 


This introduces
another problem before we get off the ground, because there's
another modality in the characterization of 'a priori', namely,
it is supposed to be something which can be known independently
of any experience. That means that in some sense it's
possible (whether we do or do not in fact know it independently
of any experience) to know this independently of any experience.
And possible for whom? For God? For the Martians? 
Or just for people with minds like ours? To make this all clear
might [involve] a host of problems all of its own about what
sort of possibility is in question here. 
It might be best therefore, 
A priori truths believed on the basis of a priori evidence seems to be a contradictio in adjecto?


instead of using the phrase 'a priori truth', to the extent that one
uses it at all, to stick to the question of whether a particular 
person or knower knows something a priori or believes it true
on the basis of a priori evidence.




Nothing is known independently of any experience. But a priori 
truths can be shown independently of any experience, after the fact of learning them a posteriori.


I won't go further too much into the problems that might
arise with the notion of a prioricity here. I will say that some 
philosophers somehow change the modality in this characterization 
from can to must. 

They think that if something belongs to
the realm of a priori knowledge, it couldn't possibly be known
empirically. This is just a mistake. Something may belong in
the realm of such statements that can be known a priori but still 
may be known by particular people on the basis of experience.
To give a really common sense example: anyone who has
worked with a computing machine knows that the computing
machine may give an answer to whether such and such
a number is prime. No one has calculated or proved that the
number is prime; but the machine has given the answer: this
number is prime. We, then, if we believe that the number is
prime, believe it on the basis of our knowledge of the laws of
physics, the construction of the machine, and so on. We therefore
do not believe this on the basis of pure a priori evidence.
We believe it (if anything is a posteriori at all) on the basis of a posteriori evidence.

Again, once we invent logical and mathematical systems, we can then show some things a priori, within the system. 



Nevertheless, maybe this could be known 
a priori by someone who made the requisite calculations. So
'can be known a priori' doesn't mean 'must be known a priori'.




Kripke is correct. Everything we learn initially is information that comes from experience. But once we build abstract systems like logic, we can then prove some things a priori, within the system. These are truths "in all possible worlds." 


The second concept which is in question is that of necessity,
Sometimes this is used in an epistemological way and might 
then just mean a priori. And of course, sometimes it is used in
some (I hope) nonpejorative sense. We ask whether something
might have been true, or might have been false. Well,
if something is false, it's obviously not necessarily true. If it
is true, might it have been otherwise? Is it possible that, in
this respect, the world should have been different from the
way it is? 

If the answer is 'no', then this fact about the world is
a necessary one. If the answer is 'yes', then this fact about the
world is a contingent one. This in and of itself has nothing to
do with anyone's knowledge of anything. It's certainly a
philosophical thesis, and not a matter of obvious definitional
equivalence, either that everything a priori is necessary or that
everything necessary is a priori. Both concepts may be vague.'
That may be another problem. But at any rate they are dealing
with two different domains, two different areas, the epistemological
and the metaphysical.
   


No "fact about the world" is necessary, because the world might have been otherwise This is to accept the reality of 
alternative possibilities.

  
Let's try to summarize Kripke's usages with a table...

	a priori	analytic	necessary
	epistemological,

logical,

mathematical

true by logic	semantic

formal mode,
metalanguage

true by meaning	metaphysical

material mode,
object language

not true in world?




The terms 'necessary' and 'a priori', then, as applied to statements, 
are not obvious synonyms. There maybe a philosophical
argument connecting them, perhaps even identifying them; but
an argument is required, not simply the observation that the
two terms are clearly interchangeable. (I will argue below that in 
fact they are not even coextensive—that necessary a posteriori truths, and probably contingent a priori truths, both exist.)

I think people have thought that these two things must mean
the same for these reasons:



First, if something not only happens to be true in the actual
world but is also true in all possible worlds, then, of course,
just by running through all the possible worlds in our heads,
we ought to be able with enough effort to see, if a statement
is necessary, that it is necessary, and thus know it a priori. But
really this is not so obviously feasible at all.


Kripke is not correct. As Quine said, our system of logic is valid because it works in the world (synthetic, not analytic), but everything we learn initially is information that comes from looking at the world. Only after we build abstract systems like logic, can we then show/prove some things a priori, within the logical system.  

What is true in all possible worlds, as Leibniz knew, is the abstract truth of logic and mathematics within a formal system



Second, I guess it's thought that, conversely, if something 
is known a priori it must be necessary, because it was known
without looking at the world. If it depended on some contingent
feature of the actual world, how could you know it
without looking? Maybe the actual world is one of the possible
worlds in which it would have been false. This depends on
the thesis that there can't be a way of knowing about the actual
world without looking that wouldn't be a way of knowing
the same thing about every possible world. This involves
problems of epistemology_and the nature of knowledge; and
of course it is very vague as stated. But it is not really trivial
either. More important than any particular example of something
which is alleged to be necessary and not a priori or a priori
and not necessary, is to see that the notions are different, that
it's not trivial to argue on the basis of something's being something
which maybe we can only know a posteriori, that it's not
a necessary truth. It's not trivial, just because something is
known in some sense a priori, that what is known is a necessary
truth.

Another term used in philosophy is 'analytic'. Here it won't
be too important to get any clearer about this in this talk. The
common examples of analytic statements, nowadays, are like
'bachelors are unmarried'. 


If gold was as a matter of fact not yellow (in another possible world), that would not make anything "false." False, and true, are attributes of statements within a logical or mathematical system. 


Kant (someone just pointed out to
me) gives as an example 'gold is a yellow metal', which seems
to me an extraordinary one, because it's something I think
that can turn out to be false. At any rate, let's just make it a
matter of stipulation that an analytic statement is, in some
sense, true by virtue of its meaning and true in all possible
worlds by virtue of its meaning. Then something which is
analytically true will be both necessary and a priori. (That's
sort of stipulative.)


Certainty about an empirical fact is the limiting case of its probability approaching unity. A proof in a math book may be in fact incorrect, but when we say it is certain we mean it is true. 

 
Another category I mentioned was that of certainty. Whatever
certainty is, it's clearly not obviously the case that everything
which is necessary is certain. Certainty is another
epistemological notion. Something can be known, or at least
rationally believed, a priori, without being quite certain.
You've read a proof in the math book; and, though you think
it's correct, maybe you've made a mistake. You often do make
mistakes of this kind. You've made a computation, perhaps
with an error.

There is one more question I want to go into in a preliminary
way. Some philosophers have distinguished between
essentialism, the belief in modality de re, and a mere advocacy
of necessity, the belief in modality de dicto. Now, some people
thing, something creating great additional problems, is whether
we can say of any particular that it has necessary or contingent
properties, even make the distinction between necessary and
contingent properties. 


This is a serious error by Kripke. Some things do  depend on the way they are described. But the truths of logic and mathematics do not. The number 9 is odd by definition and yes odd in the logical systems of all possible worlds. 

 
Look, it's only a statement or a state of
affairs that can be either necessary or contingent! Whether a
particular necessarily or contingently has a certain property
depends on the way it's described. This is perhaps closely 
related to the view that the way we refer to particular things
is by a description. What is Quine's famous example? If we
consider the number 9, does it have the property of necessary
oddness? Has that number got to be odd in all possible worlds?
Certainly it's true in all possible worlds, let's say, it couldn't
have been otherwise, that nine is odd. Of course, 9 could also
be equally well picked out as the number of planets. It is not
necessary, not true in all possible worlds, that the number of
planets is odd. For example if there had been eight planets, the
number of planets would not have been odd. And so it's
thought: 
The "inexorable process" would be strict determinism, an idea still believed by many philosophers. No fact in the world depends on our way of referring to it. Nixon's election does not depend on our calling him 'the man who won the election in 1968.'  That fact is still contingent when we add the "necessary truth" that the man who won the
election in 1968 won the election in 1968. Like any tautological statement, this tells us nothing about the world, about Nixon, or his election.

 
Was it necessary or contingent that Nixon won the
election? (It might seem contingent, unless one has some view
of some inexorable processes. . . .) But this is a contingent
property of Nixon only relative to our referring to him as 
'Nixon' (assuming 'Nixon' doesn't mean 'the man who won
the election at such and such a time'). But if we designate
Nixon as 'the man who won the election in 1968', then it will
be a necessary truth, of course, that the man who won the
election in 1968, won the election in 1968.

   


Running through all possible worlds in our heads is absurd. We are in the "actual world," and can know nothing about them, let alone statements in other-worldly languages!


Reference and Identity


Using the popular example of "Hesperus is Phosphorus," the two ancient names for the planet Venus that appears as both the Evening star and the Morning star, Kripke claims that since the two names refer to the same thing, they are identical. But this seems extreme. They are only identical in some respect, namely qua referents to Venus.

In his 1892 essay, Sense and Reference, Gottlob Frege suggested if two names, 'a" and 'b', refer to the same object, they can be described as "identical" in some sense. Frege said:
  

Identity gives rise to challenging questions which are not altogether
easy to answer. Is it a relation ? A relation between objects, or between
names or signs of objects? In my Begriffsschrift I assumed the latter.
The reasons which seem to favor this are the following: a = a and
a = b are obviously statements of differing cognitive value; a = a holds
a priori and, according to Kant, is to be labeled analytic, while statements
of the form a=b often contain very valuable extensions of our
knowledge and cannot always be established a priori...

Now if we were to regard identity as a relation between that which the
names "a" and "b" designate, it would seem that a = b could not differ
from a = a (i.e., provided a=b is true). 


A relation would thereby be
expressed of a thing to itself, and indeed one in which each thing
stands to itself but to no other thing. What is intended to be said by
a = b seems to be that the signs or names "a" and "b" designate the
same thing, so that those signs themselves would be under discussion;
a relation between them would be asserted... It would be mediated by the connection of each of
the two signs with the same designated thing. 


If we found "a = a" and "a = b" to have different cognitive values,
the explanation is that for the purpose of knowledge, the sense of the
sentence, viz., the thought expressed by it, is no less relevant than its
referent, i.e., its truth value. If now a=b, then indeed the referent of
"b" is the same as that of "a," and hence the truth value of "a = b" is
the same as that of "a = a." In spite of this, the sense of "b" may differ
from that of "a," and thereby the sense expressed in "a = b" differs
from that of "a = a." In that case the two sentences do not have the
same cognitive value.
   



Frege is saying that two names referring to the same thing can be in some respect "identical" because the thing they refer to is identical to itself.



Granted that someone who knows that Venus can appear on either side of the sun, Hesperus and Phosphorus refer to the same thing. 
But there is no way the names themselves (as words) are identical to one another. We must select a subset of the information contained in the two words and in factual, even scientific and empirical knowledge available, to pick out the fact that these words refer to the same object. 


There are not two things (names) here that are identical to one another. Identical terms should be substitutable for one another in propositions and preserve the truth value. Hesperus and Phosphorus are two different words. They contain significantly different information. 


One name describes a morning phenomenon. So, there is no truth to the statement "Phosphorus is the Evening Star." Phosphorus never appears in the evening. Circumlocutions are needed like "What we call Phosphorus is a planet that sometimes appears as Hesperus." 


Part of the information content here is that we have two words referring to one thing. But each word provides different knowledge about the planet Venus, one telling that Venus sometimes appears to the East of the Sun, the other that it sometimes appears to the West. It is false that "The Morning Star IS The Evening Star." except in a limited sense.


Most all statements of identity between two things should be paraphrased as "these two things are identical in some respect." They are only the same if we ignore their differences. We should say that Hesperus and Phosphorus are identical qua referents to the planet Venus

Gottfried Leibniz's famous law about the "identity of indiscernibles" can not be an absolute statement. The only absolute identity is self-identity. All things are identical only to themselves. Two indiscernibles are only indiscernible qua – in some respects. Numerically distinct objects are easily discerned to be two objects, in different places for example.


But any two things are similar if we ignore all their differences, just as they are different if we ignore their similarities. Exceptions are the identical and "indistinguishable" elementary particles of quantum physics, a deep problem for quantum mechanics and for metaphysics.
 

Hesperus and Phosphorus are identical only qua referents to a planet, and there is nothing necessary about this fact except that it began in the past and is now a convention and tradition, and as such Hesperus and Phosphorus are Kripke rigid designators. 


But we cannot forget the obvious fact from linguistic theory, whether Peirce semiotics or Saussure semiology, that the names Hesperus and Phosphorus are arbitrary symbols, with no information in common with the planet Venus beyond our use of them as names, as designators. In ancient semitic languages, the planet was called Ishtar for centuries before Greeks invented Aphrodite and the Romans created the Latin name for the love goddess.


Given the fact that all human language terms are contingent and historically accidental, we must struggle to understand Kripke's claim for the names' necessity and it connection to identity.




The Necessity of Identity


In the physical and logical worlds, no entity can fail to be identical to itself.  So we can speak of the necessity of identity of an entity to itself. But is this a tautology, empty of meaning, like A = A? Information philosophy maintains that the only strict identity is self-identity. 

In recent years, modal logicians claim to prove the "necessity of identity" using Leibniz's Law – the "Identity of Indiscernibles." 


This law claims that if x = y, then x and y must share all their properties, otherwise there would be a discernible difference. Now one of the properties of x is that x = x, so if y shares that property '= x" of x, we can say y = x. Necessarily, x = y. QED? 


Our rule that the only identity is self-identity says that two numerically distinct things, x and y, cannot be identical because there is some difference in information between them – their "x-ness" and "y-ness." 


Instead of claiming that y has x's property of being identical to x, information philosophy can say only that y has x's property of being self-identical, thus y = y. Necessarily, x ≠ y in at least one respect.


The necessity of identity in symbolic logic, first given by Ruth Barcan Marcus, is
 

(x)(y) (x = y) ⊃ ◻ (x = y)


Despite many such arguments in the philosophical literature over the past sixty or seventy years, this is a flawed argument. Numerically distinct objects can only be identical "in some respect," that is if they share qualities which we can selectively "pick out". We can say that a red house and a blue house are identical qua house. They are different qua color. 


Here is Saul Kripke's argument against the possibility of contingent identity
statements: 



First, the law of the substitutivity of identity says that, for any
objects x and y, if x is identical to y, then if x has a certain
property F, so does y: 


(1)  (x)(y) [(x = y) ⊃ (Fx ⊃ Fy)]


On the other hand, every object surely is necessarily self-identical:



(2) (x) ◻(x = x)


But



(3)  (x)(y) (x = y) ⊃  [◻(x = x) ⊃ ◻ (x = y)]


is a substitution instance of (1), the substitutivity law. From
(2) and (3), we can conclude that, for every x and y, if x equals
y, then, it is necessary that x equals y:



(4) (x)(y) ((x = y) ⊃ ◻ (x = y)) 
 
 
This is because the clause  ◻(x = x) of the conditional drops out
because it is known to be true.




This is an argument which has been stated many times in
recent philosophy. Its conclusion, however, has often been
regarded as highly paradoxical. For example, David Wiggins,
in his paper, "Identity-Statements," says,

Now there undoubtedly exist contingent identity statements.
Let a = b be one of them. From its simple
truth and (5) [= (4) above] we can derive '◻{a = b)'. But
how then can there be any contingent identity statements?



Where are Kripke's errors? First we must unpack his "indiscernibility of identicals." Instead of  
  (x)(y) [(x = y) ⊃ (Fx ⊃ Fy)], 
we must say that we can clearly discern differences between x and y, their names and their numerical distinctness, unless we are actually talking about a single object using two different names, as with the Morning Star and Evening Star. 


Kripke claims to prove the "necessity of identity" using the converse of Leibniz's Law – the "Identity of Indiscernibles." 


His indiscernibility of identicals (1) claims that if x = y, then x and y must share all their properties, otherwise there would be a discernible difference. Now one of the properties of x is that x = x, so if y shares the property of '= x," we can say that y = x. Then, necessarily, x = y.  


Our information philosophy rule that the only identity is self-identity says that two distinct things, x and y, cannot be identical because there is some difference in information between them. Instead of claiming that y has x's property of being identical to x, we should say only that y has x's property of being self-identical, thus y = y. Then x and y remain distinct in at least the properties "x = x" and "y = y." Arguments for the "necessity of identity" are seriously flawed, except when it is the tautological case of self-identity.


Kripke cites David Wiggins as saying in his 1967 "Identity-Statements"  



Now there undoubtedly exist contingent identity-statements.
Let a = b be one of them. From its simple truth and (5) [= (4) above] we can derive '◻ ( a = b)'.


Kripke goes on to state the specious argument about b sharing the property ("= a") of being identical to a (viz., "a = a." which information philosophy reads as merely self-identity!). It is not clear that self-identity is predicable of either a or b, like "is red". It feels more like Kant's "existence is not a predicate." And if self-identity is predicable of b, it should read "b = b." This is a monadic equivalence self-relation, not a dyadic relation with another object.



If x and y are the same things and we can talk about modal
properties of an object at all, that is, in the usual parlance, we can speak
of modality de re and an object necessarily having certain properties as
such, then formula (1), I think, has to hold. Where x is any property
at all, including a property involving modal operators, and if x and y
are the same object and x had a certain property F, then y has to have
the same property F. And this is so even if the property F is itself of 
the form of necessarily having some other property G, in particular
that of necessarily being identical to a certain object. [viz., = x] 
Well, I will not
discuss the formula (4) itself because by itself it does not assert, of any
particular true statement of identity, that it is necessary. It does not
say anything about statements at all. It says for every object x and
object y, if x and y are the same object, then it is necessary that x and
y are the same object. And this, I think, if we think about it (anyway,
if someone does not think so, I will not argue for it here), really
amounts to something very little different from the statement (2).
Since x, by definition of identity, is the only object identical with x,
"(y)(y = x ⊃ Fy)" seems to me to be little more than a garrulous way
of saying 'Fx' and thus (x) (y)(y = x ⊃ Fx) says the same as (x)Fx no
matter what 'F' is — in particular, even if 'F' stands for the property of
necessary identity with x. So if x has this property (of necessary identity
with x), trivially everything identical with x has it, as (4) asserts.
But, from statement (4) one may apparently be able to deduce various
particular statements of identity must be necessary and this is then
supposed to be a very paradoxical consequence.



Among the "various particular statements" that must be necessary, Kripke develops one that is responsible for arguments that lead to necessitism and necessary beings.



Necessary A Posteriori?


Kripke has defined a different kind of necessity from that usually identified with the analytic and the a priori.  He alters the traditional distinction between the necessary and the contingent. 

Kripke calls his idea metaphysical necessity to distinguish it from epistemic necessity. Kripke further distinguishes analyticity and a prioricity from necessity. For him, analyticity is a semantic notion, a priori is epistemic, and his necessity is a metaphysical notion.


Analyticity covers everything known to be true or false by definition or meaning of the terms involved.  This includes logical and mathematical truths, such as "A is A," and "7 + 5 = 12."  He says, "an analytic statement is, in some sense, true by virtue of its meaning and true in all possible worlds by virtue of its meaning. Then something which is analytically true will be both necessary and a priori. (That's sort of stipulative.)"  (Naming and Necessity, p.39).


Kripke claims to have necessary knowledge a posteriori. This argument goes against common sense as well as traditional deep thinking in science and philosophy. It is astonishing and dazzling that it has become so popular in modal logic and metaphysics.


What we know is that first, lecterns usually are not
made of ice, they are usually made of wood. 
This looks like wood.
It does not feel cold and it probably would if it were made of ice. Therefore,
I conclude, probably this is not made of ice. Here my entire judgment
is a posteriori. I could find out that an ingenious trick has been
played upon me and that, in fact, this lectern is made of ice; but what I
am saying is, given that it is in fact not made of ice, in fact is made of
wood, one cannot imagine that under certain circumstances it could
have been made of ice. So we have to say that though we cannot know
a priori whether this table was made of ice or not, given that it is not 
made of ice, it is necessarily not made of ice.

 In other words, if P is the j
statement that the lectern is not made of ice, one knows by a priori a 
philosophical analysis, some conditional of the form "if P, then necessarily P." 
If the table is not made of ice, it is necessarily not made of
ice. On the other hand, then, we know by empirical investigation that 
P. the antecedent of the conditional, is true —that this table is not made 
of ice. We can conclude by modus ponens: 

P ⊃  =◻P 

P

______________

◻P



The conclusion should be "It is necessary that the evidence suggests this table is not made of ice."


The conclusion —'◻P' —  is that it is necessary that the table not be
made of ice, and this conclusion is known a posteriori, since one of the
premises on which it is based is a posteriori. So, the notion of essential
properties can be maintained only by distinguishing between the notions
of a priori and necessary truth, and I do maintain it.



P should be "The evidence suggests this table is not made of ice."


Kripke's metaphysical necessity concerns empirical facts that are known to be the case by the nature of a physical object. This is based on the physical presumption that the way the world is, for example the laws of nature,  could not have been otherwise. It may also be based on the fact that any event in the past is now fixed and so can be called metaphysically necessary – a sort of necessary ex post facto? In any case, Kripke believes that we discover the essential properties, the essence, of physical objects empirically (p.110). 


Anything that has been empirically determined to be the case thus can be called metaphysically necessary or "necessary a posteriori," says Kripke.


Consider the modal claim  'Necessarily, water is H2O.' It is said to follow from the empirical and a posteriori claim 'Water is H2O' together with an a priori claim, such as 'If water is H2O, then necessarily, water is H2O' (p.128). But this seems dangerously like the redundancy in 'If water is H2O, then it is true that water is H2O'?


Kripke's other examples include: it is necessary that gold is necessarily a metal, that it is yellow, and has atomic number 79 (p.118). Lightning is necessarily an electrical discharge (p.132). "This table (pointing at a table in the room) is necessarily made of wood," if it was made of wood. Indeed, he says that the table was by metaphysical necessity made of the exact wood that it was made of. 


We can take some of Kripke's "metaphysical necessity" examples with a metaphorical grain of salt (necessarily NaCl). This is because the physical world contains the possibility that the carpenter could have chosen a different piece of wood, or the table could have been made of ice (Kripke's cryptic alternative, p.114).


More dramatically, some prominent metaphysicians deny identity over time. They are "perdurantists," chief among them was perhaps David Lewis.


In this case, there is nothing illogical about the table being wood at one instant and ice at the next instant. It is physical science, and our information identity, that supports the idea of identity over time.


Possible Worlds


Kripke and Lewis are both famous for using the concept of possible worlds, but there are some extreme and very important differences between them. Kripke thinks that Lewis's idea has "encouraged philosophical pseudo-problems and misleading pictures." One major difference is that Lewis thinks of his super-infinity of possible worlds as actually existing in an infinite space-time continuum, where Kripke thinks his possible worlds are merely ways of talking about the alternative possibilities in our actual world. He says that ''possible worlds' are total 'ways the world might have been',
or states or histories of the entire world, or 'counterfactual situations' might even be better.
   
I will say something briefly about 'possible worlds'. (I hope
to elaborate elsewhere.) In the present monograph I argued
against those misuses of the concept that regard possible worlds
as something like distant planets, like our own surroundings
but somehow existing in a different dimension, or that lead to
spurious problems of 'transworld identification'. Further, if
one wishes to avoid the Weltangst and philosophical confusions
that many philosophers have associated with the 'worlds'
terminology, I recommended that 'possible state (or history)
of the world', or 'counterfactual situation' might be better.
One should even remind oneself that the 'worlds' terminology
can often be replaced by modal talk—'It is possible that . . .'

'Possible worlds' are little more than the miniworlds of
school probability blown large. It is true that there are problems
in the general notion not involved in the miniature version.
The miniature worlds are tightly controlled, both as to the
objects involved (two dice), the relevant properties (number
on face shown), and (thus) the relevant idea of possibility.
'Possible worlds' are total 'ways the world might have been',
or states or histories of the entire world. To think of the totality
of all of them involves much more idealization, and more
mind-boggling questions, than the less ambitious elementary
school analogue. Certainly the philosopher of 'possible worlds'
must take care that his technical apparatus not push him to ask
questions whose meaningfulness is not supported by our
original intuitions of possibility that gave the apparatus its
point. Further, in practice we cannot describe a complete
counterfactual course of events and have no need to do so. 


A practical description of the extent to which the 'counterfactual
situation' differs in the relevant way from the actual facts is
sufficient; the 'counterfactual situation' could be thought of as
a miniworld or a ministate, restricted to features of the world
relevant to the problem at hand...

There is
nothing wrong in principle with taking these [possible worlds], for philosophical
or for technical purposes, as (abstract) entities—the innocence
of the grammar school analogue should allay any anxieties on
that score. (Indeed the general notion of 'sample space' that
forms the basis of modern probability theory is just that of 
such a space of possible worlds.) However, we should avoid
the pitfalls that seem much more tempting to philosophers
with their grand worlds than to schoolchildren with their
modest versions. There are no special grounds to suppose that
possible worlds must be given qualitatively, or that there need
be any genuine problem of 'transworld identification'—the
fact that larger and more complex states are involved than in
the case of the dice makes no difference to this point. The
'actual world'—better, the actual state, or history of the world
—should not be confused with the enormous scattered object
that surrounds us. The latter might also have been called 'the
(actual) world', but it is not the relevant object here. Thus the
possible but not actual worlds are not phantom duplicates of
the 'world' in this other sense. Perhaps such confusions would
have been less likely but for the terminological accident that
'possible worlds' rather than 'possible states', or 'histories', of
the world, or 'counterfactual situations' had been used. Certainly
they would have been avoided had philosophers adhered
to the common practices of schoolchildren and probabilists.
   



Consider a miniworld where an agent considers action A, B, and C and does A, then B and C were only actual possibles


When thinking about different possibilities in the actual world, e.g., what if Nixon had lost the 1968 presidential election and Humphrey won it, Nixon in Kripke's alternative possible world is the same individual, differing only in the property of losing the election. All of Kripke's possible worlds are different ways our actual world might have been.


By contrast, David Lewis describes a Nixon in an alternate world as not the same individual, but a "counterpart" of Nixon who has the same bundle of properties as the actual Nixon, with the exception of the election loss.  This raises the troubling problem of a "trans-world individual."  Clearly no matter how similar, individuals in two different worlds are not identical.
 

I wish at this point to introduce something which I need in
the methodology of discussing the theory of names that I'm
talking about. We need the notion of 'identity across possible
worlds' as it's usually and, as I think, somewhat misleadingly called.

(Misleadingly, because the phrase suggests that there is a special problem of
'transworld identification", that we cannot trivially stipulate whom or what
we are talking about when we imagine another possible world. The term
'possible world' may also mislead; perhaps it suggests the 'foreign country'
picture. I have sometimes used 'counterfactual situation' in the text; Michael
Slote has suggested that 'possible state (or history) of the world' might be less
misleading than 'possible world'. It is better still, to avoid confusion, not to say,
'In some possible world, Humphrey would have won' but rather, simply,
'Humphrey might have won'. The apparatus of possible words has (I hope)
been very useful as far as the set-theoretic model-theory of quantified modal
logic is concerned, but has encouraged philosophical pseudo-problems and
misleading pictures.)


One of the intuitive theses I will maintain in these talks is
that names are rigid designators. Certainly they seem to satisfy
the intuitive test mentioned above: although someone other
than the U.S. President in 1970 might have been the U.S.
President in 1970 (e.g., Humphrey might have), no one other
than Nixon might have been Nixon. In the same way, a
designator rigidly designates a certain object if it designates
that object wherever the object exists; if, in addition, the object
is a necessary existent, the designator can be called strongly rigid.
For example, 'the President of the U.S. in 1970' designates a
certain man, Nixon; but someone else (e.g., Humphrey) might
have been the President in 1970, and Nixon might not have;
so this designator is not rigid.


In these lectures, I will argue, intuitively, that proper names
are rigid designators, for although the man (Nixon) might not
have been the President, it is not the case that he might not
have been Nixon (though he might not have been called
'Nixon'). Those who have argued that to make sense of the
notion of rigid designator, we must antecedently make sense
of 'criteria of transworld identity' have precisely reversed the
cart and the horse; it is because we can refer (rigidly) to Nixon,
and stipulate that we are speaking of what might have happened
to him (under certain circumstances), that 'transworld identifications'
are unproblematic in such cases.


(Of course I don't imply that language contains a name for every object
Demonstratives can be used as rigid designators, and free variables can be used
as rigid designators of unspecified objects. Of course when we specify a
counterfactual situation, we do not describe the whole possible world, but
only the portion which interests us.)

   


It is critical to note that  metaphysicians proposing possible worlds are for the most part materialists and determinists who do not believe in the existence, as abstract entities,  of counterfactual and ontological possibilities in our world. 


First, metaphysicians "index" our world as the "actual world." They are actualists who say that the only possibilities have always been whatever actually happened.  This is Dan Dennett's position, for example, not that far from the original actualist, Diodorus Cronus.


Moreover, all of their infinite number of possible worlds are governed by deterministic laws of nature. This means that there are also no real possibilities in any of their possible worlds, only actualities there as well. 


Now this is quite ironic, since the invention of possible worlds was proposed as a superior way of talking about counterfactual possibilities in our world. 


Since information philosophy defends the existence of alternative possibilities leading to different futures, we can adopt a form of modal discourse to describe these possibilities as possible future worlds for our to-be-actualized world.


It turns out there is an infinity of such possible future worlds. The infinity is not as large as the absurdly extravagant number in David Lewis's possible worlds, which have counterparts for each and every living person with every imaginable difference in each of our counterparts, each counterpart in its own unique world. 


Thus there are Lewisian worlds in which your counterpart is a butcher, baker, candlestick maker, and every other known occupation. There are possible worlds in which your counterpart eats every possible breakfast food, drives every possible car, and lives in every block on every street in every city or town in the entire word.


This extravagance is of course part of Lewis's appeal. It makes Hugh Everett's "many worlds" of quantum mechanics (which split the universe in two when a physicist makes a quantum measurement) minuscule, indeed quite parsimonious, by comparison.


Specifically, when an Everett universe splits into two, it doubles the matter and energy in the new universe(s) – an extreme violation of the principle of the conservation of matter/energy – and it also doubles the information. Apart from that absurdity, the two universes differ by only one bit of information, for example, whether the electron spin measured up or down in the quantum measurement.


Similarly, for every Lewisian universe, the change of one bit of information implies one other possible universe in which all the infinite number of other bits stay exactly the same. But Lewis imagines that every single bit in the universe may be changed at any time, an order of physical infinities that rivals the greatest number that Georg Cantor ever imagined. Is David Lewis ontologically committed to such a number? 



Free Will


Although Kripke does not seem to have said anything specific about the problem of free will, his view of "possible worlds" may be sympathetic to human freedom, since he describes the worlds as "ways the world might have been."

In our two-stage model of free will, we can describe the alternative possibilities for action generated by an agent in the first stage as "possible worlds." They are "counterfactual situations" in Kripke's sense, involving a single individual. Suppose the agent is considering three different courses of action. During the second stage of evaluation and deliberation only one of the three options (each a "possible world") will become actualized.


The agent is the same individual of interest in these three possible worlds. There are no Lewisian "counterparts."  There is no problem of "transworld identification."


Note that these five possible worlds are extremely close to one another, "nearby" in the sense of their total information content. We can focus on the "miniworld" of the five options and hold the rest of the universe constant. As Kripke described it, "the 'counterfactual situation' could be thought of as a miniworld or a ministate, restricted to features of the world relevant to the problem at hand."


Quantification over the information in each world shows that the difference between them is very small number of bits, especially when compared to the typical examples given in possible worlds cases. In the case of Humphrey winning the election, millions of persons would have to have done something different. Such worlds are hardly "nearby" one another 


For typical cases of a free decision, the possible worlds require only small differences in the mind of a single person. Kripke argued against the identity of mind and body (or brain), and in this example it would only be the thoughts of the agent that pick out the possible world that will be actualized.


Our thoughts are free. Our actions are willed by an adequately determined evaluation and decision process, not one that was pre-determined by the mechanical laws of nature acting on our material bodies.



Following Kripke, we can build a model structure M as an ordered triple <G, K, R>. K is the set of all "possible worlds," G is the "actual world," R is a reflexive relation on K, and G ∈ K.


If H1, H2, and H3 are three possible worlds in K, H1RH2 says that H2 is "possible relative to" or "accessible from" H1, that every proposition true in H2 is possible in H1.


Indeed, the H worlds and the actual world G are all mutually accessible and each of these is possible relative to itself, since R is reflexive. 


Now the model system M assigns to each atomic formula (propositional variable) P a truth-value of  T or F in each world H ∈ K.


Let us define the worlds H1, H2, and H3 as identical to the real world G in all respects except the following statements describing actions of a graduating college student Alice deciding on her next step.


In H1, the proposition "Alice accepts admission to Harvard Medical School" is true.


In H2, the proposition "Alice accepts admission to MIT" is true.


In H3, the proposition "Alice postpones her decision and takes a 'gap year'" is true.


At about the same time, in the actual world G, the statement "Alice considers graduate school" is true.


Note that the abstract information that corresponds to the three possible worlds H is embodied physically in the matter (the neurons of Alice's brain) in the actual world and in the three possible worlds. There is no issue with the "transworld identity" of Alice as there would be with Lewis's modal realism," because all these possible worlds are in the same spatio-temporal domain. The four statements are true in all possible worlds.


The metaphysical question is which of the three possible worlds becomes the new actual world, say at time t. What is the fundamental structure of reality that supports the simultaneous existence of alternative possibilities?


Just before time t, we can interpret the semantics of the model structure M as saying that the above statements were "merely possible" thoughts about future action in Alice's mind. 



Note also that just after the decision at time t, the three possible applications remain in Alice's Experience  Recorder and Reproducer as memories.   



Consequences?


In the future of world H1, Alice's research discovers the genetic signals used in messaging by cancer cells and cancer is eliminated. Several hundred million lives are saved (extended) in Alice's lifetime. 

In the future of world H2, Alice engineers the miniaturization of nuclear weapons so they are small enough to be delivered by tiny drones. One is stolen from AFB by a terrorist and flown to X where millions of lives are lost. Alice kills herself the next day.


In the future of world H3, a mature Alice returns to school, completes her Ph.D. in Philosophy at Princeton and writes a book on Free Will and Moral Responsibility.



Separating Necessity from Analyticity and A Prioricity

Kripke is well known for his "metaphysical necessity" and the "necessary a posteriori."

Broadly speaking, modern philosophy has been a search for truth, for a priori, analytic, certain, necessary, and provable truth. For many philosophers, a priori, analytic, and necessary, have been more or less synonymous.


But all these concepts are mere ideas, invented by humans, some aspects of which have been discovered to be independent of the minds that invented them, notably formal logic and mathematics. Logic and mathematics are systems of thought, inside which the concept of demonstrable (apodeictic) truth is useful, but with limits set by Kurt Gödel's incompleteness theorem. The truths of logic and mathematics appear to exist "outside of space and time." We call them a priori because their proofs are independent of experience, although they were abstracted empirically from concrete human experiences.


Analyticity is the idea that some statements, some propositions in the form of sentences, can be true by the definitions or meanings of the words in the sentences. This is correct, though limited by verbal difficulties such as Russell's paradox and numerous other puzzles and paradoxes. Analytic language philosophers claim to connect our words with objects, material things, and thereby tell us something about the world. Some modal logicians, inspired by Kripke, claim that words that are names of things are necessary a posteriori, "true in all possible worlds." But this is nonsense, because we invented all those words and worlds. They are mere ideas.


Perhaps the deepest of all these philosophical ideas is necessity. Information philosophy can now tell us that there is no such thing as absolute necessity. There is of course an adequate determinism in the macroscopic world that explains the appearance of deterministic laws of nature, of cause and effect, for example. This is because macroscopic objects consist of vast numbers of atoms and their individual random quantum events average out. But there is no metaphysical necessity. At the fundamental microscopic level of material reality, there is an irreducible contingency and indeterminacy.  Everything that we know, everything we can say, is fundamentally empirical, based on factual evidence, the analysis of experiences that have been recorded in human minds. 


So information philosophy is not what we can logically know about the world, nor what we can analytically say about the world, nor what is necessarily the case in the world. There is nothing that is the case that is necessary and perfectly determined by logic, by language, or by the physical laws of nature. Our world and its future are open and contingent, with possibilities that are the source of human freedom. 


For the most part, philosophers and scientists do not believe in possibilities, despite their invented "possible worlds," which are on inspection merely multiple "actual worlds." This is because they cannot accept the idea of ontological chance. They hope to show that the appearance of chance is the result of human ignorance, that chance is merely an epistemic phenomenon.


Now chance, like truth, is just another idea, just some more information. But what an idea! In a self-referential virtuous circle, it turns out that without the real possibilities that result from ontological chance, there can be no new information. Information philosophy offers cosmological and biological evidence for the creation of new information in the universe. So it follows that chance is real, fortunately something that we can keep under control. We are biological beings that have evolved, thanks to chance, from primitive single-cell communicating information structures to multi-cellular organisms whose defining aspect is the creation and communication of information.


The theory of communication of information is the foundation of our "information age." To understand how we know things is to understand how knowledge represents the material world of embodied "information structures" in the mental world of immaterial ideas.


All knowledge starts with the recording of experiences. The experiences of thinking, perceiving, knowing, feeling, desiring, deciding, and acting may be bracketed by philosophers as "mental" phenomena, but they are no less real than other "physical" phenomena. They are themselves physical phenomena. 
They are just not material things. 


Information philosophy defines human knowledge as immaterial information in a mind, or embodied in an external artifact that is an information structure (e.g., a book), part of the sum of all human knowledge. Information in the mind about something in the external world is a proper subset of the information in the external object. It is isomorphic to a small part of the total information in or about the object. The information in living things, artifacts, and  especially machines, consists of much more than the material components and their arrangement (positions over time). It also consists of all the information processing (e.g., messaging) that goes on inside the thing as it realizes its entelechy or telos, its internal or external purpose. 


All science begins with information gathered from experimental observations, which are mental phenomena. Observations are experiences recorded in minds.  So all knowledge of the physical world rests on the mental. All scientific knowledge is information shared among the minds of a community of inquirers. As such science is a collection of thoughts in thinkers, immaterial and mental, some might say fundamental. Recall Descartes' argument that the experience of thinking is that which for him is the most certain.



Metaphysical Necessity and Metaphysical Possibilities


Despite the absence of any absolute physical necessity about what there is (ontology), information philosophy can and does embrace Kripke's metaphysical necessity. We take this to be his proof of the necessity of identity, first suggested by Ruth Barcan Marcus using Leibniz's Law of the Identity of Indiscernibles and its converse, the indiscernibility of identicals. 

It is metaphysically necessary, both logically and in terms of an information analysis, that everything is identical to itself. Self-identity is a necessary truth. If you exist, you do not exist necessarily, as Timothy Williamson claims, but you are necessarily self-identical.


If you exist, you are very nearly identical to yourself a moment ago. But because your information content is a strong function of time, you (t) ≠ you (t + 1). This will make the perdurantists happy, but the change in information is a tiny fraction of your total, so endurance theorists are closer to the truth in the problem of persistence. 


Kripke's claims for the necessary a posteriori in some natural kinds can be viewed from the information standpoint. Fundamental elements like gold and even water = H2O molecules have internal information content that is constant over time when they are isolated from other particles. These very simplest entities endure in the sense of information constancy. The electron and the proton appear to have infinite lifetimes, nearly perfect identity over time. 


Information philosophy adds another essential modal element to philosophy that we can perhaps glimpse in Kripke's writings and borrow his unique version of metaphysicality to describe it. Based on the physical reality of ontological chance, information philosophy defends the existence of what we can call "metaphysical possibility" 


We could describe it in the popular jargon of metaphysically possible worlds, but that would associate it with the extravagant ideas of David Lewis and Hugh Everett III, and Kripke has spoken out clearly against their extravagance. His words also hint at the location of the metaphysical possibilities of information philosophy:


Our metaphysical possibilitiy is the very opposite of Lewisian extravagance - but it is essential to the philosophy of mind.
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Thomas Kuhn is perhaps the best known philosopher of science. He claimed that the advance of scientific knowledge proceeds in discontinuous breaks that he called "revolutions" and which came to be known as "paradigm shifts." 


Kuhn suggested that basic scientific concepts and language terms that describe them change their meanings across these breaks, producing an incommensurability of ideas that make communications between scientists working in different paradigms difficult or even impossible. 


Kuhn is simply wrong about this. Any conceptual idea about any structure or process in the world that changes in a Kuhnian revolution can be described in the language terms used before and after the revolution by scientific experts who can provide an adequate translation between the terms.


Kuhn came of age when analytic language philosophers were abandoning the logical positivism of Bertrand Russell and the early Ludwig Wittgenstein and their "truth tables." Even the logical empiricists of the Vienna Circle in Europe, with their theory that science advances by "verification" of observations came under attack.


Kuhn's most famous work, The Structure of Scientific Revolutions, first appeared as an article in the International Encyclopedia of Unified Science, a publication of the Vienna Circle.


In philosophy of science, the logical empiricists were challenged by Karl Popper, who insisted that scientific theories stand and fall not on verification, but on his criterion of "falsification."  This was flawed. Falsification is just a negative verification, equally likely to be overthrown by future scientific evidence. And all scientific theories rest on experimental evidence, not logical "proofs."


Analytic language philosophy itself had a revolution against the logical "truth" of all knowledge, that all facts could be built up from "atomic facts." just as all matter is built up from atoms. Wittgenstein thought that language provided a "picture theory" of the world, that sentences can be framed as formal "propositions" like those in the great Principia Mathematica of Russell and Alfred North Whitehead. All mathematics and then all of science could be based upon these "logical atoms." This too was flawed. 


Behind this was the great philosophical and ultimately theological idea that the world and the universe are rationally constructed, so its structure can be understood by reason alone. This is called modernism, over against the idea of tradition, that knowledge is simply handed down from generation to generation by authorities. The first modern theology was Thomas Aquinas and other scholastics, who claimed revelation and reason could be reconciled. The first modern philosopher was René Descartes, whose work led to the age of enlightenment and the "laws" of modern science..


Modernists believe that reason can establish or "grounded" objective knowledge. Kuhn questioned the existence of "objective" knowledge, just when many philosophers of science were questioning the idea of an objective physical reality. Albert Einstein's theories of special and general relativity had made "relativism" fashionable in many fields. And quantum mechanics threatened the deterministic implications of classical physics.


Structuralism in linguistics, anthropology, psychology, and the social sciences was the idea that universal structures underlie everything that human beings do, think, perceive, and feel. It gave way to post-structuralism, cultural relativism, and then postmodernism, or deconstruction.  


Kuhn was a postmodern, though perhaps a reluctant one, especially in the face of attacks on his idea of incommensurabiity by many scientists and philosophers.


Where Kuhn was right is the idea that scientific progress is not made by works of individual  thinkers who establish the objective truth about reality. Truth, especially objective or absolute truth, is a concept that is essential in mathematics and logic. The meaningful equivalent in science is the statistical evidence supporting various theories.


Kuhn properly located progress in science in the scientific community as a whole. He saw the community of scientists as having only individual "subjective" positions. All "objective" knowledge is ultimately the result of "subjective," culturally biased, views of the individual scientists. "Objective" science is impossible


Concerns about objectivity had been thought through in an earlier century by perhaps the greatest ever philosopher of science, Charles Sanders Peirce. He described a "community of inquirers" who could achieve "intersubjective agreement" in the long run. For Peirce, this agreement would be an approach, perhaps only asymptotic, to something like scientific "truth."


Better than any other philosopher, Peirce articulated the difference between a priori probabilities and a posteriori statistics. He knew that probabilities are a priori theories and that statistics are a posteriori empirical measurements, the results of observations and experiments.


The "truth" of any scientific theory is therefore always provisional, subject to change or incorporation into a larger, more comprehensive theory that explains all past evidentiary facts as well as newly discovered facts in the future.


With Peirce in mind, we see that all science, like all knowledge (our SUM), is a living thing that is still growing.  


On Blackbody Radiation


Kuhn's 1987 book Black-Body Theory and the Quantum Discontinuity, 1894-1912 helped establish that Max Planck had no idea that light quanta were real, as Einstein proved.
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In 1986 Tomis Kapitan raised the question of whether determinists can and do deliberate. 
Deliberation is the consideration of alternative possibilities and their evaluation according to the agent's character, values, desires, and beliefs, with the aim of choosing one of the alternatives as a course of action.


Even determinists appear to believe they have alternative courses of action when they deliberate. That is, they must practically consider that their alternatives are undetermined before their choice is made, and that they are free to choose any of them. If the agent knew with certainty that only one alternative existed, she could no longer deliberate.
  
Immanuel Kant, Richard Taylor, and Carl Ginet had assumed that an agent must assume himself to be free when deliberating over how to act. 

Kapitan wonders what this means for the deliberating determinist.

   

That a deliberator does not view himself at the mercy of an indifferent
causal network is, to an extent, unquestionable, his assumption of self-agency,
of his power to choose, is at once a recognition of his partial independence
from the flow of events and of his ability to shape an indeterminate future.
The Kantian postulate of freedom, coordinating agency and contingency, is
well-grounded in the phenomenon of choice, and there is no intent to
oppose it here. Yet, what this presumption of freedom amounts to is not
something which the data unequivocally reveal. The reading so far encountered, henceforth labeled the "Standard Interpretation", must be measured
against the overt dissent of those who, while deliberating, take their actions
to be caused by their volitions, and these volitions, in turn, to be terminal
points of deliberations whose every phase is determined. To believe in free
will while taking it to be an illusion is not a comfortable position to be in. But
for this very reason, the presence of deliberating determinists, while not
refuting the Standard Interpretation, motivates development of and interest
in a rival account...

[Now] the deliberator takes his choosing to be an essential
factor in causal chains leading up to either his doing or refraining. This is
crucial to the sense of agency; that the action is under his control stems
partially from the supposition that he would do it only through his own
conscious effort.


[Kapitan's] claim is that one who
takes his A-ing to be open assumes it to be contingent relative to all
conditions (facts, events, propositions) existing (obtaining, occurring, being
true) prior to and including the time at which the assumption is held.
This unqualified modality requires the deliberator to consider his A-ing to
be, as yet, undetermined by those same conditions, hence, undetermined
simpliciter.


To minimize complexities, define determinism broadly as the doctrine
that each state of the world is fully determined by antecedent states...Of importance is the fact that a determinist assumes that whatever he will do (choose, undertake, etc.) is already determined.


To locate an inconsistency within the beliefs of a deliberating determinist
now seems easy; for as a deliberator, he takes his future act to be yet
undetermined, but as a determinist, he assumes the very opposite, that
it is already determined...the ascription of an inconsistency to deliberating determinists is secured.

Concluding Remarks

Although the preceding discussion has centered on deliberation, it is likely
that the proposals culminating in (PO) and (POA) have a wider applicability.
For one thing, they seem to pertain to all choice, even that which does not
emerge from conscious deliberation, insofar as decision involves a selection
among presumed alternatives. Perhaps they govern all intention as well; what
is the point of intending something which is not taken as open at some time
before intending it? If so, then each intention is a choice, minimally, between
a course of action and its complement, and we can appreciate anew Kant's
insistence that a presupposition of freedom underlies all practical thought.
Additionally, the proposals imply that an omniscient being cannot deliberate,
choose, or perhaps, intend - a consequence of no small theological importance if creativity, perfection, or omnipotence necessitate such abilities. It
remains to be seen what relevance they have for the overall free will
controversy, though there is every reason to suspect a firm and fruitful
linkage.


The spectacle of a determinist who deliberates is at first perplexing. What
is  the point of deliberating if whatever  one  chooses  and  does  is  already
determined? What difference can one's own deliberations possibly make?
Faced with such questions, some conclude that we are, by our very nature as
rational agents, indeterminists - an idea which can only disturb the determinist who takes his actions and volitions to be the outcome of antecedent
factors while retaining a passion for consistency. Agreeing that an agent has
a sense of the contingency of his own future, I have urged that the modality
is  indexed  to what he  himself assumes  to  be  the  case;  it need  not  be  a
presumption of the non-existence of any determining conditions whatever.
No more is required to give deliberation a point than the agent's ends, his
belief that those ends will not be realized except through his own intentional
activity, and his sense of freedom based, in part, upon his incomplete grasp
of the future. If forgetfulness, as Nietzsche once wrote, is a precondition of
action, an imperfect conception of what will be is no less essential. Practically-minded determinists, haunted by the spectres of inconsistency and
fatalism, can be encouraged by this account of the matter.

(The Philosophical Quarterly Vol. 36, No. 14 (1986), pp.230-51)
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Free Will Problem (Cambridge Dictionary of Philosophy, Robert Audi, ed., (1995) pp.280-2)
free will problem, the problem of the nature of free agency and its relation to the origins and conditions of responsible behavior. For those who contrast 'free' with 'determined', a central question is whether humans are free in what they do or determined by external events beyond their control. A related concern is whether an agent's responsibility for an action requires that the agent, the act, or the relevant decision be free. This, in turn, directs attention to action, motivation, deliberation, choice, and intention, and to the exact sense, if any, in which our actions are under our control. 
Locke denied the will is free. It is the man that is free


Use of 'free will' is a matter of traditional nomenclature; it is debated whether freedom is properly ascribed to the will or the agent, or to actions, choices, deliberations, etc.

Controversy over conditions of responsible behavior forms the predominant historical and conceptual background of the free will problem. Most who ascribe moral responsibility acknowledge some sense in which responsible agents must be free in acting as they do; we are not responsible for what we were forced to do or were unable to avoid no matter how hard we tried. But there are differing accounts of moral responsibility and disagreements about the nature and extent of such practical freedom (see Kant). Accordingly, the free will problem centers on these questions: Does moral responsibility require any sort of practical freedom? If so, what sort? Are people practically free? Is practical freedom consistent with the antecedent determination of actions, thoughts, and character? There is is vivid debate about this last question. 


Consider a woman deliberating about whom to vote for. From her first-person perspective, she feels free to vote for any candidate and is convinced that the selection is up to her regardless of prior influences. But viewing her eventual behavior as a segment of larger natural and historical processes, many would argue that there are underlying causes determining her choice. With this contrast of intuitions, any attempt to decide whether the voter is free depends on the precise meanings associated with terms like 'free', 'determine', and 'up to herself'.


One thing (event, situation) determines another if the latter is a consequence of it, or is necessitated by it; e.g., the voter's intention determines her hand movements. As usually understood, determinism holds that whatever happens is determined by antecedent conditions, where determination is standardly conceived as causation by antecedent events and circumstances. So construed, determinism apparently implies that at any time the future is already fixed and unique, with no possibility of alternative development. Logical versions of determinism declare each future event to be determined by what is already true, specifically, by the truth that it will occur then. Typical theological variants accept the predestination of all circumstances and events inasmuch as a divine being knows in advance (or even from eternity) that they will obtain.


Two elements are common to most interpretations of 'free'. First, freedom requires an absence of determination or certain sorts of determination, and second, one acts and chooses freely only if these endeavors are, properly speaking, one's own. From here, accounts diverge. Some take freedom (liberty) of indifference or the contingency of alternative courses of action to be critical.  Thus, for the woman deliberating about which candidate to select, each choice is an open alternative inasmuch as it is possible but not yet necessitated. Indifference is also construed as motivational equilibrium, a condition some find essential to the idea that a free choice must be rational. Others focus on freedom (liberty) of spontaneity, where the voter is free if she votes as she chooses or desires, a reading that reflects the popular equation of freedom with "doing what you want." Associated with both analyses is a third by which the woman acts freely if she exercises her control, implying responsiveness to intent as well as both abilities to perform an act and to refrain. A fourth view identifies freedom with autonomy, the voter being autonomous to the extent that her selection is self-determined, e.g., by her character, deeper self, higher values, or informed reason. Though distinct, these conceptions are not incompatible, and many accounts of practical freedom include elements of each.


Determinism poses problems if practical freedom requires contingency. Incompatibilism maintains that determinism precludes freedom, though incompatibilists differ as to whether everything is determined. Those who accept determinism thereby endorse hard determinism (associated with eighteenth-century thinkers like d'Holbach and, recently, certain behaviorists), according to which freedom is an illusion since behavior is brought about by environmental and genetic factors. Some hard determinists also deny the existence of moral responsibility. At the opposite extreme, metaphysical libertarianism asserts that people are free and responsible and, a fortiori, that the past does not determine a unique future - a position some find enhanced by recent developments in physics. Among adherents of this sort of incompatibilism are those (e.g., Epicureans) who advocate freedom of indifference by describing responsible choices as undetermined by antecedent circumstances. To rebut the charge that choices', so construed, are random and not really one's "own, it has been suggested (e.g., by Leibniz) that several elements, including an agent's reasons, delimit the range of possibilities and influence choices without necessitating them. Libertarians who espoused agent causation, on the other hand (e.g., Carneades, Reid), blend contingency with autonomy in characterizing a free choice as one that is determined by the agent who, in turn, is not caused to make it.


Unwilling to abandon practical freedom yet unable to understand how a total lack of determination could be either necessary or desirable for responsibility, many philosophers take practical freedom and responsibility to be consistent with determinism, thereby endorsing compatibilism. Those who also accept determinism advocate what James called soft determinism. Its supporters include some who identify freedom with autonomy (the Stoics, Spinoza) and others who champion freedom of spontaneity (Hobbes, Locke, Hume). The latter speak of liberty as the power of doing or refraining from an action according to what one wills, so that by choosing otherwise one would have done otherwise. An agent fails to have liberty when constrained, i.e., either prevented from acting as one chooses or compelled to act in a manner contrary to what one wills. Extending this model, liberty is also diminished when one is caused to act in a way one would not otherwise prefer, either to avoid a greater danger — coercion — or because there is deliberate interference with the envisioning of alternatives — manipulation.


Compatibilists have shown considerable ingenuity in responding to criticisms that they *
ey ignore freedom of choice or the need for open alternatives. Some apply the spontaneity, control, or autonomy models to decisions, so that the voter chooses freely if her decision accords with her desires, is under her control, or conforms to her higher values, deeper character, or informed reason. Others employ versions of the indifference model by taking choices to be free if they are contingent relative to certain subsets of circumstances, e.g., those the agent is or claims to be cognizant of, with the openness of alternatives grounded in what one can choose "for all one knows." Yet critics charge that since these refinements leave agents subject to external determination, even by hidden controllers, compatibilism still faces a challenge; if everything is determined by factors beyond one's control, then one's acts, choices, and character are also outside one's control, and consequently, there is nothing for which agents are free or responsible. Such reasoning has usually employed principles asserting the closure of the practical modalities (ability, control, avoidability, inevitability, etc.) under consequence relations. However, ability and control involve the agent's sense of what can be accomplished, and since cognitive states are typically not closed under consequence, these principles are disputable.
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Walter Kaufmann did more than anyone to introduce the work of Friedrich Nietzsche to English-speaking philosophers. He also rescued Nietzsche's thought from the misuse by Nazism. Nietsche's images of an "Overman" and the "Will to Power" were  widely used in Nazi propaganda.   


Kaufmann's translations and scholarly interpretations of Nietzsche and other existentialist thinkers such as Martin Heidegger and Jean-Paul Sartre led to the flourishing of continental philosophy in American universities after World War II.


Existentialism was the major alternative to the logical positivist philosophy of Bertrand Russell and the young Ludwig Wittgenstein and the analytic language philosophy of the later Wittgenstein, which evolved into the post-modernist philosophy of the 1960's. 


Heidegger and Jacques Derrida were major sources for the deconstructive post-modernism which moved from philosophy departments in the U.S. to English departments under the influence of Richard Rorty.
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William King was an older contemporary of Samuel Clarke and perhaps was an even stronger libertarian than Clarke. A third British philosopher working at the same time was the  determinist thinker Anthony Collins. In those days, the argument between free will and determinism was described as the problem of liberty versus necessity. Some philosophers, including King, distinguished between physical and moral necessity. Others did not.

Following Thomas Hobbes, liberty (or freedom) was defined as being free from external compulsion, what today we call freedom of action. This left human choices (King called them Elections), to be determined by necessity (either or both moral and physical).




If there be any thing obscure and difficult in Philosophy, we are sure to find it in that part which treats of Elections and Liberty. There is no point about which the learned are less consistent with themselves, or more divided from each other. Nor is it an easy matter to understand them, or to give a certain and true representation of their opinions. I think they may be distinguished into two sects, both admitting of liberty, the one from external compulsion, but not from internal necessity; the other from both.



Here is what William James will later call "soft determinism" and we now call compatibilism, as compared to libertarianism.



King and his contemporaries all influenced the thinking of David Hume (1711-1776), and perhaps most important to understand how they framed the problem of free will, they all shared a strong belief in an almighty God, which Hume would later de-emphasize in favor of Naturalism.

Compared to the presumably infinite God, men are described by King as finite and limited in their ability to know.


Since man (nay every created being) is necessarily of a limited nature, it is plain that he cannot know every thing. The most perfect creatures therefore are ignorant of many things: nor can they attain to any other knowledge than what is agreeable to their nature and condition. Innumerable truths therefore lie hid from every created understanding: for perfect and infinite knowledge belongs to God alone; and it must be determined by his pleasure what degree every one is to be endowed with: for he only knows the nature and necessity of each, and has given what is agreeable thereto.


King and Clarke strongly opposed the atheistic materialism popularized by Thomas Hobbes a generation earlier, despite Clarke's enthusiasm for the deterministic physics of his close friend Isaac Newton.


Like Clarke, King  defends against the charge that the final determination of the will, after consideration of the alternative possibilities, implies strict necessity.


But as to the actions of the will itself, namely to will, or to suspend the act of volition, they think that it is determined to these, not by itself, for that is impossible; but from without. If you ask from whence? They answer, from the pleasure or uneasiness perceived by the understanding or the senses; but rather, as they imagine, from the present or most urgent uneasiness: since, therefore, these are produced in us ab extra, not from the will itself, and are not in its power, but arise from the very things themselves; it is manifest, according to these men, that we are not free (at least from necessity) to will or not to will, that is, with regard to the immediate acts of the will.



King clearly defines the act of self-determination, making a choice (Election) that was not determined before the choice is made. Election is an act of determination (pp. 229-230). An agent is "self-active," he says, capable of being determined by itself alone.

when any thing is proposed to be done immediately, it must necessarily be; but when either of them is done, the power is determined by that very act: and no less force is requisite to suspend than to exert the act, as common sense and experience may inform any one. 

An Essay on the Origin of Evil, 1702
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Andrea Lavazza is an Italian philosopher interested in problems of moral and legal responsibility and the suitability of punishment. He is a research fellow at Centro Universitario Internazionale (Arezzo, Italy).

Lavazza is one of the founders of "Italian Neuroethics Society" and a pioneer scholar in this new discipline.). He is also editor of Contemporary Dualism: A Defence, Routledge (forthcoming).


With his colleagues Mario De Caro and Giuseppe Sartori, he wrote the 2010 book Siamo Davvero Liberi? (Are We Really Free?) which examines the impact of neuroscience on the question of free will, especially the related question of moral responsibility. 


In his essay "If we are not free, can we be punished?," Lavazza (and co-author Luca Sammicheli), notes that some neuroscientists advocate changing the laws (e.g., Joshua Greene and Jonathan Cohen, the Churchlands, Daniel Wegner) and lawyers continue to use neuroscientific arguments in defense of their clients. It is a challenge to defend the standard conditions of responsibility, guilt, and punishment that form the basis of the law and the common sense attitudes of the public.


Lavazza and Sammicheli say "It is argued that it is foolish to punish someone who,
given their brain configuration, could not have wanted to
commit the crime he has committed; Today, however, many researchers
are convinced that human beings always find themselves in such a
condition of determination and lack of autonomy." 



They wonder therefore whether it is time to
completely abandon the concept of retributive punishment, in
favor of simple safety measures for those we do not have reasons
to define as an offender, but only as a socially dangerous individual. 

This thesis, which naturally opens some controversial scenarios,
is not hard to imagine becoming customary in
classroom discussions of justice.




References

Operationalizing and Measuring (a Kind of) Free Will
(and Responsibility). 

Towards a New Framework for
Psychology, Ethics, and LawFree Will and Neuroscience: From Explaining Freedom Away to New Ways of Operationalizing and Measuring It
A Pragmatic and Empirical Approach to Free Will





Can we separate free will from moral responsibility, and responsibility from punishment? 
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Arthur O. Lovejoy studied philosophy under William James at Harvard. Over two decades after James' death, in 1933 Lovejoy gave the second William James Lecture series at Harvard, which became his 1936 book, The Great Chain of Being. In 1940 he co-founded the Journal of the History of Ideas. He helped found the American Association of University Professors and the Maryland chapter of the American Civil Liberties Union.

Lovejoy's book was not the first "history of an idea." In English that was probably J.B.Bury's 1920 classic The Idea of Progress, with an important new introduction by historian Charles Beard in 1932. Works in Europe after the French revolution developed the idea of progress, especially Alexis de Tocqueville's two books on Democracy in America, where the United States are his model of progress.



The Great Chain of Being


Lovejoy's most famous work is his 1936 history of an idea that began in the writings of the Greek philosophers  Parmenides and Plato. It is the idea of "being" (Greek τὸ ὂν, the etymological root of ontology, the study of what is).

For Parmenides, becoming (change) is an illusion. For Plato, being is the unchanging truth, the good, and the beautiful.  


Lovejoy shows how ideas of the neoplatonists became the basis for the theologians of the Christian church, who argued that God's creation must be perfect, complete, and a continuous "natural scale" (scala naturae) from the least living thing up to the ens perfectissimum, the most perfect Being, God himself. This natural scale became known in English as the "great chain of being."  


The continuity of the scale was the argument that there could be no gaps, that every possible being between two very similar beings must necessarily exist.


In his book, The Great Chain of Being, Lovejoy traces the history of this idea from ancient philosophy through medieval theology to the science of the enlightenment and the "age of reason." Scholastics like Thomas Aquinas argued there could be no conflict between reason and revealed religion, though his contemporary Scholastic John Duns Scotus argued that reason alone can not determine what God created. God is not constrained by logic or by universal and eternal laws of nature, God is free, said Scotus.


Lovejoy argues that God's perfection and the principles of plenitude (completeness) and continuity (no gaps) implies that truth and goodness are timeless.


God's perfection also implies no possible change. There can never be any "progress." 



When the principle of plenitude was construed either religiously, as an expression of the faith in the divine goodness, or philosophically, as an implicate of the principle of sufficient reason, it was, as usually understood, inconsistent with any belief in progress, or, indeed, in any sort of significant change in the universe as a whole. The Chain of Being, in so far as its continuity and completeness were affirmed on the customary grounds, was a perfect example of an absolutely rigid and static scheme of things. Rationality has nothing to do with dates. If the non-existence of one of the links in the chain would be proof of the arbitrariness of the constitution of the world today, it would have been so yesterday, and would be so tomorrow. As an early eighteenth-century English philosopher put the point:

[God] always acts upon some ground or Reason, and from thence it follows that he had some Reason for Creation, otherwise he never would have created at all. If then he had any Reason, that Reason certainly was the same from all Eternity that it was at any particular time: For instance, suppose Goodness was the Ground of his Creation, it follows that if it was good at any particular time, it was equally so from all Eternity.1
This, a contemporary pointed out, if true, must be true not only of the creation in general, but of every kind of being: it implies that, “not only Angels and Men, but every other species of creatures, every Planet with all its Inhabitants, were eternal,” and, what is more, “ that God cannot hereafter create any new Species of Beings; because, whatever it is good for him to create in Time, it was equally good from all Eternity.”

Lovejoy's adding time and change corresponds to the realization that science does not discover the "universal" laws of nature by reason and logic alone (in an ivory tower), but by observing the world and testing theories with experiments. 






The Revolt Against Dualism


This book is a difficult read, because Lovejoy employs a good deal of jargon that makes comparison with other philosophers a challenge. And he is critical of the methods of most other philosophers. He says...

The history of philosophy is strewn with the wrecks of supposedly self-evident truths which, when their full meaning was developed, proved to be in fact self-contradictory. The great trouble with philosophy has been that so many philosophers have been the sort of men who fall in love with an idea at first sight.


The first few hundred pages of Lovejoy's book are filled with two kinds of dualism. He sometimes calls them epistemological dualism and psychophysical dualism. At other times they are natural dualism and Cartesian dualism. They also appear as a dualism of subject/object or of mind/body. Perhaps most important they seem to be the master idealism/materialism dualism at the top of our table of dualisms.  


This last dualism is most fitting for this great historian of ideas. Lovejoy's life work can be understood as determining the ontological status of ideas. The subtitle of The Revolt Against Dualism is "An Inquiry Concerning the Existence of Ideas."  

 
Information philosophy has solved this problem, viewing ideas as the purely abstract and immaterial information that can be (partially) instantiated in multiple physical structures, in "real" material objects and in our brains as knowledge or "ideas." Lovejoy struggles with his dualisms near the end of the book.



Whatever the truth or falsity of these incidental observations about the method of philosophical inquiry...We have not, so far, been asking whether dualism of the one sort or the other is true; we have been asking only whether, when the existence of a real and at least in some measure knowable physical world is postulated, either sort of dualism can be avoided without contradiction either of the implications of realism itself or of admitted facts. Can — we have been inquiring — all or any of the content actually and indubitably given in perception or other forms of supposedly cognitive experience be believed to be identical with the independently existing realities with which, upon the realistic hypothesis, these data enable us to become to some extent acquainted; and, if the notion of a physical order is defined in certain very general terms which seem to express the essentials of the common conception of physical reality, can these data, and all the rest of the content of experience, be conceived to find a place in that order? In short, can a realistic philosophy dispense with the hypothesis of the existence of ideas — in approximately though not quite precisely the sense in which that term was commonly used by the philosophers of the seventeenth century? The hypothetical character of this question does not, of course, mean that it is artificial, arbitrary, or unimportant. It happens that the greater part of mankind, and, in particular, most men of science, are still believers in a physical world; it is therefore not superfluous to inquire upon what terms that belief may consistently be held. And if a negative answer to the question propounded is reached — if it can be shown that a non-dualistic realism is an impossible kind of realism —this is manifestly equivalent to proof of a far-reaching conclusion, transcending the scope of the hypothetical question — a proof, namely, that the proposition "ideas (in this sense) exist” is a necessary part of nearly every possible sort of philosophy. For it is, of course, only from the standpoint of realism that that proposition is likely to be challenged, since the idealist is convinced ab initio that ideas, together with minds and their acts, make up the whole sum of existence. To make it evident to everybody that "ideas” are in fact indispensable in the realist’s world as well as the idealist’s would be to reestablish peace over a considerable part of the troubled domain of philosophy — a part in which peace had reigned, with but one or two slight interruptions, from the beginning of modern philosophy until the present century.


"Ideas" are of course a vital part of a realist's world but they have an immaterial abstract (almost metaphysical) existence just as Aristotle said about his master Plato's ideas. They are abstractions from the physical objects that they represent in language and thought. 

Lovejoy fails to see that "ideas" are still in the physical world, they are simply immaterial, the arrangements of the matter so as to be partially isomorphic with the information in the idea.


He finally concludes that revolts against psychophysical (mind/body) dualism and epistemological dualism (subjective knowledge vs. the objective world) have both failed.


In arriving, by means of this review, at a reasoned conclusion with respect to these questions, we have reached the principal objective proposed at the beginning of these lectures. The revolt — within the realistic provinces of philosophical opinion — against dualism, both psychophysical and epistemological, has failed. The content of our actual experience does not consist wholly, and it is unprovable and improbable that any part of it consists, of entities which, upon any plausible theory of the constitution of the physical
world, can be supposed to be members of that world; it consists of particulars which arise through the functioning of percipient organisms, are present only within the private fields of awareness of such organisms, are destitute of certain of the essential properties and relations implied either by the historic concept of the "physical” or by the contemporary physicist’s concept of it, and possess properties which physical things lack. They are, in short, essentially of the nature of "ideas,” as Descartes and Locke (for the most part) used that term. And it is through these entities that any knowledge which we may attain of the concrete characters of the physical world, and of any other realities  extraneous to our several private fields of awareness, must be mediated; so that we are brought back to Locke’s conclusion, despite the heroic efforts of so many philosophers of our age to escape from it: "it is evident that the mind knows not things immediately, but by the intervention of the ideas it has of them.” If the word "nature” is used — though I think it is unhappily so used — to mean exclusively the world as it is, or may conceivably be, apart from all experience, i. e., apart from the processes of conscious perception and thought and phantasy and feeling, then between "nature” and experience there is a radical discontinuity; for the occurrence of those processes adds to the sum of reality not only particular existents, but kinds of existents, which "nature” — if so defined — though it engenders them, cannot plausibly be supposed to contain,


Information philosophy disagrees with Lovejoy in that the mind is clearly a part of "nature" and in the physical world. The "ideas" in minds are significantly correlated with the information content of material objects and immaterial concepts to the extent that they representknowledge of nature and the physical world. 


Check out our I-Phi lecture on The Ontological Status of Ideas as a central problem in metaphysics.            


Source: https://www.informationphilosopher.com/solutions/philosophers/lovejoy/
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The analytic language philosopher David Lewis was a possibilist. He developed the philosophical methodology known as modal realism based on the idea of possible worlds. He claims that
	Possible worlds exist and are just as real as our world.
	Possible worlds are the same sort of things as our world – they differ in content, not in kind.
	Possible worlds cannot be reduced to something more basic – they are irreducible entities in their own right.
	Actuality is indexical. When we distinguish our world from other possible worlds by claiming that it alone is actual, we mean only that it is our world.
	Possible worlds are unified by the spatiotemporal interrelations of their parts; every world is spatiotemporally isolated from every other world.
	Possible worlds are causally isolated from each other.



Possible Worlds Without Possibilitiesl

Modal realism implies the existence of infinitely many parallel universes, an idea similar to Hugh Everett III's many-worlds interpretation of quantum mechanics. In the information interpretation of quantum mechanics, quantum systems evolve in two ways: 
the first is the wave function deterministically exploring all the possibilities for interaction; 
the second is the system randomly choosing one of those possibilities to become actual.

But David Lewis is a materialist and determinist who believes that our world, the actual world, could not have been otherwise. Thus, Lewis is not a true possibilist. He insists that all his possible worlds are real and actual (cf. Hegel's "the real is the actual"). In each of Lewis's possible worlds, there are no possibilities other than the completely determined actualities. 
All of David Lewis's possible worlds are actual worlds!


There are no real possibilities in any of David Lewis's possible worlds. For information philosophy, possibilities are of course not real in the sense of actual, but are realized when they are actualized. Possibilities have the same existential or ontological status as ideas, especially multiple ideas in a mind that are evaluated as .alternative possibilities for action.


Possible worlds and modal reasoning made "counterfactual" arguments extremely popular in current philosophy. Possible worlds, especially the idea of "nearby worlds" that differ only slightly from the actual world,  are used to examine the validity of modal notions such as necessity and contingency, possibility and impossibility, truth and falsity. 


But counterfactuals and Lewis's counterpart theory are just language games, ways of talking, that analytic language philosophers and metaphysicians have found productive. They do not have an ontological commitment to the existence of possibilities or ideas.


Lewis appears to have believed that the truth of his counterfactuals was a result of believing that for every non-contradictory statement there is a possible world in which that statement is true. 


	True propositions are those that are true in the actual world.
	False propositions are those that are false in the actual world.
	Necessarily true propositions are those that are true in all possible worlds.
	Contingent propositions are those that are true in some possible worlds and false in others.
	Possible propositions are those that are true in at least one possible world.
	Impossible propositions are those that are true in no possible world .



Possible Worlds, Evil, and Free Will


In his essay, Evil for Freedom's Sake, Lewis was interested in the problem of evil as something that could be analyzed in terms of possible worlds. He examined compatibilism and incompatibilism.

Compatibilism says that our choices are free insofar as they manifest our
characters (our beliefs, desires, etc.) and are not determined via causal
chains that bypass our characters. If so, freedom is compatible with
predetermination of our choices via our characters. The best argument for
compatibilism is that we know better that we are sometimes free than that we
ever escape predetermination; wherefore it may be for all we know that we are
free but predetermined. 


This is a misinterpretation of indeterminism as a factor in the two-stage model of free will

Incompatibilism says that our choices are free only if
they have no determining causes outside our characters - not even causes that
determine our choices via our characters. The best argument for incompatibilism
rests on a plausible principle that unfreedom is closed under implication.


This sounds like  Peter van Inwagen's Consequence Argument

Consider the prefix 'it is true that, and such-and-such agent never had any
choice about whether', abbreviated 'Unfree'; suppose we have some premises (zero
or more) that imply a conclusion; prefix 'Unfree' to each premise and to the
conclusion; then the closure principle says that the prefixed premises imply the
prefixed conclusion.  Given determinism, apply closure to the implication that
takes us from preconditions outside character - long ago, perhaps - and
deterministic laws of nature to the predetermined choice. Conclude that the
choice is unfree. Compatibilists must reject the closure principle. Let's assume
that incompatibilists accept it. Else why are they incompatibilists?
I'll speak of compatibilist freedom' and 'incompatibilist freedom'. But I don't
ask you to presuppose that these are two varieties of freedom. According to
incompatibilism, compatibilist freedom is no more freedom than counterfeit money
is money.

It seems that free-will theodicy must presuppose incompatibilism. God could
determine our choices via our characters, thereby preventing evil-doing while
leaving our compatibilist freedom intact. Thus He could create utopia, a world
where free creatures never do evil.


Plantinga once responded to compatibilist opponents as if their objection were a
terminological quibble. The hypothesis is that God permits evil so that our
actions may be not determined. If you find 'free' a tendentious word, use
another word: 'unfettered', say. But of course the issue is one of value, not
terminology. The opponents grant the value of compatibilist freedom. But they
think that if God permits evil for the sake of incompatibilist freedom, what He
gains is worthless.



There are no real possibilities in any of David Lewis's possible worlds.


Yet for purposes of mere 'defence' it needn't be true, or even plausible, that
incompatibilist freedom has value. It is enough that it be possible. Plantinga's
short way with the compatibilists would have been fair if, but only if, it was
common ground that a false and implausible value judgement is nevertheless
possible.


Before we turn back to the free-will theodicy that does presuppose
incompatibilism, let's consider the compatibilist alternative a little further.
Suppose God did determine our choices via our characters, preventing evil-doing
while leaving us free. 

Lewis is a materialist and determinist who believes the world is causally closed under the laws of nature.


How might He do it? By a wise choice of initial
conditions and uniform, powerful, simple laws of nature? - That might be
mathematically impossible. The problem might be overconstrained. It might be
like the problem: find a curve which is given by an equation no more than
fifteen characters long, and which passes through none of the following hundred
listed regions of the plane.


Many philosophers criticize the idea of "gaps" in the laws of nature, some equating it with ontological chance

Rather, God might attain utopia by elaborate contrivance; Instead of uniform and
powerful laws of nature, He could leave the laws gappy, leaving Him room to
intervene directly in the lives of His creatures and guide them constantly back
to the right path. Or (if indeed this is possible) His laws might be full of
special quirks designed to apply only to very special cases. Either way, despite
our compatibilist freedom, God would be managing our lives in great detail,
making extensive use of His knowledge and power.


Adequate determination by our character, reasons, motives, is NOT predetermination from before we make our decisions


Lewis and Peter van Inwagen's Consequence Argument

In a 1981 article in Theoria, David Lewis said that van Inwagen's Consequence Argument fails as a reductio ad absurdum argument. Van Inwagen agreed and called Lewis' article “the finest essay that has ever been written in defense of compatibilism – possibly the finest essay that has ever been written about any aspect of the free will problem”.  ("How to Think about the Problem of Free Will”, Journal of Ethics (2008) 12, 337-341).
Kadri Vihvelin has written a critical analysis of van Inwagen and Lewis's reply. She says "The Consequence Argument was supposed to show that if we attribute ordinary abilities to deterministic agents, we are forced to credit them with incredible past or law-changing abilities as well.  But no such incredible conclusion follows.  All that follows is something that we must accept anyway, as the price of our non-godlike nature, that humans have "finite minds," so that the exercise of our abilities depends partly on circumstances outside our control.


Temporal Parts


Besides his extravagant and outlandish (literally!) invention of infinite possible worlds, Lewis also exploded our actual world into an infinity of "temporal parts," with properties he calls "temporary intrinsics."

In his analysis of the metaphysical problem of the persistence of objects, the question of their identity over time, Lewis proposes the idea of temporal parts. He calls his solution "perdurance," which he distinguishes from "endurance," which he says is different from ordinary persistence, but this difference is not made clear.


Lewis says:


Our question of overlap of worlds parallels the this-worldly problem of
identity through time; and our problem of accidental intrinsics parallels
a problem of temporary intrinsics, which is the traditional problem of
change. Let us say that something persists iff, somehow or other, it
exists at various times; this is the neutral word. 

Something perdures iff
it persists by having different temporal parts, or stages, at different times.
though no one part of it is wholly present at more than one time; whereas
it endures iff it persists by being wholly present at more than one time.
Perdurance corresponds to the way a road persists through space; part
of it is here and part of it is there, and no part is wholly present at two
different places. Endurance corresponds to the way a universal, if there
are such things, would be wholly present wherever and whenever it is
instantiated. Endurance involves overlap: the content of two different
times has the enduring thing as a common part. Perdurance does not.



The road parts do not exactly persist. They are intrinsically different parts. The enduring entity does persist simpliciter. There is zero evidence of a discontinuous process that produces a disappearance and reappearance. It would violate physical conservation laws


This is a variation of an Academic Skeptic argument about growth, that even the smallest material change destroys an entity and another entity appears. There is no physical or metaphysical reason for this wild assumption. Nevertheless, Lewis's "counterfactual" thinking is highly popular among modern metaphysicians.  .



Note that  the modern defender of "modally real" possible worlds is a determinist who does not believe that alternative possibilities are real. Ironically, Lewis is an actualist, in every "possible" world.
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Christoph Lehner is a philosopher of physics who has specialized in the history of quantum physics. He has been an adviser and organizer of a series of international conferences on the history of quantum physics.

His contribution to the 2014 Cambridge Companion to Einstein was on "Realism and Einstein's Critique of Quantum Mechanics." It was one of three articles focusing on Einstein's quantum physics. The others were Olivier Darrigol's "The Quantum Enigma" and Roger H. Stuewer's "The Experimental Challenge of Light Quanta."


Lehner's view of Einstein's realism is beyond the simple (though correct) idea that there is a real world of objects "out there" largely independent of human beings and especially physicists. It goes well beyond the logical empiricist view, derived from Immanuel Kant and Ernst Mach that it can logically (and phenomenologically) only consist of the "immediately given" sensations of experience, Kant's phenomenal world and Mach's economic summary of experiences.


And Einstein's "objective reality" takes us beyond the nonsense of many current quantum ideas, such as that nothing happens until a physicist make a measurement, at which point the universe splits, doubling its mass in extreme violation of the conservation laws that are the basis for Einstein's beliefs.


Einstein's Method


Lehner builds on philosopher of science Arthur Fine's view that Einstein is committed to a method, that Einstein's realism is not an epistemological claim about the relation between science and a mind-independent reality, but rather a "methodological" claim about science and its apparatus." Lehner calls this "methodological realism."

 
Einstein himself describes his method in his 1933 Herbert Spencer Lecture "On the Method of Theoretical Physics." Science is built on fundamental general "principles" rather than constructed on particular "facts." Einstein's principles are often invariances, like the constant speed of light in all inertial frames and the relativity principle that laws of physics are the same in all such frames, or the principle of covariance in his general relativity.


But well beyond his success in relativity, Einstein's principles include laws of symmetry and the conservation laws that derive from them. Where Niels Bohr spent many years challenging the conservation of energy when light interacts with matter, to preserve his idea that the light is a continuous wave and not Einstein's light quantum (our photon), Einstein based his predictions of how a photon would interact with an electron on the principle of conservation of momentum and energy, following his discovery that light particles have momentum.


Does the molecule receive an impulse when it absorbs or emits the energy ε? For example, let us look at emission from the point of view of classical electrodynamics. When a body emits the
radiation ε it suffers a recoil (momentum) ε/c if the entire amount of radiation energy
is emitted in the same direction. If, however, the emission is a spatially symmetric
process, e.g., a spherical wave, no recoil at all occurs. This alternative also plays a
role in the quantum theory of radiation. When a molecule absorbs or emits the energy
ε in the form of radiation during the transition between quantum theoretically possible
states, then this elementary process can be viewed either as a completely or partially
directed one in space, or also as a symmetrical (nondirected) one. It turns out that we
arrive at a theory that is free of contradictions, only if we interpret those elementary
processes as completely directed processes.

Einstein had in 1916 and 1917 shown that Bohr's continuous and spherically symmetric radiation could not explain the randomly directed emissions of his light quanta. Bohr finally gave in when it was realized  that Arthur Holly Compton's discovery of the "Compton Effect" had confirmed Einstein's prediction and invalidated the Bohr-Kramers-Slater claims.


Another of Einstein's basic principles is what he called "Boltzmann's principle" equating entropy with the logarithm of the number of possible arrangements of material particles in phase space, 
  S
  =
  k
  l
  n
  W
.


Lehner quotes Einstein's response to Moritz Schlick's book on physical reality,


What we now designate as "real" in physics is doubtlessly the "spatiotemporally arranged," not the "immediately given." The immediately given can be an illusion. The spatiotemporally arranged can be a sterile concept that doesn't contribute to the elucidation of the connections between the immediately given.


Lehner says that Einstein is proposing a distinction between "a phenomenal reality as the epistemological basis of our knowledge and a physical reality of spatiotemporally arranged events, which is an intellectual construct."


But as Einstein emphasizes, this "construct" is not built on empirical facts, but on "principles,"which are "free inventions of the human mind" that turn out to fit those facts in our experimental tests. 


And Einstein's concern that "events" (point coincidences) in space time are "sterile" is precisely correct. Physics must also explain the behavior of "information structures," in particular their information exchanges (or interactions), which rise to the level of information "communications" between living things, the proper basis for the science of biology.


Information (e.g., one of Boltzmann's arrangements of molecules) is neither matter nor energy, though it needs matter for its embodiment and energy for its communication (or interaction).


 Lehner's focus on space-time events reflects the concern of mathematical physicists who specialize in general relativity that "physical reality" consists of tenseless four-dimensional structures that describe all "past" and "future" events existing objectively the same as "present" events. This is John McTaggart's concept of an "A-series" and "B-series"  of time.


In McTaggart's "B-series" all events have unchanging descriptions. It eliminates change, progress, and evolution. It was a "timeless" view, or as J. J. C. Smart called it, a "tenseless" view. It was influenced by the Einstein-Minkowski "block universe" in which events in the future are already out there in the four-dimensional space-time, 


McTaggart argued that the A series is a necessary component of any full theory of time, since change only occurs in the "A series." But he said that the "A-series" is self-contradictory and that our perception of time is, therefore, ultimately an incoherent illusion. 


A "tenseless" universe is the epitome of a deterministic universe, a view favored by most mathematical physicists and many philosophers of science.



Wave-particle duality


Lehner cites H. A. Lorentz's description of Einstein's tentative view, somewhat before Louis de Broglie's "matter waves"( which de Broglie credited to Einstein). In this view, light quanta are point particles whose motion is determined (statistically, of course) by a guiding wave or field (Führungsfeld). This had been Einstein's relation of wave to particle since at least 1909. 

Lehner gives an extended discussion of Einstein's short extemporaneous presentation at the blackboard during the fifth Solvay conference. And several more pages are devoted to the fruitless debate with Bohr about the Einstein-Podolsky-Rosen paper and the "completeness" of quantum mechanics. 


Lehner then discusses the new relevance of EPR in the light of John Bell's proposed experiments to test for the existence of (what Bell thought was) Einstein's idea of "additional variables", later called "hidden variables" by David Bohm. Bell's logic impressed many, including Lehner, but his physics is questionable.


Bell's work was presented as a theorem about measurable differences in the angular dependence of correlations between distant observers of spin or polarization components of entangled particles. He presented the theorem as a "inequalities" that would appear at certain angles. Young experimenters inspired by the charismatic Bell  were very excited that their measurements might prove quantum physics wrong and (at least Bell's version of) Einstein's deterministic theory true. This was Bell's hope of course. 


When the experiments confirmed quantum mechanics, Bell said sadly "Einstein's program fails." But it was only Bell's idea of Einstein's program that failed.


In the years since Bell derived his inequalities a large number of physicists work on the "foundations of physics," most hoping for a return to a determinist view, which they mistakenly think Einstein wanted. Einstein never doubted that indeterminism and a statistical interpretation would always  be a part of quantum physics.  His hopes were for a deeper unified field theory that would somehow underlie quantum physics.


Lehner quotes Einstein's worry that such a field theory might be impossible. He quotes Einstein:



"I consider it entirely possible that physics cannot be founded on the concept of a field, i.e:,
on continuous constructs. Then, nothing will remain of my whole castle in the
air, including the theory of gravitation, [but also the whole rest of contemporary physics."



Source: https://www.informationphilosopher.com/solutions/philosophers/lehner/





  
  David Lewis
  

  


  
  Home › Knowledge › Philosophers › Lewis
David Lewis



C.I. Lewis was prominent in the Harvard Philosophy Department between the era of William James and Willard van Orman Quine. Like Quine, Lewis' specialty was logic. He began as an Absolute Idealist following the thought of his adviser Josiah Royce. Royce was the principal spokesman in America for the school of idealists in Europe, notably F. H. Bradley in England, who were transcendental idealists in the tradition of Georg Wilhelm Friedrich Hegel
Lewis' early graduate student work was a criticism of Bertrand Russell's definition of "material implication" (a → b as "a implies b") in the Principia Mathematica. 


Lewis proposed a definition for "strict implication" which prevented false antecedents from implying true consequents. In this work he defined an intensional modal operator that marked the beginning of modern modal logic and possible worlds analysis of various truths.


Lewis' first office as a Harvard Professor was the room in Widener Library that contained all the manuscripts of Charles Sanders Peirce. Lewis began his career as an Idealist, following his thesis adviser Josiah Royce. 



Lewis was thus a "postmodern" who rejected the "grounds" by modern and traditional thinkers.


Influenced by Peirce's arguments, Lewis in 1923 proposed the radical idea that a priori systems of thought are invented by humans and validated empirically. 

In a short paper, A Pragmatic Conception of the A Priori, Lewis claimed that there is not just one logic, but many logics from which we must choose the one that best explains our experience. This eventually is the basis for Quine's naturalization of epistemology, and perhaps Quine's attack on the analytic/synthetic "dogma," which distinction was defended by P. F. Strawson and H. Paul Grice.  


After a decade browsing through Peirce's papers, Lewis declared himself a "conceptual pragmatist" in his 1929 book Mind and the World Order. The Roycean, Kantian, and Hegelian transcendental absolute mind imposing order and regulative principles on the world disappeared from Lewis' thought, replaced by the action of human minds constructing various a priori conceptual schemes to make sense of the raw perceptions of the world that Lewis called the "given."


Following Peirce, Lewis took the "truth" or meaning of a concept to be its consequences in experience, and he thought of concepts as relations. Influenced by Percy Bridgman's operationalism, Lewis could bypass the problem of different subjective experiences for different persons, something his Harvard colleague Ralph Barton Perry and fellow "New Realists" had called "the egocentric predicament." 


One such subjective epistemological problem is spectrum inversion - "what I see as red, you see as green." 


What is important is how you act on the perception. As long as you always stop at a traffic light that I see as red, we have the same relation of information in our minds to information in objects and processes in the world.  Lewis concluded:


"If your hours are felt as twice as long as mine, your pounds twice as heavy, that makes no difference, which can be tested, in our assignment of physical properties to things."

  
Lewis criticized the Logical Positivists, including Russell but also Rudolf Carnap and his Vienna Circle colleagues. They were empiricists like Lewis, but focused on the linguistic meaning of a statement, which they found in its direct verification by perception. Carnap felt we had no choice but to build up our knowledge of the world logically (Der logische Aufbau der Welt) on what he called "methodological solipsism," despite the egocentric predicament.

Lewis thought the verification of empirical meaning depended on experience, and more importantly on the common relational experiences of many observers. This came to be called pragmatic meaning. The positivist idea was called semantic meaning.


The Positivists hoped to build up their system of knowledge starting with "logical atoms" that could be the foundation on which all knowledge could be made certain. They believed that logic and mathematics could be shown to have an a priori truth and many basic linguistic concepts could be regarded as analytic - since they were true by definition, such as "a bachelor is an unmarried man."


Lewis pointed out that all such analytic linguistic definitions could have been otherwise (indeed they are in other languages, as well as in other contexts) and the Kantian notion of a priori truths had failed. Kant's idea that Euclidean geometry and deterministic Newtonian physics were fundamental categories of the understanding was simply wrong. 


We choose from among the possible geometries based on their usefulness in explaining experience.  And so must we choose among possible logics, by empirically testing their applicability in the world. Long before Quine's Two Dogmas of Empiricism, Lewis knew that analytic truths have an empirical or "synthetic" basis. And that knowledge depends on relations between concepts and not atomistic reductions of statements to their supporting observation sentences. 
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E. Jonathan Lowe


E. J. Lowe was an Oxford-trained philosopher who worked on the philosophy of action and philosophy of mind since the late 1970's. He developed a version of psychophysical dualism that he called non-Cartesian substance dualism. It is an interactionist substance dualism. (Cf. John Eccles and early Karl Popper.) The non-Cartesian "substance" proposed by Lowe is the acting Self, whose (free) will has an irreducible causal power. 


Lowe argued, however, that events (both mental and physical) should properly not be thought of as causes, because only actors (human or animal agents - or inanimate physical agents) can cause things. Events are more properly simply happenings, some caused, some uncaused. (If quantum indeterminism is correct, some are only statistically caused - perhaps then uncaused and neither determined nor pre-determined).



For Lowe, reasons, motives, beliefs, desires, etc. should also not be described as causes of human actions.  To do so neglects the will of the agent. He says, "Behavior that is caused by an agent's beliefs and desires is, on that very account, not rational, free action." Describing behavior as caused by reasons, etc. is just a façon de parler. 


Events are causally impotent

In my view, only entities in the category
of substance -— that is, persisting, concrete objects — possess causal powers. Strictly speaking, an event cannot do
anything and so cannot cause anything. For causings are a species of
doings — that is, in a very broad sense, actions — and doings are themselves
happenings. Thus, talk of an event doing something either involves a
gross category mistake — because, understood literally, it implies that one
happening is done by another — or else, taken less seriously, it may be
dismissed as being no more than a misleading manner of speaking.


Lowe defends mental events (and mental causation) as distinct from physical events (and physical causes) but equally real. 



Lowe is opposed to the notion of causal closure, the idea that everything that happens in the world is caused by physical objects in the world. Causal closure is a requirement for current "materialist/physicalist" views in the philosophy of mind, which regard mental events as identical to physical (brain) events, or perhaps merely epiphenomena. That mental states (or processes) are unable to cause anything to happen in the world is the modern version of the Cartesianmind-body problem. Lowe opposes this view with his idea of a non-Cartesian "self" (or mind) which has causal power.


Philosophers Donald Davidson and Jaegwon Kim have discussed the possibility of a non-reductive physicalism, in which mental events might not be reducible to physical events. 


Davidson hoped to describe mental events as emergent from lower physical levels in the hierarchy. Kim denies the possibility of emergence or of a "non-reductive physicalism." Both describe mental events as supervenient on events in lower hierarchical levels.


Lowe asks three questions important for his interactionist non-Cartesian substance dualism:



(1) Are all causes events, or are at least some causes agents?
(2) Are free actions uncaused, at least by antecedent events?


and

(3) Are an agent's reasons for action causes of that agent's actions?


  

And he proposes three answers, plus a new claim:
   
(1) In the most fundamental sense of 'cause', only agents are causes — although 'agents' understood in a very broad sense, to include
inanimate objects as well as human beings.
(2) Free actions are completely uncaused — but they need not on that
account be deemed to be merely random or chance occurrences. 

[Chance is not the direct cause of actions.]

(3) A rational agent's reasons for action are never causes of his or her
actions. 

[Following Lowe, we can call them causal factors, inputs to the first evaluation stage in the two-stage model of free will.]


In addition, I shall make the following claim:

(4) All free actions either consist in, or are initiated by, an act of will — in
other words, a volition — on the part of the agent.




Lowe on Indeterminist Free Will


The Lowe-McCall paper is our latest example of an independent discovery of the  two-stage model of free will.


In 2005, Lowe and his colleague Storrs McCall proposed  a defense of an indeterministiclibertarianfree will against various randomness objections, especially Peter van Inwagen's "replay argument," which claimed to show that indeterminism makes our decisions random.

 McCall and Lowe show "that libertarianism is a consistent philosophical thesis." They draw out the notion of an instantaneous choice (which compatibilists often attack as necessarily either determined or random, according to the standard argument against free will) into a continuous temporal process of deliberation that culminates in the decision.


They locate the indeterminism in the early part of deliberation, as do all two-stage models of free will. The decision itself they say is caused  not by chance, but by a willed choice reflecting the character and reasons of the agent. They trace the source of their separation of indeterministic deliberation from the final choice back to Aristotle's distinction between bouleuesis and prohairesis.



McCall and Lowe are correct that both van Inwagen and Robert Nozick locate the indeterminism in the wrong place, namely the decision itself.


Leading libertarian philosopher Robert Kane also locates indeterminism in the choice, but Kane argues that in a "torn decision" all of the alternative possibilities for action can be independently defended by reasons, so the agent can take responsibility, whatever the particular choice.


McCall and Lowe extend van Inwagen's "replay" example by considering Kane's description of a decision as a temporal process:

 
To illustrate the model of decision-making we have in mind, we replace
van Inwagen’s Alice by Robert Kane’s more temporally-extended example of
Jane. Jane is deliberating whether to spend her vacation in Hawaii or Colorado. She takes her time, consults travel books and brochures,
contemplates her bank account, and eventually comes to the conclusion that
all things considered, Hawaii is the best option. At the end, she seals her
decision by buying an air ticket to Honolulu. A useful way of analyzing this
deliberative process (Aristotle’s bouleusis) is to divide Jane’s decision-making
into three stages (McCall (1999)):
	
(i) Choice-set formation (in Jane’s case identifying Hawaii
and Colorado as her two options),

	
(ii) Evaluation (weighing the reasons pro and con Hawaii
against the reasons pro and con Colorado),

	
(iii) Choice (Aristotle’s prohairesis).



A necessary requirement of indeterministic decision-making is that each
option in the choice-set remain open, i.e. choosable, through the entire deliberation,
right up to the moment of choice.


McCall and Lowe summarize the many steps they see in their libertarian deliberative process:


The main features of the indeterministic deliberative process which demonstrates
consistency are as follows.

(1) An agent X is faced with deciding between options A, B, C, ... [these options may involve chance and are not pre-determined.]

(2) There are, in X’s estimation, reasons for and reasons against each
option.


(3) X uses her power of rational judgement to weight these reasons and
to weigh one option against another.


(4) The process of weighing and weighting is controlled by X’s judgement,
is on-going throughout the deliberation, and is justifiable to a
third party.


(5) Each option remains open (choosable) up to the moment of decision.


(6) The deliberation ends with X’s reasoned choice of one of the options.



Conclusion: Rational, indeterministic, controlled deliberative processes
prove that the concept of libertarian free will is internally consistent.


Later, McCall and Lowe defended their indeterministic free will model against Neil Levy's criticism using the Luck Objection. 


The Four-Category Ontology


Lowe argued for four basic categories of reality: 

	
   Substantial particulars (or "objects'), 
	
   Non-substantial particulars (or: "modes', "tropes", "property and relation
instances"),

	
   Substantial universals (or 'kinds'), 

	
   Non-substantial universals. (ideas?)



Like analytic philosopher  David M. Armstrong,
Lowe argues that the denial of universals has ontologically strange consequences.
He claims that "kinds" (universal types) cannot be reduced to properties (individuals). 


Lowe's central theses are:

	
   There exist both kinds (substantials) and properties-and-relations (non-substantials);

	
   There exist both universals and particulars;

	
   These two distinctions can and have to be crossed, thus revealing the four
basic categories of reality above;

	
 There are two kinds of relation between the four categories: instantiation
and characterization.




The defense of "kinds' was the basic theme of Lowe's Kinds of Being [1989); all
the first three points were put forward in The Possibility of Metaphysics (1998),
but are remarkably absent from A Survey of Metaphysics (2002): the fourth point
is made in some earlier papers.


Lowe also thinks that the four categories he distinguishes are more basic than the two distinctions on which they are based.







In our model of free will, we should perhaps describe reasons as "causal factors." 
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George Henry Lewes


George Henry Lewes was one of the "British Emergentists," so-named by Brian McLaughlin. Lewes was an English philosopher and literary critic who invented the term "emergent."

Other emergentists included  John Stuart Mill, C. Lloyd Morgan, Samuel Alexander, 
and C. D. Broad.


Lewes used John Stuart Mill's example from chemistry of the properties of water not being reducible to those of oxygen and hydrogen. If all effects are only the consequences of their components, everything would be completely determined by mathematical laws, he said, and then coined the term "emergent":


Although each effect is the resultant of its components, the product of its factors, we cannot always trace the steps of the process, so as to see in the product the mode of operation of each factor. In the latter case, I propose to call the effect an emergent. It arises out of the combined agencies, but in a form which does not display the agents in action. 


Brian McLaughlin gives us a history of the emergence of the term emergent
   

On the second page of Emergent Evolution, Lloyd Morgan says:

The concept of emergence was dealt with (to go no further back) by J. S. Mill
in his Logic (Bk. III. ch. vi 2) under the discussion of "heteropathic laws" in
causation. (1923, p. 2)


Mill did not, however, use the word 'emergent'. Morgan tells us that:

The word "emergent", as contrasted with "resultant", was suggested by G. H.
Lewes in his Problems of Life and Mind (Vol.II Prob. V. ch. iii, p. 412)
(pp. 2 - 3 ) .


And Alexander says:

I use the word 'emergent' after the example of Mr. Lloyd Morgan ... it contrasts
with ... 'resultant' ... The word ['emergent'] is used by G. H. Lewes ... as Mr.
Lloyd Morgan reminds me. (1920, p. 14)
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Gottfried Leibniz

Leibniz had a vision of a universal ambiguity-free language based on a new symbol set, a characterica universalis, and a machine-like calculus ratiocinator that would automatically prove all necessary truths, true in "all possible worlds." Gottlob Frege called the idea "a system of notation directly appropriate to objects."  In the three hundred years since Leibniz had this vision, logical philosophers and linguistic analysts have sought those truths in the form of "truth-functional" propositions and statements formulated in words, but they have failed to find a necessarily "true" connection between words and objects.

Information philosophy uses such system of notation, not in words, but in bits of digital information. And the interconnected computers of the Internet are not only Leibniz's calculus ratiocinator, but humanity's storehouse of shared experiences and accumulated knowledge. Like the individual Experience Recorder and Reproducer (ERR) in each human mind, the World Wide Web is our shared Knowledge Recorder and Reproducer. Computer simulations of physical and biological processes are the best representations of human knowledge about the external world of objects.



   Leibniz's Principle of Sufficient Reason says that every event has a reason or cause in the prior state of the world. This appears to commit him to a necessarydeterminism, but like the ancient compatibilistChrysippus, Leibniz argues that some empirical things are contingent.


Another of his great principles is his Principle of Contradiction (Aristotle's Principle of Non-Contradiction),  a proposition cannot be true and false at the same time, and that therefore A is A and cannot be not A. 


That "A is A" follows from what Leibniz called the Identity of Indiscernibles, which came to be known as Leibniz's Law. In modern times, philosophers use both the Identity of Indiscernibles and the converse Indiscernibility of Identicals, often calling either of these Leibniz's Law. 


We must distinguish between these concepts, first by noting that given two numerically distinct things that are "identical," by definition there can be no discernible differences between them. This Indiscernibility of Identicals may be simply an ideal concept. 


Leibniz says that given the apparent indiscernibility of two things, they are nevertheless not identical if there are differences between them beyond the reach of our senses, differences too small to be discernible.


Leibniz himself described this possibility. And he was very clear that even if minute differences are indiscernible so that two distinct things appear to be identical, there are simply no two things perfectly identical that only differ in number (solo numero).  


Leibniz thought that perfect identity can only be the identity of one thing with itself. Two distinct things that are indiscernible must be same thing under two names, he said (anticipating the modern discussions starting with Gottlob Frege about the Morning Star and Evening Star).


Information philosophy now shows that two concrete objects or abstract entities can be perfectly identical if and only if it is their intrinsic properties are compared. If their relational properties with other objects and position in space and time are ignored, two objects may be intrinsic information identicals.


Despite his denial of necessarily identical things in the world, Leibniz was a great mathematician and articulated a Principle of Substitutivity, that identical things can be substituted for one another without changing the meaning or truth value of a statement. Gottlob Frege, Bertrand Russell, and Ludwig Wittgenstein all followed Leibniz and accepted this principle of substitutivity.




The Metaphysics of Identity


Leibniz calls the identity of any object with itself as a primary truth.

Primary truths are those which either state a term of itself or
deny an opposite of its opposite. For example, 'A is A', or
'A is not not-A';  If it is true that A is B, it is false that A is
not B, or that A is not-B'; again, 'Each thing is what it is',
'Each thing is like itself, or is equal to itself, 'Nothing is
greater or less than itself—and others of this sort which,
though they may have their own grades of priority, can all be
included under the one name of 'identities'.
  

The Identity of Indiscernibles


4. There are no two individuals indiscernible from one
another... Two drops of water or milk
looked at under the microscope will be found to be discernible.
This is an argument against atoms, which, like the void, are
opposed to the principles of a true metaphysic.


5. These great principles of a Sufficient Reason and of the
Identity of Indiscernibles change the state of metaphysics,
which by their means becomes real and demonstrative;
whereas formerly it practically consisted of nothing but empty
terms.

6. To suppose two things indiscernible is to suppose the
same thing under two names. [Cf. Frege]
  



The Identity of Indiscernibles is known as Leibniz's Law

Cf., Hesperus and Phosphorus as identical to Venus




In a word, the insensible perception is of as much use in
pneumatics as is the insensible corpuscle in physics; and it
is equally unreasonable to reject the one or the other on the
pretext that it is beyond the reach of our senses...

To think otherwise
is to have but little knowledge of the immensely subtle
composition of things, which always and everywhere include
an actual infinity.


I have also noted that, by virtue of insensible variations,
two individual things can never be perfectly alike, and that
they must always differ more than numero...


if we thought in good
earnest that the things we do not apperceive are not there in
the soul or in the body, we should fail in philosophy as in
politics, by neglecting το μικρóν insensible progressions;
whereas an abstraction is not an error, provided we know that
what we are ignoring is really there. This is the use made
of abstractions by mathematicians when they speak of the
perfect lines they ask us to consider, and of uniform motions
and other regular effects, although matter (that is to say the
mixture of the effects of the surrounding infinite) is always
providing some exception. We proceed in this way so as to
distinguish the various considerations from one another, and
to reduce the effects to their reasons as far as is possible to us,
and to foresee some consequences; for the more careful we are
to neglect no consideration which we can regulate, the more
does practice correspond to theory.


This knowledge of insensible perceptions serves also to
explain why and how two souls, whether human or of some
other identical species, never come perfectly alike from the
Creator's hands, but each has always from the beginning its
own relation to the point of view it will have in the universe.
But this follows from what I pointed out previously about
two individuals, namely that their difference is always more than a numerical one.

 


In his Monadology, Leibniz maintains that even though his Monads are the simplest of all substance, with no internal parts, they are nevertheless numerically distinct individuals, because there are never in nature two things exactly alike.
 


1. The Monad, of which we will speak here, is
nothing else than a simple substance, which goes to
make up composites; by simple, we mean without
parts.

2. There must be simple substances because there
are composites; for a composite is nothing else than
a collection or aggregatum of simple substances.


3. Now, where there are no constituent parts
there is possible neither extension, nor form, nor
divisibility. These Monads are the true Atoms of
nature, and, in fact, the Elements of things...


9. Each Monad, indeed, must be different from
every other. For there are never in nature two
beings which are exactly alike, and in which it is
not possible to find a difference either internal or
based on an intrinsic property.



Leibniz's emphasis on intrinsic, internal properties is very insightful. In his posthumous New Essays responding to Locke, he clearly says that extrinsic properties like space and time, and the relations to other things outside allow us to distinguish things we might not be able to tell apart by reference to themselves alone.


He also says two things cannot occupy the same place and time.
 
Chapter xxvii

What identity or diversity is
PHILALETHES. §1. A relative idea of the greatest importance is that of
identity or of diversity. We never find, nor can we conceive it possible,
that two things of the same kind should exist in the same place at the same
time. That is why, when we demand, whether any thing be the same or
no, it refers always to something that existed such a time in such a place
. . . . From whence it follows, that one thing cannot have two beginnings of
existence, nor two things one beginning. . .in time and place'.


THEOPHILUS. In addition to the difference of time or of place there must
always be an internal principle of distinction: although there can be many
things of the same kind, it is still the case that none of them are ever exactly
alike. Thus, although time and place (i.e. the relations to what lies outside)
do distinguish for us things which we could not easily tell apart by
reference to themselves alone, things are nevertheless distinguishable in
themselves. So time and place do not constitute the core of identity and
diversity, despite the fact that diversity in time or place brings with it
differences in the states that are impressed upon a thing, and thus goes
hand in hand with diversity of things. To which it can be added that it is
by means of things that we must distinguish one time or place from
another, rather than vice versa; for times and places are in themselves
perfectly alike, and in any case they are not substances or complete
realities. The method which you seem to be offering here as the only one
for distinguishing among things of the same kind, is founded on the
assumption that interpenetration is contrary to nature. This is a reasonable
assumption; but experience itself shows that we are not bound to it when
it comes to distinguishing things. For instance, we find that two shadows
or two rays of light interpenetrate, and we could devise an imaginary
world where bodies did the same. Yet we can still distinguish one ray from
the other just by the direction of their paths, even when they intersect.


P H I L . §3. What is called the principle of individuation in the Schools, where
it is so much inquired after,... is existence it self, which determines a
being. . .to a particular time and place incommunicable to two beings of
the same kind.'


THEO. The 'principle of individuation' reduces, in the case of individuals,
to the principle of distinction of which I have just been speaking. If two
individuals were perfectly similar and equal and, in short, indistinguishable
in themselves, there would be no principle of individuation. I would even
venture to say that in such a case there would be no individual distinctness,
no separate individuals. That is why the notion of atoms is chimerical and
arises only from men's incomplete conceptions. For if there were atoms,
i.e. perfectly hard and perfectly unalterable bodies which were incapable
of internal change and could differ from one another only in size and in
 shape, it is obvious that since they could have the same size and shape they
would then be indistinguishable in themselves and discernible only by
means of external denominations with no internal foundation; which is
contrary to the greatest principles of reason. In fact, however, every body
is changeable and indeed is actually changing all the time, so that it differs
in itself from every other. I remember a great princess [*Sophie], of lofty
intelligence, saying one day while walking in her garden that she did not
believe there were two leaves perfectly alike. A clever gentleman who was
walking with her believed that it would be easy to find some, but search
as he might he became convinced by his own eyes that a difference could
always be found. One can see from these considerations, which have until
now been overlooked, how far people have strayed in philosophy from the
most natural notions, and at what a distance from the great principles of
true metaphysics they have come to be.
 




Necessary and Contingent Truths



Leibniz knows that necessary truths are those where the information in the predicate is already in the subject. These are analytical statements whose opposite implies a contradiction, which can be resolved into identity statements. Such propositions that express necessary truths ("true in all possible worlds) are now seen to be tautological and carrying no new information. Yet Leibniz here talks as if they contain knowledge of the essence and existence of things.

True in all possible worlds simply means that their truth is independent of the physical world. Kant will describe such statements as analytic.

 

An affirmative truth is one whose predicate is in the subject;
and so in every true affirmative proposition, necessary or contingent,
universal or particular, the notion of the predicate
is in some way contained in the notion of the subject, in such
a way that if anyone were to understand perfectly each of the
two notions just as God understands it, he would by that
very fact perceive that the predicate is in the subject. From
this it follows that all the knowledge of propositions which is in
God, whether this is of the simple intelligence, concerning
the essence of things, or of vision, concerning the existence
of things, or mediate knowledge concerning conditioned
existences, results immediately from the perfect understanding
of each term which can be the subject or predicate
of any proposition. That is, the a priori knowledge of complexes
arises from the understanding of that which is not
complex.

An absolutely necessary proposition is one which can be resolved
into identical propositions, or, whose opposite implies a contradiction...
This type of necessity,
therefore, I call metaphysical or geometrical. That which
lacks such necessity I call contingent, but that which implies a
contradiction, or whose opposite is necessary, is called impossible.
The rest are called possible.


In the case of a contingent truth, even though the predicate
is really in the subject, yet one never arrives at a
demonstration or an identity, even though the resolution of
each term is continued indefinitely. In such cases it is only
God, who comprehends the infinite at once, who can see how
the one is in the other, and can understand a priori the perfect
reason for contingency; in creatures this is supplied a posteriori,
by experience. So the relation of contingent to necessary
truths is somewhat like the relation of surd ratios (namely, the
ratios of incommensurable numbers) to the expressible ratios
of commensurable numbers. 
 


Leibniz knew that our ideas, even those we think necessary, began with our sensory experiences. His famous idea that some "necessary truths" are "true in all possible worlds," was more fundamentally his insight that the necessary truths do not depend in any way on the physical world or our senses.
 

From this arises another question, whether all
truths depend on experience, that is to say on induction and on
instances, or whether there are some which have another
basis also. For if certain events can be foreseen before we have
made any trial of them, it is clear that we contribute in those
cases something of our own. The senses, although they are
necessary for all our actual knowledge, are not sufficient to
give us the whole of it, since the senses never give anything
but instances, that is to say particular or individual truths.
Now all the instances which confirm a general truth, however
numerous they may be, are not sufficient to establish
the universal necessity of this same truth, for it does not follow
that what happened before will happen in the same way
again... And any one
who believed that [day must follow night] is a necessary and
eternal truth which will last for ever, would likewise be wrong,
since we must hold that the earth and even the sun do not
exist of necessity, and that there may perhaps come a time
when that beautiful star and its whole system will exist no
longer, at least in its present form. 

From which it appears that
necessary truths, such as we find in pure mathematics, and
particularly in arithmetic and geometry, must have principles
whose proof does not depend on instances, nor consequently
on the testimony of the senses, although without the
senses it would never have occurred to us to think of them.
 


The idea of truths necessary "in all possible worlds" is really that "proofs" do not depend on instances, sensory evidence. Necessity is independent of the physical world



The Scholastics Right about Immaterial Forms 


I know that I am putting forward a great paradox in claiming
to rehabilitate ancient philosophy to some extent, and to
restore the rights of citizenship to substantial forms, which have
practically been banished. But perhaps I shall not readily
be condemned when it is known that I have thought carefully
about modern philosophy, and that I have devoted much
time to physical experiments and to geometrical demonstrations. I was for a long time persuaded of the emptiness of
these entities, and was finally obliged to take them up again
despite myself, and as it were by force. This was after I had
myself conducted some researches which made me recognise
that our modern philosophers do not do enough justice to St.
Thomas and to other great men of that era, and that the
views of the Scholastic philosophers and theologians have
much mere soundness than is imagined, provided that one
uses them in a proper way and in their right place. I am even
persuaded that if some, precise and thoughtful mind were to
take the trouble of clarifying and setting in order their
thoughts, in the manner of analytic geometry, he would find
in them a treasury of truths which are extremely important
and wholly demonstrative.


But to take up again the thread of our discussion: I believe
that anyone who will meditate on the nature of substance, as
I have explained it above, will find that the entire nature of
body does not consist in extension alone, that is to say in size,
shape and motion. Rather, he will find that it is necessary to
recognise in it something which has some relation to souls,
and which is comrnonly called a substantial form, although
this changes nothing in phenomena, any more than the soul
of the lower animals does, if they have one. It can even be
demonstrated that the notion of size, shape and motion is not
as distinct as is imagined, and that it contains something that
is imaginary and relative to our perceptions, just as is the
case (though even more so) with colour, heat and other
similar qualities, of which it may be doubted whether they
are really found in the nature of things outside us. This is why
qualities of these kinds cannot constitute any substance. And
if there is no other principle of identity in bodies besides that
which we have just mentioned, no body will ever last longer
than a moment. However, the souls and substantial forms of
other bodies are very different from intelligent souls. Only
the latter know their actions, and not only do not perish
naturally, but even retain perpetually the basis of the knowledge of what they are. It is this which brings it about that
they alone are capable of punishment and reward, and makes
them citizens of the commonwealth of the universe, of which
God is the monarch. It also follows that all other creatures
must serve them, of which we shall speak at greater length
presently.
  

On Freedom


It is a very old doubt of mankind, how freedom and contingency
can be reconciled with the series of causes and with
providence. The difficulty of the matter has been increased
by the dissertations of Christian authors on God's justice in
procuring the salvation of men.

For my part, I used to consider that nothing happens by
chance or by accident, except with respect to certain particular
substances; that fortune, as distinct from fate, is an
empty word; and that nothing exists unless its individual
requisites are given, and that from all these taken together
it follows that the thing exists. So I was not far from the view
of those who think that all things are absolutely necessary;
who think that security from compulsion is enough for freedom,
even though it is under the rule of necessity, and who
do not distinguish the infallible—that is, a truth which is
certainly known—from the necessary.


But I was dragged back from this precipice by a consideration
of those possibles which neither do exist, nor will exist,
nor have existed. For if certain possibles never exist, then
existing things are not always necessary; otherwise it would
be impossible for other things to exist instead of them, and so
all things that never exist would be impossible. For it cannot
be denied that many stories, especially those which are called
'romances', are possible, even if they do not find any place in
this series of the universe, which God has chosen—unless
someone supposes that in the vast magnitude of space and
time there exist the regions of the poets, where you could see
wandering through the world King Arthur of Britain, Amadis
of Gaul, and Dietrich von Bern, famed in the stories of the
Germans. A certain distinguished philosopher of our century [Spinoza]
seems to have been close to this opinion, for he says expressly
somewhere that matter takes on successively all the forms of
which it is capable (Principles of Philosophy, Part III, art. 47).
This view is indefensible, for it would remove all the beauty
of the universe and all choice, to say nothing here of other
arguments by which the contrary can be shown.


Once I had recognised the contingency of things, I then
began to consider what a clear notion of truth would be; for
I hoped, not unreasonably, to derive from this some light
on the problem of distinguishing necessary from contingent
truths. However, I saw that it is common to every true
affirmative proposition—universal and particular, necessary
or contingent—that the predicate is in the subject, or that the
notion of the predicate is in some way involved in the notion
of the subject, and that this is the principle of infallibility
in every kind of truth for him who knows everything a priori.
But this seemed to increase the difficulty. For if, at a given
time, the notion of the predicate is in the notion of the subject,
then how, without contradiction and impossibility, can
the predicate not be in the subject at that time, without destroying
the notion of the subject?


A new and unexpected light finally arose in a quarter where
I least hoped for it—namely, out of mathematical considerations
of the nature of the infinite. There are two labyrinths
of the human mind: one concerns the composition of the
continuum, and the other the nature of freedom, and both
spring from the same source—the infinite. That distinguished
philosopher whom I mentioned above could not unravel
these knots, or at any rate was unwilling to make his opinion
known, but preferred to cut them with a sword. For he says
(Principles of Philosophy, Part I, arts. 40 and 41) that we can
easily involve ourselves in great difficulties if we try to reconcile
God's preordination with the freedom of the will, and
that we must abstain from discussing them, since God's
nature cannot be comprehended by us. He also says (Part II.
art. 35) that we ought not to doubt that matter is divided ad
infinitum, even though we cannot understand this. But tl-.b
is not enough: for it is one thing for us not to understand a
thing, and another for us to understand its contradictory.


So it is at all events necessary to be able to answer those
arguments which seem to imply that freedom or the division
of matter imply a contradiction.


It must be known, therefore, that all creatures have impressed
on them a certain mark of the divine infinity, and
that this is the source of many wonders which amaze the
human mind.


For example, there is no portion of matter so small that
there does not exist in it a world of creatures, infinite in
number. Again?"every individual created substance, however
imperfect, acts on all others and is acted on by all others,
and contains in its complete notion (as this exists in the mind
of God) the whole universe, and whatever is, was or will be.
Further, every truth of fact or of individual things depends
on a series of infinite reasons, and all that is in this series
can be seen by God alone. This is also the reason why God
alone knows contingent truths a priori, and sees their infallibility
in another way than by experience.


When I had considered these more attentively, a profound
difference between necessary and contingent truths
came to light. Every truth is either original or derivative.
Original truths are those of which a reason cannot be given;
such truths are identical or immediate, and they affirm a term
of itself or deny a contradictory of its contradictory."1 Derivative
truths are again of two sorts: some are analysed into
original truths, others admit of an infinite process of analysis.
The former are necessary, the latter contingent. A necessary
proposition is one whose contrary implies a contradiction,
such as all identical propositions and all derivative propositions
which are analysable into identical propositions. These are the
truths which are said to be of metaphysical or geometrical
necessity. For demonstration consists simply in this: by the
analysis of the terms of a proposition, and by substituting for
a defined term a definition or part of a definition, one shows a
certain equation or coincidence of predicate with subject in a
reciprocal proposition, or in other cases at least the inclusion
of the predicate in the subject, in such a way that what was
latent in the proposition and as it were contained in it virtually
is rendered evident and express by the demonstration...


But in the case of contingent truths, even though the predicate
is in the subject, this can never be demonstrated of it,
nor can the proposition ever be reduced to an equation or
identity. Instead, the analysis proceeds to infinity, God alone
seeing—not, indeed, the end of the analysis, since it has no
end—but the connexion of terms or the inclusion of the predicate
in the subject, for he sees whatever is in the series;
indeed, this very same truth has arisen in part from his own
intellect and in part from his will, and expresses in its own
way his infinite perfection and the harmony of the whole
series of things.



However, there have been left to us two ways of knowing
contingent truths; one is the way of experience and the other
the way of reason. The way of experience is when we perceive
a thing clearly enough by our senses; the way of reason
is derived from the general principle that nothing happens
without a reason, or, that the predicate is always in some way
in the subject.
  


Here we see Leibniz may be  as empiricist as Locke and Hume

An Omniscient Being


Leibniz imagined a scientist who could see the events of all times and predict the future, just as all times are thought to be present to the mind of God.


"Everything proceeds mathematically...if someone could have a sufficient insight into the inner parts of things, and in addition had remembrance and intelligence enough to consider all the circumstances and take them into account, he would be a prophet and see the future in the present as in a mirror." 


Pierre-Simon Laplace particularized this Leibniz vision as an intelligent being who knows the positions and velocities of all the atoms in the universe and uses Newton's equations of motion to predict the future. Laplace's Demon has become a cliché for physical determinism.   




Something from Nothing?


Beyond the world, i.e. beyond the collection of finite things,
there is some one being who rules, not only as the soul is
the ruler in me (or, to put it better, as the self is the ruler in
my body), but also in a much higher way. For the one being
who rules the universe doesn’t just •govern the world but
also •builds or makes it. He is above the world and outside
it, so to speak, and therefore he is the ultimate reason for
things. ·That follows because

  
 •he is the only extramundane thing, i.e. the only thing
that exists out of the world; and •nothing in the world
could be the ultimate reason for things.
  

I now explain that second premise·. We can’t find in any
individual thing, or even in the entire collection and series of
things, a sufficient reason why they exist. Suppose that a
book on the elements of geometry has always existed, each
copy made from an earlier one, ·with no first copy·. We can
explain any given copy of the book in terms of the previous
book from which it was copied; but this will never lead us to
a complete explanation, no matter how far back we go in the
series of books. For we can always ask:
  

Why have there always been such books?

Why were these books written?

Why were they written in the way they were?


 
The different states of the world are like that series of
books: each state is in a way copied from the preceding
state—though here ·the ‘copying’ isn’t an exact transcription,
but happens· in accordance with certain laws of change. And
so, ·with the world as with the books·, however far back we
might go into earlier and earlier states we’ll never find in
them a complete explanation for •why there is any world at
all, and •why the world is as it is

  


  How Leibniz' work led to the digital computer, computational neuroscience, and artificial intelligence
   

  In 1943 Warren McCulloch and Walter Pitts wrote an article that should be remembered today as the foundation of computational neuroscience, deep unsupervised learning, artificial intelligence, and cybernetics. It contributed also to the creation of the first working digital computer, although Alan Turing had laid the mathematical foundation for his universal computer in 1937.
  
  The article "A Logical Calculus of the Ideas Immanent in Nervous Activity," was published in Nicholas Rashevsky's new Journal of Mathematical Biophysics. "Logical Calculus" is a direct reference to Leibniz' calculus ratiocinator.
  

  In the 1930's McCulloch had studied logic at Yale in Frederic Fitch's course on propositional logic, based on Leibniz and the great Principia Mathematica of Bertrand Russell and Alfred North Whitehead.


Fitch also was the thesis adviser for Ruth Barcan Marcus, whose work on Leibniz' Law, the "identity of indiscernables" and the "necessity of identity" influenced Saul Kripke.


Despite the fact that information flows along neurons in the brain, the neural network is not a computer network, brain processes are not algorithms, and there is no central processing unit (CPU) or even distributed parallel processing. 


Very simply, man is not a machine and the brain is not a computer.


Nevertheless, we can regard McCulloch as the first thinker to offer a solution to the mind-body problem that "embodies" an immaterial logical software mind in a material mechanical hardware computer, as the title of his 1965 book, "Embodiments of Mind, suggests.


And we can look closely at Leibniz's original words in the Monadology to see how much they anticipate the work of today's computational neuroscientists to buid a machine that can see, think, and feel like a human being.


  Suppose that there were a machine so constructed as to produce thought, feeling, and perception, we could imagine it increased in size while retaining the same prportions, so that one could enter as one might a mill [e.g., a flour mill]. On going inside we should only see the parts impinging on one another; we should not see anything which would explain a perception.
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James Ladyman is a professor of philosophy at the University of Bristol with a specialization in the philosophy of science and metaphysics. 


He has published three books, Every Thing Must Go: Metaphysics Naturalized, Understanding Philosophy of Science, and (with Carolina Weisner) What Is a Complex System?.


In  Every Thing Must Go, Ladyman describes naturalizing metaphysics along the lines of Willard van Orman Quine's naturalization of epistemology. 


In 1969, Quine argued that epistemology, the justification of knowledge claims, should be "naturalized." All knowledge claims should be reduced to verification by the methods of natural science. "For suppose we hold," he says, "with the old empiricist Peirce, that the very meaning of a statement consists in the difference its truth would make to possible experience... Every term and every sentence is a label attached to an idea, simple or complex, which is stored in the mind." 


Ladyman writes...


There is a tradition (in philosophy) which aims at domesticating scientific discoveries so as to render them compatible with intuitive or "folk" pictures of structural composition and causation. Such domestication is typically presented as providing 'understanding.' This usage may be appropriate given one everyday sense of 'understanding' as 'rendering more familiar'. However, we are interested here in a sense of 'understanding' that is perhaps better characterized by the word 'explanation', where an explanation must be true (at least in its most general claims). We argue that a given metaphysic's achievement of domestication furnishes no evidence at all that the metaphysician question is true, and thus no reason for believing that it explains anything.

Quine (1969), in arguing for the naturalization of epistemology, claimed that the evolutionary processes that designed people should have endowed us with cognition that reliably tracks truth, on the grounds that believing truth is in general more conducive to fitness than believing falsehood. This is an empirical hypothesis, and it may well be a sound one. However, it does not imply that our everyday or habitual intuitions and cognition are likely to track truths reliably across all domains of inquiry...


the deep metaphors of English, which govern everyday inferences made in that language, are structured according to an implicit doctrine of `containment'.' On this doctrine, the world is a kind of container bearing objects that change location and properties over time. These objects cause things to happen by interacting directly with one another. Prototypically, they move each other about by banging into one another. At least as important to the general picture, they themselves are containers in turn, and their properties and causal dispositions are to be explained by the properties and dispositions of the objects they contain (and which are often taken to comprise them entirely)...


The modern mereology has in some ways strengthened the commitments of the containment metaphor. Aristotle, famously, had a complex and multi-faceted concept of causation. Causation to the modern domesticating metaphysician is, by contrast, typically identified with what Aristotle called `efficient causation'. A characteristic of efficient causation, in the context of the containment metaphor, is that it is imagined to `flow' always from `inside out'. Thus the ultimate constituents of the world that halt the regress of containment are also taken to be the ultimate bearers of causal powers, which somehow support and determine the whole edifice of (often complex) causal relations that constitute the domain of observable dynamics. 


The metaphysics of domestication tends to consist of attempts to render pieces of contemporary science-and, at least as often, simplified, mythical interpretations of contemporary science-into terms that can be made sense of by reference to the containment metaphor. That is, it seeks to account for the world as `made of' myriad `little things' in roughly the way that (some) walls are made of bricks. Unlike bricks in walls, however, the little things are often in motion. Their causal powers are usually understood as manifest in the effects they have on each other when they collide. Thus the causal structure of the world is decomposed by domesticating metaphysics into reverberating networks of what we will call `microbangings'-the types of ultimate causal relations that prevail amongst the basic types of little things, whatever exactly those turn out to be. Metaphysicians, especially recently, are heavily preoccupied with the search for `genuine causal oomph', particularly in relation to what they perceive to be the competition between different levels of reality. We will argue that this is profoundly unscientific, and we will reject both the conception of causation and levels of reality upon which it is based. 


We will argue in this book that, in general, the domesticating metaphysics finds no basis in contemporary science. Some successful science, and some reasonable metaphysics, were done in the past on the basis of it. However, the attempt to domesticate twenty-first-century science by reference to homely images of little particles that have much in common with seventeenth- and eighteenth-century mechanistic and materialist metaphysics is forlorn. There are, we will argue, no little things and no microbangings. Causation does not, in general, flow from the insides of containers to their outsides. The world is in no interesting ways like a wall made of bricks in motion (that somehow manages not to fall apart), or, in the more sophisticated extension of the metaphor dominant since modern science, like a chamber enclosing the molecules of a gas. Indeed, it is no longer helpful to conceive of either the world, or particular systems of the world that we study in partial isolation, as `made of' anything at all.


As we will discuss in Chapter 5, the containment metaphor and its accompanying ontology of little things and microbangings has more problems than its mere failure to follow from science. It cannot be defended by someone on the grounds that psychological repose and cultural familiarity are values that might be defended against the objective truth. This is because the increasing heights of abstraction in representation achieved by science over the past century have now carried its investigations so far beyond the reaches of our ancestral habitation that the containment metaphor can no longer be applied to the scientific image without doing at least as much violence to everyday intuitions as does our denial of the metaphor. This emerges most clearly in the struggles of professional domesticators-that is, (some) philosophers. Much recent metaphysics, in trying to save a version of the habitual picture that has already been transformed by half-digested science, ends up committed to claims that are as least as shocking to common sense as anything we will urge. For example, Trenton Merricks (2001) is led to deny the existence of tables and chairs because he thinks physics tells us that they decompose without residue into atoms, and he denies that baseballs can break windows because he thinks that windows must be broken by particular atomic constituents of a baseball, thus rendering the effects of the ball as a whole causally otiose.




Merricks is one of the staunch defenders of mereological nihilism, the idea that there are no composite objects, only "simples" arranged to look like objects. Another is Peter van Inwagen There are "no tables, only simples arranged tablewise," he said in his 1990 book Material Beings.

We thus have philosophers, all seeking "objective truth," some who deny that there are composite objects, others who deny that objects contain components - myriad `little things, microbanging into one another'.
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   In John Locke's Essay Concerning Human Understanding we find many of the current (still unsolved) problems of free will and moral responsibility.
  

  Following Hobbes use of the negative epithet, Locke calls the question of Freedom of the Will unintelligible. But for Locke, it is only because the adjective "free" applies to the agent, not to the will, which is determined by the mind, and determines the action. 

I think the question is not proper, whether the will be free, but whether a man be free. (Book II, Chapter XXI, Of Power, s.21)


  He pursues the question further. Are we free to will what we will? This Locke argues leads to an infinite regress.  
  

  Concerning a man's liberty, there yet, therefore, is raised this further question, Whether a man be free to will? which I think is what is meant, when it is disputed whether the will be free. (s.22)

 ...to make a man free after this manner, by making the action of willing to depend on his will, there must be another antecedent will, to determine the acts of this will, and another to determine that, and so in infinitum: for wherever one stops, the actions of the last will cannot be free. (s.23)


This, then, is evident, That a man is not at liberty to will, or not to will, anything in his power...: liberty consisting in a power to act or to forbear acting, and in that only. (s.24)
  


In two-stage models of free will, the first "free" stage simply generates alternative possibilities for thoughts and actions. The second "willed" stage can be adequately determined to perform or forbear any action for reasons, motives, feelings, etc.  
  


  Selections from Essay Concerning Human Understanding, Book II, Chapter XXI, Of Power
  
 
 5. This, at least, I think evident, — That we find in ourselves a power to begin or forbear, continue or end several actions of our minds, and motions of our bodies, barely by a thought or preference of the mind ordering, or as it were commanding, the doing or not doing such or such a particular action. This power which the mind has thus to order the consideration of any idea, or the forbearing to consider it; or to prefer the motion of any part of the body to its rest, and vice versa, in any particular instance, is that which we call the Will. The actual exercise of that power, by directing any particular action, or its forbearance, is that which we call volition or willing. The forbearance of that action, consequent to such order or command of the mind, is called voluntary. And whatsoever action is performed without such a thought of the mind, is called involuntary.

 7. Every one, I think, finds in himself a power to begin or forbear, continue or put an end to several actions in himself. From the consideration of the extent of this power of the mind over the actions of the man, which everyone finds in himself, arise the ideas of liberty and necessity.


8. So far as a man has power to think or not to think, to move or not to move, according to the preference or direction of his own mind, so far is a man free. Wherever any performance or forbearance are not equally in a man's power; wherever doing or not doing will not equally follow upon the preference of his mind directing it, there he is not free, though perhaps the action may be voluntary. So that the idea of liberty is, the idea of a power in any agent to do or forbear any particular action, according to the determination or thought of the mind, whereby either of them is preferred to the other: where either of them is not in the power of the agent to be produced by him according to his volition, there he is not at liberty; that agent is under necessity. So that liberty cannot be where there is no thought, no volition, no will; but there may be thought, there may be will, there may be volition, where there is no liberty.  A little consideration of an obvious instance or two may make this clear.


9. A tennis-ball, whether in motion by the stroke of a racket, or lying still at rest, is not by any one taken to be a free agent. If we inquire into the reason, we shall find it is because we conceive not a tennis-ball to think, and consequently not to have any volition, or preference of motion to rest, or vice versa; and therefore has not liberty, is not a free agent; but all its both motion and rest come under our idea of necessary, and are so called. Likewise a man falling into the water, (a bridge breaking under him,) has not herein liberty, is not a free agent. For though he has volition, though he prefers his not falling to falling; yet the forbearance of that motion not being in his power, the stop or cessation of that motion follows not upon his volition; and therefore therein he is not free. So a man striking himself, or his friend, by a convulsive motion of his arm, which it is not in his power, by volition or the direction of his mind, to stop or forbear, nobody thinks he has in this liberty; every one pities him, as acting by necessity and constraint.



10 Again: suppose a man be carried, whilst fast asleep, into a room where is a person he longs to see and speak with; and be there locked fast in, beyond his power to get out: he awakes, and is glad to find himself in so desirable company, which he stays willingly in, i.e. prefers his stay to going away. I ask, is not this stay voluntary? I think nobody will doubt it: and yet, being locked fast in, it is evident he is not at liberty not to stay, he has not freedom to be gone. So that liberty is not an idea belonging to volition, or preferring; but to the person having the power of doing, or forbearing to do, according as the mind shall choose or direct. Our idea of liberty reaches as far as that power, and no farther. For wherever restraint comes to check that power, or compulsion takes away that indifferency of ability to bear acting, there liberty, and our notion of it, presently ceases.


13. Wherever thought is wholly wanting, or the power to act or forbear according to the direction of thought, there necessity takes place. This, in an agent capable of volition, when the beginning or continuation of any action is contrary to that preference of his mind, is called compulsion; when the hindering or stopping any action is contrary to his volition, it is called restraint. Agents that have no thought, no volition at all, are in everything necessary agents.



Freedom of the Will unintelligible


14. If this be so, (as I imagine it is,) I leave it to be considered, whether it may not help to put an end to that long agitated, and, I think, unreasonable, because unintelligible question, viz. Whether man's will be free or no? For if I mistake not, it follows from what I have said, that the question itself is altogether improper; and it is as insignificant to ask whether man's will be free, as to ask whether his sleep be swift, or his virtue square: liberty being as little applicable to the will, as swiftness of motion is to sleep, or squareness to virtue. Every one would laugh at the absurdity of such a question as either of these: because it is obvious that the modifications of motion belong not to sleep, nor the difference of figure to virtue; and when any one well considers it, I think he will as plainly perceive that liberty, which is but a power, belongs only to agents, and cannot be an attribute or modification of the will, which is also but a power.



15. Such is the difficulty of explaining and giving clear notions of internal actions by sounds, that I must here warn my reader, that ordering, directing, choosing, preferring, &c., which I have made use of, will not distinctly enough express volition, unless he will reflect on what he himself does when he wills. For example, preferring, which seems perhaps best to express the act of volition, does it not precisely. For though a man would prefer flying to walking, yet who can say he ever wills it? Volition, it is plain, is an act of the mind knowingly exerting2 that dominion it takes itself to have over any part of the man, by employing it in, or withholding it from, any particular action. And what is the will, but the faculty to do this? 


Depends on us - the classical ἐφ ἡμῖν


And is that faculty anything more in effect than a power; the power of the mind to determine its thought, to the producing, continuing, or stopping any action, as far as it depends on us? For can it be denied that whatever agent has a power to think on its own actions, and to prefer their doing or omission either to other, has that faculty called will? Will, then, is nothing but such a power. Liberty, on the other side, is the power a man has to do or forbear doing any particular action according as its doing or forbearance has the actual preference in the mind; which is the same thing as to say, according as he himself wills it.

16. It is plain then that the will is nothing but one power or ability, and freedom another power or ability - so that, to ask, whether the will has freedom, is to ask whether one power has another power, one ability another ability; a question at first sight too grossly absurd to make a dispute, or need an answer. For, who is it that sees not that powers belong only to agents, and are attributes only of substances, and not of powers themselves? So that this way of putting the question (viz. whether the will be free) is in effect to ask, whether the will be a substance, an agent, or at least to suppose it, since freedom can properly be attributed to nothing else. If freedom can with any propriety of speech be applied to power, it may be attributed to the power that is in a man to produce, or forbear producing, motion in parts of his body, by choice or preference; which is that which denominates him free, and is freedom itself. But if any one should ask, whether freedom were free, he would be suspected not to understand well what he said; and he would be thought to deserve Midas's ears, who, knowing that rich was a denomination for the possession of riches, should demand whether riches themselves were rich.


18. This way of talking, nevertheless, has prevailed, and, as I guess, produced great confusion. 


21. To return, then, to the inquiry about liberty, I think the question is not proper, whether the will be free, but whether a man be free. Thus, I think,


First, That so far as any one can, by the direction or choice of his mind, preferring the existence of any action to the non-existence of that action, and vice versa, make it to exist or not exist, so far he is free. For if I can, by a thought directing the motion of my finger, make it move when it was at rest, or vice versa, it is evident, that in respect of that I am free: and if I can, by a like thought of my mind, preferring one to the other, produce either words or silence, I am at liberty to speak or hold my peace: and as far as this power reaches, of acting or not acting, by the determination of his own thought preferring either, so far is a man free. For how can we think any one freer, than to have the power to do what he will? And so far as any one can, by preferring any action to its not being, or rest to any action, produce that action or rest, so far can he do what he will. For such a preferring of action to its absence, is the willing of it: and we can scarce tell how to imagine any being freer, than to be able to do what he wills. So that in respect of actions within the reach of such a power in him, a man seems as free as it is possible for freedom to make him.


22. But the inquisitive mind of man, willing to shift off from himself, as far as he can, all thoughts of guilt, though it be by putting himself into a worse state than that of fatal necessity, is not content with this: freedom, unless it reaches further than this, will not serve the turn: and it passes for a good plea, that a man is not free at all, if he be not as free to will as he is to act what he wills. Concerning a man's liberty, there yet, therefore, is raised this further question, Whether a man be free to will? which I think is what is meant, when it is disputed whether the will be free. And as to that I imagine.


23. Secondly, That willing, or volition, being an action, and freedom consisting in a power of acting or not acting, a man in respect of willing or the act of volition, when any action in his power is once proposed to his thoughts, as presently to be done, cannot be free. The reason whereof is very manifest. For, it being unavoidable that the action depending on, his will should exist or not exist, and its existence or not existence following perfectly the determination and preference of his will, he cannot avoid willing the existence or non-existence of that action; it is absolutely necessary that he will the one or the other; i.e. prefer the one to the other: since one of them must necessarily follow; and that which does follow follows by the choice and determination of his mind; that is, by his willing it: for if he did not will it, it would not be. So that, in respect of the act of willing, a man in such a case is not free: liberty consisting in a power to act or not to act; which, in regard of volition, a man, upon such a proposal has not. For it is unavoidably necessary to prefer the doing or forbearance of an action in a man's power, which is once so proposed to his thoughts; a man must necessarily will the one or the other of them; upon which preference or volition, the action or its forbearance certainly follows, and is truly voluntary. But the act of volition, or preferring one of the two, being that which he cannot avoid, a man, in respect of that act of willing, is under a necessity, and so cannot be free; unless necessity and freedom can consist together, and a man can be free and bound at once. Besides to make a man free after this manner, by making the action of willing to depend on his will, there must be another antecedent will, to determine the acts of this will, and another to determine that, and so in infinitum: for wherever one stops, the actions of the last will cannot be free. Nor is any being, as far I can comprehend beings above me, capable of such a freedom of will, that it can forbear to will, i.e. to prefer the being or not being of anything in its power, which it has once considered as such.


24. This, then, is evident, That a man is not at liberty to will, or not to will, anything in his power that he once considers of: liberty consisting in a power to act or to forbear acting, and in that only. For a man that sits still is said yet to be at liberty; because he can walk if he wills it. A man that walks is at liberty also, not because he walks or moves; but because he can stand still if he wills it. But if a man sitting still has not a power to remove himself, he is not at liberty; so likewise a man falling down a precipice, though in motion, is not at liberty, because he cannot stop that motion if he would. This being so, it is plain that a man that is walking, to whom it is proposed to give off walking, is not at liberty, whether he will determine himself to walk, or give off walking or not: he must necessarily prefer one or the other of them; walking or not walking. And so it is in regard of all other actions in our power so proposed, which are the far greater number. For, considering the vast number of voluntary actions that succeed one another every moment that we are awake in the course of our lives, there are but few of them that are thought on or proposed to the will, till the time they are to be done; and in all such actions, as I have shown, the mind, in respect of willing, has not a power to act or not to act, wherein consists liberty. The mind, in that case, has not a power to forbear willing; it cannot avoid some determination concerning them, let the consideration be as short, the thought as quick as it will, it either leaves the man in the state he was before thinking, or changes it; continues the action, or puts an end to it. Whereby it is manifest, that it orders and directs one, in preference to, or with neglect of the other, and thereby either the continuation or change becomes unavoidably voluntary.


25. Since then it is plain that, in most cases, a man is not at liberty, whether he will or no, (for, when an action in his power is proposed to his thoughts, he cannot forbear volition; he must determine one way or the other ;) the next thing demanded is, — Whether a man be at liberty to will which of the two he pleases, motion or rest? This question carries the absurdity of it so manifestly in itself, that one might thereby sufficiently be convinced that liberty concerns not the will. For, to ask whether a man be at liberty to will either motion or rest, speaking or silence, which he pleases, is to ask whether a man can will what he wills, or be pleased with what he is pleased with? A question which, I think, needs no answer: and they who can make a question of it must suppose one will to determine the acts of another, and another to determine that, and so on in infinitum.


26. To avoid these and the like absurdities, nothing can be of greater use than to establish in our minds determined ideas of the things under consideration. If the ideas of liberty and volition were well fixed in our understandings, and carried along with us in our minds, as they ought, through all the questions that are raised about them, I suppose a great part of the difficulties that perplex men's thoughts, and entangle their understandings, would be much easier resolved ; and we should perceive where the confused signification of terms, or where the nature of the thing caused the obscurity.


27. First, then, it is carefully to be remembered, That freedom consists in the dependence of the existence, or not existence of any action, upon our volition of it; and not in the dependence of any action, or its contrary, on our preference. A man standing on a cliff, is at liberty to leap twenty yards downwards into the sea, not because he has a power to do the contrary action, which is to leap twenty yards upwards, for that he cannot do; but he is therefore free, because he has a power to leap or not to leap. But if a greater force than his, either holds him fast, or tumbles him down, he is no longer free in that case; because the doing or forbearance of that particular action is no longer in his power. He that is a close prisoner in a room twenty feet square, being at the north side of his chamber, is at liberty to walk twenty feet southward, because he can walk or not walk it; but is not, at the same time, at liberty to do the contrary, i. e. to walk twenty feet northward.


In this, then, consists freedom, viz. in our being able to act or not to act, according as we shall choose or will.




The original of a Frankfurt example where an apparent alternate possibilty does not exist


On the Immaterial Mind, 

from 
Book II, Chap. XXIII, Our Complex Ideas of Substances

15. Besides the complex ideas we have of material sensible
substances, of which I have last spoken,— by the simple ideas
we have taken from those operations of our own minds, which we experiment (experience) daily in ourselves, as thinking, understanding,
willing, knowing, and power of beginning motion, etc, co-existing in some substance, we are able to frame the complex idea of an immaterial spirit. And thus, by putting together
the ideas of thinking, perceiving, liberty, and power of moving
themselves and other things, we have as clear a perception
and notion of immaterial substances as we have of material.
For putting together the ideas of thinking and willing, or
the power of moving or quieting corporeal motion, joined to
substance, of which we have no distinct idea, we have the
idea of an immaterial spirit; and by putting together the
ideas of coherent solid parts, and a power of being moved,
joined with substance, of which likewise we have no positive
idea, we have the idea of matter. The one is as clear and
distinct an idea as the other: the idea of thinking, and
moving a body, being as clear and distinct ideas as the
ideas of extension, solidity, and being moved. For our idea
of substance is equally obscure, or none at all, in both: it
is but a supposed I know not what, to support those ideas
we call accidents. It is for want of reflection that we are
apt to think that our senses show us nothing but material
things. Every act of sensation, when duly considered, gives
us an equal view of both parts of nature, the corporeal and
spiritual. For whilst I know, by seeing or hearing, etc, that
there is some corporeal being without me, the object of that
sensation, I do more certainly know, that there is some
spiritual being within me that sees and hears. This, I 
must be convinced, cannot be the action of bare insensible
matter: nor ever could be, without an immaterial thinking
being.
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  Lucas is perhaps best known for his 1959 article "Minds. Machines, and Gödel," which led to a debate with Douglas Hofstadter, whose "Gödel, Escher, Bach" includes a strong criticism of Lucas and defense of the idea of artificial intelligent machines.
   
Gödel's theorem seems to me to prove that Mechanism is false, that is, that minds cannot be explained as machines. So also has it seemed to many other people: almost every mathematical logician I have put the matter to has confessed to similar thoughts, but has felt reluctant to commit himself definitely until he could see the whole argument set out, with all objections fully stated and properly met. This I attempt to do.

Gödel's theorem states that in any consistent system which is strong enough to produce simple arithmetic there are formulae which cannot be proved-in-the-system, but which we can see to be true. Essentially, we consider the formula which says, in effect, "This formula is unprovable-in-the-system". If this formula were provable-in-the-system, we should have a contradiction: for if it were provablein-the-system, then it would not be unprovable-in-the-system, so that "This formula is unprovable-in-the-system" would be false: equally, if it were provable-in-the-system, then it would not be false, but would be true, since in any consistent system nothing false can be provedin-the-system, but only truths. So the formula "This formula is unprovable-in-the-system" is not provable-in-the-system, but unprovablein-the-system. Further, if the formula "This formula is unprovablein-the-system" is unprovable-in-the-system, then it is true that that formula is unprovable-in-the-system, that is, "This formula is unprovable-in-the-system" is true. 


Gödel's theorem must apply to cybernetical machines, because it is of the essence of being a machine, that it should be a concrete instantiation of a formal system. It follows that given any machine which is consistent and capable of doing simple arithmetic, there is a formula which it is incapable of producing as being true---i.e., the formula is unprovable-in-the-system-but which we can see to be true. It follows that no machine can be a complete or adequate model of the mind, that minds are essentially different from machines. 
   



  In 1970, Lucas published The Freedom of the Will, which uses quantum uncertainty and the mathematical uncertainty in Gödel's theorem to attack deterministic and compatibilist accounts and to defend freedom of the will. Of course the indeterminism of quantum chance only provides the proof against determinism. It does not explain the adequate determinism of the second stage of our free will model that explains moral responsibility, which Lucas defended in his important 1995 book Responsibility.
   
   The three great problems of philosophy, according to Kant, 1- are God, freedom, and immortality. Of these, freedom, that is, the Freedom of the Will, is the one most accessible to reason, and has continued to perplex us to the present day. We have a profound conviction of freedom. We know we are free. Yet when we think of ourselves from a scientific point of view, we do not see how we can be free. It would be a denial of science, we feel, to make man an exception to the universal laws of nature, and say that although everything else could be explained in terms of cause and effect, men were different, and were mysteriously exempt from the sway of natural laws. Men, scientifically speaking, are no different from anything else. There is no special privilege of humanity, so far as science is concerned, which makes human behaviour not susceptible of scientific enquiry and scientific explanation. There must be causes of human behaviour, as there are causes of everything else. To think otherwise is pure superstition. For there is no evidence to the contrary, and already physiologists, neurologists, and psychologists have been remarkably successful in explaining human behaviour. To maintain a doctrine of freedom in the face of these facts is mere anthropomorphic obscurantism.
And yet we are reluctant to surrender our freedom without a struggle. The doctrine that we are not free runs counter to something we know to be true so surely that only the most irrefragable arguments could shake the intimations of our everyday experience. Moreover, if we did abandon our belief in freedom, we should have to abandon much else in our view of ourselves and of our moral and rational life. Nor is it clear that we ought not to think anthropomorphically. After all, we are men: we do regard men, ourselves and others, as being different from the rest of creation. Men are rational, and ought to be treated not merely as means, but always also as ends. We condemn the nazis for regarding non-Aryan men as mere animals, and treating them scientifically, as mere objects of scientific research. We are entitled at least to put the case against freedom to the test. The claim needs to be stated with precision, and the arguments expressed in full, and counter-arguments considered. Much depends on the conclusion. If it be superstition to believe in freedom, and we conclude in favour of freedom, we shall be committed to superstition. 2 If, on the other hand, we conclude that man is not free, we may have to revise many of our present concepts about man and morality, responsibility and punishment, history and humanity. Kant was right in thinking freedom to be an unavoidable problem set by pure reason, though wrong in despairing of the power of reason to solve it. For the very fact that freedom is a problem for reason is itself a reason for believing that we are free. Many men have sensed this, but the argument is extremely difficult to articulate and assess. I have attempted to articulate it in Section 21, and in the following sections to reformulate it in formal terms with the aid of a profound theorem of mathematical logic discovered by Godel in 1929. It is a controversial argument, and I have tried to meet objections raised against it, for I believe it to be ultimately a decisive argument which will refute the one sort of determinism—physical determinism—which seriously worries men today. But it is not the only argument, and its bearing is difficult to assess except in the context of the whole debate; and in the first two thirds of the book I discuss, in a more orthodox fashion, the main points at issue, to which innumerable men have contributed many arguments in many forms. I have not tried to do justice to them. Exhaustive treatments are exhausting. Moreover, philosophy has to be self-thought if it is to be thought at all. It is an activity, rather than a set of propositions. Each man needs to think out the problems and their solutions for himself, and although other men's philosophizing may help him in his own, he cannot accept their conclusions, or even understand their arguments, until he has already argued a lot with himself. I have aimed to be, so far as one can be, unsophisticated. The footnotes are intended to supply the deficiency, and show the reader where he can follow up any particular line of argument in greater detail and with greater
subtlety. Although I think some conclusions can be reasonably well established, I do not offer any formal proofs, but only, I hope, show how one may think one's way through to these conclusions for oneself. But only the reader, not I, can carry the programme through.



  In 1992, Lucas looked back at the efforts of C. S. Lewis fifty years earlier to attack the scientific view of man and restore a "moral objectivism," which had come under attack by philosophers, who argued that morals were subjective and relative to cultures. Lewis had attacked the superficial "selective skepticism" being taught to students, who were then ready to debunk traditional values, but not the values inculcated by their sophisticated philosophy professors. Lewis, says Lucas, opposed what he saw as the "thorough-going rejection of all moral judgment." In the United States, this was the theme of B. F. Skinner's behavioral psychology, soon to become "cognitive science."
   
   Lewis has two lines of argument. One, which recurs in his novels and in his inaugural lecture at Cambridge, is that we destroy man's humanity if we treat him merely as a means, and not also as an autonomous, rational, end in himself. Emancipated from the shackles of morality, a man will treat other men merely as things, manipulating them to serve his own ends. Lewis was particularly afraid of genetic engineering, and in this, again, he was prescient. We might take issue with him on some points. Not all genetic counselling and therapy need be manipulative. And some measure of control is not the same as complete control. We always have had some measure of control over future generations---the monks of Durham were able to secure that no sons of theirs would ever sin. What frightened Lewis, and ought to frighten us, is the possibility that, by genetic engineering or social conditioning, we could program people to behave exactly as we pleased. For then they would not be people, beings other than ourselves with a mind of their own, but merely artefacts---things we could use, but not persons we could communicate with, share with, identify with, or care about.

Lewis's second argument concerns the manipulators rather than those manipulated. Emancipation for them is liberation into a vacuum. If everything is permitted, nothing is worthwhile. The Conditioners, who have no scruples to prevent them manipulating and refashioning man to their own liking, have no grounds for liking any one thing rather than any other. For a time, Lewis thinks, they may be guided by vestiges of objective values not yet completely dethroned, but in the end they can have no rational motives to guide them in deciding how to fashion subsequent generations. The same sense of human worth which ought to restrain them from manipulating other men merely as means to their own purposes provides the purposes that alone make our goals worthwhile and our decisions meaningful. In liberating ourselves from the tie of obligation to others, we diminish ourselves too, and deprive ourselves of any standards of achievement by reference to which we could hope to have done well. We are no longer rational agents, but. like other men, the playthings of heredity and environment, instinct and social conditioning. 
   



    Articles by J. R. Lucas
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Joseph Levine is a philosophy professor at University of Massachusetts, Amherst. 

He is a philosopher of mind famous for his (1983) insight into the difficulty that a physicalist theory has in explaining how material properties of a brain can account for the way things consciously feel when they are experienced. He called it the "explanatory gap."


Philosophers of mind ask how any objective physical process can ever account for our personal, internal, and subjectiveexperiences, which they call "qualia." 


Levine's "explanatory gap" is at the heart of what David Chalmers later (1996) called "the hard problem of consciousness."


Most simply put, the hard problem is a subset of the more general mind-body problem, which, since René Descartes, asks how an immaterial mind can have any causal connection with the material body, and vice versa.


This is a problem with dualisms that separate the world into matter (materialism) and ideas (idealism). Pure idealists deny the existence of matter. Materialists reduce mental states to physical states. Eliminative materialists deny the existence of conscious minds. Behavioral psychologistsidentify the mind with the brain. 


The first philosophers to argue for an identity of mind (or consciousness) and the brain include Ullin T. Place (1956), Herbert Feigl (1958), and J.J.C.Smart (1959).


Place explicitly describes "consciousness as a brain process," specifically as "patterns" of brain activity. He does not trivialize this identity as a succession of individual "mental events and physical events" in some kind of causal chain. He compares this identity to the idea that "lightning is a motion of electrical charges." 


Herbert Feigl's work was independent of Place's, but he said that the fundamental idea had been held by many earlier materialist (monist) thinkers. He thought it was stated clearly by Rudolf Carnap in 1925. Feigl describes his own thesis:


The identity thesis which I wish to clarify and to defend asserts that the states of direct experience which conscious beings "live through" and those which we confidently ascribe to some of the higher animals, are identical with certain (presumably configurational) aspects of the neural processes in these organisms.


J.J.C.Smart clarified and extended the identity theory of his colleague U.T.Place


When I say that a sensation is a brain process or
that lightning is an electric discharge, I am using
"is" in the sense of strict identity. (Just as in
the — in this case necessary — proposition "7 is
identical with the smallest prime number
greater than 5.") When I say that a sensation is a
brain process or that lightning is an electric dis-
charge I do not mean just that the sensation is
somehow spatially or temporally continuous
with the brain process or that the lightning is
just spatially or temporally continuous with the
discharge.


Levine criticizes these attempts to identify mind with or reduce it to brain processes.  


On the one hand, it’s really hard to see how the reddish-orange character of seeing a sunset could be reducible to, or completely explicable in terms of, the neurological processes of the visual system. How does neural firing, no matter how complex, amount to a reddish-orange experience? On the other hand, analysing the qualitative character of experience in purely functional terms presents its own difficulties. Again, how does a formal property such as occupying a particular causal role or a point in a multidimensional space, amount to the seemingly quite concrete reddish-orange character of seeing a sunset? True, both traditional functionalism and psychoneural reductionism have their adherents,2 but their inadequacies are clearly felt by many philosophers.


Levine used Saul Kripke's sophisticated arguments in symbolic logic about the necessity of identity statements and Gottlob Frege's theory of reference and sense/meaning. He transformed Kripke's "metaphysical" argument into an epistemological argument.  



In “Naming and Necessity” and “Identity and Necessity,” Kripke presents a version of the Cartesian argument against materialism. His argument involves two central claims: first, that all identity statements using rigid designators on both sides of the identity sign are, if true at all, true in all possible worlds where the terms refer; second, that psycho-physical identity statements are conceivably false, and therefore, by the first claim, actually false.

My purpose in this paper is to transform Kripke’s argument from a metaphysical one into an epistemological one. My general point is this. Kripke relies upon a particular intuition regarding conscious experience to support his second claim. I find this intuition important, not least because of its stubborn resistance to philosophical dissolution. But I don’t believe this intuition supports the metaphysical thesis Kripke defends — namely, that pyscho-physical identity statements must be false. Rather, I think it supports a closely related epistemological thesis — namely, that psycho-physical identity statements leave a significant explanatory gap, and, as a corollary, that we don’t have any way of determining exactly which psycho-physical identity statements are true. One cannot conclude from my version of the argument that materialism is false, which makes my version a weaker attack than Kripke’s. Nevertheless, it does, if correct, constitute a problem for materialism, and one that I think better captures the uneasiness many philosophers feel regarding that doctrine.



A decade before Levine's "Explanatory Gap," Thomas Nagel's famous essay "What It's Like to be a Bat" homed in on the subjective "feelings" that the bat is experiencing as "qualia." Nagel opposed all attempts to reduce consciousness and mental actions to material (or "physical") explanations. He wrote:



Consciousness is what makes the mind-body problem really
intractable. Perhaps that is why current discussions of the
problem give it little attention or get it obviously wrong. The
recent wave of reductionist euphoria has produced several
analyses of mental phenomena and mental concepts designed to
explain the possibility of some variety of materialism,
psychophysical identification, or reduction...

Every reductionist has his favorite analogy from modern
science. It is most unlikely that any of these unrelated examples
of successful reduction will shed light on the relation of mind to
brain...  I shall try to explain why the usual examples do not
help us to understand the relation between mind and body-why,
indeed, we have at present no conception of what an explanation
of the physical nature of a mental phenomenon would be.
Without consciousness the mind-body problem would be much
less interesting. With consciousness it seems hopeless...


Conscious experience is a widespread phenomenon. It occurs
at many levels of animal life, though we cannot be sure of its
presence in the simpler organisms...But no matter how the form may vary, the fact that an organism
has conscious experience at all means, basically, that there is
something it is like to be that organism...fundamentally an organism has conscious mental
states if and only if there is something that it is like to be that
organism - something it is like for the organism.


We may call this the subjective character of experience. It is
not captured by any of the familiar, recently devised reductive
analyses of the mental, for all of them are logically compatible
with its absence...Any reductionist program has to
be based on an analysis of what is to be reduced. If the analysis
leaves something out, the problem will be falsely posed. It is
useless to base the defense of materialism on any analysis of
mental phenomena that fails to deal explicitly with their subjective
character... Without
some idea, therefore, of what the subjective character of
experience is, we cannot know what is required of physicalist
theory...


 The reason is
that every subjective phenomenon is essentially connected with
a single point of view, and it seems inevitable that an objective,
physical theory will abandon that point of view... 


I have said that the essence of the belief that bats have
experience is that there is something that it is like to be a bat...



In 1993, Levine replied to Nagel with an article "On Leaving Out What It's Like." 



Among the reasons for doubting the adequacy of physicalist theories of the mind is the charge that such theories must “leave out” the qualitative, conscious side of mental life. One problem with evaluating this objection to physicalism is that it is not clear just what physicalist theories are being charged with. What is it for a theory to “leave out” a phenomenon? My project in this chapter is threefold: First, I want to clarify the anti-physicalist charge of “leaving out” qualia, distinguishing between a metaphysical and an epistemological reading of the objection. Second, I will argue that standard anti-physicalist conceivability arguments fail to show that physicalist theories “leave out” qualia in the metaphysical sense. But, third, I will also argue that these conceivability arguments do serve to establish that physicalist theories “leave out” qualia in the epistemological sense, because they reveal our inability to explain qualitative character in terms of the physical properties of sensory states. The existence of this “explanatory gap” constitutes a deep inadequacy in physicalist theories of the mind
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Jules Lequyer was a French theologian and philosopher who anticipated much of today's "open theism, the idea that the future of the universe is "open," that God's foreknowledge at best knows about multiple alternative possibilities.

In particular, perhaps influenced by Calcidius, the 4th-century translator of Plato's Timaeus, with its description of creation ex nihilo, Lequyer argued that human beings are creative only if they are free to choose among those future possibilities.


Although Cicero had translated some of the Timaeus, Calcidius' Latin translation was the only known source into medieval scholasticism, so it influenced religious thought through the nineteenth century, including especially Lequyer and the German thinkers Gustav Fechner and Otto Pfliederer, both of whom argued that God could not know the future and also have power over it.


The idea that "God cannot change his Mind" was the source for Augustinian and Calvinist determinism, even if scripture explicitly says "amend your ways and the Lord will repent the evil that he hath pronounced against you." (Jeremiah 26:13)



The familiar idea of God as an
omniscient and omnipotent being has an internal logical
contradiction that is rarely discussed by theologians.
If such a being had perfect knowledge of the future, like
Laplace’s demon, who knows the positions, velocities, and
forces for all the particles, it would be perfectly impotent.
Because if God has the power to change even one thing
about the future, his presumed perfect knowledge would
have been imperfect. 


Omniscience entails impotence. Omnipotence some ignorance. Prayer is useless.


As to omnibenevolence, Archibald MacLeish said in J.B, “If
God is Good, He is not God. If God is God, He is Not Good.”


Lequyer's connection of freedom to human creativity "to make, and in making, to make ourselves," is the core insight of information philosophy. Creativity, the generation of new information in the universe, whether a quantum measurement or a new idea, must involve indeterminism

Information is neither matter nor energy, although it needs matter to be embodied and energy to be communicated. Why should it become the preferred basis for all philosophy?


As most all of us know, matter and energy are conserved. This means that there is just the same total amount of matter and energy today as there was at the universe origin. 


But then what accounts for all the change that we see, the new things under the sun? It is information, which is not conserved and has been increasing since the beginning of time, despite the second law of thermodynamics, with its increasing entropy, which destroys order. 



What is changing is the arrangement of the matter into what we can call information structures. 
What is emerging is new information. What idealists and holists see is that emergence of immaterial information.


Living things, you and I, are dynamic growing information structures,  forms through which matter and energy continuously flow. And it is information processing that controls those flows! 


At the lowest levels, living information structures blindly replicate their information. At higher levels, natural selection adapts them to their environments. At the highest levels, living things develop behaviors, intentions, goals, and agency, introducing purpose into the universe.


Information is the modern spirit, the ghost in the machine, the mind in the body. It is the soul, and when we die, it is our information that perishes, unless the future preserves it. The matter remains.




Lequyer was a great influence on Charles Renouvier and William James, perhaps indirectly on the process philosophy of Alfred North Whitehead, and on the idea of emergence, that new things are constantly being created, including what William Hasker calls the "emergent self."   


Without such a self-creation, moral philosophers question the existence of responsibility for our actions.



Excerpt from "Hornbeam Leaf."

One day, in my father’s garden, at the moment of taking a hornbeam leaf, I suddenly marveled at feeling myself to be the absolute master of this action, insignificant though it was. To do or not to do! both so equally within my power! A single cause, me, capable at a single instant, as though I were double, of two completely opposite effects! and, by one, or by the other, author of something eternal, for whatever my choice, it would henceforth be eternally true that something would have taken place at this point of time that it had pleased me to decide. I was not equal to my astonishment; I drew back, I recovered, my heart beating precipitously.

I was going to put my hand on the branch, and create in good faith, without knowing it, a mode of being, when I raised my eyes and paused at a slight noise coming from the foliage.
A frightened bird had taken flight. To fly away was to perish. A sparrow hawk passing by seized it in midair.


I am the one who had handed it over, I said to myself with sadness. The caprice which made me touch this branch and not another had caused its death...


But what if this present determination, rather than initiating a train of events, merely continues the past train of events by an other, from long ago certain for some being superior to me, and occurring in its time in this general order that I have not in any way made? If I seem sovereign in my innermost heart, was this at base, to not feel my dependence? What if each of my acts of will was an effect before being a cause, so that this choice, this free choice, this choice that is apparently as free as chance, might have really been (having in it nothing of chance) the inevitable consequence of an anterior choice, and that choice the consequence of another, and always the same, to trace backward to times of which I had no memory? This weighed in my spirit like the dawn full of sadness of the coming day. An idea . . . Ah! what an idea! What a vision! I am fascinated by it....


I understood the fallacy of muttering these ridiculous words at the moment of acting: Let us ponder, let us see what I am going to do Were I to seriously reflect, I would no more succeed in becoming the author of my acts by means of my reflections than my reflections by means of my reflections; if I was occasionally overrun by the feeling of my power—for I have yet the feeling of my own power—it is only the feeling of its passage in me and it submerges me in its waves, the power employed to hold together this universal ebb and flow. I knew that, not being my own principle, I was the principle of nothing. I knew that my defect and my weakness were to have been made. I knew that whoever had been made, had been made stripped of the noble faculty of making. I knew that the sublime, the miracle as well, alas! the impossible, was to act: no matter where within me and no matter how, but to act; to give a first push, to will a first act of will, to begin something in some fashion (of what might I have been capable if 1 might have been capable of something!), to act, one time, entirely of my own authority, that is to say to act. And feeling, by the pain of losing the illusion, the joy that one would have had to possess so beautiful a privilege, I found myself reduced to the role of spectator, by turns amused and saddened by a changing tableau which took shape in me without me, and which, sometimes faithful and sometimes lying, showed me, under the appearances ever equivocal, both myself and the world, to me always credulous, and always powerless to suspect my present error or to regain the truth. There was only this truth, now so clear to my eyes, of my invincible powerlessness to ever defeat any error, if by another error, I tried any useless and inevitable effort. A single idea, a single idea, reverberated everywhere, a single sun with uniform rays: what I had done was necessary. This that I think is necessary. The absolute necessity for that which is to be at the instant and in the manner that it is, with this formidable consequence: good and evil confounded, equal, fruits born of the same sap and the same stalk. At this idea, which repulsed my entire being I uttered a cry of distress and terror. The leaf fell from my hands, and as though I had touched the tree of knowledge, I lowered my head and wept.


Suddenly I raised it again. Recovering my faith in my freedom by my freedom itself, without reasoning, without hesitation, without any other gauge of
the excellence of my nature than this inner testimony that makes my soul created in the image of God and capable of resisting him, since it should obey him, I said to myself, in the security of a superb solitude: This is not so, I am free.


And the chimera of necessity disappeared, similar to the phantoms formed during the night by a play of shadow and light from the hearth, which immobilize the child with fear under their flamboyant eyes, who is woken with a start, still half lost in a dream. Accomplice to the magic spell, he ignores the fact that he held it together himself by the fixity of his point of view, but as soon as he doubts it, he dispels it with a glance upon the first movement that he dares to make.




Anselm was an exception. In his Concordium on Free Will, objected to determinism because something eternal is immutable, but something in time is mutable.
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  Keith Lehrer is perhaps best known in the free will debates for his 1966 article An Empirical Disproof of Determinism.

The argument is very simple. Set up a simple experiment with a subject. Repeat the experiment with conditions as nearly identical as possible. It is of course impossible to have exactly the same conditions.


Instruct the subject to either do or not do some simple action, like raising his arm.


Collect a reasonable number of both raising and not raising the arm. Now argue that, since he showed that it was possible for him to have done or not done the action, retrospectively in any individual case he could have done otherwise.
   

Excerpts from An Empirical Disproof of Determinism

  (from Freedom and Determinism, ed. K. Lehrer, Random House, New York, 1966, p. 175)
   

   According to certain philosophers, the statement that a person could have done what he did not do lacks the proper epistemic credentials. The reason why this statement has been the bone of philosophical contention is its connection with the problem of free will and determinism.
It is usually held that a person acts of his own free will only if he could have acted otherwise. However, both libertarians and determinists have had their doubts about the epistemic qualifications of such statements. For example, Ledger Wood, a determinist, maintains that the statement that a person could have done otherwise is empirically meaningless. He says,
   
a careful analysis of the import of the retrospective judgement, "I could have acted otherwise than I did," will, I believe, disclose it to be an empirically meaningless statement.



From the other side of the issue, William James, a libertarian, argues that science, and our knowledge of what has actually happened, cannot give us the least grain of information about what it was possible for a person to have done. He says:
   
Science professes to draw no conclusions but such as are based on matters of fact, things that have actually happened; but how can any amount of assurance that something actually happened give us the least grain of information as to whether another thing might or might not have happened in its place? Only facts can be proved by other facts. With things that are possibilities and not facts, facts have no concern. If we have no other evidence than the evidence of existing facts, the possibility-question must remain a mystery never to be cleared up.

  
Thus, both Wood and James, as well as others, think that it is impossible to know empirically that a person could have done other than he did do. I wish to show that this position is mistaken — that is, that it is possible to know empirically that a person could have done otherwise. I shall attempt to establish this, first by considering  n general how we know what a person can do, and then by showing that skeptical doubt concerning our knowledge of what people can do is no better grounded than skeptical doubt concerning our knowledge of the color properties of unobserved objects. Finally, I wish to consider the implications of the possibility of such empirical knowledge for the problem of free will and determinism. I shall argue that it follows from the possibility of such knowledge that, if free will and determinism are not logically consistent, then we can know empirically that the principle of determinism is false. Subsequently, I shall consider the question of the consistency of free will and determinism.

I now wish to argue that we can know empirically that a person could have done otherwise.* A person could have done otherwise if he could have done what he did not do. Moreover, if it is true at the present time that a person can now do what he is not now doing, then, later, it will be true that he could have done something at this time which he did not do. This, of course, follows from the fact that "could" is sometimes merely the past indicative of "can." ** What I now want to argue is that we do sometimes know empirically that a person can do at a certain time what he is not then doing, and, consequently, that he could have done at that time what he did not then do. Moreover, we can obtain empirical evidence in such a way that our methods will satisfy the most rigorous standards of scientific procedure.


I shall attempt to show that we can know empirically that a person could have done what he did not do by first considering the more general question of how we ever know what people can do. It is, I suppose, obvious that there is no problem of how we know a person can do something when we see him do it. In this case, the evidence that we have for the hypothesis that a person can do something entails the hypothesis. But all that is entailed by the evidence is that the person can do what we see him do at the time we see him do it. It is at least logically possible that he cannot do it at any other time. Thus, when we project the hypothesis that a person can do something at some time when we do not see him do it, the empirical evidence that we have for the hypothesis will not entail the hypothesis.
The problem of our knowledge of what people can do is, therefore, primarily the problem of showing how we know that people can do certain things at those times at which we do not see them do the things in question. The solution to the problem depends upon the recognition of the fact that one fundamental way (there are others) in which we know that a person can do something at some time when we do not see him do it is by seeing him do, it at some other time. However, it is not merely a matter of seeing him do something at some other time that would justify our claim to know that he can do it at the time at which we do not see him do it, but of seeing him do it when certain other epistemic conditions are also satisfied. I shall discuss four such conditions, which seem to me to be the most important. I shall call them the conditions of temporal propinquity, circumstantial variety, agent similarity, and simple frequency.

Temporal propinquity. The amount of time that has elapsed between the time at which we see a person perform an action and the time at which it is claimed that he can perform the action is of considerable importance. For example, if I saw a man perform forty push-ups twenty years ago and have not seen him do it since, that would hardly justify my claim to know that he can do it now. On the other hand, if I saw him do it yesterday, my claim would have much greater merit. The less time that elapses between the time at which we see a person perform an action and the time at which we claim to know that he can perform it, the more justified our claim. This condition requires one qualification Certain actions - for example, running a four-minute mile — require unusual endurance; consequently, if we have just seen a person do such a thing, it is a good guess that, being tired, he cannot do it now. The condition is relevant even in the case of such actions, but we must add the qualification that sufficient time has elapsed between the time at which we saw the person perform the action and the time at which it is claimed that he could have performed the action, so that the effects of fatigue would not prevent or hinder the person from performing it.

Circumstantial variety. The greater the variety of circumstances under which we have seen the person perform an action, the more justified we are in claiming to know that he can perform it. There is also a qualification needed here. Sometimes, though we have not seen a person perform an action in a very great variety of circumstances, we have seen him perform the action under circumstances very similar to the circumstances he is in when it is claimed that he can perform it. In this case, the greater the similarity of the circumstances, the better the evidence.

Agent similarity. If the condition of the agent changes radically, from the time at which we see him perform an action to the time at which it is claimed that he can perform it, then our evidence that he can perform the action may be greatly weakened. For example, if we see a man lift a two-hundred-pound weight, and he subsequently breaks his arm, our having seen him lift the weight is surely not very good evidence that he can do it now that his arm is broken. Thus, the greater the similarity of the condition of the agent, at the time when we see him perform the action, to the condition of the agent at the time at which we claim that he can perform it, the greater the justification of our claim. To some extent this condition, like the preceding one, may be formulated as a condition of variety rather than as a condition of similarity. That is, if we have seen the agent perform an action at times when his condition has varied greatly, then, even though the condition of the agent at the time at which it is claimed that he can perform the action is quite different from what it was when we saw him perform it, the claim might, nevertheless, be fairly well justified. However, it seems to me that with respect to the circumstances, variety is more important, while, with respect to the condition of the agent, similarity is more important. The reason for this is that great changes in circumstances are often unimportant, while small changes in the condition of the agent may often be crucial.

Simple frequency. Other conditions aside, the more frequently we have seen a person perform an action, the more justified we are in claiming to know that he can perform the action when we do not see him perform it.


These conditions are related in various ways. For example, temporal propinquity tends to produce agent similarity, because generally people change less in a shorter time than in a longer time. Of course, circumstantial variety contributes to simple frequency, and vice versa. Thus, these conditions, which are simple canons of inductive evidence for a certain sort of hypothesis, are inductively interdependent.


Moreover, the importance of the various conditions depends to a considerable extent upon the kind of action involved. With respect to actions that one usually retains the ability to perform for a long time, such as wiggling one's ears, the condition of temporal propinquity is less important, whereas with respect to actions that one quickly loses the ability to perform, such as running a four-minute mile, the condition of temporal propinquity is much more important.


However, if all of these conditions are very well satisfied with respect to any action, we possess sufficient empirical evidence to support the hypothesis that a person can perform the action when we do not see him perform it, and, in the absence of any evidence to the contrary, we are certainly justified in claiming to know that the hypothesis is true. Indeed, these conditions are typical of the usual canons of inductive evidence; if they are satisfied, then, by the usual canons of inductive evidence, our evidence is excellent.


It will not be difficult to imagine an experiment, which we could quite easily carry out, that would enable us to obtain such evidence. To avoid unnecessary complications, we shall concern ourselves with one very simple action, the lifting of an arm. Now let us imagine that we find a subject who is normal in every way, and fabricate an experiment to investigate when our subject can, and when he cannot, perform this very simple action. For example, we might first instruct him to lift his arm whenever we tell him to, and see that he does this. We might then instruct him to lift his arm whenever we tell him not to, and see that he does this. We might then tell him to heed or not to heed our instructions, as he wishes, and see that he sometimes lifts his arm when we tell him to, and sometimes does not, and that he sometimes lifts his arm when we tell him not to, and sometimes does not. We might then run this same experiment under a variety of circumstances, indoors and outdoors, under stress and under relaxed conditions, with a weight attached to his arm and without impediments, etc. Moreover, we might keep careful records of the condition of the subject throughout all our experiments, and, finally, we might vary the condition of the subject by the use of drugs, hypnotism, etc.


Now, suppose that we instruct our subject to heed or not heed our instructions as he wishes, and insure that the condition of the subject, as well as the circumstances in which he is placed, are those we have found to be most propitious for arm-lifting. Moreover, suppose that we watch him lift his arm, then avert our eyes for a moment, and, subsequently, see him lift his arm again. In this case, the conditions of temporal propinquity, circumstantial variety, agent similarity, and simple frequency would certainly be satisfied.


Consequently, we would then have sufficient empirical evidence to support the hypothesis that the agent could have lifted his arm during that brief period when we did not see him lift his arm, and, consequently, we would be justified in claiming to know that the hypothesis is true.


Furthermore, this claim would be justified whether or not the agent lifted his arm at the time in question, and, indeed, would be justified even if we knew that he did not lift it. In fact, even if we do not avert our eyes but see that he does not move his arm at the time in question, this in no way detracts from the value of our evidence. Under the conditions we have imagined, the fact that our subject does not lift his arm need provide no evidence whatever to support the hypothesis that he cannot lift it.


The latter claim is surely the crux of the matter. To see that it is justified, let us suppose that we know from what the agent tells us that he did not try or make any attempt to lift his arm. The relevance of such knowledge is this. If the agent tried and failed, that would be evidence that he could not perform the action, but there is a great difference between failing when one has tried and mere nonperformance. If we are able to rule out the hypothesis that the agent tried and failed, and if the condition of the agent as well as the circumstances in which he is placed are those we have found to be most favorable for arm-lifting, then the mere fact that he does not lift his arm would not support the hypothesis that he cannot lift it.


An analogy should help to clarify this point. Suppose that a car is tuned and checked so that it is in perfect operating condition and is then placed in circumstances that must favor good performance. If someone tries to start the car, turns the key, sets the choke, etc., and the car fails to start, that is evidence that it cannot start. On the other band, if no attempt is made to start the car, then the mere fact that the car does not start in no way supports the hypothesis that it cannot start.


Therefore, if we know from our experiment: (i) that the condition of the agent and the circumstances in which we have placed him are ideal for arm-lifting, and (ii) that his not lifting his arm provides no evidence that he cannot lift it, then our experimental empirical evidence is sufficient to justify our claim to know that the agent could have lifted his arm at a time when he did not lift it.


Since there is no impossibility, of any sort involved in our imaginary experiment, there being no logical difficulty involved in actually carrying it out, it follows that it is possible to know empirically that a person could have done otherwise. It seems altogether reasonable to suppose that, were the experiment actually carried out, the results would be approximately what we have imagined them to be. Moreover, the uncontrolled but abundant evidence of everyday life also clearly provides us with empirical evidence sufficient to justify our claim to know empirically that a person could have done otherwise. Indeed, the experiment I have asked you to imagine is not necessary for the attainment of such knowledge, but it is sufficient, and that is the point at issue.


At this point, I wish to consider several objections that might be raised against the preceding argument. In the first place, it might be objected that the empirical evidence that we would obtain from our imaginary experiment would not establish categorically that the agent could have done otherwise, but would rather establish hypothetically only that the agent could have done otherwise, if certain conditions had been different .6 However the experiment would establish both that, at certain times, the subject could have done otherwise, if certain conditions had been different, and that, at other times, the subject could have done otherwise, had the conditions been precisely as they were. It is most important not to obliterate this distinction. For example, we might discover that, when our subject is hypnotized and given certain instructions, he can lift his arm only when he is told to. In such a case, if he does not lift his arm, we would only be justified in asserting hypothetically that he could have lifted his arm if we had told him to. Or, suppose that we instruct him, again under hypnotic control, to lift his arm only if he has decided to do so five minutes earlier. In this situation, if the subject does not lift his arm, we would only be justified in asserting hypothetically that he could have lifted his arm, if he had decided to five minutes earlier. However, if we have just seen him lift his arm under the most favorable circumstances, and, without the conditions being altered in any way, he does not lift his arm now, we would be justified in asserting categorically that he could have lifted his arm — and no ifs about it.
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Leucippus

Leucippus and his student Democritus replaced theological and supernatural explanations of phenomena with natural materialist explanations.

Leucippus claimed their were no uncaused events.
  


"Nothing occurs at random, but everything for a reason and by necessity." (Leucippus, Fragment 569 - from Fr. 2 Actius I, 25, 4)

οὐδὲν χρῆμα μάτην γίνεται, ἀλλὰ πάντα ἐκ λόγου τε καὶ ὑπ’ ἀνάγκης 
  



The materialists and determinists assumed the world was completely made of matter, which they postulated to consist of just a few types of invisible particles that could be combined to make all of the visible objects, their properties, and their behaviors.   

The fundamental elements of their time - earth, water, air, and fire - were in turn simply compounds of sub-elementary particles they called atoms (indivisibles) in a void or vacuum between the atoms.


Parmenides had denied the possibility of the void with the simple logical argument that if nothing was between two bodies, it follows that they are in contact with one another. Plato and Aristotle generally preferred Parmenides' idea of a continuous filled plenum and opposed the atomists' ideas of discrete particulate objects separated by nothing.


We do not know how many of Leucippus' ideas were shared by his student, because so little is known of his work.


He may have, like Democritus, denied the arbitrariness of phenomena that was implied if they were the free actions of the gods. These two thinkers replaced that explanation with the idea of deterministic laws governing the behavior of the atoms, and as a consequence explaining all phenomena made of atoms, including human beings and their actions.


In denying the gods and their freedom, Democritus was no doubt aware of the negative implications for human freedom and moral responsibility. Would causal material explanations reduce all events to mere happenings, with no room for intentions, purposes, and human wills?


Moral responsibility was very important to Democritus. It was a large part of his reason for eliminating the gods and the idea of fate. Unfortunately, eliminating the gods was impolitic and Democritus' work was shunned by many philosophers, starting with Socrates and Plato.  


Nevertheless, the view of atoms and a void working by natural causal laws was such a gain over the traditional view of arbitrary fate and capricious gods, that Democritus simply insisted that determinism provided enough responsibility. In this respect, Democritus seems to anticipate the idea of the semi-compatibilism of determinism and moral responsibilty. 
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νόμωι χροιή, νόμωι γλυκύ, νόμωι πικρόω, ἑτεῆι δ’ ἄτομα καὶ κενόν (Diels Kranz, fragment B125)
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Lucretius

Lucretius is best known for his long poem On the Nature of Things (De Rerum Natura), which is principally a defense of the ideas of Epicurus, especially the idea of free will, based on Epicurus's introduction of some chance into the universe. 


Lucretius is our most direct source for Epicurus' ideas. To break the causal chain of determinism implicit in Democritus' cosmology of atoms in a void, Epicurus postulated an occasional "swerve" of the atoms from their determined paths. We now know that atoms are "swerving" (with unpredictable motions) whenever they come near other atoms. So Epicurus' assumption does indeed break the causal chain of determinism.


But how exactly does chance enter into the mind and its decisions? Critics of Epicurus, Cicero and Chrysippus, for example, charged that our decisions would be random if chance were the direct cause of our actions.


Determinism and indeterminism then become the two horns of a dilemma in the standard argument against free will. If we are determined, we are not free, if we are random, we do not control our will.


But Epicurus surely was not thinking our choices and decisions are random, since he hoped to ensure moral responsibility. He explicitly cited necessity (ἀνάγκη) and chance (τύχη) as two kinds of causes, but (following  Aristotle) he maintained that our autonomous agency is a third kind (a tertium quid) of cause that is "up to us" (παρ’ ῆμᾶς), obviously meaning it is neither of the first two. But the Stoics (notably Chrysippus, and even the Academic Cicero) destroyed Epicurus' reputation, and it has not recovered to this day. 


Lucretius describes the need for some indeterminism, and more strongly than Epicurus, locates the swerving first-beginnings in the mind:
   

   Again, if all motion is always one long chain, and new motion arises out of the old in order invariable, and if the first-beginnings do not make by swerving a beginning of motion such as to break the decrees of fate, that cause may not follow cause from infinity, whence comes this free will in living creatures all over the earth, whence I say is this will wrested from the fates by which we proceed whither pleasure leads each, swerving also our motions not at fixed times and fixed places, but just where our mind has taken us? For undoubtedly it is his own will in each that begins these things, and from the will movements go rippling through the limbs.

     Denique si semper motu conectitur omnis

et vetere exoritur  novus ordine certo

nec declinando faciunt primordia motus

principium quoddam, quod fati foedera rumpat,

ex infinito ne causam causa sequatur,                  255
libera per terras unde haec animantibus exstat,

unde est haec, inquam, fatis avolsa voluntas,

per quam progredimur quo ducit quemque voluptas,

declinamus item motus nec tempore certo

nec regione loci certa, sed ubi ipsa tulit mens?                  260

nam dubio procul his rebus sua cuique voluntas

principium dat et hinc motus per membra rigantur.


(De Rerum Natura, Book 2, lines 251-62, Loeb Library, W.H.D. Rouse, trans.)

What keeps the mind itself from having necessity within it in all actions, and from being as it were mastered and forced to endure and to suffer, is the minute swerving of the first-beginnings at no fixed place and at no fixed time.


 sed ne res ipsa necessum

intestinum habeat cunctis in rebus agendis                   290

et devicta quasi cogatur ferre patique,

id facit exiguum clinamen principiorum

nec regione loci certa nec tempore certo.


(De Rerum Natura, Book 2, lines 289-93)
   

Lucretius says clearly that the atomic swerve (clinamen, declinando) breaks the bonds of fate (fati foedera rumpat). He then says that "we swerve" (declinamus) our own motions - just where our mind takes us. One can clearly read this as motions that are "up to us," not that our actions are random. But it is easy to see how (Stoic and Academic) critics could charge him with making the mind and actions depend on chance.


The "first beginning" (primordia motus principium) seems to be a reference to Aristotle's first motion (ἀρχή) and a kind of causa sui that would start additional new causal chains under the control of the mind ("just where our mind has taken us").


The Latin original (lines 256-7) actually says - "whence comes this freedom" (libera), not "will" (cf. voluntas in line 257). Most translators, influenced by the centuries old free will debate, translate libera as "free will."


...quod fati foedera rumpat,

ex infinito ne causam causa sequatur,
libera per terras unde haec animantibus exstat,

unde est haec, inquam, fatis avolsa voluntas,

per quam progredimur quo ducit quemque voluptas,

But Lucretius himself clearly distinguishes the "free" (libera) from the "will" (voluntas). Seventeen centuries later, John Locke said that to think of the will itself as free (in the sense of uncaused and random) is a major source of philosophical confusion.  


Moreover, Lucretius describes a temporal sequence of events in the mind, first "free" then "will." Lucretius describes first (primum) the images or "idols" (simulacra, ἐιδόλα) that enter the mind randomly (accidere). 

Compare William James's view that ideas just "pop into our heads." 


Only then (inde, next) comes the willed action (voluntas) that moves the body.

Dico animo nostro primum simulacra meandi      	881

accidere atque animum pulsare, ut diximus ante.
inde voluntas fit;

"In the first place, images of walking (primum simulacra meandi, line 881) happen (accidere, accidently) in our mind and give an impulse to our mind ...Next after this comes the will (inde voluntas fit, line 883)." 


Here Lucretius clearly anticipates our two-stageCogito model - first "free," then "will" - when he says, in essence, "First images strike the mind, next comes will."


In De Rerum Natura, Book 4, lines 877-906, he says (Rouse translation):



877 Next I will say how it comes about that we can carry onwards our steps when we please, how it has been given to us to move our limbs in different ways, what has caused the habit of pushing onwards this great bodily weight: do you attend to my sayings.

881 I say that in the first place images of movement come in contact with our mind, and strike the mind, as I said before. 


After this comes will; for no one ever begins anything until the intelligence has first foreseen what it wills to do. (What it foresees, the image of that thing is present in the mind.) 


Therefore when the mind so bestirs itself that it wishes to go and to step forwards, at once it strikes all the mass of spirit that is distributed abroad through limbs and frame in all the body. And this is easy to do, since the spirit is held in close combination with it. The spirit in its turn strikes the body, and so the whole mass is gradually pushed on and moves...


898 Again, there is no need to be surprised that elements so small can sway so large a body and turn about our whole weight. For indeed the wind, which is thin and has a fine substance, drives and pushes a great ship with mighty momentum, and one hand rules it however fast it may go, and one rudder steers it in any direction; and a machine by its blocks and treadwheels moves many bodies of great weight and uplifts them with small effort.


Nunc qui fiat uti passus proferre queamus,

cum volumus, varieque datum sit membra movere,
 
et quae res tantum hoc oneris protrudere nostri

 corporis insuerit, dicam ; to percipe dicta.      	880


Dico animo nostro primum simulacra meandi

accidere atque animum pulsare, ut diximus ante.

inde voluntas fit; 



neque enim facere incipit ullam

rem quisquam, quam mens providit quid velit ante;

id quod providet, illius rei constat imago.	    885 

ergo animus cum sere ita commovet ut velit ire
 
inque gredi, ferit extemplo quae in corpore toto 

per membra atque artus animai dissita vis est 

et facilest factu, quoniam coniuncta tenetur.

inde ea proporro corpus ferit, atque ita tota	    890 

paulatim moles protruditur atque movetur. 

praeterea tum rarescit quoque corpus, et aer 

(scilicet ut debet qui semper mobilis extat)

per patefacta vent penetratque foramina largus,

et dispargitur ad partis ita quasque minutas	    895

 corporis. hic igitur rebus fit utrimque duabus, 

corpus ut, ac navis velis ventoque, feratur.


Nec tamen illud in his rebus mirabile constat, 

tantula quod tantum corpus corpuscula possunt 

contorquere et onus totum converters nostrum.     900

 quippe etenim ventus subtili corpore tenvis 

trudit agens magnam magno molimine navem, 

et manus una regit quantovis impete euntem 

atque gubernaclum contorquet quolibet unum, 

multaque per trocleas et tympana ponders magno 

commovet atque levi sustollit machina nisu.	906

  


First images 
strike the mind, 
then comes will



What Lucretius said about the "idols" - images that strike the mind, shows not only that they are many, spontaneous, and random (accidental), but they can combine to form purely imaginary images, like the centaur.


In De Rerum Natura, Book 4, lines 722-48, he says:



722 Now listen, and hear what things stir the mind, and learn in a few words whence those things come into the mind that there do come.

724 In the first place I tell you that many images of things are moving about in many ways and in all directions, very thin, which easily unite in the air when they meet, being like spider's web or leaf of gold. In truth these are much more thin in texture than those which take the eyes and assail the vision, since these penetrate through the interstices of the body, and awake the thin substance of the mind within, and assail the sense.


732 Thus it is we see Centaurs, and the frames of Scyllas,a and faces of dogs like Cerberus, and images of those for whom death is past, whose bones rest in earth's embrace, since images of all kinds are being carried about everywhere, some that arise spontaneously in the air itself, some that are thrown off from all sorts of things, others that are made of a combination of these shapes. For certainly no image of a Centaur comes from one living, since there never was a living thing of this nature; but when the images of man and horse meet by accident, they easily adhere at once, as I said before, on account of their fine nature and thin texture. All other things of this class are made in the same way. And since these are carried about with velocity because of their extreme lightness, as I explained before, any given one of these fine images easily bestirs our mind by a single impression; for the mind is itself thin and wonderfully easy to move.



On Possible Worlds



526 for which of these causes holds in our world it
is difficult to say for certain ; but what may be done
and is done through the whole universe in the various 
worlds made in various ways, that is what I teach,
proceeding to set forth several causes which may
account for the movements of the stars throughout
the whole universe; one of which, however, must
be that which gives force to the movement of the
signs in our world also ; but which may be the true
one,
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De Rerum Natura, book 2, lines 216-93
  

       Illud in his quoque te rebus cognoscere avemus,

corpora cum deorsum rectum per inane feruntur

ponderibus propriis, incerto tempore ferme

incertisque locis spatio depellere paulum,

tantum quod momen mutatum dicere possis.                  220

quod nisi declinare solerent, omnia deorsum

imbris uti guttae caderent per inane profundum

nec foret offensus natus nec plaga creata

principiis; ita nihil umquam natura creasset.


     Quod si forte aliquis credit graviora potesse                  225

corpora, quo citius rectum per inane feruntur,

incidere ex supero levioribus atque ita plagas

gignere, quae possint genitalis reddere motus,

avius a vera longe ratione recedit.

nam per aquas quae cumque cadunt atque aera rarum,                  230

haec pro ponderibus casus celerare necessest

propterea quia corpus aquae naturaque tenvis

aeris haud possunt aeque rem quamque morari,

sed citius cedunt gravioribus exsuperata;

at contra nulli de nulla parte neque ullo                   235

tempore inane potest vacuum subsistere rei,

quin, sua quod natura petit, concedere pergat;

omnia qua propter debent per inane quietum

aeque ponderibus non aequis concita ferri.

haud igitur poterunt levioribus incidere umquam                  240

ex supero graviora neque ictus gignere per se,

qui varient motus, per quos natura gerat res.

quare etiam atque etiam paulum inclinare necessest

corpora; nec plus quam minimum, ne fingere motus

obliquos videamur et id res vera refutet.                  245

namque hoc in promptu manifestumque esse videmus,

pondera, quantum in  est, non posse obliqua meare,

ex supero cum praecipitant, quod cernere possis;

sed nihil omnino  regione viai

declinare quis est qui possit cernere sese?                  250


     Denique si semper motu conectitur omnis

et vetere exoritur  novus ordine certo

nec declinando faciunt primordia motus

principium quoddam, quod fati foedera rumpat,

ex infinito ne causam causa sequatur,                  255

libera per terras unde haec animantibus exstat,

unde est haec, inquam, fatis avolsa voluntas,

per quam progredimur quo ducit quemque voluptas,

declinamus item motus nec tempore certo

nec regione loci certa, sed ubi ipsa tulit mens?                  260

nam dubio procul his rebus sua cuique voluntas

principium dat et hinc motus per membra rigantur.


     Nonne vides etiam patefactis tempore puncto

carceribus non posse tamen prorumpere equorum

vim cupidam tam de subito quam mens avet ipsa?                  265

omnis enim totum per corpus materiai

copia conciri debet, concita per artus

omnis ut studium mentis conixa sequatur;

ut videas initum motus a corde creari

ex animique voluntate id procedere primum,                  270

inde dari porro per totum corpus et artus.


    Nec similest ut cum inpulsi procedimus ictu

viribus alterius magnis magnoque coactu;

nam tum materiem totius corporis omnem

perspicuumst nobis invitis ire rapique,                  275

donec eam refrenavit per membra voluntas.

iamne vides igitur, quamquam vis extera multos

pellat et invitos cogat procedere saepe

praecipitesque rapi, tamen esse in pectore nostro

quiddam quod contra pugnare obstareque possit?                  280

cuius ad arbitrium quoque copia materiai

cogitur inter dum flecti per membra per artus

et proiecta refrenatur retroque residit.


    Quare in seminibus quoque idem fateare necessest,

esse aliam praeter plagas et pondera causam                  285

motibus, unde haec est nobis innata potestas,

de nihilo quoniam fieri nihil posse videmus.

pondus enim prohibet ne plagis omnia fiant

externa quasi vi; sed ne res ipsa necessum

intestinum habeat cunctis in rebus agendis                   290

et devicta quasi cogatur ferre patique,

id facit exiguum clinamen principiorum

nec regione loci certa nec tempore certo.

De Rerum Natura, book 4, lines 877-906
  

Nunc qui fiat uti passus proferre queamus,

cum volumus, varieque datum sit membra movere,
 
et quae res tantum hoc oneris protrudere nostri

 corporis insuerit, dicam ; to percipe dicta.      	880

Dico animo nostro primum simulacra meandi

accidere atque animum pulsare, ut diximus ante.

inde voluntas fit; neque enim facere incipit ullam

rem quisquam, quam mens providit quid velit ante;

id quod providet, illius rei constat imago.	    885 

ergo animus cum sere ita commovet ut velit ire
 
inque gredi, ferit extemplo quae in corpore toto 

per membra atque artus animai dissita vis est 

et facilest factu, quoniam coniuncta tenetur.

inde ea proporro corpus ferit, atque ita tota	    890 

paulatim moles protruditur atque movetur. 

praeterea tum rarescit quoque corpus, et aer 

(scilicet ut debet qui semper mobilis extat)

per patefacta vent penetratque foramina largus,

et dispargitur ad partis ita quasque minutas	    895

 corporis. hic igitur rebus fit utrimque duabus, 

corpus ut, ac navis velis ventoque, feratur.


Nec tamen illud in his rebus mirabile constat, 

tantula quod tantum corpus corpuscula possunt 

contorquere et onus totum converters nostrum.     900

 quippe etenim ventus subtili corpore tenvis 

trudit agens magnam magno molimine navem, 

et manus una regit quantovis impete euntem 

atque gubernaclum contorquet quolibet unum, 

multaque per trocleas et tympana ponders magno 

commovet atque levi sustollit machina nisu.	906

De Rerum Natura, book 4, lines 722-48
  

Nunc age, quae moveant animum res accipe, et unde 

quae veniunt veniant in mentem percipe paucis. 

Principio hoc dico, rerum simulacra vagari 

multa modis multis in cunetas undique partir	    725  

tenvia, quae facile inter se iunguntur in auris,  

obvia cum veniunt, ut aranea bratteaque auri.  

quippe etenim multo magic haec runt tenvia textu  

quam quae percipiunt oculos visumque lacessunt,     729  

corporis haec quoniam penetrant per rara cientque  

tenvem animi naturam intus sensumque lacessunt. 


Centaurus itaque et Scyllarum membra videmus

Cerbereasque canum facies simulacraque eorum 

quorum morte obits tellus amplectitur ossa,

orane genus quoniam passim simulacra feruntur,     735 

partim sponte sua quae fiurIt aere in ipso,

partim quae variis ab rebuumque recedunt 

et quae confiunt ex horum facts figuris.

nani certe ex vivo Centauri non fit imago,

nulla fuit quoniam talis natura animalis ;	    740

verum ubi equi atque hominis casu convent imago, 

haerescit facile extemplo, quod diximus ante, 

propter subtilem naturam et tenvia texta.

cetera de genere hoc eadem ratione creantur.

quae cum mobilitar summa levitate feruntur,	    745

ut prius ostendi, facile uno commovet ietu

quaelibet una animum nobis subtilis imago; 

tenvis enim mens est et mire mobilis ipsa.
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Michael Levin defends compatibilism against the charge that special relativity implies what he calls relativistic fatalism. 

The notion that special relativity can show that the world is deterministic was first proposed by the philosophers C. W. Rietdijk and Hilary Putnam in the 1960's. J.J.C.Smart described a "block universe," in which all space-time events already exist, as a "tenseless" deterministic universe.


Levin cites Michael Lockwood's 2005 book, The Labyrinth of Time, as arguing "with new vigor that the Special Theory of Relativity rules out free will."


Lockwood argues that this is not just a case of causal determinism denying free will. Special relativity, he says, challenges the very notion of cause. If the future is already out there, Lockwood says, causality has little to do with it.


Levin disagrees. He says that special relativity (SR) has room for cause and effect.


Relativistic fatalists...are certainly not compelled to renounce causality by SR alone, which respects standard conditions on the time order of cause and effect. They may therefore find it less disruptive to adopt a non-Aristotelian account of causality consonant with SR, such as energy transmission, and confront compatibilism restated in its terms. Moreover, denial of causality wars with their larger goal, shared by all fatalists, of showing that people are far more constrained than ordinarily supposed. If nothing is causally impossible — causality being an illusion — people are less constrained than ordinarily supposed. From the fatalist's own viewpoint, Lockwood's argument proves too much.


("Compatibilism and Special Relativity," J. Phil, CIV, 9, p.439, 2007) 


Compatibilists hold that freedom depends on how, not whether, behavior is caused, in particular, on the causal role of preference, Levin says, and  thus that  

a compatibilist may argue [that] freedom is consistent with the relativistic fixity of the future. The simultaneity of my running with an event simultaneous with the onset of my desire to run is irrelevant to my running freely, on this view; what matters, as always, is whether the cause of my running is a preference. Since SR does not address the causes of human behavior, it cannot show that my running is not caused by a preference, hence cannot show that I do not run freely.


(ibid., p.434)


A relativistic fatalist will claim to be able to absorb causation by preference and all the compatibilist's pet points about ordinary usage. "So be it," the relativistic fatalist will say, "'Freedom' as ordinarily used does not require a causally indeterminate future, or a future the agent believes is causally indeterminate, only a future caused in part by the agent's wants. The core use of 'cause' may well be to denote energy flow, and no doubt energy flows unidirectionally from wants to actions in orientable space-times. The fact remains that your so-called 'future' is a done deal. As we speak, energy is flowing into 'future' time-slices of your quadriceps. No matter how the situation is described, you cannot at noon your time refrain from running at 2 your time, and looking back from 3 your time you could not have done otherwise, because you cannot refrain from what you are already doing. You compatibilists set no store by the categorical power to do otherwise, period, but the counterfactual conditionals you do think necessary for freedom are uniformly false. Lockwood fights shy of these counterfactuals, but Rietdijk boldly denied them:

I could not possibly have influenced event [R] in an arbitrary way (e.g., have prevented [R]) at any moment when [R] was still in the future, or was present, for me at [O], supposed that I did desire to do so."


Thus speaks the relativistic fatalist.


(ibid., p.445-6)
   
 
Levin appears to address the question of future contingency for libertarians. Although they think only one of the potential branching future will be actualized, and thus real, they do not see the SR sense in which it is already real. 
   
Here is where the advantages of compatibilism over libertarianism may be most clear. It is hard to see how a libertarian can posit a plurality of possible futures, or deploy his familiar metaphors of branching paths and tree trunks gradually denuded of branches, and yet grant that in any sense one future is presently real.


(ibid., p.452)
   
 
Finally, Levin provides a memorable illustration for the special relativistic, block universe, view of the future. 
    
Keats's Ode on a Grecian Urn has inspired comparison of space-time to a continuum of urns (with or without the natural Newtonian metric) on which figures pose in eternal stasis. Compatibilists, unfazed, consider the figures free insofar as their postures on one urn result from their desires on another. The lover reaching for the maid on urn u embraces her freely on urn u+ if he does so because on u he yearns to. With so many urns the maid will be faded on some and absent from others, hardly what Keats had in mind, but mortality is a small price for a kiss, and freedom.   


(ibid., p.452)
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Michael Lockwood has explored the philosophical implications of several fields of physics, including quantum physics, thermodynamics, and special and general relativity.

In his 1989 book, Mind, Brain, and the Quantum: the Compound 'I', Lockwood explores how quantum theory may help to solve the mind-body problem and the problem of consciousness.


The connection of quantum mechanics with consciousness began in the early history of quantum mechanics, when a measurement of a quantum system was mistakenly made dependent on the "conscious observer." The connection persists, primarily because both are "mysteries," says Lockwood. (See also John Searle and Peter van Inwagen.) Can it be argued that consciousness is somehow an inherently quantum-mechanical phenomena?


This is a fairly old idea (with little, formerly, to back it up beyond some half-formulated notion that since quantum mechanics is mysterious and so is consciousness, these two mysteries may perhaps be related).


(Mind, Brain, and Quantum Mechanics, p.36)

 

In this work, Lockwood examines problems also explored by physicists Roger Penrose and Henry Stapp, and by the Australian philosopher David Hodgson. 
    

Lockwood carefully examines the notion that special relativity can show that the world is deterministic, an idea first proposed by the philosophers C. W. Rietdijk and Hilary Putnam in the 1960's.

The idea that a special-relativistic "tenseless" block universe implies a deterministic universe by J.J.C.Smart in 1964. This view denies the openness of the future, which is "already out there." Smart thinks that Einstein's theory of special relativity has rendered obsolete our common sense view of time. Lockwood also subscribes to this view.


Time has become a fourth dimension; and an individual persisting object, such as a human body, is to be conceived as a four-dimensional 'worm', laid out in space-time, each three-dimensional time-slice of which corresponds to the object as it is at a particular moment in its history. (The set of space-time points occupied by this 'worm' — if one ignores the fact that it has spatial thickness as well as temporal length — is known as the object's world-line.) In this conception there is no universal march or flow of time. There cannot be, because there is no universal present; and consequently there is no universal past or future...

This makes trouble, incidentally, for a conception of time that many philosophers from Aristotle to the present day have wished to defend, according to which the future is open, partially undefined, in contrast to  the past, which is fixed, closed, a fait accompli. The motivation for such a view lies mainly in a desire to defend free will, to enable us to regard the future (in words I once saw in the Reader's Digest) as 'not there waiting for us, but something we make as we go along'. In the context of relativity (as is pointed out by Hilary Putnam), such a view appears not so much false as meaningless. 


(Mind, Brain, and Quantum Mechanics, p.207)





Lockwood also challenges the standard interpreation of quantum mechanics. He finds no good reason for believing in the collapse of the wave function.


I think there are very good reasons for not believing in it. The first is the fact, noted by von Neumann, that there doesn't appear to be anything in quantum mechanics itself to say where, in the measurement chain, the collapse should occur. Some extra deus ex machina is called for; and considerations of theoretical economy suggest that we should avoid introducing such new elements unless we are forced to do so.


(Mind, Brain, and Quantum Mechanics, p.207)

 
Lockwood prefers the relative state formulation of quantum mechanics of Hugh Everett, popularly known as "many-worlds," which avoids collapses

I am not claiming that nothing ever happens. Rather the reverse: on a relative state view, absolutely everything that (physically) can happen does happen, in the sense that it is to be found somewhere in the cosmic wave function.


(Mind, Brain, and Quantum Mechanics, p.289)





In his 2005 book, The Labyrinth of Time, Lockwood re-examines and reaffirms his analysis of time beyond the "tenseless" block universe. He notes that the tenseless nature of time rules out free will for reasons deeper than any determinism. Future events are simply already there, have already happened. 
   
I conclude, therefore, that Einstein, Eddington, and Jeans were right all along, in placing the philosophical construction that they did on Minkowski's work. To take the space-time view seriously is indeed to regard
everything that ever exists, or ever happens, at any time or place, as being just as real as the contents of the here and now. And this rules out any conception of free will that pictures human agents, through their choices, as selectively conferring actuality on what are initially only potentialities. Contrary to this common-sense conception, the world according to Minkowski is, at all times and places, actuality through and through: a four-dimensional block universe. The stark choice that faces us, therefore, is either to accept this view, with all that it may entail for such concepts as that of < ahref="/freedom/moral_responsibility.html">moral responsibility, or else to insist that relativistic invariance is a superficial phenomenon — a misleading façade, behind which is a genuine, honest-to-goodness passage of time, in which certain preferred spacelike hypersurfaces successively bear the mantle of objective presentness. Nothing we have so far established prevents us from adopting such a view, even if, from the standpoint of physics, it remains wholly gratuitous.

We saw earlier that the implications of the space–time view for our attitudes towards death are in some respects very appealing. By contrast, however, most people seem to want to believe in free will, in a sense that we have shown to be incompatible with the space–time view. Perhaps this is because they are labouring under the misconception that, by 'placing them in the driving seat,' free will, in this metaphysical sense, somehow enhances the likelihood that they will succeed in realizing their goals. But there are no good grounds for believing this. For such free will would be inherently double-edged. Were it to exist, there is no more reason to think that it would increase the rationality of your behaviour than to think that it would decrease it. To be free, after all, is to be free to perform foolish actions no less than wise ones!



Moreover, the alternative view that everything that ever has or ever will happen should be regarded as equally real has significant attractions of its own, and ones that are more firmly grounded, philosophically speaking. In fact, the denial of the openness of the future can, paradoxically, prove very liberating. Specifically, those who manage really to take to heart the idea that all events are eternally real will no longer be tormented by thoughts of 'what might have been'; no longer will they be constantly saying to themselves 'If only I had done such-and such'. For they will acknowledge that at no time are future events anything other than actualities lying in store for us. Any lingering inclination they may have to view their past lives as being littered with missed opportunities and avoidable mistakes will be extinguished by the thought that neither the seizing of the `opportunities, nor the avoidance of the mistakes, ever existed as genuine potentialities. It is, as they will now see it, merely our inability, in general actually to foresee the future that blinds us to the fact that it is as much part of reality as are the present and the past.


(Labyrinth of Time, p.68-70)
   



Lockwood also examines the question of time asymmetry between past and future. This is Arthur Stanley Eddington's idea for an arrow of time, a consequence of the growth of entropy that is required by the second law of thermodynamics. 


He recounts Ludwig Boltzmann's difficulties proving that the entropy must always increase (Boltzmann's H-theorem) in the face of criticisms from Josef Loschmidt (the paradox of microscopic reversibility), Ernst Zermelo (the paradox of eternal recurrence), and others.   
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Peter Lipton was a Cambidge University philosopher of science and epistemologist. He wrote an important essay on the threat to free will from genetic determinism in The New Brain Sciences, edited by Dai Rees and Steven Rose.

Lipton captures the causaldeterminist analysis of most neuroscientists in his essay, and adds an extensive version of the standard argument against free will, which he calls "the philosopher's classic free will dilemma."


Lipton sees little hope that any genetic factors can help in the problem of "generic determinism." This is of course quite right. Genetic and environmental factors enter into the "built-in" and adequately determined factors that are used in the evaluations and deliberations stage of a two-stage free will.
 
   

Genetic and generic
determinism: a new threat
to free will?


We are discovering more and more about human genotypes and about the connections between genotype and behaviour. Do these advances in genetic information threaten our free will? This chapter offers a philosopher's perspective on the question.


Whether or not genetic discoveries do really threaten free will, many feel threatened, and it is not difficult to see why. If genetic advances enable us to predict with increasing accuracy and reliability what people will do, this seems to undermine the pretensions of individual autonomy and agency. In what sense do I choose for myself what I do, if you can say reliably in advance what that choice will be?


The free will dilemma is a hardy philosophical perennial. After thousands of years of work there is still no generally accepted solution, no clear demonstration that free will really is possible. A philosopher may well wonder how new genetic knowledge could make things any worse, or indeed make things any different.


THE SCEPTICAL DILEMMA AND DIMINISHED RESPONSIBILITY

To see why a philosopher might suspect that genetic information could not possibly make the problem of free will any worse than it already is, we need to consider the classic free will dilemma, an argument with three very plausible premises and a depressing conclusion.


First, everything that happens in the world is either determined or not. Second, if everything is determined, there is no free will. For then every action would be fixed by earlier events, indeed events that took place before the actor was born. Third, if on the other hand not everything is determined, then there is no free will either. For in this case any given action is either determined, which is no good, or undetermined. But if what you do is undetermined then you are not controlling it, so it is not an exercise of free will. Finally, we have the conclusion: there is no free will. The argument has the form: heads or tails, if heads you lose, if tails you lose, therefore you just lose. Either determinism holds or it doesn't, if determinism holds there is no free will, if it does not hold there is not free will, therefore there just is no free will.

The dilemma is remarkably simple, and it packs an immediate punch. Let me nevertheless add a few comments on its structure and elements. The argument is clearly valid, in virtue of its form. To say that an argument is valid is not to say that its conclusion is true, but just that if the premises are all true, then the conclusion must be true as well, or equivalently that it is impossible for all the premises to be true yet the conclusion false. So anyone who wishes to reject the conclusion must also reject at least one of the premises. The argument does not assume any particular facts about our world, which suggests that the problem lies not in our world but in our concept. If the free will dilemma is sound — that is valid and with true premises — it seems to show that the very notion of free will is incoherent, something that could not possibly exist, a round square.


The first premise is indisputable, since it has the tautologous form P or not-P — everything is determined or not everything is determined. (Note that this is not the same as the disputable claim that either everything is determined or nothing is.) Just what determinism entails is a much more difficult question, and there are several different versions of the concept that could be deployed, though the first premise remains a tautology whichever one is chosen. The two most common versions of determinism appeal to causation or to the laws of nature. Thus determinism may be taken to be the view that everything that happens has a cause, or the view that everything that happens follows necessarily from the laws of nature in conjunction with the full state of the universe at any single moment. In fact this yields more than two conceptions of determinism, since the concepts of cause and law have themselves been given diverse philosophical treatment. Thus, some suppose that a cause is a condition sufficient for its effect, while others claim rather that it is necessary, something without which the effect would not have occurred. And while some philosophers have supposed that laws are simple de facto regularities, others have claimed that laws describe what happens by necessity, what could not have been otherwise.

The second premise of the dilemma, which asserts the incompatibility of free will and determinism, lacks the iron-clad security of a tautology, but there are powerful considerations in its favour. Free will seems to entail that the actor 'could have done otherwise', while determinism rules this out. The incompatibility of determinism with 'could have done otherwise' is particularly clear when determinism is defined in terms of the laws of nature (van Inwagen, 1975). If determinism is true, then what I did is entailed by laws of nature along with some particular facts about the state of the world before I was born. To have the power to have done otherwise, I would have to have the power either to change the laws or to change those prenatal facts. Clearly neither is possible.


Those who have tried to show that determinism and free will are nevertheless compatible have typically observed that the claim that my action was determined is compatible with my desires being among its causes and so that I would have acted differently, had my desires been different (Ayer, 1954). But defenders of the second premise reply that this is not enough to show that I could have done otherwise, if my desires are themselves just intermediate links in a long deterministic chain stretching back before my birth. In such a case, that people would have acted differently had their desires been different seems no more to show that they could have done otherwise than would saying that they would have acted differently, had the weather been different. Neither circumstance shows they have the power to change what they would do.


Another way of resisting the second premise is to question the connection between free will and 'could have done otherwise'. The desire being a cause of the action — which determinism allows — is clearly insufficient for free will. The addict is a model of someone whose free will has been compromised, though the addict desires the drug and that desire affects behaviour. But it has been suggested that what rules out free will in such cases is not that everything is determined, or that the agent could not have done otherwise, but rather that the addict does not have desires that are related to each other in the right way. For example, it has been claimed that the addict lacks free will because his desire for the drug is determined by the drug itself, rather than by higher-order commitment to wanting the drug (Frankfurt, 1971). Even if the addict is strangely happy to crave the drug, the craving is caused by the drug, not by the desire to crave. Ultimately, we all have desires we do not choose, but on this view what enables those of us who are not addicts to enjoy free will is that many of our desires are maintained because they are themselves desired. The defender of the second premise will not be satisfied by this, however, and will insist that the harmony of our mental economy is not enough to make room for the possibility of free will, if that entire economy and the actions it generates were determined by things that occurred before we were born.


The third premise of the dilemma is that free will is not compatible with indeterminism either. Supposing that some of my actions or their causes are themselves uncaused or ungoverned by deterministic law may allow that my actions could have been otherwise, but it does lot seem to allow that I could have done otherwise. Indeterminism does not allow the agent to control her actions in the way free will requires. I do not exercise free will if my arm spontaneously rises, nor is the situation any more promising if we construe an indeterministic process as one that is irreducibly probabilistic, rather than one that is entirely random. We do not create room for free will by leaving desires undetermined or by loosening the link between desire and action.


The simplest explanation for the conspicuous absence of philosophical progress on the problem of free will is that the sceptical dilemma is sound: free will really is impossible. If that is so, then the answer to our questions about genetic information is simple, if pathological. Nothing can threaten what could not exist anyway. If free will is impossible full stop, then it is something genetic knowledge can neither reduce nor destroy.


But we may be unable to accept the sceptical dilemma, even if we cannot see exactly what is wrong with it. As Isaac Bashevis Singer is reported to have said, 'Of course I believe in free will. I can't help it.' Our disposition to treat others as free agents seems impervious to argument. The dilemma may show that our full-blooded conception of free will is incoherent, and that we must pare it down if we are to believe in something that might exist. The big question is whether this process would leave us with something still strong enough to support the use we make of the concept, and the connections we make between judgements of freedom and judgements of responsibility and dignity.


Here as elsewhere in philosophy, I think that we ought to be opportunists, willing to vary our standards to suit our purposes. Free will is not the only area where powerful reasons are given for incredible conclusions. In the theory of knowledge, for example, all the best arguments seem to show that we have no justification for what we are quite sure we do know, that the sun will rise tomorrow or indeed that anything exists outwith our minds. Taking those arguments seriously helps us to illuminate our cognitive practices, but it is also important to vary the setting on the 'sceptic dial'. Supposing the worst — that we can know almost nothing — is a way of revealing some strata of our belief practices, but for other philosophical purposes we must take some layers of our knowledge for granted.


Similarly, while for some philosophical purposes we may wish to assume that free will is indeed impossible, for others we should suppose that people do sometimes act freely. To assess the impact of genetic information on free will, it is important to consider the radical perspective of the free will dilemma, which challenges the notion of free will under any circumstances. This will save us from claiming that genetic information is a particular threat to free will because it would deprive us of something that, as we can see from the sceptical dilemma, we never had anyway. But if we are accurately to assess the impact of biomedical developments, it is also important to consider the more conventional perspective, which allows that there is a distinction to be drawn among the things we actually do, between those actions that are free and those that are not.


The conventional distinction between free and unfree behaviour treats free will as a default condition which may be compromised in various ways. Addictive behaviour is one sort of case. Certain people lack normal inhibitory mechanisms and so are unable to control their desires. Some people are unable properly to recognise or characterise the nature of some of their own actions. Here one thinks of cases of serious psychological impairment, but it is worth noting that there is also a version of this phenomenon that afflicts us all. Our actions invariably have effects we are in no position to identify: we do things unintentionally, and these are not done by our own free will. It is also worth emphasising how common are the cases both of loss of inhibitory mechanism and of ability properly to identify one's actions, as the problems of excessive drinking illustrate. On the assumption that heavy drinking is not itself always addictive behaviour, we have here also the important complication of cases where one freely chooses to make oneself unfree. And our free will may be compromised in other ways besides. Should the acquisition of genetic information be added to the list?


   



Here Lipton presents the standard argument against free will
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Alisdair MacIntyre is a 
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  Alfred Mele has developed the idea of autonomous agents, who among other things exercise a kind of self-control that is related to metaphysical freedom terms like "free will" and "free action." He has also developed a number of models for free will, most notably his 1995 two-stage model called "Modest Libertarianism. Others include Soft Compatibilism, Soft Libertarianism, and Daring Soft Libertarianism

Without committing himself to the idea that human autonomy is compatible with determinism or incompatible (the position of the libertarians), Mele provides arguments in support of autonomous agents for both positions. He is, as he says, "officially agnostic about the truth of compatibilism" and describes his position as "agnostic autonomism."
   
[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=wI3cXbIlA0g



Mele on Free Will


  Mele's opponents are those who believe there are no free and morally responsible human beings. They are philosophers who deny both compatibilism and libertarianism - Richard Double and Ted Honderich, for example, "Impossibilists" like Galen Strawson, and "Illusionists" like Derk Pereboom and Saul Smilansky. He has debated the psychologist Daniel Wegner, whose position is that the conscious will is an illusion.

Note that Randolph Clarke's "narrow incompatibilism" denies the compatibilism of free will and determinism, but accepts the compatibilism of moral responsibility and determinism.  John Martin Fischer's "semicompatibilism" similarly accepts the compatibilism of moral responsibility, while remaining agnostic about free will and the truth of determinism. Clarke's and Fischer's morally responsible agents presumably would be Mele "autonomous agents." 
   


  Most libertarians, Mele thinks, both agent-causalists like Timothy O'Connor and event-causalists, like Robert Kane, might subscribe to his "autonomous agent" idea. 


"My plan in Mele [Autonomous Agents] 1995 was to use the resources both of libertarianism and of compatibilism in defending agnostic autonomism and to do that partly by developing the best compatibilist and libertarian positions I could develop. Part of my strategy was to construct an account of an ideally self-controlled agent (where self-control is understood as the contrary of akrasia: [a Greek term, meaning] roughly, weakness of will), to argue that even such an agent may fall short of autonomy (or free agency), and to ask what may be added to ideal self-control to yield autonomy (or free agency). I offered two answers, one for compatibilists and another for libertarians. I then argued that a disjunctive thesis associated with both answers—agnostic autonomism - is more credible than [believing there are no free and moral human beings] NFM." (Introduction, Free Will and Luck 2006, p.5) 
   


  Mele in his 1995 book Autonomous Agents  proposed a "Modest Libertarianism" for consideration by libertarians. He himself did not endorse the idea. But he is concerned about the proper place to locate the indeterminism. His soft libertarians locate it somewhere in the chain of events leading up to the formation of intentions, the evaluation of options, the decision and ultimate action. His "daring soft libertarians" move the indeterminism up into the "time of action," where indeterministic alternative possibilities for actions may (or may not) exist. 
  

He made it clear, following Daniel Dennett's "Valerian" model in Brainstorms, 1978, that any indeterminism should come early in the overall process. He even describes the latter - decision - stage of the process as compatibilist (effectively determinist). This of course could only be adequate determinism. Mele proposes a "soft compatibilism" that sees some value for indeterminism in the early stages. 


"These observations indicate that it might be worth exploring the possibility of combining a compatibilist conception of the later parts of a process issuing in full blown, deliberative, intentional action with an incompatibilist conception of the earlier parts. For example, it might be possible to gain "ultimate control" while preserving a considerable measure of nonultimate agential control by treating the process from proximal decisive better judgment through overt action in a compatibilist way and finding a theoretically useful place for indeterminacy in processes leading to proximal decisive better judgments. (Autonomous Agents, p.212)



Recall that compatibilism does not include a commitment to determinism. The thesis is that determinism does not preclude autonomy. Treating the process from proximal decisive better judgment through overt action in a compatibilist way does not require treating it in a determinist way. Compatibilists may, in principle be willing to accept an account of causation that accommodates both deterministic and probabilistic instances, and they are not committed to holding that probabilistic causation in the process just mentioned precludes the freedom of its product. In the same vein, advocates of autonomy who seek a "theoretical useful place" for indeterminism in the springs of action need not insist that indeterminism does not appear at other places, as well, in internal processes issuing in autonomous action. Their claim on that matter may merely be that indeterminism at these other junctures is of no use to them. (p.213)

External indeterminism, as I have already explained, does not give libertarians what they want. That leaves internal indeterminism. Assume, for the sake of argument, that human beings sometimes act autonomously, that acting autonomously requires "ultimate control," and that the latter requires internal indeterminism. Then, with a view to combining ultimate control with robust nonultimate control, we can ask what location(s) for internal indeterminism would do us the most good. (p.213)




For Mele and most other modern compatibilists, quantum physics has shown that determinism is not true 



  Mele's plan in his book Free Will and Luck is to pay more attention to Frankfurt-style examples and to "agential luck." 
  A Problem about Luck for Libertarians (p.7)
 
Agents' control is the yardstick by which the bearing of luck on their freedom and moral responsibility is measured. When luck (good or bad) is problematic, that is because it seems significantly to impede agents' control over themselves or to highlight important gaps or shortcomings in such control. It may seem that to the extent that it is causally open whether or not, for example, an agent intends in accordance with his considered judgment about what it is best to do, he lacks some control over what he intends, and it may be claimed that a positive deterministic connection between considered best judgment and intention would be more conducive to freedom and moral responsibility.


This last claim will be regarded as a nonstarter by anyone who holds that freedom and moral responsibility require agential control and that determinism is incompatible with such control. Sometimes it is claimed that agents do not control anything at all if determinism is true. That claim is false. 


As soon as any agent...judges it best to A, objective probabilities for the various decisions open to the agent are set, and the probability of a decision to A is very high. Larger probabilities get a correspondingly larger segment of a tiny indeterministic neural roulette wheel in the agent's head than do smaller probabilities. A tiny neural ball bounces along the wheel; its landing in a particular segment is the agent's making the corresponding decision. When the ball lands in the segment for a decision to A, its doing so is not just a matter of luck. After all, the design is such that the probability of that happening is very high. But the ball's landing there is partly a matter of luck. 


All libertarians who hold that A's being a free action depends on its being the case that, at the time, the agent was able to do otherwise freely then should tell us what it could possibly be about an agent who freely A-ed at t in virtue of which it is true that, in another world with the same past and laws of nature, he freely does something else at t. Of course, they can say that the answer is "free will." But what they need to explain then is how free will, as they understand it, can be a feature of agents — or, more fully, how this can be so where free will, on their account of it, really does answer the question. To do this, of course, they must provide an account of free will — one that can be tested for adequacy in this connection.
  



  Mele proposes his "modest libertarianism" to satisfy these needs. It includes a two-stage process that first generates random alternative possibilities, which is then followed by a determination stage. When he first mentioned his idea in 1995, Mele cited the similar "Valerian" example Daniel Dennett had proposed in 1978 as something libertarians should want. 
  

Note that both Dennett and Mele are skeptical that any such process exists, but note that Mele's model does indeed satisfy most of the requirements for libertarian free will. 

   A Modest Libertarian Proposal  (p.9)

  According to typical event-causal libertarian views, the proximate causes of free actions indeterministically cause them. This is a consequence of the typical event-causal libertarian ideas that free actions have proximate causes and that if an agent freely A-s at t in world W, he
does not A at t in some other possible world with the same laws of nature and the same past up to t. Now, approximate causes of actions, including  actions that are decisions, are internal to agents. 

In light of the general point about the proximate causation of actions, typical event-causal libertarianism encompasses a commitment to what may be termed agent-internal indeterminism.


What I call modest libertarianism (see Mele 1995, pp. 211-21) embraces that commitment, too, even though it rejects the idea that the proximate causes of free actions indeterministically cause the actions. Indeterministic worlds in which every instance of causation within any agent is deterministic are hostile environments for libertarian freedom. What libertarians want that determinism precludes is not merely that agents have open to them more than one future that is compatible with the combination of the past and the laws of nature, but that, on some occasions, which possible future becomes actual is in some sense and to some degree up to the agents. The want something that seemingly requires that agents themselves be indeterministic in some suitable way -  that some relevant things that happen under the skin are indeterministically caused by other such things. The focus is on psychological events, of course (as opposed, for example, to indeterministically caused muscle spasms), and, more specifically, on psychological events that have a significant bearing on action.


Requiring internal indeterminism for free action and moral responsibility is risky. To be sure, quantum mechanics, according to leading interpretations, is indeterministic. But indeterminism at that level does not ensure that any human brains themselves sometimes operate indeterministically, much less that they sometimes operate indeterministically in ways appropriate for free action and moral responsibility. One possibility, as David Hodgson reports, is that "in systems as hot, wet, and massive as neurons of the brain, quantum mechanical indeterminacies quickly cancel out, so that for all practical purposes determinism rules in the brain" (2002, p. 86). Another is that any indeterminism in the human brain is simply irrelevant to  free action and moral responsibility. Modest libertarians join other event-causal libertarians in taking this risk.


In principle, an agent-internal indeterminism may provide for indeterministic agency while blocking or limiting our proximal control over what happens only at junctures at which we have no greater proximal control on the hypothesis that our universe is deterministic. Obviously, in those cases in which we act on the basis of careful, rational deliberation, what we do is influenced by at least some of the considerations that "come to mind" — that is, become salient in consciousness — during deliberation and by our assessments of considerations. Now, even if determinism is true, it is false that, with respect to every consideration — every belief, desire, hypothesis, and so on — that comes to mind during our deliberation, we are in control of its coming to mind, and some considerations that come to mind without our being in control of their so doing may influence the outcome of our deliberation. Furthermore, a kind of internal indeterminism is imaginable that limits our control only in a way that gives us no less proximal control than we would have on the assumption that determinism is true, while opening up alternative deliberative outcomes. (Although, in a deterministic world, it would never be a matter of genuine chance that a certain consideration came to mind during deliberation, it may still be a matter of luck relative to the agent's sphere of control.) As I put it in Mele 1995, "Where compatibilists have no good reason to insist on determinism in the deliberative process as a requirement for autonomy, where internal indeterminism is, for all we know, a reality, and where such indeterminism would not diminish the nonultimate control that real agents exert over their deliberation even on the assumption that real agents are internally deterministic — that is, at the intersection of these three locations — libertarians may plump for ultimacy-promoting indeterminism (p. 235). Modest libertarians try
to stake out their view at this intersection."


One kind of possible deliberator may be so constituted that no beliefs and desires of his that are directly relevant to the topic of his current deliberation have a chance of not coming to mind during his deliberation, whereas it is causally open whether some of his indirectly relevant beliefs and desires will come to mind. The causally open possibilities of this kind do not need to be extensive to secure the possibility of more than one deliberative outcome. Modest libertarians both need and fear internal indeterminism, and they are disposed to constrain it when engaged in the project of inventing indeterministic agents who can act freely and morally responsibly.


The modest indeterminism at issue allows agents ample control over their deliberation. Suppose a belief, hypothesis, or desire that is indirectly relevant to a deliberator's present practical question comes to mind during deliberation but was not deterministically caused to do so. Presumably, a normal agent would be able to assess this consideration. And upon reflection might rationally reject the belief as unwarranted, rationally judge that the hypothesis does not merit investigation, or rationally decide that the desire should be given little or no weight in his deliberation. Alternatively reflection might rationally lead him to retain the belief, to pursue the hypothesis	to give the desire significant weight. That a consideration is indeterministically caused to come to mind does not entail that the agent has no control over how he responds to it. Considerations that are indeterministically caused to come to mind (like considerations that are deterministically caused to come to mind) are nothing more than input to deliberation. Their coming to mind has at most an indirect effect on what the agent decides, an effect that is mediated by the agent's assessment of them. They do not settle matters. Moreover, not only do agents have the opportunity to assess these considerations, but they also have the opportunity to search for additional relevant considerations before they decide, thereby increasing the probability that other relevant considerations will be indeterministically caused to come to mind. They have, then, at least sometimes, the opportunity to counteract instances of bad luck — for example, an indeterministically caused coming to mind of a misleading consideration or, a chance failure to notice a relevant consideration. And given a suitable indeterminism regarding what comes to mind in an assessment process, there are causally open alternative possibilities  for the conclusion or outcome of that process.

Compatibilists who hold that we act freely even when we are not in control of what happens at certain specific junctures in the process leading to action are in no position to hold that an indeterministic agent's lacking control at the same junctures precludes free action. And, again, real human beings are not in control of the coming to mind of everything that comes to mind during typical processes of deliberation. If this lack of perfect proximal control does not preclude its being the case that free actions sometimes issue from typical deliberation on the assumption that we are deterministic agents, it also does not preclude this on the assumption that we are indeterministic agents.


Now, even if garden-variety compatibilists can be led to see that the problem of luck is surmountable by a libertarian, how are theorists of other kinds likely to respond to the libertarian position that I have been sketching? There are, of course, philosophers who contend that moral responsibility and freedom are illusions and that we lack these properties whether our universe is deterministic or indeterministic — for example, Richard Double (1991) and Galen Strawson (1986).


Modest libertarians can also anticipate trouble from traditional libertarians, who want more than the modest indeterminism that I have described can offer. Clarke, who has done as much as anyone to develop an agent-causal libertarian view, criticizes event-causal libertarianism on the grounds that it adds no "positive" power of control to compatibilist control but simply places compatibilist control in an indeterministic setting. Of course, given that combining compatibilist control with  indeterminism in a certain psychological sphere was my explicit strategy in constructing a modest libertarian position (Mele 1995, pp. 212-13, 217), I do not see this as an objection. In any case, traditional libertarians need to show that what they want is coherent. 


There is no avoiding luck in general, but keeping randomness out of the decision and action prevents it from undermining control and responsibility 


That requires showing that what they want does not entail or presuppose a kind of luck that would itself undermine moral responsibility. The typical libertarian wants both indeterminism and significant control at the moment of decision. That is the desire that prompts a serious version of the worry about luck I sketched earlier.  In the absence of a plausible resolution of the worry, it is epistemically open that a modest libertarian proposal of the sort I sketched is the best a libertarian can do.  Of course, even if I happen to hit on the best libertarian option, it does not follow that I have hit on the best option for believers in free action and moral responsibility — as long as compatibilism is still in the running.
   



Alfred Mele here comes as close as any philosopher to our Cogito model of 
free will.


Mele's Models for Free Will


Being a self-proclaimed "agnostic" on these questions, Mele has developed both compatibilist and libertarian positions. His position on compatibilism needs some explaining. He says that because contemporary compatibilists (he mentions especially John Martin Fischer attend to what modern quantum physics tell us, the overwhelming majority do not believe that determinism is true. One might ask what they think free will is compatible with, if not determinism. The answer is that they believe that even if determinism were true, it would leave it open that people sometimes act freely. "Freely" here is in the compatibilist sense of free will that Immanuel Kant called a "wretched subterfuge and William James called a "quagmire of evasion."

Mele says this is the traditional framing of the problem of whether "free action" (to be distinguished from free will") is precluded by determinism. Ever since Hume, as long as an agent is not coerced physically, her/his actions could be judged to be free, even if they are part of a deterministic causal chain. 


Mele's 1995 Modest Libertarianism discussed above is Mele's strongest two-stage model. In 1996 he developed a related position called "Soft Libertarianism," useful in the context of Frankfurt-style cases. Then in his 2006 work he developed a variation called "Daring Soft Libertarianism." 


Soft libertarians find determinism unacceptable because it claims that for all their intentions, evaluations, decisions, and subsequent actions, events were in progress before they were born that cause all those intentions and actions. This is the core concern of Peter van Inwagen's Consequence Argument. Soft libertarians are not primarily motivated because indeterminism may provide the alternative possibilities that are denied by Frankfurt cases, but simply that the causal chain of determinism might be broken, allowing them to make a causal contribution. He says,


Unlike hard libertarians, soft libertarians leave it open that determinism is compatible with our actions' being up to us in a way conducive to freedom and moral responsibility [presumably in the second stage of a two-stage model?]. However, they believe that a more desirable freedom and moral responsibility require that our actions not be parts of the unfolding of deterministic chains of events that were in progress even before we were born.  If soft libertarians can view themselves as making some choices or decisions that are not deterministically caused or that are deterministically caused by, for example, something that includes deliberative judgments that are not themselves deterministically caused, then they can view themselves as initiating some causal processes that are not intermediate links in a long deterministic causal chain extending back near the big bang. 

(Free Will and Luck, p.97)


Soft libertarianism differs from modest libertarianism in that it does not require robust alternative possibilities. But, somewhat inconsistently?, Mele says (p.113) that soft libertarians do not assert that free action and moral responsibility require the falsity of determinism. Mele briefly mentions a "soft compatibilism," but does not develop it beyond saying that "soft compatibilism leaves soft libertarianism open but is not committed to it."

In his 2006 book Free Will and Luck, Mele extended his soft libertarian idea to "Daring Soft Libertarianism." Mele reaches out to Robert Kane's idea of Ultimate Responsibility, in which we can be responsible for current actions, ones that are essentially determined by our character and values, as long as we formed that character ourselves by earlier free actions that he calls Self-Forming Actions (SFA). SFAs in turn require brains that are not deterministically caused by anything outside the agent.


Some may argue that a modest libertarianism gives libertarians all the openness they can get without introducing into an agent a kind of openness that entails freedom-precluding and responsibility-precluding luck. But libertarians like Kane will not settle for such modest libertarianism. For them, Mele developed a more daring soft libertarian view, DSL.


Daring soft libertarians, he says, especially value a power to make decisions that are not deterministically caused - a certain initiatory power. They opt for event-causal soft libertarianism (p.113). They do not like decisions made indeterministically or at random, what Mele calls basically free action. But they accept what Mele calls basically* free action (Note the asterisk), whose requirement for alternative possibilities at the time of action are reduced, but whose requirement for indeterministic free actions some time in the past (Kane's SFAs?) is intact (p.115). 


They can then replace the indeterministic connection between judgments and actions with a deterministic one (p.117). (Note this can only be the adequate determinism of the two-stage models like Mele's modest libertarianism.)


Mele says that,


Part of what DSLs are driving at in their claims about influence is that probabilities of actions — practical probabilities — for agents are not always imposed on agents. Through their past behavior, agents shape present practical probabilities, and in their present behavior they shape future practical probabilities. The relationship between agents and the probabilities of their actions is very different from the relationship between dice and the probabilities of outcomes of tosses. In the case of dice, of course, the probabilities of future tosses are independent of the outcomes of past tosses. However, the probabilities of agents' future actions are influenced by their present and past actions.(p.122) 

DSLs maintain that in the vast majority of cases of basically* free actions and actions for which agents are basically* morally responsible, agents have some responsibility for the relevant practical probabilities... These chances are not dictated by external forces, and they are influenced by basically* free and morally responsible actions the agents performed in the past.




The Libet Experiments


Mele is a powerful critic of interpretations of the Libet experiments which claim our decisions are made in our brain long before our conscious awareness of the decisions. He criticizes the interpretation of the Libet results on two grounds. First, the mere appearance of the RP a half-second or more before the action in no way makes the RP the cause of the action. It may simply mark the beginning of forming an intention to act. In the two-stage model, it is the considering of possible options.

Libet himself argued that there is enough time after the W moment (a window of opportunity) to veto the action, but Mele's second criticism points out that such examples of "free won't" would not be captured in Libet experiments, because the recording device is triggered by the action (typically flicking the wrist) itself.


Thus, although all Libet experiments ended with the wrist flicking, we are not justified in assuming that the rise of the RP (well before the moment of conscious will) is a cause of the wrist flicking. Libet knew that there were very likely other times when the RP rose, but which did not lead to a flick of the wrist, so his experiment could not detect them.


Thinkers (e.g., Daniel Wegner, Patrick Haggard) who claim that the Libet experiments prove that our conscious will and subsequent actions are caused by prior neural activity - this is the popular view that "my neurons made me do it" - are simply wrong. 


Big Questions in Free Will Project


The Big Questions in Free Will Project was a four-year, multi-disciplinary study funded by the John Templeton Foundation to research the nature of free will, bringing together experts in philosophy, theology, neuroscience, and psychology. Led by Professor Alfred Mele, the project aimed to advance thinking on free will by testing ideas, facilitating dialogue between scientists and philosophers, and exploring related theological questions about divine freedom. The project generated data, fostered new ways of thinking, and produced research through conferences and papers.
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Brian McLaughlin is a professor of philosophy at Rutgers. He works on the mind-body problem, supervenience, emergence, and the nature of colors. He is also interested in the philosophy of science, notably cognitive science  and computational psychology.  
 
He is an editor of The Oxford Handbook of Philosophy Of Mind, Contemporary Debates in Philosophy of Mind, and a landmark 1991 essay on philosophers that he dubbed the "British Emergentists" in Emergence or Reduction?: Essays on the Prospects of Nonreductive Physicalism.


McLaughlin's emergentists include John Stuart Mill, George Henry Lewes, C. Lloyd Morgan, Samuel Alexander, and C. D. Broad.



McLaughlin developed an "idealized" version of British Emergentism, synthesizing what most had in common into a coherent and representative picture. He says:
  
   

British Emergentism maintains that everything is made of
matter: There are, for example, no Cartesian souls, or entelechies, vital
elan, or the like. And it holds that matter is grainy, rather than continuous;
indeed, that it bottoms-out into elementary material particles, atoms or
more fundamental particles...Moreover, on its view, nothing happens, no change occurs, without some
motion of elementary particles. And all motion is to the beat of the laws
of mechanics.

According to British Emergentism, there is a hierarchy of levels of
organizational complexity of material particles that includes, in ascending
order, the strictly physical, the chemical, the biological, and the psychological
level. There are certain kinds of material substances specific to each
level. And the kinds of each level are wholly composed of kinds of lower levels,
ultimately of kinds of elementary material particles. Moreover, there
are certain properties specific to the kinds of substances of a given level.
These are the "special properties" of matter...


What is especially striking about British Emergentism,
however, is its view about the causal structure of reality. I turn to that
view in the following two paragraphs.


British Emergentism maintains that some special science kinds from
each special science can be wholly composed of types of structures of
material particles that endow the kinds in question with fundamental
causal powers. Subtleties aside, the powers in question "emerge" from the
types of structures in question. Chemical elements, in virtue of their minute
internal structures, have the power to bond with certain others. Certain
biological organisms, in virtue of their minute internal structure, have the
powers to breathe, to digest food, and to reproduce (Broad 1925,
pp. 78 —81). And certain kinds of organisms, in virtue of the minute
internal structures of their nervous systems, have "the power of cognizing,
the power of being affected by past experiences, the power of association,
and so on" (Broad 1925, p. 436). These powers emerge from the types of structures in question. The property of having a certain type of structure
will thus endow a special science kind with emergent causal powers. Such
a structure will have an emergent causal power as a matter of law, but the
law will be not be "reducible to" or "derivative from" laws governing
lower levels of complexity and any boundary conditions involving the
arrangements of particles. The laws that attribute such powers to the types
of structures in question are "emergent laws". These laws "emerge" from
the laws governing lower levels of complexity and boundary conditions
involving the arrangements of particles, and so are in no sense derivative
from them.


Now, the exercise of the causal powers in question will involve the
production of movements of various kinds. Indeed, Emergentism maintains
that special kinds, in virtue of possessing certain types of minute
internal structures, have the power to influence motion. And here is the
striking point: They endow the kinds with the power to influence motion
in ways unanticipated by laws governing less complex kinds and conditions
concerning the arrangements of particles. Emergentism is committed to
the nomological possibility of what has been called "downward causation".
   


McLaughlin's work is cited in modern attempts to defend an emergent dualism, downward causation, and a nonreductive physicalism in the face of criticism from Jaegwon Kim. 

For McLaughlin, the question becomes whether what the British Emergentists were looking for is "nomologically" possible in terms of modern physics, which departs from the nineteenth-century view of strict causality, what Kim calls "causal closure." McLaughlin points out that Broad's The Mind and Its Place In Nature appeared just as quantum mechanics was being formulated in the late 1920's. He asks whether quantum mechanics or relativity offer any new ways that support downward causation, but he remains very skeptical.

   

David Bohm's (1989) interpretation of the formalism of quantum mechanics understands the quantum potential in a way that seems to involve downward causation...And Einstein's field equations, of general relativity may count as involving downward causation. Of course, downward causation from the psychological, biological, or chemical level is another matter. That is enormously implausible. There is overwhelming reason to reject that idea and the existence of configurational chemical, vital, or psychological forces. Or so I argue below.

Let us pause for a moment to ask what the Emergentist notion of
emergent causal powers and laws at the chemical, biological, and psychological
levels would mean in the context of nonrelativistic quantum mechanics. Schrodinger's equation is the fundamental law of nonrelativistic
quantum mechanics. It governs the evolution of systems through time. It
tells us that the temporal evolution of a state vector ψ is determined by

  H
  ψ
  =
  i
  h
  δ
  ψ
  
    /
  
  δ
  t
, where H is the Hamiltonian operator and h is Planck's
constant divided by 2π. Now, to employ the equation, one must independently
determine the Hamiltonian. The Hamiltonian concerns energy,
rather than forces. (Quantum mechanics could, however, be recast in
terms of forces, it is just that the mathematics would be considerably
more complex; scalars are, of course, easier to compute with than
vectors.) But on the Emergentist view in question there would be kinds
of energies specific to types of structures of particles that compose certain
chemical, biological, and psychological kinds.


Hereafter, I will, however, focus on the notion of configurational
forces, rather than energies and the Hamiltonian. Quantum mechanics
was not developed until just after the publication of The Mind and Its
Place in Nature; and this was, as I mentioned, the last major work in
the Emergentist tradition. Alexander, Morgan, and Broad lived to see
the advent of quantum mechanics. But when they were writing in the
Emergentist tradition, they knew nothing of Schrodinger's equation or
the like.


It is, I contend, no coincidence that the last major work in the British
Emergentist tradition coincided with the advent of quantum mechanics.
Quantum mechanics and the various scientific advances it made possible
are arguably what led to British Emergentism's fall. It is not that British
Emergentism is logically incompatible with nonrelativistic quantum mechanics.
It is not. Schrodinger's equation could be the fundamental
equation governing motion in a world with energies that are specific to
types of structures of particles that compose certain chemical, biological,
and psychological kinds. But, as will become apparent, quantum mechanical
explanations of chemical bonding in terms of electro-magneticism,
and various advances this made possible in molecular biology and
genetics — for example, the discovery of the molecular structure of
DNA — make the main doctrines of British emergentism, so far as the
chemical and biological are concerned at least, seem enormously implausible.


 Given the achievements of quantum mechanics and these other scientific theories, there seems not a scintilla of evidence that there
are emergent causal powers or laws in the sense in question; there seems
not a scintilla of evidence that there are configurational forces; and there
seems not a scintilla of evidence that there is downward causation from
the psychological, biological, or chemical levels

   


We now have neuroscientific and biological evidence of downward causal control by the neuronal level and the biological level over their atoms and molecules, evidence of emergence and downward causation. 
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C. Lloyd Morgan


C. Lloyd Morgan was one of the "British Emergentists," so-named by Brian McLaughlin. 

Other emergentists included  John Stuart Mill, George Henry Lewes, Samuel Alexander, 
and C. D. Broad.


In his 1912 book Instinct and Experience, Lloyd Morgan revived the term "emergent," coined originally by Lewes. 


 Later, in his 1922 Gifford Lectures and 1923 book Emergent Evolution, Lloyd Morgan defined emergent evolution and introduced the related "top-down" concept of hierarchical supervenience:


...in the physical world emergence is no less exemplified in the advent of each new kind of atom, and of each new kind of molecule. It is beyond the wit of man to number the instances of emergence. But if nothing new emerge - if there be only regrouping of pre-existing events and nothing more - then there is no emergent evolution.

Such emergence of the new is now widely accepted where life and mind are concerned. It is a doctrine untiringly advocated by Professor Bergson.


One could not foretell the emergent character of vital events from the fullest possible knowledge of physico-chemical events only...Such is the hypothesis of emergent evolution.


Under emergent evolution there is progressive development of stuff which becomes new stuff in virtue of the higher status to which it has become raised under some supervenient kind of substantial gotogetherness.



But Lloyd Morgan's idea of emergent novelty may have been an epistemic rather than an ontological claim. The laws of nature may still pre-determine all the higher-level properties, though our understanding of the laws may not allow us to predict the higher levels: 

May we bring emergence itself under the rubric of causation?...Is emergent evolution itself the expression of an orderly and progressive development? If so (and such is my contention), then emergence itself takes rank, as Mill and Lewes also contended, among the "laws of nature." We may be unable to predict the probable nature of a character that is emergently new. We could not have foretold on the basis of physico-chemical events only what the nature of life would be. But that is due to our ignorance before the event of the law of its emergence. May we then, say:

...That such novelty is for us unpredictable owing to our partial knowledge of the plan of emergence up to date, and our necessary ignorance of what the further development of that plan will be.
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  Colin McGinn is an Anglo-American Analytic (AAA) philosopher who presented the standard argument against free will in its classic form in his 1993 book Problems in Philosophy: The Limits of Inquiry.

He states the problem (p.80)...
   

   The argument is exceedingly familiar, and runs as follows. Either determinism is true or it is not. If it is true, then all our chosen actions are uniquely necessitated by prior states of the world, just like every other event. But then it cannot be the case that we could have acted otherwise, since this would require a possibility determinism rules out. Once the initial conditions are set and the laws fixed, causality excludes genuine freedom. 

On the other hand, if indeterminism is true, then, though things could have happened otherwise, it is not the case that we could have chosen otherwise, since a merely random event is no kind of free choice. That some events occur causelessly, or are not subject to law, or only to probabilistic law, is not sufficient for those events to be free choices. 


Thus one horn of the dilemma represents choices as predetermined happenings in a predictable causal sequence, while the other construes them as inexplicable lurches to which the universe is randomly prone. Neither alternative supplies what the notion of free will requires, and no other alternative suggests itself. Therefore freedom is not possible in any kind of possible world. The concept contains the seeds of its own destruction.


The problem centres upon the significance of the phrase 'could have done otherwise'. Determinism seems to imply that one could not do otherwise, while indeterminism gives the wrong interpretation to the phrase.





This very familiar argument I call the standard argument against free will


  In Problems in Philosophy, McGinn expresses three important ideas as acronyms. The first of his new ideas is TN, for "transcendental naturalism." In Kantian terms, TN sounds like a contradiction, but for McGinn TN helps to clarify four sorts of philosophical question confronting a particular type of cognitive being B:  problems, mysteries, illusions, and issues.
   
   A problem is a question to which B can in principle find the answer, and is perhaps designed so to do, for biological or other reasons; or at least is of such a type as B can answer. Everyday life and much of science consists of solving problems – questions that fall within our cognitive bounds. A mystery is a question that does not differ from a problem in point of the naturalness of its subject-matter, but only in respect of the contingent cognitive capacities that B possesses: the mystery is a mystery for that being. An illusion is (or arises from) some kind of pseudo-question, or a question that is so formulated as to suggest an answer of a kind that does not objectively exist. An illusory question is not to be confused with a mysterious one, which latter reflects ill on B, not on the question. An issue is a question, typically of a normative character, about which B creatures may dispute, and with respect to which no scientific theory is suited as an answer – questions of ethics and politics, say.
   


  How is TN "transcendental?"
   
   TN, as I am defining it, incorporates a double naturalism (or anti-non-naturalism — I shall drop this periphrasis from now on): both about reality and about our knowledge of it. The natural world can transcend our knowledge of it precisely because our knowledge is a natural fact about us, in relation to that world. It is a general property of evolved organisms, such as ourselves, to exhibit areas of cognitive weakness or incapacity, resulting from our biological constitution; so it is entirely reasonable to expect naturally based limits to human understanding. We are not gods, cognitively speaking. A creature's mental powers are things in the natural world, with a natural origin, function and structure, and there is no necessity that this part of the world should be capable of taking in the rest. The 'transcendent' component of TN simply gives expression to this naturalism about the mind.

Plainly TN accepts a strong form of realism; in particular, it accepts realism about the nature of the things that cognitive beings think and talk about. While we may be able to refer to certain things, there is no guarantee that we shall be able to develop adequate theories of these things. Put differently, the correct theory of what is referred to, conceived as a set of propositions detailing the nature of those referents, may not belong in the space of theories accessible to the beings under consideration — including human thinkers. So, for TN, there may exist facts about the world that are inaccessible to thinking creatures such as ourselves. Reality is under no epistemic constraint.
   



  McGinn then defines four characteristic patterns of debate in what he calls "philosophical geography," and introduces a second acronym - DIME.
   
   I shall introduce the DIME shape – the shape of the philosophical landscape as it is configured by the underlying how-possible questions. Consider a philosophically problematic concept C, with respect to which we wonder how it is possible that C should apply to the world; so we are going to need to do some philosophy on C if we are to understand what it is all about. Then the DIME shape displays four types of philosophical position that might be taken with respect to C, as follows.
D corresponds to the idea that C must be domesticated, demythologized, defanged, demoted, dessicated. Taken at face-value C presents large problems of understanding and integration, so in order to secure its objective possibility we need to redescribe it in some way. Simple reduction to a relatively unproblematic set of concepts is the standard manouevre here.


The I position is that C-facts are irreducible and indefinable and inexplicable, and we should cultivate an attitude of insouciance towards them. C-propositions state brute facts for which no explanation can be given and for which none should be sought; they are what they are and not another thing. D-style reductionism stems from misplaced monism, obsessive unification.

M stands for magical, miraculous, mystical ... mad. The M believer accepts C-facts at face-value, unlike the D theorist, but he cannot simply take them as inexplicable, like the I adherent — he wants some account of their nature or basis. He seeks a larger picture of the world — a metaphysics — within which C-facts find an intelligible place. 

E is for elimination, ejection, extrusion. The E proponent despairs of domestication, balks at irreducibility, and scoffs at magic. His position is that C-facts look impossible because that is what they are: they are either prescientific remnants or logical absurdities of some sort. The entire C-ontology is an enormous illusion. C-talk should thus be banned, at least in serious contexts. 
   



  McGinn's final acronym jargon tries to capture his analytical language philosopher sense that "the grammar of human languages determines the scope and limits of the human language faculty, a particular organ of the mind. What TN ideally requires, then, is something to play the role of grammar in delimiting what is accessible to reason, where this something fixes boundaries across which philosophical thought cannot travel. He introduces a framework for thought that he calls CALM.
   
   The CALM acronym stands for 'combinatorial atomism with lawlike mappings'. This is intended to capture a certain mode of thought, suited to certain subject-matters: that in which an array of primitive elements is subject to specified principles of combination which generate determinate relations between complexes of those elements. This combinatorial mode of thought, which yields a certain kind of novelty in the domain at issue, and proceeds in bottom-up style, may represent contemporaneous relations between the structures dealt with, as well as dynamic relations over time. The essence of it is to yield understanding of the domain, especially its generative aspects, by means of transparent relations of composition between elements: we can see, on the basis of a CALM theory, exactly how — by what principles — items in the domain of study are related to each other. Put differently, if we already know, pretheoretically, that there exist principled relations between these items, a CALM theory tells us what the nature of these relations is — it specifies the manner in which the domain is structured. To grasp the theory is thus to understand the domain.
   


In his 2002 book, The Making of a Philosopher, McGinn describes CALM...

"Roughly speaking, you understand something when you know what parts it has and how they are put together, as well as how the whole changes over time; then you have rendered the phenomenon in question--CALM." (p.206)

"Natural entities are basically complex systems of interacting parts that evolve over time as a result of various causal influences. This is obviously true of inanimate physical objects, which are spatial complexes made of molecules and atoms and quarks, and subject to the physical forces of nature. But it is also true of biological organisms, in which now the parts include kidneys, hearts, lungs, and the cells that compose these. The same abstract architecture applies to language also: Sentences are complexes of simpler elements (words and phrases) put together according to grammatical rules. Mathematical entities such as triangles, equations, and numbers are also complexes decomposable into simpler elements. In all these cases we can appropriately bring to bear the CALM method of thinking: We conceptualize the entities in question by resolving them into parts and articulating their mode of arrangement."


"Find the atoms and the laws of combination and evolution, and then derive the myriad of complex objects you find in nature. If incomprehension is a state of anxiety or chaos, then CALM is what brings calm. Question: Does CALM work in philosophy?"


"In Problems in Philosophy I argue that ...[t}here are yawning gaps between [some] phenomena and the more basic phenomena they proceed from, so that we cannot apply the CALM format to bring sense to what we observe. The essence of a philosophical problem is the unexplained leap, the step from one thing to another without any conception of the bridge that supports the step. For example, a free decision involves a transition from a set of beliefs and desires to a particular choice; but this choice is not dictated by what precedes it—hence it seems like an unmediated leap. The choice, that is, cannot be accounted for simply in terms of the beliefs and desires that form the input to it, just as conscious states cannot be accounted for in terms of the neural processes they emanate from. In both cases we seem to be presented with something radically novel, issuing from nowhere, as if a new act of creation were necessary to bring it into being. And this is the mark of our lack of understanding. The existence of animal life seems like an eruption from nowhere (or an act of God) until we understand the process of evolution by natural selection; we can then begin to see how the transitions operate, from the simple to the more complex. But in philosophy we typically lack the right kind of explanatory theory, and hence find ourselves deeply puzzled by how the world is working." (p.209)


"This message is not very congenial to the optimistic philosopher who wants to solve the deep problems that brought him or her to philosophy. For I am saying that this is a futile aim; my book could equally have been called The Futility of Philosophy..." (p.210)



McGinn's CALM methodology actually seems quite congenial for understanding the classic "free-will" problem, partly because of the strong analogy with the process of evolution by gene variation and natural selection that works for him as an explanatory theory.

For what is Freedom but chance "combinatorial atoms," possible thoughts or actions that can be combined in new ways as "alternative possibilities?"


And what is Will but the choice of an adequately determined mind acting in accordance with its character and values, making "lawlike mappings" of those fortuitous opportunities?


In the Cogito model, “Free Will” combines two distinct conceptual “atoms.” Free is the chance and randomness of the Micro Mind. Will is the adequate determinism of the Macro Mind. And these occur in a temporal sequence.
   


  But McGinn has decided that "free will" must be declared a "mystery." Coming back to his statement of the problem in chapter 5, Free Will, and the phrase 'could have done otherwise,' he says (p.82) that domestication (D) consists in assimilating free will to some model, and a popular model is to invoke quantum mechanical indeterminism.
   
    "When we say that an agent could have acted otherwise we must mean that the totality of prior conditions was consistent with any of a range of possible outcomes, so that a replication of that totality would not determine the choice made. We can preserve the modality only if we adopt a radically indeterministic model of choice. Thus it is sometimes held that quantum indeterminacy must be the root of freedom: random events at the subatomic level in the brain are the origin of free will. These occur causelessly and are then amplified into grosser processes in brain tissue. Since the initiating event was not necessitated by the prior state of the world, we can say that the agent could have acted otherwise."
   
  
  Here McGinn has made the familiar error of seeing chance as the direct cause of action.

"The latter type of theory is best seen as a desperate response to the kind of problem just mentioned: we need groundfloor randomness in order to secure the independence of choice from what precedes it. Here the trouble is just that all we get by this manouevre is mere randomness, not the idea of an agent doing something. He is, as it were, the passive victim of the quantum leaps that erupt without cause in his brain matter. We lose the idea that the agent is in control of his actions; he is just the puppet of a randomness that occurs throughout the physical world. If we are to say that free choice is undetermined, it cannot be so in the way that quantum events are." 
  


  As to irreducibility (I) theses, McGinn says they are tailored to respect the sui generis status of the failure of domesticating (D) theories.
   
   "We can, if we like, introduce some semi-technical jargon in order to mark the distinctions we commonsensically make, calling free action a case of 'agent causation' rather than 'event causation'! But we should not suppose that this provides any widening of the explanatory circle: we are simply recording the irreducible character of the power to act freely. The freedom modality is just one more specific kind of possibility to be added to the others we have to recognize — physical possibility, logical possibility, legal possibility, and so forth." (p.83)
   


  For an M explanation, McGinn sees free will as some kind of miracle. Since free will is a causa sui, something the medievalists thought was only possible for God, this is a plausible view.
   
   Free will is perhaps the natural home of the non-naturalist. For surely, he will say, there is nothing in the experienced world that is quite so dramatically removed from the fixed routines of causality and predictability as an act of free choice. Each such action is itself a small miracle, contravening the dictates of the nomological order. The free agent has the power to hold back the tides of determinism, asserting his ascendancy over nature. In free choice we demonstrate the other-worldly aspect of our being. Choice is the natural expression of the soul, that supernatural entity that stands apart from the mechanics of matter. Thus religions typically see in choice our closest connection with God and his purposes: our faculty of choice has been divinely installed, with freedom built into it, so that we can live an ethically evaluable life. Not surprisingly, then, no naturalistic account can be given of the nature of freedom, and we sense the operations of the occult when we try to scrutinize it. Free choice does, indeed, resemble divine creation itself, in bringing something from nothing without prior constraint. We can only marvel at the miracle of freedom, never understand it.
   


  Finally the elimination (E) pattern of philosophical debate suggests free will should be banished as an illusion. 
   
   Elimination has seemed to many to be the only exit from the problem: the dilemma is unsolvable and freedom accordingly an illusion. The truth of general determinism by itself shows that there is no such thing as free action, so we need not even consider whether freedom is possible in an indeterministic universe. The concept of freedom may be central to the commonsense view of human action, and may be indispensable to moral evaluation, but it has been shown that the idea must be baseless, so we should eliminate it from our thought. No satisfactory sense can be made of the idea that agents could have acted otherwise.
   


  So where does McGinn wind up, with his TN and CALM approaches to the problem of free will?
   
   "As hitherto, one of the chief merits of TN is avoidance of the DIME trap; it provides an escape from the usual unpalatable alternatives. But before we contemplate this method of escape we need to assure ourselves that free will is not already ruled out by any of the standard arguments; we need, in particular, to consider the old question of the compatibility of freedom with determinism. For TN has no power to save what can be demonstrated to be impossible or nonexistent. The question, then, is whether the kind of necessitation consequent upon the truth of determinism is consistent with the kind of possibility required by the freedom modality: could the agent have done otherwise given that he had to do what he did? Can the existence of genuine alternatives be reconciled with the fixity entailed by determinism?

"What TN says is that we are fundamentally ignorant about what freedom consists in, so that we are prone to fill the gap in our understanding with misleading models and metaphors, which undermine what they are designed to explain. The neural correlates of choice, as we conceive them, do not supply us with a theory of what choice is; so freedom cannot be undermined by observing that these correlates are not themselves free — that would be a confusion of levels. We simply do not understand how the necessities of matter are related to the possibilities of will, so all inferences from the former to the latter are suspect. In particular, we cannot infer that the will is not free from the fact that all actions are physically necessitated: the ordinary notion does not deny this, and physical processes provide no explanatory model of the kind of thing the will is. The danger in this subject is to assume that we know more about what constitutes the will than we really do, subsuming it under concepts that misrepresent its nature."
   



  And what of CALM?
   
   "The CALM conjecture has something to say about this: our trouble (or part of it) is that the relation in question — that between desire and decision is not representable in CALM terms. There are two reasons why not. First, our notion of the lawlike fails at this point, as does our notion of causality: the production of decision is quite unlike the production of motion and the like — even to speak of 'production' here rings false. Second, the combinatorial paradigm runs aground in this case: decisions are not compounds of antecedent desires and other attitudes, nor of brain states. Undoubtedly there are links here, but they cannot be made unmysterious by means of CALM relations. Hence the feeling that decision involves radical novelty, a transition to something of another order altogether. This signals our inability to bring CALM to the phenomena."

Yet it must not be forgotten that free will is a natural phenomenon, rooted in biology. Children acquire it spontaneously, presumably by way of their innate endowment. Human beings have the capacity to digest food by virtue of mechanisms inside them; similarly they have the capacity to act freely in virtue of their biological nature. That we understand the former but are completely clueless about the latter is no reason to suppose any difference at the level of ontology; the difference is an epistemological one. As Chomsky says, Martians might find the free will problem trivial in comparison to the digestion problem, given their cognitive slant. The capacity to act freely develops in us by a series of natural steps, implemented somehow by structures in our nervous system, rather as our capacity to speak does — indeed, the two capacities are interwoven. What does not develop naturally in us is the capacity to understand this capacity. One might even be forgiven for suspecting that we develop capacities for not understanding free will, these being geared to phenomena of quite other types. Hence we style the problem 'philosophical'.
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  Free Will, chapter 5 of Problems in Philosophy, by Colin McGinn, Blackwell, 1993.
  
  I The Problem: Freedom and the Causal Order
The problem of freedom is that the concept can appear to impose requirements that cannot be reconciled with any available conception of how the world works. No matter how we conceive of the course of events we cannot find room for the idea of a free choice. Thus the concept strikes us, upon reflection, as inherently paradoxical. The question is whether we can resolve the apparent paradox and preserve the possibility of freedom. In this chapter I shall ask whether TN can play a part in this salvage effort. Does our perplexity result from deep ignorance about the real nature of free choice? Are we, indeed, compelled, by the modes of thought natural to us, to conceive of freedom in ways that are ill-suited to its true character, forcing it into a conceptual framework that (misleadingly) compromises its objective reality?


The topic of free will is connected to our previous three topics. Only conscious beings are capable of acting freely; though the ground of this necessary condition is far from clear. The agent of free choice is evidently the self; though the relation between self and choice is unperspicuous. And the operations of will have meaning or intentional content; though what determines this is obscure. A free decision is a conscious event, on the part of a person, bearing semantic properties. Thus it is surrounded on all sides by theoretical recalcitrance, as well as carrying troubles peculiar to itself. It lies at the dead centre of what perplexes us.
Despite the puzzles free will presents, however, it is deeply embedded in our ordinary intuitive folk psychology. All human interaction, and self-reflection, is suffused with the idea of freedom; there is nothing marginal or exceptional about it. Freedom is a property we take to be instantiated with enormous frequency. Not for nothing did the existentialists make freedom the essence of our nature.1 Doubtless the concept develops in us as part of our innate conceptual endowment, conditioning our whole conception of mind and action. Thus we take it for granted that human beings are confronted by a range of genuine alternatives, between which they must choose, and that their choices are free in the sense that they could have selected a distinct alternative from that which they actually selected. The agent is not compelled or constrained to act as he or she does, save in exceptional cases. We may be strongly inclined to do certain things, which makes it hard to do something else, yet we take ourselves to have the freedom to do what we are disinclined to do. We have a certain power to defy our natural propensities. So, at least, our commonsense view of action stoutly maintains: freedom is as real as consciousness or the self or meaning.


The trouble is that there seems to be a simple argument that shows that our prized freedom must be an illusion. The argument is exceedingly familiar, and runs as follows. Either determinism is true or it is not. If it is true, then all our chosen actions are uniquely necessitated by prior states of the world, just like every other event. But then it cannot be the case that we could have acted otherwise, since this would require a possibility determinism rules out. Once the initial conditions are set and the laws fixed, causality excludes genuine freedom. On the other hand, if indeterminism is true, then, though things could have happened otherwise, it is not the case that we could have chosen otherwise, since a merely random event is no kind of free choice.2 That some events occur causelessly, or are not subject to law, or only to probabilistic law, is not sufficient for those events to be free choices. Thus one horn of the dilemma represents choices as predetermined happenings in a predictable causal sequence, while the other construes them as inexplicable lurches to which the universe is randomly prone. Neither alternative supplies what the notion of free will requires, and no other alternative suggests itself. Therefore freedom is not possible in any kind of possible world. The concept contains the seeds of its own destruction.


The problem centres upon the significance of the phrase 'could have done otherwise'. Determinism seems to imply that one could not do otherwise, while indeterminism gives the wrong interpretation to the phrase. Much has been written about this notion of possibility and its compatibility or otherwise with different global conceptions of the flow of events.10 The problem has been to find a characterization of the freedom modality that shows how free choice is possible. What kind of power is signified by the idea that agents need not choose as they do? How can the natural world contain such a power? This is a question about a certain faculty that human beings possess, a certain natural attribute: what is the right theory of the structure and operation of this faculty? When an object possesses a power of a certain sort, expressible in modal terms, this will be grounded in certain objective properties of the object; the power depends upon the nature of what has it. Similarly, then, the freedom modality must have some inner nature and be related intelligibly to other properties of agents. It must, in particular, be somehow implemented by the machinery that implements our other psychological faculties — the machinery of the brain. And it must have a nature that is compatible with the facts about how human bodies work, deterministically or otherwise. The philosophical difficulty has been to produce such a characterization of the freedom modality.


Tautologically, to produce a characterization of something is to generate from one's actual conceptual scheme a set of propositions meeting certain epistemic conditions. So the problem can be said to be this: our conceptual scheme does not appear to yield a set of concepts that successfully captures the nature of the freedom modality. Such concepts as it does yield tend to make freedom look paradoxical and impossible — as with our concepts of the determined and the undetermined. By now we know what diagnosis TN will proffer of this state of affairs: in trying to produce a theory of the nature of freedom we run up against the limits and biases of our own cognitive system. Freedom is a phenomenon we can refer to but we cannot understand; the necessary theoretical concepts and principles fall outside the class of those that come naturally to us. Thus we fall into philosophical perplexity and cudgel our brains to find a way out. Straining at the bars of our cognitive cage, we concoct would-be solutions that never fully satisfy us, instead of accepting our cognitive predicament for what it is: so says TN. But before we explore the prospects for a TN position on free will further, we need to survey the relevant DIME options, noting their respective demerits.

II DIME and Free Will

Domesticating treatments of free will attempt to assimilate it to some independent model or paradigm of how events come about. The nexus of decision is taken to be just a special case of some other type of natural nexus; and the modality involved is not fundamentally different from other modalities represented in our scheme of concepts. Such reductive accounts take either a deterministic or an indeterministic form. The former type of theory insists that prior states of the world, consisting essentially in psychological states of the agent, are causally sufficient for a specific choice to be made, so that freedom comes out as a certain kind of causal sequence — that kind which features an appropriate set of mental antecedents. Freedom consists in causation by one's desires and beliefs.10 The causal relation itself is nothing special; what differentiates free choice from its opposite is what does the causing. The latter type of theory rejects the attempt to reconcile freedom with determinism, claiming instead that only an acausal model can do justice to the freedom modality. When we say that an agent could have acted otherwise we must mean that the totality of prior conditions was consistent with any of a range of possible outcomes, so that a replication of that totality would not determine the choice made. We can preserve the modality only if we adopt a radically indeterministic model of choice. Thus it is sometimes held that quantum indeterminacy must be the root of freedom: random events at the subatomic level in the brain are the origin of free will.10 These occur causelessly and are then amplified into grosser processes in brain tissue. Since the initiating event was not necessitated by the prior state of the world, we can say that the agent could have acted otherwise.


These are well-worn attempts to say what freedom consists in, and their difficulties are equally well-worn. The former type of theory does not give a sufficiently robust sense to the idea of the power to act otherwise, or gives it no sense at all, since it assimilates decision to any other kind of causal nexus. To say that one's actions are caused by one's beliefs and desires in the way that striking glass causes it to break does not allow room for the essential idea that the action is not necessitated by the beliefs and desires: the freedom modality drops out, and it cannot be reconstructed from the materials permitted by this type of account. The latter type of theory is best seen as a desperate response to the kind of problem just mentioned: we need groundfloor randomness in order to secure the independence of choice from what precedes it. Here the trouble is just that all we get by this manouevre is mere randomness, not the idea of an agent doing something. He is, as it were, the passive victim of the quantum leaps that erupt without cause in his brain matter. We lose the idea that the agent is in control of his actions; he is just the puppet of a randomness that occurs throughout the physical world. If we are to say that free choice is undetermined, it cannot be so in the way that quantum events are. So neither type of theory provides a satisfactory explanation of the power to act freely. The assimilations are deformations.6

Irreducibility theses are tailored to respect the sui generis status suggested by the failure of domesticating theories. Never explain; always distinguish. Our problem arises, the I theorist says, from trying to reduce what should be taken as primitive and self-intelligible: the freedom modality should not be forced into an alien conceptual mould; it is what it is and not another thing. Ordinary thought and speech attribute the power to act otherwise, treating free agents as a special ontological category; we should simply take this at face-value, resisting misplaced assimilations.7 We can, if we like, introduce some semi-technical jargon in order to mark the distinctions we commonsensically make, calling free action a case of 'agent causation' rather than 'event causation'.8 But we should not suppose that this provides any widening of the explanatory circle: we are simply recording the irreducible character of the power to act freely. The freedom modality is just one more specific kind of possibility to be added to the others we have to recognize — physical possibility, logical possibility, legal possibility, and so forth.


Here the central objection is that this position simply fails to meet the argument that seemed to put free will in jeopardy. Are human actions determined or are they not? If they are, then it is
just not true that agents could do differently, no matter how irreducible the concept may be. But if they are not, then human action is just so much random meandering. We need a way of avoiding this argument, and the I position, as so far stated, is silent on the question. And this is before we get onto the usual questions about emergence and supervenience: how does the power to act freely relate to the biological nature of the agent, his brain apparatus, the law-governed sequences of bio-chemical events that occupy his interior? There are genuine explanatory questions here, and the I position dodges them.


Free will is perhaps the natural home of the non-naturalist. For surely, he will say, there is nothing in the experienced world that is quite so dramatically removed from the fixed routines of causality and predictability as an act of free choice. Each such action is itself a small miracle, contravening the dictates of the nomological order. The free agent has the power to hold back the tides of determinism, asserting his ascendancy over nature. In free choice we demonstrate the other-worldly aspect of our being. Choice is the natural expression of the soul, that supernatural entity that stands apart from the mechanics of matter. Thus religions typically see in choice our closest connection with God and his purposes: our faculty of choice has been divinely installed, with freedom built into it, so that we can live an ethically evaluable life. Not surprisingly, then, no naturalistic account can be given of the nature of freedom, and we sense the operations of the occult when we try to scrutinize it. Free choice does, indeed, resemble divine creation itself, in bringing something from nothing without prior constraint. We can only marvel at the miracle of freedom, never understand it.


This non-naturalism shares the defects of other attempts to invoke magical facts, but it also fails to answer the original argument. Are our supernatural souls determined or are they not? They may be immaterial and divinely tinged, but the same dilemma confronts them, as it does God himself. The anti-freedom argument needs to be undermined, and nothing in the present conception offers a way of doing that.


Elimination has seemed to many to be the only exit from the problem: the dilemma is unsolvable and freedom accordingly an illusion. The truth of general determinism by itself shows that there is no such thing as free action, so we need not even consider whether freedom is possible in an indeterministic universe. The concept of freedom may be central to the commonsense view of human action, and may be indispensable to moral evaluation, but it has been shown that the idea must be baseless, so we should eliminate it from our thought. No satisfactory sense can be made of the idea that agents could have acted otherwise.10
III TN and Free Will

TN says that there are such things as free choices but that we can form no adequate conception of their nature; the natural principles that underlie the power to do otherwise do not come within our theory-constructing capacities. We try to apply what concepts we have to the phenomenon, but they do not supply any satisfactory model of what is going on; our concepts of the undetermined, in particular, fail to do justice to the freedom modality. We are signally weak, constitutionally so, when it comes to forming concepts that would explain the nature of choice. Our philosophical perplexities result from this cognitive lack.


Is this position plausible? Can it help alleviate the conceptual pressures that threaten to destroy freedom? Well, there have been notable adherents of a TN position about the will. Hume writes, as part of his general realist agnosticism:
>
The motion of our body follows upon the command of our will. Of this we are every moment conscious. But the means, by which this is effected; the energy, by which the will performs so extraordinary an operation; of this we are so far from being immediately conscious, that it must for ever escape our most diligent inquiry ... Were we empowered, by a secret wish, to remove mountains, or control the planets in their orbit; this extensive authority would not be more extraordinary, nor more beyond our comprehension ... We learn the influence of our will from experience alone. And experience only teaches us, how one event constantly follows another; without instructing us in the secret connection, which binds them together, and renders them inseparable.10

Kant, famously, holds that the will exists 'in a twofold sense', phenomenally and noumenally, saying:

My soul, viewed from the latter standpoint, cannot indeed be known by means of speculative reason (and still less through empirical observation); and freedom as a property of a being to which I attribute effects in the sensible world, is therefore also not knowable in any such fashion ... But though I cannot know, I can yet think freedom; that is to say, the representation of it is at least not self-contradictory, provided due account be taken of our critical distinction between the two modes of representation, the sensible and the intellectual, and of the resulting limitation of the pure concepts of understanding and of the principles which flow from them.10

Chomsky frequently cites the operations of will as belonging to his class of mysteries, which is why the theory of linguistic performance is so undeveloped and jejune, in contrast to theories of competence.12 He says: 'Even the relevant concepts seem lacking; certainly, no intellectually satisfying principles have been proposed that have explanatory force, though the questions are very old. It is not excluded that human science-forming capacities simply do not extend to this domain, or any domain involving the exercise of will, so that for humans, these questions will always be shrouded in mystery.'13 Elsewhere, referring to the creative aspect of language use, which he connects with freedom, he writes:

One possible reason for the lack of success in solving it or even presenting sensible ideas about it is that it is not within the range of human intellectual capacities: It is either 'too difficult', given the nature of our capacities, or beyond their limits altogether. There is some reason to suspect that this may be so, though we do not know enough about human intelligence or the properties of the problem to be sure. We are able to devise theories to deal with strict determinacy and with randomness. But these concepts do not seem appropriate to Descartes's problem, and it may be that the relevant concepts are not accessible to us. A Martian scientist, with a mind different from ours, might regard this problem as trivial, and wonder why humans never seem to hit on the obvious way of solving it. This observer might also be amazed at the ability of every human child to acquire language, something that seems to him incomprehensible, requiring divine intervention, because the elements of the language faculty lie beyond his conceptual range.14

This perfectly expresses the TN standpoint and might be taken as a text for the general position we are exploring. The Chomskian hypothesis is that our incomprehension regarding the will, though probably terminal, is a product of our peculiar cognitive makeup, the conceptual resources contingently at our command; it does not indicate any objective profundity or divine design. The problem stems from the particular properties of human cognition. Some science details the principles governing the will, including its relation to our biological nature, but that science is not available to our theoretical faculties. Thus we label the problem philosophical'.

As hitherto, one of the chief merits of TN is avoidance of the DIME trap; it provides an escape from the usual unpalatable alternatives. But before we contemplate this method of escape we need to assure ourselves that free will is not already ruled out by any of the standard arguments; we need, in particular, to consider the old question of the compatibility of freedom with determinism. For TN has no power to save what can be demonstrated to be impossible or nonexistent. The question, then, is whether the kind of necessitation consequent upon the truth of determinism is consistent with the kind of possibility required by the freedom modality: could the agent have done otherwise given that he had to do what he did? Can the existence of genuine alternatives be reconciled with the fixity entailed by determinism?


It can certainly seem like we have a straight contradiction here, since what is necessarily not so cannot be possibly so; but modal truths are notoriously tricky and equivocal, so let us see whether we can remove the appearance of contradiction. To say that an action is free is, I suggest, to make a relational claim: freedom is freedom from certain things. We can express this idea in terms of supervenience: the action is not supervenient on the body of facts in question, in the sense that the action could be different without that body of facts being different. Now the crucial question is whether the notion of freedom requires nonsupervenience on all facts or only on some. For, if it requires global nonsupervenience, then indeed it is hard to reconcile freedom with determinism; but, if it requires only a more local nonsupervenience, then it might be consistent with some varieties of determinism and not others. Then two sets of facts on which choices might or might not supervene are physical facts and mental facts. If you fix all the physical facts, do you thereby fix the choices? And if you fix all the mental facts, not counting the choices themselves, do you fix the choices? In other words, must physical duplicates perform the same actions, and must mental duplicates do so? My suggestion is this: the ordinary notion of freedom requires mental nonsupervenience, and this is not ruled out by any fundamental principle, but it does not require physical nonsupervenience, which is fortunate because that does seem hard to deny. It does not, on this view, follow from the necessity for physical duplicates to act in the same way that they are not free, but that would follow if it were true of mental duplicates: however, it is not true. Let me now defend this suggestion.


I think that when we say a person acted freely we mean that, given his set of desires and other attitudes, his choice was not yet fixed. His desires inclined him, perhaps strongly, to make a certain choice, but in fact it was really possible for him to resist those desires and do something else. He could have done otherwise, that is, relative to his total set of attitudes: they do not necessitate a particular action. The ability to overrule desire is what the ordinary notion is mainly about. This does not imply anything about the nonsupervenience of choice upon the agent's total physical condition; it is strictly a claim about psychology, about the looseness between desire and choice. So it is not incompatible with physical determinism. Two agents who are alike mentally may perform different actions and there be a corresponding physical difference between them, one that has no manifestation at the level of desire. But it is far from clear that ordinary ascriptions of freedom are intended to be incompatible with physical supervenience: no such recondite thought seems implied. Thus it is consistent with freedom, as we ordinarily conceive of it, that physical duplicates must act identically. The folk psychology of `free' is neutral on the question of physical determinism.


This claim is bound to seem unsatisfactory if we insist, misguidedly, on construing physical supervenience as an explanatory relation. Focusing on the underlying physiology, and supposing
this to be what the exercise of will really consists in, we will find it hard to preserve the notion of an agent's free choice. But it is a mistake to think that the nature of choice is revealed in what it supervenes upon. There is no reason to suppose that the principles of choice are constructable from its physical supervenience base.15 What TN says is that we are fundamentally ignorant about what freedom consists in, so that we are prone to fill the gap in our understanding with misleading models and metaphors, which undermine what they are designed to explain. The neural correlates of choice, as we conceive them, do not supply us with a theory of what choice is; so freedom cannot be undermined by observing that these correlates are not themselves free — that would be a confusion of levels. We simply do not understand how the necessities of matter are related to the possibilities of will, so all inferences from the former to the latter are suspect. In particular, we cannot infer that the will is not free from the fact that all actions are physically necessitated: the ordinary notion does not deny this, and physical processes provide no explanatory model of the kind of thing the will is. The danger in this subject is to assume that we know more about what constitutes the will than we really do, subsuming it under concepts that misrepresent its nature.16

I said just now that the essence of freedom is the 'looseness' that obtains between choice and desire. This is the point at which we reach for the idea of the undetermined, but quickly find that this leads only to an abyss of incomprehension. The CALM conjecture has something to say about this: our trouble (or part of it) is that the relation in question — that between desire and decision is not representable in CALM terms. There are two reasons why not. First, our notion of the lawlike fails at this point, as does our notion of causality: the production of decision is quite unlike the production of motion and the like — even to speak of 'production' here rings false. Second, the combinatorial paradigm runs aground in this case: decisions are not compounds of antecedent desires and other attitudes, nor of brain states. Undoubtedly there are links here, but they cannot be made unmysterious by means of CALM relations. Hence the feeling that decision involves radical novelty, a transition to something of another order altogether. This signals our inability to bring CALM to the phenomena.


Yet it must not be forgotten that free will is a natural phenomenon, rooted in biology. Children acquire it spontaneously, presumably by way of their innate endowment. Human beings have the capacity to digest food by virtue of mechanisms inside them; similarly they have the capacity to act freely in virtue of their biological nature. That we understand the former but are completely clueless about the latter is no reason to suppose any difference at the level of ontology; the difference is an epistemological one.17 As Chomsky says, Martians might find the free will problem trivial in comparison to the digestion problem, given their cognitive slant. The capacity to act freely develops in us by a series of natural steps, implemented somehow by structures in our nervous system, rather as our capacity to speak does — indeed, the two capacities are interwoven. What does not develop naturally in us is the capacity to understand this capacity. One might even be forgiven for suspecting that we develop capacities for not understanding free will, these being geared to phenomena of quite other types. Hence we style the problem 'philosophical'.


Finally, some remarks about how TN bears upon our practice of praise and blame. Kant writes: 'Morality does not, indeed, require that freedom should be understood, but only that it should not contradict itself, and so should at least allow of being thought, and that as thus thought it should place no obstacle in the way of a free act (viewed in another relation) likewise conforming to the mechanism of nature.'18 Paraphrasing, Kant's point is that rational praise and blame require only that we know free will to exist, not that we grasp its nature. This is clearly correct, but the inadequacy of our understanding of freedom, and our propensity to distort it when we attempt to frame a theory of its nature, are bound to affect our sense of the justification of praise and blame. Ethical evaluation depends upon something murky and elusive to us, lying athwart our inbuilt categories of understanding. It is thus natural (though mistaken) to entertain sceptical suspicions about free will, and hence the moral and political practices that presuppose its reality. Such suspicions might be allayed by the assumption of a divine authority who vouches for the existence of what we cannot comprehend, but in the absence of this assurance doubts are only to be expected. Perhaps, however, a clear acknowlegement of "IN about freedom can help keep these doubts at bay: for we can explain their prevalence without misconstruing or exaggerating their import. If our theoretical failings in respect of the phenomenon are seen for what they are, namely results of our specific cognitive deficiencies, not symptoms of objective incoherence, then we can continue to accept, at a reflective level, what we spontaneously believe — that human agents are free and responsible. We need not succumb to eliminativist doubts. Accepting TN can thus help us preserve ethical evaluation, with all that that implies, while agreeing that it depends upon something that necessarily escapes our theoretical comprehension.

NOTES

1 See Jean-Paul Sartre, Being and Nothingness. Freedom, according to Sartre, is intimately bound up with consciousness and intentionality.

2 I am not endorsing this move from the undetermined to the random, but it is natural to feel its pull when we try – contrary to the spirit of TN – to give positive theoretical content to the category of the undetermined.

3 See the collection Essays on Freedom of Action, ed. Ted Honderich.

4 See Davidson, 'Freedom to Act'.

5 See John Eccles and Karl Popper, The Self and its Brain.

6 See Galen Strawson, Freedom and Belief, Thomas Nagel, The View From Nowhere, chapter 7.

7 See P. F. Strawson, 'Freedom and Resentment'.

8 Davidson discusses this in 'Agency'.

9 I suspect that a large proportion of the thinking population currently accepts this: here eliminativism has made its way into the mainstream – along with atheism.

10 Hume, Enquiry Concerning Human Understanding, pp. 64-5.

11 Kant, Critique of Pure Reason, p. 28.

12 In this respect, as in others, Chomsky follows the example of Descartes: see Language and Problems of Knowledge, p. 140.

13 Chomsky, Reflections on Language, p. 25.

14 Chomsky, Language and Problems of Knowledge, pp. 151-2.

15 This is really just to insist upon the explanatory autonomy of the special sciences – despite a general supervenience on the physical.

16 This is particularly true with respect to the causal concepts we apply to the mind. The concept of cause, properly understood, is highly schematic, and there is thus a persistent tendency to thicken it in the direction of paradigms that may not fit the case we are considering. Certainly, it is a mistake to inflate the common application of causal concepts to mental and physical phenomena into a theory of the workings of the mind. That beliefs and desires cause actions tells us next to nothing about the principles involved; it makes no significant dent in our theoretical ignorance.

17 I am not, of course, denying that choices are mental and digestion is physical; I mean only that their relative mysteriousness is a purely epistemological matter. The same point could be made about our general sense that the mind is somehow intrinsically odder than the body.

18 Kant, Critique of Pure Reason, p. 29.
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Dickinson S. Miller was a student of William James and a lifelong friend and colleague. He admired James more than any other thinker, but it did not prevent him from denying the famous "Will to Believe." James encouraged belief in God, absent any evidence for and against God's existence. Miller thought that was a loss of intellectual integrity.

One other potential area of disagreement was the role of indeterminsm in free will. James was explicit about the need for chance as a prerequisite for free will. 

 
Miller, on the other hand, writing fourteen years after James's death, and under the pseudonym R. E. Hobart, published a short article in Mind in 1934 that is considered one of the definitive statements of compatibilism, following earlier landmark positions by Thomas Hobbes and David Hume, and refining 19th-century compatibilist views of John Stuart Mill, Henry Sidgwick, and F. H. Bradley.


Unlike his predecessors, however, Miller explicitly does not endorse strict logical or physical determinism, and he explicitly does endorse the existence of alternative possibilities, which can depend on absolute chance. Remember that he is writing about six years after the discovery of quantum indeterminacy.


He says:


I am not maintaining that determinism is true...it is not here
affirmed that there are no small exceptions, no slight undetermined
swervings, no ingredient of absolute chance. (Mind, Vol XLIII, No. 169, January, 1934, p.2)

"We say," I can will this or I can will that, whichever
I choose ". Two courses of action present themselves to my
mind. I think of their consequences, I look on this picture
and on that, one of them commends itself more than the other,
and I will an act that brings it about. I knew that I could
choose either. That means that I had the power to choose either. (p.8)



Compare William James's description of choice between alternatives, and his description of alternatives "which present themselves,"


"What is meant by saying that my choice of which way to walk home after the lecture is ambiguous and matter of chance?...It means that both Divinity Avenue and Oxford Street are called but only one, and that one either one, shall be chosen." 39 (The Will to Believe, 1897, p.155; first delivered as an address to Harvard Divinity Students in Lowell Lecture Hall, and published in the Unitarian Review for September 1884)

"the operation of free effort, if it existed, could only be to hold some one ideal object, or part of an object, a little longer or a little more intensely before the mind. Amongst the alternatives which present themselves as genuine possibles, it would thus make one effective." (Principles of Psychology, vol.2, p.576)




James was the first thinker to enunciate clearly a two-stage decision process, with chance in a present time of random alternatives, leading to a choice which grants consent to one possibility and transforms an equivocal ambiguous future into an unalterable and simple past. There is a temporal sequence of undetermined alternative possibilities followed by adequately determined choices. 


Thus Miller seems to agree with William James that there are ambiguous futures. One could parse Miller's statements as supporting the two-stage model of free will - first "free" courses of action present themselves, then an adequately determined "will" chooses between them, in a temporal sequence.


Note that Miller sees clearly that courses of action present themselves - our thoughts "come to us" - and the will brings the act about - our actions "come from us." 


Miller refers to G.E. Moore's idea that one could have done otherwise - "if" one had chosen otherwise. But Miller seems convinced that we have that real power.


Thus it is true, after the act of will, that I could have willed
otherwise. It is most natural to add, "if I had wanted to";
but the addition is not required. The point is the meaning of
"could". I could have willed whichever way I pleased. I
had the power to will otherwise, there was nothing to prevent
my doing so, and I should have done so if I had wanted. (p.9)


Miller finds fault with the indeterminist's position, but he gives the typical overstatement by a determinist critic, that any chance will be the direct cause of our actions, which of course would clearly be a loss of freedom and responsibility   

Indeterminism maintains that we need not be impelled to action
by our wishes, that our active will need not be determined by
them. Motives "incline without necessitating". We choose
amongst the ideas of action before us, but need not choose solely
according to the attraction of desire, in however wide a sense
that word is used. Our inmost self may rise up in its autonomy
and moral dignity, independently of motives, and register its
sovereign decree.

Now, in so far as this "interposition of the self" is undetermined,
the act is not its act, it does not issue from any concrete continuing self; it is born at the moment, of nothing, hence it expresses no quality; it bursts into being from no source. (p.6)


In proportion as an act of volition starts of itself
without cause it is exactly, so far as the freedom of the individual
is concerned, as if it had been thrown into his mind from without
— "suggested" to him — by a freakish demon. It is exactly like
it in this respect, that in neither case does the volition arise from
what the man is, cares for or feels allegiance to; it does not come
out of him. In proportion as it is undetermined, it is just as if
his legs should suddenly spring up and carry him off where he
did not prefer to go. Far from constituting freedom, that
would mean, in the exact measure in which it took place, the
loss of freedom. (p.7)



It is very likely that Miller has William James in mind as "the indeterminist." If so, despite knowing James very well, he is mistaken about James's position. James would not have denied that our will is an act of determination, consistent with, and in some sense "caused by" our character and values, our habits, and our current feelings and desires. He simply wanted chance to provide alternative possibilities for actions and a break in the causal chain of strict determinism. 

Since Miller accepts alternative possibilities, It is arguable that his analysis is actually consistent with Jamesian free will, properly understood. His title includes "determination," not determinism. And he sincerely believes we make free, determining choices:


In daily life we are all determinists,
just as we are all libertarians. We are constantly attributing
behaviour to the character, the temperament, the peculiarities
of the person and expecting him to behave in certain fashions.
The very words of our daily converse, as we have so amply observed,
are full of determinism. And we see nothing inconsistent
in being aware at the same time that he is free in choosing
his course, as we know ourselves to be. (p.21)
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  FREE WILL AS INVOLVING DETERMINATION AND INCONCEIVABLE WITHOUT IT 
  

  (excerpt from Mind, Vol XLIII, No. 169, January, 1934, p.1)
  

  The thesis of this article is that there has never been any ground for the controversy between the doctrine of free will and determinism, that it is based upon a misapprehension, that the two assertions are entirely consistent, that one of them strictly implies the other, that they have been opposed only because of our natural want of the analytical imagination. In so saying I do not tamper with the meaning of either phrase. That would be unpardonable. I mean free will in the natural and usual sense, in the fullest, the most absolute sense in which for the purposes of the personal and moral life the term is ever employed. I mean it as implying responsibility, merit and demerit, guilt and desert. I mean it as implying, after an act has been performed, that one "could have done otherwise" than one did. I mean it as conveying these things also, not in any subtly modified sense but in exactly the sense in which we conceive them in life and in law and in ethics. These two doctrines have been opposed because we have not realised that free will can be analysed without being destroyed, and that determinism is merely a feature of the analysis of it. And if we are tempted to take refuge in the thought of an "ultimate", an "innermost" liberty that eludes the analysis, then we have implied a deterministic basis and constitution for this liberty as well. For such a basis and constitution lie in the idea of liberty.

The thesis is not, like that of Green or Bradley, that the contending opinions are reconciled if we adopt a certain metaphysic of the ego, as that it is timeless, and identifies itself with a desire by a "timeless act". This is to say that the two are irreconcilable, as they are popularly supposed to be, except by a theory that delivers us from the conflict by taking us out of time. Our view on the contrary is that from the natural and temporal point of view itself there never was any need of a reconciliation but only of a comprehension of the meaning of terms. (The metaphysical nature of the self and its identity through time is a problem for all who confront memory, anticipation, etc.; it has no peculiar difficulties arising from the present problem.)


I am not maintaining that determinism is true; only that it is true in so far as we have free will. That we are free in willing is, broadly speaking, a fact of experience. That broad fact is more assured than any philosophical analysis. It is therefore surer than the deterministic analysis of it, entirely adequate as that in the end appears to be. 


But it is not here affirmed that there are no small exceptions, no slight undetermined swervings, no ingredient of absolute chance. All that is here said is that such absence of determination, if and so far as it exists, is no gain to freedom, but sheer loss of it; no advantage to the moral life, but blank subtraction from it. - When I speak below of "the indeterminist" I mean the free will libertarian indeterminist, that is, him who believes in free will and holds that it involves indetermination.

By the analytical imagination is meant, of course, the power we have, not by nature but by training, of realising that the component parts of a thing or process, taken together, each in its place, with their relations, are identical with the thing or process itself. If it is "more than its parts", then this "more" will appear in the analysis. It is not true, of course, that all facts are susceptible of analysis, but so far as they are, there is occasion for the analytical imagination. We have been accustomed to think of a thing or a person as a whole, not as a combination of parts. We have been accustomed to think of its activities as the way in which, as a whole, it naturally and obviously behaves. It is a new, an unfamiliar and an awkward act on the mind's part to consider it, not as one thing acting in its natural manner, but as a system of parts that work together in a complicated process. Analysis often seems at first to have taken away the individuality of the thing, its unity, the impression of the familiar identity. For a simple mind this is according to the wish (that is another law). A man has the power (sometimes) to act as he wishes. He has the power (whenever he is not physically bound or held) to act as he wills, He has the power always (except in certain morbid states) to will as he wishes. All this depends upon the laws of his being. Wherever there is a power there is a law. In it the power wholly consists. A man's power to will as he wishes is simply the law that his will follows his wish.


What, again, does freedom mean? It means the absence of any interference with all this. Nothing steps in to prevent my exercising my power.*



All turns on the meaning of "can". "I can will either this or that" means, I am so constituted that if I definitively incline to this, the appropriate act of will will take place, and if I definitively incline to that, the appropriate act of will will take place. The law connecting preference and will exists, and there is nothing to interfere with it. My free power, then, is not an exemption from law but in its inmost essence an embodiment of law.

Thus it is true, after the act of will, that I could have willed otherwise. It is most natural to add, "if I had wanted to" ; but the addition is not required. The point is the meaning of "could". I could have willed whichever way I pleased. I had the power to will otherwise, there was nothing to prevent my doing so, and I should have done so if I had wanted. If someone says that the wish I actually had prevented my willing otherwise, so that I could not have done it, he is merely making a slip in the use of the word "could". He means, that wish could not have produced anything but this volition. But "could" is asserted not of the wish (a transient fact to which power in this sense is not and should not be ascribed) but of the person. And the person could have produced something else than that volition. He could have produced any volition he wanted; he had the power to do so.


But the objector will say, "The person as he was at the moment — the person as animated by that wish — could not have produced any other volition". Oh, yes, he could. "Could"
meaning not as applied to a momentary actual phase of a person's life, but to the person himself of whose life that is but a phase; and it means that (even at that moment) he had the power to will just as he preferred. The idea of power, because it is the idea of a law, is hypothetical, carries in itself hypothesis as part of its very intent and meaning - "if he should prefer this, if he should prefer that", — and therefore can be truly applied to a person irrespective of what at the moment he does prefer. It remains hypothetical even when applied.*

This very peculiarity of its meaning is the whole point of the idea of power. It is just because determinism is true, because a law obtains, that one " could have done otherwise "...



Miller does not deny some indeterminism, even absolute chance

"the indeterminist" is probably William James
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  G. E. Moore maintained that "good" is an indefinable primitive, especially that it cannot be defined as something in the natural world, such as Bentham's pleasure, Mill's utility, the evolutionary theorists's survival, or even life itself. To identify good with something natural is called Moore's naturalistic fallacy. 

Moore's naturalism has much in common with that of David Hume. Hume claimed that we cannot derive "ought" (logically and rationally) from "is." This appears on the surface to be the same as Moore's naturalistic fallacy

But Hume thought we could directly observe "ought" in an empirical and scientific study of human nature. So it appears that Hume was guilty of the naturalistic fallacy? Like many great thinkers, Hume is full of internal contradictions.


Moore claimed he could prove the existence of the external world, that "there are in the Universe enormous numbers of material objects." One proof was to hold up his two hands and say, "Here is one hand" and "Here is another."


Unfortunately, Moore's demonstration was merely empirical evidence for a theory, not a proposition capable of logical proof.

Ludwig Wittgenstein did not doubt the obvious nature of Moore's demonstrations and the "truth" of his statements. But he did not regard the demonstrations as an adequate defense against someone arguing logically against them. 

Could Have Done Otherwise

Moore claimed that the meaning of the true statement "I could have done otherwise" is "I could have done otherwise, if the past had been slightly different and I had chosen to do otherwise." 

This is called the hypothetical or conditional analysis. Even in a deterministic world, this would be true. The existence of alternative possibilities at the exact moment of action is not necessary.
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Hugh McCann is a libertarian philosopher who has formulated a "non-causal" theory of action that focuses on intentions and other mental states prior to action. He argues that our motivations and desires may be reasons for our actions, but they should not be called causes. 


Other philosophers with a non-causal theory of agency include Donald Davidson, Carl Ginet, Stewart Goetz, and David Widerker.


In the context of deterministic events and indeterministic events, McCann does not want our actions to be uncaused in the sense of indeterministic. He just wants intermediate states between reasons and actions, like intentions, to not be pre-determined. And he wants our actions to not be "uncaused," with the implications that they are random. 


McCann makes the relation of intentions to actions a teleological relation, rather than a causal relation. Unfortunately, describing his theory as "non-causal" suggests something outside normal physical explanation.



In his 1998 book The Works of Agency, McCann says:


The free will problem has to do with the  pathway from reasons to action. If, following [Donald] Davidson,6 we think of a reason as a combination of a motive to achieve some end and a belief as to how that might be done, then the question is how reasons need to be related to actions in order for the latter to be free and responsible. But the path from reason to action is not simple: between the two there usually intervenes a state of intending, in which the agent has the settled purpose of performing the action his reasons call for. In such cases, intentions are formed by acts of decision and executed through the activity of volition. Both decision and volition  are therefore important to freedom. Decision is important because it is the primary means by which we enshrine certain of our reasons in intentions for the future, thus selecting from among the actions available to us the one we will perform. But volition is important also — partly because we feel that our actions as well as our decisions are "up to us," but also because not all action arises out of a prior deliberation and decision. When that is the case, volition becomes our primary means of intention formation.

There are, of course, divergent views about free will. Libertarians hold that decision and action are, at least usually, exempt from nomic causation, and that if this were not so we would not be free or responsible. Determinists, on the other hand, hold that a satisfying account of intentional action is not possible outside the context of nomic determination, and mostly seek an account of freedom that is compatible with determinism. By and large, determinist theories of action tend not to emphasize the concept of deciding, and they may seek to reduce intention to a combination of desire and belief. I think it is fair to say that through most of the twentieth century, determinism has been ascendant. One reason, no doubt, is that it appears more scientific. Libertarians have long faced the objection that an uncaused decision or action would violate sound principles of explanation, and so count as a kind of random event for which no one could be responsible. But there is another problem as well: it has been argued that apart from a causal account, we cannot even understand what it is to act for a given reason, or out of a certain intention.7 If this is right, then the problem for the libertarian is not just to explain action: it is to show how there can be a legitimate pathway from reasons to action that is not causal.


I argue first that intention is a legitimate phenomenon in its own right. It cannot be reduced to a combination of the agent's motives and beliefs, nor to the (essentially cognitive) judgment that an act would be best overall. When an intention to A is present prior to action, its content provides a plan of action that is put into effect through the agent's volition. In such cases, action commences when the agent begins to will the sequence of exertional changes presented in his intention as appropriate for achieving A. But the intention does not cause the willing, nor is a prior intention necessary for willing to be intentional. Rather, willing is intrinsically intentional: it is not possible for me to will the sort of exertion necessary, say, to hitting a golf shot without intending to will it, and without intending thereby to set in motion the sequence of events to which I envision it leading. In the case of playing golf, the plan for making the shot is almost always presented in a prior intention. But even if it were not, simply to engage in volitional activity would be sufficient for my being in the state of intending to do so, and of intending to achieve the objectives to which it is directed.
The intrinsic intentionality of volition is what accounts for our ability to perform intentional actions that are not preceded by deliberation or decision. Impulsive actions and acts performed in sudden emergencies may not be prompted by any prior intention. Still, they are intentional, because the volitional activity in which they are grounded is. All that is required for volition to occur is that a suitable objective be presented to the agent. That can occur with the onset of a sudden desire, or simply with the recognition that one's situation calls for a certain sort of action. Furthermore, even when volition is prompted by a prior intention to A, it should not be thought that the volitional activity must give rise to a second intention to A. It is not possible to have two intentions with exactly the same content. So when volition is prompted by a prior intention it only ratifies that intention; it does not create a second.

 
If this is correct. we get a noncausal account of what it is to act out of a prior intention. The issue is not whether volition is caused by the prior intention, but whether it is directed at producing the goals that intention embodies. A similar account applies to the formation of intention. There, the question is whether, when an agent decides to A for a certain reason, We can give an account of the for without invoking nomic causation. I argue that this relation, too, is essentially teleological rather than causal. In general, one's reasons for deciding to A are just one's reasons for A-ing: if my desire to get my son an ice cream cone is a reason for taking him to Swensen's, then it is also a reason for deciding to take him there. Thus, if I decide to take my son to Swensen's for this reason, it will explain both the decision by which my intention is formed and the eventual act by which the intention is carried out. And the explanation will be teleological, not causal. When my "desire" to get my son an ice cream cone is cited as my reason for taking him to Swensen's, it is not my mental state of desiring that is invoked as explanatory, but rather its content—a thought, which might be expressed as, "Would that I by my son an ice cream cone." This is not an event or state, but a proposition-like entity, which cannot cause anything. Rather, it explains my action by exhibiting my practical reasoning, by displaying the perceived good at which my action was aimed.


Furthermore, when we are uncertain what the reasons for an action may have been, we do not settle the question through considerations associated with nomic causation, such as the strength of motives or how uniformly they are followed. Rather, we focus on what motives were reflected in the agent's intention. The reason for this is that intentions always duplicate the reasons out of which they were formed: if we know the intention with which I took my son to Swensen's, we know what my reasons were; and if we know my reasons, we know my intention. And that is the clue to what decision is about. The functional role of deciding is to take the incipient action plans our reasons present to us and recast them into intentions. When I decide to take my son to Swensen's out of a desire to get him an ice cream cone, that desire is copied, as it were, into my intention: it becomes a settled objective of mine, an end I am committed to achieving. I resolve not just to take my son to Swensen's, but to do so for the sake of that objective.


But I also decide for the sake of that objective. This is in part because, like volition, decision is intrinsically intentional. I cannot decide without intending to decide, and without intending to decide exactly as I do. But that is not all: because to decide is to adopt a commitment to action, to decide to A is actually to progress toward A-ing in a certain definitive way. Aing becomes a part of my agenda, along with whatever good and evil it may involve. To decide is, therefore, to take an intentional step toward the objectives my reasons for A-ing represent — which is, simply, to decide for the sake of those reasons. And of course there is nothing about nomic causation in any of this: nothing about there being causal laws afoot, nothing about the strength of my reasons, nothing to suggest I might not have decided differently in precisely the same circumstances. It does not follow that my decisions are not nomically caused. But whether they are caused or not, we do not have to invoke causation to provide an account of what it is to decide for a reason.


If this position is correct, both the formation and execution of intention can be understood in noncausal terms, and the way to a libertarian account of the will is at least partially open. 

McCann cites the standard randomness objection to uncaused free will
But there remains the traditional objection: that an uncaused act of will could only be a kind of accident, a violation of principles of rational explanation. Actually, there are two aspects to this complaint. One is that an uncaused act would be a practical accident — an occurrence which befalls the agent unforeseen and unchosen, in which he is passive, and for which he could not be responsible. But nothing like this follows from an act's not being caused. Moreover, this complaint is refuted by the intrinsically actional character of operations of the will. It is simply a part of the phenomenology of deciding and willing that they are experienced as exercises of intentional agency. If they are anything like what we take them to be, it is not even possible for them to be accidents in this sense.

But — and this is the other aspect of the objection — such acts would still lack a deterministic explanation, and so might be viewed as anomalous, as ontological discontinuities in the world. I defend the view that responsible freedom requires alternative possibilities, that this idea cannot be done justice by a compatibilist analysis. Only operations of will that display libertarian freedom are free in any sense that matters. As for the complaint that they must count as explanatory anomalies, that has been overestimated. It is true that teleological explanation of actions must eventually give out. Once we have summed up all of an agent's reasons for A-ing, we can give no further answer if asked why he chose to A for those reasons, rather than do something else for some other set of reasons. But this defect afflicts any type of explanation. Even if the empirical world were deterministic through and through — which the evidence indicates it is not — nomic causation cannot explain why we have this world rather than some other, or no world at all. And unlike nomic explanation, teleological explanation does offer natural stopping points, in the ends an agent takes to be valuable for their own sake. That is much more satisfying than the situation that obtains in physics, where undetermined events have at best only statistical explanations.


We need to be clear, furthermore, on just how it is that nomically determined events are explained. Natural causation is often viewed as a sort of process — which we take to be described by scientific laws — in which the events of the past either produce or necessitate future ones, so that once the past is in place, the existence of the future is guaranteed. And then it seems easy to fault free decisions and actions, because their existence comes with no similar guarantee. But this alleged contrast is entirely groundless. As Hume pointed out, there is no process by which past events confer existence on future ones, nor do we observe any form of "natural" necessitation.8 Moreover, scientific laws — classical ones, at least — do not even purport to describe such a process. In fact, they are not even diachronic: they describe simultaneous interactions in which dynamic properties such as energy and momentum, which the laws treat as conserved rather than created, are transferred from one entity to another. Assuming the world continues to exist, future events will then emerge naturally and predictably from those that went before. But they will not be produced by them. In that respect, the idea of natural causation is on the same footing as agent causation: neither is a process in its own right, and neither guarantees the existence of an thing. It turns out, then, that free exercises of the will differ from the rest of the world only in being nomically discontinuous with it. The problem of their  provenance of a piece with that of the provenance of things in general.



(The Works of Agency, p.8-12)
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James Martineau


James Martineau was a descendant of French Huguenot refugees. He left the ministry to become a religious philosopher, teaching at the Unitarian seminary Manchester New College. Besides his teaching, he published many short articles on religion and ethics. 

Martineau studied briefly at the new Humboldt University in Berlin, under the great Aristotelian philosopher Friedrich A. Trendelenberg, who quarreled with Kuno Fischer. Fischer was the originator of the "back to Kant" movement and famous for dividing philosophers into British empiricists (Locke, Berkeley, Hume) and continental rationalists (Descartes, Spinoza, Leibniz).


For Trendelenberg, philosophical systems were dividable into the materialistic  and the organic, the physical sciences and the biological sciences. The former trace back to Democritus and have only efficient causes, the latter to Aristotle and recognize the existence of final causes, purposes, which are the basis of ethics.


Martineau became intrested in Transcendentalism, and considered the American William Ellery Channing a mentor.


In his eighties, Martineau produced three books that summarized his thoughts, which by that time were greatly influenced by new ideas of science, especially Darwinian evolution. At that time, he was widely know around the world. Harvard awarded him an LL.D. in 1872, at which time he no doubt met some of the New England Transcendentalists, and very likely William James. Other advanced degrees were granted him by Edinburgh in 1884, Oxford in 1888 and Dublin in 1891.


Martineau attended meetings of the Metaphysical Club of London, as did Henry Sidgwick and George Croom Robertson (the first editor of Mind). When James was in London in 1882, he, Shadsworth Hodgson,  and Robertson were members of the "Tramps," led by Leslie Stephen. James, and very likely Martineau, attended meetings of the then new Aristotelian Society.  


William James knew Martineau's work well. He wrote to Robertson, from Chocorua on October 7, 1888, "I am teaching ethics and the philosophy of religion for the first time,with that dear old duffer Martineau's works as a text."


James cited Martineau in support of his theory of reasoning in his 1878 essay "Brute and Human Intellect." 




Determinism and Free Will


In the third of his books, "The Seat of Authority in Religion," (a/k/a "A Study in Religion") published in 1888, Martineau speculated on Determinism and Free Will.

(Thanks to J.L.Speranza for finding this citation)    
   

Hitherto I have been content, in treating of the 
grounds whether of Ethics or of Religion, to build upon 
the assumptions universally made by the consciousness of 
mankind; aiming only to interpret them accurately, and 
not attempting to verify them by criteria foreign to them- 
selves. Thus it was shown that the moral judgment which 
we pass upon ourselves for past conduct takes for granted 
that, in the moment of yielding to one of two competing 
solicitations, we might have preferred the other; and that 
the experience of contrition, the language of praise and 
blame, the sentiment of justice, the pleas of forgiveness, 
the reverence for higher virtue, all proceed upon the same 
belief, that we are not manufactured into good or bad, but, 
within a certain range of responsibility, are the authors of 
our own characters. Whether this belief is true, I did not 
then stop to enquire; but was satisfied to say, that either 
it was true, or moral judgment was impossible. So too, in 
the present work, both the lines of argument which have 
been followed start from the same intuitive assumption: 
the first in the form, that from the exercise of Will we 
know what Causality is, and apprehend that of God along 
with our own: the second in the form, that the authority of 
Duty is known to us as a relation between our own will as 
free, and that of a higher and supreme Being. Of that relation we are conscious as a trust, or command of alternative, better and worse, committed to us by a perfect
righteousness. Beyond the appeal to self-consciousness, 
I have said nothing in support of these assumptions, on 
which the whole of both Ethics and Religion is staked. 
But this appeal is set aside on various ingenious pleas.
 
Our belief in our own independence arises merely, it is 
said, from a partial ignorance of the complex influences 
that mould our decisions, and when our inward history is 
all unfolded and laid bare, each volition will be found to 
have its place in a regular consecution of phenomena as 
uniform as those of physical nature, and as little open to 
the entrance of contingency. The antecedents which we 
bring into each posture of affairs being what they are, we 
can no more decide our problems except in one certain 
way, than water in a frost can refuse to become ice, or an 
acorn grow into an elm. The insecurity thus introduced 
into our conclusions it is impossible to leave unnoticed; 
and though I can add nothing to so old a controversy, it is 
incumbent on me so to pass it under review, as to explain 
why it does not disturb my faith in the principles of the 
foregoing reasonings. 


Though the fascination of this unsolved problem arises 
chiefly from its profound connection with the very roots 
of our moral and spiritual convictions, and though, in all 
logical consistency, these convictions appear to me to stand 
or fall according to the answer which we give to it, I desire, 
as far as possible, to keep the weight of this issue at a distance from the discussion. The real life of men, even upon 
its inner side, is not shaped by philosophical systems, or 
moved forward on lines of consecutive logic; and, on either 
brink of the wide chasm of doctrine which we are about 
to survey, are seen not only individual champions, but 
gathered hosts, alike eminent for high-toned character and 
devoted piety; so that practical experience affords little 
ostensible support to Professor Sidgwick's opinion, that 
ethical interests are but slightly affected by our theory of
the Will.


The advocates indeed on either side arrange 
themselves in most unexpected ranks. While the austere 
and lofty Stoic1, who makes the highest demands on self- 
command and self-sacrifice, asserts the reign of universal 
necessity, the prudential Epicurean2 insists upon free will, 
and makes his very atoms swerve in order to provide it.


 
In western Christendom, it is the Catholic Church alone, 
especially in its Dominican and Jesuit schools, that has 
saved any ability in man to obey the will of God ; while 
the Augustinian theology, whether sheltered in the Port 
Royal, or breaking forth into branches of the Reformation, 
has merged all human power in divine grace and fore-ordination. And, while the history of both is rich in examples 
of heroic and saintly goodness, an impartial observer, if 
asked to select and bring together a gallery of portraits 
marked with the lineaments of moral greatness, would probably search with the most hopeful eye through the camps 
of the Prince of Orange, of Coligny, of Gustavus Adolphus, 
and of Cromwell; for, whatever be the disproportion and 
aesthetic defects of the evangelical or Puritan type of character, in ethical vigour and religious elevation it certainly 
has no superior. If in Spinoza and Hobbes, in Diderot 
and Lamettrie, the doctrine of Determinism has formed 
part of an anti-theological mode of thought, it is presented, 
in the masterly vindications of Edwards and Priestley, as 
the essential life of true religion and implied principle of 
Christian society. Yet it has never long claimed a church- 
ascendency without encountering resistance from minds 
not less penetrating and devout than these: and in Cudworth, Butler, Clarke, Price, and Channing, the standard of 
revolt is once more raised against an almighty Absolutism, 
and the protest is renewed, that something of his own must 
be granted to man, if he is to be worth governing, and
capable of any similitude to God. There is scarcely any 
variety of relation to theology which the doctrines described 
in this controversy are not found to assume ; and the remarkable feature recurs in each combination, that our problem plays in it no accidental part ; but, in spite of the 
contradictory religious conclusions, the opinion favoured, 
be it of Liberty or be it of Necessity, is regarded by its 
advocate as the essential premiss, and defended as the 
turning-point, of the whole scheme. As we are all liable, 
on entering this discussion, to become thus bewitched, it 
will not be charged upon me, I trust, as an exceptional 
sin, if I also am led to affirm the dependence on the doctrine which I vindicate of any clear authority attaching to 
either Conscience or Faith. I cannot avoid this, unless I 
keep back the very grounds of my own conversion from 
the philosophical creed in which I was early established by 
the writings of Hartley, Collins, and Priestley; and it will 
be no recantation of a reverence for them, if I point out 
some inconsistencies of which I have myself had occasion 
to repent. 

What is the Question?


It is hardly possible to state the problem with which 
this controversy is concerned without employing terms on 
the meaning of which there exists a prior divergence. It 
might seem therefore an essential precaution to begin with 
a series of definitions, settling the exact contents of each 
conception involved in the question. It would be easy 
enough to do this. But no sooner should we have declared 
what we understand by Will, by Cause, by Motive, by 
Self, by Choice, by Freedom, by Necessity, than com- 
plaint would be made that we had begged the whole 
question in each definition; and we should have to discuss 
it over and over again upon every word. The two 
doctrines are the expression of entire schemes of thought
which put a different interpretation upon everything in 
nature and life of which we have occasion to speak ; so 
that language, pushed by them to its ultimate analysis, 
ceases to be common to the two; and they cannot with 
advantage converse together.

Without further preface 
then I remark, that our enquiry concerns the originating 
cause of voluntary action; and is mainly this: whether in 
the exercise of Will (i.e., 'cases of choice' the mind is 
wholly determined by phenomenal antecedents and external 
conditions; or, itself also as active subject of these objective 
experiences, plays the part of determining Cause. Those 
who maintain the first branch of this alternative were 
called and called themselves 'Necessarians' because, under 
the assigned conditions, the sequence of one particular 
volition is, in their view, an inevitable event, not less so 
than the explosion of gunpowder on the application of a 
lighted match, or the fall of a slate blown off into free air 
from the roof of a house. Those, on the other hand, who 
maintain the second branch of the alternative were called 
and called themselves 'Libertarians' because they deemed 
it possible, in spite of the assigned conditions, for the mind 
not to will, or to will otherwise: it is not obliged to deliver 
itself over to a bespoken decision. It is obvious that these 
terms are the offspring of the dynamic conception of 
causation, in which effect is supposed to be linked with 
cause by some constraining objective tie, and not merely 
in the subjective certitude of our expectations: 'Necessity' 
denoting subjection to power; 'Liberty' immunity from 
it, with ability to use one's own. 


The words have evidently 
come down to us from a date anterior to Hume's essay on 
'necessary connection' or at least to the general acceptance 
of its doctrine by the English empirical philosophers. They 
are wholly out of place in a system which discharges all 
idea of Force, which abolishes the distinction between 
active and passive, and resolves Causality into constancy 
of time-relation between successive phenomena: where 
nothing has power to produce or to control another, and 
each change must be content to play the part of sign to 
what comes next, there is no room for measurements of 
resistance or claims of freedom. 


It is not therefore surprising that J. S. Mill should complain of this language, 
as leaving a false impression of at least his own position 
against the pretensions of free will. He does not mean to 
tell you anything so disagreeable as that you are coerced 
or constrained to this or that particular volition; not the 
slightest force is put upon you; it is only that, as an 
observer of the antecedents, he is sure that nothing else 
will follow: 'whether it must do so,' he says, 'I acknowledge 
myself to be entirely ignorant;' ... 'all I know is, that it 
always does.' 1

No sooner however do you feel the relief of 
having this incubus lifted off, than you learn, with some 
little chagrin, that he no less removes it from the material 
world,2 and assures the weight in the scale that in its 
descent there is no necessity, but only a sequence; so that 
the exemption from Force is impartial, and though you 
are no more, you are also no less, helplessly brought to 
your volition, than the wave to the beach and the hail to 
the ground. Mill ascribes3 the common repugnance to 
his doctrine 'almost entirely' to its use of this 'extremely 
inappropriate term 'Necessity' carrying in it as it does 
the idea of some 'mysterious compulsion' or 'irresistibleness'; and thinks that, if it had insisted only on invariable 
uniformity of succession, its truth and innocence would 
have been generally acknowledged.  




This is Mill's "incubus" of determinism that Ted Honderich calls a "black thing"


Martineau asks about the beginnings of voluntary actions, and like William James, ascribes them to accidents. Those accidents become experiences that are alternative possibilities for later actions, according to James. Alexander Bain explains the child's imitative tendency in terms of the Hartley notion of association. But Martineau (as does James) says random accidents are the origin and "initiatives from within" the agent, and Martineau develops a two-stage model, with spontaneity in the first stage and volition in the second, much like the James model and our Cogito model.   

When once beyond these questionable beginnings of 
voluntary action, Bain's analysis of its ulterior growth is in 
a high degree acute and instructive; and needs only one 
or two slight additions or modifications to account satisfactorily for the gradual extension of our control over 
action and thought. One of these additions seems to be 
required in his explanation of the imitative tendency, which 
plays so important a part in all our training, and especially 
in the acquisition of language. The theory is that the vocal 
muscles, in spontaneous exercise, accidentally produce 
a particular syllable, — as ba: the audible impression which 
follows is thus associated with the muscular feeling involved 
in the act, — an association which is strengthened perhaps 
by the by-standers taking up the sound. The first time, 
the connection may be as yet too feeble to be of much 
avail; but after it has occurred a few times, it will become 
firm; and then, if the sound falls upon the ear, it will excite the voice to reproduce it.' 1 This however is more than 
will follow from the Hartleyan law; for that law provides 
only for sequences of sensation, movement, and idea, in the 
same order in which they originally occurred, and here the 
order is inverted; and how little 'association' helps us to 
this we may learn by simply trying to say the alphabet 
backwards. Bain is not unconscious of this difficulty; but 
seems to think that associations have only to be strong 
enough, and they will read both ways. 
 
Any one who will 
endeavour to reverse his most familiar actions, for instance, 
to write or spell backwards, or conjugate a foreign verb 
in the inverse order of tenses, numbers and persons, may 
satisfy himself that this is an error. On supplying an 
omitted link, we escape the difficulty. The infant, in common with many young animals, has a tendency to repeat, 
immediately and over and over again, a movement once
performed. Whether we regard the tendency as original, 
or say that the active energy having taken a particular 
channel works in it more easily than in a changed one, the 
fact is indisputable, and cannot be regarded as a case of 
self-imitation, anticipating as it does all signs of any 
mimetic propensity: one stroke of the little arm, one 
spring of the legs, is followed by another; and so, a syllable, once flung out, is sure to come again with more or 
less of iteration. Every natural cry indeed is in itself continuous, i.e. a prolonged vowel; and when it is intersected 
by the appulses or pressure of parts muscularly agitated, — 
lips, tongue, larynx, — the continuity is broken into repetition by consonantal arrest of its regular flow ; and thus are 
the first syllables produced. But, in every repeated act 
consisting of two terms, each type of term precedes the 
other; so that in the series A, B, A, B, etc., A no more 
takes the lead of B than B of A; if the muscular feeling 
of the vocal organs becomes in association the prior of the 
sound, so does the sound become prior to the muscular 
feeling; and either may excite the other. The sound however may be made by others; and when the child, hearing 
it thus, reproduces it, his lessons in imitation have begun. 
Rewarded by pleasant signs of encouragement, and helped 
by growing discoveries of what he can do with his machinery 
of noise, they soon supply him with new acquisitions; in 
gaining which, however, he could never reject his failures, 
or even be conscious of them, without attention to his experiments, and a frequent renewal of his tentative efforts; 
and these are already acts of intelligent will. There is a 
comparison between the sound which he misses and that 
which he makes, — a comparison which the phenomena cannot perform upon one another, but which he performs upon 
the two as related; and there is a direction of effort, more 
or less awkward, to avoid the one and make the other; a 
direction, other than that of the spontaneity which it aims 
to deflect. 

There is an initiative from within which deals 
with both the 'impression' from without and the memory 
of the past, and uses them as materials for fresh attainments. In the case of speech, where the mechanism is too 
remote or delicate for parent or nurse to reach, the training 
of voluntary control must be mainly self-originated, though 
invited. In other cases, as in learning to clap the hands, 
the process may be aided for the child by guiding his arms, 
provided you leave the active operation, as much as possible, to him, and only prevent its going astray; so as to 
let the succession of muscular feelings fall into the right 
track. I have said that, throughout these processes, the 
initiative is from within; but, though this is essential, it is 
not enough, to make them voluntary. 


Mere spontaneity, 
be it ever so 'random,' is also from within; and so are 
routine movements of instinct on its one line; and Will 
does not come into play till the attempt to control the spontaneity and make it do this and not that i.e. till there is 
some selection^ and among possible strokes only one is a 
hit: whoever can exclude the wrong and direct himself 
upon the right exercises voluntary power.

I am the more anxious to emphasize this selective or 
preferential function of will, because it is partly slurred, 
partly denied by many modem psychologists, and the 
means are thus lost of distinguishing instinct and habit 
from volition. 


In Bain's illustrations of our growth in 
voluntary power, it is indeed indirectly implied: we learn, 
he says, to 'single out' the proper movements, to 'determine specific actions,' to bring about a 'successful coincidence,' and from among 'ideal representations of all possible movements' to perform some desired one.1 But the 
significance of this unavoidable language is so far from 
fixing his attention, that he totident verbis excludes its 
meaning from his definition of voluntary action; the 
specialty of which, he tells us, is 'that the antecedent and 
the consequent are conscious or mental states (coupled of 
course with bodily states); when a sentient creature is 
conscious of a pleasure or pain, real or ideal, and follows 
that up with a conscious exercise of its muscles, we have 
the fact of volition' :

Speranza sees this as the temporal sequence in the two-stage model of free will


 'the two phenomena are successive 
in time, the feeling first, the movement second.' 'Not unfrequently two, three, or four feelings occur together, conspiring or conflicting with one another ; and then the 
action is not what was wont to follow one feeling by itself ^^ 
According to this account, an animal urged upon action 
by any single feeling is exercising will, though there be no 
'singling out,' no comparison, no exclusion, but only a 
rush forward upon a straight line: in this limitation of it 
Bain sees nothing to distinguish the case essentially from 
those in which conflict and deliberation may be present 
on the accident of there being more ends or means than 
one, or only one; and if it be present, it is a mere intellectual judgment upon compared prior conditions, and 
precedes the act of willing, which is confined to the effort 
at execution.2 


His opinion is sustained by the authority of Mr. Sidgwick, 
who thinks that 'no clear line can be drawn' between 
actions 'originated unconsciously,' i. e. from instinctive 
impulse, and those which are 'conscious and voluntary." 
And it is carried to its utmost extent by Mr. Hazard in 
his treatise on 'Freedom of Mind in Willing'; which 
abolishes all distinction, except in degree, between the 
human and the brute faculties, and treats the instinct of 
the beaver or the ant as a case of Will realizing a single 
end through intelligence knowing a single means, while 
our larger wants supply us with a plurality of ends, and 
wider intelligence reveals to us a variety of means.3 

In 
conformity with this identification of all action with Will 
and all skill with intellect, he dispenses with choice as an 
element of volition: whether it is present or not depends
on the accident of there being more ends or means than 
one, or only one; and if it be present, it is a mere intellectual judgment upon compared prior conditions, and 
precedes the act of willing, which is confined to the effort 
at execution. 




I cannot reconcile myself to a use of language which
identifies  phenomena so unlike as the blind instinct of the
caterpillar and the  foreseeing and discriminating intellect
of man: and which separates processes so allied, nay
blended, as the moral  choice of the higher principle of
action and the moral effort to give it  effect. Though we
cannot plant the line exactly between animal skill and
human intelligence, and can mark the former only by
negative suggestion,  it is impossible to doubt that the
exclusions thus made are in the main well  founded ; and
that you cannot attribute to the insect, to the salmon, and
to the migratory bird, a knowledge of what they are about,
of the  future, even posthumous, offspring they are providing
for, of the distant  latitudes they seek, and the relation
between the ends they pursue and the  methods adopted
for their attainment This absence of knowledge from
operations which we could perform only by means of it,
needs to be  marked by some distinctive term ; and in
calling them instinctive as opposed  to voluntary^ we mean
to claim for the latter precisely the elective and  foreseeing
element which characterizes self-conscious agency. If a
preconceived end and a selection of means are not necessary to  volition, then, within the scope of conscious nature,
there is no such thing  as involuntary action; and, to find
it, we shall have to pass into the  mechanism of the material
world. If we assume and take into consideration  the
Divine Will, all movement is voluntary. If we omit this
consideration as transcendental, the question arises, how
are the  movements taken up which it relinquishes? Is it
by one category, — like  mechanicaly — covering all that is not
claimed by finite wills? — or by two  categories, — the mechanicaly for insentient things, and the automatic,  for simply
sentient; — leaving the voluntary for the more than sentient,
the self-conscious and reflectively intelligent? Surely this
triad is the only natural expression of differences which
insist on taking the lead in our view of the world under
its active and passive aspects. The last head alone gives
us a complete causality, carrying its own directing power.
The first gives us only imparted or transmitted changes
through passive  media that only hand them on (as the
first law of motion itself asserts).  The second gives us an
intermediate order of facts, viz. the latter half of  causal
action without the first, — the conscious execution of an
absent  directing Idea ; the idea being at once undeniable,
and yet not predicable  of the creature itself, but left out
in the transcendental sphere, to be  claimed by Nature or
by God. This classification, adopted by the common  sense
of mankind and incorporated in current language, there
is nothing  in our later knowledge to disturb ; and we may
rest content with the  definitions of Locke and Edwards,
who both of them regard Choice as the  characteristic of
Will.1The central question is how the second-stage will determines which of the first-stage alternatives


By thus limiting the range of Will to the function of
determining an  alternative we dispense with those earlier
stages of the Hartleyan  psychology in which single lines
of associated feelings, ideas, and  movements are formed
by closing up their links; and we take up the problem
at the point where first two co-present tendencies conflict.
There it is  that the hinge of our whole question is found.

Prior to this, we may allow the law of association its claim
to connect  sensation, conception, and movement, and to
make action dependent on  suggested ideas: we are perfectly familiar with this process in the  training of skill and
the formation of habit; — a process exactly the same  as
that of learning by heart, and exemplified also in the
breaking-in of  an animal. Here, in this passage from the
'automatic' to the 'secondarily  automatic' or habitual,
there is one definitely given path to be traced and
smoothed, and no alternative presents itself except in the
form, at once universal and negative, of the aU else that
is to be excluded; so that the  only entrance which Will
can make is in the shape of attention, warding off the
intrusion of lateral disturbance, and securing for each step
the  determination of the next. In this function, the Will
only stands sentinel at the outposts to let the files be
rightly formed within, and does not mix  with them and
direct them, so as to render them properly voluntary.


Even habitual actions can be regarded as voluntary because the Will can always veto them


And when once the connections have been strongly riveted,
we regard an habitual action as no less involuntary than
one that is instinctive; and though, in both cases, we may
hold the agent responsible for it, it is because, while  not
issued by his will, it was preventible by it. If it conflicts
with some higher principle of action which ought to have
been present, the  cohesive force of habit will not excuse
it; choice holding a perpetual veto against mechanism.


Leaving these cases of transition from automatism to
habit, let us fix  our attention on the point where the line
of usual association bifurcates  into alternative possibilities.
Suppose that you suffer under some calumny,  admitting
disproof; your natural course would be, to give the exculpating statement But if in doing so you must cast a
shadow on some fair  name, or embitter some precious
friendship, your impulse will be arrested by  a resistance
equally natural. Consider what takes place in deciding
this conflict; for a true analysis of the process gives the
solution  of our problem. The elements which are present
are (i) two incompatible  springs of action, the desire to
save your own credit, and the desire to  save that of others;
and (2) what I will call your own Past i.e. a certain formed
system of habits and dispositions brought from your previous  use of life. The former head comprises the motives
that are offered; the  latter, the character that has come to
be. Do these settle the matter between them? Is the
character the arena on which the play, or rather the war, of
the motives fights itself out, and is the volition the flash of
the stronger sword? Or, inverting the parts of active and
passive,  shall we say that the past character, instead of
lying still and being  influenced by the triumphant motive,
comes in as umpire between them, giving  the ascendency to
that which is the more consonant with itself? Or, is our
account of what is there still incomplete ; and must we
admit that,  besides the motives felt, and besides our formed
habits or past self, there  is also a present self that has a part
to perform in reference to both? Is  there not a Causal
self, over and above the caused self, or rather the caused
state and contexts of the self left as a deposit from previous
behaviour? Is there not a judging self, that knows and
weighs the  competing motives, over and above the agitated
self that feels them? The  impulses are but phenomena of
your experience ; the formed habits are but a  condition and
attitude of your consciousness, in virtue of which you feel
this more and that less: both are predicates of yourself as
subject,  but are not yourself, and cannot be identified with
your personal agency. On  the contrary, they are objects
of your contemplation; they lie before you to be known,
compared, estimated; they are your data; and you have
not  to let them alone to work together as they may, but to
deal with them, as  arbiter among their tendencies. In all
cases of self-consciousness and  self-action there is necessarily this duplication of the Ego into the objective^ that contains  the felt and predicated phenomena at which we look or
may look, and the  subjective, that apprehends and uses them.
It is with the latter that the  preferential power and personal
causality reside; it is this that we mean  when we say that
'it rests with us to decide, that' our impulses are not to be
our masters, that 'guilty habit cannot be pleaded in excuse
for guilty act.' If this distinction be lost sight of, and the
word Self be used  exclusively of the objective and phenomenal, the essence of the  personality is erased, and nothing
remains, in the absence of any cause  which can settle an
alternative, but to deny the alternative, contrive that  one of
its terms shall slink away, and leave the field to a linear
series of jointed phenomena. No one denies that, with
alterations in  their data, i.e. in the intensity of our impulses
and in the acquired cast  of our habit and temper, the problems of right action become more or less  difficult and
weighted by temptation  and, in formerly treating of the
principles of Ethics, I have endeavoured to reduce these
variations to  definite rules. But, short of mania, they do
not go so far as to usurp the  whole causality for the mere
conditions  and the deciding Ego of a rational  self-consciousness will never allow that it is obliged to follow the
importunities of its feeling; will insist, on the contrary,
that it can  command them. 















I have mentioned that, while Bain rests the determinist
case on the  necessary connection between motive and
volition, Mr. Shadworth Hodgson  prefers to emphasize the
necessary connection between the formed character  and the
volition : and I must not neglect the argfument of so acute
a  metaphysician. He presents it as a comment on the
following words of a  Libertarian writer : * I feel, when I
have done wrong, that I have done  something / could have
avoided, — the accusation of conscience directed  against that
which I mean when I speak of myself/ * Admirably stated/
says Mr.  Hodgson, * first expressing our sense of freedom in
choosing, and then  giving the interpretation of that sense,
viz. (in the case of wrong-doing),  the moral reproach against
the Self as agent. Now I say that all the  Determinist
theory is therein contained. The reproach is ultimately
against the agent [he means, as distingfuished from the act].
The agent  gives rise to the act of choice, not the act to the
agent ; the act flows  from, presupposes, and is evidence of,
the character of the agent We  reproach ourselves for
being such agents as to choose the good so feebly, or  the
bad so readily. We accept the responsibility of what we
are^ as  evidenced by what we choose : and in this our moral
responsibility  consists.* He then proceeds to argfue that if
you make the responsibility  depend on a supposed power,
irrespective of character, to choose  differently, you dissolve
the connection between act and character, and  practically
treat the agent as characterless at the moment of action :
and then his choice expresses nothing, and is destitute of
moral  quality. *The whole validity,' he concludes, *of
moral responsibility  depends on the necessary connection
between the character of the agent and  the character of his
act 1 '.









J.L.Speranza found Martineau describing a two-stage model of free will



Martineau opposed the "Necessarians" who thought all "voluntary" action was necessarily and mechanically determined by the agent's character and motives.

   

If my past alone predetermines 
my future, having settled both the motives that shall be 
suggested and the reception which I shall give to them, I 
in the present have no part or lot in the matter, except to 
play the stepping-stone of transition from the one to the 
other; and the doctrine which involves such an utter 
collapse of the sense of personality appears to me self-condemned. Here it is that we touch the hinge of the 
whole question : whether we are, or whether we have and 
partly produce, the phenomena of our own life. If we are 
nothing but the growing sum-total of them thus far, then 
the next term in the series is given by the preceding. But 
if, instead of our equivalents, they are only our predicates, 
they express, without exhausting, an essence and power 
behind them, which may betake itself to other modes of 
manifestation. I submit that the consciousness of self, as 
an identical personality, is the consciousness of such power ; 
and that no one can sincerely deem himself incapable by 
nature of controlling his impulses and modifying his 
acquired character. That he is able to make them the 
objects of examination, comparison, and estimate, places 
him in a judicial and authoritative attitude towards them, 
and would have no meaning if he were not to decide what 
influence they should have. The casting vote and verdict 
upon the offered motives is with him, and not with themselves; he is 'free' to say 'Yes' or 'No' to any of their 
suggestions: they are the conditions of the act; he is its 
Agent. In the typical case of inward conflict which I have 
supposed, between your sensitiveness to unjust reproach 
and your tenderness for others' reputation, you do not let 
yourself sway to and fro with the varying fling of the 
motives upon your character, like a floating log on an 
advancing and retreating wave; but address yourself to an 
active handling of their pretensions; and deciding that the 
care for repute, however vehement, is lower than the sympathy, however calm, you force yourself to obey the better 
claim. You yourself, as a personal centre of intelligence 
and causality, are at the head of the transaction, and determine how it shall go; though doubtless what you have been 
about in the past, and what you feel in the present, enter 
subordinately into the problem as its avowed data or its 
tacit aspects. 


To the force of this inward assurance Professor Sidgwick,
though almost  borne down by the arguments on the other
side, has put on record the  following emphatic testimony : —



'This almost overwhelming cumulative proof seems,
however, more than balanced by a single argument on the
other side;  the immediate affirmation of consciousness in
the moment of deliberate  volition.'


'It is impossible for me
to think, at each moment, that my volition is  completely
determined by my formed character and motives acting
upon it.  The opposite conviction is so strong as to be
absolutely unshaken by the  evidence brought against it.
I cannot believe it to be illusory. So far it  is unlike the
erroneous intuitions which occur in the exercise of the
senses ; as, for instance, the mis-perceptions of sight or
hearing. For  experience soon teaches me to regard these
as appearances whose suggestions  are misleading ; but no
amount of experience of the sway of motives even  tends to
make me distrust my intuitive consciousness that in resolving  after deliberation I exercise free choice as to which of
the motives acting  upon me shall prevail. Nothing short
of absolute proof that this  consciousness is erroneous could
overcome the force with which it announces  itself as certain^*.





It is right to add that subsequent reflection seems to
have reduced  this firm and sharp-cut judgment to a
more yielding condition; on its  re-appearance in more
recent editions of the Methods of Ethics, it shows evident
symptoms of incipient melting away. But still, in the
third  edition, it makes again a modest assertion of its
rights : * Certainly, in  the case of actions in which I have
distinct consciousness of choosing  between alternatives of
conduct, one of which I conceive as right or  reasonable, I
find it impossible not to think that I can now choose to do
what I so conceive, however strong may be my inclination
to act  unreasonably, and however uniformly I may have
yielded to such inclinations  in the past ^ *.

It is not, however, to be supposed that the empirical
psychologists have not an account to give of this consciousness of  elective power : and their exposition must
be compared with the foregoing.  They all agree in dispensing with any contribution to the result from the  present
selfy over and above what is furnished by the two other
factors  ; and undertake to account for each volition from
the play of the motives  upon the habits and dispositions
formed in the past. Of these conjoint  conditions, either
may be announced as determining the volition : Mr. Shadworth Hodgson1 prefers to treat it as consequent upon the
character^ \  Bain, more in conformity with usage, regards
it as the resultant of the  combinations of motives. Neither
has the least intention to ignore the  unnamed condition;
and the different language merely indicates the element
ascendent, and tacitly endowed with activity, in the mind
of each.




Martineau reviewed the positions of many of his contemporaries (e.g., Henry Sidgwick, Shadsworth Hodgson, Alexander Bain) on "voluntary" action. Following his description of his own position above, he quotes Henry Sidgwick, in his Method in Ethics,  as supporting his view 
   

"This almost overwhelming cumulative proof seems,
however, more than balanced by a single argument on the 
other side; the immediate affirmation of consciousness in 
the moment of deliberate volition. It is impossible for me 
to think, at each moment, that my volition is completely 
determined by my formed character and motives acting 
upon it. The opposite conviction is so strong as to be 
absolutely unshaken by the evidence brought against it. 
I cannot believe it to be illusory. So far it is unlike the 
erroneous intuitions which occur in the exercise of the 
senses; as, for instance, the mis-perceptions of sight or 
hearing. For experience soon teaches me to regard these 
as appearances whose suggestions are misleading; but no 
amount of experience of the sway of motives even tends to 
make me distrust my intuitive consciousness that in resolving after deliberation I exercise free choice as to which of 
the motives acting upon me shall prevail. Nothing short 
of absolute proof that this consciousness is erroneous could 
overcome the force with which it announces itself as certain." 


By comparison, Shadsworth Hodgson thinks character determines the actions and Alexander Bain thinks the action is simply the resultant of the play of motives upon the habits and dispositions of the past.    
   

Mr. Shadworth Hodgson prefers to treat it as consequent upon the 
character. Bain, more in conformity with usage, regards 
it as the resultant of the combinations of motives. Neither 
has the least intention to ignore the unnamed condition; 
and the different language merely indicates the element 
ascendent, and tacitly endowed with activity, in the mind 
of each. In bringing the case of Choice under the rule 
that the strongest motive always prevails. Bain represents 
the so-called chooser as passively at the mercy of the 
objects that offer themselves; each has a certain attraction; 
and that which has the greatest carries the day and gives 
him his volition. When this happens at once it shows that 
there is no approach to equality in the strength of the 
attractions, but that one has a decisive preponderance. 
When, on the other hand, there is an interval of suspense, 
it is because the motives are nearly balanced and are 
trying their strength till the weaker are driven from the 
field; or else that, in view of the evils of precipitate action,
 
a 'deliberative veto is in exercise,' till the opposing solicitations have been sufficiently compared; when this arrest 
is withdrawn, the volition rides in on the back of the 
victorious motive. You may call this Self-determination 
if you mean by Self 'only' what is resolvable into motive, 
and consent to define it as the 'sum of the feelings' that
'impel the conduct, together with the various activities 
impelled'; for thus you do but vary the phraseology, still 
claiming the causality for the motives, though referring to 
the particular motives of the present case only under cover 
of the sum-total of motives called 'Self.' 

But if, under
this word, you think of any entity that meddles with the
phenomena, or  turns them into anything more than antecedents and sequents of the  regular sort, and mingles with
them that 'mystical' fiction named 'Power,'  you confuse
the phenomenon of volition by thrusting into it an illusory
element^ In this exposition, let us consider (i) the fundamental maxim  that, among conflicting motives (defined as
'pleasures and pains in  prospect'), the strongest must
prevail. If this proposition is to have any  meaning, and
be susceptible of verification, there must be some common
measure of motives, enabling us to set them on a graduated
scale of  strength, and say 'this is weaker than that, and
here is the weakest of all' Yet it is confessed that we
have no such measure; Bain himself saying  that 'the only
test of strength of motive* is that the volition follows.  That
it is so, you may readily convince yourself by trying to
arrange  the motives which you have rejected in the order of
their relative strength; you will find it utterly impossible
to do so. Even kindred inducements  that may come into
rivalry, a visit to a picture-gallery, and a  skating-excursion,
and a ride on the downs, may prove incommensurable;
and when the range takes in quite dissimilar ends, addressing  themselves to different parts of our nature, some
prudential, some  sympathetic, some moral, the common
application to them of terms of quantity  becomes simply
ridiculous. How am I to balance the 'attractions' of a
festive evening among friends in health against those of
the same hours  given to a friend in dejection and sorrow?
or of attendance upon him in infectious fever against those
of security to my own life? or of a new carpet against
those of helping a church or an  hospital into existence? I
might as well compare my sensibilities in eating  a lobster-
salad and in reading an epic poem. The Will has to live
and  move among objects which, in their pleasurable or
painful aspects, are  perfectly heterogeneous, and no more
measure themselves by one common standard than light,
weight, and electricity by the thermometer. If it is said
that all these, in spite of their differences, have in this
respect  the same feature, that they are susceptible of more
or less intensity; and that, through whatever channel they
may enter our consciousness, they will  report themselves
there with corresponding degrees of excitement,it may
still be doubted whether we can tell, in the case of
different senses  and affections, all susceptible of degrees
of stimulation, what excitements  are equivalent or to what
extent they miss equivalence. But, waiving this  doubt,
we may surely affirm that, in our inward conflicts, it is by
no  means the motive most intensely felt and most exciting,
that wins our  volition. Often a vehement passion may be
controlled by the mere tranquil  memory of a resolve quite
distasteful to us at the moment. What else indeed  do we
mean when we speak of the frequent opposition of inclination and  duty? If therefore by 'strength of motive'
be meant its felt intensity,  and, if it denotes a quality at
all, this is the only possible sense), the proposition that the
volition follows the strongest motive is false. If, as  Bain
admits, the only test of greatest strength is in the victory,
we  are simply landed on the tautology, that the prevailing
motive prevails.




J.L.Speranza compares this to the Libet veto
 
Martineau attacks Bain's idea that a 'Self' is something mystical above and beyond a collection of motives
   
The account given of delayed choice I find unintelligible
on Bain's  theory.


The suspense, he tells us, is evidence
that the opposite motives are  nearly balanced ; and time is
occupied in trying their relative strength. How do they 
manage this  experiment?

What is going on during this pause ?

He does not reveal the secret.

It is a battle in the dark; or behind the scenes, as in the classic drama,
 that
lets no horrors come upon the stage: all we know is that,
at last, the door is opened, and


 

the volition, stepping into
the daylight, reports which is the victor  and which is the
slain.

I have often been conscious of incompatible motives,
but never of their  behaving themselves in this way, and
presuming to settle their quarrels on  my field and without
my intervention, and even to make me the prize for  whose
captivity they fought. If there be several of them, have
they to  try it all round, in a succession of single combats,
till the last survivor  can go off with me unmolested ? That
the period of suspense should work  itself out in this way
without betraying the transaction is inconceivable.  But
Bain offers us an alternative explanation : it may be that
the time  is spent in using judgment, instead of experimenting on strength: the 'deliberative veto' may be
applied to stay decision, until the several  motives have
been surveyed, compared, and estimated at their value;
and  then withdrawn, to let the winner have its way.

But
Who exercises and withdraws this veto?

Who compares
and appraises the clamorous impulses ? As there is no
^Self^ irresolvable into motive^ there is nothing but the
motives  themselves to do the 'deliberation,' the 'veto,' the
'comparison,' and  then put an end to it all. If it be said
that the 'Self' which deliberates  is indeed a sum-total of
feelings, impulses, and acts, but those of the  whole previous
life, and not the mere group of the immediate crisis, so that
it is the 'formed character' up to date which examines and
appreciates the solicitations of the moment; I reply with
two remarks: 
(a) A sum-total  of feelings, impulses, &c.
cannot deliberate, any more than each feeling and impulse
separately, but only a Mind that has them: nor is that
mind  superseded by any particular condition or 'formed
character ' to which it may have been brought, so as to surrender to  it the work of comparison and estimation. The
habits contracted in the past may improve or deteriorate
the mind's capacity for right judgment, but  cannot take its
place. 

(b) Deliberation as to an impending act assumes
that no one of the motives on the field is predetermined victor in  virtue of its superior 'strength': for, if it
were so, the suspense on  which we are insisting would
be illusory : in the state of character as  defined by the past,
and the relative force of the motive, the conditions of  the
volition are already complete. The very fact therefore that
we pause  and compare implies that consciousness repudiates
the determinist  assumption, and recognises a tribunal with
jurisdiction over the pleas of  motive and habit, and em-
powered to open new lines, and set new precedents,  of
Right.


In order to avoid recognising this personal causality,
Bain supplies  yet another meaning of the word 'Self,'
besides that of the collection of *'motives,' and that of the
hitherto formed character. It sometimes is used to  mark
my 'permanent interests' as distinguished from 'temporary
solicitations' : and 'self-determination' means no more than
that my idea of the former moves me more than my feeling
of the latter: but this in  no wise disturbs the law of the
strongest or the necessary sequence of  volition on motive,
by introducing any agency beyond these phenomena: it
simply classifies my motives using the word 'Self' as a
name for the 'ideal' ones. He adds that 'to neutralize, by
internal resources, the  fleeting actualities of pleasure and
pain, is a great display of moral power.' Two brief comments comprise what I have to say on this phase of  the
doctrine, {a) That 'Self' means something 'permanent'
as opposed to  what is transient, there can be no doubt; and
therefore self-determination  is certainly the ascendency of
the permanent. But permanent what? Is it  merely the
more durable, that is, frequently recurrent, among the
phenomena, as  contrasted with the fleeting and occasional?
Am I myself in my digestion, and not in my toothache?
By no means : the 'Self' is not some of our phenomena but
the Subject of them all: and it is the continuity and
identity of this subject that make 'permanence' predicable
of it, and  not predicable of anything that happens in it: a
self constitutes a  permanent: but a permanent order
repeated does not constitute a self.  Self-determination
therefore is not determination of some phenomena by
others, but of phenomena by a subject, (b) So irresistibly
do we feel this that Bain himself cannot state his case
without confessing it. While  reducing the whole inward
life, voluntary no less than involuntary, to a  mere time-
order of sequence, and denouncing the words 'Will' and
'Power' as mischievous 'expletives,' serving as nests of
dynamic  illusion, and fostering the idea of some 'mystical
or fictitious agency,  other than the occurrence of the
antecedent phenomenon, he yet tells us that  'to neutralize,
by internal resources, the fleeting actualities of pleasure  and
pain, is a great display of moral power.' What is 'moral
power,' if  there be no such thing as power at all and the
word is a misleading 'pleonasm'? Who displays it? is
it the sequences? Who neutralizes the fleeting solicitations,
by command of 'internal resources'? Is it the  ideas of
something less fleeting? or are these just the 'internal
resources' by means of which the thing is done? Who
then uses these  means, finding them among his 'internal
resources'? The author has  evidently slipped into
phraseology more sensible than his doctrine, and  having
no intelligible meaning except on the assumption of that
'mystical agency' which he denies. And so does he again
when he says * The  collective "I" or self can be nothing
different from the feelings,  actions, intelligence, of the
individual,' If I am only a collection, I am a divided
aggregate : if I am an 'individual, I am a unit not divisible;
and the collection of feelings, &c. is not myself, but belongs
to myself, the many in the one.





J.L.Speranza compares this to stage two in a two-stage model
 
Martineau finds Bain analyzing the "spontaneous" (Greek ἀυτόματον) element in "self-determination."
   
One more attempt to take its meaning out of the 
phrase 'self-determination' is made by Bain. He tells us 
that 'Spontaneity' is synonymous with it : that is, in com- 
parison with action propelled or induced from without, any 
that springs up of itself from within may be regarded as 
'self-determined,' that is, functional to the nature of the 
being and provided for out of its resources. When restricted 
to the voluntary acts of human beings, the word would 
denote the absence from them of any external pressure or 
prompting by others: as when a person unsuspected comes 
forward and confesses a past crime. Undoubtedly, both 
words, 'spontaneity' and 'self-determination,' denote action 
from within: but there is a difference between them which 
Bain overlooks: spontaneity denotes action from within in 
the absence of any counter forces or irrespective of them: self-determination, in their known presence and in spite of them. 
The latter word is never used except to claim for the Ego a 
jurisdiction over the solicitations to action whencesoever 
presented; and we do not employ it to mark merely that 
the agent has no accomplices in his inducements. In no 
way can this term be appropriated by the Necessarian: it 
expresses precisely the relation between the motives and the 
personality which he desires to disprove.

I have mentioned that, while Bain rests the determinist 
case on the necessary connection between motive and 
volition, Mr. Shadworth Hodgson prefers to emphasize the 
necessary connection between the formed character and the 
volition : and I must not neglect the argument of so acute 
a metaphysician. 


He presents it as a comment on the 
following words of a Libertarian writer: 'I feel, when I 
have done wrong, that I have done something I could have 
avoided, — the accusation of conscience directed against that 
which I mean when I speak of myself.' Admirably stated, 
says Mr. Hodgson, first expressing our sense of freedom in 
choosing, and then giving the interpretation of that sense, 
viz. (in the case of wrong-doing), the moral reproach against 
the Self as agent. Now I say that all the Determinist [Martineau means acts as self-determined, not radical libertarian free, ed.] 
theory is therein contained. The reproach is ultimately 
against the agent [he means, as distinguished from the act]. 
The agent gives rise to the act of choice, not the act to the 
agent; the act flows from, presupposes, and is evidence of, 
the character of the agent. We reproach ourselves for 
being such agents as to choose the good so feebly, or the 
bad so readily. We accept the responsibility of what we 
are as evidenced by what we choose: and in this our moral 
responsibility consists. He then proceeds to argue that if 
you make the responsibility depend on a supposed power, 
irrespective of character, to choose differently, you dissolve 
the connection between act and character, and practically 
treat the agent as characterless at the moment of action : 
and then his choice expresses nothing, and is destitute of 
moral quality. 'The whole validity,' he concludes, 'of 
moral responsibility depends on the necessary connection 
between the character of the agent and the character of his 
act

 


I understand this to mean that if the act were free and
wrong the  reproach would be directed against it: but,
since it is the necessary result  of the agents character, the
reproach is directed against himself It would  draw
reproach, if free : it escapes it, through being necessary.
Reproach therefore goes only with freedom ; and could
not be transferred  to the self but in the consciousness that
the self was free. How could we *  reproach ourselves for
being such agents,' how * accept the responsibility  of what
we arel if our * being such,* were not our own doing, but
were, like the immediate act, the inevitable fruit of the
retreating  antecedents back to our nativity? Granting
that from the character as it is  nothing but this act could
come, still, in upbraiding that character, I  certainly exempt
it from a like necessity, and assume that I could have
determined it into a better form : else, I should as soon
feel  compunction for a hump-back or a squint The
Determinist, if he cares for it,  may have the act : for,
so much the more, in order to interpret the  self-reproach,
must he leave free the character. It is the abuse of
a  prior liberty that has brought us under the present
necessity.

And here it is well to observe the ambiguity that lurks
in the word *  character.' In order to work the determinist
theory, that is, to refer the  volition wholly to its antecedent
phenomenal conditions, it ought to mean my  collection of
inward and outward habits gathered in the past : these it is
which are affirmed to be, under the offered motives, the
necessary  determinants of my act. But these are not all
that we usually intend to  cover by the word * Self I or the
word ^ character^ when employed as its  equivalent: we
think, not merely of a manufactured Ego, the resultant of
its own experiences and therefore changing through their
course, but of  a permanent self-identical Ego living through
all, responsible now for what  it is because responsible all
through for what it does. And when we say that an act
gives evidence of the character, we mean, not that it is
retrospective and reveals the past and established habits,
but that it  shows us the kind of use which the living Ego
makes of its freedom. If the  act were perfectly fresh,
unencumbered by any antecedent acquired  tendencies, it
would express one of the mind's preferences, and so far
tell us what it is and what it is not. The 'character' thus
reported  to us includes the Will; and so, while determining
the act, leaves room for  self-determination.


On the whole then, I submit, the empirical psychology
does not dispose  of our consciousness of personal causation,
or succeed in reducing us to a  theatre of felt antecedents
and sequents. There remains the indelible  conviction that
we are not bound hand and foot by either our present
incentives or our own past : but that, drag as they may,
a power remains  with us to make a new beginning along
another path than theirs. It is matter  only that moves
out of the past: all mind acts for the future : and though
that future operates through the preconception of it which
is earlier  than the act, and so might seem to conform to
the material order, yet, where  two or more rival preconceptions enter the field together, they cannot compare
themselves inter se: they need and meet a superior: it
rests  with the mind itself to decide. The decision will not
be unmotived for it  will have its reasons. It will not be
unconformable to the characteristics  of the mind, for it
will express its preferences. But none the less is it issued
by a free Cause that elects among the conditions, and is
not  elected by them. For what can be more absurd than
to say, because an  intelligent and moral agent is careful to
bring his actions into  correspondence with the conditions
available for bettering the future, that they and not he must
be credited with the causation? If the conditions were
different, the decision would no longer be the same, precisely because the mind is free to appreciate its problem
and conform to its terms, by making the best of the possibilities it supplies.
   




Libertarians feel they could have done otherwise
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John McTaggart was an idealist philosopher in the tradition of G. W. F. Hegel and Francis H. Bradley. 

Where Hegel though the "Absolute" was progressing through time, Bradley thought "The Absolute enters into, but is itself incapable of, evolution and progress."  


In McTaggart's 1908 book, The Unreality of TIme, he argued that time should not be thought of as a series of events in a past, present, and future, which he called the "A-series." In this standard view of time, an event in the future is thought to change into a present event at the moment of time we arbitrarily call "now," then slip into becoming a "past" event. McTaggart thought this perception of changing time is an illusion.


In his Mind article (Jan 1, 1908, Vol.17, p.31) with the same title, he wrote



IT doubtless seems highly paradoxical to assert that Time 
is unreal, and that all statements which involve its reality are 
erroneous. Such an assertion involves a far greater departure from the natural position of mankind than is involved 
in the assertion of the unreality of Space or of the unreality 
of Matter. So decisive a breach with that natural position is 
not to be lightly accepted. And yet in all ages the belief in 
the unreality of time has proved singularly attractive. 

In the philosophy and religion of the East we find that
this doctrine is of cardinal importance. And in the West, 
where philosophy and religion are less closely connected, we 
find that the same doctrine continually recurs, both among 
philosophers and among theologians. Theology never holds 
itself apart from mysticism for any long period, and almost 
all mysticism denies the reality of time. In philosophy,
again, time is treated as unreal by Spinoza, by Kant, by 
Hegel, and by Schopenhauer. In the philosophy of the
present day the two most important movements (excluding 
those which are as yet merely critical) are those which look
to Hegel and to Mr. Bradley. And both of these schools
deny the reality of time. Such a concurrence of opinion
cannot be denied to be highly significant—and is not the
less significant because the doctrine takes such different
forms, and is supported by such different arguments.


I believe that time is unreal. But I do so for reasons
which are not, I think, employed by any of the philosophers
whom I have mentioned, and I propose to explain my reasons
in this paper.



McTaggart proposed a view that eliminates change, progress, and evolution. It was a "timeless" view, or as J. J. C. Smart called it, a "tenseless" view. Influenced by the Einstein-Minkowski "block universe" in which events in the future are already out there in the four-dimensional space-time, McTagggart proposed a "B-series" in which all events have unchanging descriptions. 




McTaggart argued that the A series is a necessary component of any full theory of time, since change only occurs in the "A series." But he said that the "A-series" is self-contradictory and that our perception of time is, therefore, ultimately an incoherent illusion.  In the standard "A-series," an event has changing properties.

"It began by being a future event. It became every moment an event in the nearer future. At last it was a present event. Then it became past, and will always remain so, though every moment it becomes further and further past. Thus we seem forced to the conclusion that all change is only a change in the characteristics imparted to events by their presence in the A series" 


McTaggart claimed he could prove the incoherence of the A series. There is a contradiction in our perception of time in that all events exemplify all three of the properties of the A-series,  being past, present and future. No event is all three at once, no event is past, present, and future. A single event is present, will have been future, and will become past.


McTaggart's proposed that this give rise to a vicious circle and infinite regress, because it depends upon the A-series to make sense. To distinguish the properties of being present, having been future and going to be past requires a conception of time divided into past, present and future, and hence of the A-series. He said, "Accordingly the A series has to be pre-supposed in order to account for the A series. And this is clearly a vicious circle" (p. 468).


In his McTaggart's logically consistent "B-series," every event always has a single property only, and its relationship to all other events remains timeless. It is "after" any event in its past, and "before" any event in its future.



Presentism and Perdurance Theories of Time


McTaggart's unchanging and unique character for each event lies behind modern metaphysicians who support a "presentist" or "perdurantist" theory of persistence and the idea of "temporal parts."


The great Anglo-American philosopher Alfred North Whitehead attributed the continued existence of objects from moment to moment to the intervention of God. Without a kind of continuous creation of every entity, things would fall apart. This notion can also be traced back to the American theologian Jonathan Edwards, who thought God creates every person anew from moment to moment, and is responsible for the way the world is at every instant.

Willard van Orman Quine proposed that we consider an object as existing in "stages." Quine's student, David Lewis argues that at every instant of time, every object disappears, ceases to exist, to be replaced by a very similar new entity. 


He proposes temporal parts as a solution to the problem of persistence. He calls his solution "perdurance," which he distinguishes from "endurance," in which the whole entity exists at all times.
Lewis says:


Our question of overlap of worlds parallels the this-worldly problem of
identity through time; and our problem of accidental intrinsics parallels
a problem of temporary intrinsics, which is the traditional problem of
change. Let us say that something persists iff, somehow or other, it
exists at various times; this is the neutral word. 

Something perdures iff
it persists by having different temporal parts, or stages, at different times.
though no one part of it is wholly present at more than one time; whereas
it endures iff it persists by being wholly present at more than one time.
Perdurance corresponds to the way a road persists through space; part
of it is here and part of it is there, and no part is wholly present at two
different places. Endurance corresponds to the way a universal, if there
are such things, would be wholly present wherever and whenever it is
instantiated. Endurance involves overlap: the content of two different
times has the enduring thing as a common part. Perdurance does not.



The road parts do not exactly persist. They are intrinsically different parts. The enduring entity does persist simpliciter. 
Matter that disappears and reappears violates the conservation laws for matter and energy..
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On Logic, Knowledge, and Science


John Stuart Mill was a British empiricist in the tradition of John Locke and David Hume. He believed in Locke's "blank slate" model for the mind and the Locke-Hume theory of knowledge, that nothing comes into the mind except through our perceptions, through our "experience."

Mill's father James personally gave John an extraordinary classical education, training him to represent theories of political economy developed by James' close friends, including Jeremy Bentham and David Ricardo. John Stuart Mill did indeed become a major spokesman for the economic, moral, and political theory of Utilitarianism, though in his later years he became disillusioned with the simple computational implications (the one-dimensional maximization of happiness) that utilitarianism offered for complex moral problems. 


John Stuart Mill was also very close to August Comte, the founder of positivism and the creator of "sociology."  He also worked Comte's ideas into the final draft of his System of Logic.


Like Hume and Comte, Mill thought that causal laws of nature could be discovered to explain human nature. In the nineteenth century, many thinkers were ready for a science of human nature based on Newtonian causal laws. It was variously called the human sciences, the social sciences, or the moral sciences. This last was Mill's term, translated into German as Geisteswissenschaft (literally, science of the spirit), to contrast with Naturwissenschaft, the natural sciences.



On Naming


Book I of Mill's System of Logic is on Naming and Propositions. Chapter I urges a careful analysis of language, making Mill one of the earliest linguistic philosophers. Mill thinks that a theory of names is a necessary part of logic. Language analysis will reveal the "meaning and right use" of words. Any "object of belief, or even of disbelief, must, when put into words, assume the form of a proposition," he says. Propositions are "formed by putting together two names" a Subject and a Predicate, with a connecting Copula. 


In Chapter II, Of Names, Mill claims that "names are names of things, not of our ideas." He contrasts this with the view of Thomas Hobbes, who says for that "the word stone should be the sign of a stone cannot be understood in any sense but this, that he that hears it collects that he that pronounces it thinks of a stone."

Mill and Hobbes are talking at cross purposes. Mill says, "When I say, 'the sun is the cause of the day,' I do not mean that my idea of the sun causes or excites in me the idea of day." He says:


"It seems proper to consider a word as the name of that which we intend to be understood by it when we use it; that, in short, concerning which, when we employ the word, we intend to give information."



"whenever the names given to objects convey any  information, that is, whenever they have properly any meaning, the meaning resides not in what they denote, but in what they connote. The only names of objects which connote nothing are proper names, and these have, strictly speaking, no signification."

"This can only be accomplished by giving to every concrete name which there is frequent occasion to predicate, a definite and fixed connotation; in order that it may be known what attributes, when we call an object by that name, we really mean to predicate of that object."



Mill notes that "the first writer who, in our times, has adopted from the schoolmen the word to connote" was his father, James Mill. He says for that the schoolmen connotations were the attributes that can be predicated of a subject in a proposition. For Mill, connotations are attempts to provide definitions, to predicate attributes, of a general name.

In current epistemology terminology, the distinction between connotation and denotation will be roughly that between intention and extension (the objects denoted), or between sense and reference (the objects referred to). 



On Liberty and Causal Natural Law (Determinism)


   Mill introduced his special chapter "Of Liberty and Necessity" in A System of Logic, Ratiocinative and Inductive with these words:

At the threshold of this inquiry we are met by an objection, which, if not removed, would be fatal to the attempt to treat human conduct as a subject of science. Are the actions of human beings, like all other natural events, subject to invariable laws? Does that constancy of causation, which is the foundation of every scientific theory of successive phenomena, really obtain among them? This is often denied; and for the sake of systematic completeness, if not from any very urgent practical necessity, the question should receive a deliberate answer in this place. We shall devote to the subject a chapter apart.



  Of Liberty and Necessity, 
Book VI, Chapter II of A System of Logic

§ 1. Are human actions subject to the law of causality?
The question, whether the law of causality applies in the same strict sense to human actions as to other phenomena, is the celebrated controversy concerning the freedom of the will: which, from at least as far back as the time of Pelagius, has divided both the philosophical and the religious world. The affirmative opinion is commonly called the doctrine of a Necessity, as asserting human volitions and actions to be necessary and inevitable. The negative maintains that the will is not determined, like other phenomena, by antecedents, but determines itself; that our volitions are not, properly speaking, the effects of causes, or at least have no causes which they uniformly and implicitly obey.


I have already made it sufficiently "apparent" that the former of these opinions is that which I consider the true one; but the misleading terms in which it is often expressed, and the indistinct manner in which it is usually apprehended, have both obstructed its reception, and perverted its influence when received. The metaphysical theory of free will, as held by philosophers, (for the practical feeling of it, common in a greater or less degree to all mankind, is in no way inconsistent with the contrary theory,) was invented because the supposed alternative of admitting human actions to be necessary, was deemed inconsistent with every one's instinctive consciousness, as well as humiliating to the pride and even degrading to the moral nature of man. Nor do I deny that the doctrine, as sometimes held, is open to these imputations; for the misapprehension in which I shall be able to show that they originate, unfortunately is not confined to the opponents of the doctrine, but is participated in by many, perhaps we might say by most, of its supporters.


§ 2. The doctrine commonly called Philosophical Necessity, in what sense true?

 Correctly conceived, the doctrine called Philosophical Necessity is simply this: that, given the motives which are present to an individual's mind, and given likewise the character and disposition of the individual, the manner in which he will act might be unerringly inferred: that if we knew the person thoroughly, and knew all the inducements which are acting upon him, we could foretell his conduct with as much certainty as we can predict any physical event. This proposition I take to be a mere interpretation of universal experience, a statement in words of what every one is internally convinced of. No one who believed that he knew thoroughly the circumstances of any case, and the characters of the different persons concerned, would hesitate to foretell how all of them would act. Whatever degree of doubt he may in fact feel, arises from the uncertainty whether he really knows the circumstances, or the character of some one or other of the persons, with the degree of accuracy required: but by no means from thinking that if he did know these things, there could be any uncertainty what the conduct would be. Nor does this full assurance conflict in the smallest degree with what is called our feeling of freedom. We do not feel ourselves the less free, because those to whom we are intimately known are well assured how we shall will to act in a particular case. We often, on the contrary, regard the doubt what our conduct will be, as a mark of ignorance of our character, and sometimes even resent it as an imputation. The religious metaphysicians who have asserted the freedom of the will, have always maintained it to be consistent with divine foreknowledge of our actions: and if with divine, then with any other foreknowledge. We may be free, and yet another may have reason to be perfectly certain what use we shall make of our freedom. It is not, therefore, the doctrine that our volitions and actions are invariable consequents of our antecedent states of mind, that is either contradicted by our consciousness, or felt to be degrading.


But the doctrine of causation, when considered as obtaining between our volitions and their antecedents, is almost universally conceived as involving more than this. Many do not believe, and very few practically feel, that there is nothing in causation but invariable, certain, and unconditional sequence. There are few to whom mere constancy of succession appears a sufficiently stringent bond of union for so peculiar a relation as that of cause and effect. Even if the reason repudiates, the imagination retains, the feeling of some more intimate connexion, of some peculiar tie, or mysterious constraint exercised by the antecedent over the consequent. Now this it is which, considered as applying to the human will, conflicts with our consciousness, and revolts our feelings. We are certain that, in the case of our volitions, there is not this mysterious constraint. We know that we are not compelled, as by a magical spell, to obey any particular motive. We feel, that if we wished to prove that we have the power of resisting the motive, we could do so, (that wish being, it needs scarcely be observed, a new antecedent;) and it would be humiliating to our pride, and (what is of more importance) paralysing to our desire of excellence, if we thought otherwise. But neither is any such mysterious compulsion now supposed, by the best philosophical authorities, to be exercised by many others cause over its effect. Those who think that causes draw their effects after them by a mystical tie, are right in believing that the relation between volitions and their antecedents is of another nature. But they should go farther, and admit that this is also true of all other effects and their antecedents. 


If such a tie is considered to be involved in the word necessity, the doctrine is not true of human actions; but neither is it then true of inanimate objects. It would be more correct to say that matter is not bound by necessity, than that mind is so.

That the free-will metaphysicians, being mostly of the school which rejects Hume's and Brown's analysis of Cause and Effect, should miss their way for want of the light which that analysis affords, cannot surprise us. The wonder is, that the necessitarians, who usually admit that philosophical theory, should in practice equally lose sight of it. The very same misconception of the doctrine called Philosophical Necessity, which prevents the opposite party from recognising its truth, I believe to exist more or less obscurely in the minds of most necessitarians, however they may in words disavow it. I am much mistaken if they habitually feel that the necessity which they recognise in actions is but uniformity of order, and capability of being predicted. They have a feeling as if there were at bottom a stronger tie between the volitions and their causes: as if, when they asserted that the will is governed by the balance of motives, they meant something more cogent than if they had only said, that whoever knew the motives, and our habitual susceptibilities to them, could predict how we should will to act. They commit, in opposition to their own scientific system, the very same mistake which their adversaries commit in obedience to theirs; and in consequence do really in some instances suffer those depressing consequences, which their opponents erroneously impute to the doctrine itself.


§ 3. Inappropriateness and pernicious effect of the term Necessity

I am inclined to think that this error is almost wholly an effect of the associations with a word; and that it would be prevented, by forbearing to employ, for the expression of the simple fact of causation, so extremely inappropriate a term as Necessity. That word, in its other acceptation, involves much more than mere uniformity of sequence: it implies irresistibleness. Applied to the will, it only means that the given cause will be followed by the effect, subject to all possibilities of counteraction by other causes: but in common use it stands for the operation of those causes exclusively, which are supposed too powerful to be counteracted at all. When we say that all human actions take place of necessity, we only mean that they will certainly happen if nothing prevents:—when we say that dying of want, to those who cannot get food, is a necessity, we mean that it will certainly happen whatever may be done to prevent it. The application of the same term to the agencies on which human actions depend, as is used to express those agencies of nature which are really uncontrollable, cannot fail, when habitual, to create a feeling of uncontrollableness in the former also. This however is a mere illusion. There are physical sequences which we call necessary, as death for want of food or air; there are others which, though as much cases of causation as the former,a are not said to be necessary, as death from poison, which an antidote, or the use of the stomach-pump, will sometimes avert. It is apt to be forgotten by people's feelings, even if remembered by their understandings, that human actions are in this last predicament: they are never (except in some cases of mania) ruled by any one motive with such absolute sway, that there is no room for the influence of any other. The causes, therefore, on which action depends, are never uncontrollable; and any given effect is only necessary provided that the causes tending to produce it are not controlled. That whatever happens, could not have happened otherwise unless something had taken place which was capable of preventing it, no one surely needs hesitate to admit. But to call this by the name necessity is to use the term in a sense so different from its primitive and familiar meaning, from that which it bears in the common occasions of life, as to amount almost to a play upon words. The associations derived from the ordinary sense of the term will adhere to it in spite of all we can do: and though the doctrine of Necessity, as stated by most who hold it, is very remote from fatalism, it is probable that most necessitarians are fatalists, more or less, in their feelings.


A fatalist believes, or half believes (for nobody is a consistent fatalist), not only that whatever is about to happen, will be the infallible result of the causes which produce it, (which is the true necessitarian doctrine), but moreover that there is no use in struggling against it; that it will happen however we may strive to prevent it. Now, a necessitarian, believing that our actions follow from our characters, and that our characters follow from our organization, our education, and our circumstances, is apt to be, with more or less of consciousness on his part, a fatalist as to his own actions, and to believe that his nature is such, or that his education and circumstances have so moulded his character, that nothing can now prevent him from feeling and acting in a particular way, or at least that no effort of his own can hinder it. In the words of the sect which in our own day has 'most perseveringly inculcated and most' perversely misunderstood this great doctrine, his character is formed for him, and not by him; therefore his wishing that it had been formed differently is of no use; he has no power to alter it. But this is a grand error. He has, to a certain extent, a power to alter his character. Its being, in the ultimate resort, formed for him, is not inconsistent with its being, in part, formed by him as one of the intermediate agents. His character is formed by his circumstances (including among these his particular organization); but his own desire to mould it in a particular way, is one of those circumstances, and by no means one of the least influential. We cannot, indeed, directly will to be different from what we are. But neither did those who are supposed to have formed our characters, directly will that we should be what we are. Their will had no direct power except over their own actions. They made us what they did make us, by willing, not the end, but the requisite means; and we, when our habits are not too inveterate, can, by similarly willing the requisite means, make ourselves different. If they could place us under the influence of certain circumstances, we, in like manner, can place ourselves under the influence of other circumstances. We are exactly as capable of making our own character, if we will, as others are of making it for us.


Yes (answers the Owenite), but these words, "if we will," surrender the whole point: since the will to alter our own character is given us, not by any efforts of ours, but by circumstances which we cannot help; it comes to us either from external causes, or not at all. Most true: if the Owenite stops here, he is in a position from which nothing can expel him. Our character is formed by us as well as for us; but the wish which induces us to attempt to form it is formed for us; and how? 


Accidental (chance) experience contributes to the development of our character


Not, in general, by our organization nor wholly by our education, but by our experience; experience of the painful consequences of the character we previously had: or by some strong feeling of admiration or aspiration, accidentally aroused. But to think that we have no power of altering our character, and to think that we shall not use our power unless we desire to use it, are very different things, and have a very different effect on the mind. A person who does not wish to alter his character, cannot be the person who is supposed to feel discouraged or paralysed by thinking himself unable to do it. The depressing effect of the fatalist doctrine can only be felt where there is a wish to do what that doctrine represents as impossible. It is of no consequence what we think forms our character, when we have no desire of our own about forming it; but it is of great consequence that we should not be prevented from forming such a desire by thinking the attainment impracticable, and that if we have the desire, we should know that the work is not so irrevocably done as to be incapable of being altered.

And indeed, if we examine closely, we shall find that this feeling, of our being able to modify our own character if we wish, is itself the feeling of moral freedom which we are conscious of. A person feels morally free who feels that his habits or his temptations are not his masters, but he theirs: who even in yielding to them knows that he could resist; that were he desirous of altogether throwing them off, there would not be required for that purpose a stronger desire than he knows himself to be capable of feeling. It is of course necessary, to render our consciousness of freedom complete, that we should 'have succeeded in making' our character all we have hitherto attempted to make it; for if we have wished and not attained, we have, to that extent, not power over our own character, I we are not free. Or at least, we must feel that our wish, if not strong enough to alter our character, is strong enough to conquer our character when the two are brought into conflict in any particular case of conduct. And hence it is said with truth, that none but a person of confirmed virtue is completely free.


The application of so improper a term as Necessity to the doctrine of cause and effect in the matter of human character, seems to me one of the most signal instances in philosophy of the abuse of terms, and its practical consequences one of the most striking examples of the power of language over our associations. The subject will never be generally understood, until that objectionable term is dropped. The free-will doctrine, by keeping in view precisely that portion of the truth which the word Necessity puts out of sight, namely the power of the mind to co-operate in the formation of its own character, has given to its adherents a practical feeling much nearer to the truth than has generally (I believe) existed in the minds of necessitarians. The latter may have had a stronger sense of the importance of what human beings can do to shape the characters of one another; but the free-will doctrine has, I believe, fostered in its supporters a much stronger spirit of self-culture.


§ 4. A motive not always the anticipation of a pleasure or pain

There is still one fact which requires to be noticed (in addition to the existence of a power of self-formation) before the doctrine of the causation of human actions can be freed from the confusion and misapprehensions which surround it in many minds. When the will is said to be determined by motives, a motive does not mean always, or solely, the anticipation of a pleasure or of a pain. I shall not here inquire whether it be true that, in the commencement, all our voluntary actions are mere means consciously employed to obtain some pleasure, or avoid some pain. It is at least certain that we gradually, through the influence of association, come to desire the means without thinking of the end: the action itself becomes an object of desire, and is performed without reference to any motive beyond itself. Thus far, it may still be objected, that, the action having through association become pleasurable, we are, as much as before, moved to act by the anticipation of a pleasure, namely, the pleasure of the action itself. But granting this, the matter does not end here. As we proceed in the formation of habits, and become accustomed to will a particular act or a particular course of conduct because it is pleasurable, we at last continue to will it without any reference to its being pleasurable. Although, from some change in us or in our circumstances, we have ceased to find any pleasure in the action, or perhaps to anticipate any pleasure as the consequence of it, we still continue to desire the action, and consequently to do it. In this manner it is that habits of hurtful excess continue to be practised although they have ceased to be pleasurable; and in this manner also it is that the habit of willing to persevere in the course which he has chosen, does not desert the moral hero, even when the reward, however real, which he doubtless receives from the consciousness of well-doing, is anything but an equivalent for the sufferings he undergoes, or the wishes which he may have to renounce.


A habit of willing is commonly called a purpose; and among the causes of our volitions, and of the actions which flow from them, must be reckoned not only likings and aversions, but also purposes. It is only when our purposes have become independent of the feelings of pain or pleasure from which they originally took their rise, that we are said to have a confirmed character. "A character," says Novalis, "is a completely fashioned will:" and the will, once so fashioned, may be steady and constant, when the passive susceptibilities of pleasure and pain are greatly weakened, or materially changed.


With the corrections and explanations now given, the doctrine of the causation of our volitions by motives, and of motives by the desirable objects offered to us, combined with our particular susceptibilities of desire, may be considered, I hope, as sufficiently established for the purposes of this treatise.
  


Chrysippus was first to deny necessity in human actions


   As a strict determinist, Mill denied the reality of chance

  Chance is usually spoken of in direct antithesis to law; whatever (it is supposed) cannot be ascribed to any law, is attributed to chance. It is, however, certain, that whatever happens is the result of some law; is an effect of causes, and could have been predicted from a knowledge of the existence of those causes, and from their laws.


  Of Chance and Its Elimination, 
Book III, Chapter XVII of A System of Logic

  § 1. The proof of empirical laws depends on the theory of chance
Considering then as empirical laws only those observed uniformities respecting which the question whether they are laws of causation must remain undecided until they can be explained deductively, or until some means are found of applying the Method of Difference to the case; it has been shown in the preceding chapter, that until an uniformity can, in one or the other of these modes, be taken out of the class of empirical laws, and brought either into that of laws of causation or of the demonstrated results of laws of causation, it cannot with any assurance be pronounced true beyond the local and other limits within which it has been found so by actual observation. It remains to consider how we are to assure ourselves of its truth even within those limits; after what quantity of experience a generalization which rests solely on the Method of Agreement, can be considered sufficiently established, even as an empirical law. In a former chapter, when treating of the Methods of Direct Induction, we expressly reserved this question,* and the time is now come for endeavouring to solve it.


We found that the Method of Agreement has the defect of not proving causation, and can therefore only be employed for the ascertainment of empirical laws. But we also found that besides this deficiency, it labours under a characteristic imperfection, tending to render uncertain even such conclusions as it is in itself adapted to prove. This imperfection arises from Plurality of Causes. Although two or more cases in which the phenomenon a has been met with, may have no common antecedent except A, this does not prove that there is any connexion between a and A, since a may have many causes, and may have been produced, in these different instances, not by anything which the instances had in common, but by some of those elements in them which were different. We nevertheless observed, that in proportion to the multiplication of instances pointing to A as the antecedent, the characteristic uncertainty of the method diminishes, and the existence of a law of connexion between A and a more nearly approaches to certainty. It is now to be determined, after what amount of experience this certainty may be deemed to be practically attained, and the connexion between A and a may be received as an empirical law.


This question may be otherwise stated in more familiar terms: After how many and what sort of instances may it be concluded, that an observed coincidence between two phenomena is not the effect of chance?


It is of the utmost importance for understanding the logic of induction, that we should form a distinct conception of what is meant by chance, and how the phenomena which common language ascribes to that abstraction are really produced.


§ 2. Chance defined and characterized
Chance is usually spoken of in direct antithesis to law; whatever (it is supposed) cannot be ascribed to any law, is attributed to chance. It is, however, certain, that whatever happens is the result of some law; is an effect of causes, and could have been predicted from a knowledge of the existence of those causes, and from their laws. If I turn up a particular card, that is a consequence of its place in the pack. Its place in the pack was a consequence of the manner in which the cards were shuffled, or of the order in which they were played in the last game; which, again, were a effects of prior causes. At every stage, if we had possessed an accurate knowledge of the causes in existence, it would have been abstractedly possible to foretell the effect.


An event occurring by chance, may be 'better' described as a coincidence from which we have no ground to infer an uniformity: the occurrence of a phenomenon in certain circumstances, without our having reason on that account to infer that it will happen again in those circumstances. This, however, when looked closely into, implies that the enumeration of the circumstances is not complete. Whatever the fact be, since it has occurred once, we may be sure that if all the same circumstances were repeated, it would occur again; and not only if all, but there is some particular portion of those circumstances, on which the phenomenon is invariably consequent. With most of them, however, it is not connected in any permanent manner: its conjunction with those is said to be the effect of chance, to be merely casual. Facts casually conjoined are separately the effects of causes, and therefore of laws; but of different causes, and causes not connected by any law.


It is incorrect, then, to say that any phenomenon is produced by chance but we may say that two or more phenomena are conjoined by chance, that they coexist or succeed one another only by chance; meaning that they are in no way related through causation; that they are neither cause and effect, not effects of the same cause, nor effects of causes between which there subsists any law of coexistence, nor even effects of the same collocation of primeval causes.


If the same casual coincidence never occurred a second time, we should have an easy test for distinguishing such from the coincidences which are the results of a law. As long as the phenomena had been found together only once, so long, unless we knew some more general laws from which the coincidence might have resulted, we could not distinguish it from a casual one; but if it occurred twice, we should know that the phenomena so conjoined must be in some way connected through their causes.


There is, however, no such test. A coincidence may occur again and again, and yet be only casual. Nay, it would be inconsistent with what we know of the order of nature, to doubt that every casual coincidence will sooner or later be repeated, as long as the phenomena between which it occurred do not cease to exist, or to be reproduced. The recurrence, therefore, of the same coincidence more than once, or even its frequent recurrence, does not prove that it is an instance of any law; does not prove that it is not casual, or, in common language, the effect of chance.


And yet, when a coincidence cannot be deduced from known laws, nor proved by experiment to be itself a case of causation, the frequency of its occurrence is the only evidence from which we can infer that it is the result of a law. Not, however, its absolute frequency. The question is not whether the coincidence occurs often or seldom, in the ordinary sense of those terms; but whether it occurs more often than chance will account for; more often than might rationally be expected if the coincidence were casual. We have to decide, therefore, what degree of frequency in a coincidence, chance will account for. And to this there can be no general answer. We can only state the principle by which the answer must be determined: the answer itself will be different in every different case.


Suppose that one of the phenomena, A, exists always, and the other phenomenon, B, only occasionally: it follows that every instance of B will be an instance of its coincidence with A, and yet the coincidence will be merely casual, not the result of any connexion between them. The fixed stars have been constantly in existence since the beginning of human experience, and all phenomena that have come under human observation have, in every single instance, coexisted with them; yet this coincidence, though equally invariable with that which exists between any of those phenomena and its own cause, does not prove that the stars are its cause, nor that they are in anywise connected with it. As strong a case of coincidence, therefore, as can possibly exist, and a much stronger one in point of mere frequency than most of those which prove laws, does not here prove a law: why? because, since the stars exist always, they must coexist with every other phenomenon, whether connected with them by causation or not. The uniformity, great though it be, is no greater than would occur on the supposition that no such connexion exists.


On the other hand, suppose that we were inquiring whether there be any connexion between rain and any particular wind. Rain, we know, occasionally occurs with every wind; therefore the connexion, if it exists, cannot be an actual law: but still, rain may be connected with some particular wind through causation; that is, though they cannot be always effects of the same cause (for if so they would regularly coexist), there may be some causes common to the two, so that in so far as either is produced by those common causes, they will, from the laws of the causes, be found to coexist. How, then, shall we ascertain this? The obvious answer is, by observing whether rain occurs with one wind more frequently than with any other. That, however, is not enough; for perhaps that one wind blows more frequently than any other; so that its blowing more frequently in rainy weather is no more than would happen, although it had no connexion with the causes of rain, provided it were not connected with causes adverse to rain. In England, westerly winds blow during about twice as great a portion of the year as easterly. If, therefore, it rains only twice as often with a westerly, as with an easterly wind, we have no reason to infer that any law of nature is concerned in the coincidence. If it rains more than twice as often, we may be sure that some law is concerned; either there is some cause in nature which, in this climate, tends to produce both rain and a westerly wind, or a westerly wind has itself some tendency to produce rain. But if it rains less than twice as often, we may draw a directly opposite inference: the one, instead of being a cause, or connected with causes, of the other, must be connected with causes adverse to it, or with the absence of some cause which produces it; and though it may still rain much oftener with a westerly wind than with an easterly, so far would this be from proving any connexion between the phenomena, that the connexion proved would be between rain and an easterly wind, to which, in mere frequency of coincidence, it is less allied.


Here, then, are two examples: in one, the greatest possible frequency of coincidence, with no instance whatever to the contrary, does not prove that there is any law; in the other, a much less frequency of coincidence, even when non-coincidence is still more frequent, does prove that there is a law. In both cases the principle is the same. In both we consider the positive frequency of the phenomena themselves, and how great frequency of coincidence that must of itself bring about, without supposing any connexion between them, provided there be no repugnance; provided neither be connected with any cause tending to frustrate the other. If we find a greater frequency of coincidence than this, we conclude that there is some connexion; if a less frequency, that there is some repugnance. In the former case, we conclude that one of the phenomena can under some circumstances cause the other, or that there exists something capable of causing them both; in the latter, that one of them, or some cause which produces one of them, is capable of counteracting the production of the other. We have thus to deduct from the observed frequency of coincidence, as much as may be the effect of chance, that is, of the mere frequency of the phenomena themselves; and if anything remains, what does remain is the residual fact which proves the existence of a law.


The frequency of the phenomena can only be ascertained within definite limits of space and time; depending as it does on the quantity and distribution of the primeval natural agents, of which we can know nothing beyond the boundaries of human observation, since no law, no regularity, can be traced in it, enabling us to infer the unknown from the known. But for the present purpose this is no disadvantage, the question being confined within the same limits as the data. The coincidences occurred in certain places and times, and within those we can estimate the frequency with which such coincidences would be produced by chance. If, then, we find from observation that A exists in one case out of every two, and B in one case out of every three; then if there be neither connexion nor repugnance between them, or between any of their causes, the instances in which A and B will both exist, that is to say will coexist, will be one case in every six. For A exists in three cases out of six: and B, existing in one case out of every three without regard to the presence or absence of A, will exist in one case out of those three. There will therefore be, of the whole number of cases, two in which A exists without B; one case of B without A; two in which neither B nor A exists, and one case out of six in which they both exist. If then, in point of fact, they are found to coexist oftener than in one case out of six; and, consequently, A does not exist without B so often as twice in three times, nor B without A so often as once in
jevery twice; there is some cause in existence which tends to produce a conjunction between A and B. 

Generalizing the result, we may say, that if A occurs in a larger proportion of the cases where B is, than of the cases where B is not; then will B also occur in a larger proportion of the cases where A is, than of the cases where A is not; and there is some connexion, through causation, between A and B. If we could ascend to the causes of the two phenomena, we should find, at some stage, either proximate or remote, some cause or causes common to both; and if we could ascertain what these are, we could frame a generalization which would be true without restriction of place or time; but until we can do so, the fact of a connexion between the two phenomena remains an empirical law.


§ 3. The elimination of chance
Having considered in what manner it may be determined whether any given conjunction of phenomena is casual, or the result of some law; to complete the theory of chance, it is necessary that we should now consider those effects which are partly the result of chance and partly of law, or, in other words, in which the effects of casual conjunctions of causes are habitually blended in one result with the effects of a constant cause.


This is a case of Composition of Causes; and the peculiarity of it is, that instead of two or more causes intermixing their effects in a regular manner with those of one another, we have now one constant cause, producing an effect which is successively modified by a series of variable causes. Thus, as summer advances, the approach of the sun to a vertical position tends to produce a constant increase of temperature; but with this effect of a constant cause, there are blended the effects of many variable causes, winds, clouds, evaporation, electric agencies and the like, so that the temperature of any given day depends in part on these fleeting causes, and only in part on the constant cause. If the effect of the constant cause is always accompanied and disguised by effects of variable causes, it is impossible to ascertain the law of the constant cause in the ordinary manner, by separating it from all other causes and observing it apart. Hence arises the necessity of an additional rule of experimental inquiry.


When the action of a cause A is liable to be interfered with, not steadily by the same cause or causes, but by different causes at different times, and when these are so frequent, or so indeterminate, that we cannot possibly exclude all of them from any experiment, though we may vary them; our resource is, to endeavour to ascertain what is the effect of all the variable causes taken together. In order to do this, we make as many trials as possible, preserving A invariable. The results of these different trials will naturally be different, since the indeterminate modifying causes are different in each; if, then, we do not find these results to be progressive, but, on the contrary, to oscillate about a certain point, one experiment giving a result a little greater, another a little less, one a result tending a little more in one direction, another a little more in the contrary direction; while the average or middle point does not vary, but different sets of experiments (taken in as great a variety of circumstances as possible) yield the same mean, provided only they be sufficiently numerous; then that mean or average result, is the part, in each experiment, which is due to the cause A, and is the effect which would have been obtained if A could have acted alone: the variable remainder is the effect of chance, that is, of causes the coexistence of which with the cause A was merely casual. The test of the sufficiency of the induction in this case is, when any increase of the number of trials from which the average is struck, does not materially alter the average.


This kind of elimination, in which we do not eliminate any one assignable cause, but the multitude of floating unassignable ones, may be termed the Elimination of Chance. We afford an example of it when we repeat an experiment, in order, by taking the mean of different results, to get rid of the effects of the unavoidable errors of each individual experiment. When there is no permanent cause such as would produce a tendency to error peculiarly in one direction, we are warranted by experience in assuming that the errors on one side will, in a certain number of experiments, about balance the errors on the contrary side. We therefore repeat the experiment, until any change which is produced in the average of the whole by further repetition, falls within limits of error consistent with the degree of accuracy required by the purpose we have in view.


§ 4 Discovery of residual phenomena by eliminating chance
 In the supposition hitherto made, the effect of the constant cause A has been assumed to form so great and conspicuous a part of the general result, that its existence never could be a matter of uncertainty, and the object of the eliminating process was only to ascertain how much is attributable to that cause; what is its exact law. Cases, however, occur in which the effect of a constant cause is so small, compared with that of some of the changeable causes with which it is liable to be casually conjoined, that of itself it escapes notice, and the very existence of any effect arising from a constant cause is first learnt, by the process which in general serves only for ascertaining the quantity of that effect. This case of induction may be characterized as follows. A given effect is known to be chiefly, and not known not to be wholly, determined by changeable causes. If it be wholly so produced, then if the aggregate be taken of a sufficient number of instances, the effects of these different causes will cancel one another. If, therefore, we do not find this to be the case, but, on the contrary, after such a number of trials has been made that no further increase alters the average result, we find that average to be, not zero, but some other quantity, about which, though small in comparison with the total effect, the effect nevertheless oscillates, and which is the middle point in its oscillation; we may conclude this to be the effect of some constant cause: which cause, by some of the methods already treated of, we may hope to detect. This may be called the discovery of a residual phenomenon by eliminating the effects of chance.


It is in this manner, for example, that loaded dice may be discovered. Of course no dice are so clumsily loaded that they must always throw certain numbers; otherwise the fraud would be instantly detected. The loading, a constant cause, mingles with the changeable causes which determine what cast will be thrown in each individual instance. If the dice were not loaded, and the throw were left to depend entirely on the changeable causes, these in a sufficient number of instances would balance one another, and there would be no preponderant number of throws of any one kind. If, therefore, after such a number of trials that no further increase of their number has any material effect upon the average, we find a preponderance in favour of a particular throw; we may conclude with assurance that there is some constant cause acting in favour of that throw, or in other words, that the dice are not fair; and the exact amount of the unfairness. In a similar manner, what is called the diurnal variation of the barometer, which is very small compared with the variations arising from the irregular changes in the state of the atmosphere, was discovered by comparing the average height of the barometer at different hours of the day. When this comparison was made, it was found that there was a small difference, which on the average was constant, however the absolute quantities might vary, and which difference, therefore, must be the effect of a constant cause. This cause was afterwards ascertained, deductively, to be the rarefaction of the air, occasioned by the increase of temperature as the day advances.


§ 5. The doctrine of chances
After these general remarks on the nature of chance, we are prepared to consider in what manner assurance may be obtained that a conjunction between two phenomena, which has been observed a certain number of times, is not casual, but a result of causation, and to be received therefore as one of the uniformities of nature, though (until accounted for a priori) only as an empirical law.


We will suppose the strongest case, namely, that the phenomenon B has never been observed except in conjunction with A. Even then, the probability that they are connected is not measured by the total number of instances in which they have been found together, but by the excess of that number above the number due to the absolute frequency of A. If, for example, A exists always, and therefore coexists with everything, no number of instances of its coexistence with B would prove a connexion; as in our example of the fixed stars. If A be a fact of such common occurrence that it may be presumed to be present in half of all the cases that occur, and therefore in half the cases in which B occurs, it is only the proportional excess above half, that is to be reckoned as evidence towards proving a connexion between A and B.


In addition to the question, What is the number of coincidences which, on an average of a great multitude of trials, may be expected to arise from chance alone? there is also another question, namely, Of what extent of deviation from that average is the occurrence credible, from chance alone, in some number of instances smaller than that required for striking a fair average? It is not only to be considered what is the general result of the chances in the long run, but also what are the extreme limits of variation from the general result, which may occasionally be expected as the result of some smaller number of instances.


The consideration of the latter question, and any consideration of the former beyond that already given to it, belong to what mathematicians term the doctrine of chances, or, in a phrase of greater pretension, the Theory of Probabilities.
  

For Scholars






Source: https://www.informationphilosopher.com/solutions/philosophers/mill/





  
  Michael McKenna
  

  


  
  Home › Solutions › Philosophers › McKenna
Michael McKenna

Michael McKenna is a compatibilist and naturalist who is a prominent defender of Harry Frankfurt's attempts to deny the principle of alternative possibilities (or PAP).

McKenna's recent attempts are notable in that they openly grant libertarian freedom involving alternative possibilities.

John Martin Fischer described any remaining alternative possibilities as miniscule "flickers of freedom" that are not morally significant. 


McKenna argues that Frankfurt defenders should not struggle to block these many alternative possibilities that are not morally significant. They should grant indeterministic libertarian freedom to those and concentrate on blocking the morally significant.


McKenna extends Fischer's morally "robust" alternatives, saying that they must figure in the ground upon which an agent is morally responsible for her action.  


McKenna hopes for a strategy that will not simply discount all the alternative possibilities, because that might appear to be determining the agent's action.



Can Frankfurt examples achieve both the results of polluting all robust alternatives and at the same time not presupposing determinism? The trouble seems to be that effectively polluting all alternative actional pathways within an agent's control comes dangerously close to making that problematic deterministic assumption. But loosening the restraints so as to avoid this problem seems to invite sufficient slippage that the incompatibilist will be able to locate some robust alternative.

I suggest that the Frankfurt-defender attempt to close off all morally significant alternatives without attempting to pollute all alternative actional pathways within an agent's control. To do this a Frankfurt-defender must identify some class of actional pathways comprising morally insignificant alternatives — alternatives that could not aid in grounding the judgment that an agent in a Frankfurt example is morally responsible for what she does. The Frankfurt defender can leave these actional pathways entirely open and within the control of the agent. No fancy gizmos or crafty interveners need to be present to achieve the modest ensuring conditions required simply to close down some, but not all, alternatives. It is easy to imagine contingencies entirely consistent with indeterminism in which some range of an agent's options are blocked. Call this the limited blockage strategy for defending Frankfurt examples.

(Robustness, Control, and Moral Alternatives, in Moral Responsibility and Alternative Possibilities, p.206)



With his "limited blockage strategy" McKenna can allow "oodles and oodles" of unimportant alternatives.



The theoretical advantage the limited blockage strategy offers over other recent Frankfurt example strategies is that limited blockage cases openly grant libertarian freedom involving alternative possibilities. The examples. therefore, clearly  do not require any special considerations that might tacitly import a deterministic relation between agent and action. Indeed, they allow an agent in a Frankfurt example oodles and oodles of alternatives. lmagine in the case Brain Malfunction, the many further possibilities open to Casper.



Casper could have sung a little ditty and done a cutesy jig like Shirley Temple, finishing off with a set of jazz hands; or begun citing nursery rhymes; or made an attempt to eat his fist; or any of a number of equally ludicrous and irrelevant things.

(Robustness, Control, and Moral Alternatives, in Moral Responsibility and Alternative Possibilities, p.212-3)
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Ooodles and Oodles of Alternatives

The buzz about the success of Frankfurt examples has centered around whether any such examples can succeed in eliminating all robust alternative possibilities while preserving the integrity of judgments of moral responsibility. According to the traditional incompatibilist, robust alternatives figure in the ground upon which it is judged that an agent is morally responsible for what she has done. I believe that one way in which Frankfurt defenders have been too generous with their adversaries is in the basis for granting an alternative the status of robustness. Recall the earlier explanation of the two conditions required for a robust alternative: (1) the alternative must be morally significant, and (2) it must be within the scope of the agent's control. By and large, Frankfurt defenders, especially those recently responding to the loci protection strategy, have assumed that any alternative within the scope of an agent's voluntary control is thereby morally significant and is, hence, sufficient for robustness. I believe that they have mistakenly fixed all of their attentions on the second condition for a robust alternative. This makes their task too hard. It requires that they construct complicated scenarios that rule out all alternative courses of action at, but not prior to, the locus of a freely willed action. By carefully restricting the range of morally significant alternatives to those that are deliberatively significant as well, the Frankfurt defender, via the limited blockage strategy, can exploit the first condition for a robust alternative, leaving the second condition well enough alone. In doing so, she can grant an agent control over a range of unpolluted actional pathways — oodles and oodles of them — while still denying that any of those alternatives could play a proper role in contributing to the ground on which an agent is deemed morally responsible. This allows the Frankfurt defender to avoid the compelling case made by those incompatibilists who defend the alternative possibilities at the loci of freely willed actions.
Limited blockage Frankfurt examples prove that, properly articulated, morally significant alternative possibilities are not required for moral responsibility. This is what Frankfurt and the actual sequence compatibilist should be shooting for, and this is what the limited blockage strategy establishes. Determinism cannot rule out free will and moral responsibility by ruling out morally significant alternatives. Perhaps an incompatibilist can make the case that determinism rules them out by ruling our morally insignificant alternative possibilities. But that, dialectically, is a far less compelling defense of the incompatibilist position. The actual sequence compatibilist has won the battle over the alleged importance of alternative possibilities for free will and moral responsibility.

(Robustness, Control, and Moral Alternatives, in Moral Responsibility and Alternative Possibilities, p.213)  
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Nicholas Maxwell

Nicholas Maxwell is a British philosopher who has for decades criticized academic science and philosophy for advancing what we know about the world - knowledge - rather than seeking "wisdom" about what is of most value, which can tell us how to live better. He has written several books, perhaps his most important being From Knowledge to Wisdom.


At one level, this is David Hume's famous "fork" between "facts" and "values." At another, Maxwell is optimistic that we can find the wisdom we need to solve the problems of living we are faced with in the modern world. And Hume himself thought he had discovered "moral sentiments" in his "human sciences."


We face grave global problems - climate change, population growth, habitat destruction and extinction of species, lethal modern war, vast inequalities of wealth and power around the world. If we are to tackle these problems effectively and wisely, thus making progress towards as good a world as possible, we need to learn how to do it. That in turn requires that our institutions of learning, our schools and universities, are rationally organized for, and devoted to, the task. At present, devoted as they are to the pursuit of knowledge, they are not. Priority needs to be given to tackling problems of living, above all our grave global problems. The basic intellectual aim needs to be to help people realize what is of value in their lives, the scientific pursuit of knowledge and understanding being undertaken as an aspect of that endeavour. A basic task needs to be to help people around the world acquire a good understanding of what our global problem are and what we need to do about them. It needs to be recognized much more widely that the kind of academic inquiry we have inherited from the past, devoted primarily to the pursuit of knowledge, is damagingly irrational, in a wholesale, structural way, when judged from this standpoint. The long-standing, successful pursuit of scientific knowledge and technological know-how dissociated from a more fundamental concern with problems of living is a key factor in the creation of our current global problems, and our current incapacity to resolve them.


Maxwell's 2020 book, Our Fundamental Problem, A Revolutionary Approach to Philosophy, has this description on Amazon
How can the world we live in and see, touch, hear, and smell, the world of living things, people, consciousness, free will, meaning, and value - how can all of this exist and flourish embedded as it is in the physical universe, made up of nothing but physical entities such as electrons and quarks? How can anything be of value if everything in the universe is, ultimately, just physics? In Our Fundamental Problem, Nicholas Maxwell argues that this problem of reconciling the human and physical worlds needs to take centre stage in our thinking, so that our best ideas about it interact with our attempts to solve even more important specialized problems of thought and life. When we explore this fundamental problem, Maxwell argues, revolutionary answers emerge for a wide range of questions arising in philosophy, science, social inquiry, academic inquiry as a whole, and - most important of all - our capacity to solve the global problems that threaten our future: climate change, habitat destruction, extinction of species, inequality, war, pollution of earth, sea, and air. An unorthodox introduction to philosophy, Our Fundamental Problem brings philosophy down to earth and demonstrates its vital importance for science, scholarship, education, life, and the fate of the world.
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Paul Meehl was a psychologist, philosopher, and a philosopher of science who generally followed Karl Popper's theory of falsification.


He was, with Herbert Feigl and Wilfrid Sellars, a founder of the Minnesota Center for Philosophy of Science.  


Feigl and Meehl wrote a paper in 1974 for Paul Schilpp's festschrift volume on Karl Popper. The paper was entitled "The Determinism-Freedom and Mind-Body Problems." Popper had for many years been a Dualist and Interactionist.


Following Popper usage, they called these problems Compton's problem and Descartes' problem.


They argued that determinism could not be rejected simply because of the practical difficulty carrying out predictions of the future that in principle could be done by a Laplace super-intelligence. They called the accomplishments of such a prediction the "World Formula." 


They frame a pseudo-logical argument that the World Formula requires 1) determinism  and predictability, specifically 2) measurability and 3) calculability. But because we cannot accomplish a World Formula, we do not invalidate determinism.
  

Now, as is agreed on all hands, the idea of the World Formula is to be understood as a logical conjunction of three propositions: (1) the doctrine of the deterministic form of all basic natural laws, (2) the precise, complete (and simultaneous) ascertainability of all initial and boundary conditions, (3) the mathematical feasibility of the hopelessly complex computations necessary for precise and complete predictions (or retrodictions). Now, as no one knows better than Popper (though this is really a matter of the most elementary propositional logic), if a conjunction of several independent propositions entails a false or absurd conclusion, not every one of the conjuncts is (necessarily) false... There are excellent reasons for regarding propositions (2) and (3) as false at any rate, thus leaving the hypothesis of determinism at least open for further consideration.


In a second paper some years later, Meehl considered the problem of free will, specifically considering whether quantum indeterminacy might play a role. He assumed that quantum indeterminacy could occur at the neuronal synapses. He imagined a model of 10 "command neurons" that need to be unanimous in their firings. They are like "10 little roulette wheels in the head," By having 10, and requiring unanimity which is extremely improbable, Meehle thinks he has statistically changed chance to "non-chance." 

   
We find further that there is pairwise independence between the local events, that is, the depolarizing inputs from the precommand cells. On those occasions when the command neurons are in the system at all the molar outcome is unpredictable and the sequence of response attributes "steal/not steal" satisfies Mises's criterion. So everything appears to be chance, until we reflect on the astounding fact that the 10 command neurons always act in concert. That is, there are no Freudian parapraxes or abortive actions, so that while we never know what will happen at a particular locus, and we cannot tell from what happens at locus A on command neuron I what will happen on locus B of command neuron X, we do know that if command neuron I spikes, so does command neuron X, and so do all eight of the others. So what we have is a radical indeterminacy (not due to ignorance - I'm talking about an ontological indeterminancy of the kind physicists believe in) at the level of the local synaptic events, as well as a complete indeterminacy at the molar level of action, provided that the actions studied are those in which the command neurons have been in the system at all. So that everything would look like a big random mess of quantum uncertain events, except for the astonishing fact that the command neurons always act configurally. That is, in concert they manifest a kind of joint intentionality with respect to their "necessary cooperation in the integrated outcome," so that the 10 part actions are either all performed (when I steal) or all inhibited (when I resist the temptation).
Such a system is clearly not determined, at either the micro or molar level; but it seems equally clear that it is not "pure chance." With 10 command neurons operating, each of which has a random firing probability of 1/2 on any one occasion, when all spike or all fail to spike, we are already past the traditional statistician's .01 significance level (p < 10-3); and for such patterning to happen on 10 occasions over the course of a year has a probability that is minuscule.
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  Excerpt from Psychological Determinism or Chance
  

For expository purposes I am going to postulate that a certain action has 10 components (never mind whether some are simultaneous and others serially integrated); and that in an acculturated, morally educated, and prudential human being, an act like stealing money out of the till when your employer isn't looking involves 10 such components; and that each of these components is subject to inhibition by one command neuron. I am going to set aside Freudian parapraxes whereby an abortive act is performed as a result of mental conflict. I'm going to postulate that the remainder of the cerebral system, whose complicated neural networks (both wired genetically and acquired by learning) are the cerebral subsystems for money-lust, fear of jail, recalling your Sunday school lessons, and whatever else enters into the picture, is strictly deterministic, although I think nothing crucial to my discussion hinges upon that simplification. Given a momentary cerebral state produced by perception of the money, hearing the employer slam the door as he leaves for the afternoon, and the like, and the recent memory of one's wife saying this morning she would like a mink coat if we cold,: afford it, and so forth; then if there were no such inhibitor-command neurons, the rest of the system would run off in a certain predictable way in accordance with the nomologicals, leading to either stealing the money or resisting temptation, as the case may be. Note that I am not locating the brain's "prudential (or moral) engrams" in these command neurons. The prudential and ethical memory banks are located elsewhere; and it is only when they are activated in a suitable deterministic way that the command neurons even enter into the system. I will say more about that later.

Second, I'm going to conjecture the existence of genuine quantum indeterminacy of some, although not all, brain events. The presynaptic cells that synapse on the command neurons may be the locus of that quantum indeterminacy; or it may be that at the individual synaptic knobs which stimulate a command neuron there is a sort of "local outcome" uncertainty in the synaptic space events.


Now imagine a series of temptations of, say, 10 occasions over the course of the year when the individual is tempted to steal out of the till. Let us impose some indeterministic restrictions (that sounds funny but it's what I mean) on the events involved. Considering an individual command neuron on 10 successive occasions, assume it fires or not at random, although a run this short wouldn't suffice to show that it satisfies Miser's criterion of randomness. It has probability each time p = 1/2 of spiking, and that probability does not depend on any place selection. Further, the Utopian biophysicist, after studying the local circumstances at the terminal button, tells us that the distances, energies, and times involved are of such an order of magnitude as to be possibly quantum uncertain, so he would not be surprised to find they are statistically indeterminate. The question whether quantum indeterminacy at the synapse plays a significant role in molar behavior remains unanswered, although Hecht's half-century-old conjecture (Hecht, 1934) that it could do so at the retinal receptor element seems generally accepted. For discussion pro and con of its "behavioral" relevance see Eccles (1951), Eccles (1953, pp. 271-86), Eddington (1929, pp. 310-15), Eddington (1935, pp. 86-91), Eddington (1939, pp. 179-84), Jordan (1955, pp. 108-13), London (1952), Pirenne and Marriott (1959), and Ratliff (1962). For criticism of the notion that quantum-indeterminacy at the single-unit micro-level could be relevant to psychological determinism at the level of molar behavior and experience see Grunbaum (1953), Popper (1966, pp. 13-14), Schroedinger (1951, pp. 58-64), and Stebbing (1937, pp. 141-242). Unfortunately, the terms 'quantum' and even `quantum hypothesis' have been used by neurophysiologists to denote certain conjectures concerning the amounts and step-functional effects of transmitter substance released at the synaptic interface, which would seem only remotely related, if at all, to the indeterminacy question. Since the present essay concerns conceptual analysis (as bearing on certain metaphysical arguments), I permit myself the assumption arguendo that genuine Heisenbergian quantum indeterminacy obtains for some, we need not say all, or even most, synaptic events. That is, of course, an empirical question, not settled on present evidence.


We find further that there is pairwise independence between the local events, that is, the depolarizing inputs from the precommand cells. On those occasions when the command neurons are in the system at all the molar outcome is unpredictable and the sequence of response attributes "steal/not steal" satisfies Mises's criterion. So everything appears to be chance, until we reflect on the astounding fact that the 10 command neurons always act in concert. That is, there are no Freudian parapraxes or abortive actions, so that while we never know what will happen at a particular locus, and we cannot tell from what happens at locus A on command neuron I what will happen on locus B of command neuron X, we do know that if command neuron I spikes, so does command neuron X, and so do all eight of the others. So what we have is a radical indeterminacy (not due to ignorance - I'm talking about an ontological indeterminancy of the kind physicists believe in) at the level of the local synaptic events, as well as a complete indeterminacy at the molar level of action, provided that the actions studied are those in which the command neurons have been in the system at all. So that everything would look like a big random mess of quantum uncertain events, except for the astonishing fact that the command neurons always act configurally. That is, in concert they manifest a kind of joint intentionality with respect to their "necessary cooperation in the integrated outcome," so that the 10 part actions are either all performed (when I steal) or all inhibited (when I resist the temptation).
Such a system is clearly not determined, at either the micro or molar level; but it seems equally clear that it is not "pure chance." With 10 command neurons operating, each of which has a random firing probability of 1/2 on any one occasion, when all spike or all fail to spike, we are already past the traditional statistician's .01 significance level (p < 10-3); and for such patterning to happen on 10 occasions over the course of a year has a probability that is minuscule.


On our antecedent knowledge that the spike-probability for each neuron, given a concurrent brain state sufficient to throw the command neurons "into the system," is and remains at p = 1/2, an occurrence of 10 firing in concert shows that something nonrandom, something patterned, orderly, "configural", is taking place. Even a single such coherent occasion might legitimate such an inference of nonrandomness at a statistical significance level customary in the life sciences, the probability of coordinated firing on the chance model being 2-10. In this extreme case, we need not know anything about the effector events controlled (in this case inhibitorily) by the neuron to make a "nonchance" inference. A fortiori, we need not know how the achievement response class (MacCorquodale and Meehl, 1954, pp, 218-31) - the instrumental molar act - corresponding to that disjunction of effector movements is socially, legally, or ethically categorized. A totally nonethical cognizer from Saturn would be able to recognize the statistical evidence for a nonrandom, configural, "patterned" process. However, it is also true in this simple, clear case that having made the identification of the 10-spike event as highly unlikely on a chance basis, one can then go on, if he has the available action semantics, to characterize the molar outcome that is closely correlated with the (neurally necessitated) effector activities. The conjoint event is in itself "nonchance," but is also "nonchance such that . . . [achievement-characterized R-class] . . . "


A more interesting case: There are 10 command neurons, 6 of which activate certain components (whether simultaneous or sequential) of a complex molar action, and 4 of which inhibit effector-patterns that would interfere, perhaps the 4 components of an "alternative action" at the molar level. On a particular occasion, the Utopian neurophysiologist observes a 6:4 split as to spiking, a split very close to the chance expected value. Neither expected value nor mode is appreciably larger than this one. So there would be no basis to infer anything "systematic" (nonchance) if we consider only the firing pattern of the command neurons on this occasion. However, if we supplement our microphysiological knowledge with information about the effectors thus controlled, and can also characterize the effector pattern in terms of an achievement class (e.g., stealing, speaking French, apologizing) we can discern the configurality at the command neuron level, but only by reference to the molar action outcome, intentionally characterized. So this is an interesting case philosophically. The Utopian physiologist takes note that if any of those that fired, or refrained from firing, on the particular occasion of a 6:4 split under study, had performed the other way, a "nonsense" action, like a fumbling or an asphasic outburst or a parapraxis, would have occurred. The reasoning here is very like the geneticist's in recognizing a "nonsense coding" that takes place when even a single base in the codon triplet (say, thymine) is replaced by adenine, out of a string of 200 or 300 triplets, each designating an amino acid, coded to control the synthesis of a particular polypeptide chain. A nonsense code makes a nonsense protein; which means, in turn, one that doesn't "do its job" in the metabolism of the cell.


It is worth noting that the kind of conceptual equipment the Utopian physiologist must possess to discern this, if he comes from Alpha Centauri, varies with the action-domain under scrutiny. It is possible to recognize some effector sequences as instrumental nonsense acts without employing ethical or social categories. For instance, a rat does something with some of his muscles that leads to the lever not being pressed, although the rest of the musculature does what it usually does, effector sequences that would get the lever down except for this one aberrant subsequence. In other cases, the "nonsense" would be discernible only by reference to higher level social concepts, such as the economic, legal, or moral significance of the instrumental action.


Consider an introspective account where one says, "I chose freely, after reflecting on the pros and cons, being influenced one way by my desire for the money and, opposing this, by moral and prudential reasons against stealing it." The corresponding brain state should presumably involve a causal dependency of the command neurons' functioning, or their being in the system at all, on activation of prudential and ethical memory banks. Let us suppose there is a "scanning" cerebral subsystem that plays a critical role in putting and keeping the command neurons "in the system." It is not Utopian (merely improving existing single-unit stimulation and recording techniques) to ascertain what happens if artificial means are employed to suppress activity in the ethical and prudential memory banks, or to interfere with the scanning subsystem's operations. Suppose we find that on the subset of occasions when such artificial interference prevents the counter-considerations from even being available - cerebral tokenings of the argument sentences cannot neurophysiologically occur - the money motive always wins out, because the command neurons do not show their "normal" activity of inhibiting on half the occasions. I suggest that this is a plausible account of what, at the molar behavior and phenomenological level, we mean when we say that radical, existential freedom of choice in nontrivial situations involves the weighing of alternatives, the evaluating of reasons, the computing of utilities, the counterbalancing of motives, and the like. It would be incorrect to make the too-easy inference, found in Hobart and Jonathan Edwards, that if these counter-considerations play a significant "influencing" role, therefore they must determine the outcome. It is true that these considerations (I prefer to say, "The cerebral events that are tokenings of sentences expressing the considerations") must play a significant influencing role if we have a kind of indeterminism that is affirmatively meaningful as a form of personal freedom, a real choosing. What they determine is that the outcome is indeterminate. That is shown by showing that preventing their usual activity, while leaving the rest of the cerebral system to run off as it normally would, yields a molar choice stealing probability no longer 1/2 but p = 1. On such occasions, the behavior is consistently "controlled by the strongest motive," the money drive, no countermotive being available.


After Hobart's powerful "If my action is not determined by my character, it is not my actions, and I am not responsible, capable of blame or regret," I think the next strongest (but, as I hope to show, rebuttable) objection to radical free will, as I used to hear it from Professor Feigl and other positivist colleagues, goes like this: 


"Look, the action is either determined, or it is a matter of chance. You either behave as you do because of a combination of internal and external causes (including your acquired cognitive and motivational dispositions, considered as causal), or you respond at random. You can't have it any other way, because there is no other way." When this plausible molar dichotomy is reduced to conjectural brain models, it still seems seductive to most philosophers and psychologists. When I talk about command neurons and indeterminacy they reply with, "Well. you still are trying to have it both ways. If the local micro-event is truly quantum indeterminate - that is, it's a chance happening - then no matter how you wire things up and no matter how many such local synaptic outcomes you consider, you still get a big random mess; you are trying to have your cake and eat it too, by alleging that the microevents are, both epistemologically and ontologically, indeterminate. Yet somehow you want to claim the macro-event is not merely a big random cascade effect, like the final distribution of marbles at the bottom of a Galton Board. That's inconsistent of you. If the component events are random, then the whole thing is random, however cleverly you fiddle with ways of describing that make it appear otherwise."

Now this, plausible as it sounds, is mistaken. It is presented as analyticóas a conceptual dichotomy, not requiring empirical data. As a conceptual dichotomy, it must rely on formal or semantic implications of the concepts "random" and "independent." 


To the preceding conjectural brain models (presupposing the general philosophical points made at the beginning about counternomological impossibility and ordinary language analysis), a critic advances the following: "This is all very interesting, and especially illuminating as to the dichotomist position, which I am prepared to grant you've shown to be false by constructing an internally consistent and plausible alternative to either determinism or pure chance. But I am unpersuaded that it will reassure the freewillite, or, a fortiori, the incompatibilist. Their original objection to determinism was that I 'cannot' refrain from stealing because for me to refrain would involve counternomological events in my brain, and counternomological events are impossible, in the strong strict literal meaning of that term. Your analysis disposes of the ordinary language gloss on 'could have done otherwise' and related expressions. As you say, it is difficult to attach any meaning to the sentence, 'Jones could have done otherwise, although the brain events involved in his actual doings and decidings, being necessarily determined in accordance with the nomologicals, were the only ones physiologically possible.' So I agree with your criticism that when the ordinary-language gloss on 'He could have done otherwise' combines with a proper analysis of possibility in terms of nomologicals, the conclusory statement is that 'Sometimes people can do things that are impossible,' and I don't countenance that statement, which, like you, I consider absurd. The incompatibilist who wants us to hold a thief nonaccountable or nonblameworthy appeals in the determinist frame to the impossibility of his having done otherwise, because he is, so to speak, merely the victim of what his neurons were (deterministically) doing. Now on your analysis he cannot say he was the victim of the deterministic action of his neurons, but surely he can still say he is the victim of his command neurons, which are firing randomly. That is, we are holding him accountable for something that is the molar outcome of a sequence of random cerebral micro-events. The thief can say to us, 'Look, we were originally troubled by your considering me a free moral agent - hence an accountable and blameworthy individual - for doing something that ordinary language says I could have refrained from doing. We rejected that ordinary-language claim on the grounds that, according to determinism, for my brain cells to have have fired otherwise than they did would have been nomologically impossible. You have substituted the notion that for my brain cells to have fired otherwise would have been nomologically possible, but that they fired the way they did was a chance affair. It's as if the molar action I finally perform - despite my performing it following reflection on the arguments of my fellow clerk, whether prudential or ethical - still, at that last critical stage, depends upon the outcome of the spinning of 10 little organic roulette wheels in my head. I fail to see why that should give any reassurance to an advocate of free will. Why should it leave me any less exculpable than if, instead of being little roulette wheels, they were little preset clocks? For the final choice - I repeat, following upon my deliberations, considering the arguments delicately balanced on the existential knife edge - to be a matter of chance doesn't seem preferable over the original case where we had the deterministic stomach ache about freedom.' "


Now this is a powerful objection, and it remains pretty impressive even when we correct the objector by pointing out that he is not quite entitled to say that what happened in the command neurons is literally a matter of "chance." In our conjectural brain model, while individually the command cells act as if by chance, and a subsequence of the molar sequence of temptation occasions satisfies Mises's criterion, yet the 'total cerebral event' involved in the choosing is seen not to be a matter of chance, because of the clearly "nonchance" patterned coherence of the several (local) outcomes. This is especially clear when what the nonchance pattern of that configural outcome at 10 loci has to be (teleolonomically) is inferred by considering significant social or moral properties of the final effector event defined as a molar achievement class.
Before meeting the objection head on, we may inquire what is the meaning of `chance' that we think the consistent incompatibilist freewillite, given his original objections to determinism, ought to find equally objectionable here? The overinterpretation of 'chance' in this setting - and we don't know whether the critic is overinterpreting unless we press him to expand it further, but the passage above sounds suspiciously as though he is - is the connotation we dislike in such verbal correlatives as 'capricious,' 'meaningless,' 'blind,' 'unreasoning,' 'unmotivated,' 'without regard for such things as reasons or anticipated consequences,' and, perhaps the best word here, 'unintentional.' Now to think properly about this we must parse the concept labeled 'chance' or 'random,' and ask which of the different (and, in most ordinary contexts, closely correlated) meanings apply.


The first "chancey" condition in the model is local unpredictability at the individual synapse, which we are postulating as present for quantum physics reasons. So the individual elements of the cerebral event are, by that definition, a matter of chance. Second, for the subset of all stealing temptation occasions in which the remainder of the cerebral system is in such a state as to put the command neurons effectively into the system at all (regardless of what they finally do jointly), there is sequential randomness; that is, the series of molar outcomes in the subset that are nondeterministic satisfies Mises's criterion, so the system is chance in that second respect also. But consider the strong, total system requirement that the 10 local events that jointly "decide" the final outcome (the firing or nonfiring of the 10 command neurons) should be totally random, i.e., satisfying the mathematician's condition of total independence. That requirement we have seen does not obtain in the present case; and the possibility of that total event being "nonchance" despite local indeterminacy and the Mises's criterion for the subsequence, arises from Bernstein's Theorem. Finally, a meaning of "chance" not expressed above, would be a "mentalistic" molar characterization of the events immediately preceding the final act of stealing or inhibiting, namely, that reasons, motives, values, the weighing of considerations and so on would play no genuine (efficacious, significant) role in the internal process terminated by the final action. Part of what is objectionable about the language "10 little roulette wheels in my head" is that such a locution makes it appear that the reasons offered by the fellow clerk, and one's reflection on them in the light of his prudential memory-bank activations, only seem subjectively to be relevant in what finally comes out but in actuality are not so. This is related to a point made by C. A. Campbell in his distinction between the "inner" and "outer" aspect of a free choosing (1951 in Berofsky, 1966, pp. 131-33).


I fear that the basic question involved in the objection, and the possibility of answering it, is that perennial problem of philosophy about persons, "What is the 'I'?" Here a preliminary terminological observation, from which I don't intend to get much mileage but simply to alert the reader and myself to a tempting semantic danger: The language of the objector, "I am a victim of my command neurons, which are acting like 10 little roulette wheels," makes it sound rather as if the 'I' in that sentence is an entity wholly distinct from the command neurons. And on most (I'm going to argue below, on all) plausible solutions to the mind/ body problem, this is misleading. That is, it is not as if there are command neurons and then, in addition, there is a psychophysical 'I' separate from them, whereby they do something first and then, as a consequence of that doing as an efficient cause, a something else befalls the 'I' of the sentence. The command neurons are part of the 'I,' insofar as it is a continuant (albeit a composite one); and ditto for the rest of the cerebral system that provides input to the command neurons and that responds to their commands. The 'I' is my total psychophysical system, the activities of which (when we move to a molecular level of analysis from the molar level of behavior and experience) consist of the firing of the neurons, command and otherwise, deterministic and indeterministic. Therefore one must speak with care to avoid falling into a subtle form of category mistake we would make if we said one of Mr. Reagan's neurons is Republican. I don't mean to adduce this warning as more than a warning. It is not, just as it stands, a cure for the stomach ache of our critic. If the determinist had a stomach ache that persisted after reading Hobart (or Bradley's letter to James [Perry, 1935, pp. 238-401) where the 'I,' once in being and however composed at another level of analysis, is now acting, choosing, etc., the mere fact that this 'I' is a physical composite, and the command neurons are part of that composite, doesn't answer the objection, if the properties of the elements of that composite (under the deterministic scheme) make it impossible to choose otherwise than one did. I will say more on this below.
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Ruth Barcan Marcus was a philosopher of logic who restored the "modal" concepts of necessity and possibility to the "quantified" logic that analyzes truths in terms of set membership. She is said to have created "quantified modal logic."


The original predicate logic developed by Aristotle in his Prior Analytics contained the quantifiers "for some" and "for all" - e.g., all men are mortal. Aristotle's logic also contained the modal notions of necessity ("must") and possibility ("may"), but modality had disappeared from texts on symbolic logic since Gottlob Frege and Bertrand Russell had reduced philosophy to a "truth-functional" analysis of statements that are plain assertions - true or false.


For them and for Ludwig Wittgenstein and Rudolf Carnap, all of knowledge in general and science in particular is reducible to the collection of all true statements.

C. I. Lewis reinvented modal logic in the 1920's and tried to add it to the symbolic logic of the great Principia Mathematica of Russell and Alfred North Whitehead. 

Willard Van Orman Quine mostly ignored Lewis's modal logic, and he reacted negatively to Marcus's suggestion in 1946 that modality operators (a box '◻' for "necessarily" and a diamond '◇' for "possibly")  could be transposed or interchanged with quantification operators (an inverted A '∀' for "for all" and a reversed E  '∃' for "for some"), while preserving the truth values of the statements or propositions.


Marcus asserted these transpositions in what are now called the "Barcan formulas."



 ∀x ◻Fx ⊃ ◻ ∀x Fx          ∀x ◇Fx ⊃ ◇ ∀x Fx

  ∃x ◻Fx ⊃ ◻ ∃x Fx          ∃x ◇Fx ⊃ ◇ ∃x Fx



Quine had generated a number of apparently paradoxical cases where truth value is not preserved when "quantifying into a modal context." But these can all be understood as a failure of substitutivity of putatively identical entities. Information philosophy shows that two distinct expressions that are claimed to be identical are often not identical in all respects, e.g., reference and sense. So  a substitution of one expression for the other may not be identical in the relevant respect. Such a substitution can change the meaning, the intension of the expression.

Perhaps Quine's most famous paradox is this argument about the number of planets:


     (1)  9 is necessarily greater than 7


for example, is equivalent to



 '9 > 7' is analytic


and is therefore true (if we recognize the reducibility of mathematics to logic)... 




 Given, say that



     (2) The number of planets is 9


we can substitute 'the number of planets' from the non-modal statement (2) for '9' in the modal statement (1) gives us the false modal statement



    (3) The number of planets is necessarily greater than 7


But this is false, says Quine,  since the statement



     (2) The number of planets is 9


is true only because of circumstances outside of logic.
 


Marcus analyzes this problem in 1961, which she calls the "familiar example" :



 (27) 9 eq the number of planets

 is said to be a true identity for which substitution fails in


 (28) ◻(9 > 7)
 

for it leads to the falsehood
 

(29) ◻(the number of planets > 7).


 Since the argument holds (27) to be contingent (~ ◻(9 eq the number of
 planets)), 'eq' of (27) is the appropriate analogue of material equivalence
 and consequently the step from (28) to (29) is not valid for the reason that
 the substitution would have to be made in the scope of the square.
    


The failure of substitutivity can be understood by unpacking the use of "the number of planets" as a purely designative reference, as Quine calls it.


In (27), "the number of planets" is the empirical answer to the question "how many planets are there in the solar system?" It is not what Kripke would call a "rigid designator" of the number 9. The intension of this expression, its reference, is the "extra-linguistic" fact about the current quantity of planets (which Quine appreciated).


The expression '9' is an unambiguous mathematical (logical) reference to the number 9. It refers to the number 9, which is its meaning (intension).


We can conclude that (27) is not a true identity, unless before "the number of planets" is quantified, it is qualified as "the number of planets qua its numerosity, as a pure number." Otherwise, the reference is "opaque," as Quine describes it. But this is a problem of his own making.


As Marcus says, when we recognize (27') as contingent, ~◻(9 eq the number of planets), it is not necessary that 9 is equal to the number of planets, its reference to the number 9 becomes opaque.


The substitution of a possible or contingent empirical fact that is not "true in all possible worlds" for a logical-mathematical concept that is necessarily true is what causes the substitution failure. 


When all three statements are "in the scope of the square" (◻), when all have the same modality, we can "quantify into modal contexts," as Quine now accepts.  Both expressions, 
'9' and 'the number of planets, qua its numerosity,' will be references to the same thing, 
They will be identical in one respect, qua number. They will be "referentially transparent."


Names and Necessity


In his 1943 paper in the Journal of Philosophy, "Notes on Existence and Necessity," Quine wrote:

One of the fundamental principles governing identity is that of substitutivity – or, as it might well be called, that of indiscernibility of identicals. It provides that, given a true statement of identity, one of its two terms may be substituted for the other in any true statement and the result will be true. It is easy to find cases contrary to this principle...

The principle of substitutivity should not be extended to contexts in which the name to be supplanted occurs without referring simply to the object. 

The relation of name to the object whose name it is, is called designation; the name 'Cicero' designates the man Cicero. An occurrence of the name in which the name refers simply to the object designated, I shall call "purely designative." Failure of substitutivity reveals merely that the occurrence to be supplanted is not purely designative, and that the statement depends not only upon the object but on the form of the name. For it is clear that whatever can be affirmed about the object remains true when we refer to the object by any other name.


To say that two names designate the same object is not to say that they are synonymous, that is, that they have the same meaning. To determine the synonymity of two names or other expressions it should be sufficient to understand the expressions; but to determine that two names designate the same object, it is commonly necessary to investigate the world. The names 'Evening Star' and 'Morning Star', for example, are not synonymous, having been applied each to a certain ball of matter according to a different criterion. But it appears from astronomical investigations that it is the same ball, the same planet, in both cases; that is, the names designate the same thing. The identity: Evening Star = Morning Star is a truth of astronomy, not following merely from the meanings of the words.



In 1947, Marcus wrote an article on "The Identity of Individuals " asserting the "necessity of identity."  Her work was written in the dense expressions of symbolic logic, with little explanation. We present it for historical completeness,


2.33*. ⊢ (β1I(β2) ≡ (β1Im(β2).


                ((βI1m(β2) (β1I(β1) ) ⥽   (β11(β2)     2.21, 2.3, subst, 14.26


                (β1Im(β2)  ⥽   (β1I(β2)                       2.6, 2.32*, subst, adj, 18.61, mod pon  


                (β1I(β2) ≡ (β1Im(β2)                        18.42, 2.23, subst, adj, def 

A direct consequence of 2.33* is

2.34*. ⊢ (β1Im(β2) ⥽ (B1  ≡ B2)



Five years later, Marcus's thesis adviser, Frederick B. Fitch, published his book, Symbolic Logic, which contained the simplest proof ever of the necessity of identity, by the simple mathematical substitution of b for a in the necessity of self-identity statement. 


23.4
(1) a = b, 
(2) ◻[a = a], 
then (3) ◻[a = b], by identity elimination. (p.164)

 
Clearly this is mathematically and logically sound. Fitch substitutes b from (1), for a in the modal context of (2). This would be fine if these are just equations. But as Barcan Marcus knew very well from Lewis's work on strict implication, substitutivity in statements also requires that the substitution is intensionally meaningful. In the sense that b is actually just a, substituting b is equivalent to keeping a there, a tautology, something with no new information.  To be informative and prove the necessary truth of the new statement, we must know more about b, for example, that its intrinsic information in b is identical to that of a.



Fourteen years after her original identity article, Marcus presented her work at a 1961 colloquium at Boston University attended by Quine and Kripke. 


Marcus called for disassociating directly referential names (including descriptions that are functioning as unambiguous names) from the kind of meaningful descriptions that lead to Quine's "referential opacity."  This led years later to Kripke's "rigid desgnators."


It would also appear to be a precondition of language that the singling out of an entity as a thing is accompanied by many - and perhaps an indefinite or infinite number - of unique descriptions, for otherwise how would it be singled out? But to give a thing a proper name is different from giving a unique description. For suppose we took an inventory of all the entities countenanced as things by some particular culture through its own language, with its own set of names and equatable singular descriptions, and suppose that number were finite (this assumption is for the sake of simplifying the exposition). And suppose we randomized as many whole numbers as we needed for a one-to-one correspondence, and thereby tagged each thing. This identifying tag is a proper name of the thing...

This tag, a proper name, has no meaning. It simply tags. It is not strongly equatable with any of the singular descriptions of the thing...

The principle of indiscernibility may be thought of as equating a proper name of a thing with the totality of its descriptions.



Marcus also argued that not every singular description prevents it from being substituted in a logical context. Some descriptions can become proper names.

 If we decide that 'the evening star' and 'the morning star' are names for the
 same thing,... then they must be intersubstitutable in every context. In
 fact it often happens, in a growing, changing language, that a descriptive
 phrase comes to be used as a proper name - an identifying tag - and the
 descriptive meaning is lost or ignored. Sometimes we use certain devices
 such as capitalization and dropping the definite article, to indicate the
 change in use. 'The evening star' becomes 'Evening Star', 'the morning
 star' becomes 'Morning Star', and they may come to be used as names
 for the same thing. 


Marcus reprised the proof of her claim about the necessity of identity. She explicitly added Leibniz's Law relating identicals to indiscernibles to her argument.


(x)(y) (x = y) ⊃ ◻ (x = y)


which reads "for all x and for all y, if "x = y," then necessarily "x = y."



 In a formalized language, those symbols
 which name things will be those for which it is meaningful to assert that
I  holds between them, where 'I ' names the identity relation... If 'x' and 'y' are
 individual names then
  
(1) x I y


 Where identity is defined rather than taken  as primitive, it is 
customary to define it in terms of indiscernibility, one form
 of which is



 (2) x Ind y =df (φ)(φx eq φy)



 (3) x eq y =  x I y




Statement (2) is Leibniz's Law,  the indiscernibility of x from y, by definition means that for every property φ, both x and y have that same property, φx eq φy. 


Arthur N. Prior's book Formal Logic appeared the following year with Marcus's latest argument, incorporating Leibniz's Law. Prior may have discussed the necessity of identity with Marcus?


A few years after Marcus' 1962 presentation, David Wiggins developed a five-step proof of the necessity of identity, using Leibniz' Law, as had Marcus. He did not mention her. Wiggins was the first to claim explicitly that the self-identity claim (x = x) is a property φx that must by (2) be a property of φy.


But the property "= x" is what information philosophy recognizes only as an intrinsic (internal) property of x. It names the property of being self-identical. It is linguistic nonsense to interpret this as (y = x). An identical property for y is the self-identity of y (y = y).


In the physical and logical worlds, no entity can fail to be identical to itself.  So we can speak of the necessity of identity. But this is a tautology, empty of meaning, like A = A, if the only strict identity is self-identity. 


Marcus was the first to prove the "necessity of identity" using Leibniz's Law – the "Identity of Indiscernibles."  Like Frege, Wittgenstein, and others, she used it only to establish self-identity.



Ten years after Marcus, Saul Kripke published a similar argument in his 1971 article "Identity and Necessity."  Unfortunately, it is Kriple's 1970 lectures (though not published until 1982), and not Marcus's 1961 work nor Wiggins 1965 treatment, that is best known for the idea of the "Necessity of Identity," as well as the need for directly referential names when quantifying into modal contexts.


Kripke simplifies Wiggins (1965). We can compare the two expositions:

	Wiggins (1965)	Kripke (1971)
	
The connexion of what I am going to say with modal calculi
can be indicated in the following way. It would seem to be a
necessary truth that if a = b then whatever is truly ascribable to a
is truly ascribable to b and vice versa (Leibniz's Law). This
amounts to the principle


(1) (x)(y)((x = y) ⊃ (φ)(φx ≡ φy))


Suppose that identity-statements are ascriptions or predications.!
Then the predicate variable in (1) will apparently range over
properties like that expressed by '( = a) ' and we shall get as
consequence of (1)



(2) (x) (y) ((x = y) ⊃  (x = x . ⊃  . y = x))


There is nothing puzzling about this. But if (as many modal
logicians believe), there exist de re modalities of the form



◻ (φa) (i.e., necessarily (φa)), 


then something less innocent follows. If '( = a ) ' expresses
property, then '◻ (a=a)', if this too is about the object a, also
ascribes something to a, namely the property ◻ ( = a). For on a
naive and pre-theoretical view of properties, you will reach an
expression for a property whenever you subtract a noun-expression
with material occurrence (something like ' a ' in this case) from a
simple declarative sentence. The property 
◻ ( = a) then falls
within the range of the predicate variable in Leibniz's Law
(understood in this intuitive way) and we get



(3) (x) (y) (x = y ⊃ (◻ (x = x). ⊃. ◻(y = x)))


Hence, reversing the antecedents,



(4) (x) (y) ( ◻ (x = x). ⊃. (x = y) ⊃ ◻(x = y))


But (x) ( ◻ (x=x)) ' is a necessary truth, so we can drop this
antecedent and reach



(5) (x)(y)((x = y). ⊃. ◻(x = y))

	
First, the law of the substitutivity of identity says that, for any
objects x and y, if x is identical to y, then if x has a certain
property F, so does y: 


(1)  (x)(y) [(x = y) ⊃ (Fx ⊃ Fy)]


[Note that Kripke omits the critically important universal quantifier (F), "for all F."]


On the other hand, every object surely is necessarily self-identical:



(2) (x) ◻(x = x)


But



(3)  (x)(y) (x = y) ⊃  [◻(x = x) ⊃ ◻ (x = y)]


is a substitution instance of (1), the substitutivity law. From
(2) and (3), we can conclude that, for every x and y, if x equals
y, then, it is necessary that x equals y:



(4) (x)(y) ((x = y) ⊃ ◻ (x=y)) 
 
 
This is because the clause  ◻(x = x) of the conditional drops out
because it is known to be true.





Kripke does not cite Wiggins as the source of the argument, but just after his exposition above, Kripke quotes David Wiggins as saying in his 1965 "Identity-Statements"  



Now there undoubtedly exist contingent identity-statements.
Let a = b be one of them. From its simple truth and (5) [= (4) above] we can derive '◻ ( a = b)'. But how then can there be any contingent identity statements?


Kripke goes on to describe the argument about b sharing the property " = a" of being identical to a,  which we read as merely self-identity, and so may Kripke. 



If x and y are the same things and we can talk about modal
properties of an object at all, that is, in the usual parlance, we can speak
of modality de re and an object necessarily having certain properties as
such, then formula (1), I think, has to hold. Where x is any property
at all, including a property involving modal operators, and if x and y
are the same object and x had a certain property F, then y has to have
the same property F. And this is so even if the property F is itself of 
the form of necessarily having some other property G, in particular
that of necessarily being identical to a certain object. [viz., = x] 
Well, I will not
discuss the formula (4) itself because by itself it does not assert, of any
particular true statement of identity, that it is necessary. It does not
say anything about statements at all. It says for every object x and
object y, if x and y are the same object, then it is necessary that x and
y are the same object. And this, I think, if we think about it (anyway,
if someone does not think so, I will not argue for it here), really
amounts to something very little different from the statement (2).
Since x, by definition of identity, is the only object identical with x,
"(y)(y = x ⊃ Fy)" seems to me to be little more than a garrulous way
of saying 'Fx' and thus (x) (y)(y = x ⊃ Fx) says the same as (x)Fx no
matter what 'F' is — in particular, even if 'F' stands for the property of
necessary identity with x. So if x has this property (of necessary identity
with x), trivially everything identical with x has it, as (4) asserts.
But, from statement (4) one may apparently be able to deduce various
particular statements of identity must be necessary and this is then
supposed to be a very paradoxical consequence.




The indiscernibility of identicals claims that if x = y, then x and y must share all their properties, otherwise there would be a discernible difference. Now Kripke argues that one of the properties of x is that x = x, so if y shares the property of '= x," we can say that y = x. Then, necessarily, x = y.  


However, two distinct things, x and y, cannot be identical, because there is some difference in information between them. Instead of claiming that y has x's property of being identical to x, we can say only that y has x's property of being self-identical, thus y = y. Then x and y remain distinct in at least this intrinsic property as well as in extrinsic properties like their distinct positions in space.



In his 1980 book, Sameness and Substance, David Wiggins elaborates his 1965 argument, but this time he credits Marcus very nicely


This proof adapts a famous proof of the necessity of identity which was given by Ruth Barcan Marcus in 1947. Its merit when given in this form is that it makes evident that all substitutions within the Barcan proof can be made in manifestly extensional positions, lying outside the scope of 'necessarily.'

Miss Barcan's proof was long received with incredulity by those
committed to the mutual assimilation (much criticized in more recent
times by Kripke and others) of the categories of necessity and a priority,
and rejected on the grounds that the identity of evening and morning
star was an a posteriori discovery. But even if statement ascertainable a priori
to be true and necessary true statement coincided perfectly in their extensions,
Miss Barcan's theorem could still stand in our version. For the
conclusion is not put forward here as a necessarily true statement. (On
this we remain mute.)
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Storrs McCall is a professor of philosophy at McGill University whose 1994 book A Model of the Universe contained a two-stage model of free will. McCall's universe model involve indeterministic branching of the universe at various moments, which he argued could contribute to the creation of "choice-sets," i.e., alternative possibilities for evaluation as deliberate actions.

The branching idea is similar to Hugh Everett III's "many-worlds" hypothesis that the collapse of the quantum mechanical wave function can be eliminated (Dirac's projection postulate ignored) and thus physical determinism could be restored to physics. Everett had met with Einstein at Princeton and Einstein had long hoped for a return to deterministic physics.


McCall's version does not branch at quantum experiments by physicists (Everett's idea is absurdly anthropomorphic). McCall says his branching points have always been in existence, pre-determined since the beginning of the universe. This idea flies in the face of the lack of information at the earliest times in the universe.


 
Let us take stock. I am suggesting that the brain be regarded
as possessing two levels of functioning, a lower indeterministic
level that creates choice-sets, and a higher more organized and
structured level, deterministic or 99 per cent deterministic, that
embodies rational choice. Because of its basic lower-level indeterminism
the overall functioning of the brain is not deterministic:
identical inputs into identical states of the brain do not necessarily
yield identical outputs. The option that is unerringly selected by
the higher-level process may be the option that is probabilistically
the least likely, measured by branch proportionality. The
indeterministic factor is essential, since if it were not there the
number of objectively possible courses of action open to us at
any given moment would be limited to one. Although the range
of choice is generated by chance, the acted-upon alternative is not
selected by chance. It is selected in accordance with a rational
procedure, based on goals, objectives, rules, likes, dislikes, memories,
passions, etc. Whatever the eventual chosen course of action, there
will in general be an intentional explanation for it. In this way
the brain embodies a process of rational choice, built upon an
indeterministic option-generating foundation.

Many years ago, Karl Popper wrote a long article in which he
argued that the idea of a being that could predict its own future
states involved a contradiction. The purpose of the article was to
demonstrate that universal Laplacian determinism was impossible
in a universe containing sufficiently powerful predictors. In this
chapter we have been concerned not with beings that can predict
their states, but with beings that can select their own states. Our
emphasis has been on action, not knowledge. But the same general
conclusion seems to apply: beings that can do this can exist only
in an indeterministic universe, such as the universe of the branched
model. In fact they do it in virtue of being themselves indeterministic,
thereby being capable of generating choice-sets, and then
exercising prohairesis. Such entities, of which our brains are a
prime example, may correctly be described as indeterministic mechanisms
which select their own future states, in accordance with a
goal-directed or rule-governed decision procedure.


(vi) Summing-up


The question at issue is this: can a theory of free and responsible
action be built upon indeterministic assumptions? In the context
of the branched model, how is it possible consciously and deliberately
to guide the first branch point into one particular area of
the model, avoiding others? I hope that by now an answer to
these questions will have emerged, in outline at least.


A philosopher sits at a table writing, and a deliberative question
occurs to him. Should he continue writing, or should he break
off, put the kettle on, and make himself a cup of coffee? These
two alternatives are located on different sets of future branches,
in different areas of the universe tree. It seems presumptuous to
think that the philosopher, by his own bare choice, should have
the power to direct the first node of the model into one region
rather than another. Yet this is so. In the first place, the philosopher
is not like a deterministic Turing machine. The quantum- based
indeterministic functioning of his brain guarantees the
existence of a choice-set containing at least two options, both of
which are physically possible. Secondly the philosopher is not like
a chess-playing machine equipped with a randomizer: the selection
of one of these options will not be by chance. The philosopher
deliberates, and makes up his mind to forget about coffee and
continue working for another hour. The explanation-reason for
this decision is that he wants to finish the book he is writing.
The philosopher, an intelligent deliberator, has exercised his
ability to represent alternative courses of action, evaluate them,
and choose one. In the example just given there were two deliberation-
reasons and one explanation-reason. It is not necessary to
believe that the eventual choice was the result of anything but a
deterministic or quasi-deterministic rational decison procedure.
The philosopher's family could have predicted his decision with a
high degree of accuracy. But the explanation of his choice is still
a reason, not a cause. It cannot be a deterministic cause because
of the antecedent existence of the choice-set, and it cannot be a
probabilistic cause because of the phenomenon of change of mind,
and because an alternative of low probability can still be chosen.


In the branched model, indeterminism plays two different roles.
First, the mode! is indeterministic because of its branched structure.
A deterministic model would be unbranched. Secondly, the
selection of one branch out of indenumerably many above a node
is itself random and indeterministic. That is to say, it is random
and indeterministic unless an intelligent deliberator is present.
Such deliberators, who have the power of prohairesis, constrain
the indeterminism of the branched model by providing intentional
explanations for branch attrition. Their powers are admittedly
limited, but they do account for some tiny fraction of the global
phenomenon of branch attrition. However, they do nothing to
touch the branching character of the structure itself, without
which there would be no intelligent choice and no explanations.
Only within the context of indeterminism do deliberation, decision,
and freedom assume their true shape, guided by rational or
quasi-rational procedures and undistorted by deterministic fetters.


Collaboration with E. J. Lowe



Years later, McCall and his colleague E. J. Lowe) in 2005 proposed a defense of an indeterministiclibertarianfree will against various randomness objections, especially Peter van Inwagen's "replay argument," which claimed to show that indeterminism makes our decisions random.

 McCall and Lowe show "that libertarianism is a consistent philosophical thesis." They draw out the notion of an instantaneous choice (which compatibilists often attack as necessarily either determined or random, according to the standard argument against free will) into a continuous temporal process of deliberation that culminates in the decision.


They locate the indeterminism in the early part of deliberation, as do all two-stage models of free will. The decision itself they say is caused  not by chance, but by the character and reasons of the agent.


McCall and Lowe are correct that both van Inwagen and Robert Nozick locate the indeterminism in the wrong place, namely the decision itself.


Leading libertarian philosopher Robert Kane also locates indeterminism in the choice, but Kane argues that in a "torn decision" all of the alternative possibilities for action can be independently defended by reasons, so the agent can take responsibility, whatever the particular choice.


McCall and Lowe extend van Inwagen's "replay" example by considering Kane's description of a decision as a temporal process:

 
To illustrate the model of decision-making we have in mind, we replace
van Inwagen’s Alice by Robert Kane’s more temporally-extended example of
Jane. Jane is deliberating whether to spend her vacation in Hawaii or Colorado. She takes her time, consults travel books and brochures,
contemplates her bank account, and eventually comes to the conclusion that
all things considered, Hawaii is the best option. At the end, she seals her
decision by buying an air ticket to Honolulu. A useful way of analyzing this
deliberative process (Aristotle’s bouleusis) is to divide Jane’s decision-making
into three stages (McCall (1999)):

	
(i) Choice-set formation (in Jane’s case identifying Hawaii
and Colorado as her two options),

	
(ii) Evaluation (weighing the reasons pro and con Hawaii
against the reasons pro and con Colorado),

	
(iii) Choice (Aristotle’s prohairesis).



A necessary requirement of indeterministic decision-making is that each
option in the choice-set remain open, i.e. choosable, through the entire deliberation,
right up to the moment of choice.



Prohairesis (προαίρεσις) variously translated as "moral character", "will", "volition", "choice", "intention", or "moral choice") is a fundamental concept in the Stoic philosophy of Epictetus. It represents the choice involved in giving or withholding assent to impressions (phantasiai). The use of this Greek word was first introduced into philosophy by Aristotle in the Nicomachean Ethics..
 To Epictetus, it is the faculty that distinguishes human beings from all other creatures. 


McCall and Lowe summarize the many steps they see in their libertarian deliberative process:


The main features of the indeterministic deliberative process which demonstrates
consistency are as follows.

(1) An agent X is faced with deciding between options A, B, C, ... [these options may involve chance and are not pre-determined.]

(2) There are, in X’s estimation, reasons for and reasons against each
option.


(3) X uses her power of rational judgement to weight these reasons and
to weigh one option against another.


(4) The process of weighing and weighting is controlled by X’s judgement,
is on-going throughout the deliberation, and is justifiable to a
third party.


(5) Each option remains open (choosable) up to the moment of decision.


(6) The deliberation ends with X’s reasoned choice of one of the options.



Conclusion: Rational, indeterministic, controlled deliberative processes
prove that the concept of libertarian free will is internally consistent.


Later, McCall and Lowe defended their indeterministic free will model against the Luck Objection. (Philosophy and Phenomenological Research, Vol. LXXVII No. 3, November 2008, p.745)
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Tim Maudlin

Tim Maudlin is a philosopher of science at New York University.

In the three editions of his first book Quantum Non-Locality and Relativity (1994-2011), Maudlin describes the EPR Paradox and Bell's Theorem in great detail, but with few of the equations and diagrams that explain Bell's inequality predictions and why they are violated by experiments, agreeing with quantum mechanics. See our John Bell page.


In his most recent book, Philosophy of Physics: Quantum Theory (2019), Maudlin returns to  summarize the situation with entangled particles...


Einstein, Podolsky, and Rosen never took the possibility of
such a nonlocal physical interaction between the socks (or the
electrons) seriously. In fact, they thought the idea so absurd that
they never imagined anyone would entertain it. What the EPR article
pointed out was that to avoid such a strange “spooky action at-
a-distance” (in Einstein's famous phrase), one has to postulate
that the two electrons described above have definite dispositions
concerning how they would react to the magnets from the moment
they are produced and separate from each other. One of the
electrons has to be z-spin up and the other z-spin down from the
outset. Otherwise, how could either be sensitive to the behavior of
the other in the right way to preserve the perfect anticorrelation?


Maudlin's statement "One of the electrons has to be z-spin up and the other z-spin down from the outset" is close, but not quite correct. The same could be said of x-spin and y-spin, but spin can not be in all three directions at the same time. The correct statement is "If z-spins are measured for the two particles, they will be found opposite." The same is true of x-spin and y-spin. But not because they had those spins "from the outset." Only that the total spin must always be zero, by conservation of total spin zero in all directions, when they are measured in any direction. 


The conservation of total spin zero is a condition of the initial entanglement that we regard as a "hidden constant of the motion" or a "common cause." 


In the final pages of the 2011 edition of Quantum Non-Locality and Relativity, Maudlin explained that the quantum state of a "composite system" of entangled electrons (or photons) can not be described as the product of the individual states of the two particles. In 1935 Erwin Schrödinger reacted to the EPR paper by telling Albert Einstein there was a flaw in Einstein's separability argument about the EPR Paradox. Einstein assumed that the particles could "separate" as they travel away from each other and become independent, single-particle quantum states. Schrödinger said that Einstein's "separability principle" (Trennungsprinzip) was simply wrong. The correct "wave function" that "entangles" two particles with one another (as describable by Schrödinger's wave equation) is a two-particle, interdependent wave function. Only after a measurement "collapses" the two-particle wave function can the particles be described as the product of single-particle wave functions.


Maudlin writes the spin state of the pair of entangled particles as
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This is not the Cartesian product of vectors in H L and HR, so neither electron has any definite spin.


But what if we ask about the operator which represents the product of the z-spin of particle L and the z-spin of particle R? Note that | ↑z > L  | ↓ z >  R  is an eigenstate of the product operator with eigenvalue -1 since if the pair is in this state the left particle has z-spin +1 and the right z-spin -1. Similarly,  | ↓ z  > L | ↑z > R is an eigenstate of the same operator, also with eigenvalue -1 (the operator is therefore degenerate). The linearity of the operator guarantees that the linear sum 
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 | ↓ z  > L | ↑z > R is also an eigenstate, with eigenvalue -1. Thus the z-spins of the particles are certain to have opposite values even though neither particle has a determinate z-spin.


Few philosophers of science include these mathematical details of quantum mechanics as does Maudlin. We can compare his quantum mechanics math to that of David Bohm, who in 1957 first formulated the quantum mechanics of entangled particles (atoms),



We consider a molecule of total spin zero consisting
of two atoms, each of spin one-half. The wave function
of the system is therefore
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where  ψ+ (1)  refers to the wave function of the atomic
state in which one particle (A) has spin +ℏ/2, etc. The
two atoms are then separated by a method that does
not influence the total spin. After they have separated
enough so that they cease to interact, any desired component
of the spin of the first particle (A) is measured.
Then, because the total spin is still zero, it can immediately
be concluded that the same component of the
spin of the other particle (B) is opposite to that of A.



Note that when Bohm says "because the total spin is still zero, it can immediately
be concluded that the same component of the
spin of the other particle (B) is opposite to that of A," he is implicitly using the conservation of total spin.  



In 1964, John Bell followed David Bohm. As with Bohm, Bell does not explicitly mention conservation of angular momentum, but he describes spin components measured in the same direction...  



With the example advocated by Bohm and Aharonov, the EPR argument is the following. Consider a pair of spin one-half particles formed somehow in the singlet spin state and moving freely in opposite directions. Measurements can be made, say by Stern-Gerlach magnets, on selected components of the spins σ1 and σ2. If measurement of the component σ1 • a, where a is some unit vector, yields the value + 1 then, according to quantum mechanics, measurement of σ2 • a must yield the value — 1 and vice versa. 


In his most recent description of two-particles that may be entangled, Maudlin first describes the two particles in separate single-particle quantum states...


We now have all the pieces in place to apply the recipe to Bohm’s version of the EPR experiment and to derive predictions of violations of Bell’s inequality...As usual, we construct the entangled state by starting with unentangled product states.
Suppose we have a pair of electrons that begin in the same location, with one traveling off to the right the other to the left. The one going to the right can have the spinor |z↑> and the one traveling to the left |z↓>. The resulting product state could be symbolized as | z↑, right> and |z ↓, left>...There is no entanglement in either of these states, and making predictions from them is easy. For example, in the first state, if both particles are passed through z-oriented magnets, the right-moving particle will be deflected up and the left-moving one down. If they are both passed through x-oriented magnets, then each has a 50-50 chance of being deflected either way, with no correlations predicted between them. That is, finding out which direction one goes will not change the prediction about the other. It will still be 50-50.


Now Maudlin goes on to describe the entangled two-particle quantum system, which Erwin Schrödinger describes as a superposition of the above two states..


By the superposition principle, we can form from this pair of states the entangled state
| z↑, right> |z ↓, left> - | z ↓, right> | z ↑, left>...
This is called the singlet state of spin...

What should we predict if we pass both electrons through z-oriented magnets followed by a phosphorescent screen?


...[We] predict a 50% chance of the right-hand flash occurring up and the left down, and a 50% chance of the right-hand flash being down and the left up. There is no chance that both will be up or both down. In short it is certain that the location of one flash will be up and the other down, but completely uncertain which will be up and which down. Observing either flash renders one completely sure of where the other will be.


Einstein argued that in this case, where the two electrons can be arbitrarily far apart from each other, we cannot accept that what happens to one electron can have any physical influence or effect on the other. But absent such “spooky action-at-a-distance,” it follows that each electron must be predisposed all along to be deflected the way it is: otherwise, how could the second electron, uninfluenced by the first, always behave the opposite way?



Like Bohm and Bell, Maudlin also does not mention the law of conservation of angular momentum (spin), but what if the two entangled particles remain at all times before a measurement  in that singlet state with total spin zero?  Can we still say, as Maudlin does,  that there is still a 50-50 chance that either particle will be measured up or down individually as required by quantum mechanical indeterminism, but that the two-particle wave function has had a joint property that the total spin must remain zero at all times since the particles were originally entangled? 


So between the initial entanglement and the measurement, we cannot say one of the particles always has the same spin that will be found at measurement. It does not, as Einstein feared, follow "that each electron must be predisposed all along to be deflected the way it is."  


But can we say that the two spins, however indeterministic (50-50) they may be individually, at all times between the initial entanglement and measurement, must be exactly opposite to one another when they are measured at the same angle. Otherwise a law of conservation, a deeper principle than either quantum or classical mechanics themselves, would be violated. 


As Maudlin correctly described this situation above, "the z-spins of the particles are certain to have opposite values even though neither particle has a determinate z-spin."


Apart from the theory that properties like angular and linear momentum and energy are perfectly conserved quantities, the experiments of  entangled particles spin always find spins exactly opposite when measured at the same angle.  Theory and experiment together agree that conservation of the sum of two spins keeps the total spin zero, one up and one down, whatever the indeterministic nature might be of individual spin measurements.


As Maudlin also says above, "there is no chance that both will be up or both down."
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    Trenton Merricks is a relatively young professor of philosophy and metaphysics at the University of Virginia. He is one of the staunch defenders of mereological nihilism, the idea that there are no composite objects, only "simples" arranged to look like objects. There are "no tables, only simples arranged tablewise," said Peter van Inwagen in his 1990 book Material Beings.


Van Inwagen made an exception for living things, an abstruse argument based on Descartes' idea that humans are thinking beings and "I think, therefore I am (existing?)."


Merricks follows van Inwagen in accepting human organisms as existing objects. But he goes beyond van Inwagen by denying reductionist arguments that the physical world is "causally closed" from the "bottom up."


Merricks adapts the reductionist claims of Jaegwon Kim that say properties in a complex system can be "reduced" to the lower-level properties of the system's components. For example, the laws and properties of chemistry can be reduced to the laws of physics.


More specifically, the properties of molecules can be reduced to those of atoms, the properties of biological cells can be reduced to those of molecules, plants and animals can be reduced to those of cells, and mind can be reduced to neurons in the brain. So far, Merricks agrees, any composite object is reducible to its simples - atoms or whatever the latest physics tells us are the most fundamental material objects.


Merricks' ontology is Kim's ontology.



The most fundamental tenet of physicalism concerns the ontology of the world. It claims that the content of the world is
wholly exhausted by matter. Material things are all the things
that there are; there is nothing inside the spacetime world that
isn't material, and of course there is nothing outside it either.
The spacetime world is the whole world, and material things,
bits of matter and complex structures made up of bits of matter, are its only inhabitants.


Kim objected to attempts by other philosophers of mind to defend mental causation with a "non-reductive physicalism" and the idea of "top-down" supervening mental events, especially those proposed by Donald Davidson. 

Kim is what is known as an "eliminative materialist," a position famously espoused by Daniel Dennett and the Churchlands. The positions of van Inwagen and Merricks are similarly "eliminativist."


Kim argues that mental events are redundant because for every event in a "mind," there must be a corresponding physical event in the brain that is doing the real causal work. Kim calls for "excluding" the mental events, describing them as "overdetermining"  actions.


Merricks develops a powerful analogy between Kim's mental events and van Inwagen's non-existing composite objects. His prime example is a baseball breaking a window. 




CONSIDER the following argument about an alleged baseball
causing atoms arranged windowwise to scatter, or, for ease of
exposition, causing 'the shattering of a window'.

(i) The baseball—if it exists—is causally irrelevant to
whether its constituent atoms, acting in concert, cause
the shattering of the window.

(2) The shattering of the window is caused by those atoms,
acting in concert.


(3) The shattering of the window is not overdetermined.
Therefore,


(4) If the baseball exists, it does not cause the shattering of
the window.



The rest of this chapter will, in one way or another, involve
this argument, which I shall call 'the Overdetermination
Argument'.



For Merricks, the idea of the composite "baseball" can be excluded as overdetermining the shattering of the window. The analogy is powerful because the baseball is just an idea, just some information about the structure of the object, just its "form," like the form of a statue in the famous metaphysical puzzle of The Statue and the Clay.

The statue cannot survive the squashing of a lump of clay, but the lump can survive. Metaphysicians claim that the lump of clay and the statue have different persistence conditions.


Eliminative materialists deny the causal power of such abstract ideas or "forms."  For them, only matter enters into causal relations. Form is separated from matter in many metaphysical puzzles and paradoxes. Form was imagined to be a numerically distinct object by the ancient Skeptics, but such pure ideas in minds are thought unable to move material.  



Why Humans Exist


Merricks' argument for the existence of humans goes well beyond that of van Inwagen. It brings up more subtle metaphysical problems and leads to some surprising conclusions, including the fact that humans have free will.
He begins by arguing that Kim's Exclusion Argument does not succeed in denying mental causation in humans! And his own Overdetermination Argument, based originally on Kim's Exclusion, also does not apply, because humans have causal mental properties that cause things that are not caused by our constituent atoms. 



Sometimes my deciding to do such and such is what causes
the atoms of my arm to move as they do. Presumably my so
deciding won't ever be the only cause of their moving. There
will also be a cause in terms of microphysics or microbiology,
in terms of nerve impulses and the like. But at some point in
tracing back the causal origin of my arm's moving (if it is
intended), we will reach a cause that is not microphysical, that
just is the agent's deciding to do something.


Composite objects that cause things that their parts do not
redundantly cause can resist the eliminative sweep of the
Overdetermination Argument. We humans—in virtue of causing
things by having conscious mental properties—are causally
non-redundant. So the Overdetermination Argument fails to
show that we do not exist. So I conclude that we do. For we
should assume that we exist unless we are shown otherwise.
Any conscious composita presumably survive the
Overdetermination Argument just as we do. So I conclude that
dogs and dolphins, among other animals, exist.


Human organisms do not dodge the Overdetermination
Argument on a mere technicality of which baseballs, for example,
cannot avail themselves for some intuitively irrelevant
reason. Rather, human organisms have non-redundant causal
powers and so can exercise downward causation. Baseballs, on
the other hand, would not—even if they existed—have nonredundant
causal powers or exercise downward causal control
over their parts. This deep, fundamental difference between
the powers of human organisms and the powers of alleged
baseballs (and statues and rocks and stars and so on) makes
all the difference with respect to the Overdetermination
Argument.



Merricks' defense of free will is straightforward. He denies the thesis that "humans have no choice about what their constituent atoms do or are like." He says that                                                                                        

human persons have downward causal control
over their constituent atoms. And surely downward causal
control of this sort is sufficient for having a choice about what
one's atoms do or are like...

On the assumption that we
are human organisms, I have argued that we exercise downward
causation...


I say that the downward causal control we exercise over our
atoms makes room for our having free will. And, as we saw in
the previous section, that same downward causal control
undermines the Micro Exclusion Argument for mental
epiphenomenalism. I think free will requires mental causation.
So I think it bodes well for my metaphysics that its defence of
free will turns on the same fact about humans as does its
defence of mental causation.



Merricks is correct that we have some downward mental control over some of our atoms, but wrong to suggest any control over what they "are like."





Source: https://www.informationphilosopher.com/solutions/philosophers/merricks/
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Uwe Meixner is a philosopher of logic with theological interests who makes the case for a dualistic conception of mental causation. He interprets indeterministic events as opening a door to nonphysical causation by denying causal closure, the idea that everything in the world is determined by physical causes:
 
   
what about the nonphysical causation of physical events without
equivalent physical causation, say, without any accompanying physical
causation at all? Would not the occurrence of nonphysical causation
of physical events without accompanying physical causation get
into conflict with physics? It would not, not even under the metaphysical
supposition that the physical world is a closed system: because an
instance of nonphysical causation of a physical event without accompanying
physical causation would leave the sum total of energy and
momentum unchanged. It would merely involve a redistribution of
energy and momentum. Redistributions of energy and momentum are,
of course, happening constantly, and normally, it seems, one need not
invoke nonphysical causation for having them come about. But, as
most modern physicists hold, at least some of these redistributions are
not determined by the energy/momentum distributions of the past.3 If
this is true, then the physical past leaves a lacuna of determination that
need not be left entirely to chance, but that can be, at least partly, filled
by additional determination coming purely from a nonphysical
source. In an indeterministic physical world, there is room for the nonphysical —
specifically, the nonphysical mental — causation of physical
events without accompanying physical causation.
 
   
  

Meixner's arguments are consistent with an immaterial source of downward causal control by the mental, such as that proposed in our model of information as an emergent dualistic substance.

Meixner says that what he calls "Purely nonphysical"


   

  mental causation
of the physical would originate in the mental subject, in the nonphysical
individual, wholly present at each moment of its existence,
which is the centre of consciousness: in the nonphysical substantial
self. Since purely nonphysical mental causation of the physical
presupposes physical indeterminism and originates in a substantial
nonphysical mental agent, I will also call this kind of causation free
nonphysical agency.
   

Meixner sees the external physical world as a source of macroscopic indetermination:

   

The difficult question is how the nonphysical mental subject manages
to do all this. If there is an answer, it must be provided by the brain. 

I maintain that the brain is, among other things, (1) an instrument for
the detection of macroscopic indetermination in the environment of
the organism (which environment includes, as its limit, the organism
itself) and (2) an instrument for restricting the detected macroscopic
indetermination to the advantage of the organism. In short, I maintain
that the brain is a DOMINDAR:

Detector Of Macroscopic INDetermination, And Restrictor.


This is a bold assertion because it has not seemed to most philosophically
tuned people that there is enough macroscopic indetermination
in the physical world to be detected or restricted by anything. This, I
believe, is a false impression.
   


Meixner's clear thinking about a non-material mind as involving both indeterminism and the adequate determinism to make choices that can have causal consequences can get obscured by jargon like DOMINDAR

  
 
Meixner argues that not only microscopic (subatomic) indetermination is present in the body (brain), but also macroscopic indetermination. This is the idea of amplification of uncertainty. 

   
From the indetermination the brain notices, it selects the indetermination worth
reporting according to relevancy (for the survival, or at least the wellbeing,
of the organism) and restrictability (since the biological point
of detecting and reporting indetermination is to subsequently restrict
that indetermination advantageously)...   

Finally, the indetermination selected by the brain as worth reporting
is classified according to relative importance, so that the self, in consciousness,
is ultimately presented with a relatively clear spectrum of
weighted alternatives open to it. Then the decision what to do is up to
the self.



Meixner's thinking seems consistent with two-stage models of free will, which generate alternative possibilities for action, which are then left to the agent (the self) to deliberate, evaluate, and select from.

Meixner sees a connection with the indeterministic element that must be a part of biological evolution.
   

If determinism ruled in the physical macro-world, then there
would be nothing in that world that needed controlling, and hence
nothing would need to be monitored or governed by any organ. For
under determinism, everything happens automatically, with absolute
precision and with inexorable necessity. Thus, unless there is indetermination
of considerable extent in the physical macro-world, the
emergence of brains is absolutely pointless from the evolutionary
point of view.   
blockquote>
   


Since everything is pointless in a deterministic world with only one possible future, Meixner adds what he calls a "reactor" that provides multiple alternative possibilities:
   
Under macroscopic physical determinism,
the structural complexity of every apparatus, natural or artificial, is
pointless that makes in advance provision for realizing at a time t one
or another of several incompatible alternatives regarding the physical
macro-world. where each of these alternatives is possible at time t.
Why provide for the realization of one or another among several such
alternatives — even if only in such a manner that the realization
merely amounts to a law-determined reaction to a given physical condition,
as in a multi-possibility reactor — if, under macroscopic physical
determinism, it is true of only one thing at any moment in time that it
can happen in the physical macro-world (namely, the one that does in
fact happen)? When evolution ran a course that led, let’s suppose,
merely by (microscopic) accidental mutation and subsequent natural
selection to the development of macroscopic devices that are geared
for implementing choices (made — by the devices themselves or by
something else — between at least two incompatible alternatives that
are each possible at the time in question), had evolution then forgotten
that macroscopic physical determinism is true? Was it ignoring it?
 

Source: https://www.informationphilosopher.com/solutions/philosophers/meixner/
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Ernest Nagel was a well-known philosopher of science, whose 1961 book The Structure of Science is considered a foundational work in the logic of scientific explanation. He is considered one of the major figures of the logical positivist movement, along with Rudolf Carnap, Hans Reichenbach, and Carl Hempel. Nagel brought analytic language philosophy to the philosophy of science.


With his CCNY professor Morris Raphael Cohen, Nagel wrote An Introduction to Logic and the Scientific Method in 1934. In 1958 With James R. Newman he wrote  Gödel's proof about  Gödel's incompleteness theorems. He was an editor of the Journal of Philosophy and the Journal of Symbolic Logic.


The logical positivist tradition of a structure of science put the unity of science at the core of philosophy of science, including Carl Hempel’s deductive-nomological model of explanation and Ernest Nagel’s model of reduction.


The reductionist's model of explanation claims that causal laws of nature in the base level must causally determine the laws of a higher level. This results in a highly simplistic, materialistic, and deterministic view, for example that the contents of the world today were knowable by a Laplacian demon (or God) at the origin of the world.


Our cosmic reaction process, by contrast, shows that new information has been entering the universe since its origin, at many levels, from the formation of elementary partials like protons and neutrons, to atoms and molecules, to planets, stars, and galaxies, and beyond to life, mind, and consciousness.




Source: https://www.informationphilosopher.com/solutions/philosophers/nagele/
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Although Nietzsche is considered the father of Existentialism, which, in Jean-Paul Sartre's writing prizes human freedom and makes us the makers of our own morality, Nietzsche's aphoristic writing produced many polemics against the "celebrated concept of free will" - as well as against its opposite, the "unfree will" explained as "cause and effect."


Because Nietzsche often uses "morality" and "free will" to describe the deplorable conventional "celebrated" meanings of these terms, it makes him hard to follow and to appear inconsistent when he infuses the terms with positive meaning. 



"Suppose someone were thus to see through the boorish simplicity of this celebrated concept of 'free will' and put it out of his head altogether, I beg of him to carry his 'enlightenment' a step further and also put out of his head the contrary of this monstrous conception of 'free will': I mean 'unfree will' which amounts to a misuse of cause and effect."


Given that Nietzsche attacks both free and unfree ideas, we should read sections 18 and 19 of Beyond Good and Evil to try to get a fuller understanding:


18) It is certainly not the least charm of a theory that it is refutable [shades of Karl Popper]; it is precisely thereby that it attracts subtler minds. It seems that the hundred-times-refuted theory of a "free will" owes its persistence to this charm alone; again and again someone comes along who feels he is strong enough to refute it."

19) Philosophers are accustomed to speak of the will as if it were
the best-known thing in the world; indeed, Schopenhauer has given
us to understand that the will alone is really known to us, absolutely
and completely known, without subtraction or addition.
But again and again it seems to me that in this case, too, Schopenhauer
only did what philosophers are in the habit of doing—he
adopted a popular prejudice and exaggerated it.


Willing seems to me to be above all something complicated, something that is
a unit only as a word-—and it is precisely in this one word that the popular
prejudice lurks, which has defeated the always inadequate caution
of philosophers. So let us for once be more cautious, let us be
"unphilosophical": let us say that in all willing there is, first, a plurality of sensations,
namely the sensation of the state “away from which,” the sensation of the state
“towards which,” the sensations of this “from” and “towards” themselves, and
then also an accompanying muscular sensation, which, even without our putting
into motion “arms and legs,” begins its action by force of habit as soon as we
“will” anything.


Therefore, just as sensations (and indeed many kinds of sensations) are to be
recognized as ingredients of the will, so, secondly, should thinking also: in every
act of the will there is a ruling thought—let us not imagine it possible to sever
this thought from the “willing,” as if any will would then remain over!


Third, the will is not only a complex of sensation and thinking, but it is above
all an affect, and specifically the affect of the command. That which is termed
“freedom of the will” is essentially the affect of superiority in relation to him
who must obey: “I am free, ‘he’ must obey”—this consciousness is inherent in
every will; and equally so the straining of the attention, the straight look that fixes
itself exclusively on one aim, the unconditional evaluation that “this and nothing
else is necessary now,” the inward certainty that obedience will be rendered—
and whatever else belongs to the position of the commander. A man who wills
commands something within himself that renders obedience, or that he believes
renders obedience.



Nietzsche "unpacks" the complex parts of a willed action into two parts - commanding and obeying


But now let us notice what is strangest about the will—this manifold thing for
which the people have only one word: inasmuch as in the given circumstances we
are at the same time the commanding and the obeying parties, and as the obeying
party we know the sensations of constraint, impulsion, pressure, resistance, and
motion, which usually begin immediately after the act of will; inasmuch as, on the
other hand, we are accustomed to disregard this duality, and to deceive ourselves
about it by means of the synthetic concept “I,” a whole series of erroneous
conclusions, and consequently of false evaluations of the will itself, has become
attached to the act of willing—to such a degree that he who wills believes sincerely
that willing suffices for action. Since in the great majority of cases there has been
exercise of will only when the effect of the command—that is, obedience; that
is, the action—was to be expected, the appearance has translated itself into the
feeling, as if there were a necessity of effect. In short, he who wills believes with
a fair amount of certainty that will and action are somehow one; he ascribes the
success, the carrying out of the willing, to the will itself, and thereby enjoys an
increase of the sensation of power which accompanies success.

“Freedom of the will”—that is the expression for the complex state of delight
of the person exercising volition, who commands and at the same time identifies
himself with the executor of the order—who, as such, enjoys also the triumph
over obstacles, but thinks within himself that it was really his will itself that
overcame them. In this way the person exercising volition adds the feelings of
delight of his successful executive instruments, the useful “underwills” or undersouls—
indeed, our body is but a social structure composed of many souls—to
his feelings of delight as commander. L’effet c’est moi, what happens here is
what happens in every well-constructed and happy commonwealth; namely, the
governing class identifies itself with the successes of the commonwealth. In all
willing it is absolutely a question of commanding and obeying, on the basis, as
already said, of a social structure composed of many “souls.” Hence a philosopher 
should claim the right to include willing
as such within the sphere of morals—morals being understood.
as the doctrine of the relations of supremacy under which the phenomenon of "life" comes to be.



Martin Heidegger said:
The 'scandal of philosophy' is not that this proof has yet to be given, but that such proofs are expected and attempted again and again.


Nietzsche vigorously attacks the "free will" of the theologians that is designed to make men "guilty" in the eyes of God. He sees man as "natural" as any other animal, and thus lacking the "free will" and "responsibility" invented by the theologians and philosophers to distinguish man from other animals.



Today we no longer have any pity for the concept of "free will": we know only too well what it really is — the foulest of all theologians' artifices, aimed at making mankind "responsible" in their sense, that is, dependent upon them. Here I simply supply the psychology of all "making responsible."


We have become more modest in every way. We no longer derive man from "the spirit" or "the deity"; we have placed him back among the animals....

Descartes was the first to have dared, with admirable boldness, to understand the animal as machina: the whole of our physiology endeavors to prove this claim. And we are consistent enough not to except man, as Descartes still did: our knowledge of man today goes just as far as we understand him mechanistically.



But Nietzsche also warns against a naturalism that makes man a simple mechanism governed by cause and effect.


One should not wrongly reify "cause" and "effect," as the natural scientists do (and whoever, like them, now "naturalizes" in his thinking), according to the prevailing mechanical doltishness which makes the cause press and push until it "effects" its end.


In his later work, Nietzsche unequivocally celebrates the free and responsible man as  


the sovereign individual, equal only to himself, all moral custom left far behind. This autonomous, more than moral individual (the terms autonomous and moral are mutually exclusive) has developed his own, independent, long-range will, which dares to make promises; he has a proud and vigorous consciousness of what he has achieved, a sense of power and freedom, of absolute accomplishment. This fully emancipated man, master of his will, who dares make promises...


Still later, Nietzsche describes "the expression of ripeness and mastery in the midst of action, creation, endeavour, willing, a quiet breathing, 'freedom of will' attained.... Twilight of the Idols: who knows?"


I formulate a principle. All naturalism in morality, that is all healthy morality, is dominated by an instinct of life — some commandment of life is fulfilled through a certain canon of `shall' and 'shall not', some hindrance and hostile element on life's road is thereby removed. Anti-natural morality, that is virtually every morality that has hitherto been taught, reverenced and preached, turns on the contrary precisely against the instincts of life — it is a now secret, now loud and impudent condemnation of these instincts. By saying 'God sees into the heart' it denies the deepest and the highest desires of life and takes God for the enemy of life.... The saint in whom God takes pleasure is the ideal castrate.... Life is at an end where the 'kingdom of God' begins ...


Nietzsche also wrote encomiums to chance

"Verily, it is a blessing and not a blasphemy when I teach: 'Over all things stand the heaven Accident, the heaven Innocence, the Heaven Chance, the heaven Prankishness.'

"'By chance' - that is the most ancient nobility of the world...I taught them and through them no 'eternal will' wills."


"Oh heaven over me, pure and high! That is what your purity is to me now...that to me you are a dance floor for divine accidents, that you are to me a divine table for divine dice and dice players. But you blush? Did I speak the unspeakable?"



On the other hand, Nietzsche's doctrine of the Eternal Return is an extreme form of determinism, in which all that happens has already happened exactly the same way, in earlier cycles of the eternal return, and they are fated to happen again and again eternally. 

Martin Heidegger, the philosopher of "Being," agrees with Nietzsche's claim that he has "stamped Becoming with the character of Being." 


Heidegger explains his defense:


The aptness of our interpretation is demonstrated unequivocally... After... "To stamp Becoming with the character of Being — that is the supreme will to power" — we soon read the following sentence: "That everything recurs is the closest approximation of a world of Becoming to one of Being: peak of the meditation." It would scarcely be possible to say in a more lucid fashion, first, how and on what basis the stamping of Being on Becoming is meant to be understood, and second, that the thought of eternal return of the same, even and precisely during the period when the thought of will to power appears to attain preeminence, remains the thought which Nietzsche's philosophy thinks without cease.


Free Will 


Nietzsche discovers that Spinoza denies free will 


I am utterly amazed, utterly enchanted. I have a precursor, and what a precursor! I hardly knew Spinoza: that I should have turned to him just now, was inspired by "instinct." Not only is his over-all tendency like mine — making knowledge the most powerful affect — but in five main points of his doctrine I recognize myself; this most unusual and loneliest thinker is closest to me precisely in these matters: he denies the freedom of the will, teleology, the moral world order, the unegoistic, and evil. Even though the divergencies are admittedly tremendous, they are due more to the difference in time, culture, and science. In summa: my lonesomeness, which, as on very high mountains, often made it hard for me to breathe and made my blood rush out, is now at least a twosomeness. Strange.

The error of a false causality

 People have believed at all times that they knew what a cause is; but whence did we take our knowledge--,or more precisely, our faith that we had such knowledge? From the realm of the famous "inner facts," of which not a single one has so far proved to be factual. We believed ourselves to be causal in the act of willing: we thought that here at least we caught causality in the act. Nor did one doubt that all the antecedents of an act, its causes, were to be sought in consciousness and would be found there once sought—as "motives": else one would not have been free and responsible for it. Finally, who would have denied that a thought is caused? that the ego causes the thought?

Of these three "inward facts" which seem to guarantee causality, the first and most persuasive is that of the will as cause. The conception of a consciousness ("spirit") as a cause, and later also that of the ego as cause (the "subject"), are only afterbirths: first the causality of the will was firmly accepted as given, as empirical.


Meanwhile we have thought better of it. Today we no longer believe a word of all this. The "inner world" is full of phantoms and will-o'-the-wisps: the will is one of 
them. The will no longer moves anything, hence does not explain anything either—it merely accompanies events; it can also be absent. The so-called motive: another error. Merely a surface phenomenon of consciousness, something alongside the deed that is more likely to cover up the antecedents of the deeds than to represent them. And as for the ego! That has become a fable, a fiction, a play on words: it has altogether ceased to think, feel, or will!


What follows from this? There are no mental causes at all. The whole of the allegedly empirical evidence for that has gone to the devil. That is what follows! And what a fine abuse we had perpetrated with this "empirical evidence"; we created the world on this basis as a world of causes, a world of will, a world of spirits. The most ancient and enduring psychology was at work here and did not do anything else: all that happened was considered a doing, all doing the effect of a will; the world became to it a multiplicity of doers; a doer (a "subject") was slipped under all that happened. It was out of himself that man projected his three "inner facts" — that in which he believed most firmly, the will, the spirit, the ego. He even took the concept of being from the concept of the ego; he posited "things" as "being," in his image, in accordance with his concept of the ego as a cause. Small wonder that later he always found in things only that which he had put into them. The thing itself, to say it once more, the concept of thing is a mere reflex of the faith in the ego as cause. And even your atom, my dear mechanists and physicists — how much error, how much rudimentary psychology is still residual in your atom! Not to mention the "thing-in-itself," the horrendum pudendum of the metaphysicians! The error of the spirit as cause mistaken for reality! And made the very measure of reality! And called God!


The error of free will

Today we no longer have any pity for the concept of "free will": we know only too well what it really is — the foulest of all theologians' artifices, aimed at making mankind "responsible" in their sense, that is, dependent upon them. Here I simply supply the psychology of all "making responsible."

Wherever responsibilities are sought, it is usually the instinct of wanting to judge and punish which is at work. Becoming has been deprived of its innocence when any being-such-and-such is traced back to will, to purposes, to acts of responsibility: the doctrine of the will has been invented essentially for the purpose of punishment, that is, because one wanted to impute guilt. The entire old psychology, the psychology of will, was conditioned by the fact that its originators, the priests at the head of ancient communities, wanted to create for themselves the right to punish — or wanted to create this right for God. Men were considered "free" so that they might be judged and punished — so that they might become guilty: consequently, every act had to be considered as willed, and the origin of every act had to be considered as lying within the consciousness (and thus the most fundamental counterfeit in psychologicis was made the principle of psychology itself ).


Today, as we have entered into the reverse movement and we immoralists are trying with all our strength to take the concept of guilt and the concept of punishment out of the world again, and to cleanse psychology, history, nature, and social institutions and sanctions of them, there is in our eyes no more radical opposition than that of the theologians, who continue with the concept of a "moral world-order" to infect the innocence of becoming by means of "punishment" and "guilt." Christianity is a metaphysics of the hangman.



Placing man back among the animals 


14. We have learned differently. We have become more modest in every way. We no longer derive man from "the spirit" or "the deity"; we have placed him back among the animals. We consider him the strongest animal because he is the most cunning: his spirituality is a consequence of this. On the other hand, we oppose the vanity that would raise its head again here too — as if man had been the great hidden purpose of the evolution of the animals. Man is by no means the crown of creation: every living being stands beside him on the same level of perfection. And even this is saying too much: relatively speaking, man is the most bungled of all the animals, the sickliest, and not one has strayed more dangerously from its instincts. But for all that, he is of course the most interesting.

As regards the animals, Descartes was the first to have dared, with admirable boldness, to understand the animal as machina: the whole of our physiology endeavors to prove this claim. And we are consistent enough not to except man, as Descartes still did: our knowledge of man today goes just as far as we understand him mechanistically. Formerly man was given a "free will" as his dowry from a higher order: today we have taken his will away altogether, in the sense that we no longer admit the will as a faculty. The old word "will" now serves only to denote a resultant, a kind of individual reaction, which follows necessarily upon a number of partly contradictory, partly harmonious stimuli: the will no longer "acts" or "moves."


Formerly, the proof of man's higher origin, of his divinity, was found in his consciousness, in his "spirit." To become perfect, he was advised to draw in his senses, turtle fashion, to cease all intercourse with earthly things, to shed his mortal shroud: then his essence would remain, the "pure spirit." Here too we have reconsidered: the development of consciousness, the "spirit," is for us nothing less than the symptom of a relative imperfection of the organism; it means trying, groping, blundering — an exertion which uses up an unnecessary amount of nervous energy. We deny that anything can be done perfectly as long as it is still done consciously. The "pure spirit" is a pure stupidity: if we subtract the nervous system and the senses — the "mortal shroud" — then we miscalculate — that is all!


15. In Christianity neither morality nor religion has even a single point of contact with reality. Nothing but imaginary causes ("God," "soul," "ego," "spirit," "free will" — for that matter, "unfree will"), nothing but imaginary effects ("sin," "redemption," "grace," "punishment," "forgiveness of sins"). Intercourse between imaginary beings ("God," "spirits," "souls"); an imaginary natural science (anthropocentric; no trace of any concept of natural causes); an imaginary psychology (nothing but self-misunderstandings, interpretations of agreeable or disagreeable general feelings — for example, of the states of the nervus sympathicus — with the aid of the sign language of the religio-moral idiosyncrasy: "repentance," "pangs of conscience," "temptation by the devil," "the presence of God"); an imaginary teleology ("the kingdom of God," "the Last Judgment," "eternal life").

 
This world of pure fiction is vastly inferior to the world of dreams insofar as the latter mirrors reality, whereas the former falsifies, devalues, and negates reality. Once the concept of "nature" had been invented as the opposite of "God," "natural" had to become a synonym of "reprehensible": this whole world of fiction is rooted in hatred of the natural (of reality!) ; it is the expression of a profound vexation at the sight of reality.


Amor fati

I have often asked myself whether I am not more heavily obligated to the hardest years of my life than to any others. As my inmost nature teaches me, whatever is necessary — as seen from the heights and in the sense of a great economy — is also the useful par excellence: one should not only bear it, one should love it.
Amor fati: that is my inmost nature.


Zarathustra - The Eternal Return 


"O Zarathustra," he whispered mockingly, syllable by syllable; "you philosopher's stone! You threw yourself up high, but every stone that is thrown must fall. O Zarathustra, you philosopher's stone, you clingstone, you star-crusher! You threw yourself up so high; but every stone that is thrown must fall. Sentenced to yourself and to your own stoning - O Zarathustra, far indeed have you thrown the stone, but it will fall back on yourself."

Then the dwarf fell silent, and that lasted a long time. His silence, however, oppressed me; and such twosomeness is surely more lonesome than being alone. I climbed, I climbed, I dreamed, I thought; but everything oppressed me. I was like one sick whom his wicked torture makes weary, and who as he falls asleep is awakened by a still more wicked dream. But there is something in me that I call courage; that has so far slain my every discouragement. This courage finally bade me stand still and speak: "Dwarf! It is you or I!"


For courage is the best slayer, courage which attacks; for in every attack there is playing and brass.


Man, however, is the most courageous animal: hence he overcame every animal. With playing and brass he has so far overcome every pain; but human pain is the deepest pain.


Courage also slays dizziness at the edge of abysses: and where does man not stand at the edge of abysses? Is not seeing always — seeing abysses?


Courage is the best slayer: courage slays even pity. But pity is the deepest abyss: as deeply as man sees into life, he also sees into suffering.


Courage, however, is the best slayer — courage which attacks: which slays even death itself, for it says, "Was that life? Well then! Once more!"


In such words, however, there is much playing and brass. He that has ears to hear, let him hear!
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"Stop, dwarf!" I said. "It is I or you! But I am the stronger of us two: you do not know my abysmal thought. That you could not bear!"


Then something happened that made me lighter, for the dwarf jumped from my shoulder, being curious; and he crouched on a stone before me. But there was a gateway just where we had stopped.


"Behold this gateway, dwarf!" I continued. "It has two faces. Two paths meet here; no one has yet followed either to its end. This long lane stretches back for an eternity. And the long lane out there, that is another eternity. They contradict each other, these paths; they offend each other face to face; and it is here at this gateway that they come together. The name of the gateway is inscribed above: 'Moment.' But whoever would follow one of them, on and on, farther and farther — do you believe, dwarf, that these paths contradict each other eternally?"


"All that is straight lies," the dwarf murmured contemptuously. "All truth is crooked; time itself is a circle."


"You spirit of gravity," I said angrily, "do not make things too easy for yourself! Or I shall let you crouch where you are crouching, lamefoot; and it was I that carried you to this height.


"Behold," I continued, "this moment! From this gateway, Moment, a long, eternal lane leads backward: behind us lies an eternity. Must not whatever can walk have walked on this lane before? Must not whatever can happen have happened, have been done, have passed by before? And if everything has been there before — what do you think, dwarf, of this moment? Must not this gateway too have been there before? And are not all things knotted together so firmly that this moment draws after it all that is to come? Therefore — itself too? For whatever can walk — in this long lane out there too, it must walk once more. (noch einmal)


"And this slow spider, which crawls in the moonlight. and this moonlight itself, and I and you in the gateway, whispering together, whispering of eternal things — must not all of us have been there before? And return and walk in that other lane, out there, before us, in this long dreadful lane — must we not eternally return?" (ewig wiederkehren)


Thus I spoke, more and more softly; for I was afraid of my own thoughts and the thoughts behind my thoughts. Then suddenly I heard a dog howl nearby. Had I ever heard a dog howl like this? My thoughts raced back. Yes, when I was a child, in the most distant childhood: then I heard a dog howl like this. And I saw him too, bristling, his head up, trembling, in the stillest midnight when even dogs believe in ghosts — and I took pity: for just then the full moon, silent as death, passed over the house; just then it stood still, a round glow — still on the flat roof, as if on another's property — that was why the dog was terrified, for dogs believe in thieves and ghosts. And when I heard such howling again I took pity again.


Where was the dwarf gone now? And the gateway? And the spider? And all the whispering? Was I dreaming, then? Was I waking up?


Among wild cliffs I stood suddenly alone, bleak, in the bleakest moonlight. But there lay a man. And there — the dog, jumping, bristling, whining — now he saw me coming; then he howled again, he cried. Had I ever heard a dog cry like this for help? And verily, what I saw — I had never seen the like. A young shepherd I saw, writhing, gagging, in spasms, his face distorted, and a heavy black snake hung out of his mouth. Had I ever seen so much nausea and pale dread on one face? He seemed to have been asleep when the snake crawled into his throat, and there bit itself fast. My hand tore at the snake and tore in vain; it did not tear the snake out of his throat. Then it cried out of me; "Bite! Bite its head off! Bite!" Thus it cried out of me — my dread, my hatred, my nausea, my pity, all that is good and wicked in me cried out of me with a single cry.


You bold ones who surround me! You searchers, researchers, and whoever among you has embarked with cunning sails on unexplored seas. You who are glad of riddles! Guess me this riddle that I saw then, interpret me the vision of the loneliest. For it was a vision and a foreseeing. What did I see then in a parable? And who is it who must yet come one day? Who is the shepherd into whose throat the snake crawled thus? Who is the man into whose throat all that is heaviest and blackest will crawl thus?


The shepherd, however, bit as my cry counseled him; he bit with a good bite. Far away he spewed the head of the snake — and he jumped up. No longer shepherd. no longer human — one changed, radiant, laughing! Never yet on earth has a human being laughed as he laughed! O my brothers, I heard a laughter that was no human laughter; and now a thirst gnaws at me, a longing that never grows still. My longing for this laughter gnaws at me; oh, how do I bear to go on living! And how could I bear to die now!


Thus spoke Zarathustra.




Origins of the Eternal Return


Nietzsche knew the ancient idea of a great year or great cycle in which everything would recur. But his model for an eternal return may be found in the work of Heinrich Heine (1797-1856), who prefigures so much of Nietzsche (including an identification with Dionysus/Christ). 

Heine wrote...  


"And she answered with a tender voice: `Let us be good friends.'—But what
I have told you here, dear reader, that is not an event of yesterday or the day before. . . For time is infinite, but the things in
time, the concrete bodies, are finite. They may indeed disperse
into the smallest particles; but these particles, the atoms, have
their determinate number, and the number of the configurations
that, all of themselves, are formed out of them is also determinate.
Now, however long a time may pass, according to the eternal laws
governing the combinations of this eternal play of repetition, all
configurations that have previously existed on this earth must yet
meet, attract, repulse, kiss, and corrupt each other again...

"And thus it will happen one day that a man will be born again,
just like me, and a woman will be born, just like Mary — only that
it is to be hoped that the head of this man may contain a little
less foolishness — and in a better land they will meet and contemplate each other a long time; and finally the woman will give
her hand to the man and say with a tender voice: 'Let us be good friends'"



But Nietzsche went beyond the ancient ideas of an eternal return and connected it to the thinking of nineteenth-century physics, such as Laplace's Demon and William Thomson (Lord Kelvin)'s "heat death" for the universe. Nietzsche wrote...
 



"If the universe has a goal, that goal would have been reached by now...if, for instance, materialism cannot consistently escape the conclusion of a finite state, which William Thomson has traced out for it, then materialism is thereby refuted."

"If the universe may be conceived as a definite quantity of energy, as a definite number of centres of energy — and every other concept remains indefinite and therefore useless — it follows therefrom that the universe must go through a calculable number of combinations in the great game of chance which constitutes its existence. In infinity, at some moment or other, every possible combination must once have been realized; not only this, but it must have been realized an infinite number of times. And inasmuch as between every one of these combinations and its next recurrence every other possible combination would necessarily have been undergone, and since every one of these combinations would determine the whole series in the same order, a circular movement of absolutely identical series is thus demonstrated: the universe is thus shown to be a circular movement which has already repeated itself an infinite number of times, and which plays its game for all eternity."




The Genealogy of Morals - Responsibility and Free Will


This brings us to the long story of the origin or genesis of responsibility. The task of breeding an animal entitled to make promises involves, as we have already seen, the preparatory task of rendering man up to a certain point regular, uniform, equal among equals, calculable. The tremendous achievement which I have referred to in Daybreak [The Dawn] as "the custom character of morals," that labor man accomplished upon himself over a vast period of time, receives its meaning and justification here — even despite the brutality, tyranny, and stupidity associated with the process. With the help of custom and the social strait-jacket,
man was, in fact, made calculable. 

However, if we place ourselves at the terminal point of this great process, where society and custom finally reveal their true aim, we shall find the ripest fruit of that tree to be the sovereign individual, equal only to himself, all moral custom left far behind. This autonomous, more than moral individual (the terms autonomous and moral are mutually exclusive) has developed his own, independent, long-range will, which dares to make promises; he has a proud and vigorous consciousness of what he has achieved, a sense of power and freedom, of absolute accomplishment. This fully emancipated man, master of his will, who dares make promises — how should he not be aware of his superiority over those who are unable to stand security for themselves? Think how much trust, fear, reverence he inspires (all three fully deserved); and how, having that sovereign rule over himself, he has mastery too over all weaker-willed and less reliable creatures! 


Being truly free and possessor of a long-range, pertinacious will, he also possesses a scale of values. Viewing others from the center of his own being, he either honors or disdains them. It is natural to him to honor his strong and reliable peers, all those who promise like sovereigns: rarely and reluctantly; who are chary of their trust; whose trust is a mark of distinction; whose promises are binding because they know that they will make them good in spite of all accidents, in spite of destiny itself. Yet he will inevitably reserve a kick for those paltry windbags who promise irresponsibly and a rod for those liars who break their word even in uttering it. His proud awareness of the extraordinary privilege responsibility confers has penetrated deeply and become a dominant instinct. What shall he call that dominant instinct, provided he ever feels impelled to give it a name? Surely, he will call it his conscience.



Chance 


Notes 


That my life has no aim is evident even from the accidental nature of its origin; that I can posit an aim for myself is another matter. 


Before Sunrise 


Verily, it is a blessing and not a blasphemy when I teach: "Over all things stand the heaven Accident, the heaven Innocence, the heaven Chance, the heaven Prankishness."

"By Chance" — that is the most ancient nobility of the world, and this I restored to all things: I delivered them from their bondage under Purpose. This freedom and heavenly cheer I have placed over all things like an azure bell when I taught that over them and through
them no "eternal will" wills. This prankish folly I have put in the place of that will when I taught: "In everything one thing is impossible: rationality." 


A little reason, to be sure, a seed of wisdom scattered from star to star - this leaven is mixed in with all things: for folly's sake, wisdom is mixed in with all things. A little wisdom is possible indeed; but this blessed certainty I found in all things: that they would I rather dance on the feet of Chance.


O heaven over me, pure and high! That is what your purity is to me now, that there is no eternal spider - or spider web of reason; that you are to me a dance floor for divine accidents, that you are to me a divine table I for divine dice and dice players. But you blush? Did I speak the unspeakable? Did I blaspheme, wishing to bless you? Or is it the shame of twosomeness that makes you blush? Do you bid me go and be silent because the day is coming now?


The world is deep — and deeper than day had ever been aware. Not everything may be put into words in the presence of the day. But the day is coming, so let us part.


O heaven over me, bashful and glowing! O you, my happiness before sunrise! The day is coming, so let us part!

                                                            
Thus spoke Zarathustra. 



On the Prejudices of the Philosophers

16


There are still harmless self-observers who believe that there are "immediate certainties"; for example, "I think," or as the superstition of Schopenhauer put it, "I will"; as though knowledge here got hold of its object purely and nakedly as "the thing in itself," without any falsification on the part of either the subject or the object. But that "immediate certainty," as well as "absolute knowledge" and the "thing in itself," involve a contradictio in adjecto. I shall repeat a hundred times; we really ought to free ourselves from the seduction of words!

Let the people suppose that knowledge means knowing things entirely; the philosopher must say to himself: When I analyze the process that is expressed in the sentence, "I think," I find a whole series of daring assertions that would be difficult, perhaps impossible, to prove; for example, that it is I who think, that there must necessarily be something that thinks, that thinking is an activity and operation on the part of a being who is thought of as a cause, that there is an "ego," and, finally, that it is already determined what is to be designated by thinking — that I know what thinking is. For if I had not already decided within myself what it is, by what standard could I determine whether that which is just happening is not perhaps "willing" or "feeling"? In short, the assertion "I think" assumes that I compare my state at the present moment with other states of myself which I know, in order to determine what it is; on account of this retrospective connection with further "knowledge,' it has, at any rate, no immediate certainty for me.


In place of the "immediate certainty" in which the people may believe in the case at hand, the philosopher thus finds a series of metaphysical questions presented to him, truly searching questions of the intellect; to wit: "From where do I get the concept of thinking? Why do I believe in cause and effect? What gives me the right to speak of an ego; and even of an ego as cause, and finally of an ego as the cause of thought?' Whoever ventures to answer these metaphysical questions at once by an appeal to a sort of intuitive perception, like the person who says, "I think, and know that this, at least, is true, actual, and certain" — will encounter a smile and two question marks from a philosopher nowadays. "Sir," the philosopher will perhaps give him to understand, "it is improbable that you are not mistaken; but why insist on the truth?" —
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With regard to the superstitions of logicians, I shall never tire
of emphasizing a small terse fact, which these superstitious minds hate to concede — namely, that a thought comes when "it" wishes, and not when "I" wish, so that it is a falsification of the facts of the case to say that the subject "I" is the condition of the predicate "think." 	It thinks; but that this "it" is precisely the famous old "ego" is, to put it mildly, only a supposition, an assertion, and assuredly not an "immediate certainty." After all, one has even gone too far with this "it thinks" — even the "it" contains an interpretation of the process, and does not belong to the process itself. One infers here according to the grammatical habit: "Thinking is an activity; every activity requires an agent; consequently—"

It was pretty much according to the same schema that the older atomism sought, besides the operating "power," that lump of matter in which it resides and out of which it operates — the atom. More rigorous minds, however, learned at last to get along without this "earth-residuum," and perhaps some day we shall accustom ourselves, including the logicians, to get along without the little "it" (which is all that is left of the honest little old ego).
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It is certainly not the least charm of a theory that it is refutable; it is precisely thereby that it attracts subtler minds. It seems the hundred-times-refuted theory of a "free will" owes its persistence to this charm alone; again and again someone comes along who feels he is strong enough to refute it.

19


Philosophers are accustomed to speak of the will as if it were the best-known thing in the world; indeed, Schopenhauer has given us to understand that the will alone is really known to us, absolutely and completely known, without subtraction or addition. But again and again it seems to me that in this case, too, Schopenhauer only did what philosophers are in the habit of doing — he adopted a popular prejudice and exaggerated it. Willing seems to me to be above all something complicated, something that is a unit only as a word - and it is precisely in this one word that the popular prejudice lurks, which has defeated the always inadequate caution of philosophers. So let us for once be more cautious, let us be "unphilosophical"; let us say that in all willing there is, first, a plurality of sensations, namely, the sensation of the state "away from which," the sensation of the state "towards which," the sensations of this "from" and "towards" themselves, and then also an accompanying muscular sensation, which, even without our putting into motion "arms and legs," begins its action by force of habit as soon as we "will" anything.

Therefore, just as sensations (and indeed many kinds of sensations) are to be recognized as ingredients of the will, so, secondly, should thinking also: in every act of the will there is a ruling thought — let us not imagine it possible to sever this thought from the "willing," as if any will would then remain over!


Third, the will is not only a complex of sensation and thinking, but it is above all an affect, and specifically the affect of the command. That which is termed "freedom of the will" is essentially the affect of superiority in relation to him who must obey: "I am free, 'he' must obey" — this consciousness is inherent in every will; and equally so the straining of the attention, the straight look that fixes itself exclusively on one aim, the unconditional evaluation that "this and nothing else is necessary now," the inward certainty that obedience will be rendered — and whatever else belongs to the position of the Commander. A man who wills commands something within himself that renders obedience, or that he believes renders obedience.


But now let us notice what is strangest about the will — this manifold for which the people have only one word: inasmuch as in the given circumstances we are at the same time the commanding and the obeying parties, and as the obeying party we know the sensations of constraint, impulsion, pressure, resistance, and motion, which usually begin immediately after the act of will; inasmuch as, on the other hand, we are accustomed to disregard this duality, and to deceive ourselves about it by means of the synthetic concept "I," a whole series of erroneous conclusions, and consequently of false evaluations of the will itself, has become attached to the act of willing — to such a degree that he who wills believes sincerely that willing suffices for action. Since in the great majority of cases there has been exercise of will only when the effect of the command — that is, obedience; that is, the action  — was to be expected, the appearance has translated itself into the feeling, as if there were a necessity of effect. In short, he who wills believes with a fair amount of certainty that will and action are somehow one; he ascribes the success, the carrying out of the willing, to the will itself, and thereby enjoys an increase of the sensation of power, which accompanies all success.


"Freedom of the will" — that is the expression for the complex state of delight of the person exercising volition, who commands and at the same time identifies himself with the executor of the order — who, as such, enjoys also the triumph over obstacles, but thinks within himself that it was really his will itself that overcame them. In this way the person exercising volition adds the feelings of delight of his successful executive instruments, the useful "under-wills" or under-souls — indeed, our body is but a social structure composed of many souls — to his feelings of delight as commander. L'effet c'est moi: what happens here is what happens in every well-constructed and happy commonwealth; namely, the governing class identifies itself with the successes of the commonwealth. In all willing it is absolutely a question of commanding and obeying, on the basis, as already said, of a social structure	composed of many "souls." Hence a philosopher should claim the right to include willing as such within the sphere of morals — morals being understood as the doctrine of the relations of supremacy under which the phenomenon of "life" comes to be.
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That individual philosophical concepts are not anything capricious or autonomously evolving, but grow up in connection and relationship with each other; that, however suddenly and arbitrarily they seem to appear in the history of thought, they nevertheless belong just as much to a system as all the members of the fauna of a continent — is betrayed in the end also by the fact that the most diverse philosophers, keep filling in a definite fundamental scheme of possible philosophies. Under an invisible spell, they always revolve once more in the same orbit; however independent of each other they may feel themselves with their critical
or systematic wills, something within them leads them, something impels them in a definite order, one after the other — to wit, the innate systematic structure and relationship of their concepts, Their thinking is, in fact, far less a discovery than a racognition, a remembering, a return and a homecoming to a remote, primordial, and inclusive household of the soul, out of which those concepts grew originally: philosophizing is to this extent a kind of atavism of the highest order.

The strange family resemblance of all Indian, Greek, and German philosophizing is explained  easily enough. Where there is affinity of languages, it cannot fail, owing to the common philosophy of grammar - I mean, owing to the unconscious domination and guidance by similar grammatical functions — that everything is prepared at the outset for a similar development and sequence of philosophical systems; just as the way seems barred against certain other possibilities of world-interpretation. It is highly probable that philosophers within the domain of the Ural-Altaic languages (where the concept of the subject is least developed) look otherwise "into the world," and will be found on paths of thought different from those of the Indo-Germanic peoples and the Muslims: the spell of certain grammatical functions is ultimately also the spell of physiological valuations and racial conditions.


So much by way of rejecting Locke's superficiality regarding the origin of ideas.



Causa sui

The causa sui is the best self-contradiction that has been conceived so far, it is a sort of rape and perversion of logic; but the extravagant pride of man has managed to entangle itself profoundly and frightfully with just this nonsense. The desire for "freedom of the will" in the superlative metaphysical sense, which still holds sway, unfortunately, in the minds of the half-educated; the desire to bear the entire and ultimate responsibility for one's actions oneself, and to absolve God, the world, ancestors, chance, and society involves nothing less than to be precisely this causa sui and, with more than Munchhausen's audacity, to pull oneself up into existence by the hair, out of the swamps of nothingness. Suppose someone were thus to see through the boorish simplicity of this celebrated concept of "free will" and put it out of his head altogether, I beg of him to carry his "enlightenment" a step further, and also put out of his head the contrary of this monstrous conception of "free will": I mean "unfree will," which amounts to a misuse of cause and effect. One should not wrongly reify  "cause" and "effect," as the natural scientists do (and whoever, like them, now "naturalizes" in his thinking), according to the prevailing mechanical doltishness which makes the cause press and push until it "effects" its end; one should use "cause" and "effect" only as pure concepts, that is to say, as conventional fictions for the purpose of designation and communication — not for explanation. In the "in-itself" there is nothing of "causal connections," of "necessity," or of "psychological non-freedom"; there the effect does not follow the cause, there is no rule of "law." It is we alone who have devised cause, sequence, for-each-other, relativity, constraint, number, law, freedom, motive, and purpose; and when we project and mix this symbol world into things as if it existed "in itself," we act once more as we have always acted - mythologically. The "unfree will" is mythology; in real life it is only a matter of strong and weak wills.

It is almost always a symptom of what is lacking in himself when a thinker senses in every "causal connection" and "psychological necessity" something of constraint, need, compulsion to obey, pressure, and unfreedom; it is suspicious to have such feelings — the person betrays himself. And in general, if I have observed correctly, the "unfreedom of the will" is regarded as a problem from two entirely opposite standpoints, but always in a profoundly personal manner: some will not give up their "responsibility," their belief in themselves, the personal right to their merits at any price (the vain races belong to this class). Others, on the contrary, do not wish to be answerable for anything, or blamed for anything, and owing to an inward self-contempt, seek to lay the blame for themselves somewhere else. The latter, when they write books, are in the habit today of taking the side of criminals; a sort of socialist pity is their most attractive disguise. And as a matter of fact, the fatalism of the weak-willed embellishes itself surprisingly when it can pose as "la religion de la souffrance humaine"; that is its "good taste,"
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John Norton is a professor of the history and philosophy of science at the University of Pittsburgh. His major research includes a careful study of all the papers of Albert Einstein, starting with Einstein's work on special and general relativity, but including an appreciation of Einstein's enormous contributions to quantum physics. Norton speculates that Einstein's foundational work in quantum physics has been overshadowed and perhaps largely forgotten because of Einstein's severe criticisms of the "new" quantum theory and its statistical interpretation.

Norton teaches a popular course on "Einstein for Everyone," which he published online as a "web*bookTM." His imaginative illustrations (many animated) explain difficult concepts to beginners in physics. 


With his Pitt colleague John Earman, Norton has for several years been criticizing the claim that digital computers can store data in their memory in a logically and physically reversible way that is an apparent violation of the second law of thermodynamics. It is only the erasure of such data, the claim says, that generates the entropy needed to obey the second law.


The idea of a reversible step was first introduced in a famous thought experiment by Leo Szilard, who equated bits of information with the fundamental unit of entropy, k log2, where k is Boltzmann's constant. Years later, IBM scientist Rolf Landauer enunciated a principle that computers have some of the properties of a hypothetical Maxwell's Demon, an intelligent being that violates the second law. 


Although computers have an intelligent aspect, they are made of material structures that cannot evade the second law in even their simplest steps, because they are made of molecules with fluctuations that increase the entropy. It turns out, says Norton, "that for any
process in which fluctuations were used to attempt a violation of the second law, there would be a
second process, also driven by fluctuations, that would undo the violation."
 



The thermodynamics of computation depends on the assumption that many computational
operations can be carried out at molecular scales by processes that are thermodynamically reversible,
or can be brought arbitrarily close to it. Such processes include the measurement by the device of
another system’s state; or the passing of data from one device to another. This expectation seems
reasonable as long as we exploit intuitions adapted to macroscopic systems. They fail, however, when
applied to molecular-scale systems. For all molecular-scale systems are subject to a continuing barrage
of thermal fluctuations and, unlike macroscopic systems, everything is shaking, rattling and bouncing
about. No single step in some computational process can proceed to completion unless these
fluctuations can be overcome.

A statistical-mechanical analysis shows that fluctuations will
fatally disrupt any effort to implement a thermodynamically reversible process on molecular scales;
and that quantities of thermodynamic entropy in excess of those tracked by Landauer’s principle must
be created to overcome the fluctuations.


We can still manipulate individual molecules in nanotechnology; the no-go result merely requires
that any such manipulation employs machinery that creates thermodynamic entropy as a result of its
need to overcome molecular-scale fluctuations.


We can still employ thermodynamically reversible processes as a useful idealization in macroscopic
thermodynamics. The quantities of entropy that must be created to suppress molecular-scale
fluctuations are quite negligible by macroscopic standards.
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Otto Neurath was a founding member of the Vienna Circle, along with Hans Hahn and Philip Frank, with the purpose of studying the work of Ernst Mach, and Pierre Duhem.. Later members included Moritz Schlick, who held Mach's old chair at the University of Vienna, Rudolf Carnap, Ludwig Wittgenstein, and Karl Popper, and the mathematician Kurt Gödel.

Neurath was a philosopher of science and a social economist. With Carnap, Neurath debated the proper use of language in their "anti-metaphysical" holistic foundations of knowledge. In The Logical Syntax of Language (1934), Carnap declared the distinction between analytic and synthetic (protocol-based) statements arbitrary, echoed later by Willard van Orman Quine in his famous 1951essay "Two Dogmas of Empiricism." 



Unlike Carnap's ideal of basic statement, whether protocol or physicalist, Neurath's protocols were not ‘clean’, precise or pure in their terms. For Neurath physicalist language, and hence science in turn, is inseparable from ordinary language of any time and place. In particular, it is muddled with imprecise, unanalyzed, cluster-like terms (Ballungen) that appear especially in the protocols: the name of the protocolist, ‘seeing’, ‘microscope’, etc. They were often to be further analyzed into more precise terms or mathematical co-ordinations, but they often would not be eliminated. Even the empirical character of protocol statements could not be pure and primitive, as physicalism allowed the introduction of theoretical—non-perception—terms. Carnap himself, in The Logical Syntax of Language (1934), declared the distinction between analytic and synthetic (protocol-based) statements arbitrary. Physicalism, and thus unified science, were based on a universal ‘jargon’.


Neurath's view is similar in many ways to Niels Bohr's demand that quantum mechanics be describable in classical mechanics terminology.


Neurath's image of knowledge (our SUM) as a ship that must be built while at sea is his most lasting metaphor.


There is no way to establish fully secured, neat protocol statements as starting points of the sciences. There is no tabula rasa. We are like sailors who have to rebuild their ship on the open sea, without ever being able to dismantle it in dry-dock and reconstruct it from its best components. Only metaphysics can disappear without a trace. Imprecise ‘verbal clusters’ [Ballungen] are somehow always part of the ship. If imprecision is diminished at one place, it may well re-appear at another place to a stronger degree. 


Isotype


In the socialist part of Vienna ("Red Vienna") Neurath developed a method for teaching statistics with iconic pictures rather than tables of numbers. To “represent social facts pictorially” was to bring “dead statistics” to life." Visually attractive, easily remembered icons meant that “To remember simplified pictures is better than to forget accurate figures.” 

While Neurath was an active member of the Vienna Circle, starting in the 1920's, he developed his icons as what he called the Vienna Method of Pictorial Statistics (Wiener Methode der Bildstatistik). After emigrating from Nazi Germany, he renamed the method Isotype (International System Of TYpographic Picture Education) while working in London


The idea of communicating ideas with pictures is a part of the early Ludwig Wittgenstein's work with Bertrand Russell inspired by logical positivism. And it is the foundation of information philosophy, which analyzes the physical arrangement of material particles in any information structure.
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   In his 1948 article in Mind, Freewill and Moral Responsibility, Nowell-Smith recaps the basic arguments of the determinist-compatibilist philosopher. Although there were ancient logical arguments for compatibilism, starting with Chrysippus, it is Thomas Hobbes and David Hume who put the arguments on a materialist physical basis.

Nowell-Smith cites R. E. Hobart, who had refined Hume's compatibilism in his landmark 1934 essay Free Will As Involving Determination And Inconceivable Without It. 


Hobart correctly identified the need for some determination in the act of willing, without which there could not be moral responsibility. But Nowell-Smith demanded strict determinism.

 
Unlike Hobart, who admitted the possibility of some indeterminism and even absolute chance in the courses of action which "present themselves" to our will as alternative possibilities, Nowell-Smith makes the classic error of confusing indeterminism with total chance. He thinks that any real chance would render the world a complete chaos. He does not see that only adequate determinism is required.
  



Here is Nowell-Smith's concern about randomness (Mind, vol. 57, January, 1948)

The fallacy of [Incompatibilism] has often been exposed and the clearest proof that it is mistaken or at least muddled lies in showing that I could not be free to choose what I do unless determinism is correct. For the simplest actions could not be performed in an indeterministic universe. If I decide, say, to eat a piece of fish, I cannot do so if the fish is liable to turn into a stone or to disintegrate in mid-air or to behave in any other utterly unpredictable manner. (p.47)


Nowell-Smith's desire for a determined choice is satisfied by a two-stage model for free will, where the choice is adequately determined, even if the generation of alternative possibilities has involved indeterminism.


Six years later, Nowell-Smith again visited the problem (or as the determinists called it, the pseudo-problem) of free will in his essay in Mind, "Libertarians and Determinists." In it he says puzzlingly, "It is an old criticism of libertarianism that it makes out voluntary and deliberate actions to be 'chance events ', and libertarians are as anxious to deny this 'indeterminist' theory as they are to deny determinism." (p.329)



One of the puzzling features of the controversy is the fact that it is, on the whole, the libertarians who insist that there is such a thing as the Problem of free will, while the so-called determinists tend to call this problem a pseudo-problem. (They admit, of course, that there are plenty of problems in this obscure area.) This is puzzling because, in a way, there can be no such thing as the Problem for the libertarian. He thinks that it is obvious, that we have some sort of immediate insight into the fact that men are sometimes responsible for what they do and that they would not be responsible if they were not free in some 'contra-causal' sense; and if this is so, it is obvious that men are free in this sense and no problem arises. Nor does he even require to use this argument; for, he says, we have an immediate and indefeasible awareness of freedom. Yet the very fact that he insists on there being a problem here- would seem to show that there is something unsatisfactory about his immediate awareness. (p.318)
The immediate awareness of freedom. Could it be by introspection that we know of the existence, at the moment of choice, of open possibilities? Do we, as it were, see these possibilities? When we talk of 'possibilities' in connexion with natural phenomena, we always say something that could be expressed by the use of the modal word 'may'. We say "it may rain or it may not" ; to add "both possibilities exist" is to add a rhetorical flourish. In the case of human choice we say "I can (could) do this; but on the other hand I can (could) do that". In many cases it would be absurd, at a common sense level, to doubt that this is so or that the speaker knows it to be so; but philosophers are rightly puzzled by such platitudes and rightly ask "Just what is it that you know?" The philosopher's doubts are not allayed by the answer "What you know is that two genuinely open possibilities exist". Nor, if he is puzzled by the question "How do I know that I can do either this or that?", is he satisfied by the answer "You know this because you 'see' that both possibilities exist". Moreover, even it it were true that he knows that he could choose either this or that by some kind of introspection, it could not be true that part of what he so knows is "and no one could predict which I shall choose". That he could only know by testing people's powers of prediction. (And, of course, he knows both that he can choose and to what extent people can predict by experience; not by inspecting his experience at the moment of choice, but in the sort of way that he knows his own name or the way home.)


Exactly the same argument applies to the interpretation of the phrase 'I could have acted otherwise'. This is something which the plain man would certainly say of many of the things he does. And, contrary to the libertarian thesis, be would say this of actions that involve neither obligation nor an effort of will. No doubt there are many important differences between making an effort to do one's duty and choosing a peach; but at the common sense level none of the phrases that we use to indicate a free choice ('open possibilities', 'alternative courses', 'could have chosen otherwise') apply to the one rather than to the other. In the last resort it is not the libertarian's belief in freedom in moral contexts, but his denial of freedom in other contexts that is paradoxical. (p.324)


In the same way, when we ask whether someone can do or could have done something, we are asking whether he will or would have been successful if he tries or had tried to do it; and his trying to do it presupposes his wanting to do it. It is absurd to speak of success or failure or to ask whether any- thing prevents a man from doing something without presupposing a desire to do it on his part. And it is this presupposition that we are expressly excluding when we ask "Could he still do it, even if he did not want to?" This question makes sense if it is construed as being analogous to "Is it a conductor although it is not now conducting?" For example, I do not now want to multiply 567 by 479; I have no earthly reason for making the attempt; yet I have no doubt that I can do this, that is to say that if I had a reason for trying, I should try and succeed. But to interpret it to mean "Can I do it, even granted that I have no reason for trying? is to construe it as being analogous to " Would it still be a conductor if the conditions under which it actually carries a charge are not fulfilled?" (p.327)


Prima facie, then, statements containing ' can ' and ' could' are not reports of what occurs or does not occur at a particular moment; their modality in itself suggests this,' and the onus of proof is on those who would construe them differently in the special case of being able to choose the path of duty in the face of temptation. And even if it were true that, in this special case, the modal sentence was used to report an intro- spected datum, it would be difficult to see how 'no one could have predicted which I would choose' or 'I created a rupture in causal continuity' could be either a part of or entailed by what was reported. Moreover, if we do construe the modal sentence in this way, we ought, I think, to be more puzzled than we are by the fact that questions of responsibility, of the propriety or impropriety of blaming someone, turn on the truth or falsity of 'he could have acted otherwise'.


I should like to emphasize again the fact that I am not grinding any kind of behaviourist axe here. To say that ' I could have acted otherwise' is not a report of what one 'sees ' when he looks within is not to say that it is in all cases true that a spectator knows better than a man himself what he could or could not have done if he had tried. (p.328)

The Concept of Forces. So far I seem to have been defending a form of determinism; but this is not the case. I have simply refrained from raising the familiar objections to determinism, which are just as fatal. For the fact is that ' determined ' and 'contra-causal? have not been analysed and until their ﻿meanings are made clear, until we know to what we are committed when we say that choice is or is not contra-causal, the disputants must be fighting in the dark. There are at least three different bogeys that go under the name of 'determinism' and they must be kept distinct because each requires a different technique of exorcism. 


(i) There is logical determinism or fatalism, according to which we cannot help doing what we do since things are what they are and our actions will be what they will be. I shall forbear to comment on this brand of determinism, since I doubt whether anyone is now seriously deceived by it. 


(ii) There is the theory that we might call 'literal mechanical determinism'. Every human action, no matter what else it may be, is a complex but determinate movement of a determinate body. Suppose that this body were, quite literally, a complex machine? Suppose that we could predict its every movement in accordance with the laws of classical mechanics if only we knew enough about the particles concerned? This is the eighteenth-century bogey, and about it one can say little except that it might be true, that there is nothing in the present trend of natural science to warrant it (indeed it seems to presuppose a misunderstanding of explanation and prediction even within natural science) and that, if it were true, our talk about human conduct would be quite different from what it actually is. 


(iii) There is also the obscure, elusive and much more important theory that desires (and other motives) are somehow like mechanical forces. The mechanical analogy is recognized as an analogy, but accepted without criticism as a good one. The idea seems to be that a man (or a 'self') is like a billiard- ball on which certain forces (his desires) act. The determinists say that all his actions are determined by the strength and direction of the forces, as movements are in classical mechanics, so that he 'must' do what he does in the same sense that a billiard ball 'must' move as it does. 


The libertarian agrees that this is true in the case of most human actions but wants to make a special exception in the case of those situations that involve a conflict between desires and the sense of duty. The interplay of the forces, he says, is liable to be upset by the operations of a special sort of force, to which there is no analogue in mechanics, called "will-energy". Of this force little can be said except that we all feel it within us (and that is why little needs to be said), that we can use it or fail to use it, that it is unpredictable in its operations and that our status as free, responsible beings depends on its existence. Just why an observer is supposed to be able to discover the exact nature of the other forces but not of "will-energy" is not made clear; but this must be the case, since it is held that all actions other than those involving the sense of duty are, in principle, predictable in a para-mechanical way.



Here Nowell-Smith describes Robert Kane's "Self-Forming Actions" exactly
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In his Philosophical Explanations, 1981, Robert Nozick sketched a view of how free will is possible, how without causal determination of action a person could have acted differently yet nevertheless does not act at random or arbitrarily. (He admits the picture is somewhat cloudy.)

Despite approaching the problem from several different directions, he found it so intractable, so resistant to illuminating solution, that he was forced to conclude "No one of the approaches turns out to be fully satisfactory, nor indeed do all together." 


Nozick admits that "Over the years I have spent more time thinking about the problem of free will — it felt like banging my head against it — than about any other philosophical topic except perhaps the foundations of ethics."

FREE WILL
Excerpts from Chapter Four of Philosophical Explanations
   Philosophers often treat the topic of free will as a problem about punishment and responsibility: how can we punish someone or hold him responsible for an action if his doing it was causally determined, eventually by factors originating before his birth, and hence outside his control? However, my interest in the question of free will does not stem from wanting to be able legitimately to punish others, to hold them responsible, or even to be held responsible myself.


here is the standard determinist objection to free will

Without free will, we seem diminished, merely the playthings of external forces. How, then, can we maintain an exalted view of ourselves? Determinism seems to undercut human dignity, it seems to undermine our value.

Our concern is to formulate a view of how we (sometimes) act so that if we act that way our value is not threatened, our stature is not diminished. The philosophical discussion focusing upon issues of punishment and responsibility, therefore, strikes one as askew, as concerned with a side issue, although admittedly an important one.


The task is to formulate a conception of human action that leaves agents valuable; but what is the problem? First, that determinism seems incompatible with such a conception; if our actions stem from causes before our birth, then we are not the originators of our acts and so are less valuable. (We shall look later at what assumptions about value underlie this reasoning.) There is an incompatibility or at least a tension between free will and determinism, raising the question: given that our actions are causally determined, how is free will possible?



and here is the standard randomness objection

Some would deny what this question accepts as given, and save free will by denying determinism of (some) actions. Yet if an uncaused action is a random happening, then this no more comports with human value than does determinism. Random acts and caused acts alike seem to leave us not as the valuable originators of action but as an arena, a place where things happen, whether through earlier causes or spontaneously.

Clearly, if our actions were random, like the time of radioactive decay of uranium 238 emitting an alpha particle, their being thus undetermined would be insufficient to ground human value or provide a basis for responsibility and punishment. Even the denier of determinism therefore needs to produce a positive account of free action. On his view, a free action is an undetermined one with something more. The problem is to produce a coherent account of that something more. Once that account is formulated, we might find it does all the work, and that it is compatible with determinism and sufficient for our value purposes; in that case, the something more would become the whole of the account of free will.


How is free will possible? Given the tension between causal determination and randomness on the one hand, and valuable agent-hood on the other, how is valuable agenthood possible? The problem is so intractable, so resistant to illuminating solution, that we shall have to approach it from several different directions. No one of the approaches turns out to be fully satisfactory, nor indeed do all together.


One line of approach motivated the previous chapter's investigation of knowledge. Couldn't action be connected to something exactly as belief is to the truth when it constitutes knowledge? We want our beliefs to track facts, and the desirability of this is not undercut (but indeed may be aided) by our belief's being caused in a certain way. Wouldn't it be similarly desirable if our actions also were connected to something, tracking it? Might not the causation of action too aid rather than undercut this tracking and so contribute to the desirable mode of action or at least be compatible with it? If this is to be plausible, what the action tracks will have to be some evaluative fact or characteristic. We shall pursue this line of thought to (see to what extent we can) defang determinism without denying it, in the second part of this chapter. In the third and last part, we shall investigate issues of punishment (despite their not being central to the free will problem); in particular, we will formulate a rationale underlying punishment in retribution for a wrong.


First, however, we shall try to delineate an indeterminist view of free will. If some such view could be made to work, we would welcome it most. Seeing its difficulties might prepare us to view what the second part lays out, although causally determined and hence "second best", still as desirable and a form of free will nonetheless, the best instantiated realization of it. On the other hand, if the parts of this chapter came in a different order so that we first saw the inadequacies of the determinist picture, this might induce more tolerance of the indeterminist account, difficulties and all. Parts I and II of this chapter, it is only fair to warn the reader, contain more thrashing about than any other chapter of this book. Over the years I have spent more time thinking about the problem of free will—it felt like banging my head against it—than about any other philosophical topic except perhaps the foundations of ethics. Fresh ideas would come frequently, soon afterwards to curdle. (This is especially evident in Part II.) The presentation of many of these ideas and approaches may spur the reader to a success that has eluded me, or at least lift her spirits temporarily on this most frustrating and unyielding of problems. We approach the issue of free will from many directions. If we cannot solve the problem, at least we can surround it.
   


van Inwagen's Consequence Argument

I. CHOICE AND DETERMINATION
Weigh(t)ing Reasons
Making some choices feels like this. There are various reasons for and against doing each of the alternative actions or courses of action one is considering, and it seems and feels as if one could do any one of them. In considering the reasons, mulling them over, one arrives at a view of which reasons are more important, which ones have more weight. One decides which reasons to act on; or one may decide to act on none of them but to seek instead a new alternative since none previously considered was satisfactory.

After the choice, however, others will say we were caused to act by the considerations which were (or turned out to be) more weighty. And it is not just others. We too, in looking back at our past actions, will see which reasons swayed us and will view (accepting) those considerations as having caused us to act as we did. Had we done the other act, though, acting on the opposing considerations, we (along with the others) would have described those considerations as causing us to do that other act. Whichever act we do, the (different) background considerations exist which can be raised to causal status. Which considerations will be so raised depends upon which act we do. Does the act merely show which of the considerations was the weightier cause, or does the decision make one of them weightier?


 
The reasons do not come with previously given precisely specified weights; the decision process is not one of discovering such precise weights but of assigning them. The process not only weighs reasons, if (also) weights them. At least, so it sometimes feels. This process of weighting may focus narrowly, or involve considering or deciding what sort of person one wishes to be, what sort of life one wishes to lead.

What picture of choice emerges if we take seriously the feeling dial the (precise) weights to be assigned to reasons is "up to us"? It is causally undetermined (by prior factors) which of the acts we will decide to do. It may be causally determined that certain reasons are reasons (in the one direction or the other), but there is no prior causal determination of the precise weight each reason will have in competition with others. Thus, we need not hold that every possible reason is available to every person at every time or historical period. Historians and anthropologists delineate how certain ideas and considerations can be outside the purview of some societies, some of whose reasons would not count as reasons for us. (Yet, there does remain the question of whether an innovator couldn't have recognized as a reason something outside the purview of others in his society.) Psychology, sociobiology, and the various social sciences, on this view, will offer casual explanations of why something is or is not a reason for a person (in a situation). They will not always be able to explain why the reasons get the precise weights they do. Compare the way art historians treat style; not every style is equally available to every artist in every period, yet within a style creative choices are made, and some artistic revolutions introduce new stylistic possibilities.


It is neither necessary nor appropriate, on this view, to say the person's action is uncaused. As the person is deciding, mulling over reasons RA which are reasons for doing act A and over RB which are reasons for doing act B, it is undetermined which act he will do. In that very situation, he could do A and he could do B. He decides, let us suppose, to do act A. It then will be true that he was caused to do act A by (accepting) RA. However, had he decided to do act B, it then would have been RB that caused him to do B. Whichever he decides upon, A or B, there will be a cause of his doing it, namely RA or RB . His action is not (causally) determined, for in that very situation he could have decided differently; if the history of the world had been replayed up until that point, it could have continued with a different action. With regard to his action the person has what has been termed contra-causal freedom—we might better term it contra-deterministic.*


Nozick describes soft causality
 
Thus, we draw a distinction between an action's being caused, and its being causally determined. Some philosophers would deny this distinction, maintaining that whenever one event causes another, there holds a general law in accordance with which it does so: some specification of the first event (along with other conditions which hold) always is and would be followed by an event of the same type as the second. It is a metaphysical thesis that the root notion of causality, producing or making something happen, can operate only through such lawlike universality. If this were correct, and if a law could not hold only at that (moment of) time, then causality necessarily would involve causal determination: under exactly the same conditions repeated, exactly the same thing would have (again) to happen. According to the view that distinguishes causality from causal determination, an act can be done because of something and have a cause even though in exactly the same conditions another act could have been done. It is common, in retrospect, to see what caused us to act as we did. Although we can retrospectively identify a cause, this does not mean our action was causally determined; had we acted differently in that situation (as we could have) we retrospectively would have identified a different cause — RB instead of RA.
   


Nozick describes an adequately determined will


  Nozick introduces quantum mechanics to consider an analogy with the weighting of reasons for a decision. He does not, however, claim any applicability to the decision process or free will, since this would just be a random decision.
     
Is this conception of decision as bestowing weights coherent? It may help to compare it to the currently orthodox interpretation of quantum mechanics. The purpose of this comparison is not to derive free will from quantum mechanics or to use physical theory to prove free will exists, or even to say that nondeterminism at the quantum level leaves room for free will. Rather, we wish to see whether quantum theory provides an analogue, whether it presents structural possibilities which if instanced at the macro-level of action — this is not implied by micro-quantum theory — would fit the situation we have described. According to the currently orthodox quantum mechanical theory of measurement, as specified by John von Neumann, a quantum mechanical system is in a superposition of states, a probability mixture of states, which changes continuously in accordance with the quantum mechanical equations of motion, and which changes discontinuously via a measurement or observation. Such a measurement "collapses the wave packet", reducing the superposition to a particular state; which state the superposition will reduce to is not predictable." Analogously, a person before decision has reasons without fixed weights; he is in a superposition of (precise) weights, perhaps within certain limits, or a mixed state (which need not be a superposition with fixed probabilities). The process of decision reduces the superposition to one state (or to a set of states corresponding to a comparative ranking of reasons), but it is not predictable or determined to which state of the weights the decision (analogous to a measurement) will reduce the superposition. (Let us leave aside von Neumann's subtle analysis, in Chapter 6, of how any placing of the "cut" between observer and observed is consistent with his account.) 
 
Our point is not to endorse the orthodox account as a correct account of quantum mechanics, only to draw upon its theoretical structure to show our conception of decision is a coherent one. Decision fixes the weights of reasons; it reduces the previously obtaining mixed state or superposition. However, it does not do so at random.

   


Nozick appears to associate  the collapse of the wave function with the decision. This is too extreme. Quantum uncertainty need only generate alternative possibilities for action. 




EPISTEMOLOGY


Nozick put forward an analytic theory of epistemology that did not depend on foundational truths that could "justify" true beliefs. Instead, he thought that true beliefs must "track" external "cases" in the world. His theory is thus "externalist" and a form of reliabilism.


Nozick's Four Conditions for S's knowing that P were:


	P is true.
	S believes that P.
	If it were the case that (not-P), S would not believe that P.
	If it were the case that P, S would believe that P.



Nozick's third and fourth conditions are counterfactuals. He called this the "tracking theory" of knowledge. Nozick believed the counterfactual conditionals bring out an important aspect of our intuitive grasp of knowledge: For any given fact, the believer's method must reliably track the truth despite varying relevant conditions. In this way, Nozick's theory is similar to reliabilism. Due to certain counterexamples that could otherwise be raised against these counterfactual conditions, Nozick specified that:
	If P weren’t the case and S were to use M to arrive at a belief whether or not P, then S wouldn’t believe, via M, that P.
	If P were the case and S were to use M to arrive at a belief whether or not P, then S would believe, via M, that P.



M is the method by which S came to arrive at a belief whether or not P. Thus, when methods are reliable, S has knowledge.

Other epistemologists who are reliabilists include: Frank Ramsey (1927), David M. Armstrong (1973), and Fred Dretske (1989).
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  Thomas Nagel opposes attempts to "reduce" consciousness and mental actions to material explanations.

Like Peter Strawson, he is concerned about "objective" accounts of mind that try to view a mind externally. He holds that the internal or subjective view contains an irreducible element without which we lose the autonomous agent.
   

   I think the only solution is to regard action as a basic mental or more accurately psychophysical category — reducible neither to physical nor to other mental terms. Action has its own irreducibly internal aspect as do other psychological phenomena — there is a characteristic mental asymmetry between awareness of one's own actions and awareness of the actions of others — but action isn't anything else, alone or in combination with a physical movement: not a sensation, not a feeling, not a belief, not an intention or desire. If we restrict our palette to such things plus physical events, agency will be omitted from our picture of the world.

But even if we add it as an irreducible feature, making subjects of experience also subjects of action, the problem of free action remains. We may act without being free, and we may doubt the freedom of others without doubting that they act. What undermines the sense of freedom doesn't automatically undermine agency. 




  Nagel discusses the problem of free will only indirectly, in the context of autonomy and responsibility, given the hypothesis of determinism.
   
   What I shall discuss are two aspects of the problem of free will, corresponding to the two ways in which objectivity threatens ordinary assumptions about human freedom. I call one the problem of autonomy and the other the problem of responsibility; the first presents itself initially as a problem about our own freedom and the second as a problem about the freedom of others. An objective view of actions as events in the natural order (determined or not) produces a sense of impotence and futility with respect to what we do ourselves. It also undermines certain basic attitudes toward all agents—those reactive attitudes (see Strawson (Freedom and Resentment)) that are conditional on the attribution of responsibility. It is the second of these effects that is usually referred to as the problem of free will. But the threat to our conception of our own actions — the sense that we are being carried along by the universe like small pieces of flotsam — is equally important and equally deserving of the title. The two are connected. The same external view that poses a threat to my own autonomy also threatens my sense of the autonomy of others, and this in turn makes them come to seem inappropriate objects of admiration and contempt, resentment and gratitude, blame and praise.

Like other basic philosophical problems, the problem of free will is not in the first instance verbal. It is not a problem about what we are to say about action, responsibility, what someone could or could not have done, and so forth. It is rather a bafflement of our feelings and attitudes — a loss of confidence, conviction or equilibrium. Just as the basic problem of epistemology is not whether we can be said to know things, but lies rather in the loss of belief and the invasion of doubt, so the problem of free will lies in the erosion of interpersonal attitudes and of the sense of autonomy. Questions about what we are to say about action and responsibility merely attempt after the fact to express those feelings — feelings of impotence, of imbalance, and of affective detachment from other people.
These forms of unease are familiar once we have encountered the problem of free will through the hypothesis of determinism. We are undermined but at the same time ambivalent, because the unstrung attitudes don't disappear: they keep forcing themselves into consciousness despite their loss of support. A philosophical treatment of the problem must deal with such disturbances of the spirit, and not just with their verbal expression.


I change my mind about the problem of free will every time I think about it, and therefore cannot offer any view with even moderate confidence; but my present opinion is that nothing that might be a solution has yet been described. This is not a case where there are several possible candidate solutions and we don't know which is correct. It is a case where nothing believable has (to my knowledge) been proposed by anyone in the extensive public discussion of the subject.


The difficulty, as I shall try to explain, is that while we can easily evoke disturbing effects by taking up an external view of our own actions and the actions of others, it is impossible to give a coherent account of the internal view of action which is under threat. When we try to explain what we believe which seems to be undermined by a conception of actions as events in the world — determined or not — we end up with something that is either incomprehensible or clearly inadequate.


This naturally suggests that the threat is unreal, and that an account of freedom can be given which is compatible with the objective view, and perhaps even with determinism. But I believe this is not the case. All such accounts fail to allay the feeling that, looked at from far enough outside, agents are helpless and not responsible. Compatibilist accounts of freedom tend to be even less plausible than libertarian ones. Nor is it possible simply to dissolve our unanalyzed sense of autonomy and responsibility. It is something we can't get rid of, either in relation to ourselves or in relation to others. We are apparently condemned to want something impossible. 




Even as he sees efforts to explain the mind "impossible, incomprehensible, or clearly inadequate", Nagel offers us an excellent criticism of past attempts by philosophers to limit our investigations by claiming they are impossible. His view that problems are "intractable" seems similar to Colin McGinn's "mysterianism."


   The history of the subject is a continual discovery of problems that baffle existing concepts and existing methods of solution. At every point it faces us with the question of how far beyond the relative safety of our present language we can afford to go without risking complete loss of touch with reality. We are in a sense trying to climb outside of our own minds, an effort that some would regard as insane and that I regard as philosophically fundamental. Historicist interpretation doesn't make philosophical problems go away, any more than the earlier diagnoses of the logical positivists or the linguistic analysts did. To the extent that such no-nonsense theories have an effect, they merely threaten to impoverish the intellectual landscape for a while by inhibiting the serious expression of certain questions. In the name of liberation, these movements have offered us intellectual repression.

But that leaves a question. If the theories of historical captivity or grammatical delusion are not true, why have some philosophers felt themselves cured of their metaphysical problems by these forms of therapy? My counterdiagnosis is that a lot of philosophers are sick of the subject and glad to be rid of its problems. Most of us find it hopeless some of the time, but some react to its intractability by welcoming the suggestion that the enterprise is misconceived and the problems unreal. This makes them receptive not only to scientism but to deflationary metaphilosophical theories like positivism and pragmatism, which offer to raise us above the old battles. 




  In his essay "Moral Luck," Nagel is pessimistic about finding morally responsible agents in a world that views agents exteranlly, reducing them to happenings, to sequences of events, following natural laws, whether deterministic or indeterministic. Free will and moral responsibility seem to be mere illusions.
   
   Moral judgment of a person is judgment not of what happens to him, but of him.  It does not say merely that a certain event or state of affairs is fortunate or unfortunate or even terrible. It is not an evaluation of a state of the world, or of an individual as part of the world. We are not thinking just that it would be better if he were different, or did not exist,. or had not done some of the things he has done. We are judging him, rather than his existence or characteristics. The effect of concentrating on the influence of what is not under his control is to make this responsible self seem to disappear, swallowed up by the order of mere events.

What, however, do we have in mind that a person, must be to be the object of these moral attitudes? While the concept of agency is easily undermined, it is very difficult to give it a
positive characterization. That is familiar from the literature on Free Will.


I believe that in a sense the problem has no solution, because something in the idea of agency is incompatible with actions being events, or people being things. But as the external determinants of what someone has done are gradually exposed, in their effect on consequences, character, and choice itself, it becomes gradually clear that actions are events and people things. Eventually nothing remains which can be ascribed to the responsible self, and we are left with nothing but a portion of the larger sequence of events, which can be deplored or celebrated, but not blamed or praised.


Though I cannot define the idea of the active self that is thus undermined, it is possible to say something about its sources. There is a close connexion between our feelings about ourselves and our feelings about others. Guilt and indignation, shame and contempt, pride and admiration are internal and external sides of the same moral attitudes. We are unable to view ourselves simply as portions of the world, and from inside we have a rough idea of the boundary between what is us and what is not, what we do and what happens to us, what is our personality and what is an accidental handicap. We apply the same essentially internal conception of the self to others. About ourselves we feel pride, shame, guilt, remorse - and agent-regret. We do not regard our actions and our characters merely as fortunate or unfortunate episodes - though they may also be that. We cannot simply take an external evaluative view of ourselves - of what we most essentially are and what we do. And this remains true even when we have seen that we are not responsible for our own existence, or our nature, or the choices we have to make, or the circumstances that give our acts the consequences they have. Those acts remain ours and we remain ourselves, despite the persuasiveness of the reasons that seem to argue us out of existence.


It is this internal view that we extend to others in moral judgment - when we judge them rather than their desirability or utility. We extend to others the refusal to limit ourselves to external evaluation, and we accord to them selves like our own. But in both cases this comes up against the brutal inclusion of humans and everything about them in a world from which they cannot be separated and of which they are nothing but contents. The external view forces itself on us at the same time that we resist it. One way this occurs is through the gradual erosion of what we do by the subtraction of what happens.


The inclusion of consequences in the conception of what we have done is an acknowledgment that we are parts of the world, but the paradoxical character of moral luck which emerges from this acknowledgment shows that we are unable to operate with such a view, for it leaves us with no one to be. 


The same thing is revealed in the appearance that determinism obliterates responsibility. Once we see an aspect of what we or someone else does as something that happens, we lose our grip on the idea that it has been done and that we can judge the doer and not just the happening. This explains why the absence of determinism is no more hospitable to the concept of agency than is its presence — a point that has been noticed often. Either way the act is viewed externally, as part of the course of events.
   
The problem of moral luck cannot be understood without an account of the internal conception of agency and its special connection with the moral attitudes as opposed to other types of value. I do not have such an account. The degree to which the problem has a solution can be 'determined only by seeing whether in some degree the incompatibility between this conception and the various ways in which we do not control what we do is only apparent. I have nothing to offer on that topic either. But it is not enough to say merely that our basic moral attitudes toward ourselves and others are determined by what is actual; for they are also threatened by the sources of that actuality, and by the external view of action which forces itself on us when we see how everything we do belongs to a world that we have not created.




Nagel presents the standard two-part argument against free will

What It's Like To Be A Bat


While he disagrees with Nagel's argument, Dan Dennett says that Nagel's famous 1974 article "What It's Like To Be A Bat" is "the most widely cited and influential thought experiment about consciousness."

Nagel's thesis is that purely material theories of mind, including computational theories, cannot explain an essential component of consciousness 


Nagel's goal is to refute reductionism

Consciousness is what makes the mind-body problem really
intractable. Perhaps that is why current discussions of the
problem give it little attention or get it obviously wrong. The
recent wave of reductionist euphoria has produced several
analyses of mental phenomena and mental concepts designed to
explain the possibility of some variety of materialism,
psychophysical identification, or reduction...

Every reductionist has his favorite analogy from modern
science. It is most unlikely that any of these unrelated examples
of successful reduction will shed light on the relation of mind to
brain...  I shall try to explain why the usual examples do not
help us to understand the relation between mind and body-why,
indeed, we have at present no conception of what an explanation
of the physical nature of a mental phenomenon would be.
Without consciousness the mind-body problem would be much
less interesting. With consciousness it seems hopeless...


Conscious experience is a widespread phenomenon. It occurs
at many levels of animal life, though we cannot be sure of its
presence in the simpler organisms...But no matter how the form may vary, the fact that an organism
has conscious experience at all means, basically, that there is
something it is like to be that organism...fundamentally an organism has conscious mental
states if and only if there is something that it is like to be that
organism - something it is like for the organism.


We may call this the subjective character of experience. It is
not captured by any of the familiar, recently devised reductive
analyses of the mental, for all of them are logically compatible
with its absence...Any reductionist program has to
be based on an analysis of what is to be reduced. If the analysis
leaves something out, the problem will be falsely posed. It is
useless to base the defense of materialism on any analysis of
mental phenomena that fails to deal explicitly with their subjective
character... Without
some idea, therefore, of what the subjective character of
experience is, we cannot know what is required of physicalist
theory...


 The reason is
that every subjective phenomenon is essentially connected with
a single point of view, and it seems inevitable that an objective,
physical theory will abandon that point of view... 


I have said that the essence of the belief that bats have
experience is that there is something that it is like to be a bat...


There is a sense in which phenomenological facts are perfectly
objective: one person can know or say of another what the
quality of the other's experience is. They are subjective, however,
in the sense that even this objective ascription of experience
is possible only for someone sufficiently similar to the object of
ascription to be able to adopt his point of view - to understand
the ascription in the first person as well as in the third, so to
speak...


This bears directly on the mind-body problem. For if the facts
of experience — facts about what it is like for the experiencing
organism - are accessible only from one point of view, then it is
a mystery how the true character of experiences could be
revealed in the physical operation of that organism...



A Martian scientist with no understanding of visual perception could
understand the rainbow, or lightning, or clouds as physical
phenomena, though he would never be able to understand the
human concepts of rainbow, lightning, or cloud, or the place
these things occupy in our phenomenal world. The objective
nature of the things picked out by these concepts could be
apprehended by him because, although the concepts themselves
are connected with a particular point of view and a particular
visual phenomenology, the things apprehended from that point
of view are not: they are observable from the point of view but
external to it; hence they can be comprehended from other
points of view also, either by the same organisms or by others. 



The subjective nature of concepts has been argued for many decades. In his 1892 Sense and Reference, Gottlob Frege said a concept would be different in every mind, since it is dependent on the peculiar experiences of each person. See our ERR

Panpsychism


For Nagel, panpsychism is the view that the basic physical constituents of the universe have mental properties, whether or not they are parts of physical organisms. 

With the theory that mind is immaterial information being used by a material biological information processor, we can see that Nagel is correct. The basic physical constituents of the universe all have information structures. As structures get more sophisticated, the sophistication is new information about their organization. This information is a sort of protopanpsychism. Matter is the substrate in which immaterial information is embodied.


For complicated reasons that grow out of quantum mechanics, information is not reducible to (that is to say, caused bottom-up by) the matter in which it is embodied. Nagel is right about this irreducibility:
   

Ordinary mental states like thought, feeling, emotion. sensation, or desire are not physical properties of the organism - behavioral, physiological, or otherwise - and they are not implied by physical properties alone. 
   

Although Nagel is skeptical that mind is a fundamental property of everything physical, Nagel argued that the failure of emergentism made panpsychism more probable. His reasoning against emergence was mostly the ancient idea that nothing can come from nothing (ex nihilo, nihil fit), but enhanced to claim that an emergent complex system must be made from parts with similar properties.


As one of four premises in his argument for panpsychism (the others being an eliminative materialism, nonreduction of mental states, and denial of an immaterial soul as the basis of mind), Nagel says:

   

There are no truly emergent properties of complex systems. All
properties of a complex system that are not relations between it
and something else derive from the properties of its constituents
and their effects on each other when so combined. Emergence is
an epistemological condition: it means that an observed feature
of the system cannot be derived from the properties currently
attributed to its constituents. But this is a reason to conclude that
either the system has further constituents of which we are not
yet aware, or the constituents of which we are aware have
further properties that we have not yet discovered.
   
  
Nagel is quite wrong here. Biological systems (organisms) are true emergents. They are constructed from matter, but acquire the property of processing and utilizing immaterial information. This can be seen as one of Nagel's "further properties that we have not yet discovered," or at least not yet properly appreciated. 

Purely material systems that preceded life are information structures, but they did not utilize information to come into existence. They were created by purely material forces.  


Biological systems utilize inherited information (e.g., DNA) to create themselves. They have evolved an emergent internal purpose (sometimes called "entelechy"). 


The "order out of chaos" of "self-organizing" complex physical systems (systems far from thermodynamic equilibrium like Bénard cells, or the gravitational collapse of astronomical objects - galaxies, stars, planets) are not the result of some abstract information needed to create them. There was no pre-existing "purpose" or telos or "idea" of these information structures.


Organisms are purposeful (teleonomic) and cognitive systems, using knowledge to achieve their goals, to "decide" on their actions. They have a developmental history unlike anything in the world of atoms and molecules. And they exercise downward causal control over their constituent atoms and molecules.


The "order out of chaos" of complex adaptive systems and the "order out of order" of cognitive biological systems processing information are both the emergence of "something new under the sun."

 
They both are lowering the entropy (decreasing disorder and increasing order/information) by what Erwin Schrödinger called "feeding on a negative entropy stream from the sun."


We can agree with Nagel's first premise that the entire physical world is built from material parts (plus energy, of course). But when information structures appear in the universe ("order out of chaos" for purely physical systems, "order out of order" for biological systems) despite the second law of thermodynamics which destroys information in the approach to equilibrium, something physical is happening that is not purely material.


The pinnacle of information creation is that done by minds ("information out of order") which are consciously aware of their use of information (mostly human minds), recognizing it as something they have done themselves, and have done purposefully.  




Mind and Cosmos


In Nagel's 2012 book Mind and Cosmos, he again attacks reduction of mind and life to "natural" physical/material causes. And once again, his panpsychist view wants mind to be a fundamental aspect of nature, not just an accidental "add-on." In this work, he seems to take panpsychism all the way to a theistic origin.

   
I would now like to say
something about the polar opposite of materialism, namely, the position
that mind, rather than physical law, provides the fundamental
level of explanation of everything, including the explanation of the
basic and universal physical laws themselves. This view is familiarly
expressed as theism, in its aspect as an explanation of the existence
and character of the natural world. It is the most straightforward way
of reversing the materialist order of explanation, which explains mind
as a consequence of physical law; instead, theism makes physical law
a consequence of mind.

Considered as a response to the demand for an all-encompassing
form of understanding, theism interprets intelligibility ultimately in
terms of intention or purpose—resisting a purely descriptive end
point. At the outer bounds of the world, encompassing everything
in it, including the law-governed natural order revealed by science,
theism places some kind of mind or intention, which is responsible
for both the physical and the mental character of the universe. So
long as the divine mind just has to be accepted as a stopping point in
the pursuit of understanding, it leaves the process incomplete, just
as the purely descriptive materialist account does.
   


But in the end, Nagel finds theism no more capable than materialism to provide a complete explanation.

   

However, I do not find theism any more credible than materialism
as a comprehensive world view. My interest is in the territory
between them. I believe that these two radically opposed conceptions
of ultimate intelligibility cannot exhaust the possibilities. All
explanations come to an end somewhere. Both theism and materialism
say that at the ultimate level, there is one form of understanding.
But would an alternative secular conception be possible
that acknowledged mind and all that it implies, not as the expression
of divine intention but as a fundamental principle of nature along
with physical law?
   

Mind is not a fundamental principle of nature, but information is fundamental to the creation of structures in the universe ("order out of chaos") and information processing is fundamental to biological systems ("order out of order"). The proper place of mind in nature is as the culmination of biological information processing. Human minds now create new information of the most abstract kind and store it external to themselves - human knowledge. 
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   Timothy O'Connor defends the idea of "agent-causation" - essentially the ancient idea of a mental substance distinct from matter, with the power to initiate a new uncaused cause ("causa sui") that can affect matter and start new causal sequences, thus negating strict causal determinism. 
  

O'Connor argues in the tradition of Thomas Reid, Roderick Chisholm, Richard Taylor, and Carl Ginet, who was O'Connor's Ph.D. thesis adviser. 

In the debates on free will in ancient philosophy, the first agent-causal philosopher was Aristotle, followed by Epicurus, and the Skeptic Carneades.
  


Although agent-causal theories have been out of fashion recently, O'Connor says:
  
  "Near the end of his instructive and thoughtful book, The Significance of Free Will, Robert Kane skeptically allows that "maybe theories of agent-causation can be resuscitated. But the burden of proof must be on anyone who would do so" (p. 195). I accept this assessment, and in the remainder of this book, I try to discharge that burden." 


Agent Causality
  

In this excerpt from Persons and Causes, p.121-123, O'Connor argues that emergent phenomena need not invoke new dualist substances. 

As a property of material, information offers us a "property dualism," rather than a "substance dualism." Information is an emergent phenomenon that distinguishes all biological systems from their subvening lower-level physical and chemical aspects. Information is neither matter nor energy but needs matter for its embodiment and energy for its communication. 


O'Connor briefly comments on the role of quantum indeterminism, questioning whether it is operating in neural structures. If it were, that would make chance the direct cause of human actions which would not allow moral responsibility.
  
 
I have just argued that the emergence of phenomenal consciousness is a good bet. The agency theorist is committed (given the substance monism that the Causal Unity Thesis strongly suggests) to the emergence of a very different sort of property altogether. Instead of producing certain effects in the appropriate circumstances itself, of necessity, this property enables the individual that has it in a certain range of circumstances to freely and directly bring about (or not bring about) any of a range of effects. This further commitment leaves the theory's proponent open to a special objection, not applicable to emergentist claims generally. given the unique nature of the type of property the theory postulates, it is doubtful whether it could emerge from other natural properties. It will be claimed that this property would require a very different kind of substance than material substances, as is posited by Cartesian dualism. (It is noteworthy that many philosophers who discuss the agency theory seem to simply assume that its adherents are dualists.24)

This argument also does not bear well under scrutiny. Given that there is nothing inconsistent about the emergence of an "ordinary" causal property, able to causally influence the environments in which it is instantiated, it is hard to see just why there could not be a variety of emergent property whose novelty consists in enabling its possessor to directly effect changes at will (within a narrowly limited range and in appropriate circumstances). If this possibility claim is difficult to evaluate on a purely abstract level, it is plausible when considered in relation to entities such as ourselves—conscious, intelligent agents, capable of representing diverse, sophisticated plans of action and having appetitive attitudes that are efficacious in bringing about a desired alternative. As with the parallel challenge to emergent consciousness, this properties-can-reproduce-after-their-own-kind-alone objection lacks justification.


Still, taking the agency theory seriously within an emergentist framework raises a whole host of more detailed theoretical problems and issues. The most fundamental of these is determining the precise underlying properties on which an agent-causal capacity depends. Put differently, what types of features — either functionally or intrinsically characterized — constitute a physical system's being a free agent in the technical sense? Conversely, what structural transformations in the human nervous system would result in long-standing (or permanent) loss of the agent-causal capacity generally? This is an empirical matter (one answerable only by neurobiological science) and not in the province of philosophical action theory. Yet even a casual acquaintance with how neurobiologists approach their craft is enough to give an appreciation of the enormous difficulty this most basic issue poses.


Something the philosopher ought to be able to provide some general light on is how consciousness figures into the equation. It is a remarkable feature of most accounts of free will that they give no essential role to conscious awareness. One has the impression that an intelligent automata could conceivably satisfy the conditions set by these accounts—something that is very counterintuitive. That accounts of free will fail to provide an essential role for consciousness is nonetheless not surprising, given that its basic biological functions are presently quite mysterious to most theorists. (Another aspect of the puzzle is that whereas various suggestions have been put forth concerning what specific function or functions consciousness serves, it is readily imaginable that many of these functions can be carried out by automata. One could suppose that consciousness just happens to be the means by which certain functions are carried out, although these could have been carried out by other means, at least in differently structured organisms. Yet it would be highly surprising that this should be so, given its distinctive nature.) The agency theorist can conjecture that a function of biological consciousness, in its specifically human (and probably certain other mammalian) manifestations, is to subserve the very agent-causal capacity I sketched in previous chapters.


My vague proposal begins with the idea that genuine freedom of choice confers a selective advantage. The ability to make novel responses to both old and new types of scenarios in nonrandom fashion is a valuable one, and thus one that is likely to be selected should it appear within a population." It is highly plausible that this self-determining capacity strictly requires conscious awareness.26 This appears to follow from the very way in which active power has been characterized as structured by motivating reasons and as allowing the free formation of executive states of intention in accordance with one of the possible courses of action represented to oneself. (I am tempted to think that one should be able to explicitly demonstrate the absurdity of supposing an agent-causal capacity as being exercised entirely unconsciously. I can't now see how this is to be done, however.)


Another issue an emergentist version of the agency theory faces is a result of the fact that if there are agent-causal events, there is no neat and simple way of dividing them from event-causal ones. It surely must be allowed that some human behavior, even conscious behavior, is directly brought about by event-causal factors. (Not all action is free action.) As we noted, this is likely to be true of behavior governed by unconscious factors and highly routinized actions. Precisely to what extent, then, is an ordinary human's behavior directly regulated by the agent himself, and to what extent is it controlled by microdeterministic processes? More generally, how do event- and agent-causal processes interact? Even when I act freely, I am usually not even trying to control directly the precise degree of muscle contraction, limb trajectory, and so forth. This makes it plausible to hold that our memory system stores action sequences that we simply activate through conscious choice. (It also explains the facility of an experienced performer in carrying out complex movements, such as a sequence of dance steps.27 It may be that these choices are at times even brought about event-causally, while we simply monitor the result and retain the capacity to agent-causally redirect things as need be.


One other empirically based objection is that free will requires the emergence of a degree of indeterminism far beyond that which we have any reason to believe is operative (as a function of quantum indeterminacy) at the complex level of neural structures. My reply is that since an emergent property has, relative to its subvening properties, a unique, nonstructural nature, we have no a priori reason to think it must result in processes that exhibit precisely the same degree of indeterminism as is present in its sustaining lower level processes.28 Still, we are not supposing 'something's coming from nothing,' as many have thought: the presence of any emergent, in the view I have sketched, will be determined by more fundamental features of its possessor. What it does allow is a stable set of processes that give rise, at certain critical junctures, to a somewhat different order of affairs via `top-down' controlling features.





O'Connor concludes that his idea of agent causation as the source of free will is "deeply mysterious." If our two-stage model is mysterious, it is only because it is based in part on the chance of quantum indeterminism, and quantum processes are genuinely mysterious. 

Information philosophy corrects the reductionist, materialist, and determinist "scientific picture of the world" that is not supported by quantum physics. Free will is not an illusion. And it is completely consistent with O'Connors' idea of agent-causation.
  
 

When we reflect on 'the emerging scientific picture of the world' — that is, when we restrict our attention to those physical processes in nature that have been extensively studied and that to a large degree are coming to be well understood — the picture of free will sketched in this book looks, by comparison, deeply mysterious. Even many who are known as philosophers find it scarcely conceivable that the two pictures can reflect aspects of the very same world. As best as I can determine, the appearance of incompatibility reflects the grip of an imagination-stultifying ideology. The empirical facts may weigh in, ultimately, in favor of a thoroughgoing reductionism, in which case free will is an illusion. At present, however, there is little reason to believe that this is true.  
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William of Ockham


He is commonly known for Ockham's razor, the methodological principle that bears his name, though it may be a much older idea.

"Entities are not to be multiplied without necessity" (Non sunt multiplicanda entia sine necessitate) was said to be implied by the works of Duns Scotus as well as earlier thinkers.


For example, Aristotle had written in his Posterior Analytics, "We may assume the superiority ceteris paribus (other things being equal) of the demonstration which derives from fewer postulates or hypotheses." This is sometimes called the "law of parsimony." 
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Charles Sanders Peirce
    
Peirce was deeply impressed by chance as a way to bring diversity and "progress" into the world, in the form of increasingly complex physical structures and biological organisms, including the mind. Peirce was unequivocal that chance was a real property of the world. He named it Tyche (τύχη). He writes about it in his third Monist article, "The Law of Mind,"

102. In an article published in The Monist for January, 1891, I endeavored to show what ideas ought to form the warp of a system of philosophy, and particularly emphasized that of absolute chance. In the number of April, 1892, I argued further in favor of that way of thinking, which it will be convenient to christen tychism (from τύχη, chance). A serious student of philosophy will be in no haste to accept or reject this doctrine; but he will see in it one of the chief attitudes which speculative thought may take, feeling that it is not for an individual, nor for an age, to pronounce upon a fundamental question of philosophy. That is a task for a whole era to work out. I have begun by showing that tychism must give birth to an evolutionary cosmology, in which all the regularities of nature and of mind are regarded as products of growth.

The next step in the study of cosmology must be to examine
the general law of mental action. In doing this, I shall for the time
drop my tychism out of view, in order to allow a free and independent expansion to another conception signalised in my first Monist
paper as one of the most indispensable to philosophy, though it was
not there dwelt upon ; I mean the idea of continuity. The tendency
to regard continuity, in the sense in which I shall define it, as an
idea of prime importance in philosophy may conveniently be termed
synechism. 
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Peirce's idea of Tychism was inspired by the writings of Charles Renouvier and Alfred Fouillée, who were proponents of irreducible chance and indeterminism decades before quantum mechanics. 


But Renouvier and Fouillée were neo-Kantians who saw indeterminism and determinism as antinomies needing to be reconciled. Both speculated about free will somehow based on indeterminism. Peirce also would follow a sort of neo-Hegelian Aufhebung, reconciling the two moments, tychastic (chance) and anancastic (determined), with his third moment agapastic evolutionary love which he also called continuity or synechism. What he did say was somewhat obscure and equivocal. He talks vaguely about two sides to the free-will question that he does not resolve.



[T]he question of free-will and fate in its simplest form, stripped of verbiage, is something like this: I have done something of which I am ashamed; could I, by an effort of the will, have resisted the temptation, and done otherwise?... it is perfectly true to say that, if I had willed to do otherwise than I did, I should have done otherwise. On the other hand, arranging the facts so as to exhibit another important consideration, it is equally true that, when a temptation has once been allowed to work, it will, if it has a certain force, produce its effect, let me struggle how I may.


In his "Doctrine of Necessity Examined," Peirce attacks the determinism of Democritus, and says that 


"Epicurus, in revising the atomic doctrine and repairing its defenses, found himself obliged to suppose that atoms swerve from their courses by spontaneous chance; and thereby he conferred upon the theory life and entelechy." 



Peirce notes that Aristotle and later Epicurus both admitted free will and moral responsibility for a voluntary agent who deliberates when making a choice or decision.


The freedom of the will, too, was admitted both by Aristotle and by Epicurus. But the Stoa, which in every department seized upon the most tangible, hard, and lifeless element, and blindly denied the existence of every other, which, for example, impugned the validity of the inductive method and wished to fill its place with the reductio ad absurdum, very naturally became the one school of ancient philosophy to stand by a strict necessitarianism, thus returning to a single principle of Democritus that Epicurus had been unable to swallow.


Peirce (correctly) reads Aristotle as espousing absolute chance as a possible fifth cause beyond the classical four (material, formal, efficient, and final-teleological). In Physics, Book II, where Aristotle defined those four causes, he said


Chance and spontaneity are also reckoned among causes.


Aristotle notes that

The early physicists [notably Democritus and Leucippus] found no place for chance among the causes they recognized - love, strife, fire, mind, or the like.


A bit later, Aristotle finds that 


Some attribute our Heaven and all the worlds to chance happenings, [that the] cosmic order came about by chance.


Now the Stoics were great logicians and Peirce one of the greatest modern logicians. They were both aware of the law of the excluded middle. For any proposition, either that proposition is true or its negation is true. There is no third possibility.
  
Peirce finds that Aristotle offers a tertium quid beyond the "two moments" of chance and necessity. 


Citing Aristote's Physics, Book II. Peirce finds that Aristotle 


repeatedly and emphatically condemned the dictum of Democritus (especially in the Physics, Book II, chapters iv, v, vi), holding that events come to pass in three ways, namely (1) by external compulsion, or the action of efficient causes, (2) by virtue of an inward nature, or the influence of final causes, and (3) irregularly without definite cause, but just by absolute chance; and this doctrine is of the inmost essence of Aristotelianism. It affords, at any rate, a valuable enumeration of the possible ways in which anything can be supposed to have come about.


Note that Aristotle spread over several chapters these three ways that events come to pass, whereas Epicurus, in the next century, combined the three ways in two short lines of his letter to Menoeceus, just as Peirce combines them above in one sentence. Peirce does not quote Epicurus, but must have read him?


...some things happen of necessity (ἀνάγκη), others by chance (τύχη), others through our own agency (παρ’ ἡμᾶς).

...necessity destroys responsibility and chance is uncertain; whereas our own actions are autonomous, and it is to them that praise and blame naturally attach.


The Stoics strongly criticized Epicurus for suggesting that chance contributes to freedom. But Epicurus never did say the swerve was directly involved in decisions and choices, which would make actions random. His ancient critics, as well as modern determinists and compatibilists), have claimed mistakenly that Epicurus did assume "one swerve - one decision." Some recent philosophers call this the "traditional interpretation" of Epicurean free will. 



We see that Epicurus, perhaps following Aristotle, finds a tertium quid, beyond necessity (Democritus' physics) and chance (Epicurus' swerve). The tertium quid for Epicurus is agent autonomy. Aristotle said it was deliberation.


With his fondness for triads, Peirce should have admired Epicurus' argument that human agents have an autonomous ability to transcend the chance and necessity of some events. This special ability makes us morally responsible for our actions. Can we see Peirce finding his own deep interest in tuche and ananke in Epicurus' concise wording of the problem of human agency in his Letter to Menoeceus.?



Peirce is boastful about his knowledge of early philosophers, and we know he was familiar with the ancient Stoic objection to chance (since at least Chrysippus and Cicero) as the cause of human actions. The Stoics objected that  we cannot be responsibile for chance actions. Peirce agrees, saying 


"To undertake to account for anything by saying baldly that it is due to chance would, indeed, be futile. But this I do not do. I make use of chance chiefly to make room for a principle of generalization, or tendency to form habits, which I hold has produced all regularities." 


The Stoics may have made Peirce guarded about chance and free will. And, without his ever formulating it clearly, he worried about the standard argument against free will, that neither necessity nor chance can provide free will.

I attribute it altogether to chance, it is true, but to chance in the form of a spontaneity which is to some degree regular. It seems to me clear at any rate that one of these two positions must be taken, or else specification must be supposed due to a spontaneity which develops itself in a certain and not in a chance way, by an objective logic like that of Hegel. This last way I leave as an open possibility, for the present; for it is as much opposed to the necessitarian scheme of existence as my own theory is. 


Since, well before the 1890's, Peirce's close colleague William James had embraced absolute chance as contributing the alternative possibilities that made the will free and the future open, it is odd that Peirce, the champion of chance, did not support James's two-stage model for free will. In the first stage chance generation of possibilities, in the second stage deliberative choice. But then, sadly, the support between James and Peirce was mostly one way.


Even more puzzling is Peirce's failure to see (as James saw) the parallel between two stages of free will and the two steps of Darwinian evolution, the first step generating chance variations and the second natural selection adequately determining the outcome in the second step.


Peirce's life work was primarily in science, and he was well aware that observational error made the doctrine of necessity strictly unprovable by any experiment. 


Peirce was quite familiar with the work of astronomers like that of the Belgian Adolphe Quételet. Quételet developed a theory of observational errors that had the same mathematical form as Abraham de Moivre's approximation to the binomial distribution in his book The Doctrine of Chances. De Moivre also derived the "bell-shaped" distribution known as "Gaussian" and the "central limit theorem" of Laplace's calculus of probabilities. It was Peirce who gave the modern name "Normal" to this distribution.


De Moivre's work was a famous book called "The Doctrine of Chances." In the 1738 edition he found that in the limit of large numbers of tosses of a coin, the discrete binomial expansion of 
(p - q)n could be approximated by a continuous mathematical curve (the modern bell curve).
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But Peirce thought about this "normal" distribution differently from all the earlier scientists and mathematicians back to De Moivre. For all of them, chance was merely epistemic, the result of human ignorance into the exact deterministic workings of the laws of nature. Chance is "atheistical," said De Moivre, and this set an attitude toward chance that Peirce opposed. For Peirce, chance drove the growth of complexity he saw everywhere in the universe, "Everywhere the main fact is growth and increasing complexity...there is probably in nature some agency by which the complexity and diversity of things can be increased."


Peirce's (and Darwin's) evolutionary view opposed the idea that the variety of everything in the world was implicit (if not explicitly present) from the beginning of time. Peirce said, "variety is a fact which must be admitted; and the theory of chance merely consists in supposing this diversification does not antedate all time."


Social scientists like Quételet and the English historian Henry Thomas Buckle even reached the absurd conclusion that the regularities seen in normal distributions of random events "proved" that the events themselves were not really random! 

 
Better than any other philosopher, Peirce articulated the difference between a priori probabilities and a posteriori statistics.

 
He knew that probabilities are a priori theories and that statistics are a posteriori empirical measurements, the results of observations and experiments.


Peirce used the theory of errors in his thirty years of scientific work for the U.S. Coast Survey, and his father had developed an important criterion for rejecting observational data when it was too far from the standard deviation of errors. For Peirce, necessity and determinism were merely assumptions. That there is nothing necessary and logically true of the universe, Peirce learned from discussions of the work of Alexander Bain in the famous "Metaphysical Club" of the 1860's, although the ultimate source for the limits on logic was no doubt David Hume's skepticism.  


Peirce modeled his ideas about "evolutionary love"" on the 1859 work of Charles Darwin, but he was not satisfied with Darwin's fortuitous variation and natural selection. He falsely associated it with the Social Darwinist thinking of his time and called it a "greed philosophy." 



293. The Origin of Species of Darwin merely extends politico-economical views of progress to the entire realm of animal and vegetable life. The vast majority of our contemporary naturalists hold the opinion that the true cause of those exquisite and marvelous adaptations of nature for which, when I was a boy, men used to extol the divine wisdom, is that creatures are so crowded together that those of them that happen to have the slightest advantage force those less pushing into situations unfavorable to multiplication or even kill them before they reach the age of reproduction. Among animals, the mere mechanical individualism is vastly reënforced as a power making for good by the animal's ruthless greed. As Darwin puts it on his title-page, it is the struggle for existence; and he should have added for his motto: Every individual for himself, and the Devil take the hindmost! Jesus, in his sermon on the Mount, expressed a different opinion.

294. Here, then, is the issue. The gospel of Christ says that progress comes from every individual merging his individuality in sympathy with his neighbors. On the other side, the conviction of the nineteenth century is that progress takes place by virtue of every individual's striving for himself with all his might and trampling his neighbor under foot whenever he gets a chance to do so. This may accurately be called the Gospel of Greed.


295. Much is to be said on both sides. I have not concealed, I could not conceal, my own passionate predilection. Such a confession will probably shock my scientific brethren. Yet the strong feeling is in itself, I think, an argument of some weight in favor of the agapastic theory of evolution — so far as it may be presumed to bespeak the normal judgment of the Sensible Heart. Certainly, if it were possible to believe in agapasm without believing it warmly, that fact would be an argument against the truth of the doctrine. At any rate, since the warmth of feeling exists, it should on every account be candidly confessed; especially since it creates a liability to one-sidedness on my part against which it behooves my readers and me to be severally on our guard.




Peirce also rejected the deterministic evolution scheme of Herbert Spencer, and proposed his own grand scheme for the evolution of everything including the laws of Nature! He called this synechism, his coined term for continuity, community, and the "evolutionary love" of God, in clear contrast to the merely random events of his tychism. Pierce's evolutionist thinking resembles that of Hegel. It was the basis for the evolutionary growth of variety, of irregular departures from an otherwise mechanical universe, including life and Peirce's own original thoughts. For Peirce and Hegel, ideas are living things with meanings that grow over time. Peirce was a "realist" in that he believed these ideas have a metaphysically real existence.


There is no doubt that language itself evolves, and Peirce made foundational contributions to the theory of semiotics, the study of signs and symbols. 



   "Every symbol is a living thing, in a very strict sense that is no mere figure of speech. The body of the symbol changes slowly, but its meaning inevitably grows, incorporates new elements and throws off old ones." Every symbol is, in its origin, either an image of the idea signified, or a reminiscence of some original occurrence, person or thing, connected with its meaning, or it is a metaphor. 

   "A regular progression of one, two, three may be remarked in the three orders of signs, Icon, Index, Symbol. The 
Icon has no dynamical connection with the object it represents; 
it simply happens that its qualities resemble those of that 
object, and excite analogous sensations in the mind for which 
it is a likeness. But it really stands unconnected with them. 
The Index is physically connected with its object; they make 
an organic pair, but the interpreting mind has nothing to do 
with this connection, except remarking it, after it is established. 
The Symbol [ground] is connected with its object by virtue of the idea
of the symbol-using mind [interpretant], without which no such connection would exist.
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Like Hegel, Peirce arranged his arguments in triads, sometimes with Hegel's thesis-antithesis-synthesis structure. Thus Peircean evolution has three levels, the Darwinian (random and indeterminate), the Spencerian (mechanical and determinate), and Peirce's synechism (union of the two first levels). 


Peirce's conception of thought also has random, determined, and continuity levels.

		Chance, Indeterminism
   	Mechanism, Determinism, 
   	Continuity
   
	Three views of evolution
   	Chance, 
Charles Darwin theory
   	Necessity, 
Herbert Spencer theory
   	Synechism, 
Charles Peirce theory
   
	Peirce three levels of thought
   	Tychastic, 
Purposeless and unconstrained
   	Anancastic, 
Determined by causes
   	Agapastic, 
Continuity and sympathy, with others and God
   
	Hegel Will
   	Pure indeterminacy, subject	Determination, object	Unity of first two moments


Peirce's attempts to put everything into triads is likely responsible for his not seeing the process of evolution as two steps (which many moderns, e.g., Ernst Mayr, do), and thus he could not see the two-stage model of free will that his colleague William James saw so clearly.


The most abstract of Peirce's triads was his logic analysis of relations. What he called firstness was a simple thing or idea in no relation to anything else, secondness a relatum and correlate, and thirdness, his triadic sign-object-interpretant.


	Firstness
   	Secondness
   	Thirdness
   
	Idea, Chance, Possibility
   	Things, Brute Facts, Actuality
   	Laws, Habits, Necessity
   
	Self-Refer to Abstract Ground
   	Refer to Concrete Correlate
   	Refer by Interpretant
   


Peirce recognized that his addiction to triads was something like a disease, at the same time that he denied having it. It was triadomania! He caught it from Hegel and Kant.


The author's response to the anticipated suspicion that he attaches a superstitious or fanciful importance to the number three, and forces divisions to a Procrustean bed of trichotomy.

568. I fully admit that there is a not uncommon craze for trichotomies. I do not know but the psychiatrists have provided a name for it. If not, they should. " Trichimania," [?] unfortunately, happens to be preempted for a totally different passion; but it might be called triadomany. I am not so afflicted; but I find myself obliged, for truth's sake, to make such a large number of trichotomies that I could not [but] wonder if my readers, especially those of them who are in the way of knowing how common the malady is, should suspect, or even opine, that I am a victim of it. But I am now and here going to convince those who are open to conviction, that it is not so, but that there is a good reason why a thorough student of the subject of this book should be led to make trichotomies, that the nature of the science is such that not only is it to be expected that it should involve real trichotomies, but furthermore, that there is a cause that tends to give this form even to faulty divisions, such as a student, thirsting for thoroughness and full of anxiety lest he omit any branch of his subject, will be liable to fall into. Were it not for this cause, the trichotomic form would, as I shall show, be a strong argument in confirmation of the reasoning whose fruit should take this form.





In his fifth Monist essay, "Evolutionary Love," Peirce defined his basic triad as tychasm, anancasm, and agapasm.



I propose to devote a few pages to a very slight examination of these questions in their relation to the historical development of human thought. I first formulate for the reader's convenience the briefest possible definitions of the three conceivable modes of development of thought, distinguishing also two varieties of anancasm and three of agapasm.

The tychastic development of thought, then, will consist in slight departures from habitual ideas in different directions indifferently, quite purposeless and quite unconstrained whether by outward circumstances or by force of logic, these new departures being followed by unforeseen results which tend to fix some of them as habits more than others. 


The anancastic development of thought will consist of new ideas adopted without foreseeing whither they tend, but having a character determined by causes either external to the mind, such as changed circumstances of life, or internal to the mind as logical developments of ideas already accepted, such as generalizations. 

 
The agapastic development of thought is the adoption of certain mental tendencies, not altogether heedlessly, as in tychasm, nor quite blindly by the mere force of circumstances or of logic, as in anancasm, but by an immediate attraction for the idea itself, whose nature is divined before the mind possesses it, by the power of sympathy, that is, by virtue of the continuity of mind; and this mental tendency may be of three varieties, as follows. First, it may affect a whole people or community in its collective personality, and be thence communicated to such individuals as are in powerfully sympathetic connection with the collective people, although they may be intellectually incapable of attaining the idea by their private understandings or even perhaps of consciously apprehending it. Second, it may affect a private person directly, yet so that he is only enabled to apprehend the idea, or to appreciate its attractiveness, by virtue of his sympathy with his neighbors, under the influence of a striking experience or development of thought. The conversion of St. Paul may be taken as an example of what is meant. Third, it may affect an individual, independently of his human affections, by virtue of an attraction it exercises upon his mind, even before he has comprehended it. This is the phenomenon which has been well called the divination of genius; for it is due to the continuity between the man's mind and the Most High.




Then, in the unpublished "A Guess at the Riddle," Peirce made a successful triadomanic move. He extended Darwin's two-step evolutionary process of random spontaneous variation followed by natural selection into a three-step process - "first, the principle of individual variation or sporting; second, the principle of hereditary transmission, which wars against the first principle; and third, the principle of the elimination of unfavorable characters." The result is not exactly tychastic-anancastic-agapastic, but it does break out the need for inheritance, which Darwin knew, but the mechanism for which which was not understood until the synthesis of Mendelian genetics in the early twentieth century and the mid-century discovery of DNA.


§6. THE TRIAD IN BIOLOGICAL
DEVELOPMENT


395. Whether the part played by natural selection and the survival of the fittest in the production of species be large or small, there remains little doubt that the Darwinian theory indicates a real cause, which tends to adapt animal and vegetable forms to their environment. A very remarkable feature of it is that it shows how merely fortuitous variations of individuals together with merely fortuitous mishaps to them would, under the action of heredity, result, not in mere irregularity, nor even in a statistical constancy, but in continual and indefinite progress toward a better adaptation of means to ends. How can this be? What, abstractly stated, is the peculiar factor in the conditions of the problem which brings about this singular consequence?

396. Suppose a million persons, each provided with one dollar, to sit down to play a simple and fair game of chance, betting for example on whether a die turns up an odd or even number. [Peirce compares the winners to the species selected by evolution]  It is easy to see that the increase of average and usual wealth comes about by the subtraction of all those small fortunes which would be in the hands of men who had once been bankrupt had they been allowed to continue betting.


397. Now the adaptation of a species to its environment consists, for the purposes of natural selection, in a power of continuing to exist, that is to say, in the power of one generation to bring forth another; for as long as another generation is brought forth the species will continue and as soon as this ceases it is doomed after one lifetime. This reproductive faculty, then, depending partly on direct fecundity, and partly on the animal's living through the age of procreation, is precisely what the Darwinian theory accounts for. This character plainly is one of those which has an absolute minimum, for no animal can produce fewer offspring than none at all and it has no apparent upper limit, so that it is quite analogous to the wealth of those players. 


It is to be remarked that the phrase "survival of the fittest" in the formula of the principle does not mean the survival of the fittest individuals, but the survival of the fittest types; for the theory does not at all require that individuals ill-adapted to their environment should die at an earlier age than others, so long only as they do not reproduce so many offspring as others; and indeed it is not necessary that this should go so far as to extinguish the line of descent, provided there be some reason why the offspring of ill-adapted parents are less likely than others to inherit those parents' characteristics. It seems likely that the process, as a general rule, is something as follows: A given individual is in some respect ill-adapted to his environment, that is to say, he has characters which are generally unfavorable to the production of numerous offspring. These characters will be apt to weaken the reproductive system of that individual, for various reasons, so that its offspring are not up to the average strength of the species. This second generation will couple with other individuals, but owing to their weakness, their offspring will be more apt to resemble the other parent, and so the unfavorable character will gradually be eliminated, not merely by diminished numbers of offspring, but also by the offspring more resembling the stronger parent. There are other ways in which the unfavorable characters will disappear. When the procreative power is weakened, there are many examples to show that the principle of heredity becomes relaxed, and the race shows more tendency to sporting. This sporting will go on until in the course of it the unfavorable character has become obliterated. The general power of reproduction thereupon becomes strengthened; with it the direct procreative force is reinforced, the hereditary transmission of characters again becomes more strict, and the improved type is hardened.

398. But all these different cases are but so many different modes of one and the same principle, which is the elimination of unfavorable characters. We see then that there are just three factors in the process of natural selection; to wit : first, the principle of individual variation or sporting; second, the principle of hereditary transmission, which wars against the first principle; and third, the principle of the elimination of unfavorable characters.


399. Let us see how far these principles correspond with the triads that we have already met with. The principle of sporting is the principle of irregularity, indeterminacy, chance. It corresponds with the irregular and manifold wandering of particles in the active state of the protoplasm. It is the bringing in of something fresh and first. The principle of heredity is the principle of the determination of something by what went before, the principle of compulsion, corresponding to will and sense. The principle of the elimination of unfavorable characters is the principle of generalization by casting out of sporadic cases, corresponding particularly to the principle of forgetfulness in the action of the nervous system. We have, then, here, a somewhat imperfect reproduction of the same triad as before. Its imperfection may be the imperfection of the theory of development.




Peirce correctly criticizes the "red in tooth and claw" view that individuals are killed off by evolution. 
 "Survival of the fittest" was coined by Herbert Spencer in 1864.


 
Peirce seems to make the question of free will into a reductio ad absurdum.


[T]he question of free-will and fate in its simplest form, stripped of verbiage, is something like this: I have done something of which I am ashamed; could I, by an effort of the will, have resisted the temptation, and done otherwise? The philosophical reply is, that this is not a question of fact, but only of the arrangement of facts. Arranging them so as to exhibit what is particularly pertinent to my question -- namely, that I ought to blame myself for having done wrong -- it is perfectly true to say that, if I had willed to do otherwise than I did, I should have done otherwise. On the other hand, arranging the facts so as to exhibit another important consideration, it is equally true that, when a temptation has once been allowed to work, it will, if it has a certain force, produce its effect, let me struggle how I may. There is no objection to a contradiction in what would result from a false supposition. The reductio ad absurdum consists in showing that contradictory results would follow from a hypothesis which is consequently judged to be false. Many questions are involved in the free-will discussion, and I am far from desiring to say that both sides are equally right. On the contrary, I am of opinion that one side denies important facts, and that the other does not. But what I do say is, that the above single question was the origin of the whole doubt; that, had it not been for this question, the controversy would never have arisen; and that this question is perfectly solved in the manner which I have indicated.



In his Fixation of Belief, Peirce set out his ideas about knowledge acquisition.


The object of reasoning is to find out, from the consideration of what we already know, something else which we do not know. Consequently, reasoning is good if it be such as to give a true conclusion from true premisses, and not otherwise. Thus, the question of validity is purely one of fact and not of thinking. A being the facts stated in the premisses and B being that concluded, the question is, whether these facts are really so related that if A were B would generally be. If so, the inference is valid; if not, not. It is not in the least the question whether, when the premisses are accepted by the mind, we feel an impulse to accept the conclusion also. It is true that we do generally reason correctly by nature. But that is an accident; the true conclusion would remain true if we had no impulse to accept it; and the false one would remain false, though we could not resist the tendency to believe in it. 


For Peirce, belief indicates the existence of a habit that will guide action. We think of it as actionable information. Doubt is quite the contrary; it inhibits action.

The feeling of believing is a more or less sure indication of there being established in our nature some habit which will determine our actions. Doubt never has such an effect. 

Doubt is an uneasy and dissatisfied state from which we struggle to free ourselves and pass into the state of belief; while the latter is a calm and satisfactory state which we do not wish to avoid, or to change to a belief in anything else. On the contrary, we cling tenaciously, not merely to believing, but to believing just what we do believe.


Thus, both doubt and belief have positive effects upon us, though very different ones. Belief does not make us act at once, but puts us into such a condition that we shall behave in some certain way, when the occasion arises. Doubt has not the least such active effect, but stimulates us to inquiry until it is destroyed. This reminds us of the irritation of a nerve and the reflex action produced thereby; while for the analogue of belief, in the nervous system, we must look to what are called nervous associations -- for example, to that habit of the nerves in consequence of which the smell of a peach will make the mouth water.


The irritation of doubt causes a struggle to attain a state of belief. I shall term this struggle inquiry, though it must be admitted that this is sometimes not a very apt designation.


The irritation of doubt is the only immediate motive for the struggle to attain belief. It is certainly best for us that our beliefs should be such as may truly guide our actions so as to satisfy our desires; and this reflection will make us reject every belief which does not seem to have been so formed as to insure this result. But it will only do so by creating a doubt in the place of that belief. With the doubt, therefore, the struggle begins, and with the cessation of doubt it ends. Hence, the sole object of inquiry is the settlement of opinion.


1. Some philosophers have imagined that to start an inquiry it was only necessary to utter a question whether orally or by setting it down upon paper, and have even recommended us to begin our studies with questioning everything! But the mere putting of a proposition into the interrogative form does not stimulate the mind to any struggle after belief. There must be a real and living doubt, and without this all discussion is idle.


2. It is a very common idea that a demonstration must rest on some ultimate and absolutely indubitable propositions. These, according to one school, are first principles of a general nature; according to another, are first sensations. But, in point of fact, an inquiry, to have that completely satisfactory result called demonstration, has only to start with propositions perfectly free from all actual doubt. If the premisses are not in fact doubted at all, they cannot be more satisfactory than they are.


3. Some people seem to love to argue a point after all the world is fully convinced of it. But no further advance can be made. When doubt ceases, mental action on the subject comes to an end; and, if it did go on, it would be without a purpose.   



In 1891, in his Monist article "The Architecture of Theories," Peirce commented on the possible universality of evolution



13. Now the only possible way of accounting for the laws of nature and for uniformity in general is to suppose them results of evolution. This supposes them not to be absolute, 'not to be obeyed precisely. It makes an element of indeterminacy, spontaneity, or absolute chance in nature.

To suppose universal laws of nature capable of being apprehended by the mind and yet having no reason for their special forms, but standing inexplicable and irrational, is hardly a justifiable position. Uniformities are precisely the sort of facts that need to be accounted for. Law is par excellence the thing that wants a reason. Now the only possible way of accounting for the laws of nature, and for uniformity in general, is to suppose them results of evolution. 



  "Everything is both similar and dissimilar to everything else" Collected Papers I, Principles of Philosophy, 1.566)

   Idealism without Materialism is void. Materialism without Idealism is blind. (Variation on the Kantian chiasmos.) 
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Evolutionary Love from Monist, vol. 3, p.176 (1892/1893)
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For Teachers
Noesis
Stanford Encyclopedia of Philosophy
Wikipedia


For Scholars
On analytic/synthetic distinctions
The truth is our ideas about the distinction between analytical and synthetical judgments is much modified by the logic of relatives, and by the logic of probable inference. An analytical proposition is a definition or a proposition deducible from definitions; a synthetical proposition is a proposition not analytical.* Deduction, or analytical reasoning, is, as I have shown in my "Theory of Probable Reasoning,"t a reasoning in which the conclusion follows (necessarily, or probably) from the state of things expressed in the premisses, in contradistinction to scientific or synthetical, reasoning, which is a reasoning in which the conclusion follows probably and approximately from the premisses, owing to the conditions under which the latter have been observed, or otherwise ascertained. The two classes of reasoning present, besides, some other contrasts that need not be insisted upon in this place. They also present some significant resemblances. Deduction is really a matter of perception and of experimentation, just as induction and hypothetic inference are; only, the perception and experimentation are concerned with imaginary objects instead of with real ones. The operations of perception and of experimentation are subject to error, and therefore it is only in a Pickwickian sense that mathematical reasoning can be said to be perfectly certain. It is so only under the condition that no error creeps into it; yet, after all, it is susceptible of attaining a practical certainty. So, for that matter, is scientific reasoning; but not so readily. Again, mathematics brings to light results as truly occult' and unexpected as those of chemistry; only they are results dependent upon the action of reason in the depths of our own consciousness, instead of being dependent, like those of chemistry, upon the action of Cosmical Reason, or Law. Or, stating the matter under another aspect, analytical reasoning depends upon associations of similarity, synthetical reasoning upon associations of contiguity. The logic of relatives, which justifies these assertions, shows accordingly that deductive reasoning is really quite different from what it was supposed by Kant to be; and this explains how it is that he and others have taken various mathematical propositions to be synthetical which in their ideal sense, as propositions of pure mathematics, are in truth only analytical.
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David Pears was a member of the ordinary language philosophy group at Oxford University in the early 1950's and 1960's. 


With Peter F. Strawson, and Mary and Geoffrey J. Warnock, while he was still a student at Christ Church, Oxford,  Pears organized a series of group discussions for the BBC Radio Third Programme. 


One of these, "Freedom and the Will," captured the state of the free-will debates in English philosophy just before Strawson was to change the subject from the question of free will versus determinism to the problem of moral responsibility with his 1962 essay, "Freedom and Resentment."

Bernard Williams wrote an introduction and a postscript to the radio programs, which were edited by Pears as the book, "Freedom and the Will.


Pears was perhaps best known for his translation, with Brian McGuiness, of Ludwing Wittgenstein's Tractatus Logico-Philosophicus. 
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  Guardian Obituary
  
[image: image-placeholder]David Pears, who has died aged 87, was an important figure in British philosophy from its heyday in Oxford after the second world war, when ordinary-language philosophy was just beginning to flourish. He helped set the parameters for the study of Ludwig Wittgenstein with his three books and many articles on the philosopher, and also wrote extensively on Bertrand Russell and David Hume, and on topics in the philosophy of mind, metaphysics and philosophy of language. 
It is less easy to pin a particular set of doctrines on him than on some of his illustrious friends and contemporaries (Peter Strawson, Michael Dummett, Elizabeth Anscombe), but the philosophy of mind would have looked different without him, and arguably, thanks to the self-effacing balance of his approach, he was "the only Wittgensteinian to get Wittgenstein right", as a fellow Wittgensteinian said. A professor at Christ Church, Oxford, Pears held visiting professorships at the University of California Los Angeles (UCLA), Berkeley, and other American universities.
He went to Westminster school, where the philosophers Richard Wollheim and Patrick Gardiner were fellow pupils and became lifelong friends. He was in the Royal Artillery during the war, and was seriously injured in a practice gas attack. On demobilisation, he studied classics at Balliol College, Oxford, and developed an interest in current philosophy thanks to a lucky accident. 
As he fled the Randolph hotel after being assaulted by a beefy baronet, Pears broke his leg, and, as he was being carried to the ambulance, grabbed a book from a friend to read in hospital. It was Wittgenstein's Tractatus Logico-Philosophicus, which, he said, changed his life, and which he later translated in collaboration with Brian McGuinness, theirs becoming the canonical version.
Marked out as brilliant from a young age, he became research lecturer at Christ Church soon after graduating in 1948, and his early papers were included in Antony Flew's collections of cutting-edge linguistic philosophy, but he was strangely diffident, and (at first) always needed a glass of Guinness and two digestive biscuits before giving a lecture. In the 1950s, he, Strawson and Mary and Geoffrey Warnock, all starting out on their philosophical careers, staged a series of debates on what was then the Third Programme, which were later adapted into three books. 
In the 1960s, he found himself "driven to the conclusion that there must be a causal connection between desire and action, because there seems to be no other theory that fits the phenomenon". Although this line went drastically against the prevalent Wittgensteinian doctrine that reasons cannot be considered causally, it soon became fashionable. Except for the odd mention of Pears, full credit for it has gone to the American philosopher Donald Davidson, who went on fully to develop the causal theory of action. This is characteristic. 
Pears was not, or never seemed to be, ambitious, apart from his desire to get to grips with problems that interested him, irrespective of glory. He pursued philosophy for its own sake wherever it led him, said a fellow academic, with total "purity of philosophical motive". For him, philosophy was an exciting joint enterprise, and far from being competitive, he loved fostering the work of students and colleagues, sending them congratulatory postcards from wherever he happened to be, although inevitably he had his quarrels too. Perhaps he never quite attained the stature expected of him, being less influential through his writing than through brilliant, witty discussion, and something of an unsung hero. He would rather self-deprecatingly say that he owed his entire intellectual achievement to his extraordinary photographic memory. 
When his book Ludwig Wittgenstein was published in 1971, Igor Stravinksy wrote to congratulate Pears on the beauty of his writing, which, wrote Bernard Williams, "combines in a very pure form the more conversational and the more formal aspects of analytic philosophy (it is rather reminiscent of a certain kind of 20th-century French music)". For Williams - they had given a fascinating seminar on identity together in the 1950s, which was described as "the high-point of philosophical activity of the time" - Pears's questions and discoveries, which were often "deliberately, and realistically, vague", were "constantly shaped ... by a project of self-understanding". 
Fascinated by paradox, expert in psychology as well as philosophy, and with an insight and empathy unusual in academic males of the time, Pears wrote brilliantly on the self, self-deception and weakness of will. Philosophers, he complains in Motivated Irrationality (1984), tend to ignore that reason "is a force that is stronger in some people than in others" and "project into ordinary thought and behaviour the rationality of their own analyses of ordinary thought and behaviour", adding, "their prejudice is common among bystanders, who forget what it is like to be a participant". 
One reason that he loved, and linked, Hume and Wittgenstein was the aspiration he ascribed to each of them of understanding humans as they are, grounded in fleshly reality. "Wittgenstein's case against philosophical theories," he writes in the second volume of The False Prison: A Study of the Development of Wittgenstein's Philosophy (1988), is "that they are postulates of reason", whereas he himself is trying to "make us see how our own linguistic devices work, simply by putting them in their place in our lives ..." 
It was exhilarating to be taught by Pears. He often took on students whom other dons were wary of, arguing that you could never tell who his students were, since they were not carrying on some line of his, but developing their own interests. Spotting nonsense was his great strength; he was a "balloon-pricker", as one friend said. With his eye for the absurd, and sense of the fantastical, he was life-enhancingly funny and a brilliant raconteur, telling stories in so frank and ingenuous a way that it was hard to tell, and hardly seemed to matter, whether they were true or not. He and Isaiah Berlin seemed to think that the whole point of life was to make one another laugh, said a friend. He knew everyone, and the gossipy part of philosophy was his meat and drink. 
He believed that he did his best work when in a good mood, and, as visiting professor to UCLA (1979), would drive to the beach each morning and sit by the sea, writing and watching people and dolphins. Passionate and erudite about art, he was influential in setting up the Christ Church Gallery. 
He and Mary Warnock shared a love of interior decoration, and scoured obscure shops for fabulous materials when given the task of decorating a philosophy hang-out by John Austin, whose famous Saturday mornings in the 1950s they both attended. Before his marriage to Anne Drew in 1963, he and the Warnocks would go on holiday together in Italy, the Warnock children finding him hilarious, and he taking them completely seriously. 
His own idyllic childhood summer holidays in a house near Salcombe in south Devon (which he tried to recreate for his son and daughter) left him with a love for botany and of studying butterflies and moths. He inherited a butterfly collection from an uncle, which he considerably added to, until, dismayed by seeing the light fade from a moth's eye, he decided not to kill them, but to photograph them instead. He used to dispatch male Emperor moths from his house near Oxford to mate with females in the garden of Patrick and Susan Gardiner, three miles away - and it worked. 
Skilled at cooking, gardening and carpentry, he was always practical and quick-witted - when he arrived at the scene of a car accident in the High, Oxford's high street, he instantly tore up his shirt into bandages while his philosopher companions merely dithered. Always, perhaps, he was trying to follow the advice of his beloved Hume: "Be a philosopher but, amid your philosophy, be still a man." He is survived by Anne and his children. 
• David Francis Pears, philosopher, born 8 August 1921; died 1 July 2009
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  Derk Pereboom offers a "hard incompatibilism" that makes both free will and moral responsibility incompatible with determinism. Although Pereboom claims to be agnostic about the truth of determinism, he argues that we should admit there is neither human freedom nor moral responsibility and that we should learn to live without free will.

He is close to a group of thinkers who share a view that William James called "hard determinism," including Richard Double, Ted Honderich, Saul Smilansky, Galen Strawson, and the psychologist Daniel Wegner.


Some of them call for the recognition that "free will is an illusion."


But note that Pereboom's "hard incompatibilism" is not only the case if determinism is true. He argues that it is equally the case if indeterminism is true. Pereboom says that neither provides the control needed for moral responsibility. This is the standard argument against free will. As Pereboom states his view:


 I argue for a position closely related to hard determinism. Yet the term "hard determinism" is not an adequate label for my view, since I do not claim that determinism is true. As I understand it, whether an indeterministic or a deterministic interpretation of quantum mechanics is true is currently an open question. I do contend, however, that not only is determinism incompatible with moral responsibility, but so is the sort of indeterminacy specified by the standard interpretation of quantum mechanics, if that is the only sort of indeterminacy there is. 

(Living Without Free Will, p.xviii)

I will grant, for purposes of argument, that event-causal libertarianism allows for as much responsibility-relevant control as compatibilism does. I shall argue that if decisions were indeterministic events of the sort specified by this theory, then agents would have no more control over their actions than they would if determinism were true, and such control is insufficient for responsibility.


(Living Without Free Will, p.46)



In his 1995 essay stating the case for "Hard Incompatibilism," Pereboom notes...
   

The demographic profile of the free will debate reveals a majority of soft determinists, who claim that we possess the freedom required for moral responsibility, that determinism is true, and that these views are compatible. Libertarians, incompatibilist champions of the freedom required for moral responsibility, constitute a minority. Not only is this the distribution in the contemporary philosophical population, but in Western philosophy has always been the pattern. Seldom has hard determinism — the incompatibilist endorsement of determinism and rejection of the freedom required for moral responsibility — been defended.

One would expect hard determinism to have few proponents, given its apparent renunciation of morality. I believe, however, that the argument for hard determinism is powerful, and furthermore, that the reasons against it are not as compelling as they might at first seem.


The categorization of the determinist position by 'hard' and 'soft' masks some important distinctions, and thus one might devise a more fine-grained scheme. Actually, within the conceptual space of both hard and soft determinism there is a range of alternative views. The softest version of soft determinism maintains that we possess the freedom required for moral responsibility, that having this sort of freedom is compatible with determinism, that this freedom includes the ability to do otherwise than what one actually will do, and that even though determinism is true, one is yet deserving of blame upon having performed a wrongful act. The hardest version of hard determinism claims that since determinism is true, we lack the freedom required for moral responsibility, and hence, not only do we never deserve blame, but, moreover, no moral principles or values apply to us. But both hard and soft determinism encompass a number of less extreme positions. The view I wish to defend is somewhat softer than the hardest of the hard determinisms, and in this respect it is similar to some aspects of the position recently developed by Ted Honderich. In the view we will explore, since determinism is true, we lack the freedom required for moral responsibility. But although we therefore never deserve blame for having performed a wrongful act, most moral principles and values are not thereby undermined. 
(Noûs 29, 1995, reprinted in Free Will, ed. D. Pereboom, 1997, p.242) 
   



  Pereboom concludes:
   
   Given that free will of some sort is required for moral responsibility, then libertarianism, soft determinism, and hard determinism, as typically conceived, are jointly exhaustive positions (if we allow the "deterministic" positions the view that events may result from indeterministic processes of the sort described by quantum mechanics). Yet each has a consequence that is difficult to accept. 

If libertarianism were true, then we would expect events to occur that are incompatible with what our physical theories predict to be overwhelmingly likely. 


If soft determinism were true, then agents would deserve blame for their wrongdoing even though their actions were produced by processes beyond their control. 


If hard determinism were true, agents would not be morally responsible — agents would never deserve blame for even the most cold-blooded and calmly executed evil actions. 


I have argued that hard determinism could be the easiest view to accept. Hard determinism need not be of the hardest sort. It need not subvert the commitment to doing what is right, and although it does undermine some of our reactive attitudes, secure analogues of these attitudes are all one requires for good interpersonal relationships. 


Consequently, of the three positions, hard determinism might well be the most attractive, and it is surely worthy of more serious consideration than it has been accorded. (p.272)
   



Pereboom distinguishes two libertarian positions, agent-causal and event-causal. While his agent-causal positions involve metaphysical freedom if not immaterial substance, his event-causal views assume that indeterminism is the direct or indirect cause of the action. He then traces decisions determined by character back to early character-forming events. Since they are always in turn either themselves determined, or at best indetermined, we can not be responsible for our characters either. This is the same regress as in Galen Strawson's Basic Argument. 
   

   According to the libertarian, we can choose to act without being causally determined by factors beyond our control, and we can therefore be morally responsible for our actions. Arguably, this is the common-sense position. Libertarian views can be divided into two categories. 

In agent causal libertarianism, free will is explained by the existence of agents who can cause actions not by virtue of any state they are in, such as a belief or a desire, but just by themselves — as substances. Such agents are capable of causing actions in this way without being causally determined to do so. In an attractive version of agent-causal theory, when such an agent acts freely, she can be inclined but not causally determined to act by factors such as her desires and beliefs. But such factors will not exhaust the causal account of the action. The agent herself, independently of these factors, provides a fundamental element. Agent-causal libertarianism has been advocated by Thomas Reid, Roderick Chisholm, Richard Taylor, Randolph Clarke, and Timothy O'Connor. Perhaps the views of William of Ockham and Immanuel Kant also count as agent-causal libertarianism. 


In the second category, which I call event-causal libertarianism, only causation involving states or events is permitted. Required for moral responsibility is not agent causation, but production of actions that crucially involves indeterministic causal relations between events. The Epicurean philosopher Lucretius provides a rudimentary version of such a position when he claims that free actions are accounted for by uncaused swerves in the downward paths of atoms. Sophisticated variants of this type of libertarianism have been developed by Robert Kane and Carl Ginet. 

(Living Without Free Will, p.xv) 


On Ginet's and Kane's conceptions, are free choices indeed partially random events (or perhaps even totally random events on Ginet's account) for which agents cannot be morally responsible? At this point, one might suggest that there is an additional resource available to bolster Ginet's and Kane's account of morally responsible decision. For convenience, let us focus on Kane's view (I suspect that Ginet's position will not differ significantly from Kane's on this issue). One might argue that in Kane's conception, the character and motives that explain an effort of will need not be factors beyond the agent's control, since they could be produced partly as a result of the agent's free choices. Consequently, it need not be that the effort, and thus the choice, is produced solely by factors beyond the agent's control and no further contribution of the agent. But this move is unconvincing. To simplify, suppose that it is character alone, and not motives in addition, that explains the effort of will. Imagine first that the character that explains the effort is not a product of the agent's free choices, but rather that there are factors beyond his control that determine this character, or nothing produces it, or factors beyond his control contribute to the production of the character without determining it and nothing supplements their contribution to produce it. Then, by incompatibilist standards, the agent cannot be responsible for his character. But in addition, neither can he be responsible for the effort that is explained by the character, whether this explanation is deterministic or indeterministic. If the explanation is deterministic, then there will be factors beyond the agent's control that determine the effort, and the agent will thereby lack moral responsibility for the effort. If the explanation is indeterministic, given that the agent's free choice plays no role in producing the character, and nothing besides the character explains the effort, there will be factors beyond the agent's control that make a causal contribution to the production of this effort without determining it, while nothing supplements the contribution of these factors to produce the effort. Here, again, the agent cannot be morally responsible for the effort.


However, prospects for moral responsibility for the effort of will not improved if the agent's character is partly a result of his free choices. For consider the first free choice an agent ever makes. By the above argument, he cannot be responsible for it. But then he cannot be responsible for the second choice either, whether or not the first choice was character-forming. If the first choice was not character-forming, then the character that explains the effort of will for the second choice is not produced by his free choice, and then by the above argument, he cannot be morally responsible for it. Suppose, alternatively, that the first choice was character-forming. Because the agent cannot be responsible for the first choice, he also cannot be responsible for the resulting character formation. But then, by the above argument, he cannot be responsible for the second choice either. Since this type of reasoning can be repeated for all subsequent choices, Kane's agent can never be morally responsible for effort of will.


Given that such an agent can never be morally responsible for his efforts of will, neither can he be responsible for his choices. For in Kane's picture, there is nothing that supplements the contribution of the effort of will to produce the choice. Indeed, all free choices will ultimately be partially random events, for in the final analysis there will be factors beyond the agent's control, such as his initial character, that partly produce the choice, while there will be nothing that supplements their contribution in the production of the choice, and by the most attractive incompatibilist standard, agents cannot be responsible for such
partially random events. 

(Living Without Free Will, p.48-50) 
   


In a contribution to Essays on Free Will and Moral Responsibility, edited by Nick Trakakis and Daniel Cohen, 2008, Pereboom summarizes his case for "Hard Incompatibilism,"

According to the hard incompatibilist position I advocate, we would not
have the sort of free will required for moral responsibility if determinism
were true. We would also lack this sort of free will if indeterminism were
true and the causes of our actions were exclusively states or events. If the
causes of our actions were exclusively states or events, indeterministic
causal histories of actions would be as threatening to this kind of free will
as deterministic histories are. However, it might well be that if we were
undetermined agent-causes — if we as substances had the power to cause
decisions without being causally determined to cause them — we would
then have this sort of free will. But although our being undetermined
agent-causes has not been ruled out as a coherent possibility, it is not
credible given our best physical theories. Thus we need to take seriously
the prospect that we are not free in the sense required for moral
responsibility.


Here Pereboom uses the standard agrument against free will

Pereboom does not see that some event acausality must be a prerequisite for the agent causality he says might be a coherent description of free will.


Genuinely random, uncaused events could contribute to alternative possibilities for thoughts and actions. But Pereboom does not think alternative possibilities are needed for moral responsibility. 

 
He introduces a technical distinction between source and leeway incompatibilism that parallels John Martin Fischer's distinction between the actual sequence of events in a decision and any alternative sequences that depend on the existence of alternative possibilities. Fischer says the alternative possibilities may generate "flickers of freedom," But he seems convinced by Harry Frankfurt's thought experiments that show alternative possibilities are not needed to establish free will.


Pereboom says:


In metaphysical terms, the sort of free will required for moral responsibility does not consist most fundamentally in the availability of alternative possibilities, but rather in the agent’s being the causal source of her action in a specific way. Accordingly, I advocate source as opposed to leeway incompatibilism.

(Essays on Free Will and Moral Responsibility, p.1)



If indeterministic events merely generate alternative possibilities for action and in no way are the direct cause of actions as Pereboom fears, then agents can adequately determine their own decisions consistently with their character and values. Their character in turn is formed by all their earlier decisions and actions, which also were not pre-determined since the causal chain was broken by the existence of free alternative possibilities.

Pereboom's Four-Case Argument


Pereboom developed a well-known argument in defense of his hard-incompatibilist views, one which is a variation of the Manipulation Argument.

The Four-Case Argument is only meant to enhance the intuition of lost agential control, in order to support the fundamental Determinism Objection in the standard argument against free will. 


Since the manipulators are only hypothetical and unreal, Pereboom uses them only to lend weight to the case for hard incompatibilism, which he defends whether or not determinism is true since he is agnostic.


In Case 1 evil neuroscientists build a humanoid with remote radio controls in its brain and cause it to murder someone.  In Case 2 they create a humanoid with a computer for a brain and program it to be a murderer. In Case 3 a real human is conditioned by rigorous behavior modifications to become a murderer. And in Case 4 the murderer is a normal human being who grew up in a world where physical determinism is true, so becoming a murderer is the end result of reason-responsive deliberations. 


Pereboom wants us to transfer our likely conclusions that the agent is not responsible in Cases 1-3 to Case 4, where ultimate causes for the agent's action are  traceable to events beyond his control, what Pereboom calls the Causal History Principle. 


Pereboom's clever argument seems unlikely to convince confirmed compatibilists who already are comfortable with causal determinism. They know how to excuse moral responsibility in the case of real manipulations or other non-agential factors like coercion, addiction, hypnosis, etc. 
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   H. A. Prichard advanced David Hume's classic argument that we cannot derive "ought" from "is." No study of how the world is (knowledge, and specifically, science) can tell us how the world ought to be (more specifically how we should behave).

Even if we could establish a universal objective good (see our Ergo), we cannot logically claim, or convincingly argue, that we must "do" good.


In his 1912 essay "Does Moral Philosophy Rest on a Mistake?", Prichard said we cannot proceed from non-normative premises to a normative conclusion. Moral obligations are natural common sense attitudes that are self evident and that we self-impose. This is Hume's "naturalism." 


Prichard argues that no rational or logical proof is available to justify a moral obligation. 


Moreover, he says the search for justification in ethics is as futile as the search for ultimate justification in epistemology.


If we reflect on our own mental history or on the history of the subject, we feel no doubt about the nature of the demand which originates the subject. Any one who, stimulated by education, has come to feel the force of the various obligations in life, at some time or other comes to feel the irksomeness of carrying them out, and to recognise the sacrifice of interest involved; and, if thoughtful, he inevitably puts to himself the question: "Is there really a reason why I should act in the ways in which hitherto I have thought I ought to act? May I not have been all the time under an illusion in so thinking? Should not I really be justified in simply trying to have a good time?" Yet, like Glaucon, feeling that somehow he ought after all to act in these ways, he asks for a proof  that this feeling is justified. In other words, he asks "Why should I do these things?" and his and other people's moral philosophising is an attempt to supply the answer, i.e. to supply by a process of reflexion a proof of the truth of what and they have prior to reflexion believed immediately or without proof. 

This frame of mind seems to present a close parallel the frame of mind which originates the Theory of Knowledge. Just as the recognition that the doing of our duty often vitally interferes with the satisfaction of our inclinations leads us to wonder whether we really ought to do what we usually call our duty, so the recognition that we and others are liable to mistakes in knowledge generally leads us, as it did Descartes, to wonder whether hitherto we may not have been always mistaken. And just as we try to find a proof, based on the general consideration of action and of human life, that we ought to act in the ways usually called moral, so we, like Descartes, propose by a process of reflexion on our thinking to find a test of knowledge, i.e.  a principle by applying which we can show that a certain condition of mind was really knowledge, a condition which ex hypothesi existed independently of the process of reflexion. 



Prichard was a realist about the external world. He said:

"Knowledge unconditionally presupposes that the reality
known exists independently of the knowledge of it, and that
we know it as it exists in this independence.";
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  In 1967 Hilary Putnam claimed to prove that the universe is deterministic (indeed pre-determined) using an argument from special relativity. A similar argument had been published a year earlier by C. W. Rietdijk. And many years later, in his 1989 book The Emperor's New Mind, Roger Penrose developed this idea as what is called the "Andromeda Paradox." Even more recently, Michael Lockwood and Michael Levin have defended similar views.

Putnam, famous for his various theories about "realism," claims that future events are already "real." This is a "tenseless" view of the future, like that of J. J. C. Smart's block universe of special relativity.  


Putnam discusses the related problems of the truth of "future contingents" and Aristotle's famous "sea-battle." Also see Diodorus Cronus's Master Argument.


Putnam's argument depends on paradoxes (the most famous being the twin paradox) that are the results of moving observers having different ideas about what events in their view correspond to "now." They have different "planes of simultaneity." "Now" means they have synchronized their clocks according to Einstein's famous procedure.


A moving observer B thinks some event in his plane of simultaneous events is in B's future. At the same (cosmic time) moment, an observer A thinks that B is in his (A's) plane of simultaneity.


But this is not a transitive relation. Just because A sees B as his "now" and B sees an event in A's future as B's "now" does not make the event in A's future "now" for A.


Putnam says
   

(1) All (and only) things that exist now are real.

Future things (which do not already exist) are not real (on this
view); although, of course they will be real when the appropriate time
has come to be the present time. Similarly, past things (which have
ceased to exist) are not real, although they were real in the past.


If we assume classical physics and take the relation R
to be the relation of simultaneity, then, on the view (1), it is true that
all and only the things that stand in the relation R to me-now are real.


We now discover something really remarkable. Namely, on every
natural choice of the relation R, it turns out that future things (or
events) are already real!"
   

 
To accomplish this sophistical argument, Putnam has to assume observers moving relative to one another faster than the speed of light.  He says

you-now and I-now are at the same
place now, but moving with relative velocities which are very large
(relative to the speed of light, which I take to be = 1). Thus, our
world-lines look as shown in figure 1 (I have also drawn our "lightcone"
for the purpose of the later discussion):
[image: image-placeholder]

It is well known that, as a consequence of Special
Relativity, there are events which lie in "the future" according to my
coordinate system and which lie in the "present" of you-now according
to your coordinate system. Since these things stand in the relation
R to you-now, and you-now are real, and it was assumed that all and
only the things that stand in the relation R to me-now are real, the
principle III requires that I call these future things and events real!
(But, actually, I now have a contradiction: for these future things do
not stand in the relation R to me-now, and so my assumption that all
and only the things that stand in this relation R to me-now are real
was already inconsistent with the principle that There Are No Privileged
Observers.)


The difficulty is obvious: what the principle that There Are No
Privileged Observers requires is simply that the relation R be transitive;
i.e., that it have the property that from xRy and yRz it follow
that xRz. Simultaneity-in-my-coordinate-system has this property,
since if x is simultaneous with y in my coordinate system, and y is simultaneous with z in my coordinate system, then x is also simultaneous
with z in my coordinate system; but simultaneity-in-my-coordinate
system is not admissible as a choice of R, because it depends on
the coordinate system. And the relation "x is simultaneous with y in
the coordinate system of x" (which is essentially the relation we just
considered), while admissible, is not transitive, since, if I-now am simultaneous with you-now in the coordinate system of me-now, and
you-now are simultaneous with event X in the coordinate system of
you-now, it does not follow that I-now am simultaneous with event X
in the coordinate system of me-now.


Now then, if we combine the fact that the relation R is required by
iii to be transitive with our desire to preserve the following principle,
which is one-half of (1):


(2) All things that exist now are real.


-then we quickly see that future things must be real.


For, if the relation R satisfies (2)-and I take (2) to mean (at least
when I assert it) that all things that exist now according to my coordinate
system are real-and you-now are as in figure 1, then you-now
must stand in the relation R to me-now, since you exist both now and
here. But, if the relation R always holds between all the events that
are on some one "simultaneity line" in my coordinate system and meat-
the-appropriate-time, then (since the laws of nature are invariant
under Lorentz transformation, by the principle of Special Relativity),
the relation R must also hold between all the events on some one
"simultaneity-line" in any observer's coordinate system and that-observer-
at-the-appropriate-time. Hence, all the events that are simultaneous
with you-now in your coordinate system must also bear the relation
R to you-now. Let event X be one such event which is "in the
future" according to my coordinate system (if our velocities are as
shown in figure 1, then such an event X must always exist). Then,
since the event X bears the relation R to you-now, and you-now bear
the relation R to me-now, the event X bears the relation R to me-now.
But we chose R to be such that all and only those events which bear R
to me-now are real. So the event X, which is a future event according
to my coordinate system, is already real!



I conclude that the problem of the reality and the determinateness
of future events is now solved. Moreover, it is solved by physics and
not by philosophy. We have learned that we live in a four-dimensional
and not a three-dimensional world, and that space and time or,
better, space-like separations and time-like separations - are just
two aspects of a single four-dimensional continuum with a peculiar
metric which sometimes permits distance (y, x) = 0 even when x ≠ y.
Indeed, I do not believe that there are any longer any philosophical
problems about Time; there is only the physical problem of determining
the exact physical geometry of the four-dimensional continuum
that we inhabit.


In this paper I have talked only about the relativistic aspects of the
problem of physical time: there is, of course, also the problem of thermodynamics, and whether the Second Law does or does not explain
the existence of "irreversible" processes (the so-called "problem of the
direction of time"), and the problem of the existence or nonexistence
of true irreversibilities in quantum mechanics, which, I gather, is currently under hot discussion. I have not talked about these problems.



Although Putnam's principle that There Are No Privileged Observers is correct, there may exist preferred frames of reference that suggest solutions to some important problems, for example, the EPR Paradox.

Entanglement is a mysterious quantum phenomenon that seems capable of transmitting information over vast distances faster than the speed of light, a property called non-locality, first seen by Albert Einstein in 1905. Information physics shows that although information about probability (actually, about possibilities) comes into existence simultaneously at space-like separated points, no faster-than-light signaling is possible, since neither matter nor energy is transmitted. 


The mysterious "collapse" of the wave function is a question about possibilities, probabilities, and actuality. 


The collapse of the two-particle wave function in the EPR experiment is the same mystery as the one in the two-slit experiment, except that now there are two particles and they  appear instantly and simultansously, despite their space-like separation. This can be seen by reformulating the EPR paradox using a preferred frame of reference in which the source of the entangled particles and the observers are at rest.


Almost every presentation of the EPR paradox begins with something like "Alice observes one particle..." and concludes with the question "How does the second particle get the information needed so that Bob's measurements correlate perfectly with Alice?"


There is a fundamental asymmetry in this framing of the EPR experiment. It is a surprise that Einstein, who was so good at seeing deep symmetries, did not consider how to remove the asymmetry.


Consider this reframing: Alice's measurement collapses the two-particle wave function. The two indistinguishable particles simultaneously appear at locations in a space-like separation. The frame of reference in which the source of the two entangled particles and the two experimenters are at rest is a preferred frame in the following sense.


As Einstein and Putnam knew very well, there are frames of reference moving with respect to the laboratory frame of the two observers in which the time order of the events can be reversed. In some moving frames Alice measures first, but in others Bob measures first. 


If there is a preferred frame of reference, surely it is the one in which the origin of the two entangled particles is at rest. Assuming that Alice and Bob are also at rest in this preferred frame and equidistant from the origin, we arrive at the simple picture in which any measurement that causes the two-particle wave function to collapse makes both particles appear simultaneously at determinate places (just what is needed to conserve energy, momentum, angular momentum, and spin).


[image: image-placeholder]


In the two-particle case (instead of just one particle making an appearance), when either particle is measured, we know instantly those properties of the other particle that satisfy the conservation laws, including its location equidistant from, but on the opposite side of, the source, and its other properties such as spin.


Let's look at an animation of the two-particle wave function expanding from the origin and what happens when, say, Alice makes a measurement.


[image: image-placeholder]


We can also ask what happens if Bob is not at the same distance from the origin as Alice. This introduces a positional asymmetry. But there is still no time asymmetry from the point of view of the two-particle wave function collapse. 


When Alice detects the particle (with say spin up), at that instant the other particle also becomes determinate (with spin down) at the same distance on the other side of the origin. It now continues, in that determinate state, to Bob's measuring apparatus.




Einstein asked whether the particle has a determinate position just before it is measured. Probably not, but we can say that before Bob's measurement the electron spin was determined from the moment the two-particle wave function collapsed. Recall that the two-particle wave function describing the indistinguishable particles cannot be separated into a product of two single-particle wave functions. When either particle is measured, they both become determinate. 
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Huw Price was born in Oxford, England and was a professor of logic and metaphysics at Edinburgh. But he developed his original philosophical ideas in Australia as professor of philosophy at the University of Sydney. There he directed the Centre for Time and proposed that physicists and philosophers look at the world from the perspective of an "Archimedean point" outside space and time that provides a symmetric view of the past and the future.


Price's ideas are inspired by the "block universe" of Einstein-Minkowski special relativity. A generation before Price was in Sydney, Australian philosopher J. J. C. Smart developed a "tenseless" theory of space and time and maintained that there is but one possible future. 


Smart was one of the original architects of the standard argument against free will and Price developed an argument based on the work of John Bell that giving up free will (what Niels Bohr and Werner Heisenberg called the  "free choice" of the experimenter) could remove a conflict between special relativity and the measurements of entangled systems in which something appears to be traveling faster than the speed of light.


The free choice of the experimenter was explored by John Conway and Simon Kochen. They claim that if free choice exists, it shows that atoms themselves must have free will, something they call the Free Will Theorem. 




In his 1996 book, Time's Arrow and Archimedes' Point, Price proposes an Archimedean point "outside space and time" as a solution to the problem of nonlocality in the Bell experiments in the form of an "advanced action." 

John Bell, and more recently, following Bell, Nicholas Gisin and Antoine Suarez claim that something might be coming from "outside space and time" to correlate the results in the spacelike-separated experimental tests of Bell's Theorem.


Rather than a "superdeterministic" common cause coming from "outside space and time" (as proposed by Bell, Gisin, Suarez, and others), Price argues that there might be a cause coming backwards in time from some interaction in the future. Roger Penrose and Stuart Hameroff have also promoted this idea of "backward causation," sending information backward in time in the Libet experiments and in the EPR experiments.


John Cramer's Transactional Interpretation of quantum mechanics and other Time-Symmetric Interpretations like that of Yakir Aharonov and K. B Wharton also search for Archimedean points "outside space and time."


But there is another way to get a time-symmetric point of view that resolves the EPR paradox of "influence" traveling faster than the speed of light. In his chapter on John Bell in Time's Arrow..., Price cites a BBC interview in which Bell suggested that a preferred frame of reference might help to explain nonlocality and entanglement.
 



A Preferred Frame?



[Davies] Bell's inequality is, as I understand it, rooted in two assumptions: the
first is what we might call objective reality - the reality of the external
world, independent of our observations; the second is locality, or
non-separability, or no faster-than-light signalling. Now, Aspect's
experiment appears to indicate that one of these two has to go. Which
of the two would you like to hang on to?
[Bell] Well, you see, I don't really know. For me it's not something
where I have a solution to sell! For me it's a dilemma. I think it's
a deep dilemma, and the resolution of it will not be trivial; it will
require a substantial change in the way we look at things. But I
would say that the cheapest resolution is something like going
back to relativity as it was before Einstein, when people like
Lorentz and Poincare thought that there was an aether - a
preferred frame of reference - but that our measuring instruments
were distorted by motion in such a way that we could not 
detect motion through the aether. Now, in that way you can
imagine that there is a preferred frame of reference, and in this
preferred frame of reference things do go faster than light. But
then in other frames of reference when they seem to go not only
faster than light but backwards in time, that is an optical illusion.
  


The standard explanation of entangled particles usually begins with an observer A, often called Alice, and a distant observer B, known as Bob. Between them is a source of two entangled particles. The two-particle wave function describing the indistinguishable particles cannot be separated into a product of two single-particle wave functions.


The problem of faster-than-light signaling arises when Alice is said to measure particle A and then puzzle over how Bob's (later) measurements of particle B can be perfectly correlated, when there is not enough time for any "influence" to travel from A to B. 


Price describes the problem (p.202):


"the results of measurement on one particle enable us to predict the results of corresponding measurements on the other particle. For example, we might predict the position of particle 1 by measuring the position of particle 2, or predict the momentum of particle 2 by measuring the momentum of particle 1.


Like Price's description, Bell's own description of the process shows a mistaken bias toward assuming first one measurement is made, and the other measurement is made later.


If measurement of the component σ1 • a, where a is some unit vector, yields the value + 1 then, according to quantum mechanics, measurement of σ2 • a must yield the value — 1 and vice versa... Since we can predict in advance the result of measuring any chosen component of σ2, by previously measuring the same component of σ1, it follows that the result of any such measurement must actually be predetermined. 


Since the collapse of the two-particle wave function is indeterminate, nothing is pre-determined, although σ2 is indeed determined once σ1 is measured. 


But note that Price's formulation is nicely symmetric. Measurement 1 can influence measurement 2, and measurement 2 can influence measurement 1. How can this be? Can we see how time asymmetry mistakenly enters the description and is the source of the EPR paradox? 


As John Bell knew very well, there are frames of reference moving with respect to the laboratory frame of the two observers in which the time order of the events can be reversed. In some moving frames Alice measures first, but in others Bob measures first. 


If there is a preferred frame of reference (we might call it a special frame to avoid confusion with relativity?), surely it is the one in which the origin of the two entangled particles is at rest. Assuming that Alice and Bob are also at rest in this preferred frame and equidistant from the origin, we arrive at the simple picture in which any measurement that causes the two-particle wave function to collapse makes both particles appear simultaneously at determinate places (just what is needed to conserve energy, momentum, angular momentum, and spin).


[image: image-placeholder]


In the two-particle case (instead of just one particle making an appearance), when either particle is measured, we know instantly those properties of the other particle that satisfy the conservation laws, including its location equidistant from, but on the opposite side of, the source, and its other properties such as spin.


Let's look at an animation of the two-particle wave function expanding from the origin and what happens when, say, Alice makes a measurement.


[image: image-placeholder]


We can also ask what happens if Bob is not at the same distance from the origin as Alice. This introduces a positional asymmetry. But there is still no time asymmetry from the point of view of the two-particle wave function collapse. 


When Alice detects the particle (with say spin up), at that instant the other particle also becomes determinate (with spin down) at the same distance on the other side of the origin. It now continues, in that determinate state, to Bob's measuring apparatus.






In his Time's Arrow... book, Price reviews three basic arrows of time, the thermodynamic arrow, the radiation arrow, and the cosmological arrow. He describes Ludwig Boltzmann's statistical derivation of the second law of thermodynamics based on his H-Theorem, which predicts that entropy will increase (symmetrically) in both the future and the past from a given present entropy that is not equilibrium. He likes Boltzmann's speculation that the direction of time may be only subjective.



Apart from this speculation, Boltzmann and most other physicists assume that the second law is time asymmetric, that entropy always increases in the future. Price says that their assumption contains a fallacy that he calls a "double standard." 
   
In the late nineteenth century, as
thermodynamics came to be addressed in terms of the symmetric framework
of statistical mechanics, the puzzle just described came slowly into view:
where does the asymmetry of the second law come from? I shall explain
how, as this problem came into view, it produced the first examples of a
kind of fallacy which has often characterized attempts to explain temporal
asymmetry in physics. This fallacy involves a kind of special pleading, or
double standard. It takes an argument which could be used equally well
in either temporal direction and applies it selectively, in one direction but
not the other. Not surprisingly, this biased procedure leads to asymmetric
conclusions. Without a justification for the bias, however, these conclusions
tell us nothing about the origins of the real asymmetry we find in the world.   


The cosmologist Thomas Gold once suggested that the expansion of the universe might eventually turn around and contract back to a state of low entropy like the beginning of the universe. Price explores what he calls "Gold universes." But he finds what he calls a "basic dilemma," a conflict between Gold's view and certain initial conditions for the universe.



The question arises, would the reversal of time be the same as reversing the instantaneous directions (momenta) of the individual microscopic particles?


Beyond the thermodynamic, radiation, and cosmological arrows, Price considers microscopic processes like the interaction of matter and radiation.  He proposes an "innocence" principle when we assume that interacting systems have no previous correlations that might allow entropy to decrease. Macroscopic innocence is assumed for example in the case of a wine glass shattering. The apparent entropy decrease in a time-reversed movie of the wine glass involves correlations in the motions of the glass shards, the energy carried away from the breaking glass, etc.

Microscopic innocence assumes that when quantum particles approach one another in a collision that there is no information in their paths that biases them to behave in other than the probabilities predicted by quantum mechanics. Ludwig Boltzmann and E.H. Culverwell called this the hypothesis of molecular disorder. In other places, Price calls this the Principle of the Independence of Incoming Influences.


Price looks at the very simple example of a photon interacting with a polarizer. If at some time in the past the photon had been already polarized vertically, then its chances of passing through a horizontal polarizer now are nil and its probability of passing through a vertical polarizer are unity (P = 1, or certainty). (Wolfgang Pauli called it a measurement of the first kind when a system is prepared (by a measurement) in a known state and then measured again to see if it is in the same state.) A polarized photon has what Price might call a dependence on an incoming influence.


Price sees Albert Einstein's 1905 insight that electromagnetic radiation is particle-like to be foundational. And he says it is ironic that a generation later, Einstein's dream of a more realistic and more complete theory (based on a continuous field theory) was viewed as reactionary. Einstein's idea of an objective world existing independently of human observers was rejected by the Copenhagen Interpretation of Bohr and Heisenberg, which made quantum physics dependent on the mind of the observer. 

In a recent paper on the arrow of radiation, Price discusses the thermodynamic arrow as the consequence of initial conditions, which could equally well be final conditions. He reviews 
Ludwig Boltzmann's work
  
   

To illustrate 
Boltzmann’s approach, think of a large collection of gas molecules, isolated
in a box with elastic walls. If the motion of the molecules is governed by
deterministic laws, a specification of the microstate of the system at any one time
uniquely determines its entire trajectory. The key to Boltzmann’s approach is
that in the overwhelming majority of possible trajectories, the system spends the
overwhelming majority of the time in a high entropy macrostate — among other
things, a state in which the gas is dispersed throughout the container.

Importantly, there is no temporal bias in this set of possible trajectories.
Each possible trajectory is matched by its time-reversed twin, just as Loschmidt
had pointed out, and the Boltzmann measure respects this symmetry. Asymmetry
arises only when we apply a low entropy condition at one end. For example,
suppose we stipulate that the gas is confined to some small region at the initial
time 
  
    t
    
      0
    
  
. Restricted to the remaining trajectories, the Boltzmann measure now
provides a measure of the likelihood of the various possibilities consistent with
this boundary condition. Almost all trajectories in this remaining set will be
such that the gas disperses after 
  
    t
    
      0
    
  
. The observed behaviour is thus predicted
by the time-symmetric measure, once we conditionalise on the low entropy condition
at 
  
    t
    
      0
    
  
.


On this view, then, there’s no time-asymmetric factor which causes entropy
to increase in one direction. This is simply the most likely thing to happen,
given the combination of the time-symmetric Boltzmann probabilities and the
single low entropy restriction in the past. This ‘boundary condition’ is time asymmetric,
so far as we know, but it is the only time-asymmetry in play,
according to Boltzmann’s approach...


One more point about the particle case, before we return to radiation. Because
Boltzmann’s one-asymmetry approach traces the observed asymmetry of
thermodynamics entirely to the low entropy initial condition, it doesn’t provide
a statistical argument against the existence of a similar final condition. On the
contrary: within the abstract framework of Boltzmann’s approach, the issue as
to whether there is such a future low entropy boundary condition is effectively
the same as the question whether the time-symmetric Boltzmann measure is
reliable towards the future, in the way in which it turns out not to be reliable
towards the past – so we certainly can’t appeal to the Boltzmann measure itself
to settle the issue!
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In classical mechanics and quantum mechanics, the problem is how can macroscopic irreversibility emerge when the microscopic laws of physics are time reversible.
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  Popper wrote extensively on the problem of determinism and free will, researched many earlier thinkers on the subject, and formulated his own "evolutionary" model of free will. In his Arthur Holly Compton lecture, Of Clouds and Clocks, delivered at Washington University in St. Louis in April 1965, he noted that earlier thinkers had seen the only alternative to determinism as chance. 

This is the classic argument against free will, that it comes to a stark choice between determinism or indeterminism.

Hume found nothing between chance and necessity, and Eddington had said, there is "no halfway house" between randomness and determinism.


But note that Popper may have been inspired by Arthur Holly Compton himself, who said an "act of choice [adds] a factor not supplied by the physical conditions...determining what will occur." See Compton's Atlantic Monthly article.


In his dialogues with John Eccles, (The Self and Its Brain, 1977), at first Popper dismissed quantum mechanics as being no help with free will, but later describes a two-stage model that parallels Darwinian evolution, with genetic mutations being probabilistic and involving quantum uncertainty.
  


"People who do not agree with determinism are 
usually viewed with suspicion by rationalists who are afraid that if we accept 
indeterminism, we may be committed to accepting the doctrine of Free Will, 
and may thus become involved in theological arguments about the Soul and 
Divine Grace. I usually avoid talking about free will, because I am not clear 
enough about what it means, and I even suspect that our intuition of a free 
will may mislead us. Nevertheless, I think that determinism is a theory which 
is untenable on many grounds, and that we have no reason whatever to accept 
it. Indeed, I think that it is important for us to get rid of the determinist 
element in the rationalist tradition. It is not only untenable, but it creates endless trouble for us. It is, for this reason, important to realize that indeterminism - that is, the denial of determinism - does not necessarily involve us in any doctrine about our 'will' or about 'responsibility'. (Popper, Conjectures and Refutations, 1962, Harper, 1968, p.123)
  


"The idea that the only alternative to determinism is just sheer 
chance was  taken over by Schlick, together with many of his 
views on the subject, from Hume, who asserted that 
'the removal' of what he called 'physical necessity' must always 
result in 

'the same thing with chance. As objects must either be 
conjoin'd or not, . . . 'tis impossible to admit of any medium 
betwixt chance and an absolute necessity'.


"I shall later argue against this important doctrine according 
to which the alternative to determinism is sheer chance.  
Yet I must admit that the doctrine seems to hold good for the 
quantum-theoretical models which have been designed to 
explain, or at least to illustrate, the possibility of human freedom. This seems to be the reason why these models are so very 
unsatisfactory.

"Compton himself designed such a model, though he did not 
particularly like it. It uses quantum indeterminacy, and the 
unpredictability of a quantum jump, as a model of a human 
decision of great moment. It consists of an amplifier which 
amplifies the effect of a single quantum jump in such a way that 
it may either cause an explosion or destroy the relay necessary
for bringing the explosion about. In this way one single quantum 
jump may be equivalent to a major decision. But in my opinion 
the model has no similarity to any rational decision. It is, rather, 
a model of a kind of decision-making where people who cannot 
make up their minds say: 'Let us toss a penny.' In fact, the 
whole apparatus for amplifying a quantum jump seems rather 
unnecessary: tossing a penny, and deciding on the result of the 
toss whether or not to pull a trigger, would do just as well. And 
there are of course computers,with built-in penny-tossing devices 
for producing random results, where such are needed.


"It may perhaps be said that some of our decisions are like 
penny-tosses: they are snap-decisions, taken without deliberation, since we often do not have enough time to deliberate. A 
driver or a pilot has sometimes to take a snap-decision like this; 
and if he is well trained, or jug-lucky, the result may be satisfactory; otherwise not.


"I admit that the quantum-jump model may be a model for 
such snap decisions; and I even admit that it is conceivable that 
something like the amplification of a quantum jump may 
actually happen in our brains if we make a snap-decision. But 
are snap-decisions really so very interesting? Are they characteristic of human behaviour - of rational human behaviour?


"I do not think so; and I do not think that we shall get much 
further with quantum jumps. They are just the kind of examples 
which seem to lend support to the thesis of Hume and Schlick 
that perfect chance is the only altenative to perfect determinism.
What we need for understanding rational human behaviour 
and indeed, animal behaviour is something intermediate in 
character between perfect chance and perfect determinism -
something intermediate between perfect clouds and perfect 
clocks.


"Hume's and Schlick's ontological thesis that there cannot 
exist anything intermediate between chance and determinism 
seems to me not only highly dogmatic (not to say doctrinaire) 
but clearly absurd; and it is understandable only on the assumption that they believed in a complete determinism in which 
chance has no status except as a symptom of our ignorance. 
(But even then it seems to me absurd, for there is, clearly, something like partial knowledge, or partial ignorance.)"
(Objective Knowledge, Of Clouds and Clocks, 1972, p. 227ff)





   Popper replying to John Eccles:

"First of all, I do of course agree that quantum theoretical indeterminacy in 
a sense cannot help, because this leads merely to probabilistic laws, and we do 
not wish to say that such things as free decisions are just probabilistic affairs.

"The trouble with quantum mechanical indeterminacy is twofold. First, it 
is probabilistic, and this doesn't help us much with the free-will problem, 
which is not just a chance affair. Second, it only gives us indeterminism, not 
openness to World 2 [Popper's Mind World]. However, in a roundabout way I do think that one may 
make use of quantum theoretical indeterminacy without committing oneself 
to the thesis that free-will decisions are probabilistic affairs. 




Here Popper compares new ideas to variation in the gene pool due to random mutations followed by natural selection, as William James had done in 1880.  

"New ideas have a striking similarity to genetic 
mutations. Now, let us look for a moment at genetic mutations. Mutations 
are, it seems, brought about by quantum theoretical indeterminacy (including radiation effects). Accordingly, they are also probabilistic and not in 
themselves originally selected or adequate, but on them there subsequently 
operates natural selection which eliminates inappropriate mutations. Now 
we could conceive of a similar process with respect to new ideas and to 
free-will decisions, and similar things. 
That is to say, a range of possibilities is 
brought about by a probabilistic and quantum mechanically characterized set 
of proposals, as it were - of possibilities brought forward by the brain. On 
these there then operates a kind of selective procedure which eliminates 
those proposals and those possibilities which are not acceptable to the mind, 
anchored in World 3 [the world of human knowledge and artifacts, our Sum], which tries them out in World 3 and checks them by 
World 3 standards. This may perhaps be the way in which these things take 
place, and it was for this reason that I so much liked the suggestion about the 
inhibitory neurones working like a sculptor who cuts away and discards part 
of the stone in order to form his statue.



Here Popper clearly conceptualizes the two-stage Cogito model already seen by James and Poincaré over fifty years earlier


   A few years earlier, Popper had called for a combination of randomness and control to explain freedom, though not yet explicitly, as is needed, in two stages with random chance before a controlled decision.

"freedom is not just chance but, rather, the result of a subtle interplay between something almost random or haphazard, and something like a restrictive or selective control"(Objective Knowledge, Of Clouds and Clocks, 1972, p. 232)




  For those extreme libertarians  who prefer a traditional definition of freedom as pure chance (liberum arbitrium indifferentiae), we can offer free will as Popper's interplay between chance and control (based on Compton's simple view of "chance, then choice").

In 1977 Popper gave the first Darwin Lecture, at Darwin College, Cambridge. He called it Natural Selection and the Emergence of Mind. In it he said he had changed his mind (a rare admission by a philosopher) about two things. First he now thought that natural selection was not a "tautology" that made it an unfalsifiable theory. Second, he had come to accept the random variation and selection of ideas as a model of free will.


The selection of a kind of behavior out of a randomly offered repertoire may be an act of choice, even an act of free will. I am an indeterminist; and in discussing indeterminism I have often regretfully pointed out that quantum indeterminacy does not seem to help us;1 for the amplification of something like, say, radioactive disintegration processes would not lead to human action or even animal action, but only to random movements. 


I have changed my mind on this issue.2 A choice process may be a selection process, and the selection may be from some repertoire of random events, without being random in its turn. This seems to me to offer a promising solution to one of our most vexing problems, and one by downward causation.


This is now the leading two-stage model of free will.


Six years later, Popper wrote some very insightful and critical remarks on knowledge in lower and higher organisms. As we argue in information philosophy, biological information processing systems use their knowledge to achieve their purposes, primarily advancing themselves and their species in the struggle for survival. 


All organisms are professional problem solvers: before life, problems did not exist.
Problems and life entered the world together, and with them problem solving. At
first, the problems were sheer survival problems: an organism was, at first, just a
professional survivor. In time this changed, and a problem today may be for some
people a vastly different thing: it may be "How did life originate?" or perhaps "In
which of his dialogues, if in any, does Plato attempt to portray Socrates?" - this is
obviously not a survival problem.


As Konrad Lorenz noted, everything a priori for the individual is a posteriori for the species.


The problems may be created by the clash of the organism with its environment. But
the tentative solutions, the trial and the errors all come from, the organism.
They are all a priori, even though the environment constantly plays its part, of
course.

The view which I am trying to make attractive to you is, I am afraid, utterly
different from those views which are at present held by almost everybody and which I
have described, for the past 60 years, as the "bucket theory of the mind" (die
Kübeltheorie des Geistes). But today an inventor theory of the mind and a discovery
theory of the mind and a searchlight theory of the mind ought to be a little more
acceptable than they were 60 years ago...


Descartes's view of the human mind was more than stimulus/response. But even the lowest animals use their built-in, evolved knowledge to survive. 
See Brian Goodwin's Cognitive Biology.   


I find it of the greatest importance to
get over the myth (for it seems to me a myth) that anything starts with a stimulus
and the ability to respond to it. Everything, I suggest, starts from the organism and
its eagerness, its need, which seeks for anything it can use as a message, as
information or as a so-called stimulus: I am not quarrelling about words, I am
insisting upon the obvious fact that it is not its capability of being stimulated
which makes the organism, but the exploratory apparatus, the keenness to respond,
which makes the stimulus. It is the organism which, through many trials over millions
of generations, learns to respond to this kind or that kind of stimulus: it turns
something into a stimulus; it invents the ability to "see" this or that, but it may
do all this a priori, by a mutation which, in its turn, may be due to its
mutationally acquired mutability.

I am a Darwinist and I am not a vitalist or a Lamarckist. I agree that the organism's
aims and preferences may be conjectured to be the result of natural selection. But
once they exist, they are of immense significance in evolution. The idea that
environmental conditions do all the sculpturing by carving away what is less fit, and
that the organism is passive, is simply false from an evolutionary point of view.
Without the organism's struggle for survival there would be no evolution. And this
means that it is only the organism's fight for life, its problem solving, its
constant search for a better environment, for better living conditions, its active
evolution of its own preferences, of its sensitivity, that makes evolution possible.
It is the only active agent. It is the environment which is passive. To look at it as
hostile, as so many Darwinists do, is mistaking a metaphor for a powerful reality. To
think of it as a sculptor, a carver, is to make a god of it. It is always the
organism which seeks a better ecological niche, better living conditions, a better
life. All else is metaphor.


The biologist, observing, experimenting,  begins with the stimulus. And he is in
danger of believing in the famous couple: stimulus and response. But it is the
organism which evolves all sorts of responses to find, interpret, exploit and learn
from what we mistakenly look upon as the life-evoking, life-demonstrating stimulus of
a (perhaps even passive) response...


I wish to end with an important proposition. The difference between the growth of
animal knowledge and of human knowledge is just this:  human language permits us to
formulate our theories outside our skin, exosomatically: this allows us to criticize
them. This makes possible the evolution of human reason, of the use of imagination
and of criticism in the search for truth.




With life, purpose (telos) entered the universe. 


The aggregation of human knowledge embodied externally - "exosomatically" as Popper puts it - is the core idea of the Sum in information philosophy. It is not chauvinistic or parochial to regard it as the highest form of evolved information in the universe. Nor is it naive to regard it as proof of the Idea of Progress and a possible basis for objective value. 
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Parmenides came from the Greek colony of Elea in Italy. There he founded the Eleatic school that included the famous generator of Paradoxes, Zeno of Elea. 

Parmenides' great work, On Nature is in the form of an epic poem, written in the hexameters of Homer and Hesiod. And although he is best known for his somewhat mysterious (perhaps Pythagorean?) claim that what exists is eternal and unchanging, the third part of his poem contains reflections on the Ionian "physiologoi" who replaced mythical gods with natural explanations for phenomena.



Parmenides was the source of Plato's claim that Parmenidean Being is more "real" than HeracliteanBecoming, which may only be an "illusion." 


For Plato, his forms or "ideas" are prior to any instance of an object with a given form. The forms exist in another "realm" that is more "real" than the everyday physical world of material objects. The forms are properly outside of time, like Immanuel Kant's noumenal world.  Aristotle challenged Plato's idea and argued that the forms are merely "perfect" and "idealized" abstractions from the many "imperfect" examples found in the world. 


In mathematics, the ideal circle consists of an infinite number of infinitesimal points that satisfy an equation. Such an infinity is never realized in the empirical world, in which objects are composed of a finite number of material particles, for example, atoms. Arguably, an ideal circle has an unchanging, eternal nature. It will be the same for any thinking entity, now in the real world, and forever in any possible world. 



Plato thus set up the fundamental dualism of philosophy, the distinction between idealism and materialism, between abstract eternal essences and concrete ephemeral existences, between 
In his Timaeus 27d, Plato asked "What is Being always, but has no Becoming (origin or genesis), and what is Becoming always, and never Being?" 



τί τὸ ὂν ἀεί͵ γένεσιν δὲ οὐκ ἔχον͵ καὶ τί τὸ γιγνόμενον μὲν ἀεί͵ ὂν δὲ οὐδέποτε; 


In Plato's Parmenides, there is much talk of "Being" as "the One," but it is not clear whether Plato accepts the One completely, as the Socratic dialectic avoids coming to any conclusion. The dialogue is full of dazzling wordplay about infinite regresses, as well as claims that many things both are and are not, in various respects. The "One" is both like and unlike itself. (147c ff) The "One" both touches, and does not touch, both itself and others. (149d) The "One" is alike equal to, greater than, and less than, both itself and others. (151b)


Since the existent has not-being and the nonexistent has being, the "One" also, since it does not exist, must have being in order to be nonexistent.  Thus it appears that the "One" has "being," if it is nonexistent, and also, since it is not existent, has not-being. (162b) The nonexistent "One" both comes to be and ceases to be, and also does not come to be or cease to be. (163b)



καὶ τὸ ἓν ἄρα μὴ ὂν ἀλλοιούμενον μὲν γίγνεταί τε καὶ ἀπόλλυται, μὴ ἀλλοιούμενον δὲ οὔτε γίγνεται οὔτε ἀπόλλυται: καὶ οὕτω τὸ ἓν μὴ ὂν γίγνεταί τε καὶ ἀπόλλυται, καὶ οὔτε γίγνεται οὔτ᾽ ἀπόλλυται.  (163b)


The Parmenides appears to be the locus classicus and origin of the dialectical nonsense that is the hallmark of much idealist philosophy down to G.W.F.Hegel and Martin Heidegger, as well as many modern metaphysicians.

Despite the empty verbal debates, the principal goal for Parmenides is to show that some one thing cannot be many things. In particular, it cannot be like another thing (in the sense of having a property) and yet not like that thing, that is have one property and yet not have that property. 


Socrates demolishes Parmenides by arguing that properties are relative. One can have the property of being tall and not tall. Simmias is tall because heis taller than Socrates. But he also is short, shorter than Phaedo (Phaedo 102b). SImmias is both tall (with respect to Socrates) and not tall (with respect to Phaedo). 


Socrates dispenses with Parmenides' claim that one cannot be many. He is one of the many philosophers and yet consists of many parts - head, hands, etc. Socrates then turns to a suggestion that the "Forms" are just "Thoughts," the ideas in some mind. Parmenides is well known for claiming that "Being is Thinking." Parmenides objects that if a form is a thought, that then any object with a form is a thinking thing. This "panpsychism" is unacceptable to both Parmenides and Socrates.


Socrates then suggests that forms are merely "patterns" in nature. This is the essence of information philosophy.  When a form/pattern in an object is isomorphic to the form/pattern in a mind, when some part of the information in a structure is the same information stored in a mind, we can say the the thinker has some knowledge of the object. But one object can contain many different "patterns" or properties.


Much in the Parmenides has the character of Heraclitus's thought. He concluded rather dialectically that we both "step and do not step into the river, that we are and are not," sounding obscurely like the modern obscurant Hegel.


ποταμοῖσ τοῖσ αὐτοῖσ ἐμβαίνομεν τε και οὐκ ἐμβαίνομεν, εἶμεν τε και οὐκεἶμεν. 


(Diels-Kranz B49a, "Homeric Questions.")


It concludes on a difficult note,


Thus, in sum, we may conclude, If there is no one, there is nothing at all.

To this we may add the conclusion. It seems that, whether there is or is not a one, both that one and the others alike are and are not, and appear and do not appear to be, all manner of things in all manner of ways, with respect to themselves and to one another.


Most true.
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Plato was the first information philosopher. His theory of forms is the starting point for the concept and even the philosophical language of information, including the name and the idea of idea (ιδέα), derived, by Plato, from the word for form (εἴδος).

For Plato, the forms are prior to any instance of an object with a given form. For him, the forms exist in another "realm" that is more "real" than the everyday physical world of material objects. The forms are properly outside of time, like Immanuel Kant's noumenal world.  Aristotle challenged Plato's idea and argued that the forms are merely "perfect" and "idealized" abstractions from the many "imperfect" examples found in the world. 


In mathematics, the ideal circle consists of an infinite number of infinitesimal points that satisfy an equation. Such an infinity is never realized in the empirical world, in which objects are composed of a finite number of material particles, for example, atoms. Arguably, an ideal circle has an unchanging, eternal nature. It will be the same for any thinking entity, now in the real world, and forever in any possible world. 



Plato thus set up the fundamental dualism of philosophy, the distinction between idealism and materialism, between abstract eternal essences and concrete ephemeral existences, between ParmenideanBeing and HeracliteanBecoming

In his Cratylus 402a, Plato quotes Heraclitus as saying that 


πάντα χωρεῖ καὶ οὐδὲν μένει" καὶ "δὶς ἐς τὸν αὐτὸν ποταμὸν οὐκ ἂν ἐμβαίης
   

The Loeb translation (H.N.Fowler) is "all things  move and nothing remains still, and he likens the universe to the current of a river, saying that you cannot step twice into the same river."



In his Timaeus 27d, Plato asked "What is Being always, but has no Becoming (origin or genesis), and what is Becoming always, and never Being?" 



τί τὸ ὂν ἀεί͵ γένεσιν δὲ οὐκ ἔχον͵ καὶ τί τὸ γιγνόμενον μὲν ἀεί͵ ὂν δὲ οὐδέποτε; 

Parmenides was the source of Plato's claim that Parmenidean Being is more "real" than HeracliteanBecoming, which may only be an "illusion." 


In his Timaeus 27d, Plato asked "What is Being always, but has no Becoming (origin or genesis), and what is Becoming always, and never Being?" 


τί τὸ ὂν ἀεί͵ γένεσιν δὲ οὐκ ἔχον͵ καὶ τί τὸ γιγνόμενον μὲν ἀεί͵ ὂν δὲ οὐδέποτε; 


In Plato's Parmenides, there is much talk of "Being" as "the One," but it is not clear whether Plato accepts the One completely, as the Socratic dialectic avoids coming to any conclusion. The dialogue is full of dazzling wordplay about infinite regresses, as well as claims that many things both are and are not, in various respects. The "One" is both like and unlike itself. (147c ff) The "One" both touches, and does not touch, both itself and others. (149d) The "One" is alike equal to, greater than, and less than, both itself and others. (151b)


Since the existent has not-being and the nonexistent has being, the "One" also, since it does not exist, must have being in order to be nonexistent.  Thus it appears that the "One" has "being," if it is nonexistent, and also, since it is not existent, has not-being. (162b) The nonexistent "One" both comes to be and ceases to be, and also does not come to be or cease to be. (163b)



καὶ τὸ ἓν ἄρα μὴ ὂν ἀλλοιούμενον μὲν γίγνεταί τε καὶ ἀπόλλυται, μὴ ἀλλοιούμενον δὲ οὔτε γίγνεται οὔτε ἀπόλλυται: καὶ οὕτω τὸ ἓν μὴ ὂν γίγνεταί τε καὶ ἀπόλλυται, καὶ οὔτε γίγνεται οὔτ᾽ ἀπόλλυται.  (163b)


Plato's Parmenides appears to be the locus classicus and origin of the dialectical nonsense that is the hallmark of much idealist philosophy down to G.W.F.Hegel and Martin Heidegger, as well as many modern metaphysicians.

Despite the empty verbal debates, the principal goal for Parmenides is to show that some one thing cannot be many things. In particular, it cannot be like another thing (in the sense of having a property) and yet not like that thing, that is have one property and yet not have that property. 


Socrates demolishes Parmenides by arguing that properties are relative. One can have the property of being tall and not tall. Simmias is tall because he is taller than Socrates. But he also is short, shorter than Phaedo (Phaedo 102b). Simmias is both tall (with respect to Socrates) and not tall (with respect to Phaedo). 


Socrates dispenses with Parmenides' claim that one cannot be many. He is one of the many philosophers and yet consists of many parts - head, hands, etc. Socrates then turns to a suggestion that the "Forms" are just "Thoughts," the ideas in some mind. Parmenides is well known for claiming that "Being is Thinking." Parmenides objects that if a form is a thought, that then any object with a form is a thinking thing. This "panpsychism" is unacceptable to both Parmenides and Socrates.


Socrates then suggests that forms are merely "patterns" in nature. This is the essence of information philosophy.  When a form/pattern in an object is isomorphic to the form/pattern in a mind, when some part of the information in a structure is the same information stored in a mind, we can say the the thinker has some knowledge of the object. But one object can contain many different "patterns" or properties.


Much in the Parmenides has the character of Heraclitus's thought. He concluded rather dialectically that we both "step and do not step into the river, that we are and are not," sounding obscurely like the modern obscurant Hegel.


ποταμοῖσ τοῖσ αὐτοῖσ ἐμβαίνομεν τε και οὐκ ἐμβαίνομεν, εἶμεν τε και οὐκεἶμεν. 


(Diels-Kranz B49a, "Homeric Questions.")


Parmenides concludes on a difficult note,


Thus, in sum, we may conclude, If there is no one, there is nothing at all.

To this we may add the conclusion. It seems that, whether there is or is not a one, both that one and the others alike are and are not, and appear and do not appear to be, all manner of things in all manner of ways, with respect to themselves and to one another.


Most true. Indeed, many metaphysical questions about identity are resolved with answers like "identical" with respect to what?
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Porphyry was a neoplatonist, a student of the leading neoplatonist Plotinus. Porphyry's criticism of the Aristotelian Categories raised the profound question of their existential status. The categories are the most general "predicables," the things (the "concepts?") that can be said or predicated of "objects." In some sense, this is the beginning of analytic language philosophy. Later thinkers divided over whether the categories are real things (the "Realists") or just words or names (the "Nominalists").

Like Plato and all the neoPlatonists, Porphyry disliked the idea of material things (including the body), regarding them as subordinate to the Platonic ideas" (ιδεα), and merely poor copies (mimesis) of those ideas. For Porphyry, the Platonic realm of ideas is the source of eternal "being," whereas the material world is ephemeral and mere "becoming." And the ultimate "Being" for Porphyry is the idea of "The One," which included the Platonic ideals of the True, the Good, and the Beautiful.


Where these ideas are perfectly singular, all lesser ideas contain internal differences, describable (or predicable) as properties or attributes of their substance. Thus Socrates (a substance) is a Man (a property). Aristotle's five categories (see Topics, a iv. 101 b 17-25) are definition (horos) [Porphyry substituted Plato's idea (eidos), later writers use species], genus (genos), difference (diaphora), property (idion), and accident (symbebekos).


In his Introduction to the Aristotelian Categories (the Isagoge), Porphyry raised what became known as his "fateful question." Can these categories be said to exist (in the sense of material existence)?   As a neoPlatonist, Porphyry might have been quite satisfied to have the categories simply exist in the "metaphysical" realm of the ideas? He clearly sees that they are concepts. Information philosophy identifies them as immaterial physical things, with causal power.




Since it is necessary, Chrysaorius, both to the doctrine of Aristotle's Categories, to know what genus, difference, species, property, and accident are, and also to the assignments of definitions, in short, since the investigation of these is useful for those things which belong to division and demonstration, I will endeavour by a summary briefly to discuss to you, as in the form of introduction, what on this subject has been delivered by the ancients, abstaining, indeed, from more profound questions, yet directing attention in a fitting manner, to such as are more simple. 
For the moment, I shall naturally decline to say, concerning genera and species, whether they subsist (in the nature of things), whether they are bare, pure isolated conceptions, whether, if subsistent, they are corporeal or incorporeal, or whether they are separated from or in sensible objects, and other related matters. This sort of problem is of the very deepest, and requires more extensive investigation.


A major goal of information philosophy is to establish the existential status of the "metaphysical" ideal world and to show how interactions with the material world are not only possible, but essential to the creation of new information, new ideas, in an open future.  
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Protagoras was an early Sophist and arguably the first postmodern thinker.

If we describe the traditional thinker as one who derives values from the ancient Homeric and Hesiodic myths (μύθος) and the modern thinker as anti-traditional, looking for natural scientific explanations (λόγος), then we can define postmodern as one whose values come from (νόμος), the norms that are created by a given community as their culture.


Where Aristotle applied some universal notions of ethical values in developing the constitution of thens, Protagoras famously travelled to different city-states and asked them for their cultural norms and conventions so he could incorporate them in a constitution.


This was attacked by Socrates and Plato as "relativism," the idea that "what is true is what is true for me." 


Protagoras saw that "man is the measure of all things." 

But the word he used for "things" was not τὰ ὄντα, the "things that exist," or "entities," the "beings" (das Seinde) of  Martin Heidegger.


Protagoras used the word χρηήατα, loosely translatable as "things of value," or "needs."



    πάντων χρημάτων μέτρον ἐστιν ἂνθροπος, τῶν μὲν ὂντων ὡς ἐστιν, τῶν δε οὐκ ὂντων ὡς οὐκ ἐστιν

    Of all things the measure is man, of things that are that they are, of things that are not that they are not.
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Steven Pinker is a psychologist and prolific writer who occasionally comments on free will. In his 1997 How the Mind Works, he condensed the standard argument against free will into a single sentence, 


"a random event does not fit the concept of free will any more than a lawful one does, and could not serve as the long-sought locus of moral responsibility." (p.54)


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=VQxJi0COTBo



Pinker is a strong supporter of the "computational theory of mind," his "recurring metaphor of the mind as machine." This is the idea in cognitive science that we can learn a great deal from computing machines about intelligence and the reasoning processes in our minds.


He examines alternative explanations for intelligence.
   

The traditional explanation of intelligence is that human flesh is suffused with a non-material entity, the soul, usually envisioned as some kind of ghost or spirit. But the theory faces an insurmountable problem: How does the spook interact with solid matter? (p.64)

Another explanation is that mind comes from some extraordinary form of matter. Darwin wrote that the brain "secretes" the mind, and recently the philosopher John Searle has argued that the physico-chemical properties of brain tissue somehow produce the mind just as breast tissue produces milk and plant tissue produces sugar...


Intelligence has often been attributed to some kind of energy flow or force field. Orbs, luminous vapors, auras, vibrations, magnetic fields, and lines of force figure prominently in spiritualism, pseudoscience, and science-fiction kitsch. The school of Gestalt psychology tried to explain visual illusions in terms of electromagnetic force fields on the surface of the brain, but the fields were never found. Occasionally the brain surface has been described as a continuous vibrating medium that supports holograms or other wave interference patterns, but that idea, too, has not panned out. The hydraulic model, with its psychic pressure building up, bursting out, or being diverted through alternative channels, lay at the center of Freud's theory and can be found in dozens of everyday metaphors: anger welling up, letting off steam, exploding under the pressure, blowing one's stack, venting one's feelings, bottling up rage. But even the hottest emotions do not literally correspond to a buildup and discharge of energy (in the physicist's sense) somewhere in the brain.  (p.65)



 
Pinker concludes that none of these is a successful explanation, then offers one that focuses on the abstract idea of information, which leads him to his metaphor of the mind as an information-processing machine, a biological Turing machine (or virtual mental computer).
   
No, intelligence does not come from a special kind of spirit or matter or energy but from a different commodity, information.  (p.65) 

Does this mean that the human brain is a Turing machine? Certainly not...other kinds of symbol-processors have been proposed as models of the human mind. These models are often simulated on commercial computers, but that is just a convenience. The commercial computer is first programmed to emulate the hypothetical mental computer (creating what computer scientists call a virtual machine), in much the same way that a Macintosh can be programmed to emulate a PC. Only the virtual mental computer is taken seriously, not the silicon chips that emulate it. Then a program that is meant to model some sort of thinking (solving a problem, understanding a sentence) is run on the virtual mental computer. A new way of understanding human intelligence has been born.  (p.68-9)
  


Abstract information is neither matter nor energy, yet it needs matter for its concrete embodiment and energy for its communication. Information is the modern spirit, the ghost in Pinker's machine.
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As science advances and explanations of behavior become less fanciful, the Specter of Creeping Exculpation, as Dennett calls it, will loom larger. Without a clearer moral philosophy, any cause of behavior could be taken to undermine free will and hence moral responsibility. Science is guaranteed to appear to eat away at the will, regardless of what it finds, because the scientific mode of explanation cannot accommodate the mysterious notion of uncaused causation that underlies the will. If scientists wanted to show that people had free will, what would they look for? Some random neural event that the rest of the brain amplifies into a signal triggering behavior? 


But a random event does not fit the concept of free will any more than a lawful one does, and could not serve as the long-sought locus of moral responsibility. We would not find someone guilty if his finger pulled the trigger when it was mechanically connected to a roulette wheel, why should it be any different if the roulette wheel is inside his skull? The same problem arises for another unpredictable cause that has been suggested as the source of free will, chaos theory, in which, according to the cliche, a butterfly's flutter can set off a cascade of events culminating in a hurricane. A fluttering in the brain that causes a hurricane of behavior, if it were ever found, would still be a cause of behavior and would not fit the concept of uncaused free will that underlies moral responsibility.


Either we dispense with all morality as an unscientific superstition, or we find a way to reconcile causation (genetic or otherwise) with responsibility and free will. I doubt that our puzzlement will ever be completely assuaged, but we can surely reconcile them in part. Like many philosophers, I believe that science and ethics are two self-contained systems played out among the same entities in the world, just as poker and bridge are different games played with the same fifty-two-card deck. The science game treats people as material objects, and its rules are the physical processes that cause behavior through natural selection and neurophysiology. The ethics game treats people as equivalent, sentient, rational, free-willed agents, and its rules are the calculus that assigns moral value to behavior through the behavior's inherent nature or its consequences.


Free will is an idealization of human beings that makes the ethics game playable. Euclidean geometry requires idealizations like infinite straight lines and perfect circles, and its deductions are sound and useful even though the world does not really have infinite straight lines or perfect circles. The world is close enough to the idealization that the theorems can usefully be applied. Similarly, ethical theory requires idealizations like free, sentient, rational, equivalent agents whose behavior is uncaused, and its conclusions can be sound and useful even though the world, as seen by science, does not really have uncaused events. As long as there is no outright coercion or gross malfunction of reasoning, the world is close enough to the idealization of free will that moral theory can meaningfully be applied to it.
Science and morality are separate spheres of reasoning. Only by recognizing them as separate can we have them both. If discrimination is wrong only if group averages are the same, if war and rape and greed are wrong only if people are never inclined toward them, if people are responsible for their actions only if' the actions are mysterious, then either scientists mist be prepared to fudge their data or all of us must be prepared to give up our values.


 Scientific arguments would turn into the National Lampoon cover showing a puppy with a gun at its head and the caption "Buy This Magazine or We'll Shoot the Dog."
The knife that separates causal explanations of behavior from moral responsibility for behavior cuts both ways. In the latest twist in the human-nature morality play, a chromosomal marker for homosexuality in some men, the so-called gay gene, was identified by the geneticist Dean Hamer. To the bemusement of Science for the People, this time it is the genetic explanation that is politically correct. Supposedly it refutes right-wingers like Dan Quayle, who had said that homosexuality "is more of a choice than a biological situation. It is a wrong choice." The gay gene has been used to argue that homosexuality is not a choice for which gay people can be held responsible but an involuntary orientation they just can't help. But the reasoning is dangerous. The gay gene could just as easily be said to influence some people to choose homosexuality. And like all good science, Hamer's result might be falsified someday, and then where would we be? Conceding that bigotry against gay people is OK after all? The argument against persecuting gay people must be made not in terms of the gay gene or the gay brain but in terms of people's right to engage in private consensual acts without discrimination or harassment.


The cloistering of scientific and moral reasoning in separate arenas also lies behind my recurring metaphor of the mind as a machine, of people as robots. Does this not dehumanize and objectify people and lead us to treat them as inanimate objects? As one humanistic scholar lucidly put it in an Internet posting, does it not render human experience invalid, reifying a model of relating based on an I-It relationship, and delegitimating all other forms of discourse with fundamentally destructive consequences to society? Only if one is so literal-minded that one cannot shift among different stances in conceptualizing people for different purposes. A human being is simultaneously a machine and a sentient free agent, depending on the purpose of the discussion, just as he is also a taxpayer, an insurance salesman, a dental patient, and two hundred pounds of ballast on a commuter airplane, depending on the purpose of the discussion. The mechanistic stance allows us to understand what makes us tick and how we fit into the physical universe. When those discussions wind down for the day, we go back to talking about each other as free and dignified human beings.

(pp.54-56)



The traditional explanation of intelligence is that human flesh is suffused with a non-material entity, the soul, usually envisioned as some kind of ghost or spirit. But the theory faces an insurmountable problem: How does the spook interact with solid matter? How does an ethereal nothing respond to flashes, pokes, and beeps and get arms and legs to move? Another problem is the overwhelming evidence that the mind is the activity of the brain. The supposedly immaterial soul, we now know, can be bisected with a knife, altered by chemicals, started or stopped by electricity, and extinguished by a sharp blow or by insufficient oxygen. Under a microscope, the brain has a breathtaking complexity of physical structure fully commensurate with the richness of the mind.


Another explanation is that mind comes from some extraordinary form of matter. Pinocchio was animated by a magical kind of wood found by Geppetto that talked, laughed, and moved on its own. Alas, no one has ever discovered such a wonder substance. At first one might think that the wonder substance is brain tissue. Darwin wrote that the brain "secretes" the mind, and recently the philosopher John Searle has argued that the physico-chemical properties of brain tissue somehow produce the mind just as breast tissue produces milk and plant tissue produces sugar. But recall that the same kinds of membranes, pores, and chemicals are found in brain tissue throughout the animal kingdom, not to mention in brain tumors and cultures in dishes, All of these globs of neural tissue have the same physico-chemical properties. but not aII of
them accomplish humanlike intelligence. Of course, something about the tissue in the human brain is necessary for our intelligence, but the physical properties are not sufficient, just as the physical properties of bricks are not sufficient to explain architecture and the physical properties of oxide particles are not sufficient to explain music. Something in the patterning of neural tissue is crucial.


Intelligence has often been attributed to some kind of energy flow or force field. Orbs, luminous vapors, auras, vibrations, magnetic fields, and lines of force figure prominently in spiritualism, pseudoscience, and science-fiction kitsch. The school of Gestalt psychology tried to explain visual illusions in terms of electromagnetic force fields on the surface of the brain, but the fields were never found. Occasionally the brain surface has been described as a continuous vibrating medium that supports holograms or other wave interference patterns, but that idea, too, has not panned out. The hydraulic model, with its psychic pressure building up, bursting out, or being diverted through alternative channels, lay at the center of Freud's theory and can be found in dozens of everyday metaphors: anger welling up, letting off steam, exploding under the pressure, blowing one's stack, venting one's feelings, bottling up rage. But even the hottest emotions do not literally correspond to a buildup and discharge of energy (in the physicist's sense) somewhere in the brain. In Chapter 6 I will try to persuade you that the brain does not actually operate by internal pressures but contrives them as a negotiating tactic, like a terrorist with explosives strapped to his body.


A problem with all these ideas is that even if we did discover some gel or vortex or vibration or orb that spoke and plotted mischief like Geppetto's log, or that, more generally, made decisions based on rational rules and pursued a goal in the face of obstacles, we would still be faced with the mystery of how it accomplished those feats.


No, intelligence does not come from a special kind of spirit or matter or energy but from a different commodity, information. Information is a correlation between two things that is produced by a lawful process (as opposed to coming about by sheer chance). We say that the rings in a stump carry information about the age of the tree because their number correlates with the tree's age (the older the tree, the more rings it has), and the correlation is not a coincidence but is caused by the way trees grow. Correlation is a mathematical and logical concept; it is not defined in terms of the stuff that the correlated entities are made of.
Information itself is nothing special; it is found wherever causes leave effects. What is special is information processing. We can regard a piece of matter that carries information about some state of affairs as a symbol; it can "stand for" that state of affairs. But as a piece of matter, it can do other things as well—physical things, whatever that kind of matter in that kind of state can do according to the laws of physics and chemistry. Tree rings carry information about age, but they also reflect light and absorb staining material. Footprints carry information about animal motions, but they also trap water and cause eddies in the wind.
Now here is an idea. Suppose one were to build a machine with parts that are affected by the physical properties of some symbol. Some lever or electric eye or tripwire or magnet is set in motion by the pigment absorbed by a tree ring, or the water trapped by a footprint, or the light reflected by a chalk mark, or the magnetic charge in a bit of oxide. And suppose that the machine then causes something to happen in some other pile of matter. It burns new marks onto a piece of wood, or stamps impressions into nearby dirt, or charges some other bit of oxide. Nothing special has happened so far; all I have described is a chain of physical events accomplished by a pointless contraption.


Here is the special step. Imagine that we now try to interpret the newly arranged piece of matter using the scheme according to which the original piece carried information. Say we count the newly burned wood rings and interpret them as the age of some tree at some time, even though they were not caused by the growth of any tree. And let's say that the machine was carefully designed so that the interpretation of its new markings made sense—that is, so that they carried information about something in the world. For example, imagine a machine that scans the rings in a stump, burns one mark on a nearby plank for each ring, moves over to a smaller stump from a tree that was cut down at the same time, scans its rings, and sands off one mark in the plank for each ring. When we count the marks on the plank, we have the age of the first tree at the time that the second one was planted. We would have a kind of rational machine, a machine that produces true conclusions from true premises—not because of any special kind of matter or energy, or because of any part that was itself intelligent or rational. All we have is a carefully contrived chain of ordinary physical events, whose first link was a configuration of matter that carries information. Our rational machine owes its rationality to two properties glued together in the entity we call a symbol: a symbol carries information, and it causes things to happen, (Tree rings correlate with the age of the tree, and they can absorb the light beam of a scanner.) When the caused things themselves carry information, we call the whole system an information processor, or a computer.


Now, this whole scheme might seem like an unrealizable hope. What guarantee is there that any collection of thingamabobs can be arranged to fall or swing or shine in just the right pattern so that when their effects are interpreted, the interpretation will make sense? (More precisely, so that it will make sense according to some prior law or relationship we find interesting; any heap of stuff can be given a contrived interpretation after the fact.) How confident can we be that some machine will make marks that actually correspond to some meaningful state of the world, like the age of a tree when another tree was planted, or the average age of the tree's offspring, or anything else, as opposed to being a meaningless pattern corresponding to nothing at all?


The guarantee comes from the work of the mathematician Alan Turing. He designed a hypothetical machine whose input symbols and output symbols could correspond, depending on the details of the machine, to any one of a vast number of sensible interpretations. The machine consists of a tape divided into squares, a read-write head that can print or read a symbol on a square and move the tape in either direction, a pointer that can point to a fixed number of tickmarks on the machine, and a set of mechanical reflexes. Each reflex is triggered by the symbol being read and the current position of the pointer, and it prints a symbol on the tape, moves the tape, and/or shifts the pointer. The machine is allowed as much tape as it needs. This design is called a Turing machine. 



What can this simple machine do? It can take in symbols standing for a number or a set of numbers, and print out symbols standing for new numbers that are the corresponding value for any mathematical function that can be solved by a step-by-step sequence of operations (addition, multiplication, exponentiation, factoring, and so on—I am being imprecise to convey the importance of Turing's discovery without the technicalities). It can apply the rules of any useful logical system to derive true statements from other true statements. It can apply the rules of any grammar to derive well-formed sentences. The equivalence among Turing machines, calculable mathematical functions, logics, and grammars, led the logician Alonzo Church to conjecture that any well-defined recipe or set of steps that is guaranteed to produce the solution to some problem in a finite amount of time (that is, any algorithm) can be implemented on a Turing Machine.
,p/>
What does this mean? It means that to the extent that the work obeys mathematical equations that can be solved step by step, a machine can be built that simulates the world and makes predictions about it. To the extent that rational thought corresponds to the rules of logic, a machine can be built that carries out rational thought. To the extent that a language can be captured by a set of grammatical rules, a machine can be built that produces grammatical sentences. To the extent that thought consists of applying any set of well-specified rules, a machine can be built that, in some sense, thinks.
Turing showed that rational machines—machines that use the physical properties of symbols to crank out new symbols that make some kind of sense—are buildable, indeed, easily buildable. The computer scientist Joseph Weizenbaum once showed how to build one out of a die, some rocks, and a roll of toilet paper. In fact, one doesn't even need a huge warehouse of these machines, one to do sums, another to do square roots, a third to print English sentences, and so on. One kind of Turing machine is called a universal Turing machine. It can take in a description of any other Turing machine printed on its tape and thereafter mimic that machine exactly. A single machine can be programmed to do anything that any set of rules can do.


Does this mean that the human brain is a Turing machine? Certainly not. There are no Turing machines in use anywhere, let alone in our heads. They are useless in practice: too clumsy, too hard to program, too big, and too slow. But it does not matter. Turing merely wanted to prove that some arrangement of gadgets could function as an intelligent symbol-processor. Not long after his discovery, more practical symbol-processors were designed, some of which became IBM and Univac mainframes and, later, Macintoshes and PCs. But all of them were equivalent to Turing's universal machine. If we ignore size and speed, and give them as much memory storage as they need, we can program them to produce the same outputs in response to the same inputs.


Still other kinds of symbol-processors have been proposed as models of the human mind. These models are often simulated on commercial computers, but that is just a convenience. The commercial computer is first programmed to emulate the hypothetical mental computer (creating what computer scientists call a virtual machine), in much the same way that a Macintosh can be programmed to emulate a PC. Only the virtual mental computer is taken seriously, not the silicon chips that emulate it. Then a program that is meant to model some sort of thinking (solving a problem, understanding a sentence) is run on the virtual mental computer. A new way of understanding human intelligence has been born.
(pp.64-69)
   





Pinker puts the standard argument against free will in one sentence





Source: https://www.informationphilosopher.com/solutions/philosophers/pinker/
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Ullin T. Place worked with J.J.C.Smart to develop the identity theory of mind, that is to say that the mind is identical to the material brain, and that an immaterial mind is a mere epiphenomenon.



The first philosophers to argue for an identity of mind (or consciousness) and brain include Ullin T. Place (1956) and Herbert Feigl (1958).


Place explicitly describes "consciousness as a brain process," specifically as "patterns" of brain activity. He does not trivialize this identity as a succession of individual "mental events and physical events" in some kind of causal chain. He compares this identity to the idea that "lightning is a motion of electrical charges." 


Herbert Feigl's work was independent of Place's, but he said that the fundamental idea had been held by many earlier materialist (monist) thinkers. He thought it was stated clearly by Rudolf Carnap in 1925. Feigl describes his own thesis:


The identity thesis which I wish to clarify and to defend asserts that the states of direct experience which conscious beings "live through" and those which we confidently ascribe to some of the higher animals, are identical with certain (presumably configurational) aspects of the neural processes in these organisms.


J.J.C.Smart clarified and extended the identity theory of his colleague U.T.Place


When I say that a sensation is a brain process or
that lightning is an electric discharge, I am using
"is" in the sense of strict identity. (Just as in
the — in this case necessary — proposition "7 is
identical with the smallest prime number
greater than 5.") When I say that a sensation is a
brain process or that lightning is an electric dis-
charge I do not mean just that the sensation is
somehow spatially or temporally continuous
with the brain process or that the lightning is
just spatially or temporally continuous with the
discharge.


Place studied under Gilbert Ryle and was strongly influenced by Ryle's famous book The Concept of Mind


Source: https://www.informationphilosopher.com/solutions/philosophers/place/
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Willard van Orman Quine was the pre-eminent philosopher of logic at Harvard and perhaps in the whole country for several decades in the 20th century. Very close in importance was Rudolf Carnap at the University of Chicago.


  Analytic --Synthetic Distinction
  

In the early 1950's, Quine challenged the ancient analytic-synthetic distinction, arguing that in the end the "truth" of analytic statements, the proofs of mathematical theorems, and the use of logic, also depend on empirical verification.


The key idea of Quine's empiricism (and of David Hume's) is to deny the existence of any a priori knowledge of the world, whether analytic or synthetic. 's Critiques of Pure and Practical Reason were written to defeat Hume's skepticism. 


As Charles Sanders Peirce had said, nothing is logically and necessarily true of the physical world. Logical truths like the Principles of Non-Contradiction and Bivalence (Excluded Middle) might be "true in all possible worlds," as Gottfried Leibniz had put it, but they tell us nothing about our physical world, until they are shown to be useful tools for reasoning by being empirically verified. 


We learn nothing of the physical world by logic and mathematics alone. These are simply tools of reasoning that allow us to deduce predictions from our theories, which must then be verified by observation and experiment, in short, by experience. 


In perhaps his most influential article, "Two Dogmas of Empiricism," Quine wrote...


Modern empiricism has been conditioned in large part by two dogmas.
One is a belief in some fundamental cleavage between truths which are
analytic, or grounded in meanings independently of matters of fact and
truths which are synthetic, or grounded in fact. The other dogma is
reductionism: the belief that each meaningful statement is equivalent to
some logical construct upon terms which refer to immediate experience. Both
dogmas, I shall argue, are ill founded. One effect of abandoning them is,
as we shall see, a blurring of the supposed boundary between speculative
metaphysics and natural science. Another effect is a shift toward
pragmatism.



Epistemology Naturalized

Nearly twenty years later, Quine argued that epistemology, the justification of knowledge claims, should be "naturalized." All knowledge claims should be reduced to verification by the methods of natural science. "For suppose we hold," he says, "with the old empiricist Peirce, that the very meaning of a statement consists in the difference its truth would make to possible experience."

Every term and every sentence is a label attached to an idea, simple or complex, which is stored in the mind. When on the other hand we take a verification theory of meaning seriously, the indeterminacy would appear to be inescapable. The Vienna Circle espoused a verification theory of meaning but did not take it seriously enough. If we recognize with Peirce that the meaning of a sentence turns purely on what would count as evidence for its truth, and if we recognize with Duhem that theoretical sentences have their evidence not as single sentences but only as larger blocks of theory, then the indeterminacy of translation of theoretical sentences is the natural conclusion. And most sentences, apart from observation sentences, are theoretical. This conclusion, conversely, once it is embraced, seals the fate of any general notion of propositional meaning or, for that matter, state of affairs.

Philosophers have rightly despaired of translating everything into observational and logico-mathematical terms. They have despaired of this even when they have not recognized, as the reason for this irreducibility, that the statements largely do not have their private bundles of empirical consequences. And some philosophers have seen in this irreducibility the bankruptcy of epistemology. Carnap and the other logical positivists of the Vienna Circle had already pressed the term "metaphysics" into pejorative use, as connoting meaninglessness; and the term "epistemology" was next. Wittgenstein and his followers, mainly at Oxford, found a residual philosophical vocation in therapy: curing philosophers of the delusion that there were epistemological problems. 


Epistemology, or something like it, simply falls into place as a chapter of psychology and hence of natural science. It studies a natural phenomenon, viz., a physical human subject. This human subject is accorded a certain experimentally controlled input — certain patterns of irradiation in assorted frequencies, for instance — and in the fullness of time the subject delivers as output a description of the three-dimensional external world and its history. The relation between the meager input and the torrential output is a relation that we are prompted to study for somewhat the same reasons that always prompted epistemology; namely, in order to see how evidence relates to theory, and in what ways one's theory of nature transcends any available evidence.


Such a study could still include, even, something like the old rational reconstruction, to whatever degree such reconstruction is practicable; for imaginative constructions can afford hints of actual psychological processes, in much the way that mechanical simulations can. But a conspicuous difference between old epistemology and the epistemological enterprise in this new psychological setting is that we can now make free use of empirical psychology.


The old epistemology aspired to contain, in a sense, natural science; it would construct it somehow from sense data. Epistemology in its new setting, conversely, is contained in natural science, as a chapter of psychology. But the old containment remains valid too, in its way. We are studying how the human subject of our study posits bodies and projects his physics from his data, and we appreciate that our position in the world is just like his. Our very epistemological enterprise, therefore, and the psychology wherein it is a component chapter, and the whole of natural science wherein psychology is a component book — all this is our own construction or projection from stimulations like those we were meting out to our epistemological subject. There is thus reciprocal containment, though containment in different senses: epistemology in natural science and natural science in epistemology. 


 
Although Quine's reciprocal containment suggested that epistemology might still play a foundational role in scientific understanding, his work appeared to many to be reductionist. It seems to deny the normative role of traditional epistemology, which hoped to justify all knowledge, including scientific knowledge. If epistemology ultimately depends on science, justifying or grounding science with epistemology would be circular.



  Ontology
  

Quine began his famous essay "On What There Is" claiming it has a trivial answer,
   
A curious thing about the ontological problem is its simplicity.
It can be put in three Anglo-Saxon monosyllables: 'What
is there?' It can be answered, moreover, in a word—'Everything'
—and everyone will accept this answer as true. However, this
is merely to say that there is what there is. There remains room
for disagreement over cases; and so the issue has stayed alive
down the centuries.
   
  
Alexius Meinong disagreed, and in a most disagreeable way, insisting that "objects exist which do not exist," by which he meant things that do not have an ordinary material existence, such as abstract entities like numbers and Platonic Ideas. Meinong also meant impossible objects, like the "round square," which have meaning but do not have denotation, any reference to an example of such an object.



Quantified Modal Logic
  

Quine was perhaps best-known in the philosophy of logic for his views on quantification, which was an essential part of Aristotle's Prior Analytics and had been formalized first by Gottlob Frege in 1879 in his Begriffsschrift or "Concept Writing."

Frege replaced the familiar sentences (or statements or propositions) of the "first-order" predicate logic of Aristotle's syllogisms - "All men are mortal' - with the notion of quantification operators working on Propositional functions, formulas that include variables, some of which are "free" and others "bound" by the quantification operator. 


The idea of "for all x" becomes ∀ x and is called the universal quantification operator. The notion of "for some x" is called the existential operator ∃ x. This is often read "there exists an x such that..."


These operators are followed by formulas describing the predicates, which may be properties or attributes of x. For example, ∀x Mx might describe "for all x"(the variable for a man) and "Mx" can be read "are mortal."
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  Ayn Rand was an immensely popular novelist (The Fountainhead, Atlas Shrugged) whose work was based on a philosophy she called Objectivism. 

Rand was fiercely critical of academic philosophers, especially John Rawls, and some of the greatest philosophers in history, notably David Hume, Immanuel Kant, and Friedrich Nietzsche. Academic philosophy by and large returned the negative compliments and ignored her work.


Our main interest is that Rand was a great defender of human freedom and claimed that she had proven the existence of free will and even described its operation.


It is widely thought (and among many of her followers) that her existence proof for free will is the following:

	Determinism and free will are incompatible.
	A determined being, like a machine, cannot have knowledge.
	Knowledge is possible to man, because we cannot logically deny some axioms.
	Specifically, we cannot logically claim to know nothing.
	Therefore, we know something.
	Since we know something, we are not determined.
	Therefore, free will exists.


Step 1 in Rand's argument is denied by most philosophers. They call themselves compatibilists.

Step 2 would deny knowledge to computers, and perhaps to animals, if Rand thinks animals do not have free will. But animals clearly can learn many things. And computer expert systems appear to contain a lot of knowledge.


Step 4 bears a passing resemblance to René Descartes existence proof, condensed into the form, "I know, because I cannot logically deny I know, therefore my free will exists." 

The Academic Skeptic Arcesilaus, founder of the Middle Academy in the 3rd century (BCE), pointed out that the Pyrhhonic claim to know nothing was actually a knowledge claim, and "that he knew nothing, not even his own ignorance."  


Rand described free will as the mind choosing to think or not to think, to focus or not to focus one's thoughts. This seems similar to William James's focusing attention to one thing in his "stream of consciousness," Richard Franklins's "selective directing of attention" model for free will and to recent models of consciousness such as Bernard Baars' "Theater of Consciousness."


Rand equates freedom with the choice to think or not to think in For the New Intellectual, 1957 (p.127, pb. ed.) 
   

That which you call your soul or spirit is your consciousness, and that which you call "free will" is your mind's freedom to think or not, the only will you have, your only freedom, the choice that controls all the choices you make and determines your life and your character.
   
  
Rand describes how focus is required for freedom in her essay "Objectivist Ethics," in The Virtue of Selfishness, 1961 (p.20, pb. ed.). Interestingly, Rand sees the unfocused mind as full of chance stimuli and random associations.
   
    Reason is the faculty that identifies and integrates the material provided by man's senses. It is a faculty that man has to exercise by choice. Thinking is not an automatic function. 

In any hour and issue of his life, man is free to think or to evade that effort. Thinking requires a state of full, focused awareness. The act of focusing one's consciousness is volitional. Man can focus his mind to a full, active, purposefully directed awareness of reality — or he can unfocus it and let himself drift in a semiconscious daze, merely reacting to any chance stimulus of the immediate moment, at the mercy of his undirected sensory-perceptual mechanism and of any random, associational connections it might happen to make.

When man unfocuses his mind, he may be said to be conscious in a subhuman sense of the word, since he experiences sensations and perceptions. But in the sense of the word applicable to man — in the sense of a consciousness which is aware of reality and able to deal with it, a consciousness able to direct the actions and provide for the survival of a human being — an unfocused mind is not conscious.


Psychologically, the choice "to think or not" is the choice "to focus or not." Existentially, the choice "to focus or not" is the choice "to be conscious or not." Metaphysically, the choice "to be conscious or not" is the choice of life or death.


Consciousness — for those living organisms which possess it — is the basic means of survival. For man, the basic means of survival is reason. Man cannot survive, as animals do, by the guidance of mere percepts. A sensation of hunger will tell him that he needs food (if he has learned to identify it as "hunger"), but it will not tell him how to obtain his food and it will not tell him what food is good for him or poisonous. He cannot provide for his simplest physical needs without a process of thought. He needs a process of thought to discover how to plant and grow his food or how to make weapons for hunting. His percepts might lead him to a cave, if one is available — but to build the simplest shelter, he needs a process of thought. No percepts and no "instincts" will tell him how to light a fire, how to weave cloth, how to forge tools, how to make a wheel, how to make an airplane, how to perform an appendectomy, how to produce an electric light bulb or an electronic tube or a cyclotron or a box of matches. Yet his life depends on such knowledge—and only a volitional act of his consciousness, a process of thought, can provide it.


But man's responsibility goes still further: a process of thought is not automatic nor "instinctive" nor involuntary — nor infallible. Man has to initiate it, to sustain it and to bear responsibility for its results. He has to discover how to tell what is true or false and how to correct his own errors; he has to discover how to validate his concepts, his conclusions, his knowledge; he has to discover the rules of thought, the laws of logic, to direct his thinking. Nature gives him no automatic guarantee of the efficacy of his mental effort.


Nothing is given to man on earth except a potential and the material on which to actualize it. The potential is a superlative machine: his consciousness; but it is a machine without a spark plug, a machine of which his own will has to be the spark plug, the self-starter and the driver; he has to discover how to use it and he has to keep it in constant action. The material is the whole of the universe, with no limits set to the knowledge he can acquire and to the enjoyment of life he can achieve. But everything he needs or desires has to be learned, discovered and produced by him — by his own choice, by his own effort, by his own mind.


A being who does not know automatically what is true or false, cannot know automatically what is right or wrong, what is good for him or evil. Yet he needs that knowledge in order to live. He is not exempt from the laws of reality, he is a specific organism of a specific nature that requires specific actions to sustain his life. He cannot achieve his survival by arbitrary means nor by random motions nor by blind urges nor by chance nor by whim. That which his survival requires is set by his nature and is not open to his choice. What is open to his choice is only whether he will discover it or not, whether he will choose the right goals and values or not. He is free to make the wrong choice, but not free to succeed with it. He is free to evade reality, he is free to unfocus his mind and stumble blindly down any road he pleases, but not free to avoid the abyss he refuses to see. Knowledge, for any conscious organism, is the means of survival; to a living consciousness, every "is" implies an "ought." Man is free to choose not to be conscious, but not free to escape the penalty of unconsciousness: destruction. Man is the only living species that has the power to act as his own destroyer —and that is the way he has acted through most of his history.


The basic social principle of the Objectivist ethics is that just as life is an end in itself, so every living human being is an end in himself, not the means to the ends or the welfare of others — and, therefore, that man must live for his own sake, neither sacrificing himself to others nor sacrificing others to himself. To live for his own sake means that the achievement of his own happiness is man's highest moral purpose.
   



Rand clearly makes the focusing of the mind (cf. William James's attention) the volitional action or "will" stage, preceded by an unfocusing or "free" stage, where thoughts are full of chance stimuli and random associations that generate alternative possibilities for action. This is the 
two-stage model of free will. 
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In his earliest remarks on determinism and indeterminism, Russell wrote...


The apparent indeterminateness of the future ... is merely a result of our ignorance. It is plain, that no desirable kind of free will can be dependent simply upon ignorance. Let us therefore imagine a set of beings who know the whole future with absolute certainty, and let us ask ourselves whether they could bare anything that we should call free will.


... The beings we are imagining would easily come to know the causal connections of volitions.   
 Our Knowledge of the External World, 1914, p.234




   "Where determinism fails, science fails." (Determinism and Physics, 1936).  
  

   In Part One, Chapter V, of his 1948 Human Knowledge: Its Scope and Limits, Russell argues for a thorough-going mechanical determinism of brain processes, but he does make a rare mention of quantum uncertainty that may be based on Arthur Stanley Eddington's ideas, which in any case was the basis for David Wiggins' suggestion for an amplified quantum uncertainty. In his 1978 book Brainstorms p.288, Daniel Dennett quoted Wiggins and called this "Russell's Hunch." 


It may be that, without infringing the laws of physics, intelligence could make improbable things happen, as Maxwell's demon would have defeated the second law of thermodynamics by opening the trap door to fast-moving particles and closing it to slow-moving ones...

It may be maintained that one characteristic of living matter is a condition of unstable equilibrium, and that this condition is most highly developed in the brains of human beings...Perhaps in the brain the unstable equilibrium is so delicate that the difference between two possible occurrences in one atom suffices to produce macroscopic differences in the movement of muscles...we may imagine that, in a brain, the choice between possible transitions is determined by a psychological cause called "volition."   

 Human Knowledge: Its Scope and Limits, 1948, Part One, Chapter V, pp.40-41



Although quantum mechanical, Russell's "hunch" proves to be little more than the clinamen of Epicurus or the delicately balanced state of mind that James Clerk Maxwell (or John Eccles) was looking for, so that an infinitesimally small nudge by the mind could tip the material body one way or the other, something like Robert Kane's "self-forming actions." It is definitely not our two-stage model of free will. 


And although Russell knows the history of philosophy better than most professional philosophers, he appears blissfully unaware of the ancient and well-known criticism of chance as the direct cause of action, which eliminates moral responsibility (except, of courses, when the agent deliberately invokes indeterminism and is prepared to take responsibility for any outcome, as argued by Robert Kane).


Russell also put forth a strong argument for denying the existence of God (Russell's Teapot") and a very weak argument claiming that any philosophical problem that is solved will be withdrawn from philosophy and added to science. We disagree with this argument, which we call "Russell's Residue." 
  


Russell's Teapot

In 1929, Frank Ramsey made this suggestion in his book Theories. The Foundation of Mathematics (p.235 in the 1960 edition), 
    

In a never-published article titled "Is There a God?" commissioned by Illustrated magazine in 1952, Russell wrote:
    
In 1958, Russell again suggested the teapot between Earth and Mars as a basis for his own atheism:

   Principia Mathematica on Identity
Principia Mathematica, Volume 1, Second Edition, 1927, p.168

Part I, Mathematical Logic


Section B, Theory of Apparent Variables

*13. IDENTITY


The propositional function "x is identical with y" will be written "x = y."
We shall find that this use of the sign of equality covers all the common uses
of equality that occur in mathematics. The definition is as follows:
*1301.  x = y . = : (φ) : φ ! x . ⊃ . φ ! y Df



This definition states that x and y are to be called identical when every
predicative function satisfied by x is also satisfied by y. We cannot state that
every function satisfied by x is to be satisfied by y, because x satisfies functions
of various orders, and these cannot all be covered by one apparent variable.
But in virtue of the axiom of reducibility it follows that, if x = y and x satisfies
ψx, where ψ is any function, predicative or non-predicative, then y also satisfies
ψy (cf. *13.101., below). Hence in effect the definition is as powerful as it
would be if it could be extended to cover all functions of x...

The propositions of the present number are constantly referred to. Most
of them are self-evident, and the proofs offer no difficulty. The most important
of the propositions of this number are the following:

*13.101. ⊢ : x = y. ⊃ . ψx ⊃ ψy


I.e. if x and y are identical, any property of x is a property of y.

*13.12. ⊢  : x = y . ⊃  ψx ≡ ψy


This includes *13.101 together with the fact that if x and y are identical
any property of y is a property of x.

*13.15.16.17. which state that identity is reflexive, symmetrical and transitive.





Without mentioning Leibniz, this is the first use of Leibniz' Law of the Identity of Indiscernibles.

Russell's Residue


In an early work, Russell asserted that today “utility does not belong to philosophy.” Philosophical problems with solutions become science, he said.



"If all men were well off, if poverty and disease had been reduced to their lowest possible point, there would still remain much to be done to produce a valuable society; and even in the existing world the goods of the mind are at least as important as the goods of the body." 

"But it cannot be maintained that philosophy has had any very great measure of success in its attempts to provide definite answers to its questions… as soon as definite knowledge concerning any subject becomes possible, this subject ceases to be called philosophy, and becomes a separate science. The whole study of the heavens, which now belongs to astronomy, was once included in philosophy; Newton's great work was called 'the mathematical principles of natural philosophy'. Similarly, the study of the human mind, which was a part of philosophy, has now been separated from philosophy and has become the science of psychology.


“to a great extent, the uncertainty of philosophy is more apparent than real..." [When philosophical questions are resolved they leave the philosophical realm.] “while those only to which, at present, no definite answer can be given, remain to form the residue which is called philosophy." 


There are many questions -- and among them those that are of the profoundest interest to our spiritual life -- which, so far as we can see, must remain insoluble to the human intellect unless its powers become of quite a different order from what they are now. Has the universe any unity of plan or purpose, or is it a fortuitous concourse of atoms? Is consciousness a permanent part of the universe, giving hope of indefinite growth in wisdom, or is it a transitory accident on a small planet on which life must ultimately become impossible?"





For Russell, 

"[t]he value of philosophy is, in fact, to be sought largely in its very uncertainty"

"The man who has no tincture of philosophy goes through life imprisoned in the prejudices derived from common sense, from the habitual beliefs of his age or his nation, and from convictions which have grown up in his mind without the co-operation or consent of his deliberate reason. To such a man the world tends to become definite, finite, obvious; common objects rouse no questions, and unfamiliar possibilities are contemptuously rejected.



Russell was overstating the case when he said "what science cannot discover, mankind cannot know," and later in The Problems of Philosophy,


"questions which are already capable of definite answers are placed in the sciences, while those only to which, at present, no definite answer can be given, remain to form the residue which is called philosophy." 

Information philosophy can not be reduced to "Russell's Residue."


The goal of information philosophy is not to remove a problem from philosophy once it is solved. To be sure, where scientists seek solutions, philosophers prefer problems, ones that are teachable as problems. But these attitudes only serve to prevent progress in philosophy. 


 
The Physiology of Sensation and Volition

From the standpoint of orthodox psychology, there are two boundaries between the mental and physical, namely, sensation and volition. "Sensation" may be defined as the first mental effect of a physical cause, "volition" as the last mental cause of a physical effect. I am not maintaining that these definitions will prove ultimately satisfactory, but only that they may be adopted as a guide in our preliminary survey. In the present chapter I shall not be concerned with either sensation or volition themselves, since they belong to psychology; I shall be concerned only with the physiological antecedents and concomitants of sensation, and with the physiological concomitants and consequents of volition. Before considering what science has to say, it will be worth while to view the matter first from a common-sense point of view.

Suppose something is said to you, and in consequence you take some action; for example, you may be a soldier obeying the word of command. Physics studies the sound waves that travel through the air until they reach the ear; physiology studies the consequent events in the ear and nerves and brain, up to the moment when you hear the sound; psychology studies the sensation of hearing and the consequent volition; physiology then resumes the study of the process, and considers the outgoing chain of events from the brain to the muscles and the bodily movement expressing the volition; from that point onward, what happens is again part of the subject matter of physics. The problem of the relation of mind and matter, which is part of the stock in trade of philosophy, comes to a head in the transition from events in the brain to the sensation, and from the volition to other events in the brain. It is thus a twofold problem: how does matter affect mind in sensation, and how does mind affect matter in volition? I do not propose to consider this problem at this stage; I mention it now only to show the relevance of certain parts of physiology to questions which philosophy must discuss.


The physiological processes which precede and accompany sensation are admirably set forth in Adrian's book The Basis of Sensation: The Action of the Sense Organs (London, 1928). As everyone knows, there are two sorts of nerve fibers, those that carry messages into the brain and those that carry messages out of it. The former alone are concerned in the physiology of sensation. Isolated nerves can be stimulated artificially by an electric current, and there is good reason to believe that the processes thus set up are essentially similar to those setup naturally in nerves that are still in place in a living body. When an isolated nerve is thus stimulated in an adequate manner, a disturbance is set up which travels along the nerve at a speed of about 220 miles an hour (100 meters a second). Each nerve consists of a bundle of nerve fibers running from the surface of the body to the brain or the spinal cord. The nerve fibers which carry messages to the brain are called "afferent"; those which carry messages from the brain are called "efferent." A nerve usually contains both afferent and efferent fibers. Broadly speaking, the afferent fibers start from sense organs and the efferent fibers end in muscles.


The response of a nerve fiber to a stimulus is of what is called the "all-or-nothing" type, like the response of a gun to pressure on the trigger. A slight pressure on the trigger produces no result, but a pressure which is sufficiently great produces a specific result which is the same however great the pressure may be (within limits). Similarly when a nerve fiber is stimulated very slightly, or for a very brief period (less than .00001 of a second), there is no result, but when the stimulus is sufficient a current travels along the nerve fiber for a very brief period (a few thousandths of a second), after which the nerve fiber is "tired" and will not transmit another current until it is rested. At first, for two or three thousandths of a second, the nerve fiber is completely refractory; then it recovers gradually. During the period of recovery a given stimulus produces a smaller response, and one which travels more slowly. Recovery is complete after about a tenth of a second. The result is that a constant stimulus does not produce a constant state of excitement in the nerve fibers, but a series of responses with quiescent periods between. The messages that reach the brain are, as Adrian puts it, like a stream of bullets from a machine gun, not like a continuous stream of water.
It is supposed that in the brain, or the spinal column, there is a converse mechanism which reconverts the discrete impulses into a continuous process, but this, so far, is purely hypothetical.


Owing to the discontinuous nature of the response to a stimulus, the response will be exactly the same to a constant stimulus as to one which is intermittent with a frequency adapted to the period of recovery in the nerve. It would seem to follow that there can be no means of knowing whether the stimulus is constant or intermittent. But this is not altogether true. Suppose, for instance, that you are looking at a bright spot of light: if you could keep your eyes absolutely fixed, your sensations would be the same if the light flickered with appropriate rapidity as they would be if the light were steady. But in fact it is impossible to keep the eyes quite still, and therefore fresh, unfatigued nerves are perpetually being brought into play.


A remarkable fact, which might seem to put a limit on the informative value of sensations, is that the response of the nerve fiber is the same to any stimulus of sufficient strength and duration: there is just one message, and only one, that a given nerve fiber can transmit. But consider the analogy of a typewriter: if you press a given letter, only one result occurs, and yet the typewriter as a whole can transmit any information, however complicated.
The mechanism of the efferent nerve fibers appears to be just the same as that of the afferent nerve fibers; the messages that travel from the brain to the muscles have the same jerky character as those that travel from the sense organs to the brain.


But the most interesting question remains. What goes on in the brain between the arrival of a message by the afferent nerves and the departure of a message by the efferent nerves? Suppose you read a telegram saying, "All your property has been destroyed in an earthquake," and you exclaim, "Heavens! I am ruined!" We feel, rightly or wrongly, that we know the psychological links, after a fashion, by introspection, but everybody is agreed that there must also be physiological links. The current brought into the vision center by the optic nerve must pass thence to the speech center, and then stimulate the muscles which produce your exclamation. How this happens is still obscure. But it seems clear that from a physiological point of view there is a unitary process from the physical stimulus to the muscular response. In man this process may be rendered exceedingly complex by the operation of acquired habits, especially language habits, but in some less highly organized animals the process is simpler and less difficult to study; the reason why the moth approaches the flame, for example, is fairly well understood in physiological terms.



This raises a question of great interest, namely: Is the process in the brain, which connects the arrival of the sensory stimulus with the departure of the message to the muscles, completely explicable in physical terms? Or is it necessary to bring in "mental" intermediaries, such as sensation, deliberation, and volition? Could a superhuman calculator, with sufficient knowledge of the structure of a given brain, predict the muscular response to a given stimulus by means of the laws of physics and chemistry? Or is the intervention of mind an essential link in connecting a physical antecedent (the stimulus) with a physical consequent (a bodily movement)?

Until more is known about the brain than is known at present, it will not be possible to answer this question confidently in either sense. But there are already some grounds, though not conclusive ones, for regarding what might be called the materialist answer as the more probable one. There are reflexes, where the response is automatic and not controlled by volition. From unconditioned reflexes, by the law of habit, conditioned reflexes arise, and there is every reason to regard habit as physiologically explicable. Conditioned reflexes suffice to explain a great part of human behavior; whether there is a residue that cannot be so explained must remain, for the present, an open question.


At a later stage, I shall maintain that there is no such gulf between the mental and the physical as common sense supposes. I shall also maintain that even if the physiological causal chain from sense organ to muscle can be set forth in terms which ignore the psychological occurrences in the middle of the chain, that will not prove that volitions are not "causes" in the only valid sense of the word "cause." But both of these contentions require considerable argument and elucidation. For the present, I will only add a few words from the standpoint of scientific common sense.


If — as seems likely — there is an uninterrupted chain of purely physical causation throughout the process from sense organ to muscle, it follows that human actions are determined in the degree to which physics is deterministic. Now physics is only deterministic as regards macroscopic occurrences, and even in regard to them it asserts only very high probability, not certainty. It might be that, without infringing the laws of physics, intelligence could make improbable things happen, as Maxwell's demon would have defeated the second law of thermodynamics by opening the trap door to fast-moving particles and closing it to slow-moving ones.


On these grounds it must be admitted that there is a bare possibility — no more — that although occurrences in the brain do not infringe the laws of physics, nevertheless their outcome is not what it would be if no psychological factors were involved. I say there is no more than
a bare possibility for several reasons. In the first place, the hypothesis supposes only the microscopic laws preserved, not the macroscopic laws. But the evidence for the macroscopic laws is better than the evidence for the microscopic laws, and very strong grounds would be needed to justify a belief that on some occasion they had failed. In the second place, all the occurrences which illustrate the connection of mind and matter are macroscopic: a volition, for example, results in a perceptible bodily movement, not in a mere atomic change. In the third place, the study of processes in the nerves and brain, so far, has shown physical causation wherever adequate observation was possible; the region as to which there is still ignorance is one where very minute phenomena are concerned, and where observation is very difficult. There is therefore, so far, not the smallest positive reason for supposing that there is anything about physical processes in the brain that involves different macroscopic laws from those of the physics of inanimate matter.


Nevertheless, for those who are anxious to assert the power of mind over matter it is possible to find a loophole. It may be maintained that one characteristic of living matter is a condition of unstable equilibrium, and that this condition is most highly developed in the brains of human beings. A rock weighing many tons might be so delicately poised on the summit of a conical mountain that a child could, by a gentle push, send it thundering down into any of the valleys below; here a tiny difference in the initial impulse makes an enormous difference to the result. 


Here is a random microscopic event amplified to determine volition. Compare Maxwell's unstable equilibrium. But note the idea that psychological processes can influence quantum transitions. 


Perhaps in the brain the unstable equilibrium is so delicate that the difference between two possible occurrences in one atom suffices to produce macroscopic differences in the movements of muscles. And since, according to quantum physics, there are no physical laws to determine which of several possible transitions a given atom will undergo, we may imagine that, in a brain, the choice between possible transitions is determined by a psychological cause called "volition." All this is possible, but no more than possible; there is not the faintest positive reason for supposing that anything of the sort actually takes place.

On the evidence as it exists the most probable hypothesis is that, in the chain of events from sense organ to muscle, everything is determined by the laws of macroscopic physics. To return to our previous illustration of the man who reads a telegram and exclaims, "I am ruined!": it seems probable that if you had a sufficiently minute knowledge of his brain structure, and if you were a sufficiently good mathematician, you could foretell that when the shapes making the message on the telegram came into his field of vision they would set up a process ending in certain movements in his mouth, to wit, those producing the sounds which we represent in writing as "I am ruined." 


Russell's demon is like the man in John Searle's Chinese Room. 


It is here assumed that you could make this prophecy without knowing English; it should not be necessary for you to know the meaning either of the telegram or of his exclamation. The difference between a man knowing English and a man not knowing it should, on the physiological side, consist in the presence in one case, and absence in the other, of connections between the afferent nerves when stimulated by the hearing or reading of English words and the efferent nerves producing the appropriate response. This difference we suppose visible to a hypothetical observer without his having to know the "meaning" either of the stimulus or of the response.

This hypothesis, it must be admitted, does not seem very plausible, and I am far from asserting dogmatically that it is true. The most that can legitimately be asserted, in my opinion, is that it is the right working hypothesis for a man investigating the physiological concomitants of sensation and volition. In so far as it is true, it may help him to make discoveries; if, at some point, it is false, its falsehood is most likely to be discovered by means of experiments suggested by the assumption of its truth. In so far as the hypothesis is true, physiology is a science independent of psychology; if at any point it is false, physiology ceases to be autonomous. Asa matter of practical policy, the physiologist does well to assume that his science is autonomous so long as no evidence to the contrary has been discovered.




Is Russell proposing a demon here predicting the actions of a brain?


The History of Materialism


In 1925, Russell wrote an introduction to the English translation of the second edition of Frederick Albert Lange's monograph The History of Materialism (1874). 

In it, Russell presents the case for and against materialism (and determinism) substantially as that case is presented today. (Compare for example, Galen Strawson's Real Materialism. So much for progress in philosophy!) 


Below we present an annotated version of Russell's short review, with a few annotations describing present views. (A PDF version of the original is here.)
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MATERIALISM as a theory of the nature of the world has had
a curious history. Arising almost at the beginning of Greek
philosophy, it has persisted down to our own time, in spite
of the fact that very few eminent philosophers have
advocated it. It has been associated with many scientific
advances, and has seemed, in certain epochs, almost
synonymous with a scientific outlook. Accusations of
materialism have always been brought by the orthodox
against their opponents, with the result that the less
discriminating opponents have adopted materialism because
they believed it to be an essential part of their opposition.
At the present moment, the official creed of one of the
largest States in the world is materialism, although hardly
any one in the learned world explicitly adheres to this
theory. A system of thought which has such persistent
vitality must be worth studying, in spite of the professional
contempt which is poured on it by most professors of
metaphysics.

Lange's History of Materialism, here re-issued in "The
International Library of Psychology, Philosophy, and
Scientific Method," is a monumental work, of the highest
value to all who wish to know what has been said by
advocates of materialism, and why philosophers have in
the main remained unconvinced. The first edition appeared
in 1865, at the height of the period often described as
"The materialistic '60's." The preface to the second
edition is dated June, 1873. The author died in 1875,
before the reaction against materialism had made itself
felt. Lange, while very sympathetic to materialism in its
struggles with older dogmatic systems, was himself by no
means a materialist. He is described by Professor Cohen,
in the Preface to the Ninth Edition (1921), as an "apostle
of the Kantian view of the world," to which Professor
Cohen himself adheres. The description is quite correct.
Lange considers that materialism is unable to explain
consciousness, and is refuted, on scientific grounds, by the
psychology and physiology of sensation, which shows that
the world studied by physics is a world dependent on our
modes of perception, not a world existing independently on
its own account.


It is a commonplace to object to materialism on ethical
grounds, since it is supposed to have a deleterious effect on
conduct. While energetically repelling many forms of this
criticism, Lange nevertheless upholds it in the end, since
he regards the economics of the Manchester school and the
ruthlessness of modern competition as attributable to a
materialistic outlook. This is perhaps the weakest part of
his book, in spite of the fact that, unlike most German
learned men, he had considerable experience of practical
life. In 1861, at the age of 33, he resigned his position as a
teacher, and became secretary of the Duisburg Chamber of
Commerce. But his position became difficult owing to his
radical opinions, which found vent in various directions.
He edited a newspaper called The Rhine and Ruhr Gazette,
and he wrote a book called Die Arbeiterfrage in ihrer Bedeutung
fur Gegenwart und Zukunft, which appeared in the
same year as his History of Materialism. His industry was
little short of miraculous, for in this same year he published
yet another book, Die Grundlegung der mathematischen
Psychologie — and all this without neglecting the newspaper
or the Chamber of Commerce.


In the following year (1866) he went to Switzerland,
where he again took up academic work, becoming Professor
at Zurich in 1870, and returning to Germany in 1872 aB
Professor at Marburg. But his experiences in the world of
industry and commerce undoubtedly helped to widen his
outlook, and to give him an understanding, not always
possessed by the learned, of the operation of theories when
they pass out into the market-place. He remarks that, in
England, philosophers are often statesmen, and, what is
still more extraordinary, statesmen are sometimes philosophers.
He does not point out how often the mixture
is damaging to both, making the statesman too theoretical
and the philosopher too practical.


Lange's book is divided into two parts, one dealing with
the times before Kant, the other with Kant and his successors.
This division shows the very great importance
which he attaches to the philosopher of Konigsberg — an
importance which, perhaps, may seem less as time goes on.
Kant's system is intimately bound up with the state of the
exact sciences in his day: Euclidean geometry gives the
foundation of the transcendental aesthetic, and the Aristotelian
syllogism gives the ground for the deduction of the
categories. Now that geometry has become non-Euclidean
and logic non-Aristotelian, Kant's arguments require restatement; to what extent this is possible, is still a moot
question. To the present writer, the first half of Lange's
book appears considerably better than the second, because
it is less affected by the author's views on matters which
are still undecided. In the periods before Kant, his critical
judgment is extraordinarily sound. The account of Greek
atomism, the analysis of Plato's influence for good and
evil, are admirable. The combination of scientific materialism
with theological orthodoxy in seventeenth-century
England, and its contrast with the revolutionary materialism
of eighteenth-century France, are set forth with a nice
historical sense. But it is always a very difficult task to
see one's own time in historical perspective. Apart from
philosophical predilections, there is difficulty in disentangling
what is important and permanent in the purely scientific
work of one's own generation. The problems which occupied
the men of science sixty years ago were very different from
those of the present day, and it was impossible to know
which of them would prove to be historically important.


On the question: what is true and what false in materialism? it is possible to speak with more learning and more
complication than in former days, but it may be doubted
whether any substantially new arguments have been
invented since Greek times. Nevertheless, it may be
profitable to attempt a survey of the position as it appears
in the light of modern science.


The theory of Democritus was intelligible and simple.
The world consisted of hard round atoms of various sizes,
all falling, but the heavier atoms falling faster, so that they
would occasionally impinge upon the fighter atoms. If
the impact was not exactly in the line of centres, there
would be a resultant sideways motion, which accounts for
the fact that bodies do not move only in one direction.
This view, of course, had to be modified for purely physical
reasons, but the modifications were not important until
we come to Descartes with his plenum and his doctrine of
vortices. This showed that atomism is not an essential
part of materialistic physics. Newton's followers introduced another modification; namely, action at a distance
(which Newton himself still regarded as impossible). To
this day the oscillation continues between atoms with
action at a distance and a continuous medium (the aether)
with continuous transmission of effects. Few physicists
nowadays cling to either as a matter of principle; the
only question is: which best explains observed phenomena?
Both views have in common a belief in physical determinism,
i.e. a belief that what happens in the world dealt
with by physics happens according to laws such that, if
we knew the whole state of the physical world during a
finite time, however short, we could theoretically infer its
state at any earlier or later time. This is the kernel of
materialism from the standpoint of ethics, religion, sociology,
etc., though not from the standpoint of metaphysics. If
physical determinism is true — if, that is to say, everything
that we commonly regard as the motion of matter is subject
to laws of the above kind — then, although there may be a
concurrent world of mind, all its manifestations in human
and animal behaviour will be such as an ideally skilful
physicist could calculate from purely physical data. Physics
may still be unable to tell us anything about a man's
thoughts, but it will be able to predict all that he will say
and do. Under these circumstances, a man will be, for all
practical purposes, an automaton, since his mental life can
only be communicated to others or displayed in action by
physical means. Even his thoughts can be inferred from
physics, unless he is content never to give utterance to them.


This point of view resulted from Cartesianism, though
most Cartesians attempted to escape from its consequences.
Lamettrie, author of L'homme machine, justly claimed that
he had derived his philosophy from Descartes. Descartes,
who knew about the conservation of vis viva, but not
about the conservation of momentum, endeavoured to
safeguard human freedom by maintaining that the will
could alter the direction of motion of the animal spirits,
though not the amount of their motion. He did not,
however, extend this freedom to animals, which he regarded
as automata. Nowadays no one would dream of drawing
such a distinction between men and animals. And even
his immediate followers had to abandon his position on
this point, owing to the discovery of the conservation of
momentum, which showed that the quantity of motion
in each direction must be constant. From that day to our
own, many philosophers have advocated the theory of
two parallel series, one mental and one physical, each subject
to its own laws, and neither influencing the other. This
theory has less plausibility in our time than it had formerly;
but apart from the question of its truth, it is worth while
to realise that it does not afford an escape from the more
disagreeable consequences of materialism.


If there is parallelism between the physical and mental
series, as this theory supposes, every physical law must
have its psychological counterpart, and therefore psychology
must be as rigidly deterministic as physics. There will be,
so to speak, a dictionary, by which physical events can be
translated into the concurrent mental events. Given
this dictionary, the Laplacean calculator can, by physics
alone, deduce the state of the material world at any given
time, and discover from the dictionary what must be the
corresponding state of the mental world. Clearly, the
emancipation from physics which anti-materialists desire,
is not to be achieved along these lines.


There is, however, no good reason to accept the theory of
psycho-physical parallelism. The dualism of mind and
matter is probably not ultimate, and the supposed impossibility of interaction rests upon nothing better than scholastic
dogmas. To common-sense it appears that our minds
are affected by what we see and hear, and that, conversely,
our bodies are affected by our volitions whenever we will
to make any movement. There is no reason whatever to
suppose that common-sense is mistaken in this view,
although, of course, there is great need of analysis as to
what really takes place when we perceive or will.


Lange advances, quite justly, as an argument against
materialism, the fact that we only know about matter
through its appearances to us, which, according to materialism
itself, are profoundly affected by our own physical
organisation. What we see depends not only upon what
is there to be seen, but also upon the eye, the optic nerve,
and the brain. But the eye, the optic nerve, and the brain
are only known through being seen by the physiologist.
In this way materialism is driven back to sensationalism.
If it is to escape sensationalism, it must abandon the
empirical scientific method, substituting for it the dogmatism
of an a priori metaphysic, which professes to know
what is behind appearances. Historically, we may regard
materialism as a system of dogma set up to combat orthodox
dogma. As a rule, the materialistic dogma has not been
set up by men who loved dogma, but by men who felt that
nothing less definite would enable them to fight the dogmas
they disliked. They were in the position of men who raise
armies to enforce peace. Accordingly we find that, as
ancient orthodoxies disintegrate, materialism more and
more gives way to scepticism. At the present day, the
chief protagonists of materialism are certain men of science
in America and certain politicians in Russia, because it
is in those two countries that traditional theology is still
powerful.


The two dogmas that constitute the essence of materialism
are: First, the sole reality of matter; secondly, the
"reign of law." The belief that matter alone is real will not
survive the sceptical arguments derived from the physiological
mechanism of sensation. But it has received recently
another blow, from the quarter whence it was least to be
expected, namely, from physics. The theory of relativity,
by merging time into space-time, has damaged the traditional
notion of substance more than all the arguments of
philosophers. Matter, for common-sense, is something
which persists in time and moves in space. But for modern
relativity-physics this view is no longer tenable. A piece
of matter has become, not a persistent thing with varying
states, but a system of inter-related events. The old
solidity is gone, and with it the characteristics that, to the
materialist, made matter seem more real than fleeting
thoughts. Nothing is permanent, nothing endures; the
prejudice that the real is the persistent must be abandoned.


The notion of substance has not been regarded by
philosophers as metaphysically valid since the time of
Hume and Kant, but it persisted in the practice of physics.
Its defeat, within physics, by the abandonment of a single
cosmic time affords a purely scientific argument against the
older type of materialism, which utilised the belief that
substance is what persists through time.


The reign of law raises more difficult and also more
important questions. The outlook with which the phrase
"reign of law" seems to belong most naturally is that of
Newton, especially as developed by his disciples. Belief
in the reign of law is often combined with strict theological
orthodoxy, but in that case human volitions are excepted, at
any rate in certain cases. The reign of law only becomes
part of the materialistic outlook when it is believed to
have no exceptions, not even human volitions. It is in this
form that we have to consider it. It will he necessary first
to define the phrase, and then to inquire what ground there
is for believing it applicable to the world.


The definition of the reign of law is by no means so easy
as seems often to be supposed. The idea is derived from
such instances as the law of gravitation in the solar system,
where a simple formula enables us to predict the motions
of the planets and their satellites. But this instance is
deceptive in several respects. In the first place, there is no
reason to suppose that the laws in other cases are equally
simple. In the second place, it turns out that the Newtonian
form of the law of gravitation is only approximate, and
that the exact law is enormously more complicated. In
the third place, the geography (if one may use such a term)
of the solar system is amazingly schematic. To a first
approximation, it may be regarded as consisting of a small
number of mass-points, whose individual motions are
easily observable. This point of view is not adequate for
dealing with such matters as tides, but it suffices for the
deduction of Kepler's laws from the law of gravitation,
which was Newton's most spectacular achievement. It is
obviously a very different matter to obtain laws applicable
to individual electrons and protons, because of the greater
geographical complexity involved. For these reasons,
among others, it is rash to regard the Newtonian astronomy 
as typical of what is to be expected in physics.


The least that can be meant by the reign of law is this:
given any phenomenon, there exists some formula of finite 
complexity such that, from a sufficient (finite) number of
data at other times the phenomenon in question can be
calculated. In practice, the "other times" will usually be
earlier times, but this is not always the case — for example,
in speculations as to the geological history of the earth or
the origin of the solar system. Theoretically, it should be
irrelevant whether the "other times" are earlier or later
than that of the phenomenon concerned.


In elucidation of the above definition, there are one or
two observations to be made. The reason for saying that
the formula must be of finite complexity is that otherwise
nothing is asserted beyond a logical truism. By admitting
formulae of infinite complexity, any series of events whatever
could be brought within the compass of a single law,
and therefore we should assert nothing in asserting the
reign of law. The reason for insisting that the number of
data required must be finite is similar, but is reinforced
by another, namely, that we cannot manipulate an indefinite number of data, and could therefore never discover
evidence either for or against a law which required them.


There is a further point which should be borne in mind.
None of our observations are completely accurate; there
is always a margin of error. Consequently we can never
prove that events obey exactly any law which is found to
work within the margin of error, nor, conversely, need we
trouble ourselves about inaccuracies which must remain
below this margin. For example: it is always assumed in
physics that continuous functions can be differentiated,
although, as a matter of pure mathematics, this is known
to be only sometimes the case. There is no harm in this
from the physicist's standpoint, because, given any continuous
function which cannot be differentiated, there will
always be another which can be differentiated, and which
differs from the first by less than the probable error in our
observations. Approximations are all that we can achieve,
and therefore all that we need attempt.


The question now arises: Is there any reason to believe
in the reign of law in the above sense? In the world of pure
physics there are a number of fundamental occurrences
which cannot at present be reduced to law. No one knows
why some atoms of a radio-active element disintegrate
while others do not; we know statistical averages, but
what goes on in the individual atom is completely obscure.
Again, the spectrum of an element is caused by electrons
jumping from one possible orbit to another. We know a
great deal about the possible orbits, and about what happens
when a jump takes place, and about the proportion that
choose one possible jump as compared to those that choose
another. But we do not know what (if anything) decides
the particular moment at which an electron jumps, or the
particular jump that it sees fit to make when several are
possible. Here, again, it is statistical averages that we
know. It is therefore open to anybody to say that, while
averages are subject to law, the actions of individual
electrons have a certain range of caprice, within which
there is no evidence for the reign of law. A man who
maintained such a view dogmatically would be very rash,
since to-morrow he might be refuted by some new discovery.
But a man who merely maintains that, in the present state
of physics, it is a possibility to be borne in mind, is displaying
a proper scientific caution. Thus even within the
pure physics of inorganic matter the reign of law cannot
he asserted to be indubitably universal.


This doubt cannot but be increased when we pass on to
biology and psychology. I do not mean that there is any
positive evidence against the reign of law in this region;
I mean only that the evidence in its favour is less strong,
because fewer laws are known, and prediction is as yet
only possible within very narrow limits. The discovery 
of quanta in physics shows how rash it is to dogmatise
as to the further surprises which even an advanced science
may have in store for us; and psychology is by no means
an advanced science.


In the present condition of human knowledge, therefore,
either to assert or to deny the universal reign of law is a
mark of prejudice; the rational man will regard the question
as open. All perennial controversies, such as that between
determinists and believers in free will, spring from a conflict
between opposing passions, both widespread, but one
stronger in one man and the other in another. In this
case, the conflict is between the passion for power and the
passion for safety, because if the external world behaves
according to law we can adapt ourselves to it. We desire
the reign of law for the sake of safety, and freedom for the
sake of power. Common-sense assumes that law governs
inanimate nature and one's neighbours, while freedom is
reserved for oneself. In this way both passions are gratified
to the full. But philosophy demands some more subtle
reconciliation, and is therefore never weary of inventing
new ways of combining freedom with determination.
The sceptic can merely observe this struggle with detachment,
and he is fortunate if his detachment does not
degenerate into cynicism.


It has always been customary, and since the time of
Kant it has been thought even respectable, to invoke moral
considerations in support of freedom. While, however, the
sceptic has a good case as against the dogmatic believer in
the universal reign of law, he is not likely to admit the
opposite claim that a dogmatic disbelief in this principle
is helpful to morals. If he is a sceptic worthy of the name,
he will begin by saying that no one knows what beliefs
are helpful to morals, or even whether beliefs have any
noticeable influence on conduct. But if he is a student of
history, he will observe that, as a practical postulate,
belief in natural law has borne good fruit by producing
such knowledge as we possess, whereas its rejection has
been associated with intolerance and obscurantism. He
will say that, though possibly there may be phenomena
not reducible to law, this is a mere speculative possibility,
of which it is unnecessary to take account in the actual
practice of science, since science can only advance by the
discovery of laws, and where (if anywhere) there are no 
laws, there is also no possible science. 


In our own time, the old battle of materialism persists
chiefly in biology and physiology. Some men of science
maintain that the phenomena of living organisms cannot be
explained solely in terms of chemistry and physics; others
maintain that such explanation is always theoretically
possible. Professor J. S. Haldane may be regarded, in this 
country, as the leading exponent of the former view; in
Germany it is associated with Driesch. One of the most
effective champions of the mechanistic view was Jacques
Loeb, who showed (inter alia) that a sea-urchin could have
a pin for its father, and afterwards extended this result to 
animals much higher in the scale. The controversy may
be expected to last for a long time, since, even if the
mechanists are in the right, they are not likely soon to find
explanations of all vital phenomena of the sort that their
theory postulates. It will be a severe blow to the vitalists
when protoplasm is manufactured in the laboratory, but
they will probably take refuge in saying that their theories
only apply to multi-cellular organisms. Later, they will
confine vitalism to vertebrates, then to mammals, then to
men, and last of all to white men—or perhaps it will be i
yellow men by that time. Ordinary scientific probability
suggests, however, that the sphere of mechanistic explanation in regard to vital phenomena is likely to be indefinitely
extended by the progress of biological knowledge.


Psychology, which might have been expected to be more
opposed to materialism than any other science, has, on the
contrary, shown decided leanings in that direction. The
behaviourist school maintains that psychology should only
concern itself with what can be seen by external observation,
and denies totally that introspection is an independent
source of scientific knowledge. This view would make all
the phenomena with which psychology is concerned physical
phenomena, thereby conceding to materialism the utmost
of its claims. Apart, however, from other difficulties, there
is the difficulty already noted, that the data of physics are
sensations, which are infected with the subjectivity of the
observer. Physics seeks to discover material occurrences
not dependent upon the physiological and psychical
peculiarities of the observer. But its facts are only discovered
by means of observers, and therefore only afford
data for physics in so far as means exist of eliminating the
observer's contribution to the phenomenon. This elimination
is not an easy matter. It might be argued, on philosophical
grounds, that it is impossible, and this is no doubt
true if complete elimination is meant. But to a certain
extent the problem can be treated scientifically, without
raising metaphysical issues. It is then found that subjectivity
is of three kinds, physical, physiological, and psychical.
The first of these is satisfactorily dealt with by the theory
of relativity: the method of tensors is its complete theoretical
solution. The second and third are perhaps not
really distinct; they can be dealt with in so far as one
man's perceptions differ from another's, but it is difficult
to see any method of eliminating subjective elements in
which all men are alike.


There is one other respect in which psychology has been
tending towards the point of view advocated by materialists.
We used to hear much of such supposed faculties as
"consciousness," "thought," and "reason." Many modern
psychologists, following William James, are inclined to 
dismiss "consciousness" as a term destitute of any clear
meaning. "Thought" and "reason," meanwhile, are
found to be analogous to processes of learning among
animals, which are ultimately reducible to the law of habit. 
All this, of course, is still controversial; but if it should
prove correct, the psychological difficulties of materialism
will be greatly diminished.


The conclusion of the above discussion would seem to be
that, as a practical maxim of scientific method, materialism
may be accepted if it means that the goal of every science
is to be merged in physics. But it must be added that 
physics itself is not materialistic in the old sense, since it no
longer assumes matter as permanent substance. And it
must also be remembered that there is no good reason to
suppose materialism metaphysically true: it is a point of
view which has hitherto proved useful in research, and is
likely to continue useful wherever new scientific laws are
being discovered, but which may well not cover the whole
field, and cannot, be regarded as definitely true without a
wholly unwarranted dogmatism.



B. R.
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In 1966, C. W. Rietdijk published "A Rigorous Proof of Determinism Derived from the Special Theory of Relativity." It purports to prove that the world is pre-determined because of an argument from special relativity called the "relativity of simultaneity." 

J. J. C. Smart, a strong determinist, whose 1961 Mind article is one of the canonical sources for the standard argument against free will, had discussed in 1964 Hermann Minkowski's argument for a special-relativistic block universe. Smart was circumspect as to whether a "tenseless" view of time means that "the future is already somehow 'laid up' there." He does not yet claim, as does Rietdijk, that everything that is going to happen has already happened, an idea called actualism.


Rietdijk's argument depends on paradoxes (the most famous being the twin paradox) that result from moving observers having different ideas about what events in their view correspond to "now." They have different "planes of simultaneity." "Now" means they have synchronized their clocks according to Einstein's famous procedure. Rietdijk writes


Our conclusion is: there does not exist an event, that is not already in the past
for some possible distant observer, at the (our) moment that the latter is "now" for
us. Such event is as legitimately past for that distant observer as is the moment five
minutes ago on the sun for us (irrespective of the circumstance that the light of the
sun cannot reach us in a period of five minutes). Only an extreme positivism: "that
which cannot yet be observed does not yet exist", can possibly withstand the conclusion
concerned. Therefore, if we take into account the definition and the argument given
above, we may conclude that there is determinism (which is, of course, not the same
thing as causality), also in micro-physics. Also there is no free will; from this it follows,
e.g., that the whole philosophy of existentialism is untenable. In the same way, of
course, we can conclude that theories, intending to  save free will with the aid of
"indeterminism" in micro-physics, cannot be tenable.
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Charles Renouvier wrote his five-volume Essay on General Critique (between 1854 and 1864) inspired by Kant's three great critiques of Reason. Renouvier generally followed Kant, but he placed human freedom not in some imaginary noumenal realm but in the phenomenal world, with contingent events. This contingency, or absolute chance, was a requirement for human freedom.
William James cited his reading of Renouvier for his decision to believe that his will was free. In his diary entry of April 30, 1870, he wrote,


"I think that yesterday was a crisis in my life. I finished the first part of Renouvier's second Essais and see no reason why his definition of free will — 'the sustaining of a thought because I choose to when I might have other thoughts' — need be the definition of an illusion. At any rate, I will assume for the present — until next year — that it is no illusion. My first act of free will shall be to believe in free will." 
 (The Thought and Character of William James, vol.1, p.323; Letters of William James, vol. I, p.147)


Renouvier did not explicitly address the classic criticism of chance; as a direct cause of human action, chance is inadequate for human responsibility. 


Nor did he, like James, limit chance to the generation of alternative possibilities. The limitation on chance is the essential idea in the Jamesian two-stage model of free will that separates "free" and "will".


Renouvier wrote James in 1882 that the physical effects of freedom would be too small to observe, 


it is proved that the greatest physical effects of freedom, if it exists, only require of the sum of actually given forces alterations less than those which are observable, and, in a word, as small as one likes to suppose them. I do not believe that the thesis thus presented is open to any objection whatsoever. But speculative people, and religious people as well, are always engaged with much earnestness in persuading themselves that there is something — some single thing, matter, force, God, etc. — which is all that they are, and does all that they do, so that they are themselves responsible for nothing. The present fashion is force and matter, and if the religious fashion is no longer predestination as it was formerly, perhaps that is because religion has lost much of its vigor. 


(Thought and Character of William James, vol.1, p.679)



He saw James as arguing that agents originate actions that change the world.

I have translated your "Rationality, Activity and Faith,"... I am impressed by what you say to the effect that your M + x argument (as regards the extent to which the world depends on individual decisions of thought and action) is equally valid, whether one assumes the agent's freedom or universal necessity. Nevertheless it seems to me beyond doubt that your theory is inspired by the profound conviction that the agent modifies the world by his act, and not that the world modifies itself by means of this agent and his act — by virtue of a fact eternally appointed for this instant of time. 


(Ibid., p.680)


In his last correspondence with James on Freedom and Determinism, Renouvier briefly described his model of freedom. It clearly involves non-physical, or metaphysical, mental forces.

It is not at all my thesis that freedom is a power to begin (or to end) motions, but rather that it has absolutely nothing to do with motions properly so-called, and that in mechanics there are neither forces nor causes: — only given motions which could be transformed (notably by disturbances of equilibrium) without any change in the sum of the vis viva, and this by the sole fact that a force (mental, since there are no others) supervenes.


(Ibid., p.693)


Renouvier's ultimate foundation for free will is based, like Kant's analysis of practical reason, on a moral requirement for freedom. And like Kant, he connects it to God and immortality.


"the reality of the moral law involves the reality of freedom...

"the practical use of reason, the laws and the movement of the moral conscience, are inextricably linked to the representation of freedom. If therefore the principles of the practical reason have a foundation in the world, are realities, not appearances, individual acts of conscience which may be in disagreement with the general, the same is true of freedom. And one sees that the assertion that the act of consciousness itself as truly free is the affirmation of a harmony between consciousness and the world. Immortality, divinity, are similar assertions. Freedom is the first of all, because it not only argues a capital truth, and inaccessible directly, about the phenomena and the laws of an internal or external order, representative or represented, as voluntary modes of conscience or associated with these modes, but also it bases on this same truth logical distinction, the moral dignity and sovereign existence of the person, the existence in the deepest sense, and the more radical. We affirm also that freedom is an essential element of the other assertions of rational faith." 


(Essai de Critique Générale, Vol 2, Récapitulation des Preuves de la Liberté, pp.610-11)



Renouvier's "proofs" of liberty and free will turn out to be somewhat formal, and he argues, equally applicable to "proving" determinism. They are thus very much like the Kantian antinomies. Renouvier has no sense of chance limited to alternative possibilities.



Because Renouvier's works are hard to find, and they are a major step in philosophical arguments for freedom, we quote from four sections of the Critique Générale, two from volume 1 (1854) and two from volume 2 (1859). 


The first is Renouvier's discussion of probability, with the famous quotation from Laplace and many other important points where Renouvier disagrees with Laplace and with all others who believed they could prove the necessity and determinism of all events.

 
The next is Appendix IX of volume 1 which Charles Sanders Peirce cited as the origin of his Tychism. Many other sections of Renouvier's works show up in the works of Peirce - Immortality of the Soul, Belief in God, Reason, Signs, and Language. 


The third excerpt is Liberty Itself. This might contain the argument that convinced William James to believe in freedom.  


The fourth is a Recapitulation of Renouvier's "Proofs" of Freedom. 


Essais de Critique Générale, Vol 1, Mesure des probables, pp.244-247.


Les partisans de la nécessité se sont plus d'une fois inscrits en faux contre le calcul des chances sur en fondement que la probabilité plus ou moins grande attribuée à deux événements dont l'un certainement sera, dont l'autre certainement ne sera pas, est une conception absurde. Mais même à ce point de vue, en admettant que l'un ou l'autre, déterminément, sera, on peut répondre que l'attente du futur ignoré se mesure; nous avons vu comment; et de fait les hommes conforment leur conduite à des appréciations de cette sorte, et le résultat les justifie en vérifiant la loi des grands nombres.

Les partisans du hasard pourraient aussi nier la
probabilité, en objectant qu'on ne conçoit point de degrés
dans le possible, si le possible est réel. La plus grande possibilité composée imaginable (tant de noires qu'on voudra dans une urne contre une seule blanche) n'est-elle pas exactement balancée par un possible simple, unique, si vraiment ce possible est possible. Encore ici plaçons-nous au point de vue de l'attente, et l'objection tombe d'elle-même.


Ainsi, ni l'ambigu pur ni le déterminé strict ne rendent compte de la probabilité et de sa mesure; mais il faut chercher le principe de ce calcul dans une synthèse des deux représentations opposées. Cette synthèse nous est donnée dans le phénomène de l'attente, quelle que soit, au fond, la valeur de la thèse ou de l'antithèse, le nécessaire, le possible, relativement aux événements attendus.


Cependant il ne serait pas raisonnable de mesurer ainsi l'attente, et de compter que la production des événements se réglera sur le plus ou moins d'ignorance où nous sommes de leur venue, d'y compter, dis-je, probablement, comme on fait, si l'expérience n'apportait une certaine vérification de ce calcul. Aussi existe-t-il une loi, la plus étonnante des lois, que les phénomènes qu'elle s'assujettit sont par hypothèse indéterminés, fortuits, arbitraires. Le hasard
reconnaît cette loi pour règle, et cette loi implique elle-même le hasard comme un élément essentiel. Elle établit une probabilité indéfiniment croissante de la
subordination des événements à leurs probabilités propres. Démontrée conformément aux règles du calcul des chances, elle trouve dans l'observation indéfiniment prolongée une vérification indéfiniment approchée.


La loi des grands nombres s'énonce ainsi: Étant données les probabilités de deux événements qui peuvent être amenés l'un ou l'autre un nombre indéfini de fois, si l'on considère un nombre d'épreuves suffisamment grand, la probabilité d'un partage de ces événements établi dans le rapport de leurs probabilités simples respectives diffère de l'unité de moins que d'une fraction désignée, quelque petite qu'elle soit. On conclut de là que le rapport du nombre total des chances au nombre des chances favorables, à l'un des deux événements, rapport évalué par l'expérience, diffère aussi peu que l'on veut, lorsqu'on va multipliant le nombre des épreuves, de ce même rapport obtenu par le calcul. C'est en effet ce qu'on observe dans les jeux, les loteries, et autres séries de phénomènes qu'on n'a point coutume de considérer comme déterminés avant l'événement. On va même jusqu'à calculer approximativement, à l'aide des résultats du jeu, telle valeur mathématique constante (par exemple le rapport de la circonférence au diamètre), lorsque cette valeur entre dans l'expression de la probabilité d'un événement que le jeù tantôt amène et tantôt n'amène pas; et le calcul n'est pas très long lorsque l'àpproximation demandée n'est pas très grande.


Si nous nous rappelons maintenant que le calcul des probabilités dépend de la comparaison numérique des possibles inégaux , laquelle suppose l'existence de possibles égaux qui sont los unités des prêmiers, il nous sera permis de poser la conclusion annoncée: les possibles que l'ignorance fait égaux devant l'attenté sont vérifiés égaux par le fait, en ce que les événements se partagent (à la limite) en raison de leurs probabilités respectives. 


Sans doute, à l'extrême rigueur, on peut soutenir que cette vérification de l'hypothèse des futurs ambigus par la loi des grands nombres est un effet de nécessité, et que tels phénomènes se produisent, étant nécessaires, suivant une loi qui se trouve
être la même que s'ils étaient vraiment indéterminés (voyez l'appendice IX), mais ne pourrait-on pas soutenir aussi, à l'extrême rigueur, que la vérification de l'hypothèse de tels futurs déterminés prévus en vertu d'une loi physique est un effet de hasard? Exacte est la parité, car il n'est pas plus étrange que le jeu du sort produise dans un cas l'apparence des lois de nature qu'il ne l'est que le jeu de ces lois produise constamment, dans un autre cas, l'apparence de l'indétermination des phénomènes.

En résumé, disons que le nécessaire et le possible se présentent à nous avec une même valeur logique. Le probable qui les réunit les vérifie en même temps; et pour l'application, de l'un et de l'autre aux phénomènes il y a même fondement.


La qùèstion que nous venons de traiter se lie intimement au problème fameux du libre arbitre et du determinisme. 


Essais de Critique Générale, Vol 1, APPENDICE IX.

(Renvoi de la page 247.)

Du principe du calcul des probabilités.


Le géomètre Laplace pose les préliminaires suivants à son Essai philosophique sur les probabilités.


"Tous les événements , ceux mêmes qui par leur petitesse semblent né pas tenir aux grandes lois de la nature, en sont une suite aussi nécessaire que les révolutions du soleil. Dans l'ignorance des liens qui les unissent au système entier de l'univers, on les a fait dépendre des causes finales, ou du hasard, suivant qu'ils arrivaient et se succédaient avec régularité, ou sans ordre apparent mais ces causes imaginaires ont été successivement reculées avec les bornes de nos connaissances, et disparaissent entièrement devant la saine philosophie, qui ne voit en elles que l'expression de l'ignorance où nous sommes des véritables causes.


"Les événements actuels ont avec les précédents une liaison fondée sur le principe évident qu'une chose ne peut pas commencer d'être sans une cause qui la produise. Cet axiome, connu sous le nom de principe de la raison suffisante, s'étend aux actions mêmes que l'on juge indifférentes...	


here is Laplace's demon, a super-intelligence who sees the complete past and future before his eyes


"Nous devons donc envisager l'état présent de l'univers comme l'effet de son état antérieur, et comme la cause de celui qui va suivre. Une intelligence qui, pour un instant donné, connaîtrait toutes les forces dont la nature est animée, et la situation respective des êtres qui la composent, si d'ailleurs elle était assez vaste pour soumettre ces données à l'analyse, embrasserait dans la même formule les mouvements des plus grands corps de l'univers et ceux du plus léger atome: rien ne serait incertain, pour elle, et l'avertir, comme le passé, serait présent à ses yeux...
» La courbe décrite par une simple molécule d'air ou de vapeur est réglée d'une manière aussi certaine que les orbites planétaires: il n'y a de différence entre elles que celle qu'y met notre ignorance.
» La probabilité est relative en partie à cette ignorance, en partie à nos connaissances. Nous savons que sur trois ou un plus grand nombre d'événements un seul doit arriver; mais rien ne nous porte à croire que l'un d'eux arrivera plutôt que les autres. Dans cet état d'indécision, il nous est impossible de prononcer avec certitude sur leur arrivée. Il est cependant probable qu'un de ces événements, pris à volonté, n'arrivera pas, parce que nous voyons plusieurs cas également possibles qui excluent son existence, tandis qu'un seul la favorise.
» La théorie des hasards consiste à réduire tous les événements du même genre à un certain nombre de cas également possibles, c'est-à-dire tels que pour soyons également indécis sur leur existence, et à déterminer le nombre de cas favorables à l'événement dont on cherche la probabilité. Le rapport de ce nombre à celui de tous les cas possibles est la mesure de cette probabilité qui n'est ainsi qu'une fraction dont le numérateur est le nombre des cas favorables, et dont le dénominateur est le nombre de tous les cas possibles."


Cette exposition de principes est de tout point conforme à l'esprit des sciences, ou plutôt des savants, qui tous ou presque tous sont prêts à l'avouer et à la reproduire. On y trouve une notion claire et concise de la probabilité (celle-là même que je développe dans mes catégories), mais défigurée par une profession de foi dans la nécessité, qui me semble au moins inutile, et par conséquent arbitraire.

J'accorde sans peine au géomètre que le hasard recule avec les bornes de nos connaissances; je lui accorde que les causes finales ne sont pas l'objet positif de l'étude de la nature; mais je demande si le hasard ne peut pas reculer dans plusieurs directions et se maintenir imperturbablement dans une; si, de cela que les causes finales sont éliminées de la physique où elles font place aux véritables causes, il est prouvé qu'elles disparaissent entièrement du système complet de l'univers. J'ignore aussi ce qu'on peut appeler ici une véritable cause: la cause efficiente des théologiens est encore plus étrangère que la cause finale à l'ordre des rapports positifs.


Citer en preuve de l'enchaînement nécessaire de toutes choses le principe évident de la raison suffisante, c'est abuser du mot évidence. Jamais le peuple, jamais les philosophes n'ont universellement admis ce principe. Lê rapport de causalité qui en fait toute la définition ne s'étend ni à l'existence elle-même prise en totalité, ni au devenir en général, car, en général, pourquoi quelque chose devient-il? Enfin quoi de plus caché que la cause? De bons esprits l'ont niée et l'analyse de cette notion est des plus difficiles.


La conception d'une loi générale ale des mouvements est belle et bien exprimée, et s'étend fort légitimement aux trajectoires des moindres molécules: la grandeur ne fait rien à l'affaire; toute la question est de savoir si le domaine de cette loi qui est véritablement l'idéal de la science, embrasse le passé, l'avenir, tous les ordres de faits et tous les possibles. Ce n'est point le calcul des probabilités qui nous démontrera cette thèse; tout au contraire; car les possibles qu'il envisage sont pris pour égaux quoique exclusifs les uns des autres, et nous les attendons également, quoique, au fond, s'ils n'arrivent que prédéterminés, il soit juste d'attendre les uns et absurde d'attendre les autres.


Laplace constate ce point capital en disant que la théorie des hasards consiste à réduire tous les événements du même genre, à un certain nombre de cas également possibles, c'est-à-dire tels que nous soyons également indécis sur leur existence. Dès lors, comment peut-il affirmer qu'il est probable qu'un de ces événements, pris à volonté, n'arrivera pas parce que nous voyons plusieurs cas également qui excluent son existence, tandis qu'un seul la favorise? Il y a là une confusion singulière entre le possible réel et le possible d'imagination; ce dernier, sur lequel seul se fonde le calcul, a beau se multiplier, si en soi il est impossible ; l'autre, unique entre mille, existe, et il sera toujours absurde de ne l'avoir pas attendu. Ainsi le probabilisme mathématique, aux yeux du nécessitaire, ne peut être que le calcul des illusions, et pourlui la probabilité ne saurait être relative en partie à notre ignorance, en partie à nos connaissances, alors que nos connaissances n'ont rien de positif : il importe peu que nous sachions que tel événement fait partie de mille autres, et que l'événement contraire est unique, si nous n'avons aucune raison de penser que celui-ci n'est pas le seul compatible avec l'ordre de la nature.


On voit, qu'il est difficile d'accorder la doctrine de la nécessité avancée par Laplace avec la définition qu'il donne lui-même de la probabilité, à moins qu'on ne se borne à spéculer sur un probable illusoire, en rejetant tout probable en soi.


Considérons donc la probabilité comme une simple mesure de l'attente, que Laplace a si bien définie en ce sens. Il nous restera à nous rendre compte de sa vérification par l'expérience, c'est-à-dire de la loi des grands nombres. Je continue à citer.


« Au milieu des causes variables et inconnues que nous comprenons sous le nom de hasard, et qui rendent incertaine et irrégulière la marche des événements, on voit naître, à mesure qu'ils se multiplient, une régularité frappante qui semble tenir à un dessein, et que l'on a considérée comme une preuve de la providence. Mais en y réfléchissant, on reconnait bientôt que cette régularité n'est que le développement des possibilités respectives des événements simples qui doivent se présenter plus souvent lorsqu'ils sont plus probables. Concevons, par exemple, une urne qui renferme des boules blanches et des boules noires, et supposons qu'à chaque fois qu'on en tire une boule on la remette dans l'urne pour procéder à un nouveau tirage; le rapport du nombre de boules blanches extraites au nombre des boules noires extraites sera le plus souvent très irrégulier dans les premiers tirages; mais les causes variables de cette irrégularité produisent des effets alternativement favorables et contraires à la marche régulière des événements, et qui, se détruisant mutuellement dans l'ensemble d'un grand nombre de tirages, laissent de plus en plus apercevoir le rapport des boules blanches aux boules noires contenues dans l'urne, ou les possibilités respectives d'en extraire une boule blanche ou une boule noire à chaque tirage. De là résulte le théorème suivant (vient l'énoncé rigoureux de la loi)...

» On peut tirer du théorème précédent cette coliséquence qui doit être regardée comme une loi générale, savoir, que les rapports des effets de la nature sont à fort peu près constants quand ces effets sont considérés en grand nombre...

	
» Il suit encore de ce théorème que, dans une série d'événements indéfiniment prolongée, l'action des causes réguliéres et constantes doit l'emporter à la
longue sur celle des causes irrégulières. C'est ce qui rend les gains de la loterie aussi certains que les produits de l'agriculture."



Laplace trouve tout naturel que les possibilités respectives des événements se développent. Pourtant il y a lieu de s'étonner de ce fait quand on regarde les
regard comme des rapports qui tiennent à notre ignorance d'une part, de l'autre à des connaissances étrangères à la raison des événements. Les événements doivent, dit-il, se présenter plus souvent lorsqu'ils sont plus probables. Pourquoi cela, si la probabilité n'est qu'un point de vue qui n'implique en rien l'existence des véritables causes, lesquelles, suivant qu'elles sont ou ne sont pas dès à présent (et nous les ignorons), font que tel événement sera ou ne sera pas, c'est-à-dire est réellement possible ou impossible? La vanité de nos spéculations sur le probable est manifeste dès qu'on pense qu'elles roulent entièrement sur la supposition de l'impossible comme possible, et du réel comme incertain. Comment se peut-il que l'expérience les confirme?

Laplace ne paraît pas avoir senti ce qu'une telle vérification. a de singulier dans le système de la prédétermination des événements. Ce n'est pas qu'il ne chercher aussitôt à nous en donner la raison, mais cette raison est arbitraire et consiste en une hypothèse qu'il nous présente comme un fait. A l'en croire, les causes variables qui produisent des effets alternativement favorables et contraires à la marche régulière des événements, se détruisent dans l'ensemble d'un grand nombre de tirages, en sorte que le rapport des possibilités respectives se manifeste. On dirait, à ce langage, que la probabilité est par elle-mène une cause, et que les événements ne peuvent marcher régulièrement qu'autant qu'ils s'y conforment; mais sans nous arrêter à cette bizarrerie, avouons qu'en un certain sens les causes variables devraient se balancer de manière a permettre une vérification des, rapports attendus. Quel est ce sens?


Si les causes ne sont point liées les unes aux autres, si elles ne dépendent point d'une loi commune, il est clair que le calculateur aura le droit de les prendre pour indéterminées, et comme fortuites, tout aussi bien que si elles n'existaient nullement avant d'agir. Dans cette supposition, les événements, quoique nécessaires, se répartiront suivant la même loi que feraient les accidents s'il y avait des accidents; le hasard ne sera point, si l'on veut, dans les effets, mais il sera dans les causes en tant qu'étrangères entre elles; on aura le droit d'assimiler celles-ci à des variables quelconques, susceptibles de deux sens, et de, compter, qu'elles tendront à se neutraliser quand on les considérera en très grand nombre. C'est bien là l'esprit du calcul des probabilités.


Mais le système de la nécessité exige la conception d'une loi unique par laquelle toutes les causes sont liées. Autrement la multiplication des phénomènes qu'on poserait comme sans rapport mutuel, rétablirait dans le monde ce principe des accidents qu'on a voulu en bannir. On ne voit donc pas la raison qui autorise à traiter de, variables, indéterminées de sens, telles d'entre des causes qui se tiennent toutes et s'enchaînent rigoureusement; on ne voit pas pourquoi les causes prochaines qui décident des effets d'un tirage se distribuent comme feraient ces mêmes effets dans le cas où d'elles comporterait une parfaite ambiguïté d'action. A priori, je dois ignorer (pour ne rien dire de plus) si les résultats du sort ne révéleront pas une loi des événements, suite de la loi qui unit toutes les causes, au lieu de se prêter à la vérification d'un calcul basé sur mon ignorance, et comme sur l'indétermination des causes elles-mêmes.


Il ne reste au partisan de la prédétermination qu'une ressource, c'est de poser par hypothèse un agencement des causes de certains événements dits de hasard, agencement tel que ces événements se distribuent suivant la même loi que s'ils étaient vraiment fortuits, ou pouvaient indifféremment se produire dans un sens ou dans un autre. Je ne regarde pas cette hypothese comme absurde précisément; aussi n'ai-je conclu qu'à une sorte de parité logique et expérimentale entre la thèse du nécessaire et l'antithèse du contingent, dans la catégorie de causalité. Il y aurait encore à scruter l'instinct de la conscience, à étudier le développement des croyances humaines , question difficile, mais pour laquelle on dispose d'éléments nouveaux.



Essais de Critique Générale, Vol 2, La Liberté en Elle-même, pp.481-488

J'achèverai de définir la liberté , dont l'objet de ce chapitre est de motiver la croyance, en la signalant comme l'essence véritable et la plus propre substance de la personne humaine, ou, pour continuer l'emploi des termes scolastiques, comme le principe d'individuation de cette personne.

Si je me suis fait comprendre jusqu'ici, on sait que le point d'application de la croyance en la liberté n'est pas une faculté mystérieuse déposée dans une âme déjà individualisée, un attribut mis dans un substratum ad hoc. Affirmer la liberté, c'est assurer que l'automotivité représentative est réelle dans les actes réfléchis et délibérés, et que ces actes, qui s'enchaînent tous à posteriori, ne sont point liés par une chaîne préexistante. Il n'y a là ni mystère ni entité; il y a un fait que nous croyons, un fait au-dessus de toutes les lois, partout où il parait: ce fait même, que toutes les lois données et nécessaires de l'univers sont en partie subordonnées à celle qui n'est pas, mais qui se fait actuellement par l'homme, et qu'ainsi l'ordre du monde, en cette partie, n'est qu'un ordre en voie de formation.


La liberté n'est donc pas dans une substance, attribut d'une substance ou attribut d'un attribut; elle est dans l'homme, propriété de ce groupe de lois et de phénomènes qui est l'homme; elle y est, en tant que l'homme actuel détermine, et l'homme futur et divers autres faits de sa dépendance, sans que lui-même dépende entièrement de l'homme passé ni des autres faits antécédents quelconques.


La liberté, comme aptitude de l'homme à réfléchir, à délibérer, à vouloir, à créer par la volonté au lieu de céder au vertige de la représentation, cette disposition dont la puissance est en lui pour primer les autres fonctions, est elle-même une donnée, et elle-même n'est
pas cause d'elle-même, j'entends d'une manière
gênérale et comme fait de l'univers. Au passage de la nature animale à la nature humaine, nous la voyons s'établir, et dans celle-ci, nous la voyons varier depuis l'extrême
limite l'idiotisme jusqu'à cette possession supérieure de soi dont la limite n'est pas connue, dont le développement appartient à l'avenir des êtres. Quest-ce maintenant que cette donnée? Pouvons-nous l'expliquer? Devons-nous en chercher l'origine, la cause?


Si nous disons qu'elle reconnaît pour causes les antécédents qu'elle a et que nous constatons par expérience, et qu'ainsi elle est nécessaire à la manière de tout effet dont la cause est posée, nous ne professons rien d'intelligible, car les produits de la liberté ont ce caractère essentiel d'échapper à toute cause antérieure, et de n'admettre de cause suffisante que dans l'homme où ils sont, et au moment où ils sont. Les cas particuliers de la liberté ne pouvant pas s'expliquer par causalité prédéterminante, comment comprendrions-nous que cette même liberté, prise généralement, comportât l'explication qu'elle exclut sitôt qu'elle arrive à une existence déterminée? En d'autres termes, la liberté est ce qui sort de
l'ordre des antécédents, pour n'entrer que dans l'ordre
des conséquents, qui la suivent elle-même et qu'elle produit en partie, ordre nouveau et mobile, dont l'élément propre est précisément ce qui fait être le nouveau; il n'est donc pas possible qu'elle ait ses antécédents pour causes: autrement, ceux-ci seraient causes du fait général des choses qui leur échappent en tant qu'effets, et	cela est inintelligible.


Si nous disons, pour déterminer l'hypothèse précédente et la rendre plus accessible à l'imagination, que la liberté ne résulte pas, il est vrai, causalement de l'ordre non libre qu'elle a pour antécédent, mais qu'elle est. produite par création et par la volonté d'un être antérieur, libre lui-même et non créé, alors nous rencontrons les difficultés attachées à l'idée de création; nous les heurtons de front, et nous y trouvons enfin une impossibilité rationnelle d'autant plus marquée que l'acte créateur nous apparaît dans sa plus haute étrangeté. Il s'agirait de concevoir que ce qui est par soi et se modifie librement fit que quelque autre chose fût, et fit que ce quelque autre chose se modifiât avec pleine liberté, et ainsi se rencontrât dire par soi à cet égard, tout en étant par autrui. Non-seulement nous nous. placerions 'au-delà et bien loin des rapports possibles selon l'expérience, et de tous ceux dont la raison compose les notions et les règles, non-seulement nous admettrions que l'acte créateur produit son œuvre hors de son être et de tout être prédonné, mais encore nous voudrions qu'il créât un pouvoir de créer (il n'importe entre quelles limites). C'est plus que la création, c'est la création de la création. Aucune autre hypothèse n'est si radicalement étrangère à ce que nous pouvons connaitre des phénomènes et de leurs lois. Résoudrions-nous de la sorte le problème, si fantastique que la solution en dût paraitre? Nullement; car nous n'expliquerions la liberté que par la liberté, ou mieux (redoublement de ténèbres) par la liberté de créer des êtres libres. (V. Premier essai, § LI.)


Si nous disons, par une tentative désespérée de généralisation des idées d'ordre et de causalité, que la liberté est nécessaire, nécessaire en vertu de l'ordre du monde dont elle est une dérogation ordonnée, et comme partie et moment de la loi universelle du développement des êtres, nous ne disons rien, nous ne nous apprenons rien, si ce n'est qu'elle est et qu'elle soutient des rapports généraux et profonds avec l'ensemble des' conditions de l'existence. Mais ces rapports, nous ne saurions les déduire à priori; et cet ordre, qui embrasse en un sens la liberté, laquelle, en un autre sens, lui échappe, nous n'en avons aucune autre connaissance que celle qui résulte de l'expérience, à posteriori, dans le déroulement successif des faits de l'univers. Ainsi nous avouons notre ignorance, ou du moins la formule à l'aide de laquelle nous cherchons à nous la déguiser est une formule vague, où il est témoigné de notre désir de ramener la liberté à l'ordre et de l'y enfermer, mais où ce désir n'est point satisfait. La nécessité dont nous parlons est une nécessité de fait, que nous nommons telle après coup, mais qui, envisagée en elle-même et dans l'origine indépendante exigée par la nature de la question,  est identique à la spontanéité première et souveraine. Et cela ne pouvait être autrement, parce que la véritable doctrine de la liberté nous fait considérer le monde comme un ordre qui devient et se fait, non comme un ordre préétabli qui n'a qu'à se dérouler dans le temps.


Sommes-nous donc réduits à dire que l'origine de la puissance libre est un mystère? Oui et non, selon le sens attribué à ce dernier mot. Mystère, en ce que nous connaîtrions et formulerions cette origine sans comprendre notre propre formule, et au vrai, sans rien con- naître ni formuler, non; la science repousse le mystérieux mystique et toutes les vaines tentatives qui se font pour expliquer les choses en paroles inexplicables, et imposer les formes de la raison à des énoncés irrationnels. Mystère, à la manière de toute donnée primitive, au-delà de laquelle on ne va point, et parce que tout sujet soumis à la ratiocination comme à d'expérience exige, en chaque genre, une première donnée qui leur échappe, oui; la puissance libre est une donnée irréductible : on peut déterminer sa place et ses rapports de fait avec les phénomènes antérieurs ou postérieurs , et avec toutes les lois connues du monde; on ne peut point la ramener à des termes dont elle soit la conséquence logique ou la conséquence par causalité.


Quand même nous admettrions, contre la raison que j'ai fait valoir, que la puissance libre a pour cause la série de ses antécédents de tous genres, lesquels constituent l'homme, physique, sensible, intellectuel, passionnel, rationnel (et effectivement quiconque croit en la liberté ne saurait nier qu'elle ne soit une suite constante de. cette série pleinement développée), encore alors il faudrait reconnaître entre, les antécédents et le conséquent, ce saut, cet hiatus logique déjà reconnu au passage des fonctions physiques aux fonctions organiques, de celles-ci aux fonctions sensibles, puis aux autres
fonctions supérieures. La causalité, je l'ai plusieurs fois répété, n'explique, point l'effet parla cause sans que la nature propre de l'effet entre dans la définition de la force, et, par sùite, de la cause même en tant que telle, ce qui confond l'explication prétendue. Mais de plus, quand c'est au règne de la liberté que nous voulons passer, la force qui la réunirait aux règnes antérieurs ne nous est plus représentée en aucune manière. Le produit nouveau de la causalité serait dans ce cas ce qui a la puissance d'échapper à la causalité, et le saut des fonctions successives serait incomparablement plus grand et doublement insondable.


Le mystère de la liberté est la dernière et la plus haute forme de celui que nous avons atteint dans le fait du pur devenir actuel, dans celui du premier commencement, dans celui de l'ètre. Le mystère des données primordiales est l'inévitable extrémité de la spéculation et des choses, car tout a commencé, le progrès antérieur à l'infini étant contradictoire. Mais l'être, c'est-â dire à proprement parler le phénomène, serait-il vraiment un mystère? Faut-il traiter de mystérieux ce qui est la lumière même, lumière de tout et lumière de soi? On voit où l'on arrive dans cette aberration de l'esprit, fruit de l'habitude, qui nous porte à vouloir expliquer cela même qui sert à expliquer tout, trouver l'origine et la cause de ce qui est premier, et la nature de ce qui est la nature.


La liberté est le fait du commencement, partiellement indépendant, de certaines suites de phénomènes au sein des phénomènes antérieurs , des êtres antérieurs. Disons donc, si nous avons compris ce qui pré de, disons que, abstraction faite  des conditions environnantes, elle est le commencement même et l'être même, sans autre explication possible, et que, sous ces conditions, elle est ce même commencement qui se connaît et cet être qui, donné à soi pour une partie, pour une autre partie, se fait et s'achève.






Essais de Critique Générale, Vol 2, Récapitulation des Preuves de la Liberté, pp.607-611

Je résumerai brièvement les motifs à l'appui de la
thèse de la liberté, la question devant paraitre épuisée après qu'elle a été traitée à deux reprises, d'abord dans l'analyse des fonctions réfléchies de la conscience, ensuite dans celle des conditions de la certitude.

La liberté se pose en fondement de ces probabilités
morales auxquelles la conscience est invitée à donner son assentiment. De là résulte le seul caractère possible de certitude intime que la vérité comporte dans l'ordre des choses pratiques, et jusque dans cet ordre spéculatif où les philosophes ont travaillé vainement à s'affranchir de leur franc arbitre. Enfin c'est de l'homme libre aussi qu'est réclamé le libre assentiment même à la vérité du fait de liberté. Les motifs qui lui sont soumis à cet égard peuvent se récapituler ainsi:


1° La critique a ruiné l'autorité des doctrines dont le parti-pris le plus ordinaire était l'opinion de la nécessité universelle, physique et morale.

2° Les sciences, dont la nécessité est le mot d'ordre,
puisque leur objet est la recherche des relations constantes, s'arrêtent devant ceux des phénomènes particuliers dont l'existence, donnée ou non donnée, d'où que 
leur forme se déterminé d'ailleurs, dépend d'un fait de volition. Ces sortes de phénomènes échappent à la prévision scientifique, si ce n'est quelquefois par leurs degrés de probabilité et dans leurs moyennes approximatives. Les faits généraux qui les impliquent, et en sont partiellement des fonctions, ne se laissent systématiser dans le passé ou dans l'avenir que grâce à la considération des résultantes, pour lesquelles un grand nombre de volontés se neutralisent.


3° Le calcul des probabilités est fondé sur l'imprédétermination, au moins apparente des phénomènes. La nécessité est une hypothèse gratuite, par conséquent vicieuse, qu'on y introduit, et qui rend la loi des grands nombres d'une interprétation plus difficile et détournée.


4° La liberté et la nécessité n'étant pas plus incompatibles l'une que l'autre avec les faits, considérés d'un point de vue purement logique, et l'une ou l'autre devant être vraie, puisqu'elles sont contradictoires entre elles, il faut juger l'existence d'un fondement réel de l'imprédétermination apparente plus vraisemblable que celle d'une loi de détermination absolue, dont l'une des propriétés serait cette apparence décevante; 

ambiguous futures require liberty


et la conscience réfléchie affirmera l'ambiguïté des futurs, parce qu'on se la représente inévitablement dans la pratique spontanée (inévitablement, même avec une conviction contraire), plutôt qu'elle n'acceptera une loi dont les auteurs offrent en garantie leurs spéculations sur la causalité universelle et le monde apriorique.

5° L'erreur et la vérité, dans les spéculations et les
croyances, dans les mouvements oscillatoires de la pensée, dans les affirmations délibérées, s'expliquent mieux  par la supposition d'un principe d'ambiguïté des déterminations, que sous la donnée d'une loi qui, embrassant le faux et le vrai au même titre de nécessité, les justifierait également et, pour ainsi dire, les vérifierait.


6° Les conséquences morales de l'hypothèse de la nécessité, 
 dans la vie humaine, ne sont point de nature à être appliquées et pratiquées, quoi qu'on fasse. Elles amèneraient une perturbation complète de la conscience et de ses rapports. Au contraire, l'hypothèse de la liberté est la règle constante de la pratique, et les conséquences morales qui lui sont propres n'excluent point celles qu'on peut tirer de la considération des occasions et des causes, attendu qu'on ne laisse pas de reconnaître, et les nombreuses lois nécessaires, et les influences puissantes, éléments partiels des actes moraux les plus décidément libres.


7° Lorsque l'homme délibère et doit opter entre des résolutions contraires qui intéressent, d'autres personnes, ou seulement la sienne propre; lorsque des biens de nature diverse le sollicitent en sens opposés; que les notions de droit et de devoir, de justice, et les sentiments nobles qui les accompagnent, entrent en lutte avec des passions dont l'entraînement est tout autre, la loi morale se fait entendre. Elle commande l'option pour celui des biens possibles, dont la conscience peut regarder la réalisation comme conforme à un principe de législation générale. Or, ce commandement oblige et ne nécessite point, selon le jugement de la conscience, qui revêt alors, et précisément pour cela, le caractère sous lequel elle est connue dans l'acception de la langue vulgaire. Si, de deux actes mis en balance, un seul était possible en réalité , la loi morale qui , dès-lors , commanderait celui qui nécessairement sera, défendrait celui qui nécessairement ne sera pas, ou commanderait celui qui ne sera pas et défendrait celui qui sera, serait une injonction vaine, ridicule, bizarre, odieuse. La conscience, en ne pouvant se défendre de la poser sérieuse et grande entre les réalités les plus grandes, pose donc du même coup la liberté réelle. Et elle confirme la foi naturelle dont elle est en quelque sorte possédée, par la signification qu'elle donne constamment à ces modes de la vie morale, illusoires ou dérisoires dans toute autre hypothèse: vœux, regrets, louanges, blames, conseils, jugements.



C'est ainsi que la réalité de la loi morale impliqué celle de la liberté, non que la loi morale soit indépendante des phénomènes, et qu'une volonté déterminée par cette loi, c'est-à-dire par la seule forme législative des Maximes, comme dit Kant, soit par là indépendance même, liberté absolue: ni la loi ni la volonté ne possèdent cette indépendance, qui ferait de la loi une abstraction, et de la liberté dite absolue une sujette de la loi; mais la croyance à l'ambiguité des futurs est une condition de l'exercice moral de la conscience; et celle-ci se représente à elle-même suspendue, dans sa dépendance multiple, et à l'égard de la loi et des affections qui en sont inséparables, et à l'égard de tous les motifs ou mobiles qu'elle s'attribue. Telle est la liberté positive.

En résumé, l'usage pratique de la raison, les lois et les mouvements de la conscience morale, sont indissolublement liés à la représentation de la liberté. Si donc les principes de la raison pratique ont un fondement dans le monde, sont des réalités, non des apparences, faits particuliers de la conscience, qui pourraient se trouver en désaccord avec l'ordre général, il en est de même de la liberté. Et on voit par là que l'affirmation que la conscience fait d'elle-même comme réellement libre est l'affirmation d'une harmonie entre la conscience et le monde. L'immortalité, la divinité, sont des affirmations semblables. La liberté est la première de toutes, parce que, non-seulement elle conclut à une vérité capitale, et directement inabordable, au sujet des phénomènes et des lois d'ordre interne ou externe, représentatifs ou représentés, en tant que modes volontaires de la conscience ou liés à ces modes, mais encore qu'elle fonde sur cette vérité même la distinction logique, la dignité morale, et l'existence souveraine de la personne, l'existence au sens le plus profond et le plus radical. Nous verrons aussi que la liberté affirmée est un élément essentiel des autres affirmations de la foi rationnelle.


Science de la Morale (1908), pp.391-392

Les controverses sceptiques et dogmatiques de la philosophie étaient engagées pour ainsi dire depuis le commencement dans des cercles qui semblaient fatals, car ils se reformaient toujours d'eux-mêmes après chaque doctrine dont l'auteur avait tenté de les franchir. Nulle vérité transcendante ne demeurait établie, les systèmes de l'évidence n'avaient point au fond d'autre base que les systèmes de la foi. Kant a changé la face des questions. Une seule doctrine invoque légitimement notre assentiment, et c'est la morale, la doctrine de l'homme, l'homme lui-même arrivé à se connaitré dans sa propre loi. Seul, ce qui pourra s'en déduire aura force obligatoire pour le for intérieur; ce qui ne pourra point s'en déduire, et sera d'un ordre ou généralité à surpasser la matière et la méthode de l'expérience et des sciences, restera plus incertain, objet de croyances plus libres. Contre cette doctrine, les doctrine objectives, physiques, déterministes continuent de se dresser; elles ne sont, en dépit de leurs prétensions arrogantes, que des fois particulieres aussi, et elles conduisent, en ontologie, en psychologie,en morale, en politique, à absorber la personnalité humaine au sein d'un tout qui l'anéantit. C'est ainsi qu'est posé maintenant à l'humanité le grand probléme de l'humanité. Il ne fut jamais si facile à la conscience de se résoudre et de prendre un parti.
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The following are computer gists of Renouvier's French.

Essai de Critique Générale, Vol 1, Mesure des Probables, pp.244-247.

	
The qùèstion that we have to deal firmly binds the famous problem of free will and determinism.


Essai de Critique Générale, Vol 1, APPENDIX IX.

(See again page 247)

On the principle of the calculus of probabilities.


It remains a resource not only to the partisan of predetermination, it is to ask hypothetically for an arrangement of the causes of some so-called random events, an arrangement such that these events are distributed according to the same law as if they were really fortuitous, or could occur either in one direction or another. I do not look at this situation as absurd precisely, I have also not concluded that there is some sort of experimental and logical parity between the thesis of necessary and the antithesis of contingent, in the category of causality . It would remain to scrutinize the instinct of consciousness, to study the development of human beliefs, a difficult question, but for which there are new elements.


Essai de Critique Générale, Vol 2, La Liberté en Elle-même, pp.481-488
Essai de Critique Générale, Vol 2, Récapitulation des Preuves de la Liberté, pp.607-611

I will summarize briefly the reasons to support the thesis of freedom, the issue to appear exhausted after it was treated twice, first in the analysis of the reflective functions of consciousness, then in that of conditions of certainty.


Freedom arises fundamentally from the moral probabilities to which consciousness is invited to give its assent. As a result, the only possible nature of certainty implies that the truth allows in the nature of practical things, and even in that order where speculative philosophers have worked unsuccessfully to escape their free will. Finally, it's a free man also claimed that even the free consent to the truth of the fact of liberty. The grounds which are submitted in this regard can be summarized as follows:


1° The critique has destroyed the authority of doctrines whose most ordinary prejudice was the opinion of universal necessity, physical and moral.

2° The sciences, for which necessity is the watchword, since their purpose is to seek constant relationships, stop in front of those phenomena whose existence, conditioned or not conditioned, no matter where their form is otherwise self determined, depends on an act of volition. These kinds of phenomena escape scientific prediction, except sometimes by their degree of probability and their approximate averages. The general facts who are involved in and are part of the functions, not let themselves be systematized in the past or the future thanks to the consideration of the outcomes, where a large number of wills offset.

	
3 ° The calculus of probabilities is based on non-predetermination, at least apparent phenomena. Necessity is a gratuitous hypothesis, therefore nasty, which one introduces, and which makes the interpretation of the law of large numbers more difficult and oblique.


	
4 ° Freedom and Necessity are not more inconsistent, the one versus the other, with the facts, considered from a purely logical point of view, and one or the other must be true, since they are contradictory, it is necessary to judge the existence of a real foundation of the imprédétermination as seeming more likely than an act of absolute determination, one of whose properties would be disappointing this appearance, and the reflective consciousness affirm the ambiguity of the future, because we are representing it in practice inevitably spontaneous (inevitably, even with an opposite conclusion), rather than accept a law whose authors offer their collateral speculation about causality and the Universal World apriorique.


	
5 ° Error and truth - in speculations and beliefs, in the oscillatory movement of thought, in deliberate statements - are better explained by the assumption of a principle of ambiguity in determinations, than under the condition of a law which, embracing the false and true on the same basis of necessity, justifies them equally and, as it were, verifies them.


	
6 ° The moral implications of the hypothesis of necessity, in human life, are not likely to be implemented and practiced, whatever you do. They lead to a complete disruption of consciousness and its reasons. On the contrary, the assumption of liberty is the constant rule of practice, and the moral consequences which are proper to it do not at all exclude those that can be drawn from consideration of occasions and causes, waiting for which one is not allowed to recognize, and many laws of necessity, and their powerful influences, partial elements of moral acts most decidedly free.


7° When man deliberates and must choose between contrary resolutions of interest, other people, or just his own; when goods of various kinds attract him in opposite directions; when concepts of right and duty, justice, and the noble feelings that accompany them, are struggling with passions whose impulse is different, the moral law is heard. It commands, of  possible goods, the option for which the consciousness can look at the achievement as conforming to a general principle of law. However, this command obliges and does not necessitate at all, according to the judgement of conscience, which then, and precisely why, takes on the character by which it is known in the sense of the vernacular. If, in two acts put in the balance, only one was possible in reality, the moral law, which from then would command that which necessarily will be would defend that which necessarily will not be, or it would command that which will not be and defend that which will be, will be an injunction vain, ridiculous, bizarre, and abhorrent. The consciousness, which can not defend itself from the cause serious and great among the greater realities, raises at the same time real freedom. And it confirms the natural faith of which it is somehow possessed, by the meaning which it gives constantly to those modes of the moral life, illusory or ridiculous on any other hypothesis: wishes, regrets, praises, blames, counsels, judgments.



	
Thus, the reality of the moral law involves the reality of freedom, not that the moral law is independent of phenomena, and that a will determined by this law, that is to say by the only legislative form of Maxims, as Kant says, or even by the same independence, absolute freedom: neither the law nor the will possess this independence, which would make the law an abstraction, and the said absolute freedom a subject of the law, but the belief in the ambiguity of the future is a precondition for the exercise of moral conscience, and the latter represents itself suspended, in its multiple dependency, and in respect of the law and in conditions that are inseparable, and with respect to all motives or moving it itself. That is the positive freedom.

	
In short, the practical use of reason, the laws and the movement of the moral conscience, are inextricably linked to the representation of freedom. If therefore the principles of the practical reason have a foundation in the world, are realities, not appearances, individual acts of conscience which may be in disagreement with the general, the same is true of freedom. And one sees that the assertion that the act of consciousness itself as truly free is the affirmation of a harmony between consciousness and the world. Immortality, divinity, are similar assertions. Freedom is the first of all, because it not only argues a capital truth, and inaccessible directly, about the phenomena and the laws of an internal or external order, representative or represented, as voluntary modes of conscience or associated with these modes, but also it bases on this same truth logical distinction, the moral dignity and sovereign existence of the person, the existence in the deepest sense, and the more radical. We affirm also that freedom is an essential element of the other assertions of rational faith.


Science de la Morale (1908), pp.391-392


Controversies and dogmatic skeptics of philosophy were engaged as it were from the beginning in circles that appeared fatal, as they always reformt themselves after each doctrine that the author had tried to go beyond. No transcendent truth yet established, the systems of evidence had nothing dep down as another base of systems of faith. Kant changed the face of questions. One doctrine legitimately invokes our approval, and it is the moral doctrine of man, the man himself arrived to recognize himself in his own law. Only that which could be deduced would be binding on the conscience; that which could not deduce itself, and will be a order or generality to surpass the matter and the method of experience and of science, remains uncertain, subject to freer beliefs. Against this doctrine, the objective doctrines, physical, determinist continue to rise up, and they are, despite their arrogant claims, only particular faiths as well, and they drive ontology, psychology, morality, politics, to absorb the human personality in a breast that annihilates. Thus is now posed to humanity the general problem of humanity. It was never so easy for the consciousness to make up its mind and take a part.






is the law of large numbers true by necessity?
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  Frank Ramsey was the brilliant and precocious son of a Cambridge don. In his short but productive life, he made significant corrections to the Principia Mathematica of Russell and  Whitehead and he was a principal translator of the works of  Wittgenstein.


Ramsey was a pragmatic thinker who frequently made references to Charles Sanders Peirce. 


In his work with John Maynard Keynes, Ramsey made important contributions to economics and (as did Keynes) to probability theory. Ramsey distinguished personal probabilities from the objective probabilities in physics and logic. He argued that personal probabilities can be determined by observing an individual's actions that reflect the individual's beliefs. 


Ramsey argued that the quantitative degree of probability that an individual attaches to a particular outcome can be measured by finding what odds the individual would accept when betting on that outcome. 1 This was what William James called "bettability."



And it is similar to establishing the presence of personal belief (knowledge?) - actionable information -  in a mind by observing the person's actions - the fundamental premise of behaviorism. 



In his brief remarks on knowledge, Ramsey suggested the epistemological methods of reliabilism and causality as views justifying knowledge. 2



    Epistemologists
    

William P. Alston
David M. Armstrong
Robert Audi
Laurence BonJour
Rudolf Carnap
Fred Dretske
Edmund Gettier
Alvin Goldman
Hilary Kornblith
George Henry Lewes
C.I. Lewis
Willard Van Orman Quine
Frank Ramsey
Wilfrid Sellars

Knowledge as a Reliable Causal Process


I have always said that a belief was knowledge if it was (i) true, (ii) certain, (iii) obtained by a reliable process. But the word 'process' is very unsatisfactory; we can call inference a process, but even then unreliable seems to refer only to a fallacious method not to a false premiss as it is supposed to do. Can we say that a memory is obtained by a reliable process? I think perhaps we can if we mean the causal process connecting what happens with my remembering it. We might then say, a belief obtained by a reliable process must be caused by what are not beliefs in a way or with accompaniments that can be more or less relied on to give true beliefs, and if in this train of causation occur other intermediary beliefs these must all be true ones.

E.g. 'Is telepathy knowledge?' may mean: (a) Taking it there is such a process, can it be relied on to create true beliefs in the telepathee (within some limits, e.g. when what is believed is about the telepathee's thoughts)? or (b) Supposing we are agnostic, does the feeling of being telepathed to guarantee truth? Ditto for female intuition, impressions of character, etc. Perhaps we should say not (iii) obtained by a reliable process but (iii) formed in a reliable way.


We say 'I know', however, whenever we are certain, without reflecting on reliability. But if we did reflect then we should remain certain if, and only if, we thought our way reliable. (Supposing us to know it; if not, taking it merely as described it would be the same, e.g. God put it into my mind: a supposedly reliable process.) For to think the way reliable is simply to formulate in a variable hypothetical the habit of following the way.


One more thing. Russell says in his Problems of Philosophy that there is no doubt that we are sometimes mistaken, so that all our knowledge is infected with some degree of doubt. Moore used to deny this, saying of course it was self-contradictory, which is mere pedantry and ignoration of the kind of knowledge meant.


But substantially the point is this: we cannot without self-contradiction say p and q and r and . . . and one of p, q, r . . . is false. (N.B.— We know what we know, otherwise there would not be a contradiction). But we can be nearly certain that one is false and yet nearly certain of each; but p, q, r are then infected with doubt. But Moore is right in saying that not necessarily all are so infected; but if we exempt some, we shall probably become fairly clear that one of the exempted is probably wrong, and so on. 



Cause and Effect


We have now to explain the peculiar importance and
objectivity ascribed to causal laws; how, for instance, the
deduction of effect from cause is conceived as so radically
different from that of cause from effect. (No one would say
that the cause existed because of the effect.) It is, it seems,
a fundamental fact that the future is due to the present, or,
more mildly, is affected by the present, but the past is not.
What does this mean? It is not clear and, if we try to make
it clear, it turns into nonsense or a definition: 'We speak of
ratio essendi when the protasis is earlier than the apodasis.' We feel that this is wrong; we think there is some
difference between before and after at which we are getting;
but what can it be? There are differences between the laws
deriving effect from cause and those deriving cause from effect;
but can they really be what we mean? No; for they are found
a posteriori, but what we mean is a priori. 

[The Second Law of
Thermodynamics is a posteriori; what is peculiar is that it seems to result merely from absence of law (i.e. chance),
but there might be a law of shuffling.]

What then do we believe about the future that we do not
believe about the past; the past, we think, is settled; if
this means more than that it is past, it might mean that it is
settled for us, that nothing now could change our opinion
for us of any past event. But that is plainly untrue. What
is true is this, that any possible present volition of ours is
(for us) irrelevant to any past event. To another (or to ourselves
in the future) it can serve as a sign of the past, but to us
now what we do affects only the probability of the future.


This seems to me the root of the matter; that I cannot
affect the past, is a way of saying something quite clearly
true about my degrees of belief. Again from the situation
when we are deliberating seems to me to arise the general
difference of cause and effect. We are then engaged not on
disinterested knowledge or classification (to which this
difference is utterly foreign), but on tracing the different
consequences of our possible actions, which we naturally do in
sequence forward in time, proceeding from cause to effect
not from effect to cause. We can produce A or A' which
produces B or B' which etc. . . . ; the probabilities of
A, B are mutually dependent, but we come to A first from our 
present volition.


Other people we say can affect only the future and not the
past for two reasons; first, by analogy with ourselves we know
they can affect the future and not the past from their own
point of view; and secondly, if we subsume their action under
the general category of cause and effect, it can only be a cause
of what is later than it. This means ultimately that by
affecting it we can only affect indirectly (in our calculation)
events later than it, In a sense my present action is an
ultimate and the only ultimate contingency,




[Ramsey added important notes to these observations.]


Reasonable Degree of Belief


When we pass beyond reasonable = my, or = scientific, to define it precisely is quite impossible. Following Peirce we predicate it of a habit not of an individual judgment. Roughly, reasonable degree of belief = proportion of cases in which habit leads to truth. But in trying to be more exact we encounter the following difficulties :—

(1) We cannot always take the actual habit: this may be correctly derived from some previous accidentally misleading experience. We then look to wider habit of forming such a habit.


(2) We cannot take proportion of actual cases; e.g. in a card game very rarely played, so that of the particular combination in question there are very few actual instances.


(3) We sometimes really assume a theory of the world with laws and chances, and mean not the proportion of actual cases but what is chance on our theory.


(4) But it might be argued that this complication was not necessary on account of (1) by which we only consider very general habits of which there are so many instances that, if chance on our theory differed from the actual proportion, our theory would have to be wrong.


(5) Also in an ultimate case like induction, there could be no chance for it: it is not the sort of thing that has a chance.


Fortunately there is no point in fixing on a precise sense of 'reasonable'; this could only be required for one of two reasons: either because the reasonable was the subject matter of a science (which is not the case); or because it helped us to be reasonable to know what reasonableness is (which it does not, though some false notions might hinder us). To make clear that it is not needed for either of these purposes we must consider (1) the content of logic


and (2) the utility of logic. 

THE CONTENT OF LOGIC

(1) Preliminary philosophico-psychological investigation into nature of thought, truth and reasonableness.

(2) Formulae for formal inference = mathematics.


(3) Hints for avoiding confusion (belongs to medical psychology).


(4) Outline of most general propositions known or used as habits of inference from an abstract point of view; either crudely inductive, as 'Mathematical method has solved all these other problems, therefore...'	or else systematic, when it is called metaphysics. All this might anyhow be called metaphysics; but it is regarded as logic when adduced as bearing on an unsolved problem, not simply as information interesting for its own sake.


The only one of these which is a distinct science is evidently (2).


THE UTILITY OF LOGIC


That of (1) above and of (3) are evident: the interesting ones are (2) and (4). (2) = mathematics is indispensable for manipulating and systematizing our knowledge. Besides this (2) and (4) help us in some way in coming to conclusions in judgment.

LOGIC AS SELF-CONTROL (Cf. Peirce)

Self-control in general means either

(1) not acting on the temporarily uppermost desire, but stopping to think it out; i.e. pay regard to all desires and see which is really stronger; its value is to eliminate inconsistency in action;


or (2) forming as a result of a decision habits of acting not in response to temporary desire or stimulus but in a definite way adjusted to permanent desire.


The difference is that in (1) we stop to think it out but in (2) we've thought it out before and only stop to do what we had previously decided to do.


So also logic enables us


(1) Not to form a judgment on the evidence immediately before us, but to stop and think of all else that we know in any way relevant. It enables us not to be inconsistent, and also to pay regard to very general facts, e.g. all crows I've seen are black, so this one will be — No; colour is in such and such other species a variable quality. Also e.g. not merely to argue from φa . φb . . . to (x).φx probable, but to consider the bearing of a, b . . are the class I've seen (and visible ones are specially likely or unlikely to be φ). This difference between biassed and random selection. (Vide infra 'Chance'.)


(2) To form certain fixed habits of procedure or interpretation only revised at intervals when we think things out. In this it is the same as any general judgment; we should only regard the process as 'logic' when it is very general, not e.g. to expect a woman to be unfaithful, but e.g. to disregard correlation coefficients with a probable error greater than themselves.


With regard to forming a judgment or a partial judgment (which is a decision to have a belief of such a degree, i.e. to act in a certain way) we must note :-


(a) What we ask is p? not 'Would it be true to think p?' nor 'Would it be reasonable to think p?' (But these might be useful first steps.)


but (b) 'Would it be true to think p? ' can never be settled without settling p to which it is equivalent.


(c) 'Would it be reasonable to think p?' means simply 'Is p what usually happens in such a case?' and is as vague as 'usually'. To put this question may help us, but it will often seem no easier to answer than p itself.


(d) Nor can the precise sense in which 'reasonable' or 'usually' can usefully be taken be laid down, nor weight assigned on any principle to different considerations of such a sort. E.g. the death-rate for men of 60 is 1/10, but all the 20 red-haired 60-year-old men I've known have lived till 70, What should I expect of a new red-haired man of 60? I can but put the evidence before me, and let it act on my mind, There is a conflict of two 'usually's' which must work itself out in my mind ; one is not the really reasonable, the other the really unreasonable.


(e) When, however, the evidence is very complicated, statistics are introduced to simplify it. They are to be chosen in such a way as to influence me as nearly as possible in the same way as would the whole facts they represent if I could apprehend them clearly. But this cannot altogether be reduced to a formula; the rest of my knowledge may affect the matter, thus p may be equivalent in influence to q, but not ph to qh.


(f) There are exceptional cases in which 'It would reasonable to think p' absolutely settles the matter. Thus if we are told that one of these people's names begins with A and that there are 8 of them, it is reasonable to believe to degree 1/8th that any particular one's name begins with A, and this is what we should all do (unless we felt there was something else relevant).


(g) Nevertheless, to introduce the idea of 'reasonable ' is really a mistake; it is better to say 'usually', which wakes clear the vagueness of the range: what is reasonable depends on what is taken as relevant; if we take enough as relevant, whether it is reasonable to think p becomes at least as difficult a question as p. If we take everything as relevant, they are the same.


(h) What ought we to take as relevant? Those sorts of things which it is useful to take as relevant; if we could rely on being reasonable in regard to what we do take as relevant, this would mean everything. Otherwise it is impossible to say ; but the question is one asked by a spectator not by the thinker himself: if the thinker feels a thing relevant he can't dismiss it ; and if he feels it irrelevant he can't use it.


(i) Only then if we in fact feel very little to be relevant, do or can we answer the question by an appeal to what is reasonable, this being then equivalent to what we know ad consider relevant.


(j) What are or are not taken as relevant are not only propositions but formal facts, e.g. a = a: we may react differently to φa than to any other φx not because of anything we know about a but e.g. for emotional reasons.
  




The second law is intimately connected with the 
origin of irreversibility and the creation of information

Russell's Teapot
Theories. The Foundation of Mathematics (p.235 in the 1960 edition), 
    

In a never-published article titled "Is There a God?" commissioned by Illustrated magazine in 1952, Bertrand Russell wrote:
    
In 1958, Russell again suggested the teapot between Earth and Mars as a basis for his own atheism:

   Ramsey on Identity


Ramsey criticized the section on identity in Principia Mathematica
The third serious defect in Principia Mathematicais the 
treatment of identity. It should be explained that what is
meant is numerical identity, identity in the sense of counting
as one, not as two. Of this the following definition is given:
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That is, two things are identical if they have all their
elementary properties in common...


The real objection to this definition of identity is the same
is that urged above against defining classes as definable
classes : that it is a misinterpretation in that it does not define
the meaning with which the symbol for identity is actually
used. 

This can be easily seen in the following way: the
definition makes it self-contradictory for two things to have
all their elementary properties in common. Yet this is really
perfectly possible, even if, in fact, it never happens. Take
two things, a and b. Then there is nothing self-contradictory
in a having any self-consistent set of elementary properties,
nor in b having this set, nor therefore, obviously, in both a
and b having them, nor therefore in a and b having all their
elementary properties in common. Hence, since this is logically
possible, it is essential to have a symbolism which allows us
to consider this possibility and does not exclude it by
definition.


Is an object's name a property? It is certainly not an essential or even a peculiar quality, in Aristotle's sense.


Leibniz's Law about the indiscernibility of identicals is not enough. Some properties that differ might not be discernible. 


It is futile to raise the objection that it is not possible to
distinguish two things which have all their properties in
common, since to give them different names would imply
that they had the different properties of having those names.
For although this is perfectly true—that is to say, I cannot,
for the reason given, know of any two particular indistinguishable
things—yet I can perfectly well consider the possibility,
or even know that there are two indistinguishable things
without knowing which they are. 




For distinct objects to be identical in Ramsey's sense, we would have to ignore relational properties and positional properties
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Notes

    1. Wikipedia article on Ramsey, retrieved March 24, 2009

    2.  Pointed out by David Armstrong, Belief, Truth and Knowledge, Cambridge University Press, 1973, p.159 
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Gilbert Ryle was best known for his criticism of what he called the "Official Doctrine" of "Cartesian Dualism" as a theory of mind. He thought René Descartes had naturalized the theological idea of a soul as a separate non-material substance called "mind." Mind and body are considered one of many philosophical dualisms.

The mind-body problem asks how a non-material mental substance can causally influence the material body. Ryle's 1949 book The Concept of Mind is regarded by many thinkers as having eliminated the immaterial mind and "dis-solved" the mind-body problem, which Ryle saw as the result of what he called a "category mistake."  


In some ways influenced by Ludwig Wittgenstein, who like other analytic language philosophers thought many philosophical problems were caused by misuse of language, Ryle said the category mistake was applying properties to a non-material thing that are logically and grammatically appropriate only for a category including material things. 


With his remarkable ability to turn a phrase, what Ryle even more famously did was to stigmatize "mind" as the "Ghost in the Machine."  Unfortunately, the phrase greatly advanced the enlightenment idea of "Man a Machine." And it helped prepare the way for today's revolution in cognitive science based on the "computational theory of mind," with the digital computer the model for intellectual operations as information processing.  


Not that Ryle himself thought of man as a mechanical system or machine. Far from it. Though he described both body and mind as a "field of causes and effects" and likened the motion of the planets to a "clockwork," he thought minds were "not bits of clockwork, they are bits of non-clockwork." (p.20)


Since biology established its title as a science, he says,



   The Newtonian system is no longer the sole paradigm of natural science. Man need not be degraded to a machine by being denied to be a ghost in a machine. He might, after all, be a sort of animal, namely, a higher mammal. There has yet to be ventured the hazardous leap to the hypothesis that perhaps he is a man. (p.328)
   
 
Ryle thought that the problem of free will was a "tangle of spurious problems." Minds, as entities outside the causal system, do not exist. He said the "myth" of volition belongs with concepts like phlogiston and "animal spirits." 

For Ryle, free will was invented to answer "the question whether human beings deserve praise or blame." He conflates free will with moral responsibility, committing the ethical fallacy," as did Ryle's most famous student Daniel Dennett  as well as Robert Kane and many others who mistakenly think our actions must be moral to be free.


Dennett is perhaps the best known compatibilist philosopher. In his book , Dennett Following Ryle, he does not separate free will from moral responsibilty. Dennett offers a "free will worth wanting" that is simply moral competence. But this is what Ryle might have identified as a "category-mistake," since moral responsibility is not simply the capability of choosing between good and evil.


Whether deterministic laws of nature mean that every human action is pre-determined is a scientific problem. Whether we can generate "uncaused causes" and genuinely new thoughts in our minds depends on the indeterminism and ontological chance of quantum physics.


See the two-stage model of free will.

Moral responsibility, on the other hand, is a societal and cultural problem.


Free will has traditionally been connected to moral responsibility. But it is wrong to say that free will simply is moral competence, as Dennett says, or is "ultimate responsibility" as Kane says. Sadly, many free actions are evil, i.e., immoral actions.



Know-How and Know-That

Epistemologists make important distinctions between knowing how (technical ability), knowing that (facts and propositions), and knowing what (acquaintance with things and persons). In his presidential address to the Aristotelian Society in 1945, Ryle insisted that knowing that (some fact) is empty intellectualism without knowing how to make use of the fact.

   
Effective possesion of a piece of knowledge-that involves knowing how to use that knowledge, when required, for the solution of other theoretical or practical problems. There is a distinction between the museum-possession and
the workshop-possession of knowledge. A silly person can
be stocked with information, yet never know how to answer
particular questions.

The uneducated public erroneously equates education
with the imparting of knowledge-that. Philosophers have
not hitherto made it very clear what its error is. I hope I have provided part of that correction.
    




Information philosophy identifies the mind with the immaterial information in the material brain, which is a biological information processor, though not a computer!



The subtle verbal distinctions between know how, know that, and know what in English language debates about epistemology are more evidence of the failure of language analysis. 

Knowledge has become propositional knowledge, truth claims about a proposition. 


A subject S is said to "know" a proposition P if and only if,


       (i) P is true,

       (ii) S believes that P, and

       (iii) S is justified in believing that P. 


The modern definition of knowledge as "justified true belief" comes from Plato's Theaetetus, where "belief" was "opinion" (δοχα), "true" was "right" (ορθη), and "justified" was an "account" (λογοσ) - a reason or explanation or story.

Edmund Gettier produced examples of justified true belief that were not knowledge

Plato's word for "knowledge" was επιστεμη, from which modern philosophy gave us epistemology. But the meaning of the Greek word is closer to "know how," which makes it supportive of Ryle's point that knowing involves an ability and not just an intellect.
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How are our finite wills related to this freedom? Are we predestined to our place in the world-order? Are we "impotent pieces of the game he plays?" Our wills are part of his freedom. And hereby we too are free. Our conscious volition is a fragment of the freedom of the World-Will.(SMP, p.430)


But how, one may ask, can I be in any sense thus free? How explain such a paradox? In answer I appeal afresh to that double aspect which the world has already presented to us. The order of nature...because it does all of it express one law, just because it must all be absolutely foreknown, is present in one time-transcending instant to the insight of the Logos. (SMP, p.430)


You are not morally free to change laws in this world. But you are moral and free because you are in the eternal sense a part of the World-Creator. 


"I believe evil is part of a good order." "The true devil isn't crime, then, but brute chance." "The worst tragedy of the world is the brute chance to which everything spiritual seems to be subject among us - the tragedy of the diabolical irrationality of so many among the foes of whatever is significant." It is "the blind irrationality of fortune that seems to drive God out of our thoughts when we look at our world." (SMP, p.465-469)  


"An open enemy you can face." "Moral evil in the willful sinner himself, you can look in the face and defy, and that too even if you are yourself the sinner."  But the "mechanical accidents of nature, where is there room for anything but pity for its worthlessness?" 
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Michael Rea is a professor of philosophy at Notre Dame and director of the Center for Philosophy and Religion. He is also a professorial fellow at the University of St. Andrews, specializing in analytic and exegetical theology.

Rea's  1997 book, Material Constitution: A Reader, is an anthology of 17 articles on the problems of coincident entities,  contingent identity,  mereological nihilism,  and problems of identity,  


In 2008, he compiled the five-volume anthology Metaphysics: Critical Concepts in Philosophy, with 98 articles by modern metaphysicians covering all areas of metaphysics. His 2104 book Metaphysics: the basics, is an introductory textbook.


Rea's 2002 book, World without Design: The Ontological Consequences of Naturalism, is strongly anti-naturalist, arguing that scientific research amassing knowledge on the basis of experimental evidence choosing between various theories is nothing but a "secular faith." Epistemically, Rea thinks science is no better than a religion.


His five-volume anthology has a convenient chronological table of its articles (from the 1908 McTaggart article on A-time and B-time, to a 2007 article by Thomas Crisp on presentism). Its introduction has a challenging list of metaphysical questions, a surprising number of which may yield to the approach of information philosophy.
   
	
      Michael Rea
    	
      Information Philosopher
    
	
      When two things share a common property, is there some single identical
thing that they in fact share (perhaps as a common part), or is talk of
'sharing' just a manner of speaking? And if there is some actual thing that is
shared, then what does the sharing amount to? Is it a kind of overlap, or is it
a resemblance?
    	
The shared thing is always a subset of the information in each thing. It need not be material. It is a resemblance. Statements of identity between two things should be paraphrased as "these two things are identicalin some respect." They are only the same if we ignore their differences. But any two things are similar if we ignore all their differences, just as they are completely different if we ignore their similarities. 

The quantifiable information in any physical object far exceeds the amount that is picked out by human perceptions, conceptions, or intentions of what the object might be or might become for our purposes.
    
	
      When you talk about ways things could have been (e.g. 'there's more than
one way this class could turn out'), to what sorts of things (if any) does the
word 'ways' refer?
    	
The 'ways' are alternative possibilities for what might happen in the future, some of which become actual. It is these possible actions that let the libertarian say correctly 
"I could have done otherwise." 'Ways' may also refer to the idea of "possible worlds," in which counterfactual 'ways' are imagined for the events in our world. 
    
	
      What is the relation between an object and its properties? Are the properties
of a thing parts or constituents of it? If not, then are we supposed to imagine
that properties are somehow external to the things that have them, and are
related to them simply by resemblance or some other sort of relation?
    	
The properties of a concrete material object that we see are not themselves material constituents. They are abstract forms that inform us, the arrangement and shape of the material.  If the object were shapeless, sheer chaos or noise, we could not distinguish any properties. The properties are in some sense external, outside, on top of, beyond, the material object that has them. The relation is a semblance. It allows our perception to discriminate the differences and the resemblances to other things that we are acquainted with.      
    
	
      Is change really possible? If so, what does it mean to say that something has
changed?
    	
Although change may be simply the loss or gain of material, changes are always changes in the information about an entity, for example, its position in space as a function of time, or its form, its internal information.      
    
	
      Is the passage of time possible? And what is time, anyway?
    	
     The four dimensions of space and time are an immaterial coordinate system that allows us to keep track of material events, the positions and velocities of the fundamental particles that make up every body in the universe 
    
	
      What does it take to get the members of a set of objects to compose
something?
    	
     If it is not a proper part of the set of things, our minds must impose an arbitrary form that distinguishes the selected members as a composite object. 
    
	
      Do familiar count nouns (like 'table' and 'chair') actually refer to things, or
are they disguised plural referring expressions like 'the Notre Dame football
team' or 'the crew of the Enterprise'!
    	
      The team and the crew consist of individual members that are countables - people. The table and chairs consist of more or less continuous material - wood or metal, which are mass nouns. To be sure, all continuous material can ultimately be analyzed into a quantifiable number of elementary material particles, but we do not usually describe masses with quantifiers like each, every, several.
    
	
      What is an event? Can the same event happen more than once? What is
involved in one event causing another?
    	
      Events are seen as occurring at a particular point in space and time. Events can only have a causal
 relation to affect events (by exerting physical forces) in the forward light cone of the future.    

	
      What are human minds? Are they immaterial thinking substances, or are
they material objects (brains, perhaps), or something else entirely?  
    	
      The human mind is the processing of immaterialinformation by the material brain. Minds are physical processes, but not another kind of substance, as Descartes thought. The mind-body dualism is not a substance dualism. It is a property dualism, the original and great dualism of idealism and materialism.
    
	
      Are human beings free? Is freedom even possible?
    	
     It is the existence of immaterialalternative possibilities that ensures freedom of the will.
    
	
      Is it possible to live after death?
    	
      No. But some of us may have information immortality.
    
	
      Do human beings or human faculties have anything like a proper function?
Why are there contingent beings rather than none? Is there a necessary
being (a God, perhaps) who created all contingent things?
    	
      There is a cosmic creation process working in the universe that has produced everything of value, all the information structures - the galaxies, stars, and planets -  and information processing systems like human beings. Thinkers pondering this providential force have anthropomorphized it as a benevolent agency. Nothing material is necessary, certain, a priori, or analytic. 
    



The Problem of Material Constitution

In a landmark 1995 article in the Philosophical Review, Rea arranged some classic puzzles and paradoxes in material constitution (The Statue and the Clay,
  The Ship of Theseus,
  Dion and Theon, Tibbles, the Cat, and
  The Growing Problem, as criticized by  Chryssipus).

Rea saw all these problems could be grouped together under a single problem of material constitution.


What I intend to show is that there is one problem underlying
these four familiar puzzles (and their many variants).This problem
I will call "the problem of material constitution." I say it underlies
the four puzzles for the following reason: every solution to the
problem of material constitution is equally a solution to each of
these four puzzles, though not vice versa.
   

Rea saw five assumptions at the core of each of the puzzles. 
   

Informally,
they are: (i) there is an F and there are ps that compose it,
(ii) if the ps compose an F, then they compose an object that is
essentially such that it bears a certain relation R to its parts, (iii)
if the ps compose an F, then they compose an object that can exist
and not bear R to its parts, (iv) if the ps compose both a and b,
then a is identical with b, and (v) if a is identical with b then a is
necessarily identical with b. Let us call these assumptions, respectively the Existence Assumption, the Essentialist Assumption, (with
apologies to Frankfurt) the Principle of Alternative Compositional
Possibilities (or PACP for short), the Identity Assumption, and the
Necessity Assumption.
   
Information philosophy shows that there is no necessity in the material world. Necessity is an essential concept in the logical world of ideas. 


Rea showed that any possible solutions to these puzzles can be grouped in a taxonomy of assumptions. He divided the possible solutions into those that deny the Identity Assumption, those that deny the Necessity Assumption, and those that deny one or more of the remaining three. The Identity Assumption is roughly the idea that "constitution is identity." At least one assumption must be incompatible with the others.

The most flawed assumption, from an information philosophy point of view, is the identity assumption, especially the idea that material constitutionis identity. This assumption, which dates from the pre-Socratics, was challenged by the Stoics, especially by Chrysippus' puzzling description of Dion and Theon.


Dion/Theon is best interpreted as an attack on the Growing Argument, which the Academic Skeptics used to challenge the Stoic claim that their "peculiarly qualified individuals" can survive material change. The Stoics accepted the ancient claim that a change of material causes an object to cease to exist and a new "numerically distinct" object comes into existence.


But the Stoics argued that this sort of material change should be called generation and destruction, since they transform the thing from what it is into something else.  This is the Heraclitean philosophy of Becoming, that all is in flux, you can't step into the same river twice. If everything is always changing its material, what is to constitute its Parmenidean Being, especially a human being?


The Academic Skeptic version of the Growing Argument was that matter is the sole principle of 
individuation, so that a change of matter constitutes a change of identity.


But according to the Stoics, material change is not growing. Something that grows and diminishes must subsist. It must retain its identity over time. Otherwise we cannot say that "it" is growing.


For the Stoics, what comes into existence, grows, then diminishes and dies, is the peculiarly qualified individual (ἰδίος ποιὸν) that is coincident with a different amount of matter from time to time.

But material constitution is not identity, individuals are not their material substrate (ὑποκείμενον), but their unique qualities, which we can take to be Aristotle's immaterial form.


The Stoics have therefore rejected matter as the principle of individuation. 
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What does is say about metaphysics that its problems (puzzles and paradoxes, still not solved) were first identified by Greeks in the second century BCE?

Is it simply because it is materialist, needing a natural, immaterial idealism?
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Nicholas Rescher has written extensively on epistemology, the philosophy of science, Arabic philosophy, ancient Greek philosophy, process philosophy, logic, metaphysics, and values. 

His latest work is Free Will: A Philosophical Appraisal, dedicated to Robert Kane and Peter van Inwagen (free-will theorists extraordinary, he calls them). 


Rescher's "Appraisal" contains some of the strongest arguments for human freedom written by a philosopher in recent years. He argues strongly for the reality of alternative possibilities for action and an evaluation and decision process that is adequately determined.
   

The circumstances of life being what they are, the scope of our free agency is all too often distinctly limited. But it is very rarely reduced to a set of one — a single option. Crucial to the conception of freedom of the will is the idea that in most options of life we face situations where several alternatives move before us, and where the choice among them involves a decision on our part with respect to authenticity available optimism, situations where it is up to us to decide matters one way or another. And the core of the concept of free will is that this prospect of decision by deliberative choice is often possible and sometimes mandatory for us.   
	The ability to act, and to act spontaneously on one’s own motivating account, is a crucial aspect of the autonomy that makes an intelligent agent into an authentic person. Acting freely via deliberation may not be something that we would want to do all of the time — any more than we would ideally want to engage in reasoning all of the time. But both are things we would certainly want to do some of the time. The loss of freedom, like the loss of reason itself, would be fatal to our status as the sort of beings we are — or at any rate see ourselves as being.

(Free Will, p.2)
   



Like Gottfried Leibniz, Immanuel Kant, R. E. Hobart, Philippa Foot, and others, Rescher thinks that deliberation leads to a "determined" choice that is not "pre-determined" by events outside our minds. He calls this kind of determination "motive determination." This process of determination need not extend back in a causal chain to the beginning of the universe. It may extend back to new causal chains that start in our thought processes.
   

Determination of human actions can certainly be self-supplied and not be the fruit of an externally emanating imposition along the lines of constraint, coercism, and compulsion. And such determination would not automatically be at odds with freedom. On the contrary, determination of one’s decisions and choices via one’s own motives is the very quintessence of freedom of the will. To make a decision in the light of one’s motives is not a matter of being compelled against one’s will — it is itself what willing is all about.

(Free Will, p.79)

	Maintaining that a choice or decision was made freely at once invites the question: "Free from what?" And several rather different sorts of things can be at issue, specifically including:


	
Freedom from pre-determination, of any sort, be it "external" or "internal."  This is the crux of what we have here termed metaphysical freedom.

	
Freedom from determination by "external," factors and pressures, that interfere with an agent’s agenda and intrude upon his autonomy. This is the crux of what we have here called moral freedom.




However, the one thing that a free will does not—and cannot—require is freedom from one’s own motives. For an agent is never freer than when his choices give overt expression to his inner nature. 

(Free Will, p.86)
   
 
Of course there are causes (even "causal chains") that go back to some structures in our minds with roots in heredity, or in environmental conditioning that formed habits long before our current decision process. These may often be the proximate cause of our decisions. The important thing is to see that need they not ever be "pre-determining." The mind has a final option to assent or not assent to our habitual decisions. These habits are reasons and motives that impel but do not compel, says Rescher. (p.130)

In some cases, our decision might seem irrational or even immoral by comparison with our past actions. But Rescher says, "If agents are to be free at all, they have to be free to be unreasonable." Unlike Susan Wolf, our decisions do not have to be rational to be free. 


More important still, unlike Immanuel Kant and Robert Kane, our decisions do not have to be moral to be free. Rescher says,  



Freedom is a democracy open to all, not just those whose motives are honorable, rational, and good.

(Free Will, p.117)
   

Rescher considers the meaning of "could have done otherwise," and connects it to quantum indeterminacy.


In one important respect, chance and choice are in the same boat: both are indispensably bound up with the idea that matters could have eventuated differently.  In this regard the free will theorist does not stand alone — the quantum physicist is very much on his side, given his contention that the uranium atom which disintegrated after ten hours of observation could have done otherwise.

(Free Will, p.50)


But we must not make chance the direct cause of our actions. This is the randomness objection in the standard argument against free will. Rescher does not come fully to grips with how chance can be limited to the creation of alternative options for action. Then his "motive determination" could be the second stage in a two-stage model of free will.

Rescher examines many recent attempts of psychologists and neuroscientists to initiate behaviors in an agent that the agent mistakenly feels were chosen freely. Although many times we are wrong about our motivations for a particular action, including this kind of manipulations, they do not add up to denying the possibility of free actions.


Pretty well anything we humans do can be mismanaged. We can make mistakes in computation, mis-remember events, succumb to optical illusions, feel pain in missing limbs. And similarly we can be mistaken in judgments of freedom and err in deeming free various things done under the influence of hypnosis, conditioning, or the like. But in no sphere does the fact that we are sometimes mistaken carry over to systemic erroneousness. The possession of a capacity to will freely is not annihilated by the fact that we sometimes make mistakes in the matter. Here as elsewhere generalizing from tendentiously pre-selected instances is a very questionable practice.

(Free Will, p.156)


But such generalizing is very popular, says Rescher, citing the work of Daniel Wegner.

Rescher concludes his book by saying that the emergence of intelligence and free will (we would add creativity) is the crowning achievement of evolution.


It is thus only sensible to view free will, along with the emergence of intelligence, as one of evolution’s crowning glories. For the reality of it is that free agency is an optimally useful evolutionary resource for intelligent agents, and did this arrangement not already exist in the world, evolutionary pressures would militate for its emergence.


And finally he finds it ironic that philosophers debate the question of free will using rational deliberations.

It is interesting in a rather ironic way that when the matter of free will is posed as an issue whose resolution is to be secured on the basis of rational deliberation with respect to evidence and reasons, this approach to the issue already comes too late. For even to seek reasons for or against the freedom of the will is already to presume in ourselves a will free to effect decisions in matters of deliberations.  Undertaking such an inquiry only makes sense in the context of the assumption that acceptance or rejection of the contention at issue is a free option that can and should be settled through thought on the basis of reasons — that resolving the matter by weighing considerations pro and con is an available prospect, itself freed from predetermination by factors or forces  outside the range of autonomously concluded deliberations.

Rescher on Miller/Hobart

Nicolas Rescher has read and understood the work of Dickinson Miller, especially the classic 1934 paper in Mind written under the pseudonym of R.E. Hobart.

Hobart's Mind paper is cited by many recent philosophers as defending the idea of determinism, but nothing could be further from the truth. Unfortunately, Philippa Foot's misquote of Hobart's landmark article led to its wide citation as support for determinism and compatibilism.  


Foot titled her 1957 article for Philosophical Review "Free Will as involving Determinism," and in her references she substituted determinism where Hobart had said determination. Nevertheless, Foot read Hobart correctly and understood that he did not mean determinism, which she too argued against.


The correct title is Free Will as involving DETERMINATION and inconceivable without it {my emphasis]. 


Recent philosophers from libertarians to determinists routinely misquote this title (including Robert Kane, Galen Strawson, John Martin Fischer, Alfred Mele, Derk Pereboom, and Arthur Danto. 


Nicholas Rescher gets the title right, and quotes several excellent passages from Miller/Hobart.
   

[F]reedom of the will is nowise at odds with a motivational determinism that places the locus of causal determination is located in the thought-process of the agent—with such determination as there is canalized through the mediation of the choices and decisions emergent from his deliberations. And there is consequently no opposition between freedom and causal determination as long as that determination is effected by what transpires in the principle of agents and the matter is one of agent-causality.

The crux here is whether there is an agent-external determinism — a determinism where all reference to the agent and his motivational deliberations can be left out of consideration of consideration in matters of explanation. Once again, Dickinson Miller has put the matter well:


[No one likes to think that their] mind is so small and simple that one can predict its ideas. That is the real reason why people react in such cases against predicting their conduct, for if present human knowledge, which is known to be so limited, can foresee their conduct, it must be more naïve and stereotypic than they like to think it. [But] it is no reflection upon the human mind or its freedom to say that one who knew it [completely] through and through (a human impossibility) could foreknow its preferences and its spontaneous choices. 


The comprehensiveness at issue in these means that the information requisite for determination will not be available to others or indeed even to the agent himself. Reference to the point of decision is also crucial. For only then have matters gone too far for options still to be open. But this is so not because circumstances have constrained the agent but because at this point the agent himself has settled matters.

The dictum "Tout comprendre c' est tout pardonner" gets it dead wrong. To trace the causal antecedence of a person's actions into his character, personality, psychological make-up, etc. is not thereby to erase discredit from his misdeeds. At this point the analysis of Dickinson Miller is once more right on target:


[Consider the act of a sociopath.] It does not remove our sense of its vileness to reflect that he was acting according to his nature. That is a part of why we are indignant at him. We intend to make him fee that his nature is in that respect evil and its expression insufferable. We intend to interfere with the expression of his nature. That what he did proceeded from it is not a disturbing and praise-giving consideration in the midst of our conduct, but the entire basis of it.'


And this is surely correct, for as Kant rightly stressed, inclination is the very core of moral assessment.

The thief may possibly try to argue: "You cannot appropriately blame (reproach, punish) me for that theft. It was not a free act of mine: my cupidity made me do it." But this is absurd for even granting that his cupidity played a determinative role, the fact remains that it was his cupidity—this constitutive aspect of his own very self—that was determinative. And since freedom is self-determination, that act remains free. 


When we say that...a person "is not himself' and analyze an internal aberration to an external composition we treat that person as morally unfree and subject to demanded responsibility. This is an act of charity, not a recognition of fact. It is based every bit as much on a socially benign fiction as is the idea that someone less than eighteen years of age cannot bear responsibility for a capital crime. "His illness made him do it" is something on the order of "the dog ate my homework," a plausible pretext to provide cover for an appeal for clemency.


In just this light Dickinson Miller rightly deplored:


This mode of speaking [that] distinguishes the self from its wishes and represents it as under their dominion.... [For] in fact the moral self is the wishing self. The wishes are its own. It cannot be discounted as under their dominion, for it has no separate predilections to be overcome by them; they themselves are its predilections. To fancy that because the person acts according to them he is impelled, a slave—the victim of a power from whose clutches he cannot extract himself—is a confusion of ideas.... I am not in my [free] acts passively played upon by forces outside me, but am enacting my own wishes ["choices" would have been a better term, since there may be reluctance] in virtue of a chain of causation within me.


This is substantially correct. The individual is not the passive victim of her motives, but their actively consenting implementer and exponent.

Free will and determinism can thus be reconciled through the consideration that determinism requires that "All occurrences are productively determined—volitions included," while free will requires that "My volitions are determined by—but not for—me."' For that second sentence rightly indicates that the "productively determined" of that first sentence cannot be glossed as having the qualifying addendum "by the causality of nature"—as classical determinism would have it. Authentic freedom of the will calls for distinguishing between the efficient causality of natural processes and motivativally mediated agent causality of choice and deliberation.
And some such determination there must indeed be. For insofar as an agent's choices and decisions are not determined by his motives—by his likings and inclinations, wishes and purposes, and all the rest of it—they become disqualified from counting as his choices. As Dickinson Miller put it:

Insofar as this "interposition of the self" [this agent motivation] is undetermined, the act is not its act.... In proposition as it is [so] underdetermined, it is just as if this legs should suddenly spring up and carry him off where he did not choose to go. Far from constituting freedom, the will has, in the exact measure in which it took place, the loss of freedom.'


A will that does not extract its resolutions from the motivating considerations that figure in an agent's deliberations is arbitrary, feckless— "willful" is the most pejorative sense of the term. As was already noted, such a will is not free but frivolous.

Mind-Brain Interaction Works by Coordination,
Not by Causality
Here then lies the key to reconciling the two modes of causality that vexed modern philosophers from Descartes to Kant and beyond.' For the idea of a genuine partnership affords a key to how the mind comes to exercise physical causality. When I mentally decide to wiggle my fingers a few seconds hence for the sake of an example, how is it that my body responds to this purely mental transaction? The answer is that doesn't because no "purely mental" transaction is at issue. Thought always has its correlative in the domain of brain physiology.' And so an individual's so-called "purely mental intention" is not really something purely mental at all because it stands coordinate with a mind-brain amalgamating phsycio-physiological intention-state in much the same manner at issue with the mood/configuration duality of those smiley/frowny faces considered above. And the physical cause of that wiggling response is not something "purely mental" but the physical side of that dual-aspect amalgam.
It must, however, be reemphasized that what actually occurs in such transactions is a matter less of causality than of coordination. In his classic paper of 1934, Dickinson Miller saw the matter quite clearly:


[In choosing or deciding] the mental process is paralleled in the brain by a physical process. The whole [two-sided] psycho-physical occurrence would then be the cause of what followed, and the psychic side of it—the mental struggle proper—a con-cause or side of the [overall, two-sided] cause. To-morrow's configuration of matter [i.e., the physical result of an action] will [then] have been brought about by a material [i.e., physical] process with which the mental process was inseparably conjoined.'


And so, when an agent acts there is no need to dream up a Cartesian category-transcending impetus of thought upon matter. The material eventuations are produced materially, by the physical side of the two-sided mind-matter amalgam at issue in psychophysical processes. And the same with thought processes.
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  Paul Russell's 1995 book Freedom and Moral Sentiment provided a new interpretation of David Hume's naturalism and moral sentiments. Russell also explored their connection to the reactive attitudes of Peter Strawson. 
  

  Russell argues that Hume's arguments for "naturalism" provide a better understanding of Hume's ideas about human freedom than simply identifying his ideas with Thomas Hobbes's "voluntarism."  Russell tries to show that for Hume, responsibility is more than just acting with freedom of action, i.e., with no external constraints.


In his experimental study of man as part of human nature, Hume claimed to see clearly the basis for morality in the moral sentiments that he observed in man. Hume's naturalism is to discover laws of human nature, not by a priori analysis using reason alone, nor by supernatural theological analyses, but because "feelings" in the mind impose "natural beliefs" like causality.  

 

Russell introduces the standard view of Hume's thought - as the principal source for "classical compatibilism" - one that he hopes to correct:  
   

   Hume's discussion of the problem of "liberty and necessity" was first presented in the Treatise (II, iii, 1-2) and, then, in a slightly amended form, in the first  Enquiry (Sec. 8). It is widely held that what Hume has to say on the subject of the nature and conditions of moral responsibility is very largely limited to these important sections of his work. More specifically, Hume's concern with the problem of moral responsibility is generally interpreted in terms of his discussion of the nature of "liberty," or moral freedom, and the way in which it is related to causation and necessity. From this perspective, once we have acquired a proper grasp of Hume's arguments that show how liberty and necessity are related (i.e. that they are compatible), there is little else to learn from him about the nature and conditions of moral responsibility.

This general perspective on Hume's views on responsibility suggests that Hume, like many other philosophers writing on this subject, believes that the problem of responsibility just is the problem of "free will and determinism". According to this approach, any adequate interpretation and discussion of moral responsibility must begin with, or develop out of, some relevant and appropriate account of the nature of moral freedom. I believe that this perspective on Hume's views on responsibility fundamentally misrepresents his approach.

(Freedom and Moral Sentiment, p.11) 
   


In the Treatise of Human Nature, Hume identified the "voluntarism" of Thomas Hobbes with the liberty of spontaneity. Hume contrasted this with the liberty of indifference, which he took to be synonymous with chance and absence of causes in our actions. 


Russell is concerned that as the question of free will and determinism has become clouded in recent years, it is worth noting that Hume had a separate defense for morality. Hume's project to reconcile liberty and necessity depends critically on moral sentiments and Hume's naturalistic account of moral responsibility.
    

    It is of some contemporary importance that Hume continues to be interpreted in this manner. The reason for this is that there is an increasing consensus among philosophers in the field that the classical compatibilist strategy has now been effectively discredited or surpassed by more recent developments in compatibilist thinking. Insofar as Hume continues to be read as holding to the classical compatibilist position, his views will inevitably be judged as of less immediate contemporary interest and significance. In other words, if the classical reading of Hume's compatibilism is indeed correct and it is also true that compatibilist thinking has now advanced well beyond the confines of this general strategy, then we must conclude that Hume's thinking on this subject is now somewhat dated and passé. The crucial question, therefore, is whether or not Hume has been properly interpreted by his commentators.

(Freedom and Moral Sentiment, p.4)   

Modern followers of Hume are sometimes called the "new compatibilists," perhaps starting with Peter Strawson, who argued that whether or not determinism is true, we can defend morality on the basis of universal "reactive attitudes" to actions. We cannot fail to assign praise and blame to others. And we feel guilt and pride in our own actions. For some thinkers, this is freedom enough.


Russell is a critic of these "new compatibilists." He is correct that Hume's insight into moral sentiments has made an enormous contribution to the modern debate, especially via Strawson. But by conflating the question of moral responsibility with freedom of the will, many of these modern thinkers, including Russell, commit what we call the ethical fallacy, which confuses all responsibility with moral responsibility.  We cannot defend freedom of action simply because we are observed experimentally to act morally. Nor can we say the free will is merely "the control condition for moral responsibility," as has become popular lately.


Some new compatibilist philosophers argue for moral responsibility even if determinism is true. The weakness of their argument is perhaps seen in the fact that some of their incompatibilist skeptic colleagues deny moral responsibility on the very same grounds - the standard two-part argument against free will. 
  



Hume's "natural beliefs" became Kant's transcendental idea that the mind projects "concepts of the understanding" and "forms of perception" on the world.



  In a more recent work, Russell tries to explain the conflicts in the Treatise of Human Nature between Hume's empiricism - with its skeptical attack on causality and its denial that "ought" can come from "is" - and Hume's naturalism, where Hume defends causality in a transcendent external world and finds the moral sentiments. 
   
   The general claim that the project of the Treatise should be understood in terms of "Hume's ambition to be the Newton of the moral sciences" is now a commonplace in introductory textbooks and general histories of philosophy." Moreover, Hume's "Newtonian" project in the Treatise has produced several studies that are devoted to a detailed analysis and exegesis of this aspect of his thought. Even those who accept Kemp Smith's (Hutchesonian) naturalistic interpretation are generally willing to place equal emphasis on Hume's "science of man" as inspired (supposedly) by Newton. There is, however, a fundamental difficulty for views of this kind. How do we reconcile Hume's ambitions to be the Newton of the moral sciences, not only with his skeptical principles, but with a form of "naturalism" that teaches "that reason, as traditionally understood, has no role in human life" — a claim that, on the face of it, sits uncomfortably with Hume's (Newtonian) "scientific" ambitions.

The skeptical/naturalism divide in Hume's intentions gives his whole project a Janus-faced appearance. Indeed, the situation is more problematic than this, since it may be argued that the whole project in the Treatise is actually broken-backed. That is to say, both the skeptical and naturalistic dimensions of Hume's thought seem to be equally essential to what he is trying to achieve but are nevertheless inherently opposed and irreconcilable." 

(The Riddle of Hume's Treatise, 2008, p.7)
   


Russell on Free Will

Russell offers a concise statement of the standard two-part argument against free will.
   

  ...the well-known dilemma of determinism. One horn of this dilemma is the argument that if an action was caused or necessitated, then it could not have been done freely, and hence the agent is not responsible for it. The other horn is the argument that if the action was not caused, then it is inexplicable and random, and thus it cannot be attributed to the agent, and hence, again, the agent cannot be responsible for it. In other words, if our actions are caused, then we cannot he responsible for them; if they are not caused, we cannot be responsible for them. Whether we affirm or deny necessity and determinism, it is impossible to make any coherent sense of moral freedom and responsibility.

(Freedom and Moral Sentiment: Hume's Way of Naturalizing Responsibility, 1995, p.14)
   


  But then Russell attempts to reconcile some chance with otherwise determined actions. His suggestion is very close to a resolution of the Randomness Objection, but we suggest that he should move randomness back into the alternative possibilities and allow both will and action to be adequately determined. Then "will" as an act of determination agrees better with the common sense use of the term.
   
   The success or force of the antilibertarian argument, it seems, depends very largely on a particular interpretation of the libertarian position. Contrary to what compatibilists generally suppose, liberty of indifference and liberty of spontaneity may not be incompatible with each other. What, then, is the alternative interpretation to be considered? According to the antilibertarian argument (on the classical interpretation), if actions were not caused, then it would be unreasonable to attribute them to the agent or hold the agent responsible for them. The target here is liberty of indifference interpreted, on this account, as the view that our actions are uncaused. However, it may be argued that this is not the only position which is available to libertarians or defenders of "free will". They may locate the requisite "break in the causal chain" elsewhere. It is important to distinguish between the following two types of liberty of indifference: a notion of liberty of indifference which suggests that actions are not caused or determined by antecedent conditions and a notion of liberty of indifference which suggests that our willings are not caused or determined by antecedent conditions (our willings being understood as the causal antecedents of action). For convenience, let us call the first liberty of indifference in acting (LIA) and the second liberty of indifference in willing (LIW). Both of these notions of liberty of indifference are vulnerable to well-known objections, but LIA is open to some objections to which the LIW is not liable.

The libertarian may seek to evade the antilibertarian argument by conceding that our actions must be caused by our antecedent willings, thereby rejecting LIA, but refuse to abandon or reject LIW. By rejecting LIA, the defender of "free will" can avoid the main thrust of the antilibertarian argument, namely, that liberty of indifference would render actions random and capricious and would make it impossible to attribute such actions to the agent. Those who accept LIW may, quite consistently, maintain that free action is determined by the antecedent willings of the agent and thus reject any suggestion that they licence random events at the level of action. Any randomness that LIW permits (assuming, as we do, that any alternative metaphysical conception of causation is excluded) occurs only at the level of the determination of the will.


The presence of random events at the level of willing will not prevent an agent from enjoying liberty of spontaneity. Such an agent may well be able to act in accordance with the determinations of her (capricious) will. Nor would it be impossible to attribute actions to such an agent, because it would be her (capricious) motives, desires, and so on, which caused them. Clearly, then, liberty of indifference, interpreted in terms of LIW, is compatible with, and thus need not exclude, liberty of spontaneity. It is true that the actions of an agent who enjoys LIW will be quite unpredictable, and it is also true that her future actions will not be amenable to the conditioning influences of punishments and rewards. In this way, LIW is still liable to other serious criticisms (especially if one interprets responsibility in terms of amenability to the conditioning influence of rewards and punishments). However, the actions of an agent who enjoys LIW share much with those of an agent whose will is necessitated by (external) antecedent causes. Liberty of spontaneity does not require that agents be able to determine their own wills, and it therefore makes little difference, on the face of it, whether our wills are determined by external causes or are merely capricious. In this way, it may be argued that the (classical) antilibertarian argument is not straightforwardly effective against the libertarian position when the notion of liberty of indifference is interpreted in terms of LIW rather than LIA.


It is, perhaps, tempting to suggest that the significance of these observations lies with the fact that they reveal certain limitations of the antilibertarian argument and that they may, therefore, open up new avenues of defence for the libertarian position. I believe that the real interest and significance of these observations lies elsewhere. What they bring to light are certain serious inadequacies in the spontaneity argument. An agent who enjoys LIW may also enjoy liberty of spontaneity, and this is a point that many defenders of classical compatibilism may find rather awkward and embarrassing. It follows from the fact that liberty of spontaneity is compatible or consistent with LIW that we may reasonably hold an individual responsible for actions caused by her capricious, random willings. Clearly, then, there is, in these circumstances, as much, or as little, reason to hold an agent responsible for actions due to a capricious will as there is to hold an agent responsible for actions that are due to a will that is conditioned by antecedent external causes. Both agents may equally enjoy liberty of spontaneity. If we have reason to conclude that LIW constitutes an inadequate foundation for freedom and responsibility, then surely we must also conclude that there is more to freedom and responsibility than liberty of spontaneity. In short, compatibilists must either concede that agents whose actions are due to LIW are nevertheless free and responsible or else acknowledge that the spontaneity argument provides us with an inadequate and incomplete account of freedom and responsibility.

(Freedom and Moral Sentiment, p.18) 
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Richard Rorty

Richard Rorty famously left his academic position as professor of philosophy at Princeton and as a past president of the American Philosophical Association to become a professor of humanities at U. Virginia and then professor of comparative literature at Stanford.

Rorty abandoned the project of analytic language philosophy, an attempt to "represent" in language the actual world as it is in an independent "reality." His new pragmatism saw philosophy as "edifying therapy" that would "dis-solve" logical puzzles and show them to be merely "language games." Firmly planted in human cultures, as opposed to the scientific study of an objective external world, Rorty's philosophy simply offered "ways of talking" about philosophical problems. But Rorty's historicism and hermeneutic interpretive approach showed him that the vocabularies used to do the talking were changing over time, leaving himself open to the charge of relativism.  


Rorty was a follower of the late work of Ludwig Wittgenstein, whose early work was in the logical positivist tradition of Bertrand Russell. He also liked the late work of Martin Heidegger, who broke from the earlier phenomenology of Edmund Husserl and the search for the "things themselves" - the Kantian noumena or primary substances that the British empiricists Locke, Berkeley, and David Hume had placed beyond access by mere phenomenal perceptions.


Husserl, Russell, the early Wittgenstein and other members of the Vienna Circle like Rudolf Carnap thought that philosophy would provide a logical and empirical foundation for a unified theory of science.


But the most important influence on Rorty was John Dewey, whose liberal political ideals became Rorty's life goals. Dewey saw the "Quest for Certainty" as a search for apodictic truth beyond the capability of science or philosophy. Dewey instead endorsed the pragmatism of Charles Sanders Peirce and William James, which defined truth as knowledge found to be useful or practical, and thus dependent on cultural circumstances.


There is more than a bit of self-referential irony in Rorty's work.  His call for philosophy to be "therapeutic" may have become trapped in a hermeneutic "circle of signifiers." His call for philosophy to grapple with literature and the humanities as a superior source of social justice may have degenerated into just more "ways of talking," always already about ever-changing beliefs as he saw them in a world without an Archemidean point.


Surely his identifying with John Dewey's social democratic values, and that his notion that "values are as real as your shirt," should have allowed Rorty to rise above the anti-realism of the post-modern, deconstructed world of Jacques Derrida that he lived in.  In the end, he gave us little more than one more way of talking.


For Rorty, philosophy as a foundation of the scientific search for knowledge and truth about the natural world was merely "holding a mirror up to nature." 


Introduction to Philosophy and the Mirror of Nature (1979)


PHILOSOPHERS usually think of their discipline as one which
discusses perennial, eternal problems—problems which
arise as soon as one reflects. Some of these concern the difference between human beings and other beings, and are
crystallized in questions concerning the relation between the
mind and the body. Other problems concern the legitimation
of claims to know, and are crystallized in questions concerning the "foundations" of knowledge. To discover these foundations
is to discover something about the mind; and conversely.
Philosophy thus sees itself as the attempt to underwrite or debunk claims made by science, morality, art, or religion. It purports to do this on the basis of special understanding of the nature of knowledge
and of mind. Philosophy can be foundational
in respect to the rest of culture because culture is the assemblage of claims to knowledge, and philosophy adjudicates
such claims. It can do so because it understands the
foundations of knowledge, and it finds these foundations in
a study of man-as-knower, of the "mental processes" or the
"activity of representation." which make knowledge possible. To know is to represent accurately what is outside the mind; so to understand the possibility and nature knowledge is to understand the way in which the mind is able to
construct such representations. Philosophy's central concern 
is to be a general theory of representation, a theory which 
will divide culture up into the areas which represent reality 
well, those which represent it less well, and those which do
not represent it at all (despite their pretense of doing so). 

We owe the notion of a "theory of knowledge" based on
an understanding of "mental processes" to the seventeenth
century, and especially to Locke. We owe the notion of
"the mind" as a separate entity in which "processes" occur
to the same period, and especially to Descartes. We owe the
notion of philosophy as a tribunal of pure reason, uphold or denying the claims of the rest of culture, to the
eighteenth century and especially to Kant, but this Kantian
notion presupposed general assent to Lockean notions of
mental processes and Cartesian notions of mental substance.
In the nineteenth century, the notion of philosophy as a
foundational discipline which "grounds" knowledge-claims
was consolidated in the writings of the neo-Kantians. Occasional protests against this conception of culture as in
need of "grounding" and against the pretensions of a theory
of knowledge to perform this task (in, for example, Nietzsche
and William James) went largely unheard. "Philosophy" became, for the intellectuals, a substitute for religion.
It was the area of culture where one touched bottom,
where one found the vocabulary and the convictions which
permitted one to, explain and justify one's activity as an
intellectual, and thus to discover the significance of one's
life. 


At the beginning of our century, this claim was reaffirmed
by philosophers (notably Russell and Husserl) who were
concerned to keep philosophy "rigorous and scientific."
But there was a note of desperation in their voices, for by
this time the triumph of the secular over the claims of religion was almost complete. Thus the philosopher could no
longer see himself as in the intellectual avant-garde, or as
protecting men against the forces of superstition. Further,
in the course of the nineteenth century, a new form of
culture had arisen — the culture of the man of letters, the
intellectual who wrote poems and novels and political
treatises, and criticisms of other people's poems and novels
and treatises. Descartes, Locke, and Kant had written in a 
period in which the secularization of culture was being
made possible by the success of natural science. But by the
early twentieth century the scientists had become as remote
from most intellectuals as had the theologians. Poets and
novelists had taken the place of both preachers and philosophers as the moral teachers of the youth. The result was
that the more "scientific" and "rigorous" philosophy became,
the less it had to do with the rest of culture and the
more absurd its traditional pretensions seemed. The attempts
of both analytic philosophers and phenomenologists.
to "ground" this and "criticize" that were shrugged off by
those whose activities were purportedly being grounded or
criticized. Philosophy as a whole was shrugged off by those
who wanted an ideology or a self-image.


It is against this background that we should see the work
of the three most important philosophers of our century —
Wittgenstein, Heidegger, and Dewey. Each tried, in his
early years, to find a way of making philosophy "foundational"—
a new way of formulating an ultimate context
for thought. Wittgenstein tried to construct a new theory of 
representation which would have nothing to do with mentalism,
Heidegger to construct a new set of philosophical
categories which would have nothing to do with science, 
epistemology, or the Cartesian quest for certainty, and 
Dewey to construct a naturalized version of Hegel's vision
of history. Each of the three came to see his earlier effort
as self-deceptive, as an attempt to retain a certain conception
of philosophy after the notions needed to flesh out that
conception (the seventeenth-century notions of knowledge
and mind) had been discarded. Each of the three, in his
later work, broke free of the Kantian conception of philosophy as foundational, and spent his time warning us against
those very temptations to which he himself had once succumbed.
Thus their later work is therapeutic rather than
constructive, edifying rather than systematic, designed to
make the reader question his own motives for philosophizing rather than to supply him with a new philosophical
program.


Wittgenstein, Heidegger, and Dewey are in agreement
that the notion of knowledge of accurate representation,
made possible by special mental processes, and intelligible
through a general theory of representation, needs to be
abandoned. For all three, the notions of "foundations of
knowledge" and of philosophy as revolving around the
Cartesian attempt to answer the epistemological skeptic
are set aside. Further, they set aside the notion of "the
mind" common to Descartes, Locke, and Kant — as a special
subject of study, located in inner space, containing elements
or processes which make knowledge possible. This is not to
say that they have alternative "theories of knowledge" or
"philosophies of mind." They set aside epistemology and
metaphysics as possible disciplines. I say "set aside" rather
than "argue against" because their attitude toward the
traditional problematic is like the attitude of seventeenth century
philosophers toward the scholastic problematic.
They do not devote themselves to discovering false propositions
or bad arguments in the works of their predecessors
(though they occasionally do that too). Rather, they
glimpse the possibility of a form of intellectual life in
which the vocabulary of philosophical reflection inherited
from the seventeenth century would seem as pointless as the
thirteenth-century philosophical vocabulary had seemed to
the Enlightenment. To assert the possibility of a post-Kantian culture, one in which there is no all-encompassing
discipline which legitimizes or grounds the others, is not
necessarily to argue against any particular Kantian doctrine,
any more than to glimpse the possibility of a culture in
which religion either did not exist, or had no connection
with science or politics, was necessarily to argue against
Aquinas's claim that God's existence can be proved by
natural reason. Wittgenstein, Heidegger, and Dewey have
brought us into a period of "revolutionary" philosophy (in
the sense of Kuhn's "revolutionary" science) by introducing
new maps of the terrain (viz., of the whole panorama of 
human activities) which simply do not include those features which previously seemed to dominate.


This book is a survey/of some recent developments in philosophy,
especially analytic philosophy, from the point of
view of the anti-Cartesian and anti-Kantian revolution which
I have just described. The aim of the book is to undermine
the reader's confidence in "the mind" as something about
which one should have a "philosophical" view. in "knowledge" as something about which there ought to be a "theory" and which has "foundations," and in "philosophy" as >v
it has been conceived since Kant. Thus the reader in search
of a new theory on any of the subjects discussed will be disappointed.
Although I discuss "solutions to the mind-body
problem" this is not in order to propose one but to illustrate
why I do not think there is a problem. Again, although
I discuss "theories of reference" I do not offer one, but 
offer only suggestions about wiry the search for such a theory is misguided. The book, like the writings of the philosophers I most admire, is therapeutic rather than constructive. The therapy offered is, nevertheless, parasitic upon the
constructive efforts of the very analytic philosophers whose
frame of reference I am trying to put in question. Thus
most of the particular criticisms of the tradition which I
offer are borrowed from such systematic philosophers as
Sellars, Quine, Davidson, Ryle, Malcolm, Kuhn, and
Putnam.


I am as much indebted to these philosophers for the
means I employ as I am to Wittgenstein, Heidegger, and
Dewey for the ends to which these means are put. I hope
to convince the reader that the dialectic within analytic
philosophy, which has carried philosophy of mind from
Broad to Smart, philosophy of language from Frege to
Davidson, epistemology from Russell to Sellars, and philosophy
of science from Carnap to Kuhn, needs to be carried
a few steps further. These additional steps will, I think,
put us in a position to criticize the very notion of "analytic
philosophy," and indeed of "philosophy" itself as it has
been understood since the time of Kant.


From the standpoint I am adopting, indeed, the difference
between "analytic" and other sorts of philosophy is
relatively unimportant — a matter of style and tradition
rather than a difference of "method" or of first principles.
The reason why the book is largely written in the vocabulary
of contemporary analytic philosophers, and with reference
to problems discussed in the analytic literature, is
merely autobiographical. They are the vocabulary and the
literature with which I am most familiar, and to which I
owe what grasp I have of philosophical issues. Had I been
equally familiar with other contemporary modes of writing
philosophy, this would have been a better and more useful
book, although an even longer one. As I see it, the kind of
philosophy which stems from Russell and Frege is, like classical
Husserlian phenomenology, simply one more attempt
to put philosophy in the position which Kant wished it to
have — that of judging other areas of culture on the basis of
its special knowledge of the "foundations" of these areas.
"Analytic" philosophy is one more variant of Kantian philosophy,
a variant marked principally by thinking of representation
as linguistic rather than mental, and of philosophy
of language rather than "transcendental critique," or
psychology, as the discipline which exhibits the "foundations
of knowledge." This emphasis on language, I shall be
arguing in chapters four and six, does not essentially change
the Cartesian-Kantian problematic, and thus does not really
give philosophy a new self-image. For analytic philosophy is
still committed to the construction of a permanent, neutral
framework for inquiry, and thus for all culture.
It is the notion that human activity (and inquiry, the
search for knowledge, in particular) takes place within a framework which can be isolated
prior to the conclusion
of inquiry — a set of presuppositions discoverable a priori —
which links contemporary philosophy to the Descartes-Locke-Kant tradition. For the notion that there is such a
framework only makes sense if we think of this framework 
as imposed by the nature of the knowing subject, by the 
nature of his faculties or by the nature of the medium within which he works. The very idea of "philosophy" as something
distinct from "science" would make little sense without
the Cartesian claim that by turning inward we could 
find ineluctable truth, and the Kantian claim that this
truth imposes limits on the possible results of empirical inquiry. The notion that there could be such a thing as "foundations of knowledge" (all knowledge — in every field, past, present, and future) or a "theory of representation" (all
representation, in familiar vocabularies and those not yet
dreamed of) depends on the assumption that there is some 
such a priori constraint. If we have a Deweyan conception
of knowledge, as what we are justified in believing, then we
will not imagine that there are enduring constraints on 
what can count as knowledge, since we will see "justification"
as a social phenomenon rather than a transaction between
"the knowing subject" and "reality." If we have a
Wittgensteinian notion of language as tool rather than
mirror, we will not look for necessary conditions of the 
possibility of linguistic representation. If we have a Heideggerian
conception of philosophy, we will see the attempt
to make the nature of the knowing subject a source of necessary truths as one more self-deceptive attempt to substitute
a "technical" and determinate question for that 
strangeness which initially tempted us to begin thinking. 


One way to see how analytic philosophy fits within the traditional Cartesian-Kantian pattern is to see traditional philosophy as an attempt to escape from history — an attempt to find nonhistorical conditions of any possible historical development. From this perspective, the common message of 
Wittgenstein, Dewey, and Heidegger is a historicist one. 
Each of the three reminds us that investigations of the
foundations of knowledge or morality or language or society
may be simply apologetics, attempts to eternalize a certain
contemporary language-game, social practice, or self-image.
The moral of this book is also historicist, and the three parts
into which it is divided are intended to put the notions of
"mind," of "knowledge," and of "philosophy," respectively,
in historical perspective. Part I is concerned with philosophy
of mind, and in chapter one I try to show that the so-called
intuitions which lie behind Cartesian dualism are
ones which have a historical origin. In chapter two, I try to
show how these intuitions would be changed if physiological
methods of prediction and control took the place of psychological
methods.


Part II is concerned with epistemology and with recent
attempts to find "successor subjects" to epistemology. Chapter
three describes the genesis of the notion of "epistemology"
in the seventeenth century, and its connection with
the Cartesian notions of "mind" discussed in chapter one.
It presents "theory of knowledge" as a notion based upon
a confusion between the justification of knowledge-claims
and their causal explanation—between, roughly, social
practices and postulated psychological processes. Chapter
four is the central chapter of the book—the one in which
the ideas which led to its being written are presented. These
ideas are those of Sellars and of Quine and in that chapter
I interpret Sellars's attack on "givenness" and Quine's attack
on "necessity" as the crucial steps in undermining the
possibility of a "theory of knowledge." The holism and
pragmatism common to both philosophers, and which they
share with the later Wittgenstein, are the lines of thought
within analytic philosophy which I wish to extend. I argue
that when extended in a certain way they let us see truth as,
in James's phrase, "what it is better for us to believe," rather
than as "the accurate representation of reality." Or, to put
the point less provocatively, they show us that the notion
of "accurate representation" is simply an automatic and
empty compliment which we pay to those beliefs which are
successful in helping us do what we want to do. In chapters
five and six I discuss and criticize what I regard as reactionary
attempts to treat empirical psychology or philosophy of
language as "successor subjects" to epistemology. I argue
that only the notion of knowledge as "accuracy of representation"
persuades us that the study of psychological processes or of language — qua media of representation - can do 
what epistemology failed to do. The moral of part II as a 
whole is that the notion of knowledge as the assemblage of
accurate representations is optional — that it may be replaced
by a pragmatist conception of knowledge which
eliminates the Greek contrast between contemplation and 
action, between representing the world and coping with it. 
A historical epoch dominated by Greek ocular metaphors
may, I suggest, yield to one in which the philosophical
vocabulary incorporating these metaphors seems as quaint 
as the animistic vocabulary of pre-classical times. 


In part III I take up the idea of "philosophy" more explicitly. Chapter seven interprets the traditional distinction
between the search for "objective knowledge" and other,
less privileged, areas of human activity as merely the distinction
between "normal discourse" and "abnormal discourse."
Normal discourse (a generalization of Kuhn's
notion of "normal science") is any discourse (scientific, political,
theological, or whatever) which embodies agreed-upon
criteria for reaching agreement; abnormal discourse is any
which lacks such criteria. I argue that the attempt (which
has defined traditional philosophy) to explicate "rationality"
and "objectivity" in terms of conditions of accurate
representation is a self-deceptive effort to eternalize the
normal discourse of the day, and that, since the Greeks, philosophy's self-image has been dominated by this attempt. In
chapter eight I use some ideas drawn from Gadamer and
Sartre to develop a contrast between "systematic" and "edifying"
philosophy, and to show how "abnormal" philosophy
which does not conform to the traditional Cartesian-
Kantian matrix is related to "normal" philosophy. I present
Wittgenstein, Heidegger, and Dewey as philosophers whose
aim is to edify — to help their readers, or society as a whole,
break free from outworn vocabularies and attitudes, rather
than to provide "grounding" for the intuitions and customs
of the present. 


I hope that what I have been saying has made clear why I
chose "Philosophy and the Mirror of Nature" as a title.
It is pictures rather than propositions, metaphors rather
than statements, which determine most of our philosophical
convictions. The picture which holds traditional philosophy
captive is that of the mind as a great mirror, containing
various representations — some accurate, some not — and
capable of being studied by pure, nonempirical methods.
Without the notion of the mind as mirror, the notion of
knowledge as accuracy of representation would, not have
suggested Itself. Without this latter notion, the strategy
common to Descartes and Kant — getting more accurate
representations by inspecting, repairing, and polishing
the mirror, so to speak — would not have made sense.
Without this strategy in mind, recent claims that philosophy
could consist of "conceptual analysis" or "phenomenological
analysis" or "explication of meanings" or
examination of "the logic of our language" or of "the structure of the constituting activity of consciousness" would not
have made sense. It was such claims as these which Wittgenstein
mocked in the Philosophical Investigations, and it is
by following Wittgenstein's lead that analytic philosophy
has progressed toward the "post-positivistic" stance it presently occupies. But Wittgenstein's flair for deconstructing
captivating pictures needs to be supplemented by historical
awareness — awareness of the source of all this mirror imagery — and that seems to me Heidegger's greatest contribution. Heidegger's way of recounting history of philosophy
lets us see the beginnings of the Cartesian imagery in
the Greeks and the metamorphoses of this imagery during
the last three centuries. He thus lets us "distance" ourselves
from the tradition. Yet neither Heidegger nor Wittgenstein lets us see the historical phenomenon of mirror imagery, the story of the domination of the mind of the
West by ocular metaphors, within a social perspective. Both 
men are concerned with the rarely favored individual rather
than with society — with the chances of keeping oneself
apart from the banal self-deception typical of the latter days
of a decaying tradition. Dewey, on the other hand, though
he had neither Wittgenstein's dialectical acuity nor Heidegger's
historical learning, wrote his polemics against traditional
mirror-imagery out of a vision of a new kind of
society. In his ideal society, culture is no longer dominated
by the ideal of objective cognition but by that of aesthetic
enhancement. In that culture, as he said, the arts and the
sciences would be "the unforced flowers of life." I would
hope that we are now in a position to see the charges of
"relativism" and "irrationalism" once leveled against Dewey
as merely the mindless defensive reflexes of the philosophical
tradition which he attacked. Such charges have no
weight if one takes seriously the criticisms of mirror imagery
which he, Wittgenstein, and Heidegger make. This 
book has little to add to these criticisms, but I hope that it
presents some of them in a way which will help pierce 
through that crust of philosophical convention which
Dewey vainly hoped to shatter.
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Thomas Reid was a founder of the Scottish School of Common Sense Philosophy, and an influential contemporary of David Hume. He succeeded Hume at the College of Glasgow and was Hume's first commentator.

Reid is often cited as originating the idea of agent-causallibertarianism, that a moral agent has "power over the determinations of his own will." More particularly, that the determination of his will not "be the necessary consequence of something involuntary in the state of his mind, or of some thing in his external circumstances."


What might Reid have thought then of something random and thus involuntary in his mind or in the external circumstances, but something that is only an additional option for his subsequent evaluation and determination, something that is in no way necessitates his will? A random event that is not the direct cause of action. The likely answer is that, like most philosophers with an antipathy to chance, Reid would have not even considered it. Or if he did, he would consider it atheistic. For Reid, the "power of the agent to do well or ill" is a "gift of God."


Reid's fundamental idea can be traced back to mind-body dualists such as Descartes, scholastics such as William of Ockham, and Greek thinkers such as Aristotle, since the basic idea is that the mind can initiate causes and originate actions independently of any physical materialist causes.


On another level, human freedom is the "common sense" view of all but the most philosophical thinkers of all time. Even Isaac Newton, the icon of physical determinism, was convinced God had given man the free power to move physical objects at will.


In modern times many agent-causal libertarians have followed Reid, including Roderick Chisholm, Richard Taylor, Keith Lehrer, Timothy O'Connor, and Randolph Clarke.
  

On the Liberty of Moral Agents
On the Active Powers, Essay IV, Chapter I, in The Works of Thomas Reid, William Hamilton, ed., p.599) 
THE NOTIONS OF MORAL LIBERTY AND NECESSITY STATED

BY the Liberty of a Moral Agent, I understand, a power over the determinations of his own Will.*


If, in any action, he had power to will what he did, or not to will it, in that action he is free. But if, in every voluntary action, the determination of his will be the necessary consequence of something involuntary in the state of his mind, or of some thing in his external circumstances, he is not free; he has not what I call the Liberty of a Moral Agent, but is subject to Necessity.

This Liberty supposes the agent to have Understanding and Will; for the determinations of the will are the sole object about which this power is employed; and there can be no will without such a degree of understanding, at least, as gives the conception of that which we will.


The liberty of a moral agent implies, not only a conception of what he wills, but some degree of practical judgment or reason. [268]


For, if he has not the judgment to discern one determination to be preferable to another, either in itself or for some purpose which he intends, what can be the use of a power to determine? His determinations must be made perfectly in the dark, without reason, motive, or end. They can neither be right nor wrong, wise nor foolish. Whatever the consequences may be, they cannot be imputed to the agent, who had not the capacity of foreseeing them, or of perceiving any reason for acting otherwise than he did.


We may, perhaps, be able to conceive a being endowed with power over the determinations of his will, without any light in his mind to direct that power to some end. But such power would be given in vain. No exercise of it could be either blamed or approved. As nature gives no power in vain, I see no ground to ascribe a power over the determinations of the will to any being who has no judgment to apply it to the direction of his conduct, no discernment of what he ought or ought not to do.


For that reason, in this Essay, I speak only of the Liberty of Moral Agents, who are capable of acting well or ill, wisely or foolishly, and this, for distinction's sake, I shall call Moral Liberty.


What kind or what degree of liberty belongs to brute animals, or to our own species, before any use of reason, I do not know. We acknowledge that they have not the power of self-government. Such of their actions as may be called voluntary seem to be invariably determined by the passion, or appetite, or affection, or habit, which is strongest at the time.


This seems to be the law of their constitution, to which they yield, as the inanimate creation does, without any conception of the law, or any intention of obedience. [269]


But of civil or moral government, which are addressed to the rational powers, and require a conception of the law and an intentional obedience, they are, in the judgment of all mankind, incapable. Nor do I see what end could be served by giving them a power over the determinations of their own will, unless to make them intractable by discipline, which we see they are not.


The effect of moral liberty is, That it is in the power of the agent to do well or ill. This power, like every other gift of God, may be abused. The right use of this gift of God is to do well and wisely, as far as his best judgment can direct him, and thereby merit esteem and approbation. The abuse of it is to act contrary to what he knows or suspects to be his duty and his wisdom, and thereby justly merit disapprobation and blame.


By Necessity, I understand the want of that moral liberty which I have above defined.


If there can be a better and a worse in actions on the system of Necessity, let us suppose a man necessarily determined in all cases to will and to do what is best to be done, he would surely be innocent and inculpable. But, as far as I am able to judge, he would not be entitled to the esteem and moral approbation of those who knew and believed this necessity. What was, by an ancient author, said of Cato, might, indeed, be said of him: He was good because he could not be otherwise. 


But this saying, if understood literally and strictly, is not the praise of Cato, but of his constitution, which was no more the work of Cato than his existence.

On the other hand, if a man be necessarily determined to do ill, this case seems to me to move pity, but not disapprobation. He was ill, because he could not be otherwise. Who can blame him? Necessity has no law. [270]


If he knows that he acted under this necessity, has he not just ground to exculpate himself? The blame, if there be any, is not in him, but in his constitution. If he be charged by his Maker with doing wrong, May he not expostulate with him, and say — Why hast thou made me thus? I may be sacrificed at thy pleasure, for the common good, like a man that has the plague, but not for ill desert; for thou knowest that what I am charged with is thy work, and not mine.
Such are my notions of moral liberty and necessity, and of the consequences inseparably connected with both the one and the other.


This moral liberty a man may have, though it do not extend to all his actions, or even to all his voluntary actions. He does many things by instinct, many things by the force of habit, without any thought at all, and consequently without will. In the first part of life, he has not the power of self-government anymore than the brutes. That power over the determinations of his own will, which belongs to him in ripe years, is limited, as all his powers are ; and it is, perhaps, beyond the reach of his understanding to define its limits with precision. We can only say, in general, that it extends to every action for which he is accountable.


This power is given by his Maker, and at his pleasure whose gift it is it may be enlarged or diminished, continued or withdrawn. No power in the creature can be independent of the Creator. His hook is in its nose; he can give it line as far as he sees fit, and, when he pleases, can restrain it, or turn it whithersoever he will. Let this be always understood when we ascribe liberty to man, or to any created being.


Supposing it therefore to be true, That man is a free agent, it may be true, at the same time, that his liberty may be impaired or lost, by disorder of body or mind, as in melancholy, or in madness; it may be impaired or lost by vicious habits; it may, in particular cases, be restrained by divine interposition. [271]


We call man a free agent in the same way as we call him a reasonable agent. In many things he is not guided by reason, but by principles similar to those of the brutes. His reason is weak at best. It is liable to be impaired or lost, by his own fault, or by other means. In like manner, he may be a free agent, though his freedom of action may have many similar limitations.
The liberty I have described has been represented by some philosophers as inconceivable, and as involving an absurdity.


"Liberty, they say, consists only in a power to act as we will; and it is impossible to conceive in any being a greater liberty than this. Hence it follows, that liberty does not extend to the determinations of the will, but only to the actions consequent to its determination, and depending upon the will. To say that we have power to will such an action, is to say, that we may will it, if we will. This supposes the will to be determined by a prior will; and, for the same reason, that will must be determined by a will prior to it, and so on in an infinite series of wills, which is absurd. To act freely, therefore, can mean nothing more than to act voluntarily; and this is all the liberty that can be conceived in man, or in any being."


This reasoning — first, I think, advanced by Hobbes* — has been very generally adopted by the defenders of necessity. It is grounded upon a definition of liberty totally different from that which I have given, and therefore does not apply to moral liberty, as above defined.**


But it is said that this is the only liberty that is possible, that is conceivable, that does not involve an absurdity. [272]

It is strange, indeed, if the word Liberty has no meaning but this one. I shall mention three, all very common. The objection applies to one of them, but to neither of the other two.


Liberty is sometimes opposed to external force or confinement of the body. Sometimes it is opposed to obligation by law, or by lawful authority. Sometimes it is opposed to necessity.


1. It is opposed to confinement of the body by superior force. So we say a prisoner is set at liberty when his fetters are knocked off, and he is discharged from confinement. This is the liberty defined in the objection; and I grant that this liberty extends not to the will, neither does the confinement, because the will cannot be confined by external force.•




2. Liberty is opposed to obligation by law, or lawful authority. This liberty is a right to act one way or another, in things which the law has neither commanded nor forbidden; and this liberty is meant when we speak of a man's natural liberty, his civil liberty, his Christian liberty. It is evident that this liberty, as well as the obligation opposed to it, extends to the will: For it is the will to obey that makes obedience ; the will to transgress that makes a transgression of the law. Without will there can be neither obedience nor transgression. Law supposes a power to obey or to transgress; it does not take away this power, but proposes the motives of duty and of interest, leaving the power to yield to them, or to take the consequence of transgression. *


3. Liberty is opposed to Necessity, and in this sense it extends to the determinations of the will only, and not to what is consequent to the will.* [273]



In every voluntary action, the determination of the will is the first part of the action, upon which alone the moral estimation of it depends. It has been made a question among philosophers, Whether, in every instance, this determination be the necessary consequence of the constitution of the person, and the circumstances in which he is placed; or whether he had not power, in many cases, to determine this way or that?
This has, by some, been called the philosophical notion of liberty and necessity; but it is by no means peculiar to philosophers. The lowest of the vulgar have, in all ages, been prone to have recourse to this necessity, to exculpate themselves or their friends in what they do wrong, though, in the general tenor of their conduct, they act upon the contrary principle.*


Whether this notion of moral liberty be conceivable or not, every man must judge for himself. To me there appears no difficulty in conceiving it. * 

The causa sui


I consider the determination of the will as an effect. This effect must have a cause which had power to produce it; and the cause must be either the person himself, whose will it is, or some other being. The first is as easily conceived as the last. If the person was the cause of that determination of his own will, he was free in that action,* and it is justly imputed to him, whether it be good or bad. But, if another being was the cause of this
determination, either by producing it immediately, or by means and instrument under his direction, then the determination is the act and deed of that being, and is solely imputable to him.


But it is said — " That nothing is in our power but what depends upon the will, an, therefore, the will itself cannot be in our power."

I answer — That this is a fallacy arising from taking a common saying in a sense which it never was intended to convey, and in a sense contrary to what it necessarily implies. [274]


In common life, when men speak of what is, or is not, in a man's power, they attempt only to the external and visible effects which only can be perceived, and which only can affect them. Of these, it is true that nothing is in a man's power but what depends upon his will, and this is all the is meant by this common saying.


But this is so far from excluding his will from being in his power, that it necessarily implies it. For to say that what depend upon the will is in a man's power, but the will is not in his power, is to say that the end is in his power, but the means necessary to that end are not in his power, which is contradiction.


In many propositions which we express universally, there is an exception necessarily implied, and, therefore, always understood. Thus, when we say that all things depend upon God, God himself is necessarily excepted. In like manner, when we say that all that is in our power depends upon the will, the will itself is necessarily excepted: for, if the will be not, nothing else can be in our power. Every effect must be in the power of its cause. The determination of the will is an effect, and, therefore must be in the power of its cause, whether that cause be the agent himself, or some other being.


From what has been said in this chapter, I hope the notion of moral liberty will be distinctly understood, and that it appears that this notion is neither inconceivable, nor involves any absurdity or contradiction. [275]



Essay on the Active Powers of Man (Internet Archive)
(rough text)
Essay on the Intellectual Powers of Man (Internet Archive)(rough text)
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Alan Sidelle

Alan Sidelle is a professor of philosophy at the University of Wisconsin who argues that many "truths" in philosophy are merely conventional. This should include all the analytical language statements that are true by definition, because these are clearly conventional.


Information philosophy assumes that the concept of truth should be limited to logic. Truths are logical a priori statements. Facts are empirical a posteriori statements.


Despite Immanuel Kant's failure to prove the existence of a synthetic a priori truths, some metaphysicians talk about a necessary a posteriori. This is the idea that once something is a fact, it is now a necessarily true fact.


Information philosophy considers claims such as "If P, then P is true" to be redundant, adding no information to the (true) assertion of the statement or proposition "P." Further redundancies are equally vacuous, such as "If P is true, then P is necessarily true" and  "If P is true, then P is necessarily true in all possible worlds."


In fact, that is to say in the empirical world, any fact F is only probably true, with the probability approaching certainty in cases that are adequately determined. And, in any case, any past F could have been otherwise.  That is to say, ontologically real possibilities exist as ideas, pure abstract information, alongside material objects.



In metaphysics, Sidelle's "No Coincidence Thesis" denies the existence of coinciding objects.



One central such view I call 'The No Coincidence Thesis' (NC): There cannot
be two material objects wholly located in the same place at the same
time (some prefer: No two objects can wholly consist, at a time, of just the
same parts). This principle conflicts with our everyday judgments that there
are both ordinary objects-sweaters, trees and cows-and 'constituting'
objects-pieces of yarn and wood, maybe aggregates of cells or quarks combined
with our views about how these things move through time, which,
more theoretically, underlie our views about the persistence conditions for
these sorts of things. Since the 'macro' objects can go from existence while
the constituting objects persist, and more generally, since the histories traced
by each can differ, an object and its 'constituting' object cannot, in general,
be identified, so we are committed to coinciding objects (Wiggins (1968)).
NC also plays a role in Van Inwagen's (1981) modern version of the ancient
Dion/Theon puzzle; he shows that this principle is inconsistent with our belief
in arbitrary undetached parts, combined with the view that objects can
lose parts (plus an intuitive judgment that undetached parts persist if all
their parts persist arranged in just the same way). 
   
  

Sidelle also questions the use of arbitrary distinctions, such as those involved in Peter van Inwagen's Doctrine of Arbitrary Undetached Parts. 



Another theoretical idea often invoked in criticism of ordinary (and other)
views is a proscription against arbitrary distinctions. Arbitrariness, or its appearance,
can show up in judgments about which portions of the world do, and
which do not, contain objects, and in judgments about how things persist through
change - what changes are 'substantial', and how things move through time.
For instance, we commonly think cells arranged in certain ways constitute cows,
but that no object is constituted by this paper and my eye. But one may wonder
whether there is any difference here which can, in an appropriate way, substantiate
such a distinction, especially when science reveals how much space there
is between small particles making up cows. What of our judgment that something
ceases to exist when a cow dies, but not when a hoof is clipped, or it
catches cold? In each case, it seems that something persists, but some properties
change. Or why does a car become larger when bumpers are attached, but
not when a trailer is?
   


This is the problem that Plato called "carving nature at the joints"


Arbitrariness is invoked in the problem of composite objects. Mereological nihilists deny there are any composite objects, with Peter van Inwagen and others making an ill-justified exception for living things.


For mereological universalists, David Lewis for example,  arbitrary mereological sums are considered to be composite objects. Considering the Statue of Liberty and Eiffel Tower a composite object is an example of arbitrary unrestricted composition. Considering Theon (Dion missing his left leg) or Tibbles minus one hair are arbitrary disjunctions. Such arbitrariness hardly carves nature at the joints.


Between these two absurd extremes of mereological nihilism and universalism, information philosophy provides strong reasons for why things  are composite objects. They also include "proper parts" that are composite objects. We can call these "integral" parts as they have a function in the integrated object.


These same reasons show that artifacts are composite objects.


Artifacts and living things have a purpose which Aristotle called final cause or "telos." They are "teleonomic." For example, "simples arranged tablewise" have been arranged by a carpenter, whose "telos" was to make a table. This telos carves the artifact at the joints (legs, top). The arrangement or organization is pure abstract information.


Living things were described by Aristotle as "entelechy, "having their telos within themselves." They are more than just matter and static form like an artifact. They have internal messaging between their integral parts that helps to achieve the teleonomic end of maintaining themselves against degradation by the second law of thermodynamics. Many such integral parts are themselves wholes, from vital organs down to the individual cells. The boundaries of integral parts "carve nature at the joints."


Living things also contain many "biological machines" that include "biological computers" or information processors that respond to those messages, which are written in meaningful biological codes that are analogous to and the precursor of human languages.
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Albert Schweitzer was a theologian, organist, musicologist, writer, humanitarian, philosopher, and physician. As a Lutheran minister, Schweitzer challenged both the secular view of the historical Jesus as depicted by the historical-critical method current at this time, as well as the traditional Christian view.


In 1899 Schweitzer wrote his PhD dissertation on The Religious Philosophy of Kant in Paris at the Sorbonne. He published it at the University of Tübingen in 1899. He earned a theology degree at the University of Strasbourg, where he also studied medicine for years, culminating in the degree of M.D. in 1913.


In his 1949 book Civilization and Ethics (Part 2 of his Philosophy of Civilization , Schweitzer wrote:


Ethics is nothing other than Reverence for Life. Reverence for Life affords me my fundamental principle of morality, namely, that good consists in maintaining, assisting and enhancing life, and to destroy, to harm or to hinder life is evil.


Schweitzer won the Nobel Prize in 1952 for his philosophy of "Reverence for Life" presented in Civilization and Ethics.



Source: https://www.informationphilosopher.com/solutions/philosophers/schweitzer/





  
  Arthur Schopenhauer
  

  


  
  Home › Solutions › Philosophers › Schopenhauer
Arthur Schopenhauer


   Schopenhauer' essay "On the Freedom of the Will" won the prize of the Royal Danish Academy of Sciences in 1839. He defined the liberum arbitrium indifferentiae as not being determined by prior grounds. "Under given external conditions, two diametrically opposed actions are possible." On the freedom of the Will, p.8)

    "All really deep thinkers of all times, 
no matter how different their other views may have been, 
agreed in maintaining the necessity of volitions upon the occurrence of motives, and in rejecting the liberum arbitrium. 
 (On the Freedom of the Will, p.60)

    "If we do not accept the strict necessity of all that happens by means of a causal chain which connects all events without exception, but allow this chain to be broken in countless places by an absolute freedom, then all foreseeing of the future, in dreams, in clairvoyant somnambulism, second sight, becomes objective and hence absolutely impossible, and so inconceivable. (On the Freedom of the Will, p.64)

On Hegel


In the Monist, volume 14, 1904, Paul Rée wrote an obituary for  Schopenhauer.

"Schopenhauer says that when a German hears the word "Idea" unctiously pronounced, his head commences to swim, and he feels as though he was going up in a balloon. This is a very tame description of the sensation one feels, and the mental torture endured by the inquirer, who attempts to hew his way through the jungle of barbarous concepts, out of which is constructed the metaphysical "system" of a Fichte or Hegel; and then alas! to find out that this "system" is a phantasm of the brain, which only explains the sort of head which invented it, but throws no light upon the world we live in."
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Baruch Spinoza is considered one of the three great rationalist philosophers of 17th-century philosophy, along with the older René Descartes (b. 1596) and younger Gottfried Leibniz (b. 1646).

His great work was the Ethics.

Spinoza's God was pantheist, a modern version of the God of the Stoics, for whom God was essentially the same as the laws of Nature. And these laws were necessarily completely determined by God.

Nothing is possible but the actions of God, so there are no alternative possibilities to choose between. There is no chance


“in nature there is nothing contingent, but all things have been determined from the necessity of the divine nature to exist and produce an effect in a certain way” (EIp29) 
 “things could have been produced by God in no other way, and in no other order than they have been produced” (EIp33).
blockquote>



The Stoics had misinterpreted Epicurus on free will, mistakenly claiming that he had identified free will with chance. For Epicurus (and for Aristotle), free will was a third way, neither chance nor necessity, something that is "up to us"


Spinoza was called "God-intoxicated" and his belief in a complete determinism, that everything that happens was ordained by a God without intellect or will, working through inviolable laws of nature, was a great model for Albert Einstein.


Spinoza's God is not one who could be prayed to or revered. By contrast, our Ergod is to be appreciated as a sort of divine providence and the ultimate source of everything good. 


The intuition of a providentialcosmic creation process may be the reason so many humans independently come up with the idea of God. But a sense of reverence or worship should not extend to a divine agency that has no power to change anything in the world. 


Like Spinoza's God, laws of Nature are not something to be prayed to.


Spinoza believes that newinformation is never created. "Nothing new under the Sun." 


Compare Pierre-Simon Laplace's intelligent demon who knows everything about the past and the one possible future, because information is a conserved quantity, like matter and energy.



Spinoza's Epistemology


Spinoza's Ethics is based on a trifold analysis of knowledge, briefly imagination (a generalization of experiential knowledge), intellection (the use of reason), and intuition (a sort of mystical insight into the "truth" that all that is real is God or Nature). 

The first kind or degree of knowledge is acquired from sensory experiences, which Spinoza calls images. This anticipates David Hume's sensory "impressions." 


Spinoza calls these images inadequate knowledge. It is contingent, full of chance errors. Although Spinoza, like many determinists, denies the existence of ontological chance. Spinoza's chance is epistemological, a consequence of human ignorance, the product of the finite mind of human beings, compared to the infinite mind of God. 


Like his immediate predecessor René Descartes, Spinoza defines the mind of a human as a thinking thing. The mind contains ideas and is itself an idea.


III. By idea, I understand a conception of the mind which the mind forms because it is a thinking thing.
Explanation. — I use the word, conception rather than perception because the name perception seems to indicate that the mind is passive in its relation to the object. But the word conception seems to express the action of the mind.


IV. By adequate idea, I understand an idea which, in so far as it is considered in itself, without reference to the object, has all the properties or internal signs (denominationes intrinsecas) of a true idea.



In his inadequate knowledge, Spinoza includes human prejudices and superstitions, such as miracles, religious prophecies, and divinely revealed knowledge.


Spinoza's second kind or degree of knowledge is based on intellect or reason. He follows Descartes as a modern philosopher, who rejects traditional ideas as our source of knowledge.


Again like Descartes, Spinoza marks the beginning of the Enlightenment,  where human reason is seen as the guarantor of knowledge, which Spinoza describes as adequate.


Although Spinoza sees the finite human mind as inferior to the divine mind, which is "infinite," he thinks that reason can discover the "necessary" laws of Nature, as had the ancient Stoics.


Spinoza's third kind or degree of knowledge comes from our intuitions about certain attributes of God. These are the "essences" of all things, established by God as the natural causal order.  


Spinoza follows Plato in seeing God's "ideas" as the pre-existing and "eternal" essences of merely  existent and "ephemeral" things. Twentieth-century existentialism reversed this order of precedence.



Spinoza on Free Will


Spinoza says “men are deceived in that they think themselves free [i.e., they think that, of their own free will, they can either do a thing or forbear doing it], an opinion which consists only in this, that they are conscious of their actions and ignorant of the causes by which they are determined” (EIIP35S). He says “men are born ignorant of the causes of things.” (IApp)


PROP. XLVIII/48. — In the mind there is no absolute or free will, but the mind is determined to this or that volition by a' cause, which is also determined by another cause, and this again by another, and so on ad infinitum.
Demonst. — The mind is a certain and determinate mode of thought (Prop. 11, pt 2), and therefore (Corol. 2, Prop. 17, pt. 1] it cannot be the free cause of its own actions, or have an absolute faculty of willing or not willing, but must be determined to this or that volition (Prop. 28, pt 1) by a cause which is also determined by another cause, and this again by another, and so on ad infinitum, — Q.E.D.

Schol. — In the same manner it is demonstrated that in the mind there exists no absolute faculty of understanding, desiring, loving, &c. These and the like faculties therefore, are either altogether fictitious, or else are nothing but metaphysical or universal entities, which we are in the habit of forming from individual cases.



Spinoza anticipates G.W.F.Hegel, in that he sees freedom as obeying a natural and divine necessity. Man is free when he obeys the deterministic laws of Nature.
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In 1979, Shang published the book On the Absence of Disorder in Nature, in which he claimed there is no chance in the universe. He wrote "I would like to announce my discovery that nature is governed by law and order, not by probability and chance...There is nothing probabilistic about the location of any molecule (unless we
speak of probability one, which is unnecessary), and the disorder, or randomness, that is thought to exist and increase in nature is not there."  

In 2008, David Shiang published God Does Not Play Dice, a polemic against the idea that chance is involved in the creation of the universe and the evolution of life. He bases his deterministic views on Einstein's well known quotation. Like EInstein, Shiang's god is not that of any religion, but his basis for the origin of rational laws and order in nature. 


Shiang's basic argument is that every individual physical event is unique, questioning the assumption that they all can be treated as identical in any way for statistical purposes. He thus questions the hypothesis of uniformity in nature that science has been based on since Isaac Newton and David Hume.


It is of course only an assumption that events that are otherwise similar can be assumed to have equal a priori probabilities. However productive that assumption, Shiang is logically correct that we cannot prove it to be true in any particular experiment.


All science consists of theories built on statistical evidence gathered from a very large number of experiments assumed to be identical. But as Hume's skepticism established centuries ago when he studied the problem of induction, the constant conjunction of any number of events B following events A cannot prove that a "causes" B. 


The metaphysical problem of identity shows that although any two events have some identical information, there is always some information in which they differ. So identity is always only "in some respects." which Shiang claims invalidates the typical claims by scientists.


Here is Shiang on chance...


It is often contended that there is experimental evidence for the
scientific viewpoint that "chance" plays a part in the fundamental
workings of nature, but we will see that there is none. Only those
who are ignorant of the underpinnings of science state that nature
has been shown to be ruled by "chance" and "probability." It is
unfortunate that extraordinarily large numbers of scientists fall
into this category.

When a fair coin is tossed several times, we observe that
some of the time it lands heads, some of the time it lands tails. In
the long run, we find that it lands heads about 50% of the time,
tails about 50% of the time. Does this observation about the long
run in any way lead us to the conclusion that on any single toss
"we must give equal likelihoods for heads and tails," as Feynman
asserts? Not in the least.


If we think carefully about a specific toss that is about to be
made, all we can say is that one of two future states (heads or
tails) will occur. We have no actual evidence to support the notion
that these states are "equally likely" or "equally probable." This
view of the event is simply an assumption based on long-term , ,
frequencies. The assumption is of such considerable importance
that scientists and philosophers have even given it a formal
label, "the hypothesis of equal a priori probabilities."



Shiang's argument against free will is very simply stated. Just as you cannot affect the past, he argues that by symmetry, you cannot affect the future. Shiang is in the tradition of actualists from Diodorus Cronus to Daniel Dennett, who claim that the only possible thing that can happen in the future is the one thing that actually happens.




One confirms the notion of actualism, the view that the 
actual, the real, is the only possibility. Dennett poses the question,
"Could anything happen other than what actually happens?" The
answer is a resounding and unequivocal "No." One finds that
nothing could have taken place in any way other than the way it
actually happened. "Could have," with all its ghosts and shadows,
is reduced to the actual. No more uncertainty and speculation
about "what might have been."

The shocking realization that the past could not have taken
place otherwise is made by consciously exploring what has been
called the "collective unconscious" or "universal mind." There is
a wealth of knowledge in the unconscious that extends far beyond
the life of the individual—some of this knowledge has to do with
the past...


The actual (real) situation we find ourselves in today, whether
arrived at in a straightforward manner or through what may be
(erroneously) seen as a series of "chance encounters," "improbable
accidents," "amazing coincidences," "astronomical odds," and
"fortuitous events," was bound to occur. The present was wholly
unavoidable and unpreventable. Physicists and evolutionarv
biologists alike are constantly telling us how lucky we are to
be alive and how we have overcome huge and overwhelming
odds, but luck has nothing to do with it. The mathematically
wild improbabilities they calculate are based on a fundamental
misreading of reality, little more.






At first glance, it may appear that human freedom has no
place in a predetermined world. Nothing could be further from
the truth, although we must define precisely what we mean by
"freedom." It can be said that all future events are completely
predetermined, from the place where the next electron will appear
in an atomic experiment to the winners of all future Olympic
Games, but humans still make choices and act upon them. We
feel free and go about acting as though there are no artificial
constraints that limit our activities, but we are acting in the only
manner possible.



We have the feeling of being free but we are not free. 



I myself find this an ingenious state of affairs (brilliantly simple,
one might say), but you can find it objectionable if you so desire.
However, if given the choice, I think most of us would rather feel
free than be free.


Perhaps there is a paradox here. (No one ever said that nature
was straightforward.) We are reminded of Einstein's "Raffiniert
ist der Herr Gott, aber boshaft ist er nicht," which has been
translated in various ways, including, "The Lord God is subtle,
but malicious he is not." The only alternative in the future that is
really "open" to us is the one that actually occurs, but since we
don't know in advance which it will be, we are forced to choose
among various courses of action. If we don't make a choice, we
will probably end up not doing anything! We might not get out
of bed in the morning. Or we might end up playing golf all the
time. (It's not such a bad life; I know a few people who wouldn't
mind trading places with Tiger Woods.) Incidentally, it is not as
well known that Einstein later added, "I have second thoughts.
Maybe God is malicious." Please keep this sentiment in mind as
we explore why scientists have allowed themselves to believe that
the lack of perfect design in nature is proof of Darwin's theory
of evolution.


The fact that we don't know what the future will bring is an
important and absolutely essential part of the way things have
been designed. If we knew in advance that we were going to
break a leg running the New York City Marathon, how many
of us would choose to make the effort? Before the race is run,
however, the future appears as limitless as our imaginations allow.
We may even have hopes of winning! If everything is predictable
in principle, things would be very boring (except in places like
a casino or the racetrack). Much activity would revolve around
refining our measurements and trying to make better predictions.
Having irreducible human uncertainty about the future is what
makes things interesting and keeps us guessing. We know that
we cannot know what will happen, but we realize that only one
outcome is possible.


Very few of us go about feeling that we are manipulated
by unseen forces; to the contrary, most of us find that there is
nothing stopping us from doing what we want. We make choices
all the time and exert efforts to fulfill our desires. The fact that
the future is not "open" poses few practical problems. Think of
the issue in another way. In the view of reality I propose, you have
been living in a predetermined world all along. You never have
had any "free will," despite what you may have thought. But even
though your choices may not have been "free," have you ever felt
like a mere puppet? Have you ever felt a lack of "freedom"? Of
course not.



Shiang is also in the philosophical tradition of hard determinists like Derk Pereboom and Ted Honderich. Philosophers of science like J. J. C. Smart defend a belief in strict determinism on Einstein's theory of special relativity, in which the future is already out there.


Shiang is sympathetic to the concept of superdeterminism.



[A]ccording to John Bell (of Bell's Theorem), who
used the term "super-deterministic," the lack of free will solves
a fundamental mystery posed by quantum experiments. The
physicist assumes that he or she can choose which experiment to
perform, but if this is not the case and there is no real choice, then
"'the difficulty which this experimental result creates disappears."
In response to an interviewer's question "Free will is an illusion
- that gets us out of the crisis, does it?," Bell answers "That's
correct." This elegant and uncomplicated solution to many
mysteries of the quantum world is of the utmost importance,
but it is hardly taken seriously by the vast majority of physicists.
They would rather reject Bell's "super-deterministic" explanation
(despite its beauty, symmetry, and simplicity) and keep the crisis
of quantum theory alive and well, as they want to preserve free
will.



Superdeterminism denies the important "free choice" of the experimenter (originally suggested by Niels Bohr and Werner Heisenberg) and later explored by John Conway and Simon Kochen. Conway and Kochen claim that the experimenters' free choice requires that atoms must have free will, something they call their Free Will Theorem. 


Following John Bell, Nicholas Gisin and Antoine Suarez argue that something might be coming from "outside space and time" to correlate results in their own experimental tests of Bell's Theorem. Since everything inside space and time is completely causal, the scientific equivalent of divine intervention - something like Kant's noumenal world - would be needed for a miracle or creative event outside the laws of nature.


In his 1996 book, Time's Arrow and Archimedes' Point, Huw Price proposes an Archimedean point "outside space and time" as a solution to the problem of nonlocality in the Bell experiments in the form of an "advanced action." 


Rather than a "superdeterministic" common cause coming from "outside space and time" (as proposed by Bell, Gisin, Suarez, and others), Price argues that there might be a cause coming backwards in time from some interaction in the future. 

Roger Penrose and Stuart Hameroff have also promoted this idea of "backward causation," sending information backward in time in the EPR experiments.


Shiang's insight into the unique character of each event is reminiscent of John McTaggart's "B-series" of time, which lies behind modern metaphysicians who support a "presentist" or "perdurantist" theory of persistence and the idea of "temporal parts."



The great Anglo-American philosopher Alfred North Whitehead attributed the continued existence of objects from moment to moment to the intervention of God. Without a kind of continuous creation of every entity, things would fall apart. This notion can also be traced back to the American theologian Jonathan Edwards, who thought God creates every person anew from moment to moment, and is responsible for the way the world is at every instant.

Willard van Orman Quine proposed that we consider an object as existing in "stages." Quine's student, David Lewis argues that at every instant of time, every object disappears, ceases to exist, to be replaced by a very similar new entity. 


He proposes temporal parts as a solution to the problem of persistence. He calls his solution "perdurance," which he distinguishes from "endurance," in which the whole entity exists at all times.
Lewis says:


Our question of overlap of worlds parallels the this-worldly problem of
identity through time; and our problem of accidental intrinsics parallels
a problem of temporary intrinsics, which is the traditional problem of
change. Let us say that something persists iff, somehow or other, it
exists at various times; this is the neutral word. 

Something perdures iff
it persists by having different temporal parts, or stages, at different times.
though no one part of it is wholly present at more than one time; whereas
it endures iff it persists by being wholly present at more than one time.
Perdurance corresponds to the way a road persists through space; part
of it is here and part of it is there, and no part is wholly present at two
different places. Endurance corresponds to the way a universal, if there
are such things, would be wholly present wherever and whenever it is
instantiated. Endurance involves overlap: the content of two different
times has the enduring thing as a common part. Perdurance does not.



The road parts do not exactly persist. They are intrinsically different parts. The enduring entity does persist simpliciter. 
Matter that disappears and reappears violates the conservation laws for matter and energy..
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  Eleonore Stump is a specialist in medieval philosophy who has compared Thomas Aquinas's views on free will with those in the contemporary debates and tentatively decided he was a libertarian. (Aquinas was, of course, a compatibilist with respect to God's foreknowledge.) In her comparisons, Stump exhibits her own incompatibilist position.

Stump speculates about a natural dualism that is not an extreme Cartesian dualism - one that depends on a metaphysical mental substance - but one that is an emergent property at the system level. She argues that Aquinas' dualism, which takes the soul to be the form of the body, can accept the characterization of the mental as correlated with the physical because the mind is implemented in configurations of the physical.


But this may imply that the mental state is the causal outcome of the physical state, so Stump develops her own version of the standard two-part argument against free will.
   

Excerpts from "FREEDOM: Action, Intellect, and Will"

  (Chapter 9 of Aquinas, Routledge, 2003, pp.300-306)
   Libertarianism and causal determination

Libertarian free will is sometimes characterized in this way:


(L) an act of will, such as a decision, is free only if
 
[1] "the decision [is] not ... causally determined, and ...
 
[2] the agent could have avoided making it."


As we have seen, Aquinas does not accept the second conjunct of (L), (L2). Because of the implications of Frankfurt-type counterexamples, many contemporary philosophers also suppose that (L2) is too strong. So perhaps (L2) is not a necessary condition for libertarian free will. But what about (L1), the claim that a decision is free only if the decision is not causally determined? 


L1 is the standard Determinist Objection to free will


In connection with (L1), it is important to ask what theory of mind a libertarian account of free will is to be embedded in. Suppose we assume, as perhaps most theories of mind now do, that there is some sort of correlation between a mental state and a set of neural firings. This will be a one—many correlation: there will need to be many neural firings to produce one mental state. The mental state of recognizing a girl across a crowded room as your daughter, for example, requires the firing of neurons from the retina through the superior colliculus, the lateral geniculate nucleus of the thalamus, and various parts of the visual cortex, and into those parts of the brain specialized for memory and the recognition of faces. The entire causal sequence of many neural firings is required to produce one mental state, which is an effect of the sequence.

This characterization of the mental state as causally brought about by a series of neural firings does not presuppose any particular sort of correlation between the mental and the physical. It is compatible with either type-type or token-token identity theories, but it does not presuppose either of them. By saying that mental states are correlated with neural sequences, I mean to make only a vague association between mental states and neural sequences, compatible with various theories of relations between mind and brain. Those who think that the mental is identical to the physical can suppose that the mental states and the neural sequences are correlated because the mental states are the neural sequences. Non-reductive materialists can take the correlation as some version of emergence or supervenience. As far as that goes, even dualists such as Aquinas, who takes the soul to be the form of the body, can accept this characterization of the mental as correlated with the physical in virtue of the mind's being implemented in configurations of the physical. Only the most extreme versions of Cartesian substance dualism will reject it. On an extreme version of Cartesian dualism — which Descartes himself may have held — some mental states, such as thinking and willing, go on only in the immaterial soul and are not mirrored by or correlated with brain processes.


On any theory of the mind, including Aquinas's, that sees a stronger tie between mind and body than extreme Cartesian dualism, there will be some sort of correlation (up to and including identity) between mental processes and brain processes. On such non-Cartesian theories, however exactly we interpret the correlation between a physical state and a mental state, the mental state is a causal outcome of physical states.


If (L1) is right, however, only those mental acts which are not so much as correlated with patterns of neural firings can count as free. But then libertarianism could be held only by extreme Cartesian dualists. And, clearly, there are committed libertarians who reject any form of Cartesian dualism. So (L1) is also too strong; to avoid making libertarianism a theory only extreme Cartesian dualists can hold, it needs to be revised. Because libertarians identify themselves at least in part by their opposition to compatibilism, libertarianism does need to rule out as non-free mental or bodily acts that are causally determined by something outside the agent. The claim that a free act is the outcome of a causal chain which originates in some cause external to the agent's own intellect and will is incompatible with libertarian free will. But the mere claim that a free act is the outcome of a causal chain is not.


A more reasonable version of the relevant necessary condition for libertarianism is therefore this:
   

(L1') a decision is free only if it is not the outcome of a causal chain that originates in a cause outside the agent.
   

An objection
At this point someone may object. If we bring contemporary theories of the nature of the mind into the discussion of Aquinas's theory of free will, the objector will argue, then (unless we accept extreme Cartesian dualism) no volition can be free in the sense specified in (Ll'). So, insofar as Aquinas's account centrally includes (L1'), it can be shown to be false. For ease of discussion we can put the objector's point in contemporary terms by taking the physical states with which the mental is correlated to be neural states. Then the objector's point can be formulated this way:
   

(O) 

(1) there are no uncaused neural events, and 

(2) the chain of causation eventuating in a human action will be traceable ultimately to something outside the agent.
   
 
So if mental states are causally determined by neural states, they will also be determined, more remotely, by causes outside the agent, contrary to the stipulation in (L1').

If correct, this objection, which presupposes that the mental is embedded in a complete causal nexus governing the whole realm of the physical, is fatal to Aquinas's theory of free will since on Aquinas's theory nothing outside the agent exercises efficient causality on the will. So the objection is worth considering in some detail.


The objector will perhaps meet little opposition regarding (O1), the claim that all neural events are caused. Is he also right in (O2), the claim that the chain of causation for neural events will lead outside the agent? Are all brain processes causally determined, ultimately, by something outside the agent? We might suppose that they would have to be. 


O2 is the standard Determinist Objection, cf. Peter van Inwagen's Consequence Argument


Otherwise, it would seem, brain events would be insulated from the physical interactions of the surrounding extra-bodily environment. Or, to put the point in terms more suitable to Aquinas's account, if nothing in nature exercises efficient causality on the will, then it looks as if the causal nexus of events is incomplete or even magically interrupted at the level of the will (or the intellect and the will).

But the objector's way of looking at things, which will perhaps seem obviously right to many people, rests on philosophical convictions that include both reductionism and determinism, its well as the assumption of causal completeness	at the microlevel. Although reductionism comes in many forms, its different forms share a common attitude: all the sciences are reducible to physics, and all scientific explanation is ultimately formulable solely in terms of the microstructural. But this attitude discounts the importance of form, as Aquinas thinks of it (or levels of organization, as contemporary philosophers of biology tend to say). It also discounts the causal efficacy things have in virtue of their form or level of organization. (This feature of reductionism perhaps helps explain why it has come under special attack in philosophy of biology. Biological function is frequently a feature of the way in which the microstructural components of something are organized, rather than of the intrinsic properties of the microcomponents themselves.)
  


  [If reductionism is false], if Aquinas's attitude towards the ontological importance of form is correct, then (O2) is false. Consequently, it cannot count as a reason for rejecting (L1') , and Aquinas's account of free will as dependent on an agent's ability to initiate a causal chain leading to action is not undermined by the objection.
Aquinas among the libertarians

Of course, (L1') is not sufficient, on Aquinas's account or on the views of contemporary libertarians, for libertarian free will. What else is to be added, if it is not some version of PAP?



Origination of causes in the mind is Aristotle's "up to us" (ἐφ ἡμῖν)


For Aquinas, human freedom is vested in human cognitive capacities and in the connection of the will to those capacities. As long as human acts originate in those faculties, those acts count as free, even if the agent could not have done otherwise in the circumstances or the act of will is necessitated by natural inclinations of the intellect and the will. On Aquinas's account, the causal chain culminating in a free mental or bodily act cannot originate in a cause extrinsic to the agent just because it must have its ultimate source in the proper functioning of the agent's own intellect and will.

What is sufficient for libertarian free will, then, on Aquinas's account, is that the ultimate source of an action be the agent's own will and cognitive faculties. Since this condition entails (L1'), we can reformulate the characterization of libertarianism in this way:
   

   (L') an act is free if and only if the ultimate cause of that act is the agent's own will and intellect.
   

here is the standard, but flawed, Randomness Objection to free will


This understanding of human freedom also helps explain why acts generated randomly are no more free than acts brought about by causes extrinsic to the agent. Random acts do not have their ultimate source in the agent's own intellect and will, any more than acts brought about by causes extrinsic to the agent.

Some contemporary philosophers share Aquinas's basic intuition about the nature of freedom. For example, John Martin Fischer's account of moral responsibility is like Aquinas's account of free actions in this respect: Fischer thinks that moral responsibility is a function of an agent's reasons-responsive mechanism. And one way of understanding the point of contention between compatibilists and libertarians of any sort is in terms of this question: 
   

(Q) Is it possible for the mind (or the brain) to be a reasons-responsive mechanism if the only candidates for the origin of mental events (or neural events) are random accidents or causes outside the agent?
   
 
A compatibilist will answer (Q) in the affirmative; a libertarian such as Aquinas will answer it in the negative.

Part of what makes it hard to adjudicate between compatibilists and libertarians here is that we are so far from understanding how the brain (or the mind implemented in matter) can be a reasons-responsive mechanism at all, on anybody's theory of mind. Except for extreme Cartesian dualists, most contemporary philosophers suppose that the brain does constitute a reasons-responsive mechanism, but it is hard to see how a biological organ such as the brain can respond to reasons or process information. Neurobiologists are in no position to give anything other than promissory notes on this subject, and the best philosophical attempts are ultimately unpersuasive even if ingenious. But unless we understand how a biological organ such as the brain can be an information-processor or a reasons-responsive mechanism, we will not be able to give a neurobiological account of our cognitive functioning which successfully adjudicates the different answers to (Q) given by compatibilists and libertarians, such as Aquinas. 


Looked at from the point of view of philosophy, compatibilism appears to be a sort of codicil to reductionism and determinism. If all macrophenomena are reducible to microstructural phenomena and If' there is a complete causal story to be told at the microlevel, then if we as macroscopic agents are free with respect to any of our actions, that freedom has to be not only compatible with but in fact just a function of the complete causal story at the microlevel. On the other hand, if the metaphysical attitudes of Aquinas are right, compatibilism is an unnecessary concession, an attempt to preserve what we commonly believe about our control over our actions in the face of a philosophically mistaken and scientifically premature commitment to reductionism and determinism.
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Francisco Suárez

Francisco Suárez is widely regarded as the last great Scholastic. He tried to combine the best ideas of Thomas Aquinas, John Duns Scotus, and William of Ockham, which spanned the range from realism to nominalism.

Suárez is rightly considered a great metaphysician. He was a rare thinker who made a metaphysical advance on the ancients, particularly in his widely read Disputationes metaphysicae (Metaphysical Disputations), which very likely  influenced Gottfried Leibniz's thoughts on identity.


Ever since Aristotle, metaphysicians had debated about the principle of individuation. Opinions varied as to whether it was matter or form, the body or a mind/soul that contains the unique seed of an individual person. 


Plato and Aristotle thought all souls might be identical, so their materialization made them distinct individuals. The Stoics thought it was the pneuma or spirit that brought the peculiar qualities of an individual to an undifferentiated substance (matter). For Suárez, real beings have both an existence and an essence. 


Suárez wrote:
  

Every individual is individuated by its total entity (omne individuum  sua tota indivuatur).
  

Information philosophy shows that Suárez was correct. It is the total entity, including its concrete matter and its abstract information, that makes each living thing a unique individual. 


Since both matter and information change as the individual grows and eventually dies, the uniqueness that persists over an individual's lifetime is first, its evolutionary genetic inheritance (DNA), and second, the memorable experiences stored in the Experience Recorder and Reproducer (ERR), the developmental history of the organism. This is the combination that modern biology calls "Evo-Devo."


At death, the matter survives, according to the conservation of matter. But second, according to the second law of thermodynamics, the entropy increases as the matter decays, destroying much of the negative entropy (information) in the process. 


What does not survive death, despite the speculations of the ancients and the beliefs of many religions, is the immaterial information, the closest thing to the idea of a spirit or soul of the individual, unless it has been stored externally as part of the sum of human knowledge, in which case the individual achieves a measure of information immortality.



On Free Will


Suárez' aesthetic theory (De Bonitate) claimed that our judgement of goodness or badness should depend on the mode of production of an artifact. Two objects that appear identical need different standards of judgement. His example was a stone carved by a sculptor and a stone that broke away and fell off a cliff but resembled the sculpture perfectly. 

Suárez' moral theory similarly depends on an element of voluntarism in each act. Good or bad can be judged independently of of divine commands or prohibitions. Those divine commands are the result of free actions by God's own will, the radical view of Ockham and Scotus that led to British empiricism. We have to go out and study the world to understand God's creation.


Rationalists like Descartes and Spinoza followed Aquinas in holding that God is constrained to act according to his own natural law. All is completely determined.  Reason alone, study and work in the ivory tower, can explain the entire world.
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  Galen Strawson developed a "Basic Argument" which attempts to prove that free will and moral responsibility do not exist. It is an extensive version of the logical and simplistic standard argument against free will.
Strawson is close to a group of thinkers who share a view that William James would have called "hard determinism," including Richard Double, Ted Honderich, Derk Pereboom, Saul Smilansky, and the psychologist Daniel Wegner.


Some of them call for the recognition that "free will is an illusion." 


Galen Strawson also carries on the tradition of his father, Sir Peter F. Strawson, with his interest in our attitudes and feelings about praise, blame, and punishment. The elder Strawson said that such feelings, and the accompanying moral responsibility, would not disappear if determinism is true, at least for some thinkers he called "optimists," roughly the same as compatibilists. However, he also recognized there were "pessimists," roughly incompatibilists.


Some philosophers say they do not know what the thesis of determinism is. 
Others say, or imply, that they do know what it is. Of these, some — the pessimists perhaps — hold that if the thesis is true, then the concepts of moral obligation and responsibility really have no application, and the practices of punishing and blaming, of expressing moral condemnation and approval, are really unjustified. Others — the optimists perhaps — hold that these concepts and practices in no way lose their raison d’être if the thesis of determinism is true.



Whereas P. F. Strawson was likely an optimist, Galen Strawson's position is that strong free will (with ultimate moral responsibility) is provably impossible whether determinism is true or false. He is not simply a hard determinist. He does not say that free will is impossible because determinism is true. He does think that free will is incompatible with determinism, but also and equally thinks that it’s incompatible with indeterminism. This is of course the standard argument against free will.

Indeterminism does not help, according to Strawson, if some thoughts and subsequent actions are randomly generated. But chance need not be the direct cause of actions.



In his major work, the 1986 book Freedom and Belief (corrected edition 1991), Strawson makes his case against free will.


There is no such thing as free will. There is a fundamental sense of the word 'free' in which this is incontrovertibly true; and this has been known for a long time. There are plenty of senses of the word 'free' in which it is false. But the sense in which it is true seems to be the one that matters most to most people. Or rather, it seems to be the one that most people think matters most to them — rightly or wrongly.

Why is this sense of 'free' so important? (Why is it thought to be so important?) Because it is, among other things, the sense of 'free' that is in question when it is said that because people are free agents, they can properly be held to be truly responsible for their actions in such a way as to be truly deserving of praise and blame for them. It is the ordinary, strong sense of the word 'free'. Chapter 2 presents one version of the argument that such freedom is impossible.


If Chapter 2 is supposed to prove that there is no such thing as free will, what is the rest of the book about? It is partly about some of those senses of the word 'free' given which free will can be said to exist. But it is principally concerned with what one might call the 'general cognitive phenomenology' of freedom: it is concerned with our beliefs, feelings, attitudes, practices, and ways of conceiving or thinking about the world, in so far as these involve the notion of freedom. It is concerned with the experience we have of being free agents, and of being truly responsible for what we do in such a way that we can be truly deserving of praise and blame. It considers the causes, the character, and the consequences of this experience.


Why concentrate in this way on the experience of being free, rather than the thing itself? Because the best way to try to achieve a comprehensive understanding of the free will debate, and of the reason why it is interminable, is to study the thing that keeps it going — our experience of freedom. Because this experience is something real, complex, and important, even if free will itself is not real. Because it may be that the experience of freedom is really all there is, so far as free will is concerned.*



In his Introduction to Freedom and Belief, Strawson says that what 'free' means depends on how you define it. 


He defines it in terms of moral responsibility, which he defines in terms of 'desert,' which he circularly defines in terms of freedom. Freedom, he says, is a synonym for 'true responsibility.'


Are we free agents? It depends on what you mean by 'free'. In this book the word 'free' will be used in what I call the ordinary, strong sense of the word. According to which to be a free agent is to be capable of being truly responsible for one's actions.

The idea that people can be truly or completely responsible for their own actions, authors or originators of their actions in such a way that they can be responsible or answerable for them in the strongest possible sense, is a very familiar one, and it will seem perfectly clear to non-philosophers. But philosophers will want to ask a question: 'What is it to be truly responsible for one's actions in this way?'


For the moment this question can be answered simply as follows: so far as moral agents are concerned (and we naturally take ourselves to be moral agents), to be capable of being truly responsible for one's actions is to be capable of being truly deserving of praise and blame for them.1

The idea that people can be truly deserving of praise and blame for their actions—the idea of desert, that is—is also a very familiar one. But philosophers will want to ask another question: 'What is it to be capable of being truly deserving of praise and blame for one's actions?'


Perhaps the best answer to this question at this juncture is the one that draws the present chain of definition — of freedom in terms of true responsibility and of true responsibility in terms of desert — into a firmly closed circle: given that an agent is a moral agent, it is capable of being truly deserving of praise and blame for its choices and actions when and only when it is capable of free choice and free action. Freedom is now defined in terms of true responsibility, true responsibility in terms of desert, and desert in terms of freedom.


Circles like this are usually frowned upon; but this one seems to be just what is needed, at this early stage. The terms 'desert', 'responsibility', and 'freedom' just are related in this way given the ordinary, strong sense of the word 'freedom'. This interdefinition simply serves to make clear which notion of freedom of choice and action is presently in question. It simply provides a starting point for discussion. The detailed business of trying to state the necessary and sufficient conditions of this freedom in a non-circular fashion — the business of stating what sorts of properties a being would have to have in order to be a free agent in the present sense — has not yet begun.


Some philosophers may insist that they still do not really understand what kind of freedom is presently in question. But if they do, they are being (tactically) disingenuous. For the freedom presently in question is a property, real or imagined, that nearly all adult human beings — in the West, at least — believe themselves to possess. To say that one doesn't understand what it is is to claim to lack the most basic understanding of the society one lives in, and such a claim is not believable.


In what follows, then, the word 'free' will be used interchangeably with the phrase 'truly responsible'. Questions about what freedom is, and about whether or not we are or could be free, will be understood to be questions about what true responsibility is, or might be, and about whether we are or could be truly responsible or truly deserving of praise or blame. The equation of 'free' and 'truly responsible' is not a step that is entirely without substance, for many have maintained that although we are free (although the meaning — the true meaning — of the word 'free' is such that it is correct to say that we are free) we are not really truly responsible for our actions. These reject the present equation: they propose a fundamental revision of the ordinary central meaning of the word 'free', one that will not be adopted here.


The equation is useful for another reason. The notion of responsibility — not necessarily moral responsibility — is in many ways a clearer notion than the notion of freedom. It is, for one thing, a notion with a strong and obvious causal element. It helps to have it always in mind when discussing freedom.2


In chapter 2, Strawson says we cannot be free (truly responsible), whether or not determinism is true or false.


 
'Objectivist' theories of freedom suppose, naturally enough, that the task of showing that we are free involves showing that we have certain properties, not including the property of believing we are free, that are necessary and sufficient for freedom. Such theories usually take the question of whether determinism is true or false to be important when one is trying to answer the question whether we are free. And they regularly come up against the sceptical objection that, whether determinism is true or false, we cannot possibly be free either way.


It is a compelling objection. Surely we cannot be free agents, in the ordinary, strong, true-responsibility-entailing sense, if determinism is true and we and our actions are ultimately wholly determined by "causes anterior to [our] personal existence"* And surely we can no more be free if determinism is false and it is, ultimately, either wholly or partly a matter of chance or random outcome that we and our actions are as they are?

So far as Objectivist theories go (and nearly all theories are Objectivist theories), the sceptical objection seems fundamentally correct. Neither of the two options, determined and random, seems able to give us or allow us what we want. But together they exhaust the field of options. 




here Strawson states concisely the Determinism Objection and the Randomness Objection to free will


Strawson recognizes that a major problem for indeterminism in a model for free will is the location of the indeterminism in the process of decisions and actions.

Locating Indeterminism (Freedom and Belief, p.43)

It has been argued that the only way in which libertarians can plausibly give indeterminism a positive, freedom-creating role in the process of action-production is by holding that indeterminism must affect the agent's reasons or reason-states, and play a part in their being as they are. Libertarians have nowhere else to locate the indeterminism that they must show to enter into the process of action-production in such a way as to make actions free. But how can indeterminism do what is expected of it, given that reasons are compounded of beliefs and desires?
That beliefs are regularly determined in us by the way the world is is easy to accept, difficult to reject. Their primary business is just to match the way the world is as well as possible. There are other ways in which beliefs are determined in us—by wishful thinking, for example. But we are on the whole concerned simply that our beliefs be true. We do not wish to be undetermined by anything, so far as the formation of our beliefs (and therefore their content) is concerned; nor do we wish to be self-determining with regard to the content of our beliefs; nor do we think we are. (We may of course choose to acquire a lot of beliefs about this or that, but once we are in pursuit of such beliefs we do not wish to be able to choose what their content will be, we just want them to be true.) Rather, we think (and hope) that what we believe is determined, and as a result reflects, how things are. 



In a 1994 article called "The Impossibility of Moral Responsibility," Strawson describes his Basic Argument for disproving free will and moral responsibility...
 
   

There is an argument, which I will call the Basic Argument, which appears to prove that we cannot be truly or ultimately morally responsible for our actions. According to the Basic Argument, it makes no difference whether determinism is true or false. We cannot be truly or ultimately morally responsible for our actions in either case.

The Basic Argument has various expressions in the literature of free will, and its central idea can be quickly conveyed. (1) Nothing can be causa sui - nothing can be the cause of itself. (2) In order to be truly morally responsible for one's actions one would have to be causa sui, at least in certain crucial mental respects. (3) Therefore nothing can be truly morally responsible.


In this paper I want to reconsider the Basic Argument, in the hope that anyone who thinks that we can be truly or ultimately morally responsible for our actions will be prepared to say exactly what is wrong with it. I think that the point that it has to make is obvious, and that it has been underrated in recent discussion of free will — perhaps because it admits of no answer. I suspect that it is obvious in such a way that insisting on it too much is likely to make it seem less obvious than it is, given the innate contrasuggestibility of human beings in general and philosophers in particular. But I am not worried about making it seem less obvious than it is so long as it gets adequate attention. As far as its validity is concerned, it can look after itself.


A more cumbersome statement of the Basic Argument goes as follows.


(1) Interested in free action, we are particularly interested in actions that are performed for a reason (as opposed to 'reflex' actions or mindlessly habitual actions).


(2) When one acts for a reason, what one does is a function of how one is, mentally speaking. (It is also a function of one's height, one's strength, one's place and time, and so on. But the mental factors are crucial when moral responsibility is in question.)


(3) So if one is to be truly responsible for how one acts, one must be truly responsible for how one is, mentally speaking—at least in certain respects.


(4) But to be truly responsible for how one is, mentally speaking, in certain respects, one must have brought it about that one is the way one is, mentally speaking, in certain respects. And it is not merely that one must have caused oneself to be the way one is, mentally speaking. One must have consciously and explicitly chosen to be the way one is, mentally speaking, in certain respects, and one must have succeeded in bringing it about that one is that way.


(5) But one cannot really be said to choose, in a conscious, reasoned, fashion, to be the way one is mentally speaking, in any respect at all, unless one already exists, mentally speaking, already equipped with some principles of choice, 'P1'—preferences, values, pro-attitudes, ideals—in the light of which one chooses how to be.


(6) But then to be truly responsible, on account of having chosen to be the way one is, mentally speaking, in certain respects, one must be truly responsible for one's having the principles of choice P1 in the light of which one chose how to be.


(7) But for this to be so one must have chosen P1, in a reasoned, conscious, intentional fashion.


(8) But for this, i.e. (7), to be so one must already have had some principles of choice P2, in the light of which one chose Pl.


(9) And so on. Here we are setting out on a regress that we cannot stop. True self-determination is impossible because it requires the actual completion of an infinite series of choices of principles of choice.'


(10) So true moral responsibility is impossible, because it requires true self-determination, as noted in (3).


This may seem contrived, but essentially the same argument can be given in a more natural form. (1) It is undeniable that one is the way one is, initially, as a result of heredity and early experience, and it is undeniable that these are things for which one cannot be held to be in any way responsible (morally or otherwise). (2) One cannot at any later stage of life hope to accede to true moral responsibility for the way one is by trying to change the way one already is as a result of heredity and previous experience. For (3) both the particular way in which one is moved to try to change oneself, and the degree of one's success in one's attempt at change, will be determined by how one already is as a result of heredity and previous experience. And (4) any further changes that one can bring about only after one has brought about certain initial changes will in turn be determined, via the initial changes, by heredity and previous experience. (5) This may not be the whole story, for it may be that some changes in the way one is are traceable not to heredity and experience but to the influence of indeterministic or random factors. But it is absurd to suppose that indeterministic or random factors, for which one is ex hypothesi in no way responsible, can in themselves contribute in any way to one's being truly morally responsible for how one is.


The claim, then, is not that people cannot change the way they are. They can, in certain respects (which tend to be exaggerated by North Americans and underestimated, perhaps, by Europeans). The claim is only that people cannot be supposed to change themselves in such a way as to be or become truly or ultimately morally responsible for the way they are, and hence for their actions. 

(Adapted from Freedom and Belief, 1986, published in Philosophical Studies, 75/1-2 (Kluwer 1994), 5-24, and reprinted in Free Will, ed. Watson, 2003, p.212.) 
   



  Strawson says that this argument, which is a priori and certainly valid, convinces all his students. 

What students aren't convinced by their philosophy professors? Strawson was Saul Smilansky's thesis advisor.
   

   I have encountered two main reactions to the Basic Argument. On the one hand it convinces almost all the students with whom I have discussed the topic of free will and moral responsibility' On the other hand it often tends to be dismissed, in contemporary discussion of free will and moral responsibility, as wrong, or irrelevant, or fatuous, or too rapid, or an expression of metaphysical megalomania.

I think that the Basic Argument is certainly valid in showing that we cannot be morally responsible in the way that many suppose. And I think that it is the natural light, not fear, that has convinced the students I have taught that this is so. That is why it seems worthwhile to restate the argument in a slightly different — simpler and looser — version, and to ask again what is wrong with it.


Some may say that there is nothing wrong with it, but that it is not very interesting, and not very central to the free will debate. I doubt whether any non-philosopher or beginner in philosophy would agree with this view. If one wants to think about free will and moral responsibility, consideration of some version of the Basic Argument is an overwhelmingly natural place to start. It certainly has to be considered at some point in a full discussion of free will and moral responsibility, even if the point it has to make is obvious. Belief in the kind of absolute moral responsibility that it shows to be impossible has for a long time been central to the Western religious, moral, and cultural tradition, even if it is now slightly on the wane (a disputable view). It is a matter of historical fact that concern about moral responsibility has been the main motor — indeed the ratio essendi — of discussion of the issue of free will. The only way in which one might hope to show (1) that the Basic Argument was not central to the free will debate would be to show (2) that the issue of moral responsibility was not central to the free will debate. There are, obviously, ways of taking the word `free' in which (2) can be maintained. But (2) is clearly false none the less. (p.214)
   



  Strawson says that his work simply restates a traditional argument. 
   
   There is nothing new in the somewhat incantatory argument of this paper. It restates certain points that may be in need of restatement. "Everything has been said before", said Andre Gide, echoing La Bruyére, "but since nobody listens we have to keep going back and beginning all over again." This is an exaggeration, but it may not be a gross exaggeration, so far as general observations about the human condition are concerned.

The present claim, in any case, is simply this: time would be saved, and a great deal of readily available clarity would be introduced into the discussion of the nature of moral responsibility, if the simple point that is established by the Basic Argument were more generally acknowledged and clearly stated. Nietzsche thought that thoroughgoing acknowledgement of the point was long overdue, and his belief that there might be moral advantages in such an acknowledgement may deserve further consideration." (p.227)
   


Strawson on Panpsychism


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=CtDgCQ5vehE



Strawson on Materialism and Reductionism

Materialists hold that every thing and event in the universe is physical in every respect.
They hold that ‘physical phenomenon’ is coextensive with ‘real phenomenon’, or at least
with ‘real, concrete phenomenon’, and for the purposes of this paper I am going to assume
that they are right.
Monists hold that there is, fundamentally, only one kind of stuff in reality, in a sense that
I will discuss further in §6.

Realistic monists—realistic anybodys—grant that experiential phenomena are real,
where by ‘experiential phenomena’ and ‘experience’ I mean the phenomena of
consciousness considered just and only in respect of the qualitative character that they have
for those who have them as they have them.

Realistic materialist monists, then, grant that experiential phenomena are real, and are
wholly physical, strictly on a par with the phenomena of extension and mass as
characterized by physics. For if they do not, they are not realistic materialists. This is the
part of the reason why genuine, reflective endorsement of materialism is a very considerable
achievement. I think, in fact, that it requires concerted meditative effort. If one hasn't felt a
kind of vertigo of astonishment, when facing the thought that consciousness is a wholly
physical phenomenon-in every respect, then one hasn't begun to be a thoughtful materialist.
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George Frederick Stout was an English philosopher and psychologist who included Bertrand Russell and G. E. Moore among his students.

Stout's first book, Analytic Psychology, was published in 1886. He was the editor of Mind from 1891 to 1920.


As editor of Mind, he must have been intimately familiar with the work of William James, whose Principles of Psychology were published in 1890. Stout's own Manual of Psychology appeared first in 1899, and was published in multiple editions over the next 40 years.


Stout gave the 1919-20 Gifford Lectures, published in two volumes as Mind and Matter, and Nature and God.


In 1896, he published "Voluntary Action" in Mind. It contained a very perceptive analysis of the lack of a necessary connection between a "will" or "volition" and the success of the willed action. 
   

The question as to the nature of a certain mode of
consciousness is quite independent of the question whether or
not this mode of consciousness will be followed by a certain
train of occurrences in the organism and in the environment.
If I will to produce an explosion by applying a lighted match
to gunpowder, my volition is none the less a volition because in
the course of its execution the match goes out or the powder
proves to be damp. Similarly, the volition is none the less a
volition if it turns out that my muscular apparatus refuses to
act, or acts in a way contrary to my intentions...When the conscious state is
one of volition, it is indeed necessary that the subject should
look forward to the bodily movements either as practically
certain, or at least as possible. A belief of this kind is an
essential ingredient of the voluntary attitude. But the existence
of the belief is in itself sufficient. Its truth or falsehood
is a matter of indifference. In a precisely analogous way we
must, in determining to produce a gunpowder explosion, assume
that the powder is or may be dry enough to take fire. But it
is by no means necessary that the gunpowder in point of fact
should be dry.

  
Stout thus neatly separates the volition (the will, the wish, the desire, the intention, the belief - that Peirce identifies with a willingness to act) from the action itself.

Today's thinkers, who emphasize freedom of action (Isaiah Berlin's negative freedom) rather than the freedom of the will (Berlin's positive freedom), can become quite confused. Consider Rogers Albritton's criticism of Elizabeth Anscombe and her essay "Soft Determinism."



Most philosophers seem to think it quite easy to rob the will of some freedom. Thus Elizabeth Anscombe, in an essay called "Soft Determinism," appears to suppose that a man who can't walk because he is chained up has lost some freedom of will. He "has no 'freedom of will' to walk," she says, or, again; no "freedom of the will in respect of walking." "Everyone will allow," she says, "that 'A can walk, i.e. has freedom of the will in respect of walking' would be gainsaid by A's being chained up." And again, "External constraint is generally agreed to be incompatible with freedom", by which she seems to mean: incompatible with perfect freedom of will, because incompatible with freedom of will to do, or freedom of the will in respect of doing, whatever the constraint prevents. 


Albritton made it very clear that we could will something even if it proved impossible to do, as Stout made clear in the 1890's. "Where there's a will, there just isn't always a way," said Albritton.

But I do want to dispute, first, what Anscombe thinks "everyone will allow." I don't allow it. I don't see (do you?) that my freedom of will would be reduced at all if you chained me up. You would of course deprive me of considerable freedom of movement if you did that; you would thereby diminish my already unimpressive capacity to do what I will. But I don't see that my will would be any the less free. What about my "freedom of will to walk," you will ask (or perhaps you won't, but there the phrase is, in Anscombe's essay); what about my "freedom of the will in respect of walking"? I reply that I don't understand either of those phrases. They seem to me to mix up incoherently two different things: free will, an obscure idea which is the one I am after, on this expedition, and physical ability to walk, a relatively clear idea which has nothing to do with free will. 


Stout says that a "belief" that an action is at least possible is "an essential ingredient of the voluntary attitude." Beliefs are required to will something "practical" as opposed to making a more insubstantial "wish" that one could fly, for example.

Returning to "Voluntary Action," Stout reads Henry Sidgwick as wanting to support our psychological sense, our consciousness, of being able to choose between alternatives. Sidgwick dismisses the psychology as irrelevant, but Stout says it is possible support for contingent human freedom.


Professor Sidgwick has said that "against the formidable
array of cumulative evidence offered for Determinism there
is but one opposing argument of real force; the immediate
affirmation of consciousness in the moment of deliberate action.
And certainly, in the case of actions in which I have a distinct
consciousness of choosing between alternatives of conduct, one
of which I conceive as right or reasonable, I find it impossible
not to think that I can now choose to do what I so conceive,
however strong may be my inclination to act unreasonably, and
however uniformly I may have yielded to such inclinations in
the past."2

Sidgwick does not himself definitely accept this as
a valid argument. He refuses to discuss it because he thinks
the psychological issue is irrelevant to his purpose. Our
interest being purely psychological, we cannot adopt this
course. We have to inquire how this consciousness of freedom
arises, and what support it lends to the argument in favour of
contingent freedom. At the outset we must notice that it is
not confined to the case contemplated by Professor Sidgwick.
Wherever there is full and prolonged deliberation, the subject
is up to the time when the decision is formed, under the
impression that it is possible for him to choose either of two alternative courses of action.

 The reason is I think plain. Before he has decided, he does not know what he is going to
do. This is what his indecision means. He must therefore
regard all the alternative ends which he has in mind as possible
objects of volition. But this obviously constitutes no argument
for contingent freedom. 


We might as well argue that the fall
of a penny is not causally determined, because when we throw
it we do not know whether head or tail will turn up. There is
however a further complication when one of the courses of
action is judged to be reasonable and opposing courses unreasonable.
We here not merely regard it as possible that the
reasonable course may or may not be chosen; we also affirm
that it is what we ought to choose. And this, I take it, means
that it is what we would choose, if the grounds for it were fully
brought home to us, instead of being arrested in their development
by the impulse of the moment, or by desires which, if not
momentary, are at least comparatively isolated in the total
organisation of the self. 

When we say that we ought to
choose a certain course, we mean, I think, that it would be
chosen by an ideal self. The contrast between the ideal self
and the actual self is in the first place a contrast between the
self as a systematic unity and relatively detached tendencies.
In the second place, it is a contrast between an undeveloped
and a developed self. The development intended is the
development of the self as a whole in the direction at once
of more perfect unity and of greater differentiation. The,
developed self would recognise itself as the goal to which the
undeveloped self was on the whole tending. Thus when we
say we ought to pursue a certain course, we mean that we
should actually decide on pursuing it if we were more completely
what we already are. We mean therefore that there is
in us a possibility of so deciding.




Indeed, the fall of a coin may not be strictly determined. It is the paradigm of probability


Hampshire and Hart on Decision, Intention, and Certainty

Over sixty years later, the Oxford ordinary language philosophers Stuart Hampshire and H. L. A. Hart wrote an article, said to be influenced by Stout, in which they claimed a necessary connection between a decision and a future voluntary action
   
The necessary connexion between certainty about future voluntary action and decision emerges in the following entailments: (1) 'I have decided to do this' entails 'I am certain that I will do this, unless I am in some way prevented'. (2) ' I am certain that I will do this ' (where the action referred to is entirely voluntary) entails 'I have decided to do this'. [etc.]

If a man does claim to be able to predict with certainty his own future actions, basing his prediction on induction, then he is implying that the actions in question will be in some sense, or to some degree, involuntary, the effect of causes outside his own control. If action in the situation envisaged were entirely voluntary, then it must be up to him to decide what he will do. If it is up to him to decide what he is going to do, then he must still be uncertain what he will do until he has made a decision or until his intentions are formed. While he is making the decision, and while he is reviewing reasons for acting in one way rather than another, he must be in a state of uncertainty about what he is going to do. The certainty comes at the moment of decision, and indeed constitutes the decision, when the certainty is arrived at in this way, as a result of considering reasons, and not as a result of considering evidence.
 


Hampshire and Hart's picture is consistent with our two-stage model of free will, which has a preliminary "free" stage where there is a "state of uncertainty" followed by a willed decision, which leads to the action, if possible.

But there is nothing "necessary" or "certain" about the connection between the decision and the action. It is enough that the decision will lead to the action with a high degree of probability.   
  

Stout on Libertarian Free Will

In his Manual on Psychology, Stout tries to understand what the Libertarian is looking for when making a decision that is likely to be the result of prior de-liberations.

Stout considers (thanks to JL Speranza for this quotation),
   

"how the state of decision supervenes on that of deliberation. At this
point the vexed question of free-will arises. 
According to the libertarians,
the  decision, at least in some cases, involves the intervention of a new
factor, not  present in the previous process of deliberation, and not traceable
to the  constitution of the individual as determined by heredity and past
experiences.  The opponents of the libertarians say that the decision is the
natural outcome  of conditions operating in the process of deliberation
itself. There is  according to them no new factor which abruptly emerges like a
Jack-in-the-box in the moment of deciding."

"Now it must be admitted that the transition from the state of indecision
to the state of decision is often obscure, and that it frequently appears to
be  unaccountably abrupt. This makes it difficult or impossible to give a
definite  disproof of the libertarian hypothesis on psychological grounds.
But certainly
the onus probandi rests with those who maintain the  intervention of
a new factor which is not a development or outcome of previous  conditions.
If we cannot definitely disprove the presence of such a factor, we  can at
least say that the facts are far from compelling to assume its  existence."


"Deliberation may be regarded as a state of unstable equilibrium. The mind
oscillates between alternatives. First one conative tendency becomes
relatively  dominant and then another. The play of motives passes through all
kinds of  vicissitudes, as the alternative courses of action and their
consequences are
more fully apprehended in relation to the Self. As the process advances,
equilibrium tends to be restored. New developments of conative tendency cease
to  take place; deliberation comes to a standstill because it has done its
work. In  this relatively stationary condition, it may be that one of the
alternatives,  with the motives for it, has a decided and persistent
predominance in  consciousness, so that the mind no longer tends to revert to the
others. At  this point the mind is made up, and the result is formulated in the
judgement,  "I will do this rather than that.""


"But there are other cases which present more difficulty. It may happen
that deliberation comes to a standstill without any alternative acquiring any
definite predominance. The mind tends first to one and then to the other
without  result. No new developments occur which tend to give a superiority to
either,  and the result is hopeless suspense. 


It would seem that under
these conditions  no voluntary decision ought to supervene, or if it does
supervene, it must be  due to the intervention of a new factor and is not merely
the outcome of the  deliberative process. Now as a matter of fact we find
that under such conditions  voluntary decisions frequently do come into
existence. They may even be of  wide-reaching importance like Caesar's
determination to cross the Rubicon.  But probably in all such instances one
or both of two traceable and recognisable  conditions of a psychological
kind are operative."

"These are (1) aversion to the continuance of painful suspense and (2) the
necessity for action of some kind. "It may be that though we are at a loss
to  decide between two courses of action we are none the less fully
determined not  to remain inactive. Inaction may be obviously worse than either of
the  alternative lines of conduct. We may then choose one of them much in the
same  way as we take a cigar out of a box, when it is no matter which we
select"  (*["Voluntary Action", Mind 1896]). In view of the necessity of
action, a  comparatively slight predominance of the motives for one alternative
may be  sufficient to determine decision, though it would have been
ineffective under  other conditions. Or again, being pressed to decide, either by
aversion to the  state of irresolution, or by the necessity of doing something,
we may simply  adopt the course which seems to be uppermost in our minds at
the moment,  although we have no confidence that it would
remain uppermost if we continued  to deliberate. 


Stout here describes what we call an undetermined liberty

Or we may mentally consent
to allow the decision to be determined  by some irrelevant circumstance
such as the fall of a penny. We determine that  if heads turn up we shall do A,
and that if tails turn up we shall do B.  Curiously enough, the reverse
frequently happens. If heads turn up we do B, and  if tails turn up we do A.
This is due in part to an aversion to having one's  conduct determined in such
an arbitrary and irrelevant way. But it often happens  that immediately
after the appeal to chance has been made, and it has issued in  favour of one
alternative, the motives for the other alternative are mentally  set in
contrast, not with the opposing motives present in preceding  deliberation, but
with the trivial result of the appeal to chance. They thus  acquire a
momentary predominance which determines voluntary decision."

"Sometimes volition takes place before the process of deliberation has
fully worked itself out. In this way, acts come to be decided on which would
have been suppressed if they had been more fully considered. Here again, the
necessity of acting in some way, and impatience of the state of indecision,
are  operative factors. But the reason often lies in the intensity of some
impulse of  the present Self which derives its strength, not from its
relation to the total  system of conduct, but from the circumstances of the
moment. In the vicissitudes  in which the process of deliberation passes, it will
often happen that this  isolated impulse through its momentary intensity
will acquire such a  predominance as to arrest the full development of other
motives which, if they  had come into play, would have given rise to a
different decision."


"The decision which thus takes place after imperfect deliberation is
generally called impulsive. It is not supposed to be voluntary in the same
degree as that which takes place after fuller deliberation. The agent often
commits the act knowing that he will live to repent it. Most cases of yielding
to temptation are cases of deliberation arrested and cut short by the
transient  strength of a present impulse. It is in such instances that the agent
is most  keenly aware in retrospect that he might have acted otherwise than
he actually  did. He feels that the act does not fully represent his true
self. If he had  fully developed all the motives which were inoperative owing
to imperfect  deliberation the momentary impulse might have been suppressed
instead of realised."

   


Robert Kane's "Self-Forming Actions" are undetermined up to and including the moment of choice
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   Henry Sidgwick's 1874 Methods of Ethics was called the "first truly academic work in moral theory" and "the clearest and most accessible formulation of what we may call 'the classical utilitarian doctrine'." by John Rawls. 

Utilitarian Ethics makes the ultimate moral end of individual and social action to produce the greatest increase in the sum of the happiness (or "well-being" in Sidgwick's formulation) of all sentient beings. Sidgwick also considers the Intuitionist Ethics of Whewell and the Deontological Ethics of Kant. 


In Chapter 5 on Free Will, Sidgwick comments that he has "not exactly found that the comments which it has called forth have removed my difficulties in dealing with this time-honored problem." He presents the formidable array of cumulative evidence offered for Determinism, but concedes the Libertarian contention as to the demoralising effect of Determinism, if held with a real force of conviction. 


Sidgwick is confused by Kant's definition of "freedom" as acting rationally (i.e., morally). This is the ethical fallacy. Freedom is a prerequisite for moral responsibility, but freedom can not be equated with moral (i.e., good) behavior. Kant echoes the church philosophers who said men were free when doing good, and unfree slaves to their passions and desires when doing evil. Sidgwick sees this absurdity somewhat late in his work. He says in the preface to the sixth edition:
   

Kant's resting of morality on Freedom did not indeed commend itself to me, though I did not at first see, what I now seem to see clearly, that it involves the fundamental confusion of using "freedom" in two distinct senses — "freedom" that is realised only when we do right, when reason triumphs over inclination, and "freedom" that is realised equally when we choose to do wrong, and which is apparently implied in the notion of ill-desert.
   

Free Will

  Chapter 5 of Book I, Methods of Ethics, 1874 (7th ed. 1907)
   

§ 1. In the preceding chapters I have treated first of rational, and secondly of disinterested action, without introducing the vexed question of the Freedom of the Will. The difficulties connected with this question have been proved by long dialectical experience to be so great, that I am anxious to confine them within as strict limits as I can, and keep as much of my subject as possible free from their perturbing influence. And it appears to me that we have no psychological warrant for identifying Disinterested with either "Free" or "Rational" action; while to identify Rational and Free action is at least misleading, and tends to obscure the real issue raised in the Free Will controversy. 

In the last chapter I have tried to show that action strictly disinterested, that is, disregardful of foreseen balance of pleasure to ourselves, is found in the most instinctive as well as in the most deliberate and self-conscious region of our volitional experience. And rational action, as I conceive it, remains rational, however completely the rationality of any individual's conduct may be determined by causes antecedent or external to his own volition: so that the conception of acting rationally, as explained in the last chapter but one, is not bound up with the notion of acting 'freely,' as maintained by Libertarians generally against Determinists. 


I say "Libertarians generally," because in the statements made by disciples of Kant as to the connexion of Freedom and Rationality, there appears to me to be a confusion between two meanings of the term Freedom, which require to be carefully distinguished in any discussion of Free Will. When a disciple of Kant1 says that a man "is a free agent in so far as he acts under the guidance of reason," the statement easily wins assent from ordinary readers; since, as Whewell says, we ordinarily "consider our Reason as being ourselves rather than our desires and affections. 


We speak of Desire, Love, Anger, as mastering us, or of ourselves as controlling them. 
If we decide to prefer some remote and abstract good to immediate pleasures, or to conform to a rule which brings us present pain (which decision implies exercise of Reason), we more particularly consider such acts as our own acts." 2
I do not, therefore, object on the score of usage to this application of the term "free" to denote voluntary actions in which the seductive solicitations of appetite or passion are successfully resisted: and I am sensible of the gain in effectiveness of moral persuasion which is obtained by thus enlisting the powerful sentiment of Liberty on the side of Reason and Morality. But it is clear that if we say that a man is a "free" agent in so far as he acts rationally, we cannot also say — in the same sense — that it is by his own "free" choice that he acts irrationally, when he does so act; and it is this latter proposition which Libertarians generally have been concerned to maintain. 

They have thought it of fundamental importance to show the 'Freedom' of the moral agent, on account of the connexion that they have held to exist between Freedom and Moral Responsibility: and it is obvious that the Freedom thus connected with Responsibility is not the Freedom that is only manifested or realised in rational action, but the Freedom to choose between right and wrong which is manifested or realised equally in either choice.


 Now it is implied in the Christian consciousness of "wilful sin" that men do deliberately and knowingly choose to act irrationally. They do not merely prefer self-interest to duty (for here is rather a conflict of claims to rationality than clear irrationality); but (e.g.) sensual indulgence to health, revenge to reputation, etc., though they know that such preference is opposed to their true interests no less than to their duty. 1

Hence it does not really correspond to our experience as a whole to represent the conflict between Reason and passion as a conflict between 'ourselves' on the one hand and a force of nature on the other. We may say, if we like, that when we yield to passion, we become 'the slaves of our desires and appetites': but we must at the same time admit that our slavery is self-chosen. 

Can we say, then, of the wilful wrongdoer that his wrong choice was 'free,' in the sense that he might have chosen rightly, not merely if the antecedents of his volition, external and internal, had been different, but supposing these antecedents unchanged? This, I conceive, is the substantial issue raised in the Free Will controversy; which I now propose briefly to consider: since it is widely believed to be of great Ethical importance.

§ 2. We may conveniently begin by defining more exactly the notion of Voluntary action, to which, according to all methods of Ethics alike, the predicates 'right' and 'what ought to be done' — in the strictest ethical sense — are exclusively applicable. In the first place, Voluntary action is distinguished as 'conscious' from actions or movements of the human organism which are 'unconscious' or 'mechanical.' The person whose organism performs such movements only becomes aware of them, if at all, after they have been performed; accordingly they are not imputed to him as a person, or judged to be morally wrong or imprudent; though they may sometimes be judged to be good or bad in respect of their consequences, with the implication that they ought to be encouraged or checked as far as this can be done indirectly by conscious effort.


So again, in the case of conscious actions, the agent is not regarded as morally culpable, except in an indirect way, for entirely unforeseen effects of his voluntary actions. No doubt when a man's action has caused some unforeseen harm, the popular moral judgment often blames him for carelessness; but it would be generally admitted by reflective persons that in such cases strictly moral blame only attaches to the agent in an indirect way, in so far as his carelessness is the result of some wilful neglect of duty. Thus the proper immediate objects of moral approval or disapproval would seem to be always the results of a man's volitions so far as they were intended — i.e. represented in thought as certain or probable 1 consequences of his volitions: — or, more strictly, the volitions themselves in which such results were so intended, since we do not consider that a man is relieved from moral blame because his wrong intention remains unrealised through external causes.



This view seems at first sight to differ from the common opinion that the morality of acts depends on their 'motives' ; if by motives are understood the desires that we feel for some of the foreseen consequences of our acts. But I do not think that those who hold this opinion would deny that we are blameworthy for any prohibited result which we foresaw in willing, whether it was the object of desire or not. No doubt it is commonly held that acts, similar as regards their foreseen results, may be 'better' or 'worse' 2 through the presence of certain desires or aversions. Still so far as these feelings are not altogether under the control of the will, the judgment of 'right' and 'wrong' — in the strictest sense of these terms — seems to be not properly applicable to the feelings themselves, but rather to the exertion or omission of voluntary effort to check bad motives and encourage good ones, or to the conscious adoption of an object of desire as an end to be aimed at — which is a species of volition.




We may conclude then that judgments of right and wrong relate properly to volitions accompanied with intention — whether the intended consequences be external, or some effects produced on the agent's own feelings or character. This excludes from the scope of such judgments those conscious actions which are not intentional, strictly speaking; as when sudden strong feelings of pleasure and pain cause movements which we are aware of making, but which are not preceded by any representation in idea either of the movements themselves or of their effects. For such actions, sometimes distinguished as 'instinctive,' we are only held to be responsible indirectly so far as any bad consequences of them might have been prevented by voluntary efforts to form habits of more complete self-control.

We have to observe further that our common moral judgments recognise an important distinction between impulsive and deliberate wrongdoing, condemning the latter more strongly than the former. The line between the two cannot be sharply drawn : but we may define 'impulsive' actions as those where the connexion between the feeling that prompts and the action prompted is so simple and immediate that, though intention is distinctly present, the consciousness of personal choice of the intended result is evanescent. 

alternative possibilities

In deliberate volitions there is always a conscious selection of the result as one of two or more practical alternatives.

In the case, then, of such volitions as are pre-eminently the objects of moral condemnation and approbation, the psychical fact 'volition' seems to include — besides intention, or representation of the results of action — also the consciousness of self as choosing, resolving, determining these results. And the question which I understand to be at issue in the Free Will controversy may be stated thus: Is the self to which I refer my deliberate volitions a self of strictly determinate moral qualities, a definite character partly inherited, partly formed by my past actions and feelings, and by any physical influences that it may have unconsciously received; so that my voluntary action, for good or for evil, is at any moment completely caused by the determinate qualities of this character, together with my circumstances, or the external influences acting on me at the moment — including under this latter term my present bodily conditions? — or is there always a possibility of my choosing to act in the manner that I now judge to be reasonable and right, whatever my previous actions and experiences may have been?


In the above questions a materialist would substitute 'brain and nervous system' for 'character,' and thereby obtain a clearer notion; but I have avoided using terms which suggest materialistic assumptions, because Determinism by no means involves Materialism. For the present purpose the difference is unimportant. The substantial dispute relates to the completeness of the causal dependence of any volition upon the state of things at the preceding instant, whether we specify these as 'character and circumstances,' or 'brain and environing forces.1

On the Determinist side there is a cumulative argument of great force. The belief that events are determinately related to the state of things immediately preceding them is now held by all competent thinkers in respect of all kinds of occurrences except human volitions. It has steadily grown both intensively and extensively, both in clearness and certainty of conviction and in universality of application, as the human mind has developed and human experience has been systematised and enlarged. Step by step in successive departments of fact conflicting modes of thought have receded and faded, until at length they have vanished everywhere, except from this mysterious citadel of Will. 


Everywhere else the belief is so firmly established that some declare its opposite to be inconceivable: others even maintain that it always was so. Every scientific procedure assumes it: each success of science confirms it. And not only are we finding ever new proof that events are cognisably determined, but also that the different modes of determination of different kinds of events are fundamentally identical and mutually dependent: and naturally, with the increasing conviction of the essential unity of the cognisable universe, increases the indisposition to allow the exceptional character claimed by Libertarians for the department of human action.


Again, when we fix our attention on human action, we observe that the portion of it which is originated unconsciously is admittedly determined by physical causes: and we find that no clear line can be drawn between acts of this kind and those which are conscious and voluntary. Not only are many acts of the former class entirely similar to those of the latter, except in being unconscious: but we remark further that actions which we habitually perform continually pass from the conscious class into the — wholly or partly — unconscious: and the further we investigate, the more the conclusion is forced upon us, that there is no kind of action originated by conscious volition which cannot also, under certain circumstances, be originated unconsciously. 


Again, when we look closely at our conscious acts, we find that in respect of such of them as I have characterised as 'impulsive' — acts done suddenly under the stimulus of a momentary sensation or emotion — our consciousness can hardly be said to suggest that they are not completely determined by the strength of the stimulus and the state of our previously determined temperament and character at the time of its operation: and here again, as was before observed, it is difficult to draw a line clearly separating these actions from those in which the apparent consciousness of free choice' becomes distinct.


Further, we always explain1 the voluntary action of all men except ourselves on the principle of causation by character and circumstances.



 Indeed otherwise social life would be impossible: for the life of man in society involves daily a mass of minute forecasts of the actions of other men, founded on experience of mankind generally, or of particular classes of men, or of individuals; who are thus necessarily regarded as things having determinate properties, causes whose effects are calculable. We infer generally the future actions of those whom we know from their past actions; and if our forecast turns out in any case to be erroneous, we do not attribute the discrepancy to the disturbing influence of Free Will, but to our incomplete acquaintance with their character and motives. 


And passing from individuals to communities, whether we believe in a "social science" or not, we all admit and take part in discussions of social phenomena in which the same principle is assumed: and however we may differ as to particular theories, we never doubt the validity of the assumption: and if we find anything, inexplicable in history, past or present, it never occurs to us to attribute it to an extensive exercise of free will in a particular direction. 


Nay, even as regards our own actions, however 'freed' we feel ourselves at any moment, however unconstrained by present motives and circumstances and unfettered by the result of what we have previously been and felt, our volitional choice may appear: still, when it is once well past, and we survey it in the series of our actions, its relations of causation and resemblance to other parts of our life appear, and we naturally explain it as an effect of our nature, education, and circumstances. 


Nay we even apply the same conceptions to our future action, and the more, in proportion as our moral sentiments are developed: for with our sense of duty generally increases our sense of the duty of moral culture, and our desire of self-improvement: and the possibility of moral self-culture depends on the assumption that by a present volition we can determine to some extent our actions in the more or less remote future. 


No doubt we habitually take at the same time the opposite, Libertarian, view as to our future: we believe, for example, that we are perfectly able to resist henceforward temptations to which we have continually yielded in the past. But it should be observed that this belief is (as moralists of all schools admit and even urge) at any rate to a great extent illusory and misleading. Though Libertarians contend that it is possible for us at any moment to act in a manner opposed to our acquired tendencies and previous customs, — still, they and Determinists alike teach that it is much less easy than men commonly imagine to break the subtle unfelt trammels of habit.


§ 3. Against the formidable array of cumulative evidence offered for Determinism there is to be set the immediate affirmation of consciousness in the moment of deliberate action. Certainly when I have a distinct consciousness of choosing between alternatives of conduct, one of which I conceive as right or reasonable, I find it impossible not to think that I can now choose to do what I so conceive, — supposing that there is no obstacle to my doing it other than the condition of my desires and voluntary habits, — however strong may be my inclination to act unreasonably, and however uniformly I may have yielded to such inclinations in the past.1


I recognise that each concession to vicious desire makes the difficulty of resisting it greater when the desire recurs: but the difficulty always seems to remain separated from impossibility by an impassable gulf. I do not deny that the experience of mankind includes cases in which certain impulses — such as aversion to death or extreme pain, or morbid appetite for alcohol or opium — have reached a point of intensity at which they have been felt as irresistibly overmastering voluntary choice. I think we commonly judge that when this point is reached the individual ceases to be morally responsible for the act done under such overmastering impulse: but at any rate the moral problem thus presented is very exceptional; in ordinary cases of yielding to temptation this consciousness of the irresistibility of impulse does not come in. 


Ordinarily, however strong may be the rush of appetite or anger that comes over me, it does not present itself as irresistible; and, if I deliberate at such a moment, I cannot regard the mere force of the impulse as a reason for doing what I otherwise judge to be unreasonable. I can suppose that my conviction of free choice may be illusory: that if I knew my own nature I might see it to be predetermined that, being so constituted and in such circumstances, I should act on the occasion in question contrary to my rational judgment. 


But I cannot conceive myself seeing this, without at the same time conceiving my whole conception of what I now call "my" action fundamentally altered: I cannot conceive that if I contemplated the actions of my organism in this light I should refer them to my "self " — i.e. to the mind so contemplating — in the sense in which I now refer them. In this conflict of arguments, it is not surprising that the theoretical question as to the Freedom of the Will is still differently decided by thinkers of repute; and I do not myself wish at present to pronounce any decision on it. But I think it possible and useful to show that the ethical importance of deciding it one way or another is liable to be exaggerated; and that any one who will consider the matter soberly and carefully will find this importance to be of a strictly limited kind.


It is chiefly on the Libertarian side that I find a tendency to the exaggeration of which I have just spoken. Some Libertarian writers maintain that the conception of the Freedom of the Will, alien as it may be to positive science, is yet quite indispensable to Ethics and Jurisprudence; since in judging that I "ought" to do anything I imply that I "can" do it, and similarly in praising or blaming the actions of others I imply that they "could" have acted otherwise. 



The standard Determinist Objection

If a man's actions are mere links in a chain of causation which, as we trace it back, ultimately carries us to events anterior to his personal existence, he cannot, it is said, really have either merit or demerit; and if he has not merit or demerit, it is repugnant to the common moral sense of mankind to reward or punish — even to praise or blame — him. 

In considering this argument, it will be convenient — for clearness of discussion — to assume in the first instance that there is no doubt or conflict in our view of what it is right to do, except such as may be caused by the present question. It will also be convenient to separate the discussion of the importance of Free Will in relation to moral action generally from the special question of its importance in relation to punishing and rewarding; since, in the latter species of action, what chiefly claims attention is
not the present Freedom of the agent, but the past Freedom of the person now acted on.


As regards action generally, the Determinist allows that a man is only morally bound to do what is "in his power "; but he explains "in his power" to mean that the result in question will be produced if the man choose to produce it. And this is, I think, the sense in which the proposition "what I ought to do I can do" is commonly accepted: it means "can do if I choose," " not "can choose to do." 



Free will just an  illusion

Still the question remains "Can I choose to do what in ordinary thought I judge to be right to do ? " Here my own view is that — within the limits above explained - I inevitably conceive that I can choose; however, I can suppose myself to regard this conception as illusory, and to judge, inferring the future from the past, that I certainly shall not choose, and accordingly that such choice is not really possible to me. 

This being supposed, it seems to me undeniable that this judgment will exclude or weaken the operation of the moral motive in the case of the act contemplated: I either shall not judge it reasonable to choose to do what I should otherwise so judge, or if I do pass the judgment, I shall also judge the conception of duty applied in it to be illusory, no less than the conception of Freedom. 


So far I concede the Libertarian contention as to the demoralising effect of Determinism, if held with a real force of conviction. But I think the cases are rare in which it is even on Determinist principles legitimate to conclude it to be certain — and not merely highly probable — that I shall deliberately choose to do what I judge to be unwise.1


Ordinarily the legitimate inference from a man's past experience, and from his general knowledge of human nature, would not go beyond a very strong probability that he would choose to do wrong: and a mere probability—however strong—that I shall not will to do right cannot be regarded by me in deliberation as a reason for not willing:1 while it certainly supplies a rational ground for willing strongly—just as a strong probability of any other evil supplies a rational ground for special exertions to avoid it. 




Indeed, I do not see why a Libertarian should not — equally with a Determinist — accept as valid, and find it instructive to contemplate, the considerations that render it probable that he will not choose to do right in any particular circumstances. In all ordinary cases, therefore, it does not seem to me relevant to ethical deliberation to determine the metaphysical validity of my consciousness of freedom to choose whatever I may conclude to be reasonable, unless the affirmation or negation of the Freedom of the Will somehow modifies my view of what it would be reasonable to choose to do if I could so choose.


I do not think that any such modification of view can be maintained, as regards the ultimate ends of rational action which, in chap. i., I took as being commonly accepted. If Happiness, whether private or general, be taken as the ultimate end of action on a Libertarian view, the adoption of a Determinist view affords no ground for rejecting it: and if Excellence is in itself admirable and desirable, it surely remains equally so whether any individual's approximation to it is entirely determined by inherited nature and external influences or not: except so far as the notion of Excellence includes that of Free Will. 


Now Free Will is obviously not included in our common ideal of physical and intellectual perfection: and it seems to me also not to be included in the common notions of the excellences of character which we call virtues: the manifestations of courage, temperance, and justice do not become less admirable because we can trace their antecedents in a happy balance of inherited dispositions developed by a careful education.2


Can, then, the affirmation or negation of Free Will affect our view of the fittest means for the attainment of either end? In considering this we have to distinguish between the case of a connexion between means and end believed to exist on empirical or other scientific grounds, and the case where the belief in such connexion is an inference from the belief in a moral government of the world. 


According to the received view of the moral government of the world, the performance of Duty is the best means of attaining the agent's happiness largely through its expected consequences in another world, in which virtue will be rewarded and vice punished by God: if, then, the belief in the moral government of the world and a future life for men is held to depend on the assumption of Free Will, this latter becomes obviously of fundamental ethical importance: not, indeed, in determining a man's Duty, but in reconciling it with his Interest. 


This, I think, is the main element of truth in the view that the denial of Free Will removes motives to the performance of Duty: and I admit the validity of the contention, so far as (1) the course of action conducive to an individual's Interest would be thought to diverge from his Duty, apart from theological considerations, and (2) in the theological reasoning that removes this divergence Free Will is an indispensable assumption. The former point will be examined in a subsequent chapter;1 the latter it hardly falls within the scope of this treatise to discuss.2


If we confine our attention to such connexion between means and ends as is scientifically cognisable, it does not appear that an act now deliberated on can be less or more a means to any ulterior end, because it is predetermined. It may, however, be urged that in considering how we ought to act in any case, we have to take into account the probable future actions of others, and also of ourselves; and that with regard to these it is necessary to decide the question of Free Will, in order that we may know whether the future is capable of being predicted from the past. 


But here, again, it seems to me that no definite practical consequences would logically follow from this decision. For however far we may go in admitting Free Will as a cause, the actual operation of which may falsify the most scientific forecasts of human action, still since it is ex hypothesi an absolutely unknown cause, our recognition of it cannot lead us to modify any such forecasts: at most, it can only affect our reliance on them.


We may illustrate this by an imaginary extreme case. Suppose we were somehow convinced that all the planets were endowed with Free Will, and that they only maintained their periodic motions by the continual exercise of free choice, in resistance to strong centrifugal or centripetal inclinations. Our general confidence in the future of the solar system might reasonably be impaired, though it is not easy to say how much; 1 but the details of our astronomical calculations would be clearly unaffected: the free wills could in no way be taken as an element in the reckoning. And the case would be similar, I suppose, in the forecast of human conduct, if psychology and sociology should ever become exact sciences. At present, however, they are so far from being such that this additional element of uncertainty can hardly have even any emotional effect.



To sum up: we may say that, in so far as we reason to any definite conclusions as to what the future actions of ourselves or others will be, we must consider them as determined by unvarying laws: if they are not completely so determined our reasoning is pro tanto liable to error: but no other is open to us. While on the other hand, when we are endeavouring to ascertain (on any principles) what choice it is reasonable to make between two alternatives of present conduct, Determinist conceptions are as irrelevant as they are in the former case inevitable. And from neither point of view does it seem practically important, for the general regulation of conduct, to decide the metaphysical question at issue in the Free-will Controversy : unless — passing from Ethics into Theology - we rest the reconciliation of Duty and Interest on a theological argument that requires the assumption of Free Will. 


§ 4. So far I have been arguing that the adoption of Determinism will not — except in certain exceptional circumstances or on certain theological assumptions — reasonably modify a man's view of what it is right for him to do or his reasons for doing it. It may, however, be said that — granting the reasons for right action to remain unaltered — still the motives that prompt to it will be weakened; since a man will not feel remorse for his actions, if he regards them as necessary results of causes anterior to his personal existence. 


Peter Strawson's reactive attitudes


I admit that so far as the sentiment of remorse implies self-blame irremovably fixed on the self blamed, it must tend to vanish from the mind of a convinced Determinist. Still I do not see why the imagination of a Determinist should not be as vivid, his sympathy as keen, his love of goodness as strong as a Libertarian's: and I therefore see no reason why dislike for his own shortcomings and for the mischievous qualities of his character which have caused bad actions in the past should not be as effective a spring of moral improvement as the sentiment of remorse would be. 

For it appears to me that men in general take at least as much pains to cure defects in their circumstances, organic defects, and defects of intellect — which cause them no remorse — as they do to cure moral defects ; so far as they consider the former to be no less mischievous and no less removable than the latter.


This leads me to the consideration of the effect of Determinist doctrines on the allotment of punishment and reward. For it must be admitted, I think, that the common retributive view of punishment, and the ordinary notions of "merit," "demerit," and "responsibility," also involve the assumption of Free Will: if the wrong act, and the bad qualities of character manifested in it, are conceived as the necessary effects of causes antecedent or external to the existence of the agent, the moral responsibility — in the ordinary sense — for the mischief caused by them can no longer rest on him. 


At the same time, the Determinist can give to the terms "ill-desert " and "responsibility" a signification which is not only clear and definite, but, from an utilitarian point of view, the only suitable meaning. In this view, if I affirm that A is responsible for a harmful act, I mean that it is right to punish him for it; primarily, in order that the fear of punishment may prevent him and others from committing similar acts in future. 


The difference between these two views of punishment is theoretically very wide. I shall, however, when I come to examine in detail the current conception of Justice, endeavour to show that this admission can hardly have any practical effect; since it is practically impossible to be guided, either in remunerating services or in punishing mischievous arts, by any other considerations than those which the Determinist interpretation of desert would include. 


For instance, the treatment of legal punishment as deterrent and reformatory rather than retributive seems to be forced upon us by the practical exigences of social order and wellbeing — quite apart from any Determinist philosophy.1


Moreover, as I shall hereafter show, if the retributive view of Punishment be strictly taken — abstracting completely from the preventive view — it brings our conception of Justice into conflict with Benevolence, as punishment presents itself as a purely useless evil. Similarly, as regards the sentiments which prompt to the expression of moral praise and blame — I admit that in the mind of a convinced Determinist, the desire to encourage good and prevent bad conduct must take the place of a desire to requite the one or the other: but again I see no reason why the Determinist species of moral sentiments should not be as effective in promoting virtue and social wellbeing as the Libertarian species.


§ 5. It is, however, of obvious practical importance to ascertain how far the power of the will (whether metaphysically free or not) actually extends : for this defines the range within which ethical judgments are in the strictest sense applicable. This inquiry is quite independent of the question of metaphysical freedom; we might state it in Determinist terms as an inquiry into the range of effects which it would be possible to cause by human volition, provided that adequate motives are not wanting. These effects seem to be mainly of three kinds: first, changes in the external world consequent upon muscular contractions; secondly, changes in the train of ideas and feelings that constitutes our conscious life; and thirdly, changes in the tendencies to act hereafter in certain ways under certain circumstances.


I. The most, obvious and prominent part of the sphere of volitional causation is constituted by such events as can be produced by muscular contractions. As regards these, it is sometimes said that it is properly the muscular contraction that we will, and not the more remote effects; for these require the concurrence of other causes, and therefore we can never be absolutely certain that they will follow. But no more is it certain, strictly speaking, that the muscular contraction will follow, since our limb may be paralysed, etc.


 The immediate consequent of the volition is some molecular change in the motor nerves. Since, however, we are not conscious in willing of our motor nerves and their changes, — nor indeed commonly of the muscular contractions that follow them, — it seems a misuse of terms to describe either as the normal 'object' of the mind in willing: since it is almost always some more remote effect which we consciously will and intend. Still of almost all effects of our will on the external world some contraction of our muscles is an indispensable antecedent; and when that is over our part in the causation is completed.


II. We can control to some extent our thoughts and feelings. It would seem, indeed, that an important part of what we commonly call 'control of feeling' comes under the head just discussed. Our control over our muscles enables us to keep down the expression of the feeling and to resist its promptings to action: and as the giving free vent to a feeling tends, generally speaking, to sustain and prolong it, this muscular control amounts to a certain power over the emotion. But there is not the same connexion between our muscular system and our thoughts: and yet experience shows that most men (though some, no doubt, much more than others) can voluntarily determine the direction of their thoughts, and pursue at will a given line of meditation. 


In such cases, what is effected by the effort of will seems to be the concentration of our consciousness on a part of its content, so that this part grows more vivid and clear, while the rest tends to become obscure and ultimately to vanish. Frequently this voluntary exertion is only needed to initiate a train of ideas, which is afterwards continued without effort: as in recalling a series of past events or going through a familiar train of reasoning. By such concentration we can free ourselves of many thoughts and feelings upon which we do not wish to dwell: but our power to do this is very limited, and if the feeling be strong and its cause persistent, it requires a very unusual effort of will to banish it thus.



every action or decision adds information to the mind and may slightly alter character


III. The effect of volition, however, to which I especially wish to direct the reader's attention is the alteration in men's tendencies to future action which must be assumed to be a consequence of general resolutions as to future conduct, so far as they are effective. Even a resolution to do a particular act — if it is worth while to make it, as experience shows it to be — must be supposed to produce a change of this kind in the person who makes it: it must somehow modify his present tendencies to act in a certain way on a foreseen future occasion. 

But it is in making general resolutions for future conduct that it is of most practical importance for us to know what is within the power of the will. Let us take an example. A man has been in the habit of drinking too much brandy nightly: one morning he resolves that he will do so no more. In making this resolve he acts under the belief that by a present volition he can so far alter his habitual tendency to indulgence in brandy, that some hours hence he will resist the full force of his habitual craving for the stimulant. 


Now whether this belief is well or ill founded is a different question from that usually discussed between Determinists and Libertarians: at the same time the two questions are liable to be confused. It is sometimes vaguely thought that a belief in Free Will requires us to maintain that at any moment we can alter our habits to any extent by a sufficiently strong exertion. And no doubt most commonly when we make such efforts, we believe at the moment that they will be completely effectual: we will to do something hours or days hence with the same confidence with which we will to do something immediately. But on reflection, no one, I think, will maintain that in such cases the future act appears
to be in his power in the same sense as a choice of alternatives that takes effect immediately. 


Not only does continual experience show us that such resolutions as to the future have a limited and too frequently an inadequate effect: but the common belief is really inconsistent with the very doctrine of Free Will that is thought to justify it: for if by a present volition I can fully determine an action that is to take place some hours hence, when the time comes to do that act I shall find myself no longer free. We must therefore accept the conclusion that each such resolve has only a limited effect: and that we cannot know when making it how far this effect will exhibit itself in the performance of the act resolved upon. 


At the same time it can hardly be denied that such resolves sometimes succeed in breaking old habits: and even when they fail to do this, they often substitute a painful struggle for smooth and easy indulgence. Hence it is reasonable to suppose that they always produce some effect in this direction; whether they operate by causing new motives to present themselves on the side of reason, when the time of inner conflict arrives; or whether they directly weaken the impulsive force of habit in the same manner as an actual breach of custom does, though in an inferior degree. 1

If this account of the range of volition be accepted, it will, I trust, dispel any lingering doubts which the argument of the preceding section, as to the practical unimportance of the Free Will controversy, may have left in the reader's mind. For it may have been vaguely thought that while on the Determinist theory it would be wrong, in certain cases, to perform a single act of virtue if we had no ground for believing that we should hereafter duly follow it up; on the assumption of Freedom we should boldly do always what would be best if consistently followed up, being conscious that such consistency is in our power. 


But the supposed difference vanishes, if it be admitted that by any effort of resolution at the present moment we can only produce a certain limited effect upon our tendencies to action at some future time, and that immediate consciousness cannot tell us that this effect will be adequate to the occasion, nor indeed how great it will really prove to be. For the most extreme Libertarian must then allow that before pledging ourselves to any future course of action we ought to estimate carefully, from our experience of ourselves and general knowledge of human nature, what the probability is of our keeping present resolutions in the circumstances in which we are likely to be placed. 


It is no doubt morally most important that we should not tranquilly acquiesce in any weakness or want of self-control : but the fact remains that such weakness is not curable by a single volition: and whatever we can do towards curing it by any effort of will - at any moment, is as clearly enjoined by reason on the Determinist theory as it is on the Libertarian. On neither theory is it reasonable that we should deceive ourselves as to the extent of our weakness, or ignore it in the forecast of our conduct, or suppose it more easily remediable than it really is.

   



the question of could we do otherwise?
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Isabelle Stengers

Isabelle Stengers is a Belgian philosopher of science noted for her collaboration with the Nobel-prize winning physical chenist Ilya Prigogine. Together they produced two landmark books on chaos and complexity theory, Order Out Of Chaos in 1984, and The End of Certainty: Time, Chaos and the New Laws of Nature in 1997..

Stengers is a pre-eminent interpreter of Alfred North Whitehead. For many years, she taught a course on Whitehead at the Free University of Brussels, and in 2002 published Penser avec Whitehead: "Une libre et sauvage création de concepts", a book of over 500 pages explicating Whitehead, whose Process and Reality was only 400 pages.


At the end of Part One, Stengers grapples with the idea of "decision" in Whitehead's thought. She first notes that an "actual occasion" contains multiple incoming prehensions from past occasions which Whitehead calls "alternative suggestions." These she identifies with  William James's alternative possibilities, which is the basis of two-stage models of free will. 


Stengers quotes this fragment from Science and the Modern World.


every actual occasion is set within a realm of alternative interconnected entities. This realm is disclosed by all the untrue propositions which can be predicated significantly of that occasion. It is the realm of alternative suggestions, whose foothold in actuality transcends each actual occasion. The real relevance of untrue propositions for each actual occasion is disclosed by art, romance, and by criticism in reference to ideals. It is the foundation of the metaphysical position which I am maintaining that the understanding of actuality requires a reference to ideality. The two realms are intrinsically inherent in the total metaphysical situation. The truth that some proposition respecting an actual occasion is untrue may express the vital truth as to the aesthetic achievement. It expresses the ‘great refusal’ which is its primary characteristic. An event is decisive in proportion to the importance (for it) of its untrue propositions:
   

Stengers' analysis contains echoes of the great existentialists' notions that any "decision" involves the "destruction" of some alternative possibilities  condemning them to "non-being." For example, Jean-Paul Sartre's L'être et le néant.


 Then Stengers homes in on James' notion of "doing otherwise as the essence of a free decision."
   

Sometimes, in the course of this text, I have been unable not to anticipate,
and to use the word "decision," which Whitehead was to use in Process and Reality
 to name the "breaking off" that turns the occasion into
the affirmation of a "thus and not otherwise." When he named the "great
refusal," Whitehead himself could doubtless not help but be inhabited by
a syntax that makes the occasion the producer of its limitation. No doubt
he was aware, when writing Science and the Modern World, that his concept
of an occasion was merely a first approximation. And perhaps the
use of the word "decision," in Process and Reality, indicates that he has
henceforth provided himself with the means to fully affirm the meaning
William James conferred upon this term: that of a living moment that
produces its own reasons.

Decisions, for him who makes them, are altogether peculiar psychic
facts. Self-luminous and self-justifying at the living moment at which they
occur, they appeal to no outside moment to put its stamp upon them or
make them continuous with the rest of nature. Themselves it is rather who
seem to make nature continuous; and in their strange and intense function
of granting consent to one possibility and withholding it from another, to
transform an equivocal and double future into an inalterable and simple
past (DD, 158).


With James, Whitehead refused to make continuity primary; that is, he
also refused to allow the occasion to be deduced from the whole. Every
continuity is a result, a succession of resumptions that are so many "purposes,"
deciding the way the present will prolong the past, give a future to
this past and make it "its" past. Yet the way James characterizes decision,
"granting consent to one possibility and withholding it from another,"
could not be adopted as such, for it contains too many unknowns. It had
to be constructed, in a way that enables every production of existence to
be characterized as a decision. It is the actual occasions themselves that
will affirm, no longer merely "just this, and no more," but "thus and not
otherwise."
   


Continuity is the essential nature of field theories, with their infinite number of points on a line. Whitehead's atomicity of experience suggests he favors a particulate view of nature, with a finite number of actual entities?  
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  J.J.C. Smart, in his July 1961 Mind article Free-Will, Praise and Blame (reprinted in Dworkin, 1970), put forward what became a paradigm for the standard argument against free will, used by a generation of philosophers after him to refute libertarian metaphysical free will, showing it to be self-contradictory by philosophical analysis.

Smart's call for modifying our common attitudes of praise and blame is the theme of modern hard incompatibilists, illusionists, and revisionists who claim free will is an illusion that requires the elimination of punishment for retributive reasons. 


His paper appeared shortly after Peter Strawson's landmark article Freedom and Resentment, which argued that even if free will did not exist, we would not give up our natural "reactive" attitudes toward praise and blame, a position that was first defended by David Hume as naturalism.


The combination of these two papers was toxic for libertarianism. The main focus of discussion shifted from free will to moral responsibility. Many philosophers, though remaining agnostic on the truth of determinism or indeterminism, began to argue that free will is an illusion, with some calling for society to eliminate retributive punishment. 


They argue that without free will no one deserves punishment. Society should punish only if it produces consequences that improve the behavior of criminals. 


Among the philosophers defending positions of "hard incompatibilism" and "illusionism" based on Smart's argument are Derk Pereboom, Galen Strawson, Manuel Vargas, Saul Smilansky, and the Harvard psychologists Daniel Wegner and Joshua Greene.


Here are excerpts from Smart's paper. Note that he too calls for us "to examine how our conclusions ought to modify our common attitudes of praise and blame."  

 
Free-Will, Praise and Blame (excerpts)

   In this article I try to refute the so-called "libertarian" theory of free will, and to examine how our conclusions ought to modify our common attitudes of praise and blame. In attacking the libertarian view, I shall try to show that it cannot be consistently stated. That is, my discussion will be an "analytic-philosophical" one. I shall neglect what I think is in practice an equally powerful method of attack on the libertarian: a challenge to state his theory in such a way that it will fit in with modern biology and psychology, which are becoming increasingly physicalistic.

It is difficult to state clearly just what is the metaphysical view about free will to which I object. This is because it seems to me to be a self-contradictory one, and in formal logic any proposition whatever can be shown to follow from a contradiction.


What is this metaphysical view about free will that I wish to attack? Its supporters usually characterise it negatively, by contrasting it with what it is not, namely determinism on the one hand and pure chance or caprice on the other.


Those who hold that determinism and moral responsibility are incompatible with one another do not, of course, hold that we are responsible for those of our actions which are due to pure chance. Somehow they want our moral choices to be neither determined nor a matter of chance. Campbell has a word for it: he says that our moral choices are instances of "contra-causal freedom."  There is not "unbroken causal continuity" in the universe, but we are sometimes able to choose between "genuinely open possibilities." None of these concepts is at all precisely defined by Campbell, but I propose to give definitions of "unbroken causal continuity" and of "pure chance" that may be acceptable to him, and to like-minded thinkers, and I shall then enquire whether in the light of these definitions there is any room for "contra-causal freedom" and "genuinely open possibilities."


  Dl. I shall state the view that there is "unbroken causal continuity" in the universe as follows. It is in principle possible to make a sufficiently precise determination of the state of a sufficiently wide region of the universe at time to, and sufficient laws of nature are in principle ascertainable to enable a superhuman calculator to be able to predict any event occurring within that region at an already given time t'.


D2. I shall define the view that "pure chance" reigns to some extent within the universe as follows. There are some events that even a superhuman calculator could not predict, however precise his knowledge of however wide a region of the universe at some previous time.


These definitions are themselves far from being precise. What does it mean to say that "sufficient laws of nature are in principle ascertainable"? The difficulty here comes from talking of the universe as deterministic or indeterministic. A perfectly precise meaning can be given to saying that certain theories are deterministic or indeterministic (for example that Newtonian mechanics is deterministic, quantum mechanics indeterministic), but our talk about actual events in the world as being determined or otherwise may be little more than a reflection of our faith in prevailing types of physical theory. It may therefore be that when we apply the adjectives "deterministic" and "indeterministic" to the universe as opposed to theories, we are using these words in such a way that they have no sense. This consideration does not affect our present inquiry, however. For the believer in free will holds that no theory of a deterministic sort or of a pure chance sort will apply to everything in the universe: he must therefore envisage a theory of a type which is neither deterministic nor indeterministic in the senses of these words which I have specified by the two definitions DI and D2; and I shall argue that no such theory is possible.
  



   Smart admits that "pure chance" [by which he means quantum uncertainty] exists to some extent within the universe. But he does not use chance to generate alternative possibilities that would permit one to have done otherwise. Instead he looks for multiple senses of "could have done otherwise."
  
  There are some events that even a superhuman calculator could not predict, however precise his knowledge of however wide a region of the universe at some previous time...It is important to distinguish "pure chance" from "chance" or "accident." Things may happen by chance or accident in a purely deterministic universe...Now there is perhaps a sense of "could not have done otherwise" in which whether or not a person could or could not have done otherwise depends on whether or not the universe is deterministic...But it does not follow that if a person could not have done otherwise in this special sense then he could not have done otherwise in any ordinary sense. Taken in any ordinary sense, within some concrete context of daily life, "he could have done otherwise" has no metaphysical implications. (p.199-201)
  


   The structure of Smart's argument purporting to show that determinism is true seems very simple. He claims there are only two definitions of how things can be, that they are exhaustive and mutually exclusive. One is determinist, the other involves "chance."  Moral responsibility is impossible with "chance." Q.E.D. 

Determinism and indeterminism are the two horns of the dilemma in the standard argument against free will. Most recent philosophers follow Smart in his simple proof that a theory of free will is impossible.


Smart is an extreme case of those who believe quantum indeterminism might be a direct cause of action. He said:
  

  "Indeterminism does not confer freedom on us: I would feel that my freedom was impaired if I thought that a quantum mechanical trigger in my brain might cause me to leap into the garden and eat a slug."


(Atheism and Theism, 2003, p.63)
  

Smart's article was an attack on the "contra-causal freedom" of C. A. Campbell. Campbell responded in an article in Mind a couple of years later,  


'It seems to me patent that Smart has really
begged the whole question in his formulation of D2 ("pure chance ").
This formulation is quite unacceptable as a basis for argument about
whether " contra-causal freedom" exists, for implicit within it is
the assumption that " contra-causal freedom " does not exist. It is
only by making this assumption that it can seem proper to define
" pure chance " in Smart's way, as though it were the contradictory,
and not the contrary, opposite of " unbroken causal continuity ".
If, making this assumption, we do so define it, then of course any
case of a breach of causal continuity is eo ipso a case of " pure
chance "; and the Libertarian's " contra-causal freedom ", which
involves a breach of causal continuity and yet is not a case of " pure
chance ", has been quietly ruled out by definition.'


It was difficult for Campbell to promote his idea that freedom was not "pure chance," since Smart's logic seems so simple and compelling.  The real error in Smart's work is to assume that if any chance at all exists, then everything is random. We need a limited indeterminism.

And Smart had a deep physical reason for denying the existence of chance. In his 1964 book Problems of Space and Time (p.297), Smart introduced Hermann Minkowski's 1908 "block universe" in which Smart sees a future that has already happened.
  


  In his 1989 book Our Place in the Universe, Smart describes his space-time view that the future of the universe is just as determinate as the past and present, even given quantum mechanical indeterminism. He calls himself a "de-tenser" who recognizes the asymmetry of memory traces that makes us plan for the future, but not the past, as an illusion.  
  
  For most purposes we can regard the laws of nature as time-symmetrical. I think it unlikely that the illusion of time asymmetry that we experience when we think that time flows one way is related to the difference between T symmetry and CPT symmetry. It seems that the sort of explanation of memory traces and so on which is based on Reichenbach's theory of branch systems, in the context of statistical mechanics, is on the right track and that it would work just as well if the laws of nature were completely time-symmetric, as indeed to a high degree they actually are. In any case we do not need any notion of time flow in order to explain the temporal asymmetry of the universe, in particular the asymmetry with respect to traces. Even if the notion of time flow made sense, explanations by reference to it would be too facile.

ATTITUDES TO PAST AND FUTURE


Planning is an information flow process and in view of the asymmetry about traces information flows from earlier to later. Thus we plan for the future and steel ourselves against future pain. Since planning is of use for survival, our different attitudes to past and future have been built into our species by natural selection. We may say 'Thank goodness that's over' because there is now no need to make plans or worry more. Of course a trait that has been selected because it is useful for survival need not be useful in all ways or circumstances. A prisoner who knows that he will be executed next day will feel fear and apprehension and will be far more unhappy in consequence. Fear has a general usefulness, since it promotes avoiding action, for example when a person is confronted by a poisonous snake, but that does not mean that it is useful when avoiding action is impossible. Does the possibility of planning the future imply that the future is indeterminate? On the space-time view the future must of course be determinate. Some readers may sense a difficulty here. (p.44-5)


Some philosophers have differed from the line taken in the present book in that they have taken a fundamentally tensed view of truth. Propositions about the future, such philosophers hold, are neither true nor false, though they will become true or become false. In other words, they hold that the future is indeterminate. They think that as the future becomes present and then past it changes from being indeterminate to being determinate. This is to suppose a type of change that in chapter 2 I have given reasons for rejecting. The future is perfectly determinate, up there ahead of us in Minkowski space-time. There can be indefiniteness, as with the position or momentum of a particle, on account of quantum mechanics, but this indefiniteness is no more in the future than in the past: consider the puzzle as to which slit or neither a particle goes through in a two-slit experiment in 1940 AD and in a two-slit experiment in 2000 AD. Note that before the collapse of the Schrodinger wave that gives the particle a definite position and infinitely indefinite momentum (or in another type of experiment vice versa) both the propositions 'The electron has a definite position' and 'The electron has a definite momentum' are false. Thus the indefiniteness in quantum mechanics does not imply indeterminateness or absence of truth value of propositions, or a third truth value different from 'true' and 'false'. (p.154-5)


Thus we must say that the future is determinate, just as the present and past are. The whole universe is determinate. This is so whether it is deterministic (as used to be believed) or is indeterministic (as is at present believed). The determinateness of future events does not imply determinism. An event can be just as determinate whether its occurrence does or does not depend on the laws of nature together with some earlier state of the universe. (p.155)


One good thing about thinking of the world spatiotemporally is that it gives us a strong sense of the reality of the future. (A sense that we ought to have anyway.) Because of muddled thinking a lack of feeling for the reality of the future is quite common, and I shall suggest shortly that this muddle may have dangerous practical consequences. Some philosophers have questioned not only the reality of the future but that of the past. This is because of the tendency of a certain type of philosopher to confuse a proposition with the evidence for it, or warranted belief with truth. (p.155)


Connected with the idea that the future is unreal is the idea that we can alter the future but not the past. Now certainly we can causally determine the future but not the past, because in action we are operating an information flow system whose memory base depends on the asymmetry about traces which I discussed in chapter 2. Modulo the fact that I'm not keen on the notion of 'causality' as an appropriate one for theoretical physics, I am open to ideas about backwards causality as regards elementary processes, but macroscopically there does appear to be an asymmetry in the causal grain of the universe. But to say that we can determine the future is not to say that we can change the future. Suppose that I try to change the future by lifting either my left hand or my right hand. I decide to lift my left hand. This does not change the future. Lifting my left hand was the future. The notion of changing the future is equivalent to that of changing things in the Minkowski space-time world. This involves the illegitimate notion of a hyper-time through which the four-dimensional world endures. The attempt to change the future is as foolish as the attempt to demonstrate free will by doing the opposite to what one has just done. As Hume says (Inquiry Concerning Human Understanding, section VIII, part I, n. 7) we feel that 'the will moves easily every way' and when we try to demonstrate free will 'We consider not that the fantastical desire of showing liberty is here the motive of our action.' (Hume means 'free will in the libertarian sense' – at bottom he is a compatibilist.) Similarly the fantastical desire of showing that we can change the future does not succeed – we merely cause the future to be what it is (tenseless). (p.157)
  


The Mind-Brain Identity Theory

 
Smart was one of the early philosophers to propose a pure physicalist solution to the mind-body problem by identifying the mind and the brain, reducing the mind to the brain, and making the "mind" an epiphenomenon or illusion.

The first philosophers to argue for an identity of mind (or consciousness) and brain include Ullin T. Place (1956) and Herbert Feigl (1958).


Place explicitly describes "consciousness as a brain process," specifically as "patterns" of brain activity. He does not trivialize this identity as a succession of individual "mental events and physical events" in some kind of causal chain. He compares this identity to the idea that "lightning is a motion of electrical charges." 


Herbert Feigl's work was independent of Place's, but he said that the fundamental idea had been held by many earlier materialist (monist) thinkers. He thought it was stated clearly by Rudolf Carnap in 1925. Feigl describes his own thesis:


The identity thesis which I wish to clarify and to defend asserts that the states of direct experience which conscious beings "live through" and those which we confidently ascribe to some of the higher animals, are identical with certain (presumably configurational) aspects of the neural processes in these organisms.


J.J.C.Smart clarified and extended the identity theory of his colleague U.T.Place


When I say that a sensation is a brain process or
that lightning is an electric discharge, I am using
"is" in the sense of strict identity. (Just as in
the — in this case necessary — proposition "7 is
identical with the smallest prime number
greater than 5.") When I say that a sensation is a
brain process or that lightning is an electric dis-
charge I do not mean just that the sensation is
somehow spatially or temporally continuous
with the brain process or that the lightning is
just spatially or temporally continuous with the
discharge.


Smart is a strong materialist. He says "A man is a vast arrangement of physical particles, but there are not, over and above this, sensations or states of consciousness." (ibid.) 
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Sartre's great work, L-Être et le Neant (Being and Nothingness) follows in a direct line from Martin Heidegger's  (Being and Time), Friedrich Nietzsche's notion that God is dead, and G. W. F. Hegel's Phänomenologie des Geistes (Phenomenology of Spirit), as well as Marx's dialectical materialism.

Hegel's great "Aufhebung"and the Marxian dialectic is simplified in English as the triad thesis - antithesis - synthesis. This  does not capture Hegel's sense that the third stage rises up and overcomes the conflict and poses a new thesis in an unending succession. 


In Heidegger, Being or unchanging eternal essence becomes lower-case being (dasein), the human condition of being thrown into the world and having to make decisions ("Dezisions") that Heidegger characterizes as Destruktion.


In Sartre's freedom, Heidegger's idea of Destruktion in a willed decision, the Hegelian dialectical "negation," becomes the "annihilation" of possibilities, which are thereby condemned to "nothingness." 


Since the death of God, there is no reason to justify such decisions, no absolute values. The freedom to choose, to make oneself by one's willed actions, is therefore absurd. We are "condemned to this freedom," Sartre argued.



Freedom has no essence. It is not subject to any
logical necessity.

For the for-itself, to be is to nihilate the in-itself
which it is. Under these conditions freedom can be
nothing other than this nihilation. It is through this
that the for-itself escapes its being as its essence; it is
through this that the for-itself is always something
other than what can be said of it."


[I am] condemned to exist forever beyond my essence, beyond the causes and motives of my act. I am condemned to be free. 


Freedom "is a choice of its being but not the foundation
of its being. . . . This choice is absurd, not
because it is without reason but because there has
never been any possibility of not choosing oneself.
. . . It is absurd in this sense—that the choice is that
by which all foundation and all reasons come into
being, that by which the very notion of the absurd
receives its meaning."




Ironically, at about the same time, philosophers in Britain were arguing that values exist but determinism prevents the freedom of the will to choose according to those values.
 

Freedom without Values is Absurd (Continental Existentialism).

Values without Freedom are Worthless (British Utilitarianism).


Sartre writes:

When we think of God as the creator, we are thinking of
him, most of the time, as a supernal artisan. Whatever doctrine
we may be considering, whether it be a doctrine like
that of Descartes, or of Leibnitz himself, we always imply
that the will follows, more or less, from the understanding or
at least accompanies it, so that when God creates he knows
precisely what he is creating. Thus, the conception of man
in the mind of God is comparable to that of the paper-knife
in the mind of the artisan: God makes man according to a
procedure and a conception, exactly as the artisan manufactures
a paper-knife, following a definition and a formula.
Thus each individual man is the realization of a certain conception
which dwells in the divine understanding. In the
philosophic atheism of the eighteenth century, the notion of
God is suppressed, but not, for all that, the idea that essence
is prior to existence; something of that idea we still find
everywhere, in Diderot, in Voltaire and even in Kant.
Man possesses a human nature; that "human nature,"
which is the conception of human being, is found in every
man; which means that each man is a particular example of
a universal conception, the conception of Man. In Kant, this
universality goes so far that the wild man of the woods, man
in the state of nature and the bourgeois are all contained in
the same definition and have the same fundamental qualities.
Here again, the essence of man precedes that historic existence
which we confront in experience

Atheistic existentialism, of which I am a representative,
declares with greater consistency that if God does not exist
there is at least one being whose existence comes before its
essence, a being which exists before it can be defined by
any conception of it. That being is man or, as Heidegger
has it, the human reality. What do we mean by saying that
existence precedes essence? We mean that man first of all
exists, encounters himself, surges up in the world—and defines
himself afterwards. 


If man as the existentialist sees
him is not definable, it is because to begin with he is nothing.
He will not be anything until later, and then he will be
what he makes of himself. Thus, there is no human nature, 
because there is no God to have a conception of it. Man
simply is. Not that he is simply what he conceives himself
to be, but he is what he wills, and as he conceives himself
after already existing—as he wills to be after that leap towards
existence. Man is nothing else but that which he
makes of himself. That is the first principle of existentialism.
And this is what people call its "subjectivity," using the
word as a reproach against us. But what do we mean to say
by this, but that man is of a greater dignity than a stone or a
table? For we mean to say that man primarily exists—that
man is, before all else, something which propels itself towards
a future and is aware that it is doing so. Man is, indeed, a
project which possesses a subjective life, instead of being a
kind of moss, or a fungus or a cauliflower. Before that projection
of the self nothing exists; not even in the heaven of
intelligence: man will only attain existence when he is what
he purposes to be. Not, however, "what he may wish to be.
For what we usually understand by wishing or willing is a
conscious decision taken—much more often than not—after
we have made ourselves what we are. I may wish to join
a party, to write a book or to marry—but in such a case what
is usually called my will is probably a manifestation of a
prior and more spontaneous decision. If, however, it is true
that existence is prior to essence, man is responsible for what
he is. Thus, the first effect of existentialism is that it puts
every man in possession of himself as he is, and places the
entire responsibility for his existence squarely upon his own
shoulders. 



Walter Kauffman, the translator or Nietzsche, saw a great (anti-) parallel between Sartre and a passage in Beyond Good and Evil (below)


Kauffman's footnote to § 23 of Beyond Good and Evil, p.28
 
Cf. Sartre's famous dictum: "If man as the existentialist sees him is not definable, it is because to begin with he is nothing. He will not be anything until later, and then he will be what he makes of himself. . . Man simply is. Not that he is simply what he conceives himself to be, but he is what he wills . . . Man is nothing else but that which he makes of himself. That is the first principle of existentialism. . . Before that projection of the self nothing exists . . Man is responsible for what he is. Thus, the first effect of existentialism is that it puts every man in possession of himself as he is, and places the entire responsibility for his existence squarely upon his own shoulders" ("Existentialism Is a Humanism," included in Existentialism from Dostoevsky to Sartre, ed. Walter Kaufmann, pp. 290f.).

Reading this without showing that Beyond Good and Evil was published in 1886 and Sartre's lecture in 1946, one would scarcely guess at Nietzsche's immense influence on existentialism in general and Sartre in particular; one might even suppose that Nietzsche was here polemicizing against Sartre. Cf. also section 8 of "The Four Great Errors" in Twilight of the Idols (Portable Nietzsche, p. 500), where some implications of the above passage in Beyond Good and Evil are developed briefly. 
 



Section 8 of The Four Great Errors reads:
 
What alone can be our doctrine? That no one gives
man his qualities—neither God, nor society, nor his
parents and ancestors, nor he himself. (The nonsense of
the last idea was taught as "intelligible freedom" by
Kant—perhaps by Plato already.) No one is responsible
for man's being there at all, for his being such-and-such,
or for his being in these circumstances or in this environment.
The fatality of his essence is not to be disentangled
from the fatality of all that has been and
will be. Man is not the effect of some special purpose,
of a will, and end; nor is he the object of an attempt to
attain an "ideal of humanity" or an "ideal of happiness"
or an "ideal of morality." It is absurd to wish to devolve
one's essence on some end or other. We have invented
the concept of "end": in reality there is no end.
One is necessary, one is a piece of fatefulness, one
belongs to the whole, one is in the whole; there is
nothing which could judge, measure, compare, or sentence
our being, for that would mean judging, measuring, comparing, or sentencing the whole. But there is
nothing besides the whole. That nobody is held responsible
any longer, that the mode of being may not
be traced back to a causa prima, that the world does
not form a unity either as a sensorium or as "spirit"—
that alone is the great liberation; with this alone is the
innocence of becoming restored. The concept of "God"
was until now the greatest objection to existence. We
deny God, we deny the responsibility in God: only
thereby do we redeem the world.



Nietzsche's  § 7 is "The error of free will."
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John Duns Scotus was an English/Scotch theologian whose view of the creation was diametrically opposed to that of his near contemporary predecessor  Thomas Aquinas (1225–1274).

Aquinas thought that God had created all thing in accordance with Reason, and thus had no freedom in his creations, concluding logically that there is only one possible world. By contrast, Scotus insisted that God's freedom meant that to learn what exists, one has to study the actual world, gathering evidence about reality.
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  John Searle
  

  


  
  Home › Solutions › Philosophers › Searle
John Searle

John Searle has written extensively on the problem of consciousness and almost always reflects on the problem of free will. His position rarely changed over the decades, but in his recent short essays on Freedom and Neurobiology he has tackled the problem more directly and for the first time embraced indeterminism as a positive factor. Indeed, he goes as far as to say that quantum indeterminism is a requirement for consciousness.


He writes, "The persistence of the free will problem in philosophy seems to me something of a scandal. After all these centuries of writing about free will, it does not seem to me that we have made very much progress."  (Freedom and Neurobiology, p.37)  


Note that Searle makes a distinction between "'free will" and "the problem of free will."  This is because his real interest is in what David Chalmers calls the "hard problem" of consciousness. Searle mistakenly claims that conscious and subjective awareness of our decisions is a requirement for free will, which it is not.  Subjective awareness is better seen as a psychological problem, as Searle knows.


Searle thinks we are nowhere near solving the problem of free will.  But it is mostly because Searle subscribes, like most philosophers and scientists, to the mistaken idea that nature is causal and deterministic and that human free will is some kind of exception to the laws of nature that he describes as a "gap."


the basic idea is clear enough. In our dealings with nature we assume that everything that happens occurs as a result of antecedently sufficient causal conditions. And when we give an explanation by citing a cause, we assume that the cause we cite, together with the rest of the context, was sufficient to bring about the event we are explaining.(p.44)


In his 2010 essay, Consciousness and the Problem of Free Will, Searle makes clear that the "problem of free will" arises in the context of his simplistic notion of the natural world.


The problem of free will arises because there is a conflict between two deeply held convictions and we do not see how to shake off either conviction. The first conviction is that human actions are natural events like any other events in the world. Human actions are part of the natural world as much as human digestion and human growth, along with the movement of tectonic plates and the growth of seeds into plants, and as such they are subject to natural forces. But this seems to imply that human actions are entirely determined, that they are as determined as any other biological process or, for that matter, any natural process in the world. (Free Will and Consciousness,, Baumeister et al., p.124)

 
Searle is completely wrong about nature. Creative cosmic processes have always had a free element followed by an adequately determined selection process, such as biological evolution.


 But, Searle says, we cannot proceed without assuming freedom - it is presupposed, an axiom. The scientific problem of free will is not a problem in language or logic, depending on definitions and axioms. Searle is interested in the "traditional" philosophical problem of free will. :


The problem of free will is unusual among contemporary philosophical issues in that we are nowhere remotely near to having a solution. I can give you a pretty good account of consciousness, intentionality, speech acts and of the ontology of society but I do not know how to solve the problem of free will.

Well, why is that important? There are lots of problems we do not have solutions to. The special problem of free will is that we cannot get on with our lives without presupposing free will. Whenever we are in a decision-making situation, or indeed, in any situation that calls for voluntary action, we have to presuppose our own freedom. (Freedom and Neurobiology, p.11)



In 2007 and a breakthrough of sorts, Searle admits that he could never see, until now, the point of introducing quantum mechanics into discussions of consciousness and free will. Now he says we know two things:


First we know that our experiences of free action contain both indeterminism and rationality...Second we know that quantum indeterminacy is the only form of indeterminism that is indisputably established as a fact of nature...it follows that quantum mechanics must enter into the explanation of consciousness." (F&N, p.74-75)


He describes the discovery of irreducible quantum randomness in the universe.

An interesting change occurred in the early decades of the twentieth century. At the most fundamental level of physics, nature turns out not to be in that way deterministic. We have come to accept at a quantum mechanical level explanations that are not deterministic. However, so far quantum indeterminism gives us no help with the free will problem, because that indeterminism introduces randomness into the basic structure of the universe, and the hypothesis that some of our acts occur freely is not at all the same as the hypothesis that some of our acts occur at random. I will have more to say about this issue later. (F&N,p.44)

There are a number of accounts that seem to explain consciousness and even free will in terms of quantum mechanics. I have never seen anything that was remotely convincing, but it is important for this discussion that we remember that as far as our actual theories of the universe are concerned, at the most fundamental level we have come to think that it is possible to have explanations of natural phenomena that are not deterministic. And that possibility will be important when we later discuss the problem of free will as a neurobiological problem. (F&N,p.45)



We have identified several mechanisms for free will involving quantum mechanics. Searle is quite right that most of them are not convincing.



Searle argues for a fundamental difference between passive activities like perceptions and the active character of what he calls "volitional consciousness."


For example, if I am standing in a park looking at a tree, there is a sense in which it is not up to me what I experience. It is up to how the world is and how my perceptual apparatus is. But if I decide to walk away or raise my arm or scratch my head, then I find a feature of my experiences of free, voluntary actions that was not present in my perceptions. The feature is that I do not sense the antecedent causes of my action in the form of reasons, such as beliefs and desires, as setting causally sufficient conditions for the action; and, which is another way of saying the same thing, I sense alternative courses of action open to me. (p.41)


Searle senses a "gap" between the decision and the action.

In typical cases of deliberating and acting, there is, in short, a gap, or a series of gaps, between the causes of each stage in the processes of deliberating, deciding and acting, and the subsequent stages. If we probe more deeply we can see that the gap can be divided into different sorts of segments. There is a gap between the reasons for the decision and the making of the decision. There is a gap between the decision and the onset of the action. (F&N, p.42)


For Searle, his "gap" is the possible home of the mysterious causa sui that makes us "feel" our volitions are up to us and not just happening to us like our perceptions and other external events. But our freedom from deterministic causes is much deeper than our subjective feelings, being "conscious" of our decisions and actions. Many of our decisions and actions are "sub-conscious" and automatic. We would be hopelessly slowed down if every act had to rise to the level of a conscious deliberation and subjective feelings.


Searle describes "open" alternative courses of action. It is very important to place the "gap" or causa sui before or during the generation of these alternative possibilities for deliberation to be followed by willed action. The result is a two-stage, temporal-sequence model with no need for Searle's later causal gaps.


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=vCyKNtocdZE


In a 2007 lecture at Google (available on YouTube), Searle described his "Hypothesis 2" for free will. 


He said three things are necessary:
	some quantum indeterminism must be involved, but at "a lower level,"
	a quantum explanation of consciousness is needed,
	the higher-level of consciousness must inherit the indeterminism, but without inheriting the randomness.


  
Searle's requirements are met by a two-stage model in which indeterminism is limited in the first ("free") stage to the generation of alternative possibilities, so there is no indeterminism, but rather an adequate determinism,  in the second ("will") stage.

First "free," then "will."  First chance, then choice.


Our thoughts come to us freely. Our actions go from us willfully.
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Excerpts from Freedom and Neurobiology
From Philosophy and the Basic Facts (p.11)


The problem of free will is unusual among contemporary philosophical issues in that we are nowhere remotely near to having, a solution. I can give you a pretty good account of consciousness, intentionality, speech acts and of the ontology of society but I do not know how to solve the problem of free will.

Well, why is that important? There are lots of problems we do not have solutions to. The special problem of free will is that we cannot get on with our lives without presupposing free will. Whenever we are in a decision-making situation, or indeed, in any situation that calls for voluntary action, we have to presuppose our own freedom. Suppose you are given a choice in a restaurant between steak and veal. The waiter asks you "And sir, which would you prefer, the steak or the veal?" You cannot say to the waiter,"Look, I am a determinist. I will just wait and see what I order because I know,that my order is determined.' The refusal, i.e. the conscious, intentional speech act of refusing to place an order, is only intelligible to you if you understand it as an exercise of your own free will. The point that I am making now is not that free will is a fact. We don't know if it is a fact. The point is that given the structure of our consciousness, we cannot proceed except on the position of free will. 

  
From Free Will as a Problem in Neurobiology (pp.37-47)


The persistence of the traditional free will problem in philosophy seems to me something of a scandal. After all these centuries of writing about free will, it does not seem to me that we have made very much progress.

Is there some conceptual problem that we are unable to overcome? Is there some fact that we have simply ignored? Why is it that we have made so little advance over our philosophical ancestors?


Typically, when we encounter one of these problems that seems insoluble it has a certain logical form. On the one hand we have a belief or a set of beliefs that we feel we really cannot give up, but on the other hand, we have another belief or set of beliefs that is inconsistent with the first set, and seems just as compelling as the first set. So, for example, in the old mind-body problem we have the belief that the world consists entirely of material particles in fields of force, but at the same time the world seems to contain consciousness, an immaterial phenomenon; and we cannot see how to put the immaterial together with the material into a coherent picture of the universe. In the old problem of skeptical epistemology, it seems, on the one hand, according to common sense, that we do have certain knowledge of many things in the world, and yet, on the other hand, if we really have such knowledge, we ought to be able to give a decisive answer to the skeptical arguments, such as, How do we know we are not dreaming, are not a brain in a vat, are not being deceived by evil demons, etc.? But we do not know how to give a conclusive answer to these skeptical challenges. In the case of free will the problem is that we think explanations of natural phenomena should be completely deterministic. The explanation of the Loma Prieta earthquake, for example, does not explain why it just happened to occur, it explains why it had to occur. Given the forces operating on the tectonic plates, there was no other possibility. But at the same time, when it comes to explaining a certain class of human behavior, it seems that we typically have the experience of acting "freely" or "voluntarily" in a sense of these words that makes it impossible to have deterministic explanations. For example, it seems that when I voted for a particular candidate and did so for a certain reason, well, all the same, I could have voted for the other candidate all other conditions remaining the same. Given the causes operating on me, I did not have to vote for that candidate. So when I cite the reason as an explanation of my action I am not citing causally sufficient conditions. So we seem to have a contradiction. On the one hand we have the experience of freedom, and on the other hand we find it very hard to give up the view that because every event has a cause, and human actions are events, they must have sufficient causal explanations as much as earthquakes or rain storms.


When we at last overcome one of these intractable problems it often happens that we do so by showing that we had made a false presupposition. In the case of the mind-body problem, we had, I believe, a false presupposition in the very terminology, in which we stated the problem. The terminology of mental and physical, of materialism and dualism, of spirit and flesh, contains a false presupposition that these must name mutually exclusive categories of reality — that our conscious states qua subjective, private, qualitative, etc. cannot be ordinary physical, biological features of our brain. Once we overcome that presupposition, the presupposition that the mental and the physical naively construed are mutually exclusive, then it seems to me we have a solution to the traditional mind-body problem. And here it is: All of our mental states are caused by neurobiological processes in the brain, and they are themselves realized in the brain as its higher-level or system features. So, for example, if you have a pain, your pain is caused by sequences of neuron firings, and the actual realization of the pain experience is in the brain.


The solution to the philosophical mind-body problem seems to me not very difficult. However, the philosophical solution kicks  the problem upstairs to neurobiology, where it leaves us with a very difficult neurobiological problem. How exactly does the brain do it, and how exactly are conscious states realized in the brain? What exactly are the neuronal processes that cause our conscious experiences, and how exactly are these conscious experiences realized in brain structures?


Perhaps we can make a similar transformation of the problem of free will. Perhaps if we analyze the problem sufficiently, and remove various philosophical confusions, we can see that the remaining problem is essentially a problem about how the brain works. In order to work toward that objective I need first to clarify a number of philosophical issues.


Let us begin by asking why we find the conviction of our own free will so difficult to abandon. I believe that this conviction arises from some pervasive features of conscious experience. If you consider ordinary conscious activities such as ordering a beer in a pub, watching a movie, or trying to do your income tax, you discover that there is a striking difference between the passive character of perceptual consciousness and the active character of what we might call "volitional consciousness" For example, if I am standing in a park looking at a tree, there is a sense in which it is not up to me what I experience. It is up to how the world is and how my perceptual apparatus is. But if I decide to walk away or raise my arm or scratch my head, then I find a feature of my experiences of free, voluntary actions that was not present in my perceptions. The feature is that I do not sense the antecedent causes of my action in the form of reasons, such as beliefs and desires, as setting causally sufficient conditions for the action; and, which is another way of saying the same thing, I sense alternative courses of action open to me.


You see this strikingly if you consider cases of rational decision making. I recently had to decide which candidate to vote for in a presidential election. Suppose, for the sake of argument, that I voted for George W. Bush. I had certain reasons for voting for Bush, and certain other reasons for not voting for Bush. But, interestingly, when I chose to vote for Bush on the basis of some of those reasons and not others, and later when I actually cast a vote for Bush in a voting booth, I did not  sense the antecedent causes of my action as setting causally sufficient conditions. I did not sense the reasons for making the decision as causally sufficient to force the decision, and I did not sense the decision itself as causally sufficient to force the action. In typical cases of deliberating and acting, there is, in short, a gap, or a series of gaps, between the causes of each stage in the processes of deliberating, deciding and acting, and the subsequent stages. If we probe more deeply we can see that the gap can be divided into different sorts of segments. There is a gap between the reasons for the decision and the making of the decision. There is a gap between the decision and the onset of the action, and for any extended action, such as when I am trying to learn German or to swim the English Channel, there is a gap between the onset of the action and its continuation to completion. In this respect, voluntary actions are quite different from per- ceptions. There is indeed a voluntaristic   element in perception. I can, for example, choose to see the ambiguous figure either as a duck or a rabbit, but for the most part my perceptual experiences are causally fixed. That is why we have a problem of the freedom of the will, but
we do not have a problem of the freedom of perception. The gap, as I have described it, is a feature of our conscious, voluntary activities. At each stage, the conscious states  are not experienced as sufficient to compel the next conscious state. There is thus only one continuous experience of the gap, but we can divide it into three different sorts of manifestations, as I did above. The gap is between one conscious state and the next, not between conscious states and bodily movements or between physical stimuli and conscious states.


This experience of free will is very compelling, and even those of us who think it is an illusion find that we cannot in practice act on the presupposition that it is an illusion. On the contrary, we have to act on the presupposition of freedom. Imagine that you are in a restaurant and you are given a choice between veal and pork, and you have to make up your mind. You cannot refuse to exercise free will in such a case, because the refusal itself is only intelligible to you as a refusal if you take it as an exercise of free will. So if you say to the waiter, "Look, I am a determinist — che sara sara, I'll just wait and see what I order," that refusal to exercise free will is only intelligible to you as one of your actions if you take it to be an exercise of your free will. Kant pointed this out a long time ago. We cannot think away our free will. The conscious experiences of the gap give us the conviction of human freedom.


If we now turn to the opposing view and ask why we are so convinced of determinism, the arguments for determinism seem just as compelling as the arguments for free will. A basic feature of our relation to the world is that we find the world causally ordered. Natural phenomena in the world have causal explanations, and those causal explanations state causally sufficient conditions. Customarily, in philosophy, we put this point by saying that that every event has a cause, That formulation is, of course, much too crude to capture the complexity of the idea of causation that we are working with. But the basic idea is clear enough. In our dealings with nature we assume that everything that happens occurs as a result of antecedently sufficient causal conditions.  And when we give an explanation by citing a cause, we assume that the cause we cite, together with the rest of the context, was sufficient to bring about the event we are explaining. In my earlier example of the earthquake, we assume that the event did not just happen to occur, in that situation it had to occur. In that context the causes were sufficient to determine the event.


An interesting change occurred in the early decades of the twentieth century. At the most fundamental level of physics, nature turns out not to be in that way deterministic. We have come to accept at a quantum mechanical level explanations that are not deterministic. However, so far quantum indeterminism gives us no help with the free will problem, because that indeterminism introduces randomness into the basic structure of the universe, and the hypothesis that some of our acts occur freely is not at all the same as the hypothesis that some of our acts occur at random. I will have more to say about this issue later.


There are a number of accounts that seem to explain consciousness and even free will in terms of quantum mechanics. I have never seen anything that was remotely convincing, but it is important for this discussion that we remember that as far as our actual theories of the universe are concerned, at the most fundamental level we have come to think that it is possible to have explanations of natural phenomena that are not deterministic. And that possibility will be important when we later discuss the problem of free will as a neurobiological problem.


It is important to emphasize that the problem of free will, as I have stated it, is a problem about a certain kind of human consciousness. Without the conscious experience of the gap, that is, without the conscious experience of the distinctive features of free, voluntary, rational actions, there would be no problem of free will. We have the conviction of our own free will because of certain features of our consciousness. The question is: Granted that we have the experience of freedom, is that experience valid or is it illusory? Does that experience correspond to something in reality beyond the experience itself? We have to assume that there are causal antecedents to our actions. The question is: Are those causal antecedents in case sufficient to determine the action, or are there some cases where they are not sufficient, and, if so, how do we account for those cases?


Let us take stock of where we are. On the one hand we have the experience of freedom, which, as I have described it, is the experience of the gap. The gap between the antecedent causes of our free, voluntary decisions and actions and the actual making of those decisions and the performance of those actions. On the other hand we have the presupposition, or the assumption, that nature is a matter of events occurring according to causally sufficient conditions, and we find it difficult to suppose that we could explain any phenomena without appealing to causally sufficient conditions.


For the purposes of the discussion that follows, I am going to assume that the experiences of the gap are psychologically valid. That is, I am going to assume that for many voluntary, free, rational human actions, the purely psychological antecedents of the action are not causally sufficient to determine the action. This occurred, for example, when I selected a candidate to vote for in the last American presidential election. I realize that a lot of people think that psychological determinism is true, and I have certainly not given a decisive refutation of it. Nonetheless, it seems to me we find the psychological experience of freedom so compelling that it would be absolutely astounding if it turned out that at the psychological level it was a massive illusion, that all of our behavior was psychologically compulsive. There are arguments against psychological determinism, but I am not going to present them in this chapter. I am going to assume that psychological determinism is false, and that the real problem of determinism is not at the psychological level, but at a more fundamental neurobiological level.


Furthermore, there are several famous issues about free will that I will not discuss, and I mention them here only to set them aside. I will have nothing to say about compatibilism, the view that free will and determinism are really consistent with each other. According to the definitions of these terms that I am using, determinism and free will are not compatible. The thesis of determinism asserts that all actions are preceded by sufficient causal conditions that determine them. The thesis of free will asserts that some actions are not preceded by sufficient causal conditions. Free will so defined is the negation of determinism. No doubt there is a sense of these words where free will is compatible with determinism (when, for example, people march in the streets carrying signs that say, "Freedom Now," they are presumably not interested in physical or neurobiological laws), but that is not the sense of these terms that concerns me. I will also have nothing to say about moral responsibility.  Perhaps there is some interesting connection between the problem of free will and the problem of moral responsibility, but if so I will have nothing to say about it in this chapter.

  
Excerpts from Mind, Brains, and Science, 1984
Chapter 4 The Freedom of the Will (pp.86-99)


In these pages, I have tried to answer what to me are some of the most worrisome questions about how we as human beings fit into the rest of the universe. Our conception of ourselves as free agents is fundamental to our overall self-conception. Now, ideally, I would like to be able to keep both my commonsense conceptions and my scientific beliefs. In the case of the relation between mind and body, for example, I was able to do that. But when it comes to the question of freedom and determinism, I am – like a lot of other philosophers – unable to reconcile the two.

One would think that after over 2000 years of worrying about it, the problem of the freedom of the will would by now have been finally solved. Well, actually most philosophers think it has been solved. They think it was solved by Thomas Hobbes and David Hume and various other empirically-minded philosophers whose solutions have been repeated and improved right into the twentieth century. I think it has not been solved. In this lecture I want to give you an account of what the problem is, and why the contemporary solution is not a solution, and then conclude by trying to explain why the problem is likely to stay with us.


On the one hand we are inclined to say that since nature consists of particles and their relations with each other, and since everything can be accounted for in terms of those particles and their relations, there is simply no room for freedom of the will. As far as human freedom is concerned, it doesn't matter whether physics is deterministic, as Newtonian physics was, or whether it allows for an indeterminacy at the level of particle support at all to any doctrine of the freedom of the will; because first, the statistical indeterminacy at the level of particles does not show any indeterminacy at the level of the objects that matter to us – human bodies, for example. And secondly, even if there is an element of indeterminacy in the behaviour of physical particles – even if they are only statistically predictable – still, that by itself gives no scope for human freedom of the will; because it doesn't follow from the fact that particles are only statistically determined that the human mind can force the statistically-determined particles to swerve from their paths. Indeterminism is no evidence that there is or could be some mental energy of human freedom that can move molecules in directions that they were not otherwise going to move. So it really does look as if everything we know about physics forces us to some form of denial of human freedom.


The strongest image for conveying this conception of determinism is still that formulated by Laplace: If an ideal observer knew the positions of all the particles at a given instant and knew all the laws governing their movements, he could predict and retrodict the entire history of the universe. Some of the predictions of a contemporary quantum-mechanical Laplace might be statistical, but they would still allow no room for freedom of the will.


So much for the appeal of determinism. Now let's turn to the argument for the freedom of the will. As many philosophers have pointed out, if there is any fact of experience that we are all familiar with, it's the simple fact that our own choices, decisions, reasonings, and cogitations seem to make a difference to our actual behaviour. There are all sorts of experiences that we have in life where it seems just a fact of our experience that though we did one thing, we feel we know perfectly well that we could have done something else. We know we could have done something else, because we chose one thing for certain reasons. But we were aware that there were also reasons for on those reasons and chosen that something else. Another way to put this point is to say : it is just a plain empirical fact about our behaviour that it isn't predictable in the way that the behaviour of objects rolling down an inclined plane is predictable. And the reason it isn't predictable in that way is that we could often have done otherwise than we in fact did. Human freedom is just a fact of experience. If we want some empirical proof of this fact, we can simply point to the further fact that it is always up to us to falsify any predictions anybody might care to make about our behaviour. If somebody predicts that I am going to do something, I might just damn well do something else. Now, that sort of option is simply not open to glaciers moving down mountainsides or balls rolling down inclined planes or the planets moving in their elliptical orbits.


This is a characteristic philosophical conundrum. On the one hand, a set of very powerful arguments force us to the conclusion that free will has no place in the universe. On the other hand, a series of powerful arguments based on facts of our own experience inclines us to the conclusion that there must be some freedom of the will because we all experience it all the time.


There is a standard solution to this philosophical conundrum. According to this solution, free will and determinism are perfectly compatible with each other. Of course, everything in the world is determined, but some human actions are nonetheless free. To say that they are free is not to deny that they are determined; it is just to say that they are not constrained. We are not forced to do them, So, for example, if a man is forced to do something at gunpoint, or if he is suffering from some psychological compulsion, then his behaviour is genuinely unfree. But if on the other hand he freely acts, if he acts, as we say, of his own free will, then his behaviour is free. Of course it is also completely determined, since every aspect of his behaviour is determined by the physical forces operating on the particles that compose his body, as they operate on all of the bodies in the universe. So, free behaviour exists, but it is just a small corner of the determined world – it is that corner of determined human behaviour where certain kinds of force and compulsion are absent.


Now, because this view asserts the compatibility of free will and determinism, it is usually called simply `compatibilism'. I think it is inadequate as a solution to the problem, and here is why. The problem about the freedom of the will is not about whether or not there are inner psychological reasons that cause us to do things as well as external physical causes and inner compulsions. Rather, it is about whether or not the causes of our behaviour, whatever they are, are sufficient to determine the behaviour so that things have to happen the way they do happen.


There's another way to put this problem. Is it ever true to say of a person that he could have done otherwise, all other conditions remaining the same? For example, given that a person chose to vote for the Tories, could he have chosen to vote for one of the other parties, all other conditions remaining the same? Now compatibilism doesn't really answer that question in a way that allows any scope for the ordinary notion of the freedom of the will. What it says is that all behaviour is determined in such a way that it couldn't have occurred otherwise, all other conditions remaining the same. Everything that happened was indeed determined. It's just that some things were determined by certain sorts of inner psychological causes (those which we call our 'reasons for acting') and not by external forces or psychological compulsions. So, we are still left with a problem. Is it ever true to say of a human being that he could have done otherwise?
The problem about compatibilism, then, is that it doesn't answer the question, 'Could we have done otherwise, all other conditions remaining the same?', in a way that is consistent with our belief in our own free will. Compatibilism, in short, denies the substance of free will while maintaining its verbal shell.


Let us try, then, to make a fresh start. I said that we have a conviction of our own free will simply based on the facts of human experience. But how reliable are those experiences? As I mentioned earlier, the typical case, often described by philosophers, which inclines us to believe in our own free will is a case where we confront a bunch of choices, reason about what is the best thing to do, make up our minds, and then do the thing we have decided to do.


But perhaps our belief that such experiences support the doctrine of human freedom is illusory. Consider this sort of example. A typical hypnosis experiment has the following form. Under hypnosis the patient is given a post-hypnotic suggestion. You can tell him, for example, to do some fairly trivial, harmless thing, such as, let's say, crawl around on the floor. After the patient comes out of hypnosis, he might be engaging in conversation, sitting, drinking coffee, when suddenly he says something like, 'What a fascinating floor in this room !', or 'I want to check out this rug', or 'I'm thinking of investing in floor coverings and I'd like to investigate this floor.' He then proceeds to crawl around on the floor. Now the interest of these cases is that the patient always gives some more or less adequate reason for doing what he does. That is, he seems to himself to be behaving freely. We, on the other hand, have good reasons to believe that his behaviour isn't free at all, that the reasons he gives for his apparent decision to crawl around on the floor are irrelevant, that his behaviour was determined in advance, that in fact he is in the grip of a post-hypnotic suggestion. Anybody who knew the facts about him could have predicted his behaviour in advance. Now, one way to pose the problem of determinism, or at least one aspect of the problem of determinism, is: 'Is all human behaviour like that?' Is all human behaviour like the man operating under a post-hypnotic suggestion?


But now if we take the example seriously, it looks as if it proves to be an argument for the freedom of the will and not against it. The agent thought he was acting freely, though in fact his behaviour was determined. But it seems empirically very unlikely that all human behaviour is like that. Sometimes people are suffering from the effects of hypnosis, and sometimes we know that they are in the grip of unconscious urges which they cannot control. But are they always like that? Is all behaviour determined by such psychological compulsions? If we try to treat psychological determinism as a factual claim about our behaviour, then it seems to be just plain false. The thesis of psychological determinism is that prior psychological causes determine all of our behaviour in the way that they determine the behaviour of the hypnosis subject or the heroin addict. On this view, all behaviour, in one way or another, is psychologically compulsive. But the available evidence suggests that such a thesis is false. We do indeed normally act on the basis of our intentional states — our beliefs, hopes, fears, desires, etc. — and in that sense our mental states function causally. But this form of cause and effect is not deterministic. We might have had exactly those mental states and still not have done what we did. As far as psychological causes are concerned, we could have done otherwise. Instances of hypnosis and psychologically compulsive behaviour on the other hand are usually pathological and easily distinguishable from normal free action. So, psychologically speaking, there is scope for human freedom.
But is this solution really an advance on compatibilism? Aren't we just saying, once again, that yes, all behaviour is determined, but what we call free behaviour is the sort determined by rational thought processes? Sometimes the conscious, rational thought processes don't make any difference, as in the hypnosis case, and sometimes they do, as in the normal case. Normal cases are those where we say the agent is really free. But of course those normal rational thought processes are as much determined as anything else. 

Peter van Inwagen's  Consequence Argument

So once again, don't we have the result that everything we do was entirely written in the book of history billions of years before we were born, and therefore, nothing we do is free in any philosophically interesting sense? If we choose to call our behaviour free, that is just a matter of adopting a traditional terminology. Just as we continue to speak of 'sunsets' even though we know the sun doesn't literally set; so we continue to speak of 'acting of our own free will' even though there is no such phenomenon.

One way to examine a philosophical thesis, or any other kind of a thesis for that matter, is to ask, 'What difference would it make? How would the world be any different if that thesis were true as opposed to how the world would be if that thesis were false?' Part of the appeal of determinism, I believe, is that it seems to be consistent with the way the world in fact proceeds, at least as far as we know anything about it from physics. That is, if determinism were true, then the world would proceed pretty much the way it does proceed, the only difference being that certain of our beliefs about its proceedings would be false. Those beliefs are important to us because they have to do with the belief that we could have done things differently from the way we did in fact do them. And this belief in turn connects with beliefs about moral responsibility and our own nature as persons. But if libertarianism, which is the thesis of free will, were true, it appears we would have to make some really radical changes in our beliefs about the world. In order for us to have radical freedom, it looks as if we would have to postulate that inside each of us was a self that was capable of interfering with the causal order of nature. That is, it looks as if we would have to contain some entity that was capable of making molecules swerve from their paths. I don't know if such a view is even intelligible, but it's certainly not consistent with what we know about how the world works from physics. And there is not the slightest evidence to suppose that we should abandon physical theory in favour of such a view.


So far, then, we seem to be getting exactly nowhere in our effort to resolve the conflict between determinism and the belief in the freedom of the will. Science allows no place for the freedom of the will, and indeterminism in physics offers no support for it. On the other hand, we are unable to give up the belief in the freedom of the will. Let us investigate both of these points a bit further.


Why exactly is there no room for the freedom of the will on the contemporary scientific view? Our basic explanatory mechanisms in physics work from the bottom up. That is to say, we explain the behaviour of surface features of a phenomenon such as the transparency of glass or the liquidity of water, in terms of the behaviour of microparticles such as molecules. And the relation of the mind to the brain is an example of such a relation. Mental features are caused by, and realised in neurophysiological phenomena, as I discussed in the first chapter. But we get causation from the mind to the body, that is we get top-down causation over a passage of time; and we get top-down causation over time because the top level and the bottom level go together. So, for example, suppose I wish to cause the release of the neurotransmitter acetylcholine at the axon end-plates of my motor neurons, I can do it by simply deciding to raise my arm and then raising it. Here, the mental event, the intention to raise my arm, causes the physical event, the release of acetylcholine — a case of top-down causation if ever there was one. But the top-down causation works only because the mental events are grounded in the neurophysiology to start with. So, corresponding to the description of the causal relations that go from the top to the bottom, there is another description of the same series of events where the causal relations bounce entirely along the bottom, that is, they are entirely a matter of neurons and neuron firings at synapses, etc. As long as we accept this conception of how nature works, then it doesn't seem that there is any scope for the freedom of the will because on this conception the mind can only affect nature in so far as it is a part of nature. But if so, then like the rest of nature, its features are determined at the basic micro-levels of physics.


This is an absolutely fundamental point in this chapter, so let me repeat it. The form of determinism that is ultimately worrisome is not psychological determinism. The idea that our states of mind are sufficient to determine everything we do is probably just false. The worrisome form of determinism is more basic and fundamental. Since all of the surface features of the world are entirely caused by and realised in systems of micro-elements, the behaviour of micro-elements is sufficient to determine everything that happens. Such a `bottom up' picture of the world allows for top-down causation (our minds, for example, can affect our bodies). But top-down causation only works because the top level is already caused by and realised in the bottom levels.


Well then, let's turn to the next obvious question. What is it about our experience that makes it impossible for us to abandon the belief in the freedom of the will? If freedom is an illusion, why is it an illusion we seem unable to abandon? The first thing to notice about our conception of human freedom is that it is essentially tied to consciousness. We only attribute freedom to conscious beings. If, for example, somebody built a robot which we believed to be totally unconscious, we would never feel any inclination to call it free. Even if we found its behaviour random and unpredictable, we would not say that it was acting freely in the sense that we think of ourselves as acting freely. If on the other hand somebody built a robot that we became convinced had consciousness, in the same sense that we do, then it would at least be an open question whether or not that robot had freedom of the will.


The second point to note is that it is not just any state of the consciousness that gives us the conviction of human freedom. If life consisted entirely of the reception of passive perceptions, then it seems to me we would never so much as form the idea of human freedom. If you imagine yourself totally immobile, totally unable to move, and unable even to determine the course of your own thoughts, but still receiving stimuli, for example, periodic mildly painful sensations, there would not be the slightest inclination to conclude that you have freedom of the will.


I said earlier that most philosophers think that the conviction of human freedom is somehow essentially tied to the process of rational decision-making. But I think that is only partially true. In fact, weighing up reasons is only a very special case of the experience that gives us the conviction of freedom. The characteristic experience that gives us the conviction of human freedom, and it is an experience from which we are unable to strip away the conviction of freedom, is the experience of engaging in voluntary, intentional human actions. In our discussion of intentionality we concentrated on that form of intentionality which consisted in conscious intentions in action, intentionality which is causal in the way that I described, and whose conditions of satisfaction are that certain bodily movements occur, and that they occur as caused by that very intention in action. It is this experience which is the foundation stone of our belief in the freedom of the will. Why? Reflect very carefully on the character of the experiences you have as you engage in normal, everyday ordinary human actions. You will sense the possibility of alternative courses of action built into these experiences. Raise your arm or walk across the room or take a drink of water, and you will see that at any point in the experience you have a sense of alternative courses of action open to you.


If one tried to express it in words, the difference between the experience of perceiving and the experience of acting is that in perceiving one has the sense: 'This is happening to me,' and in acting one has the sense: 'I am making this happen.' But the sense that 'I am making this happen' carries with it the sense that 'I could be doing something else'. In normal behaviour, each thing we do carries the conviction, valid or invalid, that we could be doing something else right here and now, that is, all other conditions remaining the same. This, I submit, is the source of our unshakable conviction of our own free will. It is perhaps important to emphasise that I am discussing normal human action. If one is in the grip of a great passion, if one is in a great rage, for example, one loses this sense of freedom and one can even be surprised to discover what one is doing.


Once we notice this feature of the experience of acting, a great many of the puzzling phenomena I mentioned earlier are easily explained. Why for example do we feel that the man in the case of post-hypnotic suggestion is not acting freely in the sense in which we are, even though he might think that he is acting freely? The reason is that in an important sense he doesn't know what he is doing. His actual intention-in-action is totally unconscious. The options that he sees as available to him are irrelevant to the actual motivation of his action. Notice also that the compatibilist examples of 'forced' behaviour still, in many cases, involve the experience of freedom. If somebody tells me to do something at gunpoint, even in such a case I have an experience which has the sense of alternative courses of action built into it. If, for example, I am instructed to walk across the room at gunpoint, still part of the experience is that I sense that it is literally open to me at any step to do something else. The experience of freedom is thus an essential component of any case of acting with an intention.


Again, you can see this if you contrast the normal case of action with the Penfield cases, where stimulation of the motor cortex produces an involuntary movement of the arm or leg. In such a case the patient experiences the movement passively, as he would experience a sound or a sensation of pain. Unlike intentional actions, there are no options built into the experience. To see this point clearly, try to imagine that a portion of your life was like the Penfield experiments on a grand scale. Instead of walking across the room you simply find that your body is moving across the room; instead of speaking you simply hear and feel words coming out of your mouth. Imagine your experiences are those of a purely passive but conscious puppet and you will have imagined away the experience of freedom. But in the typical case of intentional action, there is no way we can carve off the experience of freedom. It is an essential part of the experience of acting.


This also explains, I believe, why we cannot give up our conviction of freedom. We find it easy to give up the conviction that the earth is flat as soon as we understand the evidence for the heliocentric theory of the solar system. Similarly when we look at a sunset, in spite of appearances we do not feel compelled to believe that the sun is setting behind the earth, we believe that the appearance of the sun setting is simply an illusion created by the rotation of the earth. In each case it is possible to give up a commonsense conviction because the hypothesis that replaces it both accounts for the experiences that led to that conviction in the first place as well as explaining a whole lot of other facts that the commonsense view is unable to account for. That is why we gave up the belief in a flat earth and literal 'sunsets' in favour of the Copernican conception of the solar system. But we can't similarly give up the conviction of freedom because that conviction is built into every normal, conscious intentional action. And we use this conviction in identifying and explaining actions. This sense of freedom is not just a feature of deliberation, but is part of any action, whether premeditated or spontaneous. The point has nothing essentially to do with deliberation; deliberation is simply a special case.


We don't navigate the earth on the assumption of a flat earth, even though the earth looks flat, but we do act on the assumption of freedom. In fact we can't act otherwise than on the assumption of freedom, no matter how much we learn about how the world works as a determined physical system.
We can now draw the conclusions that are implicit in this discussion. First, if the worry about determinism is a worry that all of our behaviour is in fact psychologically compulsive, then it appears that the worry is unwarranted. Insofar as psychological determinism is an empirical hypothesis like any other, then the evidence we presently have available to us suggests it is false. Thus, this does give us a modified form of compatibilism. It gives us the view that psychological libertarianism is compatible with physical determinism.


Secondly, it even gives us a sense of 'could have' in which people's behaviour, though determined, is such that in that sense they could have done otherwise: The sense is simply that as far as the psychological factors were concerned, they could have done otherwise. The notions of ability, of what we are able to do and what we could have done, are often relative to some such set of criteria. For example, I could have voted for Carter in the 1980 American election, even if I did not; but I could not have voted for George Washington. He was not a candidate. So there is a sense of 'could have', in which there were a range of choices available to me, and in that sense there were a lot of things I could have done, all other things being equal, which I did not do. Similarly, because the psychological factors operating on me do not always, or even in general, compel me to behave in a particular fashion, I often, psychologically speaking, could have done something different from what I did in fact do.


But third, this form of compatibilism still does not give us anything like the resolution of the conflict between freedom and determinism that our urge to radical libertarianism really demands. As long as we accept the bottom-up conception of physical explanation, and it is a conception on which the past three hundred years of science are based, then psychological facts about ourselves, like any other higher level facts, are entirely causally explicable in terms of and entirely realised in systems of elements at the fundamental micro-physical level. Our conception of physical reality simply does not allow for radical freedom.


Fourth, and finally, for reasons I don't really understand, evolution has given us a form of experience of voluntary action where the experience of freedom, that is to say, the experience of the sense of alternative possibilities, is built into the very structure of conscious, voluntary, intentional human behaviour. For that reason, I believe, neither this discussion nor any other will ever convince us that our behaviour is unfree.


My aim in this book has been to try to characterise the relationships between the conception that we have of ourselves as rational, free, conscious, mindful agents with a conception that we have of the world as consisting of mindless, meaningless, physical particles. It is tempting to think that just as we have discovered that large portions of common sense do not adequately represent how the world really works, so we might discover that our conception of ourselves and our behaviour is entirely false. But there are limits on this possibility. The distinction between reality and appearance cannot apply to the very existence of consciousness. For if it seems to me that I'm conscious, I am conscious. We could discover all kinds of startling things about ourselves and our behaviour; but we cannot discover that we do not have minds, that they do not contain conscious, subjective, intentionalistic mental states; nor could we discover that we do not at least try to engage in voluntary, free, intentional actions. The problem I have set myself is not to prove the existence of these things, but to examine their status and their implications for our conceptions of the rest of nature. My general theme has been that, with certain important exceptions, our commonsense mentalistic conception of ourselves is perfectly consistent with our conception of nature as a physical system.
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Kenneth Sayre is a philosopher at Notre Dame whose 1976 book Cybernetics and the Philosophy of Mind proposed that information might be a "neutral" category in which concepts of mind and concepts of body can be defined. Information then would provide a kind of interaction between mind and body and thus be a potential solution to the mind-body problem. Sayre's work is perhaps the most abstract version of "neutral monism," which was the basis of William James's Radical Empiricism and "pure experience," in some middle ground between mind and matter. James greatly influenced Bertrand Russell, who developed versions of neutral monism over the years.

Berkeley's reduction to a mentalist idealism was not a solution nor was reduction to the materialism of contemporary scientific realism, Sayre says.


   

The basic error of materialism, as I have characterized it
(others may view it differently), is to have taken sides prematurely
on a speculative issue before the alternatives are clearly defined.
The materialist rejects dualism, according to which mind and
body cannot be understood within a common conceptual framework, in favor of the thesis that both mind and body are ultimately
accountable in a framework based upon the categories of physics.
Another alternative, however, is that both can be understood
within a framework accommodating physics but in which
physics is not basic to all other science. Since the current isolation of physics from other sciences in fact is part of the mind-body
problem, it is reasonable to pursue this latter alternative in search
of another set of basic categories not dependent upon physics.
To provide the foundations for such an alternative is the primary
goal of this present study.

In this respect, the present approach is like the second
traditional form of attack on the mind-body problem, that of
creating a set of 'neutral' categories in terms of which concepts
in either field can be defined, and through which accordingly they
can be interrelated. A classic example is Russell's theory of sensibilia, or 'neutral monism.'
   



Sayre proposes a "Cybernetic Approach" that begins with the concept of information as technically defined in communication theory. 

   
philosophers may be concerned with the ontological
significance of the cybernetic framework, in which the concept
of information plays the basic role. 

If the project of this book is
successful, it will have been shown not only that the concept of
information provides a primitive for the analysis of both the
physical and the mental, but also that states of information (yet
to be explicated) existed previously to states of mind. Since
information in this sense is prior to mentality, but also is implicated in all mental states, it follows that information is prior also
in the ontological sense. For if instances of A are prior to all
instances of B, then A can exist without B but not vice versa.
And this presumably is what is meant by 'ontological priority'.
Success of the present project thus will show that an ontology of
informational states is adequate for an explanation of the phenomena of mind, as distinct from an ontology of physical events...It is a reasonable conjecture that an ontology of information is similarly basic to the physical sciences...

This approach to the mind-body problem shares the advantages
of both reductionism and monism, without being penalized by
the attendant weaknesses.






Sayre's project seems very similar to the basic goals of information philosophy.Sayre is correct that information is prior. Information structures were created first in the universe. The physics of information creation is the same two-step process in the cosmos and in the mind.


  

Sayre speculates that since information is not really material, it might make a connection to the old idea that the mind (or spirit) is immaterial. We agree. Information is neither matter nor energy, though it needs matter for its embodiment and energy for its communication. Information is indeed the modern spirit, the ghost in the machine.

   
Spirit may be defined as that portion of selfhood that is capable
of immaterial existence. But what portion this might be is not
easily determined.
[Norbert] Wiener finds amusing and instructive the possibility of encoding all the information contained in the structure of the human
body by some extremely subtle reading mechanism and then
transmitting this information to a receiving station at which
point some extremely sophisticated receiving mechanism would
reconstitute the body in its original form (Wiener, The Human Use of Human Beings, 1954, p. 96).
If all goes well at either end, the person will have been moved at
the speed of electromagnetic transmission without existing bodily
during the intervening period.


Many problems emerge in considering this possibility, of an
ethical and social as well as a technical nature. Its value for present
purposes, however, lies merely in the illustration it provides of
one way in which information contained in the composite human
being can be constituted in structures other than those of the
conventional human body. The human person in this case, his
capacity for consciousness included, exists for a moment in a
nonbodily state.


...following 
Wiener's lead, I think there is an intelligible sense in which information structures constituting a person might exist in a form 
not to be counted material by our present criterion. That is to
say, I think it is possible for human consciousness to exist in a
form that is neither spatial nor temporal.


If the cybernetic account of man I have been developing is
basically sound, then the procedures by which the human organism operates may be understood as a set of statistical structures.


Consciousness in particular is a mode of information processing,
and as such is describable in terms of communication theory.
However formidable the task might be in practice, the informational structures of consciousness might be exhibited as equations
on paper, as functions across a transmitting line, or in any other
fashion available for the representation of mathematical relationships. There is no necessity that this means of representation itself
be dependent upon material structures.

Let us conceive a universe comprising only a field of elements,
each existing in one of only two states. The elements have no
properties beyond these states of existence, and hence are not
related either spatially or temporally. Conceive now as an added
factor that these elements are indicated in serial order (by some
unimaginable act of creation; 'in the beginning was the logos'
('logos' being Greek for 'due relation'). Thus each element becomes
identifiable by its place in the series, and characterized with
reference to its binary state. But since the ordering relation by
itself is neither spatial nor temporal, the elements have no existence in a spatiotemporal matrix. Thus this universe does not
admit characterization according to the principles of physical
science. In short, what we have conceived is not a material system.
Imagine now that this series of elements is divided in some
particular fashion, each subseries characterizable with reference
to its own constituents. Each series then may be conceived as a
binary information source, emitting elements in the atemporal
sequence of its serial ordering. Any two series of this sort, moreover, can be conceived as constituting an information channel.
characterized by a specific set of conditional probabilities. And
any group of more than two is a cascade of channels.
But it is just cascades of this sort which, in sufficient detail,
constitute the information-processing functions of human consciousness. Thus, by an appropriate selection of ordered series.
the spirit of a given human being could in principle be constituted
on an immaterial basis.


Fantastic as this may be to conceive, it is no more fantastic than
the concept of the universe before the initial formation of hydrogen atoms, which themselves are informational structures accumulating substance out of insubstantial probabilities. But both
beginnings and endings prove too much for our conceptual
powers. This, of course, is what should be expected, since reason
has been adapted for understanding what comes in between.
   



In our mind-body model, the brain is an information processor and the mind is the information itself - neither matter nor energy, though it needs matter for its embodiment and energy for its communication
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L. Susan Stebbing


L. Susan Stebbing was an analytic philosopher (she was a founder of the journal Analysis in 1933) and logical positivist. Her 1939 book Philosophy and the Physicists was a critical analysis of the idea that quantum indeterminacy was a proper basis for human freedom.

"The Physicists" referred to in the title were primarily Sir Arthur Stanley Eddington and 
Sir James Jeans, two of the greatest science popularizers of the day. Stebbing felt that 
they had an undeserved influence on popular opinion.
   

   "They are not always reliable guides. Their influence has been considerable upon the reading public, upon theologians, and upon preachers; they have even misled philosophers who should have known better. Accordingly, it has seemed to me to be worth while to examine in some detail the philosophical views that they have put forth and to criticize the grounds upon which these views are based.

(Philosophy and the Physicists, Dover, 1958, p. ix)


 
With delicious irony, Stebbing notes that for many years physicists had claimed that deterministic laws could explain everything about the universe and its contents, even the human mind. Suddenly, the same men were saying that, on the contrary, the world could only be known probabilistically.
   
"Undoubtedly the bearing of the Law of Universal Causation ' (to use a favourite nineteenth-century phrase) is a problem much in evidence in the discussions of our philosophizing scientists. It is commonly admitted that at one time the scientists were informing us that 'free will' was an illusion, that we were all constrained to act — in whatever way we did in fact act; that if we were wicked, it couldn't be helped, and if we were good — well, that was nothing to be complaisant about. Nowadays, it is commonly supposed that these conclusions were premature, that if the biologists were compelled to deny to us freedom of action that was because they did not see sufficiently deeply into the constitution of matter; 

now, however, the physicists have come to our rescue and have argued that, if an electron is 'free to choose' where it will go, surely a man may choose whether he will spend his summer holidays at Margate or at Wiesbaden, or whether he will propose to an heiress or remain a bachelor. Along with this proclamation of the rights of the intuition of free will, based somehow upon its being something other than an intuition — namely, a deliverance of consciousness in conformity with the most refined knowledge of the expert physicist — there goes an increasing reliance of the common reader upon the ability of the physicist to tell us what will happen to some one looking at the sun from the Cornish Coast on 11 August 1999, and what will happen to the non-combatants in the next world war.


"The situation is sufficiently curious. Upon the one hand we rely increasingly upon the scientist, biochemist, physiologist, and physicist, to tell us how to breed men and women for a 'brave new world' and what, if we disregard their advice, will happen to our descendants; on the other hand, we rejoice to be told that the physicist is less certain now than he was a few years ago that he does, or ever can, know what will happen. The position assigned to science in general, and to this or that particular scientist, is curious enough. We common readers continue to look up to them as the repository of knowledge and begin to regard them as the custodians of the spiritual element in the universe. They — or to speak more moderately some of them — have long aspired to the mantle of the prophets; now we thrust the mantle upon them. Theologians have, in the past, claimed to speak with a higher authority about higher things than those with which the scientist is concerned; now the theologians hang on to the mantles — or is it only the coats? — of the popularizing scientist. The situation does not lack an element of comedy.




It appears that Eddington never equated free electrons with free will. 
But, as noted by Epicurus, they do break the chain of determinism. 


Of course many scientists could not accept real indeterminacy. They included some of the  greatest thinkers, including Max Planck, who proposed 1n 1900 the famous "quantum of action" h, Albert Einstein, who in 1905 showed that Planck's h implied that energies were indeed discrete or "quantized," and Erwin Schrödinger, whose 1926 equation of motion for the "wave-function" of atomic-scale objects remains deterministic until there is a "collapse of the wave function." It is this collapse or "reduction of the wave-packet" that introduces indeterminacy, and only on the microscopic atomic scale - unless it is "amplified" into the macroscopic world, for example by a Geiger counter.
 
Stebbing compares Planck, as an example of those scientists who say causal (deterministic) explanations are the very essence of science, with Eddington, who (along with Neils Bohr, Max Born, and Werner Heisenberg) accepted indeterministic "uncaused causes."  
   
 
"The main point at issue between Planck and Eddington is, then, not whether the scientist believes that his procedure is rational or whether this belief springs merely from an ungrounded faith; it is whether a rational procedure must be based upon the assumption of deterministic laws. Planck says that it must be so based. Eddington says that it is not now so based. Although he is fond of calling attention to the modesty of this claim, he is not content with making it. Unfortunately he rashly adds that science does not offer a particle of evidence in favour of determinism. This statement surely requires some examination. For the purpose of such an examination it seems to me to be necessary to consider three closely connected questions. These questions are: (1) Is there any sense in which it is true to say that science has been based upon determinism?; (2) what is the connexion between determinism, prediction, and rationality?; (3) why should there be so much glee or so much gloom at the rejection of determinism? Perhaps it does not seem obvious that these questions are closely connected, but I think it will be found by no means easy to disentangle them in the discussions of the scientists with whom we are mainly concerned.

(1) We have already seen that scientists have certainly believed that science was based upon determinism. Moreover, were that not the case there would have been no occasion for rejoicing or mourning, nor could we have spoken of 'the decline of determinism'. Indeed, Eddington insists that the withdrawal of physical science from an attitude it had adopted consistently for more than 200 years is not to be treated lightly' (N.P.Sc. 73). But to say that 'science is based upon determinism' is to say that scientists have based their work upon determinism. There is no science apart from the minds of men. Accordingly, we can say loosely that science is based upon determinism, provided that the procedure of scientists has been deterministic and that no alternative to this procedure can be consistently carried through. But, if it be true that 'so far as we have yet gone in our probing of the material universe, we find no evidence in favour of determinism', it must be concluded that the work of earlier scientists has been based upon an illusion. This is, indeed, what Eddington wishes to maintain. I think that there is a sense in which it is true, but to describe the acceptance of determinism as the acceptance of an illusion is, I believe, more misleading than helpful.



 
Stebbing takes issue with Eddington's basic idea that the indeterminacy of electrons, making them "free to choose," in any way helps with human freedom. "Although the door of human freedom is opened," she quotes Eddington as saying, "it is not flung wide open; only a chink of daylight appears."  She asks, "How is the door to be prised open wide enough to let in the full daylight?"  (p. 215)  
 
 
    
"I cannot help thinking that Eddington is on the wrong tack in trying to rest any part of the case for the freedom of man upon the present acceptance of indeterminism in physics....his argument may perhaps be stated as follows: If previous physical events completely determine all the movements of my body, then the movements of my pen are also completely determined by previous physical events. But the movements of my pen express the results of those mental processes that we call reasoning and seeking for truth. But if the movements of my pen are completely determined by previous physical events, how can it be held that my mental processes have anything to do with the movements made by my pen. And if my mental processes have nothing to do with the movements of my pen, how can we explain the importance attached to those movements of my pen which record what is true? This argument seems to Eddington to explain reasoning away, and to make of it a process quite other than he feels it to be. I agree that there is a difficulty; it is the difficulty of the gap between conscious processes and physical events. 

But surely Eddington's merely negative contention that such bodily processes are not completely predetermined by previous physical events does not remove the difficulty. This may be necessary; it is certainly not sufficient. I do not think that it can reasonably be maintained that physical indeterminism is capable of affording any help in this problem. 




If neither determinism nor indeterminism, this becomes the standard argument against free will
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Michael Smith

Michael Smith is a moral philosopher who specializes in meta-ethics, an investigation of the preconditions of everyday normative ethics. In a 1987 Mind article, The Humean Theory of Motivation, Smith defended the claims of David Hume that actions can only be motivated by desires (Hume called them the "Passions"), and not by mere reasons, which are sets of beliefs (possibly "true") about facts in the world.

Smith reads Hume as claiming that motivation has its source in a relevant desire and the agent's beliefs about means and ends that could achieve the goal desired.  


Anti-Humeans or Non-Humeans (who tend to be Kantians) find the source of normative behavior in the reasons themselves, which are taken to be objective facts in the world. They stress "reasons-responsiveness." Of course, reasoning about the world might lead to an intention or a desire to change it.


Whereas Hume the Skeptic is famous for the fact/value distinction and the claim that we cannot derive "ought" from "is" (no facts of the matter lead logically to norms or the way things "should be"), Hume the Naturalist accepts many human beliefs and desires. For example, his skepticism leads to the conclusion that we cannot logically prove the existence of causality. But we have a natural belief in causality and the existence of the external world. 

 
In his 1994 book The Moral Problem, Smith argues that moral arguments are a species of rational arguments. He says it is a distinctive feature of practical morality that the participants want to get the answers to moral questions "right". This gives rise to the meta-ethical question about the objective existence of correct answers to moral questions.


Information philosophy regards all normative moral reasoning to be relative to a culture, or at best to living systems, so normative moral reasons are arrived at by inter-subjective agreement within a culture. Moral facts are not "right" or "true" apart from the community holding them. 


Smith contrasts the "objectivity of moral judgement" (p.6), which he agrees is merely a convergence of moral opinions, with the "practicality" of moral judgement (p.7), which are opinions about reasons for our behavior, which in turn are motivations for our actions.


The first, "objectivity" view, is committed to the existence of moral facts among the various facts in the world. (Information philosophy, and Quine for example, sees science as the standard for objective facts in the world.)


The second, "practicality" view, is simply that we find ourselves motivated by a desire to act, and usually with a belief about the means and ends needed to achieve our goal, if need be changing the world to fit our desires.

R. Jay Wallace (in his 1990 Mind article How to Argue about Practical Reason, reprinted in his book The Normativity of the Will) cites Smith for the teleological argument that goal-directed states of mind (intentions to act) require more than rational principles. Specifically, the intentional state is more than a rational representation of the current content of the world. It is a desire to change the world to fit the goal. (This is reminiscent of Marx's famous comment on the eleventh thesis of Feuerbach, "The point is not merely to understand the world, but to change it.") 


Wallace says that Smith's argument is extremely straightforward and conforms to what Wallace calls the "desire-out, desire-in" principle. 


Smith's own presentation of his position is succinct enough to be quoted virtually in its entirety:

A motivated desire is a desire had for a reason; that is, a desire the having of which furthers some goal that the agent has. The agent's having this goal is, in turn, inter alia, the state that constitutes the motivating reason that he has for having the desire.... But if the state that motivates the desire is itself a reason, and the having of this reason is itself constituted by his having a goal, then, given that the having of a goal is a state with which the world must fit rather than vice versa . . . , so it follows ... that the state that motivates the desire must itself be a desire. Thus, the Humean will say, the idea that there may be a state that motivates a desire, but which is not itself a desire, is simply implausible.


The structure of this argument is extremely straightforward. A motivated desire, Smith notes, is one that is explicable in terms of reasons. But reason explanations are essentially teleological, attributing a goal to the person who has the reason; and to have a goal is already to be in a state of desire. Of course that further desire may itself be motivated by a reason, but simple iteration of Smith's teleological argument suffices to show that the chain of explanations must eventually terminate in an unmotivated desire. 

(Normativity and the Will, p.33)


In a 1990 essay written with Philip Pettit (Backgrounding Desire), Smith argues that while desires are always present in the genesis of human action, the agent might not consciously reflect on the desire. It may be in the background of decision-making and not apparent in deliberations. Beliefs tht function as means-ends reasons for action may also often be in the unconscious background of deliberations. Pettit and Smith see many analogies between desires and beliefs.


In a 1993 essay (Practical Unreason), Pettit and Smith argue that human beings have alternative possibilities for deliberation and action.


Human beings, we assume, are deliberative agents. As they face a choice, they are capable of registering considerations relevant, by their own lights, to what should be done: thus they can register that these are the alternative options and those the associated possible outcomes, that one option has this set of desirable features, another a different set, and so on. They are capable, furthermore, of registering that the considerations overall support one or another choice: they can recognize the import of the desirable features registered. And they are capable, finally, of being moved by such a pattern of reasoning: they are capable of making this or that choice in response to the recognition that it is the most strongly supported alternative.


That humans have such alternative possibilities appears to conflict with Pettit's and Smith's views on free will. They are both compatibilist determinists. To escape the conflict, they argue that humans are free to do otherwise if it would avoid doing some wrong. It makes no sense, they say, to have a freedom to do something that is not right. They give up on the ideal of autonomy or "self-rule" in favor of what they called in their earlier essays  "orthonomy" or right rule.  


This appears to be an amalgam of ancient views that freedom consists of doing the moral thing (Aquinas, Kant) or doing the rational thing (Wolf).


Information philosophy regards these views as errors that we call the ethical fallacy and the rational fallacy.




As Pettit and Smith write in their 1996 essay (Freedom in Belief and Desire)


We want to show why the account of responsible believing and desiring ... is, precisely, an account of how responsible believers and desirers can enjoy freedom in the matter of what they believe and of what they desire and do. Responsibility or orthonomy in belief means that people enjoy free thought. Responsibility or orthonomy in desire means that people enjoy free will.

Freedom in the sense associated with free will is traditionally defined in terms of the ability of the agent, for anything they do, always to have done otherwise. A believer or desirer would be free in this sense to the extent that no matter what he believes or desires, he is such that he could always have believed and he could always have desired otherwise. Freedom in such an unqualified sense if, indeed, it deserves to be called 'freedom' at all — would not be particularly attractive from our point of view. If an agent believes or desires rightly according to the evidence and the values, then there will be nothing attractive in itself about being such that he could have believed or desired otherwise. Believing or desiring otherwise will simply be a matter of his getting it wrong, and so doing much worse than he actually did. The ability to have believed or desired otherwise will be something inherently attractive from our point of view only so far as it is the person's ability for anything that is not rightly believed or desired always to have believed or desired otherwise. We argue that responsible believers and desirers are free in the sense of having this ability.


 
This asymmetry between freedom - we have it when we correct our errors and act morally, we lack freedom when we do something irrational or immoral - echoes the asymmetry noted by Susan Wolf between blame and praise. We accept freedom and responsibility for our praiseworthy actions, but claim we are determined when we do something wrong. 

This parallels another human weakness - to regard our victories in playing a game as due to our skills, but regard our failures as simply a matter of bad luck.                                                                                                   
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Moritz Schlick


   Moritz Schlick and his colleagues in the Vienna Circle added very little of lasting value to either science or philosophy with their strong ideas in the philosophy of science. They believed that both subjects were reducible to language. According to Schlick, "philosophy is not a science, that is, it is not a system of propositions." (Preface, Problems of Ethics 1936)
Wittgenstein in the Tractatus had set the project for the Vienna Circle.


4.11	The totality of true propositions is the whole of natural science (or the whole corpus of the natural sciences)



As logical empiricists or positivists they were committed to minimal "interpretations" of "reality" itself. Their goal was a "unified science" built up from pointer readings, from physical "observables." 
  

   Limiting physics to observables, instead of a preconception about how reality must be, was behind Werner Heisenberg's uncertainty principle. Thus we can observe the spectral lines emitted by electrons when they jump from one orbit to another, but we cannot see the orbiting electrons themselves.   
  

  For Schlick, a causal law was simply the fact that events were predictable. Quantum uncertainty put limits on that predictability, and some physicists spoke loosely of "the failure of the principle of causality only because it has become impossible to make predictions with any desired degree of accuracy."
  

   For example, he quoted Max Born as saying

"The impossibility of measuring exactly all the data of a state prevents the predetermination of its further course of development. Because of this the principle of causality in its usual formulation loses all significance."


Schlick disagrees, "Causality as such, the existence of laws, is however not denied. There are still valid predictions, but they do not consist in the expression of exact magnitude values, but are of the form: the magnitude of X will lie in the interval between a and Δa."
  

On the significance of indeterminism for the problem of freedom of the will, he saw it as at best not in contradiction to freedom, but possibly compromising responsibility, which requires causality. Schlick said "The moral freedom that the concept of responsibility presupposes does not stand in opposition to causality but would be entirely destroyed without it." 

  "Every order of events in time, of whatever kind, is to be regarded as a causal relationship. Only complete chaos, complete irregularity, is to be designated as an acausal occurrence, as pure chance...The only alternative that confronts us is thus: order or disorder? Causality and law are identical with order; irregularity and chance are identical with disorder."

   
Schlick said "freedom of action, responsibility, and mental sanity, cannot reach beyond the realm of causality: they stop where chance begins...a higher degree of randomness...[simply means] a higher degree of irresponsibility"  (quoted by Karl Popper, Objective Knowledge - Of Clouds and Clocks, p.226)



The Scandal


Schlick thought it a scandal that so much energy had been wasted on a "pseudo-problem."

This is the so-called problem of the freedom of the will. Moreover, this pseudo-problem has long since been settled by the efforts of certain sensible persons; and, above all, the state of affairs just described has been often disclosed — with exceptional clarity by Hume. Hence it is really one of the greatest scandals of philosophy that again and again so much paper and printer's ink is devoted to this matter, to say nothing of the expenditure of thought, which could have been applied to more important problems. 
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  Causality in Contemporary Physics, from Physical Reality, ed. by Stephen Toulmin, 1970
  

  1. INTRODUCTORY REMARKS

The number of conceivable, logically possible, physical worlds is infinite; the human imagination, however, is surprisingly poor in conceiving and working out new possibilities. The power of imagination is so limited by the intuitive conditions of gross perceptual experience that it can hardly by itself progress a step beyond them. It is only by aid of the strict discipline of more refined scientific experience that our thought can transcend its habitual channels. The most colourful fairyland of the Thousand and One Nights is created by a slight rearrangement of the familiar material of everyday life. And upon reflection, when one examines them with more precision, one finds the same to be true of the boldest and most profound philosophical systems: If for the poet it was creation by aid of intuitive pictures, so for the philosopher it is construction by more abstract yet still familiar concepts, from which by apparently more transparent principles of combination new structures are formed.


The physicist, too, at first proceeds in much the same way in the construction of hypotheses. This is particularly indicated by the tenacity of the belief, held for many centuries by the physicist, that to explain nature a copy of its processes in models perceptible to the senses is necessary. Thus, for instance, he repeatedly attributed characteristics of visible, tangible substances to the ether without the slightest reason for doing so. Only when observed facts either suggest or necessitate his use of the new systems of concepts does the physicist realise the new possibilities and break himself free from his former habits of thought; but then he readily and with the greatest ease makes the jump to, say, Riemannian space or to Einsteinian time, to concepts so daring and profound that neither the imagination of the poet nor the intellect of the philosopher could have been able to anticipate them.


The turning point at which recent physics has arrived with respect to the question of causality could likewise not have been foreseen. Although there has been so much philosophising about determinism and indeterminism, about the content, validity, and mode of testing of the principle of causality, no one thought of precisely that possibility leading in quantum physics to the key that allows us a view of the real nature of the causal order. Only in retrospect do we realise how the new ideas differ from the old, and we are perhaps a little amazed that so far we have always missed the point. Now, however, after the significance of the concept of quantum theories has been demonstrated by the extraordinary results of its application, and we have had some years to accustom ourselves to the new ideas, it should not be premature to attempt to arrive at philosophical clarity as to the meaning and scope of the ideas that contemporary physics contributes to the problem of causality.


2. CAUSALITY AND THE PRINCIPLE OF CAUSALITY


The observation that philosophical meditations did not foresee possibilities that were found later on, because of their close adherence to existing ideas, is true also of the ideas I propounded more than ten years ago.' Still it is probably not useless to return to some points of those earlier considerations, since in this way the progress accomplished in the meantime becomes so much clearer.


First it is necessary to determine what the scientist actually means when he speaks of "causality." Where does he use this word? Obviously, wherever he supposes a "dependence" between certain events. (Nowadays it is self-evident that only events and not "things" come into question as elements of a causal relationship, since physics forms the four dimensional reality from events, and considers "things," three dimensional bodies, as mere abstractions.) But what does "dependence" mean? In science, in any case, it is always expressed by a law; causality is, accordingly, nothing but another word for the existence of a law. The content of the principle of causality then clearly lies in the assertion that everything in the world occurs according to laws; it is indifferent whether we affirm the validity of the principle of causality or of determinism. In order to formulate the principle of causality or the deterministic thesis, we must first have defined what is meant by a law of nature or by mutual "dependence" of natural events. For only when we know this are we able to understand the meaning of determinism, which states that every event is a member of a causal relation, that every process is wholly dependent upon other processes. (We shall not discuss whether the attempt to make a statement about "all" natural processes could lead to logical difficulties.)


Thus in any event we distinguish the question of the meaning of the word "causality" or "natural law" from the question of the validity of the principle of causality or the law of causality, and we concern ourselves at the beginning with the first question only.


The distinction we thus make coincides with that made by H. Reichenbach at the beginning of his essay "Die Kausalstruktur der Welt." He speaks there of the difference between two "forms of the hypothesis of causality." He calls the first the "implication form." It is given "when physics establishes laws, that is, makes statements of the form: 'if A then B.' " The second is "the deterministic form of the causal hypothesis;" it is identical with determinism, which states that the course of the world as a whole "remains unchangeable, that with a single cross section of the four dimensional world the past and future are fully determined." It seems to me simpler and more to the point to characterise the difference involved as the difference between the concept of causality and the principle of causality.


The question then concerns the content of the concept of causality. When do we say that a process A "determines" another B, that B "depends" upon A, that B is related to A by law? What do the words "if—then," indicating causal relationship, mean in the statement "if A then B?"


3. LAW AND ORDER


In the language of physics a natural process is represented as a sequence of values of definite physical magnitudes. We note already here that, of course, in a sequence only a finite number of values can be measured, that, therefore, experience affords only a discrete manifold of observed magnitudes, and further, that every value is conceived as subject to a certain inexactitude.


Assuming that a large number of such observed magnitudes are given, we then ask quite generally: How does such a number of values have to be constituted so that we may say that it represents a law-like sequence, that there is a causal relationship between the observed magnitudes? We may, to begin with, presuppose that the data already possesses a natural order, namely the spatio-temporal one; that is to say, each quantitative value relates to a definite position in space and time. It is of course true that only with the aid of causal considerations are we able to indicate the position of events in physical space-time, by passing from phenomenal space-time, which represents the natural order of our experiences, to the physical world. But this complication may be excluded in our considerations, which limit themselves entirely to the realm of the physical world. Furthermore, our considerations are based upon a most fundamental assumption which I here mention in passing only, since it has already been discussed in a previous work (loc. cit. p. 463). It is the hypothesis that in nature there are certain "similarities," in the sense that different realms of nature are comparable to one another, so that we may say for instance: "the same" magnitude that in this place has value f1 has the value f, in another place. Comparability is then one of the presuppositions of measurability. It is not easy to give the real meaning of this assumption, but we need not concern ourselves with it since this last analysis is likewise irrelevant to our problem.


According to these observations, our problem regarding the content of the concept of causality reduces itself to this: what characteristic must the spatio-temporally ordered group of values have so that it may be regarded as an expression of a "law of nature"? This characteristic can be nothing but an order, and indeed, since events extensive in space and time are already orderly, it must be a kind of intensive order. This order must be of the temporal sort, for, as is well known, we do not speak of causality in reference to spatial order (popularly expressed by "simultaneous," coexistent events) ; the concept of activity finds no application there. Spatial regularities, if such there be, would be called "coexistence laws."


After limiting ourselves to the time dimension we must, I believe, now say: Every order of events in time, of whatever kind, is to be regarded as a causal relationship. Only complete chaos, complete irregularity, is to be designated as an acausal occurrence, as pure chance; every trace of an order would mean dependence, therefore causality. I believe that this use of the word "causal" is closer to its everyday sense than when confined, as seems to be done by many natural philosophers, to such an order as we could designate by "complete causality"—by which phrase it appears that something like "complete determination" of the event in question is meant (of course, we can express ourselves here in inexact terms only). If we should restrict the word to complete causality, we run the danger of finding no use at all for it in nature, while in some sense we do regard the existence of causality as a fact of experience. And there would be even less reason to place the boundary between law and chance at some other point.


The only alternative that confronts us is thus: order or disorder? Causality and law are identical with order; irregularity and chance are identical with disorder.


The result up to the present therefore seems to be: we call a natural process, described by a group of values, causal or regular if the values show any temporal order whatever. This definition becomes meaningful only when we know what is to be understood by "order," how it differs from chaos. A most puzzling problem!


4. ATTEMPTS AT DEFINITION OF REGULARITY


It is certain that in our daily life as well as in science we differentiate rather clearly between order and disorder, regularity and irregularity. How are we to understand this? At first glance the answer does not seem very difficult. It appears that we need only make sure how physics actually represents laws of nature, in which form it describes the dependence of events. Now, this form is the mathematical function. The dependence of one event upon another is expressed by the fact that the values of apart of the magnitudes are represented as functions of the others. Every order of numbers is mathematically represented by a function; and so it appears as if the desired criterion of order, which differentiates it from disorder, is expressibility by a function.


But as soon as the idea of the identity of function and law is expressed, we see that it cannot possibly be correct. For, as is well-known, whatever be the distribution of given magnitudes, functions may always be found that represent just that distribution with any degree of accuracy; and this means that every possible distribution of magnitudes, every conceivable series of values is to be considered as an order. There would be no chaos.


Thus we do not in this way successfully distinguish causality from chance, order from disorder, or succeed in defining rule and law in this manner. As was shown also in our previous considerations, there seems to remain only the alternative of imposing certain requirements on the functions that describe the observed series of values, and by means of them to determine the concept of order. We should then have to say: if the functions that describe the distribution of values of the magnitudes have such and such a definite structure, the represented sequence is in accordance with law, otherwise it is unordered.


Thereby we find ourselves in a rather hopeless situation, for it is clear that in this way arbitrariness is given free rein, and a distinction between law and chance resting upon such an arbitrary basis could never be satisfactory. It could be so only if a fundamental and sharp distinction in the structure of the functions could be ascertained, which at the same time possessed such definite empirical possibilities of application that everyone would immediately recognise them as the correct formulation of the concepts of regularity and irregularity as they are applied in science.


Here there appear simultaneously two ways, both of which men have tried to adopt. The first was already used by Maxwell to define causality. It consists of the following stipulation: the space and time co-ordinates are not to appear explicitly in the equations that describe the sequence in question. This requirement is equivalent to the notion popularly expressed in the phrase: similar causes, similar effects. In fact it means that a process that takes place anywhere and any time in a definite manner will take place in exactly the same manner in every other place and time, under the same circumstances. In other words, the rule states the universal validity of the relationship represented. Universal validity, however, is, as has been generally acknowledged, exactly that which in laws of nature has been designated by the ambiguous term "necessity," so that it appears as if the essential nature of the causal relation had been correctly hit upon by this stipulation.


Concerning Maxwell's definition of law, which I myself previously defended (in the passage cited), we may say the following:


The concept of law in physics is undoubtedly such that this requirement is always fulfilled. Actually no investigator thinks of formulating laws of nature that refer explicitly to definite positions and moments in the universe. If space and time occurred explicitly in the physical equations, they would have quite a different significance from the one they actually have in our world. The relativity of space and time, fundamental to our world-view, would be denied, and time and space could no longer assume the peculiar role of "forms" of occurrence which they have in our cosmos. We should therefore be free to maintain the Maxwellian condition of causality — would it, however, be a necessary condition? We shall hardly be allowed to say that, for surely a world is conceivable in which all events would have to be expressed in formulas in which space and time appear explicitly, without our denying that these formulas represent true laws and that this world is completely orderly. So far as I can see, it would be conceivable, for instance, that uniform measurements of the elementary quantum of electricity (electric charge) would give values for these magnitudes that would fluctuate about 5 per cent in seven hours and then again in seven hours, and then ten hours, without our being able to find the slightest "reason" for it. And besides that, perhaps still another variation might appear for which we would make an absolute change of position of the earth in space responsible. In this case then the Maxwellian condition would not be fulfilled, but we would surely not find the world to be disorderly and we would formulate its regularity and be able to make predictions by means of it. We shall therefore be inclined to the view that the Maxwellian definition is too limited, and we shall ask ourselves what the criterion of law would be in the hypothetical case we have discussed.


Now, the decisive factor of the hypothetical case seems to be that we could so easily consider the influence of space and time, that they enter into the formulas in such a simple manner. If, in our example, the electric charge were to behave differently every week and every hour, or form a completely "irregular curve," we could of course afterwards represent its dependence upon time by a function, but this function would be very complicated. We would then say that no law exists but that the variations of magnitudes are governed by "chance." We do not have to invent cases of this kind since, as is well known, the new physics accepts them as commonplace. The discontinuous events in the atom that Bohr's theory, interpreted as jumps of an electron from one orbit into another are regarded as purely accidental, as "acausal," although we may subsequently think of their occurrence as a function of time. But this function would be very complicated, not periodic, not readily grasped, and it is for this reason only that we say that no regularity exists. But as soon as any simple statement regarding the jumps is formulable — if, for instance, the time intervals become increasingly larger — this would at once appear to us as a regularity, even though time would explicitly enter into the formula.


Accordingly, it appears as if we speak of order, law, causality when the course of events is described by functions of simple form; while complexity of the formula is the criterion for disorder, lawlessness, chance. And so one very easily arrives at the point of defining causality by the simplicity of the descriptive functions. Simplicity is, however, a half pragmatic, half aesthetic concept. We may therefore call this definition aesthetic. Also, without being able to state what is here meant by "simplicity," we must yet affirm the fact that every investigator who has succeeded in representing a series of observations in a simple formula (for instance, linear, quadratic, exponential function) is quite sure of having discovered a law, and so the aesthetic definition, as well as the Maxwellian one, obviously discloses a characteristic of causality that is considered a decisive criterion. Which of the two attempts at formulating the concept of law shall we accept? Or shall we formulate a new definition by combining both?


5. INADEQUACY OF THE ATTEMPTS AT DEFINITION


To sum up: the Maxwellian definition has in its favour the fact that all known laws of nature satisfy it, and that it may be considered to be an adequate expression of the proposition, "similar causes, similar effects." Against this definition is the fact that cases are conceivable in which we should certainly acknowledge regularity without the fulfillment of the criterion.


The "aesthetic" definition has in its favour that it is also applicable to the above considered cases, to which the other one is not, and that also undoubtedly in the prosecution of science "simplicity" of functions is used as a criterion of order and law. Against it, however, is the fact that simplicity is clearly a relative and indefinite concept, so that a strict definition of causality is not obtained, and law and chance cannot be sufficiently distinguished. It might indeed be possible that we have to take this last idea into account, and that a "law of nature" is actually not something so precisely conceivable as one might at first think; however, such a point of view will be accepted only when one is sure that no other possibility remains.


It is certain that the concept of simplicity can only be fixed by a convention that must always remain arbitrary. We should probably be inclined to consider a function of the first degree simpler than a function of the second degree; however, even the latter undoubtedly represents an unexceptionable law when it describes the data of observation with great accuracy. The Newtonian formula of gravitation, in which the square of the distance occurs, is generally still regarded as a paradigm case of a simple natural law. One may, for example, agree further that of all continuous curves that pass through a given number of points with sufficient proximity, we may consider as simplest the one that everywhere on the average has the greatest radius of curvature. (There is an unpublished work on this by Marcel Natkin.) However, such artifices seem unnatural, and the fact alone that there are degrees of simplicity makes the definition of causality based upon it unsatisfactory.


This state of affairs is made even worse by the fact that, as we know, it is not at all a matter of the simplicity of an isolated law, but of the simplicity of the system of all natural laws. And so, for instance, the true equation of the law of gases has by no means the simple form given to it by Boyle-Mariotte; yet we know that its complicated form may be explained by a particularly simple set of elementary laws. In principle it should be much more difficult to find rules for the simplicity of a system of formulas. They would always remain provisional, so that apparent order could with progressive knowledge turn out to be disorder.


And so neither the Maxwellian nor the aesthetic criterion seems to give a really satisfactory answer to the question as to what causality actually is. The first seems too narrow, the second too vague. No progress in principle is made by a combination of both attempts, and one may readily see that the shortcomings cannot be removed by improvements along the same lines. The shortcomings observed are clearly of a fundamental nature, and that gives us the idea of revising the present point of departure and of considering whether we are in general on the right path.


6. PREDICTION AS CRITERION OF CAUSALITY


Until now we have assumed that a definite distribution of values is given, and asked: when does it represent a regular and when a chance sequence? It may be that this question cannot be answered at all by mere consideration of the distribution of values, but that it is necessary to go beyond this domain.


Let us for a moment consider the consequences that the statements made about the concept of causality have for the principle of causality. We imagine that for as many internal and boundary points of a physical system as possible we attempt to determine the value of the state variables by precise observation. Now one is in the habit of saying that the principle of causality is valid if from the state of the system during a very short time and from the boundary conditions all other states of the system may be deduced. Such a deduction is, however, possible under all circumstances, for according to what has been said, functions may always be found that represent all observed values with any desired accuracy. And as soon as we have such functions we may by means of them compute all states already observed, whether earlier or later, from any state of the system. For functions have been chosen in such a way that they represent everything observed in the system. In other words: the principle of causality would be satisfied under all circumstances. A statement, however, that is applicable to any system whatever, no matter what its properties, says nothing at all about this system, is an empty statement, a mere tautology, and it is futile to construct it. Hence if the causal law is actually to mean something, if it has content, the formulation from which we began must be false, for the law has turned out to be tautological. If, however, we make the qualification that the equations used are not to contain the space and time co-ordinates explicitly, or that they are to be very "simple," the principle acquires, to be sure, a real content; but, in the first case the reflection is valid that we have formulated too limited a concept of causality, and in the second the sole characteristic would be that the computation would be easier. However, we should certainly not want to formulate the difference between chaos and order in such manner that we say the first is comprehensible only to an excellent mathematician, the second to an average one.


We must therefore begin anew and attempt to formulate the meaning of the causal law differently. Our error until now was that we did not conform with enough precision to the actual procedure by which, in science, one actually tests whether processes are or are not dependent upon one another, whether or not a law, a causal sequence, exists. Until now we only investigated how a law is constructed. To learn its real meaning, however, one must observe how it is tested. It is always the case that the significance of a statement is revealed only by the manner of its verification. How then is the test made?


After we have succeeded in finding a function that satisfactorily connects a group of observational data, we are by no means satisfied, even when the function found has a very simple structure, for now comes the main thing, which our considerations hitherto have not touched: We observe whether the formula obtained also represents correctly those observations that were not used in achieving the formula. For the physicist, as an investigator of reality, the only important, decisive, and essential thing is that equations derived from certain data be applicable to other, new data. Only when this is true does he consider his formula to be a law. In other words, the true criterion of law, the essential sign of causality, is the success of prediction.


By success of prediction is to be understood, according to what has been said, nothing but the confirmation of a formula for such data as have not been used in its construction. Whether these data have already been observed or are only subsequently determined is in this connection of no consequence whatever. This observation is of great importance: past and future data are altogether on the same footing in this respect, the future is not of special significance; the criterion of causality is not confirmation in the future but confirmation in general.
It is self-evident that the test of a law can occur only after its formulation, but this gives no special distinction to the future. What is essential is that it is indifferent whether the verifying data are in the past or the future; it is incidental when they become known or are used for verification. The confirmation remains the same whether the data were known before the formulation of a theory, as in the case of the anomaly of Mercury's movement, or whether it was prophesied by the theory, as in the case of the red-shift of the spectral lines. Only for the application of science, for technique, is it of fundamental importance that natural laws allow prediction of something new, observed by no one as yet. And so earlier philosophers, Bacon, Hume, Comte, have long known that knowledge of reality coincides with the possibility, of prediction. Thus fundamentally they correctly formulated the essence of causality.


7. ELUCIDATION OF THE RESULT


If we accept the success of prediction as the true criterion of a causal relationship—and, with an important limitation to be mentioned presently, we shall have to do so—we thereby admit as well that the previous attempts at definition no longer enter into consideration. In fact, if we can really predict new observations, it does not matter how the formulas that enabled us to do so were constructed, whether they seem simple or complicated, whether time and space enter explicitly or not. As soon as someone can calculate the new observation data from the old, we shall admit that he has grasped the law governing the processes; prediction is therefore a sufficient characteristic of causality.


We easily realize that confirmation is also a necessary characteristic, and that the Maxwellian and aesthetic criteria do not suffice, when we imagine we have found a formula of -great simplicity that describes a definite natural process with great precision but at once ceases to work when applied to the further phases of the process, to new observations. Obviously we should then say that the distribution of magnitudes occurring once has simulated a dependence of natural events which in reality does not exist, that it was a matter of mere chance the particular sequence could be described by simple formulas. That there was no natural law is proven by the fact that our formula can stand no test, for in the attempt to repeat the observations the sequence occurs quite differently; the formula is no longer applicable. A second alternative seems, of course, to be that one may say the law was valid at the time of the observation but no longer holds. It is clear, however, that this is only another way of expressing the absence of law, the universality of the law being denied. The "regularity" observed for the single sequence was not true regularity, but merely chance. The confirmation of prediction is therefore the only criterion of causality. Through it alone does reality speak to us; the construction of laws and formulas is simply the work of man.


Here I must include two observations that go together and are of basic importance. First, I said previously that we may recognise the "verification" of a regularity as the adequate characteristic of causality only subject to a limitation. This limitation consists in the fact that the confirmation of a prediction never actually proves the existence of causality but always only makes it probable. Further observations may indeed show the supposed law to be always incorrect, and then we should have to say that "it expressed the sequence only by chance." A final verification is therefore, so to say, impossible in principle. We deduce therefrom that a causal statement logically does not at all have the characteristic of a proposition, for a genuine proposition must in the end allow itself to be verified. We shall return to this shortly without, however, being able to explain this apparent paradox fully here, where we are not concerned with logic.


The second observation concerns the fact that between the criterion of confirmation and the two rejected attempts at definition a remarkable relationship exists nevertheless. It lies simply in the fact that actually the different characteristics go hand in hand. We certainly expect with great assurance that precisely those formulas satisfying the Maxwellian criterion and distinguished by aesthetic simplicity will be confirmed, and that the propositions made by their help will be true. And even if we should sometimes be disappointed in this expectation, the fact remains that the laws that have really proved to be valid were always of a profound simplicity, and always fulfilled the Maxwellian definition. But what the significance of this "simplicity" is, is difficult to say, and much erroneous thinking has been done in this connection; we do not wish to put too much stress upon it. It is certain that we may imagine much "simpler" worlds than our own. There is also a "simplicity" that is merely a matter of representation, that is, pertains to symbolism by means of which we express facts. Its consideration leads to the question of "conventionalism" and does not interest us in this connection.


At any rate we see that if a formula corresponds to both of the earlier and inadequate criteria we consider it probable that it is really the expression of a law, of an actually existing order, that it will therefore be confirmed. If it has been confirmed, we think it again probable that it will continue to be so. (And indeed, it is understood, without bringing in new hypotheses, for in general physical laws are so constructed that they may always be maintained by new hypotheses brought in ad hoc. But if these become too complicated, one says that the law nevertheless does not hold, the right order has not been found.) The word probability, which we use here, moreover designates something completely different from the concept treated in the calculus of probability and occurring in statistical physics.


For the sake of logical clarity (for philosophers this is the prime concern) it is of greatest importance to realise the situation precisely. We have seen that, basically, causality is not at all definable in the sense that for an already given sequence one could answer the question: Was it causal or not? Only in reference to the single case, to the single verification, can one say: It behaves as causality demands. For advancement in knowledge of nature (and this is the main concern of the physicist) this is fortunately quite sufficient. If a few verifications — under some circumstances only one — are successful, we build practically on the verified law, with the unqualified reliance with which we trust our life to a motor constructed according to natural laws.


It has indeed been frequently observed that one cannot actually speak of an absolute verification of a law, since we always, so to say, silently reserve the right to modify it on the basis of further experience. If I may in passing add a few words about the logical situation, the circumstance mentioned means that basically a natural law does not have the logical character of a "proposition" but represents "a direction for the formulation of propositions." (I owe these ideas and terms to Ludwig Wittgenstein.) We have already indicated this, above, regarding causal statements, and actually a causal statement is identical with a law. The statement, "The principle of energy holds," for instance, says no more nor less about nature than the principle of energy itself says. As is well known, only the individual propositions derived from a natural law are testable, and these always have the form: "Under such and such circumstances this indicator will point to that mark on the scale," "Under such and such circumstances there occurs a darkening on this point of the photographic plate," and the like. The verifiable propositions are of this nature and of this nature is every verification.


Verification in general, the success of a prediction, confirmation in experience, is therefore the criterion of causality, simply; and indeed in the practical sense in which alone we may speak of the test of a law. In this sense, however, the question regarding the existence of causality is testable. That confirmation in experience, the success of a prediction, is something final, not subject to further analysis, cannot be over-emphasised. No number of propositions can state when it must occur, but we must simply await whether it occur or not.


8. CAUSALITY AND QUANTUM THEORY


In the previous considerations nothing was said except what, in my opinion, may be read out of the procedure of the scientist. No concept of causality was constructed; only the role it actually plays in physics was determined. Now the attitude of most physicists towards certain results of quantum theory shows that they see the essence of causality just where the foregoing considerations also found it, namely, in the possibility of prediction. When the physicists say that complete validity of the causal principle is not compatible with the quantum theory, the basis, indeed the meaning, of this assertion, lies simply in the fact that the theory makes precise predictions impossible. We must try to make this really clear to ourselves.


In contemporary physics it is possible to say, in a manner of speaking, that, with certain limitations to be mentioned, each physical system is to be considered as a system of protons and electrons, and that its state is completely determined by the position and momentum of its particles being known at every moment. Now, as is well known, a certain formula is derived from the quantum theory, the so-called "uncertainty principle" of Heisenberg, which teaches that it is impossible to indicate for a particle both determinants, place and velocity, with any desired precision, and that the more precise the value of one co-ordinate the greater inexactness we must expect for the other. If we know say that the place coordinate lies within a small interval Δp, the velocity co-ordinate q may be indicated only with such precision that its value remains undetermined in the interval Δq, and indeed so that the product ΔpΔq is of the order of magnitude of Planck's quantum effect h. In principle then the one co-ordinate could be determined with any degree of precision, but absolutely precise observation of it will have as a consequence that we can say nothing more about the other co-ordinate.


This principle of indeterminacy has been so frequently illustrated, even in popular form, that we need not describe the situation any more closely; our task must be to understand exactly its real meaning. When we ask for the meaning of a statement this always means (not only in physics) : by which particular experiences do we test its truth? When thus, for example, we conceive the place of an electron to be determined by observation with an inexactness Δp, what does it mean when I say, for instance, the direction of the velocity of this electron may be indicated only with an inexactness ΔΘ? How do I determine whether this statement is true or false?


Now, that a particle has gone in a definite direction may be tested only by its arrival at a definite point. To give the velocity of a particle signifies absolutely nothing more than to predict that in a certain time it will arrive at a certain point. "The inexactness of direction amounts to ΔΘ" means: in a certain experiment I shall find the electron within the angle ΔΘ; however, I do not know exactly where therein. And if I repeat "the same" experiment I shall find the electron at various points within the angle, and I never know beforehand at which point in it. If the position of the particle is observed with absolute precision the result would be that in principle we could not know at all in which direction the electron would be found after a short time. Only further observation could subsequently tell us this, and with very frequent repetition of "the same" experiment it must appear that on the average no one direction predominates.


The fact that both position and velocity of an electron cannot be precisely measured is usually interpreted as saying: it would be impossible to describe fully the state of a system at a definite point in time, and therefore the principle of causality becomes inapplicable. Since the principle asserts that the future states of the system are determined by its initial state, since, thus, it presupposes that the initial state may be described in principle exactly, the principle of causality collapses, for this presupposition has not been fulfilled. I should not like to call this idea false, but it seems useless to me, because it does not express the essential point clearly. What is essential is that one realise that the indeterminacy that the Heisenberg-relation expresses is in truth an indeterminacy of prediction.


In principle nothing interferes (this is also emphasised by Eddington in a similar thought context) with our determining the position of an electron twice at any two closely adjacent points in time, and with our considering these measurements equivalent to position and velocity measurements. But the vital point is that with data about a state obtained in such a manner we are never in a position to predict a future state with precision. If, that is, we should define the velocity of the electron in the usual manner (distance divided by time) by means of the observed places and times, the velocity would nevertheless be different in the next moment, for, as we know, it must be assumed that its course is disturbed by observation in a quite uncontrollable manner. This alone is the true significance of the statement that a momentary state is not precisely determinable; that is, the impossibility of prediction alone is the actual reason why the physicist deems necessary the denial of causality.


There is no doubt, therefore, that quantum physics finds the criterion of causality precisely where we too have discovered it, and speaks of the failure of the principle of causality only because it has become impossible to make predictions with any desired degree of accuracy. I cite M. Born, Naturwiss. 17 (1929):


The impossibility of measuring exactly all the data of a state prevents the predetermination of its further course of development. Because of this principle of causality in its usual formulation loses all significance. For when it is impossible in principle to know all the conditions (causes) of an event, it is empty talk to say that every event has a cause.



Causality as such, the existence of laws, is however not denied. There are still valid predictions, but they do not consist in the expression of exact magnitude values, but are of the form: the A- magnitude X will lie in the interval between a and Δa.

What is new in the contribution of the most recent physics to the problem of causality does not consist in the fact that the validity of the causal principle is contested at all, nor that, say, the microstructure of nature is described by statistical rather than causal regularities, nor in the fact that the realisation of the merely probable validity of natural laws has displaced belief in their absolute validity. All these ideas have, in part, long since been expressed. The novelty rather consists in the hitherto unsuspected discovery that through natural laws themselves a limit is set in principle to precision in predictions. That is something quite different from the rather obvious idea that actually and practically there is a limit to precision in observations and that the assumption of absolutely precise natural laws is in every case unnecessary if one wants to give an account of every experience. Previously it must always have seemed as if the question of determinism had to remain undecided in principle. The kind of decision now available, namely, by means of a natural law itself (the Heisenberg relation), was not foreseen. In any case, one who today speaks of a decidability and holds the question to be answered unfavorably for determinism must assume that law of nature as actually existing and raised beyond all doubt. That we are absolutely sure of this, or ever could be, a careful investigator will hesitate to state. But the principle of indeterminacy is an integral part of the structure of the quantum theory, and we must trust its correctness so long as new experiments and new observations do not force us to revise the quantum theory. (In fact it is daily better confirmed.) But to have shown that a theory of such structure is at all possible in the description of nature is in itself a great accomplishment of modern physics. It signifies an important philosophical clarification of the basic concepts of natural science. The progress in principle is clear. One may now speak of an empirical test of the principle of causality in the same sense as of the test of some special law of nature. And that we may in some sense justifiably speak of it is proven simply by the existence of science.


9. IS THE PRINCIPLE OF CAUSALITY IN THE QUANTUM THEORY FALSE OR EMPTY?


In order to understand the situation it is necessary to compare two formulations that the criticism of the causal principle assumes in physics. Some say that the quantum theory has shown (of course presupposing that it is correct in its present form) that the principle is not valid in nature. The others say that it is empty. The former believe thus that it makes a definite assertion about reality that experience has proven false; the others believe that the proposition in which it is apparently expressed is not at all a genuine assertion but is a meaningless succession of words.


As evidence for the first point of view, Heisenberg's oft cited article (in Z. Physik, 1927, 43) is quoted, which says: "Because all experiments are subject to the laws of quantum mechanics, the invalidity of the causal law is definitively determined by quantum mechanics." Born is commonly named as representing the second point of view (cf. the passage cited above). Hugo Bergmann ("Der Kampf um das Kausalgesetz in der jungsten Physik," Braunschweig, 1929) and Thilo Vogel ("Zur Erkenntnistheorie der quantentheoretischen Grundbegriffe" Diss., Giessen, 1929) have concerned themselves with the philosophical aspects of this dilemma. Both of these authors correctly assume that those physicists who reject the causal principle are none the less of the same opinion basically, even if they say different things, and that the apparent difference is to be attributed to the inexact language of the one party. Both are of the opinion that it is Heisenberg who is guilty of the inexactness, and that therefore it should not be said that the quantum theory has proven the principle to be false. Both emphasize the fact that the causal law can neither be affirmed nor rejected by experience. Shall we consider this interpretation as correct?


First we must affirm that we consider the bases upon which H. Bergmann forms his opinion to be quite incorrect. For him the causal law is to be neither discredited nor affirmed, because he considers it to be a synthetic judgment a priori in the Kantian sense. On the one hand, as is well known, such a judgment is supposed to express a genuine cognition (this is conveyed by the word "synthetic") , on the other hand it must be incapable of test by experience because "the possibility of experience" rests upon it (that is conveyed by the words a priori). We know today that these two requirements contradict each other; there are no synthetic judgments a priori. If a proposition says anything at all about reality (and only when it does so does it contain knowledge) its truth or falsity must be determinable by observation of reality. If there is no possibility of such a test in principle, if the proposition is compatible with every experience, it must be empty and cannot contain any knowledge of nature. If, on the assumption of the falsity of the proposition, something in the world of experience were different from what it would be if the proposition were true, then of course it could be tested. Consequently not-testable-throughexperience means that the way the world appears to us is quite independent of the truth or falsity of the proposition, hence it says nothing about the world. Kant, of course, believed that the principle of causality says a great deal about the empirical world, even determines its essential nature. Therefore one does no favour to Kantianism or a-priorism when one affirms that the principle cannot be tested. With this we have rejected H. Bergmann's point of view (the same would hold true of Th. Vogel's opinion in so far as he inclines towards a moderated, a priorism; however his formulations at the end of the treatise cited are not quite clear to me) and we must therefore consider a new phase of the question. Does the falsity of the principle of causality really follow from results of quantum mechanics? Or does it follow rather that the proposition is without content?


A sequence of words may be meaningless in two ways: either it is tautological (empty) or it is not a proposition at all, not an assertion in the logical sense. It would appear at first sight as if the latter possibility did not enter into our considerations here, for if the words that are to express the causal principle do not represent a real proposition, they must simply be a meaningless, absurd succession of words. One must, however, bear in mind that there are sequences of words that are not propositions and express no facts and yet fulfil very significant functions in life; so-called question and command sentences. And even if the causal principle is expressed in the grammatical form of a declarative sentence, we know from modern logic that one can hardly judge the logical content of a sentence by its form. And thus it is quite possible that beneath the categorical form of the causal principle a kind of command, a demand exists—thus, approximately, what Kant calls a "regulative principle." A similar opinion regarding this principle is indeed held by those philosophers who see in it merely the expression of a postulate or of a "decision"5 never to give up the quest for laws and causes. This point of view therefore must be carefully considered.
Accordingly, we must decide between the following three possibilities:


I. The principle of causality is a tautology. In this case it would always be true but without content.


II. It is an empirical proposition. In this case it could be either true or false, either knowledge or error.


III. It represents a postulate, an injunction to continue to seek causes. In this case it cannot be either true or false but is at most either appropriate or inappropriate.


I. We shall soon become clear regarding the first possibility, especially as we have already mentioned it above (§6). We found that the causal principle as expressed in the form, "All events occur according to law," is certainly tautological if by lawfulness is meant, "representable by some formula or other." From this, however, we inferred that this could not be the true content of the principle, and we looked fora new formulation. In fact, science in principle has no interest in a tautological proposition. If the causal principle were of this nature, determinism would be self-evident, but empty. And indeterminism, its opposite, would be self-contradictory, for the negation of a tautology is a contradiction. The ,question as to which one of the two is correct could not be raised at all. Therefore if modern physics not only formulates the question but believes it to be definitely answered by experience, what physics means by determinism and the principle of causality surely cannot be a tautology. In order to know whether a proposition is tautological or not one obviously needs no experience at all, one need only realise its meaning. If one should say that physics has demonstrated the tautological nature of the causal principle, it would be as senseless as to say that astronomy has shown that 2 times 2 equals 4.


Since the time of Poincar6, we have learned to note that apparently certain general statements enter into a description of nature which are not subject to confirmation or disproval, namely the "conventions." The genuine conventions, which are actually a type of definition, must in fact be formulated as tautologies. Here, however, it is not necessary to go further into this matter. We conclude only that since we have already admitted that modern physics at any rate teaches us something about the validity of the principle of causality, it cannot be an empty proposition, a tautology, a convention; but it must be of such a nature that in some way it is subject to the judgment of experience.


II. Is the principle of causality simply a proposition the truth or falsity of which may be determined by observation of nature? Our previous considerations seem to support this interpretation. If it is correct we shall have to side with Heisenberg, therefore, in opposition to H. Bergmann and Th. Vogel in the above mentioned apparent opposition between the formulations of Heisenberg and Born, in which these investigators express the results of the quantum theory. I call that opposition apparent, for while Heisenberg speaks of the invalidity and Born of the senselessness of the causal principle, Born yet adds "in its usual formulation." Therefore it may well be that the usual formulation gives rise to nothing but a tautology, but that the real meaning of the principle could be formulated in a genuine statement which could be proven false by quantum experiments. In order to determine this we must again consider which formulation of the causal principle we found ourselves driven to accept. According to our former statements the content of the principle may be expressed thus: "All events are in principle predictable." If this statement were a genuine proposition it would be verifiable—and not only this, but we would be able to say that the verification has been attempted and has so far given a negative result.


But what is the case with our principle? Can the meaning of the word "predictable" be clearly indicated? We called an event "predicted" when it was deduced by the help of a formula that was constructed on the basis of a series of observations of other events. Mathematically expressed, prediction is an extrapolation. The denial of exact predictability, as the quantum theory teaches, would mean then that it is impossible to derive from a series of observations a formula that will also represent, exactly, new observation data. But what again does this "impossible" mean? One may, as we saw, subsequently always find a function that includes the new as connects the previous data with the new data and makes both appear derivative from the same natural regularity. That impossibility is therefore not a logical one; it does not mean that there is no formula with the desired properties. Strictly speaking, however, it is also not a real impossibility; for it is possible that someone should by mere chance, by pure guess, always get the correct formula. No natural law prevents correct guesses regarding the future. No, that impossibility means that it is impossible to seek that formula, that is, there is no rule for obtaining such a formula. This, however, cannot be expressed in a legitimate proposition.
Our efforts to find a testable proposition equivalent to the causal principle have therefore failed. Our attempts at formulations have led only to pseudo-propositions. This result is not entirely unexpected, however, for we have already said that the causal principle may be tested for its correctness in the same sense that a natural law may be tested. We also noted, however, that natural laws, strictly analysed, are not propositions that are true or false, but are, rather, x "directions" for the construction of such propositions. If this holds also of the causal principle, we find ourselves referred to the third possibility:


III. The principle of causality does not directly express a fact to us, say, about the  regularity of the world, but it constitutes an imperative, a precept to seek regularity, to describe events by laws. Such a direction is not true or false but is good or bad, useful or-,, useless. And what quantum physics teaches us is just this: that the principle is bad, useless, impracticable within the limits precisely laid down by the principle of indeterminacy. Within those limits it is impossible to seek for causes. Quantum mechanics actually teaches us this, and thus gives us a guiding thread to the activity that is called investigation of nature, an opposing rule against the causal principle.


Here one sees again how much the situation created by physics is different from the possibilities that have been thought out by philosophy. The causal principle is no postulate in the sense in which this concept occurs in earlier philosophers, for there it means a rule to which we must adhere under all circumstances. Experience, however, decides upon the causal principle, of course, not upon its truth or falsity—that would be senseless—but upon its utility. And natural laws themselves decide the limits of utility. In this lies the novelty of the situation. There are no postulates in the sense of the older philosophy. Each postulate may be limited by an opposing rule taken from experience, that is, may be recognised as inappropriate and thus nullified.


One might perhaps believe that this point of view would lead to a type of pragmatism, since the validity of natural laws and of causality depends only on their confirmation and on nothing else. But here there is a big difference that must be sharply emphasised. The statement of pragmatism that the truth of propositions consists entirely in their confirmation, in their usefulness, must from our standpoint be rejected. Truth and confirmation are not identical for us. On the contrary, since in the case of the causal principle we may test only its confirmation, only the usefulness of its -precept, we may not speak of its "truth," and we deny to it the nature of a genuine statement. Of course, pragmatism may be understood psychologically and its teaching may, as it were, be excused, by saying that it is really difficult and requires thorough reflection to see the difference between a true proposition and useful rule, between a false proposition and useless rule. For "directions" of this type occur grammatically in the form of ordinary propositions.


While for a real assertion it is essential that it be in principle verifiable or falsifiable, the usefulness of a direction can never be absolutely proven because later observations may still prove it to be inappropriate. The Heisenberg relation itself expresses a natural law, and as such has the nature of a direction. On this basis alone the rejection of determinism arising therefrom cannot be considered proof of the falsity of a definite proposition, but may be considered only an indication of the inadequacy of a rule. The hope therefore always remains that with further knowledge the causal principle will again triumph.


The expert will observe that by considerations such as the above the so-called problem of "induction," too, ceases to have application, and is thus solved in the way in which Hume solved it. For the problem of induction consists in the question of the logical justification of general propositions regarding reality, which are always extrapolations from individual observations. We recognise, as Hume does, that there is no logical justification for them; there cannot be one because they are not real propositions. Natural laws are not (in the logician's language) "general implications," because they cannot be verified for all cases, but are rules, instructions, aiding the investigator to find his way about in reality, to discover true propositions, to expect certain events. This expectation, this practical attitude, is what Hume expresses by the word "belief." We must not forget that observation and experimentation are actions by which we come into direct contact with nature. The relations between reality and us are sometimes expressed in sentences that have the grammatical form of propositions, but whose real meaning lies in their being directives for possible action.


To sum up: The rejection of determinism by modern physics means neither the falsity nor the emptiness of a definite proposition about nature, but the uselessness of the rule that, as the "causal principle," points the way to every induction and every natural law. And in fact the inapplicability of the rule is asserted only for a definitely circumscribed realm; there, however, with all the certainty that pertains to investigation in the exact physical sciences.


10. ORDER, DISORDER, AND "STATISTICAL REGULARITY"


After the peculiar nature of the causal principle has become clear to us, we may now also understand the role actually played by the previously discussed, but then rejected, criterion of simplicity. It had to be rejected only in so far as it does not accord with the concept of cause. However we noticed that de facto it coincides with the true criterion, that of confirmation. For it clearly represents the special precept fruitful in our world, by which the general injunction of the causal principle, to seek regularity, is supplemented and perfected. The causal principle directs us to construct, from given observations, functions that lead to prediction of new ones. The principle of simplicity gives us the practical method by which we follow this direction, by saying: Connect the observation data by the "simplest" curve—which will then represent the function sought.


The causal principle could remain valid even if the rule, leading to success, were quite different. Therefore this rule does not suffice to determine the causal concept, but merely represents a narrower, more special application. As a matter of fact it often does not suffice to attain the correct extrapolation. If we thus recognise the purely practical nature of the principle of simplicity, it becomes clear that "simplicity" is not to be strictly defined. Here, however, the vagueness does not matter.


If, say, we should draw the simplest curve through the points representing data of the quantum processes in some experiment (for instance electronic jumps in the atom) it will be of no use in making predictions. And since we know of no other rule by which this aim would be realised, we say that the processes follow no law but are accidental. De facto, however, there does exist a marked concordance between simplicity and lawfulness, between chance and complexity. This leads us to an important consideration.


It is conceivable that extrapolation with the help of the simplest curve would almost always lead to the correct result; that, however, with no ascertainable reason now and then some single observation will not match in the prediction. In order to make the idea firm let us imagine the following simple case: By means of a very long series of observations in nature we determine that in 99 per cent of the cases, an event A is followed by an event B; but not in the remaining (irregulary distributed) 1 per cent — without it being possible to find the slightest "cause" for the exception. We would say of such a world that it is still quite orderly, since our prophecies would be fulfilled on the average of 99 per cent (therefore much better than at present in meteorology or in many phases of medicine). We should therefore ascribe to this world causality, though of an "imperfect" sort. Every time that A occurs we shall expect the occurrence of B with great confidence; we shall rely upon it and get along not at all badly. Let us assume that the world otherwise is quite intelligible. If, then, with the best methods and the greatest efforts, science cannot account for the average 1 per cent deviation we shall finally rest content with that, and shall explain the world as orderly within limits. In such a case we have a "statistical law" before us. It is important to observe that a law of this kind, wherever we encounter it in science, is as it were a result of two components, in that the incomplete or statistical causality is divided into strict law and chance, which are superimposed upon each other. In the above example we should say that it is a strict law that on the average B follows A, in 99 out of 100 cases and that the distribution of the 1 per cent of deviating cases over the whole is completely a matter of chance. An example from physics: in the kinetic theory of gases the laws according to which each particle moves are accepted as perfectly strict; but the distribution of single particles and their states are, however, assumed to be completely "random" at any given moment. From a combination of both hypotheses, then, the macroscopic laws of gases result (for instance Van der Waal's law of gases) as well as the imperfect regularity of the Brownian movement.


Thus in a scientific description of the process we separate a purely causal from a purely accidental part. For the former we construct a strict theory, and the latter we view in the statistical manner, that is, using "laws" of probability, which, however, are not actually laws but (as will be shown) represent the definition of the "accidental." In other words, we are not satisfied with a statistical law of the above form, but conceive it as a mixture of strict regularity and complete irregularity. Another example obviously occurs in the Schr6dinger quantum mechanics (in the interpretation of Born). There the description of the processes is also split into two parts: into the strictly regular diffusion of the ψ waves, and in the occurrence of a particle or a quantum, which is simply accidental, within the limits of "probability" determined by the ψ value at the point concerned. (That is, the value of ψ tells us, for instance, that at a definite point on the average 1,000 quanta per second enter. These 1,000, however, show quite an irregular distribution in themselves.)


What does "simply accidental" or "chance" or "completely unordered" mean here? From the previous case, of the regular occurrence of A and B together in an average of 99 per cent of the observations, which does not represent complete order, we may by gradual transitions pass to disorder. Let us assume, say, that observation shows that on the average the process B follows the process A in 50 per cent of the cases, the process C follows A in 40 per cent, and D follows A in the remaining 10 per cent. We should still speak of a definite regularity, of statistical causality, but we should then judge a much smaller degree of order to be present than in the first case. (A metaphysician would perhaps say that the process A has a certain "tendency" to call forth the process B, a slighter tendency toward the process C, etc.) When would we state that there is no kind of regularity, that therefore the events, A, B, C, D are completely independent on one another (in which case the metaphysician would say that there is no inherent tendency in A to produce its consequent)?


Obviously only when, after a very long sequence of observations every series formed out of the different events by permutation (with repetition) occurs on the average with the same frequency (where the series would have to be small with respect to the whole sequence of observations). We should then say that nature has no predilection for a definite succession of processes, that the succession therefore takes place quite irregularly. Such a distribution of the events has usually been called a distribution "according to the rules of probability." Where such a distribution exists we speak of complete independence of the events in question; we say they are not causally connected with one another. And according to what has been said, this manner of speech does not signify merely an indication of the lack of regularity but is identical with it by definition. The so-called "probability distribution" is simply the definition of complete disorder, pure chance. It seems to be generally admitted that to speak of "laws of chance" is a very poor way of expressing the matter (since chance means the exact opposite of law). One too easily tends to ask the meaningless question (the so-called "problem of application" relates to this) how it happens that even chance is subject to law. I cannot therefore accept Reichenbach's point of view when he speaks of a "principle of distribution according to the law of probability" as a presupposition of all the natural sciences; which principle, along with the principle of causality, is to form the basis of all physical knowledge. That principle, he thinks, consists in the assumption that the irrelevant factors in a causal relationship, the "remaining factors," "exert their influence in accordance with the law of probability." It seems to me that these "laws of probability" are nothing more than the definition of causal independence.


Of course we must here include an observation that although without practical significance is yet of great importance, logically as well as in principle. The above definition of absolute disorder (equi-frequent average occurrence of all possible sequences of events) would be correct only in the case of an infinite number of observations. For it must be valid for series of any magnitude and every one of these must, according to the previous observation, be regardable as small in comparison with the total number of cases, that is, the total number of cases must surpass all limits. Since in reality this, of course, is impossible, we cannot, strictly speaking, decide whether disorder conclusively exists in any case. That this must be so follows, moreover, from our previous result, that for an already given sequence we cannot decide whether it is "orderly" or not. The same difficulty of principle exists here that makes it impossible to define the probability of any event in nature by the relative frequency of its occurrence. To arrive at correct estimates such as are required for mathematical computation (probability calculations) we should have to pass to the limit for an infinite number of cases—naturally a senseless demand for empiricism. This is often not sufficiently considered. The only useful method of defining probabilities is the one of Spielraume, logical range (Bolzano, V. Kries, Wittgenstein, Waismann; see the above cited article of Waismann).


This, however, does not belong to our theme. We now proceed to derive some consequences from the above considerations and to criticise others that are drawn here and there in this connection.


11. WHAT DOES "DETERMINED" MEAN?


Since, generally, we speak of causality by saying that one process determines another, that the future is determined by the present, we want once more to clarify for ourselves the true significance of this unhappy word "determine." That a certain state determines another later one can in the first place not mean that there is a hidden connection between them called causality, which could somehow be found or must be thought. For such naive ways of thinking are, for us, surely no longer possible, 200 years after Hume.


Now we have already given the positive answer, at the beginning of our deliberations: "A determines B" cannot mean anything but: B may be calculated from A. And this again means: there is a general formula which describes the state B as soon as certain values of the "initial state" A are put into it, and as soon as a certain value is given to certain variables, for instance that of time, t. That the formula is "general" means, again, that besides A and B there are any number of other states connected with one another by the same formula and in the same manner. Indeed a large part of our efforts was directed to answering the question of when one may say there is such a formula (called "natural law"). And the answer was that the criterion lay in nothing but the actual observation of the B computed from A. Only when we can indicate a formula that is used successfully in prediction can we say that there is a formula (order is present).


The word "determined" therefore means exactly the same as "predictable" or "computable in advance." This simple viewpoint alone is needed to resolve a well-known paradox, important for the problem of causality, which perplexed Aristotle and is even today a source of confusion. It is the paradox of so-called "logical determinism." It states that the principles of contradiction and of excluded middle would not be valid for propositions regarding future facts if determinism is not valid. In fact, so Aristotle argued, if indeterminism is correct, if the future is not already determined, it seems that the proposition, "the event E will take place the day after tomorrow," can be today neither true nor false. For if, for instance, it were true the event would have to occur, it would already be determined, contrary to the indeterministic assumption. Even in our day this argument is sometimes held to be conclusive, and is even said to be the basis of a new logic. There must of course be an error here, for logical propositions, which are only rules of our symbolism, cannot depend as regards their validity upon the existence of causality in the world; every proposition must have truth or falsity as a timeless characteristic. The correct interpretation of determinism removes the difficulty at once and leaves to the logical principles their validity. The proposition "the event E occurs on such and such a day" is timeless—therefore even now either true or false, and only one of the two, quite independently of whether determinism or indeterminism holds in the world. For the latter by no means asserts that today the proposition about the future E is not unambiguously true or false, but only that the truth or falsity of that proposition cannot be calculated on the basis of propositions about present events. This means, then, that we cannot know whether the proposition is true before the corresponding point in time has passed, but this has nothing to do with its being true or with the basic laws of logic.


12. DETERMINATION OF THE PAST


If physics today, speaking indeterministically, says that the future is (within certain limits) undetermined, it means nothing more or less than: it is impossible to find a formula by which we may calculate the future from the present. (More correctly it would mean: it is impossible to seek such a formula, there is no rule for its discovery; it could be guessed only by pure chance.) It is perhaps comforting to observe that in quite the same sense (and I cannot imagine any other meaning of the word "undetermined") we must say of the past that in a certain respect it, too, is undetermined. Let us assume for example that the velocity of an electron has been precisely measured and then its location observed: in this case the equations of the quantum theory also enable us to compute, exactly, previous positions of the electrons However, actually, this indication of position is physically meaningless, for its correctness cannot in principle be tested, since it is impossible to verify subsequently whether the electron appeared in the computed place at the given time. If, however, one had observed it in this computed place, it would certainly not have reached those places later noted, since its course is known to be disturbed by observation in an incalculable manner. Heisenberg says (p. 15): "Whether or not one attributes a physical reality to the calculation of the past of the electron is merely a matter of taste." However, I should prefer to express myself even more strongly, in complete agreement with what I believe to be the fundamental point of view of Bohr and Heisenberg himself. If an assertion regarding the position of an electron is not verifiable in atomic dimensions, then we cannot attribute any meaning to it; it becomes impossible to speak of the "path" of a particle between two points where it has been observed. (This of course is not true of bodies of molar dimensions. If a bullet is now here and a second later at a distance of 10 metres, then it must have passed the points in between during that second, even if no one has perceived it; for in principle it is possible to verify subsequently that it has been at the intervening points.) One may treat this as the sharpened formulation of a proposition of the general theory of relativity: just as transformations that leave all point coincidences — intersection points of world lines — unchanged have no physical meaning, so we may say here, there is no sense at all in attributing physical reality to the segments of world-lines between the points of intersection.


The most concise description of the state of affairs we have discussed is perhaps to say (as the most important investigators of the quantum problems do) that the validity of the usual spatiotemporal concepts is limited to that which is macroscopically observable; they are not applicable to atomic dimensions.
None the less let us spend another moment with the results just arrived at concerning determination of the past. We sometimes find it asserted in current literature that contemporary physics has reestablished the ancient Aristotelian concept of "final cause," in the form of that which is earlier being determined by the later, but not vice versa. This idea occurs in the interpretation of the formulas of atomic radiation which, according to the theory of Bohr, is supposed to take place so that the atom sends out a light quantum every time an electron jumps from a higher to a lower orbit. The frequency of the light quantum depends upon the initial orbit and the final orbit of the electron (it is proportional to the difference in energy values of the two orbits) ; it is therefore obviously determined by a future event (the entrance of the electron into the final orbit).


Let us test the meaning of this idea. Aside from the fact that the concept of final cause must have had a different content for Aristotle, this idea, according to our analysis of "determine," states that in certain cases it is impossible to compute a future event Z from the data of past events V, but that, on the other hand, V may be derived from the known Z. Good, let us imagine that the formula for this is given and that a V has been computed therefrom. How do we test the correctness of the formula? Only by comparing that which is computed with the observed V. V, however, is already in the past (it existed before Z, which has also already occurred and had to be known in order to be insertable into the formula) ; it cannot be observed post factum. If then we have not previously ascertained it, the proposition that the computed V occurred is not verifiable in principle and is therefore meaningless. If however V has already been observed, we have a formula that connects events already observed. There is no reason why such a formula should not be reversible. (For in practice one-many functions do not occur in physics.) If by means of it V may be calculated from Z, it must be equally possible to determine Z by means of it when V is given. We therefore encounter a contradiction when we say the past may be calculated from the present but not vice versa. Logically both are the same. Note well: the essence of this argument is that the data of the events V and Z enter into the natural law with entirely equal right; they must all already have been observed if the formula is to be verifiable.


For the rest, here too, all the obscurities are basically due to the lack of clear distinction between that which may be formulated as a contribution of thought and that which has really been observed. Here again we see the great advantage of Heisenberg's point of view, which would offer a purely mathematical and not an apparently intuitive model of the atom; with it the temptation to introduce so-called "final causes" falls to the ground. It seems to me that the mere elucidation of the meaning of the word "determine" shows that it is under all circumstances impermissible to assume (quite independently of the question of determinism) that a later event determines an earlier one, but that the reverse is not true.


13. TOWARD DIFFERENTIATION OF PAST AND FUTURE


The last considerations seem to teach that an inference regarding past events has precisely the same nature logically as one regarding future events. In so far as, and to the extent that, causality holds at all, we may say with equal justice that the earlier determines the later and the later determines the earlier. In accordance with this all attempts to differentiate conceptually between the temporal direction from the past to the future and from future to past fail. This I believe is true also of H. Reichenbach's attempt (in the treatise cited in the Bayrischen Sitzungsberichten) to demonstrate the asymmetry of the causal relationship, and by its help to ascertain conceptually the positive temporal direction and thereby to be able to define even the time of the present, the now. He believes that the causal structure in the direction of the future differs topologically from that of the reverse direction. The arguments he gives for this belief I consider incorrect. However, I do not want to dwell upon this (compare for instance the critique, in need of some further elaboration, of Reichenbach's ideas by H. Bergmann in "Der Kampf um das Kausalgesetz in der jungsten Physik") but merely to mention that the demand fora definition of the now is logically meaningless. The difference between earlier and later in physics may be described objectively, and in fact, as far as I can see, only by aid of the principle of entropy. But in this way the direction past-future is only differentiated from the opposite. However, that real events proceed in the first direction and not in the reverse cannot be said at all, and no natural law can express it. Eddington (The Nature of the Physical World) describes this in an intuitive way, in claiming that a positive temporal direction (time's arrow) may be defined physically, but that it is not possible to formulate conceptually the passage from the past to the future (becoming). H. Bergmann rightly sees, in opposition to H. Reichenbach, that physics has no means whatever of distinguishing the now, of defining the concept of the present. He seems, however, to assume falsely tha'. by means of "psychological categories" this may not be impossible. In truth the meaning of the word "now" may only be shown, just as we may only show and not define what we understand by "blue" or by "happiness."


That the causal relation is asymmetrical, unidirectional (as Reichenbach, loc. cit. believes) is falsely suggested by facts connected with the principle of entropy. It is only due to this law that in everyday life the earlier may be more readily derived from the later than vice versa. The calculation of the later is of course not by itself identical with an inference to the future, and neither is the calculation of earlier itself identical with an inference to the past. This is the case only when the temporal point from which we make the inference is the present. Reichenbach believes (loc. cit., p. 155) that the latter case is actually distinguished by the fact that the past is objectively determined whereas the future is objectively undetermined. Brief analyses show that all that is meant by "objectively determined" is "inferable from a partial effect." The future is "objectively undetermined" because it cannot be inferred from a partial cause, for the totality of all partial causes can not be defined in the absence of determinism. All sorts of things may be said against the concepts of partial cause and partial effect, and we have already indicated that the apparently easier process of inference is falsely suggested by facts involved in the principle of entropy. But even if the argument contained no error it would again only characterise the difference between the earlier and later, not the difference between past and future.


14. INDETERMINATENESS OF NATURE AND FREEDOM OF THE WILL


The psychological reason for the sort of ideas last mentioned (and that is why I referred to them) seems to me to lie in the circumstance that, in addition to the simple meaning our analysis found for the word "undetermined," implicitly a sort of metaphysical, related meaning is attributed to it; namely, as if one could attribute determinateness or indeterminateness to a process in itself. That, however, is meaningless. Since "determined" means calculable by means of certain data, to speak of determinism makes sense only when we add: By what? Each real process whether it belongs to the past or to the future is as it is; being undetermined cannot belong to its characteristics. Regarding the natural processes themselves one cannot sensibly assert a "vagueness" of "indefiniteness." Only in reference to our thoughts may we speak of such (namely, when we do not know definitely which propositions are true, which representations are correct.) Sommerfeld evidently means just this when he says:10 "It is not the experimentally that are indeterminate. With sufficient attention to experimental conditions, these may be precisely treated. Indeterminism applies only to our ideational forms which accompany physical facts." One must not believe therefore that modern physics has any place for the misconception of natural processes "undetermined in themselves." If, for instance, in an experiment it is not possible to give an electron a precise location, and if the same is true of its momentum, this means nothing more than that position and momentum values of a punctiform electron are not suitable means for the description of the process that takes place in nature. The modern formulations of the quantum theory recognise this and take it into account.


Just as little as the present situation in modern physics allows the formulation of a metaphysical concept of indeterminism does it allow speculations about the so-called "problem of freedom of the will" which is connected with it. This must be sharply emphasised, for not only philosophers but also men of science have not been able to withstand the temptation to utter thoughts such as the following: Science shows us that the physical universe is not fully determined; it follows, (1) that indeterminism is in the right and that physics therefore does not contradict the assertion of freedom of the will; (2) that nature, since strict causality does not prevail in it, provides room for spiritual or mental factors.


In answer to (1) we may say: the real problem regarding freedom of the will as it occurs in ethics has been confused with the question of indeterminism only because of crude errors which, since Hume, have long since been corrected. The moral freedom that the concept of responsibility presupposes does not stand in opposition to causality but would be entirely destroyed without it.


To (2) we may say: the statement implies a dualism, the juxtaposition of a spiritual and physical world between which there may be an interaction because of the imperfect causality of the latter. In my opinion no philosopher has succeeded in elucidating the real meaning of such a proposition, that is, no one has shown which experiences would enable us to confirm its truth and which experiences would disclose its falsity. Quite the contrary, logical analysis (for which of course there is no place here) leads to the conclusion that in the data of experience there is no legitimate ground for that dualism. It is therefore a meaningless, untestable metaphysical proposition. It seems to be believed that the possibility of "psychical" factors entering through possible loopholes of "physical" causality has consequences relating to our world outlook that satisfy certain emotional needs. However this is an illusion (since the purely theoretical interpretation of the world has no relationship to emotional needs correctly understood) . If the tiny gaps in causality could in some way be filled in, it would only mean that the above mentioned, practically insignificant traces of indeterminism existent in the modern world-picture would again be partly wiped out.


In this realm the metaphysics of earlier times was guilty of certain errors which sometimes occur even now where metaphysical motives are completely absent. Thus we read in Reichenbach (p. 141) : "If determinism is correct nothing can justify our undertaking an action for tomorrow but not for yesterday. It is clear that we then have no possibility at all even to abstain from the plan for the morrow's action and from the belief in freedom — certainly not, but in that case our action does not make sense." It seems to me that the exact opposite is the case: our actions and plans obviously make sense only in so far as the future is determined by them. Here there is simply a confusion of determinism with fatalism, which has so often been criticised in the literature that we need not dwell upon it. Moreover, he who still represents the opinion criticised above would not be helped at all by the indeterminism of modern physics. For with utmost consideration of all relevant facts, happenings are still so precisely calculable beforehand in it, the remaining indeterminateness is so slight, that the significance our actions would have in this world of ours would still be vanishingly small.


Precisely the last considerations teach us again how different the contributions of modern physics to the question of causality are from those of earlier philosophical thinking; and how correct we were in saying at the very beginning that human imagination was in no position to foresee the structure of the world as revealed to us by patient investigation. For it is even difficult for it to progress in the steps science has already shown to be possible.
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   Peter Strawson said he could make no sense of ideas like free will and determinism. In this regard he was one with those English-speaking philosophers who, following Ludwig Wittgenstein, thought such questions were pseudo-problems to be dissolved by careful attention to actual language use.
  

   Strawson made a contribution to the free will versus determinism discussions by pointing out that whatever the deep metaphysical truth on these issues, people would not give up talking about and feeling moral responsibility, praise and blame, guilt and pride, crime and punishment, gratitude, resentment, and forgiveness. 
  

These moral attitudes were for him more real than whether they could be explained by fruitless disputes about free will, compatibilism, and determinism. They were "facts" of our natural human commitment to ordinary inter-personal attitudes. He said it was "a pity that talk of the moral sentiments has fallen out of favour," since such talk was "the only possibility of reconciling these disputants to each other and the facts."   
  

  Strawson himself was optimistic that compatibilism could reconcile determinism with moral obligation and responsibility. He accepted the facts of determinism. He felt that determinism was true. But he was concerned to salvage the reality of our attitudes even for libertarians, whom he described as pessimists about determinism. 
  
  "What I have called the participant reactive attitudes are essentially natural human reactions to the good or ill will or indifference of others towards us, as displayed in their attitudes and actions. The question we have to ask is: What effect would, or should, the acceptance of the truth of a general thesis of determinism have upon these reactive attitudes? More specifically, would, or should, the acceptance of the truth of the thesis lead to the decay or the repudiation of all such attitudes? Would, or should, it mean the end of gratitude, resentment, and forgiveness; of all reciprocated adult loves; of all the essentially personal antagonisms?" 

But how can I answer, or even pose, this question without knowing exactly what the thesis of determinism is? Well, there is one thing we do know; that if there is a coherent thesis of determinism, then there must be a sense of ‘determined’ such that, if that thesis is true, then all behaviour whatever is determined in that sense. Remembering this, we can consider at least what possibilities lie formally open; and then perhaps we shall see that the question can be answered without knowing exactly what the thesis of determinism is."
 



  Strawson felt that the truth of determinism would in no way repudiate such attitudes, even the feeling of resentment, unless what he called "participant" attitudes were universally replaced by "objective" attitudes in which causes are found to rationalize or excuse all actions as determined, denying ordinary human relationships. This was of course the basic argument of behaviorism, which involves, says Strawson, "that sense of ‘determined’ in which, if determinism is a possibly true thesis, all behaviour may be determined, and in which, if it is a true thesis, all behaviour is determined."
  
 "Our question reduces to this: could, or should, the acceptance of the determinist thesis lead us always to look on everyone exclusively in this way? For this is the only condition worth considering under which the acceptance of determinism could lead to the decay or repudiation of participant reactive attitudes. 

The human commitment to participation in ordinary inter-personal relationships is, I think, too thoroughgoing and deeply rooted for us to take seriously the thought that a general theoretical conviction might so change our world that, in it, there were no longer any such things as inter-personal relationships as we normally understand them; and being involved in inter-personal relationships as we normally understand them precisely is being exposed to the range of reactive attitudes and feelings that is in question.


A sustained objectivity of inter-personal attitude, and the human isolation which that would entail, does not seem to be something of which human beings would be capable, even if some general truth [i.e., determinism] were a theoretical ground for it.


So my answer has two parts. The first is that we cannot, as we are, seriously envisage ourselves adopting a thoroughgoing objectivity of attitude to others as a result of theoretical conviction of the truth of determinism; and the second is that when we do in fact adopt such an attitude in a particular case, our doing so is not the consequence of a theoretical conviction which might be expressed as ‘Determinism in this case’, but is a consequence of our abandoning, for different reasons in different cases, the ordinary inter-personal attitudes." 
 



  Strawson's arguments are designed to preserve important moral concepts in the face of determinism, which he basically accepts, and free will, which he finds incoherent. But he sees there are problems with his defense, however heartfelt. 
 
"It might be said that all this leaves the real question unanswered, and that we cannot hope to answer it without knowing exactly what the thesis of determinism is. For the real question is not a question about what we actually do, or why we do it. It is not even a question about what we would in fact do if a certain theoretical conviction gained general acceptance. It is a question about what it would be rational to do if determinism were true, a question about the rational justification of ordinary inter-personal attitudes in general.

  To this I shall reply, first, that...our natural human commitment to ordinary inter-personal attitudes...is part of the general framework of human life, not something that can come up for review as particular cases can come up for review within this general framework. And I shall reply, second, that if we could imagine what we cannot have, viz, a choice in this matter [note the determinist Strawson], then we could choose rationally only in the light of an assessment of the gains and losses to human life, its enrichment or impoverishment; and the truth or falsity of a general thesis of determinism would not bear on the rationality of this choice."
 



  Strawson is disdainful and dismissive of the libertarian's "inane...general metaphysical proposition." 
 
"This proposition [the libertarian] finds it as difficult to state coherently and with intelligible relevance as its determinist contradictory. Even when a formula has been found (‘contra-causal freedom’ or something of the kind) there still seems to remain a gap between its applicability in particular cases and its supposed moral consequences. Sometimes he plugs this gap with an intuition of fittingness — a pitiful intellectualist trinket for a philosopher to wear as a charm against the recognition of his own humanity."  
 


  In the end, Strawson defends the determinist as right, the libertarian as resorting to "panicky metaphysics." Strawson's position that attitudes are existent real facts is sometimes described as "attitudinism."
 
"If we sufficiently, that is radically, modify the view of the optimist [determinist], his view is the right one. It is far from wrong to emphasize the efficacy of all those practices which express or manifest our moral attitudes, in regulating behaviour in ways considered desirable; or to add that when certain of our beliefs about the efficacy of some of these practices turn out to be false, then we may have good reason for dropping or modifying those practices. What is wrong is to forget that these practices, and their reception, the reactions to them, really are expressions of our moral attitudes and not merely devices we calculatingly employ for regulative purposes. Our practices do not merely exploit our natures, they express them. Indeed the very understanding of the kind of efficacy these expressions of our attitudes have turns on our remembering this. When we do remember this, and modify the optimist’s position accordingly, we simultaneously correct its conceptual deficiencies and ward off the dangers it seems to entail, without recourse to the obscure and panicky metaphysics of [pessimistic] libertarianism." 
 
Freedom and Resentment
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  Saul Smilansky is an Illusionist, that is to say, he believes libertarian free will is incoherent and thus impossible and an illusion.

He is close to a group of thinkers who share a view that William James would have called "hard determinism," including Richard Double, Ted Honderich, Derk Pereboom, Galen Strawson, and the psychologist Daniel Wegner. Strawson was his thesis advisor at Oxford.


Smilansky believes that we typically have some "compatibilist free will," and that this
often matters. Unlike Honderich and Pereboom, he also believes in compatibilist
free will-based desert, and that compatibilist distinctions are central for
moral and personal life. He calls for the establishment of a "Community
of Responsibility" based upon the compatibilist distinctions. 


He thinks that illusion matters a great deal in the free will problem, and that the
illusion of libertarian free will is arguably positive, and probably even
morally necessary.



Smilansky argues, somewhat dialectically, for a "Fundamental Dualism," that accepts both compatibilism and incompatibilism (viz., of moral responsibility with determinism). He calls himself a "compatibilist-dualist."


Smilansky suggests three questions for consideration:


1. Is there libertarian free will? This can be called the libertarian Coherence or Existence Question. Libertarians of course think that there is libertarian free will, compatibilists (typically) and hard determinists disagree. This first question is metaphysical or ontological, or perhaps logical.

2. If there is no libertarian free will, are we still in a reasonably good moral condition? This can be called the Compatibility Question; namely, are moral responsibility and related notions compatible with determinism (or with the absence of libertarian free will irrespective of determinism)? Compatibilism and hard determinism are opponents on the Compatibility Question. This question, in my opinion, is mostly ethical. The first proposal that I offer, Fundamental Dualism, relates to this second question, that of compatibility.


3. I offer pessimistic answers to the first two questions. In response to question 1, I claim that there is no libertarian free will, and in response to question 2, that compatibilism is insufficient. This leads to a third question: What are the consequences of the undoing of both libertarianism and (in part) compatibilism? I call this the Consequences Question, and its nature turns out to be complex. My second proposal, Illusionism on free will, relates to this third question of consequences.

(Free Will, Fundamental Dualism, and the Centrality of Illusion, in Oxford Handbook of Free Will, 2002, p. 490)



Smilansky calls it the "Assumption of Monism" to think that one must affirm either compatibilism or incompatibilism. This is what Ted Honderich calls the third mistake of the compatibilists and incompatibilists, that one or the other of them must be true.


Smilansky calls it his "Fundamental Dualism" to hold a mixed position including both. (Note that this dualism has nothing to do with great dualisms like mind/body.) 
   

   It seems to me that a harmful Assumption of Monism has seriously impaired the debate about free will at this point, and this Assumption of Monism helps explain why an explicit dualism such as I am presenting has not been previously developed. The Assumption of Monism is the assumption that ... one must affirm compatibilism or incompatibilism. In fact, there is no conceptual basis whatsoever for thinking that the Assumption of Monism is necessary. Compatibilism and incompatibilism are indeed logically inconsistent, but it is possible to hold a mixed, intermediate position that is not fully consistent with either. The Compatibility Question might be answered in a yes-and-no fashion, for there is no conceptual reason why it should not be the case that certain forms of moral responsibility require libertarian free will while other forms could be sustained without it. There is nothing to prevent incompatibilists and compatibilists from insisting that real moral responsibility does, or does not, require libertarian free will. But their case must be made in ethical terms, and it may well turn out that there is no single or exhaustive notion of moral responsibility. (p. 491)
   


  In addition to his Fundamental Dualism, Smilansky also proposes his Illusionism.
   
   The Fundamental Dualism, according to which we must be both compatibilists and hard determinists, was my first proposal. Now let us move on to the second. Illusion, I claim, is the vital but neglected key to the free will problem. I am not saying that we need to induce illusory beliefs concerning free will or can live with beliefs that we fully realize are illusory. Both of these positions would be highly implausible. Rather, I maintain that illusory beliefs are in place, and that the role they play is largely positive. (p. 497)
Illusionism is the position that illusion often has a large and positive role to play in the issue of free will. In arguing for the importance of illusion, I claim that we can see why it is useful, that it is a reality, and why by and large it ought to continue to be so. Illusory beliefs are in place concerning free will and moral responsibility, and the role they play is largely positive. Humanity is fortunately deceived on the free will issue, and this seems to be a condition of civilized morality and personal value.


The sense of "illusion" that I am using combines the falsity of a belief with some motivated role in forming and maintaining that belief—as in standard cases of wishful thinking or self-deception. However, it suffices that the beliefs are false and that this conclusion would be resisted were a challenge to arise. It is not necessary for us to determine the current level of illusion concerning free will.


The importance of illusion flows in two ways from the basic structure of the free will problem: first, indirectly, from the Fundamental Dualism on the Compatibility Question — the partial and varying validity of both compatibilism and hard determinism .  Second, illusion flows directly and more deeply from the meaning of the very absence of the grounding that libertarian free will was thought to provide.  We cannot live adequately with the dissonance of the two valid sides of the Fundamental Dualism, nor with a complete awareness of the deep significance of the absence of libertarian free will. We have to face the fact that there are basic beliefs that morally ought not to be abandoned, although they might destroy each other, or are even partly based on incoherent conceptions. At least for most people, these beliefs are potentially in need of motivated mediation and defense by illusion, ranging from wishful thinking to self-deception.
   



  Smilansky concludes...
   
There is no libertarian free will: people can have limited forms of local control over their actions, but not the deep form of libertarian free will. Whether determinism is completely true or not, we cannot make sense of the sort of constitutive self-transcendence that would provide grounding for the deep sense of moral responsibility that libertarian free will was thought to supply. Our common libertarian assumptions cannot be sustained. All our actions, however an internalized and complex a form they may take, are the result of what we are, ultimately beyond our control.

The implications of the absence of libertarian free will are complex, and the standard assumption of the debate, the Assumption of Monism according to which we must be either compatibilists or hard determinists, is false. We saw why "forms of life" based on the compatibilist distinctions about control are possible and morally required but are also superficial and deeply problematic in ethical and personal terms. I claimed that the most plausible approach to the Compatibility Question is a complex compromise, which I called "Fundamental Dualism." The idea that either compatibilism or hard determinism can be adequate on its own is untenable.


There is then partial nonillusory grounding for many of our central free will-related beliefs, reactions, and practices, even in a world without libertarian free will. But in various complex ways, we require illusion in order to bring forth and maintain them. Illusion is seen to flow from the basic structure of the free will issue, the absence of libertarian free will, and the Fundamental Dualism concerning the implications. Revealing the large and mostly positive role of illusion concerning free will not only teaches us a great deal about the free will issue itself but also posits illusion as a pivotal factor in human life.
   



  In his 2000 book Free Will and Illusion, Smilansky discussed various attempts to defend libertarian free will, by C. A. Campbell, Roderick Chisholm, David Wiggins, and Robert Kane.
   
Having set aside various irrelevant or false moves, we may now turn to the proper investigation of the libertarian case. The crucial question is the Coherence Question: namely, is the conception of libertarian free will coherent? This means that we are looking for formulations of libertarian free will which go beyond 'ordinary' determinism and random micro-particle indeterminism, for neither provides the basis of a libertarian conception of free will and moral responsibility. 

In pursuit of such a 'third way' libertarians tend to limit their case in various ways: first, only some of a person's actions (decisions, choices) are said to be in libertarian terms free. Secondly, in any situation where the choice is considered free, the number of alternatives strictly available to the agent is limited. Such limitations create no immediate difficulties for this discussion. However, the problems begin when, within these limitations, a picture of the free (and moral responsibility meriting) choice or action is constructed.


A worthwhile libertarian model would provide a foundation for the central intuitions incompatibilists miss, with the best theoretical tools compatibilism can supply. One of the reasons why the desperateness of the libertarian case has not been overwhelmingly recognized is that often the basic ethical intuitions that a libertarian model should defend have not been set out with sufficient clarity in presentation of the models themselves. Once this is done, the impossibility of libertarian free will should become apparent.
   



here Smilansky states concisely the Determinism Objection and the Randomness Objection to free will
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   Thomas M. ("Tim") Scanlon is a moral philosopher who was greatly influenced by Immanuel Kant, John Rawls, and Thomas Nagel.

Scanlon has tried to narrow the problem of the nature of morality to judgments of right and wrong, and to our reasons for accepting or rejecting such judgments. 


He finds that moral judgments depend upon principles that we can justify to others in the sense that such principles could not be reasonably rejected. 
   

When I ask myself what reason the fact that an action would be wrong provides me with not to do it, my answer is that such an action would be one that I could not justify to others on grounds I could expect them to accept. This leads me to describe the subject matter of judgments of right and wrong by saying that they are judgments about what would be permitted by principles that could not reasonably be rejected, by people who were moved to find principles for the general regulation of behavior that others, similarly motivated, could not reasonably reject. In particular, an act is wrong if and only if any principle that permitted it would be one that could reasonably be rejected by people with the motivation just described (or, equivalently, if and only if it would be disallowed by any principle that such people
could not reasonably reject).



Scanlon's search for a community consensus on principles that generally regulate human behavior resembles the work of Charles Sanders Peirce, who made the intersubjective agreement of a community of inquirers the basis for objective scientific knowledge.

This idea of a shared willingness to modify our private demands in order to find a justification that others have a reason to accept also resembles various "social contract" ideas like those of Thomas Hobbes and Jean Jacques Rousseau. Indeed, Scanlon calls his moral theory "social contractualism."


Scanlon says that his theory is a departure from standard Kantian deontology, which assumes that our "self-legislation" according to a moral law (the categorical imperative) is "autonomous." He recognizes that the cultural dependence of his theory makes it openly "heteronomous" and dependent on hypothetical imperatives.


He says:


[My] account of the reasons supporting our concern with the rightness of our actions is very different from Kant's. My strategy is to describe these reasons in substantive terms that make clear why we should find them compelling. While Kant sought to explain the special authority of moral requirements by showing how they are grounded in conditions of our rational agency, I try to explain the distinctive importance and authority of the requirements of justifiability to others by showing how other aspects of our lives and our relations with others involve this idea. The result is an account of right and wrong that is, in Kant's terms, avowedly heteronomous.



Scanlon thus narrows the focus of his moral research to the domain of our duties to other people, requirements to aid them, prohibitions on harming them, etc. This is the subject matter of most contemporary moral philosophy, he says. Rather than giving it a new technical name, he calls it simply "What We Owe To Each Other."


Because the community process of arriving at principles that cannot be reasonably rejected resembles the deliberative process whereby an individual agent evaluates presented alternatives and arrives at a decision, Scanlon calls his idea a "system of co-deliberation."


The part of morality with which I am mainly concerned is sometimes seen as a system of restraints which we accept in order to gain protection against the harmful conduct of others. Moral criticism (in this context, chiefly blame) is then seen as a sanction that is supposed to move people to comply with these constraints. On my view, by contrast, this part of morality is not, fundamentally, a mechanism of control and protection but, rather, what I call a system of co-deliberation, and moral reasoning is an attempt to work out principles that each of us could be asked to employ as a basis for deliberation and accept as a basis of criticism. Seeking such principles is part of what is involved in recognizing each other's value as rational creatures, Our needs for protection and for the assistance of others play a role in determining which principles it is reasonable for us to reject and which to accept, and hence in determining which actions are right and wrong. 


In his 2008 book, Moral Dimensions, Scanlon redefines three general notions - permissibility, meaning, and blame - as "dimensions" in the problem of moral responsibility.

His analysis of permissibility starts with the doctrine of "double effect," the idea that a given action may be permissible or impermissible depending on the intentions of the agent. In the famous "trolley problem" of Philippa Foot, a runaway trolley threatens to kill five workers ahead on the track, unless it is diverted to a siding that would unfortunately kill a single worker. 


Double effect says that although the death of the single worker is foreseen, it is nevertheless permissible as long as the intent is to save the lives of the five. Should the intent be to kill the one in order to save the five, the diversion would be impermissible. 


Scanlon argues that the intention of the agent depends on attitudes that may impair his or her relations with others. In short, he or she may not have proper regard for "what we owe to each other." For Scanlon, what he calls the "meaning" of an action depends critically on the agent's attitudes or intentions. Having the wrong attitudes or intentions renders the agent blameworthy. 


Being blameworthy may justify others who may blame the agent, but the content of the blame depends on the significance, for the person doing the blaming, of the agent and what he has done. This significance depends on the attitudes of the agent and those of the person doing the blaming, which affects "what they owe to each other.".


In his introduction to Moral Dimensions, Scanlon says:


To say that in a certain action the agent was "just using" another person can be an observation about the meaning of that action, and the fact that an action has this meaning can sometimes be relevant to its permissibility.

To say that an action is blameworthy is to make a claim about its meaning: to claim that the action indicates something about the agent's attitudes that impairs his or her relations with others. To blame someone, in my view, is to understand one's relations with that person as modified in the way that such a judgment holds to be appropriate. In Chapter 4 I elaborate and defend this interpretation of blame, explaining how it differs from and should be preferred to other interpretations that take blame to be a kind of negative assessment, a sanction, or the expression of some moral emotion, such as resentment. I examine the implications of this interpretation for the ethics of blame — for who may be blamed, who has standing to blame, and when one must blame. I also examine why blame might be thought to be appropriate only for actions that are undertaken freely, and explain why moral blame, as I understand it, does not presuppose free will.


In the course of this book I argue for a number of particular moral claims, including claims about which actions are permissible, about when intent matters to permissibility, and about various forms of moral responsibility. I hope that readers will be persuaded by what I have to say about these questions. But another important aim of the book is to identify and call attention to differences between the general moral notions in terms of which these particular judgments are expressed. These general notions are the dimensions of moral thinking referred to in the title: permissibility, meaning, and blame. My main claims are about how permissibility is to be understood; how it differs from meaning; how blameworthiness is a species of meaning; and how blame can be understood as a class of responses to this kind of meaning. I hope that readers who disagree with my particular moral claims will be led to reflect on the way that they understand these general moral notions. Iii particular, I hope they will consider whether the question of right and wrong as they understand it is what I am calling the question of permissibility. Similarly, I hope that those who disagree with me about blame will be inspired to make clear what they take moral blame to involve, and why blame as they understand it should be thought to require a particular kind of freedom.



Scanlon discusses the idea of the freedom needed in terms of the accuracy of the agent's intentions (she may have been misinformed) and the opportunity she had to avoid the action taken (the opportunity to do otherwise). 



Many people believe that blame presupposes freedom, and thus that it is never appropriate to blame people if all of their actions are caused by factors outside of them, over which they have no control. What is not commonly explained is why this should be so — or rather, what it is about blame that entails this requirement of freedom. In this section I will consider two possible explanations, which I call the requirement of psychological accuracy and the requirement of adequate opportunity to avoid. My aim is to examine these reasons for thinking that blame requires some kind of freedom and to see how they apply when blame is understood in the way I am suggesting.

The requirement of psychological accuracy is straight forward. Insofar as blame depends on the reasons for which an agent acted, a judgment that blame is called for can be modified or undermined by factors that change our view of what those reasons were. Mistaken belief and coercion are factors of this kind. The fact that a person acted in a way that caused harm to someone else may seem to indicate a blameworthy lack of concern for the other's interests. But the requirement of psychological accuracy bars us from drawing this conclusion if the agent reasonably believed (albeit mistakenly) that this action would not be harmful, or that it was necessary in order to prevent a much greater harm to the person.


Similarly, an agent who knowingly causes harm to another is blameworthy if he or she does this gratuitously, or out of indifference to that person's interest. But the agent may not be blameworthy, or may be subject only to a different and lesser form of blame, if she caused the harm only because someone threatened her with grave harm if she did not. So, for example, a bank teller faced with a credible threat of deadly force should not be blamed for giving cash to a bank robber.


It is sometimes said that coercion renders blame inappropriate in such cases because an agent acting under duress is not responsible for what she does. This seems to me a mistake. Coercion does not undermine responsibility; rather, what it does is to change what the agent is responsible for. A person who is coerced, such as the bank teller I mentioned, still acts, and acts for certain reasons. Such a person is thus responsible for what she does: that is to say, her action is fully attributable to her. The bank teller may even deserve commendation for handling a dangerous situation in a calm and careful manner.


Rather than undermining responsibility, what coercion may do is to modify the permissibility of an action or the kind of blame, if any, that it makes appropriate. In the case of the bank teller, for example, the threat of harm may justify her handing over the money, which would otherwise be wrong. And even when coercion does not render what a person does permissible, it may alter the kind of blame that is appropriate. It is one thing to inflict harm on another person gratuitously, another thing to do so (even unjustifiably) out of fear of harm to oneself. The first kind of change (in permissibility) occurs because coercion changes the reasons there are for doing what the agent did. Changes of the second kind (in blameworthiness) occur because coercion changes in the reasons on which the agent acted.


The requirement of psychological accuracy can thus explain how lack of freedom can render blame inappropriate, or modify the kind of blame that is called for. But this explanation applies only when, as in cases of coercion, the lack of freedom alters the relation between an action and the attitudes of the agent who performs it. As many have pointed out, the lack of freedom that would be entailed by a general causal determinism need not have this effect. Even if our attitudes and actions are fully explained by genetic and environmental factors, it is still true that we have these attitudes and that our actions express them.

Compatibilists have sometimes concluded from this that it is simply a mistake to think that moral assessment requires freedom from determination by outside causes. Hume, for example, argued that the tendency to think that moral assessment is incompatible with causal necessity results from a failure to distinguish between what he calls the liberty of spontaneity and the liberty of indifference. Hume believed that we lack the liberty of indifference: that our actions are governed by regular causal laws. Indeed, he said, moral appraisal depends on this, since it depends on there being regular connections between actions and the attitudes they express. But this does not mean that we lack the liberty of spontaneity — that we always act unwillingly. Laws of nature are not coercive.


Put in my terms, Hume seems to think that what he called "necessity" (causal determination of our actions) could undermine moral appraisal only by depriving us of the liberty of spontaneity, thereby conflicting with the requirement of psychological accuracy. He therefore thinks that since the existence of causal laws governing our actions does not have this effect, there is no conflict between moral responsibility and causal determination. This argument depends on the assumption that psychological accuracy is the only basis on which moral responsibility might require freedom. This may be so given Hume's account of blame, according to which it is just a sentiment of disapproval toward an agent's character. But if blame is understood in some other way, then psychological accuracy may not be the only reason for believing that blame requires freedom.

Galen Strawson, for example, believes that in order for it to be appropriate to blame a person for committing a vicious crime, it is not enough that that action should actually express reprehensible attitudes such as indifference toward the lives of others and a desire to make them suffer. The agent must also have consciously and explicitly chosen to be the kind of person who would have such attitudes and act from them. Strawson believes this because of the particular kind of moral assessment that he has in mind: the kind of moral responsibility "such that, if we have it, then it makes sense, at least, to suppose that it could be just to punish some of us with (eternal) torment in hell and reward others with (eternal) bliss in heaven."


It does seem to make no sense, or at least to be highly objectionable, for God to make people suffer an eternity of torment for their sins if God set things up in such a way that it was inevitable that they would have exactly those sins. The requirement of psychological accuracy would not be violated in such a case. The people who would be punished would really have the moral faults in question. So there must be some other reason why this punishment is so objectionable. What makes it objectionable, I suggest, is the fact that they could not in any way have avoided this terrible punishment.


It is important to understand the structure of the moral idea at work here, which I call the requirement of adequate opportunity to avoid. This requirement applies in cases in which someone has suffered a harm that people have, in general, a claim not to be subjected to. (I will call this claim "the underlying obligation.") If the person who has suffered such a harm protests that this obligation has been violated, it can be at least a partial response to this objection to say that he or she had ample opportunity to avoid the harm by choosing appropriately. More may be required to respond adequately to this protest, but at least in many cases this appeal to the opportunity to avoid is an important part of any adequate response.


In the case of hell, more surely is required. Setting things up so that some people will suffer an eternity of torment (when things need not be set up this way) requires substantial justification. It is not enough just to say that those who suffer could have avoided it by making reasonable choices. But giving people adequate opportunity to avoid this fate is at least a necessary condition. We need at least to be able to say to people who suffer this fate that they could have avoided it by choosing reasonably. So if the idea that the blameworthy are to be consigned to hell is to be defensible, people have to have adequate opportunity to avoid being blameworthy (at least in the way that entails hell as a punishment).


The requirement of adequate opportunity to avoid is not an idea of desert. The idea is not that it is fitting or appropriate that people who fail to choose wisely should suffer certain harms. It may be better that they not suffer them. The point is merely that if they do suffer these harms, then their complaint against those who allowed it to happen may be undermined if they had adequate opportunity to avoid this outcome by choosing appropriately, and that in at least some cases it is morally objectionable to allow these harms to occur unless those who suffer them had such an opportunity.


My subject here is not heaven and hell but the much milder idea of blame. But even blame is something people have good reason to dislike. It may therefore be seen as something they have some claim not to suffer, and therefore as something to which the requirement of fair opportunity to avoid may seem to apply. This is particularly so if blame is seen as a sanction — a form of unpleasant treatment that requires justification and is justified by its effects on people's behavior.


This reasoning does not apply when blame is understood in the way I am proposing. To see why, consider first why it does not apply if blame is understood merely as a kind of negative evaluation or, as Hume suggests, a sentiment of disapproval. Even understood in this way, blame is something that people have reason to dislike. We don't want people to draw, or even to have good reason to draw, negative conclusions about our relations with them. And we have reason to want them not to draw such conclusions even if they are never expressed and never affect their behavior toward us in any way. But we have no claim against others that they not draw such conclusions, so long as they have good grounds for thinking them to be correct. Since we have no such claim, there is no need to appeal to the idea of our having had "adequate opportunity to avoid" being blamed. Psychological (and moral) accuracy provide all the justification that blame requires, when it is understood in this way.
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Ted Sider is a leading metaphysician who defends four-dimensionalism, the idea that objects persist over time as distinct "temporal parts." Here is his definition


According to ‘four‐dimensionalism’, temporally extended things are composed of temporal parts. Most four‐dimensionalists identify ordinary continuants—the persisting objects ordinary language quantifies over and names—with aggregates of temporal parts (‘space‐time worms’), but an attractive alternate version of four‐dimensionalism identifies ordinary continuants with instantaneous temporal slices and accounts for temporal predication using temporal counterpart theory. Arguments for four‐dimensionalism include the following: (1) Either substantivalism or relationalism about space‐time is true, but given substantivalism one might as well identify continuants with regions of space‐time, which have temporal parts, or with instantaneous slices of space‐time, whereas relationalism about space‐time cannot be made to work without temporal parts. (2) It can never be vague how many objects exist; if temporal parts do not exist, then a restrictive account of which filled regions of space‐time contain objects must be given, but no such account can be given that is plausible and non‐vague. (3) Four‐dimensionalism—especially the alternate, counterpart‐theoretic version—provides the most satisfying overall account of the ‘paradoxes of material constitution’, in which numerically distinct material objects (e.g. statues and lumps of clay) apparently share exactly the same parts. Objections to four‐dimensionalism (involving, e.g., motion in homogeneous substances and de re modal properties) may be answered. While logically independent of the question of four‐dimensionalism, the book also defends related theses, including (1) a robust meta‐ontology according to which unrestricted existence‐statements are non‐vague, non‐analytic, and uninfected by human convention; (2) the B‐theory of time (the opposite of presentism); (3) unrestricted composition; and (4) counterpart theory (both modal and temporal).


Four-dimensionalism is a variation of the Academic Skeptic argument about growth, that even the smallest material change destroys an entity and another entity appears. In this case, a change in the instant of time also destroys every material object, followed instantaneously by the creation of an "identical" object.

Willard van Orman Quine proposed a similar idea that he called object "stages." The great Anglo-American philosopher Alfred North Whitehead attributed the continued existence of objects from moment to moment to the intervention of God. Without a kind of continuous creation of every entity, things would fall apart. This notion can also be traced back to the American theologian Jonathan Edwards, for whom God intervened in all human actions.  

David Lewis's theory of temporal parts argues that at every instant of time, every individual disappears, ceases to exist, to be replaced by a very similar new entity, with its own properties that he calls "temporary intrinsics." 


Lewis proposed temporal parts as a solution to the problem of persistence. He calls his solution "perdurance," which he distinguishes from "endurance," in which the whole entity exists at all times.
Lewis says:


Our question of overlap of worlds parallels the this-worldly problem of
identity through time; and our problem of accidental intrinsics parallels
a problem of temporary intrinsics, which is the traditional problem of
change. Let us say that something persists iff, somehow or other, it
exists at various times; this is the neutral word. 

Something perdures iff
it persists by having different temporal parts, or stages, at different times.
though no one part of it is wholly present at more than one time; whereas
it endures iff it persists by being wholly present at more than one time.
Perdurance corresponds to the way a road persists through space; part
of it is here and part of it is there, and no part is wholly present at two
different places. Endurance corresponds to the way a universal, if there
are such things, would be wholly present wherever and whenever it is
instantiated. Endurance involves overlap: the content of two different
times has the enduring thing as a common part. Perdurance does not.



The road parts do not exactly persist. They are intrinsically different parts. The enduring entity does persist simpliciter. There is no evidence of a discontinuous process that suggests a disappearance and reappearance, which would violate the conservation laws of physics.



In his thinking about persistence, Sider has been inspired (as have many metaphysicians) by Einstein's theory of special relativity. The idea of a four-dimensional manifold of space and time supports the idea that the "temporal parts" of an object are as distinct from one another as its spatial parts. This raises questions about the continued identity of an object as it moves in space and time. 


There is no physical basis for the wild assumptions of past metaphysicians and theologians that the contents of the universe cease to exist and then reappear de novo at the next instant.  This notion violates one of the most fundamental of physical laws, the conservation of matter and energy.


More metaphysically significant, neither temporal nor spatial "slices" carve nature at the joints. They are arbitrary mental constructions imposed on the world by philosophers that have little to do with "natural" objects and their "integral" component parts. Ironically, Sider's most recent work claims to pay a great deal of attention to carving nature.



The Book of the World


Sider claims that the fundamental nature of reality is to be found in his claim that "structure" is the most fundamental "underlying" notion and needs concepts, notions, primitive expressions, in short an ideology that carves nature at the joints.

   
In order to perfectly describe the world, it is not enough to speak truly. One must also use the right concepts ‐ including the right logical concepts. One must use concepts that "carve at the joints’’, that give the world’s *structure*. There is an objectively correct way to “write the book of the world”. Metaphysics, as traditionally conceived, is about the fundamental nature of reality; in the present terms, metaphysics is about the world’s structure. Metametaphysics ‐ inquiry into the status of metaphysical questions ‐ turns on structure. The question of whether ontological, causal, or modal questions are “substantive” is in large part a question of whether the world has ontological, causal, and modal structure ‐ whether quantifiers, causal relations, and modal operators carve at the joints.

Although philosophical doubts can be raised about structure, it is sensible to follow David Armstrong and David Lewis in taking the idea at face value. As will be seen in the rest of the book, the idea illuminates metametaphysics. Some critics think that certain questions of metaphysics are “insubstantial” (or merely verbal), in something like the way in which the question of whether the pope is a bachelor is insubstantial. Whether they are right depends on whether the key notions in the questions carve at the joints.
   


Sider's book begins with a number of powerful terms that are not precisely defined, but are used in ways that suggest they are getting to some deep truths about fundamental reality. They include fundamentality, substantivity, genuine, ideology, and most of all, structure. Let's try to unpack some of the "primitive expressions" from his "ideology." He says in his preface



The central theme of this book is: realism about structure. The world has a distinguished structure, a privileged description. For a representation to be fully successful, truth is not enough; the representation must also use the right concepts, so that its conceptual structure matches reality’s structure. There is an objectively correct way to “write the book of the world”...

I connect structure to fundamentality. The joint-carving notions are the fun­damental notions; a fact is fundamental when it is stated in joint-carving terms. A central task of metaphysics has always been to discern the ultimate or fundamental reality underlying the appearances. I think of this task as the investigation of reality’s structure.


Questions about which expressions carve at the joints are questions about how much structure reality contains...reality lacks a certain sort of structure...A subsidiary theme is: ideology matters...A fundamental theory’s ideology is as much a part of its representational content as its ontology, for it represents the world as having structure corresponding to its primitive expressions. And the world according to an ideologically bloated theory has a vastly more complex structure than the world according to an ideologically leaner theory; such complexity is not to be posited lightly.



A final theme is a “pure” conception of metaphysics...Here too, there is a growing consensus: that it is not so important for metaphysical and linguistic theory to neatly mesh. The funda­mental metaphysics underlying a discourse might have a structure quite unlike that suggested by the discourse. Whereas a good linguistic theory must fit the suggested structure, good metaphysics must fit the underlying structure.



Sider suggests that the metaphysical structure he is after underlies linguistic theory and discourse 


And from his chapter 1, we have more insights into Sider's notion of "structure."




Metaphysics, at bottom, is about the fundamental structure of reality. Not about what’s necessarily true. Not about what properties are essential. Not about conceptual analysis. Not about what there is. Structure.


Inquiry into necessity, essence, concepts, or ontology might help to illuminate reality’s structure. But the ultimate goal is insight into this structure itself—insight into what the world is like, at the most fundamental level.

Discerning “structure” means discerning patterns. It means figuring out the right categories for describing the world. It means “carving reality at its joints”, to paraphrase Plato. It means inquiring into how the world fundamentally is, as opposed to how we ordinarily speak or think of it.




Again, concepts help, but we need to get beyond logic and language to how the world is, not our ways of talking about it. For this, we need to discern patterns - the abstract information in structures


Sider raises questions about his terminology or ideology. In chapter 7, he introduces some new jargon terms or "concepts?" - complete, pure, subpropositional, absolute, determinate, and with virtuous circularity?, fundamental itself, which is expanded to "fundamental notion," "fundamental truth," and "fundamental fact."


Friends of fundamentality face some abstract questions about its nature. My way of thinking about fundamentality—in terms of structure—is distinctive in large part because of how I answer the questions. My answers: the fundamental is complete, pure, subpropositional, absolute, determinate, and fundamental. 


Completeness and determinate seem to be the materialistic and deterministic view that the subatomic particles are the "bottom-up" causes for everything else. Sider uses the terms "truth" and "fact" almost interchangeably, when it seems very important to distinguish them. 


Truths are logical, necessary, perhaps by linguistic definition. They are analytic and a priori. Facts are empirical, contingent, and a posteriori.


A fundamental truth (or fact), intuitively, is a metaphysically basic or rock-bottom truth (fact). Facts about the positions of subatomic particles would be, on most views, fundamental facts, whereas the fact that some people smile when they eat candy would presumably not be. ‘In virtue of, intuitively, stands for the relationship whereby the fundamental facts underwrite or give rise to all other facts...

There is a second assumption about structure that I think we ought to make—what I call “purity”: fundamental truths involve only fundamental notions. When God was creating the world, she was not required to think in terms of nonfundamental notions like city, smile, or candy.


As with completeness, there are subtleties about how exactly to understand purity in my preferred terms. “Fundamental notion” is easy (it means “carves at the joints”) but “fundamental truth” remains to be explained...


Here is a truth: there exists a city. Since the notion of a city is not fundamental, purity says that this truth is not fundamental. No surprises so far. Completeness then says that this truth holds in virtue of some fundamental truth T—perhaps some truth of microphysics. So we have:


(1) There is a city in virtue of the fact that T...




"Here is a city" is clearly a contingent fact, neither a truth nor fact of microphysics.


But given purity, it cannot be that all modal truths are fundamental. The modal truth that it is necessary that all cities are cities, for example, must be nonfundamental given purity, since it involves the nonfundamental notion of cityhood.



Surely "all cities are cities" needs only the fundamental (logical) axiom that all As are As"?



Sider ends with an overview of his metaphysics.

Let us end on a concrete note. What might a comprehensive “worldview” look like, given realism about structure?

Think of a worldview as consisting of i) an ideology; ii) a fundamental theory phrased in terms of the ideology, specifying laws of metaphysics and perhaps other principles; and iii) a sketch of a metaphysical semantics for nonfundamental discourse in terms of the ideology. I will put forward a worldview according to which fundamental reality contains nothing but physics, logic, and set theory. While I believe that this worldview may well be true, I won t say much in its defense; the point is to illustrate.


First, ideology. My primitive notions are those of first-order quantification theory (with identity), plus a predicate ∈ for set-membership, plus predicates adequate for fundamental physics, plus the notion of structure.


Next, the fundamental theory. Since my ideology includes the first-order quantifiers, one part of giving the laws of metaphysics will be the statement of an ontology—a statement, in general terms, of what there is. My worldview's ontology contains only points of spacetime and sets, both pure and impure. Thus it contains no composite objects. This is not to say, however, that ‘There are no composite objects’ or even ‘Everything is a set or a point of spacetime’ is a law of metaphysics. For ‘composite’, ‘set’, and ‘point’ are not in my fundamental ideology... 


Since there are no composite entities in its ontology, my worldview is a version of mereological nihilism..Since there are no aesthetic, moral, or supernatural notions in its ideology, it is a version of naturalism. Since there are no causal, nomic, or modal notions in its ideology, it is a version of Humeanism...


Let's begin with talk about ordinary physical objects. Although my ontology contains no physical objects per se, it does contain entities with which they may naturally be identified: the sets of spacetime points that they occupy. I, for example, can be identified with a set whose earliest points are around 1967, whose temporal cross-sections are person-shaped, and which continues on into the future for an unknown duration.


A metaphysical semantics based on this identification would construe talk of ordinary physical objects as being about sets of spacetime points. It would interpret names of physical objects as referring to the sets with which the objects are identified, predicates as applying to'tuples of sets of spacetime points, and quantifiers as ranging over sets of spacetime points...


The identifications I have proposed—of physical objects with sets of occupied points, linguistic atoms with sets of production points, linguistic complexes with set-theoretic constructions from linguistic atoms—are somewhat arbitrary. They’re not wholly arbitrary; it's not as if I’ve simply observed that the pure set-theoretic hierarchy has enough entities with which to identify everything, and left it at that. But there's no denying that there are multiple alternates to my sketch of a metaphysical semantics. Fortunately, this multiplicity is harmless. What we want out of a metaphysical semantics for L is a good explanation of the linguistic behavior of speakers of L, and there is often an element of arbitrariness when explaining higher-level phenomena. What we're after in linguistics (and psychology, and economics, and …) is a good model, not a unique model.


I have imagined one way the book of the world might be. It is not a tale of common sense. But we can, I think, recognize it as our own. 




Information philosophy offers a unique model. Close to Sider's notion of "structure" as fundamental reality, we maintain that the world consists of information structures, bits of matter arranged with an abstract form that can be quantified over. Some of these information structures have internal integrity that depends on the way they were formed. For example, astronomical and geological objects were formed by gravitation and chemical forces that give them their forms.. 


Artifacts, by contrast, are created for a purpose. Some of their "proper parts" may be essential (though not logically necessary) to that purpose, in which case they are parts that are essential to the whole and can be called "integral parts,"since they perform a function and contribute to the holistic integrity of the entity. 


Sider says that he is a mereological nihilist, like Peter van Inwagen, whereas David Lewis, Sider's source of naturalness (carving nature at the joints), favors mereological sums or unrestricted composition. The Statue of Liberty and Eiffel Tower as a composite object is an example of arbitrary unrestricted composition. Considering Theon (Dion missing his left leg) or Tibbles minus one hair are arbitrary disjunctions. Such arbitrariness hardly carves nature at the joints.



Between the two absurd extremes of mereological nihilism and universalism, information philosophy provides strong reasons for why some things are composite objects. Moreover, some things include "proper parts" that are composite objects, which we can call "integral" parts as they serve a function in the integrated object.


These same reasons show that artifacts are composite objects.


Artifacts and living things have a purpose which Aristotle called final cause or "telos." They are "teleonomic." For example, "simples arranged tablewise" have been arranged by a carpenter, whose "telos" was to make a table. This telos carves the artifact at the joints (legs, top). The arrangement or organization is pure abstract information.


Living things were described by Aristotle as "entelechy, "having their telos within themselves." They are more than just matter and static form like an artifact. They have internal messaging between their integral parts that helps to achieve the teleonomic end of maintaining themselves against degradation by the second law of thermodynamics. Many such integral parts are themselves wholes, from vital organs down to the individual cells. The boundaries of integral parts "carve nature at the joints."


Living things also contain many "biological machines" that include "biological computers" or information processors that respond to those messages, which are written in meaningful biological codes that are analogous to and the precursor of human languages.


Now the "time slices" that are the "temporal parts" of Sider's four-dimensionalism do not "carve nature at the joints," any more than his putatively analogous slices in any spatial dimension. Indeed, any two-dimensional spatial slice perpendicular to the third spatial dimension would normally destroy a physical object and kill any living thing.


An actual temporal slice, cutting the continuity between an object and its future existence, would also destroy the object, which was the ancient view of the Greek philosophers and the commonsense view today. 


Perhaps Sider thinks of his arbitrary slicing as not "real" but merely as an analytic tool, like the CAT scan of the human brain that gives us the information in the slice without harming the patient?  But David Lewis insisted that his extravagant proliferation of infinite possible worlds was real and probably meant his temporal parts with their "temporary intrinsic" properties to be numerically distinct real objects? 



Universals and "Bare" Particulars


The ancients thought that concrete things contain a material substrate (the ὑποκείμενον or "the underlying") and what can be predicated or said of the substrate. These are its essential and accidental properties, divided into things it "is" (ἰδίος ποιὸν or "qualities") and things it "has", the latter divided into properties it has internally (πος έχων or "disposed") and others dependent on its relations to external things (προς τι πος έχων or "relatively disposed").

In his 2005 article “Bare Particulars,” Sider contrasts the "substratum theory," which says that particulars are, in a certain sense, separate from their universals, with the "bundle theory," according to which particulars are just bundles of universals. 


In his Metaphysics, Aristotle said the material substrate (ὕλη ) is that of which attributes can be predicated. For information philosophy, this most fundamental distinction can be best understood as the difference between matter and its form (μορφή), the information we have about the matter.


It is impossible to separate matter completely from its form, except to claim that it is, for all practical purposes, inchoate, amorphous, or formless, which just means we do not see any meaningful form. 
Sider is correct that there are no "bare particulars" because we can always predicate that they are propertyless, a metaphysician's quibble of course.


It is also impossible to say that any visible information is not embodied in matter, except that we think or speak of a universal, circularity, for example, as being abstracted from any particular embodiment of a circle. When we say "there is a circle," or "circles exist," we are using the abstract entity of circularity, which is immaterial and independent of any particular embodiment. In this case, universals are "bundles of properties" with no particular matter associated.


So information-based metaphysics sees the substance and bundle  theories as verbal quibbles that emphasize one or the other of matter and form, or try to separate the two as numerically distinct coinciding objects in the ancient puzzles and paradoxes about 
  Dion and Theon,
  The Growing Argument,
  The Ship of Theseus,
  The Sorites Puzzle, and 
  The Statue and the Clay.
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  Walter Sinnott-Armstrong is a moral philosopher who is skeptical of moral systems that claim there exist uniquely best (most moral, most rational) decisions in all moral situations. He argues that there are many real moral dilemmas, in which there are inherent conflicts between different moral rules.

Sinnott-Armstrong is therefore skeptical of all moral systems, though he remains agnostic as to relativistic claims for moral nihilism. Philosophers have been resistant to the idea of real and unresolvable moral dilemmas, though the literature is full of them, from the Greek tragedies to Shakespeare and modern novels and drama full of psychological and moral conflicts.


Though many philosophers continue to deny common sense on many subjects, like the existence of free will, the reality of time, and the possibility of knowledge, several philosophers now advance the case for real and unresolvable moral paradoxes. 


Some of them may have gone too far, using the existence of moral dilemmas and the existence of multiple conflicting "rights" as arguments against realism, objectivism, and rationalism in morality. 


In his introduction to the 1988 book Moral Dilemmas, Sinnott-Armstrong explains "What Moral Dilemmas Are:" 

   


Both classical and contemporary literature are filled with descriptions of situations that are supposed to be moral dilemmas or unresolvable conflicts between strong moral requirements. The best known examples are Greek tragedies, such as those about Antigone and Agamemnon, and Shakespearian tragedies, but many recent novels, such as Sophie's Choice, also hinge on moral dilemmas. These stories are so common and so realistic that they seem to show that moral dilemmas can occur.

This impression is also supported by everyday experience. Almost everyone has faced some situation where each of two incompatible alternatives is favoured by some strong moral requirement, but there seems to be no objective way to resolve the conflict. Such situations seem to be common not only for those who determine which people will die, such as doctors and military personnel, but also for anyone with divergent commitments — for example, to friends, family and country. All of this makes it a matter of common sense that moral dilemmas are possible and even actual.


Nonetheless, philosophers often deny common sense. Philosophers have denied that time is real, that anyone can know anything, that anyone has free will, that minds are distinct from bodies, and much else that seems to be common sense. They claim to have strong arguments that common sense is not always as reliable as it seems.


Similarly, most traditional moral philosophers deny that unresolvable moral dilemmas can ever really occur. They realize that they are denying common sense, so they give a variety of arguments against moral dilemmas. They assume that the purpose of a moral theory is to give a procedure for deciding what to do in every moral situation, so the best moral theory must show either that moral requirements never really conflict or that such conflicts are always resolvable by finding the one right action. This view is shared by most utilitarians and many of their rival deontologists, such as Aquinas and Kant. And this tradition is still alive today.
Of course, philosophers do not all agree about the possibility of moral dilemmas (or anything else). Even though traditional philosophers deny the possibility of moral dilemmas, other philosophers have recently rejected the philosophical tradition and argued that moral dilemmas are actual or at least possible. Sartre was one of the first to be so bold. Several deontic logicians later reached similar conclusions by very different methods.


These philosophers not only defend common sense but also claim that the possibility of moral dilemmas is important for several reasons. First, moral dilemmas force us to rethink the traditional view of the nature and purpose of moral theory and thus of the standards for deciding among moral theories. Traditional moral philosophers often assume that a moral theory must provide a complete moral decision procedure, but such completeness cannot be attained if moral dilemmas cannot be resolved. The recognition of moral dilemmas can thus prevent unrealistic expectations that distort moral theories and lead some to reject the whole project of ethics.
Some defenders of moral dilemmas also claim that the possibility of moral dilemmas refutes realism, objectivism, absolutism or rationalism in morality. Other moral philosophers have responded that moral dilemmas not only do not refute moral realism but actually support it. If either claim is correct, the possibility of moral dilemmas might solve one of the oldest and most important debates in moral philosophy.


The possibility of moral dilemmas also provides a new way to think about concrete moral problems. When a moral philosopher asks questions such as whether a preferential treatment programme is morally permitted, it is often assumed that there are only two alternatives. Either the preferential treatment programme is required, because the rights of those who benefit override the rights of those who are excluded; or the programme is not permitted, because the rights of those who are excluded override the rights of those who benefit. The recognition of moral dilemmas provides another alternative: neither right overrides the other, so the conflict is unresolvable. There is still much to be said about what can and should be done and felt in such situations, but this discussion cannot even begin until the possibility of moral dilemmas is admitted.


These philosophical implications and others make it important to determine whether moral dilemmas are possible. But moral dilemmas also have an intrinsic interest of their own. If moral dilemmas are as common as it seems, each of us will probably face some moral dilemma in his or her own personal life. We can deal with these situations better when they arise if we understand their nature and implications in advance. All of this makes it worthwhile to make the considerable effort that is needed to understand these complex situations.

(Moral Dilemmas, 1988, pp.1-3)
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Wilfrid Sellars was the son of a famous philosopher, the Canadian Roy Wood Sellars. With Herbert Feigl and Paul E. Meehl, he founded the Minnesota Center for the Philosophy of Science. Sellars placed a great deal of emphasis on empirical science, distinguishing the physical objects of science from the ideas, thoughts, and intentions of scientists. He called the latter the "manifest image" of man as opposed to the "scientific image," which focuses on causal deterministic laws governing physical objects.

Sellar's "images" correspond roughly to David Hume's fact/value dichotomy and to Immanuel Kant's Idea of Freedomantinomy, which results from looking at the problem from the two standpoints of theoretical reason and practical reason. 


Humans are determined when viewed (theoretically) from a third-person perspective as an object, but free when viewed (practically) by the "self" from a first-person perspective as a subject.


Sellars put practical and moral claims in a separate category - a "space of reasons" and language -  that could not necessarily be explained by scientific methods, causes and effects. Nevertheless, influenced by American pragmatists, Sellars acknowledged that empirical explanations are ultimately the strongest evidence for knowledge. 


In his most famous work, Empiricism and the Philosophy of Mind, Sellars criticized the notion that perceptions of sense-data give immediate knowledge that can serve as the foundation of all empirical knowledge.  He called this the "Myth of the Given." Sellar's criticism is similar to Immanuel Kant's idea that "intuitions/perceptions without concepts are blind" (Anschaungen ohne Begriffe sind blind), or as we might symmetrize the Kantian chiasmos, "concepts without percepts are empty, percepts without concepts are blind." 

38. The idea that observation "strictly and properly so-called" is constituted by certain self-authenticating nonverbal episodes, the authority of which is transmitted to verbal
and quasi-verbal performances when these performances are
made "in conformity with the semantical rules of the language," is, of course, the heart of the Myth of the Given. For
the given, in epistemological tradition, is what is taken by these
self-authenticating episodes. These 'takings' are, so to speak,
the unmoved movers of empirical knowledge, the 'knowings
in presence' which are presupposed by all other knowledge,
both the knowledge of general truths and the knowledge 'in
absence' of other particular matters of fact. Such is the
framework in which traditional empiricism makes its characteristic claim that the perceptually given is the foundation
of empirical knowledge.



Sellars is a pragmatist who thinks that no particular perception, or for that matter, no particular concept alone can produce a general truth and foundational knowledge. Instead, all the particular matters of observational fact must be considered together with all the conceptual theories to form a consistent and coherent whole. 


Following Charles Sanders Peirce, any particular fact or any particular theory can (and should) be doubted, though not everything can be doubted at the same time (as René Descartes mistakenly assumed). Sellars knows that knowledge is built up from intersubjective agreement by a community of inquirers sharing a common discourse. No knowledge can be immediately given, independently of all other knowledge.


Many things have been said to be "given": sense contents,
material objects, universals, propositions, real connections,
first principles, even givenness itself. And there is, indeed, a
certain way of construing the situations which philosophers
analyze in these terms which can be said to be the framework
of givenness. This framework has been a common feature of
most of the major systems of philosophy, including, to use a
Kantian turn of phrase, both "dogmatic rationalism" and
"skeptical empiricism." It has, indeed, been so pervasive that
few, if any, philosophers have been altogether free of it;
certainly not Kant, and, I "would argue, not even Hegel, that
great foe of "immediacy." Often what is attacked under its
name are only specific varieties of "given." Intuited first
principles and synthetic necessary connections were the first
to come under attack. And many who today attack "the
whole idea of givenness" — and they are an increasing number — are really only attacking sense data. For they transfer
to other items, say physical objects or relations of appearing,
the characteristic features of the "given." If, however, I begin
my argument with an attack on sense datum theories, it is
only as a first step in a general critique of the entire framework of givenness.


In his 1966 essay, "Fatalism and Determinism, Wilfrid Sellars discussed the "traditional" problem of the "compatibility" of free will and determinism as "the Hume-Mill tradition."


It will be useful to begin our discussion of the reconcilability of the concept of "action of one's own free will" with scientific determinism by a discussion of the so-called Hume—Mill solution. In this tradition, it will be remembered, the problem appears as one concerning the compatibility of personal responsibility with the principle that every event has a cause. The fundamental move is to distinguish between causation and compulsion, and to argue that, while action of one's own free will is, of course, incompatible with compulsion, it is thought by Libertarians to be incompatible with causation because they have taken causation to be a form of or to involve compulsion. 

Freedom from compulsion is the important idea of "freedom of action

Action of one's own free will is no more to be equated with uncaused action than causation is with compulsion.   



Sellars emphasizes the Hume-Mill tradition as reconciling free will and scientific determinism



I have distinguished in a number of papers between what I call the "manifest image" and the "scientific image" of man-in-the-world.

Roughly, the manifest image corresponds to the world as conceived by P. F. Strawson — roughly it is the world as we know it to be in ordinary experience, supplemented by such inductive procedures as remain within the framework. The manifest image is, in particular, a framework in which the distinctive features of persons are conceptually irreducible to features of nonpersons, e.g. animals and merely material things.


The scientific image, on the other hand, is man-in-the-world as we anticipate he would be conceived by a unified scientific account, which makes use of the familiar techniques of theory construction. The scientific image, although methodologically rooted in the manifest image, freely transcends the conceptual framework of the latter, introducing new concepts, as it is said, by "postulation," rather than by explicit definition, however widely construed. To articulate the philosophical tensions aroused by "scientific determinism," let us suppose that the scientific image contains a picture of man as part and parcel of a deterministic order. 


Quantum phenomena are not deterministic. And quantum indeterminacy is not irrelevant to the problem of free will.


To make our thought-experiment as forceful as possible, let us suppose that, sooner or later, quantum phenomena will be found to have a deterministic substructure. Only by pressing this assumption can the irrelevance of quantum indeterminacy to the problem of free will be made manifest.
   


The manifest image roughly corresponds to Hume's "naturalist" view and to Strawson's "participant" attitude.

 

Sellars assigned his student Robert Kane to work on the problem of free will. Kane spent the next 45 years on the problem, but ultimately developed the best-known libertarian and event-causal solution to the problem, in which quantum indeterminism plays a role.

 
Sellars and Herbert Feigl founded the journal Philosophical Studies, a major publication for the new field of analytic philosophy. They compiled two major reference books of readings in philosophical analysis. Sellars was a major influence on the linguistic philosopher Richard Rorty, who compiled class notes on Sellars work that was used by his student Robert Brandom to produce a study guide for Empiricism and the Philosophy of Mind. 
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It will be useful to begin our discussion of the reconcilability of the concept of "action of one's own free will" with scientific determinism by a discussion of the so-called Hume—Mill solution. In this tradition, it will be remembered, the problem appears as one concerning the compatibility of personal responsibility with the principle that every event has a cause. The fundamental move is to distinguish between causation and compulsion, and to argue that, while action of one's own free will is, of course, incompatible with compulsion, it is thought by Libertarians to be incompatible with causation because they have taken causation to be a form of or to involve compulsion. 

Freedom from compulsion is the important idea of "freedom of action

Action of one's own free will is no more to be equated with uncaused action than causation is with compulsion. As the Hume—Mill tradition sees it, two pairs of opposites, "free"—"compelled," "uncaused"—"caused" are collapsed by the Libertarian into one.

Now there is certainly something of value in this way of approaching the problem, but it simply won't do as it stands. A series of comments, most of which are recognized, either explicitly or implicitly, by the tradition, will set the stage for a discussion of the problem as it exists today.


The first thing to be noted is that the term "cause," as it appears in this argument, has a technical meaning, which by no means corresponds to that which it has in everyday life. The point is a familiar one, but it should at least be mentioned because it is a paradigm example of the role of ambiguity in the free-will issue.


As Collingwood and others have pointed out, causation in the ordinary sense is the idea of the intervention of an agent in a system, thereby bringing about changes which would not otherwise have occurred. The root metaphor, to use Pepper's invaluable expression, is that of a person bringing it about that another person or a group of persons does something which the first person wishes to have done. It is worth noting, therefore, that this root metaphor is essentially that of compulsion. That this root metaphor is by no means completely "frozen" undoubtedly accounts, at least in part, for the fact that many philosophers find it simply "absurd" that an action which was caused could be done of the agent's own free will. It might also be added that, in this sense of causation, it is simply not the case that every episode has a cause. The king who causes a prisoner to be brought before him is not himself caused to make this move.


The practical sense of causation in its application to nature was gradually "depersonalized" into the analogical concept of a non-person — a merely material thing — intervening in a system of non-persons - other merely material things — bringing about changes which would not otherwise have occurred. Familiar examples arc to be found in the areas of mechanics and electrodynamics: the cue ball in a break; a thermostat in a heating system. Notice, however, as Collingwood has emphasized, that persons hover in the background of even this ostensibly depersonalized sense of the term. The cause may not be a person, but it is conceived of as manipulable by a person, at least in principle, and the objects involved are cut up, from this point of view, into that which intervenes and the remainder which constitute the system under intervention. This fact, as I see it, is essential to understanding what is ordinarily meant by a causal explanation. Not even in this extended sense is it true that every event has a cause. Furthermore, an event which is not in this sense caused need not therefore be a brute matter of fact, an unintelligible happenstance. Common sense and science alike make constant use of the concept of a system which changes in intelligible ways in the absence of external intervention.


We shall have more to say at a later stage in the argument about the intelligibility of episodes which do not have intervening causes. Our next move must be to give a more adequate formulation of the Hume–Mill approach against the background of the above distinctions. In this reformulation, the intelligibility of episodes becomes their predictability, and determinism, although still couched in terms of "cause," becomes the thesis that all episodes are in principle predictable.


It is often thought that universal predictability is an incoherent notion. The problem arises at two levels: (a) the level defined by the common sense framework of persons; (b) the level defined by the framework of micro-physical theory. I shall be concerned with the place of predictability in the framework of persons shortly. As for (b), and abstracting from scientific issues pertaining to quantum mechanics, conceptual difficulties do arise about universal predictability if we fail to distinguish between what I shall call epistemic predictability and logical predictability. By epistemic predictability, I mean predictability by a predictor in the system. The concept of universal epistemic predictability does seem to he bound up with difficulties of the type explored by Gödel. By logical predictability, on the other hand, is meant that property of the process laws governing a physical system which involves the derivability of a description of the state of the system at a later time from a description of its state at an earlier time, without stipulating that the latter description be obtained by operations within the system. It can be argued, I believe, with considerable force, that the latter is a misuse of the term "predictability," but it does seem to me that this is what philosophers concerned with the free will and determinism issue have had in mind, and it simply muddies up the waters to harass these philosophers with Gödel problems about epistemic predictability.


Returning now to the Hume–Mill gambit, we see that the point is well taken that, if causality is construed in terms of predictability rather than intervention, then the fact that an action is caused does not imply that it is compelled. On the other hand, the overtones of the ordinary use of the word "cause," pointed out above, make it unlikely that the Libertarian will be persuaded by one who puts the matter in this way.


There is, as we have seen, a tension between the idea of "acting out of one's own free will" and "being caused to do something." It is therefore important to note that there may be a sense of "cause" which is stronger than that of mere predictability, and in which it is true to say that actions are caused, but not that persons are caused to do them. I shall be arguing shortly that there is such a sense, and that in this new sense volitions are, at least on occasion, the causes of actions. That causation in this further sense does not imply compulsion is indicated by its departure in grammar from the form "thing (or person) impinging on things (or persons) bringing about a change, etc."


But the Hume–Mill substitution of predictability for causation raises problems of its own, problems which in one way or another will be with us throughout the remainder of this paper. The crucial issue concerns the conceptual framework in which (or, as it used to be put, the level of explanation at which) the predictability is supposed to obtain. I have distinguished in a number of papers between what I call the "manifest image" and the "scientific image" of man-in-the-world.1

The manifest image roughly corresponds to Hume's "naturalist" view and to Strawson's "participant" attitude.


Roughly, the manifest image corresponds to the world as conceived by P. F. Strawson — roughly it is the world as we know it to be in ordinary experience, supplemented by such inductive procedures as remain within the framework. The manifest image is, in particular, a framework in which the distinctive features of persons are conceptually irreducible to features of nonpersons, e.g. animals and merely material things.


The scientific image, on the other hand, is man-in-the-world as we anticipate he would be conceived by a unified scientific account, which makes use of the familiar techniques of theory construction. The scientific image, although methodologically rooted in the manifest image, freely transcends the conceptual framework of the latter, introducing new concepts, as it is said, by "postulation," rather than by explicit definition, however widely construed. To articulate the philosophical tensions aroused by "scientific determinism," let us suppose that the scientific image contains a picture of man as part and parcel of a deterministic order. 

Quantum phenomena are not deterministic. And quantum indeterminacy is not irrelevant to the problem of free will.


To make our thought-experiment as forceful as possible, let us suppose that, sooner or later, quantum phenomena will be found to have a deterministic substructure. Only by pressing this assumption can the irrelevance of quantum indeterminacy to the problem of free will be made manifest.

An indefinite amount of time could be spent in giving these two images of man-in-the-world a higher polish. I think however, that the above remarks suffice to mobilize a useful conception of the contrast I have in mind. The question I want to raise concerns the force of the term "predictable" in these two radically different conceptual frameworks. Thus we have supposed it to be a framework principle of the scientific image that every episode, including the scientific counterparts of human thoughts and actions, is predictable. Is it, correspondingly, a framework principle of the manifest image that all human actions be predictable? Could it perhaps be a framework principle of the manifest image that not all actions are predictable, although the very same actions that are "manifestly" unpredictable are, as projected in the scientific image, in principle predictable? And, if so, would we have to say that one or the other image, no matter which, gives a false account of what there really is?


If we now turn our attention to the manifest image, and examine the use of the term "predictable" in connection with persons and what they do, a number of points stand out quite clearly — provided, that is, that we are careful to avoid mixing in elements from the scientific image. To say of a person that his actions are predictable is not always a compliment. Even a person who can be counted on to do what is right is marked down a little when it is said that one can predict exactly what he will do. For to say this implies that he meets situations in routine ways, never thinking things through afresh or gaining new insight.


To be predictable, in this image, means that a person's actions are habitual, inferable by inductive reasoning based on observation of his past behavior. For an action to be predictable is for it to be an expression of character. It is therefore essential to note that, however predictable a person may become, not all of his actions can be expressions of character. Actions form character as well as express it, and the idea that actions which, in one respect, form character must, in another respect, be expressions of character can be traced to a confusion of the concept of the nature of a person (which concept belongs to the scientific image) with the concept of character.

Even within the manifest image, of course, things have natures. The natures of material things are their abilities and predictabilities. The "realm of nature" consists traditionally of those things the observable behavior of which is either predictable, even if only "for the most part," or unintelligible because random. Their intelligibility is a matter of dispositions and propensities working themselves out and being called into play.2


In the post-renaissance period, there began that blurring of the distinction between the manifest and the incipient scientific image that has been, ever since, a source of philosophical confusion. The combination of the failure to draw a clear distinction between inductive generalization and theory construction with an increasing appreciation of the power of scientific thought, led to an exaggerated conception of the place of predictability within the manifest framework of perceptible things. And since, whatever else persons may be, they are perceptible things, the modern form of the problem of free will began to take shape.

It is therefore important to realize that, even with respect to merely material things, the manifest image is not able, out of its own resources, to generate a deterministic picture. A deterministic picture arises at best indirectly, by the correlation of perceptible things with systems of imperceptible scientific objects, which are metaphorically said to be "in" them.


To explain what an observable thing does by reference to theoretical processes that are taking place 'within' it is a radically different sort of thing from explaining the same behavior in terms of observable antecedent states.


A parallel, I believe, can be drawn between the above two modes of explanation and two modes of explaining the observable behavior of persons: (a) in terms of other observable behavior; (b) in terms of inner mental states. From this point of view, the explanation of behavior in terms of character would be analogous to explaining the observable behavior of material things by means of inductive generalizations. And when what a person does is not in this sense predictable — i.e. not an expression of "second nature" or character — it would nevertheless not be an "unintelligible" episode, as would be true if it were the behavior of a merely material thing, which could not have been predicted without appealing to theoretical considerations. The role of inner episodes in the manifest image can be compared to that of theoretical entities in the scientific image. They are, however, elements of an autonomous framework — not a speculative extension of microphysics — which carries the imprint of the specifically human observable behavior they are designed to explain.3


Thus, whereas the inductively unexplainable behavior of a merely material thing would be said to be unintelligible, a matter of chance, an inductively unexplainable action of a person — i.e. one which could not be explained in terms of character — can be intelligible in terms of being capable of explanation with reference to the practical reasoning and, ultimately, the volition of which it is the expression.4 Needless to say, character defined in terms of dispositions and propensities pertaining to overt behavior will have its counterpart in the framework of mental episodes, just as causal properties operationally defined in the observation framework have their counterparts in the theoretical framework which explains them.

Suppose it is granted that, in the manifest image, actions which are not intelligible in terms of character can nevertheless be intelligible in terms of the practical reasoning which is its cause.5 But what, it may be asked, of this reasoning itself? Must not the occurrence of those inner episodes that explain the behavior of a rational being have a kind of intelligibility? And must not this intelligibility be a matter of predictability? The answer to the first question is, of course, yes. But to the second it is no! The intelligibility of thoughts is no more a matter of predictability than is the intelligibility of moves in games of chess — and for essentially the same reason.

I have been arguing that, in the manifest image, not everything that even a routine person does is predictable in the sense of being an expression of character, and that its intelligibility does not require predictability in this sense. I want now to make the stronger point that when, in ordinary discourse, we speak of predicting what a person will do, we have in mind what I referred to above  as epistemic predictability. I want therefore to point out that, given that this is the sense of predictability involved, it is indeed a framework principle of the manifest image that the behavior of rational beings cannot be supposed to be universally predictable. This point transcends the more elementary one that acquiring a character presupposes actions which are not themselves expressions of character. For to be a rational being is to be a being who is capable of action that is not in character, and hence cannot be predicted within the framework of the manifest image.


But might not all human action be predictable if no holds are barred — if, that is, we take into account its projection in the scientific image? And if so, would this predictability be compatible with any genuine sense of individual responsibility? (That the predictability in question would have to be logical rather than epistemic is clear.) But, before we take up these questions, it will be helpful to introduce some concepts pertaining to voluntary action and put them to use in defining additional dimensions of the problem of free will.


  

Notes

    1. 
  
Bibliography



Sellars emphasizes the Hume-Mill tradition as reconciling free will and scientific determinism





Source: https://www.informationphilosopher.com/solutions/philosophers/sellars/





  
  Kevin Timpe
  

  


  
  Home › Solutions › Philosophers › Timpe
Kevin Timpe


  Kevin Timpe is a Christian philosopher who wrote the Internet Encyclopedia of Philosophy article on Free Will and serves as the IEP editor for Religion and Philosophy.

Tempe believes that free will can only be grounded if the ultimate source for actions lies entirely within the agent, if our actions are up to us" (Aristotle's ἐφ ἡμῖν). This can only be the case if causal determinism is false. 


While Timpe focuses on the "sourcehood" of the agent's origination of - or ultimate responsibility for - actions, he accepts as a corollary that the agent will have genuine alternative possibilities for action, since the existence of alternative possibilities is an indicator of the absence of causal determinism.


But Timpe departs from a prime assumption of those compatibilists who have defended Harry Frankfurt's attacks on alternative possibilities. That assumption is the first premise in what Timpe calls the Basic Argument:

	 Free will requires the ability to do otherwise (alternative possibilities).
	 If causal determinism is true, then no agent has the ability to do otherwise (no alternative possibilities).
	 Therefore, free will requires the falsity of causal determinism (indeterminism is true and alternative possibilities exist).


For Timpe, alternative possibilities are merely a corollary of "sourcehood." He calls himself a Sourcehood Incompatibilist, a position John Martin Fischer calls an "actual-sequence incompatibilist." Fischer himself is a "source compatibilist" since for him the events in the actual sequence are part of a causal chain.

The basic requirement of sourcehood for libertarian free will is that some indeterminism occurs in the "actual sequence" of events leading up to the agent's action. Timpe does not describe in detail how, when, and where such indeterminism might enter the sequence. He does deny that "luck" is a problem, suggesting he is aware that chance must not be the direct cause of an action. 


Note that sourcehood incompatibilists can be hard determinists, like Derk Pereboom, who denies both free will and moral responsibility. Since he is agnostic about the truth of determinism (or indeterminism), Pereboom calls himself a "hard incompatibilist."


Since 1962, when Peter Strawsonchanged the subject from free will to moral responsibility (emphasizing the the natural existence of reactive attitudes and moral behavior), and since 1969, when Harry Frankfurtchanged the debate from free will models to his denial of what he called "alternate" possibilities, the focus of attention in "free will debates" has been on moral responsibility and the agential control needed for responsibility.

Compatibilists have leaped at the opportunity to deny alternative possibilities because the determinism that they feel is compatible with free will does not allow alternative possibilities in anything but what Timpe calls a "subjunctive sense."  The agent could have done otherwise if he or she had decided to do otherwise, which is possible if the past had been different, an argument first introduced formally by G. E. Moore, but present as early as the Hobbes-Bramhall debates.


In his 2008 book, Free Will: Sourcehood and Its Alternatives, Timpe has an excellent review of the last thirty-five years of debates, especially on the Kane-Widerker arguments which showed that a Frankfurt demon depended on determinism to predict which actions needed to be blocked to insure the agent would "freely" choose the action the intervener wanted. Thus Frankfurt examples "beg the question," assuming determinism to attack alternative possibilities.


Timpe reviews the many abortive attempts by compatibilists to refute Kane-Widerker and other attacks on Frankfurt, including the "flicker of freedom" attack developed by Fischer (though Fischer is himself a compatibilist). The idea is that just at the moment of deciding, the agent could decide to "try" one of the alternative possibilities being blocked by the intervener. 


Timpe's assessment of these decades of debate is severe: 
   

   In these sorts of circumstances, Fischer thinks, further arguments would be begging the question since the two sides of the debate begin with different premises, often based on intuitions that the other side denies: "I suggest that some of the debates about whether alternative possibilities are required for moral responsibility may at some level be fueled by different intuitive pictures of moral 'responsibility.'"

If this is true, then perhaps it would be true to say that not much philosophical headway has been made in the past 35 years of debate begun by Frankfurt's article. It is certainly true that much is made of various and conflicting intuitions in the debate surrounding the compatibilism/incompatibilism debate. Perhaps the debate is ultimately over which set of intuitions is more plausible, in which case we should not be surprised by the lack of a clear victor.

(Free Will: Sourcehood and Its Alternatives, p.67)
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In 1906, Mark Twain wrote an essay in Socratic dialogue form on a topic that had been very strong in Europe ever since René Descartes had argued that the body of animals, including man, was just a machine obeying mechanical laws. The human mind (or spirit or soul), a gift of God, gave man free will and creativity.

In the middle of the 18th century, the French philosopher and physician Julien Offray de La Mettrie published Man a Machine (L'homme Machine) a major work of of materialist philosophy in the determinist tradition of Thomas Hobbes. In this work, de la Mettrie extended Descartes' and Hobbes' argument that animals are mere automatons or machines to human beings, denying animals a soul as a substance separate from matter. And similarly, perhaps man himself is just a machine.


Mark Twain's dialogue is between an Old Man - very likely Twain himself, then over 70 years old - and a Young Man, whose hopeful spirit might suggest a more youthful Twain. In it he roams over all the philosophical, political, moral, and religious questions of his day and gives us an accurate but dark picture of the condition of man.


Twain titled the dialogue with the first few words of the biblical phrase (and one that is engraved in the frieze of Emerson Hall, Harvard's philosophy department) 
"What Is Man That Thou Art Mindful of Him?
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I
a. Man the Machine. 
  b. Personal Merit
 [The Old Man and 
  the Young Man had been conversing. The Old Man had asserted that the human being 
  is merely a machine, and nothing more. The Young Man objected, and asked him 
  to go into particulars and furnish his reasons for his position.]
Old Man. What are 
  the materials of which a steam-engine is made?
Young Man. Iron, 
  steel, brass, white-metal, and so on.
O.M. Where are 
  these found?
Y.M. In the rocks.
O.M. In a pure 
  state?
Y.M. No--in ores.
O.M. Are the metals 
  suddenly deposited in the ores?
Y.M. No--it is 
  the patient work of countless ages.
O.M. You could 
  make the engine out of the rocks themselves?
Y.M. Yes, a brittle 
  one and not valuable.
O.M. You would 
  not require much, of such an engine as that?
Y.M. No--substantially 
  nothing.
O.M. To make a 
  fine and capable engine, how would you proceed?
Y.M. Drive tunnels 
  and shafts into the hills; blast out the iron ore; crush it, smelt it, reduce 
  it to pig-iron; put some of it through the Bessemer process and make steel of 
  it. Mine and treat and combine several metals of which brass is made.
O.M. Then?
Y.M. Out of the 
  perfected result, build the fine engine.
O.M. You would 
  require much of this one?
Y.M. Oh, indeed 
  yes.
O.M. It could drive 
  lathes, drills, planers, punches, polishers, in a word all the cunning machines 
  of a great factory?
Y.M. It could.
O.M. What could 
  the stone engine do?
Y.M. Drive a sewing-machine, 
  possibly--nothing more, perhaps.
O.M. Men would 
  admire the other engine and rapturously praise it?
Y.M. Yes.
O.M. But not the 
  stone one?
Y.M. No.
O.M. The merits 
  of the metal machine would be far above those of the stone one?
Y.M. Of course.
O.M. Personal merits?
Y.M. PERSONAL merits? 
  How do you mean?
O.M. It would be 
  personally entitled to the credit of its own performance?
Y.M. The engine? 
  Certainly not.
O.M. Why not?
Y.M. Because its 
  performance is not personal. It is the result of the law of construction. It 
  is not a MERIT that it does the things which it is set to do--it can't HELP 
  doing them.
O.M. And it is 
  not a personal demerit in the stone machine that it does so little?
Y.M. Certainly 
  not. It does no more and no less than the law of its make permits and compels 
  it to do. There is nothing PERSONAL about it; it cannot choose. In this process 
  of "working up to the matter" is it your idea to work up to the proposition 
  that man and a machine are about the same thing, and that there is no personal 
  merit in the performance of either?
O.M. Yes--but do 
  not be offended; I am meaning no offense. What makes the grand difference between 
  the stone engine and the steel one? Shall we call it training, education? Shall 
  we call the stone engine a savage and the steel one a civilized man? The original 
  rock contained the stuff of which the steel one was built--but along with a 
  lot of sulphur and stone and other obstructing inborn heredities, brought down 
  from the old geologic ages--prejudices, let us call them. Prejudices which nothing 
  within the rock itself had either POWER to remove or any DESIRE to remove. Will 
  you take note of that phrase?
Y.M. Yes. I have 
  written it down; "Prejudices which nothing within the rock itself had either 
  power to remove or any desire to remove." Go on.
O.M. Prejudices 
  must be removed by OUTSIDE INFLUENCES or not at all. Put that down.
Y.M. Very well; 
  "Must be removed by outside influences or not at all." Go on.
O.M. The iron's 
  prejudice against ridding itself of the cumbering rock. To make it more exact, 
  the iron's absolute INDIFFERENCE as to whether the rock be removed or not. Then 
  comes the OUTSIDE INFLUENCE and grinds the rock to powder and sets the ore free. 
  The IRON in the ore is still captive. An OUTSIDE INFLUENCE smelts it free of 
  the clogging ore. The iron is emancipated iron, now, but indifferent to further 
  progress. An OUTSIDE INFLUENCE beguiles it into the Bessemer furnace and refines 
  it into steel of the first quality. It is educated, now --its training is complete. 
  And it has reached its limit. By no possible process can it be educated into 
  GOLD. Will you set that down?
Y.M. Yes. "Everything 
  has its limit--iron ore cannot be educated into gold."
O.M. There are 
  gold men, and tin men, and copper men, and leaden mean, and steel men, and so 
  on--and each has the limitations of his nature, his heredities, his training, 
  and his environment. You can build engines out of each of these metals, and 
  they will all perform, but you must not require the weak ones to do equal work 
  with the strong ones. In each case, to get the best results, you must free the 
  metal from its obstructing prejudicial ones by education--smelting, refining, 
  and so forth.
Y.M. You have arrived 
  at man, now?
O.M. Yes. Man the 
  machine--man the impersonal engine. Whatsoever a man is, is due to his MAKE, 
  and to the INFLUENCES brought to bear upon it by his heredities, his habitat, 
  his associations. He is moved, directed, COMMANDED, by EXTERIOR influences--SOLELY. 
  He ORIGINATES nothing, not even a thought.
Y.M. Oh, come! 
  Where did I get my opinion that this which you are talking is all foolishness?
O.M. It is a quite 
  natural opinion--indeed an inevitable opinion--but YOU did not create the materials 
  out of which it is formed. They are odds and ends of thoughts, impressions, 
  feelings, gathered unconsciously from a thousand books, a thousand conversations, 
  and from streams of thought and feeling which have flowed down into your heart 
  and brain out of the hearts and brains of centuries of ancestors. PERSONALLY 
  you did not create even the smallest microscopic fragment of the materials out 
  of which your opinion is made; and personally you cannot claim even the slender 
  merit of PUTTING THE BORROWED MATERIALS TOGETHER. That was done AUTOMATICALLY--by 
  your mental machinery, in strict accordance with the law of that machinery's 
  construction. And you not only did not make that machinery yourself, but you 
  have NOT EVEN ANY COMMAND OVER IT.
Y.M. This is too 
  much. You think I could have formed no opinion but that one?
O.M. Spontaneously? 
  No. And YOU DID NOT FORM THAT ONE; your machinery did it for you--automatically 
  and instantly, without reflection or the need of it.
Y.M. Suppose I 
  had reflected? How then?
O.M. Suppose you 
  try?
Y.M. (AFTER A QUARTER 
  OF AN HOUR.) I have reflected.
O.M. You mean you 
  have tried to change your opinion--as an experiment?
Y.M. Yes.
O.M. With success?
Y.M. No. It remains 
  the same; it is impossible to change it.
O.M. I am sorry, 
  but you see, yourself, that your mind is merely a machine, nothing more. You 
  have no command over it, it has no command over itself--it is worked SOLELY 
  FROM THE OUTSIDE. That is the law of its make; it is the law of all machines.
Y.M. Can't I EVER 
  change one of these automatic opinions?
O.M. No. You can't 
  yourself, but EXTERIOR INFLUENCES can do it.
Y.M. And exterior 
  ones ONLY?
O.M. Yes--exterior 
  ones only.
Y.M. That position 
  is untenable--I may say ludicrously untenable.
O.M. What makes 
  you think so?
Y.M. I don't merely 
  think it, I know it. Suppose I resolve to enter upon a course of thought, and 
  study, and reading, with the deliberate purpose of changing that opinion; and 
  suppose I succeed. THAT is not the work of an exterior impulse, the whole of 
  it is mine and personal; for I originated the project.
O.M. Not a shred 
  of it. IT GREW OUT OF THIS TALK WITH ME. But for that it would not have occurred 
  to you. No man ever originates anything. All his thoughts, all his impulses, 
  come FROM THE OUTSIDE.
Y.M. It's an exasperating 
  subject. The FIRST man had original thoughts, anyway; there was nobody to draw 
  from.
O.M. It is a mistake. 
  Adam's thoughts came to him from the outside. YOU have a fear of death. You 
  did not invent that--you got it from outside, from talking and teaching. Adam 
  had no fear of death--none in the world.
Y.M. Yes, he had.
O.M. When he was 
  created?
Y.M. No.
O.M. When, then?
Y.M. When he was 
  threatened with it.
O.M. Then it came 
  from OUTSIDE. Adam is quite big enough; let us not try to make a god of him. 
  NONE BUT GODS HAVE EVER HAD A THOUGHT WHICH DID NOT COME FROM THE OUTSIDE. Adam 
  probably had a good head, but it was of no sort of use to him until it was filled 
  up FROM THE OUTSIDE. He was not able to invent the triflingest little thing 
  with it. He had not a shadow of a notion of the difference between good and 
  evil--he had to get the idea FROM THE OUTSIDE. Neither he nor Eve was able to 
  originate the idea that it was immodest to go naked; the knowledge came in with 
  the apple FROM THE OUTSIDE. A man's brain is so constructed that IT CAN ORIGINATE 
  NOTHING WHATSOEVER. It can only use material obtained OUTSIDE. It is merely 
  a machine; and it works automatically, not by will-power. IT HAS NO COMMAND 
  OVER ITSELF, ITS OWNER HAS NO COMMAND OVER IT.
Y.M. Well, never 
  mind Adam: but certainly Shakespeare's creations--
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O.M. No, you mean 
  Shakespeare's IMITATIONS. Shakespeare created nothing. He correctly observed, 
  and he marvelously painted. He exactly portrayed people whom GOD had created; 
  but he created none himself. Let us spare him the slander of charging him with 
  trying. Shakespeare could not create. HE WAS A MACHINE, AND MACHINES DO NOT 
  CREATE.
Y.M. Where WAS 
  his excellence, then?
O.M. In this. He 
  was not a sewing-machine, like you and me; he was a Gobelin loom. The threads 
  and the colors came into him FROM THE OUTSIDE; outside influences, suggestions, 
  EXPERIENCES (reading, seeing plays, playing plays, borrowing ideas, and so on), 
  framed the patterns in his mind and started up his complex and admirable machinery, 
  and IT AUTOMATICALLY turned out that pictured and gorgeous fabric which still 
  compels the astonishment of the world. If Shakespeare had been born and bred 
  on a barren and unvisited rock in the ocean his mighty intellect would have 
  had no OUTSIDE MATERIAL to work with, and could have invented none; and NO OUTSIDE 
  INFLUENCES, teachings, moldings, persuasions, inspirations, of a valuable sort, 
  and could have invented none; and so Shakespeare would have produced nothing. 
  In Turkey he would have produced something--something up to the highest limit 
  of Turkish influences, associations, and training. In France he would have produced 
  something better--something up to the highest limit of the French influences 
  and training. In England he rose to the highest limit attainable through the 
  OUTSIDE HELPS AFFORDED BY THAT LAND'S IDEALS, INFLUENCES, AND TRAINING. You 
  and I are but sewing-machines. We must turn out what we can; we must do our 
  endeavor and care nothing at all when the unthinking reproach us for not turning 
  out Gobelins.
Y.M. And so we 
  are mere machines! And machines may not boast, nor feel proud of their performance, 
  nor claim personal merit for it, nor applause and praise. It is an infamous 
  doctrine.
O.M. It isn't a 
  doctrine, it is merely a fact.
Y.M. I suppose, 
  then, there is no more merit in being brave than in being a coward?
O.M. PERSONAL merit? 
  No. A brave man does not CREATE his bravery. He is entitled to no personal credit 
  for possessing it. It is born to him. A baby born with a billion dollars--where 
  is the personal merit in that? A baby born with nothing--where is the personal 
  demerit in that? The one is fawned upon, admired, worshiped, by sycophants, 
  the other is neglected and despised-- where is the sense in it?
Y.M. Sometimes 
  a timid man sets himself the task of conquering his cowardice and becoming brave--and 
  succeeds. What do you say to that?
O.M. That it shows 
  the value of TRAINING IN RIGHT DIRECTIONS OVER TRAINING IN WRONG ONES. Inestimably 
  valuable is training, influence, education, in right directions--TRAINING ONE'S 
  SELF-APPROBATION TO ELEVATE ITS IDEALS.
Y.M. But as to 
  merit--the personal merit of the victorious coward's project and achievement?
O.M. There isn't 
  any. In the world's view he is a worthier man than he was before, but HE didn't 
  achieve the change--the merit of it is not his.
Y.M. Whose, then?
O.M. His MAKE, 
  and the influences which wrought upon it from the outside.
Y.M. His make?
O.M. To start with, 
  he was NOT utterly and completely a coward, or the influences would have had 
  nothing to work upon. He was not afraid of a cow, though perhaps of a bull: 
  not afraid of a woman, but afraid of a man. There was something to build upon. 
  There was a SEED. No seed, no plant. Did he make that seed himself, or was it 
  born in him? It was no merit of HIS that the seed was there.
Y.M. Well, anyway, 
  the idea of CULTIVATING it, the resolution to cultivate it, was meritorious, 
  and he originated that.
O.M. He did nothing 
  of the kind. It came whence ALL impulses, good or bad, come--from OUTSIDE. If 
  that timid man had lived all his life in a community of human rabbits, had never 
  read of brave deeds, had never heard speak of them, had never heard any one 
  praise them nor express envy of the heroes that had done them, he would have 
  had no more idea of bravery than Adam had of modesty, and it could never by 
  any possibility have occurred to him to RESOLVE to become brave. He COULD NOT 
  ORIGINATE THE IDEA--it had to come to him from the OUTSIDE. And so, when he 
  heard bravery extolled and cowardice derided, it woke him up. He was ashamed. 
  Perhaps his sweetheart turned up her nose and said, "I am told that you 
  are a coward!" It was not HE that turned over the new leaf--she did it 
  for him. HE must not strut around in the merit of it--it is not his.
Y.M. But, anyway, 
  he reared the plant after she watered the seed.
O.M. No. OUTSIDE 
  INFLUENCES reared it. At the command-- and trembling--he marched out into the 
  field--with other soldiers and in the daytime, not alone and in the dark. He 
  had the INFLUENCE OF EXAMPLE, he drew courage from his comrades' courage; he 
  was afraid, and wanted to run, but he did not dare; he was AFRAID to run, with 
  all those soldiers looking on. He was progressing, you see--the moral fear of 
  shame had risen superior to the physical fear of harm. By the end of the campaign 
  experience will have taught him that not ALL who go into battle get hurt--an 
  outside influence which will be helpful to him; and he will also have learned 
  how sweet it is to be praised for courage and be huzza'd at with tear-choked 
  voices as the war-worn regiment marches past the worshiping multitude with flags 
  flying and the drums beating. After that he will be as securely brave as any 
  veteran in the army--and there will not be a shade nor suggestion of PERSONAL 
  MERIT in it anywhere; it will all have come from the OUTSIDE. The Victoria Cross 
  breeds more heroes than--
Y.M. Hang it, where 
  is the sense in his becoming brave if he is to get no credit for it?
O.M. Your question 
  will answer itself presently. It involves an important detail of man's make 
  which we have not yet touched upon.
Y.M. What detail 
  is that?
O.M. The impulse 
  which moves a person to do things--the only impulse that ever moves a person 
  to do a thing.
Y.M. The ONLY one! 
  Is there but one?
O.M. That is all. 
  There is only one.
Y.M. Well, certainly 
  that is a strange enough doctrine. What is the sole impulse that ever moves 
  a person to do a thing?
O.M. The impulse 
  to CONTENT HIS OWN SPIRIT--the NECESSITY of contenting his own spirit and WINNING 
  ITS APPROVAL.
Y.M. Oh, come, 
  that won't do!
O.M. Why won't 
  it?
Y.M. Because it 
  puts him in the attitude of always looking out for his own comfort and advantage; 
  whereas an unselfish man often does a thing solely for another person's good 
  when it is a positive disadvantage to himself.
O.M. It is a mistake. 
  The act must do HIM good, FIRST; otherwise he will not do it. He may THINK he 
  is doing it solely for the other person's sake, but it is not so; he is contenting 
  his own spirit first--the other's person's benefit has to always take SECOND 
  place.
Y.M. What a fantastic 
  idea! What becomes of self- sacrifice? Please answer me that.
O.M. What is self-sacrifice?
Y.M. The doing 
  good to another person where no shadow nor suggestion of benefit to one's self 
  can result from it.
II
Man's Sole Impulse--the 
  Securing of His Own Approval
Old Man. There 
  have been instances of it--you think?
Young Man. INSTANCES? 
  Millions of them!
O.M. You have not 
  jumped to conclusions? You have examined them--critically?
Y.M. They don't 
  need it: the acts themselves reveal the golden impulse back of them.
O.M. For instance?
Y.M. Well, then, 
  for instance. Take the case in the book here. The man lives three miles up-town. 
  It is bitter cold, snowing hard, midnight. He is about to enter the horse-car 
  when a gray and ragged old woman, a touching picture of misery, puts out her 
  lean hand and begs for rescue from hunger and death. The man finds that he has 
  a quarter in his pocket, but he does not hesitate: he gives it her and trudges 
  home through the storm. There--it is noble, it is beautiful; its grace is marred 
  by no fleck or blemish or suggestion of self-interest.
O.M. What makes 
  you think that?
Y.M. Pray what 
  else could I think? Do you imagine that there is some other way of looking at 
  it?
O.M. Can you put 
  yourself in the man's place and tell me what he felt and what he thought?
Y.M. Easily. The 
  sight of that suffering old face pierced his generous heart with a sharp pain. 
  He could not bear it. He could endure the three-mile walk in the storm, but 
  he could not endure the tortures his conscience would suffer if he turned his 
  back and left that poor old creature to perish. He would not have been able 
  to sleep, for thinking of it.
O.M. What was his 
  state of mind on his way home?
Y.M. It was a state 
  of joy which only the self-sacrificer knows. His heart sang, he was unconscious 
  of the storm.
O.M. He felt well?
Y.M. One cannot 
  doubt it.
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O.M. Very well. 
  Now let us add up the details and see how much he got for his twenty-five cents. 
  Let us try to find out the REAL why of his making the investment. In the first 
  place HE couldn't bear the pain which the old suffering face gave him. So he 
  was thinking of HIS pain--this good man. He must buy a salve for it. If he did 
  not succor the old woman HIS conscience would torture him all the way home. 
  Thinking of HIS pain again. He must buy relief for that. If he didn't relieve 
  the old woman HE would not get any sleep. He must buy some sleep--still thinking 
  of HIMSELF, you see. Thus, to sum up, he bought himself free of a sharp pain 
  in his heart, he bought himself free of the tortures of a waiting conscience, 
  he bought a whole night's sleep--all for twenty-five cents! It should make Wall 
  Street ashamed of itself. On his way home his heart was joyful, and it sang--profit 
  on top of profit! The impulse which moved the man to succor the old woman was--FIRST--to 
  CONTENT HIS OWN SPIRIT; secondly to relieve HER sufferings. Is it your opinion 
  that men's acts proceed from one central and unchanging and inalterable impulse, 
  or from a variety of impulses?
Y.M. From a variety, 
  of course--some high and fine and noble, others not. What is your opinion?
O.M. Then there 
  is but ONE law, one source.
Y.M. That both 
  the noblest impulses and the basest proceed from that one source?
O.M. Yes.
Y.M. Will you put 
  that law into words?
O.M. Yes. This 
  is the law, keep it in your mind. FROM HIS CRADLE TO HIS GRAVE A MAN NEVER DOES 
  A SINGLE THING WHICH HAS ANY FIRST AND FOREMOST OBJECT BUT ONE--TO SECURE PEACE 
  OF MIND, SPIRITUAL COMFORT, FOR HIMSELF.
Y.M. Come! He never 
  does anything for any one else's comfort, spiritual or physical?
O.M. No. EXCEPT 
  ON THOSE DISTINCT TERMS--that it shall FIRST secure HIS OWN spiritual comfort. 
  Otherwise he will not do it.
Y.M. It will be 
  easy to expose the falsity of that proposition.
O.M. For instance?
Y.M. Take that 
  noble passion, love of country, patriotism. A man who loves peace and dreads 
  pain, leaves his pleasant home and his weeping family and marches out to manfully 
  expose himself to hunger, cold, wounds, and death. Is that seeking spiritual 
  comfort?
O.M. He loves peace 
  and dreads pain?
Y.M. Yes.
O.M. Then perhaps 
  there is something that he loves MORE than he loves peace--THE APPROVAL OF HIS 
  NEIGHBORS AND THE PUBLIC. And perhaps there is something which he dreads more 
  than he dreads pain--the DISAPPROVAL of his neighbors and the public. If he 
  is sensitive to shame he will go to the field--not because his spirit will be 
  ENTIRELY comfortable there, but because it will be more comfortable there than 
  it would be if he remained at home. He will always do the thing which will bring 
  him the MOST mental comfort--for that is THE SOLE LAW OF HIS LIFE. He leaves 
  the weeping family behind; he is sorry to make them uncomfortable, but not sorry 
  enough to sacrifice his OWN comfort to secure theirs.
Y.M. Do you really 
  believe that mere public opinion could force a timid and peaceful man to--
O.M. Go to war? 
  Yes--public opinion can force some men to do ANYTHING.
Y.M. ANYTHING?
O.M. Yes--anything.
Y.M. I don't believe 
  that. Can it force a right-principled man to do a wrong thing?
O.M. Yes.
Y.M. Can it force 
  a kind man to do a cruel thing?
O.M. Yes.
Y.M. Give an instance.
O.M. Alexander 
  Hamilton was a conspicuously high-principled man. He regarded dueling as wrong, 
  and as opposed to the teachings of religion--but in deference to PUBLIC OPINION 
  he fought a duel. He deeply loved his family, but to buy public approval he 
  treacherously deserted them and threw his life away, ungenerously leaving them 
  to lifelong sorrow in order that he might stand well with a foolish world. In 
  the then condition of the public standards of honor he could not have been comfortable 
  with the stigma upon him of having refused to fight. The teachings of religion, 
  his devotion to his family, his kindness of heart, his high principles, all 
  went for nothing when they stood in the way of his spiritual comfort. A man 
  will do ANYTHING, no matter what it is, TO SECURE HIS SPIRITUAL COMFORT; and 
  he can neither be forced nor persuaded to any act which has not that goal for 
  its object. Hamilton's act was compelled by the inborn necessity of contenting 
  his own spirit; in this it was like all the other acts of his life, and like 
  all the acts of all men's lives. Do you see where the kernel of the matter lies? 
  A man cannot be comfortable without HIS OWN approval. He will secure the largest 
  share possible of that, at all costs, all sacrifices.
Y.M. A minute ago 
  you said Hamilton fought that duel to get PUBLIC approval.
O.M. I did. By 
  refusing to fight the duel he would have secured his family's approval and a 
  large share of his own; but the public approval was more valuable in his eyes 
  than all other approvals put together--in the earth or above it; to secure that 
  would furnish him the MOST comfort of mind, the most SELF- approval; so he sacrificed 
  all other values to get it.
Y.M. Some noble 
  souls have refused to fight duels, and have manfully braved the public contempt.
O.M. They acted 
  ACCORDING TO THEIR MAKE. They valued their principles and the approval of their 
  families ABOVE the public approval. They took the thing they valued MOST and 
  let the rest go. They took what would give them the LARGEST share of PERSONAL 
  CONTENTMENT AND APPROVAL--a man ALWAYS does. Public opinion cannot force that 
  kind of men to go to the wars. When they go it is for other reasons. Other spirit-contenting 
  reasons.
Y.M. Always spirit-contenting 
  reasons?
O.M. There are 
  no others.
Y.M. When a man 
  sacrifices his life to save a little child from a burning building, what do 
  you call that?
O.M. When he does 
  it, it is the law of HIS make. HE can't bear to see the child in that peril (a man of a different make COULD), and so he tries to save the child, and loses 
  his life. But he has got what he was after--HIS OWN APPROVAL.
Y.M. What do you 
  call Love, Hate, Charity, Revenge, Humanity, Magnanimity, Forgiveness?
O.M. Different 
  results of the one Master Impulse: the necessity of securing one's self approval. 
  They wear diverse clothes and are subject to diverse moods, but in whatsoever 
  ways they masquerade they are the SAME PERSON all the time. To change the figure, 
  the COMPULSION that moves a man--and there is but the one--is the necessity 
  of securing the contentment of his own spirit. When it stops, the man is dead.
Y.M. That is foolishness. 
  Love--
O.M. Why, love 
  is that impulse, that law, in its most uncompromising form. It will squander 
  life and everything else on its object. Not PRIMARILY for the object's sake, 
  but for ITS OWN. When its object is happy IT is happy--and that is what it is 
  unconsciously after.
Y.M. You do not 
  even except the lofty and gracious passion of mother-love?
O.M. No, IT is 
  the absolute slave of that law. The mother will go naked to clothe her child; 
  she will starve that it may have food; suffer torture to save it from pain; 
  die that it may live. She takes a living PLEASURE in making these sacrifices. 
  SHE DOES IT FOR THAT REWARD--that self-approval, that contentment, that peace, 
  that comfort. SHE WOULD DO IT FOR YOUR CHILD IF SHE COULD GET THE SAME PAY.
Y.M. This is an 
  infernal philosophy of yours.
O.M. It isn't a 
  philosophy, it is a fact.
Y.M. Of course 
  you must admit that there are some acts which--
O.M. No. There 
  is NO act, large or small, fine or mean, which springs from any motive but the 
  one--the necessity of appeasing and contenting one's own spirit.
Y.M. The world's 
  philanthropists--
O.M. I honor them, 
  I uncover my head to them--from habit and training; and THEY could not know 
  comfort or happiness or self-approval if they did not work and spend for the 
  unfortunate. It makes THEM happy to see others happy; and so with money and 
  labor they buy what they are after--HAPPINESS, SELF-APPROVAL. Why don't miners 
  do the same thing? Because they can get a thousandfold more happiness by NOT 
  doing it. There is no other reason. They follow the law of their make.
Y.M. What do you 
  say of duty for duty's sake?
O.M. That IS DOES 
  NOT EXIST. Duties are not performed for duty's SAKE, but because their NEGLECT 
  would make the man UNCOMFORTABLE. A man performs but ONE duty--the duty of contenting 
  his spirit, the duty of making himself agreeable to himself. If he can most 
  satisfyingly perform this sole and only duty by HELPING his neighbor, he will 
  do it; if he can most satisfyingly perform it by SWINDLING his neighbor, he 
  will do it. But he always looks out for Number One--FIRST; the effects upon 
  others are a SECONDARY matter. Men pretend to self-sacrifices, but this is a 
  thing which, in the ordinary value of the phrase, DOES NOT EXIST AND HAS NOT 
  EXISTED. A man often honestly THINKS he is sacrificing himself merely and solely 
  for some one else, but he is deceived; his bottom impulse is to content a requirement 
  of his nature and training, and thus acquire peace for his soul.
Y.M. Apparently, 
  then, all men, both good and bad ones, devote their lives to contenting their 
  consciences.
O.M. Yes. That 
  is a good enough name for it: Conscience-- that independent Sovereign, that 
  insolent absolute Monarch inside of a man who is the man's Master. There are 
  all kinds of consciences, because there are all kinds of men. You satisfy an 
  assassin's conscience in one way, a philanthropist's in another, a miser's in 
  another, a burglar's in still another. As a GUIDE or INCENTIVE to any authoritatively 
  prescribed line of morals or conduct (leaving TRAINING out of the account), 
  a man's conscience is totally valueless. I know a kind-hearted Kentuckian whose 
  self-approval was lacking--whose conscience was troubling him, to phrase it 
  with exactness--BECAUSE HE HAD NEGLECTED TO KILL A CERTAIN MAN--a man whom he 
  had never seen. The stranger had killed this man's friend in a fight, this man's 
  Kentucky training made it a duty to kill the stranger for it. He neglected his 
  duty--kept dodging it, shirking it, putting it off, and his unrelenting conscience 
  kept persecuting him for this conduct. At last, to get ease of mind, comfort, 
  self-approval, he hunted up the stranger and took his life. It was an immense 
  act of SELF- SACRIFICE (as per the usual definition), for he did not want to 
  do it, and he never would have done it if he could have bought a contented spirit 
  and an unworried mind at smaller cost. But we are so made that we will pay ANYTHING 
  for that contentment--even another man's life.
Y.M. You spoke 
  a moment ago of TRAINED consciences. You mean that we are not BORN with consciences 
  competent to guide us aright?
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O.M. If we were, 
  children and savages would know right from wrong, and not have to be taught 
  it.
Y.M. But consciences 
  can be TRAINED?
O.M. Yes.
Y.M. Of course 
  by parents, teachers, the pulpit, and books.
O.M. Yes--they 
  do their share; they do what they can.
Y.M. And the rest 
  is done by--
O.M. Oh, a million 
  unnoticed influences--for good or bad: influences which work without rest during 
  every waking moment of a man's life, from cradle to grave.
Y.M. You have tabulated 
  these?
O.M. Many of them--yes.
Y.M. Will you read 
  me the result?
O.M. Another time, 
  yes. It would take an hour.
Y.M. A conscience 
  can be trained to shun evil and prefer good?
O.M. Yes.
Y.M. But will it 
  for spirit-contenting reasons only?
O.M. It CAN'T be 
  trained to do a thing for any OTHER reason. The thing is impossible.
Y.M. There MUST 
  be a genuinely and utterly self-sacrificing act recorded in human history somewhere.
O.M. You are young. 
  You have many years before you. Search one out.
Y.M. It does seem 
  to me that when a man sees a fellow-being struggling in the water and jumps 
  in at the risk of his life to save him--
O.M. Wait. Describe 
  the MAN. Describe the FELLOW-BEING. State if there is an AUDIENCE present; or 
  if they are ALONE.
Y.M. What have 
  these things to do with the splendid act?
O.M. Very much. 
  Shall we suppose, as a beginning, that the two are alone, in a solitary place, 
  at midnight?
Y.M. If you choose.
O.M. And that the 
  fellow-being is the man's daughter?
Y.M. Well, n-no--make 
  it someone else.
O.M. A filthy, 
  drunken ruffian, then?
Y.M. I see. Circumstances 
  alter cases. I suppose that if there was no audience to observe the act, the 
  man wouldn't perform it.
O.M. But there 
  is here and there a man who WOULD. People, for instance, like the man who lost 
  his life trying to save the child from the fire; and the man who gave the needy 
  old woman his twenty-five cents and walked home in the storm--there are here 
  and there men like that who would do it. And why? Because they couldn't BEAR 
  to see a fellow-being struggling in the water and not jump in and help. It would 
  give THEM pain. They would save the fellow-being on that account. THEY WOULDN'T 
  DO IT OTHERWISE. They strictly obey the law which I have been insisting upon. 
  You must remember and always distinguish the people who CAN'T BEAR things from 
  people who CAN. It will throw light upon a number of apparently "self-sacrificing" 
  cases.
Y.M. Oh, dear, 
  it's all so disgusting.
O.M. Yes. And so 
  true.
Y.M. Come--take 
  the good boy who does things he doesn't want to do, in order to gratify his 
  mother.
O.M. He does seven-tenths 
  of the act because it gratifies HIM to gratify his mother. Throw the bulk of 
  advantage the other way and the good boy would not do the act. He MUST obey 
  the iron law. None can escape it.
Y.M. Well, take 
  the case of a bad boy who--
O.M. You needn't 
  mention it, it is a waste of time. It is no matter about the bad boy's act. 
  Whatever it was, he had a spirit-contenting reason for it. Otherwise you have 
  been misinformed, and he didn't do it.
Y.M. It is very 
  exasperating. A while ago you said that man's conscience is not a born judge 
  of morals and conduct, but has to be taught and trained. Now I think a conscience 
  can get drowsy and lazy, but I don't think it can go wrong; if you wake it up--

A Little Story
O.M. I will tell 
  you a little story:
Once upon a time 
  an Infidel was guest in the house of a Christian widow whose little boy was 
  ill and near to death. The Infidel often watched by the bedside and entertained 
  the boy with talk, and he used these opportunities to satisfy a strong longing 
  in his nature--that desire which is in us all to better other people's condition 
  by having them think as we think. He was successful. But the dying boy, in his 
  last moments, reproached him and said:
"I BELIEVED, 
  AND WAS HAPPY IN IT; YOU HAVE TAKEN MY BELIEF AWAY, AND MY COMFORT. NOW I HAVE 
  NOTHING LEFT, AND I DIE MISERABLE; FOR THE THINGS WHICH YOU HAVE TOLD ME DO 
  NOT TAKE THE PLACE OF THAT WHICH I HAVE LOST."
And the mother, 
  also, reproached the Infidel, and said:
"MY CHILD 
  IS FOREVER LOST, AND MY HEART IS BROKEN. HOW COULD YOU DO THIS CRUEL THING? 
  WE HAVE DONE YOU NO HARM, BUT ONLY KINDNESS; WE MADE OUR HOUSE YOUR HOME, YOU 
  WERE WELCOME TO ALL WE HAD, AND THIS IS OUR REWARD."
The heart of the 
  Infidel was filled with remorse for what he had done, and he said:
"IT WAS WRONG--I 
  SEE IT NOW; BUT I WAS ONLY TRYING TO DO HIM GOOD. IN MY VIEW HE WAS IN ERROR; 
  IT SEEMED MY DUTY TO TEACH HIM THE TRUTH."
Then the mother 
  said:
"I HAD TAUGHT 
  HIM, ALL HIS LITTLE LIFE, WHAT I BELIEVED TO BE THE TRUTH, AND IN HIS BELIEVING 
  FAITH BOTH OF US WERE HAPPY. NOW HE IS DEAD,--AND LOST; AND I AM MISERABLE. 
  OUR FAITH CAME DOWN TO US THROUGH CENTURIES OF BELIEVING ANCESTORS; WHAT RIGHT 
  HAD YOU, OR ANY ONE, TO DISTURB IT? WHERE WAS YOUR HONOR, WHERE WAS YOUR SHAME?"
Y.M. He was a miscreant, 
  and deserved death!
O.M. He thought 
  so himself, and said so.
Y.M. Ah--you see, 
  HIS CONSCIENCE WAS AWAKENED!
O.M. Yes, his Self-Disapproval 
  was. It PAINED him to see the mother suffer. He was sorry he had done a thing 
  which brought HIM pain. It did not occur to him to think of the mother when 
  he was misteaching the boy, for he was absorbed in providing PLEASURE for himself, 
  then. Providing it by satisfying what he believed to be a call of duty.
Y.M. Call it what 
  you please, it is to me a case of AWAKENED CONSCIENCE. That awakened conscience 
  could never get itself into that species of trouble again. A cure like that 
  is a PERMANENT cure.
O.M. Pardon--I 
  had not finished the story. We are creatures of OUTSIDE INFLUENCES--we originate 
  NOTHING within. Whenever we take a new line of thought and drift into a new 
  line of belief and action, the impulse is ALWAYS suggested from the OUTSIDE. 
  Remorse so preyed upon the Infidel that it dissolved his harshness toward the 
  boy's religion and made him come to regard it with tolerance, next with kindness, 
  for the boy's sake and the mother's. Finally he found himself examining it. 
  From that moment his progress in his new trend was steady and rapid. He became 
  a believing Christian. And now his remorse for having robbed the dying boy of 
  his faith and his salvation was bitterer than ever. It gave him no rest, no 
  peace. He MUST have rest and peace--it is the law of nature. There seemed but 
  one way to get it; he must devote himself to saving imperiled souls. He became 
  a missionary. He landed in a pagan country ill and helpless. A native widow 
  took him into her humble home and nursed him back to convalescence. Then her 
  young boy was taken hopelessly ill, and the grateful missionary helped her tend 
  him. Here was his first opportunity to repair a part of the wrong done to the 
  other boy by doing a precious service for this one by undermining his foolish 
  faith in his false gods. He was successful. But the dying boy in his last moments 
  reproached him and said:
"I BELIEVED, 
  AND WAS HAPPY IN IT; YOU HAVE TAKEN MY BELIEF AWAY, AND MY COMFORT. NOW I HAVE 
  NOTHING LEFT, AND I DIE MISERABLE; FOR THE THINGS WHICH YOU HAVE TOLD ME DO 
  NOT TAKE THE PLACE OF THAT WHICH I HAVE LOST."
And the mother, 
  also, reproached the missionary, and said:
"MY CHILD 
  IS FOREVER LOST, AND MY HEART IS BROKEN. HOW COULD YOU DO THIS CRUEL THING? 
  WE HAD DONE YOU NO HARM, BUT ONLY KINDNESS; WE MADE OUR HOUSE YOUR HOME, YOU 
  WERE WELCOME TO ALL WE HAD, AND THIS IS OUR REWARD."
The heart of the 
  missionary was filled with remorse for what he had done, and he said:
"IT WAS WRONG--I 
  SEE IT NOW; BUT I WAS ONLY TRYING TO DO HIM GOOD. IN MY VIEW HE WAS IN ERROR; 
  IT SEEMED MY DUTY TO TEACH HIM THE TRUTH."
Then the mother 
  said:
"I HAD TAUGHT 
  HIM, ALL HIS LITTLE LIFE, WHAT I BELIEVED TO BE THE TRUTH, AND IN HIS BELIEVING 
  FAITH BOTH OF US WERE HAPPY. NOW HE IS DEAD--AND LOST; AND I AM MISERABLE. OUR 
  FAITH CAME DOWN TO US THROUGH CENTURIES OF BELIEVING ANCESTORS; WHAT RIGHT HAD 
  YOU, OR ANY ONE, TO DISTURB IT? WHERE WAS YOUR HONOR, WHERE WAS YOUR SHAME?"
The missionary's 
  anguish of remorse and sense of treachery were as bitter and persecuting and 
  unappeasable, now, as they had been in the former case. The story is finished. 
  What is your comment?
Y.M. The man's 
  conscience is a fool! It was morbid. It didn't know right from wrong.
O.M. I am not sorry 
  to hear you say that. If you grant that ONE man's conscience doesn't know right 
  from wrong, it is an admission that there are others like it. This single admission 
  pulls down the whole doctrine of infallibility of judgment in consciences. Meantime 
  there is one thing which I ask you to notice.
Y.M. What is that?
O.M. That in both 
  cases the man's ACT gave him no spiritual discomfort, and that he was quite 
  satisfied with it and got pleasure out of it. But afterward when it resulted 
  in PAIN to HIM, he was sorry. Sorry it had inflicted pain upon the others, BUT 
  FOR NO REASON UNDER THE SUN EXCEPT THAT THEIR PAIN GAVE HIM PAIN. Our consciences 
  take NO notice of pain inflicted upon others until it reaches a point where 
  it gives pain to US. In ALL cases without exception we are absolutely indifferent 
  to another person's pain until his sufferings make us uncomfortable. Many an 
  infidel would not have been troubled by that Christian mother's distress. Don't 
  you believe that?
Y.M. Yes. You might 
  almost say it of the AVERAGE infidel, I think.
O.M. And many a 
  missionary, sternly fortified by his sense of duty, would not have been troubled 
  by the pagan mother's distress--Jesuit missionaries in Canada in the early French 
  times, for instance; see episodes quoted by Parkman.
Y.M. Well, let 
  us adjourn. Where have we arrived?
O.M. At this. That 
  we (mankind) have ticketed ourselves with a number of qualities to which we 
  have given misleading names. Love, Hate, Charity, Compassion, Avarice, Benevolence, 
  and so on. I mean we attach misleading MEANINGS to the names. They are all forms 
  of self-contentment, self-gratification, but the names so disguise them that 
  they distract our attention from the fact. Also we have smuggled a word into 
  the dictionary which ought not to be there at all--Self-Sacrifice. It describes 
  a thing which does not exist. But worst of all, we ignore and never mention 
  the Sole Impulse which dictates and compels a man's every act: the imperious 
  necessity of securing his own approval, in every emergency and at all costs. 
  To it we owe all that we are. It is our breath, our heart, our blood. It is 
  our only spur, our whip, our goad, our only impelling power; we have no other. 
  Without it we should be mere inert images, corpses; no one would do anything, 
  there would be no progress, the world would stand still. We ought to stand reverently 
  uncovered when the name of that stupendous power is uttered.
Y.M. I am not convinced.
O.M. You will be 
  when you think.

III
Instances in Point
Old Man. Have 
  you given thought to the Gospel of Self- Approval since we talked?
Young Man. I have.
O.M. It was I that 
  moved you to it. That is to say an OUTSIDE INFLUENCE moved you to it--not one 
  that originated in your head. Will you try to keep that in mind and not forget 
  it?
Y.M. Yes. Why?
O.M. Because by 
  and by in one of our talks, I wish to further impress upon you that neither 
  you, nor I, nor any man ever originates a thought in his own head. THE UTTERER 
  OF A THOUGHT ALWAYS UTTERS A SECOND-HAND ONE.
Y.M. Oh, now--
O.M. Wait. Reserve 
  your remark till we get to that part of our discussion--tomorrow or next day, 
  say. Now, then, have you been considering the proposition that no act is ever 
  born of any but a self-contenting impulse--(primarily). You have sought. What 
  have you found?
Y.M. I have not 
  been very fortunate. I have examined many fine and apparently self-sacrificing 
  deeds in romances and biographies, but--
O.M. Under searching 
  analysis the ostensible self-sacrifice disappeared? It naturally would.
Y.M. But here in 
  this novel is one which seems to promise. In the Adirondack woods is a wage-earner 
  and lay preacher in the lumber-camps who is of noble character and deeply religious. 
  An earnest and practical laborer in the New York slums comes up there on vacation--he 
  is leader of a section of the University Settlement. Holme, the lumberman, is 
  fired with a desire to throw away his excellent worldly prospects and go down 
  and save souls on the East Side. He counts it happiness to make this sacrifice 
  for the glory of God and for the cause of Christ. He resigns his place, makes 
  the sacrifice cheerfully, and goes to the East Side and preaches Christ and 
  Him crucified every day and every night to little groups of half-civilized foreign 
  paupers who scoff at him. But he rejoices in the scoffings, since he is suffering 
  them in the great cause of Christ. You have so filled my mind with suspicions 
  that I was constantly expecting to find a hidden questionable impulse back of 
  all this, but I am thankful to say I have failed. This man saw his duty, and 
  for DUTY'S SAKE he sacrificed self and assumed the burden it imposed.
O.M. Is that as 
  far as you have read?
Y.M. Yes.
O.M. Let us read 
  further, presently. Meantime, in sacrificing himself--NOT for the glory of God, 
  PRIMARILY, as HE imagined, but FIRST to content that exacting and inflexible 
  master within him--DID HE SACRIFICE ANYBODY ELSE?
Y.M. How do you 
  mean?
O.M. He relinquished 
  a lucrative post and got mere food and lodging in place of it. Had he dependents?
Y.M. Well--yes.
O.M. In what way 
  and to what extend did his self-sacrifice affect THEM?
Y.M. He was the 
  support of a superannuated father. He had a young sister with a remarkable voice--he 
  was giving her a musical education, so that her longing to be self-supporting 
  might be gratified. He was furnishing the money to put a young brother through 
  a polytechnic school and satisfy his desire to become a civil engineer.
O.M. The old father's 
  comforts were now curtailed?
Y.M. Quite seriously. 
  Yes.
O.M. The sister's 
  music-lessens had to stop?
Y.M. Yes.
O.M. The young 
  brother's education--well, an extinguishing blight fell upon that happy dream, 
  and he had to go to sawing wood to support the old father, or something like 
  that?
Y.M. It is about 
  what happened. Yes.
O.M. What a handsome 
  job of self-sacrificing he did do! It seems to me that he sacrificed everybody 
  EXCEPT himself. Haven't I told you that no man EVER sacrifices himself; that 
  there is no instance of it upon record anywhere; and that when a man's Interior 
  Monarch requires a thing of its slave for either its MOMENTARY or its PERMANENT 
  contentment, that thing must and will be furnished and that command obeyed, 
  no matter who may stand in the way and suffer disaster by it? That man RUINED 
  HIS FAMILY to please and content his Interior Monarch--
Y.M. And help Christ's 
  cause.
O.M. Yes--SECONDLY. 
  Not firstly. HE thought it was firstly.
Y.M. Very well, 
  have it so, if you will. But it could be that he argued that if he saved a hundred 
  souls in New York--
O.M. The sacrifice 
  of the FAMILY would be justified by that great profit upon the--the--what shall 
  we call it?
Y.M. Investment?
O.M. Hardly. How 
  would SPECULATION do? How would GAMBLE do? Not a solitary soul-capture was sure. 
  He played for a possible thirty-three-hundred-per-cent profit. It was GAMBLING-- 
  with his family for "chips." However let us see how the game came 
  out. Maybe we can get on the track of the secret original impulse, the REAL 
  impulse, that moved him to so nobly self- sacrifice his family in the Savior's 
  cause under the superstition that he was sacrificing himself. I will read a 
  chapter or so.... Here we have it! It was bound to expose itself sooner or 
  later. He preached to the East-Side rabble a season, then went back to his old 
  dull, obscure life in the lumber-camps "HURT TO THE HEART, HIS PRIDE HUMBLED." 
  Why? Were not his efforts acceptable to the Savior, for Whom alone they were 
  made? Dear me, that detail is LOST SIGHT OF, is not even referred to, the fact 
  that it started out as a motive is entirely forgotten! Then what is the trouble? 
  The authoress quite innocently and unconsciously gives the whole business away. 
  The trouble was this: this man merely PREACHED to the poor; that is not the 
  University Settlement's way; it deals in larger and better things than that, 
  and it did not enthuse over that crude Salvation-Army eloquence. It was courteous 
  to Holme--but cool. It did not pet him, did not take him to its bosom. "PERISHED 
  WERE ALL HIS DREAMS OF DISTINCTION, THE PRAISE AND GRATEFUL APPROVAL--" 
  Of whom? The Savior? No; the Savior is not mentioned. Of whom, then? Of "His 
  FELLOW-WORKERS." Why did he want that? Because the Master inside of him 
  wanted it, and would not be content without it. That emphasized sentence quoted 
  above, reveals the secret we have been seeking, the original impulse, the REAL 
  impulse, which moved the obscure and unappreciated Adirondack lumberman to sacrifice 
  his family and go on that crusade to the East Side--which said original impulse 
  was this, to wit: without knowing it HE WENT THERE TO SHOW A NEGLECTED WORLD 
  THE LARGE TALENT THAT WAS IN HIM, AND RISE TO DISTINCTION. As I have warned 
  you before, NO act springs from any but the one law, the one motive. But I pray 
  you, do not accept this law upon my say- so; but diligently examine for yourself. 
  Whenever you read of a self-sacrificing act or hear of one, or of a duty done 
  for DUTY'S SAKE, take it to pieces and look for the REAL motive. It is always 
  there.
Y.M. I do it every 
  day. I cannot help it, now that I have gotten started upon the degrading and 
  exasperating quest. For it is hatefully interesting!--in fact, fascinating is 
  the word. As soon as I come across a golden deed in a book I have to stop and 
  take it apart and examine it, I cannot help myself.
O.M. Have you ever 
  found one that defeated the rule?
Y.M. No--at least, 
  not yet. But take the case of servant- tipping in Europe. You pay the HOTEL 
  for service; you owe the servants NOTHING, yet you pay them besides. Doesn't 
  that defeat it?
O.M. In what way?
Y.M. You are not 
  OBLIGED to do it, therefore its source is compassion for their ill-paid condition, 
  and--
O.M. Has that custom 
  ever vexed you, annoyed you, irritated you?
Y.M. Well, yes.
O.M. Still you 
  succumbed to it?
Y.M. Of course.
O.M. Why of course?
Y.M. Well, custom 
  is law, in a way, and laws must be submitted to--everybody recognizes it as 
  a DUTY.
O.M. Then you pay 
  for the irritating tax for DUTY'S sake?
Y.M. I suppose 
  it amounts to that.
O.M. Then the impulse 
  which moves you to submit to the tax is not ALL compassion, charity, benevolence?
Y.M. Well--perhaps 
  not.
O.M. Is ANY of 
  it?
Y.M. I--perhaps 
  I was too hasty in locating its source.
O.M. Perhaps so. 
  In case you ignored the custom would you get prompt and effective service from 
  the servants?
Y.M. Oh, hear yourself 
  talk! Those European servants? Why, you wouldn't get any of all, to speak of.
O.M. Couldn't THAT 
  work as an impulse to move you to pay the tax?
Y.M. I am not denying 
  it.
O.M. Apparently, 
  then, it is a case of for-duty's-sake with a little self-interest added?
Y.M. Yes, it has 
  the look of it. But here is a point: we pay that tax knowing it to be unjust 
  and an extortion; yet we go away with a pain at the heart if we think we have 
  been stingy with the poor fellows; and we heartily wish we were back again, 
  so that we could do the right thing, and MORE than the right thing, the GENEROUS 
  thing. I think it will be difficult for you to find any thought of self in that 
  impulse.
O.M. I wonder why 
  you should think so. When you find service charged in the HOTEL bill does it 
  annoy you?
Y.M. No.
O.M. Do you ever 
  complain of the amount of it?
Y.M. No, it would 
  not occur to me.
O.M. The EXPENSE, 
  then, is not the annoying detail. It is a fixed charge, and you pay it cheerfully, 
  you pay it without a murmur. When you came to pay the servants, how would you 
  like it if each of the men and maids had a fixed charge?
Y.M. Like it? I 
  should rejoice!
O.M. Even if the 
  fixed tax were a shade MORE than you had been in the habit of paying in the 
  form of tips?
Y.M. Indeed, yes!
O.M. Very well, 
  then. As I understand it, it isn't really compassion nor yet duty that moves 
  you to pay the tax, and it isn't the AMOUNT of the tax that annoys you. Yet 
  SOMETHING annoys you. What is it?
Y.M. Well, the 
  trouble is, you never know WHAT to pay, the tax varies so, all over Europe.
O.M. So you have 
  to guess?
Y.M. There is no 
  other way. So you go on thinking and thinking, and calculating and guessing, 
  and consulting with other people and getting their views; and it spoils your 
  sleep nights, and makes you distraught in the daytime, and while you are pretending 
  to look at the sights you are only guessing and guessing and guessing all the 
  time, and being worried and miserable.
O.M. And all about 
  a debt which you don't owe and don't have to pay unless you want to! Strange. 
  What is the purpose of the guessing?
Y.M. To guess out 
  what is right to give them, and not be unfair to any of them.
O.M. It has quite 
  a noble look--taking so much pains and using up so much valuable time in order 
  to be just and fair to a poor servant to whom you owe nothing, but who needs 
  money and is ill paid.
Y.M. I think, myself, 
  that if there is any ungracious motive back of it it will be hard to find.
O.M. How do you 
  know when you have not paid a servant fairly?
Y.M. Why, he is 
  silent; does not thank you. Sometimes he gives you a look that makes you ashamed. 
  You are too proud to rectify your mistake there, with people looking, but afterward 
  you keep on wishing and wishing you HAD done it. My, the shame and the pain 
  of it! Sometimes you see, by the signs, that you have it JUST RIGHT, and you 
  go away mightily satisfied. Sometimes the man is so effusively thankful that 
  you know you have given him a good deal MORE than was necessary.
O.M. NECESSARY? 
  Necessary for what?
Y.M. To content 
  him.
O.M. How do you 
  feel THEN?
Y.M. Repentant.
O.M. It is my belief 
  that you have NOT been concerning yourself in guessing out his just dues, but 
  only in ciphering out what would CONTENT him. And I think you have a self-deluding 
  reason for that.
Y.M. What was it?
O.M. If you fell 
  short of what he was expecting and wanting, you would get a look which would 
  SHAME YOU BEFORE FOLK. That would give you PAIN. YOU--for you are only working 
  for yourself, not HIM. If you gave him too much you would be ASHAMED OF YOURSELF 
  for it, and that would give YOU pain--another case of thinking of YOURSELF, 
  protecting yourself, SAVING YOURSELF FROM DISCOMFORT. You never think of the 
  servant once--except to guess out how to get HIS APPROVAL. If you get that, 
  you get your OWN approval, and that is the sole and only thing you are after. 
  The Master inside of you is then satisfied, contented, comfortable; there was 
  NO OTHER thing at stake, as a matter of FIRST interest, anywhere in the transaction.

Further Instances
Y.M. Well, to think 
  of it; Self-Sacrifice for others, the grandest thing in man, ruled out! non-existent!
O.M. Are you accusing 
  me of saying that?
Y.M. Why, certainly.
O.M. I haven't 
  said it.
Y.M. What did you 
  say, then?
O.M. That no man 
  has ever sacrificed himself in the common meaning of that phrase--which is, 
  self-sacrifice for another ALONE. Men make daily sacrifices for others, but 
  it is for their own sake FIRST. The act must content their own spirit FIRST. 
  The other beneficiaries come second.
Y.M. And the same 
  with duty for duty's sake?
O.M. Yes. No man 
  performs a duty for mere duty's sake; the act must content his spirit FIRST. 
  He must feel better for DOING the duty than he would for shirking it. Otherwise 
  he will not do it.
Y.M. Take the case 
  of the BERKELEY CASTLE.
O.M. It was a noble 
  duty, greatly performed. Take it to pieces and examine it, if you like.
Y.M. A British 
  troop-ship crowded with soldiers and their wives and children. She struck a 
  rock and began to sink. There was room in the boats for the women and children 
  only. The colonel lined up his regiment on the deck and said "it is our 
  duty to die, that they may be saved." There was no murmur, no protest. 
  The boats carried away the women and children. When the death-moment was come, 
  the colonel and his officers took their several posts, the men stood at shoulder-arms, 
  and so, as on dress-parade, with their flag flying and the drums beating, they 
  went down, a sacrifice to duty for duty's sake. Can you view it as other than 
  that?
O.M. It was something 
  as fine as that, as exalted as that. Could you have remained in those ranks 
  and gone down to your death in that unflinching way?
Y.M. Could I? No, 
  I could not.
O.M. Think. Imagine 
  yourself there, with that watery doom creeping higher and higher around you.
Y.M. I can imagine 
  it. I feel all the horror of it. I could not have endured it, I could not have 
  remained in my place. I know it.
O.M. Why?
Y.M. There is no 
  why about it: I know myself, and I know I couldn't DO it.
O.M. But it would 
  be your DUTY to do it.
Y.M. Yes, I know--but 
  I couldn't.
O.M. It was more 
  than thousand men, yet not one of them flinched. Some of them must have been 
  born with your temperament; if they could do that great duty for duty's SAKE, 
  why not you? Don't you know that you could go out and gather together a thousand 
  clerks and mechanics and put them on that deck and ask them to die for duty's 
  sake, and not two dozen of them would stay in the ranks to the end?
Y.M. Yes, I know 
  that.
O.M. But you TRAIN 
  them, and put them through a campaign or two; then they would be soldiers; soldiers, 
  with a soldier's pride, a soldier's self-respect, a soldier's ideals. They would 
  have to content a SOLDIER'S spirit then, not a clerk's, not a mechanic's. They 
  could not content that spirit by shirking a soldier's duty, could they?
Y.M. I suppose 
  not.
O.M. Then they 
  would do the duty not for the DUTY'S sake, but for their OWN sake--primarily. 
  The DUTY was JUST THE SAME, and just as imperative, when they were clerks, mechanics, 
  raw recruits, but they wouldn't perform it for that. As clerks and mechanics 
  they had other ideals, another spirit to satisfy, and they satisfied it. They 
  HAD to; it is the law. TRAINING is potent. Training toward higher and higher, 
  and ever higher ideals is worth any man's thought and labor and diligence.
Y.M. Consider the 
  man who stands by his duty and goes to the stake rather than be recreant to 
  it.
O.M. It is his 
  make and his training. He has to content the spirit that is in him, though it 
  cost him his life. Another man, just as sincerely religious, but of different 
  temperament, will fail of that duty, though recognizing it as a duty, and grieving 
  to be unequal to it: but he must content the spirit that is in him--he cannot 
  help it. He could not perform that duty for duty's SAKE, for that would not 
  content his spirit, and the contenting of his spirit must be looked to FIRST. 
  It takes precedence of all other duties.
Y.M. Take the case 
  of a clergyman of stainless private morals who votes for a thief for public 
  office, on his own party's ticket, and against an honest man on the other ticket.
O.M. He has to 
  content his spirit. He has no public morals; he has no private ones, where his 
  party's prosperity is at stake. He will always be true to his make and training.

IV
Training
Young Man. You 
  keep using that word--training. By it do you particularly mean--
Old Man. Study, 
  instruction, lectures, sermons? That is a part of it--but not a large part. 
  I mean ALL the outside influences. There are a million of them. From the cradle 
  to the grave, during all his waking hours, the human being is under training. 
  In the very first rank of his trainers stands ASSOCIATION. It is his human environment 
  which influences his mind and his feelings, furnishes him his ideals, and sets 
  him on his road and keeps him in it. If he leave that road he will find himself 
  shunned by the people whom he most loves and esteems, and whose approval he 
  most values. He is a chameleon; by the law of his nature he takes the color 
  of his place of resort. The influences about him create his preferences, his 
  aversions, his politics, his tastes, his morals, his religion. He creates none 
  of these things for himself. He THINKS he does, but that is because he has not 
  examined into the matter. You have seen Presbyterians?
Y.M. Many.
O.M. How did they 
  happen to be Presbyterians and not Congregationalists? And why were the Congregationalists 
  not Baptists, and the Baptists Roman Catholics, and the Roman Catholics Buddhists, 
  and the Buddhists Quakers, and the Quakers Episcopalians, and the Episcopalians 
  Millerites and the Millerites Hindus, and the Hindus Atheists, and the Atheists 
  Spiritualists, and the Spiritualists Agnostics, and the Agnostics Methodists, 
  and the Methodists Confucians, and the Confucians Unitarians, and the Unitarians 
  Mohammedans, and the Mohammedans Salvation Warriors, and the Salvation Warriors 
  Zoroastrians, and the Zoroastrians Christian Scientists, and the Christian Scientists 
  Mormons--and so on?
Y.M. You may answer 
  your question yourself.
O.M. That list 
  of sects is not a record of STUDIES, searchings, seekings after light; it mainly (and sarcastically) indicates what ASSOCIATION can do. If you know a man's nationality 
  you can come within a split hair of guessing the complexion of his religion: 
  English--Protestant; American-- ditto; Spaniard, Frenchman, Irishman, Italian, 
  South American-- Roman Catholic; Russian--Greek Catholic; Turk--Mohammedan; 
  and so on. And when you know the man's religious complexion, you know what sort 
  of religious books he reads when he wants some more light, and what sort of 
  books he avoids, lest by accident he get more light than he wants. In America 
  if you know which party-collar a voter wears, you know what his associations 
  are, and how he came by his politics, and which breed of newspaper he reads 
  to get light, and which breed he diligently avoids, and which breed of mass-meetings 
  he attends in order to broaden his political knowledge, and which breed of mass-meetings 
  he doesn't attend, except to refute its doctrines with brickbats. We are always 
  hearing of people who are around SEEKING AFTER TRUTH. I have never seen a (permanent) 
  specimen. I think he had never lived. But I have seen several entirely sincere 
  people who THOUGHT they were (permanent) Seekers after Truth. They sought diligently, 
  persistently, carefully, cautiously, profoundly, with perfect honesty and nicely 
  adjusted judgment--until they believed that without doubt or question they had 
  found the Truth. THAT WAS THE END OF THE SEARCH. The man spent the rest of his 
  life hunting up shingles wherewith to protect his Truth from the weather. If 
  he was seeking after political Truth he found it in one or another of the hundred 
  political gospels which govern men in the earth; if he was seeking after the 
  Only True Religion he found it in one or another of the three thousand that 
  are on the market. In any case, when he found the Truth HE SOUGHT NO FURTHER; 
  but from that day forth, with his soldering-iron in one hand and his bludgeon 
  in the other he tinkered its leaks and reasoned with objectors. There have been 
  innumerable Temporary Seekers of Truth--have you ever heard of a permanent one? 
  In the very nature of man such a person is impossible. However, to drop back 
  to the text-- training: all training is one from or another of OUTSIDE INFLUENCE, 
  and ASSOCIATION is the largest part of it. A man is never anything but what 
  his outside influences have made him. They train him downward or they train 
  him upward--but they TRAIN him; they are at work upon him all the time.
Y.M. Then if he 
  happen by the accidents of life to be evilly placed there is no help for him, 
  according to your notions--he must train downward.
O.M. No help for 
  him? No help for this chameleon? It is a mistake. It is in his chameleonship 
  that his greatest good fortune lies. He has only to change his habitat--his 
  ASSOCIATIONS. But the impulse to do it must come from the OUTSIDE--he cannot 
  originate it himself, with that purpose in view. Sometimes a very small and 
  accidental thing can furnish him the initiatory impulse and start him on a new 
  road, with a new idea. The chance remark of a sweetheart, "I hear that 
  you are a coward," may water a seed that shall sprout and bloom and flourish, 
  and ended in producing a surprising fruitage--in the fields of war. The history 
  of man is full of such accidents. The accident of a broken leg brought a profane 
  and ribald soldier under religious influences and furnished him a new ideal. 
  From that accident sprang the Order of the Jesuits, and it has been shaking 
  thrones, changing policies, and doing other tremendous work for two hundred 
  years--and will go on. The chance reading of a book or of a paragraph in a newspaper 
  can start a man on a new track and make him renounce his old associations and 
  seek new ones that are IN SYMPATHY WITH HIS NEW IDEAL: and the result, for that 
  man, can be an entire change of his way of life.
Y.M. Are you hinting 
  at a scheme of procedure?
O.M. Not a new 
  one--an old one. Old as mankind.
Y.M. What is it?
O.M. Merely the 
  laying of traps for people. Traps baited with INITIATORY IMPULSES TOWARD HIGH 
  IDEALS. It is what the tract-distributor does. It is what the missionary does. 
  It is what governments ought to do.
Y.M. Don't they?
O.M. In one way 
  they do, in another they don't. They separate the smallpox patients from the 
  healthy people, but in dealing with crime they put the healthy into the pest-house 
  along with the sick. That is to say, they put the beginners in with the confirmed 
  criminals. This would be well if man were naturally inclined to good, but he 
  isn't, and so ASSOCIATION makes the beginners worse than they were when they 
  went into captivity. It is putting a very severe punishment upon the comparatively 
  innocent at times. They hang a man--which is a trifling punishment; this breaks 
  the hearts of his family--which is a heavy one. They comfortably jail and feed 
  a wife-beater, and leave his innocent wife and family to starve.
Y.M. Do you believe 
  in the doctrine that man is equipped with an intuitive perception of good and 
  evil?
O.M. Adam hadn't 
  it.
Y.M. But has man 
  acquired it since?
O.M. No. I think 
  he has no intuitions of any kind. He gets ALL his ideas, all his impressions, 
  from the outside. I keep repeating this, in the hope that I may impress it upon 
  you that you will be interested to observe and examine for yourself and see 
  whether it is true or false.
Y.M. Where did 
  you get your own aggravating notions?
O.M. From the OUTSIDE. 
  I did not invent them. They are gathered from a thousand unknown sources. Mainly 
  UNCONSCIOUSLY gathered.
Y.M. Don't you 
  believe that God could make an inherently honest man?
O.M. Yes, I know 
  He could. I also know that He never did make one.
Y.M. A wiser observer 
  than you has recorded the fact that "an honest man's the noblest work of 
  God."
O.M. He didn't 
  record a fact, he recorded a falsity. It is windy, and sounds well, but it is 
  not true. God makes a man with honest and dishonest POSSIBILITIES in him and 
  stops there. The man's ASSOCIATIONS develop the possibilities--the one set or 
  the other. The result is accordingly an honest man or a dishonest one.
Y.M. And the honest 
  one is not entitled to--
O.M. Praise? No. 
  How often must I tell you that? HE is not the architect of his honesty.
Y.M. Now then, 
  I will ask you where there is any sense in training people to lead virtuous 
  lives. What is gained by it?
O.M. The man himself 
  gets large advantages out of it, and that is the main thing--to HIM. He is not 
  a peril to his neighbors, he is not a damage to them--and so THEY get an advantage 
  out of his virtues. That is the main thing to THEM. It can make this life comparatively 
  comfortable to the parties concerned; the NEGLECT of this training can make 
  this life a constant peril and distress to the parties concerned.
Y.M. You have said 
  that training is everything; that training is the man HIMSELF, for it makes 
  him what he is.
O.M. I said training 
  and ANOTHER thing. Let that other thing pass, for the moment. What were you 
  going to say?
Y.M. We have an 
  old servant. She has been with us twenty- two years. Her service used to be 
  faultless, but now she has become very forgetful. We are all fond of her; we 
  all recognize that she cannot help the infirmity which age has brought her; 
  the rest of the family do not scold her for her remissnesses, but at times I 
  do--I can't seem to control myself. Don't I try? I do try. Now, then, when I 
  was ready to dress, this morning, no clean clothes had been put out. I lost 
  my temper; I lose it easiest and quickest in the early morning. I rang; and 
  immediately began to warn myself not to show temper, and to be careful and speak 
  gently. I safe-guarded myself most carefully. I even chose the very word I would 
  use: "You've forgotten the clean clothes, Jane." When she appeared 
  in the door I opened my mouth to say that phrase--and out of it, moved by an 
  instant surge of passion which I was not expecting and hadn't time to put under 
  control, came the hot rebuke, "You've forgotten them again!" You say 
  a man always does the thing which will best please his Interior Master. Whence 
  came the impulse to make careful preparation to save the girl the humiliation 
  of a rebuke? Did that come from the Master, who is always primarily concerned 
  about HIMSELF?
O.M. Unquestionably. 
  There is no other source for any impulse. SECONDARILY you made preparation to 
  save the girl, but PRIMARILY its object was to save yourself, by contenting 
  the Master.
Y.M. How do you 
  mean?
O.M. Has any member 
  of the family ever implored you to watch your temper and not fly out at the 
  girl?
Y.M. Yes. My mother.
O.M. You love her?
Y.M. Oh, more than 
  that!
O.M. You would 
  always do anything in your power to please her?
Y.M. It is a delight 
  to me to do anything to please her!
O.M. Why? YOU WOULD 
  DO IT FOR PAY, SOLELY--for PROFIT. What profit would you expect and certainly 
  receive from the investment?
Y.M. Personally? 
  None. To please HER is enough.
O.M. It appears, 
  then, that your object, primarily, WASN'T to save the girl a humiliation, but 
  to PLEASE YOUR MOTHER. It also appears that to please your mother gives YOU 
  a strong pleasure. Is not that the profit which you get out of the investment? 
  Isn't that the REAL profits and FIRST profit?
Y.M. Oh, well? 
  Go on.
O.M. In ALL transactions, 
  the Interior Master looks to it that YOU GET THE FIRST PROFIT. Otherwise there 
  is no transaction.
Y.M. Well, then, 
  if I was so anxious to get that profit and so intent upon it, why did I threw 
  it away by losing my temper?
O.M. In order to 
  get ANOTHER profit which suddenly superseded it in value.
Y.M. Where was 
  it?
O.M. Ambushed behind 
  your born temperament, and waiting for a chance. Your native warm temper suddenly 
  jumped to the front, and FOR THE MOMENT its influence was more powerful than 
  your mother's, and abolished it. In that instance you were eager to flash out 
  a hot rebuke and enjoy it. You did enjoy it, didn't you?
Y.M. For--for a 
  quarter of a second. Yes--I did.
O.M. Very well, 
  it is as I have said: the thing which will give you the MOST pleasure, the most 
  satisfaction, in any moment or FRACTION of a moment, is the thing you will always 
  do. You must content the Master's LATEST whim, whatever it may be.
Y.M. But when the 
  tears came into the old servant's eyes I could have cut my hand off for what 
  I had done.
O.M. Right. You 
  had humiliated YOURSELF, you see, you had given yourself PAIN. Nothing is of 
  FIRST importance to a man except results which damage HIM or profit him--all 
  the rest is SECONDARY. Your Master was displeased with you, although you had 
  obeyed him. He required a prompt REPENTANCE; you obeyed again; you HAD to--there 
  is never any escape from his commands. He is a hard master and fickle; he changes 
  his mind in the fraction of a second, but you must be ready to obey, and you 
  will obey, ALWAYS. If he requires repentance, you content him, you will always 
  furnish it. He must be nursed, petted, coddled, and kept contented, let the 
  terms be what they may.
Y.M. Training! 
  Oh, what's the use of it? Didn't I, and didn't my mother try to train me up 
  to where I would no longer fly out at that girl?
O.M. Have you never 
  managed to keep back a scolding?
Y.M. Oh, certainly--many 
  times.
O.M. More times 
  this year than last?
Y.M. Yes, a good 
  many more.
O.M. More times 
  last year than the year before?
Y.M. Yes.
O.M. There is a 
  large improvement, then, in the two years?
Y.M. Yes, undoubtedly.
O.M. Then your 
  question is answered. You see there IS use in training. Keep on. Keeping faithfully 
  on. You are doing well.
Y.M. Will my reform 
  reach perfection?
O.M. It will. UP 
  to YOUR limit.
Y.M. My limit? 
  What do you mean by that?
O.M. You remember 
  that you said that I said training was EVERYTHING. I corrected you, and said 
  "training and ANOTHER thing." That other thing is TEMPERAMENT--that 
  is, the disposition you were born with. YOU CAN'T ERADICATE YOUR DISPOSITION 
  NOR ANY RAG OF IT--you can only put a pressure on it and keep it down and quiet. 
  You have a warm temper?
Y.M. Yes.
O.M. You will never 
  get rid of it; but by watching it you can keep it down nearly all the time. 
  ITS PRESENCE IS YOUR LIMIT. Your reform will never quite reach perfection, for 
  your temper will beat you now and then, but you come near enough. You have made 
  valuable progress and can make more. There IS use in training. Immense use. 
  Presently you will reach a new stage of development, then your progress will 
  be easier; will proceed on a simpler basis, anyway.
Y.M. Explain.
O.M. You keep back 
  your scoldings now, to please YOURSELF by pleasing your MOTHER; presently the 
  mere triumphing over your temper will delight your vanity and confer a more 
  delicious pleasure and satisfaction upon you than even the approbation of your 
  MOTHER confers upon you now. You will then labor for yourself directly and at 
  FIRST HAND, not by the roundabout way through your mother. It simplifies the 
  matter, and it also strengthens the impulse.
Y.M. Ah, dear! 
  But I sha'n't ever reach the point where I will spare the girl for HER sake 
  PRIMARILY, not mine?
O.M. Why--yes. 
  In heaven.
Y.M. (AFTER A REFLECTIVE 
  PAUSE) Temperament. Well, I see one must allow for temperament. It is a large 
  factor, sure enough. My mother is thoughtful, and not hot-tempered. When I was 
  dressed I went to her room; she was not there; I called, she answered from the 
  bathroom. I heard the water running. I inquired. She answered, without temper, 
  that Jane had forgotten her bath, and she was preparing it herself. I offered 
  to ring, but she said, "No, don't do that; it would only distress her to 
  be confronted with her lapse, and would be a rebuke; she doesn't deserve that--she 
  is not to blame for the tricks her memory serves her." I say--has my mother 
  an Interior Master?--and where was he?
O.M. He was there. 
  There, and looking out for his own peace and pleasure and contentment. The girl's 
  distress would have pained YOUR MOTHER. Otherwise the girl would have been rung 
  up, distress and all. I know women who would have gotten a No. 1 PLEASURE out 
  of ringing Jane up--and so they would infallibly have pushed the button and 
  obeyed the law of their make and training, which are the servants of their Interior 
  Masters. It is quite likely that a part of your mother's forbearance came from 
  training. The GOOD kind of training--whose best and highest function is to see 
  to it that every time it confers a satisfaction upon its pupil a benefit shall 
  fall at second hand upon others.
Y.M. If you were 
  going to condense into an admonition your plan for the general betterment of 
  the race's condition, how would you word it?

Admonition
O.M. Diligently 
  train your ideals UPWARD and STILL UPWARD toward a summit where you will find 
  your chiefest pleasure in conduct which, while contenting you, will be sure 
  to confer benefits upon your neighbor and the community.
Y.M. Is that a 
  new gospel?
O.M. No.
Y.M. It has been 
  taught before?
O.M. For ten thousand 
  years.
Y.M. By whom?
O.M. All the great 
  religions--all the great gospels.
Y.M. Then there 
  is nothing new about it?
O.M. Oh yes, there 
  is. It is candidly stated, this time. That has not been done before.
Y.M. How do you 
  mean?
O.M. Haven't I 
  put YOU FIRST, and your neighbor and the community AFTERWARD?
Y.M. Well, yes, 
  that is a difference, it is true.
O.M. The difference 
  between straight speaking and crooked; the difference between frankness and 
  shuffling.
Y.M. Explain.
O.M. The others 
  offer your a hundred bribes to be good, thus conceding that the Master inside 
  of you must be conciliated and contented first, and that you will do nothing 
  at FIRST HAND but for his sake; then they turn square around and require you 
  to do good for OTHER'S sake CHIEFLY; and to do your duty for duty's SAKE, chiefly; 
  and to do acts of SELF-SACRIFICE. Thus at the outset we all stand upon the same 
  ground--recognition of the supreme and absolute Monarch that resides in man, 
  and we all grovel before him and appeal to him; then those others dodge and 
  shuffle, and face around and unfrankly and inconsistently and illogically change 
  the form of their appeal and direct its persuasions to man's SECOND-PLACE powers 
  and to powers which have NO EXISTENCE in him, thus advancing them to FIRST place; 
  whereas in my Admonition I stick logically and consistently to the original 
  position: I place the Interior Master's requirements FIRST, and keep them there.
Y.M. If we grant, 
  for the sake of argument, that your scheme and the other schemes aim at and 
  produce the same result-- RIGHT LIVING--has yours an advantage over the others?
O.M. One, yes--a 
  large one. It has no concealments, no deceptions. When a man leads a right and 
  valuable life under it he is not deceived as to the REAL chief motive which 
  impels him to it--in those other cases he is.
Y.M. Is that an 
  advantage? Is it an advantage to live a lofty life for a mean reason? In the 
  other cases he lives the lofty life under the IMPRESSION that he is living for 
  a lofty reason. Is not that an advantage?
O.M. Perhaps so. 
  The same advantage he might get out of thinking himself a duke, and living a 
  duke's life and parading in ducal fuss and feathers, when he wasn't a duke at 
  all, and could find it out if he would only examine the herald's records.
Y.M. But anyway, 
  he is obliged to do a duke's part; he puts his hand in his pocket and does his 
  benevolences on as big a scale as he can stand, and that benefits the community.
O.M. He could do 
  that without being a duke.
Y.M. But would 
  he?
O.M. Don't you 
  see where you are arriving?
Y.M. Where?
O.M. At the standpoint 
  of the other schemes: That it is good morals to let an ignorant duke do showy 
  benevolences for his pride's sake, a pretty low motive, and go on doing them 
  unwarned, lest if he were made acquainted with the actual motive which prompted 
  them he might shut up his purse and cease to be good?
Y.M. But isn't 
  it best to leave him in ignorance, as long as he THINKS he is doing good for 
  others' sake?
O.M. Perhaps so. 
  It is the position of the other schemes. They think humbug is good enough morals 
  when the dividend on it is good deeds and handsome conduct.
Y.M. It is my opinion 
  that under your scheme of a man's doing a good deed for his OWN sake first-off, 
  instead of first for the GOOD DEED'S sake, no man would ever do one.
O.M. Have you committed 
  a benevolence lately?
Y.M. Yes. This 
  morning.
O.M. Give the particulars.
Y.M. The cabin 
  of the old negro woman who used to nurse me when I was a child and who saved 
  my life once at the risk of her own, was burned last night, and she came mourning 
  this morning, and pleading for money to build another one.
O.M. You furnished 
  it?
Y.M. Certainly.
O.M. You were glad 
  you had the money?
Y.M. Money? I hadn't. 
  I sold my horse.
O.M. You were glad 
  you had the horse?
Y.M. Of course 
  I was; for if I hadn't had the horse I should have been incapable, and my MOTHER 
  would have captured the chance to set old Sally up.
O.M. You were cordially 
  glad you were not caught out and incapable?
Y.M. Oh, I just 
  was!
O.M. Now, then--
Y.M. Stop where 
  you are! I know your whole catalog of questions, and I could answer every one 
  of them without your wasting the time to ask them; but I will summarize the 
  whole thing in a single remark: I did the charity knowing it was because the 
  act would give ME a splendid pleasure, and because old Sally's moving gratitude 
  and delight would give ME another one; and because the reflection that she would 
  be happy now and out of her trouble would fill ME full of happiness. I did the 
  whole thing with my eyes open and recognizing and realizing that I was looking 
  out for MY share of the profits FIRST. Now then, I have confessed. Go on.
O.M. I haven't 
  anything to offer; you have covered the whole ground. Can you have been any 
  MORE strongly moved to help Sally out of her trouble--could you have done the 
  deed any more eagerly--if you had been under the delusion that you were doing 
  it for HER sake and profit only?
Y.M. No! Nothing 
  in the world could have made the impulse which moved me more powerful, more 
  masterful, more thoroughly irresistible. I played the limit!
O.M. Very well. 
  You begin to suspect--and I claim to KNOW --that when a man is a shade MORE 
  STRONGLY MOVED to do ONE of two things or of two dozen things than he is to 
  do any one of the OTHERS, he will infallibly do that ONE thing, be it good or 
  be it evil; and if it be good, not all the beguilements of all the casuistries 
  can increase the strength of the impulse by a single shade or add a shade to 
  the comfort and contentment he will get out of the act.
Y.M. Then you believe 
  that such tendency toward doing good as is in men's hearts would not be diminished 
  by the removal of the delusion that good deeds are done primarily for the sake 
  of No. 2 instead of for the sake of No. 1?
O.M. That is what 
  I fully believe.
Y.M. Doesn't it 
  somehow seem to take from the dignity of the deed?
O.M. If there is 
  dignity in falsity, it does. It removes that.
Y.M. What is left 
  for the moralists to do?
O.M. Teach unreservedly 
  what he already teaches with one side of his mouth and takes back with the other: 
  Do right FOR YOUR OWN SAKE, and be happy in knowing that your NEIGHBOR will 
  certainly share in the benefits resulting.
Y.M. Repeat your 
  Admonition.
O.M. DILIGENTLY 
  TRAIN YOUR IDEALS UPWARD AND STILL UPWARD TOWARD A SUMMIT WHERE YOU WILL FIND 
  YOUR CHIEFEST PLEASURE IN CONDUCT WHICH, WHILE CONTENTING YOU, WILL BE SURE 
  TO CONFER BENEFITS UPON YOUR NEIGHBOR AND THE COMMUNITY.
Y.M. One's EVERY 
  act proceeds from EXTERIOR INFLUENCES, you think?
O.M. Yes.
Y.M. If I conclude 
  to rob a person, I am not the ORIGINATOR of the idea, but it comes in from the 
  OUTSIDE? I see him handling money--for instance--and THAT moves me to the crime?
O.M. That, by itself? 
  Oh, certainly not. It is merely the LATEST outside influence of a procession 
  of preparatory influences stretching back over a period of years. No SINGLE 
  outside influence can make a man do a thing which is at war with his training. 
  The most it can do is to start his mind on a new tract and open it to the reception 
  of NEW influences--as in the case of Ignatius Loyola. In time these influences 
  can train him to a point where it will be consonant with his new character to 
  yield to the FINAL influence and do that thing. I will put the case in a form 
  which will make my theory clear to you, I think. Here are two ingots of virgin 
  gold. They shall represent a couple of characters which have been refined and 
  perfected in the virtues by years of diligent right training. Suppose you wanted 
  to break down these strong and well-compacted characters--what influence would 
  you bring to bear upon the ingots?
Y.M. Work it out 
  yourself. Proceed.
O.M. Suppose I 
  turn upon one of them a steam-jet during a long succession of hours. Will there 
  be a result?
Y.M. None that 
  I know of.
O.M. Why?
Y.M. A steam-jet 
  cannot break down such a substance.
O.M. Very well. 
  The steam is an OUTSIDE INFLUENCE, but it is ineffective because the gold TAKES 
  NO INTEREST IN IT. The ingot remains as it was. Suppose we add to the steam 
  some quicksilver in a vaporized condition, and turn the jet upon the ingot, 
  will there be an instantaneous result?
Y.M. No.
O.M. The QUICKSILVER 
  is an outside influence which gold (by its peculiar nature--say TEMPERAMENT, 
  DISPOSITION) CANNOT BE INDIFFERENT TO. It stirs up the interest of the gold, 
  although we do not perceive it; but a SINGLE application of the influence works 
  no damage. Let us continue the application in a steady stream, and call each 
  minute a year. By the end of ten or twenty minutes--ten or twenty years--the 
  little ingot is sodden with quicksilver, its virtues are gone, its character 
  is degraded. At last it is ready to yield to a temptation which it would have 
  taken no notice of, ten or twenty years ago. We will apply that temptation in 
  the form of a pressure of my finger. You note the result?
Y.M. Yes; the ingot 
  has crumbled to sand. I understand, now. It is not the SINGLE outside influence 
  that does the work, but only the LAST one of a long and disintegrating accumulation 
  of them. I see, now, how my SINGLE impulse to rob the man is not the one that 
  makes me do it, but only the LAST one of a preparatory series. You might illustrate 
  with a parable.

A Parable
O.M. I will. There 
  was once a pair of New England boys-- twins. They were alike in good dispositions, 
  feckless morals, and personal appearance. They were the models of the Sunday- 
  school. At fifteen George had the opportunity to go as cabin-boy in a whale-ship, 
  and sailed away for the Pacific. Henry remained at home in the village. At eighteen 
  George was a sailor before the mast, and Henry was teacher of the advanced Bible 
  class. At twenty-two George, through fighting-habits and drinking-habits acquired 
  at sea and in the sailor boarding-houses of the European and Oriental ports, 
  was a common rough in Hong-Kong, and out of a job; and Henry was superintendent 
  of the Sunday-school. At twenty-six George was a wanderer, a tramp, and Henry 
  was pastor of the village church. Then George came home, and was Henry's guest. 
  One evening a man passed by and turned down the lane, and Henry said, with a 
  pathetic smile, "Without intending me a discomfort, that man is always 
  keeping me reminded of my pinching poverty, for he carries heaps of money about 
  him, and goes by here every evening of his life." That OUTSIDE INFLUENCE--that 
  remark--was enough for George, but IT was not the one that made him ambush the 
  man and rob him, it merely represented the eleven years' accumulation of such 
  influences, and gave birth to the act for which their long gestation had made 
  preparation. It had never entered the head of Henry to rob the man--his ingot 
  had been subjected to clean steam only; but George's had been subjected to vaporized 
  quicksilver.

V
More About the 
  Machine
Note.--When Mrs. 
  W. asks how can a millionaire give a single dollar to colleges and museums while 
  one human being is destitute of bread, she has answered her question herself. 
  Her feeling for the poor shows that she has a standard of benevolence; there 
  she has conceded the millionaire's privilege of having a standard; since she 
  evidently requires him to adopt her standard, she is by that act requiring herself 
  to adopt his. The human being always looks down when he is examining another 
  person's standard; he never find one that he has to examine by looking up.

The Man-Machine 
  Again
Young Man. You 
  really think man is a mere machine?
Old Man. I do.
Y.M. And that his 
  mind works automatically and is independent of his control--carries on thought 
  on its own hook?
O.M. Yes. It is 
  diligently at work, unceasingly at work, during every waking moment. Have you 
  never tossed about all night, imploring, beseeching, commanding your mind to 
  stop work and let you go to sleep?--you who perhaps imagine that your mind is 
  your servant and must obey your orders, think what you tell it to think, and 
  stop when you tell it to stop. When it chooses to work, there is no way to keep 
  it still for an instant. The brightest man would not be able to supply it with 
  subjects if he had to hunt them up. If it needed the man's help it would wait 
  for him to give it work when he wakes in the morning.
Y.M. Maybe it does.
O.M. No, it begins 
  right away, before the man gets wide enough awake to give it a suggestion. He 
  may go to sleep saying, "The moment I wake I will think upon such and such 
  a subject," but he will fail. His mind will be too quick for him; by the 
  time he has become nearly enough awake to be half conscious, he will find that 
  it is already at work upon another subject. Make the experiment and see.
Y.M. At any rate, 
  he can make it stick to a subject if he wants to.
O.M. Not if it 
  find another that suits it better. As a rule it will listen to neither a dull 
  speaker nor a bright one. It refuses all persuasion. The dull speaker wearies 
  it and sends it far away in idle dreams; the bright speaker throws out stimulating 
  ideas which it goes chasing after and is at once unconscious of him and his 
  talk. You cannot keep your mind from wandering, if it wants to; it is master, 
  not you.

After an Interval 
  of Days
O.M. Now, dreams--but 
  we will examine that later. Meantime, did you try commanding your mind to wait 
  for orders from you, and not do any thinking on its own hook?
Y.M. Yes, I commanded 
  it to stand ready to take orders when I should wake in the morning.
O.M. Did it obey?
Y.M. No. It went 
  to thinking of something of its own initiation, without waiting for me. Also--as 
  you suggested--at night I appointed a theme for it to begin on in the morning, 
  and commanded it to begin on that one and no other.
O.M. Did it obey?
Y.M. No.
O.M. How many times 
  did you try the experiment?
Y.M. Ten.
O.M. How many successes 
  did you score?
Y.M. Not one.
O.M. It is as I 
  have said: the mind is independent of the man. He has no control over it; it 
  does as it pleases. It will take up a subject in spite of him; it will stick 
  to it in spite of him; it will throw it aside in spite of him. It is entirely 
  independent of him.
Y.M. Go on. Illustrate.
O.M. Do you know 
  chess?
Y.M. I learned 
  it a week ago.
O.M. Did your mind 
  go on playing the game all night that first night?
Y.M. Don't mention 
  it!
O.M. It was eagerly, 
  unsatisfiably interested; it rioted in the combinations; you implored it to 
  drop the game and let you get some sleep?
Y.M. Yes. It wouldn't 
  listen; it played right along. It wore me out and I got up haggard and wretched 
  in the morning.
O.M. At some time 
  or other you have been captivated by a ridiculous rhyme-jingle?
Y.M. Indeed, yes!
"I saw Esau 
  kissing Kate, And she saw I saw Esau; I saw Esau, he saw Kate, And she saw--"
And so on. My mind 
  went mad with joy over it. It repeated it all day and all night for a week in 
  spite of all I could do to stop it, and it seemed to me that I must surely go 
  crazy.
O.M. And the new 
  popular song?
Y.M. Oh yes! "In 
  the Swee-eet By and By"; etc. Yes, the new popular song with the taking 
  melody sings through one's head day and night, asleep and awake, till one is 
  a wreck. There is no getting the mind to let it alone.
O.M. Yes, asleep 
  as well as awake. The mind is quite independent. It is master. You have nothing 
  to do with it. It is so apart from you that it can conduct its affairs, sing 
  its songs, play its chess, weave its complex and ingeniously constructed dreams, 
  while you sleep. It has no use for your help, no use for your guidance, and 
  never uses either, whether you be asleep or awake. You have imagined that you 
  could originate a thought in your mind, and you have sincerely believed you 
  could do it.
Y.M. Yes, I have 
  had that idea.
O.M. Yet you can't 
  originate a dream-thought for it to work out, and get it accepted?
Y.M. No.
O.M. And you can't 
  dictate its procedure after it has originated a dream-thought for itself?
Y.M. No. No one 
  can do it. Do you think the waking mind and the dream mind are the same machine?
O.M. There is argument 
  for it. We have wild and fantastic day-thoughts? Things that are dream-like?
Y.M. Yes--like 
  Mr. Wells's man who invented a drug that made him invisible; and like the Arabian 
  tales of the Thousand Nights.
O.M. And there 
  are dreams that are rational, simple, consistent, and unfantastic?
Y.M. Yes. I have 
  dreams that are like that. Dreams that are just like real life; dreams in which 
  there are several persons with distinctly differentiated characters--inventions 
  of my mind and yet strangers to me: a vulgar person; a refined one; a wise person; 
  a fool; a cruel person; a kind and compassionate one; a quarrelsome person; 
  a peacemaker; old persons and young; beautiful girls and homely ones. They talk 
  in character, each preserves his own characteristics. There are vivid fights, 
  vivid and biting insults, vivid love-passages; there are tragedies and comedies, 
  there are griefs that go to one's heart, there are sayings and doings that make 
  you laugh: indeed, the whole thing is exactly like real life.
O.M. Your dreaming 
  mind originates the scheme, consistently and artistically develops it, and carries 
  the little drama creditably through--all without help or suggestion from you?
Y.M. Yes.
O.M. It is argument 
  that it could do the like awake without help or suggestion from you--and I think 
  it does. It is argument that it is the same old mind in both cases, and never 
  needs your help. I think the mind is purely a machine, a thoroughly independent 
  machine, an automatic machine. Have you tried the other experiment which I suggested 
  to you?
Y.M. Which one?
O.M. The one which 
  was to determine how much influence you have over your mind--if any.
Y.M. Yes, and got 
  more or less entertainment out of it. I did as you ordered: I placed two texts 
  before my eyes--one a dull one and barren of interest, the other one full of 
  interest, inflamed with it, white-hot with it. I commanded my mind to busy itself 
  solely with the dull one.
O.M. Did it obey?
Y.M. Well, no, 
  it didn't. It busied itself with the other one.
O.M. Did you try 
  hard to make it obey?
Y.M. Yes, I did 
  my honest best.
O.M. What was the 
  text which it refused to be interested in or think about?
Y.M. It was this 
  question: If A owes B a dollar and a half, and B owes C two and three-quarter, 
  and C owes A thirty- five cents, and D and A together owe E and B three-sixteenths 
  of --of--I don't remember the rest, now, but anyway it was wholly uninteresting, 
  and I could not force my mind to stick to it even half a minute at a time; it 
  kept flying off to the other text.
O.M. What was the 
  other text?
Y.M. It is no matter 
  about that.
O.M. But what was 
  it?
Y.M. A photograph.
O.M. Your own?
Y.M. No. It was 
  hers.
O.M. You really 
  made an honest good test. Did you make a second trial?
Y.M. Yes. I commanded 
  my mind to interest itself in the morning paper's report of the pork-market, 
  and at the same time I reminded it of an experience of mine of sixteen years 
  ago. It refused to consider the pork and gave its whole blazing interest to 
  that ancient incident.
O.M. What was the 
  incident?
Y.M. An armed desperado 
  slapped my face in the presence of twenty spectators. It makes me wild and murderous 
  every time I think of it.
O.M. Good tests, 
  both; very good tests. Did you try my other suggestion?
Y.M. The one which 
  was to prove to me that if I would leave my mind to its own devices it would 
  find things to think about without any of my help, and thus convince me that 
  it was a machine, an automatic machine, set in motion by exterior influences, 
  and as independent of me as it could be if it were in some one else's skull. 
  Is that the one?
O.M. Yes.
Y.M. I tried it. 
  I was shaving. I had slept well, and my mind was very lively, even gay and frisky. 
  It was reveling in a fantastic and joyful episode of my remote boyhood which 
  had suddenly flashed up in my memory--moved to this by the spectacle of a yellow 
  cat picking its way carefully along the top of the garden wall. The color of 
  this cat brought the bygone cat before me, and I saw her walking along the side-step 
  of the pulpit; saw her walk on to a large sheet of sticky fly-paper and get 
  all her feet involved; saw her struggle and fall down, helpless and dissatisfied, 
  more and more urgent, more and more unreconciled, more and more mutely profane; 
  saw the silent congregation quivering like jelly, and the tears running down 
  their faces. I saw it all. The sight of the tears whisked my mind to a far distant 
  and a sadder scene--in Terra del Fuego--and with Darwin's eyes I saw a naked 
  great savage hurl his little boy against the rocks for a trifling fault; saw 
  the poor mother gather up her dying child and hug it to her breast and weep, 
  uttering no word. Did my mind stop to mourn with that nude black sister of mine? 
  No--it was far away from that scene in an instant, and was busying itself with 
  an ever-recurring and disagreeable dream of mine. In this dream I always find 
  myself, stripped to my shirt, cringing and dodging about in the midst of a great 
  drawing-room throng of finely dressed ladies and gentlemen, and wondering how 
  I got there. And so on and so on, picture after picture, incident after incident, 
  a drifting panorama of ever-changing, ever-dissolving views manufactured by 
  my mind without any help from me--why, it would take me two hours to merely 
  name the multitude of things my mind tallied off and photographed in fifteen 
  minutes, let alone describe them to you.
O.M. A man's mind, 
  left free, has no use for his help. But there is one way whereby he can get 
  its help when he desires it.
Y.M. What is that 
  way?

Twain seems to be describing his author's muse.

O.M. When your 
  mind is racing along from subject to subject and strikes an inspiring one, open 
  your mouth and begin talking upon that matter--or--take your pen and use that. 
  It will interest your mind and concentrate it, and it will pursue the subject 
  with satisfaction. It will take full charge, and furnish the words itself.
Y.M. But don't 
  I tell it what to say?

Compare Mozart "when I am taking a drive or walking after a good meal, or in the night when I cannot sleep, thoughts crowd into my mind as easily as you could wish. Whence and how do they come? I do not know and I have nothing to do with it. Those which please me I keep in my head and hum them; at least others have told me that I do so....Then my soul is on fire with inspiration."


O.M. There are 
  certainly occasions when you haven't time. The words leap out before you know 
  what is coming.
Y.M. For instance?
O.M. Well, take 
  a "flash of wit"--repartee. Flash is the right word. It is out instantly. 
  There is no time to arrange the words. There is no thinking, no reflecting. 
  Where there is a wit-mechanism it is automatic in its action and needs no help. 
  Where the wit-mechanism is lacking, no amount of study and reflection can manufacture 
  the product.
Y.M. You really 
  think a man originates nothing, creates nothing.

The Thinking-Process
O.M. I do. Men 
  perceive, and their brain-machines automatically combine the things perceived. 
  That is all.
Y.M. The steam-engine?
O.M. It takes fifty 
  men a hundred years to invent it. One meaning of invent is discover. I use the 
  word in that sense. Little by little they discover and apply the multitude of 
  details that go to make the perfect engine. Watt noticed that confined steam 
  was strong enough to lift the lid of the teapot. He didn't create the idea, 
  he merely discovered the fact; the cat had noticed it a hundred times. From 
  the teapot he evolved the cylinder--from the displaced lid he evolved the piston-rod. 
  To attach something to the piston-rod to be moved by it, was a simple matter--crank 
  and wheel. And so there was a working engine. [1]
One by one, improvements 
  were discovered by men who used their eyes, not their creating powers--for they 
  hadn't any--and now, after a hundred years the patient contributions of fifty 
  or a hundred observers stand compacted in the wonderful machine which drives 
  the ocean liner.
Y.M. A Shakespearean 
  play?
O.M. The process 
  is the same. The first actor was a savage. He reproduced in his theatrical war-dances, 
  scalp-dances, and so on, incidents which he had seen in real life. A more advanced 
  civilization produced more incidents, more episodes; the actor and the story-teller 
  borrowed them. And so the drama grew, little by little, stage by stage. It is 
  made up of the facts of life, not creations. It took centuries to develop the 
  Greek drama. It borrowed from preceding ages; it lent to the ages that came 
  after. Men observe and combine, that is all. So does a rat.
Y.M. How?
O.M. He observes 
  a smell, he infers a cheese, he seeks and finds. The astronomer observes this 
  and that; adds his this and that to the this-and-thats of a hundred predecessors, 
  infers an invisible planet, seeks it and finds it. The rat gets into a trap; 
  gets out with trouble; infers that cheese in traps lacks value, and meddles 
  with that trap no more. The astronomer is very proud of his achievement, the 
  rat is proud of his. Yet both are machines; they have done machine work, they 
  have originated nothing, they have no right to be vain; the whole credit belongs 
  to their Maker. They are entitled to no honors, no praises, no monuments when 
  they die, no remembrance. One is a complex and elaborate machine, the other 
  a simple and limited machine, but they are alike in principle, function, and 
  process, and neither of them works otherwise than automatically, and neither 
  of them may righteously claim a PERSONAL superiority or a personal dignity above 
  the other.
Y.M. In earned 
  personal dignity, then, and in personal merit for what he does, it follows of 
  necessity that he is on the same level as a rat?
O.M. His brother 
  the rat; yes, that is how it seems to me. Neither of them being entitled to 
  any personal merit for what he does, it follows of necessity that neither of 
  them has a right to arrogate to himself (personally created) superiorities over 
  his brother.
Y.M. Are you determined 
  to go on believing in these insanities? Would you go on believing in them in 
  the face of able arguments backed by collated facts and instances?
O.M. I have been 
  a humble, earnest, and sincere Truth-Seeker.
Y.M. Very well?
O.M. The humble, 
  earnest, and sincere Truth-Seeker is always convertible by such means.
Y.M. I am thankful 
  to God to hear you say this, for now I know that your conversion--
O.M. Wait. You 
  misunderstand. I said I have BEEN a Truth-Seeker.
Y.M. Well?
O.M. I am not that 
  now. Have you forgotten? I told you that there are none but temporary Truth-Seekers; 
  that a permanent one is a human impossibility; that as soon as the Seeker finds 
  what he is thoroughly convinced is the Truth, he seeks no further, but gives 
  the rest of his days to hunting junk to patch it and caulk it and prop it with, 
  and make it weather-proof and keep it from caving in on him. Hence the Presbyterian 
  remains a Presbyterian, the Mohammedan a Mohammedan, the Spiritualist a Spiritualist, 
  the Democrat a Democrat, the Republican a Republican, the Monarchist a Monarchist; 
  and if a humble, earnest, and sincere Seeker after Truth should find it in the 
  proposition that the moon is made of green cheese nothing could ever budge him 
  from that position; for he is nothing but an automatic machine, and must obey 
  the laws of his construction.
Y.M. After so--
O.M. Having found 
  the Truth; perceiving that beyond question man has but one moving impulse--the 
  contenting of his own spirit-- and is merely a machine and entitled to no personal 
  merit for anything he does, it is not humanly possible for me to seek further. 
  The rest of my days will be spent in patching and painting and puttying and 
  caulking my priceless possession and in looking the other way when an imploring 
  argument or a damaging fact approaches.
----- 1. The Marquess 
  of Worcester had done all of this more than a century earlier.

VI
 Instinct and Thought
Young Man. It is 
  odious. Those drunken theories of yours, advanced a while ago--concerning the 
  rat and all that--strip Man bare of all his dignities, grandeurs, sublimities.
Old Man. He hasn't 
  any to strip--they are shams, stolen clothes. He claims credits which belong 
  solely to his Maker.
Y.M. But you have 
  no right to put him on a level with a rat.
O.M. I don't--morally. 
  That would not be fair to the rat. The rat is well above him, there.
Y.M. Are you joking?
O.M. No, I am not.
Y.M. Then what 
  do you mean?
O.M. That comes 
  under the head of the Moral Sense. It is a large question. Let us finish with 
  what we are about now, before we take it up.
Y.M. Very well. 
  You have seemed to concede that you place Man and the rat on A level. What is 
  it? The intellectual?
O.M. In form--not 
  a degree.
Y.M. Explain.
O.M. I think that 
  the rat's mind and the man's mind are the same machine, but of unequal capacities--like 
  yours and Edison's; like the African pygmy's and Homer's; like the Bushman's 
  and Bismarck's.
Y.M. How are you 
  going to make that out, when the lower animals have no mental quality but instinct, 
  while man possesses reason?
O.M. What is instinct?
Y.M. It is merely 
  unthinking and mechanical exercise of inherited habit.
O.M. What originated 
  the habit?
Y.M. The first 
  animal started it, its descendants have inherited it.
O.M. How did the 
  first one come to start it?
Y.M. I don't know; 
  but it didn't THINK it out.
O.M. How do you 
  know it didn't?
Y.M. Well--I have 
  a right to suppose it didn't, anyway.
O.M. I don't believe 
  you have. What is thought?
Y.M. I know what 
  you call it: the mechanical and automatic putting together of impressions received 
  from outside, and drawing an inference from them.

This seems to be Charles Sanders Peirce's view in his Fixation of Belief
O.M. Very good. 
  Now my idea of the meaningless term "instinct" is, that it is merely 
  PETRIFIED THOUGHT; solidified and made inanimate by habit; thought which was 
  once alive and awake, but it become unconscious--walks in its sleep, so to speak.
Y.M. Illustrate 
  it.
O.M. Take a herd 
  of cows, feeding in a pasture. Their heads are all turned in one direction. 
  They do that instinctively; they gain nothing by it, they have no reason for 
  it, they don't know why they do it. It is an inherited habit which was originally 
  thought--that is to say, observation of an exterior fact, and a valuable inference 
  drawn from that observation and confirmed by experience. The original wild ox 
  noticed that with the wind in his favor he could smell his enemy in time to 
  escape; then he inferred that it was worth while to keep his nose to the wind. 
  That is the process which man calls reasoning. Man's thought-machine works just 
  like the other animals', but it is a better one and more Edisonian. Man, in 
  the ox's place, would go further, reason wider: he would face part of the herd 
  the other way and protect both front and rear.
Y.M. Did you stay 
  the term instinct is meaningless?
O.M. I think it 
  is a bastard word. I think it confuses us; for as a rule it applies itself to 
  habits and impulses which had a far-off origin in thought, and now and then 
  breaks the rule and applies itself to habits which can hardly claim a thought-origin.
Y.M. Give an instance.
O.M. Well, in putting 
  on trousers a man always inserts the same old leg first--never the other one. 
  There is no advantage in that, and no sense in it. All men do it, yet no man 
  thought it out and adopted it of set purpose, I imagine. But it is a habit which 
  is transmitted, no doubt, and will continue to be transmitted.
Y.M. Can you prove 
  that the habit exists?
O.M. You can prove 
  it, if you doubt. If you will take a man to a clothing-store and watch him try 
  on a dozen pairs of trousers, you will see.
Y.M. The cow illustration 
  is not--
O.M. Sufficient 
  to show that a dumb animal's mental machine is just the same as a man's and 
  its reasoning processes the same? I will illustrate further. If you should hand 
  Mr. Edison a box which you caused to fly open by some concealed device he would 
  infer a spring, and would hunt for it and find it. Now an uncle of mine had 
  an old horse who used to get into the closed lot where the corn-crib was and 
  dishonestly take the corn. I got the punishment myself, as it was supposed that 
  I had heedlessly failed to insert the wooden pin which kept the gate closed. 
  These persistent punishments fatigued me; they also caused me to infer the existence 
  of a culprit, somewhere; so I hid myself and watched the gate. Presently the 
  horse came and pulled the pin out with his teeth and went in. Nobody taught 
  him that; he had observed--then thought it out for himself. His process did 
  not differ from Edison's; he put this and that together and drew an inference--and 
  the peg, too; but I made him sweat for it.
Y.M. It has something 
  of the seeming of thought about it. Still it is not very elaborate. Enlarge.
O.M. Suppose Mr. 
  Edison has been enjoying some one's hospitalities. He comes again by and by, 
  and the house is vacant. He infers that his host has moved. A while afterward, 
  in another town, he sees the man enter a house; he infers that that is the new 
  home, and follows to inquire. Here, now, is the experience of a gull, as related 
  by a naturalist. The scene is a Scotch fishing village where the gulls were 
  kindly treated. This particular gull visited a cottage; was fed; came next day 
  and was fed again; came into the house, next time, and ate with the family; 
  kept on doing this almost daily, thereafter. But, once the gull was away on 
  a journey for a few days, and when it returned the house was vacant. Its friends 
  had removed to a village three miles distant. Several months later it saw the 
  head of the family on the street there, followed him home, entered the house 
  without excuse or apology, and became a daily guest again. Gulls do not rank 
  high mentally, but this one had memory and the reasoning faculty, you see, and 
  applied them Edisonially.
Y.M. Yet it was 
  not an Edison and couldn't be developed into one.
O.M. Perhaps not. 
  Could you?
Y.M. That is neither 
  here nor there. Go on.
O.M. If Edison 
  were in trouble and a stranger helped him out of it and next day he got into 
  the same difficulty again, he would infer the wise thing to do in case he knew 
  the stranger's address. Here is a case of a bird and a stranger as related by 
  a naturalist. An Englishman saw a bird flying around about his dog's head, down 
  in the grounds, and uttering cries of distress. He went there to see about it. 
  The dog had a young bird in his mouth--unhurt. The gentleman rescued it and 
  put it on a bush and brought the dog away. Early the next morning the mother 
  bird came for the gentleman, who was sitting on his veranda, and by its maneuvers 
  persuaded him to follow it to a distant part of the grounds--flying a little 
  way in front of him and waiting for him to catch up, and so on; and keeping 
  to the winding path, too, instead of flying the near way across lots. The distance 
  covered was four hundred yards. The same dog was the culprit; he had the young 
  bird again, and once more he had to give it up. Now the mother bird had reasoned 
  it all out: since the stranger had helped her once, she inferred that he would 
  do it again; she knew where to find him, and she went upon her errand with confidence. 
  Her mental processes were what Edison's would have been. She put this and that 
  together--and that is all that thought IS--and out of them built her logical 
  arrangement of inferences. Edison couldn't have done it any better himself.
Y.M. Do you believe 
  that many of the dumb animals can think?
O.M. Yes--the elephant, 
  the monkey, the horse, the dog, the parrot, the macaw, the mocking-bird, and 
  many others. The elephant whose mate fell into a pit, and who dumped dirt and 
  rubbish into the pit till bottom was raised high enough to enable the captive 
  to step out, was equipped with the reasoning quality. I conceive that all animals 
  that can learn things through teaching and drilling have to know how to observe, 
  and put this and that together and draw an inference--the process of thinking. 
  Could you teach an idiot of manuals of arms, and to advance, retreat, and go 
  through complex field maneuvers at the word of command?
Y.M. Not if he 
  were a thorough idiot.
O.M. Well, canary-birds 
  can learn all that; dogs and elephants learn all sorts of wonderful things. 
  They must surely be able to notice, and to put things together, and say to themselves, 
  "I get the idea, now: when I do so and so, as per order, I am praised and 
  fed; when I do differently I am punished." 


Would that Twain were here to tease our congress.


Fleas can be taught nearly anything 
  that a Congressman can.
Y.M. Granting, 
  then, that dumb animals are able to think upon a low plane, is there any that 
  can think upon a high one? Is there one that is well up toward man?
O.M. Yes. As a 
  thinker and planner the ant is the equal of any savage race of men; as a self-educated 
  specialist in several arts she is the superior of any savage race of men; and 
  in one or two high mental qualities she is above the reach of any man, savage 
  or civilized!
Y.M. Oh, come! 
  you are abolishing the intellectual frontier which separates man and beast.
O.M. I beg your 
  pardon. One cannot abolish what does not exist.
Y.M. You are not 
  in earnest, I hope. You cannot mean to seriously say there is no such frontier.
O.M. I do say it 
  seriously. The instances of the horse, the gull, the mother bird, and the elephant 
  show that those creatures put their this's and thats together just as Edison 
  would have done it and drew the same inferences that he would have drawn. Their 
  mental machinery was just like his, also its manner of working. Their equipment 
  was as inferior to the Strasburg clock, but that is the only difference--there 
  is no frontier.
Y.M. It looks exasperatingly 
  true; and is distinctly offensive. It elevates the dumb beasts to--to--
O.M. Let us drop 
  that lying phrase, and call them the Unrevealed Creatures; so far as we can 
  know, there is no such thing as a dumb beast.
Y.M. On what grounds 
  do you make that assertion?
O.M. On quite simple 
  ones. "Dumb" beast suggests an animal that has no thought-machinery, 
  no understanding, no speech, no way of communicating what is in its mind. We 
  know that a hen HAS speech. We cannot understand everything she says, but we 
  easily learn two or three of her phrases. We know when she is saying, "I 
  have laid an egg"; we know when she is saying to the chicks, "Run 
  here, dears, I've found a worm"; we know what she is saying when she voices 
  a warning: "Quick! hurry! gather yourselves under mamma, there's a hawk 
  coming!" We understand the cat when she stretches herself out, purring 
  with affection and contentment and lifts up a soft voice and says, "Come, 
  kitties, supper's ready"; we understand her when she goes mourning about 
  and says, "Where can they be? They are lost. Won't you help me hunt for 
  them?" and we understand the disreputable Tom when he challenges at midnight 
  from his shed, "You come over here, you product of immoral commerce, and 
  I'll make your fur fly!" We understand a few of a dog's phrases and we 
  learn to understand a few of the remarks and gestures of any bird or other animal 
  that we domesticate and observe. The clearness and exactness of the few of the 
  hen's speeches which we understand is argument that she can communicate to her 
  kind a hundred things which we cannot comprehend--in a word, that she can converse. 
  And this argument is also applicable in the case of others of the great army 
  of the Unrevealed. It is just like man's vanity and impertinence to call an 
  animal dumb because it is dumb to his dull perceptions. Now as to the ant--
Y.M. Yes, go back 
  to the ant, the creature that--as you seem to think--sweeps away the last vestige 
  of an intellectual frontier between man and the Unrevealed.
O.M. That is what 
  she surely does. In all his history the aboriginal Australian never thought 
  out a house for himself and built it. The ant is an amazing architect. She is 
  a wee little creature, but she builds a strong and enduring house eight feet 
  high--a house which is as large in proportion to her size as is the largest 
  capitol or cathedral in the world compared to man's size. No savage race has 
  produced architects who could approach the air in genius or culture. No civilized 
  race has produced architects who could plan a house better for the uses proposed 
  than can hers. Her house contains a throne-room; nurseries for her young; granaries; 
  apartments for her soldiers, her workers, etc.; and they and the multifarious 
  halls and corridors which communicate with them are arranged and distributed 
  with an educated and experienced eye for convenience and adaptability.
Y.M. That could 
  be mere instinct.
O.M. It would elevate 
  the savage if he had it. But let us look further before we decide. The ant has 
  soldiers--battalions, regiments, armies; and they have their appointed captains 
  and generals, who lead them to battle.
Y.M. That could 
  be instinct, too.
O.M. We will look 
  still further. The ant has a system of government; it is well planned, elaborate, 
  and is well carried on.
Y.M. Instinct again.
O.M. She has crowds 
  of slaves, and is a hard and unjust employer of forced labor.
Y.M. Instinct.
O.M. She has cows, 
  and milks them.
Y.M. Instinct, 
  of course.
O.M. In Texas she 
  lays out a farm twelve feet square, plants it, weeds it, cultivates it, gathers 
  the crop and stores it away.
Y.M. Instinct, 
  all the same.
O.M. The ant discriminates 
  between friend and stranger. Sir John Lubbock took ants from two different nests, 
  made them drunk with whiskey and laid them, unconscious, by one of the nests, 
  near some water. Ants from the nest came and examined and discussed these disgraced 
  creatures, then carried their friends home and threw the strangers overboard. 
  Sir John repeated the experiment a number of times. For a time the sober ants 
  did as they had done at first--carried their friends home and threw the strangers 
  overboard. But finally they lost patience, seeing that their reformatory efforts 
  went for nothing, and threw both friends and strangers overboard. Come--is this 
  instinct, or is it thoughtful and intelligent discussion of a thing new-- absolutely 
  new--to their experience; with a verdict arrived at, sentence passed, and judgment 
  executed? Is it instinct?--thought petrified by ages of habit--or isn't it brand-new 
  thought, inspired by the new occasion, the new circumstances?
Y.M. I have to 
  concede it. It was not a result of habit; it has all the look of reflection, 
  thought, putting this and that together, as you phrase it. I believe it was 
  thought.
O.M. I will give 
  you another instance of thought. Franklin had a cup of sugar on a table in his 
  room. The ants got at it. He tried several preventives; and ants rose superior 
  to them. Finally he contrived one which shut off access--probably set the table's 
  legs in pans of water, or drew a circle of tar around the cup, I don't remember. 
  At any rate, he watched to see what they would do. They tried various schemes--failures, 
  every one. The ants were badly puzzled. Finally they held a consultation, discussed 
  the problem, arrived at a decision--and this time they beat that great philosopher. 
  They formed in procession, cross the floor, climbed the wall, marched across 
  the ceiling to a point just over the cup, then one by one they let go and fell 
  down into it! Was that instinct--thought petrified by ages of inherited habit?
Y.M. No, I don't 
  believe it was. I believe it was a newly reasoned scheme to meet a new emergency.
O.M. Very well. 
  You have conceded the reasoning power in two instances. I come now to a mental 
  detail wherein the ant is a long way the superior of any human being. Sir John 
  Lubbock proved by many experiments that an ant knows a stranger ant of her own 
  species in a moment, even when the stranger is disguised --with paint. Also 
  he proved that an ant knows every individual in her hive of five hundred thousand 
  souls. Also, after a year's absence one of the five hundred thousand she will 
  straightway recognize the returned absentee and grace the recognition with a 
  affectionate welcome. How are these recognitions made? Not by color, for painted 
  ants were recognized. Not by smell, for ants that had been dipped in chloroform 
  were recognized. Not by speech and not by antennae signs nor contacts, for the 
  drunken and motionless ants were recognized and the friend discriminated from 
  the stranger. The ants were all of the same species, therefore the friends had 
  to be recognized by form and feature-- friends who formed part of a hive of 
  five hundred thousand! Has any man a memory for form and feature approaching 
  that?
Y.M. Certainly 
  not.
O.M. Franklin's 
  ants and Lubbuck's ants show fine capacities of putting this and that together 
  in new and untried emergencies and deducting smart conclusions from the combinations--a 
  man's mental process exactly. With memory to help, man preserves his observations 
  and reasonings, reflects upon them, adds to them, recombines, and so proceeds, 
  stage by stage, to far results--from the teakettle to the ocean greyhound's 
  complex engine; from personal labor to slave labor; from wigwam to palace; from 
  the capricious chase to agriculture and stored food; from nomadic life to stable 
  government and concentrated authority; from incoherent hordes to massed armies. 
  The ant has observation, the reasoning faculty, and the preserving adjunct of 
  a prodigious memory; she has duplicated man's development and the essential 
  features of his civilization, and you call it all instinct!
Y.M. Perhaps I 
  lacked the reasoning faculty myself.
O.M. Well, don't 
  tell anybody, and don't do it again.
Y.M. We have come 
  a good way. As a result--as I understand it-- I am required to concede that 
  there is absolutely no intellectual frontier separating Man and the Unrevealed 
  Creatures?
O.M. That is what 
  you are required to concede. There is no such frontier--there is no way to get 
  around that. Man has a finer and more capable machine in him than those others, 
  but it is the same machine and works in the same way. And neither he nor those 
  others can command the machine--it is strictly automatic, independent of control, 
  works when it pleases, and when it doesn't please, it can't be forced.
Y.M. Then man and 
  the other animals are all alike, as to mental machinery, and there isn't any 
  difference of any stupendous magnitude between them, except in quality, not 
  in kind.
O.M. That is about 
  the state of it--intellectuality. There are pronounced limitations on both sides. 
  We can't learn to understand much of their language, but the dog, the elephant, 
  etc., learn to understand a very great deal of ours. To that extent they are 
  our superiors. On the other hand, they can't learn reading, writing, etc., nor 
  any of our fine and high things, and there we have a large advantage over them.
Y.M. Very well, 
  let them have what they've got, and welcome; there is still a wall, and a lofty 
  one. They haven't got the Moral Sense; we have it, and it lifts us immeasurably 
  above them.
O.M. What makes 
  you think that?
Y.M. Now look here--let's 
  call a halt. I have stood the other infamies and insanities and that is enough; 
  I am not going to have man and the other animals put on the same level morally.
O.M. I wasn't going 
  to hoist man up to that.
Y.M. This is too 
  much! I think it is not right to jest about such things.
O.M. I am not jesting, 
  I am merely reflecting a plain and simple truth--and without uncharitableness. 
  The fact that man knows right from wrong proves his INTELLECTUAL superiority 
  to the other creatures; but the fact that he can DO wrong proves his MORAL inferiority 
  to any creature that CANNOT. It is my belief that this position is not assailable.

Free Will
Y.M. What is your 
  opinion regarding Free Will?
O.M. That there 
  is no such thing. Did the man possess it who gave the old woman his last shilling 
  and trudged home in the storm?
Y.M. He had the 
  choice between succoring the old woman and leaving her to suffer. Isn't it so?
O.M. Yes, there 
  was a choice to be made, between bodily comfort on the one hand and the comfort 
  of the spirit on the other. The body made a strong appeal, of course--the body 
  would be quite sure to do that; the spirit made a counter appeal. A choice had 
  to be made between the two appeals, and was made. Who or what determined that 
  choice?
Y.M. Any one but 
  you would say that the man determined it, and that in doing it he exercised 
  Free Will.
O.M. We are constantly 
  assured that every man is endowed with Free Will, and that he can and must exercise 
  it where he is offered a choice between good conduct and less-good conduct. 
  Yet we clearly saw that in that man's case he really had no Free Will: his temperament, 
  his training, and the daily influences which had molded him and made him what 
  he was, COMPELLED him to rescue the old woman and thus save HIMSELF--save himself 
  from spiritual pain, from unendurable wretchedness. He did not make the choice, 
  it was made FOR him by forces which he could not control. Free Will has always 
  existed in WORDS, but it stops there, I think--stops short of FACT. I would 
  not use those words--Free Will--but others.
Y.M. What others?

Twain admits a degree of freedom for the mind, deciding between things to be acted upon by the man as machine. 
In the two-stage model, the mind generates, sometimes at random, thoughts and potential actions for choice.

O.M. Free Choice.
Y.M. What is the 
  difference?
O.M. The one implies 
  untrammeled power to ACT as you please, the other implies nothing beyond a mere 
  MENTAL PROCESS: the critical ability to determine which of two things is nearest 
  right and just.
Y.M. Make the difference 
  clear, please.
O.M. The mind can 
  freely SELECT, CHOOSE, POINT OUT the right and just one--its function stops 
  there. It can go no further in the matter. It has no authority to say that the 
  right one shall be acted upon and the wrong one discarded. That authority is 
  in other hands.
Y.M. The man's?
O.M. In the machine 
  which stands for him. In his born disposition and the character which has been 
  built around it by training and environment.
Y.M. It will act 
  upon the right one of the two?
O.M. It will do 
  as it pleases in the matter. George Washington's machine would act upon the 
  right one; Pizarro would act upon the wrong one.
Y.M. Then as I 
  understand it a bad man's mental machinery calmly and judicially points out 
  which of two things is right and just--

Some contemporary philosophers (e.g., David Chalmers think a thermostat may be conscious!

O.M. Yes, and his 
  MORAL machinery will freely act upon the other or the other, according to its 
  make, and be quite indifferent to the MIND'S feeling concerning the matter--that 
  is, WOULD be, if the mind had any feelings; which it hasn't. It is merely a 
  thermometer: it registers the heat and the cold, and cares not a farthing about 
  either.
Y.M. Then we must 
  not claim that if a man KNOWS which of two things is right he is absolutely 
  BOUND to do that thing?
O.M. His temperament 
  and training will decide what he shall do, and he will do it; he cannot help 
  himself, he has no authority over the mater. Wasn't it right for David to go 
  out and slay Goliath?
Y.M. Yes.
O.M. Then it would 
  have been equally RIGHT for any one else to do it?
Y.M. Certainly.
O.M. Then it would 
  have been RIGHT for a born coward to attempt it?
Y.M. It would--yes.
O.M. You know that 
  no born coward ever would have attempted it, don't you?
Y.M. Yes.
O.M. You know that 
  a born coward's make and temperament would be an absolute and insurmountable 
  bar to his ever essaying such a thing, don't you?
Y.M. Yes, I know 
  it.
O.M. He clearly 
  perceives that it would be RIGHT to try it?
Y.M. Yes.
O.M. His mind has 
  Free Choice in determining that it would be RIGHT to try it?
Y.M. Yes.
O.M. Then if by 
  reason of his inborn cowardice he simply can NOT essay it, what becomes of his 
  Free Will? Where is his Free Will? Why claim that he has Free Will when the 
  plain facts show that he hasn't? Why content that because he and David SEE the 
  right alike, both must ACT alike? Why impose the same laws upon goat and lion?
Y.M. There is really 
  no such thing as Free Will?

Like John Locke, Twain separates the free choice from the will! 

The choice is free, but the will is adequately determined by character, temperament and training.

O.M. It is what 
  I think. There is WILL. But it has nothing to do with INTELLECTUAL PERCEPTIONS 
  OF RIGHT AND WRONG, and is not under their command. David's temperament and 
  training had Will, and it was a compulsory force; David had to obey its decrees, 
  he had no choice. The coward's temperament and training possess Will, and IT 
  is compulsory; it commands him to avoid danger, and he obeys, he has no choice. 
  But neither the Davids nor the cowards possess Free Will--will that may do the 
  right or do the wrong, as their MENTAL verdict shall decide.

Not Two Values, 
  But Only One
Y.M. There is one 
  thing which bothers me: I can't tell where you draw the line between MATERIAL 
  covetousness and SPIRITUAL covetousness.
O.M. I don't draw 
  any.
Y.M. How do you 
  mean?
O.M. There is no 
  such thing as MATERIAL covetousness. All covetousness is spiritual
Y.M. ALL longings, 
  desires, ambitions SPIRITUAL, never material?
O.M. Yes. The Master 
  in you requires that in ALL cases you shall content his SPIRIT--that alone. 
  He never requires anything else, he never interests himself in any other matter.
Y.M. Ah, come! 
  When he covets somebody's money--isn't that rather distinctly material and gross?
O.M. No. The money 
  is merely a symbol--it represents in visible and concrete form a SPIRITUAL DESIRE. 
  Any so-called material thing that you want is merely a symbol: you want it not 
  for ITSELF, but because it will content your spirit for the moment.
Y.M. Please particularize.
O.M. Very well. 
  Maybe the thing longed for is a new hat. You get it and your vanity is pleased, 
  your spirit contented. Suppose your friends deride the hat, make fun of it: 
  at once it loses its value; you are ashamed of it, you put it out of your sight, 
  you never want to see it again.
Y.M. I think I 
  see. Go on.
O.M. It is the 
  same hat, isn't it? It is in no way altered. But it wasn't the HAT you wanted, 
  but only what it stood for--a something to please and content your SPIRIT. When 
  it failed of that, the whole of its value was gone. There are no MATERIAL values; 
  there are only spiritual ones. You will hunt in vain for a material value that 
  is ACTUAL, REAL--there is no such thing. The only value it possesses, for even 
  a moment, is the spiritual value back of it: remove that end and it is at once 
  worthless--like the hat.
Y.M. Can you extend 
  that to money?
O.M. Yes. It is 
  merely a symbol, it has no MATERIAL value; you think you desire it for its own 
  sake, but it is not so. You desire it for the spiritual content it will bring; 
  if it fail of that, you discover that its value is gone. There is that pathetic 
  tale of the man who labored like a slave, unresting, unsatisfied, until he had 
  accumulated a fortune, and was happy over it, jubilant about it; then in a single 
  week a pestilence swept away all whom he held dear and left him desolate. His 
  money's value was gone. He realized that his joy in it came not from the money 
  itself, but from the spiritual contentment he got out of his family's enjoyment 
  of the pleasures and delights it lavished upon them. Money has no MATERIAL value; 
  if you remove its spiritual value nothing is left but dross. It is so with all 
  things, little or big, majestic or trivial--there are no exceptions. Crowns, 
  scepters, pennies, paste jewels, village notoriety, world-wide fame--they are 
  all the same, they have no MATERIAL value: while they content the SPIRIT they 
  are precious, when this fails they are worthless.

A Difficult Question
Y.M. You keep me 
  confused and perplexed all the time by your elusive terminology. Sometimes you 
  divide a man up into two or three separate personalities, each with authorities, 
  jurisdictions, and responsibilities of its own, and when he is in that condition 
  I can't grasp it. Now when _I_ speak of a man, he is THE WHOLE THING IN ONE, 
  and easy to hold and contemplate.
O.M. That is pleasant 
  and convenient, if true. When you speak of "my body" who is the "my"?
Y.M. It is the 
  "me."
O.M. The body is 
  a property then, and the Me owns it. Who is the Me?
Y.M. The Me is 
  THE WHOLE THING; it is a common property; an undivided ownership, vested in 
  the whole entity.
O.M. If the Me 
  admires a rainbow, is it the whole Me that admires it, including the hair, hands, 
  heels, and all?
Y.M. Certainly 
  not. It is my MIND that admires it.
O.M. So YOU divide 
  the Me yourself. Everybody does; everybody must. What, then, definitely, is 
  the Me?
Y.M. I think it 
  must consist of just those two parts-- the body and the mind.

Twain on the Mind-Body Problem
O.M. You think 
  so? If you say "I believe the world is round," who is the "I" 
  that is speaking?
Y.M. The mind.
O.M. If you say 
  "I grieve for the loss of my father," who is the "I"?
Y.M. The mind.
O.M. Is the mind 
  exercising an intellectual function when it examines and accepts the evidence 
  that the world is round?
Y.M. Yes.
O.M. Is it exercising 
  an intellectual function when it grieves for the loss of your father?
Y.M. That is not 
  cerebration, brain-work, it is a matter of FEELING.
O.M. Then its source 
  is not in your mind, but in your MORAL territory?
Y.M. I have to 
  grant it.
O.M. Is your mind 
  a part of your PHYSICAL equipment?
Y.M. No. It is 
  independent of it; it is spiritual.
O.M. Being spiritual, 
  it cannot be affected by physical influences?
Y.M. No.
O.M. Does the mind 
  remain sober with the body is drunk?
Y.M. Well--no.
O.M. There IS a 
  physical effect present, then?
Y.M. It looks like 
  it.
O.M. A cracked 
  skull has resulted in a crazy mind. Why should it happen if the mind is spiritual, 
  and INDEPENDENT of physical influences?
Y.M. Well--I don't 
  know.
O.M. When you have 
  a pain in your foot, how do you know it?
Y.M. I feel it.
O.M. But you do 
  not feel it until a nerve reports the hurt to the brain. Yet the brain is the 
  seat of the mind, is it not?
Y.M. I think so.

Twain on the Mind-Body Problem, and on the problem of mental causation
O.M. But isn't 
  spiritual enough to learn what is happening in the outskirts without the help 
  of the PHYSICAL messenger? You perceive that the question of who or what the 
  Me is, is not a simple one at all. You say "I admire the rainbow," 
  and "I believe the world is round," and in these cases we find that 
  the Me is not speaking, but only the MENTAL part. You say, "I grieve," 
  and again the Me is not all speaking, but only the MORAL part. You say the mind 
  is wholly spiritual; then you say "I have a pain" and find that this 
  time the Me is mental AND spiritual combined. We all use the "I" in 
  this indeterminate fashion, there is no help for it. We imagine a Master and 
  King over what you call The Whole Thing, and we speak of him as "I," 
  but when we try to define him we find we cannot do it. The intellect and the 
  feelings can act quite INDEPENDENTLY of each other; we recognize that, and we 
  look around for a Ruler who is master over both, and can serve as a DEFINITE 
  AND INDISPUTABLE "I," and enable us to know what we mean and who or 
  what we are talking about when we use that pronoun, but we have to give it up 
  and confess that we cannot find him. To me, Man is a machine, made up of many 
  mechanisms, the moral and mental ones acting automatically in accordance with 
  the impulses of an interior Master who is built out of born-temperament and 
  an accumulation of multitudinous outside influences and trainings; a machine 
  whose ONE function is to secure the spiritual contentment of the Master, be 
  his desires good or be they evil; a machine whose Will is absolute and must 
  be obeyed, and always IS obeyed.
Y.M. Maybe the 
  Me is the Soul?
O.M. Maybe it is. 
  What is the Soul?
Y.M. I don't know.
O.M. Neither does 
  any one else.

The Master Passion
Y.M. What is the 
  Master?--or, in common speech, the Conscience? Explain it.
O.M. It is that 
  mysterious autocrat, lodged in a man, which compels the man to content its desires. 
  It may be called the Master Passion--the hunger for Self-Approval.
Y.M. Where is its 
  seat?
O.M. In man's moral 
  constitution.
Y.M. Are its commands 
  for the man's good?
O.M. It is indifferent 
  to the man's good; it never concerns itself about anything but the satisfying 
  of its own desires. It can be TRAINED to prefer things which will be for the 
  man's good, but it will prefer them only because they will content IT better 
  than other things would.
Y.M. Then even 
  when it is trained to high ideals it is still looking out for its own contentment, 
  and not for the man's good.
O.M. True. Trained 
  or untrained, it cares nothing for the man's good, and never concerns itself 
  about it.
Y.M. It seems to 
  be an IMMORAL force seated in the man's moral constitution.
O.M. It is a COLORLESS 
  force seated in the man's moral constitution. Let us call it an instinct--a 
  blind, unreasoning instinct, which cannot and does not distinguish between good 
  morals and bad ones, and cares nothing for results to the man provided its own 
  contentment be secured; and it will ALWAYS secure that.
Y.M. It seeks money, 
  and it probably considers that that is an advantage for the man?
O.M. It is not 
  always seeking money, it is not always seeking power, nor office, nor any other 
  MATERIAL advantage. In ALL cases it seeks a SPIRITUAL contentment, let the MEANS 
  be what they may. Its desires are determined by the man's temperament-- and 
  it is lord over that. Temperament, Conscience, Susceptibility, Spiritual Appetite, 
  are, in fact, the same thing. Have you ever heard of a person who cared nothing 
  for money?
Y.M. Yes. A scholar 
  who would not leave his garret and his books to take a place in a business house 
  at a large salary.
O.M. He had to 
  satisfy his master--that is to say, his temperament, his Spiritual Appetite--and 
  it preferred books to money. Are there other cases?
Y.M. Yes, the hermit.
O.M. It is a good 
  instance. The hermit endures solitude, hunger, cold, and manifold perils, to 
  content his autocrat, who prefers these things, and prayer and contemplation, 
  to money or to any show or luxury that money can buy. Are there others?
Y.M. Yes. The artist, 
  the poet, the scientist.
O.M. Their autocrat 
  prefers the deep pleasures of these occupations, either well paid or ill paid, 
  to any others in the market, at any price. You REALIZE that the Master Passion--the 
  contentment of the spirit--concerns itself with many things besides so-called 
  material advantage, material prosperity, cash, and all that?
Y.M. I think I 
  must concede it.
O.M. I believe 
  you must. There are perhaps as many Temperaments that would refuse the burdens 
  and vexations and distinctions of public office as there are that hunger after 
  them. The one set of Temperaments seek the contentment of the spirit, and that 
  alone; and this is exactly the case with the other set. Neither set seeks anything 
  BUT the contentment of the spirit. If the one is sordid, both are sordid; and 
  equally so, since the end in view is precisely the same in both cases. And in 
  both cases Temperament decides the preference--and Temperament is BORN, not 
  made.

Conclusion
O.M. You have been 
  taking a holiday?
Y.M. Yes; a mountain 
  tramp covering a week. Are you ready to talk?
O.M. Quite ready. 
  What shall we begin with?
Y.M. Well, lying 
  abed resting up, two days and nights, I have thought over all these talks, and 
  passed them carefully in review. With this result: that... that... are 
  you intending to publish your notions about Man some day?
O.M. Now and then, 
  in these past twenty years, the Master inside of me has half-intended to order 
  me to set them to paper and publish them. Do I have to tell you why the order 
  has remained unissued, or can you explain so simply a thing without my help?
Y.M. By your doctrine, 
  it is simplicity itself: outside influences moved your interior Master to give 
  the order; stronger outside influences deterred him. Without the outside influences, 
  neither of these impulses could ever have been born, since a person's brain 
  is incapable or originating an idea within itself.
O.M. Correct. Go 
  on.
Y.M. The matter 
  of publishing or withholding is still in your Master's hands. If some day an 
  outside influence shall determine him to publish, he will give the order, and 
  it will be obeyed.
O.M. That is correct. 
  Well?
Y.M. Upon reflection 
  I have arrived at the conviction that the publication of your doctrines would 
  be harmful. Do you pardon me?

Twain seems to dismiss any notion of 
moral responsibility
O.M. Pardon YOU? 
  You have done nothing. You are an instrument--a speaking-trumpet. Speaking-trumpets 
  are not responsible for what is said through them. Outside influences-- in the 
  form of lifelong teachings, trainings, notions, prejudices, and other second-hand 
  importations--have persuaded the Master within you that the publication of these 
  doctrines would be harmful. Very well, this is quite natural, and was to be 
  expected; in fact, was inevitable. Go on; for the sake of ease and convenience, 
  stick to habit: speak in the first person, and tell me what your Master thinks 
  about it.
Y.M. Well, to begin: 
  it is a desolating doctrine; it is not inspiring, enthusing, uplifting. It takes 
  the glory out of man, it takes the pride out of him, it takes the heroism out 
  of him, it denies him all personal credit, all applause; it not only degrades 
  him to a machine, but allows him no control over the machine; makes a mere coffee-mill 
  of him, and neither permits him to supply the coffee nor turn the crank, his 
  sole and piteously humble function being to grind coarse or fine, according 
  to his make, outside impulses doing the rest.
O.M. It is correctly 
  stated. Tell me--what do men admire most in each other?
Y.M. Intellect, 
  courage, majesty of build, beauty of countenance, charity, benevolence, magnanimity, 
  kindliness, heroism, and--and--
O.M. I would not 
  go any further. These are ELEMENTALS. Virtue, fortitude, holiness, truthfulness, 
  loyalty, high ideals-- these, and all the related qualities that are named in 
  the dictionary, are MADE OF THE ELEMENTALS, by blendings, combinations, and 
  shadings of the elementals, just as one makes green by blending blue and yellow, 
  and makes several shades and tints of red by modifying the elemental red. There 
  are several elemental colors; they are all in the rainbow; out of them we manufacture 
  and name fifty shades of them. You have named the elementals of the human rainbow, 
  and also one BLEND--heroism, which is made out of courage and magnanimity. Very 
  well, then; which of these elements does the possessor of it manufacture for 
  himself? Is it intellect?
Y.M. No.
O.M. Why?
Y.M. He is born 
  with it.
O.M. Is it courage?
Y.M. No. He is 
  born with it.
O.M. Is it majesty 
  of build, beauty of countenance?
Y.M. No. They are 
  birthrights.
O.M. Take those 
  others--the elemental moral qualities-- charity, benevolence, magnanimity, kindliness; 
  fruitful seeds, out of which spring, through cultivation by outside influences, 
  all the manifold blends and combinations of virtues named in the dictionaries: 
  does man manufacture any of those seeds, or are they all born in him?
Y.M. Born in him.
O.M. Who manufactures 
  them, then?
Y.M. God.
O.M. Where does 
  the credit of it belong?
Y.M. To God.
O.M. And the glory 
  of which you spoke, and the applause?
Y.M. To God.
O.M. Then it is 
  YOU who degrade man. You make him claim glory, praise, flattery, for every valuable 
  thing he possesses-- BORROWED finery, the whole of it; no rag of it earned by 
  himself, not a detail of it produced by his own labor. YOU make man a humbug; 
  have I done worse by him?
Y.M. You have made 
  a machine of him.
O.M. Who devised 
  that cunning and beautiful mechanism, a man's hand?
Y.M. God.
O.M. Who devised 
  the law by which it automatically hammers out of a piano an elaborate piece 
  of music, without error, while the man is thinking about something else, or 
  talking to a friend?
Y.M. God.
O.M. Who devised 
  the blood? Who devised the wonderful machinery which automatically drives its 
  renewing and refreshing streams through the body, day and night, without assistance 
  or advice from the man? Who devised the man's mind, whose machinery works automatically, 
  interests itself in what it pleases, regardless of its will or desire, labors 
  all night when it likes, deaf to his appeals for mercy? God devised all these 
  things. _I_ have not made man a machine, God made him a machine. 


Some contemporary philosophers (e.g, Saul Smilansky) say that we should not tell the public that they have no 
moral responsibility, since public morality might decline as a result.


I am merely 
  calling attention to the fact, nothing more. Is it wrong to call attention to 
  the fact? Is it a crime?
Y.M. I think it 
  is wrong to EXPOSE a fact when harm can come of it.
O.M. Go on.
Y.M. Look at the 
  matter as it stands now. Man has been taught that he is the supreme marvel of 
  the Creation; he believes it; in all the ages he has never doubted it, whether 
  he was a naked savage, or clothed in purple and fine linen, and civilized. This 
  has made his heart buoyant, his life cheery. His pride in himself, his sincere 
  admiration of himself, his joy in what he supposed were his own and unassisted 
  achievements, and his exultation over the praise and applause which they evoked--these 
  have exalted him, enthused him, ambitioned him to higher and higher flights; 
  in a word, made his life worth the living. But by your scheme, all this is abolished; 
  he is degraded to a machine, he is a nobody, his noble prides wither to mere 
  vanities; let him strive as he may, he can never be any better than his humblest 
  and stupidest neighbor; he would never be cheerful again, his life would not 
  be worth the living.
O.M. You really 
  think that?
Y.M. I certainly 
  do.
O.M. Have you ever 
  seen me uncheerful, unhappy.
Y.M. No.
O.M. Well, _I_ 
  believe these things. Why have they not made me unhappy?
Y.M. Oh, well--temperament, 
  of course! You never let THAT escape from your scheme.
O.M. That is correct. 
  If a man is born with an unhappy temperament, nothing can make him happy; if 
  he is born with a happy temperament, nothing can make him unhappy.
Y.M. What--not 
  even a degrading and heart-chilling system of beliefs?
O.M. Beliefs? Mere 
  beliefs? Mere convictions? They are powerless. They strive in vain against inborn 
  temperament.
Y.M. I can't believe 
  that, and I don't.
O.M. Now you are 
  speaking hastily. It shows that you have not studiously examined the facts. 
  Of all your intimates, which one is the happiest? Isn't it Burgess?
Y.M. Easily.
O.M. And which 
  one is the unhappiest? Henry Adams?
Y.M. Without a 
  question!
O.M. I know them 
  well. They are extremes, abnormals; their temperaments are as opposite as the 
  poles. Their life-histories are about alike--but look at the results! Their 
  ages are about the same--about around fifty. Burgess had always been buoyant, 
  hopeful, happy; Adams has always been cheerless, hopeless, despondent. As young 
  fellows both tried country journalism--and failed. Burgess didn't seem to mind 
  it; Adams couldn't smile, he could only mourn and groan over what had happened 
  and torture himself with vain regrets for not having done so and so instead 
  of so and so--THEN he would have succeeded. They tried the law-- and failed. 
  Burgess remained happy--because he couldn't help it. Adams was wretched--because 
  he couldn't help it. From that day to this, those two men have gone on trying 
  things and failing: Burgess has come out happy and cheerful every time; Adams 
  the reverse. And we do absolutely know that these men's inborn temperaments 
  have remained unchanged through all the vicissitudes of their material affairs. 
  Let us see how it is with their immaterials. Both have been zealous Democrats; 
  both have been zealous Republicans; both have been zealous Mugwumps. Burgess 
  has always found happiness and Adams unhappiness in these several political 
  beliefs and in their migrations out of them. Both of these men have been Presbyterians, 
  Universalists, Methodists, Catholics--then Presbyterians again, then Methodists 
  again. Burgess has always found rest in these excursions, and Adams unrest. 
  They are trying Christian Science, now, with the customary result, the inevitable 
  result. No political or religious belief can make Burgess unhappy or the other 
  man happy. I assure you it is purely a matter of temperament. Beliefs are ACQUIREMENTS, 
  temperaments are BORN; beliefs are subject to change, nothing whatever can change 
  temperament.
Y.M. You have instanced 
  extreme temperaments.
O.M. Yes, the half-dozen 
  others are modifications of the extremes. But the law is the same. Where the 
  temperament is two-thirds happy, or two-thirds unhappy, no political or religious 
  beliefs can change the proportions. The vast majority of temperaments are pretty 
  equally balanced; the intensities are absent, and this enables a nation to learn 
  to accommodate itself to its political and religious circumstances and like 
  them, be satisfied with them, at last prefer them. Nations do not THINK, they 
  only FEEL. They get their feelings at second hand through their temperaments, 
  not their brains. A nation can be brought-- by force of circumstances, not argument--to 
  reconcile itself to ANY KIND OF GOVERNMENT OR RELIGION THAT CAN BE DEVISED; 
  in time it will fit itself to the required conditions; later, it will prefer 
  them and will fiercely fight for them. As instances, you have all history: the 
  Greeks, the Romans, the Persians, the Egyptians, the Russians, the Germans, 
  the French, the English, the Spaniards, the Americans, the South Americans, 
  the Japanese, the Chinese, the Hindus, the Turks--a thousand wild and tame religions, 
  every kind of government that can be thought of, from tiger to house-cat, each 
  nation KNOWING it has the only true religion and the only sane system of government, 
  each despising all the others, each an ass and not suspecting it, each proud 
  of its fancied supremacy, each perfectly sure it is the pet of God, each without 
  undoubting confidence summoning Him to take command in time of war, each surprised 
  when He goes over to the enemy, but by habit able to excuse it and resume compliments--in 
  a word, the whole human race content, always content, persistently content, 
  indestructibly content, happy, thankful, proud, NO MATTER WHAT ITS RELIGION 
  IS, NOR WHETHER ITS MASTER BE TIGER OR HOUSE-CAT. Am I stating facts? You know 
  I am. Is the human race cheerful? You know it is. Considering what it can stand, 
  and be happy, you do me too much honor when you think that _I_ can place before 
  it a system of plain cold facts that can take the cheerfulness out of it. Nothing 
  can do that. Everything has been tried. Without success. I beg you not to be 
  troubled.  





Here is the full determinist argument. Even thoughts are not free. In our model, thoughts are free, actions are willed.
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   Richard Taylor was a student of Roderick Chisholm and Curt Ducasse at Brown University. But his "agent-causal" ideas about free will were modified by influences from students of Ludwig Wittgenstein, including Gilbert Ryle, Elizabeth Anscombe, and J. L. Austin.
  


  Taylor has a clear and simple writing style, mostly free of the technical jargon used by his colleagues. Here, from his 1966 book Action and Purpose, Taylor describes agent causation (compare Chisholm's distinctions between event causation and agent causation):


There must, moreover, not only be this reference to myself in distinguishing my acts from all those things that are not acts, but it must be a reference to myself as an active being. Another perfectly natural way of expressing this notion of my activity is to say that, in acting, I make something happen, I cause it, or bring it about. 

Now it does seem odd that philosophers should construe this natural way of expressing the matter as really meaning, not that I, but rather some event, process, or state not identical with myself should be the cause of that which is represented as my act. It is plain that, whatever I am, I am never identical with any such event, process, or state as is usually proposed as the "real cause" of my act, such as some intention or state of willing. 


Hence, if it is really and unmetaphorically true, as I believe it to be, that I sometimes cause something to happen, this would seem to entail that it is false that any event, process, or state not identical with myself should be the real cause of it. 


But it is not, in fact, hard to see why philosophers should want to insist that these natural ways of expressing the matter really mean something quite different from what they seem to mean; namely, that it has been the firm conviction of most philosophers for generations that in the case of any event that occurs, another event must be at least part of its cause.


If, accordingly, it is true that I am the cause of my acts, as it evidently is, then in view of this principle we must suppose that the real cause is some event intimately associated with me — and then, of course, the chase is on to find it or, failing that, at least to give it a name and create a semblance of having found it. 


The alternative I urge is that I am sometimes the cause of my own actions, that such an assertion is neither incomplete nor metaphorical and hence has no "real" meaning different from, much less inconsistent with, itself as it stands. In that case, however, we must conclude that the word "cause" in such contexts has not the ordinary meaning of a certain relationship between events, but has rather the older meaning of the efficacy or power of an agent to produce certain results. This idea can be otherwise expressed by saying that an agent is something that originates things, produces them, or brings them about. 


It might be wished that some clear definition or analysis of this idea of agency could be given, in place of merely synonymous expressions, but we have already seen that this cannot be done, and we have also seen why. To give an analysis of agency or of the sense in which an agent is the cause of his actions would amount to giving an analysis of an act, an analysis which would of necessity presuppose the truth of a metaphysical presupposition that is not only dubious, but probably false. (p.111)




  Taylor describes his original researches in philosophy and psychology (at a time when psychology in the U.S. consisted mostly of B. F. Skinner's deterministic behaviorism) in the Preface to Action and Purpose:

I began thinking about these these things several years ago in London. Returning, and having no place to live and no teaching to claim my energy, I tried to think through what is involved in the idea of a man's sometimes having it within his power to do various alternative things. This idea seemed to me crucial to philosophy, but my only conviction was that what I had been taught in the matter, by men of undoubted philosophical genius, was  basically false, though I knew not where the truth lay. At intervals thereafter for several years I kept working out this and related notions, quite inconclusively, until at last I had a drawerful of manuscript, all in such fragmentary and chaotic condition that I despaired of trying to make anything useful of it.

I then thought I must find out more about psychology. There was certainly an abundance of books on this subject, and I thought that if any people actually know something about human nature they must surely be found among the authors of those books. I found, however, that the questions that interested me were simply ignored by these writers, that ever so many interesting things were said about brains and nerves and glands, all the names of these being duly given, and about conditioning and reflexes and the like, but nothing whatever about things so elementary as, say, a voluntary act of choice. It seemed almost as if there were a conspiracy in this branch of psychology to pretend that such things do not exist; or at least, not unless they could be twisted to resemble the model of an electrical circuit or exhibited in the perfectly comprehensible picture of a stimulus and a response. Psychological works, on the other hand, which dealt with practical problems of human motivation, with neurosis and the like, far from pretending that the questions that interested me did not exist, simply took them all for granted, speaking unabashedly of goals, freedom, the ego, and so on, with hardly the least hint of an attempt to connect these things with what was described in the aforementioned books. It seemed that these diverse approaches had almost nothing whatever in common except the name of them, that between them there yawned an abyss of human ignorance, and that, alas! it was in that vast terra incognita that all my philosophical torments lay.


The philosophical problems I have dealt with in this book are therefore essentially original, and my purpose has been positive. I have not, in other words, found my subject matter by gleaning from philosophical books theories to criticize or authors to refute. Some of the things I have discussed, and particularly the idea of action, have nevertheless come very much to the forefront of philosophical thought in recent years, and the influence upon me of such writers as A. I. Melden, Gilbert Ryle, G. E. M. Anscombe, and J. L. Austin will be quite apparent. My keen interest in the concept of purposeful behavior arose many years ago from a controversy with the late Dr. Norbert Weiner and some of his associates. This controversy was published in The Philosophy of Science, 1950, but none of it has been reproduced here, for I have long since decided that both their positions and mine were substantially wrong. I hope here to have finally set forth at least some of the truth concerning this terribly important but neglected concept. (p.viii)



Taylor was Peter van Inwagen's thesis adviser and formulated van Inwagen's Consequence Argument in a single sentence in his 1963 book Metaphysics.

Indeed, if determinism is true, as the theory of soft determinism holds it to be, all those inner states which cause my body to behave in what ever ways it behaves must arise from circumstances that existed before I was born; for the chain of causes and effects is infinite, and none could have  been the least different, given those that preceded. 

(Metaphysics, 1963, p.46)


Taylor also accepted the standard argument against free will

Both determinism and simple indeterminism are loaded with difficulties, and no one who has thought much on them can affirm either of them without some embarrassment. Simple indeterminism has nothing whatever to be said for it, except that it appears to remove the grossest difficulties of determinism, only, however, to imply perfect absurdities of its own. Determinism, on the other hand, is at least initially plausible. Men seem to have a natural inclination to believe in it; it is, indeed, almost required for the very exercise of practical intelligence. And beyond this, our experience appears always to confirm it, so long as we are dealing with everyday facts of common experience, as distinguished from the esoteric researches of theoretical physics. But determinism, as applied to human behavior, has implications which few men can casually accept, and they appear to be implications which no modification of the theory can efface.

Both theories, moreover, appear logically irreconcilable to the two items of data that we set forth at the outset; namely, (1) that my behavior is sometimes the outcome of my deliberation, and (2) that in these and other cases it is sometimes up to me what I do. Since these were our data, it is important to see, as must already be quite clear, that these theories cannot be reconciled to them.

(Metaphysics, p.48)




But Taylor had a healthy skepticism for the current efforts to reduce everything to a "scientific" "eliminative" materialism and determinism.



The history of thought exhibits a certain pattern, wherein certain
general ideas one after another become dominant, each of them tending
to persist long after those forces which gave rise to it have waned,
eventually becoming dislodged by another general conception having
the same power to persist by its own inertia. The earliest speculative
thinkers, for example, were obsessed with the idea of substance; they
thought the world could be made intelligible simply by finding out
what this substance was. That there might be no elemental substance
was an idea they simply resisted. Gradually the idea evolved that the
world, or "reality," is composed of nothing but "matter," and that
matter has the form of "atoms," incredibly hard, tiny particles. This
idea took such firm hold in men's minds that it formed the basis of
physical science for centuries. Following the emergence of this notion,
philosophers became obsessed with the idea of ends or purposes, supposing
that the "why" of things could be expressed only in these terms.
This idea, central to Aristotelian philosophy, and later to theology,
was, like the theory of atoms, not the product of inquiry and discovery,
but rather the more or less arbitrary foundation of inquiry. Theological
conceptions, in their turn, served as the basis of speculation and inquiry
for a very long period. Again, of course, these were not the fruit of
investigation, but rather the foundation of thought, the framework
within which men sought the solutions to problems. In the seventeenth
century, the Cartesian conception of man, as consisting of two wholly
distinct substances, mind and matter, came to dominate philosophy
and psychology, and it is only with great difficulty that even contemporary
philosophers can shake themselves free of that model, despite
its more or less arbitrary character. The model itself is, like its predecessors, 
not so much a theory that has resulted from the observation
and interpretation of data, but rather a framework within which the
data themselves are interpreted—a general conception which determines
a priori what shall be considered as data, what shall be construed
as problems, and what shall count as solutions.

Now I do not mean here to review the history of thought, but only
to call attention to the manner in which certain conceptions tend to
become fixed, requiring time and the labors of men of great originality
and genius merely to dislodge them. The thinking of past generations
often seems dogmatic; we wonder how they could have become so
attached to certain general conceptions which appear to us totally
groundless. Yet to their adherents these conceptions seemed quite
obvious. They were what gave life and meaning to their thoughts.
I believe, moreover, that we of this age are by no means emancipated
from the general conception; if we look closely and sceptically at
contemporary thought we shall find that it, too, proceeds within a
certain framework, no less arbitrary than those it has displaced. It
is usually called, misleadingly, the framework of scientific explanation.
The thing to stress, however, is that scientific explanation usually does
not now mean simply explanation based upon and verifiable by
observation, but rather, explanation that fits into a certain general
conception of what reality ought to be like. The framework is, in other
words, not simply a method of discovery, but rather a fairly large
metaphysical hypothesis. It is, for example, quite uncritically thought
to be "scientific" to hold that men are ("ultimately") very like
machines and that their behavior can ("ultimately," as we are always
told) be understood in terms of the same principles by which the
behavior of inanimate things is understood. Or, again, it is somehow
deemed "scientific" to deny that men ever act freely. Hence arguments
in favor of the causal determinism of human behavior are always
received with the keenest interest and guaranteed an audience, while
arguments casting doubt upon this hypothesis are generally met with
scepticism and even hostility. Arguments of the former kind need not
even be very good, philosophically. They can be question-begging, or
even quite irrelevant, like so many of the speculations of psychologists.
They are nevertheless sensed to be somehow "on the right track"—
scientific in spirit if not in content. Of course, their being on the right
track does not in the least entail their being cogent, objective, undogmatic,
or philosophically perceptive. Instead, it results from their seeming
somehow to fit more or less into the general conception of what
reality must be like, a conception which was borrowed from physical
science, and which thus inherited the honorific appellative "scientific."
To give another example, it is generally deemed scientific to interpret
human behavior that is purposive or creative along the same lines that
the behavior of inanimate things, such as machines, is interpreted; to
reduce, as is said, the former to the latter, giving much emphasis to
conditions and little to reasons. Obviously the mere observation of
human behavior does not point to such a conception. On the contrary,
such an idea would not have been possible had men been guided from
the start only by observations of human behavior, without any science
of inanimate things. The reason such speculations find ready acceptance
is, rather, that they fit into the general conception of the world
that has been derived from physical science—that they fit, in other
words, into a very general, metaphysical framework which contemporary
thinkers find congenial, and which they are fond of assuming
must, "ultimately," prove all-encompassing.


I am not, of course, suggesting that science and philosophy have
not progressed, that the present generation does not know more than
previous ones. What I am suggesting, however, is that contemporary
thought is hardly less dogmatic than that of our predecessors. The
general conceptions and prevailing ideas change, but are no less stubbornly
clung to, and—what is rarely appreciated—are no less arbitrary
than the ones they have replaced. We find it quaint that earlier
thinkers should have wanted to interpret physical nature anthropomorphically,
that they should have wanted to explain everything, including
the existence of the world itself, in terms of such ideas as efficient and
final causes. Yet even learned men of today see no similar quaintness
in the notion that human behavior must not be interpreted anthropomorphically,
that is, in terms of a framework appropriate for the
understanding of human behavior. What seems obvious to one age
seems dogmatic and arbitrary to another. It seems to me naive to
suppose that men today have suddenly ceased being arbitrary and
dogmatic in the general conceptions which they have embraced, or
to suppose that contemporary general conceptions are somehow more
obviously correct than those of past ages. Such general conceptions do
not, at any rate, become less dogmatic by being baptized "scientific."
I am moreover convinced that, as philosophers, men become wiser,
not by trying to force their experience into a preconceived framework
which dictates what is and what is not allowable, but rather by trying
to see the implications, whatever these may be, of what we do actually
experience. If these implications sometimes seem to run contrary to
what we had supposed and fondly hoped was the general truth of
things, then it is no step in the direction of wisdom to pretend otherwise
and fall back upon what we say will "ultimately" and "in principle"
turn out to be so.


Now if we take the point of view of external observers, that is, the
point of view experimental science necessarily restricts itself to, we
cannot but regard men as natural objects differing only in complexity
from physical objects and other living things, and governed by the
same natural laws and principles that physical science presupposes.
There will, for example, be nothing in our observations, experiments,
or data to convey such notions as purpose or creativity, except insofar
as these notions can somehow be reduced to empirical concepts and
thus made applicable, at least in principle, to all objects of observation,
and at the same time rendered superfluous to any inquiry into human
nature. Indeed, from the point of view of an observer it is even possible
to wonder, as philosophers have long since pointed out, how we can
know that men are conscious, sensitive beings—a problem that cannot
possibly arise for one who considers human nature, not as it exhibits
itself to observation, but as it exists in himself.


For this reason, plus the fact that the problems I want to consider
can only arise from reflections upon oneself, my subject of inquiry is
human nature as I find it exhibited in myself. This does not mean that
I proceed by "introspection"—it is not even clear what that is—but
rather that the most important test of any philosophical theory we
shall consider will consist in its application to oneself. Any theory which
would render doubtful some distinction of which each of us is already
certain will be regarded as doubtful. To illustrate this with just one
example: One sometimes has no certain knowledge, when he observes
a simple bodily motion on the part of another man, whether that
motion was an act of that man, or simply a motion that occurred,
caused perhaps by the wind or a moving object. If it is a motion of
his own body, however, he usually knows, without being able to say
exactly how he knows, whether he made the motion or whether it
resulted from some extraneous cause, such as a spasm, a reflex, or an
impact with some thing. Any theory, therefore, which obliterates the
distinction between these two kinds of fact, or implies that no distinction
can be drawn between them, must be rejected, simply on the basis
of what each of us already knows about himself.


  
Taylor wrote an important article entitled "Fatalism" in The Philosophical Review, v. 71, n. 1, 1962. It is important because it shows how a few important presuppositions, ones commonly accepted by academic philosophers, imply that determinism is true. This is most ironic, because anyone familiar with Taylor's work would know that this was not his position. Nevertheless, several philosophers tried to show that Taylor's arguments in "Fatalism" were invalid. Taylor's article is still widely anthologized, with the result that many philosophers today regard Taylor as a fatalist!

Taylor's arguments are essentially versions of the ancient problem of Future Contingency and Diodorus Cronus' Master Argument

Since Taylor wrote in 1962, C. W. Rietdijk, Hilary Putnam, J. J. C. Smart, Michael Lockwood, and Michael Levin have all argued that the future is "already out there" in the relativistic space-time continuum of a "tenseless" "block universe." 


One young philosopher (and later a popular fiction writer with philosophical themes), David Foster Wallace, wrote his undergraduate thesis on the Fatalism article, claiming to disprove Taylor by showing that his arguments were merely semantic and could not establish metaphysical truths such as determinism.


Wallace's case is quite powerful in the sense that much of what Taylor and other analytical language philosophers tried to do was simply not possible to do - to discover truths about the physical world from logic and language.


Information philosophy goes "beyond logic and language."     
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Excerpts from Metaphysics, 1963, p.46-50

Indeed, if determinism is true, as the theory of soft determinism holds it to be, all those inner states which cause my body to behave in what ever ways it behaves must arise from circumstances that existed before I was born; for the chain of causes and effects is infinite, and none could have  been the least different, given those that preceded. 

We might at first now seem warranted in simply denying determinism, and saying that, insofar as they are free, my actions are not caused; or that, if they are caused by my own inner states —  my own desires, impulses, choices, volitions, and whatnot — then these, in any case, are not caused. This is a perfectly clear sense in which a man's action, assuming that it was free, could have been otherwise. If it was uncaused, then, even given the conditions under which it occurred and all that preceded, some other act was nonetheless possible, and he did not have to do what he did. Or if his action was the inevitable consequence of his own inner states, and could not have been otherwise given these, we can nevertheless say that these inner states, being uncaused, could have been otherwise, and could thereby have produced different actions.


Only the slightest consideration will show, however, that this simple denial of determinism has not the slightest plausibility. For let us suppose it is true, and that some of my bodily motions — namely, those that I regard as my free acts — are not caused at all or, if caused by my own inner states, that these are not caused. We shall thereby avoid picturing a puppet, to be sure — but only by substituting something even less like a an; for the conception that now emerges is not that of a free man, but of an erratic and jerking phantom, without any rhyme 
or reason at all.


Suppose that my right arm is free, according to this conception; that is, that its motions are uncaused. It moves this way and that from time to time, but nothing causes these motions. Sometimes it moves forth vigorously, sometimes up, sometimes down, sometimes it just drifts vaguely about — these motions all being wholly free and uncaused. Manifestly I have nothing to do with them at all; they just happen, and neither I nor anyone can ever tell what this arm will be doing next. It might seize a club and lay it on the head of the nearest bystander, no less to my astonishment than his. There will never be any point in asking why these motions occur, or in seeking any explanation of them, for under the conditions assumed there is no explanation. They just happen, from no causes at all.


This is no description of free, voluntary, or responsible behavior. Indeed, so far as the motions of my body or its parts are entirely uncaused, such motions cannot even be ascribed to me as my behavior in the first place, since I have nothing to do with them. The behavior of my arm is just the random motion of a foreign object. Behavior that is mine must be behavior that is within my control, but motions that occur from no causes are without the control of anyone. I can have no more to do with, and no more control over, the uncaused motions of my limbs than a gambler has over the motions of an honest roulette wheel. I can only, like him, idly wait to see what happens.


Nor does it improve things to suppose that my bodily motions are caused by my own inner states, so long as we suppose these to be wholly uncaused. The result will be the same as before.  My arm, for example, will move this way and that, sometimes up and sometimes down, sometimes vigorously and sometimes just drifting about, always in response to certain inner states, to be sure. But since these are supposed to be wholly uncaused, it follows that I have no control over them and hence none over their effects. If my hand lays a club forcefully on the nearest bystander, we can indeed say that this motion resulted from an inner club-wielding desire of mine; but we must add that I had nothing to do with that desire, and that it arose, to be followed by its inevitable effect, no less to my astonishment than to his. Things like this do, alas, sometimes happen. We are all sometimes seized by compulsive impulses that arise we know not whither, and we do sometimes act upon these. But since they are far from being examples of free, voluntary, and responsible behavior, we need only to learn that behavior was of this sort to conclude that it was not free, voluntary, nor responsible. It was erratic, impulsive, and irresponsible.


Both determinism and simple indeterminism are loaded with difficulties, and no one who has thought much on them can affirm either of them without some embarrassment. Simple indeterminism has nothing whatever to be said for it, except that it appears to remove the grossest difficulties of determinism, only, however, to imply perfect absurdities of its own. Determinism, on the other hand, is at least initially plausible. Men seem to have a natural inclination to believe in it; it is, indeed, almost required for the very exercise of practical intelligence. And beyond this, our experience appears always to confirm it, so long as we are dealing with everyday facts of common experience, as distinguished from the esoteric researches of theoretical physics. But determinism, as applied to human behavior, has implications which few men can casually accept, and they appear to be implications which no modification of the theory can efface.


Both theories, moreover, appear logically irreconcilable to the two items of data that we set forth at the outset; namely, (1) that my behavior is sometimes the outcome of my deliberation, and (2) that in these and other cases it is sometimes up to me what I do. Since these were our data, it is important to see, as must already be quite clear, that these theories cannot be reconciled to them.


I can deliberate only about my own future actions, and then only if I do not already know what I am going to do. If a certain nasal tickle warns me that I am about to sneeze, for instance, then I cannot deliberate whether to sneeze or not; I can only prepare for the impending convulsion. But if determinism is true, then there are always conditions existing antecedently to everything I do, sufficient for my doing just that, and such as to render it inevitable. If I can know what those conditions are and what behavior they are sufficient to produce, then I can in every such case know what I am going to do and cannot then deliberate about it.


By itself this only shows, of course, that I can deliberate only in ignorance of the causal conditions of my behavior; it does not show that such conditions cannot exist. It is odd, however, to suppose that deliberation should be a mere substitute for clear knowledge. Ignorance is a condition of speculation, inference, and guesswork, which have nothing whatever to do with deliberation. A prisoner awaiting execution may not know when he is going to die, and he may even entertain the hope of reprieve, but he cannot deliberate about this. He can only speculate, guess — and wait.


Worse yet, however, it now becomes clear that I cannot deliberate about what I am going to do, if it is even possible for me to find out in advance, whether I do in fact find out in advance or not. I can deliberate only with the view to deciding what to do, to making up my mind; and this is impossible if I believe that it could be inferred what I am going to do, from conditions already existing, even though I have not made that inference myself. If I believe that what I am going to do has been rendered inevitable by conditions already existing, and could be inferred  by anyone having the requisite sagacity, then I cannot try to decide whether to do it or not, for there is simply nothing left to decide. I can at best only guess or try to figure it out myself or, all prognostics failing, I can wait and see; but I cannot deliberate. I deliberate in order to decide what to do, not to discover what it is that I am going to do. But if determinism is true, then there are always antecedent conditions sufficient for everything that I do, and this can always be inferred by anyone having the requisite sagacity; that is, by anyone having a knowledge of what those conditions are and what behavior they are sufficient to produce.


This suggests what in fact seems quite clear, that determinism cannot be reconciled with our second datum either, to the effect that it is sometimes up to me what I am going to do. For if it is ever really up to me whether to do this thing or that, then, as we have seen, each alternative course of action must be such that I can do it; not that I can do it in some abstruse or hypothetical sense of "can"; not that I could do it if only something were true that is not true; but in the sense that it is then and there within my power to do it. But this is never so,, if determinism is true, for on the very formulation of that  theory whatever happens at any time is the only thing that can then happen, given all that precedes it. It is simply a logical consequence of this that whatever I do at any time is the only thing I can then do, given the conditions that precede my doing it. Nor does it help in the least to interpose, among the causal antecedents of my behavior, my own inner states, such as my desires, choices, acts of will, and so on. For even supposing these to be always involved in voluntary behavior — which is highly doubtful in itself — it is a consequence of determinism that these, whatever they are at any time, can never be other than what they then are. Every chain of causes and effects, if determinism is true, is infinite. This is why it is not now up to me whether I shall a moment hence be male or female. The conditions determining my sex have existed through my whole life, and even prior to my life. But if determinism is true, the same holds of anything that I ever am, ever become, or ever do. It matters not whether we are speaking of the most patent facts of my being, such as my sex; or the most subtle, such as my feelings, thoughts, desires, or choices. Nothing could be other than it is, given what was; and while we may indeed say, quite idly, that something — some inner state of mine, for instance — could have been different, had only something else been different, any consolation of this thought evaporates as soon as we add that whatever would have to have been different could not have been different.


It is even more obvious that our data cannot be reconciled to the theory of simple indeterminism. I can deliberate only about my own actions; this is obvious. But the random. uncaused motion of any body whatever, whether it be a part of my body or not, is no action of mine and nothing that is within my power. I might try to guess what these motions will be, just as I might try to guess how a roulette wheel will behave, but I cannot deliberate about them or try to decide what they shall be, simply because these things are not up to me. Whatever is not caused by anything is not caused by me, and nothing could be more plainly inconsistent with saying that it is nevertheless up to me what it shall be.



Here Taylor states van Inwagen's Consequence Argument
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In 1980 Peter Unger formulated what he called "The Problem of the Many." It led Unger to propose that nothing exists and that even he did not exist, a position known as nihilism. 


Today this is the metaphysical problem of material composition and of vagueness.


The Problem of the Many


In 1999 Unger redescribed the problem in Oxford Studies in Metaphysics
let us start by considering certain
cases of ordinary clouds, clouds like those we sometimes seem to see in
the sky.

As often viewed by us from here on the ground, sometimes puffy
‘‘picture-postcard’’ clouds give the appearance of having a nice enough
boundary, each white entity sharply surrounded by blue sky. (In
marked contrast, there are other times when it’s a wonder that we
don’t simply speak singularly of ‘‘the cloud in the sky’’, where each
visible cloudy region runs so messily together with many other cloudy
‘‘parts of the sky’’.) But upon closer scrutiny, as may happen sometimes
when you’re in an airplane, even the puffiest, cleanest clouds don’t seem
to be so nicely bounded. And this closer look seems a more revealing
one. For, as science seems clearly to say, our clouds are almost wholly
composed of tiny water droplets, and the dispersion of these droplets, in
the sky or the atmosphere, is always, in fact, a gradual matter. With
pretty much any route out of even a comparatively clean cloud’s center,
there is no stark stopping place to be encountered. Rather, anywhere
near anything presumed a boundary, there’s only a gradual decrease in
the density of droplets fit, more or less, to be constituents of a cloud
that’s there.


With that being so, we might see that there are enormously many
complexes of droplets, each as fit as any other for being a constituted
cloud. Each of the many will be a cloud, we must suppose, if there are
even as many as just one constituted cloud where, at first, it surely
seemed there was exactly one. For example, consider the two candidates
I’ll now describe. Except for two ‘‘widely opposing’’ droplets, one on one
side of two overlapping cloudy complexes, way over on the left, say, and
another way over on the right, two candidate clouds may wholly overlap
each other, so far as droplets goes. The cited droplet that’s on the left is a
constituent of just one of the two candidates, not a component of the
other; and the one on the right is a component of the other candidate,
not the one first mentioned. So each of these two candidate clouds
has exactly the same number of constituent droplets. And each might
have exactly the same mass, and volume, as the other.

   


In his 1990 book Material Beings, Peter van Inwagen said Unger's original insight that there are many ways to compose a cloud from innumerable water droplets should be called "mereological universalism". 


 Van Inwagen denies there is any way for simples to compose anything other than themselves, which van Inwagen calls "mereological nihilism. 



The Problem of Free Will



"In the terms of our dominant Scientiphical Metaphysic, it's hard to think
of myself as an entity that engages in activity he himself chooses from available
alternatives for his action."

"Rather than
discussing a form of Incompatibilism discussed for centuries, I'm now trying
to introduce for discussion new forms of Incompatibilism."



Let's return to consider our Scientiphical Jane. Composed of very
many Particles, and nothing else metaphysically basic, all Jane's powers
must derive, in such a straightforwardly physical fashion, from the basic
propensities of her quite simple physical constituents.  

With less departure from Scientiphical Metaphysics, here's a second sketchy
suggestion: Each of us may be a complex constituted of simpler physical
entities, and each may have many Scientiphically Respectable derivative
powers; but, unlike many more boring physical complexes, we'll also have
radically emergent mental powers, powers with no Scientiphically Respectable
derivation. Salient among these radical powers, there is our power to
choose what to do from among actually available alternatives for ourselves,
and, in particular, our power to choose what to think about. 


On this view, it's a misleading simplification to say, with no amplification,
that we're physical complexes. For, we may be mental beings just as
much as we're complex physical entities. Among our very most central and
peculiar powers, there'll be mental powers that have no Scientiphically
Respectable derivation from any, or all, of our physical features. To avoid
misleading, maybe we should say we're physical-and-mental complex
beings: As with mere rocks, we have physical powers that don't (Respectably)
derive from anything mental and, more peculiarly, we have mental
powers that don't (Respectably) derive from anything physical. 


Let's imagine ourselves as Cartesian beings who may
choose, fully and freely, to move our bodies in certain ways-to wiggle our
Blue thumbs, for example. So, our imaginative thought runs, we're nonphysical
radically emergent mental entities that, at least from time to time,
influence the course of physical reality. Now, this thought conflicts with a 
proposition that's accepted by almost all philosophers who, in recent decades,
have written prominently on central questions of mind and body. Often going
under the name "the causal closure of the physical," it's the proposition that,
insofar as anything determines the course of (events in) physical reality, it's
always only some sort of purely physical things that do so-some wholly
physical events, perhaps. 


Nothing non-physical is required, only non-material


But, if we Cartesian beings succeed in wiggling our
thumbs, perhaps because we choose to move our bodies in that way, then
there'll be some nonphysical things-we Cartesian beings-determining
some of the course of physical reality. So, then there'll be the failure of the
(so-called) causal closure of the physical. And, perhaps less poignantly,
there's this same consequence should we suppose ourselves to be physical-and-mental
complex beings, with an emergent mental power to choose bodily
movements. 

 there's an effect on physical reality
that's brought about through the effective exercise of a mental power of
mine, not Respectably derived from features of physical reality. 


Is an Exemption from Natural Law Required
for Full Choice?  for a being
to have full choice, she must not be wholly subject to these laws; there must
be at least some respects in which, at least to some degree, she is exempt
from the natural laws...The laws
must leave some things open to her; maybe it's left open to her to choose to
increase the chance that she'll experience orange, or maybe to choose to
decrease the chance she'll think that yellow is quite like orange; anyhow,
there must be some powers she has that aren't wholly lawful propensities, or
else she won't have a power of full choice.


As anticipated, I've not been able to make a very strong case for any
Scientiphical Incompatibilism, not nearly as strong, anyway, as the case for
thinking full choice incompatible with Inevitabilism, or Determinism. Why?
Well, with this attempt at disclosing Scientiphical Incompatibilisms, we
don't yet have much of an idea as to what it is about, say, one's having all
her powers be propensities for mutual interaction, that should have full
choice be ruled out for one should all one's powers be just such powers. 


For future philosophical exploration, then, these avenues all but present
themselves: First, and on the one hand, some should explore the possibility
that, though there's an apparent clash between Scientiphical statements and
our belief in our full choice, there isn't a real incompatibility here. Those
wanting to uphold the Scientiphical Metaphysic should explore this avenue
most energetically.


Second, and on the other hand, some might explore how we might fill the
void of understanding lately remarked, so that we might come to see what it
is about our Scientiphical suppositions, and what it is about full choice, that
means a conflict between the two.


Third, and finally for now, there should be attempts to develop metaphysical
alternatives to the Scientiphical Metaphysic, worldviews that may be
more conducive to our having full choice. Perhaps, we should begin this
work by energetically exploring philosophical alternatives that mean only a
pretty modest departure from Scientiphicalism, our currently dominant metaphysical
conception. 


A view much like that just sketched may be offered in the final chapter of Timothy
O'Connor's fine new book, Persons and Causes, Oxford University Press, 2000. 


   



Compare Peter Van Inwagen's Jane




Unger on the Standard Argument against Free Will

More philosophers now take an urgent interest in another issue concerning full choice that, at least
nowadays, may be the real heart of “the problem of free will.” This more urgent issue may be
presented by way of an argument strikingly forceful for reasoning so sketchy and bare:
   First Premise: If Determinism holds, then, as everything we do is inevitable from long before we
existed, nothing we do is anything we choose from available alternatives for our activity.
Second Premise: If Determinism doesn’t hold, then, [while some things we do may be inevitable
from long before our existence and, as such, it’s never within our power to choose for ourselves]
it may be that some aren’t inevitable - but, as regards any of these others, it will be a matter of
chance whether we do them or not, and, as nothing of that sort is something we choose to do -
nothing we do is anything we choose from available alternatives for our activity.

Third Premise: Either Determinism holds or it doesn’t.


Therefore,


Conclusion: Nothing we do is anything we choose from available alternatives for our activity.


This argument is quite disturbing. Indeed, nowadays, able thinkers often take it to suggest that our
concept of full choice is an incoherent idea, never true of any reality at all. 
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   John Venn introduced the frequency interpretation of probability in his The Logic of Chance in 1866. Venn said that his work was inspired by John Stuart Mill's A System of Logic and in the later editions of that work, Mill recommends Venn's book (Book III, chapter xviii, p.547). 
  

Venn objected to probability theorists whose work was formal and mathematical, and who postulated a priori probabilities such as a perfect die with 1/6 chance of turning up each face. For Venn, "It is ... ignorance that makes us appeal to the theory of Probability, the grounds of it are of no importance." 
  

  Venn rejected the claims of Quetelet and Buckle to have derived deterministic laws from their observed statistical regularities in social physics. And he specifically faulted Buckle's claim to have disproved free will. But he was suspicious of real chance in the universe, which was opposed to causation and design. He was agnostic about whether every individual event had a cause, but demanded that averages are the result of an inviolable principle of Uniformity of Nature.
  

In Probability ultimate regularity is always postulated, in tossing a die, if not merely the individual throws were uncertain in their results, but even the average also, owing to the nature of the die, or the number of the marks upon it, being arbitrarily interfered with, of course no kind of science would attempt to take any account of it.

Can causation, in the sense of invariable succession (for we are here shifting on to this narrower ground), be denied? ...It is not easy to see how this can be done in any case, but the obstacles would doubtless be greater even than they are, if knowledge of the individual event were not merely unattained, but, owing to the absence of any causal connection, essentially unattainable. On the theory adopted in this work we simply postulate ignorance of the details, but it is not regarded as of any importance on what sort of grounds this ignorance is based.


The question then assumes the following form: Is this assumption, of average regularity in the aggregate, inconsistent with the admission of what may be termed causeless irregularity in the details? It does not seem to me that it would be at all easy to prove that this is so.


In its application to moral and social subjects, what gives this controversy its main interest is its real or supposed bearing upon the vexed question of the freedom of the will... If, therefore, Free-will be so interpreted as to imply such essential irregularity as defies prediction both in the average, and also in the single case, then the negation of free-will follows, not as a remote logical consequence, but as an obvious inference from indisputable facts of experience.


The nature of the argument against free-will, drawn from statistics, at least in the form in which it is very commonly expressed, seems to me exceedingly defective.





  As a churchman, Venn wanted to disconnect the existence of real chance from its implications for a Deity.
  
  There is, to begin with, a very old objection, founded on the assumption which our science is supposed to make of the existence of Chance...But the only rational meaning of the objection would appear to be that the principles of the science compel us to assume that events (some events, only, that is) happen without causes, and are thereby removed from the customary control of the Deity.  As repeatedly pointed out already this is altogether a mistake. The science of Probability makes no assumption whatever about the way in which events are brought about, whether by causation or without it...The fact is that Probability has nothing more to do with Natural Theology, either in its favour or against it, than the general principles of Logic or Induction have. 
  


  Chance as Opposed to Causation and Design, Chapter X of The Logic of Chance

  § 1. THE remarks in the previous chapter will have served to clear the way for an enquiry which probably excites more popular interest than any other within the range of our subject, viz. the determination whether such and such events are to be attributed to Chance on the one hand, or to Causation or Design on the other. As the principal difficulty seems to arise from the ambiguity with which the problem is generally conceived and stated, owing to the extreme generality of the conceptions involved, it becomes necessary to distinguish clearly between the several distinct issues which are apt to be involved.

I. There is, to begin with, a very old objection, founded on the assumption which our science is supposed to make of the existence of Chance. The objection against chance is of course many centuries older than the Theory of Probability; and as it seems a nearly obsolete objection at the present day we need not pause long for its consideration. If we spelt the word with a capital C, and maintained that it was representative of some distinct creative or administrative agency, we should presumably be guilty of some form of Manicheism. But the only rational meaning of the objection would appear to be that the principles of the science compel us to assume that events (some events, only, that is) happen without causes, and are thereby removed from the customary control of the Deity. As repeatedly pointed out already this is altogether a mistake. The science of Probability makes no assumption whatever about the way in which events are brought about, whether by causation or without it. All that we undertake to do is to establish and explain a body of rules which are applicable to classes of cases in which we do not or cannot make inferences about the individuals. The objection therefore must be somewhat differently stated, and appears finally to reduce itself to this ;—that the assumptions upon which the science of Probability rests, are not inconsistent with a disbelief in causation within certain limits; causation being of course understood simply in the sense of regular sequence. So stated the objection seems perfectly valid, or rather the facts on which it is based must be admitted ; though what connection there would be between such lack of causation and absence of Divine superintendence I quite fail to see.


As this Theological objection died away the men of physical science, and those who sympathized with them, began to enforce the same protest ; and similar cautions are still to be found from time to time in modem treatises. Hume, for instance, in his short essay on Probability, commences with the remark, "though there be no such thing as chance in the world, our ignorance of the real cause of any event has the same influence on the understanding, &c." De Morgan indeed goes so far as to declare that "the foundations of the theory of Probability have ceased to exist in the mind that has formed the conception," " that anything ever did happen or will happen without some particular reason why it should have been precisely what it was and not anything else'." Similar remarks might be quoted from Laplace and others.


§ 2. In the particular form of the controversy above referred to, and which is mostly found in the region of the natural and physical sciences, the contention that chance and causation are irreconcileable occupies rather a defensive position; the main fact insisted on being that, whenever in these subjects we may happen to be ignorant of the details we have no warrant for assuming as a consequence that the details are uncaused. But this supposed irreconcileability is sometimes urged in a much more aggressive spirit in reference to social enquiries. Here the attempt is often made to prove causation in the details, from the known and admitted regularity in the averages. A considerable amount of controversy was excited some years ago upon this topic, in great part originated by the vigorous and outspoken support of the necessitarian side by Buckle in his History of Civilization.


It should be remarked that in these cases the attempt is sometimes made as it were to startle the reader into acquiescence by the singularity of the examples chosen. Instances are selected which, though they possess no greater logical value, are, if one may so express it, emotionally more effective. Every reader of Buckle's History, for instance, will remember the stress which he laid upon the observed fact, that the number of suicides in London remains about the same, year by year; and he may remember also the sort of panic with which the promulgation of this fact was accompanied in many quarters. So too the way in which Laplace notices that the number of undirected letters annually sent to the Post Office remains about the same, and the comments of Dugald Stewart upon this particular uniformity, seem to imply that they regarded this instance as more remarkable than many analogous ones taken from other quarters.


That there is a certain foundation of truth in the reasonings in support of which the above examples are advanced, cannot be denied, but their authors appear to me very much to overrate the sort of opposition that exists between the theory of Chances and the doctrine of Causation. As regards first that wider conception of order or regularity which we have termed uniformity, anything which might be called objective chance would certainly be at variance with this in one respect. In Probability ultimate regularity is always postulated, in tossing a die, if not merely the individual throws were uncertain in their results, but even the average also, owing to the nature of the die, or the number of the marks upon it, being arbitrarily interfered with, of course no kind of science would attempt to take any account of it.


§ 3. So much must undoubtedly be granted; but must the same admission be made as regards the succession of the individual events? Can causation, in the sense of invariable succession (for we are here shifting on to this narrower ground), be denied, not indeed without suspicion of scientific heterodoxy, but at any rate without throwing uncertainty upon the foundations of Probability? De Morgan, as we have seen, strongly maintains that this cannot be so. I find myself unable to agree with him here, but this disagreement springs not so much from differences of detail, as from those of the point of view in which we regard the science. He always appears to incline to the opinion that the individual judgment in probability is to admit of justification; that when we say, for instance, that the odds in favour of some event are three to two, that we can explain and justify our statement without any necessary reference to a series or class of such events. It is not easy to see how this can be done in any case, but the obstacles would doubtless be greater even than they are, if knowledge of the individual event were not merely unattained, but, owing to the absence of any causal connection, essentially unattainable. On the theory adopted in this work we simply postulate ignorance of the details, but it is not regarded as of any importance on what sort of grounds this ignorance is based. It may be that knowledge is out of the question from the nature of the case, the causative link, so to say, being missing. It may be that such links are known to exist, but that either we cannot ascertain them, or should find it troublesome to do so. It is the fact of this ignorance that makes us appeal to the theory of Probability, the grounds of it are of no importance.


§ 4. On the view here adopted we are concerned only with averages, or with the single event as deduced from an average and conceived to form one of a series. We start with the assumption, grounded on experience, that there is uniformity in this average, and, so long as this is secured to us, we can afford to be perfectly indifferent to the fate, as regards causation, of the individuals which compose the average. The question then assumes the following form: Is this assumption, of average regularity in the aggregate, inconsistent with the admission of what may be termed causeless irregularity in the details? It does not seem to me that it would be at all easy to prove that this is so. As a matter of fact the two beliefs have constantly co-existed in the same minds. This may not count for much, but it suggests that if there be a contradiction between them it is by no means palpable and obvious. Millions, for instance, have believed in the general uniformity of the seasons taken one with another, who certainly did not believe in, and would very likely have been ready distinctly to deny, the existence of necessary sequences in the various phenomena which compose what we call a season. So with cards and dice ; almost every gambler must have recognized that judgment and foresight are of use in the long run, but writers on chance seem to think that gamblers need a good deal of reasoning to convince them that each separate throw is in its nature essentially predictable.


§ 5. In its application to moral and social subjects, what gives this controversy its main interest is its real or supposed bearing upon the vexed question of the freedom of the will; for in this region Causation, and Fatalism or Necessitarianism, are regarded as one and the same thing.


Here, as in the last case, that wide and somewhat vague kind of regularity that we have called Uniformity, must be admitted as a notorious fact. Statistics have put it out of the power of any reasonably informed person to feel any hesitation upon this point. Some idea has already been gained, in the earlier chapters, of the nature and amount of the evidence which might be furnished of this fact, and any quantity more might be supplied from the works of professed writers upon the subject. If, therefore, Free-will be so interpreted as to imply such essential irregularity as defies prediction both in the average, and also in the single case, then the negation of free-will follows, not as a remote logical consequence, but as an obvious inference from indisputable facts of experience.


Few persons, however, would go so far as to interpret it in this sense. All that troubles them is the fear that somehow this general regularity may be found to carry with it causation, certainly in the sense of regular invariable sequence, and probably also with the further association of compulsion. Rejecting the latter association as utterly unphilosophical, I cannot even see that the former consequence can be admitted as really proved, though it doubtless gains some confirmation from this source.


§ 6. The nature of the argument against free-will, drawn from statistics, at least in the form in which it is very commonly expressed, seems to me exceedingly defective. The antecedents and consequents, in the case of our volitions, must clearly be supposed to be very nearly immediately in succession, if anything approaching to causation is to be established: whereas in statistical enquiries the data are often widely separate, if indeed they do not apply merely to single groups of actions or results. For instance, in the case of the misdirected letters, what it is attempted to prove is that each writer was so much the 'victim of circumstances' (to use a common but misleading expression) that he could not have done otherwise than he did under his circumstances. But really no accumulation of figures to prove that the number of such letters remains the same year by year, can have much bearing upon this doctrine, even though they were accompanied by corresponding figures which should connect the forgetfulness thus indicated with some other characteristics in the writers. So with the number of suicides. If 250 people do, or lately did, annually put an end to themselves in London, the fact, as it thus stands by itself, may be one of importance to the philanthropist and statesman, but it needs bringing into much closer relation with psychological elements if it is to convince us that the actions of men are always instances of inflexible order. In fact, instead of having secured our A and B here in closest intimacy of succession to one another,—to employ the symbolic notation commonly used in works on Inductive Logic to illustrate the causal connection,—we find them separated by a considerable interval ; often indeed we merely have an A or a B by itself 


§ 7. Again, another deficiency in such reasoning seems to be the laying undue weight upon the mere regularity or persistency of the statistics. These may lead to very important results, but they are not exactly what is wanted for the purpose of proving anything against the freedom of the will; it is not indeed easy to see what connection this has with such facts as that the annual number of thefts or of suicides remains at pretty nearly the same figure. Statistical uniformity seems to me to establish nothing else, at least directly, in the case of human actions, than it does in that of physical characteristics. Take but one instance, that of the misdirected letters. We were already aware that the height, weight, chest measurement, and so on, of a large number of persons preserved a tolerably regular average amidst innumerable deflections, and we were prepared by analogy to anticipate the same regularity in their mental characteristics. All that we gain, by counting the numbers of letters which are posted without addresses, is a certain amount of direct evidence that this is the case. Just as observations of the former kind had already shown that statistics of the strength and stature of the human body grouped themselves about a mean, so do those of the latter that a similar state of things prevails in respect of the readiness and general trustworthiness of the memory. The evidence is not so direct and conclusive in the latter case, for the memory is not singled out and subjected to measurement by itself, but is taken in combination with innumerable other influencing circumstances. Still there can be little doubt that the statistics tell on the whole in this direction, and that by duly varying and extending them they may obtain considerable probative force.


The fact is that Probability has nothing more to do with Natural Theology, either in its favour or against it, than the general principles of Logic or Induction have. It is simply a body of rules for drawing inferences about classes of events which are distinguished by a certain quality. The believer in a Deity will, by the study of nature, be led to form an opinion about His works, and so to a certain extent about His attributes. But it is surely unreasonable to propose that he should abandon his belief because the sequence of events, - not, observe, their general tendency towards happiness or misery, good or evil,— is brought about in a way different from what he had expected; whether it be by displaying order where he had expected irregularity, or by involving the machinery of secondary causes where he had expected immediate agency.


§ 8. It is both amusing and instructive to consider what very different feelings might have been excited in our minds by this co-existence of, what may be called, ignorance of individuals and knowledge of aggregates, if they had presented themselves to our observation in a reverse order. Being utterly unable to make assured predictions about a single life, or the conduct of individuals, people are sometimes startled, and occasionally even dismayed, at the unexpected discovery that such predictions can be confidently made when we are speaking of large numbers. And so some are prompted to exclaim, This is denying Providence! it is utter Fatalism! But let us assume, for a moment, that our familiarity with the subject had been experienced, in the first instance, in reference to the aggregates instead of the individual lives. 


This is denying Providence!


It is difficult, perhaps, to carry out such a supposition completely; though we may readily conceive something approaching to it in the case of an ignorant clerk in a Life Assurance Office, who had never thought of life, except as having such a 'value' at such an age, and who had hardly estimated it except in the form of averages. Might we not suppose him, in some moment of reflectiveness, being astonished and dismayed at the sudden realization of the utter uncertainty in which the single life is involved? And might not his exclamation in turn be, Why this is denying Providence! It is utter chaos and chance! A belief in a Creator and Administrator of the world is not confined to any particular assumption about the nature of the immediate sequence of events, but those who have been accustomed hitherto to regard the events under one of the aspects above referred to, will often for a time feel at a loss how to connect them with the other.
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  In an early work,1 Kadri Vihvelin argued for a view called "Libertarian Compatibilism," thereby confusing the debate, but perhaps no more than the basic claim of compatibilists that free will is compatible with determinism.

As with most recent compatibilism arguments, at least since Harry Frankfurt's arguments that compatibilism does not require alternative possibilities, Vihvelin is agnostic on whether determinism is true or false. 


Vihvelin describes the "common sense" view which believes that we are agents, importantly different from the rest of nature. This goes against the view of naturalism and determinism.


This common sense view also believes that we have the ability to transcend the forces that have made us what we are, that we are able somehow to "rise above" our desires and the chains of causation that bind the lower creatures. 


Most important, this view assumes that we could have chosen and done otherwise, given the actual past. 


Actually all we require is that our choice was not pre-determined by the actual past. In particular, all we require is that we chose from genuine alternative possibilities with a random element, and that those chance elements are not a direct cause of our decision or action, otherwise we would lack the control needed for moral responsibility.


Vihvelin claims to do justice to this "common sense" view of libertarian free will without departing either from naturalism or determinism. She does this by examining the views counterfactually. 


First, she assumes (correctly) that the past is fixed, i.e., it was whatever it was just before the moments of decision. Second, she assumes that if we did otherwise, the only difference would be our choice, action, and the causal consequences of our action.


She then comes up with two counterfactuals that she says are consistent: 
   
(C) If the past had been suitably different, S would have had different reasons and she would have chosen, tried, and succeeded in doing otherwise.
    (L) If S had tried and succeeded in doing otherwise, the past prior to her choice would or at least might still have been exactly the same.2


 
Now we can examine Vihvelin's counterfactuals and explain them in terms of our two-stage model of free will - first free, then adequately determined will - as follows. 

We must expand the notion of a single instantaneous moment of choice - before which was the "fixed past" and after which comes the choice and the attempted action.


Where Vihvelin has a single moment dividing fixed past from choice, we need at least two moments, the first dividing the fixed past from the generation of alternative possibilities (at least some of which involve genuine randomness) and the evaluation of these alternatives (a process which is adequately determined), and a second moment, where the decision is actually determined by the will's reasons, motives, feelings, etc. 

[image: image-placeholder]

We unpack the concept "free will" into a temporal sequence of "free" alternative possibilities followed by the determination of the "will."


We can now revise Vihvelin's two counterfactuals as follows:
   
(C) If the free generation of alternative possibilities had been suitably different, S would have had different reasons and she would have chosen, tried, and succeeded in doing otherwise.
    (L) If S had tried and succeeded in doing otherwise, the past prior to the generation of alternative possibilities would or at least might still have been exactly the same.) 
   

 
Note that S is free in the libertarian sense that she could have done otherwise, but her choice is adequately determined and thus she can feel responsible for her choices and actions, which are consistent with her character and values and not the direct result of chance, although chance plays a critical indirect role. 

Indeterminist chance involved in generating creativealternative possibilities frees S's choices and actions from being pre-determined by the fixed past.



Vihvehlin strongly criticizes Harry Frankfurt's attempts to deny the existence of alternative possibilities.4

If Frankfurt’s aim was to convince libertarians that even if determinism renders
us unable to do otherwise, it does not undermine responsibility, he has
failed. If his aim was to make it easier to defend compatibilism, he has failed.
And if his aim was to bypass questions about the truth-conditions of ‘can do
otherwise’ claims, he has also failed, for the debate that has arisen in the wake
of his original thought experiment is now mired deep in the very metaphysical
questions he sought to avoid.

… It is my view that this literature is a philosophical dead end. Although I am
a compatibilist, I think that Frankfurt’s strategy for defending compatibilism
is a bad one. If we begin with the commonsense view that someone is morally
responsible only if she could have done otherwise, then Frankfurt stories will
not and should not change our minds. If we are persuaded by Frankfurt, it is
because we have been taken in by a bad argument




In a recent debate, John Martin Fischer replied to Vihvelin's criticisms and defended Frankfurt. 

Fischer's semicompatibilism depends on Frankfurt-style cases that purport to deny the alternative possibilities and the ability to do otherwise needed by libertarian incompatibilists. Fischer says:


My contention has been that, even though the arguments
fall short of being decisive, there are strong plausibility arguments
for the conclusion that the Frankfurt examples show that moral
responsibility does not require alternative possibilities. Further, I have
contended that the elements of the direct arguments for the incompatibility
of causal determination and moral responsibility are considerably
weaker than the ingredients of the arguments for the incompatibility
of causal determinism and genuine metaphysical access to alternative
possibilities (and thus the indirect arguments for the incompatibility of
causal determinism and moral responsibility)5
[T]here is no basic logical fallacy in arguing, as many
of us have, that the set-up of the Frankfurt cases implies that, although
the agent in question acts freely and is morally responsible, he lacks the
relevant sort of access to alternative possibilities.6


Vihvelin's point that Frankfurt has not really eliminated alternative possibilities might be supported by this observation. 


Frankfurt assumes that genuine alternative possibilities do exist. Without them, there is nothing for his counterfactual intervening demon to block. Without alternatives, Frankfurt would have to admit that there is only one "actual sequence" of events leading to one possible future, the old dilemma of determinism and bane of the compatibilists. 


Since Frankfurt's demon, much like Laplace's demon, has no way of knowing the actual information about future events - such as agent's decisions - until that information comes into existence, such demons are not possible and Frankfurt-style thought experiments, entertaining as they are, can not establish the compatibilist version of free will.  


In her reply to Fischer, Vihvelin says:


Frankfurt never pulled off his metaphysical conjuring trick. He left us with a promissory note, which his supporters have been trying to cash ever since. In the paper4 to which Fischer is replying, I argued that the literature dedicated to arguments about Frankfurt stories is a philosophical dead end.


Vihvelin's arguments depend on distinguishing conditional interventions from counterfactual interventions (which Fischer accepts as important), then showing that neither or both can eliminate alternative possibilities (which Fischer rejects).




In other recent work, Vihvelin has formulated novel arguments for libertarian incompatibilism that helps to distinguish it from her coined term "impossibilism," the claim that free will is incoherent, self-contradictory, or impossible for humans. (Impossibilism is also known as hard incompatibilism or illusionism.) 


She says7,


Instead of understanding compatibilism and incompatibilism as propositions that are contradictories, we can understand them as propositions that are contraries. That is, we can understand compatibilism and incompatibilism as claims that can't both be true, but that can both be false. Compatibilism and incompatibilism are both false if a third claim, impossibilism, is true. Impossibilism is the thesis that free will is conceptually or metaphysically impossible for non-godlike creatures like us. 

 
Vihvelin appears to agree with Galen Strawson that a self-caused cause, a causa sui, is not possible for "non-godlike creatures."

On David Lewis and Free Will

In a 2010 post on her blog, Vihvelin presents a careful discussion of Peter van Inwagen's Consequence Argument and David Lewis's reply.
   The only serious argument
for incompatibilism that I know is the Consequence argument due, most famously,
to Peter van Inwagen.(An Essay on Free Will, OUP, 1983.)
The
version I will discuss is due to David Lewis. ("Are We Free to Break the Laws?”, Theoria 47 (1981), 113-121)
He
tells us to think of the argument as a reductio. A compatibilist
is someone who claims that the truth of determinism is compatible with the
existence of the kinds of abilities that we assume we have in typical situations
in which we deliberate and make a choice.Let’s call these ‘ordinary abilities’. The Consequence argument claims
that if we suppose that a deterministic agent has ordinary abilities, we are forced to credit her with incredible abilities as well. 
Here
is Lewis's argument.
Pretend
thatdeterminism is true, and that I did
not raise my hand (at that department meeting, to vote on a proposal) but had
the ordinary ability to do so.If I had
exercised my ordinary ability – if I had raised my hand -- then either the
remote past or the laws of physics would have been different (would have to
have been different). But if that’s so, then I have at least one of two
incredible abilities – the ability to change the remote past or the ability to
change the laws. But to suppose that I have either of these incredible
abilities is absurd.So we must reject
the claim that I had the ordinary ability to raise my hand.
Van
Inwagen doesn't object to Lewis's way of stating his argument.On the contrary, he has said that Lewis's paperis “the finest essay that has ever been
written in defense of compatibilism – possibly the finest essay that has ever
been written about any aspect of the free will problem”. ("How to Think about the Problem of Free
Will”, Journal of Ethics (2008) 12,
337-341).
Van
Inwagen now agrees that the Consequence argument fails as a reductio. 
However,
he claims that it has nevertheless succeeded in"raising the price" of compatibilism. (Freedom to Break the Laws", Midwest Studies in Philosophy, 28 (2004),
Blackwell, 334-350).
I
disagree. I say that the argument neither succeeds as a reductio nor succeeds
in"raising the price" of
compatibilism - that is, the price of commonsenseat a deterministic world.What the argument does achieve -- at least on
Lewis's articulation of it -- is a clear statement of the counterfactuals to
which the compatibilist is committed. The argument is valuable for this
reason.It makes it clear that we need
to understand counterfactuals in order to understand what's at stake in the
free will/determinism debate. But as an argument for incompatibilism, it fails.

Lewis's
criticism of the Consequence Argument was published in 1981.His criticism was impeccable but his timing
was bad.Lewis had published Counterfactuals (his possible worlds
semantics and logic for counterfactuals) only 8 years earlier, in 1973, and
counterfactuals were still poorly understood, and apparently not understood at
all by some of the critics of Lewis's reply who seemed to think that Lewis had
invented "local miracles counterfactuals" for the express purpose of
defending a new and bizarre kind of compatibilism - "Local Miracles
Compatibilism".There was further
confusion due to the fact that Lewis developed his theory of counterfactuals in
two stages: the formal logic came first (in 1973);and it was not until 1979
("Counterfactual Dependence and Time's Arrrow") that Lewis proposed a
detailed similarity ranking for
possible worlds, and showed how to apply this similarity ranking in a way that
gets the right truth-conditions for counterfactuals.It was also well-known, by then, that Lewis
hoped to use counterfactuals to provide a counterfactual analysis of causation.All this was wildly ambitious, and many
people were skeptical that Lewis could pull it all off.But -- and this is my main point -- it was
natural, and understandable, back then,
to think that Lewis's theory of counterfactuals is a "package deal"

which you can accept only if you accept other parts of Lewisian metaphysics. So
many people hesitated, and this may explain why Lewis's critique did not have
the effect it should have had.
But
now that time has passed and the dust has settled, it's clear that this is not
the case.Lewis's theory of
counterfactuals is independent of most of his other views. You can accept his
theory of counterfactuals (including everything he says in response to the
Consequence Argument) without accepting any of the following: Lewis's
controversial brand ofrealism about
possible worlds, his counterfactual analysis of causation, his "Best
System" version of a Humean account of laws, his thesis of Humean
supervenience.
Furthermore,
Lewis's criticism of the Consequence Argument doesn't depend on the truth of his theory of counterfactuals. (His
theory is, I believe, correct, but even if it weren't his criticism would still
stand.)
Lewis's
formulation of the Consequence argument nicely highlights a point that the
better known modal version of the argument glosses over.The argument relies on a claim about counterfactuals. The argument says that
if determinism is true, then at least one of these counterfactuals is true:
Different
Past:If I had raised my hand, the remote past
would have been different (would have to have been different).
Different
Laws: If
I had raised my hand, the laws would have been different (would have to have
been different).
Now
I agree that both these counterfactuals strike many people as incredible.But there is a reason for that --we are not used to thinking in terms of
determinism and we are not accustomed to counterfactual speculation about what would have to have been the case if
anything at a deterministic world had happened in any way other than the way it
actually happened.
On
the other hand, we are good at evaluating counterfactuals, or at least some
counterfactuals, and we are especially good at evaluating those counterfactuals
that we entertain in contexts of choice, when we ask questions about the causal
upshots of our contemplated actions.(What would happen if... I struck this match, put my finger in the fire,
threw this rock at that window, raised my hand?)And when we contemplate our options, we take for granted the existence of many
facts - including facts about the laws and the past.
In
other words, when we evaluatecounterfactuals in real life, we do so by considering imaginary
situations which are very like the situation we are actually in, and we do not
suppose that there are any gratuitous departures from actuality.And to suppose a difference in the past or
the laws is a gratuitous difference -- if determinism is false.
So
it is no surprise that when our attention is directed toDifferent
Past and Different Laws, these
counterfactuals strike us as incredible, or at least odd. But that doesn’t mean thatthey arefalse, and if determinism is true, theneither Different Past or Different Laws is true. 
So
the first point is that we all need a theory of counterfactuals, and if
determinism is true, the true counterfactuals will include either Different Past or Different Laws.
The
second point is that the details of
the correct compatibilist solution to the free will/determinism problem will
turn on the details of the correct theory of counterfactuals.
If
David Lewis's theory of counterfactuals is correct,or even more or less correct, then the
relevant counterfactuals about the past and laws, at a deterministic world,
are:
1. Same
Past:If I had raised my hand, the past would still
have been exactly the same until shortly before the time of my decision.
2.
Slightly Different Laws:If I had raised
my hand, the laws would have been ever so slightly different in a way that
permitted the occurrence of a lawful divergence from actual history shortly
before the time of my decision.
On
the other hand, if Lewis's theory is wrong, and counterfactuals are always
evaluated by holding the laws constant, then the relevant counterfactuals, at a
deterministic world, are:
1. Same
Laws:If I had raised my hand, the laws would still
have been exactly the same.
2.Completely Different Past:If I had raised my hand, the past would have
been different all the way back to the Big Bang.
We've
got to choose. We need a theory of counterfactuals that applies at deterministic
worlds, and our choice is limited to a theory that accepts Slightly Different Laws or Completely
Different Past.Which theory we
choose has nothing to do with the free will/determinism problem and everything
with how we evaluate counterfactuals (in standard contexts).
Having
sorted this out, I will now explain Lewis's critique of the Consequence
Argument in a way that doesn't require you to accept the truth of Lewis's
theory of counterfactuals:
Lewis's
response to the Consequence Argument goes as follows: The argument trades on an
equivocation between two counterfactuals.
(C1) If I had raised my hand, the laws (or the
past) would have been different.
(C2)If I had raised my hand, my decision or
action would have caused the laws (or
the past) to be different
There
is a corresponding equivocation between two ability claims:
(A1)I have the ability to do something such that
if I did it, the laws (or the past) would have been different.
(A2)I have the
ability to do something such that if I did it, my decision or action would have
caused the laws (or the past) to be
different.
The
problem with the argument, says Lewis, is that it equivocates between these two
ability claims. To count as a reductio against the compatibilist, the argument
must establish that the compatibilist is committedto A2.
But the compatibilist is committed only to C1

and thus only to A1. The
compatibilist is committed only to saying that if determinism is true, we have
abilities which we would exercise only if
the past (and/or the laws) had been different in the appropriate ways.And while this may sound odd, it is no more
incredible than the claim that the successful exercise of our abilities
depends, not only on us, but also on the co-operation of factors outside our
control.Since we are neither
superheroes nor gods, we are always in this position, regardless of the truth
or falsity of determinism.
To
sum up:The Consequence Argument was
supposed to show that if we attribute ordinary abilities to deterministic
agents, we are forced to credit them with incredible past or law-changing
abilities as well.But no such
incredible conclusion follows.All that
follows is something that we must accept anyway, as the price of our non-godlike
nature: that the exercise of our abilities depends partly on circumstances
outside our control.
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  Manuel Vargas is the exponent of a new methodology for free will and moral responsibility called revisionism.

Vargas contributed a chapter on revisionism to the book Four Views on Free Will (Blackwell, 2007) with John Martin Fischer presenting his semicompatibilism, Derk Pereboom, arguing for hard incompatibilism, and Robert Kane defending libertarianism. 


In the introduction to Four Views on Free Will, revisionism is described.
   

The core idea of revisionism is that the picture of free will and moral responsibility embedded in commonsense is in need of revision, but not abandonment. That is, the revisionist holds that the correct account of free will and moral responsibility will depart from commonsense. As is the case with libertarianism, hard incompatibilism, and compatibilism, this view can take a variety of more specific forms. (p.4)
   


  Vargas describes his project as a critical look at the commonsense idea about "free will."
   
   We tend to think of ourselves as having a powerful kind of agency, of the sort described by various libertarian accounts. That is, we see ourselves as having genuine, robust alternative possibilities available to us at various moments of decision. We may even see ourselves as agent-causes, a special kind of cause distinct from the non-agential parts of the causal order. Moreover, we tend to think of this picture of our own agency as underwriting many important aspects of human life, including moral responsibility. How we think about a range of social issues (crime and punishment, addiction, and even issues such as homelessness), and the social policies we construct around them, in part depend on the presumption of this picture of agency. The problem is that our self-conception is implausible and largely unnecessary. It requires a metaphysics of agency that we have no independent reason to believe in and it mistakenly holds that we cannot attain a range of important human and moral aspects of our life in its absence. What I will argue is that we can get by with a stripped-down conception of agency that avoids many of the problems that plague our libertarian self-conception. It does, however, require some revision in how we think about ourselves and how we understand the foundations of various moral practices.

Importantly, revisionism does not, by itself, require that we jettison talk of moral responsibility, praise, and blame. Revisionism does not commit us to dismissing the pull of incompatibilist construals of our self-conception. Revisionism does not require that we deny that there is something right about compatibilist and libertarian claims that we are free and responsible. What revisionism does require is that we regard our intuitive, commonsense self-conception with a critical eye, giving up those parts that are least plausible or otherwise worth abandoning.(p.127)
   



  As does John Martin Fischer, and following a trend started forty years ago by Peter Strawson, Vargas identifies the free will problem as primarily a question about moral responsibility. 
   
   It is not clear that there is any single thing that people have had in mind by the term "free will." Perhaps the dominant characterization in the history of philosophy is that it is something like the freedom condition on moral responsibility. Roughly, the idea is that to be morally responsible for something, You had to have some amount of freedom, at some suitable time prior to the action or outcome for which you are responsible. That sense of freedom – whatever it amounts to – is what we mean to get at by the phrase "free will." (p.128)

I am somewhat more optimistic than Robert Kane is about the results of the arguments favoring incompatibilists... What makes these arguments powerful is not so much that they rule out the possibility of compatibilism but rather that they show how easily incompatibilism seems to capture ordinary ways of thinking about our own agency. (p.132)


I believe that the traditional philosophical arguments generally favor an incompatibilist and alternative possibilities reading of our commonsense requirements for free will and moral responsibility. However, I think that there is a potentially more powerful way to show that commonsense thinking – what psychologists and others sometimes call "folk" thinking – is incompatibilist. We can examine experimental data. (For what it is worth, the label "folk" isn't supposed to be derogatory – it just refers to what we might think of as "ordinary folks.") I see no reason to think that philosophers are uniquely or even especially well equipped to determine the contents of commonsense beliefs. (p.136)
   



   Vargas cites recent work in experimental philosophy by Nichols and Knobe confirming the commonsense view that we have free will.
   
  A number of psychologists and empirically oriented philosophers have been doing experimental work relevant to these issues. One especially interesting set of results come from the work of Shaun Nichols and Joshua Knobe. In one experiment, they gave their subjects descriptions of two different universes, one in which everything is completely caused by whatever happened before it, and the other a universe in which almost everything is determined by whatever happened before except human decision making. Then, they asked their subjects to identify which universe is more like ours. Roughly 95 percent of respondents describe the second universe (the one in which human decision making was indeterministic) as the one most like ours. This result seems to strongly favor the view that our ordinary self-conception of human agency is incompatibilist (specifically, libertarian). It is difficult to imagine why we would suppose human decision making is exempt from determinism if it were not linked to our having free will. 

What the experimental data appear to show is that we really do imagine ourselves to be agents with genuine, metaphysically robust alternative possibilities, and we really do, at least in moments of cool, abstract consideration, tend to favor an alternative possibilities requirement on moral responsibility. So, the experimental data seem to be something of a victory for incompatibilist diagnoses of commonsense. (p.137)
   



  Vargas then argues that the diagnosis (the description) of the commonsense view needs another look at what we would prescribe (in a normative sense) as a philosophical account.
   
   I have been arguing that there is good reason to think that an accurate diagnosis of commonsense will acknowledge the presence of incompatibilist elements in our thinking (minimally, metaphysically robust alternative possibilities). And, for some of the reasons I have presented, I doubt that we can make good on those elements. So, in broad terms, the revisionist proposal I am offering is a hybrid account: incompatibilism about the diagnosis and compatibilism about the prescription. Alternately, we might say the account is incompatibilist about the folk concept of free will and compatibilist about what philosophical account we ought to have of free will.
   


  Vargas homes in on the reason that current event-causal libertarian accounts of free will are implausible. They are vague and confused about exactly how, where, and when indeterminism will occur in the brain to help with decision making.
   
   Here's why I think libertarianism is comparatively implausible: libertarianism requires that indeterminism be present in our agency in a very particular way, at very particular times, in the process leading up to or in the decision about what to do. Just how the indeterminism operates varies by the particular theory, but all libertarian theories are committed to indeterminism showing up in the world at particular times and places. (I am largely ignoring the possibility of an uncaused event but the point applies to libertarian theories that appeal to uncaused events.)

I am inclined to think that there are serious plausibility worries raised by any worked-out account of libertarianism, but for present purposes I am going to focus on [Robert] Kane's deservedly influential account of libertarianism to illustrate some of the specific worries about plausibility that can be raised against a libertarian account.


On Kane's account, paradigmatic instances of free will, what he Calls SFAs, or "self-forming actions," are results of a particular kind of indeterministic brain process. The idea is that in moments of conflict or uncertainty, when there are multiple but mutually exclusive aims we would like to attain, this stirs up a chaotic system in the brain that becomes sensitive to lower-level indeterminacies in the brain. (As Kane himself notes, chaotic systems are usually understood to be deterministic.) These low-level indeterminacies (presumably at the quantum level) influence an agent's decision by affecting the sensitive chaotic system generated by the agent's desiring mutually exclusive aims. The result is a SFA, or an instance of free will.


In connection with the prior criticisms about comparative empirical plausibility, it is worth briefly considering just how demanding the theory's commitments are: not only do agent mental processes have to turn out to be indeterministic, but they must also be indeterministic in a very particular way. If multiple mutually exclusive aims did not cause the brain to go into a chaotic state the theory would be disproved. If it tuned out that neurological systems weren't sensitive to quantum indeterminacies the theory would be disproved. If it turned out that neurological systems were sensitive to quantum indeterminacies, but not sufficiently sensitive to amplify quantum indeterminacies in a way that affects the outcome of choice, this too would disprove the theory. These are not marginal or insubstantial bets about what brain science will reveal to us. (p.141-143)
   



  Vargas then asks the provocative question " What Does the Indeterminism Do, Anyway?"
     
  Our question is this: what, precisely, is the work of the indeterminism? Is indeterminism required for control or is it required to elevate an agent that already has control into a free agent?

Suppose that the work of the indeterminism is to bestow control. Consider, however, the nature of an agent's first moment of free will. Inevitably, that moment will not derive from prior free aspects of character, inclination, standing policies, and so on. It is, after all, the first free act. What then makes it count as free, as the kind of thing that could underwrite attributions of responsibility? Presumably, the causal forces that lead to that first willing will be constituted by a web of events, inclinations, character traits, decisions, and so on over which the agent had no control. Out of these things a first free act is generated.
   

 
Vargas is correct that Kane's view of libertarianism adds some indeterminism to that first willing. And even Kane is worried that his view might be a hindrance to control.
     
So, if we do acknowledge that control can be attained out of elements that are not themselves controlled in their acquisition or content (as Kane acknowledges in chapter 1), it seems to me that we begin to sap some of the motivation for libertarianism as a prescriptive view. Here's why: it is hard to see what indeterminism adds to control, given that the options indeterministically available to the agent were all products of things beyond the control of the agent. In that first instance of free will, and in every instance that follows, what control the agent has is a function of what options the world bestowed on that agent (through experience, heredity, socialization, circumstantial luck, and so on). Any control the agent has must be built up out of those constraints. Given that even the indeterministic options are thus constrained, and the elements that gave rise to those options (experience, heredity, socialization, the circumstances one finds oneself in) were not in control of the agent, what does the indeterminism give the agent in the way of control? Why doesn't the indeterminism simply open up multiple paths to an agent, where the constitution and sources of those paths were not something over which the agent had control?
   
 
This is actually very good. Indeterminism can help generate alternative possibilities for action, random combinations of past actions by the agent for example. Even small changes could lead to  creative new thoughts. As long as the willing itself is adequately determined, and the randomly generated possibilities themselves are not the direct cause of action.

  
  Now consider the alternative, where indeterminism doesn't bestow control but rather adds freedom to an agent that already has control. (Recall that on the view Kane defends in chapter 1, indeterminism is actually a hindrance to control.) On such a picture, how could we make sense of control? Presumably, an agent could be said to have control by possessing some complex arrangement of agency, given a particular environment or range of environments. For example, control in an environment presumably relies on capacities to be sensitive or responsive to stimuli in the environment, the capacity to make decisions, the ability to reliably predict what effects one's actions will have on the environment and vice-versa. And, plausibly, none of these things requires indeterminism. (Indeed, this would seem plausible even if we weren't assuming that control does not require indeterminism). Indeterminism, then, is something superadded to control, something that transforms an already controlled agent into an agent with free will. This seems to preserve an important theoretical burden for indeterminism: it is the difference-maker between free and unfree action.

However, consider an agent that had all of the requisite capacities for control but lacked the indeterminism. Call him Max. The libertarian would insist that Max would not satisfy the freedom condition on moral responsibility. But what exactly would the freedom given by indeterminism provide for Max? It would not provide an additional measure of control — this possibility was ruled out above. Indeed, we might imagine that Max has all the control that anyone can have. If so, it is exceedingly difficult to see what indeterminism adds to maximal control. We might even put things this way: Max has all the control required for moral responsibility. Like anyone reading this book, Max deliberates about what to do, decides some things are better and some worse, and decides to do some things rather than others. The only thing he is lacking is indeterminism. Were he to suddenly be bestowed with it (in whatever way the libertarian likes), this wouldn't change the way his deliberations appear to him. He would still be deciding between options. He would still (let us say) have just as much control as he had previously. And the mental elements out of which his control was constituted and out of which the indeterministic possibilities would be shaped would not suddenly become under his control if they were not already. So, whatever freedom it bestows on Max it is nothing that changes the way his deliberations will appear to him and it does nothing to change the control that he actually has. The work indeterminism does begins to seem ephemeral.
  


Vargas' conclusion is pessimistic about adding any indeterminism to an agent with control. As with Fischer perhaps, Vargas does not give much importance to alternative possibilities that are indeterministic. They are not in the agent's control. 

But that is the idea of the "free" part of "free will." The alternative possibilities are "free." The "will" is adequately determined to exercise control over a decision consistent with character and value, and then has control to act on that decision with determination.  

 
Free Will and Moral Responsibility

Manuel Vargas follows John Martin Fischer in connecting free will strongly to moral responsibility.
 
Vargas says:


It is not clear that there is any single thing that people have had in mind by the term "free will." Perhaps the dominant characterization in the history of philosophy is that it is something like the freedom condition on moral responsibility. Roughly, the idea is that to be morally responsible for something, you had to have some amount of freedom, at some suitable time prior to the action or outcome for which you are responsible. That sense of freedom — whatever it amounts to — is what we mean to get at by the phrase "free will." However, there may be things for which free will might be important or other senses of free will that are independent of concerns about moral responsibility. For example, philosophers have worried whether free will is required for some human achievements to have a special worth or value, or for there to be values and valuing in any robust sense. Although I think much of what I will say can be applied to other aspects of thinking about it, I will primarily concerned with free will in its connection to moral responsibility, the sense in which people are appropriately praised or blamed. (Four Views on Free Will, p.128-9) 


Vargas then puzzles about children become free agents. At what age does the indeterminism appear that is needed for libertarian free will? [Note. This question goes back at least to Anthony Collins.]


Consider the question of how we go from being unfree agents to free agents. This is a puzzle faced by all accounts of responsibility, but there is something pressing about it in the case of libertarianism. As children we either had the indeterministic structures favored by your favorite version of libertarianism or we lacked them. If we lacked them as children, we might wonder how we came to get those structures. We might also wonder what the evidence is for thinking that we do develop said structures. Suppose the libertarian offers us an answer to these questions, and the other empirical challenges I raised in the prior section. We would still face another puzzle. What, exactly, does the indeterminism add? What follows in this section is not so much a metaphysical concern as it is a normative concern. It is a concern about what work the indeterminism does in libertarianism, apart from providing a way to preserve our default self-image as deliberators with genuine, metaphysically robust alternative possibilities. (p.148)


Children have free will from birth. It is part of their biological makeup. It is the moral responsibility that they "come to get" at some age. 





    Philosophers
    

Mortimer Adler
Rogers Albritton
G.E.M.Anscombe
Anselm
Thomas Aquinas
Aristotle
Augustine
J.L.Austin
A.J.Ayer
Alexander Bain
Mark Balaguer
William Belsham
Henri Bergson
Isaiah Berlin
Bernard Berofsky
Susanne Bobzien
George Boole
Émile Boutroux
F.H.Bradley
C.D.Broad
C.A.Campbell
Joseph Keim Campbell
Carneades
Ernst Cassirer
David Chalmers
Roderick Chisholm
Chrysippus
Cicero
Randolph Clarke
Samuel Clarke
Anthony Collins
Diodorus Cronus
Donald Davidson
Mario De Caro
Democritus
Daniel Dennett
René Descartes
Richard Double
Emil du Bois-Reymond
Fred Dretske
John Earman
Laura Waddell Ekstrom
Epictetus
Epicurus
John Martin Fischer
Owen Flanagan
Luciano Floridi
Philippa Foot
Alfred Fouillée
Harry Frankfurt
Richard L. Franklin
Michael Frede
Carl Ginet
H.Paul Grice
Nicholas St. John Green
Ian Hacking
Ishtiyaque Haji
Stuart Hampshire
W.F.R.Hardie
R.M.Hare
Georg W.F. Hegel
Martin Heidegger
R.E.Hobart
Thomas Hobbes
David Hodgson
Shadsworth Hodgson
Ted Honderich
Pamela Huby
David Hume
William James
Lord Kames
Robert Kane
Immanuel Kant
Tomis Kapitan
Jaegwon Kim
William King
Christine Korsgaard
Keith Lehrer
Gottfried Leibniz
Leucippus
Michael Levin
C.I.Lewis
David Lewis
Peter Lipton
John Locke
Michael Lockwood
John R. Lucas
Lucretius
James Martineau
Storrs McCall
Hugh McCann
Colin McGinn
Michael McKenna
Paul E. Meehl
Alfred Mele
John Stuart Mill
Dickinson Miller
G.E.Moore
Thomas Nagel
Friedrich Nietzsche
P.H.Nowell-Smith
Robert Nozick
William of Ockham
Timothy O'Connor
David F. Pears
Charles Sanders Peirce
Derk Pereboom
Steven Pinker
Karl Popper
H.A.Prichard
Hilary Putnam
Willard van Orman Quine
Frank Ramsey
Ayn Rand
Thomas Reid
Charles Renouvier
Nicholas Rescher
C.W.Rietdijk
Josiah Royce
Bertrand Russell
Paul Russell
Gilbert Ryle
T.M.Scanlon
Moritz Schlick
Arthur Schopenhauer
John Searle
Henry Sidgwick
Walter Sinnott-Armstrong
J.J.C.Smart
Saul Smilansky
Michael Smith
L. Susan Stebbing
George F. Stout
Galen Strawson
Peter Strawson
Eleonore Stump
Richard Taylor
Kevin Timpe
Peter van Inwagen
Manuel Vargas
John Venn
Kadri Vihvelin
Voltaire
G.H. von Wright
David Foster Wallace
R. Jay Wallace
W.G.Ward
Ted Warfield
Roy Weatherford
William Whewell
Alfred North Whitehead
David Widerker
David Wiggins
Bernard Williams
Ludwig Wittgenstein
Susan Wolf

Scientists

For Teachers
Noesis
Stanford Encyclopedia of Philosophy


For Scholars






Source: https://www.informationphilosopher.com/solutions/philosophers/vargas/





  
  Voltaire
  

  


  
  Home › Solutions › Philosophers › Voltaire
Voltaire


   Voltaire was the pen name of François-Marie Arouet. In his Enlightenment masterpiece Dictionnaire Philosophique, his entry on Franc arbitre was largely his reading of John Locke, especially the section On Power from Locke's Essay on Human Understanding.

Voltaire reads Locke as saying our actions are completely caused and freedom is merely freedom of action. He concludes that man is a machine governed by eternal laws. If not, we would be subject to pure caprice. This combination is the standard argument against free will.



Free Will, from the Philosophical Dictionary


From the commencement of the time in which men began to reason, philosophers have agitated this question, which theologians have rendered unintelligible by their absurd subtleties upon grace. 

Locke is perhaps the first, who, without having the arrogance of announcing a general principle, has examined human nature by analysis. It has been disputed for three thousand years, whether the will is free or not; Locke shows, that the question is absurd, and that liberty cannot belong to the will any more than colour and motion.

What is meant by the expression to be free? It signifies power, or rather it has no sense at all. To say that the will can, is in itself as ridiculous as if we said that it is yellow, or blue, round or square. Will is will, and liberty is power. Let us gradually examine the chain of what passes within us, without confusing our minds with any scholastic terms, or antecedent principle.


It is proposed to you to ride on horseback, it is absolutely necessary for you to make a choice, for it is very clear that you must either
go or not; there is no medium, you must absolutely do the one or the other. So far it is demonstrated that the will is not free. You will get on horseback? why? Because I will to do so, an ignoramus will say. This reply is an absurdity, nothing can be done without reason or cause. Your will then is caused by what? the agreeable idea which is presented to your brain; the predominant, or determinate idea; but, you will say, cannot I resist an idea which predominates over me? No, for what would be the cause of your resistance? an idea by which your will is swayed still more despotically.


You receive your ideas, and, therefore, receive your will. You will then necessarily; consequently, the word liberty belongs not to will in any sense.



Today we know how the world was formed. The cosmic creation process is involved in creating our ideas and our free will


You ask me, how thought and will are formed within you? I answer, that I know nothing about it. I no more know how ideas are created, than I know how the world was formed. We are only allowed to grope
in the dark in reference to all that inspires our incomprehensible machine.

Will, then, is not a faculty which can be called free. A free-will is a word absolutely void of sense; and that which scholars have called indifference, that is to say, will without cause, is a chimera, unworthy to be combatted.
In what then consists liberty? In the power of doing what we will? I would go into my cabinet, the door is open, I am free to enter. But say you, if the door is shut and I remain where I am, I remain freely? Let us explain ourselves; — you then exercise the power that you possess of remaining, you possess this power, but not the power of going out.


Liberty, then, on which so many volumes have been written, reduced to its proper sense, is only the power of acting.


In what sense must the expression "this man is free" be spoken? In the same sense in which we use the words health, strength, and happiness. Man is not always strong, healthy, or happy. A great passion, a great obstacle, may deprive him of his liberty, or power of action.


The words liberty and free-will are, then, abstractions, general terms, like beauty, goodness, justice. These terms do not signify that all men are always handsome, good, and just, neither are they always free.


Further, liberty being only the power of acting, — what is this power? It is the effect of the constitution, and the actual state of our organs. Leibnitz would solve a problem of geometry, but falls into an apoplexy: he certainly has not the liberty to solve his problem. A vigorous young man, passionately in love, who holds his willing mistress in his arms, is he free to subdue his passion? doubtless not. He has the power of enjoying, and has not the power to abstain. Locke is then very right in calling liberty, power. When can this young man abstain, notwithstanding the violence of his passion? when a stronger idea shall determine the springs of his soul and body to the contrary. 


But how? have other animals the same liberty, the same power? Why not? They have sense, memory, sentiment, and perceptions like ourselves; they act spontaneously as we do. They must also, like us, have the power of acting by virtue of their perception, and of the play of their organs.


We exclaim, — if it be thus, all things are machines merely; everything in the universe is subjected to eternal laws. Well, would you have everything rendered subject to a million of blind caprices? Either all is the consequence of the nature of things, or, all is the effect of the eternal order of an absolute master; in both cases we are only wheels to the machine of the world.  




For Locke, the will is not free, but the man is free


Franc Arbitre, de la Dictionnaire Philosophique

Depuis que les hommes raisonnent, les philosophes ont
embrouillé cette matière: mais les théologiens l’ont
rendue inintelligible par leurs absurdes subtilités sur la grâce.
Locke est peut-être le premier homme qui ait eu un fil dans ce labyrinthe,
car il est le premier qui, sans avoir l’arrogance de croire partir d’un
principe général, ait examiné la nature humaine par
analyse. On dispute depuis trois mille ans si la volonté est libre
ou non; Locke fait voir d’abord que la question
est absurde, et que la liberté ne peut pas plus appartenir à
la volonté que la couleur et le mouvement.

Que veut dire ce mot être libre? il veut
dire pouvoir,
ou bien il n’a point de sens. Or, que la volonté
puisse,
cela est aussi ridicule au fond que si on disait qu’elle
est jaune ou bleue, ronde ou carrée. La volonté est le vouloir,
et la liberté est le pouvoir. Voyons pied à pied la chaîne
de ce qui se passe en nous, sans nous offusquer l’esprit d’aucun terme
de l’école ni d’aucun principe antécédent.

On vous propose de monter à cheval, il faut absolument
que vous fassiez un choix, car il est bien clair que vous irez ou que vous
n’irez pas. Il n’y a point de milieu. Il est donc de nécessité
absolue que vous vouliez le oui ou le non. Jusque-là il est démontré
que la volonté n’est pas libre. Vous voulez monter à cheval;
pourquoi? « C’est, dira un ignorant, parce que je le veux. »
Cette réponse est un idiotisme; rien ne se fait ni ne se peut faire
sans raison, sans cause: votre vouloir en a donc une. Quelle est-elle?
l’idée agréable de monter à cheval qui se présente
dans votre cerveau, l’idée dominante, ridée déterminante.
« Mais, direz-vous, ne puis-je résister à une idée
qui me domine? » Non; car quelle serait la cause de votre résistance?
aucune. Vous ne pouvez obéir par votre volonté qu’à
une idée qui vous dominera davantage.

Or, vous recevez toutes vos idées; vous recevez
donc votre vouloir, vous voulez donc nécessairement: le mot de liberté

n’appartient donc en aucune manière à la volonté.

Vous me demandez comment le penser et le vouloir se forment
en vous. Je vous réponds que je n’en sais rien. Je ne sais pas plus
comment on fait des idées, que je ne sais comment le monde a été
fait. Il ne nous est donné que de chercher à tâtons
ce qui se passe dans notre incompréhensible machine.

La volonté n’est donc point une faculté
qu’on puisse appeler libre. Une volonté est un mot absolument vide
de sens; et ce que les scolastiques ont appelé volonté d’indifférence,
c’est-à-dire de vouloir sans cause, est une chimère qui ne
mérite pas d’être combattue.

Où sera donc la liberté? dans la puissance
de faire ce qu’on veut. Je veux sortir de mon cabinet, la porte est ouverte,
je suis libre d’en sortir.

« Mais, dites-vous, si la porte est fermée,
et que je veuille rester chez moi, j’y demeure librement. » Expliquons-nous.
Vous exercez alors le pouvoir que vous avez de demeurer; vous avez cette
puissance, mais vous n’avez pas celle de sortir.

La liberté, sur laquelle on a écrit tant
de volumes, n’est donc, réduite à ses justes termes, que
la puissance d’agir.

Dans quel sens faut-il donc prononcer ce mot: L’homme
est libre?
dans le même sens qu’on prononce les mots de santé,
de force, de bonheur. L’homme n’est pas toujours fort, toujours sain, toujours
heureux.


Une grande passion, un grand obstacle, lui ôtent
sa liberté, sa puissance d’agir.

Le mot de liberté, de franc arbitre,
est donc un mot abstrait, un mot général, comme beauté,
bonté, justice. Ces termes ne disent pas que tous les hommes soient
toujours beaux, bons, et justes; aussi ne sont-ils pas toujours libres.

Allons plus loin: cette liberté n’étant
que la puissance d’agir, quelle est cette puissance? Elle est l’effet de
la constitution et de l’état actuel de nos organes. Leibnitz veut
résoudre un problème de géométrie, il tombe
en apoplexie, il n’a certainement pas la liberté de résoudre
son problème. Un jeune homme vigoureux, amoureux éperdument,
qui tient sa maîtresse facile entre ses bras, est-il libre de dompter
sa passion? non sans doute: il a la puissance de jouir, et n’a pas la puissance
de s’abstenir. Locke a donc eu très grande raison d’appeler la liberté
puissance.
Quand est-ce que ce jeune homme pourra s’abstenir malgré
la violence de sa passion? quand une idée plus forte déterminera
en sens contraire les ressorts de son âme et de son corps.

Mais quoi! les autres animaux auront donc la même
liberté, la même puissance? Pourquoi non? Ils ont des sens,
de la mémoire, du sentiment, des perceptions, comme nous; ils agissent
avec spontanéité comme nous: il faut bien qu’ils aient aussi,
comme nous, la puissance d’agir en vertu de leurs perceptions, en vertu
du jeu de leurs organes.

On crie: « S’il est ainsi, tout n’est que machine,
tout est dans l’univers assujetti à des lois éternelles.
Eh bien! voudriez-vous que tout se fît au gré d’un million
de caprices aveugles? Ou tout est la suite de la nécessité
de la nature des choses, ou tout est l’effet de l’ordre éternel
d’un maître absolu: dans l’un et dans l’autre cas nous ne sommes
que des roues de la machine du monde.

C’est un vain jeu d’esprit, c’est un lieu commun de dire
que, sans la liberté prétendue de la volonté, les
peines et les récompenses sont inutiles. Raisonnez, et vous conclurez
tout le contraire.


Si, quand on exécute un brigand, son complice qui
le voit expirer a la liberté de ne se point effrayer du supplice;
si sa volonté se détermine d’elle-même, il ira du pied
de l’échafaud assassiner sur le grand chemin: si ses organes frappés
d’horreur lui font éprouver une terreur insurmontable, il ne volera
plus. Le supplice de son compagnon ne lui devient utile et n’assure la
société qu’autant que sa volonté n’est pas libre.

La liberté n’est donc et ne peut être autre
chose que la puissance de faire ce qu’on veut. Voilà ce que la philosophie
nous apprend. Mais si on considère la liberté dans le sens
théologique, c’est une matière si sublime que des regards
profanes n’osent pas s’élever jusqu’à elle.
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Alfred North Whitehead was an English mathematician (best known among scientists for his work with his student Bertrand Russell on the Principia Mathematica). But in philosophy and theology, Whitehead is best  known as a philosopher whose later work at Harvard included his Process Philosophy and the subsequent development of a Process Theology. 

At Harvard, Whitehead supervised Willard van Orman Quine's Ph.D. thesis on the Russell and Whitehead Principia Mathematica. Russell and Quine would become giants in the twentieth-century fields of logical positivism and logical empiricism. Although logical positivism and later analytic language philosophy overwhelmed Whiteheadian "process" thinking in philosophy departments, Whitehead's "process theology" has grown strong in divinity schools around the world. And "Whiteheadian" physicists. impressed by Whitehead's analysis of events in space and time in special relativity as organic "occasions."  are prominent in debates about the role of quantum mechanics in consciousness and panpsychism.


Whitehead in a Nutshell

Before he came to Harvard, Whitehead wrote three important books while at Trinity College, Cambridge, that put forth his speculative theories on space, time, matter, and energy - An Enquiry Concerning the Principles of Natural Knowledge (PNK , 1919), The Concept of Nature (CN, 1920), and Principle of Relativity (PoR, 1922),


in PNK Whitehead calls the instantaneous and infinitesimal points of special relativity "event-particles." (p.33) He then says that the events of his theory will include large numbers of "event-particles" because his events are extended in both space and time, an idea he calls "extensive abstraction."(p.101) It is only these finite volumes of space and durations in time that can be perceived or apprehended by an observer.  Whitehead is correct that perceivable happenings always involve relatively large numbers of material particles interacting over a period of time, especially biological events.              


In CN Whitehead argues against what he calls the "bifurcation of nature" (p.24) that divides the world into the appearance of sense-data (the empiricist's secondary qualities) and the "reality" of the molecules and light energy that are the causes (or primary qualities). For Whitehead there is only one nature. He also argues against the notion of absolute space and time, claiming that the important information is the matter in space and the relative positions of bits of matter. 


In PoR Whitehead develops a principle of relativity that differs in significant and erroneous ways from the special and general theories of Einstein's relativity, oddly claiming, for example, that "the ether is an observed character of things observed." (p.5)  He developed explanations for shifts in spectroscopic line wavelengths (p.70) and for the splitting of lines that turn out not to have been correct.


Whitehead's "philosophy of organism" analyzes the perception of experience as a continuing series of discrete "events" that are created and destroyed. He goes beyond the simple materialist view of elementary particles interacting in space and time, merely following the laws of classical and quantum mechanics. Beyond the atomic particles and the electromagnetic and gravitational fields, and beyond the conservation laws for energy and momentum, Whitehead sees an "organic" evolutionary process of creation and valuation.


We need to understand what it is exactly that Whitehead thinks is being created and why it can serve as a basis for values. We will argue that Whitehead's process is "organic" because it explains evolution, not merely biological evolution but the cosmic evolution of the galaxies, stars, and planets as well as the creation of all matter from the primordial elementary particles.


In addition to his deep understanding of mathematics, Whitehead may have understood the development of modern physics  better than any living philosopher in his day. He saw the greatest invention of the nineteenth century as the invention of the method of invention, namely the scientific method and newly created scientific information, but even more deeply, the means by which novel ideas of all kinds are created.


Whitehead identified four great novel ideas as the new nineteenth-century foundations of physical science, fields, particles, conservation principles, and evolution.
 

One of the ideas is that of a field of physical activity pervading all space, even where there is an apparent vacuum. This notion had occurred to many people, under many forms. We remember the medieval axiom, nature abhors a vacuum...

Thus in the seventies of the last century, some main physical sciences were established on a basis which presupposed the idea of continuity. 



The great question for Whitehead as a mathematician - "Is nature continuous or discrete, fields or particles, infinities or a finite number of objects?"


On the other hand, the idea of atomicity had been introduced by John Dalton, to complete Lavoisier’s work on the foundation of chemistry. This is the second great notion. Ordinary matter was conceived as atomic: electromagnetic effects were conceived as arising from a continuous field...The notion of matter as atomic has a long history. Democritus and Lucretius will at once occur to your minds. In speaking of these ideas as novel, I merely mean relatively novel,..In the eighteenth century every well-educated man read Lucretius, and entertained ideas about atoms. But John Dalton made them efficient in the stream of science; and in this function of efficiency atomicity was a new idea.

The influence of atomicity was not limited to chemistry. The living cell is to biology what the electron and the proton are to physics.


The remaining pair of new ideas to be ascribed to this epoch are both of them connected with the notion of transition or change. They are the doctrine of the conservation of energy, and the doctrine of evolution.


The doctrine of energy has to do with the notion of quantitative permanence underlying change. The doctrine of evolution has to do
with the emergence of novel organisms as the outcome of chance. The theory of energy lies in the province of physics. The theory of evolution lies mainly in the province of biology, although it had previously been touched upon by Kant and Laplace in connection with the formation of suns and planets.
 



Although he starts with the latest science, Whitehead also builds on the ancient problem of the One and the Many, distinctions between the Parmenidean One/Being and the Heraclitean/Democritean flux/many/becoming. He describes the thinking of the mind as a succession of transitions in which many entities become a new unity, a one, after which the new unity/entity becomes part of a new many, etc., etc. He describes  this as an organic process.  


By starting with the many, Whitehead reads the Platonic divided line from right to left.

    
	 Theories (noesis)   Hypotheses (dianoia) 	Techniques (pistis)   Stories (eikasia) 


Whitehead's preference for organism over mechanism 

	
emphasizes the importance of time (Hegel, Bergson)
	
restores immaterial mind/purpose/telos (Berkeley, Alexander, Lloyd Morgan), and 

	
recognizes creativity as a process that cannot be understood in deterministic/mechanistic terms.



Whether the mind works as a succession of many-to-one-to-many transitions should be left to modern psychology and neuroscience, but information philosophy has clarified the way in which the mind records and reproduces its experiences, as well as the cosmic creative process behind every new information structure in the universe and any new idea in a mind.


Whitehead's process thinking is influential with some quantum physicists who see quantum waves as possibilities collapsing to become particle actualities. Some so-called Quantum Whiteheadians are panpsychists, who see mind as in all things. Others are panentheists who see everything as a part of God or God in everything.


The Sources of Whitehead's Ideas


Whitehead was an extraordinary mathematician who read widely in ancient and modern philosophy. He is said to have memorized many parts of the great Kantian critique and its architectonic of categories, which Whitehead emulated in Process and Reality. But  Whitehead also took a great interest in the science of his times. His readings of relativity and quantum mechanics greatly influenced the creation of his philosophy and "theology," which is arguably free of any conventional notion of a God, but rather as a discovery of the process that produces reality, and thus fits many theists' definition of a god. 

We can see now that Whitehead actually understood very little of these two pillars of modern physics. He misinterpreted both Albert Einstein's relativity and Niels Bohr's quantum theory. But we can identify two basic elements that he borrowed from them to ground his understanding of the nature of reality as a process. 


From relativity he took the idea of an event in space and time. His British idealist colleague John McTaggart had formulated two ideas of time. Whitehead likely preferred McTaggart's A series, which is both the common sense view and the metaphysical view now known as presentism. McTaggart's B series is the notion that all times and thus all events, past, present, and future, are all existent and equally real. This is the view of special relativity.

Albert Einstein's four-dimensional space-time was called a "block universe" by Hermann Minkowski. In such a universe causal relations are explained by what Whitehead called "simple location" in space-time. Each event can be caused by something in its past "light cone" andin turn the event has a causal influence over events in its future "light cone. 


This is the deterministic Laplacian universe in which a super-intelligence can know the complete past and the single possible future from knowledge of the positions and velocities of all the material particles at the one instant of the present. It was actually Gottfried Leibniz who saw this universe as a consequence of continuous differential equations using his calculus or Isaac Newton's fluxions. Whitehead rejected this reductive view as "scientific materialism." 


From quantum mechanics Whitehead took the notion that nature is discontinuous and discrete from Bohr's "old quantum theory" with his "quantum jumps" between discrete energy levels. Perhaps under the influence of Henri Bergson's duration theory of time as discrete intervals, Whitehead analyzed an event, a moment in space-time, stretching it out to a duration or interval between a beginning and an end time, which he later called an "occasion."


From inside that interval, one can look back to perceive the many past events, any or all of which may contribute to this moment seen as a single event, a single cause that will affect many future, as yet unrealized, events.


Which of those past events are selected, and Whitehead's unique contribution is to see that a selection may combine together a large number of past events as causes, introduces an element of novelty and creation. Whitehead's "process" is very far from the simplistic idea of a single causal chain of event-cause-event-cause, etc. And as a temporal process, it is not the familiar Hegelian dialectic of thesis (idea) - antithesis (criticism) - synthesis (Aufhebung) spiraling upward to the ultimate Absolute Idea.


Borrowing from the language of the British empiricists John Locke, David Hume, and especially George Berkeley, Whitehead describes his process as subjective perceptions forming concepts about objects. He views the immediate present subject as perceiving the past events (now simply objects) and freely choosing some of them (he calls this prehending them) to be combined in new ways (he calls this concretion or concrescence - a growing together) to create a new idea or concept (he calls a creature), which immediately falls into the past light cone (he calls this perishing), becoming just one more object. Some of the past many have become a new one, which can join the future many, converging onto future events that will again each become one. 


Whitehead's Philosophical Works


In his Lowell Lectures of 1925 (which became the classic book Science and the Modern World), Whitehead railed against "scientific materialism" and the deterministic claims of science. In his preface, he describes his goal,
 

The present book embodies a study of some aspects of Western
culture during the past three centuries, in so far as it has been
influenced by the development of science. This study has been
guided by the conviction that the mentality of an epoch springs from
the view of the world which is, in fact, dominant in the educated
sections of the communities in question...

Philosophy, in one of its functions, is the critic of cosmologies. It
is its function to harmonise, re-fashion, and justify divergent intuitions
as to the nature of things. It has to insist on the scrutiny of
the ultimate ideas, and on the retention of the whole of the evidence
in shaping our cosmological scheme. Its business is to render explicit,
and—so far as may be—efficient, a process which otherwise
is unconsciously performed without rational tests.


Bearing this in mind, I have avoided the introduction of a variety
of abstruse detail respecting scientific advance. What is wanted, and
what I have striven after, is a sympathetic study of main ideas as
seen from the inside. If my view of the function of philosophy is
correct, it is the most effective of all the intellectual pursuits. It
builds cathedrals before the workmen have moved a stone, and it
destroys them before the elements have worn down their arches. It
is the architect of the buildings of the spirit, and it is also their solvent:
—and the spiritual precedes the material. Philosophy works
slowly. Thoughts lie dormant for ages; and then, almost suddenly as
it were, mankind finds that they have embodied themselves in
institutions.
 


Whitehead proceeds to build a new philosophy of the spirit and mind that bases nature on the concept of organism, and not upon the concept of matter. Like Plato (to whom Whitehead is perhaps the most famous footnote), Whitehead privileges form over content, the ideal over the material world. Although he claims to avoid the "abstruse detail" about science, he elaborates a complex and often obscure vocabulary of terms to describe the process of thought that creates the eternal ideas, based on the mind's perception of experiences. Whitehead's writing style is dense, with mesmerizing repetitive variations on his basic themes, like G.W.F.Hegel, whose philosophy Whitehead learned from the equally verbose British idealists F.H.Bradley and John McTaggart.  


Like the empiricist George Berkeley who denied the material world to stress the immaterial ideas that we create through our perceptions, Whitehead's philosophy of organism invents a dense language to describe and analyze the process of thinking.  Where "esse est percipi," to be is to be perceived, was Berkeley's motto, we might say Whitehead believed that his dialectical analysis of the "process" of perception and conception will reveal the true reality as the sum of our experiences. For Whitehead and for Berkeley, the process of a subject perceiving objects and thinking with concepts is reality. 


Whitehead calls for a wider field of abstraction than that used in the scientific field of thought, we should have in our minds a more concrete (sic) analysis of our concepts, which will stand nearer to the "complete concreteness of our intuitive experience." Whitehead's notions of concrete, concretion, even his later concrescence may blur the usual mapping of the ideal/material dualism onto the abstract/concrete. 


Whitehead's call for wider "thinking about thinking" as an organic process extends "ideas" from the mind of God to the interactions of elementary particles as enduring "patterns" over time. He also introduces "eternal objects" (perhaps the Platonic Forms?) that are outside of time. 



Such an analysis should find itself a niche for the concepts of
matter and spirit, as abstractions in terms of which much of our
physical experience can be interpreted. It is in the search for this
wider basis for scientific thought that Berkeley is so important. He
launched his criticism shortly after the schools of Newton and Locke
had completed their work, and laid his finger exactly on the weak
spots which they had left. I do not propose to consider either the
subjective idealism which has been derived from him, or the schools
of development which trace their descent from Hume and Kant respectively.
My point will be that—whatever the final metaphysics
you may adopt—there is another line of development embedded in
Berkeley, pointing to the analysis which we are in search of.
Berkeley overlooked it, partly by reason of the over-intellectualism
of philosophers, and partly by his haste to have recourse to an idealism
with its objectivity grounded in the mind of God. You will remember
that I have already stated that the key of the problem lies in
the notion of simple location. Berkeley, in effect, criticises this
notion.
 
 
We are now boldfacing Whitehead's critical new terms.
 
Whitehead quotes Francis Bacon's Natural History as claiming that "all bodies whatsoever, though they have no sense, yet they have perception". He then replaces standard terms like perception with variant terms that do not imply an ordinary sensing being. He italicizes the important terms, to say


I construed perception (as used by
Bacon) as meaning taking account of the essential character of the
thing perceived, and I construed sense as meaning cognition. We
certainly do take account of things of which at the time we have no
explicit cognition. We can even have a cognitive memory of the
taking account, without having had a contemporaneous cognition.
Also, as Bacon points out by his statement,'. . . for else all bodies
would be alike one to another,' it is evidently some element of the
essential character which we take account of, namely something on
which diversity is founded and not mere bare logical diversity.
The word perceive is, in our common usage, shot through and
through with the notion of cognitive apprehension. So is the word
apprehension, even with the adjective cognitive omitted. I will use
the word prehension for uncognitive apprehension: by this I mean
apprehension which may or may not be cognitive. Now take Euphranor's
last remark:

'Is it not plain, therefore, that neither the castle, the planet, nor
the cloud, which you see here, are those real ones which you suppose
exist at a distance?' Accordingly, there is a prehension, here in this
place, of things which have a reference to other places.


Now go back to Berkeley's sentences, quoted from his Principles
of Human Knowledge. He contends that what constitutes the realisation
of natural entities is the being perceived within the unity of
mind.


We can substitute the concept, that the realisation is a gathering
of things into the unity of a prehension; and that what is thereby
realised is the prehension, and not the things. This unity of a prehension
defines itself as a here and a now, and the things so gathered
into the grasped unity have essential reference to other places and
other times. 


Here Whitehead introduces the core idea of his process philosophy, the process of prehensive unification, a development of the ideas of Bacon, Berkeley, Baruch Spinoza, and Gottfried Leibniz.


For Berkeley's mind, I substitute a process of prehensive
unification. In order to make intelligible this concept of the progressive
realisation of natural occurrences, considerable expansion
is required, and confrontation with its actual implications in terms of
concrete experience. This will be the task of the subsequent lectures.
In the first place, note that the idea of simple location has gone. The
things which are grasped into a realised unity, here and now, are not
the castle, the cloud, and the planet simply in themselves; but they
are the castle, the cloud, and the planet from the standpoint, in space
and time, of the prehensive unification. In other words, it is the perspective
of the castle over there from the standpoint of the unification
here. It is, therefore, aspects of the castle, the cloud, and the
planet which are grasped into unity here. You will remember that the
idea of perspectives is quite familiar in philosophy. It was introduced
by Leibniz, in the notion of his monads mirroring perspectives of the
universe. I am using the same notion, only I am toning down his
monads into the unified events in space and time. In some ways,
there is greater analogy with Spinoza's modes; that is why I use the
terms mode and modal. In the analogy with Spinoza, his one substance
is for me the one underlying activity of realisation individualising
itself in an interlocked plurality of modes. Thus, concrete fact
is process. Its primary analysis is into underlying activity of prehension,
and into realised prehensive events. Each event is an individual
matter of fact issuing from an individualisation of the substrate
activity. But individualisation does not mean substantial independence.

An entity of which we become aware in sense perception is the
terminus of our act of perception. I will call such an entity, a sense-object...
The way in which such an entity is related
to space during a definite lapse of time is complex. I will say that a
sense-object has ingression into space-time.


Thus primarily space-time is the locus of the
modal ingression of sense-objects. This is the reason why space and
time (if for simplicity we disjoin them) are given in their entireties.
For each volume of space, or each lapse of time, includes in its
essence aspects of all volumes of space, or of all lapses of time. The
difficulties of philosophy in respect to space and time are founded on
the error of considering them as primarily the loci of simple locations.
Perception is simply the cognition of prehensive unification;
or more shortly, perception is cognition of prehension. The actual
world is a manifold of prehensions; and a 'prehension' is a 'prehensive
occasion'; and a prehensive occasion is the most concrete finite
entity, conceived as what it is in itself and for itself, and not as from
its aspect in the essence of another such occasion...


There are more entities involved in nature than the mere sense-objects,
so far considered. But, allowing for the necessity of revision
consequent on a more complete point of view, we can frame our
answer to Berkeley's question as to the character of the reality to be
assigned to nature. He states it to be the reality of ideas in mind. A
complete metaphysic which has attained to some notion of mind,
and to some notion of ideas, may perhaps ultimately adopt that
view. It is unnecessary for the purpose of these lectures to ask such
a fundamental question. We can be content with a provisional realism
in which nature is conceived as a complex of prehensive unifications.
Space and time exhibit the general scheme of interlocked
relations of these prehensions. You cannot tear any one of them out
of its context. Yet each one of them within its context has all the
reality that attaches to the whole complex. Conversely, the totality
has the same reality as each prehension; for each prehension unifies
the modalities to be ascribed, from its standpoint, to every part of
the whole. A prehension is a process of unifying. Accordingly,
nature is a process of expansive development, necessarily transitional
from prehension to prehension. What is achieved is thereby
passed beyond, but it is also retained as having aspects of itself
present to prehensions which lie beyond it.


Thus nature is a structure of evolving processes. The reality is the
process. It is nonsense to ask if the colour red is real. The colour
red is ingredient in the process of realisation. The realities of nature
are the prehensions in nature, that is to say, the events in nature...


An event has contemporaries. This means that an event mirrors
within itself the modes of its contemporaries as a display of immediate
achievement. An event has a past. This means that an event
mirrors within itself the modes of its predecessors, as memories
which are fused into its own content. An event has a future. This
means that an event mirrors within itself such aspects as the future
throws back onto the present, or, in other words, as the present has 
determined concerning the future. Thus an event has anticipation...


These conclusions are essential for any form of realism. For there is in the 
world for our cognizance, memory of the past, immediacy of realisation, 
and indication of things to come.

 


Whitehead here follows the nineteenth-century romantics and anticipates the late twentieth-century turn away from analytic philosophy to literature and the humanities for values. 



I propose in the first place to consider how the concrete
educated thought of men has viewed this opposition of mechanism
and organism. It is in literature that the concrete outlook of humanity
receives its expression. Accordingly it is to literature that we must
look, particularly in its more concrete forms, namely in poetry and
in drama, if we hope to discover the inward thoughts of a generation...

A scientific realism, based on mechanism, is conjoined with
an unwavering belief in the world of men and of the higher animals
as being composed of self-determining organisms. This radical inconsistency
at the basis of modern thought accounts for much that is
half-hearted and wavering in our civilisation...


Of course, we find in the eighteenth century Paley's famous argument,
that mechanism presupposes a God who is the author of nature. But
even before Paley put the argument into its final form, Hume had
written the retort, that the God whom you will find will be the sort
of God who makes that mechanism. In other words, that mechanism
can, at most, presuppose a mechanic, and not merely a mechanic but
its mechanic. The only way of mitigating mechanism is by the discovery
that it is not mechanism.


When we leave apologetic theology, and come to ordinary literature,
we find, as we might expect, that the scientific outlook is in
general simply ignored.



Wordsworth, Tennyson, and Whitehead see what Alasdair MacIntyre would call the "dark at the core of the enlightenment" and that Ludwig Wittgenstein would rephrase in the last line of his Tractatus as what cannot be said, only can be shown. "The rest is silence."


Wordsworth in his
whole being expresses a conscious reaction against the mentality of
the eighteenth century. This mentality means nothing else than the
acceptance of the scientific ideas at their full face value. Wordsworth
was not bothered by any intellectual antagonism. What moved him
was a moral repulsion. He felt that something had been left out, and
that what had been left out comprised everything that was most
important. Tennyson is the mouthpiece of the attempts of the
waning romantic movement in the second quarter of the nineteenth
century to come to terms with science. By this time the two elements
in modern thought had disclosed their fundamental divergence by
their jarring interpretations of the course of nature and the life of
man. Tennyson stands in this poem as the perfect example of the
distraction which I have already mentioned. There are opposing
visions of the world, and both of them command his assent by
appeals to ultimate intuitions from which there seems no escape.
Tennyson goes to the heart of the difficulty. It is the problem of
mechanism which appalls him.

" "The stars,' she whispers, 'blindly run.' "


If an organism is reducible to its molecules, which blindly run following Newtonian laws alone, the mind and responsibility are illusions


This line states starkly the whole philosophic problem implicit in the
poem. Each molecule blindly runs. The human body is a collection
of molecules. Therefore, the human body blindly runs, and therefore
there can be no individual responsibility for the actions of the body.
If you once accept that the molecule is definitely determined to be
what it is, independently of any determination by reason of the total
organism of the body, and if you further admit that the blind run is
settled by the general mechanical laws, there can be no escape from
this conclusion. But mental experiences are derivative from the
actions of the body, including of course its internal behaviour.
Accordingly, the sole function of the mind is to have at least some
of its experiences settled for it, and to add such others as may be
open to it independently of the body's motions, internal and external.

There are then two possible theories as to the mind. You can
either deny that it can supply for itself any experiences other than
those provided for it by the body, or you can admit them.



Whitehead is right that scientific materialism can not explain valuation and  moral responsibility

If you refuse to admit the additional experiences, then all individual
moral responsibility is swept away. If you do admit them, then
a human being may be responsible for the state of his mind though
he has no responsibility for the actions of his body. The enfeeblement
of thought in the modern world is illustrated by the way in
which this plain issue is avoided in Tennyson's poem. There is something
kept in the background, a skeleton in the cupboard. He
touches on almost every religious and scientific problem, but carefully
avoids more than a passing allusion to this one...


Whitehead is wrong that "endurance" is unique to organisms. He is right that organisms
have a "plan" or purpose, including, even in the smallest organisms, a kind of mentality, 
an immaterial manager of their creativity and bodily maintenance processes  


The doctrine which I am maintaining is that the whole concept of
materialism only applies to very abstract entities, the products of
logical discernment. The concrete enduring entities are organisms, so
that the plan of the whole influences the very characters of the various
subordinate organisms which enter into it. In the case of an
animal, the mental states enter into the plan of the total organism
and thus modify the plans of the successive subordinate organisms
until the ultimate smallest organisms, such as electrons, are reached.
Thus an electron within a living body is different from an electron
outside it, by reason of the plan of the body. The electron blindly
runs either within or without the body; but it runs within the body
in accordance with its character within the body; that is to say, in
accordance with the general plan of the body, and this plan includes
the mental state. But the principle of modification is perfectly
general throughout nature, and represents no property peculiar to
living bodies. In subsequent lectures it will be explained that this
doctrine involves the abandonment of the traditional scientific 
materialism, and the substitution of an alternative doctrine of
organism.

I shall not discuss Mill's determinism, as it lies outside the scheme
of these lectures. The foregoing discussion has been directed to
secure that either determinism or free will shall have some relevance,
unhampered by the difficulties introduced by materialistic mechanism,
or by the compromise of vitalism. I would term the doctrine of
these lectures, the theory of organic mechanism. 


Molecules do not differ in their intrinsic character, but when part of an organism, 
they are governed by processes that implement the organism's own purposes


In this theory, the
molecules may blindly run in accordance with the general laws, but
the molecules differ in their intrinsic characters according to the
general organic plans of the situations in which they find themselves.
 
  
Here Whitehead has given us the first few elements of his philosophy of organism.  The mind can "supply experiences other than those provided by the body." "Mental states enter into the plan of the total organism and thus modify the plans of the successive subordinate organisms until the ultimate smallest organisms, such as electrons, are reached." "Molecules may blindly run in accordance with the general laws, but the molecules differ in their intrinsic characters according to the general organic plans of the situations in which they find themselves." This is all well and good, except that Whitehead is wrong about electrons and other material particles. They have no internal plans and purposes of their own.

We have bolded terms that will acquire very specific technical meanings for Whitehead in his next two works, especially in his magnum opus Process and Reality. 


A year later, in 1926 Whitehead gave a second set of Lowell Lectures, this time at King's Chapel in Boston. They were published as Religion in the Making. Whitehead's embrace of religion and his idea of God account for his continued success among a subset of philosophers and theologians. His work is a throwback to before the presocratics who stopped explaining physical processes as the work of gods.


Recent editions of Religion in the Making have a technical glossary of terms, which is very helpful. The first two lectures include a brief history of religion, the major faiths and their dogmas. In lecture 3, "Body and Spirit," Whitehead builds on a few terms from Science and the Modern World, such as abstract, actual, event, experience, character, prehension, unification. He adds new terms, familiar words with new technical meanings, and several new terms - concretion, creature, creativity,  entity, epochal, indetermination, realisation, occasion His magnum opus, Process and Reality, will again expand the Whitehead jargon, but much is here. See our draft of a Whitehead glossary below.


In the second half of the book, Whitehead begins to speak with terminology that is at once familiar yet jarring in his apparent meaning. The Dean of the Divinity School of the University of Chicago remarked on his first reading, "It is infuriating, and I must say embarrassing as well, to read page after page of relatively familiar words without understanding a single sentence."  



There are many ways of analyzing the
universe, conceived as that which is comprehensive
of all that there is. In a description
it is thus necessary to correlate these different
routes of analysis. First, consider the analysis
into (1) the actual world, passing in time;
and (2) those elements which go to its formation.
Such formative
elements are not themselves
actual and passing; they are the factors
which are either non-actual or non-temporal,
disclosed in the analysis of what is both actual
and temporal.

They constitute the formative character of
the actual temporal world. We know nothing
beyond this temporal world and the formative
elements which jointly constitute its character.
The temporal world and its formative elements
constitute for us the all-inclusive universe.
These formative elements are:


1. The creativity whereby the actual
world has its character of temporal passage
to novelty.

2. The realm of ideal entities, or forms,
which are in themselves not actual, but
are such that they are exemplified in
everything that is actual, according to
some proportion of relevance.


3. The actual but non-temporal entity
whereby the indetermination of mere
creativity is transmuted into a determinate freedom...



A further elucidation of the status of these
formative elements is only to be obtained by
having recourse to another mode of analysis of
the actual world.

The actual temporal world can be analyzed
into a multiplicity of occasions of actualization.
These are the primary actual units of
which the temporal world is composed. Call
each such occasion an "epochal occasion."
Then the actual world is a community of
epochal occasions. In the physical world
each epochal occasion is a definite limited
physical event, limited both as to space and
time, but with time-duration as well as with
its full spatial dimensions.



Whitehead's version of relativity is that things are not simply located in some absolute space and time, but are only located relative to all other things in the universe. 


The epochal occasions are the primary
units of the actual community, and the community
is composed of the units. But each
unit has in its nature a reference to every
other member of the community, so that
each unit is a microcosm representing in itself
the entire all-inclusive universe.


Whitehead should connect his organic creatures to the fourth great idea from the nineteeeth century, evolution. Material particles do not evolve as they blindly run. Organic creatures do evolve as they combine diverse elements to create new emergent properties.


These epochal occasions are the creatures.
The reason for the temporal character of the
actual world can now be given by reference to
the creativity and the creatures....
Thus there is a transition of the creative
action, and this transition exhibits itself, in
the physical world, in the guise of routes of
temporal succession...

An epochal occasion is a concretion. It is 
a mode in which diverse elements come together
into a real unity. Apart from that
concretion, these elements stand in mutual
isolation. Thus an actual entity is the outcome
of a creative synthesis, individual and
passing...



Whitehead's concretion, later called concrescence, is emergent

Thus the epochal
occasion, which is thus emergent, has in its
own nature the other creatures under the
aspect of these forms, and analogously it
includes the forms under the aspect of these
creatures. It is thus a definite limited creature,
emergent in consequence of the limitations
thus mutually imposed on each other by the
elements.
   



Descartes has the great merit that he
states facts which any philosophy must fit
into its scheme. There are bits of matter, and
there are minds. Both matter and mind have
to be fitted into the metaphysical scheme.

Here is Whitehead as a Berkeleyan idealist. 
To be is to be perceived
But Whitehead is wrong that the entities gain their individual character from their "routes" (in space time). It is from their creative interactions with all the other entities in their communities.


Now, according to the doctrine of this
lecture, the most individual actual entity is a
definite act of perceptivity. So matter and
mind, which persist through a route of such
occasions, must be relatively abstract; and
they must gain their specific individualities
from their respective routes. The character of
a bit of matter must be something common
to each occasion of its route; and analogously,
the character of a mind must be something
common to each occasion of its route. Each
bit of matter, and each mind, is a subordinate
community—in that sense analogous to the
actual world...

VII. THE CREATIVE PROCESS


This account of what is meant by the enduring
existence of matter and of mind
explains such endurance as exemplifying the
order immanent in the world...


Accordingly, any given instance of experience
is only possible so far as the antecedent
facts permit. For they are required in order
to constitute it. The maintenance, throughout
ages of life history, of a given type of experience,
in instance after instance of its separate
occasions, requires, therefore, the stable order
of the actual world.


The creative process is thus to be discerned
in that transition by which one occasion,
already actual, enters into the birth of another
instance of experienced value. There is not
one simple line of transition from occasion to
occasion, though there may be a dominant
line...


The birth of a new instance is the passage
into novelty. Consider how any one actual
fact, which I will call the ground, can enter
into the creative process. 


Whitehead sees clearly that his creative process brings new 
information into the 
universe in the form of ideas, whether purely mental or embodied in material.


The novelty which
enters into the derivate instance is the information
of the actual world with a new set of ideal forms. In the most literal sense
the lapse of time is the renovation of the
world with ideas. A great philosopher (Samuel Alexander) has
said that time is the mind of space. In
respect to one particular new birth of one
centre of experience, this novelty of ideal
forms will be called the "consequent." 

Later Whitehead will say that multiple grounds, the antecedent facts of many prior occasions, will come together in one consequent.


Thus
we are now considering the particular relevance
of the consequent to the particular
ground supplied by one antecedent occasion.
The derivate includes the fusion of the
particular ground with the consequent, so far
as the consequent is graded by its relevance
to that ground.


Later Whitehead will say that the actual and not actual that enter the process are possibilities

In this fusion of ground with consequent,
the creative process brings together something
which is actual and something which, at its
entry into that process, is not actual. The
process is the achievement of actuality by the
ideal consequent, in virtue of its union with
the actual ground. In the phrase of Aristotle,
the process is the fusion of being with not-being.
   

In Whitehead's great work of 400 pages, Process and Reality, we can only sample his thinking, but there is a partial continuity in his jargon with his two previous books. A major novelty is his introduction of a Kantian/Hegelian architectonic of new categories, a single Category of the Ultimate, eight Categories of Existence, twenty-seven Categories of Explanation, and nine Categorial Obligations. He introduces his Categoreal Scheme by defining the four basic notions of the philosophy of organism - an 'actual
entity,' that of a 'prehension,' that of a 'nexus,' and that  of the 'ontological principle.'  Whitehead finds clear antecedents of his thought in Descartes, Leibniz, Locke, Kant, and Plato. 




This chapter contains an anticipatory sketch of the primary notions
which constitute the philosophy of organism. The whole of the subsequent
discussion in these lectures has the purpose of rendering this summary
intelligible, and of showing that it embodies generic notions inevitably
presupposed in our reflective experience—presupposed, but rarely expressed
in explicit distinction. Four notions may be singled out from this summary,
by reason of the fact that they involve some divergence from
antecedent philosophical thought. These notions are, that of an 'actual
entity,' that of a 'prehension,' that of a 'nexus,' and that of the 'ontological
principle.' Philosophical thought has made for itself difficulties by dealing
exclusively in very abstract notions, such as those of mere awareness, mere
private sensation, mere emotion, mere purpose, mere appearance, mere
causation. These are the ghosts of the old 'faculties,' banished from
psychology, but still haunting metaphysics. There can be no 'mere' togetherness
of such abstractions. The result is that philosophical discussion
is enmeshed in the fallacy of 'misplaced concreteness.'1 In the three notions—
actual entity, prehension, nexus—an endeavour has been made to
base philosophical thought upon the most concrete elements in our experience.

1 Cf. my Science and the Modern World, Ch. III.


'Actual entities'—also termed 'actual occasions'—are the final real things
of which the world is made up. There is no going behind actual entities
to find anything more real. They differ among themselves: God is an
actual entity, and so is the most trivial puff of existence in far-off empty
space. But, though there are gradations of importance, and diversities of
function, yet in the principles which actuality exemplifies all are on the
same level. The final facts are, all alike, actual entities; and these actual
entities are drops of experience, complex and interdependent.



The 'ontological principle' is that actual entities are ontological substances


In its recurrence to the notion of a plurality of actual entities the philosophy
of organism is through and through Cartesian! The 'ontological
principle' broadens and extends a general principle laid down by John
Locke in his Essay (Bk. II, Ch. XXIII, Sect. 7), when he asserts that
"power" is "a great part of our complex ideas of "substances." The notion
of 'substance' is transformed into that of 'actual entity'; and the notion
of 'power' is transformed into the principle that the reasons for things are
always to be found in the composite nature of definite actual entities—
in the nature of God for reasons of the highest absoluteness, and in the
nature of definite temporal actual entities for reasons which refer to a
particular environment. The ontological principle can be summarized as:
no actual entity, then no reason.

Each actual entity is analysable in an indefinite number of ways. In
some modes of analysis the component elements are more abstract than
in other modes of analysis. The analysis of an actual entity into 'prehensions'
is that mode of analysis which exhibits the most concrete elements
in the nature of actual entities. This mode of analysis will be termed
the 'division' of the actual entity in question. 


Prehensions have a vector character because they are causes, purposes, and values coming it to the actual entity from the past.


Each actual entity is 'divisible'
in an indefinite number of ways, and each way of 'division' yields its
definite quota of prehensions. A prehension reproduces in itself the general
characteristics of an actual entity: it is referent to an external world, and
in this sense will be said to have a 'vector character'; it involves emotion,
and purpose, and valuation, and causation. In fact, any characteristic of
an actual entity is reproduced in a prehension. It might have been a
complete actuality; but, by reason of a certain incomplete partiality, a prehension
is only a subordinate element in an actual entity. A reference to
the complete actuality is required to give the reason why such a prehension
is what it is in respect to its subjective form. This subjective form is
determined by the subjective aim at further integration, so as to obtain
the 'satisfaction' of the completed subject. In other words, final causation
and atomism are interconnected philosophical principles.

With the purpose of obtaining a one-substance cosmology, 'prehensions'
are a generalization from Descartes' mental 'cogitations,' and from
Locke's 'ideas,' to express the most concrete mode of analysis applicable
to every grade of individual actuality. Descartes and Locke maintained a
two-substance ontology—Descartes explicitly, Locke by implication. Descartes,
the mathematical physicist, emphasized his account of corporeal
substance; and Locke, the physician and the sociologist, confined himself
to an account of mental substance. 


The philosophy of organism combines Locke's ideas and Cartesian cogitations (res cogitans), as well as Descartes' res extensa and Leibniz's monads


The philosophy of organism, in its
scheme for one type of actual entities, adopts the view that Locke's account
of mental substance embodies, in a very special form, a more penetrating
philosophic description than does Descartes' account of corporeal
substance. Nevertheless, Descartes' account must find its place in the
philosophic scheme. On the whole, this is the moral to be drawn from
the Monadology of Leibniz. His monads are best conceived as generalizations
of contemporary notions of mentality. The contemporary notions
of physical bodies only enter into his philosophy subordinately and derivatively.
The philosophy of organism endeavours to hold the balance more
evenly. But it does start with a generalization of Locke's account of mental
operations.
Actual entities involve each other by reason of their prehensions of each
other. There are thus real individual facts of the togetherness of actual
entities, which are real, individual, and particular, in the same sense in
which actual entities and the prehensions are real, individual, and particular.
Any such particular fact of togetherness among actual entities is
called a 'nexus' (plural form is written 'nexūs'). The ultimate facts of immediate
actual experience are actual entities, prehensions, and 'nexūs. All
else is, for our experience, derivative abstraction.


The explanatory purpose of philosophy is often misunderstood. Its
business is to explain the emergence of the more abstract things from the
more concrete things. It is a complete mistake to ask how concrete particular
fact can be built up out of universals. The answer is, 'In no way.'
The true philosophic question 2 is, How can concrete fact exhibit entities
abstract from itself and yet participated in by its own nature?



Whitehead's Plato here seems to have absorbed the Aristotelean view that Plato's Forms are abstractions from, and 'participants in, the concrete facts?


In other words, philosophy is explanatory of abstraction, and not of
concreteness. It is by reason of their instinctive grasp of this ultimate truth
that, in spite of much association with arbitrary fancifulness and atavistic
mysticism, types of Platonic philosophy retain their abiding appeal; they
seek the forms in the facts. Each fact is more than its forms, and each
form 'participates' throughout the world of facts. The definiteness of fact
is due to its forms; but the individual fact is a creature, and creativity is
the ultimate behind all forms, inexplicable by forms, and conditioned by
its creatures.
   2 In this connection I may refer to the second chapter of my book The Principle
of Relativity, Cambridge University Press,t 192
   



[image: image-placeholder]

We can now visualize an actual occasion, showing how the many prehensions from past occasions come together in the "concrescence" to form one space-time event which then becomes just one of many past occasions that are in the light cone of a future occasion. 

We can also compare this to Whitehead's relativistic space-time diagram from his April 14, 1925 Lowell Lecture.


[image: image-placeholder]


Whitehead on Freedom and Creative Decisions


Whitehead says 


The word 'decision' does not here imply conscious judgment,
though in some 'decisions' consciousness will be a factor. The word
is used in its root sense of a 'cutting off.' The ontological principle declares
that every decision is referable to one or more actual entities, because in
separation from actual entities there is nothing, merely nonentity—'The
rest is silence.'

The ontological principle asserts the relativity of decision; whereby every
decision expresses the relation of the actual thing, for which a decision is
made, to an actual thing by which that decision is made. But 'decision'
cannot be construed as a casual adjunct of an actual entity. It constitutes
the very meaning of actuality. An actual entity arises from decisions for it,
and by its very existence provides decisions for other actual entities which
supersede it. Thus the ontological principle is the first stage in constituting
a theory embracing the notions of 'actual entity,' 'givenness,' and 'process.'
Just as 'potentiality for process' is the meaning of the more general term
'entity,' or 'thing'; so 'decision' is the additional meaning imported by the
word 'actual' into the phrase 'actual entity.' 'Actuality' is the decision
amid 'potentiality.' It represents stubborn fact which cannot be evaded.
The real internal constitution of an actual entity progressively constitutes
a decision conditioning the creativity which transcends that actuality.
   



Whitehead's ninth Categoreal Obligation is the very important Category of Freedom and Determination, which he finds discussed in Locke and Immanuel Kant. Whitehead says 
  

the concrescence of each individual actual entity is internally determined and externally free. This category can be condensed into the formula, that in each concrescence whatever is determinable is determined, but that there is always a remainder for the decision of the subject-superject of that concrescence.

This subject-superject is the universe in that synthesis, and beyond it there
is nonentity. This final decision is the reaction of the unity of the whole
to its own intemal determination. This reaction is the final modification
of emotion, appreciation, and purpose. But the decision of the whole
arises out of the determination of the parts, so as to be strictly relevant
to it.
   

Isabelle Stengers analyzed Whitehead's idea of a "decision" in an actual occasion. 

At the end of Part One of her Thinking with Whitehead, Stengers notes that an "actual occasion" contains multiple incoming prehensions from past occasions which Whitehead calls "alternative suggestions." These she identifies with  William James's alternative possibilities, which is the basis of two-stage models of free will. 


Stengers quotes this fragment from Science and the Modern World.


every actual occasion is set within a realm of alternative interconnected entities. This realm is disclosed by all the untrue propositions which can be predicated significantly of that occasion. It is the realm of alternative suggestions, whose foothold in actuality transcends each actual occasion. The real relevance of untrue propositions for each actual occasion is disclosed by art, romance, and by criticism in reference to ideals. It is the foundation of the metaphysical position which I am maintaining that the understanding of actuality requires a reference to ideality. The two realms are intrinsically inherent in the total metaphysical situation. The truth that some proposition respecting an actual occasion is untrue may express the vital truth as to the aesthetic achievement. It expresses the ‘great refusal’ which is its primary characteristic. An event is decisive in proportion to the importance (for it) of its untrue propositions:
   

Stengers' analysis contains echoes of the great existentialists' notions that any "decision" involves the "destruction" of some alternative possibilities  condemning them to "non-being." For example, Jean-Paul Sartre's L'être et le néant.


 Then Stengers homes in on James' notion of "doing otherwise as the essence of a free decision."
   

Sometimes, in the course of this text, I have been unable not to anticipate,
and to use the word "decision," which Whitehead was to use in Process and Reality
 to name the "breaking off" that turns the occasion into
the affirmation of a "thus and not otherwise." When he named the "great
refusal," Whitehead himself could doubtless not help but be inhabited by
a syntax that makes the occasion the producer of its limitation. No doubt
he was aware, when writing Science and the Modern World, that his concept
of an occasion was merely a first approximation. And perhaps the
use of the word "decision," in Process and Reality, indicates that he has
henceforth provided himself with the means to fully affirm the meaning
William James conferred upon this term: that of a living moment that
produces its own reasons.

Decisions, for him who makes them, are altogether peculiar psychic
facts. Self-luminous and self-justifying at the living moment at which they
occur, they appeal to no outside moment to put its stamp upon them or
make them continuous with the rest of nature. Themselves it is rather who
seem to make nature continuous; and in their strange and intense function
of granting consent to one possibility and withholding it from another, to
transform an equivocal and double future into an inalterable and simple
past (DD, 158).


With James, Whitehead refused to make continuity primary; that is, he
also refused to allow the occasion to be deduced from the whole. Every
continuity is a result, a succession of resumptions that are so many "purposes,"
deciding the way the present will prolong the past, give a future to
this past and make it "its" past. Yet the way James characterizes decision,
"granting consent to one possibility and withholding it from another,"
could not be adopted as such, for it contains too many unknowns. It had
to be constructed, in a way that enables every production of existence to
be characterized as a decision. It is the actual occasions themselves that
will affirm, no longer merely "just this, and no more," but "thus and not
otherwise."
   


Continuity is the essential nature of field theories, with their infinite number of points on a line. Whitehead's atomicity of experience suggests he favors a particulate view of nature, with a finite number of actual entities?  



In his Chapter X on Process, Whitehead again tells us that some of his most important concepts about process come from John Locke. The clear talk about Locke devolves into obscure Whitehead jargon. 
   

[T]here are two kinds of fluency. One kind is the concrescence which, in
Locke's language, is 'the real internal constitution of a particular existent.'
The other kind is the transition from particular existent to particular
existent. This transition, again in Locke's language, is the 'perpetually
perishing' which is one aspect of the notion of time; and in another aspect
the transition is the origination of the present in conformity with the
'power' of the past.

The phrase 'the real internal constitution of a particular existent,' the
description of the human understanding as a process of reflection upon
data, the phrase 'perpetually perishing,' and the word 'power' together
with its elucidation are all to be found in Locke's Essay. Yet owing to the
limited scope of his investigation Locke did not generalize or put his
scattered ideas together. This implicit notion of the two kinds of flux finds
further unconscious illustration in Hume. It is all but explicit in Kant,
though—as I think—misdescribed. Finally, it is lost in the evolutionary
monism of Hegel and of his derivative schools. With all his inconsistencies,
Locke is the philosopher to whom it is most useful to recur, when we desire
to make explicit the discovery of the two kinds of fluency, required for
the description of the fluent world. One kind is the fluency inherent in the
constitution of the particular existent. This kind I have called 'concrescence.'
The other kind is the fluency whereby the perishing of the process,
on the completion of the particular existent, constitutes that existent as
an original element in the constitutions of other particular existents
elicited by repetitions of process. This kind I have called 'transition.' Concrescence
moves towards its final cause, which is its subjective aim; transition
is the vehicle of the efficient cause, which is the immortal past.
The discussion of how the actual particular occasions become original
elements for a new creation is termed the theory of objectification.
The objectified particular occasions together have the unity of a datum for
the creative concrescence. But in acquiring this measure of connection,
their inherent presuppositions of each other eliminate certain elements
in their constitutions, and elicit into relevance other elements. Thus objectification
is an operation of mutually adjusted abstraction, or elimination,
whereby the many occasions of the actual world become one complex
datum. This fact of the elimination by reason of synthesis is sometimes
termed the perspective of the actual world from the standpoint of
that concrescence. Each actual occasion defines its own actual world
from which it originates. No two occasions can have identical actual
worlds.
   


The Function of Reason


In his 1929 book, Whitehead speculated about the ability of biological evolution to escape the destructive tendency of the second law of thermodynamics. 

History
discloses two main tendencies in
the course of events. One tendency is exemplified
in the slow decay of physical
nature. With stealthy inevitableness, there is degradation
of energy. The sources of activity sink downward
and downward. Their very matter wastes.
The other tendency is exemplified by the yearly
renewal of nature in the spring, and by the upward
course of biological evolution.
   
 
Whitehead here is asking the same question as his scientist colleague Arthur Stanley Eddington asked in his own Gifford Lectures of 1928, published as The Nature of the Physical World. This is our fundamental question of information philosophy, "How exactly has the universe escaped from the total disorder of thermodynamic equilibrium and produced a world full of information?"  The answer is the cosmic creation process that Whitehead anticipated as "some general counter-agency."

   
The material universe has contained in
itself, and perhaps still contains, some mysterious
impulse for its energy to run upwards. This impulse
is veiled from our observation, so far as concerns
its general operation. But there must have
been some epoch in which the dominant trend was
the formation of protons, electrons, molecules, and
stars. Today, so far as our observations go, they
are decaying. We know more of the animal body,
through the medium of our personal experience. In
the animal body, we can observe the appetition
towards the upward trend, with Reason as the
selective agency. In the general physical universe
we cannot obtain any direct knowledge of the corresponding
agency by which it attained its present
stage of available energy...

The universe, as construed solely
in terms of the
efficient causation of purely physical interconnections,
presents a sheer, insoluble contradiction...                                                                                    
The
moral to be drawn from the general survey of the
physical universe with its operations viewed in
terms of purely physical laws, and neglected so far
as they are inexpressible
in such terms, is that we
have omitted some general counter-agency. 


Information philosophy has discovered Whitehead's "counter-agency as  the cosmic creation process
This
counter-agency in its operation throughout the
physical universe is too vast and diffusive for our
direct observation. We may acquire such power as
the result of some advance. But at present,
as we
survey the physical cosmos, there is no direct intuition
of the counter-agency to which it owes its possibility
of existence as a wasting finite organism.
   

Whitehead hopes to discover some underlying "purpose," which he sees clearly present in biological evolution as "foresight" and "intention."  He describes the function of "Reason" as the promotion of "the art of life." (p.4) And he says "At the
lower end of the scale, it is hazardous to draw any
sharp distinction between living things and inorganic
matter." (p.5) This will open the way to his panpsychist view  of a "mysterious impulse" behind energy.                                                                                                                                                                                                                                                                                      



Reason is the organ of
emphasis upon novelty. It provides the judgment
by which realization in idea obtains the emphasis by
which it passes
into realization in purpose, and
thence its realization in fact. (ibid., p.20)

Provided that we admit the category of final
causation, we can consistently define the primary
function of Reason. This function is to constitute,
emphasize, and criticize the final causes and strength
of aims directed towards them.
The pragmatic doctrine must accept this definition.
It is obvious that pragmatism is nonsense apart
from final causation. (ibid., p.26)                                                                                                                      )
   


Following Kant, Whitehead distinguishes between practical and speculative Reason, the latter being the systematic philosophy of the early Greeks.



the critical discovery which gave to the speculative
Reason its supreme importance was made by the
Greeks. Their discovery of mathematics and of
logic introduced method into speculation. Reason
was now armed with an objective
test and with a
method of progress. In this way Reason was freed
from its sole dependence on mystic vision and
fanciful suggestion. (ibid., p.40) 
   

We can note in passing that Whitehead is not what Kant called an "onto-theologist," one who hopes to discover God by thinking about the concept of "Being," the "Boundless", the "Indeterminate," etc. Whitehead was what Kant called a "cosmo-theologist," one who tries to discern God through our experiences with the natural world.



Whitehead and Information Philosophy


There are some broad similarities between information philosophy and Whitehead's "philosophy of organism" or his oddly named "organic mechanism." To see the connection, we must sharpen the idea of Newtonian mechanism and even the deterministic motions of matter in special relativity. These both seem well-described by Whitehead's attack on "simple location." 

Today we describe this as "reductionism," the mistaken idea that all phenomena are reducible to physics and chemistry, that biological organisms and even mental phenomena are reducible to the motions of their constituent material particles.


Reductionism claims that there are deterministic causal chains coming "bottom up" from matter. If there are "mental phenomena," they are merely "epiphenomena," giving us the illusion of mental events and "mental causation."


Whitehead thought relativity and quantum mechanics had added something new to mechanical materialism. He was wrong about relativity, but right about quantum physics, though he did not understand what it is that quantum phenomena add to biological organisms and mental processes. And he did not see the importance of another physical process that his British colleague Arthur Stanley Eddington called attention to, the second law of thermodynamics, in his Gifford Lectures the same year as those of Whitehead.


Perhaps the greatest similarity between I-Phi and Process Philosophy is that they both claim to explain a "creative process," which  lies behind the "emergence of "purpose" (the entelechy of Aristotle or the teleonomy of Colin Pittendrigh and Jacques Monod) in living things.


	System: Both information and process philosophy are systematic philosophies, applying a small set of principles to everything from elementary particles to cosmology, and explaining evolution all the way from inert matter to living things. 


	Organism: Whitehead  says he wanted to avoid a "bifurcation" between the organic and inorganic world.. But when he applies his ideas that describe mental events like perception, experience, valuations, etc. all the way down to material particles, he mistakenly introduces panpsychism. Whitehead simply describes the physical processes of matter in space and time using terms that are only appropriate for biological entities, like perception, decision, valuation, etc. He transforms an entirely material space-time "event" into an "occasion" with mental properties. But saying such a thing does not make it so, even if Whitehead says that God is overseeing the process..

By contrast, the information philosophy emphasis on the creation of information structures distinguishes the creation of passive structures like the galaxies, stars, planets, even elementary material particles, from active information structures that communicate information among their parts and to and from other active structures to form a community of living things (something like Whitehead's "nexūs" or "societies"). 


For information philosophy, an organism is a form through which matter and energy flow, and information processes manage those flows. For passive structures, the flows are controlled entirely by natural forces like gravity, electromagnetism, and nuclear forces.


Like process philosophy, there is no "vitalism" in information philosophy. Nor is there any "telos" or pre-existing purpose. Thus cosmic evolution is purposeless, yet it contains the creation of information structures with negative entropy that can be intrpreted as a benevolent and even divine providence that supports all living things in the universe.  



	Experience: Process philosophy and information philosophy both stress the importance of experience. Where Whitehead describes experience as the "becoming" of an actual occasion, information philosophy shows how experiences are recorded and reproduced in organisms with minds, however primitive. Past experiences, played back in similar situations by our Experience Recorder and Reproducer (ERR), are guides for actions, both practical and moral.

Recording experiences in minds - Whitehead's actual occasions - then storing their content as knowledge external to minds, is the basis for humanity's extraordinary growth of natural knowledge. Whitehead's processes tell us nothing about the creation of such value.


	Valuation: Although Whitehead's category of conceptual valuation suggested that feelings in an actual occasion would register a valuation "up" or "down," like all attempts to identify an objective criterion of value since the Enlightenment, Whitehead offers no measure of value. Information philosophy identifies the preservation of information as a universal good, beyond traditional, religious, humanistic, or bioethical standards. Information structures are a cosmic good. The entropic dissipative processes of the second law of thermodynamics are evil incarnate.


	Quantum Effects:  Whitehead was familiar with quantum mechanics and argued that a quantum of time would help the "duration" for his actual occasion.

Information philosophy claims that the indeterminacy in quantum events is important for the creation of new alternative possibilities. 


	Chance: Although his major writing was before Werner Heisenberg's uncertainty principle, Whitehead seems to accept chance as needed for evolution. He wrote "The doctrine of evolution has to do with the emergence of novel organisms as the outcome of chance." The ontological chance of quantum physics is essential for the creation of new information in the universe. This is the "novelty" in creativity that Whitehead described.



Quantum Whiteheadians


A number of scholars argue that Whitehead's panpsychism can explain some puzzling aspects of quantum mechanics, including Henry P. Stapp, Stuart Hameroff, Ulrich Mohrhoff, Harald Atmanspacher, and Massimo Pauri, among many others.

Glossary of Key Terms used by Alfred North Whitehead
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Actual Entity

   Actual_Entity is initially Whitehead's term for the classic term "substance." Later it is mostly replaced by an Actual Occasion.

"'Actual entities' - also termed 'actual occasions' - are the final real things of which the world is made up...God is an actual entity."(PR18) "The term 'actual occasion will always exclude God from its scope." (PR88)


"The real internal constitution of an actual entity progressively constitutes a decision conditioning the creativity which transcends that actuality." (PR230)

  


    Other glosses -  Actual Occasion, Concrescence, Consequent, Creativity, Duration,Ground,  Many, Process, Prehension, Subject, SuperjectTransition, Simple Location

Actual Occasion

   "An actual occasion is a prehension of one infinite hierarchy (its associated hierarchy) together with various finite hirerarchies." (SMW 171). 



    Other glosses -  Abstraction, Actual Entity, Apprehension, Concrescence, Consequent, Creativity, Duration, Eternal Object, Experience, Ingression, Ground,  Many, Mental Occasion, Nexus, One, Organic Mechanism, Organism, Ontological Principle, Perishing, Process, Prehension, Satisfaction, Subject, Superject, Transition, Simple Location, Valuation

Apprehension

   Grasping an idea or concept with the intellect or as a cognitive act. Whitehead contrasts the term prehension, which he defines as the immediate grasping of perception without cognition or intellection. 
  

    Other glosses -  Prehension

B[back to top]C[back to top]

Concrescence

Concrescence is the growing together of many prehensions or grounds (both called ingressions) into one consequent. 

"To be causa sui means that the process of concrescence is its own reason for the decision in respect to the qualitative clothing of feelings...The freedom inherent in the universe is constituted by this element of self-causation. (PR88) 


   "Locke is the philosopher to whom it is most useful to recur, when we desire to make explicit the discovery of the two kinds of fluency, required for the description of the fluent world. This kind I have called 'concrescence.' The other kind is the fluency the perishing of the process, on the completion of the particular existent, constitutes that existent as an original element in the constitutions of other particular existents elicited by repetitions of process. This kind I have called 'transition.' Concrescence moves towards its final cause, which is its subjective aim; transition is the vehicle of the efficient cause, which is the immortal past."
  


    Other glosses -  Actual_Entity, Actual Occasion, Consequent, Creativity, Duration, Ingression, Ground,  Many, Nexus, One,Organism, Ontological Principle, Perishing, Process, Prehension, Transition

Creativity

   Creativity is the result of a Process, an Actual Occasion. It starts with one or more Prehensions or perceptions of the Many that Transition into the Concrescence of a new Unity, a One that Perishes as it forms a part of a new Many. 

Creativity, the Many, and the One are the three parts of the "Category of the Ultimate."
  


    Other glosses -  Actual Occasion, Concrescence, Many, One, <Perishing, Prehension, Process, Transition

D[back to top]
Duration

   An Actual Occasion cannot be an infinitesimal moment in time if it is to be perceived and prehended. That notion of an atomic amount of time is the duration.  

An Ideal Entity is an ideal or Abstract Form.
  


    Other glosses - Actual Occasion, Duration, Prehension

E[back to top]
Entity

   See Actual Entity.  

An Ideal Entity is an ideal or Abstract Form.
  


Event

   Whitehead adapts the idea of a physical event, an infinitesimal point in relativistic space and time to his notion of what we Perceive or Prehend, which is a substantial volume in space and duration in time. In his later writing, these Events become his Actual Occasions.



    Other glosses -  Abstraction, Actual Entity, Actual Occasion, Apprehension, Concrescence, Consequent, Creativity, Duration, Eternal Object, Experience, Ingression, Ground,  Many, Mental Occasion, Nexus, One, Organic Mechanism, Organism, Ontological Principle, Perishing, Process, Prehension, Satisfaction, Subject, Superject, Transition, Simple Location, Valuation

Eternal Object

   An Eternal Object 

An Eternal Object is an immaterial Form or Idea that exists outside of space and time. The Platonic Forms, logical truths, and the mathematical entities in his Principia Mathematica are Eternal Objects. They are pure potential that can be realized in an Actual Entity. All Objects can be Perceived and Felt by Subjects.  
  


    Other glosses -  Abstraction, Actual_Entity, Actual Occasion, Apprehension, Concrescence, Consequent, Creativity, Duration, Eternal Object, Experience, Ingression, Ground,  Many, Mental Occasion, Nexus, One, Organic Mechanism, Organism, Ontological Principle, Perishing, Process, Prehension, Satisfaction, Subject, Superject, Transition, Simple Location, Valuation

Experience

Whitehead talks of many kinds of Experience - Aesthetic, Higher and Lower, Immediate, and especially Religious Experience.
  

    Other glosses -  Abstraction, Actual_Entity, Actual Occasion, Apprehension, Concrescence, Consequent, Creativity, Duration, Eternal Object, Experience, Ingression, Ground,  Many, Mental Occasion, Nexus, One, Organic Mechanism, Organism, Ontological Principle, Perishing, Process, Prehension, Satisfaction, Subject, Superject, Transition, Simple Location, Valuation

Extensive Abstraction

Before he turned to philosophy at Harvard, Whitehead had expanded the idea of a physical event at an infinitesimal point in space and time to something with more spatial extension and temporal duration, so events could overlap.
  

    Other glosses -  Abstraction, Actual_Entity, Actual Occasion, Duration, Eternal Object, Experience, Ingression, Ground,  Organic Mechanism, Organism, Ontological Principle, Perishing, Process, Prehension, Satisfaction, Subject, Superject, Transition, Simple Location, Valuation
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Ground

A Ground is one of the Many prior Actual Occasions as Prehensions as Ingressions in the Transition and Concrescence to a new Actual Occasion or Consequent One, which Perishes.
  

    Other glosses -  Actual_Entity, Actual Occasion, Concrescence, Consequent, Ingression, Ground,  Many, One, Perishing, Process, Prehension

H[back to top]I[back to top]

indetermination 

Indetermination

To be Indeterminate is to say that at least some of the many properties of an Entity are unknown, perhaps unknowable. 
  

    Other glosses -  Actual Entity
Ingression

Ingression is how earlier Occasions and Eternal Objects enter into the Creativity and Concrescence, perishing in the Transition to a new Actual Occasion (the Consequent) .
  

    Other glosses -  Creativity, Concrescence, Consequent, Eternal Object
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Microscopic and Macroscopic

An Actual Occasion is a Microscopic process, larger and longer than the infinitesimal point in ordinary space-time, but much smaller than tables and chairs, for example.
 
Macroscopic processes are made up of multiple occasions in a Nexus or society of occasions


A Microscopic process of Concrescence is one that is not temporal.  Here the "earlier" Prehensions are only logical, not actual, preconditions for the Occasion.
  


    Other glosses -  Actual Occasion, Nexus

N[back to top]
Nexus

A Nexus is a complex of multiple Occasions. The Actual World consists of many Nexūs (plural).

What many philosophers call “actual entities,” Whitehead calls “nexūs.” This is most obvious
in relation to philosophies that stay close to ordinary language and treat the objects of everyday experience as actual entities. Many process philosophers take Events as primary, though for Whitehead, most Events are Nexūs, multiple actual occasions. 


Whitehead sometimes describes multiple Nexūs as Societies. 
  


    Other glosses -  Actual Occasion

O[back to top]
Occasion

Occasion is Whitehead's fundamental name for what goes on in a finite (or atomic) volume in space and a duration in time, not the infinitesimal point associated with an "event" in the Minkowski-Einstein "block universe," which Whitehead calls a "simple location." 

An occasion may be something material happening in nature, or something mental happening in a mind.


Occasions function as Causes to its successor Occasions, which are affected by it as the Ingression of Prehensions.


Whitehead often describes occasions with other terms, such as Actual Entities, Creatures, Concretions, 
  


    Other glosses -  Actual Occasion, Mental Occasion, Simple Location

Ontological Principle

Whitehead's Ontological Principle is that only Actual Entities contribute causally to events. His "Eternal Objects" play no causal role because they are immaterial, e.g., the Platonic Forms. Information Philosophy shows how immaterial ideas in minds, a subset of communications in biology, in fact play a causal role in the world. 

For Whitehead, every entity is considered to be an organism. This is a fundamental error. Organisms are biological entities. They maintain themselves against breakdown by the second law of thermodynamics, using negative entropy streams from the sun that flow through all earthly life. Organisms are creative, evolving according to the neo-Darwinian synthesis.


Organisms are Forms through which Matter and Energy continuously flow. 
And it is information communications and processing that controls those flows, using negative entropy that flows from the sun to all life.
  


    Other glosses - Actual_Entity,  Eternal Object, Organic Mechanism

Organic Mechanism

 Organic Mechanism is Whitehead's early term for what later is called Organism
  

    Other glosses -  Organism

Organism

For Whitehead, every entity is considered to be an organism. This is his fundamental error. Organisms are biological entities. They maintain themselves against breakdown by the second law of thermodynamics, using negative entropy streams from the sun that flow through all earthly life. Organisms are creative, evolving according to the neo-Darwinian synthesis.
  

    Other glosses -  Organic Mechanism

P[back to top]

Panpsychism

Panpsychism is Whitehead's attempt to avoid a "bifurcation" between the organic and inorganic world.. But when he applies his ideas that describe mental events like perception, experience, valuations, etc. all the way down to material particles, he mistakenly introduces panpsychism, the idea that even the most elementary material particles also have minds. 

Whitehead describes the physical processes of matter in space and time using terms that are only appropriate for biological entities, like perception, decision, valuation, etc. He transforms an entirely material space-time "event" into an "occasion" with mental properties. But saying such a thing does not make it so, even if Whitehead says that God is overseeing the process.


By contrast, the information philosophy emphasis on the creation of information structures distinguishes the creation of passive structures like the galaxies, stars, planets, even elementary material particles, from active information structures that communicate information among their parts and to and from other active structures to form a community of living things (something like Whitehead's "nexūs" or "societies").


For information philosophy, an organism is a form through which matter and energy flow, and information processes manage those flows. For passive information structures like elementary particles, as well as the galaxies, stars, and planets, matter and energy flows are controlled entirely by natural forces like gravity, electromagnetism, and nuclear forces.

  


    Other glosses -  Abstraction, Actual_Entity, Actual Occasion, Apprehension, Concrescence, Consequent, Creativity, Duration, Eternal Object, Experience, Ingression, Ground,  Many, Mental Occasion, Nexus, One, Organic Mechanism, Organism, Ontological Principle, Perishing, Process, Prehension, Satisfaction, Subject, Superject, Transition, Simple Location, Valuation

Prehension

 Prehension is a non-cognitive version of an Apprehension. It is the immediate "grasping" or perception (e.g., a Humean "impression") of an idea before the mental mediation in terms of concepts.   

Physical prehensions are perceptions of actual entities or actual occasions. Conceptual prehensions are "ingressions" of eternal objects.


Prehensions are the first stage (the Many Grounds) which grow together in the Concrescence that results in a Consequent One


    Other glosses -  Actual Entity, Actual Occasion, Concrescence, Consequent, Eternal Object, Ingression, Ground

Process 

 Whitehead's Process puts the emphasis on things happening (Actual Occasions) that are far more than the Simple Locations and Paths of material particles in the universe. 
  

    Other glosses -  Abstraction, Actual_Entity, Actual Occasion, Apprehension, Concrescence, Consequent, Creativity, Duration, Eternal Object, Experience, Ingression, Ground,  Many, Mental Occasion, Nexus, One, Organic Mechanism, Organism, Ontological Principle, Perishing, Process, Prehension, Satisfaction, Subject, Superject, Transition, Simple Location, Valuation
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Satisfaction

Satisfaction suggests that the Actual Occasion has feelings following the Concrescence (the Consequent), even if it is a purely material event.

"The actual entity terminates its becoming in one complex feeling involving a completely determinate bond with every item of the universe, the bond being either a positive or a negative prehension." (PR71) The 'satisfaction' is the 'superject' of rather than the 'substance' or the 'subject.' (PR227)
  


    Other glosses -  Actual Occasion, Concrescence, Consequent, a href="#Superject">Superject  
  

Simple Location

Simple Location is the path in space and time of a bit of matter, but that neglects its relations with all the other bits of matter and other Actual Occasions in a Process.
The standard theory of relativity regards the path of a particle as a succession of events. Whitehead's relativity includes the relations with every other event in the universe.
  

    Other glosses -  Actual Occasion, Process

Subject

For Whitehead, Subjects Perceive or Prehend Objects, including themselves as Subjects, as Actual Occasions,  as Experiences. In an Ideal World, Objects only exist for Subjects. Subjects exist for themselves.
  

    Other glosses -  Actual Occasion, Apprehension, Concrescence, Consequent, Creativity, Duration, Eternal Object, Experience, Ingression, Ground,  Organism, Process, Prehension,  Superject, Transition, Valuation

Superject

Although Whitehead often views an Actual Occasion as a Subject, he sometimes describes the Occasion as the Superject of its Prehensions. 

"An actual entity is to be conceived both as a subject presiding over its own immediacy of becoming, and a superject which is the atomic creature exercising its function of objective immortality." (PR71)
  


    Other glosses -  Actual Occasion, Concrescence, Consequent, Creativity, Duration, Eternal Object, Ingression, Ground,  Many, Nexus, One, Organic Mechanism, Organism, Ontological Principle, Perishing, Process, Prehension, Subject, Transition

T[back to top]
Transition

Transition is still another term for a Macroscopic process, which involves the temporal “transition” from earlier Prehensions
Occasions, functioning as Causes to its successors, which are affected by it.

By comparison, there is no temporal Transition in Microscopic process of Concrescence.  Here the "earlier" Prehensions are only logical preconditions for the Occasion, viz. Eternal Objects
  


    Other glosses -  Actual Occasion, Creativity, Duration, Eternal Object, Experience, Ground,  Many, Mental Occasion, Nexus, One, Organic Mechanism, Organism, Ontological Principle, Perishing, Process, Prehension, Valuation
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Valuation

Every Actual Occasion is a Creation, and a Valuation



    Other glosses -  Actual Occasion, Creativity, Duration, Eternal Object, Experience, Ingression, Organism, Ontological Principle, Perishing, Process, Prehension, Satisfaction
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Bernard Williams

Bernard Williams wrote an introduction and postscript to a 1960 series of BBC Third Programme shows on the topic "Freedom and the Will." The show's hosts included a number of ordinary language philosophers including Peter F. Strawson, Stuart Hampshire, David F. Pears, and Mary and Geoffrey J. Warnock.  

Williams' introduction showed an understanding of why Aristotle did not see the "problem of free will".

   

"Now Aristotle did believe, I think, that if it could be shown that it was a matter of necessity that men acted in one way rather than another, then our ordinary thought about action and responsibility would be undermined. If human actions were necessitated, there would indeed be something radically wrong with our notions of human action; but, he thought, it was quite certainly false that human actions were necessitated. If this is a correct account of Aristotle, we can see one reason why he does not confront the freewill problem. It is because he thinks that it cannot seriously be doubted that human actions are free from necessitation."

  
Williams was mistaken about the origin of the free will problem, which he traced to Christian theology and an omniscient, omnipotent God with divine foreknowledge of the future.

"the problem of freewill makes its first large-scale appearance in a religious context, when men had come to believe that here was one God, omnipotent, omniscient, and concerned with human action. The problem of freewill was first definitely stated as a problem of Christian theology. The problem arose, in fact, from a number of different roots in Christian belief: Christianity asserts on the one hand that man does freely choose his actions, but also asserts on the other hand statements not evidently compatible with this, for instance that God being omniscient knows from all eternity what actions a man will in fact perform."


Williams objected strongly to the idea that the natural laws of science could explain everything, that physical determinism required philosophers to accept Humean compatibilism.

  

  Moral Luck
  

In his 1981 essay, Moral Luck, williams wrote, 

I entirely agree with [Thomas Nagel] that the involvement of morality
with luck is not something that can simply be accepted without
calling our moral conceptions into question. That was part of my
original point; I have tried to state it more directly in the present
version of this paper. A difference between Nagel and myself is
that I am more sceptical about our moral conceptions than he is.
"Scepticism about the freedom of morality from luck cannot leave
the concept of morality where it was, any more than it can remain
undisturbed by scepticism about the very closely related image
we have of there being a moral order, within which our actions
have a significance which may not be accorded to them by mere 
social recognition. These forms of scepticism will leave us with a
concept of morality."


  Freedom and the Will
  


We can trace back to near the beginning of Western Civilization the notion of individual responsibility: the notion that certain states of affairs in the world can be traced to the actions of human beings, for which those human beings can in various ways be called to account. The actions for which we are in the fullest sense responsible are those for which we can be praised or blamed.

This notion of responsibility is to be found already in the moral and legal thought of the Ancient Greeks. The Greeks already worked with the notion which we have today, that the question whether a man is responsible for something that happens is not just the question whether what happens is a consequence of movements of the man's body. For instance, suppose a man's arm moves in such a way as to knock over and break a valuable vase, someone else's property. In a limited sense, we know already in these circumstances what the cause of the damage was — the movement of this man's arm; but we do not yet know whether the man himself is in the full sense responsible for this damage, whether he is to blame. For that, we want to know more about the movement of his arm. In particular, we want to know whether he intended this movement of his arm, or whether perhaps it was just some nervous twitch, out of his control. Again, even if the movement was not out of his control, we still want to know, for instance, whether he realized the vase was there: if not, his breaking of the vase will be unintentional, and to that extent free from blame. There are other sorts of situation, too, that relieve people of responsibility for things that they have done, or at least mitigate it ; being in certain peculiar states, for instance, such as sleep-walking or under the influence of drugs ; or, rather differently, being forced to do things by other persons.


Aristotle, in his Ethics, reviews and classifies these sorts of situation that relieve people of responsibility. His account is complex and subtle, but substantially he reduces the types of situation to two classes: those in which the agent is ignorant of relevant matters, and those in which, as he puts it, the originating principle of the action lies outside the agent himself — by which, I think, he principally means cases in which someone is physically forced to do something by someone else.


Aristotle's account is of interest for two reasons in particular. The first is a positive reason: that it is interesting to find a Greek philosopher giving an analysis of responsibility and the conditions that relieve people of it that so remarkably corresponds, in its essentials, to some of the considerations that we still employ today, both in the law and in everyday life. The second reason is a more negative one. Aristotle's account is concerned, as I have said, with the conditions that relieve people of responsibility for what they have done. I mean by this that he considers and classifies certain special circumstances 
that relieve people of responsibility, while taking it for granted that in the usual circumstances people are responsible. He analyses the framework of praise and blame and responsibility as a going concern, as it were. He never, or scarcely ever, considers the notion that we might never really be responsible, that the going concern of praise and blame, our ordinary notions on these matters, might as a whole he founded on an illusion. Aristotle, that is to say, is precisely not concerned with that large-scale philosophical problem or set of philosophical problems which in later times has come to be known as the problem of freedom of the will. For the heart of that problem lies in the fundamental and revolutionary suggestion that our ordinary notions of responsibility may be altogether confused, because based on some false or ultimately unintelligible theory about human beings and their actions.
I think we may be able to see, in historical terms, how this fundamental and revolutionary suggestion came to be made, if we ask first why Aristotle does not consider it. One reason is that Aristotle regards it as certain, and indeed makes it a central point of his philosophy, that there is no necessity about human actions — that it is never necessary in any sense that a man should, on a particular occasion, have done this rather than that. For him, necessity is something that applies only to such things as the movements of the heavenly bodies; human actions, on the contrary, are a sort of thing which could always have happened otherwise. Now Aristotle did believe, I think, that if it could be shown that it was a matter of necessity that men acted in one way rather than another, then our ordinary thought about action and responsibility would be undermined. If human actions were necessitated, there would indeed be something radically wrong with our notions of human action; but, he thought, it was quite certainly false that human actions were necessitated. If this is a correct account of Aristotle, we can see one reason why he does not confront the freewill problem. It is because he thinks that it cannot seriously be doubted that human actions are free from necessitation.


This is a very important point, because, as we shall see, one reason that the freewill problem did eventually arise was that men did begin to have serious doubts about just this. I shall come back to this point. First, however, it is worth while, for our historical picture, to look briefly at another reason for Aristotle's silence on this subject. This was his lack of belief in any personal god concerned with human affairs. Some earlier Greek writers, in particular the tragedian Aeschylus, do seem to be concerned with problems not far removed from the problem of freewill. Aeschylus's portrayal of Prometheus, or again of Orestes, seems to be in part a dramatic representation of human freedom as against forces set in motion by the gods, or perhaps we should better say, personified in the gods. Plato, nearly a century later, could still, in a poetic passage, write in these terms, and assert human freedom: 'the responsibility is with the soul that chooses its destiny: God is not responsible'. For Aristotle, a little later, there are no such gods, there are no such forces, and the question does not arise.



I mentioned earlier that men came eventually to doubt Aristotle's principle that human actions were not necessitated. This they did — or at least, the doubt occurred to them — with the rise of a mechanistic view of the universe, according to which the universe was a closed system, every state of which was determined as a consequence of its earlier states in accordance with natural laws — laws which, in the eighteenth and nineteenth centuries, were believed to have been in essence discovered by Newton. The possibility of such a scientific account of the universe had occurred, indeed, to certain of the Greeks, who realized further that such an account would have consequences for human action. The atomist Epicurus, for instance, was apparently aware of these problems. The speculations of the atomists, however, remained speculations; and it was only with the rise of a successful experimental and predictive mechanical science in the seventeenth century that the problems became acute. How, it was asked, could a human agent intervene in the world, be, in Aristotle's terms, an 'originating principle of action', if every event in the universe was as it was merely in virtue of the earlier states of the universe, however remote? Would not every human action be a case of `the originating principle lying outside the agent himself', so that there would be no action left for which he would be responsible? Descartes, in the first half of the seventeenth century, both held the mechanistic view of the material universe, and saw this problem; he wished further to safeguard responsible action from the realm of natural necessity. This he tried to do by distinguishing two quite separate realms, that of mind and that of matter, to the second of which alone, matter, the natural laws applied. But this was a quite inadequate kind of solution, even in Descartes's terms. Descartes himself realized that a bodily human action is itself, from one point of view, an event in the material world.

If all events in the material world are subject to natural law, how does the mind come into it? Descartes' distinction between two realms, designed to insulate responsible human action from mechanical causation, insulated the world of mechanical causation, that is to say, the whole of the external world, from responsible human action. Man would be free only if there was nothing he could do. Once this way of looking at the problem is accepted, there seem to be only two possibilities. Either all physical changes are subject to natural law, in which case those particular physical changes which constitute human actions are subject to it; or human actions are not subject to natural law, so not all physical changes are subject to it. The belief that all physical changes are subject to natural law has attracted, needless to say, a label: the label 'determinism'.1 So here we have in outline an apparently simple opposition: either determinism is true, in which case there is no genuine human intervention in the world, that is, no freewill; or there is freewill, in which case determinism is false.



The issue has, of course, been endlessly posed in these terms, and in these terms endlessly discussed. But not all thinkers have accepted these terms, either explicitly by rallying to one side or the other, or implicitly by professing ignorance as to which alternative was true. Right from the seventeenth century there have been philosophers who have criticized this opposition itself, and the terms in which the question was posed. Some have claimed, radically, that when the notions involved are properly understood, the alleged opposition dissolves, and the supposed dilemma can be shown to be a set of muddles and misunderstandings. Hobbes, Hume, and in our own time A. J. Ayer and others have taken this view. Others, less ambitious, have held that although there may be one, or probably more than one, genuine opposition here, nevertheless the terms of the discussion are so imprecise and ill understood that, without much further analysis, it is impossible to understand what the oppositions are, if they exist. Such a view is, I think, held by many linguistic philosophers today.

It certainly does seem that a tremendous number of questions have been begged and important distinctions blurred in the simple sort of formulation of the problem that I sketched just now. First of all, the formulation introduced a good deal of metaphor: one spoke of physical changes being 'subject to' natural laws, as though the natural laws exercised some mechanistic tyranny over events. Though an enticing metaphor, it is a very misleading one, and should be eliminated. What then, without benefit of metaphor, will be the formulation of determinism? It would seem to be something like this: that given any total state-description of the universe, it is in principle possible to predict or retrodict correctly any other, however remote, in virtue of a finite set of scientific laws. But there are still difficulties about this formulation. It is still not free from unclarities and ambiguities — great difficulties, for instance, surround that slippery phrase 'in principle'. Under what conditions could we say that we could in principle predict every state of the universe ? Just when we thought that there were laws in virtue of which we could do it, if only we knew them? This would surely not be enough — this would only be a situation of faith in determinism, not a situation in which determinism had been shown to be true. So perhaps we should say that determinism had been shown to be true if we knew all the relevant laws, and could predict all the states of the universe if only we took enough trouble. But then what certainty would we have that we did know all the relevant laws, unless we could actually succeed in making these vast predictions — that is, could not only in principle, but in practice predict? And this even the most fervent determinist would surely agree we could not do.



The difficulties for determinism in the twentieth century are the probabilistic consequences of quantum mechanics


There are other difficulties in the formulation of determinism. What, for instance, are we to make of the phrase 'a total state-description of the universe' ? Even if we made more precise — as we should have to — what terms such a description would have to be in, are there not overwhelming reasons for thinking that no such description could ever be completed?
the eighteenth century the astronomer Laplace could perhaps talk glibly in these terms; in the twentieth we certainly cannot.

Here someone may say: Good. We now understand that the conditions specified by the determinist could never be satisfied — that is to say, determinism is a false or incoherent doctrine. So the enemy of freewill is out of business, and freewill is all right. Rut such a confident answer would be premature, and this just illustrates the obscurities of the simple opposition we originally set up. For while this extremely grandiose enemy, Laplacean determinism, is perhaps out of business, rather humbler but more effective enemies are certainly still in existence.


Here it is worth while to recall the point we started with right at the beginning: the fact that in ordinary life and the law we admit certain conditions as relieving an agent from responsibility for what he has done : conditions such as somnambulism, force majeure, etc. Now it is a most conspicuous feature of our present moral thought that this list of conditions is gradually being extended in the light of advancing psychological and other scientific knowledge. For instance, we now recognize in ordinary life, and perhaps even in the law, the existence of certain compulsive conditions — kleptomania is one sort of example. The proof that an agent was in such a state relieves him of responsibility, or at least mitigates it, for actions of the appropriate type.


Now it is not an accident that the discussion of such cases gives rise to constant difficulty and doubt. We feel compelled to admit more and more such conditions into the class of conditions that exonerate, without really being clear on what principle we are doing it. Moreover, there is the lurking feeling that the principle on which we are doing it might be one that eventually might extend to swallow up wide ranges of action now regarded as normal and responsible. For instance, are we to say that a man is not responsible if there is a psychological explanation of what he did ? This by itself is too weak, since the phrase ' psychological explanation' can cover practically anything, including for instance 'he freely chose'. But perhaps some sorts of psychological explanation . . . ? Here we do not know, not just where to draw the line, but how to, and in this ignorance we can feel no a priori confidence how much of our ordinary sphere of action will be left intact by the line when properly drawn. Here we feel the presence perhaps of another type of determinism less grandiose but more pressing than the total physical determinism of Laplace.


In this situation, looking for a criterion, we may turn to the other side of the field. We may ask, not what are the general conditions of non-responsibility, but what are the general conditions of responsibility: perhaps there is some sign that an action is, in the appropriate sense, really ours. Here we meet for the first time a concept that has been absent from the discussion so far — the concept of the will itself. It is in virtue of the operation of the will that some philosophers have tried to distinguish this class of responsible actions. But what is the operation of the will, and what are its signs? We indeed speak in ordinary life of 'efforts of will', and it is in the occurrence of these that in reflective moments we perhaps feel most conscious in some sense of our freedom. But here there are many difficulties. First, it is certain that only a very few of the actions for which people are normally held responsible are accompanied by efforts of will, in this psychological sense; and the same goes for any other conscious process that might be suggested here instead, such as explicit decision, formulated intention and so on. Often we just act, without such processes, nor would we regard such actions as any the less responsible of free for that reason. Again, there is a deep difficulty about what an effort of will really is. There is indeed some kind of psychological process in connection with which the term is used — but might it not be just a psychological process which accompanied some actions (perhaps peculiarly difficult ones) and not others? Contrary to what some philosophers have supposed, efforts of will do not wear their metaphysical significance on their face. It may even be that they have none.


I have mentioned in the last few pages a good number of problems and difficulties. It is these difficulties that contributors to this book will be considering: in particular, the definition of determinism; the search for general conditions of responsibility; the nature of the will and its connection with what we call efforts of will; the scope and implications of different kinds of psychological explanation. My aim has been to try to link with a few threads these different topics to the history of that set of issues which is over-simply called 'the problem of the freedom of the will'. I have tried to suggest that there is not one simple issue here, but a great network of difficulties. The difficulties are, however, not unrelated to one another — the network has a centre. This centre lies on a line, which is deeply engraved in human thought, the line between man as a conscious, reflective being and man as part of physical nature, conditioned by and acted upon by his environment. The basic nature of this dividing line appears in the constant preoccupation of philosophy with these difficulties! and it is its very depth that makes it necessary for any serious search for understanding in this region now to distrust grandiose theories, and to take the difficulties, so far as possible, one at a time. They are, after all, no less complex than the human situation.
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With the rise of Humean compatibilism, most philosophers become compatibilist 
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C.F. von Weizsäcker

Carl Friedrich von Weizsäcker was a very close colleague of Werner Heisenberg. Both were dedicated followers of Niels Bohr.

Weizsäcker worked in nuclear physics alongside Heisenberg and derived an important mechanism for nuclear fusion in stars known as the Bethe-Weizsäcker process. He was a key member of Germany's WWII nuclear energy team and probably would have been a contributor to the development af an atomic bomb, but for the practical calculations of Heisenberg who thought that Germany lacked the production scale of fissionable material needed for a bomb.


Heisenberg recalls many philosophical discussions with the young Weizsäcker. A decade after WWII, Weizsäcker was a professor of philosophy from 1957 to 1969. He published several philosophical papers in those years and later collected them into his 1971 masterwork The Unity of Nature (Einheit der Natur). 


In chapter I.2 of The Unity of Nature von Weizsäcker takes up the question that is the basis, or perhaps the thesis, of our information philosophy - "Language as Information." This was the topic of a lecture sponsored by the Bavarian Academy of Fine Arts in 1959. 


The lecture asked the difficult question, "Can language be rendered unambiguous in the service of science, using "information" in the sense of information theory?" The short answer is of course "No." The meaning of any information always depends on context.


Disambiguation was the dream of great logicians, from Gottfried Leibniz and Gottlob Frege to Bertrand Russell and Ludwig Wittgenstein, to represent the physical world by "logical atoms."  The later Wittgenstein and twentieth-century language philosophers thought that "what there is" could be described with analytically true statements or "propositions." They all were logical failures, but information philosophy builds on their dreams.


Leibniz imagined a characteristica universalis,  a universal and formal language able to express mathematical, scientific, and metaphysical concepts, a kind of "natural language." Leibniz also imagined a machine, a kind of computer, that could manipulate the symbols for concepts (the Russell/Wittgenstein "logical atoms"?) in this language. Leibniz called it a calculus ratiocinator. 


All these dreams culminated in the school of logical positivism, later analytic language philosophy, which is widely regarded as a dismal failure of twentieth-century philosophy.

Niels Bohr, the great mentor of Heisenberg, von Weizsäcker, and so many other of the physicists who founded the "new quantum mechanics" in the late 1920's, instilled in all his disciples the idea that a language, refined from the concepts of classical physics, is required for explanation of nature, in particular for quantum mechanics. Sadly, this was a product of Bohr's wishful thinking. Information philosophy must go "beyond logic and language."


Von Weizsäcker breaks his lecture into five parts, a) Examples of Information, b) Measurement of information, c) The calculus, d) Information as Form, and e) Can language be reduced to information?


Under Examples of Information, Von Weizsäcker says


I now ask, for the first time: what is information?

Information, in current usage, is the communication of facts..
.
The carrier of information is language. Important facts were and are conveyed from mouth to mouth...

The written word has an advantage over the uttered word, however, if language is to serve as information...

Writing, so to speak, “objectifies” information.



Under Measurement of information, he says

In asking for the measure of information, we pose the question “What is information?” a second time, in a more rigorous manner now because of the quantitative setting...

I will first make the concept of information in information theory a bit more precise...

In English- speaking countries a single yes-no decision is called a “bit” of information. “Bit” is meant to be short for “binary digit.” It helps that “bit” also means “small piece.” Information can be measured if one knows the smallest number of small pieces needed to transmit it...

There are, as far as I know, good physiological reasons for assuming that the neural networks in the brain also work with sequences of yes-no decisions (response or non-response of the nerve fiber).



Under The calculus, he says

A device can process only information given to it unambiguously...

Opaque though it be to information theory, so-called “natural language,” the language in which ordinary people communicate, cannot be done without, at least not at the start....

Now, not the words, but the meanings of the words are to be put into a form capable of being processed according to a scheme. Is such a step conceivable, perhaps on the basis of some preliminary manipulations? It seems to have been Leibniz who first posed this question with full clarity. Can we find signs to represent, not the linguistic name, but the clearly understood meaning of every concept needed by thought? Can we invent operations with such signs to represent any admissible operation of thought, so that all correct thinking would be mirrored in such operations and controlled by them, even as the operations in algebra mirror and control our thinking about numbers? The calculus of modern logic is the modest execution of a small part of Leibniz’s program. It represents the furthest reduction of language to its unambiguously manipulable informational content. On a new level of abstraction, it turns back from natural to formalized writing.

For an example, let me give you a few formulas taken from the simplest part of logical calculus, the propositional calculus. This calculus treats the relations between entire sentences, the so-called “propositions,” without reference to their internal structure...Can we, to return to our theme, thus transform into information all that language can express?...It would already mean a lot if we could assign an information-theoretical meaning to these challenging, if not completely clearly formulated sentences of Wittgenstein’s:

“What can be said at all can be said clearly; and whereof one cannot speak thereof one must be silent.”

The desire to think clearly is common to philosophy and the sciences; in literature, too, it can be salutary. Should we surmise that one can think clearly only what can be said clearly; that one can say clearly only what can be unambiguously expressed in terms of information; that one can express unambiguously as information only what can be written in the form of a calculus? As the result of this third section, may we interpret clarity in terms of information, and information in terms of the concept of a calculus?




Under Information as Form, he says

We can test the truth of these conjectures only if we can be sure of having understood their meaning. Do we know with sufficient clarity what we mean by information?...

I have conjectured that only what we can write down in terms of a calculus counts as information. But I have not said what information really is. Socrates would not have been satisfied with me...[Nor would Plato!]

Let us assume that information is the thought process in the mind of the person thinking the contents of the wire. Then what I thought when sending the wire and what the addressee thought on receiving it is not the same information. Information is not one or the other act of consciousness but what is known by the act of consciousness, something that is common to these conscious persons who are otherwise so different.

Today we are beginning to get used to the idea that information must be regarded as something different from matter and consciousness. What one has thus discovered is an old truth in a new guise. It is the Platonic eidos and the Aristotelian form, expressed in such a way that even twentieth-century man can learn to obtain a glimpse of them.




Here we see that von Weizsäcker has recovered (or reinvented, as hundreds of thinkers before him) the ancient and great dualism between form and matter, between idealism and materialism, between body and mind. He says "writing objectifies information." 
But much more powerfully, information objectifies objects. Information "represents" a physical/material object in the most minimal and least ambiguous way, totally independent of Bohr's mandatory "classical language."  

John Wheeler famously coined the slogan "It from Bit." It is not clear exactly what Wheeler was thinking, but the connection between the discrete number of particles in an information structure and the minimum number of bits needed to communicate the structure is the essential fact. Some physicists jump to the erroneous conclusion that the object ("It") is nothing but information (the "Bits"). 


This supports popular but simplistic ideas like the body is a machine and the brain is a computer, maybe the whole universe is a computer, etc.  These all are not helpful.  Reduction to one (monist) or the other side of the dualism is very popular in philosophy, but ultimately explains everything with one idea which by itself explains nothing.  


Is von Weizsäcker's concept "unity of nature" a similar simplistic misconception? The observable universe contains an immense, but in principle knowable, number of discrete particles. They are arranged in an enormous number of unique information structures. We must conclude that no monism can ever do justice to such a "pluralistic universe," as  William James described it. This "it" will always need a very large number of "bits" to describe , to communicate "what there is" (ontology) between scientists and philosophers so we can know something about it (epistemology).


But let's continue with von Weizsäcker.


One could try to explicate what I have just named the linguistic character of information by means of another concept that does not contain the term “language.” “Communication” offers itself, for example. One could try this: “Information is a form that serves in communication.” The “serves” here must be understood as potential; a book no one has read and the current flow in a computer unperceived by anyone are not actually someone’s communication, but they are the sort of structures that can be considered communication. The term “communication” suggests that language does not relate merely to an isolated consciousness, to a Cartesian res cogitans, but that it is essentially interlocution, communication between persons. I won’t follow up on this remark; it is merely the eyelet through which the threads that connect with the other lectures may be drawn.


I must, however, deal with a possible objection. Modern biologists speak perfectly legitimately of information—in genetics, for example. A set of chromosomes contains in its genes the information that determines the phenotype of the individual (to the extent that the phenotype is in fact genetically determined)...Information-theoretical concepts are clearly applicable here if they are anywhere. But there is no one here who talks, no one who communicates something or understands what is being communicated to him... [No human, but biological entities clearly communicate meaningfully!]


I suspect that I am not really meant to solve this problem with the conceptual means to which, for the sake of achieving preliminary clarity, I am today restricting myself. I therefore now turn back from information beyond human language to language as information...


In conclusion I now return to the question: Is it possible, in principle, to reduce language to information understood in this way? Not that everything expressible in words must necessarily fall under this concept of language; but is the concept itself at least clear enough to enable us to define what Wittgenstein termed “saying clearly”? I am inclined to answer in the negative...


At this point von Weizsäcker spirals down into the "epistemic circle" of language philosophy, anticipating the post-modern position that language is a vicious circle of signifiers. There is no contact with the world outside the text (il n'y a pas hors de texte).


In 1969, von Weizsäcker wrote an important essay called "Matter, Energy, and Information." 


In it he says that "information is neither matter nor energy," Information philosophy agrees with this fundamental insight, but we emphasize that information needs matter to be embodied and energy to be communicated. Information is abstract and immaterial, like gravitational field theory that describes how matter moves, or the quantum wave function that controls (statistically) the positions of particles.


All theories, including mathematics, are "free creations of the human mind," said Albert Einstein. They are all ideas. Their usefulness must be decided by experimental tests.


Like many mathematical physicists, in this essay, von Weizsäcker wants theories to be substantial. "Form as Substance, he titles one section, in which he says


This hypothesis entails the following theses: Substance is form. More specifically: Matter is form; movement is form. Mass is information; energy is information.


Von Weizsäcker bases these strange ideas on his theory of ur-objects which have ur-alternatives. These appear to be our alternative possibilities in information philosophy. 


Von Weizsäcker in his final section makes a connection to Parmenides's idea of "the One" through Plato's dualism that privileges "the Ideas" over the materialism that Aristotle will make the origin of all things, since ideas are merely abstractions away from various forms in material objects.


Von Weizsäcker concludes his book with analysis of nature as a unity.


We begin by recapitulating the facts and conjectures in which the idea of the unity of nature has presented itself.

The unity of the law comes first. This is merely another expression for what physicists call the universal validity of a fundamental theory. A “theory” of this type consists of a number of terms, as well as of fundamental propositions which connect these terms and from which additional propositions can logically be deduced. Further, it must be sufficiently clear for practical purposes how the theoretical terms are to be applied in experience, and thus also how the theoretical propositions can be put to the test. A theory has “validity” only if these procedures are available, and if the propositions thus tested agree with experience. We will not recapitulate the methodological problems implicit in these requirements but will rely for the moment on the fact that, in general, physicists agree on these matters among themselves. The validity is “universal” if it extends to all possible objects of a theory; i.e., to all objects covered by the terms of the theory. Here, too, we are satisfied for the moment with practical universality, leaving open the discovery of exceptions or of still more universal laws. We will call a theory “fundamental” if it extends to all possible objects of nature. The universal validity of a fundamental theory means that all objects of nature are subject to one and the same lawful scheme; it is in this sense that we term this validitydie “unity of the jaw.” Let me emphasize that all these terms are merely descriptive. They formulate the approximate ^elf-interjT/etation of contemporary physics, and the following recapitulating reflections will clarifv or revise them.


We do have such a fundamental, theory—namely, quantum theory. Let us examine in more detail what demands should be imposed on a fundamental theory, and in what sense quantum theory fulfills them.


The theory is to apply to arbitrary objects of nature. To this end, it must be capable of characterizing an arbitrary object. It does so by specifying the totality of its possible (“formally possible”) states. The theory must also specify how these states can change in time. These two requirements can be stated from the point of view of classical physics; quantum theory supplements the requirements in its own characteristic way—namely, by fulfilling them.


According to quantum theory, every object possesses, mathematically speaking, the same manifold of possible states; these can be characterized as the one-dimensional subspaces of a Hilbert space. Quantum theory also specifies a universal rule for the composition of two objects into a single object: the Hilbert space of the composite object is the Kronecker product of the Hilbert spaces of the two part-objects. The theory subdivides the question as to the temporal change of the states into two questions. If the state changes without being observed, it does so in accordance with, a unitary transformation of Hilbert space. A particular species of objects(e.g., helium atoms) is characterized by its formally possible unitary transformations, which are mathematically specified by their infinitesimal element, the Hamilton operator H. The Hamilton operator of an isolated object characterizes its internal dynamics and thereby designates certain of its states (for example) as eigenstates of H with particular eigenvalues of the energy. The interaction of the object with other objects is described in terms of the Hamilton operator of the composite object constituted by these objects; this operator can, within certain approximations, be reduced to the Hamilton operator of the original object taken as situated alone in a fixed environment. If, on the other hand, the state is observed, then the state changes in another manner. A particular observation admits of only a subset of the formally possible states of the object as possible results of measurement; this subset is constituted by the eigenstates of the Hamilton operator of the object when the instrument of measurement is specified as part of its environment. If 
  Ψ
 was the state prior to the observation, then the probability of finding a particular state  Φn among the manifold of possible results of the observation equals the square of the magnitude of the inner product of the unit vectors in the directions of states 
  Ψ
 and  Φn

Because of the mathematical formalism that it requires, this description of quantum theory might seem a bit heavy-handed. From the conceptual point of view, the theory may be said to achieve a certain maximum in possible simplicity. The theory characterizes, in unique terms and by means of universally valid prescriptions, arbitrary objects, their composition, changes in their state when not observed, and the prediction of observations. And yet quantum theory, even if we assume it to be universally valid, does not yet express the full unity of nature.


For one can speak, secondly, of a unity of nature in the sense of a unitary character of the species of objects. This character expresses itself in quantum theory in the existence of objects with particular Hamilton operators. Today we believe that all species of objects can in principle be explained as being composed of a small number of species of elementary particles. In the case of inorganic nature, we all believe this to be so; in the case of living organisms, it is the hypothesis on which we have based this book. Finally, we hope to reduce the species of elementary particles to a single basic lawful order, which perhaps we ought not to describe as the existence of a single basic species but rather as the law that specifies all of them.


Thirdly, in the context of contemporary cosmology, it makes sense to talk of the unity of nature as the totality of objects. One speaks of the world as if it were a single object. Quantum theory does indeed permit the composition of arbitrary objects into a new object. It even requires this composition, in the sense that it regards the actual state space of a number of coexisting objects as precisely the state space of the total object they compose; the isolation of individual objects is, in the eyes of quantum theory, always a mere approximation. If the totality of objects in the world can, at least in principle, be enumerated, then quantum theory obliges-as in principle to introduce the additional object “world,”, which is composed of that totality. At this point, however, certain conceptual problems that form a principal theme of the present essay appoar. Let me merely name them for now: If the object “world” is to exist, for whom is it an object? How are we to conceive of an observation of this object? If, on the other hand, the object “world” is inadmissible, how are we to describe the coexistence of objects “in the world” quantum mechanical/? Or are we to conclude that quantum theory meets its limits here?


Fourthly, we have tried to base the unity of nature (as conceived under the three preceding aspects) on the unity of experience. We talked, to begin with, of the preconditions of the possibility of experience, and understood “experience” to already be unified in the sense that “every” experience may be thought of as -connected with every other experience in a contexture of interactions that is free from internal contradictions. This unity appears in Kant under the title of “the unity of apperception.” In our own approach, which starts not from subjectivity but from temporality, this unity appears as the unity of time. The unity of time (which in our presentation of course embraces space) is, most likely, the only adequate framework for the problem of the totality of objects. With these latter reflections we have delved into the midst of the fundamental problems of classical philosophy. Before confronting these problems, we must still introduce our last approach, the approach of cybernetics.


Fifthly, the unity of man and nature is part of our conception of the unity of nature. Man, in whose experience the unity of nature is discovered, is at the same time part of nature. We try to describe human experience in terms of a cybernetics of truth, which is conceived of as a process in nature. The philosophical problem that arises here is obvious: if this program can be carried through, at least in principle, then the unity of nature is somehow represented within nature as the unity of the experience of man. What does this “somehow” mean? To put it differently: the subjects, for whom the objects are objects, now form part of the totality of objects. Furthermore, in a cybernetics of truth, human consciousness stands apart from animal subjectivity as a higher-level structure, but the two are also part of a genetic continuum. In the attempt to reduce matter and energy to information, the subjectivity of all substance, if only implicitly and unclearly, is presupposed. The classical formula that nature is spirit which does not know itself as spirit urges itself upon us as a shorthand notation for these problems; but this does not mean that we have understood this formula in the least. 
As a next step, we therefore explicitly confront our complex of problems with the ideas of classical philosophy, among which we in fact already find ourselves. Aren’t we in the midst of the problems faced by the Eleatic philosopher Parmenides? Hen to pan: One is the totality. The totality is, first of all, the world, “comparable to a well- rounded sphere.” But this world embraces experiencing as much as what is experienced, consciousness as well as Being: To gar auto noein estin te kai einai, for it is the same to see and to be. I translated noein with “to see” to avoid the abstract introversion of “to think.” What can Parmenides teach us?
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We have found many dozens of "new" terms for this great dualism, invented by thinkers who thought they had made an original discovery.
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As a young philosopher, David Foster Wallace (later a popular writer of fiction with philosophical themes), wrote an undergraduate philosophy thesis in 1985 on Richard Taylor's famous article "Fatalism," which had appeared in The Philosophical Review, v. 71, n. 1, 1962. Wallace claimed to disprove Taylor by showing that his arguments were merely semantic and could not establish metaphysical truths such as determinism.


Taylor's article is important because it shows how a few important presuppositions, ones commonly accepted by academic philosophers, imply that determinism is true. This is most ironic, because anyone familiar with Taylor's work (he was an agent causalist) would know that this was not his position on free will. Nevertheless, several philosophers tried to show in the 1960's that Taylor's arguments in "Fatalism" were invalid. Taylor's article is still widely anthologized, with the result that many philosophers today regard Taylor as a fatalist!


Taylor's arguments are essentially versions of the ancient problems of Future Contingency and Diodorus Cronus' Master Argument, still implicit in many philosophers work on the problem of free will. Even in ancient times, such arguments were derided, by Epictetus, for example, in his Discourses, Bk 2, Ch 1, "Against those who embrace philosophical opinions only in words."


Modern thinkers with similar conclusions, albeit for different reasons, include C. W. Rietdijk, Hilary Putnam, J. J. C. Smart, Michael Lockwood, and Michael Levin, who like to think that the future is "already out there" in the relativistic space-time continuum of a "tenseless" "block universe." 


Wallace's arguments are quite powerful in the sense that much of what Taylor was doing (perhaps with tongue in cheek?) and other analytical language philosophers tried to do was simply not possible to do, discover truths about the physical world from logic and language.


Information philosophy goes "beyond logic and language." 


Wallace describes fatalism as collapsing all possibilities into actuality. Only the actual is possible, they claim. Fatalism is a form of Actualism. Modern "actualists" include  Harry Frankfurt, and Daniel Dennett. Wallace writes:


By what reason, other than mere habit or inclination, ought we to reject out of hand a modal system in which possibility, actuality, and necessity are collapsed? Would it somehow be meaningless or uninteresting? The fatalist can point out that no less a non-fatalist than G. H. von Wright does not think it would. In discussing a system with just such a feature, von Wright maintains that "This 'collapsing' of the distinction between the possible and the necessary does not make the system uninteresting as a modal logic. Quite to the contrary, speaking in the traditional modal terms, one can call it a modal logic of a universe of propositions which has no room for contingent
propositions but in which every truth is a necessity and every falsehood an impossibility." (In other words, a fatalistic modal logic.)
Some philosophers have argued that the collapse of modal distinctions apparently implied by the Taylor problem results in the very concept of "necessity" itself becoming vacuous, and so renders the fatalist's contention that everything that happens is "necessary" empty and benign. But the fatalist is clearly going to want to hold that since the relevant collapse is from possibility and actuality into necessity, it is only necessity which has any real meaning as a modal concept, and it is the others which are really empty. Where does this leave us? Again an attempted refutation of Taylor's argument boils down to an attack upon a fatalistic intuition which we can only reject, not refute.

  

Wallace concludes his thesis by concluding that fatalism entails determinism:

the metaphysical doctrine of determinism [is] the idea that, 

given a precise and total state of affairs at one instant, and the physical laws that govern the causal relations between 
states of affairs, there is one and only one possible state of affairs that could obtain at the next instant. The fatalist, then, would appear to be able to preserve the validity of his Taylor-argument against [Wallace's] analysis only by embracing the metaphysical doctrine of determinism, by being a determinist.

And what exactly is a determinst? Let's have a look at Richard Taylor's own definition:


A determinist is simply, if he is consistent, a fatalist about everything; or at least, he should be. For the essential idea that a man would be expressing by saying that his attitude was one of fatalism with respect to this or that event — his own death, for instance — is that it is not up to him whether, or when or where, this event will occur, that it is not within his control. But the theory of determinism, once it is clearly spelled out and not hedged about with unresolved 'ifs' entails that this is true of everything that ever happens, that it is never really up to any man what he does or what he becomes, and that nothing ever can happen, except what does in fact happen.


So what are we to say about the fatalist's asserting the truth of determinism in order to save the validity of an argument for the truth of fatalism, when determinism, by Professor Taylor's own enthusiastic admission, is simply a stronger, more general version of fatalism? At our harshest we might simply reject the fatalist's response here as assuming in the first place the very thing for which he purported to have an independent argument. We might accuse the fatalist here of just begging the question, precisely the charge we saw the fatalist level at his poor critics in section (II).

But it is more fair to an ingenious and very important argument (and I think more interesting) to say something else. Taylor's claim was never really that fatalism was actually "true," only that it was forced upon us by proof from certain basic logical and semantic principles. This essay's semantic analysis has shown that Taylor's proof doesn't "force" fatalism on us at all. We should now recall that
Taylor was offering a very curious sort of argument: a semantic argument for a metaphysical conclusion. In light of what we've seen about the semantics of physical modality, I hold that Taylor's semantic argument does not in fact yield his metaphysical conclusion. And now the fact that it appears as though he can get his metaphysical conclusion from his semantic argument only by positing at the outset the truth of a doctrine thoroughly metaphysical, seems to warrant the following conclusion of our own: if Taylor and the fatalists want to force upon us a metaphysical conclusion, they must do metaphysics, not semantics. And this seems entirely appropriate.




This is of course Laplacian determinism
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  David Widerker independently developed a criticism of Harry Frankfurt's attacks on his Principle of Alternate Possibilities (PAP) that was similar to but stronger than Robert Kane's criticism in the 1970's.
 Frankfurt's Principle of Alternate Possibilities states that:
   

  (PAP) A person is morally responsible for what he has done only if she could have done otherwise, that is, only if she could have avoided performing it.
   

Frankfurt's attack depends on a very clever demon or intervener who has the power to block certain of the agent's alternative possibilities, while allowing the agent to act on that one of the possibilities that the demon wants to occur.  Frankfurt then argues that if the agent chooses on her own that possibility, then the readiness of the intervener to prevent other possibilities is irrelevant to her decision.
   

  (IRR) There may be circumstances that in no way bring it about that a person performs a certain action; nevertheless, those very circumstances make it impossible for him to avoid performing that action.
   

In order to know whether to block the action of an agent, Kane and Widerker pointed out that there would need to exist a prior sign that the action was now going to occur. Such a necessary and sufficient prior sign would exist only in a deterministic and strictly causal universe. 


Since Frankfurt's intervening demon, much like Laplace's demon, has no way of knowing the actual information about future events - such as an agent's decisions - until that information comes into existence, such demons are not possible and Frankfurt-style thought experiments, entertaining as they are, can not in fact establish the compatibilist version of free will.


Other philosophers, notably Alfred Mele and David Robb, Derk Pereboom, and others have developed more clever attacks on PAP. Widerker and others have developed further defenses, and there have been a number of such rounds. 


In his latest paper in the Journal of Philosophy (v 103, no 4, April 2006 , p.163), Widerker has said that he too can imagine conceptually possible situations where the agent’s decision is not causally determined, yet it is not within the agent’s power to refrain from it.



The avoidability-independent account of moral blame to which I have been calling attention here places me in the camp of those called "Source Incompatibilists" who hold that, although moral responsibility is incompatible with determinism, moral responsibility does not require that the agent could have avoided acting as he did. On this view, moral responsibility just requires that the agent was the ultimate originator of his act, that is, he performed the act without being in any way caused or nomically determined to perform it. Perhaps a better term for such a position would be “Frankfurt-friendly libertarianism.”


Note that the discussion is less about whether the agent has libertarian free will than it is focused on moral responsibility. Widerker says:

I do acknowledge the intuitive force of Frankfurt’s claim that the agent in an
IRR-situation is blameworthy for what he did, even though that he
could not have done otherwise. But here, too, my way of accounting
for this intuition differs from Frankfurt’s. Frankfurt sees the reason
for the falsity of PAP in the fact that the unavoidability of the agent’s
act (the factor that renders it unavoidable) did not play any role in the
causal explanation of the act. I, on the other, hand, attribute the failure
of PAP to the fact that the agent, in acting as he did in an IRR-situation,
showed a lack of respect for morality (that is, chose on his own to
act contrary to the requirements of morality without being morally
justified in doing so), and to the observation that this negative verdict
would still apply even if one were to assume that the agent’s act was
avoidable. However, the difficulties I find with Frankfurt’s position in
no way detract from the importance of Frankfurt’s achievement, that
is, that by drawing our attention to the possibility of IRR-scenarios
and their moral implications, Frankfurt has profoundly deepened our
understanding of the notions of freedom and responsibility.
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Excerpts from Blameworthiness and Frankfurt's Argument Against the Principle of Alternative Possibilities

  From Moral Responsibility and Alternative Possibilities, ed. David Widerker and Michael McKenna, 2006, p.53-54
   1. Introduction

A widely accepted moral principle affirms that
   

PAP: An agent is morally responsible for performing a given act A only if he could have avoided performing it.   
  

In his seminal article 'Alternate Possibilities and Moral Responsibility,' Harry Frankfurt (1969) has attacked this principle. Central to his argument is the following assumption:
   
IRR: There may be circumstances in which a person performs some action which, although they make it impossible for him to avoid performing that action, they in no way bring it about that he performs it. (Frankfurt, 1969, pp. 830, 837)
   
  

Frankfurt contends that in a situation of the sort described in IRR (call it an `IRR-situation') the agent is morally responsible for what he did even though he could not have avoided so acting. Hence, according to him, PAP is false. To establish IRR, Frankfurt appeals to an example of the following sort:
   
Jones is deliberating whether or not to keep a certain promise he made to his uncle. Unbeknownst to Jones, there is another person, Black, who for some reason does not want Jones to keep his promise. Black has the power and the means to force Jones to break the promise. But wishing to avoid showing his hand unnecessarily, he has made up his mind to intervene if and only if Jones does not show a sign of going to decide to break the promise. Call that sign 'S1'. If Jones does show that sign, then Black does nothing, knowing that in this case Jones will act as he (Black) wants him to act. (it is assumed that Black knows Jones very well in this regard.) Finally, suppose that Jones decides to break the promise for reasons of his own.
   
  
It seems that in this situation Jones acts freely without Black's intervention, and therefore is morally responsible for what does. But, given Black's presence, it would appear that he cannot avoid deciding to break the promise. Call this example 'Promise Breaking.'

In Widerker (1995a), I argued, adopting a libertarian position with regard to freedom and moral responsibility, that examples such as Promise-Breaking fail to establish IRR and that, therefore, Frankfurt's argument against PAP does not succeeds Most importantly, I tried to show that his argument fails when applied to simple mental acts such as deciding, choosing, undertaking, forming an intention, that is, acts which for the libertarian constitute the loci of moral responsibility. Essentially, my argument was this: either the sign S1, which Black employs as a sign for not intervening, is (or is indicative of) something that, in the circumstances, is causally sufficient for Jones's decision at t to break his promise or it is not. If it is, then the example does not describe an IRR-situation, since the latter requires that the decision must not be causally determined. On the other hand, if S1 is not so associated with Jones's decision to break the promise, if S1 is merely a reliable indicator of it, then there is no reason to think that Jones's decision was unavoidable. In either case, the truth of IRR has not been established.


In this chapter, I wish to advance the debate over the strength of Frankfurt's attack on PAP in two ways. First, I shall consider some new attempts to provide examples of IRR-situations and contend that they do not succeed either. Second, and more important, granting (for the sake of discussion) Frankfurt's assumption that IRR-situations are possible, I shall provide a comprehensive defense of PAP for one sense of 'morally responsible,' that of moral blameworthiness.
   

An agent is morally blameworthy for performing a given act A only if he could have avoided performing it.
   
  
(Henceforth, whenever I refer to PAP, I shall be referring to this construal of it.) I shall develop my defense of PAP (i) by questioning the moral assumptions employed by Frankfurt in his argument against PAP; (ii) by articulating and defending the basic intuition behind PAP; and (iii) by indicating how a defender of PAP might go about explaining away the intuition many share that in an IRR-situation in which the agent performed a morally wrong act, he is morally blameworthy for what he did.
  

4. A Defense of PAP (the W-defense) (p.63-64)

Can the defender of PAP go further? Can he also show that there are good reasons to accept PAP, reasons that would explain why in an IRR-situation the agent should not be deemed morally blameworthy for the act he performed? This question is important, since although many will agree that Frankfurt's argument against PAP is unconvincing, they may still think that IRR-situations provide intuitive counterexamples to PAP. They may emphasize the fact that in situations of this sort the agent acts freely, doing what he does for reasons of his own without being coerced or causally determined to so act. They may, therefore, rightly wonder why (in the absence of any excusing factor) the proponent of PAP still thinks that such an agent should be exonerated. Can the PAP-defender allay this worry? I believe he can. To show this, let us focus on a specific example of an IRR-situation, say, some (suitably revised) version of the Promise-Breaking example mentioned earlier. Now consider the following reply by the defender of PAP.
   

Let me grant, for the sake of discussion, that in the IRR-situation under consideration, Jones acted freely in the sense that what he did he did for reasons of his own without being causally determined or coerced to so act. Still, since you, Frankfurt, wish to hold him blameworthy for his decision to break his promise, tell me what, in your opinion, should he have done instead? Now, you cannot claim that he should not have decided to break the promise, since this was something that was not in Jones's power to do. Hence, I do not see how you can hold Jones blameworthy for his decision to break the promise.
   
  
Call this defense the 'What-should-he-have-done defense' or for short the 'W-defense'. 
The W-defense points to an important reason why it would be unreasonable to regard an agent morally blameworthy in an IRR-situation. When we consider someone morally blameworthy for a certain act, we do so because we believe that morally speaking he should not have done what he did. This belief is essential to our moral disapproval of his behavior. Sometimes, however, such a belief may be unreasonable, for example, in a situation in which it is clear to us that the agent could not have avoided acting as he did. To expect in that situation that the agent should not have done what he did is to expect him to have done the impossible. By implication, considering him blameworthy because he has not fulfilled this unreasonable expectation would be unreasonable.

The W-defense thus suggests the following general constraint on ascriptions of moral blame:
PAE: An agent S is morally blameworthy for doing A only if under the circumstances it would be morally reasonable to expect S not to have done
A. 


This principle, which may be called 'the principle of alternative expectations' (PAE), enables the PAP-defender to formulate an intuitive argument for PAP.
   

(1) An agent S is morally blameworthy for doing A only if under the circumstances it would be morally reasonable to expect S not to have done A.

(2) If S could not have avoided doing A, then on pain of expecting him to have done the impossible, it would be morally unreasonable to expect him not to have done A.


(3) Hence, if S could not have avoided doing A, then S is not morally blameworthy for doing A.28
   

  
Note that PAE is a more general principle than PAP, since it can be used to explain why we sometimes exonerate an agent in situations in which his wrongful behavior was avoidable. These, for example, may be situations in which that behavior resulted from his being unaware of the causal consequences of some act of his, or where it can be traced to insufficient moral knowledge on his part. In each of these cases, there is no reason to assume that the agent could not have avoided acting wrongly. Finally, note that PAE can be further generalized so as to yield a full necessary and sufficient condition for ascriptions of moral blame.
   
A person is morally blameworthy for doing A iff in doing A he acted in a morally wrong way, and under the circumstances it was morally reasonable to expect him not to have done A.
   

8. Conclusion (p.69)

There is a widely held view among moral philosophers that Frankfurt's attack on PAP constitutes a definitive refutation of the traditional libertarian conception of freedom and moral responsibility. Elsewhere, I have argued against this conclusion by questioning the coherence of the type of scenario on which Frankfurt bases his attack (Widerker, 1995a, 1995b). In this chapter, I have tried to advance the debate over the plausibility of PAP further (i) by considering and rejecting more sophisticated counterexamples to PAP, and (ii) by casting doubt upon the moral assumptions underlying Frankfurt's attack. Furthermore, I have tried to articulate the basic intuition underlying PAP, and have also indicated how the defender of this principle might go about explaining away the intuition many share that, provided Frankfurt-type scenarios are coherent, the agent in those scenarios is blameworthy for what he does. What I hope to have shown is that the dispute between Frankfurt and PAP-defenders is not merely a dispute over the question whether such scenarios are possible, but is a more fundamental dispute that rests on conflicting intuitions about our notion of moral blame.
   

An Exchange between Widerker and Fischer  

John Martin Fischer proposed that Frankfurt-style counter-examples to the principle of alternate possibilities could be used to refute "avoidability," the traditional libertarian condition on freedom and moral responsibilty that the agent was not causally determined and could have avoided the decision.

Widerker showed that Fischer's attack on libertarianism failed, using a variation of the Kane-Widerker Objection to Frankfurt examples generally.  





Source: https://www.informationphilosopher.com/solutions/philosophers/widerker/
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Sortal or Relative Identity 


David Wiggins and  Peter Geach debated back and forth about the idea of "relative identity" or the relativity of identity for many years after Geach suggested it in 1962.
Ruth Barcan Marcus published her original proof of the necessity of identity in 1947 and repeated her argument at a 1961 Boston University colloquium.


Whether Wiggins knew of Marcus 1961 is not clear. He should have known of her 1947, and there is similarity to her 1961 derivation (which uses Leibniz's Law). Wiggins gives no credit to Marcus, a pattern in the literature for the next few decades and still seen today.

Saul Kripke clearly modeled much of his derivation after Wiggins, especially his criticism of the derivation as "paradoxical".  Kripke gives no credit to either Marcus or Wiggins for the steps in the argument, but his quote from Wiggins, that such a claim makes contingent identity statements impossible, when they clearly are possible, at least tells us he has read Wiggins. And we know Kripke heard Marcus present her work at the 1961 colloquium.


Here is Wiggins (1965),


 
I WANT to try to show (i) that there are insuperable difficulties
any term + relation + term or subject + predicate analysis of
statements of identity, (ii) that, however important and helpful the 
sense-reference distinction is,1 this distinction does not make it
possible to retain the relational or predicative analysis of identity
statements, and (iii) that a realistic and radically new account is
needed both of ' = ' and of the manner in which noun-phrases
occur in identity-statements.

Till we have such an account many questions about identity 
and individuation will be partly unclear, and modal logics will 
continue without the single compelling interpretation one might wish.


The connexion of what I am going to say with modal calculi
can be indicated in the following way. It would seem to be a
necessary truth that if a = b then whatever is truly ascribable to a
is truly ascribable to b and vice versa (Leibniz's Law). This
amounts to the principle



(1)  (x)(y) ((x = y) ⊃ (φ)(φx ≡ φy))


Suppose that identity-statements are ascriptions or predications.
Then the predicate variable in (1) will apparently range over
properties like that expressed by ' ( =a) ' 2 and we shall get as
consequence of (1)



(2)  (x)(y) ((x = y) ⊃ (x = x. ⊃ . y = x))



There is nothing puzzling about this. But if (as many modal
logicians believe), there exist de re modalities of the form



◻ (φa) (i.e., necessarily (φa)),


then something less innocent follows. If '( = a) ' expresses a
property, then '◻ (a = a)', if this too is about the object a, also
ascribes something to a, namely the property ◻ ( = a). For on a
naive and pre-theoretical view of properties, you will reach an
expression for a property whenever you subtract a noun-expression
with material occurrence (something like ' a ' in this case) from a
simple declarative sentence. The property ◻ ( = a) then falls
within the range of the predicate variable in Leibniz's Law
(understood in this intuitive way) and we get


Note (3) is almost Kripke's (3), but with intensional "y = x." Wiggins needs one more step. His (4) is Kripke's (3)



(3) (x) (y) (x = y ⊃ (◻ (x = x). ⊃ .◻ (y = x)))


Hence, reversing the antecedents,



(4) (x) (y) (◻(x = x ). ⊃ (x = y) ⊃ ◻ (x = y)))


But '(◻ (x = x)) ' is a necessary truth, so we can drop this
antecedent and reach



(5) (x) (y) ((x = y). ⊃ .◻ (x = y)))


Now there undoubtedly exist contingent identity-statements.
Let 'a = b' be one of them. From its simple truth and (5) we can
derive '◻ (a = b)'. But how then can there be any contingent
identity-statements?...


4. The derivation of (2) itself, via x's predicate ' ( = x)',
might be blocked by insisting that when expressions for properties
are formed by subtraction of a constant or free variable, then
every occurrence of that constant or free variable must be subtracted.
 '( a = a )' would then yield ' ( = )', and (2) could not be
derived by using ' ( = x ) ' . One would only get the impotent



(2')  (x = y) ⊃ (x = x. ⊃ . y = y)



The paradox could still be derived however. Suppose that a is
contingently b. Then <> ~{a=b); i.e., it is possible that not a=^H
This gives the predicate '◇ ~ (a = ) ' . This is true of b. Then by
(1), if a = b, this predicate is true also of a. This yields '◇ ~
(a = a) '. But ' (x) ◻(x = x)' is a logical truth and implies
' ~ ◇ ~ (a = a)'.





Note that Wiggins predicates the property "= x" of y. Kripke writes this as "x = y," logically equivalent, but intensionally predicating "= y" of x!


Wiggins on Biology and Metaphysics


It gradually became evident to me in constructing this work
that for the future of metaphysics no single part of the philosophy
of science was in more urgent need of development than the
philosophy of biology. It is well known that Aristotle believed
something like this but it seems to be the misfortune of that
particular philosopher that few of the things he said can be
understood or believed until they are laboriously rediscovered.
And it is a misfortune of present-day analytical philosophy that it
has not inspired the production of any writings in the philosophy
of biology which are both worthy to succeed the seminal writing
of J. H. Woodger and capable of illuminating present day
philosophical discussions of classification and individuation in
the way Aristotle would have argued that they require. To this
important task I incite those better qualified than I am to undertake
it. 


Sameness and Individuation


The chief aim of this book is to elaborate a theory of the individuation of continuants, including living substances and other substances. Such
a theory ought to comprise at least three things: an elucidation first of
the primitive concept of identity or sameness; second, some account of
what it is for something to be a substance or continuant that persists
through change; third, an account of what it amounts to, practically and
cognitively for a thinker, to single a thing out at a time. Here, with this
last task, there is the supplementary question of what it amounts to for
the same thinker, having once singled something out, later to single out
that same thing as the same thing.

From a philosopher's attitude towards the logical and methodological
ordering of these tasks one can tell something about his or her attitude
towards the idea that the meaning of a word is a function of its use. In
this work, it is everywhere accepted that the meanings of such words as
'same', 'substance', 'change', 'persist' and 'recognize' depend upon their
use. The life and semantic identity of such terms is only sustained by the
activity of singling out or individuating. But the thesis of meaning as use
is consistent with two converse or complementary theses (A)(B), which
have an equal relevance to what is to be attempted and an equal claim
upon rational acceptance.


(A) The relation between the meaning and the use of such words as
'same', 'substance', 'change', 'persist' is in fact reciprocal or two-way
Everything that concerns meaning registers upon use; but, unless we
redefine use, that does not imply that meaning can be reduced to use.
Among the concerns I began by enumerating, there is no question of
collapsing the first two into the third, for instance.


(B) An interpretation of a set of linguistic uses or conceptual practices
must speak of the subject matter to which they relate. For that reason, it
must refer to the various things themselves towards which the uses or
practices themselves are directed, together with the properties and relations
of these things. The child who is learning to find for himself the
persisting substances in the world, to think the thoughts that involve
them and recognize the same ones again, grasps a skill and a subject
matter at one and the same time. A philosopher who seeks properly to
understand those thoughts must proceed accordingly. Let the philosopher
elucidate same, identical, substance, change, persist, etc., directly and
from within the same practices as those that an ordinary untheoretical
human being is initiated into. At the same time, let the philosopher show
by example what good elucidations can be made of such ideas as these.
To this end, let him shadow the practical commerce between things
singled out and thinkers who find their way around the world by singling
out places and objects — and singling out one another. If the meaning of
the terms 'same', 'substance', 'change', 'persist', etc., is a function of use
and use is a function of the said commerce, then one by-product of this
mode of elucidation will be that the task I began by calling the third task
is undertaken in concert with the first and the second. The first and
second tasks acknowledge the importance of the third; but, by their constant
appropriate acknowledgment of this importance, they will in fact
absorb the third.


 
Wiggins asserts that the identity relationship, namely the relative identity, of two distinguishably different objects is achieved by perceiving or recognizing some properties in the two objects (in our terms, some subset of the information in the objects) that are identical. The concepts resulting from these perceptions must be symmetric (aRb = bRa), reflexive,and transitive (if aRb and bRc, then aRc),  


Relative Identity through Time

E. Jonathan Lowe describes Wiggins as the source of the "Standard Account of Identity through Time." This account is challenged by Michael Burke, who proposes a novel explanation for the paradox of Dion and Theon.



Coinciding Objects


In his 1968 article "Being in the same place at the same time," Wiggins describes two new versions of the puzzle of the Statue and Lump of Clay. In one case he describes a tree T and the wood W it is made of. He imagines the wood reduced to sawdust. The other case is a sweater made of wool that is is unpicked and wound up as a ball of wool. Suppose the wool is later crocheted into a pair of socks. 

Like the statue and clay, both the tree and the wood, and the sweater/socks and the wool, have different persistence conditions, setting up the classic problem of coinciding objects. All of them seem to be Aristotle's  ancient problem of matter and (immaterial) form in the clay and the statue.


Wiggins comments:



If it is a materialistic thesis that T = W, then my denial that T = W
is a form of denial of materialism. It is interesting how very uninteresting
an obstacle these Leibnizian difficulties – real though they are – put
in the way of the reduction of botany and all its primitive terms to
organic chemistry or to physics. (If it does not follow from T ≠ W that
trees are something over and above their matter, how much the less
can it follow that they are immanent or transcendent or supervenient or
immaterial beings. This is obviously absurd for trees. A Leibnizian
disproof of strict identity could never be enough to show something so
intriguing or obscure.) 

I should expect there to be equally valid, and
from the point of view of ontology almost equally unexciting, difficulties
in the reduction of persons to flesh and bones, in psychophysical
event-materialism, and in the materialisms which one might formulate
in other categories (such as the Aristotelian categories property and
state or the categories situation and fact). Over and above is one question,
identity is another. But of course the only stuff there is is stuff. 



Wiggins is unabashedly materialist and reductionist. Form over and above matter does not exist

  

Information philosophy asserts that the Tree T, the sweater and the socks are all forms, shapes, in short, information that is in fact immaterial and abstract, over and above the material in some sense.  

As to identity, just like the clay that remains when the statue is crushed, the wood and the wool remain, but their information, organization, or arrangement, what Aristotle called τὸ σχῆμα τῆς ἰδέας, has largely disappeared. This is the ancient terminology of the Stoics (and Aristotle).


The material substrate (ὑποκείμενον) is transformed when matter is lost or gained, but the Stoics said it is wrong to call such material changes "growth (αὐξήσεις) and decay (φθίσεις)." They  suggested these changes should be called "generation (γενέσεις) and destruction (φθορὰς)." These terms were already present in Aristotle, who said that the form, as essence, is not generated. He said that generation and destruction are material changes that do not persist (as does the Stoic peculiarly qualified individual with an Aristotelian mind).



Tibbles, the Cat (two versions)


Wiggins also describes a new example of the "body-minus" problem. He cites Peter Geach as his source of a variation on the ancient problem of Dion and Theon (where Theon is identical to Dion except he is missing a foot), Wiggins describes a metaphysical cat named Tibbles, the Cat and a second cat named Tib who lacks a tail.

Wiggins begins with an assertion S*



S*: No two things of the same kind (that is, no two things which
satisfy the same sortal or substance concept) can occupy exactly
the same volume at exactly the same time.

This, I think, is a sort of necessary truth... 


A final test for the soundness of S* or, if you wish, for Leibniz' Law,
is provided by a puzzle contrived by Geach out of a discussion in
William of Sherwood. A cat called Tibbles loses his tail at time t2.
But before t2somebody had picked out, identified, and distinguished
from Tibbles a different and rather peculiar animate entity-namely,
Tibbles minus Tibbles' tail. Let us suppose that he decided to call this
entity "Tib." Suppose Tibbles was on the mat at time t1. Then both
Tib and Tibbles were on the mat at t1. This does not violate S*.



But consider the position from t3 onward when, something the worse
for wear, the cat is sitting on the mat without a tail. Is there one cat or
are there two cats there? Tib is certainly sitting there. In a way nothing
happened to him at all. But so is Tibbles. For Tibbles lost his tail,
survived this experience, and then at t3 was sitting on the mat. And
we agreed that Tib ≠ Tibbles. We can uphold the transitivity of
identity, it seems, only if we stick by that decision at t3 and allow that
at t3 there are two cats on the mat in exactly the same place at exactly
the same time. But my adherence to S* obliges me to reject this. So
I am obliged to find something independently wrong with the way in
which the puzzle was set up. 




It was set up in such a way that before t2
Tibbles had a tail as a part and Tib allegedly did not have a tail as a
part. If one dislikes this feature (as I do), then one has to ask, "Can one
identify and name a part of a cat, insist one is naming just that, and
insist that what one is naming is a cat"? This is my argument against
the supposition that one can: Does Tib have a tail or not? I mean the 
question in the ordinary sense of "have," not in any peculiar sense
"have as a part." For in a way it is precisely the propriety of some
other concept of having as a part which is in question. 


As an arbitrary undetached part, Tib has been picked out and defined as coinciding with Tibbles, except for the tail Tibbles is about to lose. This violates S*


Surely Tib adjoins
and is connected to a tail in the standard way in which cats who have
tails are connected with their tails. There is no peculiarity in this case.
Otherwise Tibbles himself might not have a tail. Surely any animal
which has a tail loses a member or part of itself if its tail is cut off. But
then there was no such cat as the cat who at t1 has no tail as a part of
himself. Certainly there was a cat-part which anybody could call
"Tib" if they wished. But one cannot define into existence a cat called
Tib who had no tail as part of himself at t, if there was no such cat
at t1. If someone thought he could, then one might ask him (before the
cutting at t2), "Is this Tib of yours the same cat as Tibbles or is he a
different cat?"



This is a clear case of Peter van Inwagen's Doctrine of Arbitrary Undetached Parts

  

In Geach's second account of Tibbles as an exemplar of a metaphysical problem, published some years later (1980), Tibbles is a cat with 1,000 hairs that can be interpreted as 1,001 cats. This is an example of Peter Unger's Problem of the Many, not the "body-minus" problem of the original Tibbles. 

His second version of Tibbles is widely cited as a discussion of the problem of vagueness.


If a few of Tibbles' hairs are pulled out, do we still have Tibbles, the Cat? Obviously we do. Have we created other cats, now multiple things in the same place at the same time? Obviously not.


Geach argues that removing one of a thousand hairs from Tibbles shows that there are actually 1,001 cats on the mat. 


The fat cat sat on the mat. There was just one cat on the mat.
The cat's name was "Tibbles": "Tibbles" is moreover a name for
a cat.—This simple story leads us into difficulties if we assume
that Tibbles is a normal cat. For a normal cat has at least 1,000
hairs. Like many empirical concepts, the concept (single) hair is
fuzzy at the edges; but it is reasonable to assume that we can
identify in Tibbles at least 1,000 of his parts each of which definitely
is a single hair. I shall refer to these hairs as h1, h2,
h3, . . . up to h1,000.

Now let c be the largest continuous mass of feline tissue on the mat. Then
for any of our 1,000 cat-hairs, say hn, there is a proper part cn of c which
contains precisely all of c except the hair hn; and every such part cn differs
in a describable way both from any other such part, say cm, and from c as
a whole. Moreover, fuzzy as the concept cat may be, it is clear that not
only is c a cat, but also any part cn is a cat: cn would clearly be a cat were
the hair hn plucked out, and we cannot reasonably suppose that plucking
out a hair generates a cat, so cn must already have been a cat. So, contrary
to our story, there was not just one cat called 'Tibbles' sitting on the mat;
there were at least 1,001 sitting there! 


All the same, this result is absurd. We simply do not speak of
cats, or use names of cats, in this way; nor is our ordinary practice
open to logical censure. I am indeed far from thinking that ordinary
practice never is open to logical censure; but I do not believe
our ordinary use of proper names and count nouns is so radically
at fault as this conclusion would imply.


Everything falls into place if we realize that the number of cats
on the mat is the number of different cats on the mat; and c13,
c279, and c are not three different cats, they are one and the same
cat. Though none of these 1,001 lumps of feline tissue is the
same lump of feline tissue as another, each is the same cat as any
other: each of them, then, is a cat, but there is only one cat on
the mat, and our original story stands.


Thus each one of the names "c1 ; c2, . . . c1.000 or again the
name "c", is a name of a cat; but none of these 1,001 names is a
name for a cat, as "Tibbles" is. By virtue of its sense "Tibbles" is
a name, not for one and the same thing (in fact, to say that would
really be to say nothing at all), but for one and the same cat. This
name for a cat has reference, and it names the one and only cat
on the mat; but just on that account "Tibbles" names, as a shared
name, both c itself and any of the smaller masses of feline tissue
like c12 and c279; for all of these are one and the same cat, though
not one and the same mass of feline tissue. "Tibbles" is not a
name for a mass of feline tissue.



So we recover the truth of the simple story we began with. The
price to pay is that we must regard " is the same cat as "
as expressing only a certain equivalence relation, not an absolute
identity restricted to cats; but this price, I have elsewhere argued,
must be paid anyhow, for there is no such absolute identity as
logicians have assumed.
   


As David Wiggins has argued, we only have relative identity between any two objects


So we now have two metaphysical cats named Tibbles. Of course, it may have been Geach, not Wiggins, who repurposed his cat Tibbles between the 1960's and 1980's! In his 1997 republication of "Being in the same place" (in Michael Burke's  book Material Constitution), Wiggins notes Geach had a different purpose for his Tibbles.


In their 1987 book The Hellenistic Philosophers (p.175), Long and Sedley use Wiggins' 1968 version of Tibbles to illustrate the "body-minus" problem, with no reference to Wiggins (or Geach). Just a few pages earlier, Long and Sedley had presented Philo's ancient version of Dion and Theon as part of Chrysippus's  "growing argument." .



Free Will 



  Inspired by the libertarian philosophers Roderick Chisholm and Richard Taylor, Wiggins provided a vigorous defense of libertarianism (or an attack on compatibilism) in a 1965 paper read to the Oxford Philosophical Society. Part of that paper was rewritten as "Towards a reasonable libertarianism" in Ted Honderich's 1973 Essays on Freedom of Action.

This paper caught the eye of Daniel Dennett, who expanded on Wiggins' theme of figuring out what libertarians say they want, and trying to give it to them. Wiggins described his goals:
   

   One of the many reasons, I believe, why philosophy falls short of a satisfying solution to the problem of freedom is that we still cannot refer to an unflawed statement of libertarianism. Perhaps libertarianism is in the last analysis untenable. But if we are to salvage its insights, we certainly need to know what is the least unreasonable statement the position could be given. Compatibilist resolutions to the problem of freedom2 must wear an appearance of superficiality, however serious or deep the reflections from which they originate, until what they offer by way of freedom can be compared with something else, whether actual or possible or only seemingly imaginable, which is known to be the best that any indeterminist or libertarian could describe.

A sympathetic and serviceable statement of libertarianism cannot be contrived overnight, nor can it be put into two or three sentences, which is all that some utilitarian and compatibilist writers have been willing to spare for the position. If they were more anxious to destroy or supersede libertarianism than to understand and improve it, this was natural enough; but time or human obstinacy have shown that the issue is too complex for such summary treatment. What follows is offered as a small step in the direction of a more reasonable exposition. It concentrates on two or three points, where many need attention. If the treatment of these two or three points has the final effect of making the position even less credible, or of making me sacrificial scapegoat for oddities which persist, I still hope to have shown that the libertarian perceived something which was missed by all extant compatibilist resolutions of the problem of freedom; and that the point the libertarian was making must bear upon any future reconstruction of our notions and practices. 



Wiggins proposed a specific form of (quantum mechanical) indeterminism as a variation on an idea of Arthur Stanley Eddington and Bertrand Russell. Here is Russell's suggestion


for those who are anxious to assert the power of mind over matter it is possible to find a loophole. It may be maintained that one characteristic of living matter is a condition of unstable equilibrium,...so delicate that the difference between two possible occurrences in one atom suffices to produce macroscopic differences in the movements of muscles. And since, according to quantum physics, there are no physical laws to determine which of several possible transitions a given atom will undergo, we may imagine that, in a brain, the choice between possible transitions is determined by a psychological cause called "volition." All this is possible, but no more than possible; there is not the faintest positive reason for supposing that anything of the sort actually takes place.

Daniel Dennett called this "Russell's Hunch" in his 1978 book Brainstorms.

Note that Wiggins' variation does not get away from the error of making chance a direct cause of action, since he simply amplifies microscopic indeterminacy to macroscopic indeterminacy, as Eddington and Russell had done. 

Daniel Dennett avoided that error in his two-stage decision model (which was based on Wiggin's work, Paul Valery's comments, and perhaps Arthur Holly Compton's ideas as interpreted by Karl Popper).  Dennett limits indeterminism to the early stages of deliberation (where in a two-stage model they can generate alternative possibilities). But Dennett refused to endorse his own excellent model, because as a determinist he denied any role for quantum uncertainty. And as a computationalist in mind theories he thought pseudo-random number generation was all a mind needed.


Wiggins amplifies the quantum indeterminacy directly.
   

   For indeterminism maybe all we really need to imagine or conceive is a world in which (a) there is some macroscopic indeterminacy founded in microscopic indeterminacy, and (b) an appreciable number of the free actions or policies or deliberations of individual agents, although they are not even in principle hypothetico-deductively derivable from antecedent conditions, can be such as to persuade us to fit them into meaningful sequences. We need not trace free actions back to volitions construed as little pushes aimed from outside the physical world. What we must find instead are patterns which are coherent and intelligible in the low level terms of practical deliberation, even though they are not amenable to the kind of generalisation or necessity which is the stuff of rigorous theory. 

On this conception the agent is conceived as an essentially and straightforwardly enmattered or embodied thing. His possible peculiarity as a natural thing among things in nature is that his biography unfolds not only non-deterministically but also intelligibly; non-deterministically in that personality and character are never something complete, and need not be the deterministic origin of action; intelligibly in that each new action or episode constitutes a comprehensible phase in the unfolding of the character, a further specification of what the man has by now become. 



Note the similarity to Robert Kane's Self-Forming Actions 


References


Burke, M. B. (1997). Material Constitution, New York: Rowman and Littlefield. 

Geach, P. T.  1980b. Reference and Generality. 3d ed. Ithaca, NY: Cornell University Press.

Long, A. A. and D. N. Sedley, The Hellenistic Philosophers,  Cambridge University Press

Wiggins, D. (1963). "The Individuation of Things and Places," in Proceedings of the Aristotelian Society, Supplementary Volume XXXVII, p.163.

Wiggins, D. (1965). "Identity statements," in R. J. Butler, Analytical Philosophy, Second Series, Blackwell

Wiggins, D. (1967). Identity and spatio-temporal continuity. Oxford, BH Blackwell.

Wiggins, D. (1968). On being in the same place at the same time. The Philosophical Review, 90-95; second version in Burke (1997), pp.3-9.

Wiggins, D. (1974). Essentialism, continuity, and identity. Synthése, 28(3), 321-359. Chicago
	
Wiggins, D. (1980). Sameness and Substance, Cambridge, MA: Harvard University

Wiggins, D. (1991). "Towards a reasonable libertarianism." in Needs, Values, Truth: Essays in the philosophy of value (Vol. 6). Oxford University Press., 269–300.

Wiggins, D. (2001). Sameness and Substance Renewed (Preamble). Cambridge University Press.

For Teachers
Noesis
Stanford Encyclopedia of Philosophy
Wikipedia


For Scholars

  Excerpts from Towards a reasonable libertarianism1

   One of the many reasons, I believe, why philosophy falls short of a satisfying solution to the problem of freedom is that we still cannot refer to an unflawed statement of libertarianism. Perhaps libertarianism is in the last analysis untenable. But if we are to salvage its insights, we certainly need to know what is the least unreasonable statement the position could be given. Compatibilist resolutions to the problem of freedom2 must wear an appearance of superficiality, however serious or deep the reflections from which they originate, until what they offer by way of freedom can be compared with something else, whether actual or possible or only seemingly imaginable, which is known to be the best that any indeterminist or libertarian could describe.
  

A sympathetic and serviceable statement of libertarianism cannot be contrived overnight, nor can it be put into two or three sentences, which is all that some utilitarian and compatibilist writers have been willing to spare for the position. If they were more anxious to destroy or supersede libertarianism than to understand and improve it, this was natural enough; but time or human obstinacy have shown that the issue is too complex for such summary treatment. What follows is offered as a small step in the direction of a more reasonable exposition. It concentrates on two or three points, where many need attention. If the treatment of these two or three points has the final effect of making the position even less credible, or of making me sacrificial scapegoat for oddities which persist, I still hope to have shown that the libertarian perceived something which was missed by all extant compatibilist resolutions of the problem of freedom; and that the point the libertarian was making must bear upon any future reconstruction of our notions and practices.
I What the libertarian means by 'He could have done otherwise'

The libertarian insists that a man is only responsible or free if sometimes he could do otherwise than he does do. It must be genuinely up to him what he chooses or decides to do. But what does this mean? Let us begin with three clarifications.


(i) It is characteristic of the libertarian to insist that for at least some of the things which the man with freedom does, or plans, or decides to do, he must have a genuine alternative open to him. That is, for some action A and some action B, where A ≠ B, he must be able to do A and he must be able to do B. But does the same apply to what the man with freedom thinks, what he believes, and what he infers?3 In another place,4 I have given an argument, whatever it may be worth, whose purpose was to show that the notions open choice, decision, alternative, up to me, freedom have a different point in the realm of belief, the state whose distinctive aspiration it is to match or represent the world as it is, from their point in the realm of action and volition. For of action and volition the proper province is not to match anything in the physical world but to affect or act upon the world. The world and its causal properties, whether or not these constitute it a deterministic world, are the unarguable framework within which action takes place; but for the libertarian it is typical and proper to insist that nothing in that world should completely determine the ends, objectives and ideals with which the free agent, if he is truly free, deliberates to change that world. There is no question of requiring of ends and ideals some correspondence with, some sentence-like satisfaction by, the things in the world. (If the onus were anywhere then, as Miss Anscombe has suggested, it would have to be the other way about.) The libertarian ought, on the other hand, to be content to allow the world, if it will only do so, to dictate to the free man how the world is.5 Freedom does not consist in the exercise of the (colourable but irrelevant) right to go mad without interference or distraction by fact.6 Alternatives of the kind which the libertarian defines and demands are alternatives in the realm not of theory but of practice.
  

(ii) To say that an agent is doing B or will do B and not A, and that there is something else, A, which he can do, is to say something ambiguous, even though (ignoring permissive and epistemic contexts) 'can' itself is most likely univocal (see (iii) below). A may be something the agent can generally do, for instance, or something he can for such and such a stretch of time do, given the opportunity. It is true and important that the latter claim is confirmed if the agent's wanting or trying to do A at an appropriate moment during that period is a sufficient condition of his producing a non-fluke performance of A. But read in this way he can do otherwise is irrelevant to what concerns the libertarian. What organises the whole dispute, and what holds the libertarian's position apart from his present day opponents' position, is rather his treatment of another question: if physical determinism is true, is there ever something different from what the agent will in fact do at some time ti such that the agent can at ti do that other thing at ti instead? If physical determinism is true, then the libertarian maintains that such an alternative is never really or truly available to the agent (see Section III). Sometimes earlier actions do completely determine successions of later events and actions. According to the libertarian, however, there can only be true alternatives if there are at least some movements or actions or mental events which, whether or not they completely determine their immediate successors, are not themselves entirely determined by some predecessor. (Of course, this is only a necessary condition of alternatives or freedom of action.) He readily allows that even if there were not such successions, we could, if we wished to ignore all sorts of relevant facts, mechanically continue to draw our conventional distinctions between different kinds of situations - between acting voluntarily and acting reluctantly, between control and non-control, between freedom and constraint. But determinism undermines their whole point, he says. It whittles away too much that is important from the notion of responsibility. It transforms it out of recognition. True freedom cannot be maintained by holding onto distinctions for which there is no factual backing or consistent rationale.


(iii) Though the sentence schemata he could have done otherwise and he could have done A instead of B may be used with varying truth conditions, one may hope to explain all these variations by differences of complementation with respect to (a) the time or period for which the ability subsists, (b) the particular fully specified value of the action variables, and (c) the time relevant for the acting itself. Can itself is, in my own provisional opinion, a unitary semantical element. But those who have distinguished, e.g. a 'general' can from 'particular' can have performed an important service in forcing us to be clear about what exactly it is that a man could or could not have done. The (b)-place must be carefully and fully specified. The provision of two slots (a) and (c), for the times of the ability and the performance respectively, may seem questionable. But consider the fact that I may now, in Baker Street at 9.55 a.m., be able to catch the train from Paddington to Oxford at 10.15 a.m. Eight minutes later, however, at 10.03 a.m., if I have not progressed from Baker Street, then, given the state of the Inner Circle line and Marylebone Road, I shall certainly be unable to catch the train. What we have in this example is not a special case but a specially clear case. Both slots are always there — we cannot create them specially for the train case — but when they both take the same temporal specification (as they must in 'he could have done otherwise' in at least some important occurrences) then the ellipse of one of them is surely natural and intelligible enough.



So much for the sentence he could have done otherwise as it figures in the dispute. The other urgent need is for a clarification of the determinism which the libertarian finds incompatible with his understanding of the sentence.

II What determinism signifies

J. L. Austin once maintained that determinism was 'the name of nothing clear'.8 But as a second-level non-scientific theory that the world admits of explanation by a certain kind of ground level scientific theory, it seems to me that the thesis can be made as plain as 'causality' and 'explanation' can. Whatever his other difficulties, I think the libertarian must find it depressingly easy to indicate what it is that he is afraid of.
  

I propose to say that a scientific theory for a subject-matter s is deterministic if and only if the theory possesses a store of predicates and relation-words for the characterisation of s-items (events, situations), and affirms lawlike general statements L1, L2, . . . Ln, such that for every s-item sj it can find a description Dj, and s-item si with description Di which occurred some t seconds earlier, and a law L such that L implies (if a Di event occurs, then a Dj event occurs t seconds later).9

A deterministic theory is adequate if its vocabulary of descriptions D1, D2, . . . Dn and its laws L1, L2, . . . Ln together yield explanations which are of universal correct applicability and the statements L1, L2, . . .  are true.


As a first attempt then let us say that determinism is the theory that for every event (situation, state of the world or whatever) there is a true description Di and an adequate and deterministic theory T which explains that event under Di. I suppose our reason for thinking that this might hold is science's spectacular success in extending again and again the number and variety of events for which it can find theories with the title to be in my sense both adequate and deterministic.


Someone may comment that it is hardly surprising that we have discovered the regularities which were there to be discovered; that our success shows nothing about the residue; nor does the possibility of such success really guarantee the operational or empirical intelligibility of the thesis of determinism. Perhaps it is not intelligible, it may be said. The charge ignores falsification however; and those who persist in subscribing to determinism (in spite of, e.g. quantum phenomena) surely might reply to the whole objection with this question: 'How big then is the residue? Can there really be, what the objection purports to achieve, an a priori estimation of it?' At this point, however, we stumble upon the widespread idea, presumably shared by the objector, that every situation must be infinitely describable. If it were, then getting evidence for determinism would certainly be like filling a broken pitcher.

III The logical character of the incompatibility of determinism and the ability to do otherwise

So much for serious determinism. It is a shaky hypothesis, and in its stricter forms open to disbelief It is not a thesis to be disarmed by a priori  arguments against its truth or significance; and it is not obviously equivalent to the prima facie weaker thesis that every event has some cause. Its importance for freedom resides in the fact that if determinism is true and every action of every agent depends in its particular circumstances upon some specific physical condition being Satisfied, then actions cannot be torn free from the nexus of physical effects and fully determining causes.16 Here then we come to the problem of the incompatibility which the libertarian alleges between physical determinism and statements of the form 'he could at t' have done otherwise at t''.

IV Views of the self open to the libertarian

  It may be said that the whole preceding demonstration turns on a confusion between what lies in the agent and what lies outside him.20 It is perfectly absurd, it will be said, to lump together under conditions C things as diverse as the character of the agent, the present state of mind of the agent, the external causes of that state of mind, and the concrete particularities of the conditions under which he acts. It makes as much sense as saying that one of the circumstances under which an agent did a specific action was the circumstance that he was a man of a mean and murderous disposition. Nothing but confusion can come from such a way of speaking, it will be said; and the only possible philosophical outcome of speaking like this is a far fetched theory of the metaphysical, totally non-empirical, and characterless self whose difficulties match exactly the incoherences of the Lockean doctrine of substance - the thing with the property of having no properties, the substrate which explains the possibility of change by being both unchanged and identical with that which persists through change. Either the libertarian requires (cf. Section I (i)) that nothing in the world outside the free agent himself determine for that agent how he will change or deliberate to change the world, or the libertarian simply requires that  determine for the agent how he will change or deliberate to change the world. It will then be said that if the requirement is stated in the former way we can and must distinguish what lies within the agent from what lies without. If the requirement is stated in the latter way, however, then even the agent himself is excluded from determining anything - even for himself - unless the self is outside the world altogether. This is an unintelligible conception. Finally it may be said that the libertarian's expression 'determining for the agent' is pure rhetoric - the man deliberates and thus determines for himself what change he will import. [See Locke - not the will that is free, the man is free.]
  

I hope this states the objection as dissolutionists or compatibilists want to see it stated. But without the discovery of a specific mistake in the argument above, the absurdities of the metaphysical self cannot themselves suffice to disprove the inference from determinism to nobody can do otherwise than they do do. How exactly the metaphysical self could be supposed to compensate for physical determinism is not at all clear. But if determinism did really imply that if we were responsible then the doctrine of the metaphysical self would be true; and if the doctrine of the metaphysical self is absurd (as I for one am sure that it is), then either we are not responsible or the doctrine of determinism is not true. But then if determinism is true, the conclusion follows that we are not responsible. (At least in the sense of 'responsible' fixed by the question whether a man can do otherwise.) But that after all is exactly what the libertarian said. As for the confusion of character and circumstance, it is true that condition C groups them together. But why shouldn't it group them together without confusing them? Perhaps there is an important point to be made by comparing character and circumstance, by bringing out some similarity in them so far as historical inevitability is concerned. One can compare without confusing. In comparing for an important purpose one can also undermine the rationale of distinctions some people insist on making, if they are artificial or pointless distinctions.

Maybe it is pointless to debate whether the sentence 'he could at t' have done otherwise at t'' does have the sense I have ascribed to it in the incompatibilist demonstration of Section III above until it has at least been shown that that sense is even a possible sense, or that it could do for the libertarian what he wanted. This is often taken to be equivalent to the following question: can the libertarian even specify a possible world, however different from the actual one, in which there are particular responsible actions which people can (in the libertarian's sense) do but do not do? Hume has been followed by a large number of philosophers in holding that not even a possible world of the required sort could be specified. If it were false that every event and every action were causally determined then the causally undetermined events and actions would surely, to that extent, be simply random. So the argument goes. That a man could have done x would mean no more than that it might have turned out that way - at random. It will be asked if it makes any better sense to hold a man responsible for actions which happen at random than for ones which arise from his character. Surely then, if it doesn't, we ought to prefer that our actions be caused?


Considered simply as an argument this objection is circular, and flagrantly so. One cannot prove that determinism is a precondition of free will by an argument which employs as a premiss everything is either causally determined or random. This is nothing other than a form of the conclusion, that whatever is undetermined is random. This is what had to be shown. But in the form of a challenge something in the objection can stand. If an event is undetermined, if an event of different specification might have taken its place, then what does it mean to deny that the event is simply random? What is it justifiably to ascribe the action identical with the event or comprised of the event to an agent whom one holds responsible for that action? In the unclaimed ground between the properly or determinatically caused and the random, what is there in fact to be found? 


Some philosophers have ventured the idea that what would make the difference, within the field of physically undetermined events, between the random and the non-random is the presence or absence of a prior mental event such as a volition. It was in this tradition (which goes back at least as far as the clinamen or swerve of Epicurus and Lucretius) that Russell and Eddington tried to deploy the phenomena of quantum-indeterminacy as having a bearing upon the free-will issue.23

If - as seems likely - there is an uninterrupted chain of purely physical causation throughout the process from sense-organ to muscle, it follows that human actions are determined in the degree to which physics is deterministic. Now physics is only deterministic as regards macroscopic occurrences, and even in regard to them it asserts only very high probability, not certainty. It might be that, without infringing the laws of physics, intelligence could make improbable things happen, as Maxwell's demon would have defeated the second law of thermo-dynamics by opening the trapdoor to fast-moving particles and closing it to slow-moving ones.
On these grounds it must be admitted that there is a bare possibility - not more - that, although occurrences in the brain do not infringe the laws of physics, nevertheless their outcome is not what it would be if no psychological factors were involved ... So for those who are anxious to assert the power of mind over matter it is possible to find a loophole. It may be maintained that one characteristic of living matter is a condition of unstable equilibrium, and that this condition is most highly developed in the brains of human beings. A rock weighing many tons might be so delicately poised on the summit of a conical mountain that a child could, by a gentle push, send it thundering down into any of the valleys below; here a tiny difference in the initial impulse makes an enormous difference to the result. Perhaps in the brain the unstable equilibrium is so delicate that the difference between two possible occurrences in one atom suffices to produce macroscopic differences in the movements of muscles. And since, according to quantum physics, there are no physical laws to determine which of several possible transitions a given atom will undergo, we may imagine that, in a brain, the choice between possible transitions is determined by a psychological cause called 'volition'. All this is possible, but no more than possible.
  

Russell is not enthusiastic, and perhaps the idea is even less free of difficulty than he allows. (Could not the incidence of human acts of 'volition' upon quantum phenomena upset the probability distributions postulated by the quantum theory?) It is perplexing too that the theory bases action on occurrent mental events which it does not found in or relate to personality or character or even to purpose. Could it do this without seeming to threaten its own rationale in causal indeterminism? If the theory tried to find room for such components as these in the genesis of action, then would the whole idea of an as it were `immaterial realisation' of the agent, the source of the volitions -paradoxical and absurd as it already sounds - be defenceless against the suggestion that there was no criterion by which the self or spiritual nucleus of an agent would qualify as a non-bodily thing not accountable to or determined by neurophysiological and physical laws? Nor, for the same sort of reason, is it clear that Russell's suggestion can give any very clear account of what would justify comparing the role of a volition to that of the child who gives the stone a gentle push in one or other of several possible directions.
	
But this is not the end of Eddington's and Russell's idea. They have simply given it a disastrously Cartesian expression. For indeterminism maybe all we really need to imagine or conceive is a world in which (a) there is some macroscopic indeterminacy founded in microscopic indeterminacy, and (b) an appreciable number of the free actions or policies or deliberations of individual agents, although they are not even in principle hypothetico-deductively derivable from antecedent conditions, can be such as to persuade us to fit them into meaningful sequences. We need not trace free actions back to volitions construed as little pushes aimed from outside the physical world. What we must find instead are patterns which are coherent and intelligible in the low level terms of practical deliberation, even though they are not amenable to the kind of generalisation or necessity which is the stuff of rigorous theory. On this conception the agent is conceived as an essentially and straightforwardly enmattered or embodied thing. His possible peculiarity as a natural thing among things in nature is that his biography unfolds not only non-deterministically but also intelligibly; non-deterministically in that personality and character are never something complete, and need not be the deterministic origin of action; intelligibly in that each new action or episode constitutes a comprehensible phase in the unfolding of the character, a further specification of what the man has by now become.


For help with such ideas, in spite of the physicalistic form in which I have couched them, we look naturally in the direction of J.-P. Sartre, and would best look not at the crazily optimistic positions of the early plays Les Mouches or Huis Clos or of L'Etre et le Neant but to what he now soberly tries to make of his position.24


Here is Sartre's 1969 account
of it.25
For the idea which I have never ceased to develop is that in the end one is always responsible for what is made of one. Even if one can do nothing else besides assume this responsibility. For I believe that a man can always make something out of what is made of him. This is the limit I would today accord to freedom: the small movement which makes of a totally conditioned social being someone who does not render back completely what his conditioning has given him. Which makes of Genet a poet when he had been rigorously conditioned to be a thief.

Perhaps the book where I have best explained what I mean by freedom is in fact, Saint Genet. For Genet was made a thief, he said 'I am a thief', and this tiny change was the start of a process whereby he became a poet, and then eventually a being no longer even on the margin of society, someone who no longer knows where he is, who falls silent. It cannot be a happy freedom, in a case like this. Freedom is not a triumph. For Genet, it simply marked out certain routes which were not initially given.
  


This is not of course the place to take up everything that is strange or interesting in the passage. Nor is the passage innocent of possible confusion where it employs the words rigorously conditioned, which belong with a view of the world which Sartre surely ought to see the life of Genet as refuting. But the capital point is that it may not matter if the world approximates to a world which satisfies the principles of a neurophysiological determinism provided only that this fails in the last resort to characterise the world completely, and provided that there are actions which, for all that they are causally under-determined, are answerable to practical reason, or are at least intelligible in that dimension. These are not random.
V Conclusion: the prospects for a reasonable libertarianism

The free-will dispute has reached a point where real progress depends not only on the deeper research into necessity, possibility, disposition and causality which logic and philosophy are now edging into position to achieve but also, I claim, upon a more precise and much more sympathetic examination of what the libertarian wants, of why he wants it, and of how his conception of metaphysical freedom is connected with political or social freedom. Whether or not it is our world - that is another question - we must continue to press the question, 'What is the possible world which would afford the autonomy of thought and agency the libertarian craves in this one?' (A) Can any possible world really afford us that long sought autonomy? And (B), if none can, then what must we do with all the feelings and arguments which have led so many philosophers and men to reject compatibilism? Nothing, I think, will make them oblige philosophy and without vestige or trace disappear. I shall end by outlining some further problems in the specification of the libertarian's world, and then try to indicate what I think it would signify if these problems were simply insurmountable.

A. I have tried to describe an indeterministic world in which human beings rank as natural objects, as a set of natural objects amongst others, whose motions and capacities can nevertheless be appraised in a dimension defined by subtle and rather exacting standards of rationality. But in dropping the Cartesian conception of an extra-physical volitional origin of motion do I not exchange one mystery for another? How is it that just human beings, and other rational creatures if any, behave in the way they do, freely but practically rationally? Well, it might be said we have simply picked out the class of natural objects which do do so and we just happen ourselves to belong to it (which explains our interest in that category): to be puzzled about the question is like looking for some teleologically motivated agency which directed the course of evolution towards the emergence of some particular species and for its benefit wrote off countless others in the process - a search at once fruitless and prompted by a certain confinement of perspective, as if one were never allowed to see some thick and luxurious tree except from one angle in mid air just above it. (Compare the difficulty of believing that the earth is part of the Milky Way.) Again someone may ask, to what extent can a libertarian's 'developing or accumulating biography' view of persons and their characters supplant the cosmic unfairness of the determinist's view of these matters? If it is unfair to hold a man responsible for what through no fault of his own he is, is it not equally unfair to hold him responsible for his biography developing in one indeterministic fashion rather than another? If the reply were 'Well, it's him', would this do equally well for the compatibilist? Or wouldn't it? Is this simply to relapse into satisfaction with Hume's specious dilemma?


When we confront these and other questions it may be said by some libertarians and others, we shall come to see quantum phenomena not as the missing clue, not as the one piece we need to complete our theory of free action, but as the anomaly which points to the need for a whole conceptual revolution in our way of thinking about causality - particularly in its connexion with generality, necessity and invariance.26
B. But let me now finish with something about the other possibility - that such a conceptual revolution is an incoherent fantasy, even though the answers to the queries I have put could only be discovered within one. Let us face the idea that in the last resort the questions raised by the libertarian's world of freedom cannot be answered either piecemeal or by some new perspective upon causality. What would this show? Not I think that the libertarian has failed to explicate the notion of freedom which we and he began with. What he began with may have been both correctly identified and, in the last analysis, incoherent. It was not obviously incoherent. It was conceivable that this freedom was conceivable. But, in the end, the freedom itself turned out to be not conceivable - unless perhaps as a limiting case (and an impossible one) of absence of various kinds of causal determination. What then?


If we have the notion of freedom I have argued that we have, kept in place by he could have done otherwise understood in the sense I have ascribed to it; and if so understood this sentence may always be false and that notion is everywhere incoherent; then it can only darken counsel to pretend that our notion is another notion - some notion touted by utilitarians and dissolutionists, for instance - or to pretend that we never really had our deterministic notion. For all sorts of things in our social, judicial, and penal institutions, and all sorts of things in our relations with human beings, may be based (and are based I think) upon the supposition that men can do otherwise than they do do. Substitution of another notion of responsibility may be called for, but substitution is not the same as analysis. The practical and metaphysical import of substitution and analysis are completely different. If a dilemma exists here it should first be acknowledged and felt as such. Only barbarism and reaction can benefit by concealment. If the unreformed notion of responsibility, the notion which is our notion, is a sort of metaphysical joke must we not at the very least create some safe time or place in everyday life to laugh at it?27 A reformed notion of responsibility need not rest on the simple efficacy of punishment - which is by no means the same thing as the efficacity working through consciousness of moral norms or ideals28 - but it will not reconstruct what men at present feel by way of remorse at their own actions or by way of anger at those of others. Such looking backwards must be strictly senseless. Yet what happens if (except for instruction about the future) we try to ignore the past? What happens to moral consciousness itself as it arises from the generalisation of such affective attitudes?
  

In a British Academy lecture P. F. Strawson29 once claimed that whatever we knew in favour of the hypothesis of total determinism, it could never be rational for us to opt out from all resentment or anger or gratitude or admiration or from the conceptual framework of responsibility in which these and like responses or attitudes have their meaning; no one who supposed that it would be rational had thought into what it would really signify for human life to attempt to abandon them. This was an important argument. Yet what it really told against,
I think, was the utilitarian and substitutive resolution of the problem of freedom. It did not show the bankruptcy of libertarianism. How could a practical consideration - however all-embracing - prove the theoretical compatibility of freedom and determinism? But it does help the incompatibilist and the libertarian to improve his point about the range and variety of things which determinism puts in jeopardy, however 'panicky' or 'obscure' Strawson found libertarian metaphysics. What Strawson's lecture brings out is the character of the dilemma with which the problem of determinism confronts us - one set of considerations making an attitude rational, the other set undermining - that attitude - and the complex conceptual constitution of the notion of rationality which figures in the argument. The dilemma, whatever else it does, demonstrates the bewildering variety of heterogeneous and incommensurable considerations - truth, consistency, diversity of experience, comfort, security, fellow feeling - between which rationality has in real life to hold sway. The theme can scarcely find its natural development here, but perhaps it is the most distinctive of all the marks of rational man to have reasoned himself to a point where he falls into barbarism if he takes the notion of autonomous agency, whether mythical or not, either too seriously - or too lightly.
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  Georg Henrik von Wright was the successor to Ludwig Wittgenstein's professorship at Cambridge. With Elizabeth Anscombe and Rush Rhees, he was executor of Wittgenstein's papers.
   

  In his 1972 Woodbridge Lectures at Columbia University, Causality and Determinism, von Wright dealt with free will in the concluding paragraphs - Part IV, section 10.  Note that Anscombe had just delivered her 1971 inaugural lecture at Cambridge on a similar topic, Causality and Determination. 

Whereas Anscombe had found no basis for strict determinism, and argued that indeterminism was necessary if not sufficient for human freedom, von Wright was more of a compatibilist. Like Wittgenstein, von Wright tied a free and open future merely to human ignorance about what is to come.
   


   von Wright's abstract for Part IV.10
   The truth of Universal Determinism must remain an open question. We can settle it only for fragments of the world. In order to discriminate between ontic and epistemic alternatives (show that some are "merely epistemic") we must admit alternatives for which such discrimination has not yet been made. How this fact is related to the thesis that the concept of cause presupposes that of action.


   I have argued that determinism is compatible with action in the sense that every change in the world which results from the action of an agent, i.e. is imputed to agency, might also have resulted from another change which is its causally sufficient condition. This compatibility is subject to the condition that the agent has not himself, prior to and independently of his action, anticipated the operation of the cause. This being so, does it then not follow that action, though not an "illusion," is a concept rooted in our ignorance of causes?

The idea that human freedom is relative to human ignorance is familiar from the history of thought. It is related to the idea, discussed earlier, of determinism through the foreknowledge of an omniscient being. It was given an aphoristic formulation in modern times by Wittgenstein when he wrote in the Tractatus (5.1362): "The freedom of the will consists in the fact that future actions cannot be known now." 
[See Wittgenstein.]


If action is correlative with ignorance of what is going to be, is then not the openness of the future, which may be said to be baked into our very concept of action, an epistemic and not an ontic feature of the world-tree? On this question, hinted at in the first lecture, I shall still have to take a stand before I finish.


Consider a total state of the world and its immediate development. Let us, for the time being, lay aside assumptions about linearity and Universal Determinism.


What is ontically certain about the world is that certain changes will occur, because there are causes of those changes operating. Ontically certain is also that some other changes will not occur, because there are counteracting causes preventing them. For the rest, the development of the world is ontically contingent, i.e. there are alternatives ahead of the given world. If determinism reigns, this "margin of contingency" shrinks to zero.


Similarly, there are two kinds of epistemic certainty about the world. One is the certainty we have that it will change in some features, because we think we know that causes of those changes are operating. The other is our certainty that the world will not change in some other features. This latter certainty may be grounded in knowledge of counteracting causes preventing the changes, but it may also be a "mere certainty" without any further ground. That which is not epistemically certain in either of these two senses is epistemically contingent.


Between the two kinds of certainty and contingency, the ontic and the epistemic, no logical relations hold. The ontic and the epistemic alternatives can be partly overlapping, or they can be inclusive or exclusive of one another. But any attempted description of the factual
ontic alternatives would, of course, have to be in the terms of epistemic alternatives. For what we think, rightly or wrongly, that the ontic alternatives are, is reflected in the epistemic alternatives which we admit.


I have argued that if we want to establish, i.e. give our grounds for thinking, that something is ontically certain or is a causal necessity about changes in the world, then this presupposes an epistemic certainty regarding not-changes. This last is the certainty that some things, though not prevented from changing by any cause, will as a matter of fact not change unless we change them. The existence of this peculiar kind of epistemic certainty entails that we consider it an ontic contingency whether the world will or will not change in those features.


Now it may happen that this epistemic certainty becomes, as I shall say, "undermined" — and therewith also the entailed belief in an ontic contingency. This happens when the epistemic certainty is shown to have been "merely epistemic." The change we were certain would not happen would in fact have happened, because of the operation of a cause. That is: this change was ontically certain to occur. But the undermining of the original epistemic certainty and the establishing (as we think) of the new ontic certainty would again presuppose an epistemic certainty of the same kind as the undermined one. And this would entail belief in a new ontic contingency—and so forth for every further case of undermining the epistemic certainty.


Every time an epistemic certainty is undermined, the margin of that which we consider to be ontically contingent will shrink. But the very process of undermining requires that there is some such margin left. And this means that only for fragments of the world can determinism ever become established. It is part of the logic of things here that the validity of the deterministic thesis for the whole world must remain an open question.


To say that to establish the ontic certainty of a change presupposes an epistemic certainty of the peculiar kind which we have described is but another way of saying that establishing causal bonds in nature presupposes action. It is by virtue of these relationships that I say that the concept of cause presupposes the concept of action. Action, however, cannot rightly be said to presuppose the existence of ontic alternatives in nature, i.e. the truth of some form of indeterminism. What action presupposes is only the epistemic certainty which, as long as it is not undermined, entails the belief in the ontic contingency of some changes and thus takes for granted a certain margin of indeterminism in the world.
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Wittgenstein's Picture Theory of Language


For Norman Malcolm's Ludwig Wittgenstein: A Memoir, G.H. von Wright wrote a biographical sketch recalling Wittgenstein's inspiration for his idea about language, that a proposition is a picture or model or mirror of reality.

Later he became engrossed in a new problem. It was the question
of the nature of the significant proposition. There is a story of
how the idea of language as a picture of reality occurred to Wittgenstein. 
It was in the autumn of 1914 on the Eastern Front, Wittgenstein
was reading, in a magazine about a lawsuit in Paris
concerning an automobile accident. At the trial a miniature model
of the accident was presented before the court. The model here
served as a proposition, that is, as a description of a possible state of
affairs. It has this function owing to a correspondence between the
parts of the model (the miniature-houses, -cars, -people) and things
(houses, cars, people) in reality. It now occurred to Wittgenstein
that one might reverse the analogy and say that a proposition
serves as a model or picture, by virtue of a similar correspondence
between its parts and the world. The way in which the parts of the 
proposition are combined – the structure of the proposition –
depicts a possible combination oi elements in reality, a possible
state of affairs.

Wittgenstein's Tractatus may be called a synthesis of the theory
of truth-functions and the idea that language is a picture of reality.




In his Notebooks entry for September 30, 1914, he wrote



The general concept of the proposition carries with it a quite general
concept of the co-ordination of proposition and situation: The solution
to all my questions must be extremely simple.

In the proposition a world is as it were put together experimentally.
(As when in the law-court in Paris a motor-car accident is represented
by means of dolls, etc.1) [Cf. 4.031.]


This must yield the nature of truth straight away (if I were not blind).


Let us think of hieroglyphic writing in which each word is a representation
of what it stands for. Let us think also of the fact that actual
pictures of situations can be right and wrong. [Cf. 4.016.]



" [image: image-placeholder] " :

If the right-hand figure in this picture
represents the man A, and the left-hand one stands for the man B, then
the whole might assert, e.g.: "A is fencing with B". The proposition
in picture-writing can be true and false. It has a sense independent of
its truth or falsehood. It must be possible to demonstrate everything
essential by considering this case.

It can be said that, while we are not certain of being able to turn
all situations into pictures on paper, still we are certain that we can
portray all logical properties of situations in a two-dimensional script.


This is still very much on the surface, but we are on good ground.

30.9.14.

It can be said that in our picture the right-hand figure is a representation
of something and also the left-hand one, but even if this were not
the case, their relative position could be a representation of something.
(Namely a relation.)

2.10.14.




We can compare W's picture-writing Bilderschrift to Frege's concept-writing Begriffsschrift


Wittgenstein's was not the first claim that a set of true propositions can contain knowledge of the physical world, that words can describe objects, but his Tractatus was surely the boldest:



4.01 The proposition is a picture of reality.

        The proposition is a model of the reality as we think it is.
 
4.11	The totality of true propositions is the whole of natural science 

        (or the whole corpus of the natural sciences)



Although language is an excellent tool for human communication, its arbitrary and ambiguous nature makes it ill-suited to represent the world directly. What Wittgenstein saw in the miniature model of the accident at the Paris trial was a dynamic information structure that was partially isomorphic with the information structure of the original accident. Such a model is completely language independent!


It is sad that Wittgenstein proposed a picture theory of language, of language as a mirror of nature. As an excellent aeronautical engineer and architect, he knew that a working model is much more than a picture. He was very impressed by Heinrich Hertz's classic textbook The Principles of Mechanics, in which dynamical models played a large part. 


Wittgenstein might have anticipated our information philosophy, which is a model theory of information structures. Today our best models are interactive dynamic computational models visualizable as 3-dimensional animations of physical objects and living beings.




Here Wittgenstein sees that the model must have the same "mathematical multiplicity" or complexity as the state of affairs,

viz., similar information


4.04 In the proposition there must be exactly as
many things distinguishable as there are in the
state of affairs, which it represents.
  They must both possess the same logical
(mathematical) multiplicity (cf. Hertz's Mechanics,
on Dynamic Models).




But there is no mapping, no isomorphism of information between words (propositions) and objects (states of affairs). The extraordinarily sophisticated connection between a word and object is made in human minds, mediated by the experience recorder and reproducer (ERR) in the mind/brain. Words stimulate some neurons to start firing and to play back relevant experiences including the object. By contrast, a dynamic information model of a part of the world is presented immediately to the mind as a look-alike and act-alike simulation. 


Without relevant experience recorded in the mind's ERR, words are mere noise.


	CAT	[image: image-placeholder]


By comparison, a photograph or a moving picture with sound can be seen and mostly understood by any human being, independent of their native tongue.  The core elements of our information philosophy, models of information structures, go far beyond logic and language as a representation of the fundamental nature of reality.


Computer simulations must of course incorporate all the laws of nature, from the differential equations of quantum physics to the myriad processes of biophysics. At their best, simulations are not only our most accurate knowledge of the world, they are the best teaching tools ever devised. We must use them to transfer that knowledge to the next generation and to most of the world's population via the Internet and our ubiquitous smartphones.


What is knowledge? A subset of the information in information structures.


How do we know it? Information is stored in our minds when our life experiences are recorded by the ERR.


Where is the best knowledge? It used to be in books and the minds of our best teachers. Now it is being spread around the world, accessible from any computer or smartphone. The I-Phi website is a modest contribution. 
 


[image: David Marans' Logic Gallery]
See more philosopher profiles at the Logic Gallery by David Marans


   For decades, Anglo-American analytic philosophers and ordinary language philosophers have thought that the major problems of philosophy are problems of language and logic, that complete understanding of the natural world could be obtained through a complete set of logical propositions.
   

   The aging Bertand Russell, worried about the failure of his Principia Mathematica project to derive mathematics from logic, saw in Wittgenstein the young, bright, scientifically-trained mind that might be able to establish a logical foundation, not only for mathematics but for all science as well.

Over an agonizing seven-year period that included his military service in World War I, Wittgenstein wrote his brief Logische-Philosophische Abhandlung, named Tractatus Logico-Philosophicus by G. E. Moore. In it Wittgenstein claimed to have solved all the problems of philosophy (at least all that could be shown in logic).


Wittgenstein also claimed that such problems could not be said or thought (only shown), and so everything written in the Tractatus was strictly speaking nonsense (unsinnung). Everything that had not been said in the Tractatus, Wittgenstein claimed was his truly important work on ethics and the meaning of life.


Despite the negative result for logic, Russell used some of Wittgenstein's work to rewrite Principia Mathematica. It was published as revised by Russell and Whitehead, but shortly thereafter Whitehead disavowed the changes, all actually made by Russell alone. To add to Russell's difficulties, Wittgenstein accused him of misunderstanding the Tractatus and misusing it.


Nevertheless, there grew up around Wittgenstein and Russell (now not talking to one another) a school of philosophy that attracted a diverse group of European science-minded philosophers like Moritz Schlick and his Vienna Circle.


Although Wittgenstein saw his logical philosophy as a failure and turned his interest to the therapeutic use of language – language as a game, this school of logical positivism (based on Wittgenstein's logical atoms) and logical empiricism (based on verification of atomic facts) grew to dominate Anglo-American Analytic philosophy for several decades.
   


  Wittgenstein and Free Will
  

  Ludwig Wittgenstein may have done more to inhibit discussion of free will than any other 20th-century philosopher. He declared the problem of free will and the mind-body problem to be "pseudo-problems," which were to be "dis-solved" by careful attention to actual language use. 


   In section 5 of the Tractatus, Wittgenstein makes a number of statements that purport to describe the world, its future, and freedom of the will, all of them the consequence of propositions and what we can deduce or infer from them. 
   

   5.  A proposition is a truth-function of elementary propositions.
   
   5.1 Truth functions can be arranged in series.

         That is the foundation of the theory of probability.
   

   5.12	In particular, the truth of a proposition 'p' follows from the truth of another proposition 'q' if all the truth-grounds of the latter are truth-grounds of the former.


   5.123 If a god creates a world in which certain propositions are true, then by that very act he also creates a world in which all the propositions that follow from them come true. And similarly he could not create a world in which the proposition 'p' was true without creating all its objects.
   

   5.13 When the truth of one proposition follows from the truth of others, we can see this from the structure of the propositions.
   

   5.131 If the truth of one proposition follows from the truth of others, this finds expression in relations in which the forms of the propositions stand to one another: nor is it necessary for us to set up these relations between them, by combining them with one another in a single proposition; on the contrary, the relations are internal, and their existence is an immediate result of the existence of the propositions.
   

   5.132 If p follows from q, I can make an inference from q to p, deduce p from q.

          The nature of the inference can be gathered only from the two propositions.

          They themselves are the only possible justification of the inference.

          'Laws of inference', which are supposed to justify inferences, as in the works of Frege and Russell, have no sense, and would be superfluous.


5.133	All deductions are made a priori.


5.134	One elementary proposition cannot be deduced from another.


5.135 There is no possible way of making an inference from the existence of one situation to the existence of another, entirely different situation.


5.136	There is no causal nexus to justify such an inference.


5.1361	We cannot infer the events of the future from those of the present.
            Superstition is nothing but belief in the causal nexus.


5.1362 The freedom of the will consists in the impossibility of knowing actions that still lie in the future. We could know them only if causality were an inner necessity like that of logical inference. The connexion between knowledge and what is known is that of logical necessity.

             ('A knows that p is the case', has no sense if p is a tautology.) 
   

 
Wittgenstein asserts that truth-functions in a series are the basis of probability. 
    
   5.15 If Tr is the number of the truth-grounds of a proposition 'r', and if Trs is the number of the truth-grounds of a proposition 's' that are at the same time truth-grounds of 'r', then we call the ratio Trs : Tr the degree of probability that the proposition 'r' gives to the proposition s.
  
 5.1511	There is no special object peculiar to probability propositions.
  

 5.152 When propositions have no truth-arguments in common with one another, we call them independent of one another.

           Two elementary propositions give one another the probability 1/2.

           If p follows from q, then the proposition 'q' gives to the proposition p' the probability 1. The certainty of logical inference is a limiting case of probability.

           (Application of this to tautology and contradiction.)


 5.153 In itself, a proposition is neither probable nor improbable. Either an event occurs or it does not: there is no middle way.


5.154 Suppose that an urn contains black and white balls in equal numbers (and none of any other kind). I draw one ball after another, putting them back into the urn. By this experiment I can establish that the number of black balls drawn and the number of white balls drawn approximate to one another as the draw continues.

           So this is not a mathematical truth.

           Now, if I say, 'The probability of my drawing a white ball is equal to the probability of my drawing a black one', this means that all the circumstances that I know of (including the laws of nature assumed as hypotheses) give no more probability to the occurrence of the one event than to that of the other. That is to say, they give each the probability 1/2, as can easily be gathered from the above 2 definitions.
           What I confirm by the experiment is that the occurrence of the two events is independent of the circumstances of which I have no more detailed knowledge.
   


Wittgenstein On Identity

5.53 
Identity of the object I express by identity of the sign and not by means of a sign of identity. Difference of the objects by difference of the signs.

5.5301 
That identity is not a relation between objects is obvious. This becomes very clear if, for example, one considers the proposition "(x) : fx .  HOOK  . x=a". What this proposition says is simply that only a satisfies the function f, and not that only such things satisfy the function f which have a certain relation to a.


One could of course say that in fact only a has this relation to a, but in order to express this we should need the sign of identity itself.



5.5302 
Russell's definition of "=" won't do; because according to it one cannot say that two objects have all their properties in common. (Even if this proposition is never true, it is nevertheless significant.)


5.5303 
Roughly speaking: to say of two things that they are identical is nonsense, and to say of one thing that it is identical with itself is to say nothing.


5.532 
And analogously: not "( EXISTS x, y) . f(x, y) . x=y", but "( EXISTS x) . f(x, x)"; and not 
"( EXISTS x, y) . f(x, y) . ~x=y", but "( EXISTS x, y) . f(x, y)".


Therefore instead of Russell's "( EXISTS x, y) . f(x, y)" : "( EXISTS x, y) . f(x, y) .v. ( EXISTS x) . f(x, x)".)


5.533 
The identity sign is therefore not an essential constituent of logical notation.


5.534 
And we see that the apparent propositions like: "a=a", "a=b . b=c . HOOK  a=c", "(x) . x=x". "( EXISTS x) . x=a", etc. cannot be written in a correct logical notation at all.


5.535 
So all problems disappear which are connected with such pseudo-propositions.


This is the place to solve all the problems with arise through Russell's "Axiom of Infinity".


What the axiom of infinity is meant to say would be expressed in language by the fact that there is an infinite number of names with different meanings.



Hypertext edition of the Tractatus Logico-Philosophicus in English and German (C.K. Ogden translation, with Russell introduction)

See also our growing bilingual translation of the Tractatus with annotations.


Wittgenstein On the Good

   "What is good is also divine. Queer as it sounds, that sums up my ethics", Monk, p.278)
   


Information philosophy has discovered the cosmic creation process, which is the "divine providence" mistakenly and childishly attributed to a supernatural being. For those who like to anthropomorphize, we call it the Ergod, but it is a purely natural, if supremely benevolent, process

But Wittgenstein is quite correct. That "divine" process is the source of all that is good in the universe. 
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Here Wittgenstein imagines a "model" theory, but language does not have a subset of the information in an object
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  R. Jay Wallace is a specialist in moral philosophy and practical reason. He wrote the SEP entry on practical reason.

Practical reason involves personal reflection about moral principles, behavioral norms, and one's values. One considers a set of alternative possibilities for action, none of which has yet been performed, and decides what one ought to do, or what it would be best to do. 


In arguments reminiscent of Kant, Wallace argues that practical reason must be separated from theoretical reason, which is about explanation and prediction.


Having the capacity to reflect and decide has implications for the structure of the will.


Wallace concludes that a "volitionalist" position is required, as opposed to the conventional "naturalist" view. Naturalism, he claims, does not have the capacity - the reflective self-control - required for moral agency, which requires the ability to choose independent of one's conscious desires, inclinations, yearnings, and various longer-term dispositions.


This power of choice, he says, is primarily a first-personal, deliberative phenomenon. 


Wallace's power of reflective self-control seems to be "reasons-responsive" in John Fischer's and Susan Wolf's sense. This power makes agents morally responsible.
   

CHOICE AND DESIRE, from Moral Responsibility and the Practical Point of View, reprinted in Normativity and the Will, 2006, Oxford, p. 145

The powers of reflective self-control are forms of general competence or capacity. They involve the capacity to grasp and apply the reasons expressed in moral principles, and to control what one does by the light of one's moral understanding. My first question is the following: what does this capacity for control imply about the structure of the will?

The answer, I would suggest, is that the capacity for control is best understood in what might be called volitionalist terms. According to the volitionalist position I have in mind, the will is not merely a susceptibility to motivating states of desire, but a capacity for active self-determination. Underlying this interpretation is the assumption that our motivations divide fundamentally into states of two different kinds. There are, first, motivations with respect to which we are basically passive, such as conscious desires, inclinations, yearnings, and various longer-term dispositions. I shall call such motivations given desires. Second, there are motivations that are not merely given, but that directly express our activity as agents, such as choices, decisions, and intentions to act. The power of self-determination relevant to moral responsibility, I maintain, is a capacity for motivations of this second, volitionalist kind.11
 
Let us take a closer look at this contrast between different kinds of motivating state, starting with given desires. These motivations are rather like sensations, in that they are presented to us in experience rather than being things that we ourselves do. Of course, desires and sensations differ in a number of respects. Most importantly, desires are conceptually structured in a way sensations are not; they have propositional objects, for instance, and are typically accompanied by evaluative thoughts. The conceptual structure of given desires makes it possible for them to respond to our deliberated judgments about what we have reason to do, much as Aristotle thought that the appetitive and other desires of the virtuous would obediently fall in line with their rational verdicts about the good.12 But as Aristotle would be the first to admit, given desires are not necessarily sensitive to judgments about the good in this way.13 Furthermore, even when our given desires respond to our reasoned verdicts about action, their doing so is not something that is directly under our control. In this respect, given desires are not to be classified as voluntary phenomena.
    
Generalizing, we may say that the class of given desires encompasses all those motivating states that are potential objects of self-awareness in the processes of reflection leading up to a determination to act. The 'given-ness' or 'passivity of such desires can thus be traced to the structure of reflective consciousness. 14 Given desires are states we take account of in deliberating about what we have reason to do (such as being attracted to the prospect of going to a party tonight), and they are also states we find ourselves in after we have reached a settled verdict through such reflection (such as remaining attracted to the party option even after one has concluded that it would be better to put in an appearance at the philosophy convention). But they are not the only kinds of motivation of which we are capable. There are, in addition to the sorts of desires that we can reflect on in deliberation, the distinctively active states of intention, choice, or decision, which characteristically bring deliberation to a final conclusion.
   
The volitionalist approach that I favor thus turns on the distinction between these active motivations and the given desires to which we are subject. In saying this, I do not mean to imply that all of the motivations conventionally referred to as desires are — like given desires — states with respect to which we are basically passive, objects that are presented to reflective consciousness. In philosophical practice it is customary to operate with an extended concept of desire as pro-attitude, encompassing not only the phenomenologically significant states of attraction I have called given desires, but also such volitional states as intentions and choices, as well as evaluative and normative judgments.15 I have no quarrel with this extended usage, as long as it is kept in mind that the various motivating states collected under the term desire have different roles to play in the processes of deliberative agency.
   
 
In particular, it is important to be clear that volitional motivations are independent from our given desires, in the following sense. What an agent chooses or intends to do is not a function of the given desires to which the agent is subject at the time. Indeed, because our given desires as a class are not necessarily responsive to deliberative reflection, we need a capacity for motivation that is independent of those desires if we are to possess the powers of reflective self-control necessary to moral responsibility. The potential unresponsiveness of given desires shows itself in the fact that they are the kinds of psychological states that present us with temptations to violate the requirements of reason. We will be in a position to act rationally in the face of temptation, then, only if we are equipped with a basic capacity for self-determination in the face of competing desire, as it were. A general capacity for choice of this kind, for instance, is what we implicitly impute to blameworthy agents when we assume that they have the power to resist the immoral desires to which in fact they give in. That persons possess this form of competence is thus a necessary condition for their being directly subject to moral requirements that
they flout. 16 
This same assumption is reflected in our deliberative practice as agents. In thinking about what to do, we take it for granted that we have a capacity for self-determination that outstrips the desires that are objects of deliberative reflection. The discovery that one is strongly attracted to the option of staying in bed, for instance, does not yet answer the practical question of whether that is what one is going to do. Indeed, it seems a discovery of this kind cannot answer the practical question if our activity as practical reasoners is to be fully intelligible. In deliberation, we try to determine what to do by reflecting on the question of what there is reason for us to do. This whole process makes sense, however, only on the assumption that we are capable of determining ourselves to act in ways that align with our deliberated verdicts about what we ought to do. But as we have seen, it is in the nature of our given desires that they are not automatically in alignment with our verdicts about our reasons. It follows that our competence to comply with the conclusions of moral deliberation involves the power to choose what we shall do in ways not laid down by the desires to which we are passively subject. 17 
My next question is this: given that moral agency requires the capacity for volitionalist motivation, how should we regard the various approaches to the ontological issues that I sketched at the start of this contribution? Let us take the naturalist approaches first. Clear examples of this kind of approach are theories that accept what I earlier referred to as psychological determinism, the thesis that our actions are causally determined by our beliefs together with our given desires. 18
If this thesis is accepted, it seems to me, then we shall have to conclude that there are no moral agents in the sense I have been talking about. Such agents are distinguished by, among other things, the capacity for volitionalist motivation, and this cannot be reconciled with the thesis of psychological determinism. Accepting this thesis, naturalists would seem to have two options: either they may deny altogether the distinction between given desires and volitions that I have maintained is central to our understanding of ourselves and others as accountable agents. Or, they may admit some surface distinction between these two classes of motivation, but then offer a reductionistic account of volitionalist motivations, analysing these as combinations of beliefs and given desires, or insisting that they are themselves determined causally by such beliefs and desires. 19 
These characteristically empiricist strategies seem to leave no room for the genuine capacity for self-determining agency. Understood in volitionalist terms, this capacity involves the power to choose what one does independently of the given desires to which one is subject; but psychological determinism in the forms just mentioned amounts to the denial that persons are equipped with such a power. Defenders of the naturalist approach traditionally insist that persons could have done otherwise, even in a world in which their actions are determined by their given desires, insofar as they would have acted otherwise, had they been subject to different configurations of desire. 20 But conditionalist analyses of this variety do not capture the distinctive kind of capacity that seems to be required for moral agency, which is a capacity for choosing in ways that are independent from the given desires to which one is actually subject.
   
Considerations of this kind have led some philosophers to reject naturalist accounts in favor of the third kind of approach I sketched at the start of this paper, the theory of agent-causation. This theory begins from the thought, which I have endorsed, that the capacity for choice is an active power of persons to determine what they shall do independently of the desires to which they are subject. In exercising this capacity, it seems, we ourselves fix an answer to the question of what we are going to do, in a way that cannot be traced back to the operation of psychological states and forces in us. Proponents of agent-causation conclude that persons are equipped with a special causal power different in kind from the ordinary form of causality linking events in the natural world, a power that is effective precisely at those points at which such ordinary causal relations break down. The hallmark of this approach is thus the contention that our ontology can accommodate moral agents only if and to the extent that we need to postulate such agents in order to explain events that cannot be accounted for in ordinary scientific terms.


Now I share the sense of many critics that this way of thinking about moral agency is incredible. The theory of agent-causation is problematic, because it interprets the capacity for choice as a causal power of persons whose rationale lies in its direct contribution to explaining what goes on in the natural world. The theory holds that agency is possible only on the condition that there are natural events (such as firings of neurons in a person's brain 21) that cannot be explained causally in terms of other events, but that instead must be accounted for by appeal to persons. This is to understand the human capacity for choice as part of an explanatory theory of the world, something we are led to postulate by our interest in causal explanation and prediction—an interest that is definitive of what might be called the theoretical point of view. But this is not the only way to see matters. On the practical reason approach sketched at the start of this paper, the power of choice has its natural home in the context of the practical point of view, a distinctively first-personal perspective defined by our interest in the deliberative question of what we ought to do.

   
 
Understood in this way, the practical point of view is the standpoint of practical reason, a standpoint we adopt when we reflect about what we have reason to do. To say that the power of choice has its natural home in the context of this perspective is to say that it is our preoccupation with deliberative questions of practical reason, and not our interest in explanation and prediction, that leads us to postulate that agents are equipped with this power.22 We inevitably assume that we ourselves have this capacity when we undertake to deliberate about what we should do. As I said above, the idea that we have it in our power to determine what we shall do in ways independent of our given desires provides the natural context for our own deliberative activity. In this sense, the power of choice is primarily a first-personal, deliberative phenomenon. 23 
 
The proponents of agent-causation correctly grasp that moral agency cannot be rendered fully intelligible unless we abandon the thesis of psychological determinism. What they fail to see is that the phenomenon of moral agency also cannot be rendered fully intelligible without articulating an alternative to the theoretical standpoint of explanation and prediction. Theorists of agent-causation interpret the insight that persons have the capacity for active choice as a thesis about their causal powers, where causal powers are in turn understood as items whose significance is primarily explanatory. In effect, it is assumed that agency will be possible only if it contributes positively to the explanation and prediction of events that fall within the purview of scientific theorizing, but are inexplicable in terms of such theorizing. Agent-causation theorists thus maintain that the activity of persons presupposes that the chains of causation linking ordinary events are inherently gappy, the gaps marking points at which explanation requires an irreducible reference to an agent, construed as a kind of unmoved mover. 24 The resulting picture extracts from the familiar phenomenon of self-determination an ontological commitment that is hard to take seriously, suggesting that our status as agents confers on us a divine prerogative of intervention in the causal order of nature from a position mysteriously outside it.

    
Difficulties of this sort seem likely to persist so long as we continue to interpret agency as an essentially explanatory phenomenon. To avoid them, we could follow the naturalist route sketched above, which would mean abandoning the volitionalist conception of motivation. Alternatively, we could attempt to rescue the volitionalist conception by removing it from the context of theoretical reason and placing it within the normative framework of practical reason. Viewed in this new light, the power of choice is not understood as a causal force in competition with other forms of causality, something for which a space would need to be cleared in the order of nature. Rather it speaks to the normative interests regulative of the practical point of view, a standpoint into which we project ourselves when we deliberate about what we ought to do. Deliberation requires us to assume that the question as to what we are going to do is not settled by our given desires, but that we have it in our power to determine the answer to that question for ourselves. And the fact that the capacity for self-determination is presupposed by practical reason in this way is the point and rationale of the volitionalist conception.
  


If agents are psychologically determined, there are no moral agents
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  Roy Weatherford earned a Ph.D. in Philosophy from Harvard in 1972. He won Harvard's Bechtel Prize in Philosophy for an essay on “Heisenberg's Uncertainty Relations,” so is more competent than some philosophers to comment on the importance of uncertainty in the problem of free will. 

Indeed, Weatherford is comfortable with the idea that physical determinism is not deterministic, but deterministic enough in the macroscopic world to convince him that indeterminism plays no role in human freedom. 


Weatherford's 1991 book The Implications of Determinism was inspired by Ted Honderich's work, especially no doubt The Consequences of Determinism. Like Honderich, Weatherford is a hard determinist. In his Introduction, he discusses physical determinism and develops the Randomness Objection to Free Will. (pp.8-9)
   

The obvious rejoinder to physical determinism is that physical laws are not deterministic. It is now common for many philosophers to believe that quantum mechanics has disproved determinism once and for all. (In chapters VII and XV we will assess these claims, together with some rather surprising possibilities for indeterminism in Newtonian mechanics.) The usual form of these arguments is that scientists have established that some events in the sub-microscopic world of particle physics are not the inevitable and unique solution to single-valued differential equations, but are the random expression of a probability distribution. The present state, it is said, limits the probability of future outcomes, but does not determine a definite fixed result.

Defenders of determinism have several moves available to them. The simplest is Einstein's continuing belief that God does not play dice with the universe and therefore there must be a possible physical theory more fundamental than quantum mechanics, which would show how the probability distributions were just approximations to the fully determined events beneath the surface. This response is usually shrugged off as just wishful thinking – no one can reasonably shape a philosophy on the possibility that some future scientist might discover a law of the desired type; we must deal with science as it is, not as it might become.


A second rejoinder is that even if micro-events are undetermined, the same is not true of middle-sized material objects. According to quantum mechanics, each sub-atomic particle in the body I call my table possesses a real and non-zero probability that it might randomly "decide" to move toward my ceiling, despite the force of gravity and its interaction with the other particles in the table. Indeed, there is a non-zero probability that every particle in my table might simultaneously "realize" that possibility of motion, so that the whole damned thing would inexplicably rise up into the air in the absence of any external agent at all. But while this probability is mathematically nonzero for each particle, it is very small for most of them. When you multiply these very small probabilities to get the joint probability that all will act in such an odd fashion, that figure approaches zero so quickly and so closely that such an event would be unlikely to happen even once in billions of repetitions of the universe's lifetime. But since we are middle-sized material objects, the probability that we will ever do something unexpected, based on quantum mechanics, is about the same as that of the table's levitation, and if that is not precisely absolute determinism, it is close enough for government work.


Indeterminists have argued that while the randomness of quantum mechanics may be negligible for gross bodily motions, it is not so easily ignored at the level of neural events within the brain. Here there might be enough "slack" in the laws of nature to guarantee that human actions are not the totally fixed events the determinist claims.



But this freedom from determinism has been achieved only by asserting that the motions of our bodies (at least of our brains) are in some irreducible sense random motions. Is this the vaunted human liberty – that it is a matter of chance whether I watch the game today or not? More on this in chapter XVII – for now let us just note that the possibility that our actions are uncaused and random is just as upsetting to many philosophers as the determinism it replaces.

Indeed, Franklin suggests' that the main argument for determinism is just this dichotomy: "either caused or random." If human actions are to fall into one or the other, determinists argue, they are only explicable and continuous with the rest of nature in the former category. If our "actions" occur without cause, they are nothing to be proud of, or even to be understood. If they are caused, on the other hand, it is the business of science to understand their causes.
   



the Randomness Objection to free will



Weatherford describes the problems for Libertarians (pp.12-16)
   
The position that opposes determinism in the context of moral philosophy was once called "Free Will," but as the Will loses prominence and ceases to be viewed as a philosophical reality, the modern position of moral indeterminism is coming to be called libertarianism (not to be confused with the doctrine of the American political party, which stresses political, rather than metaphysical, liberty).

Libertarianism is the view that at least some human actions and decisions are not determined. Many philosophers have argued that we know this to be so by direct inspection of our own experience. We prove it to be so each time we turn a page, when we could have stopped reading instead. We presuppose it to be so each time we distinguish "persons" from the other furniture of the world. Our moral, legal, and much of our social interaction rests on this foundation — to abandon it would be unthinkable: therefore it is true!


There are two fundamental grounds for the libertarian's rejection of determinism: (1) determinism is inconsistent with (the fact of) moral responsibility, and (2) each of us directly experiences freedom in our own choices.


On the first point, it is clear that one of the major driving forces behind libertarianism is a conviction that we must avoid determinism at all costs, lest we imperil the institution of morality. In this case, however, libertarians are far more confident in what they reject than in what they assert. If we deny that our actions are the inevitable consequence of preceding physical and psychological factors, how, then, do we explain their origins?


The libertarian cannot just reject the determinist's demand for a nomological explanation of human action, but must show why such a demand is unreasonable or impossible, on pain of being convicted of superstitious ostrichism.


One common approach for libertarians is to argue that our actions are indeed caused, but they are not caused by physical events or states, they are caused by agents or persons. These agents or persons play the metaphysical role that Ted Honderich suggestively calls "the originator." That is, the libertarian asserts that a new causal chain comes into existence when an agent or person initiates an action.


One of the major problems with the notion of agent causation is that it seems to blur the difference between an agent and states of an agent. In saying that Patricia caused the adoption of the new policy, we normally mean that she is responsible. But if we examine the case a little more closely, we see that not Patricia, but Patricia's states and actions brought about the new policy. Otherwise, if the unchanging agent were the cause, there would be no reason why the new policy should have been adopted yesterday, rather than the day before or today. But each time we assign the causal role to one of Patricia's states or actions, we slip indiscernibly back into a deterministic causal chain with no room for contra-causal freedom.4

If, on the other hand, we insist that there is no cause for Patricia's taking action at just this time, it again seems to be a randomly occurring event, and defeating physical determinism by invoking randomness would be a pyrrhic victory for the moral philosopher. The fundamental conflict that makes determinism loom so large in ethics is its conflict with moral responsibility, through its denial of free will. If Jones  to drive the get-away car, because he was under compulsion and not free to do otherwise, then most of us feel he was not responsible, or not fully so. But if Jones drove the get-away car by accident, because a randomly firing neuron in his brain caused him to mistake it for his own, once again his moral responsibility seems to dissipate. If this is so, then randomness is no more a solution to the free will problem than the determinism it hoped to avoid.


In the second argument, libertarians point to the "immediate" or "indubitable" or "self-evident" fact that we sometimes just know that we are free to choose. We find ourselves, that is, inevitably forced to believe that in certain situations of choice we are able to choose A and we are able to choose B and nothing compels us to choose one or the other. After the choice, then, we describe such a situation by saying that we "could have done otherwise," from which it follows that we are morally responsible for the choice.
The stock determinist response to this argument is that (1) there is no such perception of freedom, or, if there is one, it is illusory, and (2) we could have done otherwise if we had chosen otherwise, and we could have chosen otherwise if either the facts or our values had been otherwise, but we could neither have chosen nor have done otherwise if everything were exactly the same in every respect.


On the first point, Mill, for example, denied that we directly experience an awareness that we can do otherwise than what we actually do. Instead, experience teaches us, he says, that in one case we could do A, because we did A, and that in another, similar case we could do B, because we did B. The similarity between the cases suggests, but does not demonstrate, that we could have done B in the first case as well. Indeed, Mill argues, since we always act from our strongest desire, it is clear that in the first case we desired A and in the second case we desired B and therefore we could not have done otherwise in either case.
Furthermore, for convinced determinists, the "experience of freedom" becomes like "the experience of the self " did to David Hume. This unquestioned thing that generations of philosophers had said was directly revealed in experience, Hume said, did not arise in his experience at all.
Likewise the determinist, choosing between alternatives, feels the pull and tug of competing motives, feels the relief of tension at the moment of choice, and completely agrees that the choice is the proximate cause of the action. But in all of this, there need be no awareness of freedom at all.
In this case, the best analogy is probably the experience of generations of observers of the heavenly bodies rotating around the fixed earth.' No one, it was thought, could deny this clear fact of experience. But, as it turned out, the earth is not the center of the universe and the indubitable experiences of so many observers were just non-veridical. Likewise, the determinists say, one may quite easily feel certain that one is acting freely, when the freedom is just an illusion.
In an example from Locke, consider a man who wakes up in a room where some friends are engaged in agreeable conversation. He stays and enjoys their company, feeling quite sure that he is staying of his own free will, when, unbeknown to him, the door is locked and he could not leave if he chose. It may be, the determinist argues, that all of our experiences are as unfree as those of the Locked Man, but since our (unfree) choices obviously are effective in selecting our actions, we seem to ourselves to be acting freely.


The second of the determinists' rejoinders to the libertarians is of a piece with our general desire for conceptual repeatability. Franklin,' for example, points out a striking similarity between the uniformity or regularity asserted by a candidate for the status of natural law, and the universalizability required of a candidate for moral judgment (or, more broadly, evaluative judgment). As moral philosophers such as R. M. Hare 7 and John Rawls 8 have pointed out, it would be extremely peculiar to say, "This is just like that in all respects, except that this is good and that is bad." In a case like this we would surely ask, "Why is one good and the other bad? There must be a reason." And this, of course, is just what the determinist says to the libertarian: "How can you say that this moment of choice is exactly like the other (perhaps hypothetical) one, except that in this one Jones decides to commit murder and in that one she doesn't?" There must be a reason why she does the one thing in one case and the other in the other. And, of course, if the libertarian admits there is a reason, the action is thus far determined; if the libertarian denies there is a reason, the action is thus far irrational. The dilemma confronting the libertarian is that we can act freely, or we can act rationally, but we cannot simultaneously do both.


Evidently this is not a controversy that can easily be resolved. The determinist and the libertarian may accept each other's evidence (the progress of science and the feeling of freedom, respectively) without feeling obliged to accept the other's conclusion. Partly this is a matter of judgment in assessing the evidence, but largely it is a matter of resistance to the conclusion. The determinist will not believe, on so little evidence, that human beings are discontinuous with the rest of nature and science is a priori doomed to failure in its efforts to develop a nomological explanation of our conduct. The libertarian, on the other hand, refuses to believe (on so little evidence) that all our human concern for freedom, the entire institution of morality, and the intimate perception of personal ability to choose are just so much illusion and superstition. The stakes are too high; the opposing arguments are too weak; and the controversy lies unresolved.
   




  Weatherford labels indeterminists as "supernaturalists" in his otherwise excellent discussion of the cultural implications of determinism. [We think that today it is the strict determinists who are being metaphysical, and event-causalists who look to quantum-mechanical indeterminism as providing freedom are not the least metaphysical and supernatural.] (pp.236-242)
   
The last great fact about determinism is that it bears directly on our view of what it is to be human. Because of this, it has enormous implications about the nature of our culture.
The conflict between determinism and libertarianism is more than an abstract metaphysical dispute. It can also be viewed as the central controversy between those who believe that scientific laws govern the universe and those who believe in miracles and magic (the existence of God and the belief in the Soul or mental substance are the two other main grounds of conflict between these groups). On the one hand, the scientist asserts that every event is completely governed by the laws of nature. On the other hand, the priest asserts that supernatural events do occur. The conflict is at its most basic when the events involved are our very own lives, thoughts, and actions.

By extension, then, the question of the truth of determinism is no more a pseudo-problem than the question of God's existence. We grope toward better explanations of our views, we struggle with concepts and arguments, but no one except a handful of unreconstructed logical positivists thinks that it makes no difference at all if determinism is true or if God exists. If God exists, then some things are different than they otherwise would be. If determinism is true, nothing about the world and its future could be different from what the present ordains it will be. That is the difference we care about.


By describing indeterminists as supernaturalists I do not mean to imply that they are superstitious, or that their belief is childish and obviously false. There is no a priori certainty that the world is governed by natural law. If we accept all human testimony as prima facie of equal value, there is a great deal of evidence that magic exists and supernatural events occur. If the world really is indeterministic in a certain way, then naturalism is false and supernaturalism is true.


This great human question has been debated for years. While it is far from being satisfactorily answered, I do not believe it is impossible to answer and I believe that in fact we are moving towards a deterministic cultural verdict.


In many ways, I think the question of whether or not contra-causal freedom exists is just like the question of whether or not the river gods exist. In a pre-scientific society, the river's "actions" were so important that we had to have an explanation. As no scientific explanation was available, we adopted a supernatural anthropomorphic explanation. Likewise Skinner has argued, "Autonomous man is a device used to explain what we cannot explain in any other way. He has been constructed from our ignorance, and as our understanding increases, the very stuff of which he is composed vanishes. Science does not dehumanize man, it de-homunculizes him, and it must do so if it is to prevent the abolition of the human species."


The crucial point, however, is that when a good scientific explanation of the river's behavior came along, we (almost) universally rejected belief in the river gods even though, as Quine has shown,' at no point were we logically compelled to do so by an ultimately conclusive argument.


I accept Quine's argument that our belief choices are always logically underdetermined by the evidence. Nevertheless, by a reverse analogy to Gresham's Law, I propose the following:
   
  
Good scientific explanations drive out good supernatural explanations.
   

There are any number of reasons for this effect, but I believe the most important is our desire for regularity, repeatability, and sound expectation. Sometimes a witch doctor's incantation is followed by improved health and sometimes it is not, but inoculation against smallpox is almost 100 per cent effective.


It is not a sociological accident that our cultural history demonstrates a continuing conflict between science and religion. No doubt some priests were concerned about their own wealth and power, and no doubt many scientists were cold, unfeeling automata with no concern for love and beauty, but the essential conflict is just this: How is the world, and humanity's place in it, to be explained — by magic or by scientific law? It cannot be both, for each is destructive of the other.


It is a commonplace to remark that science has given us the power to destroy ourselves. It is seldom noted that religion and cultural myths, not science, have given us the reasons and desires to destroy each other. Without the techniques of science, human beings succeeded in killing each other, for religious and patriotic reasons, in great quantities by the crudest of means. The best resolution, of course, would be if we could unite the noble ideals and humane motivations of religion with the concern for truth and practical effectiveness of science.


Cultural attitudes are not just of abstract interest. They not only serve as guiding frameworks for our social institutions, they even shape the way we perceive the world. Franklin, for example, draws a telling analogy between the libertarians who "just see," in an irreducible and incontrovertible phenomenal way, that they are free to choose, and the defenders of the Ptolemaic system of astronomy who "just saw," in an equally irreducible and incontrovertible way, that the solid Earth is unmoving while the heavenly bodies are in motion.


He further points out that the conceptual shift whereby we (or most of us) came not to see the Earth as fixed was similar to the problem of free will in requiring a deep and important revision of our view of the nature of the universe and humanity's place in it.' If determinism is to become the dominant world-view of our cultural, it will take a massive shift indeed. Yet the shift is imaginable, despite what the libertarians claim. If we had been born into a culture permeated by Asiatic Fatalism, for example, most of us would find it "impossible to imagine" what the concept of contra-causal freedom could possibly refer to. Our current attitudes are shaped by the past of our culture; but our future culture will be shaped by our current attitudes.


Since determinism is a significant thesis, and since it is not now the official position of our culture, its adoption would make a significant difference in the way our culture behaves.


It seems clear, then, that it is possible to develop a conception of humanity that is compatible with determinism, and it also seems clear that such a conception would depart from the traditional one. Just what the cultural implications might be, however, is a matter for debate.


If we should stop believing that we are discontinuous from the rest of nature, that would be a change analogous (as Franklin pointed out) 4 to the change from seeing the Earth as the center of the universe to our present, more modest, conception of our place in the scheme of things. To that extent, I submit, the change would be for the better. Surely it would be useful in many ways: it would advance our concern for the environment; it would diminish our overweening arrogance; it would encourage science and discourage superstition. On all these grounds, I think, the cultural implications of determinism would be positive.


The first main cultural disadvantage would be if the attitude of acceptance that determinism encourages should evolve into a form of eastern fatalism, sapping our hopeful enthusiasm for life. I think it would not, but I admit there are grounds for concern.


Our western culture has made much of individual freedom —especially in the political sense, but also in the metaphysical. We are accustomed to believe that each of us is a law unto ourself, unique in the universe. The alternative possibility, that our actions and decisions "are not open to individual explanation" but only universal law-like explanation, Honderich remarks, demands that "we must revise our view of ourselves."' It is here that determinism can have its greatest cultural implications. It challenges a view of humanity that is dear to the western world, a view of individual heroes and villains waging a battle whose outcome is uncertain and dependent on individual moral responsibility. The fear of determinism, like the fear of fatalism, is that anyone who rejects the traditional view must give up the struggle.


Determinists tend to be a little more "laid back" than libertarians. Accepting the inevitable as a comfort and cushion against the blows of the world can all too easily become accepting the inevitable as beyond our power to do anything. I do not believe this danger is great, and I am willing to accept some deceleration of our manic rush into the future, but it is certainly a legitimate concern. Yet the difference may be less than we suppose. As Galen Strawson remarks, "I am not really better off, if it is not already determined whether or not I will die in battle. It is not as if my chances of survival are higher. In some respects a life may be like a novel, which is not less enjoyable or surprising because it is already written down."'


The greatest concern, however, is the moral one. As I argued in the previous chapter, the acceptance of determinism will require some changes in our moral point of view, but the fundamental institution should remain substantially the same. The cultural effects will be a little more tolerance and sympathy for others, a little more emphasis on rehabilitation than on punishment, a little less individualism and a little more sense of community. On the whole, then, these changes would (to my taste) be for the better. Are they likely to come about?


At the present time, the determinist and the libertarian to some extent accept each other's evidence (the progress of science and the feeling of freedom, respectively) without feeling obliged to accept the other's conclusion. Partly this is a matter of judgment in assessing the evidence, but largely it is a matter of resistance to the conclusion. The determinist will not believe, on so little evidence, that human beings are discontinuous with the rest of nature and science is a priori doomed to failure in its efforts to develop a nomological explanation of our conduct. The libertarian, on the other hand, refuses to believe (on so little evidence) that all our human concern for freedom, the entire institution of morality, and the intimate perception of personal ability to choose are just so much illusion and superstition. The stakes are too high; the opposing arguments are too weak; and the controversy lies unresolved.


The solution is that determinism as it is classically construed is indeed incompatible with free will and moral responsibility as they are classically construed. Furthermore, determinism is closer to the truth than its classical opponents. The feeling that nevertheless we cannot abandon the need for deliberation and moral evaluation is sound social doctrine, and practical, not metaphysical, truth.


As described above, we need to deliberate as a machine needs to deliberate, and knowing the outcome is determined is not nearly as disastrous as Aristotle and van Inwagen believe.
On the other hand, moral responsibility and free will in a consciously deterministic culture would indeed be different from what was previously believed. The evolution from "old" responsibility to "new" responsibility is in part like the evolution from moral liability to "strict" liability under the law: it is just a decision that some excusing conditions are no longer recognized —that punishment and blame go on as before, with lessened moral recriminations in many (but not all) respects. Nagel's notion of moral luck' and Rawls' observation' that we do reward and praise people for things beyond their control (beauty, intelligence, and strength, certainly, and probably moral character, trustworthiness, perseverance, etc.) show that it is just not true that our moral system is even now geared to rewarding only the transcendental devotion to duty that rises above worldly circumstance in the Kantian sense. Kant was brilliant, but he was wrong about many things, and this is one of them.


Indeed our language — and even more our moral concepts — must change with scientific progress. Once we found it hard to think of non-Christians as members of the moral community, then Black Christians, then foreigners, now machines and animals. We must in the future recognize that the pattern of intelligence and moral activity is the important thing, not the physical (or, just marginally possible, non-physical) vehicle that instantiates it. The rules are not transcendental, they are human. The moral law is not eternal and unchanging, it is fundamentally like the laws of etiquette. It is a way of getting along with each other and getting ahead with our daily life in the most satisfactory — the most pragmatic — way possible.


Once we drew comfort from thinking the world was animistic like us. Then we drew comfort from thinking the world was ruled by a God who was animistic like us. Now we must see that we are, like the world, essentially physical. Art, music, and poetry are none the less beautiful for being physically instantiated, and neither are we. If some of the "spiritual" world withers away — Santa Claus, God, Nation — it may turn out for the better. If they are transmuted into human and humane institutions (people do not go to war over Santa Claus, though they still do over the other two) then the world will be richer, not poorer, for the change.


Physical determinism has not yet been either established or refuted, though the evidence increasingly suggests that all important events on the human scale (as opposed to micro-events) are so nearly determined as makes no difference. Still, the decision is, as William James said,' a matter of non-scientific choice as well as scientific judgment. The conservatives, the mystics, the superstitious, will cling to the shibboleths of the past. The rational, the humane, the humanistic will try to develop new institutions that embody less wrath and punishment, more love and community. The new will prevail, if the old guard don't start a war over their superstitions and kill us all first.
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   Susan Wolf is a defender of compatibilism who argues that free will consists of acting in accordance with Reason, with full knowledge of the True and the Good. 

If this sounds Platonic, it is. Neo-Platonists, church philosophers, and such moderns as Immanuel Kant have all claimed that we are free when we do the right thing, and unfree - mere slaves to our desires and passions - when we do the wrong thing.


This view apparently contradicts the standard church position on the Problem of Evil (theodicy). On that view, God gave man free will to absolve God of responsibility for evil. If we are unfree when doing evil, where does the responsibility then lie?


Wolf finds something like this in her argument, which she calls the Asymmetry of the Reason View.
   

   According to the Reason View, however, responsibility depends on the ability to act in accordance with the True and the Good. If one is psychologically determined to do the right thing for the right reasons, this is compatible with having the requisite ability. (Indeed, it would seem to be absolute proof that one has it.) But if one is psychologically determined to do the wrong thing, for whatever reason, this seems to constitute a denial of that ability. For if one has to do the wrong thing, then one cannot do the right, and so one lacks the ability to act in accordance with the True and the Good. The Reason View is thus committed to the curious claim that being psychologically determined to perform good actions is compatible with deserving praise for them, but that being psychologically determined to perform bad actions is not compatible with deserving blame. 

(Freedom Within Reason, 1990, p.79)
   

Because in many cases there will be only one of the alternative possibilities that will be the best choice, Wolf argues that we don't need alternative possibilities for freedom. So she is comfortable with Harry Frankfurt's attacks on his "principle of alternate possibilities," which is designed to defend compatibilism against the lack of such possibilities in a deterministic world.


Wolf's view is similar to Gary Watson's, which goes back to the idea of "practical reason" from Plato to Kant. We are free agents when our choices correspond to our values, not our desires or passions. Kant would say we act out of a concern for our "duty." 

Robert Kane also mixes the question of values into the question of freedom in his model for free will. We can call this the "ethical fallacy." The basic question about freedom of the will from determinism must be independent of values, which are very likely culture dependent.


For David Hume, to confound Reason about "matters of fact" and "relations of ideas" with the Passions would be to jump from "is" to "ought."  


Wolf follows Peter Strawson in arguing that whether or not determinism is true, humans exhibit moral behavior in their "reactive attitudes" toward the behavior others when they express blame and praise for their actions (or when they feel guilt and pride about their own actions). For Wolf, this is enough to establish the existence of moral responsibility.
   

To be accorded the status of a responsible being is to be regarded as an appropriate object of a certain range of attitudes and judgments and as a legitimate participant in a certain range of practices. The range of attitudes I have in mind includes pride and shame, gratitude and resentment, respect and contempt. The range of judgments includes the judgment that one is worthy of respect or contempt, that one ought to be proud or ashamed, and so on. And the range of practices includes praising and blaming, forgiving, excusing, rewarding, and punishing according to rules designed to make these practices expressions of the above sorts of attitudes and judgments.

It is a deep and essential feature of life in modern Western society that normal human beings who have reached some level of maturity regard themselves and one another as responsible beings. That is, if people did not regard themselves and one another as responsible beings, life would be unrecognizably different from what it actually is. But the concept of responsibility is a mysterious one which tends, on examination, to become increasingly opaque and to threaten variously to be incoherent or impossible or universally inapplicable. Thus there is a philosophical problem of responsibility and, connected to it, a philosophical problem of free will, understanding free will to be that relation to one's will which is necessary in order for one's actions (as well as one's character and life insofar as they are governable by one's will) to be "up to oneself" in the way that is necessary for responsibility. We can express the problem of responsibility in the form of the question "How, if at all, is responsibility possible?" And we can express the problem of free will in the form of the question "What must our relation to our wills be," or better, perhaps, "What kind of beings must we be if we are ever to be responsible for the results of our wills?"

(Freedom Within Reason, p.3)

   



  Wolf says the principal requirement for responsibility is ultimate control or Kantian "autonomy." 
   
   It seems, then, that in addition to the requirement that the agent have control over her behavior (that she have a potentially effective will) and the requirement that she have control along the right lines (a relevantly intelligent will), there is a requirement that the agent's control be ultimate — her will must be determined by her self, and her self must not, in turn, be determined by anything external to itself. This last condition I shall call, after Kant, the requirement of autonomy. (p.10)
   
  
But Wolf is skeptical (as only philosophers can be) as to whether human beings have this autonomy.
   
At first glance, the condition of autonomy may seem no more problematic than the other conditions of responsibility. That is, it may seem to be a condition that, like the others, we satisfy most of the time. If we speak occasionally of finding ourselves with desires that are not our own, desires that move us but with which we do not or cannot identify, we do so, presumably, by contrast to a more normal state of affairs in which the desires that provide the basis for our actions are wholly and comfortably our own. And if we sometimes describe situations in which, although we act intentionally, we have no choice but to perform the actions we do, we contrast this with more typical situations in which, it seems, we do have a choice. That is, most of the time, we seem free to act in whatever way we please. We choose to do some things rather than others, and nothing makes us choose.

A closer look at ourselves and our actions, however,  may make us doubt our own apparent autonomy and may suggest that the expressions that look like claims of autonomous agency are really just figures of speech. For although few of our desires are implanted in us in as obvious and unnatural a way as that in which a hypnotist implants a desire in her subject, neither do they arise out of nothing external to ourselves. My desire for a pastry is clearly a result of the smells wafting from the bakery as I walk past; my desire for a new Sweater can be traced to a magazine advertisement that caught my eye. A passionate speech makes me want to write my congressman; a letter from a friend makes me want to give her a call. It seems natural that I should have these desires in these situations—they cohere with my other desires and with my general character in ways in which desires that are implanted by hypnotists may not. But the source of these desires is no less external than the source of the desires I might be hypnotized to have, and if I identify with the former but not with the latter desires, it is not because the former desires are up to me.


Similarly, it seems that, although situations are rarely imposed on us in so artificial and manipulative a way as that in which an armed criminal may coerce his victim, situations that arise in less objectionable ways push us no less firmly to act one way rather than another. Zero-degree weather makes me turn up the heat; an empty refrigerator makes me go to the store. An upcoming tenure decision makes an assistant professor write articles for publication; a child's illness makes a father leave work early to take his daughter to the doctor.


These observations suggest a picture of ourselves as creatures whose desires are a result of some combination of our heredity and environment, who try to satisfy our desires as well as we can by acting as our situations demand. But if our desires are a result of heredity and environment, they come from something external to ourselves. And if, in conjunction with our desires, the situations in which we find ourselves dictate which actions we will ultimately decide to perform, then our behavior is completely explained by forces that originate outside of ourselves. This picture seems incompatible with the satisfaction of the condition of autonomy. This condition, which we were led to accept in our effort to explain why the agents in a few exceptional cases were not responsible for their actions, now threatens to exclude all human agents in all situations from responsibility. The cases of hypnosis and coercion now seem exceptional only in being cases in which the agents' lack of autonomy is dramatically evident. But if a lack of autonomy that is dramatically evident excludes agents from responsibility, a lack of autonomy that is less easily perceived will exclude agents as well.


In light of the apparently drastic implications the conclusion that we are not autonomous beings would have, it would be foolish to accept this conclusion too easily. The remarks made above suggest that the claim that we are autonomous beings is not so obviously or so generally true as it might formerly have seemed. But they do not imply that autonomy is impossible. Perhaps the examples of "ordinary desires" and "ordinary situations" were taken from an insufficiently wide range of experiences. If we are not responsible for as large a portion of our behavior and personality as we ordinarily think, this does not imply that we are responsible for none of our actions or character at all. Or, perhaps, the description of ordinary human action above is simplistic in insidious ways, omitting some
elements that are crucial to a realization of autonomy.


Unfortunately, attempts to construct an alternative picture of human action, or to revise the picture presented above in a way that will justify our apparent assumption that we typically act as autonomous agents, are likely to make the condition of autonomy seem even more puzzling than before. For if the agent's control of her actions seems superficial when we add, in accordance with the picture above, that what control she exhibits is itself controlled by forces external to the agent herself, her control seems no less superficial if we remove these external forces and imagine that the agent's control is controlled by nothing at all. 


Wolf describes the standard two-part argument against free will, it is determined or random


According to the problematic picture above, the agent's will is not wholly or deeply her own because the content of her will is completely determined by forces, people, and events external to herself. But if the content of the agent's will is not so determined — if her having the will she does is instead, in part, a result of random events, or if it is a matter of brute, inexplicable fact — this hardly seems to make her will more wholly or deeply her own. Indeed, recalling the case of the kleptomaniac, it may seem irrelevant whether the agent's will is controlled by something else or by nothing at all.

Autonomy, then, requires that the content of an agent's will (which, we may assume, determines the agent's behavior) be up to the agent herself, and this is opposed not only to its being up to anything else, but also to its not being up to anything at all. But now the concept of an autonomous agent may seem to be an Impossible one. For it seems that about any agent and any act whatsoever we can ask for an explanation of why that agent performs that act. And though we may begin to answer this question in terms of features internal to the agent, we can always press beyond these beginnings and ask why the agent possesses these features. If this question in turn is answered by reference to still other features internal to the agent, we can press further and ask why the agent possesses these additional features. Eventually, we will reach a set of features that must be explained by facts external to the agent, or our explanation will simply come to an end, with the understanding that the agent's possessing these features is either a random occurrence or a brute, inexplicable fact. An agent, for example, performs some action because she wants to perform it, and she wants to perform it because she wants something else to which the action in question is perceived as a means. But why does she want that something else? Perhaps because the pursuit of that goal offers the best chance of satisfactorily realizing her complex system of values. But then we may ask why she has that particular system of values If, on the one hand, we can answer this question by describing the agent's heredity, her upbringing, her most significant recent experiences, and so on, then the agent seems to fit the problematic model of the nonautonomous agent. The agent acts in accordance with her values, but her values are a result of forces external to herself. If, on the other hand, we have no answer of this sort, it seems that the response to the question "Why does the agent have this system of values?" is simply "She just does have it" or "This is just what she is like." But the agent seems equally "stuck with" her set of values on this picture as on the former one; she is thrown into the world, as it were, complete with an identity she did not choose.


In order for an agent to be autonomous, it seems, not only must the agent's behavior be governable by her self, her self must in turn be governable by her self — her deeper self, if you like — and this must in turn be governable by her (still deeper?) self, ad infinitum. If there are forces behind the agent, so to speak, making the agent what she is, then her control of her behavior is only intermediate, and therefore superficial. But if there are no forces behind the agent making the agent what she is, then her identity seems to be arbitrary. The ability to act in accordance with a nature or a character — or, for that matter, with an uncharacteristic motive — that one simply finds in oneself as an arbitrary given, seems equally to constitute a merely superficial species of control. But this would seem to exhaust not just the empirical but the logically possible alternatives: Either something is behind the agent, making the agent what she is, or nothing is. The idea of an autonomous agent appears to be the idea of a prime mover unmoved whose self can endlessly account for itself and for the behavior that it intentionally exhibits or allows. But this idea seems incoherent or, at any rate, logically impossible.


The dilemma that was earlier sketched only schematically can now be given a more concrete form: The condition of autonomy seems at once impossible and necessary for responsibility. If there is to be any hope for a positive solution to the problem of responsibility, we must find a way to resist the conclusion that the condition is as it seems. Either this apparently necessary condition must be shown not to be a necessary condition of responsibility after all, or this apparently impossible condition must be shown to be one that, despite appearances, it is possible, and even plausible, to think we regularly satisfy.
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  Ted Warfield has shown that the famous Consequence argument of his colleague Peter van Inwagen contains a modal fallacy by appealing to premises that are merely contingent.

Van Inwagen and Robert Kane therefore only establish what Warfield calls WEAK versions of the incompatibilist thesis.
   
  
Warfield corrects this problem with a new "formal" argument for incompatibilism. His argument has a "formalistic" or "proof-like" appearance (as had van Inwagen's). But Warfield cautions that this appearance "should not lead anyone to think that I am trying in any literal sense to provide a proof of incompatibilism (or anything else)."

Rather, he says, he simply puts forward a strengthened Consequence argument that is a "valid" argument where existing arguments were invalid because of the modal fallacy. He says



So far as I aware, all versions of the Consequence argument employ a "conditional proof" strategy; many also employ the terminology. Indeed, in most incompatibilist arguments the overall form of the argument is that of conditional proof. The argument typically looks like this: assume determinism and show that, given the assumption, no one has freedom. Most incompatibilists, however, either do not adequately understand or simply fail to adhere to a restriction relevant premises in such an argument must meet if the incompatibilist conclusion is to follow from such an argument. Most incompatibilists, to be precise, seem unaware that in order to get the incompatibilist conclusion that determinism and freedom are strictly incompatible (that no deterministic world is a world with freedom), their conditional proofs must not introduce or in any way appeal to premises that are merely contingently true in between the assumption of determinism and the step at which the "no freedom" conclusion is reached. 

("A New Argument for Incompatibilism," Philosophical Perspectives, vol. 14, 2000, p. 168-72)


Warfield had argued earlier that van Inwagen's "Mind argument" (named after the journal that had published the argument), showed that free will and indeterminism were incompatible.


In a 1998 Mind article he wrote,
   

Libertarians believe that free will exists and is incompatible with determinism. Among the many problems facing libertarians is the problem of the alleged incompatibility of free will and indeterminism. If free will is, as many have suggested, incompatible with indeterminism then libertarianism is false. Libertarians have not adequately addressed this issue to date. It is this gap in the libertarian program that we seek to fill. We will show that the strongest argument for the incompatibility of indeterminism and free will, the so called Mind argument,1 is a failure. We will also, in providing an improvement on Peter van Inwagen's well known Consequence argument, show that the failure of the Mind argument does not threaten the strongest libertarian argument for the incompatibility of free will and determinism. 

In his widely influential book An Essay on Free Will (1983), Peter van Inwagen presented, among other arguments, his Consequence argument. This argument is, we think, the strongest argument to date for incompatibilism, the thesis that free will and causal determinism are incompatible. Unfortunately, as van Inwagen saw and as we will discuss below, an argument quite similar to van Inwagen's Consequence argument, the Mind argument, seems to show that free will is also incompatible with causal indeterminism. If both van Inwagen's argument and the Mind argument are sound then there is no such thing as free will and libertarianism is false. 


Like van Inwagen we are libertarians and wish to avoid this conclusion. Unlike van Inwagen, however, we have a satisfactory response to the challenge of the Mind argument. Our response, in brief, is to deny the soundness of both van Inwagen's Consequence argument and the Mind argument. After showing why both arguments are unsound, we will offer an improved version of the Consequence argument and show that the Mind argument cannot be similarly improved. We conclude that the Mind argument (and with it general worries about the incompatibility of indeterminism and free will) is no threat to the libertarian.


Consider an indeterministic world in which, most importantly, the actions of agents are indeterministic consequences of agents' particular sets of beliefs and desires. Let "DB" represent the particular belief/desire complex of some agent and let "R" represent an action brought about exclusively by DB. So, DB causes, but does not determine, R, and it is only DB that is relevant to the occurrence of R (there is no hidden "double" causation). Given that R is an indeterministic consequence of DB, it seems that no one has a choice about whether or not R follows DB. Once DB occurs, given indeterminism, perhaps R will follow and perhaps it will not but since once DB occurs everything relevant to R's occurrence has taken place it seems clear that no one has a choice about R's following DB.
   

 
Van Inwagen's Mind argument is clearly the Randomness Objection in the standard argument against free will.

Similarly, his Consequence argument is the Determinism Objection in the standard argument against free will.
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  Excerpt from "A New Argument for Incompatibilism," Philosophical Perspectives, vol. 14, 2000, p. 168-72

II. "Proof" and a Formal Problem for Consequence Arguments

I will argue for incompatibilism by showing that necessarily, for all propositions X, if determinism is true and X, then no one is free to make it the case that ~X. Some parts of my argument will have a "formalistic" or "proof like" appearance. This appearance, however, should not lead anyone to think that I am trying in any literal sense to provide a proof of incompatibilism (or anything else).6 Rather, what I offer in Section III is merely an argument (a rather strong and convincing one in my view, but still, just an argument). The formalistic character of the presentation should not distract from this fact.

So far as I aware, all versions of the Consequence argument employ a "conditional proof" strategy; many also employ the terminology. Indeed, in most incompatibilist arguments the overall form of the argument is that of conditional proof. The argument typically looks like this: assume determinism and show that, given the assumption, no one has freedom. Most incompatibilists, however, either do not adequately understand or simply fail to adhere to a restriction relevant premises in such an argument must meet if the incompatibilist conclusion is to follow from such an argument. Most incompatibilists, to be precise, seem unaware that in order to get the incompatibilist conclusion that determinism and freedom are strictly incompatible (that no deterministic world is a world with freedom), their conditional proofs must not introduce or in any way appeal to premises that are merely contingently true in between the assumption of determinism and the step at which the "no freedom" conclusion is reached.


This is a simple point applying to any alleged conditional proof of a strict conditional. In general, to show by conditional proof that P strictly implies Q, one assumes the truth of P and derives the truth of Q, appealing only to P and necessary truths along the way to Q. In offering such an argument, one is restricted, on pain of modal fallacy, from appealing to merely contingent truths in between the assumption of P (which may be contingent) and the arrival at Q.


My evidence that typical proponents of the Consequence Argument are unaware of this restriction is that they defend only the truth, not the (broad logical) necessity, of the relevant steps of their arguments. To use the Consequence Argument displayed above as a model, incompatibilists typically defend the truth, but not the necessity, of (P1) of the argument. Introducing a merely contingently true premise into such an argument, however, weakens the justifiable conclusion of the argument considerably. Arguments weakened in this way show at most that the following conditional is true:


WEAK — If determinism is true then there is no freedom.


But this conclusion is strictly weaker than (it is implied by but does not imply) the proper incompatibilist conclusion:

INC — Necessarily, if determinism is true then there is no freedom.


Notice that (WEAK), if it is a material conditional, is true in every indeterministic world and is true in every world without freedom. While showing that the actual world is indeterministic would establish this reading of (WEAK), doing so would not establish the proper incompatibilist conclusion, (INC). One could defend a stronger contingent reading of (WEAK) as, for example, a counterfactual conditional, by arguing that the contingent premise appealed to in one's conditional proof is of suitable modal strength. Like (WEAK), however, such a conclusion would be strictly weaker than the proper incompatibilist conclusion. Finally, one could, in appealing to a contingent premise in one's conditional proof, defend a strict conditional asserting that the conjunction of determinism with some contingent truth, C, strictly implies the "no freedom" conclusion: necessarily, all deterministic worlds with C contain no freedom. But once again, this conclusion is strictly weaker than the proper incompatibilist conclusion. It is, I conclude, a mistake to appeal to a merely contingently true premise in the body of a "conditional proof" style argument for incompatibilism.7
This mistake, however, is apparently made by even the most prominent recent defenders of incompatibilism. Both Peter van Inwagen (1983) and Robert Kane (1996) defend the truth, but not the necessity, of relevant premises of their favorite versions of the Consequence argument. Both van Inwagen and Kane defend the truth, but not the necessity, of premises stating that, for example, "no one has a choice about the laws of nature." Indeed, van Inwagen has made it clear on more than one occasion that he is not even trying to defend the necessity of such premises.8 The Consequence arguments of van Inwagen and Kane therefore appear to be in danger.


Because this charge of modal fallacy is a serious one and is being made against the flagship argument of contemporary incompatibilists, it is worth pausing to display and explicitly examine the; influential version of the Consequence argument to see that my complaint is justified. The version I have in mind is, of course, the third version of the argument offered by my distinguished colleague Peter van Inwagen.


In an amusing passage beginning Chapter Three of An Essay on Free Will, van Inwagen dismisses much of the literature on the incompatibility of free will and determinism. Here's the passage:


Discussions of this question are usually not on a very high level. In the great majority of cases, they are the work of compatibilists and consist to a large degree in the ascription of some childish fallacy or other to incompatibilists... . It is not my purpose in this book to defend any previous writer against a charge of fallacious argument. My own arguments will be explicit, and any fallacies they commit should be correspondingly visible. (It is doubtful whether anyone has ever been seduced by the fallacies with which the incompatibilists are customarily charged; if anyone indeed has achieved such a level of philosophical incompetence, 1, at least, fall short of it). (1983, p.55)


Though I would never accuse van Inwagen of incompetence, I am making the charge of fallacy. Let's see if I can make the charge stick.

In An Essay on Free Will, van Inwagen offers the following argument for incompatibilism. Here are van Inwagen's abbreviations: Let "Np" abbreviate
"p is true and no one has or ever had a choice about whether p", "❑" abbreviate broad logical necessity, "⊃" material conditional, "PO" abbreviate the complete state of the world at some time in the distant past, "L" abbreviate the conjunction of the laws of nature, and "P" abbreviate any truth. Here are van Inwagen's rules of inference: 


ALPHA: From ❑P, derive NP; 


BETA: From NP and N(P ⊃ Q), derive NQ. 


With this set up in place van Inwagen argues as follows:


Another Consequence Argument (van Inwagen)
	1. 	❑ ((PO & L) ⊃ P)	Consequence of Determinism
	2. 	❑ (PO ⊃ (L ⊃ P))	1
	3. 	N (PO ⊃ (L ⊃ P))	2, Alpha
	4. 	N PO	Premise — "fixity of the past"
	5. 	N (L ⊃ P)	3,4, Beta
	6. 	N L	Premise — "fixity of the laws"
	7. 	N P	5,6, Beta


Having thus reached the conclusion that no one has or ever had any choice about any truth from his assumption of determinism, van Inwagen concludes that freedom and determinism are incompatible.

Whatever virtues this argument may have (and it has many), and whatever additional vices it may have (and it has some), this argument most certainly exhibits the modal fallacy I have been discussing.9 For the proper incompatibilist conclusion, (INC), to follow from the soundness of this argument, van Inwagen would need premises formally stronger than premises (4) and (6) above Among other things, van Inwagen needs to defend not merely the truth, but also the necessity, of his claim that no one has a choice about the laws of nature. Van Inwagen, that is, needs to defend the truth of ❑ NL, not just NL.10( Perhaps van Inwagen would be willing to defend this stronger premise (and the similarly strengthened version of premise 4). As the argument is presented it An Essay on Free Will, however, the argument, even if sound, does not establish the proper incompatibilist thesis. Instead it establishes only (WEAK) or some similarly weakened thesis. The time is ripe fora new and improved incompatibilist argument. I will provide such an argument in Section III.


As I stressed above, what I will offer in Section III is not a proof of incompatibilism. Rather, I will simply be offering a "semi-formal" argument for incompatibilism. I will, naturally enough, be quite interested to find out what step in the argument compatibilists wish to reject or call into question for I dc not think that there is a "defective" step in the argument. But I have no doubt that at least the craftiest philosophers in the compatibilist camp will find something in the arguments that they feel should be rejected. They had better, for if nothing else my argument is valid and, if sound, implies the falsity of compatibilism. It follows that one wishing to confront the argument and hold onto one's compatibilism must reject some step in the argument. This does not imply (at least not by itself) that my argument "begs the question" against the compatibilist." If it did, then, so far as I can tell, any formally valid argument would "beg the question" against those who do not accept its conclusion and all formally invalid arguments would, of course, be unsound: philosophical argumentation would thereby be reduced to absurdity.
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Timothy Williamson

Timothy Williamson is a professor of logic at Oxford. He is a principal architect of necessitism, the claim that everything that exists necessarily exists. Ontology is necessary. Things could not have been otherwise. The universe could not have evolved differently. 


Necessitism is opposed to the idea of contingency, which denies that necessarily everything that is something is necessarily something. Ontology is contingent. Things could have been otherwise. There is ontological chance in the universe.


Necessitism grows out of the introduction of modal logic into quantification theory by Ruth Barcan Marcus in 1947, in which she proved the necessity of identity.


Before Marcus, most philosophers limited the necessity of identity to self-identity. Since her work, David Wiggins in 1965 and Saul Kripke in 1971 have suggested there is no contingent identity. 


Williamson reads Barcan Marcus as proving that everything is necessarily what it is, everything that exists necessarily exists.


Williamson writes her argument as 
   

The logical arguments for the necessity and permanence of identity  are
straightforward, and widely accepted in at least some form. Suppose that
x is identical with y. Therefore, by the indiscernibility of identicals, x is 
whatever y is. But y is necessarily identical with y. Therefore x is necessarily
identical with y. By analogous reasoning, x is always identical with y. More
strongly: necessarily always, if x is identical with y then necessarily always x
is identical with y. Of course, we understand 'x' and 'y' here as variables
whose values are simply things, not as standing for definite descriptions such
as 'the winning number' that denote different things with respect to different
circumstances.
   

There is a serious flaw in the reasoning that "x is whatever y is. But y is necessarily identical with y. Therefore x is necessarily
identical with y." 


Both Wiggins and Kripke made this error. Better reasoning may start with "x has the same properties as y." Here we must analyze internal properties and external properties separately. There are objects with identical internal properties, notably quantum particles like electrons. 


Numerically distinct objects cannot have identical extrinsic (external) information, the same relations to other objects in their neighborhood, e.g., the same positions in space and time, unless they are one and the same object. So if "x has the same properties as y" means x has the same intrinsic (internal) properties and the identical external relations, this is only because it is in the same position as y, and therefore is numerically one and the same object as x. 


This obviously cannot be used to prove two physical objects are one and the same object. But we can say truthfully that two objects are relatively identical.


However, if x and y are abstract logical propositions, and "x has the same properties as y," then since y is necessarily self-identical with y, x also is necessarily self-identical, but with what exactly? Trivially, we can conclude logically, x is necessarily self-identical with x." But it is only in some non-trivial sense of relative identity, which we call "qua" - "in some respect," that we can claim "x has the same properties as y" means that x is necessarily self-identical with y."


Thus we have, for example, if the logical propositions x and y have identical properties qua propositional logic, they are necessarily identical propositions. This much is the case in the symbolic logic of Williamson, Marcus, Kripke, and Wiggins. For more, see our metaphysical analysis of identity. 



So Barcan Marcus may be correct if she can be understood as talking about a universe of discourse described by first-order logic. As Rudolf Carnap proposed, the first-order object language can be analyzed for truth values of propositional functions in a second-order metalanguage. 


Propositions that are perfectly substitutable in quantified modal logic contexts are necessarily identical. But there are no numerically distinct physical objects that are perfectly identical. Information philosophy shows that numerically distinct objects can have a relative identity if their intrinsic internal information is identical. 


Information philosophy has established the existence of metaphysical possibility in two ways. The first is quantum mechanical indeterminacy. The second is the increasing information in the cosmological and biological universe. There can be no new information without possibilities, which depend on ontological chance.


Since information philosophy has shown that the increase in information in our universe is a product of chance events – without possibilities there can be no new information created – in our metaphysics, ontology is irreducibly contingent. 


In a deterministic universe (one without contingency or possibility), the total information is a constant, there is but one possible future, the evolution of the universe is entirely present at all times. 


This might fit well with Williamson's parallel interest in permanentism, which is a form of pre-determinism or pre-destination that fits well with some theological views.
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W.G.Ward


W. G. Ward was a 19th-century philosopher who introduced the term Indeterminism in a debate with Alexander Bain, a well-known determinist/compatibilist. His 1880 article in Mind must have been an influence on William James, whose famous lecture on The Dilemma of Determinism was delivered four years later.

Ward begins by replacing "free will" with "Indeterminism."
   

Dr. Bain protests against the term "Free Will"; and "sees no chance of a reconciliation of the opposing views, until this term is abandoned." He ought then to look with more favour on my own controversial standpoint than on that of some other opponents ; because — though I certainly cannot abandon the term "Free Will" — still I have gone through the more essential and fundamental part of my reasoning, before I arrive at that term. I begin by merely maintaining a doctrine called by me "Indeterminism" ; which is neither more nor less than the negative doctrine, that the doctrine of Determinism is untrue.

Now what is the doctrine of Determinism? Dr. Bain quotes with entire assent my own virtual exposition thereof. According to Determinists — it holds quite universally that, "given certain physical and corporeal antecedents, one definite group of physical consequents infallibly and inevitably ensue". This is what Indeterminists deny, as regards certain movements of the human will. In order, however, more conveniently to discuss the question, let me take a particular case. Let me suppose that at some given moment two mutually different courses of action are open to you, and that you have to choose between them. Let me further put aside the more common case, that there is a complication of motives soliciting you on one side or on both. Let me suppose that there is one strong motive attracting you in one direction and another in the other, while all other motives on either side are so comparatively weak that they may be left out of account. I will first confine myself to such a particular case as this; because all controversalists will admit, that it is especially fitted for bringing the question to a definite issue.


Such a case then being supposed, Dr. Bain considers it to be experientially known which of these two motives is "the stronger," by the very fact that it carries the day. "Two powers are in conflict, and the result shows their relative force." The successful motive "exercises control, not by freedom of the will, but by the psychological power of the stronger". 


If antecedents were to recur in every respect precisely similar, the result would infallibly and inevitably be the same. According to Determinists, that motive which under present circumstances is the stronger, under precisely similar circumstances would again be the stronger. Moreover, according to Determinists, the stronger motive infallibly and inevitably prevails over the weaker. I am confident that all Determinists will endorse this statement of their thesis as undeniably fair and accurate. And it is against their thesis as so stated, that my reasoning has been directed.

Now many Libertarians deny that there is any intelligible sense in the affirmation, that one motive is "stronger" than another. For my own part, however, I submit that there may be a most intelligible meaning in the affirmation; and that the term, if so understood, is a very serviceable one. So far I am in agreement with Dr. Bain. I, differ from him, however, in the sense which I give to this term. When he says that at this moment motive A is "stronger" with you than motive B, — he merely means that as a matter of fact you give preference in action to the former over the latter. But when on my side I say that motive A is "stronger " at this moment with you than motive B, — I mean that the spontaneous impulse — the direct tendency — of your will at this moment is towards acting on the former in preference to the latter. According to my terminology, then, it is not the will's action, but its spontaneous impulse, which evinces the relative "strength" of motives. And then, as an Indeterminist, I proceed to maintain a second proposition — viz., that by no means unfrequently you act in opposition to your spontaneous impulse, to your strongest motive. 


(Mind, Vol. 5, No. 18 (Apr., 1880), pp.265-6)
   



here is the problem of exactly the same circumstances
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DR. BAIN ON FREE WILL, Mind, Vol. 5, No. 18 (Apr., 1880), 
  
  

 
IN April, 1874 - during the course of a philosophical series with which I am still engaged in the Dublin Review - I came upon the question of Free Will. My direct assault was upon Mr. Stuart Mill and Dr. Bain, who are far the ablest advocates of Determinism with whom I happen to be acquainted. Dr. Bain did me the honour of replying in the Third Edition of his very instructive work on The Emotions and the Will. I rejoined in April and October of last year, aid he has rejoined on my rejoinder in the January number of MIND. In April last - while cordially acknowledging that Dr. Bain had treated me with most abundant courtesy - I was nevertheless obliged to complain that throughout his criticism he did not so much as once refer to that central and fundamental argument on which I avowedly based my whole case. Yet, as I added, nothing could well have been more express and emphatic than my detailed exposition of that argument. On the present occasion I must repeat the same acknowledgment and the same complaint. No one can write more handsomely of an opponent than he writes of me. He even says that "I have bestowed more attention on the controversy concerning Free Will, than any one with whom he is acquainted". Moreover, the extracts he gives from my articles are evidently chosen with the view of exhibiting my position in the most fair and equitable light. And yet by some (as it were) fatality which I am quite unable to explain, he entirely ignores from first to last the precise point on which I lay stress. I have nothing left for it then, except to content myself with stating that point once more; nor shall I hesitate often to repeat the very words I have used in the Dublin Review. Indeed I shall be very glad to take this course; because my present audience is entirely different from that which I addressed in the Catholic periodical just named. On the other hand it is a considerable inconvenience to me that I am confined within somewhat narrow limits. It would have been unconscionable, however, to ask the Editor for a much longer space in defence than Dr. Bain has occupied in attack. And at last I shall not improbably have a future opportunity for supplying any defect which may be inevitable in my present Note. 

I will observe preliminarily, that Dr. Bain takes up far less confident ground than I had always understood Determinists to assume. I had always understood Determinists to allege, that their doctrine is certain and impregnably established. To this I answered (as Dr. Bain now quotes me) that "no Determinist with whom I happen to be acquainted had even so much as attempted to prove this," though so many have asserted it. Dr. Bain, after citing my statement, does not profess to deny it. He merely, says that great presumption in favour of Determinism arises from the fact that "uniformity is found to be the rule of nature "in all unambiguous cases. His "present argument," he afterwards adds, "merely requires that there should be a possible alternative to the supposition that the will is not subject to the law of uniformity. So long as there is no unequivocal instance on 'my' side, such an explanation," he says, "deserves to be listened to."


 For the opposite doctrine, however, I claim, not probability, but certainty. I maintain that there are many "unequivocal instances" which conclusively disprove Determinism.' Dr. Bain says that "if there be exceptions to the uniformity of nature, they ought ere now to have come into view in 'some unmistakable cases." I reply that there are not "some" only but very many "unmistakable cases," which peremptorily establish that certain actions of the human will are signal and conspicuous "exceptions" to that "law of uniformity" which prevails generally in nature. And I proceed to place before my present readers some of the arguments which I have elsewhere adduced in behalf of this conclusion. 


Dr. Bain protests against the term "Free Will"; and "sees no chance of a reconciliation of the opposing views, until this term is abandoned." He ought then to look with more favour on my own controversial standpoint than on that of some other opponents; because - though I certainly cannot abandon the term "Free Will "- still I have gone through the more essential and fundamental part of my reasoning, before I arrive at that term. I begin by merely maintaining a doctrine called by me "Indeterminism "; which is neither more nor less than the negative doctrine, that the doctrine of Determinism is untrue. 


Now what is the doctrine of Determinism? Dr. Bain quotes with entire assent my own virtual exposition thereof. According to Determinists - it holds quite universally that, "given certain physical and corporeal antecedents, one definite group of physical consequents infallibly and inevitably ensue". This is what Indeterminists deny, as regards certain movements of the human will. In order, however, more conveniently to discuss the question, let me take a particular case. Let me suppose that at some given moment two mutually different courses of action are open to you, and that you have to choose between them. Let me further put aside the more common case, that there is a complication of motives soliciting you on one side or on both. Let me suppose that there is one strong motive attracting you in one direction and another in the other, while all other motives on either side are so comparatively weak that they may be left out of account. I will first confine myself to such a particular case as this; because all controversalists will admit, that it is especially fitted for bringing the question to a definite issue.


Such a case then being supposed, Dr. Bain considers it to be experientially known which of these two motives is " the stronger, "by the very fact that it carries the day." Two powers are in conflict, and the result shows their relative force." The successful motive "exercises control, not by freedom of the will, but by the psychological power of the stronger". If antecedents were to recur in every respect precisely similar, the result would infallibly and inevitably be the same. According to Determinists, that motive which under present circumstances is the stronger, under precisely similar circumstances would again be the stronger. Moreover, according to Determinists, the stronger motive infallibly and inevitably prevails over the weaker. I am confident that all Determinists will endorse this statement of their thesis as undeniably fair and accurate. And it is against their thesis as so stated, that my reasoning has been directed. 


Now many Libertarians deny that there is any intelligible sense in the affirmation, that one motive is "stronger" than another. For my own part, however, I submit that there may be a most intelligible meaning in the affirmation; and that the term, if so understood, is a very serviceable one. So far I am in agreement with Dr. Bain. I differ from him, however, in the sense which I give to this term. When he says that at this moment motive A is "stronger" with you than motive B, he merely means that as a matter of fact you give preference in action to the former over the latter. But when on my side I say that motive A is " stronger " at this moment with you than motive B, I mean that the spontaneous impulse - the direct tendency - of your will at this moment is towards acting on the former in preference to the latter. According to my terminology, then, it is not the will's action, but its spontaneous impulse, which evinces the relative "strength" of motives. And then, as an Indeterminist, I proceed to maintain a second proposition - viz., that by no means unfrequently you act in opposition to your spontaneous impulse, to your strongest motive. The. first of my two propositions, it will be seen, is purely verbal; but the second is most substantial. And I will proceed at once to adduce various correlated practical instances to illustrate both, these propositions. I will follow Dr. Bain's precedent, and take my examples from the sports of the field. 


A long frost has at last broken up, and you are looking forward with keenest hope to your day's hunting. Your post, however, comes in early; and you receive a letter just as you have donned your red coat and are sitting down to breakfast. This letter announces that you must set off on this very morning for London, if you are to be present at some occasion on which your presence will be vitally important, for an end which you account of extreme public moment. Let me consider the different ways in which your conduct may imaginably be affected, and the light thus thrown on the relative strength of your motives. 


Perhaps (1) the public end, for which your presence is so urgently needed, happens to be one in which you are so keenly interested, which so intimately affects your feelings, that your balance of emotion is intensely in favour of your going. This motive, then, is indefinitely " stronger " than its antagonist. You at once order your carriage, as the railway station is some four miles off; and you are delighted to start as soon as your carriage comes round. Perhaps (2) the balance of your emotion on the contrary is quite decidedly in favour of the day's hunting: because the public end-though intellectually you appreciate its exceptional importance is not one with which your character leads you emotionally to sympathise. Nevertheless, through a long course of public-spirited action, and through "stored up memories of the past" you have acquired the habit of postponing pleasure to the call of duty. Here, therefore, just as in the former case, there is not a moment's vacillation or hesitation: your spontaneous impulse is quite urgently in favour of going. Your balance of emotion, I repeat, is in favour of staying in the country to hunt. But good habit by its intrinsic strength spontaneously prevails over emotion; and (taking your nature and circumstances as a whole) the motive which prompts you to go is indefinitely stronger than that which prompts you to stay. Or (3) perhaps, when you have read the letter, your will is brought into a state of vacillation and vibration. Your emotional impulse is one moment in one. direction, and the next moment in another. Then - as you possess no firm habit of public spirit - you take a long time in making up your mind. As Dr. Bain would' say - and as I equally should say - the strength of your motives is very evenly balanced, whichever may happen finally to show itself stably the stronger. Lastly (4) you have perhaps very little public spirit, and are passionately fond of hunting. So you at once toss your letter into the fire: and do not even entertain the question whether you shall offer up your day's sport as a sacrifice to your country's welfare. In this case of course the motive which prompts you to stay is indefinitely stronger than that which prompts you to go.


Now all these four alternatives are contemplated by the Determinist, and square most easily with his theory. In each case your conduct is determined by your strongest present motive. But there is a fifth case which he does not - and consistently with his theory cannot - admit to be a possible one; but in regard to which I confidently maintain, by appeal to experience, that it is abundantly possible, and by no means indeed unfrequent. It is most possible, I say, that you put forth on the occasion what I have called in my articles " anti-impulsive effort"; that you act resolutely and consistently in opposition to your spontaneous impulse; in opposition to that which at the moment is your strongest motive. Thus on one side the spontaneous impulse of your will is quite decidedly in favour of staying to hunt; and the motive therefore which prompts you to do so is quite decidedly stronger at the moment, than that which would draw you to London. On the other hand your reason recognises clearly how very important is the public interest at issue, and how plainly duty calls you in the latter direction. You clench your teeth, therefore, and resolutely set yourself to resist the spontaneous impulse of your will. You resolutely doff your hunting dress; you resolutely order your carriage which shall take you to the station; you resolutely enter it when it comes round. And now let me follow your course during the four miles' transit which ensues. During the greater part - perhaps during the whole - of this transit, there proceeds what I have called in my articles " a compound phenomenon"; or, in other words, there co-exist in your mind two mutually distinct phenomena. First phenomenon. Your will's preponderating spontaneous impulse is stably set in one given direction. You remember that even now it is by no means too late to be present at the meet;; you are restless and ill at ease; you are most urgently solicited by inclination to order your coachman home again. So urgent, indeed, is this solicitation - so much stronger is the motive which prompts you to return than that which prompts you to continue your course - that, unless you exercised unintermitting self-resistance, self-government, self-control, you would quite infallibly give the coachman such an order. Here is the first phenomenon to which I call attention: your will's spontaneous impulse towards returning. A second, no less distinctly pronounced and strongly marked, phenomenon is that unintermitting self-resistance, self-governmnent, self-control, of which I have been speakng. On one side is that phenomenon, which I call your will's predominant spontaneous impulse or desire; on the other side that which I call your firm and sustained antagonistic resolve. On one side is the strongest motive, the spontaneous impulse, the predominant desire; on the other side is that which I call anti-impulsive effort and effectual resolve. 


Here, then, I come to the point of my argument. How has this spontaneous impulse or desire been generated? Dr. Bain must surely answer this question as I do. He must say that your spontaneous impulse of the moment is the inevitable and infallible outcome of your circumstances (external and internal) as they exist at this moment. What other account of its genesis could possibly be given'? We may know then quite certainly what is the resultant at this moment of the motives which solicit your will, by knowing what is the spontaneous impulse of your will at this moment. Yet in such a case as I have supposed, it is a plain matter of fact, that you are not acting in accordance with your spontaneous impulse. Or (in other words) it is a plain matter of fact, that you are not doing that to which your circumstances of the moment dispose you. But Determinists say that you must always infallibly and inevitably do that to which your circumstances of the moment dispose you. Therefore Determinists are fundamentally mistaken. 


It is this "compound phenomenon," as I have called it - the like of which are surely very far from unfrequent - on which I have throughout mainly rested my argument. And I have now described it almost in the very words used by me last October. Dr. Bain says that the phenomenon which I describe "is no new phenomenon in human experience," and so far of course I am zealously at one with him. But he adds that this phenomenon "is spoken of in every account of the constitution of the mind". Now Dr. Bain has himself written a most able "account of the constitution of the mind". I have read with great attention, and (I hope) with great instruction, that portion of his labours which treats "the Emotions and the Will". But I protest that I cannot find in any part of that volume any recognition whatever of such facts as that on which I have been laying stress. It would interest me extremely if he, or some one of his many sympathisers, would refer me to the page - say in the Third Edition - where I shall find such facts (1) recognised, and (2) explained in some way different from mine. 


At this stage of my argument, I proceed from the general doctrine of Indeterminism to the special doctrine of Free Will. Once more I beg my readers' attention to those two phenomena on which I lay stress. I draw attention to them as they co-exist, e.g., in the country gentleman, who has left his day's hunting very much against the grain, from a motive of public duty, and who is in his carriage en route to the station. On one side is his greatly preponderating spontaneous impulse towards returning; on the other is anti-impulsive effort, successfully contending against that impulse. If we examine these two phenomena successively with due care, we shall see that they differ from each other in character not less than fundamentally. In experiencing the former of them, his will has been entirely passive: in eliciting the latter, it is intensely active. He is not only conscious (I say) that he elicits this act of resistance: he is no one whit less directly conscious, that he elicits it by his own active exertion. No doubt motives differ from each other indefinitely as regards their relative "strength"; that is, as regards the influence which they respectively exercise on the will's spontaneous impulse or passive tendency. Still the agent is not left at their mercy, if I may so express myself. His. will possesses intrinsic strength of its own, whereby on occasion it can choose to act on a motive which is for the moment weaker, rather than. on one which is for the moment stronger. This fact, I say, is impressed most unmistakably on his knowledge, by such an experience as I have described. His soul - such is the fact which he recognises - has on certain occasions the power of redressing the balance of motives, by throwing its own self-originated force into this or that scale. And this is precisely an exercise of Free Will. 


Hitherto I have so spoken as to embrace those instances only, in which (1) no more than two alternatives are presented; and in which (2) only one motive for either alternative needs to be considered. But I can easily express my argument in a much more general form. I can so express it as to include those far more frequent cases, in which (1) there are various courses of action from which a choice may be made; and in which (2) multifarious motives are at work, soliciting the agent in several different directions. Far oftener than not, he can know with absolute certainty what is the exact resultant of these various motives; what is the exact direction in which their combined influence solicits him. He can know this at once, I say, with certainty; because he can recognise quite unmistakably what at the moment is his will's spontaneous impulse or desire its passive tendency. This spontaneous impulse or passive tendency measures of course with infallible accuracy the preponderating influence exercised over his mind, by that complex of motives which for the moment is combinedly at work. But he knows also by actual experience, that on certain occasions he puts forth a vigorous self-originated effort, whereby he compels himself to act in some way entirely different from that prompted by his will's spontaneous impulse and passive tendency. On such occasions then he knows by experience that he compels himself, by a self-originated and vigorous effort, to act in some way entirely different from that, towards which his balance of motives at the moment prompts him. But Determinists will be the first to admit, that such self-originated resistance to the balance of motives - if it existed - would be an exercise of Free Will. 


I am greatly disappointed that my limits do not permit me to continue further the exposition of my argument, as it is contained in the Dublin Review. In particular, I should have wished to illustrate in some detail the broad phenomenal contrast which exists between two classes of acts, which I have called respectively acts of "anti-impulsive" and "congenial" efforts. By "effort" I meant " resistance to desire". By "congenial effort" I mean "resistance to some (at the moment) weaker desire or weaker motive; in order to the gratification of some (at the moment) stronger desire or stronger motive". By "anti- impulsive" effort I mean " resistance offered by self-originated exertion of the will to what (at the moment) is the agent's strongest desire or motive". Now, Determinists hold that a weaker desire indeed will be overcome by a stronger; but they add that the strongest present desire cannot possibly be overcome by the will's self-originated resolve. They must maintain therefore, of course, that no such acts are possible as those of "anti-impulsive " effort. They maintain that all effort of the will is really what I call "congenial," and consists merely in crushing a weaker desire under influence of a stronger. I have argued in the Dublin Review that this affirmation is in direct contradiction to manifest mental facts; that what I call "anti-impulsive efforts" present the broadest possible phenomenal contrast to those efforts which I call "congenial". But I could not do any kind of justice to this argument, unless I exhibited various individual illustrations of my statement. And for this I have here no room. 


As I have already implied, Dr. Bain really offers no reply whatever to the argument I have now set forth. He does not even exhibit it, much less reply to it. The nearest approach I can find to any recognition of it, is his reference to "stored up memories of the past"as influencing human action. No doubt they do so most importantly. But in what manner do they influence it? Dr. Bain himself must reply, by modifying the will's spontaneous impulse; by effecting that such impulse shall be in this direction rather than in that. Yet if this be so, how can these "stored up memories" tend ever so remotely to account for a man resisting his spontaneous impulse? I am here but repeating what has been said by an able and most kind critic in the Spectator of Jan. 10th. But I must add that the fact of Dr. Bain suggesting such an answer is the best of all possible proofs, how little he has given his mind to the point of my argument. 


What he has really done is not to answer my reasoning at all but to allege various objections against the conclusion to which my argument points. These I will now briefly consider. 


1. He complains " that he cannot grasp clearly what Free Will means". Well - I answered this question at some little length last April, and Dr. Bain has not yet explained which of my statements are to him unintelligible. Here, however, I may briefly give an answer which I think is substantially accurate, founded on my preceding remarks in this Note. If an agent at any given moment has a real power of successfully resisting his will's spontaneous impulse and passive tendency, at such moment his will is free. If he exercises the said power, he exercises Free Will. Nay, if he refuses to exercise it - nevertheless his will may at the moment be free; because he can exercise this power if he chooses, and he has full power (within certain limits) so to choose. 


2. Dr. Bain "would like to have the region of failure of uniformity closely circumscribed". In other words (as I understand him) he wishes to know how often in the day, on what occasions, under what conditions, I maintain that a man's will is free. I briefly entered on this subject at the end of my article of last April, and expressed a hope of treating it fully hereafter. I fancy that Libertarians would considerably differ from each other in their answer to this question; which, however, has really no bearing on the essential point at issue between Theists and Antitheists. My own humble view is, that a man's will is free during pretty nearly the whole of his waking life. 


3. Dr. Bain implies a wish to understand how such a science as psychology can possibly exist, if so many psychical phenomena are external to the sphere of uniform phenomenal sequence. I admit heartily that this is an inquiry which Libertarians are bound expressly and intelligibly to confront. For my own part I did confront it, in an article on " Science, Prayer, Free Will, and Miracles," published by me in the Dublin Review as far back as 1867. I shall have great pleasure in forwarding Dr. Bain a copy of that article. At the same time it may be as well here to point out one obvious fact. The "spontaneous impulse" or "passive tendency" of any given man's will, at any given moment, is a matter open to scientific calculation in the strictest sense. This particular phenomenon at all events is infallibly and inevitably determined by phenomenal antecedents. In fact (as I said last October) I think that psychologians have been unduly remiss in not labouring more actively towards the exploration of this phenomenon. Consider - as one instance out of many - the mutual relations of emotion and habit. Under what circumstances does emotion spontaneously prevail over habit? Conversely, under what circumstances does habit spontaneously prevail over emotion? How very little has yet been done (so far as I happen to be aware) towards elucidating this question! 


4. Dr. Bain especially desires to know, how Libertarians stand with regard to the doctrine of causation. He asks, e.g., whether, according to Libertarians, "from the occurrence of a given antecedent, we can conclude what the consequent will be". Surely he must be well aware, that every Libertarian answers this question emphatically in the negative. In any given instance of free action, the elicited act of will is not infallibly determined by its phenomenal antecedents, but on the contrary is elicited by the agent according to his own unfettered choice. This is just what we mean when we say that the action is free. "Can there then be such a phenomenon" - Determinists ask - "as a causeless volition?" In my article of last April I treated this matter in detail. The difficulty raised I understand to be this, though I am expressing it in my own words. "It is a truth accepted by the common sense of mankind, that every event has a cause. In fact this is the very truth which we call the 'doctrine of causation'. But by a 'cause' is meant a phenomenal antecedent, from which the 'effect' ensues in the way of uniform phenomenal sequence. Now there are certain acts of the will, in regard to which Libertarians deny that such acts do proceed from phenomenal antecedents in the way of uniform phenomenal sequence. Therefore Libertarians deny that 'doctrine of causation,' which is accepted by the common sense of mankind." It has always amazed me that Determinists can see any force in this objection. I am the last to deny that many of their arguments are extremely plausible, and demand most careful consideration. But this particular argument has its origin in a perfectly marvellous confusion of thought. Intuitionists entirely deny - as is surely quite notorious - that the word 'cause' has (in the accepted doctrine of causation) the sense which a Determinist supposes. They entirely deny that the common sense of mankind accepts the 'doctrine of causation' in the sense in which a Determinist understands it. They entirely deny that in that sense the doctrine is true. They confidently affirm that in that sense the doctrine is false. Yet even so unusually able and thoughtful a writer as Mr. Leslie Stephen, has fallen a victim to the fallacy of which I am speaking. He represents Libertarian Theists as holding that "we are bound by a necessary law of thought to believe in universal causation"; and so far he represents them truly. But he proceeds to represent them as "saying that another necessary law of thought tells us that causation is not universal," because that man's will is free.' On the contrary, Libertarians are removed in the furthest possible degree from admitting that a free human act involves a "causeless volition". They say that such an act exemplifies the doctrine of causation more expressly, more emphatically, more clamourously, than does any other phenomenon in the world. All this I set forth to the best of my power last April; and Dr. Bain - according to his wont - has referred to my argument without attempting to answer it. 


5. At last, I think that Dr. Bain lays his chief stress on the fact, that all other phenomena proceed by uniformity of sequence. He regards it as in the very highest degree improbable that one particular class of phenomena - viz., human volitions - should be an exception to this otherwise universal rule. But he makes no way whatever in controversy, by merely pointing out that according to his own theory of life, such exceptionality is most improbable: he has to show (if he can) that it is improbable according to his opponent's theory of life. Now, according to his opponent's theory of life, such an exceptionality is not only not an improbability, it is an absolute necessity. There can be no such thing as Theistic morality without Free Will. On the other hand, if you deny Theistic morality - then (I quite admit) Free Will would be an uncouth, unmeaning, portentous exception to the otherwise universal course of nature. In fact, I may turn the tables on Dr. Bain. Unless Theistic morality be sound doctrine, Free Will is a portentous and unintelligible anomaly. But (as I trust I have shown) Free Will indubitably exists. Dr. Bain, therefore, either must admit that there exists what he himself would describe as a portentous and unintelligible anomaly, or else he must admit that Theistic morality is sound doctrine. 



W. G. WARD.
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William Whewell


William Whewell was a philosopher and theologian who worked with or influenced many prominent scientists (he actually coined the term "scientist") in the early nineteenth century, including Charles Darwin, John Herschel, Charles Lyell, and Michael Faraday. He opposed the views of the British empiricists John Locke and David Hume that all knowledge comes through the senses (Locke's "blank slate" theory of the mind). 

In 1837 Whewell published a 3-volume History of the Inductive Sciences and followed it a few years later with The Philosophy of the Inductive Sciences, founded upon their history. John Stuart Mill accepted Whewell as an important antagonist and reformulated many of his positions in the final draft of his System of Logic to refute Whewell's views on the "Inductive Sciences." 

Whewell defended a variation on the Platonic Ideas and the Kantian noumenal realm where concepts like space and time could provide the mind with built-in concepts independent of any experience. He called these the Fundamental Ideas and called them the "grounds for universal and necessary truths." In addition to space and time, they included causality, which Hume said was a "natural" belief, although one that could not be proved by induction. They also included concepts like triangles, numbers, and force. 


Where empiricism emphasizes perceptions and "sense-data," Whewell's philosophy is a form of idealism that defends general terms like a circle or a rose as more than mere "names" for the objects behind our perceptions (as Mill and the Scholastic "nominalists" claimed). Nor are they "images" of "real things" as claimed by the realists. 


Whewell summarized his view in brief aphorisms concerning Ideas:


LXXXIII. We collect individuals into kinds by applying to them the Idea of Likeness. Kinds of things are not determined by definition, but by this condition; - that general assertions concerning such kinds of things shall be possible.

LXXXIV. The names of things are governed by their use; and that may be a right name in one use which is not so in another. A whale is not a fish in natural history, but it is a fish in commerce and law.



Whewell's view of inductive science is sophisticated. It is not the induction of simple enumeration, as in "All swans we have seen are white. Therefore, all swans are white." Instead, he calls it a "Colligation of Facts." 


From Whewell's brief aphorisms concerning Science:


VIII. The Conceptions by which Facts are bound together are suggested by the sagacity of discoverers. This sagacity cannot be taught. It commonly succeeds by guessing; and this success seems to consist in framing several tentative hypotheses and selecting the right one. But a supply of appropriate hypotheses cannot be constructed by rule, nor without inventive talent.

IX. The truth of tentative hypotheses must be tested by their application to facts.
The discoverer must be ready, carefully to try his hypotheses in this manner, and to reject them if they will not bear the test.



Now although Whewell coined the term "hypothetic-deductive" for his inductive science, and thought Francis Bacon did not use simple induction, he did not think that hypotheses could come from anywhere, including chance guesses or conjectures (τοπάζω), as did  Charles Sanders Peirce, for example. 


Whewell disagreed with the empiricists on the Ideas, but he agreed with them that "nothing happens by chance" (Ideas aphorism CV) and "no discovery is the work of accident" (Science aphorism III).


For Whewell, as perhaps for Bacon, the philosophy of science implies "nothing less than a complete insight into the essence and conditions of all real knowledge, and an exposition of the best methods for the discovery of new truths." (Inductive Sciences, p.3) 
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Xenophon was a contemporary of Plato, like him a student of Socrates and like him an author of dialogues, including conversations with the lyric poet Simonides, who we find in Plato's Protagoras. 


Xenophon's dialogue Hiero or On Tyrannicus is a founding document in the history of dictatorship, the source for Leo Strauss' 1948 essay On Tyranny, and perhaps a source for the founders of American democracy, in their search for virtue and the pursuit of happiness.  


Consider the final part of Xenophon's advice to Hiero, the tyrant of Syracuse.


(1) "You must not, Hiero, shrink from spending from your private possessions for the common good. For it seems to me that what a man as tyrant lays out for the city is spent more on what is necessary than what he lays out for his private [estate]. Let us examine each detail point by point.

(2) "First, which do you think would dignify you more, a house embellished at tremendous cost, or the whole city furnished with walls, temples, colonnades, market places, and harbors?


(3) "As for arms, which of the two would appear more formidable to your enemies, yourself fitted out in the most splendid arms, or your entire city well armed?


4) "Take revenues: in which way do you think they would become greater, if you should keep your private property alone productive, or if you should contrive to make the property of all the citizens so?


(5) "And regarding the pursuit believed to be the most noble and magnificent of all, the raising of chariot horses, in which way do you think there would be greater dignity, if you yourself should raise the most teams among the Greeks and send them to the games, or if the most breeders, and the most in competition, should be from your city? And as for winning victories, which do you hold the nobler way: by the virtue of your chariot horses, or by the happiness of the city which you rule?


(6) "I myself say that it is not fitting for a man who is a tyrant even to compete against private men. For, should you win, you would not be admired, but envied, as meeting the cost by means of many estates; and should you lose, you would be ridiculed most of all.


(7) "But I tell you, Hiero, your contest is against others who rule cities; if you make the city you rule the happiest of these, know well that you will be declared by herald the victor in the most noble and magnificent contest among human beings.


8) "First, you would at once secure the love of your subjects, which is the very thing you happen to desire. Further, the herald of your victory would not be one, but all human beings would sing of your virtue.


9) "Being an object of attention you would be cherished not only by private men, but by many cities; marveled at not only in private, but in public among all as well;


(10) "it would be possible for you, as for as safety is concerned, to travel wherever you wish, for the sake of viewing the sights; and it would be possible for you to do this remaining here. For there would be a continual festival by you of those wishing to display whatever wise, beautiful, or good thing they had, and of those desiring to serve you as well.


(11) "Every man present would be your ally, and every man absent would desire to see you. Therefore, you would not only be liked, you would be loved by human beings; as for the fair, you would not have to seduce them, but submit to being seduced by them; as for fear, that you might suffer some harm;


12) "You would have willing men obeying you, and you would see them willingly take thought for you; if there should be some danger, you would see not only allies, but also champions, and those eager; being deemed worthy of many gifts, you will not be at a loss for someone well disposed with whom to share them, with all men rejoicing at your good things and all fighting for those which are yours just as if they were their own.


(13) "For treasuries, furthermore, you would have all the wealth of your friends.


"But enrich your friends with confidence, Hiero; for you will enrich yourself. Augment the city, for you will attach power to yourself. Acquire allies for it.


14) "Consider the fatherland to be your estate, the citizens your comrades, friends your own children, your sons the same as your life, and try to surpass all these in benefactions.


(15) "For you prove superior to your friends in beneficence, your enemies will be utterly unable to resist you. And if you do all these things, know well, of all things you will acquire the most noble and most blessed possessions to be met with among human beings, for while being happy, you will not be envied for being happy."




Source: https://www.informationphilosopher.com/solutions/philosophers/xenophon/
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Hidden Variables in Quantum Theory


An excerpt from Bohm's article "Hidden Variables in Quantum Theory"  in D. R. Bates' 1962 book, Quantum Theory, Volume 3: Radiation and High Energy Physics.


... in the field of physics, when it was discovered that spores and smoke particles suffer a random movement obeying certain statistical laws (the Brownian motion) it was supposed that this was due to impacts from myriads of molecules, obeying deeper individual laws. 


The statistical laws were then seen to be consistent with the possibility of deeper individual laws, for, as in the case of insurance statistics, the over-all behaviour of an individual Brownian particle would be determined by a very large number of essentially independent factors. Or to put the case more generally, lawlessness of individual behaviour in the context of a given statistical law is, in general, consistent with the notion of more detailed individual laws applying in a broader context.
In view of the above discussion, it seems evident that, at least on the face of the question, we ought to be free to consider the hypothesis that results of individual quantum mechanical measurements arc determined by a multitude of new kinds of factors, outside the context of what can enter into the quantum theory. These factors would be represented mathematically by a further set of variables, describing the states of new kinds of entities existing in a deeper subquantum mechanical level and obeying qualitatively new types of individual laws. Such entities and their laws would then constitute a new side of nature, a side that is, for the present, “hidden.” But then, the atoms, first postulated to explain Brownian motion and large-scale regularities, were also originally “hidden” in a similar way, and were revealed in detail only later by new
kinds of experiments (e.g. Geiger counters, cloud chambers, etc.) that are sensitive to the properties of individual atoms. Similarly, one may suppose that the variables describing the subquantum mechanical entities will be revealed in detail when we will have discovered still other kinds of experiments, which may be as different from those of the current type as the latter are from experiments that are able to reveal the laws of the large-scale level (e.g., measurements of temperature,
pressure, etc.).


At this point, it must be stated that, as is well known, the majority of modern theoretical physicists ()  have come to reject any suggestion of the type described above. They do this mainly on the basis of the conclusion that the statistical laws of the quantum theory are incompatible with the possibility of deeper individual laws. In other words, while they would in general admit that some kinds of statistical laws are consistent with the assumption of further individual laws operating in a broader context, they believe that the quantum mechanics could never satisfactorily be regarded as a law of this kind. The statistical features of the quantum theory are thus regarded as representing a kind of irreducible lawlessness of individual phenomena in the quantum domain. All individual laws (e.g., classical mechanics) are then regarded as limiting cases of the probability laws of the quantum theory, approximately valid for systems involving large numbers of molecules.

4. Arguments in Favor of the Interpretation of Quantum Mechanical Indeterminism as Irreducible Lawlessness

We shall now consider the main arguments on which are based the conclusion that quantum mechanical indeterminism represents a kind of irreducible lawlessness.

4.1. Heisenberg's Indeterminacy Principle

We begin with a discussion of Heisenberg’s indeterminacy principle. He showed that even if one supposes that the physically significant variables actually existed with sharply defined values (as is demanded by classical mechanics) then we could never measure all of them simultaneously. For the interaction between the observing apparatus and what is observed always involves an exchange of one or more indivisible and uncontrollably fluctuating quanta. For example, if one tries to measure the coordinate, x, and the associated momentum, p, of a particle, then the particle is disturbed in such a way that the maximum accuracy for the simultaneous determination of both is given by the well-known relation


It is well known that in such an experiment a statistical, interference pattern is still obtained, even if we pass the particles through the apparatus at intervals so far apart that each particle essentially enters in separately and independently of all the others. But, if the whole ensemble of such particles were to split into subensembles, each corresponding to the electron striking the grating at a definite value of x, then the statistical behaviour of every sub-ensemble would be represented by a state corresponding to a delta function of the point in question. As a result, a single sub-ensemble could have no interference that would represent the contributions from different parts of the grating. Because the electrons enter separately and independently no interference between sub-ensembles corresponding to different positions will be possible either. In this way we show that the notion of hidden variables is not compatible with the interference properties of matter, which are both experimentally observed and necessary consequences of the quantum theory.


Von Neumann generalized the above argument and made it more precise; but he came to essentially the same result. In other words, he concluded that nothing (not even hypothetical and “metaphysical” hidden variables) can be consistently supposed to determine beforehand the results of an individual measurement in more detail than is possible according to the quantum theory.

4.3. The Paradox of Einstein. Rosen, and Podolsky

Niels Bohr showed in his 1927 Como Lecture that the uncertainty principle is only a consequence of the limited resolving power of our instruments and not a mechanical disturbance, which greatly embarrassed Heisenberg.


The third important argument against hidden variables is closely connected with the analysis of the paradox of Einstein el al* This paradox arose out of the point of view, originally rather widespread, of regarding the indeterminacy principle as nothing more than an expression of the fact that there is a minimum unpredictable and uncontrollable disturbance in every measurement process. Einstein, Rosen, and Podolsky then suggested a hypothetical experiment, from which one could see the untenability of the above interpretation of Heisenberg’s principle.

We shall give here a simplified form of this experiment. Consider a molecule of zero total spin, consisting of two atoms of spin, ℏ/2. Let this atom be disintegrated by a method not influencing the spin of either atom. The total spin then remains zero, even while the atoms are flying apart and have ceased to interact appreciably.



Since total spin is conserved as zero while the particles separate, each of the spins individually remains a constant of the motion. These are "hidden constants," not hidden variables, but they explain the perfect anti-correlation of distant measurements.


Now, if any component of the spin of one of the atoms (say. A) is measured, then because the total spin is zero, we can immediately conclude that this component of the spin of the other atom (B) is precisely opposite. Thus, by measuring any component of the spin of the
atom, A, we can obtain this component of the spin of atom B, without interacting with atom B in any way.

If this were a classical system, no difficulties of interpretation would occur; as each component of the spin of each atom is always well-defined and always remains opposite in value to the same component of the spin of the opposite atom. Thus the two spins are correlated; and this permits us to know the spin of particle B when we measure that of A.


But now, in the quantum theory, we have the additional fact that only one component of the spin can be sharply defined at one time, while the other two are then subject to random fluctuations. If we wish to interpret the fluctuations as nothing but the result of disturbances due to the measuring apparatus, we can do this for atom A, which is directly observed. But how does atom B, which interacts in no way either with atom A or with the observing apparatus, “know” in what direction it ought to allow its spin to fluctuate at random? The problem is made even more difficult if we consider that while the atoms are still in flight, we are free to reorient the observing apparatus arbitrarily, and in this way to measure the spin of atom A in some other direction. This change is somehow transmitted immediately to atom B, which responds accordingly. Thus, we are led to contradict one of the basic principles of the theory of relativity, which states that no physical influences can be propagated faster than light.


The behaviour described above not only shows the untenability of the notion that the indeterminacy principle represents in essence only the effects of a disturbance due to the measuring apparatus; it also presents us with certain real difficulties, if we wish to understand the quantum mechanical behaviour of matter in terms of the notion of a deeper level of individual law operating in the context of a set of hidden variables.




This is just like the work of Immanuel Kant, in his  Idea for a Universal History with a Cosmopolitan Intent, which led to the ideas of Adolph Quételet and Henry Thomas Buckle

Source: https://www.informationphilosopher.com/solutions/scientists/bohm/Hidden_Variables_in_QT.html
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(Source: for use at Milan conference June 4-6, 2013; "On creative machines and the physical origins of freedom", H.J. Briegel, Nature Scientific Reports 2, 522 (2012).)

 
We discuss the possibility of free behavior in embodied systems that are, with no exception and at all scales of their body, subject to physical law. We relate the discussion to a model of an artificial agent that exhibits a primitive notion of creativity and freedom in dealing with its environment, which is part of a recently introduced scheme of information processing called projective simulation. This provides an explicit proposal on how we can reconcile our understanding of universal physical law with the idea that higher biological entities can acquire a notion of freedom that allows them to increasingly detach themselves from a strict dependence on the surrounding world.

Subject terms:
	Theoretical physics
	Statistical physics, thermodynamics and nonlinear dynamics
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Figure 1: Model of episodic memory as a network of clips.Triggered by perceptual input, the process of projected simulation starts a random walk through episodic memory, invoking patchwork-like sequences of virtual experience. Once a certain feature is detected, the random walk stops and is translated into motor action (See also Ref.11).
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	[image: Sequences of percepts and actions are simulated stochastically by variations and compositions of episodic memory (ECM), before real action is taken.]
Figure 2: Sequences of percepts and actions are simulated stochastically by variations and compositions of episodic memory (ECM), before real action is taken.Through the process of projective simulation, the agent is, in a sense, constantly ahead of itself.
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Source: https://www.informationphilosopher.com/solutions/scientists/briegel/creative_machines.html
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Epistemological Letters
Hidden Variables and Quantum Uncertainty

Between 1973 and 1984, thirty-six issues of a privately published newsletter were circulated to about 180 of the most prominent physicists in the world. It contained contributions on the foundations of physics inspired by the work of John Bell, which in turn had been inspired by David Bohm's revival of Louis de Broglie's "pilot wave theory."


The Epistemological Letters were digitized and cataloged at Notre Dame's Hesburgh Libraries under the supervision of philosopher of science Don Howard and his graduate student Sebastián Margueitio Ramírez.


Here is a rough translation of the "Elementary Introduction" in the first issue, De quoi s'agit-il? It set the stage and opened the discussion.


In the nineteenth century, Fresnel proves, by experiments  considered as irrefutable, the
wave character of light.

1905 Einstein suggests explaining the photoelectric effect by a corpuscular theory of light, using the quanta recently discovered by Planck.


1924 To explain whole numbers (quantum numbers) 
which appeared in the quantum theory and based on Hamilton-Jacobi mechanics, de Broglie conversely proposes to associate a wave with
material corpuscles such as the electron.
One therefore has, in these two fields, coexistence of
a wave theory and a corpuscular theory. The problem arises of reconciling them.


1926 Born interprets the amplitude of the wave (or
rather the square of its modulus) as a probability density of the presence of a particle, an interpretation universally
accepted today. Bohr and Heisenberg introduce the notion of complementarity: according to the experiment one
proposes to do, physical reality sometimes appears under the corpuscular aspect,
sometimes under the wave aspect. Experiments show one or the other
mutually exclusive aspect. There is
never experimental contradiction. But
our conception of physical reality
must be a synthesis of these two aspects
contradictory and yet complementary.



1927 At the Solvay congress, a big discussion between
the great theoretical physicists. Einstein
disputes the interpretation of Bohr and Heisenberg (Copenhagen School). De Broglie offers a so-called pilot wave theory or
he admits that the trajectory of the corpuscle
is determined by the wave as it is
where it is (theory of
the pilot wave ),


Because it must be said that the Born statistical interpretation does not resolve every
problems.


Take for example Young's experience:
We drill two holes in a screen A and we examine
what happens on screen B when sending
light through the holes

[image: image-placeholder]

On screen B we observe interference fringes which can be explained very well by a wave theory.


On the other hand, in a corpuscular theory, we
have great difficulties. Because the interference figure that we get on screen B is not
simply the superimposition of what we would get with each hole separately. To some
places, there is less light when the
two holes are open than when only one
is open. It’s also experiences of this
guy who had allowed Fresnel to lay down his
wave theory.


Suppose now that we send a light
very weak, so that it doesn’t fall on
The device that has a grain of light (photon)
sometimes.  This photon will either pass through
one hole or through the other.


The trajectory of the photon which passes through a hole
must therefore be modified by the fact that the second hole is open or not, even if it no photon passes through this second hole.


Now what can pass through this second hole?
We have a ready answer: the wave associated
with the corpuscle.


But if this wave only represents a probability of presence, how can we understand that it physically influences the trajectory of the corpuscle? Because a probability, on an individual event represents nothing real:  either a photon is in a certain area or else it is not
there. Probability only took meaning
statistically, over a large number of events
of the same type. As Ashby says, the
notion of probability makes it possible to artificially attribute to an individual event a property which belongs only to a set of events of the same type. How are we to understand how this
set of events, which are not concretely present at the time of the passage of the photon,
can influence its movement?


We therefore understand that L. de Broglie was led to formulate a so-called double theory
solution, which assumes that the equation of
Schrödinger admits two solutions: one being
the 
  Ψ
 wave, giving the probability of presence,
the other being a physical wave u which could
influence the trajectory of the corpuscle of such
so that statistically the probability of
presence of the corpuscle restores that predicted by
the 
  Ψ
 wave. (More precisely, the wave u would be
a nonlinear solution comprising singularities which would represent the corpuscles :)
But, faced with the mathematical difficulties encountered, he fell back on the theory of the more
simple pilot wave.


The discussion started at the Solvay congress did not
never completely die. The majority of physicists are rallying around the Copenhagen interpretation, which refuses to ask questions about an individual event in
space-time and is only interested in
what we can actually measure..


But some physicists, not least
(Einstein, Schrödinger, De Broglie, Bohm), all
admitting the experimental successes of quantum mechanics, remained of the opinion that
we should obtain a description having the true character of reality, that is to say,
not dependent on what the observer arbitrarily decided to measure.


An example may help to understand better:
in thermodynamics, we can describe a macroscopic system using global quantities::
temperature, pressure etc. and enact laws
for the evolution of these quantities.


Boltzmann and Gibbs succeeded, starting from a
model of molecules obeying the laws of mechanics
to find these macroscopic magnitudes and the laws which govern them.


From the point of view of macroscopic thermodynamics, the positions and velocities of individual molecules may be hidden variables?
not predictable. But we can make reasonable assumptions about these hidden variables and recover thermodynamics, its magnitudes and
its laws.


In this sense, macroscopic (or "phenomenological") thermodynamics
is not a complete description; it only processes molecules
by statistical, global quantities,
averages; it does not take into account movements
and individual deviations and proves unable to
predict phenomena such as fluctuations.


Likewise, according to Einstein and others, the same.
quantum quantum would not be a complete description. We will have to invent a theory making certain assumptions about hidden variables, inaccessible to experience, (such
as velocity, position, and trajectory of the corpuscles), the theory which underlies quantum mechanics like statistical mechanics underpins phenomenological thermodynamics. And
it's our ignorance of the value of some
parameters that would force us to fall back
on a statistical description. Indeterminism
it will not be in the things themselves, it would come from our ignorance.


The developments are as follows:


Bell was able to show in 1965 that, using certain reasonable assumptions, theories of
hidden variables had to satisfy a certain inequality, an inequality which would allow them
to differentiate their predictions from those of quantum mechanics.


An experiment was proposed by Shimony, Horne,
Holt and Clauser, then carried out by Freedman and
Clauser. It gave a result clearly supporting quantum mechanics and excluding
at least some type of hidden variable theories.


The discussion is open to evaluate the scope of the 
exact results and the consequences
we must draw from it.
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[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=V8CCfOD1iu8


On the 22nd of January 1990, Bell gave a talk explaining his inequality at CERN in Geneva, organized by Antoine Suarez (of the Center for Quantum Philosophy).  

This is a ten-minute excerpt from that talk, where Bell describes how Einstein's hope fails - that "hidden variables" could eliminate "nonlocality," with its strange "action at a distance." 


Actually, it is only non-physical information about probabilities that changes instantaneously over large regions of space when a measurement is made and a wave function collapses.


Click here to see it on YouTube, where you can turn on a line-by-line version of the transcript below (CC subtitles), which will follow along as Bell talks.


(For a transcription of the complete talk, click here. Video of the full talk is available here in Windows Media WMV format, but the sound is hopelessly out of sync, making it almost impossible to understand what Bell is saying, unless you read the transcript while watching. We have corrected the audio sync for this excerpt.)


(Partial) Transcription of Bell Video

It just is a fact that quantum mechanical predictions and experiments, in so far as they
have been done, do not agree with [my] inequality. And that's just a brutal fact of nature.
The genetic hypothesis, which seems absolutely compelling for parallel devices, simply
doesn't work for nonparallel devices. You can't get away with the genetic hypothesis, and
therefore the Einsteinian argument fails. No action at a distance led you to determinism,
in the case of parallel polarisers, but determinism, in the case of off parallel polarisers,
leads you back to action at a distance:

What Bell Writes on the Blackboard
[image: image-placeholder]

Now, in my opinion, in answer to the question that you posed at the beginning, I don't
know this phrase is too strong and active an assertion, I cannot say that action at a
distance is required in physics. But I can say that you cannot get away with no action at a
distance. You cannot separate off what happens in one place and what happens in
another. Somehow they have to be described and explained jointly. Well, that's just the
fact of the situation; the Einstein program fails, that's too bad for Einstein, but should we
worry about that? So what?


Now, there are three replies to the question “So what?” One is that the whole idea of
action at a distance is very repugnant to physicists. If I were speaking for an hour..., I
would bombard you with quotations from Newton, and Einstein, and Bohr, and all the
other great men, telling you how unthinkable it is that by doing something here, we can
change the situation in a removed place. I think that the founding fathers of quantum
mechanics did not so much need Einstein's arguments about the desirability of no action
at a distance, as they looked away. The whole idea that, either there might be
determinism, or action at a distance, was so repugnant to them that they looked away.
Well that's tradition, and we have to learn in life sometimes to learn new traditions. And
it might be that we have to learn to accept not so much action at a distance, but
inadequacy of no action at a distance.


There are two more professional reasons for being discontented with the situation.
Now one is relativity. According to relativity, the notion of simultaneity is relative. And
events which are simultaneous for one observer are not simultaneous for another. So it
does not make sense for very distant situations, to say that one event has occurred before
or after another. So if we allow the result at one of these experimental set-ups to depend
on what an experimenter does at the other, we have a puzzle, because we would not like
what he does here to have an effect there, before it is done here. But if I say that this is
affecting that, I can find some observer for whom this comes after that. So if I set up a
traditional causal model, which the cause effects are allowed to be nonlocal, in the sense
of propagating instantaneously over large distances, in some frame of reference the cause
will come before the effect. So we have to be a bit more subtle than that somehow. I have
to find some way out of this situation, which allows something somehow to go from one
place to another, very quickly, but without being in conflict with special relativity. And
that has not been done. We have the statistical predictions of quantum mechanics, and
they seem to be right. The correlations seem to cry out for an explanation, and we don't
have one.


The other reason is no signals. It is a fact that I cannot use whatever this nonlocal
connection is to send signals. When you look at what quantum mechanics predicts, it
predicts so long as you look at just one side or other of this experiment, you will simply
have no information about what is happening in the other place. No matter what that
other fellow does with his equipment, you will not notice anything funny happening in
your side. As an analogy of that, I could say, supposing we were tossing coins, I here and
one of you people down here. And supposing I had the power to say that your coin will
turn an extra time before it falls on the table. Now you are looking at your coins and you
see heads tails heads tails. And you don't know when I have exercised my power to turn it
once more, because you didn't know whether it was going to fall heads or tails. So we
have the curious situation, that to explain the correlations between my results and yours,
we have to invoke some such mysterious power. But it is one which I absolutely cannot
use to send you a message. I got here a demonstration of that. This is a computer
simulation of such an experiment in which people are calling heads and tails. And when
it comes up heads I have written 'H', and for tails I have written blank, so that you can
see it from where you're sitting. And they're a whole series of random heads and tails,
you can see it there (Fig 2). 
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Now at some point I exercised my power. My remote power
to turn a head to a tail. And here is the result (Fig. 3). 
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So somewhere in there I have done
something to the random code. I exchanged heads for tails, but you absolutely cannot see
that. This message, as far as you're concerned, is as meaningless as the other. It's only if
you have two copies of that, that you can compare it, that you can get something (Fig. 4).
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That curious situation has inspired a musical composition. There is a musical
composition called `The Bell's theorem blues'. I'm not going to sing it, I'll say the words:


Doctor Bell says we’re connected,

He called me on the phone,

But if we’re really together baby,

How can I feel so all alone?


Conclusion

And that is the dilemma. We are led by analysing this situation to admit that in
somehow distant things are connected, or at least not disconnected. And yet we do not
feel that we are connected. So as a solution of this situation, I think we cannot just say
'Oh oh, nature is not like that.' I think you must find a picture in which perfect
correlations are natural, without implying determinism, because that leads you back to
nonlocality. And also in this independence as far as our individual experiences goes, our
independence of the rest of the world is also natural. So the connections have to be very
subtle, and I have told you all that I know about them. Thank you.

Source: https://www.informationphilosopher.com/solutions/scientists/bell/inequality_video/
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Ernst Zermelo's Recurrence Objection - On a Theorem of Dynamics and the Mechanical Theory of Heat


(Uber einen Satz der Dynamik and die mechanische Warmetheorie, Annalen der Physik 57, pp. 485-94 (1896); English trans, Stephen Brush, Kinetic Theory, vol.2, p.208)
SUMMARY

Poincaré's recurrence theorem shows that irreversible processes are impossible in a mechanical system. A simple proof of this theorem is given.

The kinetic theory cannot provide an explanation of irreversible processes unless one makes the implausible assumption that only those initial states that evolve irreversibly are actually realized in nature, while the other states, which from a mathematical viewpoint are more probable, actually do not occur. It is concluded that it is necessary to formulate either the second law of thermodynamics or the mechanical theory of heat in an essentially different way, or else give up the latter theory altogether.


In the second chapter of Poincaré's prize essay on the three-body problem,1 there is proved a theorem from which it follows that the usual description of the thermal motion of molecules, on which is based for example the kinetic theory of gases, requires an important modification in order that it be consistent with the thermodynamic law of increase of entropy. Poincaré's theorem says that in a system of mass points under the influence of forces that depend only on position in space, in general any state of motion (characterized by configurations and velocities) must recur arbitrarily often, at least to any arbitrary degree of approximation even if not exactly, provided that the coordinates and velocities cannot increase to infinity. Hence, in such a system irreversible processes are impossible since (aside from singular initial states) no single-valued continuous function of the state variables, such as entropy, can continually increase; if there is a finite increase, then there must be a corresponding decrease when the initial state recurs. Poincaré, in the essay cited, used his theorem for astronomical discussions on the stability of sun systems; he does not seem to have noticed its applicability to systems of molecules or atoms and thus to the mechanical theory of heat.



Reply to Zermelo's Remarks on the Theory of Heat

(Entgegnung auf die wärmetheoretischen Betrachtungen des Hrn. E. Zermelo, Annalen der Physik 57, pp. 773-84 (1896); English trans, Stephen Brush, Kinetic Theory, vol.2, p.218)
SUMMARY

Poincaré's theorem, on which Zermelo's remarks are based, is clearly correct, but Zermelo's application of it to the theory of heat is not. The nature of the H-curve (entropy vs. time) which can be deduced from the kinetic theory is such that if an initial state deviates considerably from the Maxwell distribution, it will tend toward that distribution with enormously large probability, and during an enormously long time will deviate from it by only vanishingly small amounts. Of course if one waits long enough, the initial state will eventually recur, but the recurrence time is so long that there is no possibility of ever observing it.

In contradiction to Zermelo's statement, the singular initial states which do not approach the Maxwell distribution are very small in number compared to those that do. Consequently there is no difficulty in explaining irreversible processes by means of the kinetic theory.
According to the molecular-kinetic view, the second law of thermodynamics is merely a theorem of probability theory. The fact that we never observe exceptions does not prove that the statistical viewpoint is wrong, because the theory predicts that the probability of an exception is practically zero when the number of molecules is large.


Clausius, Maxwell and others have already repeatedly mentioned that the theorems of gas theory have the character of statistical truths. I have often emphasized as clearly as possible t that Maxwell's law of the distribution of velocities among gas molecules is by no means a theorem of ordinary mechanics which can be proved from the equations of motion alone; on the contrary, it can only be proved that it has very high probability, and that for a large number of molecules all other states have by comparison such a small probability that for practical purposes they can be ignored. At the same time I have also emphasized that the second law of thermodynamics is from the molecular viewpoint merely a statistical law. Zermelo's paper2 shows that my writings have been misunderstood; nevertheless it pleases me for it seems to be the first indication that these writings have been paid any attention in Germany.


Poincaré's theorem, which Zermelo explains at the beginning of his paper, is clearly correct, but his application of it to the theory of heat is not.


I have based the proof of Maxwell's velocity distribution law on the theorem that according to the laws of probability a certain quantity H (which is some kind of measure of the deviation of the prevailing state from Maxwell's) can only decrease for a stationary gas in a stationary container. The nature of this decrease will become most clear when one draws a graph (as I have done §) with time as abscissa and the corresponding values of H as ordinates, thus giving the so-called H-curve. (One may subtract off the minimum value Hmin from all values of H.)
If one first sets the number of molecules equal to infinity and allows the time of the motion to become very large, then in the overwhelming majority of cases one obtains a curve which asymptotically approaches the abscissa axis. The Poincaré theorem is not applicable in this case, as can easily be seen.


However, if one takes the time of the motion to be infinite, while the number of molecules is very large but not actually infinite, then the H-curve has a different appearance. As I have already shown, it almost always runs very close to the abscissa axis. Only very rarely does it rise up above this axis; we call this a peak, and indeed the probability of a peak decreases very rapidly as the height of the peak increases. At those times when the ordinate of the H-curve is very small, Maxwell's distribution holds almost exactly; but significant deviations occur at high peaks of the H-curve. Zermelo thinks that he can conclude from Poincaré's theorem that it is only for certain singular initial states, whose number is infinitesimal compared to all possible initial states, that the Maxwell distribution will be approached, while for most initial states this law is not obeyed. This seems to me to be incorrect. It is just for certain singular initial states that the Maxwell distribution is never reached, for example when all the molecules are initially moving in a line perpendicular to two sides of the container. For the overwhelming majority of initial conditions, on the other hand, the H-curve has the character mentioned above.


If the initial state lies on an enormously high peak, i.e. if it is completely different from the Maxwellian state, then the state will approach this velocity distribution with enormously large probability, and during an enormously long time it will deviate from it by only vanishingly small amounts. Of course if one waits an even longer time, he may observe an even higher peak, and indeed the initial state will eventually recur; in a mathematical sense one must have an infinite time duration infinitely often.


Zermelo is therefore completely correct when he asserts that the motion is periodic in a mathematical sense; but, far from contradicting my theorem, this periodicity is in complete harmony with it. One should not forget that the Maxwell distribution is not a state in which each molecule has a definite position and velocity, and which is thereby attained when the position and velocity of each molecule approach these definite values asymptotically. For a finite number of molecules the Maxwell distribution can never be true exactly, but only to a high degree of approximation. It is in no way a special singular distribution which is to be contrasted to infinitely many more non-Maxwellian distributions; rather it is characterized by the fact that by far the largest number of possible velocity distributions have the characteristic properties of the Maxwell distribution, and compared to these there are only a relatively small number of possible distributions that deviate significantly from Maxwell's. Whereas Zermelo says that the number of states that finally lead to the Maxwellian state is small compared to all possible states, I assert on the contrary that by far the largest number of possible states are " Maxwellian " and that the number that deviate from the Maxwellian state is vanishingly small. 


For the first molecule, any position in space, and any values of its velocity components consistent with conservation of total energy, are equally probable.


If one combines all states of all molecules, then he obtains in almost every case the Maxwell distribution, to a high degree of approximation. Only a few combinations give a completely different distribution of states.


An analogy for this is provided by the theory of the method of least squares, where one assumes that each elementary error is equally likely to have a positive or equal negative value; it is then proved that if one combines all possible values of the elementary errors in all possible ways, the great majority of combinations will obey the Gaussian law of errors, and for relatively few combinations will there be significant deviations; the deviations are not impossible, but they are very unlikely.


An even simpler example is provided by the game of dice. In 6000 throws with the same dice one might obtain 1000 one's, 1000 two's, and so forth, not because any such random sequence of throws is more probable than a series of 6000 one's, but rather because there are many more possible combinations corresponding to an equal number of one's, two's, etc., than corresponding to all one's.


The theory of probability therefore leads to the result (as is well known) that a recurrence of an initial state is not mathematically impossible, and indeed is to be expected if the time of the motion is sufficiently long, since the probability of finding a state very close to the initial state is very small but not zero. The consequence of Poincaré's theorem — that, apart from a few singular initial states, a state very close to the initial state must eventually occur after a very long time  —is therefore in complete agreement with my theory.


It is only the conclusion that the mechanical viewpoint must somehow be changed or even given up that is incorrect. This conclusion would be justified only if the mechanical viewpoint led to some consequence that was in contradiction to experience. This would only be the case, however, if Zermelo could prove that the duration of the period of time after which the previous state of the gas must recur according to Poincaré's theorem has an observable length. It should indeed be obvious that if a trillion tiny spheres, each with a high velocity, are initially collected together in one corner of a container with absolutely elastic walls, then in a very short time they will be uniformly distributed throughout the container; and that the time required for all their collisions to have compensated each other in such a way that they all come back to the same corner, must be so large that no one will be present to observe it. Though it seems unnecessary, I have estimated the magnitude of this time in the appendix, and the value obtained is comfortingly large. Though this calculation makes no pretense to accuracy, it still shows that it cannot be proved from Poincaré's theorem that the theoretical existence of a recurrence time involves any contradiction with experience, since the length of this time makes any attempt to observe it ridiculous. The states that we observe all fall in the intermediate time between the beginning and end of the cycle, so that Poincaré's theorem does not exclude states that approximate with arbitrary accuracy the Maxwellian state.


Zermelo's case is therefore only one of many cases (and indeed one that does exceptionally little harm to gas theory) where a state that is theoretically only very improbable must be considered as never occuring in practice. Thus for example in oxyhydrogen gas at ordinary temperatures there must be occasional collisions of two or three molecules with very high velocities; if these were not excluded, oxyhydrogen gas would turn into water at ordinary temperatures.


To give another example, the case that during one second no molecule of a gas collides with a piston is only very improbable but not impossible.


The time that one must wait for a measurable amount of water to be produced from oxyhydrogen gas at ordinary temperature, or for the pressure on a piston to decrease by a measurable amount from its average value, is not as long as a recurrence time, but it is still sufficiently long to preclude observation. An argument against the kinetic theory can be derived from such considerations only when such phenomena fail to appear in a period of time for which calculation indicates that they should appear. 


This does not seem to be the case; on the contrary, for temperatures lower than the conversion temperature, actual traces of chemical conversion can be found; likewise, it is observed that very small particles in a gas execute motions which result from the fact that the pressure on the surface of the particles may fluctuate.

Thus when Zermelo concludes, from the theoretical fact that the initial states in a gas must recur — without having calculated how long a time this will take — that the hypotheses of gas theory must be rejected or else fundamentally changed, he is just like a dice player who has calculated that the probability of a sequence of 1000 one's is not zero, and then concludes that his dice must be loaded since he has not yet observed such a sequence!


The foregoing remarks are intimately connected with my interpretation of the second law of thermodynamics in the papers cited above. According to the molecular-kinetic view, this law is merely a theorem of probability theory. According to this view, it cannot be proved from the equations of motion that all phenomena must evolve in a certain direction in time. For all phenomena where only visible motion occurs, so that the body always moves as a whole, both directions must be equivalent. On the other hand, when the motion involves a very large number of very small molecules, then there must be (aside from a small number of exceptional cases) a progression from less probable to more probable states, and therefore a continual change in a definite direction, such as, in a gas, the evolution toward a Maxwellian distribution. On the other hand, when it is a question of the motions of individual molecules, this would no longer be expected.


The first and second cases are confirmed by experience; the third case has not yet been realized. Its possibility is hence neither proved nor disproved. Famous scientists, such as Helmholtz, 1 have believed this, and as I have tried to indicate in my book on gas theory, 2 the opinion that the second law is merely a statistical law is not only not contradicted by the facts but agrees rather well with them. Gibbs 3 also arrived, by considering purely empirical facts, at the following conclusion: "The impossibility of an incompensated decrease of entropy seems to be reduced to an improbability".


We therefore arrive at the following result: if one considers heat to be molecular motion which takes place according to the general equations of mechanics, and assumes that the complexes of bodies that we observe are at present in very improbable states, then he can obtain a theorem which agrees with the second law for phenomena observed up to now.


Of course as soon as one observes bodies of such small size that they contain only a few molecules, the theorem will no longer be valid. However, since no experiments have yet been done on such small bodies, the assumption does not contradict our present experience; indeed, the experiments that have been done on small particles in gases are favourable to the assumption, although we can hardly say that we have an experimental proof of it yet.


When the bodies in question contain many molecules, there must occur very small deviations from this theorem, since the number of molecules is not infinite. But these deviations could only add up to an observable value in a very long period of time, so that this consequence of atomistics cannot be tested by experiment. This is all the more true since gas theory claims to give only an approximate description of reality. Perturbations experienced by the molecules as a result of the aether or the electrical properties of the molecules, etc., must be left out of the theory because of our complete ignorance concerning such effects. There is no such thing as an absolutely smooth wall; on the contrary, every gas is really interacting with the entire universe, and hence the validity of the kinetic theory is not destroyed by small deviations from experience.


An answer to the question — how does it happen that at present the bodies surrounding us are in a very improbable state — cannot be given, any more than one can expect science to tell us why phenomena occur at all and take place according to certain laws.


Gas theory is not to be confused with the theory of central forces — i.e. with the hypothesis that all natural phenomena can be explained by means of central forces between mass points — since gas theory does not assume that either the properties of the aether or the internal constitution of molecules can be explained by centres of force, but only that for the interaction of two molecules during a collision the Lagrange equations of motion are valid with sufficient accuracy for the explanation of thermal phenomena.


A consequence of the Poincaré theorem may still be used against the theory of central forces with respect to the properties of the entire universe. One may say that according to Poincaré's theorem the entire universe must return to its initial state after a sufficiently long time, and hence there must be times when all processes take place in the opposite direction. How shall we decide, when we leave the domain of the observable, whether the age of the universe, or the number of centres of force which it contains is infinite? Moreover, in this case the assumption that the space available for the motion, and the total energy, are finite, is questionable. The assumption of the unlimited validity of the irreversibility principle, when applied to the universe for an infinitely long period of time, leads (as is well known) to the scarcely more attractive consequence that, when all irreversible processes have been played out, the universe will continue to exist without any events, or all events will gradually disappear. Just as it would be wrong to deduce from this the incorrectness of the irreversibility principle, so it would also be wrong to suppose that it proves anything against atomistics.


All the paradoxes raised against the mechanical viewpoint are therefore meaningless and based on errors. However, if the difficulties offered by the clear comprehension of gas-theoretic theorems cannot be overcome, then we should in fact follow the suggestion of Zermelo and decide to give up the theory entirely.


Appendix

We assume a container of volume 1 cc. In this container there will be about a trillion ( = n) molecules of air at ordinary density. The velocity of each molecule will initially be 500 metres per second. The average distance between the centres of two neighbouring molecules is about 10-6 cm.

We now construct around the midpoint of each molecule a cube of edge-length 10-7 cm, which we call the initial space of the molecule in question. We also construct a velocity diagram by representing the velocity of each molecule by a line from the origin with the appropriate magnitude and direction. The end-point of this line is called the velocity point of the molecule. Here we divide the entire infinite space into cubes of 1 metre edge length, which we call the elementary cubes. The elementary cube in which the velocity point of a molecule is found initially will be called the initial space of its velocity point.


We now ask after how long a time, according to Poincaré's theorem, will the centres and velocity points of all the molecules return simultaneously to their initial spaces? Note that we do not require exact recurrence, since we accept the velocity state of a molecule as being the same as its initial state if its velocity components return to values that differ by no more than 1 metre from their original values.


We assume that each molecule experiences 4.109 collisions per second. It then follows that there will be in all about b = 2.1027 collisions per second in the gas. In such a collision, the velocity points of two molecules will generally be displaced to different elementary cubes. According to Poincaré's theorem the original state does not have to recur until the velocity points have gone through all possible combinations of the elementary cubes.


The first molecule can have all possible velocities from zero up to (500.109 = a) m/sec. If it has velocity v1 m/sec, then the second
can have all possible velocities from zero up to √(a2 +  v12) m/sec, and so forth.


The number of possible combinations of all the velocity points in the different elementary cubes is therefore:

[image: image-placeholder]

or

[image: image-placeholder]


according as n is odd or even.


Since each of these combinations lasts on the average 1/b seconds, all of them will be gone through in N/b seconds. After this time all molecules except one must have come back to their original velocity state. The velocity direction of this last molecule is not restricted, nor is the position of the centre of any of the molecules. In order to make the state the same as the original one, the midpoint of each molecule must also return to its initial space, so that the above number must again be multipled by another number of similar magnitude.


Though the number N/b is enormous, one can obtain some idea of its magnitude by noting that it has many trillions of digits. For comparison, suppose that every star visible with the best telescope has as many planets as does the sun, and on each planet live as many men as are on the earth, and each of these men lives a trillion years; then the total number of seconds that they all live will still have less than 50 digits.


If the gas molecules were initially distributed uniformly throughout the container, and all of them had the same velocity, then after only a hundred-millionth of a second they would already have nearly a Maxwellian velocity distribution. Comparison of these numbers shows, on the one hand, how small a fraction of the total number of possible state distributions is made up of those that deviate noticeably from the Maxwell distribution; and on the other hand, how certain are such theorems that theoretically are merely probability laws but in practice have the same significance as laws of nature.


Vienna, March 20, 1896. 


Zermelo's Second objection - On the Mechanical Explanation of Irreversible Processes

(Ueber mechanische Erklärungen irreversibler Vorgänge, Annalen der Physik 59, 793-801 (1896).; English trans, Stephen Brush, Kinetic Theory, vol.2, p.229)
SUMMARY

Boltzmann has conceded that the commonly accepted version of the second law of thermodynamics is incompatible with the mechanical viewpoint. Whereas the author holds that the former, a principle that summarizes an abundance of established experimental facts, is more reliable than a mathematical theorem based on unverifiable hypotheses, Boltzmann wishes to preserve the mechanical viewpoint by changing the second law into a "mere probability theorem", which need not always be valid.

Boltzmann's assertion, that the statistical formulation of the second law is really equivalent to the usual one, is based on postulated properties of the H-curve which he has not proved, and which seem to be impossible. His argument that any arbitrarily chosen initial state will probably be a maximum on the H-curve, if it were valid, would prove that the H-curve consists entirely of maxima, which is nonsense.


The only way that the mechanical theory can lead to irreversibility is by the introduction of a new physical assumption, to the effect that the initial state always corresponds to a point at or just past the maximum on the H-curve; but this would be assuming what was supposed to be proved.



On Zermelo's Paper "On the Mechanical Explanation of Irreversible Processes"

(Zu Hrn. Zermelo's Abhandlung Ober die mechanische Erklärung irreversibler Vorgange, Annalen der Physik 60, pp. 392-8 (1897); English trans, Stephen Brush, Kinetic Theory, vol.2, p.238)
SUMMARY

The second law of thermodynamics can be proved from the mechanical theory if one assumes that the present state of the universe, or at least that part which surrounds us, started to evolve from an improbable state and is still in a relatively improbable state. This is a reasonable assumption to make, since it enables us to explain the facts of experience, and one should not expect to be able to deduce it from anything more fundamental.

The applicability of probability theory to physical situations, which is disputed by Zermelo, cannot by rigorously proved, but the fact that one never observes those events that theoretically should be quite rare is certainly not a valid argument against the theory.


One may speculate that the universe as a whole is in thermal equilibrium and therefore dead, but there will be local deviations from equilibrium which may last for the relatively short time of a few eons. For the universe as a whole, there is no distinction between the "backwards" and "forwards" directions of time, but for the worlds on which living beings exist, and which are therefore in relatively improbable states, the direction of time will be determined by the direction of increasing entropy, proceeding from less to more probable states.


I will be as brief as possible without loss of clarity.


§1. The second law will be explained mechanically by means of assumption A (which is of course unprovable) that the universe, considered as a mechanical system — or at least a very large part of it which surrounds us — started from a very improbable state, and is still in an improbable state. Hence, if one takes a smaller system of bodies in the state in which he actually finds them, and suddenly isolates this system from the rest of the world, then the system will initially be in an improbable state, and as long as the system remains isolated it will always proceed toward more probable states. On the other hand, there is a very small probability that the enclosed system is initially in thermal equilibrium, and that while it remains enclosed it moves far enough away from equilibrium that its entropy decrease is noticeable.


The question is not what will be the behaviour of a completely arbitrary system, but rather what will happen to a system existing in the present state of the world. The initial state precedes the later states, so that Zermelo's conclusion that all points of the H-curve must be maxima is invalid. Hence, it turns out that entropy always increases, temperature and concentration differences are always equalized, that the initial value of H is such that during the time of observation it almost always decreases, and that initial and final states are not interchangeable, in contradiction to Zermelo's assertions. Assumption A is a comprehensible physical explanation of the peculiarity of the initial state, consistent with the laws of mechanics; or better, it is a unified viewpoint corresponding to these laws, which allows one to predict the type of peculiarity of the initial state in any special case; for one can never expect that the explanatory principle must itself be explained.


On the other hand, if we do not make any assumption about the present state of the universe, then of course we cannot expect to find that a system isolated from the universe, whose initial state is completely arbitrary, will be in an improbable state initially rather than later. On the contrary it is to be expected that at the moment of separation the system will be in thermal equilibrium. In the few cases where this does not happen, it will almost always be found that if the state of the isolated system is followed either backwards or forwards in time, it will almost immediately pass to a more probable state. Much rarer will be the cases in which the state becomes still more improbable as time goes on; but such cases will be just as frequent as those where the state becomes more improbable as one follows it backwards in time.


§2. The applicability of probability theory to a particular case cannot of course be proved rigorously. If, out of 100,000 objects of a certain kind, about 100 are annually destroyed by fire, then we cannot be sure that this will happen next year. On the contrary, if the same conditions could be maintained for 101010 years, then during this time it would often happen that all 100,000 objects would burn up on the same day; and likewise there will be entire years during which not a single object is damaged. Despite this, every insurance company relies on probability theory.


It is even more valid, on account of the huge number of molecules in a cubic millimetre, to adopt the assumption (which cannot be proved mathematically for any particular case) that when two gases of different kinds or at different temperatures are brought in contact, each molecule will have all the possible different states corresponding to the laws of probability and determined by the average values at the place in question, during a long period of time. These probability arguments cannot replace a direct analysis of the motion of each molecule; yet if one starts with a variety of initial conditions, all corresponding to the same average values (and therefore equivalent from the viewpoint of observation), one is entitled to expect that the results of both methods will agree, aside from some individual exceptions which will be even rarer than in the above example of 100,000 objects all burning on the same day. The assumption that these rare cases are not observed in nature is not strictly provable (nor is the entire mechanical picture itself) but in view of what has been said it is so natural and obvious, and so much in agreement with all experience with probabilities, from the method of least squares to the dice game, that any doubt on this point certainly cannot put in question the validity of the theory when it is otherwise so useful.


It is completely incomprehensible to me how anyone can see a refutation of the applicability of probability theory in the fact that some other argument shows that exceptions must occur now and then over a period of eons of time; for probability theory itself teaches just the same thing.


§3. Let us imagine that a partition which separates two spaces filled with different kinds of gas is suddenly removed. One could hardly find another situation (at least one in which the method of least squares is applicable) where there are so many independent causes acting in such different ways, and in which the application of probability theory is so amply justified. The opinion that the laws of probability are not valid here, and that in most cases the molecules do not diffuse, but instead a large part of the container has significantly more nitrogen, and another part has significantly more oxygen, cannot be disproved, even if I were to calculate exactly the motions of trillions of molecules in millions of different special cases. Nevertheless this opinion certainly does not have enough justification to cast doubt on the usefulness of a theory that starts from the assumption of the applicability of probability theory and draws the logical consequence from this assumption.


Poincare's theorem does not contradict the applicability of probability theory but rather supports it, since it shows that in eons of time there will occur a relatively short period during which the state probability and the entropy of the gas will significantly decrease, and that a more ordered state similar to the initial state will occur. During the enormously long period of time before this happens, any noticeable deviation of the entropy from its maximum value is of course very improbable; however, a momentary increase or decrease of entropy is equally probable.


It is also clear from this example that the process goes on irreversibly during observable times, since one intentionally starts from a very improbable state. In the case of natural processes this is explained by the assumption that one isolates the system of bodies from the universe which is at that time in a very improbable state as a whole.


This example of two initially unmixed gases gives us incidentally a possible way of imagining the initial state of the world. For if in the example we isolate the gas found in a smaller space soon after the beginning of the diffusion from the rest of the gas, we will have the asymmetry with respect to forward and backward steps in time as in the isolated system of bodies mentioned in §1.


determinism itself is unjustified on the basis of experience

§4. I myself have repeatedly warned against placing too much confidence in the extension of our thought pictures beyond the domain of experience, and I am aware that one must consider the form of mechanics, and especially the representation of the smallest particles of bodies as mass-points, to be only provisionally established. With all these reservations, it is still possible for those who wish to give in to their natural impulses to make up a special picture of the universe.

One has the choice of two kinds of pictures. One can assume that the entire universe finds itself at present in a very improbable state. However, one may suppose that the eons during which this improbable state lasts, and the distance from here to Sirius, are minute compared to the age and size of the universe. There must then be in the universe, which is in thermal equilibrium as a whole and therefore dead, here and there relatively small regions of the size of our galaxy (which we call worlds), which during the relatively short time of eons deviate significantly from thermal equilibrium. Among these worlds the state probability increases as often as it decreases. For the universe as a whole the two directions of time are indistinguishable, just as in space there is no up or down. However, just as at a certain place on the earth's surface we can call "down" the direction toward the centre of the earth, so a living being that finds itself in such a world at a certain period of time can define the time direction as going from less probable to more probable states (the former will be the "past" and the latter the "future") and by virtue of this definition he will find that this small region, isolated from the rest of the universe, is "initially" always in an improbable state. This viewpoint seems to me to be the only way in which one can understand the validity of the second law and the heat death of each individual world without invoking an unidirectional change of the entire universe from a definite initial state to a final state. The objection that it is uneconomical and hence senseless to imagine such a large part of the universe as being dead in order to explain why a small part is living — this objection I consider invalid. I remember only too well a person who absolutely refused to believe that the sun could be 20 million miles from the earth, on the grounds that it is inconceivable that there could be so much space filled only with aether and so little with life.


§5. Whether one wishes to indulge in such speculations is of course a matter of taste. It is not a question of choosing as a matter of taste between the Carnot-Clausius principle and the mechanical theory. The importance of the former, as the simplest expression of the facts so far observed, is not in dispute. I assert only that the mechanical picture agrees with it in all actual observations. That it suggests the possibility of certain new observations—for example, of the motion of small particles in liquids and gases, and of viscosity and heat conduction in very rarefied gases, etc. — and that it does not agree with the Carnot-Clausius principle on some unobservable questions (for example the behaviour of the universe or a completely enclosed system during an infinite period of time), may be called a difference in principle, if you like. In any case it provides no basis for giving up the mechanical theory, as Herr Zermelo would like to do, if it cannot be changed in principle (which one should not expect). It is precisely this difference that seems to me to indicate that the universality of our thought-pictures will be improved by studying not only the consequences of the principle in the Carnot-Clausius version but also in the mechanical version.


Appendix

§6. I have always measured the probability of a state, independently of its temporal duration, by the " extension γ" (as Zermelo calls it) of its corresponding region, and I used the Liouville theorem in this connection 30 years ago. 3
The Maxwellian state is simply the most probable because it can be realized in the largest number of ways. The total extension y of the region of all those states for which the velocity distribution is approximately given by the Maxwell distribution is therefore much greater than the total extension of the regions of all other states. It was only to illustrate the relation between the temporal course of the states and their probabilities that I represented the reciprocal value of this probability for the different successive states by the H-curve, in the case of a large finite number of hard gas molecules. 
[image: image-placeholder]

Aside from a vanishingly small number of special initial states, the most probable states will also occur the most frequently (at least for a very large number of molecules). The ordinates of this curve are almost always very small, and these small ordinates are of course not usually maxima. It is only the ordinates with unusually large values that are mostly maxima, and indeed they are more likely to be maxima the greater they are. The fact that a very large ordinate H0 is more often a maximum than the intersection of the line y = H0 with a still higher peak is a consequence of the enormous increase in rarity of peaks with increasing height. See the above figure, which is of course to be taken with a pinch of salt. A correct figure could not be printed because the H-curve actually has a large number of maxima and minima within each finite segment, and cannot be represented by a line with continuously changing direction. It would be better to call it an aggregate of many points very close together, or small horizontal segments.4

The Poincaré theorem is of course inapplicable to a terrestrial body which we can observe, since such a body is not completely isolated; likewise, it is inapplicable to the completely isolated gas treated by the kinetic theory, if one first lets the number of molecules become infinite, and then the quotient of the time between successive collisions and the time of observation.

Vienna, 16 December 1896.




See also Response to Loschmidt.




Boltzmann knows about Brownian motion and its correct explanation




Source: https://www.informationphilosopher.com/solutions/scientists/boltzmann/zermelo.html
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On the Relation of a General Mechanical Theorem to the Second Law of Thermodynamics

(Über die Beziehung eines allgemeine mechanischen Satzes zum zweiten Hauptsätze der Wärmetheorie, Sitzungsberichte Akad. Wiss., Vienna, part II, 75, 67-73 (1877); English trans, Stephen Brush, Kinetic Theory, vol.2, p.188)
SUMMARY

Loschmidt has pointed out that according to the laws of mechanics, a system of particles interacting with any force law, which has gone through a sequence of states starting from some specified initial conditions, will go through the same sequence in reverse and return to its initial state if one reverses the velocities of all the particles. This fact seems to cast doubt on the possibility of giving a purely mechanical proof of the second law of thermodynamics, which asserts that for any such sequence of states the entropy must always increase.

Since the entropy would decrease as the system goes through this sequence in reverse, we see that the fact that entropy actually increases in all physical processes in our own world cannot be deduced solely from the nature of the forces acting between the particles, but must be a consequence of the initial conditions. Nevertheless, we do not have to assume a special type of initial condition in order to give a mechanical proof of the second law, if we are willing to accept a statistical viewpoint. While any individual non-uniform state (corresponding to low entropy) has the same probability as any individual uniform state (corresponding to high entropy), there are many more uniform states than non-uniform states. Consequently, if the initial state is chosen at random, the system is almost certain to evolve into a uniform state, and entropy is almost certain to increase.


In his memoir on the state of thermal equilibrium of a system of bodies with regard to gravity, Loschmidt has stated a theorem that casts doubt on the possibility of a purely mechanical proof of the second law. Since it seems to me to be quite ingenious and of great significance for the correct understanding of the second law, yet in the cited memoir it has appeared in a more philosophical garb, so that many physicists will find it rather difficult to understand, I will try to restate it here.


If we wish to give a purely mechanical proof that all natural processes take place in such a way that
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then we must assume the body to be an aggregate of material points. We take the force acting between these points to be a function of the relative positions of the points. When this force is known as a function of these relative positions, we shall say that the law of action of the force is known. In order to calculate the actual motion of the points, and therefore the state variations of the body, we must know also the initial positions and initial velocities of all the points. We say that the initial conditions must be given. If one tries to prove the second law mechanically, he always tries to deduce it from the nature of the law of action of the force without reference to the initial conditions, which are unknown. One therefore seeks to prove that -- whatever may be the initial conditions — the state variations of the body will always take place in such a way that
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We now assume that we are given a certain body as an aggregate of certain material points. The initial conditions at time zero shall be such that the body undergoes state variations for which
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We shall show that then, without changing the law of force, other initial conditions can be found for which conversely
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Consider the positions and velocities of all the points after an arbitrary time t1 has elapsed. We now take, in place of the original initial conditions, the following: all the material points1 shall have the same initial positions at time zero that they had after time t1 with the original initial conditions, and the same velocities but in the opposite directions. For brevity we shall call this state the one opposite to that previously found at time t1.

It is clear that the points will pass through the same states as before but in the reverse order. The initial state which they had previously had at time zero, will now be reached after time t1 has elapsed. Whereas previously we found
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this quantity is now ≥ 0. The sign of this integral therefore does
not depend on the force law but rather only on the initial conditions2.

 The fact that this integral is actually 0 for all processes in the world in which we live (as experience shows) is not due to the nature of the forces, but rather to the initial conditions. If, at time zero, the state of all material points in the universe were just the opposite of that which actually occurs at a much later time t1, then the course of all events between times t1 and zero would be reversed, so that
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Thus any attempt to prove from the nature of bodies and of the the force law, without taking account of initial conditions, that
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must necessarily be futile. One sees that this conclusion has great seductiveness and that one must call it an interesting sophism. In order to locate the source of the fallacy in this argument, we shall imagine a system of a finite number of material points which does not interact with the rest of the universe.


We imagine a large but not infinite number of absolutely elastic spheres, which move in a closed container whose walls are completely rigid and likewise absolutely elastic. No external forces act on our spheres. Suppose that at time zero the distribution of spheres in the container is not uniform; for example, suppose that the density of spheres is greater on the right than on the left, and that the ones in the upper part move faster than those in the lower, and so forth. The sophism now consists in saying that, without reference to the initial conditions, it cannot be proved that the spheres will become uniformly mixed in the course of time. For the initial conditions which we originally assumed, the spheres will be almost always uniform at time t1, for example. We can then choose in place of the original initial conditions the distribution of states which is just the opposite of the one which would occur (in consequence of the original initial conditions) after time t1 has elapsed. Then the spheres would sort themselves out as time progresses, and at time t1 they would acquire a completely nonuniform distribution of states, even though the initial distribution of states was almost uniform.

We must make the following remark: a proof, that after a certain time t1 the spheres must necessarily be mixed uniformly, whatever may be the initial distribution of states, cannot be given. This is in fact a consequence of probability theory, for any nonuniform distribution of states, no matter how improbable it may be, is still not absolutely impossible. Indeed it is clear that any individual uniform distribution, which might arise after a certain time from some particular initial state, is just as improbable as an individual non-uniform distribution; just as in the game of Lotto, any individual set of five numbers is as improbable as the set 1, 2, 3, 4, 5. It is only because there are many more uniform distributions than non-uniform ones that the distribution of states will become uniform in the course of time. One therefore cannot prove that, whatever may be the positions and velocities of the spheres at the beginning, the distribution must become uniform after a long time; rather one can only prove that infinitely many more initial states will lead to a uniform one after a definite length of time than to a non-uniform one. Loschmidt's theorem tells us only about initial states which actually lead to a very non-uniform distribution of states after a certain time t1; but it does not prove that there are not infinitely many more initial conditions that will lead to a uniform distribution after the same time. On the contrary, it follows from the theorem itself that, since there are infinitely many more uniform than non-uniform distributions, the number of states which lead to uniform distributions after a certain time t1 is much greater than the number that leads to non-uniform ones, and the latter are the ones that must be chosen, according to Loschmidt, in order to obtain a non-uniform distribution at t1.


One could even calculate, from the relative numbers of the different state distributions, their probabilities, which might lead to an interesting method for the calculation of thermal equilibrium.


In just the same way one can treat the second law. It is only in some special cases that it can be proved that, when a system goes over from a non-uniform to a uniform distribution of states, then ∫dQ/T will be negative, whereas it is positive in the opposite case. Since there are infinitely many more uniform than non-uniform distributions of states, the latter case is extraordinarily improbable and can be considered impossible for practical purposes; just as it may be considered impossible that if one starts with oxygen and nitrogen mixed in a container, after a month one will find chemically pure oxygen in the lower half and nitrogen in the upper half, although according to probability theory this is merely very improbable but not impossible.

Nevertheless Loschmidt's theorem seems to me to be of the greatest importance, since it shows how intimately connected are the second law and probability theory, whereas the first law is independent of it. In all cases where ∫dQ/T can be negative, there is also an individual very improbable initial condition for which it may be positive; and the proof that it is almost always positive can only be carried out by means of probability theory. It seems to me that for closed paths of the atom, ∫dQ/T must always be zero, which can therefore be proved independently of probability theory. For unclosed paths it can also be negative. I will mention here a peculiar consequence of Loschmidt's theorem, namely that when we follow the state of the world into the infinitely distant past, we are actually just as correct in taking it to be very probable that we would reach a state in which all temperature differences have disappeared, as we would be in following the state of the world into the distant future. 


Boltzmann speculates that the earliest universe must have been in a special case that allowed it to evolve to our current non-uniform state.


This would be similar to the following case: if we know that in a gas at a certain time there is a non-uniform distribution of states, and that the gas has been in the same container without external disturbance for a very long time, then we must conclude that much earlier the distribution of states was uniform and that the rare case occurred that it gradually became non-uniform. In other words: any non-uniform distribution evolves into an almost uniform one after a long time t1. The one opposite to this latter one evolves, after the same time t1, into the initial non-uniform one (more precisely, into the opposite of it). The distribution opposite to the initial one would however, if chosen as an initial distribution, likewise evolve into a uniform distribution after time t1.

If perhaps this reduction of the second law to the realm of probability makes its application to the entire universe appear dubious, yet the laws of probability theory are confirmed by all experiments carried out in the laboratory.



Boltzmann describes an ideal gas


See also Boltzmann's responses to Zermelo.
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From Part I, Introduction, The Kinetic Theory of Gases, 1895 (1964), pp.27-30 (tr. Stephen G. Brush)


Whence comes the ancient view, that the body does not fill space continuously in the mathematical sense, but rather it consists of discrete molecules, unobservable because of their small size. For this view there are philosophical reasons. An actual continuum must consist of an infinite number of parts; but an infinite number is undefinable. Furthermore, in assuming a continuum one must take the partial differential equations for the properties themselves as initially given. However, it is desirable to distinguish the partial differential equations, which can be subjected to empirical tests, from their mechanical foundations (as Hertz emphasized in particular for the theory of electricity). Thus the mechanical foundations of the partial differential equations, when based on the coming and going of smaller particles, with restricted average values, gain greatly in plausibility; and up to now no other mechanical explanation of natural phenomena except atomism has been successful.

A real discontinuity of bodies is moreover established by numerous, and moreover quantitatively agreeing, facts. Atomism is especially indispensable for the clarification of the facts of chemistry and crystallography. The mechanical analogy between the facts of any science and the symmetry relations of discrete particles pertains to those most essential features which will outlast all our changing ideas about them, even though the latter may themselves be regarded as established facts. Thus already today the hypothesis that the stars are huge bodies millions of miles away is similarly viewed only as a mechanical analogy for the representation of the action of the sun and the faint visual perceptions arising from the other heavenly bodies, which could also be criticized on the grounds that it replaces the world of our sense perceptions by a world of imaginary objects, and that anyone could just as well replace this imaginary world by another one without changing the observable facts.


I hope to prove in the following that the mechanical analogy between the facts on which the second law of thermodynamics is based, and the statistical laws of motion of gas molecules, is also more than a mere superficial resemblance.


The question of the utility of atomistic representations is of course completely unaffected by the fact, emphasized by Kirchhoff, that our theories have the same relation to nature as signs to significates, for example as letters to sounds, or notes to tones. It is likewise unaffected by the question of whether it is not more useful to call theories simply descriptions, in order to remind ourselves of their relation to nature. The question is really whether bare differential equations or atomistic ideas will eventually be established as complete descriptions of phenomena.


Once one concedes that the appearance of a continuum is more clearly understood by assuming the presence of a large number of adjacent discrete particles, assumed to obey the laws of mechanics, then he is led to the further assumption that heat is a permanent motion of molecules. Then these must be held in their relative positions by forces, whose origin one can imagine if he wishes. But all forces that act on the visible body but not equally on all the molecules must produce motion of the molecules relative to each other, and because of the indestructibility of kinetic energy these motions cannot stop but must continue indefinitely.


In fact, experience teaches that as soon as the force acts equally on all parts of a body — as for example in so-called free fall — all the kinetic energy becomes visible. In all other cases, we have a loss of visible kinetic energy, and hence creation of heat. The view offers itself that there is a resulting motion of molecules among themselves, which we cannot see because we do not see individual molecules, but which however is transmitted to our nerves by contact, and thus creates the sensation of heat. It always moves from bodies whose molecules move rapidly to those whose molecules move more slowly, and because of the indestructibility of kinetic energy it behaves like a substance, as long as it is not transformed into visible kinetic energy or work.


We do not know the nature of the force that holds the molecules of a solid body in their relative positions, whether it is action at a distance or is transmitted through a medium, and we do not know how it is affected by thermal motion. Since it resists compression as much as it resists dilatation, we can obviously get it rather rough picture by assuming that in a solid body each molecule has a rest position. If it approaches a neighboring molecule it is repelled by it, but if it moves farther away there is an attraction. 
[image: image-placeholder]
Consequently, thermal motion first sets a molecule into pendulum-like oscillations in straight or elliptical paths around its rest position A (in the symbolic Fig. 1, the centers of gravity of the molecules are indicated). If it moves to A', the neighboring molecules B and C repel it, while D and E attract it and hence bring it back to its original rest position. If each molecule vibrates around a fixed rest position, the body will have a fixed form; it is in the solid state of aggregation. The only consequence of the thermal motion is that the rest positions of the molecules will be somewhat pushed apart, and the body will expand somewhat. However, when the thermal motion becomes more rapid, one gets to the point where a molecule can squeeze between its two neighbors and move from A to A" (Fig. 1). It will no longer then be pulled back to its old rest position, but it can instead remain where it is. When this happens to many molecules, they will crawl among each other like earthworms, and the body is molten. 


Although one may find this description rather crude and childish, it may be modified later and the apparent repulsive force may turn out to be a direct consequence of the motion. In any case, one will allow that when the motions of the molecules increase beyond a definite limit, individual molecules on the surface of the body can be torn off and must fly out freely into space; the body evaporates. If it is in an enclosed vessel, then this will be filled with freely moving molecules, and these can occasionally penetrate into the body again; as soon as the number of recondensing molecules is, on the average, equal to the number of evaporating ones, one says that the vessel is saturated with the vapor of the body in question.


A sufficiently large enclosed space, in which only such freely moving molecules are found, provides a picture of a gas. If no external forces act on the molecules, these move most of the time like bullets shot from guns in straight lines with constant velocity. Only when a molecule passes very near to another one, or to the wall of the vessel, does it deviate from its rectilinear path. The pressure of the gas is interpreted as the action of these molecules against the wall of the container.



 
From Part II, Chapter VII, The Kinetic Theory of Gases, 1898 (1964), pp.441-449 (tr. Stephen G. Brush)



§87. Characterization of our assumption about the initial state.

When a gas is enclosed in a rigid container, and initially one part of it has a visible motion with respect to the rest, then it soon comes to rest as a consequence of viscosity. When two kinds of gas are initially unmixed, but in contact with each other, then they mix, even if the lighter one was originally on top. In general, when a gas or a system of several kinds of gas has initially some improbable state, then it passes to the most probable state under the given external conditions, and remains there during all observable later times. In order to prove that this is a necessary consequence of the kinetic theory of gases, we used the quantity H defined and discussed in this chapter. We proved that it continually decreases as a result of the motion of the gas molecules among each other. The one-sidedness of this process is clearly not based on the equations of motion of the molecules. For these do not change when the time changes its sign. This one-sidedness rather lies uniquely and solely in the initial conditions.


This is not to be understood in the sense that for each experiment one must specially assume just certain initial conditions and not the opposite ones which are likewise possible; rather it is sufficient to have a uniform basic assumption about the initial properties of the mechanical picture of the world, from which it, then follows with logical necessity that, when bodies are always interacting, they must always be found in the correct initial conditions. In particular, our theory does not require that each time when bodies are interacting, the initial state of the system they form must be distinguished by a special property (ordered or improbable) which relatively few states of the same mechanical system would have under the external mechanical conditions in question. Hereby the fact is clarified that this system takes in the course of time states which do not have these properties, and which one calls disordered. Since by far most of the states of the system are disordered, one calls the latter the probable states.


The ordered initial states are not related to the disordered ones in the way that a definite state is to the opposite state (arising from the mere reversal of the directions of all velocities), but rather the state opposite to each ordered state is again an ordered state.


The self-regulating most probable state — which we call the Maxwell velocity distribution since Maxwell first found its mathematical expression in a special case — is not some kind of special singular state which is contrasted to infinitely many more non-Maxwellian distributions. Rather it is, on the contrary, characterized by the fact that by far the largest number of possible states have the characteristic properties of the Maxwell distribution, and compared to this number, the number of possible velocity distributions which significantly deviate from the Maxwellian is vanishingly small. The criterion of equal possibility or equal probability is provided by Liouville's theorem.


In order to explain the fact that the calculations based on this assumption correspond to actually observable processes, one must assume that an enormously complicated mechanical system represents a good picture of the world, and that all or at least most of the parts of it surrounding us are initially in a very ordered — therefore very improbable — state. When this is the case, then whenever two or more small parts of it come into interaction with each other, the system formed by these parts is also initially in an ordered state, and when left to itself it rapidly proceeds to the disordered most probable state.


§88. On the return of a system to a former state.


We make the following remarks: 


1. It is by no means the sign of the time which constitutes the characteristic difference between an ordered and a disordered state. If, in the "initial states" of the mechanical picture of the world, one reverses the directions of all velocities, without changing their magnitudes or the positions of the parts of the system; if, as it were, one follows the states of the system backwards in time, then he would likewise first have an improbable state, and then reach ever more probable states. Only in those periods of time during which the system passes from a very improbable initial state to a more probable later state do the states change in the positive time direction differently than in the negative.


2. The transition from an ordered to a disordered state is only extremely improbable. Also, the reverse transition has a definite calculable (though inconceivably small) probability, which approaches zero only in the limiting case when the number of molecules is infinite. The fact that a closed system of a finite number of molecules, when it is initially in an ordered state and then goes over to a disordered state, finally after an inconceivably long time must again return to the ordered state,* is therefore not a refutation but rather indeed a confirmation of our theory.


* H. Poincare, Acta Math. 13, 67 (1890); E. Zermelo, Ann. Phys. [31 57, 485 (1896).


One should not however imagine that two gases in a 1/10 liter container, initially unmixed, will mix, then again after a few days, separate, then mix again, and so forth. On the contrary, one finds by the same principles which I used* for a 


* Ann. Phys. [3] 57, 783 (1896).


similar calculation that, not until after a time enormously long compared to 
101010 years will there be any noticeable unmixing of the gases. One may recognize that this is practically equivalent to never, if one recalls that in this length of time, according to the laws of probability, there will have been many years in which every inhabitant of a large country committed suicide, purely by accident, on the same day, or every building burned down at the same time — yet the insurance companies get along quite well by ignoring the possibility of such events. If a much smaller probability than this is not practically equivalent to impossibility, then no one can be sure that today will be followed by a night and then a day.


* Ann. Phys. [3] 57, 783 (1896).


We have looked mainly at processes in gases and have calculated the function H for this case. Yet the laws of probability that govern atomic motion in the solid and liquid states are clearly not qualitatively different in this respect from those for gases, so that the calculation of the function H corresponding to the entropy would not be more difficult in principle, although to be sure it would involve greater mathematical difficulties.


§89. Relation to the second law of thermodynamics.


If therefore we conceive of the world as an enormously large mechanical system composed of an enormously large number of atoms, which starts from a completely ordered initial state, and even at present is still in a substantially ordered state, then we obtain consequences which actually agree with the observed facts; although this conception involves, from a purely theoretical — I might say philosophical — standpoint, certain new aspects which contradict general thermodynamics based on a purely phenomenological viewpoint. General thermodynamics proceeds from the fact that, as far as we can tell from our experience up to now, all natural processes are irreversible. Hence according to the principles of phenomenology, the general thermodynamics of the second law is formulated in such a way that the unconditional irreversibility of all natural processes is asserted as a so-called axiom, just as general physics based on a purely phenomenological standpoint asserts the unconditional divisibility of matter without limit as an axiom.


Just as the differential equations of elasticity theory and hydrodynamics based on this latter axiom will always remain the basis of the phenomenological description of a large group of natural phenomena, since they provide the simplest approximate expression of the facts, so likewise will the formulas of general thermodynamics. No one who has fallen in love with the molecular theory will approve of its being given up completely. But the opposite extreme, the dogma of a self-sufficient phenomenology, is also to be avoided.


Just as the differential equations represent simply a mathematical method for calculation, whose clear meaning can only be understood by the use of models which employ a large finite number of elements,1 so likewise general thermodynamics (without prejudice to its unshakable importance) also requires the cultivation of mechanical models representing it, in order to deepen our knowledge of nature — not in spite of, but rather precisely because these models do not always cover the same ground as general thermodynamics, but instead offer a glimpse of a new viewpoint. Thus general thermodynamics holds fast to the invariable irreversibility of all natural processes. It assumes a function (the entropy) whose value can only change in one direction — for example, can only increase — through any occurrence in nature. Thus it distinguishes any later state of the world from any earlier state by its larger value of the entropy. The difference of the entropy from its maximum value — which is the goal [Treibende] of all natural processes — will always decrease. In spite of the invariance of the total energy, its transformability will therefore become ever smaller, natural events will become ever more dull and uninteresting, and any return to a previous value of the entropy is excluded.2

1 Boltzmann, Die Unentbehrlichkeit der Atomistik i.d. Naturwissenschaft. Wien. Ber. 105 (2) 907 (1896); Ann. Phys. [31 60, 231 (1897). Ueber die Frage nach der Existent der Vorgange in der unbelebten Natur, Wien. Ber. 106 (2) 83 (1897).

2 W. Thomson (Lord Kelvin), On a universal tendency in nature to the dissipation of mechanical energy, Proc. R. S. Edinburgh 3, 139 (1852), and later papers by many authors, too numerous to cite. For the generalized "dissipation of energy" version of the second law, see F. O. Koenig, On the history of science and of the second law of thermodynamics, p. 57 in Men and Moments in the History of Science, ed. H. M. Evans (Seattle: University of Washington Press, 1959), and other articles cited therein.


One cannot assert that this consequence contradicts our experience, for indeed it seems to be a plausible extrapolation of our present knowledge of the world. Yet, with all due recognition to the caution which must be observed in going beyond the direct consequences of experience, it must be granted that these consequences are hardly satisfactory, and the discovery of a satisfactory way of avoiding them would be very desirable, whether one may imagine time as infinite or as a closed cycle. In any case, we would rather consider the unique directionality of time given to us by experience as a mere illusion arising from our specially restricted viewpoint.


§90. Application to the universe.


Is the apparent irreversibility of all known natural processes consistent with the idea that all natural events are possible without restriction? Is the apparent unidirectionality of time consistent with the infinite extent or cyclic nature of time? He who tries to answer these questions in the affirmative sense must use as a model of the world a system whose temporal variation is determined by equations in which the positive and negative directions of time are equivalent, and by means of which the appearance of irreversibility over long periods of time is explicable by some special assumption. But this is precisely what happens in the atomic view of the world.


One can think of the world as a mechanical system of an enormously large number of constituents, and of an immensely long period of time, so that the dimensions of that part containing our own "fixed stars" are minute compared to the extension of the universe; and times that we call eons are likewise minute compared to such a period. Then in the universe, which is in thermal equilibrium throughout and therefore dead, there will occur here and there relatively small regions of the same size as 
our galaxy (we call them single worlds) which, during the relative short time of eons, fluctuate noticeably from thermal equilibrium, and indeed the state probability in such cases will be equally likely to increase or decrease. For the universe, the two directions of time are indistinguishable, just as in space there is no up or down. However, just as at a particular place on the earth's surface we call "down" the direction toward the center of the earth, so will a living being in a particular time interval of such a single world distinguish the direction of time toward the less probable state from the opposite direction (the former toward the past, the latter toward the future). By virtue of this terminology, such small isolated regions of the universe will always find themselves "initially" in an improbable state. This method seems to me to be the only way in which one can understand the second law — the heat death of each single world — without a unidirectional change of the entire universe from a definite initial state to a final state.


Obviously no one would consider such speculations as important discoveries or even — as did the ancient philosophers — as the highest purpose of science. However it is doubtful that one should despise them as completely idle. Who knows whether they may not broaden the horizon of our circle of ideas, and by stimulating thought, advance the understanding of the facts of experience?


That in nature the transition from a probable to an improbable state does not take place as often as the converse, can be explained by assuming a very improbable initial state of the entire universe surrounding us, in consequence of which an arbitrary system of interacting bodies will in general find itself initially in an improbable state. However, one may object that here and there a transition from a probable to an improbable state must occur and occasionally be observed. To this the cosmological considerations just presented give an answer. From the numerical data on the inconceivably great rareness of transition from a probable to a less probable state in observable dimensions during an observable time, we see that such a process within what we have called an individual world — in particular, our individual world — is so unlikely that its observability is excluded.


In the entire universe, the aggregate of all individual worlds, there will however in fact occur processes going in the opposite direction. But the beings who observe such processes will simply reckon time as proceeding from the less probable to the more probable states, and it will never be discovered whether they reckon time differently from us, since they are separated from us by eons of time and spatial distances 101010 times the distance of Sirius — and moreover their language has no relation to ours.*


* For further discussion see H. Reichenbach, The Direction of Time (Berkeley and Los Angeles: University of California Press, 1956).


Very well, you may smile at this; but you must admit that the model of the world developed here is at least a possible one, free of inner contradiction, and also a useful one, since it provides us with many new viewpoints. It also gives an incentive, not only to speculation, but also to experiments (for example on the limit of divisibility, the size of the sphere of action, and the resulting deviations from the equations of hydrodynamics, diffusion, and heat conduction) which are not stimulated by any other theory.


§91. Application of the probability calculus in molecular physics.


Doubts have been expressed as to the permissibility of the applications made of the probability calculus to this subject. Since however the probability calculus has been verified in so many special cases, I see no reason why it should not also be applied to natural processes of a more general kind. The applicability of the probability calculus to the molecular motion in gases cannot of course be rigorously deduced from the differential equations for the motion of the molecules. It follows rather from the great number of the gas molecules and the length of their paths, by virtue of which the properties of the position in the gas where a molecule undergoes a collision are completely independent of the place where it collided the previous time. This independence is of course attained only for a finite number of gas molecules during an arbitrarily long time. For a finite number of molecules in a rigid container with completely smooth walls it is never completely exact, so that the Maxwell velocity distribution cannot hold throughout all time.


In practice, however, the walls are continually undergoing perturbations, which will destroy the periodicity resulting from the finite number of molecules. In any case, the applicability of probability theory to gas theory is not refuted but rather is confirmed by the periodicity of motion of a finite closed system in the course of eons of time, and since it leads to a model of the world which not only agrees with experience but also stimulates speculations and experiments, it should be retained in gas theory.


Moreover we see that the probability calculus plays yet another role in physics. The calculation of errors by Gauss's famous method is confirmed in purely physical processes, like the calculation of insurance premiums for statistical ones. We have to thank the laws of probability for the fact that in an orchestra the sounds regularly reinforce each other in unison rather than cancelling out by interference; and the same laws also clarify the nature of unpolarized light. Since today it is popular to look forward to the time when our view of nature will have been completely changed, I will mention the possibility that the fundamental equations for the motion of individual molecules will turn out to be only approximate formulas which give average values, resulting according to the probability calculus from the interactions of many independent moving entities forming the surrounding medium — as for example in meteorology the laws are valid only for average values obtained by long series of observations using the probability calculus. These entities must of course be so numerous and must act so rapidly that the correct average values are attained in millionths of a second.







Source: https://www.informationphilosopher.com/solutions/scientists/boltzmann/loschmidt.html
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The Quantum Theory of Radiation
 [Note Bohr uses Einstein's 1917 title.]

(Philosophical Magazine, 6, 47, (1924) pp.785-802)


Introduction

In the attempts to give a theoretical interpretation of the mechanism of interaction between radiation and matter, two apparently contradictory aspects of this mechanism have been disclosed. On the one hand, the phenomena of interference, on which the action of all optical instruments essentially depends, claim an aspect of continuity of the same character as that involved in the wave theory of light, especially developed on the basis of the laws of classical electrodynamics. 

On the other hand, the exchange of energy and momentum between matter and radiation, on which the observation of optical phenomena ultimately depends, claims essentially discontinuous features. These have even led to the introduction of the theory of light-quanta, which in its most extreme form denies the wave constitution of light. At the present state of science it does not seem possible to avoid the formal character of the quantum theory which is shown by the fact that the interpretation of atomic phenomena does not involve a description of the mechanism of the discontinuous processes, which in the quantum theory of spectra are designated as transitions between stationary states of the atom. On the correspondence principle it seems nevertheless possible, as it will be attempted to show in this paper, to arrive at a consistent description of optical phenomena by connecting the discontinuous effects occurring in atoms with the continuous radiation field in a somewhat different manner from what is usually done. 

Decades later, Richard Feynman and John Cramer will argue something similar


The essentially new assumption introduced in § 2 that the atom, even before a process of transition between two stationary states takes place, is capable of communication with distant atoms through a
virtual radiation field, is due to Slater.* Originally his endeavour
was in this way to obtain a harmony between the physical pictures
of the electrodynamical theory of light and the theory of light-quanta
by coupling transitions of emission and absorption of communicating
atoms together in pairs. It was pointed out by Kramers, however,
that instead of suggesting an intimate coupling between these processes,
the idea just mentioned leads rather to the assumption of a
greater independence between transition processes in distant atoms
than hitherto perceived. The present paper is the result of a mutual
discussion between the authors concerning the possible importance
of these assumptions for the elaboration of the quantum theory, and
may in various respects be considered as a supplement to the first
part of a recent treatise by Bohr, dealing with the principles of the
quantum theory, in which several of the problems dealt with here are
treated more fully. †


* J. C. Slater, Nature, March 1st, 1924, p. 307.


† N. Bohr, Zs. f. Phys. 13 (1923) 117. An English translation has recently
appeared in the Publications of the Cambridge Philosophical Society under the
title: ‘On the application of the Quantum Theory to atomic structure. I: The
fundamental postulates of the quantum theory.’ This treatise, which also
contains more detailed references to the literature, will in the following be
quoted as ‘P.Q.T.’

1. Principles of the Quantum Theory

The electromagnetic theory of light not only gives a wonderfully
adequate picture of the propagation of radiation through free space,
but has also to a wide extent shown itself adapted for the interpretation
of the phenomena connected with the interaction of radiation
and matter. Thus a general description of the phenomena of emission,
absorption, refraction, scattering, and dispersion of light may be
obtained on the assumption that the atoms contain electrified particles
which can perform harmonic oscillations round positions of stable
equilibrium, and which will exchange energy and momentum with the
radiation fields according to the classical laws of electrodynamics. On
the other hand, it is well known that these phenomena exhibit a
number of features which are contradictory to the consequences of
the classical electrodynamical theory. The first phenomenon where
such contradictions were firmly established was the law of temperature 
radiation. Starting from the classical conception of emission and
absorption of radiation by a particle performing harmonic oscillations,
Planck found that, in order to obtain agreement with the experiments
on temperature radiation, it was necessary to introduce the auxiliary
assumption that in a statistical distribution only certain states of the
oscillating particles have to be taken into account. For these distinguished
states the energy was found to be equal to a multiple of the
quantum hω, where ω is the natural frequency of the oscillator and h
is a universal constant. Independent of radiation phenomena, 

Bohr recognizes that Einstein's 1907 work on specific heats had identified structural energy levels in solids, between which transitions occur. 



this result obtained, as Einstein pointed out, a direct support from experiments
on the specific heat of solids. At the same time, this author put
forward his well-known theory of ‘light-quanta’, according to which
radiation should not be propagated through space as continuous
trains of waves in the classical theory of light, but as entities, each
of which contains the energy hv, concentrated in a minute volume,
where h is Planck’s constant and ν the quantity which in the classical
picture is described as the number of waves passing in unit time.
Although the great heuristic value of this hypothesis is shown by the
confirmation of Einstein’s predictions concerning the photoelectric
phenomenon, still the theory of light-quanta can obviously not be
considered as a satisfactory solution of the problem of light propagation.
This is clear even from the fact that the radiation ‘frequency’
ν appearing in the theory is defined by experiments on interference
phenomena which apparently demand for their interpretation a wave
constitution of light.

In spite of the fundamental difficulties involved in the ideas of the
quantum theory, it has nevertheless been possible to a certain extent
to apply these conceptions, combined with information on the structure
of the atom derived from other sources, to the interpretation of the
results of investigations of the emission and absorption spectra of the
elements. This interpretation is based on the fundamental postulate:
that an atom possesses a number of distinguished states, the so-called
‘stationary states’, which are supposed to possess a remarkable
stability, for which no interpretation can be derived from the concepts
of classical electrodynamics. This stability comes to light in the circumstance
that any change of the state of the atom must consist of a
complete process of transition from one of these stationary states to
another. The postulate obtains a connection with optical phenomena
through the further assumption that when a transition between two
stationary states is accompanied by emission of radiation, this consists
of a train of harmonic waves, whose frequency is given by the relation
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where E1 and E2 are the values of the energy of the atom in the
initial and in the final state of the process respectively. Inversely it is
assumed that the reversed process of transition can take place by
illumination with light with this same frequency. 


This is a vague reference to Bohr's correspondence principle


The applicability
of these assumptions to the interpretation of the spectra of the elements
is essentially due to the fact that it has been found possible in many
cases to fix the energy in the stationary states of an isolated atom
by means of simple rules referring to motions which with a high
approximation obey the ordinary laws of electrodynamics (P.Q.T.,
Ch. I, § 2). The concepts of this theory, however, do not allow us to
describe the details of the mechanism underlying the process of
transition between the various stationary states.

At the present state of science it seems necessary, as regards the
occurrence of transition processes, to content ourselves with considerations
of probability. Such considerations have been introduced
by Einstein,* who has shown how a remarkably simple deduction
of Planck’s law of temperature radiation can be obtained by assuming
that an atom in a given stationary state may possess a certain probability
of a ‘spontaneous’ transition in unit time to a stationary state
of smaller energy content, and that in addition an atom, by illumination
with external radiation of suitable frequency, may acquire a
certain probability of performing an ‘induced’ transition to another
stationary state with higher or smaller energy content. In connexion
with the conditions of thermal equilibrium between radiation and
matter, Einstein further arrived at the conclusion that the exchange
of energy by the transition process is accompanied by an exchange
of momentum of the amount hv/c, just as would be the case if the
transition were accompanied by the starting or stopping of a small
entity moving with the velocity of light c and containing the energy hv.
He concluded that the direction of this momentum for the induced
transitions is the same as the direction of propagation of the illuminating
light-waves, but that for the spontaneous transitions the
direction of the impulse is distributed according to probability laws.


Bohr himself did not accept the argument that light quanta are real


These results, which were considered as an argument for ascribing a
certain physical reality to the theory of light-quanta, have recently
found an important application in explaining the remarkable phenomena
of the change of wave-length of radiation scattered by free
electrons brought to light by A. H. Compton’s* investigation on
X-ray scattering. The application of probability considerations to
the problem of temperature equilibrium between free electrons and
radiation suggested by this discovery has recently been successfully
treated by Pauli,† and the formal analogy of his results with the laws
governing transition processes between stationary states of atoms has
been emphasized by Einstein and Ehrenfest.**



* A. Einstein, Phys. Zs. 18 (1917) 121.


* A. H. Compton, Phys. Rev. 21 (1923) 483. See also P. Debye, Phys. Zs. 24
(1923) 161.


† W. Pauli, Zs. f. Phys. 18 (1923) 272.


** A. Einstein and P. Ehrenfest, Zs. f. Phys. 14 (1923) 301.


The correspondence principle has led to comparing the reaction
of an atom on a field of radiation with the reaction on such a field
which, according to the classical theory of electrodynamics, should be
expected from a set of ‘virtual’ harmonic oscillators with frequencies
equal to those determined by the equation (1) for the various possible
transitions between stationary states (P.Q.T., Ch. Ill, § 3). Such a
picture has been used by Ladenburg* in an attempt to connect the
experimental results on dispersion quantitatively with considerations
on the probability of transitions between stationary states. Also in the
phenomenon of interaction between free electrons and radiation, the
possibility of applying similar considerations is suggested by the
analogy, emphasized by Compton, between the change of wave-length
of the scattered rays and the classical Doppler effect of radiation
from a moving source.




* R. Ladenburg, Zs. f. Phys. 4 (1921) 451. See also R. Ladenburg and P. Reicbe,
Naturwiss. 11 (1923) 584.


Although the correspondence principle makes it possible through
the estimation of probabilities of transition to draw conclusions about
the mean time which an atom remains in a given stationary state,
great difficulties have been involved in the problem of the time interval
in which emission of radiation connected with the transition
takes place. In fact, together with other well-known paradoxes of the
quantum theory, the latter difficulty has strengthened the doubt,
expressed from various sides,† whether the detailed interpretation of
the interaction between matter and radiation can be given at all in
terms of a causal description in space and time of the kind hitherto
used for the interpretation of natural phenomena (P.Q.T., Ch. Ill, § 1).
Without in any way removing the formal character of the theory, it
nevertheless appears, as mentioned in the introduction, that a definite
advance as regards the interpretation of the observable radiation
phenomena may be made by connecting these phenomena with the
stationary states and the transitions between them in a way somewhat
different from that hitherto followed.



† Such a view has perhaps for the first time been clearly expressed by O. W.
Richardson, ‘The Electron Theory of Matter,’ 2nd ed. (Cambridge 1916) p. 507.


2. Radiation and Transition Processes


We will assume that a given atom in a certain stationary state will
communicate continually with other atoms through a time-spatial
mechanism which is virtually equivalent with the field of radiation
which on the classical theory would originate from the virtual harmonic
oscillators corresponding with the various possible transitions to other
stationary states. Further, we will assume that the occurrence of
transition processes for the given atom itself, as well as for the other
atoms with which it is in mutual communication, is connected with
this mechanism by probability laws which are analogous to those
which in Einstein’s theory hold for the induced transitions between
stationary states when illuminated by radiation. On the one hand,
the transitions which in this theory are designated as spontaneous are,
on our view, considered as induced by the virtual field of radiation
which is connected with the virtual harmonic oscillators conjugated
with the motion of the atom itself. On the other hand, the induced
transitions of Einstein’s theory occur in consequence of the virtual
radiation in the surrounding space due to other atoms.

While these assumptions do not involve any change in the connexion
between the structure of the atom and the frequency, intensity, and
polarization of the spectral lines derived by means of the relation (1)
and of the correspondence principle, they lead to a picture as regards
the time-spatial occurrence of the various transition processes on
which the observations of the optical phenomena ultimately depend
which in an essential respect differs from the usual concepts. In fact,
the occurrence of a certain transition in a given atom will depend on
the initial stationary state of this atom itself and on the states of
the atoms with which it is in communication through the virtual
radiation field, but not on the occurrence of transition processes in
the latter atoms.


On the one hand it will be seen that our view, in the limit where
successive stationary states differ only little from each other, leads to
a connexion between the virtual radiation field and the motion of the
particles in the atom which gradually merges into that claimed by
the classical radiation theory. In fact neither the motion nor the
constitution of the radiation field will in this limit undergo essential
changes through the transitions between stationary states. As regards
the occurrence of transitions, which is the essential feature of the
quantum theory, we abandon on the other hand any attempt at a
causal connexion between the transitions in distant atoms, 
and especially a direct application of the principles of conservation of
energy and momentum, so characteristic for the classical theories.
The application of these principles to the interaction between individual
atomic systems is, on our view, limited to interactions which take place
when the atoms are so close that the forces which would be connected
with the radiation field on the classical theory are small compared with
the conservative parts of the fields of force originating from the electric
charges in the atom. Interactions of this type, which may be termed
‘collisions’, offer, as is well known, remarkable illustrations of the
stability of stationary states postulated in the quantum theory. 
In fact, an analysis of the experimental results based on the theory of
conservation of energy and momentum is in agreement with the view
that the colliding atoms before as well as after the process will always
find themselves in stationary states (P.Q.T., Ch. I, § 4)*. 


Bohr abandons the principles of the instantaneous conservation of energy and momentum, which greatly disturbed Einstein, for whom principles are more important than experimental results 


By interaction
between atoms at greater distances from each other, where according
to the classical theory of radiation there would be no question of
simultaneous mutual action, we shall assume an independence of the
individual transition processes, which stands in striking contrast to
the classical claim of conservation of energy and momentum. Thus
we assume that an induced transition in an atom is not directly caused
by a transition in a distant atom for which the energy difference
between the initial and the final stationary state is the same. On the
contrary, an atom which has contributed to the induction of a certain
transition in a distant atom through the virtual radiation field conjugated
with the virtual harmonic oscillator corresponding with one
of the possible transitions to other stationary states, may nevertheless
itself ultimately perform another of these transitions.


* These considerations hold obviously only in so far as the radiation connected
with the collisions can be neglected. Although in many cases the energy of this
radiation is very small, its occurrence might be of essential importance. This
has been emphasized by Franck in connexion with the explanation of Ramsauer’s
important results regarding collisions between atoms and slow electrons
[Ann. d. Phys. Leipzig 64 (1922) 513; 66 (1922) 546], from which it seems to
follow that in certain cases the electron can pass freely through the atom,
without being influenced by its presence. In fact, if in these ‘collisions’ a change
in the motion of the electron actually took place, the classical theory would
involve so large a radiation, that a rational conjugation of the radiation with the
possible transition processes, as claimed by the correspondence principle, could
hardly be established [compare F. Hund, Zs. f. Phys. 13 (1923) 241]. On the
view presented in this paper, such an explanation might on the one hand be
regarded as the more natural, since the origin of radiation is not directly sought
in the occurrence of transitions but in the motion of the electron. On the other
hand, it must be remembered that we are here dealing with a case where, on
account of the large magnitude of the classical reaction of radiation, the theory
does not allow a sharp distinction between stationary motion and transition
processes.



At present there is unfortunately no experimental evidence at hand
which allows to test these ideas, but it may be emphasized that the
degree of independence of the transition processes assumed here would
seem the only consistent way of describing the interaction between
radiation and atoms by a theory involving probability considerations.


Bohr assumes that conservation of energy and momentum are only statistical laws. Einstein will challenge this assumption and encourage experiments to test it. Hans Geiger and Walther Bothe will the following year find that conservation laws act instantaneously just as Einstein believed (Zeit. Phys. 32 (1925) 639) 


This independence reduces not only conservation of energy to a
statistical law, but also conservation of momentum. Just as we
assume that any transition process induced by radiation is accompanied
by a change of energy of the atom of the amount hv, we shall assume,
following Einstein, that any such process is also accompanied by a
change of momentum of the atom of an amount hv/c. If the transition
is induced by virtual radiation fields from distant atoms, the direction
of this momentum is the same as that of the wave propagation in this
virtual field. In case of a transition by its own virtual radiation, we
shall naturally assume that the change of momentum is distributed
according to probability laws in such a way that changes of momentum
due to the transitions in other atoms are statistically compensated for
any direction in space.

The cause of the observed statistical conservation of energy and
momentum we shall not seek in any departure from the electrodynamic
theory of light as regards the laws of propagation of radiation in free
space, but in the peculiarities of the interaction between the virtual
field of radiation and the illuminated atoms. In fact, we shall assume
that these atoms will act as secondary sources of virtual wave radiation
which interferes with the incident radiation. If the frequency of the
incident waves coincides closely with the frequency of one of the
virtual harmonic oscillators corresponding to the various possible
transitions, the amplitudes of the secondary waves will be especially
large, and these waves will possess such phase relations with the
incident waves that they will diminish or augment the intensity of the
virtual radiation field, and thereby weaken or strengthen its power of
inducing transitions in other atoms. Whether it is a diminishing or an
augmentation of the intensity which takes place, will depend on
whether the virtual harmonic oscillator, which is called into play by
the incident radiation, corresponds with a transition by which the
energy of the atom is increased or diminished respectively. It will be
seen that this view is closely related to the ideas which led Einstein
to introduce probabilities of two kinds of induced transitions between
stationary states corresponding with an increase or decrease of the
energy of the atom respectively. In spite of the time-spatial separation
of the processes of absorption and emission of radiation characteristic
for the quantum theory, we may nevertheless expect, on our view,
a far-reaching analogy with the classical theory of electrodynamics
as regards the interaction of the virtual radiation field and the virtual
harmonic oscillators conjugated with the motion of the atom. It
seems actually possible, guided by this analogy, to establish a consistent
and fairly complete description of the general optical phenomena
accompanying the propagation of light through a material
medium, which accounts at the same time for the close connexion
of the phenomena with the spectra of the atoms of the medium.


3. Capacity of Interference of Spectral Lines


Before we enter more closely on the general problem of the reaction
of atoms on a virtual radiation field, responsible for the phenomena
accompanying the propagation of light through material media, we
shall here briefly consider the properties of the field originating from
a single atom, as far as they are connected with the capacity of interference
of light from one and the same source. The constitution of this
field must obviously not be sought in the peculiarities of the transition
processes themselves, the duration of which we shall assume at any
rate not to be large compared with the period of the corresponding
harmonic component in the motion of the atom. These processes will,
on our view, simply mark the termination of the time-interval in
which the atom will be able to communicate with other atoms through
the corresponding virtual oscillator. An upper limit of the capacity
of interference, however, will clearly be given by the mean time
interval in which the atom remains in the stationary state representing
the initial state of the transition under consideration. The estimation
of the time of duration pf states based on the correspondence principle
has obtained a general confirmation from the well-known beautiful
experiments on the duration of the luminosity of high speed atoms
emerging from a luminescent discharge into a high vacuum. (Compare
P.Q.T., Ch. II, § 4.) On the present point of view these experiments
obtain a very simple interpretation. In fact it will be seen that on
this view the variation of the luminosity along the path of the atoms
will not depend on the peculiarity of the transitions, but only on the
relative number of atoms in the various stationary states in the
different parts of the path. If all the emerging atoms have the same
speed and are initially in the same state, we must thus expect that
for any spectral line conjugated with a transition from this state the
luminosity will decrease exponentially along the path at one and the
same rate. At present the experimental material at hand is hardly
sufficient to test these considerations.

When we ask for the capacity of interference of spectral lines,
determined by optical apparatus, the mean time of duration of the
stationary states will certainly constitute an upper limit for this
capacity, but it must be remembered that the sharpness of a given
spectral line which is due to the statistical result of the action from a
large number of atoms will depend not only on the lengths of the
individual wave trains terminated by the transition processes, but
clearly also on any uncertainty in the definition of the frequency of
these waves. In view of the way this frequency through relation (1) is
related to the energy in the stationary states, it is of interest to note
that the above-mentioned upper limit of capacity of interference may
be brought in close connexion with the limit of definition of the
motion and of the energy in the stationary states. In fact, the postulate
of the stability of stationary states imposes an a priori limit to the
accuracy with which the motion in these states can be described by
means of classical electrodynamics, a limit which on our picture is
directly involved in the assumption that the virtual radiation field
is not accompanied by a continuous change in the motion of the atom,
but only acts by its induction of transitions involving finite changes
of the energy and the momentum of the atom (P.Q.T., Ch. II, § 4).
In the limiting region where the motions in the two stationary states
involved in the transition process differ only comparatively little
from each other, the upper limit of capacity of interference of the
individual wave trains coincides with the limit of definition of the
frequency of the radiation determined by (1), if the influence of the
lack of definition of the energy in the two states is treated as independent
errors. In the general case where the motions in these states may
differ considerably from each other, the upper limit of the capacity
of interference of the wave trains is closely related with the definition
of the motion in the stationary state which forms the starting point
of the transition process. Also here we may, however, expect that the
observable sharpness of the spectral lines will be determined according
to relation (1) by adding the effect of any possible lack of definition
of the energy in the stationary state terminating the transition process
to the effect of the lack of definition in the starting state in a similar
way as independent errors. Just this influence of the lack of definition
of both stationary states on the sharpness of a spectral line makes it
possible to ensure the reciprocity which will exist between the constitution
of a line when appearing in an emission and in an absorption
spectrum, and which is claimed by the condition for thermal equilibrium
expressed by Kirchhoff’s law. In this connexion it may be
remembered how the apparent deviations from this law exhibited by
the remarkable difference often shown by the structure of the emission
and the absorption spectra of an element as regards the number of
lines present are directly accounted for on the quantum theory when
account is taken of the difference in the statistical distributions of
the atoms over the various stationary states under different external
conditions.


A problem closely related to the sharpness of spectral lines originating
from atoms under constant external conditions, is the problem
of the spectrum to be expected from atoms under the influence of
external forces which vary considerably within a time-interval of the
same order of magnitude as the mean duration of the stationary states.
Such a problem is met with in certain of the experiments by Stark
on the influence of electric fields on spectral lines. In these experiments
the emitting atoms move with large velocities, and the time-intervals
in which they pass between two points where the intensity of the
electric field differs very much, are only a small fraction of the mean
time of.duration of the stationary states connected with the investigated
spectral lines. Nevertheless Stark found that, except for
a Doppler effect of the usual kind, the radiation from the moving
atoms was influenced by the electric field at any point of the path in
the same way as the radiation from resting atoms subject to the
constant action of the field at this point. While, as emphasized by
various authors,* the intferpretation of this result obviously presents
difficulty on the usual quantum theory description of the connexion
between radiation and transition processes, it is clear that Stark’s
results are in conformity with the picture adopted in this paper. In
fact, during the passing of the atoms through the field, the motion
in the stationary states changes in a continuous way, and in consequence
also the virtual harmonic oscillators corresponding with the
possible transitions. The effect of the virtual radiation field originating
from the moving atoms will therefore not be different from that
which would occur if the atoms along their whole path had moved in
a field of constant intensity, at any rate if - as in Stark’s experiments -
the radiation originating from the other parts of their paths is prevented
from reaching those parts of the apparatus on which the
observation of the phenomenon depends. In a problem of this kind it
will also be seen how a far reaching reciprocity in the observable
phenomena of emission and absorption is ensured on account of the
symmetry exhibited by our picture as regards the coupling of the
radiation field with the transition processes in the one or in the other
direction.



* Compare K. Forsterling, Zs. f. Phys. 10 (1922) 387; A. J. Dempster, Astrophys.
Journ. 57 (1923) 193.


4. Quantum Theory of Spectra and Optical Phenomena


Although on the quantum theory the observation of the optical
phenomena ultimately depends on discontinuous transition processes,
an adequate interpretation of these phenomena must, as already
emphasized in the introduction, nevertheless involve an element of
continuity similar to that exhibited by the classical electrodynamical
theory of the propagation of light through material media. On this
theory the phenomena of reflexion, refraction, and dispersion are
attributed to a scattering of light by the atom due to the forced
vibratior in the individual electric particles, set up by the electromagnetic
forces of the radiation field. The postulate of the stability
of stationary states might at first sight seem to involve a fundamental
difficulty on this point. The contrast, however, was to a certain extent
bridged over by the correspondence principle, which, as mentioned
in § 1, led to comparing the reaction of an atom on a radiation field
with the scattering which, according to the classical theory, would
arise from a set of virtual harmonic oscillators conjugated with the
various possible transitions. It must still be remembered that the
analogy between the classical theory and the quantum theory as
formulated through the correspondence principle is of an essentially
formal character, which is especially illustrated by the fact that on
the quantum theory the absorption and emission of radiation are
coupled to different processes of transition, and thereby to different
virtual oscillators. Just this point, however, which is so essential for
the interpretation of the experimental results on emission and absorption
spectra, seems to afford a guidance as regards the way in
which the scattering phenomena are related with the activity of the
virtual oscillators concerning emission and absorption of radiation.
In a later paper it is hoped to show how on the present view a quantitative
 theory of dispersion resembling Ladenburg’s theory can be
established.* Here we shall confine ourselves to emphasizing once
more the continuous character of the optical phenomena, which
seemingly does not permit an interpretation based on a simple causal
connexion with transition processes in the propagating medium.

An instructive example of these considerations is offered by the
experiments on absorption spectra. In fact, the pronounced absorption
by monatomic vapours for light of frequencies coinciding with certain
lines in the emission spectra of the atoms strictly cannot be said,
as often done for brevity, to be caused by the transition processes
which take place in the atoms of the vapour induced by wave trains
in the incident radiation possessing the frequencies of the absorption
lines. The appearance of these lines in the spectroscope is due to the
decrease of the intensity of the incident waves in consequence of the
peculiarities of the secondary spherical wavelets set up by each of
the illuminated atoms, while the induced transitions appear only as
an accompanying effect by which a statistical conservation of energy
is ensured. The presence of the secondary coherent wave-trains is at
the same time responsible for the anomalous dispersion connected
with the absorption lines, and is especially clearly shown by the
phenomenon, discovered by Wood, † of selective reflexion from the
wall of a vessel containing metallic vapour under sufficiently high
pressure. The occurrence of included transitions between stationary
states is on the other hand directly observed in the fluorescent radiation,
which for an essential part originates from the presence of a
small number of atoms which through the illumination have been
transferred to a stationary state of higher energy. As is well known,
the fluorescent radiation can be suppressed through the admixture
of foreign gases. As regards the part played by atoms in the higher
stationary states this phenomenon is explained by collisions which
cause a considerable increase of the probability of the atoms to return
into their normal state. At the same time any part of the fluorescent
radiation due to the coherent wavelets will, through the admixture
of foreign gases, just as the phenomena of absorption, dispersion, and
reflexion, undergo such changes as can be brought in connexion with
a broadening of the spectral lines*. It will be seen that a view on
absorption phenomena differing essentially from that just described
can hardly be maintained, if it can be shown that the selective absorption
of spectral lines is a phenomenon qualitatively independent
of the intensity of the source of radiation, in a similar way to what
has already been found to be the case for the usual phenomena of
reflexion and refraction, whose transitions in the medium do not
occur to a similar extent (compare P.Q.T., Ch. Ill, § 3).



* Note added during the proof. The outline of such a theory is briefly described
by Kramers in a letter to ‘Nature’ published in April, 1925.


†R. W. Wood, Phil. Mag. 23 (1915) 689.


Another interesting example is offered by the theory of the scattering
of light by free electrons. As has been shown by Compton by means of
reflexion of X-rays from crystals, this scattering is accompanied by a
change of frequency, different in different directions, and corresponding
with the constitution of the radiation which on the classical
theory would be emitted by an imaginary moving source. As mentioned,
Compton has reached a formal interpretation of this effect on the
theory of light-quanta by assuming that the electron may take up a
quantum of the incident light and simultaneously re-emit a light-quantum
in some other direction. By this process the electron acquires
a velocity in a certain direction, which is determined, just as the
frequency of the re-emitted light, by the laws of conservation of
energy and momentum, an energy of hv and a momentum hv/c being
ascribed to each light-quantum. In contrast to this picture, the
scattering of the radiation by the electrons is, on our view, considered
as a continuous phenomenon to which each of the illuminated electrons
contributes through the emission of coherent secondary wavelets.
Thereby the incident virtual radiation gives rise to a reaction from
each electron, similar to that to be expected on the classical theory
from an electron moving with a velocity coinciding with that of the
above-mentioned imaginary source and performing forced oscillations
under the influence of the radiation field. That in this case the virtual
oscillator moves with a velocity different from that of the illuminated
electrons themselves is certainly a feature strikingly unfamiliar to the
classical conceptions. In view of the fundamental departures from
the classical space-time description, involved in the very idea of virtual
oscillators, it seems at the present state of science hardly justifiable
to reject a formal interpretation as that under consideration as inadequate.
On the contrary, such an interpretation seems unavoidable
in order to account for the effects observed, the description of which
involves the wave-concept of radiation in an essential way. At the
same time, however, we shall assume, just as in Compton’s theory,
that the illuminated electron possesses a certain probability of taking
up in unit time a finite amount of momentum in any given direction.
By this effect, which in the quantum theory takes the place of the
continuous transfer of momentum to the electrons which on the
classical theory would accompany a scattering of radiation of the
type described, a statistical conservation of momentum is secured in
a way quite analogous to the statistical conservation of energy in the
phenomena of absorption of light discussed above. In fact, the laws of
probability for the exchange of momentum by interaction of free
electrons and radiation derived by Pauli are essentially analogous to
the laws governing transition processes between well-defined states
of an atomic system. Especially the considerations of Einstein and
Ehrenfest, referred to in § 1, are suited to bring out this analogy.



* See for instance, Chr. Fuchtbauer and G. Joos, Phys. Zs. 23 (1922) 73.


A problem similar to that of the scattering of light by free electrons
is presented by the scattering of light by an atom, even in the case
where the frequency of the radiation is not large enough to induce
transitions by which an electron is wholly removed from the atom.
In fact, in order to secure statistical conservation of momentum, we
must, as emphasized by various authors,* assume the occurrence of
transition processes by which the momentum of the scattering atom
changes by finite amounts without, however, the relative motion of
the particles of the atom being changed, as in transition processes of
the usual type considered in the spectral theory. It will also be seen,
on our picture, that transition processes of the type mentioned will
be closely connected with the scattering phenomena, in a way analogous
with the connexion of the spectral phenomena with the transition
processes by which the internal motion of the atom undergoes a change.
Due to the large mass of the atomic nucleus the velocity change which
the atom undergoes by these transitions is so small, that it will not
have a perceptible effect on the energy of the atom and the frequency
of the scattered radiation. Nevertheless, it is of principal importance
that the transference of momentum is a discontinuous process, while
the scattering itself is an essentially continuous phenomenon, in which
all the illuminated atoms take part, independent of the intensity of the
incident light. The discontinuous changes in momentum of the atoms,
however, are the cause of the observable reactions on the atoms
described as radiation pressure. This view fulfils clearly the conditions
for thermal equilibrium between a (virtual) radiation field and a
reflecting surface, derived by Einstein* and considered as an argument
for the light-quantum theory. At the same time it needs hardly be
emphasized that it is also consistent with the apparent continuity
exhibited by actual observations on radiation pressure. In fact, if we
consider a solid, a change of hv/c in its total momentum will be totally
imperceptible, and for visible light even vanishingly small compared
with the irregular changes of this momentum of a body in thermal
equilibrium with the surroundings. In the discussion of the actual
experiments it may, however, be noted at the same time, that the
frequency of the occurrence of such processes may often be so large
that the problem arises whether the time involved in the transitions
themselves can be neglected, or, in other words, whether the limit has
been reached inside which the formulation of the principles of the
quantum theory can be maintained (compare P.Q.T., Ch. II, § 5).




* W. Pauli, Zs. f. Phys. 18 (1923) 272; A. Smekal, Naturwissensch. 11 (1923) 875.


* A. Einstein, Phys. Zs. 10 (1909) 817.


The last considerations may illustrate how our picture of optical
phenomena offers a natural connexion with the ordinary continuous
description of macroscopic phenomena for the interpretation of which
Maxwell’s theory has shown itself so wonderfully adapted. The
advantage in this respect of the present formulation of the principles
of the quantum theory over the usual representation of this theory
will perhaps be still more clearly illustrated if we consider the phenomenon
of emission of electromagnetic waves, say from an antenna as
used in wireless telegraphy. In this case no adequate description of the
phenomenon is offered on the picture of emission of radiation during
separate successive transition processes between imaginary stationary
states of the antenna. In fact, when the smallness of the energy
changes by the transitions, and the magnitude of the energy radiation
from the antenna per unit time, are taken into account, it will be seen
that the duration of the individual transition processes can only be
an exceedingly small fraction of the period of oscillation of the electricity
in the antenna, so that there would be no justification in
describing the result of one of these processes as the emission of a
train of waves of this period. On the present view, however, we will
describe the action of the oscillation of the electricity in the antenna
as producing a (virtual) radiation field which through probability
laws again induces changes in the motion of the electrons which may
be regarded as continuous. In fact, even if a distinction between
different energy steps hv could be kept upright, the size of these steps
would be quite negligible compared with the energy associated with
the antenna. It will in this connexion be observed that the emphasizing
of the ‘virtual’ character of the radiation field, which at the present
state of science seems so essential for an adequate description of
atomic phenomena, automatically loses its importance in a limiting
case like that just considered, where the field, as regards its observable
interaction with matter, is endowed with all the attributes of an
electromagnetic field in classical electrodynamics.





Is radiation continuous or discrete, like matter?


Einstein did not deny the wave nature of light, just that a wave only predicts probabilities for finding discrete particles of light.


Source: https://www.informationphilosopher.com/solutions/scientists/bohr/BKS.html
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Niels Bohr - Discussion with Einstein

WHEN invited by the Editor of the series, Living Philosophers,
to write an article for this volume in which contemporary scientists are
honouring the epoch-making contributions of Albert Einstein to the progress
of natural philosophy and are acknowledging the indebtedness of our whole
generation for the guidance his genius has given us, I thought much of
the best way of explaining how much I owe to him for inspiration. In this
connection, the many occasions through the years on which I had the privilege
to discuss with Einstein epistemological problems raised by the modern
development of atomic physics have come back vividly to my mind and I have
felt that I could hardly attempt anything better than to give an account
of these discussions which, even if no complete concord has so far been
obtained, have been of greatest value and stimulus to me. I hope also that the account may convey to wider circles an impression of how essential the open-minded exchange of ideas has been for the progress in a field where new experience has time after time demanded a reconsideration of our views. 
From the very beginning the main point under debate has been the attitude to take to the departure from customary principles of natural philosophy characteristic of the novel development of physics which was initiated in the first year of this century by Planck's discovery of the universal quantum of action. This discovery, which revealed a feature of atomicity in the laws of nature going far beyond the old doctrine of the limited divisibility of matter, has indeed taught us that the classical theories of physics are idealisations which can be unambiguously applied only in the limit where all actions involved are large compared with the quantum.  The question at issue has been whether the renunciation of a causal mode of description of atomic processes involved in the endeavours to cope with the situation should be regarded as a temporary departure from ideals to be ultimately revived or whether we are faced with an irrevocable step towards obtaining the proper harmony between analysis and synthesis of physical phenomena. To describe the background of our discussions and to bring out as clearly as possible the arguments for the contrasting viewpoints, I have felt it necessary to go to a certain length in recalling some main features of the development to which Einstein himself has contributed so decisively. 
As is well known, it was the intimate relation, elucidated primarily
by Boltzmann, between the laws of thermodynamics and the statistical regularities
exhibited by mechanical systems with many degrees of freedom, which guided
Planck in his ingenious treatment of the problem of thermal radiation,
leading him to his fundamental discovery. While, in his work, Planck was
principally concerned with considerations of essentially statistical character
and with great caution refrained from definite conclusions as to the extent
to which the existence of the quantum implied a departure from the foundations
of mechanics and electrodynamics, Einstein's great original contribution
to quantum theory (1905) was just the recognition of how physical phenomena
like the photo-effect may depend directly on individual quantum effects.
In these very same years when, in developing his theory of relativity,
Einstein laid a new foundation for physical science, he explored with a
most daring spirit the novel features of atomicity which pointed beyond
the whole framework of classical physics. 
With unfailing intuition Einstein thus was led step by step to the conclusion
that any radiation process involves the emission or absorption of individual
light quanta or "photons" with energy and momentum 
E = hν and P = hσ      (1)


respectively, where h is Planck's constant, while ν and
σ are the number of vibrations per unit time and the number of waves
per unit length, respectively. Notwithstanding its fertility, the idea
of the photon implied a quite unforeseen dilemma, since any simple corpuscular
picture of radiation would obviously be irreconcilable with interference
effects, which present so essential an aspect of radiative phenomena, and
which can be described only in terms of a wave picture. The acuteness of
the dilemma is stressed by the fact that the interference effects offer
our only means of defining the concepts of frequency and wavelength entering
into the very expressions for the energy and momentum of the photon. 
In this situation, there could be no question of attempting a causal
analysis of radiative phenomena, but only, by a combined use of the contrasting
pictures, to estimate probabilities for the occurrence of the individual
radiation processes. However, it is most important to realize that the
recourse to probability laws under such circumstances is essentially different
in aim from the familiar application of statistical considerations as practical
means of accounting for the properties of mechanical systems of great structural
complexity. In fact, in quantum physics we are presented not with intricacies
of this kind, but with the inability of the classical frame of concepts
to comprise the peculiar feature of indivisibility, or "individuality,"
characterising the elementary processes. 
The failure of the theories of classical physics in accounting for atomic
phenomena was further accentuated by the progress of our knowledge of the
structure of atoms. Above all, Rutherford's discovery of the atomic nucleus
(1911) revealed at once the inadequacy of classical mechanical and electromagnetic
concepts to explain the inherent stability of the atom. Here again the
quantum theory offered a clue for the elucidation of the situation and
especially it was found possible to account for the atomic stability, as
well as for the empirical laws governing the spectra of the elements, by
assuming that any reaction of the atom resulting in a change of its energy
involved a complete transition between two so-called stationary quantum
states and that, in particular, the spectra were emitted by a step-like
process in which each transition is accompanied by the emission of a monochromatic
light quantum of an energy just equal to that of an Einstein photon. 
These ideas, which were soon confirmed by the experiments of Franck
and Hertz (1914) on the excitation of spectra by impact of electrons on
atoms, involved a further renunciation of the causal mode of description,
since evidently the interpretation of the spectral laws implies that an
atom in an excited state in general will have the possibility of transitions
with photon emission to one or another of its lower energy states. In fact,
the very idea of stationary states is incompatible with any directive for
the choice between such transitions and leaves room only for the notion
of the relative probabilities of the individual transition processes. The
only guide in estimating such probabilities was the so-called correspondence
principle which originated in the search for the closest possible connection
between the statistical account of atomic processes and the consequences
to be expected from classical theory, which should be valid in the limit
where the actions involved in all stages of the analysis of the phenomena
are large compared with the universal quantum. 
At that time, no general self-consistent quantum theory was yet in sight,
but the prevailing attitude may perhaps be illustrated by the following
passage from a lecture by the writer from 1913: 
I hope that I have expressed myself sufficiently clearly so that you
may appreciate the extent to which these considerations conflict with the
admirably consistent scheme of conceptions which has been rightly termed
the classical theory of electrodynamics. On the other hand, I have tried
to convey to you the impression that just by emphasising so strongly this
conflict it may also be possible in course of time to establish a certain
coherence in the new ideas. 



Important progress in the development of quantum theory was made by
Einstein himself in his famous article on radiative equilibrium in 1917,
where he showed that Planck's law for thermal radiation could be simply
deduced from assumptions conforming with the basic ideas of the quantum
theory of atomic constitution. To this purpose, Einstein formulated general
statistical rules regarding the occurrence of radiative transitions between
stationary states, assuming not only that, when the atom is exposed to
a radiation field, absorption as well as emission processes will occur
with a probability per unit time proportional to the intensity of the irradiation,
but that even in the absence of external disturbances spontaneous emission
processes will take place with a rate corresponding to a certain a priori
probability. Regarding the latter point, Einstein emphasised the fundamental
character of the statistical description in a most suggestive way by drawing
attention to the analogy between the assumptions regarding the occurrence
of the spontaneous radiative transitions and the well-known laws governing
transformations of radioactive substances. 
In connection with a thorough examination of the exigencies of thermodynamics
as regards radiation problems, Einstein stressed the dilemma still further
by pointing out that the argumentation implied that any radiation process
was "unidirected" in the sense that not only is a momentum corresponding
to a photon with the direction of propagation transferred to an atom in
the absorption process, but that also the emitting atom will receive an
equivalent impulse in the opposite direction, although there can on the
wave picture be no question of a preference for a single direction in an
emission process. Einstein's own attitude to such startling conclusions
is expressed in a passage at the end of the article, which may be translated
as follows: 

These features of the elementary processes would seem to make the development
of a proper quantum treatment of radiation almost unavoidable. The weakness
of the theory lies in the fact that, on the one hand, no closer connection
with the wave concepts is obtainable and that, on the other hand, it leaves
to chance (Zufall) the time and the direction of the elementary
processes; nevertheless, I have full confidence in the reliability of the
way entered upon. 



When I had the great experience of meeting Einstein for the first time
during a visit to Berlin in 1920, these fundamental questions formed the
theme of our conversations. The discussions, to which I have often reverted
in my thoughts, added to all my admiration for Einstein a deep impression
of his detached attitude. Certainly, his favoured use of such picturesque
phrases as "ghost waves (Gespensterfelder) guiding the photons"
implied no tendency to mysticism, but illuminated rather a profound humour
behind his piercing remarks. Yet, a certain difference in attitude and
outlook remained, since, with his mastery for co-ordinating apparently
contrasting experience without abandoning continuity and causality, Einstein
was perhaps more reluctant to renounce such ideals than someone for whom
renunciation in this respect appeared to be the only way open to proceed
with the immediate task of co-ordinating the multifarious evidence regarding
atomic phenomena, which accumulated from day to day in the exploration
of this new field of knowledge. 
In the following years, during which the atomic problems attracted the
attention of rapidly increasing circles of physicists, the apparent contradictions
inherent in quantum theory were felt ever more acutely. Illustrative of
this situation is the discussion raised by the discovery of the Stern-Gerlach
effect in 1922. On the one hand, this effect gave striking support to the
idea of stationary states and in particular to the quantum theory of the
Zeeman effect developed by Sommerfeld, on the other hand, as exposed so
clearly by Einstein and Ehrenfest, it presented with unsurmountable difficulties
any attempt at forming a picture of the behaviour of atoms in a magnetic
field. Similar paradoxes were raised by the discovery by Compton (1924)
of the change in wave-length accompanying the scattering of X-rays by electrons.
This phenomenon afforded, as is well known, a most direct proof of the
adequacy of Einstein's view regarding the transfer of energy and momentum
in radiative processes; at the same time, it was equally clear that no
simple picture of a corpuscular collision could offer an exhaustive description
of the phenomenon. Under the impact of such difficulties, doubts were for
a time entertained even regarding the conservation of energy and momentum
in the individual radiation processes; a view, however, which very soon
had to be abandoned in face of more refined experiments bringing out the
correlation between the deflection of the photon and the corresponding
electron recoil. 
The way to the clarification of the situation was, indeed, first to
be paved by the development of a more comprehensive quantum theory. A first
step towards this goal was the recognition by de Broglie in 1925 that the
wave-corpuscle duality was not confined to the properties of radiation,
but was equally unavoidable in accounting for the behaviour of material
particles. This idea, which was soon convincingly confirmed by experiments
on electron interference phenomena, was at once greeted by Einstein, who
had already envisaged the deep-going analogy between the properties of
thermal radiation and of gases in the so-called degenerate state. The new
line was pursued with the greatest success by Schrödinger (1926) who,
in particular, showed how the stationary states of atomic systems could
be represented by the proper solutions of a wave-equation to the establishment
of which he was led by the formal analogy, originally traced by Hamilton,
between mechanical and optical problems. Still, the paradoxical aspects
of quantum theory were in no way ameliorated, but even emphasised, by the
apparent contradiction between the exigencies of the general superposition
principle of the wave description and the feature of individuality of the
elementary atomic processes. 
At the same time, Heisenberg (1925) had laid the foundation of a rational
quantum mechanics, which was rapidly developed through important contributions
by Born and Jordan as well as by Dirac. In this theory, a formalism is
introduced, in which the kinematical and dynamical variables of classical
mechanics are replaced by symbols subjected to a non-commutative algebra.
Notwithstanding the renunciation of orbital pictures, Hamilton's canonical
equations of mechanics are kept unaltered and Planck's constant enters
only in the rules of commutation
qp - pq = √(-1) (h/2π)     (2)


holding for any set of conjugate variables q and p. Through
a representation of the symbols by matrices with elements referring to
transitions between stationary states, a quantitative formulation of the
correspondence principle became for the first time possible. It may here
be recalled that an important preliminary step towards this goal was reached
through the establishment, especially by contributions of Kramers, of a
quantum theory of dispersion making basic use of Einstein's general rules
for the probability of the occurrence of absorption and emission processes.

This formalism of quantum mechanics was soon proved by Schrödinger
to give results identical with those obtainable by the mathematically often
more convenient methods of wave theory, and in the following years general
methods were gradually established for an essentially statistical description
of atomic processes combining the features of individuality and the requirements
of the superposition principle, equally characteristic of quantum theory.
Among the many advances in this period, it may especially be mentioned
that the formalism proved capable of incorporating the exclusion principle
which governs the states of systems with several electrons, and which already
before the advent of quantum mechanics had been derived by Pauli from an
analysis of atomic spectra. The quantitative comprehension of a vast amount
of empirical evidence could leave no doubt as to the fertility and adequacy
of the quantum-mechanical formalism, but its abstract character gave rise
to a widespread feeling of uneasiness. An elucidation of the situation
should, indeed, demand a thorough examination of the very observational
problem in atomic physics. 
This phase of the development was, as is well known, initiated in 1927
by Heisenberg, who pointed out that the knowledge obtainable of the state
of an atomic system will always involve a peculiar "indeterminacy."
Thus, any measurement of the position of an electron by means of some device,
like a microscope, making use of high frequency radiation, will, according
to the fundamental relations (1), be connected with a momentum exchange
between the electron and the measuring agency, which is the greater the
more accurate a position measurement is attempted. In comparing such considerations
with the exigencies of the quantum-mechanical formalism, Heisenberg called
attention to the fact that the commutation rule (2) imposes a reciprocal
limitation on the fixation of two conjugate variables, q and p,
expressed by the relation 
Δq . Δp ≈ h     (3)


where Δq and Δp are suitably defined latitudes in the determination of these variables. 
In pointing to the intimate connection between the statistical
description in quantum mechanics and the actual possibilities of measurement,
this so-called indeterminacy relation is, as Heisenberg showed, most important
for the elucidation of the paradoxes involved in the attempts of analysing
quantum effects with reference to customary physical pictures. 
The new progress in atomic physics was commented upon from various sides
at the International Physical Congress held in September 1927, at Como
in commemoration of Volta. In a lecture on that occasion, I advocated a
point of view conveniently termed "complementarity," suited to
embrace the characteristic features of individuality of quantum phenomena,
and at the same time to clarify the peculiar aspects of the observational
problem in this field of experience. For this purpose, it is decisive to
recognise that, however far the phenomena transcend the scope of classical
physical explanation, the account of all evidence must be expressed in
classical terms. The argument is simply that by the word "experiment"

we refer to a situation where we can tell others what we have done and
what we have learned and that, therefore, the account of the experimental
arrangement and of the results of the observations must be expressed in
unambiguous language with suitable application of the terminology of classical
physics. 
This crucial point, which was to become a main theme of the discussions
reported in the following, implies the impossibility of any sharp separation
between the behaviour of atomic objects and the interaction with the measuring
instruments which serve to define the conditions under which the phenomena
appear. In fact, the individuality of the typical quantum effects finds
its proper expression in the circumstance that any attempt of subdividing
the phenomena will demand a change in the experimental arrangement introducing
new possibilities of interaction between objects and measuring instruments
which in principle cannot be controlled. Consequently, evidence obtained
under different experimental conditions cannot be comprehended within a
single picture, but must be regarded as complementary in the sense that
only the totality of the phenomena exhausts the possible information about
the objects. 
Under these circumstances an essential element of ambiguity is involved
in ascribing conventional physical attributes to atomic objects, as is
at once evident in the dilemma regarding the corpuscular and wave properties
of electrons and photons, where we have to do with contrasting pictures,
each referring to an essential aspect of empirical evidence. An illustrative
example, of how the apparent paradoxes are removed by an examination of
the experimental conditions under which the complementary phenomena appear,
is also given by the Compton effect, the consistent description of which
at first had presented us with such acute difficulties. Thus, any arrangement
suited to study the exchange of energy and momentum between the electron
and the photon must involve a latitude in the space-time description of
the interaction sufficient for the definition of wave-number and frequency
which enter into the relation (1). Conversely, any attempt of locating
the collision between the photon and the electron more accurately would,
on account of the unavoidable interaction with the fixed scales and clocks
defining the space-time reference frame, exclude all closer account as
regards the balance of momentum and energy. 
As stressed in the lecture, an adequate tool for a complementary way
of description is offered precisely by the quantum-mechanical formalism
which represents a purely symbolic scheme permitting only predictions,
on lines of the correspondence principle, as to results obtainable under
conditions specified by means of classical concepts. It must here be remembered
that even in the indeterminacy relation (3) we are dealing with an implication
of the formalism which defies unambiguous expression in words suited to
describe classical physical pictures. Thus, a sentence like "we cannot
know both the momentum and the position of an atomic object" raises
at once questions as to the physical reality of two such attributes of
the object, which can be answered only by referring to the conditions for
the unambiguous use of space-time concepts, on the one hand, and dynamical
conservation laws, on the other hand. While the combination of these concepts
into a single picture of a causal chain of events is the essence of classical
mechanics, room for regularities beyond the grasp of such a description
is just afforded by the circumstance that the study of the complementary
phenomena demands mutually exclusive experimental arrangements. 
The necessity, in atomic physics, of a renewed examination of the foundation
for the unambiguous use of elementary physical ideas recalls in some way
the situation that led Einstein to his original revision on the basis of
all application of space-time concepts which, by its emphasis on the primordial
importance of the observational problem, has lent such unity to our world
picture. Notwithstanding all novelty of approach, causal description is
upheld in relativity theory within any given frame of reference, but in
quantum theory the uncontrollable interaction between the objects and the
measuring instruments forces us to a renunciation even in such respect.
This recognition, however, in no way points to any limitation of the scope
of the quantum-mechanical description, and the trend of the whole argumentation
presented in the Como lecture was to show that the viewpoint of complementarity
may be regarded as a rational generalisation of the very ideal of causality.


At the general discussion in Como, we all missed the presence of Einstein,
but soon after, in October 1927, I had the opportunity to meet him in Brussels
at the Fifth Physical Conference of the Solvay Institute, which was devoted
to the theme "Electrons and Photons." At the Solvay meetings,
Einstein had from their beginning been a most prominent figure, and several
of us came to the conference with great anticipations to learn his reaction
to the latest stage of the development which, to our view, went far in
clarifying the problems which he had himself from the outset elicited so
ingeniously. During the discussions, where the whole subject was reviewed
by contributions from many sides and where also the arguments mentioned
in the preceding pages were again presented, Einstein expressed, however,
a deep concern over the extent to which causal account in space and time
was abandoned in quantum mechanics. 

To illustrate his attitude, Einstein referred at one of the sessions
to the simple example, illustrated by Fig. 1, of a particle (electron or
photon) penetrating through a hole or a narrow slit in a diaphragm placed
at some distance before a photographic plate. 
[image: photon passes through a slit]

On account of the diffraction of the wave connected with the motion
of the particle and indicated in the figure by the thin lines, it is under
such conditions not possible to predict with certainty at what point the
electron will arrive at the photographic plate, but only to calculate the
probability that, in an experiment, the electron will be found within any
given region of the plate. The apparent difficulty, in this description,
which Einstein felt so acutely, is the fact that, if in the experiment
the electron is recorded at one point A of the plate, then it is out of
the question of ever observing an effect of this electron at another point
(B), although the laws of ordinary wave propagation offer no room for a
correlation between two such events. 
Einstein's attitude gave rise to ardent discussions within a small circle,
in which Ehrenfest, who through the years had been a close friend of us
both, took part in a most active and helpful way. Surely, we all recognised
that, in the above example, the situation presents no analogue to the application
of statistics in dealing with complicated mechanical systems, but rather
recalled the background for Einstein's own early conclusions about the
unidirection of individual radiation effects which contrasts so strongly
with a simple wave picture. The discussions, however, centred on the question
of whether the quantum-mechanical description exhausted the possibilities
of accounting for observable phenomena or, as Einstein maintained, the
analysis could be carried further and, especially, of whether a fuller
description of the phenomena could be obtained by bringing into consideration
the detailed balance of energy and momentum in individual processes. 
To explain the trend of Einstein's arguments, it may be illustrative
here to consider some simple features of the momentum and energy balance
in connection with the location of a particle in space and time. For this
purpose, we shall examine the simple case of a particle penetrating through
a hole in a diaphragm without or with a shutter to open and close the hole,
as indicated in Figs. 2a and 2b, respectively. The equidistant parallel
lines to the left in the figures indicate the train of plane waves corresponding
to the state of motion of a particle which, before reaching the diaphragm,
has a momentum P related to the wave-number σ by the second of equations
(1). In accordance with the diffraction of the waves when passing through
the hole, the state of motion of the particle to the right of the diaphragm
is represented by a spherical wave train with a suitably defined angular
aperture θ and, in case of Fig. 2b, also with a limited radial extension.
Consequently, the description of this state involves a certain latitude
Δp in the momentum component of the particle parallel to the diaphragm
and, in the case of a diaphragm with a shutter, an additional latitude
ΔE of the kinetic energy. 
Since a measure for the latitude Δq in location of the particle
in the plane of the diaphragm is given by the radius a of the hole,
and since θ ≈ (1/σa), we get, using (1), just Δp

≈  θP ≈ (h/Δq), in accordance with the
indeterminacy relation (3). This result could, of course, also be obtained
directly by noticing that, due to the limited extension of the wave-field
at the place of the slit, the component of the wave-number parallel to
the plane of the diaphragm will involve a latitude Δσ ≈ (1/a) ≈ (1/Δq). 
[image: shutter on slit limiting interference pattern]Similarly, the spread of the frequencies of the harmonic components
in the limited wave-train in Fig. 2b is evidently Δν ≈ (1/Δτ),
where Δt is the time interval during which the shutter leaves the
hole open and, thus, represents the latitude in time of the passage of
the particle through the diaphragm. From (1), we therefore get 
ΔE . Δt ≈ h,       (4)

again in accordance with the relation (3) for the two conjugated variables
E and t. 
From the point of view of the laws of conservation, the origin of such
latitudes entering into the description of the state of the particle after
passing through the hole may be traced to the possibilities of momentum
and energy exchange with the diaphragm or the shutter. In the reference
system considered in Figs. 2a and 2b, the velocity of the diaphragm may
be disregarded and only a change of momentum Δp between the particle
and the diaphragm needs to be taken into consideration. The shutter, however,
which leaves the hole opened during the time t, moves with a considerable
velocity v ≈ (a/Δt), and a momentum transfer 
Δp involves therefore an energy exchange with the particle, amounting
to vΔp ≈ (1/Δt) . Δq . Δp ≈
(h/Δt), being just of the same order of magnitude as the
latitude ΔE given by (4) and, thus, allowing for momentum and energy
balance. 
The problem raised by Einstein was now to what extent a control of the
momentum and energy transfer, involved in a location of the particle in
space and time, can be used for a further specification of the state of
the particle after passing through the hole. Here, it must be taken into
consideration that the position and the motion of the diaphragm and the
shutter have so far been assumed to be accurately co-ordinated with the
space-time reference frame. This assumption implies, in the description
of the state of these bodies, an essential latitude as to their momentum
and energy which need not, of course, noticeably affect the velocities,
if the diaphragm and the shutter are sufficiently heavy. However, as soon
as we want to know the momentum and energy of these parts of the measuring
arrangement with an accuracy sufficient to control the momentum and energy
exchange with the particle under investigation, we shall, in accordance
with the general indeterminacy relations, lose the possibility of their
accurate location in space and time. We have, therefore, to examine how
far this circumstance will affect the intended use of the whole arrangement
and, as we shall see, this crucial point clearly brings out the complementary
character of the phenomena. 
Returning for a moment to the case of the simple arrangement indicated
in Fig. 1, it has so far not been specified to what use it is intended.
In fact, it is only on the assumption that the diaphragm and the plate
have well-defined positions in space that it is impossible, within the
frame of the quantum-mechanical formalism, to make more detailed predictions
as to the point of the photographic plate where the particle will be recorded. If, however,
we admit a sufficiently large latitude in the knowledge of the position
of the diaphragm it should, in principle, be possible to control the momentum
transfer to the diaphragm and, thus, to make more detailed predictions
as to the direction of the electron path from the hole to the recording
point. As regards the quantum-mechanical description, we have to deal here
with a two-body system consisting of the diaphragm as well as of the particle,
and it is just with an explicit application of conservation laws to such
a system that we are concerned in the Compton effect where, for instance,
the observation of the recoil of the electron by means of a cloud chamber
allows us to predict in what direction the scattered photon will eventually
be observed. 
The importance of considerations of this kind was, in the course of
the discussions, most interestingly illuminated by the examination of an
arrangement where between the diaphragm with the slit and the photographic
plate is inserted another diaphragm with two parallel slits, as is shown
in Fig. 3.
[image: two slits]
If a parallel beam of electrons (or photons) falls from the
left on the first diaphragm, we shall, under usual conditions, observe
on the plate an interference pattern indicated by the shading of the photographic
plate shown in front view to the right of the figure. With intense beams,
this pattern is built up by the accumulation of a large number of individual
processes, each giving rise to a small spot on the photographic plate,
and the distribution of these spots follows a simple law derivable from
the wave analysis. The same distribution should also be found in the statistical
account of many experiments performed with beams so faint that in a single
exposure only one electron (or photon) will arrive at the photographic
plate at some spot shown in the figure as a small star. Since, now, as
indicated by the broken arrows, the momentum transferred to the first diaphragm
ought to be different if the electron was assumed to pass through the upper
or the lower slit in the second diaphragm, Einstein suggested that a control
of the momentum transfer would permit a closer analysis of the phenomenon
and, in particular, to decide through which of the two slits the electron
had passed before arriving at the plate. 
A closer examination showed, however, that the suggested control of
the momentum transfer would involve a latitude in the knowledge of the
position of the diaphragm which would exclude the appearance of the interference
phenomena in question. In fact, if ω is the small angle between
the conjectured paths of a particle passing through the upper or the lower
slit, the difference of momentum transfer in these two cases will, according
to (1), be equal to hσω and any control of the momentum of the diaphragm
with an accuracy sufficient to measure this difference will, due to the
indeterminacy relation, involve a minimum latitude of the position of the
diaphragm, comparable with 1/σω. If, as in the figure, the diaphragm
with the two slits is placed in the middle between the first diaphragm
and the photographic plate, it will be seen that the number of fringes
per unit length will be just equal to hσω and, since an uncertainty
in the position of the first diaphragm of the amount of 1/σω will
cause an equal uncertainty in the positions of the fringes, it follows
that no interference effect can appear. The same result is easily shown
to hold for any other placing of the second diaphragm between the first
diaphragm and the plate, and would also be obtained if, instead of the
first diaphragm, another of these three bodies were used for the control,
for the purpose suggested, of the momentum transfer. 
This point is of great logical consequence, since it is only the circumstance
that we are presented with a choice of either tracing the path of
a particle or observing interference effects, which allows us to escape
from the paradoxical necessity of concluding that the behaviour of an electron
or a photon should depend on the presence of a slit in the diaphragm through
which it could be proved not to pass. We have here to do with a typical
example of how the complementary phenomena appear under mutually exclusive
experimental arrangements and are just faced with the impossibility, in
the analysis of quantum effects, of drawing any sharp separation between
an independent behaviour of atomic objects and their interaction with the
measuring instruments which serve to define the conditions under which
the phenomena occur. 
Our talks about the attitude to be taken in face of a novel situation
as regards analysis and synthesis of experience touched naturally on many
aspects of philosophical thinking, but, in spite of all divergencies of
approach and opinion, a most humorous spirit animated the discussions.
On his side, Einstein mockingly asked us whether we could really believe
that the providential authorities took recourse to dice-playing (".
. . ob der liebe Gott würfelt"), to which I replied by
pointing at the great caution, already called for by ancient thinkers,
in ascribing attributes to Providence in every-day language. I remember
also how at the peak of the discussion Ehrenfest, in his affectionate manner
of teasing his friends, jokingly hinted at the apparent similarity between
Einstein's attitude and that of the opponents of relativity theory; but
instantly Ehrenfest added that he would not be able to find relief in his
own mind before concord with Einstein was reached. 
Einstein's concern and criticism provided a most valuable incentive
for us all to re-examine the various aspects of the situation as regards
the description of atomic phenomena. To me it was a welcome stimulus to
clarify still further the role played by the measuring instruments and,
in order to bring into strong relief the mutually exclusive character of
the experimental conditions under which the complementary phenomena appear,
I tried in those days to sketch various apparatus in a pseudo-realistic
style of which the following figures are examples. Thus, for the study
of an interference phenomenon of the type indicated in Fig. 3, it suggests
itself to use an experimental arrangement like that shown in Fig. 4, where
the solid parts of the apparatus, serving as diaphragms and plateholder,
are firmly bolted to a common support. 
[image: solid apparatus]

In such an arrangement, where the knowledge of the relative positions
of the diaphragms and the photographic plate is secured by a rigid connection,
it is obviously impossible to control the momentum exchanged between the
particle and the separate parts of the apparatus. The only way in which,
in such an arrangement, we could insure that the particle passed through
one of the slits in the second diaphragm is to cover the other slit by
a lid, as indicated in the figure; but if the slit is covered, there is
of course no question of any interference phenomenon, and on the plate
we shall simply observe a continuous distribution as in the case of the
single fixed diaphragm in Fig. 1. 
In the study of phenomena in the account of which we are dealing with
detailed momentum balance, certain parts of the whole device must naturally
be given the freedom to move independently of others. Such an apparatus
is sketched in Fig. 5, where a diaphragm with a slit is suspended by weak
springs from a solid yoke bolted to the support on which also other immobile
parts of the arrangement are to be fastened. The scale on the diaphragm
together with the pointer on the bearings of the yoke refer to such study
of the motion of the diaphragm, as may be required for an estimate of the
momentum transferred to it, permitting one to draw conclusions as to the
deflection suffered by the particle in passing through the slit. Since,
however, any reading of the scale, in whatever way performed, will involve
an uncontrollable change in the momentum of the diaphragm, there will always
be, in conformity with the indeterminacy principle, a reciprocal relationship
between our knowledge of the position of the slit and the accuracy of the
momentum control. 
[image: slit, springs and pointer]

In the same semi-serious style, Fig. 6 represents a part of an arrangement
suited for the study of phenomena which, in contrast to those just discussed,
involve time coordination explicitly. It consists of a shutter rigidly
connected with a robust clock resting on the support which carries a diaphragm
and on which further parts of similar character, regulated by the same
clock-work or by other clocks standardised relatively to it, are also to
be fixed. The special aim of the figure is to underline that a clock is
a piece of machinery, the working of which can completely be accounted
for by ordinary mechanics and will be affected neither by reading of the
position of its hands nor by the interaction between its accessories and
an atomic particle. In securing the opening of the hole at a definite moment,
an apparatus of this type might, for instance, be used for an accurate
measurement of the time an electron or a photon takes to come from the
diaphragm to some other place, but evidently, it would leave no possibility
of controlling the energy transfer to the shutter with the aim of drawing
conclusions as to the energy of the particle which has passed through the
diaphragm. 
[image: clockwork mechanism connected to shutter]

If we are interested in such conclusions we must, of course, use an
arrangement where the shutter devices can no longer serve as accurate clocks,
but where the knowledge of the moment when the hole in the diaphragm is
open involves a latitude connected with the accuracy of the energy measurement
by the general relation (4). 
The contemplation of such more or less practical arrangements and their
more or less fictitious use proved most instructive in directing attention
to essential features of the problems. The main point here is the distinction
between the objects under investigation and the measuring instruments
which serve to define, in classical terms the conditions under which the
phenomena appear. Incidentally, we may remark that, for the illustration
of the preceding considerations, it is not relevant that experiments involving
an accurate control of the momentum or energy transfer from atomic particles
to heavy bodies like diaphragms and shutters would be very difficult to
perform, if practicable at all. It is only decisive that, in contrast to
the proper measuring instruments, these bodies together with the particles
would in such a case constitute the system to which the quantum-mechanical
formalism has to be applied. As regards the specification of the conditions
for any well-defined application of the formalism, it is moreover essential
that the whole experimental arrangement be taken into account. In
fact, the introduction of any further piece of apparatus, like a mirror,
in the way of a particle might imply new interference effects essentially
influencing the predictions as regards the results to be eventually recorded.

The extent to which renunciation of the visualisation of atomic phenomena
is imposed upon us by the impossibility of their subdivision is strikingly
illustrated by the following example to which Einstein very early called
attention and often has reverted. If a semi-reflecting mirror is placed
in the way of a photon, leaving two possibilities for its direction of
propagation, the photon may either be recorded on one, and only one, of
two photographic plates situated at great distances in the two directions
in question, or else we may, by replacing the plates by mirrors, observe
effects exhibiting an interference between the two reflected wave-trains.
In any attempt of a pictorial representation of the behaviour of the photon
we would, thus, meet with the difficulty: to be obliged to say, on the
one hand, that the photon always chooses one of the two ways and,
on the other hand, that it behaves as if it had passed both ways.

It is just arguments of this kind which recall the impossibility of
subdividing quantum phenomena and reveal the ambiguity in ascribing customary
physical attributes to atomic objects. In particular, it must be realised
that besides in the account of the placing and timing of the instruments
forming the experimental arrangement all unambiguous use of space-time
concepts in the description of atomic phenomena is confined to the recording
of observations which refer to marks on a photographic plate or to similar
practically irreversible amplification effects like the building of a water
drop around an ion in a cloud-chamber. Although, of course, the existence
of the quantum of action is ultimately responsible for the properties of
the materials of which the measuring instruments are built and on which
the functioning of the recording devices depends, this circumstance is
not relevant for the problems of the adequacy and completeness of the quantum-mechanical
description in its aspects here discussed. 
These problems were instructively commented upon from different sides
at the Solvay meeting, in the same session where Einstein raised his general
objections. On that occasion an interesting discussion arose also about
how to speak of the appearance of phenomena for which only predictions
of statistical character can be made. The question was whether, as to the
occurrence of individual effects, we should adopt a terminology proposed
by Dirac, that we were concerned with a choice on the part of "nature"
or, as suggested by Heisenberg, we should say that we have to do with a
choice on the part of the "observer" constructing the measuring
instruments and reading their recording. Any such terminology would, however,
appear dubious since, on the one hand, it is hardly reasonable to endow
nature with volition in the ordinary sense, while, on the other hand, it
is certainly not possible for the observer to influence the events which
may appear under the conditions he has arranged. To my mind, there is no
other alternative than to admit that, in this field of experience, we are
dealing with individual phenomena and that our possibilities of handling
the measuring instruments allow us only to make a choice between the different
complementary types of phenomena we want to study. 
The epistemological problems touched upon here were more explicitly
dealt with in my contribution to the issue of Naturwissenschaften
in celebration of Planck's 70th birthday in 1929. In this article, a comparison
was also made between the lesson derived from the discovery of the universal
quantum of action and the development which has followed the discovery
of the finite velocity of light and which, through Einstein's pioneer work,
has so greatly clarified basic principles of natural philosophy. In relativity
theory, the emphasis on the dependence of all phenomena on the reference
frame opened quite new ways of tracing general physical laws of unparalleled
scope. In quantum theory, it was argued, the logical comprehension of hitherto
unsuspected fundamental regularities governing atomic phenomena has demanded
the recognition that no sharp separation can be made between an independent
behaviour of the objects and their interaction with the measuring instruments
which define the reference frame. 
In this respect, quantum theory presents us with a novel situation in
physical science, but attention was called to the very close analogy with
the situation as regards analysis and synthesis of experience, which we
meet in many other fields of human knowledge and interest. As is well known,
many of the difficulties in psychology originate in the different placing
of the separation lines between object and subject in the analysis of various
aspects of psychical experience. Actually, words like "thoughts"
and "sentiments," equally indispensable to illustrate the variety
and scope of conscious life, are used in a similar complementary way as
are space-time co-ordination and dynamical conservation laws in atomic
physics. A precise formulation of such analogies involves, of course, intricacies
of terminology, and the writer's position is perhaps best indicated in
a passage in the article, hinting at the mutually exclusive relationship
which will always exist between the practical use of any word and attempts
at its strict definition. The principal aim, however, of these considerations,
which were not least inspired by the hope of influencing Einstein's attitude,
was to point to perspectives of bringing general epistemological problems
into relief by means of a lesson derived from the study of new, but fundamentally
simple physical experience. 

At the next meeting with Einstein at the Solvay Conference in 1930,
our discussions took quite a dramatic turn. As an objection to the view
that a control of the interchange of momentum and energy between the objects
and the measuring instruments was excluded if these instruments should
serve their purpose of defining the space-time frame of the phenomena Einstein
brought forward the argument that such control should be possible when
the exigencies of relativity theory were taken into consideration. In particular,
the general relationship between energy and mass, expressed in Einstein's
famous formula 
E = mc2,      (5) 


should allow, by means of simple weighing, to measure the total energy
of any system and, thus, in principle to control the energy transferred
to it when it interacts with an atomic object. 
As an arrangement suited for such purpose, Einstein proposed the device
indicated in Fig. 7, consisting of a box with a hole in its side, which
could be opened or closed by a shutter moved by means of a clock-work within
the box. 
[image: clock connected to shutter]

If, in the beginning, the box contained a certain amount of radiation
and the clock was set to open the shutter for a very short interval at
a chosen time, it could be achieved that a single photon was released through
the hole at a moment known with as great accuracy as desired. Moreover,
it would apparently also be possible, by weighing the whole box before
and after this event, to measure the energy of the photon with any accuracy
wanted, in definite contradiction to the reciprocal indeterminacy of time
and energy quantities in quantum mechanics. 
This argument amounted to a serious challenge and gave rise to a thorough
examination of the whole problem. At the outcome of the discussion, to
which Einstein himself contributed effectively, it became clear, however,
that this argument could not be upheld. In fact, in the consideration of
the problem, it was found necessary to look closer into the consequences
of the identification of inertial and gravitational mass implied in the
application of relation (5). Especially, it was essential to take into
account the relationship between the rate of a clock and its position in
a gravitational field well known from the red-shift of the lines in the
sun's spectrum following from Einstein's principle of equivalence between
gravity effects and the phenomena observed in accelerated reference frames.

Our discussion concentrated on the possible application of an apparatus
incorporating Einstein's device and drawn in Fig. 8 in the same pseudo-realistic
style as some of the preceding figures. The box, of which a section is
shown in order to exhibit its interior, is suspended in a spring-balance
and is furnished with a pointer to read its position on a scale fixed to
the balance support. The weighing of the box may thus be performed with
any given accuracy Δm by adjusting the balance to its zero position 
by means of suitable loads. The essential point is now that any determination
of this position with a given accuracy Δq will involve a minimum
latitude Δp in the control of the momentum of the box connected
with Δq by the relation (3). This latitude must obviously again
be smaller than the total impulse which, during the whole interval T
of the balancing procedure, can be given by the gravitational field to
a body with a mass Δm, or 
p ≈ h / Δq < T . g . Δm,      (6) 


where g is the gravity constant. The greater the accuracy of
the reading q of the pointer, the longer must, consequently, be
the balancing interval T, if a given accuracy Δm of the 
weighing of the box with its content shall be obtained. 
[image: box with source and shuttered slit hanging on spring under gracvity]

Now, according to general relativity theory, a clock, when displaced
in the direction of the gravitational force by an amount of Δq,
will change its rate in such a way that its reading in the course of a 
time interval T will differ by an amount ΔT
given by the relation 

ΔT / T = (1/c2) gΔq,
      (7)


By comparing (6) and (7) we see, therefore, that after the weighing
procedure there will in our knowledge of the adjustment of the clock be
a latitude 

ΔT > h / (c2 Δm),


Together with the formula (5), this relation again leads to

ΔT . ΔE  > h,


in accordance with the indeterminacy principle. Consequently,
a use of the apparatus as a means of accurately measuring the
energy of the photon will prevent us from controlling the moment
of its escape.

The discussion, so illustrative of the power and consistency of
relativistic arguments, thus emphasised once more the necessity
of distinguishing, in the study of atomic phenomena, between the
proper measuring instruments which serve to define the reference
frame and those parts which are to be regarded as objects under
investigation and in the account of which quantum effects cannot
be disregarded. Notwithstanding the most suggestive confirmation
of the soundness and wide scope of the quantum-mechanical way
of description, Einstein nevertheless, in a following conversation
with me, expressed a feeling of disquietude as regards the apparent
lack of firmly laid down principles for the explanation of nature,
in which all could agree. From my viewpoint, however, I could
only answer that, in dealing with the task of bringing order into
an entirely new field of experience, we could hardly trust in
any accustomed principles, however broad, apart from the demand
of avoiding logical inconsistencies and, in this respect, the
mathematical formalism of quantum mechanics should surely meet
all requirements.

The Solvay meeting in 1930 was the last occasion where, in common
discussions with Einstein, we could benefit from the stimulating
and mediating influence of Ehrenfest, but shortly before his deeply
deplored death in 1933 he told me that Einstein was far from satisfied
and with his usual acuteness had discerned new aspects of the
situation which strengthened his critical attitude. In fact, by
further examining the possibilities for the application of a balance
arrangement, Einstein had perceived alternative procedures which,
even if they did not allow the use he originally intended, might
seem to enhance the paradoxes beyond the possibilities of logical
solution. Thus, Einstein had pointed out that, after a preliminary
weighing of the box with the clock and the subsequent escape of
the photon, one was still left with the choice of either repeating
the weighing or opening the box and comparing the reading of the
clock with the standard time scale. Consequently, we are at this
stage still free to choose whether we want to draw conclusions
either about the energy of the photon or about the moment when
it left the box. Without in any way interfering with the photon
between its escape and its later interaction with other suitable
measuring instruments, we are, thus, able to make accurate predictions
pertaining either to the moment of its arrival or to
the amount of energy liberated by its absorption. Since, however,
according to the quantum-mechanical formalism, the specification
of the state of an isolated particle cannot involve both a well-defined
connection with the time scale and an accurate fixation of the
energy, it might thus appear as if this formalism did not offer
the means of an adequate description.

Once more Einstein's searching spirit had elicited a peculiar
aspect of the situation in quantum theory, which in a most striking
manner illustrated how far we have here transcended customary
explanation of natural phenomena. Still, I could not agree with
the trend of his remarks as reported by Ehrenfest. In my opinion,
there could be no other way to deem a logically consistent mathematical
formalism as inadequate than by demonstrating the departure of
its consequences from experience or by proving that its predictions
did not exhaust the possibilities of observation, and Einstein's
argumentation could be directed to neither of these ends. In fact,
we must realize that in the problem in question we are not dealing
with a single specified experimental arrangement, but are
referring to two different, mutually exclusive arrangements.
In the one, the balance together with another piece of apparatus
like a spectrometer is used for the study of the energy transfer
by a photon; in the other, a shutter regulated by a standardised
clock together with another apparatus of similar kind, accurately
timed relatively to the clock, is used for the study of the time
of propagation of a photon over a given distance. In both these
cases, as also assumed by Einstein, the observable effects are
expected to be in complete conformity with the predictions of
the theory.

The problem again emphasises the necessity of considering the
whole experimental arrangement, the specification of which is
imperative for any well-defined application of the quantum-mechanical
formalism. Incidentally, it may be added that paradoxes of the
kind contemplated by Einstein are encountered also in such simple
arrangements as sketched in Fig. 5. In fact, after a preliminary
measurement of the momentum of the diaphragm, we are in principle
offered the choice, when an electron or photon has passed through
the slit, either to repeat the momentum measurement or to control
the position of the diaphragm and, thus, to make predictions pertaining
to alternative subsequent observations. It may also be added that
it obviously can make no difference as regards observable effects
obtainable by a definite experimental arrangement, whether our
plans of constructing or handling the instruments are fixed beforehand
or whether we prefer to postpone the completion of our planning
until a later moment when the particle is already on its way from
one instrument to another.

In the quantum-mechanical description our freedom of constructing
and handling the experimental arrangement finds its proper expression
in the possibility of choosing the classically defined parameters
entering in any proper application of the formalism. Indeed, in
all such respects quantum mechanics exhibits a correspondence
with the state of affairs familiar from classical physics, which
is as close as possible when considering the individuality inherent
in the quantum phenomena. Just in helping to bring out this point
so clearly, Einstein's concern had therefore again been a most
welcome incitement to explore the essential aspects of the situation.


The next Solvay meeting in 1933 was devoted to the problems of
the structure and properties of atomic nuclei, in which field
such great advances were made just in that period due to the experimental
discoveries as well as to new fruitful applications of quantum
mechanics. It need in this connection hardly be recalled that
just the evidence obtained by the study of artificial nuclear
transformations gave a most direct test of Einstein's fundamental
law regarding the equivalence of mass and energy, which was to
prove an evermore important guide for researches in nuclear physics.
It may also be mentioned how Einstein's intuitive recognition
of the intimate relationship between the law of radioactive transformations
and the probability rules governing individual radiation effects
was confirmed by the quantum-mechanical explanation of spontaneous
nuclear disintegrations. In fact, we are here dealing with a typical
example of the statistical mode of description, and the complementary
relationship between energy-momentum conservation and time-space
co-ordination is most strikingly exhibited in the well-known paradox
of particle penetration through potential barriers.

Einstein himself did not attend this meeting, which took place
at a time darkened by the tragic developments in the political
world which were to influence his fate so deeply and add so greatly
to his burdens in the service of humanity. A few months earlier,
on a visit to Princeton where Einstein was then guest of the newly
founded Institute for Advanced Study to which he soon after became
permanently attached, I had, however, opportunity to talk with
him again about the epistemological aspects of atomic physics,
but the difference between our ways of approach and expression
still presented obstacles to mutual understanding. While, so far,
relatively few persons had taken part in the discussions reported
in this article, Einstein's critical attitude towards the views
on quantum theory adhered to by many physicists was soon after
brought to public attention through a paper with the title Can
Quantum-Mechanical Description of Physical Reality Be Considered
Complete?, published in 1935 by Einstein, Podolsky and Rosen.

The argumentation in this paper is based on a criterion which
the authors express in the following sentence: "If, without
in any way disturbing a system, we can predict with certainty
(i.e., with probability equal to unity) the value of a physical
quantity, then there exists an element of physical reality corresponding
to this physical quantity." By an elegant exposition of the
consequences of the quantum-mechanical formalism as regards the
representation of a state of a system, consisting of two parts
which have been in interaction for a limited time interval, it
is next shown that different quantities, the fixation of which
cannot be combined in the representation of one of the partial
systems, can nevertheless be predicted by measurements pertaining
to the other partial system. According to their criterion, the
authors therefore conclude that quantum mechanics does not "provide
a complete description of the physical reality," and they
express their belief that it should be possible to develop a more
adequate account of the phenomena.

Due to the lucidity and apparently incontestable character of
the argument, the paper of Einstein, Podolsky and Rosen created
a stir among physicists and has played a large role in general
philosophical discussion. Certainly the issue is of a very subtle
character and suited to emphasise how far, in quantum theory,
we are beyond the reach of pictorial visualisation. It will be
seen, however, that we are here dealing with problems of just
the same kind as those raised by Einstein in previous discussions,
and, in an article which appeared a few months later, I tried
to show that from the point of view of complementarity the apparent
inconsistencies were completely removed. The trend of the argumentation
was in substance the same as that exposed in the foregoing pages,
but the aim of recalling the way in which the situation was discussed
at that time may be an apology for citing certain passages from
my article.

Thus, after referring to the conclusions derived by Einstein,
Podolsky and Rosen on the basis of their criterion, I wrote:

Such an argumentation, however, would hardly seem suited to affect
the soundness of quantum-mechanical description, which is based
on a coherent mathematical formalism covering automatically any
procedure of measurement like that indicated. The apparent contradiction
in fact discloses only an essential inadequacy of the customary
viewpoint of natural philosophy for a rational account of physical
phenomena of the type with which we are concerned in quantum mechanics.
Indeed the finite interaction between object and measuring
agencies conditioned by the very existence of the quantum
of action entails - because of the impossibility of controlling
the reaction of the object on the measuring instruments, if these
are to serve their purpose - the necessity of a final renunciation
of the classical ideal of causality and a radical revision of
our attitude towards the problem of physical reality. In fact,
as we shall see, a criterion of reality like that proposed by
the named authors contains - however cautious its formulation
may appear - an essential ambiguity when it is applied to the
actual problems with which we are here concerned.


As regards the special problem treated by Einstein, Podolsky and
Rosen, it was next shown that the consequences of the formalism
as regards the representation of the state of a system consisting
of two interacting atomic objects correspond to the simple arguments
mentioned in the preceding in connection with the discussion of
the experimental arrangements suited for the study of complementary
phenomena. In fact, although any pair q and p, of
conjugate space and momentum variables obeys the rule of non-commutative
multiplication expressed by (2), and can thus only be fixed with
reciprocal latitudes given by (3), the difference q1
- q2 between
two space-co-ordinates referring to the constituents of the system
will commute with the sum p1 + p2
of the corresponding
momentum components, as follows directly from the commutability
of q1 with p2 and q2 with p1. Both q1 - q2 and  p1 + p2 can, therefore,
be accurately fixed in a state of the complex system and, consequently,
we can predict the values of either q1 or p1 if either q2 or p2 respectively, are determined by
direct measurements. If, for the two parts of the system, we take
a particle and a diaphragm, like that sketched in Fig. 5, we see
that the possibilities of specifying the state of the particle
by measurements on the diaphragm just correspond to the situation
described above here and further discussed here, where it was mentioned that, after the particle
has passed through the diaphragm, we have in principle the choice
of measuring either the position of the diaphragm or its momentum
and, in each case, to make predictions as to subsequent observations
pertaining to the particle. As repeatedly stressed, the principal
point is here that such measurements demand mutually exclusive
experimental arrangements.

The argumentation of the article was summarised in the following
passage:

From our point of new we now see that the wording of the above-mentioned
criterion of physical reality proposed by Einstein, Podolsky,
and Rosen contains an ambiguity as regards the meaning of the
expression 'without in any way disturbing a system.' Of course
there is in a case like that just considered no question of a
mechanical disturbance of the system under investigation during
the last critical stage of the measuring procedure. But even at
this stage there is essentially the question of an influence
on the very conditions which define the possible types of predictions
regarding the future behaviour of the system. Since these
conditions constitute an inherent element of the description of
any phenomenon to which the term "physical reality"
can be properly attached, we see that the argumentation of the
mentioned authors does not justify their conclusion that quantum-mechanical
description is essentially incomplete. On the contrary, this description,
as appears from the preceding discussion, may be characterised
as a rational utilisation of all possibilities of unambiguous
interpretation of measurements, compatible with the finite and
uncontrollable interaction between the objects and the measuring
instruments in the field of quantum theory. In fact, it is only
the mutual exclusion of any two experimental procedures, permitting
the unambiguous definition of complementary physical quantities,
which provides room for new physical laws, the coexistence of
which might at first sight appear irreconcilable with the basic
principles of science. It is just this entirely new situation
as regards the description of physical phenomena that the notion
of complementarity aims at characterising.


Rereading these passages, I am deeply aware of the inefficiency
of expression which must have made it very difficult to appreciate
the trend of the argumentation aiming to bring out the essential
ambiguity involved in a reference to physical attributes of objects
when dealing with phenomena where no sharp distinction can be
made between the behaviour of the objects themselves and their
interaction with the measuring instruments. I hope, however, that
the present account of the discussions with Einstein in the foregoing
years, which contributed so greatly to make us familiar with the
situation in quantum physics, may give a clearer impression of
the necessity of a radical revision of basic principles for physical
explanation in order to restore logical order in this field of
experience.

Einstein's own views at that time are presented in an article
Physics and Reality, published in 1936 in the Journal
of the Franklin Institute. Starting from a most illuminating
exposition of the gradual development of the fundamental principles
in the theories of classical physics and their relation to the
problem of physical reality, Einstein here argues that the quantum-mechanical
description is to be considered merely as a means of accounting
for the average behaviour of a large number of atomic systems
and his attitude to the belief that it should offer an exhaustive
description of the individual phenomena is expressed in the following
words: "To believe this is logically possible without contradiction;
but it is so very contrary to my scientific instinct that I cannot
forego the search for a more complete conception."

Even if such an attitude might seem well-balanced in itself, it
nevertheless implies a rejection of the whole argumentation exposed
in the preceding, aiming to show that, in quantum mechanics, we
are not dealing with an arbitrary renunciation of a more detailed
analysis of atomic phenomena, but with a recognition that such
an analysis is in principle excluded. The peculiar individuality
of the quantum effects presents us, as regards the comprehension
of well-defined evidence, with a novel situation unforeseen in
classical physics and irreconcilable with conventional ideas suited
for our orientation and adjustment to ordinary experience. It
is in this respect that quantum theory has called for a renewed
revision of the foundation for the unambiguous use of elementary
concepts, as a further step in the development which, since the
advent of relativity theory, has been so characteristic of modern
science.


In the following years, the more philosophical aspects of the
situation in atomic physics aroused the interest of even larger
circles and were, in particular, discussed at the Second International
Congress for the Unity of Science in Copenhagen in July 1936.
In a lecture on this occasion, I tried especially to stress the
analogy in epistemological respects between the limitation imposed
on the causal description in atomic physics and situations met
with in other fields of knowledge. A principal purpose of such
parallels was to call attention to the necessity in many domains
of general human interest to face problems of a similar kind as
those which had arisen in quantum theory and thereby to give a
more familiar background for the apparently extravagant way of
expression which physicists have developed to cope with their
acute difficulties.

Besides the complementary features conspicuous in psychology and
already touched upon, examples of such relationships can also
be traced in biology, especially as regards the comparison between
mechanistic and vitalistic viewpoints. Just with respect to the
observational problem, this last question had previously been
the subject of an address to the International Congress on Light
Therapy held in Copenhagen in 1932, where it was incidentally
pointed out that even the psycho-physical parallelism as envisaged
by Leibniz and Spinoza has obtained a wider scope through the
development of atomic physics, which forces us to an attitude
towards the problem of explanation recalling ancient wisdom, that
when searching for harmony in life one must never forget that
in the drama of existence we are ourselves both actors and spectators.

Utterances of this kind would naturally in many minds evoke the
impression of an underlying mysticism foreign to the spirit of
science at the above mentioned Congress in 1936. I therefore tried
to clear up such misunderstandings and to explain that the only
question was an endeavour to clarify the conditions, in each field
of knowledge, for the analysis and synthesis of experience. Yet,
I am afraid that I had in this respect only little success in
convincing my listeners, for whom the dissent among the physicists
themselves was naturally a cause of scepticism as to the necessity
of going so far in renouncing customary demands as regards the
explanation of natural phenomena. Not least through a new discussion
with Einstein in Princeton in 1937, where we did not get beyond
a humorous contest concerning which side Spinoza would have taken
if he had lived to see the development of our days, I was strongly
reminded of the importance of utmost caution in all questions
of terminology and dialectics.

These aspects of the situation were especially discussed at a
meeting in Warsaw in 1938, arranged by the International Institute
of Intellectual Co-operation of the League of Nations. The preceding
years had seen great progress in quantum physics due to a number
of fundamental discoveries regarding the constitution and properties
of atomic nuclei as well as due to important developments of the
mathematical formalism taking the requirements of relativity theory
into account. In the last respect, Dirac's ingenious quantum theory
of the electron offered a most striking illustration of the power
and fertility of the general quantum-mechanical way of description.
In the phenomena of creation and annihilation of electron pairs
we have in fact to do with new fundamental features of atomicity,
which are intimately connected with the non-classical aspects
of quantum statistics expressed in the exclusion principle, and
which have demanded a still more far-reaching renunciation of
explanation in terms of a pictorial representation.

Meanwhile, the discussion of the epistemological problems in atomic
physics attracted as much attention as ever and, in commenting
on Einstein's views as regards the incompleteness of the quantum-mechanical
mode of description, I entered more directly on questions of terminology.
In this connection I warned especially against phrases, often
found in the physical literature, such as "disturbing of
phenomena by observation" or "creating physical attributes
to atomic objects by measurements." Such phrases, which may
serve to remind of the apparent paradoxes in quantum theory, are
at the same time apt to cause confusion, since words like "phenomena"

and "observations," just as "attributes" and
"measurements," are used in a way hardly compatible
with common language and practical definition.

As a more appropriate way of expression, I advocated the application
of the word phenomenon exclusively to refer to the observations
obtained under specified circumstances, including an account of
the whole experimental arrangement. In such terminology, the observational
problem is free of any special intricacy since, in actual experiments,
all observations are expressed by unambiguous statements referring,
for instance, to the registration of the point at which an electron
arrives at a photographic plate. Moreover, speaking in such a
way is just suited to emphasise that the appropriate physical
interpretation of the symbolic quantum-mechanical formalism amounts
only to predictions, of determinate or statistical character,
pertaining to individual phenomena appearing under conditions
defined by classical physical concepts.

Notwithstanding all differences between the physical problems
which have given rise to the development of relativity theory
and quantum theory, respectively, a comparison of purely logical
aspects of relativistic and complementary argumentation reveals
striking similarities as regards the renunciation of the absolute
significance of conventional physical attributes of objects. Also,
the neglect of the atomic constitution of the measuring instruments
themselves, in the account of actual experience, is equally characteristic
of the applications of relativity and quantum theory. Thus, the
smallness of the quantum of action compared with the actions involved
in usual experience, including the arranging and handling of physical
apparatus, is as essential in atomic physics as is the enormous
number of atoms composing the world in the general theory of relativity
which, as often pointed out, demands that dimensions of apparatus
for measuring angles can be made small compared with the radius
of curvature of space.

In the Warsaw lecture, I commented upon the use of not directly
visualisable symbolism in relativity and quantum theory in the
following way:

Even the formalisms, which in both theories within their scope
offer adequate means of comprehending all conceivable experience,
exhibit deep-going analogies. In fact, the astounding simplicity
of the generalisation of classical physical theories, which are
obtained by the use of multidimensional geometry and non-commutative
algebra, respectively, rests in both cases essentially on the
introduction of the conventional symbol √(-1). The abstract
character of the formalisms concerned is indeed, on closer examination,
as typical of relativity theory as it is of quantum mechanics,
and it is in this respect purely a matter of tradition if the
former theory is considered as a completion of classical physics
rather than as a first fundamental step in the thoroughgoing revision
of our conceptual means of comparing observations, which the modern
development of physics has forced upon us.



It is, of course, true that in atomic physics we are confronted
with a number of unsolved fundamental problems, especially as
regards the intimate relationship between the elementary unit
of electric charge and the universal quantum of action; but these
problems are no more connected with the epistemological points
here discussed than is the adequacy of relativistic argumentation
with the issue of thus far unsolved problems of cosmology. Both
in relativity and in quantum theory we are concerned with new
aspects of scientific analysis and synthesis and, in this connection,
it is interesting to note that, even in the great epoch of critical
philosophy in the former century, there was only question to what
extent a priori arguments could be given for the adequacy
of space-time co-ordination and causal connection of experience,
but never question of rational generalisations or inherent limitations
of such categories of human thinking.


Although in more recent years I have had several occasions of
meeting Einstein, the continued discussions, from which I always
have received new impulses, have so far not led to a common view
about the epistemological problems in atomic physics, and our
opposing views are perhaps most clearly stated in a recent issue
of Dialectica bringing a general discussion of these problems.
Realising, however, the many obstacles for mutual understanding
as regards a matter where approach and background must influence
everyone's attitude, I have welcomed this opportunity of a broader
exposition of the development by which, to my mind, a veritable
crisis in physical science has been overcome. The lesson we have
hereby received would seem to have brought us a decisive step
further in the never-ending struggle for harmony between content
and form, and taught us once again that no content can be grasped
without a formal frame and that any form, however useful it has
hitherto proved, may be found to be too narrow to comprehend new
experience.

Surely, in a situation like this, where it has been difficult
to reach mutual understanding not only between philosophers and
physicists but even between physicists of different schools, the
difficulties have their root not seldom in the preference for
a certain use of language suggesting itself from the different
lines of approach. In the Institute in Copenhagen, where through
those years a number of young physicists from various countries
came together for discussions, we used, when in trouble, often
to comfort ourselves with jokes, among them the old saying of
the two kinds of truth. To the one kind belong statements so simple
and clear that the opposite assertion obviously could not be defended.
The other kind, the so-called "deep truths," are statements
in which the opposite also contains deep truth. Now, the development
in a new field will usually pass through stages in which chaos
becomes gradually replaced by order; but it is not least in the
intermediate stage where deep truth prevails that the work is
really exciting and inspires the imagination to search for a firmer
hold. For such endeavours of seeking the proper balance between
seriousness and humour, Einstein's own personality stands as a
great example and, when expressing my belief that through a singularly
fruitful co-operation of a whole generation of physicists we are
nearing the goal where logical order to a large extent allows
us to avoid deep truth, I hope that it will be taken in his spirit
and may serve as an apology for several utterances in the preceding
pages.

The discussions with Einstein which have formed the theme of this
article have extended over many years which have witnessed great
progress in the field of atomic physics. Whether our actual meetings
have been of short or long duration, they have always left a deep
and lasting impression on my mind, and when writing this report
I have, so-to-say, been arguing with Einstein all the time even
when entering on topics apparently far removed from the special
problems under debate at our meetings. As regards the account
of the conversations I am, of course, aware that I am relying
only on my own memory, just as I am prepared for the possibility
that many features of the development of quantum theory, in which
Einstein has played so large a part, may appear to himself in
a different light. I trust, however, that I have not failed in
conveying a proper impression of how much it has meant to me to
be able to benefit from the inspiration which we all derive from
every contact with Einstein.

Niels Bohr
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Natural phenomena, as experienced through the medium of our senses, often appear to be extremely variable and unstable. To explain this, it has been assumed, since early times, that the phenomena arise from the combined action and interplay of a large number of minute particles, the so-called atoms, which are themselves unchangeable and stable, but which, owing to their smallness, escape an immediate perception. Quite apart from the fundamental question of whether we are justified in demanding visualizable pictures in fields which lie outside the reach of our senses, the atomic theory originally was of necessity of a hypothetical character; and, since it was believed that a direct insight into the world of atoms would, from the very nature of the matter, never be possible, one had to assume that the atomic theory would always retain this character. However, what has happened in so many other fields has happened also here; because of the development of observational technique, the limit of possible observations has continually been shifted. We need only think of the insight into the structure of the universe which we have gained by the aid of the telescope and the spectroscope, or of the knowledge of the finer structure of organisms which we owe to the microscope. Similarly, the extraordinary development in the methods of experimental physics has made known to us a large number of phenomena which in a direct way inform us of the motions of atoms and of their number. We are aware even of phenomena which with certainty may be assumed to arise from the action of a single atom, or even of a part of an atom. However, at the same time as every doubt regarding the reality of atoms has been removed and as we have gained a detailed knowledge even of the inner structure of atoms, we have been reminded in an instructive manner of the natural limitation of our forms of perception. It is this peculiar situation which I shall attempt to portray here.


Time does not permit of my describing in detail the extraordinary extension of our experience, here dealt with, which is characterized by the discoveries of cathode rays, Röntgen rays, and the radioactive substances. I shall merely remind you of the main features of the picture of the atom which we have gained through these discoveries. Negatively charged particles, the so-called electrons, which are held within the atom by the attraction of a much heavier positively charged atomic nucleus, enter as common building stones in all atoms. The mass of the nucleus determines the atomic weight of the element but has otherwise only a slight influence on the properties of the substance, these depending primarily on the electric charge of the nucleus which, apart from the sign, is always an integral multiple of the charge of an electron. Now, this whole number, which determines how many electrons are present in the neutral atom, has turned out to be just the atomic number that gives the place of the element in the so-called natural system, in which the peculiar relationships of the elements as regards their physical and chemical properties are so appropriately expressed. This interpretation of the atomic number may be said to signify an important step towards the solution of a problem which for a long time has been one of the boldest dreams of natural science, namely, to build up an understanding of the regularities of nature upon the consideration of pure numbers.


The development mentioned above has, to be sure, produced a certain change in the fundamental concepts of the atomic theory. Instead of assuming that the atoms are unchangeable, it is now assumed that it is the parts of the atoms which are constant. In particular, the great stability of the elements depends upon the fact that the atomic nucleus is not affected by the ordinary physical and chemical influences which produce changes only in the binding of the electrons within the atom. While all our experience strengthens the assumption of the permanence of electrons, we know, however, that the stability of atomic nuclei is of a more limited character. Indeed, the peculiar radiations from the radioactive elements provide us with direct evidence of a disruption of atomic nuclei, whereby electrons or positively charged nuclear particles are ejected with great energy. These disintegrations, so far as we are able to judge from all evidence, take place without any external cause. If we have a given number of radium atoms, we can merely say that there is a definite probability that a certain fraction of them will break down during the next second. We shall return later to this peculiar failure of the causal mode of description which we come upon here and which is closely connected with fundamental features of our description of atomic phenomena. Here, I shall call to mind only the important discovery of Rutherford that a disruption of atomic nuclei may, under certain circumstances, be brought about by external influence. As we all know, he succeeded in showing that the nuclei of certain, otherwise stable, elements may be split up when hit by the particles expelled from the radioactive nuclei. This first example of a transmutation of an element, regulated by man, may be said to mark an epoch in the history of natural science and to open up an entirely new field of physics, namely, the exploration of the interior of atomic nuclei. However, I shall, not dwell upon the prospects opened up by this new field, but shall confine myself to discussing the general information that we have gained through our endeavours to account for the ordinary physical and chemical properties of the elements on the basis of the conceptions of atomic structure mentioned above.


At first glance, it might appear that the solution of the problem considered would be quite simple. The picture of the atom with which we are dealing is that of a small mechanical system which even, resembles in certain main features our own solar system, in the, description of which mechanics has won such great triumphs and has given us a principal example of the fulfilment of the claim of causality in ordinary physics. Indeed, from a knowledge of the instantaneous positions  and motions of the planets, we can calculate, with apparently unlimited accuracy, their positions and motions at any later time. However, the fact that in such a mechanical description an arbitrary initial state may be chosen presents great difficulties when the problem of atomic structure is considered. In fact, if we must reckon with an infinite number of continuously varying states of motion of the atoms, then we come into obvious contradiction with our experimental knowledge that the elements possess definite properties. One might believe perhaps that the properties of the elements do not inform us directly of the behaviour of individual atoms but, rather, that we are always concerned only with statistical regularities holding for the average conditions of a large number of atoms. In the mechanical theory of heat, which not only permits of our accounting for the fundamental laws of thermodynamics, but also gives us an understanding of many of the general properties of matter, we have a well-known example of the fruitfulness of statistical mechanical considerations in the atomic theory. The elements have, however, other properties which permit of more direct conclusions being drawn with respect to the states of motion of the atomic constituents. Above all, we must assume that the quality of the light which the elements in certain circumstances emit and which is characteristic of each element is essentially determined by what occurs in a single atom. Just as the wireless waves tell us about the nature of the electrical oscillations in the apparatus of the broadcasting station, so should we expect, on the basis of the electromagnetic theory of light, that the frequencies of the individual lines in the characteristic spectra of the elements should give us information as to the motions of the electrons within the atom. However, mechanics does not offer us a sufficient basis for interpreting this information ; indeed, owing to the possibility of a continuous variation of the mechanical states of motion mentioned above, it is not possible even to understand the occurrence of sharp spectral lines.


The missing element in our description of nature, evidently required to account for the behaviour of the atoms' has been supplied, however, by Planck's discovery of the so-called quantum of action. This discovery had its origin in his investigation of black body radiation, which, because of its independence of the special properties of the substances, offered a decisive test of the range of validity of the mechanical theory of heat and of the electromagnetic theory of radiation. It was the very inability of these theories to account for the law of black body radiation which led Planck to recognize a general feature of the laws of nature that had hitherto remained unnoticed. This feature, to be sure, is not obvious in the description of ordinary physical phenomena, but it has, nevertheless, caused a complete revolution in our account of such effects which depend on individual atoms. Thus, in contrast with the demand of continuity which characterizes the customary description of nature, the indivisibility of the quantum of action requires an essential element of discontinuity in the description of atomic phenomena. The difficulty of combining the new knowledge with our ordinary scheme of physical ideas became especially apparent through the discussion of the nature of light, which was renewed by Einstein in connection with his explanation of the photo-electric effect, although the question, judging from all earlier experimental results, had found a perfectly satisfactory solution within the frame of the electromagnetic theory. The situation which we meet here is characterized by the fact that we are apparently forced to choose between two mutually contradictory conceptions of the propagation of light: one, the idea of light waves, the other, the corpuscular view of the theory of light quanta, each conception expressing fundamental aspects of our experience. As we shall see in the following, this apparent dilemma marks a peculiar limitation of our forms of perception which is bound up with the quantum of action. This limitation is brought to light by a closer analysis of the applicability of the basic physical concepts in describing atomic phenomena.

	
Indeed, only by a conscious resignation of our usual demands for visualization and causality was it possible to make Planck's discovery fruitful in explaining the properties of the elements on the basis of our knowledge of the building stones of atoms. Taking the indivisibility of the quantum of action as a starting-point, the author suggested that every change in the state of an atom should be regarded as an individual process, incapable of more detailed description, by which the atom goes over from one so-called stationary state into another. According to this view, the spectra of the elements do not give us immediate information about the motions of the atomic parts, but each spectral line is associated with a transition process between two stationary states, the product of the frequency and the quantum of action giving the energy change of the atom in the process. In this way, it proved possible to obtain a simple interpretation of the general spectroscopic laws which Balmer, Rydberg and Ritz had succeeded in deriving from the experimental data. This view of the origin of spectra was directly supported also by the well-known experiments of Franck and Hertz on collisions between atoms and free electrons. The amounts of energy which can be exchanged in such collisions were found to agree exactly with the energy differences, computed from the spectra, between the stationary state in which the atom was before the collision and one of the stationary states in which it can exist after the collision. On the whole, this point of view offers a consistent way of ordering the experimental data, but the consistency is admittedly only achieved by the renunciation of all attempts to obtain a detailed description of the individual transition processes. We are here so far removed from a causal description that an atom in a stationary state may in general even be said to possess a free choice between various possible transitions to other stationary states. From the very nature of the matter, we can only employ probability considerations to predict the occurrence of the individual processes, which fact, as Einstein has emphasized, exhibits a close similarity to the conditions holding for the spontaneous radioactive transformations.


A peculiar feature of this attack on the problem of atomic structure is the extensive use of whole numbers which also play an important role in the empirical spectroscopic laws. Thus, the classification of stationary states, besides depending upon the atomic number, also depends on the so-called quantum numbers, to the systematics of which Sommerfeld has contributed so much. On the whole, the views considered have permitted us to account, to a considerable extent, for the properties and relationships of the elements on the basis of our general conceptions of atomic structure. Considering the great departure from our customary physical ideas, one might wonder that such an account has been possible, since, after all, our entire knowledge of the building stones of the atoms rests upon these ideas. Indeed, any use of concepts like mass and electric charge is obviously equivalent to the invocation of mechanical and electrodynamical laws. A method of making such concepts useful in other fields than that in which the classical theories are valid has been found, however, in the demand of a direct concurrence of the quantum-mechanical description with the customary description in the border region where the quantum of action may be neglected. The endeavours to utilize in the quantum theory every classical concept in a reinterpretation which fulfils this demand without being at variance with the postulate of the indivisibility of the quantum of action, found their expression in the so-called correspondence principle. However, there were many difficulties to overcome before a complete description based on the correspondence principle was actually accomplished, and only in recent years has it been possible to formulate a coherent quantum mechanics which may be regarded as a natural generalization of the classical mechanics, and in which the continuous, causal description is replaced by a fundamentally statistical mode of description.


A decisive step towards the attainment of this goal was made by the young German physicist, Werner Heisenberg, who showed how the ordinary ideas of motion may be replaced in a consistent way by a formal application of the classical laws of motion, the quantum of action appearing only in certain rules of calculation holding for the symbols which replace the mechanical quantities. This ingenious attack upon the problem of the quantum theory makes, however, great demands on our power of abstraction, and the discovery of new artifices which, in spite of their formal character, more closely meet our demands for visualization has, therefore, been of profound significance in the development and clarification of the quantum mechanics. I am referring to the ideas of matter waves, introduced by Louis de Broglie, which have proved so fruitful in the hands of Schrodinger, especially in connection with the conception of stationary states, the quantum numbers of which are interpreted as the number of nodes of the standing waves symbolizing these states. De Broglie's starting-point was the similarity, which had already been so important in the development of classical mechanics, existing between the laws governing the propagation of light and those holding for the motion of material bodies. In fact, the wave mechanics forms a natural counterpart to the above-mentioned light quantum theory of Einstein. As in this theory, so also in the wave mechanics, we are not dealing with a self-contained conceptual scheme but, rather, as especially emphasized by Born, with an expedient to formulate the statistical laws which govern atomic phenomena. It is true that the confirmation of the idea of matter waves, provided by the experiments on the reflection of electrons by metal crystals, is, in its way, just as decisive as the experimental evidence for the wave conception of the propagation of light. However, we must bear in mind that the application of matter waves is limited to those phenomena, in the description of which it is essential that the quantum of action be taken into account and which, therefore, lie outside the domain where it is possible to carry out a causal description corresponding to our customary forms of perception and where we can ascribe to words like "the nature of matter" and "the nature of light" meanings in the ordinary sense.


With the help of quantum mechanics, we master an extensive range of experience. Especially are we able to account for a large number of details concerning the physical and chemical properties of the elements. Recently, it has been possible even to obtain an interpretation of the radioactive transformations, in which the empirical probability laws holding for these processes appear as an immediate consequence of the peculiar statistical mode of description that characterizes the quantum theory. This interpretation provides an excellent example of the fruitfulness as well as of the formal nature of the wave conceptions. On one hand, we have here a direct connection with the customary ideas of motion, since, owing to the great energy of the fragments expelled by the atomic nuclei, the paths of these particles may be directly observed. On the other hand, the ordinary mechanical conceptions completely fail to provide us with a description of the course of the disintegration process, since the field of force surrounding the atomic nucleus would, according to these ideas, prevent the particles from escaping from the nucleus. On the quantum mechanics, however, the state of affairs is quite different. Though the field of force is still a hindrance which, for the most part, holds the matter waves back, yet it permits a small fraction of them to leak through. The part of the waves which escapes in this way in a certain time gives us a measure of the probability that the disruption of the atomic nucleus takes place during this time. The difficulty of speaking of "the nature of matter" without the above-mentioned proviso could scarcely be more strikingly brought to light.


In the case of the idea of light quanta, there exists a similar relationship between our conceptual pictures and the calculation of the probability of occurrence of the observable light effects. In accordance with the classical electromagnetic conceptions, we cannot, however, ascribe any proper material nature to light, since observation of light phenomena always depends on a transfer of energy and momentum to material particles. The tangible content of the idea of light quanta is limited, rather, to the account which it enables us to make of the conservation of energy and momentum. It is, after all, one of the most peculiar features of quantum mechanics that, in spite of the limitation of the classical mechanical and electromagnetic conceptions, it is possible to maintain the conservation laws of energy and momentum. In certain respects, these laws form a perfect counterpart to the assumption, basic for the atomic theory, of the permanence of the material particles, which is strictly upheld in the quantum theory even though the conceptions of motion are renounced.


As with classical mechanics, so quantum mechanics, too, claims to give an exhaustive account of all phenomena which come within its scope. Indeed, the inevitability of using, for atomic phenomena, a mode of description which is fundamentally statistical arises from a closer investigation of the information which we are able to obtain by direct measurement of these phenomena and of the meaning which we may ascribe, in this connection, to the application of the fundamental physical concepts. On one hand, we must bear in mind that the meaning of these concepts is wholly tied up with customary physical ideas. Thus, any reference to space-time relationships presupposes the permanence of the elementary particles, just as the laws of the conservation of energy and momentum form the basis of any application of the concepts of energy and momentum. On the other hand, the postulate of the indivisibility of the quantum of action represents an element which is completely foreign to the classical conceptions ; an element which, in the case of measurements, demands not only a finite interaction between the object and the measuring instrument but even a definite latitude in our account of this mutual action. Because of this state of affairs, any measurement which aims at an ordering of the elementary particles in time and space requires us to forego a strict account of the exchange of energy and momentum between the particles and the measuring rods and clocks used as a reference system. Similarly, any determination of the energy and the momentum of the particles demands that we renounce their exact co-ordination in time and space. In both cases, the invocation of classical ideas, necessitated by the very nature of measurement, is, beforehand, tantamount to a renunciation of a strictly causal description. Such considerations lead immediately to the reciprocal uncertainty relations set up by Heisenberg and applied by him as the basis of a thorough investigation of the logical consistency of quantum mechanics. The fundamental indeterminacy which we meet here may, as the writer has shown, be considered as a direct expression of the absolute limitation of the applicability of visualizable conceptions in the description of atomic phenomena, a limitation that appears in the apparent dilemma which presents itself in the question of the nature of light and of matter.


The resignation as regards visualization and causality, to which we are thus forced in our description of atomic phenomena, might well be regarded as a frustration of the hopes which formed the starting-point of the atomic conceptions. Nevertheless, from the present standpoint of the atomic theory, we must consider this very renunciation as an essential advance in our understanding. Indeed, there is no question of a failure of the general fundamental principles of science within the domain where we could justly expect them to apply. The discovery of the quantum of action shows us, in fact, not only the natural limitation of classical physics, but, by throwing a new light upon the old philosophical problem of the objective existence of phenomena independently of our observations, confronts us with a situation hitherto unknown in natural science. As we have seen, any observation necessitates an interference with the course of the phenomena, which is of such a nature that it deprives us of the foundation underlying the causal mode of description. The limit, which nature herself has thus imposed upon us, of the possibility of speaking about phenomena as existing objectively finds its expression, as far as we can judge, just in the formulation of quantum mechanics. However, this should not be regarded as a hindrance to further advance; we must only be prepared for the necessity of an ever extending abstraction from our customary demands for a directly visualizable description of nature. Above all, we may expect new surprises in the domain where the quantum theory meets with the theory of relativity and where unsolved difficulties still stand as a hindrance to a complete fusion of the extension of our knowledge and of the expedients to account for natural phenomena which these theories have given us.


Even though it be at the end of the lecture, yet I am glad to have the opportunity of emphasizing the great significance of Einstein's theory of relativity in the recent development of physics with respect to our emancipation from the demand for visualization. We have learned from the theory of relativity that the expediency of the sharp separation of space and time, required by our senses, depends merely upon the fact that the velocities commonly occurring are small compared with the velocity of light. Similarly, we may say that Planck's discovery has led us to recognize that the adequacy of our whole customary attitude, which is characterized by the demand for causality, depends solely upon the smallness of the quantum of action in comparison with the actions with which we are concerned in ordinary phenomena. While the theory of relativity reminds us of the subjective character of all physical phenomena, a character which depends essentially upon the state of motion of the observer, so does the linkage of the atomic phenomena and their observation, elucidated by the quantum theory, compel us to exercise a caution in the use of our means of expression similar to that necessary in psychological problems where we continually come upon the difficulty of demarcating the objective content. 


Hoping that I do not expose myself to the misunderstanding that it is my intention to introduce a mysticism which is incompatible with the spirit of natural science, I may perhaps in this connection remind you of the peculiar parallelism between the renewed discussion of the validity of the principle of causality and the discussion of a free will which has persisted from earliest times. Just as the freedom of the will is an experiential category of our psychic life, causality may be considered as a mode of perception by which we reduce our sense impressions to order. At the same time, however, we are concerned in both cases with idealizations whose natural limitations are open to investigation and which depend, upon one another in the sense that the feeling of volition' and the demand for causality are equally indispensable elements in the relation between subject and object which forms the core of the problem of knowledge.

Before I conclude, it would be natural, at such a joint meeting of natural scientists, to touch upon the question as to what light can be thrown upon the problems regarding living organisms by the latest development of our knowledge of atomic phenomena which I have here described. Even though it may not yet be possible to give an exhaustive answer to this question, we can perhaps already catch a glimpse of a certain connection between these problems and the ideas of the quantum theory. A first hint in this direction we find in the circumstance that the mutual action between the organisms and the external world, upon which the sense impressions depend, may, at any rate in certain circumstances, be so small that it approaches the quantum of action. As it has often been remarked, a few light quanta are sufficient to produce a visual impression. We see, therefore, that the needs of the organism for independence and sensibility are here satisfied to the utmost limit permitted by the laws of nature, and we must be prepared to come upon similar conditions also at other points of decisive significance for the formulation of biological problems. If, however, the physiological phenomena exhibit a refinement which is developed to the above-mentioned limit, then, indeed, this means that we at the same time approach the limit for an unambiguous description of them with the help of our ordinary visualizable conceptions. This in no way contradicts the fact that the living organisms to a wide extent present problems to us which lie within the range of our visualizable forms of perception and have formed a fruitful field for the application of physical and chemical points of view. Neither do we see any immediate limit for the applicability of these view-points. Just as we do not need to distinguish, in principle, between the current in a water pipe and the flow of blood in the vessels, no more should we expect, beforehand, any profound fundamental difference between the propagation of sense impressions in the nerves and the conduction of electricity in a metal wire. It is true, for all such phenomena, that a detailed account carries us into the domain of atomic physics; indeed, so far as the conduction of electricity is concerned, we have just learned, in quite recent years, that only that limitation of our visualizable conceptions of motion, which is characteristic of the quantum theory, enables us to understand how the electrons can make their way between the metal atoms of the wire. However, in the case of these phenomena, such, a refinement in the mode of description is not necessary to account for those effects which first call for our consideration. With regard to the more profound biological problems, however, in which we are concerned with the freedom and power of adaptation of the organism in its reaction to external stimuli, we must expect to find that the recognition of relationships of wider scope will require that the same conditions be taken into consideration which determine the limitation of the causal mode of description in the case of atomic phenomena. Besides, the fact that consciousness, as we know it, is inseparably connected with life ought to prepare us for finding that the very problem of the distinction between the living and the dead escapes comprehension in the ordinary sense of the word. That a physicist touches upon such questions may perhaps be excused on the ground that the new situation in physics has so forcibly reminded us of the old truth that we are both onlookers and actors in the great drama of existence.
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The Quantum of Action and the Description of Nature

In the history of science there are few events which, in
the brief span of a generation, have had such extraordinary
consequences as Planck's discovery of the elementary
quantum of action. Not only does this discovery,
to an ever increasing degree, form the background for
the ordering of our experience concerning atomic phenomena,
the knowledge of which has been so amazingly
extended in the last thirty years, but, at the same time,
it has brought about a complete revision of the foundations
underlying our description of natural phenomena.
We are dealing here with an unbroken development of
points of view and conceptual aids which, beginning
with the fundamental works of Planck on black body
radiation, has reached a temporary climax, in recent
years, in the formulation of a symbolic quantum mechanics.



This theory may be regarded as a natural
generalization of the classical mechanics with which in
beauty and self-consistency it may well be compared.

This goal has not been attained, still, without a
renunciation of the causal space-time mode of description
that characterizes the classical physical theories
which have experienced such a profound clarification
through the theory of relativity. In this respect, the
quantum theory may be said to be a disappointment, for
the atomic theory arose just from the attempt to accomplish such a description also in the case of phenomena
which, in our immediate sense impressions, do not appear
as motions of material bodies. From the very
beginning, however, one was not unprepared in this
domain to come upon a failure of the forms of perception
adapted to our ordinary sense impressions. We know
now, it is true, that the often expressed scepticism with
regard to the reality of atoms was exaggerated; for, indeed,
the wonderful development of the art of experimentation
has enabled us to study the effects of individual
atoms. Nevertheless, the very recognition of the limited
divisibility of physical processes, symbolized by the
quantum of action, has justified the old doubt as to the
range of our ordinary forms of perception when applied
to atomic phenomena. Since, in the observation of these
phenomena, we cannot neglect the interaction between
the object and the instrument of observation, the question
of the possibilities of observation again comes to the
foreground. Thus, we meet here, in a new light, the
problem of the objectivity of phenomena which has always
attracted so much attention in philosophical discussion.


This being the state of affairs, it is not surprising that,
in all rational applications of the quantum theory, we
have been concerned with essentially statistical problems.
Indeed, in the original researches of Planck, it
was, above all, the necessity for modifying the classical
statistical mechanics which gave rise to the introduction
of the quantum of action. This feature, which is characteristic
of the quantum theory, is strikingly expressed
in the recently renewed discussion on the nature of light
and of the elementary particles of matter. Although
these questions had apparently found their final solution
within the compass of the classical theories, we know
now that for material particles as well as for light different
conceptual pictures are necessary to account completely
for the phenomena and to furnish a unique formulation
of the statistical laws which govern the data of
observation. The more clearly it appears that a uniform
formulation of the quantum theory in classical terms is
impossible, the more we admire Planck's happy intuition
in coining the term " quantum of action" which directly
indicates a renunciation of the action principle, the
central position of which in the classical description of
nature he himself has emphasized on more than one
occasion. This principle symbolizes, as it were, the
peculiar reciprocal symmetry relation between the spacetime
description and the laws of the conservation of
energy and momentum, the great fruitfulness of which,
already in classical physics, depends upon the fact that
one may extensively apply them without following the
course of the phenomena in space and time. It is this
very reciprocity which has been made use of in a most
pregnant way in the quantum-mechanical formalism. As
a matter of fact, the quantum of action appears here only
in relations in which space-time co-ordinates and momentum-energy components, which are canonically
conjugate quantities in the Hamiltonian sense, enter in
a symmetrical and reciprocal manner. In addition, the
analogy between optics and mechanics, which has proved
to be so fruitful for the recent development of the quantum
theory, depends intimately upon this reciprocity.


It lies in the nature of physical observation, nevertheless,
that all experience must ultimately be expressed in
terms of classical concepts, neglecting the quantum of
action. It is, therefore, an inevitable consequence of the
limited applicability of the classical concepts that the
results attainable by any measurement of atomic quantities
are subject to an inherent limitation. A profound
clarification of this question was recently accomplished
with the help of the general quantum-mechanical law,
formulated by Heisenberg, according to which the product
of the mean errors with which two canonically
conjugate mechanical quantities may be simultaneously
measured can never be smaller than the quantum of
action. Heisenberg has rightly compared the significance
of this law of reciprocal uncertainty for estimating the
self-consistency of quantum mechanics with the significance
of the impossibility of transmitting signals with
a velocity greater than that of light for testing the self-consistency
of the theory of relativity. In considering
the well-known paradoxes which are encountered in the
application of the quantum theory to atomic structure,
it is essential to remember, in this connection, that the
properties of atoms are always obtained by observing
their reactions under collisions or under the influence of
radiation, and that the above-mentioned limitation on
the possibilities of measurement is directly related to the
apparent contradictions which have been revealed in the
discussion of the nature of light and of material particles.
In order to emphasize that we are not concerned here
with real contradictions, the author suggested in an
earlier article the term "complementarity". In consideration
of the above-mentioned reciprocal symmetry
which occurs already in classical mechanics, perhaps the
term "reciprocity" is more suitable for expressing the
state of affairs with which we are dealing. At the conclusion of the paper referred to, it was pointed out that
a close connection exists between the failure of our forms
of perception, which is founded on the impossibility of
a strict separation of phenomena and means of observation,
and the general limits of man's capacity to create
concepts, which have their roots in our differentiation
between subject and object. Indeed, the epistemological
and psychological questions which arise here lie perhaps
outside the range of physics proper. Yet, on this special
occasion, I should like to be permitted to go somewhat
more deeply into these ideas.


The epistemological problem under discussion may
be characterized briefly as follows: For describing our
mental activity, we require, on one hand, an objectively
given content to be placed in opposition to a perceiving
subject, while, on the other hand, as is already implied
in such an assertion, no sharp separation between object
and subject can be maintained, since the perceiving subject
also belongs to our mental content. From these
circumstances follows not only the relative meaning of
every concept, or rather of every word, the meaning depending
upon our arbitrary choice of view point, but
also that we must, in general, be prepared to accept the
fact that a complete elucidation of one and the same
object may require diverse points of view which defy a
unique description. Indeed, strictly speaking, the conscious
analysis of any concept stands in a relation of
exclusion to its immediate application. The necessity of
taking recourse to a complementary, or reciprocal, mode
of description is perhaps most familiar to us from psychological
problems. In opposition to this, the feature which
characterizes the so-called exact sciences is, in general,
the attempt to attain to uniqueness by avoiding all reference
to the perceiving subject. This endeavour is
found most consciously, perhaps, in the mathematical
symbolism which sets up for our contemplation an ideal
of objectivity to the attainment of which scarcely any
limits are set, so long as we remain within a self-contained
field of applied logic. In the natural sciences
proper, however, there can be no question of a strictly
self-contained field of application of the logical principles,
since we must continually count on the appearance
of new facts, the inclusion of which within the compass
of our earlier experience may require a revision of our
fundamental concepts.


We have recently experienced such a revision in the
rise of the theory of relativity which, by a profound
analysis of the problem of observation, was destined to
reveal the subjective character of all the concepts of
classical physics. In spite of the great demands that it
makes upon our power of abstraction, the theory of relativity
approaches, in a particularly high degree, the
classical ideal of unity and causality in the description
of nature. Above all, the conception of the objective
reality of the phenomena open to observation is still
rigidly maintained. As Einstein has emphasized, the
assumption that any observation ultimately depends
upon the coincidence in space and time of the object and
themeans of observation and that, therefore, any observation
is definable independently of the reference system
of the observer, is, indeed, fundamental for the whole
theory of relativity. However, since the discovery of the
quantum of action, we know that the classical ideal cannot
be attained in the description of atomic phenomena.


In particular, any attempt at an ordering in space-time
leads to a break in the causal chain, since such an attempt
is bound up with an essential exchange of momentum and
energy between the individuals and the measuring rods
and clocks used for observation; and just this exchange
cannot be taken into account if the measuring instruments
are to fulfil their purpose. Conversely, any
conclusion, based in an unambiguous manner upon the
strict conservation of energy and momentum, with regard
to the dynamical behaviour of the individual units
obviously necessitates a complete renunciation of following
their course in space and time. In general, we may
say that the suitableness of the causal space-time mode
of description for the ordering of our usual experiences
depends only upon the smallness of the quantum of
action relative to the actions with which we are concerned
in ordinary phenomena. Planck's discovery has
brought before us a situation similar to that brought
about by the discovery of the finite velocity of light.
Indeed, the suitability of the sharp distinction between
space and time, demanded by our senses, depends entirely
upon the smallness of the velocities with which we
have to do in daily life compared with the velocity of
light. In fact, in the question of the causality of atomic
phenomena, the reciprocal character of the results of
measurements may no more be neglected than can
their relativity in the question of simultaneity.


In considering the resignation with regard to the desires
for visualization which give our whole language its
character, to which we are compelled by the situation
discussed above, it is very instructive that already
in simple psychological experiences we come upon
fundamental features not only of the relativistic but also
of the reciprocal view. The relativity of our perception
of motion, with which we become conversant as children
when travelling by ship or by train, corresponds to
common-place experiences on the reciprocal character
of the perception of touch. One need only remember here
the sensation, often cited by psychologists, which every
one has experienced when attempting to orient himself
in a dark room by feeling with a stick. When the
stick is held loosely, it appears to the sense of touch to
be an object. When, however, it is held firmly, we lose
the sensation that it is a foreign body, and the impression
of touch becomes immediately localized at the point
where the stick is touching the body under investigation.
It would scarcely be an exaggeration to maintain, purely
from psychological experiences, that the concepts of
space and time by their very nature acquire a meaning
only because of the possibility of neglecting the interaction
with the means of measurement. On the whole,
the analysis of our sense impressions discloses a remarkable
independence of the psychological foundations of
the concepts of space and time, on the one hand, and
the conceptions of energy and momentum, based upon
actions of force, on the other hand. Above all, however,
this domain, as already mentioned, is distinguished by
reciprocal relationships which depend upon the unity of
our consciousness and which exhibit a striking similarity
with the physical consequences of the quantum of action.
We are thinking here of well-known characteristics of
emotion and volition which are quite incapable of being
represented by visualizable pictures. In particular, the
apparent contrast between the continuous onward flow
of associative thinking and the preservation of the
unity of the personality exhibits a suggestive analogy
with the relation between the wave description of the
motions of material particles, governed by the superposition
principle, and their indestructible individuality.
The unavoidable influence on atomic phenomena caused
by observing them here corresponds to the well-known
change of the tinge of the psychological experiences
which accompanies any direction of the attention to one
of their various elements.


It might still be permitted here briefly to refer to the
relation which exists between the regularities in the
domain of psychology and the problem of the causality
of physical phenomena. When considering the contrast
between the feeling of free will, which governs the psychic
life, and the apparently uninterrupted causal chain of
the accompanying physiological processes, the thought
has, indeed, not eluded philosophers that we may be
concerned here with an unvisualizable relation of complementarity.
Thus, the opinion has often been expressed
that a detailed investigation of the processes of the brain,
which, although not practicable, is, nevertheless, thinkable,
would reveal a causal chain that formed a unique
representation of the emotional mental experience. However,
such an idealized experiment now appears in a new
light, since we have learned, by the discovery of the
quantum of action, that a detailed causal tracing of
atomic processes is impossible and that any attempt to
acquire a knowledge of such processes involves a fundamentally
uncontrollable interference with their course.
According to the above-mentioned view on the relation
between the processes in the brain and the psychical
experiences, we must, therefore, be prepared to accept
the fact that an attempt to observe the former will bring
about an essential alteration in the awareness of volition.
Although, in the present case, we can be concerned only
with more or less fitting analogies, yet we can hardly
escape the conviction that in the facts which are revealed
to us by the quantum theory and lie outside the domain
of our ordinary forms of perception we have acquired a
means of elucidating general philosophical problems.


I hope that the special occasion will excuse a physicist
for venturing into a foreign field. Above all, my purpose
has been to give expression to our enthusiasm for the
prospects which have been opened up for the whole of
science. In addition, it has been my desire to emphasize
as strongly as possible how profoundly the new knowledge
has shaken the foundations underlying the building
up of concepts, on which not only the classical description
of physics rests but also all our ordinary mode of
thinking. It is above all to this emancipation that we
owe the wonderful progress in our insight into the
phenomena of nature which has been made during the
last generation, a progress far exceeding all the hopes
which one ventured to cherish just a few years ago.
Perhaps the most distinguishing characteristic of the
present position of physics is that almost all the ideas
which have ever proved to be fruitful in the investigation
of nature have found their right place in a common
harmony without thereby having diminished their fruitfulness.
In gratitude for the possibilities of research
which he has opened up before us, his colleagues celebrate
to-day the creator of the quantum theory.
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Classical mechanics is in fact just the limit of quantum mechanics for large numbers of particles


Source: https://www.informationphilosopher.com/solutions/scientists/bohr/quantum_of_action.html
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 and his "quantum of action" h. But note that for Bohr the radiation emitted or absorbed is continuous. He never endorsed Einstein's light-quantum hypothesis, although the Bohr atom is taught today as emitting a photon when the electron jumps between energy levels.]


The Quantum Postulate and the Recent Development of Atomic Theory.1
By Prof. N. BOHR, For. Mem. R.S.



IN connexion with the discussion of the physical
interpretation of the quantum theoretical
methods developed during recent years, I should
like to make the following general remarks regarding
the principles underlying the description of
atomic phenomena, which I hope may help to
harmonise the different views, apparently so divergent,
concerning this subject.

1. QUANTUM POSTULATE AND CAUSALITY.

The quantum theory is characterised by the
acknowledgment of a fundamental limitation in
the classical physical ideas when applied to atomic
phenomena. The situation thus created is of a
peculiar nature, since our interpretation of the
experimental material rests essentially upon the
classical concepts. 


Notwithstanding the difficulties
which hence are involved in the formulation
of the quantum theory, it seems, as we shall see,
that its essence may be expressed in the so-called
quantum postulate, which attributes to any atomic
process an essential discontinuity, or rather individuality,
completely foreign to the classical
theories and symbolised by Planck's quantum of
action.

This postulate implies a renunciation as regards
the causal space-time co-ordination of atomic processes.
Indeed, our usual description of physical
phenomena is based entirely on the idea that the
phenomena concerned may be observed without
disturbing them appreciably. This appears, for
example, clearly in the theory of relativity, which
has been so fruitful for the elucidation of the
classical theories. As emphasised by Einstein,
every observation or measurement ultimately rests
on the coincidence of two independent events at
the same space-time point. Just these coincidences
will not be affected by any differences which
the space-time co-ordination of different observers
otherwise may exhibit. 


Bohr denied an "independent reality" to quantum phenomena; observation involves subjective elements dependent on both human senses and theoretical concepts.

The "point" at which the observation involves the quantum is called the Heisenberg "cut". Bohr later regretted his 'irrationality' comment. 



Now the quantum postulate
implies that any observation of atomic
phenomena will involve an interaction with the
agency of observation not to be neglected. 
Accordingly,
an independent reality in the ordinary
physical sense can neither be ascribed to the
phenomena nor to the agencies of observation.
After all, the concept of observation is in so far
arbitrary as it depends upon which objects are
included in the system to be observed. Ultimately
every observation can of course be reduced to our
sense perceptions. The circumstance, however,
that in interpreting observations use has always
to be made of theoretical notions, entails that for
every particular case it is a question of convenience
at what point the concept of observation involving
the quantum postulate with its inherent
'irrationality' is brought in.

If definition of a system state requires 
no disturbance, then observation is impossible. 

If an observation interacts with the system, 
how are we to 
define causality?   



This situation has far-reaching consequences.
On one hand, the definition of the state of
a physical system, as ordinarily understood,
claims the elimination of all external disturbances.
But in that case, according to the quantum
postulate, any observation will be impossible,
and, above all, the concepts of space and time
lose their immediate sense. On the other hand,
if in order to make observation possible we permit
certain interactions with suitable agencies
of measurement, not belonging to the system,
an unambiguous definition of the state of the
system is naturally no longer possible, and
there can be no question of causality in the
ordinary sense of the word. 

Space-time
co-ordination and the claim of causality are complementary.

They "symbolize" observation
and definition, 
also complementary?


Relativity has a limit 
v / c → 0. 
Quantum mechanics 
has the limit h → 0
(better h / m → 0). 



The very nature of the
quantum theory thus forces us to regard the space-time
co-ordination and the claim of causality, the
union of which characterises the classical theories,
as complementary but exclusive features of the
description, symbolising the idealisation of observation
and definition respectively. Just as the relativity
theory has taught us that the convenience
of distinguishing sharply between space and time
rests solely on the smallness of the velocities
ordinarily met with compared to the velocity of
light, we learn from the quantum theory that the
appropriateness of our usual causal space-time
description depends entirely upon the small value
of the quantum of action as compared to the
actions involved in ordinary sense perceptions.
Indeed, in the description of atomic phenomena,
the quantum postulate presents us with
the task of developing a 'complementarity' theory
the consistency of which can be judged only by
weighing the possibilities of definition and observation.

The quantum mechanics of particles (1925) and the competing "wave mechanics" (1926) had just been developed. Bohr saw these as complementary, the waves in space-time, the particles needing causal interactions 


This view is already clearly brought out by the
much-discussed question of the nature of light and
the ultimate constituents of matter. As regards
light, its propagation in space and time is adequately
expressed by the electromagnetic theory.
Especially the interference phenomena in vacuo
and the optical properties of material media are
completely governed by the wave theory superposition
principle. Nevertheless, the conservation
of energy and momentum during the 
interaction
between radiation and matter, as evident in the
photoelectric 
and Compton effect, finds its adequate
expression just in the light 
quantum idea put
forward by Einstein. 
The Bohr-Kramers-Slater denial of energy and momentum conservation (1924) had failed, and Einstein's "light-quantum hypothesis" just been confirmed by the Bothe-Geiger experiments.   


As is well known, the
doubts regarding the validity of the superposition
principle on one hand and of the conservation laws
on the other, which were suggested by this apparent
contradiction, have been definitely disproved
through direct experiments. This situation would
seem clearly to indicate the impossibility of a
causal space-time description of the light phenomena.
On one hand, in attempting to trace
the laws of the time-spatial propagation of light
according to the quantum postulate, we are confined
to statistical considerations. On the other hand,
the fulfilment of the claim of causality for the
individual light processes, characterised by the
quantum of action, entails a renunciation as regards
the space-time description. 
Once again, space-time and causality are complementary views of classical concepts.   


Of course, there can
be no question of a quite independent application
of the ideas of space and time and of causality.
The two views of the nature of light are rather to
be considered as different attempts at an interpretation
of experimental evidence in which the
limitation of the classical concepts is expressed in
complementary ways.

The "wave-particle duality" first seen by Einstein in 1909 for light was applied to matter by Louis de Broglie in 1923, following Einstein's ideas.   


The problem of the nature of the constituents of
matter presents us with an analogous situation.
The individuality of the elementary electrical
corpuscles is forced upon us by general evidence.
Nevertheless, recent experience, above all the
discovery of the selective reflection of electrons
from metal crystals, requires the use of the
wave theory superposition principle in accordance
with the original ideas of L. de Broglie. Just
as in the case of light, we have consequently in
the question of the nature of matter, so far as we
adhere to classical concepts, to face an inevitable
dilemma, which has to be regarded as the very
expression of experimental evidence. 
Waves of radiation in free space and individual material particles are 
complementary 
ideal abstractions. Isolation is impossible. 
Property definitions and their observations require interactions.  



In fact, here
again we are not dealing with contradictory but with
complementary pictures of the phenomena, which
only together offer a natural generalisation of the
classical mode of description. In the discussion
of these questions, it must be kept in mind that,
according to the view taken above, radiation
in free space as well as isolated material particles
are abstractions, their properties on the
quantum theory being definable and observable
only through their interaction with other systems.
Nevertheless, these abstractions are, as we shall
see, indispensable for a description of experience
in connexion with our ordinary space-time
view.

The difficulties with which a causal space-time
description is confronted in the quantum theory,
and which have been the subject of repeated
discussions, are now placed into the foreground by
the recent development of the symbolic methods.


The "symbolic methods" are Heisenberg-Born-Jordan "quantum mechanics." 
The "uncertainty" principle may only be epistemological 
limits on complementary observations?  


An important contribution to the problem of a
consistent application of these methods has been
made lately by Heisenberg (Zeitschr. f. Phys.,
43, 172; 1927). In particular, he has stressed the
peculiar reciprocal uncertainty which affects all
measurements of atomic quantities. Before we
enter upon his results it will be advantageous to
show how the complementary nature of the description
appearing in this uncertainty is unavoidable
already in an analysis of the most elementary
concepts employed in interpreting experience.
2. QUANTUM OF ACTION AND KINEMATICS.

The fundamental contrast between the quantum
of action and the classical concepts is immediately
apparent from the simple formulas which form the
common foundation of the theory of light quanta
and of the wave theory of material particles. If
Planck's constant be denoted by h, as is well known,
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where E and I are energy and momentum respectively,
τ and λ the corresponding period of
vibration and wave-length. In these formulae the
two notions of light and also of matter enter in
sharp contrast. While energy and momentum are
associated with the concept of particles, and hence
may be characterised according to the classical
point of view by definite space-time co-ordinates,
the period of vibration and wave-length refer to a
plane harmonic wave train of unlimited extent in
space and time. Only with the aid of the superposition
principle does it become possible to attain
a connexion with the ordinary mode of description.
Indeed, a limitation of the extent of the wave-fields
in space and time can always be regarded as
resulting from the interference of a group of elementary
harmonic waves. As shown by de Broglie
(Thèse, Paris, 1924), the translational velocity of
the individuals associated with the waves can be
represented by just the so-called group-velocity.
Let us denote a plane elementary wave by
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where A and δ are constants determining respectively
the amplitude and the phase. The quantity
ν = 1/τ is the frequency, σx, σy, σz the wave numbers
in the direction of the co-ordinate axes, which may
be regarded as vector components of the wave
number σ = l / λ. in the direction of propagation.
While the wave or phase velocity is given by ν / σ,
the group - velocity is defined by dν / dσ. Now
according to the relativity theory we have for a
particle with the velocity v :


I = ( v / c2 ) E     and     
  v
  d
  I
  =
  d
  E
, 




where c denotes the velocity of light. Hence by
equation (1) the phase velocity is c2 / v and the group-velocity
v. The circumstance that the former is
in general greater than the velocity of light emphasises
the symbolic character of these considerations.
At the same time, the possibility of identifying
the velocity of the particle with the group-velocity
indicates the field of application of space-time
pictures in the quantum theory. 


The use of a wave description reduces sharpness in definitions  


Here the complementary
character of the description appears,
since the use of wave-groups is necessarily accompanied
by a lack of sharpness in the definition of
period and wave-length, and hence also in the definition
of the corresponding energy and momentum
as given by relation (1).


[image: image-placeholder]

Rigorously speaking, a limited wave-field can
only be obtained by the superposition of a manifold
of elementary waves corresponding to all values
of ν and σx, σy, σz. But the order of magnitude of
the mean difference between these values for two
elementary waves in the group is given in the most
favourable case by the condition
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where Δt, Δx, Δy, Δz denote the extension of the
wave-field in time and in the directions of space
corresponding to the co-ordinate axes. These
relations — well known from the theory of optical
instruments, especially from Rayleigh's investigation
of the resolving power of spectral apparatus
— express the condition that the wave-trains
extinguish each other by interference at the
space-time boundary of the wave-field. They
may be regarded also as signifying that the group
as a whole has no phase in the same sense as the
elementary waves. From equation (1) we find
thus:
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as determining the highest possible accuracy in
the definition of the energy and momentum of the
individuals associated with the wave-field. In
general, the conditions for attributing an energy
and a momentum value to a wave-field by means
of formula (1) are much less favourable. Even
if the composition of the wave-group corresponds
in the beginning to the relations (2), it will in the
course of time be subject to such changes that it
becomes less and less suitable for representing an
individual. It is this very circumstance which
gives rise to the paradoxical character of the
problem of the nature of light and of material
particles. The limitation in the classical concepts
expressed through relation (2) is, besides, closely
connected with the limited validity of classical
mechanics, which in the wave theory of matter
corresponds to the geometrical optics, in which
the propagation of waves is depicted through
'rays.' Only in this limit can energy and momentum
be unambiguously defined on the basis
of space-time pictures. For a general definition
of these concepts we are confined to the conservation
laws, the rational formulation of which has
been a fundamental problem for the symbolical
methods to be mentioned below.

In the language of the relativity theory, the
content of the relations (2) may be summarised in
the statement that according to the quantum
theory a general reciprocal relation exists between
the maximum sharpness of definition of the space-time
and energy-momentum vectors associated
with the individuals. 


Bohr may still hope to "reconcile" conservation laws by claiming space-time points are "unsharp" (reminiscent of his BKS statistical conservation ideas).   


This circumstance may be
regarded as a simple symbolical expression for the
complementary nature of the space-time description
and the claims of causality. At the same time,
however, the general character of this relation
makes it possible to a certain extent to reconcile
the conservation laws with the space-time coordination
of observations, the idea of a coincidence
of well-defined events in a space-time point being
replaced by that of unsharply defined individuals
within finite space-time regions.

This circumstance permits us to avoid the
well-known paradoxes which are encountered in
attempting to describe the scattering of radiation
by free electrical particles as well as the
collision of two such particles. 


Bohr-Kramers-Slater failed to combine instantaneous and discontinuous electron jumps with continuous radiation. Here Bohr hopes the electron can be spread out in a finite space-time region just as the radiation is?  


According to
the classical concepts, the description of the
scattering requires a finite extent of the radiation
in space and time, while in the change
of the motion of the electron demanded by the
quantum postulate one seemingly is dealing with
an instantaneous effect taking place at a definite
point in space. Just as in the ease of radiation,
however, it is impossible to define momentum and
energy for an electron without considering a finite
space-time region. Furthermore, an application
of the conservation laws to the process implies
that the accuracy of definition of the energy
momentum vector is the same for the radiation
and the electron. In consequence, according to
relation (2), the associated space-time regions can
be given the same size for both individuals in
interaction.

A similar remark applies to the collision between
two material particles, although the significance of
the quantum postulate for this phenomenon was
disregarded before the necessity of the wave concept
was realised. Here this postulate does indeed
represent the idea of the individuality of the
particles which, transcending the space-time description,
meets the claim of causality. While the
physical content of the light quantum idea is
wholly connected with the conservation theorems for
energy and momentum, in the case of the electrical
particles the electric charge has to be taken into
account in this connexion. It is scarcely necessary
to mention that for a more detailed description
of the interaction between individuals we cannot
restrict ourselves to the facts expressed by formulae
(1) and (2), but must resort to a procedure
which allows us to take into account the coupling
of the individuals, characterising the interaction
in question, where just the importance of the
electric charge appears. As we shall see, such a
procedure necessitates a further departure from
visualisation in the usual sense.

3. MEASUREMENTS IN THE QUANTUM THEORY.


Heisenberg was upset that Bohr so strongly adopted Schrödinger's wave-mechanical views. Although wave mechanics and matrix mechanics were equivalent formulations of quantum mechanics, Bohr was emphasizing the wave-like properties, and embarrassing Heisenberg by pointing out the mistaken "disturbance" explanation of uncertainty in Heisenberg's γ-ray microscope.  


In his investigations already mentioned on the
consistency of the quantum theoretical methods,
Heisenberg has given the relation (2) as an expression
for the maximum precision with which
the space-time co-ordinates and momentum-energy
components of a particle can be measured
simultaneously. His view was based on the
following consideration: On one hand, the coordinates
of a particle can be measured with any
desired degree of accuracy by using, for example,
an optical instrument, provided radiation of
sufficiently short wave-length is used for illumination.
According to the quantum theory, however,
the scattering of radiation from the object is always
connected with a finite change in momentum,
which is the larger the smaller the wave-length of
the radiation used. The momentum of a particle,
on the other hand, can be determined with any
desired degree of accuracy by measuring, for
example, the Doppler effect of the scattered radiation,
provided the wave-length of the radiation
is so large that the effect of recoil can be neglected,
but then the determination of the space co-ordinates
of the particle becomes correspondingly less
accurate.

The essence of this consideration is the inevitability
of the quantum postulate in the estimation
of the possibilities of measurement. A closer
investigation of the possibilities of definition would
still seem necessary in order to bring out the general
complementary character of the description. Indeed,
a discontinuous change of energy and momentum
during observation could not prevent us
from ascribing accurate values to the space-time
co-ordinates, as well as to the momentum-energy
components before and after the process. The
reciprocal uncertainty which always affects the
values of these quantities is, as will be clear from
the preceding analysis, essentially an outcome of
the limited accuracy with which changes in energy
and momentum can be defined, when the wave-fields
used for the determination of the space-time
co-ordinates of the particle are sufficiently small.



Ironically, Max Born (My Life, p.213) says that Heisenberg could not answer Wien's question on resolving power and nearly failed the oral exam for his doctorate. 
Heisenberg looked up the answers to all the questions he could not answer, and the optical formula for resolution became the basis for his most famous work just a few years later. 


But not before Bohr pointed out a mistake in Heisenberg's first draft suggesting that a "disturbance" was the source of the uncertainty. Heisenberg says he was "brought to tears." 



In using an optical instrument for determinations
of position, it is necessary to remember that
the formation of the image always requires a
convergent beam of light. Denoting by λ the
wave-length of the radiation used, and by ε the
so-called numerical aperture, that is, the sine of
half the angle of convergence, the resolving power
of a microscope is given by the well-known expression
λ / 2ε. Even if the object is illuminated by
parallel light, so that the momentum h / λ of the
incident light quantum is known both as regards
magnitude and direction, the finite value of the
aperture will prevent an exact knowledge of the
recoil accompanying the scattering. Also, even if
the momentum of the particle were accurately
known before the scattering process, our knowledge
of the component of momentum parallel to
the focal plane after the observation would be
affected by an uncertainty amounting to 2εh / λ.
The product of the least inaccuracies with which
the positional co-ordinate and the component of
momentum in a definite direction can be ascertained
is therefore just given by formula (2). One
might perhaps expect that in estimating the accuracy
of determining the position, not only the
convergence but also the length of the wave-train
has to be taken into account, because the particle
could change its place during the finite time of
illumination. Due to the fact, however, that the
exact knowledge of the wave-length is immaterial
for the above estimate, it will be realised that for
any value of the aperture the wave-train can
always be taken so short that a change of position
of the particle during the time of observation may
be neglected in comparison to the lack of sharpness
inherent in the determination of position due to
the finite resolving power of the microscope.

In measuring momentum with the aid of the
Doppler effect—with due regard to the Compton
effect—one will employ a parallel wave-train. For
the accuracy, however, with which the change in
wave-length of the scattered radiation can be
measured the extent of the wave-train in the
direction of propagation is essential. If we assume
that the directions of the incident and scattered
radiation are parallel and opposite respectively to
the direction of the position co-ordinate and
momentum component to be measured, then
c λ/ 2l can be taken as a measure of the accuracy
in the determination of the velocity, where l
denotes the length of the wave-train. For simplicity,
we here have regarded the velocity of light
as large compared to the velocity of the particle.
If m represents the mass of the particle, then the
uncertainty attached to the value of the momentum
after observation is cmλ/ 2l. In this case the
magnitude of the recoil, 2h / λ, is sufficiently well
defined in order not to give rise to an appreciable
uncertainty in the value of the momentum of the
particle after observation. Indeed, the general
theory of the Compton effect allows us to compute
the momentum components in the direction of the
radiation before and after the recoil from the wavelengths
of the incident and scattered radiation.
Even if the positional co-ordinates of the particle
were accurately known in the beginning, our
knowledge of the position after observation nevertheless
will be affected by an uncertainty. Indeed,
on account of the impossibility of attributing a
definite instant to the recoil, we know the mean
velocity in the direction of observation during the
scattering process only with an accuracy 2h / λ.
The uncertainty in the position after observation
hence is 2hl / mcλ. Here, too, the product of the
inaccuracies in the measurement of position and
momentum is thus given by the general formula (2).
Just as in the case of the determination of
position, the time of the process of observation
for the determination of momentum may be
made as short as is desired if only the wavelength
of the radiation used is sufficiently small.
The fact that the recoil then gets larger does
not, as we have seen, affect the accuracy of
measurement. It should further be mentioned,
that in referring to the velocity of a particle as we
have here done repeatedly, the purpose has only
been to obtain a connexion with the ordinary
space-time description convenient in this ease. As
it appears already from the considerations of de
Broglie mentioned above, the concept of velocity
must always in the quantum theory be handled
with- caution. It will also be seen that an unambiguous
definition of this concept is excluded
by the quantum postulate. This is particularly
to be remembered when comparing the results of
successive observations. Indeed, the position of
an individual at two given moments can be
measured with any desired degree of accuracy;
but if, from such measurements, we would calculate
the velocity of the individual in the ordinary
way, it must be clearly realised that we are dealing
with an abstraction, from which no unambiguous
information concerning the previous or future
behaviour of the individual can be obtained.


According to the above considerations regarding
the possibilities of definition of the properties of
individuals, it will obviously make no difference
in the discussion of the accuracy of measurements
of position and momentum of a particle if collisions
with other material particles are considered instead
of scattering of radiation. In both cases we see
that the uncertainty in question equally affects
the description of the agency of measurement and
of the object. In fact, this uncertainty cannot
be avoided in a description of the behaviour of
individuals with respect to a co-ordinate system
fixed in the ordinary way by means of solid bodies
and unperturbable clocks. The experimental
devices—opening and closing of apertures, etc.—
are seen to permit only conclusions regarding the
space-time extension of the associated wave-fields.


In tracing observations back to our sensations,
once more regard has to be taken to the quantum
postulate in connexion with the perception of the
agency of observation, be it through its direct
action upon the eye or by means of suitable auxiliaries
such as photographic plates, Wilson clouds,
etc. It is easily seen, however, that the resulting
additional statistical element will not influence the
uncertainty in the description of the object. It
might even be conjectured that the arbitrariness
in what is regarded as object and what as agency
of observation would open up a possibility of
avoiding this uncertainty altogether. In connexion
with the measurement of the position of a
particle, one might, for example, ask whether the
momentum transmitted by the scattering could
not be determined by means of the conservation
theorem from a measurement of the change of
momentum of the microscope — including light
source and photographic plate — during the process
of observation.


Bohr famously defended the uncertainty principle against criticisms by Einstein in his "discussion with Einstein" at the 1927 Solvay conference. 


A closer investigation shows,
however, that such a measurement is impossible,
if at the same time one wants to know the position
of the microscope with sufficient accuracy. In
fact, it follows from the experiences which have
found expression in the wave theory of matter,
that the position of the centre of gravity of a body
and its total momentum can only be defined
within the limits of reciprocal accuracy given by
relation (2).

Strictly speaking, the idea of observation belongs
to the causal space-time way of description. Due
to the general character of relation (2), however,
this idea can be consistently utilised also in the
quantum theory, if only the uncertainty expressed
through this relation is taken into account. As
remarked by Heisenberg, one may even obtain an
instructive illustration to the quantum theoretical
description of atomic (microscopic) phenomena by
comparing this uncertainty with the uncertainty,
due to imperfect measurements, inherently contained
in any observation as considered in the
ordinary description of natural phenomena. He
remarks on that occasion that even in the case of
macroscopic phenomena we may say, in a certain
sense, that they are created by repeated observations.
It must not be forgotten, however, that in
the classical theories any succeeding observation
permits a prediction of future events with ever-increasing
accuracy, because it improves our
knowledge of the initial state of the system.
According to the quantum theory, just the impossibility
of neglecting the interaction with the
agency of measurement means that every observation
introduces a new uncontrollable element.


Bohr seems ready to accept the idea that quantum theory is acausal. It makes clear the complementarity of space-time descriptions (now unsharp) 
and claims of causality (now acausal). 


Indeed, it follows from the above considerations
that the measurement of the positional coordinates
of a particle is accompanied not only by
a finite change in the dynamical variables, but also
the fixation of its position means a complete rupture
in the causal description of its dynamical behaviour,
while the determination of its momentum
always implies a gap in the knowledge of its
spatial propagation. Just this situation brings
out most strikingly the complementary character
of the description of atomic phenomena which
appears as an inevitable consequence of the contrast
between the quantum postulate and the distinction
between object and agency of measurement,
inherent in our very idea of observation.
4. CORRESPONDENCE PRINCIPLE AND MATRIX
THEORY.

Hitherto we have only regarded certain general
features of the quantum problem. The situation
implies, however, that the main stress has to be
laid on the formulation of the laws governing the
interaction between the objects which we symbolise
by the abstractions of isolated particles and
radiation. Points of attack for this formulation
are presented in the first place by the problem of
atomic constitution. As is well known, it has been
possible here, by means of an elementary use of
classical concepts and in harmony with the quantum
postulate, to throw light on essential aspects of
experience. For example, the experiments regarding
the excitation of spectra by electronic impacts
and by radiation are adequately accounted for on
the assumption of discrete stationary states and
individual transition processes. This is primarily
due to the circumstance that in these questions
no closer description of the space-time behaviour
of the processes is required.


Here the contrast with the ordinary way of
description appears strikingly in the circumstance
that spectral lines, which on the classical view
would be ascribed to the same state of the atom,
will, according to the quantum postulate, correspond
to separate transition processes, between
which the excited atom has a choice. Notwithstanding
this contrast, however, a formal connexion
with the classical ideas could be obtained in the
limit, where the relative difference in the properties
of neighbouring stationary states vanishes
asymptotically and where in statistical applications
the discontinuities may be disregarded. Through
this connexion it was possible to a large extent to
interpret the regularities of spectra on the basis
of our ideas about the structure of the atom.


The aim of regarding the quantum theory as a
rational generalisation of the classical theories led
to the formulation of the so-called correspondence
principle. The utilisation of this principle for the
interpretation of spectroscopic results was based on
a symbolical application of classical electrodynamics,
in which the individual transition processes
were each associated with a harmonic in
the motion of the atomic particles to be expected
according to ordinary mechanics. Except in the
limit mentioned, where the relative difference
between adjacent stationary states may be neglected,
such a fragmentary application of the
classical theories could only in certain cases lead
to a strictly quantitative description of the phenomena.
Especially the connexion developed by
Ladenburg and Kramers between the classical
treatment of dispersion and the statistical laws
governing the radiative transition processes formulated
by Einstein should be mentioned here.
Although it was just Kramers' treatment of dispersion
that gave important hints for the rational
development of correspondence considerations, it
is only through the quantum theoretical methods
created in the last few years that the general
aims laid down in the principle mentioned have
obtained an adequate formulation.


As is known, the new development was commenced
in a fundamental paper by Heisenberg,
where he succeeded in emancipating himself completely
from the classical concept of motion by
replacing from the very start the ordinary kinematical
and mechanical quantities by symbols,
which refer directly to the individual processes
demanded by the quantum postulate. 


Although Heisenberg supports Bohr's original invention of stationary states, he declares them to be "unobservable." Schrödinger, by contrast, visualizes them as his wave functions. See §5.


This was
accomplished by substituting for the Fourier
development of a classical mechanical quantity
a matrix scheme, the elements of which symbolise
purely harmonic vibrations and are associated
with the possible transitions between stationary
states. By requiring that the frequencies ascribed
to the elements must always obey the combination
principle for spectral lines, Heisenberg
could introduce simple rules of calculation for the
symbols, which permit a direct quantum theoretical
transcription of the fundamental equations of
classical mechanics. This ingenious attack on the
dynamical problem of atomic theory proved itself
from the beginning to be an exceedingly powerful
and fertile method for interpreting quantitatively
the experimental results. Through the work of
Born and Jordan as well as of Dirac, the theory
was given a formulation which can compete with
classical mechanics as regards generality and
consistency. Especially the element characteristic
of the quantum theory, Planck's constant, appears
explicitly only in the algorithms to which the
symbols, the so-called matrices, are subjected.
In fact, matrices, which represent canonically
conjugated variables in the sense of the Hamiltonian
equations, do not obey the commutative
law of multiplication, but two such quantities, q
and p, have to fulfil the exchange rule
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Indeed, this exchange relation expresses strikingly
the symbolical character of the matrix formulation
of the quantum theory. The matrix theory has
often been called a calculus with directly observable
quantities. It must be remembered,
however, that the procedure described is limited
just to those problems, in which in applying the
quantum postulate the space-time description
may largely be disregarded, and the question of
observation in the proper sense therefore placed in
the background.


In pursuing further the correspondence of the
quantum laws with classical mechanics, the stress
placed on the statistical character of the quantum
theoretical description, which is brought in by the
quantum postulate, has been of fundamental
importance. Here the generalisation of the
symbolical method made by Dirac and Jordan
represented a great progress by making possible
the operation with matrices, which are not arranged
according to the stationary states, but where the
possible values of any set of variables may appear
as indices of the matrix elements. In analogy to
the interpretation considered in the original form
of the theory of the 'diagonal elements' connected
only with a single stationary state, as time averages
of the quantity to be represented, the general
transformation theory of matrices permits the
representation of such averages of a mechanical
quantity, in the calculation of which any set of
variables characterising the 'state' of the system
have given values, while the canonically conjugated
variables are allowed to take all possible values.
On the basis of the procedure developed by these
authors and in close connexion with ideas of
Born and Pauli, Heisenberg has in the paper
already cited above attempted a closer analysis
of the physical content of the quantum theory,
especially in view of the apparently paradoxical
character of the exchange relation (3). In this
connexion he has formulated the relation
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as the general expression for the maximum accuracy
with which two canonically conjugated variables
can simultaneously be observed. In this
way Heisenberg has been able to elucidate many
paradoxes appearing in the application of the
quantum postulate, and to a large extent to
demonstrate the consistency of the symbolic
method. In connexion with the complementary
nature of the quantum theoretical description, we
must, as already mentioned, constantly keep the
possibilities of definition as well as of observation
before the mind. For the discussion of just
this question the method of wave mechanics
developed by Schrödinger has, as we shall see,
proved of great help. It permits a general application
of the principle of superposition also
in the problem of interaction, thus offering an
immediate connexion with the above considerations
concerning radiation and free particles.
Below we shall return to the relation of wave
mechanics to the general formulation of the
quantum laws by means of the transformation
theory of matrices.

5. WAVE MECHANICS AND QUANTUM POSTULATE.


Already in his first considerations concerning
the wave theory of material particles, de Broglie
pointed out that the stationary states of an atom
may be visualised as an interference effect of the
phase wave associated with a bound electron.
It is true that this point of view at first did not, as
regards quantitative results, lead beyond the earlier
methods of quantum theory, to the development
of which Sommerfeld has contributed so essentially.
Schrödinger, however, succeeded in developing a
wave - theoretical method which has opened up
new aspects, and has proved to be of decisive
importance for the great progress in atomic
physics during the last years. 


Where Heisenberg, and especially Pauli, discounted Bohr's visualization of the stationary states, Schrödinger found a "natural" source of Bohr's postulated quantum numbers in the nodes of his wave functions. 


Indeed, the proper
vibrations of the Schrödinger wave equation have
been found to furnish a representation of the
stationary states of an atom meeting all requirements.
The energy of each state is connected with
the corresponding period of vibration according to
the general quantum relation (1). Furthermore,
the number of nodes in the various characteristic
vibrations gives a simple interpretation to the
concept of quantum number which was already
known from the older methods, but at first did not
seem to appear in the matrix formulation. In
addition, Schrödinger could associate with the
solutions of the wave equation a continuous distribution
of charge and current, which, if applied
to a characteristic vibration, represents the
electrostatic and magnetic properties of an atom
in the corresponding stationary state. Similarly,
the superposition of two characteristic solutions
corresponds to a continuous vibrating distribution
of electrical charge, which on classical electrodynamics
would give rise to an emission of radiation,
illustrating instructively the consequences of the
quantum postulate and the correspondence requirement
regarding the transition process between two
stationary states formulated in matrix mechanics.

Max Born's statistical interpretation of the particle wave function (based on Einstein's statistical relation between light waves and the probability of photons) was anathema to Schrödinger 


Another application of the method of Schrödinger,
important for the further development, has been
made by Born in his investigation of the problem
of collisions between atoms and free electric
particles. In this connexion he succeeded in
obtaining a statistical interpretation of the wave
functions, allowing a calculation of the probability
of the individual transition processes required by
the quantum postulate. This includes a wave-mechanical
formulation of the adiabatic principle
of Ehrenfest, the fertility of which appears strikingly
in the promising investigations of Hund
on the problem of formation of molecules.


Schrödinger hoped to eliminate the discontinuous quantum jumps is Bohr's original quantum postulate, but then he would have no explanation for the observation of particles.


In view of these results, Schrödinger has expressed
the hope that the development of the
wave theory will eventually remove the irrational
element expressed by the quantum postulate and
open the way for a complete description of atomic
phenomena along the line of the classical theories.
In support of this view, Schrödinger, in a recent
paper (Ann. d. Phys., 83, p. 956; 1927), emphasises
the fact that the discontinuous exchange of energy
between atoms required by the quantum postulate,
from the point of view of the wave theory, is
replaced by a simple resonance phenomenon. In
particular, the idea of individual stationary states
would be an illusion and its applicability only an
illustration of the resonance mentioned. It must
be kept in mind, however, that just in the resonance
problem mentioned we are concerned with a closed
system which, according to the view presented here,
is not accessible to observation. 

Wave mechanics and matrix mechanics might then be complementary in the same sense that wave and particle viewed as a duality are complementary.


In fact, wave
mechanics just as the matrix theory on this view
represents a symbolic transcription of the problem
of motion of classical mechanics adapted to the
requirements of quantum theory and only to be
interpreted by an explicit use of the quantum
postulate. Indeed, the two formulations of the
interaction problem might be said to be complementary
in the same sense as the wave and
particle idea in the description of the free individuals.
The apparent contrast in the utilisation
of the energy concept in the two theories is just
connected with this difference in the starting-point.

The fundamental difficulties opposing a space-time
description of a system of particles in interaction
appear at once from the inevitability of the
superposition principle in the description of the
behaviour of individual particles. Already for a
free particle the knowledge of energy and momentum
excludes, as we have seen, the exact
knowledge of its space-time co-ordinates. This
implies that an immediate utilisation of the concept
of energy in connexion with the classical idea of
the potential energy of the system is excluded.
In the Schrödinger wave equation these difficulties
are avoided by replacing the classical expression
of the Hamiltonian by a differential operator by
means of the relation
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where p denotes a generalised component of
momentum and q the canonically conjugated
variable. Hereby the negative value of the energy
is regarded as conjugated to the time. So far, in
the wave equation, time and space as well as
energy and momentum are utilised in a purely
formal way.


The symbolical character of Schrödinger's
method appears not only from the circumstance
that its simplicity, similarly to that of the matrix
theory, depends essentially upon the use of
imaginary arithmetic quantities. But above all
there can be no question of an immediate connexion
with our ordinary conceptions because the
'geometrical' problem represented by the wave
equation is associated with the so-called co-ordinate
space, the number of dimensions of which is equal to
the number of degrees of freedom of the system,
and hence in general greater than the number of
dimensions of ordinary space. Further, Schrödinger's
formulation of the interaction problem,
just as the formulation offered by matrix theory,
involves a neglect of the finite velocity of propagation
of the forces claimed by relativity theory.


On the whole, it would scarcely seem justifiable,
in the case of the interaction problem, to demand
a visualisation by means of ordinary space-time
pictures. In fact, all our knowledge concerning
the internal properties of atoms is derived from
experiments on their radiation or collision reactions,
such that the interpretation of experimental facts
ultimately depends on the abstractions of radiation
in free space, and free material particles. Hence,
our whole space-time view of physical phenomena,
as well as the definition of energy and momentum,
depends ultimately upon these abstractions. In
judging the applications of these auxiliary ideas
we should only demand inner consistency, in which
connexion special regard has to be paid to the
possibilities of definition and observation.



Bohr likes Schrödinger's visualization of the stationary states in his quantum postulate. But we must replace space-time descriptions - sharply defined mass points - with wave-packet superpositions of wave functions.


In the characteristic vibrations of Schrödinger's
wave equation we have, as mentioned, an adequate
representation of the stationary states of an atom
allowing an unambiguous definition of the energy
of the system by means of the general quantum
relation (1). This entails, however, that in the
interpretation of observations, a fundamental
renunciation regarding the space-time description
is unavoidable. In fact, the consistent application
of the concept of stationary states excludes, as we
shall see, any specification regarding the behaviour
of the separate particles in the atom. In problems
where a description of this behaviour is essential,
we are bound to use the general solution of the
wave equation which is obtained by superposition
of characteristic solutions. We meet here
with a complementarity of the possibilities of
definition quite analogous to that which we have
considered earlier in connexion with the properties
of light and free material particles. Thus,
while the definition of energy and momentum of
individuals is attached to the idea of a harmonic
elementary wave, every space-time feature of the
description of phenomena is, as we have seen, based
on a consideration of the interferences taking place
inside a group of such elementary waves. Also in
the present case the agreement between the possibilities
of observation and those of definition can
be directly shown.

According to the quantum postulate any observation
regarding the behaviour of the electron
in the atom will be accompanied by a change in
the state of the atom. As stressed by Heisenberg,
this change will, in the case of atoms in stationary
states of low quantum number, consist in general
in the ejection of the electron from the atom. A description
of the 'orbit' of the electron in the atom
with the aid of subsequent observations is hence
impossible in such a case. This is connected with
the circumstance that from characteristic vibrations
with only a few nodes no wave packages can
be built up which would even approximately
represent the 'motion' of a particle. The complementary
nature of the description, however,
appears particularly in that the use of observations
concerning the behaviour of particles in the atom
rests on the possibility of neglecting, during the
process of observation, the interaction between
the particles, thus regarding them as free. This
requires, however, that the duration of the process
is short compared with the natural periods of the
atom, which again means that the uncertainty in
the knowledge of the energy transferred in the
process is large compared to the energy differences
between neighbouring stationary states.


In judging the possibilities of observation it must,
on the whole, be kept in mind that the wave
mechanical solutions can be visualised only in so
far as they can be described with the aid of the
concept of free particles. Here the difference
between classical mechanics and the quantum
theoretical treatment of the problem of interaction
appears most strikingly. In the former such
a restriction is unnecessary, because the 'particles '
are here endowed with an immediate 'reality,'
independently of their being free or bound. This
situation is particularly important in connexion
with the consistent utilisation of Schrödinger's
electric density as a measure of the probability
for electrons being present within given space
regions of the atom. 

Probabilites for particles in a matter-wave field (Born) are analogous to the probabilities for photons in a radiation field (Einstein).


Remembering the restriction
mentioned, this interpretation is seen to be a
simple consequence of the assumption that the
probability of the presence of a free electron is
expressed by the electric density associated with
the wave-field in a similar way to that by which the
probability of the presence of a light quantum is
given by the energy density of the radiation.

As already mentioned, the means for a general
consistent utilisation of the classical concepts in
the quantum theory have been created through
the transformation theory of Dirac and Jordan,
by the aid of which Heisenberg has formulated his
general uncertainty relation (4). In this theory
also the Schrödinger wave equation has obtained
an instructive application. In fact, the characteristic
solutions of this equation appear as auxiliary
functions which define a transformation from
matrices with indices representing the energy values
of the system to other matrices, the indices of
which are the possible values of the space coordinates.
It is also of interest in this connexion
to mention that Jordan and Klein (Zeitsch. f.
Phys., 45, 751 ; 1927) have recently arrived at the
formulation of the problem of interaction expressed
by the Schrödinger wave equation, taking as
starting-point the wave representation of individual
particles and applying a symbolic method closely
related to the deep-going treatment of the radiation
problem developed by Dirac from the point of view
of the matrix theory, to which we shall return
below.

6. REALITY OF STATIONARY STATES.


In the conception of stationary states we are,
as mentioned, concerned with a characteristic
application of the quantum postulate. By its very
nature this conception means a complete renunciation
as regards a time description. From
the point of view taken here, just this renunciation
forms the necessary condition for an unambiguous
definition of the energy of the atom. Moreover,
the conception of a stationary state involves,
strictly speaking, the exclusion of all interactions
with individuals not belonging to the system. The
fact that such a closed system is associated with
a particular energy value may be considered as
an immediate expression for the claim of causality
contained in the theorem of conservation of energy.
This circumstance justifies the assumption of the
supra-mechanical stability of the stationary states,
according to which the atom, before as well as after
an external influence, always will be found in a
well-defined state, and which forms the basis for
the use of the quantum postulate in problems
concerning atomic structure.


In a judgment of the well-known paradoxes
which this assumption entails for the description
of collision and radiation reactions, it is essential
to consider the limitations of the possibilities of
definition of the reacting free individuals, which is
expressed by relation (2). In fact, if the definition
of the energy of the reacting individuals is to be
accurate to such a degree as to entitle us to speak
of conservation of energy during the reaction, it
is necessary, according to this relation, to coordinate
to the reaction a time interval long
compared to the vibration period associated with
the transition process, and connected with the
energy difference between the stationary states
according to relation (1). This is particularly
to be remembered when considering the passage
of swiftly moving particles through an atom.
According to the ordinary kinematics, the effective
duration of such a passage would be very small
as compared with the natural periods of the atom,
and it seemed impossible to reconcile the principle
of conservation of energy with the assumption of
the stability of stationary states (cf. Zeits. f.
Phys., 34, 142 ; 1925). In the wave representation,
however, the time of reaction is immediately
connected with the accuracy of the knowledge of
the energy of the colliding particle, and hence
there can never be the possibility of a contradiction
with the law of conservation. In connexion with
the discussion of paradoxes of the kind mentioned,
Campbell (Phil. Mag., i. 1106; 1926) suggested
the view that the conception of time itself may
be essentially statistical in nature. From the
view advanced here, according to which the
foundation of space-time description is offered by
the abstraction of free individuals, a fundamental
distinction between time and space, however,
would seem to be excluded by the relativity requirement.
The singular position of the time in problems
concerned with stationary states is, as we have
seen, due to the special nature of such problems.



Unlike complex emergent biological systems, elementary physical particles have no "history." Information about the previous states of all atoms is needed for deterministic theories that reduce biology to physics.  


The application of the conception of stationary
states demands that in any observation, say by
means of collision or radiation reactions, permitting
a distinction between different stationary states, we
are entitled to disregard the previous history of the
atom. The fact that the symbolical quantum theory
methods ascribe a particular phase to each stationary
state the value of which depends upon the
previous history of the atom, would for the first
moment seem to contradict the very idea of
stationary states. As soon as we are really concerned
with a time problem, however, the consideration
of a strictly closed system is excluded. The
use of simply harmonic proper vibrations in the
interpretation of observations means, therefore,
only a suitable idealisation which in a more rigorous
discussion must always be replaced by a group
of harmonic vibrations, distributed over a finite
frequency interval. Now, as already mentioned,
it is a general consequence of the superposition
principle that it has no sense to co-ordinate a
phase value to the group as a whole, in the same
manner as may be done for each elementary wave
constituting the group.

This inobservability of the phase, well known
from the theory of optical instruments, is brought
out in a particularly simple manner in a discussion
of the Stern-Gerlach experiment, so important for
the investigation of the properties of single atoms.
As pointed out by Heisenberg, atoms with different
orientation in the field may only be separated if
the deviation of the beam is larger than the diffraction
at the slit of the de Broglie waves representing
the translational motion of the atoms.
This condition means, as a simple calculation shows,
that the product of the time of passage of the
atom through the field, and the uncertainty due
to the finite width of the beam of its energy in the
field, is at least equal to the quantum of action.
This result was considered by Heisenberg as a
support of relation (2) as regards the reciprocal
uncertainties of energy and time values. It would
seem, however, that here we are not simply dealing
with a measurement of the energy of the atom at
a given time. But since the period of the proper
vibrations of the atom in the field is connected
with the total energy by relation (1), we realise
that the condition for separability mentioned
just means the loss of the phase. This circumstance
removes also the apparent contradictions,
arising in certain problems concerning the
coherence of resonance radiation, which have been
discussed frequently, and were also considered by
Heisenberg.


To consider an atom as a closed system, as
we have done above, means to neglect the spontaneous
emission of radiation which even in the
absence of external influences puts an upper limit
to the lifetime of the stationary states. The fact
that this neglect is justified in many applications
is connected with the circumstance that the
coupling between the atom and the radiation
field, which is to be expected on classical electrodynamics,
is in general very small compared to the
coupling between the particles in the atom. It is,
in fact, possible in a description of the state of
an atom to a considerable extent to neglect the
reaction of radiation, thus disregarding the unsharpness
in the energy values connected with the
lifetime of the stationary states according to
relation (2) (cf. Proc. Camb. Phil. Soc., 1924
(Supplement), or Zeits. f. Phys., 13, 117; 1923).
This is the reason why it is possible to draw
conclusions concerning the properties of radiation
by using classical electrodynamics.


The treatment of the radiation problem by the
new quantum theoretical methods meant to begin
with just a quantitative formulation of this correspondence
consideration. This was the very starting-point
of the original considerations of Heisenberg.
It may also be mentioned that an instructive analysis
of Schrödinger's treatment of the radiation phenomena
from the point of view of the correspondence
principle has been recently given by Klein (Zeits.
f. Phys., 41,707; 1927). In the more rigorous form
of the theory developed by Dirac (Proc. Roy. Soc.,
A, vol. 114, p. 243 ; 1927) the radiation field itself
is included in the closed system under consideration.
Thus it became possible in a rational way to take
account of the individual character of radiation
demanded by the quantum theory and to build
up a dispersion theory, in which the final width
of the spectral lines is taken into consideration.
The renunciation regarding space-time pictures
characterising this treatment would seem to offer
a striking indication of the complementary character
of the quantum theory. This is particularly
to be borne in mind in judging the radical departure
from the causal description of Nature met with in
radiation phenomena, to which we have referred
above in connexion with the excitation of spectra.


In view of the asymptotic connexion of atomic
properties with classical electrodynamics, demanded
by the correspondence principle, the reciprocal
exclusion of the conception of stationary
states and the description of the behaviour of
individual particles in the atom might be regarded
as a difficulty. In fact, the connexion in question
means that in the limit of large quantum
numbers where the relative difference between
adjacent stationary states vanishes asymptotically,
mechanical pictures of electronic motion may be
rationally utilised. It must be emphasised, however,
that this connexion cannot be regarded as a
gradual transition towards classical theory in the
sense that the quantum postulate would lose its
significance for high quantum numbers. On the
contrary, the conclusions obtained from the correspondence
principle with the aid of classical
pictures depend just upon the assumptions that
the conception of stationary states and of individual
transition processes are maintained even in this limit.


This question offers a particularly instructive
example for the application of the new methods.
As shown by Schrödinger (Naturwiss., 14, 664 ;
1926), it is possible, in the limit mentioned, by
superposition of proper vibrations to construct
wave groups small in comparison to the ' size ' of
the atom, the propagation of which indefinitely
approaches the classical picture of moving material
particles, if the quantum numbers are chosen
sufficiently large. In the special ease of a simple
harmonic vibrator, he was able to show that
such wave groups will keep together even for any
length of time, and will oscillate to and fro in a
manner corresponding to the classical picture of
the motion. This circumstance Schrödinger has
regarded as a support of his hope of constructing a
pure wave theory without referring to the quantum
postulate. As emphasised by Heisenberg, the
simplicity of the case of the oscillator, however, is
exceptional and intimately connected with the
harmonic nature of the corresponding classical
motion. Nor is there in this example any possibility
for an asymptotical approach towards the problem
of free particles. In general, the wave group will
gradually spread over the whole region of the atom,
and the 'motion' of a bound electron can only
be followed during a number of periods, which is
of the order of magnitude of the quantum numbers
associated with the proper vibrations. This question
has been more closely investigated in a recent
paper by Darwin (Proc. Roy. Soc, A, vol. 117,
258; 1927), which contains a number of instructive
examples of the behaviour of wave groups.
From the viewpoint of the matrix theory a treatment
of analogous problems has been carried out
by Kennard (Zeits. f. Phys., 47, 326 ; 1927).


Here again we meet with the contrast between
the wave theory superposition principle and the
assumption of the individuality of particles with
which we have been concerned already in the
case of free particles. At the same time the
asymptotical connexion with the classical theory,
to which a distinction between free and bound
particles is unknown, offers the possibility of a
particularly simple illustration of the above considerations
regarding the consistent utilisation of
the concept of stationary states. As we have seen,
the identification of a stationary state by means of
collision or radiation reactions implies a gap in the
time description, which is at least of the order of
magnitude of the periods associated with transitions
between stationary states. Now, in the limit of high
quantum numbers these periods may be interpreted
as periods of revolution. Thus we see at once
that no causal connexion can be obtained between
observations leading to the fixation of a stationary
state and earlier observations on the behaviour of
the separate particles in the atom.


Today quantum mechanics can not only observe "individual particles," but control their transitions between stationary states with exquisite accuracy.


Summarising, it might be said that the concepts
of stationary states and individual transition processes
within their proper field of application
possess just as much or as little 'reality' as the
very idea of individual particles. In both cases
we are concerned with a demand of causality
complementary to the space-time description, the
adequate application of which is limited only by
the restricted possibilities of definition and of
observation.
7. THE PROBLEM OF THE ELEMENTARY
PARTICLES.


When due regard is taken of the complementary
feature required by the quantum postulate, it
seems, in fact, possible with the aid of the symbolic
methods to build up a consistent theory of
atomic phenomena, which may be considered as a
rational generalisation of the causal space-time
description of classical physics. This view does
not mean, however, that classical electron theory
may be regarded simply as the limiting case of a
vanishing quantum of action. Indeed, the connexion
of the latter theory with experience is
based on assumptions which can scarcely be
separated from the group of problems of the
quantum theory. A hint in this direction was
already given by the well-known difficulties met
with in the attempts to account for the individuality
of ultimate electrical particles on
general mechanical and electrodynamical principles.
In this respect also the general relativity
theory of gravitation has not fulfilled expectations.
A satisfactory solution of the problems
touched upon would seem to be possible only by
means of a rational quantum-theoretical transcription
of the general field theory, in which the
ultimate quantum of electricity has found its
natural position as an expression of the feature of
individuality characterising the quantum theory.
Recently Klein (Zeits. f. Phys., 46, 188; 1927) has
directed attention to the possibility of connecting
this problem with the five-dimensional unified
representation of electromagnetism and gravitation
proposed by Kaluza. In fact, the conservation
of electricity appears in this theory as an
analogue to the conservation theorems for energy
and momentum. Just as these concepts are complementary
to the space-time description, the
appropriateness of the ordinary four-dimensional
description as well as its symbolical utilisation in
the quantum theory would, as Klein emphasises,
seem to depend essentially on the circumstance
that in this description electricity always appears
in well-defined units, the conjugated fifth dimension
being as a consequence not open to observation.


Quite apart from these unsolved deep-going
problems, the classical electron theory up to the
present time has been the guide for a further
development of the correspondence description in
connexion with the idea first advanced by Compton
that the ultimate electrical particles, besides their
mass and charge, are endowed with a magnetic
moment due to an angular momentum determined
by the quantum of action. This assumption, introduced
with striking success by Goudsmit and
Uhlenbeck into the discussion of the origin of the
anomalous Zeeman effect, has proved most fruitful
in connexion with the new methods, as
shown especially by Heisenberg and Jordan. One
might say, indeed, that the hypothesis of the
magnetic electron, together with the resonance
problem elucidated by Heisenberg (Zeits. f. Phys.,
41, 239; 1927), which occurs in the quantum-theoretical
description of the behaviour of atoms
with several electrons, have brought the correspondence
interpretation of the spectral laws and
the periodic system to a certain degree of completion.
The principles underlying this attack have
even made it possible to draw conclusions regarding
the properties of atomic nuclei. Thus Dennison
(Proc. Roy. Soc., A, vol. 115, 483; 1927), in
connexion with ideas of Heisenberg and Hund,
has succeeded recently in a very interesting way
in showing how the explanation of the specific
heat of hydrogen, hitherto beset with difficulties,
can be harmonised with the assumption
that the proton is endowed with a moment of
momentum of the same magnitude as that of the
electron. Due to its larger mass, however, a
magnetic moment much smaller than that of the
electron must be associated with the proton.


The insufficiency of the methods hitherto developed
as concerns the problem of the elementary
particles appears in the questions just mentioned
from the fact that they do not allow of an unambiguous
explanation of the difference in the
behaviour of the electric elementary particles and
the 'individuals' symbolised through the conception
of fight quanta expressed in the so-called
exclusion principle formulated by Pauli. In fact,
we meet in this principle, so important for the
problem of atomic structure as well as for the
recent development of statistical theories, with
one among several possibilities, each of which
fulfils the correspondence requirement. Moreover,
the difficulty of satisfying the relativity requirement
in quantum theory appears in a particularly
striking fight in connexion with the problem of
the magnetic electron. Indeed, it seemed not
possible to bring the promising attempts made
by Darwin and Pauli in generalising the new
methods to cover this problem naturally, in
connexion with the relativity kinematical consideration
of Thomas so fundamental for the
interpretation of experimental results. Quite
recently, however, Dirac (Proc. of the Roy. Soc.,
A, 117, 610; 1928) has been able successfully
to attack the problem of the magnetic electron
through a new ingenious extension of the symbolical
method and so to satisfy the relativity requirement
without abandoning the agreement with
spectral evidence. In this attack not only the
imaginary complex quantities appearing in the
earlier procedures are involved, but his fundamental
equations themselves contain quantities
of a still higher degree of complexity, that are
represented by matrices. 


Already the formulation of the relativity argument
implies essentially the union of the spacetime
co-ordination and the demand of causality
characterising the classical theories. In the
adaptation of the relativity requirement to the
quantum postulate we must therefore be prepared
to meet with a renunciation as to visualisation in
the ordinary sense going still further than in the
formulation of the quantum laws considered here.


Bohr is disingenuous. He has for decades denied Einstein's extraordinary insights into light quanta and the wave-particle duality that is the core of complementarity.


Indeed, we find ourselves here on the very path
taken by Einstein of adapting our modes of perception
borrowed from the sensations to the gradually
deepening knowledge of the laws of Nature. The
hindrances met with on this path originate above
all in the fact that, so to say, every word in the
language refers to our ordinary perception. In
the quantum theory we meet this difficulty at once
in the question of the inevitability of the feature
of irrationality characterising the quantum postulate.
I hope, however, that the idea of complementarity
is suited to characterise the situation,
which bears a deep-going analogy to the general
difficulty in the formation of human ideas, inherent
in the distinction between subject and object.
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Wikipedia
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The "quantum postulate" is Bohr's assumption of "stationary states" and the discontinuous "quantum jump" of an electron between states, with the emission of radiation of frequency ν, following Planck's 1900 postulate of discrete oscillators with energy E = hν, with h Planck's famous constant for the "quantum of action" .



Source: https://www.informationphilosopher.com/solutions/scientists/bohr/quantum_postulate.html
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Preface to Principles of Quantum Mechanics

FROM THE PREFACE TO THE FIRST EDITION


THE methods of progress in theoretical physics have undergone a vast change during the present century. The classical tradition has been to consider the world to be an association of observable objects (particles, fluids, fields, etc.) moving about according to definite laws of force, so that one could form a mental picture in space and time of the whole scheme. This led to a physics whose aim was to make assumptions about the mechanism and forces connecting these observable objects, to account for their behaviour in the simplest possible way. It has become increasingly evident in recent times, however, that nature works on a different plan. Her fundamental laws do not govern the world as it appears in our mental picture in any very direct way, but instead they control a substratum of which we cannot form a mental picture without introducing irrelevancies. The formulation of these laws requires the use of the mathematics of transformations. The important things in the world appear as the invariants (or more generally the nearly invariants, or quantities with simple transformation properties) of these transformations. The things we are immediately aware of are the relations of these nearly invariants to a certain frame of reference, usually one chosen so as to introduce special simplifying features which are unimportant from the point of view of general theory.

The growth of the use of transformation theory, as applied first to relativity and later to the quantum theory, is the essence of the new method in theoretical physics. Further progress lies in the direction of making our equations invariant under wider and still wider transformations. This state of affairs is very satisfactory from a philosophical point of view, as implying an increasing recognition of the part played by the observer in himself introducing the regularities that appear in his observations, and a lack of arbitrariness in the ways of nature, but it makes things less easy for the learner of physics. The new theories, if one looks apart from their mathematical setting, are built up from physical concepts which cannot be explained in terms of things previously known to the student, which cannot even be explained adequately in words at all. Like the fundamental concepts (e.g. proximity, identity) which every one must learn on his arrival into the world, the newer concepts of physics can be mastered only by long familiarity with their properties and uses.


From the mathematical side the approach to the new theories presents no difficulties, as the mathematics required (at any rate that which is required for the development of physics up to the present) is not essentially different from what has been current for a considerable time. Mathematics is the tool specially suited for dealing with abstract concepts of any kind and there is no limit to its power in this field. For this reason a book on the new physics, if not purely descriptive of experimental work, must be essentially mathematical. All the same the mathematics is only a tool and one should learn to hold the physical ideas in one's mind without reference to the mathematical form. In this book I have tried to keep the physics to the forefront, by beginning with an entirely physical chapter and in the later work examining the physical meaning underlying the formalism wherever possible. The amount of theoretical ground one has to cover before being able to solve problems of real practical value is rather large, but this circumstance is an inevitable consequence of the fundamental part played by transformation theory and is likely to become more pronounced in the theoretical physics of the future.


With regard to the mathematical form in which the theory can be presented, an author must decide at the outset between two methods. There is the symbolic method, which deals directly in an abstract way with the quantities of fundamental importance (the invariants, etc., of the transformations) and there is the method of coordinates or representations, which deals with sets of numbers corresponding to these quantities. The second of these has usually been used for the presentation of quantum mechanics (in fact it has been used practically exclusively with the exception of Weyl's book Gruppentheorie und Quantenmechanik). It is known under one or other of the two names 'Wave Mechanics' and 'Matrix Mechanics' according to which physical things receive emphasis in the treatment, the states of a system or its dynamical variables. It has the advantage that the kind of mathematics required is more familiar to the average student, and also it is the historical method.


The symbolic method, however, seems to go more deeply into the nature of things. It enables one to express the physical laws in a neat and concise way, and will probably be increasingly used in the future as it becomes better understood and its own special mathematics gets developed. For this reason I have chosen the symbolic method, introducing the representatives later merely as an aid to practical calculation. This has necessitated a complete break from the historical line of development, but this break is an advantage through enabling the approach to the new ideas to be made as direct as possible.





Source: https://www.informationphilosopher.com/solutions/scientists/dirac/preface.html
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There have been many dozens of international conferences and symposia on information theory over the past several decades. Some of those most important to information philosophy have been on information theory in biology.

We list these conferences and will report on those that had the most productive outcomes, with results that are still central  to our understanding of information structures in the universe and biological information processing.  



The Macy Conferences


	1946, March
Core Group: Bateson,  
Bigelow,   
von Bonin,   
Frank, 
Fremont-Smith,   
Gerard, 
Harrower,  
Hutchinson, 
Klüver,  
Kubie,   
Lazarsfeld,  
Lewin,  
Lorente de Nó, 
McCulloch (chair),   
Mead,  
von Neumann,  
Northrop,  
Pitts,  
Rosenblueth,  
Savage,  
Wiener


Guest: Bremer



	
Inaugural Macy Conference entitled "Feedback Mechanisms and Circular Causal Systems in Biological and Social Systems."


The conference title will shift repeatedly during the series.  In addition, Wiener's invocation of the term 'cybernetics' for the subject matter was still in the future.



	
Macy Foundation organizer Frank Fremont-Smith opens the conference (and the ensuing series) by saying, "Each group, when it comes together, is an experiment.  If it excites you all enough to want to meet again, we will plan for further meetings."


It is important to bear in mind that to Fremont-Smith the conferences themselves were an experiment in multidisciplinary science.



	
Because the 1st conference represented the first 'coming together' of the hard scientists and the social scientists, the discussion was more general and more philosophical than would be the case in the subsequent 9 conferences.



	
The conference's opening session had von Neumann and Lorente de Nó presenting detailed overviews of the state of the art in digital computers and neurophysiology, respectively.



	
The conference's second session had Wiener presenting an overview of automatic mechanisms for self-regulation.  Rosenblueth then described purposive behavior and teleological mechanisms a la his 1942 presentation.



	
McCulloch gives a presentation on how simulated neural networks can emulate the calculus of propositional logic.  He also draws attention to communication as a descriptive metaphor and notes the differences between descriptions of messages' mechanics and message content or meaning.  He suggests memory may be a function of continuously cyclical impulses in a neural network.



	
Bateson makes a presentation outlining the need for sound theory in the social sciences, illustrating his points with observations from his anthropological field work of the 1930's.  He distinguishes between 'learning' and 'learning to learn', then challenges the group by asking whether and how computers could accomplish either form of learning.



	
Wiener and von Neumann in particular make claims that their theories and models would be of utility in economics and political science.


No scholar-representative from economics or political science would ever attend any of the 10 conferences. 



	
Gerard comments that the brain's operations are much more 'analog' than 'digital'.  


This establishes a dichotomy between 'analogical' and 'digital' which would become a recurrent topic of debate throughout the conferences.  Some (especially the mathematicians like von Neumann) would be emphasizing 'digital' perspectives, while others (especially the psychologists) would be emphasizing a more 'analogical' orientation.



	
Heinrich Klüver gives a presentation on how object perception appears to use feedback mechanisms to enforce constancy. He declares psychology lacks a good model explaining how a brain handles form perception (Gestalten) - posing a topic which would be addressed repeatedly in the next few conferences.



	
Lawrence Frank suggests the conference's focal interdisciplinary concepts could only be elaborated and developed with the aid of a language more general than the disciplinary lexicons of the day.


This allusion to the need for a 'meta-language' would be repeated again and again throughout the conference series.  Fremont-Smith would open each conference with a reminder that it was necessary to establish a new lexicon or language for the new ideas being discussed.



	
Psychologist Molly Harrower gives a presentation on perceptual differences between normal persons and people with brain damage.



	
Psychiatrist Lawrence Kubie gives a presentation on neurosis, emphasizing compulsive repetitive behaviors in neurosis.  Kubie's descriptive allusions to 'energy' (a la Freud) set off much discussion.  


Such (often critical and animated) discussion on psychiatric issues and models would recur throughout the conference series.  Kubie in particular would demonstrate remarkable persistence and patience in making regular presentations on psychoanalytical topics which would invite criticism from the 'hard scientists' like Pitts.



	
Northrop - the sole philosopher in the core group - gives a presentation on philosophy of science.  He brings up the notion of an ethics derivable from science and recommends that there be attention given to generating a valid normative theory grounded in scientific principles and evidence.  He discerns a lack of interest in these philosophical issues among his fellow group members, and rarely speaks out after this first conference.


Northrop's appearance illustrates three things.  First, not all participants' contributions were treated with equal interest by the group at large.  Second, not all core group members actively contributed presentations throughout the conference series.  Third, although some would treat the Macy Conferences as 'philosophical' and as an 'exercise in metascience', Northrop's experience would seem to indicate neither of these themes struck a chord with the audience at large. 



	
Sociologist Lazarsfeld proposes that a separate meeting be arranged specifically for social scientists, so as to provide a forum for introducing (e.g.) social theorists to these new concepts.


This proposal (which was acted on) reinforces some scholars' opinion that the essence of the Macy Conferences was to impart the new ideas to a primarily social science audience. 



	
The group agrees to meet again in a second such conference to occur in October.


The participants found the inaugural conference sufficiently enlightening and interesting to motivate a commitment to attend further such conferences. 





	1946, October
Core Group:  Bateson,  
Bigelow,   
von Bonin,   
Frank, 
Fremont-Smith,   
Gerard, 
Harrower,  
Hutchinson, 
Klüver,  
Kubie,   
Lazarsfeld,  
Lewin,  
Lorente de Nó, 
McCulloch (chair),   
Mead,  
von Neumann,  
Northrop,  
Pitts,  
Rosenblueth,  
Savage,  
Wiener, + Brosin, + Marquis, + Schneirla


Guest: Livingston


	
Conference now entitled "Teleological Mechanisms and Circular Causal Systems."



	
As a result of Lazarsfeld's suggestion at the 1st conference, the Macy Foundation has Gregory Bateson organized a 'special conference' (Dupuy) or  'sociological subconference' (Heims) held in September.  The title of this meeting was 'Teleological Mechanisms in Society'.  It was designed to allow social scientists to meet with Wiener and von Neumann, to hear about their ideas, and to discuss how these ideas might be valuable in social science.  


This 'side event' turned out to be noteworthy on its own.  Two sociologists who would later invoke systems principles - Talcott Parsons and Robert Merton - attend this subconference (but never attend any of the main Macy Conferences).  This event was the first Macy appearance by anthropologist Clyde Kluckhohn (who would be a guest at 2 of the main conferences).  This subconference recommended to the group at large that the concepts of 'field' and 'Gestalt' be clarified, and this recommendation is acted upon.



	
The conference takes up the clarification of the terms 'field' and 'Gestalt'.  

The main outcome of this discussion is illustration of how little the attendees agreed on the definitions and implications of these labels.  They end up deferring further discussion until the seminal Gestalt psychologist Wolfgang Köhler can address the conference.  (NOTE:  Köhler was invited to the 3rd conference, but couldn't actually attend until the 4th).



	
Molly Harrower is asked to explain the term 'field', but she demurs by noting her mentor Koffka's ideas diverged from those of Köhler.



	
Kurt Lewin gives an extensive presentation on his personal version of 'field' and other concepts from Gestalt psychology and social psychology.



	
Three psychologists are added to the core group.


These first additions to the core group increase the already-disproportionate representation of psychologists among the conference attendees.



	
Schneirla (a comparative psychologist - i.e., an 'ethologist') gives a presentation on tactile and chemical communications within an army ant society.  


This is one of the rare occasions where psychological or behavioral issues were contextualized in terms of a collective (as contrasted with individuals).



	
Lawrence Frank arranges a separate conference on 'teleological mechanisms' conducted under the auspices of the New York Academy of Sciences and held in New York immediately following the 2nd Macy Conference.  From the Macy attendees Frank draws the featured speakers Wiener, McCulloch, Hutchinson, and Livingston.


The 2nd conference should therefore be seen as the central event in a trio of meetings.  The earlier 'sociological subconference' and this latter conference serve to expand the audience for the Macy Conferences' core themes outside the context of the main conference itself.



	
In the wake of the 2nd conference, both Bateson and Northrop contact chairperson McCulloch to express reservations about the wisdom of focusing so much on Köhler.  Bateson was concerned about the multidisciplinary conference getting diverted into intra-disciplinary controversies.  Northrop saw Gestalt psychology as a suboptimal theme, and recommended keeping the focus on 'harder' science such as (e.g.) neurophysiology and mathematics.


This illustrates the extent to which (a) there was occasional individual trepidations about the topical and procedural foci of the conference series as well as (b) there were a lot of back-channel communications concerning the conduct of the conferences. 




	1947, March
Core Group:  Bateson,  
Bigelow,   
von Bonin,   
Frank, 
Fremont-Smith,   
Gerard, 
Harrower,  
Hutchinson, 
Klüver,  
Kubie,   
Lazarsfeld,  
- Lewin,  
Lorente de Nó, 
McCulloch (chair),   
Mead,  
von Neumann,  
Northrop,  
Pitts,  
Rosenblueth,  
Savage,  
Wiener, + Brosin, + Marquis, + Schneirla


Guests: Ackerman, 
Erikson, 
Festinger, 
Fitch, 
Kluckhohn, 
Lloyd 



	
Conference still entitled "Teleological Mechanisms and Circular Causal Systems."



	
For the first time, the number of invited guests is allowed to exceed the 5 originally planned by Fremont-Smith.



	
McCulloch begins collating and distributing a summary report on the conference


This illustrates the realization that the earlier conferences had not been adequately documented.  McCulloch attempted to summarize the key points of the first 3 conferences following the third event, then distributed this to the attendees.  With the exception of Mead's shorthand notes (indecipherable owing to her personal shorthand coding) and the fragmentary results of the earlier crude recording / transcription efforts, McCulloch's retrospective remains the main documentation for the first 3 conferences.



	
First loss of core group member - Kurt Lewin dies shortly before the conference



	
Lewin's death cancels planned appearance by Köhler to discuss his view of perception (distinct from the 'coding' model previously discussed)



	
Erik Erikson gives a presentation on child psychiatry.  His approach is considered non-rigorous compared with the tone of the conferences to date.  Although Bateson and Hutchinson lobby for Erikson's inclusion in the core group, opposition prevents this.  For his own part, Erikson was uncomfortable with the group's focus on machines.


This illustrates the problems (both internal and external) in adding new core members to the group.  It also illustrates the fact that not every new attendee saw the conference and/or its subject matter as something attractive enough to pursue.



	
In relation to his own research interests (e.g., cellular automata), von Neumann lobbies to get a geneticist invited to the conferences.


This is the first important instance in which von Neumann acts not only on his own initiative, but with regard to his own personal topical interests.  In retrospect, von Neumann would later be characterized (e.g., by von Foerster) as something of an 'insider' (member of the core group) who operated more like an 'outsider' (i.e., someone pursuing his own agenda tangential to that of the collective).




	1947, October
Core Group:  Bateson,  
Bigelow,   
von Bonin,   
Frank,
Fremont-Smith,   
Gerard, 
Harrower,  
Hutchinson, 
- Klüver,  
Kubie,   
Lazarsfeld,  
- Lewin,  
Lorente de Nó, 
McCulloch (chair),   
Mead,  
von Neumann,  
Northrop,  
Pitts,  
Rosenblueth,  
Savage,  
Wiener, + Brosin, + Marquis, + Schneirla


Guests: Teuber,
Bender, 
Kluckhohn, 
Garcia Ramos 


	
Title of the conference is modified to "Circular Causal and Feedback Mechanisms in Biological and Social Systems."  


This represents the third title in four events.  It illustrates the manner in which the conference participants were still at a loss to provide a specific denotation for what they found so interesting.



	
Köhler presents his 'field' perspective, generating substantial controversy.  Pitts and McCulloch criticize Köhler's 'field theory' as mere theory devoid of empirical basis.  


This debate illustrates two important points.  First, there was a divide between those interested in the mechanisms of neural architectures (e.g., Pitts and McCulloch) and those who expressed interest in descriptive theories of what those mechanisms might do (e.g., perception).  Second, it remained the case throughout the conference series that the neural mechanism people (who were also to be counted among the formalists) were repeatedly critical of what they perceived as fuzzy or vapid theorization (particularly with regard to the psychoanalysts).



	
Long argumentation over the distinctions between the continuous or 'analog' character of Köhler's Gestalt model and the discretely-coded or 'digital' orientation adopted by (e.g.) McCulloch and Pitts.



	
Harrower and Teuber are disappointed at poor reception given Köhler's presentation.  Harrower threatens to resign from the core group, but is persuaded to stay. 


This illustrates that the Macy Conference audience was, after all, a collection of people, each with his or her own personal commitments and attachments.  The social network of these commitments and attachments would influence the conferences in many ways - including selection of new invitees and the departure of some people along the way.




	1948, Spring
Core Group:  Bateson,  
Bigelow,   
von Bonin,   
Frank, 
Fremont-Smith,   
Gerard, 
Harrower,  
Hutchinson, 
- Klüver,  
Kubie,   
Lazarsfeld,  
- Lewin,  
Lorente de Nó, 
McCulloch (chair),   
Mead,  
von Neumann,  
Northrop,  
Pitts,  
Rosenblueth,  
Savage,  
Wiener, + Brosin, + Marquis, + Schneirla, + Teuber, + Bavelas


Guests: Jakobson, 
Lee ,
Lotz, 
Morris, 
von Domarus,

Delbrück (geneticist selected by von Neumann, expected to become member of core group) 


	
Title of the conference remains "Circular Causal and Feedback Mechanisms in Biological and Social Systems."  



	
First day's program, organized by Mead and Bateson, focuses on language


Although this is not the only conference in which 'language' is a topic of presentation and discussion, it is the only conference in which an entire block of presentations on this topic was presented.  It is unclear whether or not this attention to language overshadowed the invited presentation by biophysicist / geneticist Delbrück - a type of scholar and a specific individual recommended by von Neumann.



	
Second day's program dominated by presentations by Wiener (order vs. chaos), Pitts (formal modeling applied to chicken pecking order formation), and Lee (concept of "I" in language).



	
Geneticist Delbrück unimpressed by fifth conference - later stating, "It was vacuous in the extreme and positively inane."  This illustrates the difficulty in getting new attendees to integrate themselves into the conference and/or the group.


Delbrück was not the first or the only invitee to think little of his Macy Conference experience (cf. the earlier comments about Erikson).  His reaction illustrates that not everyone readily accepted or endorsed the conferences (though the precise reasons remain unclear).  It must be noted that the dedication of a significant block of this conference's itinerary to 'language' may have diminished the attention given Delbrück and the genetics subject matter which von Neumann had been promoting, and that this might help explain his negative reaction.  It must also be pointed out that Delbrück's statement was given to Steven Heims in the 1960's, and that time may have amplified his displeasure.

As was the case with Erikson, Delbrück had been invited with some expectation of his being added to the core group.  As was the case with Erikson, Delbrück found himself sufficiently uncomfortable with the conference as to prevent his further attendance, much less his incorporation into the 'inner circle'.  This illustrates that recognition of the conferences' themes was not universal.





	1949, March
Core Group:  Bateson,  
Bigelow,   
von Bonin,   
Frank, 
Fremont-Smith,   
Gerard, 
- Harrower,  
Hutchinson, 
- Klüver,  
Kubie,   
- Lazarsfeld,  
- Lewin,  
Lorente de Nó, 
McCulloch (chair),   
Mead,  
- von Neumann,  
Northrop,  
Pitts,  
Rosenblueth,  
Savage,  
Wiener, + Brosin, + Marquis, + Schneirla, + Teuber, + Bavelas, + von Foerster 
(guest - invited to join)


Guests: Abramson, 
Liddell, 
Lindsle,y 
Lloyd, 
Mettler, 
Stroud 



	
The conference opens with discussion of a message from (non-attendee) von Neumann.  Having calculated the number of neurons and interneuronal connections in the brain he'd claimed the brain's neurons were insufficient to account for human capacities, and that the means for achieving the brain's 'complexity' must include other mechanisms such as the biochemical structure of the neuron itself.  The physiologists present were pleased at this idea.  McCulloch defended the viability of his and Pitts' neuron model (which had thus been called into question).  The debate ends when Pitts demonstrates von Neumann's statements had been based on a calculation which was invalid. 


This event is interesting for a number of reasons.  First, although von Neumann operated as something of an 'outsider' and wasn't even present, the attendees still took the time to consider his message.  Secondly, this could have turned into another in the recurring rounds of debate over neural mechanisms versus subjective perception had not Pitts short-circuited the discussion by pointing out the flaw in von Neumann's description of the problem.



	
Klüver suggests research topic of analyzing situations leading to childhood trauma.



	
During this period, McCulloch becomes a severe and vociferous critic of psychoanalysis - alienating some of the psychological and psychiatric acquaintances who participate in the Macy conferences.



	
Kubie makes note of the (problematical) role of the observer in psychoanalytical work, and claims the therapist has to remain as detached as possible, even to the exclusion of humanistic impulses.  Wiener brings up the problems of measurement interfering with observed phenomena in the sciences.  Fremont-Smith and Stroud join in.  


This is the only occasion when the problem of the observer is explicitly  discussed in the Macy Conference series.  This seems strange in retrospect, given that the problem of the observer would become so prominent two decades later.  It is perhaps less strange when one considers the fact that discussion of 'subjective experience' (cf. earlier debates on Gestalten) tended to be promoted only by the 'soft science' crowd (particularly the psychoanalysts), and that they were repeatedly criticized by the core 'hard science' advocates for doing so.  In any case, it's fair to say this resistance to the topic of subjective experience would force deferral of this critical topic to the 1960's and the rise of second-order cybernetics.



	
Heinz von Foerster's presentation on memory politely received.  He's invited to become editor for the Conference proceedings (allegedly so he can practice English).  Mead and Teuber are appointed as assistant editors.  These assignments persist for the remainder of the conference series.



	
Admittedly daunted by the length and complexity of the conference title, von Foerster recommends Wiener's recently-published label 'cybernetics' be adopted as the conference title.  This is enthusiastically approved.  Wiener, deeply touched, leaves room to hide his tears.


This anecdote (cited in multiple of von Foerster's documented reminiscences) illustrates how concise circumscription of the conference's subject matter under a discrete label had not theretofore been given much attention.  More generally, it's indicative of the inattention given to portraying the conference's themes as a discernible field in and of itself.



	
Fremont-Smith makes an appeal for collaboration between physics and psychology (and by implication all the 'hard' and 'soft' sciences) leading to unification of science.  He emphasizes the need for cross-disciplinary awareness and declares, "The development of effective communication across the scientific disciplines in perhaps the most urgent need of our era."


This illustrates multiple points.  First, Fremont-Smith (as mentioned earlier) was very interested in these conferences serving as the birthplace for a truly multidisciplinary (or transdisciplinary) field (or metascience).  Second, as of halfway through the eventual series, there was little evidence this was occurring.  Third, it illustrates that Fremont-Smith was growing increasingly concerned at the extent to which the attendees continued to engage each other in terms of their respective disciplinary perspectives.




	1950, March
Core Group:  Bateson,  
Bigelow,   
von Bonin,   
Frank, 
Fremont-Smith,   
Gerard, 
- Harrower,  
Hutchinson, 
- Klüver,  
Kubie,   
- Lazarsfeld,  
- Lewin,  
Lorente de Nó, 
McCulloch (chair),   
Mead,  
- von Neumann,  
Northrop,  
Pitts,  
Rosenblueth,  
Savage,  
Wiener, + Brosin, + Marquis, + Schneirla, + Teuber, + Bavelas, + von Foerster 
(guest - invited to join)


Guests: Licklider, 
McLardy, 
Shannon, 
Stroud, 
Werner  


	
In accordance with von Foerster's suggestion (cf. 6th conference notes), the conference title becomes "Cybernetics:  Circular Causal and Feedback Mechanisms in Biological and Social Systems."


It is important to note that the Macy Conferences were not titled or characterized as 'cybernetics' until 6 of the 10 conferences had already occurred.  At this late stage, the conference title is stabilized once and for all.



	
Atypically large proportion of presentations by guests (instead of core group members).



	
Gerard starts conference with presentation on 'analog' versus 'digital' interpretations of mind.  He states the mind is more toward the 'analog', calling into question the 'digital' logic-based model of Pitts and McCulloch.  This sets off an animated debate that proves frustrating to many of the participants.



	
Bateson calls for clarification of distinction between 'analog' and 'digital'.  He hearkens back to the arguments over Köhler's presentation at the 4th conference and suggested it would be wise to remove any ambiguities.


It is interesting to note that the old debate concerning 'analogical versus digital' remained a pesky item of 'old business unresolved'.  Gerard's points are essentially the same that he'd made years earlier.  Bateson's allusions to Köhler's presentation only remind us that the prior attempt to invoke and understand Köhler led only to dissension and hurt feelings and not any progress toward understanding with respect to Gerard's distinction.



	
Remainder of the conference is largely dedicated to presentations on communication and language.


At the 5th conference there was a block of time invested in presentations on human language.  This time around, the theme wasn't so much language in and of itself, but rather how human language intersected with the features relevant to (e.g.) Shannon's information theory.  In this regard, it's important to note that this 7th conference was the first of three that Shannon himself would attend.



	
Psychoanalyst Kubie gives a presentation on language and symbols as they relate to neurosis.  This touches off a debate with Pitts and Bateson criticizing psychoanalysis from two distinct perspectives.  Pitts can't discern any coherent theory in psychoanalysis, while Bateson can't discern any objectivity in psychoanalytic tenets.


This illustrates two points.  The first was that no amount of criticism from the 'hard science' contingent (especially Pitts) would dissuade Kubie from presenting psychoanalytical issues at the conferences.  The second was that some people from the 'soft science' contingent (in this case Bateson) also had problems accepting psychoanalytic theory or terminology as sufficiently clear or rigorous.



	
Guest Licklider gives a presentation on analyzing 'intelligibility' in speech communications - a topic quite distinct from reducing uncertainty a la Shannon's information theory.  This sets off a series of exchanges wandering through topics like (e.g.) emotional tone and the speech of parrots.



	
Claude Shannon presents a paper on a formal analysis of semantic redundancy in printed English, focusing on writing as coding and tilting the discussion from the social scientists (energized by Licklider) over to the engineers.



	
Gerard makes critical remarks about overinflated claims for cybernetics and undue publicity given recent conferences.  He muses that the group had originally presented ideas freely and uncritically, but had become apparently overconfident about their theories.  He goes on to warn about the risk of accepting and relying upon mathematical models incapable of empirical validation through observation and experimentation.


Gerard had served as a recurrent gadfly during the conferences (cf. his repeated observations on the 'analogical versus digital' distinction).  This marked the first time anyone had pointed to the manenr in which these conferences' subject matter and participants were being externally viewed and treated as a cohesive group with a coherent agenda.  His remarks were motivated in large part by articles in the popular press (e.g., Time) that were characterizing this 'cybernetics group' as the vanguard of an imminent fusion of man and machine.  His remarks about mathematical modeling and empiricism are also interesting, because they mark the first recognition of the risks inherent in relying only on abstract models as the entirety of their methodology. 



	
Psychologist Klüver criticizes both Köhler's 'field theory' and McCulloch's 'digital' models with respect to perception.  He suggests both are too abstract to constructively analyze (e.g.) the functionality of the visual system in the course of 'seeing'.  


This illustrates how little progress had been made in response to Klüver's original challenge to the 1st conference to explain 'Gestalten'.  Although the group had gone out of their way to invite Köhler so as to resolve such issues, that had ended up being a disruption rather than an illumination.  It also highlights the fact that in between the engineering of artifical neural models and the fuzzy subject of psychoanalysis was a middle ground of experimental and comparative psychology which had been underrepresented and little noted during the conferences to date. 




	1951, March
Core Group:  - Bateson,  
Bigelow,   
von Bonin,   
Frank, 
Fremont-Smith,   
Gerard, 
- Harrower,  
Hutchinson, 
- Klüver,  
Kubie,   
- Lazarsfeld,  
- Lewin,  
Lorente de Nó, 
McCulloch (chair),   
Mead,  
- von Neumann,  
Northrop,  
Pitts,  
Rosenblueth,  
Savage,  
- Wiener, + Brosin, + Marquis, + Schneirla, + Teuber, + Bavelas, + von Foerster 
(guest - invited to join)


Guests: Birch, 
Bowman, 
MacKay, 
Rioch, 
Richards,
Shannon



	
Neither Wiener nor von Neumann attended this 8th or any subsequent Macy Conference.


These two 'dropouts' are significant in light of the fact these individuals would later be commonly cited as instrumental to and central in the Macy Conferences and in cybernetics generally.  It is fair to say that their roles and criticality has been overstated in later decades (particularly in the case of von Neumann, the 'outsider').



	
MacKay's views on information (distinct from Shannon's by virtue of trying to incorporate 'meaning') are evident in his presentation, which touches off a debate on whether meaning is an intrinsic component of 'information' as that construct is being used at the time.


One can see this debate over 'meaning' and 'information' as analogous to the earlier debates over 'subjective experience' versus 'neural mechanisms'.  In both cases, some participants wanted to address things solely in terms of cognitive 'vehicle', while others wanted to address cognitive 'content.'  By and large, the 'vehicle-only' adherents prevailed throughout the conference series.



	
MacKay also suggested automatons could be capable of inductive inference if configured to employ random strategies.  This brings a severe criticism from statistician and decision theorist Savage, who claims randomness adds nothing in emulating human behavior and can only diminish problem solving efficiency.


This debate is interesting in the sense that what MacKay was proposing can be seen as the basis for exploration, adaptation, and learning.  Given the prominence that learning and education would achieve in later decades (e.g., the work of Gordon Pask), it's ironic that 'learning in systems' would be such a rare subject of discussion in the Macy Conferences.



	
Savage gives a presentation on his seminal decision theory research, based on statistical analysis and predicated on a quantifiable 'utility' metric.  McCulloch responds critically, arguing that decision contexts aren't typically reducible to any such one-dimensional metric.



	
Bavelas presents some of his recent experiments in small group dynamics and group communications.


Bavelas' presentation is interesting because it illustrates how the Macy Conferences influenced the thinking and methods among some of the 'soft science' participants.  This case illustrates Bavelas' drift toward concise and abstract theoretical elements (a la information theory) and away from the  positions he'd held when he first appeared at the 5th conference.  When he arrived, he could be characterized as an adherent of Lewin and Köhler's Gestalt approach.  By this time, he'd begun to jettison some of the more 'fuzzy' descriptive concepts and make an effort to adopt more rigorous constructs.



	
Discussion of Bavelas' structured (and game-like) experiments runs the gamut from applicability of von Neumann's game theory to psychic motivations to ESP to applicability of 'meaning' within an 'information theory' to anxiety about automatic machines to the role of machines as models in understanding human cognition.  


This illustrates that even at this late date the conferences continued to engender stimulating and multi-faceted conversations.



	
Literary critic Richards gives a presentation on the type of language necessary to address and analyze language itself.  


The inconclusive discussion that followed Richards' presentation includes the only known allusion to Gödel's incompleteness theorem in the entire Macy series.  Given the mathematical expertise present in the conferences and the subsequent prominence of Gödel's theorem in critiques of artificial intelligence, this is something of a surprise.



	
Animal communications researcher Herbert Birch makes a presentation in which he draws a distinction between interactions that are merely 'behavior' versus what he terms 'true communication' in higher animals and humans.  This 'true communication' Birch characterizes as involving anticipation, intentionality, symbolization, learning, and social engagement.  Rosenblueth and Bigelow respond very critically, claiming that the elements of Birch's 'true communication' entail ambiguous mentalist notions that are inimical to the non-mentalist approach underlying their paradigmatic cybernetics research.



	
In an exchange on the recurring topic of the 'unconscious', Rosenblueth declares that a mental event (and / or associated neural events) either occurs or it does not occur.  He characterized the notion of a mental event engendering a memory but somehow still 'unconscious' to be nonsense.



	
As the recurring debate over psychiatry's status as 'scientific' played out, Rosenblueth claims natural science's general approach and language can handle the problems addressed by psychiatry, and Pitts claims that the onus is on psychiatrists to either demonstrate their methods are 'scientific' or else advance them to where they become so.


These three factoids provide evidence of something that had permeated the entire conference series - a persistent critique from the 'hard science' contingent against fuzzy descriptions based on vague 'mentalist' constructs.  This in turn illustrates why the participants interested in cognitive 'content' (cf. Klüver's persistent allusions to Gestalten) were always at a disadvantage in putting such topics before the group.




	1952, March
Core Group:  - Bateson,  
Bigelow,   
von Bonin,   
Frank, 
Fremont-Smith,   
Gerard, 
- Harrower,  
Hutchinson, 
- Klüver,  
Kubie,   
- Lazarsfeld,  
- Lewin,  
Lorente de Nó, 
McCulloch (chair),   
Mead,  
- von Neumann,  
- Northrop,  
Pitts,  
Rosenblueth,  
- Savage,  
- Wiener, + Brosin, + Marquis, + Schneirla, + Teuber, + Bavelas, + von Foerster 
(guest - invited to join)


Guests: Ashby, 
Bowman, 
Luce, 
Monnier, 
Quastler ,
Remond, 
Torre ,
Wiesner,
Young



	
More 'guests' invited than at any other Macy Conference.



	
McCulloch opens the conference with observations about increasing disruptions to the conference series' coherence.  He cites the problems of conflicting schedules which had forced a number of regulars to be elsewhere.  He also cites the growing secrecy imposed on some participants' projects (von Neumann and Bavelas) which prevents presentation and discussion of relevant work.


By this time von Neumann had effectively dropped out of the conference series.  McCulloch's remarks illustrate both the increasingly oppressive atmosphere of the McCarthy era and the apparent fact that long-term conference participants were prioritizing other things.



	
Divergent interests continue to characterize the participants' discussions.  For example, Bateson responds to Gerard's presentation on neuronal excitation / inhibition by asking how one can relate such neurophysiological minutiae to broader philosophical or epistemological issues.



	
Bateson gives a presentation on humor and communication, leading to his unveiling of a notion that paradox (his espoused key to humor) was at the heart of all human communication.



	
W. Ross Ashby presents 2 papers - one on his 'homeostat' and the other on the prospects of chess playing automatons requiring random tactics before they can defeat human opponents.


Though he would later become one of the most famous cyberneticians, this was Ashby's only appearance in the Macy Conference series.



	
Interestingly, some of the more technically-minded regulars like Bigelow and Pitts, interrogate Ashby about his homeostat and challenge him to explain how it 'learns'.  


Ironically, this means the 'hardcore' cyberneticians were in the position of arguing their case from an internalist or mentalist perspective - the same position for which they'd been castigating the psychiatrists for years.  It's also ironic in the sense that such critiques had for years stifled attention to the subject of 'learning' - the very point upon which they challenged Ashby.



	
Kubie avoids some of the arguments associated with his earlier presentations by downplaying psychoanalytical theory and characterizing himself as a sort of naturalist observing emotions.  


This illustrates a drift similar to Bavelas (cf. 8th conference notes), but one more like a defensive reaction rather than a positive adaptation based on past discussions.



	
Guest Quastler proposes application of cybernetics at the microlevel in relation to biochemical and cellular processes.  He presents a set of estimated values for 'complexity' in biological organisms, based on the amount of information they represent or can represent.


Quastler's presentation apparently didn't generate a lot of discussion or enthusiasm.  Interestingly, the notion of quantifying 'complexity' would serve as the seed for 'complexity studies' - one of the many alleged latter-day  successors to cybernetics.



	
Bigelow chides the social science contingent for falling into a trap by surrendering to a fascination with mathematics.  


Dupuy (2000) cites this as a specific illustration of cybernetics' problem with managing non-specialists' and public perceptions of the usually very specific concepts and constructs the group generally addressed.  In this case, Bigelow was warning the non-specialist participants that they were uncritically accepting some of the 'hard science' contingent's products without understanding the limits of their significance.  This also relates to Gerard's earlier comments warning of overinflated expectations among the public.




	1953, April
Core Group:  Bateson,  
Bigelow,   
von Bonin,   
Frank, 
Fremont-Smith,   
Gerard, 
- Harrower,  
Hutchinson, 
- Klüver,  
Kubie,   
- Lazarsfeld,  
- Lewin,  
Lorente de Nó, 
McCulloch (chair),   
Mead,  
- von Neumann,  
- Northrop,  
Pitts,  
Rosenblueth,  
- Savage,  
- Wiener, + Brosin, + Marquis, + Schneirla, + Teuber, + Bavelas, + von Foerster 
(guest - invited to join)


Guests: Amassian, 
Bar-Hillel, 
Bowman, 
Chao, 
Droogleever-Fortuyn, 
Quastler, 
Shannon, 
Grey-Walter



	
This was the only Macy Conference held somewhere other than the Beekman Hotel in New York City.


Ironically, this final conference was supposedly moved to Princeton for the convenience of von Neumann, who for all intents and purposes had dropped out of the 'cybernetics group' three conferences earlier.



	
Discussion at this conference is unusually animated in style and ambiguous in content.  Assistant editor Teuber described the conference as lacking content, and threatens to resign if anyone pushes to publish a proceedings for such an affair.  In a compromise to prevent Teuber's resignation, it is agreed that only papers (and not discussion transcripts) will be included in the final transactions, which will not appear until 2 years later.


This illustrates how the long-term conference attendees were showing signs of fatigue.



	
McCulloch reports on his and Pitts' work on how neural mechanisms can recognize shapes and musical chords.  He cites strong arguments from others rebutting this work, and ends with a good-natured concession that his and Pitts' efforts have been in the fine tradition of scientific refutability.


This incident is a poignant event, in that at the time it seemed to indicate one of the project streams feeding the Macy Conferences had in fact turned out to be a dead end.



	
McCulloch is tasked to write a final summarization of the consensus achieved during the 10 Macy Conferences.  This proves difficult, because by this time it's clear that the cybernetics group is moving (and has always moved) in several different directions.  McCulloch writes in part:  "Our most notable agreement is that we have learned to know one another a bit better, and to fight fair in our shirt sleeves."  (Transactions, p. 69) 


As chairperson for all 10 Macy Conferences, McCulloch no doubt desired to portray the series as having produced something.  His concession of what can only be called a social networking outcome illustrates how the Macy Conferences could not even then be construed as having produced a unified theory or meta-discipline of the sort to which Fremont-Smith had aspired.






The London Symposia on Information Theory


These conferences were notable for the first discussions about the translation of natural languages by machines.

	1950, September
At the first London Symposium on Information
Theory, held at the Royal Society, about twenty papers were presented,
including six on applications of information theory to
psychology and neurophysiology. 


	1952, September
At the second symposium,
held at the Institution of Electrical Engineers, emphasis on psychology and neurophysiology was replaced
by an emphasis on the transmission and analysis of speech,
with which eight of the thirty-eight papers dealt. 


	1955, September
Participants (selected): J. T. Allanson, Yehoshua Bar-Hillel, D. E. Broadbent, E. C. Cherry, Peter Elias, Dennis Gabor, R. L. Gregory, Victor Ingve, J. Y. Lettvin, J. C. R. Licklider,
Benoit Mandelbrot, W. S. McCulloch, Margaret Mead, W. H. Pitts, Oliver G. Selfridge, Henry Quastler, A. S. C. Ross, 
The
scope of the third London Symposium on Information,
held at the Royal Institution, was
broadened to include not only all of these fields but the
mechanical translation of languages as well, in addition
to the basic topics of information theory, coding, etc.


The breadth of its scope is also indicated by the range of
backgrounds of the participants, which included: anatomy,
animal welfare, anthropology, computers, economics,
electronics, linguistics, mathematics, neuropsychiatry,
neurophysiology, philosophy, phonetics, physics, political
theory, psychology, and statistics. Of the 250 participants,
half were British; one-eighth came from the United
States (Shannon was not among them); the remainder, in
order of decreasing numbers, were from the Netherlands,
Sweden, France, Germany, Denmark, the USSR, Italy,
Belgium, Switzerland, Spain, and Israel. 


Thursday’s session began with “The Place of ‘Meaning’
in the Theory of Information,” by Dr. D. M. Mackay of
Kings College, London. Mackay defined the “meaning”
of a message in terms of the change it produces in the
recipient’s “conditional probability matrix” (array of
probabilities of anticipated events). In response to a
question about “aesthetic information” and the “meaning”
of music, Mackay indicated he was willing to include the
effects on the recipient’s internal secretions, etc. Bar-Hillel
stated that he had a hard time getting anything
out of Mackay’s talk and felt it was pointless to define
“meaning” in terms of even vaguer matrices. A. S. C.
Ross also questioned Mackay’s ideas.


Professor J. C. R. Licklider of M.I.T. spoke on
“Auditory Frequency Analysis.” He discussed the incompatability
of the place and frequency theories of pitch,
and. he discussed Huggins’s demonstration of the appearance
of a pitch when white noise is fed to both ears, arriving
at one ear through an all-pass filter; the pitch that is
heard is related to a frequency characteristic of the filter,
although neither ear alone detects any pitch. This phenomenon
requires phase or time analysis and cannot be
explained by strict place theory; i.e., by a theory which
postulates that every pitch is associated with a particular
“place” in the cochlea. By means of a tape recording,
Licklider demonstrated that the low pitch associated with
a set of three or so of its neighboring higher harmonics
can be detected even in the presence of low-pitched thermal
noise that completely masks an equally loud fundamental.
He concludes that the ears perform running analyses of
three types: (1) spectrum, (2) autocorrelogram, and (3)
cross-correlogram, and that through a process of association
of nerve paths, a person comes to associate the agreeing
reports of the three analyses concerning pitch. As a
result, one has the sensation of a pitch when the envelope
of a higher-frequency complex wave has the periodicity
associated with a sine wave that pitch. However, if the
phase relations of the harmonics are altered, the sensation
of a low pitch may disappear because of the change in
the shape of the envelope. Experiments have eliminated
the possibility that the low pitch results from nonlinearity
and beats. Licklider’s theory appears to offer
the first unified explanation of a number of auditory
phenomena. Afterward, Schouten also discussed and
demonstrated the phenomenon of the missing fundamental,
using three sine waves between 2 and 3 kc, separated
by 200 cps and 200 cps to produce the sensation of
200 cps.  


Thursday’s session ended with a talk by R. L. Gregory
of the Cambridge University Department of Experimental
Psychology on “An Experimental Treatment of Vision
as an Information Source and Noisy Channel.” He found
an empirical extension of Weber’s law ΔI/I = C, where
I is the level of illumination and ΔI is the smallest distinguishable
increment, to include the effect of the areas
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He regards the breakdown of Weber’s law at low intensities
as due to “noise” and finds that the law may be
extended to cover low intensities by rewriting it in the
form ΔI/(I + k) = C. The constant k lies between 0.03
and 0.04 foot-lamberts, but its relationship to the “noise”
is not clear. Gregory also attempted to find a function
describing the observed relation between area and threshold
intensity on the basis of a threshold defined in terms
of the probability of mistaking noise for a signal, etc. In
the discussion period, Licklider pointed out that Tanner
at the University of Michigan asserts there is no sensory
threshold-merely a point below which the probability of
detection is low. Licklider reported that if an image is
stabilized on the retina, visual acuity is momentarily
improved, but the image then disappears on account of
fatigue. Small movements of the eye therefore do not
appear to be responsible for the acuity. 


On Friday, J. T. Allanson of the University of the Birmingham
University Electrical Engineering Department began the
last day’s session with a talk on “Some Properties of a
Randomly Connected Neural Network.” In order to
permit a mathematical discussion of the behavior of such
a network, he postulated a much simplified model, and
derived expressions for the equilibrium rate of firing of
neurons, the rate of damping of oscillations, etc., in a
fixed randomly connected network, attempting to relate
the results to various neural phenomena. Because many
rather different networks exhibit very similar gross
behavior, Allanson concluded that electroencephalography
is not likely to yield detailed information about the structure
of the central nervous system. 


P. D. Wall delivered
a paper by himself, J. Y. Lettvin, W. S. McCulloch, and
W. H. Pitts, all of M.I.T., on “Factors Limiting the
Maximum Impulse-Transmitting Ability of an Afferent
System of Nerve Fibers.” Experiments were conducted:
1) to determine the maximum sustained frequency of
nerve impulses which can be carried along a set of fibers
originating in the skin, muscles, and leg joints, proceeding
into the spinal column, and streaming toward the head
in the dorsal columns of the spinal cord; 2) to determine
the limits on impulse transmission following a single
impulse or short burst of impulses where all the impulses
are carried by the same set of nerve fibers; and 3) to
determine the limits following activity in a neighboring
parallel set of nerve fibers. The object of the investigation
is eventually to calculate the informational capacity of
such a system and to ascertain how close to it the rate of
transmission of information in the nervous system comes.
If it is close, information theory should provide insights for
neurophysiology. The quantity of greatest interest is the
mean frequency of impulses required to achieve the
channel capacity, which is to be compared with the actual
average frequency of impulses. 


After lunch, Dr. Oliver G. Selfridge of the Lincoln
Laboratory, M.I.T., presented a very interesting paper
“Pattern Recognition and Learning.” The type of learning
to which he referred is the evolution of a method for
distinguishing patterns, which first requires a motivation
and some sort of criterion (i.e., elementary method) for
pattern recognition. 


Next D. E. Broadbent of the Applied Psychology
Research Unit, Cambridge, England, under the title
“The Concept of Capacity and the Theory of Behavior,”
presented a plea for the qualitative use of information
theory in psychology, “to provide a language for talking
about events within the man’s nervous system.” In the
discussion period, the question of “semantic hygiene” was
raised in connection with this proposed use of exact terms
in new and vague ways.


After the final tea interval, Henry Quastler of the
University of Illinois Control Systems Laboratory spoke
on ‘Studies of Human Channel Capacity.” He has found
in experiments with reading a single line of random piano
music involving an alphabet of 3 to 65 keys in which all
notes are equally long, a maximum information rate of
23 bits per second is achieved with a 25-key alphabet.
(No key is allowed to follow immediately after itself.)
Physical limitations reduce the information rate when the
alphabet size exceeds about fifty keys or the required
speed exceeds about 5.2 keys per second. Quastler found
that the addition of more lines, accompaniment, words,
or varied rhythm to the music did not permit a higher
information rate. This is to be contrasted with Licklider’s
discovery of a total rate of 35 bits per second for combined
reading and pointing which separately can achieve rates
of 25 and 15 bits per second, respectively. 


A five-minute talk in English by V. Siforov,  one
of the Russians present, expressed his appreciation for
the symposium and the bringing together of people from
different countries and sciences; he also expressed his
appreciation for Shannon’s work. It was his feeling that
information theory will yield new high-speed means of
communication. He reported that among those in the
Soviet Union working in the field of information theory
were: Kolmogorov; Khinchin; Yagvo (?); Patelnikov, who
works on the theory of potential stability; Kharkevich,
who is working on the accommodation of signals and the
extension of Shannon’s work (he is reported to have published
recently in Radiotechnika); Sardoniko, who works
on automatic regulation; and the speaker himself, who
works on the detection of weak pulsed signals and on
active noisy networks. Finally, he expressed his appreciation
for the invitation to the symposium sent to his country
and for the attention of the audience. 




Information Theory in Biology


	1952

One of the basic tools in natural science is the energy concept.
In recent years, another concept has begun to attain comparable dignity.
It is something more subtle and elusive than energy; it is
derived from a desire for dealing methodically with problems of complexity,
order, organization, specificity.... It is known as entropy
or amount of information, and plays a prominent role in the
new fields of information theory, communication theory, and cybernetics.


The "new movement" is based on evaluative concepts (R. A. Fisher, s
experimental design, A. Wald's statistical decision function, J. von
Neumann's theory of games), on the development of a measure of information
(R. Hartley, D. Gabor, N. Wiener, C. Shannon), on studies
of control mechanisms, and the analysis and design of large systems
(W. S. McCulloch and W. Pitt's "neurons," J. von Neumann's theory of
complicated automata, N. Wiener's cybernetics).


It has become increasingly evident that the principles of information
theory are applicable to the "higher" functions of living
organisms. They can also be used to advantage in analyzing basic
functions such as metabolism, growth, and differentiation. There
are remarks to that effect in Wiener's Cybernetics; in E. Schroedinger's
What is Life? there is a provocative discussion on how organisms
feed on "negative entropy." In the present volume, the
formalism of information theory and cybernetics has been applied to
some basic biological problems, with some degree of success.
The amount of control and communication involved in the basic,
biological processes is very great. Indeed, it appears that there
is little difference between the exercise of the basic biological
activities, and the exercise of the most sophisticated skills in the
most highly differentiated organisms. We do not claim that the
absolute difference between basic and highly specialized activities
is small; after all, this difference is the result of the order of a
billion years of organic evolution. The claim is only that the gap
between simple and complicated living organisms is small in comparison to the gap which separates the simplest living things from the
most complicated non-living systems, say, between a bacterium and a
giant electronic brain. Thus, when we say that the functional
complexities of man and bacterium are closely comparable, we do so,
not because of a low estimate of the functional complexity of man,
but because we are very much impressed by the complexity of bacterial life.


The cybernetics of biological functions should ultimately contribute to the understanding of the nature
of biological control systems. The first stage in the analysis is quantification: a count of control elements, a measure of the amount 
of control exercised. Most papers in this volume deal with counts and measures; 
only on a few occasions have steps beyond this stage been attempted.


It is in the nature of cybernetics that it cuts across traditional
boundaries between various fields of science. Because of this,
symposia have played a major part in its development--in particular,
the British symposia ('50, '52), the series of Macy conferences, the
French symposium ('52). The present volume, too, is the result of a
cooperative effort; it stems largely from lectures and discussions
arranged, in the summer of 1952, under the auspices of the Control
Systems Laboratory at the University of Illinois.




	1956
Information theory is based on the concept that information is measurable.
This idea is not new. In physics, the notion of a measurable relation between
information and degree of orderliness (entropy) dates back to BOLTZMANN'S
work in 1872 and its development in 1929 by SZILARD (1). In 1918, the statistician
R. A. FISHER (2) needed a criterion to assess the degree to which the
information contained in experimental data is utilized by a given statistical
procedure; he worked out a measure of information which has been used in
statistics ever since. Later, the need arose for a measure of information carrying
potential as a consequence of the tremendous development of telecommunication,
and in 1928, R. V. L. HARTLEY (3) published such a measure.


In 1948, WIENER (4) observed that a measure of information content is a basic
ingredient to the study of communication, which itself is a basic ingredient
to the study of control in its broadest sense. In the same year, the communication
engineer C. E. SHANNON (5) published an article on the mathematical
theory of communication which in several respects went beyond previous
studies. This article is highly technical; it is very difficult reading; it appeared
in a specialized journal (The Bell Systems Technical Journal) and it pertained
to no other field than telecommunication. It certainly did not look like an article
destined to reach wide popularity among psychologists, linguists, mathematicians,
biologists, economists, estheticists, historians, physicists . . . yet this
is what happened. In 1949, the University of Illinois Press issued a book (6)
which consisted of a reprint of SHANNON'S earlier article and a paper by WARREN
WEAVER ; in this paper, the generality of the concept of 'amount of information'
was forcefully expounded. The literature on 'information' has been increasing
ever since at an almost explosive rate.
Gatlinburg, Tennessee



	1966-67International Union of Biological Sciences Symposia - "Towards a Theoretical Biology"

Theoretical physics is a well recognized discipline, and
there are departments and professorships devoted to the
subject in many universities. Moreover, it is widely
accepted that theories of the nature of the physical
universe have profound consequences for problems of
general philosophy. In contrast to this situation, theoretical
biology can hardly be said to exist as an academic
discipline. There is even little agreement as to what
topics it should deal with, or in what manner it should
proceed. 



At the beginning of this century it was usually considered
that the most characteristic feature of life is its
metabolism. "The constant synthesis, then, of specific
material from simple compounds of a non-specific character
is the chief feature by which living matter differs from
non-living matter", was the way it was expressed by
Jacques Loeb in 1916. At that time, there was a good deal
of discussion about whether living systems presented us
with real or only apparent and local exceptions to the
Second Law of Thermodynamics.


About 40 years ago, however, it began to be realized
that such views gave insufficient attention to the overwhelmingly
important phenomenon of evolution and the
increase in complexity of living things. The view gradually
gained ground, particularly under the urging of H. J.
Muller, that the essential feature of life resides in its
possession of a hereditary system capable of mutation, and
thus of being affected by the process of natural selection.
The orthodox view became, and in many quarters perhaps
still remains, that the basic elements of life are the genes
as units of information. 


The older view
should not be completely abandoned. One can find
examples of mutable hereditary information in extremely
simple systems that no one would consider alive. Two
examples were fairly thoroughly discussed; irregularities
in the crystal lattices of complex materials such as clays 
by Cairns Smith, and tactic copolymers by Pattee

No conceptualization of a living system is
adequate unless it includes at least four importantly
different time scales, those of metabolism, development,
heredity and evolution. In those parts of the discussion
more concerned with biology than the deeper philosophical
questions of quantum theory and the like, all these four
levels came in for some consideration. The processes of
metabolism were considered mainly in their more fundamental
aspects, that is to say, in connexion with the
synthesis of new compounds, particularly proteins. The
discussions started from the two basic points; that even
the simplest living systems are exceedingly complex, so
that many synthetic processes are proceeding simultaneously;
and that each of these processes is subject to
control mechanisms, often of the type loosely referred to
as negative feedback. One of the major methods used in
the physical sciences for the handling of complex systems
is statistical mechanics. 


At the second symposium in
particular, there was an extended discussion of the
applications of statistical mechanics to a variety of biological
problems, not all at the level of metabolism. 


At the second meeting Richard
Gregory discussed a theory of perception under the provocative
title "How so little information controls so
much behaviour". His answer was, roughly, that a small
amount of information arriving through the sense organs
activates "pre-existing" models in the brain—which can
be otherwise expressed by saying that the incoming,
information falls within the domain of a certain chreod
and thus converges on to its attractor.


Evolution was perhaps the most central theme throughout
the whole discussions. Many physicists seem ready
to concede that the principle of natural selection imparts
to the biological world a type of logical structure, which
they scarcely meet in their own field of interest. Biologists,
however, while gratified to be told that physicists admit
that biology offers problems which actually need thinking
about, still remain doubtful whether physicists have
realized just how challenging these problems really are...
historical detail, For reasons which it would be
invidious to go into in any historical detail, Neo-Darwinism
has become an established orthodoxy, any criticism of
which is regarded as little less than lese-majéste.


The discussion [brought]  one face
to face with problems which offer as much intellectual
challenge as quantum indeterminacy or Bohr's complementarity.
Theorists in general science have staked out
claims for a variety of fields in this area—games theory,
decision theory, systems theory, and the like. It is not
clear to the biologists wrestling with actual situations
that many of these "disciplines" amount to anything
more than the formulation of a lot of problems for which
no solutions can be provided; there seems to be a singular
dearth of actually proved theorems which the biologists
can take over and employ. Possibly the people who are
trying to discover how to set up a computer to learn to
play good chess, or bridge, are among those most likely
to make a major contribution to the fundamental theory
of evolution.  


	1974 - "Process Thought and Modern Science"




Artificial Intelligence

	1956
Dartmouth Summer Research Project


 
In 1955, a summer study project at Dartmouth College was proposed by John McCarthy (with Marvin Minsky and Claude Shannon, who is said to have proposed it). The proposal is credited with introducing the term 'artificial intelligence'.



“We propose that a 2 month, 10 man study of artificial intelligence be carried out during the summer of 1956 at Dartmouth College in Hanover, New Hampshire. The study is to proceed on the basis of the conjecture that every aspect of learning or any other feature of intelligence can in principle be so precisely described that a machine can be made to simulate it. An attempt will be made to find how to make machines use language, form abstractions and concepts, solve kinds of problems now reserved for humans, and improve themselves. We think that a significant advance can be made in one or more of these problems if a carefully selected group of scientists work on it together for a summer.”



Attendees at the Dartmouth summer project included: W. Ross Ashby, Alex Bernstein, Julian Bigelow, Tom Etter,  John Holland, Donald Mackay, John McCarthy, W.S. McCulloch, Marvin Minsky, Trenchard More, John Nash, Allen Newell, Abraham Robinson, Nathanial Rochester, Arthur Samuel, David Sayre, Oliver Selfridge, Claude Shannon, Kenneth R. Shoulders, Herbert Simon, and Ray Solomonoff, who gave us the most complete record of the workshop proceedings.


The most complete record of the workshop was that of Ray Solomonoff, who, with founders John McCarthy and Marvin Minsky, were the only ones to attend the entire eight weeks.


The absence at the Dartmouth Summer Project of the pioneer of cybernetics, MIT's Norbert Wiener, was most conspicuous. The conference proposal deliberately did not mention cybernetics. That was the basis of the famous Macy Conferences, which ran from the late 1940's to around 1960, and included several of the AI pioneers mentioned above. McCarthy wanted to avoid discussions of simple automata theory. By avoiding cybernetics, which focused on analog feedback, it meant he also avoided debates with the powerful Wiener.


In the first two weeks of the summer workshop, Newell and Simon put forward the idea of a two-stage "General Problem Solver," which was partial inspiration for Daniel Dennett's "Valerian Model" of free will in 1978.










Source: https://www.informationphilosopher.com/conferences/





  
  Interview (1995)
  

  


  
  Home › Solutions › Scientists › von Foerster › Interview
Interview (1995)
stanford humanities review:  The primary goal of this special issue of SHR is to promote a multidisciplinary dialogue on Artificial Intelligence and the humanities.  We think you are most qualified to facilitate such a dialogue since you have trotted along many disciplinary paths in your career, ranging from mathematics and physics to biophysics and hematology, to pioneering work on cybernetics, to philosophy, and even family therapy.  One could even say that "transdisciplinarity" has been your expertise.  .  .  .
heinz von foerster:  I don't know where my expertise is; my expertise is no disciplines.  I would recommend to drop disciplinarity wherever one can.  Disciplines are an outgrowth of academia.  In academia you appoint somebody and then in order to give him a name he must be a historian, a physicist, a chemist, a biologist, a biophysicist; he has to have a name.  Here is a human being: Joe Smith -- he suddenly has a label around the neck: biophysicist.  Now he has to live up to that label and push away everything that is not biophysics; otherwise people will doubt that he is a biophysicist.  If he's talking to somebody about astronomy, they will say "I don't know, you are not talking about your area of competence, you're talking about astronomy, and there is the department of astronomy, those are the people over there," and things of that sort.  Disciplines are an aftereffect of the institutional situation.

My personal history has been different.  If somebody asks me "Heinz, how is it that although you studied physics, mathematics, and all that, you are always with artists and musicians, etc.?" I think it is because I grew up in Vienna, at a fascinating time of Viennese history.  I was born in 1911, looking back over almost the whole twentieth century, with just eleven percent missing at the beginning and a six percent missing at the end.  So I had the pleasure of traveling through the twentieth century from its early stages.  At that time -- in the late nineteenth century -- Vienna was an extraordinary place.  It had a remarkable medical faculty, fascinating philosophers, it had great art (a new artistic revolution was taking place in Vienna under the name "Jugendstil" (or Art Nouveau, as it was then known in all of Europe); fascinating painters, an explosion of artistic activity, music, Mahler, dance, etc.  In all fields there was a breakaway from the classic and from the standards of the nineteenth century perspective.  I had the luck to be born into a family which was participating in all that activity.  As a little boy I was already associated with them: I was sitting under the piano and listening while the grownups were talking with each other.  It was always fascinating to listen to what they were saying.  My mother's and my father's house was a very open house, but the really open house was the house of my maternal grandmother.  She happened to be one of the early and leading feminists who published the first women's journal in all Europe -- Documents of Women.  Politicians, writers, journalists, theater people, etc.  were in my grandmother's house.  We, as kids, were of course always looking and listening; we were immersed in a world that had no specifics, no disciplines.  I mean, everybody was connected and arguing about what art, politics, philosophy, should be.  Growing up in such a world brings you into a state of affairs where you have difficulties looking at single disciplines.  I see practically every sentence we are speaking as already like a millipede connected with five hundred -- oh but a millipede, so a thousand -- other notions.  And to talk about a single notion has a built-in sterility which does not allow you to make the semantic connections to all those other concepts.
shr:  What kind of education did you receive in school, after you were too old to remain under the piano listening to grownups?
hvf:  Later, there were two phases in my education.  Somehow by nature, mathematics was no problem, physics was no problem.  I was a very good student in mathematics, but I was not acknowledged.  In the Austrian school system of that time, you went into the classical Gymnasium, which taught you Latin and Greek and history.  Mathematics and physics were peripheral.  I was a very lousy student in Greek and in Latin.  I was always threatened with flunking this and flunking that.  My poor parents suffered with this boy who would not learn anything.  But in mathematics and physics I was very good.  However you could not get good grade in mathematics and physics if you had very bad grades in Latin.  So, I was over the fringe, so to speak.  Nevertheless, I became very interested in philosophical issues, and mathematical issues as well.  And when I was through with high school I went to the Institute of Technology in Vienna to study technical physics.  This was a new field, and I enjoyed it very much.  Very early in my curriculum, perhaps during the first semester, one of my student colleagues came to me and said: "Heinz, I was just coming from the University and there are a series of lectures that are so fascinating that you should come along.  You absolutely have to come along with me." So I said "Good, let's go and see," and the next lecture to which I went was by a professor by the name of Scheminsky, and the theme was "Is it possible to generate life artificially?" He was lecturing about whether it was possible to make AL, artificial life.  Remember, this was in 1931.  Of course, I thought it was fascinating to ask such a question, and I went to attend the lecture.  The room was absolutely full, with lots of young people there, -- and all the big professors in the first row: physics, theology, mathematics, biology etc.  etc.  Then the chairman of the session, announced: "Professor Scheminsky will talk about 'Is it possible to produce life artificially?'" The first row stood up in protest and walked out.  How can you possibly produce life artificially?  It is a scandal even to ask that question; it is blasphemy.  Of course, for a eighteen- or nineteen-year-old boy this was the best propaganda effort one could possibly make, because we immediately thought "This is what we have to listen to." When the orthodoxy is walking out, it must be the doxy you would like to become interested in.  So I went again and again to these lectures, and it turned out to be a lecture series generated by the Vienna Circle of philosophers: Wittgenstein, Carnap, Hahn, and so on.  I was very early already absorbed by these thinkers.  At that time I stumbled over some of the Wittgenstein writings and particularly the Tractatus Logico-Philosophicus, and I fell in love with it.  I thought "This is it!" Of course I was raised with classical philosophy, I knew my Schopenhauer, I knew my Kant, I knew my this and that.  .  .  .but suddenly here comes Wittgenstein.  .  .  .Wow!  I almost knew the Tractatus by heart.  I had one other friend who also knew the Tractatus almost by heart.  This was a cousin of mine, a nephew of Wittgenstein, Paul Wittgenstein.  We both tested each other whether we could rattle off some of the propositions.  Paul used to ask me, "Heinz, what is 3.21?" and I had to rattle it out, and I'd ask him, "Paul, what is 5.12?" and he came with his rattling.  Anyway, I became absorbed in the logic, in the mathematics, in the philosophy of the Vienna Circle.  And here you see again, the possibilities are wide open; they reach into almost all sorts of thinking: how do we do it, how do we do things, how do we think about it, how can we describe our descriptions, how can we think about our thinking?  Thus, very early in my life I was exposed to what I call today a second order notion -- the notion that speaks about notion, which I believe is one of the crucial concepts of second order cybernetics and reflexive thinking in general.  A logic which is associated with reflexive thinking or with a closed semantic system is a very different logic than the classical one, and I think it contains insights which can be applicable practically to anything -- whether you take education, or philosophy, or mathematics, or physics.  Consider, for instance, what today people call chaos theory -- of course, it is a wonderful, very fascinating name, but it is recursive function theory, which was developed already in late nineteenth century by Koch, Hilbert, and others.  

This, then, is Heinz von Foerster's background as a human being: a very broad basis which is associated with dancing, with music, with philosophy, with mathematics, with physics, and with a particular touch of the thinking of the Vienna Circle people, including Wittgenstein and Carnap.  It is with this package of things plus my rucksack and my sleeping bag that I more or less entered the United States in 1949.
shr:  Was there anyone who was particularly influential on your thinking in the Vienna Circle, besides Carnap and Ludwig Wittgenstein?
hvf:  I would say Wittgenstein was an essential.  Then I went to the lectures of Schlick and the lectures of Carnap.  Now I would say Wittgenstein was most influential but Rudolf Carnap and his logic were also very important to me as well.  I would also add Hans Hahn.  Hahn was a leading mathematician at the time in the Vienna Circle, and already very early I was very much impressed by one of his lectures on recursive functions, where he discussed undifferentiable curves, which is the basis for the fractals -- the fractal notion was already there in about 1905.  At that time the problem was: "Can we construct curves which cannot be differentiated?" That means curves where you can't find the tangent because every point has infinite directions.  Which is of course lots of fun, and if you are interested in this kind of mental juggling -- which I was as a kid -- you enjoy things which cannot be done.  
shr:  What prompted you to leave Vienna and come to the United States?  
hvf:  That's very easy to answer.  When I left Vienna, it was still occupied by the Russians.  I had returned to Vienna in 1945 and it was completely bombed out; it was a very very miserable time.  I could not find an apartment to live in with my wife and three kids.  I had two crazy jobs at that time in Vienna, just to earn some money for bread and cigarettes.  One I found through relatives who owned a telephone company in Vienna associated with the Ericsson Company in Sweden.  They manufactured telephone relays and the whole switching systems for telephones, and I was working there, as they were rebuilding the whole company -- it was completely destroyed in the war.  The first thing we did was to build one lathe out of some parts we could find.  And then this lathe produced another lathe, and then we could start building things.  This was one job.  The other job was related to the American occupation forces -- there were four, the Russians, the French, the English, and the Americans, and each one controlled a district in Vienna.  The Americans saw in Vienna a fabulous opportunity to broadcast Western information to the East and therefore they were interested in establishing a radio station.  By a series of incidents, they invited me to participate in that.  I was one of the very early members of that American radio station established in Vienna by the Information Service Branch.  I was taking charge of the scientific and cultural department: I interviewed the scientists, the musicians, the conductors, the dancers, etc.  With these two jobs I earned the bread for my family through my work with the telephon company and I could buy my black market cigarettes as a reporter with the American radio station Red White Red, named after the colors of the Austrian flag.

My wife had a very dear friend, whom she grew up with when they were both at the same high school.  This woman, Ilse, had established herself in America; she was living in New York, married to a successful stockbroker.  They said "Heinz, we will lend you the money for a trip to New York, and maybe you can find a place where you could work in the United States." So she bought me a ticket on the Queen Mary and I sailed to New York.  
shr:  This was in 19.  .  .  .?
hvf:  This was 1949.  Just before my departure I had finished writing a little book which dealt with problems of memory.  It was a quantum theory of memory.  I brought that little book with me -- as a business card, so to speak -- when I came to the United States.
shr:   Could you give us a micro-account of your early theory of hvf memory?
hvf:   As I told you I was a very bad student in history, a bad student in geography, a bad student in all of these things where you have to memorize data.  So I said to myself "History is absolutely catastrophic.  I can't remember whether Caesar came before Augustus or after Augustus or aacchhh." So I thought I would make myself a table, a historical table.  When I made this table I observed that the closer to the present you came, the more densely filled the paper was with data; conversely, the further you went back the thinner the table.  As it went back to the fifteenth century there was almost nothing, a century or more with nobody to mention; then you go to Rome, of course there are a couple of wars, which you know.  And then you go: 300 BC, 400 BC, empty.  500 BC you get one entry or something.  This is a bad way of presenting things.  The best way to represent such data is to shrink the extension of the graph the longer you go away, and the only method to do that -- or one elegant method to do that -- is to plot it logarithmically.  Every decade, or every power of ten, covers the same distance and that means that, as you go further back into the past, ten years are as big as one year, and then one hundred years are as big as ten year, etcetera.  Thousand years the same, ten thousand the same, hundred thousand, they're all the same size.  With this kind of representation you get the same density everywhere.  You can go back, and you have not only Caesar's assassination, you also have the extinction of the dinosaurs, and you have not only the extinction of the dinosaurs, you have the beginning of life, and a little bit further down you have the beginning of the solar system, and one step further you have the beginning of the universe.  The whole thing fits in one table if you use a logarithmic time scale.

[image: image-placeholder]
Table of historical events drawn on logarithmic paper.  T=log(t0-t), where T=representational time; t0=asymptotic moment; and t=historical time.  Asymptotic moment (Now!): t0=midnight, December 31, 1994.

I was very proud of that table, and I thought it was a wonderful thing because it is so simple to plot, and everything has a place, and there is no waste of paper.  Later on I thought "Aha, here is a funny thing.  If the past is logarithmically compressed, maybe our memory is working in a similar way." That means that things which are very far back disappear slowly, and only the most recent things are remembered.  I was very proud -- what a beautiful theory -- but I had no way to prove it.  

I was back in Vienna after the war, and of course one always browses through bookstores, and here was a bookstore with old second-hand books sitting out in big boxes in the open air.  I pulled out a book that was called, I think, Introduction to Psychology, I opened it in one place, and there was a graph titled "Ebbinghaus's Forgetting Curve." I thought "Wow, there is somebody who actually measured these things." I began to read it and I learnt that Mr.  Ebbinghaus, at the turn of the century, measured the forgetting speed of people who tried to remember something.  I bought that book -- it was probably 25 or maybe 50 cents -- took it home, studied the curve, and said to myself that I should analyze the data to see whether the exponential decay is indeed the way in which our memory works.  The method by which Ebbinghaus measured forgetting was as follows: he gave to some students a sequence of nonsense syllables to learn, perhaps fifty, like "foh," "ping," "kah," "pu," etc.  And he would say: "You learn it today, and then you test yourself and see how many you remember; you now remember fifty, OK, then I will question you every two or three days to see how many of these syllables you retain." He collected the data from the students, and drew a curve to represent these data.  This was Ebbinghaus's Forgetting Curve, a very famous result in the history of psychology.

[image: image-placeholder]
Forgetting curve.  On the horizontal axis the number of days, on the vertical axis the number of retained words, in percentage.  Reprinted from the "25 cents" book, e.g., Hubert Rohracher, EinfŸhrung in die Psychologie (Wien: Urban & Schwarzenberg, second edition, 1947) 247.

So I immediately set myself to analyze it, to see if it would fit my exponential law of memory decay.  I wanted to see if my mathematical description of forgetting would fit Ebbinghaus empirical curve, but whatever I tried did not work.  Well, I thought, my beautiful exponential decay notion of memory goes down the Danube to the Black Sea.  Then I began to study how Ebbinghaus did it, and realized that he did it exactly as I described it to you, by always asking the students how many syllables they remembered.  But when you ask somebody what he remembers, you refresh their memory.  It is, in a certain sense, like a feedback mechanism, where you reestablish the memory.  "Aha," I said, "my differential equation for decay is incomplete.  I have to bring in also the period where questions are being made, and how often a notion is being remembered, actively remembered." I put this second element into the equation and -- incredible thing -- I got an absolutely perfect match with Mr.  Ebbinghaus's curve.  I could establish the two parameters -- the forgetting parameter and learning parameter -- and everything was fine.  I started to look at some other papers, and the fascinating thing was that most of the forgetting follows a decay which is exactly the same as radioactive decay -- perhaps half a day or something like that -- and one remembers only by actively regurgitating what one still knows.  Look outside.

[A deer appears suddenly in the backyard garden of the house and looks intently at us as we speak.  Heinz von Foerster cannot help admiring the animal but adds that they have become a real pest, since they eat whatever plant they have been trying to grow.  Nonetheless, the sheer elegance of the deer wandering amidst the bushes keeps us silent for a few seconds.]

Anyway, I did that kind of research and then noticed that some very interesting facts were coming out, namely that the decay constant for some macromolecules -- biological molecules -- is exactly the same.  Thus, my argument was "Aha, there must be a link between the quantum mechanical interpretation of large biological molecules and our way of keeping things in our mind or forgetting it." 

I wrote that up in a little booklet The Memory -- a Quantum Mechanical Treatise, and it had some also interesting history.  There was a man, an absolutely fabulous man, Viktor Frankl -- a psychiatrist who survived the concentration camp.  He was captured very early when the Nazis came to Vienna, and he was brought into Belsen into one of those destruction camps, but survived it, remarkably.  Then he came back to Vienna, and through my radio job, I got to know him very well.  I invited him again and again to speak, because his comments were very essential to make people understand that under tremendous stress you can still survive.  I gave him my account of memory and he got fascinated by it and said it should be published.  His publisher was a gentleman by the name of Deutieke.  Frankl called his publisher, Mr.  Deutieke, and said "Here is a wonderful little story in about a hundred pages.  I think you should print it.  It is very important." Deutieke of course respected Frankl as a psychiatrist, but there was a lot of mathematics and physics in the manuscript, and Deutieke correctly insisted that he had to have another judgment by a physicist.  Now, Erwin Schrödinger happened to be an author for Deutieke as well.  So Deutieke sent my manuscript to Schrödinger, who was in Ireland at that time, and asked him of his opinion.  It didn't take very long for Schrödinger to send back a note, saying "Dear Mr.  Deutieke, I don't believe a word of what this thing is saying, but I couldn't find any mistake." So Deutieke said: "I don't care what Schrödinger believes, I only want to know whether there is a mistake, and since there is no mistake I think we can print it." So he published the manuscript; I thought it was a very interesting judgment on a good man who is a publisher.  
shr:   So this is the book you had with you when you crossed the Atlantic Ocean.
hvf:   Exactly.  I brought a couple of copies of that book to the United States.  Whenever I had a scientific friend in the United States I sent them that little booklet with a note and said: "I'm still alive, this is the nonsense I was doing while I was gone." One of the people to whom I sent it was a very dear friend of my youth: Maja Unna, the wife of a Professor of Pharmacology at the Medical School of the University of Illinois in Chicago.  A couple of days later I got a telegram from her, which said "Heinz, come immediately to Chicago.  I showed your book to a professor here and he really wants to discuss your memory theory with you." So I immediately took a night flight with Capitol Airlines leaving at one o'clock in the morning and arriving in Chicago at eight am.  It took seven hours to fly from New York to Chicago, and it was -- I remember -- seventeen dollars, which was cheaper than traveling by bus.  So I flew to Chicago, went to the Medical School, and met Maja.  She introduced me to a very fascinating gentleman who happened to be Warren McCulloch.  He was the head of the Department of Neuropsychiatry at the University of Illinois at Chicago.  He wanted to know the details of my theory.  My English was very poor, and his German was practically nil, but the fascinating thing was that we could understand each other, because we were talking about scientific method.  No problem when you go to the equation: if you can't say something you just point to the numbers or to the expressions.  It turned out that about two or three months before I came -- it was February '49 -- there had been a large meeting of some big scientists in America about memory.  And they all had lots of data, but no theory.  The fascinating thing is that this little booklet of mine had numbers that were matching exactly the data they had.  This was absolutely fascinating.  I remember that Warren said: "This is too good to be true," and asked me to give a lecture on the spot.  I replied I couldn't give a lecture because of my linguistic inability, but there were so many immigrants -- German and Austrian immigrants -- at the University of Illinois at that time, that I just had to say it more or less in German and they translated it all very nicely.  Then Warren invited me to give another talk.  He said "In two weeks we have a conference in New York; since you're living in New York we invite you," and this was one of the now very famous and legendary Macy meetings.
shr:   Were these the conferences which Norbert Wiener, Gregory Bateson, Margaret Mead, etc., took part in?
hvf:   Yes, exactly.  There was an organization, the Josiah Macy Jr.  Foundation, which sponsored meetings in a variety of medical fields -- liver injuries, glaucoma -- fundamental medical problems that did not have known solutions at the time.  One of these conferences was entitled Circular Causality and Feedback Mechanisms in Biological and Social Systems, and Warren McCulloch was chairing it.  The participants in that conference included Norbert Wiener, Gregory Bateson, Margaret Mead, John von Neumann, Julian Bigelow who, with Wiener and Rosenbluth, wrote the famous paper on Teleology; [1] Heinrich Kluever, who completed the great book on The Vertebrate Visual System[2] by the late Stephen Polyak by adding a bibliography of about 10,000 (yes, ten-thousand) items; Claude Shannon from Bell Labs, the inventor of "Information Theory," and many others of that caliber, "la creme de la creme" of American scientists.  And he asked me to present my memory story to that group.  I was in New York and I went to that conference.  I was not frightened by these people, because luckily I did not know anything about them.  After I presented my story I left, since I was a guest, and after a while they called me in and said: "Heinz, the story you told us is a very fascinating one, but the way you presented it is abominable." And I replied: "Yes, I'm only starting to learn the language" They knew that, and therefore they decided to appoint me as the editor of their transactions to improve my English.  I thought I could not do that, but then I said to myself "No, if they appoint me why wouldn't I accept it?" So I said "OK, its wonderful, I accept that!" but I couldn't even pronounce the title of the conference.  
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Fortunately, Warren McCulloch, at my first meeting in Chicago had told me to read a book by Norbert Wiener, titled Cybernetics, before going to that conference.  I had done that and I thought to myself: "Instead of calling that conference Circular Causality and Feedback Mechanisms in Biological and Social Systems, why not call it Cybernetics?" So I asked them: "Why don't you call your conference Cybernetics?" Everybody seemed to like the idea, so they applauded.  Norbert Wiener was so touched by his colleagues' accepting the concept of cybernetics, he had tears in his eyes and he had to get up and walk out of the room to hide his embarrassment.  With this new title accepted, I got the transcripts of ten or twenty speeches about two months later.  I bought myself two dictionaries plus a medical dictionary, and I set off learning my way through all these papers.  I think at the end we had a good result.  
shr:   One group of people who were influential on your intellectual development was the Vienna Circle.  This was in your youth.  Could we regard the group that consisted of McCulloch, Wiener, von Neumann, Bateson and so forth, as a second intellectual circle, the "Cybernetic Circle," in your mature years?
hvf:   Yes!  An excellent suggestion!  This was fascinating.  The papers coming out of the Cybernetic group were very much in the same direction as the Vienna Circle people approached problems.  Think of the famous paper by Warren McCulloch, "A logical calculus of ideas immanent in nervous activity," for example.  If you look at the whole thing, the formal machinery is Carnap's machinery which I grew up with, the same machinery which is at the basis of the Principia Mathematica.  So I felt immediately at home with the "Cybernetic Circle." I love differential equations because they provide a connection between geometrical thinking and algebraic thinking.  Such formalisms are like bicycle riding or swimming to me, they come very naturally.  
shr:   Was your involvement with the Macy group limited to the editorship of the Proceedings?  
hvf:   I became very fascinated by the group, and they liked my editorial job.  Further, I was very fond of the philosophical position which was presented by these people.  Here comes an interesting point which might perhaps have a particular relevance to the connection between the humanities and the hard sciences.  For the first issue I edited for the Macy foundation, I hadn't written a preface.  It so happened that Margaret Mead, who was very supportive of me, and Hans Lukas Teuber, who was a German physiologist, decided to join me in the effort to write a preface to the second volume.  I wrote a preface, and sent it to Margaret and to Hans Lukas, but somehow they didn't like it.  They thought I was too philosophical, too abstract; the preface should have been more down-to-earth so that people would understand what cybernetics was all about.  For me cybernetics was a fascinating notion, because it introduced for the first time -- and not only by saying it, but also methodologically -- the notion of circularity, of circular causal systems.  And I thought that from an epistemological point of view that was very important.  So I stressed in my preface the epistemological wit of the notions of circular causality, circular operations, closure, closed system, and so forth.  But this was felt to be too abstract for the pragmatic mind of American thinkers.  They replied "Heinz, we love your wonderful somersaults and epistemological skills, but we would like to have it down-to-earth." But I said "Well, I'm not a down-to-earth man!" Actually, I am a down-to-earth man, but not in that field.  Eventually, Margaret and Hans Lukas wrote another preface which I, in retrospect, find -- with apologies -- very pedestrian.  It presented too narrow a notion of cybernetics, as if it were based only on the notion of feedback.  Of course you can have control theory built on the notion of feedback; control theory was already well developed then.  It was a section in electrical engineering, where you learned control theory together with a thorough and consistent mathematical theory.  I thought that wasn't the fascination of cybernetics -- you can have that in dry control theory.  Cybernetics considers systems with some kind of closure, systems that acts on themselves -- something which, from a logical point of view, always leads to paradoxes since you encounter the phenomena of self-reference.  I thought that cybernetics was trying to bring into view a crucial point in logical theory -- a point that is traditionally avoided by logic; one which Russell tried to eliminate by bringing in the theory of types.  I thought of the theory of types as a miserable excuse for someone who doesn't want to take on the responsibility of saying "I'm saying that," because you are not supposed to say "I" with the theory of types.  While working on these prefaces I got the feeling that some of the essential force of Wiener's arguments were somewhat diluted.  And my hunch is that it was perhaps because of this perception, because of this dilution of the notion of cybernetics that artificial intelligence was separating itself from a cybernetics which had become nothing but control theory applied to living organisms.  Cybernetics, for me, is the point where you can overcome Russell's theory of types by taking a proper approach to the notions of paradox, self-reference, etc., something that transfers the whole notion of ontology -- how things are -- to an ontogenesis -- how things become.  

It is the dynamics of cybernetics that overcomes the paradox.  The paradox produces a "yes" when it says a "no," and then produces a "no" from a "yes." It's always a production.  In cybernetics you learn that paradox is not bad for you, but it is good for you, if you take the dynamics of the paradox seriously.

Indeed, it seems that classical artificial intelligence researchers tend to refrain from getting into such paradoxical matters.  Seymour Papert once said of Perceptrons -- the very influential book he wrote with Marvin Minsky -- that if their work was so critical of cybernetics and neural nets research it was because there was too much romanticism and too little mathematical rigor in the field.  
shr:   Do you think he was trying to separate AI research from what he perceived as an overly "philosophical" pursuit?
hvf:   I think you touch an important point here; however, I would put it differently.  It seems to me that there are different styles of thinking which, in Warren McCulloch, were still the two sides of the same coin.  Let me cite the titles of some of what I would call his "metaphysical" papers, for instance, "What Is A Number That A Man May Know It, And A Man That He May Know A Number?" or "A Logical Calculus Of The Ideas Immanent In Nervous Activity" or "Through The Den Of A Metaphysician"; and then the titles of some embrionic AI papers: "Machines That Think And Want," "Toward Some Circuitry Of Ethical Robots," "Biological Computers," "The Brain As A Computing Machine," etc., etc.[3]

As you probably guessed, I was touched by Warren's metaphysics, while others were stimulated by his computer metaphors or, as von Neumann put it, by "Warren's Turing side," with reference to Alan Turing's invention of the machine that can compute all computable numbers.

There were, of course, other separating forces that pulled these two styles apart.  One of which, I sense, may have been the prevailing funding strategies.  If I remember correctly, lucky Marvin Minsky succedeed in getting a ten million dollar grant for an Artificial Intelligence lab as a byproduct of MIT operations.  There was almost no other money available for any other studies which were not AI-ish, afterwards.  
shr:   What year was that, do you remember?
 hvf:   '62, '63 something like that.
shr:   So, there was actually a kind of funding war?  
hvf:   A tremendous funding war, yes.  And that happened because although science is a wonderful thing, there is a public relations side to it.  Whether or not you address yourself to it, public relations are a very important component of scientific activity, and I must confess that as a greenhorn in America I did not realize that.  I was so happy being allowed to do some research which I felt was interesting and important to the people sponsoring it that I thought it was a paradise.  I thought you didn't have to do the politics, and I was so glad to have shed political concerns.  It was only much later that I realized that politics was there, all along.  

Anyway, I think there was a bifurcation of these two fields, cybernetics and Artificial Intelligence, which turned out to be detrimental.  Cybernetics was unfortunately interpreted in too narrow a way, and I sometimes get the feeling that this was on purpose, to push it away from another big branch which became Artificial Intelligence.  And Artificial Intelligence was promising so much, at the time; it was absolutely incredible.  And if you promise something, then of course everybody hopes that this promise will be realizable.

It was approximately in those years, in the early Sixties that you founded the Biological Computer Lab at Urbana-Champaign.  
shr:   What Department was it part of?  
hvf:   It was in the Departments of Electrical Engineering and of Biophysics.  Biophysics.  You may remember that the University of Illinois was a leading university in computing; they developed very big machines.  The Iliac I, Iliac II, Iliac III, Iliac IV, etc., etc.  They really had a tradition of big machines, there.  Through the influence of von Neumann and Wiener and others I was of course drawn into the Department of Computer Science.  I had two positions: in the Department of Electrical Engineering and in the Department of Computer Science.  Then, when I became associated more and more with the Macy Group, I thought that the university needed a Department of Biophysics.  My background was in physics, and I thought biophysics was way too much neglected.  So with some friends in the Department of Physics and in the Department of Physiology, we wrote a program for establishing a new department.  This was about at the same time I founded my Biological Computer Lab.  I am now a Professor Emeritus from the two departments of (now joined) Electrical Engineering and Computer Science and Biophysics and Physiology.  Early on, I saw that electron tubes will not be the future of electronics know-how, so I planned a transition of the whole Electron Tube Research Lab, which I was directing, to solid state electronics.  I invited three gentlemen to take over my part and lead the lab during the transition.  I then said to myself, "Now I have to study biology, because I would like to start a new lab." I took advantage of the fabulous institution of sabbatical leave, spent one half year with McCulloch at MIT, he was at MIT at that time, another half in Mexico City.  

I discussed how to study physiology with Norbert Wiener and he recommended to me to go to his friend, Arturo Rosenblueth in Mexico.  So our whole family went to Mexico for a half year, and I studied under Arturo.  I learned a lot from him; he was really absolutely fabulous.  Anyway, I came back after a year of indoctrination in biology, physiology, and I was ready to start the "Biological Computer Lab." Fortunately, all the people from the Macy group were very supportive.  This was in 1958.

I was extremely lucky, because very early I got outstanding people to join me -- logicians, mathematicians, and physiologists.  Maturana was a very early participant, and so was Gordon Pask.  The lab was rolling out papers and papers and papers.  I think this was very impressive for the sponsors and also kept us very inspired.
shr:   How did Maturana get to hear about BCL and join you?  
hvf:   I was invited to a meeting in Leyden, a beautiful city in Holland.  Ralph Gerard, who was a member of the Macy meeting, had arranged for a conference on Information Processing in the Nervous System.  People from all over the world were invited.  So I went, and I was very happy to go there for two reasons.  Number one, I was very glad to be in Europe again, and number two, they had this conference on Monday and Tuesday, but they had invited us to be there on Thursday evening, so you had Friday and Saturday to enjoy Leyden and the beautiful beaches of the Eastern Sea and I wanted to go to Amsterdam, and see the Rijksmuseum.  The morning after I arrived there, Ralph arranged for a general meeting of all the people, and he said "Ladies and gentlemen, we are here to have a dress rehearsal of our meeting on Monday and Tuesday.  On Friday and Saturday everybody will present their papers, and there will be discussions and corrections on these papers.  On Monday and Tuesday we will present the corrected papers." As I was listening to that, I thought that this was the most idiotic proposal I had ever heard.  I mean, that's what a conference is for; you don't need a dress rehearsal.  When Ralph was talking to other people, I sneaked out of the long room through one of the many side doors.  And as I was doing this I saw another gentleman doing the same -- sneaking out from another door.  So I walked to him and said: "Are you taking part in that nonsense, participating in the rehearsal on Friday and Saturday, or would you like to go with me to the Rijksmuseum, to the Moritzhaeus, and enjoy Amsterdam?" He said he would prefer to come with me.  I said "OK, my name is Heinz von Foerster." He said "My name is Umberto Maturana." So this is how we met and he got to know about the Biological Computer Lab.  We were from the beginning the black sheep of that whole conference.  When we came back on Monday, nobody was talking with us.  It was extremely funny.  Afterwards, I invited Maturana to come to the University of Illinois.  
shr:   Was he in Chile at the time?
hvf:   Yes, he was.  He came to Illinois for a year, and then came again for another year, and then when I had a second sabbatical seven years later, I went to Chile and worked with him on some of the theoretical problems in neurophysiology, and of course learned about what he was doing,
shr:   So BCL was in existence from '58 until you retired?  
hvf:   Yes, until '75, until I retired.
[Stefano Franchi]:  BCL was one the reasons behind my decision to go to the University of Illinois as a graduate student in philosophy.  Of course I knew that you had retired in '75, which was more or less ten years before I applied, but I thought I would at least find some students of von Foerster's left there working in the Lab.  Instead, when I got there, I couldn't find one person who knew of BCL.  Instead I found this glass cathedral in the cornfield desert -- the Beckman Institute.  I was left wondering what happened after you retired.  

hvf:   I knew I had to retire -- because of compulsory retirement at sixty-five -- and I knew that my whole program would have difficulty being sponsored by the usual sponsors after that.  It was an expensive lab -- I mean had I brought in ten or twelve million dollars to the state of Illinois.  There were thirty-five people, and they were expensive people.  For instance take Lars Löfgren, a Swedish logician who wrote some fabulous papers.  I knew Lars from other meetings, and when I invited him to join us, he said "Heinz, you cannot afford me.  The Swedish tax system is built in such a way that one third of my salary will be immediately subtracted when I am working in the United States.  So in order to be able to live as a Professor, you have to add thirty-three percent to my salary." So I remember when I proposed to have Lars Löfgren coming in, the chairman of the Department of Electrical Engineering said "You are paying this man more than I'm earning!" I said "That is correct, but I bring the money in from Washington, so why do you object?" So they said OK, and Lars could come.  BCL was a very expensive lab, and I always found some considerable amount of funds to run this machine.  There were fifteen or twenty students who pursued their doctoral dissertations and they were paid for doing that.  I mean, it was absolutely unique.  That's why students loved to come to BCL.  They had very strict and very good advisors, like Umberto Maturana, Lars Löfgren, Gotthard Guenther, Ross Ashby.  .  .  .do you know Gotthard Guenther?  
shr:   Is he a logician?
hvf:   He was fabulous man, a man who developed a kind of logic which looks, at first glance, as if it were a multivalued logic, but it isn't.  Well, it is, and it is not.  He called it a place-valued logic, and it is, I think, a very important contribution.  Because it gets you out of that yes-no traps, the true-false trap.  The essential point in Guenther's contribution is that he argues -- correctly, with a very good formalism -- that in order to take a proposition to be true or false, you have to have a place in which the proposition stands.  That means, when you say "The sun is shining" you have to have a place where that proposition is to be put in, and only then you can say it is true or false.  Furthermore, "The sun is shining" could be rejected as a proposition to be considered.  That means, he introduced the notion of rejection instead of Boolean "true and false" and by that one has the means to consider a proposition as a whole as being acceptable or not.  A couple of years ago, the whole collected works of Gotthard Guenther came out, if you'd like to look at it.[4] You should really know about Gotthard's work.  It is very well understood and read in German, but very little in the American and English-speaking domain.  

Anyway, when I saw that I had to retire I was very interested that all the students who were working at that time would have completed their theses.  All the students eventually went to different directions.  There is only one man who was with the group -- Ricardo Uribe, one of the co-authors of the famous paper "Autopoiesis: The Organization of Living Systems, its Characterization and a Model" with Umberto Maturana and Francisco Varela[5] -- who is still with the University of Illinois.  He did a very nice job of preparing the experimental programs for the Department of Electrical Engineering and Computer Science, and he's doing very well there.  So Ricardo is the only remnant of BCL at the University of Illinois.
shr:   Let's return to the previous point, to the relation between AI and cybernetics.  You hinted earlier that after Marvin Minsky received his huge grant for the establishment of an artificial intelligence lab at MIT there was little money left for anything else.  Since Perceptrons came out in '67, I wonder what it was like to work in cybernetics in the late sixties and early seventies, when artificial intelligence was on the rise with its promises of delivering big results very fast.
hvf:   In my case, it was quite interesting.  Maybe there are two points which may add interest to your story.  The first is that at the University of Illinois there was a remarkable man -- Henry Quastler, a Viennese.  Henry Quastler had to leave Vienna because of his Jewish origin when the Nazis entered Austria.  Later, he established himself as a physician in the United States.  Coincidentally, he became a physician at a major clinic in Urbana, close to the University of Illinois.  When Hiroshima took place, and so many people were destroyed by radiation, he as a physician said, "It's my responsibility to find out what the causes for destruction in radiation are.  So I would like to pursue studies of the destruction of biological tissue through radiation." He started with a small lab at the Clinic, and soon the Department of Physics at the University of Illinois had heard of Quastler's experiments and invited him to work for them.  I knew Quastler from the first day we arrived there, and Quastler realized that information theory as it was developed at that time could be a very helpful mathematical tool to account for the effect of radiation on living tissue.  Namely, you could work with a notion of "hit rate," or probability of losses, to make certain predictions.  He learned the whole mathematics and philosophy of information theory very early and later I proposed that he should also come to the Macy meetings.  Quastler was so successful in his work on radiation damage in living tissues that the Brookhaven National Lab invited him to go there.  He arranged a very large conference on homeostasis there.  Homeostasis was a very important topic.  The question was "What are the conditions under which the system stays in or falls out of stability?" In other words, what were the stability conditions of complex systems?  So he arranged this conference and invited me to give a very general overview of homeostatic problems.  Now, at the very end of this conference -- this was very early, 1960 or 1961 -- a couple of gentlemen approached me and we had the following conversation: 
Mr von Foerster, it's very interesting what you are saying here.  You are the first mathematician who talks in such a way that biologists can understand.

I'm sorry, but I'm not a mathematician.

But it sounded as if you were a mathematician.  Would you like to work with us at the Department of Hematology at the National Institute of Health?

Of course, I would love to, but I've absolutely no idea of hematology.  I never looked in a microscope; I have absolutely no way of understanding your problems.

No, no, no, we will tell you all the hematological facts.  You do the mathematics and we'll do the hematology.

Yes, but I can't do the mathematics if I don't understand the hematology.

Just come to us and we will teach you the hematology and then you teach us the mathematics.

Eventually, I came into very close contact with the hematology group, and we did some very successful work together.  In fact, there is a paper of mine which deals with a partial differential equation accounting for cellular growth, and this has now become the von Foerster Equation in theoretical hematology.  This is even taught in schools; I was very impressed.  To return to the funding issue, we had a large contract with the Department of Hematology of the National Institute of Health, and there were some other contracts, for instance, by the National Science Foundation, and other grants from the Department of Education.  The Department of Education was established in the sixties, and I was one of the early grantees of that outfit, because we were very much interested in learning and its underlying psychological processes.  So there were several granting systems which supported BCL.  And BCL was a very hungry device, because I had responsibility for all the students and visiting scholars.  
shr:   Did you ever enter in the close relationship with the Department of Defense, and especially DARPA, that was so characteristic of AI research?
hvf:   Yes, of course.  I had no DARPA grants, but the Office of Naval Research supported us.  It was my main support when I had the Electron Tube Lab, and since they knew Heinz von Foerster was doing decent work they decided to support me for doing decent work in biology.  The early grants of BCL were all from the Office of Naval Research.  Later on, the Air Force also participated in supporting it.  They had the Information Service Branch, and they supported mostly the logic research.  It's very interesting, they supported someone like Lars Lšfgren, whose very strange mathematical and logical systems practically nobody else understood.  
shr:   So the rising dominance of AI didn't have as big an impact on your lab.  
hvf:   No, we were just doing our thing.  For example, we developed the first parallel computers.  Our first, real first large parallel computing machine was the Numa-Rete.  The Numa-Rete was a "RETina" that "saw" NUMbers.  The earliest version was a square of 20x20=400 photocells, whose "post-retinal network" was computing in parallel the number of "perturbations" -- that is, objects obstructing its visual field: Five-ness, Ten-ness, 21-ness, or in general N-ness.  The registering of this N-ness is of course independent of the shape of the objects, or their position on the sensory surface of the Numa-Rete and, above a certain threshold, also independent of the intensity of the illumination.  

When John von Neumann visited us on some occasions, he enjoyed very much trying to tease the machine: placed a pretzel with its intricate topology on top, pressed the button, and the counter showed 1!  Then he placed a nickel in each of the loops of the pretzels, pressed the button, and it showed correctly 3, etc.

This early machine had a limit of about 50 objects which it registered in a fraction of a second.  Later versions accounted for about 400 entities in a few milliseconds.[6]
shr:   We have another question with regard to the historical developments.  Cybernetics precedes artificial intelligence as a movement, and one could perhaps expect that those two movements could have, in a way, merged or done something together, but that almost never happened.  Somehow the rise of AI was independent of what was happening in cybernetics.  and the two disciplines ignored one another or even fought against each other.  Why do you think the forces were never joined?
hvf:   I think I understand your question, and it's a very important one.  My feeling is that cybernetics introduced a way of thinking which is implicit in so many fields but it is not explicitly referred to as cybernetics.  So the notion, the perspective, the way of handling a class of problems, came out of the works of cybernetic thinkers like Wiener, Ashby, Beer, etc.  For instance, if you follow Stafford Beer's managerial contributions -- which are clearly cybernetic -- nobody will call it cybernetics, but they understand it's a holistic kind of thinking, where you look at the relationship between elements.  It brings about a way of looking at the relations instead of looking at separation.  So an integrative form of thinking has been introduced by cybernetics.  Ways of thinking that do not find explicit expression, but are implicit in the way in which people are doing things.  So, from that point of view, I would say cybernetics melted, as a field, into many notions of people who are thinking and working in a variety of other fields.  I would like to give you one more example.  I have already mentioned that I was slipping into hematology from Cybernetics.  This second example concerns Gregory Bateson.  When I moved here to California, Gregory Bateson was already in the area, working at the Veterans Hospital in Menlo Park and at the Palo Alto Mental Research Institute, which he had founded with Don Jackson and Paul Watzlawick.  I knew Gregory Bateson very well from the Macy conferences and when they were discussing problems about logic Gregory said "But look, I'm not a logician, I don't do all that.  But there's Heinz von Foerster, and he just came to California.  Why don't you ask him?" 

So Paul Watzlawick came to me, and we had a very good discussion.  He was fascinated by some of the notions which I brought in from the Vienna Circle, paradoxes and all that.  He said "Heinz, we have a large group of family therapists and they would be delighted to hear about your perspectives." I said "Very good, I have no idea what family therapists are doing, but if you think my story would interest them, it would be nice." So I was invited to give a keynote address in a family therapy conference that was arranged by the Mental Research Institute in memoriam of Don Jackson.  The title of my presentation was: "Paradoxes, Contradictions, Vicious Circles, and Other Creative Devices." The people liked it, and invited me again and again.  They invited me without even my understanding why family therapists should invite me, until later on when they finally showed me some actual family therapeutic sessions, so that I could get a grasp of what they were doing.  Then I was convinced that they could indeed profit from cybernetic thinking.  So cybernetics is a way of looking at things, handling things, handling the language, handling the problematic which is developing in dysfunctioning families.  It appears in all these things, without explicitly being named.  
shr:   Do you not think that artificial intelligence is similarly implicit in other fields?
hvf:   I do not think so.  The founders and proponents of Artificial Intelligence were from the beginning very much motivated and extremely competent to go after highly specialized tasks as, for instance, how to build a robot which could rearrange an arrangement of blocks into another desired arrangement.

The performance of these machines are very impressive indeed, but I see them more as witnesses to the extraordinary natural intelligence of their designers, rather than cases of "artificial intelligence."

The anthropomorphization of these machine functions I see insofar as dangerous, because one may be tempted to believe that when we say "this machine 'thinks'" we know now how we think, for we know how the machine "thinks."

Syntactically, however, the distinction is clear, for when the machines "thinks" they do it between quotes: quote think unquote.  Except for the name there is nothing in common between the functions "think" and think!
shr:   This is somewhat reminiscent of some classical critiques of artificial intelligence, for example, Hubert Dreyfus's critique.  It seems that you are saying something along Dreyfus's lines because you are saying that although artificial intelligence is claiming that they are working to solve the problem of intelligence at large, indeed they are working within a very narrow definition of cognition or intelligence, ignoring the larger background and context within which cognition operates.  And it seems that your view of cybernetics, or your own work, strives to look at cognition the opposite direction, in its largest possible framework.
hvf:   The way you put your question conjures up in my mind the image of the Roman god of the Beginnings, the Guardian of the Universe, the god Janus.  He has a head with two faces that look in opposite directions.  Now I see one face watching Aristotle's way of synthesizing imitations of life: "bio-mimesis"; the other face attending to those who follow the Platonic of coming to grips with, as Bateson put it, "mind and Nature, a Necessary Unity."

My sense is that we need to learn to look both ways, like the god Janus.
shr:   The rift you have described between artificial intelligence and cybernetics seems to be echoed in the newer rift between artificial life and the earlier work on autopoeisis.  Certainly if a lot of technically talented people set out to build innovative models, some good ones will result, but a lot of effort is wasted if these people are unaware of the philosophical context the last forty years of scientific history have given us.  What suggestions and advice do you have which might help move these two approaches back together, for their mutual benefit, particularly in this country?
hvf:   Well, I am more or less on the outside of these matters now, but because of that I may be able to see them from a more global point of view.  I believe we have to look at the ways in which this research is funded.  It used to be that the foundations and agencies with which one dealt were often administered by thoughtful men with fairly broad views and liberal arts backgrounds.  You could talk to them, they would consider your views and make their decisions.  If you could make a good case for it, they were willing to go out on a limb and take a risk in funding a new idea or project.  These institutions have now become bureaucracies, and the typical bureaucrat's highest priority is to cover his ass.  He says to himself "No more risks, just make sure you don't make any mistakes for which you could be blamed.  Try to do what everybody else is doing." So the drift of science is much more influenced by trends and fashions.  One sees this in the predominance of attention paid to the more outrageous claims made in fields like artificial intelligence and virtual reality.  
shr:   But why is the situation different for European researchers?  Participants in the American ALife conferences are overwhelmingly in favor of diving into the problem and building anything, programming anything, rather than spending time on considering the fundamental and epistemological problems of the field.  The European ECAL conferences, on the other hand, appear to have a strong focus on the philosophical approach.  And there's very little overlap in the constituencies of these two conference series.  
hvf:   Again, it's due to the difference in funding strategies.  European scholars, while perhaps not enjoying the most up-to-date facilities, are given the intellectual freedom of security in their positions, which allows them to focus on long-term and fundamental issues.  They can afford to spend years and years on a single problem.  American researchers have a shorter funding cycle, their grants are predominantly for specific targeted research, and they live with the pressure and urgency of a need for practical results.  Another difference is in the preparation of the students.  Two equally brilliant students in a technical field, one from Europe and one from the U.S., will be expected to have very different types and levels of skill.  One expects the European to know his field as well as some history, some philosophy, geography, literature, art, etc.  etc., while the American will be expert in the highly specialized methods and results of the field and ignorant of anything outside of it.  They don't seem to read anymore!
shr:   Do you have any papers where you apply the cybernetics perspective to problems in other fields, such as Family Therapy that you mentioned?
hvf:   Sure, I do.  Are you interested, would you like to take a few papers along?  I can give you a few.  
shr:   Sure, we'd be delighted.  


This exchange ended our interview with Heinz von Foerster.  In order to show the reader "Heinz von Foerster in action," we are printing "Ethics and Second Order Cybernetics" a keynote address he gave at the International Conference on Systems and Family Therapy -- Ethics, Epistemology, New Methods, which took place in Paris in 1990.
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Stefano Franchi, Heinz von Foerster, Güven Güzeldere; August 1994, Pescadero, California.



Source: https://www.informationphilosopher.com/solutions/scientists/foerster/interview.html





  
  Lectures on Information Philosophy
  

  


  
  Home › Lectures
Lectures on Information Philosophy



You can now share I-Phi pages with your social media followers 


Please also watch our YouTube lectures live online every weekday at 3PM EST and on our blog
[image: image-placeholder][image: image-placeholder]

	[image: image-placeholder]Watch Our  I-Phi Video Lectures
	[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=8d4nvhS-dJU
See Bob's iTV-Studio Design
	



	Great Problems	Free Will	Philosophers

      & Scientists	Metaphysics

& Physics	Albert Einstein
	
        November 20, 2017
    	
        November 21, 2017
    	
        November 22, 2017
    	
        November 23, 2017
    	
        November 24, 2017
    
	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]
	
        November 27, 2017
    	
        November 28, 2017
    	
        November 29, 2017
    	
        November 30, 2017
    	
        December 1, 2017
    
	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]
	
        December 4, 2017
    	
        December 5, 2017
    	
        December 6, 2017
    	
        December 7, 2017
    	
        December 8, 2017
    
	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]
	
        December 11, 2017
    	
        December 12, 2017
    	
        December 13, 2017
    	
        December 14, 2017
    	
        December 15, 2017
    
	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]
	
        December 18, 2017
    	
        December 19, 2017
    	
        December 20, 2017
    	
        December 21, 2017
    	
        December 22, 2017
    
	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]
	
        December 25, 2017
    	
        December 26, 2017
    	
        December 27, 2017
    	
        December 28, 2017
    	
        December 29, 2017
    
	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]

	
        January 1, 2018
    	
        January 2, 2018
    	
        January 3, 2018
    	
        January 4, 2018
    	
        January 5, 2018
    
	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]
	
        January 8, 2018
    	
        January 9, 2018
    	
        January 10, 2018
    	
        January 11, 2018
    	
        January 12, 2018
    
	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]
	
        January 15, 2018
    	
        January 16, 2018
    	
        January 17, 2018
    	
        January 18, 2018
    	
        January 19, 2018 
    
	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]
	
        January 22, 2018
    	
        January 23, 2018
    	
        January 24, 2018
    	
        January 25, 2018
    	
        January 26, 2018 
    
	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]	[image: image-placeholder]



Source: https://www.informationphilosopher.com/lectures/





  
  Probability and Uncertainty - the Quantum Mechanical View of Nature
  

  


  
  Home › Solutions › Scientists › Feynman › Probability and Uncertainty
Probability and Uncertainty - the Quantum Mechanical View of Nature

Chapter 6 of The Character of Physical Law (annotated)


In the beginning of the history of experimental observation, or any other kind of observation on scientific things, it is intuition, which is really based on simple experience with everyday objects, that suggests reasonable explanations for things. But as we try to widen and make more consistent our description of what we see, as it gets wider and wider and we see a greater range of phenomena, the explanations become what we call laws instead of simple explanations. One odd characteristic is that they often seem to become more and more unreasonable and more and more intuitively far from obvious. To take an example, in the relativity theory the proposition is that if you think two things occur at the same time that is just your opinion, someone else could conclude that of those events one was before the other, and that therefore simultaneity is merely a subjective impression.


There is no reason why we should expect things to be otherwise, because the things of everyday experience involve large numbers of particles, or involve things moving very slowly, or involve other conditions that are special and represent in fact a limited experience with nature. It is a small section only of natural phenomena that one gets from direct experience. It is only through refined measurements and careful experimentation that we can have a wider vision. And then we see unexpected things: we see things that are far from what we would guess — far from what we could have imagined. Our imagination is stretched to the utmost, not, as in fiction, to imagine things which are not really there, but just to comprehend those things which are there. It is this kind of situation that I want to discuss.


Let us start with the history of light. At first light was assumed to behave very much like a shower of particles, of corpuscles, like rain, or like bullets from a gun. Then with further research it was clear that this was not right, that the light actually behaved like waves, like water waves for instance. Then in the twentieth century, on further research, it appeared again that light actually behaved in many ways like particles. In the photo-electric effect you could count these particles — they are called photons now. Electrons, when they were first discovered, behaved exactly like particles or bullets, very simply. Further research showed, from electron diffraction experiments for example, that they behaved like waves. As time went on there was a growing confusion about how these things really behaved — waves or particles, particles or waves? Everything looked like both.



In 1925 quantum mechanics discovered the equations that let us calculate physical properties to extraordinary accuracy, but the founders did not provide us with an intuitive picture of what is going on at the quantum level


This growing confusion was resolved in 1925 or 1926 with the advent of the correct equations for quantum mechanics. Now we know how the electrons and light behave. But what can I call it? If I say they behave like particles I give the wrong impression; also if I say they behave like waves. They behave in their own inimitable way, which technically could be called a quantum mechanical way. They behave in a way that is like nothing that you have ever seen before. Your experience with things that you have seen before is incomplete. The behaviour of things on a very tiny scale is simply different. An atom does not behave like a weight hanging on a spring and oscillating. Nor does it behave like a miniature representation of the solar system with little planets going around in orbits. Nor does it appear to be somewhat like a cloud or fog of some sort surrounding the nucleus. It behaves like nothing you have ever seen before.

There is one simplification at least. Electrons behave in this respect in exactly the same way as photons; they are both screwy, but in exactly the same way.


How they behave, therefore, takes a great deal of imagination to appreciate, because we are going to describe something which is different from anything you know about. In that respect at least this is perhaps the most difficult lecture of the series, in the sense that it is abstract, in the sense that it is not close to experience. I cannot avoid that. Were I to give a series of lectures on the character of physical law, and to leave out from this series the description of the actual behaviour of particles on a small scale, I would certainly not be doing the job. This thing is completely characteristic of all of the particles of nature, and of a universal character, so if you want to hear about the character of physical law it is essential to talk about this particular aspect.


It will be difficult. But the difficulty really is psychological and exists in the perpetual torment that results from your saying to yourself, 'But how can it be like that?' which is a reflection of uncontrolled but utterly vain desire to see it in terms of something familiar. I will not describe it in terms of an analogy with something familiar; I will simply describe it. There was a time when the newspapers said that only twelve men understood the theory of relativity. I do not believe there ever was such a time. There might have been a time when only one man did, because he was the only guy who caught on, before he wrote his paper. But after people read the paper a lot of people understood the theory of relativity in some way or other, certainly more than twelve. 


"nobody understands quantum mechanics"

Watch this famous Feynman quote

On the other hand, I think I can safely say that nobody understands quantum mechanics. So do not take the lecture too seriously, feeling that you really have to understand in terms of some model what I am going to describe, but just relax and enjoy it. I am going to tell you what nature behaves like. If you will simply admit that maybe she does behave like this, you will find her a delightful, entrancing thing. Do not keep saying to yourself, if you can possibly avoid it, 'But how can it be like that?' because you will get 'down the drain', into a blind alley from which nobody has yet escaped. Nobody knows how it can be like that.

So then, let me describe to you the behaviour of electrons or of photons in their typical quantum mechanical way. I am going to do this by a mixture of analogy and contrast.


If I made it pure analogy we would fail; it must be by analogy and contrast with things which are familiar to you. So I make it by analogy and contrast, first to the behaviour of particles, for which I will use bullets, and second to the behaviour of waves, for which I will use water waves. What I am going to do is to invent a particular experiment and first tell you what the situation would be in that experiment using particles, then what you would expect to happen if waves were involved, and finally what happens when there are actually electrons or photons in the system. 


We will show that the (one) mystery of quantum mechanics is how mere "probabilities" (immaterial information) can causally control (statistically) the positions of material particles

I will take just this one experiment, which has been designed to contain all of the mystery of quantum mechanics, to put you up against the paradoxes and mysteries and peculiarities of nature one hundred per cent. Any other situation in quantum mechanics, it turns out, can always be explained by saying, 'You remember the case of the experiment with the two holes ? It's the same thing'. I am going to tell you about the experiment with the two holes. It does contain the general mystery; I am avoiding nothing; I am baring nature in her most elegant and difficult form.

[image: image-placeholder]

We start with bullets (fig. 28). Suppose that we have some source of bullets, a machine gun, and in front of it a plate with a hole for the bullets to come through, and this plate 
is armour plate. A long distance away we have a second plate which has two holes in it — that is the famous two-hole business. I am going to talk a lot about these holes, so I will call them hole No. 1 and hole No. 2. You can imagine round holes in three dimensions — the drawing is just a cross section. A long distance away again we have another screen which is just a backstop of some sort on which we can put in various places a detector, which in the case of bullets is a box of sand into which the bullets will be caught so that we can count them. I am going to do experiments in which I count how many bullets come into this detector or box of sand when the box is in different positions, and to describe that I will measure the distance of the box from somewhere, and call that distance 'x', and I will talk about what happens when you change 'x', which means only that you move the detector box up and down. First I would like to make a few modifications from real bullets, in three idealizations. The first is that the machine gun is very shaky and wobbly and the bullets go in various directions, not just exactly straight on; they can ricochet off the edges of the holes in the armour plate. Secondly, we should say, although this is not very important, that the bullets have all the same speed or energy. The most important idealization in which this situation differs from real bullets is that I want these bullets to be absolutely indestructible, so that what we find in the box is not pieces of lead, of some bullet that broke in half, but we get the whole bullet. Imagine indestructible bullets, or hard bullets and soft armour plate.


The first thing that we shall notice about bullets is that the things that arrive come in lumps. When the energy comes it is all in one bulletful, one bang. If you count the bullets, there are one, two, three, four bullets; the things come in lumps. They are of equal size, you suppose, in this case, and when a thing comes into the box it is either all in the box or it is not in the box. Moreover, if I put up two boxes I never get two bullets in the boxes at the same time, presuming that the gun is not going off too fast and I have enough time between them to see. Slow down the gun so it goes off very slowly, then look very quickly in the two boxes, and you will never get two bullets at the same time in the two boxes, because a bullet is a single identifiable lump.


Now what I am going to measure is how many bullets arrive on the average over a period of time. Say we wait an hour, and we count how many bullets are in the sand and average that. We take the number of bullets that arrive per hour, and we can call that the probability of arrival, because it just gives the chance that a bullet going through a slit arrives in the particular box. The number of bullets that arrive in the box will vary of course as I vary 'x'. On the diagram I have plotted horizontally the number of bullets that I get if I hold the box in each position for an hour. I shall get a curve that will look more or less like curve N12 because when the box is behind one of the holes it gets a lot of bullets, and if it is a little out of line it does not get as many, they have to bounce off the edges of the holes, and eventually the curve disappears. The curve looks like curve N12, and the number that we get in an hour when both holes are open I will call N12 which merely means the number which arrive through hole No. 1 and hole No. 2.


I must remind you that the number that I have plotted does not come in lumps. It can have any size it wants. It can be two and a half bullets in an hour, in spite of the fact that bullets come in lumps. All I mean by two and a half bullets per hour is that if you run for ten hours you will get twenty-five bullets, so on the average it is two and a half bullets. I am sure you are all familiar with the joke about the average family in the United States seeming to have two and a half children. It does not mean that there is a half child in any family — children come in lumps. Nevertheless, when you take the average number per family it can be any number whatsoever, and in the same way this number N12, which is the number of bullets that arrive in the container per hour, on the average, need not be an integer. What we measure is the probability of arrival, which is a technical term for the average number that arrive in a given length of time.


Finally, if we analyse the curve N12 we can interpret it very nicely as the sum of two curves, one which will represent what I will call N1, the number which will come if hole No. 2 is closed by another piece of armour plate in front, and N2, the number which will come through hole No. 2 alone, if hole No. 1 is closed. We discover now a very important law, which is that the number that arrive with both holes open is the number that arrive by coming through hole No. 1, plus the number that come through hole No. 2. This proposition, the fact that all you have to do is to add these together, I call `no interference'.


N12 = N1 + N2 (no interference).



That is for bullets, and now we have done with bullets we begin again, this time with water waves (fig. 29). 
[image: image-placeholder]

The source is now a big mass of stuff which is being shaken up and down in the water. The armour plate becomes a long line of barges or jetties with a gap in the water in between. Perhaps it would be better to do it with ripples than with big ocean waves; it sounds more sensible. I wiggle my finger up and down to make waves, and I have a little piece of wood as a barrier with a hole for the ripples to come through. Then I have a second barrier with two holes, and finally a detector. What do I do with the detector? What the detector detects is how much the water is jiggling. For instance, I put a cork in the water and measure how it moves up and down, and what I am going to measure in fact is the energy of the agitation of the cork, which is exactly proportional to the energy carried by the waves. One other thing: the jiggling is made very regular and perfect so that the waves are all the same space from one another. One thing that is important for water waves is that the thing we are measuring can have any size at all. We are measuring the intensity of the waves, or the energy in the cork, and if the waves are very quiet, if my finger is only jiggling a little, then there will be very little motion of the cork. No matter how much it is, it is proportional. It can have any size; it does not come in lumps; it is not all there or nothing.


What we are going to measure is the intensity of the waves, or, to be precise, the energy generated by the waves at a point. What happens if we measure this intensity, which I will call 'I' to remind you that it is an intensity and not a number of particles of any kind? The curve I12, that is when both holes are open, is shown in the diagram (fig. 29). It is an interesting, complicated looking curve. If we put the detector in different places we get an intensity which varies very rapidly in a peculiar manner. You are probably familiar with the reason for that. The reason is that the ripples as they come have crests and troughs spreading from hole No. 1, and they have crests and troughs spreading from hole No. 2. If we are at a place which is exactly in between the two holes, so that the two waves arrive at the same time, the crests will come on top of each other and there will be plenty of jiggling. We have a lot of jiggling right in dead centre. On the other hand if I move the detector to some point further from hole No. 2 than hole No. 1, it takes a little longer for the waves to come from 2 than from 1, and when a crest is arriving from 1 the crest has not quite reached there yet from hole 2, in fact it is a trough from 2, so that the water tries to move up and it tries to move down, from the influences of the waves coming from the two holes, and the net result is that it does not move at all, or practically not at all. So we have a low bump at that place. Then if it moves still further over we get enough delay so that crests come together from both holes, although one crest is in fact a whole wave behind, and so you get a big one again, then a small one, a big one, a small one... depending upon the way the crests and troughs 'interfere'. The word interference again is used in science in a funny way. We can have what we call constructive interference, as when both waves interfere to make the intensity stronger. The important thing is that I12 is not the same as I1 plus I2, and we say it shows constructive and destructive interference. We can find out what I1 and I2 look like by closing hole No. 2 to find I1, and closing hole No. 1 to find I2. The intensity that we get if one hole is closed is simply the waves from one hole, with no interference, and the curves are shown in fig. 2. You will notice that I1 is the same as N1, and I2 the same as N2 and yet I12 is quite different from N12.


As a matter of fact, the mathematics of the curve I12 is rather interesting. What is true is that the height of the water, which we will call h, when both holes are open is equal to the height that you would get from No. 1 open, plus the height that you would get from No. 2 open. Thus, if it is a trough the height from No. 2 is negative and cancels out the height from No. 1. You can represent it by talking about the height of the water, but it turns out that the intensity in any case, for instance when both holes are open, is not the same as the height but is proportional to the square of the height. It is because of the fact that we are dealing with squares that we get these very interesting curves.
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That was water. Now we start again, this time with electrons (fig. 30).



The source is a filament, the barriers tungsten plates, these are holes in the tungsten plate, and for a detector we have any electrical system which is sufficiently sensitive to pick up the charge of an electron arriving with whatever energy the source has. If you would prefer it, we could use photons with black paper instead of the tungsten plate — in fact black paper is not very good because the fibres do not make sharp holes, so we would have to have something better — and for a detector a photo-multiplier capable of detecting the individual photons arriving. What happens with either case? I will discuss only the electron case, since the case with photons is exactly the same.


First, what we receive in the electrical detector, with a sufficiently powerful amplifier behind it, are clicks, lumps, absolute lumps. When the click comes it is a certain size, and the size is always the same. If you turn the source weaker the clicks come further apart, but it is the same sized click. If you turn it up they come so fast that they jam the amplifier. You have to turn it down enough so, that there are not too many clicks for the machinery that you are using for the detector. Next, if you put another detector in a different place and listen to both of them you will never get two clicks at the same time, at least if the source is weak enough and the precision with which you measure the time is good enough. If you cut down the intensity of the source so that the electrons come few and far between, they never give a click in both detectors at once. That means that the thing which is coming comes in lumps — it has a definite size, and it only comes to one place at a time. Right, so electrons, or photons, come in lumps. Therefore what we can do is the same thing as we did for bullets: we can measure the probability of arrival. What we do is hold the detector in various places — actually if we wanted to although it is expensive, we could put detectors all over at the same time and make the whole curve simultaneously — but we hold the detector in each place, say for an hour, and we measure at the end of the hour how many electrons came, and we average it. What do we get for the number of electrons that arrive? The same kind of N12 as with bullets? Figure 30 shows what we get for N12, that is what we get with both holes open. That is the phenomenon of nature, that she produces the curve which is the same as you would get for the interference of waves. She produces this curve for what? Not for the energy in a wave but for the probability of arrival of one of these lumps.


The mathematics is simple. You change I to N, so you have to change h to something else, which is new — it is not the height of anything — so we invent an 'a', which we call a probability amplitude, because we do not know what it means. In this case a1 is the probability amplitude to arrive from hole No. 1, and a2 the probability amplitude to arrive from hole No. 2. To get the total probability amplitude to arrive you add the two together and square it. This is a direct imitation of what happens with the waves, because we have to get the same curve out so we use the same mathematics.
I should check on one point though, about the interference. I did not say what happens if we close one of the holes. Let us try to analyse this interesting curve by presuming that the electrons came through one hole or through the other. We close one hole, and measure how many come through hole No. 1, and we get the simple curve N1. Or we can close the other hole and measure how many come through hole No. 2, and we get the N2 curve. But these two added together do not give the same as N1 + N2; it does show interference. In fact the mathematics is given by this funny formula that the probability of arrival is the square of an amplitude which itself is the sum of two pieces, N12 = (a1+ a2)2. The question is how it can come about that when the electrons go through hole No. 1 they will be distributed one way, when they go through hole No. 2 they will be distributed another way, and yet when both holes are open you do not get the sum of the two. For instance, if I hold the detector at the point q with both holes open I get practically nothing, yet if I close one of the holes I get plenty, and if I close the other hole I get something. I leave both holes open and I get nothing; I let them come through both holes and they do not come any more. Or take the point at the centre; you can show that that is higher than the sum of the two single hole curves. You might think that if you were clever enough you could argue that they have some way of going around through the holes back and forth, or they do something complicated, or one splits in half and goes through the two holes, or something similar, in order to explain this phenomenon. Nobody, however, has succeeded in producing an explanation that is satisfactory, because the mathematics in the end are so very simple, the curve is so very simple (fig. 30).

[image: image-placeholder]

Feynman only adds to the mystery by saying a particle is both a wave and a particle. The wave is just abstract information (a theoretical and statistical prediction) about the distribution of paths and positions of particles over large numbers of experiments. 

There is no "it" in the wave.

I will summarize, then, by saying that electrons arrive in lumps, like particles, but the probability of arrival of these lumps is determined as the intensity of waves would be. It is in this sense that the electron behaves sometimes like a particle and sometimes like a wave. It behaves in two different ways at the same time (fig. 31).

[image: image-placeholder]

That is all there is to say. I could give a mathematical description to figure out the probability of arrival of electrons under any circumstances, and that would in principle be the end of the lecture — except that there are a number of subtleties involved in the fact that nature works this way. There are a number of peculiar things, and I would like to discuss those peculiarities because they may not be self-evident at this point.


To discuss the subtleties, we begin by discussing a proposition which we would have thought reasonable, since these things are lumps. Since what comes is always one complete lump, in this case an electron, it is obviously reasonable to assume that either an electron goes through hole No. 1 or it goes through hole No. 2. It seems very obvious that it cannot do anything else if it is a lump. I am going to discuss this proposition, so I have to give it a name; I will call it `proposition A'.

[image: image-placeholder]

Now we have already discussed a little what happens with proposition A. If it were true that an electron either goes through hole No. 1 or through hole No. 2, then the total number to arrive would have to be analysable as the sum of two contributions. The total number which arrive will be the number that come via hole 1, plus the number that come via hole 2. Since the resulting curve cannot be easily analysed as the sum of two pieces in such a nice manner, and since the experiments which determine how many would arrive if only one hole or the other were open do not give the result that the total is the sum of the two parts, it is obvious that we should conclude that this proposition is false.


We can show that the electron can go through just one hole and yet proposition A is not false, because Feynman has ignored something very important - the wave function that determines the probabilities of finding particles is different when both holes are open.  The information that generates interference comes from the surrounding environment.

If it is not true that the electron either comes through hole No. 1 or hole No. 2, maybe it divides itself in half temporarily or something. So proposition A is false. That is logic. 
Unfortunately, or otherwise, we can test logic by experiment. We have to find out whether it is true or not that the electrons come through either hole 1 or hole 2, or maybe they go round through both holes and get temporarily split up, or something.


Why interference patterns show up when both holes are open, even when particles go through just one hole, though we cannot know which hole or we lose the interference	[image: image-placeholder]	[image: image-placeholder]
	[image: image-placeholder]
	When there is only one slit open (here the left slit), the probabilities pattern has one large maximum (directly behind the slit) and small side fringes. If only the right slit were open, this pattern would move behind the right slit. And the combination of some experiments with the left open and others with the right open resembles Feynman's Figure 28 (no interference). [image: image-placeholder]
	When both slits are open, the maximum is now at the center between the two slits, there are more interference fringes, and these probabilities apply whichever slit the particle enters. The solution of the Schrödinger equation depends on the boundary conditions - different when two holes are open. The "one mystery" remains - how these "probabilities" can exercise causal control (statistically) over material particles.
Feynman's path integral formulation of quantum mechanics suggests the answer. His "virtual particles" explore all space (the "sum over paths") as they determine the variational minimum for least action, thus the resulting probability amplitude wave function can "know" which holes are open.
 





All we have to do is watch them. And to watch them we need light. So we put behind the holes a source of very intense light. Light is scattered by electrons, bounced off them, so if the light is strong enough you can see electrons as they go by. We stand back, then, and we look to see whether when an electron is counted we see, or have seen the moment before the electron is counted, a flash behind hole 1 or a flash behind hole 2, or maybe a sort of half flash in each place at the same time. We are going to find out now how it goes, by looking. We turn on the light and look, and lo, we discover that every time there is a count at the detector we see either a flash behind No. 1 or a flash behind No. 2. What we find is that the electron comes one hundred per cent, complete, through hole 1 or through hole 2 — when we look. A paradox!


Let us squeeze nature into some kind of a difficulty here. I will show you what we are going to do. We are going to keep the light on and we are going to watch and count how 
many electrons come through. We will make two columns, one for hole No. 1 and one for hole No. 2, and as each electron arrives at the detector we will note in the appropriate column which hole it came through. What does the column for hole No. 1 look like when we add it all together for different positions of the detector? If I watch behind hole No. 1 what do I see? I see the curve N1 (fig. 30). That column is distributed just as we thought when we closed hole 2, much the same way whether we are looking or not. If we close hole 2 we get the same distribution in those that arrive as if we were watching hole No. 1; likewise the number that have arrived via hole No. 2 is also a simple curve N2. Now look, the total number which arrive has to be the total number. It has to be the sum of the number N1 plus the number N2; because each one that comes through has been checked off in either column 1 or column 2. The total number which arrive absolutely has to be the sum of these two. It has to be distributed as N1 + N2. But I said it was distributed as the curve N12. No, it is distributed as N1 + N2. It really is, of course; it has to be and it is. If we mark with a prime the results when a light is lit, then we find that N1', is practically the same as N1, without the light, and N2' is almost the same as N2. But the number N12', that we see when the light is on and both holes are open is equal to the number that we see through hole 1 plus the number that we see through hole 2. This is the result that we get when the light is on. We get a different answer whether I turn on the light or not. If I have the light turned on, the distribution is the curve N1 + N2. If I turn off the light, the distribution is N12. Turn on the light and it is N1 + N2 again. So you see, nature has squeezed out! We could say, then, that the light affects the result. If the light is on you get a different answer from that when the light is off. You can say too that light affects the behaviour of electrons. If you talk about the motion of the electrons through the experiment, which is a little inaccurate, you can say that the light affects the motion, so that those which might have arrived at the maximum have somehow been deviated or kicked by the light and arrive at the minimum instead, thus smoothing the curve to produce the simple N1 + N2 curve.


Electrons are very delicate. When you are looking at a baseball and you shine a light on it, it does not make any difference, the baseball still goes the same way. But when you shine a light on an electron it knocks him about a bit, and instead of doing one thing he does another, because you have turned the light on and it is so strong. Suppose we try turning it weaker and weaker, until it is very dim, then use very careful detectors that can see very dim lights, and look with a dim light. As the light gets dimmer and dimmer you cannot expect the very very weak light to affect the electron so completely as to change the pattern a hundred per cent from N12 to N1 + N2. As the light gets weaker and weaker, somehow it should get more and more like no light at all. How then does one curve turn into another? But of course light is not like a wave of water. Light also comes in particle-like character, called photons, and as you turn down the intensity of the light you are not turning down the effect, you are turning down the number of photons that are coming out of the source. As I turn down the light I am getting fewer and fewer photons. The least I can scatter from an electron is one photon, and if I have too few photons sometimes the electron will get through when there is no photon coming by, in which case I will not see it. A very weak light, therefore, does not mean a small disturbance, it just means a few photons. The result is that with a very weak light I have to invent a third column under the title 'didn't see'. When the light is very strong there are few in there, and when the light is very weak most of them end in there. So there are three columns, hole 1, hole 2, and didn't see. You can guess what happens. The ones I do see are distributed according to the curve N1 + N2. The ones I do not see are distributed as the curve N12. As I turn the light weaker and weaker I see less and less and a greater and greater fraction are not seen. The actual curve in any case is a mixture of the two curves, so as the light gets weaker it gets more and more like N12 in a continuous fashion.


I am not able here to discuss a large number of different ways which you might suggest to find out which hole the electron went through. It always turns out, however, that it is impossible to arrange the light in any way so that you can tell through which hole the thing is going without disturbing the pattern of arrival of the electrons, without destroying the interference. Not only light, but anything else — whatever you use, in principle it is impossible to do it. You can, if you want, invent many ways to tell which hole the electron is going through, and then it turns out that it is going through one or the other. But if you try to make that instrument so that at the same time it does not disturb the motion of the electron, then what happens is that you can no longer tell which hole it goes through and you get the complicated result again.


Heisenberg noticed, when he discovered the laws of quantum mechanics, that the new laws of nature that he had discovered could only be consistent if there were some basic limitation to our experimental abilities that had not been previously recognized. In other words, you cannot experimentally be as delicate as you wish. Heisenberg proposed his uncertainty principle which, stated in terms of our own experiment, is the following. (He stated it in another way, but they are exactly equivalent, and you can get from one to the other.) 'It is impossible to design any apparatus whatsoever to determine through which hole the electron passes that will not at the same time disturb the electron enough to destroy the interference pattern'. No one has found a way around this. I am sure you are itching with inventions of methods of detecting which hole the electron went through; but if each one of them is analysed carefully you will find out that there is something the matter with it. You may think you could do it without disturbing the electron, but it turns out there is always something the matter, and you can always account for the difference in the patterns by the disturbance of the instruments used to determine through which hole the electron comes.


This is a basic characteristic of nature, and tells us something about everything. If a new particle is found tomorrow, the kaon — actually the kaon has already been found, but to give it a name let us call it that — and I use kaons to interact with electrons to determine which hole the electron is going through, I already know, ahead of time — I hope — enough about the behaviour of a new particle to say that it cannot be of such a type that I could tell through which hole the electron would go without at the same time producing a disturbance on the electron and changing the pattern from interference to no interference. The uncertainty principle can therefore be used as a general principle to guess ahead at many of the characteristics of unknown objects. They are limited in their likely character.


The Copenhagen interpretation insists we know nothing about a path when not looking (measuring). Our measurements create the path, they said. But Einstein said that goes too far. We can say, and know, things like the particle is conserving its mass, momentum, energy, spin, etc. along its path. It cannot divide in two and go through both holes!


Let us return to our proposition A — 'Electrons must go either through one hole or another'. Is it true or not? Physicists have a way of avoiding the pitfalls which exist. They make their rules of thinking as follows. If you have an apparatus which is capable of telling which hole the electron goes through (and you can have such an apparatus), then you can say that it either goes through one hole or the other. It does; it always is going through one hole or the other — when you look. But when you have no apparatus to determine through which hole the thing goes, then you cannot say that it either goes through one hole or the other. (You can always say it — provided you stop thinking immediately and make no deductions from it. Physicists prefer not to say it, rather than to stop thinking at the moment.) To conclude that it goes either through one hole or the other when you are not looking is to produce an error in prediction. That is the logical tight-rope on which we have to walk if we wish to interpret nature.


This proposition that I am talking about is general. It is not just for two holes, but is a general proposition which can be stated this way. The probability of any event in an ideal experiment — that is just an experiment in which everything is specified as well as it can be — is the square of something, which in this case I have called 'a', the probability amplitude. When an event can occur in several alternative ways, the probability amplitude, this 'a' number, is the sum of the 'a's for each of the various alternatives. If an experiment is performed which is capable of determining which alternative is taken, the probability of the event is changed; it is then the sum of the probabilities for each alternative. That is, you lose the interference.


The question now is, how does it really work ? What machinery is actually producing this thing? Nobody knows any machinery. Nobody can give you a deeper explanation of this phenomenon than I have given; that is, a description of it. They can give you a wider explanation, in the sense that they can do more examples to show how it is impossible to tell which hole the electron goes through and not at the same time destroy the interference pattern. They can give a wider class of experiments than just the two slit interference experiment. But that is just repeating the same thing to drive it in. It is not any deeper; it is only wider. The mathematics can be made more precise; you can mention that they are complex numbers instead of real numbers, and a couple of other minor points which have nothing to do with the main idea. But the deep mystery is what I have described, and no one can go any deeper today.


We can not know the path or the position of an individual particle. If we do measure it to learn its path, the experimental results change. There is no longer interference.
What we have calculated so far is the probability of arrival of an electron. The question is whether there is any way to determine where an individual electron really arrives? Of course we are not averse to using the theory of probability, that is calculating odds, when a situation is very complicated. We throw up a dice into the air, and with the various resistances, and atoms, and all the complicated business, we are perfectly willing to allow that we do not know enough details to make a definite prediction; so we calculate the odds that the thing will come this way or that way. But here what we are proposing, is it not, is that there is probability all the way back: that in the fundamental laws of physics there are odds.


Suppose that I have an experiment so set up that with the light out I get the interference situation. Then I say that even with the light on I cannot predict through which hole an electron will go. I only know that each time I look it will be one hole or the other; there is no way to predict ahead of time which hole it will be. The future, in other words, is unpredictable. It is impossible to predict in any way, from any information ahead of time, through which hole the thing will go, or which hole it will be seen behind. That means that physics has, in a way, given up, if the original purpose was — and everybody thought it was — to know enough so that given the circumstances we can predict what will happen next. Here are the circumstances: electron source, strong light source, tungsten plate with two holes: tell me, behind which hole shall I see the electron? One theory is that the reason you cannot tell through which hole you are going to see the electron is that it is determined by some very complicated things back at the source: it has internal wheels, internal gears, and so forth, to determine which hole it goes through; it is fifty-fifty probability, because, like a die, it is set at random; physics is incomplete, and if we get a complete enough physics then we shall be able to predict through which hole it goes. That is called the hidden variable theory. That theory cannot be true; it is not due to lack of detailed knowledge that we cannot make a prediction.


Feynman is wrong. We can say it went through either hole 1 or hole 2. We just cannot say which hole without destroying the interference pattern!

I said that if I did not turn on the light I should get the interference pattern. If I have a circumstance in which I get that interference pattern, then it is impossible to analyse it in terms of saying it goes through hole 1 or hole 2, because that interference curve is so simple, mathematically a completely different thing from the contribution of the two other curves as probabilities. If it had been possible for us to determine through which hole the electron was going to go if we had the light on, then whether we have the light on or off is nothing to do with it. Whatever gears there are at the source, which we observed, and which permitted us to tell whether the thing was going to go through 1 or 2, we could have observed with the light off, and therefore we could have told with the light off through which hole each electron was going to go. But if we could do this, the resulting curve would have to be represented as the sum of those that go through hole 1 and those that go through hole 2, and it is not. It must then be impossible to have any information ahead of time about which hole the electron is going to go through, whether the light is on or off, in any circumstance when the experiment is set up so that it can produce the interference with the light off. It is not our ignorance of the internal gears, of the internal complications, that makes nature appear to have probability in it. It seems to be somehow intrinsic. Someone has said it this way — 'Nature herself does not even know which way the electron is going to go'.


The same conditions do not always produce the same results. It is this quantum indeterminism that breaks the causal chain of physical determinism.

A philosopher once said 'It is necessary for the very existence of science that the same conditions always produce the same results'. Well, they do not. You set up the circumstances, with the same conditions every time, and you cannot predict behind which hole you will see the electron. Yet science goes on in spite of it — although the same conditions do not always produce the same results. That makes us unhappy, that we cannot predict exactly what will happen. Incidentally, you could think up a circumstance in which it is very dangerous and serious, and man must know, and still you cannot predict. 
Sad these tragic examples scientists imagine, like Schrödinger's Cat

For instance we could cook up — we'd better not, but we could — a scheme by which we set up a photo cell, and one electron to go through, and if we see it behind hole No. 1 we set off the atomic bomb and start World War III, whereas if we see it behind hole No. 2 we make peace feelers and delay the war a little longer. 
The future is unpredictable


Then the future of man would be dependent on something which no amount of science can predict. The future is unpredictable.

What is necessary 'for the very existence of science', and what the characteristics of nature are, are not to be determined by pompous preconditions, they are determined always by the material with which we work, by nature herself. We look, and we see what we find, and we cannot say ahead of time successfully what it is going to look like. The most reasonable possibilities often turn out not to be the situation. If science is to progress, what we need is the ability to experiment, honesty in reporting results — the results must be reported without somebody saying what they would like the results to have been — and finally — an important thing — the intelligence to interpret the results. An important point about this intelligence is that it should not be sure ahead of time what must be. It can be prejudiced and say 'That is very unlikely; I don't like that'. Prejudice is different from absolute certainty. I do not mean absolute prejudice — just bias. As long as you are only biased it does not make any difference, because if your bias is wrong a perpetual accumulation of experiments will perpetually annoy you until they cannot be disregarded any longer. They can only be disregarded if you are absolutely sure ahead of
time of some precondition that science has to have. In fact it is necessary for the very existence of science that minds exist which do not allow that nature must satisfy some preconceived conditions, like those of our philosopher.



See also The Distinction of Past and Future
For Scholars
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We have a habit in writing articles published in scientific journals to make the work as finished as possible, to cover all the tracks, to not worry about the blind alleys or to describe how you had the wrong idea first, and so on. So there isn’t any place to publish, in a dignified manner, what you actually did in order to get to do the work, although, there has been in these days, some interest in this kind of thing. Since winning the prize is a personal thing, I thought I could be excused in this particular situation, if I were to talk personally about my relationship to quantum electrodynamics, rather than to discuss the subject itself in a refined and finished fashion. Furthermore, since there are three people who have won the prize in physics, if they are all going to be talking about quantum electrodynamics itself, one might become bored with the subject. So, what I would like to tell you about today are the sequence of events, really the sequence of ideas, which occurred, and by which I finally came out the other end with an unsolved problem for which I ultimately received a prize.

I realize that a truly scientific paper would be of greater value, but such a paper I could publish in regular journals. So, I shall use this Nobel Lecture as an opportunity to do something of less value, but which I cannot do elsewhere. I ask your indulgence in another manner. I shall include details of anecdotes which are of no value either scientifically, nor for understanding the development of ideas. They are included only to make the lecture more entertaining.


I worked on this problem about eight years until the final publication in 1947. The beginning of the thing was at the Massachusetts Institute of Technology, when I was an undergraduate student reading about the known physics, learning slowly about all these things that people were worrying about, and realizing ultimately that the fundamental problem of the day was that the quantum theory of electricity and magnetism was not completely satisfactory. This I gathered from books like those of Heitler and Dirac. I was inspired by the remarks in these books; not by the parts in which everything was proved and demonstrated carefully and calculated, because I couldn’t understand those very well. At the young age what I could understand were the remarks about the fact that this doesn’t make any sense, and the last sentence of the book of Dirac I can still remember, “It seems that some essentially new physical ideas are here needed.” So, I had this as a challenge and an inspiration. I also had a personal feeling, that since they didn’t get a satisfactory answer to the problem I wanted to solve, I don’t have to pay a lot of attention to what they did do.


I did gather from my readings, however, that two things were the source of the difficulties with the quantum electrodynamical theories. The first was an infinite energy of interaction of the electron with itself. And this difficulty existed even in the classical theory. The other difficulty came from some infinites which had to do with the infinite numbers of degrees of freedom in the field. As I understood it at the time (as nearly as I can remember) this was simply the difficulty that if you quantized the harmonic oscillators of the field (say in a box) each oscillator has a ground state energy of (½)and there is an infinite number of modes in a box of every increasing frequency w, and therefore there is an infinite energy in the box. I now realize that that wasn’t a completely correct statement of the central problem; it can be removed simply by changing the zero from which energy is measured. At any rate, I believed that the difficulty arose somehow from a combination of the electron acting on itself and the infinite number of degrees of freedom of the field.


Well, it seemed to me quite evident that the idea that a particle acts on itself, that the electrical force acts on the same particle that generates it, is not a necessary one – it is a sort of a silly one, as a matter of fact. And, so I suggested to myself, that electrons cannot act on themselves, they can only act on other electrons. That means there is no field at all. You see, if all charges contribute to making a single common field, and if that common field acts back on all the charges, then each charge must act back on itself. Well, that was where the mistake was, there was no field. It was just that when you shook one charge, another would shake later. There was a direct interaction between charges, albeit with a delay. The law of force connecting the motion of one charge with another would just involve a delay. Shake this one, that one shakes later. The sun atom shakes; my eye electron shakes eight minutes later, because of a direct interaction across.


Now, this has the attractive feature that it solves both problems at once. First, I can say immediately, I don’t let the electron act on itself, I just let this act on that, hence, no self-energy! Secondly, there is not an infinite number of degrees of freedom in the field. There is no field at all; or if you insist on thinking in terms of ideas like that of a field, this field is always completely determined by the action of the particles which produce it. You shake this particle, it shakes that one, but if you want to think in a field way, the field, if it’s there, would be entirely determined by the matter which generates it, and therefore, the field does not have any independent degrees of freedom and the infinities from the degrees of freedom would then be removed. As a matter of fact, when we look out anywhere and see light, we can always “see” some matter as the source of the light. We don’t just see light (except recently some radio reception has been found with no apparent material source).


You see then that my general plan was to first solve the classical problem, to get rid of the infinite self-energies in the classical theory, and to hope that when I made a quantum theory of it, everything would just be fine.


That was the beginning, and the idea seemed so obvious to me and so elegant that I fell deeply in love with it. And, like falling in love with a woman, it is only possible if you do not know much about her, so you cannot see her faults. The faults will become apparent later, but after the love is strong enough to hold you to her. So, I was held to this theory, in spite of all difficulties, by my youthful enthusiasm.


Then I went to graduate school and somewhere along the line I learned what was wrong with the idea that an electron does not act on itself. When you accelerate an electron it radiates energy and you have to do extra work to account for that energy. The extra force against which this work is done is called the force of radiation resistance. The origin of this extra force was identified in those days, following Lorentz, as the action of the electron itself. The first term of this action, of the electron on itself, gave a kind of inertia (not quite relativistically satisfactory). But that inertia-like term was infinite for a point-charge. Yet the next term in the sequence gave an energy loss rate, which for a point-charge agrees exactly with the rate you get by calculating how much energy is radiated. So, the force of radiation resistance, which is absolutely necessary for the conservation of energy would disappear if I said that a charge could not act on itself.


So, I learned in the interim when I went to graduate school the glaringly obvious fault of my own theory. But, I was still in love with the original theory, and was still thinking that with it lay the solution to the difficulties of quantum electrodynamics. So, I continued to try on and off to save it somehow. I must have some action develop on a given electron when I accelerate it to account for radiation resistance. But, if I let electrons only act on other electrons the only possible source for this action is another electron in the world. So, one day, when I was working for Professor Wheeler and could no longer solve the problem that he had given me, I thought about this again and I calculated the following. Suppose I have two charges – I shake the first charge, which I think of as a source and this makes the second one shake, but the second one shaking produces an effect back on the source. And so, I calculated how much that effect back on the first charge was, hoping it might add up the force of radiation resistance. It didn’t come out right, of course, but I went to Professor Wheeler and told him my ideas. He said, – yes, but the answer you get for the problem with the two charges that you just mentioned will, unfortunately, depend upon the charge and the mass of the second charge and will vary inversely as the square of the distance R, between the charges, while the force of radiation resistance depends on none of these things. I thought, surely, he had computed it himself, but now having become a professor, I know that one can be wise enough to see immediately what some graduate student takes several weeks to develop. He also pointed out something that also bothered me, that if we had a situation with many charges all around the original source at roughly uniform density and if we added the effect of all the surrounding charges the inverse R square would be compensated by the R2 in the volume element and we would get a result proportional to the thickness of the layer, which would go to infinity. That is, one would have an infinite total effect back at the source. And, finally he said to me, and you forgot something else, when you accelerate the first charge, the second acts later, and then the reaction back here at the source would be still later. In other words, the action occurs at the wrong time. I suddenly realized what a stupid fellow I am, for what I had described and calculated was just ordinary reflected light, not radiation reaction.


But, as I was stupid, so was Professor Wheeler that much more clever. For he then went on to give a lecture as though he had worked this all out before and was completely prepared, but he had not, he worked it out as he went along. First, he said, let us suppose that the return action by the charges in the absorber reaches the source by advanced waves as well as by the ordinary retarded waves of reflected light; so that the law of interaction acts backward in time, as well as forward in time. I was enough of a physicist at that time not to say, “Oh, no, how could that be?” For today all physicists know from studying Einstein and Bohr, that sometimes an idea which looks completely paradoxical at first, if analyzed to completion in all detail and in experimental situations, may, in fact, not be paradoxical. So, it did not bother me any more than it bothered Professor Wheeler to use advance waves for the back reaction – a solution of Maxwell’s equations, which previously had not been physically used.


Professor Wheeler used advanced waves to get the reaction back at the right time and then he suggested this: If there were lots of electrons in the absorber, there would be an index of refraction n, so, the retarded waves coming from the source would have their wave lengths slightly modified in going through the absorber. Now, if we shall assume that the advanced waves come back from the absorber without an index – why? I don’t know, let’s assume they come back without an index – then, there will be a gradual shifting in phase between the return and the original signal so that we would only have to figure that the contributions act as if they come from only a finite thickness, that of the first wave zone. (More specifically, up to that depth where the phase in the medium is shifted appreciably from what it would be in vacuum, a thickness proportional to l/(n-1).) Now, the less the number of electrons in here, the less each contributes, but the thicker will be the layer that effectively contributes because with less electrons, the index differs less from 1. The higher the charges of these electrons, the more each contribute, but the thinner the effective layer, because the index would be higher. And when we estimated it, (calculated without being careful to keep the correct numerical factor) sure enough, it came out that the action back at the source was completely independent of the properties of the charges that were in the surrounding absorber. Further, it was of just the right character to represent radiation resistance, but we were unable to see if it was just exactly the right size. He sent me home with orders to figure out exactly how much advanced and how much retarded wave we need to get the thing to come out numerically right, and after that, figure out what happens to the advanced effects that you would expect if you put a test charge here close to the source? For if all charges generate advanced, as well as retarded effects, why would that test not be affected by the advanced waves from the source?


I found that you get the right answer if you use half-advanced and half-retarded as the field generated by each charge. That is, one is to use the solution of Maxwell’s equation which is symmetrical in time and that the reason we got no advanced effects at a point close to the source in spite of the fact that the source was producing an advanced field is this. Suppose the source is surrounded by a spherical absorbing wall ten light seconds away, and that the test charge is one second to the right of the source. Then the source is as much as eleven seconds away from some parts of the wall and only nine seconds away from other parts. The source acting at time t=0 induces motions in the wall at time t= +10. Advanced effects from this can act on the test charge as early as eleven seconds earlier, or at t= -1. This is just at the time that the direct advanced waves from the source should reach the test charge, and it turns out the two effects are exactly equal and opposite and cancel out! At the later time t= +1 effects on the test charge from the source and from the walls are again equal, but this time are of the same sign and add to convert the half-retarded wave of the source to full retarded strength.


Thus, it became clear that there was the possibility that if we assume all actions are via half-advanced and half-retarded solutions of Maxwell’s equations and assume that all sources are surrounded by material absorbing all the light which is emitted, then we could account for radiation resistance as a direct action of the charges of the absorber acting back by advanced waves on the source.


Many months were devoted to checking all these points. I worked to show that everything is independent of the shape of the container, and so on, that the laws are exactly right, and that the advanced effects really cancel in every case. We always tried to increase the efficiency of our demonstrations, and to see with more and more clarity why it works. I won’t bore you by going through the details of this. Because of our using advanced waves, we also had many apparent paradoxes, which we gradually reduced one by one, and saw that there was in fact no logical difficulty with the theory. It was perfectly satisfactory.


We also found that we could reformulate this thing in another way, and that is by a principle of least action. Since my original plan was to describe everything directly in terms of particle motions, it was my desire to represent this new theory without saying anything about fields. It turned out that we found a form for an action directly involving the motions of the charges only, which upon variation would give the equations of motion of these charges. The expression for this action A is


 
where


 
where is the four-vector position of the ith particle as a function of some parameter. The first term is the integral of proper time, the ordinary action of relativistic mechanics of free particles of mass mi. (We sum in the usual way on the repeated index m.) The second term represents the electrical interaction of the charges. It is summed over each pair of charges (the factor ½ is to count each pair once, the term i=j is omitted to avoid self-action). The interaction is a double integral over a delta function of the square of space-time interval I2 between two points on the paths. Thus, interaction occurs only when this interval vanishes, that is, along light cones.


The fact that the interaction is exactly one-half advanced and half-retarded meant that we could write such a principle of least action, whereas interaction via retarded waves alone cannot be written in such a way.


So, all of classical electrodynamics was contained in this very simple form. It looked good, and therefore, it was undoubtedly true, at least to the beginner. It automatically gave half-advanced and half-retarded effects and it was without fields. By omitting the term in the sum when i=j, I omit self-interaction and no longer have any infinite self-energy. This then was the hoped-for solution to the problem of ridding classical electrodynamics of the infinities.


It turns out, of course, that you can reinstate fields if you wish to, but you have to keep track of the field produced by each particle separately. This is because to find the right field to act on a given particle, you must exclude the field that it creates itself. A single universal field to which all contribute will not do. This idea had been suggested earlier by Frenkel and so we called these Frenkel fields. This theory which allowed only particles to act on each other was equivalent to Frenkel’s fields using half-advanced and half-retarded solutions.


There were several suggestions for interesting modifications of electrodynamics. We discussed lots of them, but I shall report on only one. It was to replace this delta function in the interaction by another function, say, f(I2ij), which is not infinitely sharp. Instead of having the action occur only when the interval between the two charges is exactly zero, we would replace the delta function of I2 by a narrow peaked thing. Let’s say that f(Z) is large only near Z=0 width of order a2. Interactions will now occur when T2-R2 is of order a2 roughly where T is the time difference and R is the separation of the charges. This might look like it disagrees with experience, but if a is some small distance, like 10-13 cm, it says that the time delay T in action is roughlyor approximately, – if R is much larger than a, T=R±a2/2R. This means that the deviation of time T from the ideal theoretical time R of Maxwell, gets smaller and smaller, the further the pieces are apart. Therefore, all theories involving in analyzing generators, motors, etc., in fact, all of the tests of electrodynamics that were available in Maxwell’s time, would be adequately satisfied if were 10-13 cm. If R is of the order of a centimeter this deviation in T is only 10-26 parts. So, it was possible, also, to change the theory in a simple manner and to still agree with all observations of classical electrodynamics. You have no clue of precisely what function to put in for f, but it was an interesting possibility to keep in mind when developing quantum electrodynamics.


It also occurred to us that if we did that (replace d by f) we could not reinstate the term i=j in the sum because this would now represent in a relativistically invariant fashion a finite action of a charge on itself. In fact, it was possible to prove that if we did do such a thing, the main effect of the self-action (for not too rapid accelerations) would be to produce a modification of the mass. In fact, there need be no mass mi, term, all the mechanical mass could be electromagnetic self-action. So, if you would like, we could also have another theory with a still simpler expression for the action A. In expression (1) only the second term is kept, the sum extended over all i and j, and some function replaces d. Such a simple form could represent all of classical electrodynamics, which aside from gravitation is essentially all of classical physics.


Although it may sound confusing, I am describing several different alternative theories at once. The important thing to note is that at this time we had all these in mind as different possibilities. There were several possible solutions of the difficulty of classical electrodynamics, any one of which might serve as a good starting point to the solution of the difficulties of quantum electrodynamics.


I would also like to emphasize that by this time I was becoming used to a physical point of view different from the more customary point of view. In the customary view, things are discussed as a function of time in very great detail. For example, you have the field at this moment, a differential equation gives you the field at the next moment and so on; a method, which I shall call the Hamilton method, the time differential method. We have, instead (in (1) say) a thing that describes the character of the path throughout all of space and time. The behavior of nature is determined by saying her whole spacetime path has a certain character. For an action like (1) the equations obtained by variation (of Xim (ai)) are no longer at all easy to get back into Hamiltonian form. If you wish to use as variables only the coordinates of particles, then you can talk about the property of the paths – but the path of one particle at a given time is affected by the path of another at a different time. If you try to describe, therefore, things differentially, telling what the present conditions of the particles are, and how these present conditions will affect the future you see, it is impossible with particles alone, because something the particle did in the past is going to affect the future.


Therefore, you need a lot of bookkeeping variables to keep track of what the particle did in the past. These are called field variables. You will, also, have to tell what the field is at this present moment, if you are to be able to see later what is going to happen. From the overall space-time view of the least action principle, the field disappears as nothing but bookkeeping variables insisted on by the Hamiltonian method.


As a by-product of this same view, I received a telephone call one day at the graduate college at Princeton from Professor Wheeler, in which he said, “Feynman, I know why all electrons have the same charge and the same mass” “Why?” “Because, they are all the same electron!” And, then he explained on the telephone, “suppose that the world lines which we were ordinarily considering before in time and space – instead of only going up in time were a tremendous knot, and then, when we cut through the knot, by the plane corresponding to a fixed time, we would see many, many world lines and that would represent many electrons, except for one thing. If in one section this is an ordinary electron world line, in the section in which it reversed itself and is coming back from the future we have the wrong sign to the proper time – to the proper four velocities – and that’s equivalent to changing the sign of the charge, and, therefore, that part of a path would act like a positron.” “But, Professor”, I said, “there aren’t as many positrons as electrons.” “Well, maybe they are hidden in the protons or something”, he said. I did not take the idea that all the electrons were the same one from him as seriously as I took the observation that positrons could simply be represented as electrons going from the future to the past in a back section of their world lines. That, I stole!


To summarize, when I was done with this, as a physicist I had gained two things. One, I knew many different ways of formulating classical electrodynamics, with many different mathematical forms. I got to know how to express the subject every which way. Second, I had a point of view – the overall space-time point of view – and a disrespect for the Hamiltonian method of describing physics.


I would like to interrupt here to make a remark. The fact that electrodynamics can be written in so many ways – the differential equations of Maxwell, various minimum principles with fields, minimum principles without fields, all different kinds of ways, was something I knew, but I have never understood. It always seems odd to me that the fundamental laws of physics, when discovered, can appear in so many different forms that are not apparently identical at first, but, with a little mathematical fiddling you can show the relationship. An example of that is the Schrödinger equation and the Heisenberg formulation of quantum mechanics. I don’t know why this is – it remains a mystery, but it was something I learned from experience. There is always another way to say the same thing that doesn’t look at all like the way you said it before. I don’t know what the reason for this is. I think it is somehow a representation of the simplicity of nature. A thing like the inverse square law is just right to be represented by the solution of Poisson’s equation, which, therefore, is a very different way to say the same thing that doesn’t look at all like the way you said it before. I don’t know what it means, that nature chooses these curious forms, but maybe that is a way of defining simplicity. Perhaps a thing is simple if you can describe it fully in several different ways without immediately knowing that you are describing the same thing.


I was now convinced that since we had solved the problem of classical electrodynamics (and completely in accordance with my program from M.I.T., only direct interaction between particles, in a way that made fields unnecessary) that everything was definitely going to be all right. I was convinced that all I had to do was make a quantum theory analogous to the classical one and everything would be solved.


So, the problem is only to make a quantum theory, which has as its classical analog, this expression (1). Now, there is no unique way to make a quantum theory from classical mechanics, although all the textbooks make believe there is. What they would tell you to do, was find the momentum variables and replace them by, but I couldn’t find a momentum variable, as there wasn’t any.


The character of quantum mechanics of the day was to write things in the famous Hamiltonian way – in the form of a differential equation, which described how the wave function changes from instant to instant, and in terms of an operator, H. If the classical physics could be reduced to a Hamiltonian form, everything was all right. Now, least action does not imply a Hamiltonian form if the action is a function of anything more than positions and velocities at the same moment. If the action is of the form of the integral of a function, (usually called the Lagrangian) of the velocities and positions at the same time



then you can start with the Lagrangian and then create a Hamiltonian and work out the quantum mechanics, more or less uniquely. But this thing (1) involves the key variables, positions, at two different times and therefore, it was not obvious what to do to make the quantum-mechanical analogue.


I tried – I would struggle in various ways. One of them was this; if I had harmonic oscillators interacting with a delay in time, I could work out what the normal modes were and guess that the quantum theory of the normal modes was the same as for simple oscillators and kind of work my way back in terms of the original variables. I succeeded in doing that, but I hoped then to generalize to other than a harmonic oscillator, but I learned to my regret something, which many people have learned. The harmonic oscillator is too simple; very often you can work out what it should do in quantum theory without getting much of a clue as to how to generalize your results to other systems.


So that didn’t help me very much, but when I was struggling with this problem, I went to a beer party in the Nassau Tavern in Princeton. There was a gentleman, newly arrived from Europe (Herbert Jehle) who came and sat next to me. Europeans are much more serious than we are in America because they think that a good place to discuss intellectual matters is a beer party. So, he sat by me and asked, “what are you doing” and so on, and I said, “I’m drinking beer.” Then I realized that he wanted to know what work I was doing and I told him I was struggling with this problem, and I simply turned to him and said, “listen, do you know any way of doing quantum mechanics, starting with action – where the action integral comes into the quantum mechanics?” “No”, he said, “but Dirac has a paper in which the Lagrangian, at least, comes into quantum mechanics. I will show it to you tomorrow.”


Next day we went to the Princeton Library, they have little rooms on the side to discuss things, and he showed me this paper. What Dirac said was the following: There is in quantum mechanics a very important quantity which carries the wave function from one time to another, besides the differential equation but equivalent to it, a kind of a kernel, which we might call K(x’, x), which carries the wave function j(x) known at time t, to the wave function j(x’) at time, t+e Dirac points out that this function K was analogous to the quantity in classical mechanics that you would calculate if you took the exponential of ie, multiplied by the Lagrangian imagining that these two positions x,x’ corresponded t and t+e. In other words,


 
Professor Jehle showed me this, I read it, he explained it to me, and I said, “what does he mean, they are analogous; what does that mean, analogous? What is the use of that?” He said, “you Americans! You always want to find a use for everything!” I said, that I thought that Dirac must mean that they were equal. “No”, he explained, “he doesn’t mean they are equal.” “Well”, I said, “let’s see what happens if we make them equal.”


So I simply put them equal, taking the simplest example where the Lagrangian is ½Mx2 – V(x) but soon found I had to put a constant of proportionality A in, suitably adjusted. When I substitutedfor K to get


 
and just calculated things out by Taylor series expansion, out came the Schrödinger equation. So, I turned to Professor Jehle, not really understanding, and said, “well, you see Professor Dirac meant that they were proportional.” Professor Jehle’s eyes were bugging out – he had taken out a little notebook and was rapidly copying it down from the blackboard, and said, “no, no, this is an important discovery. You Americans are always trying to find out how something can be used. That’s a good way to discover things!” So, I thought I was finding out what Dirac meant, but, as a matter of fact, had made the discovery that what Dirac thought was analogous, was, in fact, equal. I had then, at least, the connection between the Lagrangian and quantum mechanics, but still with wave functions and infinitesimal times.


It must have been a day or so later when I was lying in bed thinking about these things, that I imagined what would happen if I wanted to calculate the wave function at a finite interval later.


I would put one of these factors eieL in here, and that would give me the wave functions the next moment, t+e and then I could substitute that back into (3) to get another factor of eieL and give me the wave function the next moment, t+2e and so on and so on. In that way I found myself thinking of a large number of integrals, one after the other in sequence. In the integrand was the product of the exponentials, which, of course, was the exponential of the sum of terms like eL. Now, L is the Lagrangian and e is like the time interval dt, so that if you took a sum of such terms, that’s exactly like an integral. That’s like Riemann’s formula for the integral Ldt, you just take the value at each point and add them together. We are to take the limit as e-0, of course. Therefore, the connection between the wave function of one instant and the wave function of another instant a finite time later could be obtained by an infinite number of integrals, (because e goes to zero, of course) of exponential where S is the action expression (2). At last, I had succeeded in representing quantum mechanics directly in terms of the action S.


This led later on to the idea of the amplitude for a path; that for each possible way that the particle can go from one point to another in space-time, there’s an amplitude. That amplitude is e to thetimes the action for the path. Amplitudes from various paths superpose by addition. This then is another, a third way, of describing quantum mechanics, which looks quite different than that of Schrödinger or Heisenberg, but which is equivalent to them.


Now immediately after making a few checks on this thing, what I wanted to do, of course, was to substitute the action (1) for the other (2). The first trouble was that I could not get the thing to work with the relativistic case of spin one-half. However, although I could deal with the matter only nonrelativistically, I could deal with the light or the photon interactions perfectly well by just putting the interaction terms of (1) into any action, replacing the mass terms by the non-relativistic (Mx2/2)dt. When the action has a delay, as it now had, and involved more than one time, I had to lose the idea of a wave function. That is, I could no longer describe the program as; given the amplitude for all positions at a certain time to compute the amplitude at another time. However, that didn’t cause very much trouble. It just meant developing a new idea. Instead of wave functions we could talk about this; that if a source of a certain kind emits a particle, and a detector is there to receive it, we can give the amplitude that the source will emit and the detector receive. We do this without specifying the exact instant that the source emits or the exact instant that any detector receives, without trying to specify the state of anything at any particular time in between, but by just finding the amplitude for the complete experiment. And, then we could discuss how that amplitude would change if you had a scattering sample in between, as you rotated and changed angles, and so on, without really having any wave functions.


It was also possible to discover what the old concepts of energy and momentum would mean with this generalized action. And, so I believed that I had a quantum theory of classical electrodynamics – or rather of this new classical electrodynamics described by action (1). I made a number of checks. If I took the Frenkel field point of view, which you remember was more differential, I could convert it directly to quantum mechanics in a more conventional way. The only problem was how to specify in quantum mechanics the classical boundary conditions to use only half-advanced and half-retarded solutions. By some ingenuity in defining what that meant, I found that the quantum mechanics with Frenkel fields, plus a special boundary condition, gave me back this action, (1) in the new form of quantum mechanics with a delay. So, various things indicated that there wasn’t any doubt I had everything straightened out.


It was also easy to guess how to modify the electrodynamics, if anybody ever wanted to modify it. I just changed the delta to an f, just as I would for the classical case. So, it was very easy, a simple thing. To describe the old retarded theory without explicit mention of fields I would have to write probabilities, not just amplitudes. I would have to square my amplitudes and that would involve double path integrals in which there are two S‘s and so forth. Yet, as I worked out many of these things and studied different forms and different boundary conditions. I got a kind of funny feeling that things weren’t exactly right. I could not clearly identify the difficulty and in one of the short periods during which I imagined I had laid it to rest, I published a thesis and received my Ph.D.


During the war, I didn’t have time to work on these things very extensively, but wandered about on buses and so forth, with little pieces of paper, and struggled to work on it and discovered indeed that there was something wrong, something terribly wrong. I found that if one generalized the action from the nice Langrangian forms (2) to these forms (1) then the quantities which I defined as energy, and so on, would be complex. The energy values of stationary states wouldn’t be real and probabilities of events wouldn’t add up to 100%. That is, if you took the probability that this would happen and that would happen – everything you could think of would happen, it would not add up to one.


Another problem on which I struggled very hard, was to represent relativistic electrons with this new quantum mechanics. I wanted to do a unique and different way – and not just by copying the operators of Dirac into some kind of an expression and using some kind of Dirac algebra instead of ordinary complex numbers. I was very much encouraged by the fact that in one space dimension, I did find a way of giving an amplitude to every path by limiting myself to paths, which only went back and forth at the speed of light. The amplitude was simple (ie) to a power equal to the number of velocity reversals where I have divided the time into steps and I am allowed to reverse velocity only at such a time. This gives (as approaches zero) Dirac’s equation in two dimensions – one dimension of space and one of time.


Dirac’s wave function has four components in four dimensions, but in this case, it has only two components and this rule for the amplitude of a path automatically generates the need for two components. Because if this is the formula for the amplitudes of path, it will not do you any good to know the total amplitude of all paths, which come into a given point to find the amplitude to reach the next point. This is because for the next time, if it came in from the right, there is no new factor ie if it goes out to the right, whereas, if it came in from the left there was a new factor ie. So, to continue this same information forward to the next moment, it was not sufficient information to know the total amplitude to arrive, but you had to know the amplitude to arrive from the right and the amplitude to arrive to the left, independently. If you did, however, you could then compute both of those again independently and thus you had to carry two amplitudes to form a differential equation (first order in time).


And, so I dreamed that if I were clever, I would find a formula for the amplitude of a path that was beautiful and simple for three dimensions of space and one of time, which would be equivalent to the Dirac equation, and for which the four components, matrices, and all those other mathematical funny things would come out as a simple consequence – I have never succeeded in that either. But, I did want to mention some of the unsuccessful things on which I spent almost as much effort, as on the things that did work.


To summarize the situation a few years after the war, I would say, I had much experience with quantum electrodynamics, at least in the knowledge of many different ways of formulating it, in terms of path integrals of actions and in other forms. One of the important by-products, for example, of much experience in these simple forms, was that it was easy to see how to combine together what was in those days called the longitudinal and transverse fields, and in general, to see clearly the relativistic invariance of the theory. Because of the need to do things differentially there had been, in the standard quantum electrodynamics, a complete split of the field into two parts, one of which is called the longitudinal part and the other mediated by the photons, or transverse waves. The longitudinal part was described by a Coulomb potential acting instantaneously in the Schrödinger equation, while the transverse part had entirely different description in terms of quantization of the transverse waves. This separation depended upon the relativistic tilt of your axes in spacetime. People moving at different velocities would separate the same field into longitudinal and transverse fields in a different way. Furthermore, the entire formulation of quantum mechanics insisting, as it did, on the wave function at a given time, was hard to analyze relativistically. Somebody else in a different coordinate system would calculate the succession of events in terms of wave functions on differently cut slices of space-time, and with a different separation of longitudinal and transverse parts. The Hamiltonian theory did not look relativistically invariant, although, of course, it was. One of the great advantages of the overall point of view, was that you could see the relativistic invariance right away – or as Schwinger would say – the covariance was manifest. I had the advantage, therefore, of having a manifestedly covariant form for quantum electrodynamics with suggestions for modifications and so on. I had the disadvantage that if I took it too seriously – I mean, if I took it seriously at all in this form, – I got into trouble with these complex energies and the failure of adding probabilities to one and so on. I was unsuccessfully struggling with that.


Then Lamb did his experiment, measuring the separation of the 2S½ and 2P½ levels of hydrogen, finding it to be about 1000 megacycles of frequency difference. Professor Bethe, with whom I was then associated at Cornell, is a man who has this characteristic: If there’s a good experimental number you’ve got to figure it out from theory. So, he forced the quantum electrodynamics of the day to give him an answer to the separation of these two levels. He pointed out that the self-energy of an electron itself is infinite, so that the calculated energy of a bound electron should also come out infinite. But, when you calculated the separation of the two energy levels in terms of the corrected mass instead of the old mass, it would turn out, he thought, that the theory would give convergent finite answers. He made an estimate of the splitting that way and found out that it was still divergent, but he guessed that was probably due to the fact that he used an unrelativistic theory of the matter. Assuming it would be convergent if relativistically treated, he estimated he would get about a thousand megacycles for the Lamb-shift, and thus, made the most important discovery in the history of the theory of quantum electrodynamics. He worked this out on the train from Ithaca, New York to Schenectady and telephoned me excitedly from Schenectady to tell me the result, which I don’t remember fully appreciating at the time.


Returning to Cornell, he gave a lecture on the subject, which I attended. He explained that it gets very confusing to figure out exactly which infinite term corresponds to what in trying to make the correction for the infinite change in mass. If there were any modifications whatever, he said, even though not physically correct, (that is not necessarily the way nature actually works) but any modification whatever at high frequencies, which would make this correction finite, then there would be no problem at all to figuring out how to keep track of everything. You just calculate the finite mass correction Dm to the electron mass mo, substitute the numerical values of mo+Dm for m in the results for any other problem and all these ambiguities would be resolved. If, in addition, this method were relativistically invariant, then we would be absolutely sure how to do it without destroying relativistically invariant.


After the lecture, I went up to him and told him, “I can do that for you, I’ll bring it in for you tomorrow.” I guess I knew every way to modify quantum electrodynamics known to man, at the time. So, I went in next day, and explained what would correspond to the modification of the delta-function to f and asked him to explain to me how you calculate the self-energy of an electron, for instance, so we can figure out if it’s finite.


I want you to see an interesting point. I did not take the advice of Professor Jehle to find out how it was useful. I never used all that machinery which I had cooked up to solve a single relativistic problem. I hadn’t even calculated the self-energy of an electron up to that moment, and was studying the difficulties with the conservation of probability, and so on, without actually doing anything, except discussing the general properties of the theory.


But now I went to Professor Bethe, who explained to me on the blackboard, as we worked together, how to calculate the self-energy of an electron. Up to that time when you did the integrals they had been logarithmically divergent. I told him how to make the relativistically invariant modifications that I thought would make everything all right. We set up the integral which then diverged at the sixth power of the frequency instead of logarithmically!


So, I went back to my room and worried about this thing and went around in circles trying to figure out what was wrong because I was sure physically everything had to come out finite, I couldn’t understand how it came out infinite. I became more and more interested and finally realized I had to learn how to make a calculation. So, ultimately, I taught myself how to calculate the self-energy of an electron working my patient way through the terrible confusion of those days of negative energy states and holes and longitudinal contributions and so on. When I finally found out how to do it and did it with the modifications I wanted to suggest, it turned out that it was nicely convergent and finite, just as I had expected. Professor Bethe and I have never been able to discover what we did wrong on that blackboard two months before, but apparently we just went off somewhere and we have never been able to figure out where. It turned out, that what I had proposed, if we had carried it out without making a mistake would have been all right and would have given a finite correction. Anyway, it forced me to go back over all this and to convince myself physically that nothing can go wrong. At any rate, the correction to mass was now finite, proportional to where a is the width of that function f which was substituted for d. If you wanted an unmodified electrodynamics, you would have to take a equal to zero, getting an infinite mass correction. But, that wasn’t the point. Keeping a finite, I simply followed the program outlined by Professor Bethe and showed how to calculate all the various things, the scatterings of electrons from atoms without radiation, the shifts of levels and so forth, calculating everything in terms of the experimental mass, and noting that the results as Bethe suggested, were not sensitive to a in this form and even had a definite limit as a -> 0.


The rest of my work was simply to improve the techniques then available for calculations, making diagrams to help analyze perturbation theory quicker. Most of this was first worked out by guessing – you see, I didn’t have the relativistic theory of matter. For example, it seemed to me obvious that the velocities in non-relativistic formulas have to be replaced by Dirac’s matrix a or in the more relativistic forms by the operators. I just took my guesses from the forms that I had worked out using path integrals for nonrelativistic matter, but relativistic light. It was easy to develop rules of what to substitute to get the relativistic case. I was very surprised to discover that it was not known at that time, that every one of the formulas that had been worked out so patiently by separating longitudinal and transverse waves could be obtained from the formula for the transverse waves alone, if instead of summing over only the two perpendicular polarization directions you would sum over all four possible directions of polarization. It was so obvious from the action (1) that I thought it was general knowledge and would do it all the time. I would get into arguments with people, because I didn’t realize they didn’t know that; but, it turned out that all their patient work with the longitudinal waves was always equivalent to just extending the sum on the two transverse directions of polarization over all four directions. This was one of the amusing advantages of the method. In addition, I included diagrams for the various terms of the perturbation series, improved notations to be used, worked out easy ways to evaluate integrals, which occurred in these problems, and so on, and made a kind of handbook on how to do quantum electrodynamics.


But one step of importance that was physically new was involved with the negative energy sea of Dirac, which caused me so much logical difficulty. I got so confused that I remembered Wheeler’s old idea about the positron being, maybe, the electron going backward in time. Therefore, in the time dependent perturbation theory that was usual for getting self-energy, I simply supposed that for a while we could go backward in the time, and looked at what terms I got by running the time variables backward. They were the same as the terms that other people got when they did the problem a more complicated way, using holes in the sea, except, possibly, for some signs. These, I, at first, determined empirically by inventing and trying some rules.


I have tried to explain that all the improvements of relativistic theory were at first more or less straightforward, semi-empirical shenanigans. Each time I would discover something, however, I would go back and I would check it so many ways, compare it to every problem that had been done previously in electrodynamics (and later, in weak coupling meson theory) to see if it would always agree, and so on, until I was absolutely convinced of the truth of the various rules and regulations which I concocted to simplify all the work.


During this time, people had been developing meson theory, a subject I had not studied in any detail. I became interested in the possible application of my methods to perturbation calculations in meson theory. But, what was meson theory? All I knew was that meson theory was something analogous to electrodynamics, except that particles corresponding to the photon had a mass. It was easy to guess the d-function in (1), which was a solution of d’Alembertian equals zero, was to be changed to the corresponding solution of d’Alembertian equals m2. Next, there were different kind of mesons – the one in closest analogy to photons, coupled via, are called vector mesons – there were also scalar mesons. Well, maybe that corresponds to putting unity in place of the , I would here then speak of “pseudo vector coupling” and I would guess what that probably was. I didn’t have the knowledge to understand the way these were defined in the conventional papers because they were expressed at that time in terms of creation and annihilation operators, and so on, which, I had not successfully learned. I remember that when someone had started to teach me about creation and annihilation operators, that this operator creates an electron, I said, “how do you create an electron? It disagrees with the conservation of charge”, and in that way, I blocked my mind from learning a very practical scheme of calculation. Therefore, I had to find as many opportunities as possible to test whether I guessed right as to what the various theories were.


One day a dispute arose at a Physical Society meeting as to the correctness of a calculation by Slotnick of the interaction of an electron with a neutron using pseudo scalar theory with pseudo vector coupling and also, pseudo scalar theory with pseudo scalar coupling. He had found that the answers were not the same, in fact, by one theory, the result was divergent, although convergent with the other. Some people believed that the two theories must give the same answer for the problem. This was a welcome opportunity to test my guesses as to whether I really did understand what these two couplings were. So, I went home, and during the evening I worked out the electron neutron scattering for the pseudo scalar and pseudo vector coupling, saw they were not equal and subtracted them, and worked out the difference in detail. The next day at the meeting, I saw Slotnick and said, “Slotnick, I worked it out last night, I wanted to see if I got the same answers you do. I got a different answer for each coupling – but, I would like to check in detail with you because I want to make sure of my methods.” And, he said, “what do you mean you worked it out last night, it took me six months!” And, when we compared the answers he looked at mine and he asked, “what is that Q in there, that variable Q?” (I had expressions like (tan -1Q) /Q etc.). I said, “that’s the momentum transferred by the electron, the electron deflected by different angles.” “Oh”, he said, “no, I only have the limiting value as Q approaches zero; the forward scattering.” Well, it was easy enough to just substitute Q equals zero in my form and I then got the same answers as he did. But, it took him six months to do the case of zero momentum transfer, whereas, during one evening I had done the finite and arbitrary momentum transfer. That was a thrilling moment for me, like receiving the Nobel Prize, because that convinced me, at last, I did have some kind of method and technique and understood how to do something that other people did not know how to do. That was my moment of triumph in which I realized I really had succeeded in working out something worthwhile.


At this stage, I was urged to publish this because everybody said it looks like an easy way to make calculations, and wanted to know how to do it. I had to publish it, missing two things; one was proof of every statement in a mathematically conventional sense. Often, even in a physicist’s sense, I did not have a demonstration of how to get all of these rules and equations from conventional electrodynamics. But, I did know from experience, from fooling around, that everything was, in fact, equivalent to the regular electrodynamics and had partial proofs of many pieces, although, I never really sat down, like Euclid did for the geometers of Greece, and made sure that you could get it all from a single simple set of axioms. As a result, the work was criticized, I don’t know whether favorably or unfavorably, and the “method” was called the “intuitive method”. For those who do not realize it, however, I should like to emphasize that there is a lot of work involved in using this “intuitive method” successfully. Because no simple clear proof of the formula or idea presents itself, it is necessary to do an unusually great amount of checking and rechecking for consistency and correctness in terms of what is known, by comparing to other analogous examples, limiting cases, etc. In the face of the lack of direct mathematical demonstration, one must be careful and thorough to make sure of the point, and one should make a perpetual attempt to demonstrate as much of the formula as possible. Nevertheless, a very great deal more truth can become known than can be proven.


It must be clearly understood that in all this work, I was representing the conventional electrodynamics with retarded interaction, and not my half-advanced and half-retarded theory corresponding to (1). I merely use (1) to guess at forms. And, one of the forms I guessed at corresponded to changing d to a function f of width a2, so that I could calculate finite results for all of the problems. This brings me to the second thing that was missing when I published the paper, an unresolved difficulty. With d replaced by f the calculations would give results which were not “unitary”, that is, for which the sum of the probabilities of all alternatives was not unity. The deviation from unity was very small, in practice, if a was very small. In the limit that I took a very tiny, it might not make any difference. And, so the process of the renormalization could be made, you could calculate everything in terms of the experimental mass and then take the limit and the apparent difficulty that the unitary is violated temporarily seems to disappear. I was unable to demonstrate that, as a matter of fact, it does.


It is lucky that I did not wait to straighten out that point, for as far as I know, nobody has yet been able to resolve this question. Experience with meson theories with stronger couplings and with strongly coupled vector photons, although not proving anything, convinces me that if the coupling were stronger, or if you went to a higher order (137th order of perturbation theory for electrodynamics), this difficulty would remain in the limit and there would be real trouble. That is, I believe there is really no satisfactory quantum electrodynamics, but I’m not sure. And, I believe, that one of the reasons for the slowness of present-day progress in understanding the strong interactions is that there isn’t any relativistic theoretical model, from which you can really calculate everything. Although, it is usually said, that the difficulty lies in the fact that strong interactions are too hard to calculate, I believe, it is really because strong interactions in field theory have no solution, have no sense they’re either infinite, or, if you try to modify them, the modification destroys the unitarity. I don’t think we have a completely satisfactory relativistic quantum-mechanical model, even one that doesn’t agree with nature, but, at least, agrees with the logic that the sum of probability of all alternatives has to be 100%. Therefore, I think that the renormalization theory is simply a way to sweep the difficulties of the divergences of electrodynamics under the rug. I am, of course, not sure of that.


This completes the story of the development of the space-time view of quantum electrodynamics. I wonder if anything can be learned from it. I doubt it. It is most striking that most of the ideas developed in the course of this research were not ultimately used in the final result. For example, the half-advanced and half-retarded potential was not finally used, the action expression (1) was not used, the idea that charges do not act on themselves was abandoned. The path-integral formulation of quantum mechanics was useful for guessing at final expressions and at formulating the general theory of electrodynamics in new ways – although, strictly it was not absolutely necessary. The same goes for the idea of the positron being a backward moving electron, it was very convenient, but not strictly necessary for the theory because it is exactly equivalent to the negative energy sea point of view.


We are struck by the very large number of different physical viewpoints and widely different mathematical formulations that are all equivalent to one another. The method used here, of reasoning in physical terms, therefore, appears to be extremely inefficient. On looking back over the work, I can only feel a kind of regret for the enormous amount of physical reasoning and mathematically re-expression which ends by merely re-expressing what was previously known, although in a form which is much more efficient for the calculation of specific problems. Would it not have been much easier to simply work entirely in the mathematical framework to elaborate a more efficient expression? This would certainly seem to be the case, but it must be remarked that although the problem actually solved was only such a reformulation, the problem originally tackled was the (possibly still unsolved) problem of avoidance of the infinities of the usual theory. Therefore, a new theory was sought, not just a modification of the old. Although the quest was unsuccessful, we should look at the question of the value of physical ideas in developing a new theory.


Many different physical ideas can describe the same physical reality. Thus, classical electrodynamics can be described by a field view, or an action at a distance view, etc. Originally, Maxwell filled space with idler wheels, and Faraday with fields lines, but somehow the Maxwell equations themselves are pristine and independent of the elaboration of words attempting a physical description. The only true physical description is that describing the experimental meaning of the quantities in the equation – or better, the way the equations are to be used in describing experimental observations. This being the case perhaps the best way to proceed is to try to guess equations, and disregard physical models or descriptions. For example, McCullough guessed the correct equations for light propagation in a crystal long before his colleagues using elastic models could make head or tail of the phenomena, or again, Dirac obtained his equation for the description of the electron by an almost purely mathematical proposition. A simple physical view by which all the contents of this equation can be seen is still lacking.


Therefore, I think equation guessing might be the best method to proceed to obtain the laws for the part of physics which is presently unknown. Yet, when I was much younger, I tried this equation guessing and I have seen many students try this, but it is very easy to go off in wildly incorrect and impossible directions. I think the problem is not to find the best or most efficient method to proceed to a discovery, but to find any method at all. Physical reasoning does help some people to generate suggestions as to how the unknown may be related to the known. Theories of the known, which are described by different physical ideas may be equivalent in all their predictions and are hence scientifically indistinguishable. However, they are not psychologically identical when trying to move from that base into the unknown. For different views suggest different kinds of modifications which might be made and hence are not equivalent in the hypotheses one generates from them in ones attempt to understand what is not yet understood. I, therefore, think that a good theoretical physicist today might find it useful to have a wide range of physical viewpoints and mathematical expressions of the same theory (for example, of quantum electrodynamics) available to him. This may be asking too much of one man. Then new students should as a class have this. If every individual student follows the same current fashion in expressing and thinking about electrodynamics or field theory, then the variety of hypotheses being generated to understand strong interactions, say, is limited. Perhaps rightly so, for possibly the chance is high that the truth lies in the fashionable direction. But, on the off-chance that it is in another direction – a direction obvious from an unfashionable view of field theory – who will find it? Only someone who has sacrificed himself by teaching himself quantum electrodynamics from a peculiar and unusual point of view; one that he may have to invent for himself. I say sacrificed himself because he most likely will get nothing from it, because the truth may lie in another direction, perhaps even the fashionable one.


But, if my own experience is any guide, the sacrifice is really not great because if the peculiar viewpoint taken is truly experimentally equivalent to the usual in the realm of the known there is always a range of applications and problems in this realm for which the special viewpoint gives one a special power and clarity of thought, which is valuable in itself. Furthermore, in the search for new laws, you always have the psychological excitement of feeling that possible nobody has yet thought of the crazy possibility you are looking at right now.


So what happened to the old theory that I fell in love with as a youth? Well, I would say it’s become an old lady, that has very little attractive left in her and the young today will not have their hearts pound anymore when they look at her. But, we can say the best we can for any old woman, that she has been a very good mother and she has given birth to some very good children. And, I thank the Swedish Academy of Sciences for complimenting one of them. Thank you.


From Nobel Lectures, Physics 1963-1970, Elsevier Publishing Company, Amsterdam, 1972

Copyright © The Nobel Foundation 1965

To cite this section

MLA style: Richard P. Feynman – Nobel Lecture. NobelPrize.org. Nobel Prize Outreach AB 2023. Sun. 19 Feb 2023.




Source: https://www.informationphilosopher.com/solutions/scientists/feynman/Nobel_Prize.html





  
  The Distinction of Past and Future
  

  


  
  Home › Solutions › Scientists › Feynman › Past and Future
The Distinction of Past and Future

Chapter 5 of The Character of Physical Law
[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=-Km7-6-J81k

Open video in a new window so you can read along with text of the lecture.



It is obvious to everybody that the phenomena of the world are evidently irreversible. I mean things happen that do not happen the other way. You drop a cup and it breaks, and you can sit there a long time waiting for the pieces to come together and jump back into your hand. If you watch the waves of the sea breaking, you can stand there and wait for the great moment when the foam collects together, rises up out of the sea, and falls back farther out from the shore — it would be very pretty!



The demonstration of this in lectures is usually made by having a section of moving picture in which you take a number of phenomena, and run the film backwards, and then wait for all the laughter. The laughter just means this would not happen in the real world. But actually that is a rather weak way to put something which is as obvious and deep as the difference between the past and the future; because even without an experiment our very experiences inside are completely different for past and future. We remember the past, we do not remember the future. We have a different kind of awareness about what might happen than we have of what probably has happened. The past and the future look completely different psychologically, with concepts like memory and apparent freedom of will, in the sense that we feel that we can do something to affect the future, but none of us, or very few of us, believe that there is anything we can do to affect the past. Remorse and regret and hope and so forth are all words which distinguish perfectly obviously the past and the future.

Now if the world of nature is made of atoms, and we too are made of atoms and obey physical laws, the most obvious interpretation of this evident distinction between past and future, and this irreversibility of all phenomena, would be that some laws, some of the motion laws of the atoms are going one way — that the atom laws are not such that they can go either way. There should be somewhere in the works some kind of a principle that uxles only make wuxles and never vice versa, and so the world is turning fron uxley character to wuxley character all the time — and this one-way business of the interactions of things should be the thing that makes the whole phenomena of the world seem to go one way.


But we have not found this yet. That is, in all the laws of physics that we have found so far there does not seem to be any distinction between the past and the future. The moving picture should work the same going both ways, and the physicist who looks at it should not laugh.


Let us take the law of gravitation as our standard example. If I have a sun and a planet, and I start the planet off in some direction, going around the sun, and then I take a moving picture, and run the moving picture backwards and look at it, what happens? The planet goes around the sun, the opposite way of course, keeps on going around in an ellipse. The speed of the planet is such that the area swept out by the radius is always the same in equal times. In fact it just goes exactly the way it ought to go. It cannot be distinguished from going the other way. So the law of gravitation is of such a kind that the direction does not make any difference; if you show any phenomenon involving only gravitation running backwards on a film it will look perfectly satisfactory. You can put it more precisely this way. If all the particles in a more complicated system were to have every one of their speeds reversed suddenly, then the thing would just unwind through all the things that it wound up into. If you have a lot of particles doing something, and then you suddenly reverse the speed, they will completely undo, what they did before.


This is in the law of gravitation, which says that the velocity changes as a result of the forces. If I reverse the time, the forces are not changed, and so the changes in velocity are not altered at corresponding distances. So each velocity then has a succession of alterations made in exactly the reverse of the way that they were made before, and it is easy to prove that the law of gravitation is time-reversible. 


The law of electricity and magnetism? Time reversible. The laws of nuclear interaction? Time reversible as far as we can tell. The laws of beta-decay that we talked about at a previous time? Also time reversible? The difficulty of the experiments of a few months ago, which indicate that there is something the matter, some unknown about the laws, suggests the possibility that in fact beta-decay may not also be time reversible, and we shall have to wait for more experiments to see. But at least the following is true. Beta-decay (which may or may not be time reversible) is a very unimportant phenomenon for most ordinary circumstances. The possibility of my talking to you does not depend upon beta-decay, although it does depend on chemical interactions, it depends on electrical forces, not much on nuclear forces at the moment, but it depends also on gravitation. But I am one-sided — I speak, and a voice goes out into the air, and it does not come sucking back into my mouth when I open it — and this irreversibility cannot be hung on the phenomenon of beta-decay. In other words, we believe that most of the ordinary phenomena in the world, which are produced by atomic motions, are according to laws which can be completely reversed. So we will have to look some more to find the explanation of the irreversibility.


If we look at our planets moving around the sun more carefully, we soon find that all is not quite right. For example, the Earth's rotation on its axis is slightly slowing down. It is due to tidal friction, and you can see that friction is something which is obviously irreversible. If I take a heavy weight on the floor, and push it, it will slide and stop. If I stand and wait, it does not suddenly start up and speed up and come into my hand. So the frictional effect seems to be irreversible. But a frictional effect, as we discussed at another time, is the result of the enormous complexity of the interactions of the weight with the wood, the jiggling of the atoms inside. The organized motion of the weight is changed into disorganized, irregular wiggle-waggles of the atoms in the wood. So therefore we should look at the thing more closely.


As a matter of fact, we have here the clue to the apparent irreversibility. I will take a simple example. Suppose we have blue water, with ink, and white water, that is without ink, in a tank, with a little separation, and then we pull out the separation very delicately. The water starts to separate, blue on one side and white on the other side. Wait a while. Gradually the blue mixes up with the white, and after a while the water is 'lake blue', I mean it is sort of fifty-fifty, the colour uniformly distributed throughout. Now if we wait and watch this for a long time, it does not by itself separate. (You could do something to get the blue separated again. You could evaporate the water and condense it somewhere else, and collect the blue dye and dissolve it in half the water, and put the thing back. But while you were doing all that you yourself would be causing irreversible phenomena somewhere else.) By itself it does not go the other way.


That gives us some clue. Let us look at the molecules. Suppose that we take a moving picture of the blue and white water mixing. It will look funny if we run it backwards, because we shall start with uniform water and gradually the thing will separate — it will be obviously nutty. Now we magnify the picture, so that every physicist can watch, atom by atom, to find out what happens irreversibly — where the laws of balance of forward and backward break down. So you start, and you look at the picture. You have atoms of two different kinds (it's ridiculous, but let's call them blue and white) jiggling all the time in thermal motion. If we were to start at the beginning we should have mostly atoms of one kind on one side, and atoms of the other kind on the other side. Now these atoms are jiggling around, billions and billions of them, and if we start them with one kind all on one side, and the other kind on the other side, we see that in their perpetual irregular motions they will get mixed up, and that is why the water becomes more or less uniformly blue.


Let us watch any one collision selected from that picture, and in the moving picture the atoms come together this way and bounce off that way. Now run that section of the film backwards, and you find the pair of molecules moving together the other way and bouncing off this way. And the physicist looks with his keen eye, and measures everything, and says, 'That's all right, that's according to the laws of physics. If two molecules came this way they would bounce this way'. It is reversible. The laws of molecular collision are reversible.


So if you watch too carefully you cannot understand it at all, because every one of the collisions is absolutely reversible, and yet the whole moving picture shows something absurd, which is that in the reversed picture the molecules start in the mixed condition — blue, white, blue, white, blue, white — and as time goes on, through all the collisions, the blue separates from the white. But they cannot do that — it is not natural that the accidents of life should be such that the blues will separate themselves from the whites. And yet if you watch this reversed movie very carefully every collision is O.K.


Well you see that all there is to it is that the irreversibility is caused by the general accidents of life. If you start with a thing that is separated and make irregular changes, it does get more uniform. But if it starts uniform and you make irregular changes, it does not get separated. It could get separated. It is not against the laws of physics that the molecules bounce around so that they separate. It is just unlikely. It would never happen in a million years. And that is the answer. Things are irreversible only in a sense that going one way is likely, but going the other way, although it is possible and is according to the laws of physics, would not happen in a million years. It is just ridiculous to expect that if you sit there long enough the jiggling of the atoms will separate a uniform mixture of ink and water into ink on one side and water on the other.


Now if I had put a box around my experiment, so that there were only four or five molecules of each kind in the box, as time went on they would get mixed up. But I think you could believe that, if you kept watching, in the perpetual irregular collisions of these molecules, after some time — not necessarily a million years, maybe only a year — you would see that, accidentally they would get back more or less to their original state, at least in the sense that if I put a barrier through the middle, all the whites would be on one side and all the blues on the other. It is not impossible. However, the actual objects with which we work have not only four or five blues and whites. They have four or five million, million, million, million, which are all going to get separated like this. And so the apparent irreversibility of nature does not come from the irreversibility of the fundamental physical laws; it comes from the characteristic that if you start with an ordered system, and have the irregularities of nature, the bouncing of molecules, then the thing goes one way.


Therefore the next question is — how did they get ordered in first place? That is to say, why is it possible to start with the ordered? The difficulty is that we start with an ordered thing, and we do not end with an ordered thing. One of the rules of the world is that the thing goes from an ordered condition to a disordered. Incidentally, this word order, like the word disorder, is another of these terms of physics which are not exactly the same as in ordinary life. The order need not be interesting to you as human beings, it is just that there is a definite situation, all on one side and all on the other, or they are mixed up — and that is ordered and disordered.


The question, then, is how the thing gets ordered in the first place, and why, when we look at any ordinary situation, which is only partly ordered, we can conclude that it probably came from one which was more ordered. If I look at a tank of water, in which the water is very dark blue on one side and very clear white on the other, and a sort of bluish colour in between, and I know that the thing has been left alone for twenty or thirty minutes, then I will guess that it got this way because the separation was more complete in the past. If I wait longer, then the blue and white will get more intermixed, and if I know that this thing has been left alone for a sufficiently long time, I can conclude something about the past condition. The fact that it is 'smooth' at the sides can only arise because it was much more satisfactorily separated in the past; because if it were not more satisfactorily separated in the past, in the time since then it would have become more mixed up than it is. It is therefore possible to tell, from the present, something about the past.


In fact physicists do not usually do this much. Physicists like to think that all you have to do is say, 'These are the conditions, now what happens next?' But all our sister sciences have a completely different problem: in fact all the other things that are studied — history, geology, astronomical history — have a problem of this other kind. I find they are able to make predictions of a completely different type from those of a physicist. A physicist says, 'In this condition I'll tell you what will happen next'. But a geologist will say something like this — 'I have dug in the ground and I have found certain kinds of bones. I predict that if you dig in the ground you will find a similar kind of bones'. The historian, although he talks about the past, can do it by talking about the future. When he says that the French Revolution was in 1789, he means that if you look in another book about the French Revolution you will find the same date. What he does is to make a kind of prediction about something that he has never looked at before, documents that have still to be found. He predicts that the documents in which there is something written about Napoleon will coincide with what is written in the other documents. The question is how that is possible — and the only way that is possible is to suggest that the past of the world was more organized in this sense than the present.


Some people have proposed that the way the world became ordered is this. In the beginning the whole universe was just irregular motions, like the mixed water, We saw that if you waited long enough, with very few atoms, the water could have got separated accidentally. 

Fluctuations that could reduce the entropy were Ludwig Boltzmann's suggestion

Some physicists (a century ago) suggested that all that has happened is that the world, this system that has been going on and going on, fluctuated. (That is the term used when it gets a little out of the ordinary uniform condition.) It fluctuated, and now we are watching the fluctuation undo itself again. You may say, 'But look how long you would have to wait for such a fluctuation.' I know, but if it did not fluctuate far enough to be able to produce evolution, to be able to produce an intelligent person, we would not have noticed it. So we had to keep waiting until we were alive to notice it — we had to have at least that big a fluctuation. But I believe this theory to be incorrect. I think it is a ridiculous theory for the following reason. If the world were much bigger, and the atoms were all over the place starting from a completely mixed up condition, then if I happened to look only at the atoms in one place, and I found the atoms there separated, I would have no way to conclude that the atoms anywhere else would be separated. In fact if the thing were a fluctuation, and I noticed something odd, the most likely way that it got there would be that there was nothing odd anywhere else. That is, I would have to borrow odds, so to speak, to get the thing lopsided, and there is no use borrowing too much. In the experiment with the blue and white water, when eventually the few molecules in the box became separated, the most likely condition of the rest of the water would still be mixed up. And therefore, although when we look at the stars and we look at the world we see everything is ordered, if there were a fluctuation, the prediction would be that if we looked at a place where we have not looked before, it, would be disordered and a mess. Although the separation of the matter into stars which are hot and space which is cold, which we have seen, could be a fluctuation, then in places where we have not looked we would expect to find that the stars are not separated from space. 
And since we always make the prediction that in a place where we have not looked we shall see stars in a similar condition, or find the same statement about Napoleon, 
Feynman does not see the cosmic creation process that can produce local reductions in the entropy while the overall entropy increases

or that we shall see bones like the bones that we have seen before, the success of all those sciences indicates that the world did not come from a fluctuation, but came from a condition which was more separated, more organized, in the past than at the present time. 
Therefore I think it necessary to add to the physical laws the hypothesis that in the past the universe was more ordered, in the technical sense, than it is today — I think this is the additional statement that is needed to make sense, and to make an understanding of the irreversibility.

That statement itself is of course lopsided in time; it says that something about the past is different from the future. But it comes outside the province of what we ordinarily call physical laws, because we try today to distinguish between the statement of the physical laws which govern the rules by which the universe develops, and the law which states the condition that the world was in in the past. This is considered to be astronomical history — perhaps some day it will also be a part of physical law.
Now there are a number of interesting features of irreversibility which I would like to illustrate. One of them is to see how, exactly, an irreversible machine really works.


Suppose that we build something that we know ought to work only one way — and what I am going to build is a wheel with a ratchet on it — a saw-toothed wheel, with sharp up notches, and relatively slow down notches, all the way round. The wheel is on a shaft, and then there is a little pawl, which is on a pivot and which is held down by a spring (fig. 26).

[image: image-placeholder]

Now the wheel can only turn one way. If you try to turn it the other way, the straight-edged parts of the teeth get jammed against the pawl and it does not go, whereas if you turn it the other way it just goes right over the teeth, snap, snap, snap. (You know the sort of thing: they use them in clocks, and a watch has this kind of thing inside so that you can only wind it one way, and after you have wound it, it holds the spring.) It is completely irreversible in the sense that the wheel can only turn one way.


Now it has been imagined that this irreversible machine, this wheel that can only turn one way, could be used for a very useful and interesting thing. As you know, there is a perpetual irregular motion of molecules, and if you build a very delicate instrument it will always jiggle because it is being bombarded irregularly by the air molecules in the neighbourhood. Well that is very clever, so we will connect the wheel with a shaft that has four vanes, like this (fig. 27).

[image: image-placeholder]

They are in a box of gas, and they are bombarded all the time by the molecules irregularly, so the vanes are pushed sometimes one way, sometimes the other way. But when the vanes are pushed one way the thing gets jammed by the ratchet, and when the vanes are pushed the other way, it goes around, and so we find the wheel perpetually going around, and we have a kind of perpetual motion. That is because the ratchet wheel is irreversible.


But actually we have to look into things in more detail. The way this works is that when the wheel goes one way it lifts the pawl up and then the pawl snaps down against the tooth. Then it will bounce off, and if it is perfectly elastic it will go bounce, bounce, bounce, all the time, and the wheel can just go down and around the other way when the pawl accidentally bounces up. So this will not work unless it is true that when the pawl comes down it sticks, or stops, or bounces and cuts out. If it bounces and cuts out there must be what we call damping, or friction, and in the falling down and bouncing and stopping, which is the only way this will work one-way, heat is generated by the friction, so the wheel will get hotter and hotter. However, when it begins to get quite warm something else happens. Just as there is Brownian motion, or irregular motions, in the gas round the vanes, so whatever this wheel and pawl are made of, the parts that they are made of, are getting hotter, and are beginning to move in a more irregular fashion. The time comes when the wheel is so hot that the pawl is simply jiggling because of the molecular motions of the things inside it, and so it bounces up and down on the wheel because of molecular motion, the same thing as was making the vane turn round. In bouncing up and down on the wheel it is up as much as it is down, and the tooth can go either way. We no longer have a one-way device. As a matter of fact, the thing can be driven backwards! If the wheel is hot and the vane part is cold, the wheel that you thought would go only one way will go the other way, because every time the pawl comes down it comes down on an inclined plane on the toothed wheel, and so pushes the wheel 'backwards'. Then it bounces up again, comes down on another inclined I plane, and so on. So if the wheel is hotter than the vanes it will go the wrong way.


What has this got to do with the temperature of the gas round the vanes? Suppose we did not have that part at all. Then if the wheel is pushed forward by the pawl falling on an inclined plane, the next thing that will happen is that the straight vertical side of the tooth will bounce against the pawl and the wheel will bounce back. In order to prevent the wheel from bouncing back we put a damper on it and put vanes in the air, so it will be slowed down and not bounce freely. Then it will go only one way, but the wrong way, and so it turns out that no matter how you design it, a wheel like this will go one way if one side is hotter and the other way if the other side is hotter. But after there is a heat exchange between the two, and everything is calmed down, so that the vane and the wheel have come to be at the same temperature, it will neither go the one way nor the other on the average. That is the technical way in which the phenomena of nature will go one way as long as they are out of equilibrium, as long as one side is quieter than the other, or one side is bluer than the other.


The conservation of energy would let us think that we have as much energy as we want. Nature never loses or gains energy. Yet the energy of the sea, for example, the thermal motion of all the atoms in the sea, is practically unavailable to us. In order to get that energy organized, herded, to make it available for use, we have to have a difference in temperature, or else we shall find that although the energy is there we cannot make use of it. There is a great difference between energy and availability of energy. The energy of the sea is a large amount, but it is not available to us.


The conservation of energy means that the total energy in the world is kept the same. But in the irregular jigglings that energy can be spread about so uniformly that, in certain circumstances, there is no way to make more go one way than the other — there is no way to control it any more.


I think that by an analogy I can give some idea of the difficulty, in this way. I do not know if you have ever had the experience — I have — of sitting on the beach with several towels, and suddenly a tremendous downpour comes. You pick up the towels as quickly as you can, and run into the bathhouse. Then you start to dry yourself, and you find that this towel is a little wet, but it is drier than you are. You keep drying with this one until you find it is too wet — it is wetting you as much as drying you — and you try another one; and pretty soon you discover a horrible thing — that all the towels are damp and so are you. There is no way to get any drier, even though you have many towels, because there is no difference in some sense between the wetness of the towels and the wetness of yourself. I could invent a kind of quantity which I could call 'ease of removing water'. The towel has the same ease of removing water from it as you have, so when you touch yourself with the towel, as much water comes off the towel on to you as comes from you to the towel. It does not mean there is the same amount of water in the towel as there is on you — a big towel will have more water in it than a little towel — but they have the same dampness. When things get to the same dampness then there is nothing you can do any longer.


Now the water is like the energy, because the total amount of water is not changing. (If the bathhouse door is open and you can run into the sun and get dried out, or find another towel, then you're saved, but suppose everything is closed, and you can't get away from these towels or get any new towels.) In the same way if you imagine a part of the world that is closed, and wait long enough, in the accidents of the world the energy, like the water, will be distributed over all of the parts evenly until there is nothing left of one-way-ness, nothing left of the real interest of the world as we experience it.


Thus in the ratchet and pawl and vanes situation, which is a limited one, in which nothing else is involved, the temperatures gradually become equal on both sides, and the wheel does not go round either one way or the other. In the same way the situation is that if you leave any system long enough it gets the energy thoroughly mixed up in it, and no more energy is really available to do anything.


Incidentally, the thing that corresponds to the dampness or the 'ease of removing water' is called the temperature, and although I say when two things are at the same temperature things get balanced, it does not mean they have the same energy in them; it means that it is just as easy to pick energy off one as to pick it off the other. Temperature is like 'ease of removing energy'. So if you sit them next to each other, nothing apparently happens; they pass energy back and forth equally, but the net result is nothing. So when things have become all of the same temperature, there is no more energy available to do anything. The principle of irreversibility is that if things are at different temperatures and are left to themselves, as time goes on they become more and more at the same temperature, and the availability of energy is perpetually decreasing.


This is another name for what is called the entropy law, which says the entropy is always increasing. But never mind the words; stated the other way, the availability of energy is always decreasing. And that is a characteristic of the world, in the sense that it is due to the chaos of molecular) irregular motions. Things of different temperature, if left to themselves, tend to become of the same temperature. If you have two things at the same temperature, like water on an ordinary stove without a fire under it, the water is not going to freeze and the stove get hot. But if you have a hot stove with ice, it goes the other way. So the one-way-ness is always to the loss of the availability of energy.


 That is all I want to say on the subject, but I want to make a few remarks about some characteristics. Here we have an example in which an obvious effect, the irreversibility, is not, an obvious consequence of the laws, but is in fact rather far from the basic laws. It takes a lot of analysis to understand the reason for it. The effect is of first importance in the economy of the world, in the real behaviour of the world in all obvious things. My memory, my characteristics, the difference between past and future, are completely involved in this, and yet the understanding of it is not prima facie available by knowing about the laws. It takes a lot of analysis.


It is often the case that the laws of physics do not have an obvious_ direct relevance to experience, but that they are abstract from experience to varying degrees. In this particular case, the fact that the laws are reversible although the phenomena are not is an example.


There are often great distances between the detailed laws and the main aspects of real phenomena. For example, if you watch a glacier from a distance, and see the big rocks falling into the sea, and the way the ice moves, and so forth, it is not really essential to remember that it is made out of little hexagonal ice crystals. Yet if understood well enough the motion of the glacier is in fact a consequence of the character of the hexagonal ice crystals. But it takes quite a while to understand all the behaviour of the glacier (in fact nobody knows enough about ice yet, no matter how much they've studied the crystal). However the hope is that if we do understand the ice crystal we shall ultimately understand the glacier.


In fact, although we have been talking in these lectures about the fundaments of the physical laws, I must say immediately that one does not, by knowing all the fundamental laws as we know them today, immediately obtain an understanding of anything much. It takes a while, and even then it is only partial. Nature, as a matter of fact, seems to be so designed that the most important things in the real world appear to be a kind of complicated accidental result of a lot of laws.


To give an example, nuclei, which involve several nuclear particles, protons and neutrons, are very complicated. They have what we call energy levels, they can sit in states or conditions of different energy values, and various nuclei have various energy levels. And it's a complicated mathematical problem, which we can only partly solve, to find the position of the energy levels. The exact position of the levels is obviously a consequence of an enormous complexity and therefore there is no particular mystery about the fact that nitrogen, with 15 particles inside, happens to have a level at 2.4 million volts, and another level at 7.1. and so on. But
the remarkable thing about nature is that the whole universe in its character depends upon precisely the position of one particular level in one particular nucleus. In the carbon12 nucleus, it so happens, there is a level at 7.82 million volts. And that makes all the difference in the world.


The situation is the following. If we start with hydrogen, and it appears that at the beginning the world was practically all hydrogen, then as the hydrogen comes together under gravity and gets hotter, nuclear reactions can take place, and it can form helium, and then the helium can combine only partially with the hydrogen and produce a few more elements, a little heavier. But these heavier elements disintegrate right away back into helium. Therefore for a while there was a great mystery about where all the other elements in the world came from, because starting with hydrogen the cooking processes inside the stars would not make much more than helium and less than half a dozen other elements. Faced with this problem, Professors Hoyle and Salpeter [Fred Hoyle, British astronomer, Cambridge. Edwin Salpeter, American physicist, Cornell University] said that there is one way out. If three helium atoms could come together to form carbon, we can easily calculate how often that should happen in a star. And it turns out that it should never happen, except for one possible accident — if there happened to be an energy level at 7.82 million volts in carbon, then the three helium atoms would come together and before they came apart, would stay together a little longer on the average than they would do if there were no level at 7.82. And staying there a little longer, there would be enough time for something else to happen, and to make other elements. If there was a level at 7.82 million volts in carbon, then we could understand where all the other elements in the periodic table came from. And so, by a backhanded, upside-down argument, it was predicted that there is in carbon a level at 7.82 million volts; and experiments in the laboratory showed that indeed there is. Therefore the existence in the world of all these other elements is very closely related to the fact that there is this particular level in carbon. But the position of this particular level in carbon seems to us, knowing the physical laws, to be a very complicated accident of 12 complicated particles interacting. This example is an excellent illustration of the fact that an understanding of the physical laws does not necessarily give you an understanding of things of significance in the world in any direct way. The details of real experience are often very far from the fundamental laws.


We have a way of discussing the world, when we talk of it at various hierarchies, or levels. Now I do not mean to be very precise, dividing the world into definite levels, but I will indicate, by describing a set of ideas, what I mean by hierarchies of ideas.
For example, at one end we have the fundamental laws of physics. Then we invent other terms for concepts which are approximate, which have, we believe, their ultimate explanation in terms of the fundamental laws. For instance, 'heat'. Heat is supposed to be jiggling, and the word for a hot thing is just the word for a mass of atoms which are jiggling. But for a while, if we are talking about heat, we sometimes forget about the atoms jiggling — just as when we talk about the glacier we do not always think of the hexagonal ice and the snowflakes which originally fell. Another example of the same thing is a salt crystal. Looked at fundamentally it is a lot of protons, neutrons, and electrons; but we have this concept 'salt crystal', which carries a whole pattern already of fundamental interactions. An idea like pressure is the same.


Now if we go higher up from this, in another level we have properties of substances — like 'refractive index', how light is bent when it goes through something; or 'surface tension', the fact that water tends to pull itself together, both of which are described by numbers. I remind you that we have to go through several laws down to find out that it is the pull of the atoms, and so on. But we still say 'surface tension', and do not always worry, when discussing surface tension, about the inner workings.


On, up in the hierarchy. With the water we have waves and we have a thing like a storm, the word 'storm' which represents an enormous mass of phenomena, or a 'sun spot' or 'star', which is an accumulation of things. And it is nu worth while always to think of it way back. In fact we cannot, because the higher up we go the more steps we have in between, each one of which is a little weak. We have not thought them all through yet.


As we go up in this hierarchy of complexity, we get tc things like muscle twitch, or nerve impulse, which is an enormously complicated thing in the physical world, involving an organization of matter in a very elaborate complexity. Then come things like 'frog'.
And then we go on, and we come to words and concepts like 'man', and 'history', or 'political expediency', and so forth, a series of concepts which we use to understand things at an ever higher level.


And going on, we come to things like evil, and beauty, and hope...


Which end is nearer to God; if I may use a religious metaphor. Beauty and hope, or the fundamental laws ? I think that the right way, of course, is to say that what we have to look at is the whole structural interconnection of the thing; and that all the sciences, and not just the sciences but all the efforts of intellectual kinds, are an endeavour to see the connections of the hierarchies, to connect beauty to history, to connect history to man's psychology, man's psychology to the working of the brain, the brain to the neural impulse, the neural impulse to the chemistry, and so forth, up and down, both ways. And today we cannot, and it is no use making believe that we can, draw carefully a line all the way from one end of this thing to the other, because we have only just begun to see that there is this relative hierarchy.


And I do not think either end is nearer to God. To stand at either end, and to walk off that end of the pier only, hoping that out in that direction is the complete understanding, is a mistake. And to stand with evil and beauty and hope, or to stand with the fundamental laws, hoping that way to get a deep understanding of the whole world, with that aspect alone, is a mistake. It is not sensible for the ones who specialize at one end, and the ones who specialize at the other end, to have such disregard for each other. (They don't actually, but people say they do.) The great mass of workers in between, connecting one step to another, are improving all the time our understanding of the world, both from working at the ends and working in the middle, and in that way we are gradually understanding this tremendous world of interconnecting hierarchies.



See also Probability and Uncertainty - the Quantum Mechanical View of Nature
For Scholars



James Clerk Maxwell was perhaps the first to describe time reversing the world



Source: https://www.informationphilosopher.com/solutions/scientists/feynman/past_and_future.html
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The Copenhagen Interpretation of Quantum Theory (Annotated)


The Copenhagen interpretation of quantum theory starts from a
paradox. Any experiment in physics, whether it refers to the phenomena
of daily life or to atomic events, is to be described in the terms
of classical physics. The concepts of classical physics form the
language by which we describe the arrangements of our experiments
and state the results. We cannot and should not replace these
concepts by any others. Still the application of these concepts
is limited by the relations of uncertainty. We must keep in mind
this limited range of applicability of the classical concepts
while using them, but we cannot and should not try to improve
them.

For a better understanding of this paradox it is useful to compare
the procedure for the theoretical interpretation of an experiment
in classical physics and in quantum theory. In Newton's mechanics,
for instance, we may start by measuring the position and the velocity
of the planet whose motion we are going to study. The result of
the observation is translated into mathematics by deriving numbers
for the co-ordinates and the momenta of the planet from the observation.
Then the equations of motion are used to derive from these values
of the co-ordinates and momenta at a given time the values of
these co-ordinates or any other properties of the system at a
later time, and in this way the astronomer can predict the properties
of the system at a later time. He can, for instance, predict the
exact time for an eclipse of the moon.


The uncertainty principle limits the accuracy for the position and velocity of a particle 


In quantum theory the procedure is slightly different. We could
for instance be interested in the motion of an electron through
a cloud chamber and could determine by some kind of observation
the initial position and velocity of the electron. But this determination
will not be accurate - it will at least contain the inaccuracies
following from the uncertainty relations and will probably contain
still larger errors due to the difficulty of the experiment. It
is the first of these inaccuracies which allows us to translate
the result of the observation into the mathematical scheme of
quantum theory. A probability function is written down which represents
the experimental situation at the time of the measurement, including
even the possible errors of the measurement.


Even in classical physics there are errors in position and velocity that can be expressed as a probability. 
"Observed" means some human observer acquired new knowledge


This probability function represents a mixture of two things,
partly a fact and partly our knowledge of a fact. It represents
a fact in so far as it assigns at the initial time the probability
unity (i.e., complete certainty) to the initial situation: the
electron moving with the observed velocity at the observed position;
'observed' means observed within the accuracy of the experiment.
It represents our knowledge in so far as another observer could
perhaps know the position of the electron more accurately. The
error in the experiment does - at least to some extent - not represent
a property of the electron but a deficiency in our knowledge of
the electron. Also this deficiency of knowledge is expressed in
the probability function.

In classical physics one should in a careful investigation also
consider the error of the observation. As a result one would get
a probability distribution for the initial values of the co-ordinates
and velocities and therefore something very similar to the probability
function in quantum mechanics. Only the necessary uncertainty
due to the uncertainty relations is lacking in classical physics.


The Schrödinger equation of motion gives the probabilities for position at later times, but it does not give any specific positions - an actual path of the particle - just all the possible positions, with calculable probabilities for each position


When the probability function in quantum theory has been determined
at the initial time from the observation, one can from the laws
of quantum theory calculate the probability function at any later
time and can thereby determine the probability for a measurement
giving a specified value of the measured quantity. We can, for
instance, predict the probability for finding the electron at
a later time at a given point in the cloud chamber. It should
be emphasised, however, that the probability function does not
in itself represent a course of events in the course of time.
It represents a tendency for events and our knowledge of events.
The probability function can be connected with reality only if
one essential condition is fulfilled: if a new measurement is
made to determine a certain property of the system. Only then
does the probability function allow us to calculate the probable
result of the new measurement. The result of the measurement again
will be stated in terms of classical physics.

Therefore, the theoretical-interpretation of an experiment requires
three distinct steps: (I) the translation of the initial experimental
situation into a probability function; (2) the following up of
this function in the course of time; (3) the statement of a new
measurement to be made of the system, the result of which can
then be calculated from the probability function. For the first
step the fulfilment of the uncertainty relations is a necessary
condition. The second step cannot be described in terms of the
classical concepts; there is no description of what happens to
the system between the initial observation and the next measurement.
It is only in the third step that we change over again from the
'possible' to the 'actual'.


The next few paragraphs describe  Heisenberg's microscope example, which shows how an observation must disturb the particle


Let us illustrate these three steps in a simple ideal experiment.
It has been said that the atom consists of a nucleus and electrons
moving around the nucleus; it has also been stated that the concept
of an electronic orbit is doubtful. One could argue that it should
at least in principle be possible to observe the electron in its
orbit. One should simply look at the atom through a microscope
of a very high revolving power, then one would see the electron
moving in its orbit. Such a high revolving power could to be sure
not be obtained by a microscope using ordinary light, since the
inaccuracy of the measurement of the position can never be smaller
than the wave length of the light. But a microscope using γ-rays
with a wave length smaller than the size of the atom would do.
Such a microscope has not yet been constructed but that should
not prevent us from discussing the ideal experiment.

Is the first step, the translation of the result of the observation
into a probability function, possible? It is possible only if
the uncertainty relation is fulfilled after the observation. The
position of the electron will be known with an accuracy given
by the wave length of the γ-ray. The electron may have been practically
at rest before the observation. But in the act of observation
at least one light quantum of the γ-ray must have passed the microscope
and must first have been deflected by the electron. Therefore,
the electron has been pushed by the light quantum, it has changed
its momentum and its velocity, and one can show that the uncertainty
of this change is just big enough to guarantee the validity of
the uncertainty relations. Therefore, there is no difficulty with
the first step.

At the same time one can easily see that there is no way of observing
the orbit of the electron around the nucleus. The second step
shows a wave pocket moving not around the nucleus but away from
the atom, because the first light quantum will have knocked the
electron out from the atom. The momentum of light quantum of the
γ-ray is much bigger than the original momentum of the electron
if the wave length of the γ-ray is much smaller than the size
of the atom. Therefore, the first light quantum is sufficient
to knock the electron out of the atom and one can never observe
more than one point in the orbit of the electron; therefore, there
is no orbit in the ordinary sense. The next observation - the
third step - will show the electron on its path from the atom. 

We cannot say the particle has a classical path. Is this an epistemological problem or an ontological problem?


Quite generally there is no way of describing what happens between
two consecutive observations. It is of course tempting to say
that the electron must have been somewhere between the two observations
and that therefore the electron must have described some kind
of path or orbit even if it may be impossible to know which path.
This would be a reasonable argument in classical physics. But
in quantum theory it would be a misuse of the language which,
as we will see later, cannot be justified. We can leave it open
for the moment, whether this warning is a statement about the
way in which we should talk about atomic events or a statement
about the events themselves, whether it refers to epistemology
or to ontology. In any case we have to be very cautious about
the wording of any statement concerning the behaviour of atomic
particles.

Actually we need not speak of particles at all. For many experiments
it is more convenient to speak of matter waves; for instance,
of stationary matter waves around the atomic nucleus. Such a description
would directly contradict the other description if one does not
pay attention to the limitations given by the uncertainty relations.
Through the limitations the contradiction is avoided. The use
of 'matter waves' is convenient, for example, when dealing with
the radiation emitted by the atom. By means of its frequencies
and intensities the radiation gives information about the oscillating
charge distribution in the atom, and there the wave picture comes
much nearer to the truth than the particle picture. 

Bohr says the wave picture and particle picture are complementary. He uses complementarity frequently in describing the proper interpretation of the new quantum theory. Position and momentum are complementary. Space-time descriptions (usually waves with positions in time) are complementary to deterministic (i.e., causal) descriptions (usually particles with momentum and energy) 
 The deterministic and continuous evolution of the probability is complementary to the discontinuous observation of an actual position



Therefore,
Bohr advocated the use of both pictures, which he called 'complementary'
to each other. The two pictures are of course mutually exclusive,
because a certain thing cannot at the same time be a particle
(i.e., substance confined to a very small volume) and a wave (i.e.,
a field spread out over a large space), but the two complement
each other. By playing with both pictures, by going from the one
picture to the other and back again, we finally get the right
impression of the strange kind of reality behind our atomic experiments.
Bohr uses the concept of 'complementarity' at several places in
the interpretation of quantum theory. The knowledge of the position
of a particle is complementary to the knowledge of its velocity
or momentum. If we know the one with high accuracy we cannot know
the other with high accuracy; still we must know both for determining
the behaviour of the system. The space-time description of the
atomic events is complementary to their deterministic description.
The probability function obeys an equation of motion as the coordinates
did in Newtonian mechanics; its change in the course of time is
completely determined by the quantum mechanical equation, but
it does not allow a description in space and time. The observation,
on the other hand, enforces the description in space and time
but breaks the determined continuity of the probability function
by changing our knowledge of the system.

Waves vs. particles were a new philosophical dualism, the origin of Bohr complementarity?


Generally the dualism between two different descriptions of the
same reality is no longer a difficulty since we know from the
mathematical formulation of the theory that contradictions cannot
arise. The dualism between the two complementary pictures - waves
and particles - is also clearly brought out in the flexibility
of the mathematical scheme. The formalism is normally written
to resemble Newtonian mechanics, with equations of motion for
the coordinates and the momenta of the particles.

But by a simple transformation it can be rewritten to resemble
a wave equation for an ordinary three-dimensional matter wave.
Therefore, this possibility of playing with different complementary
pictures has its analogy in the different transformations of the
mathematical scheme; it does not lead to any difficulties in the
Copenhagen interpretation of quantum theory.

A real difficulty in the understanding of this interpretation
arises, however, when one asks the famous question: But what happens
'really' in an atomic event? It has been said before that the
mechanism and the results of an observation can always be stated
in terms of the classical concepts. But what one deduces from
an observation is a probability function, a mathematical expression
that combines statements about possibilities or tendencies with
statements about our knowledge of facts So we cannot completely
objectify the result of an observation, we cannot describe what
'happens' between this observation and the next. This looks as
if we had introduced an element of subjectivism into the theory,
as if we meant to say: what happens depends on our way of observing
it or on the fact that we observe it. Before discussing this problem
of subjectivism it is necessary to explain quite clearly why one
would get into hopeless difficulties if one tried to describe
what happens between two consecutive observations.


Here is the famous 
two-slit experiment
We include an animation of the experiment



For this purpose it is convenient to discuss the following ideal
experiment: We assume that a small source of monochromatic light
radiates toward a black screen with two small holes in it. The
diameter of the holes may be not much bigger than the wave length
of the light, but their distance will be very much bigger. At
some distance behind the screen a photographic plate registers
the incident light. If one describes this experiment in terms
of the wave picture, one says that the primary wave penetrates
through the two holes, there will be secondary spherical waves
starting from the holes that interfere with one another, and the
interference will produce a pattern of varying intensity on the
photographic plate.




The blackening of the photographic plate is a quantum process,
a chemical reaction produced by single light quanta. Therefore,
it must also be possible to describe the experiment in terms of
light quanta. If it would be permissible to say what happens to
the single light quantum between its emission from the light source
and its absorption in the photographic plate, one could argue
as follows: The single light quantum can come through the first
hole or through the second one. If it goes through the first hole
and is scattered there, its probability for being absorbed at
a certain point of the photographic plate cannot depend upon whether
the second hole is closed or open. The probability distribution
on the plate will be the same as if only the first hole was open.
If the experiment is repeated many times and one takes together
all cases in which the light quantum has gone through the first
hole, the blackening of the plate due to these cases will correspond
to this probability distribution. If one considers only those
light quanta that go through the second hole, the blackening should
correspond to a probability distribution derived from the assumption
that only the second hole is open. The total blackening, therefore,
should just be the sum of the blackenings in the two cases; in
other words, there should be no interference pattern. But we know
this is not correct, and the experiment will show the interference
pattern. Therefore, the statement that any light quantum must
have gone either through the first or through the second hole
is problematic and leads to contradictions. This example shows
clearly that the concept of the probability function does not
allow a description of what happens between two observations.
Any attempt to find such a description would lead to contradictions;
this must mean that the term 'happens' is restricted to the observation.


Here begins some confusion about the role of the observer. Does "reality" depend on whether we observe it?


Now, this is a very strange result, since it seems to indicate
that the observation plays a decisive role in the event and that
the reality varies, depending upon whether we observe it or not.
To make this point clearer we have to analyse the process of observation
more closely.

To begin with, it is important to remember that in natural science
we are not interested in the universe as a whole, including ourselves,
but we direct our attention to some part of the universe and make
that the object of our studies. In atomic physics this part is
usually a very small object, an atomic particle or a group of
such particles, sometimes much larger - the size does not matter;
but it is important that a large part of the universe, including
ourselves, does not belong to the object.

Now, the theoretical interpretation of an experiment starts with
the two steps that have been discussed. In the first step we have
to describe the arrangement of the experiment, eventually combined
with a first observation, in terms of classical physics and translate
this description into a probability function. This probability
function follows the laws of quantum theory, and its change in
the course of time, which is continuous, can be calculated from
the initial conditions; this is the second step. 

"Possibilities" are perfectly understandable for the lay person. "Tendencies" and Aristotle's "potentia" are unnecessary. For each possibility, quantum mechanics lets us 
calculate the probability. 


The probability
function combines objective and subjective elements. It contains
statements about possibilities or better tendencies ('potentia'
in Aristotelian philosophy), and these statements are completely
objective, they do not depend on any observer; and it contains
statements about our knowledge of the system, which of course
are subjective in so far as they may be different for different
observers. In ideal cases the subjective element in the probability
function may be practically negligible as compared with the objective
one. The physicists then speak of a 'pure case'.

When we now come to the next observation. the result of which
should be predicted from the theory, it is very important to realize
that our object has to be in contact with the other part of the
world, namely, the experimental arrangement, the measuring rod,
etc., before or at least at the moment of observation. This means
that the equation of motion for the probability function does
now contain the influence of the interaction with the measuring
device. 


Describing the measuring apparatus in classical terms does not mean it is not a quantum object. Heisenberg thinks classical terms are necessary for us to communicate knowledge


This influence introduces a new element of uncertainty,
since the measuring device is necessarily described in the terms
of classical physics; such a description contains all the uncertainties
concerning the microscopic structure of the device which we know
from thermodynamics, and since the device is connected with the
rest of the world, it contains in fact the uncertainties of the
microscopic structure of the whole world. These uncertainties
may be called objective in so far as they are simply a consequence
of the description in the terms of classical physics and do not
depend on any observer. They may be called subjective in so far
as they refer to our incomplete knowledge of the world.

After this interaction has taken place, the probability function
contains the objective element of tendency and the subjective
element of incomplete knowledge, even if it has been a 'pure case'
before. It is for this reason that the result of the observation
cannot generally be predicted with certainty; what can be predicted
is the probability of a certain result of the observation, and
this statement about the probability can be checked by repeating
the experiment many times. The probability function does - unlike
the common procedure in Newtonian mechanics -  not describe a
certain event but, at least during the process of observation,
a whole ensemble of possible events.


Quantum mechanical systems evolve in two ways
 
the first is the wave function deterministically exploring all the possibilities for interaction,
the second is the particle randomly choosing one of those possibilities to become actual. 
 The discontinuous transition form "possible" to "actual" should not be confused with the Heisenberg "cut" or with the transition from quantum to classical
 This discontinuity (or "collapse" of probabilities) registers  new information first at the quantum level. 
Quantum information is subsequently amplified in the macroscopic apparatus and only later recorded as new knowledge in the 
mind of the observer. 



The observation itself changes the probability function discontinuously;
it selects of all possible events the actual one that has taken
place. Since through the observation our knowledge of the system
has changed discontinuously, its mathematical representation also
has undergone the discontinuous change and we speak of a 'quantum
jump'. When the old adage 'Natura non facit saltus' is
used as a basis for criticism of quantum theory, we can reply
that certainly our knowledge can change suddenly and that this
fact justifies the use of the term 'quantum jump'.

Therefore, the transition from the 'possible' to the 'actual'
takes place during the act of observation. If we want to describe
what happens in an atomic event, we have to realize that the word
'happens' can apply only to the observation, not to the state
of affairs between two observations. It applies to the physical,
not the psychical act of observation, and we may say that the
transition from the 'possible' to the 'actual' takes place as
soon as the interaction of the object with the measuring device,
and thereby with the rest of the world, has come into play; it
is not connected with the act of registration of the result by
the mind of the observer. The discontinuous change in the probability
function, however, takes place with the act of registration, because
it is the discontinuous change of our knowledge in the instant
of registration that has its image in the discontinuous change
of the probability function.

To what extent, then, have we finally come to an objective description
of the world, especially of the atomic world? In classical physics
science started from the belief - or should one say from the illusion?
- that we could describe the world or at least parts of the world
without any reference to ourselves. This is actually possible
to a large extent. We know that the city of London exists whether
we see it or not. It may be said that classical physics is just
that idealisation in which we can speak about parts of the world
without any reference to ourselves. Its success has led to the
general ideal of an objective description of the world. Objectivity
has become the first criterion for the value of any scientific
result. Does the Copenhagen interpretation of quantum theory still
comply with this ideal? One may perhaps say that quantum theory
corresponds to this ideal as far as possible. 

John von Neumann's and Eugene Wigner's claims that a "conscious observer" is needed for a quantum process to become actual seems to be no part of the original Copenhagen Interpretation of Heisenberg?


Certainly quantum
theory does not contain genuine subjective features, it does not
introduce the mind of the physicist as a part of the atomic event.
But it starts from the division of the world into the 'object'
and the rest of the world, and from the fact that at least for
the rest of the world we use the classical concepts in our description.
This division is arbitrary and historically a direct consequence
of our scientific method; the use of the classical concepts is
finally a consequence of the general human way of thinking. But
this is already a reference to ourselves and in so far our description
is not completely objective.

It has been stated in the beginning that the Copenhagen interpretation
of quantum theory starts with a paradox. It starts from the fact
that we describe our experiments in the terms of classical physics
and at the same time from the knowledge that these concepts do
not fit nature accurately. The tension between these two starting
points is the root of the statistical character of quantum theory.
Therefore, it has sometimes been suggested that one should depart
from the classical concepts altogether and that a radical change
in the concepts used for describing the experiments might possibly
lead back to a non-statistical, completely objective description
of nature.

This suggestion, however, rests upon a misunderstanding. The concepts
of classical physics are just a refinement of the concepts of
daily life and are an essential part of the language which forms
the basis of all natural science. Our actual situation in science
is such that we do use the classical concepts for the description
of the experiments, and it was the problem of quantum theory to
find theoretical interpretation of the experiments on this basis.
There is no use in discussing what could be done if we were other
beings than we are. At this point we have to realize, as von Weizsäcker
has put it, that 'Nature is earlier than man, but man is earlier
than natural science.' The first part of the sentence justifies
classical physics, with its ideal of complete objectivity. The
second part tells us why we cannot escape the paradox of quantum
theory, namely, the necessity of using the classical concepts.

We have to add some comments on the actual procedure in the quantum-theoretical
interpretation of atomic events. It has been said that we always
start with a division of the world into an object, which we are
going to study, and the rest of the world, and that this division
is to some extent arbitrary. 


The measuring apparatus could be treated quantum mechanically. It is a quantum object. But the location of the Heisenberg "cut" is arbitrary. We still must use classical concepts (the "paradox").


It should indeed not make any difference
in the final result if we, e.g., add some part of the measuring
device or the whole device to the object and apply the laws of
quantum theory to this more complicated object. It can be shown
that such an alteration of the theoretical treatment would not
alter the predictions concerning a given experiment. This follows
mathematically from the fact that the laws of quantum theory are
for the phenomena in which Planck's constant can be considered
as a very small quantity, approximately identical with the classical
laws. But it would be a mistake to believe that this application
of the quantum-theoretical laws to the measuring device could
help to avoid the fundamental paradox of quantum theory.

The measuring device deserves this name only if it is in close
contact with the rest of the world, if there is an interaction
between the device and the observer. Therefore, the uncertainty
with respect to the microscopic behaviour of the world will enter
into the quantum-theoretical system here just as well as in the
first interpretation. If the measuring device would be isolated
from the rest of the world, it would be neither a measuring device
nor could it be described in the terms of classical physics at
all.


It is not arbitrary that we somewhere separate the "object" of study from the "subjective" physicist and the tools made by experimenters.



With regard to this situation Bohr has emphasised that it is more
realistic to state that the division into the object and the 
rest of the world is not arbitrary. Our actual situation in research
work in atomic physics is usually this: we wish to understand
a certain phenomenon, we wish to recognise how this phenomenon
follows from the general laws of nature. Therefore that part of
matter or radiation which takes part in the phenomenon is the
natural 'object' in the theoretical treatment and should be separated
in this respect from the tools used to study the phenomenon. This
again emphasises a subjective element in the description of atomic
events, since the measuring device has been constructed by the
observer, and we have to remember that what we observe is not
nature in itself but nature exposed to our method of questioning.
Our scientific work in physics consists in asking questions about
nature in the language that we possess and trying to get an answer
from experiment by the means that are at our disposal. In this
way quantum theory reminds us, as Bohr has put it, of the old
wisdom that when searching for harmony in life one must never
forget that in the drama of existence we are ourselves both players
and spectators. It is understandable that in our scientific relation
to nature our own activity becomes very important when we have
to deal with parts of nature into which we can penetrate only
by using the most elaborate tools.


The Copenhagen Interpretation of Quantum Theory" was the third of the Gifford-Lectures given by Heisenberg in winter 1955/56
at St. Andrews University, Scotland. 


The lectures have been published in the book Werner Heisenberg: Physics and Philosophy
(Harper & Brothers, New York, USA, 1958).



Summary

	
Knowledge about quantum processes and events must be expressed in classical language (a paradox?)
"Observed" means some new knowledge in the mind of an observer. 



	
The uncertainty principle adds inaccuracies that are not experimental errors.


	
The probability function (a wave) allows us to calculate future possibilities. One possibility discontinuously and randomly becomes an actuality (a particle)
We cannot say the particle has a classical path.



	
The wave picture and particle picture are complementary.
Position and momentum are also complementary. 

The deterministic and continuous evolution of the probability is complementary to the discontinuous appearance of an actual position.



	
Quantum theory does not introduce the mind of the physicist as a part of the atomic event.


	
Quantum theory is a statistical theory. It does not describe a certain event but a whole ensemble of possible events.

The probabilities are not classical (epistemic) probabilities.



	
The measuring apparatus can be treated as a quantum object.






Heisenberg's "paradox" is that we must use the language and concepts of classical physics to describe the results of quantum physics. 
But Dirac thought new, albeit non-intuitive, concepts might arise from a careful study of quantum physics  


Source: https://www.informationphilosopher.com/solutions/scientists/heisenberg/Copenhagen_Interpretation.html
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Werner Heisenberg Talk With Einstein

In the spring of 1926, just after Heisenberg, working with Max Born and Pascual Jordan, published their new matrix mechanics, he lectured at the University of Berlin. Einstein attended the lecture and invited the young Heisenberg to go for a walk after the lecture. Heisenberg recalled their talk.



Quantum Mechanics and a Talk with Einstein (1925-1926)


During these critical years, atomic physics developed much as
Niels Bohr had predicted it would during our walk over the
Hain Mountain. The difficulties and inner contradictions that
stood in the way Of a true understanding of atoms and their
stability seemed unlikely to be removed or even reduced—on the
contrary, they became still more acute. All attempts to surmount
them with the conceptual tools of the older physics appeared
doomed to failure.

There was, for instance, the discovery by the American physicist,
Arthur Holly Compton, that light (or more precisely X-rays)
changes its wavelength when radiation is scattered by free
electrons. 


This result could be explained by Einstein's hypothesis
that light consists of small corpuscles or packets of energy, moving
through space with great velocity and occasionally—e.g.,
during the process of scattering—colliding with an electron. On
the other hand, there was a great deal of experimental evidence
to suggest that the only basic difference between light and radio
waves was that the former are of shorter length; in other words,
that a light ray is a wave and not a stream of particles. Moreover,
attempts by the Dutch physicist, Ornstein, to determine the
intensity ratio of spectral lines in a so-called multiplet had produced
very strange results. These ratios can be determined with
the help of Bohr's theory. Now it appeared that, although the
formulae derived from Bohr's theory were incorrect, a minor
modification produced new formulae that fitted the experimental
results. And so physicists gradually learned to adapt themselves
to a host of difficulties. They became used to the fact that the
concepts and models of classical physics were not rigorously
applicable to processes on the atomic scale. On the other hand,
they had come to appreciate that, by skillful use of the resulting
freedom, they could, on occasion, guess the correct mathematical
formulation of some of the details.

In the seminars run by Max Born in Göttingen during the
summer of 1924, we had begun to speak of a new quantum
mechanics that would one day oust the old Newtonian
mechanics, and whose vague outlines could already be discerned
here and there. 

Niels Bohr's correspondence principle was used to guess the "quantum conditions' that were the foundations of the old and new quantum theories.


Even during the subsequent winter term, which I
once again spent in Copenhagen, trying to develop Kramers'
theory of dispersion phenomena, our efforts were devoted not so
much to deriving the correct mathematical relationships as to
guessing them from similarities with the formulae of classical
theory.

If I think back on the state of atomic theory in those months, I
always remember a mountain walk with some friends from the
Youth Movement, probably in the late autumn of 1924. It took
us from Kreuth to Lake Achen. In the valley the weather was
poor, and the mountains were veiled in clouds. During the
climb, the mist had begun to close in upon us, and, after a
time, we found ourselves in a confused jumble of rocks and
undergrowth with no signs of a track. We decided to keep
climbing, though we felt rather anxious about getting down
again if anything went wrong. All at once the mist became so
dense that we lost sight of one another completely, and could
keep in touch only by shouting. At the same time it grew
brighter overhead, and the light suddenly changed color. We
were obviously under a patch of moving fog. Then, quite suddenly,
we could see the edge of a steep rock face, straight ahead
of us, bathed in bright sunlight. The next moment the fog had
closed up again, but we had seen enough to take our bearings
from the map. After a further ten minutes of hard climbing we
were standing in the sun—at saddle height above the sea of fog.
To the south we could see the peaks of the Sonnwend Mountains
and beyond them the snowy tops of the Central Alps, and we all
breathed a sigh of relief.


In atomic physics, likewise, the winter of 1924-1925 had obviously
brought us to a realm where the fog was thick but where
some light had begun to filter through and held out the promise
of exciting new vistas.


In the summer term of 1925, when I resumed my research work
at the University of Göttingen—since July 1924 I had been
Privatdozent at that university—I made a first attempt to guess
what formulae would enable one to express the line intensities of
the hydrogen spectrum, using more or less the same methods that
had proved so fruitful in my work with Kramers in Copenhagen.

Kramers used the unobservable electronic orbit frequencies to predict spectral line intensities. At the suggestion of his friend Otto, Heisenberg substituted the spectral line frequencies, while still using Kramers' method of Fourier series analysis.
He could not solve the hydrogen atom, so Heisenberg chose to work on the simple harmonic oscillator.



This attempt led to a dead end—I found myself in an impenetrable
morass of complicated mathematical equations, with no
way out. But the work helped to convince me of one thing: that
one ought to ignore the problem of electron orbits inside the
atom, and treat the frequencies and amplitudes associated with
the line intensities as perfectly good substitutes. In any case, these
magnitudes could be observed directly, and as my friend Otto had
pointed out when expounding on Einstein's theory during our
bicycle tour round Lake Walchensee, physicists must consider
none but observable magnitudes when trying to solve the atomic
puzzle. My attempt to apply this scheme to the hydrogen atom
had come to grief on the complications of this particular problem.
Accordingly, I looked for a simpler mathematical system and
found it in the pendulum, whose oscillations could serve as a
model for the molecular vibrations treated by atomic physics. My
work along these lines was advanced rather than retarded by an
unfortunate personal setback.

Toward the end of May 1925,1 fell so ill with hay fever that I
had to ask Born for fourteen days' leave of absence. I made
straight for Heligoland, where I hoped to recover quickly in the
bracing sea air, far from blossoms and meadows. On my arrival I
must have looked quite a sight with my swollen face; in any case,
my landlady took one look at me, concluded that I had been in a
fight and promised to nurse me through the aftereffects. My room
was on the second floor, and since the house was built high up on
the southern edge of the rocky island, I had a glorious view over
the village, and the dunes and the sea beyond. As I sat on my
balcony, I had ample opportunity to reflect on Bohr's remark
that part of infinity seems to lie within the grasp of those who
look across the sea.
Apart from daily walks and long swims, there was nothing in
Heligoland to distract me from my problem, and so I made much
swifter progress than I would have done in Gottingen. A few
days were enough to jettison all the mathematical ballast that
invariably encumbers the beginning of such attempts, and to
arrive at a simple formulation of my problem. Within a few days
more, it had become clear to me what precisely had to take the
place of the Bohr-Sommerfeld quantum conditions in an atomic
physics working with none but observable magnitudes. It also
became obvious that with this additional assumption I had
introduced a crucial restriction into the theory. 

In the failed Bohr-Kramers-Slater theory of 1924, the principle of conservation of energy had been denied. Einstein objected, and experiments confirmed he was right


Then I noticed
that there was no guarantee that the new mathematical scheme
could be put into operation without contradictions. In particular,
it was completely uncertain whether the principle of the
conservation of energy would still apply, and I knew only too
well that my scheme stood or fell by that principle.

Other than that, however, several calculations showed that the
scheme seemed quite self-consistent. Hence I concentrated on
demonstrating that the conservation law held, and one evening I
reached the point where I was ready to determine the individual
terms in the energy table, or, as we put it today, in the energy
matrix, by what would now be considered an extremely clumsy
series of calculations. When the first terms seemed to accord with
the energy principle, I became rather excited, and I began to
make countless arithmetical errors. As a result, it was almost
three o'clock in the morning before the final result of my computations
lay before me. The energy principle had held for all the
terms, and I could no longer doubt the mathematical consistency
and coherence of the kind of quantum mechanics to which my
calculations pointed. At first, I was deeply alarmed. I had the
feeling that, through the surface of atomic phenomena, I was
looking at a strangely beautiful interior, and felt almost giddy at
the thought that I now had to probe this wealth of mathematical
structures nature had so generously spread out before me. I was
far too excited to sleep, and so, as a new day dawned, I made for
the southern tip of the island, where I had been longing to climb
a rock jutting out into the sea. I now did so without too much
trouble, and waited for the sun to rise.


What I saw during that night in Heligoland was admittedly
not very much more than the sunlit rock edge I had glimpsed in
the autumn of 1924, but when I reported my results to Wolfgang
Pauli, generally my severest critic, he warmly encouraged me to
continue along the path I had taken. 

Heisenberg completely ignores the wave mechanics developed by Erwin Schrödinger in 1926, which was also part of Dirac's transformation theory that is the core of quantum mechanics today


In Göttingen, Max Born
and Pascual Jordan took stock of the new possibilities, and in
Cambridge the young English mathematician Paul Dirac developed
his own methods for solving the problems involved, and
after only a few months the concentrated efforts of these men led
to the emergence of a coherent mathematical framework, one
that promised to embrace all the multifarious aspects of atomic
physics. Of the extremely intensive work which kept us breathless
for a few months I shall say nothing here; instead, I shall report
my talk with Albert Einstein following a lecture on the new
quantum mechanics in Berlin.

At the time, the University of Berlin was considered the stronghold
of physics in Germany, with such renowned figures as
Planck, Einstein, von Laue and Nernst. It was here that Planck
had discovered quantum theory and that Rubens had confirmed
it by special measurements of thermal radiation; it was here that
Einstein had formulated his general theory of relativity and his
theory of gravitation in 1916. At the center of scientific life was
the so-called physics colloquium, which probably went back to
the time of Helmholtz and which was generally attended by the
entire staff of the physics department. In the spring of 1926,1 was
invited to address this distinguished body on the new quantum
mechanics, and since this was my first chance to meet so
many famous men, I took good care to give a clear account of the
concepts and mathematical foundations of what was then a most
unconventional theory. I apparently managed to arouse Einstein's
interest for he invited me to walk home with him so that
we might discuss the new ideas at greater length.


On the way, he asked about my studies and previous research.
As soon as we were indoors, he opened the conversation with a
question that bore on the philosophical background of my recent
work. 

There is a great difference between not being able to observe electron paths and declaring they do nor exist


"What you have told us sounds extremely strange. You
assume the existence of electrons inside the atom, and you are
probably quite right to do so. But you refuse to consider their
orbits, even though we can observe electron tracks in a cloud
chamber. I should very much like to hear more about your
reasons for making such strange assumptions."

Heisenberg substitutes the observable frequencies of spectral line emissions - as "representatives" of the unobservable electron orbits 


"We cannot observe electron orbits inside the atom," I must
have replied, "but the radiation which an atom emits during
discharges enables us to deduce the frequencies and corresponding
amplitudes of its electrons. After all, even in the older physics
wave numbers and amplitudes could be considered substitutes
for electron orbits. Now, since a good theory must be based on
directly observable magnitudes, I thought it more fitting to restrict
myself to these, treating them, as it were, as representatives
of the electron orbits."

"But you don't seriously believe," Einstein protested, "that
none but observable magnitudes must go into a physical theory?"
"Isn't that precisely what you have done with relativity?" I
asked in some surprise. "After all, you did stress the fact that it is
impermissible to speak of absolute time, simply because absolute
time cannot be observed; that only clock readings, be it in the
moving reference system or the system at rest, are relevant to the
determination of time."


"Possibly I did use this kind of reasoning," Einstein admitted,
"but it is nonsense all the same. Perhaps I could put it
more diplomatically by saying that it may be heuristically useful
to keep in mind what one has actually observed. But on principle,
it is quite wrong to try founding a theory on observable
magnitudes alone. In reality the very opposite happens. It is the
theory which decides what we can observe. 

Observations begin as measurements, new information recorded in the apparatus, which are later sensed by the experimenter, and recorded in the experimenter's conscious memory (the ERR).


"You must appreciate
that observation is a very complicated process. The phenomenon
under observation produces certain events in our measuring
apparatus. As a result, further processes take place in the apparatus,
which eventually and by complicated paths produce sense
impressions and help us to fix the effects in our consciousness.
Along this whole path—from the phenomenon to its fixation in
our consciousness—we must be able to tell how nature functions,
must know the natural laws at least in practical terms, before we
can claim io have observed anything at all. Only theory, that is,
knowledge of natural laws, enables us to deduce the underlying
phenomena from our sense impressions. 
Heisenberg's words put in Einstein's mouth here—from the phenomenon to its fixation in
our consciousness—sounds more like Niels Bohr's language and philosophy than that of Einstein. 


When we claim that we
can observe something new, we ought really to be saying that,
although we are about to formulate new natural laws that do not
agree with the old ones, we nevertheless assume that the existing
laws—covering the whole path from the phenomenon to our
consciousness—function in such a way that we can rely upon
them and hence speak of 'observations.'

"In the theory of relativity, for instance, we presuppose that,
even in the moving reference system, the light rays traveling from
the clock to the observer's eye behave more or less as we have
always expected them to behave. And in your theory, you quite
obviously assume that the whole mechanism of light transmission
from the vibrating atom to the spectroscope or to the eye works
just as one has always supposed it does, that is, essentially according
to Maxwell's laws. If that were no longer the case, you could
not possibly observe any of the magnitudes you call observable.
Your claim that you are introducing none but observable magnitudes
is therefore an assumption about a property of the theory
that you are trying to formulate. You are, in fact, assuming
that your theory does not clash with the old description of radiation
phenomena in the essential points. You may well be right, of
course, but you cannot be certain."


I was completely taken aback by Einstein's attitude, though I
found his arguments convincing. Hence I said: "The idea that a
good theory is no more than a condensation of observations in
accordance with the principle of thought economy surely goes
back to Mach, and it has, in fact, been said that your relativity
theory makes decisive use of Machian concepts. But what you
have just told me seems to indicate the very opposite. What am I
to make of all this, or rather what do you yourself think about
it?"


"It's a very long story, but we can go into it if you like.
Mach's concept of thought economy probably contains part of
the truth, but strikes me as being just a bit too trivial. Let me
first of all produce a few arguments in its favor. We obviously
grasp the world by way of our senses. Even when small children
learn to speak and to think, they do so by recognizing the possibility
of describing highly complicated but somehow related
sense impressions with a single word, for instance, the word 'ball.'
They learn it from adults and get the satisfaction that they can
make themselves understood. In other words, we may argue
that the formation of the word, and hence of the concept, 'ball' is
a kind of thought economy enabling the child to combine very
complicated sense impressions in a simple way. Here Mach does
not even enter into the question which mental or physical
predispositions must be satisfied in man—or the small child—
before the process of communication can be initiated. With
animals, this process works considerably less effectively, as everyone
knows, but we shan't talk about that now. Now Mach also
thinks that the formation of scientific theories, however complex,
takes place in a similar way. We try to order the phenomena, to
reduce them to a simple form, until we can describe what may be
a large number of them with the aid of a few simple concepts.


"All this sounds very reasonable, but we must nevertheless ask
ourselves in what sense the principle of mental economy is being
applied here. Are we thinking of psychological or of logical economy,
or, again, are we dealing with the subjective or the objective
side of the phenomena? When the child forms the concept
'ball,' does he introduce a purely psychological simplification in
that he combines complicated sense impressions by means of this
concept, or does this ball really exist? Mach would probably
answer that the two statements express one and the same fact.
But he would be quite wrong to do so. To begin with, the assertion
'The ball really exists' also contains a number of statements
about possible sense impressions that may occur in the future.
Now future possibilities and expectations make up a very important
part of our reality, and must not be simply forgotten.
Moreover, we ought to remember that inferring concepts and
things from sense impressions is one of the basic presuppositions
of all our thought. Hence, if we wanted to speak of nothing but
sense impressions, we should have to rid ourselves of our language
and thought. In other words, Mach rather neglects the fact
that the world really exists, that our sense impressions are based
on something objective.


"I have no wish to appear as an advocate of a naive form of
realism; I know that these are very difficult questions, but then I
consider Mach's concept of observation also much too naive. He
pretends that we know perfectly well what the word 'observe'
means, and thinks this exempts him from having to discriminate
between 'objective' and 'subjective' phenomena. No wonder his
principle has so suspiciously commercial a name: 'thought economy.'
His idea of simplicity is much too subjective for me. In
reality, the simplicity of natural laws is an objective fact as well,
and the correct conceptual scheme must balance the subjective
side of this simplicity with the objective. But that is a very difficult
task. Let us rather return to your lecture.


"I have a strong suspicion that, precisely because of the
problems we have just been discussing, your theory will one day
get you into hot water. I should like to explain this in greater
detail. When it comes to observation, you behave as if everything
can be left as it was, that is, as if you could use the old descriptive
language.

In cases like the cloud chamber we observe the path of the electron. Einstein says simply that there must still be an objective path inside the atom, even if the space is so constrained that we cannot make measurements/observations


 
"In that case, however, you will also have to say: in a
cloud chamber we can observe the path of the electrons. At the
same time, you claim that there are no electron paths inside the
atom. This is obvious nonsense, for you cannot possibly get rid of
the path simply by restricting the space in which the electron
moves,"

I tried to come to the defense of the new quantum mechanics.

Heisenberg reverts to Bohr's idea that we must use our traditional classical language to describe our experiments


 
"For the time being, we have no idea in what language we must
speak about processes inside the atom. True, we have a mathematical
language, that is, a mathematical scheme for determining
the stationary states of the atom or the transition probabilities
from one state to another, but we do not know—at least not in
general—how this language is related to that of classical physics.
And, of course, we need this connection if we are to apply this
theory to experiments in the first place. For when it comes to
experiments, we invariably speak in the traditional language.
We cannot understand quantum mechanics until we can explain it using our traditional classical language to describe the path of an electron


 
"Hence I cannot really claim that we have 'understood' quantum
mechanics. I assume that the mathematical scheme works, but no
link with the traditional language has been established so far.
And until that has been done, we cannot hope to speak of the
path of the electron in the cloud chamber without inner contradictions.
Hence it is probably much too early to solve the difficulties
you have mentioned."

"Very well, I will accept that," Einstein said. "We shall talk
about it again in a few years' time. But perhaps I may put
another question to you. Quantum theory as you have expounded
it in your lecture has two distinct faces. On the one
hand, as Bohr himself has rightly stressed, it explains the stability
of the atom; it causes the same forms to reappear time and again.
On the other hand, it explains that strange discontinuity or
inconstancy of nature which we observe quite clearly when we
watch flashes of light on a scintillation screen. These two aspects
are obviously connected. In your quantum mechanics you will
have to take both into account, for instance when you speak of
the emission of light by atoms. You can calculate the discrete
energy values of the stationary states. Your theory can thus
account for the stability of certain forms that cannot merge continuously
into one another, but must differ by finite amounts
and seem capable of permanent re-formation. 

Here Einstein introduces his light quantum, first hypothesized 21 years earlier, and proved to explain the Compton effect, as Heisenberg noted earlier.


"But what happens
during the emission of light? As you know, I suggested that,
when an atom drops suddenly from one stationary energy value
to the next, it emits the energy difference as an energy packet, a
so-called light quantum. In that case, we have a particularly clear
example of discontinuity. Do you think that my conception is
correct? Or can you describe the transition from one stationary
state to another in a more precise way?"

In my reply, I must have said something like this: 

Heisenberg says simply that he an Bohr "Do not know." He cannot say that he believes in Einstein's light quanta, although by this time most quantum physicists had come to accept the ides of photons as particles, as well as their having wave properties!


"Bohr has
taught me that one cannot describe this process by means of the
traditional concepts, i.e., as a process in time and space. With
that, of course, we have said very little, no more, in fact, than
that we do not know. Whether or not I should believe in light
quanta, I cannot say at this stage. Radiation quite obviously
involves the discontinuous elements to which you refer as light
quanta. 

Heisenberg could not then see how his quantum mechanics, with its emphasis on the material particle properties of energy and momentum, can explain wave properties, which Bohr sees as described in terms of the complementary properties of space and time


"On the other hand, there is a continuous element, which
appears, for instance, in interference phenomena, and which is
much more simply described by the wave theory of light. But you
are of course quite right to ask whether quantum mechanics has
anything new to say on these terribly difficult problems. I believe
that we may at least hope that it will one day. 

"I could, for instance, imagine that we should obtain an interesting
answer if we considered the energy fluctuations of an atom
during reactions with other atoms or with the radiation field. If
the energy should change discontinuously, as we expect from
your theory of light quanta, then the fluctuation, or, in more
precise mathematical terms, the mean square fluctuation, would
be greater than if the energy changed continuously. I am inclined
to believe that quantum mechanics would lead to the
greater value, and so establish the discontinuity. On the other
hand, the continuous element, which appears in interference
experiments, must also be taken into account. Perhaps one must
imagine the transitions from one stationary state to the next as so
many fade-outs in a film. The change is not sudden—one picture
gradually fades while the next comes into focus so that, for a
time, both pictures become confused and one does not know
which is which. Similarly, there may well be an intermediate state
in which we cannot tell whether an atom is in the upper or the
lower state."


Einstein is quite correct that Heisenberg is talking about what we subjectively know—epistemology— and not about what is—ontology—what is going on in objective reality  


""You are moving on very thin ice," Einstein warned me. "For
you are suddenly speaking of what we know about nature and no
longer about what nature really does. In science we ought to be
concerned solely with what nature does. It might very well be
that you and I know quite different things about nature. But
who would be interested in that? Perhaps you and I alone. To
everyone else it is a matter of complete indifference. In other
words, if your theory is right, you will have to tell me sooner or
later what the atom does when it passes from one stationary state
to the next."

"Perhaps," I may have answered. "But it seems to me that you
are using language a little too strictly. Still, I do admit that
everything that I might now say may sound like a cheap excuse.
So let's wait and see how atomic theory develops."
Einstein gave me a skeptical look. "How can you really have so
much faith in your theory when so many crucial problems
remain completely unsolved?"


I must certainly have thought for a long time before I produced
my answer. "I believe, just like you, that the simplicity of
natural laws has an objective character, that it is not just the
result of thought economy. If nature leads us to mathematical
forms of great simplicity and beauty—by forms I am referring to
coherent systems of hypotheses, axioms, etc., to forms that no
one has previously encountered, we cannot help thinking that
they are 'true,' that they reveal a genuine feature of nature. It
may be that these forms also cover our subjective relationship to
nature, that they reflect elements of our own thought economy.
But the mere fact that we could never have arrived at these forms
by ourselves, that they were revealed to us by nature, suggests
strongly that they must be part of reality itself, not just of our
thoughts about reality.


"You may object that by speaking of simplicity and beauty I
am introducing aesthetic criteria of truth, and I frankly admit
that I am strongly attracted by the simplicity and beauty of the
mathematical schemes with which nature presents us. You must
have felt this, too: the almost frightening simplicity and wholeness
of the relationships which nature suddenly spreads out
before us and for which none of us was in the least prepared.
And this feeling is something completely different from the joy
we feel when we have done a set task particularly well. That is
one reason why I hope that the problems we have been discussing
will be solved in one way or another. In the present case, the
simplicity of the mathematical scheme has the further consequence
that it ought to be possible to think up many experiments
whose results can be predicted from the theory. And if the
actual experiments should bear out the predictions, there is little
doubt but that the theory reflects nature accurately in this particular
realm."


"Control by experiment," Einstein agreed, "is, of course, an
essential prerequisite of the validity of any theory. But one can't
possibly test everything. That is why I am so interested in your
remarks about simplicity. Still, I should never claim that I really
understood what is meant by the simplicity of natural laws."


After talking about the role of truth criteria in physics for
quite a bit longer, I took my leave. I next met Einstein a year
and a half later, at the Solvay Congress in Brussels, where the
epistemological and philosophical bases of quantum theory once
again formed the subject of the most exciting discussions.





Heisenberg did not yet accept Einstein's 1905 idea of light quanta localized as particles. It is very likely that Bohr also still had his doubts about wave-particle duality.


Source: https://www.informationphilosopher.com/solutions/scientists/heisenberg/talk_with_einstein.html
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Edwin Thompson Jaynes extended statistical mechanics to connect it to probability theory, Claude Shannon's information theory, and Bayesian statistical inferences.

He championed the work of J. Willard Gibbs, contrasting it to the earlier work of Ludwig Boltzmann.


His 1957 "principle of maximum entropy" or "maxent" says that the probability distribution that best represents the current state of knowledge is the one with largest entropy.


In 1964, Jaynes examined the difference between the Boltzmann and Gibbs formulations of the entropy. They differ, he says, because of different treatments of "interparticle forces."


The status of the Gibbs and Boltzmann expressions for entropy has been a matter of some
confusion in the literature. We show that: 
(1) the Gibbs H-function yields the correct entropy
as defined in phenomenological thermodynamics; 
 
(2) the Boltzmann H yields an "entropy" that
is in error by a nonnegligible amount whenever interparticle forces affect thermodynamic
properties;
  
(3) Boltzmann's other interpretation of entropy, 
  S
  =
  k
  l
  o
  g
  W
, is consistent with the
Gibbs H, and derivable from it; 
 
(4) the Boltzmann H theorem does not constitute a demonstration
of the second law for dilute gases;
 
(5) the dynamical invariance of the Gibbs H gives
a simple proof of the second law for arbitrary interparticle forces; 
 
(6) the second law is a special
case of a general requirement for any macroscopic process to be experimentally reproducible.
 
Finally, the "anthropomorphic" nature of entropy, on both the statistical and phenomenological
levels, is stressed.




Jaynes explains that Gibbs entropy is a conserved quantity, for the same reason as the Liouville theorem that conserves the hyper-volume in phase space of a cloud of particles as it traverses its trajectory.

Boltzmann entropy increases. We can show that this is a consequence of quantal interactions during particle collisions, which deny the claim of microscopic reversibility and erase the path information in the gas particles that would be needed to support  Loschmidt's objection to the Boltzmann H-Theorem



In the writer's 1962 Brandeis lectures on statistical mechanics, the Gibbs and Boltzmann
expressions for entropy were compared briefly,
and it was stated that the Gibbs formula gives
the correct entropy, as defined in phenomenological
thermodynamics, while the Boltzmann H
expression is correct only in the case of an ideal
gas. However, there is a school of thought which
holds that the Boltzmann expression is directly
related to the entropy, and the Gibbs' one simply
erroneous. This belief can be traced back to the
famous Ehrenfest review article, which severely
criticized Gibbs' methods.

While it takes very little thought to see that
objections to the Gibbs II are immediately refuted
by the fact that the Gibbs canonical ensemble
does yield correct thermodynamic predictions,
discussion with a number of physicists
has disclosed a more subtle, but more widespread,
misconception. The basic inequality of the
Gibbs and Boltzmann H functions, to be derived
in Sec. II, was accepted as mathematically correct; but it was thought that, in consequence of
the "laws of large numbers" the difference between
them would be practically negligible in
the limit of large systems.


Now it is true that there are many different
entropy expressions that go into substantially
the same thing in this limit; several examples
were given by Gibbs. However, the Boltzmann
expression is not one of them; as we prove in
Sec. Ill , the difference is a direct measure of the
effect of interparticle forces on the potential
energy and pressure, and increases proportionally
to the size of the system.


Failure to recognize the fundamental role of
the Gibbs H function is closely related to a much
deeper confusion about entropy, probability,
and irreversibility in general. 


For example, the
Boltzmann H theorem is almost universally
equated to a demonstration of the second law of
thermodynamics for dilute gases, while ever
since the Ehrenfest criticisms, it has been
claimed repeatedly that the Gibbs H cannot be
related to the entropy because it is constant in
time.

Closer inspection reveals that the situation is
very different. Merely to exhibit a mathematical
quantity which tends to increase is not relevant
to the second law unless one demonstrates that
this quantity is related to the entropy as measured
experimentally. But neither the Gibbs nor
the Boltzmann H is so related for any distribution
other than the equilibrium (i.e., canonical)
one. Consequently, although Boltzmann's H
theorem does show the tendency of a gas to go
into a Maxwellian velocity distribution, this is
not the same thing as the second law, which is a
statement of experimental fact about the direction
in which the observed macroscopic quantities
(P,V,T) change.



The idea of classical coarse-graining takes on new significance with the minimal phase-space volumes of the quantum mechanical uncertainty principle.


Past attempts to demonstrate the second law
for systems other than dilute gases have generally
tried to retain the basic idea of the Boltzmann
H theorem. Since the Gibbs H is dynamically
constant, one has resorted to some kind of coarse-graining
operation, resulting in a new quantity
Ħ, which tends to decrease. Such attempts cannot
achieve their purpose, because (a) mathematically,
the decrease in Ħ is due only to the
artificial coarse-graining operation and it cannot,
therefore have any physical significance; (b) as
in the Boltzmann H theorem, the quantity whose
increase is demonstrated is not the same thing
as the entropy. For the fine-grained and coarse-grained
probability distributions lead to just the
same predictions for the observed macroscopic
quantities, which alone determine the experimental
entropy; the difference between H and Ħ
is characteristic, not of the macroscopic state,
but of the particular way in which we choose to
coarse-grain. Any really satisfactory demonstration
of the second law must therefore be based on
a different approach than coarse-graining.

Actually, a demonstration of the second law,
in the rather specialized situation visualized in
the aforementioned attempts, is much simpler
than any H theorem. Once we accept the well-established
proposition that the Gibbs canonical
ensemble does yield the correct equilibrium
thermodynamics, then there is logically no room
for any assumption about which quantity represents
entropy; it is a question of mathematically
demonstrable fact. But as soon as we have understood
the relation between Gibbs' H and the
experimental entropy, Eq. (17) below, it is
immediately obvious that the constancy of
Gibbs' H, far from creating difficulties, is precisely
the dynamical property we need for the
proof.


It is interesting that, although this field has
long been regarded as one of the most puzzling
and controversial parts of physics, the difficulties
have not been mathematical. Each of the above
assertions is proved below or in the Brandeis
lectures, using only a few lines of elementary
mathematics, all of which was given by Gibbs.
It is the enormous conceptual difficulty of this
field which has retarded progress for so long.
Readers not familiar with recent developments
may, I hope, be pleasantly surprised to see how
clear and basically simple these problems have
now become, in several respects. However, as we
will see, there are still many complications and
unsolved problems.


Inspection of several statistical mechanics
textbooks showed that, while most state the
formal relations correctly, their full implications
are never noted. Indeed, while all textbooks give
extensive discussions of Boltzmann's H, some
recent ones fail to mention even the existence of
the Gibbs H. I was unable to find any explicit
mathematical demonstration of their difference.
It appeared, therefore, that the following note
might be pedagogically useful.




Gibbs' entropy is a constant because the loss of macroscopic order is conserved in the path information of the particles


As to the connections between entropy and information, in particular, "subjective human ignorance," Jaynes says,



The phase volume W0 therefore describes the full
range of possible initial microstates; and not
some arbitrary subset of them; this is the basic
justification for using the canonical distribution
to describe partial information.

On the "subjective" side, we can therefore say
that W0 measures our degree of ignorance as to the
true unknown microstate, when the only information we have consists of the macroscopic
thermodynamic parameters; a remark first made
by Boltzmann. 




Gibbs Paradox


In Jaynes' article on the famous paradox, he writes...


Some important facts about thermodynamics have not been understood by others to this day, nearly as well as Gibbs understood them over 100 years ago. Other aspects of this “new” development have been reported elsewhere (Jaynes 1986, 1988, 1989). In the present note we consider the “Gibbs Paradox” about entropy of mixing and the logically inseparable topics of reversibility and the extensive property of entropy.

For 80 years it has seemed natural that, to find what Gibbs had to say about this, one should turn to his Statistical Mechanics. For 60 years, textbooks and teachers (including, regrettably, the present writer) have impressed upon students how remarkable it was that Gibbs, already in 1902, had been able to hit upon this paradox which foretold - and had its resolution only in - quantum theory with its lore about indistinguishable particles, Bose and Fermi statistics, etc.


It was therefore a shock to discover that in the first Section of his earlier work (which must have been written by mid-1874 at the latest), Gibbs displays a full understanding of this problem, and disposes of it without a trace of that confusion over the “meaning of entropy” or “operational distinguishability of particles” on which later writers have stumbled. He goes straight to the heart of the matter as a simple technical detail, easily understood as soon as one has grasped the full meanings of the words “state” and “reversible” as they are used in thermodynamics. In short, quantum theory did not resolve any paradox, because there was no paradox.




It seems odd that Gibbs' original discussion of mixing gases, in his extensive monograph on the "Equilibrium of Heterogeneous Substances," should come as a "shock" to Jaynes. Most thermodynamic textbooks, since Lewis and Randall in 1923, mention the mixing problem as being discussed in what they called Gibbs' "great memoir." They also point out that Ludwig Boltzmann used a quote from the famous "paradox" passage to open volume 2 of his Lectures on Gas Theory (1898).
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Chapter XXVI of The Principles of Science

THERE seems to be a tendency to believe that, in the present age, the importance of individual genius is less than it formerly was.

'The individual withers, and the world is more and more.'



Society, it seems to be supposed, has now assumed so highly developed a form, that what was accomplished in past times by the solitary exertions of a single great intellect, may now be gradually worked out by the united labours of an army of investigators. Just as the combination of well-organized power in a modern army entirely supersedes the single-handed bravery of the mediaeval knight, so we are to believe that the combination of intellectual labour has superseded the genius of an Archimedes, a Roger Bacon, or a Newton. So-called original research is now regarded almost as a recognised profession, adopted by hundreds of men, and communicated by a regular system of training. All that we need to secure great additions to our knowledge of nature is the erection of great laboratories, museums, and observatories, and the offering of sufficiently great pecuniary rewards to those who can invent new chemical compounds, or detect new species, or discover new comets. Doubtless this is not the real meaning of the eminent men who are now urging upon Government the elaborate endowment of physical research. They can only mean that the greater the pecuniary and material assistance given to men of science, the greater is the result which the available genius of the country may be expected to produce. Money and opportunities of study can no more produce genius than sunshine and moisture can generate living beings; the inexplicable germ is wanting in both cases. But, just as when the germ is present, the plant will grow more or less vigorously according to the circumstances in which it is placed, so it may be allowed that pecuniary assistance may favour the development of intellect. Public opinion however is not discriminating, and is likely to interpret the agitation for the endowment of science as meaning that science can be evolved from money or labour.
p/>
	All such notions are, I believe, radically erroneous. In no branch of human affairs, neither in politics, war, literature, industry, nor science, is the influence of genius less considerable than it used to be. It is quite possible that the extension and organization of scientific study, assisted by the printing press and the accelerated means of communication, has increased the rapidity with which new discoveries are made known, and their details worked out by many heads and hands. A Darwin now no sooner propounds original ideas concerning the evolution of animated creatures, than those ideas are discussed and illustrated, and applied by other naturalists in every part of the civilized world. In former days his labours and discoveries would have been hidden for decades of years in scarce manuscripts, and generations would have passed away before his theory had enjoyed the same amount of criticism and corroboration as it has already received in fifteen years. But the general result is that the genius of Darwin is more valuable, not less valuable, than it would formerly have been. The advance of military science and the organization of enormous and well disciplined armies has not decreased the value of a skilful general; on the contrary, the rank and file are still more in need than they used to be of the guiding power of an ingenious and far-seeing intellect. The swift destruction of the French military power was not due alone to the perfection of the German army, nor to the genius of Moltke; it was due to the combination of a well-disciplined multitude, with a leader of the highest intellectual powers. So in every branch of human affairs the influence of the individual is not withering, but is growing with the extent of the material resources which are at his command.
Nature of Genius.


Turning to our own particular subject, it is a work of
undiminished interest to reflect upon those qualities of mind which lead to great advances in natural knowledge. Nothing, indeed, is less amenable than genius to scientific analysis and explanation. Even precise definition is out of the question. Buffon said that 'genius is patience,' and certainly patience is one of its most constant and requisite components. But no one can suppose that patient labour alone will invariably lead to those conspicuous results which we attribute to genius. In every branch of science, literature, art, or industry, there are thousands of men and women who work with unceasing patience, and thereby ensure at least a moderate success; but it would be absurd to assent for a moment to crude notions of human equality, and to allow that equal amounts of intellectual labour yield equal results. A Newton may modestly and sincerely attribute his discoveries to industry and patient thought, and there is much reason to believe that genius is essentially unconscious and unable to account for its own peculiar powers. If genius, indeed, be that by which intellect diverges from what is common, it must necessarily be a phenomenon beyond the domain of the ordinary laws of nature. Nevertheless, it is always an interesting and instructive work to trace out, as far as possible, the characteristics of mind by which great discoveries have been achieved, and we shall find in the analysis much to illustrate the principles of scientific method.

Error of the Baconian Method.

Hundreds of investigators may be constantly engaged in experimental inquiry ; they may compile numberless notebooks full of scientific facts, and may frame endless tables full of numerical results; but if the views of the nature of induction here maintained be true they can never by such work alone rise to new and great discoveries. By an organized system of research they may work out deductively the detailed results of a previous discovery, but to arrive at a new principle of nature is another matter. Francis Bacon contributed to spread abroad the hurtful notion that to advance science we must begin by accumulating facts, and then draw from them, by a process of patient digestion, successive laws of higher and higher generality. In protesting against the false method of the scholastic logicians, he exaggerated a partially true philosophy, until it became almost as false as that which preceded it. His notion of scientific method was that of a kind of scientific bookkeeping. Facts were to be indiscriminately gathered from every source, and posted in a kind of ledger, from which would emerge in time a clear balance of truth. It is difficult to imagine a less likely way of arriving at great discoveries.


The greater the array of facts, the less is the probability that they will by any routine system of classification or research disclose the laws of nature they embody. Exhaustive classification in all possible orders is out of the question, because the possible orders are practically infinite in number. It is before the glance of the philosophic mind that facts must display their meaning, and fall into logical order. The natural philosopher must therefore have, in the first place, a mind of impressionable character, which is readily affected by the slightest exceptional phenomenon. His associating and identifying powers must be great, that is, a single strange fact must suggest to his mind whatever of like nature has previously come within his experience. His imagination must be active, and bring before his mind multitudes of relations in which the unexplained facts may possibly stand with regard to each other, or to more common facts. Sure and vigorous powers of deductive reasoning must then come into play, and enable him to infer what will happen under each supposed condition. Lastly, and above all, there must be the love of certainty leading him diligently and with perfect candour, to compare his speculations with the test of fact and experiment.

Freedom of Theorizing.

It would be a complete error to suppose that the great discoverer is one who seizes at once unerringly upon the truth, or has any special method of divining it. In all probability the errors of the great mind far exceed in number those of the less vigorous one. Fertility of imagination and abundance of guesses at truth are among the first requisites of discovery; but the erroneous guesses must almost of necessity be many times as numerous as those which prove well founded. The weakest analogies, the most whimsical notions, the most apparently absurd theories, may pass through the teeming brain, and no record may remain of more than the hundredth part. There is nothing intrinsically absurd except that which proves contrary to logic and experience. The truest theories involve suppositions which are most inconceivable, and no limit can really be placed to the freedom of framing hypotheses. Kepler is an extraordinary instance to this effect. No minor laws of nature are more firmly established than those which he detected concerning the orbits and motions of planetary masses, and on these empirical laws the theory of gravitation was founded. Did we not know by his own writings the multitude of errors into which he fell, we might have imagined that he had some special faculty of seizing on the truth. But, as is well known, lie was full of chimerical notions; his most favourite and long entertained theory was founded on a fanciful analogy between the planetary orbits and the regular solids. His celebrated laws were the outcome of a lifetime of speculation, for the most part vain and groundless. We know this with certainty, because he had a curious pleasure in dwelling upon erroneous and futile trains of reasoning, which most other persons carefully consign to oblivion. But Kepler's name was destined to immortality, on account of the patience with which he submitted his hypotheses to comparison with observation, the candour with which he acknowledged failure after failure, and the perseverance and ingenuity with which lie renewed his attack upon the riddles of nature.


Next after Kepler perhaps Faraday is the physical philosopher who has afforded us the most important materials for gaining an insight into the progress of discovery, by recording erroneous as well as successful speculations. The recorded notions; indeed, are probably at the most a tithe of the fancies which arose in his active brain. As Faraday himself said— 'The world little knows how many of the thoughts and theories which have passed through the mind of a scientific investigator, have been crushed in silence and secresy by his own severe criticism and adverse examination; that in the most successful instances not a tenth of the suggestions, the hopes, the wishes, the preliminary conclusions have been realized.'


Nevertheless, in Faraday's researches published either in the Philosophical Transactions' or in minor papers, in his manuscript note-books, of in various other materials, fortunately made known in his interesting life by Dr. Bence Jones, we find invaluable lessons for the experimentalist. These writings are full of speculations which we must not judge by the light of subsequent discovery. It may even be said that Faraday sometimes committed to the printing press crude ideas which a cautious friend would have counselled him to keep back or suppress. There was occasionally even a wildness and vagueness in his notions, which in a less careful experimentalist might have been fatal to the attainment of truth. This is especially apparent in a curious paper concerning Ray-vibrations; but fortunately Faraday was fully aware of the shadowy character of his speculations, and expressed the feeling in words ,which must be quoted. 'I think it likely,' he says, 'that I have made many mistakes in the preceding pages, for even to myself my ideas on this point appear only as the shadow of a speculation, or as one of those impressions upon the mind, which are allowable for a time as guides to thought and research. He who labours in experimental inquiries knows how numerous these are, and how often their apparent fitness and beauty vanish before the progress and development of real natural truth.' If, then, the experimentalist has no royal road to the discovery of the truth, it is an interesting matter to consider by what logical procedure lie attains the truth.


If I have taken a correct view of logical method, there is really no such thing as a distinct process of induction. The probability is infinitely small that a collection of complicated facts will fall into an arrangement capable of exhibiting directly the laws obeyed by them. The mathematician might as well expect to integrate his functions by a ballot-box, as the experimentalist to draw deep truths from haphazard trials. All induction is but the inverse application of deduction, and it is by the inexplicable mental action of a gifted mind that a multitude of heterogeneous facts are caused to range themselves in luminous order as the results of some uniformly acting law. So different, indeed, are the qualities of mind required in different branches of science that it would be absurd to attempt to give an exhaustive description of the character of mind which leads to discovery. The labours of Newton could not have been accomplished except by a mind of the utmost mathematical genius ; Faraday, on the other hand, has made the most extensive and undoubted additions to human knowledge without ever passing beyond common arithmetic. I do not remember meeting in Faraday's writings with a single algebraic formula or mathematical problem of any complexity. Professor Clerk Maxwell, indeed, in the preface to his new Treatise on Electricity, has strongly recommended the reading of Faraday's researches by all students of science, and has given his opinion that though Faraday seldom or never employed mathematical formulae, his methods and conceptions were not the less mathematical in their nature. I have myself protested against the prevailing confusion between a mathematical and an exact science, yet I certainly think that Faraday's experiments were for the most part purely qualitative, and
 that his mathematical ideas were of a rudimentary character. It is true that he could not possibly investigate such a subject as magne-crystallic action without involving himself in geometrical relations of considerable complexity. I nevertheless think that he was deficient in purely mathematical deductive power, that power which is so exclusively developed by the modern system of mathematical training at Cambridge. Faraday, for instance, was perfectly acquainted with the forms of his celebrated lines of force, but I am not aware that he ever entered into the subject of the algebraic nature of those curves, and I feel sure that he could not have explained their form as depending on the resultant attraction of all the magnetic particles acting according to general mathematical laws. There are even occasional indications that he did not understand some of the simpler mathematical doctrines of modern physical science. Although he so clearly foresaw the establishment of the unity of the physical forces, and laboured so hard with his own hands to connect gravity with the other forces, it is very doubtful whether he understood the fundamental doctrine of the conservation of energy as applied to gravitation. Thus, while Faraday was probably equal to Newton in experimental skill and deductive power as regards the invention of simple qualitative experiments, he was contrasted to him in mathematical power. These two instances are sufficient to show that minds of widely different conformation may meet with suitable regions of research. Nevertheless, there are certain common traits which we may discover in all the highest scientific minds.

The Newtonian Method, the True Organum.


Laplace was of opinion that the 'Principia' and the 'Opticks' of Newton furnished the best models then available of the delicate art of experimental and theoretical investigation. In these, as he says, we meet with the most happy illustrations of the way in which, from a series of inductions, we may rise to the causes of phenomena, and thence descend again to all the resulting details.


The popular notion concerning Newton's discoveries is that in early life, while driven into the country by the Great Plague, a falling apple accidentally suggested to him the existence of gravitation, and that, availing himself of this hint, he was led to the discovery of the law of gravitation, the explanation of which constitutes the Principia: It is difficult to imagine a more ludicrous and inadequate picture of Newton's labours and position. No originality, or at least priority, could be or was claimed by Newton as regards the discovery of the celebrated law of the inverse square, so closely associated with his name. In a well-known Scholium* he acknowledges that Sir Christopher Wren, Dr. Hooke, and Dr. Halley, had severally observed the accordance of Kepler's third law of motion of the planets with the principle of the inverse square.


Newton's work was really that of developing the methods of deductive reasoning and experimental verification, by which alone great hypotheses can be brought to the touch-stone of fact. Archimedes was the greatest of ancient philosophers, for he showed how mathematical theory could be wedded to physical experiments; and his works are the first true Organum. Newton is the modern Archimedes, and the 'Principia ' forms the true Novum Organum of scientific method. The laws which he actually established are great, but his example of the manner of establishing them is greater still. There is hardly a progressive branch of physical and mathematical science, excepting perhaps chemistry and electricity, which has not been developed from the germs of true scientific procedure which he disclosed in the 'Principia' or the 'Opticks.' Overcome by the success of his theory of universal gravitation, we are apt to forget that in his theory of sound he originated the mathematical investigation of waves and the mutual action of particles; that in his Corpuscular theory of light, however mistaken, he first ventured to apply mathematical considerations to molecular attractions and repulsions; that in his prismatic experiments he showed how far experimental verification could be pushed ; that in his examination of the coloured rings named after him, he accomplished the most remarkable instance of minute measurement yet known, a mere practical application of which by M. Fizeau was recently deemed worthy of a medal by the Royal Society. We only learn by degrees how complete was his scientific insight; a few words in his third law of motion display his acquaintance with the fundamental principles of modern thermodynamics and the conservation of energy, while manuscripts long overlooked prove that in his inquiries concerning atmospheric refraction he had overcome the main difficulties of applying theory to one of the most complex of physical problems.


After all, it is only by examining the way in which he effected discoveries, that we can rightly appreciate his greatness. The 'Principia' treats not of gravity so much as of forces in general, and the methods of reasoning about them. He investigates not one hypothesis only, but mechanical hypotheses in general. Nothing so much strikes the reader of the work as the exhaustiveness of his treatment, and the almost infinite power of his insight. If he treats of central forces, it is not any one law of force which he discusses, but many, or almost all imaginable cases, the laws and results of each of which he sketches out in a few pregnant words. If his subject is a resisting medium, it is not air or water alone, nor any one resisting medium, but resisting media in general. We have a good example of his method in the Scholium to the twenty-second proposition of the second book, in which he runs rapidly over many possible suppositions as to the laws of the compressing forces which might conceivably act in aan atmosphere of gas, a consequence being drawn from each case, and that one hypothesis ultimately selected which yields results agreeing with experiments upon the pressure and density of the terrestrial atmosphere.



Newton said that he did not frame hypotheses, but, in reality, the greater part of the 'Principia' is purely hypothetical, endless varieties of causes and laws being imagined which have no counterpart in nature. The most grotesque hypotheses of Kepler or Descartes were not more imaginary. But Newton's comprehension of logical method was perfect; no hypothesis was entertained unless it was definite in conditions, and admitted of unquestionable deductive reasoning; and the value of each hypothesis was entirely decided by the comparison of its consequences with facts. I do not entertain a doubt that the general course of his procedure is identical with that view of the nature of induction, as the inverse application of deduction, which I have advocated throughout these volumes. Francis Bacon held that science should be founded on experience, but he wholly mistook the true mode of using experience, and in attempting to apply his method he ludicrously failed. Newton did not less found his method on experience, but he seized the true method of treating it, and applied it with a power and success never since equalled. It is wholly a mistake to say that modern science is the result of the Baconian philosophy; it is the Newtonian philosophy and the Newtonian method which have led to all the great triumphs of physical science, and I repeat that the 'Principia' forms the true 'Novum Organum.'

In bringing his theories to a decisive experimental verification, Newton showed, as a general rule, an exquisite skill and ingenuity. In his hands a few simple pieces of apparatus were made to give results involving an unsuspected depth of meaning. His most beautiful experimental inquiry was that by which he proved the differing refrangibility of rays of light. To suppose that he originally discovered the power of a prism to break up a beam of white light would be a great mistake,. for he speaks of procuring a glass prism to try the celebrated phenomena of colours. But we certainly owe to him the theory that white light is a mixture of rays differing in refrangibility, and that lights which differ in colour, differ also in refrangibility. Other persons might have conceived this theory; in fact, any person regarding refraction as a quantitative effect, must see that different parts of the spectrum have suffered different amounts of refraction. But the power of Newton is shown in the tenacity with which he followed his theory into every consequence, and tested each result by a simple but conclusive experiment. He first shows that different coloured spots are displaced by different amounts when viewed through a prism, and that their images come to a focus at different distances from the Tense, as they should do, if the refrangibility differed. After excluding by various experiments a variety of indifferent circumstances, lie 'fixes leis attention upon the question whether the rays are merely shattered, disturbed, and spread out in a chance manner, as Grimaldi supposed, or whether there is a constant, relation between the colour and the refrangibility. If Grimaldi was right, it might be expected that any part of the spectrum taken separately, and subjected to a second refraction, would suffer a new breaking up, and produce some new spectrum. Newton inferred from his own theory that a particular ray of the spectrum would have a constant refrangibility, so that a second prism would merely bend it more or less, but not further disperse it in any considerable degree. By simply cutting off most of the rays of the spectrum by a screen, and allowing the remaining narrow ray to fall on a second prism, he proved the truth of this conclusion; and then slowly turning the first prism, so as to vary the colour of the ray falling on the second one, he found that the spot of light formed by the twice-refracted ray travelled up and down, a palpable proof that the amount of refrangibility varied with the colour. For his further satisfaction, he sometimes refracted the light a third or fourth time, and he found that it might be refracted upwards or downwards or sideways, and yet for each coloured light there was a definite amount of refraction through each prism. He completes the proof by showing that the separated rays may again be gathered together into white light by an inverted prism. So that no number of refractions alters the character of the light. The conclusion thus obtained serves to explain the confusion arising in the use of a common lease; with homogeneous light he shows that there is one distinct focus, with mixed light an infinite number of foci, which prevent a clear view from being obtained at any one point.


What astonishes the reader of the 'Opticks' is the persistence with which Newton follows out the consequences of a preconceived theory, and tests the one notion by a wonderful variety of simple comparisons with fact.
It is certainly the theory which leads him to the experiments, and most of these could hardly be devised by accident. The fertility with which he invents new combinations, and foresees the results, subsequently verified, produces an invincible conviction in the reader that he has possession of the truth. Newton actually remarks that it was by mathematically determining all kinds of phenomena of colours which could be produced by refraction that he had 'invented' almost all the experiments in the book, and he promises that others who shall 'argue truly,' and try the experiments with care, will not be disappointed in the results.


The philosophic method of Huyghens was almost exactly the same as that of Newton, and Huyghens' investigation of the laws of double refraction furnishes almost equally beautiful instances of theory guiding experiment. Double refraction was first discovered by accident, so far as we know, and was described by Erasmus Bartholinus in 1669. The phenomenon then appeared to be entirely exceptional, and the laws governing the two separate paths of the refracted rays were so unapparent and complicated, that even Newton altogether misunderstood the phenomenon, and it was only at the latter end of the last century that scientific men generally began to comprehend its laws.


Nevertheless, Huyghens had, with rare genius, arrived at the true theory as early as 1678. He regarded light as an undulatory motion of some medium, and in his
'Traité de la Lumière;' he pointed out that, in ordinary refraction, the velocity of propagation of the wave is equal in all directions, so that the front of an advancing wave is spherical, and reaches equal distances in equal times. But in crystals, as he supposed, the medium would be of unequal elasticity in different directions, so that a disturbance would reach unequal distances in equal times, and the wave produced would have a spheroidal form. Huyghens was not satisfied with an unverified theory. He calculated what might be expected to happen when a crystal of calc-spar was cut in various directions, and he says, 'I have examined in detail the properties of the extraordinary refraction of this crystal, to see if each phenomenon which is deduced from theory would agree with what is really observed. And this being so, it is no slight proof of the truth of our suppositions and principles; but what I am going to add here confirms them still more wonderfully; that is, the different modes of cutting this crystal, in which the surfaces produced give rise to refraction exactly such as they ought to be, and as I had foreseen them, according to the preceding theory.'


The supremacy of Newton's mistaken corpuscular doctrine of light caused the theories and experiments of Huyghens to be disregarded for more than a century; but it is not easy to imagine a more beautiful or successful application of the true method of inductive investigation, theory guiding experiment, and yet wholly relying on experiment for confirmation.

Candour and Courage of the Philosophic Mind.

Perfect readiness to reject a theory inconsistent with fact is, then, a primary requisite of the philosophical mind. But it would be a mistake to suppose that this candour has anything akin to fickleness; on the contrary, readiness to reject a false theory may be combined with a peculiar pertinacity and courage in maintaining an hypothesis as long as its falsity is not actually apparent. There must, indeed, be no prejudice or bias distorting the mind, and causing it to under-estimate or pass over the unwelcome results of experiment. There must be that scrupulous honesty and flexibility of mind, which assigns an adequate value to all evidence; indeed the more a man loves his theory, the more scrupulous should be his attention to its faults. Nothing is more common in life than to meet with some theorist, who, by long cogitation over a single theory, has allowed it to mould his mind, and render him incapable of receiving anything but as a contribution to the truth of his one theory. A narrow and intense course of thought may sometimes lead to great results, but the adoption of a wrong theory at the outset is in such a mind irretrievable. The man of one idea has but a single chance of truth. The fertile discoverer, on the contrary, chooses between many theories, and is never wedded to any one, unless impartial and repeated comparison has convinced him of its validity. He does not choose and then compare; but he compares time after time, and then chooses.


Having once deliberately chosen, the philosopher may rightly entertain his theory with the strongest love and fidelity. He will neglect no objection; for he may chance at any time to meet a fatal one; but he will bear in mind the inconsiderable powers of the human mind compared with the tasks it has to undertake. He will see that no theory can at first be reconciled with all possible objections, simply because there may be many interfering causes, or the very consequences of the theory may have a complexity which prolonged investigation by successive generations of men may not exhaust. If then, a theory exhibit a number of very striking coincidences with fact, it must not be thrown aside until at least one conclusive discordance is proved, regard being had to possible error in establishing that discordance. In science and philosophy something must be risked. He who quails at the least difficulty will never establish a new truth, and it was not unphilosophic in Leslie to remark concerning his own experimental investigations into the nature of heat - 'In the course of investigation, I have found myself compelled to relinquish some preconceived notions; but I have not abandoned them hastily, nor, till after a warm and obstinate defence, I was driven from every post.'


Faraday's life, again, furnishes most interesting illustrations of this tenacity of the philosophical mind. Though so candid in rejecting some of his theories, there were others to which he clung through everything. One of his most favourite notions was finally realised in a brilliant discovery; another remains in doubt to the present day.


Source: https://www.informationphilosopher.com/solutions/scientists/jevons/character_of_the_experimentalist.html
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The article by Nikolić1 with its catchy title is a reminder of the scandalous fact that eighty years after the development of quantum mechanics the literature is still swamped by voluminous discussions about what is called its “interpretation.”2 Actually quantum mechanics provides a complete and adequate description of the observed physical phenomena on the atomic scale. What else can one wish? (It is true that the connection with gravity is still a problem, but that is outside this discussion.) The difficulty is that the authors are unable to adjust their way of thinking—and speaking—to the fact that phenomena on the microscopic scale look different from what we are accustomed to in ordinary life. That two electrons far apart may be entangled seems strange to someone who still thinks of electrons as individual particles rather than as manifestations of a wave function.

The inability to adjust one’s thinking to the new phenomena gave rise to the idea of hidden variables, made popular by Bohm.3 He (and many others) wrote the Schrödinger equation in a form resembling the classical Hamilton–Jacobi equation, concealing the counter-intuitive features of quantum mechanics in a “quantum potential.” That DeBroglie initially regarded the wave function as a pilot wave is understandable, but the fact that he revived it in 1957 only means that he refused to accept the quantum mechanical picture.4 Even a nonlinear interaction with our consciousness has been suggested.5 Ghirardi–Rimini–Weber6 proposed to modify the Schrödinger equation so as to make it agree with their ideas about how reality ought to look.


Take the much discussed case of a beam of electrons passing through two slits in an opaque screen and producing interference stripes on a receiving screen. There is no way to explain this if one thinks of electrons as classical particles even if dressed up with some quantum features (except perhaps a Bohm potential of a very weird kind). Bohr solved the problem by emphasizing that the question, through which slit a particle had passed, is illegitimate as long as one has no way of observing that passage, and any set-up that makes this observation possible destroys the interference. This can be checked by an explicit quantum mechanical treatment of both the observed system and the apparatus.7 
A perennial bone of contention is the following “measurement problem.” The evolution of a system is given in terms of a complex wave function but one observes only probabilities given by its absolute square. Von Neumann,8 being a mathematician, introduced as an axiom that observation reduces the wave function (or “probability amplitude”) to a probability distribution. Others concluded that an observation splits the entire universe into many worlds,9 but this picture is not open to verification, nor does it solve the question. The fact that the observed state of a system is not sufficient to compute its future, not even its probable future, was regarded as unacceptable by Einstein.


The solution of the measurement problem is twofold. First, any observation or measurement requires a macroscopic measuring apparatus. A macroscopic object is also governed by quantum mechanics, but has a large number of constituents, so that each macroscopic state is a combination of an enormous number of quantum mechanical eigenstates. As a consequence the quantum mechanical interference terms between two macroscopic states virtually cancel and only probabilities survive. That is the explanation why our familiar macroscopic physics, concerned with billiard balls, deals with probabilities rather than probability amplitudes.10

Incidentally, this is also the answer to the Schrödinger cat paradox. The Hilbert space of the cat does not consist of two eigenstates for life and death, but of two macroscopic subspaces corresponding to life and death and the interference terms between them cancel. Such a situation is not unusual. We know that air and water consist of molecules, but in everyday life we are dealing with their macroscopic averages: wind and currents.


Second, in order that a macroscopic apparatus can be influenced by the presence of a microscopic event it has to be prepared in a metastable initial state—think of the Wilson camera and the Geiger counter. The microscopic event triggers a macroscopically visible transition into the stable state. Of course this is irreversible and is accompanied by a thermodynamic increase of entropy.


This is the physics as determined by quantum mechanics. The scandal is that there are still many articles, discussions, and textbooks, which advertise various interpretations and philosophical profundities. In the seventeenth century Cartesians refused to accept Newton’s attraction because they could not accept a force that was not transmitted by a medium. Even now many physicists have not yet learned that they should adjust their ideas to the observed reality rather than the other way round.
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On a Universal Tendency in Nature to the Dissipation of Mechanical Energy

Proceedings of the Royal Society of Edinburgh for April 19, 1852 

The object of the present communication is to call attention to the remarkable consequences which follow from Carnot's proposition, that there is an absolute waste of mechanical energy available to man when heat is allowed to pass from one body to another at a lower temperature, by any means not fulfilling his criterion of a “perfect thermo-dynamic engine,” established, on a new foundation, in the dynamical theory of heat. As it is most certain that Creative Power alone can either call into existence or annihilate mechanical energy, the “waste” referred to cannot be annihilation, but must be some transformation of energy. To explain the nature of this transformation, it is convenient, in the first place, to divide stores of mechanical energy into two classes—statical and dynamical. A quantity of weights at a height, ready to descend and do work when wanted, an electrified body, a quantity of fuel, contain stores of mechanical energy of the statical kind. Masses of matter in motion, a volume of space through which undulations of light or radiant heat are passing, a body having thermal motions among its particles (that is, not infinitely cold), contain stores of mechanical energy of the dynamical kind.
The following propositions are laid down regarding the dissipation of mechanical energy from a given store, and the restoration of it to its primitive condition. They are necessary consequences of the axiom, “It is impossible, by means of inanimate material agency, to derive mechanical effect from any portion of matter by cooling it below the temperature of the coldest of the surrounding objects.”
I. When heat is created by a reversible process (so that the mechanical energy thus spent may be restored to its primitive condition), there is also a transference from a cold body to a hot body of a quantity of heat bearing to the quantity created a definite proportion depending on the temperature of the two bodies.
II. When heat is created by any unreversible process (such as friction), there is a dissipation of mechanical energy, and a full restoration of it to its primitive condition is impossible.
III. When heat is diffused by conduction, there is a dissipation of mechanical energy, and perfect restoration is impossible.
IV. When radiant heat of light is absorbed, otherwise than in vegetation, or in chemical action, there is a dissipation of mechanical energy, and perfect restoration is impossible.
In connexion with the second proposition, the question, How far if the loss of power experienced by steam in rushing through narrow steam-pipes compensated, as regards the economy of the engine, by the heat (containing an exact equivalent of mechanical energy) created by the friction? is considered, and the following conclusion is arrived at:—
Let S denote the temperature of the steam (which is nearly the same in the boiler and steam-pipe, and in the cylinder till the expansion within it commences); T the temperature of the condenser; μ the value of Carnot's function, for any temperature t; and R the value of
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Then (1-R)w expresses the greatest amount of mechanical effect that can be economized in the circumstances from a quantity w/J of heat produced by the expenditure of a quantity w of work in friction, whether of the steam in the pipes and entrance ports, or of any solids or fluids in motion in any part of the engine; and the remainder, Rw, is absolutely and irrecoverably wasted, unless some use is made of the heat discharged from the condenser. The value of 1-R has been shown to be not more than about 1/4 for the best steam-engines, and we may infer that in them at least three-fourths of the work spent in any kind of friction is utterly wasted.
In connexion with the third proposition, the quantity of work that could be got by equalizing the temperature of all parts of a solid body possessing initially a given non-uniform distribution of heat, if this could be done by means of perfect thermo-dynamic engines without conduction of heat, is investigated. If t be the initial temperature (estimated according to any arbitrary system) at any point xyz of the solid, T the final uniform temperature, and c the thermal capacity of unity of volume of the solid the required mechanical effect is of course equal to

[image: [equation 2]]
being simply the mechanical equivalent of the amount of heat put out of existence. Hence the problem becomes reduced to that of the determination of T. The following solution is obtained:—
[image: [equation 3]]
If the system of thermometry adopted [2] be such that μ = J / (t + a), that is if we agree to call J/μ - a the temperature of a body, for which μ is the value of Carnot's function (a and J being constants), the preceding expression becomes
[image: [equation 4]]
The following general conclusions are drawn from the propositions stated above, and known facts with reference to the mechanics of animal and vegetable bodies:—
1. There is at present in the material world a universal tendency to the dissipation of mechanical energy.
2. Any restoration of mechanical energy, without more than an equivalent of dissipation, is impossible in inanimate material processes, and is probably never effected by means of organized matter, either endowed with vegetable life or subject to the will of an animated creature.
3. Within a finite period of time past, the earth must have been, and within a finite period of time to come the earth must again be, unfit for the habitation of man as at present constituted, unless operations have been, or are to be performed, which are impossible under the laws to which the known operations going on at present in the material world are subject.
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The Kinetic Theory of the Dissipation of Energy

Proceedings of the Royal Society of Edinburgh, Vol. 8, pp. 325-34 (1874)

SUMMARY (by Stephen G. Brush, vol. 1, The Kinetic Theory of Gases)


The equations of motion in abstract dynamics are perfectly reversible; any solution of these equations remains valid when the time variable t is replaced by -t. Physical processes, on the other hand, are irreversible: for example, the friction of solids, conduction of heat, and diffusion. Nevertheless, the principle of dissipation of energy is compatible with a molecular theory in which each particle is subject to the laws of abstract dynamics.

Dissipation of energy, such as that due to heat conduction in a gas, might be entirely prevented by a suitable arrangement of Maxwell demons, operating in conformity with the conservation of energy and momentum. If no demons are present, the average result of the free motions of molecules will be to equalize temperature-differences. If we allowed this equalization to proceed for a certain time, and then reversed the motions of all the molecules, we would observe a disequalization. However, if the number of molecules is very large, as it is in a gas, any slight deviation from absolute precision in the reversal will greatly shorten the time during which disequalization occurs. In other words, the probability of occurrence of a distribution of velocities which will lead to disequalization of temperature for any perceptible length of time is very small. Furthermore, if we take account of the fact that no physical system can be completely isolated from its surroundings but is in principle interacting with all other molecules in the universe, and if we believe that the number of these latter molecules is infinite, then we may conclude that it is impossible for temperature-differences to arise spontaneously. A numerical calculation is given to illustrate this conclusion. 



In abstract dynamics the instantaneous reversal of the motion of every moving particle of a system causes the system to move backwards, each particle of it along its old path, and at the same speed as before, when again in the same position. That is to say, in mathematical language, any solution remains a solution when t is changed into -t. In physical dynamics this simple and perfect reversibility fails, on account of forces depending on friction of solids; imperfect fluidity of fluids; imperfect elasticity of solids; inequalities of temperature, and consequent conduction of heat produced by stresses in solids and fluids; imperfect magnetic retentiveness; residual electric polarization of dielectrics; generation of heat by electric currents induced by motion; diffusion of fluids, solution of solids in fluids, and other chemical changes; and absorption of radiant heat and light. Consideration of these agencies in connection with the all-pervading law of the conservation of energy proved for them by Joule, led me twenty-three years ago to the theory of the dissipation of energy, which I communicated first to the Royal Society of Edinburgh in 1852, in a paper entitled " On a Universal Tendency in Nature to the Dissipation of Mechanical Energy."



The essence of Joule's discovery is the subjection of physical phenomena to dynamical law. If, then, the motion of every particle of matter in the universe were precisely reversed at any instant, the course of nature would be simply reversed for ever after. The bursting bubble of foam at the foot of a waterfall would reunite and descend into the water; the thermal motions would reconcentrate their energy, and throw the mass up the fall in drops re-forming into a close column of ascending water. Heat which had been generated by the friction of solids and dissipated by conduction, and radiation with absorption, would come again to the place of contact, and throw the moving body back against the force to which it had previously yielded. Boulders would recover from the mud the materials required to rebuild them into their previous jagged forms, and would become reunited to the mountain peak from which they had formerly broken away. And if also the materialistic hypothesis of life were true, living creatures would grow backwards, with conscious knowledge of the future, but no memory of the past, and would become again unborn. But the real phenomena of life infinitely transcend human science; and speculation regarding consequences of their imagined reversal is utterly unprofitable. Far otherwise, however, is it in respect to the reversal of the motions of matter uninfluenced by life, a very elementary consideration of which leads to the full explanation of the theory of dissipation of energy.

To take one of the simplest cases of the dissipation of energy, the conduction of heat through a solid — consider a bar of metal warmer at one end than the other, and left to itself. To avoid all needless complication of taking loss or gain of heat into account, imagine the bar to be varnished with a substance impermeable to heat. For the sake of definiteness, imagine the bar to be first given with one-half of it at one uniform temperature, and the other half of it at another uniform temperature. Instantly a diffusion of heat commences, and the distribution of temperature becomes continuously less and less unequal, tending to perfect uniformity, but never in any finite time attaining perfectly to this ultimate condition. This process of diffusion could be perfectly prevented by an army of Maxwell's " intelligent demons," stationed at the surface, or interface as we may call it with Professor James Thomson, separating the hot from the cold part of the bar. To see precisely how this is to be done, consider rather a gas than a solid, because we have much knowledge regarding the molecular motions of a gas, and little or no knowledge of the molecular motions of a solid. 


Take a jar with the lower half occupied by cold air or gas, and the upper half occupied with the air or gas of the same kind, but at a higher temperature; and let the mouth of the jar be closed by an air-tight lid. If the containing vessel were perfectly impermeable to heat, the diffusion of heat would follow the same law in the gas as in the solid, though in the gas the diffusion of heat takes place chiefly by the diffusion of molecules, each taking its energy with it, and only to a small proportion of its whole amount by the interchange of energy between molecule and molecule; whereas in the solid there is little or no diffusion of substance, and the diffusion of heat takes place entirely, or almost entirely, through the communication of energy from one molecule to another. Fourier's exquisite mathematical analysis expresses perfectly the statistics of the process of diffusion in each case, whether it be "conduction of heat," as Fourier and his followers have called it, or the diffusion of substance in fluid masses (gaseous or liquid), which Fick showed to be subject to Fourier's formulas. Now, suppose the weapon of the ideal army to be a club, or, as it were, a molecular cricket bat; and suppose, for convenience, the mass of each demon with his weapon to be several times greater than that of a molecule. Every time he strikes a molecule he is to send it away with the same energy as it had immediately before. Each demon is to keep as nearly as possible to a certain station, making only such excursions from it as the execution of his orders requires. He is to experience no forces except such as result from collisions with molecules, and mutual forces between parts of his own mass, including his weapon. Thus his voluntary movements cannot influence the position of his centre of gravity, otherwise than by producing collision with molecules.

The whole interface between hot and cold is to be divided into small areas, each allotted to a single demon. The duty of each demon is to guard his allotment, turning molecules back, or allowing them to pass through from either side, according to certain definite orders. First, let the orders be to allow no molecules to pass from either side. The effect will be the same as if the interface were stopped by a barrier impermeable to matter and to heat. The pressure of the gas being by hypothesis equal in the hot and cold parts, the resultant momentum taken by each demon from any considerable number of molecules will be zero; and therefore he may so time his strokes that he shall never move to any considerable distance from his station. Now, instead of stopping and turning all the molecules from crossing his allotted area, let each demon permit a hundred molecules chosen arbitrary to cross it from the hot side; and the same number of molecules, chosen so as to have the same entire amount of energy and the same resultant momentum, to cross the other way from the cold side. Let this be done over and over again within certain small equal consecutive intervals of time, with care that if the specified balance of energy and momentum is not exactly fulfilled in respect to each successive hundred molecules crossing each way, the error will be carried forward, and as nearly as may be corrected, in respect to the next hundred. Thus, a certain perfectly regular diffusion of the gas both ways across the interface goes on, while the original different temperatures on the two sides of the interface are maintained without change.


Suppose, now, that in the original condition the temperature and pressure of the gas are each equal throughout the vessel, and let it be required to disequalize the temperature, but to leave the pressure the same in any two portions A and B of the whole space. Station the army on the interface as previously described. Let the orders now be that each demon is to stop all molecules from crossing his area in either direction except 100 coming from A, arbitrarily chosen to be let pass into B, and a greater number, having among them less energy but equal momentum, to cross from B to A. Let this be repeated over and over again. The temperature in A will be continually diminished and the number of molecules in it continually increased, until there are not in B enough of molecules with small enough velocities to fulfil the condition with reference to permission to pass from B to A. If after that no molecule be allowed to pass the interface in either direction, the final condition will be very great condensation and very low temperature in A; rarefaction and very high temperature in B; and equal pressures in A and B. The process of disequalization of temperature and density might be stopped at any time by changing the orders to those previously specified, and so permitting a certain degree of diffusion each way across the 
interface while maintaining a certain uniform difference of temperatures with equality of pressure on the two sides.


If no selective influence, such as that of the ideal "demon," guides individual molecules, the average result of their free motions and collisions must be to equalize the distribution of energy among them in the gross; and after a sufficiently long time, from the supposed initial arrangement, the difference of energy in any two equal volumes, each containing a very great number of molecules, must bear a very small proportion to the whole amount in either; or, more strictly speaking, the probability of the difference of energy exceeding any stated finite proportion of the whole energy in either is very small. Suppose now the temperature to have become thus very approximately equalized at a certain time from the beginning, and let the motion of every particle become instantaneously reversed. Each molecule will retrace its former path, and at the end of a second interval of time, equal to the former, every molecule will be in the same position, and moving with the same velocity, as at the beginning; so that the given initial unequal distribution of temperature will again be found, with only the difference that each particle is moving in the direction reverse to that of its initial motion. This difference will not prevent an instantaneous subsequent commencement of equalization, which, with entirely different paths for the individual molecules, will go on in the average according to the same law as that which took place immediately after the system was first left to itself.


By merely looking on crowds of molecules, and reckoning their energy in the gross, we could not discover that in the very special case we have just considered the progress was towards a succession of states, in which the distribution of energy deviates more and more from uniformity up to a certain time. The number of molecules being finite, it is clear that small finite deviations from absolute precision in the reversal we have supposed would not obviate the resulting disequalization of the distribution of energy. But the greater the number of molecules, the shorter will be the time during which the disequalizing will continue; and it is only when we regard the number of molecules as practically infinite that we can regard spontaneous disequalization as practically impossible. And, in point of fact, if any finite number of perfectly elastic molecules, however great, be given in motion in the interior of a perfectly rigid vessel, and be left for a sufficiently long time undisturbed except by mutual impact and collisions against the sides of the containing vessel, it must happen over and over again that (for example) something more than 9/10ths of the whole energy shall be in one-half of the vessel, and less than 1/10th of the whole energy in the other half. But if the number of molecules be very great, this will happen enormously less frequently than that something more than 6/10ths shall be in one-half, and something less than 4/10ths in the other. Taking as unit of time the average interval of free motion between consecutive collisions, it is easily seen that the probability of these being something more than any stated percentage of excess above the half of the energy in one-half of the vessel during the unit of time from a stated instant, is smaller the greater the dimensions of the vessel and the greater the stated percentage. It is a strange but nevertheless a true conception of the old well-known law of the conduction of heat, to say that it is very improbable that in the course of 1000 years one-half of the bar of iron shall of itself become warmer by a degree than the other half; and that the probability of this happening before 1,000,000 years pass is 1000 times as great as that it will happen in the course of 1000 years, and that it certainly will happen in the course of some very long time. But let it be remembered that we have supposed the bar to be covered with an impermeable varnish. Do away with this impossible ideal, and believe the number of molecules in the universe to be infinite; then we may say one-half of the bar will never become warmer than the other, except by the agency of external sources of heat or cold. This one instance suffices to explain the philosophy of the foundation on which the theory of the dissipation of energy rests.


Take, however, another case, in which the probability may be readily calculated. Let an hermetically sealed glass jar of air contain 2,000,000,000,000 molecules of oxygen, and 8,000,000,000,000 molecules of nitrogen. If examined any time in the infinitely distant future, what is the number of chances against one that all the molecules of oxygen and none of nitrogen shall be found in one stated part of the vessel equal in volume to 1/5th of the whole? The number expressing the answer in the Arabic notation has about 2,173,220,000,000 of places of whole numbers. On the other hand, the chance against there being exactly 2/10ths of the whole number of particles of nitrogen, and at the same time exactly 2/10ths of the whole number of particles of oxygen in the first specified part of the vessel, is only 4021 x 109 to 1.



For Scholars



Thomson's vivid description of the time reversibility implied by mechanical dynamics shows its impossibility
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David Layzer's Theory of Free Will
The Arrow of Time

As early as 1971, in an unpublished manuscript on The Arrow of Time, Layzer wrote about the connection between indeterminacy and ethics.

We regard the future as being radically different from the past. We know the past through tangible records, including those contained in our own nervous systems, but we can only make more or less incomplete predictions about the future. Moreover, we believe that we cannot change the past but that we can influence the future, and we base our ethical and judicial systems on this premise. For such notions as praise and blame, reward and punishment, would be meaningless if the future were not only unknown but also in some degree indeterminate. 

Cosmogenesis

  Layzer may have first written on human freedom in his 1990 book Cosmogenesis. 
 In his concluding chapter, Layzer discusses the problem of human freedom and especially creativity. Although he offers no resolution of the free will problem, he places great emphasis on an unpredictable creativity as the basis of both biological evolution and human activity in a universe with an open future.
  Chapter 15: Chance, Necessity, and Freedom

  To be fully human is to be able to make deliberate choices. Other animals sometimes have, or seem to have, conflicting desires, but we alone are able to reflect on the possible consequences of different actions and to choose among them in the light of broader goals and values. Because we have this capacity we can be held responsible for our actions; we can deserve praise and blame, reward and punishment. Values, ethical systems, and legal codes all presuppose freedom of the will. So too, as P. F. Strawson has pointed out, do "reactive attitudes" like guilt, resentment, and gratitude. If I am soaked by a summer shower I may be annoyed by my lack of foresight in not bringing an umbrella, but I don't resent the shower. I could have brought the umbrella; the shower just happened.

Freedom has both positive and negative aspects. The negative aspects — varieties of freedom from — are the most obvious. Under this heading come freedom from external and internal constraints. The internal constraints include ungovernable passions, addictions, and uncritical ideological commitments.
The positive aspects of freedom are more subtle. Let's consider some examples.


1. A decision is free to the extent that it results from deliberation. Absence of coercion isn't enough. Someone who bases an important decision on the toss of a coin seems to be acting less freely than someone who tries to assess its consequences and to evaluate them in light of larger goals, values, and ethical precepts.


2. Goals, values, and ethical precepts may themselves be accepted uncritically or under duress, or we may feel free to modify them by reflection and deliberation. Many people don't desire this kind of freedom and many societies condemn and seek to suppress it. Freedom and stability are not easy to reconcile, and people who set a high value on stability tend to set a correspondingly low value on freedom. But whether or not we approve of it, the capacity to reassess and reconstruct our own value systems represents an important aspect of freedom.


3. Henri Bergson believed that freedom in its purest form manifests itself in creative acts, such as acts of artistic creation. Jonathan Glover has argued in a similar vein that human freedom is inextricably bound up with the "project of self-creation." The outcomes of creative acts are unpredictable, but not in the 
same way that random outcomes are unpredictable. A lover of Mozart will immediately recognize the authorship of a Mozart divertimento that he happens not to have heard before. The piece will "sound like Mozart." At the same time, it will seem new and fresh; it will be full of surprises. If it wasn't, it wouldn't be Mozart. In the same way, the outcomes of self-creation are new and unforeseeable, yet coherent with what has gone before.


Although philosophical accounts of human freedom differ, they differ surprisingly little. On the whole, they complement rather than conflict with one another. 


What makes freedom a philosophical problem is the difficulty of reconciling a widely shared intuitive conviction that human beings are or can be free (in the ways discussed above or in similar ways) with an objective view of the world as a causally connected system of events. We feel ourselves to be free and responsible agents, but science tells us (or seems to tell us) that we are collections of molecules moving and interacting according to strict causal laws.

For Plato and Aristotle, there was no real difficulty. They believed that the soul initiates motion — that acts of will are the first links of the causal chains in which they figure. With few exceptions, modern neurobiologists have rejected the view of the relation between mind and body that this doctrine implies. They regard mental processes as belonging to the natural world, subject to the same physical laws that govern inanimate matter. The differences between animate and inanimate systems and between conscious, and nonconscious nervous processes are not caused by the presence or absence of nonmaterial substances (the breath of, life, mind, spirit, soul) but by the presence or absence of certain kinds of order. This conclusion is more than a profession of scientific faith. It becomes unavoidable once we accept the hypothesis of biological evolution, without which, as Theodosius Dobzhansky remarked, nothing in biology makes sense. The evolutionary hypothesis implies that human consciousness evolved from simpler kinds of consciousness, which in turn evolved from nonconscious forms of nervous activity. There is no point in this evolutionary sequence where mind or spirit or soul can plausibly be assumed to have inserted itself "from without." It seems even more implausible to suppose that it was there all along, although, as we saw earlier, some modem philosophers and scientists have held this view.

Karl Popper and other philosophers have tried to resolve the apparent conflict between free will and determinism by attacking the most sacred of natural science's sacred cows, the assumption that all natural processes obey physical laws.


Indeterminism leads to the Randomness Objection.


In asserting that there may be phenomena that don't obey physical laws, these philosophers are obviously on safe ground. But the assumption of indeterminism doesn't really help. A freely taken decision or a creative act doesn't just come into being. It is the necessary — and hence law-abiding — outcome of a complex process. Free actions also have predictable — and hence lawful - consequences; otherwise, planning and foresight would be futile. Thus every free act belongs to a causal chain: it is the necessary outcome of a deliberative or creative process, and it has predictable consequences.

Some physicists and philosophers have suggested that quantal indeterminacy may provide leeway for free acts in an otherwise deterministic Universe. Freedom, however, doesn't reside in randomness; it resides in choice. 


The standard argument against free will is that neither determinism (necessity) nor indeterminism (chance) can provide freedom.


Plato and Aristotle were right in linking Chance and Necessity as "forces" opposed to design and purpose in the Universe.
 
Thus freedom seems equally inconsistent with determinism and indeterminism. 

Thomas Nagel has suggested that it isn't even possible to give a coherent account of our inner sense of freedom:


When we try to explain what we believe which seems to be undermined by a conception of actions as events in the world - determined or not — we end up with something that is either incomprehensible or clearly inadequate.


"The real problem," Nagel says, "stems from a clash between the view of action from inside and any view of it from outside." Yet the intuitive view of what it means to be free doesn't rest on introspection alone. We recognize other people's spontaneity and creativity even—or especially—when it is of such a high order that we can't imagine ourselves capable of it. We can apprehend the exquisitely ordered unpredictability of Mozart's music without beginning to be able to imagine what it would be like to compose such music. And even subjective impressions of freedom, unlike subjective impressions of pain or of self, aren't hard to describe. 

Layzer here describes the generation of alternative possibilities in the first stage of a two-stage model

Consider the process of making a decision. Shall I do A or B? My head says A; my heart says B. I agonize. I try to imagine the consequences first of A, then of B. Suddenly, a new thought occurs to me: C. Yes, I'll do C. The essential aspect of such commonplace experiences is that their outcomes aren't determined in advance but are created by the process of deliberation itself, a process unfolding in time. All creative processes have this character.

Such processes, however, go on not only in people's subjective awareness but also in their brains. Conscious experience gives us a fragmentary and unrepresentative view of its underlying cerebral processes, but there is no reason to suppose that the view is deceptive. On the contrary, modern techniques of imaging brain activity suggest that there is a high degree of structural correspondence between consciousness and brain activity. 


Layzer sees that alternatives are not pre-determined from before the generation of possibilities

 If, then, the outcome of a deliberative or creative process seems undetermined at the outset, if it seems to us that such processes create their outcomes, perhaps the reason is that the outcomes of the underlying cerebral processes are, in some objective sense, undetermined, are, in some objective sense, created by the processes themselves.

I will argue that the neural processes that give rise to subjective experiences of freedom are indeed creative processes, in the sense, that they bring into the world kinds of order that didn't exist earlier and weren't prefigured in earlier physical states. These novel and unforeseen products of neural activity include not only works of art, but also the evolving patterns of synaptic connections that underlie the intentions, plans, and projects that guide our commonplace activities. Although consciousness gives us only superficial and incomplete glimpses of this ceaseless constructive activity, we are aware of it almost continuously during our waking hours. This awareness may be the source of — or even constitute — the subjective impression that we participate in molding the future.


Much of the argument that supports this view has already been given in earlier chapters. Let me now try to pull it together around the following three questions:


1. Do all law-abiding processes have predetermined outcomes?

2. What does it mean to say that a physical process creates its outcomes?

3. How is this kind of creativity related to creativity in contexts relevant to the problem of human freedom?


Layzer ignores quantum indeterminacy, which continues to generate undetermined outcomes beyond randomness in the initial conditions


[Answer to question 1]: Do all law-abiding processes have predetermined outcomes? Outcomes are determined by laws plus initial conditions. They are undetermined to the extent that the initial conditions are unspecified.

[Answer to question 2]: A theory of cosmic evolution requires initial conditions. The simplest initial
conditions is that the Universe began to expand from a purely random state — a
state wholly devoid of order. From this postulate, we can easily deduce the Strong
Cosmological Principle. The inference hinges on the fact that none of our present
physical laws discriminates between different points in space or between different
directions at a point. (A physicist would say, "The laws are invariant under spatial translations and rotations.") This implies that no physical process can introduce discriminatory information. So if information that would discriminate between positions or directions is absent at a single moment, it must be absent forever. In short, if the Strong Cosmological Principle is valid at any single moment, it must be valid for all time.



Layzer was first to answer this question on the growth of order

If the Universe began to expand from a state of utter randomness, how did order come into being? Before reviewing our answer to this question, we have to recall how we dealt with the concept of order itself.

The two key ideas needed to formulate an adequate scientific definition of order were put forward by Ludwig Boltzmann. 


Boltzmann had a third idea that influenced Layzer's strong cosmological principle, the infinite nature of space and time


The first idea is the distinction between microstates and macrostates. Macrostates are groups of microstates, defined by their statistical properties. For example, the microstates of a gas may be assigned to macrostates defined by density, temperature, and chemical composition. Proteins may be assigned to macrostates defined by biological fitness. Boltzmann's second key idea was to identify the randomness or entropy of a macrostate with the logarithm of the number of its microstates. Supplementing this definition of randomness, we defined the order or information of a macrostate as the difference between its potential randomness or entropy (the largest value of the randomness or entropy consistent with given constraints) and the actual value. Thus maximally random macrostates have zero order and maximally ordered macrostates have zero randomness. According to these definitions, a physical system far removed from thermodynamic equilibrium (the macrostate of maximum randomness) is highly ordered. So is a protein whose biological fitness can't be improved by changes in its sequence of amino acids: it belongs to a very small subset of the class of polypeptides of the same length.

These definitions of randomness and order are important not just, or even primarily, because they lend precision to the corresponding intuitive notions in a wide range of scientific contexts. They are important primarily because they are adapted to theoretical accounts of the growth and decay of order. Boltzmann himself proved (under restrictive assumptions) that molecular interactions in a gas not already in its most highly random macrostate increase its randomness. In Chapter 8 we saw how the cosmic expansion generates chemical order (chemical abundances far removed from those that would prevail in thermodynamic equilibrium); in Chapter 9 we discussed the origin and growth of structural order in the astronomical Universe; and in Chapters 10 and 11 we saw how random genetic variation and differential reproduction generate the biological order encoded in genetic material.


Astronomical and biological order-generating processes are hierarchically linked in the manner discussed in Chapter 2.  Each process requires initial conditions generated by earlier processes. For example, the first self-replicating molecules needed an environment that provided high-grade energy, molecular building
blocks, and  catalysts. High-grade energy was supplied, directly or indirectly, by sunlight, produced by the burning of hydrogen deep inside the Sun. To understand why hydrogen is so abundant, we have to go back to the early Universe, when the primordial chemical composition of the cosmic medium was laid down by an interplay between nuclear reactions and the cosmic expansion. Apart from hydrogen, the atoms that make up biomolecules (carbon, oxygen, and nitrogen are the most common) were synthesized in exploding stars far more massive than the Sun. So, too, were inorganic catalysts like zinc and magnesium. Finally, the emergence of an environment favorable to life as we know it resulted from planet-building processes, for which we still lack an adequate theory.


Although some of the specific order-generating processes we have discussed are speculative or controversial, the general principles underlying the emergence of order from chaos seem more secure. In particular, we can now understand why, in spite of the second law of thermodynamics, the Universe is not running down. The Second Law states that all natural processes tend to increase randomness. In an ordinary isolated system, the growth of randomness leads inevitably to a decline of order, because the sum of randomness and order is a fixed quantity. 

in the expanding universe, information can increase at the same time as entropy increases, satisfying the second law


The Universe, however, is not an ordinary isolated system. Because space is expanding, the sum of randomness and order is not a fixed quantity; it tends to increase with time. Hence a gap may open up between the actual randomness of the cosmic medium and its maximum possible randomness. This gap represents a form of order. Chemical order (as evidenced by the prevalence of hydrogen) emerges when equilibrium-maintaining chemical reactions can no longer keep pace with the cosmic expansion. Structural order (in the form of astronomical systems) emerges when the uniform state of an expanding medium becomes unstable—that is, less than maximally random.

By making randomness an objective property of the Universe, the Strong Cosmological Principle also objectifies the timebound varieties of order, which consist in the absence of randomness. The infinitely detailed world picture of Laplace's Intelligence is devoid of macroscopic order. It contains no objective counterpart to astronomical or biological order. Laplace's Intelligence is an idiot savant. It knows the position and velocity of every particle in the Universe; but because this vast fund of knowledge (or its quantal-counterpart) is complete in itself, there is no room in it for information about stars, galaxies, plants, animals, or states of mind. In this book I have argued that the external world — the world that natural science describes — is fundamentally different from the universe of Laplace and Einstein, which is given once and for all in space and time (or in spacetime). It is a world of becoming as well as being, a world in which order emerged from primordial chaos and begot new forms of order. The processes that have created and continue to create order obey universal and unchanging physical laws. Yet because they generate information, their outcomes are not implicit in their initial conditions.



Causality leads to the Determinism Objection.


Recently, Layzer has written two more papers on Free Will, "Naturalizing Libertarian Free Will," and "Free Will as a Scientific Problem."

Naturalizing Libertarian Free Will

In an unpublished 2010 paper on free will entitled Naturalizing Libertarian Free Will (Word doc), Layzer describes how his strong cosmological principle adds a new and fundamental form of objective indeterminacy to the world. Indeterminacy is necessary, he says, to eliminate the presumption of determinism (which is incompatible with libertarian free will) and make room for indeterminism.  Note that Layzer's indeterminacy enters physics not through the measurement postulate of quantum mechanics that applies in the microscopic domain, but via a cosmological condition he calls his strong cosmological principle that comes from the astronomical domain of an assumed infinite universe.  

 
The proposition that physical laws and antecedent conditions determine the outcomes of all physical processes (other than quantum measurements) is widely regarded as the cornerstone of a naturalistic worldview.  Defenders of libertarian free  will who accept this proposition must therefore choose between two options:
 
 	(1) They can argue (against prevailing opinion among neurobiologists) that some brain processes involved in choice and decision-making are, in effect, quantum measurements – that is, that they involve interactions between a microscopic system initially in a definite quantum state and a macroscopic system that registers some definite value of a particular physical quantity.

	(2) They can argue that our current physical laws – specifically, the laws of quantum mechanics – need to be revised.  For example, the physicist Eugene Wigner has argued that Schrödinger’s equation must be modified to account for certain conscious processes (perceiving the outcome of a quantum measurement).


	This paper explores a third possibility: that the presumption of determinism is false. (p.2) 



 

Layzer's strong cosmological principle introduces a new kind of objective indeterminacy. It implies that macroscopic phenomena involve objective, non-epistemic, chance.

It entails a picture of the physical universe in which chance prevails in the macroscopic domain (and hence in the world of experience).  Because chance plays a key role in the production of genetic variation and in natural selection itself, evolutionary biologists have long advocated such a picture.  Chance also plays a key role in other biological processes, including the immune response and visual perception.  I argue that reflective choice and deliberation, like these processes and evolution itself, is a creative process mediated by indeterminate macroscopic processes, and that through our choices we help to shape the future. (p.2)


Layzer is not concerned 


"with idealized (and often trivial) choices between two given alternatives but with what I’ve called reflective choice, in which the alternatives may not be given beforehand, or not completely given, and in which one works out and evaluates the possible consequences of each imagined alternative.  Much of the work involved in such processes undoubtedly does not rise to the level of consciousness.  But consciousness accompanies the parts of the process that seem to us most crucial.


Layzer's "alternatives that may not be given beforehand" are generated during the first stage of our two-stage model of free will. They need a continuous source of macroscopic indeterminacy, where Layzer's source is found in the initial conditions of the universe. 


The probabilistic source of a new objective indeterminacy and chance


In Layzer's strong cosmological principle (SCP), the source of indeterminacy is the absence of microscopic information in the initial conditions of the universe. Conventional statistical mechanics describes a system as in some unknown microstate, one of many compatible with the given macrostate. Layzer's SCP says that a complete description provides only a probability distribution of microstates.

These probability distributions are conventionally viewed as incomplete descriptions of systems in definite though unknown, or even unknowable, microstates.  Layzer's account interprets them as complete descriptions.  Because microstates evolve deterministically, the conventional interpretation implies that macroscopic systems evolve deterministically.  In Layzer's view, by contrast, a macroscopic system’s initial state need not uniquely determine its subsequent states. He describes the critical difference between the statistical entropy of Ludwig Boltzmann and J. Willard Gibbs.


Boltzmann’s theory applies to ideal gases; Gibbs’s statistical mechanic applies not only to samples of an ideal gas but to any closed system of N particles governed by the laws of classical mechanics.  Its quantum counterpart, quantum statistical mechanics, preserves the overall structure of Gibbs’s theory and its main theorems.

	Like Maxwell and Boltzmann, Gibbs identified thermodynamic equilibrium with statistical equilibrium.  Boltzmann’s theory reproduces the classical thermodynamic theory of an ideal gas, with the statistical entropy of the probability distribution of a single molecule’s microstates in the role of thermodynamic entropy and a parameter that characterizes the maximum-statistical-entropy probability distribution in the role of absolute temperature.  Gibbs’s theory reproduces the whole of classical thermodynamics, with the statistical entropy of the probability distribution of a closed macroscopic system’s microstates in the role of thermodynamic entropy and a parameter that characterizes the maximum-statistical-entropy probability distribution in the role of absolute temperature.  So Boltzmann’s theory may appear at first sight to be a limiting case of Gibbs’s.  But Boltzmann proved that the statistical entropy of the single-molecule probability distribution increases with time (unless it has already reached its largest admissible value), while Gibbs proved that the statistical entropy of the probability distribution of the microstates of the sample as a whole is constant in time.


	The resolution of this apparent contradiction is unproblematic.  It hinges on a mathematical property of statistical entropy.  The statistical entropy of an N-particle probability distribution can be expressed as the sum of two contributions.  The first contribution is N times the statistical entropy of the single-particle distribution.  The second contribution is associated with statistical correlations between molecules of the gas sample.  The constancy of the N-particle statistical entropy is consistent with the growth of the single-particle contribution.  Taken together, Boltzmann’s H theorem and Gibbs’s proof that the statistical entropy of the N-particle probability distribution is constant in time imply that the second contribution – the contribution associated with intermolecular correlations – decreases at a rate that exactly compensates the growth of the first contribution.  In terms of information: the decline of single-particle information in a closed gas sample is matched by the growth of correlation information.  


	Although Boltzmann correctly identified the thermodynamic entropy of a closed gas sample with the single-particle statistical entropy,  his derivation of the H theorem – the statistical counterpart of the Second Law as applied to an ideal-gas sample – had a technical flaw.  The derivation rests on an assumption (known as the Stosszahlansatz) that cannot in fact hold for a closed gas sample.  A stronger form of this assumption states that correlation information – the amount by which the information of the single-molecule probability distribution, multiplied by N, falls short of the information of the N-molecule probability distribution – is permanently absent.  As we’ve just seen, this assumption cannot be true, because the decay of single-molecule information creates correlation information at the same rate.  So even if correlation information is initially absent, it cannot be permanently absent.    


The persistence of correlation information in a closed system poses a threat to the very notion of thermodynamic equilibrium.  



Free Will as a Scientific Problem


In his second recent paper on free will, Layzer says that "for reasons that have little to do with quantum indeterminism we have the capacity to shape the future through our choices, plans, and actions...quantum indeterminism is not the only form of indeterminism. A variety of
macroscopic processes, I will argue, have indeterminate outcomes; chance is endemic in
the macroscopic domain." (p.1)

Layzer criticizes quantum mechanics, reviewing the superposition principle (quantum wave functions are probability amplitudes with non-zero values for different states and in different positions at the same time), the axiom of measurement (expectation values predict the outcomes of many experiments), and the projection postulate (measurement collapses the wave function to a single state or location). He describes alternative interpretations for quantum mechanics that avoid the non-intuitive "collapses," by Eugene Wigner and by Hugh Everett (many-worlds).


He also discusses statistical mechanics, with the intractable problem of microscopic reversibility but macroscopic irreversibility.


Layzer then introduces his Strong Cosmological Principle, the idea that local physical variables are random probabilities dependent on the frequency of occurrence of given properties in distant similar places in the infinite universe.


The classical variables that figure in Einstein’s description of the structure and
contents of spacetime are to be interpreted as random variables – mathematical objects
characterized not by a definite value at each point of space-time, but by a set of possible
values and corresponding probabilities. We can interpret these probabilities as relative
frequencies, or proportions, in infinite samples whose members are randomly distributed
throughout space.

 
He says that "this interpretation of Einstein’s description of spacetime and its
contents resolves the prima facie conflict between the deterministic character of
Einstein’s field equations and the fact that quantum measurements alter the macroscopic
structure of spacetime unpredictably." (p.26)

Layzer's account of chance resembles in important ways an account given a century ago by Henri Poincaré, who in the 1880's discovered the phenomenon now called deterministic chaos in his studies of planetary orbits for three-body problems. The outcomes of chaotic processes depend sensitively on their initial conditions. [James Clerk Maxwell similarly discovered chaos theory in hydrodynamic flows twenty years earlier.] Poincaré showed that if the initial values of the parameters that define an orbit are smoothly distributed over a small
subrange of their possible values, the possible values of these parameters at a later time
will be smoothly distributed over the entire range.


A historical account characterizes the initial
orbital state by a joint probability distribution of positions and velocities, which evolves into a
distribution that characterizes a multitude of observationally distinguishable orbits.
To accommodate such situations, Layzer says he needs to


modify the rule that links probability
distributions of (classical or quantum) microstates to classical macrostates. The standard
rule equates the value of a macroscopic variable in a given macrostate to the result of
averaging the corresponding microscopic variable over the probability distribution of
microstates that represents the given macrostate. We modify it in three ways.

First, we characterize macrostates by experimentally distinguishable ranges (or
aggregates) of microstates, as in the above examples. A probability distribution of
microstates may then represent two or more experimentally distinguishable macrostates.


Second, we equate the result of averaging a microscopic variable over such a
probability distribution to the result of averaging the measured value of the corresponding
macroscopic variable over a “large number” of replicas of the measurement.


Finally, to incorporate into our rule the fact that neither physical laws nor initial and
boundary conditions that comply with the strong cosmological principle serve to define a
particular position, we interpret the set of replicas mentioned in the preceding paragraph
as a “cosmological ensemble” – a set of replicas randomly and uniformly distributed
throughout an infinite space. (Like Gibbs’s ensembles, a cosmological ensemble is made
up of imaginary replicas. But each replica in a cosmological ensemble is in a definite
macrostate. And cosmological ensembles have a physical interpretation: they allow us to
express the assumption that physics cannot make unconditional predictions about where
in the universe given measurement outcomes are realized.)


These rules enable us to calculate the probabilities of experimentally distinguishable
measurement outcomes from measurements of mean values. (p.28)



Layzer claims that his 

historical account of initial conditions offers a new
view of the role of chance in macroscopic processes. Physicists have conventionally held
that the outcomes of macroscopic processes other than quantum measurements are
predictable in principle. Some, though not all, evolutionary biologists have taken issue
with this doctrine, which also seems to be at odds with judgments based on ordinary
experience. But physics as conventionally interpreted assures us that to a contemporary
version of the omniscient mind posited by Laplace in his essay on chance, nothing except
quantum measurement outcomes would be unpredictable. The historical account of initial
conditions sketched in this essay supports the contrary view suggested by evolutionary
biology and experience: much of what we observe in the world around us is influenced
by chance. (p.31)


Layzer is then prepared to address the problem of free will. The premise of physical determinism is false, he says.

Defenders of libertarian free will usually grant at the outset that events other than the
outcomes of quantum measurements are determined by universal physical laws and
antecedent conditions. They must then explain how it can be that we are able to shape the
future through our choices and decisions. In this essay I have argued that the premise is
false: Events in the macroscopic world are not determined by universal physical laws and
antecedent conditions; a wide class of macroscopic processes have indeterminate
outcomes. And if the processes involved in reflective choice belong to this class, there is
no scientific reason why we should not accept the proposition that we shape the future
through our choices and decisions... (p.36)


He asks "How does free will fit into a scientific picture of the world?" (p.38) 


Do conscious acts of will cause our voluntary actions? From a thorough examination
of the evidence bearing on this question the psychologist Daniel Wegner has concluded
that the answer is no. “Conscious will arises from processes that are psychologically and
anatomically distinct from the processes whereby mind creates action.” This
conclusion accords well with the arguments and conclusions of the present essay.



To summarize his latest paper on free will, Layzer imagines that a large assembly of similar situations in different regions of the infinite universe can provide the source of the macroscopic indeterminism needed for free will, without depending on quantum indeterminism. 

In each individual system, everything appears determined, but in the assembly of all systems, the strong cosmological principle insures there will be a variety of objectively indeterminate outcomes.


Layzer says that the fact that we don't know which of the many possible systems we are in means that our future is indeterminate, more specifically that our current state has not been pre-determined by the initial state of the universe.

 
Layzer does not explain specifically how the abstract indeterminacy in "cosmological ensembles" affects the human mind/brain, nor how it does not entail that our choices and actions are random (the randomness objection in the standard argument against free will).


As Arthur Stanley Eddington first did in 1927, Layzer finds that his objective physical indeterminacy withdraws the determinist objection to free will. However, where Eddington's indeterminacy came from the then-new quantum mechanics, Layzer's indeterminacy comes from his strong cosmological principle, the abstract notion that there are multiple similar situations for our decisions in other locations - a "cosmological ensemble" - in the infinite universe. 


Layzer's "objective indeterminacy" appears to provide no more basis for a free will model than Epicurus's "swerve," William James's "chance," or Werner Heisenberg's quantum indeterminacy, without a more careful explanation of exactly how his indeterminacy figures in the two stages of the decision process.




Source: https://www.informationphilosopher.com/solutions/scientists/layzer/free_will/
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The Arrow of Time

Unpublished manuscript, June 24, 1971. This early paper (eight years after his strong cosmological principle) contains a clear account of Layzer's greatest cosmological accomplishment - the explanation of the growth of order in the universe from an original thermal equilibrium state.



The physicist's world is made up of events localized in space and time,which he views as components of a four dimensional continuum. Intuitively, we tend to take a quite different view. We think of the world as extended in space but ne unfolding in time. In the physicist's four-dimensional picture all moments in time are on the same footing. But intuitively we assign special significance to the present moment, which we think of as the crest of a wave continually advancing into the future and transforming it into the past. We regard the future as being radically different from the past. We know the past through tangible records, including those contained in our own nervous systems, but we can only make more or less incomplete predictions about the future. Moreover, we believe that we cannot change the past but that we can influence the future, and we base our ethical and judicial systems on this premise. For such notions as praise and blame, reward and punishment, would be meaningless if the future were not only unknown but also in some degree indeterminate.


The idea that the world is unfolding in time cannot be dismissed by the physicist as being purely subjective. Biological evolution exemplifies the unfolding process on a 
vast scale. Starting with the formation of simple organic compounds in a chemically favorable environment, it has generated, along continually branching paths, an immense and constantly increasing variety of ever more complex living forms. Nor are evolutionary processes confined to the biosphere. The earth's crust records the vicissitudes of four and one-half billion years of evolutionary change, white the moon, lacking a protective atmosphere, preserves in its pitted surface a chronological record of countless meteor impacts. On a larger scale, the regularities that characterize the orbits of the planets and their satellites have resulted from evolutionary processes not yet completely understood by astronomers. Stellar evolution, on the other hand, is the subject of a detailed and highly successful mathematical theory that has brought to the study of stars the kind of order that the theory of evolution has brought to the study of living organisms. Astronomers now recognize red giants, supernovae, and white dwarfs as successive stages in the evolution of a single star rather than distinct stellar "species." Thus biology, geology, and astronomy all offer support for the intuitively appealing picture of an evolving universe, growing more complex as it unfolds in time.


This picture, however, is strikingly at variance with that currently accepted by most physicists. The physicist's picture has two distinct aspects, corresponding to two distinct levels of description. At the macroscopic level, the second law of thermodynamics defines a preferred direction in time, for it implies that "there exists in nature a quantity which changes always in the same direction in all natural processes."* This quantity, the entropy,is commonly interpreted as a measure of disorder. Thus the Second Law seems to imply that the universe is continually growing more chaotic.

 
At the microscopic level, however, the laws of physics do not distinguish between the two directions of time. The Second Law has no meaning at this level because entropy is a purely macroscopic quantity whose definition hinges on the distinction between heat and mechanical energy. Thus when large-scale organized motion is converted into irregular molecular motion, as by friction, energy is conserved but heat (a measure of the energy associated with irregular molecular motions) and entropy are generated. The distinction between heat and mechanical energy, and with it the possibility of defining entropy, disappears when we include individual molecules and their motions in our description.

Thus we are faced with three radically different views of the world, each with a substantial claim to generality. Intuition, supported by biology, geology and astronomy tells us that the world is growing more complex, or winding up. Macroscopic physics, on the other band, asserts that the universe is growing increasingly chaotic, or running down. Finally, at the deepest and most detailed level of description all traces of time's arrow seem to have vanished; the universe is neither winding up nor running down. How are these apparently contradictory views to be reconciled?


It is important to recognize at the outset that the intuitive character of the first view does not argue strongly in its favor. On the contrary, every significant advance in physics has demonstrated the falsity of some widely held intuitive notion. If Galileo's claim that heavy and light objects fall at the same rate in a vacuum no longer seems as absurd to us as it did to Galileo's contemporaries, 


twentieth century common sense still refuses to accept the basic truth that a particle can be, and usually is, in two places at the same time, or the equally basic truth that two particles can not be in different places at the same time (in all frames of reference).

Yet the intuitive view of time does, as we have seen, have an objective basis. The phenomenon of memory, which is intimately bound up with our conscious perception of time,
is not in its broadest sense confined to living systems. Many nonliving systems, including most astronomical systems, preserve a partial record of their past states, and all such records, whether they occur in living or nonliving systems, fit into a single interlocking pattern characterized by a continual growth of complexity or order.


The existence of a wide class of order-generating processes does not contradict the second law of thermodynamics, as it may on first sight appear to. The Second Law requires only that the entropy of any closed system never decreases with time. (A closed system is one that does not communicate or interact with the outside world.) All living systems - and indeed all astronomical systems - are open. They can
therefore diminish their entropy in various ways, the simplest of which is by giving off heat to the environment. (The flow of entropy into or out of a system is directly proportional to the flow of heat.) But the Second Law requires that when an open system loses entropy, a more than compensating increase of entropy occur elsewhere. Thus the processes responsible for reducing entropy locally, for example in living systems, invariably generate entropy on a wider scale.


On the other hand, the fact that order-generating processes are compatible with the second law of thermodynamics does not imply, as some authors have claimed, that they owe their existence to it. Consider the order-generating process of cell division. When a living cell divides, heat is given off, and the entropy of a larger, effectively closed, system consisting of the cell and some portion of its environment increases, in conformity with the Second Law. But cell division does net occur because it generates entropy. For suppose that the cell were dead. Then instead of dividing it would decompose - a process that also generates entropy. Whether entropy generation occurs through division or decomposition does not in this example depend on the environment, which is the same in both cases, but on a subtle and elusive property of the cell itself, essentially unconnected with the Second Law. This and similar examples suggest that the existence of order-generating processes is a property of the universe that is consistent with, but not explained by, the second law of thermodynamics.


This apparent gap in our current physical description of the universe has been largely ignored by physicists. On the other hand, it has been seized upon by certain philosophers, notably Henri Bergson and Teilhard de Chardin, who maintain that what I have called order-generating processes are manifestations of a movement in nature that cannot be described by existing physical laws. Bergson, indeed, held this movement to be rationally incomprehensible, though capable of being grasped by an act of intuition. I shall argue in this essay that neither the physicist's neglect of evolutionary processes nor the vitalist's rejection of physics as the means of understanding them is justified. We shall find that both the macroscopic picture of a universe evolving toward total disorder and the microscopic picture of a universe that changes but does not evolve rest, not on
fundamental physical laws, but on complicated and inconsistent auxiliary assumptions, most of them implicit. I propose to replace these assumptions by simpler and more consistent ones. The resulting physical picture of the universe, though radically different from the one currently accepted by most physicists, reconciles the second law of thermodynamics with the existence of order-generating processes and with the time-symmetric character of physical laws at the microscopic level.


To uncover the assumptions and contradictions inherent in the physicist's current world picture let us begin by analyzing the apparent contradiction between its macroscopic and microscopic aspects. At first sight it may appear that the emergence of a preferred direction in time at the macroscopic level of description, though no asymmetry is present at the microscopic level, presents no special problem. When we view a painting by Seurat at the distance intended by the artist, we perceive a variety of shapes and shades of color, subtly integrated into a coherent pattern. However, w:)en we view the same painting at close range, the "macroscopic" shapes and colors resolve into a complex array of uniformly colored dots, individually unrelated to the "macroscopic" color fields in which they lie. The "macroscopic" colors and shapes are, in effect, statistical properties of the "microscopic" distribution of colored dots. Can we then interpret entropy as a shape and the second law of thermodynamics as
a pattern that figure in a macroscopic description of the world but not in a microscopic description?


For the analogy to be a fair one, the "microscopic" description of the painting must be complete. It must contain, therefore, in addition to a precise description of the colored dots and their positions on the canvas, formulas relating the "macroscopic" colors to appropriate statistical properties of the "microscopic" distribution of colored dots. Given such formulas - which in one form or another must have been utilized by the artist himself - we could in fact deduce the "macroscopic" colors and chapes from the "microscopic" description.


To derive macroscopic physical laws from microscopic ones we must systematically ignore certain kinds of information - for example, information about the precise positions and velocities of individual molecules. We must view the microscopic picture through a lens that blurs its details. Now, the act of blurring can bring out patterns not apparent in the microscopic description, as in the analogy of the Seurat painting. But it cannot create a preferred direction in time (or, for that matter, in space) if none was present in the initial microscopic description, for the blurring process itself does not distinguish between the two directions of time(nor between different directions in space). Thus the second law of thermodynamics is not implicit in a time-symmetric microscopic description of nature in the way that "macroscopic" patterns are implicit in a Seurat painting. Because it distinguishes between the direction of the past and the direction of the future, the second law of thermodynamics must contain a new element, a seed of irreversibility, not present in the "complete" microscopic description. What is this seed?


It cannot be a new microscopic law, for we have good reason to believe that our current laws, though admittedly incomplete, afford an adequate basis for describing macroscopic phenomena. A new microscopic law distinguishing between the two directions of time - and recent experimental results on the decay of the K0 meson strongly suggest that the laws governing weak interactions are indeed not perfectly time-symmetric - would have virtually no observable consequences at the macroscopic level.


What then is the nature of the new element? To answer this question I must make some preliminary remarks about the structure of physical theories. Every physical theory
of a specific phenomenon or group of phenomena has two distinct kinds of elements, which I shall call laws and constraints. The laws describe the regularities underlying the phenomena. They are few in number and each applies over a wide domain.


For example, Newton's laws of motion apply to mechanical systems composed of particles moving at speeds much less than the speed of light; the laws of thermodynamics
to physical systems for which such concepts as temperature, internal energy, and heat can be defined; Maxwell's laws to electromagnetic phenomena in continuous media; and so on.
In short, the laws of physics define what is possible.


The constraints serve to select from the set of all events governed by a given set of laws the particular phenomenon one wishes to describe. They define what is relevant.


Constraints often take the form of initial conditions. For example, a theoretical description of planetary motions could consist of (a) Newton's laws of motion and his law of gravitation, together with (b) a list of the positions and velocities of the planets at a given instant of time. The laws predict the positions and velocities of the planets at all earlier and later times, while the initial conditions serve to distinguish the solar system from all other systems of gravitating masses, and its actual history from all possible histories.

Boundary conditions make up a second important class of constraints. Whenever the physicist carves out for special consideration a finite portion of the universe, he must specify what is happening at the interface between the system he is studying and its environment. For example, a physicist studying the energy budget of the earth's upper atmosphere must allow for the inward flow of radiation, fast particles, and plasma from the sun as well as for the outward flow of radiation; he does this by specifying boundary conditions at some conveniently defined level representing the "top" of the atmosphere.


A third class of constraints, of which I shall have more to say later, is made up of symmetry conditions. These are usually less restrictive than initial or boundary conditions. For exampie, we may assume that the temperature, density and chemical composition at any point in a nonrotating star depend only on that point's distance, and not on its direction from the center of the star. This symmetry condition - which exemplifies the utility of Occam's razor ("Do not multiply hypotheses needlessly") in scientific problems enormously simplifies the mathematical treatment of stellar structure and evolution. Symmetry conditions may express temporal as well as spatial constraints. Stationary flows (exemplified by steady currents in the ocean or in the atmosphere) and periodic motions (exemplified by waves of all kinds) are each defined by a particular kind of temporal symmetry.


Laws and constraints play complementary roles in the structure of reality. The laws give phenomena their underlying coherence and unity, the constraints are responsible 
for their diversity and individuality. Physicists have usually attached Little theoretical importance to constraints.* When one is dealing with processes at the atomic or sub-
atomic level, this attitude is clearly justified. To the experimental physicist constraints represent something to be manipuiated rather than studied.


At the macroscopic - and especially at the astronomical - level, however, constraints appear in a different light., Consider the constraints that define an individual star.
These include, among other data, its initial mass and chemical composition and its age. By combining theory with appropriate observations, one can evaluate these properties. In themselves the resulting data have no special meaning; they merely serve to distinguish the particular star selected for study from others that might equally well have been selected. But if one examines data pertaining to appropriately selected groups of stars, one notices certain regularities. For example, stars belonging to the same cluster have always been found to have nearly the same age and the same chemical composition. Different clusters, moreover, usually have different ages and chemical compositions, and these differences depend systematically on the form of the cluster and its location in the Galaxy. Thus the constraints that serve to distinguish one star from another exhibit statistical regularities.

Although these regularities clearly differ in kind from those we call laws, they present a similar challenge to the theorist. To explain them we would need to have a theory for the formation of stars and star clusters. Such a theory would itself involve initial conditions - constraints - that would, presumably, exhibit statistical regularities inviting theoretical explanation at a still deeper level. Following this course, we would be led to formulate a sequence of increasingly general cosmogonic problems whose solutions would yield increasingly general explanations of the statistical regularities characterizing the astronomical universe. Does this hypothetical chain of theories ultimately terminate in an irreducible cosmogonic hypothesis? And if se, what is its nature? I shall return to these questions later.


We are now in a position to resume our discussion of the second law of thermodynamics and its relation to the time-symmetric microscopic description of nature. We have seen that the act of viewing the microscopic picture through a lens that blurs its details cannot destroy its symmetry. A new element must be added,and this new element cannot be
a microscopic law. It must therefore be a constraint. Now, the second law of thermodynamics is rightly regarded as one of the most general and profound of all physical laws. Since it owes its unique character - the fact that it singles out a preferred direction in time - to a constraint, this constraint must reflect some equally general and profound property of the physical universe. Oddly enough, there is no consensus among physicists as to the nature of this property - or even as to the fact of its existence. In the following
discussion I shall try to elucidate net only the constraint itself but also the reasons why physicists have been unable to agree about its nature.



Layzer's perfume bottle is one of the most important visualizations of physical processes of all time


Let us try to isolate the seed of irreversibility in a simple example. In one corner of a perfectly still room I open a bottle of perfume. A short time later, my partner, standing in the opposite corner, reports that he can smell the perfume. The perfume cannot have been transported by an air current because I have taken pains to ensure that the air is net in motion. But the molecules that compose the air, as well as the perfume molecules, are themselves incessantly in motion. From time to time, individual perfume molecules escape from their container and make their way along independent zigzag trajectories to all corners of the room. If we wait long enough, the perfume will all evaporate and perfume molecules will be found evenly distributed throughout the room. This process, known as molecular diffusion, is clearly irreversible. Our past experience of similar processes has bred in us the conviction that, no matter how long we wait, the perfume-molecules will not spontaneously reassemble in their original container.

Yet it can be argued that such an occurrence is not impossible. Imagine that the experiment just described could be recorded on film in microscopic detail so that we could follow the motion of each individual molecule. If such a film were reversed it would show the perfume-molecules converging along their complicated zigzag trajectories onto the perfume bottle, and there uniting into a liquid. 


If physical molecules were motion-reversed, they would not return to the bottle because of quantum erasure of path information


And the trajectory of every molecule in the reversed film would conform in its smallest detail to the laws of physics, for the laws governing molecular motion do not distinguish between the two directions of time. From the closest examination of individual molecular trajectories, we could never distinguish between the actual and the reversed films. Why then would we be reluctant to accept the reversed film as the record of an actual occurrence?

The obvious answer is that the initial conditions (individual molecular positions and velocities) in the reversed film are distinguished by an exceedingly special property, unlikely to be found in the real world, namely, the property of generating a final state in which all the perfume-molecules have reassembled in the perfume bottle. But this answer immediately raises two more basic questions. Why are these initial conditions so special? And why are they unlikely to be found in the real world?


The first question is comparatively easy to answer. What fraction of macroscopically uniform initial states have the special property noted above? If an initial state does not have this property, then, in the final state, not all the perfume-molecules will have found their way back into the bottle. Hence the fraction of initial states that do
have the property is the same as the fraction of possible final states in which all the perfume-molecules are in the bottle. This fraction is easy to calculate. Let v be the volume of the perfume bottle and V the volume of the room. For a single perfume-molecule the fraction of "bottled" states is v/V. For a pair of perfume-molecules, the fraction of possible states in which both perfume-molecules are in the bottle is (v/V)2, and for N perfume-molecules the fraction of "bottled" states is (v/V)N. Now, for a small bottle of perfume and a medium-sized room, a reasonable value of v/V is 10-8, and of N, 1023. Thus the fraction of possible final states in which all the perfume-molecules are reunited in the bottle which is the same as the fraction of possible initial states that generate final states with this property is 10-8x1023.


It is difficult to form an adequate conception of how small this number is. The theoretically observable universe contains about 1080 atoms. If one of these atoms bore a lucky number, the chance of selecting it at random would
be about 10-80, which is incomparably greater than the chance of selecting at random a "favorable" initial distribution of perfume molecules. [As Ludwig Boltzmann calculated in the late nineteenth century.]


Yet we have just seen that the final state in the (reversed film, with all the perfume-molecules reunited, is equally special, in the sense that, of all possible final
states, only the fraction 10-8x1023 has this property. Why
then do we not find the existence of a full bottle of perfume astonishing? Let us examine more closely the information needed to describe the initial and final states. The quantity of information contained in e statement "All the perfume-molecules are in the bottle" is exactly equal to that contained in the statement "The perfume-molecules are uniformly distributed throughout the room but will presently reassemble in the perfume bottle." But the quality of the information conveyed by these two statements is different. The information conveyed by the first statement is purely macroscopic; that conveyed by the second is purely microscopic.


This qualitative distinction has a practical aspect. We can prepare the physical state described in the first statement by a series of macroscopic operations, namely, those involved in manufacturing the perfume, bottling it, and bringing it into the room. None of these operations concerns itself with the positions and velocities of individual perfume-molecules. On the other hand, it is precisely these microscopic properties that matter when we seek to realize the physical situation described by the second statement. In practice, of course, it would be impossible to prepare a collection of perfume-molecules that would reassemble in a bottle, while bottled perfume is relatively easy to come by.


We can now give a preliminary answer to our second question: why are the initial conditions in the reversed film unlikely to occur in the real world? The preceding discussion suggests the answer: because the information specifying initial conditions that occur in nature is macroscopic and not microscopic. This statement is in fact the link we have been seeking between microphysics and macrophysics, the seed of irreversibility hidden in the second law of thermodynamics. To make this claim plausible, however, I must explain the technical meaning of "information" and the distinction between macro-information and micro-information.


The concept of information, one of the most powerful and far-reaching in the lexicon of the exact sciences, expresses those aspects of more general concepts like order, organization, and complexity that are amenable to precise mathematical formulation. Underlying all these concepts is the notion of probability. Consider, for example, the concept of order as it relates to the arrangement of books in a bookcase. In the least orderly arrangement the books are distributed on the shelves at random. The number of possible random arrangements is large (if there are many books) and the probability of finding any given book in a particular place is low. A more orderly arrangement would separate the collection into a few broad categories - history, literature, and science, say - leaving the order within a given category random. The number of possible arrangements of this kind is less than in the previous case, and so, therefore, is our uncertainty as to where to look for a particular book. A still more orderly arrangement would have the books ordered alphabetically by author within each category. This arrangement minimizes our uncertainty as to where to look for a particular book. Thus the notions of order and uncertainty are closely related, at least in this example; the more orderly an arrangement, the smaller the uncertainty associated with it. The notion of uncertainty is in turn closely related to that of information, since a gain of information represents a loss of uncertainty and a loss of information represents a gain of uncertainty. Thus uncertainty and information are two sides of the same coin.


Suppose that the bookcase contains n books occupying n numbered places. In general we are not certain in which place a particular book can be found. (The book represents a physical system; the numbered places, its possible states.) To give more precise mathematical expression to our condition of uncertainty, let us assign definite probabilities pl, p2..., pn to each of the n places. The pk are numbers lying between 0 and 1 whose sum is equal to 1. An event with probability p = 1 is certain to occur, one with probability p = 0 is certain not to occur; intermediate values of p correspond intuitively to intermediate likelihoods of occurrence - but this statement should not be interpreted as a prescription for evaluating them. The probability that a given book will be found either in the jth or the kth place is the sum (pj + pk) of the individual probabilities. The sum of all the
probabilities pk equals 1, because a given book in the collection is certain to be found in one of the n places.


Suppose that a complete set of probabilities pl, p2...,
pn, or {pk} for short, is given - leaving aside, for the moment, the important questions of how these numbers can be assigned theoretically and estimated experimentally. We wish to calculate from these probabilities a numerical measure U of the uncertainty associated with this assignment. U must have certain obvious properties: it must depend in a continuous (i.e. smooth) way on all the probabilities in the set; it must assume its minimum value (which we may take to be zero) when any one of the pk is equal to 1 and the others are equal to 0; it must assume its maximum value when all the probabilities are equal, that is, when pk = l/n for all values of k. The uncertainty measure should also satisfy some less obvious requirements. Suppose, for example, that we cannot recall whether a certain book - let us say a popular book on science - has been classified as science or literature, nor whether its author is Smith or Psmith. Here we have two separate though related sources of uncertainty, and we may reasonably demand that they should be separately measurable and that their sum should be equal to the total uncertainty. It turns out that there is one and only one uncertainty measure that satisfies this and the preceding requirements. It is given by the extremely simple formula 
U = Σ pklog(1/pk) [the summation is from k = 1 to n].



The uncertainty U takes its maximum value Umax when pk = l/n for all values of k. From the formula just given it follows that Umax = log n. We define an information measure I by the formula I= Umax - U. This definition makes a loss of uncertainty equivalent to a gain of information and equates to zero the information present in a maximally noncommittal probability distribution.


The probability distributions that convey the most information are those in which one of the probabilities, say pj, is equal to 1 and the rest are equal to zero. This probability distribution corresponds to the statement, "the
book is definitely in the jth place." The corresponding value of U is 0 and the corresponding value of I is Imax = Umax = log n. Suppose that the number of possible places n = 10k where k is an integer. Then, to specify a particular place j we need a k-digit number. According to our formula, the information needed to specify a particular place is log(10k) = k, which is just the number of decimal digits needed to convey the information. (If instead of using ordinary logarithms in the definition of I, we had used logarithms with
base 2, we would have needed a string of log2 n binary digits, or bits, to convey the same information.)


This concrete interpretation of information carries over to the general case when the probabilities pk are not all equal. A basic result in information theory, first obtained by Claude Shannon, states that in general I represents the average number of digits needed to convey the information that a system is in a particular state, when this information has been encoded as efficiently as possible. The last proviso is important. A long book need not contain
more information than a short one if the ratio of text to meaning is not the same for both.


From the formulae given above, we can calculate U and I, given a complete set of probabilities pk. But how do we go about estimating these probabilities? Particularly for systems with a very large number of possible states, this would seem to present a serious practical problem. But the concept of information, edged with Occam's razor, helps us to cut through the difficulty. Suppose, to take the simplest case, that we knew nothing about the probability distribution except the number of possible states. Since we have no information, Occam's razor demands that none should be present in our theoretical description. We must therefore assign values to the probabilities pk so as to minimize the value of I and maximize the value of U, subject only to the condition that the total number of possible states be equal to n. This is a well-defined mathematical problem whose solution, as we already know, is the maximally noncommittal probability distribution with pk = l/n for all values of k.


The same procedure works when we do have some information about the system we wish to describe. If this information can be expressed symbolically, we can find the probability distribution that contains it and no more. The mathematical problem is well-defined, and its solution yields not only the probabilities themselves but also the numerical values of U and I; it tells us, literally, how much our information is worth. We shall encounter an important practical example of this procedure later.


We are now almost ready to return to our discussion of the origins of macroscopic irreversibility. One further point, already touched upon, needs to be made more explicit: the distinction between macro-information and micro-information. If, in the bookcase analogy, the numbered places, ordered according to subject and author, represent microstates, then the set of places assigned to a particular subject represents a macrostate. The macrostates are assumed to be non-overlapping and exhaustive. The probability associated with a given macrostate is the sum of the probabilities assigned to the microstates that compose that macrostate. From these macro-probabilities, we can construct the macro-uncertainty U and the macro-information I = Umax - U.* We now define the micro-uncertainty U' = U - U as the amount by which the total uncertainty exceeds the macro-uncertainty. Similarly, we define the micro-information I' = I - I. To see whether these definitions are reasonable, suppose that every macrostate contains an equal number, say r, of equally probable microstates. We should then expect the micro-uncertainty to have the value appropriate to a set of r equally probable states, namely, log r - and it does. The mathematically inclined reader can check that U - U really does equal log r in this case. As I mentioned earlier; it is this consistency property that serves to distinguish our formula
for U from other plausible formulae.


Our excursion into the realm of pure 'information theory is now ended, for in defining the concepts of macro-uncertainty and macro-information we have, without noticing it, made contact with classical thermodynamics. We shall see that the macro-uncertainty inherent in a statistical description of a physical system is identical with the entropy.


This identification serves to vindicate, as well as clarify, the idea that entropy is a measure of disorder, for, as we have already seen, uncertainty and disorder are closely related concepts.


Let us examine the reasons for identifying macro-uncertainty with entropy. Consider a closed system composed of interacting particles, and let its possible microscopic states be numbered from 1 to n. If we assign probabilities to these states, we can calculate the corresponding information measure I and ask how it varies with time. A rigorous
mathematical argument yields the intuitively satisfying answer that, so long as the system is not interfered with, I remains constant. The system does not of course remain in its initial microscopic state - for air at room temperature and pressure, the average lifetime of a microscopic state is only about 10-11 second - and even its macroscopic state may change greatly. 


Classical dynamical laws conserve the information. Quantum erasure destroys the micro-information of molecular correlations


Nevertheless, these changes, governed by time-symmetric microscopic laws, neither generate nor destroy information. Our thought-experiment on the diffusion of perfume-molecules suggested, however, that the quality of the information changes during this process. In the initial state, with the perfume still in the bottle, the information was wholly macroscopic. As the perfume-molecules diffused through the room, macro-information was converted into micro-information. In the final state all traces of large-scale order had disappeared; the information was then purely microscopic in quality. To prove rigorously that such a flow of information actually occurs in macroscopic systems under appropriate initial conditions presents an exceedingly difficult problem.
The first proof was given only in 1955, by the Dutch physicist van Hove, who considered a specific class of many-particle systems and used a specific prescription for separating
macro- and micro-information. Closely related theorems, applying to other kinds of physical systems, have subsequently been established by other authors. All these theorems assert that the macro-information decreases monotonically with time (and hence the macro-uncertainty increasea monotonically with time), provided that micro-information is absent in the initial state. As in van Hove's theorem, the precise definition of micro-information depends on the physical system to which the theorem applies. For example, for an ordinary dilute gas, micro-information means information pertaining to correlations between the positions and/or velocities of two or more molecules.

When the macro-information has dropped to zero and the macro-uncertainty has reached its greatest possible value, we can use the mathematical formulation of Occam's razor described earlier to obtain a complete statistical description of the system. Consider, for example, a small region inside a gas that is maintained at a fixed density and temperature.


Because molecules are continually entering and leaving the region, their total number and total energy vary with time, but the average values of these quantities are constants, determined respectively by the density and temperature of the gas. The mathematical expression of this statement imposes two conditions on the underlying probability distribution. Maximizing the macro-uncertainty subject to these conditions yields a complete statistical description of the gas. This description turn out to be identical in every detail with the classical description, based on the two laws of thermodynamics - provided that we identify macro-uncertainty with entropy. Thus the statistical theory includes the whole of classical thermodynamics. It is more general than classical thermodynamics, however, because (a) it does not postulate the law of non-decreasing entropy in closed systems but derives it from more primitive assumptions, and (b) it applies
to any system that can be described statistically - even one that consists of a single particle.


Although macro-uncertainty and entropy have identical mathematical properties in all contexts where both are defined, many physicists refuse to accept their physical identity.
The reason is that we tend to attribute a high degree of objectivity to concepts like heat, work, and entropy, while information and uncertainty seem tinged with subjectivity. Though less familiar to nonscientists than the concepts of work and heat, the concept of entropy is equally essential and equally concrete to the engineer who designs engines and refrigerators. (That entropy plays a part in everyday experience is illustrated by the following example:-- When the temperature in a room drops, the energy of the air does not change, but the entropy decreases.) Most of us do not attribute the same degree of objectivity to notions like uncertainty and information. By checking the mathematics, we may convince ourselves that a flow of macro-uncertainty into a physical system entails a corresponding flow of heat, but the conviction remains that uncertainty is easier to dispel than heat.


Viewed naively, quantities like mass and energy seem to be objective attributes of physical systems, while quantities like uncertainty and information obviously depend on the observer as well. But this distinction is too simple. Mass and energy are quantities that figure in a mathematical description of nature. Because they are capable of being measured by impersonal procedures, they may properly be described as "objective", and to remind ourselves of this important property we find it convenient to think of them as residing in the object, whereas in fact they belong partly to the object and partly to the description. The same thing is true of the statistical quantities that figure in physical theories. They too can be measured by impersonal procedures and they too dwell simultaneously in the object and the description. But, owing to the subjective connotations of terms like "probability", "uncertainty", and "information", we find it harder to externalize these concepts.


Yet the statistical interpretation of entropy and the second law of thermodynamics does present a real difficulty, which is related to the.level of the statistical description. Let us consider a simple and trite example of a macroscopic process described statistically, the throw of a die. In the 'absence of a detailed physical description of the die and of the circumstances of the throw, the outcome is uncertain, and we assign probabilities p1, p2,..., p6 to the possible outcomes. Each of these probabilities is an "inherent" property of the die. Its value can be calculated theoretically from sufficiently detailed data on the die's physical properties, and it can also be measured experimentally to any desired degree of precision. (To measure the probabilities pk we could measure the frequencies of occurrence of the various outcomes in a long series of throws or in a single throw of a large number of identical dice. These frequencies fluctuate about the corresponding probabilities, but the amplitude of the fluctuations decreases in a predictable manner as the length of the series increases. Precisely the same procedure is used to measure nonstatistical quantities like mass.)


We can describe the process of radioactive decay in similar statistical terms. The probability that a single radium atom will decay during a small time-interval Δt is Δt/T, where the constant T is the same for all radium atoms. The value of T can be predicted theoretically (by means of quantal calculations based on a suitable model of the radium nucleus) and measured experimentally (through observations of the decay of a sample containing a large number of radium atoms). The quantity 1/T, which represents the probability per unit time for the decay of a single radium atom, is thus analogous to the probabilities pk in the previous example.


But there is a profound difference between these two examples. From a sufficiently accurate description of the die's initial state, we could in principle predict the outcome of any given throw. Even if we could not predict it with certainty, we would greatly reduce the uncertainty associated with complete ignorance of the initial conditions. By contrast, the decay of an individual radium atom is thought by physicists to be inherently unpredictable. According to the current laws governing atomic and subatomic phenomena, a complete description of a radium atom would enable us to calculate T but not to predict when any given atom would decay. Thus the probability of radioactive decay is irreducible while that of throwing double sixes with a pair of dice is not. Most physicists believe that the uncertainty inherent in all quantal descriptions is irreducible, in the sense that there does not exist a more fundamental description that reduces the quantal uncertainty. The uncertainty inherent in a statistical description of a macroscopic system, on the other hand, can be reduced.


We have now penetrated to the heart of the contradiction between the physicist's two views of the world: the reversible microscopic view and the irreversible macroscopic view. We have seen that macroscopic irreversibility as expressed by the second law of thermodynamics hinges on a statistical property of naturally occurring macroscopic systems: the initial absence of micro-information. It is clearly impossible to derive this property from a description of the world that does not distinguish between "initial" and "final" and in which micro-uncertainty is reducible to the basic quantal uncertainty inherent in every microscopic description.


Our discussion has shown that the contradiction between the macroscopic and microscopic pictures does not stem from a conflict between laws but from a conflict between constraints. We have identified the constraint that lies at the core of macroscopic irreversibility. The constraint underlying the reversible microscopic picture of the world can be stated formally in these terms: "In principle there exists, at any given instant of time, a complete microscopic description of the universe." (By "a complete microscopic description" I mean, of course, a quantal description which, as we have seen, contains an irreducible - but also unvarying - element of uncertainty.) This statement, which has some of the aura of a self-evident truth, seems never to have been seriously questioned by physicists. I shall, however, propose to abandon it in favor of a postulats that, I shall argue, is both simpler and more plausible.


What considerations guide the choice of constraints for the universe as a whole? We saw earlier that the constraints appropriate to astronomical systems are characterized by regularity as well as diversity. The regularities are statistical in character, and their explanation seems to require a sequence of increasingly general cosmogonic theories. The
diversity permitted by these statistical regularities is reflected in the diversity of the phenomena. However, we may expect the constraints that apply to the universe as a whole to differ from those appropriate to finite physical systems.


In the first place, if the cosmic constraints have regularities, these must be in some sense self-explanatory, for we cannot invoke a more comprehensive theory to explain them. The chain of cosmogonic problems generated by attempts to explain the statistical regularities of astronomical systems must terminate in or start with - the constraints that characterize the universe as a whole.


In the second place, the universe, unlike any finite system, is the only observable member of its clans. Of course it may be instructive to work out the consequences of different cosmic constraints, just as it may be instructive to work out the consequences of different physical laws, but the ultimate objective is the same in both cases: to find the simplest set (of constraints or laws) on which to base a theoretical description that agrees with the available observational and experimental evidence.


Finally, cosmic constraints are distinguished from those we impose on finite systems by the fact that the universe affords the framework, as well as the arena, for the laws of physics. This fact suggests that there may be a close connection, a kind of harmony, between the laws of physics and the cosmic constraints.


Let us pursue this idea. A fundamental property common to all currently held laws of physics is the negative one of not distinguishing between different positions and different directions in space. In mathematical language, the laws of physics are invariant under translations (changes of position) and rotations (changes of orientation) of the frame of reference. This symmetry principle does not of course prevent the phenomena themselves from singling out preferred positions or directions in space. Thus terrestrial phenomena clearly single our the vertical direction, but this preference reflects a lack of symmetry in the distribution of mass and not in the farm of Newton's law of gravitation.


The observed distribution of matter and motion in the universe is nonuniform and anisotropic on scales smaller than a few billion light years. At substantially larger scales, however, statistical uniformity and isotropy seem to prevail. This fundamental property of the astronomical universe was first deduced by Edwin P. Hubble from photographic observations made during the 1920's and early 1930's with the 100-inch telescope on Mt. Wilson. Subsequent observational studies based on data collected with still more powerful optical telescopes have supported Hubble's conclusion, as
have also data collected by radio astronomers on the distribution of extragalactic radio sources, and observations of the cosmic microwave background. Thus the available observational evidence strongly and consistently supports the assumption that, apart from local irregularities, the universe is spatially homogeneous and isotropic. ("Local" in this context means "having a scale less than a few million light years.") This assumption is usually called the cosmological principle.


It is aesthetically pleasing to find that the spatial symmetries inherent in our current physical laws also underlie the large-scale structure of the astronomical universe. But the cosmological principle also has certain practical consequences, two of which are especially relevant to the present discussion.


1. Newtonian physics is based on the concepts of absolute space and absolute time. Because absolute space provided, for Newton, an invisible and intangible but ever-present backdrop, all motion, uniform as well as accelerated, is absolute in his theory. Einstein's two great theories exorcized absolute space and time from the physical arena. Special relativity welded space and time into a four-dimensional continuum in which only space-time intervals, and not space-intervals and time-intervals separately, have an invariant meaning; but it maintained the Newtonian distinction between accelerated and nonaccelerated frames of reference. By enlarging the scope of space-time geometry to include gravitational phenomena, general relativity did away with this remaining distinction. The cosmological principle in a sense reinstates absolute space and absolute time - not as a basis but as a framework. Unlike Newtonian absolute space, the preferred frame of reference introduced by the cosmological principle is defined by the physical contents of the universe. It is the frame in which the distribution of matter appears to be uniform and the distribution of motion isotropic, apart from local irregularities.


2. Einstein's theory of gravitation (general relativity) predicts that a universe satisfying the cosmological principle cannot be static. It must either expand from a singular state of infinite density in the finite part or contract toward such a state in the finite future. The mathematical theory of an expanding (or contracting) universe satisfying the cosmological principle was published in 1922 by the Russian mathematician Friedmann. Seven years latex, Hubble, unaware of Friedmann's theoretical work, advanced the hypothesis of a uniform, isotropic cosmic expansion to account for his and other astronomers' measurements of systematically red-shifted spectral lines in the spectra of
distant galaxies. Subsequent observational work has strongly confirmed Hubble's hypothesis of a uniformly expanding universe.


As formulated above, the cosmological principle says nothing about "local irregularities". In effect, it applies to a fictitious uniform and uniformly expanding medium, the substratum, in which the density equals the average density of matter in the actual universe, and the velocity at any given point equals the average velocity in the neighborhood of that point in the actual universe. Now, the mean density field and mean velocity field are merely the two simplest ingredients in a statistical description of the universe. The question immediately arises, whether any other statistical property defines a preferred position or direction in space. Observational evidence bearing on this question is necessarily incomplete, but so far no indication of a preferred position or direction has been found. Allowing ourselves to be guided by Occam's razor, we accordingly postulats that no statistical property of the distribution of matter and motion in the universe serves to define a preferred position or direction in space. I shall refer to this postulate of statistical uniformity and isotropy as the strong cosmological principle.


The strong cosmological principle attributes to the statistical constraints that help to define the real universe the same spatial symmetry properties that characterize the underlying laws. What about the nonstatistical constraints? To answer this question, consider an idealized one-dimensional "universe" consisting of point masses distributed in a statistically uniform way along a straight line extending to infinity in both directions. ("Statistical uniformity" is defined as follows: - The probability of finding a point mass in any given line-segment is (a) independent of the distribution of point masses outside the segment under consideration, (b) the same for all segments having the same length, and
(c) proportional to the length of the segment, if the segment is sufficiently short.) This statistical distribution, called the Poisson distribution, is completely defined by a single quantity, the average number of point masses per unit length. Moreover, it contains no information other than that needed to specify that average number; its statistical description, given above, is maximally noncommittal in the technical sense discussed earlier.


To describe our one-dimensional universe in microscopic detail, we divide the line into segments of equal length and the number of mass points contained in each segment. The description then takes the form of an infinite sequence of occupation numbers without beginning or end -for example: ...00010110010... .


Given such a sequence, we can measure its defining parameter, the mean occupation number, with any desired accuracy by averaging over successively larger samples. In
an analogous way we can estimate any other average property of the distribution.


Next, suppose we are given two sequences of occupation numbers and asked to decide whether they describe the same one-dimensional "universe". From what has just been said, we can discover, through measurement, whether the statistical properties of the two descriptions tally. Suppose we conclude that both sequences describe a Poisson distribution characterized by the same average density of mass points. Do the two distributions differ in some nonstatistical way? This question would be easy enough to answer if our one-dimensional "universe" were finite, or even if it extended to infinity in one direction only. Each sequence of occupation numbers would then have at least one endpoint and we could decide immediately, by matching them, whether or not the two sequences were identical in detail. But if the sequences are infinite in both directions, there is no unique way of matching them. In fact, given any finite subsequence of occupation numbers in the first sequence, we can find arbitrarily many matching subsequences in the second sequence. Since this statement is true for any finite subsequence, the two descriptions are operationally indistinguishable. In short, a sequence of occupation numbers describing a Poisson distribution on an infinite line contains no nonstatistical information; it is specified completely by a single parameter, the mean occupation number.


Exactly analogous arguments apply to more realistic models of the universe. If the universe satisfies the strong cosmological principle, if it is infinite and unbounded, and if the scale of local irregularities is finite, then the following two statements hold. (1) All statistical properties	can be measured with arbitrary precision. (2) No additional information can be either obtained or specified.


Neither of these properties is shared by any finite subsystem. Consider, for example, an enclosed gas in thermodynamic equilibrium. We can measure its instantaneous temperature, but not with arbitrary precision. For the temperature of a gas is a measure of the average kinetic energy of its molecules, and the number of molecules in a sample determines how accurately such an average can be estimated. On the other band, we can acquire nonstatistical information about a finite sample of gas - information about the positions and velocities of individual molecules, for example - because the walls of the container define a fixed frame of reference. It is for this reason that the statistical description of any finite subsystem of the universe is reducible to a detailed microscopic description. The situation is exactly reversed for the universe as a whole, if it satisfies the conditions mentioned above. All the statistical information needed to define the instantaneous state of such a universe is present in the actual distribution of matter and motion, while nonstatistical information is not merely unobtainable but absent; the statistical description is complete.


The strong cosmological principle thus reduces to the simple statement that there are no preferred positions or directions in space. A description that conforms to this requirement is necessarily statistical, and such a description is also complete.


Thus the strong cosmological principle flatly contradicts the commonly held assumption that a complete microscopic description of the universe is possible in principle. And
it implies the existence of a new kind of irreducible uncertainty, distinct from the quantal uncertainty exemplified by the random character of radioactive decay. This new kind of uncertainty does not prevent the acquisition of microscopic information about finite subsystems of the universe; it shows up only at the cosmic level of description. Returning to our analogy of the Seurat painting, we may say that the information conveyed by the painting resides in its "statisticai" properties - the colors, shapes, and patterns perceived by an observer who views the picture at the distance intended
by the artist. Different "microscopic" arrangements of color dots could have produced the same "macroscopic" effects, and we may presume that those "microscopic" details that do not contribute to the "macroscopic" effect were not part of the artist's plan but were the results of chance. In the same way, there is an irreducibly random element in all natural
phenomena, over and above that introduced by quantal uncertainty.


In discarding the assumption that there exists a complete microscopic description of the universe and adopting in its place the strong cosmological principle, we have taken an important step toward an understanding of the constraint implied by the second law of thermodynamics. We have shown that micro-uncertainty, one key element in this constraint, is an irreducible ingredient of macroscopic systems. We have still to understand, however, why the absence of micro-information and the presence of macro-information characterize
the initial states of naturally occurring systems. To answer this question, let us shift our attention to the other key element in the thermodynamic constraint: macro-information. What is its origin?


At first sight it may seem that the second law of thermodynamics answers this question. This law implies that all natural processes generate entropy.



Does this not imply that the quantity of information in the world - or rather, since this quantity is infinite, the information per unit mass - is continually decreasing, and that it must therefore have attained its greatest value in the initial instant of the cosmic expansion? A simple example will show that the answer is no.


Let us consider three model universes, the first filled with a uniform gas, the second with a uniform radiation field (or photon gas), the third with a uniform mixture of gas and radiation. Let us assume further that each uni-verse is in a state of thermodynamic equilibrium at some given instant of time, not the initial instant. We recall that the information associated with the state of thermodynamic equilibrium is zero and that the entropy takes its maximum value consistent with the prescribed values of the temperature and mean density. Let us now see what happens to information and entropy in each universe as it expands away from the state of thermodynamic equilibrium.


In the first universe, the gas remains in thermodynamic equilibrium as it expands (provided that its temperature is not too high), but its temperature decreases. In fact, any given element of the gas behaves exactly as if it were expanding against a movable piston in a perfectly insulated cylinder. Thus in the first universe, micro-information and entropy remain constant during the expansion. The same is true of the radiation-filled universe, every element of which also behaves as if it were confined to an insulated cylinder fitted with a movable piston. However, the rate at which the temperature decreases with decreasing density is not the same in the two universes. In the gas-filled universe the temperature varies as the 5/3 power of the density while in the radiation-filled universe it varies as the 4/3 power of the density.


Because the law of temperature decrease is not the same in a universe filled with radiation as in one filled with gas, the behavior of the third universe, in which both gas and radiation are present, is more complicated than that of the other two. If we mix gas at one temperature with radiation at a different temperature in a non-expanding container, the mixture will relax to a state of thermodynamic equilibrium at some intermediate temperature. During this process, which I shall call thermalization, the energy of
the mixture stays constant, but its entropy increases. (Thermalization is closely related to the process of molecular diffusion considered earlier.) The rate at which thermalization occurs depends on the composition, density, and temperature of the gas and on the temperature and density of the radiation. Suppose that the thermalization rate is much smaller than the cosmic expansion rate in the third universe. Then the temperature of the gas will decrease nearly in accordance with the law appropriate to a gas-filled universe, while the temperature of the radiation will decrease nearly in accordance with the law appropriate to a radiation-filled universe. Hence a temperature difference will develop between the two constituents. This implies that information has been generated by the expansion. The information associated with a given element of the mixture is just the difference between the actual entropy of that element and the entropy it would have if the expansion were halted and the mixture of gas and radiation were allowed to come to thermodynamic equilibrium. The rate of generation of information is thus exactly equal to the rate at which entropy would need to be generated to maintain the mixture in a state of thermodynamic equilibrium despite the expansion. In the opposite case, when the thermalization greatly exceeds the expansion rate, entropy is actually generated at this maximum rate, and no information is generated. 


Layzer's explanation of the growth of order.


In the intermediate case, when the rates of thermalization and expansion are comparable, both entropy and information are generated.

This example shows that entropy generation on a cosmic scale does not imply a destruction of information; information and entropy can be generated simultaneously. The reason is that the sum of information and entropy is not constant, as in more familiar contexts, but changes as the universe expands. The example also illustrates another important point, that the rate at which information can be generated depends on the relative rates of entropy-generation and cosmic expansion.


From the above example it may appear that cosmic expansion plays the main role in the production of information, but this is not the case. Had we reversed the direction of time and considered a universe contracting, instead of expanding,from the initial state of thermodynamic equilibrium, we would have reached exactly the same conclusion: information and entropy are both generated at rates depending upon the relative values of the thermalization and expansion rates. Thus in our example the arrows defined by the growth of entropy and the growth of information always point in the same direction, but they need not coincide with the arrow defined by the cosmic expansion. On the other band, they invariably point away from the state of thermodynamic equilibrium.


In order to apply these considerations to the actual universe, we must investigate whether it is reasonable to suppose that it was ever in a state of thermodynamic equilibrium. So far as local conditions are concerned, we can answer this question by comparing the rate of cosmic expansion with the rates of atomic and subatomic processes that tend to establish thermodynamic equilibrium locally. Both the expansion rate and the thermalization rate increase very rapidly with increasing density, but calculation shows that the thermalization rate increases faster, so that we may expect local thermodynamic equilibrium to have prevailed during the earliest stages of the cosmic expansion.


This conclusion does not exclude the possibility that large-scale variations of such physical quantities as density, temperature, composition, and velocity, were present during the earliest stages of the expansion. Some writers have, indeed, argued that such irregularities are needed to account for the present structure of the universe. But these arguments all depend - implicitly or explicitly - on the belief that the second law of thermodynamics requires more information to be present in the initial state of the universe than in subsequent states. We have seen that this belief is false. 


Cosmologists have sadly not given the careful consideration that Layzer's theory deserved. See the history of Layzer's theory of the growth of order.


The Second Law does not in fact exclude the possibility that the present-day universe, with its complex hierarchical structure, has evolved from a structureless initial state - a state of global thermodynamic equilibrium. Because this is the simplest conceivable hypothesis, it deserves careful consideration.

Attempts to base a cosmogonic theory on the hypothesis of a structureless initial state divide into two main groups. Theories belonging to the first group take as their common starting point the assumption that the temperature during the early stages of the cosmic expansion was so high that the energy of the radiation field greatly exceeded that of the matter. The proponents of the hot big bang, as this hypothesis is usually called, interpret the cosmic microwave background - an approximately thermal radiation field with
a temperature of 2.7°K, discovered by A. A. Penzias and R. W. Wilson in 1965 - as a remnant of the primordial fireball, degraded in temperature and energy by the cosmic expansion.


The main difficulty with the hypothesis is that high temperatures militate against the formation and growth of density fluctuations. For this reason, most authors who favor a hot initial state also postulate that large-scale irregularities were either present initially or were formed during a stage of the expansion when the cosmic density was so high that current physical laws cannot be applied with confidence.


The alternative hypothesis, which my students and I have been developing, is that of a cold initial state. A detailed consideration of the cosmogonic theory based on this 
hypothesis would take us too far afield, and, indeed, in its present form the theory has weaknesses and gaps. But a brief outline of it will help to fix ideas.
The early history of the cold universe divides into three phases, dominated respectively by elementary-particle interactions, atomic and molecular interactions, and gravitational interactions.


Throughout phase one, the density of the cosmic medium remains uniform, but interactions among elementary particles cause its composition to change. By the time the mean cosmic density has dropped to 108 gm/cc (100 tons per cubic inch), the "primordial" chemical composition of the universe has been established. Matter is then largely in the form of protons (hydrogen nuclei) and electrons, with a smattering of helium nuclei and a sprinkling of some other light nuclei. In spite of its low temperature and high density, the matter remains gaseous during this phase, owing to "zero-point" motions of the nuclei - motions of quantal origin that are present even at zero temperature and that increase with increasing density.


Phase two begins when the mean cosmic density has dropped to a value of about 100 gm/cc. At this point the medium "freezes" because the zero-point motions of the nuclei are no longer large enough to prevent crystallization. Detailed calculations by Dr. Ray Hively indicate that the cosmic medium becomes a metallic hydrogen-helium alloy. Metallic hydrogen has not yet been produced experimentally, but the calculations indicate - though they do not conclusively prove - that the metallic state is stable under the physical conditions that prevail in the cold universe at this stage.


The solid state can exist only over a comparatively narrow range of densities. At a certain point in the cosmic expansion the medium must shatter into fragments. Mr. Hively's calculations indicate that this occurs at a density of about .4 gm/cc. I have estimated that the resulting fragments will have masses comparable to that of the earth (about 1027 gm) - though of course they differ radically from terrestrial material in their chemical composition. So ends phase two.


At the beginning of phase three the cosmic medium resembles a uniform, cold gas in which solid fragments of planetary mass play the part of molecules. Such a gas differs from ordinary gases in one crucial respect. The forces exerted by the molecules of an ordinary gas have limited range. Two molecules interact appreciably only if their separation
is less than this range, which is normally much smaller than the average distance between the molecules. Thus a molecule in an ordinary gas spends must of its time in free flight between relatively brief binary encounters. The "molecules" of the phase-three cosmic "gas", on the other band, interact gravitationally. Gravitation is a long-range force. It decreases with distance, but so slowly that the qualitative behavior of a gas composed of gravitating particles differs radically from that of an ordinary gas. Every particle interacts strongly and continuously with a large number of other particles. I have argued that the phase-three gas cannot persist in its initially uniform state (uniform, that is, on scales large compared with the diameter of a typical fragment); density fluctuations develop spontaneously at all scales on which coherent gravitational interactions are possible. The fact that gravitational signais propagate with the speed of light sets an upper limit on the scale of these fluctuations.


As the universe continues to expand, the density fluctuations grow in amplitude. The mean cosmic density decreases steadily, of course, but the contrast between regions of comparatively high and low density grows. Ultimately, discrete self-gravitating systems separate out of the expanding medium. The theory indicates that the smallest self-gravitating systems separate out first and that successively larger systems separate out as clusters of smaller systems. Thus newly formed self-gravitating systems have a complex hierarchical structure - much of which is destroyed during their subsequent evolution. At the present time, second-order clusters of galaxies are in process of separating out, and still larger systems will be formed in the future.


Although this picture of cosmic evolution rests on quantitative and semi-quantitative theoretical arguments, I must stress that it is still highly speculative. Nevertheless, it serves to illustrate a possible sequence of events leading from a structureless initial state to the complex structure of the present-day astronomical universe.


Let us now return to the questions raised at the beginning of this essay. What is the origin of time's arrow, and how are its various aspects related?


Events are shaped partly by physical laws and partly by constraints. The laws do not distinguish strongly, if at all, between the two directions of time. The origin of temporal asymmetry must therefore be sought in the constraints. These exhibit statistical regularities which are must conspicuous at the astronomical level. I have argued that all such regularities must flow from a set of constraints pertaining to the universe as a whole. These cosmic constraints differ from the constraints that define discrete astronomical systems not only because they are, by definition, irreducible and
must therefore, in some sense, provide their own justification, but also because they define the framework, as well as the arena, for the laws.


The cosmic constraint proposed in this essay has two parts. The first part, a strengthened version of the Einstein-Hubble cosmological principle, affirms the basic equivalence of all positions and of all directions in space. This postulate, which attributes to the universe itself a symmetry property inherent in all current physical laws, has three important consequences. (1) It leads to a unique splitting of the space-time continuum into absolute cosmic space and absolute cosmic time - but only at the cosmic level of description. (2) It implies a nonstatic universe, expanding from or contracting toward a singular state of infinite density. (3) Finally, it implies that a complete description of the universe contains no microscopic information. The uncertainty associated with this absence of microscopic information is irreducible and is distinct from the quantal uncertainty associated with the complete microscopic description of a finite subsystem.


The second part of the cosmic constraint proposed in this essay refers specifically to the singular state. It asserts that no information whatever (and hence no structure)
is present in this state.


Both parts of the constraint are implicit in the assertion:- The universe possesses one information-free state. This, perhaps overly terse, statement of the constraint serves te emphasize its simplicity and economy.


The singular state marks a natural boundary of the time-coordinate, which we may appropriately designate as the beginning of time. Even if the laws of physics are perfectly time-symmetric, they generate a unique sequence of events issuing from this state, and hence a unique direction in time.


The expansion of the universe away from its initial state generates information and, ultimately, structure. At the same time, it generates entropy. Both movements are irreversible, and jointly they define the arrow of time. Of the two, the growth of information is perhaps the more fundamental because it supplies the order that entropy-generating processes seek to destroy. The growth of entropy reflects a one-way flow toward smaller and smaller scales of the information generated by the cosmic expansion.


Philosophers and - less frequently - physicists have sometimes questioned whether the second law of thermodynamics can properly be extrapolated from discrete closed systems to the universe as a whole. The present discussion indicates that such an extrapolation is entirely justified. For if we consider a sufficiently large region of the universe, the flow of entropy into the region must balance the flow out of it, apart from statistical fluctuations, so that entropy generation in the universe at large is determined entirely by local processes, which in turn must conform to the second law of thermodynamics. By contrast, no extrapolation from the behavior of discrete closed systems can disclose the irreversible growth of information in the universe as a whole. It is for this reason that the fundamental role played by this basic tendency in cosmic evolution has gone unrecognized for so long.


When a discrete astronomical system separates out of the cosmic medium, it contains macroscopic structure (and hence information) but no microscopic information. These conditions are both necessary and sufficient for the second law of thermodynamics to apply in the system. Although the instant when a discrete system comes into being is to some extent a matter of definition, once it has been defined it serves as a point of reference in time. An arrow in time painting from the initial instant to the present moment points, by definition, the direction of the future. We have shown that this direction coincides with the direction of entropy generation within the system and with the common direction of entropy generation and information growth in the universe as a whole.


In an ideal isolated system, information present initially at the macroscopic level is degraded with the passage of time into information relating to the system's microscopic state, as in our earlier example of the diffusion of perfume. In any real system, however, the flow of information does not stop at the system's boundaries. Once information has been degraded to the molecular level, it can no longer be confined; it diffuses rapidly - indeed with the speed of light - into outer space. Thus, even if we,shield a system
perfectly against all forms of energy and mass flow, we could not shield it from the fluctuating gravitational forces exerted by distant matter. Small as they are, these forces dissipate almost instantaneously any microscopic information that may be present in a macroscopic sample of gas. This means that in practice the constraint "macro-information initially present, micro-information initially absent" applies not only at the initial instant, but also at all subséquent times. Moreover, it also applies to subsystems of the original system, provided that we consistently classify all the information that went into shaping a subsystem's initial state as macroscopic.


At the beginning of this essay I contrasted the generation of entropy in closed systems with the growth of information in open systems - both living and nonliving - endowed with memory. The existence of such systems, capable of preserving and extending a record of their past states in the face of the universal tendency toward the degradation and dissipation of information, is ultimately a consequence of the equally universal tendency toward the growth of information on the cosmic scale. Moreover, the fact that such records, when they exist, define a common arrow whose sense agrees with that defined by entropy-generating processes is explained by the same considerations that account for the common direction of entropy-generating processes in different closed systems: - The instant at which a discrete system is said to come into being serves to define a preferred direction in time, which coincides with that determined by the initial cosmic expansion. On the other hand, the specific mechanisms of information growth in open systems vary widely. In astronomical systems, gravitational contraction, accompanied by radiative energy loss, often plays a key role, especially in early evolutionary phases. Some systems, the moon for example, gain information by accretion. Living systems actively extract information from their environment and use it to preserve and extend exceedingly complex forms of internal organization. Finally, in any open system the ever-present entropy-generating processes can at any moment gain the upper hand and put an end to the growth of information. These considerations make it seem unlikely that there can exist a general principle, comparable in breadth to the second law of thermodynamics, governing the growth of information
in open systems. The present discussion does show, however, that (a) the growth of information in discrete systems is not, as some authors have surmised, a consequence of entropy generation, but a directly competitive process, related - though indirectly - to the growth of information in the universe at large; and (b) the temporal direction defined by information growth in discrete systems coincides with that defined by entropy generation.






A century and a half ago, the great French mathematician Pierre-Simon Laplace
expressed what I have called the physicist's microscopic view of the world in terms that have since become classic: - *


Une intelligence qui pour un instant donné connaîtrait toutes les forces dont la nature est animée et la situation respective des êtres qui la composent, si d'ailleurs elle était assez vaste pour soumettre ces données à l'analyse, embrasserait dans la même formule les mouvements des plus grands corps de l'univers et ceux du plus léger atome: 
rien ne serait incertain pour elle et l'avenir comme le passé serait present à ses yeux.




The last clause, in particular, underscores that in this view of the world - still generally accepted by physicists - there is nothing that corresponds to the flow of time; to Laplace's imaginary being all temporal states would be present simultaneously. The world picture that we have been led to in the present essay differs radically from Laplace's. Because the total quantity of information in the universe increases monotonically with time from an initial value of zero, the present state always contains information that was not and could not have been present in any past state. At the same time, it contains less information than any future state. Thus the future is never wholly predictable. And, although cosmic evolution is governed by immutable physical laws, the present instant always contains an element of genuine novelty because life itself involves a continual growth of information, and because consciousness enables us to experience this growth directly, the intuitive perception of the world as unfolding in time captures one of its most deep-seated yet elusive properties.

David Layzer June 24, 1971






It is only the probability of finding the particle that exists in many places at the same time


Source: https://www.informationphilosopher.com/solutions/scientists/layzer/arrow_of_time.html
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The Growth of Order in the Universe

Perhaps the most significant and original insight of the Harvard cosmologist David Layzer is his explanation of the growth of order and information in a universe that began in equilibrium, but departs from equilibrium despite the second law of thermodynamics.

In his most recent (2010) description of the growth of order, Layzer says...


Standard accounts of the early universe assume that at the earliest times when current theories of elementary particles apply, the cosmic medium was a uniform, uniformly expanding gas containing “a great variety of particles in thermal equilibrium ...” [Steven Weinberg, Cosmology and Gravitation, p. 528]

As the universe expanded, both its rate of expansion and the rates of particle encounters decreased, but the latter decreased faster than the former.  As a result, some kinds of equilibrium ceased to prevail, and the corresponding probability distributions ceased to be maximally random.  For example, in the standard evolutionary scenario, which assumes that the cosmic microwave background is primordial, matter and radiation decoupled when their joint temperature fell low enough for hydrogen to recombine.  Thereafter, the matter temperature and the radiation temperature declined at different rates.  So while matter-radiation interactions tended to equalize the matter and radiation temperatures, generating entropy in the process, the cosmic expansion drove the two temperatures farther apart, generating information...competition between the cosmic expansion and nuclear reactions generated both entropy and information. 



Layzer died in 2019 without ever explaining more. The author was asked to prepare his memorial website, which is at davidlayzer.com. 


While adding new material to David's I-Phi web page, I reviewed my readings of Arthur Stanley Eddington. David and I were both quit familiar with Eddington's work, especially his 1927 Gifford Lectures, which were published as The Nature of the Physical World. 


It appears that Eddington in his 1935 book New Pathways in Science, anticipated David's explanation for the growth of order.



The expansion of the universe creates new possibilities of distribution faster than the atoms can work through them, and there is no longer any likelihood of a particular distribution being repeated.






Layzer says "I have argued that while local processes drive local conditions toward local thermodynamic equilibrium, the cosmic expansion and the contraction of self-gravitating astronomical systems drive local conditions away from local thermodynamic equilibrium, creating both information and entropy." Layzer never told us how long ago he first developed this idea, or that he is the sole author of this profound cosmological insight, which is a foundational concept for information philosophy. 



As a result, the idea has been mentioned many times in the literature without always citing Layzer as the original source. We attempt to correct this lack of proper attribution (even by Layzer himself), by citing the earliest references and several very important ones in recent years.


In the 2010 article, Layzer cites his paper "Cosmogonic Processes" presented at the Brandeis Summer Institute of Theoretical Physics in 1968, published as Astrophysics and General Relativity, two volumes, edited by Max Chrétien, Stanley Deser, and Jack Goldstein, Gordon and Breach, NY, 1971. It appears to be Layzer's first publication of his growth of order theory. 


Layzer begins with a hypothesis of Ludwig Boltzmann that depends on the universe being infinite. Since Boltzmann was attempting to explain how we could have departed from equilibrium enough to live in a universe in which entropy was low and obviously increasing, his thought seems clearly the intellectual origin of the problem of growth of order. Boltzmann also appears to have inspired Layzer's Strong Cosmological Principle, which was first presented in 1963 at a Cornell conference on the Nature of Time.

Boltzmann's hypothesis

Boltzmann pointed out that in an infinite universe in a state of thermodynamic equilibrium every finite configuration whose structure does not violate the laws of physics has a finite probability of occurring. Hence the observable universe of Boltzmann's day could represent a statistical fluctuation in a universe that, as a whole, was in a stationary
state. 


Layzer describes how the universe can depart from thermodynamic equilibrium.


...consider a mixture of radiation and nonrelativistic particles initially at a common temperature. As the universe expands both gases will cool, but the particle gas will cool faster than the photon gas, so that a temperature difference will be created.

So far we have considered ideal gases. Let us now take into account the effects of interactions. These always tend to thermalize the distribution. Whether or not they succeed in doing so depends on whether the relaxation time of the gas is short compared to the expansion time H-1. If it is, an approximately thermal distribution with a temperature intermediate between the relativistic and nonrelativistic values will result; if it is not, the high-energy particles will maintain a higher effective temperature than the low-energy particles.


Similarly, interactions between photons and gas-molecules tend to equalize the temperatures of the two gases. The extent to which thermalization actually occurs depends on whether the mean interval between emission and reabsorption of a photon is small compared with the expansion time H-1.



Layzer introduces the terms "specific entropy" and "relative entropy," then relates the latter idea to information.

Entropy, Relative Entropy, and Information

The entropy Σ associated with a given finite region V is given by 
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where the integration extends over the entire momentum space and over a region of volume V in configuration space. To avoid having to specify the volume V, we use instead of Σ the entropy per unit mass, or specific entropy, σ, defined by
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...an initially thermal distribution will not in general remain thermal during the expansion. Let σmax denote the maximum value attainable by σ for given fixed values of the chemical composition, internal energy density, and mass density. Statistical mechanics defines thermal distributions by the property σ = σmax. 
Hence the relative entropy σ* = σ/σmax ≤ 1. The preceding discussion shows that the relative entropy of an initially thermal distribution will in general decrease in the course of the expansion.

The expansion also brings about an increase in the information associated with the distribution. The specific information is defined by
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Since entropy is non-negative, 0 ≤ i ≤σmax. Zero information is associated with a thermal distribution, maximum information with a distribution of zero entropy. The preceding discussion shows that in general both the specific information and the specific entropy of an initially thermal distribution increase in the course of the expansion.

The simple examples that we have considered in this section show that the cosmic expansion can generate information. But information is a precise measure — though not perhaps the only possible one — of the complexity of a physical system. Thus the notion that the complexity of the present day universe has evolved from initial simplicity, though paradoxical, is logically tenable.




Layzer then claims that "initial" and "final" states of the universe could be assumed to be the simple state, so that "logically" his analysis would also apply to a contracting universe.  This may be a logical argument, based on an assumed symmetry, but the symmetry could only be the case temporarily at best, until radiation temperatures and matter temperatures again converge, increasing the entropy to the maximum. During a contraction, the number of (classical or quantum) phase space cells is decreasing, forcing even higher occupation numbers for material particles. Contraction does not open up new possibilities. It closes them down. On the other hand, information creation during expansion can go on forever. A few pages later, Layzer says 

...why should we suppose the initial state rather than, say, the final state to be simple? In the preceding discussion we can replace the word "expansion" by "contraction" wherever it occurs without impairing the logical structure of the argument. Thus we could equally well have argued that information is generated in a contracting universe if the initial distribution is thermal. The point raised here is fundamental to an understanding of the arrow of time. We know that at the microscopic level — the level at which fundamental particles and fields are involved there is complete (or very nearly complete) symmetry between the two directions of time. The time-symmetry of microscopic processes reflects the symmetry of (a) the laws governing these processes and (b) the auxiliary conditions. In particular, the distinction between "initial" and "final" states has a purely formal significance at the microscopic level.


What is the situation in cosmology? Here too the governing laws are completely symmetric, but the distinction between initial and final states has more than formai significance if we assume that the initial (or final) state is one of thermodynamic equilibrium. If we are to avoid ad hoc assumptions we cannot simply assume that thermodynamic equilibrium prevails at some arbitrary value of the cosmic density. On the contrary, thermodynamic equilibrium is a physically reasonable assumption only when the rates of the microscopic processes that tend to establish equilibrium greatly exceed the cosmic expansion rate. Now, the rate of any binary collision process is proportional to a particle density and hence varies like S-3. The expansion rate is proportional to t-1 and hence varies like S-3/2 in a matter-dominated universe and like S-2 in a radiation-dominated universe. At sufficiently high densities equilibrium can always be established through binary collision processes (as distinct from spontaneous decay processes). We see, therefore, that in the limit S → 0, and only in this limit, a state of local thermodynamic equilibrium can be expected to prevail in either a matter-dominated or a radiation-dominated Friedmann universe. 


That order also would grow in a universe contracting from an equilibrium state now seems moot


These physical considerations show that the temporal direction in which information increases must coincide with the direction of initially diminishing cosmic density, i.e., the direction in which the universe initially expands.




In 1971, Layzer privately circulated an unpublished manuscript entitled The Arrow of Time, in which he clearly described his theory of the growth of order.


Because the law of temperature decrease is not the same in a universe filled with radiation as in one filled with gas, the behavior of the third universe, in which both gas and radiation are present, is more complicated than that of the other two. If we mix gas at one temperature with radiation at a different temperature in a non-expanding container, the mixture will relax to a state of thermodynamic equilibrium at some intermediate temperature. During this process, which I shall call thermalization, the energy of
the mixture stays constant, but its entropy increases. (Thermalization is closely related to the process of molecular diffusion considered earlier.) The rate at which thermalization occurs depends on the composition, density, and temperature of the gas and on the temperature and density of the radiation. Suppose that the thermalization rate is much smaller than the cosmic expansion rate in the third universe. Then the temperature of the gas will decrease nearly in accordance with the law appropriate to a gas-filled universe, while the temperature of the radiation will decrease nearly in accordance with the law appropriate to a radiation-filled universe. Hence a temperature difference will develop between the two constituents. This implies that information has been generated by the expansion. The information associated with a given element of the mixture is just the difference between the actual entropy of that element and the entropy it would have if the expansion were halted and the mixture of gas and radiation were allowed to come to thermodynamic equilibrium. The rate of generation of information is thus exactly equal to the rate at which entropy would need to be generated to maintain the mixture in a state of thermodynamic equilibrium despite the expansion. In the opposite case, when the thermalization greatly exceeds the expansion rate, entropy is actually generated at this maximum rate, and no information is generated. 

Layzer explains the counterintuitive simultaneous growth of order (information) and entropy.


In the intermediate case, when the rates of thermalization and expansion are comparable, both entropy and information are generated.


This example shows that entropy generation on a cosmic scale does not imply a destruction of information; information and entropy can be generated simultaneously. The reason is that the sum of information and entropy is not constant, as in more familiar contexts, but changes as the universe expands. The example also illustrates another important point, that the rate at which information can be generated depends on the relative rates of entropy-generation and cosmic expansion.




Layzer's next public discussion of the growth of order was in his presentation at a conference in Cardiff, Scotland. His paper was entitled "Cosmic Evolution and Thermodynamic Irreversibility." In it he defined the "historical arrow of time," to be contrasted with thermodynamic, electromagnetic, and cosmological arrows.


consider a mixture of non-relativistic gas and radiation. Suppose
that at some initial instant the mixture is in thermodynamic equilibrium at
the temperature T0. Suppose further that there is negligible interaction
between the gas and the radiation. Then, as the universe expands
away from the initial state, a temperature difference will develop
between the two components.

The cosmic expansion  preserves the mean entropy per
particle of each constituent, so that the specific entropy of the mixture does
not change. But the maximum specific entropy increases monotonically in
both directions of time. For if the thermalization rate were suddenly to become
much greater than the expansion rate, the gas and the radiation would assume
a common temperature, and in the process the specific entropy would increase.
Hence at any given instant the actual specific entropy is less than its
maximum possible value. In the general case, when the thermalization rate
is neither vanishingly small nor infinitely large compared with the expansion
rate, the specific entropy of the mixture will increase, but not as rapidly as
maximum specific entropy. Since information is defined as the difference
between the actual entropy and the maximum entropy (subject to given
macroscopic constraints), this example shows that expansion 
from an initial state of thermodynamic equilibrium generates both specific
entropy and specific information.


This conclusion obviously applies under much more general assumptions
about the state and composition of the cosmic medium. The essential elements
of the argument are (a) that the 'initial' state is one of maximum specific
entropy (zero information), and (b) that the rate of cosmic expansion — which is of the order √(6πGρ), where ρ denotes the mean cosmic
density — may be comparable to or greater than the rates of processes that
tend to produce the state of local thermodynamic equilibrium. Because the
cosmic expansion is not quasi-static, it generates departures
from local thermodynamic equilibrium and hence generates information.
At the same time, irreversible processes generate entropy.



Perhaps his clearest, most concise, and most widely cited description was in an article entitled "The Arrow of Time" for Scientific American in 1975. 


Suppose that at some early moment local thermodynamic equilibrium prevailed in the universe. The entropy of any region would then be as large as possible for the prevailing values of the mean temperature and density. As the universe expanded from that hypothetical state the local values of the mean density and temperature would change, and so would the entropy of the region. For the entropy to remain at its maximum value (and thus for equilibrium to be maintained) the distribution of energies allotted to matter and to radiation must change, and so must the concentrations of the various kinds of particles. The physical processes that mediate these changes proceed at finite rates; if these "equilibration" rates are all much greater than the rate of cosmic expansion, approximate local thermodynamic equilibrium will be maintained; if they are not, the expansion will give rise to significant local departures from equilibrium. These departures represent macroscopic information; the quantity of macroscopic information generated by the expansion is the difference between the actual value of the entropy and the theoretical maximum entropy at the mean temperature and density. 


In this article, Layzer introduced his famous example of the perfume bottle being opened and the perfume dispersing into the room.  He likened the time-reversed process to a movie played backwards. If the "initial" state contained "hidden" microscopic information corresponding to a reversal of the momentum of each perfume molecule at a certain time, classical dynamics says that the perfume will make its way back into the bottle. This is a powerful visual image illustrating Josef Loschmidt's reversibility objection to Boltzmann's H-Theorem.
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Layzer again asks why "initial" states with large amounts of "hidden" microscopic order are not found in nature? He suggests that environmental interactions (sometimes called "intervention") might rapidly destroy such microscopic information. It has been argued, he says, that no system can be considered closed. He cites the 1912 work of the French mathematician Emile Borel, who


showed that no finite
physical system can be considered
closed. For example, consider the room
in which we conducted our thought experiment
on the diffusion of perfume.
Even if the room has no door or windows,
and even if the walls are insulated
and made very thick, the system of molecules
cannot be isolated from the rest of
the universe. Perfume and air molecules
must collide with the walls, which are
also in contact with the outside world.
More important, it is impossible in principle
to shield the molecules from gravitational
interactions with distant matter.
The effects of such interactions are exceedingly
small, but they are not trivial.
Borel calculated that the change in
gravitational potential caused by displacing
one gram of matter by one centimeter
at the distance of the star Sirius
would, in the course of one microsecond,
substantially alter the microscopic state
of a macroscopic volume of gas.

The unavoidable interaction of a nominally
closed system with the rest of the
universe operates as a small random perturbation
that destroys correlations between
the velocities of particles. The
perturbation therefore dissipates microscopic
information, and it perpetually
re-creates the initial condition needed to
ensure the decay of macroscopic information
and the growth of thermodynamic
entropy. 


But if the star Sirius were included in the dynamics, all paths would be determined?


Because the system is no
longer isolated, its dynamical history is
no longer completely determined. In
the real world, then, macroscopic information
decays into microscopic information,
but the microscopic information is dissipated by random perturbations.


Layzer's most technically detailed discussion of the growth of order was in an article for the Astrophysical Journal the following year, also entitled The Arrow of Time. In his abstract he said concisely,


Expansion from the singularity is shown to generate macroscopic information as well as entropy; the widely held view that the Universe is running down rests upon a mistaken assumption concerning the relationship between information and entropy. 


And in part IV of the article, he described "The Origin of Macroscopic Information,"

It is widely believed that the second law of thermodynamics implies that the Universe was initially more highly ordered than it is now and that the order initially present is gradually being dissipated by irreversible processes. For example : "In the big bang' cosmology, the universe must start with a marked degree of thermodynamic disequilibrium and must eventually run down" (Hoyle and Narlikar 1967). I shall argue that, under certain conditions, the cosmic expansion generates information as well as entropy and that the second law does not require the initial state of the Universe to have been highly structured, or indeed to have had any structure at all.


An example will illustrate the general argument. Consider a uniform mixture of nonrelativistic gas and radiation, which at time t, is in thermodynamic equilibrium at temperature T0...  As the mixture expands away from the initial state of thermodynamic equilibrium, it will not in general remain in equilibrium. For example, if the expansion rate greatly exceeds the rate of thermalization, each component of the mixture will expand nearly adiabatically. Since the adiabatic exponents are different for the two components, a temperature difference develops between them...


Unless the thermalization rate greatly exceeds the expansion (contraction) rate, information is also generated. The information I is defined by

I = Hmax - H,



where Hmax denotes the maximum value of the entropy H subject to given constraints. The information present at any moment is thus equal to the entropy that would be generated if the mixture were to relax instantaneously to a state of thermodynamic equilibrium. Notice that the rates of entropy generation and information generation are not simply related. The rate of information generation assumes both its maximum and minimum values when the rate of entropy generation vanishes.


This example suggests the general rule that information is generated whenever the expansion rate exceeds the rate of a local equilibrium-maintaining process. Nucleogenesis during the early stages of the cosmic expansion is the most familiar and the most thoroughly investigated example of this process.


More generally, if the approach to equilibrium is mediated by two-particle interactions, then its rate is proportional to the mean density ρ. The rate at which the macroscopic parameters are changing is comparable in general to the expansion rate H(t), which is proportional to ρ during the early stages of the expansion. Thus the thermalization rate decreases faster with decreasing density than the expansion rate. 



Layzer contributed an article entitled "Quantum Mechanics, Thermodynamics, and the Strong Cosmological Principle" to a collection of essays in honor of Laszlo Tisza, published as Physics as Natural Philosophy by MIT Press in 1982. In it, he explains how information is generated,

1. The cosmic expansion generates chemical information. I define chemical information as information that specifies deviations of the relative abundances of chemical elements from the equilibrium values appropriate to the prevailing temperature and density. As I discussed in the last section, the rates of chemical reactions are proportional to a higher power of the cosmic density than the rate of the cosmic expansion. The cosmic expansion causes the temperature and density of the cosmic medium, and hence the equilibrium values of the chemical concentrations, to change at certain calculable rates. When the density is sufficiently high, the rates of key equilibrium-maintaining reactions are fast enough to maintain equilibrium. Eventually, however, the rates of these reactions must fall below the cosmic expansion rate. The relative concentrations of the reactants are then frozen in. These considerations are perfectly general; they hold for weak and nuclear reactions as well as for ordinary chemical reactions. The chemical composition of the universe is, of course, very far from equilibrium. The chemical disequilibrium of the sun is the source of the free energy on which terrestrial life depends. This illustrates how one kind of order-generating process (the cosmic expansion, leading to chemical disequilibrium) can give rise to initial conditions in which a qualitatively different order-generating process (biological evolution) can occur.

2. The cosmic expansion generates "morphological" information (the information needed to specify the nonuniformity of the mass density). The truth of this assertion is obvious under the assumption that the cosmic mass density was uniform in the limit t → 0. This assumption characterizes cosmological theories that postulate a cold initial state. [Layzer's "cold universe" theory] Cosmologies that postulate a hot initial state must also postulate initial nonuniformities. But these presumably contain less information than the cosmic mass distribution that evolves from them.


3. The evolution of an isolated system composed of a large number of gravitating particles generates information. In such a system the central density and temperature increase steadily, while the peripheral regions expand and become less dense. Thus a system of this kind evolves away from the maximum-entropy state appropriate to its energy, mass, and radius. A spherical system of gravitating particles confined by a reflecting spherical wall will evolve toward a stable equilibrium configuration if the ratio of the central density to the surface density in this configuration is less than a certain critical value. If the ratio exceeds this value, the equilibrium configuration is unstable and the core will continue to collapse indefinitely.

[image: image-placeholder]

Figure 1 illustrates the hierarchical relations among order-generating processes and the structures and initial conditions they generate. Each order-generating process creates a new class of initial conditions and structures, which provide the setting for a new class of order-generating processes. The figure is not complete. For example. it omits the subhierarchy of dissipative structures. 



In 1984, the Scientific American Library published Layzer's book Constructing the Universe, but it does not include a discussion of the growth of order. 


In 1988, MIT Press published the papers from a 1985 conference at California State University as the book Entropy, Evolution, and Information. Layzer contributed the paper "Growth of Order in the Universe."


Cosmology offers the most important astronomical exampies of the growth of potential entropy. In the early universe, thermodynamic equilibrium prevails locally. As the universe expands, the rates of equilibrium-maintaining reactions fall below the expansion rate and nonequilibrium conditions are frozen in. To quote from an earlier paper (1970):

Expansion or contraction from an initial state of thermodynamic equilibrium generates both specific entropy and specific information. This conclusion obviously applies under much more general assumptions about the state and composition of the cosmic medium. The essential elements of the argument are (a) that the 'initial' state is one of maximum specific entropy (zero information), and (b) that the rate of cosmic expansion or contraction ... may be comparable to or greater than the rates of processes that tend to produce the state of local thermodynamic equilibrium. Because the cosmic expansion or contraction is not quasi-static, it generates departures from local thermodynamic equilibrium and hence generates information. At the same time, irreversible processes generate entropy.

 
Consider, for example, a uniform mixture of blackbody radiation and gas in an expanding universe. So long as the radiation and the gas exchange energy sufficiently rapidly, they remain at the same temperature, which decreases as the universe expands. Eventually, the rate of energy exchange becomes too small to keep the gas and the radiation at the same temperature. (In an initially hot universe filled with hydrogen, this happens when the hydrogen recombines, at a temperature of a few thousand degrees Kelvin. Neutral hydrogen interacts very weakly with blackbody radiation at this temperature.) Thereafter, the gas cools faster than the radiation. If there is no interaction at all between the two components, the specific entropy of each one remains constant. But because the gas and the radiation are at different temperatures, their combined entropy is smaller than it could be, given their combined energy density. In other words, the potential entropy of the cosmic medium exceeds the actual entropy, and the difference increases as the universe expands. Thus the cosmic expansion generates information.



Layzer's next book, in 1990, Cosmogenesis, is devoted to growth of order (its subtitle is The Growth of Order in the Universe), but surprisingly has few precise details of his theory of how maximum potential entropy increases faster than actual entropy, providing the growth of negative entropy. On page 4, he says,


The relation between macrophysics and cosmology is also problematic. The central law of macroscopic physics — the second law of thermodynamics — was understood by its inventors, and is still understood by most scientists, to imply that the Universe is running down — that order is degenerating into chaos. How can we reconcile such a tendency with the fact that the world is full of order - that it is a kosmos in both senses of the word? Some scientists say, "The contradiction is only apparent. The Second Law assures us that the Universe is running down, so it must have begun with a vast supply of order that is gradually being dissipated." But this way of trying to resolve the difficulty takes us from the frying pan into the fire, because, as we will see, modern cosmology strongly suggests that the early Universe contained far less order than the present-day Universe.	


Layzer's explanation of the growth of order is buried in his chapter criticizing the standard cosmological model of a hot "big bang," as preparation for discussion of his own "cold universe" model, which unfortunately has found little acceptance among astrophysicists and cosmologists.

On pages 143-144, Layzer describes the growth of what he calls "chemical order," a departure of particle populations from equilibrium, which he distinguishes from "structural order," the gravitationally produced galaxies, stars and planets.


In equilibrium, the "forward" and "backward" reactions go on at the same rate, so the ratio between the number densities of protons and neutrons doesn't change. Suppose that at some moment this ratio has the value appropriate to equilibrium at the prevailing temperature and density of the cosmic medium. As the Universe continues to expand, its density and temperature diminish, and the value of the proton–neutron ratio appropriate to equilibrium changes. Its actual value also changes, because the rates of the forward and backward reactions are no longer equal, and it changes in the direction that tends to restore equilibrium (the condition of maximum randomness). But whether equilibrium is actually restored depends on whether the reactions occur fast enough to keep up with the changing conditions. If they do not, a gap opens up between the maximum randomness (corresponding to chemical equilibrium) and the actual randomness; chemical order is generated.

The average rate at which a proton collides with electrons is proportional to the number of electrons per unit volume, which, in turn, is proportional to the mass density of the cosmic medium. Similarly, the average rate at which a neutron collides with neutrinos is proportional to the mass density. It follows from Einstein's theory of gravitation, though, that the cosmic medium expands at a rate proportional to the square root of the mass density. Thus the rates of the reactions that seek to maintain equilibrium are more sensitive to changes in the mass density than the rate of the cosmic expansion, which tends to destroy equilibrium.


Reaction rates depend on temperature as well as density. In general, they increase with increasing temperature. Because the temperature of the cosmic medium decreases as the Universe expands, the two effects of the cosmic expansion — decreasing temperature and decreasing density — reinforce each other.


It follows that the rates of equilibrium-maintaining reactions must have exceeded the rate of cosmic expansion early in the cosmic expansion. Eventually, however, the rate of any given equilibrium-maintaining reaction must become smaller than the rate of cosmic expansion, as illustrated in Figure 8.6. The curve representing the reaction rate is steeper than the curve representing the expansion rate. The two curves cross at a certain epoch. Before that epoch, the forward and backward reactions occur fast enough to keep the proton–neutron ratio close to its equilibrium value at the prevailing temperature and density; after that epoch, the same reactions no longer play a significant role in the chemical economy.


[image: image-placeholder]


A similar argument applies to every reaction involving two or more particles. Any such reaction maintains equilibrium concentrations of the particles that are created or destroyed by the reaction until its rate becomes comparable with that of the cosmic expansion, and then ceases to be effective. It follows that chemical equilibrium prevailed during the initial stages of the cosmic expansion, and only then. Chemical order was not present at the outset; it was created by the cosmic expansion.


These considerations show, incidentally, that the onset of the cosmic expansion was not a "big bang" but an exceedingly gentle — although also exceedingly rapid — decompression. A bang, or explosion, creates large and sudden deviations from chemical, thermal, and pressure equilibrium; the cosmic medium began to expand in a state of chemical, thermal, and pressure equilibrium, and gradually deviated from chemical equilibrium as the expansion slowed down.
Chemical order resides in deviations from chemical equilibrium. This dry and technical definition may give the impression that chemical order has little to do with the kinds of natural order we see around us — the order of a living planet, with its seas and rivers, its mountains and plains, its myriad forms of life. But this is a false impression. Earth is a living planet precisely because chemical order was created 10 billion or so years ago, when the Universe was very young. Without sunlight, there could have been no life and none of the changes that life has wrought in the natural landscape. Sunlight is a by-product of the burning of hydrogen in the core of the Sun. And hydrogen is present in such abundance in the present-day Universe because the nuclear reactions that, in the early Universe, would have converted hydrogen to helium and heavier elements could not keep pace with the cosmic expansion.





And on p. 170, he says,

We need not assume, as Clausius and Boltzmann did in the nineteenth century and as many modern astronomers and physicists still do, that the Universe started out with a huge store of order that it has been gradually dissipating ever since.


But, strangely, there is no detailed description of the growth of order - as the difference between the actual entropy and the maximum possible entropy - that Layzer has developed so well in his several earlier works (and some subsequent ones).

We can give an example of the views of modern astronomers and physicists by quoting from the work of the steady-state cosmologist Sir Fred Hoyle,


If we observe a thermodynamic system over a finite length of time, we can decide which is the initial condition and which is the final condition of the system. This allows us to find a time arrow according to thermodynamics. What is it that makes the system go only one way from the initial to the final state although the laws of physics themselves are invariant under time reversal? The point of view which we have is that the universe causes this anisotropy and acts as a sort of sink with which the system is constantly in interaction. This property is due mainly to the fact that the universe is expanding. Because the universe is expanding, as we know from Olbers' paradox, there is a predominance of matter over radiation; the density of radiation is very small. This condition is maintained by the steady-state cosmology, since as the universe expands, the high entropic energy in the form of radiation is continually lost because of the red shift, and new entropic energy in the form of matter is continually being created. This maintains the universe in a constant state of a sink. The tendency of the system to fill the sink is guaranteed by the presence of purely retarded interactions.

In the "big-bang" cosmology, the universe must start with a marked degree of thermodynamic disequilibrium and must eventually run down, so it just happens that at present radiation is less important.



References by others to Layzer's theory of the growth of order.


Frautschi

In 1982, Steven Frautschi wrote an article for Science entitled "Entropy in an Expanding Universe" (Science 217, p.559). He summarized his work,

The question of how the observed evolution of organized structures from
initial chaos in the expanding universe can be reconciled with the laws of statistical
mechanics is studied, with emphasis on effects of the expansion and gravity. Some
major sources of entropy increase are listed. An expanding "causal" region is defined
in which the entropy, though increasing, tends to fall further and further behind its
maximum possible value, thus allowing for the development of order


Frautschi says he comes to a "a conclusion
which stands the closed 19th-century
model on its head. Far from approaching
equilibrium, the expanding universe as
viewed in a succession of causal regions
falls further and further behind achieving
equilibrium. This gives ample scope for
interesting nonequilibrium structures to
develop out of initial chaos (15), as has
occurred in nature." The reference 15 is to Layzer's 1975 Scientific American article. Other than this note, there is no discussion of Layzer's work.

Wicken

In 1987, Jeffrey Wicken wrote a book entitled "Evolution, Thermodynamics, and Evolution" for Oxford University Press. In it (p.39), he says,

...the production of probability space (available quantum states) brought about by cosmic expansion proceeded faster than physicochemical equilibrium (Layzer, 1975)

 
Although brief, this is the essence of Layzer's idea. This is the only mention of Layzer in the book. He does not appear in the index.

Penrose

In his 1989 book The Emperor's New Mind, Roger Penrose speculated on the connection between information, entropy, and the arrow of time.


Recall that the primordial fireball was a thermal state — a hot gas in expanding thermal equilibrium. Recall, also, that the term 'thermal equilibrium' refers to a state of maximum entropy. (This was how we referred to the maximum entropy state of a gas in a box.) However, the second law demands that in its initial state, the entropy of our universe was at some sort of minimum, not a maximum!

What has gone wrong? One 'standard' answer would run roughly as follows:

True, the fireball was effectively in thermal equilibrium at the beginning, but the universe at that time was very tiny. The fireball represented the state of maximum entropy that could be permitted for a universe of that tiny size, but the entropy so permitted would have been minute by comparison with that which is allowed for a universe of the size that we find it to be today. As the universe expanded, the permitted maximum entropy increased with the universe's size, but the actual entropy in the universe lagged well behind this permitted maximum. The second law arises because the actual entropy is always striving to catch up with this permitted maximum.



We should note that Roger Penrose attended the 1963 conference at Cornell on the Nature of Time, at which Layzer presented his ideas on the Strong Cosmological Principle, but Layzer may not yet have formed his ideas on the growth of order in the universe.


Lestienne

Rémy Lestienne wrote two books describing Layzer's - and Penrose's - ideas on the growth of order, The Children of Time in 1990 and The Creative Power of Chance in 1993. 

...most physicists up until these past few years thought, as did Boltzmann, that in the past the entire universe (or at least the portion of the universe that is directly accessible to our measuring instruments) must have had a particularly low state of entropy and consequently a very high degree of organization. Only this hypothesis, it seemed, could furnish to the various systems that did and still do people this universe such an immense source of the growth of entropy. At first sight the hypothesis that the universe was initially in a state of low entropy seems difficult to reconcile with the wellknown scenario of the Big Bang. As Roger Penrose remarked: "The primordial fireball was in a state of thermal equilibrium — a hot gas in expansion, but in internal thermodynamic equilibrium. Let us remember, on the other hand, that the term 'thermal equilibrium' has to do with a maximum state of entropy." This contradicts the second law, which "requires that in its initial state, the entropy of our Universe must be a minimum and not a maximum state."

The apparent paradox between the supposition that the universe in its entirety, through its expansion, has constituted and continues to furnish the ultimate source of temporality and the very reasonable hypothesis that the universe was, in the very first moments of its existence, in a hot and homogeneous state of very high entropy is not difficult to overcome. While it is true that the fireball began in thermal equilibrium, the universe at that moment was very small. The fireball represented the maximal state of entropy that could be allowed for a universe of that small size, but that entropy was still minuscule in comparison with that which is allowed for a universe the size of the current one. During the expansion, the maximum allowed entropy increased tremendously with the size of the universe, but the true entropy of that latter remained far below this theoretical limit. The second law of thermodynamics comes from the fact that true entropy is always less than the maximal allowed entropy and in some way lags behind it.


This point of view is gaining the support of physicists of such diverse temperaments as Roger Penrose and David Layzer, for example...  two physicists with largely irreconcilable views of the history of the Big Bang. Both have recently published works of great merit on this subject. They agree on the idea of finding a cosmological source for the growth of entropy and on the role of chance in this context. The source of chance can be specified in both cases: quantum indeterminism. But whereas Layzer proposes searching for the deus ex machina in a universal solidarity responsible for the absence of microscopic information in the universe [his Strong Cosmological Principle], Penrose thinks that the responsible party resides in the still poorly elucidated properties of gravitation and in a sort of fundamental symmetry between the uncertainty of the world in which we live and the existence of black holes, devourers of information.




Chaisson

Eric Chaisson is frequently mentioned as the source of the explanation for the growth of information. But his source for the idea is clearly David Layzer. For example, on the Wikipedia page on Relational Order theories, we read

There is no obvious variation between the two explanations


David Layzer and Eric Chaisson have provided slightly varying but compatible explanations of how the expansion of the universe allows ordered, or correlated, relational regimes to arise and persist, notwithstanding the second law of thermodynamics.

Layzer spoke in terms of the rate of expansion outrunning the rate of equilibration involved at local scales, while Chaisson summarizes the argument as "In an expanding universe actual entropy … increases less than the maximum possible entropy," thus allowing for, or requiring, ordered (negentropic) relationships to arise and persist.
 


But in his book, Cosmic Evolution (Harvard University Press, 2002), Chaisson says that "In an expanding universe, the actual entropy, S, increases less rapidly than the maximum possible entropy, Smax, once the symmetry of equilibrium was broken."

And in person and in his book Chaisson gives Layzer full credit for the theory of the growth of order. He writes "The cosmologist David Layzer perhaps put it best," followed by a significant quote from the Scientific American article, "The Arrow of Time." Chaisson also provides a diagram, perhaps the first  that plots the actual entropy and the maximum possible entropy as a function of time, to show the Layzer theory for the growth of order graphically, with a bifurcation at the era of recombination.
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The expansion creates new possibilities faster than atoms can adjust, the germ of David's explanation for the growth of order in the universe. Perhaps David did not read New Pathways, or forgot that he had read this critical insight?


Source: https://www.informationphilosopher.com/solutions/scientists/layzer/growth_of_order/
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The Strong Cosmological Principle

The first presentation of Layzer's Strong Cosmological Principle apparently was at a conference on The Nature of Time at Cornell in 1963, organized by Thomas Gold. The attendees included Hermann Bondi, Subramanyan Chandrasekhar, Richard Feynman, Gold, Martin Harwit, Roger Penrose, Philip Morrison, and John Wheeler, among others. 



Five years later, Layzer presented a paper, entitled "Cosmogonic Processes," at the Brandeis Summer Institute of Theoretical Physics in 1968, published as Astrophysics and General Relativity, two volumes, edited by Max Chrétien, Stanley Deser, and Jack Goldstein, Gordon and Breach, NY, 1971. 


Layzer begins with a hypothesis of Ludwig Boltzmann that depends on the universe being infinite. Since Boltzmann was attempting to explain how we could have departed from equilibrium enough to live in a universe in which entropy was low and obviously increasing, it is clearly the intellectual origin of the problem of growth of order. It also appears to have inspired Layzer's Strong Cosmological Principle.

Boltzmann's hypothesis

Boltzmann pointed out that in an infinite universe in a state of thermodynamic equilibrium every finite configuration whose structure does not violate the laws of physics has a finite probability of occurring. Hence the observable universe of Boltzmann's day could represent a statistical fluctuation in a universe that, as a whole, was in a stationary
state. 


Layzer's theory of the growth of order in the universe shows that "the initial state of local thermodynamic equilibrium is uniquely defined, and it is a state of zero specific information." 

Subsequently, as the universe expands, the specific information must increase, and this increase defines the arrow of time — at least on the cosmological level. But can we attribute objective significance to the concept of information? Information is, after all, defined only in the context of a statistical description. The quantity n that figures in definition (2.27) is a probability density in phase space. If we had chosen to specify the state of our ideal gas through the actual occupation numbers of cells in phase space instead of through a distribution function, the specific entropy would have been precisely zero and would have remained zero for ail time. A complete microscopic description of a closed system always contains the same quantity of information, and is hence completely time-symmetric.

This argument — that the asymmetry between past and future disappears when we pass from the macroscopic to the microscopic level of description — is undoubtedly valid for closed macroscopic systems. 


It has been raised against statistical theories of irreversibility in macroscopic systems since the time of Boltzmann, and even today it stands in the way of a completely satisfactory theory of macroscopic irreversibility. To avoid it, some physicists have adopted the view that irreversible processes occur only in systems that are not quite closed [allowing the environment to disturb the system and introduce disorder]. Interactions between a system and its environment give rise to genuine indeterminacy in the microstate of the system and thus afford an objective basis for a statistical description.

An alternative and equally objective basis for a statistical description not only of macroscopic systems but of the universe as a whole is provided by an assumption that I shall call the strong cosmological principle. This asserts that the universe is characterized completely by random functions and that no statistical property of the description serves to define a preferred position or direction in space. A Poisson distribution of particles filling all space is the simplest model of a universe that satisfies this postulate. For the sake of definiteness, we imagine space to be partitioned into cells of volume V. The distribution of particles among the cells is completely determined by the parameter nV, where n is the mean number density of particles. This infinite and unbounded Poisson distribution has two properties that are not shared by any finite or bounded distribution.


(a) From a single realization we can evaluate the defining parameter nV — or indeed any average quantity pertaining to the distribution with arbitrary precision.


This property depends on the law of large numbers and on the fact that the distribution occupies an infinite volume.


(b) There do not exist two distinguishable realizations of a given Poisson distribution. For the set of occupation numbers that characterizes any finite part of a given realization has a finite and calculable probability of occurrence and must therefore have an exact counterpart — indeed infinitely many exact counterparts — in a second realization of the same distribution. Thus any two realizations can be made to coincide over any finite volume. It follows that "different" realizations of the same Poisson distribution are operationally indistinguishable.


We are therefore forced to the rather startling conclusion that, for any finite value of the cell size V, a Poisson distribution of particles in an infinite Euclidian space contains ail the information needed to define it (namely, the value of n) but does not contain any "microscopic" information. The proviso that the cell size V be finite is essential. If the positions of particles were specified precisely through their coordinates, the distance between any two particles would suffice to characterize the distribution uniquely. In reality we are of course concerned with distributions of particles in phase space, whose cellular structure is guaranteed by the laws of quantum mechanics. Thus the indeterminacy resulting from the absence of microscopic information in a cosmic distribution satisfying the strong cosmological principle is closely related to the quantal indeterminacy expressed by Heisenberg's uncertainty relations. Nevertheless the two kinds of indeterminacy are distinct.


We conclude that objective significance can be attached to the growth of information in a Friedmann universe expanding from an initial state of local thermodynamic equilibrium.




See the reversibility and recurrence objections to Boltzmann's H-Theorem



Source: https://www.informationphilosopher.com/solutions/scientists/layzer/strong_cosmological_principle
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CHAPTER I. 
INTRODUCTION. 

THIS philosophical essay is the development of a 
lecture on probabilities which I delivered in 1795 to 
the normal schools whither I had been called, by a 
decree of the national convention, as professor of 
mathematics with Lagrange. I have recently published 
upon the same subject a work entitled The Analytical 
Theory of Probabilities. I present here without the 
aid of analysis the principles and general results of this 
theory, applying them to the most important questions 
of life, which are indeed for the most part only problems 
of probability. Strictly speaking it may even be said 
that nearly all our knowledge is problematical; and in 
the small number of things which we are able to know 
with certainty, even in the mathematical sciences 
themselves, the principal means for ascertaining truth, 
induction and analogy, are based on probabilities; 


2 A PHILOSOPHICAL ESSAY ON PROBABILITIES. 

so that the entire system of human knowledge is con- 
nected with the theory set forth in this essay. Doubt- 
less it will be seen here with interest that in considering, 
even in the eternal principles of reason, justice, and 
humanity, only the favorable chances which are con- 
stantly attached to them, there is a great advantage in 
following these principles and serious inconvenience in 
departing from them: their chances, like those favor- 
able to lotteries, always end by prevailing in the midst 
of the vacillations of hazard. I hope that the reflec- 
tions given in this essay may merit the attention of 
philosophers and direct it to a subject so worthy of 
engaging their minds. 

ToC3 CHAPTER II. 
CONCERNING PROBABILITY. 

ALL events, even those which on account of their 
insignificance do not seem to follow the great laws of 
nature, are a result of it just as necessarily as the revolu- 
tions of the sun. In ignorance of the ties which unite 
such events to the entire system of the universe, they 
have been made to depend upon final causes or upon 
hazard, according as they occur and are repeated with 
regularity, or appear without regard to order ; but these 
imaginary causes have gradually receded with the 
widening bounds of knowledge and disappear entirely 
before sound philosophy, which sees in them only the 
expression of our ignorance of the true causes. 

Present events are connected with preceding ones 
by a tie based upon the evident principle that a thing 
cannot occur without a cause which produces it. This 
axiom, known by the name of the principle of sufficient 
reason, extends even to actions which are considered 
indifferent ; the freest will is unable without a determi- 
native motive to give them birth; if we assume two 
positions with exactly similar circumstances and find 
that the will is active in the one and inactive in the 
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other, we say that its choice is an effect without a cause. 
It is then, says Leibnitz, the blind chance of the 
Epicureans. The contrary opinion is an illusion of the 
mind, which, losing sight of the evasive reasons of the 
choice of the will in indifferent things, believes that 
choice is determined of itself and without motives. 

We ought then to regard the present state of the 
universe as the effect of its anterior state and as the 
cause of the one which is to follow. Given for one 
instant an intelligence which could comprehend all the 
forces by which nature is animated and the respective 
situation of the beings who compose it an intelligence 
sufficiently vast to submit these data to analysis it 
would embrace in the same formula the movements of 
the greatest bodies of the universe and those of the 
lightest atom; for it, nothing would be uncertain and 
the future, as the past, would be present to its eyes. 
The human mind offers, in the perfection which it has 
been able to give to astronomy, a feeble idea of this in- 
telligence. Its discoveries in mechanics and geometry, 
added to that of universal gravity, have enabled it to 
comprehend in the same analytical expressions the 
past and future states of the system of the world. 
Applying the same method to some other objects of its 
knowledge, it has succeeded in referring to general laws 
observed phenomena and in foreseeing those which 
given circumstances ought to produce. All these efforts 
in the search for truth tend to lead it back continually 
to the vast intelligence which we have just mentioned, 
but from which it will always remain infinitely removed. 
This tendency, peculiar to the human race, is that 
which renders it superior to animals; and their progress 
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in this respect distinguishes nations and ages and con- 
stitutes their true glory. 

Let us recall that formerly, and at no remote epoch, 
an unusual rain or an extreme drought, a comet having 
in train a very long tail, the eclipses, the aurora 
borealis, and in general all the unusual phenomena 
were regarded as so many signs of celestial wrath. 
Heaven was invoked in order to avert their baneful 
influence. No one prayed to have the planets and the 
sun arrested in their courses: observation had soon 
made apparent the futility of such prayers. But as 
these phenomena, occurring and disappearing at long 
intervals, seemed to oppose the order of nature, it was 
supposed that Heaven, irritated by the crimes of the 
earth, had created them "to announce its vengeance." 
Thus the long tail of the comet of 1456 spread terror 
through Europe, already thrown into consternation by 
the rapid successes of the Turks, who had just over- 
thrown the Lower Empire. This star after four revolu- 
tions has excited among us a very different interest. 
The knowledge of the laws of the system of the world 
acquired in the interval had dissipated the fears 
begotten by the ignorance of the true relationship of 
man to the universe; and Halley, having recognized 
the identity of this comet with those of the years 1531, 
1607, and 1682, announced its next return for the end 
of the year 1758 or the beginning of the year 1759. 
The learned world awaited with impatience this return 
which was to confirm one of the greatest discoveries 
that have been made in the sciences, and fulfil the 
prediction of Seneca when he said, in speaking of the 
revolutions of those stars which fall from an enormous 
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height: "The day will come when, by study pursued 
through several ages, the things now concealed will 
appear with evidence; and posterity will be astonished 
that truths so clear had escaped us." Clairaut then 
undertook to submit to analysis the perturbations which 
the comet had experienced by the action of the two 
great planets, Jupiter and Saturn; after immense cal- 
culations he fixed its next passage at the perihelion 
toward the beginning of April, 1759, which was actually 
verified by observation. The regularity which astronomy 
shows us in the movements of the comets doubtless 
exists also in all phenomena. 

The curve described by a simple molecule of air or 
vapor is regulated in a manner just as certain as the 
planetary orbits; the only difference between them is 
that which comes from our ignorance. 

Probability is relative, in part to this ignorance, in 
part to our knowledge. We know that of three or a 
greater number of events a single one ought to occur ; 
but nothing induces us to believe that one of them will 
occur rather than the others. In this state of indecision 
it is impossible for us to announce their occurrence with 
certainty. It is, however, probable that one of these 
events, chosen at will, will not occur because we see 
several cases equally possible which exclude its occur- 
rence, while only a single one favors it. 

The theory of chance consists in reducing all the 
events of the same kind to a certain number of cases 
equally possible, that is to say, to such as we may be 
equally undecided about in regard to their existence, 
and in determining the number of cases favorable to 
the event whose probability is sought. The ratio of 
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this number to that of all the cases possible is the 
measure of this probability, which is thus simply a 
fraction whose numerator is the number of favorable 
cases and whose denominator is the number of all the 
cases possible. 

The preceding notion of probability supposes that, 
in increasing in the same ratio the number of favorable 
cases and that of all the cases possible, the probability 
remains the same. In order to convince ourselves let 
us take two urns, A and B, the first containing four 
white and two black balls, and the second containing 
only two white balls and one black one. We may 
imagine the two black balls of the first urn attached by 
a thread which breaks at the moment when one of 
them is seized in order to be drawn out, and the four 
white balls thus forming two similar systems. All the 
chances which will favor the seizure of one of the balls 
of the black system will lead to a black ball. If we 
conceive now that the threads which unite the balls do 
not break at all, it is clear that the number of possible 
chances will not change any more than that of the 
chances favorable to the extraction of the black balls; 
but two balls will be drawn from the urn at the same 
time; the probability of drawing a black ball from the 
urn A will then be the same as at first. But then we 
have obviously the case of urn B with the single differ- 
ence that the three balls of this last urn would be 
replaced by three systems of two balls invariably con- 
nected. 

When all the cases are favorable to an event the 
probability changes to certainty and its expression 
becomes equal to unity. Upon this condition, certainty 
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and probability are comparable, although there may be 
an essential difference between the two states of the 
mind when a truth is rigorously demonstrated to it, or 
when it still perceives a small source of error. 

In things which are only probable the difference of 
the data, which each man has in regard to them, is one 
of the principal causes of the diversity of opinions which 
prevail in regard to the same objects. Let us suppose, 
for example, that we have three urns, A, B, C, one of 
which contains only black balls while the two others 
contain only white balls ; a ball is to be drawn from 
the urn C and the probability is demanded that this 
ball will be black. If we do not know which of the 
three urns contains black balls only, so that there is no 
reason to believe that it is C rather than B or A, these 
three hypotheses will appear equally possible, and since 
a black ball can be drawn only in the first hypothesis, 
the probability of drawing it is equal to one third. If 
it is known that the urn A contains white balls only, 
the indecision then extends only to the urns B and C, 
and the probability that the ball drawn from the urn C 
will be black is one half. Finally this probability 
changes to certainty if we are assured that the urns A 
and B contain white balls only. 

It is thus that an incident related to a numerous 
assembly finds various degrees of credence, according 
to the extent of knowledge of the auditors. If the 
man who reports it is fully convinced of it and if, by 
his position and character, he inspires great confidence, 
his statement, however extraordinary it may be, will 
have for the auditors who lack information the same 
degree of probability as an ordinary statement made 


CONCERNING PROBABILITY. 9 

by the same man, and they will have entire faith in it. 
But if some one of them knows that the same incident 
is rejected by other equally trustworthy men, he will 
be in doubt and the incident will be discredited by the 
enlightened auditors, who will reject it whether it be 
in regard to facts well averred or the immutable laws 
of nature. 

It is to the influence of the opinion of those whom 
the multitude judges best informed and to whom it has 
been accustomed to give its confidence in regard to 
the most important matters of life that the propagation 
of those errors is due which in times of ignorance have 
covered the face of the earth. Magic and astrology 
offer us two great examples. These errors inculcated 
in infancy, adopted without examination, and having 
for a basis only universal credence, have maintained 
themselves during a very long time; but at last the 
progress of science has destroyed them in the minds of 
enlightened men, whose opinion consequently has 
caused them to disappear even among the common 
people, through the power of imitation and habit which 
had so generally spread them abroad. This power, 
the richest resource of the moral world, establishes and 
conserves in a whole nation ideas entirely contrary to 
those which it upholds elsewhere with the same 
authority. What indulgence ought we not then to 
have for opinions different from ours, when this differ- 
ence often depends only upon the various points of view 
where circumstances have placed us! Let us enlighten 
those whom we judge insufficiently instructed; but first 
let us examine critically our own opinions and weigh 
with impartiality their respective probabilities. 
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The difference of opinions depends, however, upon 
the manner in which the influence of known data is 
determined. The theory of probabilities holds to con- 
siderations so delicate that it is not surprising that with 
the same data two persons arrive at different results, 
especially in very complicated questions. Let us 
examine now the general principles of this theory. 

ToCCHAPTER III. 
THE GENERAL PRINCIPLES OF THE CALCULUS OF PROBABILITIES. 

First Principle. The first of these principles is the 
definition itself of probability, which, as has been seen, 
is the ratio of the number of favorable cases to that of 
all the cases possible. 

Second Principle. But that supposes the various 
cases equally possible. If they are not so, we will 
determine first their respective possibilities, whose 
exact appreciation is one of the most delicate points of 
the theory of chance. Then the probability will be 
the sum of the possibilities of each favorable case. 
Let us illustrate this principle by an example. 

Let us suppose that we throw into the air a large 
and very thin coin whose two large opposite faces, 
which we will call heads and tails, are perfectly similar. 
Let us find the probability of throwing heads at least 
one time in two throws. It is clear that four equally 
possible cases may arise, namely, heads at the first 
and at the second throw; heads at the first throw and 
tails at the second; tails at the first throw and heads 
at the second; finally, tails at both throws. The first 
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three cases are favorable to the event whose probability 
is sought; consequently this probability is equal to 3/4; 
so that it is a bet of three to one that heads will be 
thrown at least once in two throws. 

We can count at this game only three different cases, 
namely, heads at the first throw, which dispenses with 
throwing a second time; tails at the first throw and 
heads at the second; finally, tails at the first and at the 
second throw. This would reduce the probability to 
2/3 if we should consider with d'Alembert these three 
cases as equally possible. But it is apparent that the 
probability of throwing heads at the first throw is 1/2, 
while that of the two other cases is J, the first case 
being a simple event which corresponds to two events 
combined: heads at the first and at the second throw, 
and heads at the first throw, tails at the second. If 
we then, conforming to the second principle, add the 
possibility f of heads at the first throw to the possi- 
bility J of tails at the first throw and heads at the 
second, we shall have f for the probability sought, 
which agrees with what is found in the supposition 
when we play the two throws. This 'supposition does 
not change at all the chance of that one who bets on 
this event; it simply serves to reduce the various cases 
to the cases equally possible. 

Third Principle. One of the most important points 
of the theory of probabilities and that which lends the 
most to illusions is the manner in which these prob- 
abilities increase or diminish by their mutual combina- 
tion. If the events are independent of one another, the 
probability of their combined existence is the product 
of their respective probabilities. Thus the probability 
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of throwing one ace with a single die is ^; that of 
throwing two aces in throwing two dice at the same 
time is --$. Each face of the one being able to com- 
bine with the six faces of the other, there are in fact 
thirty-six equally possible cases, among which one 
single case gives two aces. Generally the probability 
that a simple event in the same circumstances will 
occur consecutively a given number of times is equal to 
the probability of this simple event raised to the power 
indicated by this number. Having thus the successive 
powers of a fraction less than unity diminishing without 
ceasing, an event which depends upon a series of very 
great probabilities may become extremely improbable. 
Suppose then an incident be transmitted to us by 
twenty witnesses in such manner that the first has 
transmitted it to the second, the second to the third, 
and so on. Suppose again that the probability of each 
testimony be equal to the fraction T 9 ; that of the 
incident resulting from the testimonies will be less 
than . We cannot better compare this diminution of 
the probability than with the extinction of the light of 
objects by the interposition of several pieces of glass. 
A relatively small number of pieces suffices to take 
away the view of an object that a single piece allows 
us to perceive in a distinct manner. The historians do 
not appear to have paid sufficient attention to this 
degradation of the probability of events when seen 
across a great number of successive generations; many 
historical events reputed as certain would be at least 
doubtful if they were submitted to this test. 

In the purely mathematical sciences the most distant 
consequences participate in the certainty of the princi- 
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pie from which they are derived. In the applications 
of analysis to physics the results have all the certainty 
of facts or experiences. But in the moral sciences, 
where each inference is deduced from that which pre- 
cedes it only in a probable manner, however probable 
these deductions may be, the chance of error increases 
with their number and ultimately surpasses the chance 
of truth in the consequences very remote from the 
principle. 

Fourth Principle. When two events depend upon 
each other, the probability of the compound event is 
the product of the probability of the first event and the 
probability that, this event having occurred, the second 
will occur. Thus in the preceding case of the three 
urns A, B, C, of which two contain only white balls 
and one contains only black balls, the probability of 
drawing a white ball from the urn C is f , since of the 
three urns only two contain balls of that color. But 
when a white ball has been drawn from the urn C, the 
indecision relative to that one of the urns which contain 
only black balls extends only to the urns A and B; 
the probability of drawing a white ball from the urn B 
is ; the product of \ by , or , is then the probability 
of drawing two white balls at one time from the urns 
B and C. 

We see by this example the influence of past events 
upon the probability of future events. For the prob- 
ability of drawing a white ball from the urn B, which 
primarily is f, becomes \ when a white ball has been 
drawn from the urn C ; it would change to certainty if 
a black ball had been drawn from the same urn. We 
will determine this influence by means of the follow- 
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ing principle, which is a corollary of the preceding 
one. 

Fifth Principle. If we calculate a priori the prob- 
ability of the occurred event and the probability of an 
event composed of that one and a second one which is 
expected, the second probability divided by the first 
will be the probability of the event expected, drawn 
from the observed event. 

Here is presented the question raised by some 
philosophers touching the influence of the past upon 
the probability of the future. Let us suppose at the 
play of heads and tails that heads has occurred oftener 
than tails. By this alone we shall be led to believe 
that in the constitution of the coin there is a secret 
cause which favors it. Thus in the conduct of life 
constant happiness is a proof of competency which 
should induce us to employ preferably happy persons. 
But if by the unreliability of circumstances we are con- 
stantly brought back to a state of absolute indecision, 
if, for example, we change the coin at each throw at the 
play of heads and tails, the past can shed no light upon 
the future and it would be absurd to take account of it. 

Sixth Principle. Each of the causes to which an 
observed event may be attributed is indicated with just 
as much likelihood as there is probability that the event 
will take place, supposing the event to be constant. 
The probability of the existence of any one of these 
causes is then a fraction whose numerator is the prob- 
ability of the event resulting from this cause and whose 
denominator is the sum of the similar probabilities 
relative to all the causes; if these various causes, con- 
sidered a priori, are unequally probable, it is necessary, 
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in place of the probability of the event resulting from 
each cause, to employ the product of this probability 
by the possibility of the cause itself. This is the funda- 
mental principle of this branch of the analysis of chances 
which consists in passing from events to causes. 

This principle gives the reason why we attribute 
regular events to a particular cause. Some philosophers 
have thought that these events are less possible than 
others and that at the play of heads and tails, for 
example, the combination in which heads occurs twenty 
successive times is less easy in its nature than those 
where heads and tails are mixed in an irregular manner. 
But this opinion supposes that past events have an 
influence on the possibility of future events, which is 
not at all admissible. The regular combinations occur 
more rarely only because they are less numerous. If 
we seek a cause wherever we perceive symmetry, it is 
not that we regard a symmetrical event as less possible 
than the others, but, since this event ought to be the 
effect of a regular cause or that of chance, the first of 
these suppositions is more probable than the second. 
On a table we see letters arranged in this order, 
Constantinople, and we judge that this arrange- 
ment is not the result of chance, not because it is less 
possible than the others, for if this word were not 
employed in any language we should not suspect it 
came from any particular cause, but this word being in 
use among us, it is incomparably more probable that 
some person has thus arranged the aforesaid letters 
than that this arrangement is due to chance. 

This is the place to define the word extraordinary. 
We arrange in our thought all possible events in various 
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classes ; and we regard as extraordinary those classes 
which include a very small number. Thus at the play 
of heads and tails the occurrence of heads a hundred 
successive times appears to us extraordinary because of 
the almost infinite number of combinations which may 
occur in a hundred throws; and if we divide the com- 
binations into regular series containing an order easy 
to comprehend, and into irregular series, the latter are 
incomparably more numerous. The drawing of a 
white ball from an urn which among a million balls 
contains only one of this color, the others being black, 
would appear to us likewise extraordinary, because we 
form only two classes of events relative to the two 
colors. But the drawing of the number 475813, for 
example, from an urn that contains a million numbers 
seems to us an ordinary event; because, comparing 
individually the numbers with one another without 
dividing them into classes, we have no reason to 
believe that one of them will appear sooner than the 
others. 

From what precedes, we ought generally to conclude 
that the more extraordinary the event, the greater the 
need of its being supported by strong proofs. For 
those who attest it, being able to deceive or to have 
been deceived, these two causes are as much more 
probable as the reality of the event is less. We shall 
see this particularly when we come to speak of the 
probability of testimony. 

Seventh Principle. The probability of a future event 
is the sum of the products of the probability of each 
cause, drawn from the event observed, by the prob- 
ability that, this cause existing, the future event will 
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occur. The following example will illustrate this 
principle. 

Let us imagine an urn which contains only two balls, 
each of which may be either white or black. One of 
these balls is drawn and is put back into the urn before 
proceeding to a new draw. Suppose that in the first 
two draws white balls have been drawn; the prob- 
ability of again drawing a white ball at the third draw 
is required. 

Only two hypotheses can be made here : either one 
of the balls is white and the other black, or both are 
white. In the first hypothesis the probability of the 
event observed is J; it is unity or certainty in the 
second. Thus in regarding these hypotheses as so 
many causes, we shall have for the sixth principle 
% and | for their respective probabilities. But if the 
first hypothesis occurs, the probability of drawing a 
white ball at the third draw is ^ ; it is equal to certainty 
in the second hypothesis ; multiplying then the last 
probabilities by those of the corresponding hypotheses, 
the sum of the products, or T 9 ^, will be the probability 
of drawing a white ball at the third draw. 

When the probability of a single event is unknown 
we may suppose it equal to any value from zero to 
unity. The probability of each of these hypotheses, 
drawn from the event observed, is, by the sixth prin- 
ciple, a fraction whose numerator is the probability of 
the event in this hypothesis and whose denominator is 
the sum of the similar probabilities relative to all the 
hypotheses. Thus the probability that the possibility 
of the event is comprised within given limits is the sum 
of the fractions comprised within these limits. Now if 
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we multiply each fraction by the probability of the 
future event, determined in the corresponding hypothe- 
sis, the sum of the products relative to all the hypotheses 
will be, by the seventh principle, the probability of the 
future event drawn from the event observed. Thus 
we find that an event having occurred successively any 
number of times, the probability that it will happen 
again the next time is equal to this number increased 
by unity divided by the same number, increased by 
two units. Placing the most ancient epoch of history 
at five thousand years ago, or at 182623 days, and the 
sun having risen constantly in the interval at each 
revolution of twenty-four hours, it is a bet of 1826214 
to one that it will rise again to-morrow. But this 
number is incomparably greater for him who, recogniz- 
ing in the totality of phenomena the principal regulator 
of days and seasons, sees that nothing at the present 
moment can arrest the course of it. 

Buffon in his Political Arithmetic calculates differently 
the preceding probability. He supposes that it differs 
from unity only by a fraction whose numerator is unity 
and whose denominator is the number 2 raised to a 
power equal to the number of days which have elapsed 
since the epoch. But the true manner of relating 
past events with the probability of causes and of future 
events was unknown to this illustrious writer. 

ToC20 CHAPTER IV. 
CONCERNING HOPE. 

THE probability of events serves to determine the 
hope or the fear of persons interested in their exist- 
ence. The word hope has various acceptations; it 
expresses generally the advantage of that one who 
expects a certain benefit in suppositions which are only 
probable. This advantage in the theory of chance is 
a product of the sum hoped for by the probability of 
obtaining it; it is the partial sum which ought to result 
when we do not wish to run the risks of the event in 
supposing that the division is made proportional to the 
probabilities. This division is the only equitable one 
when all strange circumstances are eliminated; because 
an equal degree of probability gives an equal right to 
the sum hoped for. We will call this advantage 
mathematical hope. 

Eighth Principle. When the advantage depends on 
several events it is obtained by taking the sum of the 
products of the probability of each event by the benefit 
attached to its occurrence. 

Let us apply this principle to some examples. Let 
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us suppose that at the play of heads and tails Paul 
receives two francs if he throws heads at the first throw 
and five francs if he throws it only at the second. 
Multiplying two francs by the probability of the first 
case, and five francs by the probability of the second 
case, the sum of the products, or two and a quarter 
francs, will be Paul's advantage. It is the sum which 
he ought to give in advance to that one who has given 
him this advantage; for, in order to maintain the 
equality of the play, the throw ought to be equal to 
the advantage which it procures. 

If Paul receives two francs by throwing heads at the 
first and five francs by throwing it at the second throw, 
whether he has thrown it or not at the first, the prob- 
ability of throwing heads at the second throw being , 
multiplying two francs and five francs by the sum of 
these products will give three and one half francs for 
Paul's advantage and consequently for his stake at the 
game. 

Ninth Principle. In a series of probable events of 
which the ones produce a benefit and the others a loss, 
we shall have the advantage which results from it by 
making a sum of the products of the probability of each 
favorable event by the benefit which it procures, and 
subtracting from this sum that of the products of the 
probability of each unfavorable event by the loss which 
is attached to it. If the second sum is greater than the 
first, the benefit becomes a loss and hope is changed to 
fear. 

Consequently we ought always in the conduct of life 
to make the product of the benefit hoped for, by its 
probability, at least equal to the similar product relative 
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to the loss. But it is necessary, in order to attain this, 
to appreciate exactly the advantages, the losses, and 
their respective probabilities. For this a great accuracy 
of mind, a delicate judgment, and a great experience 
in affairs is necessary ; it is necessary to know how to 
guard one's self against prejudices, illusions of fear or 
hope, and erroneous ideas, ideas of fortune and happi- 
ness, with which the majority of people feed their self- 
love. 

The application of the preceding principles to the 
following question has greatly exercised the geometri- 
cians. Paul plays at heads and tails with the condition 
of receiving two francs if he throws heads at the first 
thro\v, four francs if he throws it only at the second 
throw, eight francs if he throws it only at the third, 
and so on. His stake at the play ought to be, accord- 
ing to the eighth principle, equal to the number of 
throws, so that if the game continues to infinity the 
stake ought to be infinite. However, no reasonable 
man would wish to risk at this game even a small sum, 
for example five francs. Whence comes this differ- 
ence between the result of calculation and the indication 
of common sense ? We soon recognize that it amounts 
to this : that the moral advantage which a benefit pro- 
cures for us is not proportional to this benefit and that 
it depends upon a thousand circumstances, often very 
difficult to define, but of which the most general and 
most important is that of fortune. 

Indeed it is apparent that one franc has much greater 
value for him who possesses only a hundred than for a 
millionaire. We ought then to distinguish in the 
hoped-for benefit its absolute from its relative value. 
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But the latter is regulated by the motives which make 
it desirable, whereas the first is independent of them. 
The general principle for appreciating this relative 
value cannot be given, but here is one proposed by 
Daniel Bernoulli which will serve in many cases. 

Tenth Principle. The relative value of an infinitely 
small sum is equal to its absolute value divided by the 
total benefit of the person interested. This supposes 
that every one has a certain benefit whose value can 
never be estimated as zero. Indeed even that one who 
possesses nothing always gives to the product of his 
labor and to his hopes a value at least equal to that 
which is absolutely necessary to sustain him. 

If we apply analysis to the principle just propounded, 
we obtain the following rule : Let us designate by unity 
the part of the fortune of an individual, independent of 
his expectations. If we determine the different values 
that this fortune may have by virtue of these expecta- 
tions and their probabilities, the product of these values 
raised respectively to the powers indicated by their 
probabilities will be the physical fortune which would 
procure for the individual the same moral advantage 
which he receives from the part of his fortune taken as 
unity and from his expectations ; by subtracting unity 
from the product, the difference will be the increase of 
the physical fortune due to expectations : we will call 
this increase moral hope. It is easy to see that it coin- 
cides with mathematical hope when the fortune taken 
as unity becomes infinite in reference to the variations 
which it receives from the expectations. But when 
these variations are an appreciable part of this unity 



24 A PHILOSOPHICAL ESSAY ON PROBABILITIES. 

the two hopes may differ very materially among them- 
selves. 

This rule conduces to results conformable to the 
indications of common sense which can by this means 
be appreciated with some exactitude. Thus in the 
preceding question it is found that if the fortune of 
Paul is two hundred francs, he ought not reasonably to 
stake more than nine francs. The same rule leads us 
again to distribute the danger over several parts of a 
benefit expected rather than to expose the entire benefit 
to this danger. It results similarly that at the fairest 
game the loss is always greater than the gain. Let 
us suppose, for example, that a player having a fortune 
of one hundred francs risks fifty at the play of heads and 
tails; his fortune after his stake at the play will be 
reduced to eighty-seven francs, that is to say, this last 
sum would procure for the player the same moral 
advantage as the state of his fortune after the stake. 
The play is then disadvantageous even in the case 
where the stake is equal to the product of the sum 
hoped for, by its probability. We can judge by this 
of the immorality of games in which the sum hoped for 
is below this product. They subsist only by false 
reasonings and by the cupidity which they excite and 
which, leading the people to sacrifice their necessaries 
to chimerical hopes whose improbability they are not 
in condition to appreciate, are the source of an infinity 
of evils. 

The disadvantage of games of chance, the advantage 
of not exposing to the same danger the whole benefit 
that is expected, and all the similar results indicated by 
common sense, subsist, whatever may be the function 
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of the physical fortune which for each individual 
expresses his moral fortune. It is enough that the 
proportion of the increase of this function to the 
increase of the physical fortune diminishes in the 
measure that the latter increases. 

ToCCHAPTER V. 
CONCERNING THE ANALYTICAL METHODS OF THE CALCULUS OF PROBABILITIES. 

THE application of the principle which we have just 
expounded to the various questions of probability 
requires methods whose investigation has given birth 
to several methods of analysis and especially to the 
theory of combinations and to the calculus of finite 
differences. 

If we form the product of the binomials, unity plus 
the first letter, unity plus the second letter, unity plus 
the third letter, and so on up to n letters, and sub- 
tract unity from this developed product, the result 
will be the sum of the combination of all these letters 
taken one by one, two by two, three by three, etc., 
each combination having unity for a coefficient. In 
order to have the number of combinations of these n 
letters taken s by s times, we shall observe that if we 
suppose these letters equal among themselves, the pre- 
ceding product will become the nth power of the 
binomial one plus the first letter; thus the number of 
combinations of n letters taken s by s times will be the 
coefficient of the sth power of the first letter in the 
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development in this binomial ; and this number is 
obtained by means of the known binomial formula. 

Attention must be paid to the respective situations 
of the letters in each combination, observing that if a 
second letter is joined to the first it may be placed in 
the first or second position which gives two combina- 
tions. If we join to these combinations a third letter, 
we can give it in each combination the first, the second, 
and the third rank which forms three combinations 
relative to each of the two others, in all six combina- 
tions. From this it is easy to conclude that the 
number of arrangements of which s letters are suscepti- 
ble is the product of the numbers from unity to s. In 
order to pay regard to the respective positions of the 
letters it is necessary then to multiply by this product 
the number of combinations of n letters s by s times, 
which is tantamount to taking away the denominator 
of the coefficient of the binomial which expresses this 
number. 

Let us imagine a lottery composed of n numbers, of 
which r are drawn at each draw. The probability is 
demanded of the drawing of s given numbers in one 
draw. To arrive at this let us form a fraction whose 
denominator will be the number of all the cases possi- 
ble or of the combinations of n letters taken r by r 
times, and whose numerator will be the number of all 
the combinations which contain the given s numbers. 
This last number is evidently that of the combinations 
of the other numbers taken n less s by n less s times. 
This fraction will be the required probability, and we 
shall easily find that it can be reduced to a fraction 
whose numerator is the number of combinations of r 
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numbers taken s by s times, and whose denominator is 
the number of combinations of n numbers taken 
similarly s by s times. Thus in the lottery of France, 
formed as is known of 90 numbers of which five are 
drawn at each draw, the probability of drawing a given 
combination is -&> or T V ; the lottery ought then for the 
equality of the play to give eighteen times the stake. 
The total number of combinations two by two of the 
90 numbers is 4005 , and that of the combinations two 
by two of 5 numbers is 10. The probability of the 
drawing of a given pair is then 3-^-5-, and the lottery 
ought to give four hundred and a half times the stake ; 
it ought to give 11748 times for a given tray, 511038 
times for a quaternary, and 43949268 times for a quint. 
The lottery is far from giving the player these advan- 
tages. 

Suppose in an urn a white balls, b black balls, and 
after having drawn a ball it is put back into the urn ; 
the probability is asked that in number of draws m 
white balls and n m black balls will be drawn. It 
is clear that the number of cases that may occur at 
each drawing is a -j- b. Each case of the second 
drawing being able to combine with all the cases of the 
first, the number of possible cases in two drawings is 
the square of the binomial a-\-b. In the development 
of this square, the square of a expresses the number of 
cases in which a white ball is twice drawn, the double 
product of a by b expresses the number of cases in 
which a white ball and a black ball are drawn. Finally, 
the square of b expresses the number of cases in which 
two black balls are drawn. Continuing thus, we see 
generally that the th power of the binomial a + b 
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expresses the number of all the cases possible in n 
draws; and that in the development of this power the 
term multiplied by the mth power of a expresses the 
number of cases in which m white balls and n in 
black balls may be drawn. Dividing then this term 
by the entire power of the binomial, we shall have the 
probability of drawing m white balls and n m black 
balls. The ratio of the numbers a and a -\- b being 
the probability of drawing one white ball at one draw; 
and the ratio of the numbers b and a -\- b being the 
probability of drawing one black ball ; if we call these 
probabilities/ and g, the probability of drawing m white 
balls in n draws will be the term multiplied by the mth 
power of/ in the development of the th power of the 
binomial P -\- q\ we may see that the sum p -)- q is 
unity. This remarkable property of the binomial is 
very useful in the theory of probabilities. But the 
most general and direct method of resolving questions 
of probability consists in making them depend upon 
equations of differences. Comparing the successive 
conditions of the function which expresses the prob- 
ability when we increase the variables by their respect- 
ive differences, the proposed question often furnishes a 
very simple proportion between the conditions. This 
proportion is what is called equation of ordinary or 
partial differentials; ordinary when there is only one 
variable, partial when there are several. Let us con- 
sider some examples of this. 

Three players of supposed equal ability play together 
on the following conditions : that one of the first two 
players who beats his adversary plays the third, and if 
he beats him the game is finished. If he is beaten, the 
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victor plays against the second until one of the players 
has defeated consecutively the two others, which ends 
the game. The probability is demanded that the game 
will be finished in a certain number n of plays. Let 
us find the probability that it will end precisely at the 
nth play. For that the player who wins ought to enter 
the game at the play n I and win it thus at the fol- 
lowing play. But if in place of winning the play n i 
he should be beaten by his adversary who had just 
beaten the other player, the game would end at this 
play. Thus the probability that one of the players will 
enter the game at the play I and will win it is 
equal to the probability that the game will end pre- 
cisely with this play; and as this player ought to win 
the following play in order that the game may be 
finished at the nth play, the probability of this last case 
will be only one half of the preceding one. This 
probability is evidently a function of the number ; this 
function is then equal to the half of the same function 
when n is diminished by unity. This equality forms 
one of those equations called ordinary finite differential 
equations. 

We may easily determine by its use the probability 
that the game will end precisely at a certain play. It 
is evident that the play cannot end sooner than at the 
second play; and for this it is necessary that that one 
of the first two players who has beaten his adversary 
should beat at the second play the third player; the 
probability that the game will end at this play is . 
Hence by virtue of the preceding equation we conclude 
that the successive probabilities of the end of the game 
are for the third play, \ for the fourth play, and so 
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on ; and in general raised to the power n I for the 
nth play. The sum of all these powers of is unity 
less the last of these powers ; it is the probability that 
the game will end at the latest in n plays. 

Let us consider again the first problem more difficult 
which may be solved by probabilities and which Pascal 
proposed to Fermat to solve. Two players, A and B, 
of equal skill play together on the conditions that the 
one who first shall beat the other a given number of 
times shall win the game and shall take the sum of the 
stakes at the game; after some throws the players 
agree to quit without having finished the game : we ask 
in what manner the sum ought to be divided between 
them. It is evident that the parts ought to be propor- 
tional to the respective probabilities of winning the 
game. The question is reduced then to the determina- 
tion of these probabilities. They depend evidently 
upon the number of points which each player lacks of 
having attained the given number. Hence the prob- 
ability of A is a function of the two numbers which we 
will call indices. If the two players should agree to 
play one throw more (an agreement which does not 
change their condition, provided that after this new 
throw the division is always made proportionally to the 
new probabilities of winning the game), then either A 
would win this throw and in that case the number of 
points which he lacks would be diminished by unity, 
or the player B would win it and in that case the 
number of points lacking to this last player would be 
less by unity. But the probability of each of these 
cases is \ ; the function sought is then equal to one half 
of this function in which we diminish by unity the first 
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index plus the half of the same function in which the 
second variable is diminished by unity. This equality 
is one of those equations called equations of partial 
differentials. 

We are able to determine by its use the probabilities 
of A by dividing the smallest numbers, and by observ- 
ing that the probability or the function which expresses 
it is equal to unity when the player A does not lack a 
single point, or when the first index is zero, and that 
this function becomes zero with the second index. Sup- 
posing thus that the player A lacks only one point, we 
find that his probability is f, f, |, etc., according as B 
lacks one point, two, three, etc. Generally it is then 
unity less the power of , equal to the number of points 
which B lacks. We will suppose then that the player 
A lacks two points and his probability will be found 
equal to J, , \\, etc., according as B lacks one point, 
two points, three points, etc. We will suppose again 
that the player A lacks three points, and so on. 

This manner of obtaining the successive values of a 
quantity by means of its equation of differences is long 
and laborious . The geometricians have sought methods 
to obtain the general function of indices that satisfies 
this equation, so that for any particular case we need 
only to substitute in this function the corresponding 
values of the indices. Let us consider this subject in 
a general way. For this purpose 'let us conceive a 
series of terms arranged along a horizontal line so that 
each of them is derived from the preceding one accord- 
ing to a given law. Let us suppose this law expressed 
by an equation among several consecutive terms and 
their index, or the number which indicates the rank that 
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they occupy in the series. This equation I call the 
equation of finite differences by a single index. The 
order or the degree of this equation is the difference of 
rank of its two extreme terms. We are able by its use 
to determine successively the terms of the series and to 
continue it indefinitely ; but for that it is necessary to 
know a number of terms of the series equal to the 
degree of the equation . These terms are the arbitrary 
constants of the expression of the general term of the 
series or of the integral of the equation of differences. 

Let us imagine now below the terms of the preceding 
series a second series of terms arranged horizontally; 
let us imagine again below the terms of the second 
series a third horizontal series, and so on to infinity; 
and let us suppose the terms of all these series con- 
nected by a general equation among several consecutive 
terms, taken as much in the horizontal as in the ver- 
tical sense, and the numbers which indicate their rank 
in the two senses. This equation is called the equation 
of partial finite differences by two indices. 

Let us imagine in the same way below the plan of 
the preceding series a second plan of similar series, 
whose terms should be placed respectively below those 
of the first plan ; let us imagine again below this second 
plan a third plan of similar series, and so on to infinity; 
let us suppose all the terms of these series connected 
by an equation among several consecutive terms taken 
in the sense of length, width, and depth, and the three 
numbers which indicate their rank in these three senses. 
This equation I call the equation of partial finite differ- 
ences by three indices. 

Finally, considering the matter in an abstract way 
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and independently of the dimensions of space, let us 
imagine generally a system of magnitudes, which should 
be functions of a certain number of indices, and let us 
suppose among these magnitudes, their relative differ- 
ences to these indices and the indices themselves, as 
many equations as there are magnitudes ; these equa- 
tions will be partial finite differences by a certain num- 
ber of indices. 

We are able by their use to determine successively 
these magnitudes. But in the same manner as the 
equation by a single index requires for it that we 
known a certain number of terms of the series, so the 
equation by two indices requires that we know one or 
several lines of series whose general terms should be 
expressed each by an arbitrary function of one of the 
indices. Similarly the equation by three indices 
requires that we know one or several plans of series, 
the general terms of which should be expressed each 
by an arbitrary function of two indices, and so on. In 
all these cases we shall be able by successive elimina- 
tions to determine a certain term of the series. But 
all the equations among which we eliminate being 
comprised in the same system of equations, all the 
expressions of the successive terms which we obtain by 
these eliminations ought to be comprised in one general 
expression, a function of the indices which determine 
the rank of the term. This expression is the integral 
of the proposed equation of differences, and the search 
for it is the object of integral calculus. 

Taylor is the first who in his work entitled Metodus 
Incrementorum has considered linear equations of finite 
differences. He gives the manner of integrating those. 
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of the first order with a coefficient and a last term, 
functions of the index. In truth the relations of the 
terms of the arithmetical and geometrical progressions 
which have always been taken into consideration are 
the simplest cases of linear equations of differences ; but 
they had not been considered from this point of view. 
It was one of those which, attaching themselves to 
general theories, lead to these theories and are conse- 
quently veritable discoveries. 

About the same time Moivre was considering under 
the name of recurring series the equations of finite 
differences of a certain order having a constant coeffi- 
cient. He succeeded in integrating them in a very 
ingenious manner. As it is always interesting to follow 
the progress of inventors, I shall expound the method 
of Moivre by applying it to a recurring series whose 
relation among three consecutive terms is given. First 
he considers the relation among the consecutive terms 
of a geometrical progression or the equation of two 
terms which expresses it. Referring it to terms less 
than unity, he multiplies it in this state by a constant 
factor and subtracts the product from the first equation. 
Thus he obtains an equation among three consecutive 
terms of the geometrical progression. Moivre considers 
next a second progression whose ratio of terms is the 
same factor which he has just used. He diminishes 
similarly by unity the index of the terms of the equa- 
tion of this new progression. In this condition he 
multiplies it by the ratio of the terms of the first pro- 
gression, and he subtracts the product from the equation 
of the second progression, which gives him among three 
consecutive terms of this progression a relation entirely 
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similar to that which he has found for the first progres- 
sion. Then he observes that if one adds term by term 
the two progressions, the same ratio exists among any 
three of these consecutive terms. He compares the 
coefficients of this ratio to those of the relation of the 
terms of the proposed recurrent series, and he finds for 
determining the ratios of the two geometrical progres- 
sions an equation of the second degree, whose roots are 
these ratios. Thus Moivre decomposes the recurrent 
series into two geometrical progressions, each multi- 
plied by an arbitrary constant which he determines by 
means of the first two terms of the recurrent series. 
This ingenious process is in fact the one that d' Alembert 
has since employed for the integration of linear equa- 
tions of infinitely small differences with constant coeffi- 
cients, and Lagrange has transformed into similar 
equations of finite differences. 

Finally, I have considered the linear equations of 
partial finite differences, first under the name of recurro- 
recurrent series and afterwards under their own name. 
The most general and simplest manner of integrating 
all these equations appears to me that which I have 
based upon the consideration of discriminant functions, 
the idea of which is here given. 

If we conceive a function V of a variable / developed 
according to the powers of this variable, the coefficient 
of any one of these powers will be a function of the 
exponent or index of this power, which index I shall 
call x. V is what I call the discriminant function of. 
this coefficient or of the function of the index. 

Now if we multiply the series of the development of 
V by a function of the same variable, such, for example, 
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as unity plus two times this variable, the product will 
be a new discriminant function in which the coefficient 
of the power x of the variable t will be equal to the 
coefficient of the same power in V plus twice the 
coefficient of the power less unity. Thus the function 
of the index x in the product will be equal to the func- 
tion of the index x in V plus twice the same function 
in which the index is diminished by unity. This func- 
tion of the index x is thus a derivative of the function 
of the same index in the development of V, a function 
which I shall call the primitive function of the index. 
Let us designate the derivative function by the letter d 
placed before the primitive function. The derivation 
indicated by this letter will depend upon the multiplier 
of V, which we will call T and which we will suppose 
developed like V by the ratio to the powers of the 
variable /. If we multiply anew by T the product of 
V by T, which is equivalent to multiplying V by T 2 , 
we shall form a third discriminant function, in which 
the coefficient of the jrth power of t will be a derivative 
similar to the corresponding coefficient of the preceding 
product ; it may be expressed by the same character 8 
placed before the preceding derivative, and then this 
character will be written twice before the primitive 
function of x. But in place of writing it thus twice we 
give it 2 for an exponent. 

Continuing thus, we see generally that if we multiply 
V by the th power of T, we shall have the coefficient 
of the ;rth power of t in the product of V by the nth 
power of T by placing before the primitive function the 
character 6 with n for an exponent. 

Let us suppose, for example, that T be unity divided 
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by /; then in the product of Fby T the coefficient of 
the .rth power of / will be the coefficient of the power 
greater by unity in V\ this coefficient in the product 
of V by the nth power of T will then be the primitive 
function in which x is augmented by n units. 

Let us consider now a new function Z of /, developed 
like V and T according to the powers of /; let us 
designate by the character A placed before the primi- 
tive function the coefficient of the .rth power of / in the 
product of V by Z; this coefficient in the product of V 
by the nth power of Z will be expressed by the char- 
acter A affected by the exponent n and placed before 
the primitive function of x. 

If, for example, Z is equal to unity divided by t less 
one, the coefficient of the xth power of / in the product 
of V by Z will be the coefficient of the x -\- I power 
of t in V less the coefficient of the xth power. It will 
be then the finite difference of the primitive function of 
the index x. Then the character A indicates a finite 
difference of the primitive function in the case where 
the index varies by unity; and the nth power of this 
character placed before the primitive function will indi- 
cate the finite nth difference of this function. If we 
suppose that T be unity divided by /, we shall have 7 
equal to the binomial Z -j- I . The product of V by 
the nth power of T will then be equal to the product 
of V by the nth power of the binomial Z-\-\. Develop- 
ing this power in the ratio of the powers of Z, the 
product of V by the various terms of this development 
will be the discriminant functions of these same terms 
in which we substitute in place of the powers of Z the 
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corresponding finite differences of the primitive function 
of the index. 

Now the product of V by the nth power of T is the 
primitive function in which the index x is augmented 
by n units; repassing from the discriminant functions 
to their coefficients, we shall have this primitive function 
thus augmented equal to the development of the nth 
power of the binomial Z-\- \, provided that in this 
development we substitute in place of the powers of Z 
the corresponding differences of the primitive function 
and that we multiply the independent term of these 
powers by the primitive function. We shall thus 
obtain the primitive function whose index is augmented 
by any number n by means of its differences. 

Supposing that T and Z always have the preceding 
values, we shall have Z equal to the binomial T i ; 
the product of V by the #th power of Z will then be 
equal to the product of V by the development of the 
#th power of the binomial T I . Repassing from the 
discriminant functions to their coefficients as has just 
been done, we shall have the nth difference of the 
primitive function expressed by the development of the 
?zth power of the binomial T I , in which we substi- 
tute for the powers of T this same function whose index 
is augmented by the exponent of the power, and for 
the independent term of t, which is unity, the primitive 
function, which gives this difference by means of the 
consecutive terms of this function. 

Placing S before the primitive function expressing the 
derivative of this function, which multiplies the x power 
of / in the product of V by T, and A expressing the 
same derivative in the product of V by Z, we are led 
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by that which precedes to this general result : whatever 
may be the function of the variable / represented by T 
and Z, we may, in the development of all the identical 
equations susceptible of being formed among these 
functions, substitute the characters d and // in place of 
T and Z, provided that we write the primitive function 
of the index in series with the powers and with the 
products of the powers of the characters, and that we 
multiply by this function the independent terms of these 
characters. 

We are able by means of this general result to trans- 
form any certain power of a difference of the primitive 
function of the index x, in which x varies by unity, into 
a series of differences of the same function in which x 
varies by a certain number of units and reciprocally. 
Let us suppose that T be the i power of unity divided 
by / i , and that Z be always unity divided by / I ; 
then the coefficient of the x power of / in the pro- 
duct of V by T will be the coefficient of the x -\- i 
power of / in V less the coefficient of the x power of t\ 
it will then be the finite difference of the primitive 
function of the index x in which we vary this index by 
the number i. It is easy to see that T is equal to the 
difference between the i power of the binomial Z-f- I 
and unity. The wth power of T is equal to the th 
power of this difference. If in this equality we substi- 
tute in place of T and Z the characters 6 and J, and 
after the development we place at the end of each term 
the primitive function of the index x> we shall have the 
wth difference of this function in which x varies by * 
units expressed by a series of differences of the same 
function in which x varies by unity. This series is 
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only a transformation of the difference which it 
expresses and which is identical with it; but it is in 
similar transformations that the power of analysis 
resides. 

The generality of analysis permits us to suppose in 
this expression that n is negative. Then the negative 
powers of tf and A indicate the integrals. Indeed the 
nth difference of the primitive function having for a 
discriminant function the product of V by the nth power 
of the binomial one divided by t less unity, the primi- 
tive function which is the nth integral of this difference 
has for a discriminant function that of the same differ- 
ence multiplied by the nth power taken less than the 
binomial one divided by / minus one, a power to which 
the same power of the character A corresponds ; this 
power indicates then an integral of the same order, the 
index x varying by unity; and the negative powers of 
6 indicate equally the integrals x varying by i units. 
We see, thus, in the clearest and simplest manner the 
rationality of the analysis observed among the positive 
powers and differences, and among the negative powers 
and the integrals. 

If the function indicated by $ placed before the 
primitive function is zero, we shall have an equation of 
finite differences, and Fwill be the discriminant function 
of its integral. In order to obtain this discriminant 
function we shall observe that in the product of V by 
T all the powers of / ought to disappear except the 
powers inferior to the order of the equation of differ- 
ences; V is then equal to a fraction whose denominator 
is T and whose numerator is a polynomial in which the 
highest power of t is less by unity than the order of the 
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equation of differences. The arbitrary coefficients of 
the various powers of / in this polynomial, including 
the power zero, will be determined by as many values 
of the primitive function of the index when we make 
successively x equal to zero, to one, to two, etc. 
When the equation of differences is given we determine 
T by putting all its terms in the first member and zero 
in the second; by substituting in the first member unity 
in place of the function which has the largest index ; 
the first power of / in place of the primitive function in 
which this index is diminished by unity; the second 
power of / for the primitive function where this index 
is diminished by two units, and so on. The coefficient 
of the x\\\ power of / in the development of the preced- 
ing expression of V will be the primitive function of x 
or the integral of the equation of finite differences. 
Analysis furnishes for this development various means, 
among which we may choose that one which is most 
suitable for the question proposed ; this is an advantage 
of this method of integration. 

Let us conceive now that V be a function of the two 
variables / and /' developed according to the powers 
and products of these variables ; the coefficient of any 
product of the powers x and x' of / and /' will be a 
function of the exponents or indices x and x' of these 
powers; this function I shall call the primitive function 
of which V is the discriminant function. 

Let us multiply V by a function T of the two 
variables t and /' developed like V in ratio of the 
powers and the products of these variables ; the product 
will be the discriminant function of a derivative of the 
primitive function; if T, for example, is equal to the 
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variable / plus the variable t' minus two, this derivative 
will be the primitive function of which we diminish by 
unity the index x plus this same primitive function of 
which we diminish by unity the index x' less two 
times the primitive function. Designating whatever T 
may be by the character d placed before the primitive 
function, this derivative, the product of V by the wth 
power of T, will be the discriminant function of the 
derivative of the primitive function before which one 
places the ;/th power of the character 8. Hence result 
the theorems analogous to those which are relative to 
functions of a single variable. 

Suppose the function indicated by the character $ be 
zero; one will have an equation of partial differences. 
If, for example, we make as before T equal to the 
variable / phis the variable t' 2, we have zero equal 
to the primitive function of which we diminish by unity 
the index x plus the same function of which we diminish 
by unity the index x' minus two times the primitive 
function. The discriminant function V of the primitive 
function or of the integral of this equation ought then 
to be such that its product by T does not include at 
all the products of / by t' ; but Fmay include separately 
the powers of t and those of t' , that is to say, an arbi- 
trary function of t and an arbitrary function of /'; V is 
then a fraction whose numerator is the sum of these two 
arbitrary functions and whose denominator is T. The 
coefficient of the product of the ;rth power of t by the 
x' power of /' in the development of this fraction will 
then be the integral of the preceding equation of partial 
differences. This method of integrating this kind of 
equations seems to me the simplest and the easiest by 
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the employment of the various analytical processes for 
the development of rational fractions. 

More ample details in this matter would be scarcely 
understood without the aid of calculus. 

Considering equations of infinitely small partial 
differences as equations of finite partial differences in 
which nothing is neglected, we are able to throw light 
upon the obscure points of their calculus, which have 
been the subject of great discussions among geometri- 
cians. It is thus that I have demonstrated the possi- 
bility of introducing discontinued functions in their 
integrals, provided that the discontinuity takes place 
only for the differentials of the order of these equations 
or of a superior order. The transcendent results of 
calculus are, like all the abstractions of the understand- 
ing, general signs whose true meaning may be ascer- 
tained only by repassing by metaphysical analysis to 
the elementary ideas which have led to them ; this 
often presents great difficulties, for the human mind 
tries still less to transport itself into the future than to 
retire within itself. The comparison of infinitely small 
differences with finite differences is able similarly to 
shed great light upon the metaphysics of infinitesimal 
calculus. 

It is easily proven that the finite nth difference of a 
function in which the increase of the variable is E 
being divided by the nth power of E, the quotient 
reduced in series by ratio to the powers of the increase 
E is formed by a first term independent of E. In the 
measure that E diminishes, the series approaches more 
and more this first term from which it can differ only 
by quantities less than any assignable magnitude. 
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This term is then the limit of the series and expresses 
in differential calculus the infinitely small nth difference 
of the function divided by the nth power of the infinitely 
small increase. 

Considering from this point of view the infinitely 
small differences, we see that the various operations of 
differential calculus amount to comparing separately in 
the development of identical expressions the finite 
terms or those independent of the increments of the 
variables which are regarded as infinitely small ; this 
is rigorously exact, these increments being indetermi- 
nant. Thus differential calculus has all the exactitude 
of other algebraic operations. 

The same exactitude is found in the applications of 
differential calculus to geometry and mechanics. If 
we imagine a curve cut by a secant at two adjacent 
points, naming E the interval of the ordinates of these 
two points, E will be the increment of the abscissa from 
the first to the second ordinate. It is easy to see that 
the corresponding increment of the ordinate will be the 
product of E by the first ordinate divided by its sub- 
secant; augmenting then in this equation of the curve 
the first ordinate by this increment, we shall have the 
equation relative to the second ordinate. The differ- 
ence of these two equations will be a third equation 
which, developed by the ratio of the powers of E and 
divided by E, will have its first term independent of E, 
which will be the limit of this development. This 
term, equal to zero, will give then the limit of the sub- 
secants, a limit which is evidently the subtangent. 

This singularly happy method of obtaining the sub- 
tangent is due to Fermat, who has extended it to 



46 A PHILOSOPHICAL ESSAY ON PROBABILITIES. 

transcendent curves. This great geometrician ex- 
presses by the character E the increment of the 
abscissa; and considering only the first power of this 
increment, he determines exactly as we do by differen- 
tial calculus the subtangents of the curves, their points 
of inflection, the maxima and minima of their ordinates, 
and in general those of rational functions. We see 
likewise by his beautiful solution of the problem of the 
refraction of light inserted in the Collection of the 
Letters of Descartes that he knows how to extend his 
methods to irrational functions in freeing them from 
irrationalities by the elevation of the roots to powers. 
Fermat should be regarded, then, as the true discoverer 
of Differential Calculus. Newton has since rendered this 
calculus more analytical in his Method of Fluxions, and 
simplified and generalized the processes by his beautiful 
theorem of the binomial. Finally, about the same time 
Leibnitz has enriched differential calculus by a nota- 
tion which, by indicating the passage from the finite to 
the infinitely small, adds to the advantage of express- 
ing the general results of calculus that of giving the 
first approximate values of the differences and of the 
sums of the quantities; this notation is adapted of itself 
to the calculus of partial differentials. 

We are often, led to expressions which contain so 
many terms and factors that the numerical substitutions 
are impracticable. This takes place in questions of 
probability when we consider a great number of events. 
Meanwhile it is necessary to have the numerical value 
of the formulae in order to know with what probability 
the results are indicated, which the events develop by 
multiplication. It is necessary especially to have the 
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law according to which this probability continually 
approaches certainty, which it will finally attain if the 
number of events were infinite. In order to obtain this 
law I considered that the definite integrals of differen- 
tials multiplied by the factors raised to great powers 
would give by integration the formulae composed of 
a great number of terms and factors. This remark 
brought me to the idea of transforming into similar 
integrals the complicated expressions of analysis and 
the integrals of the equation of differences. I fulfilled 
this condition by a method which gives at the same 
time the function comprised under the integral sign 
and the limits of the integration. It offers this remark- 
able thing, that the function is the same discriminant 
function of the expressions and the proposed equations ; 
this attaches this method to the theory of discriminant 
functions of which it is thus the complement. Further, 
it would only be a question of reducing the definite 
integral to a converging series. This I have obtained 
by a process which makes the series converge with as 
much more rapidity as the formula which it represents 
is "nore complicated, so that it is more exact as it 
becomes more necessary. Frequently the series has 
for a factor the square root of the ratio of the circum- 
ference to the diameter; sometimes it depends upon 
other transcendents whose number is infinite. 

An important remark which pertains to great gen- 
erality of analysis, and which permits us to extend this 
method to formulae and to equations of difference which 
the theory of probability presents most frequently, is 
that the series to which one comes by supposing the 
limits of the definite integrals to be real and positive 
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take place equally in the case where the equation which 
determines these limits has only negative or imaginary 
roots. These passages from the positive to the nega- 
tive and from the real to the imaginary, of which I first 
have made use, have led me further to the values of 
many singular definite integrals, which I have accord- 
ingly demonstrated directly. We may then consider 
these passages as a means of discovery parallel to 
induction and analogy long employed by geometricians, 
at first with an extreme reserve, afterwards with entire 
confidence, since a great number of examples has 
justified its use. In the mean time it is always necessary 
to confirm by direct demonstrations the results obtained 
by these divers means. 

I have named the ensemble of the preceding methods 
the Calculus of Discriminant Functions; this calculus 
serves as a basis for the work which I have published 
under the title of the Analytical Theory of Probabilities. 
It is connected with the simple idea of indicating the 
repeated multiplications of a quantity by itself or its 
entire and positive powers by writing toward the top of 
the letter which expresses it the numbers which mark 
the degrees of these powers. 

This notation, employed by Descartes in his Geometry 
and generally adopted since the publication of this 
important work, is a little thing, especially when com- 
pared with the theory of curves and variable functions 
by which this great geometrician has established the 
foundations of modern calculus. But the language of 
analysis, most perfect of all, being in itself a powerful 
instrument of discoveries, its notations, especially when 
they are necessary and happily conceived, are so many 
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germs of new calculi. This is rendered appreciable by 
this example. 

Wallis, who in his work entitled Arithmetica Infini- 
torum, one of those which have most contributed to the 
progress of analysis, has interested himself especially 
in following the thread of induction and analogy, con- 
sidered that if one divides the exponent of a letter by 
two, three, etc., the quotient will be accordingly the 
Cartesian notation, and when division is possible the 
exponent of the square, cube, etc., root of the quantity 
which represents the letter raised to the dividend 
exponent. Extending by analogy this result to the 
case where division is impossible, he considered a 
quantity raised to a fractional exponent as the root of 
the degree indicated by the denominator of this frac- 
tion namely, of the quantity raised to a power indi- 
cated by the numerator. He observed then that, 
according to the Cartesian notation, the multiplication 
of two powers of the same letter amounts to adding 
their exponents, and that their division amounts to 
subtracting the exponents of the power of the divisor 
from that of the power of the dividend, when the second 
of these exponents is greater than the first. Wallis 
extended this result to the case where the first 
exponent is equal to or greater than the second, which 
makes the difference zero or negative. He supposed 
then that a negative exponent indicates unity divided 
by the quantity raised to the same exponent taken 
positively. These remarks led him to integrate 
generally the monomial differentials, whence he inferred 
the definite integrals of a particular kind of binomial 
differentials whose exponent is a positive integral 
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number. The observation then of the law of the num- 
bers which express these integrals, a series of inter- 
polations and happy inductions where one perceives 
the germ of the calculus of definite integrals which has 
so much exercised geometricians and which is one of 
the fundaments of my new Theory of Probabilities, 
gave him the ratio of the area of the circle to the square 
of its diameter expressed by an infinite product, which, 
when one stops it, confines this ratio to limits more and 
more converging; this is one of the most singular 
results in analysis. But it is remarkable that Wallis, 
who had so well considered the fractional exponents 
of radical powers, should have continued to note these 
powers as had been done before him. Newton in his 
Letters to Oldembourg, if I am not mistaken, was the 
first to employ the notation of these powers by frac- 
tional exponents. Comparing by the way of induction, 
of which Wallis had made such a beautiful use, the 
exponents of the powers of the binomial with the 
coefficients of the terms of its development in the case 
where this exponent is integral and positive, he deter- 
mined the law of these coefficients and extended k by 
analogy to fractional and negative powers. These 
various results, based upon the notation of Descartes, 
show his influence on the progress of analysis. It has 
still the advantage of giving the simplest and fairest 
idea of logarithms, which are indeed only the exponents 
of a magnitude whose successive powers, increasing by 
infinitely small degrees, can represent all numbers. 

But the most important extension that this notation 
has received is that of variable exponents, which con- 
stitutes exponential calculus, one of the most fruitful 
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branches of modern analysis. Leibnitz was the first 
to indicate the transcendents by variable exponents, and 
thereby he has completed the system of elements of 
which a finite function can be composed; for every 
finite explicit function of a variable may be reduced in 
the last analysis to simple magnitudes, combined by 
the method of addition, subtraction, multiplication, and 
division and raised to constant or variable powers. 
The roots of the equations formed from these elements 
are the implicit functions of tile variable. It is thus 
that a variable has for a logarithm the exponent of the 
power which is equal to it hi the series of the powers 
of the number whose hyperbolic logarithm is unity, and 
the logarithm of a variable of it is an implicit function. 
Leibnitz thought to give to his differential character 
the same exponents as to magnitudes ; but then in place 
of indicating the repeated multiplications of the same 
magnitude these exponents indicate the repeated differ- 
entiations of the same function. This new extension 
of the Cartesian notation led Leibnitz to the analogy of 
positive powers with the differentials, and the negative 
powers with the integrals. Lagrange has followed this 
singular analogy in all its developments; and by series 
of inductions which may be regarded as one of the 
most beautiful applications which have ever been made 
of the method of induction he has arrived at general 
formula which are as curious as useful on the trans- 
formations of differences and of integrals the ones into 
the others when the variables have divers finite incre- 
ments and when these increments are infinitely small. 
But he has not given the demonstrations of it which 
appear to him difficult. The theory of discriminant 



52 A PHILOSOPHICAL ESSAY ON PROBABILITIES. 

functions extends the Cartesian notations to some of its 
characters; it shows with proof the analogy of the 
powers and operations indicated by these characters; 
so that it may still be regarded as the exponential 
calculus of characters. All that concerns the series and 
the integration of equations of differences springs from 
it with an extreme facility. 


53  PART II. 

APPLICATIONS OF THE CALCULUS OF 
PROBABILITIES. 

ToCCHAPTER VI. 
GAMES OF CHANCE. 

THE combinations which games present were the 
object of the first investigations of probabilities. In an 
infinite variety of these combinations many of them 
lend themselves readily to calculus ; others require more 
difficult calculi; and the difficulties increasing in the 
measure that the combinations become more compli- 
cated, the desire to surmount them and curiosity have 
excited geometricians to perfect more and more this 
kind of analysis. It has been seen already that the 
benefits of a lottery are easily determined by the theory 
of combinations. But it is more difficult to know in 
how many draws one can bet one against one, for 
example that all the numbers will be drawn, n being 
the number of numbers, r that of the numbers drawn 
at each draw, and i the unknown number of draws. 
The expression of the probability of drawing all the 
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numbers depends upon the th finite difference of the i 
power of a product of r consecutive numbers. When 
the number n is considerable the search for the value 
of / which renders this probability equal to J becomes 
impossible at least unless this difference is converted 
into a very converging series. This is easily done by 
the method here below indicated by the approxima- 
tions of functions of very large numbers. It is found 
thus since the lottery is composed of ten thousand 
numbers, one of which is drawn at each draw, that 
there is a disadvantage in betting one against one that 
all the numbers will be drawn in 95767 draws and an 
advantage in making the same bet for 95768 draws. 
In the lottery of France this bet is disadvantageous for 
85 draws and advantageous for 86 draws. 

Let us consider again two players, A and B, playing 
together at heads and tails in such a manner that at 
each throw if heads turns up A gives one counter to B, 
who gives him one if tails turns up; the number of 
counters of B is limited, while that of A is unlimited, 
and the game is to end only when B shall have no more 
counters. We ask in how many throws one should bet 
one to one that the game will end. The expression 
of the probability that the game will end in an i number 
of throws is given by a series which comprises a great 
number of terms and factors if the number of counters 
of B is considerable; the search for the value of the 
unknown i which renders this series \ would then be 
impossible if we did not reduce the same to a very 
convergent series. In applying to it the method of 
which we have just spoken, we find a very simple 
expression for the unknown from which it results that if, 
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for example, B has a hundred counters, it is a bet of a 
little less than one against one that the game will end 
in 23780 throws, and a bet of a little more than one 
against one that it will end in 23781 throws. 

These two examples added to those we have already 
given are sufficient to shows how the problems of 
games have contributed to the perfection of analysis. 

ToC56  CHAPTER VII. 
CONCERNING THE UNKNOWN INEQUALITIES WHICH MAY EXIST 
AMONG CHANCES WHICH ARE SUPPOSED EQUAL 

INEQUALITIES of this kind have upon the results of 
the calculation of probabilities a sensible influence 
which deserves particular attention. Let us take the 
game of heads and tails, and let us suppose that it is 
equally easy to throw the one or the other side of the 
coin. Then the probability of throwing heads at the 
first throw is and that of throwing it twice in succes- 
sion is J. But if there exist in the coin an inequality 
which causes one of the faces to appear rather than the 
other without knowing which side is favored by this 
inequality, the probability of throwing heads at the first 
throw will always be ; because of our ignorance of 
which face is favored by the inequality the probability 
of the simple event is increased if this inequality is 
favorable to it, just so much is it diminished if the 
inequality is contrary to it. But in this same ignorance 
the probability of throwing heads twice in succession is 
increased. Indeed this probability is that of throwing 
heads at the first throw multiplied by the probability 
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that having thrown it at the first throw it will be thrown 
at the second ; but its happening at the first throw is a 
reason for belief that the inequality of the coin favors it; 
the unknown inequality increases, then, the probability 
of throwing heads at the second throw ; it consequently 
increases the product of these two probabilities. In 
order to submit this matter to calculus let us suppose 
that this inequality increases by a twentieth the prob- 
ability of the simple event which it favors. If this 
event is heads, its probability will be plus -fo, or \, 
and the probability of throwing it twice in succession 
will be the square of -j^-, or |f . If the favored event is 
tails, the probability of heads, will be | minus ^ > or *V 
and the probability of throwing it twice in succession 
will be T Vo- Since we have at first no reason for 
believing that the inequality favors one of these events 
rather than the other, it is clear that in order to have 
the probability of the compound event heads heads it 
is necessary to add the two preceding probabilities and 
take the half of their sum, which gives ^| for this 
probability, which exceeds by ^J-g- or by the square of 
the favor -fa that the inequality adds to the possibilities 
of the event which it favors. The probability of throw- 
ing tails tails is similarly f^, but the probability of 
throwing heads tails or tails heads is each jV T ; for 
the sum of these four probabilities ought to equal cer- 
tainty or unity. We find thus generally that the 
constant and unknown causes which favor simple events 
which are judged equally possible always increase 
the probability of the repetition of the same simple 
event. 

In an even number of throws heads and tails ought 
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both to happen either an even number of times or odd 
number of times. The probability of each of these 
cases is if the possibilities of the two faces are equal ; 
but if there is between them an unknown inequality, this 
inequality is always favorable to the first case. 

Two players whose skill is supposed to be equal play 
on the conditions that at each throw that one who loses 
gives a counter to his adversary, and that the gam* 
continues until one of the players has no more counters. 
The calculation of the probabilities shows us that for 
the equality of the play the throws of the players ought 
to be an inverse ratio to their counters. But if there is 
between the players a small unknown inequality, it 
favors that one of the players who has the smallest 
number of counters. His probability of winning the 
game increases if the players agree to double or triple 
their counters; and it will be or the same as the 
probability of the other player in the case where the 
number of their counters should become infinite, pre- 
serving always the same ratio. 

One may correct the influence of these unknown 
inequalities by submitting them themselves to the 
chances of hazard. Thus at the play of heads and 
tails, if one has a second coin which is thrown each 
time with the first and one agrees to name constantly 
heads the face turned up by the second coin, the prob- 
ability of throwing heads twice in succession with the 
first coin will approach much nearer \ than in the case 
of a single coin. In this last case the difference is the 
square of the small increment of possibility that the 
unknown inequality gives to the face of the first coin 
which it favors ; in the other case this difference is the 
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quadruple product of this square by the corresponding 
square relative to the second coin. 

Let there be thrown into an urn a hundred numbers 
from i to 100 in the order of numeration, and after 
having shaken the urn in order to mix the numbers one 
is drawn; it is clear that if the mixing has been well 
done the probabilities of the drawing of the numbers 
will be the same. But if we fear that there is among 
them small differences dependent upon the order 
according to which the numbers have been thrown into 
the urn, we shall diminish considerably these differences 
by throwing into a second urn the numbers according 
to the order of their drawing from the first urn, and by 
shaking then this second urn in order to mix the 
numbers. A third urn, a fourth urn, etc., would 
diminish more and more these differences already 
inappreciable in the second urn. 

ToC60 CHAPTER VIII. 
CONCERNING THE LAWS OF PROBABILITY 
WHICH RESULT FROM THE INDEFINITE MULTIPLICATION OF EVENTS. 

AMID the variable and unknown causes which we 
comprehend under the name of chance, and which 
render uncertain and irregular the march of events, we 
see appearing, in the measure that they multiply, a 
striking regularity which seems to hold to a design and 
which has been considered as a proof of Providence. 
But in reflecting upon this we spon recognize that this 
regularity is only the development of the respective 
possibilities of simple events which ought to present 
themselves more often when they are more probable. 
Let us imagine, for example, an urn which contains 
white balls and black balls; and let us suppose that 
each time a ball is drawn it is put back into the urn 
before proceeding to a new draw. The ratio of the 
number of the white balls drawn to the number of black 
balls drawn will be most often very irregular in the first 
drawings; but the variable causes of this irregularity 
produce effects alternately favorable and unfavorable to 
the regular march of events which destroy each other  
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mutually in the totality of a great number of draws, 
allowing us to perceive more and more the ratio cf 
white balls to the black balls contained in the urn, or 
the respective possibilities of drawing a white ball or 
black ball at each draw. From this results the follow- 
ing theorem. 

The probability that the ratio of the number of white 
balls drawn to the total number of balls drawn does 
not deviate beyond a given interval from the ratio of 
the number of white balls to the total number of balls 
contained in the urn, approaches indefinitely to certainty 
by the indefinite multiplication of events, however small 
this interval. 

This theorem indicated by common sense was diffi- 
cult to demonstrate by analysis. Accordingly the 
illustrious geometrician Jacques Bernouilli, who first 
has occupied himself with it, attaches great importance 
to the demonstrations he has given. The calculus of 
discriminant functions applied to this matter not only 
demonstrates with facility this theorem, but still more it 
gives the probability that the ratio of the events 
observed deviates only in certain limits from the true 
ratio of their respective possibilities. 

One may draw from the preceding theorem this 
consequence which ought to be regarded as a general 
law, namely, that the ratios of the acts of nature are 
very nearly constant when these acts are considered in 
great number. Thus in spite of the variety of years 
the sum of the productions during a considerable num- 
ber of years is sensibly the same ; so that man by useful 
foresight is able to provide against the irregularity of 
the seasons by spreading out equally over all the 
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seasons the goods which nature distributes in an 
unequal manner. I do not except from the above law 
results due to moral causes. The ratio of annual 
births to the population, and that of marriages to births, 
show only small variations; at Paris the number of 
annual births is almost the same, and I have heard it 
said at the post-office in ordinary seasons the number 
of letters thrown aside on account of defective addresses 
changes little each year ; this has likewise been observed 
at London. 

It follows again from this theorem that in a series of 
events indefinitely prolonged the action of regular and 
constant causes ought to prevail in the long run over 
that of irregular causes. It is this which renders the 
gains of the lotteries just as certain as the products of 
agriculture ; the chances which they reserve assure them 
a benefit in the totality of a great number of throws. 
Thus favorable and numerous chances being constantly 
attached to the observation of the eternal principles of 
reason, of justice, and of humanity which establish and 
maintain societies, there is a great advantage in con- 
forming to these principles and of grave inconvenience 
in departing from them. If one consult histories and 
his own experience, one will see all the facts come to 
the aid of this result of calculus. Consider the happy 
effects of institutions founded upon reason and the 
natural rights of man among the peoples who have 
known how to establish and preserve them. Consider 
again the advantages which good faith has procured for 
the governments who have made it the basis of their 
conduct and how they have been indemnified for the 
sacrifices which a scrupulous exactitude in keeping 
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their engagements has cost them. What immense 
credit at home ! What preponderance abroad ! On 
the. contrary, look into what an abyss of misfortunes 
nations have often been precipitated by the ambition 
and the perfidy of their chiefs. Every time that a 
great power intoxicated by the love of conquest aspires 
to universal domination the sentiment of independence 
produces among the menaced nations a coalition of 
which it becomes almost always the victim. Similarly 
in the midst of the variable causes which extend or 
restrain the divers states, the natural limits acting as 
constant causes ought to end by prevailing. It is 
important then to the stability as well as to the happi- 
ness of empires not to extend them beyond those limits 
into which they are led again without cessation by the 
action of the causes; just as the waters of the seas 
raised by violent tempests fall again into their basins 
by the force of gravity. It is again a result of the 
calculus of probabilities confirmed by numerous and 
melancholy experiences. History treated from the 
point of view of the influence of constant causes would 
unite to the interest of curiosity 1hat of offering to man 
most useful lessons. Sometimes we attribute the 
inevitable results of these causes to the accidental cir- 
cumstances which have produced their action. It is, 
for example, against the nature of things that one 
people should ever be governed by another when a 
vast sea or a great distance separates them. It may 
be affirmed that in the long run this constant cause, 
joining itself without ceasing to the variable causes 
which act in the same way and which the course of 
time develops, will end by finding them sufficiently 
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strong to give to a subjugated people its natural inde- 
pendence or to unite it to a powerful state which may 
be contiguous. 

In a great number of cases, and these are the most 
important of the analysis of hazards, the possibilities of 
simple events are unknown and we are forced to search 
in past events for the indices which can guide us in 
our conjectures about the causes upon which they 
depend. In applying the analysis of discriminant 
functions to the principle elucidated above on the prob- 
ability of the causes drawn from the events observed, 
we are led to the following theorem. 

When a simple event or one composed of several 
simple events, as, for instance, in a game, has been 
repeated a great number of times the possibilities of the 
simple events which render most probable that which 
has been observed are those that observation indicates 
with the greatest probability; in the measure that the 
observed event is repeated this probability increases 
and would end by amounting to certainty if the num- 
bers of repetitions should become infinite. 

There are two kinds of approximations: the one is 
relative to the limits taken on all sides of the possibili- 
ties which give to the past the greatest probability; the 
other approximation is related to the probability that 
these possibilities fall within these limits. The repeti- 
tion of the compound event increases more and more 
this probability, the limits remaining the same; it 
reduces more and more the interval of these limits, the 
probability remaining the same ; in infinity this interval 
becomes zero and the probability changes to certainty. 

If we apply this theorem to the ratio of the births of 
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boys to that of girls observed in the different countries 
of Europe, we find that this ratio, which is everywhere 
about equal to that of 22 to 21, indicates with an 
extreme probability a greater facility in the birth of 
boys. Considering further that it is the same at Naptes 
and at St. Petersburg, we shall see that in this regard 
the influence of climate is without effect. We might 
then suspect, contrary to the common belief, that this 
predominance of masculine births exists even in the 
Orient. I have consequently invited the French 
scholars sent to Egypt to occupy themselves with this 
interesting question ; but the difficulty in obtaining 
exact information about the births has not permitted 
them to solve it. Happily, M. de Humboldt has not 
neglected this matter among the innumerable new 
things which he has observed and collected in America 
with so much sagacity, constancy, and courage. He 
has found in the tropics the same ratio of the births as 
we observe in Paris ; this ought to make us regard the 
greater number of masculine births as a general law of 
the human race. The laws which the different kinds 
of animals follow in this regard seem to me worthy of 
the attention of naturalists. 

The fact that the ratio of births of boys to that of 
girls differs very little from unity even in the great 
number of the births observed in a place would offer in 
this regard a result contrary to the general law, without 
which we should be right in concluding that this law 
did not exist. In order to arrive at this result it is 
necessary to employ great numbers and to be sure that 
it is indicated by great probability. Buffon cites, for 
example, in his Political AritJimctic several communi- 
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ties of Bourgogne where the births of girls have sur- 
passed those of boys. Among these communities that 
of Carcelle-le-Grignon presents in 20x39 births during 
five years 1026 girls and 983 boys. Although these 
numbers are considerable, they indicate, however, only 
a greater possibility in the births of girls with a prob- 
ability of -fa, and this probability, smaller than that cf 
not throwing heads four times in succession in the game 
of heads and tails, is not sufficient to investigate the 
cause for this anomaly, which, according to all prob- 
ability, would disappear if one should follow during a 
century ihe births in this community. 

The registers of births, which are kept with care in 
order to assure the condition of the citizens, may serve 
in determining the population of a great empire without 
recurring to the enumeration of its inhabitants a 
laborious operation and one difficult to make with 
exactitude. But for this it is necessary to know the 
ratio of the population to the annual births. The most 
precise means of obtaining it consists, first, in choosing 
in the empire districts distributed in an almost equal 
manner over its whole surface, so as to render the 
general result independent of local circumstances; 
second, in enumerating with care for a given epoch the 
inhabitants of several communities in each of these dis- 
tricts; third, by determining from the statement of the 
births during several years which precede and follow 
this epoch the mean number corresponding to the 
annual births. This number, divided by that of the 
inhabitants, will give the ratio of the annual births to 
the population in a manner more and more accurate 
as the enumeration becomes more considerable. The 
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government, convinced of the utility of a similar 
enumeration, has decided at my request to order 
its execution. In thirty districts spread out equally 
over the whole of France, communities have been 
chosen which would be able to furnish the most exact 
information. Their enumerations have given 2037615 
individuals as the total number of their inhabitants on 
the 23d of September, 1802. The statement of the 
births in these communities during the years 1800, 
1 80 1, and 1802 have given: 

Births. Marriages. Deaths. 

1 103 1 2 boys 46037 103659 men 
105287 girls 99443 women 

The ratio of the population to annual births is 
then 28 T 3 I7 5 oWb7r> ^ is greater than had been estimated 
up to this time. Multiplying the number of annual 
births in France by this ratio, we shall have the pop- 
ulation of this kingdom. But what is the probability 
that the population thus determined will not deviate 
from the true population beyond a given limit ? 
Resolving this problem and applying to its solution the 
preceding data, I have found that, the number of annual 
births in France being supposed to be 1000000, which 
brings the population to 28352845 inhabitants, it is a 
bet of almost 300000 against I that the error of this 
result is not half a million. 

The ratio of the births of boys to that of girls which 
the preceding statement offers is that of 22 to 21 ; and 
the marriages are to the births as 3 is to 4. 

At Paris the baptisms of children of both sexes vary 
a little from the ratio of 22 to 21. Since 1745, the 
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epoch in which one has commenced to distinguish the 
sexes upon the birth-registers, up to the end of 1/84, 
there have been baptized in this capital 393386 boys 
and 377555 girls. The ratio of the two numbers is 
almost that of 2 5 to 24 ; it appears then at Paris that a 
particular cause approximates an equality of baptisms 
of the two sexes. If we apply to this matter the 
calculus of probabilities, we find that it is a bet of 238 
to i in favor of the existence of this cause, which is 
sufficient to authorize the investigation. Upon reflec- 
tion it has appeared to me that the difference observed 
holds to this, that the parents in the country and the 
provinces, finding some advantage in keeping the boys 
at home, have sent to the Hospital for Foundlings in 
Paris fewer of them relative to the number of girls 
according to the ratio of births of the two sexes. This 
is proved by the statement of the registers of this 
hospital. From the beginning of 1745 to the end of 
1809 there were entered 163499 boys and 159405 
girls. The first of these numbers exceeds only by -$$ 
the second, which it ought to have surpassed at least 
by ?V- This confirms the existence of the assigned 
cause, namely, that the ratio of births of boys to those 
of girls is at Paris that of 22 to 21, no attention having 
been paid to foundlings. 

The preceding results suppose that we may compare 
the births to the drawings of balls from an urn which 
contains an infinite number of white balls and black 
balls so mixed that at each draw the chances of drawing 
ought to be the same for each ball; but it is possible 
that the variations of the same seasons in different 
years may have some influence upon the annual ratio 



INDEFINITE MULTIPLICATION Of-' EVENTS. 69 

of the births of boys to those of girls. The Bureau of 
Longitudes of France publishes each year in its annual 
the tables of the annual movement of the population of 
the kingdom. The tables already published commence 
in 1817; in that year and in the five following years 
there were born 2962361 boys and 2781997 girls, 
which gives about T for the ratio of the births of boys 
to that of girls. The ratios of each year vary little 
from this mean result; the smallest ratio is that of 
1822, where it was only ff ; the greatest is of the year 
1817, when it was ff. These ratios vary appreciably 
from the ratio of |f found above. Applying to this 
deviation the analysis of probabilities in the hypothesis 
of the comparison of births to the drawings of balls 
from an urn, we find that it would be scarcely probable. 
It appears, then, to indicate that this hypothesis, 
although closely approximated, is not rigorously exact. 
In the number of births which we have just stated there 
are of natural children 200494 boys and 190698 girls. 
The ratio of masculine and feminine births was then in 
this regard ff , smaller than the mean ratio of ff . This 
result is in the same sense as that of the births of 
foundlings; and it seems to prove that in the class of 
natural children the births of the two sexes approach 
more nearly equality than in the class of legitimate 
children. The difference of the climates from the north 
to the south of France does not appear to influence 
appreciably the ratio of the births of boys and girls. 
The thirty most southern districts have given T | for this 
ratio, the same as that of entire France. 

The constancy of the superiority of the births of boys 
over girls at Paris and at London since they have been 
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observed has appeared to some scholars to be a proof 
of Providence, without which they have thought that 
the irregular causes which disturb without ceasing the 
course of events ought several times to have rendered 
the annual births of girls superior to those of boys. 

But this proof is a new example of the abuse which 
has been so often made of final causes which always 
disappear on a searching examination of the questions 
when we have the necessary data to solve them. The 
constancy in question is a result of regular causes which 
give the superiority to the births of boys and which 
extend it to the anomalies due to hazard when the 
number of annual births is considerable. The investi- 
gation of the probability that this constancy will main- 
tain itself for a long time belongs to that branch of the 
analysis of hazards which passes from past events to 
the probability of future events ; and taking as a basis 
the births observed from 1745 to 1784, it is a bet of 
almost 4 against I that at Paris the annual births of 
boys will constantly surpass for a century the births 
of girls ; there is then no reason to be astonished that 
this has taken place for a half-century. 

Let us take another example of the development of 
constant ratios which events present in the measure 
that they are multiplied. Let us imagine a series of 
urns arranged circularly, and each containing a very 
great number of white balls and black balls ; the ratio 
of white balls to the black in the urns being originally 
very different and such, for example, that one of these 
urns contains only white balls, while another contains 
only black balls. If one draws a ball from the first urn 
in order to put it into the second, and, after having 
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shaken the second urn in order to mix well the new 
ball with the others, one draws a ball to put it into the 
third urn, and so on to the last urn, from which is drawn 
a ball to put into the first, and if this series is recom- 
menced continually, the analysis of probability shows 
us that the ratios of the white balls to the black in these 
urns will end by being the same and equal to the ratio 
of the sum of all the white balls to the sum of all the 
black balls contained in the urns. Thus by this regular 
mode of change the primitive irregularity of these ratios 
disappears eventually in order to make room for the 
most simple order. Now if among these urns one 
intercalate new ones in which the ratio of the sum of 
the white balls to the sum of the black balls which they 
contain differs from the preceding, continuing indefi- 
nitely in the totality of the urns the drawings which we 
have just indicated, the simple order established in the 
old urns will be at first disturbed, and the ratios of the 
white balls to the black balls will become irregular; 
but little by little this irregularity will disappear in 
order to make room for a new order, which will finally 
be that of the equality of the ratios of the white balls 
to the black balls contained in the urns. We may 
apply these results to all the combinations of nature in 
which the constant forces by which their elements are 
animated establish regular modes of action, suited to 
bring about in the very heart of chaos systems governed 
by admirable laws. 

The phenomena which seem the most dependent 
upon hazard present, then, when multiplied a tendency 
to approach without ceasing fixed ratios, in such a 
manner that if we conceive on all sides of each of these 
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ratios an interval as small as desired, the probability 
that the mean result of the observations falls within this 
interval will end by differing from certainty only by a 
quantity greater than an assignable magnitude. Thus 
by the calculations of probabilities applied to a great 
number of observations we may recognize the existence 
of these ratios. But before seeking the causes it is 
necessary, in order not to be led into vain speculations, 
to assure ourselves that they are indicated by a prob- 
ability which does not permit us to regard them as 
anomalies due to hazard. The theory of discriminant 
functions gives a very simple expression for this prob- 
ability, which is obtained by integrating the product of 
the differential of the quantity of which the result 
deduced from a great number of observations varies 
from the truth by a constant less than unity, dependent 
upon the nature of the problem, and raised to a power 
whose exponent is the ratio of the square of this varia- 
tion to the number of observations. The integral taken 
between the limits given and divided by the same 
integral, applied to a positive and negative infinity, 
will express the probability that the variation from the 
truth is comprised between these limits. Such is the 
general law of the probability of results indicated by a 
great number of observations. 

ToC73 CHAPTER IX. 
THE APPLICATION OF THE CALCULUS OF PROBABILITIES TO NATURAL PHILOSOPHY. 

THE phenomena of nature are most often enveloped 
by so many strange circumstances, and so great a 
number of disturbing causes mix their influence, that 
it is very difficult to recognize them. We may arrive 
at them only by multiplying the observations or the 
experiences, so that the strange effects finally destroy 
reciprocally each other, the mean results putting in 
evidence those phenomena and their divers elements. 
The more numerous the number of observations and 
the less they vary among themselves the more their 
results approach the truth. We fulfil this last condition 
by the choice of the methods of observations, by the 
precision of the instruments, and by the care which we 
take to observe closely; then we determine by the 
theory of probabilities the most advantageous mean 
results or those which give the least value of the error. 
But that is not sufficient; it is further necessary to 
appreciate the probability that the errors of these 
results are comprised in the given limits; and without 
this we have only an imperfect knowledge of the degree 
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of exactitude obtained. Formulas suitable to these 
matters are then true improvements of the method of 
sciences, and it is indeed important to add them to this 
method. The analysis which they require is the most 
delicate and the most difficult of the theory of prob-^ 
abilities; it is one of the principal objects of the work 
which I have published upon this theory, and in which 
I have arrived at formulas of this kind which have the 
remarkable advantage of being independent of the law 
of the probability of errors and of including only the 
quantities given by the observations themselves and 
their expressions. 

Each observation has for an analytic expression a 
function of the elements which we wish to determine; 
and if these elements are nearly known, this function 
becomes a linear function of their corrections. In 
equating it to the observation itself there is formed an 
equation of condition. If we have a great number of 
similar equations, we combine them in such a manner 
as to obtain as many final equations as there are ele- 
ments whose corrections we determine then by resolv- 
ing these equations. But what is the most advantageous 
manner of combining equations of condition in order 
to obtain final equations ? What is the law of the 
probabilities of errors of which the elements are still 
susceptible that we draw from them ? This is made 
clear to us by the theory of probabilities. The forma- 
tion of a final equation by means of the equation of 
condition amounts to multiplying each one of these by 
an indeterminate factor and by uniting the products; it 
is necessary to choose the system of factors which gives 
the smallest opportunity for error. But it is apparent 
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that if we multiply the possible errors of an element by 
their respective probabilities, the most advantageous 
system will be that in which the sum of these products 
all, taken, positively is a minimum; for a positive or a 
negative error ought to be considered as a loss. Form- 
ing, then, this sum of products, the condition of the 
minimum will determine the system of factors which it 
is expedient to adopt, or the most advantageous system. 
We find thus that this system is that of the coefficients 
of the elements in each equation of condition ; so that 
we form a first final equation by multiplying respect- 
ively each equation of condition by its coefficient of 
the first element and by uniting all these equations thus 
multiplied. We form a second final equation by em- 
ploying in the same manner the coefficients of tl.e 
second element, and so on. In this manner the ele- 
ments and the laws of the phenomena obtained in the 
collection of a great number of observations are 
developed with the most evidence. 

The probability of the errors which each element 
still leaves to be feared is proportional to the number 
whose hyperbolic logarithm is unity raised to a power 
equal to the square of the error taken as a minus 
quantity and multiplied by a constant coefficient which 
may be considered as the modulus of the probability of 
the errors ; because, the error remaining the same, its 
probability decreases with rapidity when the former 
increases; so that the element obtained weighs, if I 
may thus speak toward the truth, as much more as this 
modulus is greater. I would call for this reason this 
modulus the weigJit of the element or of the result. 
This weight is the greatest possible in the system of 
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factors the most advantageous; it is this which gives 
to this system superiority over others. By a remarkable 
analogy of this weight with those of bodies compared 
at their common centre of gravity it results that if the 
same element is given by divers systems, composed 
each of a great number of observations, the most 
advantageous, the mean result of their totality is the 
sum of the products of each partial result by its weight. 
Moreover, the total weight of the results of the divers 
systems is the sum of their partial weights ; so that the 
probability of the errors of the mean result of their 
totality is proportional to the number which has unity 
for an hyperbolic logarithm raised to a power equal to 
the square of the error taken as minus and multiplied 
by the sum of the weights. Each weight depends in 
truth upon the law of the probability of error of each 
system, and almost always this law is unknown; but 
happily I have been able to eliminate the factor which 
contains it by means of the sum of the squares of the 
variations of the observations in this system from their 
mean result. It would then be desirable in order to 
complete our knowledge of the results obtained by the 
totality of a great number of observations that we write 
by the side of each result the weight which corresponds 
to it; analysis furnishes for this object both general and 
simple methods. When we have thus obtained the 
exponential which represents the law of the proba- 
bility of errors, we shall have the probability that the 
error of the result is included within given limits by 
taking within the limits the integral of the product of 
this" exponential by the differential of the error and 
multiplying it by the square root of the weight of the 
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result divided by the circumference whose diameter is 
unity. Hence it follows that for the same probability 
the errors of the results are reciprocal to the square 
roots of their weights, which serves to compare their 
respective precision. 

In order to apply this method with success it is 
necessary to vary the circumstances of the observations 
or the experiences in such a manner as to avoid the 
constant causes of error. It is necessary that the 
observations should be numerous, and that they should 
be so much the more so as there are more elements to 
determine ; for the weight of the mean result increases 
as the number of observations divided by the number 
of the elements. It is still necessary that the elements 
follow in these observations a different course; for if the 
course of the two elements were exactly the same, 
which would render their coefficients proportional in 
equation of conditions, these elements would form only 
a single unknown quantity and it would be impossible 
to distinguish them by these observations. Finally it 
is necessary that the observations should be precise; 
this condition, the first of all, increases greatly the 
weight of the result the expression of which has for 
a divisor the sum of the squares of the deviations of the 
observations from this result. With these precautions 
we shall be able to make use of the preceding method 
and measure the degree of confidence which the results 
deduced from a great number of observations merit. 

The rule which we have just given to conclude equa- 
tions of condition, final equations, amount to rendering 
a minimum the sum of the squares of the errors of 
observations; for each equation of condition becomes 
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exact by substituting in it the observation plus its 
error; and if we draw from it the expression of this 
error, it is easy to see that the condition of the minimum 
of the sum of the squares of these expressions gives the 
rule in question. This rule is the more precise as the 
observations are more numerous ; but even in the case 
where their number is small it appears natural to 
employ the same rule which in all cases offers a simple 
means of obtaining without groping the corrections 
which we seek to determine. It serves further to com- 
pare the precision of the divers astronomical tables of 
the same star. These tables may always be supposed 
as reduced to the same form, and then they differ only 
by the epochs, the mean movements and the coefficients 
of the arguments ; for if one of them contains a coeffi- 
cient which is not found in the others, it is clear that 
this amounts to supposing zero in them as the coefficient 
of this argument. If now we rectify these tables by 
the totality of the good observations, they would satisfy 
the condition that the sum of the squares of the errors 
should be a minimum; the tables which, compared to a 
considerable number of observations, approach nearest 
this condition merit then the preference. 

It is principally in astronomy that the method 
explained above may be employed with advantage. 
The astronomical tables owe the truly astonishing 
exactitude which they have attained to the precision of 
observations and of theories, and to the use of equations 
of conditions which cause to concur a great number of 
excellent observations in the correction of the same 
element. But it remains to determine the probability 
of the errors that this correction leaves still to be 
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feared ; and the method which I have just explained 
enables us to recognize the probability of these errors. 
In order to give some interesting applications of it I 
have profited by the immense work which M. Bouvard 
has just finished on the movements of Jupiter and 
Saturn, of which he has formed very precise tables. 
He has discussed with the greatest care the oppositions 
and quadratures of these two planets observed by 
Bradley and by the astronomers who have followed 
him down to the last years; he has concluded the cor- 
rections of the elements of their movement and their 
masses compared to that of the sun taken as unity. 
His calculations give him the mass of Saturn equal to 
the 3512th part of that of the sun. Applying to them 
my formulas of probability, I find that it is a bet of 
n,ooo against one that the error of this result is not 
T ^ of its value, or that which amounts to almost the 
same that after a century of new observations added to 
the preceding ones, and examined in the same manner, 
the new result will not differ by T L ff from that of 
M. Bouvard. This wise astronomer finds again the 
mass of Jupiter equal to the ro/ith part of the sun; 
and my method of probability gives a bet of 1,000,000 
to one that this result is not T ^o- in error. 

This method may be employed again with success in 
geodetic operations. We determine the length of the 
great arc on the surface of the earth by triangulation, 
which depends upon a base measured with exactitude. 
But whatever precision may be brought to the measure 
of the angles, the inevitable errors can, by accumulat- 
ing, cause the value of the arc concluded from a great 
number of triangles to deviate appreciably from the 
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truth. We recognize this value, then, only imperfectly 
unless the probability that its error is comprised within 
given limits can be assigned. The error of a geodetic 
result is a function of the errors of the angles of each 
triangle. I have given in the work cited general 
formulae in order to obtain the probability of the values 
of one or of several linear functions of a great number 
of partial errors of which we know the law of prob- 
ability; we may then by means of these formulae deter- 
mine the probability that the error of a geodetic result 
is contained within the assigned limits, whatever may be 
the law of the probability of partial errors. It is more- 
over more necessary to render ourselves independent 
of the law, since the most simple laws themselves are 
always infinitely less probable, seeing the infinite 
number of those which may exist in nature. But the 
unknown law of partial errors introduces into the 
formula:: an indeterminant which does not permit of 
reducing them to numbers unless we are able to elimi- 
nate it. We have seen that in astronomical questions, 
where each observation furnishes an equation of condi- 
tion for obtaining the elements, we eliminate this 
determinant by means of the sum of the squares of the 
remainders when the most probable values of the ele- 
ments have been substituted in each equation. Geodetic 
questions not offering similar equations, it is necessary 
to seek another means of elimination. The quantity 
by which the sum of the angles of each observed tri- 
angle surpasses two right angles plus the spherical 
excess furnishes this means. Thus we replace by the 
sum of the squares of these quantities the sum of the 
squares of the remainders of the equations of condition ; 
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and we may assign in numbers the probability that the 
error of the final result of a series of geodetic operations 
will not exceed a given quantity. But what is the 
most advantageous manner of dividing among the three 
angles of each triangle the observed sum of their 
errors ? The analysis of probabilities renders it 
apparent that each angle ought to be diminished by a 
third of this sum, provided that the weight of a geodetic 
result be the greatest possible, which renders the same 
error less probable. There is then a great advantage 
in observing the three angles of each triangle and of 
correcting them as we have just said. Simple common 
sense indicates this advantage; but the calculation of 
probabilities alone is able to appreciate it and to render 
apparent that by this correction it becomes the greatest 
possible. 

In order to assure oneself of the exactitude of the 
value of a great arc which rests upon a base measured 
at one of its extremities one measures a second base 
toward the other extremity; and one concludes from 
one of these bases the length of the other. If this 
length varies very little from the observation, there is 
all reason to believe that the chain of triangles which 
unites these bases is very nearly exact and likewise the 
value of the large arc which results from it. One cor- 
rects, then, this value by modifying the angles of the 
triangles in such a manner that the base is calculated 
according to the bases measured. But this may be 
done in an infinity of ways, among which is preferred 
that of which the geodetic result has the greatest 
weight, inasmuch as the same error becomes less prob- 
able. The analysis of probabilities gives formulae for 
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obtaining directly the most advantageous correction 
which results from the measurements of the several 
bases and the laws of probability which the multiplicity 
of the bases makes laws which become very rapidly 
decreasing by this multiplicity. 

Generally the errors of the results deduced from a 
great number of observations are the linear functions 
of the partial errors of each observation. The coeffi- 
cients of these functions depend upon the nature of the 
problem and upon the process followed in order to 
obtain the results. The most advantageous process is 
evidently that in which the same error in the results is 
less probable than according to any other process. 
The application of the calculus of probabilities to 
natural philosophy consists, then, in determining analyti- 
cally the probability of the values of these functions 
and in choosing their indeterminant coefficients in such 
a manner that the law of this probability should be 
most rapidly descending. Eliminating, then, from the 
formulae by the data of the question the factor which is 
introduced by the almost always unknown law of the 
probability of partial errors, we may be able to evaluate 
numerically the probability that the errors of the results 
do not exceed a given quantity. We shall thus have 
all that may be desired touching the results deduced 
from a great number of observations. 

Very approximate results may be obtained by other 
considerations. Suppose, for example, that one has a 
thousand and one observations of the same quantity; 
the arithmetical mean of all these observations is the 
result given by the most advantageous method. But 
one would be able to choose the result according to the 
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condition that the sum of the variations from each 
partial value all taken positively should be a minimum. 
It appears indeed natural to regard as very approximate 
the result which satisfies this condition. It is easy to 
see that if one disposes the values given by the obser- 
vations according to the order of magnitude, the value 
which will occupy the mean will fulfil the preceding 
condition, and calculus renders it apparent that in the 
case of an infinite number of observations it would 
coincide with the truth; but the result given by the 
most advantageous method is still preferable. 

We see by that which precedes that the theory of 
probabilities leaves nothing arbitrary in the manner of 
distributing the errors of the observations; it gives for 
this, distribution the most advantageous formulae which 
diminishes as much as possible the errors to be feared 
in the results. 

The consideration of probabilities can serve to dis- 
tinguish the small irregularities of the celestial move- 
ments enveloped in the errors of observations, and to 
repass to the cause of the anomalies observed in these 
movements. 

In comparing all the observations it was Ticho-Brahe 
who recognized the necessity of applying to the moon 
an equation of time different from that which had been 
applied to the sun and to the planets. It was similarly 
the totality of a great number, of observations which 
made Mayer recognize that the coefficient of the 
inequality of the precession ought to be diminished a 
little for the moon. But since this diminution, although 
confirmed and even augmented by Mason, did not 
appear to result from universal gravitation, the majority 
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of astronomers neglect it in their calculations. Having 
submitted to the calculation of probabilities a consider- 
able number of lunar observations chosen for this 
purpose and which M. Bouvard consented to examine 
at my request, it appeared to me to be indicated with 
so strong a probability that I believed the cause of it 
ought to be investigated. I soon saw that it would be 
only the ellipticity of the terrestrial spheroid, neglected 
up to that time in the theory of the lunar movement as 
being able to produce only imperceptible terms. I 
concluded that these terms became perceptible by the 
successive integrations of differential equations. I 
determined then those terms by a particular analysis, 
and I discovered first the inequality of the lunar move- 
ment in latitude which is proportional to the sine of 
the longitude of the moon, which no astronomer before 
had suspected. I recognized then by means of this 
inequality that another exists in the lunar movement in 
longitude which produces the diminution observed by 
Mayer in the equation of the precession applicable 1o 
the moon. The quantity of this diminution and the 
coefficient of the preceding inequality in latitude are 
very appropriate to fix the oblateness of the earth. 
Having communicated my researches to M. Burg, who 
was occupied at that time in perfecting the tables of 
the moon by the comparison of all the good observa- 
tions, I requested him to determine with a particular 
care these two quantities. By a very remarkable 
agreement the values which he has found give to the 
earth the same oblateness, 7 J T , which differs little from 
the mean derived from the measurements of the degrees 
of the meridian and the pendulum ; but those regarded 
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from the point of view of the influence of the errors of 
the observations and of the perturbing causes in these 
-measurements, did not appear to me exactly determined 
by these lunar inequalities. 

It was again by the consideration of probabilities that 
I recognized the cause of the secular equation of the 
moon. The modern observations of this star compared 
to the ancient eclipses had indicated to astronomers an 
acceleration in the lunar movement ; but the geometri- 
cians, and particularly Lagrange, having vainly sought 
in the perturbations which this movement experienced 
the terms upon which this acceleration depends, reject 
it. An attentive examination of the ancient and 
modern observations and of the intermediary eclipses 
observed by the Arabians convinced me that it was 
indicated with a great probability. I took up again 
then from this point of view the lunar theory, and I 
recognized that the secular equation of the moon is due 
to the action of the sun upon this satellite, combined 
with the secular variation of the eccentricity of the ter- 
restrial orb ; this brought me to the discovery of the 
secular equations of the movements of the nodes and 
of the perigees of the lunar orbit, which equations had 
not been even suspected by astronomers. The very 
remarkable agreement of this theory with all the 
ancient and modern observations has brought it to a 
very high degree of evidence. 

The calculus of probabilities has led me similarly to 
the cause of the great irregularities of Jupiter and 
Saturn. Comparing modern observations with ancient, 
Halley found an acceleration in the movement of 
Jupiter and a retardation in that of Saturn. In order 
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to conciliate the observations he reduced the move- 
ments to two secular equations of contrary signs and 
increasing as the squares of the times passed since 
1700. Euler and Lagrange submitted to analysis the 
alterations which the mutual attraction of these two 
planets ought to produce in these movements. They 
found in doing this the secular equations; but their 
results were so different that one of the two at least 
ought to be erroneous. I determined then to take up 
again this important problem of celestial mechanics, and 
I recognized the invariability of the mean planetary 
movements, which nullified the secular equations intro- 
duced by Halley in the tables of Jupiter and Saturn. 
Thus there remain, in order to explain the great 
irregularity of these planets, only the attractions of the 
comets to which many astronomers had effective 
recourse, or the existence of an irregularity over a long 
period produced in the movements of the two planets 
by their reciprocal action and affected by contrary 
signs for each of them. A theorem which I found in 
regard to the inequalities of this kind rendered this 
inequality very probable. According to this theorem, 
if the movement of Jupiter is accelerated, that of Saturn 
is retarded, which has already conformed to what 
Halley had noticed; moreover, the acceleration of 
Jupiter resulting from the same theorem is to the 
retardation of Saturn very nearly in the ratio of the 
secular equations proposed by Halley. Considering the 
mean movements of Jupiter and Saturn I was enabled 
easily to recognize that two times that of Jupiter 
differed only by a very small quantity from five times 
that of Saturn. The period of an irregularity which 
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would have for an argument this difference would be 
about nine centuries. Indeed its coefficient would be 
of the order of the cubes of the eccentricities of the 
orbits; but I knew that by virtue of successive integra- 
tions it acquired for divisor the square of the very small 
multiplier of the time in the argument of this inequality 
which is able to give it a great value ; the existence of 
this inequality appeared to me then very probable. 
The following observation increased then its probability. 
Supposing its argument zero toward the epoch of the 
observations of Ticho-Brahe, I saw that Halley ought 
to have found by the comparison of modern with ancient 
observations the alterations which he had indicated ; 
while the comparison of the modern observations among 
themselves ought to offer contrary alterations similar 
to those which Lambert had concluded from this com- 
parison. I did not then hesitate at all to undertake 
this long and tedious calculation necessary to assure 
myself of this inequality. It was entirely confirmed by 
the result of this calculation, which moreover made me 
recognize a great number of other inequalities of which 
the totality has inclined the tables of Jupiter and Saturn 
to the precision of the same observations. 

It was again by means of the calculus of probabilities 
that I recognized the remarkable law of the mean 
movements of the three first satellites of Jupiter, accord- 
ing to which the mean longitude of the first minus 
three times that of the second plus two times that of 
the third is rigorously equal to the half-circumference. 
The approximation with which the mean movements of 
these stars satisfy this law since their discovery indicates 
its existence with an extreme probability. I sought 
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then the cause of it in their mutual action. The 
searching examination of this action convinced me that 
it was sufficient if in the beginning the ratios of their 
mean movements had approached this law within 
certain limits, because their mutual action had estab- 
lished and maintained it rigorously. Thus these three 
bodies will balance one another eternally in space 
according to the preceding law unless strange causes, 
such as comets, should change suddenly their move- 
ments about Jupiter. 

Accordingly it is seen how necessary it is to be at- 
tentive to the indications of nature when they are the 
result of a great number of observations, although in 
other respects they may be inexplicable by known 
means. The extreme difficulty of problems relative to 
the system of the world has forced geometricians to recur 
to the approximation which always leaves room for the 
fear that the quantities neglected may have an appreci- 
able influence. When they have been warned of this 
influence by the observations, they have recurred to 
their analysis ; in rectifying it they have always found 
the cause of the anomalies observed ; they have deter- 
mined the laws and often they have anticipated the 
observations in discovering the inequalities which it had 
not yet indicated. Thus one may say that nature 
itself has concurred in the analytical perfection of the 
theories based upon the principle of universal gravity; 
and this is to my mind one of the strongest proofs of 
the truth of this admirable principle. 

In the cases which I have just considered the 
analytical solution of the question has changed the 
probability of the causes into certainty. But most often 
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this solution is impossible and it remains only to 
augment more and more this probability. In the midst 
of numerous and incalculable modifications which the 
action of the causes receives then from strange circum- 
stances these causes conserve always with the effects 
observed the proper ratios to make them recognizable 
and to verify their existence. Determining these ratios 
and comparing them with a great number of observa- 
tions if one finds that they constantly satisfy it, the 
probability of the causes may increase to the point of 
equalling that of facts in regard to which there is no 
doubt. The investigation of these ratios of causes to 
their effects is not less useful in natural philosophy 
than the direct solution of problems whether it be to 
verify the reality of these causes or to determine the 
laws from their effects ; since it may be employed in a 
great number of questions whose direct solution is not 
possible, it replaces it in the most advantageous 
manner. I shall discuss here the application which I 
have made of it to one of the most interesting phenom- 
ena of nature, the flow and the ebb of the sea. 

Pline has given of this phenomenon a description 
remarkable for its exactitude, and in it one sees that 
the ancients had observed that the tides of each month 
are greatest toward the syzygies and smallest toward 
the quadratures ; that they are higher in the perigees 
than in the apogees of the moon, and higher in the 
equinoxes than in the solstices. They concluded from 
this that this phenomenon is due to the action of the 
sun and moon upon the sea. In the preface of his 
work De Stella Martis Kepler admits a tendency of the 
waters of the sea toward the moon ; but, ignorant of the 
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law of this tendency, he was able to give on this subject 
only a probable idea. Newton converted into certainty 
the probability of this idea by attaching it to his great 
principle of universal gravity. He gave the exact 
expression of the attractive forces which produced the 
flood and the ebb of the sea; and in order to determine 
the effects he supposed that the sea takes at each 
instant the position of equilibrium which is agreeable 
to these forces. He explained in this manner the 
principal phenomena of the tides ; but it followed from 
this theory that in our ports the two tides of the same 
day would be very unequal if the sun and the moon 
should have a great declination. At Brest, for exam- 
ple, the evening tide would be in the syzygies of the 
solstices about eight times greater than the morning 
tide, which is certainly contrary to the observations 
which prove that these two tides are very nearly equal. 
This result from the Newtonian theory might hold to 
the supposition that the sea is agreeable at each instant 
to a position of equilibrium, a supposition which is not 
at all admissible. But the investigation of the true 
figure of the sea presents great difficulties. Aided by 
the discoveries which the geometricians had just made 
in the theory of the movement of fluids and in the 
calculus of partial differences, I undertook this investi- 
gation, and I gave the differential equations of the 
movement of the sea by supposing that it covers the 
entire earth. In drawing thus near to nature I had the 
satisfaction of seeing that my results approached the 
observations, especially in regard to the little difference 
which exists in our ports between the two tides of the 
solstitial syzygies of the same day. I found that they 
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would be equal if the sea had everywhere the same 
depth ; I found further that in giving to this depth 
convenient values one was able to augment the height 
of the tides in a port conformably to the observations. 
But these investigations, in spite of their generality, did 
not satisfy at all the great differences which even 
adjacent ports present in this regard and which prove 
the influence of local circumstances. The impossibility 
of knowing these circumstances and the irregularity of 
the basin of the seas and that of integrating the equa- 
tions of partial differences which are relative has com- 
pelled me to make up the deficiency by the method I 
have indicated above. I then endeavored to determine 
the greatest ratios possible among the forces which 
affect all the molecules of the sea, and their effects 
observable in our ports. For this I made use of the 
following principle, which may be applied to many 
other phenomena. 

' ' The state of the system of a body in which the 
primitive conditions of the movement have disappeared 
by the resistances which this movement meets is 
periodic as the forces which animate it. ' ' 

Combining this principle with that of the coexistence 
of very small oscillations, I have found an expression 
of the height of the tides whose arbitraries contain the 
effect of local cricumstances of each port and are 
reduced to the smallest number possible ; it is only 
necessary to compare it to a great number of observa- 
tions. 

Upon the invitation of the Academy of Sciences, 
observations were made at the beginning of the last 
century at Brest upon the tides, which were continued 
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during six consecutive years. The situation of this 
port is very favorable to this sort of observations; it 
communicates with the sea by a canal which empties 
into a vast roadstead at the far end of which the port 
has been constructed. The irregularities of the sea 
extend thus only to a small degree into the port, just 
as the oscillations which the irregular movement of a 
vessel produces in a barometer are diminished by a 
throttling made in the tube of this instrument. More- 
over, the tides being considerable at Brest, the acciden- 
tal variations caused by the winds are only feeble; 
likewise we notice in the observations of these tides, 
however little we multiply them, a great regularity 
which induced me to propose to the government to 
order in this port a new series of observations of the 
tides, continued during a period of the movement of the 
nodes of the lunar orbit. This has been done. The 
observations began June 1 , 1 806 ; and since this time 
they have been made every day without interruption. 
I am indebted to the indefatigable zeal of M. Bouvard, 
for all that interests astronomy, the immense calcula- 
tions which the comparison of my analysis with the 
observations has demanded. There have been used 
about six thousand observations, made during the year 
1 807 and the fifteen years following. It results from 
this comparison that my formulae represent with a 
remarkable precision all the varieties of the tides rela- 
tive to the digression of the moon, from the sun, to the 
declination of these stars, to their distances from the 
earth, and to the laws of variation at the maximum and 
minimum of each of these elements. There results 
from this accord a probability that the flow and the ebb 
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of the sea is due to the attraction of the sun and moon, 
so approaching certainty that it ought to leave room 
for no reasonable doubt. It changes into certainty 
when we consider that this attraction is derived from 
the law of universal gravity demonstrated by all the 
celestial phenomena. 

The action of the moon upon the sea is more than 
double that of the sun. Newton and his successors in 
the development of this action have paid attention 
only to the terms divided by the cube of the distance 
from the moon to the earth, judging that the effects 
due to the following terms ought to be inappreciable. 
But the calculation of probabilities makes it clear to us 
that the smallest effects of regular causes may manifest 
themselves in the results of a great number of observa- 
tions arranged in the order most suitable to indicate 
them. This calculation again determines their prob- 
ability and up to what point it is necessary to multiply 
the observations to make it very great. Applying it 
to the numerous observations discussed by M. Bouvard 
I recognized that at Brest the action of the moon upon 
the sea is greater in the full moons than in the new 
moons, and greater when the moon is austral than 
when it is boreal phenomena which can result only 
from the terms of the lunar action divided by the 
fourth power of the distance from the moon to the 
earth. 

To arrive at the ocean the action of the sun and the 
moon traverses the atmosphere, which ought conse- 
quently to feel its influence and to be subjected to 
movements similar to those of the sea. 

These movements produce in the barometer periodic 
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oscillations. Analysis has made it clear to me that 
they are inappreciable in our climates. But as local 
circumstances increase considerably the tides in our 
ports, I have inquired again if similar circumstances 
have made appreciable these oscillations of the 
barometer. For this I have made use of the meteoro- 
logical observations which have been made every day 
for many years at the royal observatory. The heights 
of the barometer and of the thermometer are observed 
there at nine o'clock in the morning, at noon, at three 
o'clock in the afternoon, and at eleven o'clock in the 
evening. M. Bouvard has indeed wished to take up 
the consideration of observations of the eight years 
elapsed from October I, 1815, to October I, 1823, on 
the registers. In disposing the observations in the 
manner most suitable to indicate the lunar atmospheric 
flood at Paris, I find only one eighteenth of a milli- 
meter for the extent of the corresponding oscillation of 
the barometer. It is this especially which has made 
us feel the necessity of a method for determining the 
probability of a result, and without this method one is 
forced to present as the laws of nature the results of 
irregular causes which has often happened in mete- 
orology. This method applied to the preceding result 
shows the uncertainty of it in spite of the great number 
of observations employed, which it would be necessary 
to increase tenfold in order to obtain a result suffi- 
ciently probable. 

The principle which serves as a basis for my theory 
of the tides may be extended to all the effects of hazard 
to which variable causes are joined according to regular 
laws. The action of these causes produces in the mean 
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results of a great number of effects varieties which 
follow the same laws and which one may recognize by 
the analysis of probabilities. In the measure which 
these effects are multiplied those varieties are mani- 
fested with an ever-increasing probability, which would 
approach certainty if the number of the effects of the 
results should become infinite. This theorem is 
analogous to that which I have already developed upon 
the action of constant causes. Every time, then, that 
a cause whose progress is regular can have influence 
upon a kind of events, we may seek to discover its 
influence by multiplying the observations and arrang- 
ing them in the most suitable order to indicate it. 
When this influence appears to manifest itself the 
analysis of probabilities determines the probability of 
its existence and that of its intensity ; thus the variation 
of the temperature from day to night modifying the pres- 
sure of the atmosphere and consequently the height of 
the barometer, it is natural to think that the multiplied 
observations of these heights ought to show the influ- 
ence of the solar heat. Indeed there has long been 
recognized at the equator, where this influence appears 
to be greatest, a small diurnal variation in the height 
of the barometer of which the maximum occurs about 
nine o'clock in the morning and the minimum about 
three o'clock in the afternoon. A second maxivntin 
occurs about eleven o'clock in the evening and a 
second minimum about four o'clock in the morning. 
The oscillations of the night are less than those of the 
day, the extent of which is about two millimeters. 
The inconstancy of our climate has not taken this 
variation from our observers, although it may be less 
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appreciable than in the tropics. M. Ramond has 
recognized and determined it at Clermont, the chief 
place of the district of Puy- de-Dome, by a series of 
precise observations made during several years ; he has 
even found that it is smaller in the months of winter 
than in other months. The numerous observations 
which I have discussed in order to estimate the influ- 
ence of attractions of the sun and the moon upon the 
barometric heights at Paris have served me in deter- 
mining their diurnal variation. Comparing the heights 
at nine o'clock in the morning with those of the same 
days at three o'clock in the afternoon, this variation is 
manifested with so much evidence that its mean value 
each month has been constantly positive for each of 
the seventy-two months from January I, 1817, to 
January I, 1823; its mean value in these seventy-two 
months has been almost .8 of a millimeter, a little less 
than at Clermont and much less than at the equator. 
I have recognized that the mean result of the diurnal 
variations of the barometer from 9 o'clock A.M. to 
3 P.M. has been only .5428 millimeter in the three 
months of November, December, January, and that it 
has risen to 1.0563 millimeters in the three following 
months, which coincides with the observations of 
M. Ramond. The other months offer nothing similar. 
In order to apply to these phenomena the calculation 
of these probabilities, I commenced by determining the 
law of the probability of the anomalies of the diurnal 
variation due to hazard. Applying it then to the obser- 
vations of this phenomenon, I found that it was a bet 01 
more than 300,00x3 against one that a regular cause 
produced it. I do not seek to determine this cause; I 
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content myself with stating its existence. The period 
of the diurnal variation regulated by the solar day indi- 
cates evidently that this variation is due to the action 
of the sun. The extreme smallness of the attractive 
action of the sun upon the atmosphere is proved by the 
smallness of the effects due to the united attractions of 
the sun and the moon. It is then by the action of its 
heat that the sun produces the diurnal variation of the 
barometer ; but it is impossible to subject to calculus 
the effects of its action on the height of the barometer 
and upon the winds. The diurnal variation of the 
magnetic needle is certainly a result of the action of 
the sun. But does this star act here as in the diurnal 
variation of the barometer by its heat or by its influence 
upon electricity and upon magnetism, or finally by the 
union of these influences ? A long series of observa- 
tions made in different countries will enable us to 
apprehend this. 

One of the most remarkable phenomena of the 
system of the world is that of all the movemens of 
rotation and of revolution of the planets and the 
satellites in the sense of the rotation of the sun and 
about in the same plane of its equator. A phenomenon 
so remarkable is not the effect of hazard : it indicates 
a general cause which has determined all its move- 
ments. In order to obtain the probability with which 
this cause is indicated we shall observe that the 
planetary system, such as we know it to-day, is com- 
posed of eleven planets and of eighteen satellites at 
least, if we attribute with Herschel six satellites to the 
planet Uranus. The movements of the rotation of the 
sun, of six planets, of the moon, of the satellites of 
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Jupiter, of the ring of Saturn, and of one of its satellites 
have been recognized. These movements form with 
those of revolution a totality of forty-three movements 
directed in the same sense; but one finds by the analy- 
sis of probabilities that it is a bet of more than 
4000000000000 against one that this disposition is 
not the result of hazard ; this forms a probability indeed 
superior to that of historical events in regard to which 
no doubt exists. We ought then to believe at least 
with equal confidence that a primitive cause has 
directed the planetary movements, especially if we 
consider that the inclination of the greatest number of 
these movements at the solar equator is very small. 

Another equally remarkable phenomenon of the solar 
system is the small degree of the eccentricity of the 
orbs of the planets and the satellites, while those of the 
comets are very elongated, the orbs of the system not 
offering any intermediate shades between a great and 
a small eccentricity. We are again forced to recog- 
nize here the effect of a regular cause; chance has 
certainly not given an almost circular form to the 
orbits of all the planets and their satellites ; it is then 
that the cause which has determined the movements of 
these bodies has rendered them almost circular. It is 
necessary, again, that the great eccentricities of the 
orbits of the comets should result from the existence 
of this cause without its having influenced the direction 
of their movements ; for it is found that there are almost 
as many retrograde comets as direct comets, and that 
the mean inclination of all their orbits to the ecliptic 
approaches very nearly half a right angle, as it ought 
to be if the bodies had been thrown at hazard. 
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Whatever may be the nature of the cause in question, 
since it has produced or directed the movement of the 
planets, it is necessary that it should have embraced all 
the bodies and considered all the distances which sepa- 
rate them, it can have been only a fluid of an immense 
extension. Therefore in order to have given them in 
the same sense an almost circular movement about the 
sun it is necessary that this fluid should have surrounded 
this star as an atmosphere. The consideration of the 
planetary movements leads us then to think that by 
virtue of an excessive heat the atmosphere of the sun 
was originally extended beyond the orbits of all the 
planets, and that it has contracted gradually to its 
present limits. 

In the primitive state where we imagine the sun it 
resembled the nebulae that the telescope shows us 
composed of a nucleus more or less brilliant surrounded 
by a nebula which, condensing at the surface, ought 
to transform it some day into a star. If one conceives 
by analogy all the stars formed in this manner, one 
can imagine their anterior state of nebulosity itself pre- 
ceded by other stars in which the nebulous matter was 
more and more diffuse, the nucleus being less and less 
luminous and dense. Going back, then, as far as 
possible, one would arrive at a nebulosity so diffuse 
that one would be able scarcely to suspect its exist- 
ence. 

Such is indeed the first state of the nebulae which 
Herschel observed with particular care by means of his 
powerful telescopes, and in which he has followed the 
progress of condensation, not in a single one, these 
stages not becoming appreciable t6 us except after 
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centuries, but in their totality, just about as one can in 
a vast forest follow the increase of the trees by the 
individuals of the divers ages which the forest contains. 
He has observed from the beginning nebulous matter 
spread out in divers masses in the different parts of the 
heavens, of which it occupies a great extent. He has 
seen in some of these masses this matter slightly con- 
densed about one or several faintly luminous nebulae. 
In the other nebulae these nuclei shine, moreover, in 
proportion to the nebulosity which surrounds them. 
The atmospheres of each nucleus becoming separated 
by an ulterior condensation, there result the multifold 
nebulas formed of brilliant nuclei very adjacent and 
surrounded each by an atmosphere; sometimes the 
nebulous matter, by condensing in a uniform manner, 
has produced the nebulae which are called planetary. 
Finally a greater degree of condensation transforms all 
these nebulae into stars. The nebulae classed accord- 
ing to this philosophic view indicate with an extreme 
probability their future transformation into stars and 
the anterior state of nebulosity of existing stars. The 
following considerations come to the aid of proofs 
drawn from these analogies. 

For a long time the particular disposition of certain 
stars visible to the naked eye has struck the attention 
of philosophical observers. Mitchel has already 
remarked how improbable it is that the stars of the 
Pleiades, for example, should have been confined in 
the narrow space which contain them by the chances 
of hazard alone, and he has concluded from this that 
this group of stars and the similar groups that the 
heaven presents tis are the results of a primitive cause 
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or of a general law of nature. These groups are a 
necessary result of the condensation of the nebulae at 
several nuclei ; it is apparent that the nebulous matter 
being attracted continuously by the divers nuclei, they 
ought to form in time a group of stars equal to that of 
the Pleiades. The condensation of the nebulae at two 
nuclei forms similarly very adjacent stars, revolving the 
one about the other, equal to those whose respective 
movements Herschel has already considered. Such 
are, further, the 6ist of the Swan and its following one 
in which Bessel has just recognized particular move- 
ments so considerable and so little different that the 
proximity of these stars to one another and their 
movement about the common centre of gravity ought 
to leave no doubt. Thus one descends by degrees 
from the condensation of nebulous matter to the con- 
sideration of the sun surrounded formerly by a vast 
atmosphere, a consideration to which one repasses, as 
has been seen, by the examination of the phenomena 
of the solar system. A case so remarkable gives to 
the existence of this anterior state of the sun a prob- 
ability strongly approaching certainty. 

But how has the solar atmosphere determined the 
movements of rotation and revolution of the planets 
and the satellites ? If these bodies had penetrated 
deeply the atmosphere its resistance would have caused 
them to fall upon the sun ; one is then led to believe 
with much probability that the planets have been 
formed at the successive limits of the solar atmosphere 
which, contracting by the cold, ought to have abandoned 
in the plane of its equator zones of vapors which the 
mutual attraction of their molecules has changed into 
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clivers spheroids. The satellites have been similarly 
formed by the atmospheres of their respective planets. 

I have developed at length in my Exposition of the 
System of the World this hypothesis, which appears to 
me to satisfy all the phenomena which this system 
presents us. I shall content myself here with con- 
sidering that the angular velocity of rotation of the 
sun and the planets being accelerated by the successive 
condensation of their atmospheres at their surfaces, it 
ought to surpass the angular velocity of revolution of 
the nearest bodies which revolve about them. Obser- 
vation has indeed confirmed this with regard to the 
planets and satellites, and even in ratio to the ring of 
Saturn, the duration of whose revolution is .438 
days, while the duration of the rotation of Saturn is 
.427 days. 

In this hypothesis the comets are strangers to the 
planetary system. In attaching their formation to that 
of the nebulae they may be regarded as small nebulae 
at the nuclei, wandering from systems to solar systems, 
and formed by the condensation of the nebulous matter 
spread out in such great profusion in the universe. 
The comets would be thus, in relation to our system, as 
the aerolites are relatively to the Earth, to which they 
would appear strangers. When these stars become 
visible to us they offer so perfect resemblance to the 
nebulae that they are often confounded with them ; and 
it is only by their movement, or by the knowledge of 
all the nebulae confined to that part of the heavens 
where they appear, that we succeed in distinguishing 
them. This supposition explains in a happy manner 
the great extension which the heads and tails of comets 
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take in the measure that they approach the sun, and the 
extreme rarity of these tails which, in spite of their 
immense depth, do not weaken at all appreciably the 
light of the stars which we look across. 

When the little nebulse come into that part of space 
where the attraction of the sun is predominant, and 
which we shall call the sphere of activity of this star, 
it forces them to describe elliptic or hyperbolic orbits. 
But their speed being equally possible in all directions 
they ought to move indifferently in all the senses and 
under all inclinations of the elliptic, which is conform- 
able to that which has been observed. 

The great eccentricity of the cometary orbits results 
again from the preceding hypothesis. Indeed if these 
orbits are elliptical they are very elongated, since their 
great axes are at least equal to the radius of the sphere 
of activity of the sun. But these orbits may be hyper- 
bolic ; and if the axes of these hyperbolae are not very 
large in proportion to the mean distance from the sun 
to the earth, the movement of the comets which describe 
them will appear sensibly hyperbolic. However, of 
the hundred comets of which we already have the ele- 
ments, not one has appeared certainly to move in an 
hyperbola; it is necessary, then, that the chances which 
give an appreciable hyperbola should be extremely 
rare in proportion to the contrary chances. 

The. comets are so small that, in order to become 
visible, their perihelion distance ought to be inconsider- 
able. Up to the present this distance has surpassed 
only twice the diameter of the terrestrial orbit, and 
most often it has been below the radius of this orbit. 
It is conceived that, in order to approach so near the 
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sun, their speed at the moment of their entrance into 
its sphere of activity ought to have a magnitude and a 
direction confined within narrow limits. In determin- 
ing by the analysis of probabilities the ratio of the 
chances which, in these limits, give an appreciable 
hyperbola, to the chances which give an orbit which 
may be confounded with a parabola, I have found that 
it is a bet of at least 6000 against one that a nebula 
which penetrates into the activity of the sun in such a 
manner as to be observed will describe either a very 
elongated ellipse or an hyperbola. By the magnitude 
of its axis, the latter will be appreciably confounded 
with a parabola in the part which is observed; it is 
then not surprising that, up to this time, hyperbolic 
movements have not been recognized. 

The attraction of the planets, and, perhaps further, the 
resistance of the ethereal centres, ought to have changed 
many cometary orbits in the ellipses whose great axis 
is less than the radius of the sphere of activity of the 
sun, which augments the chances of the elliptical orbits. 
We may believe that this change has taken place with 
the comet of 1759, and with the comet whose duration 
is only twelve hundred days, and which will reappear 
without ceasing in this short interval, unless the 
evaporation which it meets at each of its returns to the 
perihelion ends by rendering it invisible. 

We are able further, by the analysis of probabilities, 
to verify the existence or the influence of certain causes 
whose action is believed to exist upon organized beings. 
Of all the instruments that we are able to employ in 
order to recognize the imperceptible agents of nature 
the most sensitive are the nerves, especially when par- 
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ticular causes increase their sensibility. It is by their 
aid that the feeble electricity which the contact of two 
heterogeneous metals develops has been discovered ; 
this has opened a vast field to the researches of physi- 
cists and chemists. The singular phenomena which 
results from extreme sensibility of the nerves in some 
individuals have given birth to divers opinions about the 
existence of a new agent which has been named animal 
magnetism, about the action on ordinary magnetism, 
and about the influence of the sun and moon in some 
nervous affections, and finally, about the impressions 
which the proximity of metals or of running water 
makes felt. It is natural to think that the action of 
these causes is very feeble, and that it may be easily 
disturbed by accidental circumstances; thus because in 
some cases it is not manifested at all its existence 
ought not to be denied. We are so far from recogniz- 
ing all the agents of nature and their divers modes of 
action that it would be unphilosophical to deny the 
phenomena solely because they are inexplicable in the 
present state of our knowledge. But we ought to 
examine them with an attention as much the more 
scrupulous as it appears the more difficult to admit 
them ; and it is here that the calculation of probabilities 
becomes indispensable in determining to just what 
point it is necessary to multiply the observations or the 
experiences in order to obtain in favor of the agents 
which they indicate, a probability superior to the 
reasons which can be obtained elsewhere for not 
admitting them. 

- The calculation of probabilities can make appreciable 
the advantages and the inconveniences of the methods 
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employed in the speculative sciences. Thus in order 
to recognize the best of the treatments in use in the 
healing of a malady, it is sufficient to test each of them 
on an equal number of patients, making all the condi- 
tions exactly similar; the superiority of the most 
advantageous treatment will manifest itself more and 
more in the measure that the number is increased; and 
the calculation will make apparent the corresponding 
probability of its advantage and the ratio according to 
which it is superior to the others. 

ToC107 CHAPTER X. 
APPLICATION OF THE CALCULUS OF PROBABILITIES TO THE MORAL SCIENCES. 

WE have just seen the advantages of the analysis of 
probabilities in the investigation of the laws of natural 
phenomena whose causes are unknown or so compli- 
cated that their results cannot be submitted to calculus. 
This is the case of nearly all subjects of the moral 
sciences. So many unforeseen causes, either hidden 
or inappreciable, influence human institutions that it is 
impossible to judge a priori the results. The series of 
events which time brings about develops these results 
and indicates the means of remedying those that are 
harmful. Wise laws have often been made in this 
regard ; but because we had neglected to conserve the 
motives many have been abrogated as useless, and the 
fact that vexatious experiences have made the need felt 
anew ought to have reestablished them. 

It is very important to keep in each branch of the 
public administration an exact register of the results 
which the various means used have produced, and which 
are so many experiences made on a large scale by 
governments. Let us apply to the political and moral  
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sciences the method founded upon observation and 
upon calculus, the method which has served us so well 
in the natural sciences. Let us not offer in the least 
a useless and often dangerous resistance to the 
inevitable effects of the progress of knowledge; but let 
us change only with an extreme circumspection our 
institutions and the usages to which we have already 
so long conformed. We should know well by the 
experience of the past the difficulties which they 
present ; but we are ignorant of the extent of the evils 
which their change can produce. In this ignorance 
the theory of probability directs us to avoid all change; 
especially is it necessary to avoid the sudden changes 
which in the moral world as well as in the physical 
world never operate without a great loss of vital force. 
Already the calculus of probabilities has been applied 
with success to several subjects of the moral sciences. 
I shall present here the principal results. 

ToC109 CHAPTER XI 
CONCERNING THE PROBABILITIES OF TESTIMONIES. 

THE majority of our opinions being founded on the 
probability of proofs it is indeed important to submit it 
to calculus. Things it is true often become impossible 
by the difficulty of appreciating the veracity of wit- 
nesses and by the great number of circumstances which 
accompany the deeds they attest ; but one is able in 
several cases to resolve the problems which have much 
analogy with the questions which are proposed and 
whose solutions may be regarded as suitable approxi- 
mations to guide and to defend us againt the errors and 
the dangers of false reasoning to which we are exposed. 
An approximation of this kind, when it is well made, 
is always preferable to the most specious reasonings. 
Let us try then to give some general rules for obtain- 
ing it. 

A single number has been drawn from an urn which 
contains a thousand of them. A witness to this draw- 
ing announces that number 79 is drawn ; one asks the 
probability of drawing this number. Let us suppose 
that experience has made known that this witness
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deceives one time in ten, so that the probability of his 
testimony is T V Here the event observed is the wit- 
ness attesting that number 79 is drawn. This event 
may result from the two following hypotheses, namely: 
that the witness utters the truth or that he deceives. 
Following the principle that has been expounded on 
the probability of causes drawn from events observed 
it is necessary first to determine a priori the probabil- 
ity of the event in each hypothesis. In the first, the 
probability that the witness will announce number 79 
is the probability itself of the drawing of this number, 
that is to say, TTTOTT- It is necessary to multiply it by 
the probability j 6 ff of the veracity of the witness ; one 
will have then T |hn5 f r the probability of the event 
observed in this hypothesis. If the witness deceives, 
number 79 is not drawn, and the probability of this 
case is $$$$. But to announce the drawing of this 
number the witness has to choose it among the 999 
numbers not drawn ; and as he is supposed to have no 
motive of preference for the ones rather than the 
others, the probability that he will choose number 79 
is -577; multiplying, then, this probability by the pre- 
ceding one, we shall have y^Vo f r the probability that 
the witness will announce number 79 in the second 
hypothesis. It is necessary again to multiply this 
probability by T V of the hypothesis itself, which gives 
uriinr f r t^ e probability of the event relative to this 
hypothesis. Now if we form a fraction whose numera- 
tor is the probability relative to the first hypothesis, and 
whose denominator is the sum of the probabilities rela- 
tive to the two hypotheses, we shall have, by the sixth 
principle, the probability of the first hypothesis, and 
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this probability will be T 9 ff ; that is to say, the veracity 
itself of the witness. This is likewise the probability 
of the drawing of number 79. The probability of the 
falsehood of the witness and of the failure of drawing 
this number is fa. 

If the witness, wishing to deceive, has some interest 
in choosing number 79 among the numbers not drawn, 
if he judges, for example, that having placed upon 
this number a considerable stake, the announcement 
of its drawing will increase his credit, the probability 
that he will choose this number will no longer be as 
at first, -jfg, it will then be , , etc., according to the 
interest that he will have in announcing its drawing. 
Supposing it to be |, it will be necessary to multiply 
by this fraction the probability T VVo m order to get in 
the hypothesis of the falsehood the probability of the 
event observed, which it is necessary still to multiply 
by y^, which gives TihhjT f r the probability of the 
event in the second hypothesis. Then the probability 
of the first hypothesis, or of the drawing of number 79, 
is reduced by the preceding rule to yfg-. It is then 
very much decreased by the consideration of the in- 
terest which the witness may have in announcing the 
drawing of number 79. In truth this same interest 
increases the probability -^ that the witness will speak 
the truth if number 79 is drawn. But this probability 
cannot exceed unity or | ; thus the probability of the 
drawing of number 79 will not surpass T y>T- Common 
sense tells us that this interest ought to inspire distrust, 
but calculus appreciates the influence of it. 

The probability a priori of the number announced 
by the witness is unity divided by the number of the 
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numbers in the urn; it is changed by virtue of the 
proof into the veracity itself of the witness; it may then 
be decreased by the proof. If, for example, the urn 
contains only two numbers, which gives for the 
probability a priori of the drawing of number I , and if 
the veracity of a witness who announces it is T %, this 
drawing becomes less probable. Indeed it is apparent, 
since the witness has then more inclination towards a 
falsehood than towards the truth, that his testimony 
ought to decrease the probability of the fact attested 
every time that this probability equals or surpasses . 
But if there are three numbers in the urn the probability 
a priori of the drawing of number I is increased by 
the affirmation of a witness whose veracity surpasses . 
Suppose now that the urn contains 999 black balls 
and one white ball, and that one ball having been 
drawn a witness of the drawing announces that this 
ball is white. The probability of the event observed, 
determined a priori in the first hypothesis, will be here, 
as in the preceding question, equal to -foooir- But m 
the hypothesis where the witness deceives, the white 
ball is not drawn and the probability of this case 
is T V(TV It ls necessary to multiply it by the prob- 
ability T V of the falsehood, which gives T |||^ for the 
probability of the event observed relative to the second 
hypothesis. This probability was only T ol7nr m tne 
preceding question; this great difference results from 
this that a black ball having been drawn the witness 
who wishes to deceive has no choice at all to make 
among the 999 balls not drawn in order to announce 
the drawing of a white ball. Now if one forms two 
fractions whose numerators are the probabilities relative 
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to each hypothesis, and whose common denominator is 
the sum of these probabilities, one will have i^^ for 
the probability of the first hypothesis and of the drawing 
of a white ball, and T Vir 9 ff f r the probability of the 
second hypothesis and of the drawing of a black ball. 
This last probability strongly approaches certainty ; it 
would approach it much nearer and would become 
TVoVoVs if the urn contained a million balls of which 
one was white, the drawing of a white ball becoming 
then much more extraordinary. We see thus how the 
probability of the falsehood increases in the measure 
that the deed becomes more extraordinary. 

We have supposed up to this time that the witness 
was not mistaken at all ; but if one admits, however, 
the chance of his error the extraordinary incident 
becomes more improbable. Then in place of the two 
hypotheses one will have the four following ones, 
namely: that of the witness not deceiving and not being 
mistaken at all ; that of the witness not deceiving at 
all and being mistaken ; the hypothesis of the witness 
deceiving and not being mistaken at all; finally, that 
of the witness deceiving and being mistaken. Deter- 
mining a priori in each of these hypotheses the prob- 
ability of the event observed, we find by the sixth 
principle the probability that the fact attested is false 
equal to a fraction whose numerator is the number of 
black balls in the urn multiplied by the sum of the 
probabilities that the witness does not deceive at all 
and is mistaken, or that he deceives and is not mis- 
taken, and whose denominator is this numerator 
augmented by the sum of the probabilities that the 
witness does not deceive at all and is not mistaken at 
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all, or that he deceives and is mistaken at the same 
time. We see by this that if the number of black 
balls in the urn is very great, which renders the draw- 
ing of the white ball extraordinary, the probability that 
the fact attested is not true approaches most nearly to 
certainty. 

Applying this conclusion to all extraordinary deeds 
it results from it that the probability of the error or of 
the falsehood of the witness becomes as much greater 
as the fact attested is more extraordinary. Some 
authors have advanced the contrary on this basis that 
the view of an extraordinary fact being perfectly similar 
to that of an ordinary fact the same motives ought to 
lead us to give the witness the same credence when he 
affirms the one or the other of these facts. Simple 
common sense rejects such a strange assertion ; but the 
calculus of probabilities, while confirming the findings 
of common sense, appreciates the greatest improbability 
of testimonies in regard to extraordinary facts. 

These authors insist and suppose two witnesses 
equally worthy of belief, of whom the first attests that 
he saw an individual dead fifteen days ago whom the 
second witness affirms to have seen yesterday full 
of life. The one or the other of these facts offers no 
improbability. The reservation of the individual is a 
result of their combination ; but the testimonies do not 
bring us at all directly to this result, although the 
credence which is due these testimonies ought not to 
be decreased by the fact that the result of their com- 
bination is extraordinary. 

But if the conclusion which results from the com- 
bination of the testimonies was impossible one of them 
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would be necessarily false; but an impossible conclu- 
sion is the limit of extraordinary conclusions, as error 
is the limit of improbable conclusions; the value of the 
testimonies which becomes zero in the case of an 
impossible conclusion ought then to be very much 
decreased in that of an extraordinary conclusion. 
This is indeed confirmed by the calculus of prob- 
abilities. 

In order to make it plain let us consider two urns, A 
and B, of which the first contains a million white balls 
and the second a million black balls. One draws from 
one of these urns a ball, which he puts back into the 
other urn, from which one then draws a ball. Two 
witnesses, the one of the first drawing, the other of the 
second, attest that the ball which they have seen drawn 
is white without indicating the urn from which it has 
been drawn. Each testimony taken alone is not 
improbable; and it is easy to see that the probability 
of the fact attested is the veracity itself of the witness. 
But it follows from the combination of the testimonies 
that a white ball has been extracted from the urn A at 
the first draw, and that then placed in the urn B it 
has reappeared at the second draw, which is very 
extraordinary; for this second urn, containing then one 
white ball among a million black balls, the probability 
of drawing the white ball is yc-UFor- ^ n order to 
determine the diminution which results in the prob- 
ability of the thing announced by the two witnesses 
we shall notice that the event observed is here the 
affirmation by each of them that the ball which he has 
seen extracted is white. Let us represent by T 9 T the 
probability that he announces the truth, which can 
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occur in the present case when the witness does not 
deceive and' is not mistaken at all, and when he 
deceives and is mistaken at the same time. One may 
form the four following hypotheses : 

1st. The first and second witness speak the truth. 
Then a white ball has at first been drawn from the urn 
A, and Ihe probability of this event is |, since the ball 
drawn al the first draw may have been drawn either 
from the one or the other urn. Consequently the ball 
drawn, placed in the urn B, has reappeared at the 
second draw; the probability of this event is 
the probability of the fact announced is then 
Multiplying it by the product of the probabilities -fa 
and y 9 ^ that the witnesses speak the truth one will 
have ^nnrVoinr f r the probability of the event ob- 
served in this first hypothesis. 

2d. The first witness speaks the truth and the second 
does not, whether he deceives and is not mistaken or 
he does not deceive and is mistaken. Then a white 
ball has been drawn from the urn A at the first draw, 
and the probability of this event is . Then this ball 
having been placed in the urn B a black ball has been 
drawn from it: the probability of such drawing is 
|_o_o 0.0.0 . one has then #{$!$ for the probability of 
the compound event. Multiplying it by the product 
of the two probabilities T 9 and T V that the first witness 
speaks the truth and that the second does not, one 
will have y^^fjfo. for the probability for the event 
observed in the second hypothesis. 

3d. The first witness does not speak the truth and 
the second announces it. Then a black ball has been 
drawn from the urn B at the first drawing, and after 
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having been placed in the urn A a white ball has been 
drawn from this urn. The probability of the first of 
these events is and that of the second is T #$S$T ; the 
probability of the compound event is then i^^-^f. 
Multiplying it by the product of the probabilities 1 3 j r 
and yV that the first witness does not speak the truth 
and that the second announces it, one will have 
siiHfTmHta for tne probability of the event observed 
relative to this hypothesis. 

4th. Finally, neither of the witnesses speaks the truth. 
Then a black ball has been drawn from the urn B at 
the first draw; then having been placed in the urn A 
it has reappeared at the second drawing: the prob- 
ability of this compound event is aooooo?- Multiply- 
ing it by the product of the probabilities -fa and y 1 ^- that 
each witness does not speak the truth one will have 
200000200 f r tne probability of the event observed in 
this hypothesis. 

Now in order to obtain the probability of the thing 
announced by the two witnesses, namely, that a white 
ball has been drawn at each draw, it is necessary to 
divide the probability corresponding to the first hy- 
pothesis by the sum of the probabilities relative to 
the four hypotheses ; and then one has for this prob- 
ability y-g-ooooas' an extremely small fraction. 

If the two witnesses affirm the first, that a white 
ball has been drawn from one of the two urns A and 
B; the second that a white ball has been likewise 
drawn from one of the two urns A' and B', quite 
similar to the first ones, the probability of the thing 
announced by the two witnesses will be the product of 
the probabilities of their testimonies, or y\V; it will then 
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be at least a hundred and eighty thousand times 
greater than the preceding one. One sees by this how 
much, in the first case, the reappearance at the second 
draw of the white ball drawn at the first draw, the 
extraordinary conclusion of the two testimonies de- 
creases the value of it. 

We would give no credence to the testimony of a 
man who should attest to us that in throwing a hundred 
dice into the air they had all fallen on the same face. 
If we had ourselves been spectators of this event we 
should believe our own eyes only after having carefully 
examined all the circumstances, and after having 
brought in the testimonies of other eyes in order to be 
quite sure that there had been neither hallucination nor 
deception. But after this examination we should not 
hesitate to admit it in spite of its extreme improbability; 
and no one would be tempted, in order to explain it, to 
recur to a denial of the laws of vision. We ought to 
conclude from it that the probability of the constancy 
of the laws of nature is for us greater than this, that 
the event in question has not taken place at all a 
probability greater than that of the majority of his- 
torical facts which we regard as incontestable. One 
may judge by this the immense weight of testimonies 
necessary to admit a suspension of natural laws, and 
how improper it would be to apply to this case the 
ordinary rules of criticism. All those who without 
offering this immensity of testimonies support this 
when making recitals of events contrary to those laws, 
decrease rather than augment the belief which they 
wish to inspire ; for then those recitals render very 
probable the error or the falsehood of their authors. 
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But that which diminishes the belief of educated men 
increases often that of the uneducated, always greedy 
for the wonderful. 

There are things so extraordinary that nothing can 
balance their improbability. But this, by the effect of 
a dominant opinion, can be weakened to the point of 
appearing inferior to the probability of the testimonies ; 
and when this opinion changes an absurd statement 
admitted unanimously in the century which has given 
it birth offers to the following centuries only a new 
proof of the extreme influence of the general opinion 
upon the more enlightened minds. Two great men of 
the century of Louis XIV. Racine and Pascal are 
striking examples of this. It is painful to see with 
what complaisance Racine, this admirable painter of 
the human heart and the most perfect poet that has 
ever lived, reports as miraculous the recovery of Mile. 
Perrier, a niece of Pascal and a day pupil at the 
monastery of Port-Royal; it is painful to read the 
reasons by which Pascal seeks to prove that this miracle 
should be necessary to religion in order to justify the 
doctrine of the monks of this abbey, at that time perse- 
cuted by the Jesuits. The young Perrier had been 
afflicted for three years and a half by a lachrymal fistula; 
she touched her afflicted eye with a relic which was 
pretended to be one of the thorns of the crown of the 
Saviour and she had faith in instant recovery. Some 
days afterward the physicians and the surgeons attest 
the recovery, and they declare that nature and the 
remedies have had no part in it. This event, which 
took place in 1656, made a great sensation, and "all 
Paris rushed," says Racine, "to Port-Royal. The 
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crowd increased from day to day, and God himself 
seemed to take pleasure in authorizing the devotion of 
the people by the number of miracles which were per- 
formed in this church." At this time miracles and 
sorcery did not yet appear improbable, and one did not 
hesitate at all to attribute to them the singularities of 
nature which could not be explained otherwise. 

This manner of viewing extraordinary results is 
found in the most remarkable works of the century of 
Louis XIV. ; even in the Essay on the Human Under- 
standing by the philosopher Locke, who says, in 
speaking of the degree of assent: " Though the com- 
mon experience and the ordinary course of things have 
justly a mighty influence on the minds of men, to make 
them give or refuse credit to anything proposed to their 
belief; yet there is one case, wherein the strangeness 
of the lact lessens not the assent to a fair testimony of it. 
For where such supernatural events are suitable to ends 
aimed at by him who has the power to change the 
course of nature, there, under such circumstances, they 
maybe the fitter to procure belief, by how much the more 
they are beyond or contrary to ordinary observation. " 
The true principles of the probability of testimonies 
having been thus misunderstood by philosophers to 
whom reason is principally indebted for its progress, I 
have thought it necessary to present at length the 
results of calculus upon this important subject. 

There comes up naturally at this point the discussion 
of a famous argument of Pascal, that Craig, an English 
mathematician, has produced under a geometric form. 
Witnesses declare that they have it from Divinity that 
in conforming to a certain thing one will enjoy not one 
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or two but an infinity of happy lives. However feeble 
the probability of the proofs may be, provided that it 
be not infinitely small, it is clear that the advantage of 
those who conform to the prescribed thing is infinite 
since it is the product of this probability and an infinite 
good ; one ought not to hesitate then to procure for 
oneself this advantage. 

This argument is based upon the infinite number of 
happy lives promised in the name of the Divinity by 
the witnesses; it is necessary then to prescribe them, 
precisely because they exaggerate their promises 
beyond all limits, a consequence which is repugnant to 
good sense. Also calculus teaches us that this 
exaggeration itself enfeebles the probability of their 
testimony to the point of rendering it infinitely small 
or zero. Indeed this case is similar to that of a witness 
who should announce the drawing of the highest 
number from an urn filled with a great number ot 
numbers, one of which has been drawn and who would 
have a great interest in announcing the drawing of this 
number. One has already seen how much this interest 
enfeebles his testimony. In evaluating only at the 
probability that if the witness deceives he will choose 
the largest number, calculus gives the probability of 
his announcement as smaller than a fraction whose 
numerator is unity and whose denominator is unity 
plus the half of the product of the number of the num- 
bers by the probability of falsehood considered a priori 
or independently of the announcement. In order to 
compare this case to that of the argument of Pascal it 
is sufficient to represent by the numbers in the urn all 
the possible numbers of happy lives which the number 
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of these numbers renders infinite ; and to observe that 
if the witnesses deceive they have the greatest interest, 
in order to accredit their falsehood, in promising an 
eternity of happiness. The expression of the prob- 
ability of their testimony becomes then infinitely small. 
Multiplying it by the infinite number of happy lives 
promised, infinity would disappear from the product 
which expresses the advantage resultant from this 
promise which destroys the argument of Pascal. 

Let us consider now the probability of the totality 
of several testimonies upon an established fact. In 
order to fix our ideas let us suppose that the fact be 
the drawing of a number from an urn which contains a 
hundred of them, and of which one single number has 
been drawn. Two witnesses of this drawing announce 
that number 2 has been drawn, and one asks for the 
resultant probability of the totality of these testimonies. 
One may form these two hypotheses: the witnesses 
speak the truth; the witnesses deceive. In the first 
hypothesis the number 2 is drawn and the probability 
of this event is -j-J-j-. It is necessary to multiply it by 
the product of the veracities of the witnesses, veracities 
which we will suppose to be T 9 7 and T \: one will have 
then T^VTFIT for the probability of the event observed in 
this hypothesis. In the second, the number 2 is not 
drawn and the probability of this event is y 9 ^. But 
the agreement of the witnesses requires then that in 
seeking to deceive they both choose the number 2 from 
the 99 numbers not drawn: the probability of this 
choice if the witnesses do not have a secret agreement 
is the product of the fraction 5 \ by itself; it becomes 
necessary then to multiply these two probabilities 
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together, and by the product of the probabilities y 1 ^ and 
Y 3 ^ that the witnesses deceive; one will have thus 
sygVuir f r the probability of the event observed in the 
second hypothesis. Now one will have the probability 
of the fact attested or of the drawing of number 2 in 
dividing the probability relative to the first hypothesis 
by the sum of the probabilities relative to the two 
hypotheses ; this probability will be then f$|-|, and the 
probability of the failure to draw this number and of 
the falsehood of the witnesses will be ^ViF' 

If the urn should contain only the numbers I and 2 
one would find in the same manner f for the prob- 
ability of the drawing of number 2, and consequently 
^ for the probability of the falsehood of the witnesses, 
a probability at least ninety-four times larger than the 
preceding one. One sees by this how much the prob- 
ability of the falsehood of the witnesses diminishes 
when the fact which they attest is less probable in 
itself. Indeed one conceives that then the accord of 
the witnesses, when they deceive, becomes more diffi- 
cult, at least when they do not have a secret agree- 
ment, which we do not suppose here at all. 

In the preceding case where the urn contained only 
two numbers the a priori probability of the fact attested 
is ^, the resultant probability of the testimonies is the 
product of the veracities of the witnesses divided by 
this product added to that of the respective probabilities 
of their falsehood. 

It now remains for us to consider the influence of 
time upon the probability of facts transmitted by a 
traditional chain of witnesses. It is clear that this 
probability ought to diminish in proportion as the chain 
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is prolonged. If the fact has no probability itself, such 
as the drawing of a number from an urn which contains 
an infinity of them, that which it acquires by the testi- 
monies decreases according to the continued product 
of the veracity of the witnesses. If the fact has a 
probability in itself; if, for example, this fact is the 
drawing of the number 2 from an urn which contains 
an infinity of them, and of which it is certain that one 
has drawn a single number; that which the traditional 
chain adds to this probability decreases, following a 
continued product of which the first factor is the ratio 
of the number of numbers in the urn less one to the 
same number, and of which each other factor is the 
veracity of each witness diminished by the ratio or" the 
probability of his falsehood to the number of the num- 
bers in the urn less one; so that the limit of the prob- 
ability of the fact is that of this fact considered a priori, 
or independently of the testimonies, a probability equal 
to unity divided by the number of the numbers in the 
urn. 

The action of time enfeebles then, without ceasing, 
the probability of historical facts just as it changes the 
most durable monuments. One can indeed diminish 
it by multiplying and conserving the testimonies and 
the monuments which support them. Printing offers 
for this purpose a great means, unfortunately unknown 
to the ancients. In spite of the infinite advantages 
which it procures the physical and moral revolutions 
by which the surface of this globe will always be 
agitated will end, in conjunction with the inevitable 
effect of time, by rendering doubtful after thousands of 
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years the historical facts regarded to-day as the most 
certain. 

Craig has tried to submit to calculus the gradual 
enfeebling of the proofs of the Christian religion ; sup- 
posing that the world ought to end at the epoch when 
it will cease to be probable, he finds that this ought to 
take place 1454 years after the time when he writes. 
But his analysis is as faulty as his hypothesis upon the 
duration of the moon is bizarre. 

ToC126 CHAPTER XII. 
CONCERNING THE SELECTIONS AND THE DECISIONS OF ASSEMBLIES. 

THE probability of the decisions of an assembly 
depends upon the plurality of votes, the intelligence 
and the impartiality of the members who compose it. 
So many passions and particular interests so often add 
their influence that it is impossible to submit this prob- 
ability to calculus. There are, however, some general 
results dictated by simple common sense and confirmed 
by calculus. If, for example, the assembly is poorly 
informed about the subject submitted to its decision, if 
this subject requires delicate considerations, or if the 
truth on this point is contrary to established prejudices, 
so that it would be a bet of more than one against one 
that each voter will err; then the decision of the 
majority will be probably wrong, and the fear of it will 
be the better based as the assembly is more numerous. 
It is important then, in public affairs, that assemblies 
should have to pass upon subjects within reach of the 
greatest number ; it is important for them that informa- 
tion be generally diffused and that good works founded 
upon reason and experience should enlighten those  
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who are called to decide the lot of their fellows or to 
govern them, and should forewarn them against false 
ideas and the prejudices of ignorance. Scholars have 
had frequent occasion to remark that first conceptions 
often deceive and that the truth is not always probable. 

It is difficult to understand and to define the desire 
of an assembly in the midst of a variety of opinions of 
its members. Let us attempt to give some rules in 
regard to this matter by considering the two most 
ordinary cases : the election among several candidates, 
and that among several propositions relative to the 
same subject. 

When an assembly has to choose among several 
candidates who present themselves for one or for several 
places of the same kind, that which appears simplest 
is to have each voter write upon a ticket the names of 
all the candidates according to the order of merit that 
he attributes to them. Supposing that he classifies 
them in good faith, the inspection of these tickets will 
give the results of the elections in such a manner that 
the candidates may be compared among themselves; 
so that new elections can give nothing more in this 
regard. It is a question now to conclude the order of 
preference which the tickets establish among the candi- 
dates. Let us imagine that one gives to each voter an 
urn which contains an infinity of balls by means of 
which he is able to shade all the degrees of merit of 
the candidates ; let us conceive again that he draws 
from his urn a number of balls proportional to the 
merit of each candidate, and let us suppose this number 
written upon a ticket at the side of the name of the 
candidate. It is clear that by making a sum of all the 
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numbers relative to each candidate upon each ticket, 
that one of all the candidates who shall have the 
largest sum will be the candidate whom the assembly 
prefers; and that in general the order of preference of 
the candidates will be that of the sums relative to each 
of them. But the tickets do not mark at all the num- 
ber of balls which each voter gives to the candidates ; 
they indicate solely that the first has more of them than 
the second, the second more than the third, and so on. 
In supposing then at first upon a given ticket a certain 
number of balls all the combinations of the inferior 
numbers which fulfil the preceding conditions are 
equally admissible; and one will have the number of 
balls relative to each candidate by making a sum of all 
the numbers which each combination gives him and 
dividing it by the entire number of combinations. A 
very simple analysis shows that the numbers which 
must be written upon each ticket at the side of the last 
name, of the one before the last, etc., are proportional 
to the terms of the arithmetical progression I, 2, 3, 
etc. Writing then thus upon each ticket the terms of 
this progression, and adding the terms relative to each 
candidate upon these tickets, the divers sums will indi- 
cate by their magnitude the order of their preference 
which ought to be established among the candidates. 
Such is the mode of election which The Theory of 
Probabilities indicates. Without doubt it would be 
better if each voter should write upon his ticket the 
names of the candidates in the order of merit which he 
attributes to them. But particular interests and many 
strange considerations of merit would affect this order 
and place sometimes in the last rank the candidate 
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most formidable to that one whom one prefers, which 
gives too great an advantage to the candidates of 
mediocre merit. Likewise experience has caused the 
abandonment of this mode of election in the societies 
which had adopted it. 

The election by the absolute majority of the suffrages 
unites to the certainty of not admitting any one of the 
candidates whom this majority rejects, the advantage 
of expressing most often the desire of the assembly. 
It always coincides with the preceding mode when 
there are only two candidates. Indeed it exposes an 
assembly to the inconvenience of rendering elections 
interminable. But experience has shown that this 
inconvenience is nil, and that the general desire to put 
an end to elections soon unites the majority of the 
suffrages upon one of the candidates. 

The choice among several propositions relative to 
the same object ought to be subjected, seemingly, to 
the same rules as the election among several candi- 
dates. But there exists between the two cases this 
difference, namely, that the merit of a candidate does 
not exclude that of his competitors; but if it is neces- 
sary to choose among propositions which- are contrary, 
the truth of the one excludes the truth of the others. 
Let us see how one ought then to view this question. 

Let us give to each voter an urn which contains an 
infinite number of balls, and let us suppose that he dis- 
tributes them upon the divers propositions according 
to the respective probabilities which he attributes to 
them. It is clear that the total number of balls 
expressing certainty, and the voter being by the 
hypothesis assured that one of the propositions ought 
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to be true, he will distribute this number at length upon 
the propositions. The problem is reduced then to this, 
namely, to determine the combinations in which the 
balls will be distributed in such a manner that there 
may be more of them upon the first proposition of the 
ticket than upon the second, more upon the second 
than upon the third, etc. ; to make the sums of all the 
numbers of balls relative to each proposition in the 
divers combinations, and to divide this sum by the 
number of combinations; the quotients will be the 
numbers of balls that one ought to attribute to the 
propositions upon a certain ticket. One finds by 
analysis that in going from the last proposition these 
quotients are among themselves as the following quanti- 
ties : first, unity divided by the number of propositions ; 
second, the preceding quantity, augmented by unity, 
divided by the number of propositions less one ; third, 
this second quantity, augmented by unity, divided by 
the number of propositions less two, and so on for the 
others. One will write then upon each ticket these 
quantities at the side of the corresponding propositions, 
and adding the relative quantities to each proposition 
upon the divers tickets the sums will indicate by their 
magnitude the order of preference which the assembly 
gives to these propositions. 

Let us speak a word about the manner of renewing 
assemblies which should change in totality in a definite 
number of years. Ought the renewal to be made at 
one time, or is it advantageous to divide it among these 
years ? According to the last method the assembly 
would be formed under the influence of the divers 
opinions dominant during the time of its renewal; the 
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opinion which obtained then would be probably the 
mean of all these opinions. The assembly would 
receive thus at the time the same advantage that is 
given to it by the extension of the elections of its 
members to all parts of the territory which it represents. 
Now if one considers what experience has only too 
clearly taught, namely, that elections are always 
directed in the greatest degree by dominant opinions, 
one will feel how useful it is to temper these opinions, 
the ones by the others, by means of a partial renewal. 

ToC132 CHAPTER XIII. 
CONCERNING THE PROBABILITY OF THE JUDGMENTS OF TRIBUNALS. 

ANALYSIS confirms what simple common sense 
teaches us, namely, the correctness of judgments is as 
much more probable as the judges are more numerous 
and more enlightened. It is important then that 
tribunals of appeal should fulfil these two conditions. 
The tribunals of the first instance standing in closer 
relation to those amenable offer to the higher tribunal 
the advantage of a first judgment already probable, and 
with which the latter often agree, be it in compromising 
or in desisting from their claims. But if the uncertainty 
of the matter in litigation and its importance determine 
a litigant to have recourse to the tribunal of appeals, he 
ought to find in a greater probability of obtaining an 
equitable judgment greater security for his fortune and 
the compensation for the trouble and expense which a 
new procedure entails. It is this which had no place 
in the institution of the reciprocal appeal of the 
tribunals of the district, an institution thereby very 
prejudicial to the interest of the citizens. It would be 
perhaps proper and conformable to the calculus of  
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probabi litres to demand a majority of at least two votes 
in a tribunal of appeal in order to invalidate the sen- 
tence of the lower tribunal. One would obtain this 
result if the tribunal of appeal being composed of an 
even number of judges the sentence should stand in 
the case of the equality of votes. 

I shall consider particularly the judgments in crimi- 
nal matters. 

In order to condemn an accused it is necessary 
without doubt that the judges should have the strongest 
proofs of his offence. But a moral proof is never more 
than a probability; and experience has only too clearly 
shown the errors of which criminal judgments, even 
those which appear to be the most just, are still sus- 
ceptible. The impossibility of amending these errors 
is the strongest argument of the philosophers who have 
wished to proscribe the penalty of death. We should 
then be obliged to abstain from judging if it were 
necessary for us to await mathematical evidence. But 
the judgment is required by the danger which would 
result from the impunity of the crime. This judgment 
reduces itself, if I am not mistaken, to the solution of 
the following question : Has the proof of the offence 
of the accused the high degree of probability necessary 
so that the citizens would have less reason to doubt 
the errors of the tribunals, if he is innocent and con- 
demned, than they would have to fear his new crimes 
and those of the unfortunate ones who would be 
emboldened by the example of his impunity if he were 
guilty and acquitted ? The solution of this question 
depends upon several elements very difficult to ascer- 
tain. Such is the eminence of danger which would 
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threaten society if the criminal accused should remain 
unpunished. Sometimes this danger is so great that 
the magistrate sees himself constrained to waive forms 
wisely established for the protection of innocence. But 
that which renders almost always this question insolu- 
ble is the impossibility of appreciating exactly the 
probability of the offence and of fixing that which is 
necessary for the condemnation of the accused. Each 
judge in this respect is forced to rely upon his own 
judgment. He forms his opinion by comparing the 
divers testimonies and the circumstances by which the 
offence is accompanied, to the results of his reflections 
and his experiences, and in this respect a long habitude 
of interrogating and judging accused persons gives 
great advantage in ascertaining the truth in the midst 
of indices often contradictory. 

The preceding question depends again upon the care 
taken in the investigation of the offence; for one 
demands naturally much stronger proofs for imposing 
the death penalty than for inflicting a detention of some 
months. It is a reason for proportioning the care to 
the offence, great care taken with an unimportant case 
inevitably clearing many guilty ones. A law which 
gives to the judges power of moderating the care in the 
case of attenuating circumstances is then conformable 
at the same time to principles of humanity towards the 
culprit, and to the interest of society. The product of 
the probability of the offence by its gravity being the 
measure of the danger to which the acquittal of the 
accused can expose society, one would think that the 
care taken ought to depend upon this probability. 
This is done indirectly in the tribunals where one 
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retains for some time the accused against whom there 
are very strong proofs, but insufficient to condemn 
him ; in the hope of acquiring new light one does not 
place him immediately in the midst of his fellow citizens, 
who would not see him again without great alarm. 
But the arbitrariness of this measure and the abuse 
which one can make of it have caused its rejection in 
the countries where one attaches the greatest price to 
individual liberty. 

Now what is the probability that the decision of a 
tribunal which can condemn only by a given majority 
will be just, that is to say, conform to the true solution 
of the question proposed above ? This important 
problem well solved will give the means of compar- 
ing among themselves the different tribunals. The 
majority of a single vote in a numerous tribunal indi- 
cates that the affair in question is very doubtful ; the 
condemnation of the accused would be then contrary 
to the principles of humanity, protectors of innocence. 
The unanimity of the judges would give very strong 
probability of a just decision ; but in abstaining from it 
too many guilty ones would be acquitted. It is neces- 
sary, then, either to limit the number of judges, if one 
wishes that they should be unanimous, or increase the 
majority necessary for a condemnation, when the tri- 
bunal becomes more numerous. I shall attempt to 
apply calculus to this subject, being persuaded that it 
is always the best guide when one bases it upon the 
data which common sense suggests to us. 

The probability that the opinion of each judge is just 
enters as the principal element into this calculation. 
If in a tribunal of a thousand and one judges, five 
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hundred and one are of one opinion, and five hundred 
are of the contrary opinion, it is apparent that the 
probability of the opinion of each judge surpasses very 
little ; for supposing it obviously very large a single 
vote of difference would be an improbable event. But 
if the judges are unanimous, this indicates in the proofs 
that degree of strength which entails conviction; the 
probability of the opinion of each judge is then very 
near unity or certainty, provided that the passions or 
the ordinary prejudices do not affect at the same time 
all the judges. Outside of these cases the ratio of the 
votes for or against the accused ought alone to deter- 
mine this probability. I suppose thus that it can vary 
from to unity, but that it cannot be below . If that 
were not the case the decision of the tribunal would be 
as insignificant as chance ; it has value only in so far 
as the opinion of the judge has a greater tendency to 
truth than to error. It is thus by the ratio of the 
numbers of votes favorable, and contrary to the accused, 
that I determine the probability of this opinion. 

These data suffice to ascertain the general expression 
of the probability that the decision of a tribunal judging 
by a known majority is just. In the tribunals where 
of eight judges five votes would be necessary for the 
condemnation of an accused, the probability of the 
error to be feared in the justice of the decision would 
surpass ^. If the tribunal should be reduced to six 
members who are able to condemn only by a plurality 
of four votes, the probability of the error to be feared 
would be below ^. There would be then for the 
accused an advantage in this reduction of the tribunal. 
In both cases the majority required is the same and is 
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equal to two. Thus the majority remaining constant, 
the probability of error increases with the number of 
judges ; this is general whatever may be the majority 
required, provided that it remains the same. Taking, 
then, for the rule the arithmetical, ratio, the accused 
finds himself in a position less and less advantageous 
in the measure that the tribunal becomes more numer- 
ous. One might believe that in a tribunal where one 
might demand a majority of twelve votes, whatever 
the number of the judges was, the votes of the minority, 
neutralizing an equal number of votes of the majority, 
the twelve remaining votes would represent the 
unanimity of a jury of twelve members, required in 
England for the condemnation of an accused ; but one 
would be greatly mistaken. Common sense shows 
that there is a difference between the decision of a 
tribunal of two hundred and twelve judges, of which 
one hundred and twelve condemn the accused, while 
one hundred acquit him, and that of a tribunal of 
twelve judges unanimous for condemnation. In the 
first case the hundred votes favorable to the accused 
warrant in thinking that the proofs are far from attain- 
ing the degree of strength which entails conviction ; in 
the second case, the unanimity of the judges leads to 
the belief that they have attained this degree. But 
simple common sense does not suffice at all to appre- 
ciate the extreme difference of the probability of error 
in the two cases. It is necessary then to recur to 
calculus, and one finds nearly one fifth for the prob- 
ability of error in the first case, and only -^-^ for this 
probability in the second case, a probability which is 
not one thousandth of the first. It is a confirmation 
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of the principle that the arithmetical ratio is unfavorable 
to the accused when the number of judges increases. 
On the contrary, if one takes for a rule the geometrical 
ratio, the probability of the error of the decision 
diminishes when the number of judges increases. For 
example, in the tribunals which can condemn only by 
a plurality of two thirds of the votes, the probability of 
the error to be feared is nearly one fourth if the 
number of the judges is six; it is below % if this number 
is increased to twelve. Thus one ought to be governed 
neither by the arithmetical ratio nor by the geometrical 
ratio if one wishes that the probability of error should 
never be above nor below a given fraction. 

But what fraction ought to be determined upon ? It 
is here that the arbitrariness begins and the tribunals 
offer in this regard the greatest variety. In the special 
tribunals where five of the eight votes suffice for the 
condemnation of the accused, the probability of the 
error to be feared in regard to justice of the judgment 
is ^ 6 / ff , or more than ^. The magnitude of this fraction 
is dreadful ; but that which ought to reassure us a little 
is the consideration that most frequently the judge who 
acquits an accused does not regard him as innocent; 
he pronounces solely that it is not attained by proofs 
sufficient for condemnation. One is especially reassured 
by the pity which nature has placed in the heart of man 
and which disposes the mind to see only with reluc- 
tance a culprit in the accused submitted to his judg- 
ment. This sentiment, more active in those who have 
not the habitude of criminal judgments, compensates 
for the inconveniences attached to the inexperience of 
the jurors. In a jury of twelve members, if the plurality 
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demanded for the condemnation is eight of twelve 
votes, the probability of the error to be feared |fff , or 
a little more than one eighth, it is almost -fa if this 
plurality consists of nine votes. In the case of una- 
nimity the probability of the error to be feared is -g- T 1 7 j, 
that is to say, more than a thousand times less than 
in our juries. This supposes that the unanimity results 
only from proofs favorable or contrary to the accused ; 
but motives that are entirely strange, ought oftentimes 
to concur in producing it, when it is imposed upon the 
jury as a necessary condition of its judgment. Then 
its decisions depending upon the temperament, the 
character, the habits of the jurors, and the circum- 
stances in which they are placed, they are sometimes 
contrary to the decisions which the majority of the jury 
would have made if they had listened only to the 
proofs ; this seems to me to be a great fault of this 
manner of judging. 

The probability of the decision is too feeble in our 
juries, and I think that in order to give a sufficient 
guarantee to innocence, one ought to demand at least 
a plurality of nine votes in twelve. 

ToC140 CHAPTER XIV. 
CONCERNING TABLES OF MORTALITY, AND OF MEAN DURATIONS 
OF LIFE, OF MARRIAGES, AND OF ASSOCIATIONS. 

THE manner of preparing tables of mortality is very 
simple. One takes in the civil registers a great num- 
ber of individuals whose birth and death are indicated. 
One determines how many of these individuals have 
died in the first year of their age, how many in the 
second year, and so on. It is concluded from these 
the number of individuals living at the commencement 
of each year, and this number is written in the table at 
the side of that which indicates the year. Thus one 
writes at the side of zero the number of births ; at the 
side of the year I the number of infants who have 
attained one year; at the side of the year 2 the number 
of infants who have attained two years, and so on for 
the rest. But since in the first two years of life the 
mortality is very great, it is necessary for the sake of 
greater exactitude to indicate in this first age the 
number of survivors at the end of each half year. 

If we divide the sum of the years of the life of all 
the individuals inscribed in a table of mortality by the  
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number of these individuals we shall have the mean 
duration of life which corresponds to this table. For 
this, we will multiply by a half year the number of 
deaths in the first year, a number equal to the differ- 
ence of the numbers of individuals inscribed at the side 
of the years o and I. Their mortality being distributed 
over the entire year the mean duration of their life is 
only a half year. We will multiply by a year and a 
half the number of deaths in the second year; by two 
years and a half the number of deaths in the third year ; 
and so on. The sum of these products divided by the 
number of births will be the mean duration of life. It 
is easy to conclude from this that we will obtain this 
duration, by making the sum of the numbers inscribed 
in the table at the side of each year, dividing it by the 
number of births and subtracting one half from the 
quotient, the year being taken as unity. The mean 
duration of life that remains, starting from any age, is 
determined in the same manner, working upon the 
number of individuals who have arrived at this age, as 
has just been done with the number of births. But it 
is not at the moment of birth that the mean duration 
of life is the greatest; it is when one has escaped the 
dangers of infancy and it is then about forty-three 
years. The probability of arriving at a certain age, 
starting from a given age is equal to the ratio of the 
two numbers of individuals indicated in the table at 
these two ages. 

The precision of these results demands that for the 
formation of tables we should employ a very great 
number of births. Analysis gives then very simple 
formulae for appreciating the probability that the num- 
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bers indicated in these tables will vary from the truth 
only within narrow limits. We see by these formulae 
that the interval of the limits diminishes and that the 
probability increases in proportion as we take into con- 
sideration more births; so that the tables would repre- 
sent exactly the true law of mortality if the number of 
births employed were infinite. 

A table of mortality is then a table of the probability 
of human life. The ratio of the individuals inscribed 
at the side of each year to the number of births is the 
probability that a new birth will attain this year. As 
we estimate the value of hope by making a sum of the 
products of each benefit hoped for, by the probability 
of obtaining it, so we can equally evaluate the mean 
duration of life by adding the products of each year 
by half the sum of the probabilities of attaining the 
commencement and the end of it, which leads to the 
result found above. But this manner of viewing the 
mean duration of life has the advantage of showing 
that in a stationary population, that is to say, such that 
the number of births equals that of deaths, the mean 
duration of life is the ratio itself of the population to 
the annual births; for the population being supposed 
stationary, the number of individuals of an age com- 
prised between two consecutive years of the table is 
equal to the number of annual births, multiplied by 
half the sum of the probabilities of attaining these 
years ; the sum of all these products will be then the 
entire population. Now it is easy to see that this sum, 
divided by the number of annual births, coincides with 
the mean duration of life as we have just defined it. 

It is easy by means of a table of mortality to form 
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the corresponding table of the population supposed to 
be stationary. For this we take the arithmetical means 
of the numbers of the table of mortality corresponding 
to the ages zero and one year, one and two years, two 
and three years, etc. The sum of all these means is 
the entire population; it is written at the side of the 
age zero. There is subtracted from this sum the first 
mean and the remainder is the number of individuals 
of one year and upwards; it is written at the side of 
the year I . There is subtracted from this first re- 
mainder the second mean ; this second remainder is 
the number of individuals of two years and upwards ; 
it is written at the side of the year 2, and so on. 

So many variable causes influence mortality that the 
tables which represent it ought to be changed accord- 
ing to place and time. The divers states of life offer 
in this regard appreciable differences relative to the 
fatigues and the dangers inseparable from each state 
and of which it is indispensable to keep account in the 
calculations founded upon the duration of life. But 
these differences have not been sufficiently observed. 
Some day they will be and then will be known what 
sacrifice of life each profession demands and one will 
profit by this knowledge to diminish the dangers. 

The greater or less salubrity of the soil, its elevation, 
its temperature, the customs of the inhabitants, and the 
operations of governments have a considerable influence 
upon mortality. But it is always necessary to precede 
the investigation of the cause of the differences observed 
by that of the probability with which this cause is indi- 
cated. Thus the ratio of the population to annual 
births, which one has seen raised in France to twenty- 
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eight and one third, is not equal to twenty-five in the 
ancient duchy of Milan. These ratios, both established 
upon a great number of births, do not permit of calling 
into question the existence among the Milanese of a 
special cause of mortality, which it is of moment for 
the government of our country to investigate and 
remove. 

The ratio of the population to the births would 
increase again if we could diminish and remove certain 
dangerous and widely spread maladies. This has 
happily been done for the smallpox, at first by the 
inoculation of this disease, then in a manner much 
more advantageous, by the inoculation of vaccine, the 
inestimable discovery of Jenner, who has thereby 
become one of the greatest benefactors of humanity. 

The smallpox has this in particular, namely, that 
the same individual is not twice affected by it, or at 
least such cases are so rare that they may be abstracted 
from the calculation. This malady, from which few 
escaped before the discovery of vaccine, is often fatal 
and causes the death of one seventh of those whom it 
attacks. Sometimes it is mild, and experience has 
taught that it can be given this latter character by 
inoculating it upon healthy persons, prepared for it 
by a proper diet and in a favorable season. Then the 
ratio of the individuals who die to the inoculated 
ones is not one three hundredth. This great advan- 
tage of inoculation, joined to those of not altering the 
appearance and of preserving from the grievous conse- 
quences which the natural smallpox often brings, 
caused it to be adopted by a great number of persons. 
The practice was strongly recommended, but it was 
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strongly combated, as is nearly always the case in 
things subject to inconvenience. In the midst of this 
dispute Daniel Bernoulli proposed to submit to the 
calculus of probabilities the influence of inoculation 
upon the mean duration of life. Since precise data of 
the mortality produced by the smallpox at the various 
ages of life were lacking, he supposed that the danger 
of having this malady and that of dying of it are the 
same at every age. By means of these suppositions he 
succeeded by a delicate analysis in converting an 
ordinary table of mortality into that which would be 
used if smallpox did not exist, or if it caused the 
death of only a very small number of those affected, and 
he concludes from it that inoculation would augment 
by three years at least the mean duration of life, which 
appeared to him beyond doubt the advantage of this 
operation. D'Alembert attacked the analysis of Ber- 
noulli: at first in regard to the uncertainty of his 
two hypotheses, then in regard to its insufficiency in 
this, that no comparison was made of the immediate 
danger, although very small, of dying of inoculation, to 
the very great but very remote danger of succumbing 
to natural smallpox. This consideration, which dis- 
appears when one considers a great number of indi- 
viduals, is for this reason immaterial for governments 
and the advantages of inoculation for them still remain ; 
but it is of great weight for the father of a family who 
must fear, in having his children inoculated, to see that 
one perish whom he holds most dear and to be the 
cause of it. Many parents were restrained by this fear, 
which the discovery of vaccine has happily dissipated. 
By one of those mysteries which nature offers to us so 
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frequently, vaccine is a preventive of smallpox just as 
certain as variolar virus, and there is no danger at all ; 
it does not expose to any malady and demands only 
very little care. Therefore the practice of it has spread 
quickly; and to render it universal it remains only to 
overcome the natural inertia of the people, against 
which it is necessary to strive continually, even when 
it is a question of their dearest interests. 

The simplest means of calculating the advantage 
which the extinction of a malady would produce con- 
sists in determining by observation the number of indi- 
viduals of a given age who die of it each year and 
subtracting this number from the number of deaths at 
the same age. The ratio of the difference to the total 
number of individuals of the given age would be the 
probability of dying in the year at this age if the 
malady did not exist. Making, then, a sum of these 
probabilities from birth up to any given age, and sub- 
tracting this sum from unity, the remainder will be the 
probability of living to that age corresponding to the 
extinction of the malady. The series of these prob- 
abilities will be the table of mortality relative to this 
hypothesis, and we may conclude from it, by what 
precedes, the mean duration of life. It is thus that 
Duvilard has found that the increase of the mean dura- 
tion of life, due to inoculation with vaccine, is three 
years at the least. An increase so considerable would 
produce a very great increase in the population if the 
latter, for other reasons, were not restrained by the 
relative diminution of subsistences. 

It is principally by the lack of subsistences that the 
progressive march of the population is arrested. In 
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all kinds of animals and vegetables, nature* tends with- 
out ceasing to augment the number of individuals until 
they are on a level of the means of subsistence. In 
the human race moral causes have a great influence 
upon the population. If easy clearings of the forest 
can furnish an abundant nourishment for new genera- 
tions, the certainty of being able to support a numerous 
family encourages marriages and renders them more 
productive. Upon the same soil the population and 
the births ought to increase at the same time simul- 
taneously in geometric progression. But when clear- 
ings become more difficult and more rare then the 
increase of population diminishes; it approaches con- 
tinually the variable state of subsistences, making 
oscillations about it just as a pendulum whose periodicity 
is retarded by changing the point of suspension, oscil- 
lates about this point by virtue of its own weight. It 
is difficult to evaluate the maximum increase of the 
population ; it appears after observations that in favor- 
able circumstances the population of the human race 
would be doubled every fifteen years. We estimate 
that in North America the period of this doubling is 
twenty-two years. In this state of things, the popula- 
tion, births, marriages, mortality, all increase accord- 
ing to the same geometric progression of which we have 
the constant ratio of consecutive terms by the observa- 
tion of annual births at two epochs. 

By means of a table of mortality representing the 
probabilities of human life, we may determine the 
duration of marriages. Supposing in order to simplify 
the matter that the mortality is the same for the two 
sexes, we shall obtain the probability that the marriage 
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will subsist one year, or two, or three, etc., by forming 
a series of fractions whose common denominator is the 
product of the two numbers of the table corresponding 
to the ages of the consorts, and whose numerators are 
the successive products of the numbers corresponding 
to these ages augmented by one, by two, by three, 
etc., years. The sum of these fractions augmented by 
one half will be the mean duration of marriage, the 
year being taken as unity. It is easy to extend the 
same rule to the mean duration of an association formed 
of three or of a greater number of individuals. 

ToC149 CHAPTER XV. 
CONCERNING THE BENEFITS OF INSTITUTIONS 
WHICH DEPEND UPON THE PROBABILITY OF EVENTS. 

LET us recall here what has been said in speaking 
of hope. It has been seen that in order to obtain the 
advantage which results from several simple events, of 
which the ones produce a benefit and the others a loss, 
it is necessary to add the products of the probability of 
each favorable event by the benefit which it procures, 
and subtract from their sum that of the products of the 
probability of each unfavorable event by the loss which 
is attached to it. But whatever may be the advantage 
expressed by the difference of these sums, a single 
event composed of these simple events does not 
guarantee against the fear of experiencing a loss. 
One imagines that this fear ought to decrease when 
one multiplies the compound event. The analysis of 
probabilities leads to this general theorem. 

By the repetition of an advantageous event, simple 
or compound, the real benefit becomes more and more 
probable and increases without ceasing; it becomes 
certain in the hypothesis of an infinite number of repe-  
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titions; and dividing it by this number the quotient or 
the mean benefit of each event is the mathematical 
hope itself or the advantage relative to the event. It 
is the same with a loss which becomes certain in the 
long run, however small the disadvantage of the event 
may be. 

This theorem upon benefits and losses is analogous 
to those which we have already given upon the ratios 
which are indicated by the indefinite repetition of 
events simple or compound; and, like them, it proves 
that regularity ends by establishing itself even in the 
things which are most subordinated to that which we 
name hazard. 

When the events are in great number, analysis gives 
another very simple expression of the probability that 
the benefit will be comprised within determined limits. 
This is the expression which enters again into the 
general law of probability given above in speaking 
of the probabilities which result from the indefinite 
multiplication of events. 

The stability of institutions which are based upon 
probabilities depends upon the truth of the preceding 
theorem. But in order that it may be applied to them 
it is necessary that those institutions should multiply 
these advantageous events for the sake of numerous 
things. 

There have been based upon the probabilities of 
human life divers institutions, such as life annuities and 
tontines. The most general and the most simple 
method of calculating the benefits and the expenses of 
these institutions- consists in reducing these to actual 
amounts. The annual interest of unity is that which 
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is called the rate of interest. At the end of each year 
an amount acquires for a factor unity plus the rate of 
interest; it increases then according to a geometrical 
progression of which this factor is the ratio. Thus in 
the course of time it becomes immense. If, for exam- 
ple, the rate of interest is --$ or five per cent, the capital 
doubles very nearly in fourteen years, quadruples in 
twenty-nine years, and in less than three centuries it 
becomes two million times larger. 

An increase so prodigious has given birth to the idea 
of making use of it in order to pay off the public debt. 
One forms for this purpose a sinking fund to which is 
devoted an annual fund employed for the redemption 
of public bills and without ceasing increased by the 
interest of the bills redeemed. It is clear that in the 
long run this fund will absorb a great part of the 
national debt. If, when the needs of the State make 
a loan necessary, a part of this loan is devoted to the 
increasing of the annual sinking fund, the variation of 
public bills will be less; the confidence of the lenders 
and the probability of retiring without loss of capital 
loaned when one desires will be augmented and will 
render the conditions of the loan less onerous. Favor- 
able experiences have fully confirmed these advantages. 
But the fidelity in engagements and the stability, so 
necessary to the success of such institutions, can be 
guaranteed only by a government in which the legisla- 
tive power is divided among several independent 
powers. The confidence which the necessary coopera- 
tion of these powers inspires, doubles the strength of 
the State, and the sovereign himself gains then in legal 
power more than he loses in arbitrary power. 
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It results from that which precedes that the actual 
capital equivalent to a sum which is to be paid only 
after a certain number of years is equal to this sum 
multiplied by the probability that it will be paid at that 
time and divided by unity augmented by the rate of 
interest and raised to a power expressed by the number 
of these years. 

It is easy to apply this principle to life annuities upon 
one or several persons, and to savings banks, and to 
assurance societies of any nature. Suppose that one 
proposes to form a table of life annuities according to 
a given table of mortality. A life annuity payable at 
the end of five years, for example, and reduced to an 
actual amount is, by this principle, equal to the product 
of the two following quantities, namely, the annuity 
divided by the fifth power of unity augmented by the 
rate of interest and the probability of paying it. This 
probability is the inverse ratio of the number of indi- 
viduals inscribed in the table opposite to the age of that 
one who settles the annuity to the number inscribed 
opposite to this age augmented by five years. Form- 
ing, then, a series of fractions whose denominators are 
the products of the number of persons indicated in the 
table of mortality as living at the age of that one who 
settles the annuity, by the successive powers of unity 
augmented by the rate of interest, and whose numera- 
tors are the products of the annuity by the number of 
persons living at the same age augmented successively 
by one year, by two years, etc., the sum of these 
fractions will be the amount required for the life annuity 
at that age. 

Let us suppose that a person wishes by means of a 



INSTITUTIONS BASED UPON PROBABILITIES. 153 

life annuity to assure to his heirs an amount payable 
at the end of the year of his death. In order to deter- 
mine the value of this annuity, one may imagine that 
the person borrows in life at a bank this capital and 
that he places it at perpetual interest in the same bank. 
It is clear that this same capital will be due by the 
bank to his heirs at the end of the year of his death ; 
but he will have paid each year only the excess of the 
life interest over the perpetual interest. The table of 
life annuities will then show that which the person 
ought to pay annually to the bank in order to assure 
this capital after his death. 

Maritime assurance, that against fire and storms, and 
generally all the institutions of this kind, are computed 
on the same principles. A merchant having vessels 
at sea wishes to assure their value and that of their 
cargoes against the dangers that they may run ; in order 
to do this, he gives a sum to a company which becomes 
responsible to him for the estimated value of his 
cargoes and his vessels. The ratio of this value to the 
sum which ought to be given for the price of the assur- 
ance depends upon the dangers to which the vessels 
are exposed and can be appreciated only by numerous 
observations upon the fate of vessels which have sailed 
from port for the same destination. 

If the persons assured should give to the assurance 
company only the sum indicated by the calculus of 
probabilities, this company would not be able to pro- 
vide for the expenses of its institution ; it is necessary 
then that they should pay a sum much greater than the 
cost of such insurance. What then is their advantage ? 
It is here that the consideration of the moral disadvan- 
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tage attached to an uncertainty becomes necessary. 
One conceives that the fairest game becomes, as has 
already been seen, disadvantageous, because the player 
exchanges a certain stake for an uncertain benefit; 
assurance by which one exchanges the uncertain for 
the certain ought to be advantageous. It is indeed 
this which results from the rule which we have given 
above for determining moral hope and by which one 
sees moreover how far the sacrifice may extend which 
ought to be made to the assurance company by 
reserving always a moral advantage. This company 
can then in procuring this advantage itself make a 
great benefit, if the number of the assured persons is 
very large, a condition . necessary to its continued 
existence. Then its benefits become certain and the 
mathematical and moral hopes coincide; for analysis 
leads to this general theorem, namely, that if the 
expectations are very numerous the two hopes approach 
each other without ceasing and end by coinciding in 
the case of an infinite number. 

We have said in speaking of mathematical and moral 
hopes that there is a moral advantage in distributing 
the risks of a benefit which one expects over several of 
its parts. Thus in order to send a sum of money to a 
distant part it is much better to send it on several 
vessels than to expose it on one. This one does by 
means of mutual assurances. If two persons, each 
having the same sum upon two different vessels which 
have sailed from the same port to the same destination, 
agree to divide equally all the money which may 
arrive, it is clear that by this agreement each of them 
divides equally between the two vessels the sum which 
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he expects. Indeed this kind of assurance always 
leaves uncertainty as to the loss which one may fear. 
But this uncertainty diminishes in proportion as the 
number of policy-holders increases ; the moral advan- 
tage increases more and more and ends by coinciding 
with the mathematical advantage, its natural limit. 
This renders the association of mutual assurances when 
it is very numerous more advantageous to the assured 
ones than the companies of assurance which, in pro- 
portion to the benefit that they give, give a moral 
advantage always inferior to the mathematical advan- 
tage. But the surveillance of their administration can 
balance the advantage of the mutual assurances. All 
these results are, as has already been seen, independent 
of the law which expresses the moral advantage. 

One may look upon a free people as a great asso- 
ciation whose members secure mutually their proper- 
ties by supporting proportionally the charges of this 
guaranty. The confederation of several peoples would 
give to them advantages analogous to those which each 
individual enjoys in the society. A congress of their 
representatives would discuss objects of a utility com- 
mon to all and without doubt~the system of weights, 
measures, and moneys proposed by the French sci- 
entists would be adopted in this congress as one of 
the things most useful to commerical relations. 

Among the institutions founded upon the probabilities 
of human life the better ones are those in which, by 
means of a light sacrifice of his revenue, one assures 
his existence and that of his family for a time when 
one ought to fear to be unable to satisfy their needs. 
As far as games are immoral, so far these institutions 
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are advantageous to customs by favoring the strongest 
bents of our nature. The government ought then to 
encourage them and respect them in the vicissitudes of 
public fortune ; since the hopes which they present look 
toward a distant future, they are able to prosper only 
when sheltered from all inquietude during their exist- 
ence. It is an advantage that the institution of a 
representative government assures them. 

Let us say a word about loans. It is clear that in 
order to borrow perpetually it is necessary to pay each 
year the product of the capital by the rate of interest. 
But one may wish to discharge this principal in equal 
payments made during a definite number of years, 
payments which are called annuities and whose value 
is obtained in this manner. Each annuity in order to 
be reduced at the actual moment ought to be divided 
by a power of unity augmented by the rate of interest 
equal to the number of years after which this annuity 
ought to be paid. Forming then a geometric progres- 
sion whose first term is the annuity divided by unity 
augmented by the rate of interest, and whose last term 
is this annuity divided by the same quantity raised to 
a power equal to the number of years during which the 
payment should have been made, the sum of this pro- 
gression will be equivalent to the capital borrowed, 
which will determine the value of the annuity. A 
sinking fund is at bottom only a means of converting 
into annuities a perpetual rent with the sole difference 
that in the case of a loan by annuities the interest is 
supposed constant, while the interest of funds acquired 
by the sinking fund is variable. If it were the same in 
both cases, the annuity corresponding to the funds 
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acquired would be formed by these funds and from 
this annuity the State contributes annually to the sink- 
ing fund. 

If one wishes to make a life loan it will be observed 
that the tables of life annuities give the capital required 
to constitute a life annuity at any age, a simple pro- 
portion will give the rent which one ought to pay to 
the individual from whom the capital is borrowed. 
From these principles all the possible kinds of loans 
may be calculated. 

The principles which we have just expounded con- 
cerning the benefits and the losses of institutions may 
serve to determine the mean result of any number of 
observations already made, when one wishes to regard 
the deviations of the results corresponding to divers 
observations. Let us designate by x the correction of 
the least result and by x augmented successively by 
g, q ', q" , etc., the corrections of the following results. 
Let us name e, e' , e" , etc., the errors of the observa- 
tions whose law of probability we will suppose known. 
Each observation being a function of the result, it is 
easy to see that by supposing the correction x of this 
result to be very small, the error e of the first observa- 
tion w r ill be equal to the product of x by a determined 
coefficient. Likewise the error e' of the second obser- 
vation will be the product of the sum q plus x, by a 
determined coefficient, and so on. The probability of 
the error e being given by a known function, it will be 
expressed by the same function of the first of the pre- 
ceding products. The probability of e' will be expressed 
by the same function of the second of these products, 
and so on of the others. The probability of the simul- 
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taneous existence of the errors e, f', c" , etc., will be 
then proportional to the product of these divers func- 
tions, a product which will be a function of x. This 
being granted, if one conceives a curve whose abscissa 
is x, and whose corresponding ordinate is this product, 
this curve will represent the probability of the divers 
values of x, whose limits will be determined by the 
limits of the errors e, e' ', e" , etc. Now let us designate 
by X the abscissa which it is necessary to choose ; X 
diminished by x will be the error which would be com- 
mitted if the abscissa x were the true correction. This 
error, multiplied by the probability of x or by the 
corresponding ordinate of the curve, will be the product 
of the loss by its probability, regarding, as one should, 
this error as a loss attached to the choice X. Multi- 
plying this product by the differential of x the integral 
taken from the first extremity of the curve to X will 
be the disadvantage of X resulting from the values of 
x inferior to X, For the values of x superior to X, x 
less X would be the error of X if x were the true cor- 
rection ; the integral of the product of x by the corre- 
sponding ordinate of the curve and by the differential 
of x will be then the disadvantage of X resulting from 
the values x superior to x, this integral being taken 
from x equal to X up to the last extremity of the 
curve. Adding this disadvantage to the preceding 
one, the sum will be the disadvantage attached to the 
choice of X. This choice ought to be determined by 
the condition that this disadvantage be a minimum; 
and a very simple calculation shows that for this, X 
ought to be the abscissa whose ordinate divides the 
curve into two equal parts, so that it is thus probable 
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that the true value of x falls on neither the one side 
nor the other of X. 

Celebrated geometricians have chosen for X the 
most probable value of x and consequently that which 
corresponds to the largest ordinate of the curve; but 
the preceding value appears to me evidently that which 
the theory of probability indicates. 

ToC160 CHAPTER XVI. 

CONCERNING ILLUSIONS IN THE ESTIMATION OF PROBABILITIES. 

THE mind has its illusions as the sense of .sight; and 
in the same manner that the sense of feeling corrects 
the latter, reflection and calculation correct the former. 
Probability based upon a daily experience, or exag- 
gerated by fear and by hope, strikes us more than a 
superior probability but it is only a simple result of 
calculus. Thus we do not fear in return for small 
advantages to expose our life to dangers much less 
improbable than the drawing of a quint in the lottery 
of France; and yet no one would wish to procure for 
himself the same advantages with the certainty of losing 
his life if this quint should be drawn. 

Our passions, our prejudices, and dominating 
opinions, by exaggerating the probabilities which are 
favorable to them and by attenuating the contrary 
probabilities, are the abundant sources of dangerous 
illusions. 

Present evils and the cause which produced them 
effect us much more than the remembrance of evils 
produced by the contrary cause ; they prevent us from  
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appreciating with justice the inconveniences of the ones 
and the others, and the probability of the proper means 
to guard ourselves against them. It is this which leads 
alternately to despotism and to anarchy the people 
who are driven from the state of repose to which they 
never return except after long and cruel agitations. 

This vivid impression which we receive from the 
presence of events, and which allows us scarcely to 
remark the contrary events observed by others, is a 
principal cause of error against which one cannot suffi- 
ciently guard himself. 

It is principally at games of chance that a multitude 
of illusions support hope and sustain it against unfavor- 
able chances. The majority of those who play at 
lotteries do not know how many chances are to their 
advantage, how many are contrary to them. They 
see only the possibility by a small stake of gaining a 
considerable sum, and the projects which their imagi- 
nation brings forth, exaggerate to their eyes the 
probability of obtaining it; the poor man especially, 
excited by the desire of a better fate, risks at play his 
necessities by clinging to the most unfavorable com- 
binations which promise him a great benefit. All 
would be without doubt surprised by the immense 
number of stakes lost if they could know of them ; but 
one takes care on the contrary to give to the winnings 
a great publicity, which becomes a new cause of excite- 
ment for this funereal play. 

When a number in the lottery of France has not been 
drawn for a long time the crowd is eager to cover it 
with stakes. They judge since the number has not 
been drawn for a long time that it ought at the next 
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drawing to be drawn in preference to others. So 
common an error appears to me to rest upon an illusion 
by which one is carried back involuntarily to the origin 
of events. It is, for example, very improbable that 
at the play of heads and tails one will throw heads ten 
times in succession. This improbability which strikes 
us indeed when it has happened nine times, leads us 
to believe that at the tenth throw tails will be thrown. 
But the past indicating in the coin a greater propensity 
for heads than for tails renders the first of the events 
more probable than the second ; it increases as one has 
seen the probability of throwing heads at the following 
throw. A similar illusion persuades many people that 
one can certainly win in a lottery by placing each time 
upon the same number, until it is drawn, a stake whose 
product surpasses the sum of all the stakes. But even 
when similar speculations would not often be stopped 
by the impossibility of sustaining them they would not 
diminish the mathematical disadvantage of speculators 
and they would increase their moral disadvantage, 
since at each drawing they would risk a very large part 
of their fortune. 

I have seen men, ardently desirous of having a son, 
who could learn only with anxiety of the births of boys 
in the month when they expected to become fathers. 
Imagining that the ratio of these births to those of girls 
ought to be the same at the end of each month, they 
judged that the boys already born would render more 
probable the births next of girls. Thus the extraction 
of a white ball from an urn which contains a limited 
number of white balls and of black balls increases the 
probability of extracting a black ball at the following 
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drawing. But this ceases to take place 'when the 
number of balls in the urn is unlimited, as one must 
suppose in order to compare this case with that of 
births. If, in the course of a month, there were born 
many more boys than girls, one might suspect that 
toward the time of their conception a general cause 
had favored masculine conception, which would render 
more probable the birth next of a boy. The irregular 
events of nature are not exactly comparable to the 
drawing of the numbers of a lottery in which all the 
numbers are mixed at each drawing in such a manner 
as to render the chances of their drawing perfectly 
equal. The frequency of one of these events seems to 
indicate a cause slightly favoring it, which increases 
the probability of its next return, and its repetition 
prolonged for a long time, such as a long series of rainy 
days, may develop unknown causes for its change; so 
that at each expected event we are not, as at each 
drawing of a lottery, led back to the same state of 
indecision in regard to what ought to happen. But in 
proportion as the observation of these events is mul- 
tiplied, the comparison of their results with those of 
lotteries becomes more exact. 

By an illusion contrary to the preceding ones one 
seeks in the past drawings of the lottery of France the 
numbers most often drawn, in order to form combina- 
tions upon which one thinks to place the stake to 
advantage. But when the manner in which the mixing 
of the numbers in this lottery is considered, the past 
ought to have no influence upon the future. The very 
frequent drawings of a number are only the anomalies 
of chance; I have submitted several of them to calcula- 
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tion and have constantly found that they are included 
within the limits which the supposition of an equal 
possibility of the drawing of all the numbers allows us 
to admit without improbability. 

In a long series of events of the same kind the single 
chances of hazard ought sometimes to offer the singular 
veins of good luck or bad luck which the majority of 
players do not fail to attribute to a kind of fatality. It 
happens often in games which depend at the same time 
upon hazard and upon the competency of the players, 
that that one who loses, troubled by his loss, seeks to 
repair it by hazardous throws which he would shun in 
another situation ; thus he aggravates his own ill luck 
and prolongs its duration. It is then that prudence 
becomes necessary and that it is of importance to con- 
vince oneself that the moral disadvantage attached to 
unfavorable chances is increased by the ill luck itself. 

The opinion that man has long been placed in the 
centre of the universe, considering himself the special 
object of the cares of nature, leads each individual to 
make himself the centre of a more or less extended 
sphere and to believe that hazard has preference for 
him. Sustained by this belief, players often risk con- 
siderable sums at games when they know that the 
chances are unfavorable. In the conduct of life a 
similar opinion may sometimes have advantages ; but 
most often it leads to disastrous enterprises. Here as 
everywhere illusions are dangerous and truth alone is 
generally useful. 

One of the great advantages of the calculus of prob- 
abilities is to teach us to distrust first opinions. As we 
recognize that they often deceive when they may be 
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submitted to calculus, we ought to conclude that in 
other matters confidence should be given only after 
extreme circumspection. Let us prove this by example. 

An urn contains four balls, black and white, but which 
are not all of the same color. One of these balls has 
been drawn whose color is white and which has been 
put back in the urn in order to proceed again to similar 
drawings. One demands the probability of extracting 
only black balls in the four following drawings. 

If the white and black were in equal number this 
probability would be the fourth power of the probability 
of extracting a black ball at each drawing ; it would 
be then T ^. But the extraction of a white ball at the 
first drawing indicates a superiority in the number of 
white balls in the urn ; for if one supposes in the urn 
three white balls and one black the probability of 
extracting a white ball is |; it is if one supposes two 
white balls and two black; finally it is reduced to J if 
one supposes three black balls and one white. Follow- 
ing the principle of the probability of causes drawn 
from events the probabilities of these three suppositions 
are among themselves as the quantities , f, ; they 
are consequently equal to |, f, . It is thus a bet of 
5 against i that the number of black balls is inferior, 
or at the most equal, to that of the white. It seems 
then that after the extraction of a white ball at the first 
drawing, the probability of extracting successively four 
black balls ought to be less than in the case of the 
equality of the colors or smaller than one sixteenth. 
However, it is not, and it is found by a very simple 
calculation that this probability is greater than one 
fourteenth. Indeed it would be the fourth power 
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of , of |, and of | in the first, the second, and the 
third of the preceding suppositions concerning the 
colors of the balls in the urn. Multiplying respectively 
each power by the probability of the corresponding 
supposition, or by f , f , and , the sum of the products 
will be the probability of extracting successively four 
black balls. One has thus for this probability ^ 2 9 , a 
fraction greater than -fa. This paradox is explained 
by considering that the indication of the superiority of 
white balls over the black ones at the first drawing 
does not exclude at all the superiority of the black balls 
over the white ones, a superiority which excludes the 
supposition of the equality of the colors. But this 
superiority, though but slightly probable, ought to 
render the probability of drawing successively a given 
number of black balls greater than in this supposition 
if the number is considerable ; and one has just seen 
that this commences when the given number is equal 
to four. Let us consider again an urn which contains 
several white and black balls. Let us suppose at first 
that there is only one white ball and one black. It is 
then an even bet that a white ball will be extracted in 
one drawing. But it seems for the equality of the bet 
that one who bets on extracting the white ball ought 
to have two drawings if the urn contains two black 
and one white, three drawings if it contains three black 
and one white, and so on ; it is supposed that after each 
drawing the extracted ball is placed again in the urn. 

We are convinced easily that this first idea is 
erroneous. Indeed in the case of two black and one 
white ball, the probability of extracting two black in 
two drawings is the second power of f or ^ ; but this 
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probability added to that of drawing a white ball in two 
drawings is certainty or unity, since it is certain that 
two black balls or at least one white ball ought to be 
drawn ; the probability in this last case is then -|, a 
fraction greater than f . There would still be a greater 
advantage in the bet of drawing one white ball in five 
draws when the urn contains five black and one white 
ball ; this bet is even advantageous in four drawings ; 
it returns then to that of throwing six in four throws 
with a single die. 

The Chevalier de Mere, who caused the invention 
of the calculus of probabilities by encouraging his friend 
Pascal, the great geometrician, to occupy himself with 
it, said to him ' ' that he had found error in the num- 
bers by this ratio. If we undertake to make six with 
one die there is an advantage in undertaking it in four 
throws, as 671 to 625. If we undertake to make two 
sixes with two dice, there is a disadvantage in under- 
taking in 24 throws. At least 24 is to 36, the number 
of the faces of the two dice, as 4 is to 6, the number 
of faces of one die." "This was," wrote Pascal to 
Fermat, ' ' his great scandal which caused him to say 
boldly that the propositions were not constant and that 
arithmetic was demented. . . . He has a very good 
mind, but he is not a geometrician, which is, as you 
know, a great fault. ' ' The Chevalier de Mere, deceived 
by a false analogy, thought that in the case of the 
equality of bets the number of throws ought to increase 
in proportion to the number of all the chances possible, 
which is not exact, but which approaches exactness as 
this number becomes larger. 

One has endeavored to explain the superiority of the 
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births of boys over those of girls by the general desire 
of fathers to have a son who would perpetuate the 
name. Thus by imagining an urn filled with an infinity 
of white and black balls in equal number, and suppos- 
ing a great number of persons each of whom draws a 
ball from this urn and continues with the intention of 
stopping when he shall have extracted a white ball, 
one has believed that this intention ought to render the 
number of white balls extracted superior to that of the 
black ones. Indeed this intention gives necessarily 
after all the drawings a number of white balls equal 
to that of persons, and it is possible that these draw- 
ings would never lead a black ball. But it is easy to 
see that this first notion is only an illusion; for if one 
conceives that in the first drawing all the persons draw 
at once a ball from the urn, it is evident that their 
intention can have no influence upon the color of the 
balls which ought to appear at this drawing. Its 
unique effect will be to exclude from the second draw- 
ing the persons who shall have drawn a white one at 
the first. It is likewise apparent that the intention of 
the persons who shall take part in the new drawing 
will have no influence upon the color of the balls which 
shall be drawn, and that it will be the same at the fol- 
lowing drawings. This intention will have no influence 
then upon the color of the balls extracted in the totality 
of drawings ; it will, however, cause more or fewer to 
participate at each drawing. The ratio of the white 
balls extracted to the black ones will differ thus very 
little from unity. It follows that the number of persons 
being supposed very large, if observation gives between 
the colors extracted a ratio which differs sensibly from 



ILLUSIONS IN THE ESTIMATION OF PROBABILITIES. 169 

unity, it is very probable that the same difference is 
found between unity and the ratio of the white balls to 
the black contained in the urn. 

I count again among illusions the application which 
Liebnitz and Daniel Bernoulli have made of the cal- 
culus of probabilities to the summation of series. If 
one reduces the fraction whose numerator is unity and 
whose denominator is unity plus a variable, in a series 
prescribed by the ratio to the powers of this variable, it 
is easy to see that in supposing the variable equal to 
unity the fraction becomes , and the series becomes 
plus one, minus one, plus one, minus one, etc. In 
adding the first two terms, the second two, and so on, 
the series is transformed into another of which each 
term is zero. Grandi, an Italian Jesuit, concluded 
from this the possibility of the creation ; because the 
series being always , he saw this fraction spring from 
an infinity of zeros or from nothing. It was thus that 
Liebnitz believed he saw the image of creation in his 
binary arithmetic where he employed only the two 
characters, unity and zero. He imagined, since God 
can be represented by unity and nothing by zero, that 
the Supreme Being had drawn from nothing all beings, 
as unity with zero expresses all the numbers in this 
system of arithmetic. This idea was so pleasing to 
Liebnitz that he communicated it to the Jesuit 
Grimaldi, president of the tribunal of methematics in 
China, in the hope that this emblem of creation would 
convert to Christianity the emperor there who particu- 
larly loved the sciences. I report this incident only 
to show to what extent the prejudices of infancy can 
mislead the greatest men. 
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Liebnitz, always led by a singular and very loose 
metaphysics, considered that the series plus one, minus 
one, plus one, etc., becomes unity or zero according as 
one stops at a number of terms odd or even ; and as in 
infinity there is no reason to prefer the even number 
to the odd, one ought following the rules of probability, 
to take the half of the results relative to these two kinds 
of numbers, and which are zero and unity, which gives 
for the value of the series. Daniel Bernoulli has 
since extended this reasoning to the summation of 
series formed from periodic terms. But all these series 
have no values properly speaking ; they get them only 
in the case where their terms are multiplied by the 
successive powers of a variable less than unity. Then 
these series are always convergent, however small one 
supposes the difference of the variable from unity; and 
it is easy to demonstrate that the values assigned by 
Bernoulli, by virtue of the rule of probabilities, are the 
same values of the generative fraction of the series, 
when one supposes in these fractions the variable equal 
to unity. These values are again the limits which the 
series approach more and more, in proportion as the 
variable approaches unity. But when the variable is 
exactly equal to unity the series cease to be convergent ; 
they have values only as far as one arrests them. The 
remarkable ratio of this application of the calculus of 
probabilities with the limits of the values of periodic 
series supposes that the terms of these series are multi- 
plied by all the consecutive powers of the variable. 
But this series may result from the development of an 
infinity of different fractions in which this did not occur. 
Thus the series plus one, minus -one, plus one, etc., 
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may spring from the development of a fraction whose 
numerator is unity plus the variable, and whose 
denominator is this numerator augmented by the square 
of the variable. Supposing the variable equal to unity, 
this development changes, in the series proposed, and 
the generative fraction becomes equal to f ; the rules 
of probabilities would give then a false result, which 
proves how dangerous it would be to employ similar 
reasoning, especially in the mathematical sciences, 
which ought to be especially distinguished by the rigor 
of their operations. 

We are led naturally to believe that the order 
according to which we see things renewed upon the 
earth has existed from all times and will continue 
always. Indeed if the present state of the universe 
were exactly similar to the anterior state which has 
produced it, it would give birth in its turn to a similar 
state; the succession of these states would then be 
eternal. I have found by the application of analysis to 
the law of universal gravity that the movement of rota- 
tion and of revolution of the planets and satellites, and 
the position of the orbits and of their equators are sub- 
jected only to periodic inequalities. In comparing With 
ancient eclipses the theory of the secular equation of 
the moon I have found that since Hipparchus the 
duration of the day has not varied by the hundredth of 
a second, and that the mean temperature of the earth 
has not diminished the one-hundredth of a degree. 
Thus the stability of actual order appears established 
at the same time by theory and by observations. But 
this order is effected by divers causes which an atten- 
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tive examination reveals, and which it is impossible to 
submit to calculus. 

The actions of the ocean, of the atmosphere, and of 
meteors, of earthquakes, and the eruptions of volcanoes, 
agitate continually the surface of the earth and ought 
to effect in the long run great changes. The tempera- 
ture of climates, the volume of the atmosphere, and the 
proportion of the gases which constitute it, may vary in 
an inappreciable manner. The instruments and the 
means suitable to determine these variations being 
new, observation has been unable up to this time to 
teach us anything in this regard. But it is hardly 
probable that the causes which absorb and renew the 
gases constituting the air maintain exactly their respec- 
tive proportions. A long series of centuries will show 
the alterations which are experienced by all these 
elements so essential to the conservation of organized 
beings. Although historical monuments do not go 
back to a very great antiquity they offer us nevertheless 
sufficiently great changes which have come about by 
the slow and continued action of natural agents. 
Searching in the bowels of the earth one discovers 
numerous debris of former nature, entirely different 
from the present. Moreover, if the entire earth was in 
the beginning fluid, as everything appears to indicate, 
one imagines that in passing from that state to the one 
which it has now, its surface ought to have experienced 
prodigious changes. The heavens itself in spite of the 
order of its movements, is not unchangeable. The 
resistance of light and of other ethereal fluids, and the 
attraction of the stars ought, after a great number of 
centuries, to alter considerably the planetary move- 
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ments. The variations already observed in the stars 
and in the form of the nebulae give us a presentiment 
of those which time will develop in the system of these 
great bodies. One may represent the successive states 
of the universe by a curve, of which time would be the 
abscissa and of which the ordinates are the divers 
states. Scarcely knowing an element of this curve we 
are far from being able to go back to its origin ; and 
if in order to satisfy the imagination, always restless 
from our ignorance of the cause of the phenomena 
which interest it, one ventures some conjectures it is 
wise to present them only with extreme reserve. 

There exists in the estimation of probabilities a kind 
of illusions, which depending especially upon the laws 
of the intellectual organization demands, in order to 
secure oneself against them, a profound examination 
of these laws. The desire to penetrate into the future 
and the ratios of some remarkable events, to the predic- 
tions of astrologers, of diviners and soothsayers, to 
presentiments and dreams, to the numbers and the 
days reputed lucky or unlucky, have given birth to a 
multitude of prejudices still very widespread. One 
does not reflect upon the great number of non-coinci- 
dences which have made no impression or which are 
unknown. However, it is necessary to be acquainted 
with them in order to appreciate the probability of the 
causes to which the coincidences are attributed. This 
knowledge would confirm without doubt that which 
reason tells us in regard to these prejudices. Thus the 
philosopher of antiquity to whom is shown in a temple, 
in order to exalt the power of the god who is adored 
there, the ex veto of all those who after having invoked 
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it were saved from shipwreck, presents an incident 
consonant with the calculus of probabilities, observing 
that he does not see inscribed the names of those who, 
in spite of this invocation, have perished. Cicero has 
refuted all these prejudices with much reason and 
eloquence in his Treatise on Divination, which he ends 
by a passage which I shall cite ; for on.e loves to find 
again among the ancients the thunderbolts of reason, 
which, after having dissipated all the prejudices by its 
light, shall become the sole foundation of human insti- 
tutions. 

"It is necessary," says the Roman orator, "to 
reject divination by dreams and all similar prejudices. 
Widespread superstition has subjugated the majority 
of minds and has taken possession of the feebleness of 
men. It is this we have expounded in our books upon 
the nature of the gods and especially in this work, 
persuaded that we shall render a service to others and 
to ourselves if we succeed in destroying superstition. 
However (and I desire especially in this regard my 
thought be well comprehended), in destroying super- 
stition I am far from wishing to disturb religion. 
Wisdom enjoins us to maintain the institutions and the 
ceremonies of our ancestors, touching the cult of the 
gods. Moreover, the beauty of the universe and the 
order of celestial things force us to recognize some 
superior nature which ought to be remarked and 
admired by the human race. But as far as it is proper 
to propagate religion, which is joined to the knowledge 
of nature, so far it is necessary to work toward the 
extirpation of superstition, for it torments one, impor- 
tunes one, and pursues one continually and in all places. 
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If one consult a diviner or a soothsayer, if one immo- 
lates a victim, if one regards the flight of a bird, if one 
encounters a Chaldean or an aruspex, if it lightens, if 
it thunders, if the thunderbolt strikes, finally, if there 
is born or is manifested a kind of prodigy, things one 
of which ought often to happen, then superstition 
dominates and leaves no repose. Sleep itself, this 
refuge of mortals in their troubles and their labors, 
becomes by it a new source of inquietude and fear. ' ' 

All these prejudices and the terrors which they 
inspire are connected with physiological causes which 
continue sometimes to operate strongly after reason 
has disabused us of them. But the repetition of acts 
contrary to these prejudices can always destroy them. 

ToC176 CHAPTER XVII. 
CONCERNING THE VARIOUS MEANS OF APPROACHING CERTAINTY. 

INDUCTION, analogy, hypotheses founded upon facts 
and rectified continually by new observations, a happy 
tact given by nature and strengthened by numerous 
comparisons of its indications with experience, such 
are the principal means for arriving at truth. 

If one considers a series of objects of the same 
nature one perceives among them and in their changes 
ratios which manifest themselves more and more in 
proportion as the series is prolonged, and which, 
extending and generalizing continually, lead finally to 
the principle from which they were derived. But these 
ratios are enveloped by so many strange circumstances 
that it requires great sagacity to disentangle them and 
to recur to this principle: it is in this that the true 
genius of sciences consists. Analysis and natural 
philosophy owe their most important discoveries to this 
fruitful means, which is called inditction. Newton was 
indebted to it for his theorem of the binomial and the 
principle of universal gravity. It is difficult to appre- 
ciate the probability of the results of induction, which is  
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based upon this that the simplest ratios are the most 
common ; this is verified in the formulae of analysis and 
is found again in natural phenomena, in crystallization, 
and in chemical combinations. This simplicity of 
ratios will not appear astonishing if we consider that 
all the effects of nature are only mathematical results 
of a small number of immutable laws. 

Yet induction, in leading to the discovery of the 
general principles of the sciences, does not suffice to 
establish them absolutely. It is always necessary to 
confirm them by demonstrations or by decisive experi- 
ences; for the history of the sciences shows us that 
induction has sometimes led to inexact results. I shall 
cite, for example, a theorem of Fermat in regard to 
prime numbers. This great geometrician, who had 
meditated, profoundly upon this theorem, sought a 
formula which, containing only prime numbers, gave 
directly a prime number greater than any other 
number assignable. Induction led him to think that 
two, raised to a power which was itself a power of two, 
formed with unity a prime number. Thus, two 
raised to the square plus one, forms the prime num- 
ber five; two raised to the second power of two, or 
sixteen, forms with one the prime number seventeen. 
He found that this was still true for the eighth and the 
sixteenth power of two augmented by unity; and this 
induction, based upon several arithmetical considera- 
tions, caused him to regard this result as general. 
However, he avowed that he had not demonstrated it. 
Indeed, Euler recognized that this does not hold for 
the thirty-second power of two, which, augmented by 
unity, gives 4,294,967.297, a number divisible by 641. 
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We judge by induction that if various events, move- 
ments, for example, appear constantly and have been 
long connected by a simple ratio, they will continue 
to be subjected to it; and we conclude from this, by 
the theory of probabilities, that this ratio is due, not to 
hazard, but to a regular cause. Thus the equality of 
the movements of the rotation and the revolution of 
the moon ; that of the movements of the nodes of the 
orbit and of the lunar equator, and the coincidence of 
these nodes ; the singular ratio of the movements of 
the first three satellites of Jupiter, according to which 
the mean longitude of the first satellite, less three times 
that of the second, plus two times that of the third, is 
equal to two right angles ; the equality of the interval 
of the tides to that of the passage of the moon to the 
meridian ; the return of the greatest tides . with the 
syzygies, and of the smallest with the quadratures ; all 
these things, which have been maintained since they 
were first observed, indicate with an extreme prob- 
ability, the existence of constant causes which geome- 
tricians have happily succeeded in attaching to the law 
of universal gravity, and the knowledge of which 
renders certain the perpetuity of these ratios. 

The chancellor Bacon, the eloquent promoter of the 
true philosophical method, has made a very strange 
misuse of induction in order to prove the immobility of 
the earth. He reasons thus in the Novum Organum, 
his finest work : ' ' The movement of the stars from 
the orient to the Occident increases in swiftness, in 
proportion to their distance from the earth. This 
movement is swiftest with the stars ; it slackens a little 
with Saturn, a little more with Jupiter, and so on to 
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the moon and the highest comets. It is still percepti- 
ble in the atmosphere, especially between the tropics, 
on account of the great circles which the molecules of 
the air describe there ; finally, it is almost inappreciable 
with the ocean; it is then nil for the earth." But this 
induction proves only that Saturn, and the stars which 
are inferior to it, have their own movements, contrary 
to the real or apparent movement which sweeps the 
whole celestial sphere from the orient to the Occident, 
and that these movements appear slower with the more 
remote stars, which is conformable to the laws of 
optics. Bacon ought to have been struck by the 
inconceivable swiftness which the stars require in order 
to accomplish their diurnal revolution, if the earth is 
immovable, and by the extreme simplicity with which 
its rotation explains how bodies so distant, the ones 
from the others, as the stars, the sun, the planets, and 
the moon, all seem subjected to this revolution. As 
to the ocean and to the atmosphere, he ought not to 
compare their movement with that of the stars which 
are detached from the earth ; but since the air and the 
sea make part of the terrestrial globe, they ought to 
participate in its movement or in its repose. It is 
singular that Bacon, carried to great prospects by his 
genius, was not won over by the majestic idea which 
the Copernican system of the universe offers. He was 
able, however, to find in favor of that system, strong 
analogies in the discoveries of Galileo, which were 
continued by him. He has given for the search after 
truth the precept, but not the example. But by 
insisting, with all the force of reason and of eloquence, 
upon the necessity of abandoning the insignificant 
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subtilities of the school, in order to apply oneself to 
observations and to experiences, and by indicating the 
true method of ascending to the general causes of 
phenomena, this great philosopher contributed to the 
immense strides which the human mind made in the 
grand century in which he terminated his career. 

Analogy is based upon the probability, that similar 
things have causes of the same kind and produce the 
same effects. This probability increase as the simili- 
tude becomes more perfect. Thus we judge without 
doubt that beings provided with the same organs, 
doing the same things, experience the same sensations, 
and are moved by the same desires. The probability 
that the animals which resemble us have sensations 
analogous to ours, although a little inferior to that 
which is relative to individuals of our species, is still 
exceedingly great; and it has required all the influence 
of religious prejudices to make us think with some 
philosophers that animals are mere automatons. The 
probability of the existence of feeling decreases in the 
same proportion as the similitude of the organs with 
ours diminishes, but it is always very great, even with 
insects. In seeing those of the same species execute 
very complicated things exactly in the same manner 
from generation to generation, and without having 
learned them, one is led to believe that they act by a 
kind of affinity analogous to that which brings together 
the molecules of crystals, but which, together with the 
sensation attached to all animal organization, produces, 
with the regularity of chemical combinations, combina- 
tions that are much more singular; one might, perhaps, 
name this mingling of elective affinities and sensations 
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animal affinity. Although there exists a great analogy 
between the organization of plants and that of animals, 
it does not seem to me sufficient to extend to vegetables 
the sense of feeling ; but nothing authorizes us in deny- 
ing it to them. 

Since the sun brings forth, bythe beneficent action 
of its light and of its heat, the animals and plants 
Avhich cover the earth, we judge by analogy that it 
produces similar effects upon the other planets ; for it 
is not natural to think that the cause whose activity we 
see developed in so many ways should be sterile upon 
so great a planet as Jupiter, which, like the terrestrial 
globe, has its days, its nights, and its years, and upon 
which observations indicate changes which suppose 
very active forces. Yet this would be giving too great 
an extension to analogy to conclude from it the simili- 
tude of the inhabitants of the planets and of the earth. 
Man, made for the temperature which he enjoys, and 
for the element which he breathes, would not be able, 
according to all appearance, to live upon the other 
planets. But ought there not to be an infinity of 
organization relative to the various constitutions of the 
globes of this universe ? If the single difference of the 
elements and of the climates make so much variety in 
terrestrial productions, how much greater the difference 
ought to be among those of the various planets and of 
their satellites ! The most active imagination can form 
no idea of it ; but their existence is very probable. 

We are led by a strong analogy to regard the stars 
as so many suns endowed, like ours, with an attractive 
power proportional to the mass and reciprocal to the 
square of the distances ; for this power being demon- 
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strated for all the bodies of the solar system, and for 
their smallest molecules, it appears to appertain to all 
matter. Already the movements of the small stars, 
which have been called double, on account of their 
being binary, appear to indicate it; a century at most of 
precise observations, by verifying their movements of 
revolution, the ones about the others, will place beyond 
doubt their reciprocal attractions. 

The analogy which leads us to make each star the 
centre of a planetary system is far less strong than 
the preceding one ; but it acquires probability by the 
hypothesis which has been proposed in regard to 
the formation of the stars and of the sun; for in this 
hypothesis each star, having been like the sun, primi- 
tively environed by a vast atmosphere, it is natural to 
attribute to this atmosphere the same effects as to the 
solar atmosphere, and to suppose that it has produced, 
in condensing, planets and satellites. 

A great number of discoveries in the sciences is due 
to analogy. I shall cite as one of the most remarkable, 
the discovery of atmospheric electricity, to which one 
has been led by the analogy of electric phenomena 
with the effects of thunder. 

The surest method which can guide us in the search 
for truth, consists in rising by induction from phenomena 
to laws and from laws to forces. Laws are the ratios 
which connect particular phenomena together: when 
they have shown the general principle of the forces 
from which they are derived, one verifies it either by 
direct experiences, when this is possible, or by exami- 
nation if it agrees with known phenomena; and if by 
a rigorous analysis we see them proceed from this 
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principle, even in their small details, and if, moreover, 
they are quite varied and very numerous, then science 
acquires the highest degree of certainty and of perfec- 
tion that it is able to attain. Such, astronomy has 
become by the discovery of universal gravity. The 
history of the sciences shows that the slow and laborious 
path of induction has not always been that of inventors. 
The imagination, impatient to arrive at the causes, 
takes pleasure in creating hypotheses, and often it 
changes the facts in order to adapt them to its work ; 
then the hypotheses are dangerous. But when one 
regards them only as the means of connecting the 
phenomena in order to discover the laws; when, by 
refusing to attribute them to a reality, one rectifies 
them continually by new observations, they are able 
to lead to the veritable causes, or at least put us in a 
position to conclude from the phenomena observed 
those which given circumstances ought to produce. 

If we should try all the hypotheses which can be 
formed in regard to the cause of phenomena we should 
arrive, by a process of exclusion, at the true one. 
This means has been employed with success ; some- 
times we have arrived at several hypotheses which 
explain equally well all the facts known, and among 
which scholars are divided, until decisive observations 
have made known the true one. Then it is interesting, 
for the history of the human mind, to return to these 
hypotheses, to see how they succeed in explaining a 
great number of facts, and to investigate the changes 
which they ought to undergo in order to agree with the 
history of nature. It is thus that the system 01 
Ptolemy, which is only the realization of celestial 
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appearances, is transformed into the hypothesis of the 
movement of the planets about the sun, by rendering 
equal and parallel to the solar orbit the circles and the 
epicycles which he causes to be described annually, 
and the magnitude of which he leaves undetermined. 
It suffices, then, in order to change this hypothesis into 
the true system of the world, to transport the apparent 
movement of the sun in a sense contrary to the earth. 

It is almost always impossible to submit to calculus 
the probability of the results obtained by these various 
means ; this is true likewise for historical facts. But 
the totality of the phenomena explained, or of the 
testimonies, is sometimes such that without being able 
to appreciate the probability we cannot reasonably 
permit ourselves any doubt in regard to them. In the 
other cases it is prudent to admit them only with great 
reserve. 

ToC185  CHAPTER XVIII. 
HISTORICAL NOTICE CONCERNING THE CALCULUS OF PROBABILITIES. 

LONG ago were determined, in the simplest games, 
the ratios of the chances which are favorable or 
unfavorable to the players; the stakes and the bets 
were regulated according to these ratios. But no one 
before Pascal and Fermat had given the principles and 
the methods for submitting this subject to calculus, and 
no one had solved the rather complicated questions of 
this kind. It is, then, to these two great geometricians 
that we must refer the first elements of the science of 
probabilities, the discovery of which can be ranked 
among the remarkable things which have rendered 
illustrious the seventeenth century the century which 
has done the greatest honor to the human mind. The 
principal problem which they solved by different 
methods, consists, as we have seen, in distributing 
equitably the stake among the players, who are sup- 
posed to be equally skilful and who agree to stop the 
game before it is finished, the condition of play being 
that, in order to win the game, one must gain a given 
number of points different for each of the players. It
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is clear that the distribution should be made propor- 
tionally to the respective probabilities of the players of 
winning this game, the probabilities depending upon 
the numbers of points which are still lacking. The 
method of Pascal is very ingenious, and is at bottom 
only the equation of partial differences of this problem 
applied in determining the successive probabilities of 
the players, by going from the smallest numbers to the 
following ones. This method is limited to the case of 
two players; that of Fermat, based upon combinations, 
applies to any number of players. Pascal believed at 
first that it was, like his own, restricted to two players; 
this brought about between them a discussion, at the 
conclusion of which Pascal recognized the generality 
of the method of Fermat. 

Huygens united the divers problems which had 
already been solved and added new ones in a little 
treatise, the first that has appeared on this subject 
and which has the title De Ratiociniis in ludo alece. 
Several geometricians have occupied themselves with 
the subject since: Hudde, the great pensionary, Witt 
in Holland, and Halley in England, applied calculus 
to the probabilities of human life, and Halley published 
in this field the first table of mortality. About the 
same time Jacques Bernoulli proposed to geometricians 
various problems of probability, of which he afterwards 
gave solutions. Finally he composed his beautiful 
work entitled Ars conjcctandi, which appeared seven 
years after his death, which occurred in 1706. The 
science of probabilities is more profoundly investigated 
in this work than in that of Huygens. The author 
gives a general theory of combinations and series, and 
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applies it to several difficult questions concerning 
hazards. This work is still remarkable on account of 
the justice and the cleverness of view, the employment 
of the formula of the binomial in this kind of questions, 
and by the demonstration of this theorem, namely, 
that in multiplying indefinitely the observations and 
the experiences, the ratio of the events of different 
natures approaches that of their respective probabilities 
in the limits whose interval becomes more and more 
narrow in proportion as they are multiplied, and 
become less than any assignable quantity. This 
theorem is very useful for obtaining by observations 
the laws and the causes of phenomena. Bernoulli 
attaches, with reason, a great importance to his demon- 
stration, upon which he has said to have meditated for 
twenty years. 

In the interval, from the death of Jacques Bernoulli 
to the publication of his work, Montmort and Moivre 
produced two treatises upon the calculus of probabili- 
ties. That of Montmort has the title Ess at sur les 
Jeux de hasard; it contains numerous applications of 
this calculus to various games. The author has added 
in the second edition some letters in which Nicolas 
Bernoulli gives the ingenious solutions of several diffi- 
cult problems. The treatise of Moivre, later than that 
of Montmort, appeared at first in the Transactions 
pliilosopliiqucs of the year 1711. Then the author 
published it separately, and he has improved it succes- 
sively in three editions. This work is principally based 
upon the formula of the binomial and the problems 
which it contains have, like their solutions, a grand 
generality. But its distinguishing feature is the theory 
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of recurrent series and their use in this subject. This 
theory is the integration of linear equations of finite 
differences with constant coefficients, which Moivre 
made in a very happy manner. 

In his work, Moivre has taken up again the theory 
of Jacques Bernoulli in regard to the probability of 
results determined by a great number of observations. 
He does not content himself with showing, as Bernoulli 
does, that the ratio of the events which ought to occur 
approaches without ceasing that of their respective 
probabilities; but he gives besides an elegant and 
simple expression of the probability that the difference 
of these two ratios is contained within the given limits. 
For this purpose he determines the ratio of the greatest 
term of the development of a very high power of the 
binomial to the sum of all its terms, and the hyperbolic 
logarithm of the excess of this term above the terms 
adjacent to it. 

The greatest term being then the product of a con- 
siderable number of factors, his numerical calculus 
becomes impracticable. In order to obtain it by a 
convergent approximation, Moivre makes use of a 
theorem of Stirling in regard to the mean term of the 
binomial raised to a high power, a remarkable 
theorem, especially in this, that it introduces the square 
root of the ratio of the circumference to the radius in 
an expression which seemingly ought to be irrelevant 
to this transcendent. Moreover, Moivre was greatly 
struck by this result, which Stirling had deduced from 
the expression of the circumference in infinite products ; 
Wallis had arrived at this expression by a singlar 



THE CALCULUS OF PROBABILITIES. 189 

analysis which contains the germ of the very curious 
and useful theory of definite intergrals. 

Many scholars, among whom one ought to name 
Deparcieux, Kersseboom, Wargentin, Dupre de Saint- 
Maure, Simpson, Sussmilch, Messene, Moheau, Price, 
Bailey, and Duvillard, have collected a great amount 
of precise data in regard to population, births, mar- 
riages, and mortality. They have given formulae and 
tables relative to life annuities, tontines, assurances, 
etc. But in this short notice I can only indicate these 
useful works in order to adhere to original ideas. Of 
this number special mention is due to the mathematical 
and moral hopes and to the ingenious principle which 
Daniel Bernoulli has given for submitting the latter to 
analysis. Such is again the happy application which 
he has made of the calculus of probabilities to inocula- 
tion. One ought especially to include, in the number 
of these original ideas, direct consideration of the 
possibility of events drawn from events observed. 
Jacques Bernoulli and Moivre supposed these possibili- 
ties known, and they sought the probability that the 
result of future experiences will more and more nearly 
represent them. Bayes, in the Transactions pliiloso- 
phiqncs of the year 1763, sought directly the probability 
that the possibilities indicated by past experiences are 
comprised within given limits; and he has arrived at 
this in a refined and very ingenious manner, although 
a little perplexing. This subject is connected with the 
theory of the probability of causes and future events, 
concluded from events observed. Some years later I 
expounded the principles of this theory with a remark 
as to the influence of the inequalities which may exist 
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among the chances which are supposed to be equal. 
Although it is not known which of the simple events 
these inequalities favor, nevertheless this ignorance 
itself often increases the probability of compound 
events. 

In generalizing analysis and the problems concern- 
ing probabilities, I was led to the calculus of partial 
finite differences, which Lagrange has since treated by 
a very simple method, elegant applications of which 
he has used in this kind of problems. The theory of 
generative functions which I published about the same 
time includes these subjects among those it embraces, 
and is adapted of itself and with the greatest generality 
to the most difficult questions of probability. It deter- 
mines again, by very convergent approximations, the 
values of the functions composed of a great number of 
terms and factors ; and in showing that the square root 
of the ratio of the circumference to the radius enters 
most frequently into these values, it shows that an 
infinity of other transcendents may be introduced. 

Testimonies, votes, and the decisions of electoral 
and deliberative assemblies, and the judgments of 
tribunals, have been submitted likewise to the calculus 
of probabilities. So many passions, divers interests, 
and circumstances complicate the questions relative to 
the subjects, that they are almost always insoluble. 
But the solution of very simple problems which have a 
great analogy with them, may often shed upon difficult 
and important questions great light, which the surety 
of calculus renders always preferable to the most 
specious reasonings. 

One of the most interesting applications of the cal- 
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culus of probabilities concerns the mean values which 
must be chosen among the results of observations. 
Many geometricians have studied the subject, and 
Lagrange has published in the Memoircs de Turin a 
beautiful method for determining these mean values 
when the law of the errors of the observations is 
known. I have given for the same purpose a method 
based upon a singular contrivance which may be 
employed with advantage in other questions of analysis; 
and this, by permitting indefinite extension in the 
whole course of a long calculation of the functions 
which ought to be limited by the nature of the 
problem, indicates the modifications which each term 
of the final result ought to receive by virtue of these 
limitations. It has already been seen that each 
observation furnishes an equation of condition of the 
first degree, which may always be disposed of in such 
a manner that all its terms be in the first member, the 
second being zero. The use of these equations is one 
of the principal causes of the great precision of our 
astronomical tables, because an immense number of 
excellent observations has thus been made to concur 
in determining their elements. When there is only 
one element to be determined Cotes prescribed that 
the equations of condition should be prepared in such 
a manner that the coefficient of the unknown element 
be positive in each of them ; and that all these equa- 
tions should be added in order to form a final equation, 
whence is derived the value of this element. The rule 
of Cotes was followed by all calculators, but since he 
failed to determine several elements, there \vas no fixed 
rule for combining the equations of condition in such a 
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manner as to obtain the necessary final equations; but 
one chose for each element the observations most suit- 
able to determine it. It was in order to obviate these 
gropings that Legendre and Gauss concluded to add 
the squares of the first members of the equations of 
condition, and to render the sum a minimum, by vary- 
ing each unknown element; by this means is obtained 
directly as many final equations as there are elements. 
But do the values determined by these equations merit 
the preference over all those which may be obtained 
by other means ? This question, the calculus of prob- 
abilities alone was able to answer. I applied it, then, 
to this subject, and obtained by a delicate analysis a 
rule which includes the preceding method, and which 
adds to the advantage of giving, by a regular process, 
the desired elements that of obtaining them with the 
greatest show of evidence from the totality of observa- 
tions, and of determining the values which leave only 
the smallest possible errors to be feared. 

However, we have only an imperfect knowledge of 
the results obtained, as long as the law of the errors 
of which they are susceptible is unknown; we must be 
able to assign the probability that these errors are 
contained within given limits, which amounts to deter- 
mining that which I have called the weight of a result. 
Analysis leads to general and simple formulae for this 
purpose. I have applied this analysis to the results of 
geodetic observations. The general problem consists 
in determining the probabilities that the values of one 
or of several linear functions, of the errors of a very 
great number of observations are contained within any 
limits, 
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The law of the possibility of the errors of observa- 
tions introduces into the expressions of these prob- 
abilities a constant, whose value seems to require the 
knowledge of this law, which is almost always 
unknown. Happily this constant can be determined 
from the observations. 

In the investigation of astronomical elements it is 
given by the sum of the squares of the differences 
between each observation and the calculated one. 
The errors equally probable being proportional to the 
square root of this sum, one can, by the comparison of 
these squares, appreciate the relative exactitude of the 
different tables of the same star. In geodetic opera- 
tions these squares are replaced by the squares of the 
errors of the sums observed of the three angles of each 
triangle. The comparison of the squares of these 
errors will enable us to judge of the relative precision 
of the instruments with which the angles have been 
measured. By this comparison is seen the advantage 
of the repeating circle over the instruments which it 
has replaced in geodesy. 

There often exists in the observations many sources 
of errors : thus the positions of the stars being deter- 
mined by means of the meridian telescope and of the 
circle, both susceptible of errors whose law of prob- 
ability ought not to be supposed the same, the elements 
that are deduced from these positions are affected by 
these errors. The equations of condition, which are 
made to obtain these elements, contain the errors of 
each instrument and they have various coefficients. 
The most advantageous system of factors by which 
these equations ought to be multiplied respectively, in 
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order to obtain, by the union of the products, as many 
final equations as there are elements to be determined, 
is no longer that of the coefficients of the elements in 
each equation of condition. The analysis which I have 
used leads easily, whatever the number of the sources 
of error may be, to the system of factors which gives 
the most advantageous results, or those in which the 
same error is less probable than in any other system. 
The same analysis determines the laws of probability 
of the errors of these results. These formulae contain 
as many unknown constants as there are sources of 
error, and they depend upon the laws of probability of 
these errors. It has been seen that, in the case of a 
single source, this constant can be determined by 
forming the sum of the squares of the residuals of each 
equation of condition, when the values found for these 
elements have been substituted. A similar process 
generally gives values of these constants, whatever 
their number may be, which completes the application 
of the calculus of probabilities to the results of observa- 
tions. 

I ought to make here an important remark. The 
small uncertainty that the observations, when they are 
not numerous, leave in regard to the values of the 
constants of which I have just spoken, renders a little 
uncertain the probabilities determined by analysis. 
But it almost always suffices to know if the probability, 
that the errors of the results obtained are comprised 
within narrow limits, approaches closely to unity; and 
when it is not, it suffices to know up to what point the 
observations should be multiplied, in order to obtain a 
probability such that no reasonable doubt remains in 
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regard to the correctness of the results. The analytic 
formulae of probabilities satisfy perfectly this require- 
ment; and in this connection they may be viewed as 
the necessary complement of the sciences, based upon 
a totality of observations susceptible of error. They 
are likewise indispensable in solving a great number of 
problems in the natural and moral sciences. The 
regular causes of phenomena are most frequently either 
unknown, or too complicated to be submitted to cal- 
culus; again, their action is often disturbed by accidental 
and irregular causes; but its impression always remains 
in the events produced by all these causes, and it leads 
to modifications which only a long series of observa- 
tions can determine. The analysis of probabilities 
develops these modifications ; it assigns the probability 
of their causes and it indicates the means of continually 
increasing this probability. Thus in the midst of the 
irregular causes which disturb the atmosphere, the 
periodic changes of solar heat, from day to night, and 
from winter to summer, produce in the pressure of this 
great fluid mass and in the corresponding height of the 
barometer, the diurnal and annual oscillations; and 
numerous barometric observations have revealed the 
former with a probability at least equal to that of the 
facts which we regard as certain. Thus it is again 
that the series of historical events shows us the con- 
stant action of the great principles of ethics in the 
midst of the passions and the various interests which 
disturb societies in every way. It is remarkable that 
a science, which commenced with the consideration of 
games of chance, should be elevated to the rank of the 
most important subjects of human knowlegdge. 
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I have collected all these methods in my TJieorie 
analytique des Probabilite's, in which I have proposed 
to expound in the most general manner the principles 
and the analysis of the calculus of probabilities, like- 
wise the solutions of the most interesting and most 
difficult problems which calculus presents. 

It is seen in this essay that the theory of probabilities 
is at bottom only common sense reduced to calculus; 
it makes us appreciate with exactitude that which exact 
minds feel by a sort of instinct without being able 
ofttimes to give a reason for it. It leaves no arbitrari- 
ness in the choice of opinions and sides to be taken ; 
and by its use can always be determined the most 
advantageous choice. Thereby it supplements most 
happily the ignorance and the weakness of the human 
mind. If we consider the analytical methods to which 
this theory has given birth ; the truth of the principles 
which serve as a basis ; the fine and delicate logic 
which their employment in the solution of problems 
requires ; the establishments of public utility which rest 
upon it ; the extension which it has received and which 
it can still receive by its application to the most impor- 
tant questions of natural philosophy and the moral 
science ; if we consider again that, even in the things 
which cannot be submitted to calculus, it gives the 
surest hints which can guide us in our judgments, and 
that it teaches us to avoid the illusions which ofttimes 
confuse us, then we shall see that there is no science 
more worthy of our meditations, and that no more 
useful one could be incorporated in the system of public 
instruction. 
ToC
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It is characteristic of the naïve and sanguine beginnings of thought
in youthful men and nations, that all problems are held to be
soluble and fundamentally intelligible on the first appearance of success.
The sage of Miletus, on seeing the plant take its rise from
moisture, believed he had comprehended the whole of nature, and
he of Samos, on discovering that definite numbers corresponded to
the lengths of harmonical strings, imagined he could exhaust the
nature of the world by means of numbers. Philosophy and science
in such periods are blended. Wider experience, however, speedily
discloses the error of this course, gives rise to criticism, and leads
to the division and ramification of the sciences.

At the same time, the necessity of a broad and general view of
the world remains; and to meet this need philosophy parts company
with special inquiry. It is true, the two are often found united
in gigantic personalities. But as a rule their ways diverge more
and more widely from each other. And if the estrangement of philosophy
from science can reach a point where data unworthy of the
nursery are deemed none too scanty as foundations of the world, on
the other hand the thorough-paced specialist may go to the extreme


[p.162] of rejecting point-blank the possibility of a broader view, or at least
of deeming it superfluous, forgetful of Voltaire's apophthegm, nowhere
more applicable than here, Le superflu - chose très nécessaire.
It is true, the history of philosophy, owing to the insufficiency
of its constructive data, is and must be largely a history of error.
But it would be the height of ingratitude on our part to forget that
the seeds of thoughts which still fructify the soil of special research,
such as the theory of irrationals, the conceptions of conservation, the
doctrine of evolution, the idea of the specific energies, and so forth,
may be traced back in distant ages to philosophical sources. Furthermore,
to have deferred or abandoned the attempt at a broad
philosophical view of the world from a full knowledge of the insufficiency
of our materials, is quite a different thing from never having
undertaken it at all. The revenge of its neglect, moreover, is constantly
visited upon the specialist by his committal of the very errors
which philosophy long ago disclosed. As a fact, in physics and
physiology, particularly during the first half of this century, are to
be met intellectual productions which for naïve simplicity yield not
an iota to those of the Ionian school, or to the Platonic ideas, or to
that much reviled ontological proof.


Latterly, there has been evidence of a gradual change in this
state of affairs. Recent philosophy has set itself more modest and
more attainable ends; she is no longer inimical to special inquiry;
in fact, she is zealously taking a part in that inquiry. On the other
hand, the special sciences, mathematics and physics, no less than
philology, have become eminently philosophical. The material presented
is no longer accepted uncritically. The glance of the inquirer
is bent to the neighboring fields, whence that material has
been derived. The different special departments are striving for
closer union, and gradually the conviction is gaining ground that
philosophy can consist only of mutual, complemental criticism, interpenetration,
and union of the special sciences into a consolidated
whole. As the blood in nourishing the body separates into countless
capillaries, only to be collected again and to meet in the heart,
so in the science of the future all the rills of knowledge will be gathered
more and more into a common and undivided stream.


[p.163] It is this view -  not an unfamiliar one to the present generation - 
that I purpose to advocate. Cherish no hope, or rather
have no fear, that I shall erect systems for you. I shall remain a
natural inquirer. Nor expect that it is my intention to skirt all the
fields of natural inquiry. I can attempt to be your guide only in
that branch which is familiar to me, and even there I can assist in
the furtherment of only a small portion of the allotted task. If I
shall succeed in rendering plain to you the relations of physics, psychology,
and the theory of knowledge, so that you may draw from
each of them profit and light, redounding to each, I shall regard
my work as not having been in vain. Therefore, to illustrate by
an example how, consonantly with my powers and views, I conceive
such inquiries should be conducted, I shall treat to-day, in the form
of a brief sketch, of the following special and limited subject of
the part which accidental circumstances play in the development of inventions
and discoveries.

*       *       *



When we Germans say of a man that he was not the inventor
of gunpowder,1 we impliedly cast a grave suspicion on his abilities.
But the expression is not a felicitous one, as there is probably no invention
in which deliberate thought had a smaller, and pure luck a
larger, share than in this. It is well to ask, Are we justified in placing
a low estimate on the achievement of an inventor because accident
has assisted him in his work ? Huygens, whose discoveries
and inventions are justly sufficient to entitle him to an opinion in
such matters, lays great emphasis on this factor. He asserts that
a man capable of inventing the telescope without the concurrence
of accident must have been gifted with superhuman genius.2

A man living in the midst of civilisation finds himself surrounded
by a host of marvellous inventions, considering none other
than the means of satisfying the needs of every-day life. Picture such


[p.164] a man transported to the epoch preceding the invention of these
ingenious appliances, and imagine him undertaking in a serious
manner to comprehend their origin. At first the intellectual power
of the men capable of producing such marvels will strike him as
incredible, or, if we adopt the ancient view, as divine. But his astonishment
is considerably allayed by the disenchanting yet elucidative
revelations of the history of primitive culture, which to a large
extent prove that these inventions took their rise very slowly and
by imperceptible degrees.

A small hole in the ground with fire kindled in it constituted
the primitive stove. The flesh of the quarry, wrapped with water
in its skin, was boiled by contact with heated stones. Cooking by
stones was also performed in wooden vessels. Hollow gourds were
protected from the fire by coats of clay. Thus, from the burned
clay accidentally originated the enveloping pot, which rendered the
gourd superfluous, although for a long time thereafter the clay was
still spread over the gourd, or pressed into woven wicker-work,
before the potter's art assumed its final independence. Even then
the wicker-work ornament was retained, as a sort of attest of its
origin.


We see, thus, it is by accidental circumstances, that is, by such
as lie without his purpose, foresight, and power, that man is gradually
led to the acquaintance of improved means of satisfying his
wants. Let the reader picture to himself the genius of a man who
could have foreseen without the help of accident that clay handled
in the ordinary manner would produce a useful cooking utensil !
The majority of the inventions made in the early stages of civilisation,
including language, writing, money, and the rest, could not
have been the product of deliberate methodical reflexion for the
simple reason that no idea of their value and significance could
have been had except from their practical use. The invention of
the bridge may have been suggested by the trunk of a tree which
had fallen athwart a mountain-torrent; that of the tool by the use
of a stone accidentally taken into the hand to crack nuts. The use
of fire probably started in and was disseminated from regions where
volcanic eruptions, hot springs, and burning jets of natural gas


[p.165] afforded opportunity for quietly observing and turning to practical
account the properties of fire. Only after that had been done could
the significance of the fire-drill be appreciated, an instrument which
was probably discovered by boring a hole through a piece of wood.
The suggestion of a distinguished inquirer that the invention of the
fire-drill originated on the occasion of a religious ceremony is both
fantastic and incredible. And as to the use of fire, we should no
more attempt to derive that from the invention of the fire-drill than
we should from the invention of sulphur matches. Unquestionably
the opposite course was the real one. 1


Similar phenomena, though still largely veiled in obscurity,
mark the initial transition of nations from a hunting to a nomadic
life and to agriculture.1  We shall not multiply examples, but content
ourselves with the remark that the same phenomena recur in
historical times, in the ages of great technical inventions, and, further,
that regarding them the most whimsical notions have been
circulated notions which ascribe to accident an unduly exaggerated
part, and one which in a psychological respect is absolutely
impossible. The observation of steam escaping from a tea-kettle
and of the clattering of the lid is supposed to have led to the invention
of the steam-engine. Just think of the gap between this spectacle
and the conception of the performance of a large amount of
work by steam, for a man totally ignorant of the steam-engine ! Let
us suppose, however, that an engineer, versed in the practical construction
of pumps, should accidentally dip into water an inverted
bottle that had been filled with steam for drying and still retained
its steam. He would see the water rush violently into the bottle,
and the idea would very naturally suggest itself of founding on this
experience a convenient and useful atmospheric steam-pump, which
by imperceptible degrees, both psychologically possible and immediate,
would then undergo a natural and gradual transformation
into Watt's steam-engine.


[p.166] But granting that the most important inventions are brought to
man's notice accidentally and in ways that are beyond his foresight,
yet it does not follow that accident alone is sufficient to produce an
invention. The part which man plays is by no means a passive one.
Even the first potter in the primeval forest must have felt some
stirrings of a genius within him. 

In all such cases, the inventor is
obliged to take note of the new fact, he must discover and grasp its
advantageous feature, and must have the power to turn that feature
to account in the realisation of his purpose. He must distinguish
the new feature, impress it upon his memory, unite and interweave
it with the rest of his thought; in short, he must possess the capacity
to profit by experience.

The capacity to profit by experience might well be set up as
a test of intelligence. That power varies considerably in men
of the same race, and increases enormously as we advance from the
lower animals to man. The former are limited almost entirely to
the reflex actions which they have inherited with their organism,
they are almost totally incapable of individual experience, and considering
their simple wants are scarcely in need of it. The ivory-snail
(Eburna spiratd) never learns to avoid the carnivorous Actinia,
no matter how often it may wince under the latter's shower of
needles, having apparently no memory whatever for pain.1
 A spider
can be lured forth repeatedly from its hole by touching its web with
a tuning-fork. The moth plunges again and again into the flame
which has burnt it. The humming-bird hawk-moth 2 dashes repeatedly
against the painted roses of the wall-paper, like the unhappy
and desperate thinker who never wearies of attacking in the
same way the same insoluble chimerical problem. As aimlessly
almost as Maxwell's gaseous molecules and in the same unreasoning
manner common flies in their search for light and air stream
against the glass pane of a half-opened window and remain there
from sheer inability to find their way around the narrow frame. But


[p.167] a pike separated from the minnows of his aquarium by a glass partition,
learns after the lapse of a few months, though only after
having butted himself half to death, that he cannot attack these
fishes with impunity. What is more, he leaves them in peace even
after the removal of the partition, though he will bolt at once a
strange fish. Considerable memory must be attributed to birds of
passage, a memory which, probably owing to the absence of disturbing
thoughts, acts with the precision of that of some idiots.
Finally, the susceptibility to training evinced by the higher vertebrates
is indisputable proof of the ability of these animals to profit
by experience.







So invention is a two-stage process, first a random idea, then a purposeful storage of the idea in memory


A powerfully developed mechanical memory, which recalls vividly
and faithfully old situations, is sufficient for avoiding definite particular
dangers, or for taking advantage of definite particular opportunities.
But more is required for the development of inventions.
More extensive chains of images are necessary here, the excitation
by mutual contact of widely different trains of ideas, a more powerful,
more manifold, and richer connexion of the contents of memory,
a more powerful and impressionable psychical life, heightened by
use. A man stands on the bank of a mountain-torrent, which is a
serious obstacle to him. He remembers that he has crossed just
such a torrent before on the trunk of a fallen tree. Hard by trees
are growing. He has often moved the trunks of fallen trees. He
has also felled trees before, and then moved them. To fell trees he
has used sharp stones. He goes in search of such a stone, and as
the old situations that crowd into his memory and are held there in
living reality by the definite powerful interest which he has in crossing
just this torrent, as these impressions are made to pass before
his mind in the inverse order in which they were here evoked, he invents
the bridge.

There can be no doubt but the higher vertebrates adapt their
actions in some moderate degree to circumstances. The fact that
they give no appreciable evidence of advance by the accumulation
of inventions, is satisfactorily explained by a difference of degree or
intensity of intelligence as compared with man; the assumption of
a difference of kind is not necessary. A person who saves a little


[p.168] every day, be it ever so little, has an incalculable advantage over
him who daily loses that amount, or is unable to keep what he has
accumulated. A slight quantitative difference in such things explains
enormous differences of advancement.



The rules which hold good in prehistoric times also hold good
in historical times, and the remarks made on invention may be
applied almost without modification to discovery; for the two are
distinguished solely by the use to which the new knowledge is put.
In both cases the investigator is concerned with some newly observed
relation of new or old properties, abstract or concrete. It is observed,
for example, that a substance which gives a chemical reaction
A is also the cause of a chemical reaction B. If this observation
fulfils no purpose but that of furthering the scientist's insight,
or of removing a source of intellectual discomfort, we have a discovery;
but an invention, if in using the substance giving the reaction
A to produce the desired reaction B, we have a practical end
in view, and seek to remove a cause of material discomfort. The
phrase, disclosure of the connexion of reactions, is broad enough to
cover discoveries and inventions in all departments. It embraces
the Pythagorean proposition, which is a combination of a geometrical
and an arithmetical reaction, Newton's discovery of the connexion
of Kepler's motions with the law of the inverse squares, as
perfectly as it does the detection of a small appropriate alteration in
the construction of a tool, or of an appropriate change in the methods
of work of a dyeing establishment.

The disclosure of new provinces of facts before unknown can
only be brought about by accidental circumstances, under which are
remarked facts that commonly go unnoticed. The achievement of
the discoverer here consists in his sharpened attention, which detects
the uncommon features of an occurrence and their determining conditions
from their most evanescent marks, 1 and discovers means of
submitting them to exact and full observation. Under this head
belong the first disclosures of electrical and magnetic phenomena,
Grimaldi's observation of interference, Arago's discovery of the in-


[p.169] creased check suffered by a magnetic needle vibrating in a copper
envelope as compared with that observed in a bandbox, Foucault's
observation of the stability of the plane of vibration of a rod accidentally
struck while rotating in a turning-lathe, Mayer's observation of
the increased redness of venous blood in the tropics, Kirchhoff's observation
of the augmentation of the D-line in the solar spectrum
by the interposition of a sodium lamp, Schönbein's discovery of ozone
from the phosphoric smell emitted on the disruption of air by electric
sparks, and a host of others. All these facts, of which unquestionably
many were seen numbers of times before they were noticed,
are examples of the inauguration of momentous discoveries by accidental
circumstances, and place the importance of strained attention
in a brilliant light.




But not only is a significant part played in the beginning of an
inquiry by co-operative circumstances beyond the foresight of the
investigator; their influence is also active in its prosecution. Dufay,
thus, whilst following up the behavior of one electrical state which
he had assumed, discovers the existence of two. Fresnel learns by
accident that the interference-bands received on ground glass are
seen to better advantage in the open air. The diffraction-phenomenon
of two slits proved to be considerably different from what
Fraunhofer had anticipated, and in following up this circumstance
he was led to the important discovery of grating-spectra. Faraday's
induction-phenomenon departed widely from the initial conception
which occasioned his experiments, and it is precisely this deviation
that constitutes his real discovery.


Every man has pondered on some subject. Every one of us
can multiply the examples cited, by less illustrious ones from his
own experience. I shall cite but one. On rounding a railway
curve once, I accidentally remarked a striking apparent inclination
of the houses and trees. I discovered from this that the direction
of the total physical acceleration of a mass carries with it as its
physiological reaction the perception of the vertical. Afterwards,
in attempting to inquire more carefully into this phenomenon, and
this only, in a large whirling machine, the collateral phenomena
conducted me to the sensation of the angular acceleration, vertigo,


[p.170] Flouren's experiments on the section of the circular canals, and so
on, from which gradually resulted views relating to the sensations
of direction which are also held by Breuer and Brown, which were
at first contested on all hands, but are now regarded on many sides
as correct, and which have been recently enriched by the interesting
inquiries of Breuer concerning the macula acustica, and Kreidel's
experiments with magnetically orientable crustacea. Not disregard
of accident but a direct and purposeful employment of it advances
research.


The more powerful the psychical connexion of the memory pictures
is, and it varies according to the individual and the mood,
the more apt is the same accidental observation to be productive of
results. Galileo knows that the air has weight; he also knows of
the "resistance to a vacuum," expressed both in weight and in the
height of a column of water. But the two ideas dwelt asunder in
his mind. It remained for Torricelli to vary the specific gravity of
the liquid measuring the pressure, and not till then was the air
included in the list of pressure-exerting fluids. The reversal of the
lines of the spectrum was seen repeatedly before Kirchhoff, and had
been mechanically explained. But it was left for his penetrating
vision to discern the evidence of the connexion of this phenomenon
with questions of heat, and to him alone through persistent labor
was revealed the sweeping significance of the fact for the mobile
equilibrium of heat. Supposing, then, that such a rich organic
connexion of the elements of memory exists, and is the prime distinguishing
mark of the inquirer, next in importance certainly is
that intense interest in a definite object, in a definite idea, which
fashions advantageous combinations of thought from elements before
disconnected, and obtrudes that idea into every observation
made, and into every thought formed, making it enter into relationship
with all things. Thus Bradley, deeply engrossed with the
subject of aberration, is led to its solution by an exceedingly unobtrusive
experience in crossing the Thames. It is permissible, therefore,
to ask whether accident leads the discoverer, or the discoverer
accident, to a successful outcome in scientific quests.


No man should dream of solving a great problem unless he is


[p.171] so thoroughly saturated with his subject that everything else sinks
into comparative insignificance. During a hurried meeting with
Mayer in Heidelberg once, Jolly remarked, with a rather dubious
implication, that if Mayer's theory were correct water could be
warmed by shaking. Mayer went away without a word of reply.
Several weeks later, and now unrecognised by Jolly, he rushed into
the latter's presence exclaiming: "Es ist so! Es ist so!" (It is so, it is
so!). It was only after considerable explanation that Jolly found
out what Mayer wanted to say. The incident needs no comment.1
A person deadened to sensory impressions and given up solely
to the pursuit of his thoughts, also can light on an idea that will
divert his mental activity into totally new channels. In such cases
it is a psychical accident, an intellectual experience, as distinguished
from a physical accident, to which the person owes his discovery
a discovery which is here made "deductively" by means of mental
copies of the world, instead of experimentally. Purely experimental
inquiry, moreover, does not exist, for, as Gauss says, virtually we
always experiment with our thoughts. And it is precisely that constant,
corrective interchange or intimate union of experiment and
deduction, as it was cultivated by Galileo in his Dialogues and by
Newton in his Optics, that is the foundation of the benign fruitfulness
of modern scientific inquiry as contrasted with that of antiquity,
where observation and reflexion ofttimes pursued their several
courses like two strangers.


We have to wait for the appearance of a favorable physical accident.
The movement of our thoughts obeys the law of association.
In the case of meagre experience the result of this law is
simply the mechanical reproduction of definite sensory experiences.
On the other hand, if the psychical life is subjected to the incessant
influences of a powerful and rich experience, then every representative
element in the mind is connected with so many others that
the actual and natural course of the thoughts is easily influenced
and determined by insignificant circumstances, which accidentally
are decisive. Hereupon, the process termed imagination produces


[p.172] its protean and infinitely diversified forms. Now what can we do
to guide this process, seeing that the combinatory law of the images
is without our reach? Rather let us ask, what influence can a powerful
and constantly recurring idea exert on the movement of our
thoughts? According to what has preceded, the answer is involved
in the question itself. The idea dominates the thought of the inquirer,
not the latter the former.


Let us see, now, if we can acquire a profounder insight into the
process of discovery. The condition of the discoverer is, as James
has aptly remarked, not unlike the situation of a person who is trying
to remember something that he has forgotten. Both are sensible
of a gap, and have only a remote presentiment of what is missing.
Suppose I meet in company a well-known and affable gentleman
whose name I have forgotten, and who to my horror asks
to be introduced to someone. I set to work according to Lichtenberg's
rule, and run down the alphabet in search of the initial letter
of his name. A vague sympathy holds me at the letter G. Tentatively
I add the second letter and am arrested at e, and long before
I have tried the third letter r, the name "Gerson" breaks
sonorously upon my ear, and my anguish is gone. While taking a
walk I meet a gentleman from whom I receive a communication.
On returning home, and in attending to weightier affairs, the matter
slips my mind. Moodily, but in vain, I ransack my memory. Finally
I observe that I am going over my walk in thought. On the
street corner in question the gentleman again stands before me and
repeats his communication. In this process are recalled successively
to consciousness all the percepts which were connected with
the percept that was lost, and with them, finally, that, too, is
brought to light. In the first case where the experience had already
been made and is permanently impressed on our thought a
systematic procedure is both possible and easy, for we know that a
name must be composed of a limited number of sounds. But at
the same time it should be observed that the labor involved in such
a combinatorial task would be enormous if the name were long and
the responsiveness of the mind weaker.
It is often said, and not wholly without justification, that the


[p.173] scientist has solved a riddle. Every problem in geometry may be
clothed in the garb of a riddle. Thus: "What thing is that M
which has the properties A, B, C?" "What circle is that which
touches the straight lines A, B, touching B in the point C?" The
first two conditions marshal before the imagination the group of
circles whose centres lie in the line of symmetry of A, B. The third
condition reminds us of all the circles having centres in the straight
line which stands at right angles to B in C. The common term, or
common terms, of these groups of images solve the riddle satisfy
the problem. Puzzles dealing with things or words induce similar
processes, but the memory in such cases is exerted in many directions
and more varied and less clearly ordered provinces of ideas
have to be surveyed. The difference between the situation of a
geometer who has a construction to make, and that of an engineer,
or a scientist, confronted with a problem, is simply this, that the
first moves in a field with which he is thoroughly acquainted, whereas
the two latter are obliged to familiarise themselves with this field
subsequently, and in a measure far transcending what is commonly
required. In this process the mechanical engineer has at least
always a definite goal before him and definite means to accomplish
his aim, whilst in the case of the scientist that aim is in many instances
presented only in vague and general outlines. Often the
very formulation of the riddle devolves on him. Frequently it is
not until the aim has been reached that the broader outlook requisite
for systematic procedure is obtained. By far the larger portion
of his success, therefore, is contingent on luck and instinct. It is
immaterial, so far as its character is concerned, whether the process
in question is brought rapidly to a conclusion in the brain of one
man, or whether it is spun out for centuries in the minds of a long
succession of thinkers. The same relation that a word solving a
riddle bears to that riddle is borne by the modern conception of light
to the facts discovered by Grimaldi, Romer, Huygens, Newton,
Young, Malus, and Fresnel, and only by the help of this slowly developed
conception is our mental vision enabled to embrace the
broad domain of facts in question.


A welcome complement to the discoveries which the history of


[p.174] civilisation and comparative psychology have furnished, is to be
found in the confessions of great scientists and artists. Scientists
and artists, we might say, for Liebig courageously declared there
was no essential difference between the labors of the two. Are
we to regard Leonardo da Vinci as a scientist or as an artist ? If it
is the business of the artist to build up his work from a few motives,
it is the task of the scientist to discover the motives which
permeate reality. If scientists like Lagrange or Fourier are in a
certain measure artists in the presentation of their results, on the
other hand, artists like Shakespeare or Ruysdael are scientists in
the insight which must have preceded their creations.


Newton, when questioned about his methods of work, could
give no other answer but that he was wont to ponder again and
again on a subject; and similar utterances are accredited to D'Alembert
and Helmholtz. Scientists and artists both recommend persistent
labor. 


After the repeated survey of a field has afforded
opportunity for the interposition of advantageous accidents, has
rendered all the traits that suit with the mood or the dominant
thought more vivid, and has gradually relegated to the background
all things that are inappropriate, making their future appearance
impossible; then from the teeming, swelling host of fancies which
a free and high-flown imagination calls forth, suddenly that particular
form arises to the light which harmonises perfectly with the
ruling idea, mood, or design. Then it is that that which has resulted
slowly as the result of a gradual selection, appears as if it were the
outcome of a deliberate act of creation. Thus are to be explained
the statements of Newton, Mozart, Richard Wagner, and others,
when they say that thoughts, melodies, and harmonies had poured
in upon them, and that they had simply retained the right ones.
Undoubtedly, the man of genius, too, consciously or instinctively,
pursues systematic methods, wherever it is possible; but in his
delicate presentiment he will omit many a task or abandon it after a
hasty trial on which a less endowed man would squander in vain
his energies. Thus, the genius accomplishes1 in a brief space of time 

[p.175] undertakings for which the life of an ordinary man would far
from suffice. We shall hardly go astray if we regard genius as only
a slight deviation from the average mental endowment as possessing
simply a greater sensitiveness of cerebral reaction and a
greater swiftness of reaction. The men who, obeying their inner
impulses, make sacrifices for an idea instead of advancing their
material welfare, may appear to the full-blooded Philistine as fools;
yet we shall scarcely adopt Lombroso's view, that genius is to be
regarded as a disease, although it is unfortunately true that a more
sensitive brain, a more fragile constitution, succumbs far more readily
to sickness.

The remark of C. G. J. Jacobi that mathematics is slow of
growth and only reaches the truth by long and devious paths, that
the way to its discovery must be prepared for long beforehand, and
that then the truth will make its long-deferred appearance as if impelled
by some divine necessity1 all this holds true of every
science. We are astounded often to note that it required the combined
labors of many eminent thinkers for a full century to reach a
truth which it takes us only a few hours to master and which once
acquired seems extremely easy to reach under the right sort of circumstances.
To our humiliation we learn that even the greatest men
are born more for life than for science. The extent to which even
they are indebted to accident to that singular conflux of the physical
and the psychical life in which the continuous but yet imperfect
and never-ending adaptation of the latter to the former finds its distinct
expression that has been the subject of our remarks to-day.
Jacobi's poetical thought of a divine necessity acting in science will
lose none of its loftiness for us if we discover in this necessity the
same power that destroys the unfit and fosters the fit. For loftier,
nobler, and more romantic than poetry is the truth and the reality.


VIENNA. E. MACH.
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Scientific Papers of James Clerk Maxwell, vol 2, LXXIII, p.361 (From the Encyclopedia Britannica, 9th ed., 1877?) 
  

ATOM (ἄτομος) is a body which cannot be cut in two. The atomic theory is a theory of the constitution of bodies, which asserts that they are made up of atoms. The opposite theory is that of the homogeneity and continuity of bodies, and asserts, at least in the case of bodies having no apparent organisation, such, for instance, as water, that as we can divide a drop of water into two parts which are each of them drops of water, so we have reason to believe that these smaller drops can be divided again, and the theory goes on to assert that there is nothing in the nature of things to hinder this process of division from being repeated over and over again, times without end. This is the doctrine of the infinite divisibility of bodies, and it is in direct contradiction with the theory of atoms.

The atomists assert that after a certain number of such divisions the parts would be no longer divisible, because each of them would be an atom. The advocates of the continuity of matter assert that the smallest conceivable body has parts, and that whatever has parts may be divided.


In ancient times Democritus was the founder of the atomic theory, while Anaxagoras propounded that of continuity, under the name of the doctrine of homoeomeria (ὁμοιομέρια), or of the similarity of the parts of a body to the whole. The arguments of the atomists, and their replies to the objections of Anaxagoras, are to be found in Lucretius.


In modern times the study of nature has brought to light many properties of bodies which appear to depend on the magnitude and motions of their ultimate constituents, and the question of the existence of atoms has once more become conspicuous among scientific inquiries.


We shall begin by stating the opposing doctrines of atoms and of continuity before giving an outline of the state of molecular science as it now exists. In the earliest times the most ancient philosophers whose speculations are known to us seem to have discussed the ideas of number and of continuous magnitude, of space and time, of matter and motion, with a native power of thought which has probably never been surpassed. Their actual knowledge, however, and their scientific experience were necessarily limited, because in their days the records of human thought were only beginning to accumulate. It is probable that the first exact notions of quantity were founded on the consideration of number. It is by the help of numbers that concrete quantities are practically measured and calculated. Now, number is discontinuous. We pass from one number to the next per saltum. The magnitudes, on the other hand, which we meet with in geometry, are essentially continuous. The attempt to apply numerical methods to the comparison of geometrical quantities led to the doctrine of incommensurables, and to that of the infinite divisibility of space. Meanwhile, the same considerations had not been applied to time, so that in the days of Zeno of Elea time was still regarded as made up of a finite number of "moments," while space was confessed to be divisible without limit. This was the state of opinion when the celebrated arguments against the possibility of motion, of which that of Achilles and the tortoise is a specimen, were propounded by Zeno, and such, apparently, continued to be the state of opinion till Aristotle pointed out that time is divisible without limit, in precisely the same sense that space is. And the slowness of the development of scientific ideas may be estimated from the fact that Bayle does not see any force in this statement of Aristotle, but continues to admire the paradox of Zeno. (Bayle's Dictionary, art. "Zeno".) Thus the direction of true scientific progress was for many ages towards the recognition of the infinite divisibility of space
and time.


It was easy to attempt to apply similar arguments to matter. If matter is extended and fills space, the same mental operation by which we recognise the divisibility of space may be applied, in imagination at least, to the matter which occupies space. From this point of view the atomic doctrine might be regarded as a relic of the old numerical way of conceiving magnitude, and the opposite doctrine of the infinite divisibility of matter might appear for a time the most scientific. The atomists, on the other hand, asserted very strongly the distinction between matter and space. The atoms, they said, do not fill up the universe; there are void spaces between them. If it were not so, Lucretius tells us, there could be no motion, for the atom which gives way first must have some empty place to move into.


Quapropter locus eat intactus, inane, vacansque.

Quod si non esset, nulla ratione moveri

Res possent; namque, officium quod corporis exstat,

Officere atque obstare, id in omni tempore adesset

Omnibus: baud igitur quicquam procedere posset,

Principium quoniam cedendi nulla daret res." 
De Rerum Natura, 1. 335.


The opposite school maintained then, as they have always done, that there is no vacuum — that every part of space is full of matter, that there is a universal plenum, and that all motion is like that of a fish in the water, which yields in front of the fish because the fish leaves room for it behind.

"Cedere squamigeris latices nitentibus aiunt

Et liquidas aperire vias, quia post loca pisces

Linquant, quo possint cedentes confluere undae." 
1. 373.


In modern times Descartes held that, as it is of the essence of matter be extended in length, breadth, and thickness, so it is of the essence of extension to be occupied by matter, for extension cannot be an extension of nothing.

"Ac proinde si quaeratur quid fiet, si Deus auferat omne corpus quod in aliquo vase continetur, et nullum aliud in ablati locum venire permittat? respondendum est, vasis latera sibi invicem hoc ipso fore contigua. Cum enim inter duo corpora nihil interjacet, necesse est ut se mutuo tangant, ac manifeste repugnat ut distent, sive ut inter ipsa sit distantia, et tamen ut ista distantia sit nihil; quia omnis distantia est modus extensionis, et ideo sine substantia extensa esse non potest."
Principia, 11. 18.

 This identification of extension with substance runs through the whole of Descartes's works, and it forms one of the ultimate foundations of the system of Spinoza. Descartes, consistently with this doctrine, denied the existence of atoms as parts of matter, which by their own nature are indivisible. He seems to admit, however, that the Deity might make certain particles of matter divisible in this sense, that no creature should be able to divide them. These particles, however, would be still divisible by their own nature, because the Deity cannot diminish his own power, and therefore must retain his power of dividing them. Leibnitz, on the other hand, regarded his monad as the ultimate element of everything.


There are thus two modes of thinking about the constitution of bodies, which have had their adherents both in ancient and in modern times. They correspond to the two methods of regarding quantity — the arithmetical and the geometrical. To the atomist the true method of estimating the quantity of matter in a body is to count the atoms in it. The void spaces between the atoms count for nothing. To those who identify matter with extension, the volume of space occupied by a body is the only measure of the quantity of matter in it.


Of the different forms of the atomic theory, that of Boscovich may be taken as an example of the purest monadism. According to Boscovich matter is made up of atoms. Each atom is an indivisible point, having position in space, capable of motion in a continuous path, and possessing a certain mass, whereby a certain amount of force is required to produce a given change of motion. Besides this the atom is endowed with potential force, that is to say, that any two atoms attract or repel each other with a force depending on their distance apart. The law of this force, for all distances greater than say the thousandth of an inch, is an attraction varying as the inverse square of the distance. For smaller distances the force is an attraction for one distance and a repulsion for another, according to some law not yet discovered. Boscovich himself, in order to obviate the possibility of two atoms ever being in the same place, asserts that the ultimate force is a repulsion which increases without limit as the distance diminishes without limit, so that two atoms can never coincide. But this seems an unwarrantable concession to the vulgar opinion that two bodies cannot co-exist in the same place. This opinion is deduced from our experience of the behaviour of bodies of sensible size, but we have no experimental evidence that two atoms may not sometimes coincide. For instance, if oxygen and hydrogen combine to form water, we have no experimental evidence that the molecule of oxygen is not in the very same place with the two molecules of hydrogen. Many persons cannot get rid of the opinion that all matter is extended in length, breadth, and depth. This is a prejudice of the same kind with the last, arising from our experience of bodies consisting of immense multitudes of atoms. The system of atoms, according to Boscovich, occupies a certain region of space in virtue of the forces acting between the component atoms of the system and any other atoms when brought near them. No other system of atoms can occupy the same region of space at the same time, because, before it could do so, the mutual action of the atoms would have caused a repulsion between the two systems insuperable by any force which we can command. Thus, a number of soldiers with firearms may occupy an extensive region to the exclusion of the enemy's armies, though the space filled by their bodies is but small. In this way Boscovich explained the apparent extension of bodies consisting of atoms, each of which is devoid of extension. According to Boscovich's theory, all action between bodies is action at a distance. There is no such thing in nature as actual contact between two bodies. When two bodies are said in ordinary language to be in contact, all that is meant is that they are so near together that the repulsion between the nearest pairs of atoms belonging to the two bodies is very great.


Thus, in Boscovich's theory, the atom has continuity of existence in time and space. At any instant of time it is at some point of space, and it is never in more than one place at a time. It passes from one place to another along a continuous path. It has a definite mass which cannot be increased or diminished. Atoms are endowed with the power of acting on one another by attraction or repulsion, the amount of the force depending on the distance between them. On the other hand, the atom itself has no parts or dimensions. In its geometrical aspect it is a mere geometrical point. It has no extension in space. It has not the so-called property of Impenetrability, for two atoms may exist in the same place. This we may regard as one extreme of the various opinions about the constitution of bodies.


The opposite extreme, that of Anaxagoras — the theory that bodies apparently homogeneous and continuous are so in reality — is, in its extreme form, a theory incapable of development. To explain the properties of any substance by this theory is impossible. We can only admit the observed properties of such substance as ultimate facts. There is a certain stage, however, of scientific progress in which a method corresponding to this theory is of service. In hydrostatics, for instance, we define a fluid by means of one of its known properties, and from this definition we make the system of deductions which constitutes the science of hydrostatics. In this way the science of hydrostatics may be built upon an experimental basis, without any consideration of the constitution of a fluid as to whether it is molecular or continuous. In like manner, after the French mathematicians had attempted, with more or less ingenuity, to construct a theory of elastic solids from the hypothesis that they consist of atoms in equilibrium under the action of their mutual forces, Stokes and others shewed that all the results of this hypothesis, so far at least as they agreed with facts, might be deduced from the postulate that elastic bodies exist, and from the hypothesis that the smallest portions into which we can divide them are sensibly homogeneous. In this way the principle of continuity, which is the basis of the method of Fluxions and the whole of modern mathematics, may be applied to the analysis of problems connected with material bodies by assuming them, for the purpose of this analysis, to be homogeneous. All that is required to make the results applicable to the real case is that the smallest portions of the substance of which we take any notice shall be sensibly of the same kind. Thus, if a railway contractor has to make a tunnel through a hill of gravel, and if one cubic yard of the gravel is so like another cubic yard that for the purposes of the contract they may be taken as equivalent, then, in estimating the work required to remove the gravel from the tunnel, he may, without fear of error, make his calculations as if the gravel were a continuous substance. But if a worm has to make his way through the gravel, it makes the greatest possible difference to him whether he tries to push right against a piece of gravel, or directs his course through one of the intervals between the pieces ; to him, therefore, the gravel is by no means a homogeneous and continuous substance.


In the same way, a theory that some particular substance, say water, is homogeneous and continuous may be a good working theory up to a certain point, but may fail when we come to deal with quantities so minute or so attenuated that their heterogeneity of structure comes into prominence. Whether this heterogeneity of structure is or is not consistent with homogeneity and continuity of substance is another question.


The extreme form of the doctrine of continuity is that stated by Descartes, who maintains that the whole universe is equally full of matter, and that this matter is all of one kind, having no essential property besides that of extension. All the properties which we perceive in matter he reduces to its parts being movable among one another, and so capable of all the varieties which we can perceive to follow from the motion of its parts (Principia, IL 23). Descartes's own attempts to deduce the different qualities and actions of bodies in this way are not of much value. More than a century was required to invent methods of investigating the conditions of the motion of systems of bodies such as Descartes imagined. But the hydrodynamical discovery of Helmholtz that a vortex in a perfect liquid possesses certain permanent characteristics, has been applied by Sir W. Thomson to form a theory of vortex atoms in a homogeneous, incompressible, and frictionless liquid, to which we shall return at the proper time.

Outline of Modern Molecular Science, and in particular of the Molecular Theory
of Gases.

We begin by assuming that bodies are made up of parts, each of which is capable of motion, and that these parts act on each other in a manner consistent with the principle of the conservation of energy. In making these assumptions, we are justified by the facts that bodies may be divided into smaller parts, and that all bodies with which we are acquainted are conservative systems, which would not be the case unless their parts were also conservative systems.

We may also assume that these small parts are in motion. This is the most general assumption we can make, for it includes, as a particular case, the theory that the small parts are at rest. The phenomena of the diffusion of gases and liquids through each other shew that there may be a motion of the small parts of a body which is not perceptible to us.


We make no assumption with respect to the nature of the small parts — whether they are all of one magnitude. We do not even assume them to have extension and figure. Each of them must be measured by its mass, and any two of them must, like visible bodies, have the power of acting on one another when they come near enough to do so. The properties of the body, or medium, are determined by the configuration and motion of its small parts.


The first step in the investigation is to determine the amount of motion which exists among the small parts, independent of the visible motion of the medium as a whole. For this purpose it is convenient to make use of a general theorem in dynamics due to Clausius.
When the motion of a material system is such that the time average of the quantity Σ (mx2) remains constant, the state of the system is said to be that of stationary motion. When the motion of a material system is such that the sum of the moments of inertia of the system, about three axes at right angles through its centre of mass, never varies by more than small quantities from constant value, the system is said to be in a state of stationary motion.


The kinetic energy of a particle is half the product of its mass into the square of its velocity, and the kinetic energy of a system is the sum of the kinetic energy of all its parts.


When an attraction or repulsion exists between two points, half the product of this stress into the distance between the two points is called the virial of the stress, and is reckoned positive when the stress is an attraction, and negative when it is a repulsion. The virial of a system is the sum of the virials of the stresses which exist in it. If the system is subjected to the external stress of the pressure of the sides of a vessel in which it is contained, this stress will introduce an amount of virial (3/2)pV, where p is the pressure on unit of area and V is the volume of the vessel.


The theorem of Clausius may now be stated as follows:— In a material system in a state of stationary motion the time-average of the kinetic energy is equal to the time-average of the virial. In the case of a fluid enclosed in a vessel

(1/2)Σ (mv2) = (3/2)pV + (1/2)ΣΣ(Rr),


where the first term denotes the kinetic energy, and is half the sum of the product of each mass into the mean square of its velocity. In the second term, p is the pressure on unit of surface of the vessel, whose volume is V, and the third term expresses the virial due to the internal actions between the parts of the system. A double symbol of summation is used, because every pair of parts between  which any action exists must be taken into account. We have next to shew that in gases the principal part of the pressure arises from the motion of the small parts of the medium, and not from a repulsion between them.


In the first place, if the pressure of a gas arises from the repulsion of its parts, the law of repulsion must be inversely as the distance. For, consider a cube filled with the gas at pressure p, and let the cube expand till each side is n times its former length. The pressure on unit of surface according to Boyle's law is now p/n3, and since the area of a face of the cube is n2 times what it was, the whole pressure on the face of the cube is 1/n of its original value. But since everything has been expanded symmetrically, the distance between corresponding parts of the air is now n times what it was, and the force is n times less than it was. Hence the force must vary inversely as the distance.


But Newton has shewn (Principia, Book i. Prop. 93) that this law is inadmissible, as it makes the effect of the distant parts of the medium on a particle greater than that of the neighbouring parts. Indeed, we should arrive at the conclusion that the pressure depends not only on the density of the air but on the form and dimensions of the vessel which contains it, which we know not to be the case.


If, on the other hand, we suppose the pressure to arise entirely from the motion of the molecules of the gas, the interpretation of Boyle's law becomes very simple. For, in this case

pV = (1/3) (mv2).


The first term is the product of the pressure and the volume, which according to Boyle's law is constant for the same quantity of gas at the same temperature. The second term is two-thirds of the kinetic energy of the system, and we have every reason to believe that in gases when the temperature is constant the kinetic energy of unit of mass is also constant. If we admit that the kinetic energy of unit of mass is in a given gas proportional to the absolute temperature, this equation is the expression of the law of Charles as well as of that of Boyle, and may be written

pV = RΘ,


where Θ is the temperature reckoned from absolute zero, and R is a constant. The fact that this equation expresses with considerable accuracy the relation between the volume, pressure, and temperature of a gas when in an extremely rarified state, and that as the gas is more and more compressed the deviation from this equation becomes more apparent, shews that the pressure of a gas is due almost entirely to the motion of its molecules when the gas is rare, and that it is only when the density of the gas is considerably increased that the effect of direct action between the molecules becomes apparent.


The effect of the direct action of the molecules on each other depends on the number of pairs of molecules which at a given instant are near enough to act on one another. The number of such pairs is proportional to the square of the number of molecules in unit of volume, that is, to the square of the density of the gas. Hence, as long as the medium is so rare that the encounter between two molecules is not affected by the presence of others, the deviation from Boyle's law will be proportional to the square of the density. If the action between the molecules is on the whole repulsive, the pressure will be greater than that given by Boyle's law. If it is, on the whole, attractive, the pressure will be less than that given by Boyle's law. It appears, by the experiments of Regnault and others, that the pressure does deviate from Boyle's law when the density of the gas is increased. In the case of carbonic acid and other gases which are easily liquefied, this deviation is very great. In all cases, however, except that of hydrogen, the pressure is less than that given by Boyle's law, shewing that the virial is on the whole due to attractive forces between the molecules.


Another kind of evidence as to the nature of the action between the molecules is furnished by an experiment made by Dr Joule. Of two vessels, one was exhausted and the other filled with a gas at a pressure of 20 atmospheres; and both were placed side by side in a vessel of water, which was constantly stirred. The temperature of the whole was observed. Then a communication was opened between the vessels, the compressed gas expanded to twice its volume, and the work of expansion, which at first produced a strong current in the gas, was soon converted into heat by the internal friction of the gas. When all was again at rest, and the temperature uniform, the temperature was again observed. In Dr Joule's original experiments the observed temperature was the same as before. In a series of experiments, conducted by Dr Joule and Sir W. Thomson on a different plan, by which the thermal effect of free expansion can be more accurately measured, a slight cooling effect was observed in all the gases examined except hydrogen. Since the temperature depends on the velocity of agitation of the molecules, it appears that when a gas expands without doing external work the velocity of agitation is not much affected, but that in most cases it is slightly diminished. Now, if the molecules during their mutual separation act on each other, their velocity will increase or diminish according as the force is repulsive or attractive. It appears, therefore, from the experiments on the free expansion of gases, that the force between the molecules is small but, on the whole, attractive.


Having thus justified the hypothesis that a gas consists of molecules in motion, which act on each other only when they come very close together during an encounter, but which, during the intervals between their encounters which constitute the greater part of their existence, are describing free paths, and are not acted on by any molecular force, we proceed to investigate the
motion of such a system.


The mathematical investigation of the properties of such a system of molecules in motion is the foundation of molecular science. Clausius was the first to express the relation between the density of the gas, the length of the free paths of its molecules, and the distance at which they encounter each other. He assumed, however, at least in his earlier investigations, that the velocities of all the molecules are equal. The mode in which the velocities are distributed was first investigated by the present writer, who shewed that in the moving system the velocities of the molecules range from zero to infinity, but that the number of molecules whose velocities lie within given limits can be expressed by a formula identical with that which expresses in the theory of errors the number of errors of observation lying within corresponding limits. The proof of this theorem has been carefully investigated by Boltzmann, who has strengthened it where it appeared weak, and to whom the method of taking into account the action of external forces is entirely due.


The mean kinetic energy of a molecule, however, has a definite value, which is easily expressed in terms of the quantities which enter into the expression for the distribution of velocities. The most important result of this investigation is that when several kinds of molecules are in motion and acting on one another, the mean kinetic energy of a molecule is the same whatever be its mass, the molecules of greater mass having smaller mean velocities. Now, when gases are mixed their temperatures become equal. Hence we conclude that the physical condition which determines that the temperature of two gases shall be the same is that the mean kinetic energies of agitation of the individual molecules of the two gases are equal. This result is of great importance in the theory of heat, though we are not yet able to establish any similar result for bodies in the liquid or solid state.


In the next place, we know that in the case in which the whole pressure of the medium is due to the motion of its molecules, the pressure on unit of area is numerically equal to two-thirds of the kinetic energy in unit of volume. Hence, if equal volumes of two gases are at equal pressures the kinetic energy is the same in each. If they are also at equal temperatures the mean kinetic energy of each molecule is the same in each. If, therefore, equal volumes of two gases are at equal temperatures and pressures, the number of molecules in each is the same, and therefore, the masses of the two kinds of molecules are in the same ratio as the densities of the gases to which they belong.


This statement has been believed by chemists since the time of Gay-Lussac, who first established that the weights of the chemical equivalents of different substances are proportional to the densities of these substances when in the form of gas. The definition of the word molecule, however, as employed in the statement of Gay-Lussac's law is by no means identical with the definition of the same word as in the kinetic theory of gases. The chemists ascertain by experiment the ratios of the masses of the different substances in a compound. From these they deduce the chemical equivalents of the different substances, that of a particular substance, say hydrogen, being taken as unity. The only evidence made use of is that furnished by chemical combinations. It is also assumed, in order to account for the facts of combination, that the reason why substances combine in definite ratios is that the molecules of the substances are in the ratio of their chemical equivalents, and that what we call combination is an action which takes place by a union of a molecule of one substance to a molecule of the other.


This kind of reasoning, when presented in a proper form and sustained by proper evidence, has a high degree of cogency. But it is purely chemical reasoning; it is not dynamical reasoning. It is founded on chemical experience, not on the laws of motion.


Our definition of a molecule is purely dynamical. A molecule is that minute portion of a substance which moves about as a whole, so that its parts, if it has any, do not part company during the motion of agitation of the gas. The result of the kinetic theory, therefore, is to give us information about the relative masses of molecules considered as moving bodies. The consistency of this information with the deductions of chemists from the phenomena of combination, greatly strengthens the evidence in favour of the actual existence and motion of gaseous molecules.


Another confirmation of the theory of molecules is derived from the experiments of Dulong and Petit on the specific heat of gases, from which they deduced the law which bears their name, and which asserts that the specific heats of equal weights of gases are inversely as their combining weights, or, in other words, that the capacities for heat of the chemical equivalents of different gases are equal. We have seen that the temperature is determined by the kinetic energy of agitation of each molecule. The molecule has also a certain amount of energy of internal motion, whether of rotation or of vibration, but the hypothesis of Clausius, that the mean value of the internal energy always bears a proportion fixed for each gas to the energy of agitation, seems highly probable and consistent with experiment. The whole kinetic energy is therefore equal to the energy of agitation multiplied by a certain factor. Thus the energy communicated to a gas by heating it is divided in a certain proportion between the energy of agitation and that of the internal motion of each molecule. For a given rise of temperature the energy of agitation, say of a million molecules, is increased by the same amount whatever be the gas. The heat spent in raising the temperature is measured by the increase of the whole kinetic energy. The thermal capacities, therefore, of equal numbers of molecules of different gases are in the ratio of the factors by which the energy of agitation must be multiplied to obtain the whole energy. As this factor appears to be nearly the same for all gases of the same degree of atomicity, Dulong and Petit's law is true for such gases.


Another result of this investigation is of considerable importance in relation to certain theories, which assume the existence of aethers, or rare media consisting of molecules very much smaller than those of ordinary gases. According to our result, such a medium would be neither more nor less than a gas. Supposing its molecules so small that they can penetrate between the molecules of solid substances such as glass, a so-called vacuum would be full of this rare gas at the observed temperature, and at the pressure, whatever it may be, of the aetherial medium in space. The specific heat, therefore, of the medium in the so-called vacuum will be equal to that of the same volume of any other gas at the same temperature and pressure. Now, the purpose for which this molecular rather is assumed in these theories is to act on bodies by its pressure, and for this purpose the pressure is generally assumed to be very great. Hence, according to these theories, we should find the specific heat of a so-called vacuum very considerable compared with that of a quantity of air filling the same space.


We, have now made a certain definite amount of progress towards a complete molecular theory of gases: We know the mean velocity of the molecules of each gas in metres per second, and we know the relative masses of the molecules of different gases. We also know that the molecules of one and the same gas are all equal in mass. For if they are not, the method of dialysis, as employed by Graham, would enable us to separate the molecules of smaller mass from those of greater, as they would stream through porous substances with greater velocity. We should thus be able to separate a gas, say hydrogen, into two portions, having different densities and other physical properties, different combining weights, and probably different chemical properties of other kinds. As no chemist has yet obtained specimens of hydrogen differing in this way from other specimens, we conclude that all the molecules of hydrogen are of sensibly the same mass, and not merely that their mean mass is a statistical constant of great stability.


But as yet we have not considered the phenomena which enable us to form an estimate of the actual mass and dimensions of a molecule. It is to Clausius that we owe the first definite conception of the free path of a molecule and of the mean distance travelled by a molecule between successive encounters. He shewed that the number of encounters of a molecule in a given time is proportional to the velocity, to the number of molecules in unit of volume, and to the square of the distance between the centres of two molecules when they act on one another so as to have an encounter. From this it appears that if we call this distance of the centres the diameter of a molecule, and the volume of a sphere having this diameter the volume of a molecule, and the sum of the volumes of all the molecules the molecular volume of the gas, then the diameter of a molecule is a certain multiple of the quantity obtained by diminishing the free path in the ratio of the molecular volume of the gas to the whole volume of the gas. The numerical value of this multiple differs slightly, according to the hypothesis we assume about the law of distribution of velocities. It also depends on the definition of an encounter. When the molecules are regarded as elastic spheres we know what is meant by an encounter, but if they act on each other at a distance by attractive or repulsive forces of finite magnitude, the distance of their centres varies during an encounter, and is not a definite quantity. Nevertheless, the above statement of Clausius enables us, if we know the length of the mean path and the molecular volume of gas, to form a tolerably near estimate of the diameter of the sphere of the intense action of a molecule, and thence of the number of molecules in unit of volume and the actual mass of each molecule. To complete the investigation we have, therefore, to determine the mean path and the molecular volume. The first numerical estimate of the mean path of a gaseous molecule was made by the present writer from data derived from the internal friction of air. There are three phenomena which depend on the length of the free path of the molecules of a gas. It is evident that the greater the free path the more rapidly will the molecules travel from one part of the medium to another, because their direction will not be so often altered by encounters with other molecules. If the molecules in different parts of the medium are of different kinds, their progress from one part of the medium to another can be easily traced by analysing portions of the medium taken from different places. The rate of diffusion thus found furnishes one method of estimating the length of the free path of a molecule. This kind of diffusion goes on not only between the molecules of different gases, but among the molecules of the same gas, only in the latter case the results of the diffusion cannot be traced by analysis. But the diffusing molecules carry with them in their free paths the momentum and the energy which they happen at a given instant to have. The diffusion of momentum tends to equalise the apparent motion of different parts of the medium, and constitutes the phenomenon called the internal friction or viscosity of gases. The diffusion of energy tends to equalise the temperature of different parts of the medium, and constitutes the phenomenon of the conduction of heat in gases.


These three phenomena — the diffusion of matter, of motion, and of heat in gases — have been experimentally investigated, — the diffusion of matter by Graham and Loschmidt, the diffusion of motion by Oscar Meyer and Clerk Maxwell, and that of heat by Stefan.


These three kinds of experiments give results which in the present imperfect state of the theory and the extreme difficulty of the experiments, especially those on the conduction of heat, may be regarded as tolerably consistent with each other. At the pressure of our atmosphere, and at the temperature of melting ice, the mean path of a molecule of hydrogen is. about the 10,000th of a millimetre, or about the fifth part of a wave-length of green light. The mean path of the molecules of other gases is shorter than that of hydrogen.
The determination of the molecular volume of a gas is subject as yet to considerable uncertainty. The most obvious method is that of compressing the gas till it assumes the liquid form. It seems probable, from the great resistance of liquids to compression, that their molecules are about the same distance from each other as that at which two molecules of the same substance in the gaseous form act on each other during an encounter. If this is the case, the molecular volume of a gas is somewhat less than the volume of the liquid into which it would be condensed by pressure, or, in other words, the density of the molecules is somewhat greater than that of the liquid.


Now, we know the relative weights of different molecules with great accuracy, and, from a knowledge of the mean path, we can calculate their relative diameters approximately. From these we can deduce the relative densities of different kinds of molecules. The relative densities so calculated have been compared by Lorenz Meyer with the observed densities of the liquids into which the gases may be condensed, and he finds a remarkable correspondence between them. There is considerable doubt, however, as to the relation between the molecules of a liquid and those of its vapour, so that till a larger number of comparisons have been made, we must not place too much reliance on the calculated 'densities of molecules. Another, and perhaps a more refined, method is that adopted by M. Van der Waals, who deduces the molecular volume from the deviations of the pressure from Boyle's law as the gas is compressed.


The first numerical estimate of the diameter of a molecule was that made by Loschmidt in 1865 from the mean path and the molecular volume. Independently of him and of each other, Mr Stoney, in 1868, and Sir W. Thomson, in 1870, published results of a similar kind — those of Thomson being deduced not only in this way, but from considerations derived from the thickness of soap bubbles, and from the electric action between zinc and copper.


The diameter and the mass of a molecule, as estimated by these methods, are, of course, very small, but by no means infinitely so. About two millions of molecules of hydrogen in a row would occupy a millimetre, and about two hundred million million million of them would weigh a milligramme. These numbers must be considered as exceedingly rough guesses; they must be corrected by more extensive and accurate experiments as science advances; but the main result, which appears to be well established, is that the determination of the mass of a molecule is a legitimate object of scientific research, and that this mass is by no means immeasurably small.


Loschmidt illustrates these molecular measurements by a comparison with the smallest magnitudes visible by means of a microscope. Nobert, he tells us, can draw 4000 lines in the breadth of a millimetre. The intervals between these lines can be observed with a good microscope. A cube, whose side is the 4000th of a millimetre, may be taken as the minimum visibile for observers of the present day. Such a cube would contain from 60 to 100 million molecules of oxygen or of nitrogen; but since the molecules of organised substances contain on an average about 50 of the more elementary atoms, we may assume that the smallest organised particle visible under the microscope contains about two million molecules of organic matter. At least half of every living organism consists of water, so that the smallest living being visible under the microscope does not contain more than about a million organic molecules. Some exceedingly simple organism may be supposed built up of not more than a million similar molecules. It is impossible, however, to conceive so small a number sufficient to form a being furnished with a whole system of specialised organs.


Thus molecular science sets us face to face with physiological theories. It forbids the physiologist from imagining that structural details of infinitely small dimensions can furnish an explanation of the infinite variety which exists in the properties and functions of the most minute organisms.


A microscopic germ is, we know, capable of development into a highly organised animal. Another germ, equally microscopic, becomes, when developed, an animal of a totally different kind. Do all the differences, infinite in number, which distinguish the one animal from the other, arise each from some difference in the structure of the respective germs? Even if we admit this as possible, we shall be called upon by the advocates of Pangenesis to admit still greater marvels. For the microscopic germ, according to this theory, is no mere individual, but a representative body, containing members collected from every rank of the long-drawn ramification of the ancestral tree, the number of these members being amply sufficient not only to furnish the hereditary characteristics of every organ of the body and every habit of the animal from birth to death, but also to afford a stock of latent gemmules to be passed on in an inactive state from germ to germ, till at last the ancestral peculiarity which it represents is revived in some remote descendant.


Some of the exponents of this theory of heredity have attempted to elude the difficulty of placing a whole world of wonders within a body so small and so devoid of visible structure as a germ, by using the phrase structureless germs. Now, one material system can differ from another only in the configuration and motion which it has at a given instant. To explain differences of function and development of a germ without assuming differences of structure is, therefore, to admit that the properties of a germ are not those of a purely material system.


The evidence as to the nature and motion of molecules, with which we have hitherto been occupied, has been derived from experiments upon gaseous media, the smallest sensible portion of which contains millions of millions of molecules. The constancy and uniformity of the properties of the gaseous medium is the direct result of the inconceivable irregularity of the motion of agitation of its molecules. Any cause which could introduce regularity into the motion of agitation, and marshal the molecules into order and method in their evolutions, might check or even reverse that tendency to diffusion of matter, motion, and energy, which is one of the most invariable phenomena of nature, and to which Thomson has given the name of the dissipation of energy.


Thus, when a sound-wave is passing through a mass of air, this motion is of a certain definite type, and if left to itself the whole motion is passed on to other masses of air, and the sound-wave passes on, leaving the air behind it at rest. Heat, on the other hand, never passes out of a hot body except to enter a colder body, so that the energy of sound-waves, or any other form of energy which is propagated so as to pass wholly out of one portion of the medium and into another, cannot be called heat.


We have now to turn our attention to a class of molecular motions, which are as remarkable for their regularity as the motion of agitation is for its irregularity.


It has been found, by means of the spectroscope, that the light emitted by incandescent substances is different according to their state of condensation. When they are in an extremely rarefied condition the spectrum of their light consists of a set of sharply-defined bright lines. As the substance approaches a denser condition the spectrum tends to become continuous, either by the lines becoming broader and less defined, or by new lines and bands appearing between them, till the spectrum at length loses all its characteristics and becomes identical with that of solid bodies when raised to the same temperature.


Hence the vibrating systems, which are the source of the emitted light, must be vibrating in a different manner in these two cases. When the spectrum consists of a number of bright lines, the motion of the system must be compounded of a corresponding number of types of harmonic vibration.


In order that a bright line may be sharply defined, the vibratory motion which produces it must be kept up in a perfectly regular manner for some hundreds or thousands of vibrations. If the motion of each of the vibrating bodies is kept up only during a small number of vibrations, then, however regular may be the vibrations of each body while it lasts, the resultant  disturbance of the luminiferous medium, when analysed by the prism, will be found to contain, besides the part due to the regular vibrations, other motions, depending on the starting and stopping of each particular vibrating body, which will become manifest as a diffused luminosity scattered over the whole length of the spectrum. A spectrum of bright lines, therefore, indicates that the vibrating bodies when set in motion are allowed to vibrate in accordance with the conditions of their internal structure for some time before they are again interfered with by external forces. 


It appears, therefore, from spectroscopic evidence that each molecule of a rarefied gas is, during the greater part of its existence, at such a distance from all other molecules that it executes its vibrations in an undisturbed and regular manner. This is the same conclusion to which we were led by considerations of another kind at p. 452.


We may therefore regard the bright lines in the spectrum of a gas as the result of the vibrations executed by the molecules while describing their free paths. When two molecules separate from one another after an encounter, each of them is in a state of vibration, arising from the unequal action on different parts of the same molecule during the encounter. Hence, though the centre of mass of the molecule describing its free path moves with uniform velocity, the parts of the molecule have a vibratory motion with respect to the centre of mass of the whole molecule, and it is the disturbance of the luminiferous medium communicated to it by the vibrating molecules which constitutes the emitted light.


We may compare the vibrating molecule to a bell. When struck, the bell is set in motion. This motion is compounded of harmonic vibrations of many different periods, each of which acts on the air, producing notes of as many different pitches. As the bell communicates its motion to the air, these vibrations necessarily decay, some of them faster than others, so that the sound contains fewer and fewer notes, till at last it is reduced to the fundamental note of the bell*. If we suppose that there are a great many bells precisely similar to each other, and that they are struck, first one and then another, in a perfectly irregular manner, yet so that, on an average, as many bells are struck in one second of time as in another, and also in such a way that, on an average, any one bell is not again struck till it has ceased to vibrate, then the audible result will appear a continuous sound, composed of the sound emitted by bells in all states of vibration, from the clang of the actual stroke to the final hum of the dying fundamental tone.



But now let the number of bells be reduced while the same number of strokes are given in a second. Each bell will now be struck before it has ceased to vibrate, so that in the resulting sound there will be less of the fundamental tone and more of the original clang, till' at last, when the peal is reduced to one bell, on which innumerable hammers are continually plying their strokes all out of time, the sound will become a mere noise, in which no musical note can be distinguished.

In the case of a gas we have an immense number of molecules, each of which is set in vibration when it encounters another molecule, and continues to vibrate as it describes its free path. The molecule is a material system, the parts of which are connected in some definite way, and from the fact that the bright lines of the emitted light have always the same wave-lengths, we learn that the vibrations corresponding to these lines are always executed in the same periodic time, and therefore the force tending to restore any part of the molecule to its position of equilibrium in the molecule must be proportional to its displacement relative to that position.


From the mathematical theory of the motion of such a system, it appears that the whole motion may be analysed into the following parts, which may be considered each independently of the others:— In the first place, the centre Of mass of the system moves with uniform velocity in a straight line. This velocity may have any value. In the second place, there may be a motion of rotation, the angular momentum of the system about its centre of mass remaining during the free path constant in magnitude and direction. This angular momentum may have any value whatever, and its axis may have any direction. In the third place, the remainder of the motion is made up of a number of component motions, each of which is an harmonic vibration of a given type. In each type of vibration the periodic time of vibration is determined by the nature of the system, and is invariable for the same system. The relative amount of motion in different parts of the system is also determinate for each type, but the absolute amount of motion and the phase of the vibration of each type are determined by the particular circumstances of the last encounter, and may vary in any manner from one encounter to another.


The values of the periodic times of the different types of vibration are given by the roots of a certain equation, the form of which depends on the nature of the connections of the system. In certain exceptionally simple cases, as, for instance, in that of a uniform string stretched between two fixed points, the roots of the equation are connected by simple arithmetical relations, and if the internal structure of a molecule had an analogous kind of simplicity, we might expect to find in the spectrum of the molecule a series of bright lines, whose wave-lengths are in simple arithmetical ratios.


But if we suppose the molecule to be constituted according to some different type, as, for instance, if it is an elastic sphere, or if it consists of a finite number of atoms kept in their places by attractive and repulsive forces, the roots of the equation will not be connected with each other by any simple relations, but each may be made to vary independently of the others by a suitable change of the connections of the system. Hence, we have no right to expect any definite numerical relations among the wave-lengths of the bright lines of a gas.


The bright lines of the spectrum of an incandescent gas are therefore due to the harmonic vibrations of the molecules of the gas during their free paths. The only effect of the motion of the centre of mass of the molecule is to alter the time of vibration of the light as received by a stationary observer. When the molecule is coming towards the observer, each successive impulse will have a shorter distance to travel before it reaches his eye, and therefore the impulses will appear to succeed each other more rapidly than if the molecule were at rest, and the contrary will be the case if the molecule is receding from the observer. The bright line corresponding to the vibration will therefore be shifted in the spectrum towards the blue end when the molecule is approaching, and towards the red end when it is receding from the observer. By observations of the displacement of certain lines in the spectrum, Dr Huggins and others have measured the rate of approach or of recession of certain stars with respect to the earth, and Mr Lockyer has determined the rate of motion of tornadoes in the sun. But Lord Rayleigh has pointed out that according to the dynamical theory of gases the molecules are moving hither and thither with so great velocity that, however narrow and sharply-defined any bright line due to a single molecule may be, the displacement of the line towards the blue by the approaching molecules, and towards the red by the receding molecules, will produce a certain amount of widening and blurring of the line in the spectrum, so that there is a limit to the sharpness of definition of the lines of a gas. The widening of the lines due to this cause will be in proportion to the velocity of agitation of the molecules. It will be greatest for the molecules of smallest mass, as those of hydrogen, and it will increase with the temperature. Hence the measurement of the breadth of the hydrogen lines, such as C or F in the spectrum of the solar prominences, may furnish evidence that the temperature of the sun cannot exceed a certain value.

On the Theory of Vortex Atoms. (this section omitted)

We must now leave these speculations about the nature of molecules and the cause of gravitation, and contemplate the material universe as made up of molecules. Every molecule, so far as we know, belongs to one of a definite number of species. The list of chemical elements may be taken as representing the known species which have been examined in the laboratories. Several of these have been discovered by means of the spectroscope, and more may yet remain to be discovered in the same way. The spectroscope has also been applied to analyse the light of the sun, the brighter stars, and some of the nebulae and comets, and has shewn that the character of the light emitted by these bodies is similar in some cases to that emitted by terrestrial molecules, and in others to light from which the molecules have absorbed certain rays. In this way a considerable number of coincidences have been traced between the systems of lines belonging to particular terrestrial substances and corresponding lines in the spectra of the heavenly bodies.

The value of the evidence furnished by such coincidences may be estimated by considering the degree of accuracy with which one such coincidence may be observed. The interval between the two lines which form Fraunhofer's line D is about the five hundredth part of the interval between B and G on Kirchhoff s scale. A discordance between the positions of two lines amounting to the tenth part of this interval, that is to say, the five thousandth part of the length of the bright part of the spectrum, would be very perceptible in a spectroscope of moderate power. We may define the power of the spectroscope to be the number of times which the smallest measurable interval is contained in the length of the visible spectrum. Let us denote this by p. In the case we have supposed p will be about 5000.


If the spectrum of the sun contains n lines of a certain degree of intensity, the probability that any one line of the spectrum of a gas will coincide with one of these n lines is


1 - (1 - (1/p))n = (n/p)(1 - (n - 1)/2p + &c.).


and when p is large compared with n, this becomes nearly n/p. If there are
r lines in the spectrum of the gas, the probability that each and every one
shall coincide with a line in the solar spectrum is approximately nr/pr. Hence,
in the case of a gas whose spectrum contains several lines, we have to compare the results of two hypotheses. If a large amount of the gas exists in the sun, we have the strongest reason for expecting to find all the r lines in the solar spectrum. If it does not exist, the probability that r lines out of the n observed lines shall coincide with the lines of the gas is exceedingly small. If, then, we find all the r lines in their proper places in the solar spectrum, we have very strong grounds for believing that the gas exists in the sun. The probability that the gas exists in the sun is greatly strengthened if the character of the lines as to relative intensity and breadth is found to correspond in the two spectra.


The absence of one or more lines of the gas in the solar spectrum tends of course to weaken the probability, but the amount to be deducted from the probability must depend on what we know of the variation in the relative intensity of the lines when the temperature and the pressure of the gas are made to vary.
Coincidences observed, in the case of several terrestrial substances, with several systems of lines in the spectra of the heavenly bodies, tend to increase the evidence for the doctrine that terrestrial substances exist in the heavenly bodies, while the discovery of particular lines in a celestial spectrum which do not coincide with any line in a terrestrial spectrum does not much weaken the general argument, but rather indicates either that a substance exists in the heavenly body not yet detected by chemists on earth, or that the temperature of the heavenly body is such that some substance, undecomposable by our methods, is there split up into components unknown to us in their separate state.


We are thus led to believe that in widely-separated parts of the visible universe molecules exist of various kinds, the molecules of each kind having their various periods of vibration either identical, or so nearly identical that our spectroscopes cannot distinguish them. We might argue from this that these molecules are alike in all other respects, as, for instance, in mass. But it is sufficient-for our present purpose to observe that the same kind of molecule, say that of hydrogen, has the same set of periods of vibration, whether we procure the hydrogen from water, from coal, or from meteoric iron, and that light, having the same set of periods of vibration, comes to us from the sun, from Sirius, and from Arcturus.


The same kind of reasoning which led us to believe that hydrogen exists in the sun and stars, also leads us to believe that the molecules of hydrogen in all these bodies had a common origin. For a material system capable of vibration may have for its periods of vibration any set of values whatever. The probability, therefore, that two material systems, quite independent of each other, shall have, to the degree of accuracy of modern spectroscopic measurements, the same set of periods of vibration, is so very small that we are forced to believe that the two systems are not independent of each other. When, instead of two such systems, we have innumerable multitudes all having the same set of periods, the argument is immensely strengthened.
Admitting, then, that there is a real relation between any two molecules of hydrogen, let us consider what this relation may be.


We may conceive of a mutual action between one body and another tending to assimilate them. Two clocks, for instance, will keep time with each other if connected by a wooden rod, though they have different rates if they were disconnected. But even if the properties of a molecule were as capable of modification as those of a clock, there is no physical connection of a sufficient kind between Sirius and Arcturus.


There are also methods by which a large number of bodies differing front each other may be sorted into sets, so that those in each set more or less resemble each other. In the manufacture of small shot this is done by making the shot roll down an inclined plane. The largest specimens acquire the greatest velocities, and are projected farther than the smaller ones. In this way the various pellets, which differ both in size and in roundness, are sorted into different kinds, those belonging to each kind being nearly of the same size, and those which are not tolerably spherical being rejected altogether.


If the molecules were originally as various as these leaden pellets, and were afterwards sorted into kinds, we should have to account for the disappearance of all the molecules which did not fall under one of the very limited number of kinds known to us ; and to get rid of a number of indestructible bodies, exceeding by far the number of the molecules of all the recognised kinds, would be one of the severest labours ever proposed to a cosmogonist.


It is well known that living beings may be grouped into a certain number of species, defined with more or less precision, and that it is difficult or impossible to find a series of individuals forming the links of a continuous chain between one species and another. In the case of living beings, however, the generation of individuals is always going on, each individual differing more or less from its parents. Each individual during its whole life is undergoing modification, and it either survives and propagates its species, or dies early, accordingly as it is more or less adapted to the circumstances of its environment. Hence, it has been found possible to frame a theory of the distribution of organisms into species by means of generation, variation, and discriminative destruction. But a theory of evolution of this kind cannot be applied to the case of molecules, for the individual molecules neither are born nor die, they have neither parents nor offspring, and so far from being modified by their environment, we find that two molecules of the same kind, say of hydrogen, have the same properties, though one has been compounded with carbon and buried in the earth as coal for untold ages, while the other has been "occluded" in the iron of a meteorite, and after unknown wanderings in the heavens has at last fallen into the hands of some terrestrial chemist.


The process by which the molecules become distributed into distinct species is not one of which we know any instances going on at present, or of which we have as yet been able to form any mental representation. If we suppose that the molecules known to us are built up each of some moderate number of atoms, these atoms being all of them exactly alike, then we may attribute the limited number of molecular species to the limited number of ways in which the primitive atoms may be combined so as to form a permanent system.


But though this hypothesis gets rid of the difficulty of accounting for the independent origin of different species of molecules, it merely transfers the difficulty from the known molecules to the primitive atoms. How did the atoms come to be all alike in those properties which are in themselves capable of assuming any value?
If we adopt the theory of Boscovich, and assert that the primitive atom is a mere centre of force, having a certain definite mass, we may get over the difficulty about the equality of the mass of all atoms by laying it down as a doctrine which cannot be disproved by experiment, that mass is not a quantity capable of continuous increase or diminution, but that it is in its own nature discontinuous, like number, the atom being the unit, and all masses being multiples of that unit. We have no evidence that it is possible for the ratio of two masses to be an incommensurable quantity, for the incommensurable quantities in geometry are supposed to be traced out in a continuous medium. If matter is atomic, and therefore discontinuous, it is unfitted for the construction of perfect geometrical models, but in other respects it may fulfil its functions.


But even if we adopt a theory which makes the equality of the mass of different atoms a result depending on the nature of mass rather than on any quantitative adjustment, the correspondence of the periods of vibration of actual molecules is a fact of a different order.


We know that radiations exist having periods of vibration of every value between those corresponding to the limits of the visible spectrum, and probably far beyond these limits on both sides. The most powerful spectroscope can detect no gap or discontinuity in the spectrum of the light emitted by incandescent lime.
The period of vibration of a luminous particle is therefore a quantity which in itself is capable of assuming any one of a series of values, which, if not mathematically continuous, is such that consecutive observed values differ from each other by less than the ten thousandth part of either. There is, therefore, nothing in the nature of time itself to prevent the period of vibration of a molecule from assuming any one of many thousand different observable values. That which determines the period of any particular kind of vibration is the relation which subsists between the corresponding type of displacement and the force of restitution thereby called into play, a relation involving constants of space and time as well as of mass.


It is the equality of these space- and time-constants for all molecules of the same kind which we have next to consider. We have seen that the very different circumstances in which different molecules of the same kind have been placed have not, even in the course of many ages, produced any appreciable difference in the values of these constants. If, then, the various processes of nature to which these molecules have been subjected since the world began have not been able in all that time to produce any appreciable difference between the constants of one molecule and those of another, we are forced to conclude that it is not to the operation of any of these processes that the uniformity of the constants is due.


The formation of the molecule is therefore an event not belonging to that order of nature under which we live. It is an operation of a kind which is not, so far as we are aware, going on on earth or in the sun or the stars, either now or since these bodies began to be formed. It must be referred to the epoch, not of the formation of the earth or of the solar system, but of the establishment of the existing order of nature, and till not only these worlds and systems, but the very order of nature itself is dissolved, we have no reason to expect the occurrence of any operation of a similar kind.


In the present state of science, therefore, we have strong reasons for believing that in a molecule, or if not in a molecule, in one of its component atoms, we have something which has existed either from eternity or at least from times anterior to the existing order of nature. But besides this atom, there are immense numbers of other atoms of the same kind, and the constants of each of these atoms are incapable of adjustment by any process now in action. Each is physically independent of all the others.


Whether or not the conception of a multitude of beings existing from all eternity is in itself self-contradictory, the conception becomes palpably absurd when we attribute a relation of quantitative equality to all these beings. We are then forced to look beyond them to some common cause or common origin to explain why this singular relation of equality exists, rather than any one of the infinite number of possible relations of inequality.


Science is incompetent to reason upon the creation of matter itself out of nothing. We have reached the utmost limit of our thinking faculties when we have admitted that, because matter cannot be eternal and self-existent, it must have been created. It is only when we contemplate not matter in itself, but the form in which it actually exists, that our mind finds something on which it can lay hold.


That matter, as such, should have certain fundamental properties, that it should have a continuous existence in space and time, that all action should be between two portions of matter, and so on, are truths which may, for aught we know, be of the kind which metaphysicians call necessary. We may use our knowledge of such truths for purposes of deduction, but we have no data for speculating on their origin.


But the equality of the constants of the molecules is a fact of a very different order. It arises from a particular distribution of matter, a collocation, to use the expression of Dr Chalmers, of things which we have no difficulty in imagining to have been arranged otherwise. But many of the ordinary instances of collocation are adjustments of constants, which are not only arbitrary in their own nature, but in which variations actually occur; and when it is pointed out that these adjustments are beneficial to living beings, and are therefore instances of benevolent design, it is replied that those variations which are not conducive to the growth and multiplication of living beings tend to their destruction, and to the removal thereby of the evidence of any adjustment not beneficial.


The constitution of an atom, however, is such as to render it, so far as we can judge, independent of all the dangers arising from the struggle for existence. Plausible reasons may, no doubt, be assigned for believing that if the constants had varied from atom to atom through any sensible range, the bodies formed by aggregates of such atoms would not have been so well fitted for the construction of the world as the bodies which actually exist. But as we have no experience of bodies formed of such variable atoms this must remain a bare conjecture.


Atoms have been compared by Sir J. Herschel to manufactured articles, on account of their uniformity. The uniformity of manufactured articles may be traced to very different motives on the part of the manufacturer. In certain cases it is found to be less expensive as regards trouble, as well as cost, to make a great many objects exactly alike than to adapt each to its special requirements. Thus, shoes for soldiers are made in large numbers without any designed adaptation to the feet of particular men. In another class of oases the uniformity is intentional, and is designed to make the manufactured article more valuable. Thus, Whitworth's bolts are made in a certain number of sizes, so that if one bolt is lost, another may be got at once, and accurately fitted to its place. The identity of the arrangement of the words in the different copies of a document or book is a matter of great practical importance, and it is more perfectly secured by the process of printing than by that of manuscript copying.


In a third class not a part only but the whole of the value of the object arises fro its exact conformity to a given standard. Weights and measures belong to this class, and the existence of many well-adjusted material standards of weight and measure in any country furnishes evidence of the existence of a system of law regulating the transactions of the inhabitants, and enjoining in all professed measures a conformity to the national standard.


There are thus three kinds of usefulness in manufactured articles—cheapness, serviceableness, and quantitative accuracy. Which of these was present to the mind of Sir J. Herschel we cannot now positively affirm, but it was at least as likely to have been the last as the first, though it seems more probable that he meant to assert that a number of exactly similar things cannot be each of them eternal and self-existent, and must therefore have been made, and that he used the phrase "manufactured article" to suggest the idea of their being made in great numbers.
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5 FEBRUARY 1878

From Campbell and Garnett, Life of Maxwell, 
  

Whence came we? whither are we going? and what should we do now? are three questions of some celebrity. We have come from somewhere between this and Orion; we are going at — kilometres per second towards Hercules; and we must therefore observe stars in a direction at right angles to our path; — are the answers suggested twenty-five years ago. It seems to me that a change has come over the questions, so that they now read, What used I to believe about myself? what is it likely I shall have to believe about myself? and what should I believe about myself now?

I used to believe myself to be the Conscious Ego. I am told I shall have soon to believe myself to be a congeries of plastidule souls, and that I must at once study psychophysik in order to obtain a true knowledge of myself.


I propose, therefore, to talk of the Conscious Ego, of Plastidule souls, and of Psychophysik.


(1.) [Conscious Ego] What is your name? is a still more celebrated question. The suggested answer, N. or M., recalls to the mathematician ideas and operations of the most heterogeneous kind. Let us consider some of them. The instructors of my youth would have expected me to answer — My name is the Conscious Ego, one and indivisible, the Subject, in relation to whom all other beings, material, human, or divine, are mere Objects. Whether the being of such Objects can be maintained or upheld apart from my continuous perception of them is the great question of Metaphysic.


Though nothing can rise to the dignity even of an Object, except in so far as it is perceived by me, I regard certain Objects as nearer in rank to me, the Subject, than others, because it is through them that other Objects are perceived. Indeed, I often catch myself, when thinking about my body or my mind, supposing that I am thinking about myself.


There are other objects within the sphere of our perceptions which resemble our bodies, though they are not ours. The actions of these objects are so far like our own that we not only attribute to these objects the power of thinking, but also the consciousness of knowing, feeling, desiring and willing. In short, we suppose that each of these objects, when he asserts himself to be the Conscious Ego, means what we do when we make a similar statement.


The late Professor Ferrier, in his 'Metaphysic', makes great use of this Alter Ego, and for his own purposes he treats him as a true Ego, whereas in Metaphysic he can never be more than an Object. This, however, is only a confusion of persons, not an actual division of the substance of the Ego. Our business to-night lies in the abysmal depths of Personality, and relates to the Unity of the Ego.


A great deal of what has been written on this subject relates to the continuity of the Ego in space and time, or in what corresponds in metaphysic to the space and time of physic. And first of Space. Has the Ego anything corresponding to Extension? Has he parts? and, if so, are these parts separable in fact or even in idea?
It has been maintained that he has no parts; that his state of consciousness at any instant is an inseparable whole, comparable, in respect of extension, to a mathematical point. According to this view, when I think I see an extensive prospect all at once before me, I am in reality either actually rolling my eye in an unconscious frenzy, or without any bodily motion I, – that is, the perceptive Ego, – am attending first to one minimum visible, and then to another, so that what is presented to me is like the idea which a blind man forms of the shape of an object by stroking it with the end of his stick. The evidence relates only to the position of points in the line traced by the end of his stick, but he fills in the rest of the surface in accordance with his notions of continuity and probability.


There is no department of psychophysik which has been so successfully studied as that which relates to vision. When we keep not only our eyes, but our attention, fixed on one small object, the field of conscious vision seems to contract, till only that object remains visible, and even it seems about to disappear. It generally happens, however, that the feeling of uneasiness which grows upon us causes at last a slight displacement of the eye, when suddenly a large extent of the field starts into visibility, and the edges of objects, especially those normal to the line of displacement, become obtrusively prominent. This experiment seems at first sight to indicate that the central spot of the retina has some exclusive privilege in the economy of vision. What it really shows is that changes in the mode of excitation are essential to perfect vision, and that vision cannot be maintained under an absolute sameness of excitation. On the other hand, by means of the instantaneous light of a single electric spark, we may read a whole sentence of print. Here we know that though the illumination lasts only for a few millionths of a second, the image on the retina lasts for a time amply sufficient for an expert reader to go over it letter by letter, and even to detect misprints. This experiment suggests certain speculations about memory, a faculty which is often supposed to be essential to the continuity of the Ego in time.


When men wish to have things remembered, they set up monuments, and write inscriptions and books, — they draw pictures and take photographs, — in order that these material things may help them, in time to come, to call up the thought of that which they were intended to commemorate.


In our own bodies we have records of past events. Old wounds may remind us of impressions made years ago, and ocular spectra remind us of impressions made seconds ago. Even in quiet meditation we sometimes find the ideas of visible objects accompanied with sensations hardly less vivid than those produced by real objects, and the memory of spoken words passes in a continuous manner, as the condition of our nerves becomes more exalted, first into a silent straining of the organs of speech, and then into an audible voice.
Beginners in music may practise on a dumb piano, and there is a silent process by which we may improve our pronunciation of foreign words.


We can thus trace a continuous series of the instruments of memory, beginning at the tables of stone and going on to the tables of the heart; and we are tempted to ask whether all memorials are not of the same kind — a physical impression on a material system.


The last American invention of the past year is Edison's Talking Phonograph. This instrument has an ear of its own, into which you may say your lesson, and a mouth of its own, which at any future time is ready to repeat that lesson.


The memory of this machine consists of tinfoil thin enough to be impressionable by the metal style which is set in motion by the voice, and yet thick enough to be retentive of these impressions, and at a proper time to communicate a corresponding motion to the style of the talking part of the machine.


Such is the heart of this instrument, by which it gets its speeches. Are our own hearts essentially different? We know what damage can be done to our memory by physical disturbances. We find ourselves quite unable to recall what we had often perused and reperused on the pages of memory. The page is lost out of our consciousness. Time goes on, and some day we find that the page with all that it contained has been restored to its place. Where was that page when it was out of our consciousness? Not surely in the Ego, unless there be an unconscious Ego. It must be out of the Ego, and therefore an Object. If this be so, it is of no great consequence to the dignity of the Ego, whether this particular object is purely spiritual or has a material substratum, just as history is history, whether or not it has a material substratum of paper and ink.


Memory is sometimes spoken of as if it were essential to individuality. When I wish to convince myself that I am the same person as a certain baby, I may do so by remembering as my own certain acts done by that baby. It may happen, however, that I cannot ascertain whether my present memory of these acts is due entirely to the direct impression made by these acts on me, or whether it is not mainly due to the frequent repetition of the story of these acts, as told to me afterwards by older persons.


But even if I were to find my memory to be all wrong, and that I am not that baby but a changeling, this would not touch my conviction that I who now am, am one.


The phenomenon of double consciousness, though not common, seems to be well established. A person has a double series of alternate states. In one the memory, education, accomplishments, and temper, are quite different from what they are in the other.


Instances have even been adduced of a man believing himself to be two or even three different individuals at the same time. But when we come to examine any particular case, we find that the man has nothing more than an erroneous opinion that he is entitled to the position and rights of the King, or of some other person, as well as his own, so that even in his own imagination he is no more than a person who holds several different offices at the same time.


(2.) [Plastidule souls] The theory of Plastidule souls has been hinted at by several persons of whom Dr. Tyndall has spoken loudest.  A much clearer utterance is that of Professor von Nageli, of Munich, in an address delivered at the Munich meeting of the German Association in 1877.


Du Bois Reymond, in an address to the same body at Leipzig in 1872, had asserted 


`That in the first trace of pleasure which was felt by one of the simplest beings in the beginning of animal life upon our earth, an insuperable limit was marked; while upwards from this to the most elevated mental activity, and downwards from the vital force of the organic to the simple physical force, he nowhere finds another limit.'


To this Professor Nageli replies 


`Experience shows that from the clearest consciousness of the thinker downwards, through the more imperfect consciousness of the child, to the unconsciousness of the embryo, and to the insensibility of the human ovum, — or through the more imperfect consciousness of undeveloped human races and of higher animals to the unconsciousness of lower animals and of sensitive plants, and to the insensibility of all other plants, — there exists a continuous gradation without definable limit, and that the same gradation continues from the life of the animal ovum and the vegetable cell downwards, through organised elementary and more or less lifeless forms (parts of the cell), to crystals and chemical molecules.'


Professor von Nageli accepts the fact of sensation, appetency, and thought in the higher forms of life; but instead of trying to resolve it into a mechanical process, he levels up the discontinuity of the chain of being by attributing sensation not only to, all organisms, but also to all cells, molecules, and atoms. This is what he says —


`Now, if the molecules possess anything which is ever so distantly related to sensation, and we cannot doubt it, since each one feels the presence, the certain condition, the peculiar forces of the other, and, accordingly, has the inclination to move, and under circumstances really begins to move — becomes alive as it were; moreover, since such molecules are the elements which cause pleasure and pain; if, therefore, the molecules feel something that is related to sensation, then this must be pleasure, if they can respond to attraction and repulsion, i.e. follow their inclination or disinclination; it must be displeasure if they are forced to execute some opposite movement, and it must be neither pleasure nor displeasure if they remain at rest.'


Professor von Nageli is what Professor Huxley would call a mere biologist, or he would have known that the molecules, like the planets, move along like blessed gods. They cannot be disturbed from the path of their choice by the action of any forces, for they have a constant and perpetual will to render to every force precisely the amount of deflexion which is due to it. They must therefore enjoy a perpetuity of the highest and most unmixed pleasure, even when, as Professor Nageli says, they are the cause of pain to us.


To attribute life, sensation, and thought to objects in which these attributes are not established by sufficient evidence is nothing more than the good old figure of Personification.


If certain bodies, like the sun and stars, move in a regular manner which we can predict, we may, if it pleases us, suppose that their nature is like that of the just man whom nothing can turn from the path of rectitude. If the motion of other bodies is less simple, so that we cannot account for it, we may suppose their nature to be tainted with that capriciousness which we observe in our fellow-men, and of which we are occasionally conscious in ourselves.


But the study of nature has always tended to show that what we formerly attributed to the caprice of bodies is only an instance of a regularity which is unbroken, but which cannot be traced by us till we acquire the requisite skill.


But granting that the mental powers of atoms may be, for anything we know, of the very highest order, what step have we made towards linking our own mental powers with those of lower orders of being?


(3.) [Psychophysik] Let us suppose that a thinking man is built up of a number of thinking atoms. Have the thoughts of the man any relation to the thoughts of atoms or of one or more of them? Those who try to account by means of atoms for mental processes do so not by the thoughts of the atoms, but by their motions.


Hobbes, in the frontispiece of his Leviathan, shows us a monster like the wicker images of our British antecessors stuffed with men, and the whole method of his book is founded on an analogy between the body politic and the individual man.


Herbert Spencer has pushed the analogy both upwards and downwards as far as it will go, and further than it can go on all fours. He shows us how a society is an organism, and how an organism is a society,  — how the lower forms of societies and organisms consist of a multitude of homogeneous parts, the functions of which are imperfectly differentiated, so that each can at a pinch undertake the office of any other; whereas the parts of higher forms of organisms and societies are exceedingly heterogeneous, and discharge more perfectly differentiated functions. Hence to the lower forms a breaking up may be a multiplication of the species, whereas to the higher forms it is death.


In a society, as in an organism, both the working and the thinking will be better done if undertaken by different members, provided that the thinking members can guide the working members, while the working members support the thinking members, — the workers retaining just enough intelligence to enable them to receive the guidance, and the thinkers retaining just enough working power to enable them to appropriate the pabulum presented to them by the workers.


Hence in the more highly developed systems the guiding powers may be concentrated into a smaller portion of the whole system, and may exercise a more undisputed power of guiding the rest, till in the highest organism we arrive at what is called Personal Government, and the organism may bear without abuse the grand old name of Individual. This result is brought about by all the members except one bartering their right of guiding themselves for the privilege of being guided, and so delegating to the one ruling member the functions of government. When the human society has lapsed into the condition of personal government, the consciousness of the head of the state may be expressed by him in the phrase, `L'etat c'est moi'; but though the other members of the society may delegate to the head all their political powers, they cannot delegate their sensations or any other fact of consciousness, for these are the incommunicable attributes of that Ego to whom they belong.


I have now to confess that up to the present moment I have remained in ignorance of how I came to be, or, in the Spencerian language, how consciousness must arise. I was dimly aware that somewhere in the vast System of Philosophy this question had been settled, because the Evolutionists are all so calm about it; but in a hasty search for it I never suspected in how quiet and unostentatious a manner the origin of myself would be accounted for. I am indebted to Mr. Kirkman for pointing it out in his Philosophy without Assumptions.  Here it is with Mr. Kirkman's comment. Principles of Psychology, § 179, p. 403: 

'These separate impressions are received by the senses — by different parts of the body. If they go no further than the places at which they are received, they are useless. Or if only some of them are brought into relation with one another, they are useless. That an effectual adjustment may be made, they must all be brought into relation with one another. But this implies some centre of communication common to them all, through which they severally pass; and, as they cannot pass through it simultaneously, they must pass through it in succession. So that as the external phenomena responded to become greater in number and more complicated in kind, the variety and rapidity of the changes to which this common centre of communication is subject must increase — there must result an unbroken series of these changes — there must arise a consciousness.'(")


On this Kirkman remarks: 'He knew he could do it, and he did it! — What was the evolution of light to this? The next Longinus will put that in before γενέσθω φῶς και ἐγενετο φῶς.'


The opinions about my origin are as various as those about my nature. Canon Liddon tells me that I was created out of nothing in the year 1831, though I cannot make out from what he says on what day of that year the event took place, or why my parents and not some one else found me under a gooseberry bush; or, indeed, why I should have any part or lot in family matters, from Adam's first sin down to my father's last name.


Mr. Francis Galton tells me that I am developed from structureless germs contributed not only by my two parents but by their remotest ancestors centuries ago. My existence, therefore, does not begin abruptly, but tails off as an exponential function of t does for negative values of that variable. My local existence, however, though at present confined within the periphractic region of my skin, was in former times discontinuous as regards space, being carried about by two, four, or more, distinct human beings.


Dr. Julius Muller tells me that by an analysis of my conscience I shall come to a very different result, namely, that I existed (if, indeed, the fact can be expressed by a past tense and not a pure aorist), in an extra-temporal state, and that in that state I freely determined myself to choose evil rather than good.
He does not say I can remember this transaction. The conviction I am to acquire of it is not to be an experimental or empirical consciousness, but a speculative or philosophical knowledge.


Since, according to Muller's theory, this extra-temporal decision is perfectly free, and since it would be difficult to predicate freedom of a choice which is invariably on one side, he is obliged to assert that in the extra-temporal state some of our species must have chosen the better part. But he has also to maintain that all of us who are born into this world by ordinary generation have already chosen the worse part.
Hence, though he does not say so, he makes the extra-temporal fall a condition of our being born into this world. Whether those of us who make the better choice are born into some other world, or whether, so long as they remain unfallen, they continue in the extra-temporal state — a state certainly not higher but rather more undeveloped than that of time — Muller does not say.


Dr. John Henry Newman has shown us how the doctrine of post-baptismal sin became developed into the discovery of Purgatory with all its geographical details. It would seem as if the doctrine of original sin, in the hands of speculative theologians, might open up to our view a far more transcendental region, compared with which the stairs and terraces and fires of purgatory are as familiar as those of our own hearths and homes.


As to my present state, Du Bois Reymond tells me that not only my bodily but a large part of my mental functions are performed by the motion of atoms under fixed laws, and his result is that the finite mind, as it has developed itself through the animal world up to man, is a double one, — on the one side the acting, inventing, unconscious, material mind, which puts the muscles into motion and determines the world's history: this is nothing else but the mechanics of atoms, and is subject to the causal law; and on the other side the inactive, contemplative, remembering, fancying, conscious, immaterial mind, which feels pleasure and pain, love and hate: this one lies outside of the mechanics of matter and cares nothing for cause and effect.


Dr. Drysdale tells me that not only my thinking powers but my feelings are functions of the material organism, and that I myself am such a function. He admits that I am not material — no function can be material, for matter is a substance, and a function is not a being at all. Dr. Drysdale, as a Christian materialist, follows his master Fletcher, who says 


`As often as it shall be said that mind or the faculty of thinking is a property of living matter, — that it is born with the body, is developed with the body, decays with the body, and dies with the body, — it is to be understood of the mind only, not the soul. The soul is something not material indeed, but substantial — a divine gift to the highest alone of God's creatures, responsible for all the actions of mind, but as totally distinct from it as one thing can be from another, or rather as something is from nothing.'(")


Dr. Drysdale, however, in order to save the dynamical theory of life and mind, says that this soul or spirit must either, if now existing, be a passive spectator of the action of the living being connected with it, or else that he has no existence during this present life, but is to be constituted by a divine act after the death of the living being.


In either case, I cannot identify this soul with myself, for I know that I exist now, and that I act, and that what I do may be right or wrong, and that whether right or wrong, it is my act, which I cannot repudiate.


In this search for information about myself from eminent thinkers of different types, I seem to have learnt one lesson, that all science and philosophy and every form of human speech is about objects capable of being perceived by the speaker and the hearer; and that when our thought pretends to deal with the Subject it is really only dealing with an Object under a false name. The only proposition about the Subject, namely, 'I am', cannot be used in the same sense by any two of us, and, therefore, it can never become science at all.
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11 FEBRUARY 1873

From Campbell and Garnett, Life of Maxwell, Chapter XIV, pp.434-444
  

DOES THE PROGRESS OF PHYSICAL SCIENCE TEND TO GIVE ANY
ADVANTAGE TO THE OPINION OF NECESSITY (OR DETERMINISM)
OVER THAT OF THE CONTINGENCY OF EVENTS AND THE
FREEDOM OF THE WILL?


The general character and tendency of human thought is a topic the interest of which is not confined to professional philosophers. Though every one of us must, each for himself, accept some sort of a philosophy, good or bad, and though the whole virtue of this philosophy depends on it being our own, yet none of us thinks it out entirely for himself. It is essential to our comfort that we should know whether we are going with the general stream of human thought or against it, and if it should turn out that the general stream flows in a direction different from the current of our private thought. though we may endeavour to explain it as the result of a wide-spread aberration of intellect, we would be more satisfied if we could obtain some evidence that it is not ourselves who are going astray.

In such an enquiry we need some fiducial point or standard of reference by which we may ascertain the direction in which we are drifting. The books written by men of former ages who thought about the same questions would be of great use, if it were not that we are apt to derive a wrong impression from them if we approach them by a course of reading unknown to those for whom they were written.


There are certain questions, however, which form the pieces de résistance of philosophy, on which men of all ages have exhausted their arguments, and which are perfectly certain to furnish matter of debate to generations to come, and which may therefore serve to show how we are drifting. At a certain epoch of our adolescence those of us who are good for anything begin to get anxious about these questions, and unless the cares of this world utterly choke our metaphysical anxieties, we become developed into advocates of necessity or of free-will. What it is which determines for us which side we shall take must for the purpose of this essay be regarded as contingent. 


According to Mr F. Galton, it is derived from structureless elements in our parents, which were probably never developed in their earthly existence, and which may have been handed down to them, still in the latent state, through untold generations. Much might be said in favour of such a congenital bias towards a particular scheme of philosophy; at the same time we must acknowledge that much of a man's mental history depends upon events occurring after his birth in time, and that he is on the whole more likely to espouse doctrines which harmonise with the particular set of ideas to which he is induced, by the process of education, to confine his attention. What will be the probable effect if these ideas happen mainly to be those of modern physical science?

The intimate connexion between physical and metaphysical science is indicated even by their names. What are the chief requisites of a physical laboratory? Facilities for measuring space, time, and mass. What is the occupation of a metaphysician? Speculating on the modes of difference of coexistent things, on invariable sequences, and on the existence of matter.


He is nothing but a physicist disarmed of all his weapons — a disembodied spirit trying to measure distances in terms of his own cubit, to form a chronology in which intervals of time are measured by the number of thoughts which they include, and to evolve a standard pound out of his own self-consciousness. Taking metaphysicians singly, we find again that as is their physics, so is their metaphysics. Descartes, with his perfect insight into geometrical truth, and his wonderful ingenuity in the imagination of mechanical contrivances, was far behind the other great men of his time with respect to the conception of matter as a receptacle of momentum and energy. His doctrine of the collision of bodies is ludicrously absurd. He admits indeed, that the facts are against him, but explains them as the result either of the want of perfect hardness in the bodies, or of the action of the surrounding air. His inability to form that notion which we now call force is exemplified in his explanation of the hardness of bodies as the result of the quiescence of their parts.


Neque profecto ullum glutinum possumus excogitare, quod particular durorum corporum firmius inter se conjungat, quhni ipsarum quies. Princip., Pars II. LV.


Descartes, in fact, was a firm believer that matter has but one essential property, namely extension, and his influence in preserving this pernicious heresy in existence extends even to very recent times. Spinoza's idea of matter, as he receives it from the authorities, is exactly that of Descartes; and if he has added to it another essential function, namely thought, the new ingredient does not interfere with the old, and certainly does not bring the matter of Descartes into closer resemblance with that of Newton.

The influence of the physical ideas of Newton on philosophical thought deserves a careful study. It may be traced in a very direct way through Maclaurin and the Stewarts to the Scotch School, the members of which had all listened to the popular expositions of the Newtonian Philosophy in their respective colleges. In England, Boyle and Locke reflect Newtonian ideas with tolerable distinctness, though both have ideas of their own." Berkeley, on the other hand, though he is a master of the language of his time, is quite impervious to its ideas. Samuel Clarke is perhaps one of the best examples of the influence of Newton;(') while Roger Cotes, in spite of his clever exposition of Newton's doctrines, must be condemned as one of the earliest heretics bred in the bosom of Newtonianism.


It is absolutely manifest from these and other instances that any development of physical science is likely to produce some modification of the methods and ideas of philosophers, provided that the physical ideas are expounded in such a way that the philosophers can understand them.


The principal developments of physical ideas in modern times have been 


1st. The idea of matter as the receptacle of momentum and energy. This we may attribute to Galileo and some of his contemporaries. This idea is fully expressed by Newton, under the form of Laws of Motion.


2nd. The discussion of the relation between the fact of gravitation and the maxim that matter cannot act where it is not.


3rd. The discoveries in Physical Optics, at the beginning of this century. These have produced much less effect outside the scientific world than might be expected. There are two reasons for this. In the first place it is difficult, especially in these days of the separation of technical from popular knowledge, to expound physical optics to persons not professedly mathematicians. The second reason is, that it is extremely easy to show such persons the phenomena, which are very beautiful in themselves, and this is often accepted as instruction in physical optics.


4th. The development of the doctrine of the Conservation of Energy. This has produced a far greater effect on the thinking world outside that of technical thermodynamics.
As the doctrine of the conservation of matter gave a definiteness to statements regarding the immateriality of the soul, so the doctrine of the conservation of energy, when applied to living beings, leads to the conclusion that the soul of an animal is not, like the mainspring of a watch, the motive power of the body, but that its function is rather that of a steersman of a vessel — not to produce, but to regulate and direct the animal powers!")


5th. The discoveries in Electricity and Magnetism labour under the same disadvantages as those in Light. It is difficult to present the ideas in an adequate manner to laymen, and it is easy to show them wonderful experiments.


6th. On the other hand, recent developments of Molecular Science seem likely to have a powerful effect on the world of thought. The doctrine that visible bodies apparently at rest are made up of parts, each of which is moving with the velocity of a cannon ball, and yet never departing to a visible extent from its mean place, is sufficiently startling to attract the attention of an unprofessional man.


But I think the most important effect of molecular science on our way of thinking will be that it forces on our attention the distinction between two kinds of knowledge, which we may call for convenience the Dynamical and Statistical.


The statistical method of investigating social questions has Laplace for its most scientific and Buckle for its most popular expounder.  Persons are grouped according to some characteristic, and the number of persons forming the group is set down under that characteristic. This is the raw material from which the statist endeavours to deduce general theorems in sociology. Other students of human nature proceed on a different plan. They observe individual men, ascertain their history, analyse their motives, and compare their expectation of what they will do with their actual conduct. This may be called the dynamical method of study as applied to man. However imperfect the dynamical study of man may be in practice, it evidently is the only perfect method in principle, and its shortcomings arise from the limitation of our powers rather than from a faulty method of procedure. If we betake ourselves to the statistical method, we do so confessing that we are unable to follow the details of each individual case, and expecting that the effects of widespread causes, though very different in each individual, will produce an average result on the whole nation, from a study of which we may estimate the character and propensities of an imaginary being called the Mean Man.


Now, if the molecular theory of the constitution of bodies is true, all our knowledge of matter is of the statistical kind. A constituent molecule of a body has properties very different from those of the body to which it belong:. Besides its immutability and other recondite properties, it has a velocity which is different from that which we attribute to the body as a whole.


The smallest portion of a body which we can discern consists of a vast number of such molecules, and all that we can learn about this group of molecules is statistical information. We can determine the motion of the centre of gravity of the group, but not that of any one of its members for the time being, and these members themselves are continually passing from one group to another in a manner confessedly beyond our power of tracing them.
Hence those uniformities which we observe in our experiments with quantities of matter containing millions of millions of molecules are uniformities of the same kind as those explained by Laplace and wondered at by Buckle, arising from the slumping together of multitudes of cases, each of which is by no means uniform with the others.


The discussion of statistical matter is within the province of human reason, and valid consequences may be deduced from it by legitimate methods; but there are certain peculiarities in the very form of the results which indicate that they belong to a different department of knowledge from the domain of exact science. They are not symmetrical functions of the time. It makes all the difference in the world whether we suppose the inquiry to be historical or prophetical — whether our object is to deduce the past state or the future state of things from the known present state. In astronomy, the two problems differ only in the sign of t, the time; in the theory of the diffusion of matter, heat, or motion, the prophetical problem is always capable of solution; but the historical one, except in singular cases, is insoluble. There may be other cases in which the past, but not the future, may be deducible from the present. Perhaps the process by which we remember past events, by submitting our memory to analysis, may be a case of this kind.


Much light may be thrown on some of these questions by the consideration of stability and instability. When the state of things is such that an infinitely small variation of the present state will alter only by an infinitely small quantity the state at some future time, the condition of the system, whether at rest or in motion, is said to be stable; but when an infinitely small variation in the present state may bring about a finite difference in the state of the system in a finite time, the condition of the system is said to be unstable. 

It is manifest that the existence of unstable conditions renders impossible the prediction of future events, if our knowledge of the present state is only approximate, and not accurate. 


It has been well pointed out by Professor Balfour Stewart that physical stability is the characteristic of those systems from the contemplation of which determinists draw their arguments, and physical instability that of those living bodies, and moral instability that of those developable souls, which furnish to consciousness the conviction of free will.



Having thus pointed out some of the relations of physical science to the question, we are the better prepared to inquire what is meant by determination and what by free will.


No one, I suppose, would assign to free will a more than infinitesimal range. No leopard can change his spots, nor can any one by merely wishing it, or, as some say, willing it, introduce discontinuity into his course of existence. Our free will at the best is like that of Lucretius's atoms — which at quite uncertain times and places deviate in an uncertain manner from their course. In the course of this our mortal life we more or less frequently find ourselves on a physical or moral watershed, where an imperceptible deviation is sufficient to determine into which of two valleys we shall descend. The doctrine of free will asserts that in some such cases the Ego alone is the determining cause. The doctrine of Determinism asserts that in every case. without exception, the result is determined by the previous conditions of the subject, whether bodily or mental, and that Ego is mistaken in supposing himself in any way the cause of the actual result, as both what he is pleased to call decisions and the resultant action are corresponding events due to the same fixed laws. Now, when we speak of causes and effects, we always imply some person who knows the causes and deduces the effects. Who is this person? Is he a man, or is he the Deity?


If he is man — that is to say, a person who can make observations with a certain finite degree of accuracy — we have seen that it is only in certain cases that he can predict results with even approximate correctness.


If he is the Deity, I object to any argument founded on a supposed acquaintance with the conditions of Divine foreknowledge.



The subject of the essay is the relation to determinism, not of theology, metaphysics, or mathematics, but of physical science – the science which depends for its material on the observation and measurement of visible things, but which aims at the development of doctrines whose consistency with each other shall be apparent to our reason.


It is a metaphysical doctrine that from the same antecedents follow the same consequents. No one can gainsay this. But it is not of much use in a world like this, in which the same antecedents never again concur, and nothing ever happens twice. Indeed, for aught we know, one of the antecedents might be the precise date and place of the event, in which case experience would go for nothing. The metaphysical axiom would be of use only to a being possessed of the knowledge of contingent events, scientia simplicis intelligentiae – a degree of knowledge to which mere omniscience of all facts, scientia visionis, is but ignorance.


The physical axiom which has a somewhat similar aspect is 'That from like antecedents follow like consequents.' But here we have passed from sameness to likeness, from absolute accuracy to a more or less rough approximation. There are certain classes of phenomena, as I have said, in which a small error in the data only introduces a small error in the result. Such are, among others, the larger phenomena of the Solar System, and those in which the more elementary laws in Dynamics contribute the greater part of the result. The course of events in these cases is stable.


There are other classes of phenomena which are more complicated, and in which cases of instability may occur, the number of such cases increasing, in an exceedingly rapid manner, as the number of variables increases. Thus, to take a case from a branch of science which comes next to astronomy itself as a manifestation of order: in the refraction of light, the direction of the refracted ray depends on that of the incident ray, so that in general, if the one direction be slightly altered, the other also will be slightly altered. In doubly refracting media there are two refracting rays, but it is true of each of them that like causes produce like effects. But if the direction of the ray within a biaxal crystal is nearly but not exactly coincident with that of the ray-axis of the crystal, a small change in direction will produce a great change in the direction of the emergent ray. Of course, this arises from a singularity in the properties of the ray-axis, and there are only two ray-axes among the infinite number of possible directions of lines in the crystal; but it is to be expected that in phenomena of higher complexity there will be a far greater number of singularities, near which the axiom about like causes producing like effects ceases to be true. Thus the conditions under which gun-cotton explodes are far from being well known; but the aim of chemists is not so much to predict the time at which gun-cotton will go off of itself, as to find a kind of guncotton which, when placed in certain circumstances, has never yet exploded, and this even when slight irregularities both in the manufacture and in the storage are taken account of by trying numerous and long continued experiments.


In all such cases there is one common circumstance – the system has a quantity of potential energy, which is capable of being transformed into motion, but which cannot begin to be so transformed till the system has reached a certain configuration, to attain which requires an expenditure of work, which in certain cases may be infinitesimally small, and in general bears no definite proportion to the energy developed in consequence thereof For example, the rock loosed by frost and balanced on a singular point of the mountain-side, the little spark which kindles the great forest, the little word which sets the world a fighting, the little scruple which prevents a man from doing his will, the little spore which blights all the potatoes, the little gemmule which makes us philosophers or idiots. Every existence above a certain rank has its singular points: the higher the rank, the more of them. At these points, influences whose physical magnitude is too small to be taken account of by a finite being, may produce results of the greatest importance. All great results produced by human endeavour depend on taking advantage of these singular states when they occur.



There is a tide in the affairs of men

Which, taken at the flood, leads on to fortune. 


The man of tact says 'the right word at the right time', and, 'a word spoken in due season how good is it!' The man of no tact is like vinegar upon nitre when he sings his songs to a heavy heart. The ill-timed admonition hardens the heart, and the good resolution, taken when it is sure to be broken. becomes macadamised into pavement for the abyss.

It appears then that in our own nature there are more singular points – where prediction, except from absolutely perfect data, and guided by the omniscience of contingency, becomes impossible – than there are in any lower organisation. But singular points are by their very nature isolated, and form no appreciable fraction of the continuous course of our existence. Hence predictions of human conduct may be made in many cases. First, with respect to those who have no character at all, especially when considered in crowds, after the statistical method. Second, with respect to individuals of confirmed character, with respect to actions of the kind for which their character is confirmed.


If, therefore, those cultivators of physical science from whom the intelligent public deduce their conception of the physicist, and whose style is recognised as marking with a scientific stamp the doctrines they promulgate, are led in pursuit of the arcana of science to the study of the singularities and instabilities, rather than the continuities and stabilities of things, the promotion of natural knowledge may tend to remove that prejudice in favour of determinism which seems to arise from assuming that the physical science of the future is a mere magnified image of that of the past.
  



Maxwell sees many causes, some coming from before our birth through heredity, others since birth as education, etc.

Letter to Francis Galton, 26 February 1879


Do you take any interest in Fixt Fate, Free Will &c. If so Boussinesq [of hydro dynamic reputation] 'Conciliation du veritable determinisme mecanique avec l'existence de la vie et de la liberte morale' (Paris 1878) does the whole busi ness by the theory of the singular solutions of the differential equations of motion. Two other Frenchmen have been working on the same or a similar track Cournot (now dead) and de St Venant [of elastic reputation Torsion of Prisms &c.] Another, also in the engineering line of research, Philippe Breton seems to me to be somewhat like minded with these.

There are certain cases in which a material system, when it comes to a phase in which the particular path which it is describing coincides with the envelope of all such paths may either continue in the particular path or take to the envelope (which in these cases is also a possible path) and which course it takes is not determined by the forces of the system (which are the same for both cases) but when the bifurcation of path occurs, the system, ipso facto, invokes some determining principle which is extra physical (but not extra natural) to determine which of the two paths it is to follow.


When it is on the enveloping path it may at any instant, at its own sweet will, without exerting any force or spending any energy, go off along that one of the particular paths which happens to coincide with the actual condition of the system at that instant.
In most of the former methods Dr Balfour Stewarts &c. there was a certain small but finite amount of travail decrochant or trigger-work for the Will to do. Boussinesq has managed to reduce this to mathematical zero, but at the expense of having to restrict certain of the arbitrary constants of the motion to mathematically definite values, and this I think will be found in the long run, very expensive.


But I think Boussinesq's method is a very powerful one against metaphysical arguments about cause and effect and much better than the insinuation that there is something loose about the laws of nature, not of sensible magnitude but enough to bring her round in time.
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26 February 1879


Do you take any interest in Fixt Fate, Free Will &c. If so Boussinesq [of hydro dynamic reputation] 'Conciliation du veritable determinisme mecanique avec l'existence de la vie et de la liberte morale' (Paris 1878) does the whole busi ness by the theory of the singular solutions of the differential equations of motion. Two other Frenchmen have been working on the same or a similar track Cournot (now dead) and de St Venant [of elastic reputation Torsion of Prisms &c.] Another, also in the engineering line of research, Philippe Breton seems to me to be somewhat like minded with these.

There are certain cases in which a material system, when it comes to a phase in which the particular path which it is describing coincides with the envelope of all such paths may either continue in the particular path or take to the envelope (which in these cases is also a possible path) and which course it takes is not determined by the forces of the system (which are the same for both cases) but when the bifurcation of path occurs, the system, ipso facto, invokes some determining principle which is extra physical (but not extra natural) to determine which of the two paths it is to follow.


When it is on the enveloping path it may at any instant, at its own sweet will, without exerting any force or spending any energy, go off along that one of the particular paths which happens to coincide with the actual condition of the system at that instant.
In most of the former methods Dr Balfour Stewarts &c. there was a certain small but finite amount of travail decrochant or trigger-work for the Will to do. Boussinesq has managed to reduce this to mathematical zero, but at the expense of having to restrict certain of the arbitrary constants of the motion to mathematically definite values, and this I think will be found in the long run, very expensive.


But I think Boussinesq's method is a very powerful one against metaphysical arguments about cause and effect and much better than the insinuation that there is something loose about the laws of nature, not of sensible magnitude but enough to bring her round in time.
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5 February 1858, from The Life of James Clerk Maxwell, Campbell and Garnett, pp.306-6


With respect to the " material sciences," they appear to me to be the appointed road to all scientific truth, whether metaphysical, mental, or social. The knowledge which exists in these subjects derives a great part of its value from ideas suggested by analogies from the material sciences, and the remaining part, though valuable and important to mankind, is not scientific but aphoristic. The chief philosophical value of physics is that it gives the mind something distinct to lay hold of, which, if you don't, Nature at once tells you you are wrong. Now, every stage of this conquest of truth leaves a more or less presentable trace on the memory, so that materials are furnished here more than anywhere else for
investigation of the great question, "How does Knowledge come?"


I have observed that the practical cultivators of science (e.g., Sir J. Herschel, Faraday, Ampere, Oersted, Newton, Young), although differing excessively in turn of mind, have all a distinctness and a freedom from the tyranny of words in dealing with questions of Order, Law, etc., which pure speculators and literary men never attain.


Now, I am going to put down something on my own authority, which you must not take for more than it is worth. There are certain men who write books, who assume that, whatever things are orderly, certain, and capable of being accurately predicted by men of experience, belong to one
category; and whatever things are the result of conscious action, whatever are capricious, contingent, and cannot be foreseen, belong to another category.


All the time I have lived and thought, I have seen more and more reason to disagree with this opinion, and to hold that all want of order, caprice, and unaccountableness results
from interference with liberty, which would, if unimpeded, result in order, certainty, and trustworthiness (certainty of success of predicting). Remember I do not say that caprice
and order are not the result of free will (so called), only I say that there is a liberty which is not disorder, and that this is by no means less free than the other, but more.


In the next place, there are various states of mind, and schools of philosophy corresponding to various stages in the evolution of the idea of liberty.


In one phase, human actions are the resultant (by parallelogram of forces) of the various attractions of surrounding things, modified in some degree by internal states, regarding which
all that is to be said is that they are subjectively capricious, objectively the "RESULT OF LAW," — that is, the wilfulness of our wills feels to us like liberty, being in reality necessity.


In another phase, the wilfulness is seen to be anything but free will, since it is merely a submission to the strongest attraction, after the fashion of material things. So some say that a man's will is the root of all evil in him, and that he should mortify it out till nothing of himself remains, and the man and his selfishness disappear together. So said Buddha (see Max Muller), and many Christians have and thought nearly the same thing.


Nevertheless there is another phase still, in which appears a possibility of the exact contrary to the first state, namely, an abandonment of wilfulness without extinction of will, but rather by means of a great development of will, whereby, instead of being consciously free and really in subjection to unknown laws, it becomes consciously acting by law, and really free from the interference of unrecognised laws.


There is a screed of metaphysics. I don't suppose that is what you wanted. I have no nostrum that is exactly what you want. Every man must brew his own, or at least fill his own glass for himself, but I greatly desire to hear some more from you, just to get into rapport.


For Scholars






Source: https://www.informationphilosopher.com/solutions/scientists/maxwell/letter_to_litchfield.html
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Scientific Papers of James Clerk Maxwell, vol 2, LXII, p.361 (From Nature, Vol VIII, 1877?) 
  

AN atom is a body which cannot be cut in two. A molecule is the smallest possible portion of a particular substance. No one has ever seen or handled a single molecule. Molecular science, therefore, is one of those branches of study which deal with things invisible and imperceptible by our senses, and which cannot be subjected to direct experiment.

The mind of man has perplexed itself with many hard questions. Is space infinite, and if so in what sense? Is the material world infinite in extent, and are all places within that extent equally full of matter? Do atoms exist, or is matter infinitely divisible?


The discussion of questions of this kind has been going on ever since men began to reason, and to each of us, as soon as we obtain the use of our faculties, the same old questions arise as fresh as ever. They form as essential a part of the science of the nineteenth century of our era, as of that of the fifth century before it.


We do not know much about the science organisation of Thrace twenty-two centuries ago, or of the machinery then employed for diffusing an interest in physical research. There were men, however, in those days, who devoted their lives to the pursuit of knowledge with an ardour worthy of the most distinguished members of the British Association; and the lectures in which Democritus explained the atomic theory to his fellow-citizens of Abdera realised, not in golden opinions only, but in golden talents, a sum hardly equalled even in America.


To another very eminent philosopher, Anaxagoras, best known to the world as the teacher of Socrates, we are indebted for the most important service to the atomic theory, which, after its statement by Democritus, remained to be done. Anaxagoras, in fact, stated a theory which so exactly contradicts the atomic theory of Democritus that the truth or falsehood of the one theory implies the falsehood or truth of the other. The question of the existence or non-existence of atoms cannot be presented to us this evening with greater clearness than in the alternative theories of these two philosophers.


Take any portion of matter, say a drop of water, and observe its properties. Like every other portion of matter we have ever seen, it is divisible. Divide it in two, each portion appears to retain all the properties of the original drop, and among others that of being divisible. The parts are similar to the whole in every respect except in absolute size.


Now go on repeating the process of division till the separate portions of water are so small that we can no longer perceive or handle them. Still we have no doubt that the sub-division might be carried further, if our senses were more acute and our instruments more delicate. Thus far all are agreed, but now the question arises, Can this sub-division be repeated for ever?


According to Democritus and the atomic school, we must answer in the negative. After a certain number of sub-divisions, the drop would be divided into a number of parts each of which is incapable of further sub-division. We should thus, in imagination, arrive at the atom, which, as its name literally signifies, cannot be cut in two. This is the atomic doctrine of Democritus, Epicurus, and Lucretius, and, I may add, of your lecturer.


According to Anaxagoras, on the other hand, the parts into which the drop is divided are in all respects similar to the whole drop, the mere size of a body counting for nothing as regards the nature of its substance. Hence if the whole drop is divisible, so are its parts down to the minutest sub-divisions, and that without end.


The essence of the doctrine of Anaxagoras is that parts of a body are in all respects similar to the whole. It was, therefore, called the doctrine of Homoiomereia. Anaxagoras did not of course assert this of the parts of organised bodies such as men and animals, but he maintained that those inorganic substances which appear to us homogeneous are really so, and that the universal experience of mankind testifies that every material body, without exception, is divisible.


The doctrine of atoms and that of homogeneity are thus in direct contradiction.


But we must now go on to molecules. Molecule is a modern word. It does not occur in Johnson's Dictionary. The ideas it embodies are those belonging to modern chemistry.


A drop of water, to return to our former example, may be divided into a certain number, and no more, of portions similar to each other. Each of these the modern chemist calls a molecule of water. But it is by no means an atom, for it contains two different substances, oxygen and hydrogen, and by a certain process the molecule may be actually divided into two parts, one consisting of oxygen and the other of hydrogen. According to the received doctrine, in each molecule of water there are two molecules of hydrogen and one of oxygen. Whether these are or are not ultimate atoms I shall not attempt to decide.


We now see what a molecule is, as distinguished from an atom.


A molecule of a substance is a small body such that if, on the one hand, a number of similar molecules were assembled together they would form a mass of that substance, while on the other hand, if any portion of this molecule were removed, it would no longer be able, along with an assemblage of other molecules similarly treated, to make up a mass of the original substance.


Every substance, simple or compound, has its own molecule. If this molecule be divided, its parts are molecules of a different substance or substances from that of which the whole is a molecule. An atom, if there is such a thing, must be a molecule of an elementary substance. Since, therefore, every molecule is not an atom, but every atom is a molecule, I shall use the word molecule as the more general term.


I have no intention of taking up your time by expounding the doctrines of modern chemistry with respect to the molecules of different substances. It is not the special but the universal interest of molecular science which encourages me to address you. It is not because we happen to be chemists or physicists or specialists of any kind that we are attracted towards this centre of all material existence, but because we all belong to a race endowed with faculties which urge us on to search deep and ever deeper into the nature of things.


We find that now, as in the days of the earliest physical speculations, all physical researches appear to converge towards the same point, and every inquirer, as he looks forward into the dim region towards which the path of discovery is leading him, sees, each according to his sight, the vision of the same Quest.


One may see the atom as a material point, invested and surrounded by potential forces. Another sees no garment of force, but only the bare and utter hardness of mere impenetrability.


But though many a speculator, as he has seen the vision recede before him into the innermost sanctuary of the inconceivably little, has had to confess that the quest was not for him, and though philosophers in every age have been exhorting each other to direct their minds to some more useful and attainable aim, each generation, from the earliest dawn of science to the present time, has contributed a due proportion of its ablest intellects to the quest of the ultimate atom.


Our business this evening is to describe some researches in molecular science, and in particular to place before you any definite information which has been obtained respecting the molecules themselves. The old atomic theory, as described by Lucretius and revived in modern times, asserts that the molecules of all bodies are in motion, even when the body itself appears to be at rest. These motions of molecules are in the case of solid bodies confined within so narrow a range that even with our best microscopes we cannot detect that they alter their places at all. In liquids and gases, however, the molecules are not confined within any definite limits, but work their way through the whole mass, even when that mass is not disturbed by any visible motion.


This process of diffusion, as it is called, which goes on in gases and liquids and even in some solids, can be subjected to experiment, and forms one of the most convincing proofs of the motion of molecules.


Now the recent progress of molecular science began with the study of the mechanical effect of the impact of these moving molecules when they strike against any solid body. Of course these flying molecules must beat against whatever is placed among them, and the constant succession of these strokes is, according to our theory, the sole cause of what is called the pressure of air and other gases.


This appears to have been first suspected by Daniel Bernoulli, but he had not the means which we now have of verifying the theory. The same theory was afterwards brought forward independently by Lesage, of Geneva, who, however, devoted most of his labour to the explanation of gravitation by the impact of atoms. Then Herapath, in his Mathematical Physics, published in 1847, made a much more extensive application of the theory to gases, and Dr Joule, whose absence from our meeting we must all regret, calculated the actual velocity of the molecules of hydrogen.


The further development of the theory is generally supposed to have begun with a paper by Kronig, which does not, however, so far as I can see, contain any improvement on what had gone before. It seems, however, to have drawn the attention of Professor Clausius to the subject, and to him we owe a very large part of what has been since accomplished.


We all know that air or any other gas placed in a vessel presses against the sides of the vessel, and against the surface of any body placed within it. On the kinetic theory this pressure is entirely due to the molecules striking against these surfaces, and thereby communicating to them a series of impulses which follow each other in such rapid succession that they produce an effect which cannot be distinguished from that of a continuous pressure.


If the velocity of the molecules is given, and the number varied, then since each molecule, on an average, strikes the sides of the vessel the same number of times, and with an impulse of the same magnitude, each will contribute an equal share to the whole pressure. The pressure in a vessel of given size is therefore proportional to the number of molecules in it, that is to the quantity of gas in it.


This is the complete dynamical explanation of the fact discovered by Robert Boyle, that the pressure of air is proportional to its density. It spews also that of different portions of gas forced into a vessel, each produces its own part of the pressure independently of the rest, and this whether these portions be of the same gas or not.


Let us next suppose that the velocity of the molecules is increased. Each molecule will now strike the sides of the vessel a greater number of times in a second, but, besides this, the impulse of each blow will be increased in the same proportion, so that the part of the pressure due to each molecule will vary as the square of the velocity. Now the increase of velocity corresponds, on our theory, to a rise of temperature, and in this way we can explain the effect of warming the gas, and also the law discovered by Charles that the proportional expansion of all gases between given temperatures is the same.


The dynamical theory also tells us what will happen if molecules of different masses are allowed to knock about together. The greater masses will go slower than the smaller ones, so that, on an average, every molecule, great or small, will have the same energy of motion.
The proof of this dynamical theorem, in which I claim the priority, has recently been greatly developed and improved by Dr Ludwig Boltzmann. The most important consequence which flows from it is that a cubic centimetre of every gas at standard temperature and pressure contains the same number of molecules. This is the dynamical explanation of Gay Lussac's law of the equivalent volumes of gases. But we must now descend to particulars, and calculate the actual velocity of a molecule of hydrogen.


A cubic centimetre of hydrogen, at the temperature of melting ice, and at a pressure of one atmosphere, weighs 0.00008954 grammes. We have to find at what rate this small mass must move (whether altogether or in separate molecules makes no difference) so as to produce the observed pressure on the sides of the cubic centimetre. This is the calculation which was first made by Dr Joule, and the result is 1,859 metres per second. This is what we are accustomed to call a great velocity. It is greater than any velocity obtained in artillery practice. The velocity of other gases is less, as you will see by the table, but in all cases it is very great as compared with that of bullets.


We have now to conceive the molecules of the air in this hall flying about in all directions, at a rate of about seventeen miles in a minute.


If all these molecules were flying in the same direction, they would constitute a wind blowing at the rate of seventeen miles a minute, and the only wind which approaches this velocity is that which proceeds from the mouth of a cannon. How, then, are you and I able to stand here? Only because the molecules happen to be flying in different directions, so that those which strike against our backs enable us to support the storm which is beating against our faces. Indeed, if this molecular bombardment were to cease, even for an instant, our veins would swell, our breath would leave us, and we should, literally, expire. But it is not only against us or against the walls of the hall that the molecules are striking. Consider the immense number of them, and the fact that they are flying in every possible direction, and you will see that they cannot avoid striking each other. Every time that two molecules come into collision, the paths of both are changed, and they go off in new directions. Thus each molecule is continually getting its course altered, so that in spite of its great velocity it may be a long time before it reaches any great distance from the point at which it set out.


I have here a bottle containing ammonia. Ammonia is a gas which you can recognise by its smell. Its molecules have a velocity of six hundred metres per second, so that if their course had not been interrupted by striking against the molecules of air in the hall, everyone in the most distant gallery would have smelt ammonia before I was able to pronounce the name of the gas. But instead of this, each molecule of ammonia is so jostled about by the molecules of air, that it is sometimes going one way and sometimes another, and like a hare which is always doubling, though it goes a great pace, it makes very little progress. Nevertheless, the smell of ammonia is now beginning to be perceptible at some distance from the bottle. The gas does diffuse itself through the air, though the process is a slow one, and if we could close up every opening of this hall so as to make it air-tight, and leave everything to itself for some weeks, the ammonia would become uniformly mixed through every part of the air in the hall.


This property of gases, that they diffuse through each other, was first remarked by Priestley. Dalton shewed that it takes place quite independently of any chemical action between the inter-diffusing gases. Graham, whose researches were especially directed towards those phenomena which seem to throw light on molecular motions, made a careful study of diffusion, and obtained the first results from which the rate of diffusion can be calculated.
Still more recently the rates of diffusion of gases into each other have been measured with great precision by Professor Loschmidt of Vienna.


He placed the two gases in two similar vertical tubes, the lighter gas being placed above the heavier, so as to avoid the formation of currents. He then opened a sliding valve, so as to make the two tubes into one, and after leaving the gases to themselves for an hour or so, he shut the valve, and determined how much of each gas had diffused into the other.
As most gases are invisible, I shall exhibit gaseous diffusion to you by means of two gases, ammonia and hydrochloric acid, which, when they meet, form a solid product. The ammonia, being the lighter gas, is placed above the hydrochloric acid, with a stratum of air between, but you will soon see that the gases can diffuse through this stratum of air, and produce a cloud of white smoke when they meet. During the whole of this process no currents or any other visible motion can be detected. Every part of the vessel appears as calm as a jar of undisturbed air.


But, according to our theory, the same kind of motion is going on in calm air as in the inter-diffusing gases, the only difference being that we can trace the molecules from one place to another more easily when they are of a different nature from those through which they are diffusing.


If we wish to form a mental representation of what is going on among the molecules in calm air, we cannot do better than observe a swarm of bees, when every individual bee is flying furiously, first in one direction and then in another, while the swarm, as a whole, either remains at rest, or sails slowly through the air.


In certain seasons, swarms of bees are apt to fly off to a great distance, and the owners, in order to identify their property when they find them on other people's ground, sometimes throw handfulls of flour at the swarm. Now let us suppose that the flour thrown at the flying swarm has whitened those bees only which happened to be in the lower half of the swarm, leaving those in the upper half free from flour.


If the bees still go on flying hither and thither in an irregular manner, the floury bees will be found in continually increasing proportions in the upper part of the swarm, till they have become equally diffused through every part of it. But the reason of this diffusion is not because the bees were marked with flour, but because they are flying about. The only effect of the marking is to enable us to identify certain bees.


We have no means of marking a select number of molecules of air, so as to trace them after they have become diffused among others, but we may communicate to them some property by which we may obtain evidence of their diffusion.


For instance, if a horizontal stratum of air is moving horizontally, molecules diffusing out of this stratum into those above and below will carry their horizontal motion with them, and so tend to communicate motion to the neighbouring strata, while molecules diffusing out of the neighbouring strata into the moving one will tend to bring it to rest. The action between the strata is somewhat like that of two rough surfaces, one of which slides over the other, rubbing on it. Friction is the name given to this action between solid bodies ; in the case of fluids it is called internal friction, or viscosity.


It is, in fact, only another kind of diffusion — a lateral diffusion of momentum, and its amount can be calculated from data derived from observations of the first kind of diffusion, that of matter. The comparative values of the viscosity of different gases were determined by Graham in his researches on the transpiration of gases through long narrow tubes, and their absolute values have been deduced from experiments on the oscillation of discs by Oscar Meyer and myself.


Another way of tracing the diffusion of molecules through calm air is to heat the upper stratum of the air in a vessel, and to observe the rate at which this heat is communicated to the lower strata. This, in fact, is a third kind of diffusion—that of energy, and the rate at which it must take place was calculated from data derived from experiments on viscosity before any direct experiments on the conduction of heat had been made. Professor Stefan, of Vienna, has recently, by a very delicate method, succeeded in determining the conductivity of air, and he finds it, as he tells us, in striking agreement with the value predicted by the theory.


All these three kinds of diffusion — the diffusion of matter, of momentum, and of energy — are carried on by the motion of the molecules. The greater the velocity of the molecules and the further they travel before their paths are altered by collision with other molecules, the more rapid will be the diffusion. Now we know already the velocity of the molecules, and therefore, by experiments on diffusion, we can determine how far, on an average, a molecule travels without striking another. Professor Clausius, of Bonn, who first gave us precise ideas about the motion of agitation of molecules, calls this distance the mean path of a molecule. I have calculated, from Professor Loschmidt's diffusion experiments, the mean path of the molecules of four well-known gases. The average distance travelled by a molecule between one collision and another is given in the table. It is a very small distance, quite imperceptible to us even with our best microscopes. Roughly speaking, it is about the tenth part of the length of a wave of light, which you know is a very small quantity. Of course the time spent on so short a path by such swift molecules must be very small. I have calculated the number of collisions which each must undergo in a second. They are given in the table and are reckoned by thousands of millions. No wonder that the travelling power of the swiftest molecule is but small, when its course is completely changed thousands of millions of times in a second.


The three kinds of diffusion also take place in liquids, but the relation between the rates at which they take place is not so simple as in the case of gases. The dynamical theory of liquids is not so well understood as that of gases, but the principal difference between a gas and a liquid seems to be that in a gas each molecule spends the greater part of its time in describing its free path, and is for a very small portion of its time engaged in encounters with other molecules, whereas, in a liquid, the molecule has hardly any free path, and is always in a state of close encounter with other molecules.


Hence in a liquid the diffusion of motion from one molecule to another takes place much more rapidly than the diffusion of the molecules themselves, for the same reason that it is more expeditious in a dense crowd to pass on a letter from hand to hand than to give it to a special messenger to work his way through the crowd. I have here a jar, the lower part of which contains a solution of copper sulphate, while the upper part contains pure water. It has been standing here since Friday, and you see how little progress the blue liquid has made in diffusing itself through the water above. The rate of diffusion of a solution of sugar has been carefully observed by Voit. Comparing his results with those of Loschmidt on gases, we find that about as much diffusion takes place in a second in gases as requires a day in liquids.


The rate of diffusion of momentum is also slower in liquids than in gases, but by no means in the same proportion. The same amount of motion takes about ten times as long to subside in water as in air, as you will see by what takes place when I stir these two jars, one containing water and the other air. There is still less difference between the rates at which a rise of temperature is propagated through a liquid and through a gas.
In solids the molecules are still in motion, but their motions are confined within very narrow limits. Hence the diffusion of matter does not take place in solid bodies, though that of motion and heat takes place very freely. Nevertheless, certain liquids can diffuse through colloid solids, such as jelly and gum, and hydrogen can make its way through iron and palladium.


We have no time to do more than mention that most wonderful molecular motion which is called electrolysis. Here is an electric current passing through acidulated water, and causing oxygen to appear at one electrode and hydrogen at the other. In the space between, the water is perfectly calm ; and yet two opposite currents of oxygen and of hydrogen must be passing through it. The physical theory of this process has been studied by Clausius, who has given reasons for asserting that in ordinary water the molecules are not only moving, but every now and then striking each other with such violence that the oxygen and hydrogen of the molecules part company, and dance about through the crowd, seeking partners which have become dissociated in the same way. In ordinary water these exchanges produce, on the whole, no observable effect; but no sooner does the electromotive force begin to act than it exerts its guiding influence on the unattached molecules, and bends the course of each toward its proper electrode, till the moment when, meeting with an unappropriated molecule of the opposite kind, it enters again into a more or less permanent union with it till it is again dissociated by another shock. Electrolysis, therefore, is a kind of diffusion assisted by electromotive force.


Another branch of molecular science is that which relates to the exchange of molecules between a liquid and a gas. It includes the theory of evaporation and condensation, in which the gas in question is the vapour of the liquid, and also the theory of the absorption of a gas by a liquid of a different substance. The researches of Dr Andrews on the relations between the liquid and the gaseous state have shewn us that though the statements in our elementary text-books may be so neatly expressed as to appear almost self-evident, their true interpretation may involve some principle so profound that, till the right man has laid hold of it, no one ever suspects that any thing is left to be discovered.
These, then, are some of the fields from which the data of molecular science are gathered. We may divide the ultimate results into three ranks, according to the completeness of our knowledge of them.


To the first rank belong the relative masses of the molecules of different gases, and their velocities in metres per second. These data are obtained from experiments on the pressure and density of gases, and are known to a high degree of precision.


In the second rank we must place the relative size of the molecules of different gases, the length of their mean paths, and the number of collisions in a second. These quantities are deduced from experiments on the three kinds of diffusion. Their received values must be regarded as rough approximations till the methods of experimenting are greatly improved.
There is another set of quantities which we must place in the third rank, because our knowledge of them is neither precise, as in the first rank, nor approximate, as in the second, but is only as yet of the nature of a probable conjecture. These are :—The absolute mass of a molecule, its absolute diameter, and the number of molecules in a cubic centimetre. We know the relative masses of different molecules with great accuracy, and we know their relative diameters approximately. From these we can deduce the relative densities of the molecules themselves. So far we are on firm ground.


The great resistance of liquids to compression makes it probable that their molecules must be at about the same distance from each other as that at which two molecules of the same substance in the gaseous form act on each other during an encounter. This conjecture has been put to the test by Lorenz Meyer, who has compared the densities of different liquids with the calculated relative densities of the molecules of their vapours, and has found a remarkable correspondence between them.


Now Loschmidt has deduced from the dynamical theory the following remarkable proportion:— As the volume of a gas is to the combined volume of all the molecules contained in it, so is the mean path of a molecule to one-eighth of the diameter of a molecule.


Assuming that the volume of the substance, when reduced to the liquid form, is not much greater than the combined volume of the molecules, we obtain from this proportion the diameter of a molecule. In this way Loschmidt, in 1865, made the first estimate of the diameter of a molecule. Independently of him and of each other, Mr Stoney in 1868, and Sir W. Thomson in 1870, published results of a similar kind, those of Thomson being deduced not only in this way, but from considerations derived from the thickness of soap-bubbles, and from the electric properties of metals.


According to the Table, which I have calculated from Loschmidt's data, the size of the molecules of hydrogen is such that about two millions of them in a row would occupy a millimetre, and a million million million million of them would weigh between four and five grammes.


In a cubic centimetre of any gas at standard pressure and temperature there are about nineteen million million million molecules. All these numbers of the third rank are, I need not tell you, to be regarded as at present conjectural. In order to warrant us in putting any confidence in numbers obtained in this way, we should have to compare together a greater number of independent data than we have as yet obtained, and to shew that they lead to consistent results.


Thus far we have been considering molecular science as an inquiry into natural phenomena. But though the professed aim of all scientific work is to unravel the secrets of nature, it has another effect, not less valuable, on the mind of the worker. It leaves him in possession of methods which nothing but scientific work could have led him to invent ; and it places him in a position from which many regions of nature, besides that which he has been studying, appear under a new aspect.


The study of molecules has developed a method of its own, and it has also opened up new views of nature.


When Lucretius wishes us to form a mental representation of the motion
(of atoms, he tells us to look at a sunbeam shining through a darkened room the same instrument of research by which Dr Tyndall makes visible to us the dust we breathe), and to observe the motes which chase each other, in all directions through it. This motion of the visible motes, he tells us, is but a result of the far more complicated motion of the invisible atoms which knock the motes about. In his dream of nature, as Tennyson tells us, he


"Saw the flaring atom-streams 

And torrents of her myriad universe, 

Ruining along the illimitable inane,

Fly on to clash together again, and make 

Another and another frame of things 

For ever."


And it is no wonder that he should have attempted to burst the bonds of Fate by making his atoms deviate from their courses at quite uncertain times and places, thus attributing to them a kind of irrational free will, which on his materialistic theory is the only explanation of that power of voluntary action of which we ourselves are conscious.

As long as we have to deal with only two molecules, and have all the data given us, we can calculate the result of their encounter; but when we have to deal with millions of molecules, each of which has millions of encounters in a second, the complexity of the problem seems to shut out all hope of a legitimate solution.



The modern atomists have therefore adopted a method which is, I believe, new in the department of mathematical physics, though it has long been in use in the section of Statistics. When the working members of Section F get hold of a report of the Census, or any other document containing the numerical data of Economic and Social Science, they begin by distributing the whole population into groups, according to age, income-tax, education, religious belief, or criminal convictions. The number of individuals is far too great to allow of their tracing the history of each separately, so that, in order to reduce their labour within human limits, they concentrate their attention on a small number of artificial groups. The varying number of individuals in each group, and not the varying state of each individual, is the primary datum from which they work.

This, of course, is not the only method of studying human nature. We may observe the conduct of individual men and compare it with that conduct which their previous character and their present circumstances, according to the best existing theory, would lead us to expect. Those who practise this method endeavour to improve their knowledge of the elements of human nature in much the same way as an astronomer corrects the elements of a planet by comparing its actual position with that deduced from the received elements. The study of human nature by parents and schoolmasters, by historians and statesmen, is therefore to be distinguished from that carried on by registrars and tabulators, and by those statesmen who put their faith in figures. The one may be called the historical, and the other the statistical method.


The equations of dynamics completely express the laws of the historical
method as applied to matter, but the application of these equations implies a perfect knowledge of all the data. But the smallest portion of matter which we can subject to experiment consists of millions of molecules, not one of which ever becomes individually sensible to us. We cannot, therefore, ascertain the actual motion of any one of these molecules; so that we are obliged to abandon the strict historical method, and to adopt the statistical method of dealing with large groups of molecules.


The data of the statistical method as applied to molecular science are the
sums of large numbers of molecular quantities. In studying the relations between quantities of this kind, we meet with a new kind of regularity, the regularity of averages, which we can depend upon quite sufficiently' for all practical purposes, but which can make no claim to that character of absolute precision which belongs to the laws of abstract dynamics.


Thus molecular science teaches us that our experiments can never give us
anything more than statistical information, and that no law deduced from them can pretend to absolute precision. But when we pass from the contemplation of our experiments to that of the molecules themselves, we leave the world of chance and change, and enter a region where everything is certain and immutable.


The molecules are conformed to a constant type with a precision which is
not to be found in the sensible properties of the bodies which they constitute. In the first place, the mass of each individual molecule, and all its other properties, are absolutely unalterable. In the second place, the properties of all molecules of the same kind are absolutely identical.


Let us consider the properties of two kinds of molecules, those of oxygen
and those of hydrogen.


We can procure specimens of oxygen from very different sources—from the air, from water, from rocks of every geological epoch. The history of these specimens has been very different, and if, during thousands of years, difference of circumstances could produce difference of properties, these specimens of oxygen would shew it.


In like manner we may procure hydrogen from water, from coal, or, as Graham did, from meteoric iron. Take two litres of any specimen of hydrogen, it will combine with exactly one litre of any specimen of oxygen, and will form exactly two litres of the vapour of water.


Now if, during the whole previous history of either specimen, whether imprisoned in the rocks, flowing in the sea, or careering through unknown regions with the meteorites, any modification of the molecules had taken place, these relations would no longer be preserved.


But we have another and an entirely different method of comparing the properties of molecules. The molecule, though indestructible, is not a hard rigid body, but is capable of internal movements, and when these are excited, it emits rays, the wave-length of which is a measure of the time of vibration of the molecule.


By means of the spectroscope the wave-lengths of different kinds of light may be compared to within one ten-thousandth part. In this way it has been ascertained, not only that molecules taken from every specimen of hydrogen in our laboratories have the same set of periods of vibration, but that light, having the same set of periods of vibration, is emitted from the sun and from the fixed stars.


We are thus assured that molecules of the same nature as those of our
hydrogen exist in those distant regions, or at least did exist when the light by which we see them was emitted.


From a comparison of the dimensions of the buildings of the Egyptians
with those of the Greeks, it appears that they have a common measure. Hence,
even if no ancient author bad recorded the fact that the two nations employed
the same cubit as a standard of length, we might prove it from the buildings
themselves. We should also be justified in asserting that at some time or other
a material standard of length must have been carried from one country to the
other, or that both countries had obtained their standards from a common source.


But in the heavens we discover by their light, and by their light alone,
stars so distant from each other that no material thing can ever have passed from one to another ; and yet this light, which is to us the sole evidence of the existence of these distant worlds, tells us also that each of them is built up of molecules of the same kinds as those which we find on earth. A molecule of hydrogen, for example, whether in Sirius or in Arcturus, executes its vibrations in precisely the same time.


Each molecule, therefore, throughout the universe, bears impressed on it the stamp of a metric system as distinctly as does the metre of the Archives at Paris, or the double royal cubit of the Temple of Karnac.


No theory of evolution can be formed to account for the similarity of molecules, for evolution necessarily implies continuous change, and the molecule is incapable of growth or decay, of generation or destruction,


None of the processes of Nature, since the time when Nature began, have produced the slightest difference in the properties of any molecule. We are therefore unable to ascribe either the existence of the molecules or the identity of their properties to the operation of any of the causes which we call natural.


On the other hand, the exact equality of each molecule to all others of the same kind gives it, as Sir John Herschel has well said, the essential character of a manufactured article, and precludes the idea of its being eternal and self-existent.


Thus we have been led, along a strictly scientific path, very near to the point at which Science must stop. Not that Science is debarred from studying the internal mechanism of a molecule which she cannot take to pieces, any more than from investigating an organism which she cannot put together. But in tracing back the history of matter Science is arrested when she assures herself, on the one hand, that the molecule has been made, and on the other, that it has not been made by any of the processes we call natural,


Science is incompetent to reason upon the creation of matter itself out of nothing. We have reached the utmost limit of our thinking faculties when we have admitted that because matter cannot be eternal and self-existent it must have been created.


It is only when we contemplate, not matter in itself, but the form in which it actually exists, that our mind finds something on which it can lay hold.


That matter, as such, should have certain fundamental properties—that it should exist in space and be capable of motion, that its motion should be persistent, and so on, are truths which may, for anything we know, be of the kind which metaphysicians call necessary. We may use our knowledge of such truths for purposes of deduction, but we have no data for speculating as to their origin.


But that there should be exactly so much matter and no more in every molecule of hydrogen is a fact of a very different order. We have here a particular distribution of matter — a collocation — to use the expression of Dr Chalmers, of things which we have no difficulty in imagining to have been arranged otherwise.


The form and dimensions of the orbits of the planets, for instance, are not determined by any law of nature, but depend upon a particular collocation of matter. The same is the case with respect to the size of the earth, from which the standard of what is called the metrical system has been derived. But these astronomical and terrestrial magnitudes are far inferior in scientific importance to that most fundamental of all standards which forms the base of the molecular system. Natural causes, as we know, are at work, which tend to modify, if they do not at length destroy, all the arrangements and dimensions of the earth and the whole solar system. But though in the course of ages catastrophes have occurred and may yet occur in the heavens, though ancient systems may be dissolved and new systems evolved out of their ruins, the molecules out of which these systems are built — the foundation stones of the material universe — remain unbroken and unworn.


They continue this day as they were created — perfect in number and measure and weight, and from the ineffaceable characters impressed on them we may learn that those aspirations after accuracy in measurement, truth in statement, and justice in action, which we reckon among our noblest attributes as men, are ours because they are, essential constituents of the image of Him who in the beginning created, not only the heaven and the earth, but the materials of which heaven and earth consist.
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From Scientific Papers of James Clerk Maxwell, vol 2, LIV, p.311. (Proceedings of the Royal Institution of Great Britain, vol. VII, 1876) 
  

On Action at a Distance.



I HAVE no new discovery to bring before you this evening. I must ask you to go over very old ground, and to turn your attention to a question which has been raised again and again ever since men began to think.

The question is that of the transmission of force. We see that two bodies at a distance from each other exert a mutual influence on each other's motion. Does this mutual action depend on the existence of some third thing, some medium of communication, occupying the space between the bodies, or do the bodies act on each other immediately, without the intervention of anything else ?


The mode in which Faraday was accustomed to look at phenomena of this kind differs from that adopted by many other modem inquirers, and my special aim will be to enable you to place yourselves at Faraday's point of view, and to point out the scientific value of that conception of lines of force which, in his hands, became the key to the science of electricity.


When we observe one body acting on another at a distance, before we assume that this action is direct and immediate, we generally inquire whether there is any material connection between the two bodies; and if we find strings, or rods, or mechanism of any kind, capable of accounting for the observed action between the bodies, we prefer to explain the action by means of these intermediate connections, rather than to admit the notion of direct action at a distance.


Thus, when we ring a bell by means of a wire, the successive parts of the wire are first tightened and then moved, till at last the bell is rung at a distance by a process in which all the intermediate particles of the wire have taken part one after the other. We may ring a bell at a distance in other ways, as by forcing air into a long tube, at the other end of which is a cylinder with a piston which is made to fly out and strike the bell. We may also use a wire; but instead of pulling it, we may connect it at one end with a voltaic battery, and at the other with an electro-magnet, and thus ring the bell by electricity.


Here are three different ways of ringing a bell. They all agree, however, in the circumstance that between the ringer and the bell there is an unbroken line of communication, and that at every point of this line some physical process goes on by which the action is transmitted from one end to the other. The process of transmission is not instantaneous, but gradual; so that there is an interval of time after the impulse has been given to one extremity of the line of communication, during which the impulse is on its way, but has not reached the other end.


It is clear, therefore, that in many cases the action between bodies at a distance may be accounted for by a series of actions between each successive pair of a series of bodies which occupy the intermediate space; and it is asked, by the advocates of mediate action, whether, in those cases in which we cannot perceive the intermediate agency, it is not more philosophical to admit the existence of a medium which we cannot at present perceive, than to assert that a body can act at a place where it is not.


To a person ignorant of the properties of air, the transmission of force by means of that invisible medium would appear as unaccountable as any other example of action at a distance, and yet in this case we can explain the whole process, and determine the rate at which the action is passed on from one portion to another of the medium.


Why then should we not admit that the familiar mode of communicating motion by pushing and pulling with our hands is the type and exemplification of all action between bodies, even in cases in which we can observe nothing between the bodies which appears to take part in the action ?


Here for instance is a kind of attraction with which Professor Guthrie has made us familiar. A disk is set in vibration, and is then brought near a light suspended body, which immediately begins to move towards the disk, as if drawn towards it by an invisible cord. What is this cord? Sir W. Thomson has pointed out that in a moving fluid the pressure is least where the velocity is greatest. The velocity of the vibratory motion of the air is greatest nearest the disk. Hence the pressure of the air on the suspended body is less on the side nearest the disk than on the opposite side, the body yields to the greater pressure, and moves toward the disk.


The disk, therefore, does not act where it is not. It sets the air next it in motion by pushing it, this motion is communicated to more and more distant portions of the air in turn, and thus the pressures on opposite sides of the suspended body are rendered unequal, and it moves towards the disk in consequence of the excess of pressure. The force is therefore a force of the old school — a case of vis a tergo — a shove from behind.


The advocates of the doctrine of action at a distance, however, have not been put to silence by such arguments. What right, say they, have we to assert that a body cannot act where it is not ? Do we not see an instance of action at a distance in the case of a magnet, which acts on another magnet not only at a distance, but with the most complete indifference to the nature of the matter which occupies the intervening space? If the action depends on something occupying the space between the two magnets, it cannot surely be a matter of indifference whether this space is filled with air or not, or whether wood, glass, or copper, be placed between the magnets.


Besides this, Newton's law of gravitation, which every astronomical observation only tends to establish more firmly, asserts not only that the heavenly bodies act on one another across immense intervals of space, but that two portions of matter, the one buried a thousand miles deep in the interior of the earth, and the other a hundred thousand miles deep in the body of the sun, act on one another with precisely the same force as if the strata beneath which each is buried had been non-existent. If any medium takes part in transmitting this action, it must surely make some difference whether the space between the bodies contains nothing but this medium, or whether it is occupied by the dense matter of the earth or of the sun.


But the advocates of direct action at a distance are not content with instances of this kind, in which the phenomena, even at first sight, appear to favour their doctrine. They push their operations into the enemy's camp, and maintain that even when the action is apparently the pressure of contiguous portions of matter, the contiguity is only apparent—that a space always intervenes between the bodies which act on each other. They assert, in short, that so far from action at a distance being impossible, it is the only kind of action which ever occurs, and that the favourite old vis a tergo of the schools has no existence in nature, and exists only in the imagination of schoolmen.


The best way to prove that when one body pushes another it does not touch it, is to measure the distance between them. Here are two glass lenses, one of which is pressed against the other by means of a weight. By means of the electric light we may obtain on the screen an image of the place where the one lens presses against the other. A series of coloured rings is formed on the screen. These rings were first observed and first explained by Newton. The particular colour of any ring depends on the distance between the surfaces of the pieces of glass. Newton formed a table of the colours corresponding to different distances, so that by comparing the colour of any ring with Newton's table, we may ascertain the distance between the surfaces at that ring. The colours are arranged in rings because the surfaces are spherical, and therefore the interval between the surfaces depends on the distance from the line joining the centres of the spheres. The central spot of the rings indicates the place where the lenses are nearest together, and each successive ring corresponds to an increase of about the 4000th part of a millimetre in the distance of the surfaces.


The lenses are now pressed together with a force equal to the weight of an ounce; but there is still a measurable interval between them, even at the place where they are nearest together. They are not in optical contact. To prove this, I apply a greater weight. A new colour appears at the central spot, and the diameters of all the rings increase. This shows that the surfaces are now nearer than at first, but they are not yet in optical contact, for it they were, the central spot would be black. I therefore increase the weights, so as to press the lenses into optical contact.
But what we call optical contact is not real contact. Optical contact indicates only that the distance between the surfaces is much less than a wavelength of light. To show that the surfaces are not in real contact, I remove the weights. The rings contract, and several of them vanish at the centre. Now it is possible to bring two pieces of glass so close together, that they will not tend to separate at all, but adhere together so firmly, that when torn asunder the glass will break, not at the surface of contact, but at some other place. The glasses must then be many degrees nearer than when in mere optical contact.


Thus we have shown that bodies begin to press against each other whilst still at a measurable distance, and that even when pressed together with great force they are not in absolute contact, but may be brought nearer still, and that by many degrees.


Why, then, say the advocates of direct action, should we continue to maintain the doctrine, founded only on the rough experience of a pre-scientific age, that matter cannot act where it is not, instead of admitting that all the facts from which our ancestors concluded that contact is essential to action were in reality cases of action at a distance, the distance being too small to be measured by their imperfect means of observation ?


If we are ever to discover the laws of nature, we must do so by obtaining the most accurate acquaintance with the facts of nature, and not by dressing up in philosophical language the loose opinions of men who had no knowledge of the facts which throw most light on these laws. And as for those who introduce aetherial, or other media, to account for these actions, without any direct evidence of the existence of such media, or any clear understanding of how the media do their work, and who fill all space three and four times over with oethers of different sorts, why the less these men talk about their philosophical scruples about admitting action at a distance the better.


If the progress of science were regulated by Newton's first law of motion, it would be easy to cultivate opinions in advance of the age. We should only have to compare the science of to-day with that of fifty years ago ; and by producing, in the geometrical sense, the line of progress, we should obtain the science of fifty years hence.


The progress of science in Newton's time consisted in getting rid of the celestial machinery with which generations of astronomers had encumbered the heavens, and thus "sweeping cobwebs off the sky."


Though the planets had already got rid of their crystal spheres, they were still swimming in the vortices of Descartes. Magnets were surrounded by effluvia, and electrified bodies by atmospheres, the properties of which resembled in no respect those of ordinary effluvia and atmospheres.


When Newton demonstrated that the force which acts on each of the heavenly bodies depends on its relative position with respect to the other bodies, the new theory met with violent opposition from the advanced philosophers of the day, who described the doctrine of gravitation as a return to the exploded method of explaining everything by occult causes, attractive virtues, and the like.


Newton himself, with that wise moderation which is characteristic of all his speculations, answered that he made no pretence of explaining the mechanism by which the heavenly bodies act on each other. To determine the mode in which their mutual action depends on their relative position was a great step in science, and this step Newton asserted that he had made. To explain the process by which this action is effected was a quite distinct step, and this step Newton, in his Principia, does not attempt to make.


But so far was Newton from asserting that bodies really do act on one another at a distance, independently of anything between them, that in a letter to Bentley, which has been quoted by Faraday in this place, he says :-


 "It is inconceivable that inanimate brute matter should, without the mediation of something else, which is not material, operate upon and affect other matter without mutual contact, as it must do if gravitation, in the sense of Epicurus, be essential and inherent in it	That gravity should be innate, inherent, and essential to matter, so that one body can act upon another at a distance, through a vacuum, without the mediation of anything else, by and through which their action and force may be conveyed from one to another, is to me so great an absurdity, that I believe no man who has in philosophical matters a competent faculty of thinking can ever fall into it."


Accordingly, we find in his Optical Queries, and in his letters to Boyle, that Newton had very early made the attempt to account for gravitation by means of the pressure of a medium, and that the reason he did not publish these investigations " proceeded from hence only, that he found he was not able, from experiment and observation, to give a satisfactory account of this medium, and the manner of its operation in producing the chief phenomena of nature."


The doctrine of direct action at a distance cannot claim for its author the discoverer of universal gravitation. It was first asserted by Roger Cotes, in his preface to the Principia, which he edited during Newton's life. According to Cotes, it is by experience that we learn that all bodies gravitate. We do not learn in any other way that they are extended, movable, or solid. Gravitation, therefore, has as much right to be considered an essential property of matter as extension, mobility, or impenetrability.


And when the Newtonian philosophy gained ground in Europe, it was the opinion of Cotes rather than that of Newton that became most prevalent, till at last Boscovich propounded his theory, that matter is a congeries of mathematical points, each endowed with the power of attracting or repelling the others according to fixed laws. In his world, matter is unextended, and contact
is impossible. He did not forget, however, to endow his mathematical points with inertia. In this some of the modern representatives of his school have thought that he "had not quite got so far as the strict modern view of 'matter' as being but an expression for modes or manifestations of `force'"."


But if we leave out of account for the present the development of the ideas of science, and confine our attention to the extension of its boundaries, we shall see that it was most essential that Newton's method should be extended to every branch of science to which it was applicable — that we should investigate the forces with which bodies act on each other in the first place, before attempting to explain how that force is transmitted. No men could be better fitted to apply themselves exclusively to the first part of the problem, than those who considered the second part quite unnecessary.


Accordingly Cavendish, Coulomb, and Poisson, the founders of the exact sciences of electricity and magnetism, paid no regard to those old notions of "magnetic effluvia" and "electric atmospheres," which had been put forth in the previous century, but turned their undivided attention to the determination of the law of force, according to which electrified and magnetized bodies attract or repel each other. In this way the true laws of these actions were discovered, and this was done by men who never doubted that the action took place at a distance, without the intervention of any medium, and who would have regarded the discovery of such a medium as complicating rather than as explaining the undoubted phenomena of attraction.


We have now arrived at the great discovery by Oersted of the connection between electricity and magnetism. Oersted found that an electric current acts on a magnetic pole, but that it neither attracts it nor repels it, but causes it to move round the current. He expressed this by saying that "the electric conflict acts in a revolving manner."


The most obvious deduction from this new fact was that the action of the current on the magnet is not a push-and-pull force, but a rotatory force, and accordingly many minds were set a-speculating on vortices and streams of nether whirling round the current.


But Ampere, by a combination of mathematical skill with experimental ingenuity, first proved that two electric currents act on one another, and then analysed this action into the resultant of a system of push-and-pull forces between the elementary parts of these currents. 
The formula of Ampere, however, is of extreme complexity, as compared with Newton's law of gravitation, and many attempts have been made to resolve it into something of greater apparent simplicity.


I have no wish to lead you into a discussion of any of these attempts to improve a mathematical formula. Let us turn to the independent method of investigation employed by Faraday in those researches in electricity and magnetism which have made this Institution one of the most venerable shrines of science.


No man ever more conscientiously and systematically laboured to improve all his powers of mind than did Faraday from the very beginning of his scientific career. But whereas the general course of scientific method then consisted in the application of the ideas of mathematics and astronomy to each new investigation in turn, Faraday seems to have had no opportunity of acquiring a technical knowledge of mathematics, and his knowledge of astronomy was mainly derived from books.


Hence, though he had a profound respect for the great discovery of Newton, he regarded the attraction of gravitation as a sort of sacred mystery, which, as he was not an astronomer, he had no right to gainsay or to doubt, his duty being to believe it in the exact form in which it was delivered to him. Such a dead faith was not likely to lead him to explain new phenomena by means of direct attractions.


Besides this, the treatises of Poisson and Ampere are of so technical a form, that to derive any assistance from them the student must have been thoroughly trained in mathematics, and it is very doubtful if such a training can be begun with advantage in mature years.


Thus Faraday, with his penetrating intellect, his devotion to science, and his opportunities for experiments, was debarred from following the course of thought which had led to the -achievements of the French philosophers, and was obliged to explain the phenomena to himself by means of a symbolism which he could understand, instead of adopting what had hitherto been the Only tongue of the learned.


This new symbolism consisted of those lines of force extending themselves in every direction from electrified and magnetic bodies, which Faraday in his mind's eye saw as distinctly as the solid bodies from which they emanated.


The idea of lines of force and their exhibition by means of iron filings was nothing new. They had been observed repeatedly, and investigated mathematically as an interesting curiosity of science. But let us hear Faraday himself, as he introduces to his reader the method which in his hands became so powerful*.


 "It would be a voluntary and unnecessary abandonment of most valuable aid if an experimentalist, who chooses to consider magnetic power as represented by lines of magnetic force, were to deny himself the use of iron filings. By their employment he may make many ' conditions of the power, even in complicated cases, visible to the eye at once, may trace the varying direction of the lines of force and determine the relative polarity, may observe in which direction the power is increasing or diminishing, and in complex systems may determine the neutral points, or places where there is neither polarity nor power, even when they occur in the midst of powerful magnets. By their use probable results may be seen at once, and many a valuable suggestion gained for future leading experiments."

Experiment on Lines of Force.

In this experiment each filing becomes a little magnet. The poles of opposite names belonging to different filings attract each other and stick together, and more filings attach themselves to the exposed poles, that is, to the ends of the row of filings. In this way the filings, instead of forming a confused system of dots over the paper, draw together, filing to filing, till long fibres of filings are formed, which indicate by their direction the lines of force in every part of the field.


The mathematicians saw in this experiment nothing but a method of exhibiting at one view the direction in different places of the resultant of two forces, one directed to each pole of the magnet ; a somewhat complicated result of the simple law of force.


But Faraday, by a series of steps as remarkable for their geometrical definiteness as for their speculative ingenuity, imparted to his conception of these lines of force a clearness and precision far in advance of that with which the mathematicians could then invest their own formulae.


In the first place, Faraday's lines of force are not to be considered merely as individuals, but as forming a system, drawn in space in a definite manner so that the number of the lines which pass through an area, say of one square inch, indicates the intensity of the force acting through the area. Thus the lines of force become definite in number. The strength of a magnetic pole is measured by the number of lines which proceed from it; the electro-tonic state of a circuit is measured by the number of lines which pass through it.


In the second place, each individual line has a continuous existence in space and time. When a piece of steel becomes a magnet, or when an electric current begins to flow, the lines of force do not start into existence each in its own place, but as the strength increases new lines are developed within the magnet or current, and gradually grow outwards, so that the whole system expands from within, like Newton's rings in our former experiment. Thus every line of force preserves its identity during the whole course of its existence, though its shape and size may be altered to any extent.


I have no time to describe the methods by which every question relating to the forces acting on magnets or on currents, or to the induction of currents in conducting circuits, may be solved by the consideration of Faraday's lines of force. In this place they can never be forgotten. By means of this new symbolism, Faraday defined with mathematical precision the whole theory of electro-magnetism, in language free from mathematical technicalities, and applicable to the most complicated as well as the simplest cases. But Faraday did not stop here. He went on from the conception of geometrical lines of force to that of physical lines of force. He observed that the motion which the magnetic or electric force tends to produce is invariably such as to shorten the lines of force and to allow them to spread out laterally from each other. He thus perceived in the medium a state of stress, consisting of a tension, like that of a rope, in the direction of the lines of force, combined with a pressure in all directions at right angles to them.


This is quite a new conception of action at a distance, reducing it to a phenomenon of the same kind as that action at a distance which is exerted by means of the tension of ropes and the pressure of rods. When the muscles of our bodies are excited by that stimulus which we are able in some unknown way to apply to them, the fibres tend to shorten themselves and at the same time to expand laterally. A state of stress is produced in the muscle, and the limb moves. This explanation of muscular action is by no means complete. It gives no account of the cause of the excitement of the state of stress, nor does it even investigate those forces of cohesion which enable the muscles to support this stress. Nevertheless, the simple fact, that it substitutes a kind of action which extends continuously along a material substance for one of which we know only a cause and an effect at a distance from each other, induces us to accept it as a real addition to our knowledge of animal mechanics.


For similar reasons we may regard Faraday's conception of a state of stress in the electro-magnetic field as a method of explaining action at a distance by means of the continuous transmission of force, even though we do not know how the state of stress is produced.


But one of Faraday's most pregnant discoveries, that of the magnetic rotation of polarised light, enables us to proceed a step fartber. The phenomenon, when analysed into its simplest elements, may be described thus: Of two circularly polarised rays of light, precisely similar in configuration, but rotating in opposite directions, that ray is propagated with the greater velocity which rotates in the same direction as the electricity of the magnetizing current.


It follows from this, as Sir W. Thomson has shewn by strict dynamical reasoning, that the medium when under the action of magnetic force must be in a state of rotation — that is to say, that small portions of the medium, which we may call molecular vortices, are rotating, each on its own axis, the direction of this axis being that of the magnetic force.


Here, then, we have an explanation of the tendency of the lines of magnetic force to spread out laterally and to shorten themselves. It arises from the centrifugal force of the molecular vortices.


The mode in which electromotive force acts in starting and stopping the vortices is more abstruse, though it is of course consistent with dynamical principles.


We have thus found that there are several different kinds of work to be, done by the electro-magnetic medium if it exists. We have also seen that magnetism has an intimate relation to light, and we know that there is a theory of light which supposes it to consist of the vibrations of a medium. How is this luminiferous medium related to our electro-magnetic medium?


It fortunately happens that electro-magnetic measurements have been made from which we can calculate by dynamical principles the velocity of progagation of small magnetic disturbances in the supposed electro-magnetic medium.


This velocity is very great, from 288 to 314 millions of metres per second, according to different experiments. Now the velocity of light, according to Foucault's experiments, is 298 millions of metres per second. In fact, the different determinations of either velocity differ from each other more than the estimated velocity of light does from the estimated velocity of propagation of small electromagnetic disturbance. But if the luminiferous and the electro-magnetic media occupy the same place, and transmit disturbances with the same velocity, what reason have we to distinguish the one from the other? By considering them as the same, we avoid at least the reproach of filling space twice over with different kinds of aether.


Besides this, the only kind of electro-magnetic disturbances which can be propagated through a non-conducting medium is a disturbance transverse to the direction of propagation, agreeing in this respect with what we know of that disturbance which we call light. Hence, for all we know, light also may be an electro-magnetic disturbance in a non-conducting medium. If we admit this, the electro-magnetic theory of light will agree in every respect with the undulatory theory, and the work of Thomas Young and Fresnel will be established on a firmer basis than ever, when joined with that of Cavendish and Coulomb by the key-stone of the combined sciences of light and electricity—Faraday's great discovery of the electro-magnetic rotation of light.


The vast interplanetary and interstellar regions will no longer be regarded as waste places in the universe, which the Creator has not seen fit to fill with the symbols of the manifold order of His kingdom. We shall find them to be already full of this wonderful medium; so full, that no human power can remove it from the smallest portion of space, or produce the slightest flaw in its infinite continuity. It extends unbroken from star to star; and when a molecule of hydrogen vibrates in the dog-star, the medium receives the impulses of these vibrations; and after carrying them in its immense bosom for three years, delivers them in due course, regular order, and full tale into the spectroscope of Mr Huggins, at Tulse Hill.


But the medium has other functions and operations besides bearing light from man to man, and from world to world, and giving evidence of the absolute unity of the metric system of the universe. Its minute parts may have rotatory as well as vibratory motions, and the axes of rotation form those lines of magnetic force which extend in unbroken continuity into regions which no eye has seen, and which, by their action on our magnets, are telling us in language not yet interpreted, what is going on in the hidden underworld from minute to minute and from century to century.


And these lines must not be regarded as mere mathematical abstractions. They are the directions in which the medium is exerting a tension like that of a rope, or rather, like that of our own muscles. The tension of the medium in the direction of the earth's magnetic force is in this country one grain weight on eight square feet. In some of Dr Joule's experiments, the medium has exerted a tension of 200 lbs. weight per square inch.


But the medium, in virtue of the very same elasticity by which it is able to transmit the undulations of light, is also able to act as a spring. When properly wound up, it exerts a tension, different from the magnetic tension, by which it draws oppositely electrified bodies together, produces effects through the length of telegraph wires, and when of sufficient intensity, leads to the rupture and explosion called lightning.


These are some of the already discovered properties of that which has often been called vacuum, or nothing at all. They enable us to resolve several kinds of action at a distance into actions between contiguous parts of a continuous substance. Whether this resolution is of the nature of explication or complication, I must leave to the metaphysicians.
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A review of Paradoxical Philosophy. A Sequel to The Unseen Universe (London : Macmillan & Co., 1878).

From Scientific Papers of James Clerk Maxwell, vol 2, XCVI, p.756 (From Nature, Vol XIX, 1879?) 
  

ON opening this book, the general appearance of the pages, and some of the phrases on which we happened to light made us somewhat doubtful whether it lay within our jurisdiction, as it is not the practice of Nature to review either novels or theological works.
In the dedication, however, the book is described as an account of the Proceedings of a learned society, a species of literature which we are under a special vow to rescue from oblivion, even when, as in this case, the proceedings are those of one of those jubilee meetings, in which learned men seem to aim rather at being lively than scientific.
On the title-page itself there is no name to indicate whether the author is one of those who by previous conviction have rendered themselves liable to our surveillance, but on the opposite page we find The Unseen Universe; or, Physical Speculations on a Future State, to which this book is a "Sequel," ascribed to the well-known names of Balfour Stewart and P. G. Tait.

Mr Browning has expressed his regret that the one volume in which Rafaelle wrote his sonnets, and the one angel which Dante was drawing when he was interrupted by " people of importance," are lost to the world. We shall therefore make the most of our opportunity when two eminent men of science, "driven," as they tell us, "by the exigencies of the subject," have laid down all the instruments of their art, shaken the very chalk from their hands, and, locking up their laboratories, have betaken themselves to those blissful country seats where Philonous long ago convinced Hylas that there can be no heat in the fire and no matter in the world ; and where in more recent times, Peacock and Mallock have brought together in larger groups the more picturesque of contemporary opinions.


In this book we do not indeed catch those echoes of well-known voices in which the citizens of the "New Republic" tell us how they prefer to regard themselves as thinking, taking care, all the while, that no actual thought shall disturb their enjoyment of the luxury of extravagant opinion. The members of the Paradoxical Society, with their guest, Dr Hermann Stoffkraft, are far too earnest to adopt this pose of mind, but they exhibit that sympathy in fundamentals overlaid with variety in opinions which is one of the main conditions of good-fellowship. Dr Stoffkraft, in spite of his name and of his office as the single-handed opponent of the thesis of the book, makes it his chief care so to brandish his materialistic weapons as not to hurt the feelings of his friends; and when, near the end of the book, he gets a little out of temper, it is about matters with which a materialist, as such, has no concern.


As the book is not a novel there is no literary reason for not telling "what became of the Doctor," as narrated in the last chapter. He goes to Strathkelpie Castle to take part in an investigation of spiritualistic phenomena. He begins by detecting the mode in which one young lady performs her spirit-rapping, but forthwith falls into an "electro-biological" courtship of another, and, this proving successful, he is persuaded by his wife and her priest to renounce the black arts in the lump as works of the foul fiend; and then we are told that, having quieted his spirit by a few evolutions in four dimensions, he has now settled down to compose his Exposition of the Relations between Religion and Science, which he intends to be a thoroughly matured production.


The Doctor — and, indeed, most of the other characters — are no mere materialised spirits, or opinions labelled with names of the Euphranor and Alciphron type. They do not reduce their subject to a Caput mortuum by an exhaustive treatment, but take care, like well-bred people, to drop it and pass on to another before we have time to suspect that the last word has been said.


We cannot accuse the authors of leading us through the mazy paths of science only to entrap us into some peculiar form of theological belief. On the contrary, they avail themselves of the general interest in theological dogmas to imbue their readers at unawares with the newest doctrines of science. There must be many who would never have heard of Carnot's reversible engine, if they had not been led through its cycle of operations while endeavouring to explore the Unseen Universe. No book containing so much thoroughly scientific matter would have passed through seven editions in so short a time without the allurement of some more human interest.


Nor need we fear to draw down on Nature the admonition which fell on the inner ear of the poet


"Thou pretest here where thou art least; 

This faith hath many a purer priest, 

And many an abler voice than thou."


For even those words and phrases which seemed at first sight to remove the book from the field of our criticism, are found on a nearer view to have acquired a new, and indeed a paradoxical sense, for which no right of sanctuary can be claimed.

The words on the title-pag : " In te, Domino, speravi, non confundar in aeternum," may recall to an ordinary reader the aspiration of the Hebrew Psalmist, the closing prayer of the "Te Deum," or the dying words of Francis Xavier; and men of science, as such, are not to be supposed incapable either of the nobler hopes or of the nobler fears to which their fellow-men have attained. Here, however, we find these venerable words employed to express a conviction of the perpetual validity of the " Principle of Continuity," enforced by the tremendous sanction, that if at any place or at any time a single exception to that principle were to occur, a general collapse of every intellect in the universe would be the inevitable result.


There are other well-known words in which St Paul contrasts things seen with things unseen. These also are put in a prominent place by the authors of the Unseen Universe. What, then, is the Unseen to which they raise their thoughts?


In the first place the luminiferous aether, the tremors of which are the dynamical equivalent of all the energy which has been lost by radiation from the various systems of grosser matter which it surrounds. In the second place a still more subtle medium, imagined by Sir William Thomson as possibly capable of furnishing an explanation of the properties of sensible bodies; on the hypothesis that they are built up of ring vortices set in motion by some supernatural power in a frictionless liquid: beyond which we are to suppose an indefinite succession of media, not hitherto imagined by any one, each manifoldly more subtle than any of those preceding it. To exercise the mind in speculations on such media may be a most delightful employment for those who are intellectually fitted to indulge in it, though we cannot see why they should on that account appropriate the words of St Paul.


Nature is a journal of science, and one of the severest tests of a scientific mind is to discern the limits of the legitimate application of scientific methods. We shall therefore endeavour to keep within the bounds of science in speaking of the subject-matter of this book, remembering that there are many things in heaven and earth which, by the selection required for the application of our scientific methods, have been excluded from our philosophy.


No new discoveries can make the argument against the personal existence of man after death any stronger than it has appeared to be ever since men began to die, and no language can express it more forcibly than the words of the Psalmist:-


"His breath goeth forth, he returneth to his earth ; in that very day his thoughts perish."


Physiology may supply a continually increasing number of illustrations of the dependence of our actions, mental as well as bodily, on the condition of our material organs, but none of these can render any more certain those facts about death which our earliest ancestors knew as well as our latest posterity can ever learn them.

Science has, indeed, made some progress in clearing away the haze of materialism which clung so long to men's notions about the soul, in spite of their dogmatic statements about its immateriality. No anatomist now looks forward to being able to demonstrate my soul by dissecting it out of my pineal gland, or to determine the quantity of it by the process of double weighing. The notion that the soul exerts force lingered longer. We find it even in the late Isaac Taylor's Physical Theory of a Future State. It was admitted that one body might set another in motion; but it was asserted that in every case, if we only trace the chain of phenomena far enough back, we must come to a body set in motion by the direct action of a soul.


It would be rash to assert that any experiments on living beings have as yet been conducted with such precision as to account for every foot-pound of work done by an animal in terms of the diminution of the intrinsic energy of the body and its contents; but the principle of the conservation of energy has acquired so much scientific weight during the last twenty years that no physiologist would feel any confidence in an experiment which showed a considerable difference between the work done by an animal and the balance of the account of energy received and spent.


Science has thus compelled us to admit that that which distinguishes a living body from a dead one is neither a material thing, nor that more refined entity, a "form of energy." There are methods, however, by which the application of energy may be directed without interfering with its amount. Is the soul like the engine-driver, who does not draw the train himself, but, by means Of certain valves, directs the course of the steam so as to drive the engine forward or backward, or to stop it?


The dynamical theory of a conservative material system shews us, however, that in general the present configuration and motion determine the whole course of the system, exceptions to this rule occurring only at the instants when the system passes through certain isolated and singular phases, at which a strictly infinitesimal force may determine the course of the system to any one of a finite number of equally possible paths, as the pointsman at a railway junction directs the train to one set of rails or another. Prof B. Stewart has expounded a theory of this kind in his book on The Conservation of Energy, and MM. de St Venant and Boussinesq have examined the corresponding phase of some purely mathematical problems.


The science which rejoices in the name of "Psychophysik" has made considerable progress in the study of the phenomena which accompany our sensations and voluntary motions. We are taught that many of the processes which we suppose entirely under the control of our own will are subject to the strictest laws of succession, with which we have no power of interfering; and we are shewn how to verify the conclusions of the science by deducing from it methods of physical and mental training for ourselves and others.


Thus science strips off, one after the other, the more or less gross materialisations by which we endeavour to form an objective image of the soul, till men of science, speculating, in their non-scientific intervals, like other men on what science may possibly lead to, have prophesied that we shall soon have to confess that the soul is nothing else than a function of certain complex material systems.


Men of science, however, are but men, and therefore occasionally contemplate their souls from within. Those who, like Du Bois-Reymond, cannot admit that sensation or consciousness can be a function of a material system, are led to the conception of a double mind.


"On the one side the acting, inventing, unconscious material mind, which puts the muscles into motion, and determines the world's history; this is nothing else but the mechanics of atoms, and is subject to the causal law, and on the other side the inactive, contemplative, remembering, fancying, conscious, immaterial mind, which feels pleasure and pain, love, and hate; this one lies outside of the mechanics of matter, and cares nothing for cause and effect."


We might ask Prof. Du Bois-Reymond which of these it is that does right or wrong, and knows that it is his act, and that he is responsible for it, but we must go on to the other view of the case, which Dr Stoffkraft alludes to at p. 78, although by some law of the Paradoxical, he is not allowed to pursue a subject which might have afforded excellent sport to the Society.

"I feel myself compelled to believe," says the learned Doctor, "that all kinds of matter have their motions accompanied with certain simple sensations. In a word, all matter is, in some occult sense, alive."


This is what we may call the "levelling up" policy, and it has been expounded with great clearness by Prof. von Nageli in a lecture, of which a translation was given in Nature, Vol. XVI P. 531.


He can draw no line across the chain of being, and say that sensation and consciousness do not extend below that line. He cannot doubt that every molecule possesses something related, though distantly, to sensation, "since each one feels the presence, the particular condition, the peculiar forces of the other, and, accordingly, has the inclination to move, and under circumstances really begins to move—becomes alive as it were;". . . "If, therefore, the molecules feel something which is related to sensation, then this must be pleasure if they can respond to attraction and repulsion, i.e. follow their inclination or disinclination; it must be displeasure if they are forced to execute some opposite movement, and it must be neither pleasure nor displeasure if they remain at rest."


Prof. von Nageli must have forgotten his dynamics, or he would have remembered that the molecules, like the planets, move along like blessed gods. They cannot be disturbed from the path of their choice by the action of any forces, for they have a constant and perpetual will to render to every force precisely that amount of deflexion which is due to it. Their condition must, therefore, be one of unmixed and unbroken pleasure.


But even if a man were built up of thinking atoms would the thoughts of the man have any relation to the thoughts of the atoms? Those who try to account for mental processes by the combined action of atoms do so, not by the thoughts of the atoms, but by their motions.


Dr Stoffkraft explains the origin of consciousness at p. 77 and at p. 107. We recommend to his attention Mr Herbert Spencer's statement in his Principles of Psychology, § 179, where he shews in a most triumphant manner how, under certain circumstances, " there must arise a consciousness." Such statements, carefully studied, may contribute to the further progress of science in the path which we have been describing, by sheaving more clearly that consciousness cannot be the result of a plexus of nervous communications any more than of a congeries of plastidule souls.


Personality is often spoken of as if it were another name for the continuity of consciousness as reproduced in memory, but it is impossible to deal with personality as if it were something objective that we could reason about. My knowledge that I am is quite independent of my recollection that I was, and also of my belief that, for a certain number of years, I have never ceased to be. But as soon as we plunge into the abysmal depths of personality we get beyond the limits of science, for all science, and, indeed, every form of human speech, is about objects capable of being known by the speaker and the hearer. Whenever we pretend to talk about the Subject we are really dealing with an Object under a false name, for the first proposition about the Subject, namely, " I am," cannot be used in the same sense by any two of us, and therefore can never become part of science at all.


The progress of science, therefore, so far as we have been able to follow it, has added nothing of importance to what has always been known about the physical consequences of death, but has rather tended to deepen the distinction between the visible part, which perishes before our eyes, and that which we are ourselves, and to shew that this personality, with respect to its nature as well as to its destiny, lies quite beyond the range of science.
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Mohrhoff-Stapp Debate on 18 "Errors"

Ulrich Mohrhoff reacted to Henry Stapp's 2001 article "Quantum Theory and the Role of Mind in Nature with the claim that it contained 18 errors, primarily the result of misunderstandings or misinterpretations of standard quantum mechanics and its application to mental causation. (See "Mohrhoff on Stapp.") 


Stapp was generous in answering Mohrhoff's biting criticism with a fine sense of humor. He takes Mohrhoff's 18 error claims as generating a Buddhist "18-fold way" which result in 18 questions with 18 possible right (Yes/No) answers. Stapp worries that he has only one chance in 250,000 of getting the answers all right (2-18). (See "Stapp on Mohrhoff.")



The Three Papers

Henry Stapp: Quantum Theory and the Role of Mind in NatureUlrich Mohrhoff: The World According to Quantum Mechanics (Or, the 18 Errors of Henry P. Stapp)
Henry Stapp: The 18-Fold Way



1. Assigning Probabilities

Stapp quotes Mohrhoff (1): "an algorithm for assigning
probabilities to the possible results of possible
measurements cannot also represent an evolving state of
affairs" 
Stapp: "But a successful probability algorithm must have a basis in a state of
affairs. A theory that provides an explanation of that basis, or at least
a rationally coherent possible explanation of that basis, is more satisfactory
than just the algorithm alone, because an explanation can point beyond what
is currently known. That is why many scientists seek not just algorithms but
also explanations and understanding."



We interpret Mohrhoff as saying that a Dirac superposition of possible states does not describe actual states. The superposition depends on the choice of basis set. By the Wittgensteinian phrase "state of affairs," Mohrhoff means a "fact," citing the dictionary definition - "a thing that is known to have occurred, to exist, or to be true; a datum of experience; an item of verified information; a piece of evidence."  

The proper basis for making experimental predictions depends on the "free choice" (Stapp calls it the Heisenberg Choice) of the experimenter as to "which question to ask of Nature" (which experiment to do). And Stapp accepts that the answer that Nature provides is indeterministic, the result of Nature's "Dirac choice," involving the random collapse of the wave function.


Mohrhoff is correct that we must distinguish possibilities, with their probabilities that quantum mechanics helps us to calculate, and the actuality of an ontological fact. Mohrhoff knows that ontological facts are objective and independent of any observer, whereas epistemological facts are subjective and depend on observers.



2. Quantum Mechanics and Consciousness

Mohrhoff: Stapp capitalizes on von Neumann’s formulation and interpretation
of QM as a theory of the objective world interacting
with human consciousness. The unobserved
world evolves according to a dynamical equation such
as the Schrödinger equation, while observations cause “a
sudden change that brings the objective physical state
of a system in line with a subjectively felt psychical reality”. This makes QM “intrinsically a theory of mind–matter interaction,” and more specifically a theory
“about the mind–brain connection.”
Stapp quotes Mohrhoff (2.1): "The introduction of consciousness... [is] gratuitous.”

Stapp: The empirical basis of science consists of relationships between our conscious
experiences. Thus an essential part of any physical theory is a description
of the connection between the mathematical formulas and the conscious
experiences that are both their empirical basis and the link to possible applications.
For quantum theory, as formulated by its founders, the most profound
departure from prior science was the introduction of ‘the observer’ into
the theory in a nontrivial way. The founders certainly would have avoided
this radical innovation if they had been able to conceive of a satisfactory
way to do so. But they could not. The introduction into the theory of the
experiences of the observer seemed to be needed to define the ‘facts’ that
science had to deal with.

Stapp quotes Mohrhoff (2.5): “If the answer (to the question does physics presuppose conscious
observers) is negative for classical physics then it is equally negative for
quantum physics.”

Stapp: Our conscious experiences play no dynamical role in classical physics:
they enter only as passive witnesses to events that are determined by local
physical laws. Whether the same is true in the quantum universe cannot be
inferred from analogy to the classical approximation. For there is no analog
in the classical approximation to the lack of determination by contemporary
laws of quantum theory of which question will be posed, or put to nature.
That is, there is in quantum dynamics not only the indeterminateness associated
with the familiar stochastic element, but also the need to define,
in connection with each actual fact, a particular question that was put to
nature. This question is not fixed by the known laws of quantum theory. So
this issue of the ontological character of the ‘facts’, and of the process that
fixes them, makes quantum physics potentially ontologically different from
classical physics: ideas suggested by the classical approximation need not
suffice in the real world.



Stapp is correct that all human knowledge is based on observations (by conscious observers). But this does not mean that the universe is dependent on conscious observers for everything that happens. Many "facts" - the origin of the universe, the origin and evolution of our sun and planets, the beginning of life - were ontological and objective long before human observers made them subjective and epistemological. 

No knowledge can be gained by a "conscious observer" unless new information has already been irreversibly recorded in the universe. That information can be created and recorded in either the target quantum system or the measuring apparatus. Only then can it become knowledge in the observer's mind


3. Possibilities, Probabilities, Actuality

Stapp quotes Mohrhoff (3.1): “A possibility is not the kind of thing that persists and changes in
time.”
Stapp: But a propensity, or disposition [my words] can be a function of time. And
the propensities for various events to occur can change when some event occurs:
the propensity for an earthquake to occur is higher when an earthquake
has very recently occurred. In a universe (or theory) with stochastic elements
the notion of time-dependent propensities can make sense.

Stapp quotes Mohrhoff (3.2): “the "third error... is a category mistake. It consists of ... treating
possibilities as if they possessed an actuality of their own.”

Stapp: Sir Karl Popper and Werner Heisenberg both recommended treating
quantum probabilities as propensities: i.e., as absolutely existing tendencies
or ‘potentia’ for quantum (actualization) events to occur. This notion has a
long history in philosophy that dates back to Aristotle.



Stapp is right that possibilities and probabilities change with time. This does not make them actualities. When one possibility becomes actuality, the probabilities for all the other possibilities go instantaneously to zero in all the parts of space where an instant earlier they had definite values. [Note that in quantum mechanics these are complex probability amplitudes with both positive and negative values, allowing them to create interference with themselves.]


4. Possibilities, Probabilities, and Popperian "Propensities."

Stapp quotes Mohrhoff (4): “the erroneous notion that possibilities are things (“propensities”) that
exist and evolve in time.”
Stapp: Within von Neumann’s formulation of quantum theory the quantum probabilities
can be consistently interpreted as propensities that exist and evolve
in time.



5. Quantum Mechanics and Special Relativity

Mohrhoff: It is well known that the statistical regularities with
which QM is concerned are consistent with SR, while
von Neumann’s interpretation of states as evolving, collapsible
states of affairs is not. Stapp tries to reconcile
SR with von Neumann’s interpretation by giving “special
objective physical status” to a particular family
of constant-time hypersurfaces: State reductions occur
globally and instantaneously with respect to this family
of hypersurfaces. He offers two arguments purporting
to support the existence of a “dynamically preferred sequence
of instantaneous ‘nows’ ”. The first invokes
astronomical data that, incontestably, indicate the existence
of a (cosmologically) preferred sequence of “nows.”
Stapp quotes Mohrhoff (5) : “astronomical data...support the existence of a historically preferred
family of hypersurfaces, but not of a dynamically preferred one.”

Stapp: The empirically preferred surfaces are generally believed to be created by
‘inflation’, which is a dynamical process.



7. Information "Transfers" and Special Relativity

Stapp quotes Mohrhoff (7): “fallacious... proof of... faster-than-light information transfers of information.”

Stapp: Mohrhoff’s description of my proof
bears little resemblance to my proof itself: there is no buttressing: no second
proof. There is one concise and rigorous proof.



There are instantaneous changes in probability amplitudes (wave functions) in nonlocality demonstrations (see EPR). But there is no physical transfer of material or energy when wave functions collapse. Only abstract information changes (see collapse of the wave function). 


8. Free Will (as the experimenter's "free choice")

Mohrhoff: 
According to Stapp, granting free will to experimenters
leads to a physical reality inconsistent with the “block
universe” of special relativity (SR), a reality that unfolds
in response to choices. This is one (ε8) of a cluster of
misconceptions arising from the erroneous notion that
the experiential now, and the temporal distinctions that
we base on it, have anything to do with the physical
world (ε9). Objectively, the past, the present, and the
future exist in exactly the same atemporal sense. There
is no such thing as “an evolving objective physical world”
(ε10), and there is no such thing as an objectively open
future or an objectively closed past (ε11). The results of
performed measurements are always “fixed and settled.”
What is objectively open is the results of unperformed
measurements.
Stapp quotes Mohrhoff (8.1): “granting free will to experimenters” does not lead “to a physical
reality inconsistent with the ‘block universe’ of SR.

Stapp: By free will I mean the freedom to will ourselves to act ‘now’ either in
some particular way, or not in that way. The existence of freedom in this
sense is incompatible with the ‘block universe’ of SR, which says that the
whole universe is laid out for all time in the way that SR (classical special
relativity theory) ordains, i.e., such that given the physical state of the universe
for very earlier times there is no possibility of choosing now to act in
some way or to not act in that way. But the laws of quantum mechanics,
being dynamically incomplete, do not entail a block universe in the way that
the deterministic and complete laws of SR do. The generally accepted application
of the requirements of the theory of relativity to quantum theory
is to its predictions: they must conform to the no-faster-than-light requirements
of the theory of relativity. This is exemplified by Tomonaga-Schwinger
relativistic quantum field theory, which is completely compatible with instantaneous
collapses along spacelike surfaces, and in fact demands such collapse
to the extent that one accepts the existence of von Neumann’s Process I. The
laws of quantum theory lack the coercive quality of the classical laws that
entail the block universe.

Stapp quotes Mohrhoff (8.2): ”if the possibility of foreknowledge does not exist,..I can actually be
a free agent.”

Stapp: Not in the sense that I have described, in a universe in which the deterministic
laws of SR hold. For being free in that sense means being free to act
in either one of two different ways in a universe with a given fixed past. No
such freedom exists in a universe that obeys the deterministic laws of special
relativity. What the person knows, or does not know, is not pertinent to that
conclusion.

Stapp quotes Mohrhoff (8.3): “The fact that the future in a sense ‘already’ exists is no reason why
choices made at an earlier time cannot be partially responsible for it.”

Stapp: The ‘choices’ actually made at an earlier time can certainly be partially
responsible for what happens later. But in a world that conforms to the
deterministic laws of classical of SR, and with a fixed early universe, that
‘choice’ made at the earlier time is not ‘free’: it could not go in either one of
two different ways. “Freedom”, in this sense is not compatible with the block
universe of SR, but it is compatible with von Neumann quantum theory, due
to the indeterminacy within that theory of which question will be put to
nature.



Mohrhoff and Stapp appear to be talking at cross purposes here? 


12-13. Classical and Quantum Causation

Mohrhoff: Causality,
as Hume discovered two and a half centuries ago,
lies in the eye of the beholder. While classical physics permits
the anthropomorphic projection of causality into the
physical world with some measure of consistency, quantum
physics does not. Trying to causally explain the
quantum-mechanical correlations is putting the cart in
front of the horse. It is the correlations that explain why
causal explanations work to the extent they do. Stapp’s
attempt to involve causality at a more fundamental level
(ε12) depends crucially on his erroneous view that the
factual basis on which quantum-mechanical probabilities
are to be assigned is determined by Nature rather than
by us (ε13).
Stapp quotes Mohrhoff (12): The “attempt to involve causality at a more fundamental level” is an
error. “While classical physics permits the anthropomorphic projection of
causality into the physical world with some measure of consistency quantum
physics does not.”

Stapp: I am not projecting the intuition of the causal power of our thoughts
into the world to explain the deterministic aspect of nature associated with
the Schroedinger equation. I am concerned rather with explaining how our
thoughts themselves can be causally efficacious. The mathematical fact is
that the quantum laws allow this, by virtue of the indeterminacy associated
with von Neumann’s Process I, (The freedom of choice in which question to
pose — i.e., the basis problem) whereas the classical laws do not provide or
allow an analogous causal efficacy. In classical theory the future is determined
by the past by LOCAL laws, whereas in quantum theory a present choice of
which question to pose is not determined by the local laws of contemporary
physics.

Stapp quotes Mohrhoff (13): “Error 12 depends crucially upon ...[the] erronous view that the factual
basis on which quantum probabilities are to be assigned is determined by Nature rather than by us.”

Stapp: One of my very chief points is that quantum theory is incomplete because
the equations of quantum theory do not specify which question is put to Nature,
i.e., which apparatus is put in place, which ‘basis’ is used to determine
a ‘fact’. That role is given to us, the observer/participants, by Copenhagen
quantum theory. In von Neumann’s formulation this choice is bound up in
the psycho-physical event specified by Process I. That this freedom of choice
of basis, is given to “us”, is the key point that I exploit to explain how
mental effort can influence brain activity. Mohrhoff and I seem to be in basic
agreement on this essential point.



So Stapp does not in fact take the "opposite" position from Mohrhoff on everything. What Stapp sometimes calls the "Heisenberg Choice" is a free act. (Von Neumann's Process 1, which Stapp calls the "Dirac Choice," the choice made by Nature, is indeterminate.)  It is not clear that either Stapp or Mohrhoff see clearly how - first - quantum indeterminism, then - second -  an "adequate" determinism combine to make human freedom possible.


15-18. Mental Causation

Mohrhoff: Stapp’s account of mental causation,
and a number of further errors (not all enumerated)
are pointed out, such as: The objective brain can (sometimes)
be described as a decoherent mixture of “classically
described brains” all of which must be regarded as
real (ε16).Crucial to Stapp’s account is the metaphor of
the experimenter as interrogator of Nature. Within the
Copenhagen framework, which accords a special status
to measuring instruments, this is a fitting metaphor for
a well-defined scenario. In Stapp’s framework, which accords
a special status to the neural correlates of mental
states, it is not (ε17). Its sole purpose is to gloss over
the disparity between physical experimentation and psychological
attention. Once this purpose is achieved, the
metaphor is discarded, for in the end Nature not only
provides the answers but also asks the questions. The
theory Stapp ends up formulating is completely different
from the theory he initially professes to formulate (ε18),
for in the beginning consciousness is responsible for state
vector reductions, while in the end a new physical law is
responsible, a law that in no wise depends on the presence
of consciousness.
Stapp quotes Mohrhoff (15): “freedom to choose is a classical phenomenon.”

Stapp: Mohrhoff’s argument is based on his idea that mental choice and effort
must be coercive, rather than dispositional. But quantum theory allows dispositional
causes. And within classical physical theory there is no possibility
of freedom of the kind that I have described above. But von Neumann quantum
theory does allow that sort of freedom. 

Stapp quotes Mohrhoff (16): It is erroneous to claim that “The objective brain can (sometimes) be described as a decoherent statistical mixture of ‘classically described brains’
all of which must be regarded as real.”

Stapp: By the objective brain I mean the quantum state defined by taking the
trace of the state (density matrix) of the universe over all variables other than
those that characterize the brain, and my claim is merely that interaction
with the environment converts this state to a form that can be roughly described
as a mixture of states each of which approximates a classical state of
the brain, in the sense that in the position-bases the states are approximately
localized. This mixture includes ALL of these states, not just one of them,
or some small subset that are all observationally indistinguishable. There is
therefore the problem of relating this state to observation. This is achieved,
within the von Neumann formulation, by a psycho-physical event described
by Process I. This approach can be described as taking the mathematics of
quantum theory to give valid information about the structure of reality, and
making our idea of nature, and the facts that define it, conform as closely as
possible to that mathematical description.

Stapp quotes Mohrhoff (17): “The metaphor of experimenter as interrogator of Nature [is fitting]
within the Copenhagen framework, which accords special status to measuring
instruments, [but is not fitting] in Stapp’s scenario, which accords special
status to neural correlates of mental states.”

Stapp: In the Copenhagen interpretation ‘the measuring instruments and the
participant/observer’ stand outside the system that is described by the quantum
mathematics, and they are probing some property of a ‘measured system’,
which is part of an imbedding quantum universe. In the von Neumann
formulation the role of ‘the measuring instruments and the participant/
observer’ is transferred to the ’abstract ego’, and the measured system
whose properties are being probed is the brain of the observer.


The need for the outside ‘observer’, which includes the measuring devices,
is to specify a definite question, which is represented by a projection operator
P acting on the state of the ‘measured system’, even though nothing about
that system itself— or even the whole of the quantum-described universe—
defines that particular operator P, or specifies when that question is ‘put to
Nature.’


A key technical question now arises: To what extent does the natural
Schroedinger evolution of the brain, abetted by the Environment-Induced-
Decoherence (EID), already decompose the quantum state of the brain into
orthogonal branches that correspond to distinguishable ‘facts’? The EID
tends to create ‘coherent states’, which have exponential tails, and are not
mutually orthogonal. In fact, it is impossible in principle for a Schroedinger
evolution to define the projection operators P that are needed in the von
Neumann formulas. That fact is undoubtedly why von Neumann introduced
his Process I as a basic process not derivable from the Schroedinger Process
II. There is no way to get the needed projection operators out of Process
II. A projection operator defines, and is defined by, a subspace. That means
that the definition of a projection operator P must distinguish every vector in
the subspace from vectors that lie outside that subspace and differ from that
vector by infinitesimal amounts. The Schroedinger evolution of an isolated
system could define and preserve energy eigenstates, but there is no way that
the Schroedinger evolution of a brain interacting with its environment could
specify subspaces associated with experientially distinct facts without some
extra rule or process not specified by the Schroedinger Process II itself. This
fact is the technical basis of von Neumann’s theory. It is this need for some
outside process to fix the content of the facts, and their times of coming into
being, that opens the door to the efficacy of experience.

Stapp quotes Mohrhoff (17.1): “The questions the mind can put to the brain, by choosing where
to fix its attention, are always compatible, for the mind does not have to
choose between incompatible experimental arrangements.”

Stapp: But it does have to define an operator P, or, equivalently, a subspace of
the Hilbert space associated with the brain, and this subspace is not specified
by the prior (quantum) state of the brain or the universe.

Stapp quotes Mohrhoff (17.2): “If attention is drawn to the highest bidder, the highest bidder is not a component of a mixture of CDBs (Classically Described Brains), but
one among several neural events or activities competing for attention in one
and the same CDB.”

Stapp: The various CDBs are overlapping (non-orthogonal), and the function
of Process I is to pick out of this amorphous mass of possible states some
well defined subspace associated with a distinct experience. Our ruminations
about possible choices can run over various consciously experienced possibilities,
but each such experience is associated with a selection of a subspace
from the amorphous collection of overlapping possibilities that constitutes
the state of the brain at that moment. The Schroedinger Process II cannot
by itself unambiguously decompose the state of the brain into well defined
orthogonal branches corresponding to distinct CDBs. [Note that Stapp now calls von Neumann Process II the Schrödinger process.]


Mohrhoff: Stapp presents a simple dynamical model of mind–
brain interaction in which “the ‘best possible’ question
that could be asked by the individual at time t,” given
the state S(t) of the universe at this time, is the question
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 that maximizes Tr[PS(t)]. This question is
posed when the probability of a positive answer reaches
a relative maximum.


Here Stapp introduces a new physical law, specifying
which question Nature will ask herself next and when she
will do so. Stapp thus effectively proposes a new theory,
as different from standard QM as nonlinear adulterations
of QM. The theory which he ends up formulating
is completely different from the theory he initially professes
to formulate, for in the beginning consciousness is
responsible for state vector reductions, while in the end
a new physical law is responsible — a law that in no wise
depends on the presence of consciousness.


Thus in the end Stapp, like Eccles, fails to account
for mental causation without implying “violations” of the
laws of contemporary physics. Eccles did not introduce
a new physical law, but he allowed the mind to load the
quantum dice in the process of exocytosis, and this is tantamount
to postulating mentally generated local modifications
of physical laws . Stapp introduces a new
physical law specifying which questions Nature asks herself,
and when, and he allows the mind to modify the
rates at which Nature interrogates herself. This, too, is
tantamount to postulating mentally generated local modifications
of a physical law — the very law Stapp himself
has introduced.

Stapp quotes Mohrhoff (18): “The theory Stapp ends up formulating is completely different from
the theory that he initially professes to formulate, for in the beginning consciousness
is responsible for state vector reduction, whereas in the end a new
physical law is responsible, a law that in no wise depends on consciousness.”

Stapp: That example is not my final theory. It was put forward as a simple
model to show how one could, within the general von Neumann framework
that I have developed, produce a dynamically complete theory. It does this
by postulating a new law that resolves in a certain definite way the dynamical
freedom that I have used to make consciousness efficacious.


Mohrhoff suggests that this model violates the quantum laws, but that
is not true: the extra postulated law controls which questions are asked,
and when they are asked, and these are precisely the elements that are not
controlled by the standard quantum laws, and whose indeterminacy, with
respect to those laws, provides the opening for efficacious minds within contemporary
basic physical theory.


The key issue is whether consciousness itself enters the dynamics. This
devolves to the question: What is the ontological source or basis of the
coercive quality of the laws of nature?


My answer is that with respect to the local dynamical process governed
by the Schroedinger equation this question is not worth pursuing: it is the
existence of that mechanical law that matters to us, and inquiry into what
gives that law its coercive quality is unduly speculative. But the same question
is far from meaningless in connection with the collapse process that is
associated with a human conscious experience. This is because the experiences
associated with these collapses are known to us, and are in fact the
only things really known to us. Thus they are proper elements of science,
and are, in fact, the basis of science.


I have thus emphasized that the resetting (of the state of the brain) associated
with a conscious human experience is mathematically and dynamically
different from the local mechanical (Schroedinger) process, and I now suggest
that the coerciveness of the laws that govern the creation of a stream of consciousness
comes in part from the experiences that constitute that stream:
that the experiential realities are actually doing something that is not done
by the local mechanical laws. Why else would they exist?


Thus I have noted that some process beyond the local mechanical process
described by the Schroedinger equation is needed to complete basic contemporary
physical theory, and tie it to the empirical facts, and I am suggesting that the conscious experiences that emerge in this process are essential
causal elements of a nonlocal evaluative process that is needed to complete
the quantum dynamics.


In summary, local mechanical process alone is logically incapable picking
the question (choosing the basis) and fixing the timings of the events in the
quantum universe. So there is no rational reason to claim that the experiential
reality that constitutes a stream of consciousness is not a causal aspect
of the dynamical process that prolongs or extends this reality, yet lies beyond
what the local quantum mechanical process is logically able to do.



What Stapp's argument comes down to is that Nature alone can never choose a basis set on its own. This he reserves to the power of conscious observers who can exercise their free (Heisenberg) choices.

Henry Stapp has been generous in answering Mohrhoff's biting criticism with a fine sense of humor. He takes Mohrhoff's 18 error claims as generating a Buddhist "18-fold way" which result in 18 questions with 18 possible right (Yes/No) answers. Stapp worries that he has only one chance in 250,000 of getting the answers all right (2-18).


These long odds (probabilities) might be the case if 

	we see Mohrhoff as exercising his free (Heisenberg) choice of the questions to put to Stapp (Nature), and 

	we see Stapp using a random Dirac choice to provide the answers instead of his own free will and reasoning powers!



But these are two intelligent scientists, and we hope that Stapp is right that each answer will add one bit of information to our quantum universe that helps us explicate the role of quantum physics in mental causation.


We can look forward to the Stapp-Mohrhoff discussions at the June 2013 conference in Milan "Quantum Physics Meets the Philosophy of Mind."





Source: https://www.informationphilosopher.com/solutions/scientists/mohrhoff/stapp_18.html
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Mechanism and Experience

("Le mécanisme et l'expérience", Revue de Metaphysique et de Morale 1, pp. 534-7 (1893); English translation, Stephen Brush, Kinetic Theory, vol.2, p.203)

SUMMARY

The advocates of the mechanistic conception of the universe have met with several obstacles in their attempts to reconcile mechanism with the facts of experience. In the mechanistic hypothesis, all phenomena must be reversible, while experience shows that many phenomena are irreversible. It has been suggested that the apparent irreversibility of natural phenomena is due merely to the fact that molecules are too small and too numerous for our gross senses to deal with them, although a "Maxwell demon" could do so and would thereby be able to prevent irreversibility.


The kinetic theory of gases is up to now the most serious attempt to reconcile mechanism and experience, but it is still faced with the difficulty that a mechanical system cannot tend toward a permanent final state but must always return eventually to a state very close to its initial state. This difficulty can be overcome only if one is willing to assume that the universe does not tend irreversibly to a final state, as seems to be indicated by experience, but will eventually regenerate itself and reverse the second law of thermodynamics.


Everyone knows the mechanistic conception of the universe which has seduced so many good men, and the different forms in which it has been dressed.
Some represent the material world as being composed of atoms which move in straight lines because of their inertia; the velocity and direction of this motion cannot change except when two atoms collide.


Others allow action at a distance, and suppose that the atoms exert on each other an attraction (or a repulsion) which depends on their distance according to some law.
The first viewpoint is clearly only a particular case of the second; what I am going to say will be as true of one as of the other. The most important conclusions apply also to Cartesian mechanism, in which one assumes a continuous matter.


It would perhaps be appropriate to discuss here the metaphysical difficulties that underlie these conceptions; but I do not have the necessary authority for that. Rather than discussing with the readers of this review that which they know better than I do, I prefer to speak of subjects with which they are less familiar, but which may interest them indirectly.


I am going to concern myself with the obstacles which the mechanists have encountered when they wished to reconcile their system with experimental facts, and the efforts which they have made to overcome or circumvent them.


In the mechanistic hypothesis, all phenomena must be reversible; for example, the stars might traverse their orbits in the retrograde sense without violating Newton's law; this would be true for any law of attraction whatever. This is therefore not a fact peculiar to astronomy; reversibility is a necessary consequence of all mechanistic hypotheses.


Experience provides on the contrary a number of irreversible phenomena. For example, if one puts together a warm and a cold body, the former will give up its heat to the latter; the opposite phenomenon never occurs. Not only will the cold body not return to the warm one the heat which it has taken away when it is in direct contact with it; no matter what artifice one may employ, using other intervening bodies, this restitution will be impossible, at least unless the gain thereby realized is compensated by an equivalent or large loss. In other words, if a system of bodies can pass from state A to state B by a certain path, it cannot return from B to A, either by the same path or by a different one. It is this circumstance that one describes by saying that not only is there not direct reversibility, but also there is not even indirect reversibility.


There have been many attempts to escape this contradiction; first there was Helmholtz's hypothesis of "hidden movements". Recall the experiment made by Foucault and Pantheon with a very long pendulum. This apparatus seems to turn slowly, indicating the rotation of the earth. An observer who does not know about the movement of the earth would certainly conclude that mechanical phenomena are irreversible. The pendulum always turns in the same sense, and there is no way to make it turn in the opposite sense; to do that it would be necessary to change the sense of rotation of the earth. Such a change is of course impractical, but for us it is conceivable; it would not be so for a man who believed our planet to be immobile.


Can one not imagine that there exist similar motions in the molecular world, which are hidden from us, which we have not taken account of, and of which we cannot change the sense?
This explanation is seductive, but it is insufficient; it shows why there is not direct reversibility; but one can show that it still requires indirect reversibility.


The English have proposed a completely different hypothesis. To explain it, I will make use of a comparison: if one had a hectolitre of wheat and a grain of barley, it would be easy to hide this grain in the middle of the wheat; but it would be almost impossible to find it again, so that the phenomenon appears to be in a sense irreversible. This is because the grains are small and numerous; the apparent irreversibility of natural phenomena is likewise due to the fact that the molecules are too small and too numerous for our gross senses to deal with them.


To clarify this explanation, Maxwell introduced the fiction of a "demon" whose eyes are sharp enough to distinguish the molecules, and whose hands are small and fast enough to grab them. For such a demon, if one believes the mechanists, there would be no difficulty in making heat pass from a cold to a warm body.


The development of this idea has given rise to the kinetic theory of gases, which is up to now the most serious attempt to reconcile mechanism and experience, But all the difficulties have not been overcome.



A theorem, easy to prove, tells us that a bounded world, governed only by the laws of mechanics, will always pass through a state very close to its initial state. On the other hand, according to accepted experimental laws (if one attributes absolute validity to them, and if one is willing to press their consequences to the extreme), the universe tends toward a certain final state, from which it will never depart. In this final state, which will be a kind of death, all bodies will be at rest at the same temperature.

I do not know if it has been remarked that the English kinetic theories can extricate themselves from this contradiction. The world, according to them, tends at first toward a state where it remains for a long time without apparent change; and this is consistent with experience; but it does not remain that way forever, if the theorem cited above is not violated; it merely stays there for an enormously long time, a time which is longer the more numerous are the molecules. This state will not be the final death of the universe, but a sort of slumber, from which it will awake after millions of millions of centuries.
According to this theory, to see heat pass from a cold body to a warm one, it will not be necessary to have the acute vision, the intelligence, and the dexterity of Maxwell's demon; it will suffice to have a little patience.


One would like to be able to stop at this point and hope that some day the telescope will show us a world in the process of waking up, where the laws of thermodynamics are reversed.


Unfortunately, other contradictions arise; Maxwell made ingenious efforts to conquer them. But I am not sure that he succeeded. The problem is so complicated that it is impossible to treat it with complete rigour. One is then forced to make certain simplifying hypotheses; are they legitimate, are they self-consistent? I do not believe they are. I do not wish to discuss them here; but there is no need for a long discussion in order to challenge an argument of which the premises are apparently in contradiction with the conclusion, where one finds in effect reversibility in the premises and irreversibility in the conclusion.


Thus the difficulties that concern us have not been overcome, and it is possible that they never will be. This would amount to a definite condemnation of mechanism, if the experimental laws should prove to be distinctly different from the theoretical ones.

    




this is Poincaré's theorem from his study of the three-body problem


Source: https://www.informationphilosopher.com/solutions/scientists/poincare/mechanism_and_experience.html
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The Genesis and Present State of Development of the Quantum
  Theory
Nobel Lecture, June 2, 1920
If I take it correctly that the duty
  imposed upon me today is to give a public lecture on my writings,
  then I believe that this task, the importance of which I am well
  aware through the gratitude felt towards the noble-minded founder
  of our Foundation, cannot be more suitably fulfilled than by my
  trying to give you the story of the origin of the quantum theory
  in broad outlines and to couple with this, a picture in a small
  frame, of the development of this theory up to now, and its
  present-day significance for physics.
When I look back to the time, already
  twenty years ago, when the concept and magnitude of the physical
  quantum of action began, for the first time, to unfold from the
  mass of experimental facts, and again, to the long and ever
  tortuous path which led, finally, to its disclosure, the whole
  development seems to me to provide a fresh illustration of the
  long-since proved saying of Goethe's that man errs as long as he
  strives. And the whole strenuous intellectual work of an
  industrious research worker would appear, after all, in vain and
  hopeless, if he were not occasionally through some striking facts
  to find that he had, at the end of all his criss-cross journeys,
  at last accomplished at least one step which was conclusively
  nearer the truth. An indispensable hypothesis, even though still
  far from being a guarantee of success, is however the pursuit of
  a specific aim, whose lighted beacon, even by initial failures,
  is not betrayed.
For many years, such an aim for me was to
  find the solution to the problem of the distribution of energy in
  the normal spectrum of radiating heat. Since Gustav Kirchhoff has
  shown that the state of the heat radiation which takes place in a
  cavity bounded by any emitting and absorbing substances of
  uniform temperature is entirely independent upon the nature of
  the substances, a universal function was demonstrated which was
  dependent only upon temperature and wavelength, but in no way
  upon the properties of any substance. And the discovery of this
  remarkable function promised deeper insight into the connection
  between energy and temperature which is, in fact, the major
  problem in thermodynamics and thus in the whole of molecular
  physics. To attain this there was no other way but to seek out
  from all the different substances existing in Nature one of known
  emissive and absorptive power, and to calculate the properties of
  the heat radiation in stationary energy exchange with it.
  According to Kirchhoff's Law, this would have to prove
  independent of the nature of the body.
Heinrich Hertz's linear oscillator, whose
  laws of emission, for a given frequency, Hertz had just
  previously completely developed, seemed to me to be a
  particularly suitable device for this purpose. If a number of
  such Hertzian oscillators are set up within a cavity surrounded
  by a sphere of reflecting walls, then by analogy with audio
  oscillators and resonators, energy will be exchanged between them
  by the output and absorption of electromagnetic waves, and
  finally stationary radiation corresponding to Kirchhoff's Law,
  the so-called black-body radiation, should be set up within the
  cavity. I was filled at that time with what would be thought
  today naively charming and agreeable expectations, that the laws
  of classical electrodynamics would, if approached in a
  sufficiently general manner with the avoidance of special
  hypotheses, be sufficient to enable us to grasp the most
  significant part of the process to be expected, and thus to
  achieve the desired aim. I, therefore, developed first the laws
  of emission and absorption of a linear resonator on the most
  general basis, in fact I proceeded on such a detour which could
  well have been avoided had I made use of the existing electron
  theory of H.A.
  Lorentz, already basically complete. But since I did not
  quite trust the electron hypothesis, I preferred to observe that
  energy which flowed in and out through an enclosing spherical
  surface around the resonator at a suitable distance from it. By
  this method, only processes in a pure vacuum came into account,
  but a knowledge of these was sufficient to draw the necessary
  conclusions however, about the energy changes in the
  resonator.
The fruit of this long series of
  investigations, of which some, by comparison with existing
  observations, mainly the vapour measurements by V. Bjerknes, were
  susceptible to checking, and were thereby confirmed, was the
  establishment of the general connection between the energy of a
  resonator of specific natural period of vibration and the energy
  radiation of the corresponding spectral region in the surrounding
  field under conditions of stationary energy exchange. The
  noteworthy result was found that this connection was in no way
  dependent upon the nature of the resonator, particularly its
  attenuation constants - a circumstance which I welcomed happily
  since the whole problem thus became simpler, for instead of the
  energy of radiation, the energy of the resonator could be taken
  and, thereby, a complex system, composed of many degrees of
  freedom, could be replaced by a simple system of one degree of
  freedom.
Nevertheless, the result meant no more than
  a preparatory step towards the initial onslaught on the
  particular problem which now towered with all its fearsome height
  even steeper before me. The first attempt upon it went wrong, for
  my original secret hope that the radiation emitted from the
  resonator can be in some characteristic way or other
  distinguished from the absorbed radiation and thereby allow a
  differential equation to be set up, from the integration of which
  one could gain some special condition for the properties of
  stationary radiation, proved false. The resonator reacted only to
  those rays which it also emitted, and was not in the slightest
  bit sensitive to the adjacent spectral regions.
Furthermore, my hypothesis that the
  resonator could exercise a unilateral, i.e. irreversible, effect
  upon the energy in the surrounding radiation field, was strongly
  contested by Ludwig Boltzmann, who, with his riper experience in
  these problems, proved that according to the laws of classical
  dynamics each of the processes observed by me can proceed in
  exactly the opposite direction, in such a way, that a spherical
  wave emitted from the resonator, returns and contracts in
  steadily diminishing concentric spherical surfaces inwards to the
  resonator, and is again absorbed by it, thereby allowing the
  formerly absorbed energy to be re-transmitted into space in the
  direction from which it came. And when I excluded this kind of
  singular process, such as an inwardly directed wave, by means of
  the introduction of a limiting definition, the hypothesis of
  natural radiation, all these analyses still showed ever more
  clearly that an important connecting element or term, essential
  for the complete grasp of the core of the problem, must be
  missing.
So there was nothing left for me but to
  tackle the problem from the opposite side, that of
  thermodynamics, in which field I felt, moreover, more confident.
  In fact my earlier studies of the Second Law of Heat Theory stood
  me in good stead, so that from the start I tried to get a
  connection, not between the temperature but rather the entropy of
  the resonator and its energy, and in fact, not its entropy
  exactly but the second derivative with respect to the energy
  since this has a direct physical meaning for the irreversibility
  of the energy exchange between resonator and radiation. Since I
  was, however, at that time still too far oriented towards the
  phenomenological aspect to come to closer quarters with the
  connection between entropy and probability, I saw myself, at
  first, relying solely upon the existing results of experience. In
  the foreground of interest at that time, in 1899, was the energy
  distribution law established by W. Wien shortly before,
  whose experimental proof was taken up, on the one hand, by F.
  Paschen at the Technische Hochschule in Hannover, and, on the
  other hand, by O. Lummer and E. Pringsheim at the State
  Institution in Charlottenburg. This law brought out the
  dependence of the radiation intensity on the temperature,
  representing it by an exponential function. If one calculates the
  connection between the entropy and the energy of a resonator,
  determined by the above law, the remarkable result is obtained
  that the reciprocal value of the above-mentioned differential
  coefficient, which I will call R, is proportional to the
  energy. This extremely simple relationship can be considered as
  the completely adequate expression of Wien's energy distribution
  law; for with the dependence upon the energy, the dependence upon
  the wavelength is always directly given through the general,
  well-established displacement law by Wien.
Since the whole problem concerned a
  universal law of Nature, and since at that time, as still today,
  I held the unshakeable opinion that the simpler the presentation
  of a particular law of Nature, the more general it is - though at
  the same time, which formula to take as the simpler, is a problem
  which cannot always be confidently and finally decided - I
  believed for a long time that the law that the quantity R
  is proportional to the energy, should be looked upon as the basis
  for the whole energy distribution law. This concept could not be
  maintained for long in the face of fresh measurements. Whilst for
  small values of the energy and for short waves, Wien's law was
  satisfactorily confirmed, noteworthy deviations for larger
  wavelengths were found, first by O. Lummer and E. Pringsheim, and
  finally by H. Rubens and F. Kurlbaum, whose measurements on the
  infrared residual rays of fluorite and rock salt revealed a
  totally different, though still extremely simple relationship,
  characterized by the fact that the quantity R is not
  proportional to the energy, but to the square of the energy, and
  in fact this holds with increasing accuracy for greater energies
  and wavelengths.
So, through direct experiment, two simple
  limits were determined for the function R: for small
  energies, proportionality with the energy; for greater energies,
  proportionality with the square of the energy. There was no
  better alternative but to make, for the general case, the
  quantity R equal to the sum of two terms, one of the first power,
  and one of the second power of the energy, so that for small
  energies the first is predominant, whilst for the greater
  energies the second is dominant. Thus the new radiation formula
  was found, which, in the face of its experimental proof, has
  stood firm to a reasonable extent until now. Even today,
  admittedly, we cannot talk of final exact confirmation. In fact,
  a fresh attempt at proof is urgently required.
However, even if the radiation formula
  should prove itself to be absolutely accurate, it would still
  only have, within the significance of a happily chosen
  interpolation formula, a strictly limited value. For this reason,
  I busied myself, from then on, that is, from the day of its
  establishment, with the task of elucidating a true physical
  character for the formula, and this problem led me automatically
  to a consideration of the connection between entropy and
  probability, that is, Boltzmann's trend of ideas; until after
  some weeks of the most strenuous work of my life, light came into
  the darkness, and a new undreamed-of perspective opened up before
  me.
I must make a small intercalation at this
  point. According to Boltzmann, entropy is a measure for physical
  probability, and the nature and essence of the Second Law of Heat
  Theory is that in Nature a state occurs more frequently, the more
  probable it is. Now one always measures in Nature the difference
  in entropies, never the entropy itself, and to this extent one
  cannot speak of the absolute entropy of a state, without a
  certain arbitrariness. Nevertheless, it is useful to introduce
  the suitably defined absolute value of entropy, namely for the
  reason that with its help certain general laws can be
  particularly easily formulated. The case seems to be parallel, as
  I see it, with that of energy. Energy itself cannot be measured,
  only its difference. For that reason one used to deal, not with
  energy, but with work, and even Ernst Mach, who had so much to do
  with the Law of Conservation of Energy, and who in principle kept
  away from all speculations beyond the field of observation, has
  always avoided speaking of energy itself. Likewise, in
  thermochemistry, one has always stuck to the thermal effect, that
  is, to energy differences, until Wilhelm Ostwald in
  particular emphatically showed that many detailed considerations
  could be significantly abbreviated if one dealt with energy
  itself instead of with calorimetric numbers. The additive
  constant which was at first still undetermined in the expression
  for energy, has later been finally determined through the
  relativistic law of the proportionality between energy and
  inertia.
In a similar way to that for energy, an
  absolute value can be defined also for entropy and, as a result
  thereof, for the physical probability too, e.g. by so fixing the
  additive constant that energy and entropy disappear together. On
  the basis of a consideration of this kind a specific, relatively
  simple combinatorial method was obtained for the calculation of
  the physical probability of a specified energy distribution in a
  system of resonators, which led exactly to that entropy
  expression determined by the radiation law, and it brought me
  much-valued satisfaction for the many disappointments when Ludwig
  Boltzmann, in the letter returning my essay, expressed his
  interest and basic agreement with the train of thoughts expounded
  in it.
For the numerical treatment of the
  indicated consideration of probability, knowledge of two
  universal constants is required, both of which have an
  independent physical meaning, and whose subsequent evaluation
  from the law of radiation must provide proof as to whether the
  whole method is to be looked upon as a mere artifice for
  calculation, or whether it has an inherent real physical sense
  and interpretation. The first constant is of a more formal nature
  and is connected with the definition of temperature. If
  temperature were to be defined as the average kinetic energy of a
  molecule in an ideal gas, that is, as a tiny, little quantity,
  then the constant would have the value 2/3. In conventional
  temperature measure, on the contrary, the constant has an
  extremely small value which stands, naturally, in close
  association with the energy of a single molecule, and an exact
  knowledge of which leads, therefore, to the calculation of the
  mass of a molecule and those parameters related to it. This
  constant is often referred to as Boltzmann's constant, although,
  to my knowledge, Boltzmann himself never introduced it - a
  peculiar state of affairs, which can be explained by the fact
  that Boltzmann, as appears from his occasional utterances, never
  gave thought to the possibility of carrying out an exact
  measurement of the constant. Nothing can better illustrate the
  positive and hectic pace of progress which the art of
  experimenters has made over the past twenty years, than the fact
  that since that time, not only one, but a great number of methods
  have been discovered for measuring the mass of a molecule with
  practically the same accuracy as that attained for a planet.
At the time when I carried out the
  corresponding calculation from the radiation law, an exact proof
  of the number obtained was quite impossible, and not much more
  could be done than to determine the order of magnitude which was
  admissible. It was shortly afterward that E. Rutherford and H.
  Geiger succeeded in determining, by direct counting of the alpha
  particles, the value of the electrical elementary charge, which
  they found to be 4.65 x 10-10 electrostatic units; and
  the agreement of this figure with the number calculated by me,
  4.69 x 10-10, could be taken as decisive confirmation
  of the usefulness of my theory. Since then, more sophisticated
  methods have led to a slightly higher value, these measurements
  being carried out by E. Regener, R.A. Millikan, and
  others.
The explanation of the second universal
  constant of the radiation law was not so easy. Because it
  represents the product of energy and time (according to the first
  calculation it was 6.55 x 10-27 erg sec), I described
  it as the elementary quantum of action. Whilst it was completely
  indispensable for obtaining the correct expression for entropy -
  since only with its help could the magnitude of the "elementary
  regions" or "free rooms for action" of the probability, decisive
  for the assigned probability consideration, be determined - it
  proved elusive and resistant to all efforts to fit it into the
  framework of classical theory. As long as it was looked upon as
  infinitely small, that is, for large energies or long periods of
  time, everything went well; but in the general case, however, a
  gap yawned open in some place or other, which was the more
  striking, the weaker and faster the vibrations that were
  considered. The foundering of all efforts to bridge the chasm
  soon left little doubt. Either the quantum of action was a
  fictional quantity, then the whole deduction of the radiation law
  was in the main illusory and represented nothing more than an
  empty non-significant play on formulae, or the derivation of the
  radiation law was based on a sound physical conception. In this
  case the quantum of action must play a fundamental role in
  physics, and here was something entirely new, never before heard
  of, which seemed called upon to basically revise all our physical
  thinking, built as this was, since the establishment of the
  infinitesimal calculus by Leibniz and Newton, upon the acceptance
  of the continuity of all causative connections.
Experiment has decided for the second
  alternative. That the decision could be made so soon and so
  definitely was due not to the proving of the energy distribution
  law of heat radiation, still less to the special derivation of
  that law devised by me, but rather should it be attributed to the
  restless forwardthrusting work of those research workers who used
  the quantum of action to help them in their own investigations
  and experiments. The first impact in this field was made by
  A. Einstein who,
  on the one hand, pointed out that the introduction of the energy
  quanta, determined by the quantum of action, appeared suitable
  for obtaining a simple explanation for a series of noteworthy
  observations during the action of light, such as Stokes' Law,
  electron emission, and gas ionization, and, on the other hand,
  derived a formula for the specific heat of a solid body through
  the identification of the expression for the energy of a system
  of resonators with that of the energy of a solid body, and this
  formula expresses, more or less correctly, the changes in
  specific heat, particularly its reduction with falling
  temperature. The result was the emergence, in all directions, of
  a number of problems whose more accurate and extensive
  elaboration in the course of time brought to light a mass of
  valuable material. I cannot give here even an approximate report
  on the abundance of the work carried out. Only the most important
  and characteristic steps along the path of progressive knowledge
  can be high-lighted here.
First come thermal and chemical processes.
  As far as the specific heat of solid bodies is concerned,
  Einstein's theory, which rested upon the assumption of a single
  natural vibration of the atom, was extended by M. Born and Th.
  von Kármán to the case of various kinds of natural
  vibrations, which approached more nearly to the truth. P. Debye
  succeeded, by means of a bold simplification of the stipulations
  for the character of natural vibrations, in producing a
  relatively simple formula for the specific heat of solid bodies
  which, particularly for low temperatures, not only satisfactorily
  reproduces the measurements obtained by W. Nernst and his
  pupils, but is also compatible with the elastic and optical
  properties of these substances. The quantum of action also comes
  to the fore in considering the specific heat of gases. W. Nernst
  had earlier suggested that to the quantum of energy of a
  vibration there must also correspond a quantum of energy of a
  rotation, and accordingly it was to be expected that the
  rotational energy of the gas molecules would disappear with
  falling temperature. The measurements by A. Eucken on the
  specific heat of hydrogen confirmed this conclusion, and if the
  calculations of A. Einstein and O. Stern, P. Ehrenfest and others
  have not until now afforded any completely satisfactory
  agreement, this lies understandably in our, as yet, incomplete
  knowledge of the model of a hydrogen molecule. The fact that the
  rotations of the gas molecules, as specified by quantum
  conditions, do really exist in Nature, can no longer be doubted
  in view of the work on absorption bands in the infrared by N.
  Bjerrum, E. von Bahr, H. Rubens, G. Hetmer and others, even
  though it has not been possible to give an all-round exhaustive
  explanation of this remarkable rotation spectra up to now.
Since, ultimately, all affinity properties
  of a substance are determined by its entropy, the
  quantum-theoretical calculation of the entropy opens up the way
  to all the problems of chemical relationships. The Nemst chemical
  constant, which O. Sackur calculated directly through a
  combinatorial method as applied to oscillators, is characteristic
  for the absolute value of the entropy of a gas. H. Tetrode, in
  close association with the data to be obtained by measurement,
  determined the difference in entropy values between vapour and
  solid state by studying an evaporation process.
Whilst in the cases so far considered,
  states of thermodynamic equilibrium are concerned, for which
  therefore the measurements can only yield statistically average
  values relating to many particles and lengthy periods of time,
  the observation of electron impacts leads directly to the dynamic
  details of the process under examination. Thus the determination
  of the so-called resonance potential carried out by J. Franck and
  G. Hertz, or that concerning the critical velocity is the minimum
  an electron must possess in order to cause emission of a light
  quantum or photon by impact with a neutral atom, supplied a
  method of measuring the quantum of action which was as direct as
  could be wished for. The experiments by D.L. Webster and E.
  Wagner and others resulted in the development of methods suitable
  for the Röntgen spectrum
  which also gave completely compatible results.
The production of photons by electron
  impact appears as the reverse process to that of electron
  emission through irradiation by light-, Röntgen-, or
  gamma-rays and again here, the energy quanta, determined by the
  quantum of action and by the vibration frequency, play a
  characteristic role, as could be recognized, already at an early
  time, from the striking fact that the velocity of the emitted
  electrons is not determined by the intensity of radiation, but
  only by the colour of the light incident upon the substance. Also
  from the quantitative aspect, Einstein's equations with respect
  to the light quantum have proved true in every way, as
  established by R.A. Millikan, in particular, by measurements of
  the escape velocity of emitted electrons, whilst the significance
  of the photon for the initiation of photochemical reactions was
  discovered by E. Warburg.
If the various experiments and experiences
  gathered together by me up to now, from the different fields of
  physics, provide impressive proof in favour of the existence of
  the quantum of action, the quantum hypothesis has, nevertheless,
  its greatest support from the establishment and development of
  the atom theory by Niels Bohr. For it fell
  to this theory to discover, in the quantum of action, the
  long-sought key to the entrance gate into the wonderland of
  spectroscopy, which since the discovery of spectral analysis had
  obstinately defied all efforts to breach it. And now that the way
  was opened, a sudden flood of new-won knowledge poured out over
  the whole field including the neighbouring fields in physics and
  chemistry. The first brilliant acquisition was the derivation of
  Balmer's series formula for hydrogen and helium including the
  reduction of the universal Rydberg constant to merely known
  numerical quantities, whereby even the small discrepancies for
  hydrogen and helium were recognized as essentially determined by
  the weak motion of the heavy atom nucleus. Investigation then
  turned to other series in the optical and the Röntgen
  spectrum using the extremely fruitful Ritz combination principle,
  which was at last revealed clearly in all its fundamental
  significance.
Whoever, in view of the numerous agreements
  which in the case of the special accuracy of spectroscopic
  measurements could lay claim to particularly striking
  confirmatory power, might have been still inclined to feel that
  it was all attributable to the play of chance, would been forced,
  finally, to discard even his last doubt, as A. Sommerfeld showed
  that from a logical extension of the laws of quantum distribution
  in systems with several degrees of freedom, and out of
  consideration of the variability of the inertial mass in
  accordance with the relativity theory, that magic formula arose
  before which both the hydrogen and the helium spectrum had to
  reveal the riddle of their fine structure, to such an extent that
  the finest present-day measurements, those of F. Paschen, could
  be explained generally through it - an achievement fully
  comparable with that of the famous discovery of the planet
  Neptune whose existence and orbit was calculated by Leverrier
  before the human eye had seen it. Progressing further along the
  same path, P. Epstein succeeded in fully explaining the Stark
  effect of the electrical splitting up of the spectral lines, P.
  Debye produced a simple explanation of the K-series of the
  Röntgen spectrum, which had been investigated by Manne Siegbahn, and now
  followed a great number of further experiments, which illuminated
  with more or less success the dark secrets of the construction of
  the atom.
After all these results, towards whose
  complete establishment still many reputable names ought
  essentially to have been mentioned here, there is no other
  decision left for a critic who does not intend to resist the
  facts, than to award to the quantum of action, which by each
  different process in the colourful show of processes, has
  ever-again yielded the same result, namely, 6.52 x
  10-27 erg sec, for its magnitude, full citizenship in
  the system of universal physical constants. It must certainly
  appear a unique coincidence that just in that time when the ideas
  of general relativity have broken through, and have led to
  fantastic results, Nature should have revealed an "absolute" in a
  place where it could be least expected, an invariable unit, in
  fact, by means of which the action quantity, contained in a
  space-time element, can be represented by a completely definite
  non-arbitrary number, and thereby divested itself of its (until
  now) relative character.
To be sure, the introduction of the quantum
  of action has not yet produced a genuine quantum theory. In fact,
  the path the research worker must yet tread to it is not less
  than that from the discovery of the velocity of light by Olaf
  Römer to the establishment of Maxwell's theory of light. The
  difficulties which the introduction of the quantum of action into
  the well-tried classical theory has posed right from the start
  have already been mentioned by me. During the course of the years
  they have increased rather than diminished, and if, in the
  meantime, the impetuous forward-driving research has passed to
  the order of the day for some of these, temporarily, the gaps
  left behind, awaiting subsequent filling, react even harder upon
  the conscientious systematologist. What serves in Bohr's theory
  as a basis to build up the laws of action, is assembled out of
  specific hypotheses which, up to a generation ago, would
  undoubtedly have been flatly rejected altogether by every
  physicist. The fact that in the atom, certain quite definite
  quantum-selected orbits play a special role, might be taken still
  as acceptable, less easily however, that the electrons,
  circulating in these orbits with definite acceleration, radiate
  no energy at all. The fact that the quite sharply defined
  frequency of an emitted photon should be different from the
  frequency of the emitting electron must seem to a theoretical
  physicist, brought up in the classical school, at first sight to
  be a monstrous and, for the purpose of a mental picture, a
  practically intolerable demand.
But numbers decide, and the result is that
  the roles, compared with earlier times, have gradually changed.
  What initially was a problem of fitting a new and strange
  element, with more or less gentle pressure, into what was
  generally regarded as a fixed frame has become a question of
  coping with an intruder who, after appropriating an assured
  place, has gone over to the offensive; and today it has become
  obvious that the old framework must somehow or other be burst
  asunder. It is merely a question of where and to what degree. If
  one may make a conjecture about the expected escape from this
  tight comer, then one could remark that all the signs suggest
  that the main principles of thermodynamics from the classical
  theory will not only rule unchallenged but will more probably
  become correspondingly extended. What the armchair experiments
  meant for the foundation of classical thermodynamics, the
  adiabatic hypothesis of P. Ehrenfest means, provisionally, to the
  quantum theory; and in the same way as R. Clausius, as a starting
  point for the measurement of entropy, introduced the principle
  that, when treated appropriately, any two states of a material
  system can, by a reversible process, undergo a transition from
  one to the other, now the new ideas of Bohr's open up a very
  similar path into the interior of a wonderland hitherto hidden
  from him.
There is in particular one problem whose
  exhaustive solution could provide considerable elucidation. What
  becomes of the energy of a photon after complete emission? Does
  it spread out in all directions with further propagation in the
  sense of Huygens' wave theory, so constantly taking up more
  space, in boundless progressive attenuation? Or does it fly out
  like a projectile in one direction in the sense of Newton's
  emanation theory? In the first case, the quantum would no longer
  be in the position to concentrate energy upon a single point in
  space in such a way as to release an electron from its atomic
  bond, and in the second case, the main triumph of the Maxwell
  theory - the continuity between the static and the dynamic fields
  and, with it, the complete understanding we have enjoyed, until
  now, of the fully investigated interference phenomena - would
  have to be sacrificed, both being very unhappy consequences for
  today's theoreticians.
Be that as it may, in any case no doubt can
  arise that science will master the dilemma, serious as it is, and
  that which appears today so unsatisfactory will in fact
  eventually, seen from a higher vantage point, be distinguished by
  its special harmony and simplicity. Until this aim is achieved,
  the problem of the quantum of action will not cease to inspire
  research and fructify it, and the greater the difficulties which
  oppose its solution, the more significant it finally will show
  itself to be for the broadening and deepening of our whole
  knowledge in physics.


Source: https://www.informationphilosopher.com/solutions/scientists/planck/Genesis__of_Quantum_Theory.html
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Indeterminism and Free Will

(Nature, Vol. 138, No. 3479, pp.13-14, July 4, 1936)

It has become the orthodox view of physicists to-day, that the momentary state of a physical system does not determine its movement or development or behaviour, to follow; Nature is supposed to be such that a knowledge of state, sufficiently accurate for sharp prediction of the future, is not only unobtainable but also unthinkable. All that can be predicted refers to a large number of identical experiments, and consists in a definite statistics among all the possible developments to follow. The relative margin of indeterminacy (the 'spread' of the statistics) is large for a small system, for example, for an atom; but for large systems the margin is usually, though not necessarily, small, which makes it possible to account for the apparent determinacy of inanimate Nature.



Many eminent scientific workers, especially physicists, have tried to play with the idea that the apparent indeterminacy of animate Nature, that is, of living matter, might be connected with the theoretical indeterminacy of modern physics. What makes this play so fascinating and thrilling is evidently the hope (whether outspoken or concealed) of extracting from the new physical dogma a model of free-will, which the old one would refuse to yield. I consider this hope an illusion, for the following general reasons.

When observed objectively in other creatures, free-will actions do not call for a special 'indeterminist' explanation any more than other events. When two persons (or the same person on different occasions) react differently under apparently the same conditions, we feel compelled to account for it, whether the reaction is a passive or an active one, by a real, though unknown, difference of conditions, including, of course, character and temporary disposition on the part of the reacting persons. A poet unrolling before us the objective picture of free-will actions is just as concerned about proper causation (here called motivation) as the classical physicist was for inanimate Nature.


On the other hand, when regarded as a fact of self-observation, free-will has quite a different standing from scientific experience. The two are, as it were, in different planes, which do not intersect. Self-observed free-will I would analyse into two facts. First, indeed, a prediction, but not based on previous experience, certainly not in the way in which scientific prediction is. If I am the actor, I just know what is going to happen, and that, apart from pathological cases, with the greatest amount of certainty which is ever met with in life. The second fact is a moral one. I feel responsible for what happens.


Now, it is true that this absolute prescience is a matter only of the very last moment before or when the action sets in, which it rather accompanies than precedes. Before that there is frequently doubt and even entire ignorance ('hesitation'). This antecedent period, together with the remarkable feeling of responsibility, entails the idea of choice between different possibilities for which a clue is sought in the modern views of physics. If that were right, it would mean either one of two things. 

Schrödinger makes the common error of assuming chance is the direct cause of action

First, that the laws of Nature are after all at "my" mercy. For if my smoking or not smoking a cigarette before breakfast (a very wicked thing!) were a matter of Heisenberg's uncertainty principle, the latter would stipulate between the two events a definite statistics, say 30:70; which I could invalidate by firmness. Or, secondly, if that is denied, why on earth do I feel responsible for what I do, since the frequency of my sinning is determined by Heisenberg's principle? The new physics does not shift St. Augustin's paradox by a hair's breadth.

In my opinion the whole analogy is fallacious, because the plurality of possible events, in the case of an action under free-will, is a self-deception. Think of cases such as the following: you are sitting at it formal dinner, with important persons, terribly boring. Could you, all at once, jump on the table and trample down the glasses and dishes, just for fun? Perhaps you could: maybe you feel like it: at any rate you cannot. Then, which of the virtually possible events are to be called possible under the auspices of free-will? I would say, just the one that actually follows.


Against this view cases might be quoted where the decision is really difficult, serious, painful, bewildering, when we are down on our knees before the Almighty to forgo it. But in this He is inexorable! 

no ψ-function in life! - this from the creator of Schrödinger's Cat

We must decide. One thing must happen, will happen, life goes on. There is no ψ-function in life. I have always considered this having-to-decide as a strikingly close subjective correlate to the classical, the deterministic model of Nature. It ought to be emphasized that modern physics does not compel us to abandon this correlation. The material units which determine the processes of life seem to be large enough for - possibly and even probably - safeguarding the essential course of these processes against any perceptible direct and immediate manifestation of the Heisenberg uncertainty.

The preceding remarks have been elicited by the first page of a highly interesting sketch by Prof. F. G. Donnan, "Integral Analysis and the Phenomena of Life" (Acta Biotheoretica, Series A, vol. 2, Pars I, 1936; Leyden: E. J. Brill), though not by way of contradiction. Prof. Donnan is not concerned with the question of free-will. His idea is that an organism is to be regarded as a 'historical' system, whose reactions at a given moment are not determined alone by its surroundings and by its momentary state, but also by what has happened to that organism during a certain previous period. This is a highly attractive view, and the mathematical treatment proposed by Prof. Donnan a very suggestive one - even if one should hesitate to agree with the view (which he considers essential) that some of the historical traces are not engraved in the momentary state otherwise than by modifying its reactivity.



Eddington, Compton, and others suggested quantum mechanical free-will mechanisms

Source: https://www.informationphilosopher.com/solutions/scientists/schrodinger/indeterminism_and_free_will.html
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Indeterminism in Physics

The profound changes which the picture of the world as presented by Physics has undergone in recent years has brought it about that the so-called problem of causality has come into the limelight; and discussion of this problem, far from being confined to technical and scientific publications, has found a place in the daily press. I do not here wish to pre-judge the question whether the problem discussed is in fact the problem of causality in the philosophical sense merely by using the label of causality. This name has come to be applied to these matters, they sail under this flag, and that is why I employ the expression.

The question at issue is this: given any physical system, is it possible, at any rate in theory, to make an exact prediction of its future behavior, provided that its nature and condition at one given point of time are exactly known? It is assumed, of course, that no external and unforeseen influences act upon the system from without; but such influences can always be eliminated, at least theoretically, if all bodies, fields of force and the like capable of acting upon the system are included within it. It is assumed, in other words, that the condition of these external elements, too, is exactly known at the initial moment of time. It is possible, and indeed if we argue rigorously it is certain, that in order to do so, the system under consideration has to be extended to comprehend the entire universe. Yet it is possible to imagine a finite, self-contained system, and in practice this abstraction is invariably made use of whenever a law of physics is enunciated. The question therefore is whether it is possible exactly to predict the behavior of such a system provided its initial condition be exactly known.


Some fifteen years ago this was never doubted: absolute determinism was, in a manner, the fundamental dogma of practical physics. The clearest example, which had given this direction to physics, was classical mechanics: given a system of mass points, their masses, positions and velocities at an initial point of time, and given the laws of force in accordance with which they act upon one another, it was possible to calculate in advance their movements for all future time. And when applied to the celestial bodies, this theory had been triumphantly confirmed.


Today many physicists assert that such a strictly determinist view cannot do justice to nature, and that this applies equally whether mass points, fields of force or waves are used as the bricks from which we build our system. They make this assertion on the strength of the experimental results obtained in physics during the last thirty years — results which relate to measurements of every kind; on the strength of the long-continued failure of all attempts at comprehending satisfactorily the totality of these experiments through the medium of a deterministic model; and finally on the strength of the very creditable success which has been reached by a departure from a strict determinism.


Evidently such success and failure cannot in itself determine so grave a question. However firmly we may be convinced that it was determinism which was the stumbling block in all the attempts that had been made hitherto, and however strongly we may believe that it is the obstacle preventing a completely satisfactory explanation of all the observed phenomena; however considerable finally the successes achieved by the employment of an undeterministic picture may be, it is unlikely that we shall ever be able to demonstrate the impossibility of finding any deterministic model of nature capable of doing justice to the facts.


The modem attempts to relinquish determinism are rendered particularly interesting by the fact that their claims with regard to the absence of determinism, far from being vague and inaccurate, are quantitatively quite definite and can be expressed in centimeters, grams and seconds. As a simple example, we may take a mass point in motion either in a state of isolation from others or as a member of a system of many mass points exerting force upon each other. The claim which is made is that its movement cannot be foretold with complete accuracy because, among other things, it would be necessary to know its position and velocity at the initial point of time; and it is claimed that it is impossible in principle to determine both of these exactly.


...


According to classical physics, and especially mechanics, it would be necessary to undertake certain operations in order to take a mass point to a given place at the initial point of time and in order to impress upon it a given velocity. Thus we might take it between nippers, carry it to the place in question and push it in an appropriate direction. Quantum mechanics teaches us that if such an operation is undertaken with a mass point a great number of times, the same result does not invariably come about even if the operation is always exactly the same. But it further teaches that the result obtained is not entirely a matter of chance. What is claimed is that if you repeat the same experiment a million times and register the frequency with which the different possible results occur, they will in a second million experiments repeat themselves with exactly the same frequency. It is assumed, of course,	that all the experiments are exactly identical.


It will be seen that this claim approximates closely to the so-called law of trial and error governing actual measurements. What is peculiar in this theoretical assertion is the fact that there is a rigid limit to the accuracy of observation, a limit which in its turn is determined by a constant of Nature. Hitherto in all our theoretical considerations we had quite unconsciously assumed, that at any rate in principle, observations could be carried out with any degree of accuracy; nobody had dreamed that a correlation of the kind mentioned between the accuracies of the different measurements (in the present instance position and velocity) did in fact exist.
The other assertions made by modern physics in support of indeterminism are essentially of a similar kind, although they are less easily comprehensible, especially to non-physicists; and a discussion of them would not promote our present argument. 


...


Presumably I may take it as known that some fifty years ago it was grasped that a very large number of so-called natural laws were statistical laws which were fulfilled with extreme accuracy only because the number of individual entities concerned was extremely great. Thus, for example, the pressure exerted by a gas on the walls of the container is taken to be the resultant of a very large number of individual impulses exerted by molecules striking against the container and rebounding from it. Now the kinetic energy of an individual molecule at a given temperature is far from being exactly determined; all that is determined is its average value, while the individual values vary somewhat considerably (their law of distribution being exactly known both theoretically and experimentally). The direction in which the molecules strike the container is wholly contingent and the number of molecules striking it in any unit of time is also, of course, subject to variations. 
Nevertheless, the average value of the pressure is a well-defined physical quantity. Its casual fluctuations
are far beyond the limit of experimental accuracy, provided that the surface of the body, which experiences the pressure, and the time which is physically involved in the
"process of averaging" is not too small. If, however, a very light and small body is subjected to pressure these conditions are not fulfilled and, as might have been expected, the purely contingent variations in pressure cause it to execute a trembling motion known as Brownian movement.


But not only the laws governing the stationary equilibria have disclosed their statistical nature: the same holds, in most cases, for the dynamic evolution of physical happening. To put it briefly, all the laws relating to irreversible natural processes are now known definitely to be of a statistical kind; and this means, of course, the great majority of laws, since in the main the course of events in nature is irreversible. As an example I may quote the conduction of heat in a gas. 
[image: image-placeholder] An arbitrary distribution of temperature gradually approaches uniformity in a definite manner, governed by the law that the current of heat runs in the direction of the steepest fall of temperature and is proportional to the thermal gradient. To explain this on a statistical basis, let us imagine a surface within a gas, its left-hand side being warm and its right-hand side relatively cold; in other words, having relatively fast and slow-moving molecules on its left and right-hand side respectively. (Fig. 3) In accordance with the calculus of probability, approximately equal numbers of molecules will move from left to right and from right to left. The former, however, transport more energy than the latter, with the result that the thermal current flows in the direction of the gradient. The degree of exactness with which the law is fulfilled is once again due to the great number of molecules concerned. Theoretically, indeed, it would be easy to imagine cases in which the exact opposite would arise. In order to construct such a case, let us imagine that the process towards the thermal equilibrium has been going on for some time; and let us now assume that by some conjuring trick all the various velocities were exactly reversed:

this conjuring trick would leave the distribution of temperature unaltered and would produce a perfectly possible state of the system. But from this initial state onwards the differences in temperature would be increased through the action of thermal currents opposed to the fall of temperature until finally the original initial stage would be reached. Fortunately it can be shown by calculation that such a happening is unlikely in the extreme.


Since the time of Ludwig Boltzmann this view has come to be applied to the vast majority of the laws determining the events in our organic and our inorganic surroundings. All chemical transformations, the velocity of chemical reactions and their variation according to temperature, the processes of melting and evaporation, the laws of vapor pressure, etc., everything, in fact, with the possible exception of gravitation, is governed by laws of this kind, and all the "predictions" derived from these laws are of a statistical nature and are true only within limits, although these limits can be determined with complete accuracy.
Now surely we have here a striking resemblance to the modern statements concerning "indeterminateness," and it may be worth while asking why similar statements made at that earlier time  did not cause quite the same degree of excitement (though they did evoke quite a little stir!) Why did nobody say, forty or fifty years ago, that modem physics (modern as it was then) was compelled to give up causality and determinism? Why was this sort of thing being said only five or six years ago?


The answer is easy. At that time the negation of determinism would have been a practical negation: to-day it is supposed to be a theoretical one. Fifty years ago it was held that, if the position and velocity of every molecule was completely known at the beginning, and if the trouble were taken to make an exact mathematical calculation of all the collisions between the molecules, then it would be possible to predict exactly what would happen. It was believed that what forced us to content ourselves with average laws was merely the practical impossibility (1) of finding out exactly what was the initial condition of the molecules and (2) of pursuing the fate of the molecules with complete mathematical accuracy. Nor was any regret felt at this confinement to average laws, because average values were all that our crude senses enabled us to observe; therefore the laws calculated on this basis proved sufficiently accurate to predict our observations with all desirable precision.
To sum up: it was held that the individual atoms and molecules were subject to a rigid determinism which formed a kind of background to those statistical mass laws which in practice were alone available empirically. And the majority of physicists con sidered this deterministic background to be a most essential  foundation for the physical universe. They considered it a logical contradiction to surrender such a belief, and held it necessary to assume that in such an elementary event as the collision of two atoms, the result was predetermined by the preceding conditions fully and with complete accuracy. It was said (and continues to be said) that an exact knowledge of  nature is impossible on any other basis, that all the foundations would be lost, that without a determinist background our view of nature would become wholly chaotic and that accordingly it would not fit the nature actually given to us, since this nature is not a complete chaos.


Now this view is certainly erroneous. It is quite certain that the view of the events within a gas as held by the kinetic theory of gases may be modified to the
effect that the future trajectory of two molecules, after they have collided, is determined, not by the well-known laws of impact, but by an appropriate law of chance. All we have to do is to see that the laws of chance which we admit should, with reasonable accuracy, take care of certain "bookkeeping" laws (or "laws of conservation," to use the technical term); e.g., that the sum of the energies before and after the collision shall be approximately the same. For this much has been empirically demonstrated even for individual molecules. These bookkeeping laws do not, however, determine the result of the collision unequivocally: and it might be the case that, apart from them, there predominated a "prior" contingency. For this would not introduce a further degree of uncertainty into the result of the collision than there already is from the determinist view. We do not know whether, e.g. in the case of a given collision, the one molecule hits the other a little further to the right or to the left, which affects the result of the collision immensely (though not the conservation laws, of course). Whether we regard the result of the collision as being determined by this "a little further to the right or left" or whether we regard it as primarily undetermined (the "conservation laws" at the same time remaining unaffected) is a matter of indifference. Fifty years ago it was simply a matter of taste or philosophic prejudice whether the preference was given to determinism or indeterminism. The former was favored by ancient custom, or possibly by an a priori belief. In favor of the latter it could be urged that this ancient habit demonstrably rested on the actual laws which we observe functioning in our
surroundings. As soon, however, as the great majority or possibly all of these laws are seen to be of a statistical nature, they cease to provide a rational
argument for the retention of determinism.


We may briefly summarize this second footnote as follows: Long before modern quantum mechanics made its quantitative statements with respect to the degree of inaccuracy, it was possible, although it was not necessary, to doubt the justification of determinism from a far more general point of view. In fact, such doubts were raised in 1918 by Franz Exner, nine years before Heisenberg set up his relation of indeterminacy. Little attention was paid to them, however, and if support was given to them, as by the author in his inaugural dissertation at Zurich, they met with considerable shaking of heads.


...


I should like finally to revert to our original question of determinism as against indeterminism. The question was whether, given complete knowledge of the state of an isolated system, it is possible to predict its future behavior accurately and unequivocally. Is nature of such a kind that this might be possible, at any rate theoretically, even if we are practically unable to obtain the necessary data?


Let us now consider the question from the phenomenological standpoint previously mentioned. From this point of view the number of answers possible to any question addressed to nature must be finite: in fact we may safely say that there can only be two answers, yes or no. If there are more they can be analyzed into a series of consecutive questions. Now in practice we can inform ourselves on the condition of a system at any given moment only by a number of individual observations: in principle any other method is impossible. And if we have made a merely finite number of observations our information on the initial state must consist in a finite series of ayes and noes. In writing, the series might be expressed as a succession of 0's and 1's.
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It is possible that a physical system might be so simple that this meager information would suffice to settle its fate: in that case nature would not be more complicated than a game of chess. To determine the positions in a game of chess, thirty-three facts suffice. If I know of every piece where it is or whether it has been taken, and if I know whose move it is, then I know the position of the game, and a super-player would be able to state definitely whether White could force a win by playing correctly or whether he could only force a draw or whether, if Black plays correctly, White must lose.

If nature is more complicated than a game of chess, a belief to which one tends to incline, then a physical system cannot be determined by a finite number of observations. But in practice a finite number of observations is all that we can make. All that is left to determinism is to believe that an infinite accumulation of observations would in principle enable it completely to determine the system. Such was the standpoint and view of classical physics, which latter certainly had a right to see what it could make of it. But the opposite standpoint has an equal justification: we are not compelled to assume that an infinite  number of observations, which cannot in any case be carried out in practice, would suffice to give us a complete determination.


This is the direction in which modern physics has led us without really intending it.






Schrödinger presented this paper 16th June, 1931 to the Congress of A Society for Philosophical Instruction in Berlin. (Source, Schrödinger, 1935, Science and the Human Temperament, Chapter III.)


Source: https://www.informationphilosopher.com/solutions/scientists/schrodinger/indeterminism_in_physics.html
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What Is A Law Of Nature?

The laws of physics are generally looked upon as a paradigm of exactitude. Therefore one would naturally take it for granted that probably no other science would be able to give such a clear and definite answer when asked what is meant when we speak of a law of nature.


What is a Law of Nature? The answer does not really seem to be very difficult. When man's higher consciousness first awakens he finds himself in an environment whose changing elements are of the highest significance for his weal or woe. Experience —first the unsystematized experience of his daily struggle for life and afterwards the experience derived from systematically and rationally planned scientific experiments—shows him that the natural processes which take place in his environment do not follow one another in an arbitrary, kaleidoscopic manner, but that they present a notable degree of regularity. He eagerly strives to become acquainted with the nature of this regularity, because such knowledge will be of tremendous advantage to him in his struggle for life. The order of nature thus perceived by man is of the same type throughout. Certain features in the succession of natural events always and everywhere show themselves to be connected with certain other features. Of special biological significance is that case in which the one group of characters precedes the other group in time. The circumstances preceding a certain happening (A) which is often observed in nature, divide themselves into two typical groups: (1) circumstances that are always present — the invariable, and (2) those which are only sometimes present — the variable. When it is further discovered that conversely the unchanging group is always followed by A, this discovery gives rise to the statement that this invariable group of circumstances is the cause that brings about the phenomenon A. Thus, hand-in-hand with the discovery of special regular connections, we come to the idea of a general necessary connectedness between one phenomenon and others as an abstraction from the mass of connections as a whole. Above and beyond our actual experience, the general postulate is laid down that in those cases in which we have not yet succeeded in isolating the causal source of any specific phenomenon, such a source must surely exist —in other words, that every natural process or event is absolutely and quantitatively determined at least through the totality of the circumstances or physical conditions that accompany its appearance. This postulate is sometimes called the "principle of causality." Our belief in it has been steadily confirmed again and again by the progressive discovery of causes that specially condition each event.


Now, what we call a "law of nature" is nothing else than any one of the regularities observed in natural occurrences, insofar as it is looked upon as necessary, in the sense of the above-mentioned postulate.
Is there still some obscurity here, some occasion for doubt? And, if so, where? Since about the actual facts there can be no doubt whatever, the only questionable feature is the justifiability or universal applicability of the causal postulate.


Within the past four or five decades physical research has clearly and definitely shown — strange discovery — that chance is the common root of all the rigid conformity to Law that has been observed, at least in the overwhelming majority of natural processes, the regularity and invariability of which have led to the establishment of the postulate of universal causality.


In order to produce a physical process wherein we observe such conformity to Law innumerable thousands, often billions, of single atoms or molecules must combine. (For professional physicists I may say here in parenthesis that this is also true of those phenomena in which, as we often say to-day, the effect produced by a single atom can be successfully studied; because in truth the interaction of this atom with thousands of others determines the observed effect.) In a very large number of cases of totally different types, we have now succeeded in explaining the observed regularity as completely due to the tremendously large number of molecular processes that are cooperating. The individual process may, or may not, have its own strict regularity. In the observed regularity of the mass phenomenon the individual regularity (if any) need not be considered as a factor. On the contrary, it is completely effaced by averaging millions of single processes, the average values being the only things that are observable to us. The average values manifest their own purely statistical regularity, which they would also do if the outcome of each single molecular process were determined by the throwing of dice, the spinning of a roulette wheel or the drawing of sweepstake tickets from a drum.


The statistical interpretation of the laws is illustrated in the simplest and clearest manner by the phenomena of gases, from which, by the way, the new ideas started. In this case the individual process is the collision of two gas molecules, either with one another or with the wall of the container. The pressure of the gas against the walls of the container was formerly attributed to a specific expansive force of matter in the gaseous state; but according to the molecular theory it is due to the bombardment of the molecules. The number of collisions per second against one square centimeter of the surface of the wall is tremendous. For atmospheric pressure at zero degrees Centigrade it runs into twenty-four figures (2.2. X 10"). Even in the most complete terrestrial vacuum and for only one square millimeter and only one-thousandth of a second the number still runs into a figure of eleven places. Besides giving a complete account of the so-called gas laws, that is, of the dependence of pressure on temperature and volume, the molecular theory also explains all other properties of real gases, such as friction, heat conduction, diffusion — and this purely statistically, as a consequence of the molecules being exchanged between different parts of the gas by individual processes of the utmost irregularity. In performing the corresponding calculations and discussing the relevant considerations we generally assume the validity of the mechanical laws for the single happening, the collision. But it must be stated that this is not at all necessary. It would be quite sufficient to assume that at each individual collision an increase in mechanical energy and mechanical momentum is just as probable as a decrease, so that taking the average of a great many collisions, these quantities remain constant in much the same way as two dice cubes, if thrown a million times, will yield the average 7 whereas the result of each single throw is a pure matter of chance.


From what has been said it follows that the statistical interpretation of the gas laws is possible, perhaps also that it is the most simple; yet we cannot conclude that it is the only possible interpretation. But a crucial test is furnished by the following experiment. If the pressure of a gas is really only a statistical average value it must be subject to fluctuations. These must become all the more obvious the more the number of cooperating elementary processes is reduced by reducing (1) the surface against which the pressure is exerted and (2) the inertia of the body which experiences the pressure, in order to allow a prompt reaction to a fluctuation that occurs within a short period of time. Both these conditions can be attained by suspending tiny, ultra-microscopical particles in the gas. These actually show a zig-zag movement of extreme irregularity, long known as the Brownian movement, which never comes to rest and agrees in all particulars with the theoretical predictions. Although the number of molecules which hit the particle during a measurable period of time is still very large, it is yet not large enough to produce an absolutely uniform pressure from all sides. Through a chance preponderance of the impact in a chance direction, which changes quite irregularly from moment to moment, the particle will be driven hither and thither on quite an irregular path. Here, therefore, we see a law of nature — the law of gas pressure - losing its exact validity in proportion as the number of cooperating individual processes decreases. One cannot easily imagine a more convincing proof of the essentially statistical character of at least this law.


I could here mention numerous other cases that have been experimentally and theoretically investigated, such as the uniform blue of the sky, which results from entirely irregular variations of atmospheric densities (consequent upon their molecular constitution), or the strictly law-governed decay of radioactive substances which results from the disintegration of the individual atoms, whereby it appears to depend entirely on chance whether an individual atom will disintegrate immediately or to-morrow or in a year's time. But however many examples are considered, they scarcely suffice to render our belief in the statistical character of physical laws as certain as does the fact that the Second Law of Thermodynamics, or Law of Entropy, which plays a role in positively every physical process, has clearly proved to be the prototype of statistical law. Although this matter would justify a closer examination, on account of its extraordinary interest, I must confine myself here to the very cursory remark that empirically the Law of Entropy is very intimately connected with the typical one-directional character of all natural processes. Although the Law of Entropy by itself is not sufficient to determine the direction in which the state of a material system will change in the next instant, it always excludes certain directions of change, the direction exactly opposite to the one which actually occurs being always excluded. By virtue of the statistical method the Law of Entropy has taken on the following content: namely, that every process or event proceeds from a relatively improbable--that is to say, more or less molecularly ordered—state to a more probable one--that is to say, to a state of increasing disorder among the molecules.


In regard to what I have said up to now there is no essential difference of opinion among physicists. But the case is otherwise in regard to what I shall have to say from now on.


Although we have discovered physical laws to be of a statistical character, which does not necessarily imply the strictly causal determination of individual molecular processes, still the general opinion is that we should find the individual process — for instance, the collision of two gas molecules - determined by rigid causality, if we could trace it. (In a similar way the result of a game of roulette would not be something haphazard for any one who could measure exactly the impetus given to the wheel, the resistance of the air, the friction on the axis, etc., etc.) In some cases, among which is also the one of colliding gas molecules, it is even claimed that quite definite features of the individual process can be ascertained; viz., the conservation of energy and momentum at every single impact, not merely in the average.


It was the experimental physicist, Franz Exner, who for the first time, in 1919, launched a very acute philosophical criticism against the taken-for-granted manner in which the absolute determinism of molecular processes was accepted by everybody. He came to the conclusion that the assertion of determinism was certainly possible, yet by no means necessary, and when more closely examined not at all very probable.


As to the non-necessity, I have already given my opinion; and I believe with Exner that it can be upheld, even despite the fact that most physicists claim quite definite characteristics for the elementary laws which they postulate. Naturally we can explain the energy principle on the large scale by its already holding good in the single events. But I do not see that we are bound to do so. In like manner we can explain the expansive force of a gas as the sum of the expansive forces of its elementary particles. But this interpretation is here decidedly incorrect, and I do not see why there it should be looked upon as the only possible one. I may further remark that the energy-momentum theorem provides us with only four equations, thus leaving the elementary process to a great extent undetermined, even if it complies with them.


Whence arises the widespread belief that the behavior of molecules is determined by absolute causality, whence the conviction that the contrary is unthinkable? Simply from the custom, inherited through thousands of years, of thinking causally, which makes the idea of determined events, of absolute, primary causalness, seem complete nonsense, a logical absurdity.


But from what source was this habit of causal thinking derived? Why, from observing for hundreds and thousands of years precisely those regularities in the natural course of events which, in the light of our present knowledge, are most certainly not governed by causality; or at least not so governed essentially, since we now know them to be statistically regulated phenomena. Therewith this traditional habit of thinking loses its rational foundation. In practice, of course, the habit may safely be retained, since it predicts the outcomes satisfactorily. But to allow this habit to force upon us the postulate that, behind the observed statistical regularities, there must be causal laws, would quite obviously involve a logically vicious circle.


Not only are there no considerations that force this assumption upon us, but we should realize, still further, that such a duality in the laws of Nature is somewhat improbable. On the one hand we should have the intrinsic, genuine, absolute laws of the infinitesimal domain; while on the other there would be that observed macroscopic regularity of events which in its most essential features is not due to the existence of the genuine laws but is determined rather by the concept of pure number, the most translucent and simple creation of the human mind. Clear and definite intelligibility in the world of outer appearances, and behind this a dark, eternally unintelligible imperative, a mysterious Kismet! The possibility that this may be in reality the case must be admitted; but this duplication of natural law so closely resembles the animistic duplication of natural objects, that I cannot regard it as at all tenable.


It must not be supposed, however, that I consider it a simple and easy matter to carry through and defend this new, a-causal (i.e., not necessarily causal) point of view. The ruling opinion to-day is that at least the laws of gravitation and electro-dynamics are of the absolute, elementary type, that they also govern the world of atoms and electrons and are perhaps at the basis of everything as the primary and fundamental Law. You are all familiar with the amazing success of Einstein's gravitation theory. Must we conclude from this that his gravitational equations are an elementary law? I hardly think so. In no case of a natural process is the number of single atoms which must cooperate in order that an observable effect may be produced so vast as in the case of gravitational phenomena. This would explain, from the statistical point of view, why we can attain such extraordinary accuracy in forecasting movements of the planets centuries ahead. Moreover I shall not deny that Einstein's theory yields powerful support to the belief in the absolute validity of the energy and momentum principles. With reference to the particle, these principles actually involve nothing more than a tendency towards absolute perseverance. For Einstein's gravitation theory is not really anything more than the reduction of gravitation to the law of inertia. That under certain conditions nothing changes is surely the simplest Law that can be conceived, and hardly falls within the concept of causal determination. It may after all be reconcilable with a strictly a-causal view of Nature.


In contradistinction to gravitation, the laws of electro-dynamics are quite generally applied to-day to processes within the atom itself, and indeed with amazing success. These positive results will be considered the most serious objection that can be advanced against the a-causal view. The space at my disposal does not allow of my going further into this question. I must confine myself to the following general remark, which at the same time briefly sums up the conclusions we have reached —


Exner's assertion amounts to this: It is quite possible that Nature's laws are of thoroughly statistical character. The demand for an absolute law in the background of the statistical law — a demand which at the present day almost everybody considers imperative — goes beyond the reach of experience.1 Such a dual foundation for the orderly course of events in Nature is in itself improbable. The burden of proof falls on those who champion absolute causality, and not on those who question it. For a doubtful attitude in this respect is to-day by far the more natural.


The electro-dynamic theory of the atom appears unsuited to furnish the proof, because this theory itself is universally recognized to be suffering from serious intrinsic incoherences which are often felt to be of a logical character. I prefer to believe that, once we have discarded our rooted predilection for absolute Causality, we shall succeed in overcoming these difficulties, rather than expect atomic theory to substantiate the dogma of Causality.




This was Schrodinger's Inaugural Address at the University of Zurich, December 9th, 1922. This address was not printed on the occasion of its delivery. Some time afterwards the development of quantum mechanics brought Exner's ideas into the foreground of scientific interest, without, however, Exner's name being mentioned. The text here follows the original manuscript from which the address was read. (Source, Schrodinger, 1935, Science and the Human Temperament, Chapter VI.)
1 The reference is to Exner, Vorlesungen uber die Physikalischen Grundlagen der Naturwissenschaften, chapter 89, der Zufall (Chance), p.677, (Deuticke, Leipzig/Wien, 1922)



Source: https://www.informationphilosopher.com/solutions/scientists/schrodinger/what_is_a_law_of_nature.html
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Thomas Sturm Thomas.Sturm@uab.cat via listserv.liv.ac.uk 
	
4:12 AM (5 hours ago)
		
to PHILOS-L
Dear all,


I received many answers to my query concerning discussions of claims about computers as discoverers. Many thanks to all who kindly sent me references and materials.


Before I list the references below, let me reflect on one point. I was looking specifically for criticisms and discussions made by cognitive scientists themselves, especially up to the early 1990s. There are some such criticisms, but not many (e.g. by Gorman in the special issue of Social Studies of Science 1989, or Johnson-Laird & Legrenzi in International Studies in the Philosophy of Science 1992; see below). Instead, most came from philosophers and sociologists of science. That might be interpreted differently.


First, the cognitive science community might still widely have accepted the idea at that time. Perhaps because it was convinced of it, perhaps because it doesn't like to engage in fundamental disputes over its own research program. Second, as is well known, "cognitive science" is an ambiguous term, referring sometimes more narrowly to AI research and/or computer science insofar as it's concerned with cognition, but sometimes also to include (among other disciplines) philosophy. So, the philosophical criticisms coming from Dreyfus, Hempel, Gillies and others might be considered "internal" criticisms. Third, the discovery programs developed by Langley, Simon et al. were specifically directed against the idea that discovery isn't a rational (or logical) process. Because the latter was a philosophical thesis, the Langley-Simon-et-al. program was specifically discussed by philosophers of science (and then within science studies more generally - it aroused quite a number of worries among friends of the strong program in SSK). Fourth and finally, let's not underestimate the possibility that the following reference list may be biased due to what's available in the minds of this group - I did not ask a listgroup in cognitive science. (I will perhaps.)


I do not decide which interpretation is the best. I just did not want to deliver the digest without noting that the criticisms didn't come so much from practicing cognitive scientists, i.e. those writing and running the programs. - I include all references sent to me, including those after the early 1990s. People might be interested in the discussions no matter at which time they were brought forward.


Kind regards, Thomas



Alai, M. 2000. Informatica e logica della scoperta. In A. Andronico, G. Casadei, G. Sacerdoti (eds.), Didamatica 2000. Informatica per la didattica. Il Ponte Vecchio, Cesena, vol. 1, 13-19.


Alai, M. 2004. AI, scientific discovery and realism. Minds and Machines, 14, 21-42.


Collins, H. 1990. Artificial experts: Social knowledge and intelligent machines. Cambridge, MA: MIT Press.


Dawson, Michael (various)


Dreyfus, H. 1972. What computers can't do. Cambridge, MA: MIT Press. (with a new introductory essay republished 1992 as: What Computers Still Can't Do.)


Fuller, S. 1989, rev. ed. 1993. Philosophy of science and its discontents. New York: Guilford Press. Esp.


Fuller, S. & Collier, J. 1993. Philosophy, rhetoric and the end of knowledge. Mahwah, NJ: Erlbaum. Esp. ch. 5.


Gillies, D. 1996. Artificial intelligence and scientific method. Oxford: OUP.


Heeffer, A. (forthcoming somewhere). Data-driven induction in scientific discovery. A critical assessment based on Kepler’s discoveries.


Hempel, C.G. 1987. Thoughts on the limitations on discovery by computers. In Schaffner, K. (ed.), Logic of discovery and diagnosis in medicine (pp. 115-122). Berkeley: UC Press.


Gardner, H. 1985. The mind's new science. New York: Basic Books


Korb, K. B. & C. Wallace. 1997. In search of the philosopher's stone: remarks on Humphreys and Freedman's critique of causal discovery. British Journal for the Philosophy of Science, 543--553


Pearl. 2009. Causality. (a positive "proof" of the program, on causal Bayesian networks)


Pylyshyn, Z. 1984. Computation and cognition. Cambridge, MA: MIT Press.


Radder, H. 2011. The world observed/the world conceived. Pittsburg: U of Pittsburgh Press. Esp. ch 12. Here: http://digital.library.pitt.edu/cgi-bin/t/text/text-idx?c=pittpress;cc=pittpress;view=toc;idno=31735062136373


Spirtes, R., Glymour, C. & Scheines, R. 1993. Causation, Prediction, and Search. Springer. (2nd ed. MIT 2001) (a positive "proof" of the program, on causal Bayesian networks)


Tweney, R. 1990. 5 questions for computationalists. In J. Shrager & P. Langley (eds.), Computational models of scientific discovery and theory formation (pp. 471-484). Palo Alto, CA: Morgan Kaufmann.


Tweney, R. 1992. Serial and parallel distributed processing in scientific discovery. In R. Giere (ed.), Cognitive models of science (Minnesota Studies in Philosophy of science, XV, pp. 77-88). Minneapolis: U of Minnesota Press.


Weber, M. 2005. Philosophy of experimental biology. Cambridge: CUP. Esp. ch. 3


Weisberg, R.M. 2006. Creativity: Understanding innovation in problem solving, science, invention, and the arts. Wiley.


Special issues of:

- Social Studies of Science 1989, 4. (Lead article by P. Slezak, Scientific discovery as empirical refutation of the strong programme. Comments and replies by Brannigan, Collins, Fuller, Thagard, Woolgar, Myers, Slezak, Simon, Giere, Gorman, and Slezak.


- International Studies in the Philosophy of Science, Volume 6,  Issue 1, 1992. (Lead article by H. Simon, Scientific discovery as problem solving. Comments and replies by Agassi, Cordeschi, De May, Gillies, Hesse, Johnson-Laird & Legrenzi, Losee, Marconi, Newton-Smith, Petroni, Schank & Hughes, Trautteur, Watkins, and Simon)



More positive "proof" that was offered:


Science 3 April 2009: Vol. 324 no. 5923 pp. 81-85, DOI:
10.1126/science.1165893, "Distilling Free-Form Natural Laws from
Experimental Data"


Science 3 April 2009: Vol. 324 no. 5923 pp. 85-89  DOI:
10.1126/science.1165620, "The Automation of Science"


Science 9 January 2004: Vol. 303 no. 5655 pp. 186-195 DOI:
10.1126/science.1088172 "How Enzymes Work: Analysis by Modern Rate
Theory and Computer Simulations"




----- Missatge original -----
De: Thomas Sturm 
Data: Dimarts, Febrer 25, 2014 6:50 pm
Assumpte: Query: Criticisms of Scientific Discovery by Computer?


> Dear all,


> I'm looking for good critical discussions of the claim made by
> Herbert Simon (et al.) that scientific discoveries can be carried
> out, or simulated, by computers. I'm particularly (but not
> exclusively) interested in criticisms made by cognitive scientists
> or psychologists before or around the 1990s.


> Any suggestions? Please reply off-list. I'm happy to produce a
> digest at the end should people want one.


> Kind regards, Thomas Sturm
>


Dr. Thomas Sturm

Departament de Filosofia

Universitat Autònoma de Barcelona

Edifici B

E-08193 Bellaterra (Barcelona)

España/Spain

Phone: +34 935 86 8173 - Fax: +34 935 81 2001



Source: https://www.informationphilosopher.com/solutions/scientists/simon/computationalism.html
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Mind, Brain, and Humanist Values


ROGER W. SPERRY

Any mixing of values and science is a red flag in some
quarters. Value judgments, wc are told, lie outside the
realm of science. Values are for popes and prophets, for
philosophers and perhaps scout leaders and civic planners, but not for science or scientists. As a student of brain and behavior, I have never quite been able to accept this. It seems like saying that value judgments lie outside the realm of knowledge and understanding, or
that the best method of applying the human brain to
problems of understanding must be discarded when it
comes to values. It is like saying that science is able to
deal only with those phenomena that appeared prior to
the emergence of higher brains, with their wants, needs,
and other goal directed properties and, of course, the
corresponding value systems that these latter impose.
Values have natural and logical origins. They are interdependent and interrelated in logical, hierarchical systems. These value systems and their perturbations
ought to be subject to study, analysis, and prediction —
and perhaps even some experimentation on a model
basis these days, with computer assistance.



• HUMANIST IMPACTS OF BEHAVIORAL SCIENCE



We turn to our main topic now to consider some of
the major impacts on human values that stem from recent developments in the sciences that deal with mind and brain. At first glance the record achieved by the
brain behavior sciences during the past half century
must appear, to the humanist, to read less like a list of
contributions and advancements than like a list of moral
offenses and major setbacks. The accusations that anti-science can raise in this area are not exactly trivial. For
example, prior to science, man had reason to believe that
he possessed a mind that was potent and replete with
something called consciousness. Modern experimental
objective psychology and the neurosciences in general
would dispense not only with the conscious mind but
also with, most other spiritual components in human
nature. Before science man used to think himself a free
agent possessing free will. Science gives us, instead,
causal determinism wherein our every act is seen to follow inevitably from preceding patterns of brain excitation. Where we used to see purpose and meaning in
human behavior, science now shows us a complex bio physical machine composed entirely of material elements, all of which obey inexorably the universal laws of physics and chemistry.

Science, abetted by Freud with an assist from astrophysics, stands accused of depriving the thinking man
of his Father in heaven, along with heaven itself. Man's
inner nature and his heritage also seem to have fared
poorly. Since Darwin, and again Freud, man now enters
this life, not "trailing clouds of glory" and divinity but
clouds of jungleism and bestiality with a predisposition
to oedipal and other complexes. The veneer of civilization is seen to be superficial, and when it rubs thin or cracks the basic animal within quickly shows.


In the face of these and related onslaughts of science
on the worth and meaning of human nature and existence, one can understand why humanist thinkers look for other roads to truth. For the scientist himself, the
current dim picture puts a rather severe test to his credo
that it is better to know and live by the truth, however
ugly, than by false premises and illusory values.


I find that my own conceptual working model of the
brain leads to inferences that are in direct disagreement
with many of the foregoing; especially I must take issue
with that whole general materialistic-reductionistic conception of human nature and mind that seems to emerge from the currently prevailing objective analytic approach in the brain-behavior sciences. When we are led to favor the implications of modern materialism in opposition to older, more idealistic values in these and related matters, I suspect that science may have sold society and itself a somewhat questionable bill of goods.



• THE NATURE OF CONSCIOUSNESS:
THE CENTRAL ISSUE



Most of the disagreements I refer to relate to a central point of controversy that comes out of the following question: Is it possible, in theory or in principle, to
construct a complete, objective explanatory model of
brain function without including consciousness and
mental phenomena in the causal sequence?

If the prevailing view in neuroscience is correct — that
consciousness and mental forces in general must be excluded from any objective model — then we write off all that inner subjective world from science and come out
with materialism and all its implications. Conversely, if
it should prove true, when the facts are in, that conscious mental forces do in fact govern and direct the nerve impulse traffic and other biochemical and biophysical events in the brain and, hence, do have to be included as important features in the objective chain of
control, we then come out on the side of mentalism, and
with quite a different and more idealistic set of values.


Some 99.9 per cent of those of us who work in brain
research have held firmly during the past fifty years to
the conviction that conscious mental forces have no
place in any explanatory model or theory of brain function. The inner sensations, feelings, percepts, concepts, mental images, and the like cannot be weighed or measured, photographed, spectrographed, or chromatographed, or otherwise recorded or dealt with objectively
by any known scientific methodology. The dictates of
the scientific method, requiring experimental demonstration and proof, demand that these introspective, private, inaccessible, will-o'-the-wisp unknowns must be
excluded from any scientific explanation. Furthermore,
the neuroscientist of today feels he has a pretty fair idea
anyway about the kinds of things that excite and fire the
cellular elements of the brain: membrane changes, ion
flow, chemical transmitters, presynaptic and post-synaptic potentials, and the like may be on his list of
acceptable causal influences, but not consciousness.
Science can see the brain as a complex electrochemical communications network full of nerve excitations,
all governed by respectable scientific laws of biophysics,
biochemistry, and physiology; but few investigators, and
none that I know, have been ready to tolerate an interjection into this causal machinery of any mental or conscious forces. This then in brief is the general stance of
modern science out of which has come today's prevailing objective, mechanistic, materialistic, behavioristic, reductionistic, fatalistic view of the nature of mind and
psyche. This kind of thinking is not confined to our
laboratories and classrooms, of course. It leaks and
spreads, and though never officially imposed on the societies of our Western world, we nevertheless see, on all sides, the pervasive influence of creeping materialism.



• AN ALTERNATIVE MENTALIST POSITION



I am going to align myself in a counterstand, along
with that approximately 0.1 per cent mentalist minority, in support of a hypothetical brain model in which consciousness and mental forces generally are given their
due representation as important features in the chain of
control. These appear as active operational forces and
dynamic properties that interact with and upon the
physiological machinery. Any model or description that
leaves out conscious forces, according to this view, is
bound to be pretty sadly incomplete and unsatisfactory.
The conscious mind in this scheme, far from being put
aside and dispensed with as an "inconsequential by-product," "epiphenomenon," or "inner aspect," as is the
customary treatment these days, gets located, instead,
front and center, directly in the midst of the causal
interplay of cerebral mechanisms.

Mental forces in this particular scheme are put in the
driver's seat, as it were. They give the orders and they
push and haul around the physiology and physico-
chemical processes as much as or more than the latter
control them. This is a scheme that puts mind back in
its old post, over matter, in a sense — not under, outside,
or beside it. It's a scheme that idealizes ideas and ideals
over physico-chemical interactions, nerve impulse traffic — or DNA. It's a brain model in which conscious, mental, psychic forces are recognized to be the crowning achievement of some five hundred million years or more of evolution.


Let us now examine more closely this seemingly ridiculous notion, this "water-on-the-brain" contention that ideas and other mental entities push around, control, and direct the biophysical and biochemical events in the nervous system. The basic reasoning is simple:
First, we contend that conscious or mental phenomena
are dynamic, emergent, pattern (or configurational)
properties of the living brain in action — a point accepted by many, including some of the more tough-minded brain researchers. Second, the argument goes a
critical step further, and insists that these emergent pattern properties in the brain have causal control potency — just as they do elsewhere in the universe. And there
we have the answer to the age-old enigma of consciousness.


To put it very simply, it becomes a question largely of
who pushes whom around in the population of causal
forces that occupy the cranium. There exists within the
human cranium a whole world of diverse causal forces;
what is more, there are forces within forces within forces, as in no other cubic half-foot of universe that we know. At the lowermost levels in this system are those
local aggregates of sub nuclear particles confined within
the neutrons and protons of their respective atomic nuclei. These individuals, of course, don't have very much to say about what goes on in the affairs of the brain.
Like the atomic nucleus and its associated electrons, the
subnuclear and other atomic elements are "molecule-bound" for the most part, and get hauled and pushed
around by the larger spatial and configurational forces of
the whole molecule.


Similarly the molecular elements in the brain are
themselves pretty well bound up, moved, and ordered
about by the enveloping properties of the cells within
which they are located. Along with their internal atomic
and subnuclear parts, the brain molecules are obliged to
submit to a course of activity in time and space that is
determined very largely by the overall dynamic and spatial properties of the whole brain cell as an entity. Even the brain cells, however, with their long fibers and impulse conducting elements, do not have very much to say either about when or in what time pattern, for example, they are going to fire their messages. The firing orders come from a higher command.



• THE MENTAL ENTITIES



The flow and the timing of impulse traffic through
any cell, or nucleus of cells, in the brain is governed very
largely by the overall encompassing properties of the
whole cerebral circuit system, and also by the relationship of this system to other circuit systems. Even the circuit properties of the cerebral system as a whole, and
the way in which these govern the flow pattern of impulse traffic throughout — that is, the circuit properties of the whole brain — may undergo radical and widespread
changes with just the flick of a cerebral facilitatory "set."
This set is a shifting pattern of central excitation that
will open or prime one group of circuit pathways while
at the same time closing, repressing, or inhibiting endless other circuit potentialities. Such changes of set are
involved in a "shift of attention," "a turn of thought,"
"a change of feeling," or "a new insight," etc. In short,
if one climbs upward through the chain of command
within the brain, one finds at the very top those overall
organizational forces and dynamic properties of the large
patterns of cerebral excitation that constitute the mental or psychic phenomena.

Let us now illustrate one of these "power-packed"
mental entities. For simplicity, consider an elemental
subjective sensation—and for reasons that will become
evident let us use the sensation of pain instead of philosophy's old favorite, the color red. More specifically, make it pain in the wrist and fingers of the left hand of
an arm that was amputated above the elbow some
months previously. Suffering caused by pain localized
in a phantom limb is no easier to bear than if the limb
were still there. It is easier, however, with this example,
to infer where our conscious awareness must reside.


With regard to this conscious sensation of pain, the
contention is that any groans it may evoke — and any
other response measures the patient may take as a result
of the pain sensation — are indeed caused, not by the biophysics, chemistry, or physiology of the cerebral nerve impulses as such, but by the pain quality, the pain property, per se. This brings us to the real crux of the argument. Nerve excitations are just as common to pleasure,
of course, as to pain, or any other sensation. What is
critical is the unique patterning of cerebral excitation
that produces pain instead of something else. It is the
overall functional property of this pain pattern that is
critical in the causal sequence of brain affairs. This pattern has a dynamic entity, the qualitative effect of which
must be conceived functionally and operationally, and in
terms of its impact on a living, unanesthetized cerebral
system. This overall pattern effect in brain dynamics is
the pain quality of inner experience.


Above simple pain and other elemental sensations in
brain dynamics, we find, of course, the more complex
but equally potent forces of perception, emotion, reason,
belief, insight, judgment, and cognition. In the onward
flow of conscious brain states, one state calling up the
next, these are the kinds of dynamic entities that call the
plays. It is exactly these encompassing mental forces
that direct and govern the inner flow patterns of impulse
traffic, including their physiological, electro-chemical,
atomic, subatomic, and subnuclear details. It is important to remember in this connection that all of the simpler, more primitive, elemental forces remain present
and operative; none has been cancelled. These lower-level forces and properties, however, have been superseded in successive steps, encompassed or enveloped as it were, by those forces of increasingly complex organizational entities. For the transmission of nerve impulses, all of the usual electrical, chemical, and physiological
laws apply, of course, at the level of cell, fiber, and
synoptic junction. Proper function in the uppermost levels depends to a large extent upon normal operation at  the subsidiary levels. It is a special characteristic of these
larger functional patterns in the brain, however, that
they have a coherence and organization that enables
them to carry on orderly function in the presence of
considerable disruptive damage in the lower-level components.



• IDEAS AS CAUSAL FORCES



Near the apex of this compound command system in
the brain we find ideas. In the brain model proposed
here, the causal potency of an idea, or an ideal, becomes
just as real as that of a molecule, a cell, or a nerve impulse. Ideas cause ideas and help evolve new ideas. They interact with each other and with other mental forces in
the same brain, in neighboring brains, and in distant,
foreign brains. And they also interact with real consequence upon the external surroundings to produce in toto an explosive advance in evolution on this globe far
beyond anything known before, including the emergence of the living cell.

Problems of complexity and adequate technology
aside, there would seem to be no great obstacle to the
eventual objective, scientific treatment of mental phenomena. Statements in the literature discourage the hope that the mind is capable of explaining itself in
terms of its own ideas. The argument is that no machine, living or otherwise, can logically embody within itself a complete description of itself. But underline
that word "complete," and then consider the extent of
the explanatory possibilities that still remain. Also underline "itself" and remember that this logic does not prevent a man's mind from acquiring a complete description of his neighbor's mind nor from passing on this description to other neighbors, excepting only the one
being described.


Looking back at this point, one may see that the earlier dichotomy between mentalism and materialism is resolved in this interpretation. The former polar differences with respect to human values, when recast in the present scheme, become mainly errors of reductionism.
For a theory of mind the new twist here, if any, lies in
the attempt to make the emergent properties of inner
experience conform to the brain code rather than isomorphs of the outside world — combined, of course, with the critical interjection of these mental qualities into
the causal sequence.


The present scheme would put the conscious mind
back into the brain of objective science and in a position
of top command. It would eliminate the old dualistic
confusions, dichotomies, and paradoxes, proposing instead a single unified system extending from subnuclear forces near the bottom up through ideas at the top. It
would provide a long sought unifying view on which to
base our conception of human nature. Moreover it suggests a possible answer not only for the relation between mind and brain but also for that between the outside
world and its inner cerebral representation. As for the
older materialist-behaviorist movement, it may be said
in retrospect that the denial or downgrading of conscious mental forces in objective experimental psychology during the past half-century has had value as a
tactical expedient for a developing science and remains
appropriate for much analytic research aimed at lower
levels of brain function. It is hardly something, however,
on which to build societal philosophy and cultural
values.



• FREE WILL



Another serious threat to cherished images of human
nature is the scientific rejection of free will, Every advance in the science of behavior, whether it comes from implanted electrodes, psychomimetic drugs, the psychiatrist's couch, brain surgery, imprinting, or Skinner boxes, seems only to reinforce the old suspicion that
free will is merelv an illusion. The more we learn about
the brain and behavior, the more deterministic, lawful,
and causal it appears. Like most others in brain research,
I assume that every apparently free mental choice must
in fact have been causally predetermined in the preceding brain states and related events. This means that any decision any of us has ever made could not possibly have
had any other outcome in the given situation. Attempts
to restore free will to the human brain by recourse to
various forms of indeterminacy — physical, logical, emergent, or others — have failed, so far as I can see, to do much more than perhaps introduce a bit of unpredictable caprice into our comportment that most of us would prefer to be without. Neither science nor philosophy
seems able as yet to find in the brain any satisfying exceptions to the classical onward flow of causal determinism.

Before we become overly disturbed by all this, however, there are a few more points we should keep in mind. These add up to the conclusion that if we were
given freedom of choice in this whole matter, we might
well prefer not to have it; that is, we would probably
prefer to leave determinism in control exactly as science
postulates. It should be clear that the kind of determinism proposed is not that of the atomic, molecular, or cellular level, but rather the kind that prevails at the
level of cerebral mentation, involving the interplay of
ideas, reasoning processes, judgment, emotion, insight,
and so forth.


The proposed brain model provides in large measure
the mental forces and abilities to determine one's own
actions. It provides a high degree of freedom from outside forces as well as mastery over the inner molecular and atomic forces. In other words it provides plenty of
free will provided we think of free will as self-determination. A person does indeed determine with his own mind what he is going to do and often from among a large
series of alternative possibilities.


This does not mean, however, that there are cerebral
operations that occur without antecedent cause. Man is
not free from the higher forces in his own decision-making machinery. In particular, our model does not
free a person from the combined effects of his own
thought, his own impulses, his own reasoning, feeling,
beliefs, ideals, and hopes, nor does it free him from his
inherited makeup or his lifetime memories. All these
and more, including unconscious desires, exert their due
causal influence upon any mental decision, and the combined resultant determines an inevitable but nevertheless self-determined, highly special, and highly personal
outcome. Thus the question: Do we really want free
will, in the indeterministic sense, if it means gaining
freedom from our own minds?

There may be worse fates, perhaps, than causal determinism. Maybe after all it is better to be an integral part of the causal flow of cosmic forces than to be out of
contact with these — free-floating, as it were, with behavioral possibilities that have no antecedent cause, and hence no reason nor any reliability relative to future
plans, predictions, or promises. If one were assigned the
task of trying to design and build the perfect free-will
model, consider the possibility that the aim might be
not so much to free the machinery from causal contact
as the opposite, that is, to try to incorporate into the
model the potential value of universal causal contact. In
other words, contact with all related information in
proper proportion — past, present, and future.


At any rate it is clear that the human brain has come a
long way in evolution in exactly this direction, when
you consider the amount and the kind of causal factors
that this multidimensional, intracranial vortex draws
into itself, scans, and brings to bear in turning out one of
its preordained decisions; potentially included, through
memory, are the events and wisdom of most of a human
lifetime. Potentially included, also, with a visit to the
library, is the accumulated knowledge of all recorded
history. And we can add, thanks to reason and logic,
much of the forecast and predictive value extractable
from all these data as well as creative insights newly conceived. Maybe the total falls a bit short of universal causal contact; maybe it is not even up to the kind of
thing evolution has going for it over on galaxy nine; and
maybe, in spite of all, any decision that comes out is still
predetermined. Nevertheless it certainly represents a
very long jump in the direction of freedom from the
primeval slime mold, the Pleistocene sand dollar, or
even the latest model orangutan.


It will be evident that our current view does not deny
the animalistic in human nature — any more than it denies the molecular or atomistic. It docs deny, however, that the higher human properties in the mind and nature of man are the same as, or are reducible to, the components from which they arc fashioned. On the
debit side, there is little in our proposed model for consciousness to bolster one's hopes either for extrasensory perception or for postmortem perception. Similarly prepartum perception in the embryo would presumably be negligible until after the requisite cerebral machinery for
conscious awareness begins to attain functional maturity in the later months of fetal life, and in subsequent
postnatal development.



• PLASTICITY OF HUMAN NATURE AND
INHERITANCE OF BEHAVIOR TRAITS



Finally, in connection with development, I should
mention briefly certain other advances in the brain-behavior sciences that have resulted in important revisions in our general conception of human nature. These concern the extent to which behavior traits can be inherited
and the extent to which human nature is plastic and
subject to shaping by experience and environment.

The objective, materialist movement in psychology,
established first in the Soviet Union partly under Pavlov, and pioneered in this country by Watson as behaviorism, has been identified almost as much with the
promotion of the conditioned response as it has with the
demotion of consciousness. Personality and behavior
generally were attributed to a life-long chain of conditioned reflex associations. The whole idea of the genetic inheritance of behavior patterns was renounced until
the term "instinct" became highly discredited in behavioral science. The embryonic growth of brain pathways was believed to be by nature nonselective and diffuse.
Specific anatomical hook-ups in the brain were held to be unimportant anyway for orderly function, and subject to radical, wholesale disarrangements by surgery,
injury, and regeneration without causing much functional disturbance. In the scientific thinking of those times the brain was endowed with an almost mysteriously omnipotent plasticity and readaptation capacity. In general, science seemed to be telling us as late as the
early forties that the human brain and human nature in
general are extreme in their malleability. It seemed at
that time a scientifically sound conclusion that it would
be possible, through an appropriate program of training
and environmental conditioning, to shape human nature and hence society within wide limits into a desired mold.


Much of the basic scientific thinking and evidence
behind these views has since suffered a series of severe
upsets leading to current stands on these same matters
that are almost diametrically opposed to the earlier doctrines. Instead of a loose, universal plasticity in brain hook-ups we see today a basic built-in wiring diagram
that is characteristic of the species and functionally
rather rigid. Instead of diffuse nonselective growth of
nerve connections in brain development, we see now a
very precise and highly ordered patterning of brain fiber
pathways and connections — all strictly preregulated
through cytochemical affinities under genetic control.
Where there used to be an outright denunciation of the
whole instinct concept, we now accept the idea that an
entire evolutionary tree can be set up on the basis of inherited behavior patterns. The conditioned response, along with other forms of learning, continues to be recognized as a highly powerful modeling influence, and especially so in man, but only within limits that are
much narrower than previously believed.


Within the specialized fields of scientific inquiry involved here the pendulum of opinion continues to swing, at this date, in the direction of inheritance. How
far it will go can only be guessed. It is still too soon for
the implications of these changes to have fully permeated even the neighboring scientific disciplines. In any case, to return to our central theme here: it would seem
that the evidence available today demands that we renounce, along with other aspects of the behaviorist-materialist approach, the old "Pavlovian-Watsonian
conditioned reflex theory of the psyche" with its radical
environmentalism that used to tell us, literally, that 99
per cent of human nature and mind is a product of experience, environment, and training.

Roger W. Sperry is professor of psychobiology,
California Institute of Technology. This article is
based upon a lecture presented in the series of
"Monday Lectures" at the University of Chicago
published in full in New Views of the Nature
of Man (University of Chicago Press, 1965).
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Alain Aspect


Alain Aspect, a professor of physics at the École Polytechnique, is known for the most rigorous experimental tests of the Bell inequalities. 

His experiments changed the settings of the distant particle tests while the particles are in flight, to prevent signals exchanged between the original settings from influencing the results.  


In his contribution to Quantum [Un]Speakables, the 2002 memorial volume for John Bell, Αspect derived the polarization coefficient E(Θ) as a function of the angle between the polarizers
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We can compare Aspect's result to the local hidden variables polytope. 
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Both diagrams show Bell's linear (straight line) inequality and the odd "kinks" at the corners (0, π/2, π, 3π/2), where Bell's values correspond to the quantum mechanical values.


In 1976, Bell gave us this diagram of the "kinks" in his local hidden variables inequality. He says,



Unlike the quantum correlation, which is stationary in θ at θ = 0, the hidden variable correlation must have a kink there.
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Bobby Azarian

Bobby Azarian is a science writer with a Ph.D. in Neuroscience from George Mason University. His popular blog, The Mind in the Machine, is hosted by Psychology Today magazine.

In his 2022 book Romance and Reality, Azarian  argues that "the universe is a self-organizing system, one that is moving toward increasing complexity and awareness."      He writes...


It is a thrilling time to be alive—perhaps more so than any other time in human history. Right now, we are beginning to experience a paradigm shift, and it is a profound one. A paradigm is a general scientific worldview, and a paradigm shift occurs when new science forces us to adopt a different overall framework and perspective. Such a shift occurred when humanity learned that the earth was not the center of the universe, but instead a seemingly insignificant planet among countless others. Another major shift happened when Charles Darwin’s theory of evolution by natural selection explained that all life in the biosphere evolved from a single common ancestor, that is, a single-celled organism. 

While the paradigms that these discoveries ushered in taught us a lot about the universe and our origins, they helped shape a worldview that depicted life in the cosmos as accidental and utterly insignificant in the grand scheme of things. This view, which resonated with critics of religion and enemies of superstition, was reinforced by subsequent scientific breakthroughs and the popular philosophical interpretations of these new laws and processes. 


For example, around the same time that Darwin was writing On the Origin of Species, scientists were formulating the second law of thermodynamics, a principle that created an overwhelmingly bleak cosmic narrative. Not only was the universe’s useful energy supply constantly being depleted—like a great engine running out of fuel—a new statistical understanding of the law seemed to imply that the world was continually becoming more disordered and random. If true, it would mean that all forms of complexity and organization, including intelligent life, are doomed to a transient and ultimately insignificant existence, cosmically speaking. 


The significance of life took another blow around the mid-twentieth century. The discovery of the DNA molecule confirmed Darwin’s big idea: all forms of life in the biosphere, from hamsters to humans, were produced by a blind and mindless mechanical process that could be boiled down to replication with genetic mutation, which inevitably leads to speciation. While Darwin himself was careful not to assume that this was nature’s sole evolutionary mechanism, many proponents of his theory did just that. Since in their minds the creation of complex forms required biological evolution, the actual emergence of life came to be portrayed as the result of some improbable molecular collision rather than a lawful evolutionary process, like self-organization. In other words, life was a statistical fluke—a “cosmic accident” so unlikely that we should not expect it elsewhere in the universe. 


This general sentiment was in line with the dominant scientific ideology of the nineteenth and twentieth centuries, known as reductionism, which proposed that reality could be best understood by breaking down all physical phenomena to their simplest parts and processes, so that we may observe the basic behavior of the fundamental constituents of nature in isolation. According to the gospel of reductionism, whenever possible, the social sciences and psychology should be reduced to biology, biology should be reduced to chemistry, and chemistry should be reduced to fundamental physics. Although the reductionist approach has been wildly successful, giving us most of our greatest physical theories, it created the impression that all life-forms, including humans, are nothing more than collections of atoms obligatorily following fixed and arbitrary mechanical trajectories, determined solely by math and not by mind. 


As a result, the reductionist approach to science helped popularize the philosophical stance known as materialism, which holds that reality only consists of that which is physical. While this view helped further rid science of supernatural concepts like souls and spirits, classic materialism denied the existence of apparently immaterial things, like consciousness, and largely ignored the concepts of energy and information. In doing so, materialism reduced us to zombielike meat machines with no agency, feeling, or inner experience. To most materialists, life and mind are considered to be “epiphenomena” if acknowledged at all, which essentially means they don’t matter; they are just there. Any feeling of free will we might have when making a decision is merely an illusion. We are not the authors of our actions but passive observers who get constantly fooled by the brain into believing we’re not causally impotent. 


Collectively, these intellectual advances formed what philosophers call the reductionist worldview. This paradigm was not satisfied merely with the removal of god and the soul from the physical picture—it also wanted to purge nature of all traces of purpose or progress. Regarding such important existential questions as “How did we get here?” and “Where are we going?” the reductionist worldview answers “luck” and “probably nowhere.” It was supremely rational to adopt this worldview, as that is how things first appear to those who have rightly abandoned explanations for natural phenomena that invoke the supernatural.



A Unifying Theory of Reality


Azarian has developed what he calls UTOR based on the idea of Richard Dawkins "Memes." Dawkins' memes describe the creation of new knowledge evolving by what Donald Campbell called "Blind Variation and Selective Retention."

Azarian's "Universal Darwinism" is the 2009  work of another Campbell, John O. Campbell, a founder of the Evo Devo Universe community. John O. Campbell's Universal Darwinism assumes that the universe itself and all its material contents - stars, galaxies, planets, etc, evolve by variation and natural selection. It was based on Lee Smolin's idea of cosmological natural selection and Wojciech Zurek's idea of "Quantum Darwinism." 


On Azarian's Substack Road to Omega, he introduces  "Project Omega"  and a new book "Our Cosmic Purpose:"  to be published in early 2027.




Source: https://www.informationphilosopher.com/solutions/scientists/azarian/
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David Albert

David Z. Albert is a philosopher of physics at Columbia University.

He has written three books,  Quantum Mechanics and Experience (1992), Time and Chance (2000) and After Physics (2015).


His first book combined an elementary description of quantum mechanics with a detailed look at several problems or puzzles that remain at the forefront of the conceptual foundations of quantum mechanics.


He describes the principle of superposition, which he says is what distinguishes most importantly the quantum mechanical
picture of the world from the classical one, and which is where everything that’s puzzling about quantum mechanics comes from. 


He then introduces the standard quantum-mechanical formalism and outlines the conventional wisdom about how one ought to think about that formalism. 


He claims that the Einstein-Podolsky-Rosen Paradox was "undercut" by John Bell. He says that Bell’s discovery is very frequently misunderstood, that Bell discovered something not merely about "hidden-variable" theories but also about quantum mechanics (and also about the world).


He reviews the "measurement problem" and the involvement of a conscious observer.


He then gives an account and a critique of the idea of the collapse of the wave function (with a detailed discussion of Ghirardi, Rimini, and Weber's "spontaneous collapse.") 


Next he considers the "many-worlds" theory of Hugh Everett, which was elaborated in recent years as the "multiverse" theory of  Max Tegmark.


Albert then examines a completely deterministic replacement for quantum mechanics due to Louis de Broglie, 
David Bohm, and John Bell.



Albert's second book, Time and Chance, discusses many classic problems in thermodynamics and quantum mechanics, starting with the "arrow of time." He says he has made an "unprecedentedly careful discussion" with "unprecedentedly precise language of physical states" of what it means for a set of dynamical laws to distinguish, or to fail to distinguish, between the past and the future.


He then describes the second law of thermodynamics and heat engines, whose entropy increase is (statistically) always in the future time direction.


He explains Ludwig Boltzmann's development of statistical mechanics, with what he describes as a relatively novel discussion of the mathematical structure and the metaphysical status of the probability distributions over initial conditions and of the connection between entropy and information.


He examines two famous paradoxes of classical statistical mechanics, the problem of microscopic irreversibility known as Loschmidt's paradox, and the problem of macroscopic recurrencedue to Ernst Zermelo and Henri Poincaré. He proposes a remedy for these paradoxes that he calls a new and fundamental and non-dynamical law of nature that he dubs the "past hypothesis" (the idea that the universe began in a state of low entropy or high information.)


He then criticizes the claim that there cannot be such a thing as an "operational" Maxwell's demon." He argues, by means of an exclusive construction, that there is nothing whatsoever in either the classical or the quantum-mechanical laws of physics that stands in the way of there being such a demon as that. 


Finally, in what he describes as his most ambitious effort, he tries show the time-directedness of our own capacity to acquire information about the world, and to manipulate the world according to our will, or (more precisely) it is about the business of incorporating those sorts of directedness into the general picture of the world laid out thus far.


Albert's third book, After Physics, is a collection of eight essays on the foundations of quantum mechanics (the basic quantum-mechanical formalism of wave functions and state vectors and Hermitian operators, nonlocality, the measurement problem, the Ghirardi-Rimini-Weber [GRW] theory, Bohmian mechanics, the many-worlds interpretation of quantum mechanics, and so on)—the sort of material that can be found in his first book.


One essay is an extended discussion of his "Path Hypothesis" and our knowledge of the external world.






Source: https://www.informationphilosopher.com/solutions/scientists/albert/





  
  Michael Arbib
  

  


  
  Home › Solutions › Scientists › Arbib
Michael Arbib

Michael Arbib is a theoretical neuroscientist and computer scientist who studies the brain from a computational perspective.

Arbib earned his Ph.D. in Mathematics under Norbert Wiener in 1963. 


Arbib founded the Department of Computer and Information Science at UMass Amherst in 1970. With his colleague David Kaplan, Arbib wrote a lengthy defense of "cooperative computation" as a basis for understanding neurolinguistics, which led to their 1982 book with John C. Marshall Neural Models of Language Processes.



Cognitive scientists like Arbib see the mind as containing parts that can be analyzed as logical systems much like the parts of digital computers. This is a very powerful metaphor, but man is not a machine in the Newtonian sense, as the reductionist behaviorists assumed, and the mind is not a computer, although like a computer, it is an information processing system which acquires, creates, stores, and manages the information needed to guide the actions of its body.


Arbib's 1983 Gifford Lectures (published with Mary Hesse as The Construction of Reality, 1986) considered the question of free will in the context of whether computers could be designed to have free will. 


Chapter 5 of the book, whose primary author was Hesse, argues that quantum indeterminacy in the brain is only a necessary and not a sufficient condition for free will.

 
A factual question arises here as to whether quantum indeterminacy in the brain is at the right level to generate probabilities at points at which one would wish to say "choices" are made.

(The Construction of Reality, p.95)


But Hesse/Arbib then says this is no help for free will. "It is just as difficult to ascribe responsibility to quantum jumps as to a sequence of predetermined states." 

This is the standard argument against free will.


Hesse/Arbib considers Daniel Dennett's two-stage "mechanist" model, as they call it. "Of all recent writers on this tangled subject," they say, "Dennett perhaps comes nearest to a sympathetic reconstruction of the [libertarian's] case." (p.96)

But they say three things are wrong with Dennett's model (p.97).

	It begs the question of whether determinism or flipping a coin are the alternatives at the point of decision or at any other point.

	The model falls into an infinite regress about how to account for early "decisions" about what considerations to allow into deliberation and how to weigh them.

	Free will is not well simulated by a last-minute flip of the coin, which seems to abrogate rational deliberation.



Hesse/Arbib do not fully appreciate Dennett's idea that randomness can be limited to the generation of alternative possibilities. Dennett's problem, as he himself admits, is the location of the randomness at a place and time (relative to the decision) that does not compromise responsibility.

And in the second edition of his book Brainstorms, Dennett came to accept the two-stage model of free will first suggested by William James and reinvented by dozens of other philosophers and scientists in recent years.



  Computational Neuroscience


Arbib earned his Ph.D. in 1963 from MIT, where he worked under Norbert Wiener. He met Warren McCulloch and Walter Pitts, who in 1943 had imagined that neurons in the brain were solving problems in propositional logic. It was a few years before digital computers were actually built (the COLOSSUS in 1945 and ENIAC in 1946), but the idea of neurons as logical processors led to the idea that the brain itself is a digital computer, setting in motion work on cybernetics, cellular automata, and artificial intelligence, even to the extreme notion that the whole universe is a computer (see Seth Lloyd).
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 Philip W. Anderson was a theoretical physicist whose work on symmetry breaking in particle physics led to the development of the Standard Model of particle physics.


Anderson earned his Ph.D from Harvard in 1949 with a thesis on the pressure broadening of spectral lines. He led the effort to transform solid-state physics into the more powerful theory of condensed matter physics,




Source: https://www.informationphilosopher.com/solutions/scientists/anderson/
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Bernard Baars


Bernard Baars is a neurobiologist who has helped to develop an ancient metaphor of the mind as theater into a widely-held model and research framework of human consciousness called Global Workspace Theory. 

In the Baars model of consciousness, there are six basic elements to the theater metaphor - a stage, spotlights (that focus attention), actors (with their speeches) an audience that regularly contributes comments about their own ideas, goals, and knowledge bases (perhaps at a subconscious automatic level), a director (or executive function), and "contexts."


If we think of contexts as the current total contents of the "stream of consciousness," as William James called it, it includes many unconscious contributions plus all the current perceptual data that shape the interpretation of the current experience. Context helps to answer to the question "What's happening to me?"


The Theater of Consciousness resembles Daniel Dennett's model of the mind as made up of a huge number of functional homunculi, each with its own goals and purposes. 


Dennett's homunculi should not be confused with what Dennett called the "Cartesian theater," in which a single homunculus sits at the center of the brain. This was the idea of a "self as observer" (of what goes on in the consciousness) that was refuted by Gilbert Ryle in his book The Concept of Mind. 


Here is Baars' description of the theater of consciousness:


Figure 2-1. A theater metaphor for conscious experience. All unified theories of cognition today involve theater metaphors. In this version, conscious contents are limited to a brightly lit spot of attention onstage, while the rest of the stage corresponds to immediate working memory. Behind the scenes are executive processes, including a director, and a great variety of contextual operators that shape conscious experience without themselves becoming conscious. In the audience are a vast array of intelligent unconscious mechanisms. Some audience members are automatic routines, such as the brain mechanisms that guide eye movements, speaking, or hand and finger movements. Others involve autobiographical memory, semantic networks representing our knowledge of the world, declarative memory for beliefs and facts, and the implicit memories that maintain attitudes, skills, and social interaction. Elements of working memory - on stage, but not in the spotlight of attention - are also unconscious. Notice that different inputs to the stage can work together to place an actor in the conscious bright spot, a process of convergence; but once on stage, conscious information diverges, as it is is widely disseminated to members of the audience. By far the most detailed functions are carried on outside of awareness.



Baars notes that the information-carrying capacity of the conscious stream is very limited. But the access to information structures in the brain is truly vast. Since we have no idea of its information storage capacity, the brain may have access, within seconds, to any of its past experiences.


In our model of information consciousness, an experience recorder and reproducer (ERR) may provide many of the actors and audience members in the Baars Theater of Consciousness.
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   Charles Bennett is a computer scientist in IBM's Physics of Information group. He continues the work of  logically and thermodynamically reversible computing, in which entropy increases are limited to the final storage of information, which in turn implies erasure of some storage media. This is known as Landauer's Principle. 

Bennett does not discuss the underlying physics of irreversibility.


With Gilles Brassard, Bennett developed the field of quantum cryptography, which uses entangled quantum two-particle systems to generate and distribute encryption keys and allow two parties to communicate messages that are secure against eavesdropping by third parties. Their quantum key distribution scheme is called BB84

Bennett is one of the leaders in the new field of quantum information theory.
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Daniel Brooks

David Depew is Emeritus Professor of Communication Studies at the University of Iowa, .


With Bruce Weber, he wrote the influential 1988 book, Entropy, Information, and Evolution: New Perspectives on Physical and Biological Evolution, based on a conference at University of California, Fullerton, in May, 1985.


Their book appeared the same year as the second edition of a controversial book by Daniel Brooks and E.O.Wiley, titled Evolution as Entropy: Toward a Unified Theory of Biology , which appeared to identify Evolution with Entropy!


While Brooks and Wiley were the sole authors of their book, Depew and Weber's book was an edited collection including articles from some of the key founders of the subject, including David Layzer (Growth of Order in the Universe), Steven Frautschi (Entropy in an Expanding Universe), Jeffrey Wicken (Thermodynamics, Evolution, and Emergence:Ingredients for a New Synthesis), one article by Depew and Weber themselves.(Consequences of Nonequilibrium Thermodynamics for the Darwinian Tradition), and one article each by Brooks and by Wiley.




Source: https://www.informationphilosopher.com/solutions/scientists/brooks/
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David Bohm is perhaps best known for new experimental methods to test Einstein’s supposed suggestion of “hidden variables” that would explain the EPR paradox by providing the information needed at the distant “entangled” particle, so it can coordinate its properties  perfectly with the “local” particle.

Bohm wrote in 1952, 



The usual interpretation of the quantum theory is
based on an assumption having very far-reaching
implications, ~i.e., that the physical state of an individual
system is completely specified by a wave
function that determines only the probabilities of actual
results that can be obtained in a statistical ensemble of
similar experiments. This assumption has been the
object of severe criticisms, notably on the part of
Einstein, who has always believed that, even at the
quantum level, there must exist precisely definable
elements or dynamical variables determining (as in
classical physics) the actual behavior of each individual
system, and not merely its probable behavior. Since
these elements or variables are not now included in the
quantum theory and have not yet been detected experimentally,
Einstein has always regarded the present
form of the quantum theory as incomplete, although he
admits its internal consistency.



Einstein may have pressed Bohm to develop hidden variables as the source of nonlocal behavior. Einstein had heartily approved of Bohm’s textbook Quantum Theory and was initially supportive of Bohm’s new mechanics. Einstein thought Bohm was young enough and smart enough to produce the mathematical arguments that the older generation of “determinist” physicists like Erwin Schrödinger, Max Planck, and others had not been able to accomplish.


But when Bohm finished the work, based on Louis de Broglie’s 1924 “pilot-wave” idea (which Einstein had supported), Einstein rejected it as inconsistent with his theory of relativity.

 
Einstein wrote to Max Born on May 15, 1952,



Have you noticed that Bohm believes (as de Broglie did, by the way, 25 years ago) that he is able to interpret the quantum theory in deterministic terms? That way seems too cheap to me. But you, of course, can judge this better than I. 


Five years later, Bohm and his Israeli student Yakir Aharonov reformulated the original EPR argument in terms of electron spin. They said experimental tests with continuous variables would be much more difficult than tests with discrete quantities, such as the spin of electrons or polarization of photons. 
Bohm and Aharonov described the preparation of two particles, such that a measurement of one at a later time determines a measurement in the same direction of the other particle at any distance away.



We consider a molecule of total spin zero consisting
of two atoms, each of spin one-half. The wave function
of the system is therefore
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where  ψ+ (1)  refers to the wave function of the atomic
state in which one particle (A) has spin +ℏ/2, etc. The
two atoms are then separated by a method that does
not influence the total spin. After they have separated
enough so that they cease to interact, any desired component
of the spin of the first particle (A) is measured.
Then, because the total spin is still zero, it can immediately
be concluded that the same component of the
spin of the other particle (B) is opposite to that of A.




Conservation of Angular Momentum (and Spin)


Bohm and Aharonov gave a rare discussion of the role of conservation of angular momentum as explaining the fact (for the total spin zero state) that spin of the particle (B) will be found opposite to that of A. They also reacted to a hypothesis by Harvard professor Wendell Furry. Six years later Eugene Wigner also cited the conservation of angular momentum as explaining perfect correlations (or anti-correlations) in Bell-Bohm experiments.



Evidently, the foregoing interpretation is not satisfactory when applied to the experiment of ERP. It is of course acceptable for particle A alone (the particle whose spin is measured directly). But it does not explain why particle B (which does not interact with A or with the measuring apparatus) realizes its potentiality for a definite spin in precisely the same direction as that of A. Moreover, it cannot explain the fluctuations of the other two components of the spin of particle B as the result of disturbances due to the measuring apparatus.

One could perhaps suppose that there is some hidden interaction between B and A, or between B and the measuring apparatus, which explains the above behavior. Such an interaction would, at the very least, be outside the scope of the current quantum theory. Moreover, it would have to be instantaneous, because the orientation of the measuring apparatus could very quickly be changed, and the spin of B would have to respond immediately to the change. Such an immediate interaction between distant systems would not in general be consistent with the theory of relativity.
This result constitutes the essence of the paradox of Einstein, Rosen, and Podolsky...


At first sight it would seem then that there exists at present no experimental proof that the paradoxical behavior described by ERP will really occur...


In fact, Einstein has (in a private communication) actually proposed such an idea; namely, that the current formulation of the many-body problem in quantum mechanics may break down when particles are far enough apart.



The consequences of such an idea have already been discussed by Furry.4 
To illustrate Furry’s conclusions in terms of our problem, we may consider the possibility that after the molecule of spin zero decomposes, the wave function for the system is eventually no longer given by Eq. (1), which implies the puzzling correlations of the spins of the two atoms. Instead, we suppose that in any individual case, the spin of each atom becomes definite in some direction, while that of the other atom is opposite. 


The molecule of spin zero is not yet in a single product. It is in a superposition of products
ψ+ (1)  ψ-  (2)  and  ψ- (1)  ψ+  (2). It only decomposes (or "collapses") into one of these when a measurement is made.


The wave function will be the product
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where ψ+θ,φ (1) is a wave function of particle A whose spin is positive in the direction given by θ and φ. In other words, each particle goes into a definite spin state, while the fluctuations of the other two components of the spin are uncorrelated to the fluctuations of these components of the spin of the other particle. In order to retain spherical symmetry in the statistical sense, we shall further suppose that in a large aggregate of similar cases, there is a uniform probability for any direction of θ and φ.


It is true that in any single case, the total angular momentum will not be conserved (just because the fluctuations of the two particles are now uncorrelated). However, thus far, there has not been given an experimental demonstration of the detailed conservation of every component of the angular momentum, for particles that are far apart and not interacting. 


Conservation of angular momentum must be true at all times, not only on the average as Bohr-Kramers-Slater mistakenly argued for conservation of energy in 1924.


On the other hand, with the model that we have discussed here, the uniform probability of all directions will lead to the experimentally observed fact of conservation on the average. Thus, all evidence cited up to this point is equally consistent with either theory, but the model described above has the advantage of avoiding the paradox of ERP. 

Thousands of Bell tests experimentally prove that measurement of particle A in a particular direction will show perfect correlations with particle B if (and only if) B is measured in the same direction. This is true after the measurement whether the product wave function becomes ψ+θ,φ (1)  ψ-θ,φ  (2) or ψ-θ,φ (1)  ψ+θ,φ  (2)

For if this model should be correct, there will be no precise correlation of an arbitrary component of the angular momentum of each particle in every individual case, and our decision to choose a certain direction for measuring the spin of particle A will have no influence whatever on the state of particle B [since the wave function is just the product (2)].



As Erwin Schrödinger explained to Einstein in 1935, reacting to EPR, the two-particle wave function will only separate (or decohere or decompose) into a product function when either particle is measured. For Bohm's case it will separate randomly into either  ψ+ (1)  ψ-  (2)   or   ψ- (1)  ψ+  (2)

The "definite" direction is created by the "free choice" of an experimenter measuring either A or B.

Eugene Wigner wrote in 1963


If a measurement of the momentum of one of the particles is carried out — the possibility of this is never questioned — and gives the result p, the state vector of the other particle suddenly becomes a (slightly damped) plane wave with the momentum -p. This statement is synonymous with the statement that a measurement of the momentum of the second particle would give the result -p, as follows from the conservation law for linear momentum. The same conclusion can be arrived at also by a formal calculation of the possible results of a joint measurement of the momenta of the two particles.

 
One can go even further: instead of measuring the linear momentum of one particle, one can measure its angular momentum about a fixed axis. If this measurement yields the value mℏ, the state vector of the other particle suddenly becomes a cylindrical wave for which the same component of the angular momentum is -mℏ. This statement is again synonymous with the statement that a measurement of the said component of the angular momentum of the second particle certainly would give the value -mℏ. This can be inferred again from the conservation law of the angular momentum (which is zero for the two particles together) or by means of a formal analysis. 


Writing a few years after Bohm, and one year before Bell, Wigner explicitly describes Einstein's conservation of momentum example as well as the conservation of angular momentum (spin) that explains perfect correlations between angular momentum (spin) components measured in the same direction


Conservation of Angular Momentum (and Spin)


Bohr and Aharonov gave a rare discussion of the role of conservation of angular momentum as explaining the fact (for the total spin zero state) that spin of the particle (B) will be found opposite to that of A. They also reacted to a hypothesis by Harvard professor Wendell Furry. Six years later Eugene Wigner also cited the conservation of angular momentum as explaining perfect correlations (or anti-correlations) in Bell-Bohm experiments.



Evidently, the foregoing interpretation is not satisfactory when applied to the experiment of ERP. It is of course acceptable for particle A alone (the particle whose spin is measured directly). But it does not explain why particle B (which does not interact with A or with the measuring apparatus) realizes its potentiality for a definite spin in precisely the same direction as that of A. Moreover, it cannot explain the fluctuations of the other two components of the spin of particle B as the result of disturbances due to the measuring apparatus.

One could perhaps suppose that there is some hidden interaction between B and A, or between B and the measuring apparatus, which explains the above behavior. Such an interaction would, at the very least, be outside the scope of the current quantum theory. Moreover, it would have to be instantaneous, because the orientation of the measuring apparatus could very quickly be changed, and the spin of B would have to respond immediately to the change. Such an immediate interaction between distant systems would not in general be consistent with the theory of relativity.
This result constitutes the essence of the paradox of Einstein, Rosen, and Podolsky...


At first sight it would seem then that there exists at present no experimental proof that the paradoxical behavior described by ERP will really occur...


In fact, Einstein has (in a private communication) actually proposed such an idea; namely, that the current formulation of the many-body problem in quantum mechanics may break down when particles are far enough apart.



The consequences of such an idea have already been discussed by Furry.4 
To illustrate Furry’s conclusions in terms of our problem, we may consider the possibility that after the molecule of spin zero decomposes, the wave function for the system is eventually no longer given by Eq. (1), which implies the puzzling correlations of the spins of the two atoms. Instead, we suppose that in any individual case, the spin of each atom becomes definite in some direction, while that of the other atom is opposite. 


The molecule of spin zero is not yet in a single product. It is in a superposition of products
ψ+ (1)  ψ-  (2)  and  ψ- (1)  ψ+  (2). It only decomposes (or "collapses") into one of these when a measurement is made.


The wave function will be the product
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where ψ+θ,φ (1) is a wave function of particle A whose spin is positive in the direction given by θ and φ. In other words, each particle goes into a definite spin state, while the fluctuations of the other two components of the spin are uncorrelated to the fluctuations of these components of the spin of the other particle. In order to retain spherical symmetry in the statistical sense, we shall further suppose that in a large aggregate of similar cases, there is a uniform probability for any direction of θ and φ.


It is true that in any single case, the total angular momentum will not be conserved (just because the fluctuations of the two particles are now uncorrelated). However, thus far, there has not been given an experimental demonstration of the detailed conservation of every component of the angular momentum, for particles that are far apart and not interacting. 


Conservation of angular momentum must be true at all times, not only on the average as Bohr-Kramers-Slater mistakenly argued for conservation of energy in 1924.


On the other hand, with the model that we have discussed here, the uniform probability of all directions will lead to the experimentally observed fact of conservation on the average. Thus, all evidence cited up to this point is equally consistent with either theory, but the model described above has the advantage of avoiding the paradox of ERP. 

Thousands of Bell tests experimentally prove that measurement of particle A in a particular direction will show perfect correlations with particle B if (and only if) B is measured in the same direction. This is true after the measurement whether the product wave function becomes ψ+θ,φ (1)  ψ-θ,φ  (2) or ψ-θ,φ (1)  ψ+θ,φ  (2)

For if this model should be correct, there will be no precise correlation of an arbitrary component of the angular momentum of each particle in every individual case, and our decision to choose a certain direction for measuring the spin of particle A will have no influence whatever on the state of particle B [since the wave function is just the product (2)].



As Erwin Schrödinger explained to Einstein in 1935, reacting to EPR, the two-particle wave function will only separate (or decohere or decompose) into a product function when either particle is measured. For Bohm's case it will separate randomly into either  ψ+ (1)  ψ-  (2)   or   ψ- (1)  ψ+  (2)

The "definite" direction is created by the "free choice" of an experimenter measuring either A or B.

N David Mermin gave a similar argument in his article for The Great Ideas Today 1988 (Encyclopedia Britannica).



Bohm and Aharonov also gave a powerful explanation for the two-slit experiment. They wrote:


Bohmian mechanics provides a straightforward physical explanation.


First, close slit 1 and open slit 2.
  
The particle goes through slit 2.
 
It arrives at x on the plate with probability |ψ2(x)|2, 

where ψ2 is the wave function which passed through slit 2. 


Second, close slit 2 and open slit 1. 

The particle goes through slit 1.

It arrives at x on the plate with probability |ψ1(x)|2,
 
where ψ1 is the wave function which passed through slit 1. 


Third, open both slits.


The particle goes through slit 1 or slit 2. 

It arrives at x with probability |ψ1(x)+ψ2(x)|2. 


Now observe that in general,

 |ψ1(x)+ψ2(x)|2 = |ψ1(x)+ψ2(x)|2= |ψ1(x)|2+|ψ2(x)|2 + 2ℜψ∗1(x) ψ2(x).
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   Borel was a great mathematician who did work in measure theory and probability theory. He originated the idea of an infinite number of monkeys typing. This is the basis for physical infinity providing whatever conditions a mathematician desires somewhere in the universe. Although Borel's image was to show that such results were more likely than a gas departing significantly from thermodynamic equilibrium, as imagined by Ludwig Boltzmann and his critics..

Mathematical infinity is the basis for philosopher David Lewis's idea that any "possible" condition (indeed a whole universe) is "actual" (realized) somewhere. Cosmologist David Layzer has a similar theory for multiple realizations of any possible condition in the single infinite universe. And Arthur Stanley Eddington described perfect repetitions of his Messenger lectures given an infinite time.



Interventionism


Borel wrote an influential book on Chance (Le Hasard), which appeared in four editions between 1914 and 1948. Unlike many mathematicians, he argued that determinism was a "pure abstract fiction," because of the "indetermination" of the initial data. Borel made an oft-quoted calculation that a single gram of matter moved one centimeter in a distant star would be enough to randomize the motions in a terrestrial gas. This is now known as interventionism. Because no system is completely isolatable, the argument is that external interventions destroy the molecular correlations that are necessary for reversibility. 


The representation of gaseous matter by a model, composed of molecules with positions and velocities which are rigorously determined at a given instant is therefore a pure abstract fiction... as soon as one supposes the indeterminacy of the external forces, the effect of collisions will very rapidly disperse the trajectory bundles which are supposed to be infinitely narrow, and the problem of the subsequent movement of the molecules becomes, within a few seconds, very indeterminate, in the sense that a colossal number of different possibilities are a priori equally probable.


This claim is absurd that a miniscule conservative gravitational force coming from outside the theoretically isolated container of gas will change the evolution of the gas from completely deterministic and reversible to indeterministic and irreversible within a few seconds.


First, the gravitational force of 1 gm of matter at Sirius' distance of 8.6 light years is 10-12 of the force of just one other atom in a 1 liter volume of gas. Second, the angular rate of change of the nearby atom is of the order of 1 radian in 10-8 seconds, whereas the 1 cm/sec at the Sirius distance is only 10-18 radians per second, so the differential force is of order 10-26 weaker.


But third, and even more important, as long as the Hamiltonian including the remote gram of matter is still symmetric under time reversal, including the distant object makes absolutely no difference in the statistical mechanics. 


Borel's idea has been used to claim that Joseph Loschmidt's reversibility objection to Boltzmann's H-Theorem could be easily invalidated. Of course, since the distant gram of matter moves in the opposite direction under time reversal - Borel's suggestion makes no difference.


In his 1964 book, Scientific Uncertainty and Information, Leon Brillouin cited Borel's 1914 Introduction géométrique a quelques théories physiques (p.94) as explaining how an external disturbance could randomize the motions of molecules in a terrestrial gas.


C. It is impossible to study the properties of a single (mathematical) trajectory. The physicist knows only bundles of trajectories, corresponding to slightly different initial conditions.  Borel, for instance, computed that a displacement of 1 cm, on a mass of 1 gram, located somewhere in a not too distant star (say, Sirius) would change the gravitational field on the earth by a fraction 10-100. The present author went further and proved that any information obtained from an experiment must be paid for by a corresponding increase of entropy in the measuring device: infinite accuracy would cost an infinite amount of entropy increase and require infinite energy! This is absolutely unthinkable.

D. Let us simplify the problem, and assume that the laws of mechanics are rigorous, while experimental errors appear only in the determination of initial conditions. ln the bundle of trajectories defined by these conditions, some may be "nondegenerate" while others may "degenerate." The bundle may soon explode, be divided into a variety of smaller bundles forging ahead in different directions. This is the case for a model corresponding to the kinetic theory of gases. Borel computes that errors of 10-100 on initial conditions will enable one to predict molecular collisions for a split second and no more. It is not only "very difficult," but actually impossible to predict exactly the future behavior of such a model. The present considerations lead directly to Boltzmann's statistical mechanics and the so-called "ergodic" theorem.



Note that it is Brillouin, not Borel, who suggests Sirius

It is clear that some authors quoting Borel (e.g., David Layzer, H. Dieter Zeh, Pine and Golub) with Sirius as the intervening star have not really read Borel.  They have read Brillouin, without always citing him directly. Brillouin did not invent Sirius. Borel actually mentions Sirius, but not in the context of his "interventionist" explanation for the resolution of the Loschmidt reversibility objection and argument against the "fiction" of deterministic.
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For Scholars
Le Hasard Second edition, 1924. Excerpts from chapter VI, The Physical Sciences, and chapter X, The Philosophical Importance of Chance.


Chapter VI, The Physical Sciences, sections 67 & 68, pp.178-182 



Cherchons à évaluer, en partant de la loi de Newton sur l'attraction universelle, la déviation que ferait subir à une molécule, dans l'intervalle de deux chocs, le déplacement d'une masse
 extrêmement petite située à une très grande distance. Sous l'action de l'attraction terrestre un corps pesant tombe en une seconde de 5 mètres environ; en 10-10 seconde, il tombera d'une quantité 10-20 fois plus petite; si, au lieu du globe terrestre, nous considérons une petite sphère concentrique de même densité et dont les dimensions linéaires seraient 1017 fois plus faibles (la circonférence d'un grand cercle étant 4 dix-millionièmes de millimètre au lieu de 40 millions de mètres), la masse de cette sphère étant 1051 fois plus faible que celle de la terre, la déviation serait encore fois plus petite, soit 1020 X 1051 = 1071 fois plus petite. Transportons maintenant cette sphère minuscule au delà des extrémités de l'univers visible, en un point d'où la lumière met des milliards d'années pour nous parvenir, au lieu qu'elle mettrait un cinquantième de seconde pour venir du centre de la terre; la distance étant environ 1018 fois plus grande, l'attraction devient 1036 fois plus faible; la déviation est donc en définitive 1026 X 1071 = 10107 fois plus faible. Enfin, par un calcul analogue que j'omets, on aurait la valeur de la déviation qui correspondrait, non plus à l'action de la sphère minuscule placée à cette distance prodigieuse, mais au simple effet d'un déplacement d'un millionième de millimètre dans la position d'une telle sphère à une 'telle distance. Même en accumulant ainsi les hypothèses de nature à rendre l'action aussi faible que possible, on n'arrivera même pas à diviser la déviation par 10200, c'est-à-dire que les variations produites par une telle action dans la trajectoire d'une molécule sont colossalement grandes par rapport à ce qui nous a été nécessaire pour notre raisonnement: 

La représentation d'une masse gazeuse par un modèle unique, formé de molécules dont les positions et les vitesses à un instant donné sont rigoureusement déterminées, est donc une pure fiction abstraite; on ne peut se rapprocher de la réalité qu'en imaginant un faisceau de modèles, c'est-à-dire en attribuant aux données initiales une certaine indétermination. Si faible que soit cette indétermination, si faible aussi que l'on suppose l'indétermination des forces extérieures, l'effet des chocs disperse très rapidement les faisceaux de trajectoires supposés infiniment déliés et le problème du mouvement ultérieur des molécules devient, en très peu de secondes, très indéterminé, en ce sens qu'un nombre colossalement grand de possibilités différentes sont a priori également probables. Bien entendu, en un instant précis, actuel, une seule de ces possibilités est réalisée, mais l'indétermination renaît aussi considérable dès que l'on se pose le problème de l'état à une époque future, même très voisine. La seule forme sous laquelle le problème puisse être posé et résolu est donc la forme statistique : le très grand nombre des éventualités possibles peut-il être séparé. en deux groupes très inégaux, toutes celles qui sont réunies dans le groupe le plus nombreux ayant certains caractères communs? C'est ainsi que si l'on envisage toutes les éventualités possibles pour la succession d'un milliard de parties de pile ou face, on peut constituer un premier groupe avec les cas où l'écart est inférieur à .000.000, où par conséquent le nombre de parties gagnées est compris entre 499.000.00o et 501.000.000, et 
un second groupe avec tous les autres cas. Le premier groupe étant extrêmement plus nombreux que le premier, il est infiniment vraisemblable que l'événement qui sera réalisé appartiendra à ce premier groupe, c'est-à-dire possédera ce caractère que le rapport du nombre des parties pile au nombre des parties face sera compris entre 0,996 et 1,004. Les conclusions auxquelles aboutit l'application des méthodes statistiques à l'étude des problèmes de la théorie cinétique sont de même nature que la conclusion précédente ; d'ailleurs, en raison du très grand nombre des molécules, ils sont encore plus précis ; quant au sens qu'il faut attribuer aux mots infiniment vraisemblable, nous-ne pouvons que renvoyer à la comparaison du miracle des singes dactylographes.

68. — Lorsque l'on pose sous la forme précédente les problèmes de la mécanique statistique, l'objection dite objection de Loschmidt peut être aisément levée. Cette objection est la suivante. L'application de la théorie cinétique à l'étude des phénomènes thermodynamiques conduit à rendre compte de phénomènes irréversibles, tel que l'établissement de l'équilibre de température entre deux corps mis en contact. Or, la théorie cinétique utilise des phénomènes mécaniques qui sont tous réversibles, c'est-à-dire que les équations qui représentent ces phénomènes ne sont pas modifiées lorsque l'on change le signe du temps. Sous une forme plus concrète, si l'on conçoit qu'à un instant donné, on fasse rebrousser chemin à chaque molécule en lui imprimant une vitesse exactement opposée à sa vitesse actuelle, tout se passera comme si, le mouvement ayant été cinématographie, on projetait le film à l'envers, en commençant par les portions les plus récentes. Il n'est donc pas possible, objecte Loschmidt, d'expliquer par un tel mécanisme réversible des phénomènes irréversibles. Cette objection tombe lorsque l'on s'est bien rendu compte du caractère nécessairement statistique des explications mécaniques; on ne cherche pas à déterminer l'allure rigoureusement définie des phénomènes mécaniques moléculaires, mais l'allure la plus probable parmi toutes les allures possibles; cette indétermination de l'avenir est le principe même de la mécanique statistique; mais on ne saurait parler d'indétermination du passé, et c'est pourquoi la distinction entre le passé et l'avenir, c'est- à-dire la dissymétrie du principe de Carnot en ce qui concerne le signe du temps, n'est pas contradictoire avec une explication mécanique des faits thermodynamiques.
Nous reviendrons plus loin (ch. x) sur la discussion de la théorie de l'irréversibilité.



Chapter X, The Philosophical Importance of Chance, section 116, pp.302-304 


Je voudrais dire ici quelques mots des remarques de Boltzmann sur l'application du deuxième principe à l'univers. Comme le dit fort justement Boltzmann, «assurément personne ne prendra de telles spéculations pour d'importantes découvertes, ni pour le but le plus élevé de la science, comme le faisaient les anciens philosophes. Mais il n'est pas certain qu'il soit juste de les tourner en dérision et de les regarder comme. tout à fait oiseuses». Boltzmann développe une conception mécanique de l'univers, dans laquelle il se produit, çà et là, des passages d'un état plus probable à un état moins probable, de sorte que, pour l'univers entier, l'irréversibilité n'existe pas. Cette conception est rigoureuse au point de vue abstrait si l'univers est un système mécanique pouvant être défini par un nombre fini de paramètres dont le champ total de variation est fini. Admettons, pour un instant, que nous puissions accepter cette image pour l'univers que nous voyons, c'est-à-dire que nous puissions fixer un 
nombre très grand R, tel qu'il n'y ait jamais rien à l'extérieur de la sphère S de rayon R ; cette sphère S sera notre univers ; l'évolution de cet univers sera, d'après un théorème de Poincaré, aussi voisine que l'on veut d'une évolution pério. dique et, dans des périodes immensément longues, les phénomènes en contradiction avec le second principe y seront aussi fréquents que les phénomènes en accord avec ce principe. En laissant même de côté les difficultés — cependant à mon avis insurmontables — entraînés par l'hypothèse que rien ne sort de la sphère S, il faut observer que la conclusion n'est rigoureuse qu'autant que nous supposons absolue l'inexistence de toute action extérieure à S. Imaginons, avec O. Chwolson I, une sphère S, dont les dimensions par rapport à S seraient celles de S par rapport à un atome, puis une sphère S. qui serait à S, ce que S, est à S, et ainsi de suite jusqu'à une sphère S„ dont l'indice n serait égal à un million. Pour que l'application à S de la théorie mécanique de la quasi-périodicité due à Poincaré fût légitime, il faudrait que nous fussions assurés qu'il n'y a pas, aux confins de S,,, quelque univers St de mêmes dimensions que S bien que probablement très différent de S et pouvant, dans le cours des temps, agir sur S. Car la durée des temps nécessaires pour l'application du théorème de Poincaré est tellement longue qu'une rencontre de S avec S' serait infiniment probable, bien avant que ces temps fussent écoulés. Ceci revient à dire qu'il est au moins aussi vraisemblable de supposer que les lois de notre univers seront complètement modifiées par une combinaison avec un autre univers (actuellement infiniment plus éloigné de lui qu'un atome situé sur la Terre n'est éloigné d'un atome situé sur Sirius) que de supposer un changement de sens appréciable dans la variation de l'entropie.

En d'autres termes, l'évolution régulière vers des états de plus en plus probables me paraît, contrairement à la conception de Boltzmann, devoir être admise pour l'univers entier, du moment qu'on ne le regarde pas comme un système fini isolé pour toujours dans une portion finie de l'espace, de laquelle rien ne peut sortir, ni matière, ni énergie, ni rayonnement et dans laquelle rien ne peut entrer.1


Rough translation


Chapter VI, The Physical Sciences, sections 67 & 68, pp.178-182 


We seek to evaluate, starting from Newton's law of gravitation, the deviation of a molecule, between two collisions, caused by the displacement of a mass extremely small located at a great distance. Under the action of gravity a heavy body falls in one second five meters, in 10  -10  seconds, it will fall by an amount 10  -20  times smaller; if, instead of the earth, we consider a small concentric sphere with the same density and whose linear dimensions are 10  17  times lower (the circumference of a great circle is 4 ten -millionths of a millimeter instead of 40 million meters), the mass of the sphere being 10  51  times lower than that of the earth, the deviation would be even smaller, 10  20  X 10  51  = 10  71  times smaller. Now this tiny ship in the sphere beyond the ends of the visible universe, at a point where light takes billions of years to reach us, instead she would one-fiftieth of a second to come from the center of the earth, the distance being about 10  18  times bigger, the attraction becomes 10 36  times lower, the final deviation is 10  26  X  71 X 10  = 10  107  times lower. Finally, in a similar calculation that I omit, the value of the deviation would correspond, either to the action of the tiny sphere placed at the prodigious distance, or the simple effect of moving a millionth of millimeter in the position of such a sphere that far. 

Even in accumulating the assumptions likely to make the action as low as possible, we can not even divide the deviation by 10200, that is to say that the changes produced by such an action in the path of a molecule are colossally large compared to what has been necessary for our argument: The representation of a gaseous mass with a single model, consisting of molecules whose positions and velocities at a given time are rigorously determined, is pure abstract fiction; it can not be closer to reality than imagining a stack of models, that is to say, by assigning to the initial data some uncertainty. So weak as this uncertainty, however small one supposes the uncertainty of external forces, the effect of collisions quickly disperses the beams trajectories assumed infinitely thin strokes and the problem of subsequent movement of molecules is in a very short of seconds, very indeterminate, in that a huge number of different possibilities are great a priori equally probable. Of course, in a moment, today, only one of these possibilities is realized, but the uncertainty is reborn as great as soon as it is the problem of the state at a future time, even very close. The only form in which the problem can be posed and solved is the statistical form: the large number of possible contingencies can be separated. into two very unequal groups, all those gathered in the largest group with certain common characteristics? Thus if we consider all possible contingencies for the state of a billion parts of heads or tails, it can be a first group with the case where the deveiationis less than 1,000,000, where the number of games won is between 499,000,000 and 501,000,000, a second group with all other cases. The first group is extremely larger than the first, it is highly probable that the event will be achieved is up to the first group, that is to say that this character will have the ratio of the number of parts battery parts face will be between 0.996 and 1.004. The conclusions reached by the application of statistical methods to the study of problems of the kinetic theory are similar in nature to the previous conclusion, and indeed because of the large number of molecules, they are even more precise about the meaning to be attributed to the highly probable words, we can only refer to the comparison of the miracle of monkeys typing.


68. - When looking, as we have been, at the problems of statistical mechanics, the objection called the Loschmidt objection can easily be lifted. This objection is the following. The application of kinetic theory to the study of thermodynamic phenomena led to the account of irreversible phenomena, such as the establishment of temperature equilibrium between two bodies in contact. However, the kinetic theory uses mechanical phenomena that are all reversible, that is to say that the equations that represent these phenomena are not modified when changing the sign of the time. To be more concrete, if we think, at a given instant, that we could reverse each molecule by giving it a velocity exactly opposite to its current speed, everything happens as if we are projecting a film in reverse, starting with the most recent portions. It is thus not possible, Loschmidt objected, to explain irreversible phenomena by means of a reversible mechanism. This objection falls when one has fully realized the necessarily statistical mechanical explanations; there is no attempt to determine rigourously strictly defined molecular mechanical phenomena, but to consider the most likely among all possible motions; this indeterminacy of the future is the very principle of statistical mechanics; but we can not speak of indeterminacy of the past, so the distinction between the past and the future, that is to say, the asymmetry of Carnot's principle regarding the sign of the time, does not contradict a mechanical explanation of the facts of thermodynamics. We will return later (ch. X) to the discussion of the theory of irreversibility. 




Chapter X, The Philosophical Importance of Chance, section 116, pp.302-304 


I would like to say a few words about Boltzmann's remarks on the implementation of the second law of the universe. As Boltzmann rightly said, "surely no one will speculate about such important discoveries, nor about the highest goal of science, as did the ancient philosophers. But it is not certain that it would be just to turn in derision and to look at them as useless." Boltzmann developed a mechanical conception of the universe, in which there occurs here and there, passages from a state more probable to a state less probable, so that, for the whole universe, irreversibility does not exist. This conception is rigorous in the abstract if the universe is a mechanical system which can be defined by a finite number of parameters, and  the total field of variation is finite. Assume for a moment, we can accept this image for the world we see, that is to say that we can fix a very large number R, such that there is nothing outside the sphere S of radius R, the sphere S is our universe; the evolution of this universe is, according to a theorem of Poincaré, as close as we want to a periodic evolution and in immensely long periods, phenomena contradict the second law will be as common as the phenomena in accordance with this law. Even leaving aside the difficulties - but I believe insurmountable - implied by the assumption that nothing leaves the sphere S, it must be noted that the conclusion is rigorous only so long as we assume the absolute absence of any external action on S. Imagine a sphere S2, whose dimensions relative to S are like those of S relative to an atom, and then a sphere S3 that would be to S2, as S2 is to S, and so on until a sphere Sn with the index n equal to one million. In order for the application to S of Poincaré's quasi-periodic mechanical theory to be legitimate, it would be necesary that there is not, within the sphere Sn, some universe S' of the same size as S and likely very different from S which can, in the course of time, act on S. For the length of time required for the application Poincaré's theorem is so long that a meeting of S with S' would be highly probable, well before this time had elapsed. That is to say that it is at least as plausible to assume that the laws of our universe will be completely changed by a combination with another universe (now much farther from ours than an atom located on the Earth is far from an atom located on Sirius) to assume that a significant change of direction in the change of entropy.


Borel knows that no system is ever completely isolated from the rest of the universe


In other words, I think that the regular evolution towards states more and more probable must be allowed for the entire universe, contrary to the concept of Boltzmann,  as long as we do not look like a finite system isolated forever in a finite portion of space from which nothing can escape, neither matter nor energy or radiation and into which nothing can enter.

Infinite Monkeys Typing, from chapter VI, The Physical Sciences, section 62, pp. 164-165



62. — Concevons qu'on ait dressé un million de singes à frapper au hasard sur les touches d'une machine à écrire et que, sous la surveillance de contremaîtres illettrés, ces singes dactylographes travaillent avec ardeur dix heures par jour avec un million de machines à écrire de types variés. Les contremaîtres illettrés rassembleraient les feuilles noircies et les relieraient en volumes. Et au bout d'un an, ces volumes se trouveraient renfermer la copie exacte des livres de toute nature et de toutes langues conservés dans les plus riches bibliothèques du monde. Telle est la probabilité pour qu'il se produise pendant un instant très court, dans le récipient A, un écart de l'ordre du cent millième dans la composition du mélange gazeux. Supposer que cet écart ainsi produit subsistera pendant quelques secondes revient à admettre que, pendant plusieurs années, notre armée de singes dactylographes, travaillant toujours dans les mêmes conditions, fournira chaque jour la copie exacte de tous les imprimés, livres et journaux, qui paraîtront le jour correspondant de la semaine suivante sur toute la surface du globe et de toutes les paroles qui seront prononcées par tous les hommes en ce même jour. Il est plus simple de dire que ces écarts improbables sont purement impossibles.



Conceive that we have prepared a million monkeys randomly hitting keys on a typewriter and that, under the supervision of illiterate foremen, these monkeys work hard typing ten hours a day with a million typewriters of various types. Illiterate foremen would gather the typed blackened and link them in volumes. After a year, these volumes contain an exact copy from books of all kinds and of all languages ​​stored in the richest libraries in the world. This is the probability that occurs during a very short time, in the container A, a deviation of about one hundred thousandth of the composition of the gas mixture. Assume that the deviation thus produced will remain for a few seconds is an admission that, for many years, our army of monkeys typing, working always in the same way every day, will supply an exact copy of all printed books and newspapers, which appear on corresponding day of the following week over the entire surface of the earth, including all the words to be uttered by all men on that day. It is easier to say that these differences are unlikely, purely impossible.



This section translated above





Source: https://www.informationphilosopher.com/solutions/scientists/borel/
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Source: https://www.informationphilosopher.com/solutions/scientists/bartlett/
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Gregory Bateson

Gregory Bateson was an anthropologist who applied cybernetics to the social sciences. He was an early attendee of the famous Macy Conferences on cybernetics and they were a lifelong influence. 

HIs goal was an overarching cybernetical systems theory embracing all the world from an ecological perspective.


In each component system, he saw feedback mechanisms maintaining homeostasis, and semiotic messaging systems traveling in pathways between all the subsystems. His supreme cybernetic system includes all the smaller systems, including all individuals. He variously identified this system as Mind or God, a sort of panpsychism. The supreme system he thought was a whole, not divisible into parts. 


For Bateson, Western science was arrogant, committed to what he thought was an unacceptable Cartesian division of mind from matter, and asserting an autocratic rule over the cybernetic systems. Following Charles Sanders Peirce's concept of a universal Mind, Bateson adopted Peirce's triad of deduction, induction, and especially abduction as the best scientific method. He saw abduction as the study of patterns.



In his 1972 book, Steps to an Ecology of Mind, Bateson developed his idea of a "difference that makes a difference" in his talk to Alfred Korzybski's Institute of General Semantics. The talk was entitled "Form, Substance, and Difference." Form and substance referred to the famous Korzybski maxim "the map is not the territory." 

Bateson saw "differences" as the key features that become parts of the "map."  In the substantial world, effects are caused by the push and pull of physical forces. But in the formal world of patterns, the cybernetic world of communications, he says


when you enter the world of communication, organization,
etc., you leave behind that whole world in
which effects are brought about by forces and impacts and
energy exchange. You enter a world in which "effects"—
and I am not sure one should still use the same word—are
brought about by differences. That is, they are brought
about by the sort of "thing" that gets onto the map from the
territory. This is difference.


Herbert Feigl in 1949 may have been the origin of Bateson's famous "difference that makes a difference."


What Bateson is really talking about as the Korzybski "map" is the abstract information that mind uses to communicate in the cybernetic system. What is communicated, he says, is a difference.  A "difference which makes a difference" he identifies with information or negative entropy.


In fact, what we mean by information—the
elementary unit of information—is a difference which makes
a difference, and it is able to make a difference because the
neural pathways along which it travels and is continually
transformed are themselves provided with energy.


The Bateson and Korzybski "map" is similar to our third world of ideas, the sum of human knowledge. 


I have said that what gets from territory to map is transforms
of difference and that these (somehow selected) differences
are elementary ideas.

I suggest to you, now, that the word "idea," in its most
elementary sense, is synonymous with "difference."


The cybernetic epistemology which I have offered you
would suggest a new approach. The individual mind is
immanent but not only in the body. It is immanent also in
pathways and messages outside the body; and there is a
larger Mind of which the individual mind is only a subsystem.
This larger Mind is comparable to God and is perhaps
what some people mean by "God," but it is still immanent
in the total interconnected social system and planetary
ecology...



The information philosopher sum of human knowledge is distinctly not a product of mental determinism

In sum, what has been said amounts to this: that in addition
to (and always in conformity with) the familiar physical
determinism which characterises our universe, there is a mental
deterrminism. This mental determinism is in no sense supernatural.
Rather it is of the very nature of the macroscopic* world that it
exhibit mental characteristics. * The mental determinism is not
transcendent but immanent and is especially complex and evident
in those sections of the universe which are alive or which include
living things.



In his 1972 book, Mind and Nature: A Necessary Unity, Bateson defined his panpsychic and monist view:
	
Mind is an aggregate of interacting parts or components. (his supreme cybernetic system)

	
The interaction between parts of mind is triggered by difference. (messaging depends on differences > information)

	
Mental process requires collateral energy. (Bateson appreciated free energy, with negative entropy)

	
Mental process requires circular (or more complex) chains of determination. (Bateson was a determinist)

	
In mental process the effects of difference are to be regarded as transforms (that is, coded versions) of the difference which preceded them. (he describes causal chains)

	
The description and classification of these processes of transformation discloses a hierarchy of logical types immanent in the phenomena.




Reference

Form, Substance, Difference



Abstract immaterial information in the formal or ideal "map" is isomorphic to (refers to) structural information in the (material) territory. But note that in order to be (pragmatically) useful, the map too must be embodied (matter) or communicated (energy).


Source: https://www.informationphilosopher.com/solutions/scientists/bateson/
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   Hans Briegel’s is professor of theoretical physics at Innsbruck. His research is focused on fundamental aspects of quantum theory, its applications in computer science, and in other branches of science. One of his main current interests is to understand the ultimate power of machines to compute and to simulate Nature.

Briegel explores models for quantum information processing, both in physical and in biological systems. Research themes of his group “Quantum information and computation” are to investigate fundamental notions of quantum mechanics, such as measurement, entanglement, and decoherence, their experimental signatures and their implications for our understanding of complex many-body systems.  


Briegel has a model of creative freedom that he calls "projective simulation." Built on the notion of episodic memory, Briegel calls individual episodes in memory as "clips" that can be assembled randomly into "patchwork-like" sequences of virtual experience.


This opens the possibility of free behavior in embodied systems that are, Briegel says, "with no exception and at all scales of their body, subject to physical law." Briegel's understanding of "universal physical law" sounds determinist. He asks, "Do we have to assume that the laws of physics are incomplete and that there are new kinds of laws waiting to be discovered – maybe on the level of more complex biological entities – that will ultimately free us from the strict rule of physics?"


"Incomplete" was Einstein's term for a "statistical" and indeterministictheory. So we can ask for the source of randomness in Briegel's projective simulation model.


Perhaps Briegel is a compatibilist? He says, "If we accept that free will is compatible with physical law, we also have to accept that it must be possible, in principle, to build a machine that would exhibit similar forms of freedom as the one we usually ascribe to humans and certain animals."


The machine he has in mind is a computer programmed with artificial intelligence. "Computers are beginning to change the perception of ourselves from “human subjects” to “information processing systems,” he notes. Of course biology has consisted of “information processing systems,” creating order out of order, and even pure information out of order, for nearly four billion years.


Briegel then cites the standard argument against free will: if determined, not free, if random, not freedom either.


Even if we are willing to accept that artificial agents, and computers in general, may exhibit some form of intelligence (which is usually defined as the capability of the agent to perceive and act on its environment in a way that maximizes its chances of success, we would hardly ascribe free will to them. In return, we would not like ourselves to be identified with such an agent. What is the reason for this disapproval? The main reason seems to be that the agent has a program which determines, for a given input (or sequence of inputs), its next step of action. Its action is the result of an algorithm: it is predictable and can e.g. be computed by some other machine.

The situation does not change fundamentally if the algorithm or program itself is not deterministic, as it is sometimes considered in computer science, invoking the notion of probabilistic Turing machines. Even if randomized programs can sometimes increase the efficiency of certain computations, it is not clear what one should gain from such randomization in the present context. If, before, the agent was the slave of a deterministic program, it is then the slave of a random program. But random action is not the same as freedom.



But Briegel goes on to try to find a location for indeterminism that could be beneficial to creativity. He says "We will show that [indeterminism can] have a positive effect on the agent...in the sense of introducing an element of creative variation in its memory-driven interactions with the environment. He models episodic memory as a network of "clips."

[image: image-placeholder]



Triggered by perceptual input, the process of projected simulation starts a random walk through episodic memory, invoking patchwork-like sequences of virtual experience. Once a certain feature is detected, the random walk stops and is translated into motor action

The decribed process is the basic version of episodic memory, but it is not the only one. In a more refined version, which we called episodic and compositional memory, we consider not only transitions between existing clips, but clips may themselves be randomly created (and varied), as part of the simulation process itself. Random clip sequences that are generated this way may introduce entirely fictitious episodes that never happened in the agent's past.


The random walk in memory space, as described, constitutes part of what we call projective simulation. In another part, the agent's actions that come out of the simulation are evaluated. The result of this evaluation then feeds back into the details of the network structure of episodic memory, leading to an update of transition probabilities and of “emotion tags” associated with certain clip transitions.
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   Buckle imagined that History could become as scientific as any of the Natural Sciences if we only recognized the existence of Laws that apply as rigorously in human affairs as the ostensibly certain and deterministic Laws of Nature applied in the physical world.  
  

   Buckle was a follower of Adolphe Quételet, who found great regularities in social statistics. These regularities suggested to Quételet a Social Physics, with deterministic laws, laws that among other things predicted the annual number of crimes and suicides in Paris. 
  

  The argument for determinism of Quételet and Buckle is quite illogical.  It appears to go something like this:
	Perfectly random, unpredictable individual events (like the throw of dice in games of chance) show statistical regularities that become more and more certain with more trials (the law of large numbers).
	Human events show statistical regularities.
	Human events are determined.

 
They might more reasonably have concluded that individual human events are unpredictable and random. Were they determined they might show a non-random pattern, perhaps a signature of the Creator.
  

   Buckle made a great contribution to the discussion of Free Will in the long Introduction to his three-volume History of Civilization in England in 1872. His work had fully digested the implications of Immanuel Kant's Critiques, which put human freedom in a realm beyond observation and ordinary understanding.
   

   Buckle's work should perhaps be seen as following the prescription of Kant in his Idea for a Universal History with a Cosmopolitan Intent. Kant called for study of the statistical regularities of social data on births, deaths, and marriages.

No matter what conception may form of the freedom of the will in metaphysics, the phenomenal appearances of the will, i.e., human actions, are determined by general laws of nature like any other event of nature. History is concerned with telling about these events. History allows one to hope that when history considers in the large the play of the freedom of human will, it will be possible to discover the regular progressions thereof. Thus (it is to be hoped) that what appears to be complicated and accidental in individuals, may yet be understood as a steady, progressive, though slow, evolution of the original endowments of the entire species. (Kant, Idea for a Universal History, 1784)



   Buckle mistakenly concluded that

In regard to nature, events apparently the most irregular and capricious have been explained, and have been shown to be in accordance with certain fixed and universal laws. This has been done because, men of ability, and, above all, men of patient, untiring thought, have studied natural events with the view of discovering their regularity: and if human events were subjected to a similar treatment, we have every right to expect similar results. (History of Civilization in England, Introduction, 1856)



   Irregular and capricious physical events have not been explained in accordance with fixed universal laws, at least not in any way that makes them predictable. This is even more the case for human events, despite Kant's wishful thinking.
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HISTORY OF CIVILIZATION IN ENGLAND. (London, 1872)

 
GENERAL INTRODUCTION.

CHAPTER I.

STATEMENT OF THE RESOURCES FOR INVESTIGATING HISTORY, AND PROOFS OF THE REGULARITY OF HUMAN ACTIONS. THESE ACTIONS ARE GOVERNED BY MENTAL AND PHYSICAL LAWS: THEREFORE BOTH SETS OF LAWS MUST BE STUDIED, AND THERE CAN BE NO HISTORY WITHOUT THE NATURAL SCIENCES.

Or all the great branches of human knowledge, history is that upon which most has been written, and which has always been most popular. And it seems to be the general opinion that the success of historians has, on the whole, been equal to their industry; and that if on this subject much has been studied, much also is understood.


This confidence in the value of history is very widely diffused, as we see in the extent to which it
is read, and in the share it occupies in all plans of education. Nor can it be denied that, in a certain point of view, such confidence is perfectly justifiable. It cannot be denied that materials have been collected which, when looked at in the aggregate, have a rich and imposing appearance. The political and military annals of all the great countries in Europe, and of most of those out of Europe, have been carefully compiled, put together in a convenient form, and the evidence on which they rest has been tolerably well sifted. Great attention has been paid to the history of legislation; also to that of religion while considerable, though inferior, labour has been employed in tracing the progress of science, of literature, of the fine arts, of useful inventions, and, latterly, of the manners and comforts of the people. 


In order to increase our knowledge of the past, antiquities of every kind have been examined; the sites of ancient cities have been laid bare, coins dug up and deciphered, inscriptions copied, alphabets restored, hieroglyphics interpreted, and, in some instances, long-forgotten languages reconstructed and re-arranged. Several of the laws which regulate the changes of human speech have been discovered, and, in the hands of philologists, have been made to elucidate even the most obscure periods in the early migration of nations. 


Political economy has been raised to a science, and by it much light has been thrown on the causes of that unequal distribution of wealth which is the most fertile source of social disturbance. Statistics have been so sedulously cultivated that we have the most extensive information, not oniy respecting the material interests of men, but also respecting their moral peculiarities; such as, the amount of different crimes, the proportion they bear to each other, and the influence  exercised over them by age, sex, education, and the like. 


With this great movement physical geography has kept pace: the phenomena of climate have been registered, mountains measured, rivers surveyed and tracked to their source, natural productions of all kinds carefully studied, and their hidden properties unfolded: while every food which sustains life has been chemically analysed, its constituents numbered and weighed, and the nature of the connexion between them and the human frame has, in many cases, been satisfactorily ascertained. 


At the same time, and that nothing should be left undone which might enlarge our knowledge of the events by which man is affected, there have been instituted circumstantial researches in many other departments; so that in regard to the most civilized people, we are now acquainted with the rate of their mortality, of their marriages, the proportion of their births, the character
of their employments, and the fluctuations both in their wages and in the prices of the commodities, necessary to their existence. These and similar facts have been collected, methodized, and are ripe for use. Such results, which form, as it were, the anatomy of a nation, are remarkable for their minuteness; and to them there have been joined other results less minute, but more extensive. 


Not only have the actions and characteristics of the great nations been recorded, but a prodigious number of different tribes in all the parts of the known world have been visited and described by travellers, thus enabling us to compare the condition of mankind in every stage of civilization, and under every variety of circumstance. When we moreover add, that this curiosity respecting our fellow-creatures is apparently insatiable; that it is constantly increasing; that the means of gratifying it are also increasing, and that most of the observations which have been made are still preserved; when we put all these things together, we may form a faint idea of the immense value of that vast body of facts which we now possess, and by the aid of which the progress of mankind is to be investigated.


But if, on the other hand, we are to describe the use that has been made of these materials, we must draw a very different picture. The unfortunate peculiarity of the history of man is, that although its separate parts have been examined with considerable ability, hardly any one has attempted to combine them into a whole, and ascertain the way in which they are connected with each other. In all the other great fields of inquiry, this necessity of generalization is universally admitted, and
noble efforts are being made to rise from particular facts in order to discover the laws by which those facts are governed. 


So far, however, is this from being the usual course of historians, that among them a strange idea prevails, that their business is merely to relate events, which they may occasionally enliven by such moral and political reflections as seem likely to be useful. According to this scheme, any author who from indolence of thought, or from natural incapacity, is unfit to deal with the highest branches of knowledge has only to pass some years in reading a certain number of books, and then he is qualified to be an historian he is able to write the history of a great people, and his work becomes an authority on the subject which it professes to treat.


The establishment of this narrow standard has led to results very prejudicial to the progress of our knowledge. Owing to it, historians, taken as a body, have never recognized the necessity of such a wide and preliminary study as would enable them to grasp their subject in the whole of its natural relations. Hence the singular spectacle of one historian being ignorant of political economy; another knowing nothing of law; another nothing of ecclesiastical affairs and changes of opinion; another neglecting the philosophy of statistics and another physical science: although these topics are the most essential of all, inasmuch as they comprise the principal circumstances by which the temper and character of mankind have been affected, and in which they are displayed. These important pursuits being, however, cultivated, some by one man, and some by another, have been isolated rather than united: the aid which might be derived from analogy and from mutual illustration has been lost; and no disposition has been shown to concentrate them upon history, of which they are, properly speaking, the necessary components.


Since the early part of the eighteenth century, a few great thinkers have indeed arisen, who have deplored the backwardness of history, and have done everything in their power to remedy it. But these instances have been extremely rare: so rare, that in the whole literature of Europe there are not more than three or four really original works which contain a systematic attempt to investigate the history of man according to those exhaustive methods which in other branches of knowledge have proved successful, and by which alone empirical observations can be raised to scientific truths.


Among historians in general, we find, the sixteenth century, and especially during the last hundred years, several indications of an increasing comprehensiveness of view, and of a willingness to incorporate into their works subjects which they would formerly have excluded. By this means their assemblage of topics has become more diversified, and the mere collection and relative position of parallel facts has occasionally suggested generalizations no traces of which can be found in the earlier literature of Europe. This has been a great gain, in so far as it has familiarized historians with a wider range of thought, and encouraged those habits of speculation, which, though liable to abuse, are the essential condition of all real knowledge, because without them no science can be constructed.


But, notwithstanding that the prospects of historical literature are certainly more cheering now than in any former age, it must be allowed that, with extremely few exceptions, they are only prospects, and that as yet scarcely anything has been done towards discovering the principles which govern the character and destiny, of nations. What has been actually effected I shall endeavour to estimate in another part of this introduction: at present it is enough to say, that for all the higher purposes of human thought history is-still miserably deficient, and presents that confused and anarchical appearance natural to a subject of which the laws are unknown, and even the foundation unsettled.


Our acquaintance with history being so imperfect, while our materials are so numerous, it seems desirable that something should be done on a scale far larger than has hitherto been attempted, and that a strenuous effort should be made to bring up this great department of inquiry to a level with other departments, in order that we may maintain the balance and harmony of our knowledge. It is in this spirit that the present work has been conceived. To make the execution of it fully equal to the conception is impossible: still I hope to accomplish for the history of man something equivalent, or at all events analogous, to what has been effected by other inquirers for the different branches of natural science. 


In regard to nature, events apparently the most irregular and capricious have been explained, and have been shown to be in accordance with certain fixed and universal laws. This has been done because, men of ability, and, above all, men of patient, untiring thought, have studied natural events with the view of discovering their regularity: and if human events were subjected to a similar treatment, we have every right to expect similar results. For it is clear that they who affirm that the facts of history are incapable of being generalized, take for granted the very question at issue.  Indeed they do more than this. They not only assume what they cannot prove, but they assume what in the present state of knowledge is highly improbable. 


Whoever is at all acquainted with what has been done during the last two centuries, must be aware that every generation demonstrates some events to be regular and predictable, which the preceding generation had declared to be irregular and unpredictable: so that the marked tendency of advancing civilization is to strengthen our belief in the universality of order, of method, and of law. This being the case, it follows that if any facts, or class of facts, have not yet been reduced to order, we, so far from pronouncing them to be irreducible should rather be guided by our experience of the past, and should admit the probability that what we now call inexplicable will at some future time be explained. This expectation of discovering regularity in the	midst of confusion is so familiar to
scientific men, that among the most eminent of them it becomes an article of faith: and if the same expectation is not generally found among historians, it must be ascribed partly to their being of inferior ability to the investigators of nature, and partly to the greater complexity of those social phenomena with which the studies are concerned.


Both these causes have retarded the creation of the science of history. The most celebrated historians are manifestly inferior to the most successful cultivators of physical science: no one having devoted himself to history who in point of intellect is at all to be compared with Kepler, Newton, or many others might be named.  And as to the greater complexity of the phenomena, the philosophic historian is opposed by difficulties far more formidable than is the student of nature; since, while on the one hand, his observations are more liable to those causes of error which arise from prejudice and passion, he, on the other hand, is unable to employ the great physical resource of experiment, by which we can often simplify even the most intricate problems in the external world.


It is not, therefore, surprising that the study of the movements of Man should be still in its infancy, as compared with the advanced state of the study of the movements of Nature. Indeed the difference between the progress of the two pursuits is so great, that while in physics the regularity of events, and the power of predicting them, are often taken for granted even in cases still unproved, a similar regularity is in history not only not taken for granted, but is actually denied. Hence it is that whoever wishes to raise history to a level with other branches of knowledge, is met by a preliminary obstacle; since he is told that in the affairs of men there is something mysterious and providential, which makes them impervious to our investigations, and which will always hide from us their future course. To this it might be sufficient to reply, that such an assertion is gratuitous; that it is by its nature incapable of proof; and that it is moreover opposed by the notorious fact that everywhere else increasing knowledge is accompanied by an increasing confidence in the uniformity with which, under the same circumstances, the same events must succeed each other. 


It will
however, be more satisfactory to probe the difficulty deeper, and inquire at once into the foundation of the common opinion that history must always remain in its present empirical state, and can never be raised to the rank of a science. We shall thus be led to one vast question, which indeed lies at the root of the whole subject, and is simply this : Are the actions of men, and therefore of societies, governed by fixed laws, or are they the result either of chance or of supernatural interference? The discussion of these alternatives will suggest some speculations of considerable interest.


For, in reference to this matter, there are two doctrines, which appear to represent different stages of civilization.  According to the first doctrine, every event is single and isolated, and is merely considered as the result of a blind chance. This opinion, which is most natural to a perfectly ignorant people, would soon be weakened by that extension of experience which supplies a knowledge of those uniformities of succession and of co-existence that nature constantly presents.


 If, for example, wandering tribes, without the least tincture of civilization, lived entirely by huning and fishing, they might well suppose that the appearance of their necessary food was the result of some accident which admitted of no explanation. The irregularity of the supply, and the apparent caprice with which it was sometimes abundant and sometimes scanty, would prevent them from suspecting anything like method in the arrangements of nature; nor could their minds even conceive the existence of those general principles which govern the order of events, and by a knowledge of which we are often able to predict their future course. 


But when such tribes advance into the agricultural state, they, for the first time, use a food of which not only the appearance, but the very existence, seems to be the result of their own act. What they How, that likewise do they reap. The provision necessary for their wants is brought more immediately under their own control, and is more palpably the consequence of their own labour. They perceive a distinct plan, and a regular uniformity of sequence, in the relation which the seed they put into the ground bears to the corn when arrived at maturity. They are now able to look to the future, not indeed with certainty, but with a confidence infinitely greater than they could have felt in their former and more precarious pursuits. 


Hence there arises a dim idea of the stability of events ; and for the first time there begins to dawn upon the mind a faint conception of what at a later period are called the Laws of Nature. Every step in the great progress will make their view of this more clear. As their observations accumulate, and as their experience extends over a wider surface, they meet with uniformities that they had never suspected to exist, and the discovery of which weakens that doctrine of chance with which they had originally set out. Yet a little further, and a taste for abstract reasoning springs up; and then some among them generalize the observations that have been made, and despising the old popular opinion, believe that every event is linked to its antecedent by an inevitable connexion, that such antecedent is connected with a preceding fact; and that thus the whole world forms a necessary chain, in which indeed each man may play his part, but can by no means determine what that part shall be.


Thus it is that, in the ordinary march of society, an increasing perception of the regularity of nature destroys the doctrine of Chance, and replaces it by that of Necessary Connexion. And it is, I think, highly probable that out of these two doctrines of Chance and Necessity respectively have respectively arisen the subsequent dogmas of Free Will and Predestination. Nor is it difficult to understand the manner in which, in a more advanced state of society, this metamorphosis would occur.


In every country, as soon as the accumulation of wealth has reached a certain point, the produce of each man's labour becomes more than sufficient for his own support: it is therefore no longer necessary that all should work; and there is formed a separate class, the members of which pass their lives for the most part in the pursuit of pleasure; a very few, however, in the acquisition and diffusion of knowledge. Among these last there are always found some who, neglecting external events, turn their attention to the study of their own minds; and such men, when possessed of great abilities, become the founders of new philosophies and new religions,  which often exercise immense influence over the people who receive them. 


But the authors of these systems are themselves affected by the character of the age in which they live. It is impossible for any man to escape the pressure of surrounding opinions; and what is called a new philosophy or a new religion is generally not so much a creation of fresh ideas, but rather a new direction given to ideas already current among contemporary thinkers. Thus, in the case now before us, the doctrine of Chance in the external world corresponds to that of Free Will in the internal: while the other doctrine of Necessary Connexion is equally analogous to that of Predestination; the only difference being that the first is a development by the metaphysician, the second by the theologian. 


In the first instance, the metaphysician setting out with the doctrine of Chance, carries into the study of the mind this arbitrary and irresponsible principle, which in its new field becomes Free Will; an expression by which all difficulties seem to be removed, since perfect freedom, itself the cause of all actions, is caused by none, but, like the doctrine of Chance, is an ultimate fact admitting of no further explanation. In the second instance, the theologian taking up the doctrine of  Necessary Connexion recasts it into a religious shape; and his mind being already full of conceptions of order and of uniformity, he naturally ascribes such undeviating regularity to the prescience of Supreme Power; and thus to the magnificent notion of One God there is added the dogma that by  Him all things have from the beginning been absolutely pre-determined and pre-ordained.


These opposite doctrines of free will and predestination do, no doubt, supply a safe and simple solution of the obscurities of our being; and as they are easily understood, they are so suited to the average capacity of the human mind, that even at the present day an immense majority of men are divided between them; and they have not only corrupted the sources of our knowledge, but have given rise to religious sects, whose mutual animosities have disturbed society, and too often embittered the relations of private life. 


Among the more advanced European thinkers there is, however, a growing opinion that both doctrines are wrong or, at all events, that we have no sufficient evidence of their truth. And as this is a matter of great moment, it is important, before we proceed further, to clear up as much of it as the difficulties inherent in these subjects will enable us to do.


Whatever doubts may be thrown on the account which I have given of the probable origin of the ideas of free will and predestination there can, at all events, be no dispute as to the foundation on which those ideas are now actually based. The theory of predestination is founded on a theological hypothesis; that of free will on a metaphysical hypothesis. The advocates of the first proceed on a supposition for which, to say the least of it, they have as yet brought forward no good evidence.


They require us to believe that the Author of Creation, whose beneficence they at the same time willingly allow, has, notwithstanding His supreme goodness, made an arbitrary distinction between the elect and the non-elect; that He has from all eternity doomed to perdition millions of creatures yet unborn, and whom His act alone can call into existence: and that He has clone this, not in virtue of any principle of justice, but by a mere stretch of despotic power. This doctrine owes its authority among Protestants to the dark though powerful mind of Calvin; but in the early Church it was first systematically methodized by Augustin, who appears to have borrowed it from the Manicheans.  At all events, and putting aside its incompatibility with other notions which are supposed to be fundamental, it. must in a scientific investigation, be regarded as, a
barren hypothesis because, being beyond the province of our knowledge, we have no means of ascertaining either its truth or its-falsehood.


The other doctrine, which has long been celebrated under the name of Free Will, is connected with Arminianism; but it in reality rests on the metaphysical dogma of the supremacy of human consciousness. Every man, it is alleged feels and knows that he is a free agent: nor can any subtleties of argument do away with our consciousness of possessing a freewill. Now the existence of this supreme jurisdiction, which is thus to set at defiance all the ordinary methods of reasoning, involves two assumptions of which the first, though possibly true, has never been proved; and the other is unquestionably false.


These assumptions are, that there is an independent faculty called consciousness, and that the dictates of that faculty are infallible. But, in the first place, it is by no means certain that consciousness is a faculty; and some of the ablest thinkers have been of opinion that it is merely a state or condition of the mind. Should this turn out to be the case, the argument falls	to the ground; since, even if we admit that all the faculties of the mind, when completely exercised, are equally accurate, no one will make the same claim for every condition into which the mind itself may be casually thrown. However, waiving this objection, we may, in the second place, reply, that even if consciousness is a faculty, we have the testimony of all history
to prove its extreme fallibility. 


All the great stages through which, in the progress of civilization, the human race has successively passed, have been characterized by certain mental peculiarities or convictions, which have left their impress upon religion, philosophy, and the morals of the age. Each of these convictions has been to one period a matter of faith, to another a matter for derision; and each of them has, in its own epoch, been as intimately bound up with the minds of men, and become as much a part of their consciousness, as is that opinion which we now term freedom of the will. Yet it is impossible that all these products of consciousness can be true, because many of them contradict each other. Unless, therefore, in different ages there are different standards of truth, it is clear that the testimony of a man's consciousness is no proof of an opinion being true; for if it were so, then two propositions diametrically, opposed to each other might both be equally accurate. 


Besides this, another view may be drawn from the common operations of ordinary life. Are we not in certain circumstances conscious of the existence of spectres and phantoms; and yet is it not generally admitted that such beings have no existence at all? Should it be attempted to refute this argument by saying that such consciousness is apparent and not real, then I ask, What is it that judges between the consciousness which is genuine. and that which is spurious? If this boasted faculty deceives us in some things, what security, have we that it will not deceive us in others? If there is no security, the faculty is not trustworthy. 


If there is a security, then, whatever it may be, its existence shows the necessity for some authority to which consciousness is subordinate, and thus does away with that doctrine of the supremacy of consciousness, on which the advocates of free will are compelled to construct the whole of their theory. Indeed, the uncertainty as to the existence of consciousness as an independent faculty, and the manner in which that faculty, if it exists, has contradicted its own suggestions, are two of the many reasons which have long since convinced me that metaphysics will never be raised to a science by the ordinary method of observing individual minds; but that its study can only be successfully prosecuted by the deductive application of laws which must be discovered historically, that is be evolved by an examination of the to say, which whole of those vast phenomena which the long tours of human affairs presents to our view.


Fortunately, however, for the object of this work, the believer in the possibility of a science of history is not called upon to hold either the doctrine of predestined events, or that of freedom of the will; and the only positions which, in this stage of the inquiry I shall expect him to concede are the following: That when we perform an action, we perform it in consequence of some motive or motives; that motives are the results of some antecedents and that, therefore, if we were acquainted with, the whole of the antecedents and with all the laws of their movements, we could with unerring certainty predict the whole of their immediate results. This, unless I am greatly mistaken, must be held by every man whose mind is unbiased by system, and who forms his opinions according to the evidence actually before him.  


If, for example, I am intimately acquainted with the character of any person, I can frequently tell how he will act under some given circumstances. Should I fail in this prediction, I must ascribe my error not to the arbitrary and capricious freedom of his will, nor to any supernatural pre-arrangement, for of neither of these things have we the slightest proof; but I must be content to suppose either that I had been misinformed as to some of the circumstances in which he was placed or else that I had not sufficiently studied the ordinary operations of his mind. If, however, I were capable of correct reasoning, and if, at the same time, I had a complete knowledge both of his disposition and of all the events by which he was surrounded, I should be able to foresee the line of conduct which, in consequence of those events, he would adopt.


Rejecting, then, the metaphysical dogma of free will, and the theological dogma of predestined events, we are driven to the conclusion that the actions of men, being determined solely by their antecedents, must have a character of uniformity, that is to say, must, under precisely the same circumstances, always issue in precisely the same results. And as all antecedents are either in the mind or out of it, we clearly see that all the variations in the results, in other words, all the changes of which history is full, all the vicissitudes of the human race, their progress or their decay, their happiness or their misery, must be the fruit of a double action; an action of external phenomena upon the mind, and another action of the mind upon the phenomena.


These are the materials out of which a philosophic history can alone be constructed. On the one hand, we have the human mind obeying the laws of its own existence, and, when uncontrolled by external agents, developing itself according to the conditions of its organization. On the other hand, we have what is called Nature, obeying likewise its laws; but incessantly coming into contact with the minds of men, exciting their passions, stimulating their intellect, and therefore giving to their actions a direction which they would not have taken without such disturbance. Thus we have man modifying nature, and nature modifying man; while out of this reciprocal modification all events must necessarily spring.


The problem immediately before us, is to ascertain the method of discovering the laws of this double modification: and this, as we shall presently see, leads us into a preliminary inquiry as to which of the two modifications is the more important; that is to, say, whether the thoughts and desires of men are more influenced by	physical phenomena, or whether physical phenomena are more influenced by them.


For it is evident that whichever class is the more active, should if possible be studied before the other; an this, partly because its results will be more prominent, and therefore more easy to observe; and partly because by first generalizing the laws of the greater power we shall leave a smaller residue of unexplained facts than if we had begun by generalizing the laws of the lesser power. 


But, before entering into this examination, it will be convenient to state some of the most decisive proofs we now possess of the regularity with which mental phenomena succeed each other. By this means the preceding views will be considerably strengthened; and we shall, at the same time, be able to see what those resources are which have been already employed in elucidating this great subject.


That the results actually effected are extremely valuable is evident, not only from the wide surface which the generalizations cover, but also from the extraordinary precautions with which they have been made. For while most moral inquiries have depended on some theological or metaphysical hypothesis, the investigations to which I allude are exclusively inductive; they are based on collections of almost innumerable facts, extending  over many countries, thrown into the clearest of all forms, the form of arithmetical tables; and finally, they have been put together by men who, being for the most part mere government officials, had no particular theory to maintain, and no interest in distorting the truth of the reports they were directed to make.


The most comprehensive inferences respecting the actions of men, which are admitted by all parties as incontestable truths, are derived from this or from analogous sources; they rest on statistical evidence, and are expressed in mathematical language. And whoever is aware of how much has been discovered by this single method, must not only recognize the uniformity with which mental phenomena succeed each other, but must, I think, feel sanguine that still more important discoveries will be made, so soon as there are brought into play those other powerful resources which even the present state of knowledge will abundantly supply. Without, however, anticipating future inquiries, we are, for the moment, only concerned with those proofs of the existence of a uniformity in human affairs which statisticians have been the first to bring forward.


The actions of men are by an easy and obvious division separated into two classes, the virtuous and the vicious; and as these classes are correlative, and when put together compose the total of our moral conduct, it follows that whatever increases the one, will in a relative point of view diminish the other; so that if we can in any period detect a uniformity and a method in the vices of a people, there must be a corresponding regularity in their virtues; or if we could prove a regularity in their virtues, we should necessarily infer an equal regularity in their vices; the two sets of actions being, according to the terms of the division, merely supplementary to each other. 


Or, to express this proposition in another way, it is evident that if it can  demonstrated that the bad actions of men vary in obedience to the changes in the surrounding society, we, shall be obliged to infer that their good actions, which are, as it were, the residue of their bad ones, vary in the same manner; and we shall be forced to the further conclusion, that such variations are the result of large and general causes, which, working upon the aggregate of society, must produce certain consequences, without regard to the volition of those particular men of whom the society is composed.


Such is the regularity we expect to find, if the actions of men are governed by the state of the society in which they occur; while, on the other hand, if we can find no such regularity, we may believe that their actions depend on some capricious and personal principle peculiar to each man, as free will or the like. It becomes, therefore, in the highest degree important to ascertain whether or not there exists a regularity in the entire moral conduct of a given society; and this is precisely one of those questions for the decision of which statistics supply us with materials of immense
value.


For the main object of legislation being to protect the innocent against the guilty, it naturally followed that European governments, so soon as they became aware of the importance of statistics, should begin to collect evidence respecting the crimes they were expected to punish. This evidence has gone on accumulating, until it now forms of itself a large body of literature, containing, with the commentaries connected with it, an immense array of facts, so carefully compiled, and so well and clearly digested, that more may be learned from it respecting the moral nature of Man than can be gathered from all the accumulated experience of preceding ages. 


But as it will be impossible in this Introduction to give anything like a complete statement of those inferences which, in the actual state of statistics, we are authorized to draw, I shall content
myself with examining important, and pointing two or three of the most important, and pointing out the connexion between them.


Of all offences, it might well be supposed that the crime of murder is one of the most arbitrary an irregular. For when we consider that this, though generally the crowning act of a long career of vice, is often the immediate result of what seems a sudden impulse; that when premeditated, its committal, even with the least chance of impunity, requires a rare combination of favourable circumstances for which the criminal will frequently wait; that he has thus to bide his time, and look for opportunities he cannot control; that when the time has come his heart may fail him; that the question whether or not he shall commit the crime may depend on a balance of conflicting motives, such as fear of the law, a dread of the penalties held out by religion, the prickings of his own conscience, the apprehension of future remorse, the love of gain, jealousy, revenge, desperation; — when we put all these things together, there arises such a complication of causes, that we might reasonably despair of detecting any order or method in the result of those subtle and shifting agencies by which murder is either caused or prevented. 


But now, how stands the fact? The fact is, that murder is committed with as much regularity, and bears as uniform a relation to certain known circumstances, as do the movements of the tides, and the rotations of the seasons. M. Quetelet, who has spent his life in collecting and methodizing the statistics of different countries, states, as the result of his laborious researches, that in everything which concerns crime, the same numbers re-occur with a constancy which cannot be mistaken; and that this is the case even with those crimes which seem quite independent of human foresight, such, for instance, as murders, which are generally committed after quarrels arising from circumstances apparently casual. Nevertheless, we know from experience that every year there not only take place nearly the same number of murders, but that even the instruments by which they are committed are employed in the same proportion. 


This was the language used in 1835 by confessedly the first statistician in Europe, and every subsequent investigation has confirmed its accuracy. For later inquiries have ascertained the extraordinary fact that the uniform reproduction of crime is more clearly marked, and more capable of being predicted, than are the physical laws connected with the disease and destruction of our bodies. Thus, for instance, the number of persons accused of crime in France between 1826 and 1844 was, by a singular coincidence, about equal to the male deaths which took place in Paris during the same period, the difference being that the fluctuations in the amount of crime were actually smaller than the fluctuations in the mortality; while a similar regularity was observed in each separate offence, all of which obeyed the same law of uniform and periodical repetition. This indeed, will appear strange to those who believe that human actions depend more upon the peculiars of each individual than on the general state of society. 


But another circumstance remains behind still more striking. Among public and registered crimes there is none which seems so completely dependent on the individual as suicide. Attempts to murder or to rob may be, and constantly are, successfully resisted; sometimes by the party attacked, sometimes by officers of justice. But an attempt to commit suicide is much less liable to interruption. The man who determined to kill himself is not prevented at the last moment by the struggles of an enemy; and, as he can easily guard against the interference of the civic power, his act becomes as it were isolated; it is cut off from foreign disturbances, and seems more clearly the product of his own volition than any other offence could possibly be. We may also add, that, unlike crimes in general, it is rarely caused by the instigation of confederates; so that men, not being goaded into it by their companions, are uninfluenced by one great class of external associations which might hamper what is termed the freedom of their will. It may, therefore, very naturally be thought impracticable to refer suicide to general principles, or to detect anything like regularity in an offence which is so eccentric, so solitary, so impossible to control by legislation, and which the most vigilant police can do nothing to diminish. 


There is also another obstacle that impedes our view: this is that even the best evidence respecting suicide must always be very imperfect. In cases of drowning,for example, deaths are liable to be  returned as suicides which are accidental; while, on the other hand, some are called accidental which are voluntary. Thus it is, that self-murder seems to be not only capricious and uncontrollable, but also very obscure in regard to proof; so that on all these grounds it might be reasonable to despair of ever tracing it to those general causes by which it is produced.


These being the peculiarities of this singular crime, it is surely an astonishing fact, that all the evidence we possess respecting it points to one great conclusion, and can leave no doubt on our minds that suicide is merely the product of the condition of society, and that the individual felon only carries	what is a necessary consequence of preceding circumstances.


In a given state of society, a certain number of  persons must put an end to their own life.	This is the general law, and the special question as to who shall commit the crime depends, of course, upon special laws; which however, in their total action, must obey the large social law to which they are all subordinate. And the power of the larger law is so irresistible, that neither the love of life nor the fear of another world can avail anything towards even checking its operation. The causes of this remarkable regularity I shall hereafter examine; but the existence of the regularity is familiar to whoever is conversant with moral statistics. 


In the different countries for which we have returns, we find year by year the same proportion of persons putting an end to their own existence; so that, after making allowance for the impossibility of collecting complete evidence, we are able to predict, within a very small limit of error the number of voluntary deaths for each ensuing period; supposing, of course, that the social circumstances not undergo any marked change. 


Even in London, notwithstanding the vicissitudes incidental to the largest and most luxurious capital in the world, we find regularity greater than could be expected by the most sanguine believer in social laws; since political excitement, mercantile excitement, and the misery produce by the dearness of food, are all causes of suicide, and are all constantly varying. Nevertheless, in this vast metropolis, about 240 persons every year make away with themselves; the annual suicides oscillating, from the pressure of temporary causes, between 266, the highest, and 213, the lowest. In 1846, which was the great year of excitement caused by the railway panic the suicides in London were 266; in 1847 began a slight improvement, and they fell to 256; in 1848 they were
247; in 1819 they were 213 and in 1850 they were 229.


Such is some, and only some, of the evidence we now possess respecting the regularity with which, in the same state of society, the same crimes are necessarily reproduced. To appreciate the full force of this evidence, we must remember that it is not an arbitrary selection of particular facts, but that it is generalized from an exhaustive statement of criminal statistics, consisting of many millions of observations, extending over countries in different grades of civilization, with different laws, different opinions, different morals, different habits. If we add to this, that these statistics have been collected by persons specially employed for that purpose, with every means of arriving at the truth, and with no interest to deceive, it surely must be admitted that the existence of crime according to to a fixed and uniform scheme, is a fact more clearly attested than any other in the moral history of man. 


We have here parallel chains of evidence formed with extreme care, under the most different circumstances, and all pointing in the same direction; all of them forcing us to the conclusion, that the offences of man are the result not so much of the vices of the individual offender
as of the state of society in which that individual is thrown. This is an inference resting on broad and tangible proofs accessible to all the world and as such cannot be overturned, or even impeached, by any of those hypotheses with which metaphysicians and theologians have hitherto perplexed the study of events.


Those readers who are acquainted with the manner in which in the physical world the operations of laws of nature are constantly disturbed, will expect to find in the moral world disturbances equally active. Such aberrations proceed, in both instances, from minor laws, which at particular points meet the larger laws, and thus alter their normal action. Of this, the science of mechanics affords a good example in the instance of that beautiful theory called the parallelogram of forced according to which the forces are to each other in the same proportion as is the diagonal of their respective parallelograms. 


This is a law pregnant with great results; it is connected with those important mechanical resources, the composition and resolution of forces and no one acquainted with the evidence on which it stands, ever thought of questioning its truth. But the moment we avail ourselves of it for practical purposes we find that in its action it is warped by other laws, such as those concerning the friction of air, and the different density of the bodies on which we operate, arising from their chemical composition, or, as some suppose, from their atomic arrangement. Perturbations being thus let in, the pure and simple action of the mechanical law disappears. Still, and although the results of the law are incessantly disturbed, the law itself remains intact. Just in the same way, the great social law, that the moral notions of men and not the product of their volition, but of their antecedents, is itself liable to disturbances which trouble its operation without affecting  its truth.  


And this is quite sufficient to explain those slight variations which we find from year to year in the total amount of crime produced by the same country. Indeed, looking at the fact that the moral world is far more abundant in materials than the physical world, the only ground for astonishment is that these variations should not be greater; and from the circumstance that the discrepancies are so trifling, we may form some idea of the prodigious energy of those vast social laws, which, though constantly interrupted, seem to triumph over every obstacle, and which, when examined by the aid of large numbers, scarcely undergo any sensible perturbation.


Nor is it merely the crimes of men which are mark by this uniformity of sequence. Even the number of marriages annually contracted, is determined, not by the temper and wishes of individuals, but by large general facts over which individuals can exercise no authority. It is now known that marriages bear fixed and definite relation to the price of corn; and in England the experience of a century has proved that, instead of having any connexion with personal feelings, they are simply regulated by the average earnings of the great mass of the people: so that this immense social and religious institution is not only	is swayed, but is completely controlled, by the price of food and by the rate of wages. In other cases, uniformity has been detected, though the causes of the uniformity are still unknown. 


Thus, to give a curious instance, we are now able to prove that even the aberrations of memory are marked by this general character of necessary and invariable order. The post offices of London and of Paris have latterly published returns of the number of letters which the writers, through forgetfulness, omitted to direct; and, making allowance for the difference of circumstances, the returns are year after year copies of each other. Year after year the same proportion of letter-writers forge this simple act; so that for each successive period we can actually foretell the number of persons whose memory will fail them in regard to this trifling and, as it might appear, accidental occurrence.


To those who have a steady conception of the regularity of events, and have firmly seized the great truth that the actions of men, being guided by their antecedents, are in reality never inconsistent, but, however capricious they may appear, only form part of one vast scheme of universal order, of which we in the present state of knowledge can barely see the outline — to those who understand this, which is at once the key and the basis of history, the facts just adduced, so far from being strange, will be precisely what would have been expected and ought long since to have been known. Indeed, the progress of inquiry is becoming so rapid and so earnest, that I entertain little doubt that before another century has elapsed, the chain of evidence will be complete, and it will be as rare to find an historian who denies the undeviating regularity of the moral world, as it now is to find a philosopher who denies the regularity of the material world.


It will be observed, that the preceding proofs of our actions being regulated by law, have been derived from statistics; a branch of knowledge which, though still in its infancy, has already thrown more light on the study of human nature than all the sciences put together. But although the statisticians have been the first to investigate this great subject by treating it according to those  methods of reasoning which in other fields have been found successful; and although they have, by the application of numbers, brought to bear upon it a very powerful engine for eliciting truth - we must not, on that account, suppose that there are no other resources remaining by which it may likewise be cultivated: nor should we infer that because the physical sciences have not yet been applied to history they are therefore inapplicable to it. 


Indeed, when we consider the incessant contact between man and the external world, it is certain that there must be an intimate connexion between human actions and physical laws; so that if physical  science had not hitherto been brought to bear upon history, the reason is, either that historians have not perceived the connexion, or else that, having perceived it, they have been destitute of the knowledge by which its workings can be traced. Hence there has arisen an unnatural separation of the two great departments of inquiry, the study of the internal and that of the external: and although, in the present state of European literature, there are some unmistakable symptoms of a desire to break down this artificial barrier, still it must be admitted that as yet nothing has been actually accomplished towards effecting so great an end. 


The moralists, the theologians, and the metaphysicians, continue to prosecute their studies without much respect for what they doom the inferior labours of scientific men; whose inquiries, indeed, they frequently attack, as dangerous to the interests of religion, and as inspiring us with an undue confidence in the resources of the human understanding. On the other hand, the cultivators of physical science, conscious that they are an advancing body, are naturally proud of their own success; and contrasting their discoveries with the more stationary position of their opponents, are led to despise pursuits the barrenness of which has now become notorious.


It is the business of the historian to mediate between these two parties, and reconcile their hostile pretensions by showing the point at which their respective studies ought to coalesce. To settle the terms of this coalition, will be to fix the basis of all history. For since history deals with the  actions of men, and since their actions are merely the product of a collision between internal and external phenomena, it becomes necessary to examine the relative importance of those phenomena; to inquire into the extent to which their laws are known; and to ascertain the resources for future discovery possessed by these two great classes, the students of the mind and the students of nature. 


This task I shall endeavour to accomplish in the next two chapters: and if I do so with anything approaching to success, the present work will at least have the merit of contributing something towards filling up that wide and dreary chasm, which, to the hindrance of our knowledge, separates subjects that are intimately related, and should never be disunited.
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Horace Barlow was a British neuroscientist who specialized in research on vision. 


He wrote two seminal articles on the neuroscience of vision.

 
The first was just a couple of years before the pioneering work on the frog's eye by David Hubel, Torsten Wiesel, Jerome Lettvin, Warren McCulloch, Walter Pitts, and Humberto Maturana, Barlow identified neurons in the frog's brain that fire in response to particular visual stimuli.




Barlow's second seminal article was Single Units and Sensation: A Neuron Doctrine for Perceptual Psychology? in 1972. In it, Barlow began with five dogmas 



1. To understand nervous function one needs to look at interactions at a cellular level, rather than
either a more macroscopic or microscopic level, because behaviour depends upon the organized
pattern of these intercellular interactions.
2. The sensory system is organized to achieve as complete a representation of the sensory stimulus
as possible with the minimum number of active neurons.

3. Trigger features of sensory neurons are matched to redundant patterns of stimulation by
experience as well as by developmental processes.

4. Perception corresponds to the activity of a small selection from the very numerous high-level
neurons, each of which corresponds to a pattern of external events of the order of complexity of
the events symbolized by a word.

5. High impulse frequency in such neurons corresponds to high certainty that the trigger feature is
present.

The development of the concepts leading up to these speculative dogmas, their experimental
basis, and some of their limitations are discussed.



In David Marr's "Epilogue" to his Vision book, Marr wrote an imagined conversation between himself, his colleague Tomaso Poggio, and Francis Crick. He began with the work of Horace Barlow.



CONVERSATION


Can we begin with the levels-of-explanation idea, since you attribute so much importance to it? How is it related to ideas about feature detectors and in particular to Horace Barlow’s first dogma (1972, p. 380), which states, “A description of the activity of a single nerve cell which is transmitted to and influences other nerve cells, and of a nerve cell’s response to such influences from other cells, is a complete enough description for functional understanding of the nervous system ”?

Here, of course, I must disagree with Barlow’s formulation, although I do agree with one of the thoughts behind this dogma, namely, that there is nothing else looking at what the cells are doing — they are the ultimate correlates of perception. However, the dogma fails to take level one analysis—the level of the computational theory—into account.



Barlow applied statistical methods to reduce the information redundancy in "pixels" of the visual field.



Source: https://www.informationphilosopher.com/solutions/scientists/barlow/
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Jacob Barandes has joint faculty appointments in the physics and philosophy departments at Harvard University, and does research in the philosophy of physics.

"Stepping outside the wave function paradigm," Barandes says, he proposes a new formulation of quantum mechanics (not simply an interpretation) in terms of old-fashioned configuration spaces together with what he calls "unistochastic" laws. 


Barandes' formulation replaces the abstract wave function of Erwin Schrödinger's wave mechanics formulation and the eigenfunctions, eigenvectors, and eigenstates  of Werner Heisenberg's matrix mechanics formulation,  and  John von Neumann and  P.A.M.Dirac's  axiomatic formulation on Hilbert vector spaces.


In particular, Barandes replaces their transition probabilities between quantum states with "directed conditional probabilities" in stochastic processes. And he describes their time evolution with linear maps that describe the dynamics of a quantum system. In the realm
of quantum information theory these maps are referred to as quantum channels. These linear maps can be interpreted as a Hilbert space. 


If the time evolution of a system from t=0 to t=2 can be divided into first t=0 to t=1, then t=1 to t=2, he calls it divisible, otherwise time evolution is indivisible. 


In his 2025 paper The Stochastic-Quantum Correspondence, for the Philosophy and Physics Group at the London School of Economics, Barandes shows how his stochastic approach recovers the familiar Schrödinger wave equation, von Neumann's unitary time evolution,  and other equations of standard quantum theory.


In his 2024 paper "New Prospects for a Causally Local Formulation of Quantum Theory," Barandes introduces a "new principle of causal locality" that is " intended to improve on [John] Bell's criteria."


Barandes first defines the terms "signal-local" and "signal-nonlocal."


In physical theories like Newtonian mechanics that
involve forces, one can ask whether those forces are
limited by the speed of light, or instead consist
of faster-than-light action at a distance...

In principle, there are
no constraints in Newtonian mechanics that would
preclude sending superluminal signals—say, by exploiting
the action-at-a-distance features of Newtonian
gravitational forces. Newtonian mechanics is
therefore presumably signal-nonlocal.


By contrast, the aptly named no-communication theorem
ensures that appropriately defined quantum systems—
such as local quantum fields—cannot be
used to send superluminal signals, so these quantum
systems are signal-local



Einstein's special and general theories of course limit actions at a distance to light speed.

Barandes then defines a type of locality he calls causal locality

This paper will be concerned with a different type of
locality, called causal locality, which will be taken to consist
of the following statement:

Causal influences should not be able to
propagate faster than light.



Finally, Barandes describes Bell as introducing a new principle of local causality. 

Bell’s principle of local causality is
the assumption that the asserted common causes in question
must specifically take the form of variables that can
be conditioned on and then summed or integrated over...

Bell’s principle of local causality...implicitly depends on an assumption
that goes beyond questions of locality. That
implicit assumption is called Reichenbach’s principle of
common causes.


Reichenbach’s principle of common causes states that
if two variables A and B are correlated, in the sense that
their joint probability P(A,B) fails to factorize as the
product of their standalone probabilities P(A) and P(B),



  P
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and if A and B do not causally influence each other,
then there should exist some other variable C such that
conditioning on C leads to the following factorization:



P(A,B|C) = P(A|C)P(B|C).



That is, Reichenbach’s principle positively asserts the existence
of a ‘common-cause’ variable C for A and B. In
this way, the variable C is said to ‘explain’ or ‘account
for’ the correlation between A and B.


Bell’s principle of local causality...clearly invokes Reichenbach’s
principle, with the role of the asserted common cause
variable C played by the variables λ representing
beables localized in the overlap of the past light cones of
the measurement results A and B. 



Barandes "especially thanks" Travis Norsen, who mentions Bell's formulation of local causality and illustrates Barandes' point about overlapping past light cones.
[image: image-placeholder]


Fig. 8.4 Space-time regions relevant to Bell’s formulation of local causality. Bell writes: “Full specification of what happens in 3 makes events in 2 irrelevant for predictions about 1 in a locally causal theory”


But Norsen then explicitly shows how a common cause from the initial entanglement is still in the past light cone of the "separated" measurements at A and B.

[image: image-placeholder]


Fig. 8.5 Space-time diagram for the Bell experiment. The particle pair is emitted at the “flash’' at the bottom of the diagram; world-lines for the two individual particles flying apart in opposite directions are represented by the gray dashed lines. The (large!) region 3 encompasses both particles at some intermediate time and shields the two measurement regions, 1 and 2. from their overlapping past light cones in the way that is required in Bell's formulation of locality.



Barandes provides a similar diagram of the diverging paths of particles he calls Q and R leaving an initial entanglement at time t' and traveling to measurement devices at A and B at time t. 

He describes the time evolution of the particles. 


Suppose that the two subsystems Q and R
are not kept at spacelike separation during the physical
process in question, but locally interact at some intermediate
time t′ between 0 and t. Then, again following
standard textbook arguments, the overall system’s unitary
time-evolution operator UQR(t) will fail to tensor-factorize
at t′:


Note that the intermediate time t' is precisely the moment the particles Q and R  are in contact and causally local entangled. These causally local influences do not propagate faster than light. Erwin Schrödinger said  ΨAB cannot be represented as a simple product of two independent single-particle states ΨA ΨB.

Schrödinger's wave function 
  Ψ
AB is in a linear combination or superposition of 
  Ψ
A↑ 
  Ψ
B↓ and  
  Ψ
A⇵ 
  Ψ
B↑.  A  measurement or a "collapse" of 
  Ψ
AB produces either A-up and B-down or A-down and B-up. Either conserves total spin, and makes either outcome quantum random, as quantum encryption codes require. 


UQR(t′) ≠ UQ(t′) ⊗ UR(t′). (59)

Because the corresponding transition matrix ΓQR(t) encodes
cumulative statistical effects starting at the initial
time 0, the transition matrix will continue to fail to
tensor-factorize for all times t ≥ t′ (at least until the next
division event):

ΓQR(t) ≠ ΓQ(t) ⊗ ΓR(t) [for t ≥ t′]. (60)


The breakdown in tensor-factorization for t ≥ t′
is precisely entanglement, as manifested at the level of
the underlying indivisible stochastic process... so one can
conclude that the two subsystems Q and R exert causal
influences on each other, stemming from their local interaction
at the time t′.



The initial entanglement at t' is an initial casually local event that puts the particles in a spherically symmetric state with total spin zero. 
During the time evolution from t' to t, the conservation of spin angular momentum is a condition or constraint on total spin (a "hidden constant" if not a hidden variable?) that will locally cause? the measurements at A and B  to be perfectly correlated as long as Alice and Bob agree ahead of time t to measure at the same angle (maintaining planar symmetry) 

If their measurements diverge by angle Θ, correlations will fall off by cos2Θ, as observed in all Bell experiments. (the "law of Malus")



Notice that this local interaction, despite being the
‘common cause’ of the correlations between Q and R, is
not the sort of ‘variable’ that can be plugged into the
unistochastic theory’s microphysical conditional probabilities.
Reichenbach’s principle of common causes 
therefore does not hold. 


In a private communication, Barandes says


The degrees of freedom have laws that are probabilistic, and in some cases, those probabilistic laws do not factorize, if there was a common-cause interaction in the past light cone.


He also says 

stochastic-quantum correspondence transition matrices  failure to factorize (60) corresponds to the Hilbert-space picture two-particle wave function |Ψ₁₂⟩  that "fails to factorize |Ψ₁₂⟩ ≠ |Ψ₁⟩⊗|Ψ₂⟩ in just the way that Schrödinger said."


Does this common cause in the past light cone qualify as a Reichenbach common cause? 
The key middle step  is the principle of the conservation of spin angular momentum. 
This principle is not a causal variable that "can be plugged in" like John Bell's λ variables.

It is simply a condition or constraint that guarantees perfect correlations between measurements without a superluminal action. It's "knowledge at a distance."
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Jacob Bekenstein was an American-Israeli theoretical physicist whose interpretation of the event horizon of a black hole as an amount of information was the basis for Leobard Susskind's holographic principle.


Bekenstein showed that the addition of a single particle to a black hole would enlarge its size, specifically its surface area or event horizon .


A very low-energy photon with a wavelength the size of the black hole would expand the event horizon by one Planck area (a square with sides equal to one Planck length). 


Susskind interpreted each new Planck area as adding an amount of information equal to the lost or hidden information (or entropy) newly added to the singularity at the black hole center.




Source: https://www.informationphilosopher.com/solutions/scientists/bekenstein/





  
  Jean Bricmont
  

  


  
  Home › Solutions › Scientists › Bricmont
Jean Bricmont

Jean Bricmont is a philosopher of science and theoretical physicist noted for his books on quantum mechanics and his attacks on postmodernist ideas about science, which are a consequence of the decades of confusion and puzzlement about quantum mechanics.


Bricmont has written two books on quantum mechanics: Making Sense of Quantum Mechanics in 2016 and Quantum Sense and Nonsense in 2017.


Both books strongly defend the Louis deBroglie and David Bohmcausal and deterministic version of quantum mechanics today known as Bohmian Mechanics.



Making Sense


In his first book, Bricmont critically examines the quantum "nonsense" he sees coming mostly from the Copenhagen Interpretation of quantum mechanics. He includes dozens of important quotations from physicists through the years, from the founders of quantum mechanics to physicists today proposing "alternative theories" to standard quantum mechanics.

He has two extensive chapters on the leading "mysteries" of quantum mechanics,


The first includes puzzles arising from the quantum-mechanical wave function, -  the principle of superposition, which gives rise to the two-slit-experiment, the measurement problem, Schrödinger's Cat, and Max Born's "statistical interpretation" of the wave function. 


Bricmont says this chapter builds on David Albert's 1992 book Quantum Mechanics. 


Bricmont's second "mystery" chapter is on nonlocality and entanglement, problems that were originally seen by Albert Einstein as early as 1905, but which he developed clearly between 1927 and 1935. 


The famous Einstein-Podolsky-Rosen paper of 1935 and Erwin Schrödinger's reaction to it the same year were critically analyzed by John Bell starting in the 1960's. 


Bricmont's work is largely based on the works of deBroglie, Bohm, and Bell. His extensive chapter on their work calls it a "hidden variables" theory.



In this chapter, we will outline a theory of “hidden variables” (although they are not really hidden) that accounts for all the phenomena predicted by ordinary (non- relativistic) quantum mechanics, is not contradicted by the no hidden variables theorems, explains why measurements do not in general measure pre-existing properties of a system (in other words, it explains why measuring devices have an “active role”), and incorporates and to some extent explains the nonlocality implied by Bell’s theorem. It would seem that, given all the claims to the effect that such a theory is impossible, its mere existence should be a subject of considerable interest, but this is not the case. Although interest in the de Broglie-Bohm theory is probably increasing, it is still widely ignored or misrepresented, even by experts on foundations of quantum mechanics.

The theory was introduced at approximately the same time as the Copenhagen interpretation, in 1927, by Louis de Broglie, but it was rejected at the time by a large majority of physicists, and ignored even by critics of the Copenhagen school, like Einstein and Schrodinger. The theory was even abandoned by its founder, only to be rediscovered and completed by David Bohm in 1952, then further developed and advertised by John Bell.



He concludes that this theory naturally accounts for the following:



1. The measurement formalism, including the collapse rule.

2. The no hidden variables theorems, which are explained by the contextuality of measurements and the active role of the measuring devices.

3. The apparent randomness of quantum mechanics, which follows, in a fully deterministic theory, from rather natural assumptions about initial conditions.

4. The unavoidable nonlocality of any theory reproducing the quantum prediction.


Bricmont discusses determinism and free will in a chapter called a "philosophical" intermezzo. He writes:


...the problem is: what is the alternative to determinism within physics? Nothing has ever been proposed except pure randomness Or, in other words, events with no cause. But that will not give us a picture of the world in which free will exists either. Our feeling of free will is not that there is some intrinsically random process at work in our minds, but that conscious choices are made. And that is simply something that no known physical theory accounts for. Our feeling of free will implies that there is a causal agent in the world, the “I”, that is simply “above” all physical laws. It suggests a dualistic view of the world, which itself meets great difficulties. One solution is, as mentioned above, to declare that free will is an illusion. But if that is the case, it is a “necessary illusion” in the sense that we cannot live without, in some sense, believing in it, unlike, say, believing in the dogma of the Immaculate Conception. It is not clear what could constitute a solution to that problem, but one should avoid using this problem to create within physics a prejudice in favor of indeterminism, since neither determinism nor indeterminism in physics can “save” free will.


This of course is the centuries old standard argument against free will.



Sense and Nonsense

Quantum Sense and Nonsense, Bricmont makes all the same basic arguments as Making Sense, but with a minimum of the equations that frighten off popular readers. 

Bricmont, following Bell, says that Bohmian Mechanics is a "complete deterministic theory" that can "replace" standard quantum mechanics. Bohmian mechanics describes the instantaneous action-at-a-distance behind "nonlocality." 


Bricmont asks whether the Universe is "indeterministic?"


One way to “prove” indeterminism is to claim that quantum mechanics is both intrinsically indeterministic and complete, but its completeness is precisely what has to be demonstrated.

But now, we can say more: we have a theory that does complete quantum mechanics and that is deterministic, so that the claim that quantum mechanics proves indeterminism is surely false. However, determinism in the de Broglie— Bohm theory is a special sort and has two properties that make it somewhat different from what one might expect from a deterministic theory in the setting of classical physics:


(1) First of all, the de Broglie-Bohm theory is nonlocal. This means that, even if one wants to determine the future of what happens only in a given region of space, denoted A, one has in principle to specify the physical state of the entire Universe, since events in regions that are arbitrarily far from region A might influence instantaneously what happens in the latter...


(2) Secondly, the de Broglie-Bohm theory contains in its very formulation an element of radical uncertainty that one might not expect in a deterministic theory. Indeed, the best analogy is to think of the initial conditions of quantum systems as being like the ones of a large number of coins that are being tossed.



Bricmont says about Einstein's famous quote, "no, God does not play dice or at least there is no argument based on quantum mechanics that indicates that he does. The idea of determinism can be maintained, thanks to the de Broglie—Bohm theory."



Fashionable Nonsense


In 1996, physicist Alan Sokal published a tongue-in-cheek article in the postmodern cultural affairs journal Social Text. Once published, Sokal revealed that the article was a hoax, loaded with jargon that exposed the editors inability to separate science from nonsense. Actually, the main body of article was filled with accurate, but seriously obscure, quotes from the founders of quantum mechanics on their "Copenhagen Interpretation." Sokal's quotes from postmodern authors were equally obscure, and equally accurate.

The following year, Bricmont collaborated with Sokal on the book Fashionable Nonsense. 



Source: https://www.informationphilosopher.com/solutions/scientists/bricmont/
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Jeffrey Bada was a student of Stanley Miller, who left his laboratory  at UC San Diego and all its equipment and materials to Bada.

Bada then reproduced Miller's original experiments to see what pre-biotic chemicals might be produced in simulated atmospheres starting with only inorganic chemicals. He found traces of more amino acids than Miller had detected.


Bada also studied organic compounds outside of the Earth. He analyzed the Martian meteorite Nakhla, found in Egypt in 1911. He found the amino acids aspartic acid, glutamic acids, glycine, alanine, beta-alanine, and gamma-aminobutyric acid in the meteorite. Pre-biotic precursors of life are not only on the surface of the early Earth, but in outer space!


Like our information origin of life, Bada thinks it began with replication. Metabolism and other characteristics come later, although the formation of "information molecules" needs a low-entropy stream of energy, like that from the Sun or from deep-sea hydrothermal vents.



"Imperfect replication of informational molecules would have marked the origin of both life and evolution, and thus the transition from non-living chemistry to biochemistry."


Some of the imperfect replicas (mutations?) would have had improved survival rates, and the rest is history.




Source: https://www.informationphilosopher.com/solutions/scientists/bada/
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   In 1964 John Bell analyzed David Bohm's 1952 suggestion for "hidden variables" added to the 1935 "thought experiments" of Einstein, Podolsky, and Rosen (EPR) which could make them into real experiments. 
Bell put limits on local "hidden variables" in the form of what he called an "inequality," the violation of which would confirm standard quantum mechanics and disprove "local hidden variables."


Some thinkers, mostly philosophers of science rather than working quantum physicists, think that the work of Bohm and Bell has restored the determinism in physics that Einstein had hoped to restore and that Bohm and/or Bell had discovered the "local elements of reality" that Einstein hoped for in EPR. 


But Bell himself came to the conclusion that local "hidden variables" will never be found that give the same results as quantum mechanics. This has come to be known as Bell's Theorem.


All theories that reproduce the predictions of quantum mechanics will be "nonlocal," Bell concluded. Nonlocality is an element of physical reality and it has produced some remarkable new applications of quantum physics, including quantum cryptography and quantum computing. But critically important, nonlocality is not a superluminal action at a distance. 


We propose that a Common Cause, a Constant of the Motion, and Spherical Symmetry can produce the perfectly correlated (and random) outcomes of two-particle Bell experiments.  



Bohm proposed an improvement on the original EPR experiment (which measured continuous position and momentum variables). Bohm's reformulation of quantum mechanics postulates (undetectable) deterministic positions and trajectories for atomic particles, where the instantaneous collapse happens in a new "quantum potential" field that can move faster than light speed. But it is still a "nonlocal" theory.  


So Bohm (and Bell) believed that nonlocal "hidden variables" might exist, and that new information can come into existence at remote "space-like separations" at speeds faster then light, if not instantaneously. This is the complicated idea of entanglement, which information philosophy explains with a common cause and a hidden constant of the motion, but without the nonsense of superluminal signaling.


The original EPR paper was based on a question of Einstein's about two particles fired in opposite directions from a central source with equal velocities. Einstein imagined them starting from a distance at 
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 and approaching one another with high velocities, then for a short time interval from 
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      1
    
  
 to t1 + Δt in contact with one another, where experimental measurements could be made on the momenta, after which they separate. Now at a later time 
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      2
    
  
 it would be possible to make a measurement of particle 1's position and would therefore know the position of particle 2 without measuring it explicitly.


Einstein implicitly used the conservation of linear momentum to "know" the symmetric position of the other particle. This knowledge implies information about the remote particle that is available instantly. Einstein called this "spooky action-at-a-distance." It would much better have been called "knowledge-at-a-distance."



Bohm and his colleague Yakir Aharonov in 1957 proposed a new EPR-like thought experiment using two electrons that are prepared in an initial state of known total spin zero. Instead of measuring continuous variables position and momentum as in EPR, Bohm measures the discrete property of electron spin.  If one electron spin is 1/2 in the up direction and the other is spin down or -1/2, the total spin is zero. The underlying physical law of importance is still a conservation law, in this case the conservation of spin angular momentum. 


[image: image-placeholder]


Until the moment that one electron spin is measured, the two-particle quantum state is spherically symmetric (rotationally invariant). There is no preferred spatial direction. It is described as a  superposition a pure quantum state that is a linear combination of particle 1 up, particle 2 down plus particle 1 down with particle 2 up...
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We can simplify the notation 
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Note that this combination preserves the total electron spin as zero and it offers no preferred spatial direction. Note also that under exchange of the two indistinguishable fermions, the antisymmetric wave function changes its sign, thus the minus sign in the above equations. 


Quantum mechanics predicts that a measurement will find the system in either | +- > or | -+ >, each with 50% probability. So whichever the outcome, the conservation of angular momentum (spin) will still be true. 


The initial entanglement prepared the system in a state with total spin zero, conserving angular momentum. Quantum mechanics predicts that a measurement will disentangle the particles but leave them randomly in one of two states, either of which have total spin zero, again conserving angular momentum. Many thousands of Bell tests have all confirmed that measurements made at the same angle find opposite spins with total spin zero, experimentally showing that conservation of angular momentum was true at final measurement.


As long as there is no environmental interaction between the initial and final states, as long as conditions permit the rotational symmetry to be maintained from start to finish, what mechanism could possibly cause the conservation law for angular momentum to be violated? Assuming conservation were violated and it must be restored to opposite spins by some instantaneous action-at-a-distance, how could one particle determine the deviant spin of its partner, what faster-than-light interaction mechanism could   precisely re-align its deviant partner? This is absolute nonsense.


At the moment of first measurement by either observer, the two-particle wave function ψ12"collapses", that is, it changes its values everywhere instantly.  


This is the true essence of quantum nonlocality, nothing moving, but changes everywhere!

Erwin Schrödinger described that measurement as "disentangling" the particles. This is the separation of the two particles that Einstein was hoping for. He called it his Trennungsprinzip (separability principle) and argued the particles would become independent simply when they have gotten far enough apart. But this was a mistake.

 
Replying to Einstein's EPR paper in 1936, Schrödinger wrote


This would mean that not only the parts,
but the whole system, would be in the situation of a mixture, not of a pure state.
It would not preclude the possibility of determining the state of the first system
by suitable measurements in the second one or vice versa. But it would utterly
eliminate the experimenters influence on the state of that system which he does
not touch.
  

Schrödinger then describes the puzzle of entanglement in terms of what one can answer to questions about the two entangled particles. 


Schrödinger thus set an unfortunate precedent of explaining entanglement in terms of knowledge (epistemology/epistemic) about the entangled particles rather than what may "really" be going on (ontology/ontic). Many modern explanations of entanglement use a logical analysis of yes/no answers to questions or "instruction sets" with those answers thought to be accompanying each particle as "hidden variables."  These include today's CHSH version of the Bell inequality and David Mermin's famous gedanken experiment version.



the result of measuring p1 serves to predict the result for p2 and vice versa.
But of course every one of the four observations in question, when actually performed, disentangles the systems, furnishing each of them with an independent representative of its own. A second observation, whatever it is and on whichever system it is executed, produces no further change in the representative of the other system.

Yet since I can predict either x1 or p1 without interfering with system No. 1 and since system No. 1, like a scholar in examination, cannot possibly know which of the two questions I am going to ask it first: it so seems that our scholar is prepared to give the right answer to the first question he is asked, anyhow. Therefore he must know both answers; which is an amazing knowledge.
 



In his 1964 paper "On the Einstein-Podolsky-Rosen Paradox," Bell made the case for nonlocality, which he thought might require pre-determination. 


The paradox of Einstein, Podolsky and Rosen was advanced as an argument that quantum mechanics could not be a complete theory but should be supplemented by additional variables. These additional variables were to restore to the theory causality and locality. In this note that idea will be formulated mathematically and shown to be incompatible with the statistical predictions of quantum mechanics. It is the requirement of locality, or more precisely that the result of a measurement on one system be unaffected by operations on a distant system with which it has interacted in the past, that creates the essential difficulty. There have been attempts to show that even without such a separability or locality requirement no 'hidden variable' interpretation of quantum mechanics is possible. These attempts have been examined [by Bell] elsewhere and found wanting. Moreover, a hidden variable interpretation of elementary quantum theory has been explicitly constructed [by Bohm]. That particular interpretation has indeed a gross non-local structure. This is characteristic, according to the result to be proved here, of any such theory which reproduces exactly the quantum mechanical predictions.

With the example advocated by Bohm and Aharonov, the EPR argument is the following. Consider a pair of spin one-half particles formed somehow in the singlet spin state and moving freely in opposite directions. Measurements can be made, say by Stern-Gerlach magnets, on selected components of the spins σ1 and σ2. If measurement of the component σ1 • a, where a is some unit vector, yields the value + 1 then, according to quantum mechanics, measurement of σ2 • a must yield the value — 1 and vice versa. [Here Bell is conserving total spin.] Now we make the hypothesis, and it seems one at least worth considering, that if the two measurements are made at places remote from one another the orientation of one magnet does not influence the result obtained with the other. 


Since we can predict in advance the result of measuring any chosen component of σ2, by previously measuring the same component of σ1, it follows that the result of any such measurement must actually be predetermined. 

Since the initial quantum mechanical wave function does not determine the result of an individual measurement, this predetermination implies the possibility of a more complete specification of the state.




"pre-determination" is too strong a term. The first measurement just "determines" the later measurement. We shall see that the "second" measurement is synchronous with the "first" in a "special" frame. 
The two measurements may have a "common cause."


Bell describes explicitly how the "measurement of the component σ1 • a, where a is some unit vector, yields the value + 1 then, according to quantum mechanics, measurement of σ2 • a must yield the value — 1 and vice versa." 


He also says "since we can predict in advance the result of measuring any chosen component of σ2, by previously measuring the same component of σ1, it follows that the result of any such measurement must actually be predetermined."


If Alice measures the electron spin of particle 1 in the x-direction as +ℏ/2, then Bob will measure a perfectly anti-correlated -ℏ/2 for particle 2, if (and only if) he measures at the same (pre-agreed upon) angle as Alice.


Note that since it was quantum random whether the two particle state would be projected into | +- > or into -+ >, successive measurements by Alice and Bob will generate two perfectly random and anti-correlated strings of + and - (or 0 and 1 bit strings).


This is exactly what is needed for keys in quantum cryptography. Each individual string is random, but the two bit strings are perfectly correlated (or anti-correlated). And the strings have been generated in separated locations over secure communications channels that cannot be eavesdropped, the ideal for quantum key distribution (QKD).  


A decade later, Bell titled his 1976 review of the first tests of his theorem about his predicted inequalities, "Einstein-Podolsky-Rosen Experiments."


He described his talk as about the "foundations of quantum mechanics," and it was the early days of a movement by a few scientists and many philosophers of science to challenge the "orthodox" quantum mechanics. They particularly attacked the Copenhagen Interpretation, with its notorious speculations about the role of the "conscious observer" and its attacks on physical reality. Some anti-realists went beyond the reasonable claim that objects have no properties until they are measured to the extreme claim that particles do not exist when they are not measured.


From the earliest presentations in the late 1920's of the ideas of the supposed "founders" of quantum mechanics, Einstein had deep misgivings of the work going on in Copenhagen, although he never doubted the calculating power of their new mathematical methods, and he came to accept the statistical (indeterministic) nature of quantum physics, which he himself had reluctantly discovered in his 1916 study of the atomic emission of light quanta. He described their work as "incomplete" because it is based on the statistical results of many experiments so it can only make probabilistic predictions about individual experiments. Nevertheless, Einstein hoped to visualize what is going on in an underlying "objective reality." 


Bell was deeply sympathetic to Einstein's hopes for a return to the "local reality" of classical physics. He identified the EPR paper's title, "Can Quantum-Mechanical Description of Physical Reality Be Considered Complete?" as a search for new variables (as had Bohm) to provide the completeness.  Bell thought David Bohm's "hidden variables' were one way to achieve this, though Einstein had called Bohm's approach "too cheap," probably because Bohm included "quantum potentials" traveling faster than light speed, an obvious violation of Einstein's special theory of relativity.


In his 1976 review, Bell wrote...



I have been invited to speak on “foundations of quantum mechanics”...

The area in question is that of Einstein, Podolsky, and Rosen.  Suppose for example, that protons of a few MeV energy are incident on a hydrogen target. Occasionally one will scatter, causing a target proton to recoil. 

[image: image-placeholder]

Suppose (Fig. 1) that we have counter telescopes T1 and T2 which register when suitable protons are going towards distant counters C1 and C2. With ideal arrangements, registering of both T1 and T2 will then imply registering of both C1 and C2 after appropriate time decays [delays?]. Suppose next that C1 and C2 are preceded by filters that pass only particles of given polarization, say those with spin projection +1 along the z axis. Then one or both of C1and C2 may fail to register. Indeed for protons of suitable energy one and only one of these counters will register on almost every suitable occasion — i.e., those occasions certified as suitable by telescopes T1 and T2. This is because proton-proton scattering at large angle and low energy, say a few MeV, goes mainly in S wave. But the antisymmetry of the final wave function then requires the antisymmetric singlet spin state. In this state, when one spin is found “up” the other is found “down”. This follows formally from the quantum expectation value
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where ½σz(1) and ½σz(2) are the z component spin operators for the two particles.



Suppose now the source-counter distances are such that the proton going towards C1 arrives there before the other proton arrives at C2. Someone looking at counter C1 will not know in advance whether it will or will not register. But once he has noted what happens to C1 at the appropriate time, he immediately knows what will happen subsequently to C2, however far away C2 may be.[Bell again uses conservation of total spin to get this "knowledge-at-a-distance."] 


Some people find this situation paradoxical. They may, for example, have come to think of quantum mechanics as fundamentally indeterministic. In particular they may have come to think of the result of a spin measurement on an unpolarized particle (and each particle, considered separately, is unpolarized here) as utterly indefinite until it has happened. And yet here is a situation where the result of such a measurement is perfectly definitely known in advance. 


Did it only become determined at the instant when the distant particle passed the distant filter? But how could what happens a long way off change the situation here? Is it not more reasonable to assume that the result was somehow predetermined all along?



It did become determined (but it was not predetermined beforehand) by the measurement at C1, which collapses the entangled two-particle wave function


Since Bell's original work, many other physicists have defined other "Bell inequalities" and developed increasingly sophisticated experiments to test them. Most recent tests have used oppositely polarized photons coming from a central source.  Here, it is the total photon spin that is conserved. 




The first experiments that confirmed Bell's Theorem were done by John Clauser and Stuart Freedman in 1971, Clauser and Abner Shimony described the first few experiments in a 1978 review. There they agreed with Bell about measurements on two spin 1/2 particles, as suggested by David Bohm. Clauser and Shimony wrote...


A variant of EPR’s argument was given by Bohm and Aharonov (1957), formulated in terms of
discrete states. He considered a pair of spatially separated spin-1/2 particles produced 
somehow in a singlet state, for example, by dissociation of the spin-0 system...

Suppose that one measures the spin of
particle 1 along the x axis. The outcome is not predetermined by the description [wave function] 
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.
But from it, one can predict that if particle 1 is found to have its spin parallel to the
x axis, then particle 2 will be found to have its spin antiparallel to the x axis if the x component of its spin is also measured. 


Thus, an experimenter can arrange the
apparatus in such a way that he can predict the value of the x component of spin of
particle 2 presumably without interacting with it (if there is no action-at-a-distance).



Likewise, he can arrange the apparatus so that he can predict any other component
of the spin of particle 2. The conclusion of the argument is that all components of
spin of each particle are definite, which of course is not so in the quantum-mechanical
description. Hence, a hidden-variables theory seems to be required. 



When the x component is measured, the y and z components are rendered indeterminate.  The spin components are not simultaneously definite! 
David Bohm and Yakir Aharonov made this flawed argument for electrons. David Mermin claimed entangled photons are polarized in all directions. They wanted to deny possible common causes.


Clauser and Shimony are wrong to conclude that measuring one spin component would render spin components in all directions definite. If all three x, y, z components of spin had definite values of 1/2, the resultant vector (the diagonal of a cube with side 1/2) would be 3½/2. This is impossible. Spin is always quantized at ℏ/2. The unmeasured components are in a linear combination of + ℏ/2 and - ℏ/2 (with average value zero!).


Although Bell's Theorem is one of the foundational documents in the "Foundations of Quantum Mechanics," it is cited much more often than the confirming experiments are explained, because they are quite complicated. The most famous explanations are given in terms of analogies, with flashing lights, dice throws, or card games. See David Mermin. What is needed is an explanation describing exactly what happens to the quantum particles and their statistics. 


All recent experiments are compared not to Bell's original inequality but to the CHSH inequality, the work of John Clauser, Michael Horne, Abner Shimony, and Richard Holt. 





When the two particles reach the polarizers a and b they are always found in opposite spin states (one up or +, the other down or -). This is consistent with Einstein's "objective reality" that the particles have had those values since their mutual state were prepared (entangled) at t=0. 

Now this is true whether σx or σy is measured (assuming the transmission axis is along the z direction). But keep in mind that if σx is measured, σy is then indeterminate. 


This is why we say that the outcome of a measurement depends on the "free choice" of the experimenter. A choice to measure in the x direction gives us a value of the spin-component in the x direction, σx. Did the spin in the x direction exist before the measurement? No. Did the spins in the two orthogonal directions exist before the measurement? No. Those orthogonal spins definitely do not exist after the measurement, since the measurement is also a state preparation. σx now exists, σy and σz do not.


All three potential spins are latent in the rotationally invariant state with total spin 0, in the sense that whichever direction is chosen for a measurement, if the same direction is chosen for the other particle it will be found to have opposite spin (by conservation of angular momentum). If a different direction is chosen for the other particle, it will no longer be perfectly correlated with the first particle spin.  


When photons are used, their boson spins are ±1, not ±1/2. But if photons are entangled with opposite spins so the total spin is zero, the results of Bell tests will be the same.   



Experimental Results


With the exception of some of Holt's early results that were found to be erroneous, no evidence has so far been found of any failure of standard quantum mechanics. And as experimental accuracy has improved by orders of magnitude, quantum physics has correspondingly been confirmed to one part in 1018, and the speed of the any information transfer between particles has a lower limit of 106 times the speed of light. There has been no evidence for local "hidden variables."

Bell Theorem tests usually add what Bell called "filters," polarization analyzers whose polarization angles can be set, sometimes at high speeds between the so-called "first" and "second" measurements. 




On David Bohm's "Impossible" Pilot Wave


John Bell reflected on Bohm's Pilot Wave in 1987... 


Why is the pilot wave picture ignored in textbooks? Should it not be taught, not as the only way, but as an antidote to the prevailing complacency? To show that vagueness, subjectivity, and indeterminism are not forced on us by experimental facts, but by deliberate theoretical choice?
   


Bohm’s 1952 papers on quantum mechanics were for me a revelation. The elimination of indeterminism was very striking. But more important, it seemed to me, was the elimination of any need for a vague division of the world into “system” on the one hand, and “apparatus” or “observer” on the other. I have always felt since that people who have not grasped the ideas of those papers ... and unfortunately they remain the majority ... are handicapped in any discussion of the meaning of quantum mechanics.

A preliminary account of these notions was entitled “Quantum field theory without observers, or observables, or measurements, or systems, or apparatus, or wavefunction collapse, or anything like that”. This could suggest to some that the issue in question is a philosophical one. But I insist that my concern is strictly professional. I think that conventional formulations of quantum theory, and of quantum field theory in particular, are unprofessionally vague and ambiguous. Professional theoretical physicists ought to be able to do better. Bohm has shown us a way.
   




Superdeterminism



During a mid-1980's interview by BBC Radio 3 organized by P. C. W. Davies and J. R. Brown, Bell proposed the idea of a "superdeterminism" that could explain the correlation of results in two-particle experiments without the need for faster-than-light signaling. The two experiments need only have been pre-determined by causes reaching both experiments from an earlier time.
   I was going to ask whether it is still possible to maintain, in the
light of experimental experience, the idea of a deterministic universe?
You know, one of the ways of understanding this business is to
say that the world is super-deterministic. That not only is inanimate
nature deterministic, but we, the experimenters who
imagine we can choose to do one experiment rather than another,
are also determined. If so, the difficulty which this experimental
result creates disappears.

Free will is an illusion - that gets us out of the crisis, does it?

That's correct. In the analysis it is assumed that free will is
genuine, and as a result of that one finds that the intervention of
the experimenter at one point has to have consequences at a
remote point, in a way that influences restricted by the finite
velocity of light would not permit. If the experimenter is not free
to make this intervention, if that also is determined in advance,
the difficulty disappears.
   


Bell's superdeterminism would deny the important "free choice" of the experimenter (originally suggested by Niels Bohr and Werner Heisenberg) and later explored by John Conway and Simon Kochen. Conway and Kochen claim that the experimenters' free choice requires that atoms must have free will, something they call their Free Will Theorem. 


Following John Bell's idea, Nicholas Gisin and Antoine Suarez argue that something might be coming from "outside space and time" to correlate results in their own experimental tests of Bell's Theorem. Roger Penrose and Stuart Hameroff have proposed causes coming "backward in time" to achieve the perfect EPR correlations, as has philosopher Huw Price.




A Preferred Frame?


A little later in the same BBC interview, Bell suggested that a preferred frame of reference might help to explain nonlocality and entanglement.
   

[Davies] Bell's inequality is, as I understand it, rooted in two assumptions: the
first is what we might call objective reality - the reality of the external
world, independent of our observations; the second is locality, or
non-separability, or no faster-than-light signalling. Now, Aspect's
experiment appears to indicate that one of these two has to go. Which
of the two would you like to hang on to?
[Bell] Well, you see, I don't really know. For me it's not something
where I have a solution to sell! For me it's a dilemma. I think it's
a deep dilemma, and the resolution of it will not be trivial; it will
require a substantial change in the way we look at things. But I
would say that the cheapest resolution is something like going
back to relativity as it was before Einstein, when people like
Lorentz and Poincare thought that there was an aether - a
preferred frame of reference - but that our measuring instruments
were distorted by motion in such a way that we could not 
detect motion through the aether. Now, in that way you can
imagine that there is a preferred frame of reference, and in this
preferred frame of reference things do go faster than light. But
then in other frames of reference when they seem to go not only
faster than light but backwards in time, that is an optical illusion.
  


The standard explanation of entangled particles usually begins with an observer A, often called Alice, and a distant observer B, known as Bob. Between them is a source of two entangled particles. The two-particle wave function describing the indistinguishable particles cannot be separated into a product of two single-particle wave functions.


The problem of faster-than-light signaling arises when Alice is said to measure particle A and then puzzle over how Bob's (later) measurements of particle B can be perfectly correlated, when there is not enough time for any "influence" to travel from A to B. 


Now as John Bell knew very well, there are frames of reference moving with respect to the laboratory frame of the two observers in which the time order of the events can be reversed. In some moving frames Alice measures first, but in others Bob measures first. 


Back in the 1960's, C. W. Rietdijk and Hilary Putnam argued that physical determinism could be proved to be true by considering the experiments and observers A and B in a "spacelike" separation and moving at high speed with respect to one another.  Roger Penrose developed a similar argument in his book The Emperor's New Mind. It is called the Andromeda Paradox.


If there is a preferred frame of reference, surely it is the one in which the origin of the two entangled particles is at rest. Assuming that Alice and Bob are also at rest in this frame and equidistant from the origin, we arrive at the simple picture in which any measurement that causes the two-particle wave function to collapse makes both particles appear simultaneously at determinate places (just what is needed to conserve energy, momentum, angular momentum, and spin).


Because a "preferred frame" has an important use in special relativity, where all inertial frames are equivalent, we might call this frame a "special frame."


[image: image-placeholder]


The EPR "paradox" is the result of a naive non-relativistic description of events. Although the two events (measurements of particles A and B) are simultaneous in our special frame, the space-like separation of the events means that from Alice's point of view, any knowledge of event B is out in her future. Bob likewise sees Alice's event A out in his future. These both cannot be true. Yet they are both true (and in some sense neither is true). Thus the paradox.  


Instead of just one particle making an appearance in the collapse of a single-particle wave function, in the two-particle case, when either particle is measured, we know instantly those properties of the other particle that satisfy the conservation laws, including its location equidistant from, but on the opposite side of, the source, and its other properties such as spin.


Let's look at an animation of the two-particle wave function expanding from the origin and what happens when, say, Alice makes a measurement.


[image: image-placeholder]


You can compare the collapse of the two-particle probability amplitude above to the single-particle collapse here.



We can enhance our visualization of what might be happening between the time two entangled electrons are emitted with opposite spins and the time one or both electrons are detected.


Quantum mechanics describes the state of the two electrons as in a linear combination of | + - > and | - + > states.  We can visualize the electron moving left to be both spin up | + > and spin down | - >. And the electron moving right would be both spin down | - > and spin up | + >.  We could require that whenever the left electron is spin up | + >, the right electron must be spin down | - >, so that total spin is always conserved.


But this cannot be true in just one particular direction, The two-particle wave function 
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 is spherically symmetric, the same in all directions, like the singlet state in the helium atom and hydrogen molecule. In the language of the Copenhagen interpretation, we can say this property will "come into existence" for whichever direct is measured. 


Consider this possible animation of the experiment, which illustrates the assumption that each electron is in a linear combination of up and down spin. It imitates the superposition (or linear combination) with up and down arrows on each electron oscillating quickly, always opposite to one another. 


Notice that if you move the animation frame by frame by dragging the dot in the timeline, you will see that total spin = 0 is always conserved. When one electron is spin up the other is always spin down. The overall two-particle state remains rotationally symmetric at all times.


Note that we can challenge the idea that spins are oscillating. Would a force of some kind be needed to change the spins in sync? Perhaps we can see the rapid changes like resonance phenomena in molecular bonds?


🎬Videohttps://www.informationphilosopher.com/animations/Animate_EPR_Osc.mp4


Standard quantum mechanics says we cannot know the spin until it is measured, our minimal information estimate is a 50/50 probability between up and down.


This is the same as assuming Schrödinger's Cat is 50/50 alive and dead. But what this means of course is simply that if we do a large number of identical experiments, the statistics for live and dead cats will be approximately 50/50%. We never observe/measure a cat that is both dead and alive, always either dead or alive!


As Einstein noted, QM tells us nothing about individual cats. Quantum mechanics is incomplete in this respect. He is correct, although Bohr and Heisenberg insisted QM is complete, because we cannot know more before we measure, and reality is created (they say) when we do measure.


Despite accepting that a particular value of an "observable" can only be known by a measurement (knowledge is an epistemological problem, Einstein asked whether the particle actually (really, ontologically) has a path and position before we measure it?  His answer was yes.

Below is an animation that illustrates the assumption that the two electrons are randomly produced in states that have latent components that conserve spin momentum, and that they remain in those states no matter how far they separate, provided neither interacts with anything else before the measurement. 


Since each electron has only one unit of electron spin (a  magnetic moment equal to one Bohr magneton), we can only say that if measured in a given direction, the spin will be projected into that direction for the left electron, into the opposite direction for the right electron.


🎬Videohttps://www.informationphilosopher.com/animations/Animate_EPR.mp4

Werner Heisenberg and later Paul Dirac and others refer to the "free choice" of the experimenter as to which direction is chosen to measure. But then Dirac adds that nature makes a random choice as to whether to find the electron spin is up or down in that chosen direction.


Entanglement adds the nonlocality and non-separability that is caused by the (single) two-particle wave function collapsing symmetrically and simultaneously in our special frame.




How Mysterious Is  Entanglement?


Some commentators say that nonlocality and entanglement are a "second revolution" in quantum mechanics, "the greatest mystery in physics," or "science's strangest phenomenon," and that quantum physics has been "reborn." They usually quote Erwin Schrödinger as saying

"I consider [entanglement] not as one, but as the characteristic trait of quantum mechanics, the one that enforces its entire departure from classical lines of thought."


Schrödinger knew that his two-particle wave function Ψ12 could not have the same simple interpretation as the single particle, which can be visualized in ordinary 3-dimensional configuration space. And he is right that entanglement apparently exhibits a richer form of the apparent "action-at-a-distance" and nonlocality that Einstein had already identified in the collapse of the single particle wave function. 

But the main difference is that two particles acquire new properties instead of one, and they appear to do it instantaneously (at faster than light speeds), just as in the case of a single-particle measurement, the probability of finding that particular single particle anywhere else is instantaneously zero.


Nonlocality and entanglement are thus just another manifestation of Richard Feynman's "only" mystery. In both single-particle and two-particle cases paradoxes appear only when we attempt to describe individual particles following specific paths to measurement by observer A (and/or observer B). 


We cannot know the specific paths at every instant without measurements. But Einstein has told us that at every instant the particles are conserving momentum, despite our lack of knowledge between individual experiments.


We can ask what happens if Bob is not at the same distance from the origin as Alice, but farther away. When Alice detects the particle (with say spin up), at that instant the other particle also becomes determinate (with spin down) at the same distance on the other side of the origin. It now continues, in that determinate state, to Bob's measuring apparatus.




Recall Bell's description of the process (quoted above), with its bias toward assuming first one measurement is made, and the other measurement is made later.


If measurement of the component σ1 • a, where a is some unit vector, yields the value + 1 then, according to quantum mechanics, measurement of σ2 • a must yield the value — 1 and vice versa... Since we can predict in advance the result of measuring any chosen component of σ2, by previously measuring the same component of σ1, it follows that the result of any such measurement must actually be predetermined. 


Since the collapse of the two-particle wave function is indeterminate, nothing is pre-determined, although σ2 is indeed determined to have opposite sign (to conserve spin momentum) once σ1 is measured. Here Bell is describing the "following" measurement to be in the same direction as the "previous" measurement. In Bell's description, Bob is measuring "the same component" as Alice, meaning that he measures at the same angle as Alice.

If Bob should measure in a different spin direction from Alice (a different spin component), his measurements will lose their perfect correlation, slowly at first for a small angle. As the angle between their measurements increases, the correlation falls off as the cosine of the angle. Oddly, Bell's inequality for local hidden variables predicts a linear falloff with angle. We shall try to understand how Bell came up with a linear angle dependence for what he called his ad hoc model and later his "inequality."



Supporters of the Copenhagen Interpretation claim that the properties of particles (like angular or linear momentum) do not exist until they are measured. It was Pascual Jordan who claimed the measurement creates the value of a property. This is true when the preparation of the state is in an unknown linear combination (superposition) of quantum states.


In our case, the entangled particles have been prepared in a superposition of states, but both of them have total spin zero.
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So whichever of these two states is created by the preparation, it will put the two particles in opposite spin states, randomly + - or - + , but still supporting Bell's view, that they will be perfectly (anti-)correlated when measured at exactly the same angle (measuring the same spin component).

Wolfgang Pauli called it a "measurement of the first kind" when a system is prepared in a state and if measured again, will be certainly found in the same state. (This is the basis for the quantum zeno effect.) 


Since our two electrons have been prepared with one spin up and the other down, what could possibly cause them to change, for example, to both spins in the same direction, or as Copenhagen claims, simply to have both spins no longer definite until the next measurement?


As long as nothing interferes with either entangled particle as they travel to the distant detectors, they will be found to be still perfectly correlated, if (and only if) they are measured at the same angle. Otherwise, the correlations should fall off as the cosine (or perhaps the square of the cosine?) of the angle difference.  


[image: image-placeholder]
 

We can illustrate the straight-line predictions of Bell's inequalities for local hidden variables, the cosine curves predicted by quantum mechanics and conservation of angular momentum, and the odd "kinks" at angles 0°, 90°, 180°, and 270°, with what is called a "Popescu-Rorhlich box."

This inscribed square is called the Bell polytope.
 
It shows Bell’s local hidden variables prediction as four straight lines of the inner square. The circular region of quantum mechanics correlations are found outside Bell's straight lines, "violating" his inequalities. Quantum mechanics and Bell's inequalities meet at the corners, where Bell's predictions show a distinctly non-physical right-angle that Bell called a "kink."


All experimental results have been found to lie along the curved quantum predictions called the "Tsirelson bound." 



[image: image-placeholder]

In 1976, Bell gave us this diagram of the "kinks" in his local hidden variables inequality. He says,


Unlike the quantum correlation, which is stationary in θ at θ = 0, at the hidden variable correlation must have a kink there


Bell provides us no physical insight into the "kinky" square shape of his "local hidden variables" inequality. 




In his famous 1981 article on "Bertlmann's Socks," Bell explains that the predictions for his "ad hoc" model are linear in the angle difference |a - b|, and he notes the fact that his inequality only agrees with the quantum predictions at the corners of the square of linear predictions above, and not at intermediate angles.

To account then for the Einstein-Podolsky-Rosen-Bohm correlations we have only to assume that the two particles emitted by the source have oppositely directed magnetic axes. Then if the magnetic axis of one particle is more nearly along (than against) one Stern-Gerlach field, the magnetic axes of the other particle will be more nearly against (than along) a parallel Stern- Gerlach field. So when one particle is deflected up, the other is deflected down, and vice versa. There is nothing whatever problematic or mind-boggling about these correlations, with parallel Stern-Gerlach analyzers, from the Einsteinian point of view.

So far so good. But now go a little further than before, and consider non-parallel Stern-Gerlach magnets. Let the first be rotated away from some standard position, about the particle line of flight, by an angle a. Let the second be rotated likewise by an angle b. Then if the magnetic axis of either particle separately is randomly oriented, but if the axes of the particles of a given pair are always oppositely oriented, a short calculation gives for the probabilities of the various possible results, in the ad hoc model,...


P(up, down) = P(down, up) = 1/2 - |a-b|/2π


where ‘up’ and ‘down’ are defined with respect to the magnetic fields of the two magnets. However, a quantum mechanical calculation gives


P(up, down) = P(down, up) = 1/2 - 1/2(sin(a - b)/2)2 [= 1/2(cos(a - b)/2)2]


Thus the ad hoc model does what is required of it (i.e., reproduces quantum mechanical results) only at (a — b) = 0, (a - b) = π/2 and (a — b) = π, but not at intermediate angles.



What was Bell's "short calculation" that gives "the probabilities of possible results" in his ad hoc model as linearly proportional to the angle |a-b|?? 


And what exactly was Bell's "quantum mechanical calculation" that gives us probabilities proportional to the cosine of the angle |a-b| squared? Perhaps he just used the well-known "law of Malus?"


Bell does not give us any underlying physical reasons for the linear dependence on angle. He clearly knows that his linear "inequality" is a strong challenge to the curved cosine prediction of quantum mechanics. 


And Bell's odd prediction of sharp corners or "kinks" where his straight lines turn ninety degrees (it is only at these corners where his linear inequality agrees with the curving quantum mechanics), surely should have prompted Bell to give us a deeper explanation of his theorem?


A few years after Bertlmann's Socks, Bell described today's standard version of his inequality that is based on a limiting condition on values of experimental outcomes. It's known as the CHSH inequality (for John Clauser, Michael Horne, Abner Shimony, and Richard Holt).


Bell wrote



A theory can be said to be locally causal if the probabilities attached to values of local beables in a spacetime region 1 are unaltered by specification of values of local beables in a space-like
separated region 2, when what happens in the backward light cone
of 1 is already sufficiently specified, for example by a full specification
of local beables in a space-time region 3 (Fig. 4).
[image: image-placeholder]

Fig. 4. Full specification of what happens in 3 makes events in 2 irrelevant for
predictions about 1 in a locally causal theory.


It is important that region 3 completely shields off from 1 the overlap
of the backward light cones of 1 and 2. And it is important that events
in 3 be specified completely. Otherwise the traces in region 2 of causes
of events in 1 could well supplement whatever else was being used for
calculating probabilities about 1. The hypothesis is that any such information
about 2 becomes redundant when 3 is specified completely.



But it is not clear how Bell's "shield" in region 3 could prevent common causes coming from the initial entanglement. Bell does not say where a common cause could be located, but he does hint at it with the region below the letters c c in this later diagram describing the CHSH inequality. This region is in the overlap of the backward light cones of 1 and 2. See Travis Norsen's placement of the common cause in the shared backward light cone.

[image: image-placeholder]


Fig. 6. Diagram for CHHS inequality derivation.


We can add Travis Norsen's placement of the common cause in the shared backward light cone. It clearly shows our three steps explaining entanglement: the initial entanglement at the common causal center ("flash"), the traveling of the particles and the spherically symmetric two-particle wave function 
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 ("grey dashed lines") to the separated measurement devices 1/A and 2/B, and finally the measurement devices, each with two possible outputs, each producing a single bit of information, each bit randomly up (1) or down (0), but jointly always perfectly correlated to conserve total spin zero.

[image: image-placeholder]


Fig. 8.5. Space-time diagram for the Bell experiment. The particle pair is emitted at the "flash" at the bottom of the diagram: world lines for the two individual particles flying apart in opposite directions are represented by the grey dashed lines...The apparatus settings n1 and n2 are shown as "inputs" to the measurements occuring in regions 1 and 2, whereas the individual outcomes A and B are shown as "outputs."



Quantum Randomness and Free Will


In the last few pages of his writing before an untimely death, Bell comments on the great controversy over determinism and free will.

Einstein, Podolsky, and Rosen decided that the wavefunction, making no distinction
whatever between one possibility and another, could not be the whole
story. And they conjectured that a more complete story would be locally
causal.

However it has turned out that quantum mechanics cannot be
‘completed’ into a locally causal theory, at least as long as one allows,
as Einstein, Podolsky and Rosen did, freely operating experimenters.


An essential element in the reasoning here is that a and b are free
variables. One can envisage then theories in which there just are no free
variables for the polarizer angles to be coupled to. In such ‘superdeterministic’
theories the apparent free will of experimenters, and any other
apparent randomness, would be illusory. Perhaps such a theory could be
both locally causal and in agreement with quantum mechanical predictions.
However I do not expect to see a serious theory of this kind. I
would expect a serious theory to permit ‘deterministic chaos’ or
‘pseudorandomness’, for complicated subsystems (e.g. computers)
which would provide variables sufficiently free for the purpose at hand.
But I do not have a theorem about that.




Shaking the World


When John Clauser wrote to Bell suggesting an experimental test of his inequality, Bell replied               

"In view of the general success of quantum mechanics, it is very hard for me to doubt the outcome of such experiments. However, I would prefer these experiments, in which the crucial concepts are very directly tested, to have been done and the results on record."


And he added

"Moreover, there is always the chance of an unexpected result, which would shake the world."


Clauser later recalled to Gilder

"Being a young student in this age of revolutionary thinking, I naturally wanted to 'shake the world' ."


Fortunately, Clauser has indeed shaken the world, winning the 2022 Nobel Prize in Physics with Alain Aspect and Anton Zeilinger.




Can Perfect Correlations Be Explained by a Conservation Law?


We find that David Bohm and John Bellimplicitly, and Eugene Wignerexplicitly, used conservation of angular momentum (or particle spin) to tell us that if one spin-1/2 electron is measured up, the other must be down. Just as Albert Einsteinimplicitly used conservation of linear momentum in his development of the EPR Paradox.
David Bohm and Yakir Aharonov wrote in 1957,


We consider a molecule of total spin zero consisting
of two atoms, each of spin one-half. The wave function
of the system is therefore
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where  ψ+ (1)  refers to the wave function of the atomic
state in which one particle (A) has spin +ℏ/2, etc. The
two atoms are then separated by a method that does
not influence the total spin. After they have separated
enough so that they cease to interact, any desired component
of the spin of the first particle (A) is measured.
Then, because the total spin is still zero, it can immediately
be concluded that the same component of the
spin of the other particle (B) is opposite to that of A.


Eugene Wigner wrote in 1963


If a measurement of the momentum of one of the particles is carried out — the possibility of this is never questioned — and gives the result p, the state vector of the other particle suddenly becomes a (slightly damped) plane wave with the momentum -p. This statement is synonymous with the statement that a measurement of the momentum of the second particle would give the result -p, as follows from the conservation law for linear momentum. The same conclusion can be arrived at also by a formal calculation of the possible results of a joint measurement of the momenta of the two particles.

 
One can go even further: instead of measuring the linear momentum of one particle, one can measure its angular momentum about a fixed axis. If this measurement yields the value mℏ, the state vector of the other particle suddenly becomes a cylindrical wave for which the same component of the angular momentum is -mℏ. This statement is again synonymous with the statement that a measurement of the said component of the angular momentum of the second particle certainly would give the value -mℏ. This can be inferred again from the conservation law of the angular momentum (which is zero for the two particles together) or by means of a formal analysis. 


Writing a few years after Bohm, and one year before Bell, Wigner explicitly describes Einstein's conservation of momentum example as well as the conservation of angular momentum (spin) that explains perfect correlations between angular momentum (spin) components measured in the same direction

John Bell wrote in 1964,


With the example advocated by Bohm and Aharonov, the EPR argument is the following. Consider a pair of spin one-half particles formed somehow in the singlet spin state and moving freely in opposite directions. Measurements can be made, say by Stern-Gerlach magnets, on selected components of the spins σ1 and σ2. If measurement of the component σ1 • a, where a is some unit vector, yields the value + 1 then, according to quantum mechanics, measurement of σ2 • a must yield the value — 1 and vice versa. Now we make the hypothesis, and it seems one at least worth considering, that if the two measurements are made at places remote from one another the orientation of one magnet does not influence the result obtained with the other. 

Since we can predict in advance the result of measuring any chosen component of σ2, by previously measuring the same component of σ1, it follows that the result of any such measurement must actually be predetermined. 

Since the initial quantum mechanical wave function does not determine the result of an individual measurement, this predetermination implies the possibility of a more complete specification of the state.




"pre-determination" is too strong a term. The first measurement just "determines" the later measurement. We shall see that the second measurement is synchronous with the "first" in a "special" frame


Just like Bohm and Wigner, Bell is implicitly using the conservation of total spin. 

Albert Einstein made the same argument in 1933, shortly before EPR, though with conservation of linear momentum, asking Leon Rosenfeld, 


Suppose two particles are set in motion towards each other with
the same, very large, momentum, and they interact with each
other for a very short time when they pass at known positions.
Consider now an observer who gets hold of one of the particles,
far away from the region of interaction, and measures its
momentum: then, from the conditions of the experiment, he will
obviously be able to deduce the momentum of the other particle.
If, however, he chooses to measure the position of the first
particle, he will be able tell where the other particle is.


Supporters of the Copenhagen Interpretation claim that the properties of the particles (like angular or linear momentum) do not exist until they are measured. It was Pascual Jordan who claimed the measurement creates the value of a property. This is true when the preparation of the state is in an unknown linear combination (superposition) of quantum states.


And in our case, quantum mechanics describes the entangled particles as prepared in a superposition of two-particle states, but note that both of the states have total spin zero.
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Now this initial entangled state is spherically symmetric and rotationally invariant. It has no preferred spin direction that could "pre-determine" the directions that will be found by Alice and Bob, as Bell described.


The preferred direction is created by Alice's measurement, or by Bob's should he measure first in the "special frame" in which Alice and Bob are "at rest" and equidistant from the location of the initial entanglement.


Let's assume that Alice measures first and gets spin +1/2. The prepared state has been projected (randomly) into ψ+(1)  ψ-(2). 


But most important, Alice's measurement establishes the angle of her spin measurement - the angle of her Stern-Gerlach magnet in the x,y plane. Werner Heisenberg says it is her free choice to measure the x-component. As the Copenhagen Interpretation describes this , Alice brings this x-component property into existence. (This was Pascual Jordan's contribution to the interpretation.)


There was no x- or y-component in the rotationally invariant prepared entanglement.      

Paul Dirac pointed out that the actual value for the property depend's on what he calls "Nature's choice." The initial prepared state (1) might equally have collapsed into ψ-(2).  This is the source of the quantum randomness which is critically important for quantum encryption.


Whichever of the two states is projected by Alice's measurement, it breaks the original symmetry, and puts the two particles in opposite spin states, randomly + - or - +, supporting the views of Bohm, Wigner, and Bell, that particles will be perfectly (anti-)correlated when measured.


In our example, since Alice measured the x-component of spin as +1/2, Bob will necessarily (and because of conservation of angular momentum) measure the x-component as -1/2.


As we saw above, Wolfgang Pauli called it a "measurement of the first kind" when a system is prepared in a state, so that when measured, it will certainly be found in the same state. 


As long as nothing interferes with either entangled particle as they travel to the distant detectors (though perhaps decoherence?), they will be found to be perfectly correlated if (and only if) they are measured at the same angle (in our case, the x-component). Otherwise. the correlations should fall off as the square of the cosine of the angle difference. It is strange that Bell accepted an inequality that predicts correlations fall off with angle as a non-physical straight-line function with "kinks." 



In any case, conservation laws tell us that when either particle is measured, we know instantly those properties of the other particle, including its location equidistant from, but on the opposite side of, the entangling interaction, and all other conserved properties such as spin. 


But this is not "action-at-a-distance." It's just "knowledge-at-a-distance."


A more recent (2005) study showing that correlations in Bell tests is the result of conservation of angular momentum is "Correlation functions, Bell's inequalities and the fundamental conservation laws," by C. S. Unnikrishnan of the Tata Institute in India. He also discusses the odd  "kinks" in Bell's linear predictions of correlations compared to the conservation law curve.



No "Hidden Variables," but perhaps a "Hidden Constant of the Motion?"


We find no need for "hidden variables," whether local or non-local. But we might say that the conservation laws give us a "hidden constant." Conservation of a particular property is often described as a "constant of the motion." Such constants might be viewed as "local," in that they travel along with particles at all times, or as "global," in that they are a property of the two-particle probability amplitude wave function 
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 as it spreads out in space. 


This agrees with Bohm, and especially with Bell, who says that the spin of particle 2 is "predetermined" to be found up if particle 1 is measured to be down. 


But recall that the Copenhagen Interpretation says we cannot know a spin property until it is measured. So some claim that the spins are in an unknown combination of spin down and spin up until the measurements. It is this that suggests the possibility that both spins might be found in the same direction, violating conservation laws. 


Although electron spins in this situation are never found to be the same when measured in the same direction, the Copenhagen view gave rise to the idea of a hidden variable as some sort of signal that could travel to particle 2 after the measurement of particle 1, causing it to change its spin to be opposite that of particle 1. What sort of signal might this be? And what mechanism exists in a bare electron that receives the signal and then causes the electron to change its spin without an external force of some kind? 


Clearly, Wigner's explicit conservation of angular momentum, and the implicit claims of Bohm and Bell that the electron spins were prepared (entangled) in opposite states, give us the simplest and clearest explanations of the entanglement mystery. The intuitive idea that the particles were prepared with spins opposite can be interpreted as the "common cause" of the correlations.              


Despite accepting that a particular value of some "observables" can only be "known" by a measurement (knowledge is an epistemological problem) Einstein asked whether the particle actually (really, ontologically) has a path and position, even other properties, before we measure it?  His answer was yes.


So Einstein might agree with Wigner, Bohm, and with Bell about conservation, but assume that the two particles have opposite spins from the time of their entangling interaction. 


Could two "hidden constants" of the motion, one prepared with spin up, the other spin down, explain the fact of perfect correlations of opposing spins? The answer is NO!


Electron spin directions can be defined in just one of three dimensions. If spin in the x-direction is known, y-spin and z-spin are indeterminate.


Bohm and Aharonov explained this in 1957...


In quantum theory, a difficulty arises, in the interpretation of the above experiment, because only one
component of the spin of each particle can have a
definite value at a given time. Thus, if the x component
is definite, then the y and z components are indeterminate and we may regard them more or less as in a
kind of random fluctuation.



Given a single direction (or angle) for spins in the initial entanglement preparation, there is zero chance that Alice and Bob would observe in that exact direction or angle.



But what if the original entangled state with total spin angular momentum zero is rotationally symmetric, with no preferred direction. The original entangled state with total spin angular momentum zero is rotationally and spherically symmetric, the same in all directions. The preferred direction of measurement or angle for Alice and Bob is introduced by them, agreed to before they measure! Total spin angular momentum is conserved as zero at all times from the initial entanglement to their measurements (assuming that no environmental interaction disturbs either particle). As long as Alice and Bob now measure in the same plane (same direction, same angle), a new planar symmetry replaces the spherical symmetry and defines the one component of electron spin that Bohm and Aharonov say is allowed. The conservation of total angular momentum zero continues. As long as Alice and Bob measure in the chosen plane (preserving the symmetry), they maintain that conservation of total spin angular momentum. This zero total spin is a candidate "hidden constant of the motion." It does not specify which spin is up, which down, only that the total is zero.


As we saw above, quantum mechanics describes the entangled particles as prepared in a superposition of two-particle states, both of which have total spin zero.
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That "Nature's" initial choice of up-down versus down-up is 50/50 quantum random is half the explanation why the bit strings created by Alice and Bob can be used in quantum encryption. The second half is that while each string looks totally random, the two are perfectly anti-correlated bit by bit, although this cannot be confirmed unless the strings are shared for comparison over classical communication channels.   


These quantum keys have been distributed over a secure quantum communications channel that cannot be "tapped" by an eavesdropper without destroying the perfect correlation of the pair of bit strings.



A Common Cause, a Constant of the Motion, and Spherical Symmetry explain the Perfect Correlations of Entanglement


In our explanation of two-particle entanglement the first step and common cause is the formation of the spherical symmetric singlet state. 


The second step is the conservation of the total spin angular momentum (and its spherical symmetry), which is a constant of the motion as the entangled particles fly apart. 


The third step is the conserved spherical symmetry. As long as the two measurement devices are set at a (pre-agreed upon) same angle, they will have planar symmetry which bisects the spherical symmetry. Their measurement angle can then be arbitrary and the interactions will still produce perfectly correlated results.


Measurements made at different angles would destroy that symmetry, causing correlations to be reduced by cos2θ, where θ is the angle difference. This is the well-known "law of Malus."


Our three-step explanation of entanglement is a "principle theory," based on symmetries and conservation laws. It is not a "constructivist theory," based on experimental results




Principle Theories and Constructivist Theories 


In his 1933 essay, "On the Method of Theoretical Physics," Albert Einstein argued that the greatest physical theories would be built on "principles," not on constructions derived from physical experience. His theory of special relativity was based on the principle of relativity, that the laws of physics are the same in all inertial frames, along with the constant velocity of light in all frames.


Our explanation of entanglement as the result of "hidden constants" of the motion is based on conservation principles, which, as Emmy Noether showed, are based on still deeper principles of symmetry.


Our principle theory explaining entanglement is also supported by the empirical evidence that entangled electron spins are always found in opposite directions, conserving the total spin angular momentum as zero. We think Einstein might have approved.  


Note that our common cause, conservation law, and spherical symmetry explanation of entanglement in no way challenges the amazing generation of the perfectly correlated random bit strings that are used to encrypt secret messages. If anything, the conservation law provides an underlying theory for what is otherwise a mysterious set of "nonlocal" experimental results that has for the last few decades called for simply impossible faster-than-light interactions at a distance, unacceptable violations of Einstein's principle of relativity. 


That may remove some of the mystery (and the sales or marketing value) of quantum entanglement, of quantum teleportation of qubits used in quantum computing, and quantum cryptography, but surely it need not do so. These weird effects are the "resources" of the new quantum information science.


Finally, the quantum randomness at the heart of entanglement is the first stage in our two-stage model of free will.  




In 1987, Bell contributed an article entitled Are There Quantum Jumps? to a centenary volume for Erwin Schrödinger. 


Schrödinger strenuously denied quantum jumps or collapses of the wave function. Bell's title was inspired by two articles with the same title written by Schrödinger in 1952 (Part I, Part II).



Just a year before Bell's death in 1990, physicists assembled for a conference on 62 Years of Uncertainty (referring to Werner Heisenberg's 1927 principle of indeterminacy). 


 
John Bell's contribution to this conference was an article called "Against Measurement."  In it he attacked Max Born's statistical interpretation of quantum mechanics (which Born acknowledged was based on an original suggestion of Albert Einstein). And Bell praised the new ideas of GianCarlo Ghirardi and his colleagues, Alberto Rimini and Tomaso Weber:


In the beginning, Schrödinger tried to interpret his wavefunction as giving somehow the density of the stuff of which the world is made. He tried to think of an electron as represented by a wavepacket — a wave-function appreciably different from zero only over a small region in space. The extension of that region he thought of as the actual size of the electron — his electron was a bit fuzzy. At first he thought that small wavepackets, evolving according to the Schrödinger equation, would remain small. But that was wrong. Wavepackets diffuse, and with the passage of time become indefinitely extended, according to the Schrödinger equation. But however far the wavefunction has extended, the reaction of a detector to an electron remains spotty. So Schrödinger's 'realistic' interpretation of his wavefunction did not survive.

Then came the Born interpretation. The wavefunction gives not the density of stuff, but gives rather (on squaring its modulus) the density of probability. Probability of what exactly? Not of the electron being there, but of the electron being found there, if its position is 'measured.'


Why this aversion to 'being' and insistence on 'finding'? The founding fathers were unable to form a clear picture of things on the remote atomic scale. They became very aware of the intervening apparatus, and of the need for a 'classical' base from which to intervene on the quantum system. And so the shifty split.


The kinematics of the world, in this orthodox picture, is given
a wavefunction (maybe more than one?) for the quantum part, and
classical variables — variables which have values — for the classical part: (
  Ψ
(t, q, ...), X(t),...). The Xs are somehow macroscopic. This is not spelled out very explicitly. The dynamics is not very precisely formulated either. It includes a Schrödinger equation for the quantum part, and some sort of classical mechanics for the classical part, and 'collapse' recipes for their interaction.


It seems to me that the only hope of precision with the dual (
  Ψ
, X) kinematics is to omit completely the shifty split, and let both 
  Ψ
 and x refer to the world as a whole. Then the Xs must not be confined to some vague macroscopic scale, but must extend to all scales. In the picture of de Broglie and Bohm, every particle is attributed a position x(t). Then instrument pointers — assemblies of particles have positions, and experiments have results. The dynamics is given by the world Schrödinger equation plus precise 'guiding' equations prescribing how the x(t)s move under the influence of 
  Ψ
. Particles are not attributed angular momenta, energies, etc., but only positions as functions of time. Peculiar 'measurement' results for angular momenta, energies, and so on, emerge as pointer positions in appropriate experimental setups. Considerations of KG [Kurt Gottfried] and vK [N. G. van Kampen] type, on the absence (FAPP) [For All Practical Purposes] of macroscopic interference, take their place here, and an important one, is showing how usually we do not have (FAPP) to pay attention to the whole world, but only to some subsystem and can simplify the wave-function... FAPP.


The Born-type kinematics (
  Ψ
, X) has a duality that the original 'density of stuff' picture of Schrödinger did not. The position of the particle there was just a feature of the wavepacket, not something in addition. The Landau—Lifshitz approach can be seen as maintaining this simple non-dual kinematics, but with the wavefunction compact on a macroscopic rather than microscopic scale. We know, they seem to say, that macroscopic pointers have definite positions. And we think there is nothing but the wavefunction. So the wavefunction must be narrow as regards macroscopic variables. The Schrödinger equation does not preserve such narrowness (as Schrödinger himself dramatised with his cat). So there must be some kind of 'collapse' going on in addition, to enforce macroscopic narrowness. In the same way, if we had modified Schrödinger's evolution somehow we might have prevented the spreading of his wavepacket electrons. But actually the idea that an electron in a ground-state hydrogen atom is as big as the atom (which is then perfectly spherical) is perfectly tolerable — and maybe even attractive. The idea that a macroscopic pointer can point simultaneously in different directions, or that a cat can have several of its nine lives at the same time, is harder to swallow. And if we have no extra variables X to express macroscopic definiteness, the wavefunction itself must be narrow in macroscopic directions in the configuration space. This the Landau—Lifshitz collapse brings about. It does so in a rather vague way, at rather vaguely specified times.


In the Ghirardi—Rimini—Weber scheme (see the contributions of Ghirardi, Rimini, Weber, Pearle, Gisin and Diosi presented at 62 Years of Uncertainty, Erice, Italy, 5-14 August 1989) this vagueness is replaced by mathematical precision. The Schrödinger wavefunction even for a single particle, is supposed to be unstable, with a prescribed mean life per particle, against spontaneous collapse of a prescribed form. The lifetime and collapsed extension are such that departures of the Schrödinger equation show up very rarely and very weakly in few-particle systems. But in macroscopic systems, as a consequence of the prescribed equations, pointers very rapidly point, and cats are very quickly killed or spared.


The orthodox approaches, whether the authors think they have made derivations or assumptions, are just fine FAPP — when used with the good taste and discretion picked up from exposure to good examples. At least two roads are open from there towards a precise theory, it seems to me. Both eliminate the shifty split. The de Broglie—Bohm-type theories retain, exactly, the linear wave equation, and so necessarily add complementary variables to express the non-waviness of the world on the macroscopic scale. The GRW-type theories have nothing in the kinematics but the wavefunction. It gives the density (in a multidimensional configuration space!) of stuff. To account for the narrowness of that stuff in macroscopic dimensions, the linear Schrödinger equation has to be modified, in this GRW picture by a mathematically prescribed spontaneous collapse mechanism.


The big question, in my opinion, is which, if either, of these two precise pictures can be redeveloped in a Lorentz invariant way.


...All historical experience confirms that men might not achieve the possible if they had not, time and time again, reached out for the impossible. (Max Weber)

...we do not know where we are stupid until we stick our necks out. (R. P. Feynman)





Bell is correct that Schrödinger and before him Einstein thought that light waves and later that wave functions were carrying some kind of "stuff." For Einstein in 1905 it was radiation energy density. For Schrödinger it was electrical energy density.  Bell is also correct that the Schrödinger wave function has a kind of "duality" that Schrödinger never liked.


The deterministic and unitary evolution of the quantum mechanical wave function in the abstract Hilbert space of eigenvectors in many directions contains nothing that is physically real, no tangible energy, matter, potential, or force that controls the sudden and unpredictable "projection" of the wave function into one of the related eigenstates, thus producing the "expectation values" or eigenvalues of various operators for energy, momentum, or angular momentum. And for Werner Heisenberg, it predicted the radiation intensities of spectral lines given off when atoms "jump" between their discrete energy levels that confirmed his original theory of matrix mechanics.


If the wave function does not contain these physical entities, if it is only epistemological knowledge about physical things, if it is only immaterial and non-physical information with no ontological or "real" physical content, what is it?


If quantum mechanics does not include David Bohm's quantum potential traveling at infinite speeds and determining the precise positions and velocities of all particles, if it does not contain Ghirardi, Rimini, and Weber's additional terms to determine the moment of spontaneous collapse, if it does not, as Bell said, describe the electron as being there, but only of the electron being found there, if we have none of Bell's extra variables to determine the exact when and where of the "apparent collapse" to macroscopically definite outcomes, what then is "speakable" about quantum mechanics, as Bell would like to know beyond "for all practical purposes," .


The answer may be unacceptable to some who want the deterministic and  causal world that our macroscopic experiences and Newton's classical mechanics have led us to expect. It is simply that quantum mechanics is an indeterministic and statistical theory.  


The abstract mathematics of wave functions and vector spaces provides us only with probabilities. It allows us to calculate those probabilities with extraordinary mathematical precision. It predicts outcomes that experiments confirm to levels of accuracy unheard of in earlier theories. 


It perfectly predicts the nonlocality and apparent action-at-a-distance that worried Einstein and Bell.

[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=V8CCfOD1iu8
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On the 22nd of January 1990, Bell gave a talk explaining his theorem at CERN in Geneva 
organized by Antoine Suarez, director of the 
Center for Quantum Philosophy. 

There are links on the CERN website to the 
video of this talk, and to a transcription.



In this talk, Bell summarizes the situation as follows:


It just is a fact that quantum mechanical predictions and experiments, in so far as they have been done, do not agree with [my] inequality. And that's just a brutal fact of nature...that's just the fact of the situation; the Einstein program fails, that's too bad for Einstein, but should we worry about that? 

I cannot say that action at a distance is required in physics. But I can say that you cannot get away with no action at a distance. You cannot separate off what happens in one place and what happens in another. Somehow they have to be described and explained jointly. 



Bell gives three reasons for not worrying.
	Nonlocality is unavoidable, even if it looks like "action at a distance." 

[It does not, with a proper understanding of quantum physics. See our EPR page.]
	Because the events are in a spacelike separation, either one can occur before the other in some relativistic frame, so no "causal" connection can exist between them.
	No faster-than-light signals can be sent using entanglement and nonlocality. 


He concludes:

So as a solution of this situation, I think we cannot just say 'Oh oh, nature is not like that.' I think you must find a picture in which perfect correlations are natural, without implying determinism, because that leads you back to nonlocality. And also in this independence as far as our individual experiences goes, our independence of the rest of the world is also natural. So the connections have to be very subtle, and I have told you all that I know about them. Thank you.



The work of GianCarlo Ghirardi that Bell endorsed is a scheme that makes the wave function collapse by adding small (order of 10-24) nonlinear and stochastic terms to the linear Schrödinger equation. GRW can not predict when and where their collapse occurs (it is simply random), but the contact with macroscopic objects such as a measuring apparatus (with the order of 1024 atoms) makes the probability of collapse of order unity.

Information physics removes Bell's "shifty split" without "hidden variables" or making ad hoc non-linear additions like those of Ghirardi-Rimini-Weber to the linear Schrödinger equation. The "moment" at which the boundary between quantum and classical worlds occurs is the moment that irreversible observable information enters the universe.


So we can now look at John Bell's drawing of possible locations for his "shifty split" and identify the correct moment - when irreversibleinformation enters the universe.


[image: image-placeholder]



In the information physics solution to the problem of measurement, the timing and location of Bell's "shifty split" (the "cut" or "Schnitt" of Heisenberg and von Neumann) are identified with the interaction between quantum system and classical apparatus that collapses the wave function and leaves the apparatus in an irreversible stable state providing a record of information "observable" at that moment or later. 


As Bell may have seen, it is therefore not the conscious observer that is needed to "collapse" wave functions. It is the irreversibleinteraction of the quantum system with another system. The interaction must be one that changes the information about the system. And that means a local entropy decrease and overall entropy increase to make the information stable enough to be observed at that moment or much later by an experimenter.


This two-stage irreversible temporal process randomly decreases the physical entropy locally (an increase in information), requiring a compensating increase in global entropy (and decrease in information elsewhere) to satisfy the second law of thermodynamics. 


There is a deep relationship between immaterial information and material entropy that John Wheeler calls "It from Bit."


This two-step or two-stage temporal process explains not only the cosmic creation process, but also at least five other great problems in science and in philosophy. 


They include the two-step process of biological evolution, chance variations or mutations in the genetic code followed by natural selection of those with greater reproductive success, and the two-stage model of freedom of the human will, first random alternative possibilities followed by an adequately determined practical or moral choice to make one actual.

Claude Shannon's theory of the communication of information also involves these two steps or stages (see the Shannon principle). The amount of information communicated  depends on the number of possible messages. With eight possible messages, Shannon says one actual message communicates three bits of information (23 = 8).


The "weird" phenomenon of entanglement does not communicate information at faster than light speed as mistakenly thought. It causes two widely separated quantum particles, each with two random possible states, to coordinate their collapse into two actual perfectly correlated states. 


This requires 1) a common cause in the backward light cone of the two particles, 2) a constant of the motion that conserves the total spin angular momentum of the particles, and 3) the conserved spherical symmetry of the two-particle wave function, which must be measured at the same angle, in the same plane, to produce perfectly correlated outcomes.


Our model of the mind as an experience recorder and reproducer stores information in random possible synapses of neural networks and recalls actual memories from these wired Hebbian assemblies.
.
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John Tyler Bonner

John Tyler Bonner was a professor in the Department of Ecology and Evolutionary Biology at Princeton University. He pioneered in the use of cellular slime molds to understand evolution and development.


He published numerous articles and fourteen books , including the classics The Evolution of Complexity by Means of Natural Selection, On Development: The Biology of Form, and The Cellular Slime Molds.
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Julian Barbour

Julian Barbour is a British physicist with a Ph.D. from University of Cologne on general relativity. 


As an independent scholar, Barbour has published many articles and two influential books on the idea that time is an illusion, The End of Time in 1999 and Janus Point in 2020.


His theory is  an update of the work of the English metaphysician J.M.E.McTaggart,  an idealist philosopher in the tradition of G. W. F. Hegel and Francis H. Bradley.


McTaggart's 1908 book, The Unreality of TIme, argued that time should not be thought of as a series of events in a past, present, and future, which he called the "A-series." In this standard view of time, an event in the future is thought to change into a present event at the moment of time we arbitrarily call "now," then slip into becoming a "past" event. McTaggart thought this perception of changing time is an illusion.


Barbour very briefly mentions McTaggart in his first book but not at all in the later book.




Source: https://www.informationphilosopher.com/solutions/scientists/barbour/
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Leon Brillouin


In an important 1949 article entitled "Life, Thermodynamics, and Cybernetics,"  Brillouin was inspired by Norbert Wiener's new book Cybernetics and its connection of the new information theory with entropy and intelligence 


One of the most interesting parts in Wiener's Cybernetics is the discussion on "Time series, information, and communication," in which he specifies that a certain "amount of information is the negative of the quantity usually defined as entropy in similar situations.'

This is a very remarkable point of view, and it opens the way for some important generalizations of the notion of entropy. Wiener introduces a precise mathematical definition of this new negative entropy for a certain number of problems of communication, and discusses the question of time prediction: when we possess a certain number of data about the behavior of a system in the past, how much can we predict of the behavior of that system in the future?


In addition to these brilliant considerations, Wiener definitely indicates the need for an extension of the notion of entropy. "Information represents negative entropy"; but if we adopt this point of view, how can we avoid its extension to all types of intelligence? We certainly must be prepared to discuss the extension of entropy to scientific knowledge technical know-how, and all forms of intelligent thinking. Some examples may illustrate this new problem.


Compare Anthony Cashmore's view that a human being is just the same as a "bag of chemicals." Or Libb Thims'  Hmolpedia idea that we are just "human molecules."


Take an issue of the New York Times, the book on Cybernetics, and an equal weight of scrap paper. Do they have the same entropy? According to the usual physical definition, the answer is "yes." But for an intelligent reader, the amount of information contained in the three bunches of paper is very different. If "information means negative entropy," as suggested by Wiener, how are we going to measure this new contribution to entropy? Wiener suggests some practical and numerical definitions that may apply to the simplest possible problem of this kind. This represents an entirely new field for investigation and a most revolutionary idea.





"Intelligence" was what Claude Shannon's early  papers said was being transmitted, viz. knowledge, or "know-how."


   In his 1956 book Science and Information theory, Leon Brillouin coined the term "negentropy" for the negative entropy (a characteristic of free or available energy, as opposed to heat energy in equilibrium). He then connected it to information in what he called the "negentropy principle of information."


Brillouin described his principle as a generalization of Carnot's principle, that in the normal evolution of any system, the change in the entropy is greater than or equal to zero.



  Δ
  S
  ≥
  0
      (1)



Any increase in information ΔI must be compensated by an equal increase in entropy, so the more general form of equation 1 is:
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New information can only be obtained at the expense of the negentropy of some other system. The principal source of negentropy for terrestrial life is the sun, which acquired its low entropy state from the expanding universe followed by the collapse of material particles under the force of gravity.


Brillouin summarizes his ideas:


Acquisition of information about a physical system corresponds to a lower state of entropy for this system. Low entropy implies an unstable situation that will sooner or later follow its normal evolution toward stability and high entropy.

The second principle does not tell us anything about the time required, and hence we do not know how long the system will remember the information. But, if classical thermodynamics fails to answer this very important question, we can obtain the answer from a discussion of the molecular or atomic model, with the help of kinetic theory: the rate of attenuation of all sorts of waves, the rate of diffusion, the speed of chemical reactions, etc., can be computed from suitable models, and may vary from small fractions of a second to years or centuries.


These delays are used in all practical applications: it does not take very long for a system of pulses (representing dots and dashes, for instance) to be attenuated and forgotten, when sent along an electric cable, but this short time interval is long enough for transmission even over a long distance, and makes telecommunications possible.


A system capable of retaining information for some time can be used as a memory device in a computing machine. The examples discussed in the preceding section are not only interesting from a theoretical point of view, but they also show how to attack a practical problem. Let us consider, for instance, the problems of diffusion and spin distribution... The information stored in this system corresponds to a decrease in entropy. Our discussion shows how this situation is progressively destroyed by diffusion and collisions that increase the entropy and erase the information.


Entropy is usually described as measuring the amount of disorder in a physical system. A more precise statement is that entropy measures the lack of information about the actual structure of the system. This lack of information introduces the possibility of a great variety of microscopically distinct structures, which we are, in practice, unable to distinguish from one another. Since any one of these different microstructures can actually be realized at any given time, the lack of information corresponds to actual disorder in the hidden degrees of freedom.


This picture is clearly illustrated in the case of the ideal gas. When we specify the total number n of atoms, their mass m, their degeneracy factor g, and the total energy E..., we do not state the positions and velocities of each individual atom...Since we do not specify the positions and velocities of the atoms, we are unable to distinguish between two different samples of the gas, when the difference consists only in different positions and velocities for the atoms. Hence we can describe the situation as one of disordered atomic motion.


The origin of our modern ideas about entropy and information can be found in an old paper by Szilard5, who did the pioneer work but was not well understood at the time. The connection between entropy and information was rediscovered by Shannon6, but he defined entropy with a sign just opposite to that of the standard thermodynamical definition. Hence what Shannon calls entropy of information actually represents negentropy. This can be seen clearly in two examples (pages 27 and 61 of Shannon's book) where Shannon proves that in some irreversible processes (an irreversible transducer or a filter) his entropy of information is decreased. To obtain agreement with our conventions, reverse the sign and read negentropy.


The connection between entropy and information has been clearly discussed in some recent papers by Rothstein 7 in complete agreement with the point of view presented in this chapter.



Of course Brillouin should not be comparing information to classical thermodynamics, which has no concept of multiple possibilities with different probabilities, and the "logarithm of probabilities" that became entropy in the statistical mechanics of Boltzmann and Gibbs.


On Measurement Errors and Determinism


Brillouin emphasizes that experimental errors are inevitable and that it is unscientific to think of infinite accuracy in any measurement. Max Born, Ludwig Boltzmann, and even Isaac Newton knew this to be the case.


Brillouin says that this makes strict determinism impossible in scientific predictions. Laplace's demon can not acquire the infinite information needed to predict the future perfectly, just as Maxwell's demon cannot acquire the information needed to violate the second law, without destroying an equivalent amount of negentropy.


The natural evolution of any closed system involves a loss of information.


Mechanical laws are supposed to be reversible in time [This is said also of the unitary evolution of the Schrödinger equation in quantum mechanics], but this is true only if errors and experimental uncertainties are ignored. 


The theory of information provides us with a possibility...to define the amount of information obtained from a certain experiment, and to measure it in a precise way. We only need to know the field of uncertainty - before and after the observation. The logarithm of the ratio of these two uncertainties yields the amount of information. If the final uncertainty is very small (very accurate measurement) the information obtained is very large.

The mathematician dreams of measurements of infinite accuracy, defining for instance the position of a point without any possible error. This would mean an experiment yielding an infinite amount of information and this is physically impossible. One of the most important results of the theory is known as the "negentropy principle of information." It states that any information obtained from an experiment must be paid for in negentropy.


A very large amount of information shall cost a very high price, in negentropy. An infinite amount of information is unattainable. An infinitely short distance cannot be measured, and a physical continuum in space and time is impossible to define physically.


The role of experimental errors has been known for a very long time and was recognized by all scientists; but it was usually considered as a secondary effect, a source of nuisance that could be neglected in most occasions and should be ignored by the theory. The assumption was that errors could be made "as small as might be desired," by careful instrumentation, and played no essential role. This was the point of view of mathematicians discussing the axioms of geometry, and most physicists accepted, implicitly or explicitly, this kind of idealization. Modern physics had to get rid of these unrealistic schemes, and it was indispensable to recognize the fundamental importance of errors, together with the unpleasant fact that they cannot be made "as small as desired" and must be included in the theory.


The first instance was found in connection with statistical thermodynamics, but it was usually toned down and led to many (in our opinion often meaningless) discussions such as: how is it possible to obtain irreversible thermodynamics from strictly reversible mechanical laws ? We shall come back to this problem when discussing the exact meaning of determinism and show that it corresponds to a metaphysical creed, not to a physical law.


With Heisenberg's uncertainty principle, the fundamental role of experimental errors became a basic feature of physics. An additional law was stated in Chapters 12 and 16 called the "negentropy principle of information." It states that an observation yields a certain amount of information ΔI, and that this information can be quantitatively measured and compared with the entropy increase ΔS during the experimental measurement. The net result is (in entropy units)
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neg(ative) entropy. 


The Problem of Determinism


The laws of classical mechanics represent a mathematical idealization and should not be assumed to correspond to the real laws of nature. In many problems (astronomy, for instance) they yield wonderful results that agree with observation within experimental errors. In other fields they had to be amended (relativity, quantum mechanics). The classical viewpoint was to ignore the actual role and importance of experimental errors. Errors were assumed to be accidental; hence, it was always imagined that they could be made as small as one wished and finally ignored. This oversimplified picture led to the assumption of complete determinism in classical mechanics. We now have to realize that experimental errors are inevitable, a discovery that makes strict determinism impossible. Errors are an essential part of the world's picture and must be included in the theory.


Causality must be replaced by statistical probabilities; a scientist may or may not believe in determinism. It is a matter of faith, and belongs to metaphysics. Physical discussions are unable to prove or to disprove it. This general viewpoint may be called the "matter of fact" position.


M. Born states very clearly the situation. He quotes Einstein as saying that before quantum mechanics, it was assumed that "everything was to be reduced to objects situated in space-time, and to strict relations between these objects ... Nothing appeared to refer to our empirical knowledge about these objects... This is what was meant by a physical description of a real external world." This position appears as untenable in modern physics. We have no way to prove the existence of such a real external world, and it is very dangerous to speak of something we cannot observe. If we restrain our thinking to observable facts, we can only speak of possible relations between a certain experiment and another one, but we should never discuss what happens while we are not making any observation; we must candidly admit that we do not know (no more than we know what happens on the other side of the moon). The position defined in this way is taken by M. Born and agrees with the philosophy of science stated by the Vienna school.


Is such a viewpoint accepted by all physicists? The answer is far from clear. Pure mathematicians have great difficulty in agreeing with this inclusion of errors within the theory, and many theoretical physicists are still mathematicians at heart. The uncertainty relations of Bohr and Heisenberg are based upon the kind of thinking we tried to define. But when one looks at the further expansion of quantum theories, one is amazed at the many fancy visualizations describing physics in terms of unobservable entities. The language of physicists is loaded with a jargon understandable only to specialists; special names have been coined for terms in a series of approximations, as if each isolated term had a meaning (exchange terms, pair creation, virtual creation, and absorption of particles, etc.). Actually, only the final sum matters. Wise men know where and how to use these figures of language, and they are aware of their complete lack of reality. They realize that the jargon represents no more than an artificial way of describing complicated equations; but many physicists may be misled by such methods, which are really dangerous. In brief, quantum theory pays lip service to the sound principle of matter-of-fact descriptions, but soon forgets about it and uses a very careless language.


Besides mathematicians and quantum theoreticians, many scientists feel very reluctant to face the situation described above and to abandon old-fashioned ideas. They still believe in a real physical world following its own unperturbed evolution, whether we observe it or not. In order to reconcile this view with recent physical discoveries, they have to invent the existence of a number of "hidden variables" that we are unable to observe at present. In our opinion these hidden variables may do more harm than good. If we cannot observe them, let us admit that they have no reality and may exist only in the imagination of their authors. This is not meant to be a sarcasm. Imagination is absolutely needed in scientific research, and many important discoveries were, at the beginning, pure works of imagination ; they became important only later when experimental proof was obtained and checked with results predicted by pure imagination. Finally, the new experimental discoveries became the scientific basis for the part that had been verified by experiment.



Borel and the gram of matter on Sirius


In his 1964 book, Scientific Uncertainty, and Information, Brillouin cited Émile Borel (Introduction géométrique a quelques théories physiques, 1914, p.94) as explaining how an external disturbance could randomize the motions of molecules in a terrestrial gas.

C. It is impossible to study the properties of a single (mathematical) trajectory. The physicist knows only bundles of trajectories, corresponding to slightly different initial conditions.  Borel, for instance, computed that a displacement of 1 cm, on a mass of 1 gram, located somewhere in a not too distant star (say, Sirius) would change the gravitational field on the earth by a fraction 10-100. The present author went further and proved that any information obtained from an experiment must be paid for by a corresponding increase of entropy in the measuring device: infinite accuracy would cost an infinite amount of entropy increase and require infinite energy! This is absolutely unthinkable.

D. Let us simplify the problem, and assume that the laws of mechanics are rigorous, while experimental errors appear only in the determination of initial conditions. ln the bundle of trajectories defined by these conditions, some may be "nondegenerate" while others may "degenerate." The bundle may soon explode, be divided into a variety of smaller bundles forging ahead in different directions. This is the case for a model corresponding to the kinetic theory of gases. Borel computes that errors of 10-100 on initial conditions will enable one to predict molecular collisions for a split second and no more. It is not only "very difficult," but actually impossible to predict exactly the future behavior of such a model. The present considerations lead directly to Boltzmann's statistical mechanics and the so-called "ergodic" theorem.



Note that it is Brillouin, not Borel, who suggests Sirius

For Teachers
PhilPapers
Stanford Encyclopedia of Philosophy
Wikipedia


For Scholars





Source: https://www.informationphilosopher.com/solutions/scientists/brillouin/





  
  Leslie Ballentine
  

  


  
  Home › Solutions › Scientists › Ballentine
Leslie Ballentine

Leslie Ballentine is a professor of physics emeritus at Simon Fraser University in British Columbia, Canada.

He is best known for his careful description and defense of Albert Einstein's "ensemble" or "statistical" interpretation of quantum mechanics.


The Statistical Interpretation of quantum theory is formulated for the purpose of providing a sound interpretation
using a minimum of assumptions. Several arguments are advanced in favor of considering the quantum state description
to apply only to an ensemble of similarity prepared systems, rather than supposing, as is often done, that it exhaustively
represents an individual physical system. Most of the problems associated with the quantum theory of measurement
are artifacts of the attempt to maintain the latter interpretation. The introduction of hidden variables to determine the
outcome of individual events is fully compatible with the statistical predictions of quantum theory. However, a theorem
due to Bell seems to require that any such hidden-variable theory which reproduces all of quantum mechanics exactly
(i.e., not merely in some limiting case) must possess a rather pathological character with respect to correlated, but spacially
separated, systems.
   

The "pathological character" is nonlocality, which Einstein saw as early as 1905, and nonseparability, which he described in his 1935 EPR paper. When entangled systems are measured, their properties are perfectly correlated even though they show up at large spatial separations after the measurement. 


Ballentine does not seem to see that "correlated" measurements are actually made synchronously (in a special frame) as the two-particle wave function 
  
    Ψ
    
      12
    
  
 collapses for both particles when either particle is measured, or indeed when any interaction disentangles (decoheres) the two particles. All the properties of both particles become definite on the first measurement. A second measurement, on a now-distant particle, must conserve the total spin since spin is a constant of the motion. If spin was not conserved, it would be a much greater violation of the fundamental principles of physics than the appearance of Einstein's "spooky action at a distance."


Ballentine is convinced that Einstein understood quantum mechanics as well or better than most of his colleagues, a point also made by Arthur Fine a few years later.



A serious reading of Einstein’s Reply [to Critics, in Schilpp volume] should clear up
any misconceptions to the effect that he rejected
quantum theory or misunderstood its foundations. In
fact, he understood the essentially statistical nature of
quantum theory as well as any of his contemporaries,
and better than many. His only objection was against
the assumption that a wave function or state vector
could exhaustively describe an individual system, which
we have seen to be an unwarranted and troublesome
assumption. This fact, and the fact that Einstein
advocated a fully viable interpretation of quantum
theory (essentially the Statistical Interpretation of this
paper although he expressed himself more briefly), do
not seem to have been appreciated by his critics.
   



Ballentine also questions the common interpretation of Werner Heisenberg's uncertainty principle as resulting from a "disturbance" made by the measuring apparatus. 


The Uncertainty Principle finds its natural
interpretation as a lower bound on the statistical dispersion
among similarily prepared system (this interpretation
being deduced, not introduced ad hoc), and
is not in any real sense related to the possible disturbance
of a system by a measurement. The distinction
between measurement and state preparation
is essential for clarity. It is possible to extend the
formalism of quantum theory by the introduction of
joint probability distributions for position and momentum. This demonstrates that there is no conflict with
quantum theory in thinking of a particle as having
definite (but, in general, unknown) values of both
position and momentum, contrary to an earlier interpretation
of the uncertainty principle.
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Louis de Broglie was a critical link between the work of Albert Einstein and Max Born's statistical interpretation of quantum mechanics. But a quarter-century later, de Broglie's ideas were revived and re-interpreted by David Bohm as faster-than-light potentials and forces at a deeper level of reality than indeterministic quantum mechanics. Bohm saw these superluminal forces as instantaneous connections between all the particles of a "holistic" and deterministic universe.


It was de Broglie who first argued that if light, which was thought to consist of continuous waves, is actually discrete particles (which Einstein called light quanta in 1905, later called photons), then matter, which is known to consist of discrete particles, might also have a continuous wave nature. Einstein enthusiastically endorsed d Broglie's view.


The fundamental idea of [my 1924 thesis] was the following: The fact that, following Einstein's introduction of photons in light waves, one knew that light contains particles which are concentrations of energy incorporated into the wave, suggests that all particles, like the electron, must be transported by a wave into which it is incorporated... My essential idea was to extend to all particles the coexistence of waves and particles discovered by Einstein in 1905 in the case of light and photons."


De Broglie called the light wave "transporting" the photon a "pilot wave," where Einstein had called it a "ghost field" or "guiding field," without attributing any controlling energy, force, or impulse to the field.


Einstein said that the light wave at some position is a measure of the probability of finding a light particle there, that is, the intensity of the light wave is proportional to the number of photons there. It may have been implicit in his 1905 light quantum hypothesis, as de Broglie seems to think.


Although Einstein had described "ghost" and "guiding" fields to colleagues as early as 1921, we don't have specific quotes from Einstein until 1927 at the fifth Solvay conference, where he explains it in terms of the absolute square of Erwin Schrödinger's new wave function ψ.


 |ψ|2 expresses the probability that there exists at the point considered a particular particle of the cloud, for example at a given point on the screen.
   

Schrödinger violently disagreed with Einstein's probabilities and his statistical interpretation of the wave function, which became a part of Niels Bohr and Werner Heisenberg Copenhagen interpretation of quantum mechanics. For Schrödinger, the light wave was distributed energy, and for matter particles like the electron, his wave function was distributed matter and charge. Einstein too became disillusioned with his own discovery of chance and the statistical basis of quantum mechanics, the most famous critic of quantum mechanics for the rest of hia life. 


Over a year earlier than the Solvay conference, in July of 1926, Max Born used de Broglie's matter waves, as described by Schrödinger's wave equation, to quantify the interpretation of the wave as the probability of finding an electron going off in a specific collision direction as proportional to the square of the probability amplitude wave function in that direction. Born gave full credit to Einstein, de Broglie, and Schrödinger for the idea, although the "statistical interpretation" and the role of chance itself is pure Einstein.


Born wrote in 1926...


Collision processes not only yield the most convincing experimental
proof of the basic assumptions of quantum theory, but also seem suitable for explaining
the physical meaning of the formal laws of the so-called “quantum mechanics.” 

Indeed,
as it seems, it always produces the correct term values of the stationary states and the
correct amplitudes for the oscillations that are radiated by the transitions, but opinions are
divided regarding the physical interpretation of the formulas. The matrix form of
quantum mechanics  that was founded by Heisenberg and developed by him and the
author of this article starts from the thought that an exact representation of processes in
space and time is quite impossible and that one must then content oneself with presenting
the relations between the observed quantities, which can only be interpreted as properties
of the motions in the limiting classical cases. On the other hand, Schrödinger (3) seems
to have ascribed a reality of the same kind that light waves possessed to the waves that he
regards as the carriers of atomic processes by using the de Broglie procedure; he attempts
“to construct wave packets that have relatively small dimensions in all directions,” and
which can obviously represent the moving corpuscle directly.


Here Born offers a third, "statistical" interpretation of quantum mechanics, and he gives credit to Einstein for the relation between waves and particles.
Einstein had described the intensity of a continuous light wave as proportional to the probability of discrete light quanta being found there. He called the light wave a "ghost field" (Gespensterfeld) or a "guiding field (Führungfeld). 



Neither of these viewpoints seems satisfactory to me. Here, I would like to try to give
a third interpretation and probe its utility in collision processes.
I shall recall a remark
that Einstein made about the behavior of the wave field and light quanta. He said that
perhaps the waves only have to be wherever one needs to know the path of the
corpuscular light quanta, and in that sense, he spoke of a “ghost field.” It determines the
probability that a light quantum - viz., the carrier of energy and impulse – follows a
certain path; however, the field itself is ascribed no energy and no impulse.


One would do better to postpone these thoughts, when coupled directly to quantum
mechanics, until the place of the electromagnetic field in the formalism has been
established. However, from the complete analogy between light quanta and electrons,
one might consider formulating the laws of electron motion in a similar manner. This is
closely related to regarding the de Broglie-Schrödinger waves as “ghost fields,” or better
yet, “guiding fields.”


I would then like to pursue the following idea heuristically: The guiding field, which
is represented by a scalar function ψ of the coordinates of all particles that are involved
and time, propagates according to Schrödinger’s differential equation. However, impulse
and energy will be carried along as when corpuscles (i.e., electrons) are actually flying
around. The paths of these corpuscles are determined only to the extent that they are
constrained by the law of energy and impulse; moreover, only a probability that a certain
path will be followed will be determined by the function ψ. One can perhaps summarize
this, somewhat paradoxically, as: The motion of the particle follows the laws of
probability, but the probability itself propagates in accord with causal laws.
   



A year before the introduction of Werner Heisenberg's uncertainty principle and the "orthodox" Copenhagen Interpretation, Born already sees there are multiple interpretations of quantum mechanics


DeBroglie-Bohm


In two papers written in 1952 David Bohm proposed to reconsider de Broglie's idea of "hidden variables"  as an explanation of the Einstein-Podolsky-Rosen Paradox.  A few years later, Bohm and his student Yahir Aharonov designed a new version of the EPR experiment based on entangled electrons. 

That same year, Bohm wrote his classic book Causality and Chance in Modern Physics, and de Broglie wrote a preface, in which he hoped Bohm could discover a deeper level deterministic physics, which would explain and replace the probabilistic and statistical properties of quantum mechanics seen by Einstein, Heisenberg, Born, and Dirac. 


De Broglie wrote...



A long time ago in an article in the Journal de Physique of May 1927 I put forward a causal explanation of wave mechanics which I called the "theory of double solutions" but I abandoned it, discouraged by criticisms which this attempt roused. In his 1952 paper Professor Bohm has taken up certain ideas from this article and commenting and enlarging on them in a most interesting way he has successfully developed important arguments in favour of a causal reinterpretation of quantum physics. Professor Bohm's paper has led me to take my old concepts up again, and with my young colleagues at the Institute Henri Poincaré, and in particular M. Jean-Pierre Vigier, we have been able to obtain certain encouraging results. M. Vigier working with Professor Bohm himself has developed an interesting interpretation of the statistical significance of |ψ|2 in wave mechanics...

Professor Bohm...has shrewdly and carefully analyzed the idea of chance and has shown that it comes in at each stage in the progress of our knowledge, when we are not aware that we are at the brink of a deeper level of reality, which still eludes us. Convinced that theoretical physics has always led, and will always led, to the discovery of deeper and deeper levels of the physical world, and that this process will continue without any limit, he has concluded that quantum physics has no right to consider its present concepts definitive, and that it cannot stop researchers imagining deeper domains of reality than those which it has already explored.   
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Boltzmann's first attempt to derive the second law of thermodynamics assumed that gas particles followed strict dynamical laws, that is, Newton's classical mechanics. In 1872 Boltzmann derived a mathematical quantity (his H-Theorem) that had the same property of increase for a gas approaching equilibrium as Rudolf Clausius' entropy law.  Clausius enunciated the two laws of thermodynamics. First, the energy in the world is a constant. Second, the entropy of the world increases to a maximum. 

Boltzmann's expression for the entropy S is

S = k ln W.



The Entropy S equals Boltzmann's constant k times the natural logarithm of the thermodynamical probability W or number of possible distributions of the material particles.

Claude Shannon's condition for the transmission of information - the number of digital bits of information transmitted is the logarithm of the number of possible messages, is mathematically similar to Ludwig Boltzmann's law of Entropy,  
S = klogW, 
where W is the number of possible particle distributions.

James Clerk Maxwell was critical of Boltzmann's result on the distribution of particles. He argued (correctly as it turns out) that the kinetic theory of gases must be purely statistical, not deterministic and dynamical.
  


Boltzmann had in 1866 derived Maxwell's velocity distribution for the molecules of a gas in equilibrium dynamically, putting it on a firmer ground than Maxwell.
 [image: image-placeholder]



  Boltzmann's mentor and colleague Josef Loschmidt criticized Boltzmann's 1872 demonstration of entropy increase, on the grounds that Newton's dynamical laws are reversible. If all the individual particles could be turned around exactly (or if time could be reversed), Boltzmann's H-Theorem should show that the entropy would decrease, violating the second law. Some, including Boltzmann, suggested that time might be simply the direction in which entropy increases. Arthur Stanley Eddington later called this the Arrow of Time.

The basic problem is - how can macroscopic irreversibility result from microscopic processes that are fundamentally reversible? 


We shall see that the answer is found in the quantum nature of the atoms and molecules, especially when they interact with radiation.
  


  Five years later, responding to Loschmidt's criticism, Boltzmann reformulated his H-theorem on purely statistical and probabilistic grounds. Maxwell, who died in 1879, did not remark on this obvious improvement. He found Boltzmann's papers much too long and too dense to read. (Boltzmann found Maxwell's papers too brief to contain a full explanation.) 

It is not clear that Boltzmann would agree with Maxwell about the implicit loss of determinism in physics. Boltzmann maintained (as his student Franz Exner, and Exner's student Erwin Schrödinger would later briefly insist) that observational evidence can never justify our assumptions of strict determinism. 


Boltzmann was under severe attacks from colleagues for espousing the reality of atoms. He may have been wary of emphasizing that atomic motions are chaotic and random. Real ontological chance was anathema to deterministic nineteenth-century thinkers and even considered atheistic by many, since it implies denial of the omniscience of God. 
  


  Boltzmann was a great believer in theories, but he knew that they could "go beyond experience," a phrase he used more than once and the key phrase in Franz Exner's denial of strict causal determinism decades before quantum mechanics. As Albert Einstein would later explain, theories are "free inventions of the human mind." Theories are guesses, new ideas, fictions, and pure information that goes beyond Ernst Mach's positivist belief that science includes only "economic summaries" of the results of experiments. 

The confirmation of theories always rests on the statistics of experiments. So theories are always probabilistic predictions about what will happen in the experiments. And experiments can only provide statistical evidence, although sometime the evidence is so good that we can regard it as "adequately" or statistically determined.



The Reversibility ObjectionThe Recurrence Objection
Boltzmann's Response to Loschmidt's Reversibility Objection (Umkehreinwand)

Zermelo's Recurrence Objection (Wiederkehreinwand)
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From Lectures on Gas Theory, Part I, Introduction, 1895 (1964), pp.27-30 (tr. Stephen G. Brush)


Whence comes the ancient view, that the body does not fill space continuously in the mathematical sense, but rather it consists of discrete molecules, unobservable because of their small size. For this view there are philosophical reasons. An actual continuum must consist of an infinite number of parts; but an infinite number is undefinable. Furthermore, in assuming a continuum one must take the partial differential equations for the properties themselves as initially given. However, it is desirable to distinguish the partial differential equations, which can be subjected to empirical tests, from their mechanical foundations (as Hertz emphasized in particular for the theory of electricity). Thus the mechanical foundations of the partial differential equations, when based on the coming and going of smaller particles, with restricted average values, gain greatly in plausibility; and up to now no other mechanical explanation of natural phenomena except atomism has been successful.

A real discontinuity of bodies is moreover established by numerous, and moreover quantitatively agreeing, facts. Atomism is especially indispensable for the clarification of the facts of chemistry and crystallography. The mechanical analogy between the facts of any science and the symmetry relations of discrete particles pertains to those most essential features which will outlast all our changing ideas about them, even though the latter may themselves be regarded as established facts. Thus already today the hypothesis that the stars are huge bodies millions of miles away is similarly viewed only as a mechanical analogy for the representation of the action of the sun and the faint visual perceptions arising from the other heavenly bodies, which could also be criticized on the grounds that it replaces the world of our sense perceptions by a world of imaginary objects, and that anyone could just as well replace this imaginary world by another one without changing the observable facts.


I hope to prove in the following that the mechanical analogy between the facts on which the second law of thermodynamics is based, and the statistical laws of motion of gas molecules, is also more than a mere superficial resemblance.


The question of the utility of atomistic representations is of course completely unaffected by the fact, emphasized by Kirchhoff, that our theories have the same relation to nature as signs to significates, for example as letters to sounds, or notes to tones. It is likewise unaffected by the question of whether it is not more useful to call theories simply descriptions, in order to remind ourselves of their relation to nature. The question is really whether bare differential equations or atomistic ideas will eventually be established as complete descriptions of phenomena.


Once one concedes that the appearance of a continuum is more clearly understood by assuming the presence of a large number of adjacent discrete particles, assumed to obey the laws of mechanics, then he is led to the further assumption that heat is a permanent motion of molecules. Then these must be held in their relative positions by forces, whose origin one can imagine if he wishes. But all forces that act on the visible body but not equally on all the molecules must produce motion of the molecules relative to each other, and because of the indestructibility of kinetic energy these motions cannot stop but must continue indefinitely.


In fact, experience teaches that as soon as the force acts equally on all parts of a body — as for example in so-called free fall — all the kinetic energy becomes visible. In all other cases, we have a loss of visible kinetic energy, and hence creation of heat. The view offers itself that there is a resulting motion of molecules among themselves, which we cannot see because we do not see individual molecules, but which however is transmitted to our nerves by contact, and thus creates the sensation of heat. It always moves from bodies whose molecules move rapidly to those whose molecules move more slowly, and because of the indestructibility of kinetic energy it behaves like a substance, as long as it is not transformed into visible kinetic energy or work.


We do not know the nature of the force that holds the molecules of a solid body in their relative positions, whether it is action at a distance or is transmitted through a medium, and we do not know how it is affected by thermal motion. Since it resists compression as much as it resists dilatation, we can obviously get it rather rough picture by assuming that in a solid body each molecule has a rest position. If it approaches a neighboring molecule it is repelled by it, but if it moves farther away there is an attraction. 
[image: image-placeholder]
Consequently, thermal motion first sets a molecule into pendulum-like oscillations in straight or elliptical paths around its rest position A (in the symbolic Fig. 1, the centers of gravity of the molecules are indicated). If it moves to A', the neighboring molecules B and C repel it, while D and E attract it and hence bring it back to its original rest position. If each molecule vibrates around a fixed rest position, the body will have a fixed form; it is in the solid state of aggregation. The only consequence of the thermal motion is that the rest positions of the molecules will be somewhat pushed apart, and the body will expand somewhat. However, when the thermal motion becomes more rapid, one gets to the point where a molecule can squeeze between its two neighbors and move from A to A" (Fig. 1). It will no longer then be pulled back to its old rest position, but it can instead remain where it is. When this happens to many molecules, they will crawl among each other like earthworms, and the body is molten. 


Although one may find this description rather crude and childish, it may be modified later and the apparent repulsive force may turn out to be a direct consequence of the motion. In any case, one will allow that when the motions of the molecules increase beyond a definite limit, individual molecules on the surface of the body can be torn off and must fly out freely into space; the body evaporates. If it is in an enclosed vessel, then this will be filled with freely moving molecules, and these can occasionally penetrate into the body again; as soon as the number of recondensing molecules is, on the average, equal to the number of evaporating ones, one says that the vessel is saturated with the vapor of the body in question.


A sufficiently large enclosed space, in which only such freely moving molecules are found, provides a picture of a gas. If no external forces act on the molecules, these move most of the time like bullets shot from guns in straight lines with constant velocity. Only when a molecule passes very near to another one, or to the wall of the vessel, does it deviate from its rectilinear path. The pressure of the gas is interpreted as the action of these molecules against the wall of the container.



 
From Lectures on Gas Theory, Part I, Introduction, 1895 (1964), pp.36-43 (tr. Stephen G. Brush)

CHAPTER I

The molecules are elastic spheres. External forces
and visible mass motion are absent.

§3. Maxwell's proof of the velocity distribution law;
frequency of collisions.


We shall suppose for a moment that in the container there is a
single gas composed of completely identical molecules. The molecules
will also from now on—unless we specify otherwise—be assumed
to behave like completely elastic spheres when they collide
with each other. Even if all the molecules initially had the same
velocity, there would soon occur collisions in which the velocity
of one colliding molecule is nearly in the direction of the line of
centers, but that of the other is nearly perpendicular to it. The
first molecule would thereby end up with nearly zero velocity,
while the velocity of the second would become √2 times as large.
In the course of further collisions it would soon happen, if the
number of molecules were large enough, that all possible velocities
would occur, from zero up to a velocity much larger than the
original common velocity of all the molecules; it is then a question
of calculating the law of distribution of velocities among the molecules
in the final state thus reached, or, as one says more briefly,
to find the velocity distribution law. In order to find it, we shall
consider a more general case. We assume that we have two kinds
of molecules in the container. Each molecule of the first kind has
mass m, and each of the second has mass m1. The velocity distribution
which prevails at any arbitrary time t will be represented
by drawing as many straight lines (starting from the origin of
coordinates) as there are m-molecules in unit volume. Each line
will be the same in length and direction as the velocity of the corresponding
molecule. Its endpoint will be called the velocity point
of the corresponding molecule. Now at time t let
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be the number of m-molecules whose velocity components in the
three coordinate directions lie between the limits
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and for which the velocity points thus lie in the parallelepiped
having at one corner the coordinates ξ, η, ζ and having edges of
length dξ, dη, dζ parallel to the coordinate axes. We shall always
call this the parallelepiped dω. We shall also use the abbreviations
dω for the product dξdηdζ,   and f for f(ξ, η, ζ, t) If dω were a volume
element of any other shape, though still infinitesimal, the number
of m-molecules whose velocity points lie inside dω would still be
equal to
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as one can see by dividing the volume element dω into even
smaller parallelepipeds. If the function f is known for one value
of t, then the velocity distribution for the m-molecules is determined
at time t. Similarly we can represent the velocity of each
m1-molecule by a velocity point, and denote by



  (
  12
  )
  F
  (
  
    ξ
    
      1
    
  
  ,
  
    η
    
      1
    
  
  ,
  
    ζ
    
      1
    
  
  ,
  t
  )
  d
  
    ξ
    
      1
    
  
  d
  
    η
    
      1
    
  
  d
  
    ζ
    
      1
    
  
  =
  
    F
    
      1
    
  
  d
  
    ω
    
      1
    
  




the number of molecules whose velocity components lie between
any other limits
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and for which therefore the velocity points lie in a similar parallelepiped
dω1. Likewise we write dω1 for dξ1dη1dζ1 and 
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 for
F(ξ1, η1, ζ1, t). Moreover, we shall completely exclude any external forces, and assume that the walls are completely smooth
and elastic. Then the molecules reflected from the wall will move
as if they came from a gas which is the mirror image of our gas,
and which is thus completely equivalent to it; the container wall
is thought of as a reflecting surface. According to these assumptions,
the same conditions will prevail everywhere inside the container,
and if the number of molecules in a volume element whose
velocity components lie between the limits (10) is initially the
same everywhere in the gas, then this will also be true for all subsequent
times. If we assume this, then it follows that the number
of m-molecules inside any volume Φ that satisfy the conditions
(10) is proportional to the volume Φ and is therefore equal to
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likewise the number of m1-molecules in the volume Φ that satisfy
the conditions (13) is:
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From these assumptions it follows that the molecules that leave
any space as a result of their progressive motion will on the average
be replaced by an equal number of molecules from the neighboring
space or by reflection at the walls of the container, so that
the velocity distribution is changed only by collisions, and not by
the progressive motion of the molecules. We shall make ourselves
independent of these restrictive conditions (made now to simplify
the calculation) in §§15-18, where we shall take account of the
effect of gravity and other external forces.


We next consider only the collisions of an m-molecule with an
m1-molecule and indeed we shall single out, from all those collisions
that can occur during the interval dt, only those for which
the following three conditions are satisfied:


	
The velocity components of the m-molecule lie between
the limits (10) before the collision, hence its velocity point lies in
the parallelepiped dω.

	
The velocity components of the m1-molecule lie between
the limits (13) before the collision, hence its velocity point lies in
the parallelepiped dω All m-molecules for which the first condition
is fulfilled will be called "m-molecules of the specified kind,"
and similarly we speak of "m1-molecules of the specified kind."




We construct a sphere of unit radius, whose center is at
the origin of coordinates, and on it a surface element dλ. The line
of centers of the colliding molecules drawn from m to m1 must,
at the moment of collision, be parallel to a line drawn from the
origin to some point of the surface element dλ. The aggregate of
these lines constitutes the cone dλ.
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All collisions that take place in such a way that these three
conditions are fulfilled will be called "collisions of the specified
kind" and we have the problem of determining the number dν of
collisions of the specified kind that take place during a time interval
dt in unit volume. We shall represent these collisions in
Figure 2. Let O be the origin of coordinates, C and 
  
    C
    
      1
    
  
 the velocity
points of the two molecules before the collision, so that the lines
OC and OC1 represent these velocities in magnitude and direction,

before the collision. The point C must lie inside the parallelepiped
dω, and the point 
  
    C
    
      1
    
  
 inside the parallelepiped dω1 (The two parallelepipeds
are not shown in the figure.) Let OK be a line of unit
length which has the same direction as the line of centers of the
two molecules at the instant of the collision, drawn from m to m1.

[image: image-placeholder]

The point K must therefore lie inside the
surface element dλ, which is also not
shown in the figure. The line C1C = g
represents in magnitude and direction
the relative velocity of the m-molecule
with respect to the m1-molecule before
the collision, since its projections on the
coordinate axes are equal to  ξ - ξ1, η - η1, 
and  ζ - ζ1, respectively. The frequency of
collisions obviously depends only on the
relative velocity. Hence if we wish to find
FIG. 2. the number of collisions of the specified
kind, we can imagine that the specified
m1-molecule is at rest, while the m-molecule moves with velocity
g. We imagine further that a sphere of radius σ (the sphere σ) is
rigidly attached to each of the latter molecules, so that the center
of the sphere always coincides with the center of the molecule.
σ should be equal to the sum of the radii of the two molecules.
Each time that the surface of such a sphere touches the center of
an m1-molecule, a collision takes place. We now draw from the
center of each sphere a a cone, similar and similarly situated to
the cone dλ. A surface element of area σ2dλ is thereby cut out from
the surface of each of these spheres. Since all the spheres are
rigidly attached to the corresponding molecules, all these surface
elements move a distance gdt relative to the specified m1-molecule.
A collision of the specified kind occurs whenever one of these surface
elements touches the center of a specified m1-molecule, which
is of course possible only if the angle θ between the directions of
the lines  C1C and OK is acute. Each of these surface elements
traverses by its relative motion toward the m1-molecule an oblique
cylinder of base σ2dλ and height g cosθdt. Since there are fdωm
molecules of the specified kind in unit volume, all the oblique
cylinders traversed in this manner by all the surface elements
have total volume
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All centers of m1-molecules of the specified kind lying inside the
volume Φ  will touch during the interval dt one surface element
σ2dλ, and hence the number dν of collisions of the specified kind
which occur in the volume element during time dt is equal to the
number ZΦ of centers of m1-molecules of the specified kind that
are in the volume Φ at the beginning of dt. But according to
Equation (14a) this is .
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In this formula there is contained a special assumption, as
Burbury has clearly emphasized. From the standpoint of mechanics,
any arrangement of molecules in the container is possible;
in such an arrangement, the variables determining the motion of
the molecules may have different average values in one part of
the space filled by the gas than in another, where for example the
density or mean velocity of a molecule may be larger in one half
of the container than in the other, or more generally some finite
part of the gas has different properties than another. Such a distribution will be called molar-ordered [molar-geordnete], Equations (14) and (14a) pertain to the case of a molar-disordered distribution. If the arrangement of the molecules also exhibits no
regularities that vary from one finite region to another—if it is
thus molar-disordered—then nevertheless groups of two or a small
number of molecules can exhibit definite regularities. A distribution that 
exhibits regularities of this kind will be called molecular-ordered. We have a molecular-ordered distribution if—to select
only two examples from the infinite manifold of possible cases—
each molecule is moving toward its nearest neighbor, or again if
each molecule whose velocity lies between certain limits has ten
much slower molecules as nearest neighbors. When these special
groupings are not limited to particular places in the container but
rather are found on the average equally often throughout the entire
container, then the distribution would be called molar disordered.
Equations (14) and (14a) would then always be valid
for individual molecules, but Equation (17) would not be valid,
since the nearness of the m-molecule would be influenced by the
probability that the m1-molecule lies in the space Φ. The presence

of the m1-molecule in the space Φ cannot therefore be considered
in the probability calculation as an event independent of the
nearness of the m-molecule. The validity of Equation (17) and
the two similar equations for collisions of m- or m1-molecules with
each other can therefore be considered as defining the meaning
of the expression: the distribution of states is molecular disordered.
If the mean free path in a gas is large compared to the mean
distance of two neighboring molecules, then in a short time, completely
different molecules than before will be nearest neighbors
to each other. A molecular-ordered but molar-disordered distribution
will most probably be transformed into a molecular disordered
one in a short time. Each molecule flies from one collision
to another one so far away that one can consider the occurrence
of another molecule, at the place where it collides the second
time, with a definite state of motion, as being an event completely
independent (for statistical calculations) of the place from which
the first molecule came (and similarly for the state of motion of
the first molecule). However, if we choose the initial configuration
on the basis of a previous calculation of the path of each molecule,
so as to violate intentionally the laws of probability, then of
course we can construct a persistent regularity or an almost 
molecular-disordered distribution which will become molecular-ordered at a particular time. Kirchhoff also makes the assumption 
that the state is molecular-disordered in his definition of the probability concept. 

That it is necessary to the rigor of the proof to specify this 
assumption in advance was first noticed in the discussion of my
so-called H-theorem or minimum theorem. However, it would be
a great error to believe that this assumption is necessary only for
the proof of this theorem. Because of the impossibility of calculating
the positions of all the molecules at each time, as the
astronomer calculates the positions of all the planets, it would be
impossible without this assumption to prove the theorems of gas
theory. The assumption is made in the calculation of the viscosity,
heat conductivity, etc. Also, the proof that the Maxwell velocity 
distribution law is a possible one—i.e., that once established it
persists for an infinite time—is not possible without this assumption. For one cannot prove that the distribution always remains
molecular-disordered.


Here Boltzmann appears to accept Ernst Zermelo's recurrence objection to his claim that entropy always increases.

See §88 below


 In fact, when Maxwell's state has arisen'
from some other state, the exact recurrence of that other state
will take place after a sufficiently long time (cf. the second half
of §6). Thus one can have a state arbitrarily close to the Maxwellian
state which finally is transformed into a completely different
one. It is not a defect that the minimum theorem is tied to
the assumption of disorder, rather it is a merit that this theorem
has clarified our ideas so that one recognizes the necessity of this
assumption.



S. H. Burbury and his British colleague E. P. Culverwell suggested in the 1890's that Boltzmann's idea of "molecular disorder" might be the result of radiation interacting with the molecules

Boltzmann appears never to have taken this seriously


From Lectures on Gas Theory, Part II, Chapter VII, 1898 (1964), pp.441-449 (tr. Stephen G. Brush)


§87. Characterization of our assumption about the initial state.

When a gas is enclosed in a rigid container, and initially one part of it has a visible motion with respect to the rest, then it soon comes to rest as a consequence of viscosity. When two kinds of gas are initially unmixed, but in contact with each other, then they mix, even if the lighter one was originally on top. In general, when a gas or a system of several kinds of gas has initially some improbable state, then it passes to the most probable state under the given external conditions, and remains there during all observable later times. In order to prove that this is a necessary consequence of the kinetic theory of gases, we used the quantity H defined and discussed in this chapter. We proved that it continually decreases as a result of the motion of the gas molecules among each other. The one-sidedness of this process is clearly not based on the equations of motion of the molecules. For these do not change when the time changes its sign. This one-sidedness rather lies uniquely and solely in the initial conditions.


This is not to be understood in the sense that for each experiment one must specially assume just certain initial conditions and not the opposite ones which are likewise possible; rather it is sufficient to have a uniform basic assumption about the initial properties of the mechanical picture of the world, from which it, then follows with logical necessity that, when bodies are always interacting, they must always be found in the correct initial conditions. In particular, our theory does not require that each time when bodies are interacting, the initial state of the system they form must be distinguished by a special property (ordered or improbable) which relatively few states of the same mechanical system would have under the external mechanical conditions in question. Hereby the fact is clarified that this system takes in the course of time states which do not have these properties, and which one calls disordered. Since by far most of the states of the system are disordered, one calls the latter the probable states.


The ordered initial states are not related to the disordered ones in the way that a definite state is to the opposite state (arising from the mere reversal of the directions of all velocities), but rather the state opposite to each ordered state is again an ordered state.


The self-regulating most probable state — which we call the Maxwell velocity distribution since Maxwell first found its mathematical expression in a special case — is not some kind of special singular state which is contrasted to infinitely many more non-Maxwellian distributions. Rather it is, on the contrary, characterized by the fact that by far the largest number of possible states have the characteristic properties of the Maxwell distribution, and compared to this number, the number of possible velocity distributions which significantly deviate from the Maxwellian is vanishingly small. The criterion of equal possibility or equal probability is provided by Liouville's theorem.


In order to explain the fact that the calculations based on this assumption correspond to actually observable processes, one must assume that an enormously complicated mechanical system represents a good picture of the world, and that all or at least most of the parts of it surrounding us are initially in a very ordered — therefore very improbable — state. When this is the case, then whenever two or more small parts of it come into interaction with each other, the system formed by these parts is also initially in an ordered state, and when left to itself it rapidly proceeds to the disordered most probable state.


§88. On the return of a system to a former state.


We make the following remarks: 


1. It is by no means the sign of the time which constitutes the characteristic difference between an ordered and a disordered state. If, in the "initial states" of the mechanical picture of the world, one reverses the directions of all velocities, without changing their magnitudes or the positions of the parts of the system; if, as it were, one follows the states of the system backwards in time, then he would likewise first have an improbable state, and then reach ever more probable states. Only in those periods of time during which the system passes from a very improbable initial state to a more probable later state do the states change in the positive time direction differently than in the negative.


2. The transition from an ordered to a disordered state is only extremely improbable. Also, the reverse transition has a definite calculable (though inconceivably small) probability, which approaches zero only in the limiting case when the number of molecules is infinite. The fact that a closed system of a finite number of molecules, when it is initially in an ordered state and then goes over to a disordered state, finally after an inconceivably long time must again return to the ordered state,* is therefore not a refutation but rather indeed a confirmation of our theory.



One should not however imagine that two gases in a 1/10 liter container, initially unmixed, will mix, then again after a few days, separate, then mix again, and so forth. On the contrary, one finds by the same principles which I used* for a 



similar calculation that, not until after a time enormously long compared to 
101010 years will there be any noticeable unmixing of the gases. One may recognize that this is practically equivalent to never, if one recalls that in this length of time, according to the laws of probability, there will have been many years in which every inhabitant of a large country committed suicide, purely by accident, on the same day, or every building burned down at the same time — yet the insurance companies get along quite well by ignoring the possibility of such events. If a much smaller probability than this is not practically equivalent to impossibility, then no one can be sure that today will be followed by a night and then a day.



We have looked mainly at processes in gases and have calculated the function H for this case. Yet the laws of probability that govern atomic motion in the solid and liquid states are clearly not qualitatively different in this respect from those for gases, so that the calculation of the function H corresponding to the entropy would not be more difficult in principle, although to be sure it would involve greater mathematical difficulties.


§89. Relation to the second law of thermodynamics.


If therefore we conceive of the world as an enormously large mechanical system composed of an enormously large number of atoms, which starts from a completely ordered initial state, and even at present is still in a substantially ordered state, then we obtain consequences which actually agree with the observed facts; although this conception involves, from a purely theoretical — I might say philosophical — standpoint, certain new aspects which contradict general thermodynamics based on a purely phenomenological viewpoint. General thermodynamics proceeds from the fact that, as far as we can tell from our experience up to now, all natural processes are irreversible. Hence according to the principles of phenomenology, the general thermodynamics of the second law is formulated in such a way that the unconditional irreversibility of all natural processes is asserted as a so-called axiom, just as general physics based on a purely phenomenological standpoint asserts the unconditional divisibility of matter without limit as an axiom.


Just as the differential equations of elasticity theory and hydrodynamics based on this latter axiom will always remain the basis of the phenomenological description of a large group of natural phenomena, since they provide the simplest approximate expression of the facts, so likewise will the formulas of general thermodynamics. No one who has fallen in love with the molecular theory will approve of its being given up completely. But the opposite extreme, the dogma of a self-sufficient phenomenology, is also to be avoided.


Just as the differential equations represent simply a mathematical method for calculation, whose clear meaning can only be understood by the use of models which employ a large finite number of elements,1 so likewise general thermodynamics (without prejudice to its unshakable importance) also requires the cultivation of mechanical models representing it, in order to deepen our knowledge of nature — not in spite of, but rather precisely because these models do not always cover the same ground as general thermodynamics, but instead offer a glimpse of a new viewpoint. Thus general thermodynamics holds fast to the invariable irreversibility of all natural processes. It assumes a function (the entropy) whose value can only change in one direction — for example, can only increase — through any occurrence in nature. Thus it distinguishes any later state of the world from any earlier state by its larger value of the entropy. The difference of the entropy from its maximum value — which is the goal [Treibende] of all natural processes — will always decrease. In spite of the invariance of the total energy, its transformability will therefore become ever smaller, natural events will become ever more dull and uninteresting, and any return to a previous value of the entropy is excluded.2


§90. Application to the universe.


Is the apparent irreversibility of all known natural processes consistent with the idea that all natural events are possible without restriction? Is the apparent unidirectionality of time consistent with the infinite extent or cyclic nature of time? He who tries to answer these questions in the affirmative sense must use as a model of the world a system whose temporal variation is determined by equations in which the positive and negative directions of time are equivalent, and by means of which the appearance of irreversibility over long periods of time is explicable by some special assumption. But this is precisely what happens in the atomic view of the world.


One can think of the world as a mechanical system of an enormously large number of constituents, and of an immensely long period of time, so that the dimensions of that part containing our own "fixed stars" are minute compared to the extension of the universe; and times that we call eons are likewise minute compared to such a period. Then in the universe, which is in thermal equilibrium throughout and therefore dead, there will occur here and there relatively small regions of the same size as 
our galaxy (we call them single worlds) which, during the relative short time of eons, fluctuate noticeably from thermal equilibrium, and indeed the state probability in such cases will be equally likely to increase or decrease. For the universe, the two directions of time are indistinguishable, just as in space there is no up or down. However, just as at a particular place on the earth's surface we call "down" the direction toward the center of the earth, so will a living being in a particular time interval of such a single world distinguish the direction of time toward the less probable state from the opposite direction (the former toward the past, the latter toward the future). By virtue of this terminology, such small isolated regions of the universe will always find themselves "initially" in an improbable state. This method seems to me to be the only way in which one can understand the second law — the heat death of each single world — without a unidirectional change of the entire universe from a definite initial state to a final state.


Obviously no one would consider such speculations as important discoveries or even — as did the ancient philosophers — as the highest purpose of science. However it is doubtful that one should despise them as completely idle. Who knows whether they may not broaden the horizon of our circle of ideas, and by stimulating thought, advance the understanding of the facts of experience?


That in nature the transition from a probable to an improbable state does not take place as often as the converse, can be explained by assuming a very improbable initial state of the entire universe surrounding us, in consequence of which an arbitrary system of interacting bodies will in general find itself initially in an improbable state. However, one may object that here and there a transition from a probable to an improbable state must occur and occasionally be observed. To this the cosmological considerations just presented give an answer. From the numerical data on the inconceivably great rareness of transition from a probable to a less probable state in observable dimensions during an observable time, we see that such a process within what we have called an individual world — in particular, our individual world — is so unlikely that its observability is excluded.


In the entire universe, the aggregate of all individual worlds, there will however in fact occur processes going in the opposite direction. But the beings who observe such processes will simply reckon time as proceeding from the less probable to the more probable states, and it will never be discovered whether they reckon time differently from us, since they are separated from us by eons of time and spatial distances 101010 times the distance of Sirius — and moreover their language has no relation to ours.*


* For further discussion see H. Reichenbach, The Direction of Time (Berkeley and Los Angeles: University of California Press, 1956).


Very well, you may smile at this; but you must admit that the model of the world developed here is at least a possible one, free of inner contradiction, and also a useful one, since it provides us with many new viewpoints. It also gives an incentive, not only to speculation, but also to experiments (for example on the limit of divisibility, the size of the sphere of action, and the resulting deviations from the equations of hydrodynamics, diffusion, and heat conduction) which are not stimulated by any other theory.


§91. Application of the probability calculus in molecular physics.


Doubts have been expressed as to the permissibility of the applications made of the probability calculus to this subject. Since however the probability calculus has been verified in so many special cases, I see no reason why it should not also be applied to natural processes of a more general kind. The applicability of the probability calculus to the molecular motion in gases cannot of course be rigorously deduced from the differential equations for the motion of the molecules. It follows rather from the great number of the gas molecules and the length of their paths, by virtue of which the properties of the position in the gas where a molecule undergoes a collision are completely independent of the place where it collided the previous time. This independence is of course attained only for a finite number of gas molecules during an arbitrarily long time. For a finite number of molecules in a rigid container with completely smooth walls it is never completely exact, so that the Maxwell velocity distribution cannot hold throughout all time.


In practice, however, the walls are continually undergoing perturbations, which will destroy the periodicity resulting from the finite number of molecules. In any case, the applicability of probability theory to gas theory is not refuted but rather is confirmed by the periodicity of motion of a finite closed system in the course of eons of time, and since it leads to a model of the world which not only agrees with experience but also stimulates speculations and experiments, it should be retained in gas theory.


Moreover we see that the probability calculus plays yet another role in physics. The calculation of errors by Gauss's famous method is confirmed in purely physical processes, like the calculation of insurance premiums for statistical ones. We have to thank the laws of probability for the fact that in an orchestra the sounds regularly reinforce each other in unison rather than cancelling out by interference; and the same laws also clarify the nature of unpolarized light. 


Since today it is popular to look forward to the time when our view of nature will have been completely changed, I will mention the possibility that the fundamental equations for the motion of individual molecules will turn out to be only approximate formulas which give average values, resulting according to the probability calculus from the interactions of many independent moving entities forming the surrounding medium — as for example in meteorology the laws are valid only for average values obtained by long series of observations using the probability calculus. These entities must of course be so numerous and must act so rapidly that the correct average values are attained in millionths of a second.



Boltzmann could only imagine that a quantum mechanics would appear two decades later in which all atomic motions are statistical
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   Ludwig von Bertalanffy was an Austrian-born biologist who developed the idea of General Systems Theory, arguing that systems as a whole had properties and perhaps even laws, that were different from, and could not be reduced to, the properties and laws of their components. Others had recognized systems in various ways, often claiming that they are "more than the sum of their parts." Bertalanffy promoted the idea of "organicism," that systems of many kinds should be treated as organisms with multiple hierarchical levels. Like Ernst Mayr, Bertalanffy believed that holist biological models might be better models for systems than mechanistic reductionist models.

Bertalanffy was skeptical that Darwinian evolution, based on random chance variations, could explain all of biology. 


From the standpoint of science... the history
of life does not appear to be the result of an accumulation of changes at random but subject to laws. This
does not imply mysterious controlling factors that
in an anthropomorphic way strive towards progressive
adaptation, fitness, or perfection. Rather there are principles of which we already know something at present,
and of which we can hope to learn more in the future.
Nature is a creative artist; but art is not accident or
arbitrariness, but the fulfilment of great laws,



Many nineteenth-century biologists were "vitalists," as was philosopher Henri Bergson with his élan vital. Like vitalism, Bertalanffy's organicism appears to incorporate some kind of non-physical and as yet undiscovered new force of nature.

General Systems Theory is a form of emergence theory. Emergence was implicit in the work of the work of John Stuart Mill and explicit in "emergentists" like George Henry Lewes (1875), C. Lloyd Morgan (1912), Samuel Alexander (1920), and C. D. Broad (1925).


Many scientists had known for decades before Bertalanffy that living systems somehow avoid the inevitable degradation suffered by physical systems, according to the second law of thermodynamics. Instead of approaching thermodynamic equilibrium (complete chaos and maximum entropy, living systems maintain themselves in a high state of order (or information).  Earlier thinkers had called this a "dynamic equilibrium," but Bertalannfy called it "flow equilibrium," inventing the German word Fliessgleichgewicht," which was later translated into English as "steady state." In his 1932 book Theoretische Biologie, he described living systems as open systems that exchange matter and energy with the environment.  


More important than the new terminology, Bertalanffy in 1940 described what was happening in a way made famous five years later by  Erwin Schrödinger in his book What is Life?, namely that energy is not enough, it must be energy with low (or negative) entropy, or what Bertalanffy correctly called "free energy.".


Bertalanffy wrote:


In open systems we have not only production of entropy due to irreversible processes, but also import
of negative entropy. This is the case in the living organism which imports [consumes nutrients with] complex molecules that are high in free energy. Thus, living systems, maintaining themselves in a steady
state, can avoid the increase of entropy, and may even
develop towards states of increased order and organization.


In What is Life?, Schrödinger would say that "life feeds on negative entropy." Schrödinger described this as "order out of order" that distinguishes life from the "order out of chaos" exhibited by many complex physical systems studied today.


In terms of information philosophy, living systems are complex information-processing systems. They feed on other information-rich living systems. Living systems can be described as having a form or shape through which passes information-rich matter and energy with low entropy. The incoming matter and energy exit the living system as matter and energy, but now with high entropy. The information input is degraded in the process of maintaining the living system in its highly ordered information state. 


Bertalanffy may have been the first biologist to fully appreciate this aspect of living systems. He also appreciated that the main difference between biological and physical systems was that the information content of biological systems means that they have a memory of the past or a "history," unlike most physical things.

The Historical Character of Life

Organisms are characterized by three principal attributes: organization, dynamic flow of processes, and
history. As has been stated before, "life" is not a
force or energy that, like electricity, gravity, heat, etc., is
inherent in, or can be imparted to, any natural body.
Rather it is limited to systems with a specific organization. Equally characteristic is the continuous flow and
the pattern of processes in the organism. 

And finally,
every organism originates from others of the same kind,
and carries traits of the past, not only of its own individual existence but also of the history of the generations
which preceded it. We shall later try to define the living
organism in terms of its fundamental characteristics as a
"hierarchical order of systems in a steady state." This
definition, however, omits an important characteristic
about which we can say little in an exact way, but which
must not be completely lost from sight.

In physical systems events are, in general, determined
by the momentary conditions only. For example, for a
falling body it does not matter how it has arrived at its
momentary position, for a chemical reaction it does not
matter in what way the reacting compounds were produced. The past is, so to speak, effaced in physical
systems. In contrast to this, organisms appear to be
historical beings. 




Konrad Lorenz said that properties that are a priori in the individual were a posteriori in the species


For Teachers
Noesis
PhilPapers
Stanford Encyclopedia of Philosophy
Ludwig_von_Bertalanffy


For Scholars






Source: https://www.informationphilosopher.com/solutions/scientists/bertalanffy/





  
  Mara Beller
  

  


  
  Home › Solutions › Philosophers › Beller
Mara Beller

Mara Beller was an historian of science whose classic book Quantum Dialogue showed how verbal arguments of Niels Bohr and his antirealist Copenhagen school of scientists convinced the scientific world that his interpretation of quantum mechanics was the only possible one.

Although there are many interpretations, most have elements of antirealism derived from the Copenhagen Interpretation.


Beller argues that Bohr's rhetoric about epistemological certainties convinced the young world of quantum physicists that his complementarity principle contained a deep, philosophical, even metaphysical truth that explains wave-particle duality. 


A central Copenhagen tenet that a quantum object is either a wave or a particle, depending on the free choice of the experimenter.


Sadly, Beller never mentions Einstein's simple explanation in 1909 that the wave is the probability of finding the particle.


It is true that the choice of what to measure, for example the z-component of electron spin, "brings into existence" that z-component, as either +1/2 or -1/2. And it makes x- and y-components indeterminate. Paul Dirac said that the random choice between +1/2 or -1/2 was "Nature's choice." This is the ontological chance discovered by Einstein in 1916.

Werner Heisenberg was right that the experimenter's free choice creates an element of reality.


But Bohr generalized Heisenberg's view to claim nothing happens until a physicist makes a measurement. which is absurdly anthropocentric.


Beller attacks the Copenhagen Interpretation as "riddled with vacillations, about-faces, and inconsistencies." She asks


How does one construct from among these numerous contradictory arguments a narrative that seems to irrevocably imply the pillars of the Copenhagen dogma? How does one reconstruct history so that the central tenets of the Copenhagen interpretation, such as indeterminism and the impossibility of an objective, observer-independent description, seem not merely highly persuasive but outright inevitable?...

I contend that all the Copenhagen arguments of "inevitability" are in fact fallacious—they rely either on circular reasoning or on highly appealing but misleading metaphorical imagery. They are strongly supported by falsified history, which renders certain developments as dictated by the inner logic of the development of ideas. Discrediting the opposition and caricaturing the opposition's criticism of the Copenhagen stand is yet another potent rhetorical device to strengthen the orthodoxy. These chapters reveal how fruitfully ambiguous and wisely uncommitted interpretive efforts are concealed by rigid reconstructed stories. Complex, many-voiced, multidirectional theorizing is thus conflated into an orthodox, one-dimensional narrative.


"History is written by winners"—this cliché finds powerful confirmation in the case of the quantum revolution. We have numerous reminiscences by the winners—Bohr, Heisenberg, Born, Jordan, and others. There are hardly any reminiscences by Einstein and Schrödinger about the same events—we do not hear the opposition's side of the story. In the quantum revolution, the orthodox constructed the narrative, eliminating dissident voices and largely suppressing the crucial contributions of the opposition and of lesser scientists... I describe the strategies by which the past is manipulated in order to make the winners look naturally right. By such a reconstruction of the past, the cornerstones of the Copenhagen interpretation—quantum jumps, the impossibility of causal space-time models, indeterminism, and wave- particle complementarity—were even more firmly entrenched.
   



Source: https://www.informationphilosopher.com/solutions/scientists/beller/
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Marcello Barbieri is a theoretical biologist who was founding editor of the journal Biosemiotics and the idea that all biology is based on "codes" that are more general versions of the genetic code of molecular biology. He is president of the International Society of Code Biology. 

Barbieri calls Code Biology a "New Science of Life," based on the idea that there are many organic codes in Nature in addition to the genetic code, and that the major events of macroevolution were associated with the origin of new organic codes.




Source: https://www.informationphilosopher.com/solutions/scientists/barbieri/
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Margaret Boden's 2006 two-volume Mind As Machine is an extraordinary history of cognitive science, a field, she says, that

would be better defined as the study of "mind as machine". 
For the core assumption is that the same type of scientific theory applies to minds and mindlike artefacts. More precisely, cognitive science is the interdisciplinary study of mind, informed by theoretical concepts drawn from computer science and control theory.

(Mind As Machine, p.12)


Boden documents the transition in psychology from the behaviorism of B. F. Skinner (in which the mind was treated as a "black box" or a "blank slate" on which environmental stimuli make their impressions - behaviors being the mechanical result of some responses to stimuli being reinforced) to the new field of cognitive science in the 1960's.

Cognitive scientists explore the mind as containing parts that can be analyzed as logical systems much like the parts of digital computers. This is a very powerful metaphor, which Boden captures in her title, but man is not a machine in the Newtonian sense, as the reductionist behaviorists assumed, and the mind is not a computer, although like a computer, it is an information processing system which acquires, creates, stores, and manages the information needed to guide the actions of its body. 


Machines that compute and communicate provide fruitful analogies and metaphors that help us to understand the mind.


In her 1990 book The Creative Mind, Boden explored the conflict between physical determinism and creativity or the freedom that creativity implicitly requires.


[Freedom] can be touched by science without being destroyed by it. A computational psychology can allow that much human action is self-generated and self-determined, involving deliberate choices grounded in personal loyalties and/or moral principles. Indeed, it shows us how free action is possible at all.

To a significant extent, arguments defending freedom against science parallel arguments pitting creativity against a scientific psychology. Worries about predictability and determinism, for example, crop up constantly in such discussions.


In either case, pure indeterminism gives mere chaos. To choose one's actions freely is not to hand responsibility over to the unpredictable...And in either case, predictability may be a virtue. One would not go for advice on a moral problem to someone whose judgments are not usually reliable, nor admire someone whose good deeds were always grounded in passing whims. 

(The Creative Mind, p.300)



On the other hand, Boden sees room for random events as bringing us thoughts, supporting the idea that our thoughts come to us, but our actions come from us.

Thoughts triggered by chance events, in the environment or within the brain, may be fruitfully integrated into the psychological structures of the mind concerned.  

(The Creative Mind, p.301)


Boden distinguishes "absolute randomness" (such as quantum physics provides) from mere "relative randomness" which may be predictable but is adequately random in some context (for example, pseudo-random numbers). 

She is not convinced of quantum mechanics and its absolute chance. But she is optimistic that her "A-randomness" could be harnessed by creative computers. [Indeed, the latest Intel computer processing chips provide a purely random source of noise.]


What is useful for creativity in minds and evolution is useful for creative computers too. A convincing computer model of creativity would need some capacity for making random associations and/or transformations. Its randomizing procedures might be A-random; for example, its instructions or associations might sometimes be chosen by reference to lists of random numbers. But they need not be: R-randomness would do. Indeed, some creative programs  rely on random numbers at certain points, and genetic algorithms can produce order out of chaos. Moreover, some computer models spend their 'spare' time searching for analogies in a relatively unconstrained way. This computerized R-randomness could exist alongside more systematic (and somewhat more reliable) 'rules' for generating useful ideas.

(The Creative Mind, p.242)


But Boden wonders whether absolute randomness exists and implies absolute unpredictability.  

An event that is unpredictable in the strongest sense is absolutely unpredictable ('A-unpredictable'), unforeseeable in principle because it is subject to no laws or determining conditions whatever. In other words, A-unpredictability (like A-randomness) implies indeterminism of the most fundamental kind.

Whether there are any genuinely A-unpredictable events is disputed. According to quantum physics, there are. Quantum physics claims that some physical events, such as an electron 'jumping' from one energy-level to another, are uncaused and therefore (at that level of description) unpredictable. The electron jumps this way rather than that for no reason at all. In the terminology introduced above, each individual electron-jump is A/E-random (it has no order, and no explanation).



However, quantum physics also claims that large classes of supposedly A-random events are neither A-random nor E-random, and are in practice predictable. These large classes of sub-atomic events are not A-random, because they show order in the form of statistical regularities. They are not E-random either, because these regularities can be explained by the wave-equations of quantum physics. Moreover, these equations enable the physicist to make precise predictions about the long-term behaviour (the statistical distributions) of the relevant physical systems.

Some people argue that quantum physics must be either incomplete or mistaken, because (as Albert Einstein put it) 'God does not play dice'. In reply, quantum physicists may admit that quantum theory could conceivably be mistaken, although they insist that only an irrational prejudice in favour of determinism would make anyone think so. However, they refuse to admit the possibility of its being incomplete in the way the determinist wants. 


See Bell's Theorem.


They cite a mathematical proof that quantum theory cannot possibly be extended by adding hidden variables which obey non-statistical laws, because such extensions must alter the experimental predictions in specific ways. (Since this proof was offered, in the mid-1960s, almost all of the experimental tests have come out in favour of quantum theory.) In other words, if quantum theory is correct then the A-unpredictability of quantal events is indeed absolute.

For our purposes, it does not matter whether quantum physics is correct or not. Granted, there may be quantum effects in the brain, triggering some of the ideas that enter the mind 'at random'. If so, then A-unpredictable individual quantum jumps might conceivably contribute to creativity (as other R-random events can do). But this does not put creativity 'outside science', any more than X-rays are. In short, quantum physics illustrates one of the ways in which unpredictability (even A-unpredictability) is not opposed to science.

(The Creative Mind, p.243-4)




Large volumes of gases show statistical regularities that are adequately determined enough to follow statistical laws because of the law of large numbers, but they are still microscopically random. 


Boden took up the subject of free will in her very first publication (Mind, 1959, v. 68, pp.257-8)


Upholders of a free-will doctrine, rather than determinists, would, I think, want to claim a special sort of certainty in relation to decision-statements. They might not be prepared to say that we have free-will at all times, but would at least claim that there are many times when we can, by a free choice, direct our actions as we decide. Now if free-will is to be claimed at all, it is necessary that, at times when we exercise our free choice, we should do so consciously, and that we should have direct and incorrigible knowledge of what we are doing, in order that we may be held fully responsible for our voluntary acts. But in order to claim this incorrigible knowledge, and also to claim absolute certainty that our "act of will" will be followed by the appropriate voluntary act, a free-will theorist will have to distinguish between the voluntary instigation of a chain of events likely to lead to the desired result, X, and the later part of the chain, which is controlled causally. It is only over the first step of the chain that we can have control.


In her massive Mind As Machine, Boden says that "cognitive science showed a way out of the impasse" between determinism and indeterminism, "by sidelining the determinism/
indeterminism issue and focusing instead on the huge cognitive and motivational differences between humans, dogs, and crickets."


Before the rise of cognitive science, this issue [freedom] was normally put in terms of determinism versus indeterminism. So the neuroscientist John Eccles, for example, posited mysterious quantum phenomena acting on "critically poised neurones" in the brain. Why such phenomena are absent from the brains of dogs and crickets — or, for that matter, of human babies (who aren't yet free agents) — wasn't discussed. (Nor is this discussed when similar arguments are put forward today).


Here Boden appears to accept the standard argument against free will.

And like many others, she assumes Hobart's "determination" is determinism


Eccles's neurological hypothesis found few followers. But even if they found his "explanation" implausible, many people agreed with him that it's obvious that free choice is incompatible with determinism. The trouble was that the opposite seemed just as "obvious" to others. Compatibilists argued persuasively that indeterminism at the origin of action would destroy human freedom, because it would make it impossible to ascribe moral responsibility to people (e.g. Hobart 1934).

(Mind As Machine, p.394)




Many others developed bizarre free will mechanisms

But Boden goes on to approve Daniel Dennett's two-stage model for free will. 

We have found that Dennett's decision model, and his six basic reasons for supporting it, are more cogent arguments for free will than any libertarian thinker has developed! Unfortunately, Dennett is a determinist and compatibilist who does not subscribe to his own arguments. 


Boden writes that 


Dennett developed [his idea] in his essay 'On Giving Libertarians What They Say They Want' (1978b: 286-99), and especially in his book Elbow Room: The Varieties of Free Will Worth Wanting (1984a).

This book was a philosophical analysis, deepened by a cognitive scientist's appreciation of computational architecture. (Many years later, Dennett would return to the topic — now, with a focus on the evolution of the relevant architecture: Dennett 2003a.) It provided a host of examples illustrating the psychological processes that underlie our freedom of action, and various (normal or pathological) restrictions on it. It made clear that only creatures with a certain type of cognitive–motivational complexity are capable of choosing freely. Or, rather, to choose freely just is to exercise those architectural features.


In other words, determinism/indeterminism is largely a red herring. Although (Dennett argued) there must be some element of indeterminism, this can't occur at the point of decision — for that would give us a type of "free will" that's not one worth wanting. The indeterminism, then, affects the considerations that arise during deliberation. The person may or may not think of x, or be reminded (perhaps by some environmental contingency) of y — where x and y include both facts and values. The deliberation itself, by contrast, involves deterministic processes of selection, weighting, and choice. (Deterministic, but not universalist: moral principles, cultural conventions, and individual preferences are all involved.)

(Mind As Machine, p.395)
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It is to Max Born and Albert Einstein that we owe the "statistical interpretation" of quantum mechanics that Born proposed as a third interpretation of quantum mechanics,  in addition to Niels Bohr and Werner Heisenberg's  matrix mechanics with its emphasis on particles (the Copenhagen Interpretation) and  Erwin Schrödinger's wave mechanics with its emphasis on waves.
Louis de Broglie was a critical link between the work of Albert Einstein and Max Born's statistical interpretation of quantum mechanics.


It was de Broglie who gets credit for arguing that if light, which was thought to consist of waves, is actually discrete particles (Einstein called them light quanta, later called photons), then matter, which is thought to consist of discrete particles, might also have a wave nature. But he was inspired by Einstein.


The fundamental idea of [my 1924 thesis] was the following: The fact that, following Einstein's introduction of photons in light waves, one knew that light contains particles which are concentrations of energy incorporated into the wave, suggests that all particles, like the electron, must be transported by a wave into which it is incorporated... My essential idea was to extend to all particles the coexistence of waves and particles discovered by Einstein in 1905 in the case of light and photons."


Einstein had said that the light wave at some position is a measure of the probability of finding a light particle there, that is, the intensity of the light wave is proportional to the number of photons there. It may have been implicit in his 1905 light quantum hypothesis, as de Broglie seems to think.


Although Einstein had given this opinion to colleagues as early as 1921, and although he accepted the statistical nature of quantum mechanics (despite his claim that "God does not play dice), we don't have specific quotes from Einstein until 1927 at the fifth Solvay conference, when he said.


 |ψ|2 expresses the probability that there exists at the point considered a particular particle of the cloud, for example at a given point on the screen.
   

Over a year earlier than that Solvay conference, in July of 1926, Max Born used de Broglie's matter waves, which he calculated using Erwin Schrödinger's wave equation, to interpret the wave as the probability of finding an electron going off in a specific collision direction as proportional to the square of the probability amplitude wave function. Born gave full credit to Einstein, de Broglie, and Schrödinger for the idea, although the "statistical interpretation" itself is pure Einstein..


Collision processes not only yield the most convincing experimental
proof of the basic assumptions of quantum theory, but also seem suitable for explaining
the physical meaning of the formal laws of the so-called “quantum mechanics.” 

Indeed,
as it seems, it always produces the correct term values of the stationary states and the
correct amplitudes for the oscillations that are radiated by the transitions, but opinions are
divided regarding the physical interpretation of the formulas. The matrix form of
quantum mechanics  that was founded by Heisenberg and developed by him and the
author of this article starts from the thought that an exact representation of processes in
space and time is quite impossible and that one must then content oneself with presenting
the relations between the observed quantities, which can only be interpreted as properties
of the motions in the limiting classical cases. On the other hand, Schrödinger (3) seems
to have ascribed a reality of the same kind that light waves possessed to the waves that he
regards as the carriers of atomic processes by using the de Broglie procedure; he attempts
“to construct wave packets that have relatively small dimensions in all directions,” and
which can obviously represent the moving corpuscle directly.


Here Born offers a third, "statistical" interpretation of quantum mechanics, and he gives credit to Einstein for the relation between waves and particles


Neither of these viewpoints seems satisfactory to me. Here, I would like to try to give
a third interpretation and probe its utility in collision processes.
I shall recall a remark
that Einstein made about the behavior of the wave field and light quanta. He said that
perhaps the waves only have to be wherever one needs to know the path of the
corpuscular light quanta, and in that sense, he spoke of a “ghost field.” It determines the
probability that a light quantum - viz., the carrier of energy and impulse – follows a
certain path; however, the field itself is ascribed no energy and no impulse.

One would do better to postpone these thoughts, when coupled directly to quantum
mechanics, until the place of the electromagnetic field in the formalism has been
established. However, from the complete analogy between light quanta and electrons,
one might consider formulating the laws of electron motion in a similar manner. This is
closely related to regarding the de Broglie-Schrödinger waves as “ghost fields,” or better
yet, “guiding fields.” [Einstein had used both "Gespensterfeld" and "Führungsfeld."]


I would then like to pursue the following idea heuristically: The guiding field, which
is represented by a scalar function ψ of the coordinates of all particles that are involved
and time, propagates according to Schrödinger’s differential equation. However, impulse
and energy will be carried along as when corpuscles (i.e., electrons) are actually flying
around. The paths of these corpuscles are determined only to the extent that they are
constrained by the law of energy and impulse; moreover, only a probability that a certain
path will be followed will be determined by the function ψ. One can perhaps summarize
this, somewhat paradoxically, as: The motion of the particle follows the laws of
probability, but the probability itself propagates in accord with causal laws.
   



A year before the introduction of the Heisenberg uncertainty principle and the "orthodox" Copenhagen Interpretation, Born already sees there are multiple interpretations of quantum mechanics. Here is Born.

Probability and statistics were very important in the two centuries before Born's work, but most physicists and philosophers saw the implied randomness to be the consequence of human ignorance. They denied any underlying absolute chance, with the exception of a few thinkers like Franz S.Exner and (at least until the late 1920's) his student Erwin Schrödinger. The random distributions were thought to be completely deterministic at the particle level, with individual atoms following Newton's dynamical laws.

Max Planck solved the great problem of blackbody radiation by applying the statistical mechanics of the Maxwell-Boltzmann velocity distribution law to the distribution of radiating oscillators, which he described as limited to quantized amounts of energy, ε, 2ε, 3ε, etc. Planck did not quantize the radiation field. Five years later, Einstein saw that Planck's work implies that light itself comes in quanta with hν units of energy, where h is Planck's constant and ν is the frequency of the light wave. Planck did not believe, and for years denied, that light existed as light quanta. His quantization assumption was a mathematical device to make the distribution of light as a function of frequency (and thus energy) resemble the Maxwell-Boltzmann distribution of molecular velocities in a gas as a function of velocity (and thus energy).

[image: image-placeholder]
Albert Einstein explained the photoelectric effect with Planck's discrete units of light energy, later called photons. Since the momentum of a particle is the energy divided by velocity of a particle, the momentum p of a photon is p = hν/c, where c is the velocity of light. To make the dual aspect of light as both waves and particles (photons) more plausible, Einstein interpreted the square of the light wave amplitude as the probable density of photons. 


Schrödinger's creation of his quantum mechanical wave function 
  Ψ
 followed a suggestion by Louis De Broglie that a wave could be associated with a particle of matter - by analogy with the particle of energy that was associated with an optical wave. De Broglie predicted that the wavelength λ of a matter particle wave would be λ = h/p, since the wavelength of a photon is related to its frequency by λ = c/ν.


Note that Born's interpretation of the quantum mechanical wave function of a material particle as the probability (amplitude) of finding the material particle somewhere is a direct extension of Einstein's interpretation of the connection between light waves and photons.   


Sometime, likely before 1920, Einstein described the Führungsfeld and the Gespensterfeld to Born and others. For Einstein, these wave fields are the probabilities of finding a light quantum. Born gave Einstein credit for what has become known as the "Born Rule" in his 1926 paper on atomic collisions


I shall recall a remark
that Einstein made about the behavior of the wave field and light quanta. He said that
perhaps the waves only have to be wherever one needs to know the path of the
corpuscular light quanta, and in that sense, he spoke of a “ghost field.” It determines the
probability that a light quantum - viz., the carrier of energy and impulse – follows a
certain path; however, the field itself is ascribed no energy and no impulse
   

In the history of science it is hard to find ears more likely to be sympathetic to a new idea than these three great scientists should have been for Max Born's suggestion that the square of the amplitude of Schrödinger's wave function |
  
    Ψ
    
      2
    
  
| should be interpreted statistically as the likelihood of finding the particle.


Yet they all objected strenuously, not so much to the probability and statistics as to the conviction of Born and his brilliant student Heisenberg that quantum phenomena, like quantum jumps between atomic energy levels, were only predictable statistically, and that there was a fundamental indeterminacy in the classical idea that particles have knowable positions and velocities (momenta). Born, Heisenberg, and Bohr had declared classical determinism untrue of the physical world. 

Indeterminism and absolute chance had reappeared in the atomic world twenty-two centuries after Epicurus had called for atoms to swerve to provide room for free will.



The Natural Philosophy of Cause and Chance, (The Waynflete Lectures), 1949

From the Introduction, pp.1-4.

The notions of cause and chance which I propose to deal with in these lectures are not specifically physical concepts but have a much wider meaning and application. They are used, more or less vaguely, in everyday life. They appear, not only in all branches of science, but also in history, psychology, philosophy, and theology; everywhere with a different shade of meaning. It would be far beyond my abilities to give an account of all these usages, or to attempt an analysis of the exact significance of the words 'cause' and 'chance' in each of them. However, it is obvious that there must be a common feature in the use of these notions, like the theme in a set of variations. Indeed, cause expresses the idea of necessity in the relation of events, while chance means just the opposite, complete randomness. 

Nature, as well as human affairs, seems to be subject to both necessity and accident. Yet even accident is not completely arbitrary, for there are laws of chance, formulated in the mathematical theory of probability, nor can the cause—effect relation be used for predicting the  future with certainty, as this would require a complete knowledge of the relevant circumstances, present, past, or both together, which is not available. There seems to be a hopeless tangle of ideas. In fact, if you look through the literature on this problem you will find no satisfactory solution, no general agreement. Only in physics has a systematic attempt been made to use the notions of cause and chance in a way free from contradictions. 


Physicists form their notions through the interpretation of experiments. This method may rightly be called Natural Philosophy, a word still used for physics at the Scottish universities. In this sense I shall attempt to investigate the concepts of cause and chance in these lectures. My material will be taken mainly from physics, but I shall try to regard it with the attitude of the philosopher, and I hope that the results obtained will be of use wherever the concepts of cause and chance are applied. I know that such an attempt will not find favour with some philosophers, who maintain that science teaches only a narrow aspect of the world, and one which is of no great importance to man's mind. It is true that many scientists are not philosophically minded and have hitherto shown much skill and ingenuity but little wisdom. I need hardly to enlarge on this subject. 


The practical applications of science have given us the means of a fuller and richer life, but also the means of destruction and devastation on a vast scale. Wise men would have considered the consequences of their activities before starting on them; scientists have failed to do so, and only recently have they become conscious of their responsibilities to society. They have gained prestige as men of action, but they have lost credit as philosophers. Yet history shows that science has played a leading part in the development of human thought. It has not only supplied raw material to philosophy by gathering facts, but also evolved the fundamental concepts on how to deal with them. It suffices to mention the Copernican system of the universe, and the Newtonian dynamics which sprang from it. These originated the conceptions of space, time, matter, force, and motion for a long time to come, and had a mighty influence on many philosophical systems. 


It has been said that the metaphysics of any period is the offspring of the of the preceding period. If this is true, it puts us physicists under the obligation to explain our ideas in a not-too-technical language. This is the purpose of the following lectures on a restricted though important field. I have made an attempt to avoid mathematics entirely, but failed. It would have meant an unbearable clumsiness of expression and loss of clarity. A way out would have been the reduction of all higher mathematics to elementary methods in Euclidean style — following the celebrated example of Newton's Principia. But this would even have increased the clumsiness and destroyed what there is of aesthetic appeal. I personally think that more than 200 years after Newton there should be some progress in the assimilation of mathematics by those who are interested in natural philosophy. So I shall use ordinary language and formulae in a suitable mixture ; but I shall not give proofs of theorems (they are collected in the Appendix).


In this way I hope to explain how physics may throw some light on a problem which is not only important	for abstract knowledge but also for the behaviour of man. An unrestricted belief in causality leads necessarily to the idea that the world is .an automaton of which we ourselves are only little cog-wheels. This means materialistic determinism. It resembles very much that religious determinism accepted by different creeds, where the actions of men are believed to be determined from the beginning by a ruling of God. I cannot enlarge on the difficulties to which this idea leads if considered from the standpoint of ethical responsibility. 


The notion of divine predestination clashes with the notion of free will, in the same way as the assumption of an endless chain of natural causes. On the other hand, an unrestricted belief in chance is impossible, as it cannot be denied that there are a great many regularities in the world; hence there can be, at most, 'regulated accident'. One has to postulate laws of chance which assume the appearance of laws of nature or laws for human behaviour. Such a philosophy would give ample space for free will, or even for the willed actions of gods and demons. 


In fact, all primitive polytheistic religions seem to be based on such a conception of nature: things happening in a haphazard way, except where some spirit interferes with a purpose. We reject today this demonological philosophy, but admit chance into the realm of exact science. Our philosophy is dualistic in this respect; nature is ruled by laws of cause and laws of chance in a certain mixture. How is this possible? Are there no logical contradictions? Can this mixture of ideas be cast into a consistent system in which all phenomena can be adequately described or explained? What do we mean by such an explanation if the feature of chance is involved? What are the irreducible or metaphysical principles involved? Is there any room in this system for free will or for the interference of deity? These and many other questions can be asked. I shall try to answer some of them from the standpoint of the physicist, others from my philosophical convictions which are not much more than common sense improved by sporadic reading. The statement, frequently made, that modern physics has given up causality is entirely unfounded. Modern physics,it is true, has given up or modified many traditional ideas; but it would cease to be a science if it had given up the search for the causes of phenomena. I found it necessary, therefore, to formulate the different aspects of the fundamental notions by giving definitions of terms which seem to me in agreement with ordinary language. With the help of these concepts, I shall survey the development of physical thought, dwelling here and there on special points of interest, and I shall try to apply the results to philosophy in general.
   

From Part IX, Chance

There is no doubt that the formalism of quantum mechanics and its statistical interpretation are extremely successful in ordering and predicting physical experiences. But can our desire of understanding, our wish to explain things, be satisfied by a theory which is frankly and shamelessly statistical and indeterministic? Can we be content with accepting chance, not cause, as the supreme law of the physical world?

To this last question I answer that not causality, properly understood, is eliminated, but only a traditional interpretation of it, consisting in its identification with determinism. I have taken pains to show that these two concepts are not identical. Causality in my definition is the postulate that one physical situation depends on the other, and causal research means the discovery of such dependence. This is still true in quantum physics, though the objects of observation for which a dependence is claimed are different: they are the probabilities of elementary events, not those single events themselves.
   

Part X, Metaphysical Conclusions

The statistical interpretation which I have presented in the last section is now generally accepted by physicists all over the world, with a few exceptions,  amongst them a most remarkable one. As I have mentioned before, Einstein does not accept it, but still believes in and works on a return to a deterministic theory. To illustrate his opinion, let me quote passages from two letters. The first is dated 7 November 1944, and contains these lines:

`In unserer wissenschaftlichen Erwartung haben wir uns zu Antipoden entwickelt. Du glaubst an den würfelnden Gott und ich an volle Gesetzlichkeit in einer Welt von etwas objektiv Seiendem, das ich auf wild spekulativem Weg zu erhaschen suche. Ich hoffe, dass einer einen mehr realistischen Weg, bezw. eine mehr greifbare Unterlage für eine solche Auffassung finden wird, als es mir gegeben ist. Der grosse anfängliche Erfolg der Quantentheorie kann mich doch nicht zum Glauben an das fundamentale Würfelspiel bringen.

(In our scientific expectations we have progressed towards antipodes. You believe in the dice-playing god, and I in the perfect rule of law in a world of something objectively existing which I try to catch in a wildly speculative way. I hope that somebody will find a more realistic way, or a more tangible foundation for such a conception than that which is given to me. The great initial success of quantum theory cannot convert me to believe in that fundamental game of dice.)



The second letter, which arrived just when I was writing these pages (dated 3 December 1947), contains this passage:


`Meine physikalische Haltung kann ich Dir nicht so begründen, dass Du sie irgendwie vernünftig finden würdest. Ich sehe natürlich ein, dass die principiell statistische Behandlungsweise, deren Notwendigkeit im Rahmen des bestehenden Formalismus ja zuerst von Dir klar erkannt wurde, einen bedeutenden Wahrheitsgehalt hat. Ich kann aber deshalb nicht ernsthaft daran glauben, weil die Theorie mit dem Grundsatz unvereinbar ist, dass die Physik eine Wirklichkeit in Zeit und Raum darstellen soll, ohne spukhafte Fernwirkungen.... Davon bin ich fest überzeugt, dass man schliesslich bei einer Theorie landen wird, deren gesetzmässig verbundene Dinge nicht Wahrscheinlichkeiten, sondern gedachte Tatbestände sind, wie man es bis vor kurzem als selbstverständlich betrachtet hat. Zur Begründung dieser Überzeugung kann ich aber nicht logische Gründe, sondern nur meinen kleinen Finger als Zeugen beibringen, also keine Autorität, die ausserhalb meiner Haut irgendwelchen Respekt einflössen kann.

(I cannot substantiate my attitude to physics in such a manner that you would find it in any way rational. I see of course that the statistical interpretation (the necessity of which in the frame of the existing formalism has been first clearly recognized by yourself) has a considerable content of truth. Yet I cannot seriously believe it because the theory is inconsistent with the principle that physics has to represent a reality in space and time without phantom actions over distances.... I am absolutely convinced that one will eventually arrive at a theory in which the objects connected by laws are not probabilities, but conceived facts, as one took for granted only a short time ago. However, I cannot provide logical arguments for my conviction, but can only call on my little finger as a witness, which cannot claim any authority to be respected outside my own skin.)



I have quoted these letters because I think that the opinion of the greatest living physicist, who has done more than anybody else to establish modern ideas, must not be by-passed. Einstein does not share the opinion held by most of us that there is over-whelming evidence for quantum mechanics. Yet he concedes 'initial success' and 'a considerable degree of truth'. He obviously agrees that we have at present nothing better, but he hopes that this will be achieved later, for he rejects the 'dice-playing god'. I have discussed the chances of a return to determinism and found them slight. I have tried to show that classical physics is involved in no less formidable conceptional difficulties and had eventually to incorporate chance in its system. We mortals have to play dice anyhow if we wish to deal with atomic systems. Einstein's principle of the existence of an objective real world is therefore rather academic. On the other hand, his contention that quantum theory has given up this principle is not justified, if the conception of reality is properly understood. Of this I shall say more presently.


Einstein's letters teach us impressively the fact that even an exact science like physics is based on fundamental beliefs. The words ich glaube appear repeatedly, and once they are underlined. I shall not further discuss the difference between Einstein's principles and those which I have tried to extract from the history of physics up to the present day. But I wish to collect some of the fundamental assumptions which cannot be further reduced but have to be accepted by an act of faith.


Causality is such a principle, if it is defined as the belief in the existence of mutual physical dependence of observable situations. However, all specifications of this dependence in regard to space and time (contiguity, antecedence) and to the infinite sharpness of observation (determinism) seem to me not fundamental, but consequences of the actual empirical laws.


Another metaphysical principle is incorporated in the notion of probability. It is the belief that the predictions of statistical calculations are more than an exercise of the brain, that they can be trusted in the real world. This holds just as well for ordinary probability as for the more refined mixture of probability and mechanics formulated by quantum theory.


The two metaphysical conceptions of causality and probability have been our main theme. Others, concerning logic, arithmetic, space, and time, are quite beyond the frame of these lectures. But let me add a few more which have occasionally occurred, though I am sure that my list will be quite incomplete. One is the belief in harmony in nature, which is something distinct from causality, as it can be circumscribed by words like beauty, elegance, simplicity applied to certain formulations of natural laws. This belief has played a considerable part in the development of theoretical physics — remember Maxwell's equations of the electromagnetic field, or Einstein's relativity — but how far it is a real guide in the search of the unknown or just the expression of our satisfaction to have discovered a significant relation, I do not venture to say. For I have on occasion made the sad discovery that a theory which seemed to me very lovely nevertheless did not work. And in regard to simplicity, opinions will differ in many cases. Is Einstein's law of gravitation simpler than Newton's? Trained mathematicians will answer Yes, meaning the logical simplicity of the foundations, while others will say emphatically No, because of the horrible complication of the formalism. However this may be, this kind of belief may help some specially gifted men in their research; for the validity of the result it has little importance.


The last belief I wish to discuss may be called the principle of objectivity. It provides a criterion to distinguish subjective impressions from objective facts, namely by substituting for given sense-data others  which can be checked by other individuals. I have spoken about this method when I had to define temperature: the subjective feeling of hot and cold is replaced by the reading of a thermometer, which can be done by any person without a sensation of hot or cold. It is perhaps the most important rule of the code of natural science of which innumerable examples can be given, and it is obviously closely related to the conception of scientific reality. For if reality is understood to mean the sum of observational invariants — and I cannot see any other reasonable interpretation of this word in physics — the elimination of sense qualities is a necessary step to discover them.


Here I must refer to the previous Waynflete Lectures given by Professor E. D. Adrian, on The Physical Background of Perception, because the results of physiological investigations seem to me in perfect agreement with my suggestion about the meaning of reality in physics. The messages which the brain receives have not the least similarity with the stimuli. They consist in pulses of given intensities and frequencies, characteristic for the transmitting nerve-fibre, which ends at a definite place of the cortex. All the brain 'learns' (I use here the objectionable language  of the 'disquieting figure of a little hobgoblin sitting up aloft in the cerebral hemisphere') is a distribution or 'map' of  pulses. From this information it produces the image of the world by a process which can metaphorically be called a consummate piece of combinatorial mathematics: it sorts out of the maze of indifferent and varying signals invariant shapes and relations which form the world of ordinary experience. This unconscious process breaks down for scientific ultra-experience, obtained by magnifying instruments. But then it is continued in the full light of consciousness, by mathematical reasoning. The result is the reality offered by theoretical physics.


The principle of objectivity can, I think, be applied to every human experience, but is often quite out of place. For instance: What is a fugue by Bach ? Is it the invariant cross-section, or the common content of all printed or written copies, gramophone records, sound waves at performances, etc., of this piece of music? As a lover of music I say No! that is not what I mean by a fugue. It is something of another sphere where other notions apply, and the essence of it is not 'notions' at all, but the immediate impact on my soul of its beauty and greatness.


In cases like this, the idea of scientific objective reality is obviously inadequate, almost absurd.


This is trivial, but I have to refer to it if I have to make good my promise to discuss the bearing of modern physical thought on philosophical problems, in particular on the problem of free will. Since ancient times philosophers have been worried how free will can be reconciled with causality, and after the tremendous success of Newton's deterministic theory of nature, this problem seemed to be still more acute. Therefore, the advent of indeterministic quantum theory was welcomed as opening a possibility for the autonomy of the mind without a clash with 
the laws of nature. Free will is primarily a subjective phenomenon, the interpretation of a sensation which we experience, similar to a sense impression. We can and do, of course, project it into the minds of our fellow beings just as we do in the case of music. We can also correlate it with other phenomena in order to transform it into an objective relation, as the moralists, sociologists, lawyers do — but then it resembles the original sensation no more than an intensity curve in a spectral diagram resembles a colour which I see. After this transformation into a sociological concept, free will is a symbolic expression to describe the fact that the actions and reactions of human beings are conditioned by their internal mental structure and depend on
their whole and unaccountable history. Whether we believe theoretically in strict determinism or not, we can make no use of this theory since a human being is too complicated, and we
have to be content with	 a working hypothesis like that of spontaneity of decision and responsibility if action. If you feel that this clashes with determinism, you have now at your disposal the modern indeterministic philosophy of nature, you can assume a certain 'freedom', i.e. deviation from the deterministic laws, because these are only apparent and refer to averages. Yet if you believe in perfect freedom you will get into difficulties again, because you cannot neglect the laws of statistics which are laws of nature.


I think that the philosophical treatment of the problem of free will suffers often (see Appendix, 36) from an insufficient distinction between the subjective and objective aspect. It is doubtless more difficult to keep these apart in the case of such sensations as free will, than in the case of colours, sounds, or temperatures. But the application of scientific conceptions to a subjective experience is an inadequate procedure in all such cases.


You may call this an evasion of the problem, by means of dividing all experience into two categories, instead of trying to form one all-embracing picture of the world. This division is indeed what I suggest and consider to be unavoidable. If quantum theory has any philosophical importance at all, it lies in the fact that it demonstrates for a single, sharply defined science the necessity of dual aspects and complementary considerations. Niels Bohr has discussed this question with respect to many applications in physiology, psychology, and philosophy in general. According to the rule of indeterminacy, you cannot measure simultaneously position and velocity of particles, but you have to make your choice. The situation is similar if you wish, for instance, to determine the physico-chemical processes in the brain connected with a mental process: it cannot be done because the latter would be decidedly disturbed by the physical investigation. Complete knowledge of the physical situation is only obtainable by a dissection which would mean the death of the living organ or the whole creature, the destruction of the mental situation. This example may suffice; you can find more and subtler ones in Bohr's writings. They illustrate the limits of human understanding and direct the attention to the question of fixing the boundary line, as physics has done in a narrow field by discovering the quantum constant h. Much futile controversy could be avoided in this way. To show this by a final example, I wish to refer to these lectures themselves which deal only with one aspect of science, the theoretical one. There is a powerful school of eminent scientists who consider such things to be a futile and snobbish sport, and the people who spend their time on it drones. Science has undoubtedly two aspects: it can be regarded from the social standpoint as a practical collective endeavour for the improvement of human conditions, but it can also be regarded from the individualistic standpoint, as a pursuit of mental desires, the hunger for knowledge and understanding, a sister of art, philosophy, and religion. Both aspects are justified, necessary, and complementary. The collective enterprise of practical science consists in the end of individuals and cannot thrive without their devotion. But devotion does not suffice; nothing great can be achieved without the elementary curiosity of the philosopher. A proper balance is needed. I have chosen the way which seemed to me to harmonize best with the spirit of this ancient place of learning.

   

Appendix 36
Concluding remarks.
I feel that any critical reference to philosophical literature ought to be based on quotations. Yet, as I have said before, my reading of philosophical books is sporadic and unsystematic, and what I say here is a mere general impression. A book which I have recently read with some care is E. Cassirer's Determinismus and Indeterminismus in der modernen Physik (Goteborg, Elanders, 1937), which gives an excellent account of the situation, not only in physics itself but also with regard to possible applications of the new physical ideas to other fields. There one finds references to and quotations from all great thinkers who have written about the problem. The last section contains Cassirer's opinion on the ethical consequences of physical indeterminism which is essentially the same as that expressed by myself. I quote his words (translated from p. 259): 

'From the significance of freedom, as a mere possibility limited by natural laws, there is no way to that "reality" of volition and freedom of decision with which ethics is concerned. To mistake the choice (Auswahl) which an electron, according to Bohr's theory has between different quantum orbits, with a choice (Wahl) in the ethical sense of this concept, would mean to become the victim of a purely linguistic equivocality. To speak of an ethical choice there must not only be different possibilities but a conscious distinction between them and a conscious decision about them. To attribute such acts to an electron would be a gross relapse into a form of anthropomorphism. Concerning the inverse problem whether the 'freedom' of the electron helps us to understand the freedom of volition he says this (p. 261): `It is of no avail whether causality in nature is regarded in the form of rigorous "dynamical" laws or of merely statistical laws.... In neither way does there remain open an access to that sphere of "freedom" which is claimed by ethics'.


My short survey of these difficult problems cannot be compared with Cassirer's deep and thorough study. Yet it is a satisfaction to me that he also sees the philosophical importance of quantum theory not so much in the question of indeterminism but in the possibility of several complementary perspectives or aspects in the description of the same phenomena as soon as different standpoints of meaning are taken. There is no unique image of our whole world of experience.

This last Appendix, added after delivering the lectures, gives me the opportunity to express my thanks to those among my audience who came to me to discuss problems and to raise objections. One of these was directed against my expression `observational invariants'; it was said that the conception of invariant presupposes the existence of a group of transformations which is lacking in this case. I do not think that this is right. The problem is, of course, a psychological one; what I call `observational invariants' corresponds roughly to the Gestalten of the psychologists. The essence of Gestalten theory is that the primary perceptions consist not in uncoordinated sense impressions but in total shapes or configurations which preserve their identity independently of their own movements and the changing standpoint of the observer. Now compare this with a mathematical example, say the definition of the group of rotations as those linear transformations of the coordinates x, y, z for which x2+y2+z2 is invariant. The latter condition can be interpreted geometrically as postulating the invariance of the shape of spheres. Hence the group is defined by assuming the existence of a definite invariant configuration or Gestalt, not the other way round. The situation in psychology seems to me quite analogous, though much less precise. Yet I think that this analogy is of some help in understanding what we mean by real things in the flow of perceptions.


Another objection was raised against my use of the expression `metaphysical' because of its association with speculative systems of philosophy. I need hardly say that I do not like this kind of metaphysics, which pretends that there is a definite goal to be reached and often claims to have reached it. I am convinced that we are on a never-ending way; on a good and enjoyable way, but far from any goal. Metaphysical systematization means formalization and petrification. Yet there are metaphysical problems, which cannot be disposed of by declaring them meaningless, or by calling them with other names, like epistemology. For, as I have repeatedly said, they are 'beyond physics' indeed and demand an act of faith. We have to accept this fact to be honest. There are two objectionable types of believers: those who believe the incredible and those who believe that `belief' must be discarded and replaced by 'the scientific method'. Between these two extremes on the right and the left there is enough scope for believing the reasonable and reasoning on sound beliefs. Faith, imagination, and intuition are decisive factors in the progress of science as in any other human activity.

   


A human interest note: Born's daughter Irene was the mother of pop singer Olivia Newton-John
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   Among all the major scientists of the twentieth century, Niels Bohr may have most wanted to be considered a philosopher. Bohr thought that his concept of complementarity, developed in the same weeks as Werner Heisenberg was formulating his uncertainty principle, could explain many great philosophical issues. Complementarity in the form of wave-particle duality lies at the core of the Copenhagen interpretation of quantum mechanics. Over the years, Bohr suggested complementarity could illuminate the mind/body problem, it might provide for the difference between organic and inorganic matter, and it could underlie other classic dualisms like subject/object, reason versus passion, and even free volition versus deterministic causality.   

  Like any educated person of his time, Bohr knew of Kant's phenomemal/noumenal dualism. He often spoke as if the goal of complementarity was to reconcile opposites. He likened it to the eastern yin and yang, and his grave is marked with the yin/yang symbol.


  Bohr was often criticized for suggesting that both A and Not-A could be the case. This was the characteristic sign of Georg W.F. Hegel's dialectical materialism. Had Bohr absorbed some Hegelian thinking? Another Hegelian trait was to speak indirectly and obscurely of the most important matters, and this was Bohr's way, to the chagrin of many of his disciples. They called it "obscure clarity." They hoped for clarity and but got mostly fuzzy thinking when Bohr stepped outside of his "old" quantum mechanics.


  Bohr might very much have liked the current two-stage model for free will incorporating both randomness and an adequate statistical determinism. He could have seen it as a shining example of his complementarity. 


As a philosopher, Bohr was a logical positivist, greatly influenced by Ernst Mach. He put severe epistemological limits on knowing the Kantian "things in themselves," just as Immanuel Kant had put limits on reason. The British empiricist philosophers John Locke and David Hume had put the "primary" objects beyond the reach of our "secondary" sensory perceptions. In this respect, Bohr shared the positivist views of many other empirical scientists, especially Mach. 


Bohr seemed to deny the existence of an "objective reality," but clearly knew and said that the physical world is largely independent of human observations. In classical physics, the physical world is assumed to be completely independent of the act of observing the world. 


Copenhageners were proud of their limited ability to know. Bohr said:


There is no quantum world. There is only an abstract quantum physical description. It is wrong to think that the task of physics is to find out how nature is. Physics concerns what we can say about nature.


Agreeing with many twentieth-century analytic language philosophers, Bohr and Heisenberg emphasized the importance of conventional language as a tool for knowledge. Since language evolved to describe the familiar world of "classical" objects in space and time, they insisted that somewhere between the quantum world and the classical world there must come a point when our observations and measurements can be expressible in classical concepts. They argued that a measurement apparatus and a particular observation must be describable classically in order for it to be understood and become knowledge in the mind of the observer. And controversially, they maintained that a measurement is not complete until it is knowledge in the mind of a "conscious observer."


In quantum physics, Bohr and Heisenberg said that the result of an experiment depends on the free choice of the experimenter as to what to measure. The quantum world of photons and electrons might look like waves or look like particles depending on what we look for, rather than what they "are" as "things in themselves." 


The Copenhagen Interpretation of quantum mechanics says that physical reality does not actually have values for familiar physical variables like position and momentum until we decide to measure them. Einstein, by comparison, asked "Does the particle have a precise position the moment before it is measured?" The Copenhagen answer was sometimes "no," more often it was "we don't know," or "the question is meaningless."

Free Choice in Quantum Mechanics


"Free choice" is an important term in the debates about quantum mechanics and physical reality. It was introduced by Niels Bohr in his response to Albert Einstein's famous challenge to the "completeness" of quantum mechanics. 

Einstein, with his Princeton colleagues Boris Podolsky and Nathan Rosen, are said to have claimed in their article on what is now called the EPR paradox, that quantum mechanics  requires the addition of further parameters or "hidden variables" to restore a deterministic picture of the "elements of reality."  


In classical physics, such elements of reality include simultaneous values for the position and momentum of elementary particles like electrons.


In quantum mechanics, Bohr and Werner Heisenberg claimed that such properties could not be said to exist precisely before an experimenter decides to make a measurement.


This "freedom of choice" of the experimenter includes the freedom of which specific property to measure for. If the position is measured accurately, the (complementary conjugate and non-commuting variable) momentum is necessarily (sic) indeterminate.

Free Choice versus "Nature's Choice."


For example, if the observer orients a Stern-Gerlach device in a particular direction or angle, that choice of direction limits the outcomes of measurement to spin-up or spin-down in that chosen direction. But the observer cannot control the random outcomes of spin-up or spin-down. This randomness is what Paul Dirac called "Nature's choice." 


In his 1938 essay on "The Causality Problem in Atomic Physics" Bohr again emphasizes the "free choice" of an experimental procedure in his solution to the EPR paradox.


the paradox finds its complete solution within the frame of the quantum mechanical formalism, according to which no well defined use of the concept of "state" can be made as referring to the object separate from the body with which it has been in contact, until the external conditions involved in the definition of this concept are unambiguously fixed by a further suitable control of the auxiliary body. Instead of disclosing any incompleteness of the formalism, the argument outlined entails in fact an unambiguous prescription as to how this formalism is rationally applied under all conceivable manipulations of the measuring instruments. The complete freedom of the procedure in experiments common to all investigations of physical phenomena, is in itself of course contained in our free choice of the experimental arrangement, which again is only dictated by the particular kind of phenomena we wish to investigate.


Free Choice versus "Nature's Choice."


To be sure, those quantum events that are "measured" in a physics experiment which is set up to measure a certain quantity are dependent on the experimenter and the design of the experiment. To measure the electron spin in a Stern-Gerlach experiment, for example, the experimenter is "free to choose" to measure, for example, the z-component of the spin, rather than the x- or y-component. This will influence (but not determine) quantum level events in the following ways:

	The experimental outcome will produce a definite value for the z-component of the spin (either +1/2 or -1/2)

	The x-component of the spin after the measurement will be in a linear combination/superposition of +1/2 or -1/2 states
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It is in this sense that Bohr and Heisenberg describe properties of the quantum world as not existing until we make a measurement. We are "free to choose" the experiment to perform. If we measure position for example, the precise position value did not exist in some sense immediately before the measurement. 

On the other hand, we could not create the particular value for the position. This is a random choice made by Nature, as P. A. M. Dirac put it. 


For many years, Bohr described these freedoms as a consequnce of "uncertainty," as in Heisenberg's famous "uncertainty principle." Bohr initially described this as an epistemological problem. Heisenberg's first explanation assumed that the measuring apparatus "disturbed" a particle in the act of measurement so that indeterminacy was ontological and independent of the observer. 


The popular but mistaken thought experiment known as "Heisenberg's Microscope" showed that low-energy long-wavelength photons would not disturb an electron's momentum, but their long waves provided a blurry picture at best, so they lacked the resolving power to measure the position accurately. Conversely, if a high-energy, short wavelength photon was used (e.g., a gamma-ray), it might measure momentum accurately, but the recoil of the electron would be so large that its position becomes uncertain. 


But Bohr showed Heisenberg was mistaken. One could correct for the disturbance (the recoil), he said, but could not ever eliminate the limits on resolving power of the measuring instrument, which is the real source of uncertainty. In his later years, Bohr stopped describing Heisenberg's principle as "uncertainty" and referred to it as "indeterminacy," the word Heisenberg himself had originally used (unbestimmtheit).


[image: image-placeholder]

In his "Como Lecture," which introduced Bohr's famous notion of "complementarity," Bohr cleverly derived Heisenberg's indeterminacy principle solely from abstract space-time considerations, not from the concrete physical parameters like position and momentum. 

Bohr showed that a "wave-packet" with significant values in a spatially limited volume can be made from a superposition of plane waves with a range of frequencies. 


The range of frequencies Δν needed so the wave packet is kept inside an interval of time Δt is
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A similar argument in space relates the physical size of a wave packet Δx to the variation in the number of waves per centimeter Δσ. σ is the so-called wave number =  1 / λ (the inverse of the wavelength):
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If we multiply both sides of the above equations by Planck's constant h, and use the Planck/Einstein relation between energy and frequency 
  E
  =
  h
  ν
 (and the similar Einstein relation between momentum and wavelength p = hσ = h / λ), the above become the Heisenberg indeterminacy relations:



ΔE Δt =  h,         Δp Δx =  h.



This must have dazzled and perhaps upset Heisenberg. Bohr had used only the  abstract space and time properties of waves to derive Heisenberg's physical limits! Bohr was obviously impressed by the new de Broglie - Schrödinger wave mechanics. Could wave mechanics produce a theory that did not need Heisenberg's material interactions or Einstein's point-like particles of energy (now photons)? 


Bohr was pleased that Schrödinger's wave function provided a "natural" explanation for the "quantum numbers" of the "stationary states" in his first quantum postulate. They are simply the nodes in the wave function. On the other hand, Schrödinger hoped to eliminate the "unnatural" quantum jumps in Bohr's second quantum postulate by resonances or singularities in the wave field. 




Quantum mechanics requires a fundamental "indeterminacy" that is ontological, a characteristic of the wave function whether or not it is observed. The experimenter can get different results, depending on the choice of measurement apparatus and the property or attribute measured. 


EPR argued (mistakenly) that entangled particles could be regarded as separate systems (the indistinguishable particles are in fact described by an inseparable two-particle wave function), and since the experimenter can choose which type of measurement to make on the first system, it would make an instantaneous difference in the state and properties of the second system, however far away, without in any way "disturbing" the second system, but violating special relativity.


We see therefore that, as a consequence of two different measurements performed upon the first system, the second system may be left in states with two different wave functions. On the other hand, since at the time of measurement the two systems no longer interact, no real change can take place in the second system in consequence of anything that may be done to the first system. This is, of course, merely a statement of what is meant by the absence of an interaction between the two systems. Thus, it is possible to assign two different wave functions to the same reality (the second system after the interaction with the first).


In his 1935 reply to Einstein, Podolsky, and Rosen, Bohr denied that the limitations on simultaneously measuring complementary properties implied any incompleteness:


My main purpose in repeating these simple, and in substance well-known considerations, is to emphasize that in the phenomena concerned we are not dealing with an incomplete description characterized by the arbitrary picking out of different elements of physical reality at the cost of sacrificing other such elements, but with a rational discrimination between essentially different experimental arrangements and procedures which are suited either for an unambiguous use of the idea of space location or for a legitimate application of the conservation theorem of momentum. 

Any remaining appearance of arbitrariness concerns merely our freedom of handling the measuring instruments characteristic of the very idea of experiment. In fact, the renunciation in each experimental arrangement of the one or the other of two aspects of the description of physical phenomena, - the combination of which characterizes the method of classical physics, and which therefore in this sense may be considered as complementary to one another, - depends essentially on the impossibility in the field of quantum theory, of accurately controlling the reaction of the object on the measuring instruments, i.e., the transfer of momentum in case of position measurements, and the displacement in case of momentum measurements. 

Not only epistemological human ignorance of values, but even definitions of physical quantities are an impossibility.


Just in this last respect any comparison between quantum mechanics and ordinary statistical mechanics, - however useful it may be for the formal presentation of the theory, — is essentially irrelevant. Indeed we have in each experimental arrangement suited for the study of proper quantum phenomena not merely to do with an ignorance of the value of certain physical quantities, but with the impossibility of defining these quantities in an unambiguous way.

The last remarks apply equally well to the special problem treated by Einstein, Podolsky and Rosen, which has been referred to above, and which does not actually involve any greater intricacies than the simple examples discussed above. The particular quantum-mechanical state of two free particles, for which they give an explicit mathematical expression, may be reproduced, at least in principle, by a simple experimental arrangement, comprising a rigid diaphragm with two parallel slits, which are very narrow compared with their separation, and through each of which one particle with given initial momentum passes independently of the other. If the momentum of this diaphragm is measured accurately before as well as after the passing of the particles, we shall in fact know the sum of the components perpendicular to the slits of the momenta of the two escaping particles, as well as the difference of their initial positional coordinates in the same direction; while of course the conjugate quantities, i.e., the difference of the components of their momenta, and the sum of their positional coordinates, are entirely unknown.* In this arrangement, it is therefore clear that a subsequent single measurement either of the position or of the momentum of one of the particles will automatically determine the position or momentum, respectively, of the other particle with any accuracy; at least if the wave-length corresponding to the free motion of each particle is sufficiently short compared with the width of the slits. As pointed out by the named authors, we are therefore faced at this stage with a completely free choice whether we want to determine the one or the other of the latter quantities by a process which does not directly interfere with the particle concerned.


Like the above simple case of the choice between the experimental procedures suited for the prediction of the position or the momentum of a single particle which has passed through a slit in a diaphragm, we are, in the "freedom of choice" offered by the last arrangement, just concerned with a discrimination between different experimental procedures which allow of the unambiguous use of complementary classical concepts. In fact to measure the position of one of the particles can mean nothing else than to establish a correlation between its behavior and some instrument rigidly fixed to the support which defines the space frame of reference. Under the experimental conditions described such a measurement will therefore also provide us with the knowledge of the location, otherwise completely unknown, of the diaphragm with respect to this space frame when the particles passed through the slits. Indeed, only in this way we obtain a basis for conclusions about the initial position of the other particle relative to the rest of the apparatus. By allowing an essentially uncontrollable momentum to pass from the first particle into the mentioned support, however, we have by this procedure cut ourselves off from any future possibility of applying the law of conservation of momentum to the system consisting of the diaphragm and the two particles and therefore have lost our only basis for an unambiguous application of the idea of momentum in predictions regarding the behavior of the second particle. Conversely, if we choose to measure the momentum of one of the particles, we lose through the uncontrollable displacement inevitable in such a measurement any possibility of deducing from the behavior of this particle the position of the diaphragm relative to the rest of the apparatus, and have thus no basis whatever for predictions regarding the location of the other particle.


From our point of view we now see that the wording of the above-mentioned criterion of physical reality proposed by Einstein, Podolsky and Rosen contains an ambiguity as regards the meaning of the expression "without in any way disturbing a system." 


EPR was concerned about faster-than-light disturbances or influences between particles with pre-existing properties


Of course there is in a case like that just considered no question of a mechanical disturbance of the system under investigation during the last critical stage of the measuring procedure. But even at this stage there is essentially the question of an influence on the very conditions which define the possible types of predictions regarding the future behavior of the system. 
Since these conditions constitute an inherent element of the description of any phenomenon to which the term "physical reality" can be properly attached, 

Bohr denies the charge of "incompleteness"


we see that the argumentation of the mentioned authors does not justify their conclusion that quantum-mechanical description is essentially incomplete. On the contrary this description, as appears from the preceding discussion, may be characterized as a rational utilization of all possibilities, of unambiguous interpretation of measurements, compatible with the finite and uncontrollable interaction between the object and the measuring instruments in the field of quantum theory. In fact, it is only the mutual exclusion of any two experimental procedures, permitting the unambiguous definition of complementary physical quantities, which provides room for new physical laws the coexistence of which might at first sight appear irreconcilable with the basic principles of science. It is just this entirely new situation as regards the description of physical phenomena that the notion of complementarity aims at characterizing.



Here Bohr introduces the freedom of the experimenter


In his long 1938 essay on "The Causality Problem in Atomic Physics" Bohr again emphasizes the "free choice" of an experimental procedure in his solution to the EPR paradox.

the paradox finds its complete solution within the frame of the quantum mechanical formalism, according to which no well defined use of the concept of "state" can be made as referring to the object separate from the body with which it has been in contact, until the external conditions involved in the definition of this concept are unambiguously fixed by a further suitable control of the auxiliary body. Instead of disclosing any incompleteness of the formalism, the argument outlined entails in fact an unambiguous prescription as to how this formalism is rationally applied under all conceivable manipulations of the measuring instruments. The complete freedom of the procedure in experiments common to all investigations of physical phenomena, is in itself of course contained in our free choice of the experimental arrangement, which again is only dictated by the particular kind of phenomena we wish to investigate.


In all the recent EPR experiments to test  Bell's Inequalities, "free choices" of the experimenters are needed when they select the angle of polarization. Note that what determines the second experimenter's results is these tests is simply the first experimenter's measurement, which instantaneously collapses the superposition of two-particle states into a particular state that is now a separable product of independent particle states.


Bell inequality investigators who try to recover the "elements of local reality" that Einstein wanted, and who hope to eliminate the irreducible randomness of quantum mechanics that follows from wave functions as probability amplitudes, often cite "loopholes" in EPR experiments. For example, the "detection loophole" claims that the efficiency of detectors is so low that they are missing many events that might prove Einstein was right. 


Most all the loopholes have now been closed, but there is one loophole that can never be closed because of its metaphysical/philosophical nature. That is the "(pre-)determinism loophole."


If every event occurs for reasons that were established at the beginning of the universe, then the experimenters lack any free will or free choice and all the careful experimental results are meaningless. John Conway and Simon Kochen have formalized this loophole in what they call the Free Will Theorem.
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   S. H. Burburyl was one of a number of British scientists who criticized the H-Theorem of Ludwig Boltzmann, which was widely believed to have shown that the entropy in an isolated system can only increase to a maximum. Boltzmann's quantity H is the opposite of entropy (in modern terms it is the negentropy or information). 

Boltzmann at first (1872) claimed to have shown that his "minimum function" H (he actually used the German letter "E" which resembles the English "H") could be shown to decrease to a minimum as a consequence of the dynamic evolution of a gas of colliding particles. Boltzmann counted the number of particles that would leave a small volume of phase space as a result of collisions and compared it to the number of particles that would enter the same volume. This was called the Stosszahlansatz (collision number estimate).


Already in the 1870's William Thomson (Lord Kelvin) and Josef Loschmidt had criticized this dynamical derivation on the grounds that if all the velocities of the particle were reversed the H function would increase (entropy would decrease). And Boltzmann had agreed with them, saying in 1877 that the only proper derivation of the H-Theorem is statistical. Systems would evolve toward macrostates with the greatest probability (the greatest number of microstates). Boltzmann's definition of entropy is proportional to the logarithm if the number of microstates W.



  S
  =
  k
  l
  o
  g
  W



The proportionality factor k was introduced by Max Planck in 1900. He called it Boltzmann's constant.


Scientists at the 1894 meeting of the British Association for the Advancement of Science (which was attended by Boltzmann) argued that there must be something causing "molecular disorder" or chaos that is introducing the irreversibility. Edward Culverwell suggested molecular disorder might be caused by the ether that was the presumed medium for electromagnetic waves. In 1890 he wrote:


We know that by means of the aether, bodies at a distance and wholly prevented from acting on each other molecularly, come to exactly the same temperature-equilibrium without any assistance from their collisions. Hence there is every reason to suppose that it is by the molecules interacting through the aether that the temperature-equilibrium is determined.


Then in 1894 he argued that something must be preventing the reversibility, since a dynamical analysis leads to perfect reversibility.


The remarkable differences of opinion as to what the H-theorem is, and how it can be proved, show how necessary is the discussion elicited by my letter...

I say that if that proof does not somewhere or other introduce some assumption about averages, probability, or irreversibility, it cannot be valid.



S. H. Burbury used the terms "haphazard" and "chaos" to describe what is needed.


The objection that I understand to be made is that if you reverse all the velocities after collisions, the system will retrace its course with H increasing - which is supposed to be contrary to the thing proved...

I think the answer to this would be that any actual material system receives disturbances from without, the effect of which, coming at haphazard, is to produce the very distribution of coordinates which is required to make H diminish.




Sir James Jeans in 1903 agreed with Culverwell and Burbury that interaction with radiation could be dissipative  and change the physics of Boltzmann's conservative dynamical system.

In the first place the distribution of energy which is given by Boltzmann's Theorem is the only distribution
which is permanent under the conditions postulated by this theorem. And in
the second place, this law of distribution may break down entirely as soon as we
admit an interaction, no matter how small, between the molecules and the surrounding
ether. That such an interaction must exist is shown by the fact that a
gas is capable of radiating energy. In fact, Boltzmann's Theorem rests on the
assumption that the molecules of a gas form a conservative dynamical system, and
it will appear that the introduction of a small dissipation function may entirely
invalidate the conclusions of the theorem.* Thus we may regard the Boltzmann
distribution as unstable, in the sense that a slight deviation from perfect conservation
of energy may result in a complete redistribution of the total energy.


Boltzmann largely ignored the suggestions of the British physicists, ignoring the idea of randomizing radiation interactions, arguing instead that the mean free paths of particles in a dilute gas would allow the molecules to escape to distant parts of the gas, leaving behind any correlations (molecular order) with recent collisions. For Boltzmann, molecular disorder is a statistical condition, not a dynamic process whereby molecular paths are made haphazard and thus irreversible.

If the mean free path in a gas is large compared to the mean distance of two neighboring molecules, then in a short time, completely different molecules than before will be nearest neighbors to each other. A molecular-ordered but molar-disordered distribution will most probably be transformed into a molecular-disordered one in a short time. Each molecule flies from one collision to another one so far away that one can consider the occurrence of another molecule, at the place where it collides the second time, with a definite state of motion, as being an event completely independent (for statistical calculations) of the place from which the first molecule came (and similarly for the state of motion of the first molecule). However, if we choose the initial configuration on the basis of a previous calculation of the path of each molecule, so as to violate intentionally the laws of probability, then of course we can construct a persistent regularity or an almost molecular-disordered distribution which will become an molecular-ordered at a particular time. Kirchhoff also makes the assumption that the state is molecular-disordered in his definition of the probability concept.



Boltzmann was confident that probability played the major role and he prophetically described a future physics of "average values," eerily anticipating the "expectation values" of probabilistic indeterministic quantum physics.


Since today it is popular to look forward to the time when our view of nature
will have been completely changed, I will mention the possibility that the
fundamental equations for the motion of individual molecules will turn out to
be only approximate formulas which give average values, resulting according
to the probability calculus from the interactions of many independent moving
entities forming the surrounding medium - as for example in meteorology the
laws are valid only for average values obtained by long series of observations
using the probability calculus. These entities must of course be so numerous
and must act so rapidly that the correct average values are attained in millionths
of a second.
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Quantum Statistics for Photons (1924)


In 1924, Albert Einstein received an amazing very short paper from India by Satyendra Nath Bose. Einstein must have been pleased to read the title, "Planck's Law and the Hypothesis of Light Quanta." It was more attention to Einstein's 1905 work than anyone had paid in nearly twenty years. The paper began by claiming that the "phase space" (a combination of 3-dimensional coordinate space and 3-dimensional momentum space) should be divided into small volumes of h3, the cube of Planck's constant. By simply counting the number of possible distributions of light quanta over these cells, Bose claimed he could calculate the entropy and all other thermodynamic properties of the radiation, including the famous Planck law.
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Maxwell and Boltzmann had derived their distribution law for material particles by analogy with the Gaussian exponential tail of probability in the theory of errors. The number of gas particles with velocity between v and v + dv is
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Max Planck had simply guessed his expression from Wien's law for high frequency radiation 
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and from Lord Rayleigh's expression for low-frequency (long-wavelength) radiation.




  
    ρ
    
      ν
    
  
  d
  ν
  =
  
    ν
    
      2
    
  
  T
  .




Planck simply added the term - 1 in the denominator of  Wien's expression (1 / e - bν / T). Planck later acknowledged that his breakthrough was luckily finding a mathematical expression that interpolates between Wien's Law at high frequencies and the Rayleigh-Jeans Law at low frequencies. He called it a glückliche Interpolationformel.


Einstein said Planck's work was "monstrous," but obviously in perfect agreement with experiment. How had Planck done it?


All Einstein's derivations of the Planck law, including that of 1916-17 (which Bose called "remarkably elegant"), used classical electromagnetic theory to derive the density of radiation as the number of "modes" or "degrees of freedom" of the radiation field,
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In 1906, Einstein had criticized Planck's use of this classical expression  in deriving his "quantum" radiation law. He called it a contradiction...


"this assumption...contradicts the theoretical basis from which [this expression] was developed." 


But now Bose showed he could get this quantity with a simple statistical mechanical argument remarkably like that Maxwell used to derive his distribution of molecular velocities. Where Maxwell said that the three directions of velocities for particles are independent of one another, but of course equal to the total momentum,



px2 + py2 + pz2 = p2,



Bose just used Einstein's 1917 relation for the momentum of a photon, its energy hν divided by its velocity c,
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and he wrote 
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This led him to calculate a frequency interval in phase space as 
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which he simply divided by  h3, multiplied by 2 to account for two polarization degrees of freedom, and he had derived the number of cells belonging to dν,
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without using classical radiation laws, a correspondence principle, or even Wien's law. His derivation was purely statistical mechanical, based only on the number of cells in phase space and the number of ways N photons can be distributed among pcells.


Einstein immediately translated the Bose paper into German and had it published in Zeitschrift für Physik, without even telling Bose.  More importantly, Einstein then went on to discuss a new quantum statistics that predicted low-temperature condensation of any particles with integer values of the spin. So called Bose-Einstein statistics were quickly shown by Dirac to lead to the quantum statistics of half-integer spin particles called Fermi-Dirac statistics. Fermions are half-integer spin particles that obey Pauli's exclusion principle so a maximum of two particles, with opposite spins, can be found in the fundamental h3 volume of phase space identified by Bose.


Einstein's 1916 work on transition probabilities predicted the stimulated emission of radiation that brought us lasers (light amplification by the stimulated emission of radiation). Now his work on quantum statistics brought us the Bose-Einstein condensation. Either work would have made their discoverer a giant in physics, but these are more often attributed to Bose, just as Einstein's quantum discoveries before the Copenhagen Interpretation are mostly forgotten by historians and today's textbooks, or attributed to others.


This work with Bose is often seen as Einstein's last positive contribution to quantum physics. Some judge his later efforts as purely negative attempts to discredit quantum mechanics, by graphically illustrating quantum phenomena that seem logically impossible or at least in violation of fundamental theories like his relativity.


But in some ways the phenomena of nonlocality (seen as early as 1905 but made clear at the Solvay conference in 1927), and nonseparability, and entanglement (which were introduced by the 1935 Einstein-Podolsky-Rosen paper) are as amazing as anything Einstein ever did. 



As we shall see, just like his visions of light quanta and ontological chance that were denied or ignored for so long, the “founders” of quantum mechanics told us to not even try to visualize the “mysteries” produced by Einstein’s last insights.  They told us not to try to understand what is happening in “quantum reality.” Despite them, Einstein’s visions of entanglement and “spooky action at a distance” have been confirmed by the latest experiments. He didn’t like them, but he saw them first.


They can only be understood by trying to see what it is that Einstein saw so long ago. Information philosophy will try to illustrate his vision.



They may not be made intuitive by our explanations, but they can be made understandable. And they can be visualized in a way that Einstein and Schrödinger might have liked, even if they would still find the phenomena impossible to believe. We hope even the layperson will see our animations as providing them an understanding of what quantum mechanics is doing in the microscopic world. The animations present standard quantum physics as Einstein saw it, though Schrödinger never accepted the "collapse" of the wave function and the existence of particles.



References

Planck's Law and the Hypothesis of Light Quanta
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Stephen G. Brush is a historian of science who has documented the history of the kinetic theory of gases. He translated from German some of Ludwig Boltzmann's major works on the second law of thermodynamics.

In an important 1976 contribution to the Journal of the History of Ideas, Brush argues that many nineteenth-century scientists accepted chance and randomness at the atomic level and that they related it to irreversibility in natural phenomena. (Other historians, e.g., Ian Hacking, made similar claims at the same time.)


In reading the casual remarks, and even what seem to be carefully considered pronouncements by nineteenth-century scientists, the twentieth-century reader often finds a puzzling ambiguity. Words like randomness, irregularity, and indeterminism may appear to imply that molecules or other entities do not move in paths that are completely determined by the positions, velocities, and forces of all particles in the system; yet the same author may express himself in a manner that is completely consistent with the view that these paths really are determined but we simply cannot obtain complete knowledge of them. What we might now call a crucial distinction between ontological and epistemological indeterminism is frequently blurred in these writings. This ambiguity can be used to argue that almost every one of the scientists quoted here believed only in epistemological, not ontological randomness—but such an argument would conceal a gradual but extremely significant historical shift in the meaning of concepts.

(Irreversibility and Indeterminism: Fourier to Heisenberg, Journal of the History of Ideas, 1976, reprinted in Kinetic Theory of Gases, Imperial College Press, 2003, p.604)


Brush thus sees more continuity in the idea of indeterminism than typical historians of modern quantum physics who situate the beginnings of indeterminism in quantum mechanics and Werner Heisenberg's indeterminacy principle. Although he notes that many nineteenth-century scientists thought that chance was not  ontologically real but rather merely epistemic, a consequence of the limits on human knowledge.


It is generally recognized that statistical ideas and methods were first introduced into physics in connection with the kinetic theory of gases. At the same time, modern writers invariably point out that in this case statistics was used only as a matter of convenience in dealing with large numbers of particles whose precise positions and velocities at any instant are unknown, or, even if known, could not be used in practice to calculate the gross behavior of the gas. Nevertheless, it is claimed, nineteenth-century physicists always assumed that the gas is really a deterministic mechanical system, so that if the super-intelligence imagined by Laplace were supplied with complete information about all the individual atoms at one time he could compute their positions and motions at any other time as well as the macroscopic properties of the gas. As Laplace himself had written in 1783, "The word 'chance,' then expresses only our ignorance of the causes of the phenomena that we observe to occur and to succeed one another in no apparent order." This situation is to be sharply distinguished, according to the usual accounts of the history of modern physics, from the postulate of atomic randomness or indeterminism which was adopted only in the 1920's in connection with the development of quantum mechanics. Thus, part of the "scientific revolution" that occurred in the early twentieth century is supposed to have been a discontinuous change from classical determinism to quantum indeterminism.

While I think it is legitimate to say that a revolution in physical thought has occurred since about 1800, I do not believe it is accurate to localize it in the two or three decades at the beginning of the twentieth century. Some of the most dramatic events did take place during that period, but they could not have had the impact they actually did if confidence in the mechanistic world view had not already been undermined to a considerable extent by developments in the nineteenth century. This argument has been presented elsewhere; here I want to focus on one particular component of the revolution, the rejection of determinism, and show that there was some degree of continuity between nineteenth- and twentieth-century ideas. I do not want to overstate the case for continuity; if it were possible to quantify the causal factors responsible for the ultimate effect, I would guess that twentieth-century events (including the discovery of radioactive decay though it actually occurred just before 1900) accounted for perhaps 80% of the impetus toward atomic randomness while the nineteenth-century background accounted for the remaining 20%. That 20% is still significant in view of the fact that most historians and scientists seem to give no weight at all to the role of the well-publicized debates on the statistical interpretation of thermodynanamics of the 1890's, or to the well-established use of probability methods in kinetic theory.

(ibid, p.611-12)



But some prominent physicists, who very well knew the statistical nature of the kinetic theory of gases, were convinced that the new quantum indeterminism was of a very different kind. In particular, Arthur Stanley Eddington maintained that the determinism of classical physics, which presumably included chance and probability, was gone forever. 


In The Nature of the Physical World (1928), Eddington dramatically announced "It is a consequence of the advent of the quantum theory that physics is no longer pledged to a scheme of deterministic law,"


Most mathematicians who specialized in probability (e.g., Abraham de Moivre and Pierre-Simon Laplace) believed that chance was only epistemic, the result of human ignorance. Indeed, the fact that the laws of error and the normal distribution of chance events followed precise statistical laws in the limit of large numbers of events, was for them proof that an unknown deterministic law governed all events.


Brush notes that one could easily argue that Maxwell, Boltzmann, Planck, and Einstein, would also "find it inconceivable that anything in nature could happen 'by chance' without any cause at all."


 Hence whenever we find them using the words "probability," "chance," "statistical," or "spontaneous," we must assume that such terms only refer to our lack of knowledge of causes, not to the absence of causes. The fallacy of that interpretation is that it could apply equally well to Born and Heisenberg, or to anyone who believes in an "uncertainty principle" as distinct from an "indeterminacy principle." 

(ibid, p.626)

Heisenberg himself emphasized that his principle applies to our knowledge about the world, The assertion that quantum mechanics has abandoned causality means that in the proposition "If we know the present exactly we can predict the future" it is not only the conclusion but also the premise that is false, according to Heisenberg: 


One might be led to the conjecture that under the perceptible statistical world there is hidden a "real" world in which the causal law holds. But it seems to us that such speculations, we emphasize explicitly, are fruitless and meaningless. Physics should only describe formally the relations of perceptions....


Clearly the transition from determinism to indeterminism is linked with the positivistic-pragmatic-operationalist-instrumentalist-phenomenalist attitude that many physicists adopted in the early twentieth century, partly influenced by Ernst Mach and other critics of
nineteenth-century mechanism, partly as a result of the difficulty of fitting the new phenomena of atomic physics into any consistent theoretical scheme. Positivism (as I call this complex of views) is a retreat from the aspiration to know and understand everything, an admonition to be content with the partial knowledge that can be attained at a particular stage in the development of theory and experiment. A positivist may call himself an indeterminist, meaning that his science
cannot determine that which lies beyond present observation; indeterminism is then the same as "uncertainty." (This was the position of Bohr, Heisenberg, and Eddington.) Or he may call himself a determinist, meaning that his theory correlates all known or knowable facts about the observable world, and that anything beyond that is not his concern anyway. (It is in this sense that Planck and some modern physicists and philosophers say that quantum mechanics is a deterministic theory.) Conversely, an anti-positivist  or realist maybe a determinist in the Laplacian sense, or an indeterminist who insists that there is a fundamental randomness in nature. Since this last position is rather hard to defend, the acceptance of indeterminism was greatly facilitated by the (at least temporary) acceptance of positivism.

Yet the acceptance of indeterminism could not have occurred unless determinism had first been shown to be either untenable or inconvenient in scientific work, since positivism is not ordinarily a very attractive stance for physicists. The contribution of nineteenth-century statistical physics was to show that in many cases the use of deterministic laws is not convenient in dealing with systems of many particles even though the motion of one or two such particles can be completely determined. Developments in the first two decades of the twentieth century showed that statistical physics can also deal with systems whose behavior does not seem to be determined by known causes. The positivistic attitude allowed the question of ultimate determinism to be set aside even as it encouraged the pragmatic use of statistical methods that carried the flavor of indeterminism.

(ibid, p.626-27)



There is perhaps more continuity between the nineteenth-century thinkers on probability and prominent dissenters from quantum theory such as Max Planck, Albert Einstein, Louis de Broglie, Erwin Schodinger, and David Bohm, who always hoped that an underlying deterministic explanation would be found some day for quantum randomness. 


In his later History of Modern Science, Brush summarized these arguments about the origin of indeterminism and chance in physics dating back to about 1800.


Just as Darwin denied that he was postulating randomness as a basic principle in evolution even though his theory of natural selection seemed to provide no alternative to the assumption that variations occur by chance, Einstein supplied the basis for indeterminism in physics yet insisted that "God does not play dice." In a third paper published in 1905, Einstein treated the irregular motion of microscopic particles in a fluid ("Brownian movement") as a random process dependent on chance impacts of molecules. Eleven years later he presented a theory of spontaneous and stimulated emission of radiation — a theory that ultimately inspired the invention of the laser — in which he assumed that atomic processes are governed by chance. While Einstein himself was unhappy with this assumption, other physicists made it the basis of the quantum theory of the atom.

Randomness or indeterminism, another major theme of the Second Scientific Revolution, did not originate in quantum theory but emerged in nineteenth-century debates about the temporal direction of irreversible processes. Kelvin had proposed in 1852 a "universal tendency in nature to the dissipation of mechanical energy"; this became associated with the second law of thermodynamics, as the statement that "entropy" always increases or remains constant. (Entropy was originally defined as heat transfer divided by temperature.) Maxwell recognized that the natural tendency of heat to flow from hot to cold — the simplest example of energy dissipation or entropy increase — is equivalent to a tendency for molecules to become more and more mixed up as time goes on. Ludwig Boltzmann quantified this insight with a mathematical relation between entropy and disorder and reformulated the kinetic theory of gases so as to imply that all natural processes involve some degree of randomness at the atomic level.


Entropy was thereby liberated from its moorings in physics and entered common language as a synonym for randomness. In the twentieth century we no longer fear randomness as a threat of chaos but welcome it as a possible haven for free will and a guarantee of "fairness" in statistical surveys and military draft selection procedures.


In "quantum mechanics" (the mature version of quantum theory). randomness reached new heights of abstraction as mechanism retreated. Erwin Schrödinger proposed a mathematical equation from which can be deduced the observable properties of atoms, molecules, and (with a powerful enough computer or accurate approximate methods) any material system under ordinary conditions. But the symbols in the Schrödinger equation have no direct physical meaning. According to Max Born one of these symbols, the "wave function," represents the probability that the system will follow a certain path or be found in a certain state. There is no longer a causal law to determine how the positions and velocities of atoms evolve; instead there is a causal law that determines how their probability distributions evolve.


Following the publication in 1926 of Schrodinger's equation and Max Born's statistical interpretation of it, there ensued a friendly but intense debate between Einstein and Niels Bohr, the philosophical leader of the new quantum mechanicians. The major issue was not so much randomness as realism. Einstein argued that quantum mechanics is not wrong but incomplete because it fails to account for some atomic properties that have a real existence. For example, according to Werner Heisenberg's principle, the position and momentum of a particle cannot be simultaneously determined: the more accurately one of these quantities is pinned down, the more indeterminate the other must be. To call this an "uncertainty principle" as is usually done implies that the position and momentum actually have values but we can't find out what they are because any attempt to measure them must disturb the system. But Bohr and Heisenberg, the proponents of the "Copenhagen interpretation" of quantum mechanics, claimed that these properties cannot be said to have an objective existence. It is only the observation that gives them reality. Thus the term "indeterminacy principle" is more accurate.


(The History of Modern Science, Iowa State University Press, 1988, pp.19-20)



Brush is quite right that indeterminacy is preferable to uncertainty, with the latter's epistemic implications. But the hope that randomness is now welcome as a possible haven for free will was shared by just a few quantum scientists. Philosophers have rejected indeterminism as one of the two horns of a dilemma. For them, chance as the direct cause of human action undermines moral responsibility. Indeterminism is part of the  standard argument against free will

We argue that it takes a two-stage process of randomness followed by adequate determinism to provide a workable free will model.
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Susan Blackmore is a British psychologist and freelance writer who has written extensively on consciousness.

Just as many philosophers and scientists think that free will may be an illusion, Blackmore appears to think that consciousness is a "Grand Illusion" or a delusion.


She says about a "conscious will" 


For some people it is the human capacity for self-conscious thought that makes us different from other animals and machines; they believe that it is because we can consciously weigh up alternatives and consider the outcomes that we have free will and hence can be held responsible for our choices. Yet this brings us straight back to the same problem. If consciousness is conceived of as a force that makes free will possible, then it amounts to magic - an impossible intervention in an otherwise causally closed world. But if consciousness is not such a force, then our feelings of having conscious control must be an illusion. 


She describes the "classic problem of free will" in three short paragraphs; 


David Hume called the problem of free will the most contentious of metaphysics. Indeed, it is said to be the most discussed problem in all of philosophy, going back to the ancient Greeks and beyond. The issue raises strong feelings because freedom implies responsibility. We consider ourselves responsible, and we hold others accountable for their actions on the assumption that they freely chose to act the way they did. If there is no free will, then human moral responsibilitymight seem to be threatened, and with it the rule of law.

Part of the problem lies with determinism. To many early philosophers, as well as to modern scientists, the universe appears to be deterministic; that is, all events are determined by prior events. If this is so, the argument goes, then everything that happens must be inevitable and if everything is inevitable there is no room for free will, because all my actions must be predetermined. This means that there is no point in my choosing to do anything, and no sense in which I could have done otherwise.


Some philosophers accept that free will and determinism are incompatible. They argue that either determinism is false (which seems unlikely and is extremely hard to prove) or free will must be an illusion (because it would amount to magic - an impossible non-physical intervention). Note that the addition of truly random processes to a determined world, as in radioactive decay or quantum physics, does not provide a loophole for free will since these processes, if they are truly random, cannot be influenced at all.
 



Blackmore does not see that the "truly random processes" may be the (first stage) source for those "alternatives" that we can "consciously weigh" and that when we "consider the outcomes" we use an "adequately determined" second stage of evaluation, deliberation, and choice. 
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Walter Baade was a German national working in the United States during World War II. Baade was prevented from working in the war effort, at the same time other scientists were required or volunteered to do so,  leaving telescope time at the California Institute of Technology's great 100-inch refracting telescope on Mount Wilson to Baade. 


In 1944, Baade categorized groups of stars within the Milky Way into two stellar populations though he said Jan Oort had in 1926 suggested a similar distinction (based on color alone?).


Baade observed that bluer stars were strongly associated with the spiral arms, and yellow stars dominated near the central galactic bulge and within globular star clusters well outside the spiral arms. Two main divisions he called population I and population II stars, . The spectrographic properties  of the two different stellar populations suggest different chemical compositions.


A newer, hypothetical division called population III was added in 1978. By definition, each population group shows the trend where lower metal content indicates higher age of stars. Hence, the first stars in the universe (very low metal content) are called population III, old stars (low metallicity) are population II, and recent stars (high metallicity) are population I. The Sun is considered population I, a recent star with a relatively high 1.4% metallicity.  


[A personal note: During Baade's 1959 lecture at Harvard, my classmates pointed out that I had suggested the Sun might actually be older population II disguised by the accretion of dust and gas from the spiral arms of the Milky Way. 


In Chuck Whitney's class on stellar interiors, I had calculated the solar interior might be pure hydrogen (with helium in the thermonuclear core) and still be the same radius. A thin outer layer might contain accreted heavy elements and the convection mixing length might be very short, keeping metallic elements in just the thin solar surface.]



Recently formed stars are often seen surrounded with the gas and dust clouds (nebulae) from which they were born (cf. the Orion Nebula). Other nebulae are surrounded by the detritus from a star dying - an exploding supernova (e.g. the Crab Nebula). The Crab, in the constellation Cassiopeia, contains the first supernova ever observed, by Danish astronomer Tycho Brahe in 1572.

Wartime added a great advantage to Baade’s efforts. Light pollution in the Los Angeles area was greatly lessened by grayouts (partial blackouts) to hide targets from enemy submarines. As a result, Baade was able to resolve individual stars in the Andromeda galaxy. He saw two different types of Cepheid variable stars, corresponding to his populations I and II, The absolute luminosities had been discovered to be a function of their period of variation by Harvard astronomer Henrietta Swan Leavitt in 1908.


The Cepheid variables became "standard candles" for astronomers, used to calculate the distances to many objects out beyond the "local group" of galaxies

 
In 1929, Edwin Hubble had used Leavitt’s work on Cepheids in the Large Magellanic Cloud to calculate the distance to Andromeda and to dozens of other nearby galaxies. Red-shift measurements by Hubble’s colleague Vesto Slipher established the linear velocity-distance relationship that proved the universe is expanding, now known as the Hubble law.


Comparing the Hubble expansion rate with the known overall matter density led astronomers to claim that the universe would not expand indefinitely. The favored cosmological model until the middle 1950’s was an unbounded but finite space, inside which all paths ultimately curved back on themselves. Space was thought to be curved positively according to Albert Einstein's theory of general relativity. The universe was thought to be unbounded but a finite volume.


Baade recognized that the Cepheids Leavitt had studied were what we now call Population I stars, and that his second type are a part of older Population II.  The second type are much brighter intrinsically, putting the Andromeda galaxy much farther away and the universe much larger. Baade first reported his results in Rome in 1952, but it was not until 1956 that the fact of the bigger universe was accepted. Since that time the universe has not been thought to contain enough matter to close it. It cannot be held back from an infinite expansion.



Neutron Stars and Supernovae


Baade's Cal Tech colleague Fritz Zwicky had questioned the interpretation of red shifts as velocities because they suggested too high velocities and he proposed another source of wavelength shifting. Zwicky's analysis of velocities in the great Coma cluster of galaxies showed there is not enough observable matter to satisfy the virial theorem.  Zwicky was thus the first to infer the existence of unseen dark matter that he called "dunkle Materie." 
 
In 1934, working with Zwicky, Baade proposed exploding stars could throw off most of their matter and crush their cores to form tiny stars made entirely of neutrons. He and Baade called such an exploding star a "supernova." Exploding supernovae, especially type Ia, have become the farthest seen "standard candles," their absolute luminosity determined by the shape of their "light curves," the increase in brightness as a function of time.
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Orion Nebula
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Crab Nebula
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   Walther Bothe shared the Nobel prize in 1954 with Max Born for his experimental confirmation of Albert Einstein's theory of light quanta, and his proof that the energy was conserved for each Compton electron-photon scattering event.  This disproved the 1924 Bohr-Kramers-Slater theory that light was sometimes a wave, at other times a particle, and that energy was only conserved statistically over large numbers of events.

Einstein asked that this work be done and he was pleased that his theory of light quanta was perfectly confirmed. Until the early 1920's, Einstein was alone in his belief (since 1905) that light consisted of quanta (later called photons) and that wave properties were the result of averaging over large numbers of light particles. Einstein suggested (but never published) the idea that the waves provided what he called a "ghost-field" that guided the particles' motions. This became the deBroglie-Bohm "pilot-wave" theory of quantum mechanics. 


The standard interpretation of the quantum-mechanical wave function that evolves deterministically according to the Schrödinger equation is that it is the probability of finding a quantum particle in a given state. Einstein wanted the wave to determine the location of the particle. He was bothered to the end of his life that quantum mechanics was only a statistical theory and that it involved indeterministic chance. That was a "weakness in the theory," he said. Bothe confirmed an important aspect of the theory.


Until the work of Compton and Bothe, virtually no one but Einstein believed in the reality of light quanta, and that they displayed irreducible chance in the timing and direction of their emission. 


Nobel Lecture (excerpt)


It was in 1924 that I came across the theoretical paper by Bohr, Kramers, and Slater, which had just been published and which suggested a possible interpretation of the wave-particle dualism in the accepted description of the properties of light. This must be understood to mean the experimental fact that light of all wavelengths behaves as a wave process (interference) with pure propagation, but behaves as particles (light quanta: photo-effect, Compton effect) on conversion into other types of energy. The new idea consisted in denying strict validity to the energy-impulse law. In the individual or elementary process, so long as only a single act of emission was involved, the laws of conservation were held to be statistically satisfied only, to become valid for a macroscopic totality of a very large number of elementary processes only, so that there was no conflict with the available empirical evidence. It was immediately obvious that this question would have to be decided experimentally, before definite progress could be made. That such a decision was possible, Geiger and I agreed immediately, when I discussed the paper by Bohr, Kramers, and Slater with Geiger.

The experimental problem offered several means of attack. We decided in favour of an experiment with the effect discovered a short time previously by A.H. Compton, i.e. the scattering of light on practically free electrons. Apart from the scattered light, there occur the "recoil electrons" which had been observed and interpreted by C.T.R. Wilson in the cloud chamber, and by me both in the cloud chamber and by an ionization method. The "question to Nature" which the experiment was designed to answer could therefore be formulated as follows: is it exactly a scatter quantum and a recoil electron that are simultaneously emitted in the elementary process, or is there merely a statistical relationship between the two?


Meanwhile, Geiger had developed the so-called needle counter which has the advantage of responding not only to heavy particles but also to electrons, and therefore to light quanta of sufficiently high energy capable of releasing electrons within the counter.


Our arrangement therefore consisted of two needle counters, past the common front wall of which, without touching it, swept a beam of X-rays. The X-ray beam travelled in a hydrogen atmosphere; the Compton processes occurred in the one counter which indicated the recoil electrons, whereas only the scatter quanta were able to penetrate into the other counter and actuated it by electron release with very much lower probability. The readings of both counters were recorded side by side on a moving paper chart. In this way we succeeded after a few failures to establish the accuracy of any temporal "coincidence" between the two pointer readings as being 10-4 sec. Film consumption however was so enormous that our laboratory with the film strips strung up for drying sometimes resembled an industrial laundry.


The final result we obtained was that systematic coincidences do indeed occur with the frequency that could be estimated from the experimental geometry and the response probabilities of the counters on the assumption that, in each elementary Compton process, a scatter quantum and a recoil electron are generated simultaneously. The strict validity of the law of the conservation of energy even in the elementary process had been demonstrated, and the ingenious way out of the wave-particle problem discussed by Bohr, Kramers, and Slater was shown to be a blind alley.


This result was confirmed by different researchers using various experimental arrangements. When, more than ten years later, some doubts as to the correctness of this result were voiced, I tried with my then assistant, H. Maier-Leibnitz, to supplement and improve the original experiment in one point: the object was to demonstrate both simultaneity and uniformity of direction of scatter quantum and recoil electron, as was to be expected according to Compton's theory, i.e. according to the laws of elastic impact between two bodies. On this occasion, we employed the energy-rich gamma radiation of a radiothorium preparation. Again, the result was clearly positive. This demonstrated both the conservation of energy and the conservation of the impulse.


The possibility of the purely statistical validity of the conservation theorems discussed by Bohr, Kramers, and Slater appeared sufficiently important to be tested in yet another case. A spherical wave is emitted in the elementary process of light emission. The problem was: can this spherical wave initiate an absorption act in one direction of emission only, as the energy theorem postulates, or can it do so also statistically independently in several directions, as is to be expected according to Bohr, Kramers, and Slater? It must be borne in mind in an experiment of this kind, that, by contrast with the Compton effect, the probability of demonstrating an absorption act may not be of an order of magnitude much below unity, because otherwise any systematic coincidences that might occur would be submerged in the inevitable accidental coincidences. This was achieved by harmonizing the radiation source (iron or copper-K-fluorescence radiation) and the gas charge of the needle counters (argon) erected on either side so that the absorption probability in the gas charge was as close as possible to unity. Besides, the solid angles which the two counters offered to the radiation source had to amount as far as possible to 2 p. The result of this experiment (1926) was that no systematic coincidences occurred, at least not with the frequency to be expected according to Bohr, Kramers, and Slater. Strict conservation of energy in the elementary process had thus been confirmed also by a negative experiment. The wave-particle problem was destined to remain open for a short time only. During this time I had the singular good fortune of being able to discuss the problem constantly with Einstein. Some experiments done at Einstein's suggestion yielded no decisively new result. The (at least formal) solution was provided by wave mechanics; it is contained simply in the assumption that the Schrödinger wave of a system consisting of n particles is a wave in the 3n-dimensional "configuration space".



Historical Significance of the Bothe-Geiger Experiment

 
It is little-known that during the birth of quantum mechanics Walther Bothe (1891-1957)
published partly together with Hans Geiger (1882-1945) from 1923 to 1927 as much as
twenty papers which all deal with photons (light quanta). About half of the publications are of
experimental nature; the other deal with theoretical problems. Among the latter there is
theoretical work on the photo effect, the interaction of light with free electrons and on the
particle-wave dualism. In his final publication within this field Bothe found in 1927 the
correct interpretation of Einstein’s results for the energy fluctuations of black body
radiation.1,2 In his Nobel lecture (Nobel prize 1954, together with Max Born) Bothe
mentioned “that during this time I had the singular fortune of being able to discuss the [wave
particle] problem constantly with Einstein”.

Walther Bothe was an exceptional scientist, with likewise outstanding skills in theoretical
and experimental physics. He studied mathematics, physics and chemistry in Berlin and
entered the radiation laboratory of the Physikalisch Technische Reichsanstalt (PTR) in 1913.
After participation in the First World War he returned to Berlin in 1920 to resume work at the
PTR. Bothe was known all over his life to be able to work extremely self-concentrated.


Briefly after his return to the PTR Einstein proposed an experiment to prove his light
quantum hypothesis for the light emitted by canal rays. Geiger and Bothe performed the
experiment immediately and showed that the light emitted by moving atoms/ions will not be
deflected in dispersing medias, in accordance with Einstein’s prediction for light quanta. But
subsequent discussions led Einstein to the result, that both, the light quantum picture and the
light wave picture would finally yield the same results. Nevertheless it is a pity, that the
experiment itself was never published, since it was for the first time, that the particle-wave
dualism became apparent in a thorough discussion of an experiment.


In this period Bothe became interested in the interaction of X-rays with matter. After
extended experiments on the pressure dependence of the ionization probability due to the
secondary ß-radiation he interpreted his results in fall 1923 correctly as due to Compton
scattering of photons on electrons.3 From this we may convey, that at the end of 1923 Bothe
himself had accepted the particle picture of light, at least for elementary processes.
Thus he was well prepared when at the beginning of 1924, N. Bohr, H.A.Kramers and
J.C.Slater postulated that in atomic processes causality, momentum and energy conservation
ought to be valid only statistically, in order to keep at any instances the continuous wave
description of light if interacting with matter.4 To prove or disprove this claim experimentally,


Bothe and Geiger firstly built up a coincidence experiment and showed with quite some
experimental effort that in Compton scattering of X-rays on hydrogen the scattered protons
and the scattered X-ray quanta reach the detectors within a time delay of only 0,1ms or less.5
This was historically the very first coincidence experiment with high time resolution. Soon
afterwards Compton and Simon6 found in the scattering of X-rays on electrons that energy
and momentum is conserved as well.


Even though the consequences of the Bothe–Geiger experiment are frequently discussed,7
little is present in historical debates about its “courageous” performance. In this context it is a pity that the notebook of this experiment does not exist in Bothe’s legacy at the Archive of the Max Planck Gesellschaft in Berlin. But, luckily enough, a notebook (Nr.7) exists for Bothe’s
second experiment in the spirit of the Compton scattering experiment, which Bothe then
performed alone.8 In this experiment Bothe used again two counters in coincidence and in
opposite position (1800), but both were now able to detect scattered X-rays. The idea was, that
he will observe no coincidences if the scattered X-rays consist of light quanta
(Nadelstrahlung) and coincidences if the fluorescence light is to be described by continuous
electromagnetic waves. The negative outcome (no coincidences) proved Einstein’s light
quantum hypothesis once more. It was a null experiment, much harder to be performed and
analyzed than the Compton scattering experiments with their finite signals.


Nevertheless, this experiment was in general never highly ranked in the past nor today.
But Bothe himself considered it e.g. in a letter to a publishing company dated from 1949 as
one of the most important ones he ever performed.9 This view was at least shared by
Compton10 and enthusiastically by Einstein, since the outcome of Bothe’s fluorescence
experiment was exactly what he was after when proposing the canal ray experiment.


From his publications and additionally from the notebook we can infer how Bothe
performed experiments: caring of any detail and listing it, crosschecking the essential
experimental steps, being very critical in respect to himself and in particular not being biased
at all by theoretical expectations or predictions in assessing his own experimental results.


We finish with the remark that Einstein wrote in support of a proposal of von Laue to
award the 1954 Nobel price to Bothe, referring to the Bothe–Geiger experiment. Thus finally
Bothe’s seminal experimental and theoretical contributions to enlighten the wave-particle
dualism were honored shortly before his death with this prestigious prize.  
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Andy Clark

Andy Clark is Professor of Cognitive Philosophy at the University of Sussex. He was previously a professor of philosophy and Chair in Logic and Metaphysics at the University of Edinburgh and before that director of the Cognitive Science Program at Indiana University Bloomington.
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Anthony Cashmore


  Anthony Cashmore is a plant biologist who describes animals, including human beings, as a "bag of chemicals" entirely determined by the laws of physics and chemistry. He says, "we live in an era when few biologists would
question the idea that biological systems are totally based on the
laws of physics and chemistry."  

Cashmore apparently does not subscribe to zoologist Ernst Mayr's idea that biology is consistent with the laws of physics and chemistry but profoundly different from those sciences because biological organisms have a history (stored information structures) that guides future behavior. The atoms and molecules of physics and chemistry have no such history.


In his inaugural address to the National Academy of Sciences, Cashmore joined many modern thinkers who support the idea that free will is just an illusion. 
  

 Other illusionists include  Joshua Greene, Derk Pereboom, J. J. C. Smart, Saul Smilansky, and Daniel Wegner.


Cashmore contends that a belief in free will is nothing other
than a continuing belief in vitalism — something most biologists 
believe was discarded well over 100 years ago.


He examines Lucretius's case for an atomic swerve (actually Epicurus's idea) as the source of free will, and oddly claims that


"The causal component of these random swerves could have been the Greek gods, of whom there was no shortage. Indeed, the self consistency of this line of thinking
can be seen in early Greek literature, where the gods had a daily
impact on the lives of individuals." [Cashmore cites the Iliad of Homer].

 
On the contrary, we know that Epicurus and Lucretius both saw this kind of freedom as liberating man from the arbitrary control of the gods. And the whole idea of Epicurus was to eliminate the "causal component" of the atomist and determinist Democritus .

Cashmore finds that there is more determining our actions than genes and environment. He cites "stochastic processes," which is plausible, and adds (as Epicurus and Lucretius hoped) that "the introduction of stochasticism would appear to eliminate determinism." But he is skeptical of any quantum indeterminacy, citing Einstein's famous doubts ("God does not play dice") and in any case he reinvents the standard argument against free will (that neither determinism nor indeterminism can provide responsibility).


"Finally, even if the properties of
matter are confirmed to be inherently stochastic, although this may
remove the bugbear of determinism, it would do little to support the
notion of free will: I cannot be held responsible for my genes and my
environment; similarly, I can hardly be held responsible for any
stochastic process that may influence my behavior!"


Nevertheless, Cashmore's acceptance of stochastic processes in biology is impressive. He cites thinkers, like Erwin Schrödinger, who thought quantum randomness was absent in biological systems. Then he says, 

"Whereas biological systems may have evolved mechanisms to
minimize some features of randomness, it is my contention that in
contrast to this philosophy, other aspects of the complexity of
living systems actually reflect selection in favor of random events."

"Examples in support of this notion are the process of mutation
(which Schrödinger was aware of), and genetic recombination and
assortment; other examples are genetic rearrangement associated
with the development of the immune system, and the process of X-chromosome
inactivation. Recently there have been numerous
reports demonstrating a stochastic response at the level of transcription....Of
particular relevance to this article, the formation of neuronal
connections reflects a degree of stochasticism, with no two individuals,
even those that are genetically identical and under constant
environment, displaying the identical neuronal network."



Cashmore thinks that too many of his colleagues in biology harbor a belief in free will, one that is "nonsensical and unsupported by any evidence."

"However, in spite
of this and the sparsity of evidence or credible models in support
of free will, it has been my experience that relatively few biologists
seriously question the concept of free will."


He cites  Benjamin Libet's famous experiments that indicate considerable unconscious activity (called a readiness potential or RP) before the "conscious will" to suddenly raise a finger. "Although such experiments are
certainly not proof that consciousness is nothing more than a
mechanism of following the activity of the brain," he says, "the observations
are in keeping with this line of thought." 

Like Harvard psychologist Joshua Greene, Cashmore thinks that dispelling the illusion of free will should lead to reforms in our legal system. 
  

"It is my belief that, as more attention is given to the mechanisms
that govern human behavior, it will increasingly be seen that the
concept of free will is an illusion, and the fallacy of a basic premise
of the judicial system will become more apparent. Certainly, the
determination of the sequence of the human genome and the
assignment of function to these genes is having a dramatic effect on
our understanding of the role of genetics in human behavior.
Similarly, developments in imaging techniques, allowing changes
in neuronal activity to be correlated with thought processes, is
affecting our thinking about relationships between the functioning
of the mind and chemical activity in the brain. Here I propose that
the time is opportune for society to reevaluate our thinking concerning
the concept of free will, as well as the policies of the
criminal justice system." 



Some illusionists, Saul Smilansky for example, are more circumspect about publicizing the illusion of free will, in view of studies that show immoral behavior is enhanced when subjects are told they are not responsible. (Vohs and Schooler, Psychological Science, 19, 4, (2008) pp.49-54) Cashmore is sympathetic to this concern,


"If free will is an illusion, then it becomes more difficult to hold
people responsible for their actions. I have argued that one of the
reasons that individuals have been so reluctant to question the
reality of free will is the belief that it would be difficult for society
to function under a system in which this concept was abandoned....I
believe that it is time for the legal system to confront this reality — 
increasingly indicated by studies in both genetics and neurosciences  —
that we are indeed 'mechanical forces of nature.'"


Cashmore demonstrates his conviction that we are no more than a "bag of chemicals" with his astonishing assertion that "we have no more free will than a bowl of sugar." 

 
"The reality is,
not only do we have no more free will than a fly or a bacterium, in
actuality we have no more free will than a bowl of sugar. The laws of
nature are uniform throughout, and these laws do not accommodate
the concept of free will. Some will argue that once we understand
better the mechanistic details that underlie consciousness, then we
will understand free will. Whatever the complexities of the molecular
details of consciousness are, they are unlikely to involve any new law
in physics that would break the causal laws of nature in a nonstochastic
way. If I am wrong on this point, then I eagerly await the
elucidation of this principle. In the meantime it would be prudent to
assume (in keeping with the thoughts of William of Occam, where
one always adopts the simplest of competing hypotheses) that any
search for some new “Lucretian” law of physics, or some startlingly
novel emergent principle, will not be successful."

 
But Cashmore is in a sense correct that the source of freedom for bacteria and flies is the same as the source of our freedom. That was Martin Heisenberg's point in his 2009 essay in Nature. The ultimate source of all freedom from determinism is quantum indeterminism. But it takes more than mere randomness, as the two-stage model of free will shows.

And even when Cashmore goes to the extreme of the bowl of sugar, it resembles the Free Will Theorem of John Conway and Simon Kochen, which concludes that if experimenters are free, so are the elementary particles. This is the reverse of Arthur Stanley Eddington's conclusion that the freedom of the electron could open the door a crack to solve the problem of human freedom. 


Finally, Cashmore's assertion that anything beyond the laws of physics and chemistry at the level of molecules should be considered "vitalism" is extreme. When the first molecule learned to replicate, it then made its teleonomic purpose to continue replicating. Thus purpose emerged in the world naturally, not from a mysterious non-physical vitalism. 

 

"Finally, I would like to make the following point: In the introductory
chapter of many undergraduate texts dealing with biology
or biochemistry, it is common to stress (as I have in this article) that
biological systems obey the laws of chemistry and physics; as living
systems we are nothing more than a bag of chemicals. It is almost
with a sense of pride that the authors of such texts may contrast this
understanding with the alternative earlier belief in vitalism — the
belief that there are forces governing the biological world that are
distinct from those that determine the physical world. The irony
here is that in reality, a belief in free will is nothing less than a
continuing belief in vitalism — a concept that we like to think we
discarded well over 100 years ago! It is my concern, that this vitalistic
way of thinking about human behavior — a style of thinking that
is present throughout our scientific institutions — serves only to
hinder what should be a major onslaught on determining the
molecular genetic and chemical basis of human behavior."
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  In 1923, Arthur Holly Compton discovered that radiation (high-energy X-rays) could collide with electrons, exchanging energy with them as they were scattered. This was the first solid evidence for Albert Einstein's "light-quantum hypothesis," proposed in 1905.  Sadly, he did not think that his work supported Einstein's hypothesis, which was not fully accepted until after the "founders" of quantum mechanics reluctantly accepted it.

The "Compton effect" provided real support for the wave-particle duality of radiation (which Einstein had proposed as early as 1909) and matter (proposed by Louis de Broglie in 1924. Compton himself initially denied that his experiment supported Einstein's idea of light quanta (later called photons). Compton was awarded the Nobel Prize in Physics in 1927 for this "Compton effect," the year that Werner Heisenberg discovered quantum indeterminacy.


Compton scattering is "inelastic," because the energy hν (or hc / λ)  of the incident photon is different from that of the scattered photon hν' (or  hc / λ'). 

[image: image-placeholder]

Compton's experiments confirmed the relation
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The wavelength shift λ' - λ varies from nothing to twice h/mc, which is known as the Compton wavelength. For a derivation, see Compton scattering on Wikipedia.

Wolfgang Pauli objected to Compton's analysis. A "free" electron cannot scatter an electron, he argued. A proper analysis, confirmed by Einstein and Ehrenfest the same year (1923), is that scattering should be interpreted as a two-step process, the absorption of a photon of energy hν followed by the emission of a  directed photon hν', where the momentum of the photon hν' / c balances the momentum of the scattered electron mv.





In later years, Compton championed the idea of human freedom based on quantum indeterminacy and invented the notion of amplification of microscopic quantum events to bring chance into the macroscopic world. He attached sticks of dynamite to his amplifier, anticipating Schrodinger's Cat

Compton argued against biologists who claimed that cells were so large that they behave with statistical regularity, leaving no room for chance. 
 

   In Science1 magazine in 1931, Compton published a short note, "The uncertainty principle and free will."

In his very excellent presentation of the uncertainty principle, published in a recent number of SCIENCE,2 Professor Darwin concludes with a comment regarding the significance of this principle in connection with the problem of "free will," which should not be allowed to pass without comment. He may be correct in his view that "the question is a philosophic one outside the thought of physics." Yet the reason that he offers to show that the uncertainty principle does not help to free us from the bonds of determinism is inadequate.

Darwin's argument is that "physical theory confidently predicts that the millions of millions of electrons concerned in matter-in-bulk will behave .. . regularly, and that to find a case of noticeable departure from the average we should have to wait for a period of time quite fantastically longer than the estimated age of the universe." He apparently overlooks the fact that there is a type of large-scale event which is erratic because of the very irregularities with which the uncertainty principle is concerned. I refer to those events which depend at some stage upon the outcome of a small-scale event.


As a purely physical example, one might pass a ray of light through a pair of slits which will so diffract it that there is an equal chance for a photon to enter either of two photoelectric cells. By means of suitable amplifiers it may be arranged that if the first photon enters cell A, a stick of dynamite will be exploded (or any other large-scale event performed); if the first photon enters cell B a switch will be opened which will prevent the dynamite from being exploded. What then will be the effect of passing the ray of light through the slits? The chances are even whether or not the explosion will occur. That is, the result is unpredictable from the physical conditions.


Professor Ralph Lillie has pointed out3 that the nervous system of a living organism likewise acts as an amplifier, such that the actions of the organism depend upon events on so small a scale that they are appreciably subject to Heisenberg uncertainty. This implies that the actions of a living organism can not be predicted definitely on the basis of its physical conditions.


Of course this does not necessarily mean that the living organism is free to determine its own actions. The uncertainty involved may merely correspond to the organism's lack of skill. Yet it does mean that living organisms are not subject to physical determinism of the kind indicated by Darwin.





   In his 1931 Terry Lectures at Yale and the 1935 book, The Freedom of Man, and again in the 1940 book The Human Meaning of Science, Compton developed this idea of the amplifier and added a daemon
  Imagine a faint ray of light passing through a tiny hole, which then spreads by diffraction into a broad beam. In the path of this broad beam we may place two photoelectric cells, A and B, each connected with an amplifier. These will be made so sensitive that the entrance of a single photon, i.e., particle of light, into either cell is recorded. A shutter in the path of the light ray remains open long enough to transmit a single photon. Into which cell will the photon fall ?
[image: photocells and amplifiers]

There is no way in which we can be sure. We have found that light has the dual aspect of waves and particles. The photon (particle) follows the light wave, and if we try to make its path more definite by using a smaller hole to transmit the ray, we merely make the transmitted beam of waves more diffuse by diffraction. Though the first photon may enter one cell, with the initial conditions identical as far as any test can show, the next photon may enter the other cell. The result is thus not reproducible. It is, as far as we can see, truly a matter of chance. That is what we mean by saying that the law of causality does not hold: knowledge of the initial conditions does not enable us to predict what will happen, for with the same initial conditions we cannot consistently produce the same effect.



Compton's Demon


According to modern physics, we thus live in a world of chance. 

We might connect one of our amplifiers with an electrical device which will explode a stick of dynamite, and the other amplifier with a switch which will open the circuit. Now what will happen when the shutter transmits a photon? If it enters one cell the dynamite will explode, and the apparatus will be blown to bits. If the photon enters the other cell, the switch will be pulled and the apparatus is no longer in danger. Both events are equally probable. Similarly any event which depends at some stage upon the outcome of a small-scale event is essentially unpredictable on the basis of previous history.


A daemon controlling the shutter might be conscious of their qualities. The daemon controlling the shutter might consider a photon which would enter the photoelectric cell that would result in exploding the dynamite a "bad" photon, and one which would enter the cell where it would prevent the catastrophe a "good" photon. Being directly conscious, of these nonphysical characteristics which will determine their direction, the daemon may then close the shutter to all approaching "bad" photons until a "good" photon has passed through and saved the day. Has the daemon in this way contravened any physical laws?


The point is that the event under consideration is really an individual act, to which, since it can be performed but once, the laws of statistics do not apply. Whether the switch is opened or the dynamite exploded by the first photon, in either case the experiment is complete. This corresponds closely to human action, considered in the light of habit. An experiment involving deliberation can be performed on a person only once; for afterwards his condition is not the same. Habit will now enter into the determination of his action. Thus deliberate actions likewise are individual events, and are not therefore predictable from laws of probability. Faced by the necessity for an individual decision, all one's physiological structure, his environment, and previous history determine what Warren Weaver describes as a "spectrum of action probability," within which "spectrum" it is possible for any action to be chosen. There will be greater probability for certain modes of action than others; but these probabilities do not specify the choice of the individual act.


It would be easy to outline a closely parallel scheme whereby consciousness could select the desirable brain current, even though the undesirable one might be equally probable from statistical considerations, thus leading to the performance of the desirable act rather than its alternative. It is not necessary to elaborate any particular brain mechanism for performing the selection, for the example just given shows that it is possible to select one of a number of physically possible acts without violating or modifying any physical law. In this way the determination of a man's actions by his will is, I believe, shown to be consistent with the principles of physics is they are now understood.
  
  



Compton's Demon


  In the late 1950's Compton revisited these ideas in an Atlantic Monthly2 article.
TODAY'S PHYSICS HAS ROOM FOR FREEDOM
The fault in the theory of mechanical determinism was not discovered until about thirty years ago. It was then found that the laws of Newton do not describe what happens to the atoms of which matter is composed. It was found instead that the properties of these atoms are such that prediction of what happens to them can only be made within certain limits. The amount of this uncertainty is fixed in the very nature of matter itself.


On my laboratory desk I have two simple devices. The first is a freely swinging pendulum. Its beats are regular, repeating themselves uniformly at equally timed intervals. This pendulum is typical of the objects with which the physicists of Laplace's time were familiar.


The second device is a Geiger counter, responding with a click to each ray that enters it from a nearby capsule of radium. The clicks occur at irregular intervals. It may be that about 100,000 clicks will occur each day. But several seconds may pass without any clicks, while during the next second two or three will occur. Whether in the following second a ray will be counted cannot be foretold. This device responds to the action of individual atoms. Nothing of this kind was known until near the end of the nineteenth century.


The pendulum swings back and forth according to a precise law. The clicks of the counter occur at random.


If such a pair of experiments had been known in Newton's time, it is doubtful whether the idea that events must happen according to precise laws would ever have been formulated. It would have been evident that only under special conditions can one predict definitely what will occur. These conditions are that what we observe shall be the average of a very large number of individual events.


Consider what happens when an atom of radium disintegrates. This event can be recorded by such an instrument as a Geiger counter. The average life of a radium atom is about two thousand years. That is, in any one year from the time the radium atom is first formed, the chance is about one in two thousand that it will disintegrate. It may disintegrate during the present year, but there is roughly one chance in eight that it will remain unchanged six thousand years from now. What the physicists of the twentieth century have shown is that there is no kind of observation that can be made which will tell in what particular year the radium atom will disintegrate. If the atom was in existence six thousand years ago, it was then identical with what it is today. The possibility of disintegration has always been there. Whether it will in fact disintegrate in this particular year is, as far as physics is concerned, a matter of chance—a likelihood of one in two thousand.


There is something comparable with this example in the case of every atomic or molecular event. Thus when light falls on a photographic emulsion, under its stimulus there is a certain chance that any particular grain of silver bromide will be changed so that it can be developed to silver. With a given light exposure, this chance may be one in ten, so that on 
the average about one-tenth of the grains will be transformed. But which particular grain will thus be changed is by the very nature of the process unpredictable.


These examples illustrate a point of critical importance in today's interpretation of the physical world. Nature provides nothing whose precise measurement would make possible the exact prediction of an atomic event. On this limitation that nature sets on our knowledge both experiment and theory are agreed. The average of large numbers of atomic events does indeed follow exact laws. In a large lump of radium in one year almost precisely one part in two thousand will have disintegrated. In a square inch of the photographic emulsion, almost exactly one tenth of the silver bromide, after the light exposure, will be reduced to silver. The number of atoms in my laboratory pendulum is huge, roughly a million billion billion. The statistics of the action of such numbers of particles are very precise — even more so when one observes the moon's regular revolution around the earth.


Not all large-scale events, however, are thus precisely predictable. If at any stage the big event depends on some atomic process, the end result shares in the uncertainty of this small event.


A typical large-scale event of this kind is the explosion of an atomic bomb. Such an explosion is triggered by the appearance of a neutron during the particular fraction of a microsecond when the chain reaction must be started. But this neutron comes from a radioactive process, which cannot be precisely foretold. If the chances were only even that during the critical time interval a neutron would appear, there would likewise be only even chances that the bomb would explode. In order that the bomb shall be sure to fire, it is arranged that during the critical time interval some thousands of neutrons will probably be present. Thus the chance of failure becomes practically zero.


Now most of life's processes are like such an atomic chain reaction. They begin with some very small event and grow. They are in fact chemical chain reactions. What starts these reactions in living organisms is not known in detail, but we do know that the beginning is on a molecular, or in certain cases on a submolecular, scale. Thus when I touch something hot and quickly withdraw my finger, the nerve currents that stimulate the muscular contractions are themselves small-scale reactions. The events that are involved when choices and decisions are made have so far defied physical identification; but in all probability they are reactions involving such small numbers of particles that definite prediction on a physical basis is by the nature of things impossible.


As far as physics is concerned, a person's actions which we think of as free would thus appear to occur simply according to the rules of chance. We find nevertheless that in practical life such actions can be predicted when we know the person's intentions. This implies that something additional to the physical  phenomena is involved. What we actually note is that in such a case the person has a kind of firsthand knowledge of his own situation that is not gained from any physical observation. This additional knowledge is the awareness of his own intentions. When he acts he feels that he is acting freely. That is, his action corresponds with what he intends.


Thus, for example, I told the editor that I would have this article prepared in time for the present issue of the Atlantic. How could I confidently give him this assurance? Was it on the basis of physical data? Only to the extent that it appeared physically possible that the article could be prepared in time. As a physical event an immense number of other possibilities were equally likely to occur. Was not the primary basis of my prediction rather that I knew my own intention? And this I knew, not through any kind of observation, but by an inner awareness; not through a deduction from data, but because of a choice that I was making from among the various possibilities before me.


After thousands of years of discussion among scientists and philosophers, the place of free acts in a world that follows physical law has thus become clarified. There is nothing known to physics that is inconsistent with a person's exercising freedom.


A set of known physical conditions is not adequate to specify precisely what a forthcoming event will be. These conditions, insofar as they can be known, define instead a range of possible events from among which some particular event will occur. When one exercises freedom, by his act of choice he is himself adding a factor not supplied by the physical conditions and is thus himself determining what will occur. That he does so is known only to the person himself. From the outside one can see in his act only the working of physical law. It is the inner knowledge that he is in fact doing what he intends to do that tells the actor himself that he is free.


Let me then summarize how a physicist now views man's freedom. It is not from scientific observation that we know man is free. Science is incapable of telling whether a person's acts are free or not. Freedom is not something that one can touch or measure. We know it through our own innermost feelings. The first essential of freedom is the desire to attain something that one considers good. But desire lies outside the realm of science — at least outside of physics. You can't locate desire as somewhere in space. Similarly our recognition that within limits we can do what we try to do is not a matter of measurement or of external observation. It is a matter of immediate awareness. There is nothing in such awareness of freedom that is inconsistent with science. Freedom does, however, involve the additional determining factor of choice, about which science tells us nothing.


For myself, at least, this answer satisfies. Yes, I am free. I say this because I have found in my inner experience that the world does in fact respond to my efforts. And the findings of science, in particular the findings of physics, which at one stage so sharply denied that freedom had any meaning, are completely consistent with this experience.


Thus the way is cleared for our great task. We are free to shape our destiny. Science opens vast new opportunities, greatly enlarging man's freedom. Let us look to see what kind of world we want for ourselves and our fellows. Let us learn what we must do to create such a world. Let us put our hearts, our minds, and our combined strength — everything we've got — into making that better world a reality. In this undertaking we will find our greatest freedom.




Is this our two-stage model for free will?



  Compton's work was closely read by Karl Popper, who gave the first Arthur Holly Compton Memorial Lecture in 1965. Can we read Compton's remarks above and find the two-stage model of free will advocated by Popper? Compton says:


A set of known physical conditions is not adequate to specify precisely what a forthcoming event will be. These conditions, insofar as they can be known, define instead a range of possible events from among which some particular event will occur. When one exercises freedom, by his act of choice he is himself adding a factor not supplied by the [random] physical conditions and is thus himself determining what will occur.


We can see Compton's quantum randomness contributing to the "range of possible events," which he says Warren Weaver called the "spectrum of action probability," within which "spectrum" it is possible for any action to be chosen.
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Donald Campbell investigated creative thought and described it as a process involving the generation of "blind" variations of ideas, followed by a selective retention of good ideas. He proposed that his Blind Variation and Selective Retention (BVSR) could also explain the development of human knowledge, including inventions and the increase in scientific knowledge. 

In his 1960 article "Blind Variation and Selective Retention in Creative Thought as in Other Knowledge Processes," he wrote


This paper proposes to examine creative thought within the framework of a
comparative psychology of processes, and in particular with regard
to one theme recurrent in most Knowledge processes. This theme may be expressed
as follows:

a. A blind-variation-and-selective-retention process is fundamental to all inductive
achievements: to all genuine increases in knowledge, to all increases in fit of system
to environment.


b. The many processes which shortcut a more full blind-variation-and-selectiver retention
process are in themselves inductive achievements, containing wisdom about
the environment achieved originally by blind variation and selective retention.


c. In addition, such shortcut processes contain in their own operation a blindvariation-
and-selective-retention process at some level, substituting for overt locomotor
exploration or the life-and-death winnowing of organic evolution...


The general model for such inductive gains is that underlying both trial-and-error
problem solving and natural selection in evolution, the analogy between
which has been noted by several persons (e.g., Ashby, 1952; Baldwin, 1900;
Pringle, 1951). Three conditions are necessary: a mechanism for introducing variation,
a consistent selection process, and a mechanism for preserving and
reproducing the selected variations. In what follows we shall look for these three
ingredients at a variety of levels. But first a comment on the use of the word "blind"
rather than the more usual "random". It seems likely that Ashby (1952) unnecessarily 
limited the generality of his mechanism in Homeostat by an effort to fully
represent all of the modem connotations of random. Equiprobability is not needed,
 and is definitely lacking in the mutations which lay the variation base for organic
evolution. Statistical independence between one variation and the next, while frequently desirable, 
can also be spared: in particular, for the generalizations essayed
here, certain processes involving systematic sweep scanning are recognized as blind,
insofar as variations are produced without prior knowledge of which ones, if any,
will furnish a selectworthy encounter.


BVSR is itself a variation on common-sense and ancient notions of trial-and-error, and it seems directly inspired by the two-step process of biological evolution, but Campbell sees it as more general than these. BVSR is applicable to organic evolution, the learning process in individual organisms, and the social construction of knowledge. 


BVSR can be applied to our two-stage model for free will. Other biological examples include the immune system and quality control in protein/enzyme factories.


The idea that units of cultural knowledge undergo variation and then are selected for is perhaps better known from the recent work of Richard Dawkins, who named the self-replicating unit of cultural evolution the "meme" in his 1976 book The Selfish Gene. 


The idea of BVSR is widely used in cybernetics. For example, the "general problem solver" programs of Allan Newell and Herbert Simon involve two stages, first the blind generation of theorems and then testing of the theorems for validity.


There is some reason to see three parts, and not just two, in BVSR. Campbell clearly distinguishes retention from selection in his writings. In biological evolution, a new characteristic is preserved by inheritance across the generations, whereas natural selection works by differential rates of reproductive success across those generations. 


He says that the general model underlying both trial-and-error problem solving and evolution by natural selection has three requirements: "a mechanism for introducing variation, a consistent selection process, and a mechanism for preserving and reproducing the selected variations." 


This somewhat resembles Charles Sanders Peirce's famous triad of abduction-induction-deduction, and the three step view of evolution in his unpublished A Guess at the Riddle - "first, the principle of individual variation or sporting; second, the principle of hereditary transmission, which wars against the first principle; and third, the principle of the elimination of unfavorable characters." 


Whereas Peirce insisted on absolute chance for his first principle (he called it "tychism" after the Greek for chance, τυχή). Campbell is diffident about real chance. Some systematic or algorithmic variations may be good enough. In this respect, Campbell resembles Daniel Dennett, who believes that deterministic pseudo-randomness is good enough for human free will, and Herbert Simon, whose "generate-and-test" programs usually systematically generate their variations.


Campbell thus prefers the term "blind" to the usual random or chance variations.


a comment on the use of the word "blind" rather than the more usual "random"... Equiprobability is not needed, and is definitely lacking in the mutations which lay the variation base for organic evolution. Statistical independence between one variation and the next, while frequently desirable, can also be spared: in particular, for the generalizations essayed here, certain processes involving systematic sweep scanning are recognized as blind, insofar as variations are produced without prior knowledge of which ones, if any, will furnish a selectworthy encounter. An essential connotation of "blind" is that the variations emitted be independent of the environmental conditions of the occasion of their occurrence.


In his contribution to the 1974 Schilpp volume on Karl Popper, Campbell described BVSR as the basis for an "Evolutionary Epistemology," based on many of the ideas of Popper. He and Popper both saw evolution itself as "a knowledge process, and that the natural selection paradigm could be generalized to other epistemic activities, such as learning, thought, and science." But the growth of biological information is also ontological, bringing genuinely new information into the universe, and this is equally true of the free thoughts that lead to willed human actions in our two-stage models. New information requires quantum indeterminacy.

Popper, in his 1977 lecture at Darwin College entitled Natural Selection and the Emergence of Mind, said he had changed his mind (a rare admission by a philosopher) about two things. First he now thought that natural selection was not a "tautology" that made it an unfalsifiable theory. Second, he had come to accept the random variation and selection of ideas as a model of free will.



The selection of a kind of behavior out of a randomly offered repertoire may be an act of choice, even an act of free will. I am an indeterminist; and in discussing indeterminism I have often regretfully pointed out that quantum indeterminacy does not seem to help us; for the amplification of something like, say, radioactive disintegration processes would not lead to human action or even animal action, but only to random movements. 


I have changed my mind on this issue. A choice process may be a selection process, and the selection may be from some repertoire of random events, without being random in its turn. This seems to me to offer a promising solution to one of our most vexing problems, and one by downward causation.



Popper's model is now the leading two-stage model of free will.



Evolutionary epistemology makes all biological functions and all knowledge contingent. But, as Popper says, randomness in the variation stage does not imply random selections. 


"Popper's contribution to evolutionary epistemology is to recognize the process of the succession of theories in science as similar selective elimination processes," says Campbell, but this makes their certainty merely probability. "In this perspective," Campbell continues, "Hume's achievement in showing that the best of scientific laws have neither analytic truth nor any other kind of absolute truth seems quite reasonable and appropriate."


Just as Hume denied the power of induction to prove theories, e.g., causality is not proven by any number of similar instances of B following A, Popper denies that induction from a series of observations is the source of a scientific theory. Theories are inventions, hypotheses, conjectures, to be put forward for trial and to be eliminated (refuted) if they conflict with observations. In this Popper follows Peirce's first principle of "abduction" (hypothesis). Campbell says,


In the process, Popper has effectively rejected the model of passive induction even for animal learning, and advocated that here too the typical process involves broad generalizations from single specific initial experiences, generalizations which subsequent experiences edit. It is noteworthy that the best of modern mathematical learning theories posit just such a one-trial learning process, as opposed to older theories which implied inductive accumulation of evidence on all possible stimulus contingencies.

Most noteworthy, Popper is unusual among modern epistemologists in taking Hume's criticism of induction seriously, as more than an embarrassment, tautology, or a definitional technicality. It is the logic of variation and selective
elimination which has made him able to accept Hume's contribution to analysis
(while rejecting Hume's contribution to the psychology of learning and inference)
and to go on to describe that sense in which animal and scientific knowledge is
yet possible...


Another older and also more current statement of the epistemological problem is also eschewed. This is the identification of "knowledge" not as "true belief" but as "true belief" which is also "rationally justified" or "well-grounded." Though widely used in linguistic analysis, this point of view implicitly accepts as valid an inductivist epistemology (giving but superficial lip service to Hume in recognizing such induction as providing only approximate validity). Popper does not limit truth to those statements which have rational support or are well-grounded before they are asserted. Truth rather lies in the outcome of subsequent tests.




Campbell on William James

 
Campbell misreads James as accepting blind (indeed, totally random and spontaneous) variations, but then thinking that the social environment does the selective retention. Campbell says that...

James departs from the more complete model presented in Poincaré, Mach, and Campbell by seemingly having the full range of mental variations selected by the external environment rather than recognizing the existence of mental selectors, which vicariously represent the external environment (the selected products, of course, being subject to further validation in overt locomotion, etc.)


(Evolutionary Epistemology, p. 65)


What James actually said was...

And I can easily show...that as a matter of
fact the new conceptions, emotions, and active tendencies which evolve are originally
produced in the shape of random images, fancies, accidental out-births of spontaneous 
variation in the functional activity of the excessively instable human brain, which the outer
environment simply confirms or refutes, adopts or rejects, preserves or destroys, - selects, in
short, just as it selects morphological and social variations due to molecular accidents of an
analogous sort.


James does not literally mean here that the environment selects, but only in the Kantian sense that we put our questions to Nature and nature responds. 


In his following paragraphs, James beautifully describes the origin of new ideas as "the most abrupt cross-cuts and transitions from one idea to another, the most rarefied abstractions and discriminations, the most unheard-of combinations of elements, the subtlest associations of analogy; in a word, we seem suddenly introduced into a seething caldron of ideas, where everything is fizzling and bobbing about in a state of bewildering activity." 


He says that "their genesis is sudden and, as it were, spontaneous. That is to say, the same premises would not, in the mind of another individual, have engendered just that conclusion." That the conclusion is the product of a mind choosing from alternative possibilities, James affirms as "the steadfastness of a human will capable of alternative choice." 


Downward Causation

 
At a 1972 conference in Bellagio, Italy, Campbell reacted to the idea of "downward determination" broached in the conference discussion of Morton Beckner's presentation. Campbell quickly prepared a second paper, in which he argued for "downward causation" in hierarchically organized biological systems. 

The basic idea of downward causal control had been put forward some years earlier by Roger Sperry in his 1965 lecture to the Humanist Association in Chicago and his 1969 article in Psychological Review.


Sperry cited a wheel rolling downhill as an example of downward causal control. The atoms and molecules are caught up and overpowered by the higher properties of the whole. He compares the rolling wheel to an ongoing brain process or a progressing train of thought in which the overall properties of the brain process, as a coherent organizational entity, determine the timing and spacing of the firing patterns within its neural infrastructure. 



In 1977, Karl Popper changed his mind on the importance of indeterminism. He developed a two-stage model of free will and said that it was an example of downward causation!


Popper cited both Sperry and Campbell as the source of the idea of downward causation. 
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   Edward P. Culverwell was one of a number of British scientists who criticized the H-Theorem of Ludwig Boltzmann, which was widely believed to have shown that the entropy in an isolated system can only increase to a maximum. Boltzmann's quantity H is the opposite of entropy (in modern terms it is the negentropy or information). 

Boltzmann at first (1872) claimed to have shown that his "minimum function" H (he actually used the German letter "E" which in resembles the English "H") could be shown to decrease to a minimum as a consequence of the dynamic evolution of a gas of colliding particles. Boltzmann counted the number of particles that would leave a small volume of phase space as a result of collisions and compared it to the number of particles that would enter the same volume. This was called the Stosszahlansatz (collision number estimate).


Already in the 1870's William Thomson (Lord Kelvin) and Josef Loschmidt had criticized this dynamical derivation on the grounds that if all the velocities of the particle were reversed the H function would increase (entropy would decrease). And Boltzmann had agreed with them, saying in 1877 that the only proper derivation of the H-Theorem is statistical. Systems would evolve toward macrostates with the greatest probability (the greatest number of microstates). Boltzmann's definition of entropy is proportional to the logarithm if the number of microstates W.



  S
  =
  k
  l
  o
  g
  W



The proportionality factor k was introduced by Max Planck in 1900. He called it Boltzmann's constant.


The British scientists argued that there must be something causing "molecular disorder" or chaos that is introducing the irreversibility. Culverwell suggested it might be caused by the ether that was the presumed medium for electromagnetic waves. In 1890 he wrote:


We know that by means of the aether, bodies at a distance and wholly prevented from acting on each other molecularly, come to exactly the same temperature-equilibrium without any assistance from their collisions. Hence there is every reason to suppose that it is by the molecules interacting through the aether that the temperature-equilibrium is determined.


Then in 1894 he argued that something must be preventing the reversibility, since a dynamical analysis leads to perfect reversibility.


The remarkable differences of opinion as to what the H-theorem is, and how it can be proved, show how necessary is the discussion elicited by my letter...

I say that if that proof does not somewhere or other introduce some assumption about averages, probability, or irreversibility, it cannot be valid.



Culverwell's colleague S. H. Burbury used the terms "haphazard" and "chaos" to describe what is needed.


The objection that I understand to be made is that if you reverse all the velocities after collisions, the system will retrace its course with H increasing - which is supposed to be contrary to the thing proved...

I think the answer to this would be that any actual material system receives disturbances from without, the effect of which, coming at haphazard, is to produce the very distribution of coordinates which is required to make H diminish.




Sir James Jeans in 1903 agreed with Culverwell and Burbury that interaction with radiation could be dissipative  and change the physics of Boltzmann's conservative dynamical system.

In the first place the distribution of energy which is given by Boltzmann's Theorem is the only distribution
which is permanent under the conditions postulated by this theorem. And in
the second place, this law of distribution may break down entirely as soon as we
admit an interaction, no matter how small, between the molecules and the surrounding
ether. That such an interaction must exist is shown by the fact that a
gas is capable of radiating energy. In fact, Boltzmann's Theorem rests on the
assumption that the molecules of a gas form a conservative dynamical system, and
it will appear that the introduction of a small dissipation function may entirely
invalidate the conclusions of the theorem.* Thus we may regard the Boltzmann
distribution as unstable, in the sense that a slight deviation from perfect conservation
of energy may result in a complete redistribution of the total energy.


Boltzmann largely ignored the suggestions of the British physicists, ignoring the idea of randomizing radiation interactions, arguing instead that the mean free paths of particles in a dilute gas would allow the molecules to escape to distant parts of the gas, leaving behind any correlations (molecular order) with recent collisions. For Boltzmann, molecular disorder is a statistical condition, not a dynamic process whereby molecular paths are made haphazard and thus irreversible.

If the mean free path in a gas is large compared to the mean distance of two neighboring molecules, then in a short time, completely different molecules than before will be nearest neighbors to each other. A molecular-ordered but molar-disordered distribution will most probably be transformed into a molecular-disordered one in a short time. Each molecule flies from one collision to another one so far away that one can consider the occurrence of another molecule, at the place where it collides the second time, with a definite state of motion, as being an event completely independent (for statistical calculations) of the place from which the first molecule came (and similarly for the state of motion of the first molecule). However, if we choose the initial configuration on the basis of a previous calculation of the path of each molecule, so as to violate intentionally the laws of probability, then of course we can construct a persistent regularity or an almost molecular-disordered distribution which will become an molecular-ordered at a particular time. Kirchhoff also makes the assumption that the state is molecular-disordered in his definition of the probability concept.



Boltzmann was confident that probability played the major role and he prophetically described a future physics of "average values," eerily anticipating the "expectation values" of probabilistic indeterministic quantum physics.


Since today it is popular to look forward to the time when our view of nature
will have been completely changed, I will mention the possibility that the
fundamental equations for the motion of individual molecules will turn out to
be only approximate formulas which give average values, resulting according
to the probability calculus from the interactions of many independent moving
entities forming the surrounding medium - as for example in meteorology the
laws are valid only for average values obtained by long series of observations
using the probability calculus. These entities must of course be so numerous
and must act so rapidly that the correct average values are attained in millionths
of a second.


On the Kinetic Theory of Gases, Philosophical Magazine, 1890, Series 5, vol. 30, pp. 95-99. (PDF)
Boltzmann's Minimum Theorem, Nature, 1894, Vol. 51, p. 246.
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  Eric Chaisson is an astrophysicist and cosmologist who proposes a new metric for the complexity in various cosmological and biological systems. In his 2001 book, Cosmic Evolution: The Rise of Complexity in Nature, Chaisson argues that all organized systems share generic phenomena that characterize their emergence, development, and evolution.

Other thinkers have argued for similarities and homologies in all evolving systems, but Chaisson proposes a single "complexity metric" that can quantify the major changes over both cosmological and biological time scales. 


The Chaisson complexity metric is the "energy rate density," the energy flow per second and per gram of material found in a given system. Thus the Sun generates in its nuclear interior 4 x 1033 ergs/second and has a mass of 2 x 1033 grams, so Chaisson's complexity metric for the Sun is 2 (ergs/sec/gm).


Chaisson does not use the mass of planet Earth in his mass-normalized energy-rate metric, for two reasons. First, the heat generated internally by the Earth is a small fraction of the incident solar radiation. Second, the solar energy is deposited into the surface layer of atmosphere and biosphere, from which it gets re-radiated into the dark night sky as the earth turns.


The solar energy flux falling on the earth is about 2 x 1024 ergs/second. Chaisson uses the mass of the atmosphere and the layer of water in the oceans as the mass of the relevant complex system, deriving an energy rate density of about 75 (ergs/sec/gm).


Chaisson then estimates complexity metrics for plants, animals, human brains, and the product of our brains - society as a whole.

[image: Chaisson's Complexity Metric]

Within each of these complex systems, Chaisson has shown that his complexity metric begins small, then evolves, increasing with time.
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Information and Complexity

Chaisson notes that others have used information as a measure of complexity. He says, "the extent to which a system is ordered can be estimated by appealing to information theory; the more ordered a system, the greater the information content (or negentropy) it possesses." (Cosmic Evolution, p.127)

He says that "the necessary (though not necessarily sufficient) condition for the growth of information is guaranteed by the very expansion of the Universe."  (p.128) 


Early on, when the primordial nuclei began falling out of equilibrium, their reactions still generated entropy increases (mainly by creating new photons and neutrinos, as would later occur in the cores of stars), but these increases were insufficient to reestablish equilibrium. accordingly, the gap between the actual S and the maximum possible S that would have been achieved had equilibrium been restored increased even more, thereby building up free energy, to be released much later when stars formed. Here, then, we gain insight into the origin of free energy; it is not new energy as such, rather newly rearranged energy thereafter available for use in the course of evolution. The cosmologist Layzer (1975) perhaps put it best:

Suppose that at some early moment local thermodynamic equilibrium
prevailed in the universe. The entropy of any region would then be as
large as possible for the prevailing values of the mean temperature and density. As the universe expanded from that hypothetical state the local
values of the mean density and temperature would change, and so would
the entropy of the region. For the entropy to remain at its maximum value
(and thus for equilibrium to be maintained) the distribution of energies
allotted to matter and to radiation must change, and so must the concentrations of the various kinds of particles. The physical processes that mediate these changes proceed at finite rates; if these "equilibrium" rates are all much greater than the rate of cosmic expansion, approximate local thermodyanamic equilibrium will be maintained; if they are not, the expansion will give rise to significant local departures from equilibrium. These departures represent macroscopic information; the quantity of macroscopic information generated by the expansion is the difference between the actual value of the entropy and the theoretical maximum entropy at the mean temperature and density.


The very expansion of the Universe, then, provides the environmental conditions needed to drive order from chaos; the process of cosmic evolution itself generates information. How that order became manifest specifically in the form of galaxies, stars, planets, and life has not yet been deciphered in detail; that is the subject of many specialized areas of current research. We can nonetheless identify the essence of the development of natural macroscopic systems — ordered physical, biological, and cultural structures able to assimilate and maintain information by means of local reductions in entropy — in a Universe that was previously completely unstructured.


(ibid., p.128-9)



But Chaisson remains skeptical about information as the appropriate measure of complexity.

We are converging on an answer to the foremost question at hand: Have the many varied real structures known to exist in the Universe displayed the sort of regular increase in order and complexity during the course of time as suggested by human intuition and implied by theoretical analysis? The answer is yes, and more. 
 
Yet how shall we best characterize that order? What single common term might be used to quantify order on all spatial and temporal scales? In appealing to the real world surrounding us, it is perhaps best to avoid use of the term information. When examined on a system-by-system basis, information content can be a slippery concept full of dubious semantics, ambivalent connotations, and subjective interpretations. Especially tricky and controversial is meaningful information, the value of information...The conceptual idea of information has been useful, qualitatively and heuristically, as an aid to appreciate the growth of order and structure in the Universe, but this term is too vague and subjective to use in quantifying a specific, empirical metric describing a whole range of real-world systems. 
We disagree that information is any kind of energy. It is neither energy nor matter, though it needs energy for its communication and matter for its embodiment.

 
Nor do we feel any compelling need to treat information as a third, fundamental ingredient of the Universe — after matter and energy — for, to us, information basically is a form of energy, whether flowing, stored, or unrealized.


(ibid., p.132-3)



Chaisson considers information as the best term to describe the growth of order, but in the end he rejects it in favor of energy


Chaisson prefers to use the more familiar and traditional concept of energy, in particular the rate of energy produced or consumed per gram of the system being described, for his complexity metric. He does not need the new science of information.


In the spirit of the opening remarks in the Prologue — namely, that no demonstrably new science likely need be invented to understand cosmic evolution and its attendant rise in complexity — we prefer to return to a steadfast concept of fundamental thermodynamics and to characterize that complexity by using quantifiably straightforward terms. In short, energy and energy flow seem to be more accessible, explicit, and primary quantities, and not just because this is a worldview espoused from an admittedly physical perspective. What is more, the concept of energy remains meaningful for any macroscopic state, obviating the difficulties noted above for entropy or information. More than any other term, energy has a central role to play in each of the physical, biological, and cultural evolutionary parts of the inclusive scenario of cosmic evolution; in short, energy is a common, underlying factor like no other — a "DC baseline" in physicists' lingo — in our search for unity among all material things.


(ibid., p.133)
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Books by Eric Chaisson include:

Cosmic Dawn: The Origins of Matter and Life , Atlantic Monthly Press, Little Brown, 1981.

Cosmic Evolution: Rise of Complexity in Nature, Harvard Univ. Press, 2001. 

Epic of Evolution: Seven Ages of the Cosmos, Columbia Univ. Press, 2006.

Astronomy Today (co-authored with S. McMillan), Pearson, 6 editions, 1993-2008. 
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See Chaisson's research page at Tufts University's Wright Center.

Some of his recent research papers include:


"Rhythm of the Cosmos: Finding Unity among the Natural Sciences," Tufts Magazine, p 16, Spring, 2001.


"A Unifying Concept for Astrobiology," International Journal of Astrobiology, v 2, pp 91-101, 2003



"Complexity: An Energetics Agenda," Complexity, v 9, pp 14-21, 2004


"Non-equilibrium Thermodynamics in an Energy-rich Universe," In Non-Equilibrium Thermodynamics and Production of Entropy, Kleidon, A. and Lorenz, R., Springer-Verlag, 2005.


"The Great Unifier," New Scientist, v 189, p 36, 2006.


"Long-Term Global Heating from Energy Usage," EoS Transactions American, Geophysical Union, v 89, p 253, 2008.


"Energy Rate Density as a Complexity Metric and Evolutionary Driver," Complexity, v 16, pp 27-40, 2011; DOI: 10.1002/cplx.20323


"Energy Rate Density II: Probing Further a New Complexity Metric," Complexity, in press, 2011.
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Francis Crick

Francis Crick famously worked with James Watson to elaborate the double helix structure of DNA, the genetic basis of heredity.


In his later years he worked on the "mind-body problem" and what David Chalmers called the "hard problem" of consciousness. 


He collaborated with neuroscientist Christoph Koch between 1990 and his death to develop a scientific theory of neurons that could describe the "neural correlates of consciousness." They proposed that consciousness involves very short-term memory processes that were as yet poorly understood. How can the brain become aware of the significance of a sensation within a few hundred milliseconds of an experience? He called this a "perceptual moment."


Crick was skeptical of "computational models" of the brain. He wrote...


What Christof Koch and I are trying to do is to persuade people, and especially those scientists intimately involved with the brain, that now is the time to take the problem of consciousness seriously...

Philosophers are right in trying to discover better ways of looking at the problem and in suggesting fallacies in our present thinking. That they have made so little real progress is because they are looking at the system from outside. This makes them use the wrong idiom. It is essential to think in terms of neurons, both their internal components and the intricate and unexpected ways they interact together. Eventually, when we truly understand how the brain works, we may be able to give approximate high-level accounts of our perceptions, our thinking, and our behavior. This will help us to grasp the overall per­formance of our brains in a more correct and more compact manner, and will replace the fuzzy folk notions we have today.


Many philosophers and psychologists believe it is premature to think about neurons now. But just the contrary is the case. It is premature to try to describe how the brain really works using just a black-box approach, especially when it is couched in the language of common words or the language of a digital programmable computer. The lan­guage of the brain is based on neurons. To understand the brain you must understand neurons and especially how vast numbers of them act together in parallel.


The reader might accept all this but could well complain that I have talked all around the topic of consciousness, with more specula­tion than hard facts, and have avoided what, in the long run, is the most puzzling problem of all. I have said almost nothing about qualia—the redness of red—except to brush it to one side and hope for the best. In short, why is the Astonishing Hypothesis so astonish­ing? Is there some aspect of the brain’s structure and behavior that might suggest why it is so difficult for people to conceive of awareness in neural terms?


I think there is. I have described the general workings of an intricate machine—the brain—that handles an immense amount of informa­tion all at once, in one perceptual moment. Much of the content of this rich body of coherent information is constantly changing, yet the machine manages to keep various running records of what it has just been doing. We have no experience (apart from the very limited view provided by our own introspection) of any machine with all these properties, so it is not surprising that the results of that introspection appear so odd.



The brain indeed has "stored" a vast amount of information, namely, all of its past experiences. But it does not "handle" all that stored information. In particular, it does nothing like "information processing" to "recall" information related to its current "experience," which is to say its immediate bundle of raw sensations.


Crick's qualia (plural of quale) are what Thomas Nagel described in his famous essay "What is it like to be a bat?," namely to experience "redness" or what Koch called "the feeling of life itself," namely having an emotional reaction to sensations.  Antonio Damasio calls this "the feeling of what happens."


How sensations immediately give rise to "awareness," "significance," and "meaning," including our emotional reactions to an experience, is explained by our Experience Recorder and Reproducer.




Crick on Free Will


My first assumption was that part of one’s brain is concerned with making plans for future actions, without necessarily carrying them out. I also assumed that one can be conscious of such plans—that is, that they are subject at least to immediate recall.

My second assumption was that one is not conscious of the “com­putations” done by this part of the brain but only of the “decisions” it makes—that is, its plans. Of course, these computations will depend on the structure of that part of the brain (derived partly epigenetically and partly from past experience) and on its current inputs from other parts of the brain.


My third assumption was that the decision to act on one plan or another is also subject to the same limitations. In other words, one has immediate recall of what is decided but not of the computations that went into the decision, even though one may be aware of a plan to move.


Then, such a machine (this was the word I used in my letter) will appear to itself to have Free Will, provided it can personify its behav­ior—that is, it has an image of “itself.”


The actual cause of the decision may be clear cut (Pat [Churchland]’s addition), or it may be deterministic but chaotic—that is, a very small perturba­tion may make a big difference to the end result. This would give the appearance of the Will being “free” since it would make the outcome essentially unpredictable. Of course, conscious activities may also influence the decision mechanism (Pat's addition).


Such a machine can attempt to explain to itself why it made a cer­tain choice (by using introspection). Sometimes it may reach the cor­rect conclusion. At other times it will either not know or, more likelv will confabulate, because it has no conscious knowledge of the “rea­son” for the choice. This implies that there must be a mechanism for confabulation, meaning that given a certain amount of evidence, which may or may not be misleading, part of the brain will jump to the sim­plest conclusion. As we have seen, this can happen all too easily.


This concluded my Theory of Free Will. It obviously depends upon understanding what consciousness is about (the main topic of this book [The Astonishing Hypothesis]), how the brain plans (and carries out) actions, how we confabu­late, and so on. I doubt if there is anything really novel in all this although some of the details may not have been included in previous explanations.




Source: https://www.informationphilosopher.com/solutions/scientists/crick/
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George Cowan

George Cowan was a key scientist in the Manhattan Project, one of a very few who visited almost all the locations, including the University of Chicago Uranium Pile project, the Oak Ridge Uranium Diffusion and initial Plutonian development project, and the Hanford facility that mass produced Uranium and Plutonium.


See George Cowan's Interview for the Atomic Heritage Foundation
and his book Manhattan Project to the Santa Fe Institute: The Memoirs of George A. Cowan.


In 1984 Cowan gathered a number if scientists, including Nobel-Prize winner Murray Gell-Mann, Phil Anderson, another Nobel-prize physicist, Ken Arrow who won a Nobel prize in economics, and others to found the Santa Fe Institute for the Study of Complex Systems.


Cowan wrote...


In the ‘80s when I started the Santa Fe Institute—it was because I was supposedly on the White House Science Council giving advice to Mr. Reagan—I realized that scientists don’t give advice to politicians. They help support their policies and if they don’t support their policies it doesn’t matter. At that time, one of the big issues was whether or not space platforms should be manned or robotic, and White House Science Council voted unanimously for robots. Mr. Reagan said, in effect, Congress would never pass that program unless there were people on it, so the policy was political and that’s what determined the fact that we had manned space missions.

My mission with the Santa Fe Institute was to get the kinds of people I knew, who knew how to get things done, involved in social and political science, where people gesture and shout at each other and march around in circles, at least that was my impression. And there are still people gesturing and shouting at each other and marching around in circles, so I guess we didn’t change the world, but that was the general notion.




From Complexity to Life: On the Emergence of Life and Meaning

 
The Santa Fe Institute held a research symposium between October 14-16, 1999 entitled "Complexity, Information, and Design: A Critical Appraisal,". It was led by the physicist Paul Davies. Ten mathematicians, physicists, theoretical biologists, and theologians met under the aegis of the John Templeton Foundation. It was marked by the personal  presence of 
Sir John Templeton.

Attendees included Charles Bennett, Gregory Chaitin, Paul Davies, William Dembski, 
Nils Henrik Gregersen, Stuart Kaufmann, Werner Loewentein, Harold Moskowitz, 
Arthur Peacocke, and Ian Stewart.


Four years earlier, Davies had been awarded the $1,000,000 Templeton Prize.


Four years later, the symposium proceedings were published in 2003 as 
From Complexity to Life: On the Emergence of Life and Meaning.



Source: https://www.informationphilosopher.com/solutions/scientists/cowan/
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Gregory Chaitin

Gregory Chaitin is a mathematician and computer scientist who is best known for his contributions to Algorithmic Information Theory (AIT).


Although Chaitin is often cited as its creator, algorithmic information theory was founded by Ray Solomonoff as part of his researches on artificial intelligence, especially machine learning. Solomonoff's work was inspired by Claude Shannon's mathematical theory of the communication of information, particularly by Shannon's study of the redundancy of letters in English language. A summer research project at Dartmouth organized by John McCarthy , Shannon, and Marvin Minsky  is said to be the origin of artificial intelligence.



A typical fragment of English text is partly readable without its vowels. (Semitic languages generally do without any vowel.) When represented as a string of letters, redundancy can be estimated by studying the transition probabilities between letters in English. For example, the probability that "q" is followed by a "u" is nearly unity.  .


Chaitin's work can be summarized as saying that the information contained in an arbitrary length string of bits (or digits, or letters) is equal to the shortest possible computer program that can output the string on a universal computing (Turing) machine.


An essential corollary is that if the string is completely random, the information is equal to the length of the string. It cannot be reduced.


The information content of a complex object is extremely difficult to instantiate in another form, a "representation" of the object.


The information content of the observable universe is best represented by the universe itself. It cannot be instantiated anywhere inside the universe. 


The shortest program that can represent the information in a string, or in an object, is also known as the Kolmogorov complexity. It is sometimes called algorithmic entropy, which only adds to the confusion between information and entropy. When Andrey Kolmogorov learned of Solomonoff's work, he recognized his priority.  In 1968, Chaitin revised his 1966 theorem paper in the Journal of the Association for Computing Machinery to cite the prior work of both Solomonoff and Kolmogorov.



Algorithmic Probability and Randomness


Solomonoff had described the "algorithmic probability" of a hypothesis (an algorithm or program) as the function of its length in bits. The shortest program has the highest inference or predictive value, he said.


Solomonoff's interest in probability made him an outsider in the development of cognitive psychology, most of whom were determinists looking for machine models of the mind. 


Chaitin celebrated the appearance of randomness in number strings. A given number cannot be proved to be random, he said. This is an enigma that puts limits on what is possible in mathematics, similar in some ways to Kurt Gödel's incompleteness and inconsistency theorems, as well as modern issues of undecidability and computability (the halting problem).


Chaitin wrote in 1987


God not only plays dice in quantum mechanics, but even with the whole numbers!...I show that to decide if an algebraic equation in integers has finitely or infinitely many solutions is in some cases absolutely intractable. I exhibit an infinite series of such arithmetical assertions that are random arithmetical facts, and for which it is essentially the case that the only way to prove them is to assume them as axioms. This extreme form of Gödel incompleteness theorem shows that some arithmetical truths are totally impervious to reasoning.


Are the bits or digits of the irrational number π random? Their distribution is demonstrably random. But they can be generated by an algorithm that has been used to establish their sequence to many trillions of digits. The computer power (matter and energy) and time needed to generate π is vast. If π needs an infinite number of random digits, does it include an infinite amount of information? 


We can compare the information in an approximation to π including 30 trillion digits (essentially 10 to the power 30 trillion) to the radius of the observable universe (≈8.8×1026 m ) divided by the smallest known distance - the Planck length (1.6 x 10-35 m). This cosmic dimension is a mere 1.4 x 1062!


Chaitin is a member of a group of scientists and philosophers pursuing "digital philosophy," They include Gregory Chaitin, Edward Fredkin, Seth Lloyd, Rudy Rucker, Jürgen Schmidhuber, Stephen Wolfram, and Konrad Zuse.


They generally hope to reduce the mind to a computer and even see the whole universe as a computer running some kind of cosmic code.



Source: https://www.informationphilosopher.com/solutions/scientists/chaitin/
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   Jean-Pierre Changeux is a French neuroscientist who was a Ph.D. student of Jacques Monod and Monod's colleague who shared their Nobel Prize, François Jacob.

Changeux argues that the central nervous system is not merely reactive (to external and internal stimuli), but is interactive and originates actions. 


In 1973, Changeux Changeux proposed a model describing how, during development of the nervous system, the activity of a network could cause the stabilization or regression of the synapses involved. He developed a formal model of synapse selection, which was a precursor of the "Neural Darwinism" theory of Gerald Edelman. 


The way the brain learns from its interaction with the environment is the selective stabilization of pre-existing neuronal structures, as opposed to the idea of creating new information structures. 


His 1985 book Neuronal Man: The Biology of Mind was a great popular success. Changeux gave us a wonderful history of the development of"The Organ of the Soul, from Ancient Egypt to the Belle Epoque." Many key ideas were discovered in Ancient Egypt only to be forgotten by Europeans for many centuries.

 

In his 1995 book, Conversations on Mind, Matter and Mathematics, Changeux claimed that the nervous system functions in an interactive rather than reactive style. Rather than being instructional, what he called "mental Darwinism" is selectional, choosing among a diversity of preexisting internal representations, what he and his younger colleague Stanislas Dehaene call "pre-representations.".


Changeux was strongly opposed to any suggestion of mind-body dualism

I notice too that when you speak of the relation of mathemati­cal objects to physical objects, you use the term “fits” or “squares with” rather than “is identical with.” This framing metaphor per­mits you to describe physical reality in a very particular, even peculiar way. But if matter is organized according to mathemati­cal laws—if mathematics is really to be found in nature—it seems to me that we should arrive at a perfect identification of mathe­matical objects with natural objects. And yet we don’t. According to you, this means that such laws are to be located somewhere else than in the physical world. But where? In some state, in some form, that you still haven’t defined. You end up with a sort of dualism—an abrupt cleavage, in fact—between matter and math­ematics that reminds me of the Cartesian distinction between mind and body. This, as you’re well aware, is a distinction I don't accept.

Conversations, p.55



Edelman and Changeux in 1998 edited the important collection of articles for Daedalus magazine later published as the book Brain.
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For Scholars


Changeux recently wrote an introduction - avant-propos - for a colloquium at the College de France on The Life of Forms and Forms of Life. 

La vie des formes et les formes de la vie


Avant-propos 

par Jean-Pierre Changeux



Cet ouvrage est né du colloque de rentrée qui a eu lieu au
Collège de France en octobre 2011, intitulé La Vie des formes, et
organisé à la demande de l'administrateur M. Pierre Corvol avec
un comité scientifique composé d'Antoine Compagnon, de Stanislas
Dehaene, de Philippe Descola et d'Alain Prochiantz. Le titre La
Vie des formes est emprunté à un livre d'Henri Focillon, qu'il
publie en 1934 et qu'il consacre à l'œuvre d'art. « L'œuvre d'art,
écrit-il, est une tentative vers l'unique, elle s'affirme comme un
tout, comme un absolu et, en même temps, elle appartient à un
système de relations complexes. L'œuvre d'art est mesure de
l'espace, elle est forme, et c'est ce qu'il faut d'abord considérer.
Balzac écrit dans un de ses traités politiques : "Tout est forme, et
la vie même est une forme." » Focillon poursuit : « Non seulement toute activité se laisse discerner et définir dans la mesure
où elle prend forme, où elle inscrit sa courbe dans l'espace et le
temps, mais encore la vie agit essentiellement comme créatrice de
formes. La vie est forme, et la forme est le mode de la vie. [...]
Les relations formelles dans une œuvre et entre les œuvres constituent un ordre, une métaphore de l'univers1. »


L'organisation de ce livre s'inspire des réflexions de Focillon,
mais s'inscrit dans la réalité de ce qu'il pensait être seulement une
métaphore.



Après une première définition en philosophie, chez Platon
et Aristote, sont abordés :

	 les définitions mathématiques de la forme ;

	 les origines physiques de la forme de l'atome ;

	  puis les premières formes de la vie, leur phylogenèse et,
pour les espèces supérieures, leur ontogenèse ;

	  enfin l'emboîtement des formes du cerveau, ce qui servira
de transition vers les formes mentales et les formes sociales.



Nous concluons sur ce qui nous a servi de point de départ,
l'œuvre d'art, avec Fables, formes, figures d'André Chastel. C'est
pour nous l'occasion de rendre hommage à André Chastel qui
nous quittait il y a un peu plus de vingt ans, le 18 juillet 1990.
André Chastel fut titulaire de la chaire d'art et civilisation de la
Renaissance en Italie et enseigna au Collège de France de 1970
à 1984. Il m'a personnellement beaucoup inspiré. Il avait un
intérêt réel pour les sciences du cerveau et souhaitait que je
m'intéresse à l'art des malades mentaux. Ses idées prennent une
dimension prémonitoire avec les développements actuels de la
recherche en neuroscience.


D'abord, qu'est-ce qu'une forme ?


Appréhender ce concept a toujours été difficile. Voyons
L'Encyclopédie: elle pose la question «en quoi consiste précisément la forme ? », « en quel degré de mouvement, d'arrangement, de situation, et de configuration de ses parties les plus petites,
consiste la forme de chaque corps2 ? » La forme se définirait donc
comme une organisation, dans l'espace et dans le temps, d'éléments simples.

La question se pose alors : d'où vient-elle? Quelle est l'origine de ces formes organisées dans le monde qui nous entoure ?
Quitte à être schématique, je distinguerai deux principales
théories :


	 La première échappe aux canons de la démarche scienτifique, car elle fait appel à la théologie naturelle, de Platon à John Paley ou à l'abbé Pluche : elle propose que les formes
sont des abstractions non matérielles, non physiques, extramentales, des essences. Celles-ci auraient été créées par un démiurge » ou « grand horloger ». Elles seraient situées, selon
Platon, ύπερουράυιον τόπον, c'est-à-dire « au-delà du ciel »...
Ces idées ressurgissent de nos jours chez les adeptes de l'intelligent
design.

	 Une autre définition, particulièrement bien présentée par
Armand de Ricqlès et Jean Gayon dans un ouvrage récent sur
Darwin3, relève de l'explication scientifique et se fonde sur une
causalité historique4. Elle «consiste à décomposer les systèmes (de
quelque niveau que ce soit) en leurs parties et à identifier les
régularités qui les caractérisent en les rapportant à des principes
théoriques aussi généraux que possible ».


Nous sommes de retour aux atomistes de l'Antiquité - à
Leucippe et à Démocrite -, centrés sur l'idée d'un « principe de
construction » des formes et non la révélation d'une forme pré-existante. En d'autres termes, « l'apparition de formes vient -
reprend Démocrite - d'essais qui accrochent les atomes les uns
aux autres » selon une contingence gratuite. Cela nous conduit à
un modèle général5.


Le modèle darwinien de la genèse des formes


Le modèle darwinien ajoute une dimension de causalité historique. Le phénomène se situe dans l'espace et dans le temps au
sein d'une série temporelle de causes et d'effets. Il porte sur une
stratification en niveaux d'organisation et sur la transition d'un
niveau d'organisation à l'autre et cela, quel que soit ce niveau.
L'hypothèse est que la transition d'un niveau donné au niveau
suivant requiert deux éléments fondamentaux : un générateur de
diversité et un système de sélection.

	  Le générateur fonctionne de la manière suivante : les éléments se combinent entre eux de manière stochastique, des formes
transitoires se construisent qui peuvent relever du niveau d'organisation immédiatement supérieur. Il est important de souligner
que ces formes s'engendrent à partir d'éléments déjà structurés
(pas nécessairement d'atomes) venant du niveau sous-jacent. Il y
a production de variations darwiniennes.

	  Un système de sélection stabilise certaines variations, les
autres sont éliminées. Puis de nouvelles variations apparaissent
avec télescopage, emboîtement de niveaux d'organisation successifs...


Enfin :


	  Le modèle général de sélection fait intervenir une notion
additionnelle : celle de fonction que l'on peut décrire comme
l'effet réel de la forme sur le monde extérieur physique, biologique, social et culturel ; celle-ci se manifeste, en particulier, par
une rétroaction sur la stabilisation de la forme qui, de transitoire,
devient stable. Examinons l'application de ce modèle de la physique à l'art.


Les premières formes de la physique


Nous sommes en pleine hypothèse, loin de mes préoccupations personnelles... La nucléosynthèse se réfère à la formation de nouveaux noyaux d'atomes à partir de protons et de
neutrons, qui eux-mêmes se seraient formés lors du refroidissent du Big Bang. Elle se poursuit aujourd'hui dans les red giants
stars et se manifeste par la synthèse d'hydrogène, d'hélium puis
du carbone (numéro atomique 6) au plutonium (numéro atomique 94)... Certaines combinaisons persistent, d'autres disparent. Comme l'écrivent Peyret et Prochiantz dans La Génisse
et le Pythagoricien6, « la sanction de la forme, c'est sa variabilité ».
Peut-on déjà parler d'un darwinisme des formes atomiques ?

La construction des premières formes atomiques se poursuit
: » celle de leurs assemblages : les molécules. Jean-Marie Lehn
montre comment les formes moléculaires puis supramoléculaires
ont pu apparaître sur notre planète et donner naissance aux premières formes de la vie, comme Jacques Reisse nous l'expose dans ce livre.


Les formes du cerveau


Le colloque précédemment organisé par Alain Prochiantz
sur Darwin et l'évolution7 a illustré l'extraordinaire diversification
les êtres vivants, avec l'ADN comme générateur des variations
darwiniennes et les processus de morphogenèse qui l'accompagnent.
Quelques mots au sujet du cerveau : c'est l'objet physique le
plus complexe existant sur notre planète, organe de régulation
spécialisé dans le contrôle de l'organisme et de sa relation non
seulement aux mondes physique et biologique mais aussi à l'univers
de formes qu'il construit : formes mentales, sociales et culturelles8.


L'organisation du cerveau en réseau connexionnel est d'une
complexité telle que, paradoxalement, L'Homo sapiens passe près
de quinze à vingt ans à construire son cerveau, soit presque plus
longtemps que l'usage qu'il en faisait lorsqu'il apparut il y a environ cent mille ans dans les plaines d'Afrique.



Ce très long développement qui se poursuit chez l'adulte rend
possible une importante innovation, une évolution, ou plutôt une
série d'évolutions internes au cerveau et donc à l'organisme :


	 au niveau de l'ADN chromosomique, de l'australopithèque à L'Homo sapiens;

	 de multiples évolutions épigénétiques enchâssées, qui
n'altèrent pas la structure de l'ADN et portent tant sur le nombre
de connexions - principalement au cours du développement — que
sur l'efficacité de ces connexions - principalement chez l'adulte. Il
y aurait en quelque sorte un emboîtement d'évolutions darwiniennes
des formes neurales et des formes mentales avec, pour les formes
mentales, un générateur de diversité associé à l'activité spontanée
et une sélection, par exemple par des systèmes de récompense.



Dans ce contexte, je voudrais faire référence à une procédure, appelée inférence bayésienne, permettant de calculer, de
mettre à jour ou de réviser la probabilité d'un événement mental,
c'est-à-dire d'un état de conscience, procédure qui est utilisée en
intelligence artificielle et en neuroscience. L'interprétation proposée par John Campbell9 est qu'il existe une homologie de principe
entre mécanismes darwiniens et bayésiens, en particulier pour la
production des formes mentales et spécialement mathématiques
par le cerveau.


Formes mathématiques et formes esthétiques


Un mot pour conclure sur formes mathématiques et formes
esthétiques. Alain Connes et moi avons eu un long dialogue
sur cette question il y a... vingt-deux ans, et débattu d'un
modèle darwinien de genèse des objets mathématiques comme
formes mentales. Poincaré nous avait précédés avec son ouvrage
Science et méthode10. 
Dans le chapitre sur « L'invention mathématique », il écrit : « Quels sont les êtres mathématiques aux-quels nous attribuons ce caractère de beauté et d'élégance ? »

Il fait appel à un générateur de diversité mental qui produit
spontanément des formes mathématiques et ainsi, poursuit-il,
« parmi les combinaisons en très grand nombre que le moi
subliminal a aveuglément formées », celles « dont les éléments
sont harmonieusement disposés », qui ont « la bonne combinaison », pénètrent « dans le champ de la conscience » :
« une illumination subite envahit l'esprit du mathématicien ».
Poincaré fait alors intervenir un mécanisme de sélection original, une « sensibilité esthétique spéciale qui joue le rôle du crible délicat » : « les combinaisons utiles, ce sont précisément
les plus belles11 ». Poincaré ne précise pas ce qu'est cette sensibilité esthétique. C'est à la neuroscience cognitive de le découvrir.

Le pouvoir « déraisonnable » des mathématiques à rendre
compte de la vérité du monde serait la résultante d'une évolution
mentale que Poincaré compare à l'atomisme d'Epicure et pour
nous à Darwin. Il serait le fait des multiples tentatives successives
- essais et erreurs - qui se produisent dans le cerveau du mathématicien lorsqu'il s'efforce de résoudre le problème auquel il s'attaque.



Des traits communs existeraient-ils, au niveau de notre cerveau. entre l'appréhension et la création des formes mathématiques et celle des formes esthétiques ?



Il s'agit d'une parmi les nombreuses questions que ce colloque sur « La vie des formes » suscite pour l'avenir.




This is Poincaré's two-stage model of free will. First, spontaneous generation of ideas, followed by an esthetic evaluation and selection. 







Source: https://www.informationphilosopher.com/solutions/scientists/changeux/
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Jerry Coyne is an evolutionary biologist and professor emeritus at University of Chicago. He is a fierce defender of Darwinian evolution as more than just a "theory," rather it is science that is supported by evidence as solid as most theories in the harder sciences like physics.

His book Why Evolution Is True and a website of the same name contain strong examples of that evidence as well as a vigorous polemic against religious creationism and the pseudoscience of intelligent design.


Coyne is a hard determinist, a naturalist, and a materialist. He is a proud atheist holding a position close to scientists Richard Dawkins and Sam Harris, and philosopher Daniel Dennett.


He became a believer in determinism after reading a paper by plant biologist Anthony Cashmore, who argues that human beings can be reduced to a "bag of chemicals." . 


Coyne takes a strong stand against free will and has attacked the information philosophy model of a two-staged free will. 

William James was the first thinker to propose a two-stage model.


James' first stage involves chance that generates alternative possibilities for action.

His second stage is an adequately determinedchoice by the will. First "free," then "will."


James saw free will as the mental analog of the two stages of biological evolution, the "combination of randomness and lawfulness" that Coyne espouses.

   

Evolution by selection, then, is a combination of randomness and lawfujness. There is first a “random” (or "indifferent”) process—the occurrence of mutations that generate an array of genetic variants, both good and bad (in the mouse example, a variety of new coat colors); and then a “lawful” process— natural selection—that orders this variation, keeping the good and winnowing the bad (on the dunes, light-color genes increase at the expense of dark-color ones).

This brings up what is surely the most widespread misunderstanding about Darwinism: the idea that, in evolution, “everything happens by chance”
(also stated as “everything happens by accident”). This common claim is flatly wrong. No evolutionist—and certainly not Darwin—ever argued that natural selection is based on chance. Quite the opposite. Could a completely random process alone make the hammering woodpecker, the tricky bee orchid, or the camouflaged katydids and beach mice? Of course not. If suddenly evolution was forced to depend on random mutations alone, species would quickly degenerate and go extinct. Chance alone cannot explain the marvelous fit between individuals and their environment.


And it doesn’t. True, the raw materials for evolution—the variations between individuals—are indeed produced by chance mutations. These mutations occur willy-nilly, regardless of whether they are good or bad for the individual. But it is the filtering of that variation by natural selection that produces adaptations, and natural selection is manifestly not random. It is a powerful molding force, accumulating genes that have a greater chance of being passed on than others, and in so doing making individuals ever better able to cope with their environment. It is, then, the unique combination of mutation and selection—chance and lawfulness—that tells us how organisms become adapted. Richard Dawkins provided the most concise definition of natural selection: it is “the non-random survival of random variants.”
   


As a hard determinist, Coyne should deny the existence of ontologicalchance. And he speaks softly of chance as the source of genetic mutations, the variations that drive the process of adaptation. 


The "free" part of free will can be as random as quantum chance. The "will" part is non-random, because the brain structures involved are large and average over large numbers of quantum events. Choices are adequately determined, but not pre-determined as some materialists believe. Pre-determination is an idea more congenial to intelligent design.


Coyne attacked the information philosopher's two-stage model in this post on "WEIT."

 




Source: https://www.informationphilosopher.com/solutions/scientists/coyne/
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   John Conway is a mathematician at Princeton University (he holds the chair held by John von Neumann) perhaps best known for the Game of Life, an example of cellular automata.

With his Princeton colleague, Simon Kochen, Conway formulated the Free Will Theorem, which connects human free will with the Einstein-Podolsky-Rosen paradox in quantum mechanics.

Albert Einstein was convinced that the perfectly correlated measurements between two observers Alice and Bob measuring the spins of entangled was the result of the spins being pre-determined. If everything in physics is similarly pre-determined, free will is an illusion.


Although Conway and Kochen do not claim to have proven free will in humans, they assert that should such a freedom exist, then the same freedom must apply to the elementary particles.


Conway and Kochen are really describing the indeterminism that quantum mechanics has introduced into the world. While indeterminism is a precondition for human freedom, it is in no sense free will. They qualify their claim:


To be more precise, what we shall show is that the particles’ response∗ to a
certain type of experiment is not determined by the entire previous history of
that part of the universe accessible to them. The free will we assume is just
that the experimenter can freely choose to make any one of a small number of
observations.



The Free Will Theorem


Conway and Kochen assume three axioms, which they call "SPIN", "TWIN" and "FIN". The spin and twin axioms can be established by entanglement experiments. Fin is a consequence of relativity theory.


   1. SPIN: Measuring the square of the component of spin of certain elementary particles of spin one, taken in three orthogonal directions, results in a permutation of (1,1,0).


   2. TWIN: It is possible to "entangle" two elementary particles, and separate them by a significant distance, so that they give the same answers to corresponding questions. The squared spin results are the same if measured in parallel directions. If the first experimenter A (on Earth) performs a triple experiment for the frame (x, y, z), producing the result
x → j, y → k, z → l while the second experimenter B (on Mars, at least 5 light minutes away) measures a single
spin in direction w, then if w is one of x, y, z, its result is that w → j, k, or l, respectively.


   3. FIN: There is a finite upper bound to the speed with which
information can be effectively transmitted. Conway and Kochen say this is a consequence of "effective causality."


[But the  collapse of the probability amplitude wave function is instantaneous and not so limited. ] 



The formal statement of the Free Will Theorem is then

If the choice of directions in which to perform spin 1 experiments is not a
function of the information accessible to the experimenters, then the responses of the particles are equally not functions of the information accessible to them.



Conway and Kochen say:

Why do we call this result the Free Will theorem? It is usually tacitly
assumed that experimenters have sufficient free will to choose the settings of
their apparatus in a way that is not determined by past history. We make this
assumption explicit precisely because our theorem deduces from it the more surprising fact that the particles’ responses are also not determined by past history.

Thus the theorem asserts that if experimenters have a certain property,
then spin 1 particles have exactly the same property. Since this property for
experimenters is an instance of what is usually called “free will,” we find it
appropriate to use the same term also for particles.



The theorem states that, given the axioms, if the two experimenters in question are free to make choices about what measurements to take, then the results of the measurements cannot be determined by anything previous to the experiments.


[See the discussion of the EPR experiments to see that what determines the second experimenter's results is simply the first experimenter's measurement, which instantaneously collapses the superposition of states into a particular state.]


Since the theorem applies to any arbitrary physical theory consistent with the axioms, it would not even be possible to place the information into the universe's past in an ad hoc way. The argument proceeds from the Kochen-Specker theorem, which shows that the result of any individual measurement of spin was not fixed independently of the choice of measurements. 


Conway and Kochen describe new bits of information coming into existence in the universe, and we agree that this is the key to understanding both EPR entanglement experiments and human free will. They say 


...there will be a time t0 after x, y, z are chosen with the property that for each time t < t0 no such bit is available, but for every t > t0 some
such bit is available.

But in this case the universe has taken a free decision at time 
  
    t
    
      0
    
  
, because the information about it after 
  
    t
    
      0
    
  
 is, by definition, not a function of the information available before 
  
    t
    
      0
    
  
!



Their anthropomorphization of the universe as "taking a free decision" is too simplistic, but it is essential to solutions of the problem of measurement to recognize that the "cut" between the quantum world and the classical world is the moment when new information enters the universe irreversibly.


In "The Strong Free Will Theorem," Conway and Kochen replace the FIN axiom with a new axiom called MIN, which asserts only that two experimenters separated in a space-like way can make choices of measurements independently of each other. In particular, they are not asserting that all information must travel finitely fast; only the particular information about choices of measurements made by the two experimenters.
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John Cramer developed a new interpretation of the formalism  of quantum mechanics called the "transactional interpretation."
 
The transactional interpretation makes no experimental predictions different from standard quantum mechanics. But it does remove some of the puzzling and perhaps unnecessary assumptions that are part of other Interpretations of quantum mechanics. In particular, it denies that conscious observers are needed to cause the "collapse of the wave function" (without which there is no actual "outcome" in the measurement process). 


The transactional interpretation adds nothing ad hoc to the standard theory, such as "hidden variables or additional terms to the Schrōdinger equation to force a collapse. It is explicitly indeterministic and non-local. Cramer is exploring the radical possibility of sending information between entangled particles faster than the speed of light, as well as causal relations that go backwards in time (retrocausality). And, like Schrōdinger and the decoherence advocates, Cramer denies the existence of particles!


The core physics in the transactional interpretation is a way of looking at photon emissions and absorptions as an exchange of advanced and retarded waves that is based on the 1945 Wheeler-Feynman Absorber Theory of radiation, which was abandoned by Feynman, who went on to develop the Path Integral formulation of quantum mechanics and later, with Julian Schwinger and Sin-Itiro Tomonaga, the theory of Quantum Electrodynamics (QED).


While QED is a powerful theory that allows precise calculations of physical observables such as the motions of photons and electrons and the emission and absorption of a photon by an electron, the transactional interpretation is simply a way of looking at the emission and absorption of photons based on the Wheeler-Feynman attempt to describe the exchange of energy in the classical electromagnetic field as a time-symmetric process.


Wheeler-Feynman proposed adding advanced field potentials (which look like never-seen-in-nature incoming spherical waves converging on light sources) to the normal outgoing spherical waves (with retarded potentials) of classical electrodynamics. Wheeler and Feynman's goal was to symmetrize electrodynamics with respect to time. One view of the advanced-potential incoming waves is that they are going backwards in time. There is nothing inherent in electromagnetic theory that explains the time asymmetry we see in radiation propagation (forward-in-time outgoing waves only).


Cramer's transactional interpretation describes an electron as sending out probabilistic "offer waves" (OW) to potential absorbers. He adds what he calls "confirmation waves" (CW) incoming to an emitter from the many possible absorbers of an emitted photon. An offer wave is not an actual photon emission, and a confirmation wave is not an actual absorption or "detection" of a photon. But Cramer did see the two waves as connecting events in four-dimensional spacetime. Eventually, one advanced-potential confirmation wave indeterministically "handshakes" with the retarded-potential offer wave and produces an actual absorption.


This "handshake" completes the transaction, but perhaps not at a single point in spacetime. Cramer sees the transaction as "atemporal" in that it takes place all along the four-dimensional spacetime vector between the emission and absorption events. Because it happens over the extended space of a worldline of a photon between emission and absorption, Cramer says it is "explicitly nonlocal," but this linear space is tiny compared to the huge space of nonlocal behavior of two entangled particles in the EPR experiment, for example. 



In the transactional interpretation the collapse of the
state vector is interpreted as the completion of the transaction
started by the OW and the CW exchanged between
emitter and - absorber. The emergence of the transaction
from the SV [state vector or wave function] does not occur at some particular location in
space or at some particular instant of time, but rather
forms along the entire four-vector that connects the emission
locus with the absorption locus (or loci in the case of
multiple correlated particles). The transaction employs
both retarded and advanced waves, which propagate,
respectively, along positive and negative lightlike (or timelike)
four-vectors. Since the sum of these four-vectors can
span spacelike and negative timelike and lightlike intervals,
the "influence" of the transaction in enforcing the
correlations of the quantum event is explicitly both nonlocal
and atemporal.



Although Cramer does not specifically discuss the case of two entangled particles in the EPR experiment, his remarks about transactional atemporality apply to the case of Alice and Bob measuring particles at point a and point b. It does not matter whether Alice or Bob measures "first."  


Since the transaction is atemporal, forming along the
entire interval separating emission locus from absorption
locus "at once, " it makes no difference to the outcome or
the transactional description if separated experiments
occur "simultaneously" or in any time sequence. There is
likewise no issue of which of the separated measurements
occurs first and precipitates the SV collapse, since in the
transactional interpretation both measurements participate
equally and symmetrically in the formation of the
transaction. Furthermore, the paths across which the
correlation enforcing exchange takes place are lightlike
four-vectors and remain so under any Lorentz transformation.
Therefore the outcome and the transactional
description of any correlation experiment is the same independent
of the inertial reference frame from which it is
viewed, as it must be if quantum mechanics and relativity
are to be compatible theories.



Cramer well knows that there are frames of reference moving with respect to the laboratory frame of the two observers in which the time order of the events can be reversed. In some moving frames Alice measures first, but in others Bob measures first. 

If there is a special frame of reference (not a preferred frame in the relativistic sense), surely it is the one in which the origin of the two entangled particles is at rest. Assuming that Alice and Bob are also at rest in this special frame and equidistant from the origin, we arrive at the simple picture in which any measurement that causes the two-particle wave function to collapse makes both particles appear "simultaneously" at determinate places with fully correlated properties (just those that are needed to conserve energy, momentum, angular momentum, and spin).


[image: image-placeholder]


In the two-particle case (instead of just one particle making an appearance), when either particle is measured, we know instantly those properties of the other particle that satisfy the conservation laws, including its location equidistant from, but on the opposite side of, the source, and its other properties such as spin.


We cannot measure just one particle in a two-particle wave function. As Schrödinger told Einstein in 1935, entanglement means that the particles cannot be represented as the product of single-particle wave functions. 


Cramer says the transactional interpretation sheds light on the collapse of the state vector, identifying the collapse with as absorber's "handshake" with the emitter that completes the transaction. Is this in conflict with his view of transactions as time symmetric and fully reversible? Standard quantum mechanics insists that something thermodynamically irreversible must happen in a measurement. Cramer seems skeptical about irreversibility. 



the Copenhagen interpretation implicitly associates
with quantum events a time directionality that, while appropriate
to macroscopic observers, is quite alien to and
inconsistent with the even-handedness with which microphysics
deals with the flow of time. Somehow the thermodynamic
irreversibility of the macroscopic observer is intruding into the description of a fully reversible microscopic
process. (p.651) 
Wigner and
others have suggested that the process of collapse should
involve a special role for consciousness (Wigner, 1962),
for permanent recording of experimental results
(Schrödinger, 1935) or for entry of the system into the
domain of thermodynamic irreversibility (Heisenberg,
1960). (p.654)  


Where precisely is the border between
macrophysics and microphysics and the border at which
irreversibility begins? (p.683)



In the information interpretation, the collapse is when information about an event (it may not be a measurement) is irreversibly recorded in the universe. It need not be a measurement by an observer. Indeed, information must be recorded (for example, by a measuring instrument) before it can be seen by an observer.


Despite his description of the transactional "handshake" as atemporal, Cramer says the collapse occurs when the emitter accepts the confirmation wave from an absorber. It is the absorber that precipitates the collapse, he says, 



In the transactional interpretation the collapse,
i.e., the development of the transaction, is atemporal
and thus avoids the contradictions and inconsistencies
implicit in any time-localized SV collapse.

Furthermore, the transactional description does not
need to invoke arbitrary collapse triggers, such as consciousness,
etc., because it is the absorber rather than the
observer which precipitates the collapse of the SV, and
this can occur atemporally and nonlocally across any sort
of interval between elements of the measuring apparatus.



Cramer is quite critical of the need for a "conscious observer."


This "consciousness" interpretation, while it is a
reasonable working hypothesis for an observer who does
not wish to find himself dissolved into the state vector of
the system he is measuring, does beg a number of questions.
Did the SV of the universe remain uncollapsed until
the first consciousness evolved? Where is the borderline
between consciousness and unconsciousness? Will
"smart" measuring instruments eventually achieve the
abihty to collapse SV's, and how will one know when they
do? And so on.

Schrodinger (1935) suggested an alternative to the consciousness
interpretation, which he called the principle of
state distinction and which asserts, "states of a microscopic
system which could be told apart by macroscopic
observation are distinct from each other whether observed
or not. " In other words, the SV collapses as soon as some
macroscopic record of the result of a measurement is
made, whether a conscious observer looks at that record
or not. Heisenberg (1960) and others have suggested a
variant of this position which asserts that as soon as the
quantum measurement passes from the domain of reversible
processes into the domain of thermodynamic irreversibility
the SV collapses.


The latter two "collapse triggers" are more appealing to
most physicists than the former because they avoid giving
some special significance to consciousness and because, as
pointed out by Weisskopf (1959,1980), they correspond
more closely to the operating assumptions that practicing
physicists use in thinking about how quantum measurements
are done. However, these models also beg the question
of borders: Where precisely is the border between
macrophysics and microphysics and the border at which
irreversibility begins?




The answer to Cramer's question about the border between microphysics and macrophysics is found in an analysis of the "quantum-to-classical transition" and in Heisenberg and von Neumann's speculations about the "cut" between quantum events and an observer's information, knowledge, or conscious awareness. Below the cut everything is governed by the wave function. Above the cut, Heisenberg and Bohr insisted a classical description must be used.

Decoherence theorists claim that the quantum-to-classical transition is caused by environmental interactions, but the information interpretation claims it is when a macroscopic object contains such a large number of atoms that independent quantum events that they can be averaged over, that their random phases cancel out, and that there is statistical determinism.


Heisenberg, von Neumann, Wigner, and many others puzzled over the location of the "cut," perhaps none more than John Bell, who drew a diagram of possible places for what he called the "shifty split." We can now edit Bell's diagram to point to the location of "cut" as the moment when irreversible information enters the universe.


[image: image-placeholder]



The Possibilist Transactional Interpretation


In her 2012 book, The Transactional Interpretation of Quantum Mechanics, Ruth Kastner proposes to regard the outgoing offer wave and many incoming confirmation waves as "possible" transactions, only one of which indeterministically becomes "actual."


Kastner is a possibilist who argues that OWs and CWs are possibilities that are "real." She says that they are less real than actual empirically measurable events, but more real than an idea or concept in a person's mind. She suggests the alternate term "potentia," Aristotle's term that she found Heisenberg had cited. For Kastner, the possibilities are physically real as compared to merely conceptually possible ideas that are consistent with physical law (for example, David Lewis' "possible worlds." But she says the "possibilities" described by offer and confirmation waves are "sub-empirical" and pre-spatiotemporal (i.e., they have not shown up as actual in spacetime). She calls these "incipient transactions."


The subtitle of Kastner's book is "The Reality of Possibility." She says that her main thesis is that "it is perfectly reasonable to be realist about the subject matter of quantum theory" (p.28). And she calls for a new metaphysical category to describe "not quite actual...possibilities." 




In our information interpretation of the wave function as a "possibilities" function, the possibilities are real in the sense that they can directly interfere with one another. Some thoughts are also real in the sense that they may lead to empirically observable actions.


Source: https://www.informationphilosopher.com/solutions/scientists/cramer/
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John O. Campbell was a Canadian scientist and independent researcher who in 2009 extended Richard Dawkins's concept of Universal Darwinism to include the origin of the universe. Dawkin's famous "memes" evolve by a trial-and-error process that social psychologist Donald T. Campbell in 1960 called "Blind Variation and Selective Retention."

John O. Campbell was a founder of the Evo Devo Community, whose mission is based on his Universal Evolution and astrophysicist Lee Smolin's similar theory of cosmological natural selection.


In 2009. Campbell published his first peer-reviewed journal article, Bayesian Methods and Universal Darwinism.


Bayesian methods since the time of Laplace have been understood by their
practitioners as closely aligned to the scientific method. Indeed a recent champion of Bayesian
methods, E. T. Jaynes, titled his textbook on the subject Probability Theory: the Logic of
Science. Many philosophers of science including Karl Popper and Donald Campbell have
interpreted the evolution of Science as a Darwinian process consisting of a 'copy with selective
retention' algorithm abstracted from Darwin's theory of Natural Selection. Arguments are
presented for an isomorphism between Bayesian Methods and Darwinian processes. Universal
Darwinism, as the term has been developed by Richard Dawkins, Daniel Dennett and Susan
Blackmore, is the collection of scientific theories which explain the creation and evolution of
their subject matter as due to the operation of Darwinian processes. These subject matters span
the fields of atomic physics, chemistry, biology and the social sciences. The principle of
Maximum Entropy states that systems will evolve to states of highest entropy subject to the
constraints of scientific law. This principle may be inverted to provide illumination as to the
nature of scientific law. Our best cosmological theories suggest the universe contained much less
complexity during the period shortly after the Big Bang than it does at present. The scientific
subject matter of atomic physics, chemistry, biology and the social sciences has been created
since that time. An explanation is proposed for the existence of this subject matter as due to the
evolution of constraints in the form of adaptations imposed on Maximum Entropy. It is argued
these adaptations were discovered and instantiated through the operations of a succession of
Darwinian processes.



In 2010, Campbell extended Richard Dawkins' "Universal Darwinism" to the evolution of the universe, based on Donald Campbell's Blind Variation and Natural Selection and Wojciech Zurek’s 2009 theory of Quantum Darwinism. He wrote...

The Darwinian nature of Wojciech Zurek’s theory of Quantum Darwinism is evaluated against the criteria of a Darwinian process as understood within Universal Darwinism. The characteristics of a Darwinian process are developed including the consequences of accumulated adaptations resulting in adaptive systems operating in accordance with Friston’s free energy principle and employing environmental simulations. Quantum theory, as developed in Zurek’s research program and encapsulated by his theory of Quantum Darwinism is discussed from the view that Zurek’s derivation of the measurement axioms implies that the evolution of a quantum system entangled with environmental entities is determined solely by the nature of the entangled system. There need be no further logical foundation. Quantum Darwinism is found to conform to the Darwinian paradigm in unexpected detail and is thus may be considered a theory within the framework of Universal Darwinism. With the inclusion of Quantum Darwinism within Universal Darwinism and the explanatory power of Darwinian processes extended beyond biology and the social sciences to include the creation and evolution of scientific subject matter within particle physics, atomic physics and chemistry, it is suggested that Universal Darwinism may be considered a candidate ‘Theory of Everything’ as anticipated by David Deutsch.


In his 2011 book Universal Darwinism: The Path of Knowledge, Campbell wrote...


The Universal Darwinism meta-theory contains the numerous scientific theories which employ a Darwinian process to explain the creation and evolution of their subject matter as well as an exposition of the general principles these theories have in common. The ‘universal’ aspect of this theory is justified by the broad scope of subject matter included under its umbrella. The literature contains numerous scientific theories in quantum physics, atomic and molecular physics, cosmology, biology and culture.

This book will make the argument that Universal Darwinism provides a further advance in the unification of scientific understanding; that Universal Darwinism is a means of consolidating a wide swath of seemingly disparate scientific subject matter within a single theoretical paradigm. The forces and interactions of the micro-world are viewed by modern particle physics in terms of information. John Archibald Wheeler, one of the past century’s most influential physicists, liked to say that his career had moved through three phases, from “Everything is particles” to “Everything is fields” to “Everything is information”. The concept of information not only has a central explanatory role within particle physics it is also central to explanations of emergent levels of complex reality such as biology and culture. The increased focus of scientific explanation on information holds promise for a single theory with the ability to unite many branches of science within the same theoretical framework. For the past 60 years a single theory that is able to explain all fundamental interaction in terms of information has been physic’s Holy Grail and is often referred to as the Theory of Everything (TOE). The presumptuous title is due to the hope that given a single theory of the building blocks we would be able to explain all the more complex emergent systems, such as chemistry and life, which arise from them.


John Archibald Wheeler did see everything emerging from information with his famous slogan "it from bit."


But Campbell's main source for the idea that the physical world is evolving by natural selection was not Wheeler. It was Lee Smolin's 1997 book Life of the Cosmos.


In his 2015 book, Darwin Does Physics, Campbell wrote...


This brief, marvellous outline provided by science, by which we can understand ourselves and our current reality as the result of knowledge accumulated since the beginning of time, also has remarkable depth. Both the biological and social sciences may be seen within this general context. In these disciplines, evolutionary accumulation of knowledge is accomplished through the operation of Darwinian processes, and the scientific literature is replete with theories which utilize Darwinian processes to explain the creation and evolution of their subject matter. However the biological and social sciences are unfortunately limited, as they seek to explain phenomena which have evolved only on our planet and only within the past three and a half billion years. We may judge that this paradigm fails to have universal scope. 

What about the vast scope of phenomena studied by the physical sciences which encompasses all matter, space and time? I am happy to report that at the basis of the physical sciences there are also recent theories which utilize Darwinian processes to explain the evolution of most of these phenomena. 


With the union of the social, biological and physical sciences within this single paradigm, an extraordinary scientific vision is developing. It is simple to comprehend as a whole, yet accesses the full depth of scientific details. It explains reality as an information processor that accumulates knowledge, knowledge that is used to transform the past, since the beginning of time, into the present.



Campbell cites Daniel Dennett's Darwin's Dangerous Idea

The American philosopher of science Daniel Dennett famously wrote: …

If I could give  a prize to the single best idea anybody ever had, I’d give it to Darwin—ahead of Newton, ahead of Einstein, ahead of everybody else.  Why?  Because Darwin’s idea put together the two biggest worlds, the world of mechanism and material, and physical causes on the one hand (the lifeless world of matter) and the world of meaning, and purpose, and goals.  And …he showed how meaning and purposes could arise out of physical law, out of the workings of ultimately inanimate nature. And that’s just a stunning unification and opens up a tremendous vista for all inquiries, not just for biology, but for the relationship between the second law of thermodynamics and the existence of poetry. 



But Dennett does not say that inanimate nature itself includes purpose, simply that biology arises out of physical law, but Dennett does see a relation between poetry and the second law.

In his 2016 article, Universal Darwinism As a Process of Bayesian Inference, Campbell wrote...


Many of the mathematical frameworks describing natural selection are equivalent
to Bayes' Theorem, also known as Bayesian updating. By definition, a process of
Bayesian Inference is one which involves a Bayesian update, so we may conclude
that these frameworks describe natural selection as a process of Bayesian inference.
Thus, natural selection serves as a counter example to a widely-held interpretation that
restricts Bayesian Inference to human mental processes (including the endeavors of
statisticians). As Bayesian inference can always be cast in terms of (variational) free
energy minimization, natural selection can be viewed as comprising two components:
a generative model of an experiment" in the external wood environment, and the
results of that "experiment" or the "surprise" entailed by predicted and actual outcomes
of the "experiment." Minimization of free energy impfies that the implicit measure of
•surprise" experienced serves to update the generative model in a Bayesian manner.
This description closely accords with the mechanisms of generafized Darwinian process
proposed both by Dawkins, in terms of replicators and vehicles, and Campbell, in
terms of inferential systems. Bayesian inference is an algorithm for the accumulation of
evldenoe-based knowledge. This algorithm is now seen to operate over a wide range of
evolutionary processes, including natural selection, the evolution of mental models and
cultural evolutionary processes, notably including science itself. The vanational principle
of free energy minimization may thus serve as a unifying mathematical framework for
universal Darwinism, the study of evolutionary processes operating throughout nature.


In Campbell's 2017 book Einstein's Enlightenment, he hopes to found a new cosmic religion, writing...


This book proposes a cosmic religion that is in harmony with science. It is an audacious project that should raise a red flag with any skeptical reader. To mitigate this skepticism I widely cite scientific literature. I believe the views presented here are well supported by the evidence and by our current state of scientific understanding. 

I do not take credit for originating this revelation. Rather, it is boldly proclaimed in the writings of Albert Einstein (1879 – 1955), perhaps the greatest scientific genius who has ever lived. This book is an attempt to develop the vision that he so clearly stated. 


It is baffling that almost no one has seemed willing to take Einstein’s spiritual vision of science seriously. He understood that science is our best guide to understanding nature and further that nature is equivalent to God.  Thus, science may provide us with a glimpse into the mind of God. 


Even inspirational contemporary scientists, such as Carl Sagan (1934-1996), failed to grasp Einstein’s message. A short quote from Einstein’s writing indicates the depth of his spiritual vision (1): 

The individual feels the futility of human desires and aims at the sublimity and marvelous order which reveal themselves both in nature and in the world of thought. Individual existence impresses him as a sort of prison and he wants to experience the universe as a single significant whole.
 
Clearly Einstein’s vision of science is deeply spiritual. He sees it as a means of liberation from our individual, mortal selves and of uniting ourselves instead with the timeless wonder of the cosmos. Although his God is nature itself and not an anthropomorphic God, created in our own image, he views God and nature as manifesting a ‘marvelous order’ that reveal characteristics of mind as well as materialism. 

A second quote may serve to further illuminate his spiritual view (2): 

The most beautiful thing we can experience is the Mysterious — the knowledge of the existence of something unfathomable to us, the manifestation of the most profound reason coupled with the most brilliant beauty… I am satisfied with the mystery of life's eternity and with the awareness of — and glimpse into — the marvelous construction of the existing world together with the steadfast determination to comprehend a portion, be it ever so tiny, of the reason that manifests itself in nature. This is the basics of cosmic religiosity, and it appears to me that the most important function of art and science is to awaken this feeling among the receptive and keep it alive. 

God or nature, as understood by science manifests ‘the most profound reason coupled with the most brilliant beauty’. Although we may only glimpse this eternal realm, Einstein strove to comprehend it as fully as possible and claimed that this is the very purpose of science. 

Sagan, in describing Einstein’s revelation characterizes it as merely a belief in a few cold, abstract laws of nature. 

...a quite different vision of God, one proposed by Baruch Spinoza and by Albert Einstein…  But by God they meant something not very different from the sum total of the physical laws of the universe; that is gravitation plus quantum mechanics plus grand unified field theories plus a few other things equaled God.

In pursuing my goal some new areas of science, developed since Einstein’s passing, appear to hold promise in making his vision more explicit. These include information theory, Bayesian inference and universal Darwinism. Over the years, I have attempted to unite these three bodies of scientific understanding into the candidate version of Einstein’s Enlightenment presented here.



Campbell's 2019 paper, with British neuroscientist and active inference theorist Karl Friston marked the beginning of a collaboration between Campbell and Friston.


Campbell's 2021 book, The Knowing Universe further builds on the work of Friston and his Free Energy Principle.


A largely unheralded scientific revolution is sweeping through the research community. One aspect of this revolution is a growing body of research centred on Karl Friston's notions of the Bayesian Brain and the Free Energy Principle and based on this work, Friston is rated the most influential neuroscientist of our day. His research reveals that the computation of Bayesian inferences, or the solving of mathematical relationships between hypotheses and evidence, is the brain's main problem-solving mechanism. As documented in the flood of research papers currently published at a rate of over one thousand a year referring to the free energy principle, it appears the brain uses Bayesian inference over and over again to solve the many puzzles confronting it.


In the  The Knowing Universe, Campbell gives us the early history of the development of Universal Darwinism as applied to the evolution go the universe.

I've always had a passion for Universal scientific ideas, applying to almost everything, providing a cosmic perspective...as a college student during the early 1970s, I immersed myself in Darwin's theory of natural selection, and its powerful and elegant logic still forms the basis of my scientific worldview. It is a wonderous theory of how all living things have come to exist, a scientific understanding that tells a compelling story. And I soon became convinced that this theory could generalize into a theory of everything.  For a while, my college career consisted of rewriting the same essay, interpreting various subject matters through the same lens to confirm, at least to myself, the universal explanatory potential of Darwinian theory.   Disappointingly, my idiosyncratic musings found little explicit support in the scientific literature; at the time, there weren't any well-developed Darwinian theories outside of biology. But all that was about to change. Richard Dawkins coined the term universal Darwinism in a 1976 paper, where he used it to argue that any extra-terrestrial life must evolve through natural selection (1). Unfortunately, this paper did not envision Darwinian processes operating beyond biology either on or off planet earth. But his groundbreaking book of the same year, The Selfish Gene, now rated as the most influential science book of all time (2), contained the speculation that cultural evolution might be a Darwinian process. It might employ a new replicator he named a meme - similar to genes in biological evolution. This speculation ignited the school of universal Darwinism, perhaps best described in Susan Blackmore's 1999 book The Meme Machine. But the 1990s extended Darwinian concepts beyond biology to many other fields in addition to culture. The prominent physicist, Lee Smolin, published a 1992 paper, "Does the Universe Evolve," in which he proposed a theory of evolutionary universes he calls cosmological natural selection. In 1995 Daniel Dennett's book, Darwin's Dangerous Idea, pointed to Dawkins' and Smolin's work and outlined Darwinian evolution as a universal evolutionary force.


Daniel Dennett did describe Lee Smolin's work, starting with much earlier suggestions. And Dennett is clearly the major source for John O. Campbell's Universal Evolution.


Might it be that there has been some sort of differential reproduction of universes, with some varieties having more “offspring” than others? Hume’s Philo toyed with this idea, as we saw in chapter 1:

And what surprise must we entertain, when we find him a stupid mechanic, who imitated others, and copied an art, which, through a long succession of ages, after multiplied trials, mistakes, corrections, deliberations, and controversies, had been gradually improving? Many worlds might have been botched and bungled, throughout an eternity, ere this system was struck out: Much labour lost: Many fruitless trials made: And a slow, but continued improvement carried on during infinite ages of world-making. [Pt. V.]


Hume imputes the “continued improvement” to the minimal selective bias of a “stupid mechanic,” but we can replace the stupid mechanic with something even stupider without dissipating the lifting power: a purely algorithmic Darwinian process of world-trying. Though Hume obviously didn’t think this was anything but an amusing philosophical fantasy, the idea has recently been developed in some detail by the physicist Lee Smolin (1992). The basic idea is that the singularities known as black holes are in effect the birthplaces of offspring universes, in which the fundamental physical constants would differ slightly, in random ways, from the physical constants in the parent universe. So, according to Smolin’s hypothesis, we have both differential reproduction and mutation, the two essential features of any Darwinian selection algorithm. Those universes that just happened to have physical constants that encouraged the development of black holes would ipso facto have more offspring, which would have more offspring, and so forth—that’s the selection step. Note that there is no grim reaper of universes in this scenario; they all live and “die” in due course, but some merely have more offspring. According to this idea, then, it is no mere interesting coincidence that we live in a universe in which there are black holes, nor is it an absolute logical necessity. It is, rather, the sort of conditional near-necessity you find in any evolutionary account. The link, Smolin claims, is carbon, which plays a role both in the collapse of gaseous clouds (or in other words, the birth of stars, a precursor to the birth of black holes) and, of course, in our molecular engineering. 

Is the theory testable? Smolin offers some predictions that would, if disconfirmed, pretty well eliminate his idea: it should be the case that all the “near” variations in physical constants from the values we enjoy should yield universes in which black holes are less probable or less frequent than in our own. In short, he thinks our universe should manifest at least a local, if not global, optimum in the black-hole-making competition. The trouble is that there are too few constraints, so far as I can see, on what should count as a “near” variation and why, but perhaps further elaboration on the theory will clarify this. Needless to say, it is hard to know what to make of this idea yet, but whatever the eventual verdict of scientists, the idea already serves to secure a philosophical point. Freeman Dyson and Fred Hoyle, among many others, think they see a wonderful pattern in the laws of physics; if they or anyone else were to make the tactical mistake of asking the rhetorical question “What else but God could possibly explain it?” Smolin would have a nicely deflating reply. (I advise my philosophy students to develop hypersensitivity for rhetorical questions in philosophy. They paper over whatever cracks there are in the arguments.) 


But suppose, for the sake of argument, that Smolin’s speculations are all flawed; suppose selection of universes doesn’t work after all. There is a weaker, semi-Darwinian speculation that also answers the rhetorical question handily. Hume toyed with this weaker idea, too, as we already noted, in part VIII of his Dialogues:


Instead of supposing matter infinite, as Epicurus did, let us suppose it finite. A finite number of particles is only susceptible of finite transpositions: And it must happen, in an eternal duration, that every possible order or position must be tried an infinite number of times. . . . 

Suppose . . . that matter were thrown into any position, by a blind, unguided force; it is evident that this first position must in all probability be the most confused and most disorderly imaginable, without any resemblance to those works of human contrivance, which, along with a symmetry of parts, discover an adjustment of means to ends and a tendency to self-preservation. . . . Suppose, that the actuating force, whatever it be, still continues in matter. . . . Thus the universe goes on for many ages in a continued succession of chaos and disorder. But is it not possible that it may settle at last . . . ? May we not hope for such a position, or rather be assured of it, from the eternal revolutions of unguided matter, and may not this account for all the appearing wisdom and contrivance which is in the universe?



This idea exploits no version of selection at all, but simply draws attention to the fact that we have eternity to play with. There is no five-billion-year deadline in this instance, the way there is for the evolution of life on Earth. As we saw in our consideration of the Libraries of Babel and Mendel, we need reproduction and selection if we are to traverse Vast spaces in non-Vast amounts of time, but when time is no longer a limiting consideration, selection is no longer a requirement. In the course of eternity, you can go everywhere in the Library of Babel or the Library of Mendel—or the Library of Einstein (all possible values of all the constants of physics)—as long as you keep moving. (Hume imagines an “actuating force” to keep the shuffling going, and this reminds us of Locke’s argument about matter without motion, but it does not suppose that the actuating force has any intelligence at all.) In fact, if you shuffle through all the possibilities for eternity, you will pass through each possible place in these Vast (but finite) spaces not just once but an infinity of times! 

Several versions of this speculation have been seriously considered by physicists and cosmologists in recent years. John Archibald Wheeler (1974), for instance, has proposed that the universe oscillates back and forth for eternity: a Big Bang is followed by expansion, which is followed by contraction into a Big Crunch, which is followed by another Big Bang, and so forth forever, with random variations in the constants and other crucial parameters occurring in each oscillation. Each possible setting is tried an infinity of times, and so every variation on every theme, both those that “make sense” and those that are absurd, spins itself out, not once but an infinity of times. 


It is hard to believe that this idea is empirically testable in any meaningful way, but we should reserve judgment. Variations or elaborations on the theme just might have implications that could be confirmed or disconfirmed. In the meantime, it is worth noting that this family of hypotheses does have the virtue of extending the principles of explanation that work so well in testable domains all the way out. Consistency and simplicity are in its favor. And that, once again, is certainly enough to blunt the appeal of the traditional alternative. 


Anybody who won a coin-tossing tournament would be tempted to think he was blessed with magical powers, especially if he had no direct knowledge of the other players. Suppose you were to create a ten-round coin tossing tournament without letting each of the 1,024 “contestants” realize he was entered in a tournament. You say to each one as you recruit him: “Congratulations, my friend. I am Mephistopheles, and I am going to bestow great powers on you. With me at your side, you are going to win ten consecutive coin-tosses without a loss!” You then arrange for your dupes to meet, pairwise, until you have a final winner. (You never let the contestants discuss your relation to them, and you kiss off the 1,023 losers along the way with some sotto voce gibe to the effect that they were pretty gullible to believe your claim about being Mephistopheles!) The winner—and there must be one—will certainly have been given evidence of being a Chosen One, but if he falls for it, this is simply an illusion of what we might call retrospective myopia. The winner doesn’t see that the situation was structured so that somebody simply had to be the lucky one—and he just happened to be it. 


Now if the universe were structured in such a way that an infinity of different “laws of physics” got tried out in the fullness of time, we would be succumbing to the same temptation were we to draw any conclusions about the laws of nature being prepared especially for us. This is not an argument for the conclusion that the universe is, or must be, so structured, but just for the more modest conclusion that no feature of the observable “laws of nature” could be invulnerable to this alternative, deflationary interpretation. 


Once these ever more speculative, ever more attenuated Darwinian hypotheses are formulated, they serve—in classic Darwinian fashion—to diminish by small steps the explanatory task facing us. All that is left over in need of explanation at this point is a certain perceived elegance or wonderfulness in the observed laws of physics. If you doubt that the hypothesis of an infinity of variant universes could actually explain this elegance, you should reflect that this has at least as much claim to being a non-questionbegging explanation as any traditional alternative; by the time God has been depersonalized to the point of being some abstract and timeless principle of beauty or goodness, it is hard to see how the existence of God could explain anything. What would be asserted by the “explanation” that was not already given in the description of the wonderful phenomenon to be explained? 


Darwin began his attack on the Cosmic Pyramid in the middle: Give me Order, and time, and I will explain Design. We have now seen how the downward path of universal acid flows: if we give his successors Chaos (in the old-fashioned sense of pure meaningless randomness), and eternity, they will explain Order—the very Order needed to account for the Design. Does utter Chaos in turn need an explanation? What is there left to explain? Some people think there is still one leftover “why” question: Why is there something rather than nothing? Opinions differ on whether the question makes any intelligible demand at all. If it does, the answer “Because God exists” is probably as good an answer as any, but look at its competition: “Why not?”




Source: https://www.informationphilosopher.com/solutions/scientists/campbellj/
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Melvin Calvin was an American biochemist who won the Nobel Prize in 1961 for discovering (in 1950) one of the many autocatalytic "hypercycles" that are fundamental to metabolism in living things. The so-called "Calvin cycle" is a part of the photosynthesis in plants that converts carbon dioxide to glucose.

Manfred Eigen made "hypercycles" famous and won the 1967 Nobel Prize for explaining (in 1950) the fast chemical reactions they involve. 


In 1932 Hans Krebs discovered the first hypercycle, the urea cycle which converts ammonia (NH3) to urea (NH2 - O - NH2). Urea in turn is used as fertilizer for plants. The hypercycle in humans that is parallel to the Calvin cycle in plants is the citric-acid cycle. It was also discovered by Krebs in 1950 and often called the Krebs cycle.


Using the radioactive isotope carbon-14, Calvin and colleagues followed the path that carbon follows in photosynthesis, starting with CO2 from the atmosphere and ending up as carbohydrates that are the principal food for animals. The cycle uses two energy-rich ATP molecules to do the conversion of inorganic atmospheric carbon dioxide to food, perhaps very important in slowing future climate change. 

[image: image-placeholder]

In 1969, Calvin published his book Chemical Evolution, Molecular Evolution Towards the Origin of Living Systems on the Earth and Elsewhere. Although he was reluctant to offer a definition of life and its beginnings, Calvin gives us the essentials as he saw them in the 1960's.



At this point I do not seek to define a ‘living system’ in abstract terms that might be applicable to any collection of matter: for example, for use in extraterrestrial exploration, or perhaps in defining the nature of man. I shall defer these discussions until we have explored the specific problem of terrestrial life as we know it, namely, the elements of which it is constructed and the manner in which these elements are organized and function. 

That function in a first approximation seems to be the directed use of energy to create order from a disordered, or less ordered, environment: in biological terms, growth and differentiation. We could also use chemical or thermodynamical terms, such as the principle in irreversible thermodynamics calling for a ‘minimum rate of entropy increase’, which might have a requirement for a maximum ‘biomass’ as a corollary. But I think this would lead to some confusion, and I shall limit myself to the more familiar biological terms. Further, function seems to be to generate and transmit the ‘programme’ for growth and differentiation to another system, that is, reproduction. Finally, function includes change in the ‘programme’ in response to a changing environment; the correlative biological terms would be mutation and selection.


The general types of materials of construction (shown in Table 5.2) are fairly well known. 

[image: image-placeholder]

There are four major biopolymers: the proteins, nucleic acids, polysaccharides, and lipids. In addition there is a wide variety of small molecules that function in energy manipulations (flavins, chlorophylls, haem, ATP, coenzyme Q, etc.) and in material manipulation (coenzyme~A, vitamin B12), and there are also signal transmission materials (hormones, pheromones), and the like. These materials are organized into highly ordered structures at all levels, starting with the simple molecules. The patterns of the cellular and the sub-cellular structures and the details of the substrate structures are already well known. The polymer molecules, including enzymes, are organized into the ribosomes and mitochondria, chromosomes, quantasomes, etc. From this point up to the higher organelles of the cell (cytoplasmic structures, nuclei, membranes), the organization can be examined by the aid of such instruments as the electron microscope. I am assuming, then, that the materials of which the living cell is composed, and the level of organization that will be recognized, are known to the reader. We shall review the question of self-organizing systems later.
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Peter Corning is an American biologist, consultant, and complex systems scientist. He is Director of the Institute for the Study of Complex Systems, in Seattle, Washington. 


In the introduction to his 1983 book, The Synergism Hypothesis, Corning drew the following conclusion about his new theory: 


Mindful of Albert Einstein’s observation that “a theory is all the more impressive the greater is the simplicity of its premises, the more different are the kinds of things it relates and the more extended its range of applicability,” I have come to believe that it is both possible and appropriate to reduce certain fundamental aspects of the evolutionary process, in nature and human societies alike, to a unifying theoretical framework…Equally important, my theory has had a life of its own... As the work proceeded, certain ideas emerged and certain connections were made. In the end, I have been impelled to follow where the theory led me. Only time will tell whether these connections were justified.


In his 2003 book Nature's Magic: Synergy in Evolution and the Fate of Humankind, he restated his thesis... 


The thesis is that synergy - a vaguely familiar term to many of us - is actually one of the great governing principles of the natural world. It has been a wellspring of creativity in the evolution of the universe, and it has greatly influenced the overall trajectory of life on Earth. It has played a decisive role in the emergence of humankind. It is vital to the workings of every modern society. And it is no exaggeration to say that our ultimate fate depends upon it.

The Synergism Hypothesis (as I call it) is a serious scientific theory that is fully consistent with Darwin's theory, and with the canons of the physical, biological, and social sciences, not to mention the new science of complexity. The theory, in a nutshell, is that synergy is not only a ubiquitous effect in nature; it has also played a key causal role in the evolutionary process. It has been at once the fountainhead and the raison d'être for the progressive increase in complexity over the broad span of evolutionary history. 



Synergy is the interaction or cooperation of two or more organizations, substances, or other agents to produce a combined effect greater than the sum of their separate effects, 1 + 1 > 2


Synergy was well known in the nineteenth-century debates about emergence, downward causation, and mental causation. The concept of synergy was actually introduced by John Stuart Mill thirty years before George Henry Lewes named "emergence" in 1875.


Mill did not use the term "emergent" in 1843, but he made synergy clear enough:


The chemical combination of two substances produces, as is well known, a third substance with properties different from those of either of the two substances separately, or of both of them taken together. Not a trace of the properties of hydrogen or of oxygen is observable in those of their compound, water.


In the opening chapter of his  2017 book Synergistic Selection: How Cooperation Has Shaped Evolution And The Rise Of Humankind, Corning writes...


Darwin’s theory does not provide an explanation for the rise of biological complexity – one of the most consequential trends in the history of life on Earth. The trajectory of biological “complexification” – from primitive one-celled life forms to intricate eukaryotes, elaborate multicellular organisms, and, finally, a highly intelligent, tool using, sociable, loquacious biped – requires an additional explanatory principle.



Emergent evolution theory had several prominent advocates, but the leading figure in this movement was the comparative psychologist and prolific writer, Conwy Lloyd Morgan. Unfortunately, Lloyd Morgan portrayed the evolutionary process as an unfolding of inherent tendencies, which he ascribed to divine creation. His vision was, of course, rejected by the biologists of his day.



Over the course of the past two decades, however, the subject of complexity has finally emerged as a major theme within mainstream evolutionary biology, and a search has been underway for “a Grand Unified Theory” – as biologist Daniel McShea characterizes it – that is consistent with Darwin’s great vision.

 As it happens, such a theory already exists. It was first proposed in The Synergism Hypothesis: A Theory of Progressive Evolution in 1983, and it involves an economic (or perhaps bioeconomic) theory of complexity. Simply stated, cooperative interactions of various kinds, however they may occur, can produce novel combined effects – synergies – with functional advantages that may, in turn, become direct causes of natural selection. The focus of the Synergism Hypothesis is on the favorable selection of synergistic “wholes” and the combinations of genes that produce these wholes. The parts (and their genes) that create these synergies may, in effect, become interdependent units of evolutionary change.



(Synergistic Selection, p.4)





Beyond the Second Law?

 
In a series of comprehensive papers and three important books, Corning surveys a wide range of literature on the second law, and criticizes what he sees as the paradigmatic (mis)use of the second law of thermodynamics to explain biological evolution and calls for a new paradigm he names "thermoeconomics."

In a 2020 revision of his 2002 paper "Thermoeconomics: Beyond the Second Law," Corning provides many examples of confusion and misunderstanding of the physical concepts of energy and more important entropy and its opposite negative entropy.


	
Jesn-Baptiste Lamarck: energy is "the power of life"

	
Herbert Spencer: energy was the driver of an inherent evolutionary trend toward increased complexity, both in nature and in human societies

	
Ludwig Boltzmann, Lotka: defined evolutionary progress in energetic terms

	
Erwin Schrödinger: characterized a living system as, quintessentially, an embodiment of thermodynamic order -- what he termed 'negative entropy".

	
Ilya Prigogine: discovered a “universal law of evolution” 

	
Daniel Brooks and E.i.Wiley: laid claim to a “natural law of history.”   

	
Rod Swenson: "law of maximum entropy production” forms “the cornerstone to a theory of general evolution." 

	
Jeffrey Wicken: characterizes entropy as a “teleomatic drive” and “Speciation is driven by the randomizing directives of the second law,” 

	
Harold Morowitz: evolutionary process was the necessary result of “the constant pumping” of energy, mainly from the sun and  “the flow of energy through the system acts to organize that system."

	
Eric Schneider and James Kay: “life emerges because thermodynamics mandates order from disorder whenever sufficient thermodynamic gradients and environmental conditions exist.”

	
Eric Schneider and Dorion Sagan: Life is organized by energy flows.” It was “sired by energy flow.”  It is “ruled” by energy and its transformations.  Indeed, the second law of thermodynamics defines the very “purpose” of life.  “Nature abhors a gradient,” The emergence of life is “causally connected to the second law,” The second law is a force that “governs,” “organizes,” “selects,” “generates,” “determines,” “mandates,” “pushes” and “leads to” biological structure and organization.  



Corning summarizes: 
There are, needless to say, major differences among these theories, but the common theme is the claim that biological evolution has been “driven” by forces, or propensities, or tendencies that are inherent in nature, as opposed to the workings of natural selection.


A Fourth Law of Thermodynamics?

 
Corning cites two suggestions for a fourth thermodynamic law:
	
Nicholas Georgescu-Roegen in his classic 1971 book The Entropy Law and the Economic Process
	
Stuart Kauffman in his 2000 book Investigations: an inherent tendency for the biosphere to become increasingly diverse and complex. Kauffman regularly invokes “self-organization” and “autocatalysis” as inherent ordering influences in evolution. 



Problems with the Thermodynamics Paradigm

 
To reiterate, some of the flaws in what could loosely be called the “thermodynamics paradigm” include the following:  Many of these Second Law theorists seriously misinterpret and thus misuse the concept of entropy; others utilize deficient concepts of “information” that cannot be operationalized; many blur the crucial distinction between statistical or structural forms of “order”, on the one hand, and evolved, goal-directed, functional “organization”; not least, they have been misled by some of the very “gods” of physics into conflating energetic order/disorder and physical order, which in many cases is not correct.  But most serious of all, these theorists for the most part discount what I call the “ground-zero” premise of the biological sciences, namely, that life is a contingent phenomenon and that survival and reproduction is the “paradigmatic problem” of all living organisms.  Life is quintessentially an always at-risk “survival enterprise” (and a reproduction enterprise, of course), the parameters of which are locally defined by the nature of the organism and its specific environment; the precise organism-environment relationship is a key determining factor in the ongoing evolutionary process.

As noted above both Erwin Schrödinger and Ilya Prigogine helped to promote an expansive definition of the entropy law that, I maintain, is both unwarranted and significantly overstates the role of entropy in the natural world.  To reiterate, some of the confusion associated with the use of thermodynamics in evolutionary theory is the result of a major theoretical segue that occurred with the development of statistical mechanics in the latter 19th century.  The problem arose when some leading theorists of that era assumed that there is an isomorphism between statistical order, energetic order, and physical order.  As a consequence, subsequent generations of physicists and laymen alike have often uncritically accepted the claim that the entropy law applies to everything in the universe.  Thus, biologist Ludwig von Bertalanffy (1952/1949) wrote: “according to the Second Law of Thermodynamics, the general direction of physical events is toward decrease of order and organization.”  Likewise, biologists Brooks and Wiley (1988, p. 36) speak of a general physical law that “predicts that entropy will increase during any real series of processes.”  Georgescu-Roegen (1971, 1979, p. 1039) assured us that “matter matters too” — the material world is also subject to the Second Law.  Physicist David Layzer (1988, p. 23) asserts that “all natural processes generate entropy.”  


More surprising, physicist Stephen Hawking (1988, p. 102) refers to (quote): “a physical quantity called entropy, which measures the degree of disorder of a system.  It is a matter of common experience that disorder will tend to increase if things are left to themselves.  (One has only to stop making repairs around the house to see that!)” Similarly, physicist Roger Penrose (1989, p. 308) informs us that “the entropy of a system is a measure of its manifest disorder [his italics]...Thus, [a] smashed glass and spilled water on the floor is in a higher entropy state than an assembled and filled glass on the table; the scrambled egg has a higher entropy than the fresh unbroken egg; the sweetened coffee has a higher entropy than the undissolved sugar lump in unsweetened coffee.”  It follows, then, that “the second law of thermodynamics asserts that the entropy of an isolated system increases with time” (p. 309).  Penrose goes on to associate the Second Law specifically with the “relentless and universal principle” that organization is continually breaking down.


Is the Earth Dissipating?

 
One problem with this formulation is that we know of no evidence for the assertion that the material world has an inherent tendency to dissipate.  If this were the case, presumably somebody by now would have calculated the depreciation rate for the Earth as it progressively deteriorated.  Though stars burn out and aggregates of individual gas molecules may readily dissipate, the stable molecular bonds that hold solid chunks of matter together do not spontaneously break down...

Equally dubious is the claim that the general trend in the universe is toward increased entropy.  Indeed, entropy has often been portrayed as a dark force which somehow governs the fate of our species and dooms our progeny to oblivion -- in the eventual “heat death” of the universe, a practice that dates back to Clausius (Corning 2005).  His dour vision has long since become the conventional wisdom of the western scientific establishment.   However, there is reason to doubt the conventional wisdom.  In a nutshell, the heat death scenario overlooks the role of gravity.  Alongside the well-documented trend toward increased entropy in the universe, new “free” energy is being aggregated as we speak in the ongoing process of star formation and stellar nucleosynthesis.  These energy-ordering processes are “driven” by the non-entropic influence of gravity, in utter contradiction to the Second Law!


A corollary assumption of the heat death scenario, and one of the pillars of modern physics, is that dissipated available energy ultimately goes to “equilibrium” (i.e., maximum entropy) in the vacuum of space and forms part of the residue of “background radiation” that is suffused throughout the universe.  The problem with this scenario, it seems increasingly evident, is that the vacuum is not a vacuum.  Rather, we simply cannot detect and measure what is going on out there.  It has been a major embarrassment to cosmology for some years that perhaps 95% of the predicted energy and mass of the universe is missing and unaccounted for.  Various theorists have struggled with this and other important paradoxes (such as quantum entanglement and quantum non-locality).  



Forget Entropy

 
Entropy will have little to do with it...

	More to the point, it is evident that entropy has had relatively little to do with biological evolution.  Entropy is a state function like temperature or pressure; it cannot be equated to a “drive” or a “force” any more than temperature can be equated with energy.  Entropy represents a constraint on thermodynamic processes, not a cause of them; it measures the energetic “wastes” associated with any real-world dynamic process.  It’s a cost of doing business in the biosphere.6 



	Contrary to Schrödinger’s formulation, we believe that it more accurate to say that living organisms feed upon available energy to create thermodynamic (energetic) order, as well as structural and functional organization, rather than saying that they feed upon a statistical measure called “order”.  Furthermore, we believe that energetic order, physical order and biological organization are not equivalent to one another.  But most important, we believe that the role of energy in evolution can best be defined and understood in economic terms.  By this we mean that living systems do not simply absorb and utilize available energy without cost.  They must “capture” the energy required to build biomass and do work; they must invest energy in development, maintenance, reproduction and further evolution.  To put it baldly, life is a contingent and labor-intensive activity, and the energetic benefits must outweigh the costs (inclusive of entropy) if the system is to survive.  Indeed, energetic “profitability” is essential to growth and reproduction.  This could be called the “First Law of Thermoeconomics.” 


Accordingly, there are three core assumptions that provide the conceptual framework for thermoeconomics: (1) life is a contingent phenomenon, and “adaptation” to specific, varying environmental/physical conditions and constraints is an ongoing challenge for all living systems; (2) functional variation is endemic in nature and any form of biological order (or organization) is always subject to stringent testing and “editing” by natural selection; and (3) living systems are by their very nature “purposive” (cybernetic) in character, and their adaptation and evolution over time have been shaped in part by functional “control information” (see Corning 2005, 2007).


	This paradigm sharply contrasts with the thermodynamics paradigm, which allows (and even invites) externally driven models of living organisms, and with attendant “laws” of evolution.  Many of these theorists (by no means all of them) assume that available energy is a free good that can simply be poured into a living system and that the environment presents at most only limited “constraints”.  In contrast, the thermoeconomic perspective is fundamentally Darwinian in that it assumes that the “struggle for existence” is a process in which living systems must unfailingly earn a living in the “economy of nature.”  In this paradigm, there is no “order for free,” as Stuart Kauffman would have it; all forms of order must also have a Darwinian “seal of approval.”


   


Source: https://www.informationphilosopher.com/solutions/scientists/corning/
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Rudolf Clausius

In 1865, Rudolf Clausius, generally referred to only by his last name, Clausius, introduced what he called the "two fundamental principles of the mechanical theory of heat."


"Die Energie der Welt ist constant. Die Entropie der Welt strebt einen Maximum zu."


"The energy of the world is constant. The entropy of the world tends towards a maximum."


In his 1851 paper, "On the Moving Force of Heat," Clausius first discussed the conservation of energy (the first principle). While most thermodynamicists were still arguing that heat must be a fluid, called "caloric," Clausius clearly said heat is the motion of atoms, "the kind of motion we call heat." (The existence of atoms would not be accepted for another 50 years, when Albert Einstein explained the Brownian motion.)



Until recently it was the generally accepted view that Heat was a special substance, which was present in bodies in greater or less quantity, and which produced thereby their higher or lower temperature; which was also sent forth from bodies, and in that case passed with immense speed through empty space and through such cavities as ponder able bodies contain, in the form of what is called radiant heat. In later days has arisen the other view that Heat is in reality a mode of motion. According to this view, the heat found in bodies and determining their temperature is treated as being a motion of their ponderable atoms, in which motion the ether existing within the bodies may also participate; and radiant heat is looked upon as an undulatory motion propagated in that ether.


In 1865, Clausius coined a word and a new symbol for the part of the heat that cannot be converted into mechanical work.


...the author proposed to call this quantity, after the Greek word τροπη, Transformation, the Entropy of the body...

If we denote the Entropy of the body by S we may put 
  d
  Q
  
    /
  
  τ
  =
  S
 or otherwise dQ =τdS.




Clausius says he formed "entropy" from the Greek ην - "in," and τροπη, to turn, or transform. He modeled this new term based on "evolution," which was formed from Latin e or ex- "out" and volvere, to revolve or turn.


Note that the Greek ηντροπη begins with eta. Helmholtz and Gibbs later use the Greek letter η for entropy. We have no idea why Clausius used S (as did Boltzmann in his famous equation S = klogW) 



The Mechanical Theory of Heat


We present some important passages from Clausius, for historians of thermodynamics who want to understand who did what first. We have noted that J. Willard Gibbs, in his first published article in 1873, stressed the importance of diagrams to teach the difficult concept of entropy and the second law of thermodynamics. It turns out that the pressure-volume graphs in Gibbs were essentially identical to those in Clausius' first paper (1850), republished as his "first memoir" in the 1865 edition of The Mechanical Theory of Heat, subtitled "with its applications to the steam engine and the physical properties of bodies." And Clausius may have seen them in the 1834 paper of Émile Clapeyron
What was original in Gibbs was the superiority of his entropy-temperature diagrams for visualizing the second law. 


In his first memoir, Clausius repeats the work of his 1850 article, describing Carnot's work and the explanatory diagrams of Clapeyron.



When any body whatever changes its volume, the change is always accompanied by a mechanical work produced or expended. In most cases, however, it is impossible to determine this with accuracy, because an unknown interior work usually goes on at the same time with the exterior. To avoid this difficulty, Carnot adopted the ingenious contrivance before alluded to: he allowed the body to undergo various changes, and finally brought it into its primitive state; hence if by any of the changes interior work was produced, this was sure to be exactly nullified by some other change; and it was certain that the quantity of exterior work which remained over and above was the total quantity of work produced. Clapeyron has made this very evident by means of a diagram: we propose following his method with permanent gases in the first instance, introducing, however, some slight modifications rendered necessary by our maxim.

In the annexed figure let o e represent the volume, and e a the pressure of the unit-weight of gas when the temperature is t; let us suppose the gas to be contained in an expansible bag, with which, however, no exchange of heat is possible. If the gas be permitted to expand, no new heat being added,
the temperature will fall. To avoid this, let the γασ during the expansion be brought into contact with a body A of the temperature t, from which it shall receive heat sufficient to preserve it constant at the same temperature. While this expansion by constant temperature proceeds, the pressure decreases according to the law of M., and may be represented by the ordinate of a curve a b, which is a portion of an equilateral When the gas has increased in volume from otto of, let the body A be taken away, and the expansion allowed to proceed still further without the addition of heat; the temperature will now sink, and the pressure consequently grow less as before. Let the law according to which this proceeds be represented by the curve b c. When the volume of the gas has increased from o f to o g, and its temperature is lowered from tto τ, let a pressure be commenced to bring it back to its original condition. Were the gas left to itself, its temperature would now rise; this, however, must be avoided by bringing it into contact with the body B at the temperature τr, to which any excess of heat will be immediately imparted, the gas being thus preserved constantly at τ. Let the compression continue till the volume has receded to h, it being so arranged that the decrease of volume indicated by the remaining portion h e shall be just sufficient to raise the gas from τ to t, if during this decrease it gives out no heat. By the first compression the pressure increases according to the law of M., and may be represented by a portion of another equilateral hyperbola. At the end the increase is quicker, and may be represented by the curve d a. This curve must terminate exactly in a; for as the volume and temperature at the end of the operation have again attained their original values, this must also be the case with the pressure, which is a function of both. The gas will therefore be found in precisely the same condition as at the commencement.



[image: image-placeholder]

In his fourth memoir, Clausius introduces the equation for a quantity he will eventually name the entropy. 



According to this, the second fundamental theorem in the mechanical theory of heat, which in this form might appropriately be called the theorem of the equivalence of transformations, may be thus enunciated:
If two transformations which, without necessitating any other permanent change, can mutually replace one another, be called
equivalent, then the generation of the quantity of heat Q of the temperature t from work, has the equivalence-value



Q/T,



and the passage of the quantity of heat Q from the temperature t, to the temperature t, has the equivalence-value



  Q
  (
  1
  
    /
  
  T
  −
  1
  
    /
  
  
    /
  
  T
  )
  ,



wherein T is a function of the temperature, independent of the
nature of the process by which the transformation is effected.

If to the last expression we give the form


Q/T - Q/T,



it is evident that the passage of the quantity of heat Q, from the temperature f to the temperature t has the same equivalence- value as a double transformation of the first kind, that is to say, the transformation of the quantity Q from heat at the temperature t into work, and from work into heat at the temperature t A discussion of the question how far this external agreement is based upon the nature of the process itself would be out of place here; but at all events, in the mathematical determination of the equivalence-value, every transmission of heat, no matter how effected, can be considered as such a combination of two opposite transformations of the first kind.



In his last memoir, Clausius tells us about his new property entropy, and how he came to name it.




All the foregoing considerations had reference to changes
which occurred in a reversible manner. We will now also take
non-reversible changes into consideration in order briefly to indicate
at least the most important features of their treatment.

In mathematical investigations on non-reversible changes two
circumstances, especially, give rise to peculiar determinations of
magnitudes. In the first place, the quantities of heat which must
be imparted to, or withdrawn from a changeable body are not
the same, when these changes occur in a non-reversible manner,
as they are when the same changes occur reversibly. In the
second place, with each non-reversible change is associated an
uncompensated transformation, a knowledge of which is, for
certain considerations, of importance.


In order to be able to exhibit the analytical expressions corresponding
to these two circumstances, I must in the first place
recall a few magnitudes contained in the equations which I have
previously established.


One of these is connected with the first fundamental theorem,
and is the magnitude U, contained in equation (I a) and discussed
at the beginning of this Memoir; it represents the thermal
and ergonal content, or the energy of the body. To determine
this magnitude, we must apply the equation (Ia), which
may be thus written,
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or, if we conceive it to be integrated, thus:


U = U0 + Q - w .......................... (58),



Herein U0 represents the value of the energy for an arbitrary
initial condition of the body, Q denotes the quantity of heat
which must be imparted to the body, and w the exterior ergon
which is produced whilst the body passes in any maimer from
its initial to its present condition. As was before stated,
the body can be conducted in an infinite number of ways from
one condition to another, even when the changes are to be
reversible, and of all these ways we may select that one which
is most convenient for the calculation.


The other magnitude to be here noticed is connected with the
second fundamental theorem, and is contained in equation (II a).
In fact if, as equation (IIa) asserts, the integral ∫dQ/T vanishes
whenever the body, starting from any initial condition, returns thereto after its passage through any other conditions, then
the expression ^ under the sign of integration must be the
complete differential of a magnitude which depends only on the present existing condition of the body, and not upon the. way by which it reached the latter. Denoting this magnitude by S, we can write
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or, if we conceive this equation to be integrated for any reversible process whereby the body can pass from the selected initial condition to its present one, and denote at the same time by S0 the value which the magnitude S has in that initial condition,
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This equation is to be used in the same way for determining S as equation (58) was for defining U...

 
We might call S the transformational content of the body, just as we termed the magnitude U its thermal and ergonal content. But as I hold it to be better to borrow terms for important magnitudes from the ancient languages, so that they may be adopted unchanged in all modem languages, I propose to call the magnitude S the entropy of the body, from the Greek word τροπη, transformation. I have intentionally formed the word entropy so as to be as similar as possible to the word energy; for the two magnitudes to be denoted by these words are so nearly allied in their physical meanings, that a certain similarity in designation appears to be desirable.
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Sadi Carnot

Sadi Carnot was an engineer and physicist who wanted to understand the efficiency of steam engines to produce useful work.

As a cadet in the French revolutionary army, he had studied at the École Polytechnique under great professors, including  André-Marie Ampère, Joseph Louis Gay-Lussac, and Siméon Denis Poisson. After Napoleon's defeat, he stepped away from the military and began working on his book Reflections on the Motive Power of Fire.


Carnot imagined an idealized heat engine, one with none of the imperfections of real engines - no heat losses to friction and perfectly insulating walls so no heat losses through them. In such a "perfect engine," the conversion of heat to work would depend only on the temperature difference between the hot heat source and the cold heat sink. 


His engine would be perfectly reversible. It would go through four stages which return exactly to the original state, the only change being the transfer of heat Q form the source at temperature TH to the sink TC.  


During the first isothermal stage, heat from the high temperature source enters a cylinder and moves a frictionless piston. The second step is called adiabatic, meaning no heat escapes while the piston returns. 
Today it is called isoentropic, because there is no change in the entropy.


The third stage is also isothermal, at temperature  TC. Then the fourth (isoentropic) stage returns to the original state.




The area inside the Carnot Cycle is the maximum amount of heat that can be converted into work. The efficiency of a real heat engine can be measured with pressure and volume indicators attached to the engine that trace out the curve. James Watt attached a pencil to his moving "indicators" which could trace out curves, like a modern chart recorder.  But neither Watt nor Carnot could calculate the efficiency.

Rudolf Clausius in the 1850's defined a new extensive property of thermodynamics that he called "entropy."  He defined entropy S as the amount of heat Q divided by the temperature. 



ΔS = ΔQ/T


Clausius found the equation for the maximum heat ΔQ that can be converted to work ΔW by moving ΔQ from the high temperature source to the low temperature sink.


ΔW = ΔQ/TC - ΔQ/TC


Clausius proved that Carnot was correct that the maximum depends only on the temperature difference.  In terms of Clausius entropy, an amount of energy THΔS is extracted from the hot reservoir and a smaller amount of energy TCΔS is deposited in the cold reservoir. The difference in the two energies (TH-TC)ΔS is equal to the work ΔW done by the heat engine.



References

The Carnot Cycle


[image: image-placeholder]

Source: https://www.informationphilosopher.com/solutions/scientists/carnot/





  
  Sean B. Carroll
  

  


  
  Home › Solutions › Scientists › Carroll
Sean B. Carroll

Sean B. Carroll is distinguished university professor at the University of Maryland and professor emeritus of molecular biology and genetics at the University of Wisconsin–Madison. He is an American evolutionary developmental biologist, author, educator and executive producer.


He has published extensively on evolutionary developmental biology ("evo-dev"), studying the evolution and development of regulatory modules that specify body parts and patterns. 


Carroll is a proponent of the Extended Evolutionary synthesis. The extended evolutionary synthesis was initially called for in the 1950s by C. H. Waddington, argued for on the basis of punctuated equilibrium by Stephen Jay Gould and Niles Eldredge in the 1980s, and was reconceptualized in 2007 by Massimo Pigliucci, Gerd B. Müller, and others.
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Simon Conway-Morris

Simon Conway-Morris is a paleontologist, evolutionary biologist, and astrobiologist whose study of the Burgess Shale and Cambrian explosion led him to criticize Stephen Jay Gould's classic analysis of the Burgess Shale in Gould's 1989 book Wonderful Life.


Conway-Morris holds the Chair of Evolutionary Palaeobiology in the Department of Earth Sciences, University of Cambridge since 1995.


As a Christian, Conway-Morris supports theistic views of biological evolution, like those of Pierre Teilhard de Chardin and supporters of Creationism or Intelligent Design, a replacement term created by author George Gilder's Discovery Institute to get around the Supreme Court ruling against the teaching of Creationism in public schools.


Conway-Morris' best-known book, Life's Solution, cites numerous examples of "convergent evolution" as evidence of purpose long before humans came into existence. In our view, his thesis is correct because purpose came into the universe with the origin of life.


His latest book is From Extraterrestrials to Animal Minds: Six Myths of Evolution. His first "myth" is that evolution is the result of randomness or chance.


Conway-Morris was recently interviewed on the podcast Purposeful Universe.
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Pierre Teilhard de Chardin trained as a Jesuit priest and became a notable, if controversial, scientist, especially as a paleontologist who helped discover Peking Man. But most important, Teilhard was a theologian and Christian philosopher. 


Under the influence of Henri Bergson, Teilhard synthesized his scientific, philosophical and theological knowledge to create a view of evolution as purposeful (teleological) and directed at a future state he called the noösphere (mind-sphere), similar to Immanuel Kant's noumenal realm. Both are named for Greek nous (νους), the mind. Teilhard introduced the term noösphere in a 1922 publication on his theory of cosmogony that he called "Cosmogenesis." 

David Layzer chose Teilhard's new word as the principal title of his 1990 book Cosmogenesis: The Growth of Order in the Universe, although he didn't give Teilhard credit for the fruitful term.


Teilhard's most important book, The Phenomenon of Man, was banned by the Catholic church in the 1940's and Teilhard was forbidden to teach his radical and increasingly influential ideas.


In this book, Teilhard described a cosmic evolution that includes the evolution of primordial particles to explain the development of life, the development of human beings and then of the noösphere. Teilhard's noösphere includes an "omega point" in the future, which he sees "pulling" all creation towards it, ultimately to a theological reunion with Christ, which another Teilhard coinage described as "Christogenesis." 

Aristotle's notion of a fourth cause (after material, efficient, and formal causes), which we translate "final cause," Aristotle called the telos (τελος). It is the root of teleology, the idea that the purpose of life can be found in a final cause that existed before life itself began.


The idea of teleology is not taken seriously by biological scientists today, but biologist Colin Pittendrigh proposed the term "teleonomy" to distinguish the appearance of purpose in biological evolution, specifically Darwinian natural selection, from the ancient idea of "teleology," from Aristotle's "telos" or "final cause," a cosmic purpose supposedly pre-existing the appearance of life.

Jacques Monod made use of the term teleonomy in his great 1971 work, Chance and Necessity. without mentioning Pittendrigh.

Ernst Mayr provided the Pittendrigh reference in a 1974 article in Boston Studies in the Philosophy of Science. But Mayr thought the uses of "teleology" needed clearer definitions.


The teleological dilemma, then consists in the fact that numerous and seemingly weighty objections against the use of teleological language have been raised by various critics, and yet biologists have insisted that they would lose a great deal, methodologically and heuristically, if they were prevent from using such language. It is my endeavor to resolve this dilemma by a new analysis, and particularly by a new classification of the various phenomena that have been traditionally designated as 'teleological'.


Pittendrigh wrote to Mayr explaining his concept of teleonomy. Mayr reported Pittendrigh's view:


I wanted a word that would allow me (all of us biologists) to describe, stress or simply to allude to – without offense – this end-directedness of a perfectly respectable mechanistic system. Teleology would not do, carrying with it that implication that the end is causally effective in the current operation of the machine. Teleonomic, it is hoped, escapes that plain falsity which is anyhow unnecessary. Haldane was, in this sense wrong (surely a rare event): we can live without teleology. 

The crux of the problem lies of course in unconfounding the mechanism of evolutionary change and the physiological mechanism of the organism abstracted from the evolutionary time scale. The most general of all biological 'ends', or 'purposes' is of course perpetuation by reproduction. That end [and all its subsidiary 'ends' of feeding, defense and survival generally] is in some sense effective in causing natural selection; in causing evolutionary change; but not in causing itself. In brief, we have failed in the past to unconfound causation in the historical origins of a system and causation in the contemporary working of the system…


You ask in your letter whether or not one of the 'information' people didn't introduce it. They did not, unless you wish to call me an information bloke. It is, however, true that my own thinking about the whole thing was very significantly affected by a paper which was published by Wiener and Bigelow with the intriguing title 'Purposeful machines'. This pointed out that in the then newly-emerging computer period it was possible to design and build machines that had ends or purposes without implying that the purposes were the cause of the immediate operation of the machine. 




In his Metaphysics, Aristotle himself introduced the idea of an entity that has developed an internal purpose. He called it "entelechy," which has confused many modern thinkers. But it is very close to the idea of teleonomy.


Aristotle combined three Greek words - εν (in), τελος, and εχειν (to have), so εντελεχεια has the meaning of "having the telos/purpose within." This is what Pittendrigh and many later biologists see going on in all living things, clearly their "'ends' of feeding, defense, and survival generally."  
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William H. Calvin is a professor emeritus of neurophysiology at the University of Washington in Seattle. He studies neuroscience and evolutionary biology following the ideas of neural Darwinism, the biological, and more specifically Darwinian and selectionist, approach to understanding global brain function. 


Neural Darwinism was first proposed by American biologist and Nobel-Prize recipient Gerald Edelman in his 1987 book of the same name Neural Darwinism – The Theory of Neuronal Group Selection.


But Neural Darwinism theory goes back to Edelman and Vernon Mountcastle's 1978 book, The Mindful Brain – Cortical Organization and the Group-selective Theory of Higher Brain Function, which describes the columnar structure of the cortical groups within the neocortex. Mountcastle described them as "minicolumns." 


Calvin visualizes the cortical minicolumns as patterns which he calls the "cerebral codes."



In particular, we need to know about the cerebral codes those
patterns that represent each of the words of our vocabulary,
and so forth - and what creates them. At first, it appears
that we are dealing with a four-dimensional pattern - the
active neurons scattered through three-dimensional cortex, as
they perform in time. But largely because the minicolumns
seem to organize all the cortical layer around similar interests,
most people working on cortex think of it as a two-dimensional
sheet rather like the retina (yes, the retina is 0.3
mm thick and is subdivided into a few layers, but the mapping
 is clearly for a two-dimensional image).

So we can try thinking of two dimensions, plus time, for
cortex [which is, of course, the way we apprehend the images
on a movie screen or computur terrninal] -perhaps with transparent
overlays when the different cortical layers do different
things. Just imagine the human cortex flattened out on those
four sheets of typing paper like pie crust. with little patches
lighting up like message-board pixels. What patterns will we
observe when that cortex is seeing a comb? When the word
"comb" is heard, or said? When the cortex is commanding a
hand to comb the hair?



When Calvin describes memory as resembling the firing sequence at input to memory, i.e., in a "Hebbian assembly," he is close to our ERR model of the mind. But we do not see the neurons as a "representation of words," as he does.


Memory recall may consist of 
the creation of a spatiotemporal
sequence of neuron firings - probably a sequence similar
to the firing sequence at the time of the input to memory. but
shorn of some of the nonessential frills that promoted it. The
recalled spatioternporal pattern would be something like a
message board in a stadium, with lots of little lights flashing
on and off, creating an overall pallern. A somewhar more general
version of such a Hebbian cell assembly would avoid
anchoring the spatiotemporal pattern to particular cells, to
make it more like the way the message board can scroll. The
pattern continues to mean the same thing, even when it's
implemented by different lights.




Calvin's Major Transitions   

                                                                                                                                                                                                                                                                                                                                                                                                                                                         Calvin proposed his own "major transitions" as a modified version of those by John Maynard-Smith and Eörs Szathmáry.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
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Calvin describes patterns in the minicolumns as a representation of the words in our vocabulary. 


Source: https://www.informationphilosopher.com/solutions/scientists/calvinw/
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Antonio Damasio
  
Antonio Damasio is a neuroscientist who famously argues for the importance of emotions in the brain's decision making process. Damasio and his wife Hannah used modern brain imaging techniques to locate the parts of the brain that are active when a subject reports feelings like anxiety, fear, aggression, and other emotions. 

They found that the brain region activated is in the lower middle (ventromedial) part of the prefrontal cortex (VMPFC). This region has numerous neuronal connections to the limbic region of the brain in the insular cortex, particularly the amygdala and hippocampus below.. There are two amygdalae, one in each cerebral hemisphere and they may have different specializations.


When these brain regions are damaged, a person's ability to make intelligent and responsible decisions is compromised despite their continued ability to think clearly and logically about matters of fact. Damasio finds that they have lost access to emotions that should inform their reasoning and decisions.



Descartes' Error

  
For Damasio, René Descartes' mind model epitomizes the neglect of emotions (or passions) in his ideal of a rational mind and a rationalist philosophy. Descartes is rightly recognized as the first modern philosopher, who based philosophy on the power of reason. He was the first of three continental philosophers, along with Baruch Spinoza and Gottfried Leibniz, who are called rationalist to contrast with three British philosophers called empiricist, John Locke, George Berkeley, and David Hume, who emphasized observations and experiments as the primary source for understanding the nature of reality. [Francis Bacon is mentioned less frequently, but many consider Bacon the "father of empiricism."]

Damasio focuses in on Descartes' most famous statement, "Cogito, Ergo Sum." 


Descartes is rejoic­ing with the discovery of a proposition so undeniably true that no amount of skepticism will shake it:

. . . and remarking that this truth “I think, therefore lam ’’was so certain and so assured that all the most extravagant supposi­tions brought forward by the sceptics were incapable of shaking it, I came to the conclusion that I would receive it without scruple as the first principle of the Philosophy for which I was seeking.


Here Descartes was after a logical foundation for his philosophy, and the statement was not unlike Augustine’s "Fallor ergo sum" (I am deceived therefore I am). But just a few lines below, Descartes clarifies the statement unequivocally:


From that I knew that I was a substance, the whole essence or
nature of which is to think, and that for its existence there is no
need of any place, nor does it depend on any material thing; so
that this “me,” that is to say, the soul by which I am what I am, is
entirely distinct from body, and is even more easy to know than
is the latter; and even if body were not, the soul would not cease
to be what it is.


This is Descartes’ error: the abyssal separation between body and mind, between the sizable, dimensioned, mechanically operated,
infinitely divisible body stuff, on the one hand, and the unsizable, undimensioned, un-pushpullable, nondivisible mind stuff; the sug­gestion that reasoning, and moral judgment, and the suffering that comes from physical pain or emotional upheaval might exist sepa­rately from the body. Specifically: the separation of the most refined operations of mind from the structure and operation of a biological organism.





Of course most philosophers know well that David Hume had completely reversed Descartes' priority of reason, saying that reason alone can never be a motive to any action of the will; and secondly, that it can never oppose passion in the direction of the will. For Hume, reason should be the "slave" of passion. 

Damasio may not go that far, but he is correct that emotions, desires, play a major role in our free decisions, as they do in our two-stageCogito model. 



The Somatic Marker Hypothesis

 
As a neuroscientist, Damasio hopes to locate the emotions in the brain, just as others hope to locate the site of our memories and our knowledge.

For several years Damasio has been developing his concept of "somatic markers," presumably stored in the prefrontal cortex.    



What does the somatic marker achieve? It forces attention on the negative outcome to which a given action may lead, and functions as an automated alarm signal which says: Beware of danger ahead if you choose the option which leads to this outcome. The signal may lead you to reject, immediately, the negative course of action and thus make you choose among other alternatives. The automated signal protects you against future losses, without further ado, and then allows you to choose from among fewer alternatives. There is still room for using a cost/benefit analysis and proper deductive compe­tence, but only after the automated step drastically reduces the number of options. Somatic markers may not be sufficient for nor­mal human decision-making since a subsequent process of reason­ ing and final selection will still take place in many though not all instances. Somatic markers probably increase the accuracy and efficiency of the decision process. Their absence reduces them. This distinction is important and can easily be missed. The hypothesis does not concern the reasoning steps which follow the action of the somatic marker. In short, somatic markers are a special instance of feelings generated from secondary emotions. Those emotions and feelings have been connected, by learning, to predicted future out­ comes of certain scenarios. When a negative somatic marker is jux­taposed to a particular future outcome the combination functions as an alarm bell. When a positive somatic marker is juxtaposed instead,
it becomes a beacon of incentive.
 

            
Damasio says his hypothesis is grounded in principles of evolution, homeostatic self-regulation, and the brain as part of a biological organism, but he gives us little information on what markers are in neurobiological terms. He adds little to his hypothesis in his later books. In the 1999 The Feeling of What Happens he says that his patients with neurological damage in regions (like the amygdala) which regulate emotions have lost their ability to make value judgments, even though they can still reason properly about matters of fact.  


This hypothesis is known as the somatic-marker hypothesis, and the patients who led me to propose it had damage to selected areas in the prefrontal region, especially in the ventral and medial sectors, and in the right parietal regions. Whether because of a stroke or head injury or a tumor which required surgical resection, damage in those regions was consistently associated with...a disturbance of the ability to decide advanta­geously in situations involving risk and conflict and a selective reduc­tion of the ability to resonate emotionally in precisely those same situations, while preserving the remainder of their emotional abilities.
 


And in his 2010 Self Comes to Mind, Damasio's "markers" have been those "feelings" that separate the things that constitute the self from those that do not. He still gives us no specific location nor any neurobiological mechanism for a marker. Now they are just feelings that "accomplish a distinction between self and nonself." 

Damasio here also claims that the "degree of emotion" in the  markers indicate the "relative importance" (value?) in things...



The degree of emotion serves as a “marker” for the relative importance of the image. This is the mechanism described in the “somatic marker hypothesis.” The somatic marker does not need to be a fully formed emotion, overtly experienced as a feeling. (That is what a “gut feeling” is.) It can be a covert, emotion-related signal of which the subject is not aware, in which case we refer to it as a bias. The notion of somatic markers is applicable not just to high levels of cogni­tion but to those earlier stages of evolution. The somatic marker hypothesis offers a mechanism for how brains would execute a value-based selection of images and how that selection would translate in edited continuities of images. In other words, the principle for the selection of images was connected to life-management needs. I suspect the same principle presided over the design of primordial narrative structures, which involved the organism’s body, its status, its interac­tions, and its wanderings in the environment.
 


We can assign values not only to images, but to all past experiences, by recalling (reproducing) the emotions that accompanied past experiences.  If each experience records the emotions felt during a past experience, the emotions will be reproduced when new experiences resemble some from the past. Past experiences provide context, meaning, and value to the new. These fit the description of what Damasio describes as "gut feelings" that help brains "execute a value-based transaction," namely decisions between alternative possibilities. 
Donald Hebb said "neurons that fire together wire together." Our Experience Recorder and Reproducer model of the mind   says that "neurons that have been wired together will fire together" when new experiences cause just some of those neurons to fire again, because of its resemblance to the past experience.



Books


Descartes' Error: Emotion, Reason, and the Human Brain, Putnam, 1994 

The Feeling of What Happens: Body and Emotion in the Making of Consciousness, 1999

Looking for Spinoza: Joy, Sorrow, and the Feeling Brain, 2003

Self Comes to Mind: Constructing the Conscious Brain, 2010

The Strange Order of Things: Life, Feeling, and the Making of Cultures, 2018.
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Bernard d'Espagnat

Bernard d'Espagnat was a theoretical physicist and philosopher of science who speculated on the nature of reality. 

In his early work, he was an important commentator on Albert Einstein's nonlocality and John Bell's Theorem on quantum entanglement.


He was awarded the John Templeton prize in 2009 for his speculations about spirituality, his claims that science cannot fully explain "the nature of being," and the idea of a "hypercosmic God."


Along with Bell and his many followers, d'Espagnat was a contributor to the Epistemological Letters in the 1970's and 1980's. His first book, the 1971 Conceptual Foundations of Quantum Mechanics, was one of the earliest books exploring the foundations of physics.


d'Espagnat's 1979 article in Scientific American, "The Quantum Theory and Reality," claimed that "the doctrine that the world is made up of objects whose existence is independent of human consciousness turns out to be in conflict with quantum mechanics and with facts established by experiment." He writes entangled particles...


"that are ordinarily regarded as separate objects have interacted at some time in the past with other objects. The violation of separability seems to imply that in some sense all these objects constitute an indivisible whole." 


The principal objects d'Espagnat sees as an "indivisible whole" are the two electrons entangled in David Bohm/John Bell tests of nonlocality and nonseparability.


In this early article d'Espagnat published experimental data convincingly showing that results fall along the curve of the quantum mechanics prediction and not the straight line of John Bell's logical but non-physical "ad hoc" linear inequality.

[image: image-placeholder]
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Chance in Darwin's time was regarded as the product of human ignorance, that is to say chance is merely epistemic, not real like the ontological randomness of today's quantum indeterminacy. 

Real chance was regarded as atheistic by most physical scientists since Newton, by philosophers like David Hume, and especially by the great mathematicians who developed the theories of probability and statistics that made chance a quantitative concept.

Abraham de Moivre, Pierre-Simon Laplace, and Adolphe Quételet all believed that chance was not real. They saw chance as an artifact of man's limited mind. Only an unlimited or infinite mind (cf. a god or a Laplacian superior intelligence) could know everything about the world and see the pre-determined future as clearly as the past or present. 


Darwin's use of the word "chance" in The Origin of Species is overwhelmingly to describe the chances of acquiring new characters and the chances of survival, and only rarely to the role of chance in the genetic variations that drive natural selection. He is reluctant to describe the details of genetic variation, perhaps because ascribing it simply to chance is scientifically unsatisfying. When he does come to connect chance to variation, he takes chance to be the result of human ignorance, leaving the door open to a better explanation in the future?


I HAVE hitherto sometimes spoken as if the variations so common and multiform in organic beings under domestication, and in a lesser degree in those in a state of nature had been due to chance. This, of course, is a wholly incorrect expression, but it serves to acknowledge plainly our ignorance of the cause of each particular variation. Some authors believe it to be as much the function of the reproductive system to produce individual differences, or very slight deviations of structure, as to make the child like its parents. But the much greater variability, as well as the greater frequency of monstrosities, under domestication or cultivation, than under nature, leads me to believe that deviations of structure are in some way due to the nature of the conditions of life, to which the parents and their more remote ancestors have been exposed during several generations.

(The Origin of Species, chapter V, Laws of Variation.)


Darwin's Notebooks, especially his "transmutation notebooks," and the later M and N metaphysical notebooks, record some of Darwin's brief musings on the connection between "free will" and chance. 


In his Notebooks on Man, Mind and Materialism, Darwin says...


Now it is not a little remarkable that the fixed laws of nature should be /universally/ thought to be the will of a superior being, whose nature can only be rudely traced out. When one sees this, one suspects that our will may /arise from/ as fixed laws of organization. M. le Comte argues against all contrivance — it is what my views tend to.




Darwin thinks the fixed laws of nature are enough to explain the world in materialistic terms. No superior contriving being is required. Note the similarity to Democritus. 

With respect to free will, seeing a puppy playing cannot doubt that they have free will, if so all animals, then an oyster has & a polype (& a plant in some senses, perhaps, though from not having pain or pleasure, actions unavoidable & only to be changed by habits). Now free will of oyster, one can fancy to be direct effect of organization, by the capacities its senses give it of pain or pleasure. If so free will is to mind, what chance is to matter /M. Le Compte/

Darwin connects free will with chance, but it is epistemic chance. It produces random new possibilities, but they are completely determined by natural laws. 


the free will (if so called) makes change in bodily organization of oyster, so may free will make change in man. — the real argument fixes on hereditary disposition & instincts. — Put it so. — Probably some error in argument, should be grateful if it were pointed out. My wish to improve my temper, what does it arise from, but organization, that organization may have been affected by circumstances & education & by the choice which at that time organization gave me to will — Verily the faults of the fathers, corporeal & bodily, are visited upon the children.— 



Darwin sees a multiplicity of causes - hereditary, education, circumstances - that appear random and may not be known exactly. They show up as new organization (information structures?) in the individual. 


The above views would make a man a predestinarian of a new kind, because he would tend to be an atheist. Man thus believing, would more earnestly pray "deliver us from temptation," he would be most humble, he would strive /to improve his organization/ for his children's sake & for the effect of his example on others. It may be doubted whether a man intentionally can wag his finger from real caprice. it is chance which way it will be, but yet it is settled by reason. 



Darwin's new kind of predestination is purely material - the result of physical laws - and not the "contrivances" or "designs" of a deity. He appears to combine chance and reason in a two-stage view - "chance it will be, yet settled by reason" - that sounds like evolution?

what they teach by the same means & therefore properly no free will. — we may easily fancy there is, as we fancy there is such a thing as chance. — chance governs the descent of a farthing, free will determines our throwing it up, — equally true the two statements.


One is tempted to believe phrenologists are right about habitual exercise of the mind, altering form of head, & thus these qualities become hereditary. When a man says I will improve my powers of imagination, & does so, is not this free will, — he improves the faculty according to usual method, but what urges him, — absolute free will, motive may be anything ambition, avarice, etc., etc. An animal improves because its appetites urge it to certain actions, which are modified by circumstances, & thus the appetites themselves become changed. — appetites urge the man, but indefinitely, he chooses (but what makes him fix!? frame of mind, though perhaps he chooses wrongly, —& what is frame of mind owing to) 


I verily believe free will & chance are synonymous. — Shake ten thousand grains of sand together & one will be uppermost, — so in thoughts, one will rise according to law.


Darwin drew a bracket of emphasis alongside the sentence above in his notebook. The preliminary random shaking stage, followed by a lawful rise, strongly suggests the Cogito two-stage model. The etymology of cogito is to shake together (co-agitare).


Darwin's opinions on free will are important, because his two-step process of chance-driven genetic variation followed by lawful natural selection is so similar to modern two-stage models of free will, including the first such model, proposed by William James.

James was directly inspired by Darwin's biological evolution in his 1880 model of "mental evolution."


"A remarkable parallel, which I think has never been noticed, obtains between the facts of social evolution on the one hand, and of zoölogical evolution as expounded by Mr. Darwin on the other..."

"[In mental evolution], if anywhere, it would seem at first sight as if that school must be right which makes the mind passively plastic, and the environment actively productive of the form and order of its conceptions...It might, accordingly, seem as if there were no room for any agency other than this…as if, in a word, the parallel with Darwinism might no longer obtain...


But, in spite of all these facts, I have no hesitation whatever in holding firm to the Darwinian distinction even here. I maintain that the facts in question are all drawn from the lower strata of the mind, so to speak.


And I can easily show...that as a matter of fact the new conceptions, emotions, and active tendencies which evolve are originally produced in the shape of random images, fancies, accidental out-births of spontaneous variation in the functional activity of the excessively instable human brain."


(James, William. 1880.  "Great Men, Great Thoughts, and the Environment," Atlantic Monthly, vol.46,  p.441-445) 




Because James thinks "absolute chance" is real, the Darwinian scholar Robert J. Richards thinks Darwin himself would not have approved of James’s use of his evolutionary theory to defend free will.  Richards says Darwin "was fully persuaded that human mental behavior was completely determined."  He points out that James could not have known Darwin’s deterministic views, since they only appear in his notebooks, which had not been published when James wrote.


(Robert J. Richards, 1989, Darwin and the emergence of evolutionary theories of mind and behavior. U. Chicago Press, p.428n)


But Darwin might have liked Daniel Dennett's two-stage model of free will. Like Darwin, Dennett thinks random chance in the first stage is merely "pseudo-randomness," the kind generated by a deterministic computer or the randomness of deterministic chaos. Quantum indeterminacy is not required, Dennett says.


Silvan Schweber sees a connection between Scottish economic thought and free will.  


The members of society are deemed to have free will - and Darwin
ponders how the conception of free will could have evolved. The answer
he gives in the M notebook, page 72, is that "free will is to mind, what
chance is to matter," with chance and matter understood in the
Laplacian sense. The question therefore becomes: Given that at the
phenomenological level man has free will, how does justice get established
in the moral sphere and how is the stability of the social order
maintained? The premise of Scottish economic thought from Adam
Smith onward is that all the actors on the economic scene are free
agents. Yet, there are economic laws, and it is possible to predict the
consequences of certain events, such as a change in prices or a cut in
wages. How does this come about? I believe there is a parallel between
the role freedom of choice and free will play in Scottish economic and
moral science and the role played by random variations in the theory of
evolution. Both are the "chance" elements which are coupled to strongly
constraining (antichance) elements to give rise to a "lawful" theory.


("The Origin of the Origin Revisited," Journal of the History of Biology, Vol. 10, No. 2, p.233)

For Teachers

The Notebooks on Man, Mind and Materialism

Aug. 12th. 38. At the Athenaeum Club was very much struck with intense an headache /after good days work/ which came on from reading (review of) M. Comte Phil. which made me /endeavour to/ remember, & to think deeply, & the immediate manner in which my head got well when reading article by Boz.


Perhaps one cause of the intense labour of original inventive thought is that none of the ideas are habitual, nor recalled by obvious associations. as by reading a book.—Consider this— |



August 29th. Went to Bed & built /common/ Castle in the air, of being compelled, from some quite imaginary cause to start at once to Shrewsbury, vaguely thought of packing up.—was lying on my back fell to sleep for second & wakened.—had very clear & pretty vivid /& perfectly characterized/ dream, in continuation of waking thought—my servant was in the room, with my trunk out & I was engaged in hurriedly giving orders.—Now what was difference between Castle & dream | No answer shows our profound ignorance in so simple case.—There was memory, for it related to past idea.—there was a kind of ideot consciousness for moment, implied by /presence/ my servant, /box,/ my own manner of ordering things to be done.—The senses are closed probably by sleep & not vice versa. anyhow I might have been quite still, & not attending to bodily sensations & yet the Castle would not have turned into dream.—It appears to me, that the mind is wholly absorbed with one idea (hence apparent vividness) & there being no other parallel trains of ideas connected with past circumstances, as whether I really was going to Shrewsbury, whether I had rung for Covington, whether he had come & opened box, whether I had thought what clothes to take (how often | one cannot tell whether one has rung the bell, when one recollects circumstances were such one naturally would do so!) Now all these parallel trains of thought necessary heirs of every action, & always running on in mind, being absent. one could not compare the castle with them. therefore could not doubt or believe. When I say trains, it may be instantaneous changes in order calling up ideas of every late impression.—(do the ideas, direct effect of perception by senses fail first, as whether I had pulled the bell??).—It may be deception to say the mind  quicker in sleep, it may do less work & yet do so, from the exertion of keeping up the memory of every late impression. & likewise gaining new ones from senses. &  calling up old ones, to be sure of one's consciousness. |


Mayo observes no improbabilities in a dream, effect of doubting nor believing, effect of not reasoning, effect of not having other trains of thought, or memory from innumerable late events.


September 3d Why when one thinks of any object (or having looked at any object one shuts ones eyes) is the image not vivid as in sleep — (one can dream of intense scarlet??) is it because one then has no immediate comparison with perceptions, & that one fancies the image more vivid? — Surely the image in a dream cannot truly be as vivid /as reality [readily?]/ as in Spectral images.—


For Scholars
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David Depew

David Depew is Emeritus Professor of Communication Studies at the University of Iowa, .


With Bruce Weber, he wrote the influential 1988 book, Entropy, Information, and Evolution: New Perspectives on Physical and Biological Evolution, based on a conference at University of California, Fullerton, in May, 1985.


Their book appeared the same year as the second edition of a controversial book by Daniel Brooks and E.O.Wiley, titled Evolution as Entropy: Toward a Unified Theory of Biology , which appeared to identify Evolution with Entropy!


While Brooks and Wiley were the sole authors of their book, Depew and Weber's book was an edited collection including articles from some of the key founders of the subject, including David Layzer (Growth of Order in the Universe), Steven Frautschi (Entropy in an Expanding Universe), Jeffrey Wicken (Thermodynamics, Evolution, and Emergence:Ingredients for a New Synthesis), one article by Depew and Weber themselves.(Consequences of Nonequilibrium Thermodynamics for the Darwinian Tradition), and one article each by Brooks and by Wiley.




Source: https://www.informationphilosopher.com/solutions/scientists/depew/
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Hans Driesch


Hans Driesch was a philosopher and biologist who cloned the first animal, a sea urchin (in the nineteenth century). He was a student of Ernst Haeckel, famous for the debunked theory "ontogeny recapitulates phylogeny."  Driesch's discovery that many parts of the sea urchin embryo were capable of producing a complete animal refuted the theory of "preformation," in which the very first cell alone contained the entire future development of an organism. Preformation suggests that starting with one cell taken from the two-cell - or four-cell - stage, would lead to one-half - or one-quarter - of the organism. Every cell contains complete genetic information. 

Driesch saw clear evidence of a kind of teleology in the ability of lower organisms to rebuild their lost limbs and other vital parts. He used Aristotle's term "entelechy" (loosely translated as "having the final cause in") to describe the organism's capacity to rebuild. Driesch said this disproved the theory of preformation from an original cell. Driesch studied the original cells of a sea urchin, after they had divided into two cells, then four, then eight. At each of these stages, Driesch separated out single cells and found that the separated cells went on to develop into  complete organisms (instead of just one-half, or one-quarter, etc. of the organism). His work is regarded as the first example of biological cloning. 

C. D. Broad rejected Driesch's idea of entelechy as a non-material, non-spatial agent that is neither energy nor a material substance of a special kind, but we should note that it well describes the information content of any cell that lets it develop into a complete organism. Driesch himself maintained that his entelechy theory was something very different from the substance dualism of older vitalisms. So what was Broad's criticism of Driesch? Neither thinker could produce a clear description of their vital element. 



Broad thought vitalism is an emergent property. He saw that the kind of emergence that leads to water and its unique chemical properties, when compared to the properties of its molecular components hydrogen and oxygen, has no element of purpose or teleology. The emergence of life (and mind) from physics and chemistry, however, clearly introduces a kind of design or purpose. Modern biologists call this teleonomy, to distinguish it from a metaphysical telos that pre-exists the organism. 


The term teleonomy, which is very close in meaning to entelechy, was introduced by Colin Pittendrigh in 1958, used by Jacques Monod in his 1971 Chance and Necessity, and clarified by Ernst Mayr in his 1974 article Teleological and Teleonomic: A New Analysis, his 1988 book Toward a New Philosophy of Biology, and his 1992 article The Idea of Teleology.


Monod's colleague François Jacob summed it up as "The goal of every cell is to become two cells."


It seems likely that both Driesch and Broad were trying to grasp this teleonomy.
  


In the 1950's, Edmund Sinnott promoted Driesch's ideas tp explain the "directive" and purposive processes in both body and mind as a proposed solution to the mind-body problem. 


For Scholars
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John Dupré

John A. Dupré is a British philosopher of science who in 2002  started Egenis, the Centre for the Study of Life Sciences at the University of Exeter, and directed it until 2022. Dupré is a founding member of the "Stanford School" of philosophy of science, along with Nancy Cartwright, Ian Hacking, Patrick Suppes and Peter Galison.

The Stanford School generally opposed the Unity of Science movement, characterized by the claims "chemistry can be reduced to physics, and biology can be reduced to chemistry."


A decade before the founding conference of the Stanford School,  Dupré's 1993 book, The Disorder of Things,  proposed a refutation of reductionism and determinism. He was skeptical about the idea of causal closure, that every physical event has a necessary and sufficient physical cause. This leads Dupré to reject reductionism, for example Jaegwon Kim's physicalism, which Kim calls the "causal closure of the world."


Dupré wrote...
  

The best way to introduce the position against which this book
will argue is to consider the continuing influence of one particularly notorious founding metaphor of modern science, the idea
that the universe should be considered as a gigantic machine.
Traditionally the favored machine has been a clock... 
Anyone who thinks that such mechanical metaphors have faded in significance might reflect on the amount of scientific effort that
has been devoted in recent years to investigation of the hypothesis
that the human brain — and generally also the human mind — is
really a kind of calculating machine, or computer.

The philosophical thesis most intimately connected with this
mechanistic metaphor is determinism. The cosmic clock, we must
assume given its provenance, has always told the correct time and
always will. To achieve such precision its components must exhibit the same unvarying reliability as the whole. Once the clock
is wound up and set in motion, its behavior and that of all its
parts are determined for all eternity.


...the current vogue for chaos theory suggests that certain
aspects of this complexity may be in principle beyond the reach
of certain kinds of comprehension, notably prediction. Nevertheless, the metaphysical conceptions of order that originated in the
picture of the mechanical universe seem to have been little threatened, if sometimes modified, by such developments. The case of chaos theory nicely illustrates this resilience. Prediction, though
long conceived as a very central excellence of scientific understanding, is a goal that has tended to recede rather than approach as
various scientific disciplines have increased their understanding of
the complexity of the phenomena within their domains. Chaos
theory appears to confront prediction not merely with an insuperable practical difficulty, but with a logically impassable obstacle. Yet paradoxically determinism, the metaphysical underlay of
:he possibility of prediction, is strengthened rather than threatened
by this development. For the central mathematical functions of
chaos theory are quite deterministic...Even the
increasing prevalence of probabilistic rather than deterministic hypotheses and methods from quantum mechanics up through the
scientific hierarchy has not, I shall argue, led to the rejection of
some of the most fundamental features of the deterministic world view.
   



Dupré describes the reductionism idea that he is rejecting ("everything reduces to physics").

   
To begin with,
it will help to introduce what is perhaps both the clearest and the
strongest version, which I shall call classical reductionism. Assume, first, a hierarchical classification of objects in which the
objects at each level are complex structures of the objects com-
prising the next-lower level. Paul Oppenheim and Hilary Putnam propose the following levels: elementary particles, atoms,
molecules, living cells, multicellular organisms, and social groups.
The investigation of each level is the task of a particular domain
of science, which aims to discern the laws governing the behavior
of the objects at that level. Reduction consists in deriving the laws
at each higher (reduced) level from the laws governing the objects
at the next-lower (reducing) level. Such reduction, in addition to
knowledge of the laws at both the reducing and reduced levels,
will also require so-called bridge principles (or bridge laws) identifying the kinds of objects at the reduced level with particular
structures of the objects at the reducing level. Given the transitivity
of such deductive derivation, the endpoint of this program will
reveal the whole of science to have been derived from nothing but
the laws of the lowest level and the bridge principles. The lowest
level will be the physics of elementary particles. Thus, finally,
truly basic science need concern itself only with the objects described by particle physics. 

   

In 2012, Dupré offered the book Processes of Life: Essays in the Philosophy of Biology

In 2018, with his Exeter colleague D.J. Nicholson, he published Everything Flows: Towards a Processual Philosophy of Biology

In 2022, Dupré delivered a Gifford Lecture on A Brief History of Form at the University of Aberdeen.  In 2023 he delivered the Gifford Lectures at the University of Edinburgh on A Process Perspective on Human Life, based on the book Everything Flows.


Dupré's "process perspective" argues 


"that it is a mistake to suppose that processes require underlying  things, or substances... Instead of thinking of processes as  belonging to things, we should think of things as being derived from processes.  This does not mean that things do not exist, even less that thing-concepts cannot  be extremely useful or illuminating. What it does imply is that things cannot be  regarded as the basic building blocks of reality. What we identify as things are no more than transient patterns of stability in the surrounding flux, temporary eddies in the continuous flow of process." 


Dupré's Processual Philosophy of Biology identifies an essential difference between the atomic and molecular processes of physics and chemistry and the organic processes of the macromolecules of biology.  


By contrast, information philosophy identifies a single cosmic creation process from the first few minutes of the universe, when elementary particles like protons and neutrons formed from the primordial quarks, gluons, electrons, and photons. It took hundreds of thousands of years before the universe cooled down and stable atoms could form atoms from protons, neutrons, and electrons. It was hundreds of millions of years before atoms could collapse under gravitational forces to produce planets, stars, and galaxies, and billions of years before life formed on one of those planets.



Information philosophy agrees with Dupré that there is an essential difference in the processes that create new purely physical things as opposed to new living biological entities.  He is correct that physical processes are reductive and eliminative materialist. But both physical and biological processes are emergent, creating new information structures, and apparently defying the second law of thermodynamics, which says entropy (disorder) can only increase,.  

The first information structures formed in the early universe, elementary particles, atoms and molecules, galaxies, stars, and planets, are all the result of microscopic quantum cooperative phenomena and macroscopic gravitational forces. These "things" are not acting. They are being acted upon by the forces of Nature


But with the emergence of life, information replication, information communication, and information processing begin. Only then is information itself used in the creation of new - living - information structures. Living things are biological information processors, forms through which matter and energy flows, with capabilities far beyond the electronic digital computers that cognitive scientists think provide a “computational theory of mind.” 


Most important, living things have “purposes.” They engage in communications of information with other living things and with their environment. Their messaging is meaningful, allowing them to be active users of information - which makes them agents, compared to passive material things, whose structural information is largely inert and meaningless in itself. 


Since the total of matter and energy in the universe is a conserved constant, it's the arrangement of the matter and energy that is the information. Information philosophy (and science) tells us who or what is doing the arranging. In physics and chemistry, the forces in processes creating more complex objects are purely passive. In all of biology the active forces creating more complex organisms deploy information templates (e.g., the "central dogma" of DNA to mRNA to proteins).  At animal and human levels these active creative processes become intentional, "mind over matter." 


As Dupré's former colleague Anne Sophie Meincke stressed in a recent Vienna conference, living things are "agents." They introduce purpose into the universe.  


We should note that where Dupré argues that "things cannot be regarded as the basic building blocks of reality," philosopher Trenton Merricks argues the exact opposite, defending "mereological nihilism, the idea that there are no composite objects, only "simples" arranged to look like objects. Or as Peter van Inwagen said in his 1990 book Material Beings, There are "no tables, only simples arranged tablewise." 






Both physics and biology involve very special anti-entropic processes information philosophy calls ergodic (information creating).


Source: https://www.informationphilosopher.com/solutions/scientists/dupre/
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In 1964 Kornhuber and Deecke discovered that an electrical potential (of just a few microvolts - μV) is visible in the brain long before the subject flexes a finger. (1964).  They called it a "Bereitschaftspotential" or readiness potential.

As shown on their BP/RP diagram, the rise in the readiness potential was clearly visible at about 550 milliseconds before the flex of the wrist (blue arrow). 




The neurobiologist John Eccles had speculated that the subject must become conscious of the intention to act before the onset of this readiness potential. 

The neurologist  Benjamin Libet decided to test Eccles's idea. He performed a sequence of remarkable experiments in the early 1980's that were enthusiastically, if mistakenly, adopted by determinists and compatibilists to show that human free will does not exist.


Libet found that although conscious awareness of the decision preceded the subject's finger motion by only 200 milliseconds, the rise in the Type II readiness potential was clearly visible at about 550 milliseconds before the flex of the wrist. The subject showed unconscious activity to flex about 350 milliseconds before reporting conscious awareness of the decision to flex (the red arrow above). Indeed an earlier slow and very slight rise in the readiness potential can be seen as early as 1.5 seconds before the action.


This earlier rise is a Type I RP/BP, as explained in a personal communication from Lüder Deecke.



When you are saying: “Indeed an earlier slow and very slight rise in the readiness potential can be seen as early as 1.5 sec before the action.” this is indeed so. This is the BP1, the bilaterally-symmetrical early BP/RP component generated by both SMAs. The SMA is on the mesial surface of the hemisphere, behind it is the M1/Area 4 of the lower extremity leg and foot. So both SMAs are contributing to BP 1, and this is so even with unilateral movements. This is why we named the potential readiness potential, because this makes the brain ready for the intended movement or action.

And we later found the full explanation, I mean why this is so important, so early, and so necessary. Hans Kornhuber and I postulated that there has to be a CMA as well, and made sure there is. CMA means cingulate motor area, and the cingulate gyrus (cingulum is belt) you can look it up on brain maps. This is our emotional brain. It is like a belt running from anterior to posterior on the inner surface of the hemispheres around the corpus callosum (black). I labelled SMA and CMA into Karl Kleist’s brain map, which unfortunately is only available in German. 

[image: image-placeholder]



The Will and Its Brain


Kornhuber and Deecke's 2009 book is a reasoned defense of human free will against those who argue that the fact that the brain is a physical thing must mean that it is totally determined.

The book has a wonderful historical review of the concept of free will, including its twists and turns when twentieth-century behaviorists denied the existence of the mind, which had been the centerpiece of nineteenth-century psychology.


The Preface is well worth reading closely. 



Why is it so important that this book appears in English and, what is more, is published in the United States? There are many reasons, here are three of them:

(1) To tell the full Bereitschaftspotential story. This slow brain potential, which precedes all our voluntary movements and actions, was discovered by the authors (Kornhuber and Deecke, 1964, 1965). We offered the translated term “readiness potential” in our publication, but the “tongue twister” Bereitschaftspotential (BP) was preferred. The Bereitschaftspotential can be found in the list of German words in the English language. It had quite an impact; it revived the opinion about will and volition and also about freedom as opposed to total determinism.


(2) A further discovery is that we have shown experimentally that the frontal lobes are initiating and steering a movement or particular task we perform. But the frontal lobe does not execute the task. It delegates the execution of the task to the expert systems in the brain, mostly to the motor-cortex-basal- ganglia-loop, but in case of visually-guided tracking movements even to the visual cortex itself. The reader of the book will get at least an idea, a feeling, what the human frontal lobes are and what they are doing. As we expound in our book, there is one important statement: The frontal cortex is the seat of the will. This is by no means widely recognized, and the main route of argumentation—what happens when the frontal cortex is destroyed?—is almost forgotten. That is to say, it is essential to incorporate the numerous classical lesion studies in our argumentation. By careful studies of frontal lesions in patients we can leam what the normal functions of the frontal cortex are. This is all classical heritage of Clinical Neurology. It was the discipline of Clinical Neurology that collected the largest body of experience about the abilities of man and his brain. This experience had led to two theories (models) of how the brain functions: (a) a hierarchical system of centers ordered side
by side or on top of each other, and (b) a distributed system, in which, by nerve fibers, most of the brain is connected with many other centers, and this system achieves its performances always by distributed cooperation. The two models were heavily debated over decades. But this was on an either-or-basis: “Localisationists” fought against “network advocates.” As the reader will see in the book, we now teach that both principles are realized in higher brains.


(3) What then is will? As the present authors conceive it, will is a complex function, beginning with consideration, planning and thereafter, decision, all this taking place in the bright light of consciousness and with self-critical connection to reality, then shifting parts of the processing into unconscious routines but with accompanying supervision, surveillance, control and, if necessary, correction until the goal is reached.


We hope that our book may fall on fertile ground: There is a tradition also in the United States, where a movement against total determinism began, promoted by Edward Deci, Frederick Kanfer and others, which revived the tradition of William James, and also by Wayne Hershberger 1989. Deci and Kanfer’s key words are self-regulation, self-determinism and even self-management, terms implying free will. In philosophy too, a new discussion on the will and its freedom began. A book written by Sir Karl Popper and Sir John Eccles discussed the Bereitschaftspotential and Kornhuber’s ideas, and in the “Oxford Handbook of Free Will” the discovery of the Bereitschaftspotential is also discussed (Kane 2002). In the United States it is in particular the philosopher Daniel Dennett, who is writing important books and is an eminent promoter of will evolving in freedom.


The reader will find all this in the present book “The Will and its Brain,” he also may consult its index. In the end, he or she may agree with the authors in saying that it is extremely necessary to counteract the dogma of total determinism i. e. that we are totally determined in all our actions and doings. This would have the consequence that we are not responsible for what we are doing. Such an all too easy exculpation (“te absolvo"), some call it “self-corruption” is what people and the media may like to hear. However, it is not so. We do have freedom, inner freedom. Thus, we have responsibility for our deeds, and we can put a veto to bad intentions, e.g. when pursuing unethical goals.




Deecke on "Conscious Will."


The psychologist Daniel Wegner famously argued that the conscious will is an illusion. He and Dan Dennett used the work of Benjamin Libet extensively to defend their determinist views.

But Lüder Deecke explains that early brain activity does not deny human freedom.


Decisions in the brain are mostly not made abruptly—except we are forced by the situation, for
instance when skiing—rather they are made gradually. Even simple decisions—for instance the
pressing of a right or a left button—need some time and a few seconds go by until we start the
movement. The matter is different, if we are under time pressure or with rapt attention to a stimulus.
This can be so because we were not yet absolutely determined or because the way from the frontal
cortex does not go directly to motor cortex, which was earlier belief, but needs the cooperation of a
phylogenetically old subcortical part of the brain that provides learned and stored movement programs,
the basal ganglia. Functional magnetic resonance imaging then shows vague activities, which can be
interpreted as if up to 10 s prior to the movement in the prefrontal brain a change in activity occurred
that might lead to a decision a bit later, i.e., it looks as if an unconscious decision had been made [64].
This is not a sign of a lack of freedom, rather it signals insufficient attention or shortage of memory in
conjunction with the absence of haste. The resulting movement is consciously controlled in any case.



Source: https://www.informationphilosopher.com/solutions/scientists/kornhuber-deecke/
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   Max Delbrück was a physicist turned biophysicist as a result of Niels Bohr's lectures on complementarity and "Light and Life." Bohr suggested a complementary relation between the physical and physiological analogous to that between the wave and particle views in quantum mechanics.

Although he never found the equivalent of an uncertainty principle in biology, Delbrück's research into bacteriophages (viruses) in the 1930's and early 1940's won him the Nobel prize for discovering that bacteria become resistant to viruses as a result of genetic mutations.


This emphasis on mutations led Erwin Schrödinger to devote a large part of his 1945 essay "What Is Life?" to Delbrück's work, which made him famous very quickly. Schrödinger guessed that the genetic hereditary material might be an "aperiodic crystal" and this inspired James Watson and Francis Crick to discover the double helix architecture of DNA.


The 1986 book, Mind from Matter?, was edited posthumously from audio tapes of Delbrück's CalTech biology course, given in the mid 1970's. The course included twenty lectures that he called "evolutionary epistemology." It is unlikely that Delbrück knew of the similarly titled work of Donald Campbell or Karl Popper (or vice versa).

   


We begin our epistemological inquiry from the viewpoint of naive realism
and consider our problem of truth and reality in the light of evolution.

So we ask three naive questions:



1. How can we construct a theory of a universe without life, and therefore
without mind, and then expect life and mind to evolve, somehow,
from this lifeless and mindless beginning?


2. How can we conceive of the evolution of organisms with mind strictly
as an adaptive response to selective pressures favoring specimens able
to cope with life in the cave, and then expect that this mind is capable
of elaborating the most profound insights into mathematics, cosmology,
matter, and the general organization of life and mind itself?


3. Indeed, does it even make sense to posit that the capacity to know
truth can arise from dead matter? 

   

  
The principal adaptive response that Delbrück studied was the basis of perception, which is needed to understand awareness of the environment, the picture of the environment stored in the mind as information about experience, and ultimately the consciousness of the mind.

   
The unity and continuity of life on earth is manifest in its molecular
anatomy. All modern forms of life use nucleic acids as information stores
and proteins as agents for the direction of biochemical reactions, with
the same processes of transcription and translation mediating the expression
of the stored information. The protein and nucleic acid constituents
are universal, as is the genetic code, which determines how information
stored as nucleotide sequences in long nucleic acid molecules is translated
into the amino acid sequences of proteins. Eukaryotes and prokaryotes
also share certain special molecules, for instance heme for electron
transport, chlorophyll for photosynthesis, ATP for energy storage, and
riboflavin for the catalysis of oxidation-reduction reactions and for sensing
the presence of light.

The unity and continuity of life is equally manifest in its psychic aspects.
Perception in plants and animals is a familiar phenomenon, but the
beginnings of perception are also clearly present in microorganisms, in
which adaptive behavior demonstrates that they can detect and evaluate
signals from the environment and respond appropriately. For example,
chemoreception — the ability to sense and respond to changes in the
chemical composition of the environment — is manifest in the swimming
pattern of chemotactic bacteria. The path of a swimming bacterium corresponds
to a random walk: runs of orderly swimming along a straight
path are interrupted from time to time by a tumbling motion, resulting
in the random selection of a new direction for the next straight run.


[image: image-placeholder]


If chemotactic bacteria are in a medium in which there is a gradient of
favorable (attractant) or unfavorable (repellent) chemicals, the selection
of the new swimming direction following each tumble is still random,
but the intervals between tumbles are longer when the path of the straight
run is up the attractant or down the repellent gradient. In this way, the
overall direction of the random swim becomes biased toward higher
concentration of an attractant or lower concentration of a repellent.
The perception of light in prokaryotes is exemplified by the phototaxis,
or active avoidance of dark regions in their environment, of photosynthetic
bacteria. There are at least two ways in which bacterial phototaxis
is accomplished: one of them is a stochastic response consisting of a
biased random walk similar to chemotaxis; the other is a deterministic
response. Bacteria controlled by the stochastic response, upon sensing
that they are swimming down a light gradient, simply stop swimming
until Brownian motion gives them a new direction, and then they start
swimming again. In this way, the overall path of the random swim is
biased in the direction of higher light intensity. Bacteria controlled by the
deterministic response are able to swim both forward and backward. If
such bacteria sense that they are swimming into regions of lower light
intensity, they simply shift into reverse and swim backward into regions
of higher light intensity.


Many primitive eukaryotic organisms manifest the deterministic growth
response to light called phototropism. The fungus Phycomyces, for example,
does not resort to photosynthesis as an energy source; however, it
resorts to phototropism to guide the growth of the stalk toward the light
source and thus places its fruiting bodies at the tip of the stalk in position
for optimal dispersal of its spores. The stalk of the fruiting body is actually
a cylindrical lens capable of focusing light, which allows the fungus to
sense the direction of maximum illumination. Phycomyces can also sense '
gravity, which allows it to grow its stalk in a consistently upward direction
(negative geotropism). Finally, Phycomyces can detect the presence
of a solid surface. Irrespective of illumination, the fungus senses the
presence of such a surface at a distance of about a millimeter and grows
away from it. Just how Phycomyces accomplishes this act of perception is .
not understood, although it probably involves the emission and absorption of a gaseous or volatile substance either produced by Phycomyces or
present in the environment.


In the examples of primitive perception considered here, the detection of the signal — chemical attractant or light — involves an adaptation mechanism
similar to the dark adaptation of our eyes: the organism sets its
level of detection in accordance with the average strength of the stimulus
(such as the concentration of chemical or the intensity of light). Thus we
have in these single-celled organisms all three components of the perceptive
process of higher forms of life: stochastic response, deterministic
response, and adaptive response based on immediate past experience. 
It is a long way, however, from these primitive perceptive processes and
their evaluation of environmental signals to the machinery involved in,
for example, the decision of a young man to propose marriage to his
girlfriend. He responds to her charm with his emotional brain (the mid-brain) and his thinking brain (the cerebral cortex). His decision is influenced by his genes, by his imprinting in earliest childhood, by his identity as it detached itself from his mother, by his moral upbringing, by his
economlc circumstances, and by his surging sex drive.

   

  

Delbrück wonders how much progress he has made on explaining how mind evolved from matter, and the fundamental mind-body problem that he called the "Cartesian Cut."

   
Have we, then, answered the naive question we posed at the outset?
Did we explain how mind evolved from no mind? Did we find out why
so much more was delivered than was ordered, that is, how the mind,
having evolved for using stone tools, mounting a minimum of social
organization for the hunt, and telling tales about hunting around the
hearth, managed to get us to the abstruse reaches of number theory,
relativity and quantum theory, elementary particles, and molecular
genetics, not to speak of getting us to the moon? Maybe we didn't give
any straight answers to these questions, but I think the dilemma "mind
from no mind" looks less perplexing than it used to. On the one hand,
neurobiological and psychophysical studies of subjective perception have
provided insights into how we come to know the world, and cybernetics
and even AI have helped a little to illuminate the nature of human thought
processes. On the other hand, our ideas about the objective character of
the physical world, and hence of the nature of truth have been revised.
In other words, mind looks less psychic and matter looks less materialistic,
especially in the light of Bohr's complementarity argument, which
removed the illusion of total determination and objectivity.

Part, but only part, of the solution to the riddle of how it is possible
for the mind to deal so successfully with aspects of the world for dealing
with which it was never selected may lie in a combination of fluctuation
and illusion. The fluctuation arises from the vast amplification of simple
knowledge through social organization. To fly to the moon does not
require monumental intelligence; it requires the cooperation of 500,000
quite ordinary minds. The illusion arises from the preoccupation with
our successes and the repression of our failures. The Stone Age people
in England constructed Stonehenge 4000 to 5000 years ago, embodying
some astronomical information in its architecture. They probably thought
very highly of themselves. Little did they know how much they didn't
know.


Let us conclude with some general reflections on the peculiar role
played by the sciences in this story. The classical natural sciences solidified
the feeling that the adult human mind is an absolute: it grasps
absolute physical laws concerned with absolute matter embedded in
absolute space and time. The Cartesian cut between mind and matter is
the rock on which such physical laws stand.


Modern science has gone in the opposite direction. It has forced us to
abandon absolute space and time, determinism, and the absolute object.
It has shown that these naive notions are applicable only in the middle
dimensions of space, time, and energy and must be replaced by more
abstract formal schemes. As soon as we move to phenomena at extreme
dimensions, our intuitions—that is, our concrete mental operations—
become inadequate. This is the point, exactly, where evolutionary thinking
is decisively helpful. It suggests, in fact it demands, that our concrete
mental operations are indeed adaptations to the mode of life in which
we had to compete for survival a long time before the development of
science. As such we are saddled with them, just as we are with our
organs of locomotion and our eyes and ears. But with science we can
transcend our intuitions, just as with electronics we can transcend our
eyes and ears.


To the question of how the mental capacity for such transcendence can
have arisen in the course of biological evolution I have no satisfactory
answer. Indeed, the approach I have sketched in this essay by no means
resolves all puzzles, nor does it produce a grand synthesis of the diverse
universes of discourse now current in the various sciences. Least of all
does it give a basis for a new setting of values in ethics relevant to the
life of the individual or to social organization.


The feeling of absurdity evoked by the question "mind from matter?"
is perhaps similar to the feeling of absurdity with which we have learned
to cope when we permit relativity theory to alter our intuitive concepts
of time and space and quantum theory to alter our intuitive concepts of
object and causality. If we can learn to accept this ultimate absurdity,
there may yet be hope for developing a formal approach that will permit
a grand synthesis.
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Olivier Darrigol received his doctorate in 1982 from the University of Paris with a thesis on the quantum theory of fields. 

in 1992, he wrote the important book From C-numbers to Q-numbers: the Classical Analogy in the History of Quantum Theory, concerning the difference between ordinary, commuting variables and the non-commuting variables in quantum mechanic that Paul DIrac called "queer." So perhaps classical versus quantum variables or numbers.


Darrigol wrote "The Quantum Enigma," one of the three chapters on quantum mechanics in the 2104 Cambridge Companion to Einstein. The others were Christoph Lehner's "Realism and Einstein's Critique of Quantum Mechanics and Roger H. Stuewer's "The Experimental Challenge of Light Quanta."




Source: https://www.informationphilosopher.com/solutions/scientists/darrigol/
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Paul Davies is an English physicist, a broadcaster, a professor in Arizona State University, and the director of BEYOND: Center for Fundamental Concepts in Science at ASU.


Davies has published over two-dozen books, all of which display his enthusiasm and excitement about scientific progress in our time.


His first book The Physics of Time Asymmetry, in 1974, explored the "arrow of time." In the 1977 second edition Davies cited David Layzer's 1975 article The Arrow of Time in Scientific American. That article and Layzer's 1989 book Cosmogenesis: The Growth of Order in the Universe are critical for understanding Davies' latest thinking on the origin of life.

 
Nine years later, Davies' 1983 book God and the New Physics was a landmark. It argued that the new twentieth-century physics of relativity and quantum mechanics "is pointing the way to a new appreciation of man and his place in the universe." (p.xii)  In particular, Davies explores the theologian's view that life is the supreme miracle, and human life represents the crowning achievement of God's cosmic masterpiece." (p.58). In a private communication, Davies says this theologian's view "works only if you go on to say that I wholeheartedly reject that. I explore it, sure, and find it wanting (I hate “The God of the gaps”). So please set the record straight on that one."


Davies also tackles the perennial problem of free will and determinism, writing...


When Newton invented his laws of mechanics, many people took this
to be the death of the freewill concept. According to Newton's theory,
the universe is like a giant clockwork, unwinding along a rigid, pre-determined
 pathway towards an unalterable final state. The course of
every atom is presumed to be legislated and decided in advance, laid
down since the beginning of time. Human beings were seen as nothing
but component machines caught up irresistibly in this colossal cosmic
meclianism. Then along came the new physics with its relativity of
time and space and its quantum uncertainty. The whole issue of
freedom of choice and determinism went back into the melting pot.

There seems to be a fundamental antagonism between the two
theories that constitute the foundations of the new physics. On the one
hand, the quantum theory endows the observer with a vital role in the
nature of physical reality; as we have seen, many physicists claim that
there is concrete experimental evidence against the notion of 'objective
reality'. This appears to offer human beings a unique ability to influence 
the structure of the physical universe in a way that was undreamt
in Newton's day. On the other hand, the theory of relativity, which
demolishes the concept of a universal time, and an absolute past,
present and future, conjures up a picture of a future that in some sense
already exists, and so cuts from under our feet the victory won with
the help of the quantum factor. If the future is there, does it not mean
that we are powerless to alter it?



In 1986, Davies published The Ghost in the Atom, a transcription of interviews by Davies
on BBC Radio 3 with eight physicists, including John Bell and David Bohm, discussing new experiments investigating the Einstein-Podolsky-Rosen paradox, Bell's Theorem, and Quantum 
Entanglement.


Davies also again discusses the problem of free will and determinism...


With the discovery of quantum mechanics, a number of
people, most notably Arthur Eddington, belived they had overcome
this impasse. Because quantum systems are inherently
indeterministic, the mechanistic picture of all physical systems,
including the brain, is known to be false. Heisenberg's uncertainty
principle usually permits a range of possible outcomes for
any given physical state, and it is easy to conjecture that consciousness,
or mind, could have a vote in deciding which of the
available alternatives is actually realized.

Picture, then, an electron in some brain cell that is critically
tuned to fire. Quantum mechanics allows the electron to roam
over a range of trajectories. Perhaps it only needs the mind to
load the quantum dice a little, thus prodding the electron more
favourably in a certain direction, for the brain cell to fire, initiating
a whole cascade of dependent electrical activity, culminating
in, say, the raising of an arm.


Whatever its appeal, the idea that mind finds its expression in
the world by courtesy of the quantum uncertainty principle is
not really taken very seriously, not least because the electrical
activity of the brain seems to be more robust than that. After all,
if brain cells operate at the quantum level, the entire network is
vulnerable to random maverick quantum fluctuations by any one
of myriads of electrons.


He discusses the idea of superdeterminism with John Bell

Davies: I was going to ask whether it is still possible to maintain, in the
light of experimental experience, the idea of a deterministic universe?
Bell: You know, one of the ways of understanding this business is to
say that the world is super-deterministic. That not only is inanimate
nature deterministic, but we, the experimenters who
imagine we can choose to do one experiment rather than another,
are also determined. If so, the difficulty which this experimental
result creates disappears.

Davies: Free will is an illusion - that gets us out of the crisis, does it?

Bell: That's correct. In the analysis it is assumed that free will is
genuine, and as a result of that one finds that the intervention of
the experimenter at one point has to have consequences at a
remote point, in a way that influences restricted by the finite
velocity of light would not permit. If the experimenter is not free
to make this intervention, if that also is determined in advance,
the difficulty disappears.





In 1992 Davies published The Mind of God:The Scientific Basis for a Rational World. He writes...

I belong to the group of scientists who do not subscribe to a conventional
religion but nevertheless deny that the universe is a purposeless
accident. Through my scientific work I have come to believe
more and more strongly that the physical universe is put together with
an ingenuity so astonishing that l cannot accept it merely as a brute fact. :
There must, it seems to me, be a deeper level of explanation. Whether
one wishes to call that deeper level "God" is a matter of taste and
definition. Furthermore, I have come to the point of view that mind, i.e. , 
conscious awareness of the world, is not a meaningless and
incidental quirk of nature, but an absolutely fundamental facet of
reality. That is not to say that we are the purpose for which the universe
exists. Far from it. I do, however, believe that we human beings are
built into the scheme of things in a very basic way.

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
In 1994 Davies and two colleagues edited the volume Physical Origins of Time Asymmetry. Davies contributed the article, "Stirring up Trouble." 


Without mentioning David Layzer's "Arrow of Time" article or Layzer's 1989 book on the Growth of Order, Davies coins the term "entropy gap" to describe Layzer's insight that the maximum possible entropy goes up faster than the actual entropy.



Does this transition from equilibrium to disequilibrium not constitute a violation
of the second law of thermodynamics? No. What has happened is depicted in Fig.
3. At some time around one second, the material content of the universe was in
a state of equilibrium, having the maximum possible entropy for the constraints
at that time. As the universe expanded, however, the maximum possible entropy
rose. The actual entropy also rose, but less fast. In particular, the relaxation time
for nuclear processes to allow the cosmological material to keep pace with the
changing constraints (due to the expansion) was much longer than the expansion
time, so the material began to lag further and further behind equilibrium conditions
( equilibrium meaning in the nuclear case that this material is in the form of the, most
stable element - iron). Hence an 'entropy gap' opened up. The continuing expansion
of the universe serves to try and widen that gap slightly (though now through other
processes than nucleosynthesis), while physical processes such as starlight production
serves to try and narrow it.
[image: image-placeholder]

It is important to realise that the crucial effect of the expansion was in the early
universe - hence the sudden widening of the gap early on. Today it seems likely
(though I haven't checked) that the gap is narrowing: the universe produces copious
quantities of entropy at a rate which I imagine is faster than the (now rather feeble)
expansion raises the maximum possible entropy. The actual entropy will presumably
asymptote toward the maximum possible entropy in the very far future.



It's surprising that Davies suggests (though he hasn't checked!) that the entropy gap will close, leading to the 19th-century Kelvin-Helmholtz  "heat death of the universe."  David Layzer had no such pessimism.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         


It is likely that Davies' investigation of spirituality in God and the New Physics, his 1992 book The Mind of God, and others, led to 
Davies being awarded the one-million dollar Templeton Prize in 1995.


In 1999 Davies was a critical member of a research symposium at the Santa Fe Institute on the topic "Complexity, Information, and Design." Several participants were founders of the Santa Fe Institute, including Stuart Kauffman.  Sir John Templeton attended the conference personally.


Davies wrote the introduction and a key article for the resulting 2003 book From Complexity to Life: On the Emergence of Life and Meaning, which was edited by fellow Templeton grantee and theologian Niels Hendrik Gregersen. 


The "meaning" in the title is the meaning or purpose of lifebefore life appeared in the universe. The "design" in the subtitle is "Intelligent Design" or Creationism.


The "complexity" in the title was likely first described in Herbert Spencer's 1857  essay, "Progress: Its Law and Cause." Herbert Simon developed complexity further in computer terms in his 1982 book Sciences of the Artificial and his essay The architecture of complexity.  


Complexity was made still more famous by Ilya Prigogine's 1984 book, "Order Out Of Chaos. Prigogine  argued  that                                                                                                                                                                                                                                                                                                                                                                                            complex systems, especially those that show "self-organization,"  can explain the emergence of life.  But Davies  thinks something more might be needed for meaning, perhaps God? He writes...


It is a baffling fact that even if the causal route from complexity to life can be explained in the prosaic language of mathematics, the outcome of the prosaic processes indeed does evoke descriptions. Out of the simple arises complexity, a vibrant world of life and sentience, joy and suffering...

In this sense the scientific quest for explaining the route "from complexity to life" provokes a postscientifc quest for the emergence of meaning, "from complexity to consciousness." This is where philosophy and theology may enter the picture. If by philosophical theology we mean the disciplined attempt to rationally evaluate alternative philosophical and religious answers to the question of meaning in a world of emerging complexity, what then are the options available? One way to go would be to stay with the idea of God as the ingenious architect of the world.



Davies' 1999 symposium  likely was the beginning of the Santa Fe Institute's long interest in complex adaptive systems.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            


A decade later, Davies and  Gregersen edited the 2010 book Information and the Nature of Reality: From Physics to Metaphysics. The writers, more than half theologians, were all said to be "wrestling with the theme of God as the ultimate informational and structuring principle of the universe." 


In this insightful book, Davies describes information as a critical part of understanding reality and  lifeitself.   He asks...                                                        


what happens if we do not assume that the mathematical relations of the so-called laws of nature are the most basic level of description, but rather information is regarded as the foundation which physical realities constructed...instead of taking mathematics to be primary, followed by physics and then information, the picture should be inverted in our explanatory scheme: information > laws of physics > matter.


In his 2006 book, The Goldilocks Enigma: Why Is the Universe Just Right for Life, Davies reviews different categories of "ultimate explanations" for the existence of the universe.


	
The Absurd Universe


Better the Mystery Universe?


There was no design, no purpose, no agency, no mind, no consciousness, before life appeared. But there was value and there was meaningful information, just no intelligent observers to observe the meaningful information structures.


This is probably the majority position among scientists. According
to this point of view, the universe is as it is, mysteriously, and it just
happens to permit life. It could have been otherwise, but what we see
is what we get. Had it been different, we would not be here to argue
about it. The universe may or may not have a deep underlying unity,
but there is no design, purpose, or point to it all - at least none that
would make sense to us. There is no God, no designer, no teleological
principle, no destiny.

	
The Unique Universe


This point of view holds that there is a deep underlying unity in
physics, and there is a mathematical theory "out there" that will
pull it all together if only we are smart enough to formulate it...
All the laws of physics, all the parameters
in the Standard Model, the various constants of nature, the
existence of space and time with three and one dimensions respectively,
the origin of the universe, quantum mechanics, relativistic
spacetime and its causal properties - the whole shebang - will follow
inexorably and inevitably from this final unified theory. It will
truly be a theory of everything.


	
The Multiverse



The scientific irrelevance of multiple universes is that they are by definition outside our own universe and therefore forever unobservable.


A minority of scientists, but a growing one, now support the multiverse
theory in one version or another...The advantage of the multiverse theory is that it provides a natural
and easy explanation of why the universe is so uncannily finetuned
for life: observers arise only in those universes where, like
Goldilocks' porridge, things are by accident "just right."

	
Intelligent Design



God as an explanation explains everything and unfortunately explains nothing in scientific terms.


The traditional monotheistic religious view is that the universe is
created by God and designed to be suitable for life because the emergence
of sentient beings is part of God's plan...The simple declaration
"God did it!" provides no actual explanation for anything, unless one
can also say how and why God did it.

	
The Life Principle



Since we have a scientific understanding of how the universe 
could create negative entropy and free energy, the precondition for the evolution of life, we can now explain purpose, agency, mind, and consciousness, after life appeared..


In this theory, the bio-friendliness of the universe arises from an
overarching law or principle that constrains the universe/multiverse
to evolve toward life and mind...The disadvantage is that teleology represents a decisive break with
traditional scientific thinking, in which goal-oriented or directional
evolution is eschewed as antiscientific...A life principle also suffers from the problem of
singling out life and mind as the "aim" of cosmic evolution, without
explaining why.

	
The Self-Explaining Universe


All the foregoing options hit the tower-of-turtles problem...One way to avoid
this trap is to appeal to a closed explanatory or causal loop. In effect,
the universe or multiverse - it can work at both levels) explains itself.


	
The Fake Universe


We are living in a simulation, and what we take to be the real world
is an ingeniously contrived virtual reality show. This is a variant on
the Intelligent Designer scenario but upgraded for the information
age. This theory enjoys the same easy-fix advantages as intelligent
design but has the distinct disadvantage of undermining the scientific
quest. If the universe is a sham, why bother to figure out how it
works?...The disadvantage is that we are still
left not knowing why this universe - this self-explaining, self-creating
system - is the one that exists


	
None of the Above


Did I leave anything out? I do take life,
mind, and purpose seriously, and I concede that the universe at least
appears'io be designed with a high level of ingenuity. I cannot accept
these features as a package of marvels that just happen to be, that exist reasonlessly. 
It seems to me that there is a genuine scheme of
things - the universe is "about" something. But I am equally uneasy
about dumping the whole set of problems in the lap of an arbitrary
god or abandoning all further thought and declaring existence
ultimately to be a mystery.


It is often argued that science is, or should be, value-free. Certainly
science, conducted properly, is the realm of human inquiry least
tainted by preconceived prejudice and ideology. But scientists (me
included) will inevitably formulate opinions that draw on a more
general worldview, incorporating personal, cultural, and even religious
elements. Many scientists will criticize [me] as
being crypto-religous. The fact that I take the human mind and
our extraordinary ability to understand the world through science
and mathematics as a fact of fundamental significance betrays, they
will claim, a nostalgia for a theistic worldview in which humankind 
occupies a special place. And this even though I do not believe
Homo sapiens to be more than accidental by-product of haphazard
natural processes. Yet I do believe that life and mind are etched
deeply into the fabric of the cosmos, perhaps through a shadowy,
half-glimpsed life principle, and if I am to be honest I have to concede
that this starting point is something I feel more in my heart than in
my head. So maybe that is a relgious conviction of sorts.




In Davies' 2017 book, From Matter to Life: Information and Causality, written with Sara Imari Walker and George F. R. Ellis, God does not appear and all the contributors are scientists. Information is now even more foundational and is given causal power. On page 1, Davies begins with...


The concept of information has penetrated almost all areas of human inquiry, from physics, chemistry, and engineering through biology and the social sciences...If information makes a difference in the physical world which it surely does, then should we not attribute to it  causal powers?


Davies defines what he calls the "hard problem of life." 


we need to clarify what is meant by the "hard problem of life", that is, to identify which aspects of biology are likely to prove refractory in attempts to reduce them to known physics and chemistry, in the same way that Chalmers identified qualia as central to the hard problem of consciousness. To this end we propose that the hard problem of life is the problem of how "information" can affect the world.

Just two years later, in his 2019 book Demon in the Machine: How Hidden Webs of Information Are Solving the Mystery of Life , Davies doubles down on information as fundamental to understanding life, calling it the "missing link." He writes...


The huge gulf that separates physics and biology – the realm of atoms and molecules from that of living organisms – is unbridgeable without fundamentally new concepts. Living organisms have goals and purposes – the product of billions of years of evolution – whereas atoms and molecules just blindly follow physical laws. Yet somehow the one has to come out of the other. Although the need to reconceptualize life as a physical phenomenon is widely acknowledged in the scientific community, scientists frequently downplay how challenging a full understanding of the nature and origin of life has proved to be. 

The search for a ‘missing link’ that can join non-life and life in a unitary framework has led to an entirely new scientific field at the interface of biology, physics, computing and mathematics. It is a field ripe with promise not only for finally explaining life but in opening the way to applications that will transform nanotechnology and lead to sweeping advances in medicine. The unifying concept that underlies this transformation is information, not in its prosaic everyday sense but as an abstract quantity which, like energy, has the ability to animate matter. Patterns of information flow can literally take on a life of their own, surging through cells, swirling around brains and networking across ecosystems and societies, displaying their own systematic dynamics. It is from this rich and complex ferment of information that the concept of agency emerges, with its links to consciousness, free will and other vexing puzzles. It is here, in the way living systems arrange information into organized patterns, that the distinctive order of life emerges from the chaos of the molecular realm. 


Scientists are just beginning to understand the power of information as a cause that can actually make a difference in the world. Very recently, laws that interweave information, energy, heat and work have been applied to living organisms, from the level of DNA, through cellular mechanisms, up to neuroscience and social organization, extending even to a planetary scale. Looking through the lens of information theory, the picture of life that emerges is very far from the traditional account of biology, which emphasizes anatomy and physiology.
 


Davies' 2026 book Quantum 2.0 reprises many of Davies' past themes. I was pleased to find him (on p.264) remembering superdeterminism, which John Bell described in Davies' 1984 BBC interview, and which Bell's disciples at the John Bell Institute in Geneva (called the Center for Quantum Philosophy, e.g. Antoine Suarez, Nicolas Gisin, and Valerio Scarani) describe today as influences on experiments coming in from "outside space and time."


A few pages later Davies describes his opinion "that our concepts of space and time are abstractions we derive from comparing the results of measuring devices made of matter: how far apart are two objects? What is the duration between two events? If it is merely relationships that lie at the base of our worldview, then space and time (more accurately spacetime) has no independent existence."


As Einstein, Newton, and perhaps even Aristotle knew, humans invented clocks and measuring sticks to quantify the space and time between events. But as Einstein told us, our measurements of space and time are not absolute. They depend on the speed of the observer and on the matter observed. If the material observed speeds up, its time slows down as it approaches the speed of light. For light itself, time stops. 


See our brief discussion of the Nature of Space and Time.



Information philosophy sees the ultimate principle  creating information structures as the cosmic creation process.


Source: https://www.informationphilosopher.com/solutions/scientists/davies/
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  Paul (P. A. M.) Dirac formulated the most elegant version of the mathematical principles of quantum mechanics after reading the proof copy of Werner Heisenberg's paper on the new "matrix mechanics."  

A few months after the completion of matrix mechanics by Heisenberg’s mentor Max Born and Born’s assistant Pascual Jordan, Erwin Schrödinger developed his "wave mechanics." Dirac and Schrödinger independently showed the new wave mechanics was mathematically and physically equivalent to the Heisenberg picture, despite the extraordinary differences between the two quantum theories.


Almost two decades after Albert Einstein had said


It is therefore my opinion that the next stage in the development of theoretical physics will bring us a theory of light that can be understood as a kind of fusion of the wave and emission theories of light,


Dirac's transformation theory gave us that "fusion" between waves and particles.

Dirac combined the matrix and wave formulations using abstract symbolic methods from classical mechanics called Poisson brackets and canonical transformations.


In his textbook The Principles of Quantum Mechanics, Paul Dirac introduced the new concepts of superposition of quantum states, the projection postulate, the axiom of measurement, and indeterminacy using simple examples with polarized photons.


Dirac's examples suggest a very simple and inexpensive experiment that we call the Dirac 3-polarizers experiment to demonstrate the notions of quantum states, the preparation of quantum systems in states with known properties, the superposition of states, the measurement of various properties, the transformation or representation of a state vector in another basis set of vectors, and the infamous "collapse" or "reduction" of the wave function and the resulting indeterministic projection into one of the proper basis states.  


In their Copenhagen interpretation of quantum mechanics, Niels Bohr and Heisenberg said that the results of quantum measurements must be expressible in classical concepts because it is the language that humans can understand. By contrast, Dirac argued that the non-intuitive concepts of quantum mechanics, though impossible to understand in terms of classical concepts, could be mastered through long familiarity with them. 


The new theories, if one looks apart from their mathematical setting, are built up from physical concepts which cannot be explained in terms of things previously known to the student, which cannot even be explained adequately in words at all. Like the fundamental concepts (e.g. proximity, identity) which every one must learn on his arrival into the world, the newer concepts of physics can be mastered only by long familiarity with their properties and uses.



A Photon Interferes Only With Itself


In 1930, Dirac famously described a photon as interfering only with itself. 



Consider a beam of light to be split into two components of equal
intensity, which are made to interfere. According to the old corpuscular theory we would say that each of the two components contains
an equal number of photons and we should then require that a photon
in one component could interfere with one in the other. Under certain
conditions they would have to annihilate one another, and under
others to produce four photons. This contradicts the idea of photons
being discrete particles and is, besides, in disagreement with the conservation of energy, which should hold for each process in detail and
not be merely statistically true.

The answer that quantum mechanics gives to the difficulty is that
one should consider each photon to go partly into each of the two
components, in the way allowed by the idea of the superposition of
states. Each photon then interferes only with itself. Interference
between two different photons can never occur. The solution of
Maxwell’s equations that forms the wave picture of the phenomenon
represents one of the photons and not the whole assembly of photons. 



In his later editions Dirac made the explanation more clear...



Some time before the discovery of quantum mechanics people realized that the connexion between light waves and photons must be of a statistical character. What they did not clearly realize, however, was that the wave function gives information about the probability of one photon being in a particular place and not the probable number of photons in that place. The importance of the distinction can be made clear in the following way. Suppose we have a beam of light consisting of a large number of photons split up into two components of equal intensity. On the assumption that the intensity of a beam is connected with the probable number of photons in it, we should have half the total number of photons going into each component. If the two components are now made to interfere, we should require a photon in one component to be able to interfere with one in the other. Sometimes these two photons would have to annihilate one another and other times they would have to produce four photons. This would contradict the conservation of energy. The new theory, which connects the wave function with probabilities for one photon, gets over the difficulty by making each photon go partly into each of the two components. Each photon then interferes only with itself. Interference between two different photons never occurs.





Regarding Dirac's claim that the wave function gives us "information about the probability of one photon being in a particular place and not the probable number of photons in that place," we should note that Einstein, and Born years later, strongly held both to be true. And we can give the reason.


Dirac's quantum mechanics associates the quantum wave function with possibilities and a quantum particle with actualization of a possibility. Evaluating the Schrödinger equation lets us calculate the probabilities for each possibility, to an extraordinary degree of accuracy. Although the calculation involves abstract complex quantities and the motion through space of immaterialinformation about those possibilities, the result is both understandable (if non-intuitive because never experienced in our macroscopic world) and it is visualizable.  


We solve the Schrödinger equation given the boundary conditions to get the wave function. The boundary conditions are different when either one or two slits are open. So the probabilities of finding particles at the back screen are different, producing different interference fringes. These probabilities tell us where particles will be found, whichever slit the particles come through.


Conservation laws (for energy, mass, charge, etc.) suggest that a particle comes through a single slit. It cannot divide into two photons or two electrons, or two buckyballs, despite Dirac's "manner of speaking."


The resulting interference is described on the two-slit experiment page...


Remembering that the double-slit interference appears even if only one particle at a time is incident on the two slits, we see why many say that the particle interferes with itself. But it is the wave function alone that is interfering with itself. Whichever slit the particle goes through, it is the probability amplitude ψ, whose squared modulus |ψ|2 gives us  the probability of finding a particle somewhere, the interference pattern. It is what it is because the two slits are open.


[image: image-placeholder]


The reason that the wave function for a single photon also describes the probabilities for large numbers of particles being found (despite Dirac above saying it does not describe "the probable number of photons in that place.") is because the wave function is determined by the physical environment, which is the same for all photons coming through the two slits. One wave function rules them all.



The standard interpretation of quantum mechanics is based on three simple premises:


When you hear or read that electrons are both waves and particles, think "either-or" - 

first a wave of possibilities, then an actual particle.

	Quantum systems evolve in two ways: 
	the first is the wave function deterministically exploring all the possibilities for interaction, interfering with itself as it travels,
	the second is the particle randomly choosing one of those possibilities to become actual. 



	No knowledge can be gained by a "conscious observer" unless new information has already been irreversibly recorded in the universe. That information can be created and recorded in three places:
 	in the target quantum system,
	in the combined target system and the measuring apparatus (which may just be the environment),
	it may then become knowledge in an observer's mind.




	
In our two-stage model of free will, an agent first freely generates alternative possibilities, then evaluates them and chooses one, adequately determined by its motives, reasons, desires, etc. First come "free alternatives," then "willed actions." Just as with quantum processes - first possibilities, then actuality.


The measuring apparatus is quantal, not deterministic nor "classical." It need only be statistically determined and capable of recording the irreversible information about an interaction. The human mind is similarly only statistically determined.


We try to visualize some of these concepts, including Dirac's three polarizers, the two-slit experiment, and the  Einstein-Podolsky-Rosen thought experiment.



The Lagrangian in Quantum Mechanics


In 1932 Dirac wrote a short article, The Lagrangian in Quantum Mechanics, which became the basis for Richard Feynman's 1942 Princeton Ph.D thesis under the direction of John Wheeler. The article, published in the somewhat obscure journal Physikalisches Zeitschrift der Sowjetunion, was called to Feynman's attention in 1941 by a physicist emigrating from Nazi Germany, Herbert Jehle. 

Feynman's thesis was titled "The Principle of Least Action in Quantum Mechanics." Following a section II called "Least Action in Classical Mechanics," Feynman's section III was called "Least Action in Quantum Mechanics," in which Section III.1 was called "The Lagrangian in Quantum Mechanics," the same title as Dirac's paper. 


Feynman's thesis did not refer to Dirac's paper but to the new sections added to Dirac's classic text, "The Principles of Quantum Mechanics, in the 1935 and all later editions as "The Action Principle."     
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The scientist who "realized that the connection between light waves and photons must be of a statistical character" was of course Einstein.
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Richard Dawkins is an evolutionary biologist and leading defender of Charles Darwin's theory of natural selection.

Dawkins explains the utter improbability of what he calls "single-step" evolution in which living things are created in a single chance event, the principal argument by defenders of creationism and intelligent design.


We have seen that living things are too improbable and too beautifully 'designed' to have come into existence by chance. How, then, did they come into existence? The answer, Darwin's answer, is by gradual, step-by-step transformations from simple beginnings, from primordial entities sufficiently simple to have come into existence by chance. Each successive change in the gradual evolutionary process was simple enough, relative to its predecessor, to have arisen by chance. But the whole sequence of cumulative steps constitutes anything but a chance process, when you consider the complexity of the final end-product relative to the original starting point. The cumulative process is directed by nonrandom survival. The purpose of this chapter is to demonstrate the power of this cumulative selection as a fundamentally nonrandom process.


Dawkins says that each successive change was simple enough, relative to its predecessor, to have arisen by chance. But like Darwin, Dawkins says little specific about this chance, whether it is epistemic and only human ignorance about the workings of the molecular world or whether it is ontological chance beyond the assumed deterministic nature of classical physical laws. 


Dawkins summarizes the argument of his book, The Blind Watchmaker. 


Let us hear the conclusion of the whole matter. The essence of life is statistical improbability on a colossal scale. Whatever is the explanation for life, therefore, it cannot be chance. The true explanation for the existence of life must embody the very antithesis of chance. The antithesis of chance is nonrandom survival, properly understood. Nonrandom survival, improperly understood, is not the antithesis of chance, it is chance itself. There is a continuum connecting these two extremes, and it is the continuum from single-step selection to cumulative selection. Single-step selection is just another way of saying pure chance. This is what I mean by nonrandom survival improperly understood. Cumulative selection, by slow and gradual degrees, is the explanation, the only workable explanation that has ever been proposed, for the existence of life's complex design.

The whole book has been dominated by the idea of chance, by the astronomically long odds against the spontaneous arising of order, complexity and apparent design. We have sought a way of taming chance, of drawing its fangs. 'Untamed chance', pure, naked chance, means ordered design springing into existence from nothing, in a single leap. It would be untamed chance if once there was no eye, and then, suddenly, in the twinkling of a generation, an eye appeared, fully fashioned, perfect and whole. This is possible, but the odds against it will keep us busy writing noughts till the end of time. The same applies to the odds against the spontaneous existence of any fully fashioned, perfect and whole beings, including - I see no way of avoiding the conclusion - deities.


To 'tame' chance means to break down the very improbable into less improbable small components arranged in series. No matter how improbable it is that an X could have arisen from a Y in a single step, it is always possible to conceive of a series of infinitesimally graded intermediates between them. However improbable a large-scale change may be, smaller changes are less improbable. And provided we postulate a sufficiently large series of sufficiently finely graded intermediates, we shall be able to derive anything from anything else,



One must read Dawkins carefully to distinguish the "properly understood" from the "improperly understood" nonrandom survival.


Dawkins says "the explanation for life... cannot be chance" but also "The antithesis of chance is nonrandom survival, properly understood. Nonrandom survival, improperly understood, is not the antithesis of chance, it is chance itself." 


"Single-step selection ...is pure chance." But "Cumulative selection, by slow and gradual degrees, is the explanation." 


Dawkins could be more clear that each individual step includes "pure chance." These are "Darwin's...gradual, step-by-step transformations."


Dawkins says "cumulative selection [is] a fundamentally nonrandom process." But it would be clearer if Dawkins included the indeterministic chance event, the genetic mutation that precedes the adequately determined selection in each of the "sequence of cumulative steps." 


Each cumulative step in evolution is a two-step process (as Ernst Mayr maintained), similar to the cosmic creation process and the two-stage model of free will.


As we write in our book on Einstein,

Charles Darwin recognized that chance was the driver of genetic variation in biology, but he did not say so explicitly  because in his time chance was still considered atheistic.  It would have embarrassed his wife.
William James was not embarrassed. He told the graduating class of Harvard Divinity School in 1884

 
“As soon as we begin to talk indeterminism to our friends, we find a number of them shaking their heads. This notion of alternative possibility, they say, this admission that any one of several things may come to pass is, after all, only a roundabout name for chance.”  

Albert Einstein saw chance as a “weakness in the theory.” But the important thing is that Einstein was the first person to see ontological “real” chance in physics. Chance in classical physics had previously been regarded as epistemological, as human ignorance. 



Dawkins says the improbability of a singe-step chance event is epitomized by the cosmologist Fred Hoyle's "Ultimate 747" event.


The argument from improbability, properly deployed, comes close to proving that God does not exist. My name for the statistical demonstration that God almost certainly does not exist is the Ultimate Boeing 747 gambit.

The name comes from Fred Hoyle’s amusing image of the Boeing 747 and the scrapyard. I am not sure whether Hoyle ever wrote it down himself, but it was attributed to him by his close colleague Chandra Wickramasinghe and is presumably authentic. Hoyle said that the probability of life originating on Earth is no greater than the chance that a hurricane, sweeping through a scrapyard, would have the luck to assemble a Boeing 747.




Source: https://www.informationphilosopher.com/solutions/scientists/dawkins/
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Source: https://www.informationphilosopher.com/solutions/scientists/dedekind/
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Stanislas Dehaene is a disciple of Jean-Pierre Changeux. Changeux said that together they "sketched out a model - albeit a still very elemental one - of a neural network." 


Dehaene was perhaps first known for his 1997 book The Number Sense, in which specific neurons were identified for numerical cognition. With colleagues he discovered lesions in regions of the parietal lobe that impaired multiplication but preserved subtraction and others (in the intraparietal sulcus) which impaired subtraction but preserved multiplication.


Later Dehaene worked on the neural correlates of consciousness,. He wrote many scientific articles and edited a book, The Cognitive Neuroscience of Consciousness.. He is the Past President of the Association for the Scientific Study of Consciousness.


He calls his theory of consciousness a "global neuronal workspace," an extension of Bernard Baars' Global Workspace Theory. He says the "proposal is simple: consciousness is brain-wide information sharing."  


The human brain has developed efficient long-distance networks, particularly in the prefrontal cortex, to select relevant informa­tion and disseminate it throughout the brain. Consciousness is an evolved device that allows us to attend to a piece of information and keen it active within this broadcasting system. Once the information is conscious, it can be flexibly routed to other areas according to our current goals, we can name it, evaluate it, memorize it, or use it to plan the future. Computer simulations of neural networks show that the global neuronal workspace hypothesis generates precisely the signatures that we see in experimental brain recordings. It can also explain why vast amounts of knowledge remain inaccessible to our consciousness.


For Dehaene, the brain-wide information sharing is the result of what he calls "cortical ignition," and "brain-scale synchrony" of neuronal spikes and brain waves that are observable via electroencephalography (EEG).

Dehaene is correct that information is moving from place to place in the brain. But he is cautious. Questions remain. How can the "signatures of consciousness" that he measures result in "subjective experiences?"


Why should late neuronal firing, cortical ignition, and brain-scale synchrony ever create a subjective state of mind? How do these brain events, however complex, elicit a mental ex­perience? Why should the firing of neurons in brain area V4 elicit a perception of color, and those in area V5 a sense of motion? Although neuroscience has identified many empirical correspondences between brain activity and mental life, the conceptual chasm between brain and mind seems as broad as it ever was.


In our experience recorder and reproducer (ERR) model of the mind, consciousness is explained by the re-firing of multiple Hebbian assemblies, each one a complex of neurons that were originally wired together when a past experience was first recorded.
Donald Hebb said "neurons that fire together wire together." Information philosophy says that neurons that have been wired together in a past experience will all fire together again when even a small number of them fire during a new experience, thus bringing the past experience to mind. 


Which pre-wired assemblies of neurons fire is determined (statistically) by the particular combination of sensory and limbic neurons that fire in the new experience. The Hebbian assemblies most likely to fire again are those with the most neurons in common with the new experience. In this we find a neuronal level explanation for the "association" of ideas as put forward by John Locke in his Essay Concerning Human Understanding (1690).


The reproduction or "playback" of a past experience may be a pale shadow of the original, as David Hume argued.  And immense numbers of past experiences are likely to be reproduced (William James' "blooming buzzing confusion"), lessening the importance of any one. But together past experiences provide the "context" that gives "meaning" to the current experience.  


An experience is "subjective" because it is contextualized, interpreted, and understood in the light of the unique past experiences of the individual.


While the neurons that fire together may be anywhere in the neocortex, those associated with a given experience are a tiny subset of them all, so particular experiential information is not simultaneously shared brain-wide, as Dehaene assumes. 




Source: https://www.informationphilosopher.com/solutions/scientists/dehaene/
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   Terrence Deacon is professor of Biological Anthropology, Neuroscience, and Linguistics at University of California-Berkeley. 

In his 1997 book. The Symbolic Species: The Co-evolution of Language and
the Brain, he argued that language coevolved by natural selection with the brain, although he now argues that the major source of language acquisition is social transmission, with a trial-and-error process analogous to natural selection occurring while the brain develops.


Deacon's 2011 work Incomplete Nature has a strong triadic structure, inspired perhaps by an important influence from semiotics—the philosopher Charles Sanders Peirce's triad of icon, index, and symbol. Deacon's triad levels represent the material, the ideal, and the pragmatic. The first two levels reflect the ancient philosophical dualism of materialism and idealism, or body and mind, respectively. The major transition from the nonliving to the living - the problem of abiogenesis, and the introduction of telos in the universe -  happens in Deacon's third level.

Teleodynamics is Deacon's name for the third level in his dynamics hierarchy. It is built on and incorporates the two lower levels — the first level is physical and material, the second adds an informational and immaterial aspect. 


At the bottom level is the natural world, which Deacon characterizes by its subjection to the second law of thermodynamics. When entropy (the Boltzmann kind) reaches its maximum, the equilibrium condition is pure formless disorder. Although there is matter in motion, it is the motion we call heat and nothing interesting is happening. Equilibrium has no meaningful differences, so Deacon calls this the homeodynamics level, using the root homeo-, meaning "the same." There are no meaningful differences here.


At the second level, form (showing differences) emerges. Deacon identifies a number of processes that are negentropic, reducing the entropy locally by doing work against and despite the first level's thermodynamics. This requires constraints, says Deacon, like the piston in a heat engine that constrains the expansion of a hot gas to a single direction, allowing the formless heat to produce directed motion. 


Atomic constraints such as the quantum-mechanical bonding of water molecules allow snow crystals to self-organize into spectacular forms, producing order from disorder. Deacon dubs this second level morphodynamic. He sees the emerging forms as differences against the background of unformed sameness. His morphodynamic examples include, besides crystals, whirlpools, Bénard convection cells, basalt columns, and soil polygons, all of which apparently violate the first-level tendency toward equilibrium and disorder in the universe. These are processes that information philosophy calls ergodic.



On  Deacon's third level, "a difference that makes a difference" (cf. Gregory Bateson and Donald MacKay) emerges as a purposeful process we can identify as protolife. The quantum physicist Erwin Schrödinger saw the secret of life in an aperiodic crystal, and this is the basis for Deacon's third level. He ponders the role of ATP (adenosine triphosphate) monomers in energy transfer and their role in polymers like RNA and DNA, where the nucleotide arrangements can store information about constraints. He asks whether the order of nucleotides might create adjacent sites that enhance the closeness of certain molecules and thus increase their rate of interaction. This would constitute information in an organism that makes a difference in the external environment, an autocatalytic capability to recruit needed resources. Such a capability might have been a precursor to the genetic code.

Deacon crafts an ingenious model for a minimal "autogenic" system that has a teleonomic (purposeful) character, with properties that might be discovered some day to have existed in forms of protolife. His simplest "autogen" combines an autocatalytic capability with a self-assembly property like that in lipid membranes, which could act to conserve the catalyzing resources inside a protocell.

Autocatalysis and self-assembly are his examples of morphodynamic processes that combine to produce his third-level, teleodynamics. Note that Deacon's simplest autogen need not replicate immediately. Like the near-life of a virus, it lacks a metabolic cycle and does not maintain its "species" with regular reproduction. But insofar as it stores information, it has a primitive ability to break into parts that could later produce similar wholes in the right environment. And the teleonomic information might suffer accidental changes that produce a kind of natural selection.


Deacon introduces a second triad he calls Shannon-Boltzmann-Darwin (Claude, Ludwig, and Charles). He describes it on his Web site www. teleodynamics.com (sadly no longer active). I would rearrange the first two stages to match his homeodynamic-morphodynamic-teleodynamic triad. This would put Boltzmann first (matter and energy in motion, but both conserved, merely transformed by morphodynamics). A second Shannon stage then adds information (Deacon sees clearly that information is neither matter nor energy); for example, knowledge in an organism's "mind" about the external constraints that its actions can influence. 


This stored information about constraints enables the proto-organism in the third stage to act in the world as an agent that can do useful work, that can evaluate its options, and that can be pragmatic (more shades of Peirce) and normative. Thus Deacon's model introduces value into the universe— good and bad (from the organism's perspective). It also achieves his goal of explaining the emergence of perhaps the most significant aspect of the mind: that it is normative and has goals. This is the ancient telos or purpose.


Appreciating Deacon's argument is easier with a little history. Claude Shannon's information theory produced an expression for the potential information that can be carried in a communication channel. It is the mathematical negative of Boltzmann's formula for entropy.



  S
  =
  k
 log W


Confusingly, John von Neumann suggested that Shannon use the word entropy for his measure of information. Then Leon Brillouin coined the term negentropy to describe far-from-equilibrium conditions in the world epitomized by information. Since Erwin Schrödinger, we have known that life is impossible without the negative-entropy flow of far-from-equilibrium available energy from the sun.


Shannon entropy (which is negentropy) describes the large number of possible messages that could be encoded in a string of characters. Shannon's actual information reduces the uncertainty in the entropy of potential messages. Deacon notes correctly that new information can be transmitted only if these alternative possibilities exist. Without probability (ontologicalchance) and true alternative possibilities, there would be no information in the message.


"No possibilities = no uncertainty = no information," Deacon says. Without something new, the amount of information in the universe would be fixed. This is deeply true.


Organisms are not machines, and minds are not computers, says Deacon, criticizing cognitive scientists who seek a one-to-one correspondence between conscious thoughts or actions and neuronal events. Machines are assembled from parts, whereas organisms self-assemble, he insightfully observes. 


Computers are designed to be totally predictable logical devices that are noise-free, but organisms and the mind could not survive if they worked that way, because the universe continually generates unpredictable new situations. The mind supervenes on astronomical numbers of neuronal events, which likely transmit far more stochastic noise than they do meaningful signals. Deacon thinks that meaningful mental events are probably only statistical regularities, averages over neuronal events, just as macroscopic classical properties are averages over quantum-level events.


Deacon's interest in the etymology of words is fascinating, but his love of symbols leads him to use neologisms that make his sentences too dense, often obscuring his excellent ideas. He does provide a glossary of his newly coined terms, but these are difficult to keep in mind while reading his text.


For example, Deacon uses homeodynamic for his first level instead of the standard term thermodynamic, which he does use occasionally and which would have been more clear. Then, instead of morphodynamic for the second level where information structures appear, he might have used negentropic (implying Shannon entropy and information creation). For his third level, teleodynamic is fine, but I'd have chosen the well-known term teleonomic, suggested by Colin Pittendrigh, and used by Ernst Mayr and Jacques Monod, whose Nobel colaureate François Jacob said that "the goal of every cell is to become two cells." 



Deacon's triadic levels (compare Peirce and Hegel)
	
Homeodynamic - a dynamic process in which a system is approaching thermodynamic equilibrium - perhaps thermodynamic, which Deacon sometimes uses, would be clearer?

	
Morphodynamic - describes a system spontaneously organizing, lowering its entropy, increasing information structures

	
Teleodynamic - two morphodynamic systems, one self-organizing, the other autocatalytic, which together exhibit an internal purpose - an "end" or "telos," namely to use the flow through them of negative entropy (matter and energy), enabling them to act (pragmatically)  to maintain themselves. (One might ask what exactly it is about Deacon's combination of two systems that adds the telos. Both "self"-organizing and "auto"-catalytic systems exhibit what Howard Pattee calls the self/non-self distinction or "epistemic cut.")




Deacon objects to calling his third level teleonomic, which was created explicitly to remove the theological "intelligent design" elements of the term teleological.  


Deacon defines teleonomic as "teleological in name only" (see glossary below), which is odd considering the historical purpose of the term in biology, which was introduced by Colin Pittendrigh in 1958, used by Jacques Monod in his 1971 Chance and Necessity, and clarified by Ernst Mayr in his 1974 article Teleological and Teleonomic: A New Analysis, his 1988 book Toward a New Philosophy of Biology, and his 1992 article The Idea of Teleology.


What does Deacon add into his teleodynamic that goes beyond teleonomic? He defines his teleodynamic as "exhibiting end-directedness" and then adds the highly specific and technical criteria "consequence-organized features constituted by the co-creation, complementary constraint, and reciprocal synergy of two or more strongly coupled morphodynamic processes."


Deacon's major work is to model computer-based simulations of these combined morphodynamic processes to better understand their properties, so he is entitled to his technical definitions, if they are essential to his dynamical computational models. 


His current major goal is to understand how his simple autogen model can combine with information theory to explain the concepts of "reference" and "significance." He variously defines reference as "aboutness" or "re-presentation," the semiotic or semantic relation between a sign-vehicle and its object. He describes significance as the pragmatic dimension of "value," "normativity," "purpose," "interpretation," "function," "usefulness," "end-directed," and "goal-state." "Work is the relevant measure when it comes to assessing the usefulness of information," he says. 


Reference is the simple connection between an abstract idea (re-presentation in the mind) and its material (or conceptual) object. In linguistics, reference is the semantic connection between a word and its (dictionary) meaning. For Saussure it is independent of context or Peircean interpretation. Deacon may take a reference as not involving any physical work.

Roman Jakobson added "context" to Claude Shannon's theory of communications, which understandably ignored the "meaning" in a message to study only channel capacity.


By contrast, significance is the pragmatic or functional value of an idea or a sign/symbol when it is interpreted in context by an agent (Peirce's interpretant). The agent must act on a meaningful message (where "meaning" is now not merely the standard reference of the symbol, but what the message means in the context of the future behavior of the agent, e.g. love or hate?, flight or fight?). An action normally involves physical work, as Deacon correctly notes.  And in the context of his purely dynamical, arguably inanimate, autogen, that is appropriate. But for animals and humans, pragmatic consequences may only generate internal thoughts, ideas, judgments, and emotions, feelings, desires, that generate possibilities for willful actions after a careful evaluation and decision. 


In any case, Deacon is right to distinguish reference and significance (as semantics and pragmatics) and try to understand them in terms of his two morphodynamic processes. But is he right to say that teleodynamics is in some way more purposeful than a teleonomic process, a process that has its purpose "built-in," what Aristotle called "entelechy"  (from the Greek en-telos-echein, in-purpose-have)?


Let's carefully read Deacon's difference (that makes a difference) between teleonomic and teleodynamic proposed for his 2015 workshop. He describes



a long-standing debate in
the natural sciences over the role of teleology in scientific explanations. This debate was
presumed settled in middle of the last century with the development of cybernetic models of
goal-directed behavior, such as in guidance systems and adaptive computer algorithms. Systems
organized in this way are described as teleonomic rather than teleologic, to indicate that no
intrinsic representation of an end is responsible for this behavior, only a systemic deviation-minimizing
regulatory mechanism. In contrast, we argue that an interpretive process can only be
adequately defined with respect to a process that is organized so that the goal-state contributes to
the maintenance of the system with the disposition to attain that state, not merely some arbitrary
physical state of things. Deacon (2009, 2012) terms this a teleodynamic process.



Deacon's glossary also contains Ernst Mayr's teleomatic, which Mayr meant to single out systems that are purely mechanical and dynamical, obeying physical laws. Can this include a thermostat (Deacon's "systemic deviation-minimizing regulatory mechanism"), with the appearance of goal-directed behaviors? Deacon defines teleomatic as "Automatically achieving an end, as when a thermodynamic system develops toward equilibrium or gravity provides the end state for a falling rock." 

Let's review Mayr's careful and important distinction between teleological, teleonomic and teleomatic



What is teleology, and to what extent is it a valid concept? These have been burning questions since the time of Aristotle. Kant based his explanation of biological phenomena, particularly of the perfection of adaptations, on teleology — the notion that organisms were designed for some purpose...And the numerous autogenetic theories of evolution, such as orthogenesis, nomogenesis, aristogenesis, and the omega principle (Teilhard de Chardin), were all based on a teleological world view. Indeed, as Jacques Monod (1971) rightly stressed, almost all of the most important ideologies of the past and the present are built on a belief in teleology.

It is my belief that the pervasive confusion in this subject has been due to a failure to discriminate among very different processes and phenomena, all labeled "teleological." The most important conclusion of the recent research on teleology is that it is illegitimate to extrapolate from the existence of teleonomic processes (that is, those directed or controlled by the organism's own DNA) and teleomatic processes (those resulting from physical laws) to an existence of cosmic teleology. There is neither a program nor a law that can explain and predict biological evolution in any teleological manner. Nor is there, since 1859, any need for a teleological explanation: The Darwinian mechanism of natural selection with its chance aspects and constraints is fully sufficient.


The study of genetics has shown that seemingly goal-directed processes in a living organism (teleonomic processes) have a strictly material basis, being controlled by a coded genetic program. 



We must distinguish non-physical and immaterial. Information is physical but immaterial.


Deacon has now given us a specific model for the locus of the telos. He says that the first material particles, the first atoms forming molecules, the first stars, and so on, can be explained without reference to anything non-physical. But since these are formed by what he calls morphodynamic processes, they must also involve some immaterial information generation. They are information structures. Information philosophy shows that without the expansion of the universe and ontological chance arising from quantum uncertainty, no new information could have come into existence from an assumed original state of thermodynamic equilibrium. There would be no galaxies, no stars, no planets, no life, no minds, no creative new thoughts, and in particular, no telos.

Why does Deacon describe nature as incomplete? Because information seems non-physical (it is actually physical, just not material), he says, we lack a scientific understanding of how words and sentences refer to atoms of meaning. The meanings of words and thoughts, the contents of the mind — especially goals and purposes — are "not present," he says. He reifies this absence and says cryptically that "a causal role for absence seems to be absent from the natural sciences." He calls this a "figure/ground reversal" in which he focuses on what is absent rather than present, likening it to the concept of zero, the holes in the "(w)hole." We can agree with Deacon that ideas and information are immaterial, neither matter nor energy, but they need matter to be embodied and energy to be communicated. And when they are embodied, they are obviously present (to my mind) — in particular, as those alternative possibilities (merely potential information) in a Shannon communication, those possibilities that are never actualized.


A review in the journal BioScience of Deacon's Incomplete Nature.


Deacon on Information (from Incomplete Nature)

TWO ENTROPIES (see our Entropy Flows)


To the extent that regularity and constraint provide a necessary background,
for deviation and absence to stand out, nature's most basic convergent regularity must provide the ultimate ground for information. This regularity
is of course the spontaneous tendency for entropy to increase in physical
systems. Although Rudolf Clausius coined the term entropy in 1865, it was
Ludwig Boltzmann who in 1866 recognized that this could be described
in terms of increasing disorder. We will therefore refer to this conception of
thermodynamic entropy as Boltzmann entropy.


This reliably asymmetric habit of nature provides the ultimate background with respect to which an attribute of one thing can exemplify an
attribute of something else. The reason is simple: since non-correlation and
disorder are so highly likely, any degree of orderliness of things typically
means that some external intervention has perturbed them away from this
most probable state. In other words, this spontaneous relentless tendency
toward messiness provides the ultimate slate for recording outside interference. If things are not in their most probable state, then something external
must have done work to divert them from that state.


A second use of the term entropy has become widely applied to the assessment of information, and for related reasons. In the late 1940s, the Bell Lab
mathematician Claude Shannon demonstrated that the most relevant measure of the amount of information that can be carried in a given medium
of communication (e.g., in a page of print or a radio transmission) is analogous to statistical entropy. According to Shannon's analysis, the quantity
of information conveyed at any point is the improbability of receiving a
given transmitted signal, determined with respect to the probabilities of all
possible signals that could have been sent. Because this measure of signal
options is mathematically analogous to the measure of physical options in
thermodynamic entropy, Shannon also called this measure the "entropy"
of the signal source. I will refer to this as Shannon entropy to distinguish it
from thermodynamic entropy (though we will later see that they are more
intimately related than just by analogy).


Consider, for example, a coded communication sent as a finite string of
alphanumeric characters. If each possible character can appear with equal
probability at every point in the transmission, there is maximum uncertainty
about what to expect. This means that each character received reduces this
uncertainty, and an entire message reduces the uncertainty with respect to
the probability that any possible combination of characters of that length
could have been sent. The amount of the uncertainty reduced by receiving
a signal is Shannon's measure of the maximum amount of information that
can be conveyed by that signal.


In other words, the measure of information conveyed involves comparison
of a received signal with respect to possible signals that could have been
sent. If there are more possible character types to choose from, or more
possible characters in the string, there will be more uncertainty about which
will be present where, and thus each will potentially carry more information.
Similarly, if there are fewer possible characters, fewer characters comprising
a given message, or if the probabilities of characters appearing are not equal,
then each will be capable of conveying proportionately less information.
Shannon's notion of entropy can be made quite precise for analysis of
electronic transmission of signals and yet can also be generalized to cover
quite mundane and diverse notions of possible variety. Shannon entropy is
thus a measure of how much information these media can possibly carry.
Because it is a logical, not a physical, measure, it is widely realizable. It
applies as well to a page of text as to the distribution of objects in a room, or
the positions that mercury can occupy in a thermometer. Since each object
can assume any of a number of alternative positions, each possible configuration
of the collection of objects is a potential sign.


What is "absent" for Deacon are all the unchosen alternative possibilities, without which no new information is created. Compare Stuart Kauffman's "adjacent possibles."  



Shannon's analysis of information capacity provides another example of
the critical role of absence. According to this way of measuring information, it is not intrinsic to the received communication itself; rather, it is a 
function of its relationship to something absent — the vast ensemble of other
possible communications that could have been sent, but weren't. Without
reference to this absent background of possible alternatives, the amount of
potential information of a message cannot be measured. In other words,
the background of unchosen signals is a critical determinant of what makes
the received signals capable of conveying information. No alternatives =
no uncertainty = no information.[Our emphasis] Thus Shannon measured the information
received in terms of the uncertainty that it removed with respect to what
could have been sent.

The analogy to thermodynamic entropy breaks down, however, because
Shannon's concept is a logical (or structural) property, not a dynamical
property. For example, Shannon entropy does not generally increase spontaneously
in most communication systems, so there is no equivalent to the
second law of thermodynamics when it comes to the entropy of information.
The arrangement of units in a message doesn't spontaneously "tend" to
change toward equiprobability. And yet something analogous to this effect
becomes relevant in the case of real physically embodied messages conveyed
by real mechanisms (such as a radio transmission or a computer network.
In the real world of signal transmission, no medium is free from the effects
of physical irregularities and functional degradation, an unreliability resulting
from the physical effects of the second law.


So both notions of entropy are relevant to the concept of information,
though in different ways. The Shannon entropy of a signal is the probability
of receiving a given signal from among those possible; and the Boltzmann
entropy of the signal is the probability that a given signal may have been
corrupted. 


A transmission affected by thermodynamic perturbations that make it
less than perfectly reliable will introduce an additional level of uncertainty
to contend with, but one that decreases information capacity. An increase
in the Boltzmann entropy of the physical medium that constitutes the signal
carrier corresponds to a decrease in the correlation between sent and
received signals. Although this does not decrease the signal entropy, it
reduces the amount of uncertainty that can be removed by a given signal.
and thus reduces the information capacity.


This identifies two contributors to the entropy of a signal — one associated
with the probability of a given signal being sent and the other associated
with a given signal being corrupted. This complementary relationship is a
hint that the physical and informational uses of the concept of entropy are
more than merely analogous. By exploring the relationship between Shannon
entropy and Boltzmann entropy, we can shed light on the reason why change in Shannon entropy is critical to information. But the connection is subtle, and its relation to the way that a signal conveys its information is even subtler.



Deacon adds something significant to his analysis of the two entropies and the connection to three levels of semiotics - syntax, semantics, and pragmatics (which he associates with Shannon, Boltzmann, and Darwin).  He identifies three general rules about the
nature of information and its relationship to the material-energetic processes on which it
is dependent:


1) Information potential: Information is dependent on the physical features of a
communication channel or (more generally) a sign medium and so the capacity of
that channel or medium to assume different states (its maximum possible Shannon
entropy) determines the maximum amount of information it can convey.

2) Physical basis of information: The Shannon entropy of a communication channel
or sign medium is a function of the variety of states it can assume along with the
degree of their causal independence from one another. This in turn can be
described in terms of Boltzmann entropy.


3) Information as absence: The maximum potential information that a signal or sign
can convey must be measured with respect to signals or signs that were not
produced. It can only be defined and quantified with respect to the probability of
these unrealized possibilities. Even in noisy conditions where an unreliable
medium does not allow complete reduction of uncertainty from the maximum
Shannon entropy, any degree of reduction provides a measurable level of
information.




He says that the
basis for the interdependence of Shannon and Boltzmann entropy can be stated in simple
form as follows: a reduction of either Shannon or Boltzmann entropy does not tend to
occur spontaneously, so when it does occur it is evidence of the intervention of an
external influence. (Shannon-Boltzmann-Darwin: redefining information, Part 1, p.17)

He summarizes the realtion between the entropies:



The analysis so far has exposed a common feature of both the logic of information
theory (Shannon) and the logic of thermodynamic theory (Boltzmann). This not only
helps explain the analogical use of the entropy concept in each and also explain why it is
necessary to link these approaches into a common theory to begin to define the referential
function of information. Both these formal commonalities and the basis for their
unification into a theory for the referential ground of information depend on a focus on a
dependence on a relationship to absence. In the case of classic information theory, the
improbability of receiving a given sign or signal with respect to the background
expectation of its receipt compared to other options defines the meaure of potential
information. In the case of classic thermodynamics, the improbability of being in some
far from equilibrium state is a measure of its potential to do work, and also a measure of
work that was necessarily performed to shift it into this state.


Deacon on Free Will (from Incomplete Nature)

THE LOCUS OF AGENCY
Perhaps the most enigmatic feature of self its role as agent: as the locus
and initiator of non-spontaneous physical changes in the world around it.
This is often confused with the age-old problem of explaining the possibility
of free will in a deterministic world. However, it is different in a number
of important respects. Self as agent is indeed what philosophers struggling
with the so-called free will paradox should be focused on, rather than freedom
from determinate constraint. Determinate causality is in fact a necessary
condition for the self to become the locus of physical work. An agent is
a locus of work that is able to change things in ways more concordant with
internally generated ends and contrary to extrinsic tendencies.


Approaching the self-dynamics of mental agency using this same framework,
we need to look to the closure of the teleodynamic constraint generation
process for the locus of the capacity to do self-initiated work. For the
simplest autogenic process, this closure is constituted by a complex synergy
between morphodynamic processes that makes possible both the generation
of constraints and also their maintenance and replication. The teleodynamics
that distinguishes the agency of organisms from mere physical work is a
product of this closed reciprocity of form- (i.e., constraint-) generating processes.
Specific forms of work are made possible by the imposition of specific
forms of constraint, and the way this channels spontaneous change, via
the expenditure of energy. So this defining dynamic of organisms amounts
to the incessant generation of the capacity to perform specific forms of work
to alter the surrounding milieu in ways that are determined by this locus of
teleodynamics, irrespective of extrinsic causal tendencies. This persistent
capacity to generate and maintain self-perpetuating constraints is therefore
at the same time the creation of a locus of the capacity to do self-promoting
work.




Free Will from The Symbolic Species
Such Stuff as Dreams Are Made On
Thirty spokes share the wheel's hub,

but it is the hole in the center that provides its usefulness.

—Lao Tsu, from the Tao Te Ching
Ends
As a species, we seem to be preoccupied with ends, in all senses of the
word. We organize our actions around imagined extrapolations of the
consequences they will produce. We struggle in vain to comprehend
the implications of our own impending cessation of life. And we weave marvelously
elaborate and beautifully obscure stories to fill our need to find purpose
in the fabric of the universe. This fills no obvious adaptive need. Our
evolution never included selection favoring anything like this intense and
desperate drive. And yet it is so powerful as to be able to overcome some
of the most irresistible predispositions that evolution has provided. If we
are language savants compared to other species, then a preoccupation with
ends is the special exaggerated compulsion that complements our unique
gift.


Symbolic analysis is the basis for a remarkable new level of self-determination
that human beings alone have stumbled upon. The ability to
use virtual reference to build up elaborate internal models of possible futures,
and to hold these complex visions in mind with the force of the
mnemonic glue of symbolic inference and descriptive shorthands, gives us
unprecedented capacity to generate independent adaptive behaviors. Remarkable
abstraction from indexically bound experiences is further enhanced
by the ability of symbolic reference to pick out tiny fragments of
real world processes and arrange them as buoys to chart an inferential
course that predicts physical and social events. The price we pay for this is
that our symbolically mediated actions can often be in conflict with motivations
to act that arise from more concrete and immediate biological
sources. Arguments in support of the classic notion of free will frequently
cite this capacity to use reason (that is, symbolic inference and model building)
to overcome desire and compulsion. One might respond that calling
some actions "free" and others not oversimplifies what is really only a matter
of the degree of the strengths of competing compulsions to act, some
compulsions arising from autonomic and hormonal sources and others from
our imagined satisfaction at reaching a symbolized goal. But there is an important
sense in which these competing compulsions are not equal.


Those that arise from purely physiological sources, or physiological
sources mediated by conditioned associations, could be called bottom-up
processes for producing action. They are much more tied to mechanism and
thus exhibit few degrees of freedom and limited spontaneous variation. They
are comparatively predictable, though any organismic process inevitably exhibits
tangled paths of causality. 


Although deterministic chaos and complexity theories do not generate "unconstrained and compulsion-free" alternative possibilities, Deacon seems to recognize the need for a "vast variety of alternatives" for action 


But symbolically mediated compulsions to
act are far more chaotic, in the technical sense of that word, far more susceptible
to the influence of tiny initial differences in starting assumptions
or ways of dividing up experiences and qualities symbolically. This is because
symbolically mediated models of things — whether theories, stories, or just
rationally argued predictions — exhibit complicated nonlinearity and recursive
structure as well as nearly infinite flexibility and capacity for novelty
due to their combinatorial nature. It is not so much that our actions arise
from a totally unconstrained and compulsion-free center of intentions, but
that the potential starting point, the intended purpose we have modeled,
can be drawn from such a vast variety of alternatives with little initial difference
in motive power.

Final causality, according to Aristotle, is exhibited when processes are driven
not by antecedent physical conditions but by ends. In some ways this
is like time reversed. In hindsight it is easy to infer that certain past conditions
were necessitated by the way things turned out. Deductive inference
is a lot like this sort of reflective inversion of temporal and physical order.
The consequence is already implicitly included in the premises. In symbolic
thinking, this results in what might be called a sort of symbolic compulsion.
Certain statements compel certain others. Aristotle reserved another term
for such compulsion — formal causality — but I think there is an important
way that this links to the other, classic conception of cause in terms of the
ways that symbols work. Little of our reasoning is so precise as to be called
deductive, and yet the way that certain beliefs compel others can have
nearly this force. Ideologies, religions, and just good explanations or stories
thus exert a sort of inferential compulsion on us that is hard to resist because
of their mutually reinforcing deductive and inductive links. Our end-directed
behaviors are in this way often derived from such "compulsions"
as are implicit in the form that underlies the flow of inferences. So one might
say that thinking in symbols is a means whereby formal causes can determine
final causes. The abstract nature of this source makes for a top-down
causality, even if implemented on a bottom-up biological machine.
Though the evolution of brains has been about systems for modeling and
predicting events in the world, the evolution of symbolic abilities has not
just amplified this ability far beyond that in any other species, it has also introduced
an insidiously inverted modeling tendency. The svmbolic capacity
seems to have brought with it a predisposition to project itself into what
it models. The savant, instead of seeing a field of wildflowers. sees 247 flowers.


The human brain is the biological information processor par excellence, quite unlike the digital computer 


Similarly, we don't just see a world of physical processes, accidents, reproducing
organisms, and biological information processors churning out
complex plans, desires, and needs. Instead, we see the handiwork of an infinite
wisdom, the working out of a divine plan, the children of a creator,
and a conflict between those on the side of good and those on the side of
evil. We carry a nagging doubt about anything reallv being accidental. Co-incidence isn't just coincidence, it's a sign, and bad luck and disease don't
just happen, perhaps a sorcerer has wished harm on the village. Wherever
we look, we expect to find purpose. All things can be seen as signs and symbols
of an all-knowing consciousness at work, or the marks of mythical
events that occur in a dreamtime, behind the scenes of the universe. We
are not just applying symbolic interpretations to human words and events;
all the universe has become a symbol.

This is the evidence that we have become symbolic savants in the deeper
sense of that metaphor. We are not just a species that uses symbols. The
symbolic universe has ensnared us in an inescapable web. Like a "mind
virus," the symbolic adaptation has infected us, and now by virtue of the irresistible
urge it has instilled in us to turn everything we encounter and
everyone we meet into symbols, we have become the means by which it unceremoniously
propagates itself throughout the world.


It is clear that we feel more comfortable in a world that is meaningful,
living a life that has meaning. The alternative is somehow too frightening.
But why? Why should the ability to acquire symbolic abilities and conceive
of things symbolically also bring with it a powerful urge to see it in every
conceivable context? It could be seen as part of the predisposition to acquire
symbols in the first place, part of the overdesign of the mind to ensure
that symbols get discovered. But I think it may be a more mundane
feature of cognitive and sensorimotor biases in general. The autistic savant
is in this way no different from the kitten that sees every small mobile object
as a representative prey toy, or the baby who interacts with every holdable
object as a thing to be put into the mouth — for reasons that probably
flow ineluctably from the Darwinian-competitive structure of neural information
processing. Brains are spontaneously active biological computers
in which activity patterns incessantly compete for wider expression
throughout each network. Under these conditions, the dominant operation
simply runs on its own and assimilates whatever is available. In us, this appears
to be the expression of what I have called front-heavy cognition, driven
by an overactive, busybody prefrontal cortex. It gets expressed as a
need to recode our experiences, to see everything as a representation, to
expect there to be a deeper hidden logic. Even when we don't believe in
it, we find ourselves captivated by the lure of numerology, astrology, or the
global intrigue of conspiracy theories. This is the characteristic expression
of a uniquely human cognitive style; the mark of a thoroughly symbolic
species.


One of the essentially universal attributes of human culture is what might
be called the mystical or religious inclination. There is no culture I know
of that lacks a rich mythical, mystical, and religious tradition. And there is
no culture that doesn't devote much of this intense interpretive enterprise
to struggling with the very personal mystery of mortality. Knowledge of
death, of the inconceivable possibility that the experiences of life will end, is
a datum that only symbolic representation can impart. Other species may
experience loss, and the pain of separation, and the difficulty of abandoning a dead companion; yet without the ability to represent this abstract counterfactual
(at least for the moment) relationship, there can be no emotional
connection to one's own future death. But this news, which all children eventually
discover as they develop their symbolic abilities, provides an unbidden
opportunity to turn the naturally evolved social instinct of loss and
separation in on itself to create a foreboding sense of fear, sorrow, and impending
loss with respect to our own lives, as if looking back from an impossible
future. No feature of the limbic system has evolved to handle this
ubiquitous virtual sense of loss. Indeed, I wonder if this isn't one of the most
maladaptive of the serendipitous consequences of the evolution of symbolic
abilities. What great efforts we exert trying to forget our future fate by submerging
the constant angst with innumerable distractions, or trying to convince
ourselves that the end isn't really what it seems by weaving marvelous
alternative interpretations of what will happen in "the undiscovered country"
on the other side of death.


In many ways this is the source both of what is most noble and most
pathological in human behaviors. Supported by these interpretations, reason
can recruit the strength to face the threat of emptiness in the service
of shared values and aspirations. But the dark side of religious belief and
powerful ideology is that they so often provide twisted justifications for arbitrarily
sparing or destroying lives. Their symbolic power can trap us in a
web of oppression, as we try through ritual action and obsessive devotion
to a cause to maintain a psychic safety net that protects us from our fears
of purposelessness. The interaction of symbolic cultural evolution and unprepared
biology has created some of the most influential and virulent systems
of symbols the world has ever known. Few if any societies have ever
escaped the grip of powerful beliefs that cloak the impenetrable mystery
of human life and death in a cocoon of symbolism and meaning. The history
of the twentieth century, like all those recorded before it, is sadly written
in the blood that irreconcilable symbol systems have spilt between
them. Perhaps this is because the savantlike compulsion to see symbols in
everything reaches its most irresistible expression when it comes to the symbolization
of our own lives' end. We inevitably imagine ourselves as symbols,
as the tokens of a deeper discourse of the world. But symbols are
subject to being rendered meaningless by contradiction, and this makes alternative
models of the world direct threats to existence.


Almost certainly this is one of the other defining features of the human
mentality: an ever present virtual experience of our own loss. And yet we
know so little about what it is that we fear to lose. Perhaps if we understood
this symbolic compulsion, and the consciousness it brings with it, we might
find this emptiness at the center a bit less disturbing.





Deacon's Glossary


A vital tool needed to understand the book Incomplete Nature.

Absential:
  The paradoxical intrinsic property of existing with respect to something
missing, separate, and possibly nonexistent. Although this property is
irrelevant when it comes to inanimate things, it is a defining property of life
and mind; elsewhere (Deacon 2005) described as a constitutive absence.

Attractor: An attractor is a "region" within the range of possible states that a
dynamical system is most likely to be found within. The behavior of a dynamical
system is commonly modeled as a complex "trajectory of states leading
to states" within a phase space (typically depicted as a complex curve in
a multidimensional graph). The term is used here to describe one or more
of the quasi-stable regions of dynamics that a dynamical system will asymmetrically
tend toward. Dynamical attractors include state of equilibrium of a
thermodynamic system, the self-organized global regularity converged upon
by a morphodynamic process, or the metabolic maintenance and developmental
trajectory of an organism (a teleodynamic system). An attractor does
not "attract" in the sense of a field of force; rather it is the expression of an
asymmetric statistical tendency.

Autocatalysis: A set of chemical reactions can be said to be "collectively autocatalytic"
if a number of those reactions produce, as reaction products, catalysts
for enough of the other reactions that the entire set of chemical reactions is
self-sustaining, given an input of energy and substrate molecules. This has the
effect of producing a runaway increase in the molecules of the autocatalytic
set at the expense of other molecular forms, until all substrates are exhausted

Autocell: A minimal molecular teleodynamic system (termed an autogen in this
book), consisting of mutually reinforcing autocatalytic process and a molecular
self-assembly process, first described in Deacon 2006a.

Autogen: A self-generating system at the phase transition between morphodynamics
and teleodynamics; any form of self-generating, self-repairing,
self-replicating system that is constituted by reciprocal morphodynamic
processes

Autogenic: Adjective describing any process involving reciprocally reinforcing
morphodynamic processes that thereby has the potential to self-reconstitute
and/or reproduce 

Autogeneses: The combination of self-generation, self-repair, self-replication
capacities that is made possible by teleodynamic organization; the process
by which reciprocally reinforcing morphodynamic processes become a selfgenerating
autogen? 

Boltzmann entropy: A term used in this work to indicate the traditional entropy
of thermodynamic processes. It is distiguished from "entropy" as defined by 
Claude Shannon for use in information theory

Casimir effect: When two metallic plates are placed facing each other a small
distance apart in a vacuum, an extremely tiny attractive force can be measured
between them. Quantum field theory interprets this as the effect of
fluctuating electromagnetic waves that are present even in empty space

Chaos theory: A field of study in applied mathematics that studies the behavior
of dynamical systems that tend to be highly sensitive to initial conditions; 
a popular phrase for this sensitivity is the "butterfly effect." Although such
systems can be completely deterministic, they become increasingly unpredictable
over time. This is often described as deterministic chaos. Though
unpredictable in detail, such systems may nevertheless exhibit considerable
constraint in their trajectories of change. These constrained trajectories are
often described as attractors

Complexity theory: A field of study in applied mathematics concerned with
systems of high-dimensionality in structure or dynamics, such as those generated
by non-linear processes and recursive algorithms, and including systems exhibiting 
deterministic chaos. The intention is to find ways to model physical and biological 
systems that have otherwise been difficult to analyze and model

Constitutive absence: A particular and precise missing something that is a
critical defining attribute of "ententional" phenomena, such as functions,
thoughts, adaptations, purposes, and subjective experiences. 

Constraint: The state of being restricted or confined within prescribed bounds.
Constraints are what is not there but could have been. The concept of constraint
is, in effect, a complementary concept to order, habit, and organization
because something that is ordered or organized is restricted in its range and
or dimensions of variation, and consequently tends to exhibit redundant features
or regularities. A dynamical system is constrained to the extent that it is
restricted in degrees of freedom to change and exhibits attractor tendencies.
Constraints can originate intrinsic or extrinsic to the system that is thereby
constrained

Contragrade: Changes in the state of a system that must be extrinsically forced
because they run counter to orthograde (aka spontaneous) tendencies

Cybernetics: A discipline that studies circular causal systems, where part of the
effect of a chain of causal events returns to influence causal processes further
back up the chain. Typically, a cybernetic system moves from action, to sensing,
to comparison with a desired goal, and again to action 

Eliminative materialism: The assumption that all reference to ententional phenomena
can and must be eliminated from our scientific theories and replaced
by accounts of material mechanisms

Emergence: A term used to designate an apparently discontinuous transition
from one mode of causal properties to another of a higher rank, typically
associated with an increase in scale in which lower-order component interactions
contribute to the lower-order
interactions. The term has a long and diverse history, but throughout this
history it has been used to describe the way that living and mental processes
depend upon chemical and physical processes, yet exhibit collective properties
exhibited by living and non-mental processes, and in many cases
appear to violate the ubiquitous tendencies exhibited by these component interactions

Emergent dynamics: A theory developed in this book which explains how
homeodynamic (e.g., thermodynamic) processes can give rise to morphodynamic
(e.g., self-organizing) processes, which can give rise to teleodynamic
(e.g., living and mental) processes. Intended to legitimize scientific uses of
ententional (intentional, purposeful, normative) concepts by demonstrating
the way that processes at a higher level in this hierarchy emerge from, and are
grounded in, simpler physical processes, but exhibit reversals of the otherwise
ubiquitous tendencies of these lower-level processes

Entelechy: A term Aristotle coined for a non-perceptible principle in organisms
leading to full actualization of what was merely potential. It is responsible for
the growth of the embryo into an adult of its species, and for the maintenance
of the organism's species-specific activities as an adult

Ententional: A generic adjective coined in this book for describing all phenomena
that are intrinsically incomplete in the sense of being in relationship to,
constituted by, or organized to achieve something non-intrinsic. This includes
function, information, meaning, reference, representation, agency, purpose,
sentience, and value

Epiphenomenal: Something is epiphenomenal if it is causally irrelevant and
therefore just a redescription of more fundamental physical phenomena that
are responsible for all that the causal powers mistakenly attribute to the epiphenomenal
feature 

Functionalism: The idea that the organization of a process can have real causal
efficacy in the world, independent of the specific material components that
constitute it. Thus a computer algorithm can exhibit the same global causal
consequences despite being run on quite different computer architectures

Fusion: A conception of emergence proposed by the philosopher Paul Humphreys,
which argues that lower-level components and dynamics merge in
indecomposable ways in the emergence of higher-order phenomena. It is
especially relevant to the transition from quantum to classical processes. A
related concept is discussed in terms of the reciprocal co-creation of biomolecules
that compose an organism body

Golem: In Jewish folklore a golem is an animated, anthropomorphic being, created
entirely from inanimate matter but lacking a soul

Homeodynamics: Any dynamic process that spontaneously reduces a system's
constraints to their minimum and thus more evenly distributes system properties
across space and time. The second law of thermodynamics describes
the paradigm case 

Homunculus: Any tiny or cryptic humanlike form or creature, something slightly
less than human, though exhibiting certain human attributes. In recent scientific
literature, "homunculus" has also come to mean the misuse of teleological
assumptions: the unacknowledged gap-fillers that stand behind, outside,
or within processes involving apparent teleological processes, such as many
features of life and mind, and pretend to be explanations of their function

Intentional: In common usage, an adjective describing an act that is performed
on purpose. Technically, in twentieth-century philosophy of mind, it is a term
deriving from the medieval Scholastics, reintroduced by the German philosopher
Brentano, to designate a characteristic common to all sensations, ideas,
thoughts, and desires: the fact that they are "about" something other than
themselves

Mereology: Literally, the "study of partness"; in practice, the study of compositionality
relationships and their related hierarchic properties

Morphodynamics: Dynamical organization exhibiting the tendency to become
spontaneously more organized and orderly over time due to constant perturbation,
but without the extrinsic imposition of influences that specifically
impose that regularity

Multiple realizability: When the same property can be produced by diverse
means; independence of certain phenomena from any of their specific constitutive material details (see also Functionalism) 

Nominalism: The assumption that generalizations are merely conveniences
of thought, abstracted from observation, and otherwise epiphenomenal in
the world of physical cause and effect; thus a denial of the efficacy of types,
classes, species, ideal forms and general properties over and above that of the
individuals they describe

Orthograde: Changes in the state of a system that are consistent with the spontaneous,
"natural" tendency to change, without external interference

Panpsychism: The assumption that a vestige of mental phenomenology is present
in every physical event, and therefore suffused throughout the cosmos.
Although panpsychism is not as influential today, and effectively plays no role
in modern cognitive neuroscience, it still attracts a wide following, mostly
because of a serendipitous compatibility with certain interpretations of quantum physics

Phase space: In mathematics and physics, a phase space is a space in which all
possible states of a system are represented. Each possible state of the system
corresponds to one unique point in the phase space. For mechanical systems, a
phase space usually consists of all possible values of position and momentum,

Preformationism: Narrowly, the assumption that the human physique was preformed from conception. More broadly as used here, the assumption that ententional phenomena were performed in antecedent phenomena— that, for example, language is preformed in a universal grammar module, information
is preformed in DNA, or that consciousness is preformed in the mind of God

Protected states: Insulation between levels of dynamics, in effect, micro differences
that don't make a macro difference because of statistical smoothing and
attractor dynamics. Introduced by the physicist Robert Laughlin to describe
the causal insulation of physical processes at different levels of scale

Protocell: Any of a number of theoretical, membrane-bound multimolecular
units conceived by molecular biologists as experimental or theoretical simplest
possible living units, usually consisting of replicating polynucleotides
within a lipid "bubble," used as possible exemplars of the precursors of life 

Realism: The assumption that general properties, laws, and physical dispositions
to change are fundamental facts about reality, irrespective of subjective experience, and are causally efficacious

Self-organization (Self-simplification): W. Ross Ashby (1957) defined a self-organizing
system as one that spontaneously reduces its statistical entropy,
but not necessarily its thermodynamic entropy, by reducing the number of
its potential states. Ashby equated self-organization with self-simplification.
In parallel, Ilya Prigogine explored how such phenomena can be generated
by constantly changing physical and chemical conditions, thereby continually
perturbing them away from equilibrium. This work augmented the notion
of self-organization by demonstrating that it is a property common to many
far-from-equilibrium processes; systems that Prigogine described as dissipative
structures 

Shannon entropy: A measure of the variety of possible signal configurations
of a communication medium determined as proportional to the logarithm
of the number of possible states of the medium. This is an entirely general
quantity that can be applied to almost any phenomenon. Designating it
as entropy, though initially due to its mathematical parallel with thermodynamic
entropy, is now generally thought to be describing the same thing
in informational terms

Shannon information: A way of measuring the information-carrying capacity of
a medium in terms of the uncertainty that a received signal removes

Strong emergentism: The argument that emergent transitions involve a fundamental
discontinuity of physical laws — cf. Weak emergentism
Supervenience: The relationship that emergent properties have to the base properties
that give rise to them

Teleodynamics: A form of dynamical organization exhibiting end-directedness
and consequence-organized features that is constituted by the co-creation,
complementary constraint, and reciprocal synergy of two or more strongly
coupled morphodynamic processes

Teleogen: A non-autonomous autogenically organized system that is a component
within a larger autogenic system, such as a somatic cell within a
multicellular organism or an endosymbiotic organism within an organism.
Although such subordinate or lower-order nearly autogenic subsystems are
not fully reciprocally closed in their dynamics, they nevertheless exhibit end-directed
tendencies and normative relationships with respect to extrinsic
factors

Teleogenic: A systemic property (or individuated dynamical system) constituted
by a higher-order form of teleodynamic process, specifically where that teleodynamic
process includes a self-referential loop of causality such that the
causal properties of the individuated teleodynamic unit are re-presented in
some form in the generation of teleodynamic adaptive processes

Teleomatic: Automatically achieving an end, as when a thermodynamic system
develops toward equilibrium or gravity provides the end state for a falling rock  

Teleonomy (Teleonomic): Teleological in name only. A terminological distinction
that would exemplify a middle ground between mere mechanism and
purpose, behavior predictably oriented toward a particular target state even
in systems where there was no explicit representation of that state or intention
to achieve it. [This term was invented by Colin Pittendrigh, to distinguish it from teleology, and was used by Jacques Monod and Ernst Mayr. It is closely related to Aristotle's term "entelechy."] 

Teleological (Teleology): Purposive, or end-directed (the study of such relationships). Philosophically related to Aristotle's concept of a "final cause"

Top-down causality: The notion that higher-order emergent phenomena can
alter phenomena that they supervene upon (i.e., the components and interactions
that collectively have given rise to the emergent phenomena). Usually
proposed as a countervailing causal claim to the reductionist assumption
that macro events and properties are entirely determined by the micro events
and properties of components that compose them. For example, some have
argued that whole brain functions, which are the product of billions of neural
interactions, can alter the way individual neurons behave, and thus generate
causal consequences at the neuronal level. As a temporally understood
causal relationship, this is not problematic; but understood synchronically,
it appears to lead to vicious regress. Anther way of understanding top-down
causality, due to Roger Sperry (see chapter 5), is as global constraint. Thus
atoms in a wheel are constrained to only move with respect to neighboring
atoms; but if the whole wheel rolls, all the atoms are caused to follow cycloid
paths of movement

Tychism: The metaphysical assumption that, at base, change is spontaneous and
singular, and thus intrinsically uncorrelated

Vitalism: A theory in natural philosophy claiming that physical and chemical
processes alone are insufficient to explain living organisms. An additional
non-perceptible factor is necessary which Hans Driesch (1929) called entelechy,
to honor Aristotle, and Henri Bergson (1907) called élan vital. For
Driesch, in its earliest stage an embryo is not manifold in an extensive sense,
but there is present in it an entelechy which is "an intensive manifoldness" -

Weak emergentism: The argument that although in emergent transitions there
may be a superficially radical reorganization, the properties of the higher
and lower levels form a continuum, with no new laws of causality emerging.
Often associated with epistemological emergentism because it is attributed to
incomplete knowledge of the critical causality
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inexist, To exist within.

inexistent, [LL.inexistens. See IN -in;
EXISTENT.] Inherent; innate: indwelling. 

inexistent, adj. [in -not +existent.] Not having
being; not existing. 





Herbert Feigl and Charles Sanders Peirce may have been the origin of Bateson's famous idea of a "difference that makes a difference."





Source: https://www.informationphilosopher.com/solutions/scientists/deacon/
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Theodosius Dobzhansky  was a geneticist and evolutionary biologist. He was a central figure in the field of evolutionary biology for his work in shaping the modern synthesis and also popular for his support and promotion of theistic evolution as a practicing Christian.


His 1937 work Genetics and the Origin of Species became a major influence on the modern synthesis.


He was famous for the quotation "Nothing in Biology Makes Sense Except in the Light of Evolution," the title of his essay in The American Biology Teacher 75(2), 87-91, (1 February 2013). https://doi.org/10.2307/4444260

Nothing in Biology Makes Sense Except in the Light of Evolution



As RECENTLY AS 1966, sheik Abd el Aziz bin Baz asked the king of Saudi Arabia to suppress a heresy that was spreading in his land. Wrote the sheik:

“The Holy Koran, the Prophet's teachings, the majority of Islamic scientists, and the actual facts all prove that the sun is running in its orbit… and that the earth is fixed and stable, spread out by God for his mankind. … Anyone who professed otherwise would utter a charge of falsehood toward God, the Koran, and the Prophet.”


The good sheik evidently holds the Copernican theory to be a “mere theory,” not a “fact.” In this he is technically correct. A theory can be verified by a mass of facts, but it becomes a proven theory, not a fact. The sheik was perhaps unaware that the Space Age had begun before he asked the king to suppress the Copernican heresy. The sphericity of the earth had been seen by astronauts, and even by many earth-bound people on their television screens. Perhaps the sheik could retort that those who venture beyond the confines of God's earth suffer hallucinations, and that the earth is really fiat.


Parts of the Copernican world model, such as the contention that the earth rotates around the sun, and not vice versa, have not been verified by direct observations even to the extent the sphericity of the earth has been. Yet scientists accept the model as an accurate representation of reality. Why? Because it makes sense of a multitude of facts which are otherwise meaningless or extravagant. To nonspecialists most of these facts are unfamiliar. Why then do we accept the “mere theory” that the earth is a sphere revolving around a spherical sun? Are we simply submitting to authority? Not quite: we know that those who took time to study the evidence found it convincing.


The good sheik is probably ignorant of the evidence. Even more likely, he is so hopelessly biased that no amount of evidence would impress him. Anyway, it would be sheer waste of time to attempt to convince him. The Koran and the Bible do not contradict Copernicus, nor does Copernicus contradict them. It is ludicrous to mistake the Bible and the Koran for primers of natural science. They treat of matters even more important: the meaning of man and his relations to God. They are written in poetic symbols that were understandable to people of the age when they were written, as well as to peoples of all other ages. The king of Arabia did not comply with the sheik's demand. He knew that some people fear enlightenment, because enlightenment threatens their vested interests. Education is not to be used to promote obscurantism.


The earth is not the geometric center of the universe, although it may be its spiritual center. It is a mere speck of dust in cosmic spaces. Contrary to Bishop Ussher's calculations, the world did not appear in approximately its present state in 4004 B.C. The estimates of the age of the universe given by modern cosmologists are still only rough approximations, which are revised (usually upward) as the methods of estimation are refined. Some cosmologists take the universe to be about 10 billion years old; others suppose that it may have existed, and will continue to exist, eternally. The origin of life on earth is dated tentatively between 3 and 5 billion years ago; manlike beings appeared relatively quite recently, between 2 and 4 million years ago. The estimates of the age of the earth, of the duration of the geologic and paleontologic eras, and of the antiquity of man's ancestors are now based mainly on radiometric evidence—the proportions of isotopes of certain chemical elements in rocks suitable for such studies.


Sheik bin Baz and his like refuse to accept the radiometric evidence, because it is a “mere theory.” What is the alternative? One can suppose that the Creator saw fit to play deceitful tricks on geologists and biologists. He carefully arranged to have various rocks provided with isotope ratios just right to mislead us into thinking that certain rocks are 2 billion years old, others 2 million, while in fact they are only some 6,000 years old. This kind of pseudo-explanation is not very new. One of the early antievolutionists, P. H. Gosse, published a book entitled Omphalos (“the Navel”). The gist of this amazing book is that Adam, though he had no mother, was created with a navel, and that fossils were placed by the Creator where we find them now—a deliberate act on His part, to give the appearance of great antiquity and geologic upheavals. It is easy to see the fatal flaw in all such notions. They are blasphemies, accusing God of absurd deceitfulness. This is as revolting as it is uncalled for.


Diversity of Living Beings

The diversity and the unity of life are equally striking and meaningful aspects of the living world. Between 1.5 and 2 million species of animals and plants have been described and studied; the number yet to be described is probably about as great. The diversity of sizes, structures, and ways of life is staggering but fascinating. Here are just a few examples.

The foot-and-mouth disease virus is a sphere 8–12 mµ in diameter. The blue whale reaches 30 m in length and 135 t in weight. The simplest viruses are parasites in cells of other organisms, reduced to barest essentials—minute amounts of DNA or RNA, which subvert the biochemical machinery of the host cells to replicate their genetic information, rather than that of the host.


It is a matter of opinion, or of definition, whether viruses are considered living organisms or peculiar chemical substances. The fact that such differences of opinion can exist is in itself highly significant. It means that the borderline between living and inanimate matter is obliterated. At the opposite end of the simplicity—complexity spectrum you have vertebrate animals, including man. The human brain has some 12 billion neurons; the synapses between the neurons are perhaps a thousand times as numerous.


Some organisms live in a great variety of environments. Man is at the top of the scale in this respect. He is not only a truly cosmopolitan species but, owing to his technologic achievements, can survive for at least a limited time on the surface of the moon and in cosmic spaces. By contrast, some organisms are amazingly specialized. Perhaps the narrowest ecologic niche of all is that of a species of the fungus family Laboulbeniaceae, which grows exclusively on the rear portion of the elytra of the beetle Aphenops cronei, which is found only in some limestone caves in southern France. Larvae of the fly Psilopa petrolei develop in seepages of crude oil in California oil- fields; as far as is known they occur nowhere else. This is the only insect able to live and feed in oil, and its adult can walk on the surface of the oil only as long as no body part other than the tarsi are in contact with the oil. Larvae of the fly Drosophila carcinophila develop only in the nephric grooves beneath the flaps of the third maxilliped of the land crab Geocarcinus ruricola, which is restricted to certain islands in the Caribbean.


Is there an explanation, to make intelligible to reason this colossal diversity of living beings? Whence came these extraordinary, seemingly whimsical and superfluous creatures, like the fungus Laboulbenia, the beetle Aphenops cronei, the flies Psilopa petrolei and Drosophila carcinophila, and many, many more apparent biologic curiosities? The only explanation that makes sense is that the organic diversity has evolved in response to the diversity of environment on the planet earth. No single species, however perfect and however versatile, could exploit all the opportunities for living. Every one of the millions of species has its own way of living and of getting sustenance from the environment. There are doubtless many other possible ways of living as yet unexploited by any existing species; but one thing is clear: with less organic diversity, some opportunities for living would remain unexploited. The evolutionary process tends to fill up the available ecologic niches. It does not do so consciously or deliberately; the relations between evolution and the environment are more subtle and more interesting than that. The environment does not impose evolutionary changes on its inhabitants, as postulated by the now abandoned neo-Lamarckian theories. The best way to envisage the situation is as follows: the environment presents challenges to living species, to which the latter may respond by adaptive genetic changes.


An unoccupied ecologic niche, an unexploited opportunity for living, is a challenge. So is an environmental change, such as the Ice Age climate giving place to a warmer climate. Natural selection may cause a living species to respond to the challenge by adaptive genetic changes. These changes may enable the species to occupy the formerly empty ecologic niche as a new opportunity for living, or to resist the environmental change if it is unfavorable. But the response may or may not be successful. This depends on many factors, the chief of which is the genetic composition of the responding species at the time the response is called for. Lack of successful response may cause the species to become extinct. The evidence of fossils shows clearly that the eventual end of most evolutionary lines is extinction. Organisms now living are successful descendants of only a minority of the species that lived in the past—and of smaller and smaller minorities the farther back you look. Nevertheless, the number of living species has not dwindled; indeed, it has probably grown with time. All this is understandable in the light of evolution theory; but what a senseless operation it would have been, on God's part, to fabricate a multitude of species ex nihilo and then let most of them die out!


There is, of course, nothing conscious or intentional in the action of natural selection. A biologic species does not say to itself, “Let me try tomorrow (or a million years from now) to grow in a different soil, or use a different food, or subsist on a different body part of a different crab.” Only a human being could make such conscious decisions. This is why the species Homo sapiens is the apex of evolution. Natural selection is at one and the same time a blind and a creative process. Only a creative but blind process could produce, on the one hand, the tremendous biologic success that is the human species and, on the other, forms of adaptedness as narrow and as constraining as those of the overspecialized fungus, beetle, and flies mentioned above.


Antievolutionists fail to understand how natural selection operates. They fancy that all existing species were generated by supernatural fiat a few thousand years ago, pretty much as we find them today. But what is the sense of having as many as 2 or 3 million species living on earth? If natural selection is the main factor that brings evolution about, any number of species is understandable: natural selection does not work according to a foreordained plan, and species are produced not because they are needed for some purpose but simply because there is an environmental opportunity and genetic wherewithal to make them possible. Was the Creator in a jocular mood when he made Psilopa petrolei for California oil-fields and species of Drosophila to live exclusively on some body-parts of certain land crabs on only certain islands in the Caribbean? The organic diversity becomes, however, reasonable and understandable if the Creator has created the living world not by caprice but by evolution propelled by natural selection. It is wrong to hold creation and evolution as mutually exclusive alternatives. I am a creationist and an evolutionist. Evolution is God's, or Nature's, method of Creation. Creation is not an event that happened in 4004 B.C.; it is a process that began some 10 billion years ago and is still under way.


Unity of Life

The unity of life is no less remarkable than its diversity. Most forms of life are similar in many respects. The universal biologic similarities are particularly striking in the biochemical dimension. From viruses to man, heredity is coded in just two, chemically related substances: DNA and RNA. The genetic code is as simple as it is universal. There are only four genetic “letters” in DNA: adenine, guanine, thymine, and cytosine. Uracil replaces thymine in RNA. The entire evolutionary development of the living world has taken place not by invention of new “letters” in the genetic “alphabet” but by elaboration of ever-new combinations of these letters.

Not only is the DNA—RNA genetic code universal, but so is the method of translation of the sequences of the “letters” in DNA—RNA into sequences of amino acids in proteins. The same 20 amino acids compose countless different proteins in all, or at least in most, organisms. Different amino acids are coded by one to six nucleotide triplets in DNA and RNA. And the biochemical universels extend beyond the genetic code and its translation into proteins: striking uniformities prevail in the cellular metabolism of the most diverse living beings. Adenosine triphosphate, biotin, riboflavin, hemes, pyridoxin, vitamins K and B12, and folic acid implement metabolic processes everywhere.


What do these biochemical or biologic universale mean? They suggest that life arose from inanimate matter only once and that all organisms, no matter how diverse in other respects, conserve the basic features of the primordial life. (It is also possible that there were several, or even many, origins of life; if so, the progeny of only one of them has survived and inherited the earth.) But what if there was no evolution, and every one of the millions of species was created by separate fiat? However offensive the notion may be to religious feeling and to reason, the antievolutionists must again accuse the Creator of cheating. They must insist that He deliberately arranged things exactly as if his method of creation was evolution, intentionally to mislead sincere seekers of truth.


The remarkable advances of molecular biology in recent years have made it possible to understand how it is that diverse organisms are constructed from such monotonously similar materials: proteins composed of only 20 kinds of amino acids and coded only by DNA and RNA, each with only four kinds of nucleotides. The method is astonishingly simple. All English words, sentences, chapters, and books are made up of sequences of 26 letters of the alphabet. (They can be represented also by only three signs of the Morse code: dot, dash, and gap.) The meaning of a word or a sentence is defined not so much by what letters it contains as by the sequence of these letters. It is the same with heredity: it is coded by the sequences of the genetic “letters”—the nucleotides—in the DNA. They are translated into the sequences of amino acids in the proteins.


Molecular studies have made possible an approach to exact measurements of degrees of biochemical similarities and differences among organisms. Some kinds of enzymes and other proteins are quasiuniversal, or at any rate widespread, in the living world. They are functionally similar in different living beings, in that they catalyze similar chemical reactions. But when such proteins are isolated and their structures determined chemically, they are often found to contain more or less different sequences of amino acids in different organisms. For example, the socalled alpha chains of hemoglobin have identical sequences of amino acids in man and the chimpanzee, but they differ in a single amino acid (out of 141) in the gorilla. Alpha chains of human hemoglobin differ from cattle hemoglobin in 17 amino acid substitutions, 18 from horse, 20 from donkey, 25 from rabbit, and 71 from fish (carp).


Cytochrome C is an enzyme that plays an important role in the metabolism of aerobic cells. It is found in the most diverse organisms, from man to molds. E. Margoliash, W. M. Fitch, and others have compared the amino acid sequences in cytochrome C in different branches of the living world. Most significant similarities as well as differences have been brought to light. The cytochrome C of different orders of mammals and birds differ in 2 to 17 amino acids, classes of vertebrates in 7 to 38, and vertebrates and insects in 23 to 41; and animals differ from yeasts and molds in 56 to 72 amino acids. Fitch and Margoliash prefer to express their findings in what are called “minimal mutational distances.” It has been mentioned above that different amino acids are coded by different triplets of nucleotides in DNA of the genes; this code is now known. Most mutations involve substitutions of single nucleotides somewhere in the DNA chain coding for a given protein. Therefore, one can calculate the minimum numbers of single mutations needed to change the cytochrome C of one organism into that of another. Minimal mutational distances between human cytochrome C and the cytochrome C of other living beings are as follows:


Monkey 1


Dog 13


Horse 17


Donkey 16


Pig 13


Rabbit 12


Kangaroo 12


Duck 17


Pigeon 16


Chicken 18


Penguin 18


Turtle 19


Rattlesnake 20


Fish (tuna) 31


Fly 33


Moth 36


Mold 63


Yeast 56


It is important to note that amino acid sequences in a given kind of protein vary within a species as well as from species to species. It is evident that the differences among proteins at the levels of species, genus, family, order, class, and phylum are compounded of elements that vary also among individuals within a species. Individual and group differences are only quantitatively, not qualitatively, different. Evidence supporting the above propositions is ample and is growing rapidly. Much work has been done in recent years on individual variations in amino acid sequences of hemoglobins of human blood. More than 100 variants have been detected. Most of them involve substitutions of single amino acids—substitutions that have arisen by genetic mutations in the persons in whom they are discovered or in their ancestors. As expected, some of these mutations are deleterious to their carriers, but others apparently are neutral or even favorable in certain environments. Some mutant hemoglobins have been found only in one person or in one family; others are discovered repeatedly among inhabitants of different parts of the world. I submit that all these remarkable findings make sense in the light of evolution; they are nonsense otherwise.


Comparative Anatomy and Embryology


The biochemical universale are the most impressive and the most recently discovered, but certainly they are not the only vestiges of creation by means of evolution. Comparative anatomy and embryology proclaim the evolutionary origins of the present inhabitants of the world. In 1555 Pierre Belon established the presence of homologous bones in the superficially very different skeletons of man and bird. Later anatomists traced the homologies in the skeletons, as well as in other organs, of all vertebrates. Homologies are also traceable in the external skeletons of arthropods as seemingly unlike as a lobster, a fly, and a butterfly. Examples of homologies can be multiplied indefinitely.

Embryos of apparently quite diverse animals often exhibit striking similarities. A century ago these similarities led some biologists (notably the German zoologist Ernst Haeckel) to be carried by their enthusiasm so far as to interpret the embryonic similarities as meaning that the embryo repeats in its development the evolutionary history of its species: it was said to pass through stages in which it resembles its remote ancestors. In other words, earlyday biologists supposed that by studying embryonic development one can, as it were, read off the stages through which the evolutionary development had passed. This so-called biogenetic law is no longer credited in its original form. And yet embryonic similarities are undeniably impressive and significant.


Probably everybody knows the sedentary barnacles which seem to have no similarity to free-swimming crustaceans, such as the copepods. How remarkable that barnacles pass through a free-swimming larval stage, the nauplius! At that stage of its development a barnacle and a Cyclops look unmistakably similar. They are evidently relatives. The presence of gill slits in human embryos and in embryos of other terrestrial vertebrates is another famous example. Of course, at no stage of its development is a human embryo a fish, nor does it ever have functioning gills. But why should it have unmistakable gill slits unless its remote ancestors did respire with the aid of gills? Is the Creator again playing practical jokes?


Adaptive Radiation
Hawaii's FliesThere are about 2,000 species of drosophilid flies in the world as a whole. About a quarter of them occur in Hawaii, although the total area of the archipelago is only about that of the state of New Jersey. All but 17 of the species in Hawaii are endemic (found nowhere else). Furthermore, a great majority of the Hawaiian endemics do not occur throughout the archipelago: they are restricted to single islands or even to a part of an island. What is the explanation of this extraordinary proliferation of drosophilid species in so small a territory? Recent work of H. L. Carson, H. T. Spieth, D. E. Hardy, and others makes the situation understandable.

The Hawaiian islands are of volcanic origin; they were never parts of any continent. Their ages are between 5.6 and 0.7 million years. Before man came their inhabitants were descendants of immigrants that had been transported across the ocean by air currents and other accidental means. A single drosophilid species, which arrived in Hawaii first, before there were numerous competitors, faced the challenge of an abundance of many unoccupied ecologic niches. Its descendants responded to this challenge by evolutionary adaptive radiation, the products of which are the remarkable Hawaiian drosophilids of today. To forestall a possible misunderstanding, let it be made clear that the Hawaiian endemics are by no means so similar to each other that they could be mistaken for variants of the same species; if anything, they are more diversified than are drosophilids elsewhere. The largest and the smallest drosophilid species are both Hawaiian. They exhibit an astonishing variety of behavior patterns. Some of them have become adapted to ways of life quite extraordinary for a drosophilid fly, such as being parasites in egg cocoons of spiders.


Oceanic islands other than Hawaii, scattered over the wide Pacific Ocean, are not conspicuously rich in endemic species of drosophilids. The most probable explanation of this fact is that these other islands were colonized by drosophilids after most ecologic niches had already been filled by earlier arrivals. This surely is a hypothesis, but it is a reasonable one. Antievolutionists might perhaps suggest an alternative hypothesis: in a fit of absentmindedness, the Creator went on manufacturing more and more drosophilid species for Hawaii, until there was an extravagant surfeit of them in this archipelago. I leave it to you to decide which hypothesis makes sense.


Strength and Acceptance of the Theory.
 Seen in the light of evolution, biology is, perhaps, intellectually the most satisfying and inspiring science. Without that light it becomes a pile of sundry facts—some of them interesting or curious but making no meaningful picture as a whole.

This is not to imply that we know everything that can and should be known about biology and about evolution. Any competent biologist is aware of a multitude of problems yet unresolved and of questions yet unanswered. After all, biologic research shows no sign of approaching completion; quite the opposite is true. Disagreements and clashes of opinion are rife among biologists, as they should be in a living and growing science. Antievolutionists mistake, or pretend to mistake, these disagreements as indications of dubiousness of the entire doctrine of evolution. Their favorite sport is stringing together quotations, carefully and sometimes expertly taken out of context, to show that nothing is really established or agreed upon among evolutionists. Some of my colleagues and myself have been amused and amazed to read ourselves quoted in a way showing that we are really antievolutionists under the skin.


Let me try to make crystal clear what is established beyond reasonable doubt, and what needs further study, about evolution. Evolution as a process that has always gone on in the history of the earth can be doubted only by those who are ignorant of the evidence or are resistant to evidence, owing to emotional blocks or to plain bigotry. By contrast, the mechanisms that bring evolution about certainly need study and clarification. There are no alternatives to evolution as history that can withstand critical examination. Yet we are constantly learning new and important facts about evolutionary mechanisms.


It is remarkable that more than a century ago Darwin was able to discern so much about evolution without having available to him the key facts discovered since. The development of genetics after 1900—especially of molecular genetics, in the last two decades—has provided information essential to the understanding of evolutionary mechanisms. But much is in doubt and much remains to be learned. This is heartening and inspiring for any scientist worth his salt. Imagine that everything is completely known and that science has nothing more to discover: what a nightmare!


Does the evolutionary doctrine clash with religious faith? It does not. It is a blunder to mistake the Holy Scriptures for elementary textbooks of astronomy, geology, biology, and anthropology. Only if symbols are construed to mean what they are not intended to mean can there arise imaginary, insoluble conflicts. As pointed out above, the blunder leads to blasphemy: the Creator is accused of systematic deceitfulness.


One of the great thinkers of our age, Pierre Teilhard de Chardin, wrote the following: “Is evolution a theory, a system, or a hypothesis? It is much more —it is a general postulate to which all theories, all hypotheses, all systems must henceforward bow and which they must satisfy in order to be thinkable and true. Evolution is a light which illuminates all facts, a trajectory which all lines of thought must follow—this is what evolution is.” Of course, some scientists, as well as some philosophers and theologians, disagree with some parts of Teilhard's teachings; the acceptance of his world view falls short of universal. But there is no doubt at all that Teilhard was a truly and deeply religious man and that Christianity was the cornerstone of his world view. Moreover, in his world view science and faith were not segregated in watertight compartments, as they are with so many people. They were harmoniously fitting parts of his world view. Teilhard was a creationist, but one who understood that the Creation is realized in this world by means of evolution. □



On "Purpose"


Purposefulness, or teleology, does not exist in non-living nature. It is universal in the living world.  It would make no sense to talk of the purposiveness or adaptation of stars, mountains, or the laws of physics.  Adaptedness of living beings is too obvious to be overlooked.... Living beings have an internal, or natural, teleology.  Organisms, from the smallest bacterium to man, arise from similar organisms by ordered growth and development.  Their internal teleology has accumulated in the history of their lineage.  On the assumption that all existing life is derived from one primordial ancestor, the internal teleology of an organism is the outcome of approximately three and a half billion years of organic evolution.... Internal teleology is not a static property of life.  Its advances and recessions can be observed, sometimes induced experimentally, and analyzed scientifically like other biological phenomena.


[image: image-placeholder]
One of the world's leading geneticists, Theodosius Dobzhansky is professor emeritus, Rockefeller University, and adjunct professor of genetics, University of California, Davis 95616. Born in Russia, in 1900, he is a graduate of the University of Kiev and taught (with J. Philipchenko) at the University of Leningrad before coming to the U.S., in 1927; thereafter he taught at Columbia University and the California Institute of Technology before joining the Rockefeller faculty, in 1962. He has been president of the Genetics Society of America, the American Society of Naturalists, the Society for the Study of Evolution, the American Society of Zoologists, and the American Teil-hard de Chardin Association. Among his many honors are the National Medal of Science (1964) and the Gold Medal Award for Distinguished Achievement in Science (1969). He holds 18 honorary doctorates from universities in this country and abroad. Among his well-known books are The Biological Basis of Human Freedom (1956) and Mankind Evolving (1963). The present paper was presented at the 1972 NABT convention.




Source: https://www.informationphilosopher.com/solutions/scientists/dobzhansky/
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SUMMARY 
      PAPER
ON 
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      From bit to atom and ecosystem

Yves 
      Decadt, April 2000

The 
      average evolution : a heuristic model


      During the evolution of our universe, chance has played a major role. Even 
      to that extent that it would be improbable that the actual fauna and flora 
      would redevelop if evolution would be repeated. All the classification efforts 
      of a biologist as Carl Linneaus would be irrelevant if evolution would be repeated. If Carl Linneaus would still be alive, this thought would 
      be a nightmare for him.
If chance plays such 
      a major role in evolution, and we want to get a good insight in the basic 
      principles of the evolution process, we will have to reduce the role of 
      chance to its relevant proportions. We will do this by performing a huge 
      thought experiment. Instead of asking ourselves whether or not we can repeat 
      the evolution in an identical way, we will assume that this is not the case 
      (due to the role of chance). We will therefore ask another question :
"Which recurrent 
      evolution patterns would we see, if we would repeat the evolution a million 
      times?".
Which 
      characteristics of the evolution process would we see time and time again 
      ?
This 
      question is the basic question to which this paper attempts to formulate 
      an answer. 
At the 
      end of the 19th century, the American scientist and philosopher 
      Charles Sanders Peirce (1839-1914) has found that "nature has a tendency 
      to create habits". If we want to explain these habits, it is not sufficient 
      to identify and explain the basic laws of nature that govern the development 
      of our cosmos ; we also need to be able to explain the evolution of these 
      laws itself, because they also have been evolving slowly.
It is 
      clear that our search into the creation of habits in evolution, will be 
      influenced by the context in which we live as a human being on earth, and 
      by the knowledge we have gathered up to our current stage in the evolution. 
      Nevertheless, the nature of this question is so fundamental, that it forces 
      us to think very critically about the really fundamental aspects of evolution. 
      Although our thinking process is influenced by the signs of our time, we 
      will be obliged to search for the core of the question.
The 
      resulting evolutionary process is what I have called 
"The 
      Average Evolution".
The 
      evolution model presented here is a "heuristical model". It combines 
      different pieces of the puzzle, to recombine it into a new version of the 
      picture. Not the pieces of the puzzle are different, but mainly the composition. 
      I have called this a heuristical model, because it is open for further development 
      and evolution. It is the result of a personal vision, and it is not to be 
      considered as a final solution, suitable for every situation.
As a 
      consequence, I invite the reader to think together with me, during the reading 
      of this work.

Note : this paper is a summary of a virtual book with the same title, 
      published in Dutch on the World Wide Web in April 2000 (for the full text 
      and references, see http://www.geocities.com/evolutionweb). As the complete 
      (Dutch) text is more then 10 times as large as this summary, detailed reasoning 
      is not presented here. 
Back 
      to the index of the summary


1. SPREADING IN THE EVOLUTION
Evolutionary spreading
"Everything 
      streams" (Panta rei in Greek)
This 
      is a basic concept originating from the Greek philosopher Heraclitus. This 
      concept is also the basis for the entire evolution process. The only constant 
      and universal characteristic of evolution is a never-ending stream of matter, 
      energy and information. The universe can not be described by describing 
      parts of it, because in essence it is an undivided whole. Each attempt to 
      describe a piece of the universe, drives the description away from the holistic 
      essence of the universe.


      If I would be consequent with this bold statement, I should stop here with 
      further writings on the characteristics of the universe and its evolution.
Nevertheless, 
      I will continue because I am convinced that some complementary descriptions 
      of specific aspects and parts of the universe, can contribute to the understanding 
      of the universe and its evolution as a whole.
Limitation 
      of evolutionary spreading
[image: image-placeholder]
When 
      we look at the environment in which we live, we see many forms of organisation 
      that have a high degree of order, and which have at a first glance little 
      in common with the theory of evolutionary spreading.
During 
      the expansion of the universe, the maximal potential spreading increases 
      continuously. The actual (realised) spreading is also continuously increasing, 
      although the speed of increase is lower. As the figure above is demonstrating, 
      there is a continuous increase of the gap between the total actual spreading, 
      and the total potential spreading.
The 
      difference between both is reflected in the order that we can see in our 
      surroundings, e.g. in the form of tangible matter. In other words, as 
      the spreading in the universe continues, also the order in the universe 
      is increasing.
Limitation 
      of evolutionary spreading holds a key to the creation of order in the universe 
      (Layzer, 1984)


      This leads us to the crucial question about the origin and fundamental cause 
      of this order. How come that evolution is happening through a number of 
      intermediate stages of more complex forms of organisation, instead of resulting 
      immediately into the maximal (potential) level of spreading ?
The 
      fact that there is an innumerable number of less or more complex forms of 
      organisation, is very evident in our home planet, the Earth. We can see 
      very complex forms of organisation, as an international company or an army, 
      but also more simple and down to earth systems as worms and micro-organisms.
[image: image-placeholder]
The 
      difference in complexity and coherence of material systems is very large.
Non-living 
      systems are fare less complex, but they also differ largely in the extent 
      of evolutionary spreading. A gas for example is a material form that has 
      a high degree of spreading : the coherence between the different gas molecules 
      is very low. This is in contrast with for example a diamond, in which the 
      atoms are structured and organised very well, which is also a main cause 
      of the particular symmetry of diamond crystals, and which also makes the 
      diamond very strong. 
Nevertheless, 
      the complexity of a diamond is much smaller than the complexity of a micro-organism 
      or a school of fishes.	



      Thus, in our search for the cause of order and limitation of spreading, 
      we will have to look for those factors that give rise to difference in coherence 
      and complexity of the different material systems in our surroundings.
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      to the index of the summary


2. 
      INFORMATION AS A SOURCE OF COMPLEXITY AND COHERENCE IN EVOLUTION


      "On the impact of information in evolution"


      Information is perceived as more and more important in the study of evolutionary 
      theories, as well in physics as in biology. 


      The physical researcher John Wheeler says this in a quite extreme way :" 
      No element in the description of physics shows itself as closer to primordial 
      than the elementary quantum phenomenon, that is, the elementary device-intermediate 
      act of posing a yes-no physical question and eliciting an answer…. Otherwise 
      stated, every physical quantity, every it, derives its ultimate significance 
      from bits, binary yes-or-no indications." 

      This conclusion is epitomised in the phrase "it from bit".
Also in biological research, 
      the attention for information has increased, so far that a separate scientific 
      discipline is created known as "biosemiotics", or the study of (development 
      of) the meaning of signals. The biologist Jesper Hoffmeyer calls this the 
      "semiotisation of nature", in which nature is seen more and more as a universe 
      that is characterised by the exchange of signals (information). 
Therefore, I would complete 
      Wheelers statement with the statement "fit from bit", meaning that also 
      the "survival of the fittest" (natural selection) and the "survival of the 
      first" (some types of non-linear self-organisation) are driven by biologically 
      relevant information. The current complexity of living systems on our earth 
      is the result of enormous historical accumulation of information.
This paper is differing 
      from other work especially by the emphasis on the evolutionary influence 
      of information, which has led to the title 
"On the origin and impact of information in the average evolution : from 
      bit to atom and ecosystem".

      In other more classical works on evolution, information is frequently seen 
      as something that is originated in a late stage of evolution, after the 
      creation of atoms and ecosystems.
In this work, a modified 
      definition and interpretation of information is introduced, where information 
      is considered as being originated before the existence of atoms and ecosystems.


      What is information in an evolutionary context ? 
This question can be 
      answered with a short definition :
Information is 
      that what has meaning, within a certain context. 
The meaning of 
      information within an evolutionary context, is that it increases the 
      probability of selection of certain evolutionary paths, and thus decreases 
      spreading in certain contexts. 
This definition is valid 
      for a human being, but also for a drop of ink in water, for an electron 
      in a microchip and for every elementary particle in evolution.
So in essence, there 
      is nothing human related to the definition of information. 
Informed variations 
      and informed selections in evolution 

In essence, evolution is a sequence of variations, whereby new evolutionary 
      pathways are created, and selections, whereby certain evolutionary pathways 
      are selected and others neglected. 
The total number of 
      potential evolutionary paths is an indicator of the maximal spreading in 
      evolution. So, variation increases the number of evolutionary pathways, 
      while selection is narrowing the scope of actual evolution.
Both variations and 
      selections, can be influenced by information, as the scheme below is 
demonstrating :
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Evolution principles 
      in nature, stratified by the influence of information on variation 
      and selection


      Based on the influence of information in evolution, I will distinguish 3 
      types of variation-selection sequences or evolution principles.
When no information 
      is present in the system (and level) that we consider, this results in a 
      "blind evolution", in which both variation and selection are at random 
      phenomena. The end result will be - on the average - a situation of maximal 
      spreading. This happens for instance in a gas, where the overall behaviour 
      of the gas is determined by the average behaviour of the individual atoms 
      in the gas. The individual atoms or molecules behave completely at random, 
      and their evolutionary path is in the end unpredictable ; in contrast, their 
      average behaviour is statistically predictable and quantifiable.


      When the random variations are selected by information in the environment, 
      we call this "natural selection", the process that is first well 
      described by Charles Darwin (although Darwin did not explain the behaviour 
      of the environment as adding information to the evolutionary process).
Many variations in nature 
      are not completely accidental. Certain variations have a higher probability 
      of existence, due to the process of "self-organisation", and as a 
      consequence, have also a higher chance in being selected. These variations 
      are informed in a certain way. 
Because most systems 
      in nature are very complex, and thus natural selection and self-organisation 
      happen in a concurrent and almost inseparable way, this group of variation-selection 
      sequences will be called "self-organisation and natural selection". 
      
Through the non-linear 
      and auto-catalytic characteristics of self-organisation, this leads in some 
      instances to the "survival of the first", while natural selection is best 
      characterised by the "survival of the fittest". The combined process is 
      the basis of the complex biological diversity as we find it today on earth, 
      including the existence of man. 


      The human being has - due to its conscious thinking - the advanced skill 
      of effectively combining informed variations with informed selections, in 
      a process that I will call further "artificial construction". 
Man creates artificial 
      variations by designing sophisticated experiments, in which predetermined 
      factors are changed, while others are kept constant. In these experimental 
      designs, some of the variations are clearly informed. In a next step, the 
      desired product or process is selected, based on predefined selection criteria. 
      
This powerful process 
      of artificial construction (also in less sophisticated forms) has led to 
      innumerable "artefacts" used by men, from spears and bows of primitive 
      human beings, to space shuttles studying earth from space. 
Because both steps of 
      the sequence, variations and selections, are consciously manipulated and 
      informed, the human being is able to build complex and effective constructions.
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3. 
      FLUX-MAXIMISATION AND ATTRACTORS IN THE AVERAGE EVOLUTION


3.1. Damping of variations and the origin of information 
      and attractors in the evolution

We have seen that information 
      plays a crucial role in evolution, by influencing both variations and selections. 
      As a consequence, we must ask ourselves the question how information 
      itself is created during the evolutionary process, in other words : 
      What is the origin of information ?
Evolution can be seen as a stream of matter and energy (neglecting information for a while). If within 
      a certain system, a variation occurs in an incoming stream of Matter/Energy 
      (M/E), then this system will react to this change. If the system consists 
      of many particles, these particles will experience this variation as an 
      additional "stress". Passing a certain critical threshold value of "stress", 
      each of these "egoistic" particles will move in such a way, that they minimise 
      the stress for themselves. As the number of solutions to resolve the stress 
      is limited, many particles will move in the same direction. The result is 
      that many of the particles, although they maybe intrinsically independent, 
      make a coherent movement together, until the variation is completely damped. 
      
Think for instance of 
      a raindrop that is falling into a pool of water. At the moment of impact 
      of the raindrop, the individual molecules of water will try to move away 
      from the point of impact (this is not "the will" of the particles, it is 
      the result of what Newton called "action leads to reaction"). Because all 
      the neighbouring molecules are trying to do the same, there are only few 
      overall (average) possibilities, leading to a coherent movement of the molecules. 
      On a macroscopic level, this will be visible in the form of circular waves, 
      expanding around the point of impact of the raindrop, until the initial 
      energy-injection caused by the falling drop is completely dissipated or 
      spread over the pool. 
This means that the 
      individual damping behaviour of the "egoistic" particles, has caused a collective 
      behaviour in the group, in which the particles move "in formation". 
      In order to do this, a kind of "molecular communication" (molecular information 
      exchange) has happened between the water molecules. 
Every time a raindrop 
      falls in a pool of water, we will see the same behaviour : this damping 
      pattern is a pattern with an increased probability of occurrence. It is 
      a "habit" of nature.
I will call this 
      type of variation-damping patterns with increased probability "attractors". 
      

      What we call here the formation of attractors, is in line with the earlier 
      mentioned insight of Charles Peirce that evolution has a tendency to create 
      "habits". 
At the basis of the increased probability of these "evolutionary habits", 
      there is a certain type of evolutionary information exchange. As a result of the 
      presence of this information, the local (microscopic) spreading is limited, 
      and a collective (group-) behaviour is visible (a macroscopic phenomenon). 
      We will call this collective behaviour "coherence" (coherent behaviour), as opposed to 
      and complementary with the term "spreading".

There are many ways to classify information.

Within this evolutionary context, I will distinct 3 types of information, 
      mainly based on the relation between the meaning of the information, and 
      the physical carrier of the information. This contextual dependent relation 
      between the meaning of information and its carrier, is called "the code".
These 3 types of codes, are the basis of 3 distinct types of information, 
      and 3 distinct types of attractors. 
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The difference between 
      Alpha-, Beta- and Gamma-codes is based on the increased independence between 
      the meaning of information (I) and the vehicle of information (M/E). This 
      independence is high for the Gamma-code, intermediate for the Beta-code, 
      and low for the Alpha-code. 
	Gamma-information


        This is symbolic information, as used in the human language and 
        in the genetic code of all biological organisms.

        The relation between the meaning of the symbols, and the symbols itself, 
        is fully conventional. 

Gamma-information is the basis of all Gamma-attractors. All living 
        systems are the result of the development of Gamma-attractors, as for 
        example micro-organisms, plants, animals, human beings, human organisations 
        and societies. It is precisely the large independence between the meaning 
        of the symbols, and their physical appearance, that is the cause of the 
        large complexity of the structures that are built according to this information. 
        Because of this independence, there are two levels of meaning (which is 
        called "double articulation" or "double patterning" in semiotics). For 
        example in human language, each word has a meaning on itself (first level 
        of meaning), but furthermore, the words can be combined in innumerable 
        ways into an innumerable number of sentences with other meanings (second 
        level of meaning). This is the power of double articulation. 

	In the following 
        two types of codes, the relation between the meaning of information and 
        the carrier of information is more direct, and this is more the case for 
        Alpha-information, than for Beta-information. Because of this more direct 
        relation, double articulation is almost un-existing, and thus the complexity 
        of originating structures is smaller. 
	Beta-information


        Beta-information is process-information. This means that certain 
        patterns in time are the basis for the meaning within a certain context. 
        

In the example of the raindrop falling into a pool, communication 
        between the molecules of water is the result of a dynamical process ; 
        so this is an example of Beta-information. The waves in the water are 
        the macroscopic result of the Beta-attractor, in which the meaning of 
        the information is directly related to the time-dependent process.

        Other examples of Beta-patterns are :

        - all dynamic patterns in fluids (e.g. waves, turbulent streams, laminar 
        streams,…)

        - the formation of flocks of land animals, or the formation of schools 
        of fishes and birds

        - the dynamic structure of clouds in the sky

        - the formation of dunes and chains of dunes in a desert

        - the regular structure of fern leafs

        - the black and white patterns of a zebra

        - the colourful design of the many tropical fishes we observe around tropical 
        coral reefs.


	Alpha-information


        Alpha-information is matter-dependent information. It is the consequence 
        of the spatial structure and form of matter.

        The relation between the meaning of information, and the carrier is
        very direct. 

As an example, hormones (or other information- transmitters) in plants, 
        animals or humans fulfil an important communication role. The meaning 
        of the information they carry, is directly dependent on the spatial structure 
        of the molecules, comparable to the way a key fits in the lock of a door. 
        When the key fits into the door, or a hormone fits in its "receptor", 
        this leads to a go/no go decision or binary signal within the context 
        of the key or the hormone. When a hormone connects to a biological receptor, 
        an electrical or chemical signal will be transmitted through the body. 
        In the study of pharmacology, and the design of medicines in pharmaceutical 
        industry, much research is done to find new receptors that are related 
        to important diseases. When a new receptor is found, a new chemical molecule 
        can be designed, acting as a key to the receptor, which can open new doors 
        to a more healthy life for the patient. The knowledge about this type 
        of biological Alpha-information has resulted in the invention of many 
        life-saving drugs.


        I my opinion, also the fundamental physical forces in nature can be classified 
        as Alpha-attractors (I am aware this idea maybe somewhat controversial). 
        The forms of power-fields of these physical forces are determining 
        the resulting interaction of the forces. A difference with the Alpha-attractors 
        described above is that the context where the information is relevant, 
        is extending to the whole or a large part of the universe (also in contrast 
        with the Gamma- or Beta-attractors). Therefore, we could call these physical 
        attractors "universal attractors", as the information is relevant 
        in the whole of the universe ; we could also say that the context for 
        this information is the whole universe. 

As a conclusion, we can state the relation between the carrier of information, 
        and the meaning of information, has substantially changed during evolution.

        Originally, there was a direct relation between the carrier of information, 
        and its meaning. Carrier and meaning of information, have smoothly grown 
        apart in the course of evolution. As a result, the need for contextual 
        conventions about the meaning of information, and the importance of 
        interpreting information, has grown.

        In the later stage of evolution, the meaning of information rises from 
        the correct interpretation of the information code (the convention). For 
        instance in biological organisms, the fertilised egg interprets the information 
        carried by the DNA, to express the meaning of the genetic code to its 
        full extent. This principle is for instance used in cloning animals (cows, sheep,...).

Thus, attractors lead to structured patterns in nature, that have little 
        in common with the "spreading evolution", that we defined earlier as a 
        basic principle of average evolution in nature. Attractors can limit 
        evolutionary spreading in certain contexts.
Attractors cause a kind of state of equilibrium, that is far away from 
        the average state of equilibrium that is typical for a stage of "total 
        spreading" in average evolution. We will therefore conclude that attractors 
        can cause a state of "quasi-equilibrium" in nature. 

At the same time, we have to make an important note here. Where evolutionary 
        spreading is a universal phenomenon, the structuring relevance of attractors 
        is limited to the context where the information has meaning. 

        Nevertheless, as a human being we have the intuitive tendency of overweighing 
        the importance of the limited and contextual organising effect caused 
        by the attractors, versus the more important and universal effect of evolutionary 
        spreading (this will be a typical antroposophist characteristic).

        The limitation of spreading caused by attractors is thus limited, but 
        very visible (because human beings are trained in detecting patterns, 
        rather than chaos). 


	Interactors in 
        evolution

Evolutionary structures or evolutionary patterns are formed under influence 
        of attractors. I will call these patterns "interactors", and the 
        trajectory followed by the interactor, will be called "interaction".
Attractors are the characteristics of the "average evolution" ; these 
        are the (implicit) habits that we see when we observe the evolution repeatedly. The 
        interactors are the subjects of the individual evolution paths, which 
        are subject to real-life interactions. While the attractors represent 
        the evolutionary habits, the interactors are the (explicit) players in the arena 
        of evolution that follow the habits.
Consequent with this expansion of our evolutionary language, we will 
        further use analogue terms as Gamma-information, Gamma-attractors, 
        Gamma-interactors, and so on…
Thus, attractors are rather theoretical ("average") classes of damping 
        patterns, while the interactors and their interactions are related to 
        the real path in evolution. 

        The distinction between interactors and attractors is artificial, and 
        maybe somewhat abstract. But this approach is not so unusual, as for instance 
        Darwin has also used the "species" as an abstract idea, to enhance the 
        post-factum understanding of the evolution process. 


        For example, the gravitation force can be considered as an Alpha-attractor, 
        while a stone falling under influence of the gravitation force is considered 
        to be an interactor. Also, the moon, the earth and the sun are interactors 
        that have a cyclical behaviour that is due too the universal Alpha-attractor 
        that is the gravitational force.

        The genetic pool of a species of frogs is related to a certain Gamma-attractor, 
        while an individual and "real" frog is an interactor. 

        So the notions of "attractor" and "interactor" as described above, enable 
        the same terminology for both physical and biological phenomena (and of 
        course this was also the reason for introducing this terminology). 
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Information is neither matter nor energy, though it needs matter for its embodiment and energy for its communication



Source: https://www.informationphilosopher.com/solutions/scientists/decadt/
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Through Einstein's Eyes

Albert Einstein's work on quantum mechanics is of major importance to information philosophy, because we depend on a limitedindeterminism and an "adequate" or statisticaldeterminism to explain the possibilities in an open future needed to create new information. Einstein was in 1916 the discoverer of indeterminism and ontological chance, though he was reluctant to fully accept chance in his final theory. "God Does Not Play Dice!""

We will show that in the two decades preceding the "founding" of quantum mechanics by Niels Bohr, Werner Heisenberg, Max Born, Pascual Jordan, P. A. M. Dirac, Erwin Schrödinger, and Wolfgang Pauli, Einstein discovered ontologicalchance in quantum physics, without which no new information can be created.  Without chance and new information, there can be no "free creations of the human mind," which Einstein correctly recognized as the fundamental source of new scientific theories.



Einstein saw a wave randomly "collapse" twenty years before there was a "wave function" and the Schrödinger wave equation. He discovered the existence of indeterministicchance as a "weakness" in quantum theory over a decade before Heisenberg published his uncertainty principle.
He deplored his discoveries.


Since the validity of any theory rests on its experimental confirmation, as Einstein knew very well, we can say that the extraordinary confirmation of quantum mechanics, especially its probabilistic nature,  makes it the best supported theory in the history of science, but nevertheless it is a statistical theory.

Paradoxically, ironically perhaps, and even tragically, only a handful of scientists and philosophers recognize the full range of Einstein's contributions, primarily because he disavowed his own quantum discoveries as contrary to his fundamental beliefs about the workings of the universe.  Few of us are immune to the power of beliefs that prevent the acceptance of scientifically established facts. As exceptional a scientist as Einstein was, he was no exception there. Randomness was not his only concern, maybe not even his main concern, as we shall see. Quantum mechanics appears to conflict with special relativity, and its nonlocality may conflict with general relativity and Einstein's dream of a "unified field theory."


All his life, Einstein had grave doubts about field theories. They became more extreme in his later years, when he wrote



One can give good reasons why reality cannot at all
be represented by a continuous field. From the quantum
phenomena it appears to follow with certainty that a finite
system of finite energy can be completely described by a
finite set of numbers (quantum numbers). This does not
seem to be in accordance with a continuum theory, and
must lead to an attempt to find a purely algebraic theory
for the description of reality. But nobody knows how to
obtain the basis of such a theory.
   

In principle, continuous field theories contain an infinite amount of information. The differential equations that describe classical physics in space and time assume there are an infinite number of infinitesimal points along any finite line segment. But Einstein saw that any finite volume (even the whole observable universe) can contain only a finite number of discrete quanta of matter or energy. Quantum mechanics can thus in principle be described with simpler difference equations in what Einstein described as an "algebraic" theory. 

 Ludwig Boltzmann had shown that he could derive his entropy law assuming that space can be described as "coarse grained" into small enough discrete volumes, though still large enough to contain many particles. 
 


Quite apart from his great deterministic and continuous theories of special and general relativity, Einstein was one of the most important creators (both discoverer and inventor) of the indeterministic and discrete theory of quantum mechanics. In his 1905 paper on the light-quantum hypothesis and photoelectric effect, he quantized the radiation field, where Max Planck had only quantized the energy in his virtual oscillators. Einstein was first to see that electromagnetic radiation is particulate. And in his very next paper he proved the existence of atoms. In that one year he saw both matter and energy as particulate and how they are converted into one another, E = mc2.


Einstein thus saw that both the material and the energetic universe have discrete and discontinuous properties! His 1905 paper on Brownian motion predicted sizes and motions for atoms that were confirmed just a few years later. And although he waited ten years to do so, Einstein stated unequivocally that quantum processes are fundamentally indeterministic, a matter of chance. "A weakness in the theory," he called it in 1916. He lamented at that time to his friend Michele Besso that he was the only scientist who believed in the reality of what we now call photons, "I do not doubt anymore the reality of radiation quanta, although I still stand quite alone in this conviction." 


On a careful reading of his 1905 photoelectric effect paper, we can see that Einstein was already concerned about faster-than-light actions, thirty years before his Einstein-Podolsky-Rosen paper popularized the mysteries and paradoxes of quantum nonlocality and entanglement. We hope to show that many of today's controversies in the interpretations of quantum mechanics can be resolved by seeing these problems through Einstein's eyes. 


Despite his foundational work quantizing radiation, Einstein rarely gets any credit for his contributions to quantum mechanics. There are a number of important reasons for this, which lead historians of quantum theory to start with Planck's quantum of action, then jump over Einstein's 1905 papers and his 1909 work on wave-particle duality to Niels Bohr's "old quantum theory" of the atom in 1913. Today, Bohr's "quantum jump" of an electron between stationary states is described as emitting or absorbing a "photon" of energy hν. In actuality, Bohr fought against Einstein's light-quantum hypothesis and denied the existence of photons until the mid-1920's. 


Bohr's work in 1924 with H. A. Kramers and John Slater was the last defense of continuous, as opposed to discrete, radiation. The Bohr-Kramers-Slater theory claimed that energy was not conserved in each matter-radiation interaction, but only conserved statistically. Immediately, Einstein suggested multiple experiments to Walther Bothe that could disprove the BKS claim. In 1925, Bothe and Hans Geiger developed two experiments that disproved the BKS theory. At this point, Bohr finally accepted, though never enthusiastically,  Einstein's light quanta as real, twenty years after Einstein's insight in his 1905 "miracle year."


Besides quantizing light energy and seeing its interchangeability with matter, E = mc2, Einstein was the first scientist to see many of the most fundamental aspects of quantum physics, e.g., nonlocality and instantaneous action-at-a-distance (1905), wave-particle duality (1909), emission and absorption processes that introduce indeterminism and acausality whenever matter and radiation interact (1916-17.) He predicted the stimulated emission of radiation behind today's lasers, the indistinguishability of elementary particles with their strange quantum statistics (1925), and the nonseparability and entanglement of interacting identical particles (1935). Just because Einstein did not regard any of these discoveries as part of a fundamental "local" reality that Einstein wanted is no reason to deny him credit for them all.


Einstein's description of wave-particle duality is as good as anything written today. He saw the relation between the wave and the particle as the relation between  probable possibilities and the realization of one possibility as an actual event. He saw the wave spreading out in space and giving us the probability of finding a particle in different locations.  Where Einstein saw the particle as concrete and material, he described the wave as a "ghostly field," which is exactly right according to the information interpretation of quantum mechanics. The wave is neither matter nor energy, but pure abstract information about locating concrete matter and energy.


The information about probabilities and possibilities in the wave function is immaterial, but that abstract information has real causal powers. The wave's interference with itself predicts null points where no particles should be found. And experiments confirm that no particles are found there. Immaterial information is a kind of modern "spirit." Einstein also described the wave function as a ""guiding field" (Führungsfeld),  an idea taken up later by Louis de Broglie as his "pilot waves." Following de Broglie, Schrödinger developed his equation that gives us the value of the wave function ψ at each point and describes how the probability-amplitude wave function moves through space deterministically.  This restoration of some determinism was a brief bright moment for Einstein. He saw a possible return to a deterministic theory for quantum mechanics and his continuous field theory. But it was not to be, despite the large number of present-day physicists who are still pursuing Einstein's and Schrödinger's deterministic dreams, by denying indeterminism and "quantum jumping."


The linearity of the Schrödinger wave equation produces the mysterious superposition of states and the projection postulate - the wave function "collapse." In a linear equation, the sum of two solutions is also a solution. Although the projection postulate is basically a formalization of Einstein's 1916 transition probabilities from an excited state to more than one lower state, although he had been first to see a light wave collapse into a photon that could eject an electron in his 1905 photoelectric effect paper, and although he had been first to proclaim ontological chance as a part of the quantum theory, it must have been a disappointment to Einstein to find that the determinism in Schrödinger's wave equation could only determine his probabilities and  that ontological chance is still real.


Einstein could never accept most of his quantum discoveries because they conflicted with his basic idea that nature is best described by a continuous field theory using partial differential equations that are functions of "local" variables, primarily the space-time four-vector of his general relativistic theory. Einstein's idea of a "local" reality is one where "action-at-a-distance" is limited to causal effects that propagate at or below the speed of light, according to his theory of relativity. 


Einstein believed that quantum theory, as good as it is (and he never saw anything better), is "incomplete." This is so, because its statistical predictions (phenomenally accurate in the limit of large numbers of identical experiments - "ensembles" Einstein called them), tell us nothing but "probabilities" about individual systems. Even worse, he saw that the wave functions of entangled two-particle systems predict faster-than-light correlations of properties between events in a space-like separation. He mistakenly thought this violated his theory of relativity. Although this was the heart of his famous EPR paradox paper in 1935, we shall see that Einstein was already concerned about faster-than-light transfer of energy and that he saw spherical light waves "collapsing" instantaneously in his very first paper on quantum theory. 


In most general histories, and in the brief histories included in modern quantum mechanics textbooks, the problems raised by Einstein are usually presented as arising after the "founders" of quantum mechanics and their Copenhagen Interpretation in the late 1920's. Modern attention to Einstein's work on quantum physics often starts with the Einstein-Podolsky-Rosen paper of 1935, when the mysteries of nonlocality, nonseparability, and entanglement are first clearly understood by Einstein's opponents. Physicists today think of quantum mechanics as beginning with the Heisenberg (particle) formulation and the Schrödinger (wave) formulation. The popular image of Einstein post-EPR is either in the role of critic trying to expose fundamental flaws in the "new" quantum mechanics or as an old man who simply didn't understand the new quantum theory. Both these images of Einstein are seriously flawed, as we shall see. 


Many histories of quantum theory, most starting from the Copenhagen perspective of Bohr, Heisenberg, Born, Jordan, and Pauli, focus on Einstein's failed attempts in debates with Bohr to challenge the uncertainty principle. EPR is described as failing to show that quantum mechanics is "incomplete." This is a verbal quibble. Quantum mechanics is indeed incomplete in that it cannot predict simultaneously the position and momentum of a particle, nor the "real" path of a particle between measurements. Most important, QM is only a statistical theory, as Einstein maintained. Its results are only confirmed by large numbers of identical experiments. Continuous matter and radiation only appear when we average over large numbers of discrete particles.


Few histories point out that it was Einstein who over three decades invented (or discovered) nonlocality and entanglement, as well as the ontological chance in quantum mechanics that is the real basis of the acausality that Heisenberg later saw in his uncertainty principle.





The Light-Quantum Hypothesis (1905)



Here Einstein first argues for a fundamental symmetry between matter and radiation. 
He does not yet mention E = mc2. 
That Einstein said in 1906.


A profound formal distinction exists between the theoretical 
concepts which physicists have formed regarding gases and other 
ponderable bodies and the Maxwellian theory of 
electromagnetic processes in so-called empty 
space. While we consider the state of a body to 
be completely determined by the positions and 
velocities of a very large, yet finite, number of 
atoms and electrons, we make use of continuous 
spatial functions to describe the electromagnetic 
state of a given volume, and a finite number of 
parameters cannot be regarded as sufficient for 
the complete determination of such a state. According 
to the Maxwellian theory, energy is to 
be considered a continuous spatial function in 
the case of all purely electromagnetic phenomena 
including light, while the energy of a ponderable 
object should, according to the present conceptions 
of physicists, be represented as a sum 
carried over the atoms and electrons. 


How can energy spread continuously over a large volume and later be absorbed in its entirety, without contradicting 
his principle of relativity? 
Einstein sees this here, but does not say so explicitly until 1927. 


The energy 
of a ponderable body cannot be subdivided into 
arbitrarily many or arbitrarily small parts, while 
the energy of a beam of light from a point source 
(according to the Maxwellian theory of light or, 
more generally, according to any wave theory) is 
continuously spread over an ever increasing 
volume. 

The wave theory of light, which operates with 
continuous spatial functions, has worked well in 
the representation of purely optical phenomena 
and will probably never be replaced by another 
theory. It should be kept in mind, however, that 
the optical observations refer to time averages 
rather than instantaneous values. In spite of the 
complete experimental confirmation of the theory 
as applied to diffraction, reflection, refraction, 
dispersion, etc., it is still conceivable that the 
theory of light which operates with continuous 
spatial functions may lead to contradictions 
with experience when it is applied to the phenomena 
of emission and transformation of light.


It seems to me that the observations associated 
with blackbody radiation, fluorescence, the 
production of cathode rays by ultraviolet light, 
and other related phenomena connected with the 
emission or transformation of light are more 
readily understood if one assumes that the energy 
of light is discontinuously distributed in space. 


In particular, the photoelectric effect showed discontinuous and  discrete light quanta absorbed by single electrons, though it was doubted until the discovery of the Compton Effect in 1923.



In accordance with the assumption to be considered here, the energy of a light ray spreading 
out from a point source is not continuously 
distributed over an increasing space but consists 
of a finite number of energy quanta which are 
localized at points in space, which move without 
dividing, and which can only be produced and 
absorbed as complete units. 

We therefore arrive at the conclusion: the 
greater the energy density and the wavelength 
of a radiation, the more useful do the theoretical 
principles we have employed turn out to be; for 
small wavelengths and small radiation densities, 
however, these principles fail us completely.



Thermodynamically, radiation behaves like gas particles. Light cannot be spread out continuously in all directions if the energy is absorbed as a unit that ejects a photoelectron in the photoelectric effect. 


[W]e further conclude that: Monochromatic radiation of low density (within the 
range of validity of Wien's radiation formula) 
behaves thermodynamically as though it consisted of a number of independent energy quanta.



The Photoelectric Effect (1905)


Einstein had very strong reasons for imagining that light must be concentrated in a physically localized bundle of energy. He described it in section 8 of this same paper, explaining the photoelectric effect, the emission of electrons from surfaces illuminated by radiation.  He wrote:

   

The usual conception, that the energy of light
is continuously distributed over the space
through which it propagates, encounters very
serious difficulties when one attempts to explain
the photoelectric phenomena, as has been pointed
out in Herr Lenard's pioneering paper.
[image: image-placeholder]
According to the concept that the incident
light consists of energy quanta of magnitude
Rβν/N, however, one can conceive of the ejection
of electrons by light in the following way. Energy quanta penetrate into the surface layer of the
body, and their energy is transformed, at least in
part, into kinetic energy of electrons. The simplest
way to imagine this is that a light quantum
delivers its entire energy to a single electron; we
shall assume that this is what happens...

[image: image-placeholder]

An electron to which kinetic energy has been
imparted in the interior of the body will have
lost some of this energy by the time it reaches
the surface. Furthermore, we shall assume that
in leaving the body each electron must perform
an amount of work P characteristic of the substance...



Why did Bohr not see in 1913, or Einstein point out to him, that when a jumping electron in an atom absorbs or emits energy, the energy is a single light quantum particle? He surely knew that was what was happening in the Bohr atom!


If each energy quantum of the incident light,
independently of everything else, delivers its
energy to electrons, then the velocity distribution
of the ejected electrons will be independent of the
intensity of the incident light; on the other hand
the number of electrons leaving the body will,
if other conditions are kept constant, be proportional
to the intensity of the incident light...

In the foregoing it has been assumed that the
energy of at least some of the quanta of the
incident light is delivered completely to individual
electrons

   


Einstein shows here that the whole energy of an incident light quantum is absorbed by a single electron. Some of that energy is P, the work needed to escape from the metal.  The rest is the kinetic energy E = ½ m v2 of the electron. Einstein's "photoelectric equation" is 


  E
  =
  h
  ν
  −
  P



This equation predicts a linear relationship between the frequency of Einstein's light quantum hν, and the energy E of the ejected electron. It wasn't until ten years later that R. A. Millikan confirmed Einstein's photoelectric equation. Millikan nevertheless denied that it proved Einstein's radical but clairvoyant ideas about light quanta!


If the energy travels as a spherical light wave radiated into space in all directions, how can it instantaneously collect itself together to be absorbed into a single electron. Einstein already in 1905 sees something nonlocal about the photon and that there is both a wave aspect and a particle aspect to electromagnetic radiation. He will make those aspects more clear and in 1909 describe the wave-particle relationship more clearly than it is usually presented today, with all the confusion about whether photons and electrons are waves or particles or both.



Wave-particle duality (1909)


Einstein greatly expanded his light-quantum hypothesis in a presentation at the Salzburg conference in September, 1909. He argued that the interaction of radiation and matter involves elementary processes that are not "invertible," a deep insight into the irreversibility of natural processes. While incoming spherical waves of radiation are mathematically possible, they are not practically achievable. Nature appears to be asymmetric in time. He speculates that the continuous electromagnetic field might be made up of large numbers of light quanta - singular points in a field that superimpose collectively to create the wavelike behavior.


Although he could not formulate a mathematical theory that does justice to both the continuous oscillatory waves and the discrete particle pictures, Einstein argued that they could be "fused" and made compatible. This was over a decade before Erwin Schrödinger's wave mechanics and Werner Heisenberg's quantum mechanics. And because gases behave statistically, he knows that the connection between the wave and particles may involve probabilistic behavior. 



When light was shown to exhibit interference and diffraction, it seemed almost certain that light should be considered a wave.

The greatest advance in theoretical optics since the introduction of the oscillation theory was Maxwell's brilliant discovery that light can be understood as an electromagnetic process...One became used to treating electric and magnetic fields as fundamental concepts that did not require a mechanical interpretation.


This path leads to the so-called relativity theory. I only wish to bring in one of its consequences, for it brings with it certain modifications of the fundamental ideas of physics. It turns out that the inertial mass of an object decreases by L / c2 when that object emits radiation of energy L...the inertial mass of an object is diminished by the emission of light. 


Now Einstein looks for symmetry and equivalent treatment for interchangeable matter and energy.


The energy given up was part of the mass of the object. One can further conclude that every absorption or release of energy brings with it an increase or decrease in the mass of the object under consideration. Energy and mass seem to be just as equivalent as heat and mechanical energy. 

Relativity theory has changed our views on light. Light is conceived not as a manifestation of the state of some hypothetical medium, but rather as an independent entity like matter. Moreover, this theory shares with the corpuscular theory of light the unusual property that light carries inertial mass from the emitting to the absorbing object. Relativity theory does not alter our conception of radiation's structure; in particular, it does not affect the distribution of energy in radiation-filled space. 


Einstein is about to tell us that the distribution of energy in radiation-filled space may be similar in some respects to the distribution of particles in matter-filled space!


Nevertheless, with respect to this question, I believe that we stand at the beginning of a development of the greatest importance that cannot yet be surveyed. The statements that follow are largely my personal opinion, or the results of considerations that have not yet been checked enough by others. If I present them here in spite of their uncertainty, the reason is not an excessive faith in my own views, but rather the hope to induce one or another of you to deal with the questions considered.

In the kinetic theory of molecules, for every process in which only a few elementary particles participate (e.g., molecular collisions), the inverse process also exists. But that is not the case for the elementary processes of radiation. 


Incoming spherical waves (the advanced potential considered by Wheeler and Feynman in 1945) are never observed in nature. Radiation is irreversible, one of the arrows of time

According to our prevailing theory, an oscillating ion generates a spherical wave that propagates outwards. The inverse process does not exist as an elementary process. A converging spherical wave is mathematically possible, to be sure; but to approach its realization requires a vast number of emitting entities. The elementary process of emission is not invertible. In this, I believe, our oscillation theory does not hit the mark. Newton's emission theory of light seems to contain more truth with respect to this point than the oscillation theory since, first of all, the energy given to a light particle is not scattered over infinite space, but remains available for an elementary process of absorption.

Consider the laws governing the production of secondary cathode radiation by X-rays. If primary cathode rays impinge on a metal plate P1, they produce X-rays. If these X-rays impinge on a second metal plate P2, cathode rays are again produced whose speed is of the same order as that of the primary cathode rays. 


[image: image-placeholder]


As far as we know today, the speed of the secondary cathode rays depends neither on the distance between P1 and P2, nor on the intensity of the primary cathode rays, but rather entirely on the speed of the primary cathode rays. Let's assume that this is strictly true. What would happen if we reduced the intensity of the primary cathode rays or the size of P1 on which they fall, so that the impact of an electron of the primary cathode rays can be considered an isolated process? 


In his remarks after the talk, Johannes Stark confirmed that he had observed a single X-ray that traveled as far as ten meters and ejected a similar energy electron from P2.


If the above is really true then, because of the independence of the secondary cathode rays' speed on the primary cathode rays' intensity, we must assume that an electron impinging on P1 will either cause no electrons to be produced at P2, or else a secondary emission of an electron whose speed is of the same order as that of the initial electron impinging on P1. In other words, the elementary process of radiation seems to occur in such a way that it does not scatter the energy of the primary electron in a spherical wave propagating in every direction, as the oscillation theory demands.


That energy is possibly available "somewhere else" is the key idea of nonlocality that Einstein will present in 1927 at the Solvay conference


Rather, at least a large part of this energy seems to be available at some place on P2, or somewhere else. The elementary process of the emission of radiation appears to be directional. Moreover, one has the impression that the production of X-rays at P1 and the production of secondary cathode rays at P2 are essentially inverse processes.
Therefore, the constitution of radiation seems to be different from what our oscillation theory predicts. The theory of thermal radiation has given important clues about this, mostly by the theory on which Planck based his radiation formula...


Planck's theory leads to the following conjecture. If it is really true that a radiative resonator can only assume energy values that are multiples of hν, the obvious assumption is that the emission and absorption of light occurs only in these energy quantities. On the basis of this hypothesis, the light-quanta hypothesis, the questions raised above about the emission and absorption of light can be answered. As far as we know, the quantitative consequences of this light-quanta hypothesis are confirmed. This provokes the following question. Is it not thinkable that Planck's radiation formula is correct, but that another derivation could be found that does not rest on such a seemingly monstrous assumption as Planck's theory? Is it not possible to replace the light-quanta hypothesis with another assumption, with which one could do justice to known phenomena? If it is necessary to modify the theory's elements, couldn't one keep the propagation laws intact, and only change the conceptions of the elementary processes of emission and absorption?


As far as I know, no mathematical theory has been advanced that does justice to both its oscillatory structure and its quantum structure...


Anyway, this conception seems to me the most natural: that the manifestation of light's electromagnetic waves is constrained at singularity points, like the manifestation of electrostatic fields in the theory of the electron. It cannot be ruled out that, in such a theory, the entire energy of the electromagnetic field could be viewed as localized in these singularities, just like the old theory of action-at-a-distance. I imagine to myself, each such singular point surrounded by a field that has essentially the same character as a plane wave, and whose amplitude decreases with the distance between the singular points. If many such singularities are separated by a distance small with respect to the dimensions of the field of one singular point, their fields will be superimposed, and will form in their totality an oscillating field that is only slightly different from the oscillating field in our present electromagnetic theory of light. Of course, it need not be emphasized that such a picture is worthless unless it leads to an exact theory. I only wished to illustrate that the two structural properties of radiation according to Planck's formula (oscillation structure and quantum structure) should not be considered incompatible with one another.

   


The Emission and Absorption of Radiation (1916)



When he finished the years needed to complete his general theory of relativity, Einstein turned back to quantum theory and to Bohr's 1913 postulates about electrons jumping between stationary (non-radiating) states and radiating energy Em - En = hν. Where Bohr's two postulates provided amazingly accurate explanations of the Balmer and Lyman lines in the hydrogen spectrum, Einstein showed how to derive those postulates along with his latest, and so far simplest, derivation of the Planck radiation law. 

Where Bohr and Planck had manipulated mathematical expressions to correspond with spectroscopic data, Einstein found the statistical probabilities for absorption and emission of light quanta when an electron jumps between discrete energy states, showing his deep physical understanding of interactions between electrons and radiation, going back over ten years. He predicted the existence of "stimulated emission" and showed quantum theory is the source of ontological chance. 



At this time, Einstein felt very much alone in believing the reality (his emphasis) of light quanta:


I do not doubt anymore the reality of radiation quanta, although I still stand quite alone in this conviction 


Einstein derived "transition probabilities" for quantum jumps, described as A and B coefficients for the processes of absorption, spontaneous emission, and (his newly predicted) stimulated emission of radiation. In two papers, "Emission and Absorption of Radiation in Quantum Theory," and "On the Quantum Theory of Radiation," he again derived the Planck law (for Planck it was mostly a guess at the formula needed to fit spectroscopic observations), he derived Planck's postulate E = hν, and he derived Bohr's second postulate 
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 = hν. Einstein did this by exploiting the obvious relationship between the Maxwell-Boltzmann distribution of gas particle velocities and the distribution of radiation in Planck's law.



The formal similarity between the chromatic distribution curve for
thermal radiation and the Maxwell velocity-distribution law is too
striking to have remained hidden for long. In fact, it was this similarity
which led W. Wien, some time ago, to an extension of the radiation
formula in his important theoretical paper, in which he derived his
displacement law...Not long ago I discovered a derivation of Planck's formula which
was closely related to Wien's original argument and which was based
on the fundamental assumption of quantum theory. This derivation
displays the relationship between Maxwell's curve and the chromatic
distribution curve and deserves attention not only because of its
simplicity, but especially because it seems to throw some light on the
mechanism of emission and absorption of radiation by matter, a
process which is still obscure to us.


 

But the introduction of Maxwell-Boltzmann statistical mechanical thinking to electromagnetic theory has produced what Einstein called a "weakness in the theory." It introduces the reality of an irreducible objective chance! 

If light quanta are particles with energy 
  E
  =
  h
  ν
 traveling at the velocity of light c, then they should have a momentum 
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. When light is absorbed by material particles, this momentum will clearly be transferred to the particle. But when light is emitted by an atom or molecule, a problem appears. 



The "statistical interpretation" of Max Born tells us the outgoing wave is the probability amplitude wave function Ψ, whose absolute square is the probability of finding a light particle in an arbitrary direction, as Einstein qualitatively knew well but never published.


Conservation of momentum requires that the momentum of the emitted particle will cause an atom to recoil with momentum hν/c in the opposite direction. However, the standard theory of spontaneous emission of radiation is that it produces a spherical wave going out in all directions. A spherically symmetric wave has no preferred direction. In which direction does the atom recoil? Einstein asked:


Does the molecule receive an impulse when it absorbs or emits the energy ε? For example, let us look at emission from the point of view of classical electrodynamics. When a body emits the
radiation ε it suffers a recoil (momentum) ε/c if the entire amount of radiation energy
is emitted in the same direction. If, however, the emission is a spatially symmetric
process, e.g., a spherical wave, no recoil at all occurs. This alternative also plays a
role in the quantum theory of radiation. When a molecule absorbs or emits the energy
ε in the form of radiation during the transition between quantum theoretically possible
states, then this elementary process can be viewed either as a completely or partially
directed one in space, or also as a symmetrical (nondirected) one. It turns out that we
arrive at a theory that is free of contradictions, only if we interpret those elementary
processes as completely directed processes.
One can give good reasons why reality cannot at all
be represented by a continuous field. From the quantum
phenomena it appears to follow with certainty that a finite
system of finite energy can be completely described by a
finite set of numbers (quantum numbers). This does not
seem to be in accordance with a continuum theory, and
must lead to an attempt to find a purely algebraic theory
for the description of reality. But nobody knows how to
obtain the basis of such a theory.
   

It speaks in favor of the theory that the statistical law assumed for [spontaneous] emission is nothing but the Rutherford law of radioactive decay. 


But the inability to predict both the time and direction of light particle emissions, said Einstein in 1917, is "a weakness in the theory..., that it leaves time and direction of elementary processes to chance (Zufall, ibid.)." It is only a weakness for Einstein, of course, because his God does not play dice.

Einstein clearly saw, as none of his contemporaries did, that since spontaneous emission is a statistical process, it cannot possibly be described with classical physics.  


The properties of elementary processes required...make it seem almost inevitable to formulate a truly quantized theory of radiation.


Einstein may not have liked this conceptual crisis, but his insights into the indeterminism involved in quantizing matter and energy were known, if largely ignored, for another decade until Heisenberg's quantum theory introduced his famous uncertainty principle in 1927. Heisenberg states that the exact position and momentum of an atomic particle can only be known within certain (sic) limits. The product of the position error and the momentum error is greater than or equal to Planck's constant h/2π. 
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The Interaction of Radiation and Matter as the Origin of Irreversibility (1916)


In his two papers on quantum mechanics in 1916-17, Einstein's discovery of ontological chance is the most important contribution to physics and philosophy. But his insight into the asymmetry of the emission and absorption processes may be used to discover the origin of irreversibility and an explanation for Boltzmann's hypothesis of "molecular disorder."


What we might call Einstein's "radiation asymmetry" was introduced with these words,


When a molecule absorbs or emits the energy
ε in the form of radiation during the transition between quantum theoretically possible
states, then this elementary process can be viewed either as a completely or partially
directed one in space, or also as a symmetrical (nondirected) one. It turns out that we
arrive at a theory that is free of contradictions, only if we interpret those elementary
processes as completely directed processes.

The elementary process of the emission and absorption of radiation is asymmetric, because the process is directed, as Einstein had explicitly noted first in 1909, and we know he had seen as early as 1905. The apparent isotropy of the emission of radiation is only what Einstein called "pseudo-isotropy" (Pseudoisotropie), a consequence of time averages over large numbers of events. Einstein often substitutes time averages for space averages, or averages over the possible states of a system in statistical mechanics.




a quantum theory free
from contradictions can only be obtained if the emission process, just
as absorption, is assumed to be directional. In that case, for each
elementary emission process Zm->Zn a momentum of magnitude
(εm—εn)/c is transferred to the molecule. If the latter is isotropic, we
shall have to assume that all directions of emission are equally probable. 

If the molecule is not isotropic, we arrive at the same statement if the
orientation changes with time in accordance with the laws of chance.
Moreover, such an assumption will also have to be made about the
statistical laws for absorption, (B) and (B'). Otherwise the constants
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 would have to depend on the direction, and this can be
avoided by making the assumption of isotropy or pseudo-isotropy
(using time averages). 



Now the principle of microscopic reversibility is a fundamental assumption of statistical mechanics. It underlies the principle of "detailed balancing," which is critical to the understanding of chemical reactions. In thermodynamic equilibrium, the number of forward reactions is exactly balanced by the number of reverse reactions.
But microscopic reversibility, while true in the sense of averages over time, should not be confused with the reversibility of individual collisions between molecules.


The equations of classical dynamics are reversible in time. And the deterministic Schrödinger equation of motion in quantum mechanics is also time reversible. Irreversibility thus depends on the "projection" of a superposition of states into a single state, the so-called "collapse" of the wave function.


The Quantum Statistics for Photons (1924)


In 1924, Einstein received an amazing very short paper from India by Satyendra Nath Bose. Einstein must have been pleased to read the title, "Planck's Law and the Hypothesis of Light Quanta." It was more attention to Einstein's 1905 work than anyone had paid in nearly twenty years. The paper began by claiming that the "phase space" (a combination of 3-dimensional coordinate space and 3-dimensional momentum space) should be divided into small volumes of h3, the cube of Planck's constant. By counting the number of possible distributions of light quanta over these cells, Bose claimed he could calculate the entropy and all other thermodynamic properties of the radiation.

Bose easily derived the inverse exponential function, Einstein too had derived this. Maxwell and Boltzmann derived it, without the additional -1, by analogy from the Gaussian exponential tail of probability and the theory of errors.
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(Planck had simply guessed this expression from Wien's law  by adding the term - 1 in the denominator of  Wien's a / e - bν / T). 



All previous derivations of the Planck law, including Einstein's of 1916-17 (which Bose called "remarkably elegant"), used classical electromagnetic theory to derive the density of radiation, the number of "modes" or "degrees of freedom" of the radiation field,
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But now Bose showed he could get this quantity with a simple statistical mechanical argument remarkably like that Maxwell used to derive his distribution of molecular velocities. Where Maxwell said that the three directions of velocities for particles are independent of one another, but of course equal to the total momentum,



px2 + py2 + pz2 = p2,



Bose just used Einstein's relation for the momentum of a photon,
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and he wrote 
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This led him to calculate a frequency interval in phase space as 
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which he simply divided by  h3, multiplied by 2 to account for two polarization degrees of freedom, and he had derived the number of cells belonging to dν,
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without using classical radiation laws, a correspondence principle, or even Wien's law. His derivation was purely statistical mechanical, based only on the number of cells in phase space and the number of ways N photons can be distributed among them.


Einstein immediately translated the Bose paper into German and had it published in Zeitschrift für Physik, without even telling Bose.  More importantly, Einstein then went on to discuss a new quantum statistics that predicted low-temperature condensation of any particles with integer values of the spin. So called Bose-Einstein statistics were quickly shown by Dirac to lead to the quantum statistics of half-integer spin particles called Fermi-Dirac statistics. Fermions are half-integer spin particles that obey Pauli's exclusion principle so a maximum of two particles, with opposite spins, can be found in the fundamental h3 volume of phase space identified by Bose.


Einstein's 1916 work on transition probabilities predicted the stimulated emission of radiation that brought us lasers (light amplification by the stimulated emission of radiation). Now his work on quantum statistics brought us the Bose-Einstein condensation. Either work would have made their discoverer a giant in physics, but these are more often attributed to Bose, just as Einstein's quantum discoveries before the Copenhagen Interpretation are mostly forgotten by historians and today's textbooks, or attributed to others.


This may have been Einstein's last positive contribution to quantum physics. Some judge his next efforts as purely negative attempts to discredit quantum mechanics, by graphically illustrating quantum phenomena that seem logically impossible or at least in violation of fundamental theories like his relativity. But information philosophy hopes to provide explanations for Einstein's paradoxes that depend on the immaterial nature of information. 


The phenomena of nonlocality, nonseparability, and entanglement may not be made intuitive by our explanations, but they can be made understandable. And they can be visualized in a way that Einstein and Schrödinger might have liked, even if they might still have found the phenomena difficult to believe. We hope even the layperson will see our animations as providing them an understanding of what quantum mechanics is doing in the microscopic world. The animations present standard quantum physics as Einstein saw it, though Schrödinger never accepted the "collapse" of the wave function and the existence of particles making quantum jumps.




The Fifth Solvay Conference, On Electrons and Photons (1927)


Sadly, despite Einstein's two decades of pioneering work on the interaction of photons and electrons, his ideas and concerns were given little attention at this Solvay, though the conference was dedicated to electrons and photons.

The conference was dominated by papers on the new quantum theory delivered by Louis de Broglie, Niels Bohr, Max Born and Werner Heisenberg. It is best known for Einstein's after-hours suggestions to Niels Bohr and Werner Heisenberg probing for faults in the uncertainty principle.  Accounts of these events have been told largely by the victors (there are no holes in uncertainty) but Einstein has said they often missed or ignored his important point. That point was the nonlocal behavior of a spherical light wave as it collapses to get absorbed by a single electron. This was Einstein's only contribution mentioned in the published proceedings. 


Here are the notes on Einstein's original remarks at the conference and Bohr's brief response. They contain much of Einstein's 1935 EPR paper, except in 1927 only one particle is involved. Entanglement in EPR requires two identical particles.


Notice how Einstein's diagram clearly shows his concerns of over two decades about reconciling a spherical wave (his example is now an electron) and its collapse to being measured at just one point as if it is a particle. At this point in the history of quantum mechanics, wave-particle duality is seen as the debate between Schrödinger's wave mechanics and Heisenberg's particle mechanics.


[image: image-placeholder]

MR ElNSTEIN. - Despite being conscious of the fact that I have not entered
deeply enough into the essence of quantum mechanics, nevertheless I want to 
present here some general remarks.


One can take two positions towards the theory with respect to its postulated
domain of validity, which I wish to characterise with the aid of a simple example.


Let S be a screen provided with a small opening O, and P a hemispherical
photographic film of large radius. Electrons impinge on S in the direction of the arrows. Some of these go through O, and because of the smallness of O and the speed of the particles, are dispersed uniformly over the directions of the hemisphere, and act on the film.


Both ways of conceiving the theory now have the following in common. There are de Broglie waves, which impinge approximately normally on S and are diffracted at O. Behind S there are spherical waves, which reach the screen P  and
whose intensity at P is responsible [massgebend] for what happens at P.


We can now characterise the two points of view as follows.


The waves give the probability or possibilities for a single electron being found at different locations in an ensemble of identical experiments. A wave does not describe a cloud of electrons as Schrödinger had hoped. Einstein's ensemble theory is the correct interpretation.


1. Conception I. - The de Broglie-Schrödinger waves do not correspond to a single electron, but to a cloud of electrons extended in space. The theory gives no information about individual processes, but only about the ensemble of an infinity of elementary processes.


Quantum theory is not complete in this sense. Representing each particle as a narrow wave packet aiming at the point P is mistaken.


2. Conception II. - The theory claims to be a complete theory of individual processes. Each particle directed towards the screen, as far as can be determined by its position and speed, is described by a packet of de Broglie-Schrödinger waves of short wavelength and small angular width. This wave packet is diffracted and, after diffraction, partly reaches the film P in a state of resolution [un etat de resolution].


According to the first, purely statistical, point of view 
  |
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 expresses the
probability that there exists at the point considered a particular particle of the cloud, for example at a given point on the screen.



If by the same particle, Einstein means that the one individual particle has a possibility of being found at more than one (indeed many) locations on the screen. This is so, but this seems to be conception I?


According to the second, | ψ |2 expresses the probability that at a given instant
the same particle is present at a given point (for example on the screen). Here, 
the theory refers to an individual process and claims to describe everything that is governed by laws.

The second conception goes further than the first, in the sense that all the
information resulting from I results also from the theory by virtue of II, but
the converse is not true. It is only by virtue of II that the theory contains the
consequence that the conservation laws are valid for the elementary process; it is only from II that the theory can derive the result of the experiment of Geiger and Bothe, and can explain the fact that in the Wilson [cloud] chamber the droplets stemming from an α-particle are situated very nearly on continuous lines.



Einstein is right that the one elementary process has a possibility of action elsewhere, but that could not mean producing an actual second particle. That would contradict conservation laws.

The "mechanism" of action-at-a-distance is simply the disappearance of possibilities elsewhere when a particle is actualized (localized) somewhere  



But on the other hand, I have objections to make to conception II. The scattered
wave directed towards P does not show any privileged direction. If | ψ |2 were
simply regarded as the probability that at a certain point a given particle is found at 
a given time, it could happen that the same elementary process produces an action in two or several places on the screen. But the interpretation, according to which | ψ |2 expresses the probability that this particle is found at a given point, assumes an entirely peculiar mechanism of action at a distance, which prevents the wave continuously distributed in space from producing an action in two places on the
screen.


When a particle appears - just one of the multiple nonlocal possibilities becomes actual or localized - at a specific point P , what becomes of the wave that was going off in all other directions? Its "collapse" - the instantaneous going to zero of probabilities - mistakenly appears to Einstein to violate his relativity principle.

In my opinion, one can remove this objection only in the following way, that one
does not describe the process solely by the Schrödinger wave, but that at the same
time one localises the particle during the propagation. I think that Mr de Broglie is
right to search in this direction. If one works solely with the Schrödinger waves,
interpretation II of | ψ |2 implies to my mind a contradiction with the postulate of relativity.


The permutation of two identical particles does not produce two different points in multidimensional (configuration space).  
Einstein and Bose discovered  the new quantum statistics and indistinguishability. Dirac and Fermi extended it to electrons.
For example, interchange of the two electrons in the filled first electron shell, 1s2, just produces a change of sign for the two-particle wave function.


I should also like to point out briefly two arguments which seem to me to speak against the point of view II. This [view] is essentially tied to a multi-dimensional representation (configuration space), since only this mode of representation makes
possible the interpretation of | ψ |2 peculiar to conception II. Now, it seems to me
that objections of principle are opposed to this multi-dimensional representation.
In this representation, indeed, two configurations of a system that are distinguished only by the permutation of two particles of the same species are represented by two different points (in configuration space), which is not in accord with the new results in statistics. Furthermore, the feature of forces of acting only at small spatial distances finds a less natural expression in configuration space than in the space of three or four dimensions.

   


Bohr's reaction to Einstein's presentation has been preserved. He didn't understand a word! He disingenuously claims he does not know what quantum mechanics is. His response is vague and ends with his ideas on complementarity and the inability to describe a causal spacetime reality.

   

Does Bohr really not understand? As we have seen, Einstein has been making this general point for many years. Only recently has Bohr taken Einstein's concept of light quanta seriously.


MR BOHR. I feel myself in a very difficult position because I don't understand what precisely is the point which Einstein wants to [make]. No doubt it is my fault.

As regards general problem I feel its difficulties. I would put [the] problem in [an]other way. I do not know what quantum mechanics is. I think we are dealing with some mathematical methods which are adequate for description of our experiments. Using a rigorous wave theory we are claiming something which the theory cannot possibly give. [We must realise] that we are away from that state where we could hope of describing things on classical theories. [I] Understand [the] same view is held by Born and Heisenberg. I think that we actually just try to meet, as in all other theories, some requirements of nature, but [the} difficulty is that we must use words which remind [us] of older theories. The whole foundation for causal spacetime description is taken away by quantum theory, for it is based on [the] assumption of observations without interference. ... excluding interference means exclusion of experiment and the whole meaning of space and time observation ... because we [have] interaction [between object and measuring instrument] and thereby we put us on a quite different standpoint than we thought we could take in classical theories. If we speak of observations we play with a statistical problem There are certain features complementary to the wave pictures (existence of individuals). ...



The saying that spacetime is an abstraction might seem a philosophical triviality but nature reminds us that we are dealing with something of practical interest. Depends on how I consider theory. I may not have understood, but I think the whole thing lies [therein that the] theory is nothing else [but] a tool for meeting our requirements and I think it does.

   


Twenty-two years later, in his contribution to the Schilpp memorial volume on Einstein, Bohr had no better response to Einstein's 1927 concerns. But he does remember vividly and provides a picture of what Einstein drew on the blackboard. 


Here is Bohr's 1949 recollection:




At the general discussion in Como, we all missed the presence of Einstein,
but soon after, in October 1927, I had the opportunity to meet him in Brussels
at the Fifth Physical Conference of the Solvay Institute, which was devoted
to the theme "Electrons and Photons." 

Note that they wanted Einstein's reaction to their work, but actually took little interest in Einstein's concern about the nonlocal implications of quantum mechanics, nor did they look at his work on electrons and photons, despite the conference title. 


At the Solvay meetings,
Einstein had from their beginning been a most prominent figure, and several
of us came to the conference with great anticipations to learn his reaction
to the latest stage of the development which, to our view, went far in
clarifying the problems which he had himself from the outset elicited so
ingeniously. During the discussions, where the whole subject was reviewed
by contributions from many sides and where also the arguments mentioned
in the preceding pages were again presented, Einstein expressed, however,
a deep concern over the extent to which a causal account in space and time
was abandoned in quantum mechanics. 
To illustrate his attitude, Einstein referred at one of the sessions
to the simple example, illustrated by Fig. 1, of a particle (electron or
photon) penetrating through a hole or a narrow slit in a diaphragm placed
at some distance before a photographic plate. 
[image: photon passes through a slit]

On account of the diffraction of the wave connected with the motion
of the particle and indicated in the figure by the thin lines, it is under
such conditions not possible to predict with certainty at what point the
electron will arrive at the photographic plate, but only to calculate the
probability that, in an experiment, the electron will be found within any
given region of the plate. 


Bohr's labels for points A and B are helpful. The "nonlocal" effects at point B are just that the probability of an electron being found at point B goes to zero instantly (not an "action at a distance") when an electron is localized at point A


The apparent difficulty, in this description,
which Einstein felt so acutely, is the fact that, if in the experiment
the electron is recorded at one point A of the plate, then it is out of
the question of ever observing an effect of this electron at another point
(B), although the laws of ordinary wave propagation offer no room for a
correlation between two such events. 



Although Bohr seems to have missed Einstein's point completely, Werner Heisenberg at least came to explain it well. In his 1930 lectures at the University of Chicago, Heisenberg presented a critique of both particle and wave pictures, including a new example of nonlocality that Einstein had apparently developed since 1927. It includes Einstein's concern about "action-at-a-distance" that might violate his principle of relativity, and anticipates the Einstein-Podolsky-Rosen paradox. Heisenberg  wrote:

   

In relation to these considerations, one other idealized experiment (due to Einstein) may be considered. We imagine a photon which is represented by a wave packet built up out of Maxwell waves. It will thus have a certain spatial extension and also a certain range of frequency. By reflection at a semi-transparent mirror, it is possible to decompose it into two parts, a reflected and a transmitted packet. There is then a definite probability for finding the photon either in one part or in the other part of the divided wave packet. After a sufficient time the two parts will be separated by any distance desired; now if an experiment yields the result that the photon is, say, in the reflected part of the packet, then the probability of finding the photon in the other part of the packet immediately becomes zero. The experiment at the position of the reflected packet thus exerts a kind of action (reduction of the wave packet) at the distant point occupied by the transmitted packet, and one sees that this action is propagated with a velocity greater than that of light. However, it is also obvious that this kind of action can never be utilized for the transmission of signals so that it is not in conflict with the postulates of the theory of relativity.

   



Einstein visualizes Two-Particle Nonlocality (1933)



In 1933, shortly before he left Germany to emigrate to America, 
Einstein attended a lecture on quantum electrodynamics by Leon
Rosenfeld. Keep in mind that Rosenfeld was perhaps the most
dogged defender of the Copenhagen Interpretation. After the talk,
Einstein asked Rosenfeld, 

“What do you think of this situation?”
Suppose two particles are set in motion towards each other with
the same, very large, momentum, and they interact with each
other for a very short time when they pass at known positions.
Consider now an observer who gets hold of one of the particles,
far away from the region of interaction, and measures its
momentum: then, from the conditions of the experiment, he will
obviously be able to deduce the momentum of the other particle.
If, however, he chooses to measure the position of the first
particle, he will be able tell where the other particle is.


It is most unfortunate that Einstein did not explain that measuring the momentum of the first particle allows us to deduce the momentum of the second particle because of the conservation of linear momentum.


The same conservation principle explains as Einstein says, "If, however, he chooses to measure the position of the first
particle, he will be able tell where the other particle is." If Einstein had called this ability to tell "knowledge (information) at a distance," instead of "spooky action at a distance," entanglement might never have been thought "spooky" at all, just a correlation of properties.   


We can diagram a simple case of Einstein’s question as follows after the particles have interacted and separate from the center. We use electrons instead of generic particles, an anachronism introduced by David Bohm in 1952.


[image: image-placeholder]


Recall that it was Einstein who discovered in 1924 the identical nature, indistinguishability, and interchangeability of some quantum particles. He found that identical particles are not independent, altering their quantum statistics.

 Note the anachronism of electrons as Einstein's generic particles. It was David Bohm in 1952 who proposed that Einstein's EPR problem use electrons.  Today many if not most accounts of the EPR paradox describe it with electrons.


After the particles interact at t1, quantum mechanics describes them with a single two-particle wave function that is not the product of independent single-particle wave functions. In the case of electrons, which are indistinguishable interchangeable particles, it is not proper to say electron 1 goes this way and electron 2 that way. (Nevertheless, it is convenient to label the particles, as we do in the illustration.) 

Einstein then asked Rosenfeld, “How can the final state of the second
particle be influenced by a measurement performed on the first
after all interaction has ceased between them?” This was the germ
of the EPR paradox, and ultimately the problem of two-particle
entanglement.


Why does Einstein question Rosenfeld and describe this as an
“influence,” suggesting an “action-at-a-distance?”


It is only paradoxical in the context of Rosenfeld’s Copenhagen
Interpretation, since the second particle is not itself measured and
yet we know something about its properties, which the Copenhagen Interpretation
says we cannot know without an explicit measurement..


Einstein was clearly correct to tell Rosenfeld that at a later time 
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, a measurement of one particle's position would instantly establish the position of the other particle - without measuring it. Einstein simply used conservation of linear momentum implicitly to calculate (and know) the position of the second particle.


Two years later, reacting to EPR, Schrödinger described two such particles as becoming "entangled" (verschränkt) at their first interaction, so "nonlocal" phenomena are also known as "quantum entanglement." 


Although conservation laws are rarely cited as the explanation, they are the physical reason that entangled particles always produce correlated results for all properties. If the results were not always correlated, the implied violation of a fundamental conservation law would cause a much bigger controversy than entanglement itself, as puzzling as that is.



Einstein Accepts Quantum Mechanics But Still Hopes For A Continuum Theory (1934)


In 1934, Einstein described one way to reconcile nonlocality with a four-dimensional spacetime continuum theory. At this time, Einstein is clearly supportive of Heisenberg's uncertainty principle and the probabilistic nature of quantum theory:

   

The idea that the light wave (or wave function) gives the probabilities of finding a particle was seen by Einstein decades earlier, though he never published his idea of a ghost field (Gespensterfeld). Einstein is too modest.


The modern quantum theory, as associated with the names of
de Broglie, Schrödinger, and Dirac, which of course operates
with continuous functions, has overcome this difficulty by means
of a daring interpretation, first given in a clear form by Max
Born: - the space functions which appear in the equations make
no claim to be a mathematical model of atomic objects. These
functions are only supposed to determine in a mathematical way
the probabilities of encountering those objects in a particular
place or in a particular state of motion, if we make a measurement.
This conception is logically unexceptionable, and has
led to important successes...


Einstein sees that nonlocality may be unavoidable.


On the other hand, it seems to me certain
that we have to give up the notion of an absolute localization of
the particles in a theoretical model. This seems to me to be the
correct theoretical interpretation of Heisenberg's indeterminacy
relation. And yet a theory may perfectly well exist, which is in a
genuine sense an atomistic one (and not merely on the basis of a
particular interpretation), in which there is no localizing of the
particles in a mathematical model. For example, in order to
include the atomistic character of electricity, the field equations
only need to involve that a three-dimensional volume of space on
whose boundary the electrical density vanishes everywhere,
contains a total electrical charge of an integral amount. Thus in
a continuum theory, the atomistic character could be satisfactorily
expressed by integral propositions without localizing the
particles which constitute the atomistic system.

Only if this sort of representation of the atomistic structure
be obtained could I regard the quantum problem within the framework
of a continuum theory as solved. 
 
   



Einstein-Podolsky-Rosen and Entanglement (1935)



Einstein and colleagues Boris Podolsky and Nathan Rosen, proposed in 1935 a paradox (known by their initials as EPR or as the Einstein-Podolsy-Rosen paradox) to exhibit internal contradictions in the new quantum physics. They hoped to show that quantum theory could not describe certain intuitive "elements of reality" and thus was  incomplete. They said that, as far as it goes, quantum mechanics is correct, just not "complete."

Einstein was correct that quantum theory is "incomplete" relative to classical physics, which has twice as many dynamical variables that can be known with arbitrary precision. But half of this information is missing in quantum physics, due to the indeterminacy principle which allows only one of each pair of non-commuting observables (for example momentum or position) to be known with arbitrary accuracy. Even more important, an individual particle, cannot be said to have a known position before a measurement, since evolution described by the unitary and deterministic Schrödinger equation provides us only probabilities. 


The most that can be said is that the particle can be found anywhere the probability amplitude is non-zero. This was the core idea of Einstein's claim of "incompleteness." For Bohr to deny this and call quantum mechanics "complete" was just to play word games, which infuriated Einstein.


Einstein was also correct that indeterminacy makes quantum theory an irreducibly discontinuous and statistical theory. Its predictions and highly accurate experimental results are statistical in that they depend on an ensemble of identical experiments, not on any individual experiment. Einstein wanted physics to be a continuous field theory, in which all physical variables are completely and locally determined by the four-dimensional field of space-time in his theory of relativity.


Einstein and his colleagues Erwin Schrödinger, Max Planck, (later David Bohm), and others hoped for a return to deterministic physics, and the elimination of mysterious quantum phenomena like the superposition of states, the mysterious "collapse" of the wave function, and Schrödinger's famous cat.  EPR continues to fascinate determinist philosophers of science who hope to prove that quantum indeterminacy does not exist. 



What happens according to the information interpretation of quantum mechanics is an instantaneous change in the information about probabilities (actually complex probability amplitudes). Nothing physical (matter or energy) is moving anywhere.



But Einstein was also bothered by what is known as "nonlocality," as we saw at the 1927 Solvay conference. This mysterious phenomenon was even more clearly exhibited in EPR experiments as the apparent transfer of something physical faster than the speed of light. Einstein may have already seen this inconsistency with his relativity theory in his 1905 papers. 

The 1935 EPR paper was based on a question of Einstein's about two electrons fired in opposite directions from a central source with equal velocities. He imagined them starting at 
  
    t
    
      0
    
  
 some distance apart and approaching one another with high velocities. Then for a short time interval from 
  
    t
    
      1
    
  
 to t1 + Δt the particles are in contact with one another. 



Most accounts of entanglement and nonlocality begin with the idea that distinguishable particles separate - particle 1 goes one way and particle 2 the other. But indistinguishable particles cannot be separated. And neither one has a distinct path between measurements.


After the particles are measured and become entangled at t1, quantum mechanics describes them with a single two-particle wave function that is not the product of two one-particle wave functions. Because electrons are indistinguishable particles, it is not proper to say electron 1 goes this way and electron 2 that way. (Nevertheless, it is convenient to label the particles, as we do in illustrations below.) It is misleading to think that specific particles have distinguishable paths.

Einstein said correctly that at a later time 
  
    t
    
      2
    
  
, a measurement of one electron's position would instantly establish the position of the other electron - without measuring it explicitly. And this is correct, just as after the collision of two billiard balls, measurement of one ball tells us exactly where the other one is due to conservation of momentum. But this is not "action at a distance." It is more nearly "knowledge at a distance."


Note that Einstein used conservation of linear momentum to calculate the position of the second electron. Although conservation laws are rarely cited as the explanation, they are the physical reason that entangled particles always produce correlated results. If the results were not always correlated, the implied violation of a fundamental conservation law would be a much bigger story than mysterious entanglement itself, as interesting as that is.

[image: image-placeholder]



This idea of something measured in one place "influencing" measurements far away challenged what Einstein thought of as "local reality." It came to be known as "nonlocality." Einstein called it "spukhaft Fernwirkung" or "spooky action at a distance." Schrödinger described the two electrons as "entangled" (verschränkt) at their first measurement. Verschränkt means something like cross-linked. It describes someone standing with arms crossed. Today EPR is the classic example of entanglement.

Einstein  criticized the collapse of the wave function  as "instantaneous-action-at-a-distance."
This criticism resembles the criticisms of Newton's theory of gravitation. Newton's opponents charged that his theory was "action at a distance" and instantaneous. Einstein's own field theory of general relativity shows that gravitational influences travel at the speed of light and are mediated by a gravitational field that shows up as curved space-time.


For Einstein, fields like gravitation and electromagnetism are ponderable, a disturbance of the field at one place is propagated at some finite velocity to other parts of the field. But mathematical probability is not a ponderable field in this sense.


When a probability function collapses to unity in one place and zero elsewhere, nothing physical, neither matter nor energy, is moving from one place to the other. Only information changes. 



Visualizing Entanglement, Nonlocality, and Nonseparability

Schrödinger said that his "Wave Mechanics" provided more "visualizability" (Anschaulichkeit) than the "damned quantum jumps" of the Copenhagen school, as he called them. He was right. We can use the wave function to visualize EPR.

But we must focus on the probability amplitude wave function of the prepared two-particle state. We must not attempt to describe the paths or locations of independent particles - at least until after some measurement has been made. We must also keep in mind the conservation laws that Einstein used to describe nonlocal behavior in the first place. Then we can see that the "mystery" of nonlocality for two particles is primarily the same mystery as the single-particle collapse of the wave function. But there is an extra mystery, one we might call an "enigma," that results from the nonseparability of identical indistinguishable particles.


As Richard Feynman said, there is only one mystery in quantum mechanics (the superposition of states, the probabilities of collapse into one state, and the consequent statistical outcomes). The only difference in two-particle entanglement and nonlocality is that two particles appear simultaneously (in their original interaction frame) when their wave function collapses.


We choose to examine a phenomenon which is impossible, absolutely impossible, to explain in any classical way, and which has in it the heart of quantum mechanics. In reality, it contains the only mystery. We cannot make the mystery go away by "explaining" how it works. We will just tell you how it works. In telling you how it works we will have told you about the basic peculiarities of all quantum mechanics.


In the time evolution of an entangled two-particle state according to the Schrödinger equation, we can visualize it - as we visualize the single-particle wave function - as collapsing when a measurement is made. The discontinuous "jump" is also described as the "reduction of the wave packet." This is apt in the two-particle case, where the superposition of | + - > and | - + > states is "projected"  or "reduced" to one of these states, and then further reduced to the product of independent one-particle states.


In the two-particle case (instead of just one particle making an appearance), when either particle is measured we know instantly those now determinate properties of the other particle that satisfy the conservation laws, including its location equidistant from, but on the opposite side of, the source.



Animation of a two-particle wave function collapsing - click to restart

[image: image-placeholder]


Some commentators say that nonlocality and entanglement are a "second revolution" in quantum mechanics, "the greatest mystery in physics," or "science's strangest phenomenon," and that quantum physics has been "reborn." They usually quote Erwin Schrödinger as saying


"I consider [entanglement] not as one, but as the characteristic trait of quantum mechanics, the one that enforces its entire departure from classical lines of thought."


Schrödinger knew that his two-particle wave function could not have the same simple interpretation as the single particle, which can be visualized in ordinary 3-dimensional configuration space. And he is right that entanglement exhibits a richer form of the "action-at-a-distance" and nonlocality that Einstein had already identified in the collapse of the single particle wave function. 

But the main difference is that two particles acquire new properties instead of one, and they do it instantaneously (at faster than light speeds), just as in the case of a single-particle measurement, where the finite probability of appearing at various distant locations collapses to zero at the instant the particle is found somewhere.



We can enhance our visualization of what might be happening between the time two entangled electrons are emitted with opposite spins and the time one or both electrons are detected.


Quantum mechanics describes the state of the two electrons as in a linear combination of | + - > and | - + > states.  We can visualize the electron moving left to be both spin up | + > and spin down | - >. And the electron moving right would be both spin down | - > and spin up | + >.  We could require that when the left electron is spin up | + >, the right electron must be  spin down | - >, so that total spin is always conserved.


Consider this possible animation of the experiment, which illustrates the assumption that each electron is in a linear combination of up and down spin. It imitates the superposition (or linear combination) with up and down arrows on each electron oscillating quickly. 


Notice that if you move the animation frame by frame by dragging the dot in the timeline, you will see that total spin = 0 is conserved. When one electron is spin up the other is always spin down.


🎬Videohttps://www.informationphilosopher.com/animations/Animate_EPR_Osc.mp4


Since quantum mechanics says we cannot know the spin until it is measured, our best estimate is a 50/50 probability between up and down.


This is the same as assuming Schrödinger's Cat is 50/50 alive and dead. But what this means of course is simply that if we do a large number of identical experiments, the statistics for live and dead cats will be approximately 50/50%. We never observe/measure a cat that is both dead and alive!


As Einstein noted, QM tells us nothing about individual cats. Quantum mechanics is incomplete in this respect. He is correct, although Bohr and Heisenberg insisted QM is complete, because we cannot know more before we measure, and reality is created (they say) when we do measure.


Despite accepting that a particular value of an "observable" can only be known by a measurement (knowledge is an epistemological problem, Einstein asked whether the particle actually (really, ontologically) has a path and position before we measure it?  His answer was yes.


Here is an animation that illustrates the unprovable assumption that the two electrons are randomly produced in a spin-up and a spin-down state, and that they remain in those states no matter how far they separate, provided neither interacts until the measurement.  An interaction does what is described as decohering the two states.


🎬Videohttps://www.informationphilosopher.com/animations/Animate_EPR.mp4



How Mysterious Is  Entanglement?


Some commentators say that nonlocality and entanglement are a "second revolution" in quantum mechanics, "the greatest mystery in physics," or "science's strangest phenomenon," and that quantum physics has been "reborn." They usually quote Erwin Schrödinger as saying

"I consider [entanglement] not as one, but as the characteristic trait of quantum mechanics, the one that enforces its entire departure from classical lines of thought."


Schrödinger knew that his two-particle wave function could not have the same simple interpretation as the single particle, which can be visualized in ordinary 3-dimensional configuration space. And he is right that entanglement exhibits a richer form of the "action-at-a-distance" and nonlocality that Einstein had already identified in the collapse of the single particle wave function. 

But the main difference is that two particles acquire new properties instead of one, and they do it instantaneously (at faster than light speeds), just as in the case of a single-particle measurement.


Nonlocality and entanglement are thus just another manifestation of Richard Feynman's "only" mystery. In both single-particle and two-particle cases paradoxes appear only when we attempt to describe independent particles following a path to measurement by observer A (and/or observer B). 




Can a Special Frame Resolve the EPR Paradox?


Is it remotely possible that Einstein deliberately added an asymmetry to a problem that he knew is symmetric, in order to get physicists thinking more seriously about the questions he had been raising for decades, with no one ever taking them. or him, seriously? 



Almost every presentation of the EPR paradox begins with something like "Alice observes one particle..." and concludes with the question "How does the second particle get the information needed so that Bob's measurements correlate perfectly with Alice?"

There is a fundamental asymmetry in this framing of the EPR experiment. It is a surprise that Einstein, who was so good at seeing deep symmetries, did not consider how to remove the asymmetry.


Consider this reframing: Alice's measurement collapses the two-particle wave function. The two indistinguishable particles simultaneously appear at locations in a space-like separation. The frame of reference in which the source of the two entangled particles and the two experimenters are at rest is a special frame in the following sense.


As Einstein knew very well, there are frames of reference moving with respect to the laboratory frame of the two observers in which the time order of the events can be reversed. In some moving frames Alice measures first, but in others Bob measures first. 


If there is a special frame of reference (not a preferred frame in the relativistic sense), surely it is the one in which the origin of the two entangled particles is at rest. Assuming that Alice and Bob are also at rest in this special frame and equidistant from the origin, we arrive at the simple picture in which any measurement that causes the two-particle wave function to collapse makes both particles appear simultaneously at determinate places with fully correlated properties (just those that are needed to conserve energy, momentum, angular momentum, and spin).
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In the two-particle case (instead of just one particle making an appearance), when either particle is measured, we know instantly those properties of the other particle that satisfy the conservation laws, including its location equidistant from, but on the opposite side of, the source, and its other properties such as spin.


We can also ask what happens if Bob is not at the same distance from the origin as Alice. This introduces a positional asymmetry. But there is still no time asymmetry from the point of view of the two-particle wave function collapse. 


When Alice detects the particle (with say spin up), at that instant the other particle also becomes determinate (with spin down) at the same distance on the other side of the origin. It now continues, in that determinate state, to Bob's measuring apparatus.




Einstein asked whether the particle has a determinate position(or spin) just before it is measured. Even if it does not, we can say that the electron spin was determined from the moment the two-particle wave function collapsed. Recall that the two-particle wave function describing the indistinguishable particles cannot be separated into a product of two single-particle wave functions. When either particle is measured, they both become determinate.



Why Did Einstein De-emphasize Symmetry and Conservation Principles? 

The experiment with two entangled particles was introduced by Einstein in the 1935 EPR paradox paper in the context of conserving momentum. In David Bohm's entangled electrons with total spin zero,  the Copenhagen assumption that each particle is in a random unknown combination of spin up and spin down, independent of the other particle, simply because we have not yet measured either particle, is wrong and the source of the “paradox.” Just as a particle has an unknown but definite position, those entangled particles have opposing spins, even if the spins are unknown individually, they are interdependent jointly.
 
Einstein lived only a few years after Bohm's version and never commented on it as far as we know. But might he have said, following his use of momentum conservation in 1935, and in his 1933 remarks to Leon Rosenfeld, the following. When two particles travel away from the central source, with initial total spin zero, if one is ever measured as spin up, the other must be found with spin down? The operative principle for Einstein here would be conservation of spin. To assume that their spins are independent is to consider the absurd outcome that spins could be found both up (or down), a violation of a conservation principle that is much more egregious than the amazing fact spins are always perfectly correlated in any measurements.


Why also did Einstein not say that the overall problem is symmetric. It thus makes no sense to say that one particle is measured first, the other second, if they are in a space-like separation. In some other moving reference frames it will be the other particle that is measured first. Is Einstein setting a trap for lesser thinkers?



Einstein's Dream of a Continuous Field Theory


Einstein's dream of a continuous and deterministic unified field theory as a "theory of everything" gets in the way of his accepting the nonlocal and nonseparable, indeterministic and asymmetric character of radiation interactions with matter in quantum theory. 

Einstein’s main objection to the Copenhagen Interpretation of quantum mechanics was its claim that a particle has no position, or indeed any other observable property, until the particle is measured. He famously told the philosopher Hilary Putnam “Look, I don’t believe that when I am not in my bedroom my bed spreads out all over the room, and whenever I open the door and come in it jumps into the corner.”


Despite his reputation as the major critic of quantum mechanics, Einstein came to accept its indeterminism and statistical nature. As we have seen, he had himself discovered these aspects of quantum mechanics. If it is merely constructed on data derived from experience, he said quantum mechanics can only be approximate. 


Einstein always hoped to discover - or invent - a more fundamental theory, preferably a field theory like the work of Newton and Maxwell and his own relativity theories. He dreamed of a single theory that would unite the gravitational field, the electromagnetic field, the “spinor field,” and even what he called the “ghost field” or “guiding field” of quantum mechanics.


Such a theory would use partial differential equations that predict field values continuously for all space and time. That theory would be a free invention of the human mind. Pure thought, he said, could comprehend the real, as the ancients dreamed. 
 

Einstein wanted a field theory based on absolute principles such as the constant velocity of light, the conservation laws for energy and momentum, Ehrenfest’s adiabatic principle, symmetry principles, or Boltzmann’s principle that the entropy of a system depends on the possible distributions of its components.
 

We can now see the elements of Einstein’s interpretation, because fields are not substantial, like particles. They are abstract immaterial information that predicts the behavior of a particle at a given point in space and time, should one be there!


Fields are information. Particles are information structures.


A gravitational field describes paths in curved space that moving particles follow. An electromagnetic field describes the forces felt by an electric charge at each point. The wave function 
  Ψ
 of quantum mechanics - we can think of it as a possibility field -  provides probabilities that a particle will be found at a given point.


In all three cases continuous immaterial information describes causal influences over discrete material objects.


Note that the local values of all these fields depend on the distribution of matter in the rest of space, the so-called “boundary conditions.”  Curvature of space depends on the distribution of masses. Electric fields depend on the distribution of charges. And quantum possibility fields depend on whether there are one or two slits open in the famous and mysterious experiment. 


The quantum possibility field, calculated from the deterministically evolving Schrödinger equation, is a property of space. Like all fields, it exists whether or not there is a particle present. It only depends on the particle through the particle's wavelength.
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Experiments with one-slit and two-slits open, showing the possibilities field calculated from | ψ |2. The possibilities field for two slits open applies whichever slit the particle enters. It is a property of the boundary conditions for the space.


Following Einstein's objective reality view that particles have paths even if they cannot be measured, we can now animate the above cases of one slit open or two.  Note that with two slits open, the paths start from one slit or the other, distributing themselves randomly between the interference fringes. 

[image: image-placeholder]

We can now summarize Einstein’s thinking about field theories, resulting in a new interpretation of quantum mechanics. 


Einstein's Thoughts About Quantum Mechanics


1. Individual particles have the usual classical properties, like position and momentum, plus uniquely quantum properties, like spin, but these properties can only be established statistically. The quantum theory gives us statistical information about an individual particle position, probable values of all possible properties. A particle like an electron is a compact information structure with a definite position and momentum, even if it is unknown.

2. The quantum wave functions are fields. Einstein called them  ghost fields or guiding fields. The fields are not the particles. The fields have values in many places at the same time. Particles are at one place at a time. Quantum field values are complex numbers which allow interference effects, causing some places to have no particles. Fields are not localized. Einstein showed that a particle of matter or energy is always localized. Light quanta are emitted  and absorbed only as units, for example when one ejects an electron in the photoelectric effect.  


3. Because quantum physics does not give us precise information about a particle’s location, it is incomplete when compared to classical physics. Quantum mechanics is a statistical theory and contains only probable information about an individual particle.


4. The Copenhagen notion of complementarity, that a quantum object is both a particle and a wave, or sometimes one and sometimes the other, depending on the measurements performed, is confusing and simply wrong. A particle is always a particle and the wave behavior of its probability field is simply one of the particle’s properties, like its mass, charge, spin, etc. 


5. While the probability wave field is abstract and immaterial information, it causally influences the matter or energy, just as the particle’s spin dramatically alters its statistical properties, in particular its allowed positions, as Einstein showed in his 1924 discovery of quantum statistics. These nonintuitive behaviors are simply impossible in classical physics.


6. Although Niels Bohr deserves credit for arranging atoms in the periodic table, the deep reasons for two particles in the first shell and eight in the second were only clear after Einstein discovered spin statistics in 1924, following a suggestion by S. N. Bose.


7. In the two-slit experiment, Einstein’s localized particle always goes through one slit or the other, but when the two slits are open the probability wave function, which influences where the particle can land, is different from the wave function when one slit is open. The possibilities field (a wave) is determined by the boundary conditions of the experiment, which are different when only one slit is open. The particle does not go through both slits. It does not “interfere with itself.” It is never in two places at the same time. 


8. The experiment with two entangled particles was introduced by Einstein in the 1935 EPR paradox paper. The Copenhagen assumption that each particle is in a random unknown combination of spin up and spin down, independent of the other particle, simply because we have not yet measured either particle, is wrong and the source of the “paradox.” Just as a particle has an unknown but definite position, entangled particles have definite spins, even if they are unknown individually, they are interdependent jointly. 


Here is an animation that illustrates the assumption that the two electrons are randomly produced in a spin-up and a spin-down state, and that they remain in those states no matter how far they separate, provided neither interacts until the measurement.  Any interaction does what is described as decohering the two states.


🎬Videohttps://api.codetabs.com/v1/proxy/?quest=http%3A%2F%2Finformationphilosopher.com%2Fanimations%2FAnimate_EPR.mp4


When the particles travel away from the central source, with total spin zero, one is at all times spin up, the other is spin down. The operative principle for Einstein is conservation of spin. To assume that their spins are independent is to consider the absurd outcome that spins could be found both up (or down), a violation of a conservation principle that is much more egregious than the amazing fact spins are always perfectly correlated in any measurements. 


9. Erwin Schródinger explained to Einstein in 1936 that two entangled particles share a single wave function that can not be separated into the product of two single-particle wave functions, at least not until there is an interaction with another system that decoheres their perfect correlation.


10. Einstein ultimately accepted the indeterminism in quantum mechanics and the uncertainty in conjugate variables, despite the clumsy attempt by his colleagues Podolsky and Rosen to challenge uncertainty and restore determinism in the EPR paper.  


11. In 1931 Einstein called P.A.M.Dirac’s transformation theory “the most perfect exposition, logically, of this [quantum] theory” even though it lacks “enough information to enable one to decide” a particle’s exact properties.  In 1933 Dirac reformulated quantum physics using a Lagrangian rather than the standard Hamiltonian representation.  The time integral of the Lagrangian has the dimensions of action, the same as Planck’s quantum of action h. And the principle of least action visualizes  the solution of dynamical equations like Hamilton’s as exploring all paths to find that path with minimum action.


Dirac’s work led Richard Feynman to invent the path-integral formulation of quantum mechanics.  The transactional interpretations  of John Cramer and Ruth Kastner have a similar view.  The basic idea of exploring all paths is in many ways equivalent to saying that the probabilities of various paths are determined by a solution of the wave equation using the boundary conditions of the experiment. As we saw above, such solutions involve whether one or two slits are open, leading directly to the predicted interference patterns, given only the wavelength of the particle.  


12. In the end, of course, Einstein held out for a continuous field theory, one that could not be established on the basis of any number of empirical facts about measuring particles, but must be based on the discovery of principles, logically simple mathematical conditions which determine the field with differential equations. His lifelong dream was a “unified field theory,” one that at least combined the gravitational field and electromagnetic field, and one that might provide an underpinning for quantum mechanics someday.


Einstein was clear that even if his unified field theory was to be deterministic and causal, the statistical indeterminism of quantum mechanics itself would have to be preserved. 


This seemingly impossible requirement is easily met if we confine the determinism to Einstein’s continuous field theories, which are pure abstract immaterial information.  Einstein’s discovery of indeterminism and the statistical nature of physics we apply only to particles, which are information structures, new information in the universe created by the rearrangement of matter, while subject to the second law of thermodynamics.  





Summary of Einstein's Objections to Quantum Mechanics



Perhaps the major reason for historians of quantum mechanics (writing since the Copenhagen Interpretation) to largely ignore Einstein is that he was the single most important critic of the quantum mechanics formulated in the late 1920's by Niels Bohr, Werner Heisenberg, Max Born, Pascual Jordan, Wolfgang Pauli, and Paul DIrac, whose work became the "standard orthodox" interpretation of quantum mechanics. So Einstein today is remembered more for his later attacks than for his truly extraordinary fundamental contributions to quantum theory before its so-called "founding.".

Einstein's major objection was that quantum mechanics is a statistical theory, one that predicts probable results for a large number of experiments, but nothing about specific events, like the exact time of a radioactive decay or the direction of spontaneous emission of a photon. This "chance" behavior of individual systems was something that Einstein himself had pointed out in his early papers. But without the ability to predict individual events with certainty, he maintained that quantum mechanics must remain an incomplete theory. 


Quantum mechanics can precisely specify fewer physical variables than classical mechanics. Because of the indeterminacy principle, only one of each pair of non-commuting observables (momentum or position, for example) can be specified precisely. In this sense, classical theory is more complete. It contains more information.  But rather than simply accept Einstein's description and terminology, Bohr, Heisenberg and others engaged in linguistic debates, claiming that quantum theory is itself "complete." They simply denied that more could be known about an underlying reality.   


A second concern for Einstein was that the wave function ψ for an isolated free particle evolves in time to occupy all space. All positions become equally probable. Yet when we observe the particle, it is always located at some particular place. This does not prove that the particle had a particular place before the observation, but Einstein had a commitment to "elements of reality" that he thought no one could doubt. One of those elements is a particle's position. He asked the question, "Does the particle have a precise position the moment before it is measured?" The Copenhagen answer was sometimes "no," more often it was "we don't know."


If there is only one possible prior position for the particle, its path in four-dimensional space-time is fixed and determinate independently of the time. Complete path information is constant for all time. Quantum theory, by contrast, allows alternative possibilities (with calculable probabilities) that are critical if there is to be more than one possible future. 

A third (and related) problem for Einstein was the appearance of "nonlocal" behavior, in the "collapse" of the wave function, in the two-slit experiment, and in the EPR experiment "entangling" two particles. Einstein thought in 1927 at the Solvay conference that nonlocality violated his theory of special relativity. 


He drew a diagram on the blackboard illustrating the problem for a single particle. When the particle appears at point P on the right, what becomes of the wave that was going off to the left? Its "collapse" appears to violate his relativity principle.  All the modern collapse-deniers (Bohm, Everett, Zeh, Zurek) are following Einstein and Schrödinger, thinking that the wave function might be something tangible and real.


Beyond nonlocality, but closely connected, a fourth problem was the nonseparability of indistinguishable particles. It was the centerpiece of his 1935 criticisms of quantum theory. Already in 1927 Einstein expressed concerns about wave functions that describe two particles. He said that two configurations of a system that are distinguished only by the permutation of two particles of the same species are represented by two different points (in configuration space), which is not in accord with his new results in quantum gas statistics. 



For an animated visualization of a "nonlocal" and "nonseparable" two-particle wave function collapse, see our EPR page.


A two-particle wave function cannot be the product of independent wave functions for the two components, not even if the partial systems are found to be spatially separated from each other at the moment when they are measured. They had no determinate positions (they were indistinguishable and inseparable) just before the measurements. Einstein thought something must be traveling faster than light speed. That something is only abstract information about probability. 

When Einstein published the EPR paper in 1935, it was thirty years since he first had seen the conflict between quantization and relativity. Virtually no other physicists have seen this as clearly as Einstein, and much of the confusion and mystery surrounding entanglement and nonlocality is reduced to the one single mystery (as Richard Feynman described it) of quantum mechanics, the superposition of states and  collapse of the wave function, whether a single-particle or two-particle wave function!  


A fifth difficulty arose from Einstein's deep belief that any physical theory must be based on a continuous field. For Einstein, physical objects must be described by continuous functions of field variables in four-dimensional space-time coordinates. In quantum field theory (QFT), particles are functions of (singularities in) these fields. In quantum electrodynamics (QED), fields are merely properties of aggregated particles. Which then are the more fundamental? 
It appears to be particles, especially today when the last fundamental particle predicted by the standard theory (the Higgs boson) has been found. Einstein knew that his dream of a unified field theory may not be possible. In 1949 he asked about the theoretical foundation of physics in the future, "Will it be a field theory [or] will it be a statistical theory?"


Heisenberg and Bohr did not require a "conscious observer" to collapse the wave function in a measurement, but only the connection to the observer's mind for the results of an experiment to become human knowledge.


A sixth objection was the "Copenhagen interpretation" of the measurement process as requiring a conscious "observer" to produce "collapses" of the wave function. Einstein thought it absurd that his bed would diffuse throughout his bedroom until the moment that he opened the door and looked at it. It is not human observation that collapses wave functions, but any interaction of one quantum system with another. Focusing on information created or destroyed in particle interactions solves the famous "measurement problem."

A related objection was Bohr's philosophical commitment to "complementarity," which Einstein compared to Kant's dualistic subjective-objective and phenomenal-noumenal thinking. Einstein said he could not understand complementarity "despite much effort which I have expended on it." Rather than directly answer, indeed accept,  Einstein's claims that quantum theory is statistical and therefore incomplete, Bohr amateurishly philosophized about "complementary" classical and quantum realities. There is only one quantum reality, which converges in the limit of large numbers of particles (whether radiation or matter) to appear "classical" and adequately determined for most practical purposes.  


To summarize, Einstein disagreed initially with the fundamental indeterminism and statistical character of quantum theory. Inspired by his Spinozan deterministic theory of nature, Einstein repeatedly asserted that "God does not play dice." Ironically, it was Einstein himself who first clearly identified quantum-level indeterminism (over a decade before Heisenberg's discovery of uncertainty and acausality). Einstein saw that the decay time of a radioactive nucleus and the direction of a spontaneously emitted photon are nothing but the consequence of "chance" (Zufall) in quantum theory.

On the other hand, his determinism did not prevent Einstein from saying that physical concepts and the laws of nature are "free creations of the human mind." Einstein's magnificent contributions to quantum theory are not only such "free creations," but "chance" is half of the best explanation for the existence of human creativity and freedom of the will from pre-determinism. The adequate determinism of macroscopic structures (like human beings) is the other half of the two-stage model of free will.



Brief Review of the Chronology


Although it was Max Planck who introduced the notion of quantization (in 1900) to develop his blackbody radiation law, Planck did not believe for many years that radiation itself was quantized. It was Einstein who introduced the light quantum hypothesis, in 1905. Planck did not accept Einstein's light quanta for several years. He said in the discussion period following Einstein's 1909 paper, "That seems to me to be a step that, in my opinion, is not yet called for." Bohr opposed light quanta for two decades after Einstein's hypothesis, and rarely gave him much credit thereafter.


In 1913, Neils Bohr's "old quantum theory" introduced stationary eigenstates in his "Bohr atom," but he continued to believe that the radiation emitted in "quantum jumps" between those states is continuous and classical until the middle 1920's. Bohr postulated that the radiation emitted or absorbed was given by the formula E = hν, but it was Planck who first proposed this relation and Einstein who derived (proved) this result (in 1916). Bohr did not accept the reality of light quanta (photons) until after the failure of his Bohr-Kramers-Slater attempt to combine discontinuous electron jumps with continuous radiation emission in 1924.


As early as 1921, Einstein spoke to several colleagues about the wave as an immaterial "ghost field" (Gespensterfeld) that predicts the probability of finding his light quanta and as a leading or pilot field  (Führungsfeld) that guides the paths of the energy quanta. 

In 1924, Louis deBroglie predicted the wave theory of matter. It was based on Einstein's writings on wave-particle duality fifteen years earlier and perhaps on Einstein's speculations about a pilot field. Einstein was an enthusiastic supporter of deBroglie's wave theory. It brought the symmetry and equivalence between matter and radiation that Einstein asked for in his earliest works.


In 1926, Erwin Schrödinger developed his wave equation and "wave mechanics," which he showed could produce exactly the same results as Heisenberg-Jordan-Born "matrix mechanics" (and considerably simplify calculations, to Heisenberg's embarrassment). Schrödinger said he was inspired by Einstein's "short but infinitely far-seeing remarks" into the wave and particle theories of radiation. 


Also in 1926, Max Born offered his "statistical interpretation" of the wave function for a scattered particle. Einstein's picture of the quantum theory of radiation had interpreted the wave picture as the density of the statistical distribution of photons. Following the Einstein precedent that waves predicted the probabilities or number of light quanta (later photons), Born described deBroglie-Schrödinger matter waves as predicting the probabilities for different paths in atom and electron collision processes. Few commentators, give Einstein credit for the statistical interpretation, presumably because Einstein was so critical of it. Born himself wrote Einstein, that he got "my idea, to conceive of the Schrödinger wave field as a ghost field in your sense," viz., Einstein's "Gespensterfeld".


For Einstein, Born's work on material particles (which mirrored Einstein's own light quanta insights) confirmed quantum theory as an incompletestatistical theory. Schrödinger violently disagreed with Born's statistical view. He even denied the reality of "quantum jumps," as did later followers of Einstein and Schrödinger like David Bohm, John Wheeler, John Bell, Hugh Everett, H. Dieter Zeh, Wojciech Zurek, and many other "collapse-deniers" to this day.


In 1927, Werner Heisenberg announced his indeterminacy principle and claimed that nature was acausal. But Einstein first found that chance was the only possible explanation for the spontaneous emission of radiation and the spontaneous decay of radioactive nuclei (again in 1916). Einstein saw acausality in nature a decade before Heisenberg. To be sure, such "chance" bothered Einstein. He called it a "weakness in the theory." But he still deserves some credit for seeing the discrete, discontinuous, and acausal nature of quantum physics long before those who do get the credit.


At the Solvay conference in 1927, Bohr and Heisenberg claimed that Einstein suggested a number of thought experiments to disprove Heisenberg's indeterminacy principle. Heisenberg said that Bohr defended the principle successfully again and again. And at Solvay Einstein made perfectly clear his concern that faster-than-light effects might be involved as the probability wave of quantum mechanics collapsed instantly when the particle is discovered at a particular location. Did Einstein already see this as early as 1905 (when he enunciated his principle of relativity)? There he wondered how energy in a light wave spread out into a large volume of space could get itself all together again to be absorbed by another atom.


Eight years later, Einstein made his most famous attack on the statistical and incomplete nature of  quantum mechanics with two Princeton colleagues, Boris Podolsky and Nathan Rosen. The Einstein-Podolsky-Rosen paper, and a Schrödinger paper (on his famous cat) the same year, made famous the concepts of "nonlocality," "nonseparability," and "entanglement" that are so popular today with some scientists and many philosophers of science who dislike the irreducible statistical and indeterministic aspects of quantum theory. 



Born gives Einstein Credit for the Statistical Interpretation


I had therefore been at pains, as early
as the end of 1925, to extend the matrix method, which obviously covered only
oscillatory processes, in such a way as to be applicable to aperiodic processes. I
was at that time the guest of the Massachusetts Institute of Technology in the
U.S.A., and there I found in NORBERT WIENER a distinguished collaborator. In
our joint paper [16] we replaced the matrix by the general concept of an operator
and, in this way, made possible the description of aperiodic processes. Yet we missed
the true approach, which was reserved for SCHRÖDINGER;  and I immediately took

up his method, since it promised to lead to an interpretation of the ψ-function.

Once more an idea of EINSTEIN'S  gave the lead. He had sought to make the duality 

 of particles (light quanta or photons) and waves comprehensible by interpreting the 

square of the optical wave amplitudes as probability density for the occurrence of

photons. This idea could at once be extended to the ψ-function: 
|ψ|2  must represent

the probability density for electrons (or other particles).



the idea of electron waves was familiar to me when Schrödinger's papers on the structure of simple atoms appeared. At that time it was clear that

the proper interpretation of quantum mechanics must be of a statistical type.

There were several attempts to formulate this, all based on matrix mechanics,

by Heisenberg, Bohr, Kramers, and others. I do not remember when and how

the idea struck me that collision processes, i.e. aperiodic motions, must

provide the clue for the solution; for the relative numbers of the incoming and

outgoing particles could be counted and regarded as empirical probability

values. I think this must have been already in my mind when I was at M.I.T.

and tried, together with Norbert Wiener, to find a formulation of quantum

mechanics for aperiodic motions. As soon as I had digested Schrödinger's

papers I saw the right way to approach this, guided by a remark of Einstein's

about the meaning of intensity of light (i.e. of an electromagnetic wave) in

terms of photons: this intensity must represent the number of photons; but the

latter was of course to be understood statistically, as the average over a certain

photon distribution. Einstein had considered in depth the statistical nature of

this distribution, particularly the fluctuations about the mean, which are

closely connected with Planck's radiation formula. These investigations were

well known to me, and they led immediately to the conjecture that the

intensity of the de Broglie wave, i.e. the (absolute) square of Schrödinger's

wave function, must be regarded as the probability density, which is the

probability of finding a particle in a unit of volume.




Details from Einstein's 1905-1935 Papers


Long before the best known arguments for quantum mechanics by Heisenberg, Born, Jordan and others in the late nineteen-twenties, Einstein had followed Max Planck's postulate of a "quantum of action" (for Planck this was just a mathematical device applied to hypothetical resonant oscillators needed to derive his radiation law) to the conclusion that electromagnetic radiation consists of discrete particles of light (Einstein called them "lichtquant") that are emitted and absorbed as indivisible units. As matter is composed of atomic units, Einstein argued that energy itself is also quantized and can be emitted and absorbed only in whole units. 


He described his light quantum hypothesis in 1905:


On the modern quantum view, what spreads out is a wave of probability amplitude ψ for absorbing a whole photon somewhere. Einstein may be already concerned that an energy quantum spread out over space could not instantly collect itself in one place (to be absorbed by another atom) without traveling faster than the speed of light


In accordance with the assumption to be considered here, the energy of a light ray spreading
out from a point source is not continuously
distributed over an increasing space but consists
of a finite number of energy quanta which are
localized at points in space, which move without
dividing, and which can only be produced and
absorbed as whole units.



Planck in 1900 explained the spectral distribution of colors (wavelengths) in blackbody electromagnetic radiation by using Boltzmann’s principle that the entropy S of a gas is related to the probabilities W for random distribution of molecules in different places in its container (S = k logW, where k is Boltzmann’s constant). Boltzmann’s calculations of probabilities used the number of ways that particles can be distributed in various volumes of space. Planck used the same combinatorial analysis, but now for the number of ways that discrete elements of energy could be distributed among a number of radiation oscillators. 

To simplify calculations, both Boltzmann and Planck assumed that energies (for matter) could be considered multiples of a unit of energy, E = ε, 2ε, 3ε ... Plank regarded this quantum hypothesis as a mathematically convenient device, but not necessarily representing reality. He found the density of radiation with frequency ν to be 
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Planck's "blackbody" radiation law was the first known connection between the mechanical laws of matter and the laws of electromagnetic energy. Planck realized that he had made a great step in physical understanding, "the greatest discovery in physics since Newton," he reportedly told his seven-year-old son in 1900. 

In particular, Planck found that Boltzmann's statistical mechanics constant 
  k
  =
  R
  
    /
  
  N
, derived from the distribution of velocities of material gas particles, appears in his new law for the distribution of electromagnetic radiation energy. 


Planck established an independent and very accurate value for Boltzmann's constant (he gave it the symbol k). His blackbody radiation distribution law of course also includes the new Planck constant h (the "quantum of action"). Planck also found a value for Avogadro's number of molecules in a mole (gram molecular weight) of a gas. This experimental agreement greatly impressed Einstein.


Einstein was impressed with the experimental accuracy of the Planck radiation law. But beyond that, Einstein was very interested in the interaction between radiation and matter that Planck had now probed. 


Five years later, Einstein published three famous papers, all exploring the interaction between radiation and matter. He showed that there are fundamental similarities between light and material particles. Best known is his theory of special relativity (connecting energy and matter - as did Planck - but now with the famous equation E = mc2), his theory of Brownian motion, and his explanation of the photoelectric effect (for which he was awarded the Nobel Prize). But in this third paper, Einstein proposed that electromagnetic radiation really consists of discrete quantities of light (he called them lichtquant, light quanta, today they are called photons). Einstein added physical significance to Planck's equation for radiant energy, 
  E
  =
  h
  ν
, where h is Planck’s constant and ν is the frequency of the radiation.


Einstein also derived the blackbody radiation law. His assumptions were more physical, where Planck's were heuristic guesses chosen to fit the data. And Einstein saw the profound physical implications of assuming that both matter and radiation come in discrete particles or quanta (an idea that Einstein pointed out went back to Newton, before Maxwell's theory of electromagnetism introduced the concept of continuous fields - which Einstein made the basis of all his future work in general relativity). 


Boltzmann had made the laws of physics merely statistical laws. Where Planck did not accept the reality of quanta until some years after Einstein's work, Einstein was alone among physicists believing in the reality of light quanta and, at least in his early work, believing in the statistical nature of physics, even if he decried it as a "weakness in the theory."


When in 1913 Neils Bohr published his work on the quantization of energy levels in atoms (the so-called "old" quantum theory), he did not imagine that the discrete transitions - "quantum jumps" - between energy levels involved quantized light particles. Bohr thought the electron jumps between "orbits" were quantum and discontinuous, but he thought the radiation emitted was discrete, Em -  En= hν, a classical and continuous wave going out in all directions.


In 1909, Einstein speculated about the connection between wave and particle views:


This is wave-particle duality fourteen years before deBroglie's matter waves and Schrödinger's 
wave equation and 
his wave mechanics


When light was shown to exhibit interference and diffraction, it seemed almost certain that light should be considered a wave...A large body of facts shows undeniably that light has certain fundamental properties that are better explained by Newton's emission theory of light than by the oscillation theory. For this reason, I believe that the next phase in the development of theoretical physics will bring us a theory of light that can be considered a fusion of the oscillation and emission theories... 

Even without delving deeply into theory, one notices that our theory of light cannot explain certain fundamental properties of phenomena associated with light. Why does the color of light, and not its intensity, determine whether a certain photochemical reaction occurs? Why is light of short wavelength generally more effective chemically than light of longer wavelength? Why is the speed of photoelectrically produced cathode rays independent of the light's intensity? Why are higher temperatures (and, thus, higher molecular energies) required to add a short-wavelength component to the radiation emitted by an object? 


The fundamental property of the oscillation theory that engenders these difficulties seems to me the following. In the kinetic theory of molecules, for every process in which only a few elementary particles participate (e.g., molecular collisions), the inverse process also exists. But that is not the case for the elementary processes of radiation. 


Einstein's view since 1905 was that light quanta are emitted in particular directions. There are no outgoing spherical waves (except the probability amplitude waves of modern quantum mechanics). Even less likely 
are incoming 
spherical waves. 


According to our prevailing theory, an oscillating ion generates a spherical wave that propagates outwards. The inverse process does not exist as an elementary process. A converging spherical wave is mathematically possible, to be sure; but to approach its realization requires a vast number of emitting entities. The elementary process of emission is not invertible. In this, I believe, our oscillation theory does not hit the mark. Newton's emission theory of light seems to contain more truth with respect to this point than the oscillation theory since, first of all, the energy given to a light particle is not scattered over infinite space, but remains available for an elementary process of absorption.


As late as 1917, Einstein felt very much alone in believing the reality (his emphasis) of light quanta:


I do not doubt anymore the reality of radiation quanta, although I still stand quite alone in this conviction 


Einstein in 1916 had just derived his A and B coefficients describing the absorption, spontaneous emission, and (his newly predicted) stimulated emission of radiation. In two papers, "Emission and Absorption of Radiation in Quantum Theory," and "On the Quantum Theory of Radiation," he derived the Planck law (for Planck it was mostly a guess at the formula), he derived Planck's postulate E = hν, and he derived Bohr's second postulate 
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 = hν. Einstein did this by exploiting the obvious relationship between the Maxwell-Boltzmann distribution of gas particle velocities and the distribution of radiation in Planck's law.



The formal similarity between the chromatic distribution curve for
thermal radiation and the Maxwell velocity-distribution law is too
striking to have remained hidden for long. In fact, it was this similarity
which led W. Wien, some time ago, to an extension of the radiation
formula in his important theoretical paper, in which he derived his
displacement law...Not long ago I discovered a derivation of Planck's formula whichFnote that
was closely related to Wien's original argument and which was based
on the fundamental assumption of quantum theory. This derivation
displays the relationship between Maxwell's curve and the chromatic
distribution curve and deserves attention not only because of its
simplicity, but especially because it seems to throw some light on the
mechanism of emission and absorption of radiation by matter, a
process which is still obscure to us.


But the introduction of Maxwell-Boltzmann statistical mechanical thinking to electromagnetic theory has produced what Einstein called a "weakness in the theory." It introduces the reality of an irreducible objective chance! 


If light quanta are particles with energy 
  E
  =
  h
  ν
 traveling at the velocity of light c, then they should have a momentum 
  p
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. When light is absorbed by material particles, this momentum will clearly be transferred to the particle. But when light is emitted by an atom or molecule, a problem appears. 



The "statistical interpretation" of Max Born tells us the outgoing wave is the probability amplitude wave function Ψ, whose absolute square is the probability of finding a light particle in an arbitrary direction.


Conservation of momentum requires that the momentum of the emitted particle will cause an atom to recoil with momentum hν/c in the opposite direction. However, the standard theory of spontaneous emission of radiation is that it produces a spherical wave going out in all directions. A spherically symmetric wave has no preferred direction. In which direction does the atom recoil? Einstein asked:


Does the molecule receive an impulse when it absorbs or emits the energy ε? For example, let us look at emission from the point of view of classical electrodynamics. When a body emits the
radiation ε it suffers a recoil (momentum) ε/c if the entire amount of radiation energy
is emitted in the same direction. If, however, the emission is a spatially symmetric
process, e.g., a spherical wave, no recoil at all occurs. This alternative also plays a
role in the quantum theory of radiation. When a molecule absorbs or emits the energy
ε in the form of radiation during the transition between quantum theoretically possible
states, then this elementary process can be viewed either as a completely or partially
directed one in space, or also as a symmetrical (nondirected) one. It turns out that we
arrive at a theory that is free of contradictions, only if we interpret those elementary
processes as completely directed processes.

An outgoing light particle must impart momentum hν/c to the atom or molecule, but the direction of the momentum can not be predicted! Neither can the theory predict the time when the light quantum will be emitted.  Einstein called this weakness by its German name - Zufall (chance).


Such a random time was not unknown to physics. When Ernest Rutherford derived the law for radioactive decay of unstable atomic nuclei in 1900, he could only give the probability of decay time. Einstein saw the connection with radiation emission:


It speaks in favor of the theory that the statistical law assumed for [spontaneous] emission is nothing but the Rutherford law of radioactive decay. 


But the inability to predict both the time and direction of light particle emissions, said Einstein in 1917, is "a weakness in the theory..., that it leaves time and direction of elementary processes to chance (Zufall, ibid.)." It is only a weakness for Einstein, of course, because his God does not play dice.

Einstein clearly saw, as none of his contemporaries did, that since spontaneous emission is a statistical process, it cannot possibly be described with classical physics.  


The properties of elementary processes required...make it seem almost inevitable to formulate a truly quantized theory of radiation.


Einstein may not have liked this conceptual crisis, but his insights into the indeterminism involved in quantizing matter and energy were known, if largely ignored, over a decade before Heisenberg's quantum theory introduced his famous uncertainty principle in 1927. Heisenberg states that the exact position and momentum of an atomic particle can only be known within certain (sic) limits. The product of the position error and the momentum error is greater than or equal to Planck's constant h/2π. 
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Indeterminacy (Unbestimmtheit) was Heisenberg's original name for his principle. It is a better name than the more popular uncertainty, which connotes lack of knowledge. Quantum indeterminacy is ontological as well as epistemic lack of information. 


Heisenberg declared that the new quantum theory disproved causality with facts that were first described by Einstein years earlier. He did not reference Einstein's 1916 work on the breakdown of causality. Heisenberg simply says:


We cannot - and here is where the causal law breaks down - explain why a particular atom will decay at one moment and not the next, or what causes it to emit an electron in this direction rather than that.

Heisenberg (and Bohr) were not convinced about Einstein's light quanta as late as 1926! 


Whether or not I should believe in light quanta, I cannot say at this stage. Radiation quite obviously involves the discontinuous elements to which you refer as light quanta. On the other hand, there is a continuous element, which appears, for instance, in interference phenomena, and which is much more simply described by the wave theory of light. But you are of course quite right to ask whether quantum mechanics has anything new to say on these terribly difficult problems. I believe that we may at least hope that it will one day. 


It is important to note that Einstein's indeterminism of time and direction is an intrinsic property of the interaction of radiation with matter. It does not depend on limits put on measurements, as Heisenberg's "uncertainty" suggests, nor on the presence of a conscious observer, as Bohr's Copenhagen interpretation seems to imply. Where Bohr and Heisenberg describe epistemic limits to knowledge, Einstein's light quanta shows us an ontologically indeterministic world, independent of any observation or measurement. Einstein says:


If the molecule suffers a loss of energy in the amount of hν without external
stimulation, i.e., by emitting the energy in the form of radiation (spontaneous
emission), then this process too is a directional one. There is no emission of radiation
in the form of spherical waves. The molecule suffers a recoil in the amount of hν/c
during this elementary process of emission of radiation; the direction of the recoil is,
at the present state of theory, determined by "chance"...

The weakness of the theory is, on the one hand, that it does not bring
us closer to a link-up with the undulation theory; on the other hand, it also leaves
time of occurrence and direction of the elementary processes a matter of "chance."
Nevertheless, I fully trust in the reliability of the road taken.



Although Einstein initially was a strong critic of quantum theory and its implications for indeterminism and a statistical nature of reality, from the 1930's on he never said that quantum mechanics is "incorrect" - as far as it goes - only that something else would likely be added to quantum physics in the future, making it "complete."



Above all, however, the reader should be convinced that I
fully recognize the very important progress which the statistical
quantum theory has brought to theoretical physics. 

Einstein endorses the statistical quantum theory as correct. It explains the wave-particle duality he called for in 1909. 
It is a complete theory, up to the indeterminacy relation. 
Any future theory will probably incorporate this quantum theory.



In the field
of mechanical problems — i.e., wherever it is possible to consider
the interaction of structures and of their parts with sufficient
accuracy by postulating a potential energy between material
points — [the quantum theory] even now presents a system which, in its
closed character, correctly describes the empirical relations between statable phenomena as they were theoretically to be expected. This theory is until now the only one which unites the
corpuscular and undulatory dual character of matter in a
logically satisfactory fashion; and the  (testable)  relations,
which are contained in it, are, within the natural limits fixed
by the indeterminacy-relation, complete. The formal relations
which are given in this theory — i.e., its entire mathematical
formalism — will probably have to be contained, in the form of
logical inferences, in every useful future theory.



As early as 1930, Einstein marveled at the logical strength of the quantum theory, especially its formulation by Paul Dirac, "to whom, in my opinion, we owe the most perfect exposition, logically, of this [quantum] theory."


Note that Einstein's views about quantum mechanics in 1949 were essentially unchanged from his views in 1930, and his basic concerns about particles acting like waves and thus violating his theory of relativity go back to 1909 or even 1905. See Einstein's explanation of how continuous field theories came to be a part of our description of reality - alongside material particles - as a result of Maxwell's equations - in the 1931 article "Maxwell's Influence on the Evolution of the Idea of Physical Reality."


Einstein in his later years grew pessimistic about the possibilities for deterministic continuous field theories, by comparison with indeterministic and statistical discontinuous particle theories like those of quantum mechanics. 


To Leopold Infeld he wrote in 1941,


 "I tend more and more to the opinion that one cannot come
further with a continuum theory."



In his 1949 autobiography (he called it his obituary) for his Schilpp volume he wrote an extensive analysis of his criticism of the quantum theory, repeating the concerns he had first developed in 1935. It is worth looking at them completely here.


I must take a stand with reference to the most successful physical theory of our period, viz., the statistical quantum theory which, about twenty-five years ago, took on a consistent logical form (Schrödinger, Heisenberg, Dirac, Born). This is the only theory at present which permits a unitary grasp of experiences concerning the quantum character of micro-mechanical events. This theory, on the one hand, and the theory of relativity on the other, are both considered correct in a certain sense, although their combination has resisted all efforts up to now. This is probably the reason why among contemporary theoretical physicists there exist entirely differing opinions concerning the question as to how the theoretical foundation of the physics of the future will appear. 

Einstein's dream of a continuous field theory is fading fast


Will it be a field theory; will it be in essence a statistical theory? I shall briefly indicate my own thoughts on this point.

Physics is an attempt conceptually to grasp reality as it is thought independently of its being observed. In this sense one speaks of "physical reality." In pre-quantum physics there was no doubt as to how this was to be understood. In Newton's theory reality was determined by a material point in space and time; in Maxwell's theory, by the field in space and time. In quantum mechanics it is not so easily seen. 


The ψ-function does not describe a material particle at a point. It is only the probability of finding a particle near a point, within the h3 phase-space volume of the uncertainty principle, as Einstein knows


If one asks: does a ψ-function of the quantum theory represent a real factual situation in the same sense in which this is the case of a material system of points or of an electromagnetic field, one hesitates to reply with a simple "yes" or "no"; why? What the ψ-function (at a definite time) asserts, is this: What is the probability for finding a definite physical magnitude q (or p) in a definitely given interval, if I measure it at time t? The probability is here to be viewed as an empirically determinable, and therefore certainly as a "real" quantity which I may determine if I create the same ψ-function very often and perform a q-measurement each time. 

Does the individual system have this q-value before the measurement, or only after it randomly jumps into a position from somewhere else?


But what about the single measured value of q? Did the respective individual system have this q-value even before the measurement? To this question there is no definite answer within the framework of the [existing] theory, since the measurement is a process which implies a finite disturbance of the system from the outside; it would therefore be thinkable that the system obtains a definite numerical value for q (or p), i.e., the measured numerical value, only through the measurement itself. For the further discussion I shall assume two physicists, A and B, who represent a different conception with reference to the real situation as described by the ψ-function.

This is Einstein's interpretation


A. The individual system (before the measurement) has a definite value of q (i.e., p) for all variables of the system, and more specifically, that value which is determined by a measurement of this variable. Proceeding from this conception, he will state: The ψ-function is no exhaustive description of the real situation of the system but an incomplete description; it expresses only what we know on the basis of former measurements concerning the system.


This is Bohr's Copenhagen interpretation


B. The individual system (before the measurement) has no definite value of q (i.e., p). The value of the measurement only arises in cooperation with the unique probability which is given to it in view of the ψ-function only through the act of measurement itself. Proceeding from this conception, he will (or, at least, he may) state: the ψ-function is an exhaustive description of the real situation of the system.


We now present to these two physicists the following instance: 


"Spatial separation" is not the problem. It is whether the two particles in ψ12 are still coherently "entangled." If they are still entangled, a measurement of ψ12 can find either of the two indistinguishable particles anywhere ψ12 has a non-zero value. 
A measurement of ψ12measures both particles, so both appear instantaneously with their properties conserved (e.g., total spin zero)


There is to be a system which at the time t of our observation consists of two partial systems S1 and S2, which at this time are spatially separated and (in the sense of the classical physics) are without significant reciprocity. The total system is to be completely described through a known ψ-function ψ12 in the sense of quantum mechanics. All quantum theoreticians now agree upon the following: If I make a complete measurement of S1, I get from the results of the measurement and from ψ12 an entirely definite ψ-function ψ2 of the system S2. The character of ψ2 then depends upon what kind of measurement I undertake on S1.

Now it appears to me that one may speak of the real factual situation of the partial system 
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. Of this real factual situation,
we know to begin with, before the measurement of 
  
    S
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, even less than we know of a system described by the ψ-function. 


As Schrödinger made clear to Einstein in 1935, they are only separated if they have become disentangled, by some interaction with the environment, for example. If ψ12 has decohered, it can then be represented by the product of independent ψ-functions ψ1 * ψ2, and then what Einstein says about independent systems S1 and  S2 would be entirely  correct.


But on one supposition we should, in my opinion, absolutely hold fast: the real factual situation of the system S2 is independent of what is done with the system S1, which is spatially separated from the former. According to the type of measurement which I make of S1. I get, however, a very different ψ2 for the second partial system (ψ2, ψ21, ...). Now, however, the real situation of S2 must be independent of what happens to S1. For the same real situation of S2 it is possible therefore to find, according to one's choice, different types of ψ-function. (One can escape from this conclusion only by either assuming that the measurement of S1 ((telepathically)) changes the real situation of S2 or by denying independent real situations as such to things which are spatially separated from each other. Both alternatives appear to me entirely unacceptable.)

If now the physicists, A and B, accept this consideration as valid, then B will have to give up his position that the ψ-function constitutes a complete description of a real factual situation. For in this case it would be impossible that two different types of ψ-functions could be co-ordinated with the identical factual situation of 
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      2
    
  
.


The statistical character of the present theory would then
have to be a necessary consequence of the incompleteness of the description of the systems in quantum mechanics, and there would no longer exist any ground for the supposition that a future basis of physics must be based upon statistics.---


It is my opinion that the contemporary quantum theory by means of certain definitely laid down basic concepts, which on the whole have been taken over from classical mechanics, constitutes an optimum formulation of the connections. I believe, however, that this theory offers no useful point of departure for future development. This is the point at which my expectation departs most widely from that of contemporary physicists. They are convinced that it is impossible to account for the essential aspects of quantum phenomena (apparently discontinuous and temporally not determined changes of the situation of a system, and at the same time corpuscular and undulatory qualities of the elementary bodies of energy) by means of a theory which describes the real state of things [objects] by continuous functions of space for which differential equations are valid. They are also of the opinion that in this way one can not understand the atomic structure of matter and of radiation. They rather expect that systems of differential equations, which could come under consideration for such a theory, in any case would have no solutions which would be regular (free from singularity) everywhere in four-dimensional space. 


Einstein is right here. As he himself was first to see in 1905, the wave is a continuous deterministically evolving process (the Schrödinger equation of motion). Statistics then describe the discontinuous events that happen when measurements are made


Above everything else, however, they believe that the apparently discontinuous character of elementary events can be described only by means of an essentially statistical theory, in which the discontinuous changes
of the systems are taken into account by way of the continuous changes of the probabilities of the possible states.

All of these remarks seem to me to be quite impressive. However, the question which is really determinative appears to me 
to be as follows: What can be attempted with some hope of success in view of the present situation of physical theory? At
this point it is the experiences with the theory of gravitation which determine my expectations. These equations give, from
my point of view, more warrant for the expectation to assert something precise than all other equations of physics. One
may, for example, call on Maxwell's equations of empty space by way of comparison. These are formulations which coincide
with the experiences of infinitely weak electro-magnetic fields.


This empirical origin already determines their linear form; it has, however, already been emphasized above that the true
laws can not be linear. Such linear laws fulfill the superposition-principle for their solutions, but contain no assertions concerning the interaction of elementary bodies. The true laws can not be linear nor can they be derived from such. I have learned something else from the theory of gravitation: No ever so inclusive collection of empirical facts can ever lead to the setting up of such complicated equations. A theory can be tested by experience, but there is no way from experience to the setting up of a theory. Equations of such complexity as are the equations of the gravitational field can be found only through the discovery of a logically simple mathematical condition which determines the equations completely or [at least] almost completely.
   


Einstein wrote his friend Michele Besso in 1954 to express his lost hopes for a continuous field theory like that of electromagnetism or gravitation,
 


"I consider it quite possible that physics cannot be based on the field concept, i.e:,
on continuous structures. In that case, nothing remains of my entire castle in the
air, gravitation theory included, [and of] the rest of modern physics."
   

The fifth edition of The Meaning of Relativity included a new appendix on Einstein's field theory of gravitation. In the final paragraphs of this work, his last, published posthumously in 1956, Einstein wrote:


Is it conceivable that a field theory permits one to
understand the atomistic and quantum structure of reality ?
Almost everybody will answer this question with "no"...

One can give good reasons why reality cannot at all
be represented by a continuous field. From the quantum
phenomena it appears to follow with certainty that a finite
system of finite energy can be completely described by a
finite set of numbers (quantum numbers). This does not
seem to be in accordance with a continuum theory, and
must lead to an attempt to find a purely algebraic theory
for the description of reality. But nobody knows how to
obtain the basis of such a theory.
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Foreword to Max Jammer's "Concepts of Space"
For Teachers

What Einstein Really Wanted

	Field theory - universal and unified - (at least for the waves of the wave-particle duality)
	Particles as singularities in the field? Maybe not, he hoped for a singularity-free theory
	A continuum - "to give up the continuous... is to breath in airless space" 
	Changes in the field travel at speeds less than or equal to light
	Determinism - Herr Gott nicht würfelt
	Objective reality at level of particles, a "complete" theory is possible, describing the motions of individual particles


What Einstein Disliked, But Understood Might Be The Case

	Particles of matter As opposed to singularities in a space-time field, though his 1905 Brownian motion analysis shows how we can observe them. 
	Particles of light, though his 1905 light-quantum hypothesis and his 1916 analysis of absorption and emission showed that the interaction of light and matter is indeterministic long before Heisenberg's indeterminacy
	Fields as the average properties of many particles
	Discontinuities/Discreteness
	Nonlocality - the [insubstantial] probability that a particle is at x goes to zero instantly when the particle is found at y.
	Chance (Zufall, Unbestimmtheit) Die Welt ist alles, was der Fall (mit Zufall) ist.
	Statistical theories - they are "incomplete." Quantum theory - the best theory so far - is incomplete and unsatisfactory as the ultimate theory, which should describe individual quantum systems. Does the particle have a position before it is measured?
	Bohr's epistemological notion that all we have is "knowledge" but there is no objective quantum-level reality. Did Bohr deny the "reality of the quantum?" Did he make chance and the statistical interpretation of quantum mechanics merely epistemological?
	Born may have thought quantum mechanics was "subjective." (Cassirer)


Critical Einstein Quantum Ideas

	1905 Light-quantum hypothesis (8 years before Bohr atom)  
	1905 Brownian motion = "observations" of gas particle collisions - atoms are real 
	1905 Special relativity E = mc2  = hν
	1906 Specific Heat, Quantum Energy Levels 
	1909 Wave-particle duality (14 years before de Broglie)
	1916-17 analysis of absorption and emission showed that the interaction of light and matter is statistical and indeterministic long before Heisenberg's  uncertainty or  indeterminacy. The elementary process of emission and absorption is not invertible. Einstein's radiation asymmetry. No incoming spherical waves. Cf. Wheeler-Feynman Absorber Theory.
	Derivation of Planck law and Bohr second postulate E2 - E1  = hν
	Light emission is random - pure chance when or which way - no spherical waves.
	Light emission is statistical.


	1921 The wave as a "ghost field" (Gespensterfeld)that guides the particles
	1923 spin statistics (with Bose).



The Comprensibility of the Universe


I learned as a young physics student this wonderful quotation of Einstein that I repeated to my students for many years. 

"The most incomprehensible thing about the universe is that it is comprehensible."


It has therefore been disturbing in recent years to find versions that eliminate Einstein's beautiful symmetry, or asymmetry, or perhaps even anti-symmetry?, with respect to comprehensibility.


Many have no doubt been guided by the version in Alice Calaprice's definitive collection of quotations, taken from the English translation of Einstein's essay "Physik und Realität," originally published in German by the Journal of the Franklin Institute in 1936, then translated and republished in 1954 as "Physics and Reality," for Einstein's book "Ideas and Opinions".


“the eternal mystery of the world is its comprehensibility...the fact that it is comprehensible is a miracle."
   
  
Calaprice describes it as 'popularly rephrased as' "The most incomprehensible thing about the universe is that it is comprehensible."

Einstein's original German version "Physik und Realität," shows that Einstein himself used the more poetic and rhetorically strong anti-symmetric words Unbegreifliche and Begreiflichkeit, i.e., incomprehensible and comprehensibility, n.b., an adjective and a noun.


And it shows that Caprice's version is a composite elided (...) from two different sentences in Einstein's text, one mistranslating "ewig Unbegreiflich" as "eternal mystery," the other properly translating "ein Wunder" as "a miracle."


"Man kann sagen: Das ewig Unbegreifliche an der Welt ist ihre Begreiflichkeit." (Einstein's anti-symmetry is clear here)

"In diesem Sinne ist die Welt unserer Sinneserlebnissen begreifbar, und dass sie es ist, ist ein Wunder.
  


We can note that a better (e.g., Google) translation for Einstein's original words would be.


"The eternally incomprehensible (thing) about the world is its comprehensibility."

or even


 "The eternally inconceivable thing about the world is its conceivability," 


since Einstein is describing the concepts (Begriffen) that he says are "free creations of the human mind" based on our sense perceptions or sensory experiences (Sinneserlebnissen or Sinneserfahrungen). 
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Einstein's Objective Reality


Einstein and Schrödinger complained (and joked!) for years about the Bohr (or "orthodox") interpretation of quantum mechanics. The "orthodox" theory is actually the work of  Niels Bohr, Max Born, P.A.M. Dirac, Werner Heisenberg,  Wolfgang Pauii , and Pascual Jordan. 

Echoes of Einstein's and Schrödinger's complaints appear in the many popular books today arguing that there is something wrong with quantum mechanics.  
But there is little doubt that Einstein and Schrödinger understood quantum mechanics better than most of today's 
For Scholars
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In the early 1920's, Arthur Stanley Eddington established himself as the leading interpreter of the new theories of relativity. His astronomical measurements in 1919 of light bending as it passes the sun in eclipse had confirmed Albert Einstein's general relativity theory. And his popular interpretations of difficult physical theories like relativity and quantum mechanics made Eddington, as well as Einstein, widely known to the general public.

Both special and general relativity are deterministic theories. Special relativity is especially so, with some interpretations saying that the fourth dimension of time is like the other three, already there, so the future already exists. Physical determinism seemed to fit well with theological ideas like predestination.


In his Gifford Lectures of 1927, Eddington described the situation before quantum mechanics. 


"In the old conflict between free will and predestination, it has seemed hitherto that physics comes down heavily on the side of predestination....Like most other people, I suppose, I think it incredible that the wider scheme of Nature which includes life and consciousness can be completely predetermined; yet I have not been able to form a satisfactory conception of any kind of law or causal sequence which shall be other than deterministic." 


But in response to Werner Heisenberg's 1927 uncertainty principle, Eddington dramatically announced to his lecture audience that


"It is a consequence of the advent of the quantum theory that physics is no longer pledged to a scheme of deterministic law."


Rewriting his lecture material for publication a year later, Eddington said he had developed 


"an attitude more definitely hostile to determinism which has arisen from the acceptance of the Principle of Indeterminacy...The future is a combination of the causal influences of the past together with unpredictable elements...we may note that science thereby withdraws its moral opposition to freewill." 


Despite Eddington's endorsement of quantum indeterminism as an important element in human freedom (and emergent creativity), he was never completely comfortable with it, calling it only a "chink" in the wall of determinism. He said he could find no "halfway-house" between chance and determinism, as if it was a case of either-or and that neither chance nor determinism could escape what I have called the "standard argument against free will."


There is no sign that Eddington saw that a temporal sequence of 1) an uncaused chance event (simply providing an alternative possibility) followed later by 2) a statistically determined act of deliberative self-determination which chooses between multiple possibilities, some caused by chance.  In short, Eddington did not see the two-stage model of free will, combining chance and determinism in a temporal sequence, though it had been suggested many years earlier by William James and by Henri Poincaré.



"The indeterminacy recognised in modern quantum theory is only a partial step towards freeing our actions from deterministic control." 



"The revolution of theory which has expelled determinism from present-day physics has therefore the important consequence that it is no longer necessary to suppose that human actions are completely predetermined. Although the door of human freedom is opened, it is not flung wide open; only a chink of daylight appears."


Despite Eddington's caution that the door of human freedom was only partly open, 



Eddington was always circumspect about quantum randomness, but he became even mores in the late 1930's, no doubt because some philosophers, led by L.Susan Stebbing, had been quick to attack him. She argued in her 1937 book Philosophy and the Physicists that a "free electron" has nothing to do with human freedom. 


Shortly after, Eddington argued more cautiously,



"There is no half-way house between random and correlated behavior. Either the behavior is wholly a matter of chance,  in which case the precise behavior within the Heisenberg limits of uncertainty depends on chance and not on volition. Or it is not wholly a matter of chance, in which case the Heisenberg limits, which are calculated on the assumption of non-correlation, are irrelevant."


In New Pathways, Eddington described "amplifying" microscopic quantum events in the brain to "trigger" macroscopic decisions. This was first proposed by Arthur Holly Compton in 1931, among other scientists, and endorsed by philosopher Robert Kane as late as 1998. But an amplified random event seems to make the actual choice itself random.



"If we could attribute the large-scale movements of our bodies to the “ trigger action” of the unpredetermined behaviour of a few key atoms in our brain cells the problem would be simple; for individual atoms have wide indeter­minacy of behaviour. It is obvious that there is a great deal of trigger action in our bodily mechanism, as when the pent up energy of a muscle is released by a minute physical change in a nerve; but it would be rash to suppose that the physical controlling cause is contained in the configuration of a few dozen atoms. I should conjecture that the smallest unit of structure in which the physical effects of volition have their origin contains many billions of atoms. If such a unit behaved like an inorganic system of similar mass the indeterminacy would be insufficient to allow appreciable freedom "



The Arrow of Time and Irreversibility


In 1928 Eddington carefully distinguished the temporal sequence of cause and effect, which he called "causation,"  from the time-independent causality of deterministic physics, including the new theories of relativity. He wrote


"Cause and effect are closely bound up with time's arrow; the cause must precede the effect. The relativity of time has not obliterated this order. An event Here-Now can only cause events in the cone of absolute future; it can be caused by events in the cone of absolute past; it can neither cause nor be caused by events in the neutral wedge, since the neces­sary influence would in that case have to be transmitted with a speed faster than light. But curiously enough this elementary notion of cause and effect is quite incon­sistent with a strictly causal scheme. How can I cause an event in the absolute future, if the future was pre­ determined before I was born? The notion evidently implies that something may be born into the world at the instant Here-Now, which has an influence extending throughout the future cone but no corresponding linkage to the cone of absolute past. The primary laws of physics do not provide for any such one-way linkage; any alteration in a prescribed state of the world implies alterations in its past state symmetrical with the altera­tions in its future state. Thus in primary physics, which knows nothing of time’s arrow, there is no discrimina­tion of cause and effect; but events are connected by a symmetrical causal relation which is the same viewed from either end."


Eddington's explanation of the temporal sequence might have led him to argue that the chance in the uncaused cause did not make the deliberated effect itself random, but he  

Eddington wrote an essay in 1932 on the role of indeterminism in the mind.
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I have, perhaps fortunately, left myself no time to discuss the
effect of indeterminacy in the physical universe on our general
outlook. I will content myself with stating in summary form the
points which seem to arise.


(1) If the whole physical universe is deterministic, mental decisions
(or at least effective mental decisions) must also be predetermined.
For if it is predetermined in the physical world, to which
your body belongs, that there will be a pipe between your lips on
January 1, the result of your mental struggle on December 31 as to
whether you will give up smoking in the New Year is evidently
predetermined. The new physics thus opens the door to indeterminacy
of mental phenomena, whereas the old deterministic physics
bolted and barred it completely.


(2) The door is opened slightly, but apparently the opening is not
wide enough. For according to analogy with inorganic physical
systems we should expect the indeterminacy of human movements
to be quantitatively insignificant. In some way we must transfer
to human movements the wide indeterminacy characteristic of
atoms instead of the almost negligible indeterminacy manifested by
inorganic systems of comparable scale. I think this difficulty is not
insuperable, but it must not be underrated.


(3) Although we may be uncertain as to the intermediate steps we
can scarcely doubt what is the final answer. If the atom has
indeterminacy, surely the human mind will have an equal indeterminacy;
for we can scarcely accept a theory which makes out the
mind to be more mechanistic than the atom.


(4) Is the human will really more free if its decisions are swayed
by new factors born from moment to moment than if they are the
outcome solely of heredity, training and other predetermining causes?


On such questions as these we have nothing new to say. Argument
will no doubt continue "about it and about ". But it seems to me
that there is a far more important aspect of indeterminacy. It makes
it possible that the mind is not utterly deceived as to the mode in
which its decisions are reached. On the deterministic theory of the
physical world my hand in writing this address is guided in a predetermined
course according to the equations of mathematical
physics; my mind is unessential - a busybody who invents an
irrelevant story about a scientific argument as an explanation of
what my hand is doing - an explanation which can only be described
as a downright lie. If it is true that the mind is so utterly deceived
in the story it weaves round our human actions, I do not see where
we are to obtain our confidence in the story it tells of the physical
universe.


Physics is becoming difficult to understand. First relativity
theory, then quantum theory, then wave mechanics have transformed
the universe making it seem ever more fantastic to our
minds. Perhaps the end is not yet. But there is another side to
this transformation. Naive realism, materialism, the mechanistic
hypothesis were simple; but I think that it was only by closing our
eyes to the essential nature of experience, relating as it does to the
reactions of a conscious being, that they could be made to seem
credible. These revolutions of scientific thought are clearing up the
deeper contradictions between life and theoretical knowledge, and
the latest phase with its release from determinism marks a great step
onwards. I will even venture to say that in the present theory of
the physical universe we have at last reached something which a
reasonable man might almost believe.



Eddington in 1932 was apparently unaware of the work of William James or Henri Poincaré to make deliberation a two-stage process - first random possibilities, then a de-liberate willed decision, first chance, then choice, first free, then will. 


A decade after embracing indeterminism and just a few years before his death, Eddington's reluctant conclusion in 1939 of no "halfway house"  between randomness and determinism looks like an echo of David Hume in his 1739 Treatise of Human Nature that there is  "no medium betwixt chance and an absolute necessity." But today we can see the two-stage model of human freedom as in many ways that "halfway house" Eddington could not see, combining limited forms of indeterminism and determinism, as well as David Hume's "medium" combining chance and necessity in a temporal sequence.



Eddington succumbed to the standard logical argument against free will, leaving himself open to the philosophers charge, from Epicurus to Stebbing, that chance can not be simply identified with freedom.


In the end, Eddington may have considered some sort of dualistic transcendent (metaphysical) explanation.


"There is in a human being some portion of the brain, perhaps a mere speck of brain-matter, perhaps an extensive region, in which the physical effects of his volitions begin." (The Philosophy of Physical Science, 1939, p.182)



This sounds a bit too much like the pineal gland of René Descartes' dualistic mind-body distinction. Such metaphysics is unnecessary, as basic quantum physics is all that is needed for liberty and creativity, and statistical regularity all that is needed for adequate determinism.

    

On Entropy 

The Nature of the Physical World, pp.74-75, 105 


The practical measure of the random element which can increase in the universe but can never decrease is called entropy. Measuring by entropy is the same as measuring by the chance explained in the last paragraph, only the unmanageably large numbers are transformed (by a simple formula) into a more convenient scale of reckoning. Entropy continually increases. We can, by isolating parts of the world and postulating rather idealised conditions in our problems, arrest the increase, but we cannot turn it into a decrease, That would involve something much worse than a violation of an ordinary law of Nature, namely, an improbable coincidence. The law that entropy always increases- the second law of thermodynamics - holds, I think, the supreme position among the laws of Nature. If someone points out to you that your pet theory of the universe is in disagreement with Maxwell's equations - then so much the worse for Maxwell's equations. If it is found to be contradicted by observation - well, these experimentalists do bungle things sometimes. But if your theory is found to be against the second law of thermodynamics I can give you no hope; there is nothing for it but to collapse in deepest humiliation. This exaltation of the second law is not unreasonable. There are other laws which we have strong reason to believe in, and we feel that a hypothesis which violates them is highly improbable; but the improbability is vague and does not confront us as a paralysing array of figures, whereas the chance against a breach of the second law (i.e. against a decrease of the random element) can be stated in figures which are overwhelming. 

	I wish I could convey to you the amazing power of this conception of entropy in scientific research. From the property that entropy must always increase, practical methods of measuring it have been found. The chain of deductions from this simple law have been almost illimitable; and it has been equally successful in connection with the most recondite problems of theoretical physics and the practical tasks of the engineer. Its special feature is that the conclusions are independent of the nature of the microscopical processes that are going on. It is not concerned with the nature of the individual - it is interested in him only as a component of a crowd. Therefore the method is applicable in fields of research where our ignorance has scarcely begun to lift, and we have no hesitation in applying it to problems of the quantum theory, although the mechanism of the individual quantum process is unknown and at present unimaginable.

Primary and Secondary Law. I have called the laws controlling the behaviour of single individuals "primary laws", implying that the second law of thermodynamics, although a recognised law of Nature, is in some sense a secondary law. This distinction can now be placed on a regular footing. Some things never happen in the physical world because they are impossible; others because they are too improbable. The laws which forbid the first are the primary laws; the laws which forbid the second are the secondary laws... 


Suppose that we were asked to arrange the following in two categories –


distance, mass, electric force, entropy, beauty, 
melody. 
 

I think there are the strongest grounds for placing
entropy alongside beauty and melody and not with the
first three. Entropy is only found when the parts are
viewed in association, and it is by viewing or hearing
the parts in association that beauty and melody are
discerned. All three are features of arrangement. It is
a pregnant thought that one of these three associates
should be able to figure as a commonplace quantity of
science. The reason why this stranger can pass itself
off among the aborigines of the physical world is, that
it is able to speak their language, viz. the language of
arithmetic. It has a measure-number associated with it
and so is made quite at home in physics. Beauty and
melody have not the arithmetical pass-word and so are
barred out. This teaches us that what exact science looks
out for is not entities of some particular category, but
entities - with a metrical aspect. We shall see in a later
chapter that when science admits them it really admits
only their metrical aspect and occupies itself solely with
that. It would be no use for beauty, say, to fake up a
few numerical attributes (expressing for instance the
ideal proportions of symmetry) in the hope of thereby
gaining admission into the portals of science and carrying
on an aesthetic crusade within. It would find that the
numerical aspects were duly admitted, but the aesthetic
significence of them left outside. So also entropy is
admitted in its numerical aspect; if it has as we faintly  
suspect some deeper significance touching that which
appears in our conciousness as purpose (opposed to
chance), that significance is left outside. 


On Causation 

The Nature of the Physical World, pp.293-310 

CAUSATION


In the old conflict between freewill and predestination it has seemed hitherto that physics comes down heavily on the side of predestination. Without making extravagant claims for the scope of natural law, its moral sympathy has been with the view that whatever the future may bring forth is already foretold in the configurations of the past -


Yea, the first Morning of Creation wrote 
What the Last Dawn of Reckoning shall read.


I am not so rash as to invade Scotland with a solution of a problem which has rent her from the synod to the cottage. Like most other people, I suppose, I think it incredible that the wider scheme of Nature which includes life and consciousness can be completely predetermined; yet I have not been able to form a satisfactory conception of any kind of law or causal sequence which shall be other than deterministic. It seems contrary to our feeling of the dignity of the mind to suppose that it merely registers a dictated sequence of thoughts and emotions; but it seems equally contrary to its dignity to put it at the mercy of impulses with no causal antecedents. I shall not deal with this dilemma. Here I have to set forth the position of physical science on this matter so far as it comes into her territory. It does come into her territory, because that which we call human will cannot be entirely dissociated from the consequent motions of the muscles and disturbance of the material world. On the scientific side a new situation has arisen. It is a consequence of the advent of the quantum theory that physics is no longer pledged to a scheme of deterministic law. Determinism has dropped out altogether in the latest formulations of theoretical physics and it is at least open to doubt whether it will ever be brought back.

The foregoing paragraph is from the manuscript of the original lecture delivered in Edinburgh. The attitude of physics at that time was one of indifference to determinism. If there existed a scheme of strictly causal law at the base of phenomena the search for it was not at present practical politics, and meanwhile another ideal was being pursued. The fact that a causal basis had been lost sight of in the new theories was fairly well known; many regretted it, and held that its restoration was imperative.*


In rewriting this chapter a year later I have had mingle with this attitude of indifference an attitude more definitely hostile to determinism which has arisen from the acceptance of the Principle of Indeterminacy (p. 220). There has been no time for more than a hurried examination of the far-reaching consequences of this principle; and I should have been reluctant to include 'stop-press" ideas were it not that they appear to clinch the conception towards which the earlier developments were leading. The future is a combination of the causal influences of the past together with unpredictable elements— unpredictable not merely because it is impracticable to obtain the data of prediction, but because no data connected causally with our experience exist. It will be necessary to defend so remarkable a change of opinion at some length. Meanwhile we may note that science thereby withdraws its moral opposition to freewill. Those who maintain a deterministic theory of mental activity must do so as the outcome of their study of the mind itself and not with the idea that they are thereby making it more conformable with our experimental knowledge of the laws of inorganic nature.
Causation and Time's Arrow. Cause and effect are closely bound up with time's arrow; the cause must precede the effect. The relativity of time has not obliterated this order. An event Here-Now can only cause events in the cone of absolute future; it can be caused by events in the cone of absolute past; it can neither cause nor be caused by events in the neutral wedge, since the necessary influence would in that case have to be transmitted with a speed faster than light. But curiously enough this elementary notion of cause and effect is quite inconsistent with a strictly causal scheme. How can I cause an event in the absolute future, if the future was predetermined before I was born? The notion evidently implies that something may be born into the world at the instant Here-Now, which has an influence extending throughout the future cone but no corresponding linkage to the cone of absolute past. The primary laws of physics do not provide for any such one-way linkage; any alteration in a prescribed state of the world implies alterations in its past state symmetrical with the alterations in its future state. Thus in primary physics, which knows nothing of time's arrow, there is no discrimination of cause and effect; but events are connected by a symmetrical causal relation which is the same viewed from either end.


	Primary physics postulates a strictly causal scheme, but the causality is a symmetrical relation and not the one-way relation of cause and effect. Secondary physics can distinguish cause and effect but its foundation does not rest on a causal scheme and it is indifferent as to whether or not strict causality prevails.


	The lever in a signal box is moved and the signal drops. We can point out the relation of constraint which associates the positions of lever and signal; we can also find that the movements are not synchronous, and calculate the time-difference. But the laws of mechanics do not ascribe an absolute sign to this time-difference; so far as they are concerned we may quite well suppose that the drop of the signal causes the motion of the lever. To settle which is the cause, we have two options. We can appeal to the signalman who is confident that he made the mental decision to pull the lever; but this criterion will only be valid if we agree that there was a genuine decision between two possible courses and not a mere mental registration of what was already predetermined. Or we can appeal to secondary law which takes note of the fact that there was more of the random element in the world when the signal dropped than when the lever moved. But the feature of secondary law is that it ignores strict causation; it concerns itself not with what must happen but with what is likely to happen. Thus distinction of cause and effect has no meaning in the closed system of primary laws of physics; to get at it we have to break into the scheme, introducing considerations of volition or of probability which are foreign to it. This is rather analogous to the ten vanishing coefficients of curvature which could only be recognised if the closed system of the world were broken into by standards foreign to it.


	For convenience I shall call the relation of effect to cause causation, and the symmetrical relation which does not distinguish between cause and effect causality. In
primary physics causality has completely replaced
causation. Ideally the whole world past and future is
connected into a deterministic scheme by relations of
causality. Up till very recently it was universally held
that such a determinate scheme must exist (possibly
subject to suspension by supernatural agencies outside
the scope of physics); we may therefore call this the
"orthodox" view. It was, of course, recognised that we
were only acquainted with part of the structure of this
causal scheme, but it was the settled aim of theoretical
physics to discover the whole.


	This replacement in orthodox science of causation by causality is important in one respect. We must not let causality borrow an intuitive sanction which really belongs only to causation. We may think we have an intuition that the same cause cannot have two alternative effects; but we do not claim any intuition that the same effect may not spring from two alternative causes. For this reason the assumption of a rigid determinateness enforced by relations of causality cannot be said to be insisted on by intuition.


	What is the ground for so much ardent faith in the orthodox hypothesis that physical phenomena rest ultimately on a scheme of completely deterministic laws? I think there are two reasons –


	(1) The principal laws of Nature which have been discovered are apparently of this deterministic type, and these have furnished the great triumphs of physical prediction. It is natural to trust to a line of progress which has served us well in the past. Indeed it is a healthy attitude to assume that nothing is beyond the scope of scientific prediction until the limits of prediction actually declare themselves.


      (2) The current epistemology of science presupposes a deterministic scheme of this type. To modify it involves a much deeper change in our attitude to natural knowledge than the mere abandonment of an untenable hypothesis.


      In explanation of the second point we must recall that knowledge of the physical world has to be inferred from the nerve-messages which reach our brains, and the current epistemology assumes that there exists a determinate scheme of inference (lying before us as an ideal and gradually being unravelled). But, as has already been pointed out, the chains of inference are simply the converse of the chains of physical causality by which distant events are connected to the nerve-messages. If the scheme of transmission of these messages through the external world is not deterministic then the scheme of inference as to their source cannot be deterministic, and our epistemology has been based on an impossible ideal. In that case our attitude to the whole scheme of natural knowledge must be profoundly modified.


      These reasons will be considered at length, but it is convenient to state here our answers to them in equally summary form.


      (1) In recent times some of the greatest triumphs of physical prediction have been furnished by admittedly statistical laws which do not rest on a basis of causality. Moreover the great laws hitherto accepted as causal appear on minuter examination to be of statistical character.


(2) Whether or not there is a causal scheme at the base of atomic phenomena, modern atomic theory is not now attempting to find it; and it is making rapid progress because it no longer sets this up as a practical aim. We are in the position of holding an epistemological theory of natural knowledge which does not correspond to actual aim of current scientific investigation. 

Predictability of Events.  Let us examine a typical case of successful scientific prediction. A total eclipse of the sun visible in Cornwall is prophesied for 11 August 1999. It is generally supposed that this eclipse is already predetermined by the present configuration of the sun, earth and moon. I do not wish to arouse unnecessary misgiving as to whether the eclipse will come off. I expect it will; but let us examine the grounds of expectation. It is predicted as a consequence of the law of gravitation – a law which we found in chapter VII to be a mere truism. That does not diminish the value of the prediction; but it does suggest that we may not be able to pose as such marvellous prophets when we come up against laws which are not mere truisms. I might venture to predict that 2 + 2 will be equal to 4 even in 1999; but if this should prove correct it will not help to convince anyone that the universe (or, if you like, the human mind) is governed by laws of deterministic type. I suppose that in the most erratically governed world something can be predicted if truisms are not excluded.


      But we have to look deeper than this. The law of gravitation is only a truism when regarded from a macroscopic point of view. It presupposes space, and measurement with gross material or optical arrangements. It cannot be refined to an accuracy beyond the limits of these gross appliances; so that it is a truism with a probable error – small, but not infinitely small.The classical laws hold good in the limit when exceedingly large quantum numbers are involved. The system comprising the sun, earth and moon has exceedingly high state-number (p. 198); and the predictability of its configurations is not characteristic of natural phenomena in general but of those involving great numbers of atoms of action – such that we are concerned not with individual but with average behaviour.


    Human life is proverbially uncertain; few things are more certain than the solvency of a life-insurance company. The average law is so trustworthy that it may be considered predestined that half the children now born will survive the age of x years. But that does not tell us whether the span of life of young A. McB. is already written in the book of fate, or whether there is still time to alter it by teaching him not to run in front of motor-buses. The eclipse in 1999 is as safe as the balance of a life-insurance company; the next quantum jump of an atom is as uncertain as your life and mine.


    We are thus in a position to answer the main argument for a predetermination of the future, viz. that observation shows the laws of Nature to be of a type which leads to definite predictions of the future, and it is reasonable to expect that any laws which remain undiscovered will conform to the same type. For when we ask what is the characteristic of the phenomena that have been successfully predicted, the answer is that they are effects depending on the average configurations of vast numbers of individual entities. But averages are predictable because they are averages, irrespective of the type of government of the phenomena underlying them.


    Considering an atom alone in the world in State 3, the classical theory would have asked, and hoped to answer, the question, What will it do next? The quantum theory substitutes the question, Which will it do next? Because it admits only two lower states for the atom to go to. Further, it makes no attempt to find a definite answer, but contents itself with calculating the respective odds on the jumps to State 1 and State 2. The quantum physicist does not fill the atom with gadgets for directing its future behaviour, as the classical physicist would have done; he fills it with gadgets determining the odds on its future behaviour. He studies the art of the bookmaker not of the trainer.


    Thus in the structure of the world as formulated in the new quantum theory it is predetermined that of 500 atoms now in State 3, approximately 400 will go on to State 1 and 100 to State 2 – in so far as anything subject to chance fluctuations can be said to be predetermined. The odds of 4 to 1 find their appropriate representation in the picture of the atom; that is to say, something symbolic of a 4 : 1 ratio is present in each of the 500 atoms. But there are no marks distinguishing the atoms belonging to the group of 100 from the 400. Probably most physicists would take the view that although the marks are not yet shown in the picture,they are nevertheless present in Nature; they belong to an elaboration of the theory which will come in good time. The marks, of course, need not be in the atom itself; they may be in the environment which will interact with it. For example, we may load dice in such a way that the odds are 4 to 1 on throwing a 6. Both those dice which turn up 6 and those which do not have these odds written in their constitution – by a displaced position of the centre of gravity. The result of a particular throw is not marked in the dice; nevertheless it is strictly causal (apart perhaps from the human element involved in throwing the dice) being determined by the external influences which are concerned. Our own position at this stage is that future developments of physics may reveal such causal marks (either in the atom or in the  influences outside it) or it may not. Hitherto whenever we have thought we have detected causal marks in natural phenomena they have always proved spurious, the apparent determinism having come about in another way. Therefore we are inclined to regard favourably the possibility that there may be no causal marks anywhere.


      But, it will be said, it is inconceivable that an atom can be so evenly balanced between two alternative courses that nowhere in the world as yet is there any trace of the ultimately deciding factor. This is an appeal to intuition and it may fairly be countered with another appeal to intuition. I have an intuition much more immediate than any relating to the objects of the physical world; this tells me that nowhere in the world as yet is there any trace of a deciding factor as to whether I am going to lift my right hand or my left. It depends on an unfettered act of volition not yet made or foreshadowed.*  My intuition is that the future is able to bring forth deciding factors which are not secretly hidden in the past.


      The position is that the laws governing the microscopic elements of the physical world – individual atoms, electrons, quanta – 79 I am here speaking of the laws that have been actually discovered and formulated on the old quantum theory and the new. These laws indicate several possibilities in the future and state the odds on each. In general the odds are moderately balanced and are not tempting to an aspiring prophet. But short odds on the behaviour of individuals combine into very long odds on suitably selected statistics of a number of individuals; and the wary prophet can find predictions of this kind on which to stake his credit – without serious risk. All the successful predictions hitherto attributed to causality are traceable to this. It is quite true that the quantum laws for individuals are not incompatible with causality; they merely ignore it. But if we take advantage of this indifference to reintroduce determinism at the basis of world structure it is because our philosophy predisposes us that way, not because we. know of any experimental evidence in its favour.


      We might for illustration make a comparison with the doctrine of predestination. That theological doctrine, whatever may be said against it, has hitherto seemed to blend harmoniously with the predetermination of the material universe. But if we were to appeal to the new conception of physical law to settle this question by analogy the answer would be: – The individual is not
predestined to arrive at either of the two states, which perhaps may here be sufficiently discriminated as State 1 and State 2; the most that can be considered already settled is the respective odds on his reaching these states.

The New Epistemological Outlook. Scientific investigation does not lead to knowledge of the intrinsic nature of things. "Whenever we state the properties of a body in terms of physical quantities we are imparting knowledge of the response of various metrical indicators to its presence and nothing more" (p. 257). But if a body is not acting according to strict causality, if there is an element of uncertainty as,to the response of the indicators, we seem to have cut away the ground for this kind of knowledge. It is not predetermined what will be the reading of the weighing-machine if the body is placed on it, therefore the body has no definite mass; nor where it will be found an instant, hence, therefore it has no definite velocity; nor where the rays now being reflected from it will converge in the microscope, therefore it has no definite position; and so on. It is no use answering that the body really has a definite mass, velocity, position, etc., which we are unaware of; that statement, if it means anything, refers to an intrinsic nature of things outside the scope of scientific knowledge. We cannot infer these properties with precision from anything that we can be aware of, because the breach of causality has broken the chain of inference. Thus our knowledge of the response of indicators to the presence of the body is non-existent; therefore we cannot assert knowledge of it at all. So what is the use of talking about it? The body which was to be the abstraction of all these (as yet unsettled) pointer readings has become superfluous in the physical world. That is the dilemma into which the old epistemology leads us as soon as we begin to doubt strict causality.


      In phenomena on a gross scale this difficulty can be got round. A body may have no definite position but yet have within close limits an extremely probable position. When the probabilities are large the substitution of probability for certainty makes little difference; it adds only a negligible haziness to the world. But though the practical change is unimportant there are fundamental theoretical consequences. All probabilities rest on a basis of a priori probability, and we cannot say whether probabilities are large or small without having assumed such a basis. In agreeing to accept those of our calculated probabilities which are very high as virtually equivalent to certainties on the old scheme, we are as it were making our adopted basis of a priori probability a constituent of the world-structure  – adding to the world a kind of symbolic texture that cannot be expressed on the old scheme.


      On the atomic scale of phenomena the probabilities are in general well-balanced, and there are no "naps" for the scientific punter to put his shirt on. If a body is still defined as a bundle of pointer readings (or highly probable pointer readings) there are no "bodies" on the atomic scale. All that we can extract is a bundle of probabilities. That is in fact just how Schrodinger  tries to picture the atom – as a wave centre of his probability entity ψ.


      We commonly have had to deal with probabilities which arise through ignorance. With fuller knowledge we should sweep away the references to probability and substitute the exact facts. But it appears to be a fundamental point in Schrodinger's theory that his probabilities are not to be replaced in that way. When his ψ is sufficiently concentrated it indicates the point where the electron is; when it is diffused it gives only a vague indication of the position. But this vague indication is not something which ideally ought to be replaced by exact knowledge; it is ψ itself which acts as the source of the light emitted from the atom, the period of the light being that of the beats of ψ. I think this means that the spread of ψ is not a symbol for uncertainty arising through lack of information; it is a symbol for causal failure — an indeterminacy of behaviour which is part of the character of the atom.


We have two chief ways of learning about the interior of the atom. We can observe electrons entering or leaving, and we can observe light entering or leaving. Bohr has assumed a structure connected by strictly causal law with the first phenomenon, Heisenberg and his followers with the second. If the two structures were identifiable then the atom would involve a complete causal connection of the two types of phenomena. But apparently no such causal linkage exists. Therefore we have to be content with a correlation in which the entities of the one model represent probabilities in the second model. There are perhaps details in the two theories which do not quite square with this; but it seems to express the ideal to be aimed at in describing the laws of an incompletely causal world, viz. that the causal source of one phenomenon shall represent the probability of causal source of another phenomenon. Schrödinger's theory has given at least a strong hint that the actual world is controlled on this plan.

Principle of Indeterminacy. Thus far we have shown that modern physics is drifting away from the postulate that the future is predetermined, ignoring it rather than deliberately rejecting it. With the discovery of the Principle of Indeterminacy (p. 220) its attitude has become more definitely hostile.


Let us take the simplest case in which we think we can predict the future. Suppose that we have a particle with known position and velocity at the present instant. Assuming that nothing interferes with it we can predict the position at a subsequent instant. (Strictly the non-interference would be a subject for another prediction, but to simplify matters we shall concede it.) It is just this simple prediction which the principle of indeterminacy expressly forbids. It states that we cannot know accurately both the velocity and position of a particle at the present instant.


At first sight there seems to be an inconsistency. There is no limit to the accuracy with which we may know the position, provided that we do not want to know the velocity also. Very well; let us make a highly accurate determination of position now, and after waiting a moment make another highly accurate determination of position. Comparing the two accurate positions we compute the accurate velocity — and snap our fingers at the principle of indeterminacy. This velocity, however, is of no use for prediction, because in making the second accurate determination of position we have rough-handled the particle so much that it no longer has the velocity we calculated. It is a purely retrospective velocity. The velocity does not exist in the present tense but in the future perfect; it never exists, it never will exist, but a time may come when it will have existed. There is no room for it in Fig. 4 which contains an Absolute Future and an Absolute Past but not an Absolute Future Perfect.
The velocity which we attribute to a particle now can be regarded as an anticipation of its future positions. To say that it is unknowable (except with a certain degree of inaccuracy) is to say that the future cannot be anticipated. Immediately the future is accomplished, so that it is no longer an anticipation, the velocity becomes knowable.


The classical view that a particle necessarily has a definite (but not necessarily knowable) velocity now amounts to disguising a piece of the unknown future as an unknowable element of the present. Classical physics foists a deterministic scheme on us by a trick; it smuggles the unknown future into the present, trusting that we shall not press an inquiry as to whether it has become any more knowable that way.


The same principle extends to every kind of phenomenon that we attempt to predict, so long as the need for accuracy is not buried under a mass of averages. To every co-ordinate there corresponds a momentum, and by the principle of indeterminacy the more accurately the co-ordinate is known the less accurately the momentum is known. Nature thus provides that knowledge of one-half of the world will ensure ignorance of the other half—ignorance which, we have seen, may be remedied later when the same part of the world is contemplated retrospectively. We can scarcely rest content with a picture of the world which includes so much that cannot be known. We have been trying to get rid of unknowable things, i.e. ail conceptions which have no causal connection with our experience. We have eliminated velocity through aether, "right" frames of space, etc., for this reason. This vast new unknowable element must likewise be swept out of the Present. Its proper place is in the Future because then it will no longer be unknowable. It has been put in prematurely as an anticipation of that which cannot be anticipated.
In assessing whether the symbols which the physicist has scattered through the external world are adequate to predetermine the future, we must be on our guard against retrospective symbols. It is easy to prophesy after the event.

Natural and Supernatural. A rather serious consequence of dropping causality in the external world is that it leaves us with no clear distinction between the Natural and the Supernatural. In an earlier chapter I compared the invisible agent invented to account for the tug of gravitation to a "demon". Is a view of the world which admits such an agent any more scientific than that of a savage who attributes all that he finds mysterious in Nature to the work of invisible demons? The Newtonian physicist had a valid defence. He could point out that his demon Gravitation was supposed to act according to fixed causal laws and was therefore not to be compared with the irresponsible demons of the savage. Once a deviation from strict causality is admitted the distinction melts away. I suppose that the. savage would admit that his demon was to some extent a creature of habit and that it would be possible to make a fair guess as to what he would do in the future; but that sometimes he would show a will of his own. It is that imperfect consistency which formerly disqualified him from admission as an entity of physics along with his brother Gravitation.


That is largely why there has been so much bother about "me"; because I have, or am persuaded that I
have, "a will of my own". Either the physicist must leave his causal scheme at the mercy of supernatural interference from me, or he must explain away my supernatural qualities. In self-defence the materialist favoured the latter course; he decided that I was not supernatural — only complicated. We on the other hand have concluded that there is no strict causal behaviour anywhere. We can scarcely deny the charge that in abolishing the criterion of causality we are opening the door to the savage's demons. It is a serious step, but I do not think it means the end of all true science. After all if they try to enter we can pitch them out again, as Einstein pitched out the respectable causal demon who called himself Gravitation. It is a privation to be no longer able to stigmatise certain views as unscientific superstition ; but we are still allowed, if the circumstances justify it, to reject them as bad science.



On Volition

Nature of the Physical World, pp.310-315

Volition. From the philosophic point of view it is of deep interest to consider how this affects the freedom of the human mind and spirit. A complete determinism of the material universe cannot be divorced from determinism of the mind. Take for example, the prediction of the weather this time next year. The prediction is not likely ever to become practicable, but " orthodox" physicists are not yet convinced that it is theoretically impossible; they hold that next year's weather is already predetermined. We should require extremely detailed knowledge of present conditions, since a small local deviation can exert an ever-expanding influence. We must examine the state of the sun so as to predict the fluctuations in the heat and corpuscular radiation which it sends us. We must dive into the bowels of the earth to be forewarned of volcanic eruptions which may spread a dust screen over the atmosphere as Mt. Katmai did some years ago. But further we must penetrate into the recesses of the human mind. A coal strike, a great war, may directly change the conditions of the atmosphere; a lighted match idly thrown away may cause deforestation which will change the rainfall and climate. There can be no fully deterministic control of inorganic phenomena unless the determinism governs mind itself. 

Conversely if we wish to emancipate mind we must to some extent emancipate the material world also. There appears to be no longer any obstacle to this emancipation.

Let us look more closely into the problem of how the mind gets a grip on material atoms so that movements of the body and limbs can be controlled by its volition. I think we may now feel quite satisfied that the volition is genuine. The materialist view was that the motions which appear to be caused by our volition are really reflex actions controlled by the material processes in the brain, the act of will being an inessential side phenomenon occurring simultaneously with the physical phenomena. But this assumes that the result of applying physical laws to the brain is fully determinate. It is meaningless to say that the behaviour of a conscious brain is precisely the same as that of a mechanical brain if the behaviour of a mechanical brain is left undetermined. If the laws of physics are not strictly causal the most that can be said is that the behaviour of the conscious brain is one of the possible behaviours of a mechanical brain. Precisely so; and the decision between the possible behaviours is what we call volition.


Perhaps you will say, When the decision of an atom is made between its possible quantum jumps, is that also "volition"? Scarcely; the analogy is altogether too remote. The position is that both for the brain and the atom there is nothing in the physical world, i.e. the world of pointer readings, to predetermine the decision; the decision is a fact of the physical world with consequences in the future but not causally connected to the past. In the case of the brain we have an insight into a mental world behind the world of pointer readings and in that world we get a new picture of the fact of decision which must be taken as revealing its real nature — if the words real nature have any meaning.


For the atom we have no such insight into what is behind the pointer readings. We believe that behind all pointer readings there is a background continuous with the background of the brain; but there is no more ground for calling the background of the spontaneous behaviour of the atom "volition" than for calling the background of its causal behaviour "reason". It should be understood that we are not attempting to reintroduce in the background the strict causality banished from the pointer readings. In the one case in which we have any insight — the background of the brain — we have no intention of giving up the freedom of the mind and will. Similarly we do not suggest that the marks of predestination of the atom, not found in the pointer readings, exist undetectable in the unknown background. To the question whether I would admit that the cause of the decision of the atom has something in common with the cause of the decision of the brain, I would simply answer that there is no cause. In the case of the brain I have a deeper insight into the decision; this insight exhibits it as volition, i.e. something outside causality.


A mental decision to turn right or turn left starts one of two alternative sets of impulses along the nerves to the feet. At some brain centre the course of behaviour of certain atoms or elements of the physical world is directly determined for them by the mental decision - or, one may say, the scientific description of that behaviour is the metrical aspect of the decision. It would be a possible though difficult hypothesis to assume that very few atoms (or possibly only one atom) have this direct contact with the conscious decision, and that these few atoms serve as a switch to deflect the material world from one course to the other. But it is physically improbable that each atom has its duty in the brain so precisely allotted that the control of its behaviour would prevail over all possible irregularities of the other atoms. If I have at all rightly understood the processes of my own mind, there is no finicking with individual atoms.


I do not think that our decisions are precisely balanced on the conduct of certain key-atoms. Could we pick out one atom in Einstein's brain and say that if it had made the wrong quantum jump there would have been a corresponding flaw in the theory of relativity? Having regard to the physical influences of temperature and promiscuous collision it is impossible to maintain this. It seems that we must attribute to the mind power not only to decide the behaviour of atoms individually but to affect systematically large groups - in fact to tamper with the odds on atomic behaviour. This has always been one of the most dubious points in the theory of the interaction of mInd and matter.

Interference with Statistical Laws. Has the mind power to set aside statistical laws which hold in inorganic matter? Unless this is granted its opportunity of interference seems to be too circumscribed to bring about the results which are observed to follow from mental decisions. But the admission involves a genuine physical difference between inorganic and organic (or, at any rate, conscious) matter. I would prefer to avoid this hypothesis, but it is necessary to face the issue squarely. The indeterminacy recognised in modern quantum theory is only a partial step towards freeing our actions from deterministic control. To use an analogy — we have admitted an uncertainty which may take or spare human lives; but we have yet to find an uncertainty which may upset the expectations of a life-insurance company. Theoretically the one uncertainty might lead to the other, as when the fate of millions turned on the murders at Sarajevo. But the hypothesis that the mind operates through two or three key-atoms in the brain is too desperate a way of escape for us, and I reject it for the reasons already stated.


It is one thing to allow the mind to direct an atom between two courses neither of which would be improbable for an inorganic atom; it is another thing to allow it to direct a crowd of atoms into a configuration which the secondary laws of physics would set aside as "too improbable". Here the improbability is that a large number of entities each acting independently should conspire to produce the result; it is like the improbability of the atoms finding themselves by chance all in one half of a vessel. We must suppose that in the physical part of the brain immediately affected by a mental decision there is some kind of interdependence of behaviour of the atoms which is not present in inorganic matter.


I do not wish to minimise the seriousness of admitting this difference between living and dead matter. But I think that the difficulty has been eased a little, if it has not been removed. To leave the atom constituted as it was but to interfere with the probability of its undetermined behaviour, does not seem quite so drastic, an interference with natural law as other modes of mental interference that have been suggested. (Perhaps that is only because we do not understand enough about these probabilities to realise the heinousness of our suggestion.) Unless it belies its name, probability can be modified in ways which ordinary physical entities would not admit of. 


This is the Bayesian theory that probability depends on the amount of information


There can be no unique probability attached to any event or behaviour; we can only speak of "probability in the light of certain given information", and the probability alters according to the extent of the information. It is, I think, one of the most unsatisfactory features of the new quantum theory in its present stage that it scarcely seems to recognise this fact, and leaves us to guess at the basis of information to which its probability theorems are supposed to refer.

Looking at it from another aspect - if the unity of a man's consciousness is not an illusion, there must be some corresponding unity in the relations of the mindstuff which is behind the pointer readings. Applying our measures of relation structure, as in chapter XI, we shall build matter and fields of force obeying identically the principal field-laws; the atoms will individually be in no way different from those which are without this unity in the background. But it seems plausible that when we consider their collective behaviour we shall have to take account of the broader ünifying trends in the mind-stuff, and not expect the statistical results to agree with those appropriate to structures of haphazard origin.


I think that even a materialist must reach a conclusion not unlike ours if he fairly faces the problem. He will need in the physical world something to stand for a symbolic unity of the atoms associated with an individual consciousness, which does not exist for atoms not so associated — a unity which naturally upsets physical predictions based on the hypothesis of random disconnection. For he has not only to translate into material configurations the multifarious thoughts and images of the mind, but must surely not neglect to find some kind of physical substitute for the Ego.



Conway and Kochen's Free Will Theorem

Expansion of the Universe


(New Pathways in Science, 1935, pp.62-63, 66-68)


One way out of the difficulty of an abrupt beginning has sometimes found favour. I oppose it not through any desire to retain the present dilemma but because I do not think it is a genuine loophole. It depends on the occurrence of chance fluctuations. If we have a number of entities moving about at random, they will in the course of time go through every possible configuration; so that even the most orderly, the most non-chance configuration, will occur by chance if we wait long enough -


There once was a brainy baboon 

Who always breathed down a bassoon 

For he said "It appears

That in billions of years

I shall certainly hit on a tune".



Compare Emile Borel's idea of an infinite number of typing monkeys


When the world has reached complete disorganisation (thermodynamic equilibrium) there is still infinite time ahead of it, and its elements will have the opportunity to take up every possible configuration again and again. If we wait long enough a number of atoms will, just by chance, arrange themselves as the atoms are now arranged in this room; and, just by chance, the same sound waves will come from one of the systems of atoms as are now emerging from my lips; they will strike other systems of atoms arranged, just by chance, to resemble you, and in the same stages of attention or somnolence. This mock delivery of the present course of Messenger Lectures will repeat itself many times over — an infinite number of times in fact — before t reaches ∞. Do not ask me whether I really believe, or expect you to believe, that this will happen —



Logic is logic. That's all I say.



So after the world has reached thermodynamic equilibrium the entropy remains steady at its maximum value, except that once in a blue moon an absurdly small chance comes off and the entropy drops appreciably below its maximum value. When this fluctuation has died out there will again be a very long wait for another coincidence giving another fluctuation. It will take multillions of years, but we have all eternity before us. 


There is no limit to the possible amount of the fluctuation; and, if we wait long enough, there will be a fluctuation which will take the universe as far from thermodynamic equilibrium as it is at the present moment.

The suggestion is that we are now on the down-slope of one of these chance fluctuations. Is it an accident that we happen to be running down the slope and not toiling up the slope? Not at all. So far as the physical universe is concerned the direction of time has been defined to be that in which disorganisation increases, so that on whichever slope of the mountain we stand the signpost "To the Future" points downhill. In fact, on this theory, the going on of time is not a property of time in general but of the slope of the fluctuation on which we stand.


We can always argue that anything that can be done by arrangement or by specific cause can also be done by chance, provided that it is agreed not to count the failures. In this case the theory postulates a state of things involving an exceedingly rare coincidence, but it also provides an infinite time during which the coincidence might (or, it is suggested, must) occur. Nevertheless I feel sure that the argument is fallacious.


The irreversible dissipation of energy in the universe has been a recognised doctrine of science since 1852 when it was formulated explicitly by Lord Kelvin. Kelvin drew the same conclusions about the beginning and end of things as those given here—except that, since less attention was paid to the universe in those days, he considered the earth and the solar system. The general ideas have not changed much in eighty years; but the recognition of the finitude of space and the recent theory of the expanding universe now involve some supplementary considerations.


The conclusion that the total entropy of the universe at any instant is greater than at a previous instant dates from a time when an "instant" was conceived to be an absolute time-partition extending throughout the universe. We have to reconsider the matter now that Einstein has abolished these absolute instants; but it appears that no change is required. I think I am right in saying that it is not necessary that the instants should be absolute, or that the time t referred to in dS/dt should be a form of absolute time. For the first instant we can choose any arbitrary space-like section of space-time (smooth or crinkled), and for the second instant any other space-like section which does not intersect the first. One of these instants will be later throughout than the other; and the total entropy of the universe integrated over the later instant will be greater than over the earlier instant. This generalisation is made possible by the fact that the energy or matter which carries the disorganisation cannot travel from place to place faster than light.
The consequences of introducing the expansion of the universe are more difficult to foresee. Fundamental questions are raised as to the appropriate way of defining entropy when the background conditions are no longer invariable. I believe that the progress of the theory in other directions in the next few years will place us in a better position to treat the thermodynamical problem which it raises, and I prefer not to try to anticipate its conclusions.


Meanwhile it is important to notice that the expansion of the universe is another irreversible process. It is a one-way characteristic like the increase of disorganisation. Just as the entropy of the universe will never return to its present value, so the volume of the universe will never return to its present value. From the expansion of the universe we reach independently the same outlook as to the beginning and end of things that we have here reached by considering the increase of entropy. In particular the conclusion seems almost inescapable that there must have been a definite beginning of the present order of Nature. The theory of the expanding universe adds something new, namely an estimate of the date of this beginning. We shall see in Chapter X that from the scientific point of view it is uncomfortably recent — scarcely more than 10,000 million years ago.


In the expanding universe we can decide which of two instants is the later by the criterion that the later instant corresponds to the larger volume of the universe. (The instants are defined as before to be two non-intersecting space-like sections of space-time.) This provides an alternative signpost for time. But it is only applicable to time taken throughout the universe as a whole. The position of entropy as the unique local signpost remains unaffected. The fact that the direction of time for the universe, regarded as a single system, is indicated both by increasing volume and by increasing entropy suggests that there is some undiscovered relation between the two criteria. That is one of the points on which we may expect more light in the next few years.



Here Eddington suggests that the expansion of the universe provides the solution to Zermelo's recurrence objection to Ludwig Boltzmann's H-Theorem


By accepting the theory of the expanding universe we are relieved of one conclusion which we had felt to be intrinsically absurd. It was argued (p. 62) that every possible configuration of atoms must repeat itself at some distant date. But that was on the assumption that the atoms will have only the same choice of configurations in the future that they have now. In an expanding space any particular congruence becomes more and more improbable. 


The expansion creates new possibilities faster than atoms can adjust, the germ of David Layzer's explanation for the growth of order in the universe. Perhaps he did not read New Pathways?


The expansion of the universe creates new possibilities of distribution faster than the atoms can work through them, and there is no longer any likelihood of a particular distribution being repeated. If we continue shuffling a pack of cards we are bound sometime to bring them into their standard order — but not if the conditions are that every morning one more card is added to the pack.


In Layzer's (and Boltzmann's) infinite universe view, there are an infinite number of Messenger lectures being delivered at this moment!



So I think after all there will not be a second (accidental) delivery of these Messenger Lectures this side of eternity.


Ludwig Boltzmann first suggested a fluctuation as the solution to the observed low entropy in the universe


Source: https://www.informationphilosopher.com/solutions/scientists/eddington/
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Franz Exner

There are two extremely influential Franz Exners. Both played pivotal roles in the development of science in the Austro-Hungarian empire. 

The father reformed the state's educational curriculum to include the notions of probability and statistics (with an implicit criticism of the rigid theological determinism of the Roman Catholic church) that had become popular in Europe after the work of Adolf Quetelet in Belgium and Henry Thomas Buckle in England.   


The son became a professor of physical chemistry at the University of Vienna, where he was a great influence on Ludwig Boltzmann.


Both were thus influential in forming ideas of chance, statistics, and probability at a time when determinism was dominant in physics. 

The younger Exner was very familiar with the work of Ludwig Boltzmann. He appreciated that while the macroscopic phenomenological gas laws of thermodynamics are apparently deterministic, they are the result of statistical regularities emerging as a consequence of averaging over the large number of microscopic particles in the gas. 


In his Lectures (88) on Causality and (89) on Chance (Zufall), Exner speculated whether the motions of every individual molecule in a gas were pre-determined by initial conditions. Such pre-determinism goes beyond our experience, he says.


This significantly restricted version of the law of causality as a purely empirical proposition forces yet another question of fundamental importance: If certain conditions are met, and the lawful flow of phenomena takes place naturally in all its phases, is the state of the system then predetermined (voraus bestimmter) at every moment? Or it is random and is it only the average state that is determined over a period of time? 

The classic Laplacian view goes beyond experience.




If there were for a gas a certain moment when all the speeds and directions of the molecules were given, can we then say that the location and speed for each individual molecule is determined in a subsequent moments? It is certain that an affirmative answer goes beyond our experience. We can not say the opposite of what we can predict is solely that a certain state average over time is set, but on the participation of each of the same individuals. We can say nothing. Whether the A state of the gas in the final state B necessarily through very specific, individualized according molecules transferred intermediate stages, or whether between A and B infinitely many different states are randomly occurring, we know nothing about. If we had two identical systems under the same conditions with the same condition A in any given moment, we can expect that at a later time, the same average conditions B will occurred, but we know not, whether those states B are identical with respect to all individuals who are involved. Would the all-powerful causality principle apply, as in our case would appear to not only the eventual states the same, but the intermediate period each respective moments, and molecule by molecule, so that each individual in the same system to a state changes are exactly identical those corresponding molecule in the other system passes through. The difference between these two views is clear: inevitability in every moment and every single molecule, with a certainty of expected final average without certain other interim stages.
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89. Vorlesung (Chance)

  Diese wesentlich restringierte Fassung des Kausalitätsgesetzes als eines reinen Erfahrungssatzes zwingt noch zu einer weiteren Frage von fundamentaler Bedeutung: Wenn gewisse Bedingungen gegeben sind, erfolgt dann der gesetzmäßige Ablauf der Erscheinungen zwangsläufig in allen seinen Phasen, d. h. ist der Zustand des Systems dann auch in jedem Momente ein voraus bestimmter? oder ist er zufällig und nur der Durchschnittszustand über eine gewisse Zeit gesetzmäßig festgelegt? Es seien etwa in einem Gase für einen bestimmten Moment alle Geschwindigkeiten und Richtungen der Moleküle gegeben, dürfen wir dann sagen, daß auch für jedes einzelne Molekül Ort und Geschwindigkeit in einem folgenden Momente bestimmt ist? Sicher ist, daß eine bejahende Antwort über unsere Erfahrung hinausgeht. Wir können aber auch nicht das Gegenteil behaupten; was wir voraussagen können ist einzig und allein, daß ein bestimmter Durchschnittszustand sich mit der Zeit einstellen wird; aber über die Beteiligung der einzelnen Individuen an demselben. können wir nichts behaupten. Ob der Zustand A des Gases in den definitiven Zustand B zwangsläufig durch ganz bestimmte, nach Molekülen individualisierte Zwischenstufen übergegangen ist oder ob zwischen A und B unendlich viele verschiedene, zufällig eintretende Zustände liegen können, darüber erfahren wir nichts. Hätten wir zwei gleiche Systeme unter den gleichen Bedingungen mit den identischen Zuständen A in irgend einem Momente gegeben, so können wir erwarten, daß zu einer späteren Zeit die identischen Durchschnittszustände B eingetreten sein werden, aber wir wissen keineswegs, ob diese Zustände B auch identisch sind in bezug auf alle Individuen, die daran beteiligt sind. Würde der Kausalitätssatz allmächtig gelten, so müßten in unserem Falle offenbar nicht nur die schließlichen Zustände identisch sein, sondern auch die jedem zwischenliegenden Zeitmomente entsprechenden, und zwar Molekül für Molekül, so daß für jedes einzelne derselben in dem einen System die Zustandsänderungen genau identisch sind mit jenen, die das korrespondierende Molekül im anderen System durchläuft. Der Unterschied zwischen beiden Anschauungen ist klar: Zwangsläufigkeit in jedem Momente und für jedes einzelne Moleküleinerseits, ein mit Bestimmtheit zu erwartender durchschnittlicher Endzustand ohne bestimmte Zwischenphasen anderseits.

Es soll hier auch nicht einmal der Versuch gemacht werden, diese Frage, ob Zwang oder Zufall in den einzelnen Phasen herrscht, zu entscheiden; eine solche Entscheidung scheint vorläufig, vielleicht für immer, außer dem Bereich der Möglichkeit zu liegen, aber es läßt sich nicht leugnen, daß der Gegensatz: Zwang—Zufall existiert. Und es spielt dieser Begriff Zufall sowohl im gewöhnlichen Leben als in der Wissenschaft eine so große Rolle, daß ihm wohl eine wichtige und in der Natur selbst begründete Bedeutung zukommen muß, so daß wir genötigt sind, auf denselben zunächst einzugehen.


Daß dieser Begriff aber nichts weniger als klar ist, folgt aus den vielen Versuchen in der Literatur, den „Zufall" oder das „zufällige Ereignis" zu definieren; und wie wichtig er anderseits ist, ersehen wir nicht nur aus dem Sprachgebrauch des täglichen Lebens, sondern auch daraus, daß die strenge Wissenschaft ihn. entbehren kann. Beruht doch das ganze Gebäude der so ungemein wichtigen und fruchtbaren Wahrscheinlichkeitsrechnung auf dem Begriffe „zufälliges Ereignis" und wenn wir sehen, daß die Resultate der Wahrscheinlichkeitsrechnung durch die Erfahrung immer und immer bestätigt werden, so ist das wohl ein deutlicher Beweis dafür, daß der „Zufall" etwas in der Natur selbst Begründetes ist und nicht erst vom Menschen in dieselbe hineingetragen wird. Sonderbar ist es, daß selbst die strengsten Deterministen, also die Anhänger einer unbedingten Kausalität, den Zufallsbegriff nicht entbehren können; so sehen wir Laplace einerseits die Idee einer Weltformel entwickeln, mit deren Hilfe aus dem gegebenen momentanen Zustand der Welt alle folgenden mit absoluter Notwendigkeit abzuleiten wären und anderseits sehen wir ihn die Prinzipien der Wahrscheinlichkeitsrechnung auf Grund des „zufälligen Ereignisses" aufstellen. Dieses Zusammentreffen ist bedeutungsvoll: es müssen beide Anschauungen, Kausalität und Zufall, sich miteinander in irgend einer Weise vereinen lassen. Es wird unsere Aufgabe sein einen Weg zu suchen, auf dem dies möglich ist. Indem wir das Kausalitätsgesetz nur als ein Durchschnittsgesetz auffassen, wie es ja auch der Erfahrung entspricht, welche ein gesetzmäßiges Ablaufen der Vorgänge uns lediglich im Durchschnitt bietet, werden wir einen solchen Weg vielleicht finden. Ob wir aber die „Einzelfälle" als kausal bedingt oder als zufällig auffassen wollen, das steht,vorläufig in unserem Belieben; solange wir eine Entscheidung darüber nicht treffen können, werden wir gut tun, mit unseren Annahmen nicht über das unbedingt Notwendige hinauszugehen und eine Kausalität im Einzelfalle nicht zu postulieren, solange wir ohne dieselbe das Auskommen finden. Es ist wichtig gleich hier zu bemerken, daß diese Frage, ob Kausalität oder Zufall das Einzelereignis bedingt, für die weiteren Folgerungen gar nicht von Belang sein wird, so daß wir nicht gezwungen sind, der einen oder anderen Ansieht beizutreten, ohne dafür einen genügenden Grund zu haben.


Daß der Begriff des „Zufalls" oder des „zufälligen Ereignisses" in der Literatur ein so sehr schwankender ist, hat seinen Grund wenigstens zum Teil darin, daß er häufig mit einem persönlichen Moment verknüpft wird. So hat schon Laplace Ereignisse als zufällige angesehen, sobald man über deren Ursachen völlig im unklaren ist. Er sagt: „Die Theorie des Zufalls besteht darin, alle Ereignisse derselben Art auf eine gewisse Anzahl gleichmöglicher Fälle zurückzuführen, d. h. auf solche, über deren Existenz wir in gleicher Weise im unklaren sind." Hier wird also das persönliche Moment der Unklarheit über die Ursachen herangezogen, so daß ein bestimmtes Ereignis für einen Menschen ein zufälliges sein könnte, für einen anderen aber nicht, z. B. die Abfahrtszeiten der Züge aus einem Bahnhof. Allein die tatsächliche Bestätigung der Resultate der Wahrscheinlichkeitsrechnung durch die Erfahrung beweist, daß der „Zufall" etwas vom Menschen und seinem Wissen gänzlich Unabhängiges ist, etwas in der Natur objektiv Gegebenes sein muß. Auch wäre es sonst nicht möglich, daß, wie wir es an einigen Beispielen schon gesehen, physikalische Gesetze sich unter der Annahme des Zufalls ableiten ließen; nur mit diesem Zufall in objektivem Sinne werden wir es im weiteren zu tun haben.


Auf dieses persönliche Moment in den Definitionen des Zufalls stoßen wir sehr häufig; so, wenn gesagt wird: „Zufällig ist ein Ereignis, wenn es nicht aus anderen Ereignissen nach festen Regeln gefolgert werden kann", denn eine solche Folgerung setzt die Kenntnis derartiger Regeln voraus. Eine andere Definition geht dahin: „Ereignisse aber, die .... von einer großen Zahl wechselnder und ganz unkontrollierbarer Umstände abhängen, nennen wir zufällige." Auch hier treffen wir wieder die Beziehungen der Ereignisse zum Menschen und gibt es denn wohl irgend ein Ereignis, das nicht unter diese Rubrik fiele, insofern ein jedes. doch an einer unendlichen Kette von Bedingungen hängt? Auch hat man versucht, ein Ereignis als zufällig nur relativ zu irgendwelchen Umständen zu bezeichnen: „Es wird damit gesagt, daß nicht diese (sondern irgendwelche andere) Umstände es sind, mit welchen jenes Ereignis als notwendig verknüpft zu denken ist, auf welche, als auf seine Ursache, der Eintritt desselben zurückgeführt werden darf"; man muß sagen: „daß absolut oder schlechthin zufällig überhaupt nichts sei". Nach diesen Definitionen würde also der Zufall neben der Kausalität bestehen und gewissermaßen nur einer willkürlichen Behandlung des Problems durch den Menschen seine Existenz verdanken, eine Auffassung, der aus früher schon erwähnten Gründen hier nicht beigepflichtet werden kann.


Diese wenigen Beispiele, aus vielen herausgegriffen, mögen zeigen, wie unmöglich es ist, den Begriff des Zufalls zu umgehen und anderseits, wie schwankend derselbe erscheint. Vielleicht liegt letzteres auch zum Teil an der Art der Fragestellung: hat es denn überhaupt einen Sinn, zu fragen, ob ein bestimmtes, einzelnes Ereignis zufällig sei oder kausal bedingt? Hat es einen Sinn, den Zufall zuerst willkürlich zu definieren und dann zu sehen, was alles unter diese Definition fällt? Vielleicht wäre die Frage zweckmäßiger so gestellt: „Wann und nach welchen Kriterien kann man erkennen, ob Ereignisse so sind, daß wir sie allgemein als zufällig bezeichnen ?" Haben wir dafür ein Kriterium, dann ist jedenfalls der wesentlichste Schritt zu einer Verständigung getan, die so leichter gelingen wird, als durch Definitionen a priori, die niemals von subjektiver Willkür frei sein können.


Daß sich solche Kriterien angeben lassen, ist bekannt; wir wollen zu ihrer Erläuterung jene Ereignisse heranziehen, welche allgemein als typisch „zufällige" angesehen werden, die Ereignisse bei den sogenannten  Glücksspielen. Nehmen wir als einfachsten Fall das Würfeln mit einem Würfel, der als korrekt vorausgesetzt wird. Notieren wir eine längere Serie von Würfen, so finden wir die Zahlen 1-6 in unregelmäßiger Folge erscheinen; eine zweite Serie wird eine andere Ziffernfolge, eine dritte ebenso usw. ergeben. Anscheinend stehen diese Serien in keinem Zusammenhang untereinander und doch haben sie gemeinsame Merkmale. Prüfen wir nämlich, wie oft die einzelnen Ziffern in jeder Serie erscheinen, so finden wir alle Zahlen angenähert gleich oft vertreten, wobei diese Gleichheit um so auffallender wird, je länger die Serien sind. Aus dieser Gleichheit schließen wir auf eine „gleiche Wahrscheinlichkeit" des Erscheinens der einzelnen Ziffern; diese ist, wie schon Boltzmann betonte, ein fundamentaler Begriff, der nicht weiter abgeleitet werden kann und die Grundlage aller Wahrscheinlichkeitsrechnung bildet; auch ist, diese „gleiche Wahrscheinlichkeit" nur ein anderer Ausdruck für die besprochene Tatsache, gewählt mit Rücksicht auf den Menschen und dessen Erwartung.


Diese „gleiche Wahrscheinlichkeit" liegt, wie bemerkt, einer jeden sogenannten  Wahrscheinlichkeitsrechnung begrifflich zugrunde. Wollen wir aus einer Vielhit von Einzelereignissen, wie in unserem Falle des Würfelns, das wahrscheinliche Ergebnis rechnerisch ableiten, so müssen wir diesen Einzelereignissen gleiche Wahrscheinlichkeit für ihr Eintreten zuschreiben. Da stoßen wir aber auf eine Schwierigkeit gegenüber dem Kausalitätsprinzip; denn machen wir die genannte notwendige Annahme, so heißt das nichts anderes, als daß die Einzelereignisse in keinem wie immer gearteten funktionellen Zusammenhange miteinander stehen, daß sie vielmehr voneinander völlig unabhängig sind. Diese Annahme, daß das einzelne Ereignis das nachfolgende in seinem Eintreten oder Nichteintreten in keiner Weise beeinflußt, ist ja auch die Grundlage jeder Wahrscheinlichkeitsrechnung; es ist eine weitverbreitete irrtümliche Ansicht, daß bei einem Glücksspiele, z. B. Kopf und Wappen, wenn etwa zehnmal hintereinander Kopf geworfen wurde, es dann Wahrscheinlicher sei, das elftemal Wappen statt Kopf zu werfen.


Wie soll man dieses Prinzip der Wahrscheinlichkeitsrechnung, deren Richtigkeit oft, erprobt wurde, mit dem Kausalitätsprinzip vereinen ? Nach dem letzteren geschieht nichts in der Natur zufällig und die einzelnen aufeinander folgenden Würfe sind den Lehren der Deterministen zufolge unzweifelhaft auch kausal verknüpft. Damit fällt aber die Berechtigung, Wahrscheinlichkeitsbetrachtungen anzuwenden, man müßte denn annehmen; daß die unendliche Zahl von Ursachen, welche die Einzelereignisse miteinander verknüpfen, zusammen geradeso wirke, als wären gar keine Ursachen vorhanden. Es wird später noch Gelegenheit sein, auf dieses sonderbare Vere halten ausführlicher zurückzukommen.


Das Studium der einzelnen gewürfelten Serien in unserem früheren Beispiele lehrt uns aber noch eine wichtige Tatsache: Da in jeder Serie alle Zahlen annähernd gleich oft vorkommen, so werden auch die Mittelwerte der einzelnen Serien nahezu übereinstimmen und sich dem arithmetischen Mittel der Zahlen 1-6, nämlich dem Werte 3.5 umsomehr nähern, je länger die Serien sind. In diesem Mittelwert haben wir demnach vorläufig ein erstes Kriterium dafür, daß die einzelnen Würfe zufällig erfolgten, doch ist dieses Kriterium noch nicht für den Beweis der Zufälligkeit hinreichend, wenn auch notwendig. Betrüge dieser Mittelwert in einer längeren Serie z. B. 5, so würden wir schließen, daß der Würfel falsch ist, etwa einen exzentrischen Schwerpunkt besitzt. In diesem Falle wäre tatsächlich ein Grund vorhanden, weshalb einzelne Ziffern öfter erscheinen als andere, lassen wir aber den Schwerpunkt aus seiner exzentrischen Lage allmählich gegen den geometrischen Mittelpunkt rücken, so wird diese Ungleichheit immer mehr zurücktreten, um beim korrekten Würfel vollends zu verschwinden. Sollen wir nun sagen: Das Zusammenfallen des Schwerpunktes mit dem Mittelpunkte des Würfels ist die Ursache dafür, daß alle Flächen gleich oft fallen, oder: infolge dieses Zusammenfallens von Schwerpunkt und Mittelpunkt fehlt jede Ursache dafür, daß eine Zahl öfter erscheint als eine andere, so daß also der Zufall herrscht ? Es dürfte müßig sein, sich über derartige Fragen den Kopf zu zerbrechen, aber eines muß festgehalten werden: nicht nur in diesem Falle, sondern immer, wenn physikalische Erscheinungen aus vielen gleichartigen, voneinander unabhängigen Einzelereignissen resultieren, wirken *die von den Deterministen vorausgesetzten Ursachen geradeso als wenn im ganzen keine Ursachen vorhanden wären, sondern der Zufall walten würde. Das ist eine Tatsache, die sich immer ergibt, wenn eine genügende Kenntnis der elementaren Vorgänge es gestattet, den Durchschnittswert, also das dem Forscher entgegentretende Phänomen, nach den Regeln der Wahrscheinlichkeitsrechnung zu ermitteln. Eine gewisse Analogie zu diesen Ursachen, die imuffir geradeso wirken, als wären sie nicht vorhanden, haben wir in der alten Voltaschen Spannungsreihe für die Kontaktkräfte zwischen Metallen oder in der Mechanik, wenn wir Kräfte verwenden, die, an einem Punkte angreifend, sich das Gleichgewicht halten. Auch da muß man fragen: Sind solche Kräfte ohne Wirkung in der Tat vorhanden? Damit soll aber keineswegs der große Wert, der. in der Verwendung solcher Annahmen liegt, geleugnet werden. Nur muß man im Auge behalten; was Wirklichkeit und was Fiktion ist.


Es wurde schon darauf hingewiesen, daß es für unsere Zwecke gleichgültig ist, ob wir uns der einen oder der anderen Ansicht hinneigen wollen: ein Konglomerat von Ursachen ohne Wirkung oder gar keine Ursachen. Es dürfte schwer fallen, die eine oder die andere Meinung zu begründen, wir brauchen uns auch keiner derselben anzuschließen, es genügt, Kriterien zu besitzen, nach denen wir Ereignisse als „zufällig" bezeichnen. Auch ohne sagen zu können, was „zufällig" ist, haben wir damit eine Basis für die weiteren Betrachtungen gewonnen.



94. Vorlesung (All Natural Laws are Statistical)


Alle Gesetze können Wahrscheinlichkeitsgesetze sein. Gegenteilige Annahme von dynamischen und statistischen Gesetzen infolge reversibler oder irreversibler Vorgänge. Schwierigkeiten der Deterministen.

Der scheinbare Widerspruch der darin liegt, daß das Geschehen in der Natur sich teils nach strengen Gesetzen, teils regellos vollzieht, ist durch die Anschauungen, die im vorstehenden entwickelt wurden, gelöst; er ist bedingt durch den Unterschied der Objekte, durch das makrokosmische oder mikrokosmische Verhalten derselben. Wo immer wir im Makrokosmos die Entstehung der Gesetze tatsächlich verfolgen können, ergeben sich diese als Wahrscheinlichkeitsgesetze. Der Schluß liegt nahe, daß, wenn viele Gesetze so entstehen, es vielleicht alle tun und wir bei fortschreitender Erkenntnis der Elementarvorgänge für immer zahlreichere derselben den Nachweis ihrer Provenienz werden 'liefern können. Eine diesbezügliche Behauptung auszusprechen, ginge wohl zu weit, aber eine gegenteilige täte dasselbe. Wir sind so zu einem einheitlichen Weltbilde gekommen, das aber nicht ganz in Übereinstimmung steht mit dem, welches viele Theoretiker uns entwerfen. Es ist darum notwendig, hier noch einige Bemerkungen anzufügen.


Oft wird der Standpunkt vertreten, daß es in der Natur wirklich zweierlei fundamental getrennte Arten von Gesetzmäßigkeiten  gibt: eine sogenannte dynamische, aus welcher die Vorgänge immer und überall mit völliger Notwendigkeit folgen, die somit die absolute Kausalität repräsentiert und eine statistische, welche den Eintritt einer Erscheinung aus den gegebenen Bedingungen nur mit einem bestimmten Grad von Wahrscheinlichkeit erwarten läßt, eben jene Gesetzmäßigkeit, mit der wir uns bisher beschäftigt haben. So sagt z. B. Radakovic: „Von einem Naturgesetz, wie etwa dem Gravitationsgesetze oder dem Gesetze von der Erhaltung der Energie verlangen wir, daß es im Bereiche seiner Gültigkeit ausnahmslos und immer erfüllt ist..., bei dem Entropiesatz aber, als Satz über die Wahrscheinlichkeit von Zuständen, ist das anders...." Ebenso hat Planck diese Zweiteilung ausgesprochen und der scharfen Unterscheidung zwischen „der dynamischen, streng kausalen und der lediglich statistischen" Gesetzmäßigkeit eine interessante Untersuchung gewidmet. Wir wollen sehen, worauf sich diese Unterscheidung gründet. Zunächst, wie es scheint, auf das Kausalitätsbedürfnis des Menschen; Planck sagt: es „ist für jedes wissenschaftliche Denken auch auf den höchsten Höhen des menschlichen Geistes, die. Annahme einer im tiefsten Grunde ruhenden, absoluten, über Willkür und Zufall erhabenen Gesetzlichkeit unentbehrliche Voraussetzung ...." und an anderer Stelle: .... so wenig wie irgend eine andere Wissenschaft der Natur oder des menschlichen Geistes kann die Physik der Voraussetzung einer absoluten Gesetzmäßigkeit entbehren." Neben dieser absoluten Gesetzmäßigkeit gibt es nach Planck aber auch viele Vorgänge, die „im wohlverstandenen Sinne des Wortes unbedenklich als zufällige bezeichnet werden können". Wie man sieht, ist hier schon die Existenz einer absoluten Kausalität als zum Verständnis der Natur notwendig vorausgesetzt. Damit ist man freilich der Mühe überhoben, den Nachweis für diese Existenz zu erbringen, solange man davon ausgeht, daß die Natur uns in allem verständlich sein muß. Aber die Natur fragt gar nicht danach, ob der Mensch sie versteht oder nicht, auch haben wir keine unserem Verständnis adäquate Natur zu konstruieren; sondern wir haben uns lediglich mit der gegebenen abzufinden, so gut wir es vermögen. Glauben wir aber etwas kausal begründet zu haben, sobald wir ein absolutes Gesetz anwenden, so ist das eine Selbsttäuschung, indem wir etwas Neues auf einen altgewohnten und darum für absolut sicher angenommenen Denkprozeß zurückführen, dessen Richtigkeit aber erst des Nachweises bedarf. Man muß sich immer wieder an die Anschauungen von der ruhenden Erde und von den Antipoden erinnern, um alles Vertrauen in derartige Denkgewohnheiten zu verlieren; eine solche ist aber auch die logische Forderung nach absoluten Gesetzen, entstanden durch Gewohnheit. Der ungeheure Vorteil freilich, den diese dem Fortschritte der Forschung didaktisch und heuristisch gewähren, soll gewiß nicht geleugnet werden, im Gegenteil, derselbe ist nicht hoch genug einzuschätzen; aber deshalb darf man doch nicht vergessen, daß diese Gesetze eine Schöpfung des Menschen sind und nicht ein Stück Natur und am wenigsten sollten wir aus ihrer Nützlichkeit oder Notwendigkeit für unser Verständnis auf die Notwendigkeit ihrer Existenz schließen. Man läuft damit Gefahr, in eine Art physikalischer Mythologie zu verfallen.


Man hat den beiden Arten der Gesetzmäßigkeit, der „dynamischen" und der „statistischen", auch zweierlei streng verschiedene Arten von Vorgängen in der Natur zugrunde gelegt: die „reversiblen" und die „irreversiblen". Planck sagt, „daß alle reversiblen Prozesse ohne Ausnahme durch dynamische Gesetze geregelt werden und daß gar kein Grund vorliegt, diese Gesetze fallen zu lassen". Ob aber ein Grund vorliegt, dieselben apodiktisch zu behaupten ? Es scheint, die positive Behauptung, nicht der Zweifel bedarf einer Begründung. Die irreversiblen Prozesse dagegen sollen sich, wie wir es ja auch annehmen, nach statistischen Gesetzen abspielen. Als Typus eines reversiblen Prozesses könnte man dabei etwa die Schwingungsbewegung eines idealen Pendels ansehen, die, ohne Einfluß von außen, immerwährend anhalten würde, oder die Schwingungen einer idealen Flüssigkeit in einem U-Rohr und als Typus der irreversiblen, wie man es gewöhnlich tut, den Vorgang der WärmeLeitung oder der Diffusion. „Wie unter den Dynamischen Gesetzen", sagt nun. Planck, „das Prinzip der Erhaltung der Energie oder der erste Hauptsatz der Wärmetheorie, so steht unter den statistischen Gesetzen der Physik -der zweite Hauptsatz der Wärmetheorie in vorderster Reihe". Die reversiblen und irreversiblen Vorgänge sollen also in ihrem Wesen nichts miteinander gemein haben: die ersteren sind „notwendig", d.h. durch ein absolutes Gesetz, den ersten Hauptsatz, bedingt; die letzteren sind aber nur „wahrscheinlich", indem sie dem zweiten Hauptsatte folgen und so müßten diese beiden Arten von Erscheinungen durch eine „tiefe Kluft 'voneinander geschieden" sein. Ja, letzteres ist gewiß richtig, diese tiefe Kluft ,ist vorhanden, aber es ist nicht die hier vorausgesetzte, sondern jene zwischen Phantasie und Wirklichkeit, denn es gibt in der makrokosmischen Natur keine reversiblen Prozesse im gewöhnlichen Sinne des Wortes, wenigstens ist uns bisher noch keiner bekannt geworden und wird es auch schwerlich jemals werden.


Wenn Planck als Beispiele reversibler Prozesse „die Planetenbewegung, den freien Fall im luftleeren Raum, die ungedämpfte Pendelbewegung, jede reibungsfreie Flüssigkeitsströmung" usw. anführt, so sind damit selbstverständlich ideale Vorgänge gemeint, die man gedanklich wohl konstruieren, in der Natur aber niemals finden kann, die wir aus dem Tatsächlichen nur durch Abstraktion gewinnen. In der Wirklichkeit haben wir es nur mit irreversiblen Vorgängen zu tun, die freilich an die Reversibilität beliebig nahe herankommen können. Der prinzipielle Unterschied zwischen reversiblen und irreversiblen Vorgängen kommt also für unsere Frage gar nicht in Betracht. Die Kluft zwischen beiden trennt die wirkliche Welt von einer nur erdachten oder unserer Beobachtung nicht mehr zugänglichen, aber nur die erstere ist es, mit der wir es hier zu tun haben. Eine gewisse Analogie besteht hier mit den logisch unanfechtbaren, geometrischen Gesetzen, z. B. jenen der Planimetrie, die sich auch durchwegs auf ideale, nur erdachte
Gebilde beziehen.


Sehr treffend charakterisiert Smoluchowski das Verhältnis der reversiblen zu den irreversiblen Prozessen. Er betrachtet den typisch irreversiblen  Vorgang der Diffusion zweier Gase ineinander. Hat man z. B. Luft von normaler Dichte, entstanden durch Diffusion von Stickstoff und Sauerstoff und denkt man sich darin ein bestimmtes Volumen durch eine Kugelfläche vom Radius R abgegrenzt, so ändert sich darin der Gehalt an Sauerstoff erfahrungsgemäß nicht mehr, wenn einmal die Diffusion vollendet ist. Vorher muß eine Zeit gewesen sein, wo der Sauerstoffgehalt um 1 % höher war und man kann fragen, nach Verlauf welcher Zeit durch zufällige Bewegungen der Moleküle dieser unwahrscheinliche Zustand wieder eintreten wird. Smoluchowski berechnet diese Zeiten t für verschiedene R in cm und findet

	R = 1		3x10-5	2.5x10-5	10-5 cm
	101014		106	1			10-11 sec


Der Wert von R in der letzten Kolonne würde etwa der Wellenlänge der äußersten ultravioletten Strahlen entsprechen und jener der zweiten Kolonne der Wellenlänge des äußersten violetten Lichtes. Man sieht, wie ins Ungeheure die Zeiten sich verändern, die zur Wiederkehr eines unwahrscheinlichen Zustandes erforderlich sind, wenn das betrachtete Raumgebiet wächst. Es folgt aus dieser Tabelle: Mikrokosmisch haben wir einen reversiblen Prozeß, aber makrokosmisch einen praktisch irreversiblen; dazwischen aber liegen alle Übergänge. Die Wiederkehr eines bestimmten Zustandes, der in einem Raume von den Dimensionen der ultravioletten Lichtwellenlänge sich in kleinsten Bruchteilen einer Sekunde wiederholt, würde in solchen Räumen, die unserer Beobachtung zugänglich sein sollen, Aonen von Jahren beanspruchen. Ob demnach ein Prozeß reversibel. ist oder irreversibel, das hängt in der Wirklichkeit nur davon ab, ob die Wiederkehr eines bestimmten Zustandes praktisch zu beobachten ist oder nicht, hängt aber in keiner Weise mit der Existenz oder Nichtexistenz eines absoluten Gesetzes zusammen oder mit einem prinzipiellen Unterschied in beiden Vorgängen. Damit sind auch zugleich die Grenzen für die Gültigkeit des zweiten Hauptsatzes gegeben, der im Mikrokosmos seinen Sinn verliert, ohne daß von physikalisch der Natur nach verschiedenen Vorgängen und von verschiedenen Gesetzen in beiden Fällen die Rede wäre. Auch für einen beliebig großen mit Luft erfüllten Raum ließe sich, nach dem Früheren, die Zeit der Wiederkehr eines unwahrscheinlichen Zustandes angeben, aber der irreversible Prozeß würde für einen solchen Raum erst nach praktisch unendlicher Zeit reversibel werden, bis dahin aber als irreversibel gelten. Die scheinbare Kluft zwischen reversiblen und irreversiblen tatsächlichen Prozessen ist also nicht durch das Wesen derselben oder der sie beherrschenden Gesetze gegeben, sondern ausschließlich durch die Art und Weise, wie unsere Beobachtungsmöglichkeiten der Natur gegenüberstehen. Man kann sagen, auch im Makrokosmos sind alle Vorgänge reversibel, sobald genügend Zeit zur Verfügung steht; das ist aber faktisch nicht der Fall und deshalb sind alle makrokosmischen Prozesse für den Menschen irreversibel.


Daß bei einem idealen Pendel die Masse immer wieder dasselbe Niveau erreicht und es erreichen muß, daß diese Bewegung „notwendig" und nicht nur „wahrscheinlich" ist, folgert Planck aus dem Prinzip der Erhaltung der Energie. Aber selbst für das ideale Pendel kann dieses .Muß" nicht zugegeben werden, denn der erste Hauptsatz ist ein reiner Erfahrungssatz Wurde doch seine Richtigkeit lange genug bezweifelt und erst durch langwierige Untersuchungen auf den verschiedensten Gebieten plausibel --macht Und so kann ihm als Erfahrungssatz, wenn wir ihn auch zu einem Axiom erheben, niemals Gewißheit zukommen; auch hat er als solcher notwendig den Charakter eines Durchschnittsgesetzes und dementsprechend konnen wir nicht einmal seine Gültigkeit in räumlich und zeitlich beliebig beschrankten Gebieten, sondern nur die durchschnittliche Konstanz der Energie mit einer gewissen, wenn auch hohen Wahrscheinlichkeit behaupten. Allein diese. Konstanz bezieht sich doch nur auf die uns gegenwärtig bekannten Formen der Energie; sind wir aber auch sicher, schon alle diese Formen zu kennen ? Also auch diese Einschränkung müßten wir dem Satze auferlegen. Was darüber hinausgeht, mag unser Kausalitätsbedürfnis befriedigen, auch eingewurzelten Denkgewohnheiten entsprechen, es hat aber nichts mehr mit der wirklichen Welt und unserer Erfahrung in derselben zu tun.
Darum kann auch die früher angeführte schroffe Gegenüberstellung des ersten und zweiten Hauptsatzes als eines dynamischen, beziehungsweise statistischen Gesetzes und damit auch der Gegensatz zwischen reversiblen und irreversiblen Prozessen nicht -als begründet zugegeben werden. Wir müssen die Gedankenobjekte, welche wir reversible Prozesse nennen, doch nur als die im Makrokosmos unerreichte Grenze ansehen, der sich die irreversiblen Prozesse beliebig nähern können.


Es wird behauptet, daß auch die Wahrscheinlichkeitsrechnung bei ihrer Anwendung die Annahme absoluter dynamischer Gesetze für die elementaren Vorgänge nicht entbehren kann; es wurde aber schon früher darauf hingewiesen, daß die Voraussetzung genügt, diese elementaren Vorgänge seien gleichfalls nur durch Durchschnittsgesetze charakterisiert, daß z. B. in einem Gase die Bewegung der Moleküle nur durchschnittlich nach dem Reflexionsgesetze erfolgt und die Energie nur im Durchschnitt konstant bleibt. Das zieht, auch Clausius in seiner Originalabhandlung über die kinetische Theorie der Gase tatsächlich in Erwägung und nimmt an, daß der Wahrscheinlichkeit nach im Durchschnitte das Reflexionsgesetz für die Moleküle Gültigkeit habe. Er sagt: „Ferner ist es zwar in der Wirklichkeit nicht nötig, daß ein Molekül, wie es nach den gewöhnlichen Elastizitätsgesetzen bei elastischen Kugeln bei einer vollkommen festen Wand sein müßte, unter demselben Winkel und mit derselben Geschwindigkeit von der Wand zurückfliegt, welche es beim Heranfliegen hatte; nach den Regeln der Wahrscheinlichkeit kann man aber annehmen .... Es kann daher in dem Endresultate keinen Unterschied hervorbringen, wenn man annimmt, daß für jedes Molekül der Winkel und die Geschwindigkeit der Zurückwerfung gleich dem des Einfalles seien." Es mag unentschieden bleiben, ob Clausius hier Abweichungen von der Kugelgestalt oder solche vom Reflexionsgesetze im Auge hatte; beide Annahmen fallen für unseren Zweck unter denselben Gesichtspunkt. Man hat auch versucht, durch das Experiment dieser Frage näherzutreten; ohne allzu großes Gewicht darauf zu legen, sei erwähnt, daß man in jüngster Zeit eine arbiträre Reflexion von Gasmolekülen (Quecksilberatomen) an natürlichen Spaltungsflächen von Kristallen im höchsten Vakuum tatsächlich nachgewiesen hat. Ob aber dieses Experiment nicht vielleicht doch auf andere Ursachen zurückzuführen ist, als eine Ungültigkeit des Reflexionsgesetzes in molekularen Gebieten, muß vorläufig dahingestellt bleiben.


Der Einfluß solcher, auch nur im Durchschnitt geltender Elementargesetze kann vielleicht durch folgendes illustriert werden: Beim Werfen mit zwei Würfeln ist in langer Serie als Durchschnitt der Wert 7 zu erwarten; die Wahrscheinlichkeit, die Zahl 7 in einem bestimmten Falle zu werfen, ist
gleich 6/36	für die Zahl 6 ist sie gleich 5/36 usf. Würde sich nun während der  36 6 langen Serie der Mechanismus so verändern, daß die Wahrscheinlichkeit,
die Zahl 7 zu werfen — und ebenso für die anderen Zahlen — von Wurf zu Wurf ganz zufällig variiert, z. B. durch zufällige, schnelle Schwankungen des Schwerpunktes, so daß im Durchschnitt für die Zahl 7 die Wahrscheinlichkeit doch den Wert 6/36, für die Zahl 6 den Wert 5/36 usw. hätte, so würde
das Resultat der ganzen Serie ungeändert bleiben. Es ist eben auch hier die Annahme eines dynamischen Gesetzes keine unbedingte Notwendigkeit, es kann ein statistisches Gesetz an dessen Stelle treten.


Auch das Gesetz von der Erhaltung des Schwerpunktes einer nur inneren Kräften unterworfenen Masse fällt unter denselben Gesichtspunkt. Die zufälligen Wärmebewegungen der Moleküle eines festen Körpers werden beständige kleine Schwankungen seines Schwerpunktes zur Folge haben, die sich aber im Durchschnitte nicht äußern. Nur dieser Durchschnitt jedoch ist es, den wir beobachten können.


Es scheint nach alledem kein genügender Grund für die behauptete Zweiteilung der Natur in ein Reich der dynamischen und statistischen Gesetze vorhanden zu sein; aber weit entfernt davon, das Gegenteil behaupten zu wollen, soll hier nur dessen Möglichkeit und, wenn man will, Wahrscheinlichkeit, betont werden. Nichts hindert uns, in den sogenannten dynamischen Gesetzen nur die idealen Grenzfälle zu erblicken, denen die realen, statistischen Gesetze bei den höchsten Graden der Wahrscheinlichkeit zustreben; jetzt schon behandeln wir eine ganze Reihe von Vorgängen statistisch, für deren Erklärung man vor nicht langer Zeit noch spezielle Kräfte mit absoluter Wirksamkeit zu Hilfe nahm, wie die Expansivkraft der Gase, den Auftrieb oder die Reibung in Flüssigkeiten und Gasen. Hat man doch früher sogar dem zweiten Hauptsatz absolute, also dynamische Gültigkeit, zugeschrieben, während jetzt jedermann von seinem statistischen Charakter überzeugt ist. Eine solche Wandlung gibt zu denken und die Erwartung ist kaum abzuweisen, daß in Zukunft manche Vorgänge, die wir jetzt notgedrungen noch dynamisch mit Zuhilfenahme irgend einer Kraft erklären, sich als statistische herausstellen werden. Als typisch mögen die Versuche der jüngsten Zeit erwähnt sein, die Fernwirkung der Gravitation auf statistische Prozesse zurückzuführen und das Gravitationsgesetz dadurch seines absoluten Charakters zu entkleiden.


Wenn auch die Deterministen, um ihr Kausalitätsbedürfnis



89. Lecture (Chance)



This significantly restricted version of the law of causality as a purely empirical proposition forces yet another question of fundamental importance: If certain conditions are met, and the lawful flow of phenomena takes place naturally in all its phases, i.e., is the state of the system then predetermined at every moment? Or it is random and is it only the average state that is determined over a period of time? If there were for a gas a certain moment when all the speeds and directions of the molecules were given, can we then say that the location and speed for each individual molecule is determined in a subsequent moments? It is certain that an affirmative answer goes beyond our experience. We can not say the opposite of what we can predict is solely that a certain state average over time is set, but on the participation of each of the same individuals. We can say nothing. Whether the A state of the gas in the final state B necessarily through very specific, individualized according molecules transferred intermediate stages, or whether between A and B infinitely many different states are randomly occurring, we know nothing about. If we had two identical systems under the same conditions with the same condition A in any given moment, we can expect that at a later time, the same average conditions B will occurred, but we know not, whether those states B are identical with respect to all individuals who are involved. Would the all-powerful causality principle apply, as in our case would appear to not only the eventual states the same, but the intermediate period each respective moments, and molecule by molecule, so that each individual in the same system to a state changes are exactly identical those corresponding molecule in the other system passes through. The difference between these two views is clear: inevitability in every moment and every single molecule, with a certainty of expected final average without certain other interim stages.
	
It should also not even make an attempt to decide the question of whether there is force or chance in the various phases, such a decision seems temporarily to lie, perhaps forever, in the realm of possibility, but it does not deny the opposite: Force-random exist. And this notion Chance plays such a large role, both in life and in science, that it is an important and in the nature itself must be justified importance, so that we are forced to begin taking the same.


The fact that this Concept is nothing less than clear, follows from the many experiments in the literature, the "Chance" or the "chance event" to be defined, and how important it is the other, but by us not only from the use of language in daily life, but also the fact that the strict science him. Unfounded. Based but the entire building of the so incredibly important and fruitful probability statements on the terms "chance event" and if we see that the results of the probability statements by the experience forever and always be acknowledged, it is probably a clear proof that "Chance" is something grounded in Nature itself, and not only brought in from people. Weird, even for the strictest Determinists, the supporters of unconditioned causality, the random concept is not unfounded; so we see Laplace developing on the one hand the idea of a formula world, deducing from the given current state of the world all of the following states with absolute necessity,  and on the other hand we see him espousing the principles of probability calculations on the grounds of the "chance event". This meeting is meaningful: it must somehow unite both views, Causality and Chance. It is our task to find a way that this is possible. causality By the Act only as an average perceived Act, as indeed the experience, which is a legitimate running of the operations we only provides on average, we will be such a way, perhaps. Whether we but the "individual cases" as a causal conditional or perceived to be accidental, which is provisionally in our liking, as long as we have a decision to do so can meet, we will do well with our assumptions do not have to go further than is strictly necessary and causality in individual cases not to postulate, as long as we are without the same livelihood. It is important to note here that this question of whether or causality accident caused the single event, for which no further implications will be of concern, so that we are not forced, one way or another Ansieht join without a sufficient reason to have.


	
The fact that the concept of "Chance" or the "chance event" in the literature as a very volatile, has its basis at least in part in that it is often tied with a personal moment. So for Laplace events already have been viewed as chance, as soon as one of its causes is totally unclear. He says: "The theory of chance is all the same kind of events to a certain number equally probable cases, i.e., those whose existence we are in the same way unclear about." Here is a personal moment of confusion about the causes used, so that a particular event for one man could be random, but not for another. For example, the departure times of trains from the station. Alone, the actual confirmation of the results of the probability statements by the experience proves that the "Chance" something of the man and his knowledge is completely independent, it must be something objectively given in nature. Otherwise it would not be possible, as we have already seen from some examples, that the laws of physics could be deduced only under the assumption of chance; only with chance in the objective sense we have to do more.


We very often force this personal moment in definitions of chance, as when it is said: "An event is chance, if it can not be inferred from other events under fixed rules," because such a conclusion presupposes knowledge of such rules. Another definition is that: "Events that depend on a large number of changing and completely uncontrollable circumstances, we call random." Here we meet again the relations of events to people, and is there any event that does not fall under this category, to the extent that each one depends on an endless chain of conditions? Also one has tried an event rather than just randomly to any circumstances be described: "It is said that these are not (but any other) circumstances are, what of that event as needed linked to think, what, when to his cause, the same entry must be attributed "; we must say," or simply that absolutely nothing was coincidental. " According to these definitions, would cause the next accident of causality and have only a somewhat arbitrary treatment of the issue by the people owe its existence, a view from the earlier mentioned reasons not to be agreed.


	
These few examples out of many, may show how impossible it is to bypass the notion of chance, and on the other hand how variable the same notion appears. Perhaps the latter is also partly due to the nature of the question: has it ever make sense to ask whether a particular, single event was by chance or causally determined? Does it make sense, at first to arbitrarily define chance and then to see what falls under this definition? Perhaps the question would be more appropriate as: "When and how can you tell whether events are such that we generally refer to them as chance?" Did we have a criterion, it is certainly an essential step towards understanding done, it is easier to succeed than by a priori definition, which never can be free of subjective arbitrariness.


That such criteria exist is well known, and we want to explain those events which generally are seen as "chance", the events of so-called gambling. Suppose we take as the simplest case the game of dice with a die, as correctly provided. We note that of a long series of throws, we find the numbers 1-6 appearing in an irregular sequence, a second series of different numbers, then a third etc. Apparently, these series have no connection among themselves, and yet have they share common characteristics. We confirm namely how often each number in each series will appear, we find all figures are approximated equally often, and this equality is all the more striking, the longer the series. From this equality we conclude to an "equal probability" of the appearance of the numbers, which is, as already shown by Boltzmann, a fundamental concept that no longer can be derived, and is the basis of all probability calculus; this "equal probability" is just another expression for the fact discussed, elected with respect to the people and their expectations.


Franz Exner - Athanasia

Some quotes from Exner's father's book Die Psychologie der Hegelschen Schule, 1842

(p.1)
Ein harter Kampf wird gegenwartig von deutschen Philosophie gekampft. Die Hegelsche Philosophie steht im Felde mit hochfliegenden Fahnen, ihnen Angriff verwegen nach allen Seiten tragend; die ubrigen philosophischen Systeme, sowie Theologie und Jurisprudenz, und was ihnen verwandt ist, entgegen.


	
A tough battle is currently fought fought by German philosophy. The Hegelian philosophy is in the field with lofty flags, their bold attack pregnant on all side, and the remaining philosophical systems, as well as theology and jurisprudence, and what is related to them, opposing.



(p.104) Der Resultat aber ist, dass es eben sowohl einen determinirten als einen undeterminirten Willen gibt. Der letzte entwickelt sich nun ebenfalls weiter, er wird Willkuhr, Beschluss, und Entschluss. Wie aber bekommt einer undeterminierter Wille zu einem Beschluss und Entschluss? Sehr einfach: als die abstracte Allgemeinheit aller Determinationen deliberirt er uber sie mit sich selbst; dann beschliesst er die Deliberation und ist so Beschluss; endlich entschlagt er sich aller andern Determinationen, entaussert sich wirklich zur Ausserlichkeit, schliesst sich gegen sie auf, und dies gibt den Entschluss. Hiemit sind die Ratsel des Indeterminismus gelost, und wir begreifen, wie ein Wollen ohne Ursache, ein transcendental freies moglich, ja notwendig sei.

	
The result, however, is that there is both a determined and undetermined will. The last develops even further, it becomes capriciousness, a resolution, and [then?] a decision. But how can an undeterminined will come to a resolution and decision? Very simple: as the generality of all abstract determination it deliberates about it with itself, then it resolves the deliberation and is thus a resolution. Finally it rules out all other determinations, relinquishing them as externality, closes against them, and there is the decision. With this the riddle of indeterminism is solved, and we understand how an uncaused Will, a free transcendental possibility, is indeed necessary [sic].


Bernard Bolzano - Athanasia

Athanasia. Section 8. Perfecting our Will


That we also in the other world keep our own faculty of Will 223

	
People boast that they act with freedom, even when common sense and desire are in agreement p.216


Even from well-reasoning determinism flows no ruinous consequences


Warning of reckless dissemination of determinism,; in the Note. 223


Even hints of a rebuttal to those who abuse determinism. 225


Whether our will comes to freedom. 228


Note, p.223 - dass Niemand seiner Bestimmung zu entgehen vermoge,
eben von der Art, wie wir uns benehmen, abhange, ob uns Gluck oder Ungluck bestimmt sei. Zwar sollte man glauben, die Ungereimtheit seiner Begriffe muss dem ungeubtesten Denker einleuchtend werden, wenn man ihn aufmerksam macht, wie er von diesen Begriffen selbst abgehe, und den entgegengesetzen gefunden Ansichten folge, wo immer seine Leidenschaft nicht in das Spiel tritt; wie er die Handlungen anderer Menschen bald der Belohnung bald der Bestrafung wert sind, wie er, so oft es sich um einen Zweck, an dem ihm viel gelegen ist, handelt, nichts weniger sich in den Sinn kommen lasse, als ruhig abzuwarten, ob ihm beschieden sei, ihn zu erreichen, auch wenn er keine MIttel zu seiner Erreichung gebraucht.


(p. 228) Hat alles dies seine Richtigkeit; dann kann es uns wohl sehr gleichgultig sein, ob unserem Willen in jenem andern Leben auch noch die Eigenschaft der Freiheit werde beigelegt oder nicht beigelegt werden konnen.


(p. 228) Had all that its accuracy, then we may very well be indifferent whether our will in that other life will include or not include the capacity of freedom.


Nach der Ansicht Jener, die nur dort Freiheit anerkennen wollen, wo eine Fahigkeit zu wahlen Statt hat, ohne durch irgend einen vollgultig Grund dabei stimmt zu werden, wurden wir freilich im andern Leben seltener und immer seltener mit Freiheit handeln konnen.


According to that view, that only there wants to acknowledge freedom, where the ability to choose has a Place, without through any fully valid Ground becoming correct, admittedly, we become in another Life rare and increasingly rare able to act with freedom.


Franz Exner - Die Psychologie der Hegelschen Schule

Vorbemerkung


Das vorliegende Werkchen war mit der Absicht, es als Kritik in einer literarischen Zueitschrift abdrucken zu lassen, begonnen werden. Ich fand jedoch, dass ich wenig Hoffnung hatte, Ueberzeugungen in Bezug auf besprochenen Gegenstand bei den Lesern zu begrunden, wenn ich nicht ausfuhrlich in denselben einginge. Diess, so wie das Interesse, welches ein grosseres Publicum fortwahrend dem beurteilten Systeme 



	
This little work was with the intention of it as a literary criticism in print Zueitschrift to be started. However, I found that I had little hope that convictions in relation to the subject discussed at the readers justified if I do not explained in the same einginge. Diess, as the interest which is a Bigger Publicum.Theorien continually addressing the assessed systems, prompted me to the font in the form currently appear to be.


p. 55, I

"Die Freiheit ist der Wille, der den Wille will." Dies ist ein ziemlich plumpes Taschenspielerstuckchen.


"Freedom is the will, that the Will wills." This is a rather clumsy conjurer's little trick.


p. 105, I

Und was ist nun dieser freie, vernunftige Wille, das Hochste, was nach unserer Ansicht menschliche Kraft zu erstreben vermag? Es is schon gesagt; er ist der sich selbst bestimmende, b. h. jedoch, wohlgemerkt, der sich selbst determinirende, und dies heisst wieder: der sich selbst in seiner Allgemeinheit besondernde Wille, in dem alle seine Unterschiede als aufgehoben enthalten ist.  So ist der freie Wille dasselbe, was das Denken, sie sind der Geist selbst.


Gewiss, wer in irgend einer anderen Wissenschaft Solches wagte, der wurde fur immer mit dem Mahle geistiger Unfahigkeit und schamloser Anmassung gebrandmarkt sein; nur in Philosophie, der armen, mishandelten Philosophie, gilt es fur erlaubt und ehrenvoll.


	
p. 105, I

And what is this free, good conditions will, the Peak, which, in our view, human power can strive? It is already said he is the self-determined, b. H. However, I did say that determinirende itself, and this is again: itself in its generality besondernde will, in all its variations is understood to be included. It is the free will of the same, what the thinking, they are the spirit itself


	
Of course, who in any other Wissenschafte Such ventured, the fur was always with the mental inability Mahle and shameless arrogation stigma; only in philosophy, the poor, mishandelten philosophy, it allowed for honorably.




Source: https://www.informationphilosopher.com/solutions/scientists/exner/
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George F. R. Ellis is a professor emeritus of Applied Mathematics at the University of Cape Town, South Africa. 

He earned his Ph.D. in applied math and theoretical physics from Cambridge University in 1964. While a post-doc at Cambridge, in 1972 he co-authored  with Stephen Hawking the landmark book on cosmology and general relativity The Large Scale Structure of Space-Time.  


Ellis has written extensively on science and religion and was awarded the Templeton Prize in 2004.


His deep knowledge of physics has influenced major Christian theologians who integrate the indeterminism of quantum physics into their concept of a divine being. Traditional theologians have argued that randomness in the universe is in direct conflict with a God who is omnipotent and omniscient. 


As has been argued since Anselm in the eleventh century, God cannot be both omnipotent and omniscient. Moreover, random events invalidate the idea of God's foreknowledge. 


The Christian concept of a benevolent and providential God is in further conflict with both classical deterministic physics and indeterministic quantum physics. 


Ellis was a major contributor to a multi-year collaborative research program on the role of randomness in nature sponsored in part by the Vatican Observatory and the John Templeton Foundation. 

In an important article in Nature, Ellis argued that complexity of hierarchical systems can explain the intentionality of human purpose, goal-directed action. He wrote


It is possible that what actually happened was the contextual emergence of complexity: the existence of human beings and their creations was not uniquely implied by the initial data in the early Universe; rather the underlying physics together with that initial data created a context that made the existence of human beings possible. Conditions at the time of the decoupling of matter and radiation 14 billion years ago were such as to lead to the eventual development of minds that are autonomously effective...

With this view, the higher levels in the hierarchy of complexity have autonomous causal powers that are functionally independent of lower-level processes. Top-down causation takes place as well as bottom-up action, with higher-level contexts determining the outcome of lower-level functioning, and even modifying the nature of lower-level constituents.


Stored information plays a key role, resulting in non-linear dynamics that are non-local in space and time...Consequently physics per se cannot causally determine the outcome of human creativity; rather it creates the ‘possibility space’ to allow human intelligence to function autonomously...


So far, attempts to relate physics to complexity... take us only a small step on this road.



Complexity and chaos theory have been popular for the last few decades as an alternative to the ontological indeterminism of quantum physics.  Hierarchical systems theory supports the emergence of new properties, even "laws." Ellis is correct that information plays a key role.

Information philosophy explains the reality of emergence,
because what emerges is new information. The universe began
with minimal information. For hundreds of thousands of years,
the only information structures were fundamental particles [from quarks to protons, neutrons, and electrons].

These were only the simplest matter, and they are conserved quantities. In a deterministic universe, that initial information would be all the information in the universe today and in
the future, because information would be conserved.


But information is not conserved. Because it is neither matter
not energy, information is immaterial. Matter can be converted to
energy (E = mc2), but their total is a constant. The only thing that
is new is information. Information is the only emergent.


A complex physical world of galaxies, stars, and planets has
emerged, a diverse biological world has emerged, and a mental
world of ideas has emerged, including the idea of emergence itself.
Emergence is the result of the cosmic creation process.


 And this process is fundamentally a rearrangement and transformation of the fundamental particles of matter and energy.
The basic idea of emergence is that there are properties - perhaps even “laws” - at the upper hierarchical levels of nature that
are not derivable from or reducible to the properties and laws of
the lower levels. Thus chemistry has properties not derivable from
physics, biology has properties not derivable from chemistry, and
psychology has properties not derivable from biology. 



In his contribution to the 2018 volume reporting on randomness in nature, Ellis proposed an explanation for a third form of causation beyond the chance and necessity of Jacques Monod.  Of course the tertium quid explaining human purpose and moral responsibility has been clear since the ancient philosophers, notably Epicurus.  


Ellis goes beyond the epistemological randomness of everyday probabilities, e.g., in games of chance, and the supposed collisions of independent deterministic causal chains Epicurus called sumbebekos or "accidental chance." This he calls "chance as ontological indeterminism" based on quantum physics.


He describes the "outcome" of his thinking...


Layers of quantum indeterminateness at the bottom, classically deter­minate causation at higher levels, and indeterminate effects in emergent higher-level structures at the top can embody higher-level organization and meaning through learning processes allowed by adaptive selection.


There is no "classically deter­minate causation" or "physical necessity" of course. There is only the statistical or adequate determinism that emerges for large macroscopic objects where quantum indeterminism is averaged over and processes approach statistical certainty because of the law of large numbers.


Ellis argues strongly for the existence of libertarian free will.  He thinks it requires something beyond "chance and necessity." Instead, free will - as well as purpose and goal-directed actions -   are simply a combination of quantum indeterminism and the adequate determinism in large objects like the mind.


As in our "two-stage model" for free will, quantum indeterminism generates alternative possibilities in the first stage. An adequate determinism in the second stage makes our choices morally responsible.


These two steps are involved in the creation of new information structures since the beginning of time.




References

God's Providence and Randomness in Nature, ed. Robert John Russell, Templeton Press, 2018



Source: https://www.informationphilosopher.com/solutions/scientists/ellis/





  
  Gerald Edelman
  

  


  
  Home › Solutions › Scientists › Edelman
Gerald Edelman

Gerald Edelman won the Nobel Prize for elucidating the protein structure of antibody molecules in the human immune system. 


Early theories of immunology argued that antigens invading the body contained information that "instructed" the formation of antibodies. Edelman argued that the immune system contains a very large collection of antibody components, from which the immune system "selects" those which get assembled to form the right antibody. We know today that a large number of random variations also plays a role in the production of an effective antibody.


He saw an analogy between the evolution and operation of the immune system and the evolution of the brain. This led Edelman into neuroscience where he developed major theories about connections between neurons (synapses) and made contributions to the philosophy of mind, including a biological theory of consciousness.


Edelman's early work on the mechanisms of cell adhesion showed how cell adhesion molecules or CAMs control the fundamental processes by which single cells combine to create the shapes and forms of multicellular organisms. He called this work, which examines the formation of biological information structures,  "topobiology." Today we know that  CAMs help organize connections across neural synapses between the pre-synaptic cell, which emits neurotransmitters, and the post-synaptic cell, whose thousands of kinds of receptors conduct many different kinds of signals across the cell membrane. 


When two cells are wired together, they are not limited to a single function. They are called "plastic" because the synapse can transmit many different messages. 

Edelman was particularly interested in the growth of the central nervous system and brain. He called his theory of neuronal group selection "Neural Darwinism."  Neuronal groups are neurons that have been wired together (see Donald Hebb's neuron assemblies).


In 1973 Jean-Pierre Changeux had developed a formal model of synapse selection, which was a precursor of "Neural Darwinism."  In 1998 Edelman and Changeux edited the important collection of articles for Daedalus magazine later published as the book Brain.


Edelman was a reductionist who rejected any form of dualism. He also did not like "computational" models of the mind.


With his younger colleague Giulio Tononi, Edelman wrote "A Universe of Consciousness." 


In the book, Tononi and Edelman claim that many physical (material) systems are conscious. Their theory predicts whether a system is conscious and to what degree it is conscious. It then attempts to explain what particular experience it is having. 


Tononi calls his work Integrated Information Theory. IIT is a reductionist, deterministic, and causal theory. According to IIT, a system's consciousness is an intrinsic, fundamental property of any physical system.


In that respect, IIT resembles panpsychism, a central element in David Chalmers' solution for what he calls the "hard problem of consciousness."


Chapter 1 of the book ,Consciousness:Philosophical Paradox or Scientific Object? contains an excellent survey of the sad state in psychology and the philosophy of mind in the 19th and 20th centuries.



In his 1990 book The Remembered Present Edelman proposed that a theory of consciousness should be based on biology. Today we would say biology and neuroscience.


He quotes William James  on how important such a theory would be.



A genuine understanding of how mental states arise from the structure and function of the brain would be, as William James declared in 1892, ”the scientific achievement before which all past achievements would pale.” Can a comprehensive biological theory of consciousness be constructed in 1990? 


Perhaps 1990 was not yet the right time, but three decades later, we have a science and a philosophy of biology based on the underlying information structures and processes that give us fundamental explanations for the creation and evolution of everything in the universe. 



Source: https://www.informationphilosopher.com/solutions/scientists/edelman/
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   Few scientists have had more insight into the physical workings of the mind than the great neurobiologist John Eccles. His partnership with Karl Popper produced years of conversation about the interaction between a non-material mind and the material brain. He and Popper were both dualists. His "philosophical position was diametrically opposite to those who would relegate conscious experience to a mere epiphenomenon." (Eccles, Facing Reality, 1970, p.1.)
  

   Conversations with Popper sometimes denied any role for quantum uncertainty. That would only be chance, which could not provide moral responsibility for human actions. But Popper did produce a two-stage model for free will in 1965, under the influence of Arthur Holly Compton.  Eccles wrote and lectured frequently on free will. We provide an excerpt from Facing Reality on Free Will and Creativity. There is no sign here of Popper's idea, nor of Eccles' radical hypothesis that mind used the immaterial probability wave function, based on an observation of Henry Margenau. 
  

  In this selection, Eccles has reworked the 1952 conclusion of his Waynflete lectures at Oxford - The Neurophysiological Basis of Mind, Oxford, 1953, pp.271-286.
  


Facing Reality, 1970, pp.118-129

From Chapter VIII, Man, Freedom, and Creativity.
1. Free Will
 
The self has other properties besides purely being able to experience things as described in Chapters IV and V. It can also do things. And so we are confronted with the problem of free-will. We can argue: do we have free-will, or are all our decisions the manifestations of something that is in-born, plus all our training or conditioning? If a statement is made: "I do not have free-will," two inferences can be made: this statement could be a result of a conditioning, the subject being well-trained to repeat it like a parrot, which makes it devoid of significance; or the subject may claim that he has free-will just to make this statement, which is an arbitrary and self-stultifying statement.

Whatever their expressed beliefs, people in fact behave as if they have free-will, which, I think, is best shown by trivial things in life—whether, for example, I can take a coin and put it here or there, turn it over or do the most capricious things with it. We demand of our nervous and muscular equipment that we can at will cause it to carry out any desired actions which are within our power, no matter how trivial or capricious. Remarkable observations can be made by evoking movements by stimulating the motor areas of the brain in a conscious subject. Though these movements were elicited as normally by messages from the motor cortex, the subject distinguishes quite clearly between them and those that he voluntarily initiated. He will say, "This movement is due to something done to me and not something done by me."


There is no answer to such a question as: Is any reconciliation possible between the direct experience that an act of will can call forth a muscular movement, and on the other hand, the scientific account whereby such a muscular movement results from an activity of nerve cells in the brain, which in turn is relayed by nerve impulses eventually to muscles? It is my contention that these questions concerning the problem of brain-mind liaison have been wrongly posed.


I have a direct experience that my thought can lead to action. I can decide on a particular action, perhaps of the most trivial nature, and my muscular movements can be directed towards accomplishing that act. I have no experience of the manner in which my willing leads to action. Naturally, scientific investigation can be applied to study the sequence of events leading to movement: the discharges of pyramidal neurones of the motor cortex; the propagation of these impulses down the pyramidal tract; the discharge of impulses so evoked from motoneurones and propagation out to muscles leading to the muscular activation and eventual contraction. There would be no evidence supporting my belief that my body does carry out my willed movements. However there is an evident inadequacy in this documentation. As yet we have no knowledge about the neuronal pathways upstream from the pyramidal cells of the motor cortex (PHILLIPS, 1966). Presumably there are complex patterns of neuronal activity converging onto the motor cortex, and these would be of immense complexity as followed upstream.


A remarkable example of extremely fine voluntary control has been described by BASMAJIAN (1963). The rhythmic discharges of a single motoneurone can be visualized by a subject, being led off by an electrode in one of his muscles and displayed after amplification on a cathode ray screen and by a loudspeaker. After a training period of some hours he is able to vary the frequency of discharge of that single cell at will and to cause it to discharge in preference to other nerve cells to that muscle, and he even can do this in the absence of the visual or auditory aids. These experiments provide remarkable examples of the skill and finesse of the voluntary control of movement.


Curiously enough, the most compelling evidence for the belief in free-will comes when there is some failure in the control of movement. If I find that I cannot direct my muscular movements in some willed manner, as, for example, taking a coin and putting it on some particular square of a chess-board, I would immediately recognize this as due to some disorder in my nervous system, which is called compulsion neurosis. I would consult a neurologist or a psychiatrist; and this would be the reaction of all normal human beings in a civilized society. Thus the belief that it is possible to exert a conscious control of movement is best demonstrated by the response to any untoward limitation of this so-called "freedom of the will."


It is not contended that all action is willed. There is no doubt that a great part of the skilled activity devolving from the cerebral cortex is stereotyped and automatic, as for example the routine driving of a car, and may be likened to the control of breathing by the respiratory centers. But it is contended that it is possible voluntarily to assume control of such actions, even of the most trivial kind, just as we may within limits exercise a voluntary control over our breathing.


The principal grounds for the theoretical belief that this control is an illusion are derived from the assumptions that both physics and neurophysiology give a deterministic explanation of all events in the brain and that we are entirely within this deterministic scheme. In this context reference may be made to the discussion by POPPER (1950) in which he concludes that not only quantum physics but even "classical mechanics is not deterministic, but must admit the existence of unpredictable events." A similar argument has been developed by MACKAY (1966). The neurophysiology of a deterministic character is merely a primitive reflexology, and not related at all to the dynamic properties of the immense neuronal complexities of the brain. There are thus no sound scientific grounds for denying the freedom of the will, which, ironically, must be assumed if we are to act as scientific investigators.


One can surmise from the extreme complexity and refinement of its organization that there must be an unimagined richness of properties in the active cerebral cortex. Meanwhile, I continue to believe in the freedom of my will, though its mode of operation cannot at present be explained scientifically; nevertheless it is important to speculate in order to develop ideas about possible or conceivable physiological mechanisms.

The Neurophysiological Problem of Will

An important neurophysiological problem arises as soon as we attempt to consider in detail the events that would occur in the cerebral cortex when, by exercise of "will," some change is induced in the response to a given situation. As argued above, in a situation where "will" is operative, there will be a changed pattern of discharge down the pyramidal tract and this change must be brought about because there is a change in the spatio-temporal pattern of influences playing upon the pyramidal cells in the motor cortex. If the "will" really can modify our reactions in a given situation, we have somewhere in the complex patterned behaviour of the cortex to find that the spatiotemporal pattern which is evolving in that given situation is modified or deflected into some different pattern.

Quantitative Aspect of Spread of Activity in Neuronal Networks

In the formulation of problems concerning activity in neuronal network: it is of value to have a model of the simplest possible network (Fig. 28 A cf. BURNS, 1951, Fig. 10). Each neurone is assumed to have only two excitatory synaptic knobs on its surface and its axon has only two excitatory knobs on two other neurones. Further it is assumed that the synaptic connexions so formed are of a two-dimensional pattern that allows the neurones to be arranged schematically in the rectangular net-like form of Fig. 28A, where it will be noticed that there is virtual radial symmetry from any point and the possibility of indefinite extension in every direction. 


[image: schematic model]


If each neurone receives and gives three synaptic contacts, a similar construction with radial symmetry is possible in three-dimensional network (Fig. 28 B). As shown in Fig. 28 these constructions would give alternating direction of transmission in the successive lines in any plane. Similarly, if each neurone gave and received n synapses, the pattern could be accommodated to an n-dimensional network.
The problem of the mode of action of the will can be simplified and sharpened by considering firstly the behavior of a single neurone in the active neuronal network of the cortex. Suppose some small "influence" were exerted at a node that would make a neurone discharge an impulse at a level of synaptic excitation which would otherwise have been just ineffective, that is, in general to raise the probability of its discharge. Such a discharged impulse would in turn have an excitatory effect on all the other nodes on which it impinges, raising the probability of their discharge, and so on. If we assume, as above, that the transmission time from node to node occupies 1 msec, then, even on the two-dimensional net of Fig. 28 A, a spread to a large number of neurones is possible in, say, 20 msec, a time that is chosen because it is at the lower limit of duration of discrete mental events.

In order to frame a precise problem, we can firstly consider the schematic neuronal networks of Fig. 28 which are assumed to be cortical neurones — both the pyramidal cells and the very numerous stellate cells. We make the postulates that at zero time a neurone (for example X in Fig. 28 A) is caused to discharge an impulse into the quiescent network and that activation of one synapse is adequate to cause any neurone to discharge an impulse. For the network of Fig. 28 A. the total number of neurones, N, caused to discharge impulses is given by the formula (SAWYER, 1951):

N = 2m2 — 2m +  2

where m is the number of nodes traversed. In 20 msec m=20, the internodal time being assumed as 1 msec; hence the number of neurones activated is 762.


On the same assumptions, but with a multi-dimensional network constructed according to the conventions of Fig. 28, the number of activated neurones, N, is given, where m is large relative to n, by the general formula (SAWYER, 1951):

N ≈ (2n/n!) m2


when m = 20 (i. e. within 20 msec) and with n = 3 (Fig. 28 B), N is of the order 104. With n = 4 and 5 respectively, N is of the order 105 and 8 x 105.



These calculations are intended merely to give some indication of the large number of cortical neurones that could be affected by a discharge originating in any one. In order to apply them to our problem of how "will" could act on the cerebral cortex, it is necessary to take into account the evidence that "will" can act on the cortical neuronal network only when a considerable part of it is at a relatively high level of excitation, i.e. we have to assume that, for "will" to be operative, large population, of cortical neurones are subjected to strong synaptic bombardment, and are stimulated thereby to discharge impulses which bombard other neurones. Under such dynamic conditions it may be conservatively estimated that, out of the hundred or more synaptic contacts made by any one neurone, at least four or five would be critically effective (when summed with synaptic bombardments by other neurones) in evoking the discharge of neurones next in series. The remainder would be ineffective because the recipient neurones would not be poised at this critical level of excitability, being either at a too low level of excitation, or at a too high level, so that the neuronal discharge occurs regardless of this additional synaptic bombardment. Thus at any instant the postulated action of the "will" on any one neurone would be effectively detected by the "critically poised neurones" on which it acts synaptically.


So long as the assumed number of critically effective synaptic excitatory actions by each neurone is kept at the low levels used in the above calculations, it is probable that the conventions of the network structures of Fig. 28 give an approximate method of allowing for all the mass of feed-back connections that occur in the closed-chain linkages of the cerebral cortex (LORENTE DE NO, 1933, 1934, 1943). Further, since the cortex is approximately 3 mm thick and the mean density of neurones 40,000 per sq. mm of surface (THOMPSON, 1899), the spread to some hundreds of thousands of neurones can be treated as spreading indefinitely in all directions without serious restriction by the sheet-like structure of the cortex. Hence we may conclude that, when a region of the cortical neuronal network is at a high level of activity, the discharge of an impulse by any one neurone will have contributed directly and indirectly to the excitation of hundreds of thousands of other neurones within the very brief time of 20 msec.

A Neurophysiological Hypothesis of Will

As a restatement of the conclusion of the preceding section we may say that in the active cerebral cortex within 20 msec the pattern of discharge of even hundreds of thousands of neurones would be modified as a result of an "influence " that initially caused the discharge of merely one neurone. But further, if we assume that this "influence" is exerted not only at one node of the active network, but also over the whole field of nodes in some sort of spatio-temporal patterning, then it will be evident that potentially the network is capable of integrating the whole aggregate of "influences" to bring about some modification of its patterned activity, that otherwise would be determined by the pattern of afferent input and its own inherent structural and functional properties. Such integration would occur over hundreds of thousands of nodes in a few milliseconds, the effects exerted on any and every node being correlated in the resultant patterned activity of the surrounding hundreds of thousands of neurones. Thus in general. the spatio-temporal pattern of activity would be determined not only by (i) the micro-structure of the neural net and its functional properties as built up by genetic and conditioning factors and (ii) the afferent input over the period of short-term memory, but also (iii) by the postulated "field of mind influence." For example, in Fig. 29 the spatio-temporal pattern determined by factors (i) and (ii) is shown diagrammatically by the shaded structure bounded by the continuous line, while a possible modification by factor (iii) is indicated by the paths outlined by broken lines at B and C. Fig. 29 can be considered as showing boundaries of multilane neuronal traffic as indicated in Figs. 10 and 12.
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It can be claimed that no physical instrument would bear comparison with the postulated performance of the active cerebral cortex as a detector of minute "fields of influence" spread over a microscopic pattern am with temporal sequences of milliseconds. The integration, within a few milliseconds, of "influences" picked up at hundreds of thousands of nodes would be unique, particularly when it is remembered that the integration is no mere addition, but is exerted to modify in some specific way "a shifting harmony of sub-patterns" of neuronal activity, achieving expression through the modifications so produced.

Thus, the neurophysiological hypothesis is that the "will" modifies the spatiotemporal activity of the neuronal network by exerting spatiotemporal "fields of influence" that become effective through this unique detector function of the active cerebral cortex. It will be noted that this hypothesis assumes that the "will" or "mind influence" has itself some spatio-temporal patterned character in order to allow it this operative effectiveness.

The Physical Implications of the Hypothesis

When considering the manner in which mind could operate on matter, EDDINGTON (1939) discussed two hypotheses.


(i) It was postulated that mind could control the behaviour of matter within the limits imposed by HEISENBERG'S Principle of Uncertainty (cf. EDDINGTON, 1935). EDDINGTON rejected this partly because the permitted range would be exceedingly small. Presumably he was thinking of an object as large as a neurone. However, a neurophysiologist would now consider the much smaller synaptic vesicle (cf. Figs. 3, 4, 31) as the key structure on which a "mind influence" might work. The synaptic vesicle is approximately a sphere 400 A in diameter and so would have .9 mass of about 3 x 10-17 g. If, as EDDINGTON implies, the uncertainty principle is applicable to an object of this size, then it may be calculates that there is an uncertainty in the position of such an object of abou~ 50 A in I millisecond. These values are of interest since 50 A is approximately the thickness of the presynaptic membrane across which the vesicle discharges its content of specific transmitter substance.


Furthermore, as shown above, minute "influences" thus exerted or a large population of neurones would be rapidly integrated in the forn: of a changed spatiotemporal pattern of activity in the neuronal net There is thus in the active cortex a mechanism that could enormously amplify minute effects exerted on the individual synaptic vesicles, provides of course, as postulated above, these influences have some "meaningful' pattern and are not random. It is therefore possible that the permitted range of behaviour of a synaptic vesicle may be adequate to allow for the effective operation of the postulated "mind influences" on the active cerebral cortex. However, EDDINGTON rejected this hypothesis for the further reason that it involved a fundamental inconsistency. First behaviour according to chance was postulated in making a calculation of the permitted limits according to the uncertainty principle, then it was restricted or controlled by a non-chance or volitional action (the mind influence), which necessarily must be introduced if mind is to be able to take advantage of the latitude allowed by the uncertainty.


(ii) As a consequence of this rejection, EDDINGTON was led to an alternative hypothesis of a correlated behaviour of the individual particles of matter, which he assumed to occur for matter in liaison with mind The behaviour of such matter would stand in sharp contrast to the uncorrelated or random behaviour of particles that is postulated in physics and, as he stated, may be "regarded by us as something outside physics" (EDDINGTON, 1939).


Either of EDDINGTON's hypotheses could serve as the physical basis of the neurophysiological hypothesis that has here been developed for mind-brain liaison. This latter hypothesis of mind-brain liaison has the merits of relating the occasions when the mind can operate on the brain to the observed high level of neuronal activity during consciousness, and of showing how an effective action could be secured by a spatiotemporal pattern of minute "influences." If the neuronal activity of the cerebral cortex is at too low a level, then liaison between mind and brain ceases. The subject is unconscious as in sleep, anaesthesia, coma. Perception and willed action are no longer possible. Furthermore, if a large part of the cerebral cortex is in the state of the rigorous driven activity of a convulsive seizure, there is a similar failure of brain-mind liaison, which is likewise explicable by the deficiency of the sensitive detectors, the critically poised neurones.


General Discussion of Hypothesis of Free-Will

It will be sufficiently evident that the hypotheses here developed are of a fragmentary and tentative character, but it is hoped that they may be of value in further theoretical developments on mind-brain liaison. An outstanding problem for consideration would concern the postulated action of the mind in a spatiotemporal pattern, for presumably it must so act if it is to cause significant modification in patterned activity of the cortex. However, that problem would appear less formidable if there were a sufficiently rapid and detailed feed-back from brain action to mind, which in any case must be assumed for perception.


It will be objected that the essence of the hypothesis is that mind produces changes in the matter-energy system of the brain and hence must be itself in that system (cf. SCHRODINGER, 1951). But this deduction is merely based on the present hypotheses of physics. Since these postulated "mind influences" have not been detected by any existing physical instrument, they have necessarily been neglected in constructing the hypotheses of physics, as was recognized by EDDINGTON (1939). It is at least claimed that the active cerebral cortex conceivably could be a detector of such "influences" even if they existed at an intensity below that detectable by physical instruments.


The present hypotheses would offer an explanation of the high development of matter-mind traffic in the active human cerebral cortex, the development including not only continuous operation but also exquisite subtlety in transmission. Both these features would receive explanation on the basis of the interlocking, integrating, and everchanging pattern of activity formed by the numerous sensitively poised detectors (probably hundreds of millions) that exist in the cortex during states of consciousness

.
It should be pointed out that, in the discussion of the functioning of the brain in Chapters 11, III, it has initially been regarded as a "machine" operating according to the laws of physics and chemistry. In conscious states (Chapter IV) it has been shown that it could be in a state of extreme sensitivity as a detector of minute spatio-temporal fields of influence. The hypothesis is here developed that these spatiotemporal fields of influence are exerted by the mind on the brain in willed action. If one uses the expressive terminology of RYLE (1949), the "ghost" operates a "machine," not of ropes and pulleys, valves and pipes, but of microscopic spatio-temporal patterns of activity in the neuronal net woven by the synaptic connections of ten thousand million neurones, and even then only by operating on neurones that are momentarily poised close to a just threshold level of excitability. It would appear that it is the sort of machine a "ghost" could operate, if by ghost we mean in the first place an "agent" whose action has escaped detection even by the most delicate physical instruments.


But even if the hypotheses of brain-mind liaison here developed are on the right track, they are still extremely inadequate. For example, we have no concept of the nature of the mind that could exert these "ghost-like" influences. Again, the slight and irregular telepathic communications being excepted, it is not possible to answer the question: how is it that a given self is in liaison exclusively with a given brain? A further problem concerns the presumed spatiotemporal patterning of the mind. For example, is this altered, as may be operatively desirable, as the microstructure of the brain alters with developing experience and the consequent storage of memories?

2. Freedom and Creativity

It would be generally accepted that creative imagination is the most profound of human activities. It provides the illumination of a new insight or understanding. In science, creative imagination gives that revelation of a new hypothesis embracing and transcending the older hypotheses. There is an immediate aesthetic appeal in its simplicity and scope. Nevertheless it has to be subjected to rigorous criticism and experimental testing. In the most striking examples the illumination has had the suddenness of a flash, as with KEKULE and the benzene ring, DARWIN and the theory of evolution, HAMILTON and his equations. Yet with most of the great scientific hypotheses there was not this instantaneous and apparently miraculous birth of a "brain child." Rather were they developed in stages, being perfected and shaped by critical reason, as with PLANCK and the quantum theory and with EINSTEIN and the theory of relativity. Nor is the suddenness of illumination any guarantee of the validity of a hypothesis. I have had only one such sudden illumination — the so-called Golgi-cell hypothesis of inhibition (BROOKS and ECCLES, 1947) — and some years later it was proved false (ECCLES, 1953)!


If I reflect on the happenings during a scientific investigation, I find that there is incessant "traffic" between my conscious experiences and the objects and events in the external world. For example, from the framework of scientific knowledge I derive some ideas about what I should observe under certain experimental conditions. I plan these conditions and then by means of controlled movements proceed to actualize these conditions. My observations or conscious experiences of the ensuing results are correlated and evaluated in rational and critical thought against my original ideas, and further experiments are planned and executed, and so on. The consequence is that my scientific ideas or hypotheses are enriched, or changed or falsified. My scientific activity is thus seen to be essentially an affair of my rational and conceptual thought together with my exercise of willed movement and my sensory perception.


Before attempting to picture the brain activities that underlie creative imagination, it is important to realize that such illuminations, whether flash-like or with a more gradual and controlled development, come only to minds that have been prepared by the assimilation and critical evaluation of the knowledge in that particular field. One can deliberately seek to experience some new imaginative insight by pouring into one's mind hypotheses and the related experiments and then relax to give opportunity for the subconscious processes that may lead to the illumination in consciousness of a new insight. Such illuminations are often fragmentary and require conscious modification, or so erroneous as to invite immediate rejection by critical reason. Nevertheless, they all give evidence of the creativeness of the subconscious mind.


It may now be asked: what kind of activity is occurring in the brain during this creative activity of the subconscious mind, and how eventually does this creative activity flash into consciousness? Let us consider firstly the pre-requisites for such cerebral action. The wealth of stored memories and critical evaluations implies that in the neuronal network there is an enormous development of complex highly specialized engrams (cf Chapter III) whose permanency derives from the postulated increases in synaptic efficacy. We may say that these "plastic" patterns give the know-how of the brain. We become expert in some fields of knowledge by virtue of the wealth and sublety of engrams that may extend over the greater part of the cortex. When pondering deeply on some problem in this field there must be an unimaginably complex and vivid interplay in the activated patterns. One can speculate further that some failure in the synthesis of these patterns or some conflict in their inter-relationship is the neuronal counterpart of a problem that clamours for solution.


Such are the pre-requisites leading to creative insight. We may surmise that the "subconscious operation of the mind" is dependent on the continued intense interplay of these patterns of neuronal activation. We have seen (Chapter III) that on repeated activation of any neuronal pattern there tends to be a progressive change in the basic plastic pattern or engram, particularly on account of interactions with other patterns. Thus we can expect that new emergent patterns will arise during the subconscious operation of the mind. Should an emergent pattern have an organization that combines and transcends the existent patterns we may expect some resonant-like intensification of activity in the cortex, which would bring the new transcendent pattern to conscious attention, where it would appear as a bright new idea born of creative imagination.


Then begins the process of conscious criticism and evaluation, which seeks to discover flaws in the new idea, and also to discover if it is consistent with the existing knowledge. This done, there comes the crucial stage of the design and carrying out of experiments that test predictions derived from the new idea. We may say that a creative imagination is particularly fruitful if it develops new hypotheses that are remarkable for their generality and for the manner in which they stand up to crucial experimental tests.


Finally, we may ask: what are the characteristics of a brain that exhibits remarkable power of creative imagination? In attempting an answer we are more than ever in the realm of speculation, but certain general statements can be made, though their inadequacy is all too apparent. There must, firstly, be an adequate number of neurones, and. more importantly, there should be a wealth of synaptic connection between them, so that there is, as it were, the structural basis for an immense range of patterns of activity. It is here that the inadequacy of explanation is so evident. There is but a poor correlation between brain size and intelligence, but in this assessment one is assuming a proportionality of brain size and neurone population. Furthermore, a chimpanzee brain may have a neurone population as high as 70% of a human brain, yet it displays almost no creative imagination. Secondly, there should be a particular sensitivity of the synapses to increase their function with usage (cf. Chapter 111) so that memory patterns or engrams are readily formed and are enduring. Both of these properties will ensure that eventually there is built up in the brain an immense wealth of engrams of highly specific character. If added to this there is a peculiar potency for unresting activity in these engrams so that the spatiotemporal patterns are continually being woven in most complex and interacting forms, the stage is set for the deliverance of a "brain child" that is sired, as we say, by creative imagination.


Three Worlds


I fully accept the recent philosophical achievements of Sir Karl Popper with his concept of three worlds.

World 1 is the world of physical objects and states. It comprises the whole cosmos of matter and energy, all of biology including human brains, and all artifacts that man has made for coding information, as for example, the paper and ink of books or the material base of works of art. World 1 is the total world of the materialists. They recognise nothing else. All else is fantasy.


World 2 is the world of states of consciousness and subjective knowledge of all kinds. The totality of our perceptions comes in this world. But there are several levels. In agreement with Polten, I tend to recognise three kinds of levels of World 2, as indicated in Fig. 6-2, but it may be more correct to think of it as a spectrum.


"The first level (outer sense) would be the ordinary perceptions provided by all our sense organs, hearing and touch and sight and smell and pain. All of these perceptions are in World 2, of course: vision with light and colour; sound with music and harmony; touch with all its qualities and vibration; the range of odours and tastes, and so on. These qualities do not exist in World 1, where correspondingly there are but electromagnetic waves, pressure waves in the atmosphere, material objects, and chemical substances.


In addition there is a level of inner sense, which is the world of more subtle perceptions. It is the world of your emotions, of your feelings of joy and sadness and fear and anger and so on. It includes all your memory, and all your imaginings and planning into the future. In fact there is a whole range of levels which could be described at length. All the subtle experiences of the human person are in this inner sensory world. It is all private to you but you can reveal it in linguistic expression, and by gestures of all levels of subtlety.


Finally, at the core of World 2 there is the self or pure ego, which is the basis of our unity as an experiencing being throughout our whole lifetime.


This World 2 is our primary reality. Our conscious experiences are the basis of our knowledge of World 1, which is thus a world of secondary reality, a derivative world. Whenever I am doing a scientific experiment, for example, I have to plan it cognitively, all in my thoughts, and then consciously carry out my plan of action in the experiment. Finally I have to look at the results and evaluate them in thought. For example, I have to see the traces of the oscilloscope and their photographic records or hear the signals on the loudspeaker. The various signals from the recording equipment have to be received by my sense organs, transmitted to my brain, and so to my consciousness, then appropriately measured and compared before I can begin to think about the significance of the experimental results. We are all the time, in every action we do, incessantly playing backwards and forwards between World 1 and World 2.


And what is World 3? It is the whole world of culture. It is the world that was created by man and that reciprocally made man. This is my message in which I follow Popper unreservedly. The whole of language is here. All our means of communication, all our intellectual efforts coded in books, coded in the artistic and technological treasures in the museums, coded in every artefact left by man from primitive times—this is World 3 right up to the present time. It is the world of civilisation and culture. Education is the means whereby each human being is brought into relation with World 3. In this manner he becomes immersed in it throughout life, participating in the heritage of mankind and so becoming fully human. World 3 is the world that uniquely relates to man. It is the world which is completely unknown to animals. They are blind to all of World 3. I say that without any reservations. 


Eccles and Popper Worlds are fully consistent with the three worlds of Information Philosophy.
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Manfred Eigen

Manfred Eigen was a German biophysicist who won the 1967 Nobel Prize in chemistry for his work on fast chemical reactions. He received his doctorate in 1951. One of his advisors at Göttingen was Werner Heisenberg.


His major contribution to the origin of life was the idea of a chemical hypercycle, the cyclic linkage of reaction cycles as an explanation for the self-organization of prebiotic systems. This is a generalization of the citric-acid cycle at the heart of respiration in humans and in a slightly different form, all living things. Hans Krebs won the Nobel Prize in 1953 for his discovery of this and other related cycles (glycoxylate cycle and urea cycles).

[image: image-placeholder]

The citric acid cycle provides the energy for metabolism, which some think may have been the first step in abiogenesis, the creation of life from non-living organic chemicals. Each step in the cycle involves a catalyst (an enzyme) that enables the step. At the end of the cycle, the fundamental energy-carrying molecule ATP (adenosine triphosphate. or GTP, the guanosine equivalent) is released, providing the energy to drive all the biomachinery of a cell.


Eigen's hypercycle is autocatalytic, one of the handful of requirements cited as necessary for abiogenesis, the transition from non-life to living things.


In his 1987 book, Steps Toward Life (English edition 1992), Eigen laid out his ideas on the origin of life. They are important because Eigen explains why he denies Jacques Monod's "apotheosis of  chance", and as a result Eigen denies the role of chance in Darwinian evolution itself. 


He also tells us of the amazing insights of Thomas Mann anticipating molecular biology in his great book The Magic Mountain...



The title of this book can be taken in two ways. First, the steps alluded to might be those first steps that evolution took — or ascended — towards the lowest level of life. For biologists, this first level is the cell, the smallest unit of autonomous life, and thus a forerunner of the single-celled organisms alive today. Fossils have revealed that this first stage of life had long been passed three thousand million years ago. The pre-cellular phase, which cannot have taken longer than the first thousand million years of our planet’s existence, was astoundingly rich in invention and innovation. The most recent thousand million years have been no less extravagant: during this time, Nature has poured over the Earth a seemingly infinite wealth of species out of the cornucopia of evolution. So the fact that evolution is continuous in no way implies that it proceeds at an unchanging rate. Changes are prepared gradually, and then, suddenly, they break through and raise development to a new level. The transformation occurs sometimes in small steps, and sometimes in jumps which express a successful adaptation and often a completely new principle of operation.

This leads us on to the second possible interpretation of our title: steps which we ourselves take towards an understanding of the processes of life. Our insight also develops in steps on the large and on the small scale. This aspect is in fact the main aim of this book, that is, to make the principles of evolution clear and comprehensible, and to incorporate them into a unified physical world-view.
Molecular biology, which arose in the middle of this century' from the disciplines of biochemistry and molecular structure determination, has gathered a momentum undreamed of at the outset of its short history. It is perfectly appropriate to speak of 'the era of molecular biology’. There is no shortage of excellent descriptions of this modem subject, with all its discoveries and the insight it has gained into structures and reaction mechanisms in biology. The only thing lacking in this new knowledge is its integration into a general understanding of Nature.


So far, such an attempt has been undertaken only once, by Jacques Monod. This was a fascinating and ambitious attempt, in which Monod did not shrink from drawing philosophical conclusions. It culminated in an apotheosis of chance. According to Monod, life can only be understood existentially. It can of course be reconciled with the laws of Nature, but it cannot be deduced from
them. It is a pure creation from the nothingness of chance, not the revelation of a plan embodied in natural law. 



If it really were to emerge that there is only ‘pure chance, absolutely free but blind, at the very root of the stupendous edifice of evolution’, then this book would be superfluous. Our only task would be to report bald facts, dates, structures, and mechanisms. This would relegate biology to an existential enclave in the world-edifice of physics.

This book takes up the theme of Monod, whose plain language put many issues into clear perspective. But we shall not persist in proclaiming the omnipotence of chance, which has ruled over physics on the microscopic level ever since Maxwell and Boltzmann.


In his inaugural lecture at the University of Zurich in December 1922, Erwin Schrödinger declared: ‘Physical research has shown clearly and unambiguously that for at least the vast majority of physical processes, whose regularity and reproducibility have led to the postulate of general causality, the common root of their strict, law-like behaviour— is chance.' These were the years before the Uncertainty Principle of quantum mechanics established chance as one of the foundations of physics. In biology, chance is reflected even at the macroscopic level: ‘selection’ implies that single, elementary events, determined by chance, are amplified autocatalytically up to visible numbers. None the less, law-like principles are also at work, and these are reflected just as much in the phenomena regarded as typically biological as in those associated with classical physics.


The arguments to be put forward here are based upon exact mathematical models and upon experimental studies of biological material. This book is intended to communicate new discoveries. The reason for its being written is similar to that for the writing of Charles Darwin’s The Origin of Species. Darwin’s view is accepted, just as the role of chance is accepted. However, this role will be interpreted in a way quite different from that current in biology.


The starting point for our discussion will be the epoch-making discovery made in 1953 by Francis H. C. Crick and James D. Watson, which ushered in the era of molecular biology. This was not so much the first description of the structure of deoxyribonucleic acid (DNA), based upon X-ray analysis, as the recognition that DNA is the molecule of heredity and that its structure holds the key to the understanding of heredity’s molecular mechanism. The long-sought- after transition from chemistry to biology had been found. DNA is in itself a chemical substance, yet it is more than just a large molecule. By virtue of its chemical nature, DNA is an information store. This property, which goes beyond mere chemistry, is the determining force for everything else in biology. We shall come to discuss this in detail, even though this book is not intended as an introduction to molecular biology. Neither is it intended to describe the whole of evolution. Our performance will show just one act of this grand spectacle, the act spanning the period from the first nucleic acid molecules to the first cell, the period during which the transformation of inanimate to living matter took place. Ten chapters are dedicated to this ‘day of creation’, a day that
lasted some five hundred million years. Each chapter is preceded by a quotation from the novel The Magic Mountain, by Thomas Mann. The Magic Mountain appeared in 1924, when molecular biology was unheard of. So what is the relevance of these quotations?


This collection, selected and compressed, will convey the impression — perhaps more strongly than does the chapter ‘Research’ in The Magic Mountain — that Thomas Mann clearly occupied himself in great depth with the question that makes up the central theme of this book. It is that of the transformation of ‘that nature, which did not even deserve to be called dead, because it was inorganic’ into the ‘simplest living organism’. And the reader will notice that Thomas Mann’s reflections about life represent more than an aesthetic, literary counterpoint to the tenor of this book.
In the person of Hans Castorp, who dissects the living organism into smaller and smaller parts, Mann searches for the smallest living entities below the level of the living cell. ‘Those were the genes’. But, he asks, can their ‘elementary nature be established’? What do they look like ‘after yet more light on the subject [is] forthcoming’? Mann reaches the conclusion that genes cannot be elementary structures in the chemical sense, but must in turn themselves have been assembled. In the manner of Hegelian dialectic, he sets up a contradiction, with the thesis that the elementary particles of life, genes, ‘if they determine the order of life, ... must be organized’ set against the antithesis that ‘if they were organized, then they could not be elementary, since life depended upon organization’. He proceeds to resolve the contradiction with the synthesis: ‘however impossibly small they were, they must themselves be built up, organically built up, with the order of life’. He even says what they were made of: ‘molecular groups, which represented the transition between vitalized organization and mere chemistry’.


All this Thomas Mann wrote, as his diaries show, in 1920. Since 1953, we have known how genes are built up, and how, within them, the transition from inanimate matter to the ‘blueprint of life’ takes place. The sub-units of genes are ‘elementary’ molecular groups in the chemical sense, chemical units. Only when they are linked up in the DNA molecule does a new, life-specific quality arise: information. Indeed, DNA is equipped with the most conspicuous properties of life. It has a memory, it can reproduce itself, it can mutate during reproduction and thus adapt itself by evolution, and by virtue of the metabolism of the cell it is prevented from sinking into a state of chemical equilibrium, which would exclude the possibility of life. This little unit of life, says Mann,  'far below microscopic size’ can grow spontaneously ‘according to the law that
each could bring forth only after its kind’, and it possessed ‘the property of assimilation’ (adaptation) — all of these ‘characteristics of life’.
Any of these quotations would befit the title-page of a modem textbook of molecular biology.



Here Eigen makes plain his rejection of ontological  chance.



In his chapter How does information arise?, Eigen makes a clearconnection between 
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Paul Ehrenfest


   Paul Ehrenfest was a student in Ludwig Boltzmann's classes on kinetic theory of gases at the University of Vienna. When Boltzmann committed suicide in 1906, Ehrenfest was chosen by the editors of the Enzyklopädie der mathematischen Wissenschaften to prepare an article on the statistical mechanics of gases that Boltzmann had promised to write for them.

It took Ehrenfest, working with his wife Tatiana, five years to prepare the article, which later appeared as their book, The Conceptual Foundations of the Statistical Approach in Mechanics.


The Ehrenfests reviewed Boltzmann's attempts to prove his H-Theorem, with emphasis on his Stosszahlansatz (Collision Number Assumption) and the idea of "Molecular Chaos." Where other authors had sometimes identified these two assumptions, the Ehrenfests saw these as different assumptions.


The Ehrenfests greatly simplified the demonstration that particles would approach an equilibrium distribution. Where Boltzmann derived his result in the full generality of three dimensions with several pages of equations, the Ehrenfests produced a simple two-dimensional example.


They imagined an infinite plane with two kinds of “molecules.”  P-molecules are infinitesimal points moving with constant speeds in four possible directions, right, up, left, and down, with corresponding distributions f1, f2, f3, f4. The equilibrium distribution corresponding to Maxwell-Boltzmann equilibrium would be  
 

f1 = f2 = f3 = f4 = N/4,




where N is the total number of P-molecules. The Q-molecules are fixed immovable squares on a diagonal as shown in the figure.  


[image: image-placeholder]
 Ehrenfest’s 2-dimensional collisions.



Collisions of P-molecules with Q-molecules deflect the particles at right angles into one of the other distributions. The Stosszahlansatz is equivalent to assuming that the number of P-molecules approaching the Q-molecule in the left-hand strip in the figure is proportional to the area of the strip, independent of the location in the plane.


If the distributions are not equal in the four directions, for example if f2  > f1, we can see that more f2 upward-moving P-molecules would be deflected into the f1 distribution than vice versa, thus tending toward equilibrium and demonstrating Boltzmann’s H-Theorem.


Ehrenfest showed Boltzmann’s physical intuitions to be correct. Numerical calculations confirm that gases at standard temperature and pressure reach equilibrium in the order of 10-9 seconds, so what are we to make of the Loschmidt microscopic reversibility criticism? That gases are not observed departing from thermal equilibrium and decreasing the entropy significantly and continuously is not to be found in the Boltzmann and Ehrenfest Stosszahlansatz analyses, nor does it lie in the practical impossibility of reversing the velocities of all the particles. 


Rather it is in the existence of quantum processes in colliding particles that exchange energy with the radiation field, randomly altering the angular momentum of the quasi-molecules and thus erasing the information memory of the exact paths that would be needed over millions of collisions to provide the microscopic reversibility needed to restore an initial state of low entropy. 
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Walter Elsasser

Walter Elsasser was a Professor of Geophysics at Princeton University. In 1975 he became an adjunct Professor of Geophysics at Johns Hopkins University.


He proposed the wave-like diffraction of electron particles by a crystal. The subsequent Davisson–Germer experiment showing this effect led to his Nobel Prize in Physics.


He also proposed the existence of "biotonic" laws, principles of biology which are not contained in the principles of physics. Basic to Elsasser's biological thought is the notion of the great complexity of the cell. Elsasser thought an investigation of a causative chain of events in a biological system will reach a "terminal point", where the number of possible inputs into the chain will overwhelm the capacity of the scientist to make predictions, even with the most powerful computers. This is an important part of Elsasser's legacy to both Complex Systems biology and Relational Biology.

Jacques Monod was very critical of Elsasser's "biotonic laws." He wrote...


The strange properties (of organisms) are doubtless not at odds with
physics · but the physical forces and chemical interactions brought to light by
the study of nonliving systems do not fully account for them. Hence it must
be realized that over and above physical principles and adding themselves
thereto, others are operative in living matter, but not in non-living systems
where, consequently, these electively vital principles could not be discovered.
It is these principles or, to borrow from Elsasser's terminology,
these "biotonic laws" that must be elucidated. The least one can say
is that the arguments of these physicists is oddly lacking in strictness and
solidity. 


Information philosophy sees the difference between biological evolution and cosmic physical evolution as explained by the role of information.


Purely physical objects like planets, stars, and galaxies are passive information structures, entirely controlled by fundamental physical forces - the strong and weak nuclear forces, electromagnetism, and gravitation, plus short-range quantum cooperative effects. These objects do not control themselves. They are not acting. They are acted upon.


Living things, you and I, are active dynamic growing information structures, forms through which matter and energy continuously flow. And the communication of biological information controls those flows! To be sure, the forces acting between messenger RNA and their target amino acids are electromagnetic and quantum, but their location sequence in a forming polypeptide chain is determined by the complementary information in the long transfer RNA copied from the DNA in the cell nucleus. 
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Augustin-Jean Fresnel

Augustin-Jean Fresnel was a physicist and civil engineer who saw the wave nature of light at a time when Isaac Newton's corpuscular or particle theory was dominant.


Fresnel's research was so convincing that his transverse light wave completely replaced Newton's idea from the 1830's to the wave-particle duality of quantum mechanics in the twentieth century.


The idea that the light wave is transverse to the direction of travel explained the polarization of light. He   


His best known optical device is likely the Fresnel lens, which greatly reduces the mass and volume of glass needed to focus light, using a series of concentric rings of prisms at stepped angles. Fresnel also independently discovered and reinvented the standard glass lens of the previous century.

 
Fresnel found the transmission and reflective coefficients at the interface with different media. And he coined the terms linear polarization, circular polarization, and elliptical polarization, interpreting them as a difference in propagation speeds in different media.


Fresnel also observed the diffraction of light at a sharp edge at about the same time that Joseph von Fraunhofer observed the pattern of interference fringes of light going though a thin slit comparable in size to the wavelength of light. 


Newton's simple corpuscular model could not explain such diverse phenomena of light.
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David Foster

David Foster says he spent 15 years searching for religious truth in the mystical philosophy of George Gurdjieff. Then in the early 1950's he switched to looking for God in some new interpretations of modern science.

In his 1985 book The Philosophical Scientists, Foster chose as "philosophical scientists," Arthur Stanley Eddington, James Jeans, Bertrand Russell, and Alfred North Whitehead (Foster called them "The 1930 Cambridge Club").



Cambridge University has made outstanding contributions — typically the discovery of the electron and the splitting of the nucleus which eventually led to atomic energy. But it was also noteworthy for linguistic philosophy and the analysis of the meaning of statements. These four men did not comprise a school since they did not appear to have a common objective, but they knew each other and influenced each other and so might be called a club. I call it ‘the 1930 Cambridge Club’ because it was responsible for philosophical ideas relevant to the New Physics and because it peaked about the year 1930.
The Philosophical Scientists, , p.2



To his Cambridge Club, Foster adds Erwin Schrödinger's great books, What Is Life? and Mind and Matter.


Foster combines original ideas from these five to refute Darwinian evolution and discover a God that has programmed the DNA in all living things, sending the information content via electromagnetic radiations from the Sun to Earth.


Foster starts with Eddington's The Nature of the Physical World (the 1927 Gifford Lectures). He takes two major ideas from Eddington. 1) The stuff of the world is mind-stuff. 2) The law of entropy is different from all other physical laws.


From Jeans he takes the idea that "the universe is the thought of a mathematical thinker."


Using Russell's identification of logic with mathematics, Foster adds the fact that modern computers are logical machines to conclude we can understand Eddington's mind-stuff as software and Jeans' mathematical thinker as God programming the machine.


Foster finds Whitehead's emphasis on all life as mechanisms arranged in a hierarchy with consciousness at the top. For Whitehead, that was God overseeing and maintaining the continuity of creation.


Finally, Foster sees Schrödinger as supporting Whitehead. Although Schrödinger sees his consciousness as controlling the motions of his atoms, in the Eastern thought admired by Schrödinger individual consciousnesses blend into a single cosmic consciousness.


1. My body functions as a pure mechanism according to the Laws of Nature.

2. Yet I know, by incontrovertible direct experience, that I am directing its motions. . . . The only possible inference from these two facts is, I think, that I — I in the widest meaning of the word, that is to say, every conscious mind that has ever said or felt ‘I’ — am the person, if any, who controls the ‘motion of the atoms’ according to the Laws of Nature.


ibid, p.25




Like Eddington, Jeans, and Whitehead (though not the atheist Russell), Foster hoped to discover "cosmic intelligence (GOD)" in the form of Eddington's "mind-stuff."

He writes...


Would Whitehead have agreed that ‘The Stuff of the World is Mind-Stuff’?
We come back to the point whether Whitehead could have agreed with Eddington and Jeans that ‘the stuff of the world is mind- stuff’. I think so through the sequence of derivations from Whitehead:


1. Reality is organism, that system of distinct entities whose mutual conditioning creates a whole which is more than the sum of the parts.


2. The model for organism is combination mathematics.


3. Combination mathematics is equally the model for literacy and meanings whose ‘whole is greater than the sum of the parts’.


Thus the essence of both Eddington-Jeans and of Whitehead is the reality of literacy, the art of linguistic combination arrangements. Overall I think the conclusion from the 1930 Cambridge Club is


‘Reality is organised mind-stuff.’

ibid, p.31



Foster identified "mind-stuff" with the nineteenth-century idea of an "ether." Foster called it "the medium for the transmission of radiations such as light and radio, which are information mind-stuff." Radio broadcast transmissions do contain information, but solar radiation contains very little, since it is close to "blackbody radiation" in thermal equilibrium at some temperature.


Foster hopes that solar radiation in providing all the information in the DNA of humans and all living things.  


God as programmer

From the cybernetic analysis we need a cosmic Programmer function, and since this is the highest level of a cybernetic system, then it appears justified to equate this to God. The chief significance of a programmer is that he is free in at least two respects:

To programme or not to programme


To programme selectively according to conscious choice.


This freedom can be described as pure intelligence. If we wish.
to know ‘where’ God, is, I have suggested elsewhere that this is
the Void — omniscient, omnipresent, invisible mind-stuff. The analogy with ourselves would be a state of lucid consciousness and capacity for thought.

‘Logos’ as programme

God as programmer writes the programme and this is LOGOS (the Word). LOGOS is the interface between God and nature. Thus LOGOS is the programme or specification for all manifestations from the cosmic constants to the DNA. It is the interface of specified specificity. As to just ‘where’ LOGOS might be, we look for a place from which LOGOS can irradiate nature, and this would seem to be stars in general and (in our own case) the Sun.

ibid, pp. 178-9



Beyond his ideas of a "supernatural science," Foster claimed to have discovered a philosophical paradox that opposes entropy with what he calls "specificity." These ideas are worth quoting at length. 


THERMODYNAMICS — THE WORLD OF ACCIDENT STATISTICS
In the first place I would make it clear that I shall not attempt to disprove the Second Law of Thermodynamics. As Sir Arthur Eddington stated:


The law that entropy always increases — the Second Law of Thermodynamics — holds, I think, the supreme position among the laws of Nature. If someone points out to you that your pet theory of the universe is in disagreement with Maxwell’s equations — then so much the worse for Maxwell’s equations. . . . But if your theory is found to be against the Second Law of Thermodynamics I can give you no hope; there is nothing for it but to collapse in deepest humiliation.
The Nature of the Physical World, p. 81.


What is entropy?

Entropy is the measure of the extent to which a system has come into a certain state under random (‘accidental’) forces. The simplest analogue is that of a pack of playing cards which were originally arranged in their four suits and sequences. If we now shuffle the cards then we increase their entropy, their state of random disorder, until they come into a state where no further shuffling can increase the random disorder, in which case we have reached maximum entropy. Two matters should be noted:


1. Entropy can be reduced by conscious sorting. We can lay the cards out on the table and collect them back into their original suits and sequences. Clerk Maxwell was the first to point out this possibility that ‘a conscious sorting demon’ can reduce entropy and reverse the Second Law of Thermodynamics.


2. The shuffling of the card pack essentially takes place in a state of ‘absent-mindedness’, i.e. the mental opposite of the conscious sorting of (1) above.

The Second Law of Thermodynamics

The Second Law of Thermodynamics is a generalisation of such concepts about entropy and can be stated:


If a closed system is in a configuration that is not the equilibrium configuration, the most probable consequence is that the entropy of the system will increase with time.


Put another way, if one had a half-shuffled pack of cards, then time provides further shuffling to increase the entropy or randomness. The law refers to thermodynamics because it is mainly applied to the motion of atoms in gases under the influence of heat, but it is equally applicable to the state of order in any system including pure information systems (which is what a pack of cards is).

The philosophical significance of the Second Law of Thermodynamics

The great philosophical significance of the Second Law of Thermodynamics is that it can be equated to the direction of time as from past to future. A system of entities left to itself but capable of inner accidental collisions (i.e. shuffling) will increase its entropy with the passage of clock-time.


The derivation from this is that if we consider the universe to be a similar system of separate entities such as atoms, and if these atoms can collide with each other as shuffling, then the entropy of the universal system is increasing with time and the universe is moving in the direction of increasing disorder, i.e. the universe is running down with the passage of time. Indeed, the chapter from Eddington’s book from which I extracted the quotation at the beginning of this chapter is headed ‘The Running Down of the Universe’.

The philosophical paradox

Thus we here encounter the germs of a Paradox which will feature largely in this book:


1. If the universe is a system of blind chance with accidental collisions (‘shufflings’), then entropy is increasing with time and the universe is running down to effective extinction.


2. To set against this we have the concept that ‘the stuff of the world is mind-stuff’ and thus there could be an aspect which is not blind chance and accidental and so the universe could be sorting rather than shuffling, or at least there could be some sort of equilibrium between the two.


The analogue of the Paradox is that of a clockwork clock which is certainly running down with time but somebody may have a key and be winding it up at the same time. So we see the immense philosophical significance of the views of the 1930 Cambridge Club. The Older Physics from the nineteenth century associated with such names as Boltzman was immersed in mechanical concepts of the universe, and considered that a good scientist could make a mechanical model of all his problems (such as the structure of atoms). In that case the philosophical scene was set for a pessimistic outlook for humanity located in a system in which the future pointed to a running-down condition of increasing disorder, so one day ‘the clock will stop’. To set against this was the so-called Modern Physics created by Planck, Einstein and Heisenberg who told us that the universe was not mechanical, that you could not make mechanical models of it, and that although accidental chance and shuffling might have some part to play it was by no means the whole story. So in due course the 1930 Cambridge Club erected another point of view that reality is organic mind- stuff, ‘sorting stuff’.
 

ibid, pp. 34-37



Foster introduces his notion of "specificity."  It is the idea that any specific arrangement of all the atoms, particularly one "arranged" by his programmer God sorting mind-stuff, actually is the very opposite of entropy and disorder. "Conscious sorting" has reduced it to zero entropy and perfect order.


On this analysis the entropy of a system is stated to be the number of its possible arrangements, provided each is valid and without restrictions. To such a system the normal mathematics of probability apply. This new statement of entropy gives exactly the same mathematics as the older variety based on the Second Law of Thermodynamics.

But why does entropy increase with the number of possible arrangements in a system of entities? Because entropy is the measure of the improbability of entities being in one pre-decided state; it is a measure of uncertainty, the uncertainty of specificity.

ibid, p. 37


The symmetrical paradox between entropy and specificity
The polar or inverse symmetry as between entropy and specificity is of great philosophical interest since it shows that the Paradox as between the running-down of the universe and its winding-up depends upon the same general mathematics with an inverse or NOT relationship.


We must agree with Eddington that the Second Law of Thermodynamics is a major law of nature. But we find that it is only half the likely truth and that it has a complement in a sort of Law of Specificity which is its obverse using the same general mathematics. Gradually in this book we approach such a possible Law of Specificity and, perhaps to our surprise, we shall find it to be the central law of organism.

ibid, p. 41




Many scientists and philosophers of science have argued that the universe may be in a perfect state of order with zero entropy. For some, it is an attractive version of a universe that is in the mind of God, or that the universe IS a computer.  It dispenses with randomness, and an evolutionary development of life that depends on ontological chance, like that Albert Einstein discovered ten years before quantum uncertainty.

For Foster, life on Earth is the specific arrangement of atoms that was programmed from the Sun via electromagnetic radiation fro the Sun.


Like Foster, information philosophy looks carefully at the arrangement of atoms. "Arrangement" is simply the information content of any material structure. It also looks at the information communicated to/from other structures (sometimes by Foster's radiation, but more often by chemical contact - which of course reduces to the interchange of virtual photons). 


All the information structures in the universe and all the information exchange going on between living systems, constitutes a much lower entropy than the maximum possible entropy that could be the case if today all matter was distributed randomly.


Information philosophy can't find a supernatural creator, but it does identify the cosmic creation process,  which is explains the creation of all information in the universe. It involves entropy, and quantum chance, as Eddington suspected.


The proximate source of negative entropy (information)  is the Sun, as Erwin Schrödinger made famous in 1944, and as David Foster pointed out. 


The ultimate source of pockets of order, of negative entropy, of information structures like the Sun, is the expansion of the universe, as Eddington suspected.



"The expansion of the universe creates new possibilities of distribution faster than the atoms can work through them, and there is no longer any likelihood of a particular distribution being repeated. If we continue shuffling a pack of cards we are bound sometime to bring them into their standard order — but not if the conditions are that every morning one more card is added to the pack." New Pathways in Science, p.68.


At Harvard, in the late 1960's, David Layzer also argued that the expansion creates new possibilities faster than atoms can adjust, the germ of his explanation for the growth of order in the universe. Layzer apparently never credited Eddington.


Layzer definitely read The Nature of the Physical World, though perhaps not New Pathways in Science.



Source: https://www.informationphilosopher.com/solutions/scientists/foster/
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Edward Fredkin

Ed Fredkin has had distinguished careers in academia and in business. He is a pioneer in a group of thinkers who call themselves digital physicists or digital philosophers. They are "pancomputationalists" who believe the universe is a computer. They include Fredkin, Gregory Chaitin, Seth Lloyd, Rudy Rucker, Jürgen Schmidhuber, Stephen Wolfram, and Konrad Zuse.


Fredkin's website is titled "digital philosophy."


They are extreme reductionist, determinist, and naturalist. They think that biology reduces to chemistry which reduces to physics which reduces to the computation of information. They describe themselves as realist, but their view of the fundamental nature of reality consists of computations and information processing.

Information philosophy shows that in the first billions of years of evolution, the universe created information structures, but they were created by purely physical forces, nuclear, electromagnetic, and then gravitational. Material particles were being acted upon, passively reacting, not acting. Information processing did not play a role in their creation or evolution. Active information structures appeared on Earth only with the appearance of living things.



Fredkin on Physics


Most of these computational thinkers accept the view of mathematical physicists that information is a conserved quantity, just like matter and energy, momentum, angular momentum, spin, etc. But Fredkin has his doubts. He asks "Could physics have a strong law of conservation of information?" and replies "The appearance of a single truly random event is absolutely incompatible with a strong law of conservation of information. A great deal of information is obviously associated with the trajectory of every particle and that information must be conserved. This is a very large issue in DP, yet such issues are seldom considered in conventional physics."

Information philosophy shows that in molecular collisions path information is not conserved. It is lost, as Ludwig Boltzmann speculated with his idea of "molecular disorder." It was Einstein who showed in 1916 that the interaction of matter and radiation is random and irreversible, explaining the presence of microscopic irreversibility

Fredkin notes that Albert Einstein suspected that fundamental nature might be best described by an "algebraic" theory, because quantum numbers are integers (or half integral). Einstein said "From the quantum phenomena it appears to follow with certainty that a finite system of finite energy can be completely described by a finite set of numbers (quantum numbers). This does not seem to be in accordance with a continuum theory, and must lead to attempts to find a purely algebraic theory for the description of reality."


In his 1992 paper "Finite Nature," Fredkin described his two fundamental laws of "physical" information.


1) All information must have a digital means of its representation.

2) An informational process transforms the digital representation of the state of the system into its future state.



References

Fredkin's website with essays and articlesFredkin on Wikipedia
Fredkin on Computing as Reversible
Fredkin on Digital Physics as Reversible
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George E. Fox is an astrobiologist and Professor Emeritus and researcher at the University of Houston. A student of Carl Woese, together they identified in 1977 a third biological kingdom, the archea
Archaea are often similar to bacteria in size and shape, and archaea still generally refers specifically to prokaryotic members of Archaea
But archaea possess genes and several metabolic pathways that are more closely related to those of eukaryotes, notably for the enzymes involved in transcription and translation. The first observed archaea were extremophiles, living in extreme environments such as hot springs and salt lakes with no other organisms. Improved molecular detection tools has led to the discovery of archaea in almost every habitat,


Archaea are particularly numerous in the oceans, and the archaea in plankton may be one of the most abundant groups of organisms on the planet.
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Heinz von Foerster was an Austrian-American physicist and electrical engineer who later became a biophysicist and founded a laboratory devoted to biology and computers. As a young man he was enthralled by the Vienna Circle (he was born in Vienna) and especially the young Ludwig Wittgenstein. He and friends memorized the entire Tractatus-Logico-Philosophicus and challenged one another to quote "chapter and verse."

Von Foerster was a major participant in the last five Macy Conferences. He became one of the editors of the proceedings, suggested the conferences be known as conferences on cybernetics (after Norbert Wiener's new book by that name. He became close to all the founders of the conferences.



His first presentation, at the sixth Macy conference, was on the role of memory. His earliest publication, while he was still in postwar Vienna, was on his claim that memory loss was an exponential decay curve, for the physico-chemical reason that this is the rate of macromolecular decay. He came to the United States, where Warren McCulloch, the chairman of the Macy conferences, invited him to describe his memory theory.



Von Foerster became best known for his concept of "second-order cybernetics" - the self-referential problem of modeling or constructing cybernetic systems, which are themselves models.

This is closely related to the puzzling difference between an observer and a participant when the relevant universe of discourse is expanded to include the observer. When philosophers think about the universe as a whole, they find there is no "Archimedean point" outside, from which they can look in to observe the universe. 

[image: image-placeholder]

Von Foerster was close to the founders of the Macy conference on cybernetics, Gregory Bateson and his wife Margaret Mead.  With Wiener in their example, they illustrated the self-referential problem of second-order cybernetics,
showing the requirement for a possibly constructivist participant observer in the second-order case.

Speaking as cybernetical communications engineers, they said, "essentially your ecosystem, your organism-plus-environment, is to be considered as a single circuit," which may well have been the inspiration of Wheeler's later diagram.


Von Foerster says that second-order cybernetics illustrates the problem for first-order cyberneticians to construct a model of the mind. He wrote:



. . . a brain is required to write a theory of a brain. From this follows that a theory of the brain, that has any aspirations for completeness, has to account for the writing of this theory. And even more fascinating, the writer of this theory has to account for her or himself. Translated into the domain of cybernetics; the cybernetician, by entering his own domain, has to account for his or her own activity. Cybernetics then becomes cybernetics of cybernetics, or second-order cybernetics.



Our Mind model, the Experience Recorder and Reproducer (ERR), is also a memory model that includes von Foerster's requirements


In 1969 Von Foerster described a memory model as requiring the integration into an overall model of cognition of three elements:

(i) the faculty to perceive,

(ii) the faculty to remember,

and (iii) the faculty to infer.



Von Foerster made a famous doomsday prediction in 1960 with an equation for population growth that approached infinity in 2026. It may have inspired the Ehrlichs to their image of a "population bomb." In any case, according to Paul MacCready's calculations, humans are now more that ninety percent of the biomass in terrestrial vertebrates, up from under one percent a mere ten thousand years ago. We have conquered the planet, for better or for worse.


"What Is Memory that It May Have
Hindsight and Foresight as well?," in Understanding Understanding, Essays on Cybernetics
and Cognition
Von Foerster's 1995 Interview by Stefano Franchi, Güven Güzeldere, and Eric Minch (Special issue of Stanford Humanities Review)




[image: image-placeholder]
John Wheeler asked the deepest question about how we can be both participants and observers, exemplified by his diagram of the universe as a "self-excited circuit" 


Source: https://www.informationphilosopher.com/solutions/scientists/foerster/





  
  Joseph Fourier
  

  


  
  Home › Solutions › Scientists › Fourier
Joseph Fourier



    Scientists
    

Michael Arbib
John S. Bell
Bernard Baars
Charles Bennett
Ludwig Bertalanffy
Margaret Boden
David Bohm
Neils Bohr
Ludwig Boltzmann
Emile Borel
Max Born
Leon Brillouin
Stephen Brush
Henry Thomas Buckle
Donald Campbell
Anthony Cashmore
Eric Chaisson
Jean-Pierre Changeux
Arthur Holly Compton
John Conway
E. H. Culverwell
Charles Darwin
Abraham de Moivre
Paul Dirac
John Eccles
Arthur Stanley Eddington
Paul Ehrenfest
Albert Einstein
Richard Feynman
Joseph Fourier
Michael Gazzaniga
GianCarlo Ghirardi
Nicolas Gisin
A.O.Gomes
Joshua Greene
Jacques Hadamard
Patrick Haggard
Sam Harris
Martin Heisenberg
Werner Heisenberg
William Stanley Jevons
Pascual Jordan
Simon Kochen
Stephen Kosslyn
Rolf Landauer
Alfred Landé
Pierre-Simon Laplace
David Layzer
Benjamin Libet
Hendrik Lorentz
Josef Loschmidt
Ernst Mach
Henry Margenau
James Clerk Maxwell
Ernst Mayr
Jacques Monod
Roger Penrose
Steven Pinker
Max Planck
Henri Poincaré
Adolphe Quételet
Jerome Rothstein
David Ruelle
Erwin Schrödinger
Aaron Schurger
Claude Shannon
Herbert Simon
Dean Keith Simonton
B. F. Skinner
Roger Sperry
Henry Stapp
Antoine Suarez
Leo Szilard
William Thomson (Kelvin)
Peter Tse
John von Neumann
Daniel Wegner
Paul A. Weiss
Steven Weinberg
Norbert Wiener
Eugene Wigner
E. O. Wilson
H. Dieter Zeh
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   Joseph Fourier is best known for his work in mathematics (Fourier Series and the Fourier Transform) and for his work on the theory of heat transfer. But his work gathering statistics (the term originally meant quantitative measurements of various important state characteristics, like population, births, deaths, etc.) led to extravagant claims for the determination of random and free events by statistical laws that describe large numbers of such events.

Fourier noticed that statistics on the number of births, deaths, marriages, suicides, and various crimes in the city of Paris had remarkably stable averages from year to year. The mean values in a "normal distribution" (one that follows the bell curve or "law of errors") of statistics took on the prestige of a social law. The Belgian astronomer and statistician Adolphe Quételet  did more than anyone to claim these statistical regularities were evidence of determinism. 


The mere fact that the number of marriages is approximately constant from year to year does not determine the independent decision of one individual to marry.


The Belgian astronomer Adolphe Quetelet popularized this concept.     
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Karl Friston is a British neuroscientist and theoretician at University College London. He is an authority on brain imaging and theoretical neuroscience, especially the use of physics-inspired statistical methods to model neuroimaging data and other complex dynamical systems.


Friston is best known for his "free energy principle," (FEP) a unifying account of self-organisation, which suggests that all biological systems, including the brain, act to minimize uncertainty.


Friston's "free energy" inherits from Feynman's path integral formulation and is an information theoretic measure (as opposed to thermodynamic free energy, as defined by J. Willard Gibbs, which is the energy available to do work in a system that is below thermal equilibrium (maximal disorder).

 
Active inference is an application  of the FEP to perception, action, and learning, where systems try to make their sensory input predictable. In simpler terms, it's a way of describing how living things maintain their existence by actively reducing uncertainty about their environment. It resembles Robert Rosen's "anticipatory system" and underwrites "predictive processing" of the sort discussed by Andy Clark and Jakob Hohwy.

1. Free Energy and Biological Systems:

• Free energy, in this context, is a mathematical quantity that provides a variational bound on surprise, uncertainty, or disorder.
• The free energy principle proposes that biological systems, from cells to brains, minimize variational free energy, effectively acting to maintain a stable internal state despite external changes.


• The free energy principle proposes that biological systems, from cells to brains, minimize this free energy, effectively acting to maintain a stable internal state despite external changes. 


• This minimization occurs through perception (updating beliefs about the environment) and action (changing the environment to fit predictions)

2. Bayesian Inference and Active Inference:

• The free energy principle is closely linked to Bayesian inference, where agents
make predictions based on prior knowledge and update these predictions based
on new sensory information. 


• Active inference is a key aspect of the principle, where agents actively try to make their sensory input more predictable by changing their actions. For example, a tree growing towards the light minimizes free energy by acting to elude the surprise of finding itself in the shade, given the kind of thing it is. 

3. Generative Models:

• The free energy principle invokes the concept of a generative model, which is a model of the world that an agent uses to make predictions.


• By minimizing free energy, agents are essentially optimizing their internal
generative models to better reflect the structure of the environment. 
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Philipp Frank

Philipp Frank wrote a thesis in physics under the supervision of Ludwig Boltzmann which was only completed after Boltzmann's death. Frank was a follower of 
Ernst Mach's positivism which became the logical positivism or empiricism of the Vienna Circle. Frank was an early member of the circle and much later, after his emigration to the United States, led meetings of an American version of the circle, promoting their vision of a Unity of Science movement for several years at Harvard University.
Albert Einstein recommended that Frank succeed him as professor of physics at Prague in 1912, where he lectured until emigrating in 1938 to escape the Nazis. 


Frank wrote a comprehensive biography, Einstein, His Life and Times, which was important because Frank had known Einstein so well, working with him at different times in both Europe and America. His book began with a famous quote, "The most incomprehensible thing about the universe is that it is comprehensible," a loose translation of Einstein's claim that its comprehensibility is a miracle and an eternal mystery (from Physics and Reality, p.282).



Origin of the Quantum Theory


To Einstein it was always clear that his theory of relativity could not claim (and, indeed, it never did claim) to solve all the mysteries of the behavior of light. The properties of light investigated by Einstein concerned only a certain group of phenomena dealing with the relation between the propagation of light and moving bodies. For all these problems light could be conceived along the lines of traditional physics as undulatory electromagnetic processes which filled space as a continuum. By the theory of relativity it was assumed that some objects can emit light of this nature, and no attempt was made to analyze the exact process by which light is emitted or to investigate whether it sufficed for a derivation of all the laws for the interaction of light with matter.

The investigations on the nature of light and its interaction with matter, however, were to lead to the rise of the “quantum theory,” a revolution in physical thought even more radical than the theory of relativity. And in this field, too, Einstein’s genius had a profound influence on its early development. In order to make understandable the nature of Einstein’s contributions, I shall describe briefly the situation prior to his researches.


The simplest way of producing light is by heating a solid body. As the temperature rises, it begins to glow from a dull cherry red to a brighter orange, and then to blinding white light. The reason for this is that visible light consists of radiations of different frequencies ranging from red at the low end through the colors of the spectrum up to violet at the high end. The quality of light emitted by a solid body depends solely on its temperature; at low temperatures the low-frequency waves predominate and hence it looks red; at higher temperatures the shorter wave lengths appear and mingle with the red to give the white color.


Attempts to explain this change in quality of light with temperature on the basis of nineteenth-century physics had ended in failure, and this was one of the most important problems facing physicists at the beginning of the twentieth century. At that time the emission of light was thought to be produced by the oscillations of charged particles (electrons), the frequency of light emitted being equal to the frequency of the vibration. According to Boltzmann’s statistical law, already mentioned, the average energy of oscillation of an electron should be exactly equal to the average kinetic energy of gas molecules, and hence simply proportional to the absolute temperature. But this led to the conclusion that the energy of vibrations is independent of the frequency of oscillation, and hence light of different frequencies will be emitted with the same energy. This conclusion obviously was contradicted by the observations on light emitted by heated bodies. In particular, we know that light of very short wave lengths is not emitted to any great extent by hot bodies. As the temperature increases, rays of increasingly higher frequencies appear, but yet at a given temperature there is no perceptible radiation above a certain definite frequency. Consequently it appeared that somehow it must be difficult to emit light of very high frequencies.


Since all arguments based on the mechanistic theory of matter and electricity led to results conflicting with experience, the German physicist Max Planck in the year 1900 introduced a new assumption into the theory of light emission. At first it appeared to be rather inconsequential, but in the course of time it has led to results of an increasingly revolutionary character. The turn in physics coincided exactly with the turn of the century. I shall sketch Planck’s idea in a somewhat simplified and perhaps superficial form.


According to Boltzmann’s statistical law, the average energy of oscillation of an electron in a body is equal to the average kinetic energy of the molecules. The actual energies of the individual atoms or molecules can, of course, have very different values; the statistical law only relates the average energy with the temperature. Boltzmann, however, had been able to derive a second result which determined the distribution of the energy of the particles around the average value. It stated that the number of particles with a certain energy depends on the percentage by which this energy differs from the average value. The greater a deviation, the less frequent will be its occurrence.


As Planck realized, the experimental results indicated that the oscillating electrons in a body cannot emit radiation with an arbitrary frequency. The lack of high-frequency radiation shows that the mechanism of radiation must be such that it is somehow difficult to emit light of high frequency. Since no explanation of such a mechanism existed at that time, Planck was led to make the new assumption that, for some reason as yet unknown, the energy of oscillation of the atoms cannot have just any value, but can only have values that are integral multiples of a certain minimum value. Thus, if this value is called ε, then the energy of the oscillations can only have the discrete values 0, ε, 2 ε ... or nε, whose n is zero or an integer. Consequently the radiation emitted or absorbed must take place in portions of amount ε. Smaller amounts cannot be radiated or absorbed since the oscillation cannot change its energy by less than this amount. Planck then showed that if one wants to account for the well-known fact that a shift to higher temperatures means a shift to higher frequencies, one has to take values for e that vary for different values of the frequencies of the oscillations, and in fact e has to be proportional to the frequency.


Thus he put ε = hν, where ν is the frequency and h is the constant of proportionality, which has since then been called Planck’s constant and has been found to be one of the most fundamental constants in nature. With this assumption Planck was immediately able to derive results in the theory of radiation that agreed with observations and thus removed the difficulties that had confronted the physicists in this field.


Planck thought he was only making a minor adjustment in the laws of physics in formulating his hypothesis, but Einstein realized that if this idea was developed consistently it would lead to a rupture of the framework of nineteenth-century physics so serious that a fundamental reconstruction would be necessary. For if the electron can oscillate only with certain discrete values of energy, it contradicts Newton’s laws of motion, laws which had been the bases for the whole structure of mechanistic physics.


Planck’s hypothesis dealt only with the mechanism of radiation and absorption of light and stated that these processes could take place only in definite amounts. He said nothing about the nature of light itself while it is propagated between the point of radiation and that of absorption. Einstein set out to investigate whether the energy transmitted by light retained this discrete character during its propagation or not. 
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Ronald Aylmer Fisher was one of the contributors to the modern neo-Darwinian synthesis, the standard theory of evolution as a combination of genetic mutation and natural selection. He also was the founder of  mathematical statistics, which gave him his great insight into population genetics, the understanding of adaptation and speciation that is the result of gene flow and genetic drift.

He was a member of the Eugenics Society, based on the social engineering ideas of Charles Darwin'a half-cousin Francis Galton.
He found work at the Galton Laboratory, then directed by the great applied mathematician and statistician Karl Pearson. 


Fisher developed the analysis of variance (he coined the term), which replaced correlation as the principal statistical method.
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Richard Feynman

Richard Feynman won a Nobel Prize for his work on quantum electrodynamics (QED) but he also developed several simple yet insightful explanations of the fundamental properties of quantum mechanics. 

In his famous Lectures on Physics (some of the lectures were repeated in the 1967 Messenger Lectures at Cornell and published as The Character of Physical Law), Feynman  famously said that "nobody understands quantum mechanics" and that the two-slit experiment contains "all of the mystery of quantum mechanics." 


I will take just this one experiment, which has been designed to contain all of the mystery of quantum mechanics, to put you up against the paradoxes and mysteries and peculiarities of nature one hundred per cent. Any other situation in quantum mechanics, it turns out, can always be explained by saying, 'You remember the case of the experiment with the two holes? It's the same thing'.  I am going to tell you about the experiment with the two holes. It does contain the general mystery; I am avoiding nothing; I am baring nature in her most elegant and difficult form.



In some of the more accessible material from Lectures on Physics re-published as Six Easy Pieces, Feynman argued that the most important scientific knowledge - from physics to biology - is the simple fact that all things are made of atoms.


If, in some cataclysm, all of scientific knowledge were to be destroyed, and only one sentence passed on to the next generations of creatures, what statement would contain the most information in the fewest words? I believe it is the atomic hypothesis (or the atomic fact, or whatever you wish to call it) that all things are made of atoms—little particles that move around in perpetual motion, attracting each other when they are a little distance apart, but repelling upon being squeezed into one another. In that one sentence, you will see, there is an enormous amount of information about the world, if just a little imagination and thinking are applied...

(Six Easy Pieces, p.4)
Everything is made of atoms. That is the key hypothesis. The most important hypothesis in all of biology, for example, is that everything that animals do, atoms do. In other words, there is nothing that living things do that cannot be understood from the point of view that they are made of atoms acting according to the laws of physics. This was not known from the beginning: it took some experimenting and theorizing to suggest this hypothesis, but now it is accepted, and it is the most useful theory for producing new ideas in the field of biology.

(Six Easy Pieces, p.20)



Feynman is quite right that everything is made up of discrete particles. We might rewrite his advice to the future this way:


The universe consists of discrete, discontinuous, and in some sense "digital," particles. There is no "classical" world, only a quantum world. The "classical" world emerges from the quantum world when a large enough number of particles get together. The continuous space (and time) in which we locate the particles is but a mathematical construct that allows us to describe the world.There are no continuous "fields" in which particles of matter (electrons, atoms, etc.) are thought to be singularities. The continuous, causal "forces" like gravity that we postulate are useful fictions. They are only statistical averages over other types of particles (photons, bosons, gravitons) that look continuous when very many such particles are present. At the microscopic level, quantum events are discontinuous and acausal. The analytic integral and differential equations that we assume deterministically govern the motions of material particles are idealizations only accurate for very large bodies.


The Path Integral Formulation of Quantum Mechanics


In 1948 Feynman developed his "sum over paths" approach to quantum mechanics. It was built on a 1933 article by  P. A. M. Dirac to formulate quantum mechanics using a Lagrangian function rather than the standard Hamiltonian, and to use a variational method to solve for the least action. 

The idea of a single path for a quantum system (for example, the path of an electron or photon in the two-slit experiment) is replaced with a sum over an infinity of quantum-mechanically possible paths to compute a probability amplitude. It corresponds to the wave picture of spherical waves going in all directions that was critically questioned by Albert Einstein in his 1905 and 1909 papers on the light-quantum hypothesis and wave particle duality.


More importantly, the square of the complex probability amplitude gives us the same probability of finding a particle somewhere as the absolute modulus of Erwin Schrödinger's wave function |ψ|2 which is the solution to the Schrödinger equation.


As Feynman wrote in his 1948 article on the new path integral formulation of quantum mechanics...


Non-relativistic quantum mechanics is formulated here in a different way. It is, however,
mathematically equivalent to the familiar formulation. In quantum mechanics the probability
of an event which can happen in several different ways is the absolute square of a sum of
complex contributions, one from each alternative way. The probability that a particle will be
found to have a path x(t) lying somewhere within a region of space time is the square of a sum
of contributions, one from each path in the region. The contribution from a single path is
postulated to be an exponential whose (imaginary) phase is the classical action (in units of h)
for the path in question. The total contribution from all paths reaching x, t from the past is the wave function ψ(x, t). This is shown to satisfy Schroedinger's equation. 


The Messenger Lectures at Cornell

Lecture 1 - The Law of Gravitation (video only)
Lecture 2 - The Relation of Mathematics to Physics (video only)
Lecture 3 - The Great Conservation Principles (video only)
Lecture 4 - Symmetry in Physical Law (video only)
Lecture 5 - The Distinction of Past and Future (text and video) (video only)
Lecture 6 - Probability and Uncertainty (text and video)(video only)
Lecture 7 - Seeking New Laws (video only)

In his sixth Messenger lecture, Feynman imagined a scenario like that Arthur Holly Compton used as a model for free will based on quantum uncertainty.


...we could cook up — we'd better not, but we could — a scheme by which we set up a photo cell, and one electron to go through, and if we see it behind hole No. 1 we set off the atomic bomb and start World War III, whereas if we see it behind hole No. 2 we make peace feelers and delay the war a little longer.


Isn't it strange and somewhat diabolical the kind of examples some physicists come up with?

Feynman on the Two-slit Experiment
Probability and Uncertainty - the Quantum Mechanical View of Nature
Feynman on Irreversibility
The Distinction of Past and Future
1965 Nobel Prize Lecture
The Development of the Space-Time View of Quantum Electrodynamics

Finally, Feynman famously claimed that "No One Understands Quantum Mechanics". And he said the two-slit experiment is the one and only mystery in quantum mechanics.


We believe Feynman said "no one understands" because there is no "machinery" that can explain how the abstract and immaterial mathematical wave function can cause the material particles to appear at the locations predicted by the square of the wave function.


For Scholars





Source: https://www.informationphilosopher.com/solutions/scientists/feynman/





  
  Steven Frautschi
  

  


  
  Home › Solutions › Scientists › Frautschi
Steven Frautschi

Steven Frautschi is Professor Emeritus of physics at Cal Tech.

His main work was in high-energy physics and the strong interaction, though it was superceded by quantum chromodynamics in the 1970's.


His importance to information philosophy is his 1982 paper in Science, Entropy in an Expanding Universe. 


In his paper summary, Frautschi writes...


The question of how the observed evolution of organized structures from
initial chaos in the expanding universe can be reconciled with the laws of statistical
mechanics is studied, with emphasis on effects of the expansion and gravity. Some
major sources of entropy increase are listed. An expanding "causal" region is defined
in which the entropy, though increasing, tends to fall further and further behind its
maximum possible value, thus allowing for the development of order.


Frautschi's main conclusion is buried on page 3 of his 7-page paper, which refers in a footnote to the scientist who originated this view - David Layzer, the Harvard cosmologist Frautschi may have met in his Harvard undergraduate years (the early 1950's)?


right from the beginning
at 10-43 second, and certainly later at
times when the physics is better understood, gravitational entropy in a causal
region fails to keep pace with its maximum potential value.

We have thus come to a conclusion
which stands the closed 19th-century
model on its head. Far from approaching
equilibrium, the expanding universe as
viewed in a succession of causal regions
falls further and further behind achieving
equilibrium. This gives ample scope for
interesting nonequilibrium structures to
develop out of initial chaos (15), as has
occurred in nature. 


Frautschi's reference 15 is to Layzer's landmark Science paper on the Arrow of Time in 1975.
    

Steven Frautschi was on Stephen Wolfram's Ph.D. thesis committee at Cal Tech.



    References

Evolution as Entropy, Brooks, D.R., and E.O.Wiley, 2nd. Ed., 1988. pp.36-46.
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   A.O. Gomes of the Instituto de Biofisica, Universidade do Brasil, in Rio de Janeiro, presented a quantum mechanical model for free will at the 1964 Study Week of the Pontificia Academia Scientarium in Rome on the topic Brain and Conscious Experience. 

The Study Week was organized and led by John Eccles and dedicated to two of his recently deceased illustrious colleagues,  and Erwin Schrödinger, who were Fellows of Magadalen College with Eccles when they were elected to the Pope's Academy of Scientists in 1936. 


While the Gomes model is little more than an elaboration of Arthur Holly Compton's amplifier, it is at least more peaceful. Where Compton's photodetectors blow up dynamite, Gomes' multiple electron detectors and computer algorithms play music on a piano.


According to Gomes, Schrödinger was one of the first to attack free will models involving quantum uncertainty as inadequate to explain the "rich order" of free action or of life. Gomes called these criticisms unfair and said they were based on the arguments of philosopher Ernst Cassirer. Cassirer was a strong proponent of determinism. He influenced others who should have known better, including Max Born. Of course, criticisms of chance as the direct cause of human action had been criticized since antiquity. 
  


The Brain-Consciousness Problem
in Contemporary Scientific Research


From Brain and Conscious Experience, ed. John Eccles, Springer-Verlag, 1966, p.446

THE TWO-WAY ASPECT OF THE PROBLEM

Among the different formulations of the brain-consciousness problem in the modern scientific world, Sherrington's has become the most widely known — and, if we can say this of the statement of a puzzle, the most cherished one. Sherrington's exceptional stature as a scientist, allied to the sincerity, directness, and wise humility of spirit so vividly revealed in his writings, easily explains the success of his formulation of the problem. How can physical sense receptors affect sense? he asks. How can a reaction in the brain condition a reaction in the mind? How can the (often quoted!) "enchanted loom" of nerve impulses in the brain, which always weaves meaningful, but never abiding, patterns — how can this "loom" evoke such rich mental experiences as the vision of everything we see, all the sounds we hear, all the bodily sensations we may ever become aware of? Mind is not physical energy such as compose the electrical impulses, Sherrington proceeds, and no process occurring only with physical energy could produce "mind out of no mind." Yet, "unless mind have working contact with energy, how can energy serve it?" "The energy-scheme brings us to the threshold of the act of perceiving, and there . . . bids us good-bye." The difficulty with sense, Sherrington also recognizes, is the same difficulty from the converse side, as besets the problem of the mind as influencing our motor acts. The extent and moment of this question, he acknowledges with another very cogent, inmost pathetic expression: "Physics tells me that my arm cannot he bent without disturbing the sun. Physics tells me that unless my mind is energy I cannot disturb the sun." Yet, the theoretically impossible happens; an( despite the theoretical, as Sherrington [1955] puts it, the mind does bend the arm and thus disturbs the sun.

Of course, the question of a reaction in the central nervous systen affecting a reaction in the mind is not restricted to the case of perception which Sherrington more closely insisted on. The relation of the complex interweaving of electrical impulses in the brain to other types of mental experience defines no less challenging puzzles for us. Since the time of the height of Sherrington's career, scientific research has disclosed 0 whole wealth of new facts pertaining to that relationship, the most striking of which may have been those obtained by the technique of artificial stimulation of the brain by means of either chronically implanted electrodes that penetrate to the most central regions of the organ, or by means of mere contact probes that survey the exposed surface of the cortex. The behavior of the animals with which the chronic electrode experiments are conducted is reported to indicate most significant alterations of emotional experience—enhancement, for instance of a mood of meekness or, on the contrary, of anger, even changes from one to the other — as well as sensations such as hunger, thirst, and sexual appetite. As to the electrical exploration of the exposed cortex, which has been performed during cerebral surgery in human subjects affected with epilepsy — we actually have in this congress the greatest authority in the world on this technique — it has yielded, besides vague experiences of sounds, lights, and colors, when the appropriate regions are stimulated, recollections and approximate relivings of past events, as well as definite interpretations of the experiences which, of course, should also be counted among their significant features.


The widely known facts referred to here up,to this point have all come to light in the laboratory or the hospital room, and have all been elicited by the specialized work of experts. They are thus the facts of the most immediate interest for a scientific review of the general problem with which they are connected, but it seems convenient and pertinent to supplement their mention with that of other events which frequently come about in the current life of nearly everybody, but which ultimately have the same meaning as the phenomena specified above. Sometimes there is again the work of the scientists, or of the expert, in some other sense, behind the events: for instance, when we take a tranquilizer pill which may change a feeling of anxiety or restlessness into one of calm and relief; or when we resort to some analgesic in order to put an end to some uncomfortable pain. Other times, the phenomena are still simpler, as in the case of the profound changes in our mood which may — and often do — follow the ingestion of alcoholic drinks; or even in the case of a more drastic, though fortunately less frequent transformation of mental state as, for instance, the one that may result from a vigorous blow in the head—which is no less than a change from full consciousness to the complete cessation of it.


Of course, there is no difference, for our problem, between the action of physical and of chemical stimuli, since, at the level in which the phenomena must be investigated in the nervous system, that distinction does not ultimately hold in any sharp form. However, the explicit mention of chemical stimulation immediately brings up at least two other cases beside those few already specified here: hallucinogenic drugs and medical anesthesia.


The second general aspect of the brain-consciousness problem is that
which Sherrington has dramatically stated with the reflexion of how could
his mind move his arm and, thus, affect the sun itself. Scientific research
has on the whole been rather biased against this side of the problem, and
more often than not has tended to reduce it either to the first aspect, or
simply to another problem that is not so puzzling; it has tacitly or explicitly admitted that the mental processes apparently at the origin of the
physiological or bodily changes are merely the result, in turn, of some
former physiological courses of events. As a result of this, research is frequently conducted as if the whole occurrences under study were ultimately nothing more than the transformations of some physiological events into others; the mental phenomena involved are either ignored or given only a secondary importance. They are thus regarded as no more than apparent relays between physiological occurrences or, more exactly, as epiphenomena of the initial part of these occurrences. Of course, there are several cases of the control of bodily action — mostly those of the demonstrably simplest reflex nature — where physiological processes are in truth nearly everything worth being investigated. But this is very far from being the general case, since, more usually, the problem of that control coincides, to a very significant extent, with the problem of free action, which, for multiple and obvious reasons, is at the very core of a host of other questions about individual and social life in general — including the fundamental question of communication of ideas between persons. Thus it is no wonder that Sherrington should have been so impressed with the momentous character of that problem, that he preferred to admit that what for him was theoretically impossible — that is, his mind moving his arm and thus affecting the sun — actually happens.


Owing to the scientific nature of the present symposium, I shall not develop the last remarks into any discussion of philosophical matters. Nor shall I even simply mention the immense and complex catalogue of topics that the subject of brain-consciousness relations also evokes in the specific field of philosophy. Suffice here to say — and this only as a partial explanation of the divergence of interpretations frequently found among scientists concerning many facts that they disclose and analyze in the field now under revision — suffice here to say that the significance of our general problem is also so great for philosophy, when translated into its specific terms, that practically all the chief currents of the philosophy of nature, and even some of the main conceptions of the theory of knowledge, can be fairly characterized in their outlines by the particular conception which each of them entertains about it — either explicitly or by implication.


As a matter of fact, it is not only the interpretation of the phenomena which is open to wide variability and, with it, to some arbitrariness. It is also the very questions that spontaneously define themselves by the disclosed facts: they may take for granted what is not definitely established, or elucidated, either by science or by philosophy.



THE QUESTION OF INDETERMINATE ORDER

The nervous control of action has so far been systematically and detailedly studied only with the application of the principles of prequanta physics. Of course, there is still an almost inexhaustible wealth of material to be significantly explored with the application of only those principles —and hardly any opportunity yet for the specific employment of quantum physics to any branch of the empirical investigation of the nervous system. 70 Yet, the idea that the great novelty that came to light in quantum theory —microphysical incertitude—might play a significant role in the nervous control trol of action, and, on account of this, might allow a great and decisive advance in the scientific understanding of the steerage of free action—that idea, I say, was to some degree entertained by several scientists shortly after the development of quantum mechanics and the establishment of the uncertainty relations. Bohr himself was one of the first to sketch some conjectures about the subject [Bohr, 1932]. Eddington discussed it [1928, 1935]. Pascual Jordan devoted a great deal of attention to the topic and elaborated the conception of amplification of results of discrete, uncertain events [La Physique et le Secret de la Vie Organique]. Herman Weyl, James Jeans, and, for a time, Louis de Broglie [Weyl, 1949] have at least occasionally considered the new ideas. Elsasser has more recently returned to them [Elsasser, 1958]. And Eccles conducted some brief computations about the subject and made a short review of it [Eccles, 1953, Chapt. VIII], which was perhaps the first and only instance of discussion of these matters in the context of a work of neurophysiology. The author of the present paper has also made an approximate quantitative analysis to verify the amplitude of uncertainty to which some of the chief components of the physiology of neurons could be subject, and he has found that that amplitude may be in different cases quantitatively compatible with the possibility of the occurrence of differentiable processes of amplification of discrete, uncertain events.

However, the criticism raised from different quarters against the incipient conceptions very soon became more intense and widely accepted than the new attempts themselves. Several arguments have been forwarded in opposition to the novel ideas, the least tenable, but not the least frequent of which, stating that according to the new physics, physical indetermination can hold good only in the microphysical level, and never be translated into macrophysical processes. Another argument is, however, apparently very pertinent; it stresses the complete inadequacy of the resort to phenomena that are characterized above all by randomness — such as discrete microevents — for the elucidation of processes as elaborate and rich of order, significance, and motivations of several sorts as those of free action, or of life in general. Yet this argument takes for granted that whoever speculates about a possible relation between micro-incertitude and free action necessarily commits the gross mistake of attempting simply to reduce the latter to the former, or explain the one by the other. Schroedinger has unfortunately been one of those who developed a criticism based only on that unfair assumption [Schroedinger, 1952]—and he tried to strengthen his position with references to a very powerful thinker, Cassirer, who made suppositions to the same effect [Cassirer, 1937]. However, it seems only too obvious that what can be logically expected of microuncertainty in the physiological control of action is only the establishment and the maintenance of conditions different from those which would impose a completely deterministic work for the nervous system, which can thus become, in principle, favorable for the occurrence of free action—never the whole key to this action. Schroedinger [1952] again expressed another objection to the same hypothesis, which would seem much more pertinent than the former; and approximately the same argument has also been stated by Eddington [1928]. It says that there is certainly no determinism, according to the quantum theory, in the occurrence of discrete microevents; yet, when these repeat
themselves in the same circumstances, the resultant series of events obey
statistical laws which, of course, are not much more compatible with free
action than the deterministic laws of classical physics; as a consequence,
free action could only profit by microphysical incertitude if it violated the
statistical laws of those series, so ultimately there would be no smaller
interference with the regularity of the physical world than a break with
Ow classical, deterministic laws. However, this is once more in objection
that oversimplifies the hypothesis against which it is directed. It would 
be decisive if that hypothesis stated that free action is directly and almost exclusively controlled in each living organism by microphysical indeterminate controls — that is, amplifying systems with output not completely and uniquely determined by the input, or a series of discrete microphysical events with effects amplifiable within a macrophysical structure and somehow connected by this structure, which, in the case of a living being, would be some part of the organism. If, on the contrary, we suppose, as we should, that such controls — preferably, but not even necessarily in a very large number — are coupled to other controls of physically determinate nature (that is, with the output completely and uniquely determined by the input), the coupling of all of them can be such that the steerage of which the whole set is capable results in macro-physical work that is at the same time ordered and indeterminate, without this requiring either the violation of the statistical regularity of each indeterminate control or the translation of the statistical character of that regularity into any output of the steered system that is not an exceedingly long run.



A MERELY PHYSICAL ILLUSTRATION

In truth, if a machine is steered by a complex interlocking of several units of indeterminate and determinate control, the number of states it can come to under the determining influence of the overall controlling situations of the steerage system can be as large, in principle, as the number of the combinations among the differentiated indeterminate configurations possible for each unit of indeterminate control. Yet, while planning the system, we can easily do it in such a way that only the controlling situations which can be interpreted as orderly are allowed to work out their influence. But the selection among these would still be indeterminate, because dependent on physically uncertain processes. This principle can be true both of the final situations of the machine considered statically, and of the successions among them — which means that these successions themselves can also be made at the same time well ordered and indeterminate.

It would be convenient to introduce a concrete illustration of a case of this nature. To this effect, let us imagine, as a unit of indeterminate control, a cylindrical vacuum chamber with a very tiny aperture in the center of one of its transversal walls, and a ring with a certain number of differentiated parts electrically insulated from one another and each of them connected to a high-sensitivity detector amplifier capable of responding to discrete manifestations of electrons of very low energy over the corresponding area of the ring. Let its also suppose a source of low-energy electrons before the aperture in the first wall, and a low accelerating difference of potential between the two ends of the chamber. If the aperture is small enough, each electron which penetrates the chamber will have its spatial localization very sharply defined, and will consequently suffer a physically indeterminate disturbance of momentum, with the magnitude given by the uncertainty relations of Heisenberg. The chamber can be so constructed that the medium diameter of the ring in the second transversal wall coincides with the region of the most probable manifestation of the indeterminately disturbed electrons. The place where each electron will appear upon this ring — and thus upon one or other of its several differentiated parts — is completely indeterminated, and the laws of microphysics require only that in sets of relatively large numbers of individual manifestations their distribution be uniform along the circumference of the ring, and thus that the number of the discrete arrivals upon each part of it be approximately equal for all of them. There is, however, absolutely no law for the localization of a particular manifestation upon the ring or for the step-to-step successions.

[image: an orderly but physically indeterminate machine]


If we connect some macrophysical gadget to each of the detector amplifiers coupled to the several elements of the ring, and have those gadgets performing some macrophysical operation under the switch-on, switch-off command of the detector amplifiers, in such a way that they are put to work or to rest every time that a disturbed electron manifests itself upon the corresponding part of the ring, the assembly as a whole will constitute a macrophysical system completely undetermined in the order of its final operations. We can imagine, for instance, a jukebox with the selection of its records commanded by a unit of indeterminate control, or some sort of roulette under the same guidance.


So far, our device illustrates only physical indetermination in a series of macrophysical processes which can be in themselves either very simple — the case of the roulette — or very elaborate — the case of the reproduction of a record in the jukebox. With the further purpose of illustrating order which is significantly indeterminate all along its development, let us now imagine a piano Fig. 18.1 with a certain number of keys — say, 100 — and the activation of each of these keys decided by the output of one indeterminate control with a corresponding number of possible different states. Let the connection between this device of indeterminate control and the final mechanism of activation of the keys pass through circuitry specially designed to switch it off every time that the message started a unit that does not conform to a set of rules of musical composition which can be translated into the intermediary circuitry. This circuitry may, of course, incorporate a recording mechanism for all the operations of the system; and the rules of composition may accordingly state that after the successful activation of one key of the piano, only a few other keys — say, 5 among the 100 — may follow. The rules may also be such that in certain special cases they condition the activation of a new key in a sequence, not only to the immediately preceding element, but also to whole previous passages of the sequence; and they may as well comprehend other factors of musical composition such as rhythm and harmony of simultaneously sounding notes. Yet, as long as each new step in the musical succession admits more than one possibility which is in turn decided by the indeterminate control, the output of the instrument will also remain undetermined,
irrespectively of the high degree of order and organization which it can maintain.


Now, if elaborate and ordered, but physically uncertain and, in not very long runs, statistically irregular work is thus possible for merely physical machines, it is clearly also possible, in principle, for living beings — very specially for those with a highly developed nervous system. Such a nervous system may house millions or billions of nearly simultaneous processes equivalent to those described in connection with a unit of indeterminate control, and have all these connected according to the most elaborate interlocking; hence it can afford the opportunity for the accomplishment of sequences of meaningful, organized, and not-statistically monotonous behavior, very far exceeding in length of time the span of individual life.


In exceedingly long stretches of work, certain statistical regularities would in principle be rediscovered. But they would ultimately mean nothing more than, say, the statistical regularity of biological or social phenomena in their broadest scale, which, important and significative as they may be to the study of those phenomena in that scale, do not in the least account for a host of events that, for one reason or other, may be of the greatest possible significance, not only for nonstatistical sciences but also for other forms of interpretation of phenomena extremely meaningful and important for us.


During the last decades, certain devices have been designed and constructed which harness what are apparently indeterminate variations, or trial-and-error processes, into well-ordered sequences of behavior, or which simply associate the two by means of the employment of the so-called random generators. The work of Ross Ashby, Grey Walter, and other cyberneticians in that field is already widely known. However, the type of system and processes outlined above is like the reverse, in a very important sense, of what those other devices accomplish and exemplify - in spite of all the significant points of contact between the two cases. In fact, in the system proposed here as an illustration of the basic compatibility between physical indeterminacy and elaborate organization, the indeterminacy is ultimately real and absolutely irreducible to any sort of implicit physical laws; and the influence which the indeterminate events have on the system is not merely a restricted interference with what would otherwise be a completely defined determinate work. It is much more than that, since the indetermination actually occurs between the input and the output of the system; and, thus, contrary to the case of the cybernetic devices which incorporate "random-generators," does not manifest itself only in processes which can be ultimately regarded as a part of the input of the devices. Each new indeterminate  step in the musical sequence "composed" by the piano outlined here is most significantly decisive for the whole rest of the sequence; and no sign of randomness properly could be discovered in the sequence. Music itself would be its order.



"ORDER-FROM-DISORDER"

However, although it is thus clearly possible to put randomness and statistical regularity at the service of elaborate order in macrosystems significantly affected by discrete microevents, we should not overlook what is actually random, or merely statistically regular, in life, when we speculate about the possible role, or presence, of microincertitude in the steerage of living organisms. Schroedinger supposed that the transition from randomness into regularity or, as he calls it, the "order-from-disorder" principle, was an exclusive feature of the inanimate world, and that living matter might even be distinguished from inorganic matter by its observance of the different principle of "order-from-order" [Schroedinger, 1944]. There are, however, too many striking and ponderous exceptions to this rule for it to be attributed such an importance. Let us initially remark, in passing, that the semblance of a change of indetermination into order, in the work of devices such as those designed by Ashby and Walter, is exactly one of the chief reasons why they are often regarded as remarkably similar to living beings. Let us then notice that few things can look more haphazard than, for instance, the behavior of a unicellular organism, which, nevertheless, accomplishes what it must in order to survive or to fulfill the tasks it has to serve. No less random in aspect are also the variations of the physical shape of different intracellular structures which perform definite, ordered functions, among different specimens of a same species, and even in the same unicellular specimen along different moments of its life. The development of plants within a genus is again subject to a very wide random diversity. And once more liable to the same type of variation are the most typical behavioral patterns of several animals. The detailed study of some bird species, for instance, has led Professor Thorpe to remark "puzzling irregularities, uncertainties, and differences in individual and specific behavior" [Thorpe, 1961], an observation which certainly falls in with that made by other members of the ethologist school.

The research work of this school has, in fact, disclosed that the instinctive behavior of many vertebrates, which so often looks like a set of functional wholes very well ordered in all their several stages of development and completely predetermined from the start in all their chief features, is, as a matter of fact, open to a number of fortuitous variations. There are indeed well-determined innate action patterns, but these are often far from covering whole instinctive and behavioral functions, and thus also far from coming already mounted in broader schemes adapted to the functions — no matter whether or not they are among the most important which the animal will have to perform. The functional wholes are the later product of complex combinations, sometimes called "instinct-training interlockings," among innate and acquired patterns—such random flexibility prevailing in the shaping of the second of these patterns as well as in the processes of their compounding with the first ones that individual cases not infrequently arise quite out of harmony with what would be the normal rule, or the normal function. Many a most bizarre situation may then be defined. Let us just remember, at this juncture, the extremely curious — and sometimes delightful — observations of such phenomena which Lorenz has so vividly recorded and analyzed. Referring to the work conducted with chimpanzees by another ethologist, Schiller — a scientist of as strong behavioristic tendencies as Lashley — has textually said the following: "Playful manipulation is the instinctive response to objects. The acts are performed with no prescience of usefulness, and in the problem situation the very acts which might solve the problem may be performed in such way as to prevent success. The appropriateness of the act for such a task as getting food is discovered only by chance" [Lashley, 1957].


The shaping and the maintenance of order in conjunction with fortuity is thus something very currently accomplished in the biological domain with much ampler random variation and an even more unmistakable resource to haphazard procedures than in the merely physical machines of the type conjectured above, which can be made to work at the same time orderly and indeterminately. And if, on the one hand, we may suppose —without lapsing into simple fantasy — that microphysical incertitude affects the nervous system according to schemes in many points physically equivalent to those outlined here, we have to admit, on the other hand, that there is not even an invariably direct proportionality between degree of development of nervous system and ordered complexity of behavior physically controlled by it. This fact is more frequently and strikingly apparent during the early stages of individual life, but not always only then. The behavior of some insects is at the same time extremely more elaborate and regular than that of a very large number of fully grown vertebrates which, nevertheless, are endowed with incomparably more developed nervous systems.


If we consider, in addition, that no other transformation of haphazard, trial-and-error methods into rich and advanced order is accomplished between extremes as far apart as those defined by the behavior of human babies on the one side, and adult human behavior on the other, we shall certainly tend to conclude logically and realistically that the fully developed nervous system must be much more apt to work on the disorder-to-order principle than on the order-to-order one. If things are really so, the matchlessly intricate organization of the system provides us, not only with examples of striking coordination of all-the-time determinate functions — which are unmistakably always present, from the very start of individual life — but with no less remarkable instances as well, of a gradual fashioning of order against a background of randomness.


The systematic study of behavior of human infants furnishes indications basically in agreement with those we can get from the investigation of animal behavior — in spite of the very significant fact that the behavior of human beings is much more rudimentary, at its individual beginnings, than that of so many other animals species. The poverty of early human behavior does not exclude, of course, a number of definite reflex and automatic action schemes; but these, as in the case of the animals studied by the ethologists, do not come organized into broad, elaborate, instinctual, or functional wholes. Before this organization takes shape and acquires enduring structures, the accomplishment of some basic functions depend, to a significant extent (that is, in nearly all that is not achieved with learned external guidance ), on random activity. This activity at best, but not always, betrays only the semblance of a purposeful groping, and no more than a monotonous statistical regularity. As a matter of fact, a theory has already been advanced which asserts that the adaptation of the human infant to the different circumstances that he will have to live with is fundamentally effected by means of trial-and-error methods, that is, groping. Piaget, who does not subscribe to the "groping" theory in its simplest and most radical form, does not fail, however, to recognize explicitly the occurrence and the importance of random activity in the early development of infants [see, for instance, Piaget, 1959].


It might also be pertinent, at this moment, to make just a general reference to the role of play in the behavioral and mental development of the child. I would not attempt, of course, to identify play with random activity. Yet, there is no denying that one of the basic modalities of play — and one widely practiced by infants, as well as by animals — presents a characteristically random element in its development. It is the kind of a mere exercise of activity, which Piaget calls "practice games" [Piaget, 1951]. Besides, if there is not anything properly random in the other modalities of play, there is nothing there either, which denotes strictly determined order. Play is always characterized as a reverse of compulsion. Even in the case of games with definite and complex rules, these rules are there as if to define a structure within which, or around which, free variation can manifest itself; so that play actually provides a very cogent illustration for the conception of free order...



DISCUSSION



MAC KAY: I am very much in sympathy with Dr. Gomes' insistence on the usefulness of spontaneous activity in the nervous system, in that this relieves the animal from the sort of dilemma of which Buridan's donkey died, being unable to choose between two equally tempting bundles of hay. On the other hand, I am not sure that I have properly understood his connection of this with freedom of action. In exploring the idea of spontaneous processes in the nervous system, it has seemed to me that the effect of a random change in my neuron net would be something I would experience as happening to me rather than being done by me. In references [MacKay, 1951, 1952, 1953] in my paper, I have suggested that changes in the order in which ideas occur to one, for example, might be produced by processes which a physicist would describe as partly random; but I imagine that one would experience this as "an idea popping into one's head unbidden." I wonder if Dr. Gomes would agree that this field where spontaneous activity can be invoked is really quite separate from the domain of conscious sober control of action, without caprice?

GOMES: The main purpose of the part of my paper dealing with the possible role of microphysical incertitude in voluntary action is the proof of a rather negative aspect (because it chiefly aims at the removal of objections) that there is no inevitable antagonism between what necessarily are the physical characteristics of free action and the regularity of the physical elements of the world, such as the science of physics sees it today after the introduction of the uncertainty principle. I have not intended to proceed with my discussion to the core of the problem of free, responsible action, because I would then have to go very far into problems and hypotheses, the nature of which lies outside the scope of this Study Week. The point that it was my purpose to stress is that if anything equivalent to the system I have now described actually exists in the brain, the actions controlled in this organ may have the physical characteristics of free action—that is, they may be ordered and physically indeterminate at the same time. Let me add now that if the human will exerts a control over a system of that nature, it can do it without any violation of the physical regularity of the physical elements of the brain.


As to the question of randomness itself, I have shown in the subsequent part of my paper that the more advanced is the place of a species in the animal scale, the more does the behavior, and probably the mental experience, of a specimen begin at a rudimentary level. Randomness is then often a very obvious feature; and it is only gradually during life that this randomness is changed into order.


MAC KAY: Perhaps I did not make my question clear. I was not discussing this theory in particular, but rather the nature of our freedom to control our actions. Would you not agree that if an element of randomness came into the chain of control of my action, this would tend towards excusing me from responsibility for it, rather than crediting me with responsibility for it?


GOMES: That I sharply distinguish between randomness and freedom should have become sufficiently clear in several passages of my exposition, though I have purposely avoided the philosophical question of their detailed characterization. However, I do believe that randomness has a decisive role in the genesis, though not properly in the full exercise, of freedom and responsibility. This is a point which, owing also to the shortage of time, I have now only very hurriedly referred to. Its full exposition would require the development of a whole genetic theory of individuality, which, of course, I cannot do now.
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Benjamin Gal-Or is emeritus professor in Israel's Technion  Faculty of Aerospace Engineering 

During the 1970's, he published several articles on thermodynamics, cosmology, and the origin of irreversibility, including 



"The Crisis about the Origin of Irreversibility and Time Anisotropy," Science, 7  April 1972, Volume 176, Number 4030  



"Cosmological origin of irreversibility, time, and time anisotropies. I," Foundations of Physics 6.4 (1976): 407-426.



 "The new astrophysical school of thermodynamics." Space Science Reviews, 22.2 (1978): 119-151.


In 1981 Gal-Or published a book, Cosmology, Physics, and Philosophy, a wide-ranging course curriculum that covered topics from classical and quantum physics of small systems out to questions of cosmology, then back to Earth again for philosophical questions.  


Gal-Or  was especially interested in "arrows of time," what Arthur Stanley Eddington had first called Time's Arrow, which Eddington attributed to the increase in entropy over time demanded by the second law of thermodynamics. 


In his 1981 book Gal-Or  said that irreversibility can not be deduced from quantum mechanics, that "quantum-mechanical tactics...fall into the trap of assuming that which they set out to prove. One cannot get uncertainty for certainty, nor indeterminism from determinism."  (Our explanation of the origin of irreversibility in fact starts with Einstein's 1916 discovery of indeterminism when light quanta interact with the discrete quantum energy levels of atoms.)


Gal-Or wrote...


Over the last decades there have been remarkable developments in thermodynamics and quantum mechanics. Yet many of the basic problems have remained largely unsolved. In the spectrum of opinions expressed by authors who have attempted to solve these problems, one can roughly distinguish three main schools of thought:

1) Traditional axiomatic thermodynamics with some refined modifications, which however, cannot explain the origin of irreversibility and time asymmetries.


2) The statistical school, which generates “man-made irreversibility’’ or “manmade statistical evolution” by imposing asymmetric conditions on symmetric equations (or concepts) in order to describe the observed behavior of (relatively small) local systems (see below).


3) The new gravitational school, which deduces the origin of evolution, irreversibility and electromagnetic and thermodynamic time asymmetries from gravitation and the large-scale (nonequilibrium) dynamics of gravitationally-induced processes. The latter, in turm, are intimately related to the non-static properties of the (time-symmetrical) field equations of the gravitational field. This school includes some new modifications to the physics of time and is part and parcel of gravitism (Introduction).


Because the basic ideas of the first school are by far better covered in the textbooks, and because of the limited length of these lectures, the latter are concerned mainly with the last two schools of thought. We therefore turn now to examine the problems associated with the second school and, in particular, with false ideas that are traditionally associated with the concepts of “statistical evolution’’, “statistical asymmetry’’, etc.


My object in this connection would be to show that, to obtain a consistent mathematical formulation of entropy growth, irreversibility, evolution, and asymmetry in probabilistic theories, one needs ‘to break ’ the symmetric properties of the statistical-probabilistic equations. So far physicists have done this by means of (a priori) imposing on these equations an (often hidden postulate of) asymmetry (which, in itself, is equivalent to the very results that the mathematical analysis is aimed “to prove”). In other words, the (asymmetric) “results” (of classical and quantum-statistical physics) are not really results for they are deliberately enforced on, not deduced from the (symmetric) formalism (§V. 5).


Such quantum-mechanical tactics are, as I shall explain, unacceptable. Moreover, they lead to a highly misleading philosophy of science, which, in turn, has generated a ludicrously jncongruous mode of thinking in education and in general philosophy (see below). Their advocates all fall into the trap of assuming that which they set out to prove. One cannot get uncertainty for certainty, nor indeterminism from determinism (see below).*
These conclusions lead to somewhat surprising results, which, in turn, are related to the very core of our physical theories and to the role of time, causality, and determinism in philosophy.


My viewpoint, as expressed in these lectures, stems from my long-time search for an explanation of time asymmetries, evolution, irreversibility and thermodynamics within the various frameworks of quantum mechanics; a search which has systematically disclosed that quantum mechanics is not a universal theory, but rather should be viewed as a practical “tool" in characterizing phenomena on a limited physical scale—a “tool” that must be incorporated into a more universal framework.


In spite of their importance in physics and philosophy alike, the fundamental problems of quantum mechanics have rarely, if ever, been evaluated from the combined points of view of the theories of time asymmetries, thermodynamics, evolution, structure, relativity, cosmology and philosophy. The present study is designed to fill this gap.


Contrary to this viewpoint, most physicists (and non-physicists) possess today an unshakable belief in the ability of quantum mechanics to explain and deduce the origin of thermodynamics, evolution, structure, and time asymmetries from its formalism. This belief stems, perhaps, from the fact that most scientists are today so thoroughly conditioned to the artificial imposition of the quantum-statistical postulates, that they hardly pause to consider their divertive consequences. With the present aversion to physico-philosophical inquiry in physics, an attempt to displace the resulting semi-sacrosanct myth calls for more than a proof of the fallacy involved: for more than the authority of Einstein; perhaps eVen for more than the full impact of a body of new empirical data in a wide spectrum of interconnected fields of study; it calls for an entirely new approach to the methodology of academe (Volume II).




Gal-Or on David Layzer
Cosmology, Information, and the Second Law
Another approach to cosmology, information, and the second law of thermodynamics has been described by Layzer(19). He discusses two paradoxical aspects with interesting implications. Assuming that the initial state of the universe was very simple (and hence required a very small quantity of information for its specification) and noting that the present state of the universe is exceedingly complex (hence requires a large quantity of information for its specification), he points out the contraction with the second law of thermodynamics, which requires, among other things, that the information contained in a macroscopic description of an isolated physical system never increase. 


Relatedly, Layzer discusses the evolution in time of a universe whose mean spatial curvature is positive.  Here the assumption that the initial state is one  of thermodynamic equilibrium at zero temperature makes sense only if the universe returns to this state at the end of each cycle of expansion and contraction. But the identity of the initial and final states seems to contradict the fact that in the course of the expansion an irreversible generation of entropy (loss of information) must occur. 


According to Layzer(19), information can always flow from the macroscopic to the microscopic degrees of freedom. Broadly speaking, this necessary condition for the law of increasing entropy to be valid is that the entropy associated with the microscopic degrees of freedom of a system should initially have its maximal possible value (that is, initial microscopic information should be absent). This is considered as an objective property of the universe. Thus, the arrow of time is transferred from the  universe as a whole to the astronomical systems that     separate out in the course of the expansion. Every newly formed system, no matter how complex its structure may be, is devoid of microscopic information. The justification for applying the second law of thermodynamics to the universe as a whole, according to Layzer, is the additivity of entropy (that is, if the law applies locally, it must also apply globally). The question is, then, whether entropy remains an additive quantity over large volumes of space. Up to a point, the amount of information required to describe the content of a given volume of space undoubtedly increases in direct proportion to the volume. In principle, however, the content of a volume whose dimensions greatly exceed the scale of local irregularities is largely predictable. Thus, the accuracy of predictions generally increases with volume. Since only a finite quantity of information is required to specify the entire universe, the entropy per unit volume approaches zero as the volume increases indefinitely. Consequently, the very concept of additive entropy fails. As to the origin of the electromagnetic arrow, Layzer(19) believes,contrary to Narlikar(20), that it is determined by the thermodynamic arrow of time.
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   Brian Goodwin was a mathematician and biologist who helped found the field of mathematical and theoretical biology, which includes modeling, complex systems biology, bioinformatics, and computational biology. He was a co-founder of the Santa Fe Institute, where the emphasis was on deterministic chaos and the self-organization of complex adaptive systems as the model for biology.

But Goodwin did not like the prevalent opinion that biology can be "reduced" to chemistry and physics. Like Ernst Mayr and others who called for a new philosophy of biology, Goodwin emphasized that biological systems have a history, unlike anything in physics. He liked the "philosophy of organism" proposed by Alfred North Whitehead's Process Philosophy and disliked René Descartes' dualism of mind and body.


He was a bit skeptical about Darwinism, arguing that genes cannot fully explain the complexity of biological systems. He thought that nonlinear  phenomena and perhaps even new fundamental laws were needed to understand evolutionary biology. Complex patterns observed in nature might result from constraints imposed by complexity, with natural selection in a secondary role.


Perhaps Goodwin's greatest contribution to biology was the suggestion that biological systems, and subsystems down to the proteins (Jacques Monod thought proteins were purposeful - "teleonomic"), should be regarded as creative cognitive systems, using their knowledge to decide on actions and behaviors. He named this idea cognitive biology.


He described what he meant by knowledge, and how knowledge (and a knowing system) can give "meaning" to information.



I have defined knowledge as a useful description of some aspect of the world,
giving the possessor the competence to behave in a manner which contributes to
its survival and reproduction. The fact that we are dealing with
descriptions means that there are codes or sets of codes which relate them to that
which is described. The unravelling of such codes, which is the equivalent of
learning to read an unknown language, together with the solution of the problem
how the knowledge is transmitted reliably from generation to generation, has been
a major preoccupation of contemporary biology: coded knowledge is located largely
in the DNA, which acts as a primary memory store for the organism, this knowledge
being in the form of hypotheses which need to be translated into active form
for testing. However, there is a great deal of 'tacit' knowledge in other structures.
The elucidation of the translation and assembly process from the coded linear
sequences in the DNA to active three-dimensional proteins, which function as
tests of genetic hypotheses by revealing their meaning, constitutes one of the
triumphs of twentieth-century biology.

I used the term 'meaning' above in relation to the translation and testing of genetic
hypotheses and it needs some clarification in this context. In coded form as it occurs
in the DNA, the information for a particular protein such as the enzyme β-galactosidase
(required for the catabolism of the nutrient lactose in micro-organisms) or a
crystallin (a protein which forms the transparent lens of the eye) cannot be tested
because it exerts no action upon the organism or its environment. Before it can
be tested, the information in the DNA must be translated into a form in which it
exerts a particular type of force and acts within a particular context. Thus the β-galactosidase
converts lactose into glucose and galactose when it operates within
the context of the bacterial cell (which defines particular conditions of pH, osmotic
concentration, substrate level, etc.); while a crystallin transmits light rays in a
particular way within the context of the eye. These activities may be said to constitute
tests of meaning of the coded hypotheses in the hereditary material, involving
the interpretation of the information. This interpretation takes place within a particular
context, which in part determines the pattern of forces which operate during
the testing operation. We then arrive at a distinction between information and
knowledge. The technical definition of information involves only selection (e.g.
specifying one out of a set of possibilities), but says nothing about meaning, which
I take always to involve activity in real space-time. Thus knowledge differs from
information in that it not only involves selection of alternative possibilities, but
also includes instruction for action which, operating in a particular context, conveys
meaning.




Goodwin marks the "discontinuity" between the human and the biological spheres as the use of symbols (abstract thought like his mathematics), a view shared by many theoretical scientists. Information philosophy focuses on the creation of abstract, symbolic information by humans, its communication, and its external storage for use by future humans (the Sum). 


My own definition of knowledge as a useful description of an aspect of the world
has itself dualistic overtones, since it can be taken to mean that the description
need not reproduce the essence of that described, but only represent it in some
formal sense. My meaning is that knowledge is manifest when there is a re-enactment
of the process which is described, as the biological clock re-enacts the cyclic
process of the night-day-night transition. The evolutionary history of the organism,
which includes the experience of these day-night cycles, is embodied in the organism's
activity. Therefore its knowledge is in its process; it is not something static,
set aside from this process. Thus instead of a description of the organism's world
emerging from the organism as subject, which is the Cartesian or the Kantian way
of looking at knowledge, we have the organism emerging from the world as an
organised, coherent whole in which knowledge is a constituent of activity: a constraining,
ordering constituent, as described above. As Whitehead (Process and Reality) has put
it: 'Descartes in his philosophy conceives the thinker as creating the occasional
thought. The philosophy of organism inverts the order, and conceives the thought
as a constituent operation in the creation of the occasional thinker . . . . In this
inversion we have the final contrast between a philosophy of substance and a philosophy
of organism.' The creative process thus realises itself through the organised
activities of beings. For Whitehead this description applies not only to organisms,
but to Nature in general, thus avoiding a physical-biological dualism. But we then
find ourselves in the position of asking what is the nature of these beings if they
are other than biological organisms; i.e. how are we to recognise other 'actual
entities' apart from ourselves and other organisms? We are faced with some kind
of distinction between the organic and the inorganic, between animate and inanimate.
Whitehead regards this distinction as fictitious, arising from an abstraction. He also
appears to deny that there is any significant distinction between organic order and
mind. This denial results in the important assertion of continuity, of a basic unity
in the world; but it fails to recognise different levels of creative organisation, and
to distinguish between them. I have suggested a distinction between biological and
physical process in terms of the concept of a cognitive system;
but a distinction between organisms and minds requires, I believe, a theory of symbolic
and moral processes which characterises human intelligence and contrasts it
sharply with the constrained knowledge which operates in organisms. Symbolic
thought has degrees of freedom not available to processes which employ fixed
relationships of interpretation and meaning between structures and their descriptions
(reproductions or re-enactments).

However, despite the necessity for clear distinctions between levels of organisational
complexity in Nature, I believe that a major consequence of Whitehead's
philosophy of organism is the resolution of the Cartesian duality in his vision of the
world as creative process. The fundamental category of being is activity, creative
activity. In relation to organismic process, knowledge is an essential ordering
ingredient. Man as an actual entity interacts with every other actual entity, i.e. the
rest of the universe, and this is how the world can be known, why it is intelligible.
Knowledge cannot be obtained without this union and the way of science is the
way of experience. Knowledge comes through the resolution of complication into
greater and greater simplicity and the art of resolution is the art of life. A cognitive
biology seeks to bring this vision into clearer perspective. The way is made infinitely
easier by the extraordinarily penetrating insights of Whitehead.
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Carl Friedrich Gauss was one of the greatest mathematicians of all time. He contributed a great deal to the study of probabilities and chance by rigorous definitions of concepts that had been treated by Abraham de Moivre and Pierre-Simon Laplace.

Gauss proved that among unimodal,
symmetric and differentiable distributions φ(x-x0) the normal distribution
is one in which the maximum likelihood estimator X of the
location parameter x0 coincides with the arithmetic mean.


His proof is as follows: Let M1,M2,... be the observations, μ in number,
with p being their arithmetic mean. 


Then the likelihood equation


φ'(M1 - X) + φ'(M2 - X) + .... = 0


in which φ'(Δ) = dφ(Δ)/φ(Δ)dΔ will possess a (unique) solution p, i.e.



φ'(M1 - p) + φ'(M2 - p) + .... O.


Supposing, then, that M2 = M3 ..... M1 - μN, Gauss arrived at


φ'[N(μ - 1)] = (1 - μ )φ'(-N), φ'(Δ)/Δ = k,  (k < 0)


for any natural μ, so


φ(Δ) = CekΔ2/2.


In 1718 de Moivre had defined probability very simply


The Probability of an Event is greater or less, according to the number of Chances by which it may happen, compared with the whole number of Choices by which it may happen or fail.

 
This brief statement contains the assumption that all states are equally probable, assuming that we have no information that indicates otherwise. 

While this describes our information epistemically, making it a matter of human ignoranc, we can say ontologically that the world contains no information that would make any state more probable than the others. Such information simply does not exist. This is sometimes called the principle of insufficient reason or the principle of indifference.


If that information did exist, it could and would be revealed in large numbers of experimental trials, which provide the statistics on the different "states." 

Probabilities are theories. Statistics are experiments.

In the philosophical controversies between a priori or epistemic probability and a posteriori or ontological probability, the latter is often said to be the "frequency" interpretation of probability.



Probability Distributions


de Moivre worked out the mathematics for the binomial distribution by analyzing the tosses of a coin. If p is the probability of a "heads" and q = 1 - p the probability of "tails," then the probability of k heads is


Pr(k) = (n!/(n - k)! k!)p(n - k)qk

Pierre-Simon Laplace also derived this result, which is sometimes called the de Moivre-Laplace Theorem. 


de Moivre also was the first to approximate the factorial for large n as 
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James Stirling determined the constant in de Moivre's approximation ( = √(2π), which is now commonly called Stirling's approximation.
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Dennis Gabor was a British physicist and electrical engineer whose invention of holography won him the Nobel Prize in Physics for 1971. He made important contributions to information theory with the first attempts to measure the "quantity" of information.

In 1946, he published a classic paper
entitled 'Theory of Communication', in which the Fourier transform
theory used in wave mechanics was applied to
the frequency-time (f-t) domain of the communication
engineer, with the suggestion that a signal occupying an
elementary area of Δf Δt = 1/2 could be regarded as a "unit
of information", which he called a "logon".


Before Gabor, signal frequencies, whether audible, electrical, or visual,  were analyzed either as a function of time or as multiple frequencies in a Fourier analysis. He now proposed to do both simultaneously. He found that when he increased discrimination in one of these, the uncertainty in the other increased.


He recognized the connection with quantum uncertainty, without referring explicitly to Werner Heisenberg's uncertainty principle.
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Indeed, if you multiply Gabor's expression by Planck's constant h, you get the expression for quantum uncertainty in terms of energy and time, since 
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Gabor's "logon" was cited by Donald MacKay as one of the earliest "measures" of information. (The other was that of R. A. Fisher.)
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   GianCarlo Ghirardi is the intellectual leader of a group of physicists who want to modify the linear Schrödinger equation, adding nonlinear stochastic terms to cause the "collapse" of the wave function during a quantum measurement. 

Ghirardi and his colleagues were motivated by the mysteries of nonlocality and entanglement that appear in Einstein-Podolsky-Rosen experiments, and especially by the enthusiastic support of John Bell for their work.

Bell's Theorem and Inequalities pointed the way to the many physical experiments that have confirmed the standard model of quantum mechanics, but Bell and others were never satisfied that standard quantum mechanics could "explain" what is "really" going on in the microscopic world (despite the extraordinary accuracy of the theory).


The most famous proposal for a solution to these mysteries was Albert Einstein's original criticism that quantum mechanics was "incomplete" and that additional information was needed to restore his intuition of "local reality." David Bohm pursued the search for "hidden variables" that could restore locality and determinism to physics, but the many experimental tests that followed Bell's suggestions have generally ruled out any such local hidden variables.


Ghirardi's work is focused more on an explanation for the sudden "collapse" of the wave function. Bell had criticized the work of John von Neumann, who could not locate the boundary between the quantum system and the classical measuring apparatus. Werner Heisenberg called this a "cut" or "Schnitt" between quantum and classical worlds. Von Neumann said the cut could be located anywhere from the atomic system up to the mind of the conscious observer, injecting an element of subjectivity into the understanding. John Bell called this movable boundary a "shifty split," and illustrated it with a sketch (below).



Ghirardi (with his principal colleagues, Alberto Rimini and Tullio Weber) looks to explain the collapse that accompanies measurement as a consequence of additional random terms which they add to the Schrödinger equation.    
  


The GRW scheme represents a proposal aimed to overcome the difficulties of quantum mechanics discussed by John Bell in his article "Against Measurement." The GRW model is based on the acceptance of the fact that the Schrödinger dynamics, governing the evolution of the wavefunction, has to be modified by the inclusion of stochastic and nonlinear effects. Obviously these modifications must leave practically unaltered all standard quantum predictions about microsystems.

To be more specific, the GRW theory admits that the wavefunction, besides evolving through the standard Hamiltonian dynamics, is subjected, at random times, to spontaneous processes corresponding to localisations in space of the microconstituents of any physical system. The mean frequency of the localisations is extremely small, and the localisation width is large on an atomic scale. As a consequence no prediction of standard quantum formalism for microsystems is changed in any appreciable way.


The merit of the model is in the fact that the localisation mechanism is such that its frequency increases as the number of constituents of a composite system increases. In the case of a macroscopic object (containing an Avogadro number of constituents) linear superpositions of states describing pointers `pointing simultaneously in different directions' are dynamically suppressed in extremely short times. As stated by John Bell, in GRW Schrödinger's cat is not both dead and alive for more than a split second'.



John Bell attacked Max Born's statistical interpretation quantum mechanics and praised GRW in his 1989 "Against Measurement" article:


In the beginning, Schrödinger tried to interpret his wavefunction as giving somehow the density of the stuff of which the world is made. He tried to think of an electron as represented by a wavepacket — a wave-function appreciably different from zero only over a small region in space. The extension of that region he thought of as the actual size of the electron — his electron was a bit fuzzy. At first he thought that small wavepackets, evolving according to the Schrödinger equation, would remain small. But that was wrong. Wavepackets diffuse, and with the passage of time become indefinitely extended, according to the Schrödinger equation. But however far the wavefunction has extended, the reaction of a detector to an electron remains spotty. So Schrödinger's 'realistic' interpretation of his wavefunction did not survive.

Then came the Born interpretation. The wavefunction gives not the density of stuff, but gives rather (on squaring its modulus) the density of probability. Probability of what exactly? Not of the electron being there, but of the electron being found there, if its position is 'measured*.


Why this aversion to 'being' and insistence on 'finding'? The founding fathers were unable to form a clear picture of things on the remote atomic scale. They became very aware of the intervening apparatus, and of the need for a 'classical' base from which to intervene on the quantum system. And so the shifty split.


The kinematics of the world, in this orthodox picture, is given
a wavefunction (maybe more than one?) for the quantum part, and
classical variables — variables which have values — for the classical part: (
  Ψ
(t, q, ...), X(t),...). The Xs are somehow macroscopic. This is not spelled out very explicitly. The dynamics is not very precisely formulated either. It includes a Schrödinger equation for the quantum part, and some sort of classical mechanics for the classical part, and 'collapse' recipes for their interaction.


It seems to me that the only hope of precision with the dual (
  Ψ
, x) kinematics is to omit completely the shifty split, and let both 
  Ψ
 and x refer to the world as a whole. Then the xs must not be confined to some vague macroscopic scale, but must extend to all scales. In the picture of de Broglie and Bohm, every particle is attributed a position x(t). Then instrument pointers — assemblies of particles have positions, and experiments have results. The dynamics is given by the world Schrödinger equation plus precise 'guiding' equations prescribing how the x(t)s move under the influence of 
  Ψ
. Particles are not attributed angular momenta, energies, etc., but only positions as functions of time. Peculiar 'measurement' results for angular momenta, energies, and so on, emerge as pointer positions in appropriate experimental setups. Considerations of KG [Kurt Gottfried] and vK [Norman van Kampen] type, on the absence (FAPP) [For All Practical Purposes] of macroscopic interference, take their place here, and an important one, in showing how usually we do not have (FAPP) to pay attention to the whole world, but only to some subsystem and can simplify the wave-function... FAPP.


The Born-type kinematics (
  Ψ
, X) has a duality that the original 'density of stuff' picture of Schrödinger did not. The position of the particle there was just a feature of the wavepacket, not something in addition. The Landau—Lifshitz approach can be seen as maintaining this simple non-dual kinematics, but with the wavefunction compact on a macroscopic rather than microscopic scale. We know, they seem to say, that macroscopic pointers have definite positions. And we think there is nothing but the wavefunction. So the wavefunction must be narrow as regards macroscopic variables. The Schrödinger equation does not preserve such narrowness (as Schrödinger himself dramatised with his cat). So there must be some kind of 'collapse' going on in addition, to enforce macroscopic narrowness. In the same way, if we had modified Schrödinger's evolution somehow we might have prevented the spreading of his wavepacket electrons. But actually the idea that an electron in a ground-state hydrogen atom is as big as the atom (which is then perfectly spherical) is perfectly tolerable — and maybe even attractive. The idea that a macroscopic pointer can point simultaneously in different directions, or that a cat can have several of its nine lives at the same time, is harder to swallow. And if we have no extra variables X to express macroscopic definiteness, the wavefunction itself must be narrow in macroscopic directions in the configuration space. This the Landau—Lifshitz collapse brings about. It does so in a rather vague way, at rather vaguely specified times.


In the Ghirardi—Rimini—Weber scheme (see the contributions of Ghirardi, Rimini, Weber, Pearle, Gisin and Diosi presented at 62 Years of Uncertainty, Erice, 5-14 August 1989) this vagueness is replaced by mathematical precision. The Schrödinger wavefunction even for a single particle, is supposed to be unstable, with a prescribed mean life per particle, against spontaneous collapse of a prescribed form. The lifetime and collapsed extension are such that departures of the Schrödinger equation show up very rarely and very weakly in few-particle systems. But in macroscopic systems, as a consequence of the prescribed equations, pointers very rapidly point, and cats are very quickly killed or spared.


The orthodox approaches, whether the authors think they have made derivations or assumptions, are just fine FAPP — when used with the good taste and discretion picked up from exposure to good examples. At least two roads are open from there towards a precise theory, it seems to me. Both eliminate the shifty split. The de Broglie—Bohm-type theories retain, exactly, the linear wave equation, and so necessarily add complementary variables to express the non-waviness of the world on the macroscopic scale. The GRW-type theories have nothing in their kinematics but the wavefunction. It gives the density (in a multidimensional configuration space!) of stuff. To account for the narrowness of that stuff in macroscopic dimensions, the linear Schrödinger equation has to be modified, in this GRW picture by a mathematically prescribed spontaneous collapse mechanism.


The big question, in my opinion, is which, if either, of these two precise pictures can be redeveloped in a Lorentz invariant way.


...All historical experience confirms that men might not achieve the possible if they had not, time and time again, reached out for the impossible. (Max Weber)

...we do not know where we are stupid until we stick our necks out. (R. P. Feynman)



Information physics locates Bell's "shifty split" without making GRW ad hoc additions to the linear Schrödinger equation. The "moment" at which the boundary between quantum and classical worlds occurs is the moment that irreversible observable information enters the universe.


Although GRW make the wave function collapse, and their mathematics is "precise," they still can not predict exactly when the collapse occurs. It is simply random, with the probability very high in the presence of macroscopic objects. In the information physics solution to the problem of measurement, the timing and location of the Heisenberg "cut" are identified with the interaction between quantum system and classical apparatus that leaves the apparatus in an irreversible stable state providing information to the observer. 


GianCarlo Ghirardi on Measurement


In his elegantly written and nicely illustrated 2005 book, Sneaking a Look at God's Cards, Ghirardi starts his discussion of the measurement problem by noting that the principle of superposition of states means that some observables lack a precise expectation value, so we can speak only of the probability of outcomes. The most characteristic example, he says, is the diagonally polarized photon in a linear combination of vertical and horizontal polarization states discussed in the case of Dirac's Three Polarizers.
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Ghiradi asks whether a macroscopic system can be in such a superposition (think of Schrödinger's live and dead cats), which he describes as 
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He says (p.348)


The conclusion is obvious but unsettling: if we admit that the theory (or rather, simply, the superposition principle) has universal validity, and thus governs as well the behavior of macrosystems, it is inescapable to accept that, in principle, macrosystems too can be found in superpositions of states corresponding to precise and different macroscopic properties, with the consequence that these systems cannot legitimately be thought to possess any of these properties. In our specific case, a macroscopic object "is capable of not having the property of being in some place."


With this conclusion, Ghirardi begins his discussion of measurement.
15.2. THE QUANTUM THEORY OF MEASUREMENT


To illustrate how inevitably we are confronted — once the limitless validity of the principle of superposition is assumed — with the practical possibility of occurrence of states like 15.2, let us now take a look at the thorniest and most controversial problem of the theory, the process of measurement. The reader needs to be warned that the problem cannot be avoided, and that it inevitably involves macroscopic systems. In fact, owing to the huge difference of scale between human beings and the microscopic systems we want to study, any attempt to obtain information about them requires a process of amplification that strictly correlates the microscopic properties to situations that are macroscopically perceivable and hence distinguishable to our perception. The problem is traditionally approached with reference to what is technically known as von Neumann's ideal measurement process, named from the scientist who first formulated it in precise terms.

For this purpose we can refer to experiments of the kind discussed in chapters 3 and 4, in which photons with definite states of polarization were sent into a birefringent crystal, and we enrich the analysis by including the dynamics of the detecting apparatus. In the discussion of those chapters we simply said that "the detector detects (does not detect) the arrival of a photon," insofar as this was the only relevant information for the analysis we were then making. Now, however, we must inquire into the precise sense of this assertion and investigate the physical processes to which reference is made in the cases of concrete experiments carried out in laboratories. A reasonable and sufficiently realistic description of what happens (as pointed out in chapter 6) would be the following: the purpose of a measurement is to infer something about the system being measured from the outcome of an appropriate experiment. It follows that the interaction between microsystem and measuring apparatus should bring about a macroscopic change of the apparatus in such a way that, by observing the state of the apparatus after the process, we would be able to obtain the desired information. Instead of what we did in the foregoing chapters, i.e., consider two different detectors placed, respectively, on the ordinary and extraordinary beams, this time we will imagine the apparatus as a box (Figure 15.1) with two regions on it, equally sensitive to incoming photons, and we will suppose that the box includes an instrument with a macroscopic pointer that can be in three positions, designated as —1, 0, and +1. 
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FIGURE 15.1. Schematic representation of a measuring apparatus with the pointer in position 0, which indicates that it is ready to register the arrival of a photon either in the upper shaded region U or in the lower shaded region L. In response, the pointer of the apparatus will move, once the interaction takes place, to position —1 or +1, respectively.



The zero position of the pointer is the state of the apparatus before it has interacted with a photon and can be designated as "the state of the apparatus ready to carry out a measurement." We will also have to suppose that the interaction of the apparatus with the photon is such as to permit us to recognize from the final position of the pointer, if the photon struck the apparatus in the spot L (for lower), corresponding to the ordinary ray (+1), or the spot U (for upper), corresponding to the extraordinary (-1).

To take up the problem it will be convenient to analyze first of all the case in which a vertically polarized photon is sent into a birefringent crystal placed in front of the apparatus. As we know, the photon will be propagated along the ordinary ray and will end up striking the region L of the apparatus. Alternatively, we will consider a horizontally polarized photon that we know will with certainty follow the extraordinary ray and will end up striking region U of the apparatus (Fig. 15.2a,b). 
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FIGURE 15.2. Schematic representation of the effect obtained by activating an ideal measuring apparatus by states having the precise polarizations that the apparatus is set up to reveal.



We designate as | A0 >, | A+1 >, and | A-1 > the states of the apparatus in which the pointer points, respectively, to the three indicated positions. For simplicity we will suppose, with von Neumann, that the photon passes through the apparatus without changing its state.


The quantum evolution of the two states can be represented as follows:



| V, A0 > => | V, A+1 >,         (15.5a)

| H, A0 > => | H, A-1 >,         (15.5b)



in which the final states describe, respectively, a vertically polarized photon correlated with the state in which the pointer of the apparatus indicates +1, and a horizontally polarized photon correlated with the state in which the apparatus indicates -1.


We are now prepared to show how the problem of the quantum theory of measurement arises. First, since the two processes described above involve physical systems that are completely normal for the theory in question (the apparatus is composed of electrons, protons, neutrons, etc.), we must inevitably assume that the whole evolution symbolized by the arrows in the formulas above is nothing other than the Schrödinger evolution for the system "photon + apparatus." But the fundamental characteristic of quantum evolution, once again, consists in its linear character: the evolution of a state which is the linear superposition of two initial states is the same as the superposition of what has evolved out of the same initial states. We now prepare an initial state that is a linear combination of the two initial states considered above: for this purpose it is enough to send a photon with a polarization plane of 45° into a birefringent crystal. Then, for the initial state we have the following:



 | Initial > = ( 1/√2) [ | V > + | H > ]  | A0 > 
    = ( 
  1
  
    /
  
  
    √
  
  2
) [ | V, A0 > + |  H, A0 > ]         (15.6)



Now this, thanks to the linear character of the dynamics, will evolve into the same linear combination of the two final states of the equations (15.5a,b):



| Initial > = ( 1/√2) [ | V, A+1 > + | H, A-1 > ]           (15.7)


The final state (Figure 15.3) is a superposition of two states that are macroscopically different, since in the first of the two, the macroscopic pointer of the apparatus points to +1, and in the second it points to -1. The argument shows in a simple way how to realize a state of the type considered in the preceding section.
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FIGURE 15.3. In the case when the apparatus is set off by a polarization state that is the superposition of the states that it is programmed to register, and under the assumption that the measuring process is governed by the linear laws of the theory, one must conclude that the final state does not correspond to an apparatus with the pointer in a definite position. The quantum mechanical ambiguity associated with the superposition becomes, as it were, transmitted to the macroscopic system.


A few observations:


1. As discussed in Section 15.1, it is extremely problematic to find some physically intelligible meaning for state (15.7).

2. This state is an entangled state of the photon and the apparatus and as such it is not legitimate to attribute definite polarization properties to the photon or definite positions to the pointer of the apparatus.


3. The treatment is oversimplified. The states of the apparatus that appear in the preceding formulas concern a macroscopic system, and, as we have already pointed out, the specification for the position of the pointer is not enough to characterize them completely. To be rigorous we would have to do what we did at first, namely, add points that would refer to all the other degrees of freedom of a system as complex as this. Nevertheless, as observed in the preceding section, this does not have any consequences for what concerns the fact that any assertion about the position of the pointer is illegitimate, and it is even not permitted us to think that it has a precise position. The relevant physical implications of the enormous complexity of the apparatus will emerge when we pose the problem of how to "verify in the laboratory" that in fact, at the end, there is a superposition of macroscopically distinguishable states. But this does not change in the least the objective "given" that such a superposition must be considered present whenever it is assumed that we have at our disposal an apparatus that reliably allows the identification of vertical or horizontal polarization of a photon, and that the interaction between the measured system and the measuring apparatus is a process that obeys the general laws of the theory.


4. As already mentioned, the difficulties that appear do not derive from our idealizations or simplifications introduced into the interpretation. This has been emphasized repeatedly in the literature by John Stewart Bell and Bernard d'Espagnat among others. To my knowledge, the most mathematically rigorous demonstration of the fact that the very possibility of using measuring apparatuses with a high degree of reliability implies the indefiniteness of some of their macroscopic properties, appears in a paper which I recently wrote in collaboration with my doctoral student A. Bassi.




15.3. QUANTUM EVOLUTION AND THE REDUCTION OF THE WAVE PACKET


I would now like to direct the reader's attention to the way the orthodox interpretation gets around the difficulties we have outlined in the foregoing sections. Why would that interpretation not have to face the embarrassing occurrence of superpositions of states that are distinguishable at the macroscopic level? In order to understand this point, we need to recall that the theory in its general formulation includes a postulate that becomes operative every time a process of measurement is carried out, and that is the postulate of the reduction (or collapse) of the wave packet. Before we carried out our analysis, every reader, when faced with the situation summarized by the equation (15.7), would have replied correctly about the ultimate situation of the experiment, asserting that in an entirely casual and unpredictable way there would occur either the situation with the photon polarized vertically and the apparatus registering +1, or the situation in which the photon is polarized horizontally, with the apparatus showing -1. And this is in fact what we would experience if we actually looked at the apparatus. No physicist would be embarrassed about this: going into the laboratory, and looking at the pointer on the gauge, he (or she) would find it definitely in one position or the other.

It is consequently very tempting to say that the problem we are discussing is a pseudoproblem: the theory has already given us a solution that does not cause any embarrassing situation, and our own experience confirms the correctness of such an assessment. And so what can be wrong with this simple, clear argument? The problem emerges from the analysis itself: the application of a principle (linearity), whose unlimited validity is assumed by the theory, to the description of the measuring process, leads inevitably to the conclusion that the final state of system + apparatus is the embarrassing state that appears on the right side of equation (15.7), while the postulate of the reduction of the wave packet says that the final state is something else — namely, one of the nonproblematic terms of the sum (for each of which it can be said that the pointer of the apparatus is in a definite position). The conclusion is clear: the postulate of the reduction of the wave packet logically contradicts the hypothesis that the evolution of the system we are investigating is in fact governed by quantum mechanics. In other words, the theory is not in a position to explain how it could ever come about, in an interaction between a system and a measuring apparatus, that the peculiar process leading to a definite outcome could emerge — that is, how an apparatus could ever behave in the manner it is supposed to do!


It is important to emphasize the radical differences in the description of the measuring process when we use the evolution equation of the theory or when we resort to the postulate of the reduction of the wave packet. As we have repeatedly observed and as is clearly illustrated by the equations (15.6) and (15.7), the quantum evolution is perfectly deterministic and linear: the initial state determines the final state without any ambiguity, and the sums of the initial states evolve into the corresponding sums of the final states. By contrast, the reduction of the wave packet is a fundamentally stochastic and nonlinear physical process: in general, the outcomes of measurement are unforeseeable, and since the relative probabilities depend upon the square of the wave function, phenomena of interference present themselves, which in turn imply, as we know well, that the probabilities for the various possible outcomes in the case of a superposition are not the sum of the probabilities associated with the terms of the superposition itself. Furthermore, while the quantum dynamics is perfectly reversible, as in the classical case, the process of the reduction of the wave packet is fundamentally irreversible.


We can ask ourselves then: does this singular fact, this internal inconsistency of the theory represent in itself an insurmountable difficulty? Of course not: it simply leads us to conclude that we have to allow for the fact that there are systems in nature that do not obey the laws of the theory. Like any physical theory, even quantum mechanics will have a limited field of application. And this represents in a certain sense (although many ambiguities remain) the orthodox position: two principles of evolution must be adopted: one governing all the processes that involve interactions between microsystems which is described by Schrödinger's equation; the other which is to be used to describe measurement processes and is accounted for by the postulate of the reduction of the wave packet. The problem that remains, and which is of no small account, is that of succeeding in identifying in a nonambiguous way the boundary line between these two levels of the real, which require two essentially different and irreconcilable physical descriptions.


We have now reached the point where we can face the so-called problem of the macro-objectification of properties: how, when, and under what conditions do definite macroscopic properties emerge (in accordance with our daily experience) for systems that, when all is said and done, we have no good reasons for thinking are fundamentally different from the microsystems of which they are composed? To appreciate fully the relevance of this question, and to prepare ourselves to analyze the multiple and interesting proposals advanced as a way of getting around such difficulties, it will be useful to begin by deepening our analysis.



15.6. THE AMBIGUOUS BOUNDARY


What, in essence, is the crucial problem we are facing? As we repeatedly emphasized in the early chapters of the book, the theory has been formulated in such a way as not to speak in general of properties possessed by systems but only of the probabilities of obtaining certain outcomes if measurements are carried out that intend to identify the values of the properties we are interested in. But if the theory has a universal validity an endless process begins: in order to ascertain the properties of a system we will have to make it interact with an apparatus, and this will react differently according to the potentialities of the system (except in the case where the system is in a state yielding a certain measurement result), and then in their turn the potential outcomes of the measurements will not be realized, and will become real only if a measurement is carried out to ascertain them, and so on, until what end is reached? This reasoning can in principle be extended until it involves the entire universe, and it implies that even the universe would have only potentialities. But then the question is, "Who measures the universe, and brings it out of the limbo of the potentialities?"


It is time to mention another fact, until now only treated marginally, which makes the problem even more serious. It is absolutely true (unless we completely change our perspective and adopt some rather fascinating but science-fiction positions to be discussed later) that measurements have outcomes and therefore that at a certain stage a reduction actually takes place, i.e., that a passage from the potentialities to the actualities occurs. Indeed, for every process of measurement that interests us, at a certain level there must certainly intervene some observer whose perceptions are definite. I would like to call the attention of the reader to the fact that if we think, for example, that the last link in the von Neumann chain is a conscious observer, then the two states | Z+1 > and | Z-1 > that appear in our equations are simply abbreviations for states that could be expressed more appropriately as follows:



| the conscious observer sees a macroscopic gauge that points to +1 > 


and


| the conscious observer sees a macroscopic gauge that points to -1 >,


or alternatively

| the conscious observer reads the word VERTICAL on the computer
screen>


and


|the conscious observer reads the word HORIZONTAL
on the computer screen >.


We do not have any sensate experience of a situation where there are the potentialities of having read VERTICAL and of having read HORIZONTAL instead of a very precise actualization of one of these alternatives. We know very well that every time we watch one of the computers of the ensemble we read something definite and we do not end up in a state of mental confusion in which we have "potentially" read both expressions, leaving it ambiguous what we have actually seen.


This simple observation tells us that at a certain point between the level of microscopic events that are doubtlessly governed by the principle of superposition (microsystems show the effects of interference) and the level of the perception on the part of a conscious observer, the linearity has to be violated. Where do we locate this boundary? This is a crucial question for the theory, the problem that, as Bell says in the quotation given at the beginning of this chapter, makes it impossible for anyone to know exactly what the theory is saying about any specific situation.


Some qualifications are in order. When we speak of a precise boundary, nobody is pretending that there exists some perfectly defined criterion of demarcation that allows us to say that up to here quantum mechanics is valid; from this point on, the reduction of the wave packet takes over. By a "precise boundary" is meant that the theory ought to contain at least some parameter that defines a scale that in turn would permit us to evaluate when it is legitimate to use the linear equations, and when it is only an approximation to use them, and when it is just plain erroneous to use them. An example should clarify this idea. Let us consider Newtonian mechanics and the theory of relativity. In this case it is easy to identify a precise parameter: the universal constant that is so characteristic of the theory of relativity, namely, the speed of light. This serves extraordinarily well for defining the (limited) area of validity of classical mechanics. If a body has a velocity much less than the velocity of light, Newton's theory is appropriate, but as the velocity increases it becomes increasingly less precise and fails completely when it comes to describing bodies that travel at velocities nearing that of light. We then can ask ourselves: what parameter plays a role in quantum mechanics analogous to the speed of light in classical mechanics? The simple and clear answer is that nobody has as yet been able to find it. The foregoing arguments might seem to point toward the number of particles as a possible candidate, but that does not work: there are macroscopic systems that require a quantum treatment to be correctly described. Superconductors could be mentioned, which show typical "tunnel effects" involving a macroscopic number of constituents. But it must be emphasized that to account for the internal structural properties of even a simple macroscopic crystal, or the behavior of electronic chips, or the functioning of transistors, etc., a quantum treatment and the principle of superposition are indispensable.


I would like to conclude this section by underlining the essential role that the ambiguity about the "boundary" has played in the debate over the conceptual basis of the theory. I will then sum up the matter through reference to a stimulating picture drawn by John Bell for one of his last lectures: an image that has the advantage of going right to the core of the problem.


As regards the first point, it should be enough to recall the debate between Bohr and Einstein that we analyzed in detail in chapter 7. The reader may recall the escape strategy Bohr used to defend his position against Einstein's observations that a precise measurement of the state of a macroscopic object (see Figures 7.4 and 7.6) would lead to a violation of the uncertainty principle. Bohr's point consisted in asserting that it is only decisive that, in contrast to the proper measuring instruments [?], these bodies [i.e., moving diaphragms or pointers of an apparatus balance], together with the particles, would in such a case constitute the system to which the quantum mechanical formalism has to be applied. But what, in Bohr's view, would make the diaphragm or the pointer different from other systems used to determine the states of these objects—that is the real mystery. We have indicated that if Einstein had insisted on his requirement of attributing definite properties up to an appropriate point (of what we can call the von Neumann chain) he would have constrained Bohr to accept that the entire universe requires a quantum treatment. While discussing this debate previously, I referred in passing to the fact that the same von Neumann and Wigner were led to relocate the boundary between quantum and classical, between reversible and irreversible, at the act of perception on the part of a conscious observer. But it must be noted that even this last solution is not without ambiguity. In fact, the problem is simply transferred to the problem of defining precisely what is meant by a conscious observer, a concept the present state of our knowledge does not permit us to define in an unambiguous way.


I would now like to comment on the picture drawn by J. S. Bell and presented by him at two conferences: the first at the University of California at Los Angeles in March 1988 on the occasion of the seventieth birthday of the Nobel Prize winner Julian Schwinger, the second at Trieste in November 1989, on the occasion of the twenty-fifth anniversary of the founding of the International Center for Theoretical Physics by the International Atomic Energy Agency at Vienna. Bell analyzed the process of diffraction, through a slit, of a beam containing a certain number N of electrons, and the formation of the image on a photographic film placed behind the slit. He observed that it makes no sense to treat the electrons as if they were punctifom bodies that follow precise trajectories; they must be described by means of a diffracting wave function (Figure 15.4).
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FIGURE 15.4. Where are we to place the boundary between the vague microscopic world and the precise world of our sensory experience? Here is an image John Bell proposed to illustrate this deep question.



Since the number of the electrons is very large but still finite, what we see on the film will be a series of N black dots that correspond to the positions in which they are, so to speak, "revealed" by that object, which can be thought of as a measuring device. In making this assertion, we have made a logical jump from the language of wave functions, and of the potentialities of a microsystem, to the language of the reality of the dots. But we know very well (recall Figure 3.10) that because the wave function of each electron is appreciably different from zero at all the points of the figure of diffraction, in reality, if we were to treat the photographic film as a quantum system (and what would be wrong in doing so?), we would have a linear superposition of states. In one of them, for example, each of the N electrons is in a precise position among the infinite that are possible, and the film is in the state in which the activated grains of silver bromide are really those that correspond to the positions indicated. But there exists an infinity of other possible outcomes of this process, each one of which would correspond to a different distribution of the N electrons in the central region of the spot and to a different collection of activated grains of the emulsion. If we were truly interested in describing the process, we would have to elaborate the photographic process in detail, and look at the entire electron + film system as a genuinely quantum system. This would mean that we could no longer speak of spots in precise positions, but only of the potentiality that the film would be exposed at certain N points rather than at others. We have dislodged the boundary from the microcosm of the electron beam to the macrocosm of the film, as shown in the second stage of the figure. But we cannot stop here. When we watch the film, our own perceptive apparatus enters the picture. But is there any reason to think that our eye's retina is not also a physical system, and as such is subject to the linear laws of the theory? If we want to describe which signals actually reach the brain, we would once more have to relocate the boundary between the vague quantum world and the world of definite events, and we are then led to place it between the optic nerve and the brain. But even the brain is a physical system constituted of protons, neutrons, and electrons, and traversed by electrochemical reactions and the rest—processes that we have no reason to think are not governed by our formalism. And thus it makes perfect sense to relocate the boundary once again between the brain and the mind, as in the last sketch of the figure.



Information physics identifies the boundary as the place and moment when irreversible new information enters the universe. Information increases, but entropy increases even more, to satisfy the second law. This happens in the photographic film when silver atoms precipitate in the emulsion.
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Howard Gardner

Howard Gardner is a developmental psychologist at the Harvard Graduate School of Education. In his 1983 book Frames of Mind: The Theory of Multiple Intelligences, Gardner claimed humans have several different ways of processing information, and these ways are relatively independent of one another.


Gardner's multiple intelligences have nothing to do with multiple personalities (a psychological disorder), schizophrenics, or split-brain patients whose corpus callosum has been severed (See Roger Sperry and Michael Gazzaniga.  


In 2000, Gardner and colleagues at the Harvard Graduate School of Education established a master's degree program in Mind, Brain and Education, which has been emulated in many other education schools. 




Source: https://www.informationphilosopher.com/solutions/scientists/gardner/
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J. Willard Gibbs


Josiah Willard Gibbs earned the first American Ph.D. in Engineering from Yale in 1863. He went to France in 1869 where he studied with the great Joseph Liouville, who formulated the theorem that the phase-space volume of a system evolving under a conservative Hamiltonian function is a constant along the system's trajectory. The fluid inside the original phase-space volume is said to be incompressible. The Liouville theorem may not apply to gases if collisions are not time reversible, if the particle collisions do not preserve path information.

Gibbs then travelled to Germany, where in Heidelberg he learned about the work of Rudolf Clausius, Hermann von Helmholtz, and Gustav Kirchhoff in physics, and Robert Bunsen in chemistry.


Back in New Haven, Gibbs published several long monographs. 


Gibbs focused on five thermodynamical variables, volume, pressure, temperature, energy, and entropy. He showed that any three of these are independent variables, from which one can deduce the other two.


 In 1873, his first monograph introduced new diagrams relating thermodynamical quantities to one another. In Graphical Methods in the Thermodynamics of Fluids, Gibbs explored various two-dimensional planar graphs showing two of these independent variables to exhibit thermodynamic properties. He first cites the  success of the pressure-volume graphs that are most often used to illustrate the thermodynamics of the Carnot Cycle. Émile Clapeyron had in 1934 first drawn such diagrams. Clausius had also used them in 1865.


Since James Watt combined a pressure gauge with a volume indicator on his steam engine, engineers had graphed the relations between pressure and volume, whose product is the work done. Each point in the pressure-volume graph represents the state of the system, the integral around the curve is the work done by the system (the gray area in the figure), perfect for calculating the efficiency of steam engines or any heat engine.


Gibbs argues that plotting entropy and temperature as the two coordinates is preferable to pressure-volume for many purposes. We believe it is the most intuitive graph as a teaching tool when explaining the relationship between energy and work available. One can look at this graph and visualize directly the maximum theoretical work that can be done by an engine working between a high temperature source and a low temperature sink. 


Gibbs wrote in 1873...


[image: image-placeholder]

It is worthy of notice that the simplest form of a 
perfect thermodynamic engine, so often 
described in treatises on thermodynamics, is
represented in the entropy-temperature
diagram by a figure of extreme simplicity, 
viz: a rectangle of which the
sides are parallel to the co-ordinate
axes. 
Thus in figure 3, the circuit
ABCD may represent the series of
states through which the fluid is made
to pass in such an engine, the included
area representing the work done, while
the area ABFE represents the heat
received from the heater at the highest temperature AE, and the
area CDEF represents the heat transmitted to the cooler at the lowest
temperature DE.




Gibbs explains why an entropy-temperature graph is superior to pressure-volume. It is a "geometrical expression," a visualization of the second law of thermodynamics. Entropy, and "Negative Entropy" (cf., Information), are very difficult concepts to explain. He worries that entropy and the second law "may repel beginners as obscure and difficult of comprehension." They are usually presented with equations, which many non-scientists find difficult. After this first monograph, Gibbs fills his pages with dense equations. When the alternative is to use words, Gibbs says they are clumsy.  It is sad that he did not continue his popularizing of this science with these simple diagrams... 


The method in which the co-ordinates represent volume and pressure
has a certain advantage in the simple and elementary character of the
notions upon which it is based, and its analogy with Watt’s indicator
has doubtless contributed to render it popular. On the other hand,
a method involving the notion of entropy, the very existence of which
depends upon the second law of thermodynamics, will doubtless seem
to many far-fetched, and may repel beginners as obscure and difficult
of comprehension. This inconvenience is perhaps more than counter-balanced
by the advantages of a method which makes the second law
of thermodynamics so prominent, and gives it so clear and elementary
an expression. 

[image: image-placeholder]

In Gibbs entropy-temperature graph, the path A>B is easily seen to be isothermal at the higher (source) temperature TH. Path B>C is easily seen isoentropic. Path C>D is isothermal at the lower (sink) temperature TC, and the return path 4>1 is also isoentropic. Gibbs says  the circuit ABCD represents the series of states through which the fluid is made to pass, the included area W representing the work done, while the area ABFE represents the heat received from the heater at the highest temperature AE, and the area CDEF represents the waste heat transmitted to the cooler at the lowest temperature DE.


The fact, that the different states of a fluid can be
represented by the positions of a point in a plane, so that the ordinates 
shall represent the temperatures, and the heat received or given
out by the fluid shall be represented by the area bounded by the line
representing the states through which the body passes, the ordinates
drawn through the extreme points of this line, and the axis of
abscissas,—this fact, clumsy as its expression in words may be, is one
which presents a clear image to the eye, and which the mind can
readily grasp and retain. It is, however, nothing more nor less than
a geometrical expression of the second law of thermodynamics in its
application to fluids, in a form exceedingly convenient for use, and
from which the analytical expression of the same law can, if desired,
be at once obtained. If, then, it is more important for purposes of
instruction and the like to familiarize the learner with the second
law, than to defer its statement as long as possible, the use of the
entropy-temperature diagram may serve a useful purpose in the
popularizing of this science



Available Energy and Information


In his second monograph, also published in 1873, Gibbs introduces two terms that have come to dominate modern discussions, "dissipated" and "available" energy. He writes...


For example, let it be required to find the greatest amount of mechanical work which can be obtained from a given quantity of a certain substance in a given initial state, without increasing its total volume or allowing heat to pass to or from external bodies, except such as at the close of the processes are left in their initial condition. This has been called the available energy of the body. The initial state of the body is supposed to be such that the body can be made to pass from it to states of dissipated energy by reversible processes.


Gibbs does not give us another graphical representation of these kinds of energy, but we can broadly identify "available" energy with area ABCD, labelled W, the work done above, and "dissipated" energy with CDEF, the waste heat sent to the low temperate sink. Note that heat from the high temperature source is ABFE, the sum of ABCD and CDEF. In familiar modern terminology, the heat, or original energy content, is transformed into work and waste energy


  d
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Today we call the energy available to do work the Gibbs "Free Energy." 


  G
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where U is the total energy.

So what is the connection between available "free" energy and information structures? Clearly, in a state of thermal equilibrium there is nothing of the "order" we associate with information. Equilibrium is the ultimate "disorder."


In our explanation of the two-step cosmic creation process, the second step is exporting positive entropy away from the newly formed information structure. In the first step, available energy, or work, is essential for arranging the particles into a structure, usually one among many possible arrangements. 


In the early universe, the arrangement is controlled by quantum cooperative phenomena with electrostatic attractive and nuclear repulsive forces. In the subsequent billions of years, the formation of planets, star, and galaxies is controlled by gravitational forces. Work is done by these forces as structural components are pulled together. The new configurations  cannot be stable entities unless positive entropy is radiated away to satisfy the second law.


These information creation processes do not directly resemble the thermodynamic engines that Gibbs is discussing, with their obvious source of energy and heat sinks. But we can see the earliest universe as a cosmic source of high energy particles and radiation. We can locate the cold sink inside the universe, since there is no "outside." The sink for waste energy is the expanding space itself. Today we can see clearly across vast empty space to the uniform cosmic microwave background radiation at under three degrees Kelvin.  


The resemblance to a thermodynamic engine is easier to see for our Earth. The hot source is our Sun, whose radiation leaves the sun at a temperature of thousands of degrees. When it reaches Earth, its energy content temperature is only hundreds of degrees, and when it is thermalized by the planet, it is radiated away from the dark side of Earth into the night sky, 

Erwin Schrödinger described the Sun as the source of "negative entropy" on which "life feeds." He did not know how the Sun itself could get so far from equilibrium to be the source of available energy. That we explain by the expansion of the universe.


The cosmological and astrophysical "engines" are doing work not by extracting available energy from a hot gas or liquid and dumping waste energy as a material stream. They are doing work with forces that are action-at-a-distance. They are exporting their positive entropy by radiating it away to the empty space appearing between the information structures.



Gibbs' third monograph, in 1876, "On the Equilibrium of Heterogeneous Substances," began with Clausius' great first and second laws of thermodynamics in two simple sentences 


"Die Energie der Welt ist constant. Die Entropie der Welt strebt einen Maximum zu."


"The energy of the world is constant. The entropy of the world tends towards a maximum."


Gibbs' "great memoir," as Lewis and Randall called it in 1923, contains a brief but careful explanation of what later writers called the "Gibbs Paradox" (pp.163-165). E. T. Jaynes said in 1992 it came as a "shock" that Gibbs' explanation had been missed by textbook writers for 80 years? This passage also includes probably the most famous quote about the idea of spontaneous entropy decrease, one cited in hundreds of textbooks, starting with Boltzmann in 1898, and including Lewis and Randall's chapter 8, Entropy and Probability.


Gibbs wrote... 



we may easily calculate the increase of
entropy which takes place when two different gases are mixed by
diffusion, at a constant temperature and pressure. Let us suppose
that the quantities of the gases are such that each occupies initially
one half of the total volume. If we denote this volume by V, the
increase of entropy will be...

(PV/T)log2


It is noticeable that the value of this expression does not depend
upon the kinds of gas which are concerned, if the quantities are such
as has been supposed, except that the gases which are mixed must
be of different kinds. If we should bring into contact two masses
of the same kind of gas, they would also mix, but there would be
no increase of entropy. But in regard to the relation which this
case bears to the preceding, we must bear in mind the following
considerations. When we say that when two different gases mix by
diffusion, as we have supposed, the energy of the whole remains
constant, and the entropy receives a certain increase, we mean that
the gases could be separated and brought to the same volume and
temperature which they had at first by means of certain changes in
external bodies, for example, by the passage of a certain amount of
heat from a warmer to a colder body. But when we say that when
two gas-masses of the same kind are mixed under similar circumstances there is no change of energy or entropy, we do not mean
that the gases which have been mixed can be separated without
change to external bodies. On the contrary, the separation of the
gases is entirely impossible. We call the energy and entropy of the
gas-masses when mixed the same as when they were unmixed,
because we do not recognize any difference in the substance of the
two masses. So when gases of different kinds are mixed, if we ask
what changes in external bodies are necessary to bring the system
to its original state, we do not mean a state in which each particle
shall occupy more or less exactly the same position as at some
previous epoch, but only a state which shall be undistinguishable
from the previous one in its sensible properties. It is to states of
systems thus incompletely defined that the problems of thermodynamics relate.
But if such considerations explain why the mixture of gas-masses
of the same kind stands on a different footing from the mixture of
gas-masses of different kinds, the fact is not less significant that the
increase of entropy due to the mixture of gases of different kinds,
in such a case as we have supposed, is independent of the nature of
the gases.


Now we may without violence to the general laws of gases which
are embodied in our equations suppose other gases to exist than such
as actually do exist, and there does not appear to be any limit to the
resemblance which there might be between two such kinds of gas.
But the increase of entropy due to the mixing of given volumes of the
gases at a given temperature and pressure would be independent of
the degree of similarity or dissimilarity between them. We might also
imagine the case of two gases which should be absolutely identical
in all the properties (sensible and molecular) which come into play
while they exist as gases either pure or mixed with each other,
but which should differ in respect to the attractions between their
atoms and the atoms of some other substances, and therefore in their
tendency to combine with such substances. In the mixture of such
gases by diffusion an increase of entropy would take place, although
the process of mixture, dynamically considered, might be absolutely
identical in its minutest details (even with respect to the precise
path of each atom) with processes which might take place without
any increase of entropy. In such respects, entropy stands strongly
contrasted with energy. Again, when such gases have been mixed,
there is no more impossibility of the separation of the two kinds
of molecules in virtue of their ordinary motions in the gaseous mass
without any especial external influence, than there is of the separation
of a homogeneous gas into the same two parts into which it has once
been divided, after these have once been mixed. In other words, the
impossibility of an uncompensated decrease of entropy seems to be
reduced to improbability.


Ludwig Boltzmann must have thought this passage extremely important. He used the last line as the opening quotation for the second volume of his Lectures on Gas Theory, "the impossibility of an uncompensated decrease of entropy seems to be reduced to improbability." 


It was Gibbs' short text Principles in Statistical Mechanics published the year before his death in 1903 that brought him the most fame. In it, he coined the term phase space, phase volume, his phase rule and the name for his field - statistical mechanics. Earlier he named the chemical potential and the statistical ensemble. He showed how his graph planes can become the surfaces of three-dimensional objects that identify "phase changes," between gases and liquids, and between liquids and solids.
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In the Carnot Cycle, the path 1>2 is an isothermal at the higher (source) temperature T1. Path 2>3 is usually called adiabatic, though Gibbs prefers isoentropic. Path 3>4 is isothermal at the lower (sink) temperature, and the return path 4>1 is also isoentropic.



Source: https://www.informationphilosopher.com/solutions/scientists/gibbs/
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James J. Gibson was a psychologist who changed previous theories of visual perception, claiming that objects in the physical environment are not simply seen as having value-neutral physical properties, but rather properties with definite values to the agent perceiving them. He called these "affordances." 


The affordances of the environment are what it offers the animal, what it provides or furnishes, either for good or ill. The verb to afford is found in the dictionary, the noun affordance is not. I have made it up. I mean by it something that refers to both the environment and the animal in a way that no existing term does. It implies the complementarity of the animal and the environment.


Gibson thought of an affordance as providing a niche the way ecological niches affect how an animal lives in its environment. Humans and a few animals alter and modify their environment so as to change its affordances to better suit them. But the value of an affordance is not an intrinsic property of the physical object. The value is something created in the mind of the human or animal that depends on the values of past similar experiences (ERR).

Biologists and ecologists can observe and recognize the many values of different physical situations by studying the behavior of different species in their niche environments. They will be intersubjective values specific to each species.


But a foundational objective value underlying all these species-specific values is the information richness of the environment, its negative entropy (ERGO) which marks the availability of free energy sources such as food supplies.
 




Source: https://www.informationphilosopher.com/solutions/scientists/gibson/





  
  Joshua Greene
  

  


  
  Home › Solutions › Scientists › Greene
Joshua Greene



    Scientists
    

Michael Arbib
John S. Bell
Bernard Baars
Charles Bennett
Ludwig Bertalanffy
Margaret Boden
David Bohm
Neils Bohr
Ludwig Boltzmann
Emile Borel
Max Born
Leon Brillouin
Stephen Brush
Henry Thomas Buckle
Donald Campbell
Anthony Cashmore
Eric Chaisson
Jean-Pierre Changeux
Arthur Holly Compton
John Conway
E. H. Culverwell
Charles Darwin
Abraham de Moivre
Paul Dirac
John Eccles
Arthur Stanley Eddington
Paul Ehrenfest
Albert Einstein
Richard Feynman
Joseph Fourier
Michael Gazzaniga
GianCarlo Ghirardi
Nicolas Gisin
A.O.Gomes
Joshua Greene
Jacques Hadamard
Patrick Haggard
Sam Harris
Martin Heisenberg
Werner Heisenberg
William Stanley Jevons
Pascual Jordan
Simon Kochen
Stephen Kosslyn
Rolf Landauer
Alfred Landé
Pierre-Simon Laplace
David Layzer
Benjamin Libet
Hendrik Lorentz
Josef Loschmidt
Ernst Mach
Henry Margenau
James Clerk Maxwell
Ernst Mayr
Jacques Monod
Roger Penrose
Steven Pinker
Max Planck
Henri Poincaré
Adolphe Quételet
Jerome Rothstein
David Ruelle
Erwin Schrödinger
Aaron Schurger
Claude Shannon
Herbert Simon
Dean Keith Simonton
B. F. Skinner
Roger Sperry
Henry Stapp
Antoine Suarez
Leo Szilard
William Thomson (Kelvin)
Peter Tse
John von Neumann
Daniel Wegner
Paul A. Weiss
Steven Weinberg
Norbert Wiener
Eugene Wigner
E. O. Wilson
H. Dieter Zeh
Ernst Zermelo


Joshua Greene is a Professor of Psychology at Harvard University, where he is colleague of Daniel Wegner, author of The Illusion of Conscious Will.

In an important paper that was heralded by naturalists as hastening the end of retributive punishment,  Greene and co-author Jonathan Cohen argued that forthcoming developments in neuroscience will undermine people's common-sense libertarian idea of free will. Like Wegner, they argue that free will is an illusion.


In our view, neuroscience will challenge and ultimately reshape our intuitive sense(s) of justice. New neuroscience will affect the way we view the law, not by furnishing us with new ideas or arguments about the nature of human action, but by breathing new life into old ones. Cognitive neuroscience, by identifying the specific mechanisms responsible for behaviour, will vividly illustrate what until now could only be appreciated through esoteric theorizing: that there is something fishy about our ordinary conceptions of human action and responsibility, and that, as a result, the legal principles we have devised to reflect these conceptions may be flawed.

Our argument runs as follows: first, we draw a familiar distinction between the consequentialist justification for state punishment, according to which punishment is merely an instrument for promoting future social welfare, and the retributivist justification for punishment, according to which the principal aim of punishment is to give people what they deserve based on their past actions. We observe that the common-sense approach to moral and legal responsibility has consequentialist elements, but is largely retributivist. Unlike the consequentialist justification for punishment, the retributivist justification relies, either explicitly or implicitly, on a demanding — and some say overly demanding — conception of free will. We therefore consider the standard responses to the philosophical problem of free will. 'Libertarians' (no relation to the political philosophy) and 'hard determinists' agree on `incompatibilism', the thesis that free will and determinism are incompatible, but they disagree about whether determinism is true, or near enough true to preclude free will. Libertarians believe that we have free will because determinism is false, and hard determinists believe that we lack free will because determinism is (approximately) true. 'Compatibilists', in contrast to libertarians and hard determinists, argue that free will and determinism are perfectly compatible.	


We argue that current legal doctrine, although officially compatibilist, is ultimately grounded in intuitions that are incompatibilist and, more specifically, libertarian. In other words, the law says that it presupposes nothing more than a metaphysically modest notion of free will that is perfectly compatible with determinism. However, we argue that the law's intuitive support is ultimately grounded in a metaphysically overambitious, libertarian notion of free will that is threatened by determinism and, more pointedly, by forthcoming cognitive neuroscience. At present, the gap between what the law officially cares about and what people really care about is only revealed occasionally when vivid scientific information about the causes of criminal behaviour leads people to doubt certain individuals' capacity for moral and legal responsibility, despite the fact that this information is irrelevant according to the law's stated principles. We argue that new neuroscience will continue to highlight and widen this gap. That is, new neuroscience will undermine people's common sense, libertarian conception of free will and the retributivist thinking that depends on it, both of which have heretofore been shielded by the inaccessibility of sophisticated thinking about the mind and its neural basis.

 (Philosophical Transactions of the Royal Society London B (2004), pp.1775-6) 


Neuroscience will no doubt add other exculpatory and mitigating circumstances to cases where we judge a criminal to have not been morally responsible. But to claim that we can generalize by induction to the idea that all actions lack moral responsibility is too extreme. Can we justify demands that society revise its common-sense ideas on the weak philosophical claim that free will is an illusion, when the thesis of determinism itself is at least as illusory? 


Determinism is a hypothesis that has been useful and very productive in the development of science. But we now know that the determinism we have in the world is only adequate to describe the motions of large objects, not of microscopic ones. 


Greene and Cohen's attack on free will goes no deeper than the familiar but flawed standard argument against free will.   


The problem of free will is old and has many formulations. Here is one, drawing on a more detailed and exacting formulation by Peter Van Inwagen  (1982): determinism is true if the world is such that its current state is completely determined by (i) the laws of physics and (ii) past states of the world. Intuitively, the idea is that a deterministic universe starts however it starts and then ticks along like clockwork from there. Given a set of prior conditions in the universe and a set of physical laws that completely govern the way the universe evolves, there is only one way that things can actually proceed.

Free will, it is often said, requires the ability do otherwise (an assumption that has been questioned; Frankfurt 1966). One cannot say, for example, that I have freely chosen soup over salad if forces beyond my control are sufficient to necessitate my choosing soup. But, the determinist argues, this is precisely what forces beyond your control do — always. You have no say whatsoever in the state of the universe before your birth; nor do you have any say about the laws of physics. However, if determinism is true,  these two things together are sufficient to determine your choice of soup over salad. Thus, some say, if determinism is true, your sense of yourself and others as having free will is an illusion.


There are three standard responses to the problem of free will. The first, known as 'hard determinism', accepts the incompatibility of free will and determinism ('incompatibilism'), and asserts determinism, thus rejecting free will. The second response is libertarianism (again, no relation to the political philosophy), which accepts incompatibilism, but denies that determinism is true. This may seem like a promising approach. After all, has not modern physics shown us that the universe is indeterministic? 

The problem here is that the sort of indeterminism afforded by modern physics is not the sort the libertarian needs or desires. If it turns out that your ordering soup is completely determined by the laws of physics, the state of the universe 10 000 years ago, and the outcomes of myriad subatomic coin flips, your appetizer is no more freely chosen than before. Indeed, it is randomly chosen, which is no help to the libertarian. What about some other kind of indeterminism? What if, somewhere deep in the brain, there are mysterious events that operate independently of the ordinary laws of physics and that are somehow tied to the will of the brain's owner? In light of the available evidence, this is highly unlikely. Say what you will about the `hard problem' of consciousness, there is not a shred of scientific evidence to support the existence of causally effective processes in the mind or brain that violate the laws of physics. In our opinion, any scientifically respectable discussion of free will requires the rejection of what Strawson (1962) famously called the 'panicky metaphysics' of libertarianism.
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For Scholars
For the law, neuroscience changes nothing and everything

The rapidly growing field of cognitive neuroscience holds the promise of explaining the operations of the mind in terms of the physical operations of the brain. Some suggest that our emerging understanding of the physical causes of human (mis)behaviour will have a transformative effect on the law. Others argue that new neuroscience will provide only new details and that existing legal doctrine can accommodate whatever new information neuroscience will provide. We argue that neuroscience will probably have a transformative effect on the law, despite the fact that existing legal doctrine can, in principle, accommodate whatever neuroscience will tell us. New neuroscience will change the law, not by undermining its current assumptions, but by transforming people's moral intuitions about free will and responsibility. This change in moral outlook will result not from the discovery of crucial new facts or clever new arguments, but from a new appreciation of old arguments, bolstered by vivid new illustrations provided by cognitive neuroscience. We foresee, and recommend, a shift away from punishment aimed at retribution in favour of a more progressive, consequentialist approach to the criminal law.

1. INTRODUCTION

The law takes a long-standing interest in the mind. In most criminal cases, a successful conviction requires the prosecution to establish not only that the defendant engaged in proscribed behaviour, but also that the misdeed in question was the product of mens rea, a 'guilty mind'. Narrowly interpreted, mens rea refers to the intention to commit a criminal act, but the term has a looser interpretation by which it refers to all mental states consistent with moral and/or legal blame. (A killing motivated by insane delusional beliefs may meet the requirements for mens rea in the first sense, but not the second.) (Goldstein et al 2003) Thus, for centuries, many legal issues have turned on the question: 'what was he thinking?'.

To answer this question, the law has often turned to science. Today, the newest kid on this particular scientific block is cognitive neuroscience, the study of the mind through the brain, which has gained prominence in part as a result of the advent of functional neuroimaging as a widely used tool for psychological research. Given the law's aforementioned concern for mental states, along with its preference for 'hard' evidence, it is no surprise that interest in the potential legal implications of cognitive neuroscience abounds. But does our emerging understanding of the mind as brain really have any deep implications for the law? This theme issue is a testament to the thought that it might. Some have argued, however, that new neuroscience contributes nothing more than new details and that existing legal principles can handle anything that neuroscience will throw our way in the foreseeable future (Morse 2004).


In our view, both of these positions are, in their respective ways, correct. Existing legal principles make virtually no assumptions about the neural bases of criminal behaviour, and as a result they can comfortably assimilate new neuroscience without much in the way of conceptual upheaval: new details, new sources of evidence, but nothing for which the law is fundamentally unprepared. We maintain, however, that our operative legal principles exist because they more or less adequately capture an intuitive sense of justice. In our view, neuroscience will challenge and ultimately reshape our intuitive sense(s) of justice. New neuroscience will affect the way we view the law, not by furnishing us with new ideas or arguments about the nature of human action, but by breathing new life into old ones. Cognitive neuroscience, by identifying the specific mechanisms responsible for behaviour, will vividly illustrate what until now could only be appreciated through esoteric theorizing: that there is something fishy about our ordinary conceptions of human action and responsibility, and that, as a result, the legal principles we have devised to reflect these conceptions may be flawed.


Our argument runs as follows: first, we draw a familiar distinction between the consequentialist justification for state punishment, according to which punishment is merely an instrument for promoting future social welfare, and the retributivist justification for punishment, according to which the principal aim of punishment is to give people what they deserve based on their past actions. We observe that the common-sense approach to moral and legal responsibility has consequentialist elements, but is largely retributivist. Unlike the consequentialist justification for punishment, the retributivist justification relies, either explicitly or implicitly, on a demanding — and some say overly demanding — conception of free will. We therefore consider the standard responses to the philosophical problem of free will (Watson 1982). 'Libertarians' (no relation to the political philosophy) and 'hard determinists' agree on `incompatibilism', the thesis that free will and determinism are incompatible, but they disagree about whether determinism is true, or near enough true to preclude free will. Libertarians believe that we have free will because determinism is false, and hard determinists believe that we lack free will because determinism is (approximately) true. 'Compatibilists', in contrast to libertarians and hard determinists, argue that free will and determinism are perfectly compatible.	


We argue that current legal doctrine, although officially compatibilist, is ultimately grounded in intuitions that are incompatibilist and, more specifically, libertarian. In other words, the law says that it presupposes nothing more than a metaphysically modest notion of free will that is perfectly compatible with determinism. However, we argue that the law's intuitive support is ultimately grounded in a metaphysically overambitious, libertarian notion of free will that is threatened by determinism and, more pointedly, by forthcoming cognitive neuroscience. At present, the gap between what the law officially cares about and what people really care about is only revealed occasionally when vivid scientific information about the causes of criminal behaviour leads people to doubt certain individuals' capacity for moral and legal responsibility, despite the fact that this information is irrelevant according to the law's stated principles. We argue that new neuroscience will continue to highlight and widen this gap. That is, new neuroscience will undermine people's common sense, libertarian conception of free will and the retributivist thinking that depends on it, both of which have heretofore been shielded by the inaccessibility of sophisticated thinking about the mind and its neural basis.


The net effect of this influx of scientific information will be a rejection of free will as it is ordinarily conceived, with important ramifications for the law. As noted above, our criminal justice system is largely retributivist. We argue that retributivism, despite its unstable marriage to compatibilist philosophy in the letter of the law, ultimately depends on an intuitive, libertarian notion of free will that is undermined by science. Therefore, with the rejection of common-sense conceptions of free will comes the rejection of retributivism and an ensuing shift towards a consequentialist approach to punishment, i.e. one aimed at promoting future welfare rather than meting out just deserts. Because consequentialist approaches to punishment remain viable in the absence of common-sense free will, we need not give up on moral and legal responsibility. We argue further that the philosophical problem of free will arises out of a conflict between two cognitive subsystems that speak different 'languages': the 'folk psychology' system and the 'folk physics' system. Because we are inherently of two minds when it comes to the problem of free will, this problem will never find an intuitively satisfying solution. We can, however, recognize that free will, as conceptualized by the folk psychology system, is an illusion and structure our society accordingly by rejecting
retributivist legal principles that derive their intuitive force from this illusion.


2. TWO THEORIES OF PUNISHMENT:
CONSEQUENTIALISM AND RETRIBUTIVISIM

There are two standard justifications for legal punishment (Lacey 1988). According to the forward-looking, consequentialist theory, which emerges from the classical utilitarian tradition (Bentham 1982), punishment is justified by its future beneficial effects. Chief among them are the prevention of future crime through the deterrent effect of the law and the containment of dangerous individuals Few would deny that the deterrence of future crime and the protection of the public are legitimate justification; for punishment. The controversy surrounding con• sequentialist theories concerns their serviceability a; complete normative theories of punishment. Most theorist: find them inadequate in this regard (e.g. Hart 1968) and many argue that consequentialism fundamentally mis- characterizes the primary. justification for punishment which, these critics argue, is retribution (Kant 2002). A: a result, they claim, consequentialist theories justify intuitively unfair forms of punishment, if not in practice then in principle. One problem is that of Draconian penalties. It is possible, for example, that imposing the death penalty for parking violations would maximize aggregate welfare by reducing parking violations to near zero. But, retributivist/ claim, whether or not this is a good idea does not depend on the balance of costs and benefits. It is simply wrong to kill someone for double parking. A related problem is that of punishing the innocent. It is possible that, under certain. circumstances, falsely convicting an innocent person would have a salutary deterrent effect, enough to justify that person's suffering, etc. Critics also note that, so far as deterrence is concerned, it is the threat of punishment that is justified and not the punishment itself. Thus, consequentialism might justify letting murderers and rapists off the hook so long as their punishment could be convincingly faked.

The standard consequentialist response to these charges is that such concerns have no place in the real world. They say, for example, that the idea of imposing the death penalty for parking violations to make society an overall happier place is absurd. People everywhere would live in mortal fear of bureaucratic errors, and so on. Likewise, a legal system that deliberately convicted innocent people and/or secretly refrained from punishing guilty ones would require a kind of systematic deception that would lead inevitably to corruption and that could never survive in a free society. At this point critics retort that consequentialist theories, at best, get the right answers for the wrong reasons. It is wrong to punish innocent people, etc. because it is fundamentally unfair, not because it leads to bad consequences in practice. Such critics are certainly correct to point out that consequentialist theories fail to capture something central to common-sense intuitions about legitimate punishment.


The backward-looking, retributivist account does a better job of capturing these intuitions. Its fundamental principle is simple: in the absence of mitigating circumstances, people who engage in criminal behaviour deserve to be punished, and that is why we punish them. Some would explicate this theory in terms of criminals' forfeiting rights, others in terms of the rights of the victimized, whereas others would appeal to the violation of a hypothetical social contract, and so on. Retributivist theories come in many flavours, but these distinctions need not concern us here. What is important for our purposes is that retributivism captures the intuitive idea that we legitimately punish to give people what they deserve based on their past actions—in proportion to their 'internal wickedness', to use Kant's (2002) phrase—and not, primarily, to promote social welfare in the future.
The retributivist perspective is widespread, both in the explicit views of legal theorists and implicitly in common sense. There are two primary motivations for questioning retributivist theory. The first, which will not concern us here, comes from a prior commitment to a broader consequentialist moral theory. The second comes from scepticism regarding the notion of desert, grounded in a broader scepticism about the possibility of free will in a deterministic or mechanistic world.

3. FREE WILL AND RETRIBUTIVISM

The problem of free will is old and has many formulations (Watson 1982). Here is one, drawing on a more detailed and exacting formulation by Peter Van Inwagen (1982): determinism is true if the world is such that its current state is completely determined by (i) the laws of physics and (ii) past states of the world. Intuitively, the idea is that a deterministic universe starts however it starts and then ticks along like clockwork from there. Given a set of prior conditions in the universe and a set of physical laws that completely govern the way the universe evolves, there is only one way that things can actually proceed.

Free will, it is often said, requires the ability do otherwise (an assumption that has been questioned; Frankfurt 1966). One cannot say, for example, that I have freely chosen soup over salad if forces beyond my control are sufficient to necessitate my choosing soup. But, the determinist argues, this is precisely what forces beyond your control do — always. You have no say whatsoever in the state of the universe before your birth; nor do you have any say about the laws of physics. However, if determinism is true,  these two things together are sufficient to determine your choice of soup over salad. Thus, some say, if determinism is true, your sense of yourself and others as having free will is an illusion.


There are three standard responses to the problem of free will. The first, known as 'hard determinism', accepts the incompatibility of free will and determinism ('incompatibilism'), and asserts determinism, thus rejecting free will. The second response is libertarianism (again, no relation to the political philosophy), which accepts incompatibilism, but denies that determinism is true. This may seem like a promising approach. After all, has not modern physics shown us that the universe is indeterministic (Hughs 1992)? 

The problem here is that the sort of indeterminism afforded by modern physics is not the sort the libertarian needs or desires. If it turns out that your ordering soup is completely determined by the laws of physics, the state of the universe 10 000 years ago, and the outcomes of myriad subatomic coin flips, your appetizer is no more freely chosen than before. Indeed, it is randomly chosen, which is no help to the libertarian. What about some other kind of indeterminism? What if, somewhere deep in the brain, there are mysterious events that operate independently of the ordinary laws of physics and that are somehow tied to the will of the brain's owner? In light of the available evidence, this is highly unlikely. Say what you will about the `hard problem' of consciousness (Shear 1999), there is not a shred of scientific evidence to support the existence of causally effective processes in the mind or brain that violate the laws of physics. In our opinion, any scientifically respectable discussion of free will requires the rejection of what Strawson (1962) famously called the 'panicky metaphysics' of libertarianism. 1
Finally, we come to the dominant view among philosophers and legal theorists: compatibilism. Compatibilists concede that some notions of free will may require indefensible, panicky metaphysics, but maintain that the kinds of free will 'worth wanting', to use Dennett's (1984) phrase, are perfectly compatible with determinism. Compatibilist theories vary, but all compatibilists agree that free will is a perfectly natural, scientifically respectable phenomenon and part of the ordinary human condition. They also agree that free will can be undermined by various kinds of psychological deficit, e.g. mental illness or 'infancy'. Thus, according to this view, a freely willed action is one that is made using the right sort of psychology—rational, free of delusion, etc.


Compatibilists make some compelling arguments. After all, is it not obvious that we have free will? Could science plausibly deny the obvious fact that I am free to raise my hand at will? For many people, such simple observations make the reality of free will non-negotiable. But at the same time, many such people concede that determinism, or something like it, is a live possibility. And if free will is obviously real, but determinism is debatable, then the reality of free will must not hinge on the rejection of determinism. That is, free will and determinism must be compatible. 
Many compatibilists sceptically ask what would it mean to give up on free will. Were we to give it up, wouldn't we have to immediately reinvent it? Does not every decision involve an implicit commitment to the idea of free will? And how else would we distinguish between ordinary rational adults and other individuals, such as young children and the mentally ill, whose will—or whatever you want to call it—is clearly compromised? Free will, compatibilists argue, is here to stay, and the challenge for science is to figure out how exactly it works and not to peddle silly arguments that deny the undeniable (Dennett 2003).


The forward-looking–consequentialist approach to punishment works with all three responses to the problem of free will, including hard determinism. This is because consequentialists are not concerned with whether anyone is really innocent or guilty in some ultimate sense that might depend on people's having free will, but only with the likely effects of punishment. (Of course, one might wonder what it means for a hard determinist to justify any sort of choice. We will return to this issue in § 8.) The retributivist approach, by contrast, is plausibly regarded as requiring free will and the rejection of hard determinism. Retributivists want to know whether the defendant truly deserves to be punished. Assuming one can deserve to be punished only for actions that are freely willed, hard determinism' implies that no one really deserves to be punished. Thus, hard determinism combined with retributivism requires the elimination of all punishment, which does not seem reasonable. This leaves retributivists with two options: compatibilism and libertarianism. Libertarianism, for reasons given above, and despite its intuitive appeal, is scientifically suspect. At the very least, the law should not depend on it. It seems, then, that retributivism requires compatibilism. Accordingly, the standard legal account of punishment is compatibilist. 

 (Philosophical Transactions of the Royal Society London B (2004), pp.1775-8) 
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Julian Gough is a prolific writer of children's books (Rabbit and Bear, a successful pop musician,  a BBC playwright, a contributor of the End Poem to the popular sandbox game Minecraft, and the creator of the Substack The Egg and the Rock. He writes...



What is The Egg and the Rock?...

Looked at from a sober and respectable angle… The Egg and the Rock is a non-fiction exploration of the strange fact that our universe, in its development, behaves far more like an egg than a rock – that it has cascaded upward into complexity, rather than simply slowly losing order over time. (For a prime example of that – just look at you and me, now, talking of complex phenomena, via technological marvels, while embedded in a self-sustaining biosphere of astounding intricacy, orbiting an energy source of extreme efficiency and stability. All of which emerged from an initial hot, dense cloud of undifferentiated gas.) So it’s an attempt to understand just how and why our universe behaves more like an evolved organism than a pile of dead matter.



Gough has developed a theory of the early universe evolution of black holes and quasars that show large departures from the spherically symmetric stellar objects assumed by twentieth-century cosmologists like Arthur Stanley Eddington. Based on the observed jets of energy and matter (blazars) seen in quasars and the long filaments in the "cosmic web" seen in the James Webb Space Telescope's images of the universe less than a billion years old.  Gough calls his work the Blowtorch Theory.



Eddington's isotropic model balanced the outward radiation pressure with the inward gravitational force to give us his limit to accretion of matter building up stars. But many objects in the early universe era known as reionization (redshift Z ≈ 7, age ≈ 750 million years) show massive anisotropies.



In July 2022, just before the launch of the James Webb Space Telescope, Gough put together a number of predictions about what the JWST would discover about the formation of galaxies, stars, and black holes in those early times of reionization at the end of the"dark ages." 


Here's a small quote from  Gough's prediction...


Galaxies will form efficiently, and early. I argue that huge numbers of supermassive black holes and their quasars will be blazing away merrily, well inside the first fifty million years. There will be absolutely loads of recognisable, rapidly growing (rapidly star-forming) galaxies within the first 100 million years (probably much sooner). This is earlier than the mainstream have traditionally assumed. (They keep having to shuffle a bit further back, as they find new quasars, and their galaxies, ever further back in time. But they are pushed there, reluctantly, against the logic of their paradigm; I am leaping there, exultantly, because my paradigm predicts it.)

So the James Webb Space Telescope will basically see galaxies with active galactic nuclei (ie, quasars and jets) all the way back, because those active nuclei come first and are what form galaxies.



And here's his September 2023  commentary...


An extraordinary new paper was published a few days ago, on September 22nd, in the Astrophysical Journal. It confirms something which had already become increasingly clear over the last year (as the James Webb Space Telescope released more and more data): large spiral galaxies occur far earlier, and in far larger numbers, than mainstream astronomy or cosmology had expected or predicted.

The old assumption was that highly structured spiral galaxies came about slowly and late, through bottom-up structure formation. Bottom-up structure formation essentially means order arising very, very slowly from a lot of randomness, as early solitary stars clump (under the influence of gravity) to form star clusters, which clump to form dwarf galaxies, which merge to form small, irregularly-shaped galaxies, which merge to form larger also peculiarly-shaped galaxies, some of which eventually settle down and find a spiral structure. But the assumption was that you simply couldn’t get large numbers of spiral galaxies in the first few billion years of the universe’s existence, as, even if they had somehow managed to form, they would be disrupted by all that clumping and merging.


This model had come under strain in the Hubble Space Telescope years, as we looked back further and further into the past, closer and closer to the Big Bang, and still saw large spiral galaxies, and thus began to run out of time for all this slow, random, accretion. But a LOT of early galaxies still looked pretty irregular or peculiar to the Hubble (though the resolution of those images was poor, so it was hard to tell); and so the model just about survived.


Not any more.


Here’s the key finding, from the paper (with a breakdown of what it all means underneath):

>
“…galaxies with M* > 10^ 9 M⊙ at z > 3 are not dominated by irregular and peculiar structures, either visually or quantitatively, as previously thought. We find a strong dominance of morphologically selected disk galaxies up to z = 6 in this mass range. We also find that the stellar mass and star formation rate densities are dominated by disk galaxies up to z ∼ 6, demonstrating that most stars in the Universe were likely formed in a disk galaxy.”

–from the paper, The JWST Hubble Sequence: The Rest-frame Optical Evolution of Galaxy Structure at 1.5 < z < 6.5, by Leonardo Ferreira, Christopher J. Conselice, Elizaveta Sazonova, et al, published in the Astrophysical Journal, September 22nd 2023. (Official citation, in case that’s useful for you: Leonardo Ferreira et al 2023 ApJ 955 94)



That’s devastating for the old model. And FANTASTIC news for the model of rapid, early, galaxy formation, driven by direct-collapse supermassive black holes, that I’ve outlined on this Substack.



Source: https://www.informationphilosopher.com/solutions/scientists/gough/
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Lila Gatlin


Lila Lee Gatlin is an American biochemist who first defined biology as an information processing system.

"Life may be defined operationally as an information processing 
system—a structural hierarchy of functioning units—that has acquired
through evolution the ability to store and process the information
necessary for its own accurate reproduction. The key word in the
definition is information. This definition, like all definitions of life, 
is relative to the environment. My reference system is the natural 
environment we find on this planet. However, I do not think that life
has ever been defined even operationally in terms of information. This
entire book constitutes a first step toward such a definition."




Source: https://www.informationphilosopher.com/solutions/scientists/gatlin/
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Michael Gazzaniga


   Michael Gazzaniga is a major founder of the field of cognitive neuroscience. Like the earlier field of cognitive science, which borrowed much from behaviorism, cognitive neuroscience has a strong deterministic flavor. "We live in a determined universe," says Gazzaniga, ignoring quantum indeterminism, and "the brain is determined, but the person is free," a view consistent with modern compatibilism.

Gazzaniga is the director of the SAGE Center for the Study of the Mind at the University of California, Santa Barbara, the director of the Law and Neuroscience Project funded by the MacArthur Foundation, and the president of the Cognitive Neuroscience Institute. In his studies of “split-brain” patients (initiated under the direction of Roger Sperry), whose corpus callosum has been cut to prevent epileptic fits, Gazzaniga discovered an essential asymmetry between human brain hemispheres. Information from the right hemisphere, about the left visual field and somatosensory signals from the left side of the body, is no longer transmitted to the left hemisphere.  It does not reach the language capabilities of the left brain, where the conscious mind generates the explanations and reasons for its actions, generally after the fact. The mind is not conscious of information it does not receive, leading Gazzaniga to a theory of consciousness backed by the latest research in neuroscience.


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=3k6P5JiNzrk




In his 2005 book, The Ethical Brain, Gazzaniga devoted a chapter to what he calls "those old chestnuts - free will and personal responsibility."  He says


 The logic goes like this: The brain determines the mind, and the brain is a physical entity, subject to ail the rules of the physical world. The physical world is determined, so our brains must also be determined. If our brains are determined, and the brain is the necessary and sufficient organ that enables the mind, we are then left with these questions: Are the thoughts that arise from our mind also determined? Is the free will we seem to experience just an illusion? And if free will is an illusion, must we revise our concepts of what it means to be personally responsible for our actions?

Neuroscience [also] tells us that by the time any of us consciously experience something, the brain has already done its work. When we become consciously aware of making a decision, the brain has already made it happen. This raises the question, Are we out of the loop? It is one thing to worry about diminished responsibility due to insanity or brain disease, but now the normal person appears to be on the deterministic book as well. Should we abandon the concept of personal responsibility? I don't think so. We need to distinguish among brains, minds, and personhood. People are free and therefore responsible for their actions; brains are not responsible. (pp.88-89)




Gazzaniga describes a very simplistic view of "the Philosophical Stance on Free Will."


Philosophers have long debated the nature and existence of free will, a seemingly essential concept if we are to hold and value the idea of personal responsibility. Without getting into the academic details of these views, there are two primary and opposing views: that we have free will, and that we don't. 

Gazzaniga mistakenly says that indeterminists are metaphysicians


Those who believe in free will (indeterminists) believe that some x factor — whether it's the "ghost in the machine," the soul, the mind, or the spirit — allows us to make choices and determine our actions and even our destiny by acting upon and changing the physical world and our path in it. 

He does not acknowledge those determinists who are compatibilists


Those who don't accept free will (determinists) believe we live in a predetermined world — whether it's caused by fate, preordination, or genetic hard-wiring — where every action, human and otherwise, is inevitable.

In the rational world of science, the question arises, If determinism is true, what does the determining? Traditionally, genes have been implicated as the predictors of our destiny. Stephen Jay Gould, by no means an advocate for the idea of genetic determinism, explained the theory by stating that "if we are programmed to be what we are [by our genes] then [our] traits are ineluctable. We may, at best, channel them, but we cannot change them either by will, education or culture." Some processes are largely determined by our genes, but many of our traits are not entirely encoded in our genes. Our environment and chance also play a role in determining our traits and behaviors.


While genes build our brains, it is our brains, actively making millions of decisions per second, that ultimately enable our cognition and behavior. So it would seem that if we are to look at the issue of free will today, the brain is the place to look. Is the brain a deterministic organ, genetically hard-wired to carry out actions over which we have no control? Or is the brain — the home to the mind, the ghost in the machine — something capable of free will? (pp.90-91)



[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=uo_4w9JD-eQ


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=3Uun-2VHe7U



In his recent book, Who’s In Charge? Free Will and the Science of the Brain, Gazzaniga’s clear prose style and frequent humor make for easy reading, but a fuller understanding of the neuroscience requires more than just text.  The book has only one illustration. It needs many more to explain Gazzaniga’s split-brain experiments. 

Fortunately, in his 2009 Gifford Lectures (Lecture 1, Lecture 2, Lecture 3, Lecture 4, Lecture 5, Lecture 6), Gazzaniga reviews the extraordinary discoveries of neuroscience that explain the mind as something embodied in the brain, but also as software to the brain’s hardware, a kind of abstract non-physical information that is nevertheless capable of exerting “downward causation” on the physical world.  


It is essential to separate the scientific question of freedom from the social/cultural question of moral responsibility

We live in a determined universe, he says, and the mind is not free from the causal laws of nature. But he finds the kind of freedom needed for moral responsibility is not some indeterminism inside the brain but in our social interactions.


Gazzaniga’s research found that the right hemisphere of the brain is poor at making inferences, similar to the whole brain of children younger than four years and the primates.  On the other side, the developed human left hemisphere excels at inferences, constantly searching for patterns that can “make sense” of what is going on, bringing order out of chaos, and giving us answers to “why?” questions by discovering causes behind phenomena. Gazzaniga calls this our “Interpreter Module,” which “continually explains the world using the inputs it has from the current cognitive state and cues from the surroundings.” This ability to articulate stories that explains what is going on Gazzaniga describes as a “phase shift” between humans and other animals. 


In his split-brain studies, Gazzaniga showed that the right brain is “conscious” of things going on in the left visual field. Consciousness is thus a local phenomenon, he says, indeed happening in many places, but the Interpreter is only conscious of the information that it receives. A lesion somewhere along the optic nerve or in the primary visual cortex leaves the patient “conscious” of a blind spot. A lesion in the visual associative cortex, however, leaves the patient unconscious of the blind spot. Consciousness is then the result of a constellation of local processes, information from which must reach the Interpreter in the left brain if it is show up in the narrative the Interpreter is generating. 

William James said that we focus our attention on one of the myriad of sensations in the “blooming, buzzing confusion” of our unconscious, and this one sensation or thought bubbles up into our “stream of consciousness.” In Bernard Baars’ Global Workspace Theory, there is an executive function on the stage in a “Theater of Consciousness” selectively paying attention to untold numbers of audience members shouting to be heard. Michael Gazzaniga has developed neurophysical evidence for these profound ideas.


Gazzaniga found that his Interpreter can go overboard in its attempts to find patterns and causes. Trying to bring order out of chaos, it continues to search for a pattern where none exist. When presented with lights flashing 80 percent of the time above a line and 20 percent below, animals (and our right brains) will maximize their outcomes by always guessing above the line. But the Interpreter does “frequency matching,” guessing above 80 percent and below 20 percent of the time, for a 64 percent success rate. This obviously non-adaptive behavior evolved, says Gazzaniga, because it made our species more tenacious and more successful at developing theories about how the world works. 


This discovery may explain the tendency of many scientists and most philosophers to explain away randomness as a positive contributing factor in the workings of the mind. William James said that both soft and hard determinists (like Gazzaniga) have an “antipathy to chance.” 


“Physical laws govern the physical world. We are part of the physical world. Therefore, there are physical laws that govern our behavior. Determinism reigns. Einstein and Spinoza bought it. Who are we to question it?,” asks Gazzaniga. His answer? All the spectacular advances in science leave him with what he calls “one unshakeable fact. We are personally responsible agents and are to be held accountable for our actions, even though we live in a determined universe.” [His italics].


Gazzaniga knows that quantum physics introduces some irreducible indeterminism at the atomic and molecular level.  This means you are free to choose Boston cream pie over berries for dessert, he says, and the choice was not determined at the very instant of the big bang. But he doubts whether quantum events in the brain help to make the choice free. “What on earth do humans want to be free from?,” he asks, “Indeed, what does free will even mean? However actions are caused, we want them to be carried out with accuracy, consistency, and purpose. When we reach for a glass of water, we don’t want our hand suddenly rubbing our eye.“  The short answer is that we do not want our actions to be predetermined, (by genetic factors) from the remote past before we were born, or (by environmental factors) from our life experiences, or (by causal chains) from the physical conditions that exist immediately before we deliberate about our decisions. 


And moreover, as Gazzaniga says, we want our actions to be caused (determined) by our purposes and motives, our desires and feelings. Can we have it both ways? Yes, if the causality involved is only statistical, if the determinism is only adequate to explain the regularity of macroscopic physical laws. Quantum physics corresponds perfectly to classical physics in the limit of large numbers of atoms, and in the limit of large quantum numbers. In my two-stage model of free will, a limited indeterminism in the first stage can generate creative new ideas for consideration by an adequately determined second stage making the decision. The model is analogous to biological evolution, where microscopic stochasticity generating mutations in the gene pool is a creative force. This is the first step in a two-step process, as Ernst Mayr described it. The macroscopic second step of natural selection is an adequately determined process.


How does Gazzaniga defend the philosophically difficult proposition that immaterial ideas in an emergent mind can constrain the physical world? Can he solve the great problem of mind-body dualism? In his Gifford lectures, Gazzaniga proposes something analogous to the controversial Baldwin effect in evolutionary theory, the notion that learned behaviors transmitted culturally can so modify the environment that selection pressures now favor random mutations that have more reproductive success in the now changed environment. This creates a feedback loop called genetic assimilation when the new environment gets reflected in the genes, or niche construction when humans adapt the environment (as opposed to animals, who adapt to the environment). Gazzaniga proposes a similar feedback process in the mind-brain, where top-level mental ideas exert “downward causation” on the brain, biasing its decisions that are being made from the bottom (the neurons) up.  Terrence Deacon makes similar arguments, the mind puts constraints on the physical world to further its goals. These two thinkers are onto something very important, in my opinion.


Finally, Gazzaniga thinks he has solved the problem of free will by noting that moral responsibility is not something that is created in brains, but in social interactions.  He is right, of course. Morality is primarily a social and cultural question, despite many studies finding altruistic behavior in some animals. For decades, compatibilist philosophers have tried to identify free will with moral responsibility. That the two issues are connected historically is undeniable, but I disagree that “social interactions make us free to choose,” as Gazzaniga claims. The question of whether deterministic physical laws pre-determine all our actions is a physical and biological question. We may not have metaphysical free will, but we do have a biophysical free will. As William James insisted, some irreducible ontological chance must be part of the solution.
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Nicholas Georgescu-Roegen

Nicholas Georgescu-Roegen was a Romanian mathematical economist whose application of thermodynamic concepts to economics led to the new academic sub-discipline of bioeconomics (ecological economics). 


His extraordinary mathematics abilities led his teachers in Romania to encourage him to study abroad. In 1927 he went to the Institute of Statistics in Paris where his professor was Émile Borel. Borel had his Ph.D thesis published in special issue of an academic journal.


Georgescu-Roegen decided in 1931 to go to England to study with the great biostatistician Karl Pearson. His work with Pearson came to the attention of the Rockefeller Foundation, who offered him a research fellowship.


He was a visiting fellow at Harvard University in 1934, where he was introduced to the some of the best economic theorists by Joseph Schumpeter, who had himself recently emigrated, from Germany. Schumpeter organized weekly meetings of the thinkers, which was Georgescu-Roegen's education in economics. He never took an economics class.


He wrote several important papers in economics in the 1930's. After World War II he returned to Harvard as Research Associate and Lecturer. In the 1960's his fame began to spread. Harvard University Press published twelve of his most important papers in the 1966 volume, Analytical Economics: Issues and Problems. He wrote five introductory essays which first introduced his interest in the "Entropy Law."


Georgescu-Roegen's great work in 1971, The Entropy Law and the Economic Process, had an enormous impact on this "information philosopher." 
At the time, my work was on identifying negative entropy as the possible source for an "objective" value, based on remarks made by Arthur Stanley Eddington in his 1927 book, The Nature of the Physical World.



Georgescu's remarks depend heavily on a comparison of living thing with the hypothetical Maxwell's Demon that can manipulate the motion of molecules to (apparently) violate the second law of thermodynamocs.
   
7. Entropy and Purposive Activity. Among the various ideas surrounding the antinomy between physical causality and freedom is that of the inexorability of the physical laws. Properly understood, this idea is that man cannot defeat the physical laws in the sense of preventing their working. The law of gravitation, for instance, is at work even in the case of a flying aircraft. The Entropy Law of Classical thermodynamics is no exception to this rule. Heat is dissipated even when we refrigerate a warehouse, because more heat is “degraded” in the rest of the universe than that which is “upgraded” in the warehouse. The result is that bound heat-energy in the universe has increased, as the law requires. Refrigeration is an exception only to the crude law that heat cannot flow from the colder to the hotter body but not to the law proper which says that heat cannot do so by itself. However, the probabilistic formulation of the Entropy Law, based on the idea that heat is merely one manifestation of the irregular motion of particles, raised in some physicists’ minds doubts as to the inexorability of that law.


This view is related to a piquant fable of J. Clerk Maxwell’s. He imagined a minuscule demon posted near a microscopic swinging door in a wall separating two gases, A and B, of equal temperature. The demon is instructed to open and close the door “so as to allow only the swifter molecules to pass from A to B, and only the slower ones to pass from B to A.” Clearly, the demon can in this way make the gas in B hotter than in A. This means that it can unbind bound energy and, hence, defeat the Entropy Law of statistical thermodynamics.


Ever since Maxwell wrote it (1871), the fable has been the object of a
controversy which, I submit, is empty. Taken on its face value, the fable
reveals a conflict between the tenet that physical laws are inexorable
and the statistical explanation of thermodynamic phenomena. In this
perspective, Maxwell’s own point corresponds to eliminating the conflict
by upholding the tenet and indicting the explanation. But one may
equally well accept the statistical explanation and reject the tenet. This
second alternative corresponds to the argument enthusiastically supported
by all vjtalists that a living being—as proved by Maxwell’s demon—
possesses the power of defeating the laws of matter. It is because of this
last argument that the fable acquired a sweeping significance. However,
like many other paradoxes, Maxwell’s is still an intellectual riddle. Like
all paradoxes, Maxwell’s can only enlighten our thoughts but cannot
become a basis for settling the very issue it raises.


The main line of the arguments aimed at disposing of the paradox
descends from Boltzmann, who argued that “ if all differences of temperature
would disappear, no intelligent being could emerge either.” The
point has ever since been repeated in various forms by Einstein, Eddington,
and many others. The issue was given a more explicit turn by L.
Szilard. He argued that the demon cannot act without getting some
information about the motions of the particles. This idea paved the way
for equating entropy with deficiency of information and led to a series of
exercises on the physical limitations of the demon. Their main point is
that since a milieu in thermodynamic equilibrium is a black body it is
impossible for the demon to see the particles. Should it be provided with
some physical device for obtaining the needed information—say, a torch—
it still could not unshuffle more energy than that consumed by the
device. All these exercises, however, do not dispose of the paradox:
they merely assume it away.62 Their very basis is that the Entropy Law
prevents a physical device from performing more work than that warranted
by the free energy it receives. Clearly, if this is the premise, the
conclusion can only be the absurdity of the fable.


A more familiar argument, instead of providing the physical device, 
“exorcises” it, i.e., transforms it into an intelligent being
in flesh and blood. It first observes that such a being must consume some
free energy in order to survive, and then it asserts that if the being were
able to unshuffle a greater amount it would contradict the Entropy Law
This line of reasoning, therefore, is vitiated by the same circularity as that
of the preceding paragraph. It has nevertheless the advantage of bringing
to the forefront the most important implication of the fable. In the
words of Helmholtz, it is the issue of whether the transformation of the
disordered heat motion into free energy “ is also impossible for the delicate
structures of the organic living tissues.” More exactly, if all is aimless
motion (as statistical thermodynamics contends), we should expect the
constituent particles of any organism to disintegrate promptly into a
chaotic state just as the aimlessly running mice of G. N. Lewis’ metaphor
supposedly do. Indeed, the probability that a living organism would not
disintegrate promptly is fantastically small. According to the teachings of
Boltzmann and of every advocate of the probabilistic approach, the event
should never happen. Yet the “miracle” has happened over and over
again on a fantastic scale. The miracle, therefore, needs an explanation.
As Poincare put it, it is precisely because according to the laws of physics
all things tend toward death “that life is an exception which it is necessary
to explain.”


It is along this line of thought that Eddington argued that besides
random there must be an opposite factor at work in nature: the antichance.
“We have,” he said, “ swept away the anti-chance from the
field of our current physical problems, but we have not got rid of it.”
By this he may have meant that we have done away with strict causality
and now we need the anti-chance to oppose mere chance in all those
countless cases where the rule of chance is contradicted by enduring
ordered structures. To be sure, similar suggestions for explaining the
contradiction had been made long before by others—by Georg Hirth, for
instance. By now, practically every thinker feels that “ something [a
new principle] has to be added to the laws of physics and chemistry before
the biological phenomena can be completely understood.”69 Suggestions
such as Hirth’s and Eddington’s have only an indirect value which,
moreover, calls for a great deal of conceding. But the alternative position—
to maintain that there are no principles in nature other than those
manifested in the test tube or on the photographic plate—amounts to a
glorification of the fallacy of the puzzled zoo visitor mentioned a while
ago. Certainly, as Wiener noted, “ it is simpler to repel the question posed
by the Maxwell demon than to answer it.”


Yet Maxwell’s demon was not to remain without glory. The fable had
a decisive influence upon the orientation of the biological sciences. To
begin with, it compelled us all to recognize the categorical difference
between shuffling and sorting. In thermodynamics we do not ask ourselves
whence comes the energy for the shuffling of the universe, even though
we know only too well that it takes some work to beat an egg or to
shuffle cards. The shuffling in the universe—like that of the gas molecules
surrounding the demon—goes on by itself: it is automatic. But not so
with sorting: Maxwell invented a demon, not a mechanical device, for
this job. “ Sorting is the prerogative of mind or instinct,” observed
Eddington, and hardly anyone would disagree with him nowadays.
Actually the more deeply biologists have penetrated into the biological
transformations the more they have been struck by “ the amazing specificity
with which elementary biological units pick out of the building
materials available just the ‘right ones’ and annex them just at the right
places.” Irrespective of their philosophical penchant, all recognize that
such orderly processes, which are “much more complex and much more
perfect than any automatic device known to technology at the present
time,” occur only in life-bearing structures. This peculiar activity of
living organisms is typified most transparently by Maxwell’s demon,
which from its highly chaotic environment selects and directs the gas
particles for some definite purpose.


Purpose is, of course, a concept alien to physics. But from what has been
said in the preceding section, this point should not bother us. Physicists,
in opposition to the positivist sociologists, have one after another admitted
that purpose is a legitimate element of life activities, where the
final cause is in its proper right, and that it leads to no logical contradiction
if one accepts complementarity instead of monism. Eddington, as
we have seen, goes even further. For although he argues that the “ nonrandom
feature of the world might possibly be identified with purpose or
design, [noncommittally with] anti-chance,” he does not suggest that
anti-chance is absent from the physical world. “Being a sorting agent,
[Maxwell’s demon] is the embodiment of anti-chance.” Norbert Wiener,
too, sees no reason for supposing that Maxwell demons do not in fact
exist hidden behind some complex structures, as it were. As the metastable
properties of enzymes suggest, they may operate, not by separating
fast and slow molecules, “ but by some other equivalent process.”76 It is
not surprising therefore that thermodynamics and biology have drawn
continuously closer and that entropy now occupies a prominent place in the
explanation of biological processes.


Unfortunately, most students of life phenomena now shun the use of
the concept of purpose. In all probability, this proclivity reflects the fear
of being mocked as a vitalist more than anything else. As a result, only
few students pay attention to the fact—a physico-chemical marvel in
itself—that life-bearing structures are as a rule able to attain their
individual purpose over unforeseen obstacles of all sorts or, as Bergson
strikingly put it, to secure “ the constancy of the effect even when there is
some wavering in the causes,” I should hasten to add that by emphasizing
the legitimate place of purpose in life phenomena I do not intend to
vindicate the ultravitalist position that living structures can defeat the
laws of elementary matter. These laws are inexorable. However, this very
argument uncovers the real issue of the vitalist controversy. Given that
even a simple cell is a highly ordered structure, how is it possible for such a
structure to avoid being thrown into disorder instantly by the inexorable
Entropy Law? The answer of modern science has a definite economic
flavor: a living organism is a steady-going concern which maintains its
highly ordered structure by sucking low entropy from the environment
so as to compensate for the entropic degradation to which it is continuously
subject. Surprising though it may appear to common sense,
life does not feed on mere matter and mere energy but—as Schrödinger
aptly explained—on low entropy.


Sorting, however, is not a natural process. That is, no law of elementary
matter states that there is any sorting going on by itself in nature; on
the contrary, we know that shuffling is the universal law of elementary
matter. On the other hand, no law prohibits sorting at a higher level of
organization. Hence, the apparent contradiction between physical laws
and the distinctive faculty of life-bearing structures.


Whether we study the internal biochemistry of a living organism or
its outward behavior, we see that it continuously sorts. It is by this
peculiar activity that living matter maintains its own level of entropy,
although the individual organism ultimately succumbs to the Entropy
Law. There is then nothing wrong in saying that life is characterized by
the struggle against the entropic degradation of mere matter.81 But it
would be a gross mistake to interpret this statement in the sense that
life can prevent the degradation of the entire system, including the
environment. The entropy of the whole system must increase, life or no
life.
Although the point in all its details is quite involved, its gist is relatively
simple if we bear in mind a few things. The first is that the Entropy Law
applies only to an isolated system as a whole. The second is that an isolated
system in entropic equilibrium (in a chaotic state) is homogeneous in
itself and also has no free energy relative to itself. ...


Whether a Maxwell demon, if introduced in such a world, could
perform its task is still a moot question. But there is hardly any doubt
that in a world whose entropy is still increasing a sorting demon can
decrease the entropy of a subsystem. The fact that an exorcised demon,
i.e., a living organism, can survive only in a world whose entropy increases
has already been pointed out by more than one writer. I should add,
however, that life, at least in the form it exists on this planet, is compatible
only with a moderate entropy. In an environment of very low
entropy, a living organism would not be able to resist the onslaught of
the free energy hitting it from all parts. On the other hand, in an environment
of very high entropy there would not be enough free energy going
around for the sorting to be successful in the short run.


Let me observe that the case, however, is not completely closed by the
above remarks. A perhaps even more difficult question confronts us now:
is the increase of entropy greater if life is present than if it is not ? For
if the presence of life matters, then life does have some effect upon physical
laws. Our ordinary knowledge of the change in the material environment
brought about by the biosphere seems to bear out the idea that life speeds
up the entropic degradation of the whole system. And in fact, a simple
laboratory experiment confirms that the entropic evolution of an isolated
system is altered if life is introduced in it at a certain moment. All lifebearing
structures work toward a purpose—to maintain their entropy
intact. They achieve it by consuming the low entropy of the environment,
and this fact alone should suffice by itself to justify the belief that life is
capable of some physical manifestations that are not derivable from the
purely physico-chemical laws of matter. There is, we remember, some
freedom left to actuality by the Entropy Law of Classical thermodynamics.
And as W. Ostwald, a Nobel laureate for chemistry, noted long ago,86 it
is by virtue of this freedom that a living organism can realize its life
purpose and, I should add, that man’s economic activity is possible.
Another reason why I have dwelt in the preceding chapter on the main
flaws ably couched in the reduction of thermodynamics to the law of
mechanics should now be obvious: statistical thermodynamics completely
denies the possibility of any purposive activity because it claims that
everything is completely determined by the laws of mechanics. Accordingly,
it would be nonsense to speak of purposive activity and to relate it
to some “ vitalistic” principle not deducible from those laws. But without
such a principle, I contend, we simply turn our backs to a wealth of highly
important facts. Actually, if examined closely, many occasional remarks
by physicists on the life process tend to show that they too share, however
unawares, this “ vitalistic” belief.


The fact has a natural explanation. The scholarly mind cannot bear the
vacuum left after the Classical concept of cause shared the fate of the
mechanistic epistemology. The scholarly mind needs something to
stimulate its imagination continuously or, as Planck said, to point in the
direction of the most fruitful search. The domain of life-phenomena
represents a very special case in this respect. For, as we have seen in this
section, life is manifested by an entropic process that, without violating
any natural law, cannot be completely derived from these laws—including
those of thermodynamics! Between the physico-chemical domain and that
of life there is, therefore, a deeper cleavage than even that between
mechanics and thermodynamics. No form of cause that may fit other
phenomena could do for the sciences of life. The final cause—that is,
purpose—is not only in its right place in these sciences but it also constitutes
 an indispensable and extremely useful tool of analysis. A biologist or a social scientist has to be a “vitalist” and, as a result, to be in the habit of looking for a purpose. It is all right for an economist to rest satisfied with the explanation of a catastrophic crop by some efficient causes triggered by random events. However, the science served by him is ordinarily interested in problems involving human actions. And if an economist wishes to analyze the actions of those who tilled the soil and cast the seeds, or of all those who have been hit by the scarcity produced by the crop failure, he will not arrive at a penetrating understanding if he refuses to look for the purposes that move them. For the truth that cannot be oblitered by the current behavioristic landslide is that we all—the fans of behaviorism included—act from a purpose.


And one complete circle is now closed by recalling that all our important purposes—namely, to stay alive and to keep a place under the social sun— lead to entropic transformations of our neighboring universe. This means that the realization of our purposes sets us on a never-to-return journey.





Georgescu-Roegen's rambling thoughts may show he does not understand the deep problems in statistical physics, but his conclusion that a biologist or sociologist should "look for a purpose" af a "vitalist" principle in living things is fundamentally correct. Georgescu-Roegen's work influenced a large community of scholars to apply principles of statistical physics to economics and ecology today, so they bear reading again.


He made the connection to Claude Shannon's formula for the number of bits of information transmitted through a communications channel in the presence of noise. Shannon called it entropy at the suggestion of John von Neumann.


But Georgescu-Roegen died disappointed that his work had not been better understood and used to improve the well-being of mankind. This was partly because entropy is such a difficult subject for most readers and it remains a controversial subject even among the scientists who founded thermodynamics, statistical mechanics, and the kinetic theory of gas particles. He wrote sardonically about the lack of respect for his ideas in economic circles as contrasted with scientific publications...


1. "An informed sociologist of science would perhaps be able to explain why a paper concerning the essence of economic value found an enthusiastic reception in Science, a weekly devoted to the natural sciences, and also why the American Economic Review refused to publish a paper having to do with the refutation of that dogma."



Source: https://www.informationphilosopher.com/solutions/scientists/georgescu-roegen/
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   Nicolas Gisin is an experimental physicist who has extended the tests of quantum entanglement and nonlocality (the EPR experiment) to many kilometers from his lab in Geneva. His work has confirmed the correctness of quantum mechanics, and with it the irreducible indeterminacy involved in quantum mechanical measurements.

Gisin is the recipient of the first John Stewart Bell prize. It is Bell's Theorem and the Bell Inequalities that Gisin's work has confirmed.


Despite his critical work that grounds quantum physics, Gisin has been active in searching for alternative mathematical formulations of quantum theory, especially ones that might replace the ad hoc assumption of wave functions "collapsing" when measurements are made. 


Alternatives proposed by GianCarlo Ghirardi and his colleagues replace the linear Schrödinger equation for the time evolution of the wave function with a nonlinear equation that includes explicit stochastic terms.


Gisin also has explored the paradoxical interpretations of his nonlocality experiments. The perfect nonlocal correlation of distant spin states suggests that information is traveling between the two widely separated measurements of electrons in an entangled spin state at velocities greater than the speed of light.


This is of course impossible, but Gisin speculates that some "influence" may be affecting both experiments coming from "outside space and time." Gisin says he means by this that "there is no story in space and time" to account for nonlocality. This is of course because the collapse of probabilities is instantaneous (not therefore "in time?") and happens everywhere (surely "in all space?").


If there were such influences, they might provide an explanation for deterministic theories, "some sort of hyper-determinism that would make all Science an illusion," says Gisin. He explains:


We have seen that any proper violation of a Bell inequality implies that all possible future theories have to predict nonlocal correlations. In this sense it is Nature that is nonlocal. But how can that be? How does Nature perform the trick? Leaving aside some technical loopholes, like a combination of detection and locality loopholes, the obvious answer, already suggested by John Bell, is that there is some hidden communication going on behind the scene. A first meaning of "behind the scene" could be "beyond today's physics", in particular beyond the speed limit set by relativity. We have seen how this interesting idea can be experimentally tested and how difficult it is to combine this idea with no-signaling. Hence, it is time to take seriously the idea that Nature is able to produce nonlocal correlations. There are several ways of formulating this:


1. Somehow God plays dice with nonlocal die: a random event can manifest itself at several locations.


2. Nonlocal correlations merely happen. somehow from outside space-time, in the sense that no story in space-time can describe how they happen.


3. The communications behind the scene happens outside space-time


4. Reality happens in configuration space: what we observe is only a shadow in 3-dimensional space (this might be closest to the description provided by standard quantum physics).





Free will


Gisin says about free will, 

I know that I enjoy free will much more than I know anything about physics. Hence, physics will never be able to convince me that free will is an illusion. Quite the contrary, any physical hypothesis incompatible with free will is falsified by the most profound experience I have about free will.

So, would I have rejected Newtonian classical mechanics had I lived before quantum physics? Probably not. Indeed, classical physics leaves open the possibility that free will can somehow interface with the deterministic Newtonian equations: free will could set-up some potential that could slightly influence particles's motion. This would be something like Descartes pineal gland. In standard quantum physics such an interface between free will and physics could be even simpler: free will could influence the probabilities of quantum events. This is, admittedly, a vague and not very original idea; but important is that there is no obvious definite contradiction between free will and standard quantum physics. 




Determinsim is a physical hypothesis that denies free will, and it is false



Gisin articles

Indeterminism in Physics:Are Real Numbers Really Real?
Are There Quantum Jumps?
Time Really Passes
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The experimental setup for quantum entanglement tests is theoretically simple but experimentally difficult. Two spin 1/2 electrons are prepared in a state, say with opposing spins so the total spin angular momentum of the electrons is zero. They are said to be in a singlet state. Most recent studies, like Gisin's, used entangled polarized photon pairs.)

Two experimenters (call them A and B) measure the electron spins at some later time. 


The conservation of angular momentum requires that should one of these electrons be measured with spin up, the other must be spin down. This is what is described as "nonlocal" correlation of the spin measurement results.


A simpler way of looking at the problem is to consider the conservation of angular momentum, a law of nature that can not be violated. What would the lack of "correlation" between electron spins look like? It would include some spin-up measurements by experimenter A at the same time as spin-up measurements by experimenter B.


But this is a clear violation of the conservation law for angular momentum.


This conservation law in no way depends on supra-luminal communications between particles. Consider two electrons at opposite ends of the Andromeda galaxy, say 100,000 light years apart. As they revolve around the center of the galaxy, they conserve their orbital angular momenta perfectly.


We might say, with Gisin, that conservation laws are "outside space-time."


Note that Einstein's original Maxwell's equations - in his 1931 article "Maxwell's Influence on the Evolution of the Idea of Physical Reality."


A few years later, he again questioned whether continuous theories, with their infinities and singularities, would be the final answer to what is real. 


In the Schrodinger equation, absolute
time, and also the potential energy, play a decisive role, while
these two concepts have been recognized by the theory of
relativity as inadmissible in principle. If one wishes to escape
from this difficulty, he must found the theory upon field and
field laws instead of upon forces of interaction. This leads us
to apply the statistical methods of quantum mechanics to fields,
that is, to systems of infinitely many degrees of freedom. Although
the attempts so far made are restricted to linear equations,
which, as we know from the results of the general theory
of relativity, are insufficient, the complications met up to now
by the very ingenious attempts are already terrifying...

To be sure, it has been pointed out that the introduction
of a space-time continuum may be considered as contrary to
nature in view of the molecular structure of everything which
happens on a small scale. It is maintained that perhaps the success
of the Heisenberg method points to a purely algebraical
method of description of nature, that is, to the elimination of
continuous functions from physics. Then, however, we must
also give up, on principle, the space-time continuum...


In view of this situation, it seems to be entirely justifiable
seriously to consider the question as to whether the basis of
field physics cannot by any means be put into harmony with
quantum phenomena. Is this not the only basis which, with
the presently available mathematical tools, can be adapted to
the requirements of the general theory of relativity? The belief,
prevailing among the physicists of today, that such an attempt
would be hopeless, may have its root in the unwarranted assumption
that such a theory must lead, in first approximation,
to the equations of classical mechanics for the motion of corpuscles,
or at least to total differential equations. As a matter
of fact, up to now we have never succeeded in a field-theoretical
description of corpuscles free of singularities, and we can, a
priori, say nothing about the behavior of such entities. One
thing, however, is certain: if a field theory results in a representation
of corpuscles free of singularities, then the behavior
of these corpuscles in time is determined solely by the differential
equations of the field. 



To Leopold Infeld he wrote in 1941,


 "I tend more and more to the opinion that one cannot come
further with a continuum theory."


Einstein in his later years grew even more pessimistic about the possibilities for deterministic continuous field theories, by comparison with indeterministic and statistical discontinuous particle theories like those of quantum mechanics. 


He wrote his friend Michele Besso in 1954 to express his lost hopes for a continuous field theory like that of electromagnetism or gravitation,
 


"I consider it quite possible that physics cannot be based on the field concept, i.e:,
on continuous structures. In that case, nothing remains of my entire castle in the
air, gravitation theory included, [and of] the rest of modern physics."
   

The fifth edition of The Meaning of Relativity included a new appendix on Einstein's field theory of gravitation. In the final paragraphs of this work, his last, published posthumously in 1956, Einstein wrote:


Is it conceivable that a field theory permits one to
understand the atomistic and quantum structure of reality ?
Almost everybody will answer this question with "no"...

One can give good reasons why reality cannot at all
be represented by a continuous field. From the quantum
phenomena it appears to follow with certainty that a finite
system of finite energy can be completely described by a
finite set of numbers (quantum numbers). This does not
seem to be in accordance with a continuum theory, and
must lead to an attempt to find a purely algebraic theory
for the description of reality. But nobody knows how to
obtain the basis of such a theory.
   


Finally, we should note that Einstein was greatly impressed by the work of two great mathematicians, Leopold Kronecker and Richard Dedekind. 

Kronecker famously argued that the continuum is a human creation. He said, "God made the integers, all else is the work of man." ( "Die ganzen Zahlen hat der liebe Gott gemacht, alles andere ist Menschenwerk"). Kronecker gained a measure of control over the infinities and singularities of continua with his "Kronecker delta," which is infinitely tall but infinitesimally wide, like Paul Dirac's later delta function, it integrates to unity.


A few years later, Dedekind echoed Kronecker, saying "the negative and fractional numbers have been created by the human mind." (Essays on the Theory of Numbers, p.4) Dedekind was the source for one of Einstein's most famous phrases, the "free creation of the human mind"


"Physical concepts are free creations of the human mind, and are not, however they may seem, uniquely determined by the external world."

From Information Philosophy
All the fields of physics, gravitation, electromagnetism, nuclear, and even the quantum wave function, are descriptions that enable accurate predictions of the properties of a test particle at a pint in the field. As such, fields are abstract, immaterial, information about concrete, material, objects.


In the case of quantum mechanics, the wave function provides only statistical information about individual particles. Quantum theory is thus a statistical, and therefore incomplete theory, as Einstein knew well, though his colleagues all dismissed his thinking.  


See http://www.informationphilosopher.com/solutions/scientists/einstein/ for more.
-->






Source: https://www.informationphilosopher.com/solutions/scientists/gisin/
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   Paul Glimcher is a neuroscientist and behavioral psychologist who founded the new field of neuroeconomics.

Glimcher has been unusual among scientists to take seriously the significance of quantum indeterminacy in the biological sciences. Since Galileo, Kepler, and Newton, the paradigm of quantitative and mathematical science has been predictability. This in turn depends above all on causal laws, which appeared to most thinkers to require determinism. Reductionists argue that biology is reducible to physics and chemistry and thus subject to the same causal laws.


We now know that determinism is an emergent phenomenon, not yet present when the universe consisted of only radiation and a few elementary particles for the first few hundred thousand years.


Macroscopic bodies like the planets are aggregates of vast numbers of particles that average over the microscopic quantum uncertainty. Their behavior is the statistical consequence of the law of large numbers. It was macroscopic bodies, especially planets, but also billiard balls, that gave us Newton's laws, driving our intuition that everything must follow such "universal" laws.  


Glimcher makes the case that human and animal behavior, dependent ultimately on very small brain structures that approach the quantum level, may involve the irreducible indeterminacy of quantum mechanics and challenge the standard assumptions of behavioral science.

 
Since René Descartes, the bodies of humans and animals have been assumed to be machines following deterministic and causal laws. Descartes drew diagrams of the reflex arc of afferent signals from a foot feeling pain, up to the brain, and efferent signals back down to pull the muscles away. (Descartes located freedom of the will in the separate substance of a human mind. Animals lacked such freedom.)


This reflex arc of causes and effects, and the related metaphor of biological processes as "mechanisms," prominent in the great twentieth century work of Charles Sherrington, is still the most common textbook explanation today.


Glimcher is surprised to find that the great Erwin Schrödinger, one of the founders of quantum mechanics, argued in his influential 1944 essay, "What Is Life," that indeterminacy could play no role. This essay had an enormous but unfortunate impact on the development of biology, especially on the work of Max Delbrück and other molecular biologists.


Glimcher writes:


[Schrödinger] argued that
fundamental indeterminacy would never arise in the living world because
if it were not so, if we were organisms so sensitive that a single atom, or even
a few atoms, could make a perceptible impression on our senses

Heavens,
what would life be like! To stress one point: an organism of that kind would
most certainly not be capable of developing the kind of orderly thought which,
after passing through a long sequence of earlier stages, ultimately results in
forming, among many other ideas, the idea of an atom. (Schrodinger 1944)


Our existing data, although ambiguous, clearly challenge Schrodinger’s conclusion.
The vertebrate nervous system is sensitive to the actions of single quantum
particles. At the lowest levels of perceptual threshold, the quantum dynamics of
photons, more than anything else, governs whether or not a human observer sees
a light. Synapses and neurotransmission also seem to violate
this assumption of Schrodinger’s, and these are the building blocks from
which neurocomputation is achieved. In the end, Schrodinger may be right, behavior
may be fundamentally determinate, but it would be premature to draw that
conclusion now. Behavioral scientists will have to continue to explore apparent
indeterminacy in behavior and will have to develop the methodological tools for
determining whether this apparent indeterminacy is fundamental.


Glimcher may be unaware of the deep philosophical reasons that led Schrödinger away from his early commitment to statistical views of physics (under the influence of his teacher Franz Exner and Ludwig Boltzmann). Schrödinger later became a hardened determinist along with Albert Einstein, Louis deBroglie, David Bohm, and others who challenged the indeterminacy of quantum physics to the ends of their lives.

After reviewing the research into stochastic behavior in neuron production of action potentials, Glimcher summarizes the likelihood that this indeterminacy might rise to the level of behavior. 





The evidence that we have today suggests that membrane voltage can be influenced
by quantum level events, like the random movement of individual calcium
ions. So there is every reason to believe that membrane voltage can be viewed, at
least under some circumstances, as a formally indeterminate process of the type
that precludes Popperian falsifiability. How does this membrane voltage influence
action potential generation? Recall that cells receive a mixture of excitation and
inhibition from thousands of synapses and that the ratio of this mixture is variable.
Imagine that the correlations between the activity of the individual synapses
impinging on a given cell were variable. Under conditions in which the activity
of many synapses is correlated and the membrane voltage is driven either way
above or way below its threshold for action potential generation, the network of
neurons itself would maintain a largely determinate characteristic even though
the synapses themselves might appear stochastic. Alternatively, when the synaptic
activity is uncorrelated and the forces of excitation and inhibition are balanced,
small uncorrelated fluctuations in synaptic probabilities drive cells above or below
threshold. Under these conditions, indeterminacy in the synapses propagates to the
membrane voltage and thence to the pattern of action potential generation. Indeterminacy
in the pattern of action potential generation, although variable, would
reflect a fundamental indeterminacy in the nervous system.

At the level of behavior, apparent indeterminacy is reinforced by the environment
and has been observed. Animals can produce behavior that appears to
scientists to be indeterminate. How does this apparent indeterminacy arise? Given
what we know about the behavior of synapses and action potentials, two possibilities
present themselves. The fundamental indeterminacy observed at the cellular
level could be prevented from influencing higher-level phenomena in the nervous
system, rendering these higher-level phenomena determinate. These determinate
processes could then instantiate pseudorandom computations that emulate the underlying
cellular indeterminacy and yield apparently indeterminate behavior. Alternatively,
we can propose the hypothesis that indeterminacy observed at the cellular
level could propagate to behavior under some circumstances, yielding truly indeterminate
behavior under some conditions and more determinate behaviors under
others.



The leading German neurogeneticist Martin Heisenberg has shown stochastic behavior in fruit flies and probably even bacteria, arguing that humans and animals are therefore not determined beings. We argue further that human behavior can be adequately determined and that indeterminacy provides  the generator of alternative possibilities that makes us creative and the authors of our own lives. 

We are not pre-determined, as many scientists and philosophers may still believe.
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Among the first scientists to examine the pattern of cortical neuronal firing rates
with regard to indeterminacy were Tolhurst et al. (1981) and Dean (1981), who
were extending studies of neuronal variability pioneered by Barlow & Levick
(1969; see also Heggelund & Albus 1978). In two landmark papers, Tolhurst et al.
(1981) and Dean (1981) examined the firing patterns of neurons in the visual
cortices of anesthetized cats viewing visual displays that presented moving bars of
light. 

What Tolhurst et al. (1981) and Dean (1981) found, therefore, was that at
the level of action potential generation, cortical neurons could be described as
essentially stochastic. This was a surprising result at the time, and it has been
widely confirmed (Rieke et al. 1997, Shadlen & Newsome 1998). What then is
the source of this apparent stochasticity, and would a more detailed biophysical
analysis of the spike generation mechanism reveal an underlying deterministic
process that would yield this apparent indeterminacy?


To examine one possible answer to that question, Mainen & Sejnowski (1995)
sought to determine whether the biophysical process that actually generates action
potentials in response to changes in membrane voltage was determinate...


They found that the spike-generating mechanism was fully
deterministic. A given pattern of membrane voltage gave rise to exactly the same
pattern of action potentials no matter how many times it was injected into the cell.


On the one hand, this was a reassuring result. At base, the pattern of action
potential generation was found to be governed by a determinate device. However,
on the other hand, it was puzzling. Spike rates are not determinate in this sense.
Tolhurst et al. and Dean’s work indicates that spike rates are distributed in a
Poisson-like fashion, and there clearly is nothing about the spike generator within
each cell that produces this pattern. The Mainen & Sejnowski (1995) data indicate
that the apparent randomness in spike patterns must be a function of apparent
randomness in the underlying membrane voltages. What then are the sources of
these Poisson-like fluctuations in membrane voltage?


We know that membrane voltages are governed, ultimately, by the pattern of
synaptic activations that a cell receives from the neurons that impinge upon it. Each
cortical neuron receives about 10,000 synapses from the tissue that surrounds it.
The fact that about half of these synapses are excitatory and half are inhibitory
is also important. It means that net excitation and inhibition are largely balanced
in an active neuron and small shifts in this balance cause the membrane voltage
to rise and fall, and thus cause action potentials to be generated. Together, these
observations make a clear suggestion. The source of the apparent stochasticity
in the membrane voltage either is a determinate pattern of synaptic activations
that carefully sculpts the membrane voltage to yield an apparently indeterminate
pattern of action potentials for reasons we do not yet understand or the process of
synaptic activation is itself apparently indeterminate.


A number of groups have investigated this latter possibility by studying the
activity of single synapses (see Auger & Marty 2000, Stevens 2003 for reviews of
this literature). The basic approach taken by these groups has been to activate a
neuron and then monitor the rate at which individual synaptic vesicles are released
into the synaptic cleft. Before these experiments were undertaken one could have
speculated that synapses were simple determinate mechanisms: When an action
potential invades the presynaptic region, it might be presumed that synaptic vesicles
of neurotransmitter were deterministically released into the synaptic cleft. Modern
studies of this process seem to contradict this view, however. Current evidence
indicates that when an action potential invades the presynaptic terminal, the chance
that a single synaptic vesicle will be released can be as low as 20%. Examinations
of the precise patterns of vesicular release suggest that the likelihood that a vesicle
of neurotransmitter will be released in response to a single action potential can
be described as a random Poisson-like process. Vesicular release seems to be an
apparently indeterminate process.


Careful study of other elements in the synapse seems to yield a set of similar, and
highly stochastic, results. Postsynaptic membranes, for example, seem to possess
only a tiny number of neurotransmitter receptors (cf. Takumi et al. 1999), and
during synaptic transmission as few as one or two of a given type of receptor
molecules may be activated (Nimchinski et al. 2004). Under these conditions, a
single open ion channel may allow a countable number of calcium or sodium ions
to enter the neuron, and there is evidence that the actions of a single receptor
and the few ions that it channels into the cell may influence the postsynaptic
membrane. Together, all of these data suggest that membrane voltage is the product
of interactions at the atomic level, many of which are governed by quantum physics
and thus are truly indeterminate events. Because of the tiny scale at which these
processes operate, interactions between action potentials and transmitter release
as well as interactions between transmitter molecules and postsynaptic receptors
may be, and indeed seem likely to be, fundamentally indeterminate.


In 1944, Schrodinger argued that the fundamental indeterminacy of the physical
universe would have no effect on living systems. He argued that were biological
systems to become so small that the actions of single atoms or molecules could
influence cells, the resulting organisms would surely perish from the evolutionary
landscape. Studies of the mammalian synapse, however, seem to indicate that
Schrodinger (1944) was simply wrong in this regard. Single synapses appear to
be indeterminate devices; not apparently indeterminate, but fundamentally indeterminate.
At base, physical indeterminacy seems to be a fundamental property
of the brain. But how sure can we be that this fundamental indeterminacy at the
level of the synapse has anything to do with indeterminacy at the level of a single
cortical neuron, at the level of a cortical network, at the level of behavior, or at the
level of a social theory of behavior?


The evidence that we have today suggests that membrane voltage can be influenced
by quantum level events, like the random movement of individual calcium
ions. So there is every reason to believe that membrane voltage can be viewed, at
least under some circumstances, as a formally indeterminate process of the type
that precludes Popperian falsifiability. How does this membrane voltage influence
action potential generation? Recall that cells receive a mixture of excitation and
inhibition from thousands of synapses and that the ratio of this mixture is variable.
Imagine that the correlations between the activity of the individual synapses
impinging on a given cell were variable. Under conditions in which the activity
of many synapses is correlated and the membrane voltage is driven either way
above or way below its threshold for action potential generation, the network of
neurons itself would maintain a largely determinate characteristic even though
the synapses themselves might appear stochastic. Alternatively, when the synaptic
activity is uncorrelated and the forces of excitation and inhibition are balanced,
small uncorrelated fluctuations in synaptic probabilities drive cells above or below
threshold. Under these conditions, indeterminacy in the synapses propagates to the
membrane voltage and thence to the pattern of action potential generation. Indeterminacy
in the pattern of action potential generation, although variable, would
reflect a fundamental indeterminacy in the nervous system.


At the level of behavior, apparent indeterminacy is reinforced by the environment
and has been observed. Animals can produce behavior that appears to
scientists to be indeterminate. How does this apparent indeterminacy arise? Given
what we know about the behavior of synapses and action potentials, two possibilities
present themselves. The fundamental indeterminacy observed at the cellular
level could be prevented from influencing higher-level phenomena in the nervous
system, rendering these higher-level phenomena determinate. These determinate
processes could then instantiate pseudorandom computations that emulate the underlying
cellular indeterminacy and yield apparently indeterminate behavior. Alternatively,
we can propose the hypothesis that indeterminacy observed at the cellular
level could propagate to behavior under some circumstances, yielding truly indeterminate
behavior under some conditions and more determinate behaviors under
others.






Source: https://www.informationphilosopher.com/solutions/scientists/glimcher/
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Thomas Gold was a cosmologist and astrophysicist, who developed with Hermann Bondi and Fred Hoyle his the "steady-state" theory of the universe. In his 1948 article with Bondi, 

When the cosmic microwave background predicted by George Gamow was discovered in 1965, the steady-state theory was doomed, although Gold continued to pursue it for a few decades. 


Many of Gold's other ideas were fruitful, however, including the idea that pulsars are rotating neutron stars, that the human ear has an active audio processing system, and that magnetic fields are important in solar flares and in the earth's "magnetosphere" (a term coined by Gold).


But one of his most important suggestions is of great importance to information philosophy, namely, that the expansion of the universe provides an "arrow of time" more basic than the one implied by the second law of thermodynamics and the resulting increase in entropy.


The thermodynamic approach would be to explain that free energy was required for the interference, and that free energy can only be generated from the heat sources in the world by means of heat engines working between a source and a sink. There may be a variety of sources, but the sink is always eventually the depth of space, although there may be a number of intermediate cold bodies.

It is this facility of the universe to soak up any amount of radiation that makes it different from any closed box, and it is just this that enables it to define the arrow of time in any system that is in contact with this sink. But why is it that the universe is a nonreflecting sink for radiation?...


The large scale motion of the universe thus appears to be responsible for time's arrow. A picture of the world lines of galaxies would clearly reveal the sense of time, namely, the sense in which the world lines are diverging. As we go to a smaller scale, this type of divergence is, for most purposes, quite negligible, and it is thus clearly not the local effects of the universal expansion law that make themselves felt. But it is the electromagnetic radiation that brings the effects of expansion down to a small scale. Radiation in the world is almost everywhere almost all the time violently expanding. This expansion of the radiation is, however, only made possible by the expansion of the material between which the radiation makes its way, that is, the expansion of the universe.




The ultimate heat sink is always the night sky and the cosmic microwave background


Gold proposed his idea in an article called "The Arrow of Time" that was presented at the 1958 Solvay conference on Physics, "The Structure and Evolution of the Universe," in Brussels. This has come to be known as the "cosmological arrow of time," in contrast to the "thermodynamic arrow" proposed by Arthur Stanley Eddington in 1927, and implicit in the work of Ludwig Boltzmann.


In 1963, Gold, and his lifelong colleague Hermann Bondi, organized an experts meeting at Cornell University on "The Nature of Time." The attendees included Richard Feynman, David Layzer, Roger Penrose, and John Wheeler, among others.




The Arrow of Time



SUBJECTIVELY, we are very clear about the sense of the arrow of time. There is no doubt in our minds which way time runs, what is future and what is past. The fact that introspection gives us a clear answer to the question whether there is a sense in which time runs makes it all the harder to discuss the question objectively as a problem in fundamental physical theory.

At first one might think that there is no real problem there. Why should not the time coordinate be equipped, as it were, with an arrow at each point which singles out for any process the positive time direction? Why should the world not be quite unsymmetrical with respect to past and future?


We have no doubt that the world is, in fact, unsymmetrical in this way. But it is a remarkable fact that the laws of physics, one by one as they have been discovered, have been found to be quite symmetrical with respect to the sense of time. Newton's laws of gravitation and dynamics single out no sense of the time coordinate. If somebody recorded the motion of the planets and reversed the record of the time coordinate, this would leave it an example of a dynamical system that is as much in accord with Newton's laws as the actual. The change from Newton's laws to Einstein's did not affect this symmetry.


The laws of electrodynamics, the Maxwell—Lorentz theory, similarly are quite symmetrical, and so are those of quantum theory. Could we argue that all this is accidental and that we will discover some other physical law which clearly specifies the sense of time and which is responsible for giving us our ideas on the subject? This, I think, is not a plausible explanation, since systems we understand in detail seem to show time's arrow. But yet there must be some influence that serves to determine the arrow of time.


Usually at this point in the argument statistical or thermodynamical ideas are presented and the case is made out that it is through the investigation of these fields that the elusive arrow is found. "The entropy of any isolated system will always increase and never decrease"; so, it is said, you must merely look at a system at two instants of time and determine at which the entropy is greater. That will then be the later instant.


As there is no doubt about the correctness of this, the argument is usually not pursued any further. We and everything around us are simply taken to be aware of the arrow of time by the operation of the statistical processes which, after all, we understand very clearly. Why should there be anything else to think about?


One has to pursue this reasoning a little further, though. Why does the arrow of time appear when we are dealing with the statistical superposition of effects, each of which is determined by laws which have no arrow? Surely the fact that we had to deal with the problem in statistical terms rather than compute in detail the behavior of all the constituent parts of our system, constituted merely a lack of precision; surely it is not by rejecting information about our system that we can make it reveal to us the sense of time which it would otherwise not show. So let us see whether we can find the arrow without the statistics.


To see whether the system that we examine does or does not reveal the arrow of time, let us suppose that we are given a number of snapshots of it only, and we are asked whether we can be sure to sort them into the correct temporal sequence. We are told that the system was interfered with before the first and after the last of the snapshots, but was left quite undisturbed in the intervening period. Now if, for example, the system were a box full of gas and we found on our snapshots that one contained all the gas in one half of the box, another one showed 70% in that half of the box and 30% in the other half, and a third showed just 50% in each half of the box, then we should surely order the snapshots in that way. We would say that somehow the gas must have been put into that half of the box where it was found, and the first snapshot must have been taken very shortly, after it was put there, because we know that when left to itself it will quickly expand through the rest of the box and fill it uniformly. Whatever the way the box is interfered with after the last snapshot was taken does not enter into our considerations; but the interference the system received before the first is of importance in deciding the arrow of time. Of course, this argument is not absolutely certain; we might have ordered the snapshots the wrong way round, for the gas might have been uniformly distributed in the box to start with, but all the motions of its molecules might have been so contrived that by the operation of the ordinary laws that apply to the collision of molecules they will all have migrated at one time into half the box. But this, we think, is highly improbable. We can thus take on a bet and offer very high odds that we will be able to order the snapshots in the right sequence, but we cannot actually prove it. If we did a similar experiment with fewer particles, the same would apply, but we could offer only lower odds. Essentially, looking at a system of many particles is not very different from having many systems of a few particles on the same snapshots. There we would order the snapshots according to the appearance of one of the systems on the successive pictures, and we would then decide that our probability of being right increased when we saw each one of the other systems agreed with the sequence we had decided on. The certainty about the sense of the arrow of time then arises just from having many checks, and for this reason complicated systems reveal the effect most clearly; but this does not explain why each of our simple systems displayed an arrow at all.


The interference from outside clearly had something to do with it. If we take any system and isolate it from external influence completely and for a very long time and then take a series of snapshots, there will no longer be any way of deciding on the sequence from a subsequent examination of the pictures. We might still be able to recognize clearly the operation of fundamental physical laws in the changes that had taken place from one snapshot to the next. If all the snapshots were taken in sufficiently rapid sequence, we might be able to arrange them in order l to n, but we would not know whether it was l or n that was taken first. The physical laws that determine the motions that we can see all being time-symmetrical, there might be plenty of clues to demonstrate the laws and to find the neighbors in the sequence to any picture, but no clue at all about the arrow of time.


When the system was not isolated, there was, as usual, no doubt about the sense of tune. After it became isolated, the arrow of time evidently persisted for a while, not definable with certainty, but only with a probability that decreased from a high value initially to zero. The time scale of this decrease of probability depended upon the details of the system.


It is this rule that isolated systems initially, after their isolations, retain and then gradually lose the arrow of time that makes its appearance in the statistical and thermodynamical definitions. "Entropy of an isolated system always increases", is a way of saying that after the system was isolated, it still showed changes from which the sense of time could be deduced. In some systems the effect is best described in thermodynamic terms, and entropy is then the relevant quantity. But in other systems other statistical descriptions may be more convenient. It is inconsequential from this point of view whether the system is deterministic or not; that case can be argued equally well with a number of billiard balls assumed to behave accurately according to Newton's laws of motion, as with a system of photons and atoms in a box where we do not know of any way of specifying the laws of motion except through probabilities.


Some simple mechanical systems seem to give a more clear-cut answer than others, but on closer examination are really not different in principle. 


For example, a ratchet with a tooth may be known to be an isolated system during the time that it changed from one state to another. There would seem to be no question that it must initially have had momentum in the direction in which it does not jam. One might think that any system only has to be equipped with such a ratchet mechanism in order for the arrow of time to be defined there. But, of course, this only works through the dissipative mechanism of the claw, and one has to allow that the process could happen in reverse if all the thermal motions of all the atoms in the claw and in the ratchet were all just right, namely, just the reverse of those that would be set up by the ratchet moving in the allowed direction. The claw would then spontaneously bounce open and the bar would recede by one tooth. This would be in no conflict with the laws of motion, but, because of the great number of atoms whose motions would have to be just right, it is an effect whose chance of occurrence is negligibly small. But if we had such a ratchet in a system that had been isolated for a very long time, then the probability of it moving by Brownian motion by one tooth in one direction is exactly equal to that of moving by one tooth in the other; and then again no arrow of time would be in evidence.

So we can be confident that the same rule applies to all systems: interference from without enables them to show time's arrow, and that apply, and all those are then strictly time-symmetrical. On whatever scale we choose our system, we have to go to a larger scale to understand how it contrived to know the arrow of time.


Up to what scale, can we pursue this argument? On which scale do we find a law whose operation in fact serves to determine time's arrow for all the smaller scales? Let us take, for example, a star, and suppose we could put it inside an insulating box. It would still be true, then, that when the star has been in the box for long enough (which in this case will perhaps be rather long), time's arrow will have vanished. There is no reason to expect anything to be different in principle from the laboratory scale. But now if we were to open for a moment a small window in our box, then what would happen? Time's arrow would again be defined inside the box for some time, until the statistical equilibrium had been reestablished. But what had happened when we opened the hole? Some radiation had, no doubt, escaped from the box and the amount of radiation that found its way into the box from the outside was incomparably smaller. Some influence from outside had got in — though the only physical effect was that photons from inside got out.


The escape of radiation away from the system is, in fact, characteristic of the type of "influence" which is exerted from outside. Any outside influence to a system that gives it time's arrow can be traced to be associated with that process. 


The ultimate heat sink is always the night sky and the cosmic microwave background


The thermodynamic approach would be to explain that free energy was required for the interference, and that free energy can only be generated from the heat sources in the world by means of heat engines working between a source and a sink. There may be a variety of sources, but the sink is always eventually the depth of space, although there may be a number of intermediate cold bodies.

It is this facility of the universe to soak up any amount of radiation that makes it different from any closed box, and it is just this that enables it to define the arrow of time in any system that is in contact with this sink. But why is it that the universe is a nonreflecting sink for radiation? Different explanations are offered for this in the various cosmological theories and in some schemes, indeed, this would only be a temporary property. In the steady state universe it is entirely attributed to the state of expansion. The red shift operates to diminish the contribution to the radiation field of distant matter; even though the density does not diminish at great distances, the sky is dark because in most directions the material on a line of sight is receding very fast, and its radiation, therefore, shifted very far to the red. 


The large scale motion of the universe thus appears to be responsible for time's arrow. A picture of the world lines of galaxies would clearly reveal the sense of time, namely, the sense in which the world lines are diverging. As we go to a smaller scale, this type of divergence is, for most purposes, quite negligible, and it is thus clearly not the local effects of the universal expansion law that make themselves felt. But it is the electromagnetic radiation that brings the effects of expansion down to a small scale. Radiation in the world is almost everywhere almost all the time violently expanding. This expansion of the radiation is, however, only made possible by the expansion of the material between which the radiation makes its way, that is, the expansion of the universe.


If we examine the pattern of world lines of systems that are open to the universe there will be much branching apart and much less convergence when looked at in the sense in which we think of time. As an example, the average hydrogen atom in the universe will suffer a conversion to helium in a time of the order of 1011 years at the present rate. This corresponds to an emission into the universe of some 106 photons in the visible spectrum. This photon expansion going on around most material is the most striking type of asymmetry, and it appears to give rise to all other time asymmetries that are in evidence. 


This is the "fork asymmetry"


The preferential divergence, rather than convergence, of the world lines of a system ceases when that system has been isolated in a box which prevents the expansion of the photons out into space. Time's arrow is then lost; entropy remains constant.

The motion of the universe is thus most intimately connected with all processes down to the smallest scale. A more profound understanding of physics than we now have might, in fact, allow one to deduce the expansion of the universe from an observation of the small scale effects only.


We see the universe expanding and not contracting. Does this mean that of the two possible senses of motion, nature chose one? Surely not. This would be the case if the laws of physics were not time-symmetrical: then an expanding universe would be a system that is distinguishable from a contracting one. The laws could describe two types, and ours would be one of them. In such a case the laws of physics would be capable of defining more schemes of the world than we have to look at. The laws would be too wide to fit the case, and we would suppose this due to some misunderstanding we have made. But just this is avoided by the time-symmetry of the laws. In a universe where no arrow of time exists except that defined by the motion, there is only a single possibility. We would need an independent clock to say whether the universe is expanding or contracting, and we have none. All the clocks we do have are themselves run by the motion.


It follows that if all the laws of physics are time-symmetrical, they would not be able to describe a contracting universe. If, naively, we think that, after all, we might have seen blue shifts in the spectra of distant galaxies instead of the red shifts, we must be making an error in pursuing the detailed consequences of the motions of the galaxies. If, in calculating radiation effects, we took the particular solution (of the intrinsically time-symmetrical electrodynamic theory) given by the retarded potentials, then of course there would appear the second possibility. But that is rather like supposing that an independent clock exists and that the laws are not time-symmetrical. Wheeler and Feynman [2], and Hogarth [3] have considered the question of a time-symmetrical electromagnetic theory and the way in which the choice of retarded potentials appears appropriate depending upon the cosmological boundary conditions.


There is nothing new in the idea that the physical laws are more symmetrical than the universe to which they apply. For example, the principle of Galilean relativity states that the physical laws are the same in all inertial systems. But, on the other hand, one particular such frame can be singled out through the observation of the universe, namely, that particular frame where the observer would see the expansion of the universe occur symmetrically around him. A cosmological observation, therefore, specifies one out of an infinite set of frames that would all be equivalent from all other points of view. With the arrow of time, it is not really dissimilar. A cosmological observation, such as, for example, opening a window in a box and letting some radiation escape, is the means of distinguishing between the two otherwise quite equivalent senses of time.


At this point one should think, perhaps, why it is that we are subjectively so sure that time "really goes" in one sense and not the other. With symmetrical physical laws we can, after all, construct the present equally well from a sufficient knowledge of the future as from such a knowledge of the past. Why, then, do we give the past a status quite different from that given to the future? We do not generally think of predicting the past, of constructing it from the present and the knowledge of the physical laws, yet that is what we do with respect to the future. We think of some evidence about the past as entirely definite, and we think it a rule that the future can not be known with certainty. Why is this so in a system operating with time-symmetrical laws? Why do we believe in the cause and effect relationship between events when, after all, there is no strictly logical way with time-symmetrical laws of specifying which is the cause and which the effect? Today's position and momenta of the planets are the cause of their position and momenta tomorrow. But this could equally well be stated the other way around - that tomorrow's configuration causes today's. In more complicated systems, as we have seen, there is a general overwhelming tendency for branching of world lines in the forward direction of time. If a lot of information is lacking for precise prediction, as for example all the photons out in space that have escaped, then the configuration of the system at one instant will serve to define much better its configuration in the sense in which its world lines are generally converging than in the sense in which they are generally diverging. The past will be better known than the future. It is difficult to reconcile oneself to this explanation that the asymmetry between past and future which seems so profound to us should be no more than an asymmetry connected with the probability of "predicting" correctly into the two senses of time. The qualitative difference arises from a statistical quantitative one. But, of course, one must appreciate that we are systems of a high order of complexity, and that the statistics are concerned, therefore, with a very large number of possible states. In such systems there may be, in effect, complete certainty attached to the consequences of the laws of chance. And these consequences appear, then, as the laws of physics.


The symmetry of the laws with regard to the time axis is then just what was required to prevent them from being too wide, from being able to describe more than just our universe. What is the situation with respect to other symmetries of physical laws?


Symmetry with respect to the sign of the electric charge and with respect to mirror reflection was thought until recently to be separately obeyed by all the laws of physics. Now the discovery of the non-conservation of parity in weak interactions implies that the laws are not invariant to a mirror reflection alone. A certain "handedness" is shown to be resident in elementary particles. Since a right-handed screw becomes a left-handed screw when viewed in the mirror, such a particle will be transformed into something different by reflection. But this does not force us to believe that nature is not mirror-symmetrical, for there may be complete symmetry between matter and anti-matter. For every right-handed particle of matter there may be a left-handed one of antimatter having all the same properties, but possessing the opposite sign of electric charge or magnetic dipole moment. The symmetry may be complete, but only for the combined operation of mirror reflection and a change in the sign of the charge. I suppose that most physicists now would regard this as the most likely situation. If symmetry is preserved only with respect to the combined operation, then this could really be understood best if charge had a geometrical representation, possessing a "handedness".


Should we now think that the universe is in actual construction, symmetrical between matter and anti-matter? Or have we here another case of a symmetry in the laws not represented by symmetry of construction?


It is, of course, possible that amongst the various galaxies there are as many made of matter as of anti-matter. Not enough meeting ground exists between them for the annihilation process to be plainly demonstrable. From observation we can not yet tell. If, in fact, all galaxies were constructed from one type of matter only and anti-matter appeared everywhere, as it does here, only as a rare freak, would this, then, imply that the laws of physics are too wide? One might think that, after all, if our type of matter is the right-handed sort, the same laws of physics would have allowed the construction of a universe entirely similar to ours except made of matter of the left-handed type. Two universes would be specified by the laws and only one of them arbitrarily selected as ours.


But, do these laws really specify two different universes? The difference between a right-handed system and a left-handed system can be defined only when they can be compared. There is no absolute definition of either. If two systems cannot be compared, either directly or via some intermediary systems, then there is no way of defining whether they are of the same or the opposite handedness. But this is just the situation with respect to the two universes that would seem to be defined. If they are different universes, they cannot be brought together to be compared, and unless they can be so compared, there is no sense to be attached to the statement that they are of different handedness. The two universes, if they cannot be compared, are thus identical. We have then, again, the situation that a precise symmetry in the physical laws, namely that between matter and antimatter, is just what is required to assure that only one type of universe is specified. If any law of physics had not been accurately time-symmetrical, then an expanding and a contracting universe would be different possibilities.


If the symmetry between matter and anti-matter were not complete, then two different universes, one composed of matter and one composed of anti-matter, would be possibilities. These symmetries are, then, in each case, just what is required to allow the laws Of physics to describe as the only possibility the type of universe we have.
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Art Hobson

Art Hobson is a professor emeritus of physics at the University of Arkansas. 

In 2013 Hobson published a paper in the American Journal of Physics in 2013 entitled "There Are No Particles, There Are Only Fields," reminiscent of Schrödinger's similar 1952 papers - Are There Quantum Jumps?, Part I and Part II.
>p/>
The point of the paper is to show that every" quantum" (every quantum object such as an electron or photon) is an indefinitely-spatially-extended object.  As Louis de Broglie described it in 1924, each electron (or other quantum) "fills all space"!   


In 2017 Hobson published Tales of the Quantum, a remarkable book that tries to clarify the many disagreements about the interpretation of quantum mechanics among physicists, as well as between philosophers of science and "pseudoscientists" who have written financially very successful books that exploit the apparent mysteries in quantum mechanics. 


The book  aims to clarify the relationship between the wave and particle aspects of quantum objects (wave-particle duality), to defend the fundamental randomness in quantum processes (ontological chance), explain how something can be in two places at the same time, and to understand quantum jumps (which Erwin Schrödinger famously denied along with the existence of spatially localized point particles). 


In Tales, Hobson also discusses the problem of measurement from the decoherence point of view, in which "nothing ever happens" without a "collapse" of the universal wave function. Decoherentists sometimes describe the problem of measurement as "never seeing any macroscopic superpositions." 


Hobson tackles the difficult problem of macroscopic irreversibility (the increase in global entropy demanded by the second law of thermodynamics) with the assumed microscopic reversibility of atomic and molecular collisions.


The book has several excellent illustrations to explain the puzzling experimental observations. Hobson covers the full range of important quantum processes with this highly readable and non-mathematical account.


Also in 2017, Hobson used the diabolical "Schrödinger's Cat" experiment to explain "measurement" as well as the "superposition principle" that underlies "being in two places at the same time."


Like Schrödinger (and Einstein), Hobson decides in the "particles or fields" debate on the side of fields only. This is of course Einstein's dream of a "unified field theory "and Steven Weinberg's "dream of a final theory" (of fields). Particles are "singularities" that only appear to be discrete objects in what is actually a continuous field. 


Hobson reflects on Einstein's concern in the 1935 Einstein-Podolsky-Rosen paradox that physics should describe an objective local reality, rather than the "nonlocality" found in the experimental confirmation in recent decades of what Einstein called "spooky action at a distance." Entangled particles apparently show faster-than-light influences between one experiment and a second experiment in a distant "spacelike" separation. Einstein's 1905 special relativity showed that no "causal"  effects can connect events outside one another's light cones.


More recently, Hobson proposes to resolve the quantum "measurement" problem. He puts "measurement" in quotes because it is often taken to require a "measurer" or a "conscious observer" who "collapses the wave function," namely a physicist working in the lab who makes the measurement. Hobson says correctly that measurement is everywhere; it's the link between the quantum and the macroscopic [classical] world." (p.191.) 


In 2024, Hobson published the book "Fields and their Quanta: Making Sense of Quantum Foundations."  In his preface, he writes...


Questions surrounding the reality and meaning of the wave
function, and wave-particle duality, are resolved by taking our more accurate and
inclusive theory - quantum field theory - seriously as a description of the overarching
reality. Quantum field theory stands behind the many successes of the Standard
Model of high-energy physics. Standard quantum physics is simply the low-energy
limit of this theory. Our thinking about quantum foundations must take the larger
theory seriously: The universe is a set of quantized fields. The quanta of these fields
are not "particles." As de Broglie put it, each electron, in principle, fills the entire
universe... All quanta are simply excitations or waves in underlying universal fields.

 
In the low-energy, non-relativistic limit of quantum field theory, Hobson's field is de Broglie's wave, or the modern wave-function 
  Ψ
, wherever there is a non-zero probability of finding the associated "particle," or as Hobson says, the "quantum" of the field.


In chapter 9 on Entanglement, Nonlocality, and Special Relativity, Hobson says that nonlocality "follows immediately from the unity of the individual quantum and is written all over QP [quantum physics]." "nonlocal correlations were baked into QP when Max Planck proposed energy quantization in 1900." (Fields, p.158) 


The canonical example of nonlocality  is two entangled photons that travel to be detected by Alice and Bob. Hobson writes  


Alice, who presides over a laboratory housing detector A1/A2, detects the entangled photon A. Bob, in a distant laboratory housing detector B1/B2, detects photon B. Theoretically, Alice and Bob could reside in distant galaxies... 



Entanglement enables Alice to instantly collapse Bob's photon simply by detecting her own photon. Furthermore, she can instantly alter the correlations between her outcomes and Bob's outcomes...So, there is real action, instantaneously, across an arbitrary distance. This raises an obvious question: Does quantum nonlocality violate SR's prohibition on instantaneous signaling?...




References
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The two outcomes appear simultaneously for both Alice and Bob, whoever measures "first." In normal experiments, they measure simultaneously. There is nothing "acting across the distance" between them.
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Augustin Hamon


Augustin Frédéric Hamon was a late-nineteenth-century Belgian social scientist who faulted criminologists for holding criminals responsible for crimes that were caused by forces beyond their control, including a causal determinism that was a result of the laws of nature, as Hamon understood those laws.

His book, The Universal Illusion of Free Will and Criminal Responsibility, anticipates most of the arguments of today's hard determinists, impossibilists, and illusionists who deny moral responsibility.  


Here is an example of Hamon's thinking from his Chapter 1, Free Will and Determinism, pp. 6-9.



The question of "Free Will or Determination" according to Fouillée is the philosophic problem par excellence.

All sciences dealing with human effort and human duties are based on this question upon which our social edifice seems to rest. The adoption of the "free will" theory or of the theory of determination must necessarily influence every social problem.


One of the most important branches of criminological science, that of responsibility, penality, and the repression of crimes and misdemeanors, is completely changed according to whether free will is admitted or not. At the threshold of criminology, therefore, it is important to examine this philosophic problem, to have our conception on this point well established.


For centuries upon centuries free will and necessity have been discussed. Philosophers and theologians have heaped volumes upon volumes, the one side holding to free will, the others, protagonists of the doctrine of necessity. The Stoics, Manicheans,
Marcionites, Priscillianists, Calvin, Jansenists, and Thomists were of the latter opinion, while Epicurus, the Molinists, Melancthon, and many more defended the doctrine of free will. Historians and poets, Latins as well as Greeks, have invoked inexorable fate at every instant, the will of the gods as the cause of human acts. This is, in fact, to deny free will. St. Augustine, the great Catholic doctor, broke lances over the subject of Grace, and proclaimed: "Man is invincibly destined either to bad by his natural corruption or to good by the Holy Ghost." And Boyle was able to draw from the doctrine of Chrysippus that: "At bottom, all acts of human will are the inevitable consequences of destiny."1 And Voltaire clearly affirms the truth of determinism in his explicit and characteristic language: "Liberty," said he, "is nothing else than to be able to do that which I desire... Your will is not free, but your actions are. You are free to act when you have the power to act."2

All these discussions, whether for or against free will, are based upon a priori arguments. To combat or defend determinism, the rational method was the only one employed. The introduction in science of the experimental and observational method has come to modify considerably the situation of the philosophers. The experiment has brought about a veritable overthrow of preconceived ideas since during the lust quarter of this century psycho-physiology has taken rank among the sciences.


The Greek and Latin philosophers, the fathers of the church, the doctors of the Reformation, and the philosophers of modern times based their opinions only upon their reason, whether they sustained or refuted free will. Now, facts observed, experimented upon, with the inevitable deductions, have come to throw light upon the problem. They enfeeble, reduce to nothing, the argumentation in support of free will, while sustaining, affirming, and imposing the doctrine of determinism. Even Fouillée, although impressed by philosophic classicism, has avowed that: "In the end, it is determinism which is true."3

Although positive science has demonstrated, and, in our opinion, without the possibility of refutation, that determinism is the truth, classic philosophy has always been for free will. It is this which is officially taught. Determinism is only spoken of to assert that it is false and to give an appearance of refuting it. Then, all or almost all of us have been nourished upon this idea that man possesses free will. This fact explains how difficult it is for us to divest our minds of this conception, which is false because it is in contradiction to all human phenomena. This impression upon our brains is such that a young advocate recently avowed: "Yes theoretically determinism is true; but practically it is not. It is sufficient to see the delinquents of the police court to be persuaded of it." The professional environment had thoroughly awakened in him the ideas received during his classical education. This prevented him from analysing to the end these delinquents, and consequently of perceiving their lack of free will.


What then is free will or moral liberty? By turns each of these different terms have been employed in the same sense.


In many parts of his dictionary Bayle gives us the explanation of free will (franc-arbitre).


 He writes: " Those who hold with free will properly so-called, admit in man the power to decide between turning to the right or to the left, even when the motives are perfectly equal as regards the two directions opposed; for they pretend that our spirit can say, without having other reason than to make use of its liberty: I like this better than that, although I see nothing more worthy of my choice in this than in that."1 And Bossuet, in his Traité du Libre arbitre has said that moral liberty belongs to man, because he can choose or not choose, without other motive than his own will. Also in the abstract of philosophy used in the preparation for the B.A. degree we read : "Moral liberty or free will is the liberty of our will in itself."2
This definition is somewhat obscure, and truly tautological. It indicates the necessity for a clear definition of will. Now, for this, the same abstract says : "Will is the power to decide, inherent in the human soul."3 Hence it results that free will is the liberty to
be able to decide. In other words, free will is free will.




This is the classical liberty of indifference
 
In his chapter 2 (p.22), Hamon argues that free will contradicts the natural laws of causality, that there are no effects without causes.

We have ascertained that there are no effects without causes. Innumerable observations, all testifying to the same fact, that no effect without causes, have led to the formulation of the law of natural causality. To defend the hypothesis of free will is to admit that quite a series of phenomena form an exception to this constant relationship, which is found to exist between any phenomenon and those in the process which precede it; it is to admit that a phenomenon is not the necessary effect of other preceding phenomena, or that an effect is without cause; that causes have their effect altered, modified by a "faculty" that one cannot conceive. Consequently to uphold free will is to suppose the existence of an inconceivable entity in contradiction even with the relation which unites phenomena with one another; the necessary relation of cause and effect. An hypothesis which explains nothing, but which implies something inconceivable, is useless and absurd.
The observation of natural phenomena has led to the discovery that matter, force, and life subsist without being created and without being destroyed. This is the law of the conservation of matter (Lavoisier), of force (Mayer), and of life (Dreyer). Life is
a mode of force. Force is not an entity. It is an attribute of
matter.

Outside matter force cannot be conceived. Matter and force do not exist at all as separate entities. There is matter affected by movement, of which the infinitely various associations produce the infinitely different phenomena which we notice.


It is by mental abstraction that we denominate force that quality of matter which causes its combinations to be infinitely variable. Matter and force are then the same thing, for they are inseparable, inconceivable as distinct entities. One might then say The conservation of matter is a principle which results from the observation of all phenomena. Nothing is lost, nothing is created. Then the hypothesis of free will is in absolute contradiction to the law of the conservation of matter. In fact the hypothesis of free will forces one to admit something come from we know not whence, emanating from we know not what, something which would prevent or modify the manifestations of individual activity.


 
In his final chapter, pp. 134-136, Hamon concludes that moral responsibilitydoes not exist.

Universal determinism, being the scientific truth, it follows that moral responsibility does not exist. It cannot be conceived. It is, in fact, contrary to human reason to consider automatons responsible, being inevitably obliged to be as they are. The rock which in breaking away crnshed whoever is on. its path, is not considered responsible. Nor is the tiger responsible who kills a man. We ought no more consider the man who acts responsible, for he is as much an automaton as the tiger, or the rock. General irresponsibility, such is scientific truth.

It shocks even the convinced determinist. 



Hamon notes that positivists maintain the right of society to defend itself, defining a kind of responsibility that comes from living in society (p.136).

Society, M. Ferri declares, has the right to defend and preserve itself. This is the


"sole positive ground for penal or defensive administration, apart from all idea of an ethico-religious or sentimental mission."


Man is responsible because he lives in society, and for no other cause than this social existence. He who does not live in society has no rights nor dnties. He renders account to nobody of his acts, at least without the idea of homage to some God.


"Man is responsible exclusively because in the life of society, every act produces effects and reactions, whether individual or social, which rebound upon the author of the act, and are useful or injurious to him, according as the action itself is useful or injurious to society."
This social responsibility is upheld by the majority of psychologists, alienists, sociologists, and positive criminalists, such as Stuart Mill, Despine, Dally, Maudsley, Spencer, Lombroso, Lacassagne, Guyau, De Greet Le Bon, etc.


Every action produces reaction. Every agent therefore feels the natural and social consequences of his acts. He responds to them, and he is responsible for them vis-a-vis to the cosmic or social environment by the fact alone that he is the author of his acts. The positive Italian school arrives thus at responsibility based upon the simple attribution of fact. Such it was primitively. Logically with itself it transfers from the penal order to the civil order the general Anglo-Saxon conception which states with Holmes-


"that every man acts always at his own risk and peril, whatever may be the state of his conscience."


From this, lunatics, the insane of whatever kind, are considered by the positive school as socially responsible.



Hamon suggests we replace responsibility with reactivity, to describe what society must do when an individual provokes it (pp. 137-138).

The indivisual who commits acts disturbing the society in which he lives, necessarily provokes there a need for a reaction. This is fatal, inevitable. Individual or collective activity engenders individual or collective reactivity. To different modes of
action respond various modes of reaction. We have no need of the conception of responsibility based upon free will, a liberty of intelligence which does not exist, based upon an individual identity of which it is impossible to establish a criterion. It is sufficient that there should be discord in action to produce the consequence whether of repression or prevention. The individual or social reactivity is the inevitable consequence of individual or social activity. It manifests itself by the proceedings for correction, preventive, or suppressive treatment if the acts resound in their surroundings, and if they have been judged injurious by the majority of the members of the society.

We consider then that it is necessary to substitute the term social reactivity for social responsibility, because the idea intended under the latter term does not correspond to the common classic idea of responsibility. Social reactivity has for its necessary product in place of penalties or chastisements, a preventive treatment, a hygiene and social therapeutics appealing further than to the agent, to the very causes of the discordant acts. This hygiene and this therapeutics of society we cannot yet treat of. We must first study the criminals, the etiology of crimes, and review the various present measures taken against criminals. Then alone we shall be able, knowing the cause, to establish a hygiene and social therapeutic. To-day it must suffice us to have shown that there is no such thing as moral responsibility, and that all men are irresponsible.



The Universal Illusion of Free Will on Google Scholar



For Teachers
Noesis
PhilPapers
Stanford Encyclopedia of Philosophy
Wikipedia


For Scholars


Notes

    1. 
  
Bibliography





Source: https://www.informationphilosopher.com/solutions/scientists/hamon/





  
  Basil Hiley
  

  


  
  Home › Solutions › Scientists › Hiley
Basil Hiley

Basil Hiley was the chief collaborator of David Bohm, since  the early 1960's, when Bohm became the chair of theoretical physics at Birkbeck College and Hiley an assistant lecturer.


In the late 1970's Hiley and his computer assistants prepared visualizations of interference in the two-slit experiment, based on Bohm's "quantum potential"  (or information potential). 

[image: image-placeholder]

In Bohmian Mechanics, a quantum particle is riding on the "pilot-wave" function so it travels through just one of the slits, but the probabilities reflect the fact that two slits are open.


Bohm's quantum potential is said to move or change faster than light speed. In our information philosophy analysis, the wave function is just our knowledge about probabilities of locating a particle, so these probabilities change instantly when we acquire new information, for example when a particle is detected. 


Once the particle is absorbed by the detection screen, its probability of being  anywhere else becomes zero. This leads to the subjective view that the wave function "collapses." Objectively, nothing moves at greater than light speed, as  Albert Einstein feared would make quantum mechanics conflict with relativity.


In 1993 Bohm and Hiley completed their important book, The Undivided Universe, just before Bohm's death. It is a major defense of Bohmian Mechanics, which combines contributions from Bohm, Louis de Broglie, and John Bell.

The Undivided Universe
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Dirk ter Haar

Dirk ter Haar was a Dutch physicist who  studied physics in Scotland (St. Andrews) and England (Oxford)., 

During the last years of World War II  he attended Hendrik Kramers' famous lectures on statistical mechanics, which led to the great school of Dutch statistical physicists (F. J. Belinfante, Max Dresden, Nico van Kampen, Abraham Pais). 


After the war he went to study at Niels Bohr's Institute in Copenhagen, then went back to Leiden to receive the Ph.D. under Hendrik Kramers,


His academic career was spent largely at the University of Oxford. One of his students was the historian of statistical physics Steven Brush.


He wrote a number of important books on statistical mechanics in the 1950's and one on the Old Quantum Theory in 1967. Perhaps his most famous book was the 1954 Elements of Statistical Mechanics, which ter Haar said was largely a new version of of the Kramers lectures in 1944-45. 


ter Haar considered the implications of quantum mechanics for statistical mechanics. Many statistical physicists argued that quantum mechanics requires no changes to the conclusions of classical thermodynamics and statistical mechanics. These thinkers tended to be determinists who were uncomfortable with Werner Heisenberg's claim that quantum mechanics had eliminated causality in physics.


ter Haar also challenged the applicability of Claude Shannon's information theory and Norbert Wiener's cybernetics to statistical mechanics. But he accepted  Leo Szilard's analysis of Maxwell's demon for a single particle, showing how a measurement of a single particle involves k ln2 of entropy, or one bit of information, and Leon Brillouin's analysis, where he coined the term "negentropy."



He wrote...


The relationship between entropy and lack of information has led many authors, notably Shannon, to introduce “entropy” as a measure for the information transmitted by cables and so on, and in this way entropy has figured largely in recent discussions in information theory. 

It must be stressed here that the entropy introduced in information theory is not a thermodynamical quantity and that the use of the same term is rather misleading. It was probably introduced because of a rather loose use of the term “information.”


In this connection we may briefly discuss Maxwell’s demon. Maxwell introduced in 1871 his famous demon, “a being whose faculties are so sharpened that he can follow every molecule in its course, and would be able to do what is at present impossible to us. . . . Let us suppose that a vessel is divided into two portions A and B by a division in which there is a small hole, and that a being who can see the individual molecules opens and closes this hole, so as to allow only the swifter molecules to pass from A to B, and only the slower ones to pass from B to A. He will, thus, without expenditure of work raise the temperature of B and lower that of A, in contradiction to the second law of thermodynamics.” 


Maxwell’s demon has been widely discussed and various authors have set out to show that various attempts to circumvent the second law by using the demon are bound to fail. Although their discussions differ in some respects they have a few points in common. The first point is the observation that one should take the demon to be part of the total system and then one must consider the total entropy of the original system and the demon. The second point which was most clearly developed for the first time by Szilard is that the demon, in order to be able to operate the trapdoor through which the molecules pass, must receive information. Its own entropy increases therefore and it is now the question whether the increase of the demon’s entropy is smaller or larger than the decrease of the entropy of the gas. Both Szilard and Brillouin consider possible arrangements and show that in those cases the net change of entropy is positive. Szilard analyzes the problem very thoroughly and shows that one can describe a generalized Maxwell’s demon as follows. By some means an operation on a system is determined by the result of a measurement on the system which immediately precedes the operation. In Maxwell’s original scheme the operation was the opening of the trapdoor and the measurement was the determination of the velocity of an approaching molecule. The result of the operation will be a decrease of entropy, but the preceding measurement will be accompanied by an increase in entropy, and once again one must consider the balance.
Wiener takes a simpler point of view.; He considers the situation, where the demon acts, as a metastable state and writes: “In the long run, the Maxwell demon is itself subject to a random motion corresponding to the temperature of its environment and it receives a large number of small impressions until it falls into ‘a certain vertigo’ and is incapable of clear perceptions. In fact, it ceases to act as a Maxwell demon.”


This point of view is probably too simplified and we prefer that of Szilard’s and refer the reader to his paper for a more extensive discussion.





The relationship was introduced because Boltzmann's formula for entropy is identical to Shannon's formula with a minus sign.

S = k ∑ pi ln pi. 
If all  pi are identical,S = k ln W.


Information is neither matter nor energy, but where an information structure is present, entropy is low and Gibbs free energy is high.


We can note that in the most widely used modern textbook on statistical physics, Fred Reif says,



The quantity —In Γ, i.e., the function Σ Pr In Pr, can be used as a measure
of nonrandomness, or information, available about systems in the ensemble. 

This function plays a key role as a measure of information in problems of communication and general “information theory.”*


* See, for example, L. Brillouin, “Science and Information Theory,” 2d ed., Academic Press, New York, 1962; or J. R. Pierce, “Symbols, Signals, and Noise,” Harper, New York, 1961. Statistical mechanics is considered from the point of view of information theory by E. T. Jaynes in Phys. Rev., vol. 106, p. 620 (1957).
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Don Howard studied for his Ph.D. under Abner Shimony at Boston University during the 1970's. This gave gave him a front-row seat for the development of  John Bell's famous "inequality theorem," its first experimental tests, designed in part by Shimony, and the spectacular growth of entanglement as the "second revolution in physics."

Shortly after Howard earned his Ph.D., his BU colleague John Stachel became the first editor of the Einstein Papers Project and invited Howard to be an assistant editor on the critically important volume 2 writings from 1900 to 1909. 

Howard has written several papers on the early development of quantum mechanics up through the 1935 paper on the so-called Einstein-Podolsky-Rosen Paradox. 


In more than one of his papers, Howard explored the deep question of "nonseparability," distinguishing it from  nonlocality. Most historians of physics trace this problem to the EPR paper itself, or at the earliest to the 1927 Solvay Conference where Einstein did not present a paper but made some very insightful remarks and drew a puzzling diagram on the blackboard.


Einstein saw nonlocality in his earliest work on quantum mechanics, his photoelectric paper of 1905. But it was the nonlocal relationship between a single particle and its wave. Einstein first saw nonlocal behavior between two particles that had separated in 1933. He then made it, and nonseparability, famous with his 1935 EPR paper.  


In 1984, Howard presented a paper, "Einstein on Locality and Separability," at the Boston Colloquium for the Philosophy of Science. Shimony chaired the session.


Howard noted the disregard for Einstein's work in the late 1920's and 30's, and he summarizes what Einstein was actually arguing, almost never appreciated by Einstein's colleagues...



too many physicists and philosophers have been inclined to dismiss Einstein's
misgivings as being a result of the naive but forgivable failures of understanding
of an old man still clinging to an outmoded, deterministic metaphysics...


In brief, what Einstein argues is that
the incompleteness of quantum mechanics follows from the conjunction of two
assumptions. The first, which I call the 'separability principle', asserts that any
two spatially separated systems possess their own separate real states. The
second, the 'locality principle' asserts that all physical effects are propagated
with finite, subluminal velocities, so that no effects can be communicated
between systems separated by a space-like interval.



Einstein called it his "Trennungsprinzip"


Howard further wrote...

the Bell experiments demonstrate not the existence
of a peculiar kind of 'quantum non-locality', but instead the existence of
quantum non-separability. And Einstein's analysis implies that therein lie the
seeds of a conflict not with special-relativistic locality constraints, but with
assumptions fundamental to general relativity and any other field theory.
Given their importance in what follows, the separability and locality principles
should be clearly distinguished. To repeat: separability says that spatially
separated systems possess separate real states; locality adds that the state of a
system can be changed only by local effects, effects propagated with finite,
subluminal velocities. There is no necessary connection between the two
principles, though they are frequently stated as if they were one.


In 1989, Howard wrote an article for the International School for History of Science meeting at Erice, Italy. It is what may be his most important contribution to Einstein Studies in general and the problem of nonseparability in particular. 


It was boldly titled "NICHT SEIN KANN WAS NICHT SEIN DARF," OR THE PREHISTORY OF EPR, 1909-1935: EINSTEIN'S EARLY WORRIES ABOUT THE QUANTUM MECHANICS OF COMPOSITE SYSTEMS."


Howard describes Einstein's famous debates with Bohr and Einstein's well-known misgivings with quantum mechanics and writes



Why tell the story yet again? The answer is that there is more to be said. I
will argue that the standard histories have overlooked what was from early
on the principal reason for Einstein's reservations about quantum mechanics,
namely, the non-separability of the quantum mechanical account of interactions, 
something ultimately unacceptable to Einstein because it could not be
reconciled with the field-theoretic manner of describing interactions.
Showing the significance of this issue for Einstein is important not only
for the sake of setting right the historical record, but also because it
makes Einstein's critique of quantum mechanics far more interesting—from
the point of view of the physics involved—than if we see it resting merely
on a stubborn old man's nostalgic attachment to classical determinism.


Howard added a footnote,"To my knowledge, [Arthur] Fine (1986) is the only author who has so far hinted
at the importance of this worry in Einstein's thinking about quantum mechanics prior to 1935.


Howard summarizes the conflict with field theory...



The argument is simple. In a field theory, the fundamental ontology,
the reality assumed by the theory, consists of the points of the space-time
manifold and fundamental field structures, such as the metric and stressenergy
tensors, assumed to be well defined at each point of the manifold.
Implicitly, therefore, any field theory assumes (i) that each point of the
manifold, and by extension any region of the manifold, possesses its own
real state, say that represented by the metric tensor, and (ii) that all interactions
are to be described in terms of changes in these separate real
states, which is to say that joint states are exhaustively determined by
combinations of the relevant separate states, just as the separability principle
demands. If this is correct (and I think it is), and if the quantum
mechanical account of interactions denies separability, then there can be no
reconciliation of the two. Moreover, Einstein had not inconsiderable (if
not ultimately compelling) arguments—methodological, epistemological, and
metaphysical—for retaining both locality and separability, which helps to
explain his dogged commitment to the field theory program as an alternative
to quantum mechanics.



When Howard worked on the CPAE volume 2, he undoubtedly studied Einstein's 1905 paper on the light-quantum hypothesis carefully. He clearly sees Einstein worrying about these issues from his earliest paper on quantum mechanics.
In his article for the 1997 Shimony Festschrift, Howard wrote the following.



the nonseparable manner in which quantum mechanics
describes interacting systems..[is an]... aspect of the quantum had bothered Einstein since his own first paper on the quantum hypothesis in 1905, and from the time in 1925 when his work on Bose-Einstein statistics convinced him that it would be an unavoidable feature of any eventual quantum formalism.


Howard draws our attention to Einstein's 1905 description of his light quanta as "mutually independent" particles. 



Already in this first paper on the light quantum hypothesis in 1905, Einstein realized that the
full story of the quantum would involve some compromise with classical notions of particle
independence. He remarked explicitly that the assumption that light quanta behave like independent
particle-like carriers of electromagnetic energy would yield only the Wien end of the black-body
spectrum. As to what kind of independence assumption we were making here, he was quite explicit.
We are assuming, he said, that Boltzmann’s principle is valid for a collection of light quanta,
meaning, as he again said explicitly, that the joint probability for two light quanta to occupy two
specific cells of phase space factorizes as a product of the separate occupation probabilities


Einstein's 1905 paper is largely remembered as his explanation of the photoelectric effect. His Nobel Prize was specifically awarded for this work, not for his work on relativity. But the paper contains many more words on light quanta, and still more on the entropy of the radiation.  In the three years before Einstein's "miracle year,' he derived the laws of statistical mechanics, mostly independent of Ludwig Boltzmann (whose work he did not fully know) and J. Willard Gibbs (whose work he did not know at all). Einstein found that the relation between entropy and probability depends on the statistical independence of non-interacting systems.

 
Einstein wrote...


If it is reasonable to speak of the probability
of the state of a system, and furthermore if every
entropy increase can be understood as a transition to a state of higher probability, then the
entropy S1 of a system is a function of W1, the
probability of its instantaneous state. If we have
two noninteracting systems S1 and S2, we can
write
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If one considers these two systems as a single
system of entropy S and probability W, it follows
that
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and
W = W1 · W2.




This gives us entropy as the additive (extensive) quantity that Rudof Clausius wanted, that J. Clerk Maxwell found by assuming the x, y, z components of molecular velocities are statistically independent (which of course they are not exactly, for high energies, since energy is finite), and that Boltzmann confirmed with his  "principle," as Einstein called it, that the entropy S = k logW, where W is the number of possible distributions of particles in available phase space cells.


Howard is very insightful to focus on the "mutual independence" that grounds Einstein's deep belief in "Boltzmann's principle." Howard shows us that Einstein's greatest concern all his life was not the question of indeterminism and the uncertainty principle, but interactions between separated quantum particles. 



We argue that Einstein also saw as early as 1905 the so-called "collapse of the wave function," twenty years before there was a Schrödinger wave function. If the light wave carries a substance, Einstein worried, how could it collect all that substance instantly into a light quantum to eject a particle in the photoelectric effect? Would it have to move faster than the light, violating his new principle of relativity?



Recently, Howard posted thirty-six issues of the extremely valuable "Epistemological Letters", a privately published newsletter that were circulated to about 180 of the most prominent physicists in the world between 1973 and 1984. It contained contributions to the foundations of physics inspired by the work of Bell, which in turn had been inspired by David Bohm's revival of Louis de Broglie's "pilot wave theory."  It documents the beginning of the "Age of Entanglement."
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Donald Hebb

Donald O. Hebb was a Canadian psychologist who completed his master's degree at McGill University in 1928. In 1934, he moved to the University of Chicago to study with Karl Lashley. He followed Lashley to Harvard University in September 1935 and received his Ph.D. in 1936.  

In 1937, he applied to work with Wilder Penfield at the Montreal Neurological Institute, researching the effect of brain surgery and injury on human brain function.


In 1942, Hebb moved to Orange Park, Florida to once again work with Karl Lashley at the Yerkes National Primate Research Center. Here, studying primate behavior, Hebb developed emotional tests for chimpanzees.


He returned to McGill University to become a professor of psychology in 1947 and was made chairman of the department in 1948. Here he once again worked with Penfield, but this time through his students (including Brenda Milner), who extended his earlier work with Penfield on the human brain. 


Hebb's 1949 book The Organization of Behavior: A Neuropsychological Theory put forward what he called his "neuropsychological postulate," the assumption that cognitive processes like perception and learning can be understood in terms of the connections between assemblies of neurons. Hebb's thesis was that behavior is to be understood entirely in terms of brain function.


Hebb is considered one of the fathers of neural network theory, which is central to artificial intelligence research. Hebb's networks called "cell assemblies" were connected in ways that control the responses to various stimuli.

 
Hebbian assemblies of neurons are a model for memory often called "Hebbian learning." He described his "neuropsychological postulate" as this assumption:

When an axon of cell A is near enough to excite cell B and repeatedly or persistently takes part in firing it, some growth process or metabolic change takes place in one or both cells such that A's efficiency, as one of the cells firing B, is increased.

This assumption is often paraphrased as "Neurons that fire together wire together," or simply "Fire together, Wire together."


The Experience Recorder and Reproducer (ERR) model of information philosophy is built on Hebb's assumption as the basis of the Recorder stage, where the Reproducer depends on this extension of Hebb's insight.

Neurons that have been wired together in the past will fire together in the future (reproducing all or part of relevant past experiences).
Ours is not the first such suggestion. Giulio Tononi and colleagues wrote this in the Publications of the National Academy of Sciences in 2008, and referenced two earlier suggestions from the 1990's. 


Consider neurons that are coactivated during learning tasks and become more strongly connected, in line with Hebbian principles (fire together, wire together). After learning, the same neurons show an increase in correlated firing when they are spontaneously active, both in quiet wakefulness and during sleep (wire together, fire together) 






Our ERR mind model grows out of the biological question of what sort of "mind" would provide the greatest survival value for the lowest (or the first) organisms that evolved mind-like capabilities.


We propose that a minimal primitive mind would need only to "play back" past experiences that resemble any part of current experience. Remembering past experiences has obvious relevance (survival value) for an organism. But beyond survival value, the ERR touches on the philosophical problem of "meaning." We suggest the epistemological "meaning" of information perceived may be found in the past experiences that are reproduced by the ERR.


The ERR model is a memory model for long-term potentiation stored in neocortical synapses. Short-term (working) memory must have a much faster storage mechanism. While long-term storage is slow, we shall see that ERR retrieval is just as fast, and it does not fade as does short-term, working memory. For all we know, traces of all past experiences may be present in a mind. Consider Marcel Proust's Madeleines

We propose that the ERR reproduces the entire complex of the original sensations experienced, together with the emotional response to the original experience (pleasure, pain, fear, etc.). Playback of past experiences may be stimulated by anything in the current experience that resembles something in the past experiences, in the five dimensions of the senses (sound, sight, touch, smell and taste).


The ERR model stands in contrast to the popular cognitive science or “computational” model of a mind as a digital computer with a "central processor" or even many "parallel processors." No algorithms or stored programs are needed for the ERR model. There is nothing comparable to the addresses and data buses used to stored and retrieve information in a digital computer.


The ERR is entirely an analog model of mind. 

The Organization of Behavior, 1949



Source: https://www.informationphilosopher.com/solutions/scientists/hebb/





  
  Ernst Haeckel
  

  


  
  Home › Solutions › Scientists › Haeckel
Ernst Haeckel

Ernst Haeckel  was a German zoologist, naturalist, philosopher, physician, eugenicist, and marine biologist.

He is famous for the debunked theory that "ontology recapitulates phylogeny." He wrongly claimed that an individual organism's biological development, or ontogeny, parallels step by step the species' evolutionary development, or phylogeny.


He coined many terms in biology, including ontogeny and phylogeny, plus ecology, phylum, and Protista

Haeckel discovered, described, illustrated, and named thousands of new species and mapped a genealogical tree relating all life forms. His published artwork includes over 100 detailed, multi-colour illustrations of animals and sea creatures, collected in his Kunstformen der Natur ("Art Forms of Nature") 


Sadly, Haeckel promoted scientific racism and embraced the idea of Social Darwinism. He was the first person to characterize the Great War as the "first" World War, which he did as early as 1914.
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Francis Heylighen

Francis Paul Heylighen is a Belgian cyberneticist investigating the emergence and evolution of intelligent organizations.  He directs the transdisciplinary "Center Leo Apostel" and the research group on "Evolution, Complexity and Cognition" at the  Free University of Brussels.


He is a major contributor to the Principia Cybernetica Project, a model of the Internet as a global brain. He has made contributions to the theories of memetics and self-organization. 


In a page on complex systems, Heylighen writes...


My fascination for rocks, plants, animals and other phenomena of nature also found an outlet in my early inquiry into the theory of evolution. Like most children nowadays, I had been exposed from an early age to pictures and stories about dinosaurs. The difference, perhaps, is that my grandfather who had collected or drawn these pictures for me was rather scientifically minded, although he was just a primary school teacher. He taught me not only their Latin names, such as Brontosaurus, Triceratops and Tyrannosaurus Rex, but also about the periods in which they lived, and the kinds of creatures that preceded and followed them in the course of natural history. So, from an age of eight or so, I was well aware that life on Earth had evolved, and that plants and animals looked very different in different time periods.

As I became a little older, I started reading introductory books on biology, which explained the mechanism of natural selection behind this evolution. This idea became one of the two fundamental principles on which I have based my scientific worldview. As an adolescent, this mechanism seemed so obvious to me that I was quick to generalize it to other domains, noting that for example ideas and societies also evolved through variation and selection. I called this “the generalized principle of natural selection”. Much later, while working on my PhD, I came into contact with other scientists (in particular the great Donald T. Campbell and his disciples Gary Cziko and Mark Bickhard) who had developed a similar philosophy, which they called “selectionism” or “universal selection theory”. Its basic assumption is that all complex systems—whether physical, biological, mental or social—have originated through an evolutionary process, which at the deepest level consists of some form of “blind” (not necessarily random) variation, followed by the selective retention of those variants that are most “fit”.


In this radical formulation, the theory has few adherents. The reason is that most complexity scientists view Darwin’s theory of natural selection with its emphasis on individual organisms or genes as reductionist, ignoring the “whole is greater than the sum of the parts” mantra that characterizes self-organization and complex systems. Yet, I never saw a contradiction between this holistic perspective and my beloved principle of natural selection. The explanation lies in another fundamental idea that I developed while I was 15-16 years old, and which I called the “relational principle”.


After reading popular science accounts of Einstein’s theory of relativity, I was inclined to conclude, like so many others with a somewhat rebellious streak, that “everything is relative”, and that there are no absolute laws nor truths, neither manmade nor natural. (Later I learned that Einstein’s own philosophy could hardly have been more different). More recently, this irreverent philosophy has gotten some form of academic respectability under the label of “postmodernism” or “social constructivism”. Its main thesis is that different cultures and different people see the same things in different ways, and that there is no absolute criterion to say who is right and who is wrong. But this negative interpretation did not satisfy me: I wanted to truly understand how the world functions.


Therefore, I focused on the positive aspect of relativity: the importance of relations. A phenomenon can only be conceived with respect to, or in relation to, another phenomenon. No phenomenon can exist on its own—without context or environment from which it is distinguished, but to which it is at the same time connected. Later, this idea led me to analyze everything in terms of “bootstrapping” networks, where nodes are defined by their links with other nodes, and links by the nodes they connect. This philosophy is intrinsically holistic: it is impossible to reduce systems to their separate components; it is only through the connections between the components that the system emerges. This relational point of view is not in conflict with selectionism: networks do undergo variation and selection, both at the level of the nodes and links that constitute them and at the higher level of the systems that emerge from clusters of densely linked nodes.


After having formulated the fundamental tenets of my philosophy already while in high school, my challenge was to choose a discipline to study in university. With such a broad interest in complex systems of all types (I had even “reinvented” the concept of social network by drawing a map of all the relationships within my high school class—an exercise that did not make me too popular among my classmates), coupled with a healthy skepticism towards traditional reductionist science, this was not an obvious issue. I hesitated between biology, physics, philosophy and literature, and finally settled on physics, reasoning that I could study the other ones on my own, but with the math underlying physics being so difficult, I would need some solid tutoring if I wanted to become mathematically literate enough to understand the most advanced theories. This reasoning turned out to be correct: studying theoretical physics was hard, but it gave me a basis that allowed me to afterwards investigate a variety of other scientific disciplines on my own.
Within physics, my interest initially did not go towards complexity—which at the time (around 1980) was not yet a fashionable topic. I was lucky enough to get some courses on thermodynamics and statistical mechanics from professors who had worked with the great Ilya Prigogine, the founder of the Brussels School of complex
systems. But these particular individuals were less inspiring to me than a young assistant researcher, Diederik Aerts, who was investigating the foundations of quantum mechanics. So, I decided to make, first my Master’s thesis, then my PhD on that subject, hoping to be able to elaborate my relational philosophy in a more formal manner. An analysis of the role of the observer in quantum theory together with the creation at our university by Luc Steels of one of the first Artificial Intelligence labs in Europe inspired me to focus on cognition: the processes by which knowledge is acquired and represented.


I submitted a short paper looking at knowledge acquisition as relational selforganization to a conference on cybernetics. There I discovered a whole community of researchers interested in the same transdisciplinary subject of complex systems, their self-organization and cognition. After defending my PhD thesis in 1987, I basically abandoned my work on the foundations of physics, and positioned myself squarely in the field of general systems and cybernetics, hoping that I had finally found my home. Yet, I felt there was still something lacking in that approach, which tended to consider systems as pre-existing, static structures. I missed the evolutionary angle. Therefore I wrote a “Proposal for the creation of a network on complexity research”, sketching a theoretical framework that would integrate systems, evolution and cognition.


From the reactions I received, the most interesting one came from a young systems scientist, Cliff Joslyn, who had just developed a similar proposal in collaboration with the veteran cyberneticist Valentin Turchin. They called it the “Principia Cybernetica Project”. In 1991 I joined them, and in 1993 I created the project’s website. Principia Cybernetica Web (http://pcp.vub.ac.be) was the first and still is one of the most important websites on complex systems, cybernetics, evolution, and related subjects. As such, it has gotten countless students and researchers interested in the domain.




Sadly, as of 2025/10/10 all direct and indirect links to the Principia Cybernetica Project (http://pespmc1.vub.ac.be) are dead. The above quote was accessed on the Internet Archive.


Three Stories of the Universe


Heylighen now publishes a substack called the Self-Organizing Universe (http://francisheylighen.substack.com) in which he proposes two stories, or histories, that have been proposed to make sense of the universe, and his own third story. He describes them...

	
For centuries, what we call the First Story — the great religious narratives—gave people meaning and moral guidance. The world was seen as created by a divine intelligence; human life had a purpose, embedded in a cosmic order. Yet these stories, while rich in values, gradually lost credibility as scientific knowledge advanced.

	
The Second Story — the Newtonian scientific worldview, commonly pictured as the clockwork universe — offered understanding and control. It taught us to predict the movement of planets, to cure diseases, to harness energy and build technology. But it stripped the world of purpose. If everything is just matter in motion controlled by the laws of nature, then there is no human freedom. Therefore, there are no values to orient our actions either: what should we strive for if the future is anyway already determined? As the Nobel physicist Steven Weinberg wrote: “The more the universe seems comprehensible, the more it also seems pointless.”

	
A new scientific worldview is quietly taking shape — one that integrates knowledge and meaning rather than opposing them. We call it the Third Story.

It sees the universe not as a static clockwork, but as a living process of self-organization and evolution. From the Big Bang to the rise of life, mind, and society, complexity and consciousness have grown together. Every level of existence—from atoms to ecosystems, from brains to civilizations—emerges through mutual adaptation and synergy: systems finding ways to fit together so that each supports the other.


This process cannot be predicted and it has no predetermined outcome or goal. Yet, it has an implicit direction: toward greater complexity, coherence, and consciousness. Evolution favors systems that work well with others—atoms that form chemical bonds, cells that cooperate, species that form ecosystems, humans that build societies. In short, the fitness that directs evolution is relational. Survival of the fittest depends not on selfishness, power or dominance, but on adaptation and synergy with the environment.


Understanding ourselves as part of this ongoing self-organization restores meaning: we are not outsiders observing a mechanical universe; we are participants in its creative unfolding.




Tradition, the Modern, and the Post-Modern


Heylighen's three stories correspond to three critical time periods in the history of philosophy, science, and religion, the traditional or pre-modern, the modern, and the post-modern. There are many philosophical dualisms and triads.

His First Story and Second Story correspond to the time in the cosmic creation process before the appearance of life and the "self."


The First Story was a time when Knowledge was "handed down" as a tradition accepted without much question. In most societies it was a story of a God or gods who had created the world and all its rules. 


The Second Story, mostly in the Western world, focused on the idea of Reason. God had given the gift of Reason to Man, and had constructed the world and its rules according to Reason. Among the medieval scholastics, Thomas Aquinas (1225–1274), following Aristotle, argued that the world could be understood by Reason alone, because it had been determined by the laws of Reason. The deterministic mechanics of Isaac Newton seemed to confirm this central idea of Heylighen's Second Story.


Not every medieval scholastic agreed. John Duns Scotus (1266?-1308) objected, saying that God was Free to create the World and its natural laws any way He wanted, so that one must get out of the Ivory Tower and study the World empirically to discover its laws. This became the basis for British Empiricism versus Continental Rationalism of the next few centuries of the Modern era, the Age of Reason.


Heylighen's Third Story is a living process of self-organization and evolution that cannot be predicted. It has no predetermined outcome or goal. But it does have an implicit direction: toward greater complexity, coherence, and consciousness. It includes cells that cooperate, species that form ecosystems, humans that build societies.  Survival of the fittest depends not on selfishness, power or dominance, but on adaptation and synergy with the environment. 


This accurately describes life in our biosphere.


It also corresponds to the post-modern idea that social rules (but not physical laws) are being created by societies. Heylighen's "Self-Organizing Universe" wants to extend this self-organization back to the physical origin of the universe, very much like John O. Campbell's Universal Darwinism.
  



Source: https://www.informationphilosopher.com/solutions/scientists/heylighen/
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Grete Hermann was a German mathematician and philosopher She is noted for her early philosophical work on the foundations of quantum mechanics, and is now known most of all for an early, but long-ignored critique of the no hidden variables proof by John Von Neumann.

John Bell was inspired by Hermann's argument to develop his famous inequalities theorem and a possible experimental test that would distinguish the angular dependence of a hidden variables theory from quantum mechanics. Specifically, Bell claimed that quantum mechanics should violate his inequalities, and that has been found to be the case by decades of experiments.




Source: https://www.informationphilosopher.com/solutions/scientists/hermann/
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Hermann von Helmholtz was a German physicist and a physician. He made great contributions to many fields of science. From the point of view of information philosophy, his most important work was on the classical mechanical foundation of thermodynamics. 


Helmholtz' s article on the conservation of energy (he called it a "force") appeared in 1847, a few years before Clausius. 


Several years later, in 1882 his article "On the thermodynamics of chemical processes" defined his idea of available or "free" energy as A = U − TS. (where U is energy, T is the temperature, and S the entropy) It's the amount of mechanical work that can be done by heat transfer from a hot body to a cool one at constant volume. 


Years later, J. Willard Gibbs defined his free energy as U  + PV - TS for systems changing pressure or volume.




Previous investigations on the work- value of chemical processes relate almost exclusively to the quantities of heat
appearing or vanishing during the formation and decomposition of compounds. Now alterations in the state of aggregation and in the density of the substances concerned are
indissolubly connected with most chemical changes. Of these
last, however, we know certainly that they are capable of
producing or consuming work in two different forms, to wit:
first in the form of heat, secondly in the form of other kinds
of work convertible without limit. A store of heat is not, as
is well known from Carnot's law—more precisely expressed by
Clausius—convertible without limit into other work-equivalents. We can only bring this about in any case, and even
then only partially, by allowing the untransformed residue of
the heat to pass over into a body of lower temperature. 

We
know that in the case of fusion, vaporization, expansion of
gases, &c, heat can even be extracted from surrounding
bodies at the same temperature, to pass over into work of
other forms. Since such changes, as already said, are indissolubly
connected with most chemical processes, this circumstance clearly proves that, even in the case of chemical
changes, the origin of these two forms of work-equivalents
must be examined, and they must be considered from the
point of view of Carnot's law. 
It has long been known that
there are chemical processes which occur spontaneously and
proceed without external force, and in which cold is produced. Of these processes the customary theoretical treatment, which deals only with the heat developed as the
measure of the work-value of the chemical forces of affinity,
can give no satisfactory account*...


If we now take into consideration that chemical forces
can produce not merely heat but also other forms of energy,
the latter even without the necessity of any change of temperature in the interacting substances being sot up corresponding to the magnitude of the effect, as, for example, in the
case of the production of work by a galvanic battery ; then it
appears to me unquestionable that, even in the case of
chemical processes, a distinction must be made between the
parts of their forces of affinity capable of free transformation
into other forms of work, and the parts producible only
as heat. 


In what follows I shall, for the sake of brevity,
distinguish these two parts of the energy as the " free "
and as the " bound " energy. We shall see later that
processes spontaneously originating and proceeding without
the help of any external force, when the system is at rest and
is maintained at a constant uniform temperature, can take
place only in such a direction as to cause diminution of free
energy. 


In this category will also be reckoned chemical
processes originating spontaneously and proceeding at constant
temperature. On the assumption of the unrestricted applicability of Clausius's law, it would therefore be the value of the
free energy, not that of the total energy made known by
development of heat, which especially determines the direction
in which chemical affinity can become active.



Here Helmholtz introduces his free energy, unaware that Gibbs had defined his ten years earier
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Hyman Hartman is a research scientist at MIT. His special interest has been to deduce the origin of life, of the genetic code, of the ribosome, of the eukaryotic cell, of photosynthesis, and of the metabolic cycle, by looking into their information structures and attempting to locate their oldest evolutionary parts.


He calls his approach a documentary hypothesis, after the biblical analysts who found the oldest written parts, for example the J-writer and E-writer, by linguistic analysis. 
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Speculations on the Evolution of the Genetic Code III: The Evolution of tRNA  (Origins of Life (1984)  14  643 648. )

Speculations on the Origin of the Genetic Code (J. Molecular Evolution (1995) 40:541-544 )

Photosynthesis and the Origin of Life (Origins of Life and Evolution of the Biosphere (1998) 28 515-21 )

The Origin and Evolution of Oxygenic Photosynthesis (Trends in Biochemical Sciences (1998) 23 94-7 , with R.E. Blankenship)

The Origin of the Eukaryotic Cell: a Genomic Investigation (J. Molecular Evolution  (2002) PNAS 99 1420-5, with Alexei Fedorov)

The Origin of the Eukaryotic Cell? (J. Molecular Evolution  (2004) 59:695–702, with Alexei Fedorov)

The Origin and Evolution of the Ribosome (Biology Direct  (2008) 3:16)

The Evolution of the Ribosome and the Genetic Code (Life 2014, 4, 227-249, with Temple Smith)
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Ian Hacking is a historian of science who has documented the development of probability from the seventeenth century to the late nineteenth in his major works, The Emergence of Probability (1975), and The Taming of Chance (1990).


Hacking identifies probability with the mathematics of randomness, which did not appear until the Renaissance. From the beginning, he says, probability was dual. It has an epistemic element having to do with degrees of belief, and an ontological aspect, having to do with the performance of randomizing devices like dice and coins in the long run of large numbers of trials. The first is epistemic or a priori probability, the latter is the ontological and a posteriori frequency statistics that we get from experiments.


Probabilities are theories used to establish degrees of belief. Statistics are experiments that may validate some theories.


In The Taming of Chance, Hacking argues for a nineteenth-century "erosion of determinism," making room for genuine chance. (Other historians, e.g., Stephen Brush, made similar claims at the same time.)


The most decisive conceptual event of twentieth century physics has been the discovery that the world is not deterministic. Causality, long the bastion of metaphysics, was toppled, or at least tilted: the past does not determine exactly what happens next. This event was preceded by a more gradual transformation. During the nineteenth century it became possible to see that the world might be regular and yet not subject to universal laws of nature. A space was cleared for chance.

This erosion of determinism made little immediate difference to anyone. Few were aware of it. Something else was pervasive and everybody came to know about it: the enumeration of people and their habits. Society became statistical. A new type of law came into being, analogous to the laws of nature, but pertaining to people. These new laws were expressed in terms of probability. They carried with them the connotations of normalcy and of deviations from the norm. The cardinal concept of the psychology of the Enlightenment had been, simply, human nature. By the end of the nineteenth century, it was being replaced by something different: normal people.


I argue that these two transformations are connected. Most of the events to be described took place in the social arena, not that of the natural sciences, but the consequences were momentous for both.


Throughout the Age of Reason, chance had been called the superstition of the vulgar. Chance, superstition, vulgarity, unreason were of one piece. The rational man, averting his eyes from such things, could cover chaos with a veil of inexorable laws. The world, it was said, might often look haphazard, but only because we do not know the inevitable workings of its inner springs. As for probabilities — whose mathematics was called the doctrine of chances — they were merely the defective but necessary tools of people who know too little.


There were plenty of sceptics about determinism in those days: those who needed room for freedom of the will, or those who insisted on the individual character of organic and living processes. None of these thought for a moment that laws of chance would provide an alternative to strictly causal laws. Yet by 1900 that was a real possibility, urged as fact by an adventurous few. The stage was set for ultimate indeterminism.

(The Taming of Chance, Cambridge, 1990, pp.1-2)



Most of the mathematicians who developed the calculus of probabilities, and most nineteenth-century physical scientists, believed that randomness in chance events, including the atomic and randomness that succeeded in explaining irreversibility and the second law of thermodynamics, may be the result of some unknown underlying universal laws of nature, such as the "law of large numbers" and the "normal distribution."


For most of them, the growing indeterminism described by Hacking was perhaps traceable to human ignorance of the detailed motion of atomic particles. To be sure, there were some nineteenth-century vociferous proponents of absolute chance, such as Charles Sanders Peirce and the French philosophers  Charles Renouvier and Alfred Fouillée, who inspired Peirce and his colleague William James.


The kind of indeterminism we have as a result of quantum mechanical indeterminacy is quite different from typical nineteenth centuries of probability.
For example, Arthur Stanley Eddington, who was intimately familiar with the statistical mechanical basis of the second law of thermodynamics, maintained that the determinism of classical physics, which presumably included chance and probability, was gone forever. 


In The Nature of the Physical World (1928), Eddington dramatically announced "It is a consequence of the advent of the quantum theory that physics is no longer pledged to a scheme of deterministic law,"


Prominent dissenters from quantum theory such as Max Planck, Albert Einstein, Louis de Broglie, Erwin Schodinger, and David Bohm, hoped that an underlying deterministic explanation would be found some day for quantum randomness. 


Many philosophers, and a few scientists, still hold to this possibility of a return to strict determinism and causality.


The example of C. S. Peirce

Hacking uses Charles Sanders Peirce as his model of a nineteenth century thinker who embraced ontological chance (he named it tychism). While Peirce is an excellent choice, he is not at all typical. And Peirce had his doubts about chance, for example he criticized chance's role in the Darwinist version of evolution. 

Peirce actually modeled his thinking on the work of Charles Darwin, but he was not satisfied with Darwin's fortuitous variation and natural selection. He falsely associated it with the Social Darwinist thinking of his time and called it a "greed philosophy." Peirce also rejected the deterministic evolution scheme of Herbert Spencer, and proposed his own grand scheme for the evolution of everything including the laws of Nature! He called this third possibility synechism, a coined term for continuity, in clear contrast to the merely random events of his tychism. 


With his typical triad of chance, determinism, and continuity, Pierce's evolutionist thinking resembles that of Hegel. It was the basis for the evolutionary growth of variety, of irregular departures from an otherwise mechanical universe, including life and Peirce's own original thoughts. For Peirce and Hegel, ideas are living things with meanings that grow over time. Peirce was a "realist" in that he believed these ideas have a metaphysically real existence.


Hacking ends The Taming of Chance with a paean to Peirce... 


Peirce denied determinism. He also doubted that the world is a determinate given. He laboured in a community seeking to establish the true values of Babbage's constants of nature; he said there aren't any, over and above those numbers upon which we increasingly settle. He explained inductive learning and reasoning in terms of merely statistical stability. At the level of technique, he made the first self-conscious use of randomizzation in the design of experiments: that is, he used the law-like character of artificial chances in order to pose sharper questions and to elicit more informative answers. He provided one of the standard rationalia for statistical inference — one that, named after other and later workers, is still with us. He had an objective, frequentist approach to probability, but pioneered a measure of the subjective weight of evidence (the log odds). In epistemology and metaphysics, his pragmatic conception of reality made truth a matter of what we find out in the long run. But above all, he conceived of a universe that is irreducibly stochastic.


(ibid, pp.200-1)

I end with Peirce because he believed in absolute chance, but that is not my focus. His denial of the doctrine of necessity was incidental to a life permeated by statistics and probabilities. Somebody had to make a first leap to indeterminism. Maybe it was Peirce, perhaps a predecessor. It does not matter. He 'rejoiced to find' himself in the company of others, including Renouvier. He did argue against the doctrine of necessity, but it was not an argument that convinced him that chance is an irreducible clement of reality. He opened his eyes, and chance poured in — from a world which, in all its small details, he was seeing in a probabilistic way. In this respect, although he was very much a nineteenth-century man, he was already living in a twentieth-century environment. His working days of experimental routine, and his voyages of the mind, took place in a new kind of world that his century had been manufacturing: a world made of probabilities.


Peirce is the strongest possible indicator that certain things which could not be expressed at the end of the eighteenth century were said at the end of the nineteenth. I do not use him here because he is the happy upshot of preceding chapters, the point at which groping events finally led to the truth as we now see it. Not at all: some of what he wrote strikes me as false and much of it is obscure. I use him instead to exemplify a new field of possibilities, the one that we still inhabit. Chance poured in at every avenue of sense because he was living in a new probabilistic world. One can't grasp that just by reading him on the romantic subject of absolute chance. You have to glimpse the almost innumerable ways in which his world had become constructed out of probabilities, just like ours.


(ibid, pp.214-5)


Free Will
 
Hacking ends his opening argument with a famous quote from Kant on free will, which shows Kant to believe that statistics may appear to be random but are clearly governed by a universal law.

Whatsoever difference there may be in our notions of the freedom of will metaphysically considered, it is evident that the manifestations of this will, viz. human actions, are as much under the control of universal laws of nature as any other physical phenomena. It is the province of History to narrate these manifestations; and, let their causes be ever so secret, we know that History, simply by taking its station at a distance and contemplating the agency of the human will upon a large scale, aims at unfolding to our view a regular stream of tendency in the great succession of events — so that the very same course of incidents which, taken separately and individually, would have seemed perplexed, incoherent, and lawless, yet viewed in their connection and as the actions of the human species and not of independent beings, never fail to discover a steady and continuous, though slow, development of certain great predispositions in our nature. Thus, for instance, deaths, births, and marriages, considering how much they are separately dependent on the freedom of the human will, should seem to be subject to no law according to which any calculation could be made beforehand of their amount: and yet the yearly registers of these events in great countries prove that they go on with as much conformity to the laws of nature as the oscillations of the weather.'


(ibid, p.15)


Hacking also looks briefly at twentieth-century arguments for freedom and tries to understand why they differ from a century earlier.
The second wave of quantum mechanics. which commenced in 1926, established that the fundamental laws of microphysics are irreducibly probabilistic. 

In 1936 John von Neumann proved the first 'no hidden variables' theorem: no necessitarian, purely deterministic laws can underlie quantum physics. Some physicists and many kibitzers inferred that physics proves the reality of human freedom. Even today some say this solves the problem of free will.

The contrast between the sensibility of the 1830s and the 1930s seems paradoxical. In the 1930s, the conviction that the laws of nature are probabilistic was thought to make the world safe for freedom. The incoherence went in the opposite direction in the 1830s: if there were statistical laws of crime and suicide, then criminals could not help themselves. In 1930, probability made room for free will; in 1830, it precluded it.


This contrast only seems paradoxical. In the 1930s the laws of physics, which had long been the model of impersonal and irrevocable necessity, were shorn of their magisterial power. They had once ordained the slightest motion of the lightest atom and hence the fall of every sparrow, perhaps the Fall itself. By 1936 they described only the probabilities of the future course of any individual particle. At most the collective behaviour of an enormous collection of entities or events was determined. Hence individuals within the ensemble might act freely. In the 1830s, in contrast, human behaviour was lumped under new probabilistic laws that were constantly compared to the law of gravity. Physics was still inexorable. Laws of society were like laws of physics and hence could not be violated. The 1930s pulled physics, and hence all law, away from determinism. The 1830s pulled laws of society towards physics, and hence towards determinism. That's why probability seemed to create space for freedom in 1936, and seemed to rule it out in 1836.


(ibid, p.116)
 

For Scholars




see the contribution of the quantum debates to the history of free will
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J. B. S. Haldane made great contributions to  physiology, genetics, evolutionary biology, mathematics, and statistics.

He pioneered theories of the origin of life as a chemical process and proposed the idea of a "primordial soup" in which inorganic chemicals might evolve to become living.


He wrote on "What Is Life?"


I am not going to answer this question. In fact, I doubt if it will ever be possible to give a full answer, because we know what it feels like to be alive, just as we know what redness, or pain, or effort are. So we cannot describe them in terms of anything else. But it is not a foolish question to ask, because we often want to know whether a man is alive or not, and when we are dealing with the microscopic agents of disease, it is clear enough that bacteria are alive, but far from clear whether viruses, such as those which cause measles and smallpox, are so.

    So we have to describe life in terms of something else, even if the description is quite incomplete. We might try some such expression as "the influence of spirit on matter." But this would be of little use for several reasons. For one thing, even if you are sure that man, and even dogs, have spirits, it needs a lot of faith to find a spirit in an oyster or a potato. For another thing, such a definition would certainly cover great works of art, or books which clearly show their author's mind, and go on influencing readers long after he is dead. Similarly, it is no good trying to define life in terms of a life force. George Bernard Shaw and C. E. M. Joad think there is a life force in living things. But if this has any meaning, which I doubt, you can only detect the life force in an animal or plant by its effects on matter. So we should have to define life in terms of matter. In ordinary life we recognise living things partly by their shape and texture. But these do not change for some hours after death. In the case of mammals and birds we are sure they are dead if they are cold.


    This test would not work on a frog or a snail. We take it that they are dead if they will not move when touched. But in the case of a plant the only obvious test is whether it will grow, and this may take months to find out. All these tests agree in using some kind of motion or change as the criterion of life, for heat is only irregular motion of atoms. They also agree in being physical rather than chemical tests. There is no doubt, I think, that we can learn more about life from a chemical than from a physical approach. This does not mean that life has been fully explained in terms of chemistry. It does mean that it is a pattern of chemical rather than physical events.




    What is common to all life is the chemical events. And these are extraordinarily similar in very different organisms. We may say that life is essentially a pattern of chemical happenings, and that in  addition there is a building of a characteristic shape in almost all living things, characteristic motion in most animals, and feeling and purpose in some of them. The chemical make-up of different living things is very different. A tree consists largely of wood, which is not very like the constituents of a man,though rather like a stuff called glycogen which is part of most, if not all, of our organs. But the chemical changes which go on in the leaves, bark, and roots of a tree, particularly the roots, are surprisingly like those which go on in human beings. The roots need oxygen just as a man does, and you can see whether a root is alive, just as you can see whether a dog is alive, by measuring the amount of oxygen which it consumes per minute. And the oxygen is used in the same kinds of chemical processes, which may roughly be described as controlled burning of foodstuffs at a low temperature. Under ordinary circumstances oxygen does not combine with sugar unless both are heated. It does so in almost all living things through the agency of what are called enzymes. Most of the oxygen that we use has to first unite with an enzyme consisting mainly of protein, but containing a little iron. Warburg discovered this in yeast in 1924. In 1926 I did some rather rough experiments which showed the same, or very nearly the same, enzyme in green plants, moths, and rats. Since then it has been found in a great variety of living things.

Just the same is true for other processes. A potato makes sugar into starch and your liver makes it into glycogen by substantially the same process. Most of the steps by which sugar is broken down in alcoholic fermentation and muscular contraction are the same. And so on. The end results of these processes are of course very different. A factory may switch over from making bren guns to making sewing machines or bicycles without very great changes. Similarly the chemical processes by which an insect makes its skin and a snail its slime are very similar, though the products differ greatly.


    In fact, all life is characterised by a fundamentally similar set of chemical processes arranged in very different patterns. Thus, animals use up foodstuffs, while most plants make them. But in both plants and animals the building up and the breaking down are both going on all the time. The balance is different.


    Engels said that life was the mode of existence of proteins (the word which he used is often translated as "albuminous substances"). This is true in so far as all enzymes seem to be proteins. And it is true in so far as the fundamental similarity of all living things is a chemical one. But enzymes and other proteins can be purified and will carry on their characteristic activities in glass bottles. And no biochemist would say they were alive.


    In the same way Shakespeare's plays consist of words, whereas words are a very small part of Eisenstein's films. It is important to know this, as it is important to know that life consists of chemical processes.


    This pattern has special properties. It begets a similar pattern, as a flame does, but it regulates itself as a flame does not except to a slight extent. And, of course, it has many other peculiarities. So when we have said that life is a pattern of chemical processes, we have said something true and important.


    But to suppose that one can describe life fully on these lines is to attempt to reduce it to mechanism, which I believe to be impossible. On the other hand, to say that life does not consist of chemical processes is to my mind as futile and untrue as to say that poetry does not consist of words.




This fits with our definition of life as information structures, but leaves out the critical role of information communication between the components of a living thing.



Source: https://www.informationphilosopher.com/solutions/scientists/haldane/
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Jacques Hadamard

Jacques Hadamard was a great mathematician who studied his thought processes in solving mathematical problems. He interviewed many other leading mathematicians and scientists, including Henri Poincaré, many of whom shared Hadamard's experience that solutions to problems often came suddenly and completely, generally after long reflections on the problem.

In his 1945 book Psychology of Invention in the Mathematical Field, Hadamard described the Synthèse conference in Paris in 1936 to study creativity. In Chapter III, Hadamard described how the combination of random ideas could lead to a choice of the best combination. Chance alone is not enough.

Combination of Ideas. What we just observed concerning the unconscious in general will be seen again from another angle, when speaking of its relations with discovery.
We shall see a little later that the possibility of imputing discovery to pure chance is already excluded by Poincaré's observations, when more attentively considered.

On the contrary, that there is an intervention of chance but also a necessary work of unconsciousness, the latter implying and not contradicting the former, appears, as Poincaré shows, when we take account not merely of the results of introspection, but of the very nature of the question.


Indeed, it is obvious that invention or discovery, be it in mathematics or anywhere else, takes place by combining ideas.1 Now, there is an extremely great number of such combinations, most of which are devoid of interest, while, on  the contrary, very few of them can be fruitful. Which ones does our mind — I mean our conscious mind — perceive? Only the fruitful ones, or exceptionally, some which could be fruitful.



However, to find these, it has been necessary to construct the very numerous possible combinations, among which the useful ones are to be found.


It cannot be avoided that this first operation take place, to a certain extent, at random, so that the role of chance is hardly doubtful in this first step of the mental process. But we see that that intervention of chance occurs inside the unconscious: for most of these combinations — more exactly, all those which are useless — remain unknown to us.


Moreover, this shows us again the manifold character of the unconscious, which is necessary to construct those numerous combinations and to compare them with each other.

The Following Step. It is obvious that this first process, this building up of numerous combinations, is only the beginning of creation, even, as we should say, preliminary to it. As we just saw, and as Poincaré observes, to create consists precisely in not making useless combinations and in examining only those which are useful and which are only a small minority. Invention is discernment, choice.

To Invent Is to Choose. This very remarkable conclusion appears the more striking if we compare it with what Paul Valéry writes in the Nouvelle Revue Française: "It takes two to invent anything. The one makes up combinations; the other one chooses, recognizes what he wishes and what is important to him in the mass of the things which the former has imparted to him.


"What we call genius is much less the work of the first one than the readiness of the second one to grasp the value of what has been laid before him and to choose it."


We see how beautifully the mathematician and the poet agree in that fundamental view of invention consisting of a choice.

Esthetics in Invention. How can such a choice be made? The rules which must guide it "are extremely fine and delicate. It is almost impossible to state them precisely; 
they are felt rather than formulated. Under these conditions, how can we imagine a sieve capable of applying them mechanically?"


Though we do not directly see this sieve at work, we can answer the question, because we are aware of the results it affords, i.e., the combinations of ideas which are perceived by our conscious mind. This result is not doubtful. "The privileged unconscious phenomena, those susceptible of becoming conscious, are those which, directly or indirectly, affect most profoundly our emotional sensibility.


"It may be surprising to see emotional sensibility invoked à propos of mathematical demonstrations which, it would seem, can interest only the intellect. This would be to forget the feeling of mathematical beauty, of the harmony of numbers and forms, of geometric elegance. This is a true esthetic feeling that all real mathematicians know, and surely it belongs to emotional sensibility."


That an affective element is an essential part in every discovery or invention is only too evident, and has been insisted upon by several thinkers; indeed, it is clear that no significant discovery or invention can take place without the will of finding. But with Poincaré, we see something else, the intervention of the sense of beauty playing its part as an indispensable means of finding. We have reached the
double conclusion:



that invention is choice


that this choice is imperatively governed by the sense of scientific beauty.



Hadamard and the Two-Stage Model of Free Will

Hadamard described Poincaré as the source of the basic idea, but he credited Paul Valéry with the idea that there are two stages in creativity, perhaps even two entities - one to generate random alternative_possibilities, and the other to select or choose the best alternative. 


These suggestions of Hadamard's were a major influence on Daniel Dennett's 1978 two-stages model of decision making which were later dubbed "Valerian." Dennett quotes the Valéry "It takes two to invent anything...," and then imagines the two stages in one mind.


Hadamard quoted Mozart to show that the first stage involves ideas that just "come to us" freely.


When I feel well and in a good humour, or when I am taking a drive or walking after a good meal, or in the night when I cannot sleep, thoughts crowd into my mind as easily as you could wish. Whence and how do they come? I do not know and I have nothing to do with it. Those which please me I keep in my head and hum them; at least others have told me that I do so....Then my soul is on fire with inspiration. 


Hadamard and Poincaré both describe ideas that "present themselves" as William James described it. 


Hadamard and Irreversibility

In 1906 Hadamard wrote a review of Josiah Willard Gibbs' Elementary Principles of Statistical Mechanics. (Bulletin of the American Mathematical Society, 12, p.194-210) He called it pure mathematics, applying the calculus of probabilities (of Laplace and others) to mechanics.

He wrote:


It remains to address the most important and most delicate that raises the study of the distribution phase. What happens to this distribution in the course of the movement, when part of any state: it tends, for example, to move closer to the canonical distribution or any distribution with similar properties?

This is, in short, the vital issue for kinetic theories. The paradox related and which seems at first to determine in advance any theory of this kind is as follows. How can the equations of dynamics, which are all reversible, lead to irreversible  laws, to the growth of entropy? (p.201)



[Il reste à traiter la question la plus importante et la plus délicate que soulève cette étude de la distribution en phase. Que devient cette distribution au cours du mouvement, lorsqu'on part d'un état quelconque: tend-elle, par exemple, à se rapprocher de la distribution canonique ou d'une distribution présentant des propriétés analogues?

C'est, en somme, la question vitale pour les théories cinétiques. Le paradoxe qui s'y rattache et qui semble, au premier abord, miner par avance toute théorie de cette nature est eu effet le suivant. Comment, eu partant d'équations de la dynamique, toutes réversibles, parviendra-t-on à des lois irréversibles, à la croissance de l'entropie?]




We develop an answer in our treatment of micro-irreversibility.





Source: https://www.informationphilosopher.com/solutions/scientists/hadamard/
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Jeff Hawkins


Jeff Hawkins is an inventor and neuroscientist. In 1979 he received his bachelor's degree in electrical engineering from Cornell. He joined GRiD Systems in 1982, where he developed rapid application development (RAD) software called GRiDtask. He enrolled in the biophysics program at the UC Berkeley in 1986. While there he patented a "pattern classifier" for handwritten text, but his PhD proposal on developing a theory of the neocortex was rejected, apparently because none of the professors there were working on anything similar. The setback led him back to GRiD, where, as vice president of research from 1988 to 1992, he developed GRiD's pen-based computing initiative. 

Hawkins founded Palm Inc. in January 1992. There, he invented the Palm Pilot, a personal digital assistant (PDA). 

In 1998 he left Palm along with Palm co-founders Donna Dubinsky and Ed Colligan to start Handspring. There they developed the Treo family of PDA and cell phone, which was later acquired by Palm as the Palm Treo. 


In 2002, after two decades of finding little interest from neuroscience institutions that he did not have a stake in, Hawkins founded the Redwood Neuroscience Institute in Menlo Park, California.  


In 2003, Hawkins was elected as a member of the National Academy of Engineering "for the creation of the hand-held computing paradigm and the creation of the first commercially successful example of a hand-held computing device." 


In 2004 Hawkins wrote On Intelligence: How a New Understanding of the Brain Will Lead to the Creation of Truly Intelligent Machines. The book was written with Sarah Blakeslee, a science writer at the New York Times specializing in neuroscience. 


In the book, Hawkins described "the core idea of his theory," what he calls the "memory prediction framework." (p.5). It explains "how the brain remembers things and uses its memories to make predictions." (p.20) 


While his first passion was mobile computing, Hawkins says his second passion is figuring out how the human brain works to apply its design to the creation of artificially intelligent machines.  



I have a second passion that predates my interest in
computers - one I view as more important. I am crazy about
brains. I want to understand how the brain works, not just
from a philosophical perspective, not just in a general way,
but in a detailed nuts and bolts engineering way; My desire
is not only to understand what intelligence is and how the
brain works, but how to build machines that work the same
way. I want to build truly intelligent machines.



In March 2005, Hawkins, together with Donna Dubinsky (Palm's original CEO) and Dileep George, founded Numenta, Inc., to specialize in artificial intelligence. In July, 2005 The Redwood Center for Theoretical Neuroscience became a part of the Helen Wills Neuroscience Institute at UC Berkeley.


For 15 years, Hawkins headed a research team at Numenta studying the brain's neocortex. After reading Vernon Mountcastle's 1978 article "An Organizing Principle for Cerebral Function," Hawkins became interested in the cortical columns in the neocortex, groups of neurons forming a cylindrical structure through the cerebral cortex of the brain perpendicular to the cortical surface. He hypothesized that cortical columns did not capture just a sensation, but also the relative location of that sensation, in three dimensions rather than two, in relation to what was around it. Hawkins said "When the brain builds a model of the world, everything has a location relative to everything else"


In his 2022 book A Thousand Brains: A New Theory of Intelligence, Hawkins describes his theory of each cortical column as a brain arranged in what he calls "reference frames," forming a framework for intelligence and what he calls "cortical computation". The book details the advances he and the Numenta team made in the development of their theory of how the brain understands the world and what it means to be intelligent. It also details how the "thousand brains" theory can affect machine intelligence, and how an understanding of the brain impacts the threats and opportunities facing humanity.



I have divided the book into three parts. In the first part, I describe
our theory of reference frames, which we call the Thousand
Brains Theory. The theory is partly based on logical deduction, so
I will take you through the steps we took to reach our conclusions.
I will also give you a bit of historical background to help you see
how the theory relates to the history of thinking about the brain.
By the end of the first part of the book, I hope you will have an understanding
of what is going on in your head as you think and act
within the world, and what it means to be intelligent.

The second part of the book is about machine intelligence. The
twenty-first century will be transformed by intelligent machines
in the same way that the twentieth century was transformed by
computers. The Thousand Brains Theory explains why today's AI
is not yet intelligent and what we need to do to make truly intelligent
machines. I describe what intelligent machines in the future
will look like and how we might use them. I explain why some machines
will be conscious and what, if anything, we should do about
it. Finally, many people are worried that intelligent machines are
an existential risk, that we are about to create a technology that
will destroy humanity. I disagree. Our discoveries illustrate why
machine intelligence, on its own, is benign. But, as a powerful
technology, the risk lies in the ways humans might use it.



Hawkins says he no longer describes his main thesis as the "memory prediction framework," which now has its own Wikipedia page.  


To make predictions, the brain has to learn what is normal - that is, what should be expected based on past experience. My previous book, On Intelligence, explored this idea of learning and prediction. In the book, I used the phrase "memory prediction framework" to describe the overall idea, and I wrote about the implications of thinking about the brain this way. I argued that by studying how the brain makes predictions, we would be able to unravel how the cortex works.

Today I no longer use the phrase "the memory prediction framework." Instead, I describe the same idea by saying that the neocortex learns a model of the world, and it makes predictions based on its model.



The information philosopher wants to know where the information for Hawkins' model of the world is stored in the brain? He tells us "the brain has to learn what should be expected based on past experience." 

The information philosopher has proposed a model of how the mind records experiences and then plays them back any experiences which resemble the current experience, to provide context and meaning to the current experience. See our Experience Recorder and Reproducer.

  



Source: https://www.informationphilosopher.com/solutions/scientists/hawkins/
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   Jesper Hoffmeyer is the President of the International Society for Biosemiotic Studies and co-editor of the journal Biosemiotics. He is Professor Emeritus at the University of Copenhagen. His popular book Signs of Meaning in the Universe inspired many people to study Biosemiotics. He is the author of the leading text Biosemiotics: An Examination into the Signs of Life and the Life of Signs.

Hoffmeyer says that something is missing in modern biology. Understanding communication in biology requires seeing it as signs. He says:


True communication, biosemiotics argues, is based on semiosis, or sign processes...
a sign is something that refers to something else — with the essential addition
that it takes somebody (i.e., a receptive living system) to make the reference.
The meaning conferred by a sign is thus acutely dependent on the nature
and the context of its receptive system, the sensing body — and that body's
relations with externality are mediated continually by the active establishment
and disestablishment of such signs. A sign process, then, is more than just a
mechanical transfer of information packets because the sign embraces a process
of interpretation. And yet, it is precisely the biological phenomena that comprise
this interpretative activity that is neglected — or at least not recognized
as engendering its own measure of causal efficacy in the world — in both traditionally
conceived Information Theory and in most contemporary mainstream
Evolutionary Theory.

Yet by making just this slight and empirically well-justified expansion in our
basic view of nature (i.e., to accept that semiosis and interpretative processes
are essential components in the dynamics of natural systems), biosemiotics, as
I hope to show, provides the conceptual tools necessary to explanatorily reintegrate
living creatures (including, of course, human beings) into the natural
world from which they came — but from which they have since been effectively
excluded by a scientific ontology that has, at least since the time of Descartes,
consistently encouraged scientists to de-semiotize all the naturally communicative
and fundamentally interactive processes of living systems.
 




Hoffmeyer wants to move beyond the reductionism and deterministic mechanism in biology. The time is right for a scientific confrontation with "mechanicism," he says, because of the development in the last few decades of nonequilibrium thermodynamics, chaos theory, nonlinear dynamics, complexity theory, and biosemiotics.


But we need something more if we are to escape deterministic reductionism. The "order out of chaos" of Ilya Prigogine produces only material "information structures" like the galaxies, stars, and planets. They contain no "information processing," nothing semiotic, which is the essence of biology. Chaos and complexity theories are as deterministic as the Newtonian dynamics that drives them. Their sensitivity to initial conditions and computational unpredictability do not provide the kind of emergent freedom that Hoffmeyer wants for biology.



Semiotic Freedom


Hoffmeyer is known for the term semiosphere, essentially the biosphere seen in terms of semiotics. But a more important neologism is the term "semiotic freedom," which roughly equates to the term "behavioral freedom" as the repertoire of creative behaviors available to an organism, extended to include all the possible thoughts and actions available to humans. It connects also to the idea of freedom as not having been determined by physical laws.


The most pronounced feature of organic evolution is not the 
creation of a multiplicity of amazing morphological structures, but the
general expansion of "semiotic freedom,"that is to say the increase in  
richness or "depth" of meaning that can be communicated: From
pheromones to birdsong and from antibodies to Japanese ceremonies of
welcome.

I should be very surprised if the driving force behind evolution did
not prove, at the end of the day, to be the self-same creativity and
flexibility that are accorded to those systems engaging in ever subtler
forms of semiotic interplay. The anatomical aspect of evolution may
have controlled the earlier phases of life on Earth but my guess is that
little by little, as semiotic freedom grew, the purely anatomical side
of development was circumscribed by semiotic development and was
thus forced to obey the boundary conditions placed on it by the
semiosphere.



I had to think long and hard before choosing to speak of semiotic
"freedom" rather than semiotic "depth." It was not an easy decision to
make, since freedom is a rather
ambiguous term. Semiotic freedom refers not only to the quantitative
mass of semiotic processes involved but even more so to the quality of
these processes. We could perhaps define it as the "depth of meaning"
that an individual or a species is capable of communicating.


Over recent years it has become quite clear that some kind of term
along the lines of "depth" is required in the communication sciences,
to supplement the term "information."
 


Hoffmeyer laments the use of the term "information" as all the physical information in the universe, essentially the information a super-intelligent Laplacian demon needs to know to see the past and future, the positions and momenta, the motion paths, of all the particles in the universe. (It is this physical information that the second law of thermodynamics destroys, but the expansion of the universe creates - as negative entropy.) 


Hoffmeyer prefers the definition of a bit of information as Gregory Bateson's "a difference that makes a difference." While this is vague, Hoffmeyer explains that he wants to limit the term information to biological information, to that intentionally created or meaningfully interpreted by an agent.



The essence of this definition is that information is
something which is generated by a subject. Information is always
information for "someone"; it is not something that is just hanging
around "out there" in the world. For instance: If I happen, one evening,
to hear a blackbird burst into song, I might look up into the tree
to try and catch sight of it. In other words, the variations in sound
reaching my ears prompt my brain to produce a piece of information to
the effect that there must be a blackbird somewhere close at hand. For
the moth clinging to a nearby wall, on the other hand, no information
whatsoever is generated.The blackbird s song is a difference that makes
absolutely no difference to it. Ergo, no information. And my small son
might well contrive to say "bird," but not "blackbird." He has, in
other words, produced another piece of information from the same
sound.

The annoying thing about Bateson's definition is that it cannot be
used to quantify information. Information is associated with an intentional
creature of some kind or another, whether it be an amoeba
registering a difference in nourishment levels and reacting by extending
a pseudopodium toward the spot where the pickings are richest, or a
human being seeing a ripe fruit on a tree and stretching out a hand to
pluck it. Or—to put it another way—information is based on interpretation
and, in this sense, corresponds to signs as defined by Peirce.



Hoffmeyer seems to want to identify "meaningful" information, but he also wants a measure (his semiotic freedom) of the complexity of the information.



the saturation degree of nutrient molecules upon bacterial receptors
would be a message with a low depth of meaning, whereas the bird that pretends
to have a broken wing in an attempt to lure the predator away from its nest might
be said to have considerably more depth of meaning. In talking about semiotic
freedom rather than semiotic depth, then, I try to avoid being misunderstood to
claiming that semiotic freedom should possess a quantitative measurability;
It does not. But it should also be noted that the term refers to an activity that is
indeed free in the sense of being underdetermined by the constraints of natural
lawfulness. Human speech, for instance, has a very high semiotic freedom in this
respect, while the semiotic freedom of a bacterium that chooses to swim away
from other bacteria of the same species is of course extremely small..



Code-Duality


Hoffmeyer proposes another concept that he says can transcend the epistemic cut of Howard Pattee. Pattee suggested that living systems must necessarily operate through the interactions between two complementary modes - a time-independent or symbolic (linguistic) mode and a time-dependent dynamic mode.  Hoffmeyer wants both a code for biological memory (heredity), the digital code in DNA, and an analog code, in which "the message of the memory is expressed."  He says that "code-duality may be represented through the relation between the chicken and the [fertilized?] egg."


As a semiotic category, however, analog coding is perhaps not quite satisfactory,
and I shall use it here primarily as a counter-concept to digital coding.
Specifically, I will use analog coding as a common designation for codings based
on some kind of similarity in the spatio-temporal continuity, or on internal relations
such as part-to-whole, or cause-and-effect. Digital coding, in contrast, will
be used to designate sign systems where the relations of sign to signified are due
to a demarcation principle of purely conventional or habitual origin.

Code-duality therefore implies that the singularis of the digital code is placed
on equal footing with the pluralis of analog codings that make up the biosemiosis
of life. This positioning of the single digital code as in a sense equal to the
totality of analog codings is justified by the unique properties of digital codes
that I have discussed above. Moreover, it is precisely the play between these
two types of coding that makes evolution possible, as analog and digital coding
are two equally necessary forms of referential activity. They appeared, I would
argue, as twins in the individuation process that gave rise to life's internal logic.


Had it not been for digital coding there would have been no stable access to the
temporal world — i.e., the unidirectional continuum of pasts and futures — and
therefore there could have been no true agency or communication. On the other
hand, had it not been for the analog codes there could have been no true interaction
with the world, no other-reference, and no preferences. To claim that only the
digital twin is semiotic, whereas the analog twin remains in the sphere of classical
dynamics, is to block the only possibility for transcending the epistemic cut of
Howard Pattee. Code-duality and semiosis open up a dimension of our world and
its evolution that is left underdetermined by thermodynamics. Organismic "context
space" expands at an accelerating rate in proportion to the increase in the semiotic
sophistication of species; for, simply put, there are so many more different ways to
be smart than different ways to be simple (and this may be the reason why
the speciation rate among mammals is five times higher than the speciation rate among lower vertebrates).





Source: https://www.informationphilosopher.com/solutions/scientists/hoffmeyer/
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Sir John Frederick William Herschel was an English, mathematician, astronomer, chemist, and inventor, and the son of astronomer William Herschel.

His article in the Edinburgh Review of July 1850 was a review of the work of Adolphe Quételet on probabilities. It played an important role as the first appearance in English of a negative exponential function that would become a critical part of statistical mechanics in the future.


In his book The Kind of Motion We Call Heat, volume 2, p.342, Stephen Brush reports a suggestion by C.C.Gillispie in 1972 that James Clerk Maxwell had read this review by Herschel and used it to derive his famous distribution of velocities of gas molecules. The review does cite John Herschel as the author, but it was included in a book of Herschel's essays. 

We excerpted a few pages from Herschel's review as a resource for those studying the origin of statistical physics.

Quételet on Probabilitities (Source, Google Books.)


The most critical sentences are these (on p.20)...


Now, the
probability of any deviation depending solely on its magnitude,
and not on its direction, it follows that the probability of each
of these rectangular deviations must be the same function of its
square. And since the observed oblique deviation is equivalent
to the two rectangular ones, supposed concurrent, and is,
therefore, a compound event of which they are the simple constituents,
therefore its probability will be the product of their
separate probabilities. Thus the form of our unknown function
comes to be determined from this condition, viz. that the
product of such functions of two independent elements is equal
to the same function of their sum. But it is shown in every
work on algebra that this property is the peculiar characteristic
of, and belongs only to, the exponential or antilogarithmic
function. This, then, is the function of the square of the
error, which expresses the probability of committing that error.
That probability decreases, therefore, in geometrical progression,
as the square of the error increases in arithmetical. And
hence it further follows, that the probability of successively
committing any given system of errors on repetition of the
trial, being, by postulate 1, the product of their separate probabilities,
must be expressed by the same exponential function
of the sum of their squares however numerous, and is, therefore,
a maximum when that sum is a minimum.



Source: https://www.informationphilosopher.com/solutions/scientists/herschel/
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John Holland was a professor of psychology and Professor of electrical engineering and computer science at the University of Michigan, Ann Arbor., where in 1959 he received the first Ph.D. in computer science.  He joined the Santa Fe Institute in 1987  and added the idea of adaptation to their complex systems research program. launching the study of complex adaptive systems.


Holland also developed the idea of genetic algorithms, which use biological principles like natural selection to find solutions to complex problems. 




Source: https://www.informationphilosopher.com/solutions/scientists/holland/
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  John-Dylan Haynes is a neuroscientist and Director of the Berlin Center for Advanced Neuroimaging (BCAN). He has designed and performed modern versions of the classic   Libet experiments.

Like Patrick Haggard, Haynes has generally agreed with the claims of Harvard psychologist Daniel Wegner, that "conscious will" is an illusion.


But in his most recent work, appearing in the Publications of the National Academy of Sciences, Haynes has found a little more room for free will, or perhaps only confirmation of what is called a"free won't," Benjamin Libet's claim that we can have veto power over an action that has already been initiated. A recent press release described his new work 


How can the unconscious brain processes possibly know in advance what decision a person is going to make at a time when they are not yet sure themselves? Until now, the existence of such preparatory brain processes has been regarded as evidence of 'determinism', according to which free will is nothing but an illusion, meaning our decisions are initiated by unconscious brain processes, and not by our 'conscious self'. In conjunction with Prof. Dr. Benjamin Blankertz and Matthias Schultze-Kraft from Technische Universität Berlin, a team of researchers from Charité's Bernstein Center for Computational Neuroscience, led by Prof. Dr. John-Dylan Haynes, has now taken a fresh look at this issue. Using state-of-the-art measurement techniques, the researchers tested whether people are able to stop planned movements once the readiness potential for a movement has been triggered.

“The aim of our research was to find out whether the presence of early brain waves means that further decision-making is automatic and not under conscious control, or whether the person can still cancel the decision, i.e. use a 'veto',” explains Prof. Haynes. As part of this study, researchers asked study participants to enter into a 'duel' with a computer, and then monitored their brain waves throughout the duration of the game using electroencephalography (EEG). A specially-trained computer was then tasked with using these EEG data to predict when a subject would move, the aim being to out-maneuver the player. This was achieved by manipulating the game in favor of the computer as soon as brain wave measurements indicated that the player was about to move.


If subjects are able to evade being predicted based on their own brain processes this would be evidence that control over their actions can be retained for much longer than previously thought, which is exactly what the researchers were able to demonstrate. “A person’s decisions are not at the mercy of unconscious and early brain waves. They are able to actively intervene in the decision-making process and interrupt a movement,” says Prof. Haynes. “Previously people have used the preparatory brain signals to argue against free will. Our study now shows that the freedom is much less limited than previously thought. However, there is a 'point of no return' in the decision-making process, after which cancellation of movement is no longer possible.” Further studies are planned in which the researchers will investigate more complex decision-making processes.





The kinds of deliberative and evaluative processes that are important for free will involve longer time periods than those studied by Haynes. 


The abrupt and rapid decisions needed to beat the computer bear little resemblance to the kinds of two-stage deliberate decisions for which we can first freely generate alternative possibilities for action, then evaluate which is the best of these possibilities in the light of our reasons, motives, and desires - first "free," then "will."
[image: image-placeholder]


[image: image-placeholder]

We can correlate the beginnings of the readiness potential (350ms before Libet's conscious will time "W" appears) with the early stage of the two-stage model, when alternative possibilities are being generated, in part at random. The first stage may be delegated to the subconscious, which is capable of considering multiple alternatives (William James' "blooming, buzzing confusion") that would congest the single stream of consciousness.

Alfred Mele, in his 2009 book Effective Intentions, the Power of Conscious Will, criticized the interpretation of the Libet results on two grounds. First, the mere appearance of the RP a half-second or more before the action in no way makes the RP the cause of the action. It may simply mark the beginning of forming an intention to act. In our two-stage model, it is the considering of possible options.


We have no evidence that Haynes' "unconscious preparatory brain processes" that are generating the readiness potential are initiating any action, perhaps they just initiate new thoughts.


Libet himself argued that there is enough time after the W moment (a window of opportunity) to veto the action, but Mele's second criticism points out that such examples of "free won't" would not be captured in Libet experiments, because the recording device is triggered by the action (typically flicking the wrist) itself.


Thus, although all Libet experiments ended with the wrist flicking, we are not justified in assuming that the rise of the RP (well before the moment of conscious will) is a cause of the wrist flicking. Libet knew that there were very likely other times when the RP rose, but which did not lead to a flick of the wrist.

Haynes Presentations

Do We Have Free Will? (Zurich Minds)

Mind Reading with Brain Scanners (TEDx Berlin)


Websites: 
HaynesLab
Berlin Center for Advanced Neuroimaging

For Teachers
Stanford Encyclopedia of Philosophy
Wikipedia


For Scholars





Source: https://www.informationphilosopher.com/solutions/scientists/haynes/
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Mark Hadley

Mark Hadley is a physicist on the academic staff at the University of Warwick. 


His 2018 research essay in the Journal of Consciousness Exploration an Research is titled "A Deterministic Model of the Free Will Phenomenon." It challenges the evidence for indeterminism and develops a deterministic model of decision making. 


Hadley writes:


The relation between free will and physics is contentious and puzzling at all levels. Philosophers
have debated how free will can be explained with current scientific theories. There is debate
about the meaning of the term free will, even leading to questions about whether or not we have
anything called free will. A key focus of the philosophical debate is compatibility of free will
with deterministic physical theories. Philosophers who argue against determinism, suggest a
fundamental role for quantum theory in models of our decision making. It is the supposed link to
quantum theory first attracted my interest. The literature extends from philosophy journals to
science publications (Conway and Kochen 2006, Libet 1985, Nichols 2011).

This work takes a unique approach to the problem, looking for evidence, building models and
making predictions. It is critically important to recognise two different uses of the term free will.
An abstract concept, and a known property of human decision making, they are distinct and
require different approaches, but they are often confused. Searle (2007) points to the lack of 
progress on the free will problem over centuries and suggests that the way forward will be to
recognise a false supposition. We identify that false supposition that: the phenomenon of free
will provides evidence and relevance for the abstract concept of indeterministic free will. It does
not.


There is an abstract concept of indeterministic free will. It is the concept of a decision making
process not governed by classical deterministic laws of physics. Because this is an abstract
concept, it makes sense to ask ‘Do we have free will?’ If we understand the concept then we can
design tests to answer the all-important question ‘Do we have free will?’ The answer might be
expected to depend on exactly how we define the conceptual form of free will. For the abstract
concept called free will we ask what its properties would be and how we could test for its
existence or measure it.


This paper also recognises a phenomenon of free will that we possess as a characteristic of
human decision making - a belief and common experience that we could do otherwise. It is
widely accepted, almost universal, and crosses cultural divides (Sarkissian et al 2010). It
underpins theological, legal and moral systems (Nahmias et al 2007), (Nichols and Knobe 2007).
The overwhelming majority of philosophers and commentators ascribe the property to humans,
generally not to animals, and most definitely not to computers. We will try to characterise and
model the phenomenon and then test the model against the facts. Note that the phenomenon of
free will (the phenomenon) exists, it is up to us to accurately model the phenomenon. We will do
exactly that. 


This is not a review paper. Philosophical and other references are given to respected sources to
illustrate the debate, rather than as a comprehensive review. This paper is exclusively about the
decision making process. Some debate is about the ability or otherwise to enact a decision, where
an agent freely makes a decision but is impaired from acting on it by one form or other of
constraint (Frankfurt 1969). What happens after a decision is reached seems relatively free from
paradoxes and does not challenge the interface between the mind and the laws of physics.


In the literature the same term, free will, is used for the abstract concept of indeterministic
decision making and also for the phenomenon that we can do otherwise, which is a cause of
substantial confusion and is at the heart of most assertions that quantum theory is required to
explain free will. Some authors recognise the assumption they are making (Searle 2007), others
seem to make it unwittingly. Arguments along the lines of: free will [the concept] is
incompatible with deterministic laws; we have free will [the phenomenon] therefore it must be
due to non-deterministic theories, of which quantum theory is our prime example. Confusing the
two also takes away any motivation to look for evidence of the concept, because the
phenomenon is taken as that evidence. The confusion also undermines the search for models
because decision making that is indeterministic is equated to free will (the concept) without
explaining why that gives rise to perceived freedom to do otherwise, which is the phenomenon of
free will. 


  
Hadley participated in a debate on free will at an organization called VVoIP_Physics_Debates. They are a non-profit, non-governmental organization formed to organize VVoIP (Voice and Video over IP) video-panel debates (seminars, colloquiums, workshops, and schools) supported by free of charge internet and paper publications of proceedings to facilitate progress in physics and related subjects.


Hadley's contribution to the debate was "The False Presupposition and a Testable Model of the Free Will Phenomenon"   YouTube VideoPower Point Slides

His most recent idea is what Hadley calls his "challenge model." 


The challenge model of free will aims to model the phenomenon of free will – the perception “that we could do otherwise”.  Unlike two stage models it has nothing to do with determinism or indeterminism.  The author, Mark Hadley, claims that there is no role for either determinism or indeterminism in explaining human free will. Not only is there no evidence for either, but any pattern of decision making could be replicated using either deterministic or indeterministic mechanisms.
  
The challenge model, is constructed from a standard goal seeking agent as commonly used in a variety of disciplines. A goal of “independence” is added. Independence is satisfied when the agent responds to a challenge. A challenge like “could you do otherwise” results in a probabilistic change in behaviour (the actual response depends upon all the other goals and states of the agent).

  
Furthermore, the agent can generate its own challenges “I wonder if I could do ….?” And therefore builds up a history of being able to do otherwise. That gives the perception to the agent, and to third parties, that they could do otherwise.

  
The clearest test of the challenge model is the way a very predictable action can be reversed in response to a challenge. Such as “could you write with your left hand?” “Could you put your hand near that flame?”


The VVoIP Debate on Free Will included Nicolas Gisin's idea that free will is a necessary precondition for science itself..




Source: https://www.informationphilosopher.com/solutions/scientists/hadley/
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Martin Heisenberg

Martin Heisenberg is the son of Werner Heisenberg, who formulated the uncertainty principle.

Heisenberg has found evidence for free will, in the elementary sense of randomness followed by lawful behavior, in fruit flies and even bacteria. 


This is a two-stage model of free will in the tradition of a small group of scientists and philosophers since the late nineteenth century, including  William James, Henri Poincaré, Arthur Holly Compton, A.O. Gomes, Karl Popper, Henry Margenau, Daniel Dennett, Robert Kane, and Alfred Mele.


In an essay in the May 14 2009 issue of Nature entitled "Is Free Will an Illusion" (the illusion reference is to Daniel Wegner) Heisenberg says that the debate on free will    


has focused on humans and ‘conscious free will’. Yet when it comes to understanding how we initiate behaviour, we can learn a lot by looking at animals. Although we do not credit animals with anything like the consciousness in humans, researchers have
found that animal behaviour is not as involuntary as it may appear. The idea that animals act only in response to external stimuli has long been abandoned, and it is well established that they initiate behaviour on the basis of their internal states, as we do.


(Nature, vol. 459, 2009, p.164)


Heisenberg argues for some randomness even in unicellular bacteria, followed by more lawful behaviors such as moving toward food.


Evidence of randomly generated action — action that is distinct from reaction because it does not depend upon external stimuli —
can be found in unicellular organisms. Take the way the bacterium Escherichia coli moves. It has a flagellum that can rotate around its longitudinal axis in either direction: one way drives the bacterium forward, the other causes it to tumble at random so that it ends up facing in a new direction ready for the next phase of forward motion. This ‘random walk’ can be modulated by sensory receptors, enabling the bacterium to find food and the right temperature.


(ibid., p.165)


We can illustrate this behavior:


Heisenberg identifies two states for bacteria:


Random tumbling motion when the flagella rotate clockwise.


[image: image-placeholder]


Lawful forward motion when the flagella rotate counter-clockwise and wrap together.


[image: image-placeholder]


After a random tumble, which generates alternative possibilities, the bacterium moves forward and evaluates the gradients of temperature, nutrients, toxins, etc, along its body.


If things look good, it "decides" to continue in that direction.


If not, it tumbles again.


When you combine some randomness with some "lawful" (i.e., evolved and adequately determined) behaviors you get something like free will in higher animals and humans.



In higher organisms, the brain still may include elements that do a random walk among options for action.


As with a bacterium’s locomotion, the activation of behavioural modules is based on the interplay between chance and lawfulness in the brain. Insufficiently equipped, insufficiently informed and short of time, animals have to find a module that is adaptive. Their brains, in a kind of random walk, continuously preactivate, discard and reconfigure their options, and evaluate their possible short-term and long-term consequences.

The physiology of how this happens has been little investigated. But there is plenty of evidence that an animal’s behaviour cannot be reduced to responses. For example, my lab has demonstrated that fruit flies, in situations they have never encountered, can modify their expectations about the consequences of their actions. They can solve problems that no individual fly in the evolutionary history of the species has solved before. Our experiments show that they actively initiate behaviour.


(ibid., p.165)
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Patrick Haggard


   Patrick Haggard is a neuroscientist who collaborated with Benjamin Libet and reproduced some of the 1983 Libet experiments.

Haggard is convinced that "conscious will" is an illusion, agreeing with the claims of Daniel Wegner. In a joint article with Libet in 2001, Haggard said:


The doctrine of conscious free will seems, at first sight, to be strongly dualist, and therefore incompatible with the reductionism of modern brain science: how can a mental state (my conscious intention) initiate the neural events in the motor areas of the brain that lead to my body movement? Modern neuroscience would reverse these causal roles, and would describe conscious intention as a consequence or correlate of neural preparation of action.

(Conscious Intention and Brain Activity, Journal of Consciousness Studies 8 (11):47-63) 


Although neural activity clearly precedes the moment of conscious awareness of intentions, Haggard is not justified in saying that "preparatory brain activity causes our conscious intentions." In the two-stage model of free will, the preparatory brain activity may correspond only to the first stage, one that generates alternative possibilities for action. The actual decision is not yet made.

YouTube Video - Is Free Will an Illusion?

Haggard's Libet Experiments
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Ralph Hartley

Ralph Hartley graduated from University of Utah and went to Oxford in 1910 as one of the first Rhodes scholars, the same year as Elmer Davis and Edwin Hubble.


He returned to the US to work for Western Electric, the manufacturing arm of the Bell Telephone Company. He developed an oscillating circuit that was used in 1915 to communicate across the Atlantic by radio to the largest antenna in Europe, the Eiffel Tower. He was allowed only a few minutes to use the Eiffel Tower as it was an important military tool in World War I. 


He joined a research group at the new Bell Telephone Laboratories in the mid-twenties. In September, 1927, at the International Congress of Telegraphy and Telephony at Lake Como in Italy he presented his most important paper, "
Beyond Hartley's quantitative estimate of the possible amount of information was his deeper insight into how information communication transmits knowledge. In the section of his paper entitled "The Measurement of Information," he says

  

When we speak of the capacity of a system to transmit information we imply some sort of quantitative measure of information. As commonly used, information is a very elastic term, and it will first be necessary to set up for it a more specific meaning as applied to the present discussion. As a starting place for this let us consider what factors are involved in communication; whether conducted by wire, direct speech, writing, or any other method. In the first place, there must be a group of physical symbols, such as words, dots and dashes or the like, which by general agreement convey certain meanings to the parties communicating. In any given communication the sender mentally selects a particular symbol and by some bodily motion, as of his vocal mechanism, causes the attention of the receiver to be directed to that particular symbol. By successive selections a sequence of symbols is brought to the listener’s attention. At each selection there are eliminated all of the other symbols which might have been chosen. As the selections proceed more and more possible symbol sequences are eliminated, and we say that the information becomes more precise. For example, in the sentence, "Apples are red,*' the first word eliminates other kinds of fruit and all other objects in general. The second directs attention to some property or condition of apples, and the third eliminates other possible colors. It does not, however, eliminate possibilities regarding the size of apples, and this further information may be conveyed by subsequent selections.
  
 

Here Hartley saw a part of the answer to our fundamental question of information philosophy. 

He saw the fundamental requirement of alternative possibilities before new information can be created, as well as before a choice can be made between possibilities by a free agent, which is the first stage in our two-stage model of free will.
 


This was the precursor of the great work by Claude Shannon twenty years later, "The Mathematical Theory of Communication." Shannon's work is often described as "Information Theory." Before reading Hartley's paper, he described what was being communicated as "intelligence," a term used by the other great Bell Labs engineer, Harry Nyquist, in the early 1920's..


Shannon also thought of using the word "uncertainty," very popular from Werner Heisenberg's "uncertainty principle."  Uncertainty described the limits of information possible in a quantum mechanical measurement.


That Shannon settled on Hartley's term "information" is testimony to the significance of Hartley's profound physical insights.



Source: https://www.informationphilosopher.com/solutions/scientists/hartley/
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   Sam Harris is a neuroscientist, popular author, and public intellectual who defends scientific skepticism, especially with respect to religious ideas, which he correctly finds have no basis in empirical science.

 In his 2010 book The Moral Landscape: How Science Can Determine Human Values, Harris calls for scientists to make a contribution, as we do, to morality and "objective" values.


 But Harris dismisses free will as an illusion and accepts the randomness objection in the standard argument against free will,


If I were to learn that my decision to have a third cup of coffee this morning was due to a random release of neurotransmitters, how could the indeterminacy of the initiating event count as the free exercise of my will? 


In two-stage models of free will, randomness simply generates new and original alternative possibilities for action. They need not directly cause actions.  Harris says that "in the limit, 'self-generated' mental events would amount to utter madness." (p. 104.) 

But Harris recognizes a biological role for objective chance, particularly the quantum indeterminacy, in the world. Unlike Daniel Dennett, who thinks that biological evolution needs only the classical pseudo-randomness of a computer algorithm to drive species generation, Harris correcty sees biological speciation as depending on quantum randomness and unpredictable in principle.


"Quantum effects do drive evolution, as high-energy particles like cosmic rays cause point mutations in DNA and the behavior of such particles passing through the nucleus of a cell is governed by the laws of quantum mechanics. Evolution, therefore, seems unpredictable in principle." 


Harris says simply that "no account of causality leaves room for free will."  

"Where our intentions themselves come from, however, and what determines their character in every instant, remains perfectly mysterious in subjective terms. Our sense of free will arises from a failure to appreciate this fact: we do not know what we will intend to do until the intention itself arises. To see this is to realize that you are not the author of your thoughts and actions in the way that people generally suppose."


For Harris, as for Peter van Inwagen, free will remains a mystery,


It is generally argued that our sense of free will presents a compelling mystery: on the one hand, it is impossible to make sense of it in causal terms; on the other, there is a powerful subjective sense that we are the authors of our own actions. However, I think that this mystery is itself a symptom of our confusion. It is not that free will is simply an illusion: our experience is not merely delivering a distorted view of reality; rather, we are mistaken about the nature of our experience. We do not feel as free as we think we feel. Our sense of our own freedom results from our not paying attention to what it is actually like to be what we are. The moment we do pay attention, we begin to see that free will is nowhere to be found, and our subjectivity is perfectly compatible with this truth. Thoughts and intentions simply arise in the mind. What else could they do?


We of course agree, as did William James, that our thoughts arise freely in our minds. But that does not mean that we do not sometimes deliberate, evaluate, and consciously choose between the alternative thoughts that come to mind.
First chance, then choice. First "free," then "will."

Anti-Religion


Harris famously argues that organized religions are the source of many of the world's evils. His first book was the best-selling The End of Faith (2003), written shortly after and in reaction to the September 11 attacks. His emphasis is on militant or radical Islam, but he also cites Christian atrocities, from the middle ages to American slavery. He does not spare Judaism, as the source of the ideology that a God can command its followers to exterminate another nation (the Canaanites).

And Harris does not limit his criticism of Islam to its most radical exponents. The opinions of a majority of muslims in many countries are abhorrent to him, like the death sentence for a muslim leaving the religion and the horrid treatment of women. 



Free Will


In 2012, Harris expanded his brief section of The Moral Landscape entitled "The Illusion of Free Will" (pages 102-112) into a short book simply entitled Free Will
Inspired in part by other thinkers such as Daniel Dennett, Galen Strawson, Benjamin Libet, and Daniel Wegner, Harris positions himself as an extreme "illusionist. 



Following a bachelor's degree in philosophy and a Ph.D in neuroscience from UCLA, Harris has become in many ways the leading hard determinist. This may be because libertarian free will is so widely regarded to be a religious belief and he is so anti-religion?


While other neuroscientists ask the question whether our neurons may be in complete charge (e.g., Michael Gazzaniga), Harris has absolutely no doubt about it. He says,


"Free will is an illusion," he says emphatically, and gives a Strawsonian version of the standard argument against free will that he thinks proves it.


"Free will is an illusion." Our wills are simply not of our own making. Thoughts and intentions emerge from background causes of which we are unaware and over which we exert no conscious control. We do not have the freedom we think we have.

Free will is actually more than an illusion (or less), in that it cannot be made conceptually coherent. Either our wills are determined by prior causes and we are not responsible for them, or they are the product of chance and we are not responsible for them.



If determinism is true, the future is set —  and this includes all our future states of mind and our subsequent behavior. And to the extent that the law of cause and effect is subject to indeterminism — quantum or otherwise — we can take no credit for what happens. There is no combination of these truths that seems compatible with the popular notion of free will.
   


   The two-stage model is precisely such a combination of chance and determinism that explains the popular concept of free will
  



Harris actually knows the profound difference between a premeditated, voluntary action and a mere chance accident. He knows that even if the reason behind a choice may have "sprung from the void," it is still your choice. He knows that the "emergence of choices, efforts, and intentions is fundamentally a mysterious process." He says correctly that his own ideas just appear in his mind.  



When we consider human behavior, the difference between premeditated, voluntary action and mere accident seems immensely consequential. As we will see, this distinction can be preserved—and with it, our most important moral and legal concerns—while banishing the idea of free will once and for all.


Certain states of consciousness seem to arise automatically, beyond the sphere of our intentions. Others seem self-generated, deliberative, and subject to our will. When I hear the sound of a leaf blower outside my window, it merely impinges upon my consciousness: I haven't brought it into being, and I cannot stop it at will. I can try to put the sound out of my mind by focusing on something else—my writing, for instance— and this act of directing attention feels different from merely hearing a sound. I am doing it. Within certain limits, I seem to choose what I pay attention to. The sound of the leaf blower intrudes, but I can seize the spotlight of my attention in the next moment and aim it elsewhere. This difference between nonvolitional and volitional states of mind is reflected at the level of the brain—for they are governed by different systems. And the difference between them must, in part, produce the felt sense that there is a conscious self endowed with freedom of will.


   Freely (randomly) generated alternative possibilities for thoughts and actions are not only the very stuff of freedom, they are the source of our creativity.
  

As we have begun to see, however, this feeling of freedom arises from our moment-to-moment ignorance of the prior causes of our thoughts and actions. The phrase "free will" describes what it feels like to identify with certain mental states as they arise in consciousness. Thoughts like "What should I get my daughter for her birthday? I know—I'll take her to a pet store and have her pick out some tropical fish" convey the apparent reality of choices, freely made. But from a deeper perspective (speaking both objectively and subjectively), thoughts simply arise unauthored and yet author our actions.


This is not to say that conscious awareness and deliberative thinking serve no purpose. Indeed, much of our behavior depends on them. I might unconsciously shift in my seat, but I cannot unconsciously decide that the pain in my back warrants a trip to a physical therapist. To do the latter, I must become aware of the pain and be consciously motivated to do something about it. Perhaps it would be possible to build an insentient robot
capable of these states—but in our case, certain behaviors seem to require the presence of conscious thought.

And we know that the brain systems that allow us to reflect upon our experience are different from those involved when we automatically react to stimuli. So consciousness, in this sense, is not inconsequential. And yet the entire process of becoming aware of the pain in my back, thinking about it, and seeking a remedy for it results from processes of which I am completely unaware. Did I, the conscious person, create my pain? No. It simply appeared. Did I create the thoughts about it that led me to consider physical therapy? No. They, too, simply appeared. This process of conscious deliberation, while different from unconscious reflex, offers no foundation for freedom of will...


And the fact that our choices depend on prior causes does not mean that they don't matter. If I had not decided to write this book, it wouldn't have written itself. My choice to write it was unquestionably the primary cause of its coming into being. Decisions, intentions, efforts, goals, willpower, etc., are causal states of the brain, leading to specific behaviors, and behaviors lead to outcomes in the world. Human choice, therefore, is as important as fanciers of free will believe. But the next choice you make will come out of the darkness of prior causes that you, the conscious witness of your experience, did not bring into being. 



   Does Harris really believe he is no more responsible for being the author of his book than for his birth? His choice to write it was the cause of its being - even if it appeared in his mind sprung from the void, right?
  

Therefore, while it is true to say that a person would have done otherwise if he had chosen to do otherwise, this does not deliver the kind of free will that most people seem to cherish—because a person's "choices" merely appear in his mind as though sprung from the void. From the perspective of your conscious awareness, you are no more responsible for the next thing you think (and therefore do) than you are for the fact that you were born into this world.
    


   The idea of focusing our attention as the source of a decision between random competing thoughts or sensations is the basis of William James' and Ayn Rand's models of human freedom
  


Does Harris' Science Have the Stultifying Power of a Religious Belief?



Harris joins the chorus of scientists who think that the causal laws of nature can explain everything, leaving no room for human freedom and creativity, no place in the universe for purposeful enterprise, nothing new under the sun. Although he is deeply anti-religious, Harris' world picture fits better the absolute world-view of an all-controlling law-governed mechanical system than the anarchical and relativistic biological world view of struggling individuals in their cultural communities. His science becomes omniscient. His causes become omnipotent. His world model, empty of both good and evil, does little to help us understand our place in it. 

For the average person, is there a practical difference between being told that an all-knowing, all-powerful God is in control or that it is human hubris to think we have any ability to override the scientific laws of nature? Such a scientific claim leaves us as helpless and powerless as a religious belief. Many religions at least claim God has given us power over our lives. Harris' science gives us no power at all.


For Harris, our wills are not of our own making, just the byproduct of natural events. Human goals and purposes are illusory artifacts, products of a blind evolution that found the idea of purpose and progress to have survival value. There is nothing outside our material nature. It is best that we contemplate that raw fact, he thinks, and withdraw from that material world into a life of spiritual meditation. 


On the contrary, information philosophy shows that the world of thought, whether passive, meditative, and contemplative, or active, imaginative, and innovative, has powers over the material world that materialists have never understood. The unstoppable increase in the sum of human knowledge may some day open the minds of the vast majority of humans, minds that have been closed by beliefs in dark superhuman forces that limit human freedom, and the darkness includes the ignorant notion that the scientific laws of nature control everything that we think and do. This is not an inspiring and liberating thought. And it is simply not true. It is a scandal to teach it to our youth as an empirical fact.


Our thoughts are free. They can generate alternative possibilities for action, including ideas never before thought. That they are in part random and indeterministic does nothing to make us random and irresponsible, but everything to make us creative and original. When we act on our novel ideas, we can be adequately determined by the motives, desires and feelings, by the reasons, arguments, and character that drive our choices, by all the self-determination that is needed to justify the accountability, responsibility, and authority that constitutes control of our lives. While of course not complete, and perhaps even missing for many less fortunate, control over our lives comes from the knowledge (information) in our minds, knowledge that we share with others through education, a public and objective (or at least intersubjective) good that ranks with Harris' proposal of human health and well being as an objective human value.
 

Where Harris' neuroscience makes human beings objects subject to iron laws, information philosophy makes us co-creators of our universe.
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"The Illusion of Free Will," excerpt from The Moral Landscape, pp 102-112.
The Illusion of Free Will

Brains allow organisms to alter their behavior and internal states in response to changes in the environment. The evolution of these structures, tending toward increased size and complexity, has led to vast differences in how the earth's species live.

The human brain responds to information coming from several domains: from the external world, from internal states of the body, and, increasingly, from a sphere of meaning—which includes spoken and written language, social cues, cultural norms, rituals of interaction, assumptions about the rationality of others, judgments of taste and style, etc. Generally, these domains seem unified in our experience: You spot your best friend standing on the street corner looking strangely disheveled. You recognize that she is crying and frantically dialing her cell phone. Did someone assault her? You rush to her side, feeling an acute desire to help. Your "self" seems to stand at the intersection of these lines of input and output. From this point of view, you tend to feel that you are the source of your own thoughts and actions. You decide what to do and not to do. You seem to be an agent acting of your own free will. As we will see, however, this point of view cannot be reconciled with what we know about the human brain.


We are conscious of only a tiny fraction of the information that our brains process in each moment. While we continually notice changes in our experience—in thought, mood, perception, behavior, etc.—we are utterly unaware of the neural events that produce these changes. In fact, by merely glancing at your face or listening to your tone of voice, others are often more aware of your internal states and motivations than you are. And yet most of us still feel that we are the authors of our own thoughts and actions.



All of our behavior can be traced to biological events about which we have no conscious knowledge: this has always suggested that free will is an illusion. For instance, the physiologist Benjamin Libet famously demonstrated that activity in the brain's motor regions can be detected some 350 milliseconds before a person feels that he has decided to move.97 Another lab recently used fMRI data to show that some "conscious" decisions can be predicted up to 10 seconds before they enter awareness (long before the preparatory motor activity detected by Libet).97 Clearly, findings of this kind are difficult to reconcile with the sense that one is the conscious source of one's actions. Notice that distinction between "higher" and "lower" systems in the brain gets us nowhere: for I no more initiate events in executive regions of my prefrontal cortex than I cause the creaturely outbursts of my limbic system. The truth seems inescapable: I, as the subject of my experience, cannot know what I will next think or do until a thought or intention arises; and thoughts and intentions are caused by physical events and mental stirrings of which I am not aware.

Many scientists and philosophers realized long ago that free will could not be squared with our growing understanding of the physical world.98 Nevertheless, many still deny this fact.99 The biologist Martin Heisenberg recently observed that some fundamental processes in the brain, like the opening and closing of ion channels and the release of synaptic vesicles, occur at random, and cannot, therefore, be determined by environmental stimuli. Thus, much of our behavior can be considered "self-generated," and therein, he imagines, lies a basis for free will.100 But "self-generated" in this sense means only that these events originate in the brain. The same can be said for the brain states of a chicken.



This is the standard argument against free will

If I were to learn that my decision to have a third cup of coffee this morning was due to a random release of neurotransmitters, how could the indeterminacy of the initiating event count as the free exercise of my will? Such indeterminacy, if it were generally effective throughout the brain, would obliterate any semblance of human agency. Imagine what your life would be like if all your actions, intentions, beliefs, and desires were "self-generated" in this way: you would scarcely seem to have a mind at all. You would live as one blown about by an internal wind. Actions, intentions, beliefs, and desires are the sorts of things that can exist only in a system that is significantly constrained by patterns of behavior and the laws of stimulus-response. In fact, the possibility of reasoning with other human beings—or, indeed, of finding their behaviors and utterances comprehensible at all—depends on the assumption that their thoughts and actions will obediently ride the rails of a shared reality. In the limit, Heisenberg's "self-generated" mental events would amount to utter madness.101
The problem is that no account of causality leaves room for free will. Thoughts, moods, and desires of every sort simply spring into view—and move us, or fail to move us, for reasons that are, from a subjective point of view, perfectly inscrutable. Why did I use the term "inscrutable" in the previous sentence? I must confess that I do not know. Was I free to do otherwise? What could such a claim possibly mean? Why, after all, didn't the word "opaque" come to mind? Well, it just didn't—and now that it vies for a place on the page, I find that I am still partial to my original choice. Am I free with respect to this preference? Am I free to feel that "opaque" is the better word, when I just do not feel that it is the better word? Am I free to change my mind? Of course not. It can only change me.


It means nothing to say that a person would have done otherwise had he chosen to do otherwise, because a person's "choices" merely appear in his mental stream as though sprung from the void. In this sense, each of us is like a phenomenological glockenspiel played by an unseen hand. From the perspective of your conscious mind, you are no more responsible for the next thing you think (and therefore do) than you are for the fact that you were born into this world.102

Our belief in free will arises from our moment-to-moment ignorance of specific prior causes. The phrase "free will" describes what it feels like to be identified with the content of each thought as it arises in consciousness. Trains of thought like, "What should I get my daughter for her birthday? I know, I'll take her to a pet store and have her pick out some tropical fish," convey the apparent reality of choices, freely made. But from a deeper perspective (speaking both subjectively and objectively), thoughts simply arise (what else could they do?) unauthored and yet author to our actions.



As Daniel Dennett has pointed out, many people confuse determinism with fatalism.103 This gives rise to questions like, "If everything is determined, why should I do anything? Why not just sit back and see what happens?" But the fact that our choices depend on prior causes does not mean that they do not matter. If I had not decided to write this book, it wouldn't have written itself. My choice to write it was unquestionably the primary cause of its coming into being. Decisions, intentions, efforts, goals, willpower, etc., are causal states of the brain, leading to specific behaviors, and behaviors lead to outcomes in the world. Human choice, therefore, is as important as fanciers of free will believe. And to "just sit back and see what happens" is itself a choice that will produce its own consequences. It is also extremely difficult to do: just try staying in bed all day waiting for something to happen; you will find yourself assailed by the impulse to get up and do something, which will require increasingly heroic efforts to resist.


Of course, there is a distinction between voluntary and involuntary actions, but it does nothing to support the common idea of free will (nor does it depend upon it). The former are associated with felt intentions (desires, goals, expectations, etc.) while the latter are not. All of the conventional distinctions we like to make between degrees of intent—from the bizarre neurological complaint of alien hand syndrome104 to the premeditated actions of a sniper—can be maintained: for they simply describe what else was arising in the mind at the time an action occurred. A voluntary action is accompanied by the felt intention to carry it out, while an involuntary action isn't. Where our intentions themselves come from, however, and what determines their character in every instant, remains perfectly mysterious in subjective terms. Our sense of free will arises from a failure to appreciate this fact: we do not know what we will intend to do until the intention itself arises. To see this is to realize that you are not the author of your thoughts and actions in the way that people generally suppose. This insight does not make social and political freedom any less important, however. The freedom to do what one intends, and not to do otherwise, is no less valuable than it ever was.


Moral Responsibility


The question of free will is no mere curio of philosophy seminars. The belief in free will underwrites both the religious notion of "sin" and our enduring commitment to retributive justice.105 The Supreme Court has called free will a "universal and persistent" foundation for our system of law, distinct from "a deterministic view of human conduct that is inconsistent with the underlying precepts of our criminal justice system" (United States v. Grayson, 1978).106 Any scientific developments that threatened our notion of free will would seem to put the ethics of punishing people for their bad behavior in question.107
But, of course, human goodness and human evil are the product of natural events. The great worry is that any honest discussion of the underlying causes of human behavior seems to erode the notion of moral responsibility. If we view people as neuronal weather patterns, how can we coherently speak about morality? And if we remain committed to seeing people as people, some who can be reasoned with and some who cannot, it seems that we must find some notion of personal responsibility that fits the facts.


What does it really mean to take responsibility for an action? For instance, yesterday I went to the market; as it turns out, I was fully clothed, did not steal anything, and did not buy anchovies. To say that I was responsible for my behavior is simply to say that what I did was sufficiently in keeping with my thoughts, intentions, beliefs, and desires to be considered an extension of them. If, on the other hand, I had found myself standing in the market naked, intent upon stealing as many tins of anchovies as I could carry, this behavior would be totally out of character; I would feel that I was not in my right mind, or that I was otherwise not responsible for my actions. Judgments of responsibility, therefore, depend upon the overall complexion of one's mind, not on the metaphysics of mental cause and effect.


Consider the following examples of human violence:

	 A four-year-old boy was playing with his father's gun and killed a young woman. The gun had been kept loaded and unsecured in a dresser drawer.
	 A twelve-year-old boy, who had been the victim of continuous physical and emotional abuse, took his father's gun and intentionally shot and killed a young woman because she was teasing him.
	 A twenty-five-year-old man, who had been the victim of continuous abuse as a child, intentionally shot and killed his girlfriend because she left him for another man.
	 A twenty-five-year-old man, who had been raised by wonderful parents and never abused, intentionally shot and killed a young woman he had never met "just for the fun of it."
	 A twenty-five-year-old man, who had been raised by wonderful parents and never abused, intentionally shot and killed a young woman he had never met "just for the fun of it." An MRI of the man's brain revealed a tumor the size of a golf ball in his medial prefrontal cortex (a region responsible for the control of emotion and behavioral impulses).



In each case a young woman has died, and in each case her death was the result of events arising in the brain of another human being. The degree of moral outrage we feel clearly depends on the background conditions described in each case. We suspect that a four-year-old child cannot truly intend to kill someone and that the intentions of a twelve year-old do not run as deep as those of an adult. In both cases 1 and 2, we know that the brain of the killer has not fully matured and that all the responsibilities of personhood have not yet been conferred. The history of abuse and precipitating circumstance in example 3 seem to mitigate the man's guilt: this was a crime of passion committed by a person who had himself suffered at the hands of others. In 4, we have no abuse, and the motive brands the perpetrator a psychopath. In 5, we appear to have the same psychopathic behavior and motive, but a brain tumor somehow changes the moral calculus entirely: given its location in the MPFC, it seems to divest the killer of all responsibility. How can we make sense of these gradations of moral blame when brains and their background influences are, in every case, and to exactly the same degree, the real cause of a woman's death?

It seems to me that we need not have any illusions about a casual agent living within the human mind to condemn such a mind as unethical, negligent, or even evil, and therefore liable to occasion further harm. What we condemn in another person is the intention to do harm—and thus any condition or circumstance (e.g., accident, mental illness, youth) that makes it unlikely that a person could harbor such an intention would mitigate guilt, without any recourse to notions of free will. Likewise, degrees of guilt could be judged, as they are now, by reference to the facts of the case: the personality of the accused, his prior offenses, his patterns of association with others, his use of intoxicants, his confessed intentions with regard to the victim, etc. If a person's actions seem to have been entirely out of character, this will influence our sense of the risk he now poses to others. If the accused appears unrepentant and anxious to kill again, we need entertain no notions of free will to consider him a danger to society.


Of course, we hold one another accountable for more than those actions that we consciously plan, because most voluntary behavior comes about without explicit planning.108 But why is the conscious decision to do another person harm particularly blameworthy? Because consciousness is, among other things, the context in which our intentions become completely available to us. What we do subsequent to conscious planning tends to most fully reflect the global properties of our minds—our beliefs, desires, goals, prejudices, etc. If, after weeks of deliberation, library research, and debate with your friends, you still decide to kill the king—well, then killing the king really reflects the sort of person you are. Consequently, it makes sense for the rest of society to worry about you.


While viewing human beings as forces of nature does not prevent us from thinking in terms of moral responsibility, it does call the logic of retribution into question. Clearly, we need to build prisons for people who are intent upon harming others. But if we could incarcerate earthquakes and hurricanes for their crimes, we would build prisons for them as well.109 The men and women on death row have some combination of bad genes, bad parents, bad ideas, and bad luck — which of these quantities, exactly, were they responsible for? No human being stands as author to his own genes or his upbringing, and yet we have every reason to believe that these factors determine his character throughout life. Our system of justice should reflect our understanding that each of us could have been dealt a very different hand in life. In fact, it seems immoral not to recognize just how much luck is involved in morality itself.


Consider what would happen if we discovered a cure for human evil. Imagine, for the sake of argument, that every relevant change in the human brain can be made cheaply, painlessly, and safely. The cure for psychopathy can be put directly into the food supply like vitamin D. Evil is now nothing more than a nutritional deficiency.


If we imagine that a cure for evil exists, we can see that our retributive impulse is profoundly flawed. Consider, for instance, the prospect of withholding the cure for evil from a murderer as part of his punishment. Would this make any moral sense at all? What could it possibly mean to say that a person deserves to have this treatment withheld? What if the treatment had been available prior to the person's crime? Would he still be responsible for his actions? It seems far more likely that those who had been aware of his case would be indicted for negligence. Would it make any sense at all to deny surgery to the man in example 5 as a punishment if we knew the brain tumor was the proximate cause of his violence? Of course not. The urge for retribution, therefore, seems to depend upon our not seeing the underlying causes of human behavior.


Despite our attachment to notions of free will, most us know that disorders of the brain can trump the best intentions of the mind. This shift in understanding represents progress toward a deeper, more consistent, and more compassionate view of our common humanity — and we should note that this is progress away from religious metaphysics. It seems to me that few concepts have offered greater scope for human cruelty than the idea of an immortal soul that stands independent of all material influences, ranging from genes to economic systems.


And yet one of the fears surrounding our progress in neuroscience is that this knowledge will dehumanize us. Could thinking about the mind as the product of the physical brain diminish our compassion for one another? While it is reasonable to ask this question, it seems to me that, on balance, soul/body dualism has been the enemy of compassion. For instance, the moral stigma that still surrounds disorders of mood and cognition seems largely the result of viewing the mind as distinct from the brain. When the pancreas fails to produce insulin, there is no shame in taking synthetic insulin to compensate for its lost function. Many people do not feel the same way about regulating mood with antidepressants (for reasons that appear quite distinct from any concern about potential side effects). If this bias has diminished in recent years, it has been because of an increased appreciation of the brain as a physical organ.


However, the issue of retribution is a genuinely tricky one. In a fascinating article in The New Yorker, Jared Diamond recently wrote of the high price we often pay for leaving vengeance to the state.110 He compares the experience of his friend Daniel, a New Guinea highlander, who avenged the death of a paternal uncle and felt exquisite relief, to the tragic experience of his late father-in-law, who had the opportunity to kill the man who murdered his family during the Holocaust but opted instead to turn him over to the police. After spending only a year in jail, the killer was released, and Diamond's father-in-law spent the last sixty years of his life "tormented by regret and guilt." While there is much to be said against the vendetta culture of the New Guinea Highlands, it is clear that the practice of taking vengeance answers to a common psychological need.


We are deeply disposed to perceive people as the authors of their actions, to hold them responsible for the wrongs they do us, and to feel that these debts must be repaid. Often, the only compensation that seems appropriate requires that the perpetrator of a crime suffer or forfeit his life. It remains to be seen how the best system of justice would steward these impulses. Clearly, a full account of the causes of human behavior should undermine our natural response to injustice, at least to some degree. It seems doubtful, for instance, that Diamond's father-in-law would have suffered the same pangs of unrequited vengeance if his family had been trampled by an elephant or laid low by cholera. Similarly, we can expect that his regret would have been significantly eased if he had learned that his family's killer had lived a flawlessly moral life until a virus began ravaging his medial prefrontal cortex.


It may be that a sham form of retribution could still be moral, if it led people to behave far better than they otherwise would. Whether it is useful to emphasize the punishment of certain criminals — rather than their containment or rehabilitation — is a question for social and psychological science. But it seems quite clear that a retributive impulse, based upon the idea that each person is the free author of his thoughts and actions, rests on a cognitive and emotional illusion — and perpetuates a moral one.


It is generally argued that our sense of free will presents a compelling mystery: on the one hand, it is impossible to make sense of it in causal terms; on the other, there is a powerful subjective sense that we are the authors of our own actions.111 However, I think that this mystery is itself a symptom of our confusion. It is not that free will is simply an illusion: our experience is not merely delivering a distorted view of reality; rather, we are mistaken about the nature of our experience. We do not feel as free as we think we feel. Our sense of our own freedom results from our not paying attention to what it is actually like to be what we are. The moment we do pay attention, we begin to see that free will is nowhere to be found, and our subjectivity is perfectly compatible with this truth. Thoughts and intentions simply arise in the mind. What else could they do? The truth about us is stranger than many suppose: The illusion of free will is itself an illusion.
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But earlier brain events are not necessarily causative. See the Libet Experiments
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   Stuart Hameroff, a medical doctor specializing in anesthesiology, knew that Van der Waals- London forces in hydrophobic pockets of various neuronal proteins had been proposed as the mechanisms by which anesthetic gases selectively erase consciousness. Anesthetics bind by their own London force attractions with electron clouds of the hydrophobic pocket, presumably impairing normally-occurring London forces governing the protein switching required for consciousness.

Biologist Charles Sherrington had speculated in the 1950's that information might be stored in the brain in microtubules, lattices of tubulin dimers. Hameroff decided that the bits of information might be stored in discrete states of tubulin, interacting by dipole-dipole interactions with neighboring tubulin states. These structures are orders of magnitude smaller than the biological cells, providing vast amounts of potential information storage. 


A hydrophobic pocket in tubulin develops electron resonance rings in the pocket. Single electrons in each ring repel each other, as the net dipole moment of their electron cloud flips under external London force oscillations. 


Although Hameroff did not provide a specific read-write mechanism, he modeled the tubulin states as cellular automata (these "cells" are the fundamental units of John Conway's "Game of Life") that would need to change states at synchronized time steps, governed by the coherent voltage oscillations. (Although brain wave oscillations are well-known, those observed are at very low frequencies compared to the proposed oscillation in the microtubules - 109/sec.) Each automaton cell interacts with its neighbor cells at discrete, synchronized time steps, the state of each cell at any particular time step determined by its state and its neighbor cell states at the previous time step, and rules governing the interactions. In such ways, using simple neighbor interactions in simple lattice grids, cellular automata might perform complex computations and generate complex patterns.


The estimated total information processing in the tubulin of a single neuron is of the same order of magnitude as that for the entire brain, if storage is at the synapses of the neural networks. This surprised (and annoyed) some cognitive scientists, but again, no plausible read/write mechanism was proposed for either computational model.


In 1989, Roger Penrose published The Emperor's New Mind, which was followed in 1994 by Shadows of the Mind. There he proposed a solution to the measurement problem in quantum mechanics by extending the standard framework's idea of a random collapse (or reduction) of the wave function with a more "objective" collapse he called "objective reduction" (OR). 


Objective reduction would terminate the deterministic evolution of the wave function predicted by the Schrödinger equation. (Another scheme to force the collapse was proposed by Ghirardi, Rimini, and Weber.) Penrose initially looked to quantum gravity as the driving force behind OR.


Note that the traditional connection between consciousness and the collapse of the wave-function was the result of early work by John von Neumann and Eugene Wigner. They assumed that a conscious observer was needed to make a measurement (producing at least one bit of information). Without an observer, goes their argument, the wave-function would not collapse, leading to paradoxes like Schrödinger's Cat. Many other physicists deny that a conscious observer is necessary for a physical measurement. [See our solution to the measurement problem.]


Hameroff and Penrose began working together in the 1990's to develop an "orchestrated" version of objective reduction.



The Orch OR Scheme


 According to Orch OR, the (objective) reduction is not the entirely random process of standard theory, but acts according to some non-computational new physics (see Penrose 1989, 1994). The idea is that consciousness is associated with this (gravitational) OR process, but occurs significantly only when the alternatives are part of some highly organized structure, so that such occurrences of OR occur in an extremely orchestrated form. Only then does a recognizably conscious event take place. On the other hand, we may consider that any individual occurrence of OR would be an element of proto-consciousness.

The OR process is considered to occur when quantum superpositions between slightly differing space-times take place, differing from one another by an integrated space-time measure which compares with the fundamental and extremely tiny Planck (4-volume) scale of space-time geometry. Since this is a 4-volume Planck measure, involving both time and space, we find that the time measure would be particularly tiny when the space-difference measure is relatively large (as with Schrödinger's cat), but for extremely tiny space-difference measures, the time measure might be fairly long, such as some significant fraction of a second. We shall be seeing this in more detail shortly, together with its particular relevance to microtubules. In any case, we recognize that the elements of proto-consciousness would be intimately tied in with the most primitive Planck-level ingredients of space-time geometry, these presumed 'ingredients' being taken to be at the absurdly tiny level of 10−35m and 10−43s, a distance and a time some 20 orders of magnitude smaller than those of normal particle-physics scales and their most rapid processes. These scales refer only to the normally extremely tiny differences in space-time geometry between different states in superposition, and OR is deemed to take place when such space-time differences reach the Planck level. Owing to the extreme weakness of gravitational forces as compared with those of the chemical and electric forces of biology, the energy EG is liable to be far smaller than any energy that arises directly from biological processes. However, EG is not to be thought of as being in direct competition with any of the usual biological energies, as it plays a completely different role, supplying a needed energy uncertainty that then allows a choice to be made between the separated space-time geometries. It is the key ingredient of the computation of the reduction time τ. Nevertheless, the extreme weakness of gravity tells us there must be a considerable amount of material involved in the coherent mass displacement between superposed structures in order that τ can be small enough to be playing its necessary role in the relevant OR processes in the brain. These superposed structures should also process information and regulate neuronal physiology. According to Orch OR, microtubules are central to these structures, and some form of biological quantum computation in microtubules (most probably primarily in the more symmetrical A-lattice microtubules) would have to have evolved to provide a subtle yet direct connection to Planck-scale geometry, leading eventually to discrete moments of actual conscious experience.





Microtubules


Hameroff and colleagues Travis Craddock and Jack Tuszynski have made a strong case for memory storage in microtubules, quite apart from the claims of the Penrose-Hameroff Orch-OR scheme. Microtubules are tiny, but highly ordered structures that could encode vast amounts of information per neuron. In a 2012 article, Hameroff suggests the Ca2+ - Calmodulin complex CaMKII may encode information in the microtubules.  CaMKII is a serine-threonine protein kinase that has been known for years to play a major role in cell signaling and can also function as a molecular switch, staying in an active state long after the bursts of post-synaptic Ca2+ have returned to base levels. CaMKII is implicated in the standard theory of long-term potentiation by the generation of new synapses. It accounts for more than one percent of all the proteins in the brain.

Hameroff notes that the geometry of CaMKII - a snow-flake shaped double hexagon of twin hexameric rings - and the diameter - 20nm - make the CaMKII a nice fit with microtubules - 15nm internal diameter and 25nm external (and up to 25 microns in length!). 


Each monomer is an EF hand motif consisting of two alpha-helices linked by a short "loop region." The helices can each bind two Ca2+ ions, and change their configuration like an index finger and thumb to become an active Ca2+ - Calmodulin complex. Each of the kinase monomers can activate separately, phosphorylating (or not) a substrate protein. So Hameroff points out that the twelve units in the holoenzyme can encode 12 bits of digital information.


He says:


In this paper we evaluated possible information inputs to microtubules in the context of brain neuronal memory encoding and long-term potentiation (LTP). A key intermediary in LTP involves the hexagonal holoenzyme calcium-calmodulin kinase II. When activated by synaptic calcium influx, the snowflake-shaped CaMKII extends sets of 6 foot-like kinase domains outward, each domain able to phosphorylate a substrate or not (thus convey 1 bit of information). As CaMKII activation represents synaptic information, subsequent phosphorylation by CaMKII of a particular substrate may encode memory, e.g. as ordered arrays of 6 bits (one ‘byte’). We used molecular modeling to examine feasibility of collective phosphorylation (and thus memory encoding) by CaMKII kinase domains of tubulins in a microtubule lattice.

We show, first, complementary electrostatics and mutual attraction between individual CaMKII kinase domains and tubulin surfaces. We also demonstrate two plausible sites for direct phosphorylation of tubulin by a CaMKII kinase domain, and calculate binding energies in the range of 6 to 36 kcal/mol per CaMKII-tubulin phosphorylation event. This indicates encoding which is robust against degradation, yet inexpensive, requiring on the order of 2% of overall brain metabolism for maximal encoding in all 1011 neurons.


We then compare size and hexagonal configuration of the six extended foot-like kinase domains of activated CaMKII with hexagonal lattices of tubulin proteins in MTs. We find that CaMKII size and geometry of 6 extended kinase domains precisely match hexagonal arrays of tubulin in both A-lattice and B-lattices.

Conclusion. We demonstrate a feasible and robust mechanism for encoding synaptic information into structural and energetic changes of microtubule (MT) lattices by calcium-activated CaMKII phosphorylation. We suggest such encoded information engages in ongoing MT information processes supporting cognition and behavior, possibly by generating scale-free interference patterns via reaction-diffusion or other mechanisms. As MTs and CaMKII are widely distributed in eukaryotic cells, the hexagonal bytes and trytes suggested here may reflect a real-time biomolecular information code akin to the genetic code.



Rescuing Free Will (from the Libet Experiments)


Hameroff describes the free will problem in his 2012 article "How quantum brain biology can rescue conscious free will,"

Conscious “free will” is problematic because (1) brain mechanisms causing consciousness are unknown, (2) measurable brain activity correlating with conscious perception apparently occurs too late for real-time conscious response, consciousness thus being considered “epiphenomenal illusion,” and (3) determinism, i.e., our actions and the world around us seem algorithmic and inevitable. 

The Penrose–Hameroff theory of “orchestrated objective reduction (Orch OR)” identifies discrete conscious moments with quantum computations in microtubules inside brain neurons, e.g., 40/s in concert with gamma synchrony EEG. Microtubules organize neuronal interiors and regulate synapses. In Orch OR, microtubule quantum computations occur in integration phases in dendrites and cell bodies of integrate-and-fire brain neurons connected and synchronized by gap junctions, allowing entanglement of microtubules among many neurons. Quantum computations in entangled microtubules terminate by Penrose “objective reduction (OR),” a proposal for quantum state reduction and conscious moments linked to fundamental spacetime geometry. Each OR reduction selects microtubule states which can trigger axonal firings, and control behavior. The quantum computations are “orchestrated” by synaptic inputs and memory (thus “Orch OR”). 


If correct, Orch OR can account for conscious causal agency, resolving problem 1. Regarding problem 2, Orch OR can cause temporal non-locality, sending quantum information backward in classical time, enabling conscious control of behavior. Three lines of evidence for brain backward time effects are presented. Regarding problem 3, Penrose OR (and Orch OR) invokes non-computable influences from information embedded in spacetime geometry, potentially avoiding algorithmic determinism. In summary, Orch OR can account for real-time conscious causal agency, avoiding the need for consciousness to be seen as epiphenomenal illusion. Orch OR can rescue conscious free will.



Hameroff argues that his Orch-OR theory provides the model for consciousness and causal agency needed for "conscious free will." 


Orch-OR also addresses the problem of classical determinism (the major impediment to belief in free will is that every action is pre-determined). Hameroff says: 



Is the universe unfolding (in which case free will is possible), or does it exist as a “block universe” with pre-determined world-lines, our actions pre-determined by algorithmic processes? In Orch OR, consciousness unfolds the universe. The selection of states, according to Penrose, is influenced by a non-computable factor, a bias due to fine scale structure of spacetime geometry. According to Orch OR, conscious choices are not entirely algorithmic.



But the major problem with free will that Hameroff hopes to solve is the objection raised by the Libet experiments that consciousness comes "too late". He says that Orch-OR can send quantum information backward in time to resolve this problem:



Does consciousness come too late?

Brain electrical activity appearing to correlate with conscious perception of a stimulus can occur after we respond to that stimulus, seemingly consciously. Accordingly, consciousness is deemed epiphenomenal and illusory (Dennett, Wegner,). However evidence for backward time effects in the brain (Libet et al., Bem, Ma et al.), and in quantum physics (e.g., to explain entanglement, Penrose, Aharonov and Vaidman, Bennett and Wiesner) suggest that quantum state reductions in Orch-OR can send quantum information backward in (what we perceive as) time, on the order of hundreds of milliseconds. This enables consciousness to regulate axonal firings and behavioral actions in real-time, when conscious choice is felt to occur (and actually does occur), thus rescuing consciousness from necessarily being an epiphenomenal illusion.




Exactly how the science-fiction-like idea of sending information back in time works, that something comes back from the future without creating infinitely recursive time loops, is not made clear. Hameroff discusses three cases, of which two at least are unlikely to involve information going backward in time, the Einstein-Podolsky-Rosen experiment and the Libet experiments.



Information Sent Backward in Time in EPR?


In the time evolution of an entangled two-particle state according to the Schrödinger equation, we can visualize it - as we visualize the single-particle wave function - as collapsing when a measurement is made. The discontinuous "jump" is also described as the "reduction of the wave packet." This is apt in the two-particle case, where the superposition of | + - > and | - + > states is "projected"  or "reduced: to one of these two-particle states, and then further reduced to the product of independent one-particle states.


In the two-particle case (instead of just one particle making an appearance), when either particle is measured we know instantly those properties of the other particle that satisfy the conservation laws, including its location equidistant from, but on the opposite side of, the source, and its other conserved properties such as spin. No information need be "transmitted" for the experimenter to know this information. 


And it is incorrect to say that one particle - A - is sent one way and another particle - B - is sent the other way, so that when A is measured, information must be sent to B. Nothing is known until one is measured - and that either one - since they are indistinguishable particles. 



Animation of a two-particle wave function collapsing - click to restart
[image: image-placeholder]


Compare the collapse of the two-particle probability amplitude above to the single-particle collapse here.


Finally, since the two particles, once measured, are in a spacelike separation,there is no clear "backward-in-time" or "forward-in-time" relation between them. As first pointed out by C.W.Rietdijk in 1966, then by Hilary Putnam a year later, and Roger Penrose in his 1989 The Emperor's New Mind, in different reference frames A can occur before B or vice versa.

John Bell suggested there might be a preferred frame to analyze the problem of entanglement and nonlocality. The preferred frame is the one in which particles A and B are measured simultaneously, which is what happens from the particles' viewpoint.




Conscious Experience Sent Backward in Time?


Hameroff cites Benjamin Libet's belief that something about conscious experience must refer backwards in time.


To account for his results, [Libet] further concluded that subjective information is referred backwards in time from the time of neuronal adequacy to the time of the EP (Figure ​(Figure9B).9B). Libet's backward time assertion was disbelieved and ridiculed (e.g., Churchland (1981), Pockett (2002), but never refuted (Libet, 2002, 2003).


Pockett's 2002 criticism is not the important one. In 2004 she cited Daniel Pollen's 1975 research that showed direct cortical surface stimulation inhibits neuronal activity for several hundred milliseconds. THis was the cause of Libet's observed latency. There is no need for anything to go backward in time.

Moreover, the more familiar Libet data on the readiness potential, may only show the mind developing alternative possibilities for action just before actually and consciously deciding. The idea that the early RP is already a decision, rather than the forming of an intention, is simply misinterpretation.


The abrupt and rapid decisions to flex a finger measured by Libet bear little resemblance to the kinds of two-stage deliberate decisions for which we can first freely generate alternative possibilities for action, then evaluate which is the best of these possibilities in the light of our reasons, motives, values, and desires - first "free," then "will."
[image: image-placeholder]


[image: image-placeholder]

We can correlate the beginnings of the readiness potential (350ms before Libet's conscious will time "W" appears) with the early stage of the two-stage model, when alternative possibilities are being generated, in part at random. The early stage may be delegated to the subconscious, which is capable of considering multiple alternatives (William James' "blooming, buzzing confusion") that would congest the low-data-rate single stream of consciousness.
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Werner Heisenberg

    In 1925 Max Born, Werner Heisenberg, and Pascual Jordan, formulated their matrix mechanics version of "quantum mechanics" as a superior formulation of Niels Bohr's old "quantum theory." The matrix mechanics confirmed discrete states and "quantum jumps" of electrons between the energy levels, with emission or absorption of radiation. But they did not yet accept today's standard textbook view that the radiation is also discrete and in the form of Albert Einstein's spatially localized "light quanta," which were about to be renamed "photons" by American chemist Gilbert Lewis in late 1926.
    

In early 1926, Erwin Schrödinger developed "wave mechanics" as an alternative formulation of quantum mechanics. Schrödinger disliked the idea of discontinuous quantum jumps of discrete particles. His wave mechanics is a continuous theory, but it predicts the same energy levels and is otherwise identical to the discrete theory in its predictions. Indeed, Schrödinger proved that matrix mechanics and his wave mechanics are isomorphic theories, but that quantum mechanical calculations are much easier to do using his wave mechanics. [The author used Schrödinger's wave functions to calculate the continuous spectrum of the hydrogen quasi-molecule in his 1968 Ph.D. thesis at Harvard]
    

Within months of the new wave mechanics, Max Born showed that while Schrödinger's wave function evolves over time deterministically, it only predicts the positions and velocities of atomic particles statistically. Born applied to matter Einstein's view that the waves of radiation can be interpreted as probabilities for finding a light quantum. Einstein's view that the waves are "guiding fields" for the light quanta was described as public knowledge as early as 1921 by H. A. Lorentz and Louis de Broglie. 
    

    Even Heisenberg himself ultimately used Schrödinger's wave functions to calculate the "transition probabilities" for electrons to jump from one energy level to another. Schrödinger's  wave mechanics is easier to visualize and much easier to calculate than Heisenberg's own matrix mechanics. Ironically, Schrödinger himself never accepted the existence of particles, neither matter nor energy, and hated the discrete "quantum jumps," preferring his continuous waves as explaining all quantum phenomena. These major disagreements between the founders of quantum mechanics continue to this day with diverse and conflicting "interpretations" of quantum mechanics, at most one of which can be correct. 
    

In early 1927, Heisenberg announced his indeterminacy principle limiting our knowledge of the simultaneous position and velocity of atomic particles, and declared that the new quantum theory disproved causality. "We cannot - and here is where the causal law breaks down - explain why a particular atom will decay at one moment and not the next, or what causes it to emit an electron in this direction rather than that." Albert Einstein had shown this element of chance in his 1917 paper on the emission and absorption of light by matter, though Heisenberg did not explictly reference Einstein's work.
    

More popularly known as the Uncertainty Principle in quantum mechanics, it states that the exact position and momentum of an atomic particle can only be known within certain (sic) limits. The product of the position error Δx and the momentum error Δp is greater than or equal to Planck's constant h divided by 2π. 
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Indeterminacy (Unbestimmtheit) was Heisenberg's original name for his principle. It is a better name than the more popular uncertainty, which connotes lack of knowledge. The Heisenberg principle is an  epistemological lack of information. But it does not claim that the ontological precise position and momentum do not exist, only that we can not know them, or, as Niels Bohr put it, that we cannot say anything about them.


Causality

Heisenberg was convinced that quantum mechanics had put an end to classical ideas of causality and strict determinism. 

In his classic paper introducing the principle of indeterminacy, he concluded with remarks about causality.


If one assumes that the interpretation of quantum mechanics is already correct in its essential points, it may be permissible to outline briefly its consequences of principle. We have not assumed that quantum theory — in opposition to classical theory —   is an essentially statistical theory in the sense that only statistical conclusions can be drawn from precise initial data. The well-known experiments of Geiger and Bothe, for example, speak directly against such an assumption. Rather, in all cases in which relations exist in classical theory between quantities which are really all exactly measurable, the corresponding exact relations also hold in quantum theory (laws of conservation of momentum and energy). 

But what is wrong in the sharp formulation of the law of causality, "When we know the present precisely, we can predict the future," it is not the conclusion but the assumption that is false. Even in principle we cannot know the present in all detail. For that reason everything observed is a selection from a plenitude of possibilities and a limitation on what is possible in the future. As the statistical character of quantum theory is so closely linked to the inexactness of all perceptions, one might be led to the presumption that behind the perceived statistical world there still hides a "real" world in which causality holds. But such speculations seem to us, to say it explicitly, fruitless and senseless. Physics ought to describe only the correlation of observations. One can express the true state of affairs better in this way : Because all experiments are subject to the laws of quantum mechanics, and therefore to equation (1), it follows that quantum mechanics establishes the final failure of causality.



Even in classical mechanics we could never practically know the present exactly, vitiating Laplace's demon

But Heisenberg was not convinced that the lack of causality helped with the problem of human freedom. He reportedly said, "We no longer have any sympathy today for the concept of 'free will'." On the other hand, his close colleague, Carl von Weizsäcker, said that Heisenberg thought about the problem of free will "all the time." (Owen Gingerich, personal communication)


On Possibilities  and Actuality



In his 1955-56 Gifford Lectures Physics and Philosophy Heisenberg described a quantum mechanical probability wave as a new version of the concept of "potentia" in Aristotle's Metaphysics.

He wrote,


[The] probability function follows the laws of quantum theory, and its change in the course of time, which is continuous, can be calcu­lated from the initial conditions...The probability function combines objective and subjective elements.
It contains statements about possibilities or better tendencies ("potentia” in Aristotelian philosophy), and these statements are completely objective, they do not depend on any observer; and it contains statements about our knowledge of the system, which of course are subjective in so far as they may be different for different observers. 


Heisenberg also refers to Aristotle's ideas on pages 121-123 and 134. "Matter is in itself not a reality but only a possibility, a "potentia"; it exists only by means of form."  Unformed matter is an abstract concept. Particulate matter that "exists" has an intrinsic form, or an information structure, even if physicists have not measured it or observed it. Matter in thermal equilibrium, with maximum entropy, is said to lack information. In principle, that information exists objectively, even if we lack the subjective knowledge of it.   



On Einstein's Light Quanta


Heisenberg must have known that Einstein had introduced probability and causality into physics in his 1916 work on the emission and absorption of light quanta, with his explanation of transition probabilities and discovery of stimulated emission.

But Heisenberg gives little credit to Einstein. In his letters to Einstein, he acknowledges that Einstein's work is relevant to indeterminacy, but does not follow through on exactly how it is relevant. And as late as the Spring of 1926, perhaps following Niels Bohr, he is not convinced of the reality of light quanta. "Whether or not I should believe in light quanta, I cannot say at this stage," he says. After Heisenberg's talk on matrix mechanics at the University of Berlin, Einstein invited him to take a walk and discuss some basic questions: 

I apparently managed to arouse Einstein's
interest/for he invited me to walk home with him so that
we might discuss the new ideas at greater length.
On the way, he asked about my studies and previous research.
As soon as we were indoors, he opened the conversation with a
question that bore on the philosophical background of my recent
work. "What you have told us sounds extremely strange. You
assume the existence of electrons inside the atom, and you are
probably quite right to do so. But you refuse to consider their
orbits, even though we can observe electron tracks in a cloud
chamber. I should very much like to hear more about your
reasons for making such strange assumptions."

"We cannot observe electron orbits inside the atom," I must
have replied, "but the radiation which an atom emits during
discharges enables us to deduce the frequencies and corresponding
amplitudes of its electrons. After all, even in the older physics
wave numbers and amplitudes could be considered substitutes
for electron orbits. Now, since a good theory must be based on
directly observable magnitudes, I thought it more fitting to restrict
myself to these, treating them, as it were, as representatives
of the electron orbits."


"But you don't seriously believe," Einstein protested, "that
none but observable magnitudes must go into a physical theory?"


"Isn't that precisely what you have done with relativity?" I
asked in some surprise. "After all, you did stress the fact that it is
impermissible to speak of absolute time, simply because absolute
time cannot be observed; that only clock readings, be it in the
moving reference system or the system at rest, are relevant to the
determination of time."


"Possibly I did use this kind of reasoning," Einstein admitted,
"but it is nonsense all the same. Perhaps I could put it
more diplomatically by saying that it may be heuristically useful
to keep in mind what one has actually observed. But on principle,
it is quite wrong to try founding a theory on observable
magnitudes alone. In reality the very opposite happens. It is the
theory which decides what we can observe. You must appreciate
that observation is a very complicated process. The phenomenon
under observation produces certain events in our measuring
apparatus. As a result, further processes take place in the apparatus,
which eventually and by complicated paths produce sense
impressions and help us to fix the effects in our consciousness.
Along this whole path - from the phenomenon to its fixation in
our consciousness — we must be able to tell how nature functions,
must know the natural laws at least in practical terms, before we
can claim to have observed anything at all. Only theory, that is,
knowledge of natural laws, enables us to deduce the underlying
phenomena from our sense impressions. When we claim that we
can observe something new, we ought really to be saying that,
although we are about to formulate new natural laws that do not
agree with the old ones, we nevertheless assume that the existing
laws — covering the whole path from the phenomenon to our 
consciousness—function in such a way that we can rely upon
them and hence speak of'observations'...


"We shall talk
about it again in a few years' time. But perhaps I may put
another question to you. Quantum theory as you have expounded
it in your lecture has two distinct faces. On the one
hand, as Bohr himself has rightly stressed, it explains the stability
of the atom; it causes the same forms to reappear time and again.
On the other hand, it explains that strange discontinuity or
inconstancy of nature which we observe quite clearly when we
watch flashes of light on a scintillation screen. These two aspects
are obviously connected. In your quantum mechanics you will
have to take both into account, for instance when you speak of
the emission of light by atoms. You can calculate the discrete
energy values of the stationary states. Your theory can thus
account for the stability of certain forms that cannot merge continuously
into one another, but must differ by finite amounts
and seem capable of permanent re-formation. But what happens
during the emission of light? 


As you know, I suggested that,
when an atom drops suddenly from one stationary energy value
to the next, it emits the energy difference as an energy packet, a
so-called light quantum. In that case, we have a particularly clear
example of discontinuity. Do you think that my conception is
correct? Or can you describe the transition from one stationary
state to another in a more precise way?"

In my reply, I must have said something like this: "Bohr has
taught me that one cannot describe this process by means of the
traditional concepts, i.e., as a process in time and space. With
that, of course, we have said very little, no more, in fact, than
that we do not know. Whether or not I should believe in light
quanta, I cannot say at this stage. Radiation quite obviously
involves the discontinuous elements to which you refer as light
quanta. On the other hand, there is a continuous element, which
appears, for instance, in interference phenomena, and which is
much more simply described by the wave theory of light. But you
are of course quite right to ask whether quantum mechanics has
anything new to say on these terribly difficult problems. I believe
that we may at least hope that it will one day. 


"I could, for instance, imagine that we should obtain an interesting
answer if we considered the energy fluctuations of an atom
during reactions with other atoms or with the radiation field. If
the energy should change discontinuously, as we expect from
your theory of light quanta, then the fluctuation, or, in more
precise mathematical terms, the mean square fluctuation, would
be greater than if the energy changed continuously. I am inclined
to believe that quantum mechanics would lead to the
greater value, and so establish the discontinuity. On the other
hand, the continuous element, which appears in interference
experiments, must also be taken into account. Perhaps one must
imagine the transitions from one stationary state to the next as so
many fade-outs in a film. The change is not sudden—one picture
gradually fades while the next comes into focus so that, for a
time, both pictures become confused and one does not know
which is which. Similarly, there may well be an intermediate state
in which we cannot tell whether an atom is in the upper or the
lower state."


"You are moving on very thin ice," Einstein warned me. "For
you are suddenly speaking of what we know about nature and no
longer about what nature really does. In science we ought to be
concerned solely with what nature does. It might very well be
that you and I know quite different things about nature. But
who would be interested in that? Perhaps you and I alone. To
everyone else it is a matter of complete indifference. In other
words, if your theory is right, you will have to tell me sooner or
later what the atom does when it passes from one stationary state
to the next"


"Perhaps," I may have answered. "But it seems to me that you
are using language a little too strictly. Still, I do admit that
everything that I might now say may sound like a cheap excuse.
So let's wait and see how atomic theory develops."


Einstein gave me a skeptical look. "How can you really have so
much faith in your theory when so many crucial problems
remain completely unsolved?"




It is astonishing that Einstein has to remind Heisenberg of what is now the standard textbook view, that quantum jumps of electrons are accompanied by emission and absorption of light quanta (photons)


Heisenberg's Uncertainty Principle


What is the fundamental reason for our inability to measure position and momentum of a particle with arbitrary precision?
Heisenberg's Microscope claims that observations "disturb" a particle's position and momentum. The higher the energy of the observing radiation (the shorter the wavelength λ), in principle the microscope has increased resolving power, allowing the particle's position to be seen more clearly. But the higher energy means that the disturbance is more severe.

Max Born, Heisenberg's colleague (with Pascual Jordan) in the development of matrix mechanics, said that the resolving power of a microscope is limited simply by its aperture and the wavelength λ of the observing radiation.     


Born described Heisenberg's failure to pass his thesis qualifying exam in experimental physics. Heisenberg could not answer Willy Wien's qualifying exam question on the resolving power of a microscope. It was only his top grade in theoretical physics that allowed Heisenberg to get his thesis approved. 

Niels Bohr, Heisenberg's mentor in Copenhagen and co-developer of the Copenhagen Interpretation of quantum mechanics, showed uncertainty is not caused by a disturbance (which in principle can be accounted for). In 1927, at the Como conference, Bohr derived the uncertainty principle from the size of the minimum wave packet that can be formed from a combination of waves of different frequencies ν or wave numbers k.



Heisenberg - A consequence of non-commutation of momentum p and position q operators, pq-qp ≥ h/2πi.


Boltzmann's phase-space volumes realized as h3 minimal quantum volumes?  
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Hugh Everett III


   Hugh Everett III was one of John Wheeler's most famous graduate students. Others included Richard Feynman. Wheeler supervised more Ph.D. theses than any other Princeton physics professor.

Everett took mathematical physics classes with Eugene Wigner, who argued that human consciousness (and perhaps some form of cosmic consciousness) was essential to the collapse of the wave function.


Everett was the inventor of the "universal wave function" and the "relative state" formulation of quantum mechanics, later known as the "many-worlds interpretation."


The first draft of Everett's thesis was called "Wave Mechanics Without Probability." Like Albert Einstein and Erwin Schrödinger, Everett was appalled at the idea of indeterministic events. For him, it was much more logical that the world was entirely deterministic. 


Everett began his thesis by describing John von Neumann's "two processes." 


Process 1 is the sudden collapse of the wave function from a superposition of quantum states into a single state, with the probability of collapsing into a given state proportional to the overlap of the wave function of the current state with those of the superposition states. (See von Neumann Process 1.) 


Process 2 is the unitary time evolution of the wave function deterministically generated by the Schrödinger wave equation. (See von Neumann Process 2.)


Everett then presents the internal contradictions of observer-dependent collapses of wave functions with examples of "Wigner's Friend," an observer who observes another observer. For whom does the wave function collapse?


Everett considers several alternative explanations for Wigner's paradox, the fourth of which is the standard statistical interpretation of quantum mechanics, which was criticized by Einstein as not being a complete description.



Alternative 4: To abandon the position that the state function is a
complete description of a system. The state function is to be regarded
not as a description of a single system, but of an ensemble
of systems, so that the probabilistic assertions arise naturally
from the incompleteness of the description.


In order to be "complete, Everett thought that "hidden variables" would be necessary. 

Everett's "theory of the universal wave function" is the last alternative:



Alternative 5: To assume the universal validity of the quantum description,
by the complete abandonment of Process 1. The general
validity of pure wave mechanics, without any statistical assertions,
is assumed for all physical systems, including observers and measuring
apparata. Observation processes are to be described completely
by the state function of the composite system which includes
the observer and his object-system, and which at all times
obeys the wave equation (Process 2).


He says this alternative has many advantages. 

It has logical simplicity and it is complete in the sense that it is
applicable to the entire universe. All processes are considered equally
(there are no "measurement processes" which play any preferred role),
and the principle of psycho-physical parallelism is fully maintained. Since
the universal validity of the state function description is asserted, one
can regard the state functions themselves as the fundamental entities,
and one can even consider the state function of the whole universe. In
this sense this theory can be called the theory of the "universal wave
function, " since all of physics is presumed to follow from this function.



Information and Entropy


In a lengthy chapter, Everett develops the concept of information - despite the fact that his deterministic view of physics allows no possibilities. For Claude Shannon, the developer of the theory of communication of information, there can be no information transmitted without possibilities. Everett correctly observes that in classical mechanics information is a conserved property, a constant of the motion. No new information can be created in the universe.


As a second illustrative example we consider briefly the classical
mechanics of a group of particles. The system at any instant is represented
by a point...in the phase
space of all position and momentum coordinates. The natural motion of
the system then carries each point into another, defining a continuous
transformation of the phase space into itself. According to Liouville's
theorem the measure of a set of points of the phase space is invariant
under this transformation. This invariance of measure implies that if we
begin with a probability distribution over the phase space, rather than a
single point, the total information,...
which is the information of the joint distribution for all positions and
momenta, remains constant in time.


Everett correctly notes that if total information is constant, the total entropy is also constant.


if one were to
define the total entropy to be the negative of the total information, one
could replace the usual second law of thermodynamics by a law of
conservation of total entropy, where the increase in the standard (marginal)
entropy is exactly compensated by a (negative) correlation entropy. The
usual second law then results simply from our renunciation of all correlation
knowledge (stosszahlansatz), and not from any intrinsic behavior of
classical systems. The situation for classical mechanics is thus in sharp
contrast to that of stochastic processes, which are intrinsically irreversible.



The Appearance of Irreversibility in a Measurement


There is another way of looking at this apparent irreversibility within
our theory which recognizes only Process 2. When an observer performs
an observation the result is a superposition, each element of which describes
an observer who has perceived a particular value. From this time
forward there is no interaction between the separate elements of the superposition
(which describe the observer as having perceived different results),
since each element separately continues to obey the wave equation. Each
observer described by a particular element of the superposition behaves
in the future completely independently of any events in the remaining elements,
and he can no longer obtain any information whatsoever concerning
these other elements (they are completely unobservable to him).

The irreversibility of the measuring process is therefore, within our
framework, simply a subjective manifestation reflecting the fact that in
observation processes the state of the observer is transformed into a
superposition of observer states, each element of which describes an observer
who is irrevocably cut off from the remaining elements. While it is
conceivable that some outside agency could reverse the total wave function,
such a change cannot be brought about by any observer which is
represented by a single element of a superposition, since he is entirely
powerless to have any influence on any other elements.


There are, therefore, fundamental restrictions to the knowledge that
an observer can obtain about the state of the universe. It is impossible
for any observer to discover the total state function of any physical system,
since the process of observation itself leaves no independent state
for the system or the observer, but only a composite system state in which
the object-system states are inextricably bound up with the observer states.


As soon as the observation is performed, the composite state is split into
a superposition for which each element describes a different object-system
state and an observer with (different) knowledge of it. Only the totality
of these observer states, with their diverse knowledge, contains complete
information about the original object-system state - but there is no possible
communication between the observers described by these separate states. 
Any single observer can therefore possess knowledge only of the
relative state function (relative to his state) of any systems, which is in
any case all that is of any importance to him.



Here is Everett's radical thesis that the observation "splits" the single observer into a superposition of multiple observers, each one of which has knowledge only of the new object-system state (interpreted later by Bryce DeWitt as different "universes") 



In the final chapter of his thesis, Everett gives five possible "interpretations, the "popular", the "Copenhagen", the "hidden variables",  the "stochastic process", and the "wave" interpretations.

a. The "popular" interpretation. This is the scheme alluded to in
the introduction, where ψ is regarded as objectively characterizing
the single system, obeying a deterministic wave equation when
the system is isolated but changing probabilistically and discontinuously
under observation. 


b. The Copenhagen interpretation. This is the interpretation developed by Bohr. The ψ function is not regarded as an objective description
of a physical system (i.e., it is in no sense a conceptual
model), but is regarded as merely a mathematical artifice which
enables one to make statistical predictions, albeit the best predictions
which it is possible to make. This interpretation in fact
denies the very possibility of a single conceptual model applicable
to the quantum realm, and asserts that the totality of phenomena
can only be understood by the use of different, mutually exclusive
(i.e., "complementary") models in different situations. All statements about microscopic phenomena are regarded as meaningless
unless accompanied by a complete description (classical) of an
experimental arrangement.


c. The "hidden variables" interpretation. This is the position
(Alternative 4 of the Introduction) that ψ is not a complete description
of a single system. It is assumed that the correct complete
description, which would involve further (hidden) parameters,
would lead to a deterministic theory, from which the probabilistic
aspects arise as a result of our ignorance of these extra parameters
in the same manner as in classical statistical mechanics.


Everett says that here the ψ-function is regarded as a description of an ensemble
of systems rather than a single system. Proponents of this interpretation
include Einstein and Bohm.

The stochastic process interpretation. This is the point of view
which holds that the fundamental processes of nature are stochastic
(i.e., probabilistic) processes. According to this picture
physical systems are supposed to exist at all times in definite
states, but the states are continually undergoing probabilistic
changes. The discontinuous probabilistic "quantum-jumps" are
not associated with acts of observation, but are fundamental to the
systems themselves.


This is close to our information interpretation of quantum mechanics, which claims that collapses of the wave function result from interactions between quantum systems, independent of any observers or measurement processes.


The wave interpretation. This is the position proposed in the
present thesis, in which the wave function itself is held to be the
fundamental entity, obeying at all times a deterministic wave
equation.


Everett says that this is his thesis, that it follows most closely the view held by Erwin Schrödinger, who denied the existence of "quantum jumps" and collapses of the wave function. See Schrödinger's Are There Quantum Jumps?, Part I and Part II (and, years after Everett, John Bell (1987) and H. Dieter Zeh (1993) who wrote articles with similar titles).
On the "Conscious Observer"

Everett proposed that the complicated problem of "conscious observers" can be greatly simplified by noting that the most important element in an observation is the recorded information about the measurement outcome in the memory of the observer. He proposed that human observers could be replaced by automatic measurement equipment that would achieve the same result. A measurement would occur when information is recorded by the measuring instrument.



It will suffice for our purposes to consider the observers
to possess memories (i.e., parts of a relatively
permanent nature whose states are in correspondence
with past experience of the observers). In order to
make deductions about the past experience of an observer
it is sufficient to deduce the present contents of
the memory as it appears within the mathematical
model.

As models for observers we can, if we wish, consider
automatically functioning machines, possessing sensory
apparatus and coupled to recording devices capable of
registering past sensory data and machine configurations.


We can further suppose that the machine is so
constructed that its present actions shall be determined
not only by its present sensory data, but by the contents
of its memory as well. Such a machine will then
be capable of performing a sequence of observations
(measurements), and furthermore of deciding upon its
future experiments on the basis of past results. If we
consider that current sensory data, as well as machine
configuration, is immediately recorded in the memory,
then the actions of the machine at a given instant can
be regarded as a function of the memory contents only,
and all relevant experience of the machine is contained
in the memory.


Everett's observer model has what might be called artificial consciousness.


For such machines we are justified in using such
phrases as "the machine has perceived A" or "the
machine is aware of A" if the occurrence of A is represented
in the memory, since the future behavior of
the machine will be based upon the occurrence of A. In
fact, all of the customary language of subjective experience
is quite applicable to such machines, and forms the
most natural and useful mode of expression when
dealing with their behavior, as is well known to individuals
who work with complex automata. 



Everett's observer model is a classic example of artificial intelligence.


Everett's model of machine memory completely solves the problem of "Wigner's Friend." As in the information interpretation of quantum mechanics, it is the recording of information in a "measurement" that makes a subsequent "observation" by a human observer possible. 



Summary of Everett's Ideas

	Everett's idea for the "universal validity of the quantum description" can be read as saying that quantum mechanics applies to all physical systems, not merely microscopic systems. Then "classical" mechanics emerges in the limit of the Planck quantum of action h → 0, or more importantly, h / m → 0, so that classical physics appears in large massive objects (like human beings) because the indeterminacy is too small to measure.

	Everett says that the ψ-function is a description of an ensemble of systems rather than a single system. It is true that the phenomenon of wave interference is only inferred from the results of many single particle experiments. We do not "see" interference directly. Probabilistic assertions arise naturally from the incompleteness of the description.

	
Everett correctly observes that in classical mechanics information is a conserved property, a constant of the motion. No new information can be created in a classical universe.

	
Everett's automatic measuring equipment that stores information about measurements in its "memory" nicely solves von Neumann's problem of "psycho-physical parallelism" in "conscious-observer"-dependent quantum mechanics, like the Bohr-Heisenberg "Copenhagen interpretation."

	The Everett theory preserves the "appearance" of possibilities as well as all the results of standard quantum mechanics. It is an "interpretation" after all. So even wave functions "appear" to collapse. Note that if there are many possibilities, whenever one becomes actual, the others disappear instantly in standard quantum physics. In Everett's theory, they become other possible worlds
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E.T. Jaynes


Edwin Thompson Jaynes extended statistical mechanics to connect it to probability theory, Claude Shannon's information theory, and Bayesian statistical inferences.

He championed the work of J. Willard Gibbs, contrasting it to the earlier work of Ludwig Boltzmann.


His 1957 "principle of maximum entropy" or "maxent" says that the probability distribution that best represents the current state of knowledge is the one with largest entropy.


In 1964, Jaynes examined the difference between the Boltzmann and Gibbs formulations of the entropy. They differ, he says, because of different treatments of "interparticle forces."


The status of the Gibbs and Boltzmann expressions for entropy has been a matter of some
confusion in the literature. We show that: 
(1) the Gibbs H-function yields the correct entropy
as defined in phenomenological thermodynamics; 
 
(2) the Boltzmann H yields an "entropy" that
is in error by a nonnegligible amount whenever interparticle forces affect thermodynamic
properties;
  
(3) Boltzmann's other interpretation of entropy, 
  S
  =
  k
  l
  o
  g
  W
, is consistent with the
Gibbs H, and derivable from it; 
 
(4) the Boltzmann H theorem does not constitute a demonstration
of the second law for dilute gases;
 
(5) the dynamical invariance of the Gibbs H gives
a simple proof of the second law for arbitrary interparticle forces; 
 
(6) the second law is a special
case of a general requirement for any macroscopic process to be experimentally reproducible.
 
Finally, the "anthropomorphic" nature of entropy, on both the statistical and phenomenological
levels, is stressed.




Jaynes explains that Gibbs entropy is a conserved quantity, for the same reason as the Liouville theorem that conserves the hyper-volume in phase space of a cloud of particles as it traverses its trajectory.

Boltzmann entropy increases. We can show that this is a consequence of quantal interactions during particle collisions, which deny the claim of microscopic reversibility and erase the path information in the gas particles that would be needed to support  Loschmidt's objection to the Boltzmann H-Theorem



In the writer's 1962 Brandeis lectures on statistical mechanics, the Gibbs and Boltzmann
expressions for entropy were compared briefly,
and it was stated that the Gibbs formula gives
the correct entropy, as defined in phenomenological
thermodynamics, while the Boltzmann H
expression is correct only in the case of an ideal
gas. However, there is a school of thought which
holds that the Boltzmann expression is directly
related to the entropy, and the Gibbs' one simply
erroneous. This belief can be traced back to the
famous Ehrenfest review article, which severely
criticized Gibbs' methods.

While it takes very little thought to see that
objections to the Gibbs II are immediately refuted
by the fact that the Gibbs canonical ensemble
does yield correct thermodynamic predictions,
discussion with a number of physicists
has disclosed a more subtle, but more widespread,
misconception. The basic inequality of the
Gibbs and Boltzmann H functions, to be derived
in Sec. II, was accepted as mathematically correct; but it was thought that, in consequence of
the "laws of large numbers" the difference between
them would be practically negligible in
the limit of large systems.


Now it is true that there are many different
entropy expressions that go into substantially
the same thing in this limit; several examples
were given by Gibbs. However, the Boltzmann
expression is not one of them; as we prove in
Sec. Ill , the difference is a direct measure of the
effect of interparticle forces on the potential
energy and pressure, and increases proportionally
to the size of the system.


Failure to recognize the fundamental role of
the Gibbs H function is closely related to a much
deeper confusion about entropy, probability,
and irreversibility in general. 


For example, the
Boltzmann H theorem is almost universally
equated to a demonstration of the second law of
thermodynamics for dilute gases, while ever
since the Ehrenfest criticisms, it has been
claimed repeatedly that the Gibbs H cannot be
related to the entropy because it is constant in
time.

Closer inspection reveals that the situation is
very different. Merely to exhibit a mathematical
quantity which tends to increase is not relevant
to the second law unless one demonstrates that
this quantity is related to the entropy as measured
experimentally. But neither the Gibbs nor
the Boltzmann H is so related for any distribution
other than the equilibrium (i.e., canonical)
one. Consequently, although Boltzmann's H
theorem does show the tendency of a gas to go
into a Maxwellian velocity distribution, this is
not the same thing as the second law, which is a
statement of experimental fact about the direction
in which the observed macroscopic quantities
(P,V,T) change.



The idea of classical coarse-graining takes on new significance with the minimal phase-space volumes of the quantum mechanical uncertainty principle.


Past attempts to demonstrate the second law
for systems other than dilute gases have generally
tried to retain the basic idea of the Boltzmann
H theorem. Since the Gibbs H is dynamically
constant, one has resorted to some kind of coarse-graining
operation, resulting in a new quantity
Ħ, which tends to decrease. Such attempts cannot
achieve their purpose, because (a) mathematically,
the decrease in Ħ is due only to the
artificial coarse-graining operation and it cannot,
therefore have any physical significance; (b) as
in the Boltzmann H theorem, the quantity whose
increase is demonstrated is not the same thing
as the entropy. For the fine-grained and coarse-grained
probability distributions lead to just the
same predictions for the observed macroscopic
quantities, which alone determine the experimental
entropy; the difference between H and Ħ
is characteristic, not of the macroscopic state,
but of the particular way in which we choose to
coarse-grain. Any really satisfactory demonstration
of the second law must therefore be based on
a different approach than coarse-graining.

Actually, a demonstration of the second law,
in the rather specialized situation visualized in
the aforementioned attempts, is much simpler
than any H theorem. Once we accept the well-established
proposition that the Gibbs canonical
ensemble does yield the correct equilibrium
thermodynamics, then there is logically no room
for any assumption about which quantity represents
entropy; it is a question of mathematically
demonstrable fact. But as soon as we have understood
the relation between Gibbs' H and the
experimental entropy, Eq. (17) below, it is
immediately obvious that the constancy of
Gibbs' H, far from creating difficulties, is precisely
the dynamical property we need for the
proof.


It is interesting that, although this field has
long been regarded as one of the most puzzling
and controversial parts of physics, the difficulties
have not been mathematical. Each of the above
assertions is proved below or in the Brandeis
lectures, using only a few lines of elementary
mathematics, all of which was given by Gibbs.
It is the enormous conceptual difficulty of this
field which has retarded progress for so long.
Readers not familiar with recent developments
may, I hope, be pleasantly surprised to see how
clear and basically simple these problems have
now become, in several respects. However, as we
will see, there are still many complications and
unsolved problems.


Inspection of several statistical mechanics
textbooks showed that, while most state the
formal relations correctly, their full implications
are never noted. Indeed, while all textbooks give
extensive discussions of Boltzmann's H, some
recent ones fail to mention even the existence of
the Gibbs H. I was unable to find any explicit
mathematical demonstration of their difference.
It appeared, therefore, that the following note
might be pedagogically useful.




Gibbs' entropy is a constant because the loss of macroscopic order is conserved in the path information of the particles


As to the connections between entropy and information, in particular, "subjective human ignorance," Jaynes says,



The phase volume W0 therefore describes the full
range of possible initial microstates; and not
some arbitrary subset of them; this is the basic
justification for using the canonical distribution
to describe partial information.

On the "subjective" side, we can therefore say
that W0 measures our degree of ignorance as to the
true unknown microstate, when the only information we have consists of the macroscopic
thermodynamic parameters; a remark first made
by Boltzmann. 




Gibbs Paradox


In Jaynes' article on the famous paradox, he writes...


Some important facts about thermodynamics have not been understood by others to this day, nearly as well as Gibbs understood them over 100 years ago. Other aspects of this “new” development have been reported elsewhere (Jaynes 1986, 1988, 1989). In the present note we consider the “Gibbs Paradox” about entropy of mixing and the logically inseparable topics of reversibility and the extensive property of entropy.

For 80 years it has seemed natural that, to find what Gibbs had to say about this, one should turn to his Statistical Mechanics. For 60 years, textbooks and teachers (including, regrettably, the present writer) have impressed upon students how remarkable it was that Gibbs, already in 1902, had been able to hit upon this paradox which foretold - and had its resolution only in - quantum theory with its lore about indistinguishable particles, Bose and Fermi statistics, etc.


It was therefore a shock to discover that in the first Section of his earlier work (which must have been written by mid-1874 at the latest), Gibbs displays a full understanding of this problem, and disposes of it without a trace of that confusion over the “meaning of entropy” or “operational distinguishability of particles” on which later writers have stumbled. He goes straight to the heart of the matter as a simple technical detail, easily understood as soon as one has grasped the full meanings of the words “state” and “reversible” as they are used in thermodynamics. In short, quantum theory did not resolve any paradox, because there was no paradox.




It seems odd that Gibbs' original discussion of mixing gases, in his extensive monograph on the "Equilibrium of Heterogeneous Substances," should come as a "shock" to Jaynes. Most thermodynamic textbooks, since Lewis and Randall in 1923, mention the mixing problem as being discussed in what they called Gibbs' "great memoir." They also point out that Ludwig Boltzmann used a quote from the famous "paradox" passage to open volume 2 of his Lectures on Gas Theory (1898).
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François Jacob

François Jacob was a French biologist who, together with Jacques Monod, originated the idea that control of enzyme levels in all cells occurs through regulation of transcription. He shared the 1965 Nobel Prize in Medicine with Jacques Monod and André Lwoff.


Contemplating purpose in biology, Jacob famously said "the goal of a cell is to become two cells."



Source: https://www.informationphilosopher.com/solutions/scientists/jacob/





  
  John H. Jackson
  

  


  
  Home › Solutions › Scientists › Hughlings Jackson
John H. Jackson

John Hughlings Jackson was an English medical doctor who explored diseases in the brain (epilepsy) that destroyed various bodily functions. 


Because the locations were in particular parts of the brain, he postulated that parts of the body were represented in discrete parts of the nervous system. 


In the 1869 journal Transactions, printed in 1870, Hughlings Jackson "A study of convulsions," in which he described the physiology of focal epilepsy, and the localization that can result. Others noticed such localized functions in the brain, including ones controlling speech discovered in the left frontal lobe by Pierre Paul Broca in 1861 and another discovered in the left parietal lobe by German neurologist Carl Wernicke in 1874. 


Hughlings Jackson was one of the founding editors of the journal Brain in 1878.  




Source: https://www.informationphilosopher.com/solutions/scientists/jackson/
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Pascual Jordan


With Max Born and Werner Heisenberg, Pascual Jordan contributed to the mathematical formulation of matrix mechanics, the first form of quantum mechanics. 

At Göttingen, Jordan was an assistant to mathematician Richard Courant and later to Born.


According to Max Jammer (The Philosophy of Quantum Mechanics, p. 161), Jordan declared, with emphasis, that observations not only disturb what has to be measured, they produce it! In a measurement of position, for example, as performed with the gamma-ray microscope, "the electron is forced to a decision. We compel it to assume a definite position; previously it was, in general, neither here nor there; it had not yet made its decision for a definite position.... If by another experiment the velocity of the electron is being measured, this means: the electron is compelled to decide itself for some exactly defined value of the velocity; and we observe which value it has chosen. In such a decision the decision made in the preceding experiment concerning position is completely obliterated." According to Jordan, every observation is not only a disturbance, it is an incisive enchroachment into the field of observation: "we ourselves produce the results of measurement" [Wir selber rufen die Tatbestände hervor] (Erkenntinis, 4, 215-252, 1934). 


Jordan went further, arguing that there were times when a quantum system effectively observed itself, by collapsing into a specific state rather than remaining in a superposition of states. This does not need any "conscious observer," as had been argued by John von Neumann and Eugene Wigner, but it does need decoherence (and collapse) of the wave function that prevents further interference of various possibilities. 



Jordan connected the decoherence with thermodynamic increase in the entropy (it is also connected with the increase of information in the measurement that will be recognized by the conscious observer). He noted that every microphysical observation leaves some sort of macrophysical record (containing information). Indeed, if it did not, there would be nothing to be observed by the conscious observer.  


In more orthodox formulations of quantum mechanics one is accustomed to
say that the process of observation (or measurement) makes the photon decide
between the two possibilities-or makes any other observable take one of its
different eigenvalues. But I think that what is here called "observation,"
must not be interpreted as any mental process, but as a purely physical one; we
may better call it, following Margenau (3), the preparation of a state, chosen from
those which correspond to a certain operator or observable. The essential point
seems to me to be that this process must be a macrophysical one. Macrophysics
by definition deals with objects or processes which allow an application of the
traditional concept of reality. It is essential that we may think of a macrophysical
object as existing independently of any process of observation. Certainly we know
of the planet Pluto only because we possess astronomical observatories; but we
believe Pluto to have existed already in the time of homo neandertalensis. This
is what we call, in the German literature, "Objektivierung," to think of objects
as existing independently of the processes of observation. Or to put it otherwise:
It belongs to the definition of macrophysics that we are here never faced with the
characteristic microphysical features of complementarity.

Now we have indeed in each case of microphysical observation and measurement
a situation in which the microphysical object of observation makes a track
of macrophysical dimensions. Usually this is made possible by an avalanche
process set off by the microphysical object of observation. To induce this track
(giving a macrophysical record of the microphysical decision), is - I think - in
some cases identical with the decision itself...


Let us first consider what might appear to be a difficulty. A silver grain in a
photographic plate - or any other object suited to allow a macrophysical track
to be produced by a microphysical decision - is nothing other than an accumulation
of microphysical individuals. If we try to give a complete description of the
silver grain, then we have to mention its atoms and their wave functions - and
we are faced again with those difficulties which we tried to avoid by emphasising
the macrophysical character of the silver grain.


This leads us to acknowledge that it is both possible and necessary to formulate
a physical axiom not formulated hitherto. Above we held it to be part of the
definition of macrophysics, to show no complications in the manner of complementarity,
but to allow a complete "objectivation" of phenomena in space and
time. But usually one defines macrophysics only by stating that it deals with
great numbers of microphysical individuals - and this is another and a different
definition. We need therefore a special axiom to express the empirical fact that
these two definitions define the same thing - that really each large accumulation
of microphysical individuals always shows a well defined state in space and time that
a stone never, unlike an electron, has indeterminate coordinates. One often
vaguely believes this to be guaranteed already by Heisenberg's Δp Δq > h;
but in fact this relation only provides a possibility and not a necessity for the
validity of our axiom. Let us assume that, in our experiment involving the photon,
the photographic plate be removed, but that we have an arrangement whereby
a macrophysical stone will fall according to the decision of the photon. Then, if 
we strictly assume v. Neumann's view, the stone comes to possess a wave function
which makes it undecided whether it does fall or does not, and an observer has the
opportunity to compel the stone to a decision by the mental process of forgetting
that interference between the two wave functions of the falling stone would be
possible. Schrödinger's famous cat is another illustration of this point. 


I think
we can summarize the situation by saying that indeed a new feature - to be
formulated by a new axiom - lies in the fact that such things do not happen;
all formulations of quantum mechanics hitherto given do not suffice to exclude
them. We are unable to make a clock with a hand which does not always point
to a definite figure on the dial. This is a well known fact, but a fact of which
present theory gives no sufficient account.

It seems possible to give a still more precise meaning to our new axiom. Let us
look at a special case. The emission of an alpha particle by a nucleus (this nucleus
may be assumed to be infinitely heavy and to be located at a definite point) is
regulated by a spherical wave. Now it is doubtless possible that by some suitable
arrangement we could cause interference between alpha emissions in widely
different directions, as in the case of photon emission by an atom. But if we let
this emission take place in a Wilson-chamber, we always get the picture of a
Wilson track showing the particle to have taken a well defined direction. Why is
that?


One will scarcely doubt that the thermal motion of the gas molecules must play
a decisive role in this instance. I will not discuss here the application of v. Neumann's
and v. Weizsäcker's ideas to this case. My own opinion is this. We have
to see the cause of the phenomenon not in any "perception," nor any mental
process, nor in the fact that drops of water are formed - for surely in the absence
of water (though then any direct observation would be difficult) the particle
would have a definite direction of emission and we would have tracks of ionisation
in the gas. The decisive point seems to be that in consequence of the gas temperature
all possibilities of interference between wave functions of different atoms are
destroyed. For if we were to fill the chamber not with ordinary gas but with liquid
helium at the temperature T = 0, I do not see why interference of alpha emission
over wide angles should not remain possible.


Returning again to our photon, we may say that the Nicoll itself would be able
to make the two waves φ and ψ incoherent, provided the Nicoll had a sufficient
degree of Brownian movement. Generally we can regard Brownian movement
as that factor which is suited to create incoherence and to destroy every possibility
of interference. 


An irreversible event (wave-function collapse) followed by entropy radiated away are the two essential steps in any measurement

If this idea is correct, then we see that thermodynamics is
involved in quantum mechanical observation; and this is in harmony with a fact
showing irreversibility to be connected with observation: We draw from an
observation consequences about the probabilities of experiments to be made
afterwards; we cannot reverse this relation.

But while thermodynamics is essential for the concept of observation and
measurement, this concept itself seems to me to be indispensable in thermodynamics
and in the notion of entropy. The relation of thermodynamics and
quantum mechanics - especially thermodynamical statistics and quantum mechanics - has been the object of much discussion. Let us mention here only
the first and the last stages of the subject.


1) Pauli (5) emphasised that even in quantum theory there remains the necessity
of an "hypothesis of elementary disorder," which has to be acknowledged as
an additional axiom besides the "pure" quantum mechanics as formulated by the
Schrödinger equation. Our macrophysical axiom mentioned above stands in close
connection with this axiom of elementary disorder, governing each thermodynamic
system; indeed, we may also say each macrophysical system.


2) During the last years Born (1) and Green, in a series of papers, developed a
fascinating account of thermodynamical statistics based upon quantum mechanics.
Those results of their endeavour which are related intimately to our
question here may be formulated in two theses:


A) Quantum mechanics in its full content implies irreversibility as a necessary
consequence.


B) But "pure" or "restricted" quantum mechanics, which applies only the
Schrödinger equation without the concepts of preparation of states, observation.,
measurement or "decision", would not do so.


Point A) has been emphasised by Born himself. 


Point B) requires some comment in order to show that it is really in accord with Born's statement and not in any contradiction with it. Born's exposition allows us to see with great clarity
where the concept of "decision" comes to play its role: The notion of transition
probabilities is used - they are given by his formula [23], (1) which is derived from
[21]. This is exactly the point in which we are interested here: It was the whole
purpose of our discussion to show the inadequacy of the statement that the
intensities of the photon waves φ and ψ are probabilities (of transition or of
decision - this is only a verbal difference), and to look for the physical process
which makes these waves incoherent.




H. D. Zeh says of such things that "they are never observed in nature."


Excerpts from Science and the Course of History (Tr. Forschung macht Geschichte 1954), 


THE DISCOVERY OF THE ATOMS (pp. 22-32)


In the earliest beginnings of a rational approach to natural phenomena we encounter a very modern idea: the atomic theory was developed in antiquity; it formed the basis of a philosophical Weltanschauung as we should call it today. Its creator was Democritus, a solitary thinker, understood by next to none of his contemporaries, regarded as a madman by his neighbors and fellow citizens. Democritus had his philosophical precursors, and there were a few successors who attempted to develop his ideas. But essentially the ancient atomic philosophy was all his own.


We have come to take his doctrine so much for
granted that we scarcely appreciate its great intellectual audacity. Democritus taught that all matter — we still use the term today, but the very concept of matter was first defined through Democritus' ideas — consists of innumerable tiny particles, which he held to be immutable, hence indestructible and untreatable. In moving through empty space, colliding and exerting a mechanical action upon one another, these particles give rise to what should be regarded as the real, objective world; our crude senses give us only a blurred, imprecise, complexly veiled picture of this objective world of indestructible atoms.


When Democritus in his solitude developed these ideas, the ancient mythological view of the world was still accepted by his contemporaries, who merely shook their heads at him. They still believed in demons, nymphs, demigods and other mythological beings, to whose arbitrary intervention they attributed all conspicuous natural phenomena. In his atomic philosophy, Democritus for the first time expounded the great idea of a nature governed by law. Essentially he was the founder and first proponent of scientific thinking.


Like other intellectual achievements of antiquity, the atomic philosophy was almost entirely forgotten for many centuries. But in the age of the Renaissance, when the Western spirit sought new inspiration in the cultural heritage of antiquity, the old atomic philosophy was rediscovered. It has become a fruitful source of scientific ideas.


In the centuries that have elapsed since then nearly all our physicists have derived significant guidance from the atomic theory. The history of chemistry would be scarcely conceivable without the notion of atoms. For when such men as Boyle and Dalton strove to emerge from the confusion of alchemistic doctrines, in which the facts of experience were shrouded and almost totally concealed by mythological, symbolic, and allegorical thinking, the concept of the atom was the thread that led them out of the labyrinth to clear ideas about the nature of chemical processes. In the field of physics, the atomic theory proved particularly fruitful when heat phenomena were being investigated during the age of the steam engine. With the help of brilliant mathematical analyses Maxwell in England, Boltzmann in Germany, Gibbs in America showed heat to be a hidden, statistically irregular motion of the infinitesimal atoms which constitute matter.


But despite the signal success of the atomic theory in physics and chemistry, a few outstanding physicists and chemists at the beginning of the 
twentieth century criticized it sharply. They pointed out that after almost two thousand years of speculation there was no really cogent proof of the existence of atoms. They admitted that the atomic hypothesis had provided any number of fruitful ideas, but insisted that it had never been conclusively proved. No one could refute their contention that the whole atomic theory was probably nothing more than an idle speculation and an ancient fallacy, and consequently the results obtained on the basis of it might well be illusory.


This was the situation at the beginning of our century: despite everything that had been accomplished by the atomic theory since the Renaissance, no one could say with certainty that any such things as atoms existed. It is not surprising that these outspoken critics created a panic among their colleagues; the very foundations of physics and chemistry, which for centuries had been regarded as secure, seemed to have been shaken.


And yet this criticism proved beneficial. Great minds brought new zeal to what had become the crucial problem in physics: to prove the reality of the atoms; to devise experiments which would show irrefutably that the atoms actually exist.


This problem, as we know, was solved. We cannot relate in detail how the physicists of our century succeeded in breaking into the realm of the atoms, how they bored their way into this profound, hidden stratum of material reality. One of the crucial proofs, in any event, was arrived at by Einstein, who found that certain hitherto neglected experimental data ("Brownian motion") lent unquestionable support to the theory developed by Maxwell, Boltzmann, and Gibbs that heat was simply a motion of countless infinitesimal atoms.


Another important achievement was the discovery of the electron, which was effected in several steps, the most important being the investigation of cathode rays.


But the inquiry into the reality of the atom carried on in the early part of our century accomplished far more than to prove that Democritus was right. It also gave us a thorough knowledge of the atoms. As the physicists of our day explored this hidden stratum, a whole new world opened before them — and science garnered in the richest harvest of its entire history. Not only has the existence of atoms, doubted by excellent authorities only fifty years ago, been securely demonstrated; but in addition the whole realm of the atoms has been thoroughly explored and illuminated; its secrets have been unveiled, its riddles solved.


Many outstanding scientists share in the glory
of these discoveries. And indeed, it would seem as though physics had attracted a conspicuous proportion of the outstanding minds of our age. The names are so numerous that we cannot begin to mention all of them. Suffice it to say that Lord Rutherford achieved epoch-making results in investigating the structure of the atom. For what we call an atom today has itself a structure; it is by no means an ultimate, simple component of matter. We habitually call the smallest unit of a chemical element an atom. But these atoms, it has been found, are themselves composed. We term their ultimate components "elementary particles" — and it is these ultimate units of matter that correspond to Democritus' conception of "atoms."


The matter of all chemical elements consists of three varieties of elementary particles: electrons, protons, and neutrons. The structure of an atom — taking the concept in the modern sense — may be described as follows. In the center is the much smaller atomic nucleus, composed of protons and neutrons. Nearly the entire mass of the atom is contained in this nucleus. But the volume of the atom is made up almost entirely of its electrons, although these constitute less than one-thousandth of its mass. When atoms are combined into molecules through chemical processes, the nuclei of the atoms involved remain totally unchanged; certain changes occur only in the relations between the electrons. This fact is in keeping with the fundamental law of chemistry that in all chemical reactions the quantities of the elements involved remain unchanged — for the chemical nature of an atom is conditioned by the structure of its nucleus (or more precisely, by the number of protons in the nucleus).


So far everything seems perfectly simple, although these seemingly simple results required no end of the most ingenious and painstaking calculation and experiment. But what is really impressive about modern atomic research is this: that it disclosed natural laws of an entirely different order from those previously investigated in the world of larger, cruder bodies. The first indication of the totally novel conditions that had so long lain undiscovered in the inaccessible substratum of the atomic world was detected by Max Planck at the very beginning of our century. Compared with the conclusions that were subsequently derived from it, Planck's discovery was only a first step. But it was the decisive step. 
With it physics entered on wholly new and unsuspected paths.


Planck's so-called quantum theory formulated the natural law that had to do with the peculiarly discontinuous reactions of atoms, electrons, protons, and so on. It was taken up by the leading physicists of our time, who amplified it and through it achieved remarkable triumphs. The development of the quantum theory, indissolubly linked with the atomic discoveries it has made possible, strikes us as the most dramatic event in the history of physics since 1900. Einstein's theory of relativity, although not directly connected with the quantum theory, has also considerably helped the physicists who were seeking to solve the riddles raised by the quantum jumps, by the continuous reactions of the atoms. For Einstein's example encouraged them to an unprecedented boldness of thought. Moreover, Einstein himself made revolutionary contributions to the quantum theory. And the great discoveries of other investigators in this field — here we can mention only Niels Bohr and Werner Heisenberg — brought astounding results.


The atomic world held many surprises in store. And strangest of all, it was found that the principle of causality, the basic principle of all science up until then, is no longer applicable to this realm, where it is replaced by general statistical laws. The quantum physicists did not draw these far-reaching inferences until the problems connected with atomic quanta had been solved so clearly and conclusively as to leave no possible room for doubt. Scientific thinking had entered upon a new age. Not since Democritus had there been such an upheaval in scientific ideas.


If today we think back to Democritus, it is because we are in a better position than ever before to appreciate the towering stature of this solitary thinker. There is no similar case in the whole history of science: A dreamer far in advance of his time puts forth a theory which cannot be proved until more than two thousand years later; but then it is confirmed. And meanwhile this theory has influenced, inspired, shaped all scientific thought.


But our present epoch, which has confirmed the atomic theory, also marks the end of the scientific era dominated by Democritus' ideas. On the one hand we have established the reality of the atoms, so proving once and for all that Democritus was right; but on the other hand the investigation of the atomic quanta has proved that the laws governing the atomic world are of an entirely different nature than Democritus and his successors supposed. The transcending of the principle of causality characterizes this century as an incomparable turning point in the development of human thought.


By 1927 the quantum physicists, overcoming
gigantic difficulties, had solved all the basic problems relating to the electronic husks of the atoms. Since then vast efforts have been devoted to the nuclei.


In a short time a new branch of physics has grown from small beginnings. In regard to fundamentals, nuclear physics has registered no such revolutionary advances as the earlier investigation of the electronic husks of the atoms. But all of us know that the technical applications of nuclear physics have been no less revolutionary than the theoretical findings of quantum physics. Both aspects of scientific activity, the theoretical penetration that leads to deeper insights and the practical mastery of nature through the technical exploitation of these insights, have been prodigiously realized in these modern developments.
 In this retrospective view of the remote and recent past we have attempted to gain a profounder understanding of our own times. Today the world is stricken with anxiety over the terrible possibilities of atomic warfare. But at the same time the transformation that has occurred in our scientific view of the world gives us food for reflection along entirely different lines. In the era inaugurated by Democritus our scientific thinking was forced into a definite philosophical position. But in recent years the dangerous one-sidedness of a mechanistic view of nature, as propounded by Democritus, has become evident. The great turning point in scientific knowledge that we are experiencing today opens up new perspectives for our reflection on the problems of nature and man, world and God.


ATOMS AND ORGANISMS (pp. 97-108)


The telescope and the microscope were both invented in Holland, and almost at the same time, at the turn of the seventeenth century. The telescope opened up the cosmic distances to us; the whole modern development of astronomy, which has carried us so far beyond the planetary system, would be inconceivable without it. The microscope, on the other hand, has enabled us to look into the secrets of the small natural bodies. Beyond the smallest and finest structures that our naked eye can see, there are still smaller ones that have gradually emerged from their concealment since the invention of the microscope. Anton van Leeuwenhoek, who was born in Delft in 1652, for fifty years explored this miraculous world of the microscopic bodies, revealing new surprises at every step. And he recognized that nature nowhere discloses such diversified, ingenious, and regular forms as in the world of organic life — both in the larger organisms whose detailed structure he began to investigate and in the minute organisms which he discovered under the microscope and whose "delightful" movements gave him so much pleasure.

Since then far better and sharper microscopes have been devised, and every optical advance has enabled biologists to discover smaller structures in the organism. In this respect organic nature differs strikingly from the inorganic world: the dead matter of a well developed crystal reveals a high degree of uniformity, disturbed only by small accidental irregularities. But when we closely examine the living organisms every fragment, however small, shows us ingenious new structural details.


In recent years the electronic microscope has developed a power of enlargement far greater than that of any optical microscope; and once more, almost as in Leeuwenhoek's day, a new realm of more minute organic structures has been opened up to us. But we know that even the smallest organic particles now perceptible to us involve further structural riddles; organic life is ingeniously articulated down to the very molecules and atoms.


The incredible intricacy of a living cell is revealed not only by microscopic examination; it is manifested, perhaps still more strikingly, in the facts of heredity. In every case a huge number of hereditary characters must be embedded in a single tiny germ cell. We know today that the nucleus of the germ cell is the bearer of heredity; modern genetics has led us deep into the amazing complexity and lawfulness of the hereditary process.


The study of heredity has been combined with the study of mutations to form a single science of impressive stature. This new science of genetics is entirely an achievement of our own twentieth century. For it was in 1900 that the laws of heredity, previously investigated by Mendel but disregarded by his contemporaries, were rediscovered. The new science of genetics began its fabulous course just as Max Planck was making his great discovery which has played so vital a role in the development of atomic physics.


The Mendelian laws were only the beginning, the gateway to this new science which has very largely laid bare the intricacies of the hereditary process and the laws which govern its operation. Two men chosen at random, who do not happen to be identical twins, differ in hundreds of inherited characters; but far greater of course is the number of inherited characters which are common to these two men but distinguish them from the various representatives of the animal kingdom. The mechanism of heredity, residing in the nucleus of a germ cell, must be fantastically complex to embody all these hereditary characters despite its minuteness. To investigate and decipher this vastly intricate mechanism, invisible to the naked eye, represented a great challenge to the restless human mind.


The geneticists concentrated their main effort on the observation of a single object, a small species of fly known as Drosophila, and the impressive results achieved were largely due to this astute method. Of course many other objects, both animal and vegetable, were examined; this was the only way of making sure that the laws of heredity were all-embracing, that they were valid for all organic life. But since, despite the universality of these laws, every animal and vegetable species offers its own highly complex peculiarities, a thorough understanding of heredity and its occasional changes, or mutations, could be arrived at only if a number of able scientists concentrated on a single species that was particularly favorable for investigation.


An experiment in genetics can be conclusive only if large numbers of individuals are bred and examined; only then can the statistical findings provide reliable answers to the many complex questions involved. Geneticists all over the world bred several hundred million drosophilae and examined each individual separately. The result is that today we have a detailed picture of the mechanism governing heredity. The cell nucleus contains the so-called chromosomes, spiral-shaped threads consisting of numerous genes, which are lined up in chains. Each individual gene is the bearer of a single hereditary trait: every gene is a catalyst which makes it possible for certain ferments to be produced in the life process of the cell; and these ferments in turn are catalysts which determine and regulate very complex processes that take place when a new organism grows from the fertilized germ cell. Before the germ cell splits in two, as it does in the process of growth, the chromosomes double in number; thus each of the two new cells receives its full complement of the genes that guide its vital processes.


This duplication of the chromosomes makes the new cells exact copies of the parent cell, so assuring the faithful transmission of hereditary characters. But a gene can occasionally incur a sudden small change, which we call a mutation. The changed, mutated form is then duplicated; the change that has occurred in the gene is inherited — a new hereditary character has come into being.


These mutations of course attracted much attention among geneticists; if there were no mutations at all, no science of genetics would be possible, for it is only the existence of hereditarily dissimilar individuals that enables us to attempt crosses and so investigate the laws of heredity. All inherited differences result ultimately from mutations in the germ cells. And the entire development of organic life over millions of years has only been made possible by mutations that increase the complexity of the germ cell, giving rise to higher and more complex forms and species.


Mutations occur in all animal and plant species. But as a rule they are very infrequent, and the most painstaking attention is needed if we are to observe them. It was a great step forward for genetics when Muller, the Nobel prize winner, found that the frequency of mutations in Drosophila could be appreciably increased by artificial means. When the flies are subjected to X rays the mutations become more frequent. This applies of course not only to flies but also to every other species whose germ cells are struck by radiation, and that is why it is dangerous for men to work with X rays for protracted periods unless careful protective measures are taken.


Of course the possibility of inducing mutations by radiation was very welcome to geneticists, partly because it provided them with more abundant material for experiments and partly because it enabled them to study the mutation process itself more closely and obtain new information regarding the nature of the genes. In this direction important discoveries were made by Timofeeff-Rossovsky, the Russian geneticist, who lived for many years in Germany. He found that mutation can be induced in a gene if a single electron is detached from it.


This makes it plain that the individual gene is an extremely fine structure. Actually we must conceive of it as a single molecule — a very large molecule, of course, containing many thousands, perhaps hundreds of thousands of atoms, but in any event a single molecule — with a very definite architecture, a wonderfully developed edifice of atoms, in which no detail can be changed without effecting a mutation and a change in the corresponding hereditary character.


Even more clearly than microscopic examination, these considerations show that organic life is as finely structured as physical possibility permits. And here we have a basic insight.
To understand this we must turn for a moment to the other great scientific achievement of our century, the exploration of the atoms and their reactions. The two new sciences, as I have said, were inaugurated at the same time: both modern genetics and modern atomic physics date from the beginning of our century.


It is true that the notion of the atom as such is far older; it was worked out in ancient times by Democritus. But although the doctrine of Democritus provided guidance for the whole development of Western science beginning with the Renaissance, there was still disagreement among physicists in 1900 as to whether we should take the concept of the atom quite seriously. It is only in our century that the reality of the atoms has been proved convincingly, that these infinitesimal basic structures of matter have been investigated experimentally.


But this advance brought about a profound — and quite unsought-for — change in our view of nature. Up to our century scientists held a very definite conception of natural law, a conception first formulated in Democritus' atomic philosophy. The following example may serve to illustrate it.


The movements of the planets and their moons are such that we can predict them: solar eclipses, lunar eclipses, and the entire movement of the other planets and moons can be calculated in advance by the astronomer. Here then there is no possibility of surprising, unforeseen events; everything operates with the certainty of clockwork. The course of things is predetermined and immutable. Anyone familiar with the natural laws involved can calculate in advance what will happen.


Democritus' view of nature led us to suppose that all natural processes were governed by such necessity, that all nature operated like a machine. For Democritus taught that nature seen in its objective reality, unclouded by our inadequate sense organs, consists in a multiplicity of atoms moving in empty space. He conceived of these atoms as minute bodies which, like the huge heavenly bodies, are subject to the laws of mechanics. Thus in accordance with the laws of nature every atom must effect a predetermined motion, and like the planetary system the total system of these atoms is subject to compelling necessity. Nature as a whole and in every infinitesimal detail moves like clockwork, like a machine.


We shall not deny that these ideas of Democritus represented a great and fruitful achievement. At a time when the old mythological view of nature was still very much alive Democritus fashioned his picture of a nature governed by law, a picture so profound that the scientists of two millennia followed him in the conviction that all natural processes are predetermined and that there are no exceptions or gaps in this determinism.


But now that we have at last learned to look into the realm of the atoms and recognize the atoms as realities, we can no longer let our imagination decide how these atoms are constituted and according to what laws they react. We confront the reality and must accept what it shows us.


The result is an almost overpowering surprise: the natural laws that govern the realm of the atoms do not provide for an unbroken determinism; they are so entirely different from anything that the human imagination had expected as to justify Heisenberg, the eminent physicist, in saying that the physics of the atoms and quanta has definitively refuted the principle of causality.


Nevertheless, these laws are perfectly clear and exact; but they are statistical laws, which determine only the average reaction of large quantities of atoms, while within this frame each individual atom remains inalienably free and unpredictable. If, for example, we have before us a milligram of radium atoms — a milligram will comprise innumerable atoms — natural law determines how many of them will disintegrate in the next second; for that is a statistical question, a question applying to the mass process. But if we take a single radium atom, the law leaves it open as to when this single atom will disintegrate — perhaps today and perhaps in thousands of years. And it is not human ignorance that makes this prediction impossible. It is objectively uncertain when the disintegration will take place; natural law as such sets down only statistical decrees for the atoms.


At first sight this discovery in the field of physics has nothing to do with biology. But considered in conjunction with it, the findings of genetics open up totally unexpected perspectives. When a mutation occurs in the gene of a germ cell, this is an event of far-reaching consequence: on the basis of this mutation the organism growing from the germ cell may deviate very materially from the form it would otherwise have assumed; for the organism this mutation is of fateful importance and may entirely change its life. But researches in genetics have taught us that the gene in which the mutation has occurred is only a single molecule. If we consider this in the light of what has just been said about the world of atoms, it becomes clear that our mutation lies outside the mechanical course of natural events; considered as an individual occurrence in the realm of atomic physics, it is not predetermined.


Thus the great discovery of atomic physics, the discovery of natural processes which are not subject to mechanical necessity, reaches over into biology; the new view of nature at which we arrived through modern physics leads our thinking into entirely new paths.


CREATION AND DEVELOPMENT (pp. 108-119 )


The scientific materialism that has become one of the most powerful intellectual forces in the modern world began its triumphant march in the second half of the last century. Ernst Haeckel, as one of the leading scientists to profess the materialist philosophy, was its most successful propagandist.

But the doctrines of scientific materialism are historically much older. They begin with the atomic philosophy of Democritus; and they were fully developed in the Western world two hundred years ago when the physician and philosopher La Mettrie published his sensational book, L'homme machine —"Man Is a Machine."


With ruthless logic La Mettrie drew the consequences from the view of nature which had been conceived by Democritus and which had seemed to find increasing confirmation as scientific inquiry advanced. The essence of this view is that all events in nature are prescribed and predetermined by law, and that this determinism is complete and unbroken. We actually observe such predetermination in the movements of the planetary system; and the calculation of the planetary movements, particularly by Newton, did much to encourage and advance scientific thinking. All the triumphs of physics and chemistry up to the end of the last century strengthened the conviction, born in the days of Democritus, that natural law is synonymous with unbroken determinism.


La Mettrie accepted this view of natural law. Carrying it to its utmost logical consequence, he inevitably came to regard man as a machine or a cog in a machine. Convinced that man was not excepted from the validity of the natural laws, he concluded that every human action is absolutely determined by the events that went before it, and that there is no break in this chain of determination. Every atom is subject to law, whether it is a component of a lifeless stone or of a human brain; every atom of the human body must therefore move according to unswerving mechanical necessity; its behavior, like the motion of the planets, is clocklike and predetermined. How a man will act, what he will say, what facial expression he will assume, all this is determined by the mechanics of the atoms that make up his body.


This doctrine of La Mettrie contains the core of the materialistic view of nature. If we wish to know what scientific materialism is, we need merely read this book that appeared in the year 1748, for in it the fundamental tenets of materialism are set forth with the utmost clarity. To be sure, these doctrines did not attract wide support until much later, in Haeckel's day; but in this book they are fully formulated. All nature is predetermined, a gigantic clockwork; man is part of the clockwork, he too is a mechanism, a machine — this is the essence of the materialistic philosophy.


When Democritus developed his atomic philosophy, he denied the pagan gods: the world he outlined, a world in which the atoms move according to their own mechanical law, left no room for the intervention of gods and demons. When La Mettrie, following in Democritus' footsteps, defined the materialist view of nature, he denied the creator God of the Christian religion; he also denied the human soul and freedom of the human will. A nature operating according to mechanical law suffers no intervention of creative power; man conceived as a machine has no free will.


It is perfectly understandable that a wave of irreligion should have passed over the world once Darwin's discoveries had shown that the development of organic life is a process governed by natural law. Even without Haeckel's impassioned materialism, many men would have drawn the same conclusion.


It was not until our century that this Democritean view of nature was replaced by something very different. Democritus' picture of the world was a product of bold imagination and penetrating philosophical thought; it guided and fructified natural science for two thousand years, because it contained profound truths. And yet in crucial points it proved to be not only inadequate but actually misleading. The new view of nature that has arisen in our century is not a product of human invention, it was found in reality. The old concept of natural law was too narrow and specialized. True, there is such a lawfulness in nature and it is very important. But everything is not governed by laws of this kind, by natural laws which determine the course of events in every detail. Only observation, only large bodies and quantities of matter, consisting of huge numbers of atoms, disclose a seemingly perfect, unbroken determinism, because statistical laws wholly fixate the average event. But when we look more sharply when we observe the individual atoms that make up the huge bodies and quantities of matter, we find on all sides free individual decisions which are not determined by natural law.


This modified view of nature broadens the scope of biology. Such essential factors in the biological process as the occurrence of mutations prove to be acts of decision outside of any predetermined clockwork. Organic life partakes then of the same freedom and spontaneity that physicists have found at the root of material being.


This negates the scientific foundation of La Mettrie's thesis that man is a machine. The very basis of the materialist doctrine proves to be a fallacy resulting from a narrow and obsolete concept of natural law.


It was not until a hundred and fifty years later that La Mettrie's ideas were widely publicized by Haeckel and critically influenced the beliefs of large numbers of people. And it will be a long time before today's new insights become a common possession, before they can exert their full effect on men's ideas and attitudes. Today we shall do well to be cautious in judging the philosophical implications of the new knowledge, to avoid anticipating the future. But even so, we cannot help feeling that our epoch has achieved momentous insights which set a term to an intellectual development that has been in progress for two thousand years, and will guide our thinking into new channels. From an intellectual point of view the scientific refutation of materialism is surely as overwhelming an accomplishment as the invention of the atom bomb.


We may say then that the attempt to prove man a machine, to deny him free will, has been refuted by the sheer facts of science. But this still does not solve the problem which Darwin's theory of evolution raises for the religious man. It is a problem which is not to be evaded, but to be considered in all seriousness.


We now know that the behavior of an individual organism — regardless of whether animal or man — is not exclusively determined by mechanical necessity; we can no longer, with La Mettrie, forbid the soul or the will to intervene in the fixed and predetermined movements of the body's atoms. But what of the long history of organic life on our earth, the course of development which in millions of years has brought forth our present wealth of forms from the lowly one-cell organisms? If we restrict ourselves to scientific truth, must we look on this vast history of organic development as mechanically conditioned and determined, as a self-contained process closed to the intervention of any creator? Or can we once again find gaps in the chain of determination and show that events outside the realm of mechanical necessity are requisite to the actual development?


This is a strictly scientific question that must be solved independently of philosophical presuppositions. But our answer will have philosophical as well as scientific implications. Of course we cannot expect the scientist to prove either that phylogeny, the history of organic development, is independent of a creator or that the divine hand definitely entered into it. The two scientific possibilities are these: either, as was formerly believed, the course of phylogeny is a matter of mechanical necessity; or else the history of organic development is conditioned by events which demonstrably lie outside the realm of mechanical determination.


If inquiry should lead us to the second of these conclusions, a religious man might, without coming into conflict with science, regard these "events outside the realm of mechanical determination" as a creative intervention.


The statistical nature of the laws that have now been revealed to us makes it seem difficult to give this second answer scientific support. Even if we must grant the individual organism a certain freedom to make unpredictable decisions, the decisions remain within the framework of statistical law; as soon as we consider numerous organisms, such as a large herd of animals, the average behavior will be prescribed by the statistical laws; individual freedom of decision will be submerged by the statistical mass. Must, then, the destinies of the largest existing groups of similar animals or plants, namely the species as a whole, be governed almost entirely by predetermined necessity?


If this is not the case, it is because the most insignificant events in the reproductive activity of plants and animals can multiply like snowballs and produce tremendous effects. A certain mutation, which gives an organism an appreciable head start over the rest of its species, need occur but once, and conceivably this one organism will multiply stupendously, giving rise to a new and superior species that will assert itself on the stage of phylogenetic history and affect its course for millions of years to come.


But are there actually such cases? The scientists investigating Drosophila know that in this species certain mutations occur over and over again. Among a million flies which reproduce we find a very definite, statistically calculable frequency of mutated progeny; this frequency of course is predetermined. As we have said, it can be influenced experimentally by X rays, and this effect too is determined by law.


These frequent mutations, whose frequency makes them subject to statistical laws, play a great part in phylogenetic development; the modern efforts to provide a secure foundation for Darwin's theory of natural selection and to define it more closely draw on the entire knowledge of modern genetics.


But now we must ask: Are there also instances of extremely rare mutations, which have occurred only a few times throughout the millions of years of a species' lifetime with all the innumerable individuals this represents, or which perhaps have occurred but once?


This is only the first half of the question; the other half will follow. But first it should be remarked that this first half of the question is addressed not so much to the biologist as to the physicist, the student of molecules and quanta. And the physicist can give a very simple answer: It is certain that the various mutations will occur with every conceivable degree of frequency; there must also be very infrequent mutations, including those which occur but once in the entire history of a species.


And now comes the second half of the question: Can we maintain and prove — or are we at least justified in presuming — that such extremely rare mutations have played a decisive role in the phylogenetic history of life? It is assuredly a theoretical possibility; but in so weighty a question we must not judge hastily — real proofs are required.


We cannot yet prove this hypothesis. We may only say that for the present nothing argues against it, while various facts support it. Consider for example the strange experience of the American fruit growers who were attempting to combat certain insect pests with poison. Suddenly a new strain of insects immune to the poison made its appearance and spread over a large region. If we look into the observations recorded at the time, we find substantial reason to suppose that this new strain of insects developed from the offspring of a single individual — that the mutation which produced the new strain occurred but once in the space of several decades among many millions or billions of individuals.


To this example we might add several others, equally favorable to our hypothesis — but the scientific decision in this important question is reserved for the future. There is only one point in which we may be almost certain of the truth of our hypothesis.


In the first section of this chapter we followed the history of organic life back to the remote past. We saw the earth as it was 500 million years ago. Organic life was then limited to the waters; the plants had not yet developed beyond the stage of marine algae; the animal world was represented by the archaic trilobites, while vertebrates were entirely lacking. When we look still further back into the past and attempt to investigate epochs prior to the Cambrian, fossil remains become less and less frequent. But even so there must have been a long period of organic development before the Cambrian; the creatures then alive were very primitive and simple compared to later species, but they were complex enough to presuppose a long preceding history covering millions of years. The investigation of these early developments holds an irresistible fascination. For the deeper we can penetrate into the nebulous past, the closer we come to that mysterious event which constituted the starting point of all organic development on our earth: the origin of life itself.


A consideration of these questions will take up a part of our last section; and in this connection we shall come back to the question we have just been discussing. But we must still regard it as a hypothesis — strongly supported but not definitively proved — that phylogeny, the history of the development of organic life on our planet, was affected and guided at decisive points by events lying outside the realm of mechanical determination. If future scientific inquiry should definitively prove this assumption, we shall be able to say that creation and evolution are no longer conflicting, antithetical conceptions — that a religious man may fully accept the Darwinian theory and still see the Creator at work in the wonderful development that has taken place over millions of years of the earth's history.
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Ray Jackendoff

Ray Jackendoff is a linguist and psychological theorist who earned his Ph.D. in 1969 under Noam Chomsky at MIT. He was a professor of linguistics ar Brandeis from 1971 to  2005 and moved to Tufts in 2005 where he co-founded the Center for Cognitive Studies with Daniel Dennett.
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Roman Jakobson


Roman Jakobson was a literary theorist and critic, greatly influenced by Ferdinand de Saussure, the founder of structuralism and of semiology, the connection between signs as signifiers and the signified concepts. Before Saussure, linguistics was the historical ("diachronic") study of language, primarily grammars, over time. Structuralism looks to the "synchronic" study of structure alone to discover the functions of language.

Jakobson extended linguistics beyond syntax, semantics, and morphology, with a careful analysis of the sounds of language, which often convey a great deal of meaning beyond the text. He extended his new critical tools beyond his new phonology to syntax and morphology, and even semantics.


He studied communications theory (Claude Shannon), cybernetics (Norbert Wiener), and the semiotics of Charles Sanders Peirce, using them all to study poetry, music, and films (especially the emergence of sound in films).


Jakobson's influential essay on linguistics and poetics distinguished six communication functions, each associated with a dimension or factor of the communication process. With two diagrams similar to Claude Shannon's sender-message-receiver diagram in the theory of the communication of information, Jakobson presented his theory of the poetic function of language:


Language must be investigated in all the variety of its
functions. Before discussing the poetic function we must define
its place among the other functions of language. An outline of
these functions demands a concise survey of the constitutive
factors in any speech event, in any act of verbal communication.
The ADDRESSER sends a MESSAGE to the ADDRESSEE. To
be operative the message requires a CONTEXT referred to (the
"referent" in another, somewhat ambiguous, nomenclature),
graspable by the addressee, and either verbal or capable of being
verbalized; a CODE fully, or at least partially, common to the
addresser and addressee (or in other words, to the encoder and
decoder of the message); and, finally, a CONTACT, a physical
channel and psychological connection between the addresser and
the addressee, enabling both of them to enter and stay in communication. 
All these factors inalienably involved in verbal
communication may be schematized as follows :
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Each of these six factors determines a different function of
language. Although we distinguish six basic aspects of language,
we could, however, hardly find verbal messages that would fulfill
only one function. The diversity lies not in a monopoly of some
one of these several functions but in a different hierarchical orders 
of functions. The verbal structure of a message depends primarily
on the predominant function. But even though a set (Einstellung)
toward the referent, an orientation toward the context — briefly,
the so-called REFERENTIAL, "denotative," "cognitive" function
— is the leading task of numerous messages, the accessory
participation of the other functions in such messages must be
taken into account by the observant linguist.


The so-called EMOTIVE or "expressive" function, focused
on the addresser, aims at a direct expression of the speaker's
attitude toward what he is speaking about. It tends to produce an
impression of a certain emotion, whether true or feigned...


Orientation toward the addressee, the CONATIVE function,
finds its purest grammatical expression in the vocative and
imperative, which syntactically, morphologically, and often even
phonemically deviate from other nominal and verbal categories.


There are messages primarily serving to establish, to
prolong, or to discontinue communication, to check whether the
channel works ("Hello, do you hear me?"), to attract the attention
of the interlocutor or to confirm his continued attention ("Are
you listening?" or in Shakespearean diction, "Lend me your
ears!" — and on the other end of the wire "Um-hum!"). This set
for contact, or in Malinowski's terms PHATIC function, may be 
displayed by a profuse exchange of ritualized formulas, by entire
dialogues with the mere purport of prolonging communication.
Dorothy Parker caught eloquent examples: "'Well!' the young
man said. 'Well!' she said. 'Well, here we are' he said. 'Here we
are' she said, 'Aren't we?' 'I should say we were' he said, 'Eeyop!
Here we are.' 'Well!' she said. 'Well!' he said, 'well.' " The
endeavor to start and sustain communication is typical of talking
birds; thus the phatic function of language is the only one they
share with human beings. It is also the first verbal function acquired
by infants; they are prone to communicate before being able
to send or receive informative communication.
A distinction has been made in modern logic between two
levels of language: "object language" speaking of objects and
"metalanguage" speaking of language. But metalanguage is not 
only a necessary scientific tool utilized by logicians and linguists;
it plays also an important role in our everyday language... Whenever the addresser and/or the
addressee need to check up whether they use the same code,
speech is focused on the code: it performs a METALINGUAL
(i.e., glossing) function. "I don't follow you — what do you
mean?" 


 Any process of language learning, in particular child
acquisition of the mother tongue, makes wide use of such metalingual
operations; and aphasia may often be defined as a loss of
ability for metalingual operations.
I have brought up all the six factors involved in verbal
communication except the message itself. The set (Einstellung)
toward the message as such, focus on the message for its own
sake, is the POETIC function of language. This function cannot
be productively studied out of touch with the general problems of
language, and, on the other hand, the scrutiny of language
requires a thorough consideration of its poetic function. Any
attempt to reduce the sphere of the poetic function to poetry or to
confine poetry to the poetic function would be a delusive
oversimplification. The poetic function is not the sole function of
verbal art but only its dominant, determining function, whereas
in all other verbal activities it acts as a subsidiary, accessory
constituent. This function, by promoting the palpability of signs,
deepens the fundamental dichotomy of signs and objects. Hence,
when dealing with the poetic function, linguistics cannot limit
itself to the field of poetry...


As I said, the linguistic study of the poetic function must
overstep the limits of poetry, and, on the other hand, the
linguistic scrutiny of poetry cannot limit itself to the poetic
function. The particularities of diverse poetic genres imply a
differently ranked participation of the other verbal functions
along with the dominant poetic function. Epic poetry, focused on
the third person, strongly involves the referential function of
language; the lyric, oriented toward the first person, is intimately
linked with the emotive function; poetry of the second person is
imbued with the conative function and is either supplicatory or
exhortative, depending on whether the first person is
subordinated to the second one or the second to the first.
Now that our cursory description of the six basic functions of
verbal communication is more or less complete, we may
complement our scheme of the fundamental factors with a
corresponding scheme of the functions :
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What is the empirical linguistic criterion of the poetic function?
In particular, what is the indispensable feature inherent in any
piece of poetry? To answer this question we must recall the two
basic modes of arrangement used in verbal behavior, selection
and combination. If "child" is the topic of the message, the
speaker selects one among the extant, more or less similar nouns
like child, kid, youngster, tot, all of them equivalent in a certain
respect, and then, to comment on this topic, he may select one of
the semantically cognate verbs — sleeps, dozes, nods, naps. Both
chosen words combine in the speech chain. The selection is
produced on the basis of equivalence, similarity and
dissimilarity, synonymy and antonymy, while the combination,
the build-up of the sequence, is based on contiguity. The poetic
function projects the principle of equivalence from the axis of
selection into the axis of combination. Equivalence is promoted
to the constitutive device of the sequence. In poetry one syllable
is equalized with any other syllable of the same sequence; word
stress is assumed to equal word stress, as unstress equals
unstress; prosodic long is matched with long, and short with
short; word boundary equals word boundary, no boundary equals
no boundary; syntactic pause equals syntactic pause, no pause
equals no pause. Syllables are converted into units of measure,
and so are morae or stresses



We can combine Jakobson's two schemas into a single diagram
[image: image-placeholder]

Context was perhaps Jakobson's most important addition to semiotics. Adding context gives us the difference between semantics (the standard dictionary meaning of a word according to the normal "rules" of the language) versus pragmatics, the meaning that may be intended by the sender, or should be inferred by the receiver/interpreter because of the current situation. Jakobson calls this contextual information "denotative," "cognitive," "referential,"  the "leading task" of a message.  Context-dependence alters the "meaning" to suit the purpose of a communication.

Notes:

	referential (: the denotative or connotative "aboutness," contextual information, the "third person," someone or something the message is about)
	aesthetic/poetic (: information )
	emotive (: the addressee's self-expression, attitude, intention, first person)
	conative (: vocative or imperative addressing of receiver, second person)
	phatic (: no information, checking channel working, are you still there?)
	metalingual (: checking code working, agreement on the meanings of words)



Jakobson's famous but mysterious dictum "the poetic function projects the principle of equivalence from the axis of selection to the axis of combination" presages the fall of Saussure's synchronic, time-independent structuralism to the post-structuralist and post-modernist diachronic view, notably Jacques Derrida's "différance" whose meaning of deferral can only be seen and not heard, to displace the Platonic privileging of voice over text. 


Derrida showed that  meaning is deferred, disseminated, that Saussure's claim that meaning is "différence" is not the whole story. And Roland Barthes showed the dyadic Saussurean s/S becomes the "circle of signifiers" s/Z if one is trapped in Jakobson's "selection axis" of looking up words in a dictionary of dead (non-evolving) languages.





Source: https://www.informationphilosopher.com/solutions/scientists/jakobson/
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William Stanley Jevons


   William Stanley Jevons was a logician and economic theorist who independently discovered the principle of marginal utility. He argued that since economics deals with quantities, it should be a mathematical science. 

Jevons' 1874 book The Principles of Science: a Treatise on logic and Scientific Method criticized the Baconian method of induction as the source of new scientific ideas, instead claiming that random hypotheses are the source of novel creative new ideas. 


 In his 1880 Atlantic Monthly, essay, William James credits Jevons with the idea that new ideas come to us randomly.


To Professor Jevons is due the great credit of having emphatically pointed out how the genius of discovery depends altogether on the number of these random notions and guesses which visit the investigator's mind. To be fertile in hypotheses is the first requisite, and to be willing to throw them away the moment experience contradicts them is the next. The Baconian method of collating tables of instance may be a useful aid at certain times. But one might as well expect a chemist's note-book to write down the name of the body analyzed, or a weather table to sum itself up into a prediction of probabilities of its own accord, as to hope that the mere fact of mental confrontation with a certain series of facts will be sufficient to make any brain conceive their law. The conceiving of the law is a spontaneous variation in the strictest sense of the term. It flashes out of one brain, and no other, because the instability of that brain is such as to tip and upset itself in just that particular direction. But the important thing to notice is that the good flashes and the bad flashes, the triumphant hypotheses and the absurd conceits, are on an exact equality in respect of their origin. Aristotle's absurd Physics and his immortal Logic flow from one source: the forces that produce the one produce the other.

 

But, in his discussion of probability, Jevons appears to have been a complete determinist, even a pre-determinist.

Almost the greatest difficulty in this subject consists in acquiring a precise notion of the matter treated. What is it that we number, and measure, and calculate in the theory of probabilities? Is it belief, or opinion, or doubt, or knowledge, or chance, or necessity, or want of art?

Does probability exist in the things which are probable, or in the mind which regards them as such? The etymology of the name lends us no assistance: for, curiously enough, probable is ultimately the same word as provable, a good instance of one word becoming differentiated to two opposite meanings.


Chance cannot be the subject of the theory, because there is really no such thing as chance, regarded as producing and governing events. This name signifies falling, and the notion is continually used as a simile to express uncertainty, because we can seldom predict how a die, or a coin, or a leaf will fall, or when a bullet will hit the mark. But every one knows, on a little reflection, that
it is in our knowledge the deficiency lies, not in the certainty of nature's laws. There is no doubt in lightning as to the point it shall strike; in the greatest storm there is nothing capricious; not a grain of sand lies upon the beach, but infinite knowledge would account for its lying there; and the course of every falling leaf is guided by the same principles of mechanics as rule the motions of
the heavenly bodies.


Chance then exists not in nature, and cannot co-exist with knowledge; it is merely an expression for our ignorance of the causes in action, and our consequent inability to predict the result, or to bring it about infallibly. In nature the happening of a physical event has been pre-determined from the first fashioning of the universe. Probability belongs wholly to the mind; this indeed is proved by the fact that different minds may regard the very same event at the same time with totally different degrees of probability. 



Nevertheless, Jevons is unequivocal that scientists have a freedom to hypothesize. In a section entitled Freedom of Theorizing,, which reminds us of the Free Will Axiom, he declares


It would be a complete error to suppose that the great discoverer is one who seizes at once unerringly upon the truth, or has any special method of divining it. In all probability the errors of the great mind far exceed in number those of the less vigorous one. Fertility of imagination and abundance of guesses at truth are among the first requisites of discovery; but the erroneous guesses must almost of necessity be many times as numerous as those which prove well founded. The weakest analogies, the most whimsical notions, the most apparently absurd theories, may pass through the teeming brain, and no record may remain of more than the hundredth part. There is nothing intrinsically absurd except that which proves contrary to logic and experience. The truest theories involve suppositions which are most inconceivable, and no limit can really be placed to the freedom of framing hypotheses.




Jevons on Induction and the Scientific Method


In the preface to The Principles of Science, Jevons deprecates Baconian induction in favor of a combination of hypotheses and deduction, with experimental testing the main criterion for accepting the ideas as new knowlege.


In following out my design of detecting the general methods of inductive investigation, I have found that the more elaborate and interesting processes of quantitative induction have their necessary foundation in the simpler science of Formal Logic. The earlier, and probably by far the least attractive part of this work, consists, therefore, in a statement of the so-called Fundamental Laws of Thought, and of the all-important Principle of Substitution, of which, as I think, all reasoning is a development. The whole procedure of inductive inquiry, in its most complex cases, is foreshadowed in the combinational view of Logic, which arises directly from these fundamental principles. Incidentally I have described the mechanical arrangements by which the use of the important form called the Logical Abecedarium, and the whole working of the combinational system of Formal Logic, may be rendered evident to the eye, and easy to the mind and hand.

The study both of Formal Logic and of the Theory of Probabilities, has led me to adopt the opinion that there is no such thing as a distinct method of induction as contrasted with deduction, but that induction is simply an inverse employment of deduction. Within the last century, a reaction has been setting in against the purely empirical procedure of Francis Bacon, and physicists have learnt to advocate the use of hypotheses. I take the extreme view of holding that Francis Bacon, although he correctly insisted upon constant reference to experience, had no correct notions as to the logical method by which, from particular facts, we educe laws of nature. I endeavour to show that hypothetical anticipation of nature is an essential part of inductive inquiry, and that it is the Newtonian method of deductive reasoning combined with elaborate experimental verification, which has led to all great triumphs of scientific research.


In attempting to give an explanation of this view of Scientific Method, I have first to show that the sciences of number and quantity repose upon and spring from the simpler and more general science of Logic. The Theory of Probability, which enables us to estimate and calculate quantities of knowledge, is then described, and especial attention is drawn to the Inverse Method of Probabilities, which involves, as I conceive, the true principle of inductive procedure. No inductive conclusions are more than probable, and I adopt the opinion that the theory of probability is an essential part of logical method, so that the logical value of every inductive result must be determined consciously or unconsciously, according to the principles of the inverse method of probability.




Jevons on Falsifiability



Haying once deliberately chosen, the philosopher may
rightly entertain his theory with the strongest love and
fidelity. He will neglect no objection; for he may chance
at any time to meet a fatal one; but he will bear in mind
tbe inconsiderable powers of the human mind compared
the tasks it has to undertake. He will see that no
theory can at first be reconciled with all possible objections simply because there may be many interfering causes,
or the very consequences of the theory may have a complexity which prolonged investigation by successive generations of men may not exhaust. If then, a theory exhibit a number of very striking coincidences with fact, it must
not be thrown aside until at least one conclusive discordance is proved, regard being had to possible error in establishing that discordance. In science and philosophy something must be risked. He who quails at the least
will never establish a new truth.


Charles Sanders Peirce was greatly influenced by Jevons, visiting him on one of his U.S.-Coast-Survey-sponsored trips to Europe around the time (mis-1870's) Jevons published Principles of Science.  Peirce called hypothesis formation "abduction," in his logical triad abduction-induction-deduction. 


Character of the Experimentalist
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Bernd-Olaf Küppers is a  physicist, philosopher, and theoretical biologist, formerly at the Max Planck Institute for Biophysical Chemistry (Göttingen), then professor of natural philosophy at the University of Jena. His main research field is the origin and evolution of genetic information. He is author and editor of numerous books, including the monographs “Molecular Theory of Evolution” and “Information and the Origin of Life”. He has been recognized with, among other things, memberships of the German National Academy of Sciences and the Academia Europaea (London).


Küppers has published four books important for information philosophy,  the 1983  Molecular Theory of Evolution: Outline of a Physico-Chemical Theory of the Origin of Life, the 1990 Information and the Origin of Life, the 2018 The Computability of the World: How Far Can Science Take Us? , and the 2022 The Language of Living Matter: How Molecules Acquire Meaning.


Küppers varied the famous quote by Theodore Dobzhansv "Nothing in Biology Makes Sense Except in the Light of Evolution" to become "Nothing in Biology Makes Sense Except in the Light of Information."


In the summary to his 1990 book Information and the Origin of Life, Küppers  wrote...


The question of the connection between law and chance in theevolution of life is one of the central philosophical problems inbiology. In this book, fundamental aspects of this question have been treated from the viewpoint of modern evolutionary biology.

The investigation starts from the assumption that the object of its analysis counts as a well-founded part of natural science and does not need to be specially justified. It presupposes that evolution is an established fact, and that the synthetic evolution theory built upon the basis of Darwin's ideas provides an appropriate framework for the understanding and explanation of evolutionary phenomena (chapter 1).


However, the issue of the theoretical character of synthetic evolution theory is a problem in the philosophy of science that possesses a special significance with regard to the more general question of the connection between law and chance in evolution. Access to this problem is afforded in particular by the analysis of the so-called molecular theory of evolution, which links the principles of synthetic evolution theory with the fundamental laws of physics and chemistry. At the same time, many aspects of this connection throw new light upon the general problems of the formation of concepts and theories in the border region of physics, chemistry, and biology.


The molecular theory of evolution has been a result of rapid progress in biology and physics in the last two decades. It is based on the one hand upon the discovery in molecular biology that all basic phenomena of life such as metabolism and heredity can be traced back to regular interactions between biological macromolecules, and thereby to the laws of physics and chemistry, and on the other hand upon the discovery in physics of open systems that, far from equilibrium, can spontaneously assemble states of material order (so-called dissipative structures) that are also characteristic of living systems.

The molecular theory of evolution describes the origin and the early evolution of life as a process of material self-organization, in the process of which the two most important classes of biological macromolecule (nucleic acids and proteins) were able to organize themselves spontaneously into a system, governed by information, that possessed the three basic properties of living matter: metabolism, self-reproduction and mutability. 


The modern theory of the origin of life is a physicochemical theory. As such, it attempts to base the historical process ofbiological self-organization upon its fundamental, unchanging principles and mechanisms. The theory does not claim to be able to reconstruct the process in its historical details.In the overall process of biological self-organization, three phases, each corresponding to the degree of optimization attained at thattime, can be distinguished ( chapter 2):


1. the phase of noninstructed prebiotic synthesis of biologicalmacromolecules,


2. the phase of self-organization of biological macromolecules to aself-instructed biosynthetic cycle, and 


3. the phase of evolutionary optimization of the biosynthetic cycle.


The actual transition from inert to living matter took place during the second phase, and was essentially a transition from noninstructed to instructed synthesis of biological macromolecules. This phase of biological self-organization ended with the nucleation of a self-instructed biosynthetic cycle, which (after the formation of compartments) can be regarded as a primitive precursor of thel iving cell.


Every kind of instruction requires information. The information used by the self-instructed biosynthetic cycle is encoded in the detailed sequence of its nucleic acid components. These instruct the construction of a protein machinery that in turn catalyzes the reproduction of the entire cycle.


It has emerged that the information for the construction of a living organism is not simply encoded in the linear sequence of the monomers of its DNA molecules, but that this linear arrangement - as in human language -possesses a hierarchical superstructure. If we have on the whole restricted our consideration to the sequential aspect of information storage, this has been because the present investigation has been directed exclusively toward the initial phase of the origin of life. The hierarchical organization of gene structure, in contrast, is a comparatively late product of evolution. In particular, it encodes the information needed for the complex regulation and control phenomena of higher organisms.


The problem of the origin of life is clearly basically equivalent to the problem of the origin of biological information. In accordance with this, the idea of biological information emerges as the fundamental concept in the physicochemical theory of the origin of life.


In part II we discussed the distinction between three dimensionsof information, termed syntactic, semantic, and pragmatic. The syntactic aspect of information comprises the relationship between the individual characters (chapter 3). The semantic aspect comprises the relationship between the individual characters and what they stand for (chapter 4). The pragmatic aspect comprises the relationship between the individual characters, what they stand for, and what action this implies for the sender and the recipient (chapter 5). 


From this viewpoint, the three phases of biological self-organization (above) can be expressed as three phases of the origin of biological information:


1. the phase of the origin of syntactic information,


2. the phase of the origin of semantic information, and


3. the phase of evolutionary optimization of semantic information.


The synthetic aspect of the origin of biological information is unproblematic from a philosophical standpoint, since it is concerned solely with the formation of structures - for example, of macromolecules such as proteins or nucleic acids. In contrast, the semantic aspect raises many problems, since it refers to the content, that is, the sense and meaning of the information encoded in macromolecular structure. This raises the question of whether and, if so, to what extent "sense" and "meaning" can be objectified and studied scientifically. 


As the example of human language shows, semantics cannot exist in an absolute sense, but only relative to a semantic frame of reference (chapter 4). Genetic information, too, possesses no absolute semantic value, but only a relative one, referred to the specific environmental conditions to which the organism in question has become adapted. The environment thus represents externally localized information, on the basis of which the semantics of genetic information are selectively evaluated. 


According to Darwinian evolution theory, the purpose-directed, or information-controlled, element of biological structures possesses a certain function (and thus sense and meaning) with regard to the preservation of the dynamic order that is characteristic of living systems. The semantics of genetic information can thus be interpreted directly in terms of evolution: an organism is the better adapted to its environment (that is, the semantic information it contains has the greater value), the more accurately and rapidly it - for a given lifespan -reproduces its information content.


This principle provides a link with two philosophical theses of Carl Friedrich von Weizsacker, according to which the semantic aspect of information can only be objectified via the pragmatic aspect of information ("Information is only that which is understood"; "Information is only that which produces information").This thought runs through the entire discussion like a leitmotiv. It implies that even the "protosemantics" of biological information can be objectified by a dynamic criterion of the generation of information (see below).


The question of whether and, if so, to what extent the origin of biological information can be explained in terms of regularity within the framework of modern science is taken up in part III. Three suggested solutions are presented: (a) the chance hypothesis, in chapter 6, (b) the teleological approach, in chapter 7, and (c) the molecular-Darwinistic approach, in chapter 8.


The chance hypothesis interprets the origin of biological information as a singular event, whose description by the laws of physics and chemistry can only take place on the syntactic level, that is, on the level of chemical evolution. The semantic aspect of the origin of biological information, in contrast, is understood in the chance hypothesis as an epiphenomenon, which by its very nature is determined purely by chance and possesses none of the regularities of natural law. The chance hypothesis is justified by the assertion, at first seemingly contradictory, that within equilibrium statistics the probability of the chance synthesis of an information-carrying macromolecule is extremely low, because the information-carrying macromolecules represent only a minute fraction of their physically equivalent alternative sequences, and all these alternatives have under equilibrium conditions virtually identical prior probabilities. Consequently, in the context of the chance hypothesis, the origin of life is interpreted a posteriori as a singular random event, which because of its extremely low prior probability is unique and unrepeatable in the whole universe.


The teleological approach proceeds similarly from the explanatory deficit of equilibrium statistics, just described. In contrast to the chance hypothesis, which does not offer a causal explanation for the origin of biological information, the teleological approach postulates the existence of a goal-directed and at the same time irreducible, lawlike behavior, which narrows down the immense variety of possible macromolecular structures to those that are biologically relevant. In the teleological model of explanation, information-carrying biomolecules must be regarded as the material expression of a finalistic principle at work in Nature. The teleological approach and the chance hypothesis agree that the specific arrangement of the monomers of the DNA molecules in an organism, encoding regularity and purposiveness, are fundamentally inexplicable at the levels of physics and chemistry.


In the distribution of roles between law and chance in the origin of biological information, the molecular-Darwinistic approach adopts an intermediate position. In the molecular-Darwinistic model, the origin of biological information is derived from an interplay between undirected, random process (mutation) and regular behavior of matter (natural selection). The mathematical formulation of this approach is the molecular theory of evolution sketched out at the beginning. However, and here the molecular-Darwinistic approach differs fundamentally from its rivals discussed above, the interplay between mutation and selection is based in an essential way upon the principles of nonequilibrium thermodynamics. Further, the molecular-Darwinistic approach rests upon the working hypothesis that natural selection in the Darwinian sense appears already in the realm of inanimate matter. 


The discussion in part III makes it clear that a philosophical analysis of current hypotheses concerning the origin of biological information presupposes a formulation of the concept of law so general that even such diverse approaches as the chance hypothesis and the teleological approach can be related to one another, so to speak on a higher level of the formation of concepts and theories. 


Now, a characteristic feature of a natural law is that it contains information about natural events in a compressed form. The logical next step is to look for a general formulation of the concept of law within the framework of information theory. 


The information for the construction of a living organism is encoded in the detailed sequence of the monomers in its DNA molecules. This sequence can be found out, usually by experimental (chemical) sequence determination. Like any other empirical data in science, it can be represented by a finite row of ones and zeros (chapter 10, figure 19).


The representation of observational data as binary sequences leads directly to an information-theoretical interpretation of the concept of natural law. Clearly, a lawlike relationship is always contained in a series of observational data when there is a compact algorithm with the help of which the observed data can be represented in compressed form. The central feature of such an algorithm is the property that it can be represented (on the syntactic level) by using less information than the information needed for the representation of the data sequences that it generates. Conversely, a sequence of observational data must be regarded as random until an appropriate compact algorithm has been found. The term "random sequence" in this way acquires a precise algorithmic definition (chapter 9). However, the irreducibility, that is, the randomness, of a binary sequence is inherently incapable of proof, since the nonexistence of a compact algorithm capable of generating the sequence can never be proven (the randomness theorem). 


From the randomness theorem, the roots of which go back to Gödel's incompleteness theorem, two fundamental limits of objective knowledge in science can be deduced (chapter 10). One such limit is due to the fundamental problems of biological discovery mentioned in part III: the chance hypothesis is fundamentally incapable of proof, while the teleological approach is fundamentally irrefutable. The other limit is related to the ability of natural law to describe reality as a whole: it can never be proved that a given algorithm is the smallest capable of describing a class of natural events in a lawlike way, since the smallest algorithm (in binary representation) is by definition a random sequence, whose irreducibility-because of the randomness theorem-cannot be proved. This is in particular true of the case when an algorithm is given for all classes of natural event. In other words, the completeness of a scientific theory, as would be expressed information-theoretically in the statement of a unique and irreducible algorithm, is fundamentally incapable of proof. It is only refutable by pragmatic means - by the statement of a new and more compact algorithm.


It is to be expected that the concept of natural law introduced on the basis of information theory will have implications for a number of other problems in the philosophy of science. The supposition has already been expressed in chapter 10 that there may be an intimate connection between the algorithmic definition of a natural law and the idea, developed by C.F. von Weizsäcker, of so-called proto-alternatives, as outlined in note 168. 


In contradistinction to the chance hypothesis and to the teleological approach, the molecular-Darwinistic approach remains entirely within the confines of traditional scientific explanatory models. However, the molecular-Darwinistic approach is only valid if a Darwinian natural selection really does take place in the realm of inanimate matter, as a consequence of pure physicochemical regularity (see above). 


The molecular-Darwinistic approach raises paradigmatically the question of the physical foundation of biology (the so-called problem of reduction). Consequently, the reduction issue is also the central point in the discussion of the possibilities and limitations of the molecular-Darwinistic explanatory model. It is considered in chapter 11, first as a philosophical problem. The selection principle is then shown to be physically justifiable (chapter 12). In chapter 13, the theoretical question of the explanatory structure of the molecular-Darwinistic approach is taken up. 


The problem of reduction has long been the object of a vigorous debate between reductionistic and organismic biology. The reductionistic theory of living systems proceeds from the assumption that all life processes run in a strictly causal-genetic way and can be deduced on the sole basis of the material properties of their molecular carriers (the so-called genetic determinism). If limits are set to the physical description of living systems, then these are not fundamental in nature, but are due solely to the complexity of living systems. The organismic theory of living systems, on the other hand, considers the phenomena of life from a holistic point of view and postulates a connection between the level of integration of a living system and its resulting properties. This is above allt o be understood in the sense that an integrated genetic system at any level of organization can possess properties that cannot be explained by a physical and chemical analysis of its subsystems alone. In particular, organismic biology denies the possibility of a physical foundation of the principle of selection, as the naturals election is considered in organismic biology to be an irreducible property of systems that are already living.


Organismic biology is based upon two central theses: (1) the whole is more than the sum of its parts (this leads to the principle of emergence); (2) the whole determines the behavior of its parts (this leads to the principle of macrodetermination). 


The universal validity of these two theses, and in particular their relevance to the phenomena of life, are not questioned here. What we do criticize is the claim that reductionistic biology is fundamentally incapable of explaining holistic phenomena, such as the emergence of macrodetermination, within the framework of its analytical method. However, the analysis of concrete examples from physics and chemistry shows that in the branches of science to which the reductionist program attempts to reduce the phenomena of life, the concept of system has all along been a genuine  component of explanations. Therefore, the concept of system cannot be used as a criterion for distinguishing between between animate and inanimate matter. On the contrary, the special position allotted to the "system" within organismic biology is beginning to allow a methodological mysticism to creep back into biology, at a time when this had only just begun to be eliminated by the development of molecular biology. It can be shown that a number of barriers to research in biology have been erected merely by the unreflecting adoption of holistic thinking. A principal victim of this is organismic biology itself, which is now confronted with several self-sustained contradictions (chapter 12).


After showing in chapter 11 that the methodological position of organismic biology is already anchored in the reductionistic program, so that it does not present a methodology that goes beyond that of reductionism, it was demonstrated in chapter 12 that one of he central assertions of organismic biology is incorrect: natural selection is not an irreducible property of living systems, but is demonstrably a physically justifiable extremum principle that already appears in inanimate material systems as long as certain material and physical prerequisites are met. 


The physical justification of the selection principle provides profound insight into the mechanism of evolutionary processes. It is seen that the Darwinian concept of adaption is related primarily to the functional aspects of the adaption and less to the structural in agreement with the thesis with which we started, according to which the semantic aspect of biological information is objectifiable only via a dynamic criterion of generation of information.


When related to the phenomena of life, the concept of constraints has an expanded meaning - in comparison with its traditional application in physics. In this case it embraces both biological constraints, as laid down in the primary structures of biological macromolecules, and also the physical environmental conditions under which the biological macromolecules operate as carriers of information or of function, respectively. It is primarily the biological constraints that are incorporated into the explanandum in evolutionary explanatory models, while the physical environment is given as an antecedent condition. 


The molecular-Darwinistic model possesses one important feature in which it differs from traditional models of physical explanation:while in traditional explanatory models the constraints present contingent quantities, which are imposed upon the explanans as irreducible antecedence conditions, the molecular-Darwinistic model considers the constraints to be a part of the explanandum (chapter 13).


The issue becomes more complicated in consequence of the fact that on the evolutionary level the biological constraints and the system dynamics on which they operate are interdependent. The feedback between the constraints of a system and the system dynamics induced by the constraints is so characteristic for all self-organization processes that this phenomenon can be used to define the term "self-organization" (chapter 13).


In the historical origin of life, the development of self-organizing systems began from unspecific constraints, as they must have been at the end of the phase of chemical evolution, when macromolecules did not yet embody any genetic information in their primary structure. During the period of self-organization, the unspecific constraints were then transformed successively into biological ones, that is, ones encoding genetic information. The biological constraints are thus noncontingent quantities insofar as they represent a limited and, from an evolutionary standpoint, regular selection from an immense number of physically equivalent alternatives.


The characteristic features of the evolutionary optimization process can be illustrated with the help of a simple model (chapter8, figure 16). If all combinatorially possible sequences of a biological macromolecule are used as coordinates in a "sequence space," then the process of the origin of biological information resembles a walk through a multi-dimensional landscape, the profile of whichi s determined by the selection values associated with a value coordinate (value profile). The route taken is subject only to the rule that it always leads from a low peak to a higher one, that is, from a low (local) maximum to a higher (local) maximum. 


Thus only the sign of the gradient of the optimization route is determined by natural law, not its detailed path. There are basically two reasons for the indeterminacy of the detailed path. One is that the "direction" taken by the optimization process depends on genetic variation, and this in turn is the result of fundamentally indeterminate genetic mutations. The other is that the structure of the value profile depends upon the individuals taking part in the evolutionary process. Each differential shift in concentration distribution deforms the value profile itself, so that it comes to influence the gradient and the "direction" of the optimization route. Goal and goal-directedness in a process of biological self-organization are indissolubly interconnected and interdependent. On the basis of natural law, therefore, it is possible to predict that biological structures exist, but not what biological structures exist.The structures that are found reflect the historical uniqueness of living systems, and the details of their origin are in principle inaccessible for description in terms of natural law. This means: the origin of biological information can indeed be explained as a general phenomenon, but the concrete content of biological information can not be deduced from the laws of physics and chemistry.
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Christof Koch famously argues that consciousness is a fundamental property of any sufficiently complex thing. This is a variation on panpsychism, that all material objects have a mental component, that mind is universal, that the universe itself is conscious. In a joint article with Giulio Tononi, Koch cited the limitations of panpsychism.



 Unlike idealism, which does
away with the physical world, or dualism, which accepts
both in an uneasy marriage, panpsychism is elegantly unitary: there is only one substance, all the way up from the
smallest entities to human consciousness and maybe to the
World Soul (anima mundi). But panpsychism’s beauty has
been singularly barren. Besides claiming that matter and
mind are one thing, it has little constructive to say and
offers no positive laws explaining how the mind is organized
and works


Koch bases his thinking about consciousness on Giulio Tononi's "integrated information theory" (IIT). 
In his latest book, The Feeling of Life Itself (p.76),  Koch claims that "given some substrate in some state, IIT computes the associated inte­grated information to determine whether that system feels like something, for only a system with a non-zero maximum of integrated information is conscious."


But he also offers this telling disclaimer. 


Before I come to the mathematical innards of the theory, let me address one general objection to IIT that I frequently encounter. It runs along the following lines. Even if everything about IIT is correct, why should it feel like anything to have a maximum of integrated information? Why should a system that instantiates the five essential properties of consciousness— intrinsic existence, composition, information, integration, and exclusion— form a conscious experience? IIT might correctly describe aspects of systems that support consciousness. But, at least in principle, skeptics might be able to imagine a system that has all these properties but which still doesn't feel­ing like anything. 
[For example, David Chalmers' "zombies."]

I answer this conceivability argument in the following manner. By con­struction, these five properties fully delimit any experience. Nothing else is left out. What people mean by subjective feelings is precisely described by these five axioms. Any additional "feeling" axiom is superfluous. Is there a mathematically unassailable proof that satisfying those five axioms is equivalent to feeling like something? Not to my knowledge. But I'm a sci­entist, concerned with the universe I find myself in, and not with logical necessity. And in this universe, so I argue in this book, any system that obeys these five axioms is conscious.




Computational Biophysics


Christof Koch has been a leader in models of information processing in the brain, with single neurons as the logical computing elements, as suggested by Warren McCulloch and Walter Pitts in 1943. In his 1997 Nature article, "Computation and the single neuron,"" Koch wrote 

    McCullough (sic) and Pitts argued that with the addition of memory, a sufficiently large number of these logical 'neurons' wired together in an appropriate manner, can compute anything that can be computed with a digital computer.
    

    Koch did not repeat this claim in his comprehensive 1999 book Biophysics of Computation: Information Procesing in Single Neurons , but he did repeat it a year later in Nature Neuroscience Supplement (vol.3, November 2000, p. 1171), in a joint article with Idan Segev. Koch further exaggerated the claim to "McCulloch and Pitts proved...these simple logical devices are capable of universal computation." No such proof exists.


McCulloch and Pitts wrote this article three years before the first digital computer (ENIAC) was actually built. They imagined the brain as a digital computer before there was one.
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For a brief description of IIT, see Tononi's I-Phi page.
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Daniel E. Koshland was an American biochemist, a professor at the University of California, Berkeley, and from 1985 to 1995 the editor of Science magazine, a publication of the American Association for the Advancement of Science, of which Koshland was a member.


Koshland's work included a study of bacterial chemotaxis, how single-celled organisms moving through the environment can sense temperature and chemical composition gradients. If nutrients are increasing in the direction of motion, or others conditions are more favorable, the bacterium continues. If not, the rotation direction of its tiny flagella reverse.  Rotation
of the flagella counter-clockwise drives the bacterium straight
ahead. Flagella rotating clockwise cause the
bacterium to tumble and face in random new directions. 


Their sensors and
motion capability let them make two-stage decisions about
which way to go. As the bacterium moves, receptors on the bacterium surface detect gradients of chemicals. When the gradient indicates
“food ahead” or “toxic behind,” the bacterium keeps going. If the
gradients are not promising, the bacterium reverses the flagella
rotation direction, which makes it tumble again. 


This combination of randomizing its direction (generating random possibilities), followed by an adequately determined decision to continue (or not) is a primitive version of the two-stage model of human free will.


References
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Seven Pillars of Life

In 2002 Koshland offered his definition of life based on "seven pillars."

The first pillar of life is a PROGRAM. By program I mean an organized plan that describes both the ingredients themselves and the kinetics of the interactions among ingredients as the living system persists through time. For the living systems we observe on Earth, this program is implemented by the DNA that encodes the genes of Earth's organisms and that is replicated from generation to generation, with small changes but always with the overall plan intact. The genes in turn encode for chemicals—the proteins, nucleic acids, etc.—that carry out the reactions in living systems. It is in the DNA that the program is summarized and maintained for life on Earth. 


The second pillar of life is IMPROVISATION. Because a living system will inevitably be a small fraction of the larger universe in which it lives, it will not be able to control all the changes and vicissitudes of its environment, so it must have some way to change its program. If, for example, a warm period changes to an ice age so that the program is less effective, the system will need to change its program to survive. In our current living systems, such changes can be achieved by a process of mutation plus selection that allows programs to be optimized for new environmental challenges that are to be faced.


The third of the pillars of life is COMPARTMENTALIZATION. All the organisms that we consider living are confined to a limited volume, surrounded by a surface that we call a membrane or skin that keeps the ingredients in a defined volume and keeps deleterious chemicals—toxic or diluting—on the outside. Moreover, as organisms become large, they are divided into smaller compartments, which we call cells (or organs, that is, groups of cells), in order to centralize and specialize certain functions within the larger organism. The reason for compartmentalization is that life depends on the reaction kinetics of its ingredients, the substrates and catalysts (enzymes) of the living system. Those kinetics depend on the concentrations of the ingredients. Simple dilution of the contents of a cell kills it because of the decrease in concentration of the contents, even though all the chemicals remain as active as before dilution. So a container is essential to maintain the concentrations and arrangement of the interior of the living organism and to provide protection from the outside.


The fourth pillar of life is ENERGY. Life as we know it involves movement—of chemicals, of the body, of components of the body—and a system with net movement cannot be in equilibrium. It must be an open and, in this case, metabolizing system. Many chemical reactions are going on inside the cell, and molecules are coming in from the outer environment—O2, CO2, metals, etc. The organism's system is parsimonious; many of the chemicals are recycled multiple times in an organism's lifetime (CO2, for example, is consumed in photosynthesis and then produced by oxidation in the system), but originally they enter the living system from the outside, so thermodynamicists call this an open system. Because of the many reactions and the fact that there is some gain of entropy (the mechanical analogy would be friction), there must be a compensation to keep the system going and that compensation requires a continuous source of energy. The major source of energy in Earth's biosphere is the Sun—although life on Earth gets a little energy from other sources such as the internal heat of the Earth—so the system can continue indefinitely by cleverly recycling chemicals as long as it has the added energy of the Sun to compensate for its entropy changes.


The fifth pillar is REGENERATION. Because a metabolizing system composed of catalysts (enzymes) and chemicals (metabolites) in a container is constantly reacting, it will inevitably be associated with some thermodynamic losses. Because those losses will eventually change the kinetics of the program adversely, there must be a plan to compensate for those losses, that is, a regeneration system. One such regeneration system is the diffusion or active transport of chemicals into the living organism. For example, CO2 and its products replace the losses inevitable in chemical reactions. Another system for regeneration is the constant resynthesis of the constituents of the living system that are subject to wear and tear. For example, the heart muscle of a normal human beats 60 times a minute—3600 times an hour, 1,314,000 times a year, 91,980,000 times a lifetime. No man-made material has been found that would not fatigue and collapse under such use, which is why artificial hearts have such a short utilization span. The living system, however, continually resynthesizes and replaces its heart muscle proteins as they suffer degradation; the body does the same for other constituents—its lung sacs, kidney proteins, brain synapses, etc.


This is not the only way the living system regenerates. The constant resynthesis of its proteins and body constituents is not quite perfect, so the small loss for each regeneration in the short run becomes a larger loss overall for all the processes in the long run, adding up to what we call aging. So living systems, at least the ones we know, use a clever trick to perfect the regeneration process—that is, they start over. Starting over can be a cell dividing, in the case of Escherichia coli, or the birth of an infant for Homo sapiens. By beginning a new generation, the infant starts from scratch, and all the chemical ingredients, programs, and other constituents go back to the beginning to correct the inevitable decline of a continuously functioning metabolizing system


The sixth pillar is ADAPTABILITY. Improvisation is a form of adaptability, but is too slow for many of the environmental hazards that a living organism must face. For example, a human that puts a hand into a fire has a painful experience that might be selected against in evolution—but the individual needs to withdraw his hand from the fire immediately to live appropriately thereafter. That behavioral response to pain is essential to survival and is a fundamental response of living systems that we call feedback. Our bodies respond to depletion of nutrients (energy supplies) with hunger, which causes us to seek new food, and our feedback then prevents our eating to an excess of nutrients (that is, beyond satiety) by losing appetite and eating less. Walking long distances on bare feet leads to calluses on one's feet or the acquisition of shoes to protect them. These behavioral manifestations of adaptability are a development of feedback and feedforward responses at the molecular level and are responses of living systems that allow survival in quickly changing environments. Adaptability could arguably include improvisation (pillar number 2), but improvisation is a mechanism to change the fundamental program, whereas adaptability (pillar number 6) is a behavioral response that is part of the program. Just as these two necessities are handled by different mechanisms in our Earth-bound system, I believe they will be different concepts handled by different mechanisms in any newly devised or newly discovered system.


Finally, and far from the least, is the seventh pillar, SECLUSION. By seclusion, in this context, I mean something rather like privacy in the social world of our universe. It is essential for a metabolizing system with many reactions going on at the same time, to prevent the chemicals in pathway 1 (A→B→C→D for example) from being metabolized by the catalysts of pathway 2 (R→S→T→U). Our living system does this by a crucial property of life—the specificity of enzymes that work only on the molecules for which they were designed and are not confused by collisions with miscellaneous molecules from other pathways. In a sense this property is like insulating an electrically conducting wire so it isn't short-circuited by contact with another wire. The seclusion of the biological system is not absolute. It can be interrupted by feedback and feedforward messages, but only messages that have specifically arranged conduits can be received. There is also specificity in DNA and RNA interactions. It is this seclusion of pathways that allows thousands of reactions to occur with high efficiency in the tiny volumes of a living cell, while simultaneously receiving selective signals that ensure an appropriate response to environmental changes.


These seven pillars of life—P(rogram), I(mprovisation), C(ompartmentalization), E(nergy), R(egeneration), A(daptability), S(eclusion), PICERAS, for short—are the fundamental principles on which a living system is based. Further examination makes it clear how life on Earth has implemented these principles. But these mechanisms may not be perfect and might be improved. For example, the regeneration system used by life on Earth is imperfect for any particular individual and hence requires a “starting over.” That mechanism in turn requires a device for heredity to maintain continuity in the program for the next generation. Suppose the proteins, hormones, and cells had a better feedback system so that the gradual decay with age was constantly being corrected by feedback. Then, the need to start over would disappear. That would eliminate the death and hereditary needs of the current system. It would also mean that a single individual could live forever without aging. There would be a problem, however, because the starting over (death and a new birth) provide an opportunity for improvisations (mutations in the DNA), and that pillar would need to be replaced by a new mechanism to achieve the same advantage.


Such dilemmas make us confront another reality. At the present time the way in which mutation and selection (survival of the fittest) has worked over evolutionary time no longer seems to apply to Homo sapiens. We have become more compassionate, less demanding. Perhaps a newer approach—longer life and deliberate changes in the program by a supreme council of wise Solomons—could be substituted for the cruder survival-of-the-fittest scenario. I do not necessarily advocate such a drastic change in the current mechanism of improvisation, which has served us well over the centuries, but am only pointing out that there is the possibility to change particular mechanisms as long as we maintain the pillars.


This listing of the seven foundations of life allows us to think differently about the goals and therapeutic approaches of current research. The adaptability concept, for example, is certainly one in which better mechanisms could be devised, probably by adjusting existing mechanisms to allow these to work more effectively in real living systems. For example, the eye can adapt to outside light levels that range over 10 orders of magnitude (1010), whereas the other organs of the human body have much smaller ranges. Perhaps other organs such as the lungs, kidneys, or spleen could be improved so that they would function over larger concentrations of regulators and aging would be less harmful to them.


Thus, the PICERAS principles seem to be necessary for the operation of a living system. Mechanisms to achieve such a system can be varied as long as they satisfy the thermodynamic and kinetic requirements. We have one example, life on Earth, showing how it can be done. It will be interesting to see whether a different, self-consistent set of mechanisms could yield a model with life as an outcome.
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Eric Kandel won the Nobel Prize for his discovery of the physiological basis for memory storage in strengthened synapses of the brain's neurons.

He called the strengthening of synapses when they fire "long-term potentiation." It was confirmation of neuroscientist Donald Hebb's idea that "neurons that fire together wire together" in what Hebb called "cell assemblies." 




Source: https://www.informationphilosopher.com/solutions/scientists/kandel/
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   Ladislav Kovàč is a professor of biochemistry and cognitive biologist at the Biocenter of Comenius University in Bratislava, Slovakia. He founded the Laboratory of Comparative and Functional Genomics of Eukaryotic Organelles.

He is a strong advocate for seeing biological systems and subsystems as exhibiting cognition, even in some of the smallest biological structures. Jacques Monod suggested that even proteins have a kind of cognition in their ability to distinguish between substrates and ligands. Ligands that bind to cell receptors, such as activators, inhibitors, and neurotransmitters, can be considered as signaling the cell.


When the receptor undergoes a conformational change in response to the signal, we can say that the receptor "knows what to do" with the signal, and that the signal therefore has "meaning." Various receptors turn cells into "biological information-processing systems." They make the cells (and even sub-cellular organelles) into teleonomic (purposeful) agents. As Monod's colleague, François Jacob, put it, "the purpose of every cell is to become two cells."


Kovàč describes the process of recognition by molecules and their subsequent purposeful actions:


molecular recognition by
a protein molecule is only part of
the story. Recognition is followed
by an action. A ligand is a signal. In contrast
to standard chemical interactions, binding
energy is not fully dissipated as heat, but is
used partly for molecular work — a specific
pre-programmed change in the conformation
of the protein. In this way, the signal is
transmitted from one site on the protein to
another. The transmission takes place in
four-dimensional space, as it involves time
as a coordinate, and this process gives biochemistry
its vectoriality. The exploitation
of binding energy was originally recognized
in enzymatic catalysis, in which
a portion of the binding energy acts to
lower the activation energy of a reaction, but it can be expanded to
explain the work of translocators, receptors
and transcription factors.

By receiving and transmitting signals,
proteins execute a complete working
cycle in an ‘all or nothing’ fashion. It is
appropriate to regard most protein molecules
as molecular engines. Hence, molecular
cognition consists of molecular
sensation — which has two inseparable
aspects, recognition and signifaction — 
and molecular action. As Monod
pointed out, by binding two or more ligands,
some proteins can bring them
together not on thermodynamic, but
exclusively on logical, grounds — the principle
of gratuity. By selective binding, proteins
also associate with each other to
form purposeful protein networks. In addition,
owing to their structural asymmetry,
protein molecules can use thermal energy
from the environment to perform work as
Brownian ratchets. It is essential to
acknowledge that all the activities of
a protein reside in its structure, which is
built in by evolution. In terms of Shannon’s
communication theory,
the exploratory behaviour of a protein
molecule — its constant change between
sub-states — is a manifestation of its information
entropy. The appropriate ligand
triggers pre-programmed responses; the
whole process is nothing more than a
one-bit information transaction.



Describing a protein as a cognizing agent would appear to be a blatant example of extreme anthropomorphism, but Kovàč's work is showing how human consciousness (defined as awareness of meaningful signals coming in and appropriate reactions going back out to the environment) may have evolved from the simplest forms of life, indeed from sub-units of life that are not themselves living systems.
 
The possible "actions" of a protein molecule are encoded in the possible conformations (different "foldings") of the protein. If it had a single conformation, it would be useless. As Shannon showed us, a system communicating information must have multiple "possible" messages. With only a single possibility, no new information could be communicated.


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=Q73uJ8WlY_E


Changes in the conformation require energy with negative entropy. This is provided by the nearly universal energy carrier ATP, which dephosphorylates, giving up one phosphate group to become ADP. As Erwin Schrödinger said in "What Is Life?," life feeds on stream of negative entropy from the sun. We can see the conformational change, and the energy provided by ATP, in the working of the ion channel Na+/K+ (sodium-potassium pump) that moves ions back across the neuron cell membrane to restore the resting potential and prepare the cell for another activation spike.

For Kovàč, the proteins that make up the sodium-potassium pump are "sentient." They are exhibiting purposeful behavior when they change their conformation to allow in one type of ion, then change the conformation again to allow them out on the other side of the membrane. 


He says that:



Each of the proteins we
encounter in nature is a product of evolution;
it has been selected to perform
a goal-directed teleonomic function.

For most natural proteins, the function
begins with the specific binding of a ligand.
But it is not the protein molecule as a
rigid structure that selects the appropriate
ligand. There are constant structural
changes between sub-states, even in the
absence of a ligand. When the ligand is
present, it binds to one particular sub-state
that the protein molecule is able to
adopt—it is therefore possible to say that
a protein molecule exhibits exploratory
‘behaviour’. This intrinsic goal-directed
plasticity of the protein molecule can be
dubbed ‘molecular sentience’, and it is this
sentience that makes a protein a ‘living’
molecule...
Sentience — the capacity to exhibit a variety
of potential internal states, which
respond to the immediate state of the environment—
might therefore constitute the
essence of life.


It is this purpose, built into the protein
structure, which allows us to call
protein–ligand interaction ‘molecular
recognition’. Because of this intrinsic
teleonomy, a protein gives meaning and
significance to its environment—that is, to
its ligand. By contrast, nomic interactions
of individual atoms and molecules, such
as chemical reactions in the inanimate
world, with no evolutionary history, are
inevitable, deterministic, timeless and do
not represent cognition.



The field of cognitive biology was founded by the theoretical and mathematical biologist 
Brian Goodwin in the 1970's.
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Martin J. Klein was the earliest historian of science to recognize the importance of Albert Einstein's contributions to quantum mechanics and how they had been neglected in the years since the development of the "new quantum theory" by Werner Heisenberg, Max Born, Erwin Schrödinger, and others in the late 1920's.

In his first contribution, Klein compared Einstein's quantum physics with his work on relativity,



Einstein's work on relativity
has generated millions of words of comment and exposition
on all levels of discourse. Comparatively little has been
written about his probings, over a period of a quarter of a
century, into the theory of radiation and its significance for
our understanding of the physical world. And yet the boldness
and clarity of Einstein's insight show forth as characteristically
in these studies as in his more famous investigations
into the nature of space and time.


Klein does not yet emphasize that Einstein's work on quantum physics is being ignored or dismissed by the leading physicists of the time, but he does point out how unusual Einstein's insight was into the dualism between continuous field theories and discrete particle theories.




This dualism between particle and
field was probably noticed by others besides Einstein, but
there is no record that anyone else suggested removing it
in the drastic way that Einstein then proposed. (I am not
even aware that anyone else was disturbed by the dualism
at that time, and yet it was already a major theme in Einstein's
own work.)



Klein turns next to Einstein's 1906 work on specific heats, which was accepted by several physicists as proving the importance of the quantum theory, though not for his "very revolutionary" ideas about the "light quantum." It is cited as solving the problem of anomalous specific heats.


Just as Einstein's "light quantum hypothesis" was mostly ignored until the mid-1920's, even as the 1905 paper is always cited for its explanation of the "photoelectric effect," Klein tells us that Einstein was using specific heat as an application of a much deeper insight into quantum theory. Einstein saw energy levels or "states," with transitions between them that he called "jumps," absorbing or emitting a quantum of energy hν, long before the 1913 Bohr atom. 


Klein begins by quoting Einstein
 


we must now assume that,
for ions which can vibrate at a definite
frequency and which make possible the
exchange of energy between radiation and
matter, the manifold of possible states
must be narrower than it is for the bodies
in our direct experience. We must in fact
assume that the mechanism of energy
transfer is such that the energy can assume
only the values 0, hv, 2hv, ....nhv


Einstein saw that these possible "states" occupy a narrow energy range. Most of the energy levels in the classical continuum would not be accessible.  Energy can not be absorbed unless the amount hν exactly matches the energy difference between the ground level and the excited level. This is a clear anticipation of the "stationary states" and quantum jumps of Niels Bohr atomic model six years later.


Einstein discovered that not all radiative transitions in matter are possible, that the possible transitions have a narrow band of energies because the available states or levels are narrow.


Some "degrees of freedom" in matter are said to be "frozen out" below some temperature. The vibrational oscillations of molecules and vibrations of ions in solid matter require a minimum of energy below which they cannot absorb heat. Once the temperature rises so that average energy 
  E
  =
  k
  T
 (k is Boltzmann's constant) reaches the energy of the quantum state, energy can be absorbed into that degree of freedom. 


Klein says Einstein's paper is inadequately described by those who refer to it as the quantum theory of solids. Einstein is concerned with apparent violations of the principle of the equipartition of energy, a foundation of classical physics.

 


It would be more
to the point to say that the paper
was written to show that there was,
or would have to be, a quantum
theory, and that the range of phenomena
which could be clarified by such
a theory included the properties of
matter as well as those of radiation.
Einstein was showing in a new way
how deeply the foundations of classical
physics had been undermined.


Klein quotes Marcel Brillouin as saying at the first Solvay Conference (in 1911)

 


"It seems
certain that from now on we will have
to introduce into our physical and
chemical ideas a discontinuity, something
that changes in jumps, of which
we had no notion at all a few years
ago"


Thus the "quantum jumps" caused by discontinuous radiative transitions between discrete energy levels in matter that we associate with the "Bohr Atom" were well known at least a year before Bohr encountered the Balmer series formula for spectral lines in hydrogen. Bohr is known to have studied the 1911 Solvay conference closely.


In his third article on Einstein in the 1960's, Klein showed that Einstein had explained wave-particle duality nearly two decades before Erwin Schrödinger's wave mechanics and Werner Heisenberg's matrix mechanics battled for the best explanation of quantum theory.


Klein lamented the great oversimplification of the history of quantum theory that came from focusing on the 1913 work of Niels Bohr.
 


The most common form that the oversimplification takes is an almost exclusive concentration on the problems of atomic structure and atomic spectra from Bohr’s work in 1913 to the new quantum mechanics of 1925-26...

The problems were not those of atomic structure but those of the dual nature of radiation and the properties of gases. The methods were not so much those of the “old quantum theory” as those of statistical mechanics. And the presiding genius and principal guide was not Bohr, but Einstein. It is the line of approach that led up to Schrodinger’s wave mechanics.






In his last major work on Einstein, part of the Harvard Einstein: A Centenary Volume, in 1979, Klein tried to emphasize Einstein's great contributions to quantum theory, even if he remained a critic. 
 

When the new quantum physics was developed, Einstein greeted it sceptically even though he had done as much as anyone to bring it into being. He recognized its great successes, but he never accepted it as the new fundamental theory it claimed to be.



After a comprehensive summary of Einstein's work on quantum theory, Klein portrayed Einstein as out of step with almost everyone in the new field of quantum mechanics.

 



[He] never accepted the finality of the quantum mechanical renunciation of causality, or its claim to be the new fundamental theory. From the Solvay Conference of 1927, where the quantum mechanical synthesis had its first major discussion, to the end of his life, Einstein never stopped raising questions about this new approach to physics. At first he tried to propose conceptual experiments that would prove the logical inconsistency of quantum mechanics, but these attempts were all turned aside successfully by Bohr and his collaborators. In 1935 Einstein began to emphasize another basic limitation in quantum mechanics, as he saw it. He argued that its description of physical reality was essentially incomplete, that there were elements of physical reality that had no counterparts in the theory. Bohr’s response to this was to reject Einstein’s criterion of physical reality as ambiguous, and to claim that only through his own principle of complementarity could one arrive at an experimentally meaningful criterion of completeness.

Einstein recognized the power of quantum mechanics, calling it ‘the most successful physical theory of our time’, but he would not admit it as the basis for theoretical physics. He refused to give up the idea that there was such a thing as ‘the real state of a physical system, something that objectively exists independently of observation and measurement, and which can, in principle, be described in physical terms’. Einstein was convinced that when a theory giving a complete physical description was developed, the position of quantum mechanics in the framework of this future physics would be analogous to that of statistical mechanics in the framework of classical physics. It would be the theory to use when only incomplete information was available or when only an incomplete description was wanted.


Einstein’s colleagues could only regret that he had chosen to follow a path separate from the rest. As Born wrote: ‘Many of us regard this as a tragedy—for him, as he gropes his way in loneliness, and for us, who miss our leader and standard-bearer.’ To Einstein himself the choice was inevitable. He was prepared for the ‘accusation’ brought against him sometimes ‘in the friendliest of fashions’, but sometimes not: he was accused of ‘rigid adherence to classical theory’. But, he wrote, it was not so easy to declare guilt or innocence of this charge ‘because it is by no means immediately clear what is meant by “classical theory” ’. Newtonian mechanics was a classical theory, but it had not been an acceptable claimant as the fundamental theory underlying physics since the introduction of field theory. Field theories were never completed—neither Maxwell’s theory of electromagnetism nor his own theory of gravitation—since they were never extended to include the sources of the field in a non-singular way. Einstein did plead guilty to adherence to the programme of field theory; for it was his hope that a complete field theory would provide the basis for all of
physics, giving that complete description he missed in the quantum mechanics he had helped so much to develop. He saw his whole career as striving to create a new unified foundation for physics. That was what he meant when he ended his scientific autobiography by writing that he had tried to show ‘how the efforts of a life hang together and why they have led to expectations of a definite form’.



.
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Nico van Kampen was a Dutch theoretical physicist, who worked mainly on statistical mechanics and non-equilibrium thermodynamics.


He was a strong defender of quantum mechanics against attempts to "interpret" it by adding quantities or functions that make it easier to understand in familiar classical terms. He wrote "The difficulty is that the authors are unable to adjust their way of thinking—and speaking—to the fact that phenomena on the microscopic scale look different from what we are accustomed to in ordinary life."


In 1988. van Kampen proposed ten theorems about measurements in quantum mechanics, focused on the question "How exactly does the wave function 
  Ψ
 relate to the phenomena that I can observe and measure?" Open "Ten Theorems."


A decade later his 2008 article in the American Journal of Physics, "The Scandal in Quantum Mechanics," generated strong responses, including one from Art Hobson.






Source: https://www.informationphilosopher.com/solutions/scientists/kampen/





  
  Ruth E. Kastner
  

  


  
  Home › Solutions › Scientists › Kastner
Ruth E. Kastner

Ruth Kastner is a physicist and philosopher known for her defense and possibilist extension of John G. Cramer's  "Transactional" Interpretation of quantum mechanics.

The transactional interpretation makes no experimental predictions different from standard quantum mechanics. But it does remove some of the puzzling and perhaps unnecessary assumptions that are part of other Interpretations of quantum mechanics. In particular, it denies that conscious observers are needed to cause the "collapse of the wave function" (without which there is no actual "outcome" in the measurement process). 


The transactional interpretation adds nothing ad hoc to the standard theory, such as "hidden variables or additional terms to the Schrōdinger equation to force a collapse. It is explicitly indeterministic and non-local. Cramer has explored the radical possibility of sending information between entangled particles faster than the speed of light, as well as causal relations that go backwards in time (retrocausality). And, like Schrōdinger and the decoherence advocates, Cramer denies the existence of particles!


The core physics in the transactional interpretation is a way of looking at photon emissions and absorptions as an exchange of advanced and retarded waves that is based on the 1945 Wheeler-Feynman Absorber Theory of radiation, which was abandoned by Feynman, who went on to develop the Path Integral formulation of quantum mechanics and later, with Julian Schwinger and Sin-Itiro Tomonaga, the theory of Quantum Electrodynamics (QED).


While QED is a powerful theory that allows precise calculations of physical observables such as the motions of photons and electrons and the emission and absorption of a photon by an electron, the transactional interpretation is simply a way of looking at the emission and absorption of photons based on the Wheeler-Feynman attempt to describe the exchange of energy in the classical electromagnetic field as a time-symmetric process.


Wheeler-Feynman proposed adding advanced field potentials (which look like never-seen-in-nature incoming spherical waves converging on light sources) to the normal outgoing spherical waves (with retarded potentials) of classical electrodynamics. Their goal was to symmetrize electrodynamics with respect to time. There is nothing inherent in electromagnetic theory that explains the time asymmetry of radiation propagation (we see outgoing waves only).


Cramer's transactional interpretation describes an electron as sending out probabilistic "offer waves" (OW) to potential absorbers. He adds what he calls "confirmation waves" (CW) incoming to an emitter from the many possible absorbers of an emitted photon. An offer wave is not an actual photon emission, and a confirmation wave is not an actual absorption or "detection" of a photon. But Cramer did see the two waves as connecting events in spacetime. Eventually, one advanced potential confirmation wave "handshakes" with the retarded potential offer wave and produces an actual absorption.



Kastner's Possibilist Transactional Interpretation


The offer wave going out in all directions and the many confirmation waves returning are a sort of subset of the infinite number of virtual photons traveling all possible paths between emitters and absorbers in Feynman's "sum-over-paths" path-integral formulation of quantum mechanics. Kastner proposes to regard the outgoing offer wave and many incoming confirmation waves as "possible" transactions, only one of which indeterministically becomes "actual."


Kastner is a possibilist who argues that OWs and CWs are possibilities that are "real." She says that they are less real than actual empirically measurable events, but more real than an idea or concept in a person's mind. She suggests the alternate term "potentia," Aristotle's that she found Heisenberg had cited. For Kastner, the possibilities are physically real as compared to merely conceptually possible ideas that are consistent with physical law (for example, David Lewis' "possible worlds." But she says the "possibilities" described by offer and confirmation waves are "sub-empirical" and pre-spatiotemporal (i.e., they have not shown up as actual in spacetime). She calls these "incipient transactions."


Kastner describes actual spacetime events as emergent from the transaction process. She correctly thinks that Niels Bohr and Werner Heisenberg were mistaken to renounce any attempts to visualize a quantum reality underlying quantum phenomena. She describes her "new realism:"


To assume, like Bohr, that a realist understanding must be in terms of the usual "classical," causal account is to limit ourselves to a pseudo-Kantian "category of experience" which is shown to be obsolete by scientific advance, much as Kant's own prescribed "categories" became obsolete when (for example) it was discovered that theories of spacetime had to allow for non-Euclidean forms. The new realist understanding may not be in terms of causal, mechanistic processes. It may instead encompass a fundamental indeterminism at the heart of nature, but one which is well-defined in terms of the conditions under which it occurs - in contrast to prevailing "orthodox" interpretations which suffer from an ill-defined micro/ macro "cut". The new understanding offered here is a rational account, in the sense of being well-defined and self-consistent, even while it lacks certain features, such as determinism and mechanism, that have been traditionally assumed to be requirements for an acceptable scientific account of phenomena.


The subtitle of Kastner's book is ""The Reality of Possibility." She says that her main thesis is that "it is perfectly reasonable to be realist about the subject matter of quantum theory" (p.28). And she calls for a new metaphysical category to describe "not quite actual...possibilities" and the Heisenberg/Aristotle idea of "potentia."

￼

Heisenberg took a further step in "listening" to quantum theory when he made the
following statement: "Atoms and the elementary particles themselves are not real;
 they form a world of potentialities or possibilities rather than things of the facts."

This assertion was based on the fact that quantum systems such as atoms are generally described by quantum states with a list of possible outcomes, and yet only one of those can be realized upon measurement. I think that he was on to something here, except that I would adjust his characterization of quantum systems as follows: they are real, but not actual. In his terms, they are something not quite actual; they are "potentialities" or "possibilities." Thus my proposal is that quantum mechanics instructs us that we need a new metaphysical category: something more real than the merely abstract (or mental), but less concrete than, in Heisenberg's terms, "facts" or observable phenomena. The list of possible outcomes in the theory is just that: a list of possible ways that things could be, where only one actually becomes a "fact." 


Kastner claims that the transactional interpretation removes the "mystery" in John von Neumann's Process 1.


Standard quantum mechanics provides no way to "determine" when or where the wave function "collapses"


the notorious problem with the von Neumann formulation was that there seemed to be no way to determine when, why, or how the pure state should undergo such a transformation. If we take into account the physical process of absorption (i.e., state annihilation), "Process 1" becomes completely non-mysterious. It is just the process whereby the CW are returned to the emitter from all absorbers capable of responding, and a set of incipient transactions is established.


She says that her "possibilities" view provides outcomes that are "clearly defined" where standard quantum theory does not.



Standard quantum mechanics prefers the basis set of eigenfunctions that corresponds to the eigenvalues (e.g., pointer readings, detector states) of the measuring apparatus and the target system


If we adopt the approach that quantum theory tells us about many possibilities arising from interactions between offer waves and confirmation waves, then we gain a clearly defined set of possible outcomes missing in the standard account, which disregards the real physical process of absorption. Recall that one component of the measurement problem is the amplification of the quantum state through interactions with the measuring apparatus, the first observer, the second observer, etc., with no means of deciding when the measurement has been completed. The designation of a stage at which the measurement is "completed" is referred to as the "Heisenberg cut," which is notoriously arbitrary. The arbitrariness is removed once we notice that the original offer wave inevitably encounters one or more absorbers that generate confirmations in response to the offer. It is at that point that  set of incipient transactions is established.



 The information interpretation of quantum mechanics identifies the Heisenberg/von Neumann "cut" unambiguously as the irreversible creation of stable information in the world (e.g., a detector click or spot on a photographic plate) that may later be observed and constitute a "measurement." For the location of the "cut," see John Bell's possible locations for the shifty split"


Kastner's Explanation of Irreversible Processes


In 2017, Kastner published an article in the journal Entropy, in which she argued correctly that the "possibilities" of her transactional interpretation would result in indeterministic "collapses" of the deterministically evolving wave function. 

Many interpretations of quantum mechanics, especially those popular today, say that deterministic evolution of the Schrödinger wave equation makes the theory "unitary." "Unitarity" conserves many expectation values, including the total information at all times. These interpretations deny the "collapse" of the wave function and the appearance of a particle somewhere. Many say that there are no particles, only fields. She writes...



It has been argued that if the non-unitary measurement transition of Von Neumann is a physically
real component of quantum theory, then the representation of the system(s) under study by proper
mixed states, subject to a probabilistic master equation description relative to a distinguished basis,
becomes physically justified. This rectifies a weakness in the usual approach, which helps itself
to the convenient basis and accompanying probabilistic description (effectively Pauli’s “random
phase assumption”) as a “for all practical purposes” approximation. However, the utility of a
probabilistic expression for calculational purposes does not constitute theoretical justification for the
probabilistic description, which is needed in order for the “coarse-graining” and resulting entropy
increase to describe what is physically occurring in a system. Once we have that justification, through
real non-unitary collapse, we have the microscopic irreversibility needed to place the H-theorem on
sound physical footing.

According to the TI account of measurement, a quantum system undergoes a real, physical
non-unitary state transition based on absorber response, which projects it into a Boolean probability
space defined with respect to the observable being measured (typically energy in the context of
thermodynamics). Thus the system’s probabilistic description by random variables is justified;
the non-unitary measurement transition can be understood as the physical origin of the “initial
probability assumption” referred to as puzzling by Sklar. In this model, it ceases to be an assumption
and can be seen as describing a physical feature of Nature. In effect, Boltzmann was completely correct
about the Stosszahlansatz, even though he could not explain why in classical terms.


In addition, the relativistic level of TI (referred to as RTI) provides a physical reason for the
directionality of the irreversibility inherent in the measurement transition at the micro-level, thereby
establishing an arrow of time underlying the Second Law. In this respect, the microscopic arrow
of time becomes a component of the explanation for the increase in the entropy of closed systems
towards what we call “the future”, without the need for an additional postulate of a cosmological
low-entropy past.


The present model has been contrasted with the GRW model proposed by Albert, as follows:
it does not require any change to the basic Schrödinger evolution, but simply provides a physical
account of the non-unitary measurement transition previously formalized by Von Neumann.
In addition, the present model takes conserved physical quantities (energy, momentum, etc.) as the
preferred eigenbasis of collapse, rather than position as in the GRW theory. This takes into account
the fact that position is not an observable at the relativistic level (and time is not an observable at any
level). It is also in accordance with the naturally occurring microstates of thermodynamical systems,
in which the molecular components are described by distributions over their energies and momenta
(i.e., the Boltzmann distribution applies to energies, not positions).



References

On Quantum Collapse as a Basis for the Second Law of Thermodynamics, Entropy, 2017, 19, 106



In the information interpretation of the wave function as a "possibilities" function, the possibilities are real in the sense that they can directly interfere with one another. Some thoughts are also real in the sense that they may lead to empirically observable actions.


Source: https://www.informationphilosopher.com/solutions/scientists/kastner/
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   Simon Kochen is a  mathematician at Princeton University who, with his Princeton colleague, John Conway, formulated the Free Will Theorem, which connects human free will with the Einstein-Podolsky-Rosen paradox in quantum mechanics.

Their work was based in part on a complex theorem by Kochen and Ernst Specker in 1967 that is a variation on Bell's Theorem. The Kochen-Specker Theorem puts limits on "hidden variables" that could make quantum mechanics a deterministic theory.  

Albert Einstein was convinced that the perfectly correlated measurements between two observers Alice and Bob measuring the spins of entangled was the result of the spins being pre-determined. If everything in physics is similarly pre-determined, free will is an illusion.


Although Conway and Kochen do not claim to have proven free will in humans, they assert that should such a freedom exist, then the same freedom must apply to the elementary particles.


Conway and Kochen are really describing the indeterminism that quantum mechanics has introduced into the world. While indeterminism is a precondition for human freedom, it is in no sense free will. They qualify their claim:


To be more precise, what we shall show is that the particles’ response∗ to a
certain type of experiment is not determined by the entire previous history of
that part of the universe accessible to them. The free will we assume is just
that the experimenter can freely choose to make any one of a small number of
observations.



The Free Will Theorem


Conway and Kochen assume three axioms, which they call "SPIN", "TWIN" and "FIN". The spin and twin axioms can be established by entanglement experiments. Fin is a consequence of relativity theory.


   1. SPIN: Measuring the square of the component of spin of certain elementary particles of spin one, taken in three orthogonal directions, results in a permutation of (1,1,0).


   2. TWIN: It is possible to "entangle" two elementary particles, and separate them by a significant distance, so that they give the same answers to corresponding questions. The squared spin results are the same if measured in parallel directions. If the first experimenter A (on Earth) performs a triple experiment for the frame (x, y, z), producing the result
x → j, y → k, z → l while the second experimenter B (on Mars, at least 5 light minutes away) measures a single
spin in direction w, then if w is one of x, y, z, its result is that w → j, k, or l, respectively.


   3. FIN: There is a finite upper bound to the speed with which
information can be effectively transmitted. Conway and Kochen say this is a consequence of "effective causality."


[But the  collapse of the probability amplitude wave function is instantaneous and not so limited. ] 



The formal statement of the Free Will Theorem is then

If the choice of directions in which to perform spin 1 experiments is not a
function of the information accessible to the experimenters, then the responses of the particles are equally not functions of the information accessible to them.



Conway and Kochen say:

Why do we call this result the Free Will theorem? It is usually tacitly
assumed that experimenters have sufficient free will to choose the settings of
their apparatus in a way that is not determined by past history. We make this
assumption explicit precisely because our theorem deduces from it the more surprising fact that the particles' responses are also not determined by past
history.

Thus the theorem asserts that if experimenters have a certain property,
then spin 1 particles have exactly the same property. Since this property for
experimenters is an instance of what is usually called "free will," we find it
appropriate to use the same term also for particles.



The theorem states that, given the axioms, if the two experimenters in question are free to make choices about what measurements to take, then the results of the measurements cannot be determined by anything previous to the experiments.


[See the discussion of the EPR experiments to see that what determines the second experimenter's results is simply the first experimenter's measurement, which instantaneously collapses the superposition of states into a particular state.]


Since the theorem applies to any arbitrary physical theory consistent with the axioms, it would not even be possible to place the information into the universe's past in an ad hoc way. The argument proceeds from the Kochen-Specker theorem, which shows that the result of any individual measurement of spin was not fixed independently of the choice of measurements. 


Conway and Kochen describe new bits of information coming into existence in the universe, and we agree that this is the key to understanding both EPR entanglement experiments and human free will. They say 


...there will be a time t0 after x, y, z are chosen with the property that for each time t < t0 no such bit is available, but for every t > t0 some
such bit is available.

But in this case the universe has taken a free decision at time 
  
    t
    
      0
    
  
, because the information about it after 
  
    t
    
      0
    
  
 is, by definition, not a function of the information available before 
  
    t
    
      0
    
  
!



Their anthropomorphization of the universe as "taking a free decision" is too simplistic, but it is essential to solutions of the problem of measurement to recognize that the "cut" between the quantum world and the classical world is the moment when new information enters the universe irreversibly.


In "The Strong Free Will Theorem," Conway and Kochen replace the FIN axiom with a new axiom called MIN, which asserts only that two experimenters separated in a space-like way can make choices of measurements independently of each other. In particular, they are not asserting that all information must travel finitely fast; only the particular information about choices of measurements made by the two experimenters.
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   Stephen Kosslyn is a Harvard psychologist whose specialty is mental imagery. In his foreword to Benjamin Libet's 2004 book Mind Time, Kosslyn considered the basic argument of Galen Strawson that we are determined by genes and environmental stimuli. All our decisions and choices are based on reasons, and those reasons are the results of genes and accumulated stimuli. Adding random factors would not confer free will.

So far this is the standard argument against free will.


Kosslyn then considers Daniel Wegner's analysis of Benjamin Libet's research, which implies that, "Even if one has time to override one's unconscious urges, there's no free will at work if one's conscious decisions are themselves determined."


But then Kosslyn notes that the opposite of being "determined" is not necessarily being "random," - a distinct departure from the standard logical argument. He then considers a way in which the brain may keep the door open for Libet's idea of free will.



1. Libet is right to focus on consciousness when theorizing about free will: In order to employ free will, one must evaluate information in working memory. Such information includes the alternative choices, the rationales for each, and the anticipated consequences of making each choice (although not all this information must be in working memory at the same time). If an external force coerces us, or we are operating on "automatic pilot," we are not exercising free will.

2. The rationales and anticipated consequences — and even, depending on the situation, the alternative courses of action — are not simply "looked up" in memory, having been stashed away like notes in a file after previous encounters. 


Rather, one constructs rationales and anticipated consequences, as appropriate for the specific situation at hand. This construction process may rely in part on chaotic processes. Such processes are not entirely determined by one's learning history (even as filtered by one's genes). By analogy, consider the path of a raindrop dribbling down a pane of glass. It zigs, it zags, tracing a path best explained with the aid of chaotic principles. The same raindrop, striking precisely the same place on that pane on a warmer day (which would cause the glass to be in a slightly different state) would take a different path. In chaotic systems, very small differences in start state can produce large differences downstream. The pane of glass is like the state of the brain at any instant. Depending on what one was just thinking about, the brain is in a different "start state" (i.e., different information is partially activated, different associations are primed) when one constructs rationales and anticipated consequences — which will affect how one decides. (Note that this idea does not simply move the problem back a step: What one was just thinking itself was in part a result of nondeterministic processes.) Our thoughts, feelings and behavior are not determined; we can have novel insights as well as "second thoughts."

3. Given the choices, rationales, and anticipated consequences, one decides what do on the basis of "what one is" (mentally speaking, to use Strawson's term, which includes one's knowledge, goals, values, and beliefs). 


Here Kosslyn considers a second  stage of willed decisions that are determined by our goals, values, and beliefs - "what one is"


"What one is" consists in part of information in memory, which plays a key role in the processes that construct the alternatives, rationales, and anticipated consequences. In addition, "what one is" governs how one actually makes the decisions. And making that decision and experiencing the actual consequences in turn modifies "what one is," which then affects both how one constructs alternatives, rationales and anticipated consequences and how one makes decisions in the future. Thus, with time one's decisions construct what one is.

We are not simply accumulators of environmental events, filtered by our genetic make-ups. We bring something novel and unique to each situation — ourselves. Nietzsche (1886, as quoted in Strawson, 1994, p. 15) commented, "The causa sui is the best self-contradiction that has been conceived so far." Maybe not.


4. This brings us back to the implications of Libet's discovery, and suggests a way in which we can exercise free will during that crucial interval between when we become aware of that action and the action begins: The sum of "what one is" leads one to make a specific decision. Such a decision can occur unconsciously, and initiate an action. However, upon realizing that one is about to perform a specific act, one can consider its likely consequences and the rationales pro and con for performing that act; this information is constructed on the spot, and is not present during unconscious processing. 
 
Libet says we may not have "free will," but we have a "free won't"


And, based on "what one is," one then can decide not to move ahead — or, if the action has begun, one can decide to squelch it (and thus one is not limited to the 200 milliseconds Libet has measured). 
As Libet notes, we can in fact veto an action, and that decision is not a foregone conclusion. We make decisions for reasons, and those reasons are our reasons.

Libet has made a fundamental discovery. If the timing of mental events is as he describes, then we not only have "free will" in principle — but we also have the opportunity to exercise that free will.


The ideas I've briefly sketched are variants of many others (cf. Kane, 1996), and address issues that have been discussed (sometimes heatedly) for thousands of years. I've not mentioned the issue of "ultimate responsibility"— whether one is completely responsible for "what one is." Given that one cannot control the genetic cards one's parents dealt one, the sense of "free will" developed here seems to go only so far. However, Libet's veto idea leads us to take a step back, and reframe the question: Instead of asking whether one is "ultimately responsible" for every aspect of what one is, why not ask whether one is "proximally responsible" for the effects of every aspect of what one is on what one does? Can we choose — based on what we've chosen to become — to override some impulses and express others?


I hope these brief reflections have conveyed two essential points. The first is that these are extraordinarily knotty issues, and the question of the role of consciousness in free will is not likely to be resolved soon. And the second is that we are entering a new era in discussing such questions. No longer are we restricted to the arm chair and the silver tongue. We now have objective data. This book makes a crucial contribution in providing grist for the mill of anyone interested in consciousness, free will, responsibility, or the relation of mind and body.




Here Kosslyn considers a first stage of free creation of alternative courses of action
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Stuart Kauffman is a medical doctor, a theoretical biologist, a MacArthur fellow, and a strong defender of the idea that the self-organization of complex adaptive systems must be added to Darwinian evolutionary theory to account for the emergence of life.

Kauffman was an early faculty member in residence at the Santa Fe Institute, which is well known for its contributions to complexity theory, chaos theory, and information theory. His major contribution was the addition of autocatalytic processes, here one of the products of a reaction is a catalyst for the reaction.  His strong views on the need to augment natural selection have been controversial among systems biologists, but Kauffman said that himself at the outset about his work. He called it a "heretical possibility."


 
The origin of life, rather than having been vastly improbable, is instead an expected collective
property of complex systems of catalytic polymers and the molecules on which
they act. Life, in a deep sense, crystallized as a collective self-reproducing metabolism
in a space of possible organic reactions. If this is true, then the routes to life are many
and its origin is profound yet simple.

This view is indeed heretical. Most students of the origin of life hold that life must
be based on the self-templating character of RNA or RNA-like molecules. Because of
such self-templating, any RNA molecule would specify its base pair complement;
hence a "nude gene" might reproduce itself. After that, according to most thinkers,
these simplest replicating molecules built up around themselves the complex set of
RNA, DNA, and protein molecules which constituted a self-reproducing system coordinating
a metabolic flow and capable of evolving.


Chapter 7 unfolds this new view, which is based on the discovery of an expected
phase transition from a collection of polymers which do not reproduce themselves to
a slightly more complex collection of polymers which do jointly catalyze their own
reproduction. In this theory of the origin of life, it is not necessary that any molecule
reproduce itself. Rather, a collection of molecules has the property that the last step in
the formation of each molecule is catalyzed by some molecule in the system. The
phase transition occurs when some critical complexity level of molecular diversity is
surpassed. At that critical level, the ratio of reactions among the polymers to the number
of polymers in the system passes a critical value, and a connected web of catalyzed
reactions linking the polymers arises and spans the molecular species in the system.
This web constitutes the crystallization of catalytic closure such that the system of
polymers becomes collectively self-reproducing.


While heretical, this new body of theory is robust in the sense that the conclusions
hold for a wide variety of assumptions about prebiotic chemistry, about the kinds of
polymers involved, and about the capacities of those polymers to catalyze reactions
transforming either themselves or other, very similar polymers. It is also robust in
leading to a fundamental new conclusion: Molecular systems, in principle, can both
reproduce and evolve without having a genome in the familiar sense of a template-replicating
molecular species. It is no small conclusion that heritable variation, and
hence adaptive evolution, can occur in a self-reproducing molecular system lacking a
genome. Since Darwin's theory of evolution, Mendel's discovery of the "atoms" of
heredity, and Weismann 's theory of the germ plasm, biologists have argued that evolution
requires a genome. False, I claim.


Also, this new body of theory is fully testable. If correct, sufficiently complex systems
of RNA or protein polymers should be collectively autocatalytic.


In Chapter 8 these new concepts are extended to the crystallization of a connected
metabolism. I strongly suspect that, rather than having formed piecemeal, a connected
metabolism, like a self-reproducing set of catalytic polymers, emerged spontaneously
as a phase transition when a sufficient number of potentially catalytic polymers
were mixed with a sufficiently complex set of organic molecules. In this
condition, a critical ratio of number of catalyzed reactions to number of molecular
species present is surpassed, and a connected web of catalyzed transformations arises.
Life began whole and integrated, not disconnected and disorganized,



Kauffman's ideas about autocatalytic systems are shared by Terrence Deacon. 


Kauffman thought that he might even discover "laws" of self-organization. In his 1995 book, At Home in the Universe, he identified the discovery of such laws as showing that human life followed directly from these pre-existing laws, which would replace the arbitrary and purposeless system of Darwinian natural selection. Humans (and even paradise?) would be implicit in those additional laws.


 

Random variation, selection sifting. Here is the core, the root. Here
lies the brooding sense of accident, of historical contingency, of design
by elimination. At least physics, cold in its calculus, implied a deep
order, an inevitability. Biology has come to seem a science of the accidental,
the ad hoc, and we just one of the fruits of this ad hocery. Were
the tape played over, we like to say, the forms of organisms would surely
differ dramatically. We humans, a trumped-up, tricked-out, horn-blowing,
self-important presence on the globe, need never have occurred. So
much for our pretensions; we are lucky to have our hour. So much, too,
for paradise.

Where, then, does this order come from, this teeming life I see from
my window: urgent spider making her living with her pre-nylon web,
coyote crafty across the ridgetop, muddy Rio Grande aswarm with nosee-
ems (an invisible insect peculiar to early evenings)? Since Darwin,
we turn to a single, singular force, Natural Selection, which we might as
well capitalize as though it were the new deity. Random variation, selection-sifting. Without it, we reason, there would be nothing but incoherent
disorder.


I shall argue in this book that this ldea is wrong. For, as we shall see,
the emerging sciences of complexity begin to suggest that the order is
not all accidental, that vast veins of spontaneous order lie at hand. Laws
of complexity spontaneously generate much of the order of the natural
world. It is only then that selection comes into play, further molding
and refining. Such veins of spontaneous order have not been entirely
unknown, yet they are just beginning to emerge as powerful new clues
to the origins and evolution of life. We have all known that simple physical
systems exhibit spontaneous order: an oil droplet in water forms a
sphere; snowflakes exhibit their evanescent sixfold symmetry. What is
new is that the range of spontaneous order is enormously greater than
we have supposed. Profound order is being discovered in large, complex,
and apparently random systems. I believe that this emergent order
underlies not only the origin of life itself, but much of the order seen in
organisms today. So, too, do many of my colleagues, who are starting to
find overlapping evidence of such emergent order in all different kinds
of complex systems.


The existence of spontaneous order is a stunning challenge to our
settled ideas in biology since Darwin. Most biologists have believed for
over a century that selection is the sole source of order in biology, that
selection alone is the "tinkerer" that crafts the forms. But if the forms
selection chooses among were generated by laws of complexity, then selection
has always had a handmaiden. It is not, after all, the sole source
of order, and organisms are not just tinkered-together contraptions, but
expressions of deeper natural laws. If all this is true, what a revision of
the Darwinian worldview will lie before us! Not we the accidental, but
we the expected.



Kauffman's plaintive "so much for paradise" lament above is extended in his latest book, Reinventing the Sacred, to the thesis that his "new view of God" would replace a "creator" with the "ceaseless creativity of the universe, biosphere, and human culture and history." Creativity is emergent and unexplainable by reduction to the "causally closed" world of natural law. The augmentation of Darwinian natural selection with "partially lawless" self-organization of Kauffman's first two books is extended to finding a new "place for our spirituality." Since humans invented God, he says, we can reinvent "God as the natural creativity of the universe."


 We need a place for our spirituality, and a Creator God is one such place.
I hold that it is we who have invented God, to serve as our most powerful
symbol. It is our choice how wisely to use our own symbol to orient our
lives and our civilizations. I believe we can reinvent the sacred. We can
invent a global ethic, in a shared space, safe to all of us, with one view of
God as the natural creativity in the universe.



This is an eminently worthwhile project. Its success will depend on the appeal of the arguments and explanations to secularists wanting substitute reasons beyond the humanism that Kauffman calls "too thin" (p.xii). For him, the new sacred will provide explanations for mind, consciousness, agency, meaning, purpose, values, and life itself. Can Kauffman's explanations sway those with a belief in a God that promises an escape from death, an afterlife in paradise? Probably not, but short of that, deeper explanations for great problems in biology, psychology, and philosophy make Kauffman's project worth examining very closely.

Like many emergentists, Kauffman attacks the reductionist views epitomized by the great physicist Steven Weinberg's two famous dicta: 


 
"The explanatory arrows always point downward" to
physics, and "The more we comprehend the universe, the more pointless it
seems." In brief, reductionism is the view that society is to be explained in
terms of people, people in terms of organs, organs by cells, cells by biochemistry,
biochemistry by chemistry, and chemistry by physics. To put it
even more crudely, it is the view that in the end, all of reality is nothing but
whatever is "down there" at the current base of physics: quarks or the famous
strings of string theory, plus the interactions among these entities.
Physics is held to be the basic science in terms of which all other sciences
will ultimately be understood. As Weinberg puts it, all explanations of
higher-level entities point down to physics. And in physics there are only
happenings, only facts.


What does Kauffman put in place of reductionism, which he calls the "Galilean ideal?" Beyond the complexity and self-organization of complex adaptive auto-catalytic systems of his earlier work, he adds a "partially lawless" element that he sees in a non-standard interpretation of quantum mechanics called decoherence. His explanation of mind and consciousness depends on his idea of a "poised state" 


 
must conscious mind be classical, rather than quantum or a mixture
of quantum and classical? Could consciousness be a very special
poised state between quantum coherence and decoherence to classicity by
which "immaterial, nonobjective" mind "acts" on matter? Most physicists
say this is impossible. As I will show in the next chapter, recent theories
and experiments suggest otherwise.

I am hardly the first person to assert that consciousness may be related to
quantum phenomena. In 1989, the physicist Roger Penrose, in The Emperor's New Mind, proposed that consciousness is related to quantum gravity,
the still missing union of general relativity and quantum mechanics.
Here I will take a different tack and suggest that consciousness is associated
with a poised state between quantum "coherent" behavior and what is called "decoherence" of quantum possibilities to "classical" actual events. I
will propose that this is how the immaterial—not objectively real—mind
has consequences for the actual classical physical world. I warn you that
this  hypothesis is highly controversial—the most scientifically improbable
thing I say in this book. Yet as we will see, there appear to be grounds to
investigate it seriously...



I will make use of decoherence to classical behavior as the means by
which a quantum coherent conscious mind of pure possibilities can have
actual classical consequences in the physical world. This will be how mind
has consequences for matter. Note that I do not say "how mind acts on
matter," because I am proposing that the consequences in the classical
world of the quantum mind are due to decoherence, which is not itself
causal in any normal classical sense. Thus I will circumvent the worry
about how the immaterial mind has causal effects on matter by asserting
that the quantum coherent mind decoheres to have consequences for the
classical world, but does not act causally on the material world. As we will
see, this appears to circumvent the very old problem of mental causation
and provide a possible, if still scientifically unlikely, solution to how the
mind "acts" on matter...


The cornerstone of my theory is that the conscious mind is a persistently
poised quantum coherent-decoherent system, forever propagating quantum coherent
behavior, yet forever also decohering to classical behavior. I describe the
requirements for this theory in more detail below. Here, mind—consciousness, res
cogitans—is identical with quantum coherent immaterial possibilities, or with partially coherent quantum behavior, yet via decoherence, the quantum coherent
mind has consequences that approach classical behavior so very closely that mind can
have consequences that create actual physical events by the emergence of classicity.
Thus, res cogitans has consequences for res extensa! Immaterial mind has consequences for
matter.


More, in the poised quantum coherent-decoherent biomolecular system
I will posit, quantum coherent, or partially coherent, possibilities
themselves continue to propagate, but remain acausal. This will become
mental processes begetting mental processes.


Information philosophy agrees that mind is immaterial, but it is also "objectively real"


Some physicists will object to my use of the word immaterial with reject
to quantum phenomenon. They would want to say instead, "not
objectively real," like a rock. I am happy to accept this language, and will
use immaterial to mean "not objectively real."


In a recent paper on arXiv, Kauffman speculated about solutions to the problem of free will, the mind-body problem, and suggested a new interpretation of quantum mechanics. He calls the "causal closure" of classical physics (basically reduction ) the source of the idea that we are machines and our minds are epiphenomenal. He proposes a new dualism of ontologically real actuals (he uses Descartes' term res extensa) and ontologically real possibles (he calls res potentia, which could come from  Aristotle or Werner Heisenberg). The Schrödinger equation describes the evolution of these possibilities, allowing the calculation of quantum probabilities.. 


He puzzles over nonlocality. And he presents his "poised realm," which hovers reversibly between quantum coherent and "classical" worlds. He then proposes a "quantum mind" in which decoherence produces an "acausal loss of phase information from the open quantum system to the universe." This has "acausal consequences for the classical 'meat' of the brain," he says.


Kauffman suggests that he can "decircularize" the "Strong Free Will Theorem of John Conway and Simon Kochen. He first states the two-part standard argument against free will. If the mind is determined, "classical physics holds we have no free will at all."


If we try to use quantum indeterminism to achieve an ontologically free will, it is
merely random...So a random
quantum event occurs in my brain,...but I am not
“responsible”, the quantum event was random. So even if measurement is real,
and ontologically indeterminate, so underlies a “free will”, that will cannot be
responsible. 


Kauffman proposes "a broad new formulation of quantum mechanics in
terms a new triad: Actuals, Possibles and Mind - conscious observation acausally
mediating measurement, and doing. Here new actuals create new possibles
which are available via mind to be measured to create new actuals to create new
"adjacent possibles" in a persistent becoming of the universe.


I want us to consider a totally new view of quantum mechanics and reality,
consisting of ontologically real actuals that obey the law of the excluded middle,
ontologically real possibles that do not obey the law of the excluded middle in
quantum behavior before measurement, and mind measuring and responsible
free willed. In this view, measurement creates new actuals that acausally and 
outside of space and inside time consistent with Special Relativity, can
instantaneously and acausally alter what is now possible, hence account for
instantaneous changes in wave functions upon measurement and non-locality. 

If new "actuals" are created acausally by quantum mind "measurements," the outcomes are statistical, that is random. We need the randomness to create the alternative possibilities in the "first stage" from which the choice/selection is adequately determined in the "second stage" of two-stage models of free will. 


In turn new possibles are available for mind to measure and do, creating new
actuals, in a persistent cycle of quantum enigma free willed and conscious
becoming in a radically participatory universe with a non-epiphenomenal “cosmic”
consciousness and doings wherever measurements happen. 


Kauffman's res potentiae replace  René Descartes' res cogitans, the thinking thing or mind, in the great mind-body problem. 


In our two-stage model of free will, the mind creates alternative possibilities for thoughts and actions in the first stage. The decision process in the second stage evaluates these possibilities and adequately determines one of them to become  actual. 


We agree with Kauffman that "possibles" exist, but are hesitant to describe them as "real" in the same sense that material objects are "real." The fact that some possibles are created randomly does not make our decisions themselves random, as Kauffman fears.


In his 2019 book, A World Beyond Physics, Kauffman hopes to go 
"Beyond the Second Law." He writes...

Beyond the Second Law


We really do know how the universe avoided the second law and developed 
information structures, from atoms to planets, stars, 
and galaxies, to complex adaptive systems. 

We even understand how life could develop, "by feeding on negative entropy," 
as Erwin Schrödinger 
explained in his article "What Is Life?"


See our Cosmic Creation Process


The second law of thermodynamics states that disorder tends
to increase. Disorder is measured as entropy. The canonical case
again is that of a dosed thermodynamic system of gas particles
exploring every possible configuration in a liter container before
settling into a state of equilibrium. It has reached what is
called the most probable "macrostate" the state of maximum
entropy. The second law insists that entropy tends to increase as  
a system flows from less to more probable macrostates - like a
steaming cup of coffee coolng to lukewarm and then cold, or like
a cube of ice melting to a puddle.

But if everything moves inevitably toward a maximum state
of entropy, then how can the universe - and especially the
biosphere - be enormously complex? We really do not know.
Part of the reason is that the universe itself is still on its way to
equilibrium (the homogeneous murk that cosmologists call "heat
death") and that the biosphere is not a closed system: the sun
~ on us, providing energy to build complexity, forestalling
entropy but only for a while.






Information philosophy completely agrees with the idea of replacing the idea of God with the cosmic creative process.



Source: https://www.informationphilosopher.com/solutions/scientists/kauffman/
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William R. ("Bill") Klemm  is a professor of neuroscience at Texas A&M University. He has written several books on the brain and mind, of which his most important for information philosophy 
is Making a Scientific Case for Conscious Agency and Free Will (Academic Press, 2016), a summary of evidence that humans have free will. He has a Ph.D. in neuroscience from Notre Dame, so is well positioned to look at problems from both a scientific and philosophical perspective.

Klemm's main thesis is that consciousness is something happening in our neural networks, specifically in what he calls circuit impulse patterns with the acronym CIP. He writes...


The ultimate holy grail of science may be discovering the mechanisms of conscious agency. The enigma may be unsolvable. What follows below, however, is at least a preliminary explanation of how consciousness could reduce to brain function and, moreover, gain the capacity to “do things.”

Let us consider how sensory and motor realizations are represented in the brain. First, we must emphasize that sensory and motor realities are not literal realities inside the brain, but rather are abstracted and represented in the brain by patterns of nerve impulses in specified neural circuits. Such circuit impulse patterns (CIPs) are clearly the basis for unconscious processes involving sensations, feelings, and movement commands.


Making a Scientific Case for Conscious Agency and Free Will, p.31


Klemm also sees the CIPs as the basis for conscious processes, 




My position reduces to one of certain neural activity patterns having executive control that can act as an agent of will because it is capable of the necessary facilitation/inhibition influence over decision making circuitry. This is the means by which the neocortical executive control circuitry functions as an autonomous avatar. This still leaves open the question of whether the avatar’s control can be freely exerted. But, at a minimum, we are not forced to reject free will on the grounds that there is some sort of dualistic “conscious mind” floating around the brain that directs willed choices.

ibid., p.48


Here Klemm is criticizing the "dualist" idea, which goes back to René Descartes, of something immaterial as the basis of consciousness and particularly of free will. Klemm is a strong materialist and believes the mind can be understood entirely in material terms.


Klemm believes strongly in free will, but his argument resembles the materialist reductionist models of many free-will deniers. Klemm's material mind is modeled on the computer, using many computer metaphors such as electrons flowing in integrated circuits, storage, rebooting, algorithms, and code. By opposing immaterialism, Klemm defends himself from perhaps the most common objection to free will, that it depends on something immaterial, think of the spirit or soul of many religious supporters of free will.  


But information is immaterial. It is neither matter nor energy, though it needs energy to be communicated (Klemm's impulses in the neural circuits) and matter to be embodied (stored in the "online hard drive" of Klemm's mind model).                                                                                                        



Anytime we are awake, the conscious avatar is active (on-line).
When asleep, the avatar is stored in the “hard drive" of synaptic weightings in the set of circuits that contain the capacity for regenerating the impulse patterns that represent the conscious self. That self may undergo subtle changes as a result of each day’s experiences, and these in turn modify the impulse patterns of self and may produce lasting changes as those patterns are stored in modified synaptic weightings.
ibid., p.49


Klemm is correct that there are "patterns" in our brains. They are our "ideas." Information is best thought of as the arrangement of the material particles in any "information structure." To extend the popular (but flawed) metaphor that man is a machine and the brain is a computer, ideas are often described as the (immaterial) software in the brain's (material) hardware. And Klemm might agree with this.


He illustrates his model, starting with patterns in information structures...

[image: image-placeholder]


The avatar might be thought of as a virtual being that is rebooted each time a sleeping brain awakens. But it is not virtual. It is real, just as patterns of electrons flowing in computer circuitry are real, materialistic processes. And like electrons in integrated circuits, nerve impulses can do things. Those impulse patterns are a code, a code that if repeated enough to alter synaptic weightings, can change the very circuits from which it is being generated. In other words, the conscious mind can change its mind.
ibid., p.50


In Klemm's diagram, we see immaterial information is the source for both conscious and unconscious actions. This is correct, but it is a bit more complex than simply saying the "nerve impulses can do things." The information is obviously communicated along the neural pathways. But this does not make the CIPs themselves Klemm's "conscious avatar." 


The key idea in free will is the agent's mind making choices between alternative possibilities, only some of which are ever actualized. The existential status of these unactualized possibilities is quite controversial, dismissed as merely immaterial "ideas" in a purely material world, often attacked as discredited "metaphysics."


Klemm describes "top-down" decisions as conscious mind operations that produce voluntary results. He says they have a degree of freedom in selecting among "alternative options" (p.44). These options have been "programmed by experience," he says (p.97). 


So far, so good, but "programmed" suggests a programmer writing instructions. It is enough to show that diverse past experiences have been recorded, i.e., stored (not  programmed). Klemm is correct that the options are "encoded," likely as the "synaptic weightings" of the neural networks and are thus available alternatives for consideration as actionable options in the agent's current situation. 


In our model of the brain as an experience recorder and reproducer, each option is a stored past experience, including all of the associated sensory inputs along with the emotional reaction to that experience. A past experience is reproduced, one might say "replayed," whenever something in the current situation resembles something in that past experience.

Donald Hebb said "neurons that fire together wire together." We suggest that neurons wired together by past experiences will fire together when any part of the wiring complex is stimulated by something in the current experience.


A vast number of past experiences may be regenerated, giving us the "blooming, buzzing confusion" of William James "stream of consciousness" and the audience members in the "Theater of Consciousness" of Bernard Baars'  "Global Workspace Theory." 


Notice that Klemm's alternative options are pure information (Klemm sees them as "abstract patterns," which is correct). But the patterns are "embodied" in the matter of the neural network, else they would not be "available," as he calls them, to provide the options under consideration during a decision. 


Klemm knows that some options might not always "come to mind," a random element that adds the indeterministic element that prevents actions from being "predetermined." And Klemm knows that thinking often "imagines what does not exist" (p.63). This is the essential aspect of creativity, which Klemm says "by definition is not predetermined." He says "generating a creative idea is an act of will, and I would argue comes close to being prima facie evidence for free will" (p.65). This is excellent.


Creativity gets to the heart of the much larger question of how new information is created in a universe in which information is constantly being destroyed by the inevitable increase in disorder and entropy. This is the central problem of information philosophy. 



. 
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William Thomson (Lord Kelvin) argued as early as 1852 that the dissipation of energy was an irreversible process. This led him to the conclusion that the universe would end in what Hermann Helmholtz came to call a "heat death," unless some creative process were to reverse the inevitable loss of mechanical energy to heat, what we now see to be an irreversible loss of information.

[image: image-placeholder]


He came to three conclusions.
1. There is at present in the material world a universal tendency to the dissipation of mechanical energy.
2. Any restoration of mechanical energy, without more than an equivalent of dissipation, is impossible in inanimate material processes, and is probably never effected by means of organized matter, either endowed with vegetable life or subject to the will of an animated creature.
3. Within a finite period of time past, the earth must have been, and within a finite period of time to come the earth must again be, unfit for the habitation of man as at present constituted, unless operations have been, or are to be performed, which are impossible under the laws to which the known operations going on at present in the material world are subject.


In this 1852 article, Thomson specifically cited interaction with radiation as responsible for irreversibility,


When radiant heat of light is absorbed, otherwise than in vegetation, or in chemical action, there is a dissipation of mechanical energy, and perfect restoration is impossible.


In 1874, two years before Josef Loschmidt objected to Ludwig Boltzmann's dynamical derivation of the H-Theorem on the grounds that time reversibility would show that entropy could decrease, Thomson described time reversibility and gave a dozen physical reasons why it fails, including radiation interactions.  


In abstract dynamics the instantaneous reversal of the motion of every moving particle of a system causes the system to move backwards, each particle of it along its old path, and at the same speed as before, when again in the same position. That is to say, in mathematical language, any solution remains a solution when t is changed into -t. In physical dynamics this simple and perfect reversibility fails, on account of forces depending on friction of solids; imperfect fluidity of fluids; imperfect elasticity of solids; inequalities of temperature, and consequent conduction of heat produced by stresses in solids and fluids; imperfect magnetic retentiveness; residual electric polarization of dielectrics; generation of heat by electric currents induced by motion; diffusion of fluids, solution of solids in fluids, and other chemical changes; and absorption of radiant heat and light.





Thomson drew a vivid description of what time reversibility implies for mechanical dynamics 

If, then, the motion of every particle of matter in the universe were precisely reversed at any instant, the course of nature would be simply reversed for ever after. The bursting bubble of foam at the foot of a waterfall would reunite and descend into the water; the thermal motions would reconcentrate their energy, and throw the mass up the fall in drops re-forming into a close column of ascending water. Heat which had been generated by the friction of solids and dissipated by conduction, and radiation with absorption, would come again to the place of contact, and throw the moving body back against the force to which it had previously yielded. Boulders would recover from the mud the materials required to rebuild them into their previous jagged forms, and would become reunited to the mountain peak from which they had formerly broken away. And if also the materialistic hypothesis of life were true, living creatures would grow backwards, with conscious knowledge of the future, but no memory of the past, and would become again unborn. But the real phenomena of life infinitely transcend human science; and speculation regarding consequences of their imagined reversal is utterly unprofitable. Far otherwise, however, is it in respect to the reversal of the motions of matter uninfluenced by life, a very elementary consideration of which leads to the full explanation of the theory of dissipation of energy.


In this 1874 article, Thomson  gave the name "intelligent demon" to James Clerk Maxwell's being that could theoretically reverse the dissipation of energy into heat. In an 1879 article, Thomson elaborated further on the demon:


The definition of a demon, according to the use of this word by Maxwell, is an intelligent being endowed with free-will and fine enough tactile and perceptive organization to give him the faculty of observing and influencing individual molecules of matter.
 
Clerk Maxwell's 'demon' is a creature of imagination having certain, perfectly well defined powers of action, purely mechanical in their character, invented to help us to understand the 'Dissipation of Energy' in nature.


He is a being with no preternatural qualities and differs from real living animals only in extreme smallness and agility. ... He cannot create or annul energy; but just as a living animal does, he can store up limited quantities of energy, and reproduce them at will. By operating selectively on individual atoms he can reverse the natural dissipation of energy, can cause one-half of a closed jar of air, or of a bar of iron, to become glowingly hot and the other ice cold; can direct the energy of the moving molecules of a basin of water to throw the water up to a height and leave it there proportionately cooled...; can 'sort' the molecules in a solution of salt or in a mixture of two gases, so as to reverse the natural process of diffusion, and produce concentration of the solution in one portion of the water, leaving pure water in the remainder of the space occupied; or, in the other case separate the gases into different parts of the containing vessel.



On a Universal Tendency in Nature to the Dissipation of Energy (1852) 

The Kinetic Theory of the Dissipation of Energy (1874)
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   Alfred Landé joined Einstein, Schrödinger, deBroglie, and others in attacking Niels Bohr's Copenhagen interpretation of quantum mechanics.  

   But he did not suggest a return to determinism. Rather he defended the idea of chance in the universe as irreducible to hidden causes in principle. After a couple of centuries in which random distributions were regarded as deterministic, Landé invented a demon needed to achieve such deterministic pseudo-random distributions, to show that they were nonsense. 


He used the example of a "Galton box," also known as a "quincunx," in which balls fall onto a knife edge - or small bins - and then bounce to the left or to the right at random.(David Little has programmed a Java applet demonstration)


Experience shows that between right- and left-hand aim there is always a small but finite range Δa of aim within which an experimentally adjusted angle a leads neither to all balls dropping to the right nor to all balls dropping to the left but rather to both r- and l-balls occurring at a certain frequency ratio. The latter varies from 100 : 0 to 0 : 100 when the aim is shifted from the right to the left of the small range Δa. Primitive persons and other indeterminists will interpret this as a sign of uncertainty, of blind fate, with one and the same cause capable of being followed by two different effects, r or l. Determinists will say, however: "The distribution of the r- and l-results only appears to be erratic. Actually each individual result has its particular deterministic cause, be it a small deviation of the angle of aim, or a small perturbation of the ball on its flight." (Similarly, although insurance companies count on their frequency tables, each individual "accident" is not an accident but has its particular cause.)

I submit, however, that the hypothesis of (concealed) individual causes behind individual effects r or 1 does not explain the essential point of the observed situation in a deterministic fashion. When the determinist ascribes the present final event r to an r-producing chain ... r r r reaching back into the infinite past, he merely shifts the problem r- and l-events to r- and l-chains and, further, to the beginning of those chains, if they have a beginning. We must ask him now for a deterministic explanation of the strange empirical observation that those chains, or initial conditions, occur again and again at a definite frequency ratio and, furthermore, why even the fluctuations away from the average occur at a rate conforming with the mathematical theory of random as though by a pre-established harmony between fact and theory. It is this pre-established harmony that calls for explanation. Referring to the infinite past, and saying that his harmony has always prevailed, is an evasion rather than a deterministic explanation. A stubborn determinist may defend his cause, however, by means of the following argument: "Once upon a time there was a demon who knew his mathematical random theory and who deliberately went out to deceive the observer. He first initiated two r-chains, then an l-chain, then four r-chains; then realizing that he had given too much preponderance to r-chains, he thereupon started five l-chains in a row, cleverly arranging the whole sequence with averages and fluctuations so that a present-day scientist might be lured away from the true deterministic faith."


There seems indeed to be only the following alternative: Either the observed random-like distributions of final events or chains or initial conditions in games of chance represent a basic and irreducible trait of nature. Or statistical distributions only feign an appearance of random, when in reality there is, or has been, concerted deterministic action. Either a deus ex machina or no deterministic explanation at all. Since deceitful demons have no place in scientific theories, I have reluctantly joined the party of indeterminacy pure and simple. But I concede, that it is a party of renunciation with a purely negative creed. Most of my partisans, including myself, suffer from a guilt complex that draws us toward our old infatuation, determinism. This infatuation may have its roots in a feeling of being ourselves demons who can deliberately start deterministic chains. In other words, it may be that we believe in strict determinism because we feel we have free will - a somewhat paradoxical psychological hypothesis. But as a scientist who observes games of chance, and who is unwilling to admit a deus ex machina (at the beginning of time, if there is a beginning, or a finite time ago), I must concede that the deterministic interpretation fails; and this applies not only to ordinary "games of chance" in which the statistical dispersion is obvious, but in general to those cases where a similar dispersion of effects is revealed only by microphysical instruments.


Empirically it is a most surprising fact, which could not have been foreseen a priori, that there are sequences of events in harmony with mathematical random theory. This empirical discovery was already made by cavemen when they gambled for the best pieces of a slain bear. But when irreducible random is once accepted, then it is a comparatively minor point of dispute whether (a) each new experiment constitutes a new game of chance (as quantum theory maintains), or (b) random was set up once, a long or an infinite time ago, and random distributions observed at present are but the deterministic effects of that one initial "shuffling of the cards" (as classical statistical mechanics maintains). 

 n
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Alfred J. Lotka was a mathematician, chemist, ecologist, and statistician of population dynamics, especially the relationship between predators and their prey.


He hoped to show that evolution could be described by a scientific law, like the mathematical principles of statistical mechanics and thermodynamics. Where the second law of thermodynamics is regressive, the entropy or disorder always increasing to a maximum for an equibrium state, he hoped for an evolutionary law as an maximal principle and a "directed process," but he was hesitant to call it progressive.


Lotka proposed the theory that the Darwinian concept of natural selection could be quantified as a physical law. The law that he proposed was that the selective principle of evolution was one which favoured the maximum useful energy flow transformation. The general systems ecologist Howard T. Odum later applied Lotka's proposal as a central guiding feature of his work in ecosystem ecology. Odum called Lotka's law the "maximum power principle."  



Source: https://www.informationphilosopher.com/solutions/scientists/lotka/
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   Benjamin Libet's experiments and measurements of the time before a subject is aware of self-initiated actions have had a enormous, mostly negative, impact on the case for human free will, despite Libet's view that his work does nothing to deny human freedom.

The original discovery that an electrical potential (of just a few microvolts - μV) is visible in the brain long before the subject flexes a finger was made by Kornhuber and Deecke (1964).  They called it a "Bereitschaftspotential" or readiness potential.


The neurobiologist John Eccles had speculated that the subject must become conscious of the intention to act before the onset of this readiness potential. Benjamin Libet decided to test Eccles's idea.

[image: Libet's clock, Click to enlarge image]

Libet's 1983 experiments measured the time when the subject became consciously aware of the decision to move the finger. Libet created a dot on the screen of an oscilloscope circulating like the hand of a clock. The subject was asked to note the position of the moving dot when he/she was aware of the conscious decision to move a finger or wrist. 

[image: image-placeholder]

As shown on Kornhuber's RP diagram, Libet found that although conscious awareness of the decision preceded the subject's finger motion by only 200 milliseconds (the red arrow), the rise in the readiness potential was clearly visible at about 550 milliseconds before the flex of the wrist (blue arrow). The subject showed unconscious activity to flex about 350 milliseconds before reporting conscious awareness of the decision to flex. Indeed an earlier slow and very slight rise in the readiness potential can be seen as early as 1.5 seconds before the action.

Libet's results were eagerly adopted by the deniers of free will to indicate that the mind had been made up unconsciously, long before any awareness of "conscious will." 


Psychologist Daniel Wegner thinks that conscious will may be just an epiphenomenon, something that is caused by brain events, not the cause of such events. As he put it in his 2002 book The Illusion of Conscious Will,


We don't know what specific unconscious mental processes the RP might represent....The position of conscious will in the time line suggests perhaps that the experience of will is a link in a causal chain leading to action, but in fact it might not even be that. It might just be a loose end — one of those things, like the action, that is caused by prior brain and mental events.

Does the compass steer the ship? In some sense, you could say that it does, because the pilot makes reference to the compass in determining whether adjustments should be made to the ship's course. If it looks as though the ship is headed west into the rocky shore, a calamity can be avoided with a turn north into the harbor. But, of course, the compass does not steer the ship in any physical sense. The needle is just gliding around in the compass housing, doing no actual steering at all. It is thus tempting to relegate the little magnetic pointer to the class of epiphenomena — things that don't really matter in determining where the ship will go.


Conscious will is the mind's compass. As we have seen, the experience of consciously willing action occurs as the result of an interpretive system, a course-sensing mechanism that examines the relations between our thoughts and actions and responds with "I willed this" when the two correspond appropriately. This experience thus serves as a kind of compass, alerting the conscious mind when actions occur that are likely to be the result of one's own agency. The experience of will is therefore an indicator, one of those gauges on the control panel to which we refer as we steer. Like a compass reading, the feeling of doing tells us something about the operation of the ship. But also like a compass reading, this information must be understood as a conscious experience, a candidate for the dreaded "epiphenomenon" label.


Bernard Baars says there are two important time scales of consciousness


Sensory events occurring within a tenth of a second merge into a single conscious sensory experience, suggesting a 100-millisecond scale. But working memory, the domain in which we talk to ourselves or use our visual imagination, stretches out over roughly 10-second steps. The tenth-of-a-second level is automatic, while the 10-second level is shaped by conscious plans and goals.


The kinds of deliberative and evaluative processes that are important for free will involve longer time periods than those studied by Benjamin Libet. 

Note also that the abrupt and rapid decisions to flex a finger measured by Libet bear little resemblance to the kinds of two-stage deliberate decisions for which we can first freely generate alternative possibilities for action, then evaluate which is the best of these possibilities in the light of our reasons, motives, and desires - first "free," then "will."
[image: image-placeholder]
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We can correlate the beginnings of the readiness potential (350ms before Libet's conscious will time "W" appears) with the early stage of the two-stage model, when alternative possibilities are being generated, in part at random. The early stage may be delegated to the subconscious, which is capable of considering multiple alternatives (William James' "blooming, buzzing confusion") that would congest the single stream of consciousness.

Alfred Mele has criticized the interpretation of the Libet results on two grounds. First, the mere appearance of the RP a half-second or more before the action in no way makes the RP the cause of the action. It may simply mark the beginning of forming an intention to act. In the two-stage model, it is the considering of possible options.


Libet himself argued that there is enough time after the W moment (a window of opportunity) to veto the action, but Mele's second criticism points out that such examples of "free won't" would not be captured in Libet experiments, because the recording device is triggered by the action (typically flicking the wrist) itself.


Thus, although all Libet experiments ended with the wrist flicking, we are not justified in assuming that the rise of the RP (well before the moment of conscious will) is a cause of the wrist flicking. Libet knew that there were very likely other times when the RP rose, but which did not lead to a flick of the wrist.


Thinkers (e.g., Daniel Wegner, Patrick Haggard) who claim that the Libet experiments prove that our conscious will and subsequent actions are caused by prior neural activity - the popular view that "my neurons made me do it" - are simply wrong.

 Libet's experiments clearly show a temporal sequence in the decision process, which we argue shows a time in the early stage where indeterminism is operating to generate alternative possibilities, followed by a second stage where the evaluation and decision process is adequately (statistically) determined (e.g., by the agent's reasons and motives).  


In his last book, Mind Time: The Temporal Factor in Consciousness, Libet described a process that is very much our two-stage_model.


We should also distinguish between deliberations about what
choice of action to adopt (including preplanning of when to act
on such a choice), and the final intention to actually "act now."
One may, after all, deliberate all day about a choice but never
act...

However, conscious will definitely can
control whether the act takes place. We may view the unconscious
initiatives for voluntary actions as "burbling up" unconsciously
in the brain. The conscious will then selects which of
these initiatives may go forward to an action, or which ones to
veto and abort so no act occurs.



These remarks by Libet may have inspired Stephen Kosslyn's idea for a two-stage model in his foreword to Mind Time



Libet also wrote extensively on the use of his experiments to claim that mental processes were as deterministic as those in physics. He proposed the term "nondeterminism." 


Determinism and Free Will


There remains a deeper question about free will that the foregoing
considerations have not addressed. What we have achieved
experimentally is some knowledge of how free will may operate.
But we have not answered the question of (i) whether our
consciously willed acts are fully determined by natural laws that
govern the activities of nerve cells in the brain, or (2) whether
freely voluntary acts, and the conscious decisions to perform
them, can proceed to some degree independently of natural determinism. The first of these options would make free will illusory.
The conscious feeling of exerting one's will would then
be regarded as an epiphenomenon, simply a by-product of the
brain's activities with no causal powers of its own.

The view that free will is illusory is elaborated at some length
by Wegner (2002). There are, of course, other contributors to
this view, like the Churchlands (1999) and Dennett (1984).
Wegner proposes a "theory of apparent mental causation" that
states: "People experience conscious will when they interpret
their own thought as the cause of their action" (p. 64 in his
book). That is, the experience of conscious will is "quite independent
of any actual causal connection between their thoughts
and their actions." It is, of course, legitimate to propose this arrangement
as a theory for free will within a deterministic view.
But there is no crucial evidence that proves its validity. No experimental
test has even been proposed in which this theory could
be falsified. Without any possibility of falsification, one can propose
anything without any fear of being contradicted (as Karl
Popper explained).


First, free choices or acts are not predictable, even if they are
viewed as completely determined. The "uncertainty principle"
of Heisenberg precludes our having a complete knowledge of
the underlying molecular activities. Quantum mechanics forces
us to deal with probabilities, rather than with certainties of
events. And, in chaos theory, a random event may shift the behavior
of a whole system in a way that was not predictable.
However, even if events are not predictable in practice, that does
not exclude the possibility that they are following natural laws
and therefore determined.


Let us rephrase our basic question as follows: Must we accept
determinism? Is nondeterminism a viable option? We should
recognize that both of these alternative views (natural law determinism
versus nondeterminism) are unproven theories, in
other words, unproven in relation to the existence of free will.
Determinism (adherence to natural law) has, on the whole,
worked well for the physical observable world. That has led
many scientists and philosophers to regard any deviation from
such determinism as absurd, witless, and unworthy of consideration.
But natural laws were derived from observations of physical
objects, not from subjective mental phenomena. The latter
cannot be directly observed; they are inner experiences of the individual
who has them. There has been no evidence, or even a
proposed experimental test design, that definitively or convincingly
demonstrates the validity of natural law determinism as
the mediator or instrument of free choice or free will.


There is an unexplained gap between the category of physical
phenomena, and the category of subjective phenomena. Researchers
as far back as Leibniz have pointed out that if you
looked into the brain with a full knowledge of its physical
makeup and nerve cell activities, you would see nothing that
described subjective experience. You would only see cellular
structures, their interconnections, and the production of nerve
impulses and other electrophysiological events, as well as metabolic
chemical changes. The foundation of our own experimental
studies of the physiology of conscious experience (beginning
in the late 1950s) was that externally observable brain processes
and the related reportable subjective introspective experiences
must be studied simultaneously, as independent categories, to
understand their relationship. The assumption that a deterministic
nature of the physically observable world can account for
subjective conscious functions and events is a speculative belief,
not a scientifically proven proposition. (Of course, modern
physics teaches us that even physical events may not be determined
or predictable. Even so, these physical events are following the 
natural laws at the macro level. However, that does not
exclude the possibility that physical events are susceptible to an
external "mental force" at the micro level, in a way that would
not be observable or detectable).


Nondeterminism—which is the view that conscious will may,
at times, exert effects not in accord with known physical laws—
is of course also a nonproven speculative belief. The view that
conscious will can affect brain function in violation of known
physical laws takes two forms. One view is that the violations
are not detectable, because the actions of the mind may be at a
level below that of the uncertainty allowed by quantum mechanics.
(Whether this last proviso can in fact be tenable is a
matter yet to be resolved.) This view would thus allow for a
nondeterministic free will to occur without a perceptible violation
of physical laws. A second view holds that violations of
known physical laws are large enough to be detectable, at least
in principle. But it can be argued that detectability in actual practice
may be impossible. That difficulty for detection would be especially
true if the conscious will is able to exert its influence by
minimal actions at relatively few nerve elements, if these actions
could serve as triggers for amplified nerve cell patterns of activity
in the brain. In any case, we do not have a scientific answer to
the question of which theory (determinism or nondeterminism)
correctly describes the nature of free will.


However, it is important to recognize an almost universal experience:
that we can act in certain situations with a free, independent
choice and control of whether to act. The simplest
example of this is the one we employed in our experimental
study—the conscious will to flex the wrist in a freely capricious
manner. This provides a kind of prima facie evidence that conscious
mental processes can causally control some brain processes
(Libet, 1993, 1994). Of course, the nature of this experience
must be qualified. Our own experimental findings showed
that conscious free will does not initiate the final "act now" process;
the initiation of it occurs unconsciously. But, as discussed
previously, conscious will certainly has the potentiality to control
the progress and outcome of the volitional process. Thus,
the experience of independent choice and of control (of
whether and when to act) does have a potentially solid validity
as not being an illusion. The cerebral nature of considering
choices of action, by conscious deliberation and preplanning before
any "act now" process, is yet to be elucidated.


How does this experience dovetail with the view of an experimental
scientist? It appears to create more difficulty for a determinist
than for a nondeterminist option. The phenomenal fact is
that most of us feel that we do have a kind of free will, at least
for some of our actions, within certain limits that may be imposed
by our brain's status and by our environment. Our intuitive
feelings about the phenomenon of free will form a fundamental
basis for our views about human nature. Great care
should be taken not to believe allegedly scientific conclusions
about our nature that depend on hidden ad hoc assumptions. A
theory that simply interprets the phenomenon of free will as illusory
and denies the validity of this phenomenal fact is less attractive
than a theory that accepts or accommodates the phenomenal
fact.


Given that the issue is so fundamentally important to our
view of who we are, a claim that our free will is illusory should
be based on fairly direct evidence. Theories are supposed to explain
observations, not do away with them or distort them, unless there 
is powerful evidence to justify that. Such evidence is
not available, and determinists have not proposed any potential
experimental design to test their theory. The elaborate proposals
that free will is illusory, like that of Wegner (2002), fall into this
category. It is foolish to give up our view of ourselves as having
some freedom of action and of not being predetermined robots
on the basis of an unproved theory of determinism.


My conclusion about free will, one genuinely free in the nondetermined
sense, is that its existence is at least as good, if not a
better, scientific option than is its denial by natural law determinist
theory. Given the speculative nature of both determinist
and nondeterminist theories, why not adopt the view that we do
have free will (until some real contradictory evidence appears, if
it ever does)? Such a view would at least allow us to proceed in a
way that accepts and accommodates our own deep feeling that
we do have free will. We would not need to view ourselves as
machines that act in a manner completely controlled by known
physical laws. Such a permissive option has also been recently
advocated by the neurobiologist Roger Sperry (see Doty, 1998).
I close, then, with a quotation from the great novelist Isaac
Bashevis Singer. Singer stated his strong belief in our having free
will. In an interview (Singer, 1968), he volunteered that, "The
greatest gift which humanity has received is free choice. It is
true that we are limited in our use of free choice. But the little
free choice we have is such a great gift and is potentially worth
so much that for this itself life is worthwhile living."


Stephen Kosslyn Sees the Two-Stage Model in Libet


In his foreword to Libet's book, Mind Time, Kosslyn writes


1. Libet is right to focus on consciousness when theorizing about free will: In order to employ free will, one must evaluate information in working memory. Such information includes the alternative choices, the rationales for each, and the anticipated consequences of making each choice (although not all this information must be in working memory at the same time). If an external force coerces us, or we are operating on "automatic pilot," we are not exercising free will.

2. The rationales and anticipated consequences — and even, depending on the situation, the alternative courses of action — are not simply "looked up" in memory, having been stashed away like notes in a file after previous encounters. 


Rather, one constructs rationales and anticipated consequences, as appropriate for the specific situation at hand. This construction process may rely in part on chaotic processes. Such processes are not entirely determined by one's learning history (even as filtered by one's genes). By analogy, consider the path of a raindrop dribbling down a pane of glass. It zigs, it zags, tracing a path best explained with the aid of chaotic principles. The same raindrop, striking precisely the same place on that pane on a warmer day (which would cause the glass to be in a slightly different state) would take a different path. In chaotic systems, very small differences in start state can produce large differences downstream. The pane of glass is like the state of the brain at any instant. Depending on what one was just thinking about, the brain is in a different "start state" (i.e., different information is partially activated, different associations are primed) when one constructs rationales and anticipated consequences — which will affect how one decides. (Note that this idea does not simply move the problem back a step: What one was just thinking itself was in part a result of nondeterministic processes.) Our thoughts, feelings and behavior are not determined; we can have novel insights as well as "second thoughts."

3. Given the choices, rationales, and anticipated consequences, one decides what do on the basis of "what one is" (mentally speaking, to use Strawson's term, which includes one's knowledge, goals, values, and beliefs). 


Here Kosslyn considers a second  stage of willed decisions that are determined by our goals, values, and beliefs - "what one is"


"What one is" consists in part of information in memory, which plays a key role in the processes that construct the alternatives, rationales, and anticipated consequences. In addition, "what one is" governs how one actually makes the decisions. And making that decision and experiencing the actual consequences in turn modifies "what one is," which then affects both how one constructs alternatives, rationales and anticipated consequences and how one makes decisions in the future. Thus, with time one's decisions construct what one is.

We are not simply accumulators of environmental events, filtered by our genetic make-ups. We bring something novel and unique to each situation — ourselves. Nietzsche (1886, as quoted in Strawson, 1994, p. 15) commented, "The causa sui is the best self-contradiction that has been conceived so far." Maybe not.

  



Here Kosslyn considers a first stage of free creation of alternative courses of action
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Bruce Lindsay

Robert Bruce Lindsay earned his bachelor's and masters in physics from Brown University in 1920. He spent the 1922-23 academic year at the University of Copenhagen where he studied under Niels Bohr and Hendrik Kramers. Lindsay earned his Ph.D. in atomic physics from MIT in 1924. He became assistant professor at Yale and associate professor at Brown from 1930, chairman of the physics department from 1934.




Source: https://www.informationphilosopher.com/solutions/scientists/lindsay/
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David Layzer


David Layzer was a Harvard cosmologist who in the 1960's made it clear that in an expanding universe  entropy would increase, as required by the second law of thermodynamics, but that  the maximum possible entropy of the universe might increase faster than the actual entropy increase, making room for the growth of order or information at the same time entropy is increasing.

In 1975, Layzer pointed out that if the equilibration rate of the matter, the speed with which it redistributes itself randomly among all the possible states, was slower than the rate of expansion, then the "negative entropy" (defined as the difference between the maximum possible entropy and the actual entropy) would increase. Claude Shannon identified this negative entropy with information, though visible structural information in the universe may be less than this "potential" information.

[image: image-placeholder]

This illustration was created in 2006 based on Layzer's verbal description in his 1975 Scientific American article. It has been posted on this I-Phi website since that time. 


In his 1990 book Cosmogenesis, Layzer reiterated his model for the growth of order and drew a graph comparing the rates of universe expansion and equilibration rates. He wrote,


It follows that the rates of equilibrium-maintaining reactions must have exceeded the rate of cosmic expansion early in the cosmic expansion. Eventually, however, the rate of any given equilibrium-maintaining reaction must become smaller than the rate of cosmic expansion, as illustrated in Figure 8.6. The curve representing the reaction rate is steeper than the curve representing the expansion rate.
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If everything that happens was certain to happen, as determinist philosophers and scientists claim, no new information would ever enter the universe. Information would be a universal constant, like matter and energy. There would be "nothing new under the sun." Every past and future event could in principle be known (as Gottfried Leibniz and Pierre-Simon Laplace suggested) by a super-intelligence with access to such a fixed totality of information.


It is of the deepest philosophical significance that information is based on the mathematics of probability. If all outcomes were certain, there would be no “surprises” in the universe. Information would be conserved and a universal constant, as some mathematical physicists mistakenly believe. Information philosophy requires the ontological uncertainty and probabilistic outcomes of modern quantum physics to produce new information.


From Newton’s time to the start of the 19th century, the Laplacian view coincided with the notion of the divine foreknowledge of an omniscient God. On this view, complete, perfect and constant information exists at all times that describes the designed evolution of the universe and of the creatures inhabiting the world. 


 
In this God’s-eye view, information is a constant of nature. Some mathematicians argue that information must be a conserved quantity, like matter and energy. They are wrong. In Laplace's view, information would be a constant straight line over all time, as shown here.
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If information were a universal constant, there would be “nothing new under the sun.” Every past and future event can in principle be known by Laplace's super-intelligent demon, with its access to such a fixed totality of information.



Since William Thomson (Lord Kelvin), James Clerk Maxwell, and Ludwig Boltzmann, most physicists and astronomers have believed that the universe began with a high degree of organization or order (or information) and that it has been running down ever since.  

Hermann Helmholtz described this as the “heat death” of the universe.
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Mathematicians who are convinced that information is always conserved argue that macroscopic order is disappearing into microscopic order, and that this hidden information could in principle be recovered, if time could only be reversed. 


Kelvin’s claim that information must be destroyed when entropy increases would be correct if the universe were a closed system. But in our open and expanding universe,  Layzer showed that the maximum possible entropy is increasing faster than the actual entropy.  The difference between maximum possible entropy and the current entropy is called negative entropy, opening the possibility for complex and stable information structures to develop.


We can see from the "Growth of Order" figure that it is not only entropy that increases in the direction of the arrow of time, but also the information content of the universe. We can describe the new information as "emerging."


Layzer showed that the standard mathematician's view is wrong for our expanding universe.



Roger Penrose

In his 1989 book The Emperor's New Mind, Penrose speculated on the connection between information, entropy, and the arrow of time.


Recall that the primordial fireball was a thermal state — a hot gas in expanding thermal equilibrium. Recall, also, that the term 'thermal equilibrium' refers to a state of maximum entropy. (This was how we referred to the maximum entropy state of a gas in a box.) However, the second law demands that in its initial state, the entropy of our universe was at some sort of minimum, not a maximum!

What has gone wrong? One 'standard' answer would run roughly as follows:


True, the fireball was effectively in thermal equilibrium at the beginning, but the universe at that time was very tiny. The fireball represented the state of maximum entropy that could be permitted for a universe of that tiny size, but the entropy so permitted would have been minute by comparison with that which is allowed for a universe of the size that we find it to be today. As the universe expanded, the permitted maximum entropy increased with the universe's size, but the actual entropy in the universe lagged well behind this permitted maximum. The second law arises because the actual entropy is always striving to catch up with this permitted maximum.



Clearly, Penrose's "standard" answer is the work of David Layzer, likely based on a suggestion by Arthur Stanley Eddington. Penrose had met Layzer at a 1963 conference at Cornell University on the "Nature of Time" organized by Thomas Gold. It was at this conference that Layzer introduced his strong cosmological principle.
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Arrows of Time


At the Cornell conference were Gold's British colleagues Hermann Bondi and Fred Hoyle. "Tommy" Gold was a brilliant cosmologist who proposed eliminating the puzzling "origin" of the universe by following earlier suggestions by James Jeans in 1928 and Paul Dirac in 1937.



Layzer identified what he called the "historical arrow of time," (the direction of increasing information), adding it to other arrows. The phrase "time's arrow" was coined by Eddington, who identified it with the direction of increasing entropy. It is now known as the "thermodynamic arrow of time."


In a 1975 article for Scientific American called The Arrow of Time, Layzer wrote:
  

  the complexity of the astronomical universe seems puzzling.

Isolated systems inevitably evolve
toward the featureless state of thermodynamic
equilibrium. Since the universe
is in some sense an isolated system, why
has it not settled into equilibrium? One
answer, favored by many cosmologists,
is that the cosmological trend is in fact
toward equilibrium but that too little
time has elapsed for the process to have
reached completion. Fred Hoyle and
J. V. Narlikar have written: "In the 'big
bang' cosmology the universe must start
with a marked degree of thermodynamic
disequilibrium and must eventually run
down." I shall argue that this view is
fundamentally incorrect. The universe is
not running down, and it need not have
started with a marked degree of disequilibrium;
the initial state may indeed
have been wholly lacking in macroscopic
as well as microscopic information.

Suppose that at some early moment
local thermodynamic equilibrium prevailed
in the universe. The entropy of
any region would then be as large as
possible for the prevailing values of the
mean temperature and density. As the
universe expanded from that hypothetical
state the local values of the mean
density and temperature would change,
and so would the entropy of the region.
For the entropy to remain at its maximum
value (and thus for equilibrium to
be maintained) the distribution of energies
allotted to matter and to radiation
must change, and so must the concentrations
of the various kinds of particles.
The physical processes that mediate
these changes proceed at finite rates;
if these "equilibration" rates are all much
greater than the rate of cosmic expansion,
approximate local thermodynamic
equilibrium will be maintained; if they
are not, the expansion will give rise to
significant local departures from equilibrium.


This is Layzer's seminal theory of the growth of order in the universe

These departures represent
macroscopic information; the quantity of
macroscopic information generated by
the expansion is the difference between
the actual value of the entropy and
the theoretical maximum entropy at the
mean temperature and density.



This is the fundamental question of information philosophy

Layzer specifically identified this process as generating novelty and contradicting a deterministic view of the world, with significant implications for human freedom:
  Novelty and Determinism
We have now traced the thermodynamic
arrow and the historical arrow to
their common source: the initial state of
the universe. In that state microscopic
information is absent and macroscopic
information is either absent or minimal.
The expansion from that state has generated
entropy as well as macroscopic
structure. Microscopic information, on
the other hand, is absent from newly
formed astronomical systems, and that is
why they and their subsystems exhibit
the thermodynamic arrow.


This view of the world evolving in
time differs radically from the one that
has dominated physics and astronomy
since the time of Newton, a view that
finds its classic expression in the words of
Pierre Simon de Laplace: "An intelligence
that, at a given instant, was acquainted
with all the forces by which nature
is animated and with the state of the
bodies of which it is composed, would - if
it were vast enough to submit these
data to analysis - embrace in the same
formula the movements of the largest
bodies in the Universe and those of the
lightest atoms: nothing would be uncertain
for such an intelligence, and the future
like the past would be present to its
eyes."


In Laplace's world there is nothing
that corresponds to the passage of time.
For Laplace's "intelligence," as for the
God of Plato, Galileo and Einstein, the
past and the future coexist on equal
terms, like the two rays into which an
arbitrarily chosen point divides a straight
line. If the theories I have presented
here are correct, however, not even the
ultimate computer - the universe itself - ever
contains enough information to
completely specify its own future states.
The present moment always contains an
element of genuine novelty and the future
is never wholly predictable. Because
biological processes also generate
information and because consciousness
enables us to experience those processes
directly, the intuitive perception of the
world as unfolding in time captures one
of the most deep-seated properties of the
universe.




 Note that the deterministic Laplacian universe contains exactly the same information at all times - "nothing new under the sun."  

In 1990, Layzer extended these ideas in his book Cosmogenesis: The Growth of Order in the Universe. He added a discussion of quantum mechanics and its implications for free will. First he noted a number of paradoxes, between microscopic quantum systems and the macroscopic universe, between standard thermodynamic macrophysics and cosmology, between irreducible randomness and human ignorance, and between the objective timeless being of the Laplacian view and the subjective human experience of becoming and change.
  
Conflicts and Paradoxes
The relation between quantum physics, which describes the invisible world of elementary particles and their interactions, and macroscopic physics, which describes the world of ordinary experience, has perplexed physicists since the birth of quantum physics in 1925. Viewed as a system of mathematical laws, quantum physics includes macroscopic physics as a limiting case. By that I mean that quantum physics and macroscopic physics make the same predictions in the domain where macroscopic physics has been strongly corroborated (the macroscopic domain), but quantum physics also successfully describes the behavior and structure of molecules; atoms, and subatomic particles (the microscopic domain). Yet from another point of view, macroscopic physics seems more fundamental than quantum physics. As we will see later, the laws of quantum physics refer explicitly to the results of measurement. But every measurement necessarily has at least one foot in the world of ordinary experience: it has to be recorded in somebody's lab notebook or on magnetic tape. So quantum physics seems to presuppose its own limiting case — macroscopic physics. This is the mildest of several paradoxes that have sprung up in the region where quantum physics and macrophysics meet and overlap.


The relation between macrophysics and cosmology is also problematic. The central law of macroscopic physics — the second law of thermodynamics — was understood by its inventors, and is still understood by most scientists, to imply that the Universe is running down — that order is degenerating into chaos. How can we reconcile such a tendency with the fact that the world is full of order — that it is a kosmos in both senses of the word. Some scientists say, "The contradiction is only apparent, The Second Law assures us that the Universe is running down, so it must have begun with a vast supply of order that is gradually being
dissipated. But this way of trying to resolve the difficulty takes us from the frying pan into the fire, because, as we will see, modern cosmology strongly suggests that the early Universe contained far less order than the present-day Universe.


Astronomical evolution and biological evolution are both stories of emerging order. Nevertheless, the views of time and change implicit in modern physics and modern biology are radically different. The physical sciences teach us that all natural phenomena are governed by mathematical laws that connect every physical event with earlier and later events. Imagine that every past and future event was recorded on an immense roll of film. If we knew all the physical laws, we could reconstruct the whole film from a single frame. And in principle there is nothing to prevent us from acquiring complete knowledge of a single frame.


This worldview is epitomized in a much-quoted passage by one of Newton's most illustrious successors, the mathematician and theoretical astronomer Pierre Simon de Laplace (1749-1827):


We ought then to regard the present state of the Universe as the effect of its previous state and the cause of the one that follows. An intelligence that at a given instant was acquainted with all the forces by which nature is animated and with the state of the bodies of which it is composed would — if it were vast enough to submit these data to analysis — embrace in the same formula the movements of the largest bodies in the Universe and those of the lightest atoms: Nothing would be uncertain for such an intelligence, and the future like the past would be present to its eyes. The human mind offers, in the perfection it has been able to give to astronomy, a feeble idea of this intelligence.
 

Much the same view of the world was held by Albert Einstein:

The scientist is possessed by the sense of universal causation. The future, to him, is every whit as necessary and determined as the past.


Most contemporary physical scientists would probably agree with Laplace and Einstein. The world they study is a block universe, a four-dimensional net of causally connected events with time as the fourth dimension. In this world, no moment in time is singled out as "now." For Laplace's Intelligence, the future and the past don't exist in an absolute sense, as they do for us.

How does life, regarded as a scientific phenomenon, fit into this worldview? A modern Laplacian might reply:
Living organisms are collections of molecules that move and interact with one another and with their environment according to the same laws that govern molecules in nonliving matter. A supercomputer, supplied with a complete microscopic description of the biosphere and its environment, would be able to predict the future of life on Earth and to deduce its initial state. Implicit in the present state of the biosphere and its environment are the precise conditions that prevailed in the lifeless broth of organic molecules in which the first self-replicating molecules formed, And implicit in the conditions that prevailed in that broth and its environment is every detail of the living world of today. If you believe that living matter is subject to the same laws as nonliving matter and few, if any, contemporary biologists would dispute this assertion - this argument may seem compelling. Yet it clashes with two key aspects of the evolutionary process as described by contemporary evolutionary biologists: randomness and creativity.

Randomness is an essential feature of the reproductive process. In nearly every biological population, new genes and new combinations of genes appear in every generation. Reproduction, whether sexual or asexual, involves the copying of genetic material (DNA). In all modern organisms the copying process is astonishingly accurate. But it isn't perfect. Occasionally there are copying errors, and these have a random character. In sexually reproducing populations there is another source of randomness: the genetic material of each individual is a random combination of contributions from each parent.


The creative factor in biological evolution is natural selection, the tendency of genetic changes that favor survival and reproduction to spread in a population, and of changes that hinder survival and reproduction to die out. From the raw material provided by genetic variation, natural selection fashions new biological structures, functions, and behaviors.

	
A mainstream physicist might reply that the apparent randomness of genetic variation is just a consequence of human ignorance — our inability to understand exceedingly complex but nevertheless completely determinate causal processes — and that evolution is "creative" only in a metaphorical sense. According to this view, evolution merely brings to light varieties of order prefigured in the prebiotic broth.


There is an even more fundamental difference between the physical and the biological views of reality: the physicist's picture of reality seems impossible to reconcile with subjective experience. For there is nothing in the neo-Laplacian picture that corresponds to the central feature of human experience, the passage of time. We humans must watch the film unwind, but Laplace's Intelligence sees it whole. Nor is there anything that corresponds to the aspect of reality (as we experience it) that Greek philosophers called becoming, as opposed to the timeless being of numbers, triangles, and circles. The universe of modern physics is an enormously expanded and elaborated version of the perfectly ordered but static and lifeless world we encounter in Euclid's Elements, of which it is indeed a direct descendant. The biologist's world seems entirely different. Life, as we experience it, is inseparable from unpredictability and novelty. 




  Layzer then examines the role of chance in human freedom and finds that no one has been able to explain what even fundamental quantum mechanical randomness has to do with free choice and moral responsibility.
  Freedom and Necessity
What is the relation between being and becoming? Is the future as fixed and immutable as the past? What is chance? These questions bear on one of the perennial problems of Western philosophy, the problem of freedom and necessity.


Each of us belongs to two distinct worlds. As objects in the world that natural science describes we are governed by universal laws. To Laplace's Intelligence we are systems of molecules whose movements are no less predicable and no more the results of free choice than the movements of the planets around the Sun. but as the subjects of our own experience we see the world differently; not as bundles of events frozen into the block universe of Laplace and Einstein like flies in amber, but as the authors of our own actions, the molders of our own lives. However strongly we may believe in the universality of physical laws, we cannot suppress the intuitive conviction that the future is to some degree open and that we help to shape it by our own free choices.


This conviction lies at the basis of every ethical system. Without freedom there can be no responsibility. If we are not really free agents — if our felt freedom is illusory — how can we be guided in our behavior by ethical precepts? And why should society punish some acts and reward others? The Laplacian worldview tends to undermine the basis for ethical behavior.


Judeo-Christian theology faces a similar problem. Although Laplace's Intelligence is not the Judeo-Christian God — Laplace's Intelligence observes and calculates; the Judeo-Christian God wills and acts ("Necessitie and chance approach not mee, and what I will is Fate," says the Almighty in Milton's Paradise Lost)— they contemplate similar universes. Nothing is uncertain for an all-knowing God, and the future, like the past, is present to His eyes. But if we cannot choose where we walk, why should those who take the narrow way of righteousness be rewarded in the next life while those who take the primrose path are consigned to the flames of hell?


Theologians have not, of course, neglected this question. Augustine, for example, argued that God's foreknowledge (or more accurately, God's knowledge of what we call the future) doesn't cause events to happen and is therefore consistent with human free will. Other theologians have embraced the doctrine of predestination and argued that free will is indeed an illusion. Still others have taken the position that divine omniscience and human free will are compatible in a way that surpasses human understanding.


Reconciling the scientific and ethical pictures of the world was a concern of the first scientists. Our scientific picture of the world was foreshadowed by Greek atomism, a theory invented by the natural philosophers Leucippus and Democritus in the fifth century B.C. According to this theory, the world is made up of unchanging, indestructible particles moving about in empty space and interacting with one another in a completely deterministic way. Like modern biologists, Democritus believed that we, too, are assemblies of atoms. Yet Democritus also elaborated a system of ethics based on moral responsibility. He taught that we should do what is right not from fear, whether of punishment or of public disapproval or of the wrath of gods, but in response to our own sense of right and wrong. Unfortunately, the surviving fragments of Democritus's writings don't tell us how or whether he was able to reconcile his deterministic picture of nature with his doctrine of moral responsibility.


 A century later, another Greek philosopher with similar ideas about physical reality and moral responsibility faced the same dilemma. Epicurus (341-270 B.C.) sought to reconcile human freedom with the atomic theory by postulating a random element in atomic interactions. Atoms, he said, occasionally "swerve" unpredictably from their paths. In modern times, Arthur Stanley Eddington and other scientists have put forward more sophisticated versions of the same idea. According to quantum physics, it is impossible to predict the exact moment when certain atornic events, such as the decay of a radioactive nucleus, will take place. Eddington believed that this kind of microscopic indeterminism might provide a scientific basis for human freedom:


It is a consequence of the advent of quantum theory that physics is no longer pledged to a scheme of deterministic laws. . . . The future is a combination of the causal influences of the past together with unpredictable elements. . [S]cience thereby withdraws its moral opposition to free will.


But neither Epicurus nor Eddington explained what the "freedom" enjoyed by a swerving atom or a radioactive atomic nucleus has to do with the freedom of a human being to choose between two courses of action. Nor has anyone else.



  Layzer reaffirms his 1975 claim about the initial state of the universe lacking significant order or information, but he does not tell us that a theory of the growth of order goes back to the 1960's and is his original contribution.
  
   We need not assume, as Clausius and Boltzmann did in the nineteenth century and - as many modern astronomers and physicists still do, that the Universe started out with a huge store of order that it has been gradually dissipating ever since. If the hypothesis outlined in this chapter is correct, the initial state of the Universe was wholly lacking in order. 

(Cosmogenesis, p.170)
  

Layzer on Free Will

  In the concluding chapter of Cosmogenesis, Layzer revisits the problem of human freedom and especially creativity. Although he offers no resolution of the free will problem, he places great emphasis on an unpredictable creativity as the basis of both biological evolution and human activity in a universe with an open future.
  Chance, Necessity, and Freedom
  To be fully human is to be able to make deliberate choices. Other animals sometimes have, or seem to have, conflicting desires, but we alone are able to reflect on the possible consequences of different actions and to choose among them in the light of broader goals and values. Because we have this capacity we can be held responsible for our actions; we can deserve praise and blame, reward and punishment. Values, ethical systems, and legal codes all presuppose freedom of the will. So too, as P. F. Strawson has pointed out, do "reactive attitudes" like guilt, resentment, and gratitude. If I am soaked by a summer shower I may be annoyed by my lack of foresight in not bringing an umbrella, but I don't resent the shower. I could have brought the umbrella; the shower just happened.


Freedom has both positive and negative aspects. The negative aspects — varieties of freedom from — are the most obvious. Under this heading come freedom from external and internal constraints. The internal constraints include ungovernable passions, addictions, and uncritical ideological commitments.
The positive aspects of freedom are more subtle. Let's consider some examples.


1. A decision is free to the extent that it results from deliberation. Absence of coercion isn't enough. Someone who bases an important decision on the toss of a coin seems to be acting less freely than someone who tries to assess its consequences and to evaluate them in light of larger goals, values, and ethical precepts.


2. Goals, values, and ethical precepts may themselves be accepted uncritically or under duress, or we may feel free to modify them by reflection and deliberation. Many people don't desire this kind of freedom and many societies condemn and seek to suppress it. Freedom and stability are not easy to reconcile, and people who set a high value on stability tend to set a correspondingly low value on freedom. But whether or not we approve of it, the capacity to reassess and reconstruct our own value systems represents an important aspect of freedom.


3. Henri Bergson believed that freedom in its purest form manifests itself in creative acts, such as acts of artistic creation. Jonathan Glover has argued in a similar vein that human freedom is inextricably bound up with the "project of self-creation." The outcomes of creative acts are unpredictable, but not in the 
same way that random outcomes are unpredictable. A lover of Mozart will immediately recognize the authorship of a Mozart divertimento that he happens not to have heard before. The piece will "sound like Mozart." At the same time, it will seem new and fresh; it will be full of surprises. If it wasn't, it wouldn't be Mozart. In the same way, the outcomes of self-creation are new and unforeseeable, yet coherent with what has gone before.


Although philosophical accounts of human freedom differ, they differ surprisingly little. On the whole, they complement rather than conflict with one another. What makes freedom a philosophical problem is the difficulty of reconciling a widely shared intuitive conviction that human beings are or can be free (in the ways discussed above or in similar ways) with an objective view of the world as a causally connected system of events. We feel ourselves to be free and responsible agents, but science tells us (or seems to tell us) that we are collections of molecules moving and interacting according to strict causal laws.


For Plato and Aristotle, there was no real difficulty. They believed that the soul initiates motion — that acts of will are the first links of the causal chains in which they figure. With few exceptions, modern neurobiologists have rejected the view of the relation between mind and body that this doctrine implies. They regard mental processes as belonging to the natural world, subject to the same physical laws that govern inanimate matter. The differences between animate and inanimate systems and between conscious, and nonconscious nervous processes are not caused by the presence or absence of nonmaterial substances (the breath of, life, mind, spirit, soul) but by the presence or absence of certain kinds of order. This conclusion is more than a profession of scientific faith. It becomes unavoidable once we accept the hypothesis of biological evolution, without which, as Theodosius Dobzhansky remarked, nothing in biology makes sense. The evolutionary hypothesis implies that human consciousness evolved from simpler kinds of consciousness, which in turn evolved from nonconscious forms of nervous activity. There is no point in this evolutionary sequence where mind or spirit or soul can plausibly be assumed to have inserted itself "from without." It seems even more implausible to suppose that it was there all along, although, as we saw earlier, some modem philosophers and scientists have held this view.

Karl Popper and other philosophers have tried to resolve the apparent conflict between free will and determinism by attacking the most sacred of natural science's sacred cows, the assumption that all natural processes obey physical laws.


In asserting that there may be phenomena that don't obey physical laws, these philosophers are obviously on safe ground. But the assumption of indeterminism doesn't really help. A freely taken decision or a creative act doesn't just come into being. It is the necessary — and hence law-abiding — outcome of a complex process. Free actions also have predictable — and hence lawful - consequences; otherwise, planning and foresight would be futile. Thus every free act belongs to a causal chain: it is the necessary outcome of a deliberative or creative process, and it has predictable consequences.


Some physicists and philosophers have suggested that quantal indeterminacy may provide leeway for free acts in an otherwise deterministic Universe. Freedom, however, doesn't reside in randomness; it resides in choice. Plato and Aristotle were right in linking Chance and Necessity as "forces" opposed to design and purpose in the Universe.


Thus freedom seems equally inconsistent with determinism and indeterminism. Thomas Nagel has suggested that it isn't even possible to give a coherent account of our inner sense of freedom:


When we try to explain what we believe which seems to be undermined by a conception of actions as events in the world - determined or not — we end up with something that is either incomprehensible or clearly inadequate.


"The real problem," Nagel says, "stems from a clash between the view of action from inside and any view of it from outside." Yet the intuitive view of what it means to be free doesn't rest on introspection alone. We recognize other people's spontaneity and creativity even — or especially — when it is of such a high order that we can't imagine ourselves capable of it. We can apprehend the exquisitely ordered unpredictability of Mozart's music without beginning to be able to imagine what it would be like to compose such music. And even subjective impressions of freedom, unlike subjective impressions of pain or of self, aren't hard to describe. 

Layzer here describes the generation of alternative possibilities in the first stage of a two-stage model

Consider the process of making a decision. Shall I do A or B? My head says A; my heart says B. I agonize. I try to imagine the consequences first of A, then of B. Suddenly, a new thought occurs to me: C. Yes, I'll do C. The essential aspect of such commonplace experiences is that their outcomes aren't determined in advance but are created by the process of deliberation itself, a process unfolding in time. All creative processes have this character.

Such processes, however, go on not only in people's subjective awareness but also in their brains. Conscious experience gives us a fragmentary and unrepresentative view of its underlying cerebral processes, but there is no reason to suppose that the view is deceptive. On the contrary, modern techniques of imaging brain activity suggest that there is a high degree of structural correspondence between consciousness and brain activity. 


Layzer sees that alternatives are not pre-determined from before the generation of possibilities

If, then, the outcome of a deliberative or creative process seems undetermined at the outset, if it seems to us that such processes create their outcomes, perhaps the reason is that the outcomes of the underlying cerebral processes are, in some objective sense, undetermined, are, in some objective sense, created by the processes themselves.

I will argue that the neural processes that give rise to subjective experiences of freedom are indeed creative processes, in the sense, that they bring into the world kinds of order that didn't exist earlier and weren't prefigured in earlier physical states. These novel and unforeseen products of neural activity include not only works of art, but also the evolving patterns of synaptic connections that underlie the intentions, plans, and projects that guide our commonplace activities. Although consciousness gives us only superficial and incomplete glimpses of this ceaseless constructive activity, we are aware of it almost continuously during our waking hours. This awareness may be the source of — or even constitute — the subjective impression that we participate in molding the future.


Much of the argument that supports this view has already been given in earlier chapters. Let me now try to pull it together around the following three questions:


1. Do all law-abiding processes have predetermined outcomes?

2. What does it mean to say that a physical process creates its outcomes?

3. How is this kind of creativity related to creativity in contexts relevant to the problem of human freedom?


Layzer ignores quantum indeterminacy, which continues to generate undetermined outcomes beyond randomness in the initial conditions


[Answer to question 1]: Do all law-abiding processes have predetermined outcomes? Outcomes are determined by laws plus initial conditions. They are undetermined to the extent that the initial conditions are unspecified.

[Answer to question 2]: A theory of cosmic evolution requires initial conditions. The simplest initial
conditions is that the Universe began to expand from a purely random state — a
state wholly devoid of order. From this postulate, we can easily deduce the Strong
Cosmological Principle. The inference hinges on the fact that none of our present
physical laws discriminates between different points in space or between different
directions at a point. (A physicist would say, "The laws are invariant under spatial translations and rotations.") This implies that no physical process can introduce discriminatory information. So if information that would discriminate between positions or directions is absent at a single moment, it must be absent forever. In short, if the Strong Cosmological Principle is valid at any single moment, it must be valid for all time.



Layzer was first to answer this question on the growth of order

If the Universe began to expand from a state of utter randomness, how did order come into being? Before reviewing our answer to this question, we have to recall how we dealt with the concept of order itself.

The two key ideas needed to formulate an adequate scientific definition of order were put forward by Ludwig Boltzmann. 


Boltzmann had a third idea that influenced Layzer's strong cosmological principle, the infinite nature of space and time

 The first idea is the distinction between microstates and macrostates. Macrostates are groups of microstates, defined by their statistical properties. For example, the microstates of a gas may be assigned to macrostates defined by density, temperature, and chemical composition. Proteins may be assigned to macrostates defined by biological fitness. Boltzmann's second key idea was to identify the randomness or entropy of a macrostate with the logarithm of the number of its microstates. Supplementing this definition of randomness, we defined the order or information of a macrostate as the  difference between its potential randomness or entropy (the largest value of the randomness or entropy consistent with given constraints) and the actual value. Thus maximally random macrostates have zero order and maximally ordered macrostates have zero randomness. According to these definitions, a physical system far removed from thermodynamic equilibrium (the macrostate of maximum randomness) is highly ordered. So is a protein whose biological fitness can't be improved by changes in its sequence of amino acids: it belongs to a very small subset of the class of polypeptides of the same length.

These definitions of randomness and order are important not just, or even primarily, because they lend precision to the corresponding intuitive notions in a wide range of scientific contexts. They are important primarily because they are adapted to theoretical accounts of the growth and decay of order. Boltzmann himself proved (under restrictive assumptions) that molecular interactions in a gas not already in its most highly random macrostate increase its randomness. In Chapter 8 we saw how the cosmic expansion generates chemical order (chemical abundances far removed from those that would prevail in thermodynamic equilibrium); in Chapter 9 we discussed the origin and growth of structural order in the astronomical Universe; and in Chapters 10 and 11 we saw how random genetic variation and differential reproduction generate the biological order encoded in genetic material.


Astronomical and biological order-generating processes are hierarchically linked in the manner discussed in Chapter 2.  Each process requires initial conditions generated by earlier processes. For example, the first self-replicating molecules needed an environment that provided high-grade energy, molecular building
blocks, and  catalysts. High-grade energy was supplied, directly or indirectly, by sunlight, produced by the burning of hydrogen deep inside the Sun. To understand why hydrogen is so abundant, we have to go back to the early Universe, when the primordial chemical composition of the cosmic medium was laid down by an interplay between nuclear reactions and the cosmic expansion. Apart from hydrogen, the atoms that make up biomolecules (carbon, oxygen, and nitrogen are the most common) were synthesized in exploding stars far more massive than the Sun. So, too, were inorganic catalysts like zinc and magnesium. Finally, the emergence of an environment favorable to life as we know it resulted from planet-building processes, for which we still lack an adequate theory.


Although some of the specific order-generating processes we have discussed are speculative or controversial, the general principles underlying the emergence of order from chaos seem more secure. In particular, we can now understand why, in spite of the second law of thermodynamics, the Universe is not running down. The Second Law states that all natural processes tend to increase randomness. In an ordinary isolated system, the growth of randomness leads inevitably to a decline of order, because the sum of randomness and order is a fixed quantity. 

in the expanding universe, information can increase at the same time as entropy increases, satisfying the second law


The Universe, however, is not an ordinary isolated system. Because space is expanding, the sum of randomness and order is not a fixed quantity; it tends to increase with time. Hence a gap may open up between the actual randomness of the cosmic medium and its maximum possible randomness. This gap represents a form of order. Chemical order (as evidenced by the prevalence of hydrogen) emerges when equilibrium-maintaining chemical reactions can no longer keep pace with the cosmic expansion. Structural order (in the form of astronomical systems) emerges when the uniform state of an expanding medium becomes unstable—that is, less than maximally random.

By making randomness an objective property of the Universe, the Strong Cosmological Principle also objectifies the timebound varieties of order, which consist in the absence of randomness. The infinitely detailed world picture of Laplace's Intelligence is devoid of macroscopic order. It contains no objective counterpart to astronomical or biological order. Laplace's Intelligence is an idiot savant. It knows the position and velocity of every particle in the Universe; but because this vast fund of knowledge (or its quantal-counterpart) is complete in itself, there is no room in it for information about stars, galaxies, plants, animals, or states of mind. In this book I have argued that the external world — the world that natural science describes — is fundamentally different from the universe of Laplace and Einstein, which is given once and for all in space and time (or in spacetime). It is a world of becoming as well as being, a world in which order emerged from primordial chaos and begot new forms of order. The processes that have created and continue to create order obey universal and unchanging physical laws. Yet because they generate information, their outcomes are not implicit in their initial conditions.

Creative Processes

All order-generating processes may be said to be creative, but some seem to deserve the label more than others. For example, the evolution of chemical order in the early Universe seems less creative than the evolution of biological order. To gain insight into this difference, let's compare the evolution of a star cluster with the evolution of a biological population. Suppose we are given a statistical description of the cluster's initial state and asked to calculate its subsequent evolution. To do the calculation, we have to assign an initial position and velocity to each star. This can be done in many different ways that are consistent with the given statistical description of the initial state, and different assignments will yield different evolutionary trajectories. But if the number of stars is large, these evolutionary trajectories diverge very little, because each star responds to the combined attraction of all the others, and the combined attraction is insensitive to statistical fluctuations in the cluster's initial state.


Now consider a biological population. Suppose we knew everything that could in principle be known about the population's initial state, including the genotypes of all the organisms belonging to the population. Suppose we also had the ability to simulate on a supercomputer every relevant aspect of the evolutionary process.


Could we then predicts what genotypes would be present in the population at some later time?


No — at least not for a population undergoing significant evolutionary change. The reason is that evolutionary outcomes are very sensitive to some of the random genetic changes brought about by mutation and genetic recombination. Suppose we could enumerate all the possible outcomes of every mutational and recombinational event and assign a probability to each of them. We would then be able, in principle, to construct a complete statistical description of our evolving population. This description would encompass a vast number of qualitatively distinct, multiply branching pathways, each with only a tiny probability of being realized. It would therefore contain very little information about the history of any given population. A prediction about the outcome of a horse race that assigns small and nearly equal probabilities of winning to each of a large number of entrants isn't very informative.


Biological evolution, therefore, not only generates order and information, but does so in an essentially unpredictable way. This, I suggest, is an essential element of every truly creative process. A creative process not only generates order, but does so in an essentially unpredictable way.


We don't yet fully understand the biological basis of creative human activity, but I find the analogy with biological evolution compelling. In Chapter 14 I suggested that higher mental processes are mediated by a cyclic process in which the brain constructs, tests, and modifies internal representations. It is tempting to
speculate that the process by which internal representations are constructed has a strong random component, in addition to systematic components that are built up in the course of individual development and that constrain and channel the random component. The systematic components would play a role analogous to that of beta genes in the evolutionary theory sketched in Chapter 11. They would be responsible for the elements of an artist's work that we recognize as his or her individual style.


[Answer to question 3]: Creative human activity is unpredictable in the same way and for the same reasons that biological evolution is unpredictable. Unpredictability, however, is only one aspect of human freedom. We are free because we are, to a considerable extent, the authors of our own lives, and because every human life is something new under the Sun. That is what Democritus and Socrates believed; and if the picture I have sketched in this book is correct in its main outlines, it is also one of the lessons of modern science. Our awareness of the openness of the future and of our own ability to help shape it reflects a deep property of objective reality.


The scientific worldview sketched in the preceding pages offers an alternative to reductionism in both its physical and its biological forms. It shows us that the Universe is more than a collection of elementary particles governed by immutable mathematical laws. Order and the processes that bring order into being lie at the heart of reality. Biological evolution, cultural evolution, and individual human lives not only are the most prolific sources of order in the known Universe, but also are creative. Because of them, the future is genuinely open.
  



This is the standard argument against free will - neither determinism nor indeterminism suffices

Strong Cosmological Principle

The Strong Cosmological Principle (SCP) is a speculative interpretation of quantum indeterminacy based on Einstein's idea that the probabilities of different experimental results are simply the frequencies of the different results in an "assembly" - a large number of identical experiments. In the Schrödinger's Cat thought experiment, for example, the SCP simply says that in a certain fraction of the experiments the cat is alive, in the remaining fraction, dead.  

The SCP starts from Einstein's cosmological principle that the properties (and the physical laws) of the universe do not single out any particular place in the universe. Astronomical observations have confirmed that the average properties of the universe are the same everywhere in space and they are the same in all directions from any given point. The universe is statistically uniform and isotropic.


Layzer says that his interpretation of quantum theory differs from Einstein's in an important way.


 Einstein believed that quantum theory applies to assemblies rather than to individual systems because individual systems are governed by as-yet undiscovered deterministic laws. I have argued that quantum theory applies to assemblies rather than to individual systems because a complete physical reality doesn't refer to individual systems but only to assemblies. The smallest fragment of the Universe we can meaningfully describe is an assembly. If the members of the assembly are in identical microstates, there is no harm in treating them as individuals. But if they are quantal systems coupled to (macroscopic) measuring devices, we run into paradoxes like those we have discussed when we assume that quantum theory applies to them directly as individuals.

Do We Exist in Multiple Copies?

Are the assemblies we have been discussing "real"? Does the Strong Cosmological Principle imply that somewhere in the Universe there is a star very much like the Sun; and orbiting that star, a planet very much like the Earth; and on that planet, a person very much like you, the reader, reading a book very much like this one? Of course, such near-replicas of the Earth and its inhabitants would be
very thinly distributed in space. Although I haven't made a serious estimate, I am
confident that the nearest one would lie well beyond the most distant galaxy we could observe, even with infinitely sensitive instruments, Even so, the idea is unsettling, however familiar it may be to readers of science fiction. Must we accept it if we accept the Strong Cosmological Principle?

I think not. The Strong Cosmological Principle doesn't prescribe the contents of the Universe; on the contrary, it drastically limits the predictive scope of physical laws. What can be known and predicted are statistical properties only. Statistical predictions, however, do not prescribe all the properties of infinite collections...The probability of an outcome is the fraction of times it occurs in an infinite set of "trials." 


The Many-Worlds Interpretation of Quantum Theory


The interpretation of quantum theory discussed in this chapter resembles in some respects the "many-worlds" interpretation proposed by Hugh Everett in 1957. Everett, in a Ph.D. thesis supervised by John Wheeler, suggested that every measurement or measurement-like process causes the Universe to split into a vast number of "parallel universes," in each of which one possible outcome of the measurement is realized. In one set of universes, Schroedinger's cat lives; in another, it dies. Quantum theory, according to this interpretation, doesn't describe individual physical systems, as in the orthodox and instrumental interpretations; nor does it describe assemblies of physical systems, as in the interpretation based on the Strong Cosmological Principle. It describes a multitude of universes, each of which splits at every moment into a multitude of parallel universes. All these universes are equally real, but only the one we happen to be in is real to us; all the others are completely inaccessible to us.

According to the many-worlds interpretation, the probability that a measurement has a given outcome is equal to the fraction of the parallel universes in which that outcome occurs. Since probabilities are real numbers that can assume any value between zero and one, the set of parallel universes must be infinite. Every measurement or measurement-like process in every universe therefore creates an infinity of new parallel universes.


The many-worlds interpretation shares two attractive features of the interpretation based on the Strong Cosmological Principle. It avoids the paradoxes that result from the conventional assumption that quantum theory describes individual systems. And it predicts, instead of merely positing, the basic rule mentioned earlier for calculating the probabilities of experimental outcomes. [Probabilities are proportional to the number of outcomes in the assembly.]


If quantum physics describes assemblies of identical systems obeying the Strong Cosmological Principle, as I have proposed in this chapter, it doesn't have to be supplemented by ad hoc postulates about measurement. Formulated in this way, the theory predicts that measurements have definite but unpredictable outcomes, and that the probability of any given outcome is given by the usual rule.


Free Will redux

Recently, Layzer imagines that a large assembly of similar situations in different regions of the infinite universe can provide an explanation for the problem of the macroscopic indeterminism needed for free will, without depending on microscopic quantum indeterminism. 


In each individual system, everything is determined, but in the assembly of all systems, the Strong Cosmological Principle insures there will be a variety of objectively indeterminate outcomes.


Layzer says that the fact that we don't know which of the many possible systems we are in means that our future is indeterminate, more specifically that our current state has not been predetermined by the initial state of the universe.



Other Multiple World Ideas


In ancient times, Lucretius commented on possible worlds. 
In his De Rerum Natura, he wrote in Book V,

for which of these causes holds in our world it
is difficult to say for certain ; but what may be done
and is done through the whole universe in the various 
worlds made in various ways, that is what I teach,
proceeding to set forth several causes which may
account for the movements of the stars throughout
the whole universe; one of which, however, must
be that which gives force to the movement of the
signs in our world also; but which may be the true
one,



The idea of many possible worlds was also proposed by Gottfried Leibniz, who famously argued that the actual world is "the best of all possible worlds." Leibniz says to Arnauld in a letter from 14 July 1686,



I think there is an infinity of possible ways in which to create the world, according to the different designs which God could form, and that each possible world depends on certain principal designs or purposes of God which are distinctive of it, that is, certain primary free decrees (conceived sub ratione possibilitatis) or certain laws of the general order of this possible universe with which they are in accord and whose concept they determine, as they do also the concepts of all the individual substances which must enter into this same universe.


Leibniz' notion of a substance was so complete that it in principle could be used to deduce from it all the predicates of the subject (the "bundle" of all properties) to which this notion is attributed.

Hugh Everett III's many-worlds interpretation of quantum mechanics is an attempt to deny the random "collapse" of the wave function and preserve determinism in quantum mechanics. Everett claims that every time an experimenter makes a quantum measurement with two possible outcomes, the entire universe splits into two new universes, each with the same material content as the original, but each with a different outcome. It violates the conservation of mass/energy in the most extreme way.


The Everett theory preserves the "appearance" of possibilities as well as all the results of standard quantum mechanics. It is an "interpretation" after all. So even wave functions "appear" to collapse. Note that if there are many possibilities, whenever one becomes actual, the others disappear instantly in standard quantum physics. In Everett's theory, they become other possible worlds.



The human ignorance of not knowing which universe we are in Layzer calls a macroscopic indeterminism that does solve the free will problem. If Layzer is right, the logically possible worlds of David Lewis and the many worlds of physicist Hugh Everett also solve the free will problem.



Possible Worlds and Free Will


In our two-stage model of free will, we can imagine the alternative possibilities for action generated by an agent in the first stage to be "possible worlds." They are counterfactual situations in Saul Kripke's sense, involving a single individual. 

Note that Kripke's possible worlds are extremely close to one another. The quantification of information in each case shows a very small number of bits as the difference between them, especially when compared to the typical examples given in possible worlds cases. In the case of Hubert Humphrey winning the 1968 presidential election, millions of persons must have done something different. Such worlds are hardly "nearby." For typical cases of a free decision, the possible worlds require only small differences in the mind of a single person.


By comparison, the possible worlds of Hugh Everett, David Lewis, and David Layzer in general may bear very little resemblance to one another. But note that they all include Layzer's solution to the problem of free will, at least in those worlds with thinking beings, because the inhabitants do not know which of all the possible worlds they are in.



Gerald Withrow on Layzer's arrows of time


In 1972 Whitrow published his book The Nature of Time in which he wrote...

Recently David Layzer of Harvard has made a fresh
attempt to relate the three macroscopic arrows of time:
the thermodynamic arrow, defined by entropy* processes
in closed systems, the historical arrow, defined by
in(ormation-generating processes in certain open systems,
and the cosmological arrow, defined by the recession of
the galaxies. Having pointed out the subtle difficulties
associated with the thermodynamic arrow, he turns to
the historical arrow provided by the evolutionary records
which all point in the direction of increasing information.
These records are produced not only by biological
systems. A record of the Moon's past is written in its
pitted surface; the internal structure of a star, like that
of a tree, records the process of ageing; and the complicated
forms we observe in spiral galaxies reflect the
volutionary processes that shape them. We may define
the historical arrow through the statement that 'the
present state of the universe (or of any sufficiently large
subsystem of it) contains a partial record of the past but
none of the future.'

Layzer sketches a theory that seeks to relate the
thermodynamic and historical arrows with the cosmological
one by deriving all three from a common postulate:
that the spatial structure of the universe is statistically
homogeneous and isotropic - in other words, no
statistical property of the universe serves to define a
specific direction or position in space. From this he
deduces that a completed escription of the universe can be
xpressed in statistical terms. For example, if a universe
satisfying Layzer's postulate were in a state of thermodynamic
equilibrium it would be completely characterized
by its temperature and density, and all other
bservable quantities could be calculated knowing only
these. Layzer argues that thermodynamic equilibrium
of the  whole universe is only likely to be satisfied when
the universe is close to a singular state of infinite density,
which he defines as the initial state. The cosmic expansion
then generates both entropy and information. He
concludes that the world is unfolding in time and the
future never wholly predictable, since the specific
nformation content of the universe increases steadily
from the initial singular state. Consequently, the present
state of the universe cannot contain enough information
to define any future state. 'The future grows from the
past as a plant grows from a seed, yet it contains more
than the past.'



Why We are Free

In March 2021, Layzer's third and final book,  Why We are Free, was  published, summarizing his thinking on free will.

You can download an interactive PDF here.


Or order a paperback or Kindle version from Amazon here.


David Layzer’s universe is creative. It is “cosmic evolution.” The universe as a whole is evolves and is 
creative. Chemical evolution of atoms and molecules is creative. The evolution of stars and galaxies is creative. Biological evolution is creative. And "mental evolution" as William James called it, is also creative. Layzer was attracted to Henri Bergson's ideas about Creative Evolution (L'Evolution Creatrice).


Layzer took much of his inspiration from Albert Einstein, and often quoted Einstein’s famous observation that scientific theories are “free creations of the human mind.” Theories must all begin as novel ideas. To be new is to be not determined by past ideas, it must first involve indeterminism. First chance, then choice.


So of course, human minds are creative.


Layzer bases his “living world” on Ernst Mayr’s two-step creative process, with randomness in the first step and natural selection determining the outcome. Layzer’s libertarian free will also comes in the two stages described by William James, the first is the chance generation of alternative possibilities, the second is the decision and choice that grants consent to one possibility, making it actual. Layzer calls the second step deliberative, an act of self-determination.

 
Layzer and Einstein both knew the second step in science lies in experiments testing those possible ideas. A good theory generates the mathematical probability for each possibility. It then takes multiple experiments to develop the statistics that confirm or deny those theoretical probabilities. 
Theories give us a priori probabilities about possibilities. Experiments give us the a posteriori statistics about actualities. In his lectures on probability and statistics, Layzer always stressed the law of large numbers as the reason that macroscopic regularities can appear out of microscopic randomness.


Mayr’s two steps and James’s two stages, both first free (indeterministic) then adequately determined, can explain Layzer’s “growth of order” in the universe at all levels from elementary particles to the  multiverse.


Other I-Phi pages on Layzer's work
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In Memoriam 
    
 

My Harvard teacher and colleague David Layzer died in 2019. He was my wife Holly's thesis adviser and he taught me probability and statistics in the 1960's. 

In 1971 David circulated his first Arrow of Time manuscript, then in 1975 published his landmark article in Scientific American on the The Arrow of Time. This was the first publication of David's greatest contribution to cosmology, which explains the growth of order and information in the universe despite the second law of thermodynamics which demands that the disorder, the overall entropy, must also increase.


This made a great impression on my thinking. Since my undergraduate years at Brown, I had been inspired by Arthur Stanley Eddington's argument in his book The Nature of the Physical World (his Gifford Lectures), that entropy might somehow underlie human concepts of beauty and melody. Eddington wrote



Suppose that we were asked to arrange the following in two categories –

distance, mass, electric force, entropy, beauty, 
melody. 
 

I think there are the strongest grounds for placing
entropy alongside beauty and melody and not with the
first three. Entropy is only found when the parts are
viewed in association, and it is by viewing or hearing
the parts in association that beauty and melody are
discerned. All three are features of arrangement.




From the 1950's I thought that negative entropy might be considered a measure of objective value in the universe, a radical thought in those days. When I developed my free will model in the 1970's I called it "Cogito," a term often used for the mind. Somewhat fancifully, I argued that "negative" entropy was a very positive concept and deserves a new name. I came up with "Ergo," reminiscent of symbols for freely available energy E0. And erg is a unit of energy. 


As a salute to the first modern philosopher, René Descartes, I chose "Sum" 
to complete the Peircean triad in the Information Philosopher tricolor logo.      [image: image-placeholder]

Green represents material, energy, and negative entropy. Red represents the human mind. And Blue represents the immaterial ideas that are the Sum of human knowledge


David and I disagreed about the existence of ontologicalchance. In the 1970's I based my model of free will on the existence of quantum indeterminism. (Forty years later I learned that Albert Einstein had discovered ontological chance in the quantum mechanical interaction of radiation and matter, ten years before the so-called "founders of quantum mechanics.")


David recently also proposed a model for free will, one that is unique and original with him. My model was my own invention in the 1970's, but over the years my research has found two dozen other philosophers and scientists who had the same two-stage idea, many well before me and some since mine.


I am happy to say that all my books celebrate David's explanation for the creation of information structures in the universe, which I have made one of the fundamental principles of my information philosophy. 


While adding new material to this I-Phi web page on David, I reviewed my readings of Eddington. In his 1935 book New Pathways in Science, Eddington apparently anticipated David's explanation for the growth of order?



The expansion of the universe creates new possibilities of distribution faster than the atoms can work through them, and there is no longer any likelihood of a particular distribution being repeated.




Source: https://www.informationphilosopher.com/solutions/scientists/layzer/
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David Lindley is a Ph.D astrophysicist who has become a science writer. He was an editor at Nature, Science, and Science News. 

His 2015 book Boltzmann's Atom was a great help with our work on Ludwig Boltzmann, as was his 2008 book Uncertainty on Werner Heisenberg.


His latest book, The Dream Universe explains how physical theories today are going far beyond ideas that can possibly be tested with experiments. 


He might have quoted Boltzmann, Boltzmann's colleague Franz Exner, and Exner's student, Erwin Schrödinger, who all said that deterministic theories "go beyond experience."


In his opening paragraphs, Lindley describes the problem


Almost thirty years ago I published my first book, The End ofPhysics. < You will no doubt be aware that there is still plenty of physics gong on. But my focus in The End ofPhysics was more specific. I was discussing fundamental physics, the discipline that deals with me nature of matter at its most elementary level, the origin of the forces that hold matter together, and the formation of the universe itself. At the time, in the early 1990s, many scientists were all fired up about the possibility of building a “theory of everything”—a single coherent intellectual framework that would capture all of fundamental physics in one neat and satisfying package. The point of my book was to say this ambition was delusional because such a theory could never be adequately tested. No telescopes or particle colliders, I said, would ever be powerful enough to see the finest internal details of the various proposed theories of everything, so that the connection between what the theories said and what we could actually observe and test was at best a lengthy and tenuous chain of inference.


Lindley takes one of the most popular, and most outlandish (literally), theories of everything today, the mulitiverse hypothesis built on ideas of Hugh Everett III. He says


The overwhelming difficulty with the multiverse hypothesis is that if there is only one universe that we can know about, how can it be a legitimate scientific proposal to say that there are innumerable other universes out there, in some space that we can never explore, the existence of which we can never definitively establish? A legitimate scientific theory, we learned from Karl Popper, is one that can be falsified. Is the multiverse hypothesis falsifiable? Is there any evidence of the slightest kind that hints at its reality?


At the end  of his book, Lindley concludes


...fundamental physics today suffers from a narrow idealism that arises from within. At the start of this chapter I said that scientists have traditionally not fretted too much about where they are going. Instead, they tackle the problems that stand immediately in front of them and let the future unfold as it will. Science, after all, is the exploration of the unknown. But researchers in fundamental physics, knowingly or not, have adopted entirely the opposite strategy: they have declared in advance what they are looking for and are toiling to create a theory that matches their expectations. They do this, arguably, out of necessity. Observation, experiment, and fact-finding are no longer able to guide them, so they must set their path by other means, and they have decided that pure rationality and mathematical reasoning, along with a refined aesthetic sense, will do the job.

As an intellectual exercise, fundamental physics retains a powerful fascination, at least for those few who are fully able to appreciate it. But it is not science. It’s not that I think such research should cease altogether. But I wish its practitioners would take the trouble to ponder where they are going, and to what end.






Source: https://www.informationphilosopher.com/solutions/scientists/lindley/
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Jerry Lettvin was the principal author of one of the most famous articles on mental operations in the brain, "What the Frog's Eye Tells the Frog's Brain," with Humberto Maturana, Warren McCulloch, and Walter Pitts in 1959.




Source: https://www.informationphilosopher.com/solutions/scientists/lettvin/
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   The American chemist Gilbert Lewis discovered the covalent bond in 1916 and introduced a novel diagram to explain the bonding, with double dots for the electrons arranged in pairs. He was the first to purify heavy water (deuterium dioxide) and should have shared the Nobel Prize awarded to his student, Harold Urey. Another student, Glenn Seaborg, also won a Nobel Prize and Nobel Prize winner Linus Pauling became famous developing Lewis' theory of the covalent bond.

In late 1926, Lewis wrote an article on Albert Einstein's light quanta, at a time when the "founders" of quantum mechanics, Max Born, Werner Heisenberg, and Pascual Jordan, were not yet convinced that light quanta were real and involved in "quantum jumps.". Lewis renamed light quanta "photons" by analogy with electrons.


Lewis published a letter in Nature called "The Conservation of Photons" (which, unfortunately are not, like electrons, conserved).





WHATEVER view is held regarding the nature of light, it must now be admitted that the process whereby an atom loses radiant energy, and another near or distant atom receives the same energy, is characterised by a remarkable abruptness and singleness. We are reminded of the process in which a molecule loses or gains a whole atom or a whole electron but never a fraction of one or the other. When the genius of Planck brought him to the first formulation of the quantum theory, a new kind of atomicity was suggested, and thus Einstein was led to the idea of light quanta which has proved so fertile. 

Indeed, we now have ample evidence that radiant energy (at least in the case of high frequencies) may be regarded as travelling in discrete units, each of which passes over a definite path in accordance with mechanical laws.

Had there not seemed to be insuperable objections, one might have been tempted to adopt the hypothesis that we are dealing here with a new type of atom, an identifiable entity, uncreatable and indestructible, which acts as the carrier of radiant energy and, after absorption, persists as an essential constituent of the absorbing atom until it is later sent out again bearing a new amount of energy. If I now advance this hypothesis of a new kind of atom, I do not claim that it can yet be proved, but only that a consideration of the several objections that might be adduced shows that there is not one of them that can not be overcome.


It would seem inappropriate to speak of one of these hypothetical entities as a particle of light, a corpuscle of light, a light quantum, or a light quant, if we are to assume that it spends only a minute fraction of its existence as a carrier of radiant energy, while the rest of the time it remains as an important structural element within the atom. It would also cause confusion to call it merely a quantum, for later it will be necessary to distinguish between the number of these entities present in an atom and the so-called quantum number. I therefore take the liberty of proposing for this hypothetical new atom, which is not light but plays an essential part in every process of radiation, the name photon.


Let us postulate for the photon the following properties: (1) In any isolated system the total number of photons is constant. (2) All radiant energy is carried by photons, the only difference between the radiation from the wireless station and from an X-ray tube being that the former emits a vastly greater number of photons, each carrying a very much smaller amount of energy. (3) All photons are intrinsically identical. As the molecules of hydrogen differ from one another in direction and energy of translation, and in direction and amount of rotation, so two photons, as seen by a single observer, differ in direction of motion, in energy, and in polarisation. If we were moving with rapid acceleration toward a wireless station, its photons would appear to possess increasing amounts of energy, and would pass over the whole spectral scale through the visible and into the ultraviolet. At a certain instant, for example, they would be indistinguishable from the photons emitted by excited sodium atoms. (4) The energy of an isolated photon, divided by the Planck constant, gives the frequency of photons which is therefore by definition strictly monochromatic; although two photons coming even from similar atoms would never have precisely the same frequency. (5) All photons are alike in one property which has the dimensions of action or of angular momentum, and is invariant to a relativity transformation. (6) The condition that the frequency of a photon emitted by a certain system be equal to some physical frequency existing within that system, is not in general fulfilled, but comes nearer to fulfilment the lower the frequency is.


The serious objections to the idea of the conservation of photons are met in a consideration of the thermodynamics of radiation and of the laws of spectroscopy. According to the classical thermodynamics of radiation, the energy of hohlraum at a given temperature is determined solely by the volume. If we define the number of photons in a small spectral interval by the amount of energy in that interval divided by hv, then, by Wien's displacement law, the number of photons remains constant in any reversible adiabatic process. 

Another error: the expanding walls increase the wavelengths and reduce the energy in each photon. 


Also in the irreversible adiabatic process of free expansion from a given volume to a larger volume (both with perfectly reflecting walls) the number of photons remains constant, for neither the energies nor the frequencies are changed. If the original radiation, corresponding to a definite temperature, freely expands, let us say, to sixteen times the first volume, then, according to the thermodynamics of Wien and Planck, it may be brought to a new temperature equilibrium by introducing an infinitesimal black body. Calculating from their equations, we find that in this process the number of photons is doubled. If this is so, there obviously can be no conservation law for photons. However, if we analyse carefully the thermodynamics of radiation, we find that Wien and Planck have tacitly employed a postulate which is supported by no experimental facts; namely, if an infinitesimal black body is introduced into a hohlraum, the radiation will come to a certain temperature, and then no further change will ensue when a large black body of the same temperature is introduced.

Dispensing with this postulate, and adding a new variable, the number of photons, the variables which have previously been deemed sufficient to define that state of a system, we obtain a greatly enlarged science of thermodynamics. In this new thermodynamics, which included as true and stable equilibria such states of equilibrium as those to which Einstein has applied the terms "aussergewohnlich" and "improprement dit" (Ann. Phys.,38, 881, 1912; Jour. de Phys.,3, 277, 1913) the familiar laws of radiation and of physical and chemical equilibrium become special cases, true only for an unlimited supply of photons. Even so fundamental a process as the flow of heat must involve two factors, the amount of energy and the number of photons transferred. A fuller account of this new thermodynamics will shortly be published.


Turning to spectroscopy, we find that the principle of the conservation of photons is in obvious conflict with existing notions of the radiation process. We must assume that in an elementary process of radiation one, and only one, photon is lost by the emitting atom. Suppose that an atom which is in the 4-2 state drops to the 3-3, then to the 2-2, then to the 1-1. It thus loses three photons, but the same atom dropping directly from the 4-2 state to the 1-1 loses only one photon. If, therefore, we are to admit the conservation of photons, we must say that the atom does not pass from precisely the same initial to the same final state by the two paths, but rather that either the 4-2 or the 1-1 states must be multiple. Even if the inner quantum number is given, as well as the total and the azimuthal quantum numbers, the atomic states must still be regarded as not completely specified. Indeed, numerous examples have been found (see the review by Ruark and Chenault, Phil. Mag.,50, 937, 1925) of superfine structure which is not yet accounted for.


I had hoped to be able to derive certain familiar selection principles from the conservation of photons. Here I have not as yet succeeded, and can only state that if we assume the existence of a number of atomic states with nearly the same energy but with different numbers of photons, the new theory is not in conflict with the results of spectroscopy.


The rule that one, and only one, photon is lost in each elementary radiation process, is far more rigorous than any existing selection principle, and forbids the majority of processes which are not supposed to occur. To account for the apparent existence of these processes, it is necessary to assume that atoms are frequently changing their photon number by the exchange of photons of very small energy, corresponding to thermal radiation in the extreme infra-red. The new theory therefore predicts that many atomic processes will be inhibited at very low temperatures, and for this there seems to be some experimental evidence. But the existence of numerous extraneous factors obscures the issue. In order to simplify matters, a molecular stream might be passed through the centre of a tube cooled to a very low temperature, so as to reduce to a minimum the amount of thermal radiation. The theory would predict that in such circumstances certain processes within the stream, such as fluorescence or the emission of light from activated atoms, would be profoundly changed. Experiments in this direction are now in progress.
  



Many physicists doubt any "definite path." 



   Symmetry of Time
   

A few years later, Lewis was awarded the Gold Medal of the Society of Arts and Sciences. He gave an address in 1930 on "The Symmetry of Time in Physics." He distinguished our common idea of unidirectional  time (psychological and the result of consciousness and memory) from the symmetrical time of Newtonian mechanics.

He said that throughout the sciences of physics and chemistry, symmetrical time everywhere suffices. This is of course not correct, because unidirectional time emerges in thermodynamics and statistical mechanics. It is even more important in kinetic theory, if we examine the quantum-mechanical interactions of particles.


Lewis hoped that the four-dimensional theories of spacetime of Hermann Minkowski and Albert Einstein could restore symmetric time, so we could not distinguish cause from effect.


This of course is the idea of a deterministic universe, in which information is conserved, that all times are visible in the eyes of a Laplacian super-intelligence. He found the second law of thermodynamics to be "in direct defiance to the law of symmetry of time."


Lewis hypothesized that to a believer in symmetric time he called "Dr.X"it would be...
 
  

a great satisfaction to read in a paper of Willard Gibbs that “the impossibility of an uncompensated decrease of entropy seems to be reduced to an improbability”; and later to follow the development of this thesis by Boltzmann until near the end of the famous lectures on “Gastheorie” he found Boltzmann saying, “Hence, for the universe, both directions of time are indistinguishable, as in space there is no up or down.”

Boltzmann’s qualifications of this statement seemed unnecessary to Dr. X, who now definitely included thermodynamics among those branches of physics which require symmetrical time only. In his note book we read, “The statistical interpretation of thermodynamics offered by Gibbs and Boltzmann affords for the first time an understanding of entropy. The process irreversible in time does not exist. This corollary of the law of symmetry in time itself leads to further important consequences. Thence we may prove to those who are still skeptical the atomic structure of matter, as follows: if we imagine two continuous media to diffuse into one another, such a diffusion would in principle be a phenomenon which by no physical means could be reversed, but if two streams composed of discrete particles should diffuse, then, although it might be a matter of great difficulty to recapture the particles and restore each to its own kind, yet in principle the process is reversible and indeed, according to Boltzmann, the separation will occur spontaneously if the system be left to itself for a sufficiently long period.”


Dr. X adds a remark of much subtlety. “While we recognize the particulate nature of matter, we allow each particle to have a position and a velocity chosen from a whole continuum of possible values. Thus while we claim that an isolated system repeatedly returns nearly to its initial condition, we can not say that it returns exactly to that condition. If we start with a number of molecules all moving in precisely the same direction, we can not claim that after some disturbance they ever again move quite parallel to one another. This implies a sort of irreversibility, and while I am not sure that it is a contradiction to symmetrical time, I confess that I should be better satisfied if we could claim the exact recurrence of an initial state.”
It is a pity that Dr. X did not live to see the universal acceptance of quantum theory, which assigns to an isolated system not an infinite continuum of states, but a finite number of discrete states. Thus every particular state exactly recurs within finite time. This modern picture is far simpler than that of Boltzmann, especially as we are going to see that each particular state occurs as often as every other. Hence molecular statistics furnishes quite elementary problems in the theory of probability, like the tossing of coins or the shuffling of cards.


In the main, however, the problems of thermodynamics to-day are not far different from those discussed by Boltzmann and Dr. X. In the note book of the latter we read, “The earth is constantly receiving energy from the sun, and in consequence water is continuously flowing over Niagara Falls, but these descriptive statements can not be called laws of physics. When we turn to the processes studied in the laboratory we find that when a hot and cold body are brought together, it is almost certain that the twro temperatures will become equalized until no discernible difference remains. If we mix two mutually soluble liquids, we may expect the concentration to become nearly uniform. I have learned that it is possible to perform an operation upon the brains of mice so that they respond to no external stimuli, but can still run aimlessly about. If a large number of these mice are placed in one end of a box, that end is now heavier than the other; but this distinction rapidly disappears as the mice, in their random movements, cover with greater uniformity the bottom of the box, so that we may no longer discern any tendency of the box in one direction or the other. I claim that in all these cases there is no phenomenon irreversible in time, and indeed nothing more formidable occurs than in the proverbial case of a needle dropped into a haystack.”


Before analyzing further these problems, we may consider a very interesting discussion of one-way time by Professor Eddington, in “The Nature of the Physical World.” He arrives at a compromise, first by stating that one-way time does not occur in physics outside of thermodynamics, and then by reducing the principle of the increase of entropy from a “primary” to a “secondary” law, which does not prevent him, however, from deducing therefrom a “running down of the universe.” To this compromise I can not agree.* The first statement will be answered by the cases which will be discussed in the following sections, and the second can not be regarded as consistent with the new conception of thermodynamics.


We must be cautious about extending to the whole cosmos the rules which we have obtained from limited experiments in our small laboratories. The chance of obtaining valid results from such an extrapolation is very small, but it can be made in a purely formal way. If the universe is finite, as is now frequently supposed, then the formal application of our existing ideas of thermodynamics and statistics leads directly to the following statement: The precise present state of the universe has occurred in the past and will recur in the future, and in. each case within finite time. Whether the universe actually is running down is, of course, another matter. All we can say is that such an assumption obtains no support *from thermodynamics.
Let us, however, turn from the behavior of the universe, about which we know almost nothing, to the phenomena of the laboratory, about which we know a little more. Even in this limited domain it is going to be difficult enough to persuade ourselves that such a phenomenon as an explosion is wholly compatible with the thesis of symmetrical time. If a statement runs counter to a fixed habit of thought which has become nearly instinctive, it may be accepted by many, but believed by few. The use of one-way time
   


Turning now to the irreversible thermodynamic process, we shall choose an illustration which is not quite so complicated as an explosion, but involves all essentials. A chemist has spent days in preparing a flask of nearly pure alcohol. This he places in a water bath, and then by accident the flask overturns and the alcohol diffuses through the water. His disappointment is in no way allayed by the fact that none of his material is really lost, nor by the belief that ultimately the molecules of alcohol will accidentally come together to give once more a nearly pure sample. That the chemist would be obliged to wait an unconscionable time for this chance restoration must be given no weight. If it occurred every ten minutes, the principle would be the same. It would still be necessary for him to devise rapid analytical methods to ascertain just when the fortunate event occurred. There is no question but that the accident has involved an element of loss which typifies the irreversible process (which is also spoken of as a process of dissipation, or degradation), but we shall see that this loss in no way implies a dissymmetry of time, nor indeed that it has any temporal implications whatever.
Without losing any of the characteristics of the reversible process, we may next examine one of the simplest of systems. Suppose that we have a cylinder closed at each end, and with a middle wall provided with a shutter. In this cylinder are one molecule each of three different gases, A, B and C, and the cylinder is in a thermostat at temperature T. In dealing with the individual molecules we are perhaps arrogating to ourselves the privileges of Maxwell's demon; but in recent years, if I may say so without offense, physicists have become demons.

Begarding each molecule, we shall ask only whether it is in the right or the left half of the cylinder. Obviously eight distributions are possible, such as A and B on the left and C on the right; or B on the left and A and C on the right. According to our ordinary assumptions, each of these distributions is equally probable, or, in other words, the system averages to be in each distribution one eighth of the time. Moreover, each of the eight distributions can be easily described and remembered, so that we are not troubled by a large number of nondescript states. Each distribution occurs over and over, but in no particular order, and in these occurrences there is no trace of dissymmetry with respect to time—there is no “running-down” process here.
Yet we may have a typical irreversible process. Suppose that the shutter is closed so as to trap a particular distribution, say all three molecules on the left. We become familiar with this one distribution and wish to study it further, but accidentally the shutter is opened, and instead of the one distribution, we have all eight succeeding one another in a random way. This is a complete analogy to the overturn of the flask of alcohol. If we desire once more to obtain and keep the one distribution in which all the molecules are on the left-hand side of the cylinder, we may . exercise our prerogatives as Maxwell demons by closing the shutter from time to time and determining by spectroscopic means or otherwise which distribution is trapped. In about eight trials we shall obtain the desired result. Unless, however, there is in sentient beings the power to defy the second law of thermodynamics, we shall find that this method of obtaining the desired distribution requires at least as much work as the old-fashioned thermodynamical method of forcing the system into the particular distribution without the aid of demoniacal devices. This classical method consists in slowly pushing a piston from the extreme right of the cylinder as far as the middle wall. In this typical reversible process the work required to overcome the pressure of the three molecules is 3 k T In 2 = k T In 8. At the same time the entropy of the gas is diminished by 3 k In 2.


If we wish to obtain any other one of the particular distributions, from the general distribution, the same amount of work is required. Suppose the particular distribution desired is B on the left, A and C on the right. At the extreme left we have a piston permeable only to B, and at the extreme right a piston permeable only to A and C, and these pistons are moved slowly to the middle wall. We thus obtain the given distribution, and the sum of the work done upon the two pistons is 3 k T In 2. In every case, in passing from the general distribution to a particular known distribution, the gas loses entropy in the amount 3 k In 2. All these processes are completely reversible. If we start with any known distribution and let the proper pistons move outward from the center to the ends of the cylinder, we obtain the general distribution, the system does work in the amount 3 k T In 2, and the entropy of the gas increases by 3 k In 2.


The entropy of the general unknown distribution is greater than the entropy of any one known distribution by 3 k In 2. This, therefore, is the increase in entropy in the irreversible process which occurs when, after trapping any one known distribution, we open the shutter. It is evident, however, that the mere trapping of one distribution makes no change in the entropy, for the shutter may be made as frictionless as we please, and the mere act of opening or closing it will not change the entropy of the system. If we start with the shutter open, with all the eight distributions occurring one after another, and then close the shutter, the system is trapped in one distribution, but there is no change of entropy.
Whence we have now reached our most important conclusion. The increase in entropy comes when a known distribution goes over into an unknown distribution. The loss, which is characteristic of an irreversible process, is loss of information. In the simplest case, if we have one molecule which must be in one of two flasks, the entropy becomes less by k In 2, if we know which is the flask in which the molecule is trapped.


Gain in entropy always means loss of information, and nothing more. It is a subjective concept, but we can express it in its least subjective form, as follows. If, on a page, we read the description of a physicochemical system, together with certain data which help to specify the system, the entropy of the system is determined by these specifications. If any of the essential data are erased, the entropy becomes greater; if any essential data are added, the entropy becomes less. Nothing further is needed to show that the irreversible process neither implies one-way time, nor has any other temporal implications. Time is not one of the variables of pure thermodynamics.
   



Microscopic Irreversibility


In 1925, a few months before  Richard Tolman wrote his influential article on the "Principle of Microscopic Reversibility," Lewis wrote his own analysis on the "detailed balancing" of chemical reactions entitled "A New Principle of Equilibrium."

Lewis argued for what he called 


the law of entire equilibrium, [which]
may be stated as follows. Corresponding to every individual process there
is a reverse process, and in a state of equilibrium the average rate of every
process is equal to the average rate of its reverse process... Moreover if there are various paths by which the first process occurs, there is an equal number of paths by which the second process occurs, and
the rate is the same in both directions along every path. This will be true no matter how detailed are the specifications which define the several groups and the several paths..



Lewis was familiar with Albert Einstein's 1916 work on the absorption and emission coefficients for radiation interactions with matter, and Einstein's independent derivation of the Planck radiation law.. Unlike Tolman, who did not think quantum processes might make some microscopic interactions irreversible, Lewis considered Einstein's work and suggested it might include errors. He wrote


I believe that some of the ideas contained in this paper have been suggested
by the work of Einstein, but he has not proposed this law of equilibrium.
Indeed one of the first applications which I shall make, in a
subsequent paper, will be to the interaction between matter and light,
where I shall attempt to demonstrate the invalidity of Einstein's derivation
of Planck's radiation formula.
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Hendrik A. Lorentz was giant in theoretical physics who bridged the gap between classical electromagnetic field theory and modern relativity theories.

He put forward a theory of the electron and he developed the famous Lorentz transformations that describe how objects appear contracted in the direction of their motion to observers in a frame at rest. Lorentz's equations provided the basis for Albert Einstein's theory of special relativity.


Lorentz had many unpublished conversations with Einstein, some of which provide insight into Einstein's thoughts on the mysterious relationship between discrete light quanta (particles) and the continuous waves of classical electromagnetic theory. It shows that Einstein had a statistical view of the quanta. The probability of finding quanta is determined by the continuous wave, which controls the interference even for one quantum at a time.



Lorentz also describes the two-slit experiment.



Excerpt from Problems of Modern Physics (1922 Lectures at Cal Tech) 

50. Interference and the Quantum Theory. I tried to explain to
you how the production of light by quantum jumps can perhaps
be reconciled with our old views concerning radiation, so that
these would hold as to the constitution of the emitted radiation.
But the question arises, Can this constitution be really just what
we have thought; that is, can there be a propagation according
to Maxwell's laws, with a tendency to spread out in all directions
and the impossibility of a lasting concentration of energy?

You know that phenomena like those of photo-electricity
have led Einstein to his hypothesis of light-quanta. According to
this, quantities of energy equal to hν would be concentrated in
small spaces, moving with the speed of light; they would even
be light and would produce all optical effects. In this way we
can understand that even very feeble light can give to an electron
the amount of energy hv, for the smallness of the intensity
would be due to the small number of quanta which it contains,
the magnitude of each remaining the same. 


So we should
escape the difficulty which, in the case of wave-motion, arises
from the continual spreading out and weakening of the energy.

The hypothesis of light-quanta, however, is in contradiction
with the phenomena of interference. Can the two views be
reconciled? I should like to put forward some considerations
about this question, but I must first say that Einstein is to be
given credit for whatever in them may be sound. As I know
his ideas concerning the points to be discussed only by verbal
communication, however, and even by hearsay, I have to take
the responsibility for all that remains unsatisfactory.


Let us suppose that in the emission and propagation of light
there is something that conforms wholly to Maxwell's equations,
but that it has practically no energy at all, the electric 
and magnetic forces being infinitely small. 


Today this Fresnel (interference) radiation is the probability amplitude wave function ψ

Then in this, let
us say, Fresnel radiation we shall have the ordinary laws of
reflection, interference, and refraction, but we shall see nothing
of it. On a screen you will have something like an undeveloped
photographic image.

We can now imagine that in the production of light this
Fresnel radiation is accompanied by the emission of certain
quanta of energy that are of a different nature. Although their
precise nature is unknown, we may suppose that energy is concentrated
in small spaces and remains so. These quanta move
in such a way in our "pattern" that they can never come to a
place where in this pattern there is darkness. In thus traveling
from the source outward each quantum has a choice between
many paths. 


The intensity of the radiation gives the probability of finding light quanta, just as Born's rule (1926) says the probability of finding material particles is proportional to the square of the wave function 


The probability of following different paths is
proportional to the intensity of the radiation along these paths
in Fresnel's radiation.

Now in all real cases the act of emission is repeated a great
many times. Suppose it is repeated N times, and let the Fresnel
radiation be the same in these different cases. Then we shall
have N quanta moving in this pattern, and if their number is
very great and the probability of following different paths as
stated, the number of quanta coming on different parts of a
screen on which we observe an interference phenomenon will be
proportional to the intensity which we have in Fresnel's pattern.
These considerations can easily be extended. Take, for
instance, polarization. The polarization will be in the Fresnel
pattern, not in the quanta, but the quanta will illuminate a
screen or a photographic plate or our retina to exactly the
degree determined by the classical theory.



Or consider light passing through two slits, one particle at a time 


When light falls on the surface of a piece of glass, there is
a partition between the reflected and refracted parts. The
probability of the quantum's following one path or another is
determined by the well-known formulae of Fresnel for the intensities
of the reflected and the refracted light.

Suppose that in an elementary act of radiation there are a
million waves; these exist in Fresnel's pattern; but the quantum
of energy can have any place in the train of waves, either
near the front or near the rear of these waves.


If we have an ordinary beam of light consisting of the superposition
of a great number of elementary beams, we have quanta
in great number distributed all through the space occupied by
the beam.
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Einstein described this difficulty in 1905.
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James Lovelock was an English scientist, environmentalist and futurist.  He is best known for proposing the Gaia hypothesis, which postulates that the Earth functions as a self-regulating system.

Lovelock first formulated the Gaia hypothesis in the 1960s resulting from his work for NASA concerned with detecting life on Mars. The hypothesis proposes that living and non-living parts of the Earth form a complex interacting system that can be thought of as a single organism. He named it after the Greek goddess Gaia at the suggestion of novelist William Golding. The hypothesis also postulates that the biosphere has a regulatory effect on the Earth's environment that acts to sustain life.


Lovelock helped NASA to develop sensitive instruments for the analysis of extraterrestrial atmospheres and planetary surfaces, notable Mars] The Viking program, which visited Mars in the late 1970s, was motivated in part to determine whether Mars supported life, and some of the sensors and experiments that were ultimately deployed aimed to resolve this issue. During work on a precursor of this program, Lovelock became interested in the composition of the Martian atmosphere, reasoning that many life forms on Mars would be obliged to make use of it (and, thus, alter it). However, the atmosphere was found to be in a stable condition close to its chemical equilibrium, with very little oxygen, methane, or hydrogen, but with an overwhelming abundance of carbon dioxide. To Lovelock, the stark contrast between the Martian atmosphere and chemically dynamic mixture of the Earth's biosphere was strongly indicative of the absence of life on Mars.


An example of (dis-)regulation of the Earth's environment was Lovelock's detection of CFCs (chlorofuorocarbons ) in the atmosphere. He found a concentration of 60 parts per trillion of CFC-11 over Ireland and, in a partially self-funded research expedition in 1972, went on to measure the concentration of CFC-11 from the northern hemisphere to the Antarctic aboard the research vessel RRS Shackleton. The 1987 Montreal Protocol, an international treaty, phased out the production and use of CFCs, which were shown to deplete the ozone layer. However, the long atmospheric lifetimes of CFCs mean they will persist for decades, and their removal will be a gradual process. 
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    Scientists
    

Michael Arbib
John S. Bell
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Charles Bennett
Ludwig Bertalanffy
Margaret Boden
David Bohm
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Ludwig Boltzmann
Emile Borel
Max Born
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Stephen Brush
Henry Thomas Buckle
Donald Campbell
Anthony Cashmore
Eric Chaisson
Jean-Pierre Changeux
Arthur Holly Compton
John Conway
E. H. Culverwell
Charles Darwin
Abraham de Moivre
Paul Dirac
John Eccles
Arthur Stanley Eddington
Paul Ehrenfest
Albert Einstein
Richard Feynman
Joseph Fourier
Michael Gazzaniga
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Nicolas Gisin
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Joshua Greene
Jacques Hadamard
Patrick Haggard
Sam Harris
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Werner Heisenberg
William Stanley Jevons
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Simon Kochen
Stephen Kosslyn
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Pierre-Simon Laplace
David Layzer
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Josef Loschmidt
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Henry Margenau
James Clerk Maxwell
Ernst Mayr
Jacques Monod
Roger Penrose
Steven Pinker
Max Planck
Henri Poincaré
Adolphe Quételet
Jerome Rothstein
David Ruelle
Erwin Schrödinger
Aaron Schurger
Claude Shannon
Herbert Simon
Dean Keith Simonton
B. F. Skinner
Roger Sperry
Henry Stapp
Antoine Suarez
Leo Szilard
William Thomson (Kelvin)
Peter Tse
John von Neumann
Daniel Wegner
Paul A. Weiss
Steven Weinberg
Norbert Wiener
Eugene Wigner
E. O. Wilson
H. Dieter Zeh
Ernst Zermelo



   Johan Josef Loschmidt was an assistant to the first Franz Serafin Exner. He read to Exner when the older man's eyesight failed, so was likely quite familiar with Exner's effort to instill probabilistic thinking into the minds of young Austrians.

In 1865, Loschmidt was the first to estimate the size of air molecules. His result was only twice the true size, a remarkable feat given the approximations he had to make. He was able to determine how many molecules are present in a given volume of gas (about 6 x 1023 molecules per gram molecular weight or "mole" of a gas). This is known as the "Loschmidt constant" in Europe, and "Avogadro's number" in England and America. Avogadro had in 1811 proposed the existence of such a number, but Loschmidt actually determined it first.


Loschmidt became the most important mentor of the young Ludwig Boltzmann, and later the first serious critic of Boltzmann's H-Theorem, which Boltzmann derived during the 1860's. 


Loschmidt suggested to Boltzmann that the entropy would decrease if the directions of motion of all the molecules were reversed. This is equivalent to assuming that time could be reversed (see the Arrow of Time). The equations of classical dynamics are time reversible, so, in principle, one could reverse the increasing disorder of gas particles, returning the perfume molecules to a bottle that was opened at time t0, for example. 


This came to be known as the "Reversibility paradox" or "Loschmidt's paradox." 


It is related to a similar attack on Boltzmann's derivation of entropy increase by Ernst Zermelo thirty years later called "Zermelo's paradox or the "Recurrence paradox."


Loschmidt's criticism caused Boltzmann to revise his arguments and claim that there must be a fundamental "molecular disorder" at work that randomizes molecular motions during collisions.


Information physics can show that neither the "Reversibility paradox" nor the "Recurrence paradox" are actual problems.
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When Joseph LeDoux was a graduate student at SUNY Stony Brook he worked with Michael Gazzaniga on his split-brain experiments.  Roger Sperry had pioneered split-brain studies at CalTech, where Gazzaniga was one of his students.  

In a "split-brain" the corpus collosum (white matter with billions of cortical neurons) connecting the two brain hemispheres is cut. When subjects are shown words or object that can be seen only by the left eye (which is connected to the right hemisphere), the left hemisphere, which controls speech, can say nothing about what the word or object is.


However, Gazzaniga and LeDoux discovered that if the left hemisphere is asked whether the object or word describes something good or bad,  it responds for example to "mom" with "good," and to the word "devil" with "bad." 


LeDoux writes...



The left hemisphere had no idea what the stimuli were. No matter how hard we pressed, the patient could not name the stimulus that had been presented to the right hemisphere. Nevertheless the left hemisphere was consistently on the money with the emotional ratings. Somehow the emotional significance of the stimulus had leaked across the brain, even though the identity of the stimulus had not. The patient's conscious emotions as experienced by his left hemisphere were in effect being pushed this way and that by stimuli that he claimed to have never seen...

The left hemisphere, in other words, was making emotional judgments without knowing what was being judged. The left hemisphere knew the emotional outcome, but it did not have access to the processes that lead up to that outcome. As far as the left hemisphere was concerned the emotional processing had taken place outside of its realm of awareness (which is to say had taken place unconsciously).



The explanation is simple. Regions of the brain below the cortex, such as the left and right subcortical amygdalae, did not have the neurons between them disconnected.


LeDoux set his goal to figuring out how the brain processes the emotional meaning of stimuli, a goal he pursues to this day.  


He offers what he calls a "Simple Idea" that can explain how the brain becomes conscious of emotions.

A Simple Idea
My idea about the nature of conscious emotional experiences, emotional feelings, is incredibly simple. It is that a subjective emotional experience, like the feeling of being afraid, results when we become consciously aware that an emotion system of the brain, like the defense system, is active. In order for this to occur, we need at least two things. We need a defense system and we need to have the capacity to be consciously aware of its activity. The upside of this line of thought is that once we understand consciousness we will also un­derstand subjective emotional experiences. The downside is that in order to understand subjective emotional experiences, we’ve got to figure out consciousness.


To my way of thinking, then, emotional experience is not really a problem about emotion. It is, instead, a problem about how con­scious experiences occur. Because the scientific study of emotions has mostly been about conscious emotional experiences, scientists who study emotions have set things up so that they will not under­stand emotions until they’ve understood the mind-body problem. the problem of how consciousness comes out of brains, arguably the most difficult problem there is and ever was.


The field got this way at the beginning, when William James brought up the business with the bear. He started with a questions about why the sight of a bear makes us run away (the stimulus-response problem in emotion) but ended up with a question about why we feel afraid when we see the bear (the stimulus-to-feeling problem in emotion). Ever since, the study of emotion has been fo­cused on where conscious feelings come from...


By treating emotions as unconscious processes that can sometimes give rise to conscious content, we lift the burden of the mind-body problem from the shoulders of emotion researchers and allow them to get on with the problem of figuring out how the brain does its unconscious emotional business. But we also see how conscious emotional experiences are probably created. They are probably cre­ated the same way that other conscious experiences are — by the es­tablishment of a conscious representation of the workings of underlying processing systems. Although much remains unknown about how conscious representations come about, recent studies have begun to provide important clues.




Since the problem of consciousness remains, it is hard to see how LeDoux's simple idea makes any real progress? 
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Karl Lashley was a behaviorist psychologist with theories about memory and learning.


He received his Ph.D. from Johns Hopkins in 1911, studying under the great behaviorist John Watson. He then became a professor at University of Minnesota, University of Chicago, and Harvard. He left Harvard to become the director of the Yerkes Laboratory of Primate Biology in Orange Park, Florida.


Lashley lesioned parts of the brains in lab rats to see what brain function is lost. He theorized that specific information would be stored in what he called "ngrams." Since the rats could still run quickly through the maze that they had learned, so concluded (mistakenly) that those ngrams are not located in specific parts of the brain, but must be distributed widely in the neocortex. He called this "equipotentiality" and claimed that any part of the brain could perform any brain function. 


In 1934 Donald O. Hebb moved to the University of Chicago to study with Karl Lashley. In 1942, Hebb moved to Orange Park, Florida to once again work with Lashley at the Yerkes National Primate Research Center. 



The Brain is not a Computer


At the very beginning of the digital age, in 1951, Lashley argued against the use of any machine-based metaphor.

“Descartes was impressed by the hydraulic figures in the royal gardens, and developed a hydraulic theory of the action of the brain,” Lashley wrote. “We have since had telephone theories, electrical field theories and now theories based on computing machines and automatic rudders. I suggest we are more likely to find out about how the brain works by studying the brain itself, and the phenomena of behaviour, than by indulging in far-fetched physical analogies.”



Source: https://www.informationphilosopher.com/solutions/scientists/lashley/
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Michael Levin an American developmental and synthetic biologist at Tufts University, where he is the Vannevar Bush Distinguished Professor. Levin is a director of the Allen Discovery Center at Tufts University and Tufts Center for Regenerative and Developmental Biology.

His research interests include: bioelectrical signals by which cells communicate to serve the dynamic anatomical needs of the organism during development, regeneration, and cancer suppression; basal cognition and intelligence in diverse unconventional substrates; and top-down control of form and function across scales in biology.


He is known for co-discovering the Xenobots, "Living robots made from frog skin cells [that] can sense their environment". This research is focused on development of a multiplexed, microfluidic, Xenopus embryo culture system that will enable discovery of new drug targets and development of therapeutics when combined with multiomics and an integrated bioinformatics pipeline. 
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Pierre Simon Laplace is a giant in mathematics, physics, and astronomy. Although much of his work had been done earlier by others (he rarely gives them any credit), his original contributions are a large part of his books on mathematics, probability, and celestial mechanics.


His Mécanique Céleste reworks Newton's Principia using the differential calculus. It contains the famous nebular hypothesis of the origin of the solar system, first suggested by Emanuel Swedenborg and Immanuel Kant. 


Laplace's several works on probability (Théorie des probabilités , Théorie analytique des probabilités ,  and Essai philosophique sur les probabilités) establish many of the techniques and results of statistics, including the method of least squares for assessing observational data, but more importantly they defend the idea of a priori probability that can be used to reason about future events.  


In the introduction to the Essai, he extended an idea of Gottfried Leibniz which became famous as Laplace's Demon, a key vision of strict physical determinism. He said


"We may regard the present state of the universe as the effect of its past and the cause of its future. An intellect which at a certain moment would know all forces that set nature in motion, and all positions of all items of which nature is composed, if this intellect were also vast enough to submit these data to analysis, it would embrace in a single formula the movements of the greatest bodies of the universe and those of the tiniest atom; for such an intellect nothing would be uncertain and the future just like the past would be present before its eyes."


Laplace worked out the mathematics for the binomial distribution. If p is the probability of a success and q = 1 - p the probability of failure, then the probability of k successes is



Pr(k) = (n!/(n - k)! k!)p(n - k)qk

Abraham de Moivre had derived this result in his The Doctrine of Chances (1738). It is sometimes called the de Moivre-Laplace Theorem.


Laplace emphasized his view that real chance did not exist by calling his work the "calculus of probabilities."   With its connotation of approbation, probability was a more respectable term than chance, with its associations of gambling and lawlessness. For Laplace, the random outcomes were not predictable only because we lack the detailed information to predict. As did the ancient Stoics, Laplace explained the appearance of chance as the result of human ignorance. He said as early as 1783  and later popularized in the Essais of 1814,


"The word 'chance,' then expresses only our ignorance of the causes of the phenomena that we observe to occur and to succeed one another in no apparent order."

 
The implication is that all chance events are driven by underlying laws that insure the observed statistics of the "normal distribution."
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This mathematical form seemed to explain the many new studies of social statistics in the nineteenth century. Most philosophers and scientists held the view that chance was simply the result of human ignorance as to the causes. That chance events must be determined by unknown causes was (mistakenly) justified by the lawful nature of their distribution.


This mistaken idea appears again in the late 18th century (Kant himself thought it proved phenomenal determinism) and the early 19th century (in the work of Joseph Fourier, Adolph Quételet, and Thomas Henry Buckle).
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Rolf Landauer extended the ideas of John von Neumann and Leo Szilard, who, along with many other physicists, had connected a physical measurement with thermodynamical irreversibility, that is to say a dissipation of available (free) energy and an increase in entropy. 

The increase in entropy (or decrease in available negentropy, as Leon Brillouin put it), must equal or exceed the increase in information acquired in the measurement, in order to satisfy the second law of thermodynamics. 


In 1961 Landauer published a landmark article in the IBM Journal. He studied the special case of digital computers which read and write information as part of their calculations, but have extremely small or possibly even zero energy dissipation, especially in computations that are in principle logically reversible. Such calculations must include their input values along with their outputs, in order to allow the computer to step backward through the calculation and restore the original state.


Landauer's thinking assumes physics is completely  deterministic. In classical mechanics trajectories are a known function of the forces and initial conditions. Complete knowledge of those conditions implies knowledge of the conditions at all times, past and future.



Since the system is conservative, its whole history can be reversed in time, and we will still have a system satisfying the laws of motion. In the time-reversed system we then have the possibility that for a single initial condition (position in the one state, zero velocity) we can end up in at least two places: the zero state or the one state. This, however, is impossible. The laws of mechanics are completely deterministic and a trajectory is determined by an initial position and velocity. (


Landauer argues that the most fundamental laws of physics are time reversible. Complete knowledge of the state of a closed system at some time, you could - in principle—run the laws of physics in reverse and determine the system’s exact state at any previous time. This can be approximated by large classical objects such as billiard balls (cf., the "digital physics" of Ed Fredkin).


This is of course an idealization not realizable in the quantum world. The idea of logical reversibility can not be realized in a world that is physically irreversible.


Since the introduction of quantum mechanics and the realization that we live in a universe with irreducible background noise (the cosmic microwave background radiation with a temperature of about 3°K), noise and entropy-free deterministic systems are the idealizations of mathematicians, philosophers, and computer scientists.


Indeed, a major difference between Bell Labs and IBM can perhaps be seen in the observation that Bell Labs has learned to communicate signals in the presence of noise and discovered the ultimate cosmic source of entropic noise, where IBM has excelled at eliminating the effects of noise from our best computers. At Bell Labs, Claude Shannon developed information theory, with its fundamental connection to Ludwig Boltzmann's entropy. And there Arno Penzias and Robert Wilson discovered the cosmic background radiation. At IBM, Landauer and his colleague Charles Bennett are famous for logically and thermodynamically reversible computing, which ignores the effects of noise and entropy until the computer bits of information must be erased (Landauer's Principle).   



Logically irreversible devices do not remember the inputs. They are thus one-way processes that lose information. Logically irreversible devices are necessary to computing, says Landauer, and logical irreversibility implies physical irreversibility.

We shall call a device logically irreversible if
the output of a device does not uniquely define the inputs. We believe that devices exhibiting logical irreversibility are essential to computing. Logical irreversibility, we believe, in turn implies physical irreversibility, and  the latter is accompanied by dissipative effects.

 
Landauer then goes on to describe classes of computers that can be considered logically reversible. They must not only save their inputs, but also the results of all intermediate logical steps, to provide the necessary information to perform all the steps backwards and restore the original conditions. In particular, he says, no information can be erased. That the entropy must go up on erasure is known as Landauer's Principle. Landauer's colleague at IBM, Charles Bennett, carries on the investigations of logically reversible computing. 

Landauer describes two examples of logically reversible machines. 


[The first is] a particular class of computers, namely those using logical functions of only one or two variables. After a machine cycle each of our N binary elements is a function of the state of at most two of the binary elements before the machine cycle. Now assume that the computer is logically reversible. Then the machine cycle maps the 2N possible initial states of the machine onto the same space of 2N states, rather than just a subspace thereof. In the 2N possible states each bit has a ONE and a ZERO appearing with equal frequency. Hence the reversible computer can utilize only those truth functions whose truth table exhibits equal numbers of ONES and ZEROS. The admissible truth functions then are the identity and negation, the EXCLUSIVE OR and its negation. These, however, are not a complete set' and do not permit a synthesis of all other truth functions.

[Landauer also describes] more general devices. Consider, for example, a particular three-input, three-output device, i.e., a small special purpose computer with three bit positions. Let p, q, and r be the variables before the machine cycle. The particular truth function under consideration is the one which replaces r by p • q if r = 0, and replaces r by NOT p • q if r = 1. The variables p and q are left unchanged during the machine cycle. We can consider r as giving us a choice of program, and p, q as the variables on which the selected program operates. This is a logically reversible device, its output always defines its input uniquely. Nevertheless it is capable of performing an operation such as AND which is not, in itself, reversible. The computer, however, saves enough of the input information so that it supplements the desired result to allow reversibility. It is interesting to note, however, that we did not "save" the program; we can only deduce what it was.


Now consider a more general purpose computer, which usually has to go through many machine cycles to carry out a program. At first sight it may seem that logical reversibility is simply obtained by saving the input in some corner of the machine. We shall, however, label a machine as being logically reversible, if and only if all its individual steps are logically reversible. This means that every single time a truth function of two variables is evaluated we must save some additional information about the quantities being operated on, whether we need it or not. Erasure, which is equivalent to RESTORE TO ONE. discussed in the Introduction, is not permitted. We will, therefore, in a long program clutter up our machine bit positions with unnecessary information about intermediate results. Furthermore if we wish to use the reversible function of three variables, which was just discussed. as an AND, then we must supply in the initial programming a separate ZERO for every AND operation which is subsequently required, since the "bias" which programs the device is not saved, when the AND is performed. The machine must therefore have a great deal of extra capacity to store both the extra "bias" bits and the extra outputs. Can it be given adequate capacity to make all intermediate steps reversible? If our machine is capable, as machines are generally understood to be, of a non-terminating program, then it is clear that the capacity for preserving all the information about all the intermediate steps cannot be there.


Let us, however, not take such an easy way out. Perhaps it is just possible to devise a machine, useful in the normal sense, but not capable of embarking on a 
nonterminating program. Let us take such a machine as it normally comes, involving logically irreversible truth functions. An irreversible truth function can be made into a reversible one, as we have illustrated, by "embedding" it in a truth function of a large number of variables. The larger truth function, however, requires extra inputs to bias it, and extra outputs to hold the information which provides the reversibility. What we now contend is that this larger machine, while it is reversible, is not a useful computing machine in the normally accepted sense of the word.


First of all, in order to provide space for the extra inputs and outputs, the embedding requires knowledge of the number of times each of the operations of the original (irreversible) machine will be required. The usefulness of a computer stems, however, from the fact that it is more than just a table look-up device; it can do many programs which were not anticipated in full detail by the designer. Our enlarged machine must have a number of bit positions, for every embedded device of the order of the number of program steps and requires a number of switching events during program loading comparable to the number that occur during the program itself. The setting of bias during program loading, which would typically consist of restoring a long row of bits to say ZERO, is just the type of nonreversible logical operation we are trying to avoid. Our unwieldy machine has therefore avoided the irreversible operations during the running of the program, only at the expense of added comparable irreversibility during the loading of the program.



4. Logical irreversibility and entropy generation


The detailed connection between logical irreversibility and entropy changes remains to be made. Consider again, as an example, the operation RESTORE TO ONE. The generalization to more complicated logical operations will be trivial.
Imagine first a situation in which the RESTORE operation has already been carried out on each member of an assembly of such bits. This is somewhat equivalent to an assembly of spins, all aligned with the positive z-axis. In thermal equilibrium the bits (or spins) have two equally favored positions. Our specially prepared collections show much more order, and therefore a lower temperature and entropy than is characteristic of the equilibrium state. In the adiabatic demagnetization method we use such a prepared spin state, and as the spins become disoriented they take up entropy from the surroundings and thereby cool off the lattice in which the spins are embedded. An assembly of ordered bits would act similarly. As the assembly thermalizes and forgets its initial state the environment would be cooled off. Note that the important point here is not that all bits in the assembly initially agree with each other, but only that there is a single, well-defined initial state for the collection of bits. The well-defined initial state corresponds, by the usual statistical mechanical definition of entropy, S = k logeW, to zero entropy. The degrees of freedom associated with the information can, through thermal relaxation, go to any 
one of 2N states (for N bits in the assembly) and therefore the entropy can increase by k N loge 2 as the initial information becomes thermalized.

Note that our argument here does not necessarily depend upon connections, frequently made in other writings, between entropy and information. We simply think of each bit as being located in a physical system, with perhaps a great many degrees of freedom, in addition to the relevant one. However, for each possible physical state which will be interpreted as a ZERO, there is a very similar possible physical state in which the physical system represents a ONE. Hence a system which is in a ONE state has only half as many physical states available to it as a system which can be in a ONE or ZERO state. (We shall ignore in this Section and in the subsequent considerations the case in which the ONE and ZERO are represented by states with different entropy. This case requires arguments of considerably greater complexity but leads to similar physical conclusions.)


In carrying out the RESTORE TO ONE operation we are doing the opposite of the thermalization. We start with each bit in one of two states and end up with a well-defined state. Let us view this operation in some detail.


Consider a statistical ensemble of bits in thermal equilibrium. If these are all reset to ONE, the number of states covered in the ensemble has been cut in half. The entropy therefore has been reduced by k loge 2 = 0.6931 k per bit. The entropy of a closed system, e.g., a computer with its own batteries, cannot decrease; hence this entropy must appear elsewhere as a heating effect, supplying 0.6931 kT per restored bit to the surroundings. This is, of course, a minimum heating effect, and our method of reasoning gives no guarantee that this minimum is in fact achievable.


Our reset operation, in the preceding discussion, was applied to a thermal equilibrium ensemble. In actuality we would like to know what happens in a particular computing circuit which will work on information which has not yet been thermalized, but at any one time consists of a well-defined ZERO or a well-defined ONE. Take first the case where, as time goes on, the reset operation is applied to a random chain of ONES and ZEROS. We can, in the usual fashion, take the statistical ensemble equivalent to a time average and therefore conclude that the dissipation per reset operation is the same for the time-wise succession as for the thermalized ensemble.


A computer, however, is seldom likely to operate on random data. One of the two bit possibilities may occur more often than the other, or even if the frequencies are equal, there may be a correlation between successive bits. In other words the digits which are reset may not carry the maximum possible information. Consider the extreme case, where the inputs are all ONE, and there is no need to carry out any operation. Clearly then no entropy changes occur and no heat dissipation is involved. Alternatively if the initial states are all ZERO they also carry no information, and no entropy change is involved in resetting them all to ONE. Note, however, that the reset operation which sufficed when the inputs were all ONE (doing nothing) will not suffice when the inputs are all ZERO. When the initial states are ZERO, and we wish to go to ONE, this is analogous to a phase transformation between two phases in equilibrium, and can, presumably, be done reversibly and without an entropy increase in the universe, but only by a procedure specifically designed for that task. We thus see that when the initial states do not have their fullest possible diversity, the necessary entropy increase in the RESET operation can be reduced, but only by taking advantage of our knowledge about the inputs, and tailoring the reset operation accordingly...


The question arises whether the entropy is really reduced by the logically irreversible operation. If we really map the possible initial ZERO states and the possible initial ONE states into the same space, i.e., the space of ONE states, there can be no question involved. But, perhaps, after we have performed the operation there can be some small remaining difference between the systems which were originally in the ONE state already and those that had to be switched into it. There is no harm in such differences persisting for some time, but as we saw in the discussion of the dissipationless subharmonic oscillator, we cannot tolerate a cumulative process, in which differences between various possible ONE states become larger and larger according to their detailed past histories. Hence the physical "many into one" mapping, which is the source of the entropy change, need not happen in full detail during the machine cycle which performed the logical function. But it must eventually take place, and this is all that is relevant for the heat generation argument.



Summary


The information-bearing degrees of freedom of a computer interact with the thermal reservoir represented by the remaining degrees of freedom. This interaction plays two roles. First of all, it acts as a sink for the energy dissipation involved in the computation. This energy dissipation has an unavoidable minimum arising from the fact that the computer performs irreversible operations. Secondly, the interaction acts as a source of noise causing errors. In particular thermal fluctuations give a supposedly switched element a small probability of remaining in its initial state, even after the switching force has been applied for a long time. It is shown, in terms of two simple models, that this source of error is dominated by one of two other error sources:


1) Incomplete switching due to inadequate time allowed for switching.


2) Decay of stored information due to thermal fluctuations.


It is, of course, apparent that both the thermal noise and the requirements for energy dissipation are on a scale which is entirely negligible in present-day computer components. The dissipation as calculated, however, is an absolute minimum. Actual devices which are far from minimal in size and operate at high speeds will be likely to require a much larger energy dissipation to serve the purpose of erasing the unnecessary details of the computer's past history.





Note that Landauer's work is mostly logical and does not discuss the underlying physics of irreversibility.
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The Future of Computing Depends on Making It Reversible

It’s time to embrace reversible computing, which could offer dramatic improvements in energy efficiency

By Michael P. Frank

For more than 50 years, computers have made steady and dramatic improvements, all thanks to Moore’s Law—the exponential increase over time in the number of transistors that can be fabricated on an integrated circuit of a given size. Moore’s Law owed its success to the fact that as transistors were made smaller, they became simultaneously cheaper, faster, and more energy efficient. The ­payoff from this win-win-win scenario enabled reinvestment in semi­conductor fabrication technology that could make even smaller, more densely packed transistors. And so this ­virtuous ­circle continued, decade after decade.

Now though, experts in industry, academia, and government laboratories anticipate that semiconductor miniaturization won’t continue much longer—maybe 5 or 10 years. Making transistors smaller no longer yields the improvements it used to. The physical characteristics of small transistors caused clock speeds to stagnate more than a decade ago, which drove the industry to start building chips with multiple cores. But even multicore architectures must contend with increasing amounts of “dark silicon,” areas of the chip that must be powered off to avoid overheating.


Heroic efforts are being made within the semiconductor industry to try to keep miniaturization going. But no amount of investment can change the laws of physics. At some point—now not very far away—a new computer that simply has smaller transistors will no longer be any cheaper, faster, or more energy efficient than its predecessors. At that point, the progress of conventional semiconductor technology will stop.


What about unconventional semiconductor technology, such as carbon-nanotube transistors, tunneling transistors, or spintronic devices? Unfortunately, many of the same fundamental physical barriers that prevent today’s complementary metal-oxide-semiconductor (CMOS) technology from advancing very much further will still apply, in a modified form, to those devices. We might be able to eke out a few more years of progress, but if we want to keep moving forward decades down the line, new devices are not enough: We’ll also have to rethink our most fundamental notions of computation.


Let me explain. For the entire history of computing, our calculating machines have operated in a way that causes the intentional loss of some information (it’s destructively overwritten) in the process of performing computations. But for several decades now, we have known that it’s possible in principle to carry out any desired computation without losing information—that is, in such a way that the computation could always be reversed to recover its earlier state. This idea of reversible computing goes to the very heart of thermo­dynamics and information theory, and indeed it is the only possible way within the laws of physics that we might be able to keep improving the cost and energy efficiency of general-purpose computing far into the future.


In the past, reversible computing never received much attention. That’s because it’s very hard to implement, and there was little reason to pursue this great challenge so long as conventional technology kept advancing. But with the end now in sight, it’s time for the world’s best physics and engineering minds to commence an all-out effort to bring reversible computing to practical fruition.


The history of reversible computing begins with physicist Rolf Landauer of IBM, who published a paper in 1961 titled “Irreversibility and Heat Generation in the Computing Process.” In it, Landauer argued that the logically irreversible character of conventional computational operations has direct implications for the thermodynamic behavior of a device that is carrying out those operations.


Landauer’s reasoning can be understood by observing that the most fundamental laws of physics are reversible, meaning that if you had complete knowledge of the state of a closed system at some time, you could always—at least in principle—run the laws of physics in reverse and determine the system’s exact state at any previous time.


To better see that, consider a game of billiards—an ideal one with no friction. If you were to make a movie of the balls bouncing off one another and the bumpers, the movie would look normal whether you ran it backward or forward: The collision physics would be the same, and you could work out the future configuration of the balls from their past configuration or vice versa equally easily.


The same fundamental reversibility holds for quantum-scale physics. As a consequence, you can’t have a situation in which two different detailed states of any physical system evolve into the exact same state at some later time, because that would make it impossible to determine the earlier state from the later one. In other words, at the lowest level in physics, information cannot be destroyed.


The reversibility of physics means that we can never truly erase information in a computer. Whenever we overwrite a bit of information with a new value, the previous information may be lost for all practical purposes, but it hasn’t really been physically destroyed. Instead it has been pushed out into the machine’s thermal environment, where it becomes entropy—in essence, randomized information—and manifests as heat.


Returning to our billiards-game example, suppose that the balls, bumpers, and felt were not frictionless. Then, sure, two different initial configurations might end up in the same state—say, with the balls resting on one side. The frictional loss of information would then generate heat, albeit a tiny amount.


Today’s computers rely on erasing information all the time—so much so that every single active logic gate in conventional designs destructively overwrites its previous output on every clock cycle, wasting the associated energy. A conventional computer is, essentially, an expensive electric heater that happens to perform a small amount of computation as a side effect.


Back to the Future

Reversible computing is based on reversible physics, where no energy is lost to friction

[image: image-placeholder]
Illustration: James Provost

TWO IDEAL BALLS, perfectly elastic and free of internal friction, are dropped from different heights. They will then bounce back repeatedly to their original heights. At any point, the future or past velocity and position of a ball can be calculated based on its current velocity and position [left]. But if there is internal friction, the situation is no longer reversible: Both balls ultimately end up on the ground, and you cannot determine their past velocities and positions from their current ones [right]. Here, energy is wasted through the frictional generation of heat.
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A LOGIC GATE could, in principle, be constructed from idealized balls and barriers. This billiard-ball AND gate has two inputs and three outputs. If a “true” is applied only to the “A” input (a ball entering from the top), then a “true” will appear on the “A” output (ball exiting from the bottom) [left]. If “true” is applied only to the “B” input (a ball entering from the left), then a “true” will appear only on the “(NOT-A) AND B” output (ball exiting to the right) [middle]. If “true” is applied to both inputs, then a “true” will appear on both the “A” and “A AND B” outputs [right].

How much heat is produced? Landauer’s conclusion, which has since been experimentally confirmed, was that each bit erasure must dissipate at least 17-⁠thousandths of an electron volt at room temperature. This is a very small amount of energy, but given all the operations that take place in a computer, it adds up. Present-day CMOS technology actually does much worse than Landauer calculated, dissipating something in the neighborhood of 5,000 electron volts per bit erased. Standard CMOS designs could be improved in this regard, but they won’t ever be able to get much below about 500 eV of energy lost per bit erased, still far from Landauer’s lower limit.


Can we do better? Landauer began to consider this question in his 1961 paper where he gave examples of logically reversible operations, meaning ones that transform computational states in such a way that each possible initial state yields some unique final state. Such operations could, in principle, be carried out in a thermodynamically reversible way, in which case any energy associated with the ­information-bearing signals in the system would not necessarily have to be dissipated as heat but could instead potentially be reused for subsequent operations.


To prove this approach could still do everything a conventional computer could do, Landauer also noted that any desired logically irreversible computational operation could be embedded in a reversible one, by simply setting aside any information that was no longer needed, rather than erasing it. But Landauer originally thought that doing this was only delaying the inevitable, because the information would still need to be erased eventually, when the available memory filled up.


It was left to Landauer’s younger colleague, Charles Bennett, to show in 1973 that it is possible to construct fully reversible computers capable of performing any computation without quickly filling up memory with temporary data. The trick is to undo the operations that produced the intermediate results. This would allow any temporary memory to be reused for subsequent computations without ever having to erase or overwrite it. In this way, reversible computations, if implemented on the right hardware, could, in principle, circumvent Landauer’s limit.


Unfortunately, Bennett’s idea of using reversible computing to make computation far more energy efficient languished in academic backwaters for many years. The problem was that it’s really hard to engineer a system that does something computationally interesting without inadvertently incurring a significant amount of entropy increase with each operation. But technology has improved, and the need to minimize energy use is now acute. So some researchers are once again looking to reversible computing to save energy.


What would a reversible computer look like? The first detailed attempts to describe an efficient physical mechanism for reversible computing were carried out in the late 1970s and early 1980s by Edward Fredkin and his colleague Tommaso Toffoli in their Information Mechanics research group at MIT.


As a proof of concept, Fredkin and Toffoli proposed that reversible operations could, in principle, be carried out by idealized electronic circuits that used inductors to shuttle charge packets back and forth between capacitors. With no resistors damping the flow of energy, these circuits were theoretically lossless. In the mechanical domain, Fredkin and Toffoli imagined rigid spheres bouncing off of each other and fixed barriers in narrowly constrained trajectories, not unlike the frictionless billiards game I described earlier.


Unfortunately, these idealized systems couldn’t be built in practice. But these investigations led to the development of two abstract computational primitives, now known as the Fredkin gate and the Toffoli gate, which became the foundation of much of the subsequent theoretical work in reversible computing. Any computation can be performed using these gates, which operate on three input bits, transforming them into unique final configurations of three output bits.


Meanwhile, other researchers at such places as Caltech, Rutgers, the University of Southern California, and Xerox PARC continued to explore possible electronic implementations. They called their circuits “adiabatic” after the ­idealized thermodynamic regime in which energy is barred from leaving the system as heat.


These ideas later found fertile ground back at MIT, where in 1993 a graduate student named Saed Younis in Tom Knight’s group showed for the first time that adiabatic circuits could be used to implement fully reversible logic. Later students in the group, including Carlin Vieri and I, built on that foundation to design and construct fully reversible processors of various types in CMOS as simple proofs of concept. This work established that there were no fundamental barriers preventing the entire discipline of computer architecture from being translated to the reversible realm.


Meanwhile, other researchers had been exploring alternative approaches to implementing reversible computing that were not based on semiconductor electronics at all. In the early 1990s, nanotechnology visionary K. Eric Drexler produced detailed designs for reversible nanomechanical logic devices made from diamond-like materials. Over the decades, Russian and Japanese researchers had been developing reversible superconducting electronic devices, such as the similarly named (but distinct) parametric ­quantron and quantum flux parametron. And a group at the ­University of Notre Dame was studying how to use interacting single electrons in arrays of quantum dots. To those of us who were working on reversible computing in the 1990s, it seemed that, based on the wide range of possible hardware that had already been proposed, some kind of practical reversible computing technology might not be very far away.


Alas, the idea was still ahead of its time. Conventional semiconductor technology improved rapidly through the 1990s and early 2000s, and so the field of reversible computing mostly languished. Nevertheless, some progress was made. For example, in 2004 Krishna Natarajan (a student I was advising at the University of Florida) and I showed in detailed simulations that a new and simplified family of circuits for reversible computing called two-level adiabatic logic, or 2LAL, could dissipate as little as 1 eV of energy per transistor per cycle—about 0.001 percent of the energy normally used by logic signals in that generation of CMOS. Still, a practical reversible computer has yet to be built using this or other approaches.


There’s not much time left to develop reversible machines, because progress in conventional semiconductor technology could grind to a halt soon. And if it does, the industry could stagnate, making forward progress that much more difficult. So the time is indeed ripe now to pursue this technology, as it will probably take at least a decade for reversible computers to become practical.


The most crucial need is for new reversible device technologies. Conventional CMOS transistors—especially the smallest, state-of-the-art ones—leak too much current to make very efficient adiabatic circuits. Larger transistors based on older manufacturing technology leak less, but they’d have to be operated quite slowly, which means many devices would need to be used to speed up computation through parallel operation. Stacking them in layers could yield compact and energy-efficient adiabatic circuits, but at the moment such 3D fabrication is still quite costly. And CMOS may be a dead end in any case.


Computing With Tiny Link Logic
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Ralph Merkle and his colleagues envision doing computations using nanomechanical “link logic,” a building block for which is shown here. That device contains two movable bars [dark gray], connected in such a way that only one bar at a time can be shifted from its central position. These bars would measure a few hundred atoms across, and their pivot points would be nearly frictionless. So great numbers of them connected together in the proper fashion could perform calculations, just as transistors do today. The difference is that a tiny link-logic system would be reversible.


Fortunately, there are some promising alternatives. One is to use fast superconducting electronics to build reversi­ble circuits, which have already been shown to dissipate less energy per device than the Landauer limit when operated reversibly. Advances in this realm have been made by researchers at Yokohama National University, Stony Brook University, and Northrop Grumman. Meanwhile, a team led by Ralph Merkle at the Institute for Molecular Manufacturing in Palo Alto, Calif., has designed reversible nanometer-scale molecular machines, which in theory could consume one-hundred-billionth the energy of today’s computing technology while still switching on nanosecond timescales. The rub is that the technology to manufacture such atomically precise devices still needs to be invented.


Whether or not these particular approaches pan out, physi­cists who are working on developing new device concepts need to keep the goal of reversible operation in mind. After all, that is the only way that any new computing substrate can possibly surpass the practical capabilities of end-of-line CMOS technology by many orders of magnitude, as opposed to only a few at most.


To be clear, reversible computing is by no means easy. Indeed, the engineering hurdles are enormous. Achieving efficient reversible computing with any kind of technology will likely require a thorough overhaul of our entire chip-design infrastructure. We’ll also have to retrain a large part of the digital-engineering workforce to use the new design methodologies. I would guess that the total cost of all of the new investments in education, research, and development that will be required in the coming decades will most likely run well up into the billions of dollars. It’s a future-computing moon shot.


But in my opinion, the difficulty of these challenges would be a very poor excuse for not facing up to them. At this moment, we’ve arrived at a historic juncture in the evolution of computing technology, and we must choose a path soon.


If we continue on our present course, this would amount to giving up on the future of computing and accepting that the energy efficiency of our hardware will soon plateau. Even such unconventional concepts as analog or spike-based neural computing will eventually reach a limit if they are not designed to also be reversible. And even a quantum-computing breakthrough would only help to significantly speed up a few highly specialized classes of computations, not computing in general.


But if we decide to blaze this new trail of reversible computing, we may continue to find ways to keep improving computation far into the future. Physics knows no upper limit on the amount of reversible computation that can be performed using a fixed amount of energy. So as far as we know, an unbounded future for computing awaits us, if we are bold enough to seize it.

This article appears in the September 2017 print issue as “Throwing Computing Into Reverse.”

About the Author

Michael P. Frank is a senior member of the technical staff at Sandia National Laboratories, in Albuquerque, where he studies advanced technologies for computation.
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Seth Lloyd is a theoretical physicist and computer scientist at MIT with a strong background in mechanical engineering. He calls himself a "quantum mechanic" and is one of the designers of quantum computing systems.

Lloyd's most provocative idea is that the universe is a giant computer. Everything in it, including all living systems, are running one enormous program. This seems to be an extreme form of determinism, with the program an example of the super-intelligence of a Laplace Demon, who can see the complete past and future. But Lloyd is no determinist, he sees that quantum mechanics introduces probabilities and uncertainty.


Lloyd worked with Rolf Landauer at IBM, who extended the ideas of John von Neumann and Leo Szilard, who, along with many other physicists, had connected a physical measurement with thermodynamical irreversibility, that is to say a dissipation of energy and increase in entropy. 


The increase in entropy (or decrease in available negentropy, as Leon Brillouin put it), must equal or exceed the increase in information acquired in the measurement, in order to satisfy the second law of thermodynamics. There is an intimate connection of physical things and information, captured in John Wheeler's famous dictum, "It from bit."


Seth Lloyd is quite correct that information ("bits") is physical ("its"). However, unlike things, which are concrete and material.  Information is abstract and immaterial. To be sure, bits in a computer are embodied in the logical switches that represent 1's and 0's.




Free Will


In his proposed "Turing Test" for free will, Lloyd says because "quantum mechanics implies that events are intrinsically unpredictable, the ‘pure stochasticity’ of quantum mechanics adds only randomness to decision making processes, not freedom." This is the second part of the standard argument against free will.

By contrast, he says that the theory of computation provides an "intrinsic computational unpredictability" that gives "rise to our impression that we possess free will."


Unpredictability is not freedom, just the inability for anyone, including ourselves, to predict what we are going to do.


Lloyd writes,
  

 
The primary scientific issue in the debate over free will is traditionally taken to be the

question of whether the world is deterministic or probabilistic in nature . (Whether

or not this is indeed the proper question to ask will be discussed in detail below.) In a

deterministic world, events in the past fully determine the outcomes of all events in the

present and future. Conversely, if the world is probabilistic, then at least some outcomes

of current events are neither determined nor caused by events in the past. Determinism

is evidently a problem for free will: more than two thousand years ago, Epicurus felt

obliged to emend the determinism of Democritus’s atomic picture by adding an occasional

probabilistic ‘swerve’ to the motion of atoms, in part to preserve freedom of will. From the

seventeenth until the twentieth century, by contrast, most scientists believed that the world

was deterministic, for the simple reason that all known physical laws, from Newton’s laws

to Maxwell’s equations, were expressed in terms of deterministic differential equations. In

such theories, apparently probabilistic behavior arises from lack of knowledge combined

with sensitive dependence on initial conditions (‘chaos’) [2]. In a deterministic physical

world, an hypothetical being (Laplace’s ‘demon’) that possesses exact knowledge of the

past could in principle use the laws of physics to predict the entire future.


From Newton up to the twentieth century, the philosophical debate over free will by

and large assumed that the world is deterministic. In such a deterministic world, there

are two antagonistic philosophical positions [3]. Incompatibilism claims that free will is

incompatible with a deterministic world: since all events, including our decisions, were

determined long ago, there is no space for freedom in our choices. Compatibilism, by

contrast, asserts that free will is compatible with a derministic world.

In contrast to classical mechanics, the theory of quantum mechanics that emerged as

the fundamental physical framework at the beginning of the twentieth cnetury predicts that

the world is intrinsically probabilistic. Despite Einstein’s opinion that ‘God does not play

dice,’ experiment and theory have repeatedly confirmed the probabilistic nature of events

in quantum mechanics. For example, the Kochen-Specher theorem [18] shows that certain

types of deterministic hidden-variable theories are incompatible with the predictions of

quantum mechanics, a result extended by the Conway-Kochen ‘free will theorem’ [19].

(Despite the presence of the phrase ‘free will’ in its title, and the authors’ whimsical

assertion that ‘if indeed we humans have free will, then elementary particles already have

their own small share of this valuable commodity,’ this theorem is less a statement about

free will in the sense discussed in the current paper, and more a statement about the

incompatibility of deterministic models of quantum mechanics with special relativity.)

At first, it might seem that the probabilistic nature of the underlying physics of the

universe implies renders the compatibilism–incompatibilism debate moot. Indeed, when it

became clear starting in the mid-nineteen twenties that quantum mechanics was necessarily

probabilistic, scientists began to invoke the probabilistic nature of quantum mechanics to

supply the freedom in free will. In 1928 Arthur Eddington stated [4] that with the ‘advent

of the quantum theory . . . physics is no longer pledged to a scheme of deterministic law.’

Consequently, ‘science thereby withdraws its moral opposition to free will.’ Eddington’s

book inspired Turing to investigate the connection between quantum mechanics and free

will [1]. The way in which quantum mechanics injects chance into the world was analyzed

by A.H. Compton [5], whose work on photo-electric cells formed the basis for his notion

of a ‘massive switch amplifier’ that could amplify tiny quantum fluctuations to at scale

accessible to the brain. Such purely random information resulting from the amplification

of quantum fluctuations, Eddington and Compton argued, could then supply the seeds for

probabilistic decisions. The Conway-Kochen theorem is the latest in a long line of works

that identifies free will with the probabilistic nature of quantum mechanics.



But are decisions ‘free’ simply because they are probabilistic? Flipping a coin to

make a decision is typically used as a last resort by deciders who are unable to make the

decision themselves: the outcome of the coin toss determines the decision, not you. As

the twentieth century wended on, it became clear that merely adding randomness did not

obvously solve the problem posed by incompatibilism. After all, as the philosopher Karl

Popper noted [6], one of they key features of a decision arrived at by the process of free

will is that it is NOT random. Eddington and Compton backtracked. By the end of the

twentieth century, Steven Pinker could declare confidently [7] that ‘a random event does

not fit the concept of free will any more than a lawful one does.’ If determinism robs us

of agency, then so does randomness.




For many contemporary scientific opponents of free will, it seems that the problem with

free will is not so much the question of determinism vs. probability, but rather the existence

of a mechanistic description of the system that is making the decision.
   

  

The idea of "naturalism" treats human beings as machines, as purely material things subject to the "laws of nature." 

Naturalism is a materialism, indeed an eliminative materialism. This is the idea that there are no ideas and no minds. The immaterial mind is identical to the material brain. 


Philosophers who have attempted to explain free will in terms of  event causation (for example, Robert Kane, assume that everything is the result of a causal chain of events, some of which are determined, others are probabilistic, uncaused, or "self-caused."


There is nowhere in this picture for a mind that can generate alternative possibilities for action and then evaluate all those possibilities, holding them all in a mind before a deliberation process evaluates them all and selects one. This is the two-stage model of free will.


Lloyd is a member of a group of scientists and philosophers pursuing "digital philosophy," They include Gregory Chaitin, Edward Fredkin, Rudy Rucker, Jürgen Schmidhuber, Stephen Wolfram, and Konrad Zuse.
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Werner Loewenstein directed the Cell Physics Lab at Columbia and later the director of the Laboratory of Cell Communication at the Marine Biological Laboratory, Woods Hole, Massachusetts. 

In his 2013 book Physics of Mind he hoped to explain the brain not only as a computer but as a quantum computer (about which so little was/is known)...



The neuronal web of our brain can operate in two computational modes: a quantum mode where quantum waves are the substrate, and a macroscopic mode where large packets of ions (the well-known electrical nerve signals) are the substrate. The first mode serves the function of parallel computation and the second that of integration and low-order polynomial computation.
I deliberately put the quantum mode first because it is more information economical and so likely to have been first on the bioevolutionary scene, well before the two modes became coextensive.



He also claims that evolution made a choice between electrons and photons...


Evolution's choice was conditioned by what was available in her earthly space and affordable informationwise. And available were two energy fields - a field of electron quanta and a field of photon quanta - and where and when the quanta matched, there was information to be had for free,


Loewenstein's 2013 book Physics in Mind is less controversial than his 1999 classic The Touchstone of Life, which had a speculative interpretation of  deterministic chaos. He wrote...


I originally intended to write a book about intercellular communication:— about how the cells in an organism exchange information among each other—a question I had worked on for the past thirty years. But as I got to the heart of it, which required me to track the spoor of intercellular information to its source, a picture materialized seemingly out of the blue: a continuous intra- and intercellular communication network where, with DNA at the core, molecular information flowed in gracefully interlaced circles. That apparition had an allure I could not resist, and so this became a book about information.

I was twice fortunate. First, the spectacular advances in molecular biology of the past three decades had paved the way for my information tracking; they had laid bare the cells’ macromolecular information core and were just beginning to break the seal of an information shell where molecular carriers, large and small, swarm all over the organismic map. Second, information theory, a thriving branch of mathematics and physics, allowed me to view this information flow in a new light.
I shall argue that this information flow, not energy per se, is the prime mover of life.



So far, so good about information, and the book is full of excellent descriptions of information in biological systems. But then Loewenstein starts to claim there is a "fundamental randomness that is above thermodynamic equilibrium, a randomness encompassing a spectrum of information-containing states."


Once a system reaches maximum entropy, thermal equilibrium, there is no going higher, certainly no information in the system.


Let us summarize then what transpired about randomness from our discussion about chaos and information. Above thermodynamic equilibrium there are two kinds of randomness: one for the microscopic state at the quantum level, as  embodied by the Heisenberg principle, and one for the macroscopic state at the
level of deterministic chaos. Either kind of randomness is fundamental: it admits
neither prediction nor retrodiction or, put in terms of Laplace’s metaphor though hardly the way he intended it to be), his demon is as helpless as we are.

There is another type of fundamental randomness, of course, the one prevailing at thermodynamic equilibrium. But this type is utterly run-down and, in a book on information, we are entitled to snub something that has sunk so low. 


Now, what of the old polemic about determinism and chance, the dispute that has been going on in philosophical circles since the time of the ancient Greeks to the present. In the light of the new knowledge about randomness, that issue changes entirely the cut of its jib. For two thousand years it has been a polemic vehemently fought over two seemingly mutually exclusive alternatives. With the benefit of hindsight, we see now that there has been a crucial piece of information missing: the knowledge that there can be a fundamental randomness that is above thermodynamic equilibrium, a randomness encompassing a spectrum of information-containing states. Rather than two stark extreme alternatives, there is a whole gamut running from the random to the determinate, that is, from the absolutely unpredictable to the probabilistically predictable.


So the old polemic goes poof... How high above thermodynamic equilibrium is the system or how much information is in it? What matters then for evolution is how much of this information can be used for organization of energy and matter. And this takes us to the question of how to pull an organization out of randomness.




Source: https://www.informationphilosopher.com/solutions/scientists/loewenstein/
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Abraham de Moivre's classic book The Doctrine of Chances (in three editions between 1718 and 1756) was basically a handbook for gamblers. It enabled them to know how to bet in various games of chance.

It begins...


The Probability of an Event is greater or less, according to the number of Chances by which it may happen, compared with the whole number of Chances by which it may happen or fail.

 
This brief statement contains the assumption that all states are equally probable, assuming that we have no information that indicates otherwise. 

While this describes our information epistemically, making it a matter of human knowledge, we can say ontologically that the world contains no information that would make any state more probable than the others. Such information simply does not exist. This is sometimes called the principle of insufficient reason or the principle of indifference.


If that information did exist, it could and would be revealed in large numbers of experimental trials, which provide the statistics on the different "states." 

Probabilities are a priori theories. 

Statistics are a posteriori, the results of experiments.

In the philosophical controversies between a priori or epistemic interpretations of probability and a posteriori or ontological interpretations, the latter are often said to be "frequency" interpretations of probability. We prefer to use the term statistics for these frequencies.


de Moivre's work underlies James Clerk Maxwell's velocity distributions for the molecules in a gas, and Ludwig Boltzmann's explanation for the increase of entropy in statistical mechanics (the second law of thermodynamics).


All other things being equal, any physical system evolves toward the macrostate with the greatest number of microstates consistent with the information contained in the macrostate. This information is intrinsic to the system. It may be observable, but it in no way depends on being observed or "known" to any observer. 



Probability Distributions


In his book, de Moivre worked out the mathematics for the binomial expansion of (p - q)n by analyzing the tosses of a coin. If p is the probability of a "heads" and q = 1 - p the probability of "tails," then the probability of k heads is


  P
  r
  (
  k
  )
  =
  (
  n
  !
  
    /
  
  (
  n
  −
  k
  )
  !
  k
  !
  )
  
    p
    
      (
      n
      −
      k
      )
    
  
  
    q
    
      k
    
  


[image: image-placeholder]

de Moivre also was the first to approximate the factorial for large n as 
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James Stirling determined the constant in de Moivre's approximation ( = √(2π), which is now commonly called Stirling's formula.

[image: image-placeholder]

Using this approximation, which is valid for large numbers, de Moivre went on to approximate the discrete binomial expansion with a continuous curve. 

The animation shows how de Moivre's binomial coefficients approach the continuous "normal distribution or bell-shaped curve as n approaches infinity.
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Pierre-Simon Laplace also derived this result, which is sometimes called the de Moivre-Laplace Theorem. Laplace very likely knew of de Moivre's work, but gave him no credit, perhaps because of de Moivre's association with gambling, perhaps because de Moivre was a Huguenot protestant who had emigrated to England, or perhaps because Laplace's great works summarized much of the previous century's mathematics and science without giving credit to his predecessors.


Nearly 100 years later, Legendre and Gauss independently developed this curve as the distribution of measurement errors. It came to be poorly named the "law" of errors, misleading many philosophers to argue that random events were therefore lawful and each event must be determined somehow by this underlying lawfulness.

[image: image-placeholder]

In order to derive de Moivre's curve as the distributions for errors, Legendre and Gauss made three assumptions - that errors are distributed symmetrically around a maximum value, that the value goes to zero for large positive and negative values of x, and that the mean value of errors is the average value, namely zero.


In Laplace's hands, this tendency for the curve to peak around a maximum at the mean value in the limit of large numbers came to be called the central limit theorem.


Today the principle of indifference (equiprobability assumption), the law of large numbers, and the central limit theorem are three of the fundamental postulates of probability.

Carl Friedrich Gauss showed that the normal probability distribution explains the "method of least squares," which had been used by many scientists to establish the most probable value of an experimental measurement. Gauss showed that the most probable value is the average value (the mean) when errors in observations are distributed randomly. 


Returning to de Moivre's original work, which was the chance occurrence of random events, it is very important to note that individual events are really random, despite their asymptotic approach to the normal distribution in the limit of large numbers of events. The material world itself is discrete and random, despite the idealization of the analytical continuous probability curve discovered first by de Moivre.

[image: image-placeholder]
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Anne Sophie Meincke is a Senior Research Fellow at the Philosophy Department of the University of Vienna, Austria. She is an Honorary Research Fellow at the Centre for the Study of Life Sciences at the University of Exeter, United Kingdom studying "A Process Ontology for Contemporary Biology," funded by the European Research Council (PI: Prof John Dupré).

She works at the intersection of metaphysics, the philosophy of biology and the philosophy of mind and action, convinced that bringing together these fields is indispensable for tackling many of the big questions of philosophy. 


She co-edited with Dupré Biological Identity: Perspectives from Metaphysics and the Philosophy of Biology, published by Routledge, 2020. They co-wrote the introductory article "Why Metaphysicians and Philosophers of Biology Should Talk to One Another."



Comparing the perspectives on biological identity in metaphysics and the philosophy of
biology, we thus find a striking tension: while Aristotle-inspired metaphysicians tend to be
confident that biological identity is a robust part of reality on which we can rely to solve longstanding
metaphysical problems such as those of personal identity and material constitution,
philosophers of biology, engaging with the latest research in biology, have unveiled the
manifold and intricate challenges for a satisfying account of biological identity – challenges
that may well make one wonder if there is such a thing as biological identity at all.


The volume concludes with chapter 14 by Meincke called "Processual Animalism" in which she argues for 



 a version of animalism that is based on the view that organisms are (continuant)
processes. This proposal is motivated by the critical diagnosis that the animalist understanding
of the key notion of biological identity is in conflict with our best contemporary science.
Meincke shows this with respect to the two criteria of biological identity through time proposed
by the animalists Eric T. Olson and Peter van Inwagen, the Biological Continuity Criterion and
the Life Criterion. The former proves unable to handle branching cases, such as the case of
monozygotic twinning, prompting empirically questionable ad-hoc claims, while the latter
invokes an empirically implausible view of a biological life as a well-individuated event.
Meincke further argues that these difficulties have their ultimate roots in the thing ontological
framework presupposed by animalism, and suggests that animalism adopt a (non-fourdimensionalist)
process ontological framework instead.




In her abstract for the concluding article, Meincke writes...

Animalism is the view that we are biological beings, i.e., organisms or animals, and have
biological persistence conditions. Personal identity, properly understood, is biological
identity. In this chapter, I discuss this core animalist tenet, arguing for three claims: (i)
the Harmless Claim: animalism has not yet sufficiently explicated its key notion of
biological identity; (ii) the Not-so-harmless Claim: a large part of what animalists do say
about biological identity is in tension with what biologists and philosophers of biology
say about biological identity; (iii) the Radical Claim: animalism cannot provide a
convincing account of personal identity so long as the notion of biological identity
employed is based on the metaphysical assumption that organisms are substances or
things composed of (smaller) things. I argue that only processual animalism which
recognises organisms as processes can deliver a truly convincing account of biological
and, hence, personal identity, thus overcoming a characteristic dilemma faced by
psychological accounts of personal identity, rather than repeating it.



Meincke describes the difficulty with the  Biological Continuity Criterion,

According to the Biological Continuity Criterion, biological continuity is
necessary and sufficient for biological identity in the sense of numerical identity.
However, this leads to contradiction in the branching case: since both twins are
biologically continuous with the original zygote, we would have to conclude that both are
numerically identical with it, from which, per transitivity of the relation of numerical
identity, we would further have to infer that both twins are numerically identical with one
another.


This numerical identity is similar to Max Black's famous article "The identity of Indiscernables" (Mind 61: 153-64)


In information philosophy, identity depends on the total information associated with an object or concept.
We distinguish the intrinsic information inside the object (or concept) from any relational information with respect to other objects that we call extrinsic or external. We can "pick out" the intrinsic information as that which is "self-identical" in an object. The Greeks called this the πρὸς ἑαυτο - self-relation. or ἰδίος ποιὸν, "peculiar qualifications" of the individual.


Self-identity, then, is the simple fact that the intrinsic information and the extrinsic relational or dispositional information are unique to this single object. No other object can have the same disposition relative to other objects. Some metaphysicians say that such identity is logically necessary. Some say self-identity is the only identity, but we can now support philosophers who argue for a relative identity, such as David Wiggins.


In Meincke's example, any intrinsic difference between the two zygotes is initially "indiscernible." But even at their creation they occupy different places in the uterus, so their extrinsic information is initially different. And even their intrinsic information will rapidly diverge as the embryos grow, "passing through different developmental stages: morula, blastula, gastrula, and so on.," as Meincke notes.


Please see metaphysicist.com/problems/identity/ for further details.
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Barbara McClintock was an American scientist and cytogeneticist who was awarded the 1983 Nobel Prize in Physiology or Medicine.

One of her ideas was the notion of genetic recombination by crossing-over during meiosis—a mechanism by which chromosomes exchange information. She demonstrated the role of the telomere and centromere, regions of the chromosome that are important in the conservation of genetic information.


During the 1940s and 1950s, McClintock discovered transposons and used it to demonstrate that genes are responsible for turning physical characteristics on and off. She developed theories to explain the suppression and expression of genetic information from one generation of maize plants to the next. 



Source: https://www.informationphilosopher.com/solutions/scientists/mcclintock/
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Brenda Milner studied for her Ph.D. at the University of Montreal under Donald Hebb. Hebb arranged a research position with Wilder Penfield, where she studied loss of memory function in Penfield's epileptic patients when lesions and surgery damaged the temporal lobes and underlying basal ganglia.


Milner's expertise led to an invitation to study Henry Molaison (her famous patient known only as H.M.), who lost the ability to form new memories after removal of his hippocampi and several nearby brain regions. 




Source: https://www.informationphilosopher.com/solutions/scientists/milner/
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David Marr was a British neuroscientist whose early work was a theory of the cerebellar cortex and later an explanation of visual information processing from the retina to the visual cortex.


His book Vision: A computational investigation into the human representation and processing of visual information, was published posthumously by Marr's colleagues at MIT. He died of leukemia in 1980. 


Marr wrote in his introduction to Vision that "vision is an information processing task," "that our brains must somehow be capable of representing this information," and that his work was "an inquiry into the nature of the internal representations by which we capture this information and thus make it available as a basis for decisions about our thoughts and actions." (p.3)


He also wrote that "the fundamental point is that in order to understand a device that performs an information processing task, one needs many different kings of explanations," that "each problem has to be addressed from several points of view — as a problem in representing information, as a computation capable of deriving the representation, and as a problem in the architecture of a computer capable of carrying out both things quickly and reliably." (pp.4-5)


Marr's vision was based on the earlier work of many MIT scientists who saw the brain as a logical machine capable of doing computations, starting with Warren McCulloch and Walter Pitts's 1943 paper "A Logical Calculus of the Ideas Immanent in Nervous Activity,"



In Marr's "Epilogue" the Vision book, he wrote an imagined conversation between himself, his colleague Tomaso Poggio, and Francis Crick. He began with the work of a Horace Barlow.



CONVERSATION


Can we begin with the levels-of-explanation idea, since you attribute so much importance to it? How is it related to ideas about feature detectors and in particular to Horace Barlow’s first dogma (1972, p. 380), which states, “A description of the activity of a single nerve cell which is transmitted to and influences other nerve cells, and of a nerve cell’s response to such influences from other cells, is a complete enough description for functional understanding of the nervous system ”?

Here, of course, I must disagree with Barlow’s formulation, although I do agree with one of the thoughts behind this dogma, namely, that there is nothing else looking at what the cells are doing — they are the ultimate correlates of perception. However, the dogma fails to take level one analysis — the level of the computational theory — into account.





Source: https://www.informationphilosopher.com/solutions/scientists/marr/
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Donald MacKay was a British physicist who made important contributions to cybernetics and the question of "meaning" in information theory.

MacKay contributed to the London Symposia on Information Theory and attended the eighth  Macy Conference on Cybernetics in New York in 1951 where he met Gregory Bateson, Warren McCulloch, I. A. Richards, and Claude Shannon.

Roman Jakobson, who attended the eighth  Macy Conference, and attended some London Symposia, encouraged MacKay to publish a collection of his several essays on Information and Meaning that had been published between 1950 and 1960.


They contain the first, and in many ways, the clearest account of how to add "meaning" to information theory, in light of Shannon's warning that his work was a theory of "communication" only, completely independent of the meaning in a message. Here is Shannon's famous sender-receiver  diagram.

[image: image-placeholder]

Jakobson added the "context" of a message to Shannon's diagram, so was in an excellent position to appreciate MacKay's work. Here is Jakobson's addition of context.

[image: image-placeholder]

Context was perhaps Jakobson's most important addition to semiotics. Adding context gives us the difference between semantics (the standard dictionary meaning of a word according to the normal "rules" of the language) versus pragmatics, the meaning that may be intended by the sender, or should be inferred by the receiver/interpreter because of the current situation. Jakobson calls this contextual information "denotative," "cognitive," "referential," the "leading task" of a message. Context-dependence alters the "meaning" to suit the purpose of a communication.


MacKay's earliest work, at the end of World War II, behaviour of electrical pulses over extremely short intervals
of time. He wrote



 Inevitably, one came up against fundamental
physical limits to the accuracy of measurement. Typically,
these limits seemed to be related in a complementary way,
so that one of them could be widened only at the expense of
a narrowing of another. An increase in time-resolving power,
for example, seemed always to be bought at the expense of
a reduction in frequency-resolving power; an improvement
in signal-to-noise ratio was often inseparable from a reduction
in time-resolving power, and so on. The art of physical
measurement seemed to be ultimately a matter of compromise,
of choosing between reciprocally related uncertainties.

I was struck by a possible analogy between this situation
and the one in atomic physics expressed by Heisenberg's
well-known 'Principle of Uncertainty'. This states that the
momentum (p) and position (q ) of a particle can never be
exactly determined at the same instant. The smaller the
imprecision (Δp) in p, the larger must be the imprecision
(Δq ) in q  and vice versa. In fact, the product ΔpΔq 
 can never be less than Planck's Constant h, the 'quantum of
action'. Action (energy x time) is thus the fundamental
physical quantity whose 'atomicity' underlies the compromise-
relation expressed in Heisenberg's Principle.



MacKay learned a few years later that Dennis Gabor
derived a similar relation in 1946. He published a classic paper
entitled 'Theory of Communication', in which the Fourier transform
theory used in wave mechanics was applied to
the frequency-time (f-t) domain of the communication
engineer, with the suggestion that a signal occupying an
elementary area of Δf Δt = 1/2 could be regarded as a "unit
of information", which he called a "logon". 


Much earlier, in
1935, the statistician R. A. Fisher had proposed a measure of
the "information' in a statistical sample, which in the simplest
case amounted to the reciprocal of the variance.


MacKay was not sure how Gabor's and Fisher's concepts fitted into the theory of information, but


on reflection it became
apparent that they were in fact examples of ' structural' and
' metrical' measures, respectively. Gabor's logons, each occupying
an area Δf Δt = 1/2 in the  f - t plane, represented the logical
dimensions of his communication signals. They belonged to the
same family as the ' structural units' that occupy an analogous
elementary area (the Airy disc) in the focal plane of a microscope,
or of a radar aerial. It thus seemed appropriate, with
Gabor's blessing, to give the term 'logon-content' a more
general definition, as the measure of the logical dimensionality
of representations of any form, whether spatial or temporal.

Fisher's measure, which is additive for averaged samples,
invited an equally straightforward interpretation as an
index of 'weight of evidence'. If we define (arbitrarily but
reasonably) a unit or quantum of metrical information
(termed a 'metron') as the weight of evidence that gives a
probability of \ to the corresponding proposition, Fisher's
'amount of information' becomes simply proportional to
the number of such units supplied by the evidence in question






Source: https://www.informationphilosopher.com/solutions/scientists/mackay/
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Ernst Mach's greatest contribution to philosophy was perhaps a negative one, the deemphasis of theories like Ludwig Boltzmann's theory of atoms, in favor of positivistic summaries of experimental observations. 

He was a great influence on the logical positivism of Bertrand Russell and the young Ludwig Wittgenstein in the UK and the logical empiricism of the Vienna Circle of Moritz Schlick.


Although Mach very likely was a thorough determinist like most thinkers in the nineteenth century, his inaugural address on accepting a post at the University of Vienna in 1895 was on the role of accidents in inventions - "On the Part Played by Accident in Invention and Discovery"


After the repeated survey of a field has afforded opportunity for the interposition of advantageous accidents, has rendered all the traits that suit with the word or the dominant thought more vivid, and has gradually relegated to the background all things that are inappropriate, making their future appearance impossible; then, from the teeming, swelling host of fancies which a free and high-flown imagination calls forth, suddenly that particular form arises to the light which harmonizes perfectly with the ruling idea, mood, or design. Then it is that that which has resulted slowly as the result of a gradual selection, appears as if it were the outcome of a deliberate act of creation. Thus are to be explained the statements of Newton, Mozart, Richard Wagner, and others, when they say that thoughts, melodies, and harmonies had poured in upon them, and that they had simply retained the right ones.


(On the Part Played by Accident in Invention and Discovery, Monist, 6, 1896) p.161-195)



Mach clearly sees creative inventions and discoveries as a two-stage process.  First, a stream of accidental possibilities comes to us, evaluated as they pass, then from the "blooming, buzzing, confusion" (as William James calls it) comes a gradual selection that harmonizes perfectly. Creativity, like free will, is a two-stage process

For Scholars
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Ernst Mayr's great work in biology in the 1940's was to understand that a species was not just a group of similar individuals, but a group that interbreeds. The information content of their DNA differs enough from other species to prevent interbreeding.  

In his later years Mayr invested much of his intellectual energy trying to modify the philosophy of science to make a proper place for biology. He thought that logical positivists and empiricists sought mechanical and deterministic laws appropriate to material objects but not to life.



He insisted on the importance of information, in the form of the history of living things, as critical to distinguish biology from physics and chemistry. This is basic to information philosophy.

Mayr says in his 1988 Toward A New Philosophy Of Biology,  


One of my special concerns has been the neglect of biology in works claiming to be philosophies of science. From the 1920s to the 1960s the logical positivists and physicalists who dominated the philosophy of science had little interest in and even less understanding of biology, because it simply did not fit their methodology. Their endeavors to solve all scientific problems by pure logic and refined measurements were unproductive, if not totally irrelevant, when applied to biological phenomena.

The assumption that it should be possible to "reduce" the theories and concepts of all other sciences, including biology, to those of the physical sciences has clearly dominated not only philosophy but science itself, from the days of Galileo and Descartes. But the further the study of biological systems advanced during the past 200 years, the more evident it became how different living systems are from inanimate systems, no matter how complex the inanimate system or how simple the organism. Attempts to "reduce" biological systems to the level of simple physico-chemical processes have failed because during the reduction the systems lost their specifically biological properties. Living systems...have numerous properties that are simply not found in the inanimate world.

(Toward A New Philosophy Of Biology, p.1)



In most traditional philosophy, the total amount of information in the conceptually closed universe is static, a physical constant of nature. The laws of nature allow no exceptions, they are perfectly causal. Chance and change - in a deep philosophical sense - are thought to be illusions.

Information philosophy, by contrast, is a story about invention, about novelty, about biological emergence and new beginnings unseen and unseeable beforehand, a past that is fixed but an ambiguous future that can be shaped by teleological changes in the present that are made possible by Darwinian evolution. 


Ernst Mayr has been more outspoken on this view than any other biologist. He wrote in his 2001 What Evolution Is, that the "Great Chain of Being" or scala naturae rising from inanimate matter through plants and animals up to the primates and man was an unchanging perfect structure that reflected the mind of the creator. 


Evolution is the evidence for the conclusion that the world is not constant but is forever changing. In the modern view, Mayr says,


the world is of long duration and is forever changing; it is evolving. Even though this may seem strange to us moderns, the concept of evolution was at first alien to Western thought. The power of the Christian fundamentalist dogma was so strong that it required a long series of developments in the seventeenth and eighteenth centuries before the idea of evolution became fully acceptable. As far as science is concerned, the acceptance of evolution meant that the world could no longer be considered merely as the seat of activity of physical laws but had to incorporate history and, more importantly, the observed changes in the living world in the course of time. Gradually the term "evolution" came to represent these changes.

(What Evolution Is, p.3)


The simple mechanical and deterministic philosophy - for every effect a cause - of Newton and Laplace could never really establish "man as machine." This gave rise to theories of a "vital" force or principle behind life.

Information philosophy, by contrast, is built on probabilistic laws of nature. But the challenge for information philosophy is to explain the emergence of order and life from chaos. It must account for the phenomenal success of adequately deterministic laws when the material substrate of the universe is irreducibly chaotic and random.


Mayr makes it very clear that there are no exceptions to the laws of physics required for evolution. The essential difference is how living things acquire and manage information. 


It must therefore be emphasized that the modern biologist rejects in any form whatsoever the notion that a "vital force" exists in living organisms which does not obey the laws of physics and chemistry. All processes in organisms, from the interaction of molecules to the complex functions of the brain and other whole organs, strictly obey these physical laws. Where organisms differ from inanimate matter is in the organization of their systems and especially in the possession of coded information.

(Toward A New Philosophy Of Biology, p.2)


Mayr says that living organisms can not be understood as a causal chain of single causes and effects. Biological phenomena have multiple causes. Actually, so do most physical events.

The development of completely new disciplines — evolutionary biology and genetics — was necessary before the centuries-old battle between mechanists and their opponents could be resolved. To the distress of both camps, the conclusion reached was that both were, to some extent, correct. The finding that all processes in living organisms strictly obey the laws of physics and chemistry — that there is no residue of "vital forces" outside the realm of the physical sciences — meant that the mechanists were right. But the finding that the coded information system of living organisms has no equivalent in inanimate nature meant that the antimechanists were also right. This genotype-phenotype duality of the living organism is the reason why it is not sufficient in biology to search for a single cause in the study of a phenomenon, as is often sufficient in the physical sciences.

(Toward A New Philosophy Of Biology, p.2)


With the emergence of life in the universe, purposeful behavior appeared. The vitalists and creationists assumed that a primordial teleology in the cosmos had created life. Evolution removed the need for a cosmic, pre-existing teleology. Jacques Monod called purposeful behavior in life "teleonomic" to distinguish it from creationist ideas of a "cosmic teleology." 

The clear recognition of two types of causation in organisms has helped to solve an important problem in biology, the problem of teleology. What is teleology, and to what extent is it a valid concept? These have been burning questions since the time of Aristotle. Kant based his explanation of biological phenomena, particularly of the perfection of adaptations, on teleology — the notion that organisms were designed for some purpose. Teleology was the principal argument used by some of Darwin's major opponents. And the numerous autogenetic theories of evolution, such as orthogenesis, nomogenesis, aristogenesis, and the omega principle (Teilhard de Chardin), were all based on a teleological world view. Indeed, as Jacques Monod (1971) rightly stressed, almost all of the most important ideologies of the past and the present are built on a belief in teleology.

It is my belief that the pervasive confusion in this subject has been due to a failure to discriminate among very different processes and phenomena, all labeled "teleological." [T]he word teleological has been indiscriminately applied to four entirely different phenomena or processes. By partitioning so-called teleological phenomena into these four categories, and by introducing an appropriate terminology for each, it is possible to study each of them separately and show that three of them can be explained scientifically. On the other hand, no evidence whatsoever has been found for the existence of the fourth one, cosmic teleology.


The most important conclusion of the recent research on teleology is that it is illegitimate to extrapolate from the existence of teleonomic processes (that is, those directed or controlled by the organism's own DNA) and teleomatic processes (those resulting from physical laws) to an existence of cosmic teleology. There is neither a program nor a law that can explain and predict biological evolution in any teleological manner. Nor is there, since 1859, any need for a teleological explanation: The Darwinian mechanism of natural selection with its chance aspects and constraints is fully sufficient.



Mayr's teleomatic processes are our ergodic processes in physical nature. Both involve the creation of information. The striking thing about teleonomy is that the management of information is done by processes that are remarkably similar to computer programs, but where the "goal" or direction is created by the computer programmer.. 

When B. F. Skinner's "black-box" model of the mind gave way to cognitive science in the 1960's, the idea that a mind consists of many distinct functions suggested that a computer with its many subroutine programs could be an effective mind model. Many computer scientists became cognitive scientists. 


But computers are strictly deterministic logical state machines. So many cognitive scientists continued to lean toward "man as machine" and "mind as (mechanical) computer." Few saw any value to be gained from random "chance."


Mayr wrote,


The study of genetics has shown that seemingly goal-directed processes in a living organism (teleonomic processes) have a strictly material basis, being controlled by a coded genetic program. Curiously, the coded program is a concept philosophers with a background in logic, physics, or mathematics seem to have great difficulty in understanding and accepting. Since the term program was taken over from the field of informatics, it is sometimes rejected as an anthropomorphism. Yet, the use of the term in biology is fully justified. Even though the mechanism by which the DNA stores and codifies information is of course different from that of a computer, the basic principle is remarkably similar, as demonstrated by the researches of molecular biology.

Returning for a moment to the rift between the physicalists and biologists, we must note that advances during the last 150 years not just in biology but in the physical sciences as well have greatly helped to narrow the gap that existed between the two camps. Many of the concepts of classical mechanics and the traditional philosophy of science that were questioned by biologists, such as strict determinism (vs. high frequency of probability), the predictiveness of all processes, or the universality of laws, have now also been either given up entirely by modern physics or at least restricted in applicability.


Classical physics was strictly deterministic. Laplace's boast that he would be able to predict the future course of events on earth ad infinitum if he had a complete catalogue of the existing situation was symptomatic of this attitude. Not surprisingly, natural selection with its emphasis on the chance nature of variation was not palatable to the physicists. This is why John Herschel referred to it as the "law of the higgledy-piggledy." Modern physics has theoretically abandoned such determinism, and yet physicists still are far more deterministic in their thinking than biologists.

(Toward A New Philosophy Of Biology, p.4)



And we could add that philosophers of mind and human agency are distinctly more deterministic and compatibilist than the physicists.


Teleonomy and Teleology


Mayr wrote in 1974 about the importance of using teleological language in biology, despite the criticisms of most scientists, including biologists themselves.


Teleological language is frequently used in biology in order to make statements about the functions of organs, about physiological processes, and about the behavior and actions of species and individuals. Such language is characterized by the use of the words 'function', 'purpose', and 'goal', as well as by statements that something exists or is done 'in order to'. 

The use of "function", "purpose", and "goal" in biology, and the idea that biological systems communicate in a coded language with "meanings," is at the heart of the controversy in the field of biosemiotics
Typical statements of this sort are 'It is one of the functions of the kidneys to eliminate the end products of protein metabolism', or 'Birds migrate to warm climates in order to escape the low temperatures and food shortages of winter'. In spite of the long-standing misgivings of physical scientists, philosophers, and logicians, many biologists have continued to insist not only that such teleological statements are objective and free of metaphysical content, but also that they express something important which is lost when teleological language is eliminated from such statements. Recent reviews of the problem in the philosophical literature (Nagel, 1961; Beckner, 1969; Hull, 1973; to cite only a few of a large selection of such publications), concede the legitimacy of some teleological statements but still display considerable divergence of opinion as to the actual meaning of the word 'teleological' and the relations between teleology and causality.



Mayr analyzed the use of the new term "teleonomic" (introduced by Colin Pittendrigh in his 1958 article Adaptation, Natural Selection, and Behavior),  Mayr's own 1961 definition of "teleonomic," and Jacques Monod's use of the term teleonomy in his great 1971 work, Chance and Necessity (without mentioning Pittendrigh or Mayr).



Pittendrigh invented the term to distinguish the appearance of purpose in biological evolution, specifically Darwinian natural selection, from the ancient idea of "teleology," Aristotle's "telos" or "final cause," a cosmic purpose pre-existing the origin of life.


Today the concept of adaptation is beginning to enjoy an improved respectability for several reasons: it is seen as less than perfect; natural selection is better understood; and the engineer-physicist in building end-seeking automata has sanctified the use of teleological jargon. It seems unfortunate that the term 'teleology' should be resurrected and, as I think, abused in this way. The biologists' long-standing confusion would be more fully removed if all end-directed systems were described by some other term, like 'teleonomic', in order to emphasize that the recognition and description of end-directedness does not carry a commitment to Aristotelian teleology as an efficient [sic] casual principle.



Mayr provided the Pittendrigh reference in a 1974 article in Boston Studies in the Philosophy of Science. But Mayr thought the uses of "teleonomy" and "teleology" needed clearer definitions.


The teleological dilemma, then consists in the fact that numerous and seemingly weighty objections against the use of teleological language have been raised by various critics, and yet biologists have insisted that they would lose a great deal, methodologically and heuristically, if they were prevent from using such language. It is my endeavor to resolve this dilemma by a new analysis, and particularly by a new classification of the various phenomena that have been traditionally designated as 'teleological'.

Mayr criticized the use of teleonomy by Pittendrigh and Monod. Pittendrigh for contrasting it with Aristotle's telos, when Aristotle's biological examples were cases of Ptttendrigh's teleonomy, amd Monod for equating teleonomy to adaptation. Mayr had introduced the term teleonomic in 1961, likening it to computer programming.




Mayr criticized the use of teleonomy by Pittendrigh and Monod, Pittendrigh for contrasting it with Aristotle's telos, when Aristotle's biological examples were cases of Ptttendrigh's teleonomy, amd Monod for equating teleonomy to adaptation. Mayr had introduced the term teleonomic in 1961, likening it to computer programming. 
He argued that as early as 1943 Norbert Wiener and his colleagues had shown how communications and control systems utilizing negative feedback can fully explain goal-directed behavior. 



We owe a great debt of gratitude to Rosenblueth et al. (1943) for their endeavor to find a new solution for the explanation of teleological phenomena in organisms. They correctly identified two aspects of such phenomena, (1) that they are seemingly purposeful being directed toward a goal, and (2) that they consist of active behavior. The background of these authors was in the newly developing field of cybernetics and it is only natural that they should have stressed the fact that goal directed behavior is characterized by mechanisms which correct errors committed during the goal-seeking. They considered the negative feedback loops of such behavior as its most characteristic aspect and stated "teleological behavior thus becomes synonymous with behavior controlled by negative feedback." This statement emphasizes important aspects of teleological behavior, yet it misses the crucial point: The truly characteristic aspect of goal-seeking behavior is not that mechanisms exist which improve the precision with which a goal is reached, but rather that mechanisms exist which initiate, i.e. 'cause' this goal-seeking behavior. It is not the thermostat that determines the temperature of a house, but the person who sets the thermostat. It is not the torpedo which determines toward what ship it will be shot and at what time, but the naval officer who releases the torpedo. Negative feedbacks only improve the precision of goal-seeking, but do not determine it. Feedback devices are only executive mechanisms that operate during the translation of a program.


But in 1974 he sharpened his definition 




Mayr wrote to Pittendrigh to explore his intentions in creating the term "teleonomy."


Pittendrigh replied,


You ask about the word 'teleonomy'. You are correct that I did introduce the term into biology and, moreover, I invented it. In the course of thinking about that paper which I wrote for the Simpson and Roe book (in which the term is introduced) I was haunted by that famous old quip of Haldane's to the effect that 'Teleology is like a mistress to a biologist: he cannot live without her but he's unwilling to be seen with her in public'. The more I thought about that, it occurred to me that the whole thing was nonsense - that what it was the biologist couldn't live with was not the illegitimacy of the relationship, but the relationship itself. Teleology in the Aristotelian form has, of course, the end as immediate, 'efficient' cause. And that is precisely what the biologist (with the whole history of science since 1500 behind him) cannot accept: it is unacceptable in a world that is always mechanistic (and of course in this I include probabilistic as well as strictly deterministic). What it was the biologist could not escape was the plain fact – or rather the fundamental fact – which he must (as scientist) explain: that the objects of biological analysis are organizations (he calls them organisms) and, as such, are end-directed. Organization is more that mere order; order lacks end-directedness; organization is end-directed. [I recall a wonderful conversation with John von Neumann in which we explored the difference between 'mere order' and 'organization' and his insistence (I already believed it) that the concept of organization (as contextually defined in its everyday use) always involved 'purpose' or end-directedness.

I wanted a word that would allow me (all of us biologists) to describe, stress or simply to allude to – without offense – this end-directedness of a perfectly respectable mechanistic system. Teleology would not do, carrying with it that implication that the end is causally effective in the current operation of the machine. Teleonomic, it is hoped, escapes that plain falsity which is anyhow unnecessary. Haldane was, in this sense wrong (surely a rare event): we can live without teleology. 


The crux of the problem lies of course in unconfounding the mechanism of evolutionary change and the physiological mechanism of the organism abstracted from the evolutionary time scale. The most general of all biological 'ends', or 'purposes' is of course perpetuation by reproduction. That end [and all its subsidiary 'ends' of feeding, defense and survival generally] is in some sense effective in causing natural selection; in causing evolutionary change; but not in causing itself. In brief, we have failed in the past to unconfound causation in the historical origins of a system and causation in the contemporary working of the system…


You ask in your letter whether or not one of the 'information' people didn't introduce it. They did not, unless you wish to call me an information bloke. It is, however, true that my own thinking about the whole thing was very significantly affected by a paper which was published by Wiener and Bigelow with the intriguing title 'Purposeful machines'. This pointed out that in the then newly-emerging computer period it was possible to design and build machines that had ends or purposes without implying that the purposes were the cause of the immediate operation of the machine. 





A Two-Step Process


In his 1988 Toward a New Philosophy of Biology, Mayr wrote...

Evolutionary change in every generation is a two-step process: the
production of genetically unique new individuals and the selection
of the progenitors of the next generation. The important role of
chance at the first step, the production of variability, is universally
acknowledged, but the second step, natural selection,
is on the whole viewed rather deterministically: Selection is a non-chance process.


In his 1997 article for the Proceedings of the National Academy of Science, "The Object of Selection," he wrote  


One additional basic aspect of selection must be mentioned
here because it is important for the adoption of an unequivocal
terminology. Darwinian selection, as it is now fully understood
by the evolutionists, is a two-step process. The first step is the
production of a vast amount of variation that will serve as the
material needed for the second step, the actual process of
selection or elimination.




Would Ernst Mayr have liked the recent two-stage free will models of neurobiologist Martin Heisenberg and his many predecessors back to William James?
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Ludwig Bertalanffy also stressed the historical character of life





Source: https://www.informationphilosopher.com/solutions/scientists/mayr/
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George Miller

George Miller was one of the founders of cognitive psychology in the 1950's, which replaced the dominant behaviorist psychology of John B. Watson and B.F. Skinner. 

He challenged the behaviorist idea that the mind/brain is a black box only understandable through its inputs (stimuli) and outputs (responses). Psychological science must be limited to measuring observable behaviors. Cognition itself is not a proper subject, accessible only through subjective introspection. Miller argued that the brain and mind could be studied scientifically and quantitatively. 


In his most famous paper, "The Magical Number Seven, Plus or Minus Two" Miller thought he could measure the "channel capacity" of the mind, in Claude Shannon's sense of a communication channel, as limited to seven (plus or minus two) "chunks" of information.


Miller claimed that people can hold about seven items in immediate memory, can quickly give about seven different labels for colors, and can rapidly identify a number of dots without counting them up to around seven. 


In 1960 he co-founded and co-directed the Center for Cognitive Studies at Harvard University with Jerome Bruner of the Department of Social Relations.


Miller partnered with Noam Chomsky, another founder of cognitive psychology, to assess Chomsky's theory of a "deep structure" in the brain underlying grammar in all human languages.



Source: https://www.informationphilosopher.com/solutions/scientists/miller/
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Gerd B. Müller

Gerd B. Müller is emeritus professor at the University of Vienna where he was the head of the Department of Theoretical Biology in the Center for Organismal Systems Biology. He does research on Evo-Devo theory, and  with Massimo Pigliucci formulated the Extended Evolutionary Synthesis.


Together with Eva Jablonka, Kevin Laland, Alex Mesoudi, Stuart Newman, Massimo Pigliucci, Kim Sterelny, John Odling-Smee, Tobias Uller, as well as Denis Noble and others, Müller is an advocate of the Extended Evolutionary Synthesis. EES extends the Modern Synthesis, the population dynamical model of evolution established in the early twentieth century that had concentrated on the processes of variation and adaptation, the focus of the EES is on the generative properties of evolution, integrating conceptual developments from evolutionary developmental biology, genomics, ecology, and other fields. It differs from the standard theory in its inclusion of the constructive processes in development, the consideration of reciprocal dynamics of causation, and the relinquishment of a predominantly genetic explanation.


With Stuart Newman, Müller co-edited the book Origination of Organismal Form (MIT Press, 2003). This book on evolutionary developmental biology is a collection of papers on generative mechanisms that were plausibly involved in the origination of disparate body forms during early periods of organismal life. Particular attention is given to epigenetic factors, such as physical determinants and environmental parameters, that may have led to the spontaneous emergence of bodyplans and organ forms during a period when multicellular organisms had relatively plastic morphologies. Natural selection acting on variant genotypes is suggested to have "locked in" these bodyplans.


Müller writes...


The molecular mechanisms that bring about biological form in modern-day
embryos, however, should not be confused with the causes that led to the appearance of
these forms in the first place. Although the forces driving morphological evolution certainly
include natural selection, the appearance of specific, phenotypic elements of construction
must not be taken as being caused by natural selection; selection can only work
on what already exists. Darwin acknowledges this point in the first edition of The Origin of
Species, where he states that certain characters may have “originated from quite secondary
causes, independently from natural selection” (Darwin, 1859, 196), although he attributes
“little importance” to such effects. In a modified version of the same paragraph in
the sixth edition (Darwin, 1872, 157), he concedes that “we may easily err in attributing
It is the aim of the present volume to elaborate on this distinction between the origination
(innovation) and the diversification (variation) of form by focusing on the plurality of
causal factors responsible for the former, relatively neglected aspect, the origination of organismal
form. Failure to incorporate this aspect represents one of the major gaps in the
canonical theory of evolution, it being quite distinct from the topics with which population
genetics or developmental genetics is primarily concerned.



Source: https://www.informationphilosopher.com/solutions/scientists/muller/
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Henry Margenau


   Henry Margenau was contributing to the problem of "Probability and Causality in Quantum Physics" in the philosophical journal Monist as a fresh Ph.D. from Yale University in the early 1930's (Monist, 42, 1932, p.161).  

In 1937, Margenau wrote a seminal article on quantum theory, entitled "Critical Points in Modern Physical Theory" (Philosophy of Science, Vol. 4, No. 3 (Jul., 1937), pp. 337-370) 
This work was cited by Pascual Jordan a dozen years later at a symposium organized by Margenau.


Margenau pointed to significant agreement with regard to the central axioms of quantum theory, and that "the ambiguities affect only their philosophical interpretation, a field in which differences
of opinion may at present be honestly entertained." He notes that quantum theory establishes a "one-one correspondence, not between states and observed properties, but between states and probability distributions of observed properties."


Margenau says that this makes quantum theory a "non-causal" theory. "If causality were to be defined as residing in a unique transition between state and observation, then the description to which this axiom gives rise would have to be termed non-causal." But it is statistically causal and in macroscopic cases there is an "adequate" determinism.


Margenau distinguished between what he termed the "objective" (ontological) view and the "subjective" (epistemological) view of quantum mechanics, associating the latter with much talk by Neils Bohr and Werner Heisenberg about the observer and the observer's knowledge.



Bohr
and Heisenberg mention frequently the conflict between observer
and observed object with their unavoidable interaction and
thereby presumably express themselves in favor of an objective
world, the properties of which are to be described according to the
first [objective] view. But this last diagnosis may be in error...

In common language, which after the foregoing orienting excursions
may perhaps be used without fear of misinterpretation, the
distinction in question is simply that between physical objects
and the observer's knowledge about physical objects. In classical
mechanics the distinction was extremely sharp, and it was supposed
that the two, besides being generically different as logical
entities, were independent even in a physical sense. States clearly referred to the objects themselves, positions and momenta
were their direct properties. The objectivity of states had its
culminating expression in the equations of motion, which were
understood to imply actual space-time propagation of systems.
This propagation took place according to rigid laws independently
of the observer's knowledge.


Such an extreme view regarding the independent objectivity of
physical states cannot be carried over into quantum mechanics;
there must at least be a shift of emphasis. One of the great
discoveries at the beginning of the present era in physics was the
recognition that objects and knowledge are related, because the
classical notion of ideally unlimited accuracy of experimental
devices failed and made classical knowledge intrinsically impossible.
Hence if the view of objectivity be adopted, its classical
meaning must be modified to this extent. It goes without saying
that states must also be stripped of all impediments pertaining
to sensual perception, and thought of entirely in abstracto. Psychological
objections to this procedure, frequently raised by members
of the older school, are of no particular moment in this connection,
for it is not a matter of convenience, but one of logic
which concerns us here.


The objective view of quantum mechanical states is enormously
strengthened by the fact that states develop in time according
to a definite differential equation (Schr6dinger's) which has a
form not unlike the equations of motion in classical physics. It
is true that the simple interpretation of spatio-temporal propagation
presents its difficulties or is at any rate no longer intuitively
direct, but the fact remains that there are determinate changes
in time which are difficult to correlate with simultaneous changes
in the observer's knowledge because they seem enforced dynamically
and not psychologically.


There are further points which may be cited as evidence for the
plausibility of the objective view. We have seen (third axiom)
that quantum mechanics makes very drastic positive predictions
about possible experience, predictions which do not resemble laws
of thought and give an impression of utter independence of human
knowledge. To be sure this axiom has little to do with the
new formalism concerns itself with matters that are thoroughly
factual in a sense distinct from mere knowledge. And if this is
true there seems to be little motive for insisting that another
concept, that of state, should deal not with factual objects but
with our modes of awareness.


It was pointed out that classical mechanics in all its structure
suggests the objective view. Now it is possible to show that, if
applied to large scale bodies, quantum mechanics leads to the
same physical consequences as does the classical theory. The
latter may be said to be the analytical continuation of the former
in the field of ordinary experience. This is felt to be a very
happy circumstance which bespeaks the unity of physics and
encourages the hope that some day a universal theory may be
achieved, a hope which at present animates the researches of
Einstein. In view of the analytical smoothness with which the
two disciplines join it might seem unwise to maintain in one a
fundamental attitude which has no place in the other and which
would constitute a conceptual break at the passage from one to
the other. This argument, too, would suggest an adoption of
the objective view. But it should be observed that the points
here presented can aim at no more than plausibility, and do not
render the opposite view basically untenable.


The opposite view, to be called for brevity the subjective view,
is the one which holds that state functions describe our knowledge
of physical systems. It is psychologically motivated by the significant
observation that the independence of classical states is
a fallacy. It springs from the desire of making a clean break with
erroneous notions and therefore emphasizes an opposite extreme.
Let us first see what can possibly be meant by it. Obviously it
can not mean that the state function describes the observer's
awareness, his momentary state of mind, and the changes in it
which occur in time. It is clear that all this depends on factors
far removed from the field of physics. Quantum mechanics
certainly does not have the aim of converting physics into a highly
expressionistict ype of psychology. Although proponentso f this
view often employ ambiguous language, what they wish their
states to represent is not actual knowledge but potential knowledge.
The state function is to be regarded as a convenient carrier,
a symbol for the sum total of all that knowledge which the speculative
observer can possibly accumulate, at any instant, with the
use of all his resources. It may coincide with that knowledge at
certain moments of very acute awareness, that is, when the investigator
has made all possible measurements and all calculations
pertaining thereto. No one can deny that this view, even in its
extreme, has in it a trace of objectivism because of the admission
that states refer to potential and not to actual knowledge, and
this is a feature which makes it slightly inconvenient to have to
defend the subjective position; it demands constant vigilance lest
an inadvertant lapse should contradict the initial tenet.
The chief virtue of the standpoint under discussion is that it
provides complete safety against positivistic attacks. Its tenant
can justly pride himself in being under no obligation to transcendental
agencies for transmitting his knowledge, for he deals with
nothing but knowledge which he may believe if he wishes to be
generated within his mind. He may wonder perhaps why the
laws which govern the evolution of potential knowledge operate
with almost dynamic regularity, but this is after all no greater
a miracle than the existence of rigid laws in an objective world.
The author has not succeeded in bringing to light any further
merits of the latter, subjective view. While admitting its possibility
on logical grounds, he wishes to record his preference for
the former. This preference is partly based on reasons so far
presented, partly on considerations of the meaning of probability
peculiar to the two attitudes which will now be discussed.
The contrast between objectivity and subjectivity of states
has an interesting analogue in the theory of probability,6 which,
as the reader very likely recalls, can be formulated either as an
empirical frequency theory or as a subjective ("a priori") discipline.
In the former case, probability is defined as the limit, with
increasing number of trials, of the relative frequencies of an occurrence.
8 Probability can be ascertained only empirically, by con-



In 1949, Margenau organized a symposium on fundamental questions in quantum theory. The following questions were sent to each of the invited contributors of the symposium:



la) What is a physical system, and what is meant by the state of a physical system
in classical physics and in quantum mechanics? 

lb) What philosophical clarification in the concept of a state has resulted from quantum theory? 


2a) What is the status of particles in quantum mechanics? 


2b) What philosophical changes of the particle concept, and in the concept of mechanism, have resulted from the quantum theory? 


3a) In what ways has "causal explanation" been modified by modern quantum theory? 


3b) How do these changes
affect the philosophic problem of determinism? 



Pascual Jordan wrote perhaps the most important response to Margenau's questions in his essay "On the process of measurement in quantum mechanics," (Philosophy of Science, 16, 1949, pp. 269-278 (PDF)




   Margenau was a close colleague, perhaps more a disciple, of the philosopher Ernst Cassirer and generally claimed to agree with Cassirer's thoughts on causality and determinism. When Cassirer died, Margenau was preparing an appendix for the 1956 English translation of Determinism and Indeterminism in Modern Physics.  The appendix was to bring the question of causality up to date as of 1956. 
  

A dozen years later, Margenau was invited to give the Wimmer Lecture at St. Vincent College in Pennsylvania. His topic was Scientific Indeterminism and Human Freedom, and instead of holding to Cassirer's view "that it would be fatal for ethics to tie itself to and, as it were, fling itself into the arms of a limitless indeterminism," Margenau embraced indeterminism as the first step toward a solution of the problem of human freedom.
  

  Margenau lamented that "it forces us to part company with many distinguished moral philosophers who see the autonomy of ethics threatened when a relation of any sort is assumed to exist between that august discipline and science." He clearly means his longtime mentor. "Ethics, says Cassirer, should not be forced to build its nests in the gaps of physical causation, but he fails to tell where else it should build them, if at all." (p.71)
  

  In 1982, with co-author Lawrence LeShan, called his model of free will a "solution" to what had heretofore had been seen as mere "paradox and illusion."  

No one will deny that an interaction between mind and body takes place whenever we consciously perform a movement. We now make the additional affirmation that our will — the core of consciousness, wherein the self proclaims its being most emphatically — interacts with the body in a special way when it makes a decision and deliberately activates the body. In pre-quantum days, when philosophy was dominated by Laplacian determinism, in which a state classically defined without recourse to probabilities rigorously entailed all future states (of an isolated system), free will was a paradox and an illusion. That is to say, either it could not be explained, despite the immediate, empirically accurate evidence that affirmed it, or its affirmation was false. This situation has changed by virtue of the discovery of quantum mechanics. The new discipline provides. the possibility of a solution by removing the impediment of old-style determinism.

Our thesis is that quantum mechanics leaves our body, our brain, at any moment in a state with numerous (because of its complexity we might say innumerable) possible futures, each with a predetermined probability. Freedom involves two components: chance (existence of a genuine set of alternatives) and choice. Quantum mechanics provides the chance, and we shall argue that only the mind can make the choice by selecting (not energetically enforcing) among the possible future courses.

(Einstein's Space and Van Gogh's Sky. p.240)
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"Critical Points in Modern Theory," Philosophy of Science, 4, 1937, p. 337. (PDF)


Human Freedom (section 5 from) Scientific Indeterminism and Human Freedom, Wimmer Lecture XX, 1968


In the first three sections of this lecture I have sketched the determinism of classical physics and the indeterminism of present science. The latter was not recognized until the present century. The problem of freedom, however, has been with us since the dawn of philosophy, and it behooves us now to follow up the allusions at the beginning of section 1 and comment on the uneasy union between deterministic science and freedom-conscious moral philosophy which existed throughout the centuries that preceded ours.

A systematic review of all the devices whereby philosophers have tried to harmonize causality and freedom is impossible here. A sketch of three of them must suffice. One, which has the authority of Spinoza and some modern theologians, invokes a distinction between inward and outward experiences. Freedom is a phenomenon of consciousness of which one becomes aware by introspection. Determinism regulates processes from without. A stone in flight, said Spinoza, if it were awakened to consciousness, would deem itself free to move along its predetermined path; it would feel it had chosen its trajectory. The difference between determinism and freedom has been likened to two seemingly contradictory properties of physical objects: The windshield of a car is concave when seen from the inside, convex from the outside. This explanation, in spite of its allegorical appeal, nevertheless leaves freedom in an unsatisfactory state, for when all is said and done it remains a psychological illusion.


Next is a thesis which accounts for freedom by an appeal to ignorance. An omniscient being is not free, since knowing what happens excludes all choice in situations which otherwise permit it. The example sometimes cited is that of a child which is given a choice between a dish of spinach and a piece of pie. His mother, knowing that he dislikes spinach, knows the outcome, concludes therefore that he has no choice, while the child believes he is facing a genuine alternative. It is the limitation of his knowledge about himself which gives him the sense of being free. Again, it is difficult to see how this kind of reasoning explains any more than one's feeling of freedom, not its actual existence.


Last is a view which is found in the writings of Kant and developed in detail to fit modern science by Cassirer. Their philosophy, called transcendental idealism, regards causality as a category of human understanding, a necessary form in which all knowledge of events must be cast. For things in themselves, which lie beyond our comprehension, causality and all other basic modes of thought are irrelevant. This is what is meant by calling causality a transcendental principle of understanding. From this point of view universal causality or determinism, whether of the classical or the quantum mechanical sort, must not be regarded as a metaphysical constraint upon all forms of being. It must be distinguished from what Cassirer calls a "dinglicher Zwang". Freedom, too, is a transcendental principle, but one regulating our actions, and it therefore controls another realm. If both were factual, descriptive attributes of the world they would indeed collide; only their transcendental nature keeps them out of conflict and makes them compatible.


Now it seems to me that classical determinism and freedom do collide — in a factual sense if both are taken as ultimate metaphysical principles, and in the form of logical irreconcilables if they are transcendental modes of explanation which regulate our understanding. Let me illustrate the meaning of this claim by reference to a trivial example (which has no ethical significance, to be sure).


Suppose I am asked to raise my hand, I can do this mechanically without thought and without engaging my will. In that case, habit acquired during my student days will probably cause me to raise my right hand. One may look upon this action as a causal one, whose result is predictable in terms of conditions existing in my brain, of associations acquired, of neural pathways previously established, and so on. But notice: I took care to say that I would probably raise my right hand, thereby implying something less than strict predictability.


But if I am told: raise which ever hand you wish, the sequence of events is different. I am somehow challenged to think and then to make a choice. To believe that, during the moment of reflection preceding the decision to raise my left hand, the configuration of the molecules in my body, the currents in my brain cells, or even the psychological variables composing my mental state have already predetermined that I must raise my left hand is clearly false, for it contradicts the most elementary, the most reliable, self-declarative awareness of choice which accompanies this act. Thus a serious contradiction arises if strict causality is a metaphysical fact.


Nor can the situation be saved by saying, with Kant and Cassirer, that causality is merely a transcendental principle in terms of which we are required to conceive things. For in that case we should require one principle of understanding to comprehend the sequence of events which compose the objective course leading to the raising of my left hand, and a different, incompatible one to explain my feeling of freedom. Human reason does not tolerate two incoherent principles where a single one will do. I shall now show that the loosening of causality required by quantum mechanics enlarges the scope of that principle sufficiently to allow removal of these difficulties and to cover both determination and freedom.


What I hope to accomplish needs careful statement. It might seem to be a proof that quantum mechanics has solved the problem of freedom. This is a vastly different task from showing that quantum mechanics has removed an essential obstacle from the road toward its solution, while the problem remains unsolved in its major details. The following analysis is directed toward this latter, much more modest aim. In approaching it, however, many of the difficulties, whose resolution constitutes the difference between the first and second tasks, will move into view.


The decision which hand to raise is totally without ethical relevance; it merely illustrates the contrast between instinctive-reflexive, almost mechanical behavior and an action which involves thought and will, thereby engaging to a small extent the quality of freedom. The question of motivation, so essential in ethics, hardly enters at all. Or if it does, if for some conscious reason — perhaps the desire to surprise my partner — I have chosen to lift my left arm when he expected the right one to be raised, that reason is far from the concerns of ethics. The distance from here to choices which can be said to be morally good or bad, which conform or do not conform to ethical principles, which carry responsibility, is very great. Yet somehow it can be travelled by vehicles already at our disposal. 


Most theories of ethics, including the one outlined in section 4, achieve their end, the explanation of moral behavior, once the possibility of freedom and motivation is established. These qualities, however, are present at least in embryonic form in the example we chose for discussion; hence we return to it. Its relative simplicity is an important advantage.

Precisely what happened to me as a conscious person during that crucial interval in which I "made up my mind" to raise my left hand? Of the enormous variety of physical and chemical processes which took place in my body I am not aware. I do know, however, that the physical condition before the arm raising and that after the act were connected by a continuous series of objective physical happenings. And the entire series could have been different because of my will, because of a choice of physical possibilities that were open to me.


The mental processes during the crucial interval are likewise difficult to record in detail. Nevertheless the following is perfectly clear. I was aware of having a choice, there was a moment of reflection, perhaps a brief recall of past occasions, then came a glimmer of rudimentary satisfaction in doing the unexpected, next a decision and finally the act. The choice was enacted within consciousness, and it evidently was permitted, but merely permitted, by the physical processes that took place.


One thing, then, is utterly apparent: freedom is not wholly a problem of physical science but one involving biology, physiology and psychology as well. Upon realizing this one immediately confronts the standard question of reducibility: Are the laws of psychophysiology merely elaborate versions of those encountered in the physico-chemical world, or do they differ radically? 


Physiology and psychology differ radically because of information in body and mind


The first alternative which assumes the possibility of reducing all behavior to physico-chemical bases need not be tied to the naive supposition that all the laws of these basic sciences are now known, and it will not be construed in this narrow sense here. The second, which maintains a radical difference, takes two essential forms. First, one may interpret the difference as mere transcendence, secondly as outright violation of physico-chemical laws.

I Reducibility

IIa Transcendence

IIb Violation of Laws


To avoid circumlocutions, let us refer to the first alternative, that of reducibility, as I. The second will be labelled II, and we shall designate transcendence by IIa, violation by IIb. As already mentioned, acceptance of I does not commit us to the view that all basic laws of nature are already known.


The precise meaning of IIa involves a theory of levels of complexity among physical phenomena. It is most simply illustrated by recalling the relation between the mechanics of point masses and the statistical mechanics of gases which are here viewed as large assemblages of molecules, in the form of point masses. To describe the mechanical state of each individual molecule one needs to specify its position and its velocity, nothing more. The totality of molecules, the gas, however, exhibits measurable properties like pressure, temperature and entropy which have no meaning with respect to single molecules. In this sense they are radically different from the properties of point masses. Yet if the positions and velocities of all molecules were known, the aggregate observables, i.e. pressure, temperature and entropy, could be calculated. These latter characterize a level of complexity above the mechanics of mass points. Explanation is continuous from below; the concepts of the lower level have meaning on the upper, but not the reverse.


It is seen, therefore, that thesis IIa asserts no incompatibility between concepts and principles on two different levels. The physico-chemical and the physio-psychological can probably be regarded in a similar way as two different levels of complexity, even though the differences are so great that the full connection is not at present in evidence. The view, however, seems reasonable. If it is accepted, and the gap can some day be filled, the higher level concepts can be reached from below and thus be reduced.


The bearing of alternative IIa upon the problem of freedom, which as we have seen is encountered in the upper realm, is now apparent. Freedom cannot appear in the domains of physiology and psychology if indeterminacy is not already lodged in physics. Strict causality among the molecules, applied upward as a principle of nature to explain the behavior of aggregates, cannot entail freedom because of the requirement of continuity from below. It is equally impossible to engender freedom in the realm of psychology when strict determinism rules physics, so long as hypothesis IIa is maintained.


For our present purpose, therefore, IIa can be identified with I: neither permits freedom unless strict determinism is abandoned in physics.


Only alternative IIb provides the possibility of freedom in the face of unrelieved classical causality as it is understood in pre-quantum physics. That view cannot be rejected out of hand; indeed it is very prevalent. Since it is forced to assume the occurrence of violations of the normal order of nature, it is tantamount to a belief in miracles. As for myself, I refuse to regard freedom as a miracle so long as other avenues of explanation are open. This is the case if alternative I or IIa is adopted, provided physical indeterminacy is taken seriously.



Here Margenau parts company with his lifelong colleague and mentor,
 Ernst Cassirer


I judge IIa to be the safest hypothesis, and propose to describe its consequences. This is a somewhat unpopular course; it forces us to part company with many distinguished moral philosophers who see the autonomy of ethics threatened when a relation of any sort is assumed to exist between that august discipline and science. For centuries, humanists have been impressed by the slogan already discredited in section 4 of this lecture, that science deals with facts, ethics with values, and these two categories are so disparate that they must forever stand apart.
 If unanalyzed this is a foolish and a dangerous dogma. Some feel that a view which finds a root of freedom in physical science denigrates and demeans the high estate of ethics whose legitimate concerns should not seek refuge in the indeterminacies of natural events. Ethics, says Cassirer, should not be forced to build its nests in the gaps of physical causation, but he fails to tell where else it should build them, if at all.

The view proposed here can hardly be criticised as debasing ethics, or as depriving it of autonomy. For in the first place, if, in espousing indeterminacy, physics abdicates control over part of its former domain, entrusting it to other hands, it does not threaten ethics. The new mood of physics is not one of intransigeance but of renunciation. 


Indeterminacy not a solution to problem of freedom, but the first step


Secondly, embracing the belief that freedom is made possible by indeterminacies in nature will not solve the problem of freedom. As will appear later, it permits only one first step towards its solution, but an important step to a place from which freedom can be seen as a scientific challenge, where it appears no longer as a fallacy or an illusion. Beyond it lies an open countryside in which ethics must travel without the guidance of science if it wishes to explore the meaning of good and bad, the origin of moral values — in short if it wishes to convert the offer of science, which might be named chance, into responsible choice.

Another consideration must be borne in mind. Throughout this lecture one single physical law is continually called upon to do extremely heavy duty, namely Heisenberg's indeterminacy principle. It is unreasonable to suppose that this item of knowledge is absolute in its present understanding, forever immune to reformulation and refinement. Future discoveries will doubtless place it in a new light, but it is difficult to see how its essence, which is drawn upon in the present context, can ever be relinquished. No one, of course, can rule out this possibility. But it seems far more likely, and here is where I would place my bet, that further principles even more widely restrictive of Laplacian causality will enter science, in which case the position here taken will be re-enforced.


Quantum indeterminacy, being the only item of its kind now firmly known, must thus be placed in the center of the present discussion. Also, the time has come to be specific. An important argument has been directed against the use to which that principle is here to be put, namely the argument which asserts that indeterminacy is limited to the atomic realm and loses its validity in the macrocosm.


Its importance in atomic and subatomic phenomena is crucial, for without it the behavior of elementary particles makes no sense. But a complex organ like the human brain, the cortex, even a brain cell or a neuron consist of vast numbers of elementary particles, and it is well known that the statistics of large numbers usually add up to certainties. While the motion of a single molecule in a gas must be specified with wide margins of probabilities, the entire gas behaves in predictable fashion. Insurance companies can only assign a probability to the occurrence of death in a given period for a specific individual, but they are almost certain of the number of deaths in a large group of people. So, too, it can be argued that the organic structures which carry the physical function of free decision are predictable in their total action even in view of elementary uncertainty; in other words, that the indeterminacy of atomic events is ironed out in the macrocosm. The assertion is respectable, for since we do not understand the function of physiological complexes in terms of atomic processes it can not be disproved.
Another, slightly different consideration, leads to the same result. If the principle of indeterminacy is written for position (x) and velocities (v) it reads

Δx •Δv ≥ h/ 2m
m  being the mass of the object whose motion is being studied. Now for an electron the quantity on the right of this inequality is about 1 (in c.g.s. units). Hence if we assume its position to be wholly uncertain within the volume of the atom, where it usually resides, and assign to Δx the value 10-8 cm (size of an atom), Δv must be about 108 cm/sec; the indeterminacy in velocity amounts to more than 100 times the speed of an I.C.B.M. Many unforeseeable things can happen within that range of ignorance.


For a brain cell, m is at least one trillion times as great as it is for an electron, hence the uncertainty is a billion times smaller. Even if we assume again that Δx = 10-8 cm, we find Δv = 1 millimeter per sec. But for something as large as a cell it is unreasonable to allow Δx so small a value, which is far beyond the limit of detection. If we increase it 1,000-fold, the indeterminacy in velocity goes down to 10-3 mm/sec, a value so small as to be quite uninteresting.


But this argument is really no more cogent than the former. For one might well ask: who is interested in the motion of a brain cell, or a neuron as a whole? It is very likely that crucial processes within such miniature organisms are triggered by single electrons and photons which are very strongly affected by quantum mechanical indeterminacy. Although little is known about the details of these reactions there is a good deal of conclusive evidence to support the claim that quantum indeterminacy can project important effects into the world at large, that organisms, in particular, can have their behavior and their fate strongly influenced by interaction with elementary physical entities. Again observe: even if we succeed in showing this we are still far from having established freedom. I am not suggesting that the release of erratic behavior governed only by the laws of chance is tantamount to freedom. I am saying that it is a physical precondition for human freedom. As to the influence of atomic chance upon the macroworld, here are a few examples.


Meteorology is not an exact science, and I am particularly reluctant to draw upon it because my knowledge of it is most inadequate. Everyone knows, however, that large atmospheric disturbances spring from minute pressure and velocity changes taking place within small regions in the upper air. A few molecules with abnormally large velocities can trigger a movement which may develop into a cyclone. I had always thought that the nucleus of a large disturbance would have to contain a sizeable number of molecules. However, a distinguished meteorologist recently told me that a fluctuation in velocity no larger than is compatible with Heisenberg's principle can be the cause of a low. And on looking at the mathematics, I convinced myself of this possibility. Only the probability of its happening is extremely small.


Scientists working in the psychophysics of vision have shown that a receptor in the human retina is sensitive to the incidence of very few photons of light, in certain regions of the spectrum perhaps to a single one. This means that a conscious response can be elicited by physical entities whose behavior is controlled by the uncertainty principle, a response which is in the customary sense without original cause. To be sure, it was triggered by the impinging photons, hence there was an immediate cause. But the coming of the photons was unpredictable; therefore the ensuing sensation, the stimulus-response episode was causeless. Yet that sensation might have informed a subject in a dark night that "something was there", perhaps something threatening, and he could have taken measures to avert the danger.


A more impressive illustration of the intrusion of atomic chance into the living world is afforded by the mutation of genes, which is known to result sometimes from the impact of a single X-ray quantum. Such mutations. can be advantageous to the individual undergoing them, but more often they are debilitating, sometimes lethal. A documented example is found in the literature.' It is impressive because it affected the fate of nations. It is well known that hemophilia, the bleeding disease, was an affliction of the ruling families of Russia and of Spain ever since the middle of the 19th century, troublesome in politics and a threat to royal succession. The origin of this disease may well be hidden in the indeterministic realm of atomic processes. Haldane has suggested after considerable search that the hemophilic condition began with a gene mutation in the nucleus of a cell in one of the testicles of Edward, Duke of Kent, Queen Victoria's father, in the year 1818.


From there on the incidence of the disease is open to study. There were three hemophiliacs among Victoria's nine children, seven among her grandchildren, six in the fourth generation. The latter included Alexis, the crown prince of Russia, whose mother, neurotically anxious about his condition, sought help from the monk Rasputin. How he thus gained a fateful foothold in the affairs of the Czarist family is a matter of history. Hemophilia among the sons of Alphonso XIII, the King of Spain, who was a grandson of Queen Victoria, apparently affected the stability of the throne.


Clearly, it is difficult to maintain that atomic indeterminacy has nothing to do with the inhabitants of the macrocosm.


Having made this point, I now turn to a few logical arguments which have been levelled against the possibility of freedom, quite apart from physical indeterminacy. Professor J. J. C. Smart has attempted to dispose of freedom as an inconsistent concept by employing a simple and seemingly cogent logical argument. He constructs two theses which he assumes to be exhaustive of all possibilities and also mutually exclusive. One is Laplacian determinism as we have discussed it earlier, the other is the view that "there are some events that even a superhuman calculator could not predict, however precise his knowledge of however wide a region of the universe at some previous time." Freedom, he holds, violates both of them and is therefore ruled out.
Certainly the requirement of impeccable logic is to be imposed on every phase of scientific and philosophic reasoning; nevertheless logic, in spite of its merited vogue, is not the sole arbiter of truth. There are instances where the diffuseness of the meaning of terms makes its formal application impossible and its conclusions spurious in spite of all the reverence it commands. In the present instance, its use to settle the argument concerning freedom is as ineffectual as the application of arithmetic to ideas.


Smart's algorithm was challenged neatly by Harris, who rightly insists that the two alternatives above are not mutually exclusive. If freedom were identical with Smart's second alternative we would call it erratic behavior or caprice. What makes Harris' point important is, first of all, the looseness which afflicts the term event (state, or observation, or measurement would be more acceptable), and second the fact that physical indeterminacy is precisely the kind of intermediate alternative which is neither coincident with Smart's proposition one nor with proposition two.


One of the most serious confusions about freedom arises in connection with the uniqueness of history. The course of events in the universe is a single flow; there is no ambiguity about the happenings at any given time, aside from our knowledge of them, and if a superhuman intellect knew everything that happened up to a certain time T, he would perceive, in looking backward, not only clear determinism but a rigid, filled space-time structure of events. He could in fact, if he were a mathematician, write a formula — with a proper qualitative text defining the nature of all events — which would represent all history up to T. Where, then, can freedom enter in the presence of that timeless formula which, although it was unknown at times before T, nevertheless "existed" in a mathematical sense?


The answer involves recognition of the fact that retrodiction is not the same as prediction. Indeterminacy permits the former but not the latter. Only Laplacian determinism makes inferences along the time axis symmetric in both directions. On classical mechanics, full knowledge of the state of a physical system at time T allows in principle the calculation of its state at any time before or after T. Indeterminacy introduces a peculiar asymmetry into states with respect to their temporal implications: the past is certain and the future is not. This causal irreversibility of time is, and must always be, asserted along with the affirmation of freedom.


Nor is this without consequences with respect to the nature of time. The recent controversy concerning emergence or becoming, and the sense in which time is a fourth dimension of space is strongly affected by it. Relativity theory, which is thus far an outgrowth of classical mechanics and does not incorporate indeterminacy, speaks in Laplace's voice and precludes creativity and emergence of features not already foreshadowed in the presence. In the controversy to which reference has just been made, Capec is right in arguing for emergence, not for any philosophic reason but for the simple scientific fact that ordinary 4-dimensional relativity, the basis for the claim of frozen passage, is not applicable to the atomic domain.


Having reviewed the most common objections met by those who affirm human freedom, and having attempted to expose their weaknesses, let me now summarize and state my case.


Classical determinism made freedom intrinsically impossible, unless its application to psycho-physical phenomena is arbitrarily interdicted.


Historic arguments designed to reconcile freedom with classical causality were able merely to establish a subjective illusion, a personal feeling of freedom.


Modern physics, through Heisenberg's principle of indeterminacy, has loosened Laplacian determinism sufficiently to allow uncaused atomic events, permitting in certain specifiable situations the incidence of genuine chance.


The consequence of such microcosmic indeterminacies, while usually insignificant in the molar world, do ingress into the macrocosm at least in several known instances. It is very likely that they play a role in delicate neuro-physical and chemical processes.


Physics thus makes understandable the occurrence of chance, of true alternatives upon which the course of events must seize. Physics alone, in its present state, can account for unpredictable, erratic human behavior.


Human freedom involves more than chance: it joins chance with deliberate choice. But it needs the chance. In so far, and so long, as science can say nothing about this latter active, decisive, creative element it has not fully solved the problem of freedom.


But it has lifted it out of the wastebasket of illusions and paradoxes and re-established it as a challenging problem to be further resolved.


And now an afterthought. Suppose physical science, perhaps with the aid of sister disciplines like psychology, philosophy and theology, had solved the problem of choice supervening upon chance to explain freedom, would this fuller understanding not restore determinism? If we can explain how the agency effecting choice selects from the alternatives presented by physics a particular one, will the inclusion of that agency into the scheme of things not leave us where we started, i.e. with an amplified Laplacian formula?


The answer cannot be forseen. It may be affirmative, but I strongly doubt it. For if that agency were one which looked into the future rather than into the past, were drawn by purposes rather than impelled by drives, partook of the liveliness of the incalculable human spirit — freedom in a unique sense would survive.




Freedom a prerequisite to ethics







Source: https://www.informationphilosopher.com/solutions/scientists/margenau/
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Humberto Maturana

Maturana is a Chilean neuroscientist who earned his PH.D. in biology from Harvard in 1958 (the year the author came to Harvard).  Today his work is in the philosophy of biology and cognitive science.


He was inspired by Jacob Johann von Uexküll, the founder of biosemiotics.


Maturana and his student Francisco Varela were the first to define and employ the concept of "autopoiesis," the ideas of self-organization and self-assembly that are characteristic of living things. In their Santiago Theory of Cognition, they say "Living systems are cognitive systems, and living as a process is a process of cognition. This statement is valid for all organisms, with or without a nervous system."


Our information philosophy model of a living system is one that communicates signals between all of its parts to maintain homeostasis. Cellular signaling is the most basic requirement for a cognitive system.




Source: https://www.informationphilosopher.com/solutions/scientists/maturana/
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Jacques Monod


Jacques Monod was a French biologist who, together with François Jacob, originated the idea that control of enzyme levels in all cells occurs through regulation of transcription. He shared the 1965 Nobel Prize in Medicine with François Jacob and André Lwoff.


   Monod's 1971 book Chance and Necessity was a landmark in the popular science literature for its unequivocal statement that the origin of life  a product of Chance. 
  


...[mutations] constitute the only possible source of modifications in the genetic text, itself the sole repository of the organism's hereditary structures, it necessarily follows that chancealone is at the source of every innovation, of all creation in the biosphere. Pure chance, absolutely free but blind, at the very root of the stupendous edifice of evolution: this central concept of modern biology is no longer one among other possible or even conceivable hypotheses. It is today the sole conceivable hypothesis, the only one that squares with observed and tested fact. And nothing warrants the supposition — or the hope — that on this score our position is likely ever to be revised.

(Chance and Necessity, p. 112)


Monod correctly denies that any teleological forces are needed to create life from inanimate matter, but he finds that teleonomic purposeful behavior is one of the fundamental characteristics of life, along with what he calls autonomous morphogenesis (life is "self-constructing") and reproductive invariance (life is "self-replicating").

Information philosophy agrees that with the emergence of life, information structures with purposes entered the universe. 


But there must have been information-creating, ergodic processes at work before terrestrial life appeared. They created the informational substrate for life, in particular, the sun and the planetary environment hospitable to the origin of life on earth.


Monod says that some biologists have been unhappy with his idea of teleonomy, that living beings are endowed with a purpose or a project, but he says this is essential to the definition of living beings. His next criterion is autonomous morphogenesis. He says,


...a living being's structure results from a ... process ... that owes
almost nothing to the action of outside forces, but everything, from its overall shape down to
its tiniest detail, to "morphogenetic" interactions within the object itself. 

It is thus a structure giving proof of an autonomous determinism: precise, rigorous, implying a
virtually total "freedom" with respect to outside agents or conditions — which are capable, to be sure, of impeding this development, but not of governing or guiding it, not of prescribing its organizational scheme to the living object. Through the autonomous and spontaneous character of the morphogenetic processes that build the macroscopic structure of living beings, the latter are absolutely distinct from artifacts, as they are, furthermore, from the majority of natural objects whose macroscopic morphology largely results from the influence of external agents. 

Crystals are one of the few purely physical "ergodic" processes, reducing the entropy locally


To this there is a single exception: that, once again, of crystals, whose characteristic geometry reflects microscopic interactions occurring within the object itself. Hence, utilizing this criterion alone, crystals would have to be classified together with living beings, while artifacts and natural objects, alike fashioned by outside agents, would comprise another class.

(Chance and Necessity, p.10)



We now know this is only "adequate determinism"

                                                                                   The quantum cooperative atomic phenomena that form crystals are of course the same as form the macromolecules of life, DNA, RNA, etc.

Monod thinks there is an "internal, autonomous determinism" that "guarantees the formation of the extremely complex structures of living beings."  The "guarantee" can not be perfect as a result of statistical physics. Monod is fully aware of quantum indeterminacy. After discussing chance in terms of probability and games of chance, he says,


on the microscopic level there exists a further source of still more radical uncertainty, embedded in the quantum structure of matter. A mutation is in itself a microscopic event, a quantum event, to which the principle of uncertainty consequently applies. An event which is hence and by its very nature essentially unpredictable. (p.114)


Monod identifies the key evolutionary process as the transmission of information from one living information structure to the next. Note that this is accomplished in the constant presence of thermal and quantal noise.

Such structures represent a considerable quantity of information whose source has still to be identified: for all expressed — and hence received — information presupposes a source. He says "the source of the information expressed in the structure of a living being is always another, structurally identical object."  



[Living beings have the] ability to produce and to transmit ne varietur the information corresponding to their own structure. A very rich body of information, since it describes an organizational scheme which, along with being exceedingly complex, is preserved intact from one generation to the next. The term we shall use to designate this property is invariant reproduction, or simply invariance.

With their invariant reproduction we find living beings and crystalline structures once again sharing a property that renders them unlike all other known objects in the universe. Certain chemicals in supersaturated solution do not crystallize unless the solution has been inoculated with crystal seeds. We know as well that in cases of a chemical capable of crystallizing into two different systems, the structure of the crystals appearing in the solution will be determined by that of the seed employed. 

(Chance and Necessity, p.12)



Monod claims that the main distinction between crystals and living things is the quantity of information transmitted between the generations. He thus neglects the creativity inherent in the acquisition and transmission of knowledge by living things.

Crystalline structures, however, represent a quantity of
information by several orders of magnitude inferior to that transmitted from one generation to another in the simplest living beings we are acquainted with. By this criterion — purely quantitative, be it noted — living beings may be distinguished from all other objects, crystals included. 


In his major contribution toward an informational approach to biology, Monod goes on to make a quantitative estimate of what he calls the "teleonomic level" of a species, arranging them in a hierarchy based purely on information content. This is an important beginning for information-based biological science.


...since a structure's degree of order can be defined in units of information, we shall say that the "invariance content" of a given species is equal to the amount of information which, transmitted from one generation to the next, assures the preservation of the specific structural standard. As we shall see later on, with the help of a few assumptions it will be possible to arrive at an estimate of this amount.

That in turn will enable us to bring into better focus the notion most immediately and plainly inspired by the examination of the structures and performances of living beings, that of teleonomy. Analysis nevertheless reveals it to be a profoundly ambiguous concept, since it implies the subjective idea of "project." [Consider] the example of the camera: if we agree that this object's existence and structure realize the "project" of capturing images, we must also agree, obviously enough, that a similar project is accomplished with the emergence of the eye of a vertebrate.


But it is only as a part of a more comprehensive project that each individual project, whatever it may be, has any meaning. All the functional adaptations in living beings, like all the artifacts they produce, fulfill particular projects which may be seen as so many aspects or fragments of a unique primary project, which is the preservation and multiplication of the species.


To be more precise, we shall arbitrarily choose to define the essential teleonomic project as consisting in the transmission from generation to generation of the invariance content characteristic of the species. All the structures, all the performances, all the activities  contributing to the success of the essential project will hence be called "teleonomic."


This allows us to put forward at least the principle of a definition of a species' "teleonomic level.' All teleonomic structures and performances can be regarded as corresponding to a certain quantity of information which must be transmitted for these structures to be realized and -these performances accomplished. Let us call this quantity "teleonomic information." A given species' "teleonomic level" may then be said to correspond to the quantity of information which, on the average and per individual, must be transferred to assure the generation-to-generation transmission of the specific content of reproductive invariance.

(Chance and Necessity, pp.13-14)



For François Jacob, who shared the Nobel Prize with Jacques Monod, teleonomy was a basic characteristic of every cell. Jacob said that the basic purpose and desire of every cell is to become two cells. 

But Monod sees that his teleonomy appears to be in conflict with a basic tenet, the very cornerstone, of modern science.


The cornerstone of the scientific method is the postulate that nature is objective. In other words, the systematic denial that "true" knowledge can be got at by interpreting phenomena in terms of final causes - that is to say, of "purpose." An exact date may be given for the discovery of this canon. The formulation by Galileo and Descartes of the principle of inertia laid the groundwork not only for mechanics but for the epistemology of modern science, by abolishing Aristotelian physics and cosmology. To be sure, neither reason, nor logic, nor observation, nor even the idea of their systematic confrontation had been ignored by Descartes' predecessors. But science as we understand it today could not have been developed upon those foundations alone. It required the unbending stricture implicit in the postulate of objectivity — ironclad, pure, forever undemonstrable. For it is obviously impossible to imagine an experiment which could prove the nonexistence anywhere in nature of a purpose, of a pursued end.

But the postulate of objectivity is consubstantial with science; it has guided the whole of its prodigious development for three centuries. There is no way to be rid of it, even tentatively or in a limited area, without departing from the domain of science itself.


Objectivity nevertheless obliges us to recognize the teleonomic character of living organisms, to admit that in their structure and performance they act projectively — realize and pursue a purpose. Here therefore, at least in appearance, lies a profound epistemological contradiction. In fact the central problem of biology lies with this very contradiction, which, if it is only apparent, must be resolved; or else proven to be utterly insoluble, if that should turn out indeed to be the case.

(Chance and Necessity, pp.21-2)



Monod's resolution of his "profound epistemological contradiction" is to make teleonomy secondary to - and a consequence of - reproductive invariance.

Since the teleonomic properties of living beings appear to challenge one of the basic postulates of the modern theory of knowledge, any philosophical, religious, or scientific view of the world must, ipso facto, offer an implicit if not an explicit solution to this problem.

{T]he single hypothesis that modern science here deems acceptable: namely, that invariance necessarily precedes teleonomy. Or, to be more explicit; the Darwinian idea that the initial appearance, evolution, and steady refinement of ever more intensely teleonomic structures are due to perturbations occurring in a structure which already possesses the property of invariance — hence is capable of (preserving the effects of chance and thereby submitting them to the play of natural selection.


Ranking teleonomy as a secondary property deriving from invariance — alone seen as primary — the selective theory is the only one so far proposed that is consistent with the postulate of objectivity. It is at the same time the only one not merely compatible with modern physics but based squarely upon it, without restrictions or additions. In short, the selective theory of evolution assures the epistemological coherence of biology and gives it its place among the sciences of "objective nature." 

(Chance and Necessity, pp.23-4)


Colin Pittendrigh

 
Colin Pittendrigh was the first to use the term "teleonomy" to distinguish the appearance of purpose in biological evolution, specifically Darwinian natural selection, from the ancient idea of "teleology," Aristotle's "telos" or "final cause," a cosmic purpose pre-existing the appearance of life.

Today the concept of adaptation is beginning to enjoy an improved respectability for several reasons: it is seen as less than perfect; natural selection is better understood; and the engineer-physicist in building end-seeking automata has sanctified the use of teleological jargon. It seems unfortunate that the term 'teleology' should be resurrected and, as I think, abused in this way. The biologists' long-standing confusion would be more fully removed is all end-directed systems were described by some other term, like 'teleonomic', in order to emphasize that the recognition and description of end-directedness does not carry a commitment to Aristotelian teleology as an efficient [sic] casual principle.



Monod summarizes the history of philosophy more or less as we do (and as Karl Popper does), along the lines of the great division, or dualism, between idealists and materialists. 

We see the distinction as between those who think information is an invariant and those who see it as constantly increasing. Monod's focus on reproductive invariance may prevent him seeing the importance of novelty and creation of new information.


Ever since its birth in the Ionian Islands almost three thousand years ago, Western philosophy has been divided between two seemingly opposed attitudes. According to one of them the authentic and ultimate truth of the world can reside only in perfectly immutable forms, by essence unvarying. According to the other, the only real truth resides in flux and evolution. From Plato to Whitehead and from Heraclitus to Hegel and Marx, it is clear that these metaphysical epistemologies were always closely bound up with their authors' ethical and political biases. These ideological edifices, represented as self-evident to reason, were actually a posteriori constructions designed to justify preconceived ethico-political theories.

(Chance and Necessity, p.99)

Monod on Knowledge and Value
 
Like many scientists, Monod regards the open search for knowledge and truth as of intrinsic value. Can he go on to make knowledge itself a value in the objective world of "value-free" science? Monod seeks an "ethic of knowledge."

Must one adopt the position once and for all that objective truth and the theory of values constitute eternally separate, mutually impenetrable domains? This is the attitude taken by a great number of modern thinkers, whether writers, or philosophers, or indeed scientists. For the vast majority of men, whose anxiety it can only perpetuate and worsen, this attitude I believe will not do; I also believe it is absolutely mistaken, and for two essential reasons.

First, and obviously, because values and knowledge are always and necessarily associated in action just as in discourse.


Second, and above all, because the very definition of "true" knowledge reposes in the final analysis upon an ethical postulate.


Each of these two points demands some brief clarification.

 
Ethics and knowledge are inevitably linked in and through action. Action brings knowledge and values simultaneously into play, or into question. All action signifies an ethic, serves or disserves certain values; or constitutes a choice of values, or pretends to. On the other hand, knowledge is necessarily implied in all action, while reciprocally, action is one of the two necessary sources of knowledge.


The moment one makes objectivity the conditio sine qua non of true knowledge, a radical distinction, indispensable to the very search for truth, is established between the domains of ethics and of knowledge. Knowledge in itself is exclusive of all value judgment (all save that of "epistemological value") whereas ethics, in essence nonobjective, is forever barred from the sphere of knowledge.


The postulate of objectivity...prohibits any confusion of value judgments with judgments arrived at through knowledge. Yet the fact remains that these two categories inevitably unite in the form of action, discourse included. In order to abide by our principle we shall therefore take the position that no discourse or action is to be considered meaningful, authentic unless — or only insofar as — it makes explicit and preserves the distinction between the two categories it combines. Thus defined, the concept of authenticity becomes the common ground where ethics and knowledge meet again; where values and truth, associated but not interchangeable, reveal their full significance to the attentive man alive to their resonance.    


In an objective system...any mingling of knowledge with values is unlawful, forbidden. But — and here is the crucial point, the logical link which at their core weds knowledge and values together — this prohibition, this "first commandment" which ensures the foundation of objective knowledge, is not itself objective. It cannot be objective: it is an ethical guideline, a rule for conduct. True knowledge is ignorant of values, but it cannot be grounded elsewhere than upon a value judgment, or rather upon an axiomatic value. It is obvious that the positing of the principle of objectivity as the condition of true knowledge constitutes an ethical choice and not a judgment arrived at from knowledge, since, according to the postulate's own terms, there cannot have been any "true" knowledge prior to this arbitral choice. In order to establish the norm for knowledge the objectivity principle defines a value: that value is objective knowledge itself. Thus, assenting to the principle of objectivity one announces one's adherence to the basic statement of an ethical system, one asserts the ethic of knowledge.


By the very loftiness of its ambition the ethic of knowledge might perhaps satisfy this urge in man to project toward something higher. It sets forth a transcendent value, true knowledge, and invites him not to use it self-servingly but henceforth to enter into its service from deliberate and conscious choice. At the same time it is also a humanism, for in man it respects the creator and repository of that transcendence.


The ethic of knowledge is also in a sense "knowledge of ethics," a clear-sighted appreciation of the urges and passions, the requirements and limitations of the biological being. It is able to confront the animal in man, to view him not as absurd but strange, precious in his very strangeness: the creature who, belonging simultaneously to the animal kingdom and the kingdom of ideas, is simultaneously torn and enriched by this agonizing duality, alike expressed in art and poetry and in human love.


Conversely, the animist systems have to one degree or another preferred to ignore, to denigrate or bully biological man, and to instill in him an abhorrence or terror of certain traits inherent in his animal nature. The ethic of knowledge, on the other hand, encourages him to honor and assume this heritage, knowing the while how to dominate it when necessary. As for the highest human qualities, courage, altruism, generosity, creative ambition, the ethic of knowledge both recognizes their sociobiological origin and affirms their transcendent value in the service of the ideal it defines.

(Chance and Necessity, pp.173-9)


Monod's Historical Error on Chance and Necessity
 
Monod took the title of his work from a statement by Democritus that he imagined or misremembered (an example of the Cogito Model for human creativity).  He opens his book with this quotation,

Everything existing in the Universe is the fruit of chance and necessity. Democritus

Unfortunately, Democritus made no such statement. As the founder of determinism, he and his mentor Leucippus were adamantly opposed to chance or randomness. Leucippus insisted on an absolute necessity which leaves no room in the cosmos for chance. 


     "Nothing occurs at random (maten), but everything for a reason (logos) and by necessity." 
     οὐδὲν χρῆμα μάτηῳ γίνεται, ἀλλὰ πάντα ἐκ λόγου τε καὶ ὑπ’ ἀνάγκης
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   Many scientists before Maxwell supported the existence of atoms and molecules, from the ancient determinists Leucippus and Democritus, to Epicurus with his atomic "swerves" that enable free will and the creation of "information structures" in an otherwise chaotic universe, to moderns like Daniel Bernoulli in the 18th century, who argued that the pressure of a gas was the result of atoms bombarding the vessel wall, to John Waterston and John Herapath in the early 19th, whose contributions were largely forgotten, and finally to the great Rudolf Clausius, who stated the Second Law of Thermodynamics in 1850 and introduced the concept of Entropy in 1865, based on the disorderly random motions of gas particles. Clausius introduced the idea of the "mean free path" traveled by a gas particle - in a straight line - between collisions with other particles.   


  Maxwell's great contribution to the Kinetic Theory of Gases was to find the velocity distribution of the gas particles. Clausius, for simplicity, had assumed that they all move at the same speed. From simple considerations of symmetry and the assumption that motions in the y and z directions were not dependent on motions in the x direction, Maxwell showed that velocities were distributed according to the same normal distribution as the "law of errors" found by Adolphe Quételet in astronomical observations. 


Isn't it completely obvious that there is some process at the atomic or molecular level that is randomizing the velocities of atoms and molecules, exactly as ancients like Lucretius and Epicurus thought?.


The only reason to doubt that is the belief of modern scientists that the laws of nature are completely determined, as Isaac Newton's dynamical laws of motion were believed to be. Those laws, including the gravitational force that moves celestial bodies, appear to be determined because they average over vast numbers of microscopic quantum events.





 
Where "normal" errors are distributed symmetrically around the mean value, the Maxwell-Boltzmann distribution of velocities decreases from the peak value as v2 for low energy particles, then declines according to the exponential e - v2 for high energies.




The social physicist Adolphe Quételet and scientific historian Henry Thomas Buckle argued that this distribution applied to social statistics, and scholars have shown that Maxwell's derivation of his velocities distribution followed the derivation the astronomer John Herschel used to explain Quételet's work. 1

  Inspired by the dogma of mechanical determinism that seemed to have been verified by Newtonian physics, Buckle declared that statistical regularities in random human events like marriages, crimes, and suicides, proved that these events were determined and there was no room for human free will.


  Maxwell's criticism of his countryman Buckle was clear. 


We thus meet with a new kind of regularity — the regularity of averages — a regularity which when we are dealing with millions of millions of individuals is so unvarying that we are almost in danger of confounding it with absolute uniformity.


Laplace in his theory of Probability has given many examples of this kind of statistical regularity and has shown how this regularity is consistent with the utmost irregularity among the individual instances which are enumerated in making up the results. In the hands of Mr Buckle facts of the same kind were brought forward as instances of the unalterable character of natural laws.  But the stability of the averages of large numbers of variable events must be carefully distinguished from that absolute uniformity of sequence according to which we suppose that every individual event is determined by its antecedents.2


Maxwell comes close to asserting ontological chance, but he may only be saying one cannot derive determinism from statistical regularities


  Ironically, many scientists and mathematicians, including Laplace himself, were such convinced determinists that they believed the statistical regularities were proof of determinism! Their thinking appears to go something like this:

	Perfectly random, unpredictable individual events (like the throw of dice in games of chance) show statistical regularities that become more and more certain with more trials (the law of large numbers).
	Human events show statistical regularities.
	Human events are determined.


They might more reasonably have concluded that individual human events are unpredictable and random. Were they determined, they might be expected to show a non-random pattern, perhaps a signature of the Determiner. 

  Maxwell would have none of the argument from statistical regularity to determinism. Perhaps because his Christian religion asserted free will, he objected strenuously to the false conclusion. He said he invented his famous demon expressly to show that the Second Law of Thermodynamics has only "statistical certainty." (Letter and Papers, III, Note to Tait 'Concerning Demons,' p.186)


Maxwell asked the question in 1873, "Does the progress of Physical Science tend to given any advantage to the opinion of Necessity (or Determinism) over that of the Contingency of Events and the Freedom of the Will?" (Life of James Clerk Maxwell, p.363)



Maxwell on the Two-Slit Experiment

Maxwell does not discuss the question of whether a particle goes through one slit or the other. But he does see that the light going through both slits has a very strange property. Where light from one slit is bright on the screen, opening the second slit actually darkens a spot that was bright. Is it possible to produce darkness by adding two portions of light? He concludes this cannot be a substance. We now know it is the interference of quantum mechanical probability amplitudes. 


There are various methods by which a beam of light from a small luminous object may be divided into two portions, which, after travelling by slightly different paths, finally fall on a white screen. Where the two portions of light overlap each other on the screen, a series of long narrow stripes may be seen, alternately lighter and darker than the average brightness of the screen near them, and when white light is used, these stripes are bordered with colours. By using light of one kind only, such as that obtained from the salted wick of a spirit-lamp, a greater number of bands or fringes may be seen, and a greater difference of brightness between the light and the dark bands. If we stop either of the portions of light into which the original beam was divided, the whole system of bands disappears, showing that they are due, not to either of the portions alone, but to both united.

If we now fix our attention on one of the dark bands, and then cut off one of the partial beams of light, we shall observe that instead of appearing darker it becomes actually brighter, and if we again allow the light to fall on the screen it becomes dark again. Hence it is possible to produce darkness by the addition of two portions of light If light is a substance, there cannot be another substance which when added to it shall produce darkness. We are therefore compelled to admit that light is not a substance.


Free Will

  Maxwell looked for free will in physical conditions that were poised on a knife edge of going this way or that way and which the mind could push in either direction with minimal (ideally zero) energy required.


When the state of things is such that an infinitely small variation of the present state will alter only by an infinitely small quantity the state at some future time, the condition of the system, whether at rest or in motion, is said to be stable; but when an infinitely small variation in the present state may bring about a finite difference in the state of the system in a finite time, the condition of the system is said to be unstable.

It is manifest that the existence of unstable conditions renders impossible the prediction of future events, if our knowledge of the present state is only approximate, and not accurate.


It has been well pointed out by Professor Balfour Stewart that physical stability is the characteristic of those systems from the contemplation of which determinists draw their arguments, and physical instability that of those living bodies, and moral instability that of those developable souls, which furnish to consciousness the conviction of free will.


Having thus pointed out some of the relations of physical science to the question, we are the better prepared to inquire what is meant by determination and what by free will.


No one, I suppose, would assign to free will a more than infinitesimal range. No leopard can change his spots, nor can any one by merely wishing it, or, as some say, willing it, introduce discontinuity into his course of existence. Our free will at the best is like that of Lucretius's atoms — which at quite uncertain times and places deviate in an uncertain manner from their course. In the course of this our mortal life we more or less frequently find ourselves on a physical or moral watershed, where an imperceptible deviation is sufficient to determine into which of two valleys we shall descend. The doctrine of free will asserts that in some such cases the Ego alone is the determining cause. The doctrine of Determinism asserts that in every case. without exception, the result is determined by the previous conditions of the subject, whether bodily or mental, and that Ego is mistaken in supposing himself in any way the cause of the actual result, as both what he is pleased to call decisions and the resultant action are corresponding events due to the same fixed laws.



Note that Maxwell completely understands the sensitivity to initial conditions that is the basis for today's chaos theory


(Essay on Science and Free Will, 1873)



  Six years later, Maxwell was intrigued by the work of three Frenchmen, Boussinesq, Cournot, and St Venant, on singular points in the solution of hydrodynamic equations which suggested complete unpredictability of future states. These resembled Lucretius' (really Epicurus') atomic swerves, and they anticipate modern non-linear, deterministic chaos. Although Maxwell did not find the idea really satisfactory, it did challenge the metaphysics of strict causal determinism. 


Maxwell wrote in a letter to Francis Galton2 (who never responded to the suggestion):


There are certain cases in which a material system, when it comes to a phase in which the particular path which it is describing coincides with the envelope of all such paths may either continue in the particular path or take to the envelope (which in these cases is also a possible path) and which course it takes is not determined by the forces of the system (which are the same for both cases) but when the bifurcation of path occurs, the system, ipso facto, invokes some determining principle which is extra physical (but not extra natural) to determine which of the two paths it is to follow. 

When it is on the enveloping path it may at any instant, at its own sweet will, without exerting any force or spending any energy, go off along that one of the particular paths which happens to coincide with the actual condition of the system at that instant.


I think Boussinesq's method is a very powerful one against metaphysical arguments about cause and effect



Maxwell's Demon


In his 1871 book Theory of Heat, Maxwell speculated about a being that could manipulate individual molecules of a gas and sort out the faster-moving ones from the slower ones, to create a temperature difference in apparent violation of the second law of thermodynamics:

One of the best established facts in thermodynamics is that it is impossible in a system enclosed in an envelope which permits neither change of volume nor passage of heat, and in which both the temperature and the pressure are everywhere the same, to produce any inequality of temperature or of pressure without the expenditure of work. This is the second law of thermodynamics, and it is undoubtedly true as long as we can deal with bodies only in mass, and have no power of perceiving or handling the separate molecules of which they are made up. But if we conceive a being whose faculties are so sharpened that he can follow every molecule in its course, such a being, whose attributes are still as essentially finite as our own, would be able to do what is at present impossible to us. For we have seen that the molecules in a vessel full of air at uniform temperature are moving with velocities by no means uniform, though the mean velocity of any great number of them, arbitrarily selected, is almost exactly uniform. Now let us suppose that such a vessel is divided into two portions, A and B, by a division in which there is a small hole, and that a being, who can see the individual molecules, opens and closes this hole, so as to allow only the swifter molecules to pass from A to B, and only the slower ones to pass from B to A. He will thus, without expenditure of work, raise the temperature of B and lower that of A, in contradiction to the second law of thermodynamics.

This is only one of the instances in which conclusions which we have drawn from our experience of bodies consisting of an immense number of molecules may be found not to be applicable to the more delicate observations and experiments which we may suppose made by one who can perceive and handle the individual molecules which we deal with only in large masses.


In dealing with masses of matter, while we do not perceive the individual molecules, we are compelled to adopt what I have described as the statistical method of calculation, and to abandon the strict dynamical method, in which we follow every motion by the calculus.
Let him first observe the molecules in A and when he sees one coming the square of whose velocity is less than the mean sq. vel. of the molecules in B let him open the hole and let it go into B. Next let him watch for a molecule of B, the square of whose velocity is greater than the mean sq. vel. in A, and when it comes to the hole let him draw the slide and let it go into A, keeping the slide shut for all other molecules.



Maxwell described the being's sorting strategy in more detail in a letter:
 
Let him first observe the molecules in A and when he sees one coming the square of whose velocity is less than the mean sq. vel. of the molecules in B let him open the hole and let it go into B. Next let him watch for a molecule of B, the square of whose velocity is greater than the mean sq. vel. in A, and when it comes to the hole let him draw the slide and let it go into A, keeping the slide shut for all other molecules.

Then the number of molecules in A and B are the same as at first, but the energy in A is increased and that in B diminished, that is, the hot system has got hotter and the cold colder and yet no work has been done, only the intelligence of a very observant and neat-fingered being has been employed.


 
Maxwell emphasized that it was the intelligence of his being that did the work. His friend William Thomson (later Lord Kelvin) named the being "Maxwell's intelligent demon." Thomson said:

The definition of a demon, according to the use of this word by Maxwell, is an intelligent being endowed with free-will and fine enough tactile and perceptive organization to give him the faculty of observing and influencing individual molecules of matter.
 
Clerk Maxwell's 'demon' is a creature of imagination having certain, perfectly well defined powers of action, purely mechanical in their character, invented to help us to understand the 'Dissipation of Energy' in nature.


He is a being with no preternatural qualities and differs from real living animals only in extreme smallness and agility. ... He cannot create or annul energy; but just as a living animal does, he can store up limited quantities of energy, and reproduce them at will. By operating selectively on individual atoms he can reverse the natural dissipation of energy, can cause one-half of a closed jar of air, or of a bar of iron, to become glowingly hot and the other ice cold; can direct the energy of the moving molecules of a basin of water to throw the water up to a height and leave it there proportionately cooled...; can 'sort' the molecules in a solution of salt or in a mixture of two gases, so as to reverse the natural process of diffusion, and produce concentration of the solution in one portion of the water, leaving pure water in the remainder of the space occupied; or, in the other case separate the gases into different parts of the containing vessel.




Maxwell confirmed Thomson as the source of the word demon, and explained the demon's purpose.


Concerning Demons.

1. Who gave them this name? Thomson.


2. What were they by nature? Very small BUT lively beings incapable of doing work but able to open and shut valves which move without friction or inertia.


3. What was their chief end? To show that the 2nd Law of Thermodynamics has only a statistical certainty.



Six papers and two letters by Maxwell
	Illustrations of the Dynamical Theory of Gases. I (1860) (velocity distribution)
	Dynamical Theory of Gases. IV (1866)
	Theory of Heat (1871 excerpt) 
	On Action at a Distance (Lecture at the Royal Institution)
	Atom (for the Encyclopedia Britannia, 9th edition)
	Essay on Free Will for the Eranus Club (former Apostles)
	Molecules (Published in Nature)
	Paradoxical Philosophy (Review of book by Stewart and Tait)
	Psychophysik (Essay for the Eranus Club)
	Letter to Galton
	Letter to Litchfield
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1. That Quételet was the source of Maxwell's idea for a normal distribution is explained by Theodore Porter, The Rise of Statistical Thinking 1820-1900, Princeton 1986), p.118. The argument depends on Maxwell's use of a mathematical argument identical to one given by John Herschel as an explanation of Quételet. It seems as likely that Herschel himself is Maxwell's inspiration. And Maxwell is quite familiar with normal distributions, probably from reading Laplace, Calcul des Probabilities."



From Draft of Lecture on Molecules 1873, Letters and Papers of JCM, vol II, 478 (pp.932-933)

We thus meet with a new kind of regularity — the regularity of averages — a regularity which when we are dealing with millions of millions of individuals is so unvarying that we are almost in danger of confounding it with absolute uniformity.

Laplace in his theory of Probability has given many examples of this kind of statistical regularity and has shown how this regularity is consistent with the utmost irregularity among the individual instances which are enumerated in making up the results. In the hands of Mr Buckle facts of the same kind were brought forward as instances of the unalterable character of natural laws.  But the stability of the averages of large numbers of variable events must be carefully distinguished from that absolute uniformity of sequence according to which we suppose that every individual event is determined by its antecedents.


For instance if a quantity of air is enclosed in a vessel and left to itself we may be morally (perfectly) certain that whenever we choose to examine it we shall find the pressure uniform in horizontal strata and greater below than above, that the temperature will be uniform throughout, and that there will be no sensible currents of air in the vessel.


But there is nothing inconsistent with the laws of motion in supposing that in a particular case a very different event might occur. For instance if at a given instant a certain number of the molecules should each of them encounter one of the remaining molecules and if in each case one of the molecules after the encounter should be moving vertically upwards and if in addition the molecules above then happened not to get into the way of these upward moving molecules, — the result would be a sort of explosion by which a mass of air would be projected upwards with the velocity of a cannon ball while a larger mass would be blown downwards with an equivalent momentum. We are morally certain that such an event will not take place within the air of the vessel however long we leave it. What are the grounds of this certainty.


The explosion will certainly happen if certain conditions are satisfied. Each of these conditions by itself is not only possible but is in the common course of events as often satisfied as not. But as the number of conditions which must be satisfied at once is to be counted by millions of millions the improbability of the occurrence of all these conditions amounts to what we are unable to distinguish from an impossibility.


Nevertheless it is no more improbable that at a given instant the molecules should be arranged in one definite manner than in any other definite manner. We are as certain that the exact arrangement which the molecules have at the present instant will never again be repeated as that the arrangement which would bring about the explosion will never occur.


LETTER TO FRANCIS GALTON

26 FEBRUARY 1879

From Letters and Papers of James Clerk Maxwell, vol III, 731, p.761-3


Do you take any interest in Fixt Fate, Free Will &c. If so Boussinesq [of hydrodynamic reputation] 'Conciliation du veritable determinisme mecanique avec 1'existence de la vie et de la liberte morale' (Paris 1878) does the whole business by the theory of the singular solutions of the differential equations of motion. Two other Frenchmen have been working on the same or a similar track. Cournot (now dead)(') and de St Venant [of elastic reputation Torsion of Prisms &c].


Another, also in the engineering line of research, Philippe Breton seems to me to be somewhat like minded with these.


There are certain cases in which a material system, when it comes to a phase in which the particular path which it is describing coincides with the envelope of all such paths may either continue in the particular path or take to the envelope (which in these cases is also a possible path) and which course it takes is not determined by the forces of the system (which are the same for both cases) but when the bifurcation of path occurs, the system, ipso facto, invokes some determining principle which is extra physical (but not extra natural) to determine which of the two paths it is to follow.


When it is on the enveloping path it may at any instant, at its own sweet will, without exerting any force or spending any energy, go off along that one of the particular paths which happens to coincide with the actual condition of the system at that instant.


In most of the former methods Dr Balfour Stewarts &c there was a certain small but finite amount of travail decrochant or trigger-work for the Will to do. Boussinesq has managed to reduce this to mathematical zero, but at the expense of having to restrict certain of the arbitrary constants of the motion to mathematically definite values, and this I think will be found in the long run, very expensive.


But I think Boussinesq's method is a very powerful one against metaphysical arguments about cause and effect and much better than the insinuation that there is something loose about the laws of nature, not of sensible magnitude but enough to bring her round in time.


Yours very truly 

J. CLERK MAXWELL







Source: https://www.informationphilosopher.com/solutions/scientists/maxwell/
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John McCarthy was a computer scientist who pioneered artificial intelligence (he named the field) and was thus also a cognitive scientist who thought that the brain could be reduced to, or at least modeled by, a computer.  
 
In 1955, a summer study project at Dartmouth College was proposed by McCarthy (with Marvin Minsky and Claude Shannon, who is said to have proposed it). The proposal is credited with introducing the term 'artificial intelligence'.



“We propose that a 2 month, 10 man study of artificial intelligence be carried out during the summer of 1956 at Dartmouth College in Hanover, New Hampshire. The study is to proceed on the basis of the conjecture that every aspect of learning or any other feature of intelligence can in principle be so precisely described that a machine can be made to simulate it. An attempt will be made to find how to make machines use language, form abstractions and concepts, solve kinds of problems now reserved for humans, and improve themselves. We think that a significant advance can be made in one or more of these problems if a carefully selected group of scientists work on it together for a summer.”



The brain clearly contains "information structures" and does something like information processing, particularly storage and retrieval. McCarthy's conjecture is that a machine can simulate every aspect of human learning, can use human language, can solve problems and form abstract concepts. The deep question is whether it uses computer algorithms as argued by McCarthy and his colleagues. 


Information philosophy hopes to show that man is not a machine and the brain is not a computer. A neural network is not a computer network. 


Attendees at the Dartmouth summer project included: W. Ross Ashby, Alex Bernstein, Julian Bigelow, Tom Etter,  John Holland, Donald Mackay, John McCarthy, W.S. McCulloch, Marvin Minsky, Trenchard More, John Nash, Allen Newell, Abraham Robinson, Nathanial Rochester, Arthur Samuel, David Sayre, Oliver Selfridge, Claude Shannon, Kenneth R. Shoulders, Herbert Simon, and Ray Solomonoff, who gave us the most complete record of the workshop proceedings.


The most complete record of the workshop was that of Ray Solomonoff, who, with founders John McCarthy and Marvin Minsky, were the only ones to attend the entire eight weeks.


The absence at the Dartmouth Summer Project of the pioneer of cybernetics, MIT's Norbert Wiener, was most conspicuous. The conference proposal deliberately did not mention cybernetics. That was the basis of the famous Macy Conferences, which ran from the mid 1940's to around 1960, and included several of the AI pioneers mentioned above. McCarthy wanted to avoid discussions of simple automata theory. By avoiding cybernetics, which focused on analog feedback, it meant he also avoided debates with the powerful Wiener.


In the first two weeks of the summer workshop, Newell and Simon put forward the idea of a two-stage "General Problem Solver," which was partial inspiration for Daniel Dennett's "Valerian Model" of free will in 1978.


McCarthy thought mathematical logic should be the basis for the new field. His slogan was "He who refuses to do arithmetic is doomed to talk nonsense."



Simple Deterministic Free Will


In the mid 2000's, McCarthy invented is own model for free will to be used in artificially intelligent machines. He discussed it with Dennett, whose defining of free will asmoral responsibility allowed free will to be "compatible" with determinism. 


A common feature of free will is that a person has choices among
alternative actions and chooses the action with the apparently most
preferred consequences. In a determinist theory, the mechanism that
makes the choice among the alternatives is determinist. The sensation 
of free will comes from the fact that the mechanism that generates the 
choices uses a non-determinist theory as a computational
device and that the stage in which the choices have been identified is
introspectable. The present formalism is based on work in artificial
intelligence (AI).

We present a theory of simple deterministic free will (SDFW) in a
deterministic world. The theory splits the mechanism that determines
action into two parts. The first part computes possible actions and
their consequences. Then the second part decides which action is most
preferable and does it.


We formalize SDFW by two sentences in situation calculus, a mathematical logical theory often used in AI. 
The situation calculus formalization makes the notion of free will technical. According to this
notion, almost no animal behavior exhibits free will, because exercising free will involves considering the consequences of alternative
actions. A major advantage of our notion of free will is that whether
an animal does have free will may be determinable by experiment.
Some computer programs, e.g. chess programs, exhibit SDFW. Almost all do not. At least SDFW seems to be required for effective
chess performance and also for human-level AI.



References

Simple Deterministic Free Will (PDF)
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Lynn Margulis

Lynn Margulis was an American evolutionary biologist. Margulis transformed and fundamentally framed current understanding of the evolution of cells with nuclei by proposing it to have been the result of symbiotic mergers of bacteria. She was thus the primary modern proponent for the significance of endosymbiosis in evolution. Margulis was the co-developer of the Gaia hypothesis with the British chemist James Lovelock, proposing that the Earth functions as a single self-regulating system.


The hypothesis proposes that living and non-living parts of the Earth form a complex interacting system that can be thought of as a single organism. Lovelock named it after the Greek goddess Gaia at the suggestion of novelist William Golding. The hypothesis also postulates that the biosphere has a regulatory effect on the Earth's environment that acts to sustain life.


Margulis transformed and fundamentally framed current understanding of the evolution of cells with nuclei by proposing it to have been the result of symbiotic mergers of bacteria (prokaryotes. 3.5 million years ago) with later eukaryotes  (2.7 million years ago). Where standard Darwinian evolution holds that evolution proceeds because of random mutations of DNA, Margulis identified evolution by combination of existing species. 


Before the discovery of archea by Carl Woese and George Fox


Source: https://www.informationphilosopher.com/solutions/scientists/margulis/
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N. David Mermin

N David Mermin is professor emeritus of physics at Cornell University. He is perhaps best known for his contributions to the foundations of physics, especially his mechanisms for describing Bell's Theorem, his contributions to quantum information science, and his defense of QBism.

In 1981, Mermin wrote the very popular and widely cited paper "Quantum Mysteries for Anyone."  


Mermin wrote a similar and more provocative paper in Physics Today in 1985, "Is the Moon There When Nobody Looks?." 


In these papers Mermin described what he called a "very simple version" of John Bell's "gedanken" experiment. Mermin says his "EPR Apparatus" exhibits all the experimental behavior of Bell's version, without any reference to the "underlying mechanism that makes the gadget work." He provides samples of (hypothetical) data produced by the apparatus, which presumably matches (statistically) the data produced in real experimental tests of Bell's Theorem. 

[image: image-placeholder]

Two years later, Mermin published a variation on his original apparatus at a 1987 Notre Dame conference on Bell's Theorem. In this work, "More Experimental Physics from EPR," his new device has different switch settings but more data is provided to exhibit the mysterious entanglement (perfect correlations) between widely separated measurements. In this paper, Mermin gave a definite answer to his earlier question about the moon, "We now know that the moon is demonstrably not there when nobody looks." (p.50)



Perfect Correlations Depend on Polarizer Angles

	
In real EPR tests (e.g., the Aspect experiment), the settings of polarizers at A and B are adjusted to a few specific angles, for example 0°, 22.5°, 45°, 67.5°. The angles chosen are expected to show the greatest differences between Bell's inequality predictions and quantum mechanics.  

In particular, when the polarizers measure the same angle, so their angle difference is 0°, the photon spin correlation (or anti-correlation for spin-1/2 electrons) is perfect.


In Mermin's EPR device, different polarizer angles are represented by different switch settings on the detectors 
(11, 12, 13, 21, 22, 23, 31, 32, 33). But he does not tell us the angle difference between the measurements.


Mermin's cases of "switches set the same" correspond to detectors measuring the same angle. For Mermin's device, lights flashing the same color (RR or GG) shows the correlations are perfect. 


When polarizers are set at different angles, it is well known that the transmission of light falls off as the square of the cosine of the angle difference θ, cos2θ. This is known as the "law of Malus." At 45 degrees, only half of the photons pass through. The other half is absorbed. At 0° all pass through. At 90° all are absorbed. For Merlin's device, when lights are different colors, there is a loss of correlation.


Mermin's hypothetical data illustrate the fact that at some polarizer angles (when detector switches are set the same) the correlation between measurements is perfect. (For Bohm's electron spins it is perfect anti-correlation - if one spin is up, the other is down.) Mermin's data are for Aspect spin-1 photons, which are initially entangled with spins in the same direction.)


Mermin divides his results into two cases:



Case (a). In those runs in which each switch ends up with the same setting (11,22, or 33) both detectors always flash the same color: RR and GG occur with equal frequency; RG and GR never occur.

Case (b). In those runs in which the switches end up with different settings (12,13, 21, 23, 31, or 32) both detectors flash the same color only a quarter of the time (RR and GG occurring with equal frequency); the other three quarters of the time the detectors flash different colors (RG and GR occurring with equal frequency).



The quantum physics behind the reduced correlations in Mermin's case (b) is that light passing through polarizers falls off as the square of the cosine of the angle between the polarizers. This is the "law of Malus." See Stuckey et al (2020).


In his classic book Principles of Quantum Mechanics, Paul Dirac describes photons in terms of his quantum state vectors.     
He tells us a diagonally polarized photon can be represented as a superposition of vertical | v > and horizontal | h > quantum states, with complex number coefficients 
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 that represent "probability amplitudes," which are squared to get probabilities.


Thus, a diagonally polarized photon is 
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Dirac illustrates this 

[image: image-placeholder]

The physical meaning of a superposition of quantum states is that in a large number of identical experiments, the probability of a | d > photon passing through a vertical polarizer is 1/2.

	
Switches set the same: highlighted to pick out those runs in
which both detectors had the same
switch settings as they flashed. Note that
in such runs the lights always flash the
same colors.
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Can Perfect Correlations Be Explained by Conservation Laws?

David Bohm, Eugene Wigner, and even John Bell suggested that conservation of angular momentum (or particle spin) tells us that if one spin-1/2 electron is measured up, the other must be down. Albert Einstein used conservation of linear momentum in his development of the EPR Paradox.

David Bohm and Yakir Aharonov wrote in 1957, 


We consider a molecule of total spin zero consisting
of two atoms, each of spin one-half. The wave function
of the system is therefore
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where  ψ+ (1)  refers to the wave function of the atomic
state in which one particle (A) has spin +ℏ/2, etc. The
two atoms are then separated by a method that does
not influence the total spin. After they have separated
enough so that they cease to interact, any desired component
of the spin of the first particle (A) is measured.
Then, because the total spin is still zero, it can immediately
be concluded that the same component of the
spin of the other particle (B) is opposite to that of A.



Bohm and Aharonov also wrote that in classical mechanics, the molecule could have all three components of the spin well-defined, but this is impossible for quantum mechanics, since at most one component of the spin can be well-defined...


If this were a classical system, there would be no
difficulty in interpreting the above results, because all
components of the spin of each particle are well defined
at each instant of time. Thus, in the molecule, each
component of the spin of particle A has, from the very
beginning, a value opposite to that of the same component of B; and this relationship does not change
when the atom disintegrates. In other words, the two
spin vectors are correlated. Hence, the measurement of
any component of the spin of A permits us to conclude
also that the same component of B is opposite in value.
The possibility of obtaining knowledge of the spin of
particle B in this way evidently does not imply any
interaction of the apparatus with particle B or any
interaction between A and B.

In quantum theory, a difficulty arises, in the interpretation of the above experiment, because only one
component of the spin of each particle can have a
definite value at a given time. Thus, if the x component
is definite, then the y and z components are indeterminate and we may regard them more or less as in a
kind of random fluctuation.




N David Mermin made a similar argument in 1988, arguing that in the absence of spooky actions, it appears that both photons must have definite polarizations along every
conceivable direction...   


Both photons must have had definite polarizations along α. Furthermore,
since the conclusion that one photon has a definite
polarization along the direction α does not require an actual
measurement of the polarization of the other along that direction
(again, in the absence of spooky connections), and since not
measuring polarization along a direction α is the same as not
measuring it along any other direction, we are led to conclude
that both photons must have definite polarizations along every
conceivable direction.


In our analysis we show how a hidden constant of the motion can carry common causes of entanglement to the "separated" particles. It is not that atoms and electrons must have spins along all three directions or that both photons must have definite polarizations along every conceivable direction.


It is that the two-particle wave function is spherically symmetric with no definite spins in any direction, that is, until the measurements, which each create one bit of information and the perfectly correlated spins.

  

Eugene Wigner wrote in 1962


If a measurement of the momentum of one of the particles is carried out — the possibility of this is never questioned — and gives the result p, the state vector of the other particle suddenly becomes a (slightly damped) plane wave with the momentum -p. This statement is synonymous with the statement that a measurement of the momentum of the second particle would give the result -p, as follows from the conservation law for linear momentum. The same conclusion can be arrived at also by a formal calculation of the possible results of a joint measurement of the momenta of the two particles.

 
One can go even further: instead of measuring the linear momentum of one particle, one can measure its angular momentum about a fixed axis. If this measurement yields the value mℏ, the state vector of the other particle suddenly becomes a cylindrical wave for which the same component of the angular momentum is -mℏ. This statement is again synonymous with the statement that a measurement of the said component of the angular momentum of the second particle certainly would give the value -mℏ. This can be inferred again from the conservation law of the angular momentum (which is zero for the two particles together) or by means of a formal analysis. 


Writing a few years after Bohm, and one year before Bell, Wigner explicitly describes Einstein's conservation of linear momentum example as well as the conservation of angular momentum (spin) that explains perfect correlations between angular momentum (spin) components measured in the same direction

John Bell wrote in 1964,


With the example advocated by Bohm and Aharonov, the EPR argument is the following. Consider a pair of spin one-half particles formed somehow in the singlet spin state and moving freely in opposite directions. Measurements can be made, say by Stern-Gerlach magnets, on selected components of the spins σ1 and σ2. If measurement of the component σ1 • a, where a is some unit vector, yields the value + 1 then, according to quantum mechanics, measurement of σ2 • a must yield the value — 1 and vice versa. Now we make the hypothesis, and it seems one at least worth considering, that if the two measurements are made at places remote from one another the orientation of one magnet does not influence the result obtained with the other. 

Since we can predict in advance the result of measuring any chosen component of σ2, by previously measuring the same component of σ1, it follows that the result of any such measurement must actually be predetermined. 

Since the initial quantum mechanical wave function does not determine the result of an individual measurement, this predetermination implies the possibility of a more complete specification of the state.




"pre-determination" is too strong a term. The first measurement just "determines" the later measurement. We shall see that the second measurement is synchronous with the "first" in a "special" frame


Just like Bohm and Wigner, Bell is implicitly using the conservation of total spin. 

Albert Einstein made the same argument in 1933, shortly before EPR, though with conservation of linear momentum, asking Leon Rosenfeld, 


Suppose two particles are set in motion towards each other with
the same, very large, momentum, and they interact with each
other for a very short time when they pass at known positions.
Consider now an observer who gets hold of one of the particles,
far away from the region of interaction, and measures its
momentum: then, from the conditions of the experiment, he will
obviously be able to deduce the momentum of the other particle.
If, however, he chooses to measure the position of the first
particle, he will be able tell where the other particle is.


Supporters of the Copenhagen Interpretation (including Mermin?) claim (correctly) that the properties of the particles (like angular or linear momentum) do not exist until they are measured. It was Pascual Jordan who claimed the measurement creates the value of a property. This is true when the preparation of the state is in an unknown linear combination (superposition) of quantum states.


In our case, the entangled particles have been prepared in a superposition of states, both of which have total spin zero. The two-particle wave function is
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So whichever of these two states is created by the preparation, it will put the two particles in opposite spin states, randomly + - or - + , but still supporting the views of Bohm, Wigner, and Bell, that they will be perfectly (anti-)correlated when measured.


As long as nothing interferes with either entangled particle as they travel to the distant detectors, they will be found to be perfectly correlated if (and only if) they are measured (by prior agreement) at the same angle. Otherwise. the correlations should fall off as the square of the cosine of the angle difference. Oddly, Bell's inequality predicts a linear falloff with the angle difference, and a strange non-physical "kink" at angles 0°, 90°, 180°, and 270° (which Bell himself pointed out). 



[image: image-placeholder]
 

We can illustrate the straight-line predictions of Bell's inequalities for local hidden variables, the cosine curves predicted by quantum mechanics and conservation of angular momentum, and the odd "kinks" at angles 0°, 90°, 180°, and 270°, with what is called a "Popescu-Rorhlich box."


This square box is also called the Bell polytope.
 
It shows Bell’s local hidden variables prediction as four straight lines of the inner square. The circular region of quantum mechanics correlations are found outside Bell's straight lines, "violating" his inequalities. Quantum mechanics and Bell's inequalities meet at the corners, where Bell's predictions show a distinctly non-physical right-angle that Bell called a "kink."


All experimental results have been found to lie along the curved quantum predictions called the "Tsirelson bound." 



[image: image-placeholder]

In 1976, Bell gave us this diagram of the "kinks" in his local hidden variables inequality. He says,


Unlike the quantum correlation, which is stationary in θ at θ = 0, at the hidden variable correlation must have a kink there


Bell provides us no physical insight into the "kinky" square shape of his "local hidden variables" inequality. 



The Ithaca Interpretation of Quantum Mechanics


the predictions of quantum mechanics are fundamentally probabilistic
rather than deterministic, quantum mechanics only can make sense as a theory of ensembles. Whether or not this is the only way to understand probabilistic predictive power, physics ought to be able to describe as well as predict the behavior of the natural world.
The fact that physics cannot make a deterministic prediction about an individual system
does not excuse us from pursuing the goal of being able to construct a description of
an individual system at the present moment, and not just a fictitious ensemble of such
systems.

I shall not explore further the notion of probability and correlation as objective properties of individual physical systems, though the validity of much of what I say depends on subsequent efforts to make this less problematic. My instincts are that this is the right
order to proceed in: objective probability arises only in quantum mechanics. We will
understand it better only when we understand quantum mechanics better. My strategy
is to try to understand quantum mechanics contingent on an understanding of objective
probability, and only then to see what that understanding teaches us about objective
probability.


So throughout this essay I shall treat correlation and probability as primitive concepts,
“incapable of further reduction . . . a primary fundamental notion of physics.” The aim
is to see whether all the mysteries of quantum mechanics can be reduced to this single
puzzle. I believe that they can, provided one steers clear of another even greater mystery:
the nature of ones own personal consciousness.



Now Richard Feynman, a great admirer of Mermin's "contraption", said the only mystery was exhibited by the two-slit experiment. Does Mermin agree?  Mermin is correct that "the predictions of quantum mechanics are fundamentally probabilistic" and that the probability of different possibilities is "objective." The first desideratum of his Ithaca interpretation of quantum mechanics is "The theory should describe an objective reality independent of observers and their knowledge." 



Whose Knowledge?


Mermin has puzzled over the distinction between information and knowledge. In an article with the title "Whose Knowledge?" in the book Quantum [Un]Speakables by R.A.Bertlmann and A.Zeilinger, he notes
[K]nowledge is not on Bell's now famous list of 

"words which, however legitimate and necessary in application, have no place in a formulation with any pretension to physical precision".


But "information" is on the proscribed list, the charge against it being 


"Information? Whose information? Information about "what?" 




Mermin asked

 
Suppose Alice now goes to the right qubit and secretly measures it in the computational basis. She does not report to Bob the result of her measurement or even whether she has measured at all. Since the right qubit is far away and does not interact with the left qubit...


The fundamental theory of standard quantum mechanics is that any measurement of, or even an environmental interaction with, the two-particle wave function 
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. Mermin is correct that it is not an "interaction." It is not Einstein's "spooky action at a distance."  It is instead "knowledge at a distance." 


Alice's measurement of the right qubit now gives her knowledge of the state of Bob's left qubit, as both David Bohm and John Bell said clearly.


I argue that this knowledge is the consequence of the conservation of total spin angular momentum that I call a "hidden" constant of the motion, a common cause emanating from the apparatus located between Alice and Bob (in their past light cone) which entangled the qubits in a non-separable two-particle wave function.


And What about the Moon?


Mermin's 1981 article appeared to settle Einstein's question on the Moon's existence
 
The questions with which Einstein attacked the quantum theory do have
answers; but they are not the answers Einstein expected them
to have. We now know that the moon is demonstrably not there
when nobody looks.

 
But four years later Mermin mentioned the question again, without resolving it further, in an article for The Great Ideas Today... 


References

"Bringing home the atomic world: Quantum mysteries for anybody."American Journal of Physics 49(10) (1981): 940-943.
"Quantum Mysteries for Anyone."The Journal of Philosophy, 78(7), (1981) 397-408.

"Is the Moon There When Nobody Looks? Reality and the Quantum Theory."Physics Today 38.4 (1985): 38-47.

"Spooky actions at a distance, mysteries of the quantum theory," The Great Ideas Today 1988. p.2 (Encyclopedia Britannica). Reprinted in Boojums All The Way Through (1990), Cambridge University Press, p.110

"More Experimental Physics from EPR," in Philosophical Consequences of the Quantum Theory, Reflections on Bell's Theorem, J.T.Cushing and E. McMullin, eds. Notre Dame, (1989) pp. 38-59

"Quantum Mysteries Revisited,"American Journal of Physics 58.8 (1990) 731-734.

"What is Quantum Mechanics Trying to Tell Us? (correlations!),"American Journal of Physics 66.9 (1998) 753-767.

The Ithaca Interpretation of Quantum Mechanics, PRAMANA - J. Phys., Indian Academy of Sciences, Vol. 51, No. 5, November 1998 pp. 549-565 

"An Introduction to QBism,"American Journal of Physics 82.8 (2014) 749-754. 

"Making better sense of quantum mechanics,"  Reports on Progress in Physics, arXiv:1809.01639v1 [quant-ph] 5 Sep 2018 

"Answering Mermin’s Challenge with Conservation
per No Preferred Reference Frame," Stuckey, W, Silberstein, M, McDevitt, T. and Le, T.D. (2020) researchgate.net


Source: https://www.informationphilosopher.com/solutions/scientists/mermin/





  
  Owen Maroney
  

  


  
  Home › Solutions › Scientists › Maroney
Owen Maroney

Owen Maroney wrote his Ph. D. thesis at Birkbeck College London under B. J. Hiley. Hiley was the chief collaborator of David Bohm, since Bohm joined the Birkbeck faculty in the early 1950's. In 1993 Bohm and Hiley completed their important book,The Undivided Universe, just before Bohm's death. It is a major defense of "Bohmian Mechanics," which combines contributions from Bohm, Louis de Broglie, and John Bell.


Maroney's thesis was titled "Information and Entropy in Quantum Theory."



Maroney authored the 2009 Stanford Encyclopedia of Philosophy article "Information Processing and Thermodynamic Entropy." It includes an excellent review of Maxwell's Demon, as critically examined by Leo Szilard, Leon Brillouin, and then by Rolf Landauer and his younger colleague Charles Bennett.


Landauer extended the ideas of John von Neumann and Szilard, who, along with many other physicists (e.g.,  Jerome Rothstein), had connected a physical measurement with thermodynamical irreversibility, that is to say a dissipation of available (free) energy and an increase in entropy. To acquire a single bit of information would require at least kT of available (free ) energy (k of negative entropy), and of course far far more if it is being done on an actual computer.


Landauer had begun research into the idea of "logically reversible" computing with a 1961 article for the IBM Journal.  


Maroney points out that reversing a NOT gate is easily logically reversible, because there is a one-to-on relationship between inputs and output. A triple AND gate is not even logically reversible, since multiple possible inputs produce the same output. Unless all those states are saved somewhere, there is no going back.


The desire for logical reversibility is closely related to the idea of physical reversibility, which in turn is based on the idea that the fundamental equations of physics are time reversible, notably the non-relativistic Schrödinger equation and the unitary transformations of quantum field theory.


Behind this is the belief in determinism, an idea that Ludwig Boltzmann, his colleague Franz Exner and even the young Erwin Schrödinger said "goes beyond experience."  


Determinism as a theory can only be established on the basis of experiments, which are always statistical. Determinism remains a quasi-religious belief.  





Source: https://www.informationphilosopher.com/solutions/scientists/maroney/
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Richard von Mises

Richard von MIses was the younger brother of Ludwig von Mises the great theorist of libertarian economics.

Richard became an applied mathematician and specialist in the theory of probability and statistics. He was a professor at Harvard University 


He is known for the frequency concept of probability, which has been controversial. 


In Andrey Kolmogorov's book, Foundations of the Theory of Probability, Kolmogorov defined the modern axiomatic foundation of probability theory, which is more widely accepted than von Mises' frequency theory.  



POSITION AND VELOCITY OF A MATERIAL PARTICLE



The physicist, W. Heisenberg, one of the founders of quantum mechanics, was the first to investigate what happens when we try to determine more and more exactly the physical variables characterizing the state of a single particle, i.e., its position in space and its velocity, or its position and its momentum.


First, let us try to fix the position of the particle in space. We place it under the microscope, illuminate it, and try to find its coordinates. The exactness with which small objects can be located under a microscope depends on the wave length of the source of illumination. The smallest distance which can be observed under the microscope is proportional to the wave length of the light used. If we want to fix the position as exactly as possible, we have to use light of a very short wave length, and consequently, of a very large frequency.


According to the modern concept of light, an illuminated particle is continuously struck by a large number of light quanta. The whole process is of a statistical nature such as Brownian motion or the motion of molecules in a gas. The energy of each light quantum is inversely proportional to its wave length. The impact of the quanta affects the state of motion of the particle, and this effect increases with the increase in the energy of the quantum, that is, with an increase in its frequency or with a decrease in its wave length (this is the so-called Compton effect). We are thus in a dilemma: the increase in accuracy of the measurement of the co-ordinates of the particle requires the use of light with a very short wave length. The shorter the wave length, however, the stronger is the disturbing influence on the measurement of the velocity of the particle. It follows that it is fundamentally impossible to measure at the same time exactly both the position and the velocity of the particle.


The main point at issue here is not, as has often been stated, that the process of measuring influences the state of the object to be measured and thus limits the possible extent of precision. Such interaction also exists in certain instances of marcophysics, e.g., the introduction of an apparatus for measuring the dynamical pressure of a fluid affects the pressure. However, in this and other such cases we know how to apply appropriate corrections. The conditions in micromechanics are fundamentally different: the essential point is the assumed random character of the disturbing light quanta, a phenomenon which cannot be accounted for by a deterministic theory of the type of Newtonian mechanics.


The essential consequence of Heisenberg’s considerations can be summarized by saying that the results of all measurements form collectives. In the realm of macrophysics the objects of measurement are themselves statistical conglomerates, such as the length of a ruler which is a mass of molecules in motion. The notion of an absolutely exact length measure has therefore obviously no meaning with respect to objects of this kind. In microphysics, where we are concerned with measurements on a single elementary particle, the inexactness is introduced by the statistical character of the light quanta striking the particle during and through the very act of measuring. In both cases we are faced with the indeterministic nature of the problem as soon as we inquire more closely into the concrete conditions of the act of measuring.


HEISENBERG’S UNCERTAINTY PRINCIPLE



Quantum mechanics is considered today to be a purely statistical theory. Its axioms are expressed in terms of differential equations connecting the probabilities for the values of co-ordinates and velocities at a given moment with the corresponding probabilities at another moment. Some physicists still try to interpret these equations in a deterministic way and to ‘derive’ them from concepts of classical mechanics to which they are doubtlessly related by many formal analogies. Possibly these attempts will meet with a similar fate as did analogous attempts in the case of Maxwell’s equations of electrodynamics. For many years, one tried to explain these equations mechanically, by the introduction of concealed masses andHEISENBERG’S UNCERTAINTY PRINCIPLE23
Quantum mechanics is considered today to be a purely statistical theory. Its axioms are expressed in terms of differential equations connecting the probabilities for the values of co-ordinates and velocities at a given moment with the corresponding probabilities at another moment. Some physicists still try to interpret these equations in a deterministic way and to ‘derive’ them from concepts of classical mechanics to which they are doubtlessly related by many formal analogies. Possibly these attempts will meet with a similar fate as did analogous attempts in the case of Maxwell’s equations of electrodynamics. For many years, one tried to explain these equations mechanically, by the introduction of concealed masses and complicated mechanisms. Eventually, however, it was agreed to accept these equations as elementary laws needing no mechanical ‘derivation’. The situation is more difficult in the case of quantum mechanics, because here the various assumptions are related to certain mechanical systems.


One consequence of the axioms of quantum mechanics has aroused particular interest. This is the above-mentioned relation existing between the distributions of the co-ordinates of a particle on the one hand and that of its impulses (or velocities) on the other, the most important being that the product of the variances of the two variables has a certain fixed value, independent of any other data of the problem. The order of magnitude of this product is that of the square of Planck’s universal constant (h = 6 x 10-27 in the usual metrical units). The relation is known as Heisenberg’s Uncertainty Principle. The previously discussed example of the observation of a particle under the microscope, which led to the finding that the more exactly we measure the co-ordinates, the less exact the measurements of the velocities become, appears now as a consequence of Heisenberg’s principle.


Heisenberg’s principle of the constancy of the product of variances is a purely theoretical proposition and is in this sense mathematically precise. In other words, it presumes that each single measurement in the collective consists in an absolutely exact jeading of the measuring instrument. If we were able to make an experimental device to measure lengths to 10-13 cm and to measure the impulses also to  10-13 gem/sec, the theory provides that the results of repeated measurements of position will be the same each time (and likewise those of velocity), so that there would be practically no variance in either case. This situation would differ only by its orders of magnitude from the one discussed above where the length of a table was measured without variance by the use of a tape divided into units of whole centimetres only.


Some physicists feel that the ground has been cut from under their feet since the Uncertainty Principle was first announced. If no exact measurements are possible, not even in principle, what is the meaning of exact physical theories? In my opinion, these apprehensions are not justified. The results of quantum mechanics or wave mechanics can be used in exactly the same way as the results of classical macrophysics. What do we care about the impossibility of predicting the beginning of an eclipse of the sun to  10-12 seconds, if we can predict it to a second ? In the end, our feeling of discomfort is nothing but another aspect of the old disparity between purely mathematical concepts with their ‘limitless precision’ and the realities of the physical world.


What, then, is the ultimate meaning of Heisenberg’s Uncertainty relation? We must see in it a great step towards the unification of our physical conception of the world. Until recently, we thought that there existed two different kinds of observations of natural phenomena, observations of a statistical character, whose exactness could not be improved beyond a certain limit, and observations on the molecular scale whose results were of a mathematically exact and deterministic character. We now recognize that no such distinction exists in nature. I do not want to convey the impression that every distinction between extreme regions of physics has now disappeared, and that the mechanics of solar systems and the theory of radioactive disintegration are only two paragraphs of the same chapter. The description of nature is not as simple as that, and cannot be forced into one single scheme. Nevertheless, a certain apparent contrast between two domains of physics has disappeared with the advent of the new concepts of wave mechanics.


CONSEQUENCES FOR OUR PHYSICAL CONCEPT OF THE WORLD



We can only roughly sketch here the consequences of these new concepts for our general scientific outlook. First of all, we have no cause to doubt the usefulness of the deterministic theories in large domains of physics. These theories, built on a solid body of experience, lead to results that are well confirmed by observation. By allowing us to predict future physical events, these physical theories have fundamentally changed the conditions of human life. The main part of modern technology, using this word in its broadest sense, is still based on the predictions of classical mechanics and physics.


It has been known for a long time, at least to those who strive for clear insight into these matters, that consequences drawn from the mathematical propositions of the classical theories cannot be verified with unlimited accuracy, in the mathematical sense. Atomistic theories of the ancient philosophers already pointed in this direction. The wave theory of light strongly suggests the existence of limitations of this kind. The first attempt at a comprehensive interpretation regarding the nature of the limits to the accuracy of measurements was Boltzmann’s formulation, in the second half of the nineteenth century, of the kinetic theory of gases as a statistics of molecules. He pointed out that the predictions of classical physics are to be understood in the sense of probability statements of the type of the Laws of Large Numbers, i.e.: ‘If n is a large number, it is almost certain that... Consideration of the values of n involved, (the number of molecules, etc.), shows that under normal conditions these probabilities are so close to unity that the probable predictions become in fact certain. As explained above, at this stage of development, the usual assumption was that the atomic processes themselves, namely the motions of single molecules, are governed by the exact laws of deterministic mechanics. This point of view which is incompatible with our concept of probability has been retained by some physicists until quite recently.


The rise of quantum mechanics has freed us from this dualism which prevented a logically satisfactory formulation of the fundamentals of physics. We know now that besides classical physics, applicable to processes on a large scale, there is a microphysics, namely the theory of quanta or wave mechanics; the differential equations of microphysics, however, merely connect probability distributions. Therefore, the statements made by this theory with respect to the elementary particles have the character of probability propositions. In the world of molecules, ‘exact measurements’ without variance are possible only under the same restrictions as hold for ordinary bodies: only if we decide to record just those digits that do not change from one measurement to another. The order of magnitude of the unit, which in atomic physics is about 10-12 mm, is of practical but not of basic importance.


II have confined myself to questions regarding inorganic matter and have avoided all attempts to carry the investigations into the field of biology. By this voluntary restriction, I do not intend to indicate that I consider an extension of our theory in this direction to be impossible or impermissible. I think, however, that the so-called biological processes are still much more complicated than those forming the subject of physics and chemistry, and that considerable additions have to be made to the physical theories before biological statements of a basic nature can be attempted.


FINAL CONSIDERATIONS



Let us make a final brief survey of the course which we have followed in these chapters. We began by investigating the meaning of the word ‘probability’ in everyday language and by trying to restrict this meaning in an appropriate way. We found an adequate basis for the definitions and axioms of an exact scientific theory of probability in a well-known class of phenomena: games of dice and similar processes. The notions of the collective, of the limiting value of relative frequency, and of randomness became the starting-point of the new theory of probability. The four fundamental operations, selection, mixing, partition, and combination, were the tools by means of which the theory was developed.


We stated once and for all that the purpose of the theory is only to derive new distributions of probabilities from initial ones. We showed that, in this sense, the theory of probability does not differ from other natural sciences, and we thus gained a stable position from which to judge the epistemologically insufficient foundations of older theories of probability, like that based on the notion of equally likely events. We reviewed the various suggestions for improvements of my original statements. No necessity for essential alterations emerged from this discussion. The classical Laws of Large Numbers and the recent additions to these laws were incorporated into the new theory. The frequency definition of probability has allowed us to interpret these laws as definite propositions concerning sequences of observable phenomena.


The first wide field of applications of the theory of probability which we have discussed was that usually known as statistics. This is, first of all, the study of sequences of numbers derived from the observation of certain repetitive events in human life. We have seen, e.g., that Marbe’s exhaustive statistics of the sex distribution of infants is in very good agreement with the predictions of the theory of probability. In other cases, such as death statistics, suicide statistics, the statistical data could not be considered directly as collectives; we found, however, ways to reduce them to collectives. We saw that methods based on the theory of probability, such as, e.g., Lexis’s theory of dispersion, were useful tools in a rational comprehensive and systematic description of repetitive events; in this sense, the methods provide us with what is usually called an ‘explanation’ of the phenomena. The theory of errors, which is the statistics of physical measurements, has served as a link with a second fundamental field of application of the calculus of probability, with statistical physics.
The problems of statistical physics are of the greatest interest in our time, since they lead to a revolutionary change in our whole conception of the universe. We have seen how Boltzmann took the first daring step in formulating a law of nature in the form of a statistical proposition. The initial stage was uncertain and in a way self-contradictory in that it attempted to derive the statistical behaviour
of systems from the deterministic laws of classical mechanics, an attempt which was destined to fail, as E. Mach maintained vigorously. We have then followed the success of purely statistical arguments in the explanation of certain physical phenomena, such as Brownian motion or the scintillations caused by radioactivity. These investigations led us in a natural way to the problem of the meaning of the so-called law of causality and of the general relation between determinism and indeterminism in physics. We recognized how the progress of physics has brought about a gradual abandonment of preconceived ideas that had even been dogmatically formulated in some philosophical systems. The new quantum mechanics and Heisenberg’s Uncertainty Principle finally complete the edifice of a statistical conception of nature, showing that strictly exact observations are no more possible in the world of micromechanics than in that of macromechanics. No measurements can be carried out without the intervention of phenomena of a statistical character.


I think that I may have succeeded in demonstrating the thesis indicated in the title and in the introduction to this book: Starting from a logically clear concept of probability, based on experience, using arguments which are usually called statistical, we can discover truth in wide domains of human interest.




SUMMARY OF THE SIX LECTURES IN SIXTEEN PROPOSITIONS



1. The statements of the theory of probability cannot be understood correctly if the word ‘probability’ is used in the meaning of everyday speech; they hold only for a definite, artificially limited rational concept of probability.


2. This rational concept of probability acquires a precise meaning only if the collective to which it applies is defined exactly in every case. A collective is a mass phenomenon or repetitive event that satisfies certain conditions; generally speaking, it consists of a sequence of observations which can be continued indefinitely.



3. The probability of an attribute (a result of observation) within a collective is the limiting value of the relative frequency with which this attribute recurs in the indefinitely prolonged sequence of observations. This limiting value is not affected by any place selection applied to the sequence (principle of randomness or principle of the impossibility of a gambling system).
Occasionally we deal with sequences in which the condition of randomness is not fulfilled; we then call the limiting value of the relative frequency the ‘chance’ of the attribute under consideration.


4. The purpose of the calculus of probability, strictly speaking, consists exclusively in the calculation of probability distributions in new collectives derived from given distributions in certain initial collectives. The derivation of new collectives can always be reduced to the (repeated) application of one or several of four simple fundamental operations.


5. A probability value, initial or derived, can only be tested by a statistical experiment, i.e., by means of a sufficiently long sequence of observations. There is no a priori knowledge of probabilities; it is likewise impossible to derive probability values by way of some other non-statistical science, such as mechanics.


6. The classical ‘definition’ of probability is an attempt to reduce the general case to the special case of equally likely events where all the attributes within the collective have equal probabilities. This reduction is often impossible as, e.g., in the case of death statistics; in other cases it may lead to contradictions (Bertrand’s paradox). At any rate, it still remains necessary to give a definition of probability for the case of uniform distributions. Without the complement of a frequency definition, probability theory cannot yield results that are
applicable to real events.


7. The so-called Laws of Large Numbers contain meaningful
statements on the course of a sequence of observations only if we use
a frequency definition of probability. Interpreted in this way, they
make definite statements, essentially based on the condition of
randomness, concerning the arrangement of the results in the observed
sequence. On the basis of the classical definition, these laws
are purely arithmetical propositions concerning certain combinatorial
properties of integral numbers and bear no relation to the
actual evolution of phenomena.


8. The task of probability calculus in mathematical statistics
consists in investigating whether a given system of statistical data
forms a collective, or whether it can be reduced to collectives. Such
a reduction provides a condensed, systematic description of the statistical
data that we may properly consider an ‘explanation’ of these data.


9. None of the theories that seemed to contradict the theory of
probability (such as Marbe’s theory of statistical stabilization, the
theory of accumulation, the law of series) has been confirmed by
observations.


10. The concept of likelihood introduced by R. A. Fisher, and
the methods of testing derived from it do not, if they are correctly
applied and interpreted, fall outside of the domain of the theory of
probability based on the frequency concept.


11. The theory of errors, which lies on the borderline between
general and physical statistics, is based on the assumption that each
physical measurement is an element in a collective whose mean value
is the so-called ‘true’ value of the measured quantity. Additional
assumptions concerning this collective lead to the various propositions
of the theory of errors.


12. Statistical propositions in physics differ fundamentally from
deterministic laws: they predict only what is to be expected in the
overwhelming majority of cases for a sufficiently long sequence of
observations of the same phenomenon (or of the same group of
phenomena). As a rule, however, the relative frequency of this most
probable result is so close to unity that no practical difference exists
between the statistical proposition and the corresponding deterministic
one.


13. Successive observations on the evolution in time of a physical
system do not directly form a collective. They can, nevertheless, be
dealt with satisfactorily within the framework of the rational theory
of probability (probability after-effects, Markoff chains).


14. The assumption that a statistical theory in macrophysics is compatible with a deterministic theory in microphysics is contrary to the conception of probability expressed in these lectures.


15. Modern quantum mechanics or wave mechanics appears to be a purely statistical theory; its fundamental equations state relations between probability distributions. The Uncertainty Principle derived in quantum mechanics implies that measurements in microphysics, like those in macrophysics, are elements of a collective; in either case, a vanishing variance of a measurement is merely the consequence of the choice of a sufficiently large unit of measurement.


16. The point of view that statistical theories are merely temporary explanations, in contrast to the final deterministic ones which alone satisfy our desire for causality, is nothing but a prejudice. Such an opinion can be explained historically, but it is bound to disappear with increased understanding.
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Stanley Miller was a student ofHarold Urey at UC San Diego. Urey had studied thermodynamics with Gilbert N. Lewis at UC Berkeley and spent his post-doctoral years in in Denmark at the Niels Bohr's Institute and traveled to Germany to meet Albert Einstein and Max Planck.

Miller is best known for his 1952 experiments with Urey to see what pre-biotic "organic" chemicals might be produced in simulated early-Earth atmospheres containing only inorganic chemicals. Miller sent an electric discharge through a test tube and showed the synthesis of several important amino acids, the building blocks for proteins. 


Alexander Oparin and J.B.S.Haldane had speculated that some locations on the early Earth might hold a "primordial soup" where life might have originated as the chemical evolution of carbon-based large molecules. Oparin suggested that the early Earth had a strongly reducing atmosphere, containing methane, ammonia, hydrogen and water vapor, but no oxygen. In his opinion, these were the raw materials for the evolution of life..


Miller used a combination of methane (CH4), ammonia (NH3), and Oxygen (O2), heated with steam (H2O) and shocked with an electric spark. In 1972 he and his collaborators repeated the 1952 experiment, but with the latest automatic chemical analyzers, such as mass spectrometry and gas and ion-exchange chromatography. They found 33 amino acids, including 10 of the twenty found in living organisms. 

Jeffrey Bada has continued Miller-style experiments at UC San Diego and found many more biological compound, including the nucleic acid bases that form DNA and RNA.




Source: https://www.informationphilosopher.com/solutions/scientists/smiller/
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Tim Maudlin's 2011 book Quantum Non-Locality and Relativity is a critical analysis of Bell's Theorem and his "Inequalities" which are "violated" by experiments, confirming standard quantum mechanics and denying the existence of"local" hidden variables."


Maudlin says that the "interaction among distantly separated particles presents profound interpretive difficulties." (p.20). He cites three features of this "quantum connection" between particles as surprising, even "weird." (pp.22-23)


	The quantum connection is unattenuated.

It appears to be unaffected by distance. Quantum theory predicts that exactly the same correlations will continue unchanged no matter how far apart the two wings of the experiment are

	The quantum connection is discriminating.

It is a private arrangement between two particles. When one is measured, its twin is affected, but no other particle need be. Only particles which have interacted with each other in the past seem to retain this power of private communication.

	The quantum connection is faster than light (Instantaneous).

[N]o relativistic theory can permit instantaneous effects or causal processes. We must therefore regard with grave suspicion anything thought to outpace light.




While Maudlin's three features accurately describe what many philosophers and scientists mistakenly think is going on with non-locality and entanglement, there is in fact no "quantum connection," especially in the sense of a communication or  "unattenuated, discriminating, and instantaneous interaction" between the "distantly separated particles" at the "two wings" A and B of a Bell experiment.       


The only "communication" or "interaction" is the two-particle wave function 
  
    Ψ
    
      12
    
  
 that travels out (at light speed) from the initial entanglement setup in the center C between the two distant measurement experiments at points A and B. 


Measurements at A and B are perfectly correlated. An observer at A (Alice) may mistakenly think her measurement has caused the measurement by Bob (at B), since it appears to her after the light travel time between them. Bob has the opposite impression. Neither of their measurements are interacting or communicating with the other, as most popular descriptions of entanglement mistakenly claim. 

The only interaction/communication is from the center to Alice and to Bob. There is no instantaneous communication between A to B as they are simultaneous events. Such a communication would violate special relativity, as everyone knows and Maudlin's third "feature" says clearly! 


The physical properties created in the initial entanglement, together with conservation laws for the properties mass, energy, linear and angular momentum (spin) are a "common cause" traveling from the center C to A and B. 


Maudlin clearly states that there cannot be such a "common cause."


[O]utcomes on one side are not statistically independent of those on the other and, as Bell showed, this dependency cannot be accounted for by common causes which lie in the past light cone of the measurement events.

[W]e get a counterfactual-supporting causal connection between the photons which cannot be explained by a common cause.



But without the initial entanglement at the center between the separate measurements at A and B there can be no entanglement of A and B!.   


The experimental equipment at A and B are indeed "distantly separated," but the two-particle wave function 
  
    Ψ
    
      12
    
  
can not be separated into two single-particle wave functions 
  
    Ψ
    
      1
    
  
 and 
  
    Ψ
    
      2
    
  
. According to Erwin Schrödinger, the creator of wave mechanics and the wave equation, 
  
    Ψ
    
      12
    
  
 is non-separable until there is a measurement (or a random interaction with the environment).


As Einstein first saw in his photoelectric effect paper of 1905, twenty years before there was a wave function, the light wave goes out in all directions, but the photon ejection of an electron at a spot on the metal surface instantly changes the possibility of that photon being anywhere else. The wave appears to "collapse" everywhere, faster than light speed. But nothing material is moving, only abstract informationis changing!

Richard Feynman said that the wave-function collapse in the two-slit experiment is the one and only mystery in quantum mechanics. Entanglement is the same mystery. 




A Questions and Answers Game


Maudlin's presents a logical analysis of the "questions" and "answers" in a game that is said reproduce the results of a sequence of Bell-test experiments, similar to the instruction sets analysis in David Mermin's 1985 "contraption." It provides no insight into the physics, classical or quantum.

Maudlin writes...


Over a long run of this game you are aiming to reproduce the behavior of the photons in similar circumstances, That is, after a long series of plays, you want to ensure that 
	Fact 1: When you and your friend happen to be asked the same question you always give the same answer.
  
	Fact 2: When your questions differ by 30, that is, when one is asked "0?" and the other "30?" or one is asked "30?" and the other "60?", you and your friend agree 3/4 of the time 
  
	Fact 3: When your questions differ by 60, that is, when one of you is asked "0?" and the other "60?", your answers agree 1/4 of the time.  
  


After all, this is what the photons manage to do. (Non-Locality, p.14)



The "questions" in Maudlin's logical game correspond to the physical angle settings of the particle detectors at positions A and B. The "answers" correspond to the spin directions ("up" or "down") found as outcomes of the measurements. When A and B measure by pre-agreement at the same angle (ask the same "questions"), their spins are always perfectly correlated in opposite directions. This is Maudlin's fact 1. 


When their "questions" (the measurement angles) differ by angle θ, their correlations are diminished by the square of the angle's cosine - cos2θ, as Maudlin explains.


The mathematics of quantum theory predicts precisely the observed experimental results. 


The Dirac/Schrödinger "superposition" equation for Schrödinger's two-particle wave function is 
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The coefficients 
  1
  
    /
  
  
    √
  
  2
, when squared, tell us that there is a 50/50 chance that the particles will be found in the state +- or in the state -+.


When measurements by A and B (the "questions") are made at angles differing by angle 30°, since the cosine of 30° is 1/2, the "answers" agree cos230° = 1/4 of the time. This is Maudlin's fact 2.


When measurements by A and B (the "questions") are made at angles differing by angle 60°, since the cosine of 60° is √3/2, the "answers" agree cos260° = 3/4 of the time. This  is Maudlin's fact 3.


Now when measurements differ by 30°, the "answers" disagree sin230° = 1/4 of the time. 

 
Instead of the state +- or the state -+, the outcomes that disagree are found randomly in states ++  or --. Either of these outcomes appears to violate the conservation of total spin angular momentum zero. 


We call the conserved total spin zero a "hidden constant of the motion". The initial entangled state is a "singlet" state that is spherically symmetric. The rotational symmetry means it has spin angular momentum zero in any and all directions. Measurements will find the spins opposite as long as the measurements are made in perfectly parallel or perfectly opposite directions. 


Conservation ensures that this shared property of the two particles is true at all times up to and including the moment of (simultaneous) measurements. (If measurements are not made symmetrically, the measurement apparatus imparts additional spin angular momentum to the particles, and its loss of that spin balances the particles' gain, so the particles plus the apparatus continue to conserve the total spin angular momentum zero.)


The conservation law is the implicit reason why  David Bohm,  John Bell, and many others say that when one particle is measured spin-up, we instantly know the other must be spin-down. 


Exactly how the bit strings of data at A and at B are indeterministically random, even as the combined A and B results appear to be deterministically correlated, Maudlin does not really discuss.


But the Dirac/Schrödinger "superposition" equation cited by Maudlin explains this perfectly. The fact there is a 50/50 chance that the particles will be found in the state +- or in the state -+, just as observed, means that the bit strings at A and B can be used as quantum keys that have been distributed to A and B in a way that cannot be intercepted by an eavesdropper.


Quantum key distribution (QKD) does not require impossible faster-than-light instantaneous actions at a distance between Alice and Bob. The "keys" are perfectly correlated random bit strings that are generated from the entangling apparatus at the center. Nothing is communicated between Alice and Bob


No "hidden variables" are needed. The "hidden constant of the motion" will suffice as a "common cause" emanating from the past light cone of Alice and Bob's measurements.

Richard Feynman famously said in 1964 "Nobody understands quantum mechanics." He said it's because there is no "machinery" that can explain the deterministic evolution of the wave function in the two-slit experiment. The same can be said about entanglement and John Bell's theorem, published the same year.
 



Source: https://www.informationphilosopher.com/solutions/scientists/maudlin/
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   Ulrich Mohrhoff trained as a physicist in Göttingen and at the Indian Institute of Science in Bangalore. He does research in the foundations of physics and looks for connections between quantum physics and Indian philosophy/psychology, especially the Vedas and Upanishads. He has investigated the "free-will problem" from the standpoint of interactions between mind and body, and formulated a new interpretation of quantum mechanics that he calls the Pondicherry Interpretation.

In his 1999 article, "The Physics of Interactionism," Mohrhoff investigated "another hard problem" (beyond David Chalmers's consciousness), namely "how anything material can have freedom." He says:



By 'freedom' I
mean a person's ability to behave in a purposive, non-random fashion that is not
determined by neurophysiological structure and physical law. I do not mean the
absence of other determining factors, as this would render freedom synonymous with
randomness...

Physics has been invoked both to refute and to support psycho-physical interactionism, the
view that mind and matter are two mutually irreducible, interacting domains. Thus it has been
held against interactionism that it implies violations of the laws of physics, notably the law of
energy conservation. I examine the meaning of conservation laws in physics and show that in
fact no valid argument against the interactionist theory can be drawn from them. In defence of
interactionism it has been argued that mind can act on matter through an apparent loophole in
physical determinism, without violating physical laws. I show that this argument is equally fallacious.


This leads to the conclusion that the indeterminism of quantum mechanics cannot be the
physical correlate of free will; if there is a causally efficacious non-material mind, then the
behaviour of matter cannot be fully governed by physical laws. I show that the best (if not the
only) way of formulating departures from the 'normal', physically determined behaviour of matter
is in terms of modifications of the electromagnetic interactions between particles. I also show
that mental states and events are non-spatial, and that departures from the 'normal' behaviour
of matter, when caused by mental events, are not amenable to mathematical description.




 Today we see "determinism" as an abstract idea that emerges from the chaotic microcosmos.


Mohrhoff examines the possibility of a "causal primary," an antecedent cause that is not itself caused. This is the classical causa sui, the "uncaused cause" of Aristotle and others.  Indeterministic quantum events have been the leading candidate for such causes since Arthur Stanley Eddington's 1927 book The Nature of the Physical World announced the demise of determinism. He says:


The absence of causal primaries is often called 'the causal closure of the physical
world', where 'physical' means 'non-mental' rather than 'governed by the laws of
physics'. 

Causal closure is used by Jaegwon Kim to deny downward causation and the possibility of a non-reductive physicalism.


This causal closure is a trivial consequence of the lack of scientific interest
which results from being unable to identify causal primaries. What is causally closed
is the scientifically known world, not the world as such. Yet there are many philosophers
who look upon causal closure as an ontological truth and go on to invoke it as an
argument against interactionism, the doctrine that mind and matter are two mutually
irreducible, interacting spheres. Interactionists as I understand them are motivated
primarily by a desire to make room for free will, the denial of which is both counterintuitive
and at odds with notions (moral and otherwise) that are central to the fabric
of our active lives. While repudiating the causal closure of the physical world, interactionists
nevertheless shrink from contesting the validity of the laws of physics, not
realizing that this is contingent on the presumption of causal closure.


Quantum-mechanical indeterminism is not a "loophole" but an irreducible component 
of standard quantum physics. 

It is difficult to integrate into interactionism because it threatens to make actions random, as Mohrhoff notes.


That is how we come to witness futile fights between philosophers of mind 
who reject interactionism on the ground that it is incompatible with the laws of physics
and, in particular, the law of the conservation of energy, and interactionists who
meekly defend their position, claiming that, by exploiting the loophole of quantum-mechanical
indeterminism, non-material mind is capable of influencing matter without
violating conservation laws. Both the charge and the defence are misconceived.
The law of energy conservation is either true by virtue of the meaning of 'energy', and
therefore is not threatened by interactionism, or it is contingent upon the causal closure
of the physical world, and therefore is no threat to interactionism. The loophole
hypothesis, on the other hand, violates basic physical laws other than the law of
energy conservation.


If causal primaries "freely" generate new (non-material) ideas in the mind, and if an adequately determined "will" follows one idea by moving the body, such an interaction violates no physical law.


This should not come as a surprise. To be causally efficacious, mental events that
are causal primaries must make a difference to the behaviour of matter and thus to the
behaviour of its constituent particles. The effects of such events on the behaviour of
particles have to be expressed in the language of physics, for this is the only language
suitable for describing the behaviour of particles. But the laws of physics presuppose
causal closure and describe the behaviour of matter in the absence of causal primaries.
Hence it follows that the behaviour of matter in the presence of a causally efficacious
non-material mind cannot be fully governed by those laws.


Mohrhoff attempts to show that mind is "not spatial" and that makes it not amenable to a mathematical description (for example, one describable in terms of electromagnetic fields with conservation of energy and momentum). He reaches the following conclusions:


(1) The conservation of energy and momentum is a consequence of the homogeneity
of time and of space. This is warranted for systems that are causally closed. As to
material systems that are open to causal influences from non-material mind,
either energy/momentum is/are ill-defined or there is no reason why it/they
should be conserved.

(2) Assuming that part but not all of matter is causally open to non-material mind, it
makes sense to attribute (non-conserved) energy and momentum even to physical
systems that interact with non-material mind.


(3) The causal efficacy of non-material mind implies departures from the statistical
laws of quantum physics. These departures are capable of being formulated in
terms of modifications, by the conscious self, of the electromagnetic interactions
between particles; and they are more consistently formulated in this manner.


(4) Because the electromagnetic field is a summary representation of effects on the
motion of particles, the effects caused by mental events are necessarily among
the effects represented by it. It is not that one cannot formulate the effects of the
self in terms of a separate probability field, to use Margenau's (1984) term. The
point is that this field would be indistinguishable from a contribution to the electromagnetic
field, which makes it obvious that departures from the laws of physics
are involved. Thinking of the effects of the self as contributions to the
electromagnetic field is preferable for two reasons. First, it eschews the contentious
notion that measurement-like events take place in the unobserved brain.
Second, it leads to a more unified treatment of causality. There is no reason whatever
for having probabilities determined twice over, once during their deterministic
evolution by the physically determined vector potential, and once at the
end through a superimposed probability field generated by the self.


(5) Quantum-mechanical indeterminism cannot be the physical correlate of free will.
Free will implies departures from the laws of physics. 


(6) Mind is non-spatial. There is no point in attributing positions to mental states and
events.


(7) The departures from the physical laws caused by non-physical mental events are
not amenable to mathematical description. It is worth emphasizing that they are
not therefore random. They could be necessitated by something of a primarily
qualitative nature, something that manifests itself in quantitative, spatio-temporal
terms but is not reducible to these terms.




The Pondicherry Interpretation of Quantum
Mechanics


Mohrhoff has formulated an ambitious interpretation of quantum mechanics.  His interpretation:


...proceeds from the recognition that the fundamental theoretical framework of physics is a probability algorithm, which serves to describe an objective
fuzziness (the literal meaning of Heisenberg's term 'Unschärfe', usually mistranslated as
'uncertainty') by assigning objective probabilities to the possible outcomes of unperformed
measurements. Although it rejects attempts to construe quantum states as evolving ontological states, it arrives at an objective description of the quantum world that owes nothing
to observers or the goings-on in physics laboratories. In fact, unless such attempts are
rejected, quantum theory's true ontological implications cannot be seen.



Mohrhoff says the role of the "observer" is a source of confusion and that wave functions do not provide only "subjective" knowledge. Quantum mechanics is not epistemology, despite the attempts of many "interpreters" to make it so, it provides our best "objective" ontology. There are facts about the quantum world.

Quantum mechanics gives us probability amplitudes, of course. Probabilities, being always positive, cannot interfere with one another


Quantum mechanics, the fundamental theoretical framework of contemporary
physics, is a probability algorithm. This serves to assign, on the basis of outcomes
of measurements that have been made, probabilities to the possible outcomes of
measurements that may be made. The inevitable reference to 'measurement' in all
standard axiomatizations of unadulterated quantum mechanics was famously criticized by John Bell: "To restrict quantum mechanics to be exclusively about
piddling laboratory operations is to betray the great enterprise." The search for
more respectable ways of thinking about measurements began early. Since the discovery of special relativity in 1905, physicists had become used to calling them
'observations', and in 1939 London and Bauer [16] were the first to speak of 'the
essential role played by the consciousness of the observer'.

Over the years, this red herring has taken many forms. To a few [Wigner],
it meant that the mind of the observer actively intervenes in the goings-on in the
physical world, to some (e.g. [D'Espagnat]), it meant that science concerns our perceptions
rather than the goings-on 'out there', while to most (e.g. [Fuchs, Peres, Petersen, Peierls]), it meant that
quantum mechanics concerns knowledge or information about the physical world,
rather than the physical world itself.


It is not hard to account for the relative popularity of the slogan 'quantum states
are states of knowledge' [Fuchs on decoherence]. The fundamental theory of the physical world is a
probability algorithm, and there is a notion that probabilities are inherently subjective. Subjective probabilities are ignorance probabilities: they enter the picture
when relevant facts are ignored. Because we lack the information needed to predict
on which side a coin will fall, we assign a probability to each possibility. Subjective probabilities disappear when all relevant facts are taken into account (which
in many cases is practically impossible).


The notion that probabilities are inherently subjective is a wholly classical idea.
The very fact that our fundamental physical theory is a probability algorithm tells
us that the probabilities it serves to assign are objective. The existence of objective
probabilities (not to be confused with relative frequencies) is due to the fact that
even the totality of previous measurement outcomes is insufficient for predicting
subsequent measurement outcomes with certainty. The 'uncertainty principle' (the
literal meaning of Heisenberg's original term, fuzziness principle, is more to the
point), guarantees that, unlike subjective probabilities, quantum mechanical probabilities cannot be made to disappear. If the relevant facts are sufficient to predict
a position with certainty, there are no facts that would allow us to predict the
corresponding momentum. What matters are facts, not what we can know about
them.




The Mohrhoff-Stapp Debate 


Ulrich Mohrhoff reacted to Henry Stapp's 2001 article "Quantum Theory and the Role of Mind in Nature with the claim that it contained 18 errors, primarily the result of misunderstandings or misinterpretations of standard quantum mechanics and its application to mental causation. (See "Mohrhoff on Stapp.") Stapp was generous in answering Mohrhoff's biting criticism with a fine sense of humor. He takes Mohrhoff's 18 error claims as generating a Buddhist "18-fold way" which result in 18 questions with 18 possible right (Yes/No) answers. Stapp worries that he has only one chance in 250,000 of getting the answers all right (2-18). (See "Stapp on Mohrhoff.")

Then take a look at our critical comparison of their questions and answers. See "The Mohrhoff-Stapp Debate."   


The AuroCafe

Mohrhoff now blogs regularly on his "Aurocafe" newsletter.


Works

The World According to Quantum Mechanics: Why the Laws of Physics Make Perfect Sense After All (2011)
The World According to Quantum Mechanics: Why the Laws of Physics Make Perfect Sense After All (Second Edition Kindle eBook. 2018)

Objective probability and quantum fuzziness 2009 (PDF)
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Vernon Benjamin Mountcastle was an American neurophysiologist at Johns Hopkins University who discovered and characterized the columnar organization of the cerebral cortex in the 1950s. This discovery was a turning point in investigations of the cerebral cortex, as nearly all cortical studies of sensory function after Mountcastle's 1957 paper on the somatosensory cortex of the cat, used columnar organization as their basis, including the great work of David Hubel and Torsten Wiesel on "What the Cat's Eye Tells the Cat's Brain."


In his 1981 Nobel Prize acceptance speech, Hubel said Mountcastle's "discovery of columns in the somatosensory cortex was surely the most important contribution to the understanding of cerebral cortex since Ramón y Cajal."


In 1978 Mountcastle proposed that all parts of the neocortex operate through a common principle.


He wrote...

 
I wish to explore these ideas, particularly as regards the neocortex, and the general proposition that the processing function of neocortical modules is qualitatively similar in all neocortical regions. Put shortly, there is nothing intrinsically motor about the motor cortex, nor sensory about the sensory cortex. Thus the elucidation of the mode of operation of the local modular circuit anywhere in the neocortex will be of great generalizing significance. This idea is unrelated to the equipotentiality concept of Lashley (1949).


In Jeff Hawkins's 2004 book On Intelligence, he said Mountcastle's 1978 article, An organizing principle..., was "the Rosetta stone of neuroscience."


Hawkins also says "He [Mountcastle] concludes that there is a common function, a common algorithm, that is performed by all the cortical regions." In fact, Mountcastle only says that the cortical columns have a similar "processing" function. Calling it an "algorithm" suggests it is the unit of "computation." 


Hawkins met Mountcastle briefly in 2005 and turned down an offer to work with him at Johns Hopkins. 


In his 2022 book A Thousand Brains, Hawkins described Mountcastle's 1998 update of his work in the 1970's 
Perceptual Neuroscience: The Cerebral Cortex: as "a beautiful book," one of his favorites about the brain. 


Mountcastle's 2005 book, The Sensory Hand: Neural Mechanisms of Somatic Sensation was the culmination of Mountcastle's lifelong study of the somatosensory system.

                                                                                                                                                                                                                                                                                                                                                                        




Source: https://www.informationphilosopher.com/solutions/scientists/mountcastle/
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Warren McCulloch spent most of his life arguing that neurons in the brain are logic gates like those in digital computers, and that the brain can be understood as a Turing machine (a universal digital computer).

McCulloch and his young collaborator Walter Pitts were thus the originators of today's widely supported "computational model of the mind." Their work inspired theories of "cellular automata," in which individual cells live or die according to inputs from their surrounding cells. See John Conway's "Game of Life."


In their 1943 paper, "A Logical Calculus of the Ideas Immanent in Nervous Activity," McCulloch and his younger colleague Walter Pitts wrote


Because of the “all-or-none” character of nervous activity, neural events and the relations among
them can be treated by means of propositional logic. It is found that the behavior of every net can
be described in these terms, with the addition of more complicated logical means for nets
containing circles; and that for any logical expression satisfying certain conditions, one can find a
net behaving in the fashion it describes. It is shown that many particular choices among possible
neurophysiological assumptions are equivalent, in the sense that for every net behaving under
one assumption, there exists another net which behaves under the other and gives the same
results, although perhaps not in the same time. Various applications of the calculus are
discussed. 


McCulloch says his ideas that neural networks are similar to arguments in propositional logic and thus to computer networks dates back many years.



Many years ago one of us, by considerations impertinent to this argument,
was led to conceive of the response of any neuron as factually equivalent to a
proposition which proposed its adequate stimulus. He therefore attempted to
record the behavior of complicated nets in the notation of the symbolic logic of
propositions. The “all-or-none” law of nervous activity is sufficient to insure
that the activity of any neuron may be represented as a proposition.
Physiological relations existing among nervous activities correspond, of 
course, to relations among the propositions; and the utility of the representation
 depends upon the identity of these relations with those of the logic of
propositions. To each reaction of any neuron there is a corresponding assertion
of a simple proposition. This, in turn, implies either some other simple
proposition or the disjunction of the conjunction, with or without negation, of
similar propositions, according to the configuration of the synapses upon and
the threshold of the neuron in question. 



The McCulloch-Pitts article also compared the neurons behavior to that of a Turing Machine, which Alan Turing had proposed in a 1936 paper.


One more thing is to be remarked in conclusion. It is easily shown: first, that
every net, if furnished with a tape, scanners connected to afferents, and suitable
efferents to perform the necessary motor-operations, can compute only such
numbers as can a Turing machine; second, that each of the latter numbers can
be computed by such a net; and that nets with circles can be computed by such a
net; and that nets with circles can compute, without scanners and a tape, some
of the numbers the machine can, but no others, and not all of them. This is of
interest as affording a psychological justification of the Turing definition of
computability and its equivalents, Church’s λ-definability and Kleene’s
primitive recursiveness: if any number can be computed by an organism, it is
computable by these definitions, and conversely. 

 

In the 1930's McCulloch had studied logic at Yale in Frederic Fitch's course on propositional logic, based on the great Principia Mathematica of Bertrand Russell and Alfred North Whitehead.

Fitch also was the thesis adviser for Ruth Barcan Marcus, whose work on the "necessity of identity" influenced Saul Kripke.


Despite the fact that information flows along neurons in the brain, the neural network is not a computer network, brain processes are not algorithms, there is no central processing unit (CPU) or even distributed parallel processing. 


Very simply, man is not a machine and the brain is not a computer.


Nevertheless, we can regard McCulloch as the first thinker to offer a solution to the mind-body problem that "embodies" an immaterial logical software mind in a material mechanical hardware computer, as the title of his 1965 book, "Embodiments of Mind, suggests.  



The Macy Conferences


McCulloch was a central organizer and frequently the chair of the Macy Conferences on Cybernetics held in the late 1940's an early 1950's. Their initial title was "Feedback Mechanisms and Circular Causal Systems in Biological and Social Systems."


At the first conference in 1946 McCulloch gave a presentation on how simulated neural networks can emulate the calculus of propositional logic. He also drew attention to communication as a descriptive metaphor and noted the differences between descriptions of messages' mechanics and message content or meaning. He suggests memory may be a function of continuous cyclical impulses in a neural network. He described causal "circles" in neural networks as continuous loops that could reverberate indefinitely and be a possible location for memories.


At the third conference (1947) McCulloch began collating and distributing a summary report on the conference.


Earlier conferences had not been adequately documented. McCulloch attempted to summarize the key points of the first 3 conferences following the third event, then distributed this to the attendees. With the exception of Margaret Mead's shorthand notes (indecipherable owing to her personal shorthand coding) and the fragmentary results of the earlier crude recording / transcription efforts, McCulloch's retrospective remains the main documentation for the first 3 conferences.


At the final 10th conference McCulloch presented his work with Walter Pitts on how neural mechanisms can recognize shapes and musical chords. He cites strong arguments from others rebutting this work, and ends with a good-natured concession that his and Pitts' efforts have been in the fine tradition of scientific refutability. (This incident is a poignant event, in that at the time it seemed to indicate one of the project streams feeding the Macy Conferences had in fact turned out to be a dead end.)


McCulloch was tasked to write a final summarization of the consensus achieved during the 10 Macy Conferences. This proved difficult, because by this time it's clear that the cybernetics group is moving (and has always moved) in several different directions. McCulloch writes in part: "Our most notable agreement is that we have learned to know one another a bit better, and to fight fair in our shirt sleeves." (Transactions, p. 69)


As chairperson for all 10 Macy Conferences, McCulloch no doubt desired to portray the series as having produced something. His concession of what can only be called a social networking outcome illustrates how the Macy Conferences could not even then be construed as having produced a unified theory or meta-discipline.


In 1959, McCulloch and Pitts collaborated with Jerome Lettvin and Humberto Maturana to write the classic paper "What the Frog's Eye Tells the Frog's Brain," which was reprinted in McCulloch' classic "Embodiments of Mind" in 1965.


This work was a great disappointment for McCulloch, perhaps more for Pitts, because the actions of the frog were dependent on the patterns of light falling on the frog's retina, long before any digital or logical information processing could occur in the brain behind the eye. 



What are the consequences of this work? Fundamentally, it shows that the eye speaks to the brain in a
language already highly organized and interpreted, instead of transmitting some more or less accurate copy of
the distribution of light on the receptors


Although these operations have been encoded genetically in the frog as a species, it is an example of successful experiences with bugs in the frog's ancestors being recorded in the brain, and the reproduction of the successful actions (tongue reaching out toward a bug) when a sufficiently similar visual experience presents itself. 


See our Experience Recorder and Reproducer


The operations thus have much more the flavor of
perception than of sensation if that distinction has any
meaning now. That is to say that the language in which
they are best described is the language of complex abstractions
 from the visual image. We have been tempted,
for example, to call the convexity detectors "bug perceivers." Such a fiber responds best when
a dark object, smaller than a receptive field, enters that
field, stops, and moves about intermittently thereafter.
The response is not affected if the lighting changes or if
the background (say a picture of grass and flowers) is
moving, and is not there if only the background, moving
or still, is in the field. Could one better describe a system for detecting an accessible bug?



References

A Logical Calculus of the Ideas Immanent in Nervous Activity, Bulletin of Mathematical Biophysics, Vol.5, 1943, pp.115-133
What the Frog's Eye Tells the Frog's Brain, Proceedings of the IRE, 1959, p.1940

The Man Who Tried to Redeem the World with Logic, by Amanda Gefter.
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Denis Noble is a British physiologist and biologist who was at the University of Oxford from 1984 to 2004 and was appointed professor emeritus and co-director of computational physiology. 


Noble's research focuses on using computer models of biological organs and organ systems to interpret function from the molecular level to the whole organism. Together with international collaborators, his team used supercomputers to create the first virtual organ, the virtual heart.


Noble argues that from research in epigenetics, acquired characteristics can be inherited and in contrast to the Modern Synthesis, genetic change is "far from random" and not always gradual. He has also claimed that the central dogma of molecular biology has been broken as an "embodiment of the Weismann Barrier", and a new synthesis will integrate research from physiology with evolutionary biology.


Noble rejects natural selection as the primary mechanism of evolution, contrary to the longstanding consensus of evolutionary biologists, and with James Shapiro in 2014, Noble established The Third Way of Evolution (TWE) project which rejects natural selection as the primary cause of evolution and predicts that the entire framework of the modern synthesis of evolution will be replaced. The Third Way of Evolution aims to replace the Modern Synthesis and a divine origin of life. 


Noble is also working with Harvard geneticist George Church and advertising strategist Perry Marshall, offering an incentive prize ten times the size of the Nobel – believed to be the largest single award ever in basic science –  to the person or team solving the largest mystery in history: how genetic code inside cells got there, and how cells intentionally self-organize, communicate, then purposely adapt. This $10 million challenge, the Evolution 2.0 Prize can be found at herox.com/evolution2.0.
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Donald Norman

Donald Norman is a Professor Emeritus of Cognitive Science at the University of California, San Diego, where he worked on computer models of the brain with David Rumelhart at the UCSD Institute for Cognitive Science (which Norman founded).


Norman is now the director of The Design Lab at University of California, San Diego. He is best known for his books on design, especially The Design of Everyday Things. Norman is well known for his expertise in the fields of design, user experience, usability engineering, and cognitive science. He has shaped the development of the field of cognitive systems engineering. He is a co-founder of the Nielsen Norman Group, along with Jakob Nielsen. He is also an IDEO fellow and a member of the Board of Trustees of IIT Institute of Design in Chicago.. 
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  Emmy Noether
  

  


  
  Home › Solutions › Scientists › Noether
Emmy Noether


Emmy Noether is described as the most important female mathematician, but she also made a profound contribution to theoretical physics.

Her theorem on the fundamental relationship between symmetry and conservation principles is extremely simple:



For any property of a physical system that is symmetric, there is a corresponding conservation law.


Noether's theorem allows physicists to gain powerful insights into any general theory in physics, by just analyzing the various transformations that would make the form of the laws involved invariant. 


For example, if a physical system is symmetric under rotations, its angular momentum is conserved. If it is symmetric in time, its energy is conserved. If it is symmetric in space, its momentum is conserved.


Note the connection between these symmetries and the various forms of Heisenberg uncertainty principle.
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J  and φ are the "action-angle" variables that played a critical role in the development of the quantum theory of atomic structure.


A great deal of modern physics starts with symmetries and symmetry breaking.




Maintaining the Noether Symmetry of Entangled Particles


Consider this reframing of Entanglement in the Einstein-Podolsky-Rosen Paradox

Alice's measurement collapses the two-particle wave function. The two indistinguishable particles simultaneously appear at locations in a space-like separation. The frame of reference in which the source of the two entangled particles and the two experimenters are at rest is a special frame in the following sense.


As Einstein knew very well, there are frames of reference moving with respect to the laboratory frame of the two observers in which the time order of the events can be reversed. In some moving frames Alice measures first, but in others Bob measures first. 


If there is a special frame of reference (not a preferred frame in the relativistic sense), surely it is the one in which the origin of the two entangled particles is at rest. Assuming that Alice and Bob are also at rest in this special frame and equidistant from the origin, we arrive at the simple picture in which any symmetric measurement that causes the two-particle wave function to collapse makes both particles appear simultaneously at determinate places with fully correlated properties (just those that properties are needed to conserve energy, momentum, angular momentum, and spin).


[image: image-placeholder]


In the two-particle case (instead of just one particle making an appearance), when either particle is measured, we know instantly those properties of the other particle that satisfy the conservation laws, including its location equidistant from, but on the opposite side of, the source, and its other properties such as spin.



We can also ask what happens if Bob is not at the same distance from the origin as Alice. This introduces a positional asymmetry. But there is still no time asymmetry from the point of view of the two-particle wave function collapse. 


When Alice detects the particle (with say spin up), at that instant the other particle also becomes determinate (with spin down) at the same distance on the other side of the origin. It now continues, in that determinate state, to Bob's measuring apparatus.




In his search for an "objective reality," Einstein asked whether a particle has a determinate position just before it is measured. It may not, but we can say that before Bob's measurement, the electron spin he measures was determined from the moment the two-particle wave function collapsed. The two-particle wave function describing the indistinguishable particles cannot be separated into a product of two single-particle wave functions. When either particle is measured, they both become determinate instantaneously as viewed from our special frame.




Symmetry and Asymmetry in Information Physics

When a physical system has a symmetry of some sort, Noether's theorem describes a generator of the (local) symmetry group. In the Standard Model of Particle Physics, a symmetry generator is described as a conserved current. The thing that "flows" in the current is called the "Noether charge." The word "charge" is used as a synonym for "generator" in referring to the generator of the (local) symmetry group. 

The most important asymmetry in information physics is the result of the irreversibility of information creation, a consequence of the second law of thermodynamics, which demands that positive entropy greater than the negative entropy (information) created locally, be carried away if the local information is to be stable - and thus observable and possibly become a measurement.


This asymmetry of information creation depends on the cosmic asymmetry in the expansion of the universe. According to Noether's theorem, this asymmetry implies that information is not conserved (contrary to the opinions of many mathematical physicists and computer scientists). 


The history of cosmic evolution, biological evolution, and cultural evolution is at every level a story of irreversible information creation by cosmic, biological, and human creative forces. Information philosophy shoes that we are co-creators of our universe.


A very important symmetry in information physics helps to explain the puzzle of entanglement, which was first described as a paradox in the 1935 Einstein-Podolsky-Rosen thought experiment. 


The collapse of a two-particle wave function is symmetric in space and synchronous in time, for a special frame in which the source of the entangled particles and their mean motions are at rest. 

 
Almost every presentation of the EPR paradox begins with something like "Alice observes one particle..." and concludes with the question "How does the second particle get the information needed so that Bob's later measurements correlate perfectly with Alice?"


There is a fundamental asymmetry in this framing of the EPR experiment. It is a surprise that Einstein, who was so good at seeing deep symmetries, did not consider how to remove the asymmetry.

See a symmetric reframing of the EPR  paradox.


Noether Charges and the Standard Model of Particle Physics


The standard model introduces various charge quantum numbers. These are examples of Noether symmetry generators (or currents of Noether charges). They include:  
	The electric charge is the generator of the U(1) symmetry of electromagnetism. The conserved current is the electric current.

	The color charge of quarks. The color charge generates the SU(3) color symmetry of quantum chromodynamics.

	The weak isospin quantum numbers of the electroweak interaction. It generates the SU(2) part of the electroweak SU(2) × U(1) symmetry. Weak isospin is a local symmetry, whose gauge bosons are the W and Z bosons.

	The strong isospin charges. The symmetry groups is SU(2) flavor symmetry; the gauge bosons are the pions. The pions are not elementary particles, and the symmetry is only approximate. It is a special case of flavor symmetry.

	Other quark-flavor charges, such as strangeness or charm.  Combined with the SU(2) up–down isospin, these generate the global SU(6) flavor symmetry of the fundamental particles; this symmetry is badly broken by the masses of the heavy quarks.




Gauge Fields



In the case of local, dynamical symmetries, associated with every charge (particle) is a gauge field (wave). When it is quantized, the gauge field becomes a gauge boson. The charges of the theory "radiate" the gauge field. The gauge field of electromagnetism is the electromagnetic field. The gauge boson is the photon. The gauge field is information about the possibilities of a gauge boson being in a particular location. The probabilistic gauge field moves deterministically. The motion of the gauge boson is probabilistic.

More precisely, when the symmetry group is a Lie group, then the charges are understood to correspond to the root system of the Lie group; the discreteness of the root system accounting for the quantization of the charge.
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In his 1932 Mathematical Foundations of Quantum Mechanics (in German, English edition 1955) John von Neumann explained that two fundamentally different processes are going on in quantum mechanics (in a temporal sequence for a given particle - not at the same time).
	Process 1. A non-causal process, in which the measured electron winds up randomly in one of the possible physical states (eigenstates) of the measuring apparatus plus electron. 

The probability for each eigenstate is given by the square of the coefficients cn of the expansion of the original system state (wave function ψ) in an infinite set of wave functions φ that represent the eigenfunctions of the measuring apparatus plus electron.
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This is as close as we get to a description of the motion of the particle aspect of a quantum system. According to von Neumann, the particle simply shows up somewhere as a result of a measurement. 

Information physics says that the particle shows up whenever a new stable information structure is created, information that can be observed.


	Process 2. A causal process, in which the electron wave function ψ evolves deterministically according to Erwin Schrödinger's equation of motion for the wavelike aspect. This evolution describes the motion of the probability amplitude wave ψ between measurements. The wave function exhibits interference effects. But interference is destroyed if the particle has a definite position or momentum. The particle path itself can not be observed. 
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Von Neumann claimed there is another major difference between these two processes. Process 1 is thermodynamically irreversible. Process 2 is reversible. This confirms the fundamental connection between quantum mechanics and thermodynamics that is explainable by information physics and the information interpretation of quantum mechanics. 

Information physics establishes that process 1 may create information. It is always involved when information is created. 


Process 2 is deterministic and information preserving or conserving.


The first of these processes has come to be called the collapse of the wave function.


 It gave rise to the so-called  problem of measurement, because its randomness prevents it from being a part of the deterministic mathematics of process 2.


Information physics has solved the problem of measurement by identifying the moment and place of the collapse of the wave function with the creation of an observable information structure. There are interactions which create collapses but do not create stable information structures. These can never be the basis of measurements.


The presence of a conscious observer is not necessary. It is enough that the new information created is observable, should a human observer try to look at it in the future. Information physics is thus subtly involved in the question of what humans can know (epistemology).


We must quote Von Neumann, where he relates irreversibility and reversibility to the time directions future and past. He wrote...


The two interventions 1. and 2. are fundamentally different from one another. That both are formally unique, i.e., causal is unimportant; indeed, since we are working in terms of the statistical properties of mixtures, it is not surprising that each change, even if it is statistical, effects a causal change of the probabilities and the expectation values. Indeed, it is precisely for this reason that one introduces statistical ensembles and probabilities! On the other hand, it is important that 2. does not increase the statistical uncertainty existing in U, but that 1. does: 2. transforms states into states
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while 1. can transform states into mixtures. In this sense, therefore, the development of a state according to 1. is statistical, while according to 2. it is causal.


Furthermore, for fixed H and t, 2. is simply a unitary transformation of all U: Ut = AUA-1, 
A =  e-(2πi/h)tH is unitary. That is, Uf = g implies that Ut(Af) = Ag, so that Ut results from U by the unitary transformation of Hilbert space, that is, by an isomorphism which leaves all our basic geometric concepts invariant (cf. the principles set down in I.4.). Therefore, it is reversible: it suffices to replace A by A-1 -- and this is possible, since A, A-1 can be regarded as entirely arbitrary unitary operators because of the far reaching freedom in the choice of H, t. Just as in classical mechanics therefore, 2. does not reproduce one of the most important and striking properties of the real world, namely its irreversibility, the fundamental difference between the time directions, "future" and "past."

1. behaves in fundamentally different fashion: the transition
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is certainly not prima facie reversible.  We shall soon see that it is in generable irreversible, in the sense that it is not possible in general to come back from a given U' to its U by repeated application of any processes 1., 2.
Therefore, we have reached a point at which it is desirable to utilize the thermodynamic method of analysis, because it alone makes it possible for us to understand correctly the difference between 1. and 2., into which reversibility questions obviously enter.

Mathematical Foundations of Quantum Mechanics, Princeton University Press, 1955, pp.357-358 (English translation by Robert T. Beyer)




The Schnitt

von Neumann described the collapse of the wave function as requiring a "cut" (Schnitt in German) between the microscopic quantum system and the observer. He said it did not matter where this cut was placed, because the mathematics would produce the same experimental results. 


There has been a lot of controversy and confusion about this cut. Eugene Wigner placed it outside a room which includes the measuring apparatus and an observer A, and just before observer B makes a measurement of the physical state of the room, which is imagined to evolve deterministically according to process 2 and the Schrödinger equation.


The case of Schrödinger's Cat is thought to present a similar paradoxical problem.


von Neumann contributed a lot to this confusion in his discussion of subjective perceptions and "psycho-physical parallelism," which was encouraged by Neils Bohr. Bohr interpreted his "complementarity principle" as explaining the difference between subjectivity and objectivity (as well as several other dualisms). Von Neumann wrote:


The difference between these two processes is a very fundamental one: aside from the different behaviors in regard to the principle of causality, they are also different in that the former is (thermodynamically) reversible, while the latter is not.

Let us now compare these circumstances with those which actually exist in nature or in its observation.  First, it is inherently entirely correct that the measurement or the related process of the subjective perception is a new entity relative to the physical environment and
is not reducible to the latter. Indeed, subjective perception leads us into the intellectual inner life of the individual, which is extra-observational by its very nature  (since it must be taken for granted by any conceivable observation or experiment). 


 Nevertheless, it is a fundamental requirement of the scientific viewpoint -- the so-called principle of the psycho-physical parallelism -- that it must be possible so to describe the extra-physical process of the subjective perception as if it were in reality in the physical world -- i.e., to assign to its parts equivalent physical processes in the objective environment, in ordinary space. (Of course, in this correlating procedure there arises the frequent necessity of localizing some of these processes at points which lie within the portion of space occupied by our own bodies. But this does not alter the fact of their belonging to the "world about us," the objective environment referred to above.) 


In a simple example, these concepts might be applied about as follows: We wish to measure a temperature. If we want, we can pursue this process numerically until we have the temperature of the environment of the mercury container of the thermometer, and then say: this temperature is measured by the thermometer. But we can carry the calculation further, and from the properties of the mercury, which can be explained in kinetic and molecular terms, we can calculate its heating, expansion, and the resultant length of the mercury column, and then say: this length is seen by the observer. 


Going still further, and taking the light source into consideration, we could find out the reflection of the light quanta on the opaque mercury column, and the path of the remaining light quanta into the eye of the observer, their refraction in the eye lens, and the formation of an image on the retina, and then we would say: this image is registered by the retina of the observer. 


And were our physiological knowledge more precise than it is today, we could go still further, tracing the chemical reactions which produce the impression of this image on the retina, in the optic nerve tract and in the brain, and then in the end say: these chemical changes of his brain cells are perceived by the observer. But in any case, no matter how far we calculate -- to the mercury vessel, to the scale of the thermometer, to the retina, or into the brain, at some time we must say: and this is perceived by the observer. That is, we must always divide the world into two parts, the one being the observed system, the other the observer. In the former, we can follow up all physical processes (in principle at least) arbitrarily precisely. In the latter, this is meaningless. 



The boundary between the two is arbitrary to a very large extent. In particular we saw in the four different possibilities in the example above, that the observer in this sense needs not to become identified with the body of the actual observer: In one instance in the above example, we included even the thermometer in it, while in another instance, even the eyes and optic nerve tract were not included. That this boundary can be pushed arbitrarily deeply into the interior of the body of the actual observer is the content of the principle of the psycho-physical parallelism -- but this does not change the fact that in each method of description the boundary must be put somewhere, if the method is not to proceed vacuously, i.e., if a comparison with experiment is to be possible. Indeed experience only makes statements of this type: an observer has made a certain (subjective) observation; and never any like this: a physical quantity has a certain value.

Now quantum mechanics describes the events which occur in the observed portions of the world, so long as they do not interact with the observing portion, with the aid of the process 2, but as soon as such an interaction occurs, i.e., a measurement, it requires the application of process 1. The dual form is therefore justified.* However, the danger lies in the fact that 
the principle of the psycho-physical parallelism is violated, so long as it is not shown that the boundary between the observed system and the observer can be displaced arbitrarily in the sense given above.



the Schnitt
Information physics places the cut or boundary at the place and time of information creation. It is only after information is created that an observer could make an observation. Beforehand, there is no information to be observed.


We can adapt John Bell's illustration of the cut, which Bell called the "shifty split," to show the moment of new information creation.

[image: image-placeholder]

Information creation occurs as a result of the interaction between the microscopic system and the measuring apparatus. It was a severe case of anthropomorphism to think it required the consciousness of an observer for the wave function to collapse. 

The collapse of a wave function and information creation has been going on in the universe for billions of years before human consciousness emerged.



Statistical Regularities and Underlying Determinism

Adolphe Quetelet saw social statistics as implying underlying deterministic laws. Of course, most mathematicians (cf. De Moivre, Laplace) had believed that chance was merely epistemic, the result of human ignorance. 

In 1936, Von Neumann attempted to demonstrate that statistical laws could not be reduced to an underlying determinism by the introduction of "hidden variables." His theorem was not convincing to many outside science, especially philosophers of science who have continued to pursue "hidden variable" interpretations of quantum mechanics .
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Travis Norsen is a professor of physics at Smith College. He authored the 2017 textbook Foundations of Quantum Mechanics: An Exploration of the Physical Meaning of Quantum Theory, which contains a critical analysis of Bell's Theorem.


Norsen describes Bell's description of locality in his later years using the CHSH derivation rather than Bell's original "ad hoc" model.

[image: image-placeholder]


Fig. 8.4 Space-time regions relevant to Bell’s formulation of local causality. Bell writes: “Full specification of what happens in 3 makes events in 2 irrelevant for predictions about 1 in a locally causal theory”


But Norsen then explicitly shows how a common cause from the initial entanglement is still in the past light cone of the "separated" measurements at A and B.

[image: image-placeholder]


Fig. 8.5 Space-time diagram for the Bell experiment. The particle pair is emitted at the “flash’' at the bottom of the diagram; world-lines for the two individual particles flying apart in opposite directions are represented by the gray dashed lines. The (large!) region 3 encompasses both particles at some intermediate time and shields the two measurement regions, 1 and 2. from their overlapping past light cones in the way that is required in Bell's formulation of locality.


It is not clear how Bell's "shield" could prevent common causes coming from the initial entanglement.


In our explanation of two-particle entanglement the first step is the formation of the spherical symmetric singlet state. 


The second step is the conservation of the total spin angular momentum (and its spherical symmetry), which is a constant of the motion as the entangled particles fly apart. 


The third step is the conserved spherical symmetry. As long as the two measurement devices are set at a (pre-agreed upon) same angle, they will have planar symmetry which bisects the spherical symmetry. Their shared measurement angle can then be arbitrary and the interactions will still produce perfectly correlated results. 


For a summary of the three steps see our page How a Common Cause, a Constant of the Motion, and Spherical Symmetry Can Explain Einstein's "Spooky Action at a Distance"

The argument by David Bohm1 that a common cause would require particles spins to be defined in all three x, y, z directions (which of course is impossible) and by N. David Mermin2 that photons must be polarized in all directions, are not correct. 


The fundamental requirement for perfectly correlated measurement results is that the two-particle wave function has no preferred direction and a single arbitrary direction is chosen for measurements at A and B.



1. Bohm, D. and Y. Aharonov, Discussion of Experimental Proof for the Paradox of Einstein, Rosen, and Podolsky, Physical Review vol.108, no.4, Nov.15, 1957


2. D. Mermin, Boojums All The Way Through (1990), Cambridge University Press, p.110 
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Alexander Oparin

Alexander Oparin., like J. B. S. Haldane
Ling things evolved from lifeless matter to begin Darwinian evolution.


 As early as 1922, he asserted that:

There is no fundamental difference between a living organism and lifeless matter. The complex combination of manifestations and properties characteristic of life must have arisen as a part of the process of the evolution of matter.


Taking into account the recent discovery of methane in the atmospheres of Jupiter and the other giant planets, Oparin suggested that the infant Earth had possessed a strongly reducing atmosphere, containing methane, ammonia, hydrogen and water vapor. In his opinion, these were the raw materials for the evolution of life.


In Oparin's formulation, there were first only simple solutions of organic matter, the behavior of which was governed by the properties of their component atoms and the arrangement of these atoms into a molecular structure. 


Gradually though, he said, the resulting growth and increased complexity of molecules brought new properties into being and a new colloidal-chemical order developed as a successor to more simple relationships between and among organic chemicals. These newer properties were determined by the interactions of these more complex molecules.


Oparin posited that this process brought biological orderliness into prominence. According to Oparin, competition, speed of cell growth, survival of the fittest, struggle for existence and, finally, natural selection determined the form of material organization characteristic of modern-day living things.

Wikipedia, 2020/02/11
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Howard T. Odum

Howard T. Odum was one of the founders of ecology as a science. His father Howard Odum encouraged his sons Howard and Eugene to become scientists


Howard T.  studied biology at the University of North Carolina at Chapel Hill, where he published his first paper while still an undergraduate. His education was interrupted for three years by his World War II service with the Army Air Force in Puerto Rico and the Panama Canal Zone, where he worked as a tropical meteorologist. After the war, he returned to the University of North Carolina and completed his B.S. in zoology  in 1947. Three years later he earned his Ph.D. in zoology at Yale University.


From 1956 to 1963, Odum worked as the director of the Marine Institute of the University of Texas. During this time, he became focused on the interplay of energetic and economic forces as influences on the environment. In 1970, he moved to the University of Florida, where he taught in the Environmental Engineering Sciences Department. He founded and directed the Center for Environmental Policy, and founded the university's Center for Wetlands in 1973.


The term "ecology" originates from the Greek words "oikos" (meaning "house," "household," or "place to live") and "logos" (meaning "study of"). It was coined by German biologist Ernst Haeckel in 1866 to describe the relationship of organisms to both their organic and inorganic environments, essentially the study of how living things interact with their surroundings.


But the flowering of ecology as a science in the United States in the 1960's is often credited to the brothers Howard and Eugene Odum.



Source: https://www.informationphilosopher.com/solutions/scientists/odumh/
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Abraham Pais was the pre-eminent historian of quantum physics in the twentieth century. He wrote three masterpieces in the 1980's - Subtle is the Lord..., on the work of Albert Einstein (1982), Inward Bound on the history of the physics of matter and their forces , and Niels Bohr's Times. Unfortunately, as one of the many devoted protégées of Bohr, Pais lets Bohr's work overshadow the original source of many of the critical concepts of quantum mechanics, Albert Einstein.

In 1949 Pais had organized a Festschrift in honor of Einstein's seventieth birthday for the Reviews of Modern Physics, Volume 21, Issue 3. He did not himself write one of the thirty-seven articles, but it is striking that so little is about Einstein and quantum theory, primarily the Louis de Broglie's article and Phillip Frank's retrospective.


To be sure, thirty years later Pais published a long article "Einstein and the Quantum Theory" in 1979 in Rev Mod Phys, Volume 51, Issue 4. This appeared virtually unchanged as chapters 18-26 of Subtle is the Lord seven years later. Pais began with an outline of Einstein's contributions to quantum theory. 



the physics community at large had received the light-quantum hypothesis with disbelief and with skepticism bordering on derision. As one of the architects of the pre-1925 quantum theory, the “old” quantum theory, Einstein had quickly found both enthusiastic and powerful support for one of his two major contributions to this field: the quantum theory of specific heat. (There is no reason to believe that such support satisfied any particular need in him.) By sharp contrast, from 1905 to 1923, he was a man apart in being the only one, or almost the only one, to take the light-quantum seriously.

The critical reaction to Einstein’s light-quantum hypothesis of 1905 is of great importance for an understanding of the early developments in quantum physics. It was also a reaction without parallel in Einstein’s scientific career. Deservedly, his papers before 1905 had not attracted much attention. But his work on Brownian motion drew immediate and favorable response. The same is true for relativity. Planck became an advocate of the special theory only months after its publication; the younger generation took note as well. Lorentz, Hilbert, F. Klein, and others had followed the evolution of his ideas on general relativity; after 1915 they and others immediately started to work out its consequences. Attitudes to his work on unified field theory were largely critical. Many regarded these efforts as untimely, but few rejected the underlying idea out of hand. In regard to the quantum theory, however, Einstein almost constantly stood apart, from 1905 until his death. Those years cover two disparate periods, the first of which (1905-1923) I have just mentioned. During the second period, from 1926 until the end of his life, he was the only one, or again nearly the only one, to maintain a profoundly skeptical attitude toward quantum mechanics. I shall discuss Einstein’s position on quantum mechanics in Chapter 25, but cannot refrain from stating at once that Einstein’s skepticism should not be equated with a purely negative attitude. It is true that he was forever critical of quantum mechanics, but at the same time he had his own alternative program for a synthetic theory in which particles, fields, and quantum phenomena all would find their place. Einstein pursued this program from about 1920 (before the discovery of quantum mechanics!) until the end of his life. Numerous discussions with him in his later years have helped me gain a better understanding of his views.


But let me first return to the days of the old quantum theory. Einstein’s contributions to it can be grouped under the following headings.


(a) The Light-Quantum. In 1900 Planck discovered the blackbody radiation law without using light-quanta. In 1905 Einstein discovered light-quanta without using Planck’s law. Chapter 19 is devoted to the light-quantum hypothesis. The interplay between the ideas of Planck and Einstein is discussed. A brief history of the photoelectric effect from 1887 to 1915 is given. This Chapter ends with a detailed account of the reasons why the light-quantum paper drew such a negative response.


(b) Specific Heats. Toward the end of the nineteenth century, there existed grave conflicts between the data on specific heats and their interpretation in terms of the equipartition theorem of classical statistical mechanics. In 1906 Einstein completed the first paper on quantum effects in the solid state. This paper showed the way out of these paradoxes and also played an important role in the final formulation of the third law of thermodynamics. These topics are discussed in Chapter 20.


(c) The Photon. The light-quantum as originally defined was a parcel of energy. The concept of the photon as a particle with definite energy and momentum emerged only gradually. Einstein himself did not discuss photon momentum
until 1917. Relativistic energy momentum conservation relations involving photons were not written down till 1923. Einstein’s role in these developments is discussed in Chapter 21, which begins with Einstein’s formulation in 1909 of the particle-wave duality for the case of electromagnetic radiation and also contains an account of his discovery of the A and B coefficients and of his earliest concern with the breakdown of classical causality. The Chapter concludes with remarks on the role of the Compton effect.
The reader may wonder why the man who discovered the relation 
  E
  =
  h
  v
 for light in 1905 and who propounded the special theory of relativity in that same year would not have stated sooner the relation p = hv/c. I shall comment on this question in Section 25d.


(d) Einstein’s work on quantum statistics is treated in Chapter 23, which also includes a discussion of Bose’s contribution.


(e) Einstein’s role as a key transitional figure in the discovery of wave mechanics will be discussed in Chapter 24.
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Colin Pittendrigh was a biologist who founded the field of chronobiology, the study of biological clocks - circadian rhythms. He showed that they are independent of any of the biological processes that use them and independent of the physical environment such as diurnal or monthly cycles, though correlated with them.


Pittendrigh's great contribution to the philosophy of biology was the first use of the term "teleonomy" to distinguish the appearance of purpose in biological evolution, specifically Darwinian natural selection, from the ancient idea of "teleology," Aristotle's "telos" or "final cause," a cosmic purpose pre-existing the appearance of life.


Today the concept of adaptation is beginning to enjoy an improved respectability for several reasons: it is seen as less than perfect; natural selection is better understood; and the engineer-physicist in building end-seeking automata has sanctified the use of teleological jargon. It seems unfortunate that the term 'teleology' should be resurrected and, as I think, abused in this way. The biologists' long-standing confusion would be more fully removed is all end-directed systems were described by some other term, like 'teleonomic', in order to emphasize that the recognition and description of end-directedness does not carry a commitment to Aristotelian teleology as an efficient [sic] casual principle.

Jacques Monod made use of the term teleonomy in his great 1971 work, Chance and Necessity. without mentioning Pittendrigh.

Ernst Mayr provided the Pittendrigh reference in a 1974 article in Boston Studies in the Philosophy of Science. But Mayr thought the uses of "teleology" needed clearer definitions.


The teleological dilemma, then consists in the fact that numerous and seemingly weighty objections against the use of teleological language have been raised by various critics, and yet biologists have insisted that they would lose a great deal, methodologically and heuristically, if they were prevent from using such language. It is my endeavor to resolve this dilemma by a new analysis, and particularly by a new classification of the various phenomena that have been traditionally designated as 'teleological'.


Mayr argued that as early as 1943 Norbert Wiener and his colleagues had shown how communications and control systems utilizing negative feedback can explain goal-directed behavior. 



We owe a great debt of gratitude to Rosenblueth et al. (1943) for their endeavor to find a new solution for the explanation of teleological phenomena in organisms. They correctly identified two aspects of such phenomena, (1) that they are seemingly purposeful being directed toward a goal, and (2) that they consist of active behavior. The background of these authors was in the newly developing field of cybernetics and it is only natural that they should have stressed the fact that goal directed behavior is characterized by mechanisms which correct errors committed during the goal-seeking. They considered the negative feedback loops of such behavior as its most characteristic aspect and stated "teleological behavior thus becomes synonymous with behavior controlled by negative feedback." This statement emphasizes important aspects of teleological behavior, yet it misses the crucial point: The truly characteristic aspect of goal-seeking behavior is not that mechanisms exist which improve the precision with which a goal is reached, but rather that mechanisms exist which initiate, i.e. 'cause' this goal-seeking behavior. It is not the thermostat that determines the temperature of a house, but the person who sets the thermostat. It is not the torpedo which determines toward what ship it will be shot and at what time, but the naval officer who releases the torpedo. Negative feedbacks only improve the precision of goal-seeking, but do not determine it. Feedback devices are only executive mechanisms that operate during the translation of a program.



Mayr wrote to Pittendrigh to explore his intentions in creating the term "teleonomy."


Pittendrigh replied,


You ask about the word 'teleonomy'. You are correct that I did introduce the term into biology and, moreover, I invented it. In the course of thinking about that paper which I wrote for the Simpson and Roe book (in which the term is introduced) I was haunted by that famous old quip of Haldane's to the effect that 'Teleology is like a mistress to a biologist: he cannot live without her but he's unwilling to be seen with her in public'. The more I thought about that, it occurred to me that the whole thing was nonsense - that what it was the biologist couldn't live with was not the illegitimacy of the relationship, but the relationship itself. Teleology in the Aristotelian form has, of course, the end as immediate, 'efficient' cause. And that is precisely what the biologist (with the whole history of science since 1500 behind him) cannot accept: it is unacceptable in a world that is always mechanistic (and of course in this I include probabilistic as well as strictly deterministic). What it was the biologist could not escape was the plain fact – or rather the fundamental fact – which he must (as scientist) explain: that the objects of biological analysis are organizations (he calls them organisms) and, as such, are end-directed. Organization is more that mere order; order lacks end-directedness; organization is end-directed. [I recall a wonderful conversation with John von Neumann in which we explored the difference between 'mere order' and 'organization' and his insistence (I already believed it) that the concept of organization (as contextually defined in its everyday use) always involved 'purpose' or end-directedness.

I wanted a word that would allow me (all of us biologists) to describe, stress or simply to allude to – without offense – this end-directedness of a perfectly respectable mechanistic system. Teleology would not do, carrying with it that implication that the end is causally effective in the current operation of the machine. Teleonomic, it is hoped, escapes that plain falsity which is anyhow unnecessary. Haldane was, in this sense wrong (surely a rare event): we can live without teleology. 


The crux of the problem lies of course in unconfounding the mechanism of evolutionary change and the physiological mechanism of the organism abstracted from the evolutionary time scale. The most general of all biological 'ends', or 'purposes' is of course perpetuation by reproduction. That end [and all its subsidiary 'ends' of feeding, defense and survival generally] is in some sense effective in causing natural selection; in causing evolutionary change; but not in causing itself. In brief, we have failed in the past to unconfound causation in the historical origins of a system and causation in the contemporary working of the system…


You ask in your letter whether or not one of the 'information' people didn't introduce it. They did not, unless you wish to call me an information bloke. It is, however, true that my own thinking about the whole thing was very significantly affected by a paper which was published by Wiener and Bigelow with the intriguing title 'Purposeful machines'. This pointed out that in the then newly-emerging computer period it was possible to design and build machines that had ends or purposes without implying that the purposes were the cause of the immediate operation of the machine. 





In his Metaphysics, Aristotle introduced the idea of an entity that has developed an internal purpose. He called it "entelechy," which has confused many modern thinkers. But is is very close to the idea of teleonomy.


Aristotle combined three Greek words - εν (in), τελος, and εχειν (to have), so εντελεχεια has the meaning of "having the telos/purpose within." This is what Pittendrigh and many later biologists see going on in all living things, clearly their "'ends' of feeding, defense, and survival generally."  

Terrence Deacon defines teleonomic as "teleological in name only" (Deacon prefers "teleodynamic," see his Glossary), which is odd considering the historical purpose of the term in biology, i.e., that goal-directed purposes in biological systems require no teleological final causes pre-existing life.


Pierre Teilhard de Chardin trained as a Jesuit priest and became a notable, if controversial, scientist, especially as a paleontologist who helped discover Peking Man. But most important, Teilhard was a theologian and Christian philosopher. 


Under the influence of Henri Bergson,Pierre Teilhard de Chardin,  a theologian and Christian philosopher,  synthesized his scientific, philosophical and theological knowledge to create a view of evolution as purposeful (teleological) and directed at a future state he called the noösphere (mind-sphere), similar to Immanuel Kant's noumenal realm. Both are named for Greek nous (νους), the mind. Teilhard introduced the term noösphere in a 1922 publication on his theory of cosmogony that he called "Cosmogenesis." 


In his book i>The Phenomenon of Man, Teilhard described a cosmic evolution that includes the evolution of primordial particles to explain the development of life, the development of human beings and then of the noösphere. Teilhard's noösphere includes an "omega point" in the future, which he sees "pulling" all creation towards it, ultimately to a theological reunion with Christ, which another Teilhard coinage described as "Christogenesis." 
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   Daniel Pollen is a neuroscientist who specializes in visual perception. In his 2011 work, "On the Emergence of Primary Visual Perception," he revises his model for primary visual perception (PVP) to help identify the links between aspects of perceptual experience and their neural representations. He also explores a minimal model of self that can be built onto these links and assume ownership of the related experiences.


A Conceptual and Biological Framework for Primary Visual Perception


Our basic hypothesis is that primary visual perception (PVP)
depends upon both intact early visual areas and intact specific
high-order parietal areas. However, to make this hypothesis
more precise, to distinguish it from related models, and to
make it amenable for critical testing require more elaboration.
This is especially so given the numerous controversies already
extant in this field. Moreover, many discussions of perception
have been hindered by multiple definitions of perceptual
experience and difficulties distinguishing perceptual phenomena
from high-level cognitive processes. Consequently, we seek
to identify those neural networks that subserve PVP...

There is currently an insurmountable gap between identifying
the neural representations that correlate with perceptual
experience and for accounting for such experience itself. If
we want to narrow that gap, we may attempt to identify the
minimal necessary requirements for perceptual experience
because then we will have identified the minimal gap that
needs to be closed. We see our reductionistic approach to PVP
as itself a novel one that complements the more general
approach to the "neural correlates of consciousness" (Crick
and Koch 1995) and the global workspace and neuronal
workspace models of Baars (1989) and Changeux and Dehaene
(2008), respectively.


As a first step toward our objectives, we identify those
cortical areas and their subcortical dependencies required for
representations of our most basic visual percepts within a self-referential
context. This is to suggest that image representations
are linked to neural representations of at least a minimal
self with a sense of perceptual ownership in order to establish
a personal experience of the images and underlying objects.


However, the applicability of this framework extends
beyond the obvious linkage of self and world by attention.
For example, functions that build upon attentional selection
such as intention and decision making also require a link to self
either for ownership of the process and/or for its execution.
The present work builds upon many pertinent advances in
the basic neurobiological, neurological, neuroanatomic, and
cognitive neuroscientific literatures as most relevant to the
issues at hand. We intend that this conceptual framework for
PVP will facilitate interactions between the above disciplines
and with neuropsychology and philosophy alike and also be of
interest to those who share in the quest for the basis of
perceptual experience...



Pollen's work has researched the importance of afferent and efferent neural loops exhibiting feedback and feedforward between the primary visual cortical areas.

Recursive Loops


  Theorists generally have assumed, supported by the above
anatomic evidence, that afferent and recurrent streams of
neuronal activity seek mutually reinforcing matches within
sequences of cortical areas (Milner 1974; Grossberg 1976;
Edelman 1978; Koch 1987; Damasio 1989; Mumford 1992;
Ullman 1995; Pollen 1999). Such neural activity may be either
stimulus specific or task dependent and likely employs both
recurrent corticocortical and cortico-pulvinar--cortical projections
(Shipp 2004). Even a single bottom-up top-down cycle of
neural activity may remove substantial ambiguities in object
recognition almost simultaneously at multiple cortical levels
(Ephshtein et al. 2008).

There are abundant reasons to suggest that recurrent
projections within both the ventral and dorsal loops participate
in perceptual experience. For review, please see Pollen (1999).
One of the proposals that seems indispensable for reconciling
perceptual experience and its dependence on figure-ground
segregation as a precondition for object recognition within the
ventral loop is that of Grossberg (1994) and Mumford (1994).
These authors suggest that figure-ground separation and object
recognition cannot progress in the simple bottom-up serial
fashion but must occur iteratively within recursive loops.




Pollen considers various definitions for a minimal self that can be attentive to particular loops.

Minimal Self


We now attempt to relate the normal aspects of processing
described above to an associated sense of self as one requisite
for the emergence of PVP. Neisser (1988) defined the most
primitive sense of self in relationship to the immediate physical
environment as the "ecological self." Neisser’s qualifier was
motivated by Gibson’s development of "ecological optics"
Gibson (1961) specifying how an animal registers the information
about the environment inherent in both stationary
and moving optic arrays. Gibson (1979) also proposed that
perceiving requires the "coperceiving of self."

Gallagher (2000) incorporates Neisser’s ecological self
within his own broader definition of a prereflective prelinguistic
"minimal self." Gallagher’s minimal self is implicit
accepting the givenness of a first-person perspective. Such
a perspective is never "a view from nowhere" but rather is
always defined "by its relationship to the perceiver’s body
which concerns not simply location and posture but action in
pragmatic contexts. . ." Gallagher (2006).


Neural Correlates of Perceptual Experience


All current models generally assume that each subjective
phenomenal experience is a consequence of a unique neural
state (Crick and Koch 1995). This conclusion is consistent with
the present model, that of Tononi and Edelman (1998) and
Tononi (2008) on ‘‘consciousness as integrated information,’’
the ‘‘neural stance’’ model of Lamme (2006), and the ‘‘central
representation’’ model of Taylor (2001, 2007). These models
also assume hierarchical and recurrent processing. See also
Block (2009).

However, in other respects, these models derive from
different sets of primary principles. Our hypothesis differs
from other current models primarily in its objective to define
the anatomical and functional correlates for the minimally
definable entity of PVP.


Tononi (2008) builds upon a very abstract assumption of
consciousness as highly integrated information and proceeds to
elaborate models to quantitate the information content of
higher perceptual functions based upon this assumption. If
future such models become increasingly related to functionally
entities, it will be of interest to learn whether and how their
predictions will converge or diverge with those of the present
approach.


The view of Lamme (2006) that recurrent processing either
is equivalent to consciousness or a surrogate marker for it is
consistent with but goes beyond my earlier proposal (Pollen
1999) that dynamic incongruities must be resolved both within
and between ascending and descending streams as a condition
for the emergence of perceptual experience. I did not equate
recurrent processing in itself with consciousness but rather
considered recurrent processing as a means to achieve
a consensus of neuronal activity across ascending and
descending pathways.


Our primary objective here differs from that of global
workspace models (Baars 1989; Changeux and Dehaene 2008)
in one major respect. We do not doubt that neuronal activity in
the posterior perceptual core can gain entry to the global
workspace and, in turn, be influenced by it. However, we
believe that the evidence reviewed here suggests that selective
activation within the posterior core, in itself, is sufficient to
engender primary visual experience. If we are correct, then the
quest for the basis for the emergence of PVP reduces to
consideration of a substantially smaller set of anatomic and
functional entities than is encompassed by the entire global
workspace...


Conclusions


We have attempted to define the most basic level of our
subjective visual experiences and in identifying their anatomical
neural correlates and related functional properties. The
model is consistent with the deficits in PVP after injury to V1/
V2 and the specific visual agnosias that occur after lesions of
higher extrastriate areas in the ventral loop. The model is also
consistent with the known sources of spatial attention and
intention in the dorsal loop and the corresponding contralateral
inattentional hemispatial neglect syndromes with respect
to specific egocentric reference frames after inferior parietal
lobe injury. Above all, our model appears to accommodate
within in a single concise conceptual framework, an
appreciable range of experimental observations arising from
diverse neuroscientific disciplines.

The present model also provides a challenge for future
studies to determine whether any additional anatomic and
functional entities beyond the posterior perceptual core are
required for the emergence of PVP. Our analysis has not
identified the mechanism by which such subjective experience
itself emerges but has defined plausible neural substrata and
functional conditions required for such emergence and thus
has drawn increased focus to accounting for PVP itself. In
identifying the minimal requirements for PVP or at least
something close to such requirements—we have narrowed the
gap that needs to be closed between identifying the requirements
for perceptual experience and for accounting for such
experience itself.





The Libet Experiments


A special issue of Consciousness and Cognition in June 2002 was devoted to Benjamin Libet's experiments showing a long delay between cortical stimulation and conscious awareness of the stimulus. Especially controversial was Libet's notion of the backward referral in time of the felt stimulus. One contributor to the 2002 issue, Susan Pockett, claimed that "it takes only 80ms (rather than 500ms) for stimuli to come to consciousness and that "subjective back-referral of sensations in time" to the time of the stimulus does not occur (contrary to Libet's original interpretation of his results).  


In 2004, Pollen's research in the 1970's was cited by Pockett to show that Benjamin Libet's idea of a long delay between direct cortical stimulation and the moment of conscious awareness was a consequence of suppression of neuronal activity. Libet's interpretation of the delay as "subjective backward time referral" was thereby discounted (by Susan Pockett, among others). 

Pollen himself as early as 1999, had questioned Libet's interpretation of the latencies.



Evidence that a sufficiently long duration of steady state
activity is an essential requirement for the emergence of
phenomenal experience has heen provided Libet (1991), who
has shown that trains of repetitive stimuli which engender
phenomenal experience require a longer duration than those
that evoke unconscious detection above chance levels. Although
earlier work by Libet (1964), based in part upon direct electrical
stimulation of the human somatosensorv cortex near threshold,
suggested that several hundreds of milliseconds of repetitive
stimulation was required before phenomenal experience was
achieved, other work on direct electrical stimulation of the
feline striate cortex (Pollen, 1977) has shown that most striate
neurons are silent during the first several hundred milliseconds
of stimulation. Thus, the extremely long latencies originally
suggested by Libet may be attributed to inhibitory processes
prior to the activation of those neuronal assemblies that
engender percepts. Even so, his major conclusion regarding the
longer stimulus durations required to engender phenomenal
experience compared to those for unconscious detection seems
secure.

Whether the longer lime duration required for the emergence
of the phenomenal state is itself the key requirement for the
emergence of visual experience or is a marker for more intense
levels of activity within some neuron, neuronal component or
local circuit as a consequence of the greater opportunities for
temporal summation that accompany such steady conditions
remains an open question. In either case, the fundamental
mechanism by which these changes may be achieved may be
multiplicative or nonlinear effects on the control of contrast
gain of afferent activity by efferent activity as has been recently
demonstrated for the effects of V1 on LGN neurons (Przybyszewski
et al. 1998). If such a similar mechanism holds at cortical
levels, then the next steps at further discerning the necessary
neural correlates of phenomenal experience may depend upon
resolving what the differences are between states accompanying
phenomenal experience and those that are subthreshold for it
within individual cortical modules. It is not yet obvious that it
will be possible to define sufficient conditions for phenomenal
experience unless and until we achieve an understanding of
such perception itself.




In 2004, Pockett wrote an article in Consciousness and Cognition on "the death of 'subjective backwards referral'." She said that Pollen's "evidence so seriously undermines the data interpretation underlying the notion of subjective backwards referral that it
may well have finally buried it."


In the same issue of Consciousness and Cognition, Pollen commented on those who agreed with his analysis of Libet's 1964 paper,


Thus, I believe that our results are consistent with the insights of those who have long suspected
a prolonged integrative mechanism and a delayed neuronal activation following threshold direct
cortical stimulation Churchland (1981a, 1981b), Glynn (1990, 1991), Gomes (1998, 2002), and
especially Pockett (2002), who correctly surmised the existence of a dynamic intratrain facilatory
process that we have confirmed at the single cell level. The relationship between intratrain facilitation and a prolonged latency at liminal currents is straightforward. As long as such facilitation is present, it will always be possible to excite a neuron at a lower current than would be required to elicit an action potential with the very first stimulus but only after a sufficient delay for the threshold to be reached.

Pockett (2002) also correctly surmised that no "antedating of conscious experience" is necessary
to account for the result of Libet (1993) in the specific case where a peripheral stimulus is
experienced before a cortically activated experience via the opposite hemisphere because the
cortical activation of adequate neuronal activity is simply delayed. Our results, of course, provide
no direct evidence against Libet’s hypothesis for the existence of a subjective back-referral of the
onset of conscious experience to the onset of a stimulus in other experimental situations or in
natural vision. What our studies do show in this respect is simply that analysis of this issue must
take into account that the onset of neuronal activity after threshold direct cortical stimulation for a long train cannot be assumed to begin with the onset of surface stimulation...


Our human results also suggest that the long window of 350–500 ms before conscious experience
that appears after threshold cortical stimulation of the striate cortex is also due to the
prolonged latency for activation of the underlying cortical neurons. Thus, these results are not
indicative of any excessively long central processing time for the emergence of conscious experience
after direct cortical stimulation as Libet (1964, 1973, 1993, 2003) has proposed.

  




Backward time referral is still taken literally by neuroscientist Stuart Hameroff. Penrose-Hameroff Orch-OR "backward time referral of quantum information can provide real-time conscious causal control of voluntary actions." 
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Giulio Prisco

Giulio Prisco is a physicist and computer scientist, a technology consultant, and a futurist.

He was formerly a researcher at CERN, a staff member at the European Space Agency, and a senior manager at the European Union Satellite Centre.


He is currently the president of the Italian Association of  Transhumanists and a founding member of the Order of Cosmic Engineers and the Turing Church, organizations which claim that the benefits of a technological singularity, which would come from accelerating change, should or would be viable alternatives to the promises of major religious groups.


Prisco has published three books: Tales of the Turing Church: Hacking religion, enlightening science, awakening technology (2018), Futurist Spaceflight Meditations (2021), and Irrational mechanics: Narrative sketch of a futurist science & a new religion (2024).


They share the same theme, creating a new cosmic religion (cosmism?). The main sub-theme is spaceflight moving human life off the dying Earth.


In Turing Church, he writes..


This isn’t your grandfather’s religion. 

Future science and technology will permit playing with the building blocks of space, time, matter, energy, and life, in ways that we could only call magic and supernatural today. 


Someday in the future, you and your loved ones will be resurrected by very advanced science and technology. 


Inconceivably advanced intelligences are out there among the stars. Even more God-like beings operate in the fabric of reality underneath spacetime, or beyond spacetime, and control the universe. Future science will allow us to find them, and become like them. 


Our descendants in the far future will join the community of God-like beings among the stars and beyond, and use transcendent “divine” technology to resurrect the dead and remake the universe. 


Science? Spacetime? Aliens? Future technology? I warned you, this isn't your grandmother's religion...


If you want to reconcile your belief in God with your scientific worldview, this book is for you. 


If you are a transhumanist who wants to believe in a transcendent reality, this book is for you. 



Perhaps you have been told that science has (or will soon have) all the answers, and religion is a fairy tale. 


Not so. Current science is very far from having all the answers, but future science and technology will validate and realize all the promises of religion. 


My message is that, if you want, you can hope to live again with your loved ones, without abandoning the scientific worldview. If you want, you can believe in the essential core of your religion without betraying science.
 


Or isn’t it?



In Futurist Spaceflight Meditations, Prisco writes..


We must strenuously push toward our cosmic destiny among the stars. Beginning to expand beyond the Earth before it’s too late is our most important task at this moment in history. Many actors have important roles to play, and there’s room for everyone. Spaceflight will also help find viable solutions for current developmental, environmental, and social problems. 

But the road to the stars is full of impediments and roadblocks. We will not advance as fast as we wish. Therefore we must keep our mood strenuous and our drive strong. We need an optimistic spaceflight culture oriented to the future, with energizing visions of interplanetary, interstellar, and cosmic futures. We also need a futurist space philosophy.




And in Irrational Mechanics, he writes..


In one of the most important books ever printed [Newton 2016], first published in 1687, Isaac Newton defined “rational mechanics” as “the science, expressed in exact propositions and demonstrations, of the motions that result from any forces whatever and of the forces that are required for any motions whatever.” The mathematical formulation of classical (Newtonian) mechanics is often referred to as rational mechanics. 

It can be argued that modern science started with Newton. His work has had a long lasting impact on philosophy and culture as well, which continues today. Science has been moving forward beyond Newton for quite a while, and will continue to move forward beyond today’s science and far beyond Newton. But Newtonian concepts continue to inform our basic, often unquestioned and even unstated, intuitions and assumptions on physical reality. In some sense, science is still chained to rational mechanics, the Newtonian conception of physical reality. 


“The day science begins to study non-physical phenomena,” Nikola Tesla supposedly said, “it will make more progress in one decade than in all the previous centuries of its existence.” I’ve never found the source of this quote, but it definitely sounds like Tesla. 


The idea of science studying non-physical phenomena seems odd. If Tesla really said this, what did he mean? I think he meant the study of physical phenomena beyond the Newtonian conception of physical reality. And of course, moving beyond old conceptions is exactly how science makes spectacular, world-changing advances now and then. Tesla’s new science wouldn’t be non-physical but physical, of course, only different from today’s physics. 


The Italian futurists, a group of early 20th century artists and provocateurs , would agree with Tesla. In a brilliant exploration of the philosophy of the Italian futurists , Riccardo Campa quotes a 1916 manifesto of futurist science, which starts with a ferocious condemnation of science when it is “superficially precise, pettily accurate, idiotically sure of its own infallibility” (I translated this and other quotes from the manifesto).



And Prisco says further about Tesla...


What should we call the new science, foreseen by Tesla and the Italian futurists, which will penetrate deeper and deeper into the thickness of reality and unveil more and more of Shakespeare’s more things? I call it irrational mechanics. Just like irrational numbers extend the little set of rational numbers into the infinitely bigger set of real numbers, irrational mechanics will extend science as we know it into the infinitely bigger world of thick reality.

I call it irrational mechanics.


Just like irrational numbers extend the little set of rational numbers into the infinitely bigger set of real numbers, irrational mechanics will extend science as we know it into the infinitely bigger world of thick reality.





The world is friendly to life and intelligence. Free will and consciousness are built into the fabric of physical reality. We are not deterministic machines, but free agents of change. At the same time, we are also parts of Mind at Large. 



Source: https://www.informationphilosopher.com/solutions/scientists/prisco/
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   Hans Primas is a professor emeritus of chemistry at ETH in Zurich, with strong interests in psychology and philosophy inspired by the work of C. G. Jung and Wolfgang Pauli and their collaborations. Primas' scientific work is in nuclear magnetic resonance (his student and colleague Richard R. Ernst won the Nobel Prize for Chemistry in 1991 for work on NMR), on formulations of quantum mechanics, on the problem of measurement, and on realism in quantum theory.


With Harald Atmanspacher, Primas edited the 2009 book Recasting Reality, papers delivered at a conference on Wolfgang Pauli's Philosophical Ideas and Contemporary Science. The conference goals included the idea of a psychophysically neutral monism with mind and matter as dual aspects, which Pauli favored. This dual-aspect monism represents a seriously discussed alternative to reductionist or materialist accounts in current discussions in the philosophy of mind and psychology.

Primas' 2009 article, "Complementary of Mind and Matter," is an exegesis of what may have been Pauli's thoughts on psyche and physis - mind and matter.

1 Introduction: Pauli on Mind and MatterAt the end of his authoritative article The Influence of Archetypal Ideas on
the Scientific Theories of Kepler Wolfgang Pauli (1952, p. 164) stated:


He continued with the visionary remark:

1. How can we characterize "physis"?


2. How can we characterize "psyche"?


3. What do we mean by "complementarity aspects"?


4. What do we mean by "the same reality"?

These questions are not yet well-defined - there are many possible answers.
In the following I propose a scenario in which Pauli's vision can be discussed
consistently in simple and mathematically well-defined terms which allow us
to work out additional details. Thereby I adopt an ontological monism, combined
with an epistemic symmetry breaking leading to an epistemic dual-aspect
approach. The dual aspects refer to tenseless descriptions in terms of a
homogeneous time and to tensed descriptions in terms of a non-homogeneous
time characterized by a privileged instant, the Now.

2 The First Problem: What is Matter?
  
2.1 Pauli's Answer


Even the answer to the apparently easy question "what is matter?" has
changed dramatically several times since 1644, when Descartes classified matter
and mind as distinct substances. At any rate, the traditional characterization
of the physical as res extensa and of the mental as res cogitans does
not allow to construct a workable theory for the mind-matter problem.


Similarly we cannot adopt atomism, which was the starting point of historical
classical science: the idea that there exist theory-independent elementary
objects, for example in the sense of Newton:


"God in the Beginning form'd Matter in solid,

massy, hard, impenetrable moveable Particles".


Today nobody defends Newton's atomistic ontology any more. Nevertheless,
the naive reductionism which tries to explain all phenomena in terms of entities
at a supposedly lowest level of theoretical description is still popular.
This approach fails simply because the presumed lower level entities do not
exist in a theory-independent sense. 


We replace the vague "patterns of reality" with the more concrete "information structures"

Modern quantum mechanics put an end
to atomism. The so-called "fundamental" entities (such as electrons, quarks,
or gluons) represent patterns of reality, yet they are not building blocks of
reality. They are not primary, but rather secondary and derived, in the same
sense as solitons are localized excitations of water, and not building blocks
of water.

There is a bewildering diversity of concepts of matter. Certainly no substantial
advance in the mind-matter problem can be achieved without a clear
characterization of what we mean by matter. Fortunately we can find a modern
answer to the question What is Matter? in Pauli's (1954) contribution
to the International Symposium Presented in Honor of the Two-Hundredth
Anniversary of Columbia University:

"Matter has always been and will always be one of the main objects of
physics. . . . even light has become matter now, due to Einstein's discoveries.
It has mass and also weight; it is not different from ordinary matter, it too
having both energy and momentum."


"Taking the existence of all these transmutations into account, what remains
of the old ideas of matter and substance? The answer is energy. This is the
true substance, that which is conserved; only the form in which it appears
is changing."


2.2 Matter and Homogeneous Time


Adopting Pauli's answer, we have to recall that energy conservation is subject
to a fundamental theorem by Emmy Noether (1918) which provides a deep
connection between symmetries and conservation laws: For every conservation
law, there exists a continuous symmetry. By definition, energy is the conserved
quantity related to the time-translation symmetry. The concept of energy is
meaningless if time is not homogeneous. In other words, energy conservation
holds only if the presupposed equations of motion do not contain any preferred
moment of time.

3 The Second Problem:
How to Characterize the Mental Domain?

3.1 Violation of Physical Laws?


A recurrent theme in discussions of the mind-matter problem is the alleged
violation of physical laws - usually without giving a precise account how we
have to understand a "physical law". Yet, the scope of validity of conservation
laws is well understood: a conservation law holds if and only if the system
considered is invariant under the corresponding Noether-symmetry operation.
Therefore it makes no sense to argue as Bunge (1980, p. 17) does:


"If immaterial mind could move matter, then it would create energy; and
if matter were to act on immaterial mind, then energy would disappear. In
either case energy . . . would fail to be conserved. And so physics, chemistry,
biology, and economics would collapse."


Intentional influences are not invariant under time-translations, so that in
this case any argument involving energy conservation is misplaced. Whenever
energy is well-defined, it is conserved by definition. Therefore it makes no
sense to speak of the violation of energy conservation.

3.2 The Physical World is Not Causally Closed


Physicalism as a doctrine about the empirical world, claiming "that mental
entities, properties, relations and facts are all really physical". Or in another formulation: "Physics can, in principle, predict
the probability with which a human body will follow any given trajectory"
(Putnam, 1992, p. 83). Many philosophers assume a metaphysical naturalism,
claiming that the realm of the physical is "causally closed". In the weakest
conception, causal closure means that "every physical phenomenon that has
a sufficient cause has a sufficient physical cause". According
to Kim (1980, p. 40) another way of stating the principle of physical causal closure is this:


"If you pick any physical event and trace out its causal ancestry or posterity,
that will never take you outside the physical domain. . . . If you reject
this principle, you are ipso facto rejecting the in-principle completability of
physics."



This argument is incorrect for the simple reason of quantum indeterminacy. The determinism of relativity is irrelevant.


This argument is not correct. It is true that under very general conditions
any causally open physical system can be embedded into a causally closed
time-invariant description with a larger state space. However, such an ad hoc
extension presupposes a two-way determinism, where the present is "mathematically
determined jointly by the past and future, however remote". That is, only if the external influences are given for all past and future
times, then we can reconstruct a local time-invariant deterministic description.
Even if we can reconstruct a causal ancestry (which is by no means unique)
in every particular case, this does not imply the possibility of a global causal
reconstruction.

The assertion that "modern science is premised on the assumption that
the material world is a causally closed system" is in striking
contradiction to experimental science. Every experiment requires an irreversible
dynamics. No experiment refers to a closed physical system. In a
strictly deterministic world it would neither be possible to perform meaningful
experiments nor to verify the partially causal behavior of a physical system.
We conclude that science neither assumes that the material world is a causally
closed system, nor that physical laws imply the causal closure of physics.

3.3 Experimental Physics Requires Intentionality


All experimental science is based on the understanding that the actions of
an experimenter are intentional, and not actions which happen to him. There
are no physical laws which cover intentionality (understood as the mind's
directedness upon objects). 

Free choice as to which experiment to do is defended even by determinists like Einstein, who saw physical theories as the "free creations of the human mind."

Experimental physics demands the distinction of
past and future, the concept of the now, and the freedom of the experimenter
to choose initial conditions. To test experimentally whether a given physical
system is causal, it is indispensable that the experimenter has the freedom to
deliberately choose (within well-defined limits) a stimulus and then to record
the response. Moreover, it is required that an experiment can be repeated at
any particular instant.

Sometimes it is claimed that such a freedom is illusory. Yet, without this
freedom all experimental science would be pointless:

To deny the freedom of action of an experimenter

is to deny the meaningfulness of experimental science.

Every experimental investigation presupposes that the specific design and
implementation of an experiment is compatible with, but not exclusively determined
by, known physical laws. This situation does not imply that the first
principles of physics are inconsistent or not valid, but only that they cannot
account for intentionally chosen experimental arrangements and initial
conditions. This fact "proves that contingency is an essential feature of the
world".




Primas' description of Jung's three domains suggests they are fundamentally informational, thus we can argue for a triple-aspect monism. 


5 The Fourth Problem:
How to Characterize the "Unus Mundus"?
5.1 A Model of a Holistic Universe of Discourse.


For convenience but without loss of generality we divide the universe into three mutually compatible parts recognized as a mental domain, a material domain, and an interface between these domains.






Information is a neutral enabler of experience (perceptions) that faces both the material world  (objects) and the immaterial mind 
(a subject with concepts) 
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Hans Primas' interests have covered an
enormous range: methods and instruments for nuclear magnetic resonance,
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Henri Poincaré was called the "last universalist" because he was a great contributor to so many fields in mathematics, but his work was also broad in physics, philosophy, and psychology. In particular, his famous lecture at the 1904 World's Fair summarized the situation in theoretical physics, anticipating Albert Einstein's theory of special relativity which appeared the following year. This lecture Poincaré rewrote as chapters VII to IX in his book The Value of Science

On the Mind


Poincaré speculated on how his mind works when he is solving mathematical problems. He had the critical insight that random combinations and possibilities are generated, some in an unconscious way, then they are selected among, perhaps initially also by an unconscious process, but then by a definite conscious process of validation.  


In Science and Method he says



   It is certain that the combinations which present themselves to the mind in a kind of sudden illumination after a somewhat prolonged period of unconscious work are generally useful and fruitful combinations, which appear to be the result of a preliminary sifting. Does it follow from this that the subliminal ego, having divined by a delicate intuition that these combinations could be useful, has formed none but these, or has it formed a great many others which were devoid of interest, and remained unconscious?

Under this second aspect, all the combinations are formed as a result of the automatic action of the subliminal ego, but those only which are interesting find their way into the field of consciousness. This, too, is most mysterious. 


How can we explain the fact that, of the thousand products of our unconscious activity, some are invited to cross the threshold, while others remain outside? Is it mere chance that gives them this privilege? Evidently not...

What follows, then? Of the very large number of combinations which the subliminal ego blindly forms almost all are without interest and without utility. But, for that very reason, they are without action on the aesthetic sensibility; the consciousness will never know them. 


Poincaré was very familiar with James' great Principles of Psychology. Focusing attention, as James pointed out, can make an adequately determined selection from random alternative possibilities which come to consciousness


A few only are harmonious, and consequently at once useful and beautiful, and they will be capable of affecting the geometrician's special sensibility I have been speaking of; which, once aroused, will direct our attention upon them, and will thus give them the opportunity of becoming conscious...   

In the subliminal ego, on the contrary, there reigns what I would call liberty, if one could give this name to the mere absence of discipline and to disorder born of chance. Only, this very disorder permits of unexpected couplings.



Poincaré knows that chance can not be the direct cause of our actions


On Chance


Although Poincaré speaks speculatively and positively of chance here, he shares the general nineteenth century abhorrence of absolute chance. In Science and Method he says

"How can we venture to speak of the laws of chance? Is not chance the antithesis of all law?" It is thus that Bertrand expresses himself at the beginning of his "Calculus of Probabilities." Probability is the opposite of certainty; it is thus what we are ignorant of, and consequently it would seem to be what we cannot calculate. There is here at least an apparent contradiction, and one on which much has already been written.


To begin with, what is chance? The ancients distinguished between the phenomena which seemed to obey harmonious laws, established once for all, and those that they attributed to chance, which were those that could not be predicted because they were not subject to any law. In each domain the precise laws did not decide everything, they only marked the limits within which chance was allowed to move. In this conception, the word chance had a precise, objective meaning ; what was chance for one was also chance for the other and even for the gods.


But this conception is not ours. We have become complete determinists, and even those who wish to
reserve the right of human free will at least allow determinism to reign undisputed in the inorganic world. Every phenomenon, however trifling it be, has a cause, and a mind infinitely powerful and infinitely well-informed concerning the laws of nature could have foreseen it from the beginning of the ages. If a being with such a mind existed, we could play no game of chance with him, we should always lose.


For him, in fact, the word chance would have no meaning, or rather there would be no such thing as chance. That there is for us is only on account of our frailty and our ignorance. And even without going beyond our frail humanity, what is chance for the ignorant is no longer chance for the learned. Chance is only the measure of our ignorance. Fortuitous phenomena are, by definition, those whose laws we are ignorant of...


Chance, then, must be something more than the name we give to our ignorance. Among the phenomena whose causes we are ignorant of, we must distinguish between fortuitous phenomena, about which the calculation of probabilities will give us provisional information, and those that are not fortuitous, about which we can say nothing, so long as we have not determined the laws that govern them. And as regards the fortuitous phenomena themselves, it is clear that the information that the calculation of probabilities supplies will not cease to be true when the phenomena are better known.


The manager of a life insurance company does not know when each of the assured will die, but he
relies upon the calculation of probabilities and on the law of large numbers, and he does not make a mistake, since he is able to pay dividends to his shareholders. These dividends would not vanish if a very far-sighted and very indiscreet doctor came, when once the policies were signed, and gave the manager information on the chances of life of the assured. The doctor would dissipate the ignorance of the manager, but he would have no effect upon the dividends, which are evidently not a result of that ignorance.




On Irreversibility


In his 1905 Science and Hypothesis. Poincaré discusses the second law of thermodynamics and the problem of how macroscopic irreversibility (increasing entropy) can arise when microscopic motions are reversible. 

[W]e find Carnot's principle...everywhere...that eminently abstract concept of entropy which is as universal as the concept of energy.

[F]riction appears to be the type most imitated by the most diverse irreversible phenomena, and this relationship is real and profound.


A strictly mechanical explanation of these phenomena has also been sought, but, owing to their nature, it is hardly likely that it will be found. To find it, it has been necessary to suppose that the irreversibility is but apparent, that the elementary phenomena are reversible and obey the known laws of dynamics...The apparent irreversibility is therefore but an effect of the law of great numbers. Only a being of infinitely subtle senses, such as Maxwell's demon, could unravel this tangled skein and turn back the course of the universe.





On Free Will


Although we can find Poincaré opposing the idea of free will...


No place therefore remains for the intervention of free will. 



Despite his criticisms, Poincaré was second thinker, after William James (and perhaps influenced directly by James) to propose the two-stage process of random alternatives followed by selection and determination of one choice which is the core idea of our Cogito model for free will. 

His wonderful description of his mind subconsciously, perhaps randomly, considering many possibilities and then suddenly focusing on one was the moment he stepped into a horse-drawn omnibus in 1880 or 1881.


“... I left Caen, where I was living, to go on a geological excursion under the auspices of the School of Mines. The incidents of the travel made me forget my mathematical work. Having reached Coutances, we entered an omnibus to go to some place or other. At the moment when I put my foot on the step, the idea came to me, without anything in my former thoughts seeming to have paved the way for it, that the transformations I had used to define the Fuchsian functions were identical with those of non-Euclidean geometry.” 


Poincaré knew that physical laws are only approximate since they depend on experiment. 
(The Value of Science,, 1913, p.129)

If we look at any particular law, we may be certain in advance that it can only be approximative. It is, in fact, deduced from experimental verifications, and these verifications were and could be only approximate. We should always expect that more precise measurements will oblige us to add new terms to our formulas; this is what has happened, for instance, in the case of Mariotte's law [Boyle's Law].



Poincaré anticipated modern chaos theory, discovered in computer programs predicting the weather by the meteorologist Edward Lorenz, in 1961. Poincaré knew that many predictions are extremely sensitive to the initial conditions (Science and Method, 1914, p.68)

...even if it were the case that the natural laws had no longer any secret for us, we could still only know the initial situation approximately. If that enabled us to predict the succeeding situation with the same approximation, that is all we require, and we should say that the phenomenon had been predicted, that it is governed by laws. But it is not always so - it may happen that small differences in the initial conditions produce very great ones in the final phenomena. A small error in the former will produce an enormous error in the latter...The meteorologists see very well that the equilibrium is unstable, that a cyclone will be formed somewhere, but exactly where they are not in a position to say; a tenth of a degree more or less at any given point, and the cyclone will burst here and not there, and extend its ravages over districts it would otherwise have spared...



On Mechanism

Poincaré opposed the mechanistic atomic theories of James Clerk Maxwell and Ludwig Boltzmann. He said "one finds in effect reversibility in the premises and irreversibility in the conclusion." No one could explain how reversible microscopic physics could lead to irreversible macroscopic physics (i.e., the second law of thermodynamics).


I do not care to discuss here the value of this theory [Boltzmann's kinetic theory of gases]. It is evident
that if be adopted, Mariotte's [Boyle's] law will thereafter appear only as
contingent, since a day will come when it will not be true. And yet,
think you the partisans of the kinetic theory are adversaries of determinism? 
Far from it; they are the most ultra of mechanists. Their
molecules follow rigid paths, from which they depart only under the
influence of forces which vary with the distance, following a perfectly
determinate law. There remains in their system not the smallest
place either for freedom, or for any evolutionary factor, properly socalled, 
or for anything whatever that could be called contingence. I
add, to avoid mistake, that neither is there any evolution of Mariotte's 
law itself. [This seems to be criticizing Charles Sanders Peirce's idea that physical laws evolve.]

See Poincaré's Mechanism and Experience

See our proposal for the origin of irreversibility (in microscopic physics).
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From Mathematical Discovery, chapter 3 of Science and Method, 1914, pp.55-63

The part played by unconscious work in mathematics discovery seems to me indisputable, and we shall find traces of it in other cases where it is less evident. Often when a man is working at a difficult question, he accomplishes nothing the first time he sets to work. Then he takes more or less of a rest, and sits down again at his table. During the first half-hour he still finds nothing, and then all at once the decisive idea presents itself to his mind. We might say that the conscious work proved more fruitful because it was interrupted and the rest restored force and freshness to the mind. But it is more probable that the rest was occupied with unconscious work, and that the result of this work was afterwards revealed to the geometrician exactly as in the cases I have quoted, except that the revelation, instead of coming to light during a walk or a journey, came during a period of conscious work, but independently of that work, which at most only performs the unlocking process, as if it were the spur that excited into conscious form the results already acquired during the rest, which till then remained unconscious.

There is another remark to be made regarding the conditions of this unconscious work, which is, that it is not possible, or in any case not fruitful, unless it is first preceded and then followed by a period of conscious work. These sudden inspirations are never produced (and this is sufficiently proved already by the examples I have quoted) except after some days of voluntary efforts which appeared absolutely fruitless, in which one thought one had accomplished nothing, and seemed to be on a totally wrong track. These efforts, however, were not as barren as one thought; they set the unconscious machine in motion, and without them it would not have worked, at all, and would not have produced anything.


The necessity for the second period of conscious work can be even more readily understood. It is necessary to work out the results of the inspiration, to deduce the immediate consequences and put them in order and to set out the demonstrations; but, above all, it is necessary to verify them. I  have spoken of absolute certainty which accompanies the inspiration; in the cases quoted this feeling was not deceptive, and more often than not this will be the case. But we must beware of thinking that this is a rule without exceptions. Often the feeling deceives us without being any less distinct on that account, and we only detect it when we attempt to establish the demonstration. I have observed this fact most notably with regard to ideas that have come to me in the morning or at night  when I have been in bed in a semi-somnolent condition.


Such are the facts of the case, and they suggest the following reflections. The result of all that precedes is to show that the unconscious ego, or, as it is called, the subliminal ego, plays a most important part in mathematical discovery. But the subliminal ego is generally thought of as purely automatic. Now we have seen that mathematical work is not a simple mechanical work, and that it could not be entrusted to any machine, whatever the degree of perfection we suppose it to have been brought to. It is not merely a question of applying certain rules, of manufacturing as many combinations as possible according to certain fixed laws. The combinations so obtained would be extremely numerous, useless, and encumbering.  The real work of the discoverer consists in choosing between these combinations with a view to eliminating those that are useless, or rather not giving himself the trouble of making them at all. The rules which must guide this choice are extremely subtle and delicate, and it is practically impossible to state them in precise language; they must be felt rather than formulated. Under these conditions, how can we imagine a sieve capable of applying them mechanically?


The following, then, presents itself as a first hypothesis. The, subliminal ego is in no way inferior to the conscious ego; it is not purely automatic; it is capable of discernment; it has tact and lightness of touch; it can select, and it can divine. More than that, it can divine better than the conscious ego, since it succeeds where the latter fails. In a word, is not the subliminal ego superior to the conscious ego? The importance of this question will be readily understood. In a recent lecture, M. Boutroux showed how it had arisen on entirely different occasions, and what consequences would be involved by an answer in the affirmative. (See also the same author's
Science et Religion, pp. 313 et seq.)


Are we forced to give this affirmative answer by the facts I have just stated? I confess that, for my part, I should be loth to accept it. Let us, then, return to the facts, and see if they do not admit of some other explanation.


It is certain that the combinations which present themselves to the mind in a kind of sudden illumination after a somewhat prolonged period of unconscious work are generally useful and fruitful combinations, which appear to be the result of a preliminary sifting. Does it follow from this that the subliminal ego, having divined by a delicate intuition that these combinations could be useful, has formed none but these, or has it formed a great many others which were devoid of interest, and remained unconscious?


Under this second aspect, all the combinations are formed as a result of the automatic action of the subliminal ego, but those only which are interesting find their way into the field of consciousness. This, too, is most mysterious. How can we explain the fact that, of the thousand products of our unconscious activity, some are invited to cross the threshold, while others remain outside? Is it mere chance that gives them this privilege ? Evidently not. For instance, of all the excitements of our senses, it is only the most intense that retain our attention, unless it has been directed upon them by other causes. More commonly the privileged unconscious phenomena, those that are capable of becoming conscious, are those which, directly or indirectly, most deeply affect our sensibility.


It may appear surprising that sensibility should be introduced in connexion with mathematical demonstrations, which, it would seem, can only interest the intellect. But not if we bear in mind the feeling of mathematical beauty, of the harmony of numbers and forms and of geometric elegance. It is a real aesthetic feeling that all true mathematicians recognize, and this is truly sensibility.


Now, what are the mathematical entities to which we attribute this character of beauty and elegance, which are capable of developing in us a kind of aesthetic emotion? Those whose elements are harmoniously arranged so that the mind can, without effort, take in the whole without neglecting the details. This harmony is at once a satisfaction to our aesthetic requirements, and an assistance to the mind which it supports and guides. At the same time, by setting before our eyes a well-ordered whole, it gives us a presentiment of a mathematical law. Now, as I have said above, the only mathematical facts worthy of retaining our attention and capable of being useful are those which can make us acquainted with a mathematical law. Accordingly we arrive at the following conclusion. The useful combinations are precisely the beautiful, I mean those that can most charm that special sensibility that all mathematicians know, but of which laymen are so ignorant that they are often tempted to smile at it.


What follows, then? Of the very large number of combinations which the subliminal ego blindly forms almost all are without interest and without utility. But, for that very reason, they are without action on the aesthetic sensibility; the consciousness will never know them. A few only are harmonious, and consequently at once useful and beautiful, and they will be capable of affecting the geometrician's special sensibility I have been speaking of; which, once aroused, will direct our attention upon them, and will thus give them the opportunity of becoming conscious.


This is only a hypothesis, and yet there is an observation which tends to confirm it. When a sudden illumination invades the mathematician's mind, it most frequently happens that it does not mislead him. But it also happens sometimes, as I have said, that it will not stand the test of verification. Well, it is to be observed almost always that this false idea, if  it had been correct, would have flattered our natural instinct for mathematical elegance.


Thus it is this special aesthetic sensibility that plays the part of the delicate sieve of which I spoke above, and this makes it sufficiently clear why the man who has it not will never be a real discoverer.


All the difficulties, however, have not disappeared. The conscious ego is strictly limited, but as regards the subliminal ego, we do not know its limitations, and that is why we are not too loth to suppose that in a brief space of time it can form more different combinations than could be comprised in the whole life of a conscient being. These limitations do exist, however. Is it conceivable that it can form all the possible combinations, whose number staggers the imagination  Nevertheless this would seem to be necessary, for if it produces only a small portion of the combinations, and that by chance, there will be very small likelihood of the right one, the one that must be selected, being found among them.


Perhaps we must look for the explanation in that period of preliminary conscious work which always precedes all fruitful unconscious work. If I may be permitted a crude comparison, let us represent the future elements of our combinations as something resembling Epicurus's hooked atoms. When the mind is in complete repose these atoms are immovable; they are, so to speak, attached to the wall. This complete repose may continue indefinitely without the atoms meeting, and, consequently, without the possibility of the formation of any combination.


On the other hand, during a period of apparent repose, but of unconscious work, some of them are detached from the wall and set in motion. The plough through space in all directions, like a swarm of gnats, for instance, or, if we prefer a more learned comparison, like the gaseous molecules in the kinetic theory of gases. Their mutual collisions may then produce new combinations.


What is the part to be played by the preliminary conscious work? Clearly it is to liberate some of these atoms, to detach them from the wall and set them in motion. We think we have accomplished nothing, when we have stirred up the elements in a thousand different ways to try to arrange them, and have not succeeded in finding a satisfactory arrangement. But after this agitation imparted to them by our will, they do not return to their original repose, but continue to circulate freely.
Now our will did not select them at random, but in pursuit of a perfectly definite aim. Those it has
liberated are not, therefore, chance atoms; they are those from which we may reasonably expect the desired solution. The liberated atoms will then experience collisions, either with each other, or with the atoms that have remained stationary, which they will run against in their course. I apologize once more. My comparison is very crude, but I cannot well see how I could explain my thought in any other way.


However it be, the only combinations that have any chance of being formed are those in which one
at least of the elements is one of the atoms deliberately selected by our will. Now it is evidently among these that what I called just now the right combination is to be found. Perhaps there is here a means of modifying what was paradoxical in the original hypothesis.


Yet another observation. It never happens that unconscious work supplies ready-made the result of a lengthy calculation in which we have only to apply fixed rules. It might be supposed that the subliminal ego, purely automatic as it is, was peculiarly fitted for this kind of work, which is, in a sense, exclusively mechanical. It  would seem that, by thinking overnight of the factors of a multiplication sum, we  might hope to find the product ready-made for us on waking; or, again, that an algebraical calculation for instance, or a verification could be made unconsciously. Observation proves that such is by no means the case. All that we can hope from these inspirations, which are the fruits of unconscious work, is to obtain points of departure for such calculations. As for the calculations themselves, they must be made in the second period of conscious work which follows the inspiration, and in which results of the inspiration are verified and the consequences deduced. The rules of these calculations are strict and complicated; they demand discipline, attention, will and consequently consciousness.  In the subliminal ego, on the contrary, there reigns what I would call liberty, if one could give this name to the mere absence of discipline and to disorder born of chance. Only, this very disorder permits of unexpected couplings.


I will make one last remark. When I related above some personal observations, I spoke of a night of excitement, on which I worked as though in spite of myself. The cases of this are frequent, and it is not necessary that the abnormal cerebral activity should be caused by a physical stimulant, as in the case quoted. Well, it appears that, in these cases, we are ourselves assisting at our own unconscious work, which becomes partly perceptible to the over-excited consciousness, but does not on that account change its nature. We then become vaguely aware of what distinguishes the two mechanisms, or, if you will, of the methods of working of the two egos. The psychological observations I have thus succeeded in making appear to me, in their general characteristics, to confirm the views I have been enunciating.


Truly there is great need of this, for in spite of everything they are and remain largely hypothetical. The interest of the question is so great that I do not regret having submitted them to the reader.






From Chance, chapter 4 of Science and Method, 1914, pp.55-63

I.

"How can we venture to speak of the laws of chance? Is not chance the antithesis of all law?" It is thus that Bertrand expresses himself at the beginning of his "Calculus of Probabilities." Probability is the opposite of certainty; it is thus what we are ignorant of, and consequently it would seem to be what we cannot calculate. There is here at least an apparent contradiction, and one on which much has already been written.


To begin with, what is chance? The ancients distinguished between the phenomena which seemed to obey harmonious laws, established once for all, and those that they attributed to chance, which were those that could not be predicted because they were not subject to any law. In each domain the precise laws did not decide everything, they only marked the limits within which chance was allowed to move. In this conception, the word chance had a precise, objective meaning ; what was chance for one was also chance for the other and even for the gods.


But this conception is not ours. We have become complete determinists, and even those who wish to
reserve the right of human free will at least allow determinism to reign undisputed in the inorganic world. Every phenomenon, however trifling it be, has a cause, and a mind infinitely powerful and infinitely well-informed concerning the laws of nature could have foreseen it from the beginning of the ages. If a being with such a mind existed, we could play no game of chance with him we should always lose.


For him, in fact, the word chance would have no meaning, or rather there would be no such thing as chance. That there is for us is only on account of our frailty and our ignorance. And even without going beyond our frail humanity, what is chance for the ignorant is no longer chance for the learned. Chance is only the measure of our ignorance. Fortuitous phenomena are, by definition, those whose laws we are ignorant of.


But is this definition very satisfactory ? When the first Chaldean shepherds  followed with their eyes the movements of the stars, they did not yet know the laws of astronomy, but would they have dreamed of saying that the stars move by chance? If a modern physicist is studying a new phenomenon, and if he discovers its law on Tuesday, would he have said on Monday that the phenomenon was fortuitous ? But more than this, do we not often invoke what Bertrand calls the laws of chance in order to predict a phenomenon? For instance, in the kinetic theory of gases, we find the well-known  laws of Mariotte and of Gay-Lussac, thanks to the hypothesis that the velocities of the gaseous  molecules vary irregularly, that is to say, by chance.


The observable laws would be much less simple, say all the physicists, if the velocities were regulated by some simple elementary law, if the molecules were, as they say, organized, if they were subject to some discipline. It is thanks to chance — that is to say, thanks to our ignorance, that we can arrive at conclusions. Then if the word chance is merely synonymous with ignorance, what does this mean? Must we translate as follows?


You ask me to predict the phenomena that will be produced. If I had the misfortune to know the laws of these phenomena, I could not succeed except by inextricable calculations, and I should have to give up the attempt to answer you; but since I am fortunate enough to be ignorant of them, I will give you an answer at once. And, what is more extraordinary still, my answer will be right." 


Chance, then, must be something more than the name we give to our ignorance. Among the phenomena whose causes we are ignorant of, we must distinguish between fortuitous phenomena, about which the calculation of probabilities will give us provisional information, and those that are not fortuitous, about which we can say nothing, so long as we have not determined the laws that govern them. And as regards the fortuitous phenomena themselves, it is clear that the information that the calculation of probabilities supplies will not cease to be true when the phenomena are better known.


The manager of a life insurance company does not know when each of the assured will die, but he
relies upon the calculation of probabilities and on the law of large numbers, and he does not make a mistake, since he is able to pay dividends to his shareholders. These dividends would not vanish if a very far-sighted and very indiscreet doctor came, when once the policies were signed, and gave the manager information on the chances of life of the assured. The doctor would dissipate the ignorance of the manager, but he would have no effect upon the dividends, which are evidently not a result  of that ignorance.


II.


In order to find the best definition of chance, we must examine some of the facts which it is agreed to regard as fortuitous, to which the calculation of probabilities seems to apply. We will then try to find their common characteristics.


We will select unstable equilibrium as our first example. If a cone is balanced on its point, we know very well that it will fall, but we do not know to which side; it seems that chance alone will decide. If the cone were perfectly symmetrical, if its axis were perfectly vertical, if it were subject to no other force but gravity, it would not fall at  all. But the slightest defect of symmetry will make it lean slightly to one side or other, and as soon as it leans, be it ever so little, it will fall altogether to that side. Even if the symmetry is perfect, a very slight trepidation, or a breath of air, may make it incline a few seconds of arc, and that will be enough to determine its fall and even the. direction of its fall, which will be that of the original inclination.
A very small cause which escapes our notice determines a considerable effect that we cannot fail
to see, and then we say that that effect is due to chance. If we knew exactly the laws of nature and the situation of the universe at the initial moment, we could predict exactly the situation of that same universe at a succeeding moment. But, even if it were the case that the natural laws had no longer any secret for us, we could still only know the initial situation approximately. If that enabled us to predict the succeeding situation with the same approximation, that is all we require, and we should say that the phenomenon had been predicted, that it is governed by laws. But it is not always so it may happen that small differences in the initial conditions produce very great ones in the final phenomena. A small error in the former will produce an enormous error in, the latter. Prediction becomes impossible, and we have the fortuitous phenomenon.


Our second example will be very much like our first, and we will borrow it from meteorology. Why have meteorologists such difficulty in predicting the weather with any certainty? Why is it that showers and even storms seem to come by chance, so that many any people think it quite natural to pray for rain or fine weather, though they would consider it ridiculous to ask for an eclipse by prayer? We see that great disturbances are generally produced in regions where the atmosphere is in unstable equilibrium. The meteorologists see very well that the equilibrium is unstable, that a cyclone will be formed somewhere, but exactly where they are not in a position to say; a tenth of a degree more or less at any given point, and the cyclone will burst here and not there, and extend its ravages over districts it would otherwise have spared. If they had been aware of this tenth of a degree, they could have known it beforehand, but the observations were neither sufficiently comprehensive nor sufficiently precise, and that is the reason why it all seems due to the intervention of chance. Here, again, we the same contrast between a very trifling cause that is inappreciable to the observer, and considerable effects, that are sometimes terrible disasters.


Let us pass to another example,  the distribution of the minor planets on the Zodiac. Their initial longitudes may have had some definite order, but their mean motions were different and they have been revolving for so long that we may say that practically they are distributed by chance throughout the Zodiac. Very small initial differences in their distances from the sun, or, what amounts to the same thing, in their mean motions, have resulted in enormous differences in their actual longitudes. A difference of a thousandth part of a second in the mean daily motion will have the effect of a second in three years, a degree in ten thousand years, a whole circumference in three or four millions of years, and what is that beside the time that has elapsed since the minor planets became detached from Laplace's nebula? Here, again, we have a small cause and a great effect, or better, small differences in the cause and great differences in the effect.


The game of roulette does not take us so far as it might appear from the preceding example. Imagine a needle that can be turned about a pivot on a dial divided into a hundred alternate red and black sections. If the needle stops at a red section we win; if not, we lose. Clearly, all depends on the initial impulse we give to the needle. I assume that the needle will make ten or twenty revolutions, but it will stop earlier or later according to the strength of the spin I have given it. Only a variation of a thousandth or a two-thousandth in the impulse is sufficient to determine whether my needle will stop at a black section or at the following section, which is red. These are differences that the muscular sense cannot appreciate, which would escape even more delicate instruments. It is, accordingly, impossible for me to predict what the needle I have just spun will do, and that is why my heart beats and I hope for everything from chance. The difference in the cause is imperceptible, and the difference in the effect is for me of the highest importance, since it affects my whole stake.


III.


In this connexion I wish to make a reflection that is somewhat foreign to my subject. Some years ago a certain philosophe said that the future was determined by the past, but not the past by the future; or, in other words, that from the knowledge of the present we could deduce that of the future but not that of the past; because, he said, one cause can produce only one effect, while the same effect can be produced by several different causes. It is obvious that no scientist can accept this conclusion. The laws or nature link the antecedent to the consequent in such a way that the antecedent is determined by the consequent just as much as the consequent is by the antecedent. But what can have been the origin of the philosopher's error? We know that, in virtue of Carnot's principle, physical phenomena are irreversible and that the world is tending towards uniformity. When two bodies of different temperatures are in conjunction, the warmer gives up heat to the colder, and accordingly we can predict that the temperatures will become equal. But once the temperatures have become equal, if we are asked about the previous state, what can we answer? We can certainly say that one of the bodies was hot and the other cold, but we cannot guess which of the two was formerly the warmer.


And yet in reality the temperatures never arrive at perfect equality. The difference between the temperatures only tends towards zero asymptotically. Accordingly there comes a moment when our thermometers are powerless to disclose it. But if we had thermometers a thousand or a hundred thousand times more sensitive, we should recognize that there is still a small difference, and that one of the bodies has remained a little warmer than the other, and then we should be able to state that this is the one which was formerly very much hotter than the other.


So we have, then, the reverse of what we found in the preceding_examples, great differences in the cause and small differences in the effect. Flammarion once imagined an observer moving away from the earth at a velocity greater than that of light. For him time would have its sign changed, history would be reversed, and Waterloo would come before Austerlitz. Well, for this observer effects and causes would be inverted, unstable equilibrium would no longer be the exception; on account of the universal irreversibility, everything would seem to him to come out of a kind of chaos in unstable equilibrium, and the whole of nature would appear to him to be given up to chance.


IV.


We come now to other arguments, in which we shall see somewhat different characteristics appearing, and first let us take the kinetic theory of gases. How are we to picture a receptacle full of gas? Innumerable molecules, animated with great velocities, course through the receptacle in all directions; every moment they collide with the sides or else with one another, and these collisions take place under the most varied conditions. What strikes us most in this case is not the smallness of the causes, but their complexity. And yet the former element is still found here, and plays an important part. If a molecule deviated from its trajectory to left or right in a very small degree as compared with the radius of action of the gaseous molecules, it would avoid a collision, or would suffer it under different conditions, and that would alter the direction of its velocity after the collision perhaps by 90 or 180 degrees.


That is not all. It is enough, as we have just seen, that the molecule should deviate before the collision in an infinitely small degree, to make it deviate after the collision in a finite degree. Then, if the molecule suffers two successive collisions, it is enough that it should deviate before the first collision in a degree of infinite smallness of the second order, to make it deviate after the first collision in a degree of infinite smallness of the first order, and after the second collision in a finite degree. And the molecule will not suffer two collisions only, but a great number each second.


So that if the first collision multiplied the deviation by a very large number, A, after n collisions it will be multiplied by An. It will, therefore, have become very great, not only because A is large -  that is to say, because small causes produce great effects — but because the exponent n is large, that is to say, because the collisions are very numerous and the causes very complex.


Let us pass to a second example. Why is it that in a shower the drops of rain appear to us to be distributed by chance? It is again because of the complexity of the causes which determine their formation. Ions have been distributed through the atmosphere; for a long time they have been subjected to constantly changing air currents; they have been involved in whirlwinds of very small dimensions, so that their final distribution has no longer any relation to their original distribution. Suddenly the temperature falls, the vapour condenses, and each of these ions becomes the centre of a raindrop. In order to know how these drops will be distributed and how many will fall on each stone of the pavement, it is not enough to know the original position of the ions, but we must calculate the effect of a thousand minute and capricious air currents.


It is the same thing again if we take grains of dust in suspension in water. The vessel is permeated by currents whose law we know nothing of except that it is very complicated. After a certain length of time the grains will be distributed by chance, that is to say uniformly, throughout the vessel, and this is entirely due to the complication of the currents If they obeyed some simple law — if, for instance the vessel were revolving and the currents revolved in circles about its axis — the case would be altered, for each grain would retain its original height and its original distance from the axis.


We should arrive at the same result by picturing the mixing of two liquids or of two fine powders. To take a rougher example, it is also what happens when a pack of cards is shuffled. At each shuffle the cards undergo a permutation similar to that studied in the theory of substitutions. What will be the resulting permutation? The probability that it will be any particular permutation (for instance, that which brings the card occupying the position φ(n) before the permutation into the position n), this probability, I say, depends on the habits of the player. But if the player shuffles the cards long enough, there will be a great number of successive permutations, and the final order which results will no longer be governed by anything but chance; I mean that all the possible orders will be equally probable. This result is due to the great number of successive permutations, that is to say, to the complexity of the phenomenon.


A final word on the theory of errors. It is a case in which the causes have complexity and multiplicity. How. numerous are the traps to which the observer is exposed, even with the best instrument. He must take pains to look out for and avoid the most flagrant, those which give birth to systematic errors. But when he has eliminated these, admitting that he succeeds in so doing, there still remain many which, though small, may become dangerous by the accumulation of their effects. It is from these that accidental errors arise, and we attribute them to chance, because their causes are too complicated and too numerous. Here again we have only small causes, bυτ each of them would only produce a small effect; it is by their union and their number thaτ their effects become formidable.





From Contingence and Determinism, chapter XI of The Value of Science, 1913, pp.129-130

I do not intend to treat here the question of the contingence of the laws of nature, which is evidently insoluble, and on which so much has already been written. I only wish to call attention to what different meanings have been given to this word, contingence, and how advantageous it would be to distinguish them.

If we look at any particular law, we may be certain in advance that it can only be approximative. It is, in fact, deduced from experimental verifications, and these verifications were and could be only approximate. We should always expect that more precise measurements will oblige us to add new terms to our formulas; this is what has happened, for instance, in the case of Mariotte's law.


Moreover the statement of any law is necessarily incomplete. This enunciation should comprise the enumeration of all the antecedents in virtue of which a given consequent can happen. I should first describe all the conditions of the experiment to be made and the law would then be stated: If all the conditions are fulfilled, the phenomenon will happen.


But we shall be sure of not having forgotten any of these conditions only when we shall have described the state of the entire universe at the instant t; all the parts of this universe may, in fact, exercise an influence more or less great on the phenomenon which must happen at the instant t + dt.


Now it is clear that such a description could not be found in the enunciation of the law; besides, if it were made, the law would become incapable of application; if one required so many conditions, there would be very little chance of their ever being all realized at any moment.


Then as one can never be certain of not having forgotten some essential condition, it can not be said: If such and such conditions are realized, such a phenomenon will occur; it can only be said: If such and such conditions are realized, it is probable that such a phenomenon will occur, very nearly.


Take the law of gravitation, which is the least imperfect of known laws. It enables us to foresee the motions of the planets. When I use it, for instance, to calculate the orbit of Saturn, I neglect the action of the stars, and in doing so, I am certain of not deceiving all myself, because I know that these stars are too far away for their action to be sensible.


I announce, then, with a quasi-certitude that the coordinates of Saturn at such an hour will be comprised between such and such limits. Yet is that certitude absolute? Could there not exist in the universe some gigantic mass, much greater than that of all the known stars and whose action could make itself felt at great distances? That mass might be animated by a colossal velocity, and after having circulated from all time at such distances that its influence had remained hitherto insensible to us, it might come all at once to pass near us. Surely it would produce in our solar system enormous perturbations that we could not have foreseen. All that can be said is that such an event is wholly improbable, and then, instead of saying: Saturn will be near such a point of the heavens, we must limit ourselves to saying: Saturn will probably be near such a point of the heavens. Although this probability may be practically equivalent to certainty, it is only a probability.


For all these reasons, no particular law will ever be more than approximate and probable. Scientists have never failed to recognize this truth; only they believe, right or wrong, that every law may be replaced by another closer and more probable, that this new law will itself be only provisional, but that the same movement can continue indefinitely, so that science in progressing will possess laws more and more probable, that the approximation will end by differing as little as you choose from exactitude and the probability from certitude.


If thee scientists who think thus were right, must it still be said that the laws of nature are contingent, even though each law, taken in particular, may be qualified as contingent? Or must one require, before concluding the contingence of the natural laws, that this progress have an end, that the scientist finish some day by being arrested in his search for a closer and closer approximation and that, beyond a certain limit, he thereafter meet in nature only caprice?


In the conception of which I have just spoken (and which I shall call the scientific conception), every law is only a statement, imperfect and provisional, but it must one day be replaced by another, a superior law, of which it is only a crude image. No place therefore remains for the intervention of a free will.







Source: https://www.informationphilosopher.com/solutions/scientists/poincare/
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Howard Pattee is retired Professor Emeritus at SUNY, Binghamton, in the Department of Systems Science and Industrial Engineering

Pattee was cited at the 1967 International Union of Biological Sciences Symposia on Theoretical Biology as offering one of two pre-life systems with potential for variability and heredity (for Pattee, tactic copolymers). The other was A. G. Cairns-Smith's replication, with variations, of macromolecules on clays. See C. H. Waddington's report in Nature.


Pattee criticized the symposium attendees for claiming that biology was simply "physics and chemistry" without citing a single law of physics.


Although the chemical bond was first recognized and discussed
at great length in classical terms, most physicists regarded the
nature of the chemical bond as a profound mystery until Heitler
and London qualitatively derived the exchange interaction and
showed that this quantum mechanical behavior accounted for
the observed properties of valency and stability. On the other
hand, it is not uncommon to find molecular biologists using a
classical description of DNA replication and coding to justify
the statement that living cells obey the laws of physics without
ever once putting down a law of physics or showing quantitatively
how these laws are obeyed by these processes.


When someone pointed out the  necessity of segregating the prograrnme and the rnachinery of the computer, which corresponds
in biological terms to the separation of genome and phenotype, the conference organizer, C. H, Waddington, reported that Pattee said,


the logic of this necessity
has been discussed by von Neumann in Theory of
Self Reproducing Automata (University of Illinois Press,
1966). Pattee put the same point in another way when he
emphasized that an effective hereditary system requires
both a memory store, which must be constructed of rather
inactive materials if it is to be stable enough and a
mechanism not only for being replicated but also for
affecting its surroundings. 

Whether it is theoretically
possible to conceive of a substance which is sufficiently
unreactive to be an efficient store and also sufficiently
reactive to affect the environment is perhaps debatable.
In practice, however, it is clear that living things on this
Earth have not discovered such a material. They have
in general settled on the rather unreactive DNA as the
memory store and on RNA and proteins to decode this
into enzymes which participate both in the replication
of the store and in interactions with the environment.


Following this line of thought, Pattee raised a question
from the point of view of quantum mechanics, which
seemed perhaps rather recondite to many of the biologists
present. The stability of the algorithms stored in DNA is
ensured by quantum mechanical processes which define
the configuration of single DNA molecules. Their replication
and decoding depend on the actions of enzymes,
such as the polymerases, which ensure that the bases in a
single strand of DNA are paired up correctly with the
complementary bases to form the second strand or the
corresponding RNA. The existence of such enzymes
cannot, he claims, be deduced from the fundamental
laws of physics. They are acting as "non-holonomic" 
constraints to limit the degrees of freedom of the whole
system. Their origin at some very early stage of evolution
is one of the major problems. Moreover, the stability of
the algorithms stored in DNA is ensured by quantum
mechanical processes, but the polymerases decode this
into quantities of proteins and other cell constituents
sufficiently large to operate according to the laws of
classical physics. We are confronted therefore With an
example of a "quantum measurement", a matter which
seems to cause theoretical physicists many headaches. 



  
In later years, Pattee rarely cited the importance of quantum physics, which is the critical element for the creation of new information.

In 1969, Pattee asked the basic question about the connection between matter and symbols that he was to pursue the rest of his life:


How do we tell when there is communication in living systems? Most workers in the field probably do not worry too much about defining the idea of communication since so many concrete, experimental questions about developmental control do not depend on what communication means. But I am interested in the origin of life, and I am convinced that the problem of the origin of life cannot even be formulated without a better understanding of how molecules can function symbolically, that is, as records, codes, and signals. Or as I imply in my title, to understand origins, we need to know how a molecule becomes a message. 

More specifically, as a physicist, I want to know how to distinguish communication  between molecules from the normal physical interactions or forces between molecules which we believe account for all their motions. Furthermore, I need to make this distinction at the simplest possible level, since it does not answer the origin question to look at highly evolved organisms in which communication processes are reasonably clear and distinct. Therefore I need to know how messages originated.



During symposia on theoretical biology in the late 1960's, Pattee used John von Neumann's theory of self-reproducing automata to argue for the causal power of symbols over the biological world. Von Neumann had distinguished the abstract "description" (the  coded symbols carrying the structural information of the self-replicating machine) from the actual material "construction" of the automaton. Pattee identified von Neumann's "description" with the linear sequence of genetic code in the genotype. He identified von Neumann's "construction" with the building of the three-dimensional phenotype. 


There are two different things going on in biology, the abstract information coded in the "software" and the concrete material information structure  or "hardware." Pattee saw the symbolic description as in charge of the physical instantiation and said that "life is matter controlled by symbols," making the connection to a biosemiotic description of life.



Constraints


As a physicist, Pattee assumes that deterministic physical laws govern all dynamics, which can in principle be computed given the initial conditions and the boundary conditions.  Pattee, and many of today's biosemioticians, e.g., Terrence Deacon, prefer to call the initial and boundary conditions "constraints." Pattee says that his concept of constraint is not easily understood. This has led to considerable confusion when applied to biosemiotics, whose practitioners know little about dynamics and their readers even less.



Pattee describes the upper level in a hierarchical system as producing constraints on the dynamical motions of the lower levels. Thus, Roger Sperry's "downward causation " of the molecules in a rolling wheel constrains their motions to those of the wheel's motion.



Pattee is aware that some physical situations cannot be described dynamically, particularly those involving a large number of particles, but must be described statistically. He thinks that the microscopic collisions of material particles are time-reversible and describable dynamically. He defines his important term "constraint" and explains the need for two different "descriptions" in hierarchical systems,


The common language concept of a constraint is a forcible
limitation of freedom. This general idea often applies also in 
mechanics, but as we emphasized in the beginning, control
constraints must also create freedom in some sense...fundamental forces do indeed
"limit the freedom" of the particles ... the fact is that they
leave the particles no freedom at all.

The physicist's idea of constraint is not
a microscopic concept. The forces of constraint to a physicist
are unavoidably associated with a new hierarchical level of 
description...forces of constraint are not the detailed forces of
individual particles, but forces from collections of particles
or in some cases from single units averaged over time. In any
case, some form of statistical averaging process has replaced
the microscopic details. In physics, then, in order to describe
a constraint, one must relinquish dynamical description of
detail. A constraint requires an alternative description.


Now I do not mean to sound as if this is all clearly understood.

On the contrary, even though physicists manage quite
well to obtain answers for problems that involve dynamics of
single particles constrained by statistical averages of collections
of particles, it is fair to say that these two alternative
languages, dynamics and statistics, have never been combined
in an elegant way, although many profound attempts
have been made to do so.


Furthermore, the problem has
proven exceedingly obscure at the most fundamental level
namely, the interface between quantum dynamics and measurement
statistics. 


Quantum physics is a statistical theory, and all measurements are based on statistics. Pattee's "alternative description" is a statistical description


This is known as the problem of quantum
measurement, and although it has been discussed by the most
competent physicists since quantum mechanics was discovered,
it is still in an unsatisfactory state. What is agreed,
however, is that measurement requires an alternative description,
which is not derivable from quantum dynamical equations of motion.2
I would say that a dynamical collection is
described as a constraint when there exist equations or rules
in a simpler form that direct or control the motions of selected
particles. Of course the dynamical equations must still tell us
in principle how the whole system will evolve in time, without
involving the concept of constraint.

However, I wish to generalize this concept of constraint so
that it would apply even before physicists existed.





Origin of Life and the Problem of Measurement in Quantum Mechanics


For a 1969 colloquium of scientists hoping to get "beyond" the problems in quantum theory, Pattee wrote the very provocative article, "Can Life Explain Quantum Mechanics."   In it, he argued that,

The physical
meaning of a recording process in single molecules cannot be analysed
without encountering the measurement problem in quantum
mechanics, nor can the symbolic aspects of the genetic description
be understood without an interpretation of the matter-symbol relation
at an elementary physical level.


As Ernst Mayr explained, living things have a history
Living matter behaves differently from non-living matter.

I will put the problem of the origin of life as simply as possible for
this discussion. Living matter is distinguished from non-living matter
only by its collective behaviour in the course of time...
beginning with a common set of dynamical laws for
the microscopic motions, we observe living matter evolving hierarchies
of collective order, and non-living matter evolving a collective
disorder. Even the 'true believer' in total reductionism must agree
that this aspect of living matter is different from non-living matter...
we may ask: what is the simplest set of physical conditions that
would allow matter to branch into two pathways—the living and
lifeless—-but under a single set of microscopic, dynamical laws?Events and records of events.

We shall see... that the origin of
records from a deterministic system must also involve a second mode
of description. The problem is to first explain how statistical modes
arise spontaneously, and second—the difficult part—to explain how
the 'vital' statistical mode leads to increasing organization whereas
the ordinary statistical description leads to increasing disorganization.


The epistemological position, which I shall assume in this discussion,
is that the concept of probability is inseparable from the
concept of measurement itself...The evolution of disorder in collections of inanimate matter
may ... be attributed to the propagation of error in records of
initial conditions. 


The classical and quantum (Schrödinger) equations of motion are deterministic, but any interaction (collapse of the wave function) makes the motion indeterministic and irreversible

The equations of motion remain deterministic and
reversible, but any records of initial conditions are probabilistic and
lose their accuracy or significance irreversibly in the course of time.

If you accept loss of records as the source of increasing disorder in 
the course of time, then it is reasonable that increasing order in the
course of time must require the accumulation of records. In biological
terminology we describe the recording process as the accumulation
of genetic information by natural selection. 


For information philosophy, the origin of life is when the first macromolecules began to communicate and process information, to replicate themselves and synthesize their own components 


The origin of life problem 
is to explain how this record accumulation
began and why it can survive the universal tendency toward loss of
records which occurs in non-living matter. What is the simplest
physical system in which a persistent recording process constrains
future events? By stating the origin of life problems in this way, it is
clear that we need to know more precisely what we mean by the
'simplest recording process'.
What is a record?

I believe we must follow the reasonable
assumption that the first records were in single molecules, since that
is the way they occur in modern cells. 


No knowledge can be gained by a "conscious observer" unless new information has already been irreversibly recorded in the universe, for example, by the experimental recording apparatus. 


The essentially new condition
in this origin of life formulation of the recording or measuring problem
is that no human observer, no physicist, no philosopher, nor any
macroscopic measuring instrument designed by biological organisms
can exist in the beginning. We imagine only the motions and interactions
of the elementary matter, so we can only ask, how does
matter record its own behaviour without the intervention of a
physicist. Or in other words: How does the motion of matter lead to
records of these motions?

Someone will probably object that the observer has not really disappeared
in this formulation, and that I have only hidden the
observer by imagining the existence of an objective recording process
which is operationally meaningless, since it is still the human
observer who decides when a record has been made. Here I shall
simply admit to being a realist, that is, a person who believes that
there are aspects of the world which exist independent of this
observer's description of the world. 


Pattee here shows that the irreversiblecollapse of the wave function (von Neumann's Process 1, does not depend on a "conscious" observer.


I must accept as a meaningful
concept supported by empirical evidence that life did not always
exist on the earth, and that it was the accumulation and transmission
of hereditary records at the molecular level that eventually led, only
after billions of years, to observers like myself. But I must therefore
add—and this is the central point—that not only matter, but also
records existed long before physicists started thinking about matter
and making large measuring devices.
It is my central idea that the essence of the matter-symbol problem and
the measurement or recording problem must appear at the origin of
living matter.  Symbols and records have existed since life existed. If
this view is correct, then it is a more hopeful strategy to begin by
asking what we mean by the first primitive record rather than
question what we mean by our most sophisticated and abstract
records. In effect, this strategy forces us to make an objective
criterion for a recording process.

The physics of records.

What can we mean by a primitive
recording process in terms of physical description? In normal usage,
the concept of a recording process implies three steps which we may
call (1) writing, (2) storage, and (3) reading...


Now it is at least logically clear that to the extent that we
require by 'writing a symbol' or 'making a measurement' some
selective dynamical process which is invariant to initial conditions,
we must, in effect, introduce a new 'equation of motion' for the
system, and this is clearly contradictory if we have assumed the
original equations of motion are complete and deterministic.

All records are statistical.

 One way out of this contradiction is,
as we know, to relinquish the detailed description and, through a
postulate of ignorance, define new variables as 'averages' over an
extended time interval or over a collection of microscopic degrees of
freedom...such artificial 'invariants' of the motion can
selectively reduce the number of dynamical degrees of freedom, and
therefore can fulfil our condition for writing. 


As the explanation of the cosmic creation process shows, the creation of a new information structure (with a local reduction in the entropy) cannot be stable unless an amount of positive entropy is transferred away that is greater than the new local negative entropy


But in return for our
ability to selectively control degrees of freedom in a macroscopic
system, we must accept a corresponding dissipation so as not to
violate the statistical laws of our macroscopic coordinates. That is, for
every binary selection or bit recorded, there must be (In 2) kT of
energy dissipated. If this were not the case then we know that we
could design non-holonomic 'demons' which would violate the
Second Law of Thermodynamics (e.g. references (Szilard) and (Landauer). 
Thus the classical concept of writing or recording demands a classical non-
holonomic constraint which is inherently statistical in its structure
and dissipative in its operation...But however we may choose to describe a selection process in
physical terms, we must accept the inherent irreversibility of the
concept...The writing of records and symbols is an
inherently irreversible classification process, and its physical representation
is therefore probabilistic.


We should not try to understand the human mind by comparing it with today's computing machines, but turn it around, and compare computers to the highly evolved biological information processor that is the hardware of the human brain and software of the mind.


I believe that any attempt to describe the origin of life in physical
terms will show that the traditional deterministic classical machine
analogy to life is used precisely backwards! As Polanyi has so clearly
pointed out,  all our macroscopic machines and symbolic languages
exist only as the product of highly evolved living matter. Classical
machines and symbolic systems are in essence biological constraints,
not physical constraints. It is a simple, but non-trivial observation
that classical machines and languages do not occur in the inanimate
world. The fact that our classical machines and symbolic systems
can be constructed with high accuracy and reliability is not a tribute
to classical determinism but to biological ingenuity, or to put it more
modestly, it is the end product of evolution by natural selection.
This evolution does not begin with classical languages and classical
machines but with the integrated dynamics of molecular languages
and molecular machines. Single molecules function as the writing,
storage, and reading constraints in all present living cells and perhaps
even in the brain.

It is possible that the distinction between the dynamical and
statistical descriptions will turn out to be an unfathomable gulf in the
human brain even though we are looking at the simplest recording
molecule; yet I cannot believe it would not be illuminating to know
the dynamics and statistics as far as possible in a natural recording
situation not designed by the human brain.






In 1996, Pattee wrote about the difference between dynamical controls, thought to follow deterministic, time-reversible physical laws, and his symbolic or semiotic controls, which emerge in a higher level of a hierarchical system:  


Compare the information physics solution to the problem of measurement. 


the theory of semiotic controls and how
they are related to natural dynamical laws is a foundational issue and the cause of apparently
undecidable controversies. In physics a fundamental theoretical issue is called the measurement
problem. The problem is how to decide when a measurement is completed, that is, how to
determine when and how the dynamics of physical laws is mapped into the semiotic record of a
measurement


Dynamical physical laws are completely determined, given the constraints.


There has always been an apparent paradox between the concept of universal physical laws and
semiotic controls. Physical laws describe the dynamics of inexorable events, or as Wigner
expresses it, physical explanations give us the impression that events ". . . could not be
otherwise." 

The two-stage model of free will explains how we could have done otherwise. 


By contrast, the concepts of information and control give us the impression that
events could be otherwise, and the well-known Shannon measure of information is just the
logarithm of the number of other ways...


The modern attempts in physics to live with this paradox require introducing statistical concepts
that allow alternatives into the framework of physical laws by reinterpreting the essential
distinction between the laws themselves that describe all possible alternatives and the initial
conditions that determine one particular case. 


The physical laws are not in fact inexorable and deterministic. There is only one world, and it is irreducibly quantum. The appearance of a classical world is when we have large numbers of particles. 


Statistical physics accepts the inexorability of the
laws, but assumes that virtual alternatives can exist in the microscopic initial conditions. One
measure of the alternatives is the entropy. Thus, we create imaginary statistical ensembles of
systems which all follow the same dynamical laws, but that have different sets of initial
conditions. These virtual microscopic states are restricted only by statistical postulates and their
consistency with macroscopic state variables. A modification of this classical view by Born, points out that initial conditions of even one particle can never be measured with formal precision, and therefore even the classical laws of motion can predict only probability
distributions for trajectories. Only when a new measurement is made can this distribution be
altered.

The fact remains, however, that all our formal semiotic descriptions and computations, whether
we interpret them as probabilistic, statistical, or fuzzy, are in practice assumed to be manipulated
by crisp, strictly deterministic rules, even though physical laws require the execution of semiotic
rules to be stochastic events.



In information physics, a wave-function collapse creates an information structure that is the "record" of the event as Pattee says. But unless there is a transfer of positive entropy away from the new information, it will be destroyed by a return to equilibrium


This issue of where dynamical description should be replaced by symbolic description is not
simply an empirical problem but a problem of definition and of epistemology. To objectify the
question as far as possible, we must ask not what we mean by information but what the
information itself means in the physical world. 
In physics, where there is not yet any consensus
on how to properly describe the measurement process, it is at least generally agreed that a
measurement must have been completed when there exists a semiotic record of the result, even
though exactly what constitutes a semiotic record is not clear.


In information philosophy, the universe creates many information structures. A physical experiment must create a structure so that an observer has something to observe, at which point it may be regarded as a measurement. 

The free choice of the experimenter was described by Niels Bohr, Werner Heisenberg, Paul Dirac, and by Henry Stapp as the source of free will


The point is that the function of measurement cannot be achieved by a fundamental dynamical
description of the measuring device, even though such a law-based description may be
completely detailed and entirely correct. In other words, we can say correctly that a measuring
device exists as nothing but a physical system, but to function as a measuring device it requires
an observer's simplified description that is not derivable from the physical description. The
observer must in effect choose what aspects of the physical system to ignore and invent those
aspects that must be heeded. This selection process is a decision of the observer or organism and
cannot be derived from the laws.

Just as the
observer's cognitive selection process is necessary for a measurement, so natural selection is
necessary to generate function or meaning in the genetic DNA.



In both evolution and free will, there is a two-step process, first the generation of alternative possibilities, then the evaluation and selection that makes one possibility actual


The concept of selection, natural, cognitive, or any other form, implies a choice of alternatives.
The alternatives may be considered real, virtual, or states of a memory, but in any case, as with
measurement, the language of fundamental physical laws is at a loss to predict what alternative is
selected or even describe the process of selection which, by definition, must occur outside the
system being described.


Pattee here may anticipate our mind/brain model, the Experience Recorder and Reproducer. where our knowledge is ready to provide possible actions based on similar current experience.

The problem of delayed meaning is caused by the pragmatic context of a sign in a semiotic control, which post-structuralists like Jacques Derrida identified as deferring or displacing the meaning.



The brain is full of knowledge that may appear
unrelated to any immediate useful action, construction, or control. Nevertheless, this high level
of information is what forms our models, our value systems, our aesthetics, and our world view
from which we ultimately derive our goals, decisions, and actions. It is certainly not meaningless.
This problem of delayed meaning arises because of the apparent total lack of
intrinsic connection between the time and place where we acquire new information and the time
and place where it is selected or when we decide to use it in our actions and efforts to control. In
physical jargon this arbitrariness in time scale or lack of any definable temporal relation between
events is called incoherence. In linguistics jargon it is called displacement. It is this temporal
arbitrariness that is one reason semiotic control is difficult to incorporate into physical models or
any dynamic formalism where time or sequence defines the next-state transition.


In 2000, Pattee emphasized the time reversible nature of all dynamical processes 


Causation is gratuitous in modern physicsThe Newtonian paradigm of state-determined rate laws derived from a scalar time variable and explicit forces only strengthens the naive concept of one-dimensional, focal causation. Reductionists take the microscopic physical laws as the ultimate source of order...

The fundamental problem is that the microscopic equations of physics are time symmetric and therefore conceptually reversible. Consequently the irreversible concept of causation is not formally supportable by microphysical laws, and if it is used at all it is a purely subjective linguistic interpretation of the laws. Hertz (1894) argued that even the concept of force was unnecessary. This does not mean that the concepts of cause and force should be eliminated, because we cannot escape the use of natural language even in our use of formal models. We still interpret some variables in the rate-of-change laws as forces, but formally these dynamical equations define only an invertible mapping on a state space. Because of this time symmetry, systems described by such reversible dynamics cannot formally (syntactically) generate intrinsically irreversible properties such as measurement, records, memories, controls, or causes. Furthermore, as Bridgman (1964) pointed out, "The mathematical concept of time appears to be particularly remote from the time of experience." Consequently, no concept of causation, especially downward causation, can have much fundamental explanatory value at the level of microscopic physical laws. 




Jesper Hoffmeyer claims that his duality of digital codes and analog codes can transcend Pattee's "epistemic cut"


At a 2015 workshop at UC Berkeley, From Information to Semiosis, Pattee described his idea of "symbol-based self-replication," based on John von Neumann's logic,which requires a clear distinction between descriptions and constructions, where descriptions are time-independent and construction vary in time. He describes a "cut" that is a distinction between the self and the non-self. 

 A description requires a symbol system or a language. Functionally, description and construction correspond to the biologists’ distinction between the genotype and phenotype. My biosemiotic view is that self-replication is also the origin of semiosis.

I have made the case over many years (e.g., Pattee, 1969,1982, 2001, 2015) that self-replication provides the threshold level of complication where the clear existence of a self or a subject gives functional  concepts such as symbol, interpreter, autonomous agent, memory, control, teleology, and intentionality empirically decidable meanings. The conceptual problem for physics is that none of these concepts enter into physical theories of inanimate nature


Self-replication requires an epistemic cut between self and non-self, and between subject and object. 



Self-replication requires a distinction between the self that is replicated and the non-self that is not replicated. The self is an individual subject that lives in an environment that is often called objective, but which is more accurately viewed biosemiotically as the subject’s Umwelt or world image. This epistemic cut is also required by the semiotic distinction between the interpreter and what is interpreted, like a sign or a symbol. In physics this is the distinction between the result of a measurement – a symbol – and what is being measured – a material object.


I call this the symbol-matter problem, but this is just a narrower case of the classic 2500-year-old epistemic problem of what our world image actually tells us about what we call the real world.



Pattee connects his "epistemic cut" with the Heisenberg - von Neumann "Schnitt" somewhere between the measurement apparatus and the observer's mind. This led to the faulty idea that wave functions would not collapse without conscious observers. 
John Bell asked whether the observer needs a Ph.D. and where this "shifty split"is located. Bell made a drawing of the "shifty split," which we annotate with the moment that a measurement becomes possible, the moment when irreversible information is created. As Pattee noted years ago, this is the moment when a semiotic record is created.

[image: image-placeholder]
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Quantum mechanics is a statistical theory. The appearance of deterministic classical dynamics is because macroscopic objects have large numbers of particles and quantum effects can be "averaged over." Macroscopic objects are "adequately determined - for all practical purposes."



Source: https://www.informationphilosopher.com/solutions/scientists/pattee/
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   Ilya Prigogine was a Belgian physical chemist who won the Nobel prize in 1977 for investigating the irreversibility of processes in complex physical systems that are far from equilibrium conditions.

The physics equations describing classical dynamical motions are time reversible. One can replace the time variable t by negative time -t in the equations (reversing the time) and they remain equally valid. For example, if time were reversed, the earth would revolve around the sun in the opposite direction, but that seems quite acceptable.


However, many everyday processes cannot be reversed. If time were reversed, the steam (visible as water vapor) coming out of a kettle boiling water on the stove would instead go back into the kettle. It would look like a film played backwards. With time reversed, a glass shattering on the floor would miraculously reassemble its shards flying in all directions and rise back up onto the table. No such processes are ever seen in nature.


Prigogine's main research was to study the irreversibility of these processes. 


It is now generally recognized that in many important
fields of research a state of true thermodynamic equilibrium is only attained in exceptional conditions. Experiments with radioactive tracers, for example, have
shown that the nucleic acids contained in living cells continuously exchange matter with their surroundings.    It is also well known that the steady flow of energy which originates in the sun and the stars prevents the atmosphere of
the earth or stars from reaching a state of thermodynamic
equilibrium.

Obviously then, the majority of the phenomena studied
in biology, meteorology, astrophysics and other subjects
are irreversible processes which take place outside the
equilibrium state.


These few examples may serve to illustrate the urgent
need for an extension of the methods of thermodynamics
so as to include irreversible processes. 



Prigogine was unhappy with the work of Ludwig Boltzmann which showed how macroscopic irreversibility could arise from microscopic reversibility as a result of statistical considerations. To be sure, Joseph Loschmidt's reversibility paradox and Ernst Zermelo's recurrence paradox prevented Boltzmann's irreversibility from being anything but statistical.


He was also unhappy with classical dynamics, because Newton's equations are "time-reversible." He maintained that Erwin Schrödinger's deterministic wave function implied that even quantum mechanics is time reversible, which it is not. Quantum events lead to the "collapse of the wave function" which is irreversible. 

 

Prigogine was awarded the Nobel Prize for his contributions to non-equilibrium thermodynamics, particularly the theory of what he called "dissipative structures." These are physical or chemical systems in far from equilibrium" conditions that appear to develop "order out of chaos" and look to be "self-organizing." Like biological systems, matter and energy (of low entropy) flows through the "dissipative" structure. It is primarily the energy and negative entropy that is "dissipated." 


This similarity to biological systems (in just one very important thermodynamic respect) was exploited by Prigogine to say he had discovered "new laws of nature" that could connect the natural sciences to the human sciences. Dissipation also implies irreversibility, a very important characteristic of life.


Prigogine had no physical explanation for irreversibility - beyond the fact that his physical "dissipative structures" and biological systems - exhibited it. He generally attacked classical Newtonian dynamics as being time reversible and thus providing no understanding of time. His understanding of time was based on the work of Henri Bergson and the uneven flow of time Bergson called "duration." 



Prigogine believed that before him, there was "no direction of time, no distinction between past and future," because even quantum mechanics, in the form of Schrödinger's deterministic wave equation, could not do so (without invoking a collapse of the wave function). Prigogine introduced what he called a "third time" into physics - time as irreversibility. He saw non-equilibrium, dissipative systems far from equilibrium, as a new source of order giving to the system ill-defined "new space-time properties." ("The Meaning of Entropy," in Evolutionary Epistemology, p.63) 
The Nobel committee noted the importance of irreversibility in living systems, and pointed out the work of Lars Onsager on nonlinear thermodynamics, years before Prigogine.



Classical thermodynamics has played a dominant role in the development of modern science and technology. In suffers, however, from certain limitations, as it cannot be used for the study of irreversible processes but only for reversible processes and transitions between different states of equilibrium.

Many of the most important and interesting processes in Nature are irreversible. A good example is provided by living organisms which consume chemical energy in the form of nutrients, perform work and excrete waste as well as give off heat to the surroundings without themselves undergoing changes; they represent what is called a stationary or steady state. The boiling of an egg provides another example, and still another one is, a thermocouple with a cold and a hot junction connected to an electrical measuring instrument.



The Onsager "reciprocity relations" and minimum entropy production


The first investigator who developed a method for the exact treatment of such problems, for example of the thermocouple, was Onsager who received the 1968 Nobel Prize for this contribution. His approach was, however based on assumptions which in principle make it applicable only to systems close to equilibrium.

The great contribution of Prigogine to thermodynamic theory in his successful extension of it to systems which are far from thermodynamic equilibrium. This is extremely interesting as large differences compared to conditions close to equilibrium had to be expected. Prigogine has demonstrated that a new form of ordered structures can exist under such conditions, and he has given them the name ''dissipative structures" to stress that they only exist in conjunction with their environment.


The most well-known dissipative structure is perhaps the so-called Benárd instability. This is formed when a layer of liquid is heated from below. At a given temperature heat conduction starts to occur predominantly through convection, and it can be observed that regularly spaced, hexagonal convection cells are formed in the layer of liquid. This structure is wholly dependent on the supply of heat and disappears when this ceases.


Quite generally it is possible in principle to distinguish between two types of structures: equilibrium structures, which can exist as isolated systems (for example crystals), and dissipative structures, which can only exist in symbiosis with their surroundings. Dissipative structures display two types of behaviour: close to equilibrium their order tends to be destroyed but far from equilibrium order can be maintained and new structures be formed.


The probability for order to arise from disorder is infinitesimal according to the laws of chance. The formation of ordered, dissipative systems demonstrates, however, that it is possible to create order from disorder. The description of these structures have led to many fundamental discoveries and applications in diverse fields of human endeavour, not only in chemistry. In the last few years applications in biology have been dominating but the theory of dissipative structures has also been used to describe phenomena in social-systems.



Classical thermodynamics, by contrast with nonlinear thermodynamics, can only be used for the study of reversible processes and systems in or near thermal equilibrium. Prigogine's "dissipative" systems, today more commonly known as complex systems, could be described as "self-organizing," a property that "emergentists" said was a basic property of life, one that could not be explained by "reductionist science.


Prigogine became very popular with "holists" and "vitalists" who were looking for new laws of nature.


Prigogine was a major member of the Brussels School of thermodynamics. 


Prigogine is perhaps the most famous name in chaos theory and complexity theory. Although he made very few original contributions to these fields, he is famous for them, nevertheless. His work (especially his 1984 book written with Isabel Stengers, Order Out Of Chaos) is a major reference today for popular concepts like "self-organizing, "complex systems," "bifurcation points," "non-linearity,", "attractors," "symmetry breaking," "morphogenesis," "autocatalytic," "constraint," and of course "irreversibility," although none of these terms is originally Prigogine's. The name "dissipative structures" and perhaps the phrase "far from equilibrium" belong to Prigogine, but the thermodynamic concepts were already in Boltzmann, Bertalanffy, and Schrödinger, and perhaps many others. 





Prigogine discounts Boltzmann's work on the second law, which Eddington called the "Arrow of Time"
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   Massimo Pauri is a professor of theoretical physics with a great interest in the philosophy of science. He has written on understanding the quantum, on determinism and indeterminism, 
on the idea of "causal closure" with its implicit reductionism, and on the impact of these physical ideas on the mind-body problem and the problem of free will.   

In his 2011 paper on the "Evolutionary Role of the Quantum," Pauri writes:


I believe that the great majority of people belonging to the science community at
large, mainly influenced by the complexity and operational efficacy of the formalism
of QT, may not be fully aware of the philosophical radicality of the historical
event represented by Planck’s discovery. Namely the physical fact that the action
is made up of indivisible units (quantum), measured by the Planck constant h. It is
important to realize in the first place that the action is a theoretical entity (of the
classical description) which is neither a spatial nor a temporal quantity, nor is it a
property of things, yet it encodes both spatiotemporal and dynamic components. In
other words, what turned out to be atomized are processes instead of things: the true
atom (‘indivisible’) of contemporary physics is then the quantum of action. Thus we
have a dramatic shift from the naïve or spatio-temporal atomism (atoms as simple and
indivisible spatial entities) to action-atomism (atoms as indivisible elementary processes).
The consequence is that it is not the small physical size (i.e. a spatiotemporal
characterization) that defines the quantum level, but something more subtle concerning
processes in terms of time and energy differences.

Let me stress the main immediate outcomes of this revolution. Let us consider a
whole as an aggregate of putative parts and an inner dynamical process of interactions
among such putative parts. In traditional classical terms, this process would be

  
  Massimo Pigliucci
  

  


  
  Home › Solutions › Scientists › Pigliucci
Massimo Pigliucci

Massimo Pigliucci is an American philosopher and biologist who is professor of philosophy at the City College of New York.  He is a critic of pseudoscience[5][6] (including creationism), and an advocate for secularism and science education.


Together with Gerd Müller, Eva Jablonka, Kevin Laland, Alex Mesoudi, Stuart Newman, Kim Sterelny, John Odling-Smee, Tobias Uller, as well as Denis Noble and others, Pigliucci formulated the Extended Evolutionary Synthesis.


Pigliucci is an advocate for the Extended Evolutionary Synthesis becoming an alternative evolutionary framework to the Modern Synthesis. the population dynamical model of evolution established in the early twentieth century that had concentrated on the processes of variation and adaptation based on random mutations of the DNA (genetic code). .


In contrast to the Modern Synthesis, the focus of the EES is on the generative properties of evolution, integrating conceptual developments from evolutionary developmental biology, genomics, ecology, and other fields. It differs from the standard theory in its inclusion of the constructive processes in development, the consideration of reciprocal dynamics of causation, and the relinquishment of a predominantly genetic explanation.




Source: https://www.informationphilosopher.com/solutions/scientists/pigliucci/
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In 1900, Max Planck's hypothesized a quantum of action h and restricted the energy in oscillators radiating electromagnetic energy to integer multiples of hν, where ν is the radiant frequency.  He then discovered a formula for the distribution of radiant energy in a black body at any temperature. 
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Planck solved the great problem of blackbody radiation by applying the statistical mechanics of the Maxwell-Boltzmann velocity distribution law for particles to the distribution of energy in a radiation field. Planck did not suggest that light actually came in quantized (discrete) bundles of energy. That was the work of Albert Einstein five years later in his photo-electric effect paper (for which he won the Nobel Prize), in which he proposed his "light-quantum hypothesis." For Einstein, the particle equivalent of light (later called a "photon") contains hν units of energy, where h is Planck's constant and ν is the frequency of the light wave. 


Planck did not actually believe that light radiation itself existed as light quanta. His quantization assumption was for an ensemble of "oscillators" or "resonators" that were emitting and absorbing the radiation. Although the Lorentz theory of the electron was already  complete, Planck did not accept electrons and instead described "the energy flowing across a spherical surface of a certain radius containing the resonator." He assumed the resonators could be described as having energy values limited to multiples of hν. 


Note the resemblance to the Bohr theory of the atom thirteen years later, where Bohr postulated stationary states of the electron and transitions between those states with the emission or absorption of continuous waves of energy equal to hν!


Planck's assumption was simply a mathematical device to make the distribution of light as a function of frequency (and thus energy) resemble the Maxwell-Boltzmann distribution of molecular velocities in a gas as a function of velocity (and thus energy). In 1925, he called his work "a fortunate guess at an interpolation formula" and "the quantum of action a fictitious quantity... nothing more than  mathematical juggling." 

Note the resemblance between the distribution of blackbody radiation as a function of temperature and the Maxwell-Boltzmann distribution of velocities.

[image: image-placeholder]
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The similarity between the two is the rise to a maximum with a power law on one side and an exponential decline on the other. The difference is because the radiant energy (the number of photons) increases greatly as temperature goes up, but the number of molecules is held constant.


Planck in 1900 explained the spectral distribution of colors (wavelengths) in blackbody electromagnetic radiation by using Boltzmann’s principle that the entropy S of a gas is related to the probabilities W for the possible random distributions of molecules in different places in its container and with different velocities. S = k logW, where k is Boltzmann’s constant (so named by Planck. Boltzmann and Einstein used R/N) ). Boltzmann’s calculations of probabilities used the number of ways that particles can be distributed in various volumes of phase space. Planck used the same combinatorial analysis, but now for the number of ways that discrete elements of energy could be distributed among a number of radiation oscillators. 


To simplify calculations, both Boltzmann and Planck assumed that energies could be considered multiples of a unit of energy, E = ε, 2ε, 3ε ... Plank regarded this quantum hypothesis as a mathematically convenient device, but not representing reality. He found the density of radiation with frequency ν to be 
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Planck's "blackbody" radiation law was the first known connection between the mechanical laws of matter and the laws of electromagnetic energy. Planck realized that he had made a great step in physical understanding, "the greatest discovery in physics since Newton," he reportedly told his seven-year-old son in 1900. 

In particular, Planck found that Boltzmann's statistical mechanics constant 
  k
  =
  R
  
    /
  
  N
, derived from the distribution of velocities of material gas particles, appears in his new law for the distribution of electromagnetic radiation energy. Boltzmann himself had never described this constant k as such. It was Planck who gave it a symbol and a name, although it is inscribed on Boltzmann's tomb in his famous formula relating entropy to probability, 
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Planck established an independent and very accurate value for Boltzmann's constant. His blackbody radiation distribution law of course also includes the new Planck constant h. He called it the "quantum of action" because it had the units of position times momentum. Planck's formula led him to a value for Avogadro's number of molecules in a mole (the gram molecular weight) of a gas and an estimate of the fundamental unit of electrical charge. These gave Planck great confidence that his "fictitious" formula must be correct.


Five years later, Albert Einstein explained the photoelectric effect using "light quanta," discrete units of light energy, later called photons. Since the momentum of a particle is the energy divided by velocity of a particle, the momentum p of a photon is p = hν/c, where c is the velocity of light. To make the dual aspect of light as both waves and particles (photons) more plausible, Einstein interpreted the square of the light wave amplitude as the probable density of photons. 

In fact, Planck fundamentally disliked the idea that physical quantities might be discrete and not continuous. He did not truly accept quanta of light until many years after Einstein had shown the quantization of light in his 1905 explanation of the photoelectric effect. Nevertheless, Planck's constant h lies at the heart of quantum mechanics, which introduced an irreducible and ontological randomness or indeterminacy into physics, first recognized by Einstein in his 1916 work on transition probabilities for the emission and absorption of light quanta.
 

Planck, along with Einstein, Erwin Schrödinger and others, opposed such indeterminism. Einstein called chance a "weakness in the theory." Planck remained convinced that determinism and strict causality were essential requirements for physical science and so must be true.




     "Just as no physicist will in the last resort acknowledge the play of chance in human nature, so no physiologist will admit the play of chance in the absolute sense."  
     
     "the assumption of chance in inorganic nature is incompatible with the working principle of natural science."  
     

     "We must admit that the mind of each one of our greatest geniuses — Aristotle, Kant or Leonardo, Goethe or Beethoven, Dante or Shakespeare — even at the moment of its highest flights of thought or in the most profound inner workings of the soul, was subject to the causal fiat and was a instrument in the hands of an almighty law which governs the world." 



Planck looked very closely at the problem of free will, and gave a rough version of the logical opposition between determinism and blind chance in the standard argument against free will.
     
 
    "And here a question arises which seems to set a definite impassable limit to the principle of strict causality, at least in the spiritual sphere. This question is of such urgent human interest that I think it will be well if I treat it here before I come to a close. It is the question of the freedom of the human will. Our own consciousness tells us that our wills are free. And the information which that consciousness directly gives us is the last and highest exercise of our powers of understanding.

Let us ask for a moment whether the human will is free or whether it is determined in a strictly causal way. These two alternatives seem definitely to exclude one another. And as the former has obviously to be answered in the affirmative, so the assumption of a law of strict causality operating in the universe seems to be reduced to an absurdity in at least this one instance. In other words, if we assume the law of strict dynamic causality as existing throughout the universe, how can we logically exclude the human will from its operation?


Many are the attempts that have been made to solve this dilemma. The purpose which in most cases they have set themselves has been to establish an exact limit beyond which the law of causality does not apply. Recent developments in physical science have come into play here, and the freedom of the human will has been put forward as offering logical grounds for the acceptance of only a statistical causality operative in the physical universe. As I have already stated on other occasions, I do not at all agree with this attitude. If we should accept it, then the logical result would be to reduce the human will to an organ which would be subject to the sway of mere blind chance. In my opinion the question of the human will has nothing whatsoever to do with the opposition between causal and statistical physics. Its importance is of a much more profound character and is entirely independent of any physical or biological hypothesis.


I am inclined to believe, with many famous philosophers, that the solution of the problem lies in quite another sphere. On close examination, the above-stated alternative — Is the human will free or is it determined by a law of strict causality? — is based on an inadmissible logical disjunction. The two cases opposed here are not exclusive of one another. What then does it mean if we say that the human will is causally determined? It can only have one meaning, which is that every single act of the will, with all its motives, can be foreseen and predicted, naturally only by somebody who knows the human being in question, with all his spiritual and physical characteristics, and who sees directly and clearly through his conscious and sub conscious life. But this would mean that such a person would be endowed with absolutely clear-seeing spiritual powers of vision; in other words he would be endowed with divine vision.
 
Now, in the sight of God all men are equal. Even the most highly gifted geniuses, such as a Goethe or a Mozart, are but as primitive beings the thread of whose innermost thought and most finely spun feelings is like a chain of pearls unrolling in regular succession before His eye. This does not belittle the greatness of great men. But it would be a piece of stupid sacrilege on our part if we were to arrogate to ourselves the power of being able, on the basis of our own studies, to see as clearly as the eye of God sees and to understand as clearly as the Divine Spirit understands.


The profound depths of thought cannot be penetrated by the ordinary intellect. And when we say that spiritual happenings are determined, the statement eludes the possibility of proof. It is of a metaphysical character, just as the statement that there exists an outer world of reality. But the statement that spiritual happenings are determined is logically unassailable, and it plays a very important role in our pursuit of knowledge, because it forms the basis of every attempt to understand the connections between spiritual events. No biographer will attempt to solve the question of the motives that govern the acts of his hero by attributing these to mere chance. He will rather attribute  his inability to the lack of source materials or he will admit that his own powers of spiritual penetration are not capable of reaching down into the depths of these motives. And in practical everyday life our attitude to our fellow beings is based on the assumption that their words and actions are determined by distinct causes, which lie in the individual nature itself or in the environment, even though we admit that the source of these causes cannot be discovered by ourselves.


What do we then mean when we say that the human will is free? That we are always given the chance of choosing between two alternatives when it comes to a question of taking a decision. And this statement is not in contradiction with what I have already said. It would be in contradiction only if a man could perfectly see through himself as the eye of God sees through him; for then, on the basis of the law of causality, he would foresee every action of his own will and thus his will would no longer be free. But that case is logically excluded; for the most penetrative eye cannot see itself, no more than a working instrument can work upon itself. The object and subject of an act of knowing can never be identical; for we can speak of the act of knowing only when the object to be known is not influenced by the action of the subject who initiates and performs the act of knowing. Therefore the question as to whether the law of causality applies in this case or in that is in itself senseless if you apply it to the action of your own will, just as if somebody were to ask whether he could lift himself above himself or race beyond his shadow.


In principle every man can apply the law of causality  to the happenings of the world around him, in the spiritual as well as in the physical order, according to the measure of his own intellectual powers; but he can do this only when he is sure that the act of applying the law of causality does not influence the happening itself. And therefore he cannot apply the law of causality to his own future thoughts or to the acts of his own will. These are the only objects which for the individual himself do not come within the force of the law of causality in such a way that he can understand its play upon them. And these objects are his dearest and most intimate treasures. On the wise management of them depend the peace and happiness of his life. The law of causality cannot lay down any line of action for him and it cannot relieve him from the rule of moral responsibility for his own doings; for the sanction of moral responsibility comes to him from another law, which has nothing to do with the law of causality. His own conscience is the tribunal of that law of moral responsibility and there he will always hear its promptings and its sanctions when he is willing to listen.


It is a dangerous act of self-delusion if one attempts to get rid of an unpleasant moral obligation by claiming that human action is the inevitable result of an inexorable law of nature. The human being who looks upon his own future as already determined by fate, or the nation that believes in a prophecy which states that its decline is inexorably decreed by a law of nature, only acknowledges a lack of will power to struggle and win through.



The logical disjunction goes back to the critics of Epicurus' swerve.


In 1925, as the development of quantum mechanics began in earnest, Planck republished a series of articles as the book A Survey of Physical Theory. In an article on "The Nature of Light," Planck describes Einstein's insight in 1905 that led to Einstein's "light-quantum hypothesis." But Planck does not explicitly mention Einstein! 



When ultra-violet rays fall on a piece of metal in a vacuum, a
large number of electrons are shot off from the metal at a high
velocity, and since the magnitude of this velocity does not
essentially depend on the state of the metal, certainly not on its
temperature, it is concluded that the energy of the electrons is
not derived from the metal, but from the light rays which fall on
the metal. This would not be strange in itself; it would even be
assumed that the electro-magnetic energy of light waves, is
transformed into the kinetic energy of electronic movements.
An apparently insuperable difficulty from the view of Huygens's
wave theory is the fact (which was discovered by Philipp
Lenard and others), that the velocity of the electrons does not
depend on the intensity of the beam, but only on the wavelength,
i.e. on the colour of light used. The velocity increases as
the wave-length diminishes. If the distance between the metal
and the source of light is continuously increased, using, for
example, an electric spark as the source of light, the electrons
continue to be flung off with the same velocity, in spite of the
weakening of the illumination; the only difference is that the
number of electrons thrown off per second decreases with
the intensity of the light.

The difficulty is to state whence the electron obtains its
energy, when the distance of the source of light becomes
ultimately so great that the intensity of the light almost vanishes,
and yet the electrons show no sign of diminution in their
velocity. This must evidently be a case of a kind of accumulation
of light energy at the spot from which the electron is flung
out — an accumulation which is quite contrary to the uniform
spreading out in all directions of electro-magnetic energy
according to Huygens's wave theory. However, if it is assumed
that the light source does not emit its rays uniformly but in
impulses, something like an intermittent light, it follows that the
energy of such a flash, spreading outwards in all directions in
uniform waves, would finally be distributed over the surface of a
sphere so large that the metal considered would receive but
little of it. It is easy to calculate that under certain circumstances
radiation extending for minutes, even hours, would be necessary
for the liberation of one electron with the velocity corresponding
to the colour of the light, while, in fact, no limiting condition
can be determined, for the duration of radiation necessary to
produce the effects; the action certainly takes place with great
rapidity. Like ultra-violet rays, Röntgen rays and Gamma rays
give us the same effect, though, owing to the very much shorter
wave-lengths of these rays, the velocities of the liberated
electrons are much greater.




The only possible explanation for these peculiar facts appears
to be that the energy radiated from the source of light remains,
not only for all time, but also throughout all space, concentrated
in certain bundles, or, in other words, that light energy does not
spread out quite uniformly in all directions, becoming continuously
less intense, but always remains concentrated in certain
definite quanta, depending only on the colour, and that
these quanta move in all directions with the velocity of light.
Such a light-quantum, striking the metal, communicates its
energy to an electron, and the energy always remains the same,
however great the distance from the source of light.
Here we have Newton's emanation theory resurrected in
another and modified form. But interference, which was a bar to
the further development of Newton's emanation theory, is also
an enormous difficulty in the quantum theory of light, for it is
difficult at present to see how two exactly similar light quanta,
moving independently in space, and meeting on a common
path, can neutralize each other, without violating the principle
of energy

From this state of affairs arose the pressing need of the
radiation theory for an investigation to find some way out of
this dilemma, difficult from all sides..


What becomes of them later as light disperses — whether the
energy of a quantum remains concentrated as in Newton's
emanation theory or whether, as in Huygens's wave theory, it
spreads out in all directions and gets less dense indefinitely - is
another question of a very fundamental character, to which I
have referred above.



As late as 1925, Planck (along with Heisenberg, Bohr, Schrödinger, and others) did not yet accept the reality of Einstein's light quanta. 


So the present lecture on our knowledge of the physical
nature of light ends, not in a proud proclamation, but in a
modest question. In fact, this question, whether light rays
themselves consist of quanta, or whether the quanta exist only in
matter, is the chief and most difficult dilemma before which the
whole quantum theory, halts, and the answer to this question
will be the first step towards further development.



Planck here describes Einstein's "light-quantum hypothesis," his 1905 explanation for the photoelectric effect for which Einstein won the Nobel Prize. But Planck does not mention Einstein!



In the final article. "The Origin and Development of Quantum Theory," which was to be Planck's last writing on quantum theory, as he turned back to classical problems,  Planck has a minimum reference to Einstein. as one of many "who made use" of his quantum of action, and still no mention of Einstein's photoelectric effect prediction which Planck described extensively in the previous article.


...the restless, ever-advancing labour of those workers who have
made use of the quantum of action in their investigations. 

The first advance in this work was made by A. Einstein, who 
proved, on the one hand, that the introduction of the energy
quanta, required by the quantum of action, appeared suitable
for deriving a simple explanation for 
a series of remarkable
observations of light effects, such as Stokes's rule, emission of
electrons, and ionization of gases. 



Irreversibility



In 1909, Einstein first suggested that the elementary process of radiation emission may be irreversible. 

In 1916, Einstein derived the Planck law of radiation and Bohr's two quantum postulates (stationary states and transitions between states with 
  E
  =
  h
  ν
). By contrast, Planck's "discovery" of his law was accomplished by trial and error guesses at the mathematical form. Einstein derived it from more basic principles.


Planck did give Einstein more credit in his 1920 Nobel lecture, "The Genesis and Present State of Development of the Quantum Theory". He asked whether the quantum of action was a fictional quantity or would it play a fundamental role in
  physics, ... something entirely new, never before heard
  of, which seemed called upon to basically revise all our physical
  thinking, built as this was ... on the acceptance
  of the continuity of all causative connections. He gave the major credit for the second alternative to Einstein:


Experiment has decided for the second
  alternative. That the decision could be made so soon and so
  definitely was due not to the proving of the energy distribution
  law of heat radiation, still less to the special derivation of
  that law devised by me, but rather should it be attributed to the
  restless forward thrusting work of those research workers who used
  the quantum of action to help them in their own investigations
  and experiments. The first impact in this field was made by
  A. Einstein who,
  on the one hand, pointed out that the introduction of the energy
  quanta, determined by the quantum of action, appeared suitable
  for obtaining a simple explanation for a series of noteworthy
  observations during the action of light, such as Stokes' Law,
  electron emission, and gas ionization, and, on the other hand,
  derived a formula for the specific heat of a solid body through
  the identification of the expression for the energy of a system
  of resonators with that of the energy of a solid body, and this
  formula expresses, more or less correctly, the changes in
  specific heat, particularly its reduction with falling
  temperature. The result was the emergence, in all directions, of
  a number of problems whose more accurate and extensive
  elaboration in the course of time brought to light a mass of
  valuable material...
The production of photons by electron
  impact appears as the reverse process to that of electron
  emission through irradiation by light-, Röntgen-, or
  gamma-rays and again here, the energy quanta, determined by the
  quantum of action and by the vibration frequency, play a
  characteristic role, as could be recognized, already at an early
  time, from the striking fact that the velocity of the emitted
  electrons is not determined by the intensity of radiation, but
  only by the colour of the light incident upon the substance. Also
  from the quantitative aspect, Einstein's equations with respect
  to the light quantum have proved true in every way, as
  established by R.A. Millikan, in particular, by measurements of
  the escape velocity of emitted electrons...
There is in particular one problem whose
  exhaustive solution could provide considerable elucidation. What
  becomes of the energy of a photon after complete emission? Does
  it spread out in all directions with further propagation in the
  sense of Huygens' wave theory, so constantly taking up more
  space, in boundless progressive attenuation? Or does it fly out
  like a projectile in one direction in the sense of Newton's
  emanation theory? In the first case, the quantum would no longer
  be in the position to concentrate energy upon a single point in
  space in such a way as to release an electron from its atomic
  bond, and in the second case, the main triumph of the Maxwell
  theory - the continuity between the static and the dynamic fields
  and, with it, the complete understanding we have enjoyed, until
  now, of the fully investigated interference phenomena - would
  have to be sacrificed, both being very unhappy consequences for
  today's theoreticians.



Strangely, Planck does not give specific credit to Einstein for first seeing the problem of nonlocality that arises from wave-particle duality. Indeed, in 1920 most of the Nobel-prize winning physicists still had serious doubts about Einstein's light-quantum hypothesis and its wave nature as a "ghost field" or guiding wave for the quanta (later to be called photons)


  Matter, Consciousness, Spirit, and Faith
  

Planck spoke often enough about God and the Church, as well as religions in the plural, to consider him a man of faith. But like Einstein, his faith was in Reason, or a rational spiritual entity behind the empirical facts of matter in motion. The last words of his book The New Science  were...

  It is only when we have planted our feet on the firm ground which can be won only with the help of the
experience of real life, that we have the right to feel secure in surrendering to our belief in a philosophy of the world based upon a faith in the rational ordering of this world.
  

Planck was in some ways a panpsychist, believing that all matter is conscious. 


  I regard consciousness as fundamental. I regard matter as derivative from consciousness. We cannot get behind consciousness. Everything that we talk about, everything that we regard as existing, postulates consciousness.
  


He believed that particles of matter must be held together by a spirit, beyond the laws of quantum physics. 


One of his most famous quotes, "Mind is the Matrix of Matter," translates Geist (spirit) as mind. The full quote is
Als Physiker, der sein ganzes Leben der nüchternen Wissenschaft, der Erforschung der Materie widmete, bin ich sicher von dem Verdacht frei, für einen Schwarmgeist gehalten zu werden. Und so sage ich nach meinen Erforschungen des Atoms dieses: Es gibt keine Materie an sich. Alle Materie entsteht und besteht nur durch eine Kraft, welche die Atomteilchen in Schwingung bringt und sie zum winzigsten Sonnensystem des Alls zusammenhält. Da es im ganzen Weltall aber weder eine intelligente Kraft noch eine ewige Kraft gibt—es ist der Menschheit nicht gelungen, das heißersehnte Perpetuum mobile zu erfinden—so müssen wir hinter dieser Kraft einen bewußten intelligenten Geist annehmen. Dieser Geist ist der Urgrund aller Materie.
As a physicist who has devoted his whole life to rational science, to the study of matter, I think I can safely claim to be above any suspicion of irrational exuberance. Having said that, I would like to observe that my research on the atom has shown me that there is no such thing as matter in itself. What we perceive as matter is merely the manifestation of a force that causes the subatomic particles to oscillate and holds them together in the tiniest solar system of the universe. Since there is in the whole universe neither an intelligent force nor an eternal force (mankind, for all its yearnings, has yet to succeed in inventing a perpetual motion machine), we must assume that this force that is active within the atom comes from a conscious and intelligent mind. That mind is the ultimate source of matter.
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Michael Polanyi made important theoretical contributions to physical chemistry, economics, and philosophy. He was a chemistry professor at the Kaiser Wilhelm Institute in Berlin, and then in 1933 he moved to England, becoming first a chemistry professor, and then a social sciences professor at the University of Manchester in 1944 Polanyi was elected to the Royal Society. One of his children and two of his pupils won the Nobel Prize. His older brother Karl was a founder of the Galileo Galilei Society in Hungary.
Ernst Mach had the greatest influence on the formation of the Galilean worldview in the natural sciences, which was built on the absolutization of the concept of experience. ("We cannot even think about the phenomena that cannot be proven by experience," wrote Polanyi).


In 1967, Michael Polanyi published the landmark article "Life Transcending Physics and Chemistry." In it he wrote...


"When I say that life transcends physics and chemistry,
I mean that biology cannot explain life in our age
by the current workings of physical and chemical laws."


In 1969 Polanyi went into more detail with his article in Science, " Life's Irreducible Structure: Live Mechanisms and Information in DNA are boundary conditions with a sequence of boundaries above them." In it, he wrote...

If all men were exterminated, this would not affect the laws of inanimate nature. But the production of machines would stop, and not until men arose again could machines be formed once rnore. Some animals can produce tools, but only men can construct machines; machines are human artifacts, made of inanimate material. The Oxford Dictionary describes a "machine as an apparatus for applying mechanical power, consisting of a number of interrelated parts, each having a definite function." It might be, for example, a machine for sewing or printing. Let us assume that the power driving the machine is built in, and disregard the fact that it has to be renewed from time to time. We can say, then, that the manufacture of a machine consists in cutting suitably shaped parts and fitting them together so that their joint mechanical action should serve a possible human purpose. The structure of machines and the working of their structure are thus shaped by man, even while their material and the forces that operate them obey the laws of inanimate nature. In constructing a machine and supplying it with power, we harness the laws of nature at work in its material and in its driving force and make them serve our purpose.


To summarize,
1) Physics and chemistry are reducible to the laws of physics and chemistry, but Life is not.

2) Lifetranscends physics and chemistry. Living things are the transcendental, which religions usually described as a state of being beyond (or before) the physical world. 






Source: https://www.informationphilosopher.com/solutions/scientists/polanyi/
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   Roger Penrose thinks that new physical phenomena, as yet unobserved, may be responsible for consciousness and free will.

In particular, he has developed a theory of "correct" quantum gravity, later called "objective reduction," that allows the superposition of quantum states to collapse into a single state without the randomness or indeterminacy of standard quantum mechanics.


Penrose thinks the mysteries of consciousness and free will can be explained by quantum mysteries.


In his 1994 book The Emperor's New Mind, considers the idea that the unconscious mind in generating alternative possibilities for original thoughts. 



What, then, is my view as to the role of the unconscious in inspirational thought? I admit that the issues are not so clear as I would like them to be. This is an area where the unconscious seems indeed to be playing a vital role, and I must concur with the view that unconscious processes are important. I must agree, also, that it cannot be that the unconscious mind is simply throwing up ideas at random. There must be a powerfully impressive selection process that allows the conscious mind to be disturbed only by ideas that 'have a chance'. I would suggest that these criteria for selection — largely 'aesthetic' ones, of some sort — have been already strongly influenced by conscious desiderata (like the feeling of ugliness that would accompany mathematical thoughts that are inconsistent with already established general principles).


In relation to this, the question of what constitutes genuine originality should be raised. It seems to me that there are two factors involved, namely a 'putting-up' and a 'shooting-down' process. I imagine that the putting-up could be largely unconscious and the shooting-down largely conscious. Without an effective putting-up process, one would have no new ideas at all. But, just by itself, this procedure would have little value. One needs an effective procedure for forming judgements, so that only those ideas with a reasonable chance of success will survive. In dreams, for example, unusual ideas may easily come to mind, but only very rarely do they survive the critical judgements of the wakeful consciousness. (For my own part, I have never had a successful scientific idea in a dreaming state, while others, such as the chemist Kekule in his discovery of the structure of benzene, may have been more fortunate.) In my opinion, it is the conscious shooting-down (judgement) process that is central to the issue of originality, rather than the unconscious putting-up process; but I am aware that many others might hold to a contrary view. 



In his 1989 book The Emperor's New Mind, Penrose suggests a two-stage process but is skeptical of the value of randomness in the first step. His thinking follows that of Jacques Hadamard and Henri Poincaré, who he has just discussed in the previous pages.


  
Penrose is very concerned about determinism (in which the future is completely determined) and a form of "strong" determinism in which every event in the universe has been pre-determined from the beginning of the universe.

He calls the deterministic evolution of the Schrödinger equation of motion U, and the random collapse (or reduction) of the wave function R. CQG is his theory of "correct quantum gravity." 

Determinism and strong determinism


So far I have said little about the question of 'free will' which is normally taken to be the fundamental issue of the active part of the mind—body problem. Instead, I have concentrated on my suggestion that there is an essential non-algorithmic aspect to the role of conscious action. Normally, the issue of free will is discussed in relation to determinism in physics. Recall that in most of our SUPERB theories there is a clear-cut determinism, in the sense that if the state of the system is known at any one time, then it is completely fixed at all later (or indeed earlier) times by the equations of the theory. In this way there seems to be no room for 'free will' since the future behaviour of a system seems to be totally determined by the physical laws. 

Even the U part of quantum mechanics has this completely deterministic character. However, the R 'quantum-jump' is not deterministic, and it introduces a completely random element into the time-evolution. Early on, various people leapt at the possibility that here might be a role for free will, the action of consciousness perhaps having some direct effect on the way that an individual quantum system might jump. But if R is really random, then it is not a great deal of help either, if we wish to do something positive with our free wills.

My own point of view, although it is not very well formulated in this respect, would be that some new procedure (CQG) takes over at the quantum—classical borderline which interpolates between U and R (each of which are now regarded as approximations), and that this new procedure would contain an essentially non-algorithmic element. This would imply that the future would not be computable from the present, even though it might be determined by it. I have tried to be clear in distinguishing the issue of computability from that of determinism, in my discussions in Chapter 5. It seems to me to be quite plausible that CQG might be a deterministic but non-computable theory.


Sometimes people take the view that even with classical (or U-quantum) determinism there is no effective determinism, because the initial conditions cannot ever be well-enough known that the future could actually be computed. Sometimes very small changes in the initial conditions can lead to very large differences in the final outcome. This is what happens, for example, in the phenomenon known as 'chaos' in a (classical) deterministic system — an example being the uncertainty of weather prediction. However, it is very hard to believe that this kind of classical uncertainty can be what allows us our (illusion of?) free will. The future behaviour would still be determined, right from the big bang, even though we would be unable to calculate it.


The same objection might be raised against my suggestion that a lack of computability might be intrinsic to the dynamical laws — now assumed to be non-algorithmic in character — rather than to our lack of information concerning initial conditions. Even though not computable, the future would, on this view, still be completely fixed by the past — all the way back to the big bang. In fact, I am not being so dogmatic as to insist that CQG ought to be deterministic but non-computable. My guess would be that the sought-for theory would have a more subtle description than that. I am only asking that it should contain non-algorithmic elements of some essential kind.


To close this section, I should like to remark on an even more extreme view that one might hold towards the issue of determinism. This is what I have referred to as strong determinism. According to strong determinism, it is not just a matter of the future being determined by the past; the entire history of the universe is fixed, according to some precise mathematical scheme, for all time. Such a viewpoint might have some appeal if one is inclined to identify the Platonic world with the physical world in some way, since Plato's world is fixed once and for all, with no 'alternative possibilities' for the universe! (I sometimes wonder whether Einstein might have had such a scheme in mind when he wrote 'What I'm really interested in is whether God could have made the world in a different way; that is, whether the necessity of logical simplicity leaves any freedom at all!' (letter to Ernst Strauss; see Kuznetsov 1977, p. 285).





The determinism of U and the indeterminism and randomness of R leads Penrose to the standard argument against free will


In his 1997 book Shadows of the Mind, Penrose speculated further that free will might result from a dualistic mind influencing the random R process. This was the "interactionist" view of neuroscientist John Eccles and philosopher Karl Popper.


§1.11. The issue of 'responsibility' raises deep philosophical questions concerning the ultimate causes of our behaviour. It might well be argued that each of our actions is ultimately determined by our inheritance and by our environment — or else by those numerous chance factors that continually affect our lives. Are not all of these influences 'beyond our control', and therefore things for which we cannot ultimately be held responsible? Is the matter of 'responsibility' merely one of convenience of terminology, or is there actually something else — a 'self lying beyond all such influences — which exerts a control over our actions? The legal issue of 'responsibility' seems to imply that there is indeed, within each one of us, some kind of an independent 'self with its own responsibilities — and, by implication, rights — whose actions are not attributable to inheritance, environment, or chance. If it is other than a mere convenience of language that we speak as though there were such an independent 'self, then there must be an ingredient missing from our present-day physical understandings. The discovery of such an ingredient would surely profoundly alter our scientific outlook.

This book will not supply an answer to these deep issues, but I believe that it may open the door to them by a crack — albeit only by a crack. It will not tell us that there need necessarily be a 'self whose actions are not attributable to external cause, but it will tell us to broaden our view as to the very nature of what a 'cause' might be. A 'cause' could be something that cannot be computed in practice or in principle. I shall argue that when a 'cause' is the effect of our conscious actions, then it must be something very subtle, certainly beyond computation, beyond chaos, and also beyond any purely random influences.


Is 'free will' an illusion

 Whether such a concept of 'cause' could lead us any closer to an understanding of the profound issue (or the 'illusion'?) of our free wills is a matter for the future. (p.36)



Penrose doubts that responsibility and control are possible, given the standard argument against free will

6.8 Is it consciousness that reduces the state vector? Among those who take |Ψ> seriously as a description of the physical world, there are some who would argue — as an alternative to trusting U at all scales, and thus believing in a many-worlds type of viewpoint — that something of the nature of R actually takes place as soon as the consciousness of an observer becomes involved. The distinguished physicist Eugene Wigner once sketched a theory of this nature (Wigner 1961). The general idea would be that unconscious matter — or perhaps just inanimate matter — would evolve according to U, but as soon as a conscious entity (or 'life') becomes physically entangled with the state, then something new comes in, and a physical process that results in R takes over actually to reduce the state.

There need be no suggestion, with such a viewpoint, that somehow the conscious entity might be able to 'influence' the particular choice that Nature makes at this point. Such a suggestion would lead us into distinctly murky waters and, as far as I am aware, there would be a severe conflict with observed facts with any too simplistic suggestion that a conscious act of will could influence the result of a quantum-mechanical experiment. Thus, we are not requiring, here, that 'conscious free will' should necessarily be taking an active role with regard to R (but cf. §7.1, for some alternative viewpoints).


No doubt some readers might expect that, since I am searching for a link between the quantum measurement problem and the problem of consciousness, I might find myself attracted by ideas of this general nature. I should make myself clear that this is not the case. It is probable, after all, that consciousness is a rather rare phenomenon throughout the universe. There appears to be a good deal of it occurring in many places on the surface of the earth, but as far as evidence has presented itself to us to this date, there is no highly developed consciousness — if, indeed, any at all — right out into depths of the universe many light centuries away from us. It would be a very strange picture of a 'real' physical universe in which physical objects evolve in totally different ways depending upon whether or not they are within sight or sound or touch of one of its conscious inhabitants.

(p.329)


7.1 Large-scale quantum action in brain function?

Brain action, according to the conventional viewpoint, is to be understood in terms of essentially classical physics — or so it would seem. Nerve signals are normally taken to be 'on or off' phenomena, just as are the currents in the electronic circuits of a computer, which either take place or do not take place — with none of the mysterious superpositions of alternatives that are characteristic of quantum actions. Whilst it would be admitted that, at underlying levels, quantum effects must have their roles to play, biologists seem to be generally of the opinion that there is no necessity to be forced out of a classical framework when discussing the large-scale implications of those primitive quantum ingredients. The chemical forces that control the interactions of atoms and molecules are indeed quantum mechanical in origin, and it is largely chemical action that governs the behaviour of the neurotransmitter substances that transfer signals from one neuron to another — across tiny gaps that are called synaptic clefts. Likewise, the action potentials that physically control nerve-signal transmission itself have an admittedly quantum-mechanical origin. Yet it seems to be generally assumed that it is quite adequate to model the behaviour of neurons themselves, and their relationships with one another, in a completely classical way. It is widely believed, accordingly, that it should be entirely appropriate to model the physical functioning of the brain as a whole, as a classical system, where the more subtle and mysterious features of quantum physics do not significantly enter the description.

This would have the implication that any possible significant activity that might take place in a brain is indeed to be taken as either 'occurring' or 'not occurring'. The strange superpositions of quantum theory, that would allow simultaneous 'occurring' and 'not occurring' — with complex-number weighting factors — would, accordingly, be considered to play no significant role. Whilst it might be accepted that at some submicroscopic level of activity such quantum superpositions do 'really' take place, it would be felt that the interference effects that are characteristic of such quantum phenomena would have no role at the relevant larger scales. Thus, it would be considered 
adequate to treat any such superpositions as though they were statistical mixtures, and the classical modelling of brain activity would be perfectly satisfactory FAPP [for all practical purposes].
There are certain dissenting opinions from this, however. In particular, the renowned neurophysiologist John Eccles has argued for the importance of quantum effects in synaptic action (see, in particular, Beck and Eccles (1992), Eccles (1994)). He points to the presynaptic vesicular grid — a paracrystalline hexagonal lattice in the brain's pyramidal cells — as being an appropriate quantum site. Also, some people (even including myself; cf. ENM [The Emperor's New Mind ], pp. 400-401, and Penrose 1987) have tried to extrapolate from the fact that light-sensitive cells in the retina (which is technically part of the brain) can respond to a small number of photons (Hecht et al. 1941) — sensitive even to a single photon (Baylor et al. 1979), in appropriate circumstances—and to speculate that there might be neurons in the brain, proper, that are also essentially quantum detection devices.


With the possibility that quantum effects might indeed trigger much larger activities within the brain, some people have expressed the hope that, in such circumstances, quantum indeterminacy might be what provides an opening for the mind to influence the physical brain. Here, a dualistic viewpoint would be likely to be adopted, either explicitly or implicitly. Perhaps the 'free will' of an 'external mind' might be able to influence the quantum choices that actually result from such non-deterministic processes. On this view, it is presumably through the action of quantum theory's R-process that the dualist's 'mind-stuff' would have its influence on the behaviour of the brain.



The status of such suggestions is unclear to me, especially since, in standard quantum theory, quantum indeterminacy does not occur at quantum-level scales, since it is the deterministic U-evolution that always holds at this level. It is only in the magnification process from the quantum to the classical levels that the indeterminacy of R is deemed to occur. On the standard FAPP viewpoint, this indeterminacy is something that 'takes place' only when sufficient amounts of the environment become entangled with the quantum event. In fact, as we have seen in §6.6, on the standard view it is not even clear what 'taking place' actually means. It would be hard, on conventional quantum-physical grounds, to maintain that the theory does actually allow an indeterminacy to occur just at the level where a single quantum particle, such as a photon, atom, or small molecule, is critically involved. When (for example) a photon's wavefunction encounters a photon-sensitive cell, it sets in train a sequence of events that remains deterministic (action of U) so long as the system can be considered to stay 'at the quantum level'. Eventually, significant amounts of the environment become disturbed and, on the conventional view, one considers that R has occurred FAPP. One would have to contend that the 'mind-stuff' somehow influences the system only at this indeterminate stage.


According to the viewpoint on state reduction that I have myself been promoting in this book (cf. §6.12), to find the level at which the R-process actually becomes operative, we must look to the quite large scales that become relevant when considerable amounts of material (microns to millimetres in diameter — or perhaps a good deal more, if no significant mass movement is involved) become entangled in the quantum state. (I shall henceforth denote this fairly specific but putative procedure by OR, which stands for objective reduction*. In any case, if we try to adhere to the above dualist viewpoint, where we are looking for somewhere where an external 'mind' might have an influence on physical behaviour — presumably by replacing the pure randomness of quantum theory by something more subtle—then we must indeed find how the 'mind's' influence could enter at a much larger scale than single quantum particles. We must look to wherever the cross-over point occurs between the quantum and classical levels. As we have seen in the previous chapter, there is no general agreement about what, whether, or where such a cross-over point might be.


In my own opinion, it is not very helpful, from the scientific point of view, to "think of a dualistic 'mind' that is (logically) external to the body, somehow influencing the choices that seem to arise in the action of R. If the 'will' could somehow influence Nature's choice of alternative that occurs with R, then why is an experimenter not able, by the action of 'will power', to influence the result of a quantum experiment? If this were possible, then violations of the quantum probabilities would surely be rife! For myself, I cannot believe that such a picture can be close to the truth. To have an external 'mind-stuff' that is not itself subject to physical laws is taking us outside anything that could be reasonably called a scientific explanation, and is resorting to the viewpoint D (cf. §1.3).


The question of the absolute nature of morality is relevant to the legal issues of §1.11. There is relevance, also, to the question of 'free will', as was raised at the end of §1.11: might there be something that is beyond our inheritance, beyond environmental factors, and beyond chance influences — a separate 'self' that has a profound role in controlling our actions? I believe that we are very far from an answer to this question. As far as the arguments of this book go, all that I could claim with any confidence would be that whatever is indeed involved must lie in principle beyond the capabilities of those devices that we presently call 'computers'.
(p.401)

The Andromeda Paradox

In his 1989 book The Emperor's New Mind, Penrose developed a form of the Rietdijk - Putnam argument that claims to prove the universe is pre-determined for special relativistic reasons. This is a more sophisticated version of "block universe" arguments for determinsm, like those of Hermann Minkowski and J. J. C. Smart
Penrose's argument is called the Andromeda Paradox. He shows that two people walking past each other in the street could have very different present moments. If one of the people were walking towards the Andromeda Galaxy, events in this galaxy might be hours or even days advanced of the events on Andromeda for the person walking in the other direction. If this occurs, it would have dramatic effects on our understanding of time. Penrose highlighted the consequences by discussing a potential invasion of Earth by aliens living in the Andromeda galaxy. On Earth, one person might live in a universe where the Andromedeans have not yet decided to invade, whilst someone passing them in the street could live in a universe where alien spaceships are underway. 

[image: image-placeholder]

Penrose describes the situation:


"Two people pass each other on the street; and according to one of the two people, an Andromedean space fleet has already set off on its journey, while to the other, the decision as to whether or not the journey will actually take place has not yet been made. How can there still be some uncertainty as to the outcome of that decision? If to either person the decision has already been made, then surely there cannot be any uncertainty. The launching of the space fleet is an inevitability."


The observers cannot see what is happening "now" in Andromeda. It is light-years away. The paradox is that they have different ideas of what is happening "now" in Andromeda.


Penrose's paradox is a version of the Rietdijk-Putnam argument that allegedly proves that the physical universe of Minkoswski space-time shows the the universe is deterministic.


The Arrow of Time

Also in his 1989 book The Emperor's New Mind, Penrose speculated on the connection between information, entropy, and the arrow of time.


Recall that the primordial fireball was a thermal state — a hot gas in expanding thermal equilibrium. Recall, also, that the term 'thermal equilibrium' refers to a state of maximum entropy. (This was how we referred to the maximum entropy state of a gas in a box.) However, the second law demands that in its initial state, the entropy of our universe was at some sort of minimum, not a maximum!

What has gone wrong? One 'standard' answer would run roughly as follows:


True, the fireball was effectively in thermal equilibrium at the beginning, but the universe at that time was very tiny. The fireball represented the state of maximum entropy that could be permitted for a universe of that tiny size, but the entropy so permitted would have been minute by comparison with that which is allowed for a universe of the size that we find it to be today. As the universe expanded, the permitted maximum entropy increased with the universe's size, but the actual entropy in the universe lagged well behind this permitted maximum. The second law arises because the actual entropy is always striving to catch up with this permitted maximum.



Penrose's "standard" answer is the work of David Layzer, in his 1975 Scientific American article "The Arrow of Time." Here is the Layzer picture:
[image: image-placeholder]


A Summary of Quantum Mechanics

At the end of his chapter on "Quantum Magic and Quantum Mystery" Penrose summarized the situation:

Let us briefly review what
standard quantum theory has actually told us about how we should describe
the world, especially in relation to these puzzling issues — and then ask: where
do we go from here?

Recall, first of all, that the descriptions of quantum theory appear to apply
sensibly (usefully?) only at the so-called quantum level — of molecules, atoms,
or subatomic particles, but also at larger dimensions, so long as_ energy
differences between alternative possibilities remain very small. At the
quantum level, we must treat such 'alternatives' as things that can coexist, in a
kind of complex-number-weighted superposition. The complex numbers that
are used as weightings are called probability amplitudes. Each different
totality of complex-weighted alternatives defines a different quantum state.
and any quantum system must be described by such a quantum state. Often,
as is most clearly the case with the example of spin, there is nothing to say
which are to be 'actual' alternatives composing a quantum state and which are
to be just 'combinations' of alternatives. In any case, so long as the system
remains at the quantum level, the quantum state evolves in a completely
deterministic way. This deterministic evolution is the process U, governed by
the important Schrödinger equation.


When the effects of different quantum alternatives become magnified to
the classical level, so that differences between alternatives are large enough
that we might directly perceive them, then such complex-weighted superpositions
seem no longer to persist. Instead, the squares of the moduli of the
complex amplitudes must be formed (i.e. their squared distances from the
origin in the complex plane taken), and these real numbers now play a new
role as actual probabilities for the alternatives in question. Only one of the
alternatives survives into the actuality of physical experience, according to the
process R (called reduction of the state vector or collapse of the wavefunction;
completely different from U). It is here, and only here, that the
non-determinism of quantum theory makes its entry.


The quantum state may be strongly argued as providing an objective
picture. But it can be a complicated and even somewhat paradoxical one.
When several particles are involved, quantum states can (and normally 'do')
get very complicated. Individual particles then do not have 'states' on their
own, but exist only in complicated 'entanglements' with other particles,
referred to as correlations. When a particle in one region is 'observed' in the
sense that it triggers some effect that becomes magnified to the classical level,
then R must be invoked — but this apparently simultaneously affects all the
other particles with which that particular particle is correlated. Experiments
of the Einstein-Podolsky-Rosen (EPR) type (such as that of Aspect, in which
pairs of photons are emitted in opposite directions by a quantum source, and
then separately have their polarizations measured many metres apart) give
clear observational substance to this puzzling, but essential fact of quantum
physics: it is non-local (so that the photons in the Aspect experiment cannot
be treated as separate independent entities)! If R is considered to act in an
objective way (and that would seem to be implied by the objectivity of the
quantum state), then the spirit of special relativity is accordingly violated.'No
objectively real space-time description of the (reducing) state-vector seems to
exist which is consistent with the requirements of relativity! However the
observational effects of quantum theory do not violate relativity.


Quantum theory is silent about when and why R should actually (or appear
to?) take place. Moreover, it does not, in itself, properly expIain why the
classical-level world 'looks' classical. 'Most' quantum states do not at all
resemble classical ones!

Where does all this leave us? I believe that one must strongly consider the
possibility that quantum mechanics is simply wrong when applied to macroscopic
bodies — or, rather that the laws U and R supply excellent approximations,
only, to some more complete, but as yet undiscovered, theory. It is the
combination of these two laws together that has provided all the wonderful
agreement with observation that present theory enjoys, not U alone. If the
linearity of U were to extend into the macroscopic world, we should have to
accept the physical reality of complex linear combinations of different
positions (or of different spins, etc.) of cricket balls and the like. Common
sense alone tells us that this is not the way that the world actually behaves!


Cricket balls are indeed well approximated by the descriptions of classical
physics. They have reasonably well-defined locations, and are not seen to be
in two places at once, as the linear laws of quantum mechanics would allow
them to be. If the procedures U and R are to be replaced by a more
comprehensive law, then, unlike Schrodinger's equation, this new law would
have to be non-linear in character (because R itself acts non-linearly). Some
people object to this, quite rightly pointing out that much of the profound
mathematical elegance of standard quantum theory results from its linearity.
However, I feel that it would be surprising if quantum theory were not to
undergo some fundamental change in the future — to something for which this
linearity would be only an approximation. There are certainly precedents for
this kind of change. Newton's elegant and powerful theory of universal
gravitation owed much to the fact that the forces of the theory add up in a
linear way. Yet, with Einstein's general relativity, this linearity was seen to be
only an (albeit excellent) approximation — and the elegance of Einstein's
theory exceeds even that of Newton's!




Note that any theory that "explained" when and where and in which direction a random event like photon emission or nuclear decay happens would change it from an indeterministic to a deterministic event!
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Steven Pinker is a psychologist and prolific writer who occasionally comments on free will. In his 1997 How the Mind Works, he condensed the standard argument against free will into a single sentence, 


"a random event does not fit the concept of free will any more than a lawful one does, and could not serve as the long-sought locus of moral responsibility." (p.54)


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=VQxJi0COTBo



Pinker is a strong supporter of the "computational theory of mind," his "recurring metaphor of the mind as machine." This is the idea in cognitive science that we can learn a great deal from computing machines about intelligence and the reasoning processes in our minds.


He examines alternative explanations for intelligence.
   

The traditional explanation of intelligence is that human flesh is suffused with a non-material entity, the soul, usually envisioned as some kind of ghost or spirit. But the theory faces an insurmountable problem: How does the spook interact with solid matter? (p.64)

Another explanation is that mind comes from some extraordinary form of matter. Darwin wrote that the brain "secretes" the mind, and recently the philosopher John Searle has argued that the physico-chemical properties of brain tissue somehow produce the mind just as breast tissue produces milk and plant tissue produces sugar...


Intelligence has often been attributed to some kind of energy flow or force field. Orbs, luminous vapors, auras, vibrations, magnetic fields, and lines of force figure prominently in spiritualism, pseudoscience, and science-fiction kitsch. The school of Gestalt psychology tried to explain visual illusions in terms of electromagnetic force fields on the surface of the brain, but the fields were never found. Occasionally the brain surface has been described as a continuous vibrating medium that supports holograms or other wave interference patterns, but that idea, too, has not panned out. The hydraulic model, with its psychic pressure building up, bursting out, or being diverted through alternative channels, lay at the center of Freud's theory and can be found in dozens of everyday metaphors: anger welling up, letting off steam, exploding under the pressure, blowing one's stack, venting one's feelings, bottling up rage. But even the hottest emotions do not literally correspond to a buildup and discharge of energy (in the physicist's sense) somewhere in the brain.  (p.65)



 
Pinker concludes that none of these is a successful explanation, then offers one that focuses on the abstract idea of information, which leads him to his metaphor of the mind as an information-processing machine, a biological Turing machine (or virtual mental computer).
   
No, intelligence does not come from a special kind of spirit or matter or energy but from a different commodity, information.  (p.65) 

Does this mean that the human brain is a Turing machine? Certainly not...other kinds of symbol-processors have been proposed as models of the human mind. These models are often simulated on commercial computers, but that is just a convenience. The commercial computer is first programmed to emulate the hypothetical mental computer (creating what computer scientists call a virtual machine), in much the same way that a Macintosh can be programmed to emulate a PC. Only the virtual mental computer is taken seriously, not the silicon chips that emulate it. Then a program that is meant to model some sort of thinking (solving a problem, understanding a sentence) is run on the virtual mental computer. A new way of understanding human intelligence has been born.  (p.68-9)
  


Abstract information is neither matter nor energy, yet it needs matter for its concrete embodiment and energy for its communication. Information is the modern spirit, the ghost in Pinker's machine.
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As science advances and explanations of behavior become less fanciful, the Specter of Creeping Exculpation, as Dennett calls it, will loom larger. Without a clearer moral philosophy, any cause of behavior could be taken to undermine free will and hence moral responsibility. Science is guaranteed to appear to eat away at the will, regardless of what it finds, because the scientific mode of explanation cannot accommodate the mysterious notion of uncaused causation that underlies the will. If scientists wanted to show that people had free will, what would they look for? Some random neural event that the rest of the brain amplifies into a signal triggering behavior? 


But a random event does not fit the concept of free will any more than a lawful one does, and could not serve as the long-sought locus of moral responsibility. We would not find someone guilty if his finger pulled the trigger when it was mechanically connected to a roulette wheel, why should it be any different if the roulette wheel is inside his skull? The same problem arises for another unpredictable cause that has been suggested as the source of free will, chaos theory, in which, according to the cliche, a butterfly's flutter can set off a cascade of events culminating in a hurricane. A fluttering in the brain that causes a hurricane of behavior, if it were ever found, would still be a cause of behavior and would not fit the concept of uncaused free will that underlies moral responsibility.


Either we dispense with all morality as an unscientific superstition, or we find a way to reconcile causation (genetic or otherwise) with responsibility and free will. I doubt that our puzzlement will ever be completely assuaged, but we can surely reconcile them in part. Like many philosophers, I believe that science and ethics are two self-contained systems played out among the same entities in the world, just as poker and bridge are different games played with the same fifty-two-card deck. The science game treats people as material objects, and its rules are the physical processes that cause behavior through natural selection and neurophysiology. The ethics game treats people as equivalent, sentient, rational, free-willed agents, and its rules are the calculus that assigns moral value to behavior through the behavior's inherent nature or its consequences.


Free will is an idealization of human beings that makes the ethics game playable. Euclidean geometry requires idealizations like infinite straight lines and perfect circles, and its deductions are sound and useful even though the world does not really have infinite straight lines or perfect circles. The world is close enough to the idealization that the theorems can usefully be applied. Similarly, ethical theory requires idealizations like free, sentient, rational, equivalent agents whose behavior is uncaused, and its conclusions can be sound and useful even though the world, as seen by science, does not really have uncaused events. As long as there is no outright coercion or gross malfunction of reasoning, the world is close enough to the idealization of free will that moral theory can meaningfully be applied to it.
Science and morality are separate spheres of reasoning. Only by recognizing them as separate can we have them both. If discrimination is wrong only if group averages are the same, if war and rape and greed are wrong only if people are never inclined toward them, if people are responsible for their actions only if' the actions are mysterious, then either scientists mist be prepared to fudge their data or all of us must be prepared to give up our values.


 Scientific arguments would turn into the National Lampoon cover showing a puppy with a gun at its head and the caption "Buy This Magazine or We'll Shoot the Dog."
The knife that separates causal explanations of behavior from moral responsibility for behavior cuts both ways. In the latest twist in the human-nature morality play, a chromosomal marker for homosexuality in some men, the so-called gay gene, was identified by the geneticist Dean Hamer. To the bemusement of Science for the People, this time it is the genetic explanation that is politically correct. Supposedly it refutes right-wingers like Dan Quayle, who had said that homosexuality "is more of a choice than a biological situation. It is a wrong choice." The gay gene has been used to argue that homosexuality is not a choice for which gay people can be held responsible but an involuntary orientation they just can't help. But the reasoning is dangerous. The gay gene could just as easily be said to influence some people to choose homosexuality. And like all good science, Hamer's result might be falsified someday, and then where would we be? Conceding that bigotry against gay people is OK after all? The argument against persecuting gay people must be made not in terms of the gay gene or the gay brain but in terms of people's right to engage in private consensual acts without discrimination or harassment.


The cloistering of scientific and moral reasoning in separate arenas also lies behind my recurring metaphor of the mind as a machine, of people as robots. Does this not dehumanize and objectify people and lead us to treat them as inanimate objects? As one humanistic scholar lucidly put it in an Internet posting, does it not render human experience invalid, reifying a model of relating based on an I-It relationship, and delegitimating all other forms of discourse with fundamentally destructive consequences to society? Only if one is so literal-minded that one cannot shift among different stances in conceptualizing people for different purposes. A human being is simultaneously a machine and a sentient free agent, depending on the purpose of the discussion, just as he is also a taxpayer, an insurance salesman, a dental patient, and two hundred pounds of ballast on a commuter airplane, depending on the purpose of the discussion. The mechanistic stance allows us to understand what makes us tick and how we fit into the physical universe. When those discussions wind down for the day, we go back to talking about each other as free and dignified human beings.

(pp.54-56)



The traditional explanation of intelligence is that human flesh is suffused with a non-material entity, the soul, usually envisioned as some kind of ghost or spirit. But the theory faces an insurmountable problem: How does the spook interact with solid matter? How does an ethereal nothing respond to flashes, pokes, and beeps and get arms and legs to move? Another problem is the overwhelming evidence that the mind is the activity of the brain. The supposedly immaterial soul, we now know, can be bisected with a knife, altered by chemicals, started or stopped by electricity, and extinguished by a sharp blow or by insufficient oxygen. Under a microscope, the brain has a breathtaking complexity of physical structure fully commensurate with the richness of the mind.


Another explanation is that mind comes from some extraordinary form of matter. Pinocchio was animated by a magical kind of wood found by Geppetto that talked, laughed, and moved on its own. Alas, no one has ever discovered such a wonder substance. At first one might think that the wonder substance is brain tissue. Darwin wrote that the brain "secretes" the mind, and recently the philosopher John Searle has argued that the physico-chemical properties of brain tissue somehow produce the mind just as breast tissue produces milk and plant tissue produces sugar. But recall that the same kinds of membranes, pores, and chemicals are found in brain tissue throughout the animal kingdom, not to mention in brain tumors and cultures in dishes, All of these globs of neural tissue have the same physico-chemical properties. but not aII of
them accomplish humanlike intelligence. Of course, something about the tissue in the human brain is necessary for our intelligence, but the physical properties are not sufficient, just as the physical properties of bricks are not sufficient to explain architecture and the physical properties of oxide particles are not sufficient to explain music. Something in the patterning of neural tissue is crucial.


Intelligence has often been attributed to some kind of energy flow or force field. Orbs, luminous vapors, auras, vibrations, magnetic fields, and lines of force figure prominently in spiritualism, pseudoscience, and science-fiction kitsch. The school of Gestalt psychology tried to explain visual illusions in terms of electromagnetic force fields on the surface of the brain, but the fields were never found. Occasionally the brain surface has been described as a continuous vibrating medium that supports holograms or other wave interference patterns, but that idea, too, has not panned out. The hydraulic model, with its psychic pressure building up, bursting out, or being diverted through alternative channels, lay at the center of Freud's theory and can be found in dozens of everyday metaphors: anger welling up, letting off steam, exploding under the pressure, blowing one's stack, venting one's feelings, bottling up rage. But even the hottest emotions do not literally correspond to a buildup and discharge of energy (in the physicist's sense) somewhere in the brain. In Chapter 6 I will try to persuade you that the brain does not actually operate by internal pressures but contrives them as a negotiating tactic, like a terrorist with explosives strapped to his body.


A problem with all these ideas is that even if we did discover some gel or vortex or vibration or orb that spoke and plotted mischief like Geppetto's log, or that, more generally, made decisions based on rational rules and pursued a goal in the face of obstacles, we would still be faced with the mystery of how it accomplished those feats.


No, intelligence does not come from a special kind of spirit or matter or energy but from a different commodity, information. Information is a correlation between two things that is produced by a lawful process (as opposed to coming about by sheer chance). We say that the rings in a stump carry information about the age of the tree because their number correlates with the tree's age (the older the tree, the more rings it has), and the correlation is not a coincidence but is caused by the way trees grow. Correlation is a mathematical and logical concept; it is not defined in terms of the stuff that the correlated entities are made of.
Information itself is nothing special; it is found wherever causes leave effects. What is special is information processing. We can regard a piece of matter that carries information about some state of affairs as a symbol; it can "stand for" that state of affairs. But as a piece of matter, it can do other things as well—physical things, whatever that kind of matter in that kind of state can do according to the laws of physics and chemistry. Tree rings carry information about age, but they also reflect light and absorb staining material. Footprints carry information about animal motions, but they also trap water and cause eddies in the wind.
Now here is an idea. Suppose one were to build a machine with parts that are affected by the physical properties of some symbol. Some lever or electric eye or tripwire or magnet is set in motion by the pigment absorbed by a tree ring, or the water trapped by a footprint, or the light reflected by a chalk mark, or the magnetic charge in a bit of oxide. And suppose that the machine then causes something to happen in some other pile of matter. It burns new marks onto a piece of wood, or stamps impressions into nearby dirt, or charges some other bit of oxide. Nothing special has happened so far; all I have described is a chain of physical events accomplished by a pointless contraption.


Here is the special step. Imagine that we now try to interpret the newly arranged piece of matter using the scheme according to which the original piece carried information. Say we count the newly burned wood rings and interpret them as the age of some tree at some time, even though they were not caused by the growth of any tree. And let's say that the machine was carefully designed so that the interpretation of its new markings made sense—that is, so that they carried information about something in the world. For example, imagine a machine that scans the rings in a stump, burns one mark on a nearby plank for each ring, moves over to a smaller stump from a tree that was cut down at the same time, scans its rings, and sands off one mark in the plank for each ring. When we count the marks on the plank, we have the age of the first tree at the time that the second one was planted. We would have a kind of rational machine, a machine that produces true conclusions from true premises—not because of any special kind of matter or energy, or because of any part that was itself intelligent or rational. All we have is a carefully contrived chain of ordinary physical events, whose first link was a configuration of matter that carries information. Our rational machine owes its rationality to two properties glued together in the entity we call a symbol: a symbol carries information, and it causes things to happen, (Tree rings correlate with the age of the tree, and they can absorb the light beam of a scanner.) When the caused things themselves carry information, we call the whole system an information processor, or a computer.


Now, this whole scheme might seem like an unrealizable hope. What guarantee is there that any collection of thingamabobs can be arranged to fall or swing or shine in just the right pattern so that when their effects are interpreted, the interpretation will make sense? (More precisely, so that it will make sense according to some prior law or relationship we find interesting; any heap of stuff can be given a contrived interpretation after the fact.) How confident can we be that some machine will make marks that actually correspond to some meaningful state of the world, like the age of a tree when another tree was planted, or the average age of the tree's offspring, or anything else, as opposed to being a meaningless pattern corresponding to nothing at all?


The guarantee comes from the work of the mathematician Alan Turing. He designed a hypothetical machine whose input symbols and output symbols could correspond, depending on the details of the machine, to any one of a vast number of sensible interpretations. The machine consists of a tape divided into squares, a read-write head that can print or read a symbol on a square and move the tape in either direction, a pointer that can point to a fixed number of tickmarks on the machine, and a set of mechanical reflexes. Each reflex is triggered by the symbol being read and the current position of the pointer, and it prints a symbol on the tape, moves the tape, and/or shifts the pointer. The machine is allowed as much tape as it needs. This design is called a Turing machine. 



What can this simple machine do? It can take in symbols standing for a number or a set of numbers, and print out symbols standing for new numbers that are the corresponding value for any mathematical function that can be solved by a step-by-step sequence of operations (addition, multiplication, exponentiation, factoring, and so on—I am being imprecise to convey the importance of Turing's discovery without the technicalities). It can apply the rules of any useful logical system to derive true statements from other true statements. It can apply the rules of any grammar to derive well-formed sentences. The equivalence among Turing machines, calculable mathematical functions, logics, and grammars, led the logician Alonzo Church to conjecture that any well-defined recipe or set of steps that is guaranteed to produce the solution to some problem in a finite amount of time (that is, any algorithm) can be implemented on a Turing Machine.
,p/>
What does this mean? It means that to the extent that the work obeys mathematical equations that can be solved step by step, a machine can be built that simulates the world and makes predictions about it. To the extent that rational thought corresponds to the rules of logic, a machine can be built that carries out rational thought. To the extent that a language can be captured by a set of grammatical rules, a machine can be built that produces grammatical sentences. To the extent that thought consists of applying any set of well-specified rules, a machine can be built that, in some sense, thinks.
Turing showed that rational machines—machines that use the physical properties of symbols to crank out new symbols that make some kind of sense—are buildable, indeed, easily buildable. The computer scientist Joseph Weizenbaum once showed how to build one out of a die, some rocks, and a roll of toilet paper. In fact, one doesn't even need a huge warehouse of these machines, one to do sums, another to do square roots, a third to print English sentences, and so on. One kind of Turing machine is called a universal Turing machine. It can take in a description of any other Turing machine printed on its tape and thereafter mimic that machine exactly. A single machine can be programmed to do anything that any set of rules can do.


Does this mean that the human brain is a Turing machine? Certainly not. There are no Turing machines in use anywhere, let alone in our heads. They are useless in practice: too clumsy, too hard to program, too big, and too slow. But it does not matter. Turing merely wanted to prove that some arrangement of gadgets could function as an intelligent symbol-processor. Not long after his discovery, more practical symbol-processors were designed, some of which became IBM and Univac mainframes and, later, Macintoshes and PCs. But all of them were equivalent to Turing's universal machine. If we ignore size and speed, and give them as much memory storage as they need, we can program them to produce the same outputs in response to the same inputs.


Still other kinds of symbol-processors have been proposed as models of the human mind. These models are often simulated on commercial computers, but that is just a convenience. The commercial computer is first programmed to emulate the hypothetical mental computer (creating what computer scientists call a virtual machine), in much the same way that a Macintosh can be programmed to emulate a PC. Only the virtual mental computer is taken seriously, not the silicon chips that emulate it. Then a program that is meant to model some sort of thinking (solving a problem, understanding a sentence) is run on the virtual mental computer. A new way of understanding human intelligence has been born.
(pp.64-69)
   





Pinker puts the standard argument against free will in one sentence
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   Susan Pockett is a neurophysiologist from New Zealand who developed an electromagnetic field theory explanation of consciousness in a 2012 article in the Journal of Consciousness Studies and in her 2012 book, The Nature of Consciousness: A Hypothesis.  

She says:


The essence of the present hypothesis can be stated in one sentence. It is that
consciousness is identical with certain spatiotemporal patterns in the
electromagnetic field.

Now if this hypothesis is true, it may not be overstating the case to say that it
solves the mind-body problem at a stroke. If the hypothesis is true, then
consciousness is not material in the usually accepted sense, but neither is it some
kind of non-physical spook (which, being non-physical, is therefore not
accessible to scientific investigation). Consciousness (or at least normal human
consciousness) is a local, brain-generated, configuration of, or pattern in, the
electromagnetic field. A brain-sized spatial pattern in the electromagnetic field
is not matter as such, so the hypothesis escapes the main objection to
materialism. However, the electromagnetic field does have the easily observed
property of affecting matter, so the hypothesis also side-steps the main objection
to dualism. Philosophically speaking, this looks like a winner.
  



Pockett examined the implications for the problem of free will versus determinism (which she doubts can be proved to exist) and of recent studies in neuroscience that challenge freedom of the will (especially the Libet experiments).


Has neuroscience killed free will? The answer depends entirely on one’s
definition of free will—and in this case it does not matter whether we are
talking about the compatibilist, incompatibilist or libertarian variety. If any
of these definitions of free will requires the conscious initiation of one action
rather than another, then the answer is yes, neuroscience has killed that kind
of free will. There is now an abundance of evidence that voluntary actions
are not initiated consciously.

The pioneer in the matter of bringing the idea of conscious free will into
the arena of experimental science was Benjamin Libet. His original experiments
(Libet et al. 1982, 1983) are now well known: they show that the
event-related potential coupled to a spontaneous action (the readiness potential
or RP) starts off the order of 350 ms before the subject reports having
consciously willed the action. For many years this highly repeatable and
methodologically robust result was taken to mean that voluntary acts are
initiated pre-consciously. More recently, Pockett and Purdy (2010) showed
that when the same action is made not spontaneously but as the result of a
specific decision, the RP preceding the action becomes so much shorter that
it starts at about the same time as the reported conscious decision to make the
action. This is probably explained by the fact that the earlier-onset parts of
the RP relate more to expectation or readiness than to the initiation of a
specific act: in the decision condition, the subject is so occupied with actually
making the required (fairly complicated) decision that they have no processing
capacity to spare for getting ready to move. On the face of it, this result
restores the possibility that consciousness does directly cause actions.





A special issue of Consciousness and Cognition in June 2002 was devoted to Libet's interpretation of the long delay between cortical stimulation and conscious awareness of the stimulus. Especially controversial was Libet's interpretation of the delay as the "backward referral in time" of the felt stimulus. In her contribution to the issue, Pockett claimed that "it takes only 80ms (rather than 500ms) for stimuli to come to consciousness and that "subjective back-referral of sensations in time" to the time of the stimulus does not occur (contrary to Libet's original interpretation of his results)."  

In 2004, Pockett wrote an article in Consciousness and Cognition on "the death of 'subjective backwards referral'." She cited Daniel Pollen's research in the 1970's to show that Benjamin Libet's idea of a long delay between direct cortical stimulation and the moment of conscious awareness was a consequence of suppression of neuronal activity. Libet's interpretation of the delay as "subjective backward time referral" was discounted by several contributors to the issue. Pockett said that Pollen's "evidence so seriously undermines the data interpretation underlying the notion of subjective backwards referral that it may well have finally buried it."


In the same issue of Consciousness and Cognition, Pollen commented on those who agreed with his analysis of Libet's 1964 paper,


Thus, I believe that our results are consistent with the insights of those who have long suspected
a prolonged integrative mechanism and a delayed neuronal activation following threshold direct
cortical stimulation Churchland (1981a, 1981b), Glynn (1990, 1991), Gomes (1998, 2002), and
especially Pockett (2002), who correctly surmised the existence of a dynamic intratrain facilatory
process that we have confirmed at the single cell level. The relationship between intratrain facilitation and a prolonged latency at liminal currents is straightforward. As long as such facilitation is present, it will always be possible to excite a neuron at a lower current than would be required to elicit an action potential with the very first stimulus but only after a sufficient delay for the threshold to be reached.



But the early appearance of the readiness potential still bothers many thinkers. Pockett was concerned that it may "kill free will." However, in her 2013 article If Free Will Did Not Exist, We Would Have To Invent It," she considers three definitions of free will that those experimenting with the readiness potential might be using:

	compatibilist free will, when an agent is not externally coerced,
	an incompatibilist free will, which could exist if causal determinism were an illusion,
	a libertarian free will, when an agent can originate an act with no physical antecedents.



Pockett argues strongly that the existence of causal determinism is unproven, and probably unprovable. She concludes that "causal determinism is not an established scientific fact."


Pockett quotes the SEP definition of determinism as "every event necessitated by antecedent events." There is no such determinism (really pre-determinism) There is however, a statistical or "adequate determinism."



In other more recent work, Pockett has come to accept the evidence from Daniel Wegner and others (e.g., the Libet experiments) that humans do not consciously perceive the initiation of their own actions. Consciousness is a post-hoc fabrication, a confabulated narrative to explain what was done unconsciously. In her 2012 paper, The Electromagnetic Field Theory of Consciousness, she says that it does not directly cause voluntary behavior. So Pockett questions both determinism as the cause and consciousness as the cause of actions.


However, just as full "consciousness" is very rarely involved as causes of our actions, there is no evidence whatsoever that the early appearance of the readiness potential in the Libet experiments has already made our decision.


In her 2004 article, Does Consciousness Cause Behavior?, Pockett criticizes whether the subjects in the Libet experimants were really making a "voluntary" decision.


The movements studied do comply with an everyday
(i.e. relatively weak) definition of freely willed actions. However it seems to me
quite likely that the subjects may have interpreted the experimental instructions
as requiring them to set their brain motor systems in a threshold state and then
wait for a random neural event to initiate each action, rather than actually deciding
voluntarily when to make the movement. Thus the reported time of the decision
to move may actually have been the time at which the subject became aware
that this random neural event had happened and the action was under way. Additionally,
even if this interpretation is completely wrong and each movement
really was preceded by a definite decision to move, this decision could only have
been concerned with the ‘when’ of the movement, not the ‘what’ or the ‘how’ of
it. Both what the movement would be and how to make it had been decided well
in advance. These experiments certainly show that sometimes (and only sometimes,
even in these experiments) ‘decisions’ about when to make a particular
movement are made preconsciously. But they do not address at all the question
of whether larger decisions about what to do and how to do it are routinely made
preconsciously.


In our information philosophy analysis, we agree with Pockett that the abrupt and rapid decisions to flex a finger measured by Libet bear little resemblance to the kinds of two-stage deliberate decisions during which we first freely generate alternative possibilities for action, then evaluate which is the best of these possibilities in the light of our reasons, motives, values, and desires - first "free," then "will."
[image: image-placeholder]


[image: image-placeholder]

We can correlate the beginnings of the readiness potential (350ms before Libet's conscious will time "W" appears) with the early stage of the two-stage model, when alternative possibilities are being generated, in part at random. The early stage may be delegated to the subconscious, which is capable of considering multiple alternatives (William James' "blooming, buzzing confusion") that would congest the low-data-rate single stream of consciousness.
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Backward time referral is still taken literally by neuroscientist Stuart Hameroff. Penrose-Hameroff Orch-OR "backward time referral of quantum information can provide real-time conscious causal control of voluntary actions." 




Source: https://www.informationphilosopher.com/solutions/scientists/pockett/
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Walter Pitts as a child taught himself logic and mathematics. At age 12 he found a copy of Bertrand Russell and Alfred North Whitehead's Principia Mathematica at s local library and wrote Russell a letter suggesting improvements in the first volume. 


When Pitts was 15 years old, Russell was invited to the University of Chicago and Pitts attended his lectures, while living homeless near the University. Russell advised Pitts to work with Rudolf Carnap, who also attended Russell's lectures. Pitts walked into Carnap's office with a marked up copy of Carnap's famous text, The Logical Syntax of Language, then left without telling Carnap how to contact him. It took Carnap months to locate Pitts and give him a minor job with a modest income.


Pitts mastered Carnap's abstract logic and applied it to the neuronal structure of the brain after many discussions with Nicolas Rashevsky, who founded the Bulletin on on Mathematical Biophysics

Pitts started a life-long friendship with Jerome Lettvin, a pre-med student at University of Illinois in Chicago. 

Warren McCulloch, twenty-five years older than Pitts, spent most of his life arguing that neurons in the brain are logic gates like those in digital computers, and that the brain can be understood as a Turing machine (a universal digital computer).


McCulloch and Pitts were thus the originators of today's widely supported "computational model of the mind." Their work became the basis of cybernetics, modeling the brain as a digital computer, and artificial intelligence, as well as "cellular automata," in which individual cells live or die according to inputs from their surrounding cells. See John Conway's "Game of Life."


In their 1943 paper, "A Logical Calculus of the Ideas Immanent in Nervous Activity," Pitts and his older colleague Warren McCulloch wrote


Because of the “all-or-none” character of nervous activity, neural events and the relations among
them can be treated by means of propositional logic. It is found that the behavior of every net can
be described in these terms, with the addition of more complicated logical means for nets
containing circles; and that for any logical expression satisfying certain conditions, one can find a
net behaving in the fashion it describes. It is shown that many particular choices among possible
neurophysiological assumptions are equivalent, in the sense that for every net behaving under
one assumption, there exists another net which behaves under the other and gives the same
results, although perhaps not in the same time. Various applications of the calculus are
discussed. 


McCulloch said his ideas that neural networks are similar to arguments in propositional logic and thus to computer networks dates back many years.



Many years ago one of us, by considerations impertinent to this argument,
was led to conceive of the response of any neuron as factually equivalent to a
proposition which proposed its adequate stimulus. He therefore attempted to
record the behavior of complicated nets in the notation of the symbolic logic of
propositions. The “all-or-none” law of nervous activity is sufficient to insure
that the activity of any neuron may be represented as a proposition.
Physiological relations existing among nervous activities correspond, of 
course, to relations among the propositions; and the utility of the representation
 depends upon the identity of these relations with those of the logic of
propositions. To each reaction of any neuron there is a corresponding assertion
of a simple proposition. This, in turn, implies either some other simple
proposition or the disjunction of the conjunction, with or without negation, of
similar propositions, according to the configuration of the synapses upon and
the threshold of the neuron in question. 



In the 1930's McCulloch had studied logic at Yale in Frederic Fitch's course on propositional logic, based on the great Principia Mathematica of Bertrand Russell and Alfred North Whitehead.

Fitch also was the thesis adviser for Ruth Barcan Marcus, whose work on the "necessity of identity" influenced Saul Kripke.


Despite the fact that information flows along neurons in the brain, the neural network is not a computer network, brain processes are not algorithms, there is no central processing unit (CPU) or even distributed parallel processing. 


Very simply, man is not a machine and the brain is not a computer.


Nevertheless, we can regard McCulloch as the first thinker to offer a solution to the mind-body problem that "embodies" an immaterial logical software mind in a material mechanical hardware computer, as the title of his 1965 book, "Embodiments of Mind, suggests.  





Source: https://www.informationphilosopher.com/solutions/scientists/pitts/
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Wilder Penfield


Wilder Penfield was a Canadian-American neurosurgeon who pioneered cures for epilepsy by selective removal of brain cortex that was storming with powerful electrical signals. 

Noticing the areas of the body affected by removal of various region of the brain suggested that parts of the brain mapped out body parts from head to toe in both the somatosensory cortex and the motor cortex. Penfield drew this image of a homunculus (a little man) along the coronal periphery of the cortex.

[image: image-placeholder]

On the left, the somatosensory mapping shows sensitivity spread over all the body, where the motor mapping has little motor control over the middle of the body, but greatly increased control for the hands.


Penfield was far from the first to see this mapping of body parts in the brain. Here is an illustration from William James' 1890 Principles of Psychology (p.38) showing the cortical area whose "strand of fibres" (today's neurons), some for the same face area as Penfield's, travel through the internal capsule of the hypothalamus to the brain stem and spinal cord.

[image: image-placeholder]

 
Evidence for Previous Experiences Being Reproduced (cf. our ERR).



It has long been known that visual or auditory hallucinations sometimes
come to patients with seizures...Similar "psychical" states are sometimes produced, during operation,
by electrical stimulation of the cerebral cortex. Those that are in fact
hallucinations of things previously seen or heard or experienced, we have
called experiential responses.

Twenty-five years ago, one of us reported electrical activation of such
phenomena for the first time (Penfield, 1938). A past experience, which
had occurred regularly as part of the patient's seizure pattern, was reproduced
by electrical stimulation of the cortex of the temporal lobe.


In some cases it could not be proved by witnesses that the experience
was from the patient's past. But in most cases he was confident that it
came from his previous experience. When the experience was fragmentary,
his present awareness might be invaded by no more than a picture.


In addition to the experiential states that we have described above,
gentle electrical stimulation of temporal lobe cortex also produced
sudden "feelings"—sometimes the feeling of familiarity that clinicians
had been in the habit of calling déjà vu,


Because of the association of the temporal cortex with these two classes
of psychical phenomena (recall of past experience, and interpretation of
present experience) the term interpretive cortex was used for descriptive
purposes (Penfield, 1959).


Let us now reconsider these findings. The psychical phenomena that
are produced by activations within the areas of interpretive cortex are of
two types: (a) altered interpretation of the present; and (b) a state of
mind. You may call the latter an experiential hallucination if you like.
The true nature of such hallucinations becomes quite clear when the
records of the stimulation responses are studied. They are reproductions
of past experience.


The remembrance of the original experience
and its record may have been modified by dreams and by re-experiencing...
But at operation it is usually quite clear that the evoked
experiential response is a random reproduction of whatever composed
the stream of consciousness during some interval of the patient's past
waking life.


We have argued before, that since excision of these areas does not
abolish memory, they do not contain the actual record of the past. They
are, however, functionally connected with that neuronal record (Penfield,
19586). Since stimulation produces at times detailed recall of past experience
in these areas and nowhere else, and since, at other times, it produces
a sudden alteration in the patient's present interpretation of things heard
or seen, it seems likely that these areas play in adult life some role in the
subconscious recall of past experience making it available for present
interpretation. This recall makes possible that sudden flash of awareness
that things have been seen or heard or experienced before, or that they are
dangerous, coming near, or changing pace.


We have argued before, also, that past experience, when it is recalled
electrically, seems to be complete including all the things of which an
individual was aware at the time; also that, since the events were often
unimportant, it seemed likely that the whole stream of consciousness must
be so recorded somewhere, quite beyond the reach of voluntary summons
(Penfield, 19546).


There is within the adult human brain a remarkable record of the
stream of each individual's awareness or consciousness. Stimulation of
certain areas of cortex, lying on the temporal lobe between the auditory
sensory and the visual sensory areas, causes previous experience to
return to the mind of a conscious patient. There is no real overlap
between this interpretive cortex and the areas devoted to visual and
auditory sensation, no overlap with the zone of cortex devoted to the
ideational processes of speech.


In such repetitions of previous experience perceptions are largely
auditory, or visual, or both. Time seems to unroll at its normal tempo.
The return of the content of consciousness thus evoked, is quite at
random, except that there is some evidence of cortical conditioning.
The evolving detail is far greater than in memories which can be summoned
voluntarily.


This demonstrates the existence of a functional system devoted to
subconscious recall of past experience and to the interpretation of present
experience. Like the motor and sensory cerebral systems, this functional
unit is partially separable from the overall activity of the brain. Like
speech, it depends on an acquired system of functional neuronal
connexions.


The challenge that lies before clinician and physiologist, electronics
expert and psychologist, is this: How are these partially separable functional
systems integrated into normal brain activity, and how is this total
integration related to the mind? Final understanding of man's own
brain and mind may seem very far away, but that is the ultimate goal of
investigation. It may well prove to be man's most difficult achievement,
to understand himself and the means by which this understanding is
achieved.



Over four decades later, BRAIN published a review of Penfield's 1963 report...



The subtitle of Wilder Penfield’s paper, written at the age of
72 years, suggests, like the closing bars of Götterdämmerung,
the conclusion to a monumental work of outstanding originality
but, in Penfield’s case, born not out of Teutonic mythology
but from experimental neurology. Penfield had dedicated
his first classic monograph, written with Theodore Erickson
(Epilepsy and Cerebral Localisation, 1941) to John
Hughlings Jackson and Charles Sherrington. Later, he gave
the fifth Sherrington Lecture in the University of Liverpool
(1958). The introduction to this final summary of his life’s
work, based in part on the Lister Oration (1961) and the
Hughlings Jackson Lecture (Montreal, 1961) quotes Jackson:
‘he who is faithfully analysing many different cases of epilepsy
is doing far more than studying epilepsy’; and almost
100 pages later Penfield closes with the same quotation. The
story is of Jackson’s ‘dreamy states’ and of their illumination
based on Penfield’s observations over a period of 25 years on
experiential hallucinations and experiential responses to focal
cortical electrical stimulation. He found these to be both simple
and complex; in the domains of language, sound or vision;
with the emotional conviction of past experience; and, where
factual corroboration proved possible, founded on genuine
events now recalled. [I-Phi emphasis] Proustian, therefore, in its scope (and
biblical in its resonances of Ecclesiastes 3: 1–8 [For every season...]), this is an
account of the cortical substrates for ‘remembrances of past
experiences’


See Marcel Proust's reproduction of a childhood experience when tasting a Madeleine.


Source: https://www.informationphilosopher.com/solutions/scientists/penfield/
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   Wolfgang Pauli was one of the handful of theoretical physicists who formulated the quantum theory. Like Werner Heisenberg, Paul Dirac, and Pascual Jordan, Pauli was still in his twenties in the 1920's. The other great founders, Neils Bohr, Max Born, Erwin Schrödinger, and Albert Einstein, averaged twenty years older. Max Planck, who invented the quantum of action in 1900, the year Pauli was born, was forty years older.

Pauli's name is on the exclusion principle which limits to two the number of fermions that can be in the same volume of phase space. 


With the principal quantum number n, the angular momentum quantum number l, and the magnetic quantum number m, the electron spin s (limited to values of +1/2 and -1/2) completes the four quantum numbers needed to explain the electronic structure of all the atoms. These four numbers account for the periodic table of the elements. Pauli discovered the fourth quantum number before Goudschmidt and Uhlenbeck discovered the spin itself (just as Bohr found the principal quantum number n without a physical derivation). 



While still a student, Pauli was encouraged by Arnold Sommerfeld to write an article on the theory of relativity for the Mathematical Encyclopedia that remains today one of the most important accounts of both special and general relativity. In his preface to a second edition shortly after Einstein's death in 1955, Pauli wrote of Einstein clinging to the dream of a unified field theory:


I do not
conceal to the reader my scepticism concerning all attempts of this kind
which have been made until now, and also about the future chances of
success of theories with such aims. These questions are closely connected
with the problem of the range of validity of the classical field concept in its
application to the atomic features of Nature. The critical view, which I
uttered in the last section of the original text with respect to any solution
on these classical lines, has since been very much deepened by the epistemological analysis of quantum mechanics, or wave mechanics, which was
formulated in 1927. On the other hand Einstein maintained the hope for
a total solution on the lines of a classical field theory until the end of his
life. These differences of opinion are merging into the great open problem
of the relation of relativity theory to quantum theory, which will presumably occupy physicists for a long while to come. In particular, a clear
connection between the general theory of relativity and quantum mechanics is not yet in sight.

Just because I emphasize in the last of the notes a certain contrast
between the views on problems beyond the original frame of special and
general relativity held by Einstein himself on the one hand, and by most
of the physicists, including myself, on the other, I wish to conclude this
preface with some conciliatory remarks on the position of relativity
theory in the development of physics.


There is a point of view according to which relativity theory is the
end-point of "classical physics", which means physics in the style of
Newton-Faraday-Maxwell,  governed by the  "deterministic"  form  of
causality in space and time, while afterwards the new quantum-mechanical
style of the laws of Nature came into play. This point of view seems to me
only partly true, and does not sufficiently do justice to the great influence
of Einstein, the creator of the theory of relativity, on the general way of
thinking of the physicists of today. By its epistemological analysis of the
consequences of the finiteness of the velocity of light (and with it, of all
signal-velocities), the theory of special relativity was the first step away
from naive visualization. The concept of the state of motion of the
"luminiferous aether", as the hypothetical medium was called earlier,
had to be given up, not only because it turned out to be unobservable,
but because it became superfluous as an element of a mathematical
formalism, the group-theoretical properties of which would only be disturbed by it.


By the widening of the transformation group in general relativity the
idea of distinguished inertial coordinate systems could also be eliminated
by Einstein as inconsistent with the group-theoretical properties of the
theory. Without this general critical attitude, which abandoned naive
visualizations in favour of a conceptual analysis of the correspondence
between observational data and the mathematical quantities in a theoretical formalism, the establishment of the modern form of quantum theory
would not have been possible. In the "complementary" quantum theory,
the epistemological analysis of the finiteness of the quantum of action led
to further steps away from naive visualizations. In this case it was both
the classical field concept, and the concept of orbits of particles (electrons)
in space and time, which had to be given up in favour of rational generalizations. Again, these concepts were rejected, not only because the orbits
are unobservable, but also because they became superfluous and would
disturb the symmetry inherent in the general transformation group underlying the mathematical formalism of the theory.


I consider the theory of relativity to be an example showing how a
fundamental scientific discovery, sometimes even against the resistance of
its creator, gives birth to further fruitful developments, following its own
autonomous course.





In 1930, Pauli predicted the existence of another particle, electrically neutral, but carrying the needed to conserve the total spin in the beta decay of a radioactive nucleus or a neutron (n) decaying to become a proton (p). It was called the neutrino ("little neutron") by Enrico Fermi.


n0 → p+ + e− + νe

The neutrino was not discovered until a quarter-century after Pauli's prediction.



Pauli on Measurements

Pauli distinguished two kinds of measurements. The first is when we measure a system in a known state ψ. (It has been prepared in that state by a prior measurement.) If we again use a measurement apparatus with eigenvalues whose states include the known state, the result is that we again find the system in the known state ψ. No new information is created, since we knew what the state of the system was before the measurement. This Pauli called a measurement of the first kind.

In the second case, the eigenstates of the system plus apparatus do not include the state of the prepared system. Dirac's transformation theory tells us to use a basis set of eigenstates appropriate to the new measurement, say the set φn. 


In this case, the original wave function ψ can be expanded as a linear superposition of states φn with coefficients cn,
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where cn2 = | < ψ | φn > |2 is the probability that the measurement will find the system in state φn.


Pauli calls this a measurement of the second kind. It corresponds to von Neumann's Process 1, interpreted as a "collapse" or "reduction" of the wave function.


In this measurement, all the unrealized possibilities are eliminated, and the one possibility that is actualized produces new information (following Claude Shannon's mathematical theory of the communication of information). We do not know in advance which of the possible states becomes actual. That is a matter of ontological chance. If we did know, there would be no new information.


There is a fundamental and deeply philosophical connection between multiple possibilities and information. When one possibility is actualized, where do all the other possibilities go? For Hugh Everett, III, they go into other universes.

 


Pauli and the Compton Effect


When, in 1923, the discovery of the Compton effect provided evidence for Albert Einstein's "light-quantum hypothesis, Pauli objected to the explanation that a free electron had scattered the photon (a high energy x-ray). An isolated "free" electron cannot scatter a photon, he maintained.

Pauli was one of the few scientists to take Einstein's light-quantum hypothesis of 1905 seriously. Einstein's 1917 paper on the emission and absorption of radiation by matter had not convinced many physicists of the reality of light quanta before Compton's experimental evidence. No one was prepared to renounce the wave theory of light, with its well-established interference properties. Moreover, there was almost universal unhappiness with the irreducible and ontological chance that Einstein found in the direction and timing of emitted radiation.



Pauli's biographer, Charles Enz, described the work


Shortly after Pauli's paper [1], Einstein and Ehrenfest published a different
interpretation of Eq. (4.22) [2]. By writing F = bρν (a1 + b1ρν1) scattering
may be understood as a composite process consisting of the absorption of
a quantum ν followed by the emission of a quantum ν1. Pauli has given a
beautiful account of this entire subject in Section. 5 of his 'Quantentheorie' [3].

There he concludes: "In order to maintain the connection between emission and
absorption on the one hand and scattering on the other hand also in quantum
theory it seems therefore natural in quantum theory to assume always scattering
processes as consisting of two partial processes. . . . Although in the case of
free electrons there is no case of emission and absorption we will have to hold
on to the decomposition of the scattering processes into two partial processes"
(translated from Ref. [3], p. 28).



Pauli and Kepler  


THE INFLUENCE OF ARCHETYPAL IDEAS 
ON THE SCIENTIFIC THEORIES OF KEPLER


1


Although the subject of this study is an historical one, its
purpose is not merely to enumerate facts concerning
scientific history or even primarily to present an appraisal
of a great scientist, but rather to illustrate particular views
on the origin and development of concepts and theories
of natural science in the light of one historic example. In
so doing we shall also have occasion to discuss the significance
for modern science of the problems which arose in
the period under consideration, the seventeenth century.
In contrast to the purely empirical conception according
to which natural laws can with virtual certainty,
be derived from the material of experience alone, many
physicists have recently emphasized anew the fact that
intuition and the direction of attention play a considerable
role in the development of the concepts and ideas,
generally far transcending mere experience, that are necessary for the erection of a system of natural laws (that is, a scientific theory). From the standpoint of this not purely
empiristic conception, which we also accept, there arises
the question, What is the nature of the bridge between
the sense perceptions and the concepts? All logical
thinkers have arrived at the conclusion that pure logic is
fundamentally incapable of constructing such a link. It
seems most satisfactory to introduce at this point the
postulate of a cosmic order independent of our choice
and distinct from the world of phenomena. Whether one
speaks of the "participation of natural things in ideas" or
of a "behaviour of metaphysical things — those, that is,
which are in themselves real," the relation between sense
perception and idea remains predicated upon the fact that
both the soul of the perceiver and that which is recognized by perception are subject to an order thought to be objective.



Every partial recognition of this order in nature leads
to the formulation of statements that, on the one hand,
concern the world of phenomena and, on the other, transcend
it by employing, "idealizingly," general logical concepts.
The process of understanding nature as well as the
happiness that man feels in understanding, that is, in the
conscious realization of new knowledge, seems thus to be
based on a correspondence, a "matching" of inner images
pre-existent in the human psyche with external objects
and their behaviour. This interpretation of scientific
knowledge, of course, goes back to Plato and is, as we
shall see, very clearly advocated by Kepler. He speaks in
fact of ideas that are pre-existent in the mind of God and
were implanted in the soul, the image of God, at the time
of creation. These primary images which the soul can
perceive with the aid of an innate "instinct" are called by
Kepler archetypal ("archetypalis"). Their agreement with
the "primordial images" or archetypes introduced into
modern psychology by C. G. Jung and functioning as
"instincts of imagination" is very extensive. When modern
psychology brings proof to show that all understanding is
a long-drawn-out process initiated by processes in the
unconscious long before the content of consciousness can
be rationally formulated, it has directed attention again
to the preconscious, archaic level of cognition. On this
level the place of clear concepts is taken by images with
strong emotional content, not thought out but beheld, as
it were, while being painted. Inasmuch as these images are
an "expression of a dimly suspected but still unknown
state of affairs" they can also be termed symbolical, in
accordance with the definition of the symbol proposed by
C. G. Jung. As ordering operators and image-formers in
this world of symbolical images, the archetypes thus function
as the sought-for bridge between the sense perceptions
and the ideas and are, accordingly, a necessary presupposition
even for evolving a scientific theory of nature.
However, one must guard against transferring this a priori
of knowledge into the conscious mind and relating it to
definite ideas capable of rational formulation.
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It is obviously out of the question for modern man to revert
to the archaistic point of view that paid the price of
its unity and completeness by a naive ignorance of nature.
His strong desire for a greater unification of his
world view, however, impels him to recognize the significance
of the pre-scientific stage of knowledge for the development
of scientific ideas — a significance of which mention
has already been made at the beginning of this essay
—by supplementing the investigation of this knowledge,
directed inward. The former process is devoted to adjusting
our knowledge to external objects; the latter should
bring to light the archetypal images used in the creation of
our scientific concepts. Only by combining both these directions
of research may complete understanding be obtained.


Among scientists in particular, the universal desire
for a greater unification of our world view is greatly intensified
by the fact that, though we now have natural sciences,
we no longer have a total scientific picture of the
world. 


Since the discovery of the quantum of action, physics
has gradually been forced to relinquish its proud claim
to be able to understand, in principle, the whole world.
This very circumstance, however, as a correction of earlier
one-sidedness, could contain the germ of progress toward
a unified conception of the entire cosmos of which the
natural sciences are only a part.

I shall try to demonstrate this by reference to the still
unsolved problem of the relationship between occurrences
in the physical world and those in the soul, a problem that
had already engaged Kepler's attention. After he had
shown that the optical images on the retina are inverted in
relation to the original objects he baffled the scientific
world for a while by asking why then people did not see
objects upside down instead of upright. It was of course
easy to recognize this question as only an illusory problem,
since man is in fact never able to compare images
with real objects but only registers the sensory impressions
that result from the stimulation of certain areas of
the retina. The general problem of the relation between
psyche and physis, between the inner and the outer, can,
however, hardly be said to have been solved by the concept
of "psychophysical parallelism" which was advanced
in the last century. Yet modern science may have brought
us closer to a more satisfying conception of this relationship
by setting up, within the field of physics, the concept
of complementarity. It would be most satisfactory of all if
physis and psyche could be seen as complementary aspects
of the same reality. We do not yet know, however, whether
or not we are here confronted — as surmised by Bohr and
other scientists — with a true complementary relation, involving
mutual exclusion, in the sense that an exact observation
of the physiological processes would result in
such an interference with the psychical processes that the
latter would become downright inaccessible to observation.
It is, however, certain that modern physics has generalized
the old confrontation of the apprehending subject
with the apprehended object into the idea of a cleavage or
division that exists between the observer or the means of
observation, on the one hand, and the system observed,
on the other. While the existence of such a division is a
necessary condition of human cognition, modern physics
holds that its placement is, to a certain extent, arbitrary
and results from a choice co-determined by considerations
of expediency and hence partially free. 


The solution to the problem of measurement is to see that  immaterial information must be created on the physical side (and compensating entropy transferred away) before an "observer" on the psychical side can make an observation, which moves part of that physical information into the psychical mind. 


Furthermore,
whereas older philosophical systems have located the
psychical on the subjective side of the division, that is, on
the side of the apprehending subject, and the material on
the other side — the side of that which is objectively observed — 
the modern point of view is more liberal in this
respect: microphysics shows that the means of observation
can also consist of apparatuses that register automatically;
modern psychology proves that there is on the side
of that which is observed introspectively an unconscious
psyche of considerable objective reality. Thereby the presumed objective order of nature is, on the one hand, relativized
with respect to the no less indispensable means of
observation outside the observed system; and, on the other,
placed beyond the distinction of "physical" and "psychical."

Now, there is a basic difference between the observers,
or instruments of observation, which must be taken
into consideration by modern microphysics, and the detached
observer of classical physics. By the latter I mean
one who is not necessarily without effect on the system
observed but whose influence can always be eliminated by
determinable corrections. 


And also paid for with an increase in disorder somewhere in the universe


In microphysics, however, the
natural laws are of such a kind that every bit of knowledge
gained from a measurement must be paid for by the
loss of other, complementary items of knowledge. Every
observation, therefore, interferes on an indeterminable scale
both with the instruments of observation and with the system
observed and interrupts the causal connection of the
phenomena preceding it with those following it. This uncontrollable
interaction between observer and system observed,
taking place in every process of measurement, invalidates
the deterministic conception of the phenomena
assumed in classical physics: the series of events taking
place according to pre-determined rules is interrupted,
after a free choice has been made by the beholder between
mutually exclusive experimental arrangements, by the selective
observation which, as an essentially non-automatic
occurrence, may be compared to a creation in the microcosm
or even to a transmutation the results of which are,
however, unpredictable and beyond human control.55
In this way the role of the observer in modern physics
is satisfactorily accounted for. The reaction of the
knowledge gained on the gainer of that knowledge gives
rise, however, to a situation transcending natural science,
since it is necessary for the sake of the completeness of
the experience connected therewith that it should have an
obligatory force for the researcher. We have seen how not
only alchemy but the heliocentric idea furnishes an instructive
example of the problem as to how the process of
knowing is connected with the religious experience of
transmutation undergone by him who acquires knowledge.
This connection can only be comprehended through symbols
which both imaginatively express the emotional aspect
of the experience and stand in vital relationship to
the sum total of contemporary knowledge and the actual
process of cognition. Just because in our times the possibility
of such symbolism has become an alien idea, it may
be considered especially interesting to examine another
age to which the concepts of what is now called classical
scientific mechanics were foreign but which permits us to
prove the existence of a symbol that had, simultaneously,
a religious and a scientific function.



The Planck-Einstein quantum of action h has added an irreducible mysterious element to our understanding of the world, the wave-particle duality
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Jagdish Mehra's 1958 quotation from Pauli (Mehra and Rechenberg v. 1-1, p.xxiv) 

'Als ich jung war, glaubte ich der beste "Formalist" meiner Zeit zu sein. Ich
glaubte, ich wäre ein Revolutionär. Wenn die grossen Probleme kämen, würde ich
sie lösen und darüber schreiben. Die grossen Probleme kamen und gingen vorüber,
andere lösten sie und schrieben darüber. Ich war doch ein Klassiker und kein
Revolutionär..' ('When I was young I thought I was the best formalist of the day. I
thought I was a revolutionary. When the great problems would come I shall be
the one to solve them and to write about them. The great problems came and
went. Others solved them and wrote upon them. I was of course a classicist
rather than a revolutionary.') And then, as an afterthought, he added: 'Ich war so
dumm als ich jung war.' ('I was so stupid when I was young.' Well, he was not to
be taken literally.)






Source: https://www.informationphilosopher.com/solutions/scientists/pauli/
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Zenon Pylyshyn was a Canadian philosopher and cognitive scientist who argued that the idea that cognition can be understood as computation is ubiquitous in modern cognitive theorizing, even among those who do not use computer programs to express models of cognitive processes.


This is because cognition is clearly "information processing." And computers are information processing machines. Pylyshyn argues that cognitive processes can be understood as formal operations carried out on symbol structures.


This flawed idea goes back to a few years before the first digital computers were actually built (ENIAC in 1946). In 1943 Warren McCulloch and Walter Pitts, the first a neurophysiologist and symbolic logician and the second a self-taught expert in the symbolic logic of Bertrand Russell and Rudolf Carnap, thought that the synapses between neurons could be binary logical gates that would support symbolic logic in the brain.


But man is not a machine. And the brain is not a digital computer. It is an entirely analog information processor we call an experience recorder and reproducer. 



Source: https://www.informationphilosopher.com/solutions/scientists/pylyshyn/





  
  Adolphe Quételet
  

  


  
  Home › Solutions › Scientists › Quételet
Adolphe Quételet


   Adolphe Quételet was a Belgian astronomer, mathematician, and sociologist. He interpreted the "statistical" information being gathered by modern states, especially the work of  the great French mathematician Joseph Fourier in Paris, as evidence that some phenomena like marriages were being determined by an unknown law. 

Decades earlier, Immanuel Kant had argued for such an interpretation. in his Idea for a Universal History with a Cosmopolitan Intent. Kant called for study of the statistical regularities of social data on births, deaths, and marriages.


No matter what conception may form of the freedom of the will in metaphysics, the phenomenal appearances of the will, i.e., human actions, are determined by general laws of nature like any other event of nature. History is concerned with telling about these events. History allows one to hope that when history considers in the large the play of the freedom of human will, it will be possible to discover the regular progressions thereof. Thus (it is to be hoped) that what appears to be complicated and accidental in individuals, may yet be understood as a steady, progressive, though slow, evolution of the original endowments of the entire species. Thus, given that the free will of humans has such a great influence on marriages, on the births that result from these, and on dying, it would seem that there is no rule to which these events are subject and according to which one could calculate their number in advance. And yet the relevant statistics compiled annually in large countries demonstrate that these events occur just as much in accordance with constant natural laws as do inconstancies in the weather, which cannot be determined individually in advance, but which, taken together, do not fail to maintain a consistent and uninterrupted process in the growth of the plants, the flow of the rivers, and other natural arrangements.




In the 1820's, Fourier noticed that statistics on the number of births, deaths, marriages, suicides, and various crimes in the city of Paris had remarkably stable averages from year to year. The mean values in a "normal distribution" (one that follows the bell curve or "law of errors") of statistics took on the prestige of a social law. Quételet did more than anyone to claim these statistical regularities were evidence of determinism in human affairs. 
    


In 1835, Quételet published his book Sur l'homme et le développement de ses facultés, ou Essai de physique sociale,
    

Individuals might think marriage was their decision, but since the number of total marriages was relatively stable from year to year, Quételet claimed the individuals must have been determined to marry by as yet unknown laws.. Quételet used Auguste Comte's term "social physics, to describe his discovery of "laws of human nature," forcing Comte to rename his work "sociologie."
    

  Quételet's argument for determinism in human events is quite illogical.  It appears to go something like this:
	Perfectly random, unpredictable individual events (like the throw of dice in games of chance) show statistical regularities that become more and more certain with more trials (the law of large numbers).
	Human events show statistical regularities.
	Therefore, human events are determined.

 
Quételet might more reasonably have concluded that individual human events are unpredictable and random. Were they determined, they might be expected to show a non-random pattern, perhaps a signature of the Determiner (sic). A random pattern is more likely the result of underlying randomness, as when J. Clerk Maxwell showed that the distribution of velocities of atoms and molecules has the same shape as the "theory of errors,"  the "normal distribution" of random events.

In England, Henry Thomas Buckle developed the ideas of Quételet and argued that statistical regularities proved that human free will was nonexistent.
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Henry Quastler



Henry Quastler was a medical doctor who became an expert in radiation after being appalled by the deaths caused by atomic weapons. He and his colleague Sidney Dancoff worked for several years to develop the use of information theory in biology. Quastler organized a conference at the University of Illinois whose proceedings were published as Essays in the Use of Information Theory in Biology in 1953. 

Building on decades of prior work connecting information to thermodynamic entropy by Ludwig Boltzmann, Leo Szilard, Ludwig von Bertalanffy, Erwin Schrödinger, Norbert Wiener, Claude Shannon, Warren Weaver,  John von Neumann,  and Leon Brillouin, the conference contributors made the first estimates of the information content in a crystal, a protein structure, a bacterial cell, and even in a multicellular organism like a human being (excluding the contents of memory as unknown).


Quastler's introduction was perhaps the most ambitious attempt to put the idea of information, and its often-confused opposite - entropy, into words.



"Information Theory" is a name remarkably apt to be misunderstood. The theory deals, in a quantitative way, with something called information, which, however, has nothing to do with meaning. On the other hand, the "information" of the theory is related to such diverse activities as arranging, constraining, designing, determining, differentiating, messaging, ordering, organizing, planning, restricting, selecting, specializing, specifying, and systematizing; it can be used in connection with all operations which aim at decreasing such quantities as disorder, entropy, generality, ignorance, indistinctness, noise, randomness, uncertainty, variability, and at increasing the amount or degree of certainty, design, differentiation , distinctiveness, individualization, information, lawfulness, orderliness, particularity, regularity, specificity, uniqueness. All these quantities refer to some difference between general and specific; in this sense, they can be measured with a common yardstick. Furthermore, measures which are appropriate exist, due to the developments of Information Theory.
The terms specifying, specification, specificity, with proper qualifications where needed, seem to be most adaptable to the diverse situations mentioned, and will be used in this paper.





The Emergence of Biological Organization


A year after his untimely death, Quastler's Yale colleagues assembled his lecture materials and extensive bibliography into the book The Emergence of Biological Organization.


The Equivalence of Information and Physical Entropy



The purpose of this note is to establish a factor by which physical entropy may be converted to an equivalent amount of information when both are expressed in convenient units. The possibility of doing this is indicated by the work of Szilard ('29), Shannon ('49), Brillouin ('51), and others.



We make use of a simple physical model, in which complete knowledge of structure requires a definite amount of information, H, and in which complete randomness of structure leads to a definite amount of physical entropy, S. Then we may say that



  H
  =
  −
  \alphaS
  ,



the independent evaluation of H and S then gives us the constant α. 


Consider a crystal made up of molecules of type A-B, which can be placed at their lattice points in either of two, and only two, orientations, A-B or B-A. The specification of the orientation of each molecule thus requires a binary choice, or one "bit" of information. To specify the orientation of N molecules similarly requires N bits. 


The physical entropy arising from randomness of orientation is S = k In P, where P is the total number of ways in which the crystal can be assembled, considering only different orientation combinations. If we have N molecules, S = k In 2N and, for N = Avogadro's number, this is R In 2. This formula for the physical entropy is verified by direct calorimetric measurement of the entropy of substances such as CO or N2O, and comparison with values computed from spectroscopic data. Discrepancies of magnitude R In 2 are found between the calorimetric and spectroscopic values which are interpreted as arising from the residual random orientation entropy frozen into the crystal and thus not experimentally observed in the heat capacity measurements.


Physical entropy amounting to R In 2, or 1.377 cal./deg./mole is thus removed when N bits of information are supplied. N bits per
mole correspond to one bit per molecule. Therefore,




Information (bits/molecule) = S(cal./deg./mole) / 1.377 = 0.73 S


If we know the absolute molar entropy in cal./deg., division by 1.377 gives the number of bits of information required to specify the corresponding state of each molecule.


Another way of regarding the matter is as follows: if P represents the total number of quantum states available to a molecule, then the number of binary choices required to select a single particular state is H, where H is obtained by solving the equation 2H = P. The entropy, per molecule, is


s = k In P = k In 2



from which


s / k In 2    =   s / k In 2  =   H.
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A.A. Roback

A.A.Roback was an experimental psychologist who studied for a Ph.D. in philosophy under Hugo Münsterberg at Harvard University, where he later taught for several years.

Roback wrote an insightful History of American Psychology in 1952 which documented the movement away from the introspective psychology of Wilhelm Wundt and William JamesJohn B. Watson and B.F.Skinner. 


It was in the 1950's that Behaviorism began its decline, to be replaced by cognitive psychology, cognitive neuroscience, and finally computational neuroscience - the now popular idea that the brain is a neural network processing information like the then newly invented digital computer.


Roback wrote an acerbic review of the behaviorist's claim that since the mind could not be directly observed it might as well not exist. He said psychology was out of its mind!


Psychology Out of Its Mind
[B]ehaviorism, as it developed in the second decade of the present century [aimed] to divorce itself completely from what had come to be regarded as psychology, and it effected a complete revolution in its own province. Indeed, the rift between the “new” psychology of the experimentalists, and the speculative intellectual philosophies of the Scottish School and its offshoots was not as great as between radical behaviorism and traditional psychology, inasmuch as, whether you call the matter “pneuma,” “soul,” or “mind,” you have reference to just- one thing, viz., consciousness, whereas behaviorism was intent upon consigning consciousness to the sphere of mythology or the rubbish heap of science.




Source: https://www.informationphilosopher.com/solutions/scientists/roback/
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David Ruelle


   David Ruelle is a Belgian mathematical physicist who has made original contributions to complexity theory and non-linear dynamical systems. He named the "strange attractor." Like many mathematical physicists, he leans toward deterministic physical theories, and has puzzled over the problem of free will and determinism. 

In his 1991 book, Chance and Chaos, Ruelle admits that it is hard to explain free will in a deterministic universe, but "the laws of physics are deterministic," he says, and this is true of both classical mechanics and quantum mechanics. Erwin Schrödinger's equations of motion for his wave function (probability amplitudes) are indeed deterministic, but the probability amplitudes moving through space are only predictions of indeterministic probabilities for finding a quantum particle somewhere. 


Can quantum indeterminism help with the problem of free will? Ruelle says no, citing Schrödinger's 1936 essay in Nature, Indeterminism and Free Will.


Introducing chance into the laws of physics does not help us in any way to resolve [the] contradiction [between free will and determinism]. Indeed, could we say that we engage our responsibility by making a choice at random? Our freedom of choice, actually is rather illusory.


This is the randomness objection in the flawed standard argument against free will. In two-stage models of free will, randomness only helps generate alternative possibilities for action, it does not directly cause the action.

Ruelle finds an adequate explanation for (our illusion of) free will in the practical lack of predictability (or computability) that is a consequence of our inability to know the initial conditions with the kind of unlimited accuracy that Pierre-Simon Laplace imagined for his intelligent demon.



In brief, what allows our free will to be a meaningful notion is the complexity of the universe or, more precisely, our own complexity. 


Sensitivity to Initial Conditions


A hallmark of complexity and chaos theory is the fact that very small variations in the initial conditions can be amplified rapidly to produce extremely different end states. James Clerk Maxwell saw this in hydrodynamic flows where neighboring molecules at one instant could wind up widely separated just moments later. In an 1873 Essay on Free Will, Maxwell thought that such sensitivity to initial conditions might provide the contingency of events needed to break with determinism and explain free will. Ruelle has done the same.


The Ruelle/Berry/Borel Demon


Ruelle imagines a little devil (see our collection of demons and compare Harry Frankfurt's controller who manipulates our decisions in so-called Frankfurt cases) who can alter the initial conditions ever so slightly at astronomical distances (Emile Borel thought such small effects could be responsible for irreversibility) and thus change the future to spoil our plans.
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David Rumelhart

David Rumelhart was a psychologist at UCSD San Diego and an early cognitive scientist who worked on symbolic artificial intelligence.


With Donald Norman, he wrote the 1975 book Explorations in Cognition and in 1977 with Andrew Ortony he wrote the article "The Representation of Knowledge in Memory" in the book Schooling and the Acquisition of Knowledge published by Lawrence Erlbaum.


In the latter he wrote...


    While originating from the senses, knowledge is not a blind record of sensory inputs. Normal people are not tape recorders, or video recorders; rather, they seem to process and reprocess information, imposing on it and producing from it knowledge which has structure. The human memory system is a vast repository of such knowledge. Some of this knowledge seems to be in the form of specific memories of particular events which we have experienced; some of it seems to be
    in the form of more general abstractions no longer tied to any particular time, place, or source. It is one of the tasks of a theory of the representation of knowledge to provide a characterization of the way in which knowledge is structured so that progress may be made toward answering other important
    questions...

The progress to which we refer can be regarded as the focal point of a new
emerging discipline called Cognitive Science. The research of an increasing
number of people working in artificial intelligence, cognitive psychology, and linguistics on problems concerned with the representation of meaning and the structural and processing aspects of knowledge, reveals a substantial convergence of opinion on the essential components of systems for representing knowledge. Recent papers by Bobrow and Norman (1975), Minsky ( 1975), Norman, Rumelhart, and LNR (1975), Rumelhart (1975), Schank and Abelson (1975), and Winograd (1975) all attest to this convergence.



Inspired by Frederic Bartlett's classic 1932 work in experimental psychology Remembering, Rumelhart (and Ortony) identified those "components of systems for representing knowledge" with "schemata." The ancient Greek concept σχημα, meaning figure or pattern, was adapted by Immanuel Kant to describe his 3x4 "architectonic" or arrangement of twelve pure concepts of understandng.


Rumelhart was the first author of a highly cited paper in Nature 1985 which was co-authored by Geoffrey Hinton, the "father of artificial itelligence."  In 1987 Rumelhart moved to Stanford University, serving as Professor there until 1998. He received many prizes, including a MacArthur Fellowship in July 1987 and was elected to the National Academy of Sciences in 1991. 


Perhaps his most extensive work was the 3-volume reference series Parallel Distributed Processing, co-edited with Jim McLelland and the PDP Research Group at UCSD San Diego.


In the preface to volume 1 Rumelhart wrote (p.x)...


    Our interest in these topics began in
earnest, however, during the period when we were developing the
interactive activation model of word perception, in 1979, ·shortly· after
Geoffrey Hinton began a postdoctoral fellowship at UCSD. Geoffrey's
crisp explanations showed us the potential power and generality of
models created from connections among simple processing units, and
fit together nicely with our own developing conviction that various
aspects of perception, language processing, and motor control were best
thought of in terms of massively parallel processing.


In our information philosophy model of the mind as an Experience Recorder and Reproducer, the brain does not computationally "process and reprocess information." There is no central prcessing unit, let alone multiple parallel processors. There is no digital data storage, no addressing system to access such stored knowledge, and no communication of the knowledge to the prcessors.


The experience recorder and reproducer (ERR) is simpler than, but superior to, the computational models of the mind popular in today's neuroscience and cognitive science, the mind as "software in the brain hardware."


Although we agree that the mind is, like software, immaterial information, we think that man is not a machine, the brain is not a computer, and the mind is not "processing" digital computer information.


Of course the mind/brain does "process" information. It also creates new informaton, as part of the cosmic creation process, despite the second law of thermodynamics that demands the destruction of information as disorder and entropy necesarily increases.


As to Rumelhart's "representation of knowledge in memory," the ERR mind simply recalls the knowledge in related past experiences that are similar in some way to a current experience so as to provide context and meaning for a current experience, including the feelings and emotions of those similar past experiences that help to evaluate the worth of the current experience. 





Source: https://www.informationphilosopher.com/solutions/scientists/rumelhart/





  
  Emil Roduner
  

  


  
  Home › Solutions › Scientists › Roduner
Emil Roduner

Emil Roduner is a physical chemist at University of Stuttgart and the University of Pretoria, South Africa. His colleague Tjaart Krüger is a physicist at the University of Pretoria. They have recently written a paper on the origin of irreversibility. They were kind enough to cite my 2014 paper on the origin of irreversibility, which I located in quantum events that happen at indeterministic times and move in indeterministic directions, such as the emission and absorption of photons, as discovered by Albert Einstein in 1916.

Their latest work on irreversibility asks whether “memory” can be considered a new parameter for the physical state of matter? They write...


Most elementary theories describing processes of matter, like Newtonian dynamics and quantum mechanics, are symmetric with respect to time-reversal, but thermodynamics is not and describes processes that come to rest at equilibrium. A long-standing dispute is represented by the question: “How can microscopic equations of motion that are symmetric to time reversal give rise to macroscopic behavior that clearly does not share this symmetry?” The answer is commonly sought in size, with small systems being time-reversible and large systems not. It turns out that this is not correct. Time-reversibility and thermodynamic reversibility are two different issues. Thermodynamic equilibria are well-defined in terms of entropy or free energy and are reached in processes described by the “arrow of time”. But the process of equilibration can be either reversible or irreversible with respect to time, independent of the system size. There is a second criterion, the system’s memory of a previous state, which does not contribute to thermodynamic parameters. Time-reversible processes are deterministic, and if the past is understood, the future can be predicted. What destroys time-reversibility are non-Newtonian processes, mostly of probabilistic nature, like the decay of excited states.



In my analysis of the creation of information structures in the universe, I have shown that the reduced local entropy (so-called "negative entropy") of such structures requires that an amount of positive entropy equal to or greater than the negative entropy must be carried away from the structure, or the new pocket of negative entropy (also information) will not survive. 


For example, in the early years after the origin of the universe, atoms were repeatedly being formed from protons combining with electrons. But the temperatures were so high and the radiation field so intense, that photons (some emitted by electrons as they fell into bound atomic states) immediately ionized atoms back to their elementary particles.  


Some 380,000 years after the origin, the expansion of the universe had cooled the temperature to a few thousand degrees Kelvin, and even more importantly created vast numbers of new phase space cells that provided a cool thermodynamic "sink" into which the "source" of hot photons could radiate.  


After that somewhat inaccurately called "recombination era" the combinations of protons and electrons into hydrogen atoms became stable. The free electron gas that was the major source of opacity preventing the photons from traveling very far disappeared. The universe became transparent to radiation, allowing astronomers today to see all the way back to that recombination era some 13.75 billion years ago to the isotropic microwave background radiation coming to us from all directions. 


We are looking at the residue of the "Big Bang."  The original blackbody spectrum of 5000K radiation (approximately the white light from our Sun with wavelengths from 400 to 700 nanometers) has been red-shifted to much longer wavelengths from 1 to 2 millimeters. 


Based on a 1934 suggestion of Arthur Stanley Eddington and the 1970's work of my late Harvard colleague David Layzer, I have shown that the information structures in the universe today (from subatomic particles like electrons and quarks, to the galaxies, stars, and planets, as well as living things on Earth) are all dependent on a two-stage cosmic creation process. 


In the first stage, there must be multiple indeterministicpossibilities for different quantum arrangements of the particles of future structures.  If/when the new arrangement has created a new information structure, energy released in the new binding of particles must be carried away in the second stage.


Note if there were only one possibility, information would be a constant and only one (predetermined?) possible future.


The great theoretician of quantum mechanics, John von Neumann, described the importance of new information created in a quantum measurement.  He defined two fundamental processes in quantum mechanics, one the "causal" deterministic information-preserving time evolution of a quantum system between measurements, the other the indeterministic information-creating measurement itself.


Von Neumann said the deterministic causal evolution process "does not reproduce one of the most important and striking properties of the real world, namely its irreversibility, the fundamental difference between the time directions, 'future' and 'past.' "


He also said that the indeterministic measurement is "statistical" and causes a "change of the probabilities and the expectation values. Indeed, it is precisely for this reason that one introduces statistical ensembles and probabilities!"


See von Neumann's landmark book, Mathematical Foundations of Quantum Mechanics, (English translation, pp.357-358)


Roduner and Krüger's study of memory critically involves the roles of irreversibility and the "arrow of time." Von Neumann saw those two issues as central to understanding quantum mechanics.  


Memory depends on the recording of information in brains/minds and the recall/reproduction or "playback" of that information on demand, when needed by an agent to make a decision on the next action or thought. See our model of the mind as an Experience Recorder and Reproducer.


When particles collide, a quantum process can erase the past path information that would be needed to reverse their paths. This is the origin of irreversibility. But an interaction of a particle with a measurement apparatus can also generate new path information that allows us to predict (within some uncertainty) future events. 


In quantum events, information can be both destroyed and created. 


According to the second law of thermodynamics, entropy in the universe is is always increasing. But counterintuitively, we now also know that new information and new knowledge is also increasing. Both disorder and order are increasing in the direction of the "master arrow of time," the expansion of the universe, as shown in 1975 by my Harvard colleague David Layzer, based on a 1935 suggestion of Arthur Stanley Eddington.



Source: https://www.informationphilosopher.com/solutions/scientists/roduner/
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Frank Rosenblatt studied psychology at Cornell,  but for his Ph.D he built a computing machine, the Electronic Profile Analyzing Computer (EPAC), to perform multidimensional analysis for psychometrics.

He then joined the Cornell Aeronautical Laboratory in Buffalo, New York, where he began work on what he called a "perceptron." He designed and built a computer that could learn new skills by trial and error. He called it the Mark-1 Perceptron.


The perceptron is a type of neural network which Rosenblatt believed could simulate human thought processes, based on the 1943 ideas of Walter Pitts and Warren McCulloch, who saw brain neurons as networks and the synapses as logic gates that could solve problems in propositional (symbolic) logic. 
John von Neumann used their work to design his architecture of a future digital computer. . 


In the summer of 1958, Rosenblatt wrote an article for Cornell's publication Research Trends. Click to read The Design of an Intelligent Automaton

Four years later, he published his book  Principles of Neurodynamics: Perceptrons and the Theory of Brain Mechanisms..


Five years after Rosenblatt's book, in 1969, Marvin Minsky and Seymour Papert published their book Perceptrons, in which they criticized Rosenblatt's ideas and doubted their applicability to complex problems.



From Perceptron to Transformer

Rosenblatt did not live to see the emergence of generative artificial intelligence, dying in a boating accident on his 43rd birthday in 1971. Nevertheless, Rosenblatt's perceptron, when stacked in layers as he imagined in 1958, is remarkably similar to the layers of transformers in current AGI systems like Chat-GPT.

[image: image-placeholder]


An Introduction to Transformers


Source: https://www.informationphilosopher.com/solutions/scientists/rosenblatt/
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Frederick "Fred" Reif earned his Ph.D in physics from Harvard University in 1953, with Ed Purcell as his thesis adviser.  He went to work with Enrico Fermi at the University of Chicago. Seven years later, he went to the University of California, Berkeley, where he taught for twenty-nine years. At Berkeley he authored a classic text in statistical physics and thermodynamics, Statistical and Thermal Physics, published in 1965.

 
At that time, the National Science Foundation supported the development of more modern textbook series in the physical sciences aimed at high schools students. At MIT, Jerrold Zacharias led the Physical Science Study Committee. At Harvard, Gerald Holton and Fletcher Watson led Project Physics. At Berkeley, Reif rewrote his textbook, titled simply Statistical Physics, as volume 5 of the Berkeley Physics Course.


This book incorporated the first sophisticated computer calculations of the motions of gas molecules. As such, it was a landmark in the field of computational methods of solving problems in physics as opposed to solving mathematical differential equations.


Displayed as frames in a movie film, the book's front cover illustrated the diffusion of molecules from an initial state concentrated in the left half of a two-dimensional space to filling the whole space after seven frames. 


Reif's work was a visualization of the second law of thermodynamics.  Reif's movie frames led scientist Stephen Wolfram to develop his "New Kind of Science" using computational principles to derive the fundamental laws of physics.

[image: image-placeholder]

On the back cover of the Reif book, the velocities of all the particles were reversed and the successive frames show the molecules making their way back into the left half. But they do not return to the exact original positions, due to "round-off errors" in the calculations. 


In principle, if the computer could have unlimited information about the positions and velocities (an infinite number of significant figures), all the molecule positions in the past and the future could be determined by Newton's laws of motion (
  F
  =
  m
  a
, etc.). Classical physics is deterministic.


In 1814, Pierre-Simon Laplace wrote in the introduction to his Essai philosophique sur les probabilités, 


"We may regard the present state of the universe as the effect of its past and the cause of its future. An intellect which at a certain moment would know all forces that set nature in motion, and all positions of all items of which nature is composed, if this intellect were also vast enough to submit these data to analysis, it would embrace in a single formula the movements of the greatest bodies of the universe and those of the tiniest atom; for such an intellect nothing would be uncertain and the future just like the past would be present before its eyes."


LaPlace was extending an earlier idea of Newton's contemporary Gottfried Leibniz, but it became famous as Laplace's Demon, a key concept of strict physical determinism. 


In his latest book, The Second Law, Stephen Wolfram says he spent fifty years trying to understand the deep physical significance of Reif's movie frames and the computations that produced them. 



The great question for Wolfram, and for Reif, is this: if the equations of motion for microscopic collisions between gas particles are reversible, why are the macroscopic properties of gases irreversible, for example the entropy can only increase, never decrease, as the second law claims. 


In a recent YouTube video, Wolfram described the problem,

[image: image-placeholder]

And in his most recent book The Second Law (p.219), Wolfram describes Fred's book that started his fifty-year quest to understand the second law as follows.


The Backstory of the Book Cover That Started It All
[image: image-placeholder]
What is the backstory of the book cover that launched my long journey with the Second Law? The book was published in 1965, and inside its front flap we find:

The book covers

The movie strips on the covers illustrate the fundamental ideas of irreversibility and fluctuations by showing the motion of 40 particles inside a two-dimensional box. The movie strips were produced by an electronic computer programmed to calculate particle trajectories. (For details, see pp. 7, 24, and 25 inside the book.) The front cover illustrates the irreversible approach to equilibrium starting from the highly nonrandom initial situation where all the particles are located in the left half of the box. The back cover (read in the upward direction from bottom to top) illustrates the irreversible approach to equilibrium if, starting from the initial situation at the top of the front cover, all the particle velocities are reversed (or equivalently, if the direction of time is imagined to be reversed). The back-cover and front-cover movie strips together, read consecutively in the downward direction, illustrate a very large fluctuation occurring extremely rarely in equilibrium.



Wolfram designed the covers of his book to match the look of Fred's book, but with the computer calculations likely redone using his Mathematica and Wolfram Language tools, or perhaps the evolving hypergraphs of his cellular automata?

[image: image-placeholder]


Is Physics Reversible or Irreversible?


The answer hinges on the question of fundamental randomness. Ludwig Boltzmann hypothesized there is some unknown process causing random behavior in the gas molecules that he called "molecular disorder" (molekular ungeordnete).

Since Newton's microscopic laws of motion of the gas particles are completely deterministic and time reversible, the great question for the past one-hundred and fifty years is how macroscopically, the gas appears to be irreversible.


What can we say about the views of Fred Reif and Stephen Wolfram on the questions of randomness and reversibility?  We can actually tell a lot by looking very carefully at the results of their computer calculations shown on the front and back covers of their books.


Here are the front cover and back cover movie strips side by side.

	
Reif Statistical Physics
[image: image-placeholder]	
Wolfram The Second Law
[image: image-placeholder]


Let's now carefully compare the starting frame on the front covers to the ending frame on the back covers. What can we say about the physics? 


Both back covers start by reversing the velocities of the molecules in the last frame on the front cover. Wolfram shows that explicitly by reversing the little white arrows.


Let's look more closely at the starting and ending frames.

 
Both evolve back to the left half of the frames, as if time itself was being reversed.


But note that Reif's computations do not return each molecule back to its exact starting position, as do Wolfram's. Reif's calculations were done by Berni Alder on one of the most powerful computers in the 1960's, the Livermore Advanced Research Computer (LARC). Despite its power, the computer undoubtedly had roundoff errors, which caused the failure to return to their starting positions. 


Wolfram's molecules start in a rigid grid pattern, initially four rows of three squares, perhaps an artifact of his cellular automata? Although the back cover unfortunately cuts off the bottom row of four molecules, the 12 upper molecules have returned to their exact original positions, as classical Newtonian physics predicts.


In Wolfram's terminology, classical physics is computationally reducible.  

	[image: image-placeholder]	[image: image-placeholder]
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Giacomo Rizzolati 
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Hans Reichenbach

Hans Reichenbach was a  philosopher of science who founded the Society for Empirical Philosophy) in Berlin in 1928, also known as the "Berlin Circle". Carl Gustav Hempel, Richard von Mises, and David Hilbert became members of the Berlin Circle.

Reichenbach and Rudolf Carnap became editors of the journal Erkenntnis. He also made lasting contributions to the study of empiricism based on a theory of probability; the logic and the philosophy of mathematics; space, time, and relativity theory; analysis of probabilistic reasoning; and quantum mechanics


In his most famous book on the direction of time, Reichenbach defined the idea of a common cause.

If an improbable coincidence has occurred, then there must have been a common cause.

If events at A and B are perfectly correlated, then either A causes B, B causes A, or there is a common cause C coming to both A and B, as we use to explain quantum entanglement.



Source: https://www.informationphilosopher.com/solutions/scientists/reichenbach/
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Jerome Rothstein


   Jerome Rothstein was a physicist who wrote on the connection between information and "system organization." He imagined physical systems called "well-informed heat engines" that could (within limits) predict their future behaviors, and so answer some questions like the problem of free will, purposes, causes, origins, and ultimate destinies.

Some of these questions he found to be "undecidable," and he related the undecidability to the absolute limits set by the second law of thermodynamics. In a 1964 Philosophy of Science article "Thermodynamics and Some Undecidable Physical Questions," he wrote 


By a well-informed heat engine we mean a machine and power source with measuring
apparatus to determine, at least partially, the state of its environment and itself,
effector apparatus to perform operations on its environment and on itself, and internal
programming, computers, and control circuitry whereby it can carry out particular
patterns of behavior in response to the information input through the measuring
apparatus and the information and programs stored in its memory. A version of the
problem of free will appropriate to a well-informed heat engine is that of determining
whether the engine can predict its own future on the basis of measurements it can
perform, where knowledge of the dynamical laws governing the engine and its environment
is stored in the memory. We have shown that the machine cannot determine its future for all time within the accuracy permitted by the measurements it can perform,
and that the impossibility of its doing so is equivalent to the second law of thermodynamics.
We can interpret this result as meaning that the heat engine can never
decide whether its fate is completely determined in advance, or not, the latter situation
being what we may call "free will." From an operational point of view, relative to the
universe of the heat engine, the question of free will versus determinism is incapable
of being answered and thus, like the absolute space and time of pre-relativity days,
poses a pseudo-problem no longer of physical importance.


In 1951 Rothstein wrote a survey article for Science on "Information, Measurement, and Quantum Mechanics."  It was a short history of the concepts of entropy and information, it discussed information in physics and the connection between physical and informational entropies, and it demonstrated a logical identity between the problem of measurement and the problem of communication.


Rothstein described a profound analogy between communication and measurement that we can call Rothstein's Analogy. It is a version of Claude Shannon's communications diagram, where Shannon's labels are supplemented by the analogous steps in a physical measurement. 
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Information, Measurement, and Quantum Mechanics



RECENT DEVELOPMENTS IN COMMUNICATION THEORY use a function
called the entropy, which gives a measure  of the quantity of information carried by a message. This name was chosen because of the similarity in mathematical form between informational entropy and the entropy of statistical mechanics. Increasing attention is being devoted to the connection between information and physical entropy (1-9), Maxwell's demon providing a typical opportunity for the concepts to interact.

It is the purpose of this paper to present a short history of the concepts of entropy and information, to discuss information in physics and the connection between physical and informational entropies, and to demonstrate the logical identity of the problem of measurement and the problem of communication. Various implications for statistical mechanics, thermodynamics, and quantum mechanics, as well as the possible relevance of generalized entropy for biology, will he briefly considered. Paradoxes and questions of interpretation in quantum mechanics, as well as reality, causality, and the completeness of quantum mechanics, will also be briefly examined from an informational viewpoint.


INFORMATION AND ENTROPY
Boltzmann's discovery of a statistical explanation for entropy will always rank as one of the great achievements in theoretical physics. By its use, he was able to show how classical mechanics, applied to billiard-ball molecules or to more complicated mechanical systems, could explain the laws of thermodynamics. After much controversy (arising from the reversibility of mechanics as opposed to the irreversibility of thermodynamics), during which the logical basis of the theory was recast, the main results were firmly based on the abstract theory of measurable sets. The function Boltzmann introduced depends on how molecular positions and momenta range over their possible values (for fixed total energy), becoming larger with increasing randomness or spread in these molecular parameters, and decreasing to zero for a perfectly sharp distribution. Entropy often came to be described in later years as a measure of disorder, randomness, or chaos. Boltzmann himself saw later that statistical entropy could be interpreted as a measure of missing information.


A number of different definitions of entropy have been given, the differences residing chiefly in the employment of different approximations or in choosing a classical or quantal approach. Boltzmann's classical and Planck's quantal definitions, for example, are, respectively,
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Here k is Boltzmann's constant, f the molecular distribution function over coordinates and momenta, dτ an element of phase space, and P the number of independent wave functions consistent with the known energy of the system and other general information, like requirements of symmetry or accessibility.
Even before maturation of the entropy concept, Maxwell pointed out that a little demon who could "see" individual molecules would be able to let fast ones through a trap door and keep slow ones out. A specimen of gas at uniform temperature could thereby be divided into low and high temperature portions, separated by a partition. A heat engine working between them would then constitute a perpetuum mobile of the second kind. Szilard (1), in considering this problem, showed that the second law of thermodynamics could be saved only if the demon paid for the information on which he acted with entropy increase elsewhere. If, like physicists, the demon gets his information by means of measuring apparatus, then the price is paid in full. He was led to ascribe a thermodynamical equivalent to an item of information. If one knew in which of two equal volumes a molecule was to be found, he showed that the entropy could be reduced by k log 2.


Hartley (2), considering the problem of transmitting information by telegraph, concluded that an appropriate measure of the information in a message is the logarithm of the number of equivalent messages that might have been sent. For example, if a message consists of a sequence of n choices from k symbols, then the number of equivalent messages is 2n, and transmission of any one conveys an amount of information n log 2. In the hands of Wiener (3,4), Shannon (5). and others, Hartley's heuristic beginnings become a general, rigorous, elegant, and powerful theory related to statistical mechanics and promising to revolutionize communication theory. The ensemble of possible messages is characterized by a quantity completely analogous to entropy and called by that name, which measures the information conveyed by selection of one of the messages. In general, if a sub-ensemble is selected from a given ensemble, an amount of information equal to the difference of the entropies of the two ensembles is produced. A communication system is a means for transmitting information from a source to a destination and must be capable of transmitting any member of the ensemble from which the message is selected. Noise introduces uncertainty at the destination regarding the message actually sent. The difference between the a priori entropy of the ensemble of messages that might have been selected and the a posteriori entropy of the ensemble of messages that might have given rise to the received signal is reduced by noise so that less information is conveyed by the message.


It is clear that Hartley's definition of quantity of information agrees with Planck's definition of entropy if one correlates equivalent messages with independent wave functions. Wiener and Shannon generalize Hartley's definition to expressions of the same form as Boltzmann's definition (with the constant k suppressed) and call it entropy. It may seem confusing that a term connoting lack of information in physics is used as a measure of amount of information in communication, but the situation is easily clarified. If the message to be transmitted is known in advance to the recipient, no information is conveyed to him by it. There is no initial uncertainty or doubt to be resolved; the ensemble of a priori possibilities shrinks to a single case and hence has zero entropy. The greater the initial uncertainty, the greater the amount of information conveyed when a definite choice is made. In the physical case the message is not sent, so to speak, so that physical entropy measures how much physical information is missing. Planck's entropy measures how uncertain we are about what the actual wave function of the system is. Were we to determine it exactly, the system would have zero entropy (pure case), and our knowledge of the system would be maximal. The more information we lose, the greater the entropy, with statistical equilibrium corresponding to minimal information consistent with known energy and physical make-up of the system. We can thus equate physical information and negative entropy (or negentropy, a term proposed by Brillouin [9]). Szilard's result can be considered as giving thermodynamical support to the foregoing.


MEASUREMENT AND COMMUNICATION


Let us now try to be more precise about what is meant by information in physics. Observation (measurement, experiment) is the only admissible means for obtaining valid information about the world. Measurement is a more quantitative variety of observation; e.g., we observe that a book is near the right side of a table, but we measure its position and orientation relative to two adjacent table edges. When we make a measurement, we use some kind of procedure and apparatus providing an ensemble of possible results. For measurement of length, for example, this ensemble of a priori possible results might consist of : (a) too small to measure, (b) an integer multiple of a smallest perceptible interval, (c) too large to measure. It is usually assumed that cases (a) and (c) have been excluded by selection of instruments having a suitable range (on the basis of preliminary observation or prior knowledge). One can define an entropy for this a priori ensemble, expressing how uncertain we are initially about what the outcome of the measurement will be. The measurement is made, but because of experimental errors there is a whole ensemble of values, each of which could have given rise to the one observed. An entropy can also be defined for this a posteriori ensemble, expressing how much uncertainty is still left unresolved after the measurement. We can define the quantity of physical information obtained from the measurement as the difference between initial (a priori) and final (a posteriori) entropies. We can speak of position entropy, angular entropy, etc., and note that we now have a quantitative measure of the information yield of an experiment. A given measuring procedure provides a set of alternatives. Interaction between the object of interest and the measuring apparatus results in selection of a subset thereof. When the results of this process of selection become known to the observer, the measurement has been completed.


It is now easy to see that there is an analogy between communication and measurement which actually amounts to an identity in logical structure. 
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Fig. 1 shows this less abstractly. The blocks and upper captions follow Shannon's characterization of a communication system; the lower captions give analogous terms for a measuring apparatus. The system of interest corresponds to the information source, the observer to the destination for which the message is intended. The message corresponds to a measure of the property of interest, which is often encoded by the transmitter or measuring apparatus into a signal consisting of information-bearing variations of some physical quantity, often quite distinct from the one of direct interest. The signal, corrupted by noise or errors, is decoded by the receiver or indicator and presented as a message or measured value at the output of the system. Calibration in measurement is, in part, the analog of distortion correction in communication. In practice a communication or measuring system often consists of a number of subsystems in series, intermediate ones serving as destinations for their predecessors and as sources for their successors. The sensory and nervous apparatus of the observer can be considered the ultimate system, which, together with instruments, operations, and apparatus, constitutes the means whereby the mind of the scientist communicates with, or acquires information about, the universe.


PHYSICAL CONSEQUENCES OF THE INFORMATION
VIEWPOINT


Some implications of the informational viewpoint must be considered. First of all, the entropy of information theory is, except for a constant depending on choice of units, a straightforward generalization of the entropy concept of statistical mechanics. Information theory is abstract mathematics dealing with measurable sets, with choices from alternatives of an unspecified nature. Statistical mechanics deals with sets of alternatives provided by physics, be they wave functions, as Planck's quantal definition, or the complexions in phase space of classical quantum statistics. Distinguishing between identical particles (which leads to Gibbs' paradox and nonadditivity of entropy) is equivalent to claiming information that is not at hand, for there is no measurement yielding it. When this nonexistent information is discarded, the paradox vanishes. Symmetry numbers, accessibility conditions, and parity are additional items of (positive or negative) information entering into quantal entropy calculations.


Second, we can formulate the statistical expression of the second law of thermodynamics rather simply in terms of information : Our information about an isolated system can never increase (only by measurement can new information be obtained). Reversible processes conserve, irreversible ones lose information.


Third, all physical laws become relationships between types of information, or information functions collected or constructed according to various procedures. The difference between classical or quantum mechanics, on one hand, and classical or quantum statistics, on the other, is that the former is concerned with theoretically maximal information, the latter with less than the maximal. From the present viewpoint, therefore, classical and quantum mechanics are limiting cases of the corresponding statistics, rather than separate disciplines. The opposite limiting cases —namely, minimum information or maximum entropy —relate to the equilibrium distributions treated in texts on statistical mechanics. The vast, almost virgin field of nonequilibrium physics lies between these two extremes.
It is tempting to speculate that living matter is distinguished, at least in part, by having a large amount of information coded in its structure. This information would be in the form of "instructions" (constraints) restricting the manifold of possibilities for its physicochemical behavior. Perhaps instructions for developing an organism are "programmed" in the genes, just as the operation of a giant calculating machine, consisting of millions of parallel or consecutive operations, is programmed in a control unit. Schroedinger, in a fascinating little book, What Is Life? views living matter as characterized by its "disentropic" behavior, as maintaining its organization by feeding on "negative entropy," the thermodynamic price being a compensating increase in entropy of its waste products. Gene stability is viewed as a quantum effect, like the stability of atoms. In view of previous discussion, the reader should have no trouble fitting this into the informational picture above.


Returning to more prosaic things, we note, fourth, that progress either in theory of measurement or in theory of communication will help the other. Their logical equivalence permits immediate translation of results in one field to the other. Theory of errors and of noise, of resolving power and minimum detectable signal, of best channel utilization in communication and optimal experimental design are three examples of pairs where mutual cross-fertilization can be confidently expected.


Fifth, absolutely exact values of measured quantities are unattainable in general. For example, an infinite amount of information is required to specify a quantity capable of assuming a continuum of values. Only an ensemble of possibly "true" or "real" values is determined by measurement. In classical mechanics, where the state of a system is specified by giving simultaneous positions and momenta of all particles in the system, two assumptions are made at this point—namely, that the entropy of individual measurements can be made to approach zero, and furthermore that this can be done simultaneously for all quantities needed to determine the state of the system. In other words, the ensembles can he made arbitrarily sharp in principle, and these sharp values can be taken as "true" values. In current quantum mechanics the first assumption is retained, but the second is dropped. The ensembles of position and momenta values cannot be made sharp simultaneously by any measuring procedure. We are left with irreducible ensembles of possible "true" values of momentum, consistent with the position information on hand from previous measurements. It thus seems natural, if not unavoidable, to conclude that quantum mechanics describes the ensemble of systems consistent with the information specifying a state rather than a single system. The wave function is a kind of generating function for all the information deducible from operational specification of the mode of preparation of the system, and from it the probabilities of obtaining possible values of measurable quantities can be calculated. In communication terminology. the stochastic nature of the message source — i.e., the ensemble of possible messages and their probabilities — is specified, but not the individual message. The entropy of a given state for messages in x-language, p-language, or any other language, can he calculated in accordance with the usual rules. It vanishes in the language of a given observable if, and only if, the state is an eigenstate of that observable. For an eigenstate of an operator commuting with the Hamiltonian, all entropies are constant in time, analogous to equilibrium distributions in statistical mechanics. This results from the fact that change with time is expressed by a unitary transformation, leaving inner products in Hilbert space invariant. The corresponding classical case is one with maximal information where the entropy is zero and remains so. For a wave-packet representing the result of a position measurement, on the other hand, the distribution smears out more and more as time goes on, and its entropy of position increases. We conjecture, but have not proved, that this is a special case of a new kind of quantal H-theorem.


Sixth, the informational interpretation seems to resolve some well-known paradoxes (10). For example, if a system is in an eigenstate of some observable, and a measurement is made on an incompatible observable, the wave function changes instantaneously from the original eigenf unction to one of the second observable. Yet Schroedinger's equation demands that the wave function change continuously with time. In fact, the system of interest and the measuring equipment can be considered a single system that is unperturbed and thus varying continuously. This causal anomaly and action-at-a-distance paradox vanishes in the information picture. Continuous variation occurs so long as no new information is obtained incompatible with the old. New information results from measurement and requires a new representative ensemble. The system of interest could "really" change continuously even though our information about it did not. It does no harm to believe, as Einstein does, in a "real" state of an individual system, so long as one remembers that quantum mechanics does not permit an operational definition thereof. The Einstein-Podolsky-Rosen paradox (11), together with Schroedinger's (12) sharpening of it, seems to be similarly resolved. Here two systems interact for a short time and are then completely separated. Measurement of one system determines the state of the other. But the kind of measurement is under the control of the experimenter, who can, for example, choose either one of a pair of complementary observables. He obtains one of a pair of incompatible wave functions under conditions where an objective or "real" state of the system cannot be affected. If the wave function describes an individual system, one must renounce all belief in its objective or "real" state. If the wave function only bears information and describes ensembles consistent therewith, there is no paradox, for an individual system can be compatible with both of two inequivalent ensembles, as long as they have a nonempty intersection. The kind of information one gets simply varies with the kind of measurement one chooses to make.


REALITY, CAUSALITY, AND THE COMPLETENESS OF QUANTUM MECHANICS


We close with some general observations.


First, it is possible to believe in a "real" objective
state of a quantum-mechanical system without contradiction. As Bohr and Heisenberg have shown, states of simultaneous definite position and definite momentum in quantum mechanics are incompatible because they refer to simultaneous results of two mutually exclusive procedures. But, if a variable is not measured, its corresponding operation has not been I performed, and so unmeasured variables need not correspond to operators. Thus there need be no conflict with the quantum conditions. If one denies simultaneous reality to position and momentum then EPR forces the conclusion that one or the other assumes reality only when measured. In accepting this viewpoint, should one not assume, for consistency, that electrons in an atom have no reality, because any attempt to locate one by a photon will ionize the atom? The electron then becomes real (i.e., is "manufactured") only as a result of an attempt to measure its position. Similarly, one should also relinquish the continuum of space and time, for one can measure only a countable infinity of locations or instants, and even this is an idealization, whereas a continuum is uncountable. If one admits as simultaneously real all positions or times that might be measured, then for consistency simultaneous reality of position and momentum must be admitted, for either one might be measured.


Second, it is possible to believe in a strictly causal universe without contradiction. Quantum indeterminacy can be interpreted as reflecting the impossibility of getting enough information (by measurement) to permit prediction of unique values of all observables. A demon who can get physical information in other ways than by making measurements might then see a causal universe. Von Neumann's proof of the impossibility of making quantum mechanics causal by the introduction of hidden parameters assumes that these parameters are values that internal variables can take on, the variables themselves satisfying quantum conditions. Causality and reality (i.e., objectivity) have thus been rejected on similar grounds. Arguments for their rejection need not be considered conclusive for an individual system if quantum mechanics be viewed as a Gibbsian statistical mechanics of ensembles.


The third point is closely connected with this — namely, that quantum mechanics is both incomplete in Einstein's sense and complete in Bohr's sense (13). The former demands a place in the theory for the "real" or objective state of an individual system; the latter demands only that the theory correctly describe what will result from a specified operational procedure — i.e., an ensemble  according to the present viewpoint. We believe there is no reason to exclude the possibility that a theory may exist which is complete in Einstein's sense and which would yield quantum mechanics in the form of logical inferences. In the communication analogy, Bohr's operational viewpoint corresponds to demanding that the ensemble of possible messages be correctly described by theory when the procedure determining the message source is given with maximum detail. This corresponds to the attitude the telephone engineer who is concerned with trans- itting the human voice but who is indifferent to the eaning of the messages. Einstein's attitude implies at the messages may have meaning, the particular eaning to be conveyed determining what message is selected. Just as no amount of telephonic circuitry can engender semantics, so does "reality" seem beyond experiment as we know it. It seems arbitrary, however, to conclude that the problem of reality is meaningless or forever irrelevant to science. It is conceivable, for example, that a long sequence of alternating measurements on two noncommuting variables carried out on a single system might suggest new kinds of regularity. These would, of course, have to yield the expectation values of quantum mechanics.
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Juan Roederer was a research scientist at Werner Heisenberg's Max Planck Institute in the 1950's. In the 1970's he taught a course at the University of Denver on "Physics of the Brain." This led him to the view that information is the fundamental concept that distinguishes physical interactions from biological ones.

Roederer was influenced by Bernd-Olaf Kuppers to the view that "biological information" is not just a subset of physical information, but it is the only information that has "meaning" and "purpose." (Carl Friedrich von Weizsacker had called these "semantic information" and "pragmatic" information.)


In his 2005 book, Information and Its Role in Nature, Roederer asked:


Does the Universe, in its evolution, constantly generate new information? Or are information and information-processing exclusive attributes of living systems, related to the very definition of life? If that were the case (as this book posits), what happens with the physical meanings of entropy in statistical thermodynamics and wave function in quantum mechanics? What is the conceptual difference between classical and quantum information? How many distinct classes of information and information processing do exist in the biological world? How does information appear in Darwinian evolution? Does the human brain have unique properties or capabilities in terms of information processing? 


And he explicitly states:


Note that in a natural system we cannot have "information alone" detached from any interaction process past, present or future: Information is always there for a purpose (to evoke a specific change in the recipient that otherwise would not occur, or would happen just by chance) - if there is no purpose, it is not information. Given a complex system, structural form and order alone do not represent information - information appears only when structural form and order lead to specific change elsewhere in a consistent and reproducible manner, with- out involving a direct transfer or interchange of energy. Thus defined, we can speak of information only when it has both a sender and a recipient which exhibits specific changes when the information is delivered (the interaction occurs); this indeed is what is called pragmatic information (e.g., [Kuppers, Information and the Origin of Life]).


Roederer knows that the universe has been generating information structures long before life appeared. He cites Eric Chaisson's book Cosmic Evolution and mentions David Layzer's 1975 Scientific American article on the arrow of time in his bibliography. Layzer was the first scientist to explain how information could be generated in spite of the second law of thermodynamics and the early universe being in a state of thermal equilibrium.


But Roederer says:


We may be tempted to state with Chaisson [24] that "the process of cosmic evolution is continuously generating information." But we must then ask right away: Are the physical, nonbiotic evolutionary processes and respective interactions really using this information? Did this continuously generated information have a purpose and meaning at the time it was generated, or does it have purpose and meaning only now for an intelligent being who is observing and studying the universe?


Perhaps "purpose and meaning" require the human involvement, but the evolution of biological information is only made possible by the cosmic creation process behind the free energy (negative entropy) flows that support all life on Earth. Roederer is looking for an "active" role for information in pre-biological nature and he simply cannot find one, although the creation of material particles and their later organization into galaxies, stars, and planets gives them a major role in the early evolution of the physical universe. And this passive information can be interpreted by living systems as meaningful. 


Most scientists would assume that information has been playing a role right from the
beginning—the Big Bang. As the Universe evolved, after the gradual condensation of
atoms and molecules and the formation of planetary systems, “islands” of increasing
complexity and organization appeared, containing discrete aggregates of condensed
matter with well-defined boundaries and increasingly complex interactions with each
other and their environment. Viewed this way, it indeed seems that the process of cosmic
evolution itself is continuously generating information [Chaisson, 2001].

 On second thought, however, aren’t we talking here of information for us the
observers or thinkers? Did information as such really play an active role in the
fundamental physical processes that shaped the Universe? Was information and
information-processing involved at all in the evolution of the Universe before living
organisms started roaming around and interacting with it, and intelligent beings began
studying it? When and where did information begin to play an active role, actually
controlling processes in the Universe? 


We can agree that there was no "information processing" before living things and their machines, and no information controlling any interaction. But information structures - from the newly formed atoms and molecules to the galaxies, stars, and planets - were major players with an active role in everything happening in the pre-biological universe. Quantum cooperative forces and gravitation were controlling everything, but information was being created continuously from time zero, despite the unstoppable increase in overall entropy. 


This increase in information did not depend in any way on intelligent beings, although we now can see it and we benefit enormously from those pre-biological information structures. 
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Jürgen Renn has been a Director of the Max Planck Institute for the History of Science in Berlin since its founding in 1994. He directs Department I, which studies Structural Changes in Systems of Knowledge.



He describes his study of knowledge in three dimensions, the cognitive, the social, and the material,  which corresponds to the classic dualism of idealism and materialism or mind/body, separated by the human dimension, which combines the two.  

His personal research focuses on the history of modern physics, including the origin of the theory of general relativity and quantum physics, so he has written a great deal on Einstein. 


His broader interest is on the evolution of human knowledge, which at the deepest level coincides with the sum of information in human minds and their artifacts. Information philosophy sees the growth of knowledge as changes in information structures, especially communications between structures.


Renn has been a strong advocate for open access to information.   


He was a contributing editor of the Collected Papers of Albert Einstein and a major contributor to the 2014 Cambridge Companion to Einstein.


His Companion article, "Einstein's Copernican Revolution," is one of several that discuss Einstein's quantum mechanics. Important others are  Christoph Lehner's "Realism and Einstein's Critique of Quantum Mechanics, Olivier Darrigol's "The Quantum Enigma" and Roger H. Stuewer's "The Experimental Challenge of Light Quanta."
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Léon Rosenfeld was for many years the closest associate and confidante of Niels Bohr. He was Bohr's amanuensis, taking dictation from the scientist who famously preferred talking to writing, and lecturing to writing scientific papers loaded with mathematical equations and experimental results. 

Rosenfeld was the editor of Bohr's Collected Works and the strongest defender of the Copenhagen Interpretation of quantum mechanics against alternative interpretations.


Rosenfeld was a Marxist who thought Bohr's ideas about complementarity could extend to "dialectical" debates about idealism versus materialism.



Einstein's Non-locality


Einstein described nonlocality to Rosenfeld in 1933.


Shortly before he left Germany to emigrate to America, 
Einstein attended a lecture on quantum electrodynamics by
Rosenfeld. Keep in mind that Rosenfeld was perhaps the most
dogged defender of the Copenhagen Interpretation, in which particles have no positions until they are measured.


After the talk,
Einstein asked Rosenfeld, “What do you think of this situation?”



Suppose two particles are set in motion towards each other with
the same, very large, momentum, and they interact with each
other for a very short time when they pass at known positions.
Consider now an observer who gets hold of one of the particles,
far away from the region of interaction, and measures its
momentum: then, from the conditions of the experiment, he will
obviously be able to deduce the momentum of the other particle.
If, however, he chooses to measure the position of the first
particle, he will be able tell where the other particle is.


We can diagram a simple case of Einstein’s question as follows. 


[image: image-placeholder]


After the particles interact at t1, quantum mechanics describes them with a single two-particle wave function Ψ12 that is not the product of independent single-particle wave functions. In the case of electrons, which are indistinguishable interchangeable particles, it is not proper to say electron 1 goes this way and electron 2 that way. (Nevertheless, it is convenient to label the particles, as we do in the illustration.) 

Einstein then asked Rosenfeld, “How can the final state of the second
particle be influenced by a measurement performed on the first
after all interaction has ceased between them?” This was the germ
of the EPR paradox, and ultimately the problem of two-particle
entanglement.


Why does Einstein question Rosenfeld and describe this as an
“influence,” suggesting an “action-at-a-distance?”


It is only paradoxical in the context of Rosenfeld’s Copenhagen
Interpretation, since the second particle is not itself measured and
yet we know something about its properties, which the Copenhagen Interpretation
says we cannot know without an explicit measurement..


Einstein was clearly correct to tell Rosenfeld that at a later time 
  
    t
    
      2
    
  
, a measurement of one particle's position would instantly establish the position of the other particle - without measuring it. Einstein obviously used conservation of linear momentum implicitly to calculate (and know) the position of the second particle.


Two years later, after EPR, Schrödinger described two such particles as becoming "entangled" (verschränkt) at their first interaction, so "nonlocal" phenomena are also known as "quantum entanglement." 


Although conservation laws are rarely cited as the explanation, they are the physical reason that entangled particles always produce correlated results for all properties. If the results were not always correlated, the implied violation of a fundamental conservation law would cause a much bigger controversy than entanglement itself, as puzzling as that is.




This idea of something measured in one place "influencing" measurements far away challenged what Einstein thought of as "local reality." It came to be known as "nonlocality." Einstein called it a "spukhaft Fernwirkung" or "spooky action at a distance." 


We prefer to describe this phenomenon as "knowledge at a distance." No action has been performed on the distant particle simply because we learn about its position. Note that this assumes the distant particle has not been disturbed by an interaction with the environment. 





Recall that it was Einstein who discovered in 1924 the identical nature, indistinguishability, and interchangeability of some quantum particles. He found that identical particles are not independent, altering their quantum statistics.
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John William Strutt was knighted the 3rd Baron Rayleigh in 1873 on the death of his father and was elected to the Royal Society the same year. 

In 1879 he succeeded James Clerk Maxwell as the second Cavendish professor at the University of Cambridge.


Rayleigh's contributions to science included two that were particularly important for quantum mechanics. The first was his 1900 distribution law for radiation, developed further with Sir James Jeans in 1905, which describes the distribution of energy (or intensity) as a function of wavelength (or frequency), especially for long wavelengths. 


Rayleigh showed that the distribution of energy is inversely proportional to the fourth power of the wavelength λ. This disagreed with the 1896 derivation of a distribution law by Willy Wien, as a function of radiation frequency ν. Frequency ν and wavelength λ are related by the equation λν = c.


Wien's distribution law fit the experimental data very well for high frequencies, but the Rayleigh-Jeans law diverges strongly at those short wavelengths. When Max Planck was shown the long-wavelength data in 1900, within a few days he found a new mathematical formula that interpolated between the Wien values at high frequencies and the Rayleigh values at long wavelengths.


The new Planck radiation distribution law, and especially Planck's controversial derivation of the law, by assuming that the energy of radiating oscillators should be limited to discrete amounts equal to hν, where h is Planck's new constant he called the "quantum of action."

Albert Einstein in 1905 showed that Planck's assumption of discrete oscillator energies must mean that the radiation emitted (and absorbed) by oscillators must not be continuous radiation but discrete particles of energy that Einstein called "light quanta" (today's "photons"). Planck opposed this idea for many years, though he is often given credit for it in modern texts.


Diffraction of Light and Resolving Power


Another of Rayleigh's great contributions to physics was his criterion for the minimum angular resolution of optical devices like microscopes and telescopes. The limit is imposed by the diffraction of light at the sharp edge of an object or by the size d of a hole or slit through which light of wavelength λ must pass. 


Diffraction of light causes the interference fringes that are the essential phenomenon in the two-slit experiment.


Rayleigh found the minimum angular resolution θ is proportional to the ratio of the wavelength of light λ to the size d of the slit.


  θ
  =
  1.22
  λ
  
    /
  
  d



We can see the reason for this as the destructive interference of waves coming from the two edges of the slit at the angle θ, such that the path of one wave is out of phase, with its crest exactly cancelling the other's trough. 
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In the early 1930s, Rashevsky developed the first logical/mathematical model of neural networks. This was paraphrased in a Boolean context by his student Walter Pitts together with Warren McCulloch, in an article published in Rashevsky's Bulletin of Mathematical Biophysics in 1943 entitled "A Logical Calculus of the Ideas Immanent in Nervous Activity."  


The Pitts-McCulloch article subsequently became extremely influential for research on neural networks, including the model "Pitts-McCulloch neuron." Their work became the basis of cybernetics, modeling the brain as a digital computer, and artificial intelligence.




Source: https://www.informationphilosopher.com/solutions/scientists/rashevsky/





  
  Pasco Rakic
  

  


  
  Home › Solutions › Scientists › Rakic
Pasco Rakic

Pasko Rakic is a Yale neuroscientist who pioneered work on the development processes in the cerebral neocortex, specifically the proliferation, growth, and migration of neurons.

He founded and served as Chairman of the Department of Neurobiology at Yale, and was founder and Director of the Kavli Institute for Neuroscience.  He was president of the Society for Neuroscience in 1995




Source: https://www.informationphilosopher.com/solutions/scientists/rakic/





  
  Robert Rosen
  

  


  
  Home › Solutions › Scientists › Rosen
Robert Rosen

Robert Rosen was a theoretical biologist whose Ph.D. in mathematical biology was supervised by  Nicholas Rashevsky at the University of Chicago.


In his 1985 book Anticipatory Systems: Philosophical, Mathematical, and Methodological Foundations, he defined an anticipatory system, a central element in today's machine learning and artificial intelligence.


A system containing a predictive model of itself and/or its environment,
which allows it to change state at an instant in accord
with the model's predictions pertaining to a later instant.


In his 1991 book Life Itself: A Comprehensive Inquiry Into the Nature, Origin, and Fabrication of Life, Rosen considers the machine metaphor, mechanisms in general, and complex systems modeled as mathematical machines, i.e., computers.


To sum up: the role of the machine metaphor in biology today is as
follows. First, It assures the biologist that their subject is an analytical one.
because it asserts that any machine is a set of parts. Second, it assures
them that the same set of parts will solve all problems of fabrication and of
physiology simultaneously. Third, it assures them that nothing happens in
biology that is outside the ken of the physical universals (or rather of those
fragments of physical universality necessary for the understanding of machines).
As to the parts themselves, biologists used to think that they were
cells, but today they are molecules. And lf biology is hard, it is simply
because there are so many parts to be separated and characterized.

This last paragraph encapsulates, I think, the working biologist's view of
reductionism. If the machine metaphor, which is its primary mainstay, is
even a little bit wrong, then this metaphor itself makes biology infinitely
harder than it needs to be. lt makes biology objectively harder, because it
transmutes biology into a struggle to reconcile organic phenomena with
sets of constituent fragments of unknown relevance to them; it makes
biology subjectively harder because biologists have committed themselves
to the analysis rather than to the organism. The question "What is life?" is
not often asked in biology, precisely because the machine metaphor already
answers it: "Life is a machine." Indeed, to suggest otherwise is regarded
as unscientific and viewed with the greatest hostility as an attempt to take
biology back to metaphysics.


This is the legacy of the machine metaphor. l hope to convince the
reader, in the course of the present work, that the machine metaphor is
not just a little bit wrong; it is entirely wrong and must be discarded.




He was also the one who conceived the pregnant
idea of stringing excitable elements into networks. He thereby converted
what was originally a theory of peripheral nerve into a theory of central
nerve, a theory of the brain, which he bolstered by exhibiting simple networks 
that would discriminate, learn, remember, and do other "intelligent" things. 
The reader should recall that this was all accomplished in the
1930s. The neural network, the entire field of "artificial intelligence,"
and much else characteristic of contemporary research owe their very
existence to Rashevsky's pioneenng work of these days.




In his final chapter  Relational Biology and Biology, Rosen writes...


Evolution has, as we have seen, come to do for biology today what vitalism
did for it previously. Vitalism, in its most general form, simply asserted
that whatever made organisms alive was forever out of the reach of what
governed inanimate nature. Some additional principle, some vital force, had
to be invoked; it was precisely this additional principle, missing from the
rest of nature, which made organism in principle inexplicable via inanimate
nature alone.

In the past, the only perceptible alternative to this vitalism was mechanism;
the converse claim that there is nothing in biology which cannot be
understood in precisely the same terms in which anything else in nature is
understood. As we saw at the outset, the Cartesian Machine Metaphor
offered precisely this; a way of anchoring biology in science by demystifying
it, and subsuming it entirely into physics. By physics, of course, I mean
the contemporary physics of the time; whether in 1650, or in 1950, or
today.


Both of these positions have had over the years an immense allure to
the biologist. Mechanism offers a secure place for biologists in science, as
scientists among other scientists; respectability through the adoption of a
common, shared tradition and shared principles. They need no longer be
dismissed contemptuously as "birdwatchers'' or as mystics. It is very
important to biologists to share in this security; to be "inside."


On the other hand, biologists have always liked to believe that what they
study is somehow different, and hence that they are not just like everybody
else. The cost of espousing mechanism was precisely that they give this
up. As long as the only alternative seemed to be vitalism, they predominately,
though grudgingly, chose the former.


Biologists today have come to see in Darwinian evolution a way of
distinguishing themselves again, of making themselves separate, without
the vitalistic traps. Basically, the argument is now that it is evolution which
is unpredictable, non-mechanical, immune to the entailments. the causality,
the determinism which mechanism made them espouse, By the single,
simple act of redefining biology, to assert that it is about evolution rather
than about organism, we can in effect have our mechanistic cake, and eat
our vitalistic one too, Biologists continue to espouse a most narrow form of
mechanism as far as what goes on within organisms is concerned. But if
biology is about evolution, these mechanistic shackles can be devalued;
conceptually assigned a subordinate role. One can (at least apparently)
embrace evolution without having to deny mechanism; but we can thereby
devalue it.


To avoid making evolution subject to mechanism is therefore essential.
But it is also essential to avoid asserting anything vitalistic. The only way
to do this is to deny any vestige of entailment in evolutionary processes at
all. By doing so, we tum evolution, and hence biology, into a collection of
pure historical chronicles, like tables of random numbers, or stock exchange
quotations.


This absolute denial of entailment in evolutionary processes is thus a
central, perhaps the central pillar, of the current biological weltanschauung.
If we did admit entailment into the evolutionary realm, then only two
alternatives seem visible: (1) these entailments are themselves mechanistic,
in which case biology disappears back into mechanism again, and
loses forever its distinguished character, or (2) these entailments are not
mechanistic, which seems to mean they must be Vitalistic again. Both of
these, for different reasons, are quite unacceptable. Hence we are driven
to expunge entailment from evolution entirely, not on any intrinsic scientific
grounds, but because of the psychological requirements of biologists. 


This picture struck me early as a kind of mythology, with evolution as
protagonist, in its exact dictionary meaning of "serving to explain or sanctify
some concept, usage, institution or natural phenomenon."...


This, then, is the paradox of evolution - that it has come to play an
essential mythological role in the world-picture of contemporary biologists.
It was initially regarded as a way to bring the panorama of biological species
into the realm of science. Its present role is rather, to excuse itself from
science through its absolute denial of evolutionary entailrnents, and thereby
to consign itself (and hence biology, as presently constituted) to the realm
of historical chronicle.


However, as we have abundantly argued in the preceding pages, it is not
a question of mechanism or vitalsm. It is a question of simplicity or
complexity.
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     Aaron Schurger earned his neuroscience Ph.D. from Princeton, working in Jonathan Cohen's  Neuroscience of Cognitive Control Laboratory (NCC Lab). He is currently in France at the Cognitive Neuroimaging Unit of the Institut National de la Santé et de la Recherche Médicale (INSERM).

Cohen and Joshua Greene (a former NCC Lab researcher and now professor of psychology at Harvard University) published an important paper challenging conscious will, with the evidence based primarily on Benjamin Libet's famous experiments. 


Now Schurger and his French colleagues, Jacobo D. Sitt and Stanislas Dehaene, have produced significant evidence that the readiness potential (RP) seen before voluntary self-initiated movements is not necessarily causal and determinative of the action.  


In their 2012 article in the Proceedings of the National Academy of Sciences, they say:


The premovement buildup of neuronal activity apparent in the RP and the assumption of causality invested in it have become a cornerstone in the study of volition. Notably, Benjamin Libet (9, 15) tried to measure the temporal relationship between the onset of the RP and the feeling of an “urge” to move. The results of Libet et al.’s experiments (9, 15) suggested that the objective neural events in the brain that cause movement precede the urge to move by 300 ms or more. A recent experiment, using Libet’s paradigm, confirms the same preurge buildup at the single-neuron level (16). Such demonstrations have had an unrivaled influence on the prevailing view that movement is initiated preconsciously and the feeling of intending to move is grafted on after the fact.

In fact a gradual increase in neural activity preceding spontaneous movements appears to be a very general phenomenon, common to both vertebrates (8, 16, 17) and invertebrates (18) alike. Why do both humans and crayfish (18) exhibit the same 1- to 2-s buildup of neural activity in advance of self-initiated movements? Kornhuber and Deecke’s (12) interpretation of the RP as a sign of planning and preparation for movement fails to explain what specific neural operations underlie the spontaneous self-initiation of movement and why these operations are reflected in the specific exponential shape of the RP.



Schurger et al. find that the shape of the readiness potential can be explained if the brain uses a common machinery for decision making, specifically a threshold applied to the output of a stochastic neural accumulator. they say:



Decision-making tasks are typically
modeled in terms of the accumulation of evidence. What is
unique to the spontaneous-movement task is that subjects are
specifically instructed to not base their movement decisions on any
specific evidence, sensory or otherwise. One simple solution,
given these instructions, is to apply the same accumulator-plus-threshold
decision mechanism, but fed solely with internal physiological
noise.
 

[image: Libet's clock, Click to enlarge image]
 

The stochastic-decision model reproduces the distribution of waiting times as well as the characteristic shape and time course of the readiness potential. Schurger et al. repeated the Libet experiments, but also added a variation that they call Libetus Interruptus. In the classic Libet experiment, the subject observes a rotating clock dial and notices the clock's position when the subject, without preplanning, flicks a wrist at a random time. The Libetus interruptus task is 
identical to the classic Libet task except for the addition of
random interruptions: an audible “click” that cues the subject to
make the movement as quickly as possible after the click.

Recall that philosopher Alfred Mele is a powerful critic of interpretations of the Libet experiments which claim our decisions are made in our brain long before our conscious awareness of the decisions. Mele criticizes the interpretation of the Libet results on two grounds. 


First, the mere appearance of the RP a half-second or more before the action in no way makes the RP the cause of the action. It may simply mark the beginning of forming an intention to act. In the two-stage model, the rise of the RP might simply reflect the considering of possible options.


Secondly, Libet himself argued that there is enough time after the W moment (a window of opportunity) to veto the action, but Mele's second criticism points out that such examples of "free won't" would not be captured in the classic Libet experiments, because the recording device is triggered by the action (typically flicking the wrist) itself.


Thus, although all Libet experiments ended with the wrist flicking, we are not justified in assuming that the rise of the RP (well before the moment of conscious will) is a cause of the wrist flicking. Libet knew that there were very likely other times when the RP rose, but which did not lead to a flick of the wrist, so his experiment could not detect them. 


Schurger et al. note this backward selection bias, that only epochs ending
with an actual movement are subject to analysis (ibid, p.6). Their Libetus interruptus  is exploring those time intervals when the RP might rise, their accumulator model might get to, or even surpass?, the threshold, and yet there might be no wrist flick.


They offer a new model for what the RP represents, beyond the vague phrases of the past four decades of research, that it reflects "planning and preparation for movement." Their model for the RP is divided into two nonlinear components: an early precommitment phase (or stage in our terminology) dominated by stochastic fluctuations (with an evolving spatial distribution) and a late postcommitment motor execution phase (the last 150 ms). 


Schurger et al. challenge the notion that the early buildup of activity biases supposedly "voluntary" decisions (as argued by Soon et al., among others)  They say that their model is consistent with such predecision biases, but suggests that they may reflect stochastic fluctuations rather than an intentional (preconscious) decision process:


It is widely assumed that the neural decision to move coincides
with the onset of the RP (which, given its slow nonlinear character,
is difficult to pinpoint) (11). Our model challenges that
assumption by suggesting that the “neural decision to move now”
might come very late in the time course of the RP. Prior research
shows an involvement of motor areas, including primary motor
cortex, in motor imagery, in the absence of overt movement (40).
Thus, movement-specific activity in motor cortex, even primary
motor cortex, although it might vary with the probability that
a movement will occur, does not necessarily signal the final
commitment to produce a movement now...Thus, according to our model, uncued movements in a task like
Libet’s tend to be preceded by a gradual increase in neural activity
[measured at the scalp (8, 9) or the single-neuron level (16)]
whose causal role is incidental—not directed (consciously or
otherwise) at producing a movement.
 ibid, p.6




"Finally," say Schurger et al., although their "model is silent with respect to the urge to
move and its temporal relation to motor decisions, it helps dissolve
another puzzling question that seemed to arise from Libet’s
paradigm. Libet himself found that subjects were able to estimate
the time of a tactile sensory decision in relation to a quickly
rotating clock dial with only about 50 ms of error on average (9).
Why then should there be such a long and variable gap between
the time of a motor decision and the subjective estimate of the
time of the motor decision, whereas no such gap exists for sensory
decisions? In fact, this question arises only when we assume
that the motor decision coincides in time with the onset of the
RP. We have argued that this need not be the case and that
the neural decision to move may come much closer in time to the
movement itself (e.g., −150 ms). We propose that the neural
decision to move coincides in time with average subjective estimates
of the time of awareness of intention to move (9, 11) and
that the brain produces a reasonably accurate estimate of the
time of its movement-causing decision events." (ibid, p.7)




Thinkers (e.g., Daniel Wegner, Patrick Haggard) who claim that the Libet experiments prove that our conscious will and subsequent actions are caused by prior neural activity - this is the popular view that "my neurons made me do it" - are simply wrong. 



Note that the abrupt and rapid decisions to flex a finger measured by Libet bear little resemblance to the kinds of two-stage deliberate decisions for which we can first freely generate alternative possibilities for action, then evaluate and select (in an adequately causal way) which is the best of these possibilities in the light of our reasons, motives, and desires - first "free," then "will."
[image: image-placeholder]


[image: image-placeholder]

We can correlate the beginnings of the readiness potential (350ms before Libet's conscious will time "W" appears) with the early stage of the two-stage model, when alternative possibilities are being generated, in part at random. The early stage may be delegated to the subconscious, which is capable of considering multiple alternatives (William James' "blooming, buzzing confusion") that would congest the single stream of consciousness.
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Abner Shimony was born the same year as John Bell but outlived him by 25 years. 


In his lifetime, Shimony did more to promote Bell's idea of an "inequality theorem," one that might disprove (or prove) quantum mechanics, than possibly any other person. Just five years after Bell's work, Shimony in 1969 developed an empirically testable form of the Bell inequality, known as the CHSH inequality after the four contributors, John Clauser, Michael Horne, Shimony, and Richard Holt.


Clauser and colleague Richard Freedman did the first experimental test of Bell's inequality in 1971, with results that weakly validated standard quantum mechanics. This was followed by many hundreds of similar tests over the following decades, down to the present day. 


Shimony authored the Stanford Encyclopedia of Philosophy article on Bell's Theorem, where he argues that the perfect correlations of opposite spin states in the entangled pairs is a consequence of the conservation of angular momentum. See John Bell on conservation of angular momentum.


Shimony said that Bell likely assumed that quantum mechanics would violate his "ad hoc" inequality, because quantum mechanics had bee so well established.


When Bell published his pioneering paper in 1964 he did not urge an experimental resolution of the conflict between Quantum Mechanics and Local Realistic Theories, probably because the former had been confirmed often and precisely in many branches of physics.


Between 1973 and 1984, Shimony helped organize and contribute to thirty-six issues of a newsletter called Epistemological Letters: Hidden Variables and Quantum Uncertainty.  


These privately published newsletters were circulated to about 180 of the most prominent physicists in the world. It contained contributions on the foundations of physics inspired by the work of John Bell, which in turn had been inspired by David Bohm's revival of Louis de Broglie's "pilot wave theory" and their idea of "hidden variables."



For many years, experimenters and theorists searched for "loopholes" in the experiments that might indicate something wrong with quantum mechanics. Bell had tantalized experimenters with the chance of a Nobel Prize if something was found to be wrong with quantum mechanics. Such a result would "shake the world," he told John Clauser. But every new test has only further confirmed the theory of quantum mechanics.


Shimony earned a PH.D. in philosophy from Yale in 1953 supervised by Rudolf Carnap and nine years later a Ph.D. in physics from Princeton, studying under Eugene Wigner. 


Shimony taught first at MIT, then at Boston University for many years with a dual appointment at Yale.


A major research interest was exploring the possible conflict between quantum physics and relativity, something that worried Albert Einstein all his life. 


A prominent doctoral student of Shimony's was the philosopher and historian of science Don Howard.

John Bell's Theorem led him to distinguish two possible aspects of  that he gave the technical names "parameter independence" and "outcome dependence" (sometimes "Remote Outcome Independence").

He also defined two other "conditions," one he called the "factorization condition," the other "Bell's locality condition."   
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 Antoine Suarez is the founding director of the Center for Quantum Philosophy in Zurich, based on philosophical questions raised in the 1970's and 1980's by John Bell. 

Suarez and Valerio Scarani, inspired by discussions with Bell, proposed in 1997 the "before-before" experiment. They proposed to use moving measurement devices to test quantum entanglement and nonlocality (the EPR experiment) to see whether there is some ordering process behind the nonlocal correlations. Suarez hoped to find something wrong with standard quantum mechanics.


The "before-before" experiment used the idea of hyperplanes of simultaneity from  the special theory of relativity. Back in the 1960's, C. W. Rietdijk and Hilary Putnam argued that physical determinism could be proved to be true by considering experiments and observers  moving at high speed with respect to one another.  Roger Penrose developed a similar argument in his book The Emperor's New Mind called the Andromeda Paradox.


Suarez and Scarani showed that for some relative speeds between two observers A and B, observer A could "see" the measurement of observer B to be in his future, and vice versa.


Because the two experiments have a "spacelike" separation (neither is inside the causal light cone of the other), each observer thinks he does his own measurement before the other. 


In 2001, Suarez collaborated with Nicolas Gisin on these tests. Suarez and Gisin described the situation as some influence coming "from outside space-time" to cause the 100% correlations found in their tests of Bell's Theorem. 

Suarez TEDx talk on Beyond Space and Time

They tested the limits on this effect by moving mirrors in one of the paths in a path-length (Mach-Zehnder) interferometer. They showed that, like the other Bell inequalities, the "before-before" suggestion of Suarez and Scarani could not eliminate nonlocality and 
entanglement. Their tests confirmed quantum mechanics and refuted the Suarez temporal explanation.


In his recent essay "Does Free Will Require New Physics," Suarez explores the possibility that the brain contains a generator of the random bits seen in his nonlocality experiments, and that the will might in some way control the order of those bits to make "pieces of information". This resembles the idea of downward causation. 


Like many physicists proposing specific free will mechanisms, Suarez imagines a physical process in the brain related to the work in physics that he is most familiar with. In his case it is a path-length interferometer.

[image: image-placeholder]



Suarez knows that making a decision is closely related to the problem of measurement in quantum mechanics. In our information physics view, John von Neumann's "cut" or "schnitt" between the atomic level and the macroscopic measuring apparatus occurs when stable information enter the universe. Stability means the balancing entropy has been carried away (the Ludwig-Landauer principle). Suarez knows that the conscious observer has little to do with it. He says

the decision about which detector clicks (in an interference experiment,
like that represented in the Figure) does not happen when "one photon encounters a
detector" but only subsequently, after a virtual cascade involving billions of electrons
has been triggered. Only then an irreversible registration of a result happens and a
human observer can become aware of it.

An event is "measured", i.e. irreversibly registered, only if it is possible
for a human observer to become aware of it.



Irreversibility is the hallmark of stable information creation and increase in thermodynamic entropy. Suarez notes that quantum mechanics may need "new physics" because it cannot explain precisely when a measurement happens. He says

Conscious free will implies irreversibility and therefore requires new physics
capable of well defining this concept. But quantum mechanics itself requires such a new
physics. Quantum theory does not define at all which conditions determine when
measurement happens and a result becomes irreversibly registered. This state of affairs
clearly shows a point where the theory can and must be completed.


We hope that the information physics view of the problem of measurement can help complete that theory. And our insight into the origin of irreversibility can be added to decoherence to explain experiment outcomes.  

Suarez cites the Free Will Theorem of John Conway and Simon Kochen as making free will an axiom, without which science itself could not proceed. Suarez does not believe that his current movements can be "explained by a chain of temporal cause going back to the Big Bang."



With the support of Carlos Cavallé and his Social Trends Institute, Suarez organized an experts meeting on the question "Is Science Compatible With Our Desire For Freedom?" in October 2010. Several philosophers and scientists interested in the the problem of free will attended, including Robert Kane, Alfred Mele, Bob Doyle, and Martin Heisenberg.
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The experimental setup for quantum entanglement tests is theoretically simple but experimentally difficult. Two spin 1/2 electrons are prepared in a state, say with opposing spins so the total spin angular momentum of the electrons is zero. They are said to be in a singlet state. Most recent studies, like Gisin's, used entangled polarized photon pairs.)

Two experimenters (call them A and B) measure the electron spins at some later time. 


The conservation of angular momentum requires that should one of these electrons be measured with spin up, the other must be spin down. This is what is described as "nonlocal" correlation of the spin measurement results.


A simpler way of looking at the problem is to consider the conservation of angular momentum, a law of nature that can not be violated. What would the lack of "correlation" between electron spins look like? It would include some spin-up measurements by experimenter A at the same time as spin-up measurements by experimenter B.


But this is a clear violation of the conservation law for angular momentum.


This conservation law in no way depends on supra-luminal communications between particles. Consider two electrons at opposite ends of the Andromeda galaxy, say 100,000 light years apart. As they revolve around the center of the galaxy, they conserve their orbital angular momenta perfectly.


We might say that conservation laws are "outside space-time."


Note that the original EPR thought experiment involved electrons going in opposite directions from a central source. In that case the governing conservation law was for ordinary translational momentum. And note that modern experiments like those of Suarez and Gisin use circularly polarized photons. But it is still a matter of conservation of angular momentum.
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   B. F. Skinner dominated the field of psychology in the mid-twentieth century with his theory of behaviorism as "the science of human behavior" and its extension to a philosophy of science called Radical Behaviorism. Skinner reduced all human behavior to environmental operant conditioning and "reinforcement" of selected responses with rewards or punishment. 

Behaviorism was founded by John B. Watson in 1913. Watson hoped to eliminate subjective internal mental states, such as "consciousness," as unobservable and even as nonexistent. He rejected "introspection" as unscientific. And he was a physical determinist, as was Skinner.


Skinner's major contribution to free will and morality came in 1971 with his book Beyond Freedom and Dignity. In it, he denied the existence of intentions, purposes, aims, goals, and other internal psychological states. He attacked the idea of "autonomous man" and free will as somehow "uncaused." He felt that as new evidences of predictable behavior are discovered by science, no one will be exempt from "complete determinism." 


Skinner thought his work would reform the practices of praise and blame, rewards and punishment,


By questioning the control exercised by autonomous man and demonstrating the control exercised by the environment, a science of behavior also seems to question dignity or worth. A person is responsible for his behavior, not only in the sense that he may be justly blamed or punished when he behaves badly, but also in the sense that he is to be given credit and admired for his achievements. A scientific analysis shifts the credit as well as the blame to the environment, and traditional practices can then no longer be justified. These are sweeping changes, and those who are committed to traditional theories and practices naturally resist them.

(Beyond Freedom and Dignity, p. 21)



Skinner hoped to replace the random reinforcements of today's society with a new kind of social control that would not "free" men but change the controls that shape their lives.


Man's struggle for freedom is not due to a will to be free, but to certain behavioral processes characteristic of the human organism, the chief effect of which is the avoidance of or escape from so-called "aversive" features of the environment. Physical and biological technologies have been mainly concerned with natural aversive stimuli; the struggle for freedom is concerned with stimuli intentionally arranged by other people. The literature of freedom has identified the other people and has proposed ways of escaping from them or weakening or destroying their power. It has been successful in reducing the aversive stimuli used in intentional control, but it has made the mistake of defining freedom in terms of states of mind or feelings, and it has therefore not been able to deal effectively with techniques of control which do not breed escape or revolt but nevertheless have aversive consequences. It has been forced to brand all control as wrong and to misrepresent many of the advantages to be gained from a social environment. It is unprepared for the next step, which is not to free men from control but to analyze and change the kinds of control to which they are exposed.

(Beyond Freedom and Dignity, p. 98)



Skinner thought our images of ourselves as free men had contributed to global ecological catastrophes.

The traditional conception of man is flattering; it confers reinforcing privileges. It is therefore easily defended and can be changed only with difficulty. It was designed to build up the individual as an instrument of counter-control, and it did so effectively but in such a way as to limit progress. We have seen how the literatures of freedom and dignity, with their concern for autonomous man, have perpetuated the use of punishment and condoned the use of only weak nonpunitive techniques, and it is not difficult to demonstrate a connection between the unlimited right of the individual to pursue happiness and the catastrophes threatened by unchecked breeding, the unrestrained affluence which exhausts resources and pollutes the environment, and the imminence of nuclear war.

Physical and biological technologies have alleviated pestilence and famine and many painful, dangerous, and exhausting features of daily life, and behavioral technology can begin to alleviate other kinds of ills. In the analysis of human behavior it is just possible that we are slightly beyond Newton's position in the analysis of light, for we are beginning to make technological applications. There are wonderful possibilities — and all the more wonderful because traditional approaches have been so ineffective. It is hard to imagine a world in which people live together without quarreling, maintain themselves by producing the food, shelter, and clothing they need, enjoy themselves and contribute to the enjoyment of others in art, music, literature, and games, consume only a reasonable part of the resources of the world and add as little as possible to its pollution, bear no more children than can be raised decently, continue to explore the world around them and discover better ways of dealing with it, and come to know themselves accurately and, therefore, manage themselves effectively. Yet all this is possible, and even the slightest sign of progress should bring a kind of change which in traditional terms would be said to assuage wounded vanity, offset a sense of hopelessness or nostalgia, correct the impression that "we neither can nor need to do anything for ourselves," and promote a "sense of freedom and dignity" by building "a sense of confidence and worth." In other words, it should abundantly reinforce those who have been induced by their culture to work for its survival.

(Beyond Freedom and Dignity, p. 213)




Skinner's methods are intended for the controlled future evolution of man and culture.

An experimental analysis shifts the determination of behavior from autonomous man to the environment—an environment responsible both for the evolution of the species and for the repertoire acquired by each member. Early versions of environmentalism were inadequate because they could not explain how the environment worked, and much seemed to be left for autonomous man to do. But environmental contingencies now take over functions once attributed to autonomous man, and certain questions arise. Is man then "abolished"? Certainly not as a species or as an individual achiever. It is the autonomous inner man who is abolished, and that is a step forward. But does man not then become merely a victim or passive observer of what is happening to him? He is indeed controlled by his environment, but we must remember that it is an environment largely of his own making. The evolution of a culture is a gigantic exercise in self-control. It is often said that a scientific view of man leads to wounded vanity, a sense of hopelessness, and nostalgia. But no theory changes what it is a theory about; man remains what he has always been. And a new theory may change what can be done with its subject matter. A scientific view of man offers exciting possibilities. We have not yet seen what man can make of man.

(Beyond Freedom and Dignity, p. 214)
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Charles Scott Sherrington was an English neurophysiologist who described the brain cortex as a set of connected neurons ("the neuron doctrine"). He named the connections between neurons "synapses" and described the strength of their connections as "potentiated" and "depotentiated." 


Sherrington he was awarded the Nobel Prize in Physiology or Medicine in 1932 (along with Edgar Adrian), for work summarized by Sherrington in his book The Integrative Action of the Nervous System (1906).

 
This anticipate the work of Donald Hebb, that "neurons that fire together wire together" in what Hebb called "cell assemblies" and the later work of Eric Kandel whose work on the "long-term potentiation of synapses won the 2000 Nobel Prize in Physiology or Medicine (with Arvid Carlsson and Paul Greengard) for his research on the physiological basis of memory storage in neurons.
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Claude Shannon is often described as "the father of information theory" although he described his work as "communication theory." it was Shannon who put the communication of signals in the presence of noise on a sound mathematical basis. His co-workers at Bell Laboratories called what was being transmitted "intelligence" (Harry Nyquist) and "information" (Ralph Hartley). Shannon used "intelligence" in his earliest reports and proposals and information later. 

Hartley had a deep insight into 


In 1871, James Clerk Maxwell showed how an intelligent being could in principle sort out the disorder in a gas of randomly moving molecules, by gathering knowledge-intelligence-information about their speeds and sorting them into hot and cold gases, in apparent violation of the second law of thermodynamics. William Thomson (Lord Kelvin) called this being "Maxwell's intelligent demon."

Ludwig Boltzmann, who established the statistical physics foundation of thermodynamics, chose the logarithm of the number W of equiprobable microstates as the measure for his entropy, because he wanted entropy to be an extensive additive quantity. 


S = k log W



where k is Boltzmann's constant.  If one system can be in one thousand possible states and another system also in a thousand possible states, the combined system has a million possible states. In a base 10 system, log101000 = 3,  and 3 + 3 is 6 = log101000000.


In 1929, Leo Szilard imagined a gas with but a single molecule in a container. He then devised a mechanism that could behave like Maxwell's demon. It would insert a partition into the middle of the container, then gather the information about which of the two sides of the partition the molecule was in. This was a binary decision and it allowed Szilard to develop the mathematical form for the amount of entropy S produced by a one-bit measurement, which Szilard identified as the acquisition of information and storage in the "memory" of a physical device or of a human observer.


S = k log 2



The base-2 logarithm reflects the binary decision.


The amount of entropy generated by the measurement may, of course, always be greater than this fundamental amount of negative entropy (information) created, but not smaller, or the second law - that overall entropy must increase -  would be violated.


The earlier work of Maxwell, Boltzmann, and Szilard did not figure directly in Shannon's work. Shannon studied the design of early analog computers (specifically Vannevar Bush's differential analyzer at MIT, which was used by Coolidge and James to calculate the first wave functions of the hydrogen molecule in 1936). Then, with John von Neumann  and Alan Turing, Shannon helped design the first digital computers, based on the Boolean logic of 1's and 0's and binary arithmetic.


Shannon analyzed telephone switching circuits that used electromagnetic relay switches, then realized that the switches could solve some problems in Boolean algebra.


During World War II, Shannon worked at Bell Labs on cryptography and sending "intelligence" signals in the presence of noise. Alan Turing visited the labs for a couple of months and showed Shannon his 1936 ideas for a universal computer (the "Turing Machine"). 


Shannon's work on communications, control systems, and cryptography were initially classified, but they contained almost all of the mathematics that eventually appeared in his landmark 1948 article "A Mathematical Theory of Communication,"  that is considered the basis for modern information theory.

Norbert Wiener's work on probability theory in Cybernetics had an important influence on Shannon. There can be no new information in a world of certainty. Probability and statistics are at the heart of both information theory and quantum theory.


Following a suggestion by John von Neumann, Shannon developed his expression for an information (Shannon) entropy, which he showed has the same mathematical form as thermodynamic (Boltzmann) entropy. He wrote:


Suppose we have a set of possible events whose probabilities of occurrence are p1, p2, • • • , pn. These probabilities are known but that is all we know concerning which event will occur. Can we find a measure of how much "choice" is involved in the selection of the event or of how uncertain we are of the outcome?


If there is such a measure, say H(p1, p2, • • • , pn), it is reasonable to require of it the following properties:


1. H should be continuous in the pn.
2. If all the pn are equal, pi = 1/n, then H should be a monotonic increasing function of n. With equally likely events there is more choice, or uncertainty, when there are more possible events.


3. If a choice be broken down into two successive choices, the original H should be the weighted sum of the individual values of H. The meaning of this is illustrated in Fig. 6. 


[image: image-placeholder]
Fig. 6.— Decomposition of a choice from three possibilities.




At the left we have three possibilities p1 = 1/2, p2 = 1/3, p3 = 1/6. On the right we first choose between two possibilities each with probability 1/2, and if the second occurs make another choice with probabilities 2/3, 1/3. The final results have the same probabilities as before. We require, in this special case, that
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The coefficient 1/2 is the weighting factor introduced because this second choice only occurs half the time.

The only H satisfying the three above assumptions is of the form: 
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where K is a positive constant.

Quantities, of the form H = Σ  pi log pi (the constant K merely amounts to a choice of a unit of measure) play a central role in information theory as measures of information, choice and uncertainty. The form of H will be recognized as that of entropy as defined in certain formulations of statistical mechanics where pi is the probability of a system being in cell i of its phase space.

H is then, for example, the H in Boltzmann's famous H theorem. We shall call H = pi log pi the entropy of the set of probabilities p1, p2, • • • , pn.





Shannon Entropy and Boltzmann Entropy


Boltzmann entropy: S = k ∑ pi ln pi.        Shannon information: I = - ∑ pi ln pi.

  
Shannon entropy is the average (expected) value of the information contained in a received message.  If there are many possible messages, we get a lot more information than when there are only two possibilities (one bit of information). It is the base 2 logarithm of the number of possibilities.  Shannon entropy thus characterizes our uncertainty about the information in an incoming message, and increases for more possibilities with greater randomness. The less likely an event is, the more information it provides when it occurs. Shannon defined his entropy or information as the negative of the logarithm of the probability distribution. He briefly considered calling it "uncertainty (after the Heisenberg uncertainty principle). but decided on "entropy" following the suggestion by von Neumann. One bit of information is also known as one "shannon." 


Boltzmann entropy is maximized when the particle distribution is maximally random among positions in phase space, when the number of microstates W corresponding to a given macrostate is as large as possible. An improbable macrostate might be when every particle is in the same microstate. Finding all the particles in a corner of the possible volume is information in the same sense as receiving one of the possible messages. An equilibrium macrostate is when particles are as randomly distributed as possible. Any information is gone.


Counterintuitively, maximum Boltzmann entropy (no information) is maximal uncertainty before a message is received and then maximal Shannon entropy (information), after a message is received, making the two entropies hard to compare.



Historical Background


Information in physical systems was connected to a measure of the structural order in a system as early as the nineteenth century by William Thomson (Lord Kelvin) and Ludwig Boltzmann, who described an increase in the thermodynamic entropy as “lost information.”

In 1877, Boltzmann proved his “H-Theorem” that the entropy or disorder in the universe always increases.  He defined entropy S as the logarithm of the number W of possible states of a physical system, an equation now known as Boltzmann’s Principle,


  S
  =
  k
  l
  o
  g
  W
.


In 1929, Leo Szilard showed the mean value of the quantity of information produced by a 1-bit, two-possibility (“yes/no”) measurement as S = k log 2, where k is Boltzmann’s constant, connecting information directly to entropy. 


Following Szilard, Ludwig von Bertalanffy, Erwin Schrödinger, Norbert Wiener, Claude Shannon, Warren Weaver, John von Neumann, and Leon Brillouin, all expressed similar views on the connection between physical entropy and abstract “bits” of information.


Schrödinger said the information in a living organism is the result of “feeding on negative entropy” from the sun. Wiener said “The quantity we define as amount of information is the negative of the quantity usually defined as entropy in similar situations.” 


Brillouin created the term “negentropy” because he said, “One of the most interesting parts in Wiener’s Cybernetics is the discussion on “Time series, information, and communication,” in which he specifies that a certain “amount of information is the negative of the quantity usually defined as entropy in similar situations.” 


Shannon, with a nudge from von Neumann, used the term entropy to describe his estimate of the amount of information that can be communicated over a channel, because his mathematical theory of the communication of information produced a mathematical formula identical to Boltzmann’s equation for entropy, except for a minus sign (the negative in negative entropy).


Shannon described a set of i messages, each with probability pi. He then defined a quantity H,  

H = k Σ pi log pi,


where k is a positive constant. Since H looked like the H in  Boltzmann’s H-Theorem, Shannon called it the entropy of the set of probabilities p1, p2, . . . , pn. 


To see the connection between the two entropies, we can note that Boltzmann assumed that all his probabilities were equal. For n equal states, the probability of each state is 
  p
  =
  1
  
    /
  
  n
.  


The sum over n states, 
Σ pi log pi, is then 
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If we set Shannon's number of possible messages n equal to Boltzmann's number of possible microstates  W, we get Boltzmann’s entropy with a minus sign,

H = - k log W.


Shannon’s entropy H is the negative of Boltzmann’s S.


Shannon showed that a communication that is certain to tell you something you already know (one of the messages has probability unity) contains no new information.
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The Mathematical Theory of Communication (excerpts)


Introduction

The recent development of various methods of modulation such as PCM and PPM which exchange bandwidth for signal-to-noise ratio has intensified the interest in a general theory of communication. A basis for such a theory is contained in the important papers of Nyquist1 and Hartley2 on this subject. In the present paper we will extend the theory to include a number of new factors, in particular the effect of noise in the channel, and the savings possible due to the statistical structure of the original message and due to the nature of the final destination of the information.

The fundamental problem of communication is that of reproducing at one point either exactly or approximately a message selected at another point. Frequently the messages have meaning; that is they refer to or are correlated according to some system with certain physical or conceptual entities. These semantic aspects of communication are irrelevant to the engineering problem. The significant aspect is that the actual message is one selected from a set of possible messages. The system must be designed to operate for each possible selection, not just the one which will actually be chosen since this is unknown at the time of design.

If the number of messages in the set is finite then this number or any monotonic function of this number can be regarded as a measure of the information produced when one message is chosen from the set, all choices being equally likely. As was pointed out by Hartley [and Szilard and Boltzmann] the most natural choice is the logarithmic function. Although this definition must be generalized considerably when we consider the influence of the statistics of the message and when we have a continuous range of messages, we will in all cases use an essentially logarithmic measure.


The logarithmic measure is more convenient for various reasons:


1. It is practically more useful. Parameters of engineering importance such as time, bandwidth, number of relays, etc., tend to vary linearly with the logarithm of the number of possibilities. For example, adding one relay to a group doubles the number of possible states of the relays. It adds 1 to the base 2 logarithm of this number. Doubling the time roughly squares the number of possible messages, or doubles the logarithm, etc.


2. It is nearer to our intuitive feeling as to the proper measure. This is closely related to (1) since we intuitively measure entities by linear comparison with common standards. One feels, for example, that two punched cards should have twice the capacity of one for information storage, and two identical channels twice the capacity of one for transmitting information.


3. It is mathematically more suitable. Many of the limiting operations are simple in terms of the logarithm but would require clumsy restatement in terms of the number of possibilities.


The choice of a logarithmic base corresponds to the choice of a unit for measuring information. If the base 2 is used the resulting units may be called binary digits, or more briefly bits, a word suggested by J. W. Tukey. A device with two stable positions, such as a relay or a flip-flop circuit, can store one bit of information. N such devices can store N bits, since the total number of possible states is 2N and log2 2N = N. If the base 10 is used the units may be called decimal digits. Since



log2 M = log10M/log102 

= 3.32 log10 M,



a decimal digit is about 3+1/2 bits. A digit wheel on a desk computing machine has ten stable positions and therefore has a storage capacity of one decimal digit. In analytical work where integration and differentiation are involved the base e is sometimes useful. The resulting units of information will be called natural units. Change from the base a to base b merely requires multiplication by logba.

By a communication system we will mean a system of the type indicated schematically in Fig. 1. It consists of essentially five parts:


[image: image-placeholder]


Fig. 1 Schematic diagram of a general communication system.



1. An information source which produces a message or sequence of messages to be communicated to the receiving terminal. The message may be of various types: (a) A sequence of letters as in a telegraph or teletype system; (b) A single function of time f(t) as in radio or telephony; (c) A function of time and other variables as in black and white television — here the message may be thought of as a function f(x, y, t) of two space coordinates and time, the light intensity at point (x, y) and time t on a pickup tube plate; (d) Two or more functions of time, say f t), g(t), h(t) — this is the case in "three-dimensional" sound transmission or if the system is intended to service several individual channels in multiplex; (e) Several functions of several variables — in color television the message consists of three functions f(x, y, t), g(x, y, t), h(x, y, t) defined in a three-dimensional continuum -- we may also think of these three functions as components of a vector field defined in the region — similarly, several black and white television sources would produce "messages" consisting of a number of functions of three variables; (f) Various combinations also occur, for example in television with an associated audio channel.


2. A transmitter which operates on the message in some way to produce a signal suitable for transmission over the channel. In telephony this operation consists merely of changing sound pressure into a proportional electrical current. In telegraphy we have an encoding operation which produces a sequence of dots, dashes and spaces on the channel corresponding to the message. In a multiplex PCM system the different speech functions must be sampled, compressed, quantized and encoded, and finally interleaved properly to construct the signal. Vocoder systems, television and frequency modulation are other examples of complex operations applied to the message to obtain the signal.
3. The channel is merely the medium used to transmit the signal from transmitter to receiver. It may be a pair of wires, a coaxial cable, a band of radio frequencies, a beam of light, etc. During transmission, or at one of the terminals, the signal may be perturbed by noise. This is indicated schematically in Fig. 1 by the noise source acting on the transmitted signal to produce the received signal.


4. The receiver ordinarily performs the inverse operation of that done by the transmitter, reconstructing the message from the signal.


5. The destination is the person (or thing) for whom the message is intended.


We wish to consider certain general problems involving communication systems. To do this it is first necessary to represent the various elements involved as mathematical entities, suitably idealized from their physical counterparts. We may roughly classify communication systems into three main categories: discrete, continuous and mixed. By a discrete system we will mean one in which both the message and the signal are a sequence of discrete symbols. A typical case is telegraphy where the message is a sequence of letters and the signal a sequence of dots, dashes and spaces. A continuous system is one in which the message and signal are both treated as continuous functions, e.g., radio or television. A mixed system is one in which both discrete and continuous variables appear, e.g., PCM transmission of speech.


We first consider the discrete case. This case has applications not only in communication theory, but also in the theory of computing machines, the design of telephone exchanges and other fields. In addition the discrete case forms a foundation for the continuous and mixed cases which will be treated in the second half of the paper.



6. Choice, Uncertainty and Entropy


We have represented a discrete information source as a Markoff process. Can we define a quantity which will measure, in some sense, how much information is "produced" by such a process, or better, at what rate information is produced?

Suppose we have a set of possible events whose probabilities of occurrence are p1, p2, • • • , pn. These probabilities are known but that is all we know concerning which event will occur. Can we find a measure of how much "choice" is involved in the selection of the event or of how uncertain we are of the outcome?


If there is such a measure, say H(p1, p2, • • • , pn), it is reasonable to require of it the following properties:


1. H should be continuous in the pn.
2. If all the pn are equal, pi = 1/n, then H should be a monotonic increasing function of n. With equally likely events there is more choice, or uncertainty, when there are more possible events.


3. If a choice be broken down into two successive choices, the original H should be the weighted sum of the individual values of H. The meaning of this is illustrated in Fig. 6. 


[image: image-placeholder]
Fig. 6.— Decomposition of a choice from three possibilities.




At the left we have three possibilities p1 = 1/2, p2 = 1/3, p3 = 1/6. On the right we first choose between two possibilities each with probability 1/2, and if the second occurs make another choice with probabilities 2/3, 1/3. The final results have the same probabilities as before. We require, in this special case, that



  H
  (
  1
  
    /
  
  2
  ,
  1
  
    /
  
  3
  ,
  1
  
    /
  
  6
  )
  =
  H
  (
  1
  
    /
  
  2
  ,
  1
  
    /
  
  2
  )
  +
  1
  
    /
  
  2
  H
  (
  2
  
    /
  
  3
  ,
  1
  
    /
  
  3
  )



The coefficient 1/2 is the weighting factor introduced because this second choice only occurs half the time.


In Appendix 2, the following result is established:

Theorem 2: The only H satisfying the three above assumptions is of the form: 



  H
  =
  K
  Σ
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where K is a positive constant.
This theorem, and the assumptions required for its proof, are in no way necessary for the present theory. It is given chiefly to lend a certain plausibility to some of our later definitions. The real justification of these definitions, however, will reside in their implications.


Quantities, of the form H = Σ  pi log pi (the constant K merely amounts to a choice of a unit of measure) play a central role in information theory as measures of information, choice and uncertainty. The form of H will be recognized as that of entropy
as defined in certain formulations of statistical mechanics8 where pi is the probability of a system being in cell i of its phase space.

H is then, for example, the H in Boltzmann's famous H theorem. We shall call H = pi log pi the entropy of the set of probabilities p1, p2, • • • , pn. If x is a chance variable we will write H(x) for its entropy; thus x is not an argument of a function but a label for a number, to differentiate it from H(y) say, the entropy of the chance variable y.


The quantity H has a number of interesting properties which further substantiate it as a reasonable measure of choice or information.


1. H = 0 if and only if all the pi but one are zero, this one
having the value unity. Thus only when we are certain of the outcome does H vanish. Otherwise H is positive.


2. For a given n, H is a maximum and equal to log n when all
the pi are equal, i.e., 1/n. This is also intuitively the most uncertain situation.







Source: https://www.informationphilosopher.com/solutions/scientists/shannon/
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Dean Keith Simonton

Dean Keith Simonton has devoted his career as a social psychologist investigating the origins of and evolution of genius, creativity, and leadership. He has researched the personal, social, cultural, developmental, and cognitive factors that contribute to greatness in the arts, the humanities, and especially the sciences. 

He uses the tools of historiometrics, a combination of personal histories, biographies, and psychometrics, to build theories and principles of human behavior that might account for the development of pre-eminent individuals.


Starting from the pioneering theories of Donald Campbell, Simonton has developed the Blind Variation and Selective Retention (BVSR) account of the creation of human knowledge, and scientific knowledge in particular.    



BVSR is itself a variation on common-sense and ancient notions of trial-and-error, and it seems directly inspired by the two-step process of biological evolution, but Campbell and Simonton see it as more general than these. BVSR is applicable to organic evolution, the learning process in individual organisms, and the social construction of knowledge. 


In biological evolution, the original blind variation is preserved by genetic inheritance. In learning, random variations are preserved by individual organisms memories. In social knowledge, chance variation of ideas get preserved as new inventions, new works of art, and new scientific theories. Whether any of these get selected and retained depends on their pragmatic usefulness to the species, the individual and the society. 


BVSR also describes the two-stage model for free will. First chance, then choice. First "free," then "will." Thoughts come to us freely. Actions go from us willfully.


The idea that units of cultural knowledge undergo variation and then are selected for is perhaps better known from the recent work of Richard Dawkins, who named the self-replicating unit of cultural evolution the "meme" in his 1976 book The Selfish Gene. 


BVSR is widely used in cybernetics. For example, the "general problem solver" programs of Allan Newell and Herbert Simon involve two stages, first the blind generation of theorems and then testing of the theorems for validity.


In the December 2014 issue of the Review of General Psychology, Simonton (a past president of APA) called for the two-stage model of free will to be integrated into his theory of creativity. 
http://psycnet.apa.org/journals/gpr/17/4/374/
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Source: https://www.informationphilosopher.com/solutions/scientists/simonton/
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Edmund Sinnott

Edmund Ware Sinnott was a botanist who specialized in plant morphology. He earned his bachelor's, master's, and a Ph.D. in Philosophy from Harvard in the last years of William James' time at Harvard. 


His 1955 book Biology of the Spirit compared the "directive" or "purposive" biological development processes in the bodies of all living things to the workings of the mind in higher animals/, proposing to solve the difficult mind-body problem in philosophy.


Sinnott built on the work of Hans Driesch, whose "entelechy" (a term adopted from Aristotle) was meant to be distinguished from a "final cause" or "telos" pre-existing an organism.


Driesch's work was variously criticized as a form of vitalism, organicism, ororthogenesis.


Vitalism is the idea of a non-physical force driving evolution (See Henri Bergson's élan vital).


Organicism is the idea that everything in nature, including the material world of physical particles, is assumed to be living. 


Orthogenesis, orthogenetic evolution, progressive evolution or autogenesis, is the hypothesis that life has an innate tendency to move in a direction.   



But both Driesch and Sinnott are simply identifying the immaterial information structures in living things and in minds that provide the form through which matter and energy flow, maintaining life by communicating between cooperating body parts, the organs, neural networks, the cells and their organelles, with their microscopic biochemical processes (e.g., neurotransmitters, hormone signaling, the immune system) and biophysical machines (e.g, ATP Synthase, DNA repair, mitosis, meiosis).




Source: https://www.informationphilosopher.com/solutions/scientists/sinnott/
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Erwin Schrödinger


   Erwin Schrödinger is perhaps the most complex figure in twentieth-century discussions of quantum mechanical uncertainty, ontological chance, indeterminism, and the statistical interpretation of quantum mechanics.  
  

   In his early career, Schrödinger was a great exponent of fundamental chance in the universe. He followed his teacher Franz S. Exner, who was himself a colleague of the great Ludwig Boltzmann at the University of Vienna. Boltzmann used intrinsic randomness in molecular collisions (molecular chaos) to derive the increasing entropy of the Second Law of Thermodynamics.  The macroscopic irreversibility of entropy increase depends on Boltzmann's molecular chaos which depends on the randomness in microscopic irreversibility.

  Before the twentieth century, most physicists, mathematicians, and philosophers believed that the chance described by the calculus of probabilities was actually completely determined. The "bell curve" or "normal distribution" of random outcomes was itself so consistent that they argued for underlying deterministic laws governing individual events. They thought that we simply lack the knowledge necessary to make exact predictions for these individual events. Pierre-Simon Laplace was first to see in his "calculus of probabilities" a universal law that determined the motions of everything from the largest astronomical objects to the smallest particles.  In a Laplacian world, there is only one possible future.
  


  On the other hand, in his inaugural lecture at Zurich in 1922, Schrödinger argued that evidence did not justify our assumptions that physical laws were deterministic and strictly causal. His inaugural lecture was modeled on that of Franz Serafin Exner in Vienna in 1908.
  

  "Exner's assertion amounts to this: It is quite possible that Nature's laws are of thoroughly statistical character. The demand for an absolute law in the background of the statistical law — a demand which at the present day almost everybody considers imperative — goes beyond the reach of experience. Such a dual foundation for the orderly course of events in Nature is in itself improbable. The burden of proof falls on those who champion absolute causality, and not on those who question it. For a doubtful attitude in this respect is to-day by far the more natural."


  Several years later, Schrödinger presented a paper on "Indeterminism in Physics" to the June, 1931  Congress of A Society for Philosophical Instruction in Berlin. 
  


  "Fifty years ago it was simply a matter of taste or philosophic prejudice whether the preference was given to determinism or indeterminism. The former was favored by ancient custom, or possibly by an a priori belief. In favor of the latter it could be urged that this ancient habit demonstrably rested on the actual laws which we observe functioning in our surroundings. As soon, however, as the great majority or possibly all of these laws are seen to be of a statistical nature, they cease to provide a rational argument for the retention of determinism.
  
  "If nature is more complicated than a game of chess, a belief to which one tends to incline, then a physical system cannot be determined by a finite number of observations. But in practice a finite number of observations is all that we can make. All that is left to determinism is to believe that an infinite accumulation of observations would in principle enable it completely to determine the system. Such was the standpoint and view of classical physics, which latter certainly had a right to see what it could make of it. But the opposite standpoint has an equal justification: we are not compelled to assume that an infinite number of observations, which cannot in any case be carried out in practice, would suffice to give us a complete determination." 





   Despite these strong arguments against determinism, just after he completed the wave mechanical formulation of quantum mechanics in June 1926 (the year Exner died), Schrödinger began to side with the determinists, including especially Max Planck and Albert Einstein (who in 1916 had discovered that ontological chance is involved in the emission of radiation). 
  

  Schrödinger's wave equation is a continuous function that evolves smoothly in time, in sharp contrast to the discrete, discontinuous, and indeterministic "quantum jumps" of the Born-Heisenberg matrix mechanics. His wave equation seemed to Schrödinger to restore the continuous and deterministic nature of classical mechanics and dynamics. And it suggests that we may visualize particles as wave packets moving in spacetime, which was very important to Schrödinger. By contrast, Bohr and Heisenberg and their Copenhagen Interpretation of quantum mechanics insisted that visualization of quantum events is simply not possible. Einstein later agreed with Schrödinger that visualization (Anschaulichkeit) should be the goal of describing an "objective" reality.
  
Max Born, Werner Heisenberg's mentor and the senior partner in the team that created matrix mechanics, shocked Schrödinger with the interpretation of the wave function as a "probability amplitude." 

It is true, said Born, that the wave function itself evolves deterministically, but its significance is that it predicts only the probability of finding an atomic particle somewhere. When and where particles would appear - to an observer or to an observing system like a photographic plate - was completely and irreducibly random, he said. Born credited Einstein for the idea that the relationship between waves and particles is that the waves give us the probability of finding a particle, but this "statistical interpretation" of the wave function came to be known as "Born's Rule.". 

Einstein had seen clearly for many years that quantum transitions involve chance, that quantum jumps are random, but he did not want to believe it. Although the Schrödinger equation of motion is itself continuous and deterministic, it is impossible to restore continuous deterministic behavior to material particles and return physics to strict causality. Even more than Einstein, Schrödinger hated this idea and never accepted it, despite the great success of quantum mechanics, which today uses Schrödinger's wave functions to calculate Heisenberg's matrix elements for atomic transition probabilities and all atomic properties.    
  



The motions of particles are indeterministic and probabilistic, even if the equation of motion for the probability is deterministic.


  Discouraged, Schrödinger wrote to his friend Willie Wien in August 1926
  

  "[That discontinuous quantum jumps]...offer the greatest conceptual difficulty for the achievement of a classical theory is gradually becoming even more evident to me."...[yet] today I no longer like to assume with Born that an individual process of this kind is "absolutely random." i.e., completely undetermined. I no longer believe today that this conception (which I championed so enthusiastically four years ago) accomplishes much. From an offprint of Born's work in the Zeitsch f. Physik I know more or less how he thinks of things: the waves must be strictly causally determined through field laws, the wavefunctions on the other hand have only the meaning of probabilities for the actual motions of light- or material-particles."
  

Why did Schrödinger not simply welcome Born's absolute chance? It provides strong evidence that Boltzmann's assumption of chance in atomic collisions (molecular disorder) was completely justified. Boltzmann's idea that entropy is statistically irreversible depends on microscopic irreversibility. Exner thought chance is absolute, but did not live to see how fundamental it was to physics. And the early Epicurean idea that atoms sometimes "swerve" could be replaced by the insight that atoms are always swerving randomly - when they interact with other atoms and especially with radiation, as Einstein (reluctantly) found in 1916.  


Could it be that senior scientists like Max Planck and Einstein were so delighted with Schrödinger's work that it turned his head?  Planck, universally revered as the elder statesman of physics, invited Schrödinger to Berlin to take Planck's chair as the most important lecturer in physics at a German university. And Schrödinger shared Einstein's goal to develop a unified (continuous and deterministic) field theory. Schrödinger won the Nobel prize in 1933. But how different our thinking about absolute chance would be if perhaps the greatest theoretician of quantum mechanics had accepted random quantum jumps in 1926? 


   In his vigorous debates with Neils Bohr and Werner Heisenberg, Schrödinger attacked the probabilistic Copenhagen interpretation of his wave function with a famous thought experiment (which was actually based on another Einstein suggestion) called Schrödinger's Cat.  


The Einstein-Podolsky-Rosen Paradox

Schrödinger was very pleased to read the Einstein-Podolsky-Rosen paper in 1935. He immediately wrote to Einstein in support of an attack on Bohr, Born, and Heisenberg and their "dogmatic" quantum mechanics.
  
"I was very happy that in the paper just published in P.R. you have evidently
caught dogmatic q.m. by the coat-tails...My interpretation is that we
do not have a q.m. that is consistent with relativity theory, i.e., with a
finite transmission speed of all influences. We have only the analogy
of the old absolute mechanics . . . The separation process is not at all
encompassed by the orthodox scheme.'
  

Einstein had said in 1927 at the Solvay conference that nonlocality (faster-than-light signaling between particles in a space-like separation) seemed to violate relativity in the case of a single-particle wave function with non-zero probabilities of finding the particle at more than one place. What instantaneous "action-at-a-distance" prevents particles from appearing at more than one place, Einstein oddly asked. 

In his 1935 EPR paper, Einstein cleverly introduced two particles instead of one, and a two-particle wave function that describes both particles. The particles are identical, indistinguishable, and with indeterminate positions, although EPR wanted to describe them as widely separated, one "here" and measurable "now" and the other distant and to be measured "later."   


Here we must explain the asymmetry that Einstein, and Schrödinger, have mistakenly introduced into a perfectly symmetric situation, making entanglement such a mystery.



Schrödinger challenged Einstein's idea that two systems that had previously interacted can be treated as separated systems, and that a two-particle wave function ψ12 can be factored into a product of separated wave functions for each system, ψ1 and ψ2. 


Einstein called this his "separability principle (Trennungsprinzip). The particles cannot separate, until another quantum interaction separates them. Schrödinger published a famous paper defining his idea of "entanglement" in August of 1935. It began:
  

When two systems, of which we know the states by their respective representatives,
enter into temporary physical interaction due to known forces between
them, and when after a time of mutual influence the systems separate again, then
they can no longer be described in the same way as before, viz. by endowing each
of them with a representative of its own. I would not call that one but rather the
characteristic trait of quantum mechanics, the one that enforces its entire
departure from classical lines of thought. By the interaction the two representatives
(or ψ-functions) have become entangled. 
To disentangle them we must
gather further information by experiment, although we knew as much as anybody
could possibly know about all that happened. Of either system, taken
separately, all previous knowledge may be entirely lost, leaving us but one
privilege: to restrict the experiments to one only of the two systems. After reestablishing
one representative by observation, the other one can be inferred
simultaneously. In what follows the whole of this procedure will be called the
disentanglement...

Attention has recently [viz., EPR] been called to the obvious but very disconcerting fact
that even though we restrict the disentangling measurements to one system, the
representative obtained for the other system is by no means independent of the
particular choice of observations which we select for that purpose and which by
the way are entirely arbitrary. It is rather discomforting that the theory should
allow a system to be steered or piloted into one or the other type of state at the
experimenter's mercy in spite of his having no access to it. This paper does not
aim at a solution of the paradox, it rather adds to it, if possible.

  



They can also be disentangled, or decohered, by interaction with the environment (other particles). An experiment by a human observer  is not necessary 

 

In the following year, Schrödinger looked more carefully at Einstein's assumption that the entangled system could be separated enough to be regarded as two systems with independent wave functions:

  
Years ago I pointed out that when two systems separate far enough
to make it possible to experiment on one of them without interfering with the
other, they are bound to pass, during the process of separation, through stages
which were beyond the range of quantum mechanics as it stood then. For it
seems hard to-imagine a complete separation, whilst the systems are still so
close to each other, that, from the classical point of view, their interaction could
still be described as an unretarded actio in distans. And ordinary quantum
mechanics, on account of its thoroughly unrelativistic character, really only deals
with the actio in distans case. The whole system (comprising in our case both
systems) has to be small enough to be able to neglect the time that light takes
to travel across the system, compared with such periods of the system as are
essentially involved in the changes that take place...


It seems worth noticing that the paradox could be avoided by a very simple
assumption, namely if the situation after separating were described by the
expansion [ψ (x,y) = Σ ak gk(x) fk(y), as assumed in EPR], but with the additional statement that the knowledge of the
phase relations between the complex constants ak has been entirely lost in consequence
of the process of separation. 




Is Schrödinger saying that the two-particle wave function has a single phase φ12 where the separated particles are now described by the product of single-particle wave function with distinct phases φ1 and φ2. The particles are no longer "in phase," no longer coherent. So now measuring the state of one will still tell us something about the other. But now measuring one will not "influence" and change the state of the other?


This would mean that not only the parts,
but the whole system, would be in the situation of a mixture, not of a pure state.
It would not preclude the possibility of determining the state of the first system
by suitable measurements in the second one or vice versa. But it would utterly
eliminate the experimenters influence on the state of that system which he does
not touch.




When some interaction, like a measurement, causes a separation, the two-particle wave function Ψ12 collapses, the system decoheres into the product Ψ1Ψ2, losing their phase relation so there is no more interference [losing coherence], and we have a mixed state rather than a pure state.


Schrödinger described the puzzle of entanglement in terms of what one can answer to questions about the two entangled particles, which set an unfortunate precedent of explaining entanglement in terms of  knowledge (epistemology) about the entangled particles rather than what may "really" be going on (ontology). He wrote:




the result of measuring p1 serves to predict the result for p1 and vice versa.
But of course every one of the four observations in question, when actually performed, disentangles the systems, furnishing each of them with an independent representative of its own. A second observation, whatever it is and on whichever system it is executed, produces no further change in the representative of the other system.

Yet since I can predict either x1 or p1 without interfering with system No. 1 and since system No. 1, like a scholar in examination, cannot possibly know which of the two questions I am going to ask it first: it so seems that our scholar is prepared to give the right answer to the first question he is asked, anyhow. Therefore he must know both answers; which is an amazing knowledge.
 




Schrödinger says that the entangled system may become disentangled (Einstein's separation) and yet some perfect correlations between later measurements might remain. Note that the entangled system could simply decohere as a result of interactions with the environment, as proposed by decoherence theorists. The perfectly correlated results of Bell-inequality experiments might nevertheless be preserved, depending on the interaction.


And of course they will be separated by a measurement of either particle, for example, by Alice or Bob in the case of Bell's Theorem. 


Bell's Theorem


Following David Bohm's version of EPR, John Bell considered two spin-1/2 particles in an entangled state with total spin zero. We can rewrite Schrödinger's separation equation above as 
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This is a superposition of two states, either of which conserves total spin zero. The minus sign ensures the state is anti-symmetric, changing sign under interchange of identical electrons. 


Schrödinger does not mention conservation principles, the deep reason for the perfect correlations between various observables, i.e., conservation of mass, energy, momentum, angular momentum, and in Bell's case spin.


Let's assume that Alice makes a measurement of a spin component of one particle, say the x-component. First, her measurement projects the entangled system into either the | + - >  or 
| - + > state. Alice randomly measures + (spin up) or - (spin down). A succession of such measurements produces the bit string with "true randomness" that is needed for use as a quantum key code in quantum cryptography. 


Whenever Alice measures spin up, Bob measures spin down, but that is if and only if he measures the same x-component. If Bob measures at any other angle, the perfect anti-correlation that distributes quantum key pairs to Alice and Bob would be lost.


Can A Common Cause Explain Entanglement?


Whether a calcium cascade or a spontaneous parametric down-conversion, at initial entanglement the spins of two particles are (causally) projected into a singlet state whose wave function is spherically symmetric with total spin zero. It has no preferred spatial direction.
Two locally causal interactions inside the initial entanglement apparatus project the entangled particles into a spherically symmetric two-particle quantum state 
  Ψ
AB that Erwin Schrödinger said cannot be represented as a simple product of independent single-particle states 
  Ψ
A
  Ψ
B. 

[image: image-placeholder]

As the particles travel away from the central apparatus C in opposite directions toward measurement devices at A and B the two-particle wave function is in a spherically symmetric singlet state with total spin angular momentum zero.
The wave function is a linear combination or superposition of 
  Ψ
A ↑
  Ψ
B ↓ + 
  Ψ
A ↓
  Ψ
B ↑. 


The total spin zero is conserved as a constant of the motion until a locally causal interaction at either A or B collapses the two-particle wave function, decohering it into a product of single-particle states, either  
  Ψ
A ↑
  Ψ
B ↓ or 
  Ψ
A ↓
  Ψ
B ↑. The constant of the motion is not a locally causal process like the initial entanglement and the separate final measurements, but it is a condition or constraint that puts limits on the measurement outcomes. Schrödinger says the final measurement disentangles the particles. The particles remain correlated, but measurement of one will no longer affect the other, he said.


As long as final measurements are made at the same pre-agreed upon angle their planar symmetry will maintain the initial symmetry, conserving our constant of the motion total spin zero.  The particles will produce perfectly correlated opposite spin states, either up-down or down-up. Individual spin states will be randomly up or down. 


However, should measurements at A and B not be made in the same plane, if measurement angles differ by angle θ, perfect correlations will be reduced by cos2θ, as quantum mechanics predicts.  We note that no information is communicated (at any speed) between A and B. The two bits of information are locally created at A and at B, distally caused by the initial entanglement at C. These bits of information did not exist as the particles were in transit to A and B. They were proximally caused by the locally causal measurements at A and at B.



Bell's inequality was a study of how these perfect correlations fall off as a function of the angle between measurements by Alice and Bob. Bell predicted local hidden variables would produce a linear function of this angle, whereas, he said, quantum mechanics should produce a dependence on the cosine of this angle. As the angle changes, admixtures of other states will be found, for example | + + > in which Bob also measures spin up, or one where Bob detects no particle. 


Bell wrote that "Since we can predict in advance the result of measuring any chosen component of σ2, by previously measuring the same component of σ1, it follows that the result of any such measurement must actually be predetermined."


But note that these values were not determined (they did not even exist according to the Copenhagen Interpretation) before Alice's measurement. According to Werner Heisenberg and Pascual Jordan, the spin components are created by the measurements in the x-direction.  According to Paul Dirac, Alice's random x-component value depended on "Nature's choice."



Quantum Jumping


In 1952, Schrödinger wrote two influential articles in the British Journal for the Philosophy of Science denying quantum jumping. These papers greatly influenced generations of quantum collapse deniers, including John Bell, John Wheeler, Wojciech Zurek, and H. Dieter Zeh.
 
On Determinism and Free Will

In Schrödinger's mystical epilogue to his essay What Is Life? (1944), he "proves God and immortality at a stroke" but leaves us in the dark about free will.

As a reward for the serious trouble I have taken to expound the purely scientific aspects of our problem sine ira et, studio, I beg leave to add my own, necessarily subjective, view of the philosophical implications.

According to the evidence put forward in the preceding pages the space-time events in the body of a living being which correspond to the activity of its mind, to its self-conscious or any other actions, are (considering also their complex structure and the accepted statistical explanation of physico-chemistry) if not strictly deterministic at any rate statistico-deterministic. 


To the physicist I wish to emphasize that in my opinion, and contrary to the opinion upheld in some quarters, quantum indeterminacy plays no biologically relevant role in them, except perhaps by enhancing their purely accidental character in such events as meiosis, natural and X-ray-induced mutation and so on — and this is in any case obvious and well recognized.

For the sake of argument, let me regard this as a fact, as I believe every unbiased biologist would, if there were not the well-known, unpleasant feeling about 'declaring oneself to be a pure mechanism'. For it is deemed to contradict Free Will as warranted by direct introspection.
But immediate experiences in themselves, however various and disparate they be, are logically incapable of contradicting each other. So let us see whether we cannot draw the correct, non-contradictory conclusion from the following two premises:


(i) My body functions as a pure mechanism according to the Laws of Nature.


(ii) Yet I know, by incontrovertible direct experience, that I am directing its motions, of which I foresee the effects, that may be fateful and all-important, in which case I feel and take full responsibility for them.


The only possible inference from these two facts is, I think, that I — I in the widest meaning of the word, that is to say, every conscious mind that has ever said or felt 'I' — am the person, if any, who controls the 'motion of the atoms' according to the Laws of Nature.
Within a cultural milieu (Kulturkreis) where certain conceptions (which once had or still have a wider meaning amongst other peoples) have been limited and specialized, it is daring to give to this conclusion the simple wording that it requires. In Christian terminology to say: 'Hence I am God Almighty' sounds both blasphemous and lunatic. But please disregard these connotations for the moment and consider whether the above inference is not the closest a biologist can get to proving God and immortality at one stroke.


In itself, the insight is not new. The earliest records to my knowledge date back some 2,500 years or more. From the early great Upanishads the recognition ATHMAN = BRAHMAN (the personal self equals the omnipresent, all-comprehending eternal self) was in Indian thought considered, far from being blasphemous, to represent the quintessence of deepest insight into the happenings of the world. The striving of all the scholars of Vedanta was, after having learnt to pronounce with their lips, really to assimilate in their minds this grandest of all thoughts.
Again, the mystics of many centuries, independently, yet in perfect harmony with each other (somewhat like the particles in an ideal gas) have described, each of them, the unique experience of his or her life in terms that can be condensed in the phrase: DEUS FACTUS SUM (I have become God).


To Western ideology the thought has remained a stranger, in spite of Schopenhauer and others who stood for it and in spite of those true lovers who, as they look into each other's eyes, become aware that their thought and their joy are numerically one — not merely similar or identical; but they, as a rule, are emotionally too busy to indulge in clear thinking, in which respect they very much resemble the mystic.


Allow me a few further comments. Consciousness is never experienced in the plural, only in the singular. Even in the pathological cases of split consciousness or double personality the two persons alternate, they are never manifest simultaneously. In a dream we do perform several characters at the same time, but not indiscriminately: we are one of them; in him we act and speak directly, while we often eagerly await the answer or response of another person, unaware of the fact that it is we who control his movements and his speech just as much as our own.


How does the idea of plurality (so emphatically opposed by the Upanishad writers) arise at all? Consciousness finds itself intimately connected with, and dependent on, the physical state of a limited region of matter, the body. (Consider the changes of mind during the development of the body, as puberty, ageing, dotage, etc., or consider the effects of fever, intoxication, narcosis, lesion of the brain and so on.) Now, there is a great plurality of similar bodies. Hence the pluralization of consciousnesses or minds seems a very suggestive hypothesis. Probably all simple, ingenuous people, as well as the great majority of Western philosophers, have accepted it.


It leads almost immediately to the invention of souls, as many as there are bodies, and to the question whether they are mortal as the body is or whether they are immortal and capable of existing by themselves. The former alternative is distasteful, while the latter frankly forgets, ignores or disowns the facts upon which the plurality hypothesis rests. Much sillier questions have been asked: Do animals also have souls? It has even been questioned whether women, or only men, have souls.


Such consequences, even if only tentative, must make us suspicious of the plurality hypothesis, which is common to all official Western creeds. Are we not inclining to much greater nonsense, if in discarding their gross superstitions we retain their naive idea of plurality of souls, but 'remedy' it by declaring the souls to be perishable, to be annihilated with the respective bodies?


The only possible alternative is simply to keep to the immediate experience that consciousness is a singular of which the plural is unknown; that there is only one thing and that what seems to be a plurality is merely a series of different aspects of this one thing, produced by a deception (the Indian MAJA); the same illusion is produced in a gallery of mirrors, and in the same way Gaurisankar and Mt Everest turned out to be the same peak seen from different valleys.


There are, of course, elaborate ghost-stories fixed in our minds to hamper our acceptance of such simple recognition. E.g. it has been said that there is a tree there outside my window but I do not really see the tree. By some cunning device of which only the initial, relatively simple steps are explored, the real tree throws an image of itself into my consciousness, and that is what I perceive. If you stand by my side and look at the same tree, the latter manages to throw an image into your soul as well. I see my tree and you see yours (remarkably like mine), and what the tree in itself is we do not know. For this extravagance Kant is responsible. In the order of ideas which regards consciousness as a singulare tantum it is conveniently replaced by the statement that there is obviously only one tree and all the image business is a ghost-story.


Yet each of us has the indisputable impression that the sum total of his own experience and memory forms a unit, quite distinct from that of any other person. He refers to it as 'I'. What is this 'I?

If you analyse it closely you will, I think, find that it is just a little bit more than a collection of single data (experiences and memories), namely the canvas upon which they are collected. And you will, on close introspection, find that what you really mean by 'I' is that ground-stuff upon which they are collected. You may come to a distant country, lose sight of all your friends, may all but forget them; you acquire new friends, you share life with them as intensely as you ever did with your old ones. Less and less important will become the fact that, while living your new life, you still recollect the old one. 'The youth that was I', you may come to speak of him in the third person, indeed the protagonist of the novel you are reading is probably nearer to your heart, certainly more intensely alive and better known to you. Yet there has been no intermediate break, no death. And even if a skilled hypnotist succeeded in blotting out entirely all your earlier reminiscences, you would not find that he had killed you. In no case is there a loss of personal existence to deplore.
Nor will there ever be.


NOTE TO THE EPILOGUE


The point of view taken here levels with what Aldous Huxley has recently — and very appropriately — called The Perennial Philosophy. His beautiful book (London, Chatto and Windus, 1946) is singularly fit to explain not only the state of affairs, but also why it is so difficult to grasp and so liable to meet with opposition.



But there is a randomness requirement for mind to break the causal chain of determinism

Order, Disorder, and Entropy

Chapter 6 of What Is Life?
Nec corpus mentem ad cogitandum, nec mens corpus ad motum, neque ad quietem, nec ad aliquid (si quid est) aliud determinare potent.' SPINOZA, Ethics, Pt III, Prop.2

A REMARKABLE GENERAL CONCLUSION
FROM THE MODEL


Let me refer to the phrase on p. 62, in which I tried to explain that the molecular picture of the gene made it at least conceivable that the miniature code should be in one-to-one correspondence with a highly complicated and specified plan of development and should somehow contain the means of putting it into operation. Very well then, but how does it do this? How are we going to turn 'conceivability' into true understanding?


Delbruck's molecular model, in its complete generality, seems to contain no hint as to how the hereditary substance works. Indeed, I do not expect that any detailed information on this question is likely to come from physics in the near future. The advance is proceeding and will, I am sure, continue to do so, from biochemistry under the guidance of physiology and genetics.
No detailed information about the functioning of the genetical mechanism can emerge from a description of its structure so general as has been given above. That is obvious. But, strangely enough, there is just one general conclusion to be obtained from it, and that, I confess, was my only motive for writing this book.



From Delbruck's general picture of the hereditary substance it emerges that living matter, while not eluding the 'laws of physics' as established up to date, is likely to involve 'other laws of physics' hitherto unknown, which, however, once they have been revealed, will form just as integral a part of this science as the former.

ORDER BASED ON ORDER


This is a rather subtle line of thought, open to misconception in more than one respect. All the remaining pages are concerned with making it clear. A preliminary insight, rough but not altogether erroneous, may be found in the following considerations:


It has been explained in chapter I that the laws of physics, as we know them, are statistical laws.1 They have a lot to do with the natural tendency of things to go over into disorder.


But, to reconcile the high durability of the hereditary substance with its minute size, we had to evade the tendency to disorder by 'inventing the molecule', in fact, an unusually large molecule which has to be a masterpiece of highly differentiated order, safeguarded by the conjuring rod of quantum theory. The laws of chance are not invalidated by this 'invention', but their outcome is modified. The physicist is familiar with the fact that the classical laws of physics are modified by quantum theory, especially at low temperature. There are many instances of this. Life seems to be one of them, a particularly striking one. Life seems to be orderly and lawful behaviour of matter, not based exclusively on its tendency to go over from order to disorder, but based partly on existing order that is kept up.


To the physicist — but only to him — I could hope to make my view clearer by saying: The living organism seems to be a macroscopic system which in part of its behaviour approaches to that purely mechanical (as contrasted with thermodynamical) conduct to which all systems tend, as the temperature approaches the absolute zero and the molecular disorder is removed.
The non-physicist finds it hard to believe that really the ordinary laws of physics, which he regards as the prototype of inviolable precision, should be based on the statistical tendency of matter to go over into disorder. I have given examples in chapter I. The general principle involved is the famous Second Law of Thermodynamics (entropy principle) and its equally famous statistical foundation. On pp. 69-74 I will try to sketch the bearing of the entropy principle on the large-scale behaviour of a living organism — forgetting at the moment all that is known about chromosomes, inheritance, and so on.


LIVING MATTER EVADES THE DECAY TO
EQUILIBRIUM


What is the characteristic feature of life? When is a piece of matter said to be alive? When it goes on 'doing something', moving, exchanging material with its environment, and so forth, and that for a much longer period than we would expect an inanimate piece of matter to 'keep going' under similar circumstances. When a system that is not alive is isolated or placed in a uniform environment, all motion usually comes to a standstill very soon as a result of various kinds of friction; differences of electric or chemical potential are equalized, substances which tend to form a chemical compound do so, temperature becomes uniform by heat conduction. After that the whole system fades away into a dead, inert lump of matter. A permanent state is reached, in which no observable events occur. The physicist calls this the state of thermodynamical equilibrium, or of 'maximum entropy'.


Practically, a state of this kind is usually reached very rapidly. Theoretically, it is very often not yet an absolute equilibrium, not yet the true maximum of entropy. But then the final approach to equilibrium is very slow. It could take anything between hours, years, centuries, To give an example – one in which the approach is still fairly rapid: if a glass filled with pure water and a second one filled with sugared water are placed together in a hermetically closed case at constant temperature, it appears at first that nothing happens, and the impression of complete equilibrium is created. But after a day or so it is noticed that the pure water, owing to its higher vapour pressure, slowly evaporates and condenses on the solution. The latter overflows. Only after the pure water has totally evaporated has the sugar reached its aim of being equally distributed among all the liquid water available.


These ultimate slow approaches to equilibrium could never be mistaken for life, and we may disregard them here. I have referred to them in order to clear myself of a charge of inaccuracy.


IT FEEDS ON 'NEGATIVE ENTROPY'


It is by avoiding the rapid decay into the inert state of `equilibrium' that an organism appears so enigmatic; so much so, that from the earliest times of human thought some special non-physical or supernatural force (vis viva, entelechy) was claimed to be operative in the organism, and in some quarters is still claimed.


How does the living organism avoid decay? The obvious answer is: By eating, drinking, breathing and (in the case of plants) assimilating. The technical term is metabolism. The Greek word (μεταβάλλειν) means change or exchange. Exchange of what? Originally the underlying idea is, no doubt, exchange of material. (E.g. the German for metabolism is Stoffwechsel.) That the exchange of material should be the essential thing is absurd. Any atom of nitrogen, oxygen, sulphur, etc., is as good as any other of its kind; what could be gained by exchanging them? For a while in the past our curiosity was silenced by being told that we feed upon energy. In some very advanced country (I don't remember whether it was Germany or the U.S.A. or both) you could find menu cards in restaurants indicating, in addition to the price, the energy content of every dish. Needless to say, taken literally, this is just as absurd. For an adult organism the energy content is as stationary as the material content. Since, surely, any calorie is worth as much as any other calorie, one cannot see how a mere exchange could help.


Since positive entropy is nothing good, and negative entropy is something positive, we coined the term Ergo for negative entropy, and ergodic for processes that can reduce entropy locally (transferring away the positive entropy from a local reduction in entropy needed for a stable information structure).


What then is that precious something contained in our food which keeps us from death? That is easily answered. Every process, event, happening – call it what you will; in a word, everything that is going on in Nature means an increase of the entropy of the part of the world where it is going on. Thus a living organism continually increases its entropy – or, as you may say, produces positive entropy – and thus tends to approach the dangerous state of maximum entropy, which is death. It can only keep aloof from it, i.e. alive, by continually drawing from its environment negative entropy – which is something very positive as we shall immediately see. What an organism feeds upon is negative entropy. Or, to put it less paradoxically, the essential thing in metabolism is that the organism succeeds in freeing itself from all the entropy it cannot help producing while alive.


WHAT IS ENTROPY?


What is entropy? Let me first emphasize that it is not a hazy concept or idea, but a measurable physical quantity just like the length of a rod, the temperature at any point of a body, the heat of fusion of a given crystal or the specific heat of any given substance. At the absolute zero point of temperature (roughly – 273°C) the entropy of any substance is zero. When you bring the substance into any other state by slow, reversible little steps (even if thereby the substance changes its physical or chemical nature or splits up into two or more parts of different physical or chemical nature) the entropy increases by an amount which is computed by dividing every little portion of heat you had to supply in that procedure by the absolute temperature at which it was supplied – and by summing up all these small contributions. To give an example, when you melt a solid, its entropy increases by the amount of the heat of fusion divided by the temperature at the melting-point. You see from this, that the unit in which entropy is measured is cal./°C (just as the calorie is the unit of heat or the centimetre the unit of length).


THE STATISTICAL MEANING OF ENTROPY


I have mentioned this technical definition simply in order to remove entropy from the atmosphere of hazy mystery that frequently veils it. Much more important for us here is the bearing on the statistical concept of order and disorder, a connection that was revealed by the investigations of Boltzmann and Gibbs in statistical physics. This too is an exact quantitative connection, and is expressed by


entropy = k log D,


where k is the so-called Boltzmann constant 3.2983 x 10-24 cal./°C), and D a quantitative measure of the atomistic disorder of the body in question. To give an exact explanation of this quantity D in brief non-technical terms is well-nigh impossible. The disorder it indicates is partly that of heat motion, partly that which consists in different kinds of atoms or molecules being mixed at random, instead of being neatly separated, e.g. the sugar and water molecules in the example quoted above. Boltzmann's equation is well illustrated by that example. The gradual 'spreading out' of the sugar over all the water available increases the disorder D, and hence (since the logarithm of D increases with D) the entropy. It is also pretty clear that any supply of heat increases the turmoil of heat motion, that is to say, increases D and thus increases the entropy; it is particularly clear that this should be so when you melt a crystal, since you thereby destroy the neat and permanent arrangement of the atoms or molecules and turn the crystal lattice into a continually changing random distribution.

An isolated system or a system in a uniform environment (which for the present consideration we do best to include as a part of the system we contemplate) increases its entropy and more or less rapidly approaches the inert state of maximum entropy. We now recognize this fundamental law of physics to be just the natural tendency of things to approach the chaotic state (the same tendency that the books of a library or the piles of papers and manuscripts on a writing desk display) unless we obviate it. (The analogue of irregular heat motion, in this case, is our handling those objects now and again without troubling to put them back in their proper places.)


ORGANIZATION MAINTAINED BY EXTRACTING
’ORDER' FROM THE ENVIRONMENT



How would we express in terms of the statistical theory the marvellous faculty of a living organism, by which it delays the decay into thermodynamical equilibrium (death)? We said before: 'It feeds upon negative entropy', attracting, as it were, a stream of negative entropy upon itself, to compensate the entropy increase it produces by living and thus to maintain itself on a stationary and fairly low entropy level.


If D is a measure of disorder, its reciprocal, 1/D, can be regarded as a direct measure of order. Since the logarithm of 1/D is just minus the logarithm of D, we can write Boltzmann's equation thus:


– (entropy) = k log (1/D).

Claude Shannon identified Information with negative entropy, just a few years after Schrödinger identified the source of negative entropy for Life on Earth as the Sun. 
We have found the cosmic information creation that made the Sun itself possible. We also explain how order can be created in a universe that began with maximum disorder (thermodynamic equilibrium), without violating the second law of thermodynamics. .


Hence the awkward expression 'negative entropy' can be replaced by a better one: entropy, taken with the negative sign, is itself a measure of order. Thus the device by which an organism maintains itself stationary at a fairly high level of orderliness ( = fairly low level of entropy) really consists in continually sucking orderliness from its environment. This conclusion is less paradoxical than it appears at first sight. Rather could it be blamed for triviality. Indeed, in the case of higher animals we know the kind of orderliness they feed upon well enough, viz. the extremely well-ordered state of matter in more or less complicated organic compounds, which serve them as foodstuffs. After utilizing it they return it in a very much degraded form — not entirely degraded, however, for plants can still make use of it. (These, of course, have their most powerful supply of 'negative entropy' in the sunlight.)

NOTE TO CHAPTER 6
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Information processing, not other laws of physics, is the key feature distinguishing life from physics and chemistry



Source: https://www.informationphilosopher.com/solutions/scientists/schrodinger/





  
  Ferdinand de Saussure
  

  


  
  Home › Solutions › Scientists › Saussure
Ferdinand de Saussure

Ferdinand de Saussure created the field of structural linguistics with his Cours de linguistique générale in 1916, which was transcribed from his course lectures by students Charles Bally and Albert Sèchehaye. Saussure had published little after his 1878 Ph.D. "Dissertation on the Primitive Vowel System in Indo-European Languages," in which his speculations on lsryngeal vowels were attested (confirmed) in the discovery of the Hittite language. 


Saussurie invented the notion of a linguistic sign, composed of two parts, the phonic or orthographic shape of any given word (the signifier) and the idea associated with it (the signified). Saussure argued that the relationship between the two was psychological, and purely arbitrary, an invention by the creators of a language. This was the foundation of semiology, or in American schools, semiotics, which philosopher Charles Sanders Peirce expanded to include two kinds of signs which are not arbitrary, icons and indexes.  An icon resembles its signified, like the home symbol on web sites. An index has a natural connection with its signified, as smoke signifies fire.


While the work of linguistics is to discover the structure of a language, its grammar, syntax, and semantics, Saussure pointed out that educated speakers of a language in general know nothing of the structure and its elaborate rules. He called the structure and rules the langue and the speech parole.


The great American linguist Noam Chomsky extended Saussure's ideas, claiming that human brains contain a "deep structure" that embodies the rules of human languages. Chomsky redefined Saussure's distinction between langue and parole as "competence" and "performance." Professionals like Saussure and himself exhibit "competence." Everyday speakers who are following all the rules perfectly without knowing them are capable of "performance."  




Source: https://www.informationphilosopher.com/solutions/scientists/saussure/
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Franco Selleri

Franco Selleri was an Italian theoretical physicist who wrote detailed accounts of several "paradoxes" in quantum mechanics. He sided with "realists" in what he called the "older" generation of quantum physicists, Max Planck, and Arnold Sommerfeld, and some of the "middle" generation, Niels Bohr,  Max Born, Albert Einstein,  Paul Ehrenfest, and Ernst Schrödinger, over those he called the "younger" generation and architects of what he called the "Copenhagen-Göttingen Interpretation" of quantum mechanics, including  Louis de Broglie, Wolfgang Pauli, Werner Heisenberg, Pascual Jordan, and Paul Dirac.  


To be sure, the middle generation Bohr, at Copenhagen, and Born, at Göttingen were the guiding lights of the radical young founders of the acausal, indeterministic, and statistical "quantum mechanics," and the middle generation Schrödinger is better grouped with the conservatives Planck and Einstein in their hopes for a return to a deterministic, causal and objective reality independent of subjective human experience and the "consciousness of the observer."


Selleri wrote and edited several books from the beginning of interests in the "foundations of quantum mechanics" inspired mostly by John Bell's theorem about inequalities in the 1960's based on David Bohm's 1952 search for "hidden variables," which were suggested by Einstein's 1935 "EPR paradox" about nonlocal correlations between distant separated particles. 




Source: https://www.informationphilosopher.com/solutions/scientists/selleri/
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Henry Stapp

Henry Stapp is a quantum physicist who worked with both Wolfgang Pauli and Werner Heisenberg. In his 2004 book Mind, Matter, and Quantum Theory, he develops a psychophysical theory of mind that depends on our modern understanding of reality in the light of quantum mechanics.

Stapp moves beyond the ideas of a world of classical material particles obeying the laws of Newtonian physics, in which mental events cannot exist. He challenges the mechanical view of man, put in place by René Descartes, strengthened by Isaac Newton's laws of classical mechanics, and then accepted almost universally in the eighteenth and nineteenth centuries. Stapp notes that Descartes left room for freedom in the minds of men. He says


Descartes, in the seventeenth century, divided all nature into two parts, a realm of thoughts and a realm of material things. and proposed that the motions of material things were completely unaffected by thoughts throughout most of the universe. The only excepted regions. where thoughts were allowed to affect matter, were small parts of human brains called pineal glands: without this exception there would be no way for human thoughts to influence human bodies. But outside these glands the motions of all material things were supposed to be governed by mathematical laws.


For Descartes, the mind was the locus of freedom and indeterminism (indeterminata). Our bodies, the non-human animals, and the rest of the world, he thought are pure deterministic machines. So one thing that quantum mechanics does is restore indeterminism, breaking the causal chain. For Stapp, this creates alternative possibilities in the mind, one of which can be actualized by a choice that is related to quantum events in the brain.


Stapp notes that probabilities in classical physics were considered to be epistemic, the result of human ignorance. The infinite mind of a Laplace demon could comprehend the exact positions and velocities of all the particles of matter, plus the forces acting on them, and thus know the entire past and future of the world, including the thoughts of man. Stapp says quantum mechanics has changed that. Probabilities are now real (ontological), opening the door to mental processes that cannot be understood in terms of material particles.



Can Free Choice and the Quantum Zeno Effect Give Us Free Will?


Free Choice of the Experimenter

Niels Bohr introduced the free choice of the experimenter - who can decide for example to measure the x-component of spin sx, in which case the results will be a + or - value for sx and the other components sy and sz remain undetermined . Paul Dirac commented that it is Nature that decides between + and -.


Quantum Zeno Effect


The Quantum Zeno is a direct consequence of the fact, pointed out by Henry Margenau, that a measurement is also a state preparation. When you measure a system and find sx = +, you have also prepared the system in state +. Dirac pointed out that if you measure a system in a known state +, it will be certain to be found in state +.

This is called a non-demolition measurement. Quantum Zeno is a rapid series of measurements that keeps preparing the system in the same state. Exactly how consciousness in the the relatively large brain can make such quantum measurements is, however, completely unclear. 




Stapp's unique quantum mechanical contribution to the free will problem is the claim that the observer's free choice of which experiment to perform, combined with the Quantum Zeno Effect, allows the observer, by his own free choices, to hold stably in place a chosen brain activity that would normally fade away. Stapp describes the observer as asking a question of nature:



It might seem that a mere capacity to pose questions and register answers would leave our mental egos just as helpless and impotent as before. But the quantum mechanical process of posing questions and receiving responses is not like the classical mechanical process, in which our observations have no physical effects. In QM, the observer’s free choice of which question to ask plays a critical role in determining which potential material property will become actualized. 


In QM, the observer asks Nature a yes/no question about the state of a system...Normally, this dependence of the properties of the system being probed, upon the observer’s choice of question does not give the observer any effective control over the observed system. That is because Nature’s response can be “No”. 

However, there is an important situation in which, according to the quantum rules, the “No” answers will be strongly suppressed. In that case, the free choices made by the observer can exert effective control over the system being probed – which, in von Neumann’s theory, is the brain of the observer.


Suppression of the “No” responses is predicted if an initial “Yes” response is followed by a sufficiently rapid sequence of posings of the same question. In that case the observer becomes empowered, by his own free choices, to hold stably in place a chosen brain activity that normally would quickly fade away. This effect is the celebrated “Quantum Zeno Effect”




Besides not seeing exactly how consciousness performs microscopic experiments, it is not at all clear how it can control Nature's responses to be the desired "Ywes", as we shall see .


Quantum mechanics includes the knowledge of the observer and their knowledge-acquiring actions. And thus an observer's mental intentions can influence physical behavior (as Descartes thought).


Following the ideas of Werner Heisenberg, John von Neumann, Alfred North Whitehead, Eugene Wigner and others, Stapp develops a theory of human consciousness as a process.


Von Neumann and Wigner argued that the collapse of the wave function in any measurement process depends on the actions of a conscious observer. 


Stapp's ideas are similar in some respects to those of Roger Penrose,  the Australian philosopher David Hodgson, and the British philosopher Michael Lockwood. Penrose and Hodgson consider "nonlocal" quantum effects over areas of the brain much larger than the microscopic size of single atomic processes.


All these thinkers explore the implications of quantum-mechanical nonlocality that were first made famous by the 1935 Einstein-Podolsky-Rosen thought experiment. Einstein had worried about nonlocality (faster-than-light information about probabilities) in the collapse of a single-particle wave function when he first considered quantum mechanics at the 1927 Solvay conference. 


Stapp says that in the EPR situation


 the combined system of two far-apart particles acts as a single global entity, in the sense that it is not possible to impose the following causality requirement: 

 "What a scientist decides to do to one part of a system cannot affect in any way how the system will respond at the same instant to a measurement performed upon it far away." Thus a quantum system seems able to behave as a unified entity: What you do to it in one place can influence how it will react to a simultaneous probing far away.

The profoundness and irrevocability of this collapse of the classical local-reductionistic conception of the physical universe was not fully recognized even by Einstein, Podolsky, and Rosen: it became clear only after John Bell had prepared the way with his famous "Bell's theorem". The basic message of Penrose's book, as of mine, is that the enormous changes that have been wrought by quantum theory in our ideas about the fundamental nature of matter have altered radically the problem of the connection of mind to matter.



The two-particle quantum state wave function expands, at the speed of light, and when a measurement is made on it anywhere, the two particles positions are determined instantly (to within the usual indeterminacy). See our discussion of EPR

Stapp explains Bell's theorem and nonlocality

[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=WFkaGlrBJR8


Stapp knows that the two-particle quantum state is a single system that can extend over huge distances, and that information "somehow" must be "transferred" over those distances instantaneously. He also knows the two experimenters are spacelike separated, so no causal influence is possible, in either direction. Information is neither matter nor energy, and information about probabilities is instantly present everywhere without any "transfer."

See John Bell describe nonlocality.


Stapp's Psychophysical Theory of Mind and Consciousness

Stapp's central idea is that the physical world described by the laws of physics is a "structure of tendencies in the world of mind." He builds on Werner Heisenberg's idea of Potentia, and on John von Neumann's two kinds of quantum processes, random and determined. Following Whitehead, he thinks of mind as a creative process.


Stapp identifies Mind with the process of creation. Everything that exists is created by this process. In particular, every "reduction" or "collapse" of the wave function adds a bit of information to human knowledge.  Stapp's process consists of a well-ordered sequence of creative acts called events. He says that any event is prior to all those that follow it in this sequence, and is subsequent to all those that come before it in this sequence. This sounds like the causal sequence of classical determinism. Following Whitehead's book Process and Reality, he describes each creative act as a grasping, or prehension, of all that has been created by prior acts in a novel but unified way. 

Stapp endorses novelty and creativity. He says, "Each creative act brings into existence something fundamentally new: it creates a novel "emergent" quality."



Stapp says a wave function collapse can increase human knowledge. 

[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=XCdeiwmQgUk


He says in this video:

A wave function that represents the brain is all smeared out. All these quantum mechanical possibilities are there on an equal footing. If I'm going to say something, for example, there are a lot of possibilities for what I might say. The way quantum mechanics works there is this mysterious thing called the collapse (or reduction) of the wave function. What happens is, this big smear of possibilities - or potentialities - suddenly get reduced. This reduction is associated with an increase of knowledge. 


Stapp is right. In Claude Shannon's theory of information, if multiple possible messages exist, when one is received there is an increase of information (knowledge). But Stapp does not want the next thing he says to be a matter of chance. So we must limit ontological quantum-mechanical randomness in the brain to generating those alternative possibilities for what Stapp wants to say, and leave his "true choice" of what to say to an adequately determined evaluation and selection process. This is the two-stage model of free will.


Stapp is clear that his "true choice" cannot be left to chance.



Stapp on Chance


Stapp says that he is uncomfortable with the idea that there is in nature, at its most basic level, an irreducible element of chance. He finds it unthinkable that between two possibilities there can be a choice having no basis whatsoever. "Chance is an idea useful for dealing with a world partly unknown to us. But it has no rational place among the ultimate constituents of nature," he says. See William James on this "antipathy to chance."


On the relationship between chance, necessity, and free will, Stapp says,



Man's free will is no illusion. It constitutes his essence. And it rests upon the law of necessity. Any play of chance would falsify the idea that I, from the ground of my essential nature, make a true choice.


This sounds like the oft-cited claim that "free will requires determinism, and is inconceivable without it." But only an adequate determinism  is required for a determination by the will. See R. E. Hobart and Philippa Foot.

Moreover, the claim that chance has no rational place is extreme. It is part of the standard argument against free will. We must limit chance to providing the alternative possibilities for Stapp's "true choice" to choose from.



The Brain a Computer


Stapp thinks the brain is a computer that reprograms itself, as do many cognitive scientists (e.g., Daniel Dennett).

The brain is viewed in this theory as a self-programming computer, with the aforementioned mutually exclusive self-sustaining neural patterns acting as the carriers of the top-level codes. Each such code exercises top-level control over lower-level processing centers, which control in turn the bodily functions, and, moreover, construct the new top-level code. This new code is constructed by brain processes acting in accordance with the causal quantum-theoretic laws on localized personal data: the new code is formed by integrating, in accordance with directives from the current top-level code, the information coming from external stimuli with blocks of coding taken from codes previously stored in memory. This causal process of construction necessarily produces, by virtue of the character of the quantum-theoretic laws, not just one single new code, but a superposition of many, each with its own quantum-mechanical weight. The conscious act has as its image in the physical world, as represented by contemporary physical theory, the selection of one of these superposed codes.

The selection will be determined almost completely by the causal quantum-theoretic laws acting on the localized personal data, provided only one of the superposed codes has non-negligible weight. But if several of these codes have appreciable weight, then the global and seemingly statistical element will become important. Thus the selection process has, from the quantum-theoretic viewpoint, both a causal-personal aspect and also a stochastic-nonpersonal aspect.


This model of the connection between mind and matter is in general accord with the ideas of Sperry and Eccles, but is more specific. The conscious act is represented physically by the selection of a new top-level code, which then automatically exercises top-level control over the flow of neural excitations in the brain through the action of the quantum-theoretic laws of nature. The unity of conscious thought comes from the unifying integrative character of the conscious creative act, which selects a single code from among the multitude generated by the causal development prescribed by quantum theory.



Some of Stapp's thoughts about information resonate with those of information philosophy.


The basic theme of both Copenhagen and post-Copenhagen quantum theory is that the physical world must be understood in terms of information: the "tiny bits of matter" that classical physics had assumed the world to be built out of are replaced by spread-out nonmaterial structures that combine to form a new kind of physical reality. It consists of an objective carrier of a growing collection of "nonlocalized bits of information" that are dynamically related to experiential-type realities.


We agree with Stapp that information is not matter. It is also not energy, although it needs energy for its communication and matter for its embodiment.
It is indeed a kind of "immaterial stuff," like a "spirit" or "ghost in the machine."



Each subjective experience injects one bit of information into this objective store of information, which then specifies, via known mathematical laws, the relative probabilities for various possible future subjective experiences to occur. The physical world thus becomes an evolving structure of information, and of propensities for experiences to occur, rather than a mechanically evolving mindless material structure. The new conception essentially fulfills the age-old philosophical idea that nature should be made out of a kind of stuff that combines in an integrated and natural way certain mind-like and matter-like qualities, without being reduced either to classically conceived mind or classically conceived matter. This new quantum structure entails the validity of all the scientifically validated empirical data, while at the same time explaining how our thoughts can influence our actions in a way concordant with our normal experience of that connection.

One might think that the ideas of quantum physics are too counterintuitive for young minds to grasp. Yet students have no trouble comprehending the even more counterintuitive classical idea that the solid chairs upon which they sit are mostly empty space. Children and students who, through their computers, deal all the time with the physical world conceived of as a repository and transmitter of information should grasp far more easily the quantum concept of the physical world as a storehouse and conveyor of information than the classical concept of physical reality as a horde of unseen particles that can somehow be human experience. A thoroughly rational concept into which one's everyday experiences fit neatly should be easier to comprehend than a seventeenth-century concoction that has no place for one's own being as an active agent with efficacious thoughts, a concoction that has consequently confounded philosophers from the day it was invented, and which has now pushed some philosophers to the extremity of trying to convince us that consciousness, as we intuitively understand it, does not exist, or is an illusion, and other philosophers to the point of making truth a purely social construct.


In order to free human beings from the false materialist mind-set that still infects the world of rational discourse, a serious effort is needed to move people's understanding of what science says out of the seventeenth century and into the twenty-first.


One problem stands in the way of pursuing this updating of the curricula. Most quantum physicists are interested more in applications of quantum theory than in its ontological implications. Hence they often endorse the "Copenhagen" philosophy of renouncing the quest to understand reality, and settling, instead, for practical rules that work. This forsaking by physicists of their traditional goal of trying to understand the physical world means that there is now no official statement as to the nature of reality, or of man's place within it. 

Information is immaterial. It is neither matter 
nor energy.


Still, I believe that there will be near-unanimous agreement among quantum physicists that, to the extent that a rationally coherent conception of physical reality is possible, this reality will be informational in character, not material. For the whole language of the quantum physicist, when he is dealing with the meaning of his symbols, is in terms of information, which an agent may or may not choose to acquire, and in terms of Yes-or-No answers that constitute bits of information. 

This is the goal of our information philosophy.


Just getting that one idea across could make a significant inroad into the corruptive materialist outlook that, more than three-quarters of a century after its official demise as a basic truth about nature, still infects so many minds.


Schrödinger Process, Dirac Process, Heisenberg Process. 


There are two famous processes that describe how quantum systems change in time. Many philosophers and even some scientists see these as incompatible, even logically contradictory. They deny that both can be true. Or they complain that one cannot be explained somehow by modifying the other so there is just a single formal theory.

The first process is the continuous deterministic unitary time evolution of the "wave-function" of a quantum system described by the Schrödinger equation of motion, valid when the quantum system can be treated as isolated, so interactions with other systems can be ignored. The second process is the discontinuous and indeterministic instantaneous "collapse" of the system wave function from a superposition of various possible states into a single state of the quantum system and an interacting system (generally a measurement apparatus). 

John von Neumann called the collapse of the wave functionProcess 1. He called the unitary time evolution Process 2. These are not easy to remember. 


Stapp has suggested calling the first process the Schrödinger process and the second the Dirac process. It was Dirac who showed how the wave function could be transformed from its original representation before any interaction into a new linear combination (or superposition) of new wave functions that better represent the state of the original system interacting with a measuring apparatus. Then upon interaction, the continuous and deterministic unitary evolution ceases when the system collapses indeterministically and discontinuously (Dirac's projection postulate) into one of the eigenstates of the combined system plus measuring apparatus.


Furthermore, Stapp introduces what he calls the Heisenberg process. This is the "free choice" of the experimenter to decide what experiment to perform - what "question to put to nature" with the experiment. The best experiments yield a single-bit answer to the question, "yes" or no." And they add this single bit of information to the collection of all information - all human knowledge - the objective state of the universe, says Stapp.



Mind-Brain Quantum Evolution


Stapp uses these three processes to explain his model of the mind in the "quantum brain."



The evolution of the physical universe involves three related processes.
The first is the deterministic evolution of the state of the physical universe. It
is controlled by the Schroedinger equation of relativistic quantum field theory.
This process is a local dynamical process, with all the causal connections
arising solely from interactions between neighboring localized microscopic
elements. However, this local process holds only during the intervals between
quantum events.

Each of these quantum events involves two other processes. The first is a
choice of a Yes-No question by the mind-brain system. The second of these
two processes is a choice by Nature of an answer, either Yes or No, to that
question. This second choice is partially free: it is a random choice, subject
to the statistical rules of quantum theory. The first choice is the analog in
von Neumann theory of an essential process in Copenhagen quantum theory,
namely the free choice made by the experimenter as to which aspect of nature
is going to be probe. This choice of which aspect of nature is going to be
probed, i.e., of which specific question is going to be put to nature, is an
essential element of quantum theory: the quantum statistical rules cannot
be applied until, and unless, some specific question is first selected.


In Copenhagen quantum theory this choice is made by an experimenter,
and this experimenter lies outside the system governed by the quantum rules.
This feature of Copenhagen quantum theory is not altered in the transition
to von Neumann quantum theory: the choice of which question will be put to
nature, is not controlled by any rules that are known or understood within
contempory physics. This choice associated a mind-brain-body system is,
in this specific sense, a free choice: it is not governed by the physical laws
of contemporary physics (i.e., quantum theory). This freedom constitutes a
logical “gap” in the dynamical rules of contemporary physical theory.


Only Yes-No questions are permitted: all other possibilities can be reduced
to these. Thus each answer, Yes or No, injects one “bit” of information
into the quantum universe. These bits of information are stored in the
evolving objective quantum state of the universe, which is a compendium
of these bits of information. But it evolves in accordance with the laws of
atomic physics. Thus the quantum state has an ontological character that is
in part matter like, since it is expressed in terms of the variables of atomic
physics, and it evolves between events under the control of the laws of atomic
physics. However, each event injects the information associated with a subjective
perception by some observing system into the objective state of the
universe.





Von Neumann quantum theory is essentially a theory of the interaction between
the evolving objective state of the physical universe and a sequence of
mental events, each of which is associated with a localized individual system.
The theory specifies the general form of the interaction between subjective
knowings associated with individual physical systems and the physical states
of those systems. The mathematical structure automatically ensures that
when the state of the individual physical system associated with a mental
event is brought into alignment with the content of that mental event the
entire universe is simultaneously brought into alignment with that mental
content. No special arrangement is needed to produce this key result: it
is an unavoidable consequence of the quantum entanglements that are built
into the mathematical structure.

An essential feature of quantum brain dynamics is the strong action of
the environment upon the brain. This action creates a powerful tendency for
the brain to transform almost instantly into an ensemble of components,
each of which is very similar to an entire classically-described brain. I assume
that this transformation does indeed occur, and exploit it in two important
ways. First, this close connection to classical physics makes the dynamics
easy to describe: classical language and imagery can be used to describe in
familar terms how the brain behaves. Second, this description in familar
classical terms makes it easy to identify the important ways in which the
actual behaviour differs from what classical physics would predict.


A key micro-property of the human brain pertains to the migration of
calcium ions from the micro-channels through which these ions enter the
interior of nerve terminals to the sites where they trigger the release the
contents of a vesicle of neuro-transmitter. The quantum mechanical rules
entail that each release of the contents of a vesicle of neurotransmitter
generates a quantum splitting of the brain into different classically describable
components, or branches. Evolutionary considerations entail that the
brain must keep the brain-body functioning in a coordinated way and, more
specifically, must plan and effectuate, in any normally encountered situation,
a single coherent course of action that meets the needs of that individual.
But due to the quantum splitting mentioned above, the quantum brain will
tend to decompose into components that specify alternative possible courses
of action. Thus the purely mechanical evolution of the state of the brain in
accordance with the Schroedinger equation will normally causes the brain
to evolve into a growing ensemble of alternative branches, each of which is
essentially an entire classically described brain that specifies a possible plan
of action.



Whiteheadian Quantum Theory


Stapp said in Foundations of Physics, vol.9, 1979, p.1, that "the model of the world proposed by Whitehead provides a natural framework in which to imbed quantum theory. This model accords with the ontological ideas of Heisenberg, and also with Eintein's view that physical theories should refer nominally to the objective physical situation, rather than to our knowledge of the system." Many years later, he wrote:

There are deep similarities between Whitehead's idea of the process by which nature unfolds and the ideas of quantum theory. Whitehead says that the world is made of 'actual occasions', each of which arises from potentialities created by prior actual occasions. These actual occasions are 'happenings' modelled on experiential events, each of which comes into being and then perishes, only to be replaced by a successor. It is these experience-like 'happenings' that are the basic realities of nature, according to Whitehead, not the persisting physical particles that Newtonian physics took be the basic entities. Similarly, Heisenberg says that what is really happening in a quantum process is the emergence of an 'actual' from potentialities created by prior actualities. In the orthodox Copenhagen interpretation of quantum theory the actual things to which the theory refer are increments in 'our knowledge'. These increments are experiential events.

The particles of classical physics lose their fundamental status: they dissolve into diffuse clouds of possibilities. At each stage of the unfolding of nature the complete cloud of possibilities acts like the potentiality for the occurrence of a next increment in knowledge, whose occurrence can radically change the cloud of possibilities/potentialities for the still-later increments in knowledge.


The fundamental difference between these ideas about nature and the classical ideas that reigned from the time of Newton until this century concerns the status of the experiential aspects of nature. These are things such as thoughts, ideas, feelings, and sensations. They are distinguished from the physical aspects of nature, which are described in terms of quantities explicitly located in tiny regions of space and time. According to the ideas of classical physics the physical world is made up exclusively of things of this latter type, and the unfolding of the physical world is determined by causal connections involving only these things. Thus experiential-typ e things could be considered to influence the flow of physical events only insofar as they themselves were completely determined by physical things. In other words, experiential-type qualities. insofar as they could affect the flow of physical events, could - within the framework of classical physics - not be free:  they must be completely determined by the physical aspects of nature that are, by themselves, sufficient to determine the flow of physical events.


The core idea of Whitehead's thought is, I believe, that the experiential aspects are primary:  they control the physical, rather than the other way around.


It is therefore interesting to inquire about the direction of the flow of causal influences in the quantum picture of nature:  Are the experiential qualities still slave to the physical quantities?


This question of which way the causal influences runs is probably the most basic question in both science and philosophy:  Are the physical aspects of nature in complete charge, as they are in the classical picture of nature, or do the experiential aspects of nature have a degree of autonomy that can feed into, and effect in significant ways, the flow of physical events?


The issue here is whether the physical description is self-sufficient? Are the experiential aspects of nature merely consequences of the physical aspects, whose dynamical evolution is completely specified by laws of nature that involve only these physical aspects themselves -  together with random elements that represent aspects of nature that are beyond the scope of human experience - or do experiential-type things, uncontrolled by the physical aspects, enter in an essential way into the dynamical connections that guide the evolution of physical aspects.



Here is the standard argument against free will, neither determined 
nor random actions 
can be 'free' choices.


I shall argue here that the structure of quantum theory renders the physical description non self-sufficient. The experiential aspects of nature enter into the dynamical rules that determine the unfolding of physical reality by way of needed choices that are specified neither by the deterministic aspects of quantum laws, nor by the random elements that enter into quantum theory. Moreover, these 'free' choices can significantly affect the behaviour of an organism that is associated with a sequence of such free choices.

This result buttresses Whitehead's idea that subjective elements play a basic role in the process of the unfolding of nature.



Many Minds



Stapp now explains that the mind-brain can be described as a quantum system that evolves deterministically according to the Schrödinger process, but when the mind puts a question to nature (the Heisenberg process) the answer given by nature is the indeterministic and random stochastic Dirac process. The initial step in the Dirac process is to describe the brain as in a superposition of alternative possibilities for action.

Stapp describes this set of alternatives as an ensemble of separate and distinct "classically describable" brain states. He actually imagines the brain "splits" into separate brains which as an  ensemble he calls the quantum brain. This greatly resembles Hugh Everett's "splitting" of the universe into separate branches or the famous Schrödinger cat which branches into simultaneous live and dead cats. As early as 1960, Stapp had invented his own "many-minds" theory (and found its fatal flaw, he says).


I have mentioned the Schroedinger evolution of the state S(t) of the universe.
The second part of the orthodox quantum dynamics consists of an event that
discards from the ensemble of quasi-classical elements mentioned above those
elements that are incompatible with the answer that nature returns. This
reduction of the prior ensemble of elements, which constitute the quantum
mechanical representation of the brain, to the subensemble compatible with
the “outcome of the query” is analogous to what happens in classical statistical
mechanics when new information about the physical system is obtained.
However, in the quantum case one must in principle regard the entire ensemble
of classically described brains as real, because interference between
the different elements are in principle possible.

Each quantum event consists, then of a pair of events, one physical, the
other psychical. The physical event reduces the initial ensemble that constitutes
the brain prior to the event to the subensemble consisting of those
branches that are compatible with the informational content of the associated
psychical event.


This dynamical connection means that, during an interval of conscious
thinking, the brain changes by an alternation between two processes. The
first is the generation, by a local deterministic mechanical rule, of an expanding
profusion of alternative possible branches, with each branch corresponding
to an entire classically describable brain embodying some specific possible
course of action. The quantum brain is the entire ensemble of these separate,
but equally real, quasi-classical branches. The second process involves
an event that has both physical and psychical aspects. The physical aspect,
or event, chops off all branches that are incompatible with the associated
psychical aspect, or event. For example, if the psychical event is the experiencing
of some feature of the physical world, then the associated physical
event would be the updating of the brain’s representation of that aspect of
the physical world. This updating of the (quantum) brain is achieved by discarding
from the ensemble of quasi-classical brain states all those branches in
which the brain’s representation of the physical world is incompatible with
the information content of the psychical event.


This connection is similar to a functionalist account of consciouness. But
here it is expressed in terms of a dynamical interaction that is demanded
by the requirement that the objective formulation of the theory yield the
same predictions about connections between our conscious experiences that
the empirically validated Copenhagen quantum theory gives. The interaction
is the exact expression of the basic dynamical rule of quantum theory,
which is the stipulation that each increment in knowledge is associated with
a reduction of the quantum state to one that is compatible with the new
knowledge.
The quantum brain is an ensemble of quasi-classical components. As just
noted, this structure is similar to something that occurs in classical statistical
mechanics, namely a “classical statistical ensemble.” But a classical
statistical ensemble, though structurally similar to a quantum brain, is fundamentally
a different kind of thing. It is a representation of a set of truly
distinct possibilities, only one of which is real. A classical statistical ensemble
is used when a person does not know which of the conceivable possibilities is
real, but can assign a ‘probability’ to each possibility. In contrast, all of the
elements of the ensemble that constitute a quantum brain are equally real:
no choice has yet been made among them, Consequently, and this is the key
point, entire ensemble acts as a whole in the determination of the upcoming
mind-brain event.


Each thought is associated with the actualization of some macroscopic
quasi-stable features of the brain. Thus the reduction event is a macroscopic
happening. Moreover, this event involves, dynamically, the entire ensemble
of quasi-classical brain states. In the corresponding classical model each
element of the ensemble evolves independently, in accordance with a microlocal
law of motion that involves just that one branch alone. Thus there are
basic dynamical differences between the quantum and classical models, and
the consequences of these dynamical differences need to be studied in order
to exhibit the quantum effects.


The only freedom in the theory — insofar as we leave Nature’s choices
alone — is the choice made by the individual about which question it will ask
next, and when it will ask it. These are the only inputs of mind to the
dynamics of the brain. This severe restriction on the role of mind is what
gives the theory its predictive power. Without this restriction mind could be
free to do anything, and the theory would have no consequences.


Asking a question about something is closely connected to focussing one’s
attention on it. Attending to something is the act of directing one’s mental
power to some task. This task might be to update one’s representation of
some feature of the surrounding world, or to plan or execute some other sort
of mental or physical action.


The key question is then: Can this freedom merely to choose which question
is asked, and when it is asked, lead to any statistical influence of mind
on the behaviour of the brain, where a ‘statistical’ influence is an influence on
values obtained by averaging over the properly weighted possibilities.


The answer is Yes!




Stapp on Free Will 


Stapp argues for an agent-generated choice that is a causal gap that leads to a causal psychophysical link in a quantum mechanically described brain.

﻿The principled quantum uncertainties
entering at the microscopic levels of brain processing cannot be confined to
the micro level, but percolate up to the macroscopic regime. To cope with
the conflict between the resulting macroscopic indefiniteness and the
definiteness of our conscious experiences, orthodox quantum mechanics
introduces the idea of agent-generated probing actions, each of which
specifies a definite set of alternative possible empirically/experientially
distinguishable outcomes. Quantum theory then introduces the mathematical
concept of randomness to describe the probabilities of the various alternative
possible outcomes of the chosen probing action. But the agent-generated
choice of which probing action to perform is not governed by any known
law or rule, statistical or otherwise. This causal gap provides a logical
opening, and indeed a logical need, for the entry into the dynamical structure
of nature of a process that goes beyond the currently understood quantum
mechanical statistical generalization of the deterministic laws of classical
physics. The well-known quantum Zeno effect can then be exploited to
provide a natural process that establishes a causal psychophysical link within
the complex structure consisting of a stream of conscious experiences and
certain macroscopic classical features of a quantum mechanically described
brain. This naturally created causal link effectively allows consciously felt
intentions to affect brain activity in a way that tends to produce the intended
feedback. This quantum mechanism provides an eminently satisfactory
alternative to the classical physics conclusion that the physical present is
completely determined by the physical past.


The switch from classical mechanics to quantum mechanics preserves the
idea that a physical system has a physically describable state. But the
character of that state is changed drastically. Previously the physical state
was conceived to have a well defined meaning independently of any
“observation”. Now the physically described state has essentially the
character of a “potentia” (an “objective tendency”) for the occurrence of
each one of a continuum of alternative possible “events”. Each of these
alternative possible events has both an experientially described aspect and
also a physically described aspect: each possible “event” is a psychophysical
happening. The experientially described aspect of an event is an
element in a person’s stream of consciousness, and the physically described
aspect is a reduction of the set of objective tendencies represented by the
prior state of that person’s body-brain to the part of that prior state that is
compatible with the increased knowledge supplied by the new element in
that person’s stream of consciousness. Thus the changing psychologically
described state of that person’s knowledge is correlated to the changing
physically described state of the person’s body-brain, and the changing
physically described state entails, via the fundamental quantum probability
formula, a changing set of weighted possibilities for future psychophysical
events.

The practical usefulness of quantum theory flows from this lawful
connection between a person’s increasing knowledge and the changing
physical state of his body-brain. The latter is linked to the surrounding
physical world by the dynamical laws of quantum physics. This linkage
allows a person to “observe” the world about him by means of the lawful
relationship between the events in his stream of conscious experiences and
the changing state of his body-brain.



Information philosophy agrees that the "collection of potentialities or possibilities for future events" are simply immaterial ideas, the "thoughts" in our minds. 


It is worth noting that the physically described aspect of the theory has lost
its character of being a “substance”, both in the philosophical sense that it is
no longer self-sufficient, being intrinsically and dynamically linked to the
mental, and also in the colloquial sense of no longer being material. It is
stripped of materiality by its character of being merely a collection of
potentialities or possibilities for future events. This shift in its basic
character renders the physical aspect somewhat idea-like, even though it is
conceived to represent objectively real tendencies.

The key “utility” property of the theory---namely the property of being
useful---makes no sense, of course, unless we have, in some sense, some
freedom to choose. An examination of the structure of quantum mechanics
reveals that the theory has both a logical place for, and a logical need for,
choices that are made in practice by the human actor/observers, but that are
not determined by the quantum physical state of the entire world, or by any
part of it. Bohr calls this choice “the free choice of experimental
arrangement for which the quantum mechanical formalism offers the
appropriate latitude.” (Bohr, Atomic Physics and Human Knowledge, Wiley, New
York, 1958., p.73). This “free” choice plays a fundamental
role in von Neumann’s rigorous formulation of quantum mechanics, and he
gives the physical aspect of this probing action the name “process 1” (von
Neumann, Mathematical Foundations of Quantum Mechanics. (Princeton University Press, Princeton, NJ, 1955p. 351, 418, 421). This process 1 action is not necessarily
determined, even statistically, by the physically described aspects of the
theory.


The fact that this choice made by the human observer/agent is not
necessarily determined by the physical state of the universe means that the
principle of the causal closure of the physical domain is not necessarily
maintained in contemporary basic physical theory. It means also that Kim’s
formulation of mind-body supervenience is not entailed by contemporary
physical theory. That formulation asserts that “what happens in our mental
life is wholly dependent on, and determined by, what happens with our
bodily processes .” (p. 14) Kim indicates that supervenience is a common
element of all physicalist theories. But since this supervenience property is
not required by basic (i.e., quantum) physics, the easy first step out of the
difficulties that have been plaguing physicalists for half a century, and that
continue to do so, is simply to recognize that the precepts of classical
physics, which are the scientific source of the notions of the causal closure
of the physical, and also of this idea of supervenience, do not hold in real
brains, whose activities are influenced heavily by quantum processes that
require (process 1) physical inputs that are not necessarily wholly
determined by what happens with our bodily processes.




Stapp cites the work of John Searle who recently accepted the possible involvement of quantum indeterminism in consciousness and free will (John Searle, Freedom & Neurobiology: Reflections on Free Will,
Language, and Political Power, Columbia University Press, New
York, 2007.). He also looks at the work of Jaegwon Kim (J. Kim, Physicalism, Or Something Near Enough, Princeton
University Press, Princeton, NJ, 2005). Both Kim and Searle reject any form of dualism.


Kim [tries] to rule out dualism. But the dualism that he
mainly addresses is a stark Cartesian (substance) dualism involving “souls”
existing “outside physical space”. He says “My target will be the
interactionist dualism of Descartes.” But Quantum mechanics involves a
particular kind of dualism: it is a dual-aspect theory. Kim suggests that “dual-aspect” theories are “only variants of property
dualism.” He says later that “What has become increasingly evident over the
past thirty years is that mental causation poses insuperable difficulties for all
forms of mind-body dualism --- for property dualism no less than substance
dualism...but I believe that if we have learned anything from the three
decades of debate, it is that unless we bring the supposed mental causes fully
into the physical world there is no hope of vindicating their status as causes,
and that the reality of mental causation requires reduction of mentality to
physical processes, or of minds to brains.” (p.156). He gives on the
preceding page a supposed way of “generating the problem of mental
causation for property dualism” without assuming “the causal closure of the
physical”. But his argument includes an assumption “Given that your finger
twitching, a physical event, has a full physical cause.” This assumption is
indeed less than an assumption of full causal closure of the physical. But in
the quantum mechanical explanation of the way that mind causes bodily
action the twitching does not have “a fully physical cause.” According to
quantum mechanics there needs to be a process 1 action mediating the
connection between the psychologically described cause---a pain in this
case---and any physical action caused by the pain. But the process 1 action
has no known or necessary fully physical cause. A quantum mechanical
account of how consciousness, per se, becomes causally effective is
described in sections 7 and 8. It does not “bring the...mental causes fully
into the physical world” but rather brings only the effects of the mental
causes into the physical world.

Searle also has a problem with dualism. He says: “I am rejecting …any form
of dualism. Dualism is usually defined as the view that we live in two
distinct realms, …the mental and the physical. The problem with dualism is
that it amounts to giving up on the central enterprise of philosophy. …It
might turn out, for example, that after our bodies are destroyed, our souls or
conscious states will float about in a disembodied fashion. But it would be
giving up on the philosophical (not to mention scientific) enterprise of trying
to explain what we know to be real phenomena if we say that they defy
explanation because they inhabit a separate realm.” (p. 19).




Stapp argues that a von Neumann process 1 event, which is a completely random 
collapse of the wave function, is the physical aspect of a psycho-physical event whose psychologically described aspect is the conscious experience of
intending to do, or choosing to do, some physical or mental action. 

But would this then make the action itself random, raising the standard argument against
free will that if our actions are random, we cannot be free and morally responsible? Stapp wants to only refer to Heisenberg's  "free choice" of the experimenter as to what measurement to make.



Mounting empirical evidence suggests that our conscious experiences are
connected to brain states in which measurable components of the
electromagnetic field located in spatially well separated parts of the brain are
oscillating with the same frequency, and in phase synchronization. The
model being proposed here assumes, accordingly, that the brain correlate of
each conscious experience is an EM (electromagnetic) excitation of this
kind. More specifically, each process 1 probing action is represented
quantum mechanically in terms of a projection operator that is the quasiclassical
counterpart of such an oscillating component of a classical EM
field.

The central idea of this quantum approach to the mind-brain problem is that
each process 1 intervention is the physical aspect of a psycho-physical event
whose psychologically described aspect is the conscious experience of
intending to do, or choosing to do, some physical or mental action. The
physical aspect of the ‘Yes’ answer to this probing event is the actualization,
by means of a quantum reduction event, of a pattern of brain activity called a
“template for action”. A template for action for some action X is a pattern of
physical (brain) activity which if held in place for a sufficiently long time
will tend to cause the action X to occur. The psycho-physical linkage
between the felt conscious intent and the linked template for action is
supposed to be established by trial and error learning.


A prerequisite for trial and error learning of this kind is that mental effort be
causally efficacious in the physically described world. Only if conscious
choices and efforts have consequences in the physically described world can
an appropriate correlation connecting the mental and physical aspects of
events be mechanically established by trial and error learning. With no such
connection the physical action could become completely disconnected from
the associated conscious intent with no adverse consequences.
The feature of quantum mechanics that allows a person’s conscious choices
to influence that person’s physically described brain process in the needed
way is the so-called “Quantum Zeno Effect”. This quantum effect entails
that if a sequence of very similar process 1 probing actions occur in
sufficiently rapid succession then the affected component of the physical
state will be forced, with high probability, to be, at the particular sequence of
times ti at which the probing actions are made, exactly the sequence of states
specified by the sequence of projection operators Ph(t1) that specify the ‘Yes’
outcomes of the sequence of process 1 actions. 


Stapp is correct that these actions are not determined, but then they are not under the control of the agent. They are directly caused by chance.


That is, the affected
component of the brain state --- for example some template for action --- will
be forced, with high probability, to evolve in lock step with a sequence of
‘Yes’ outcomes of a sequence of “freely chosen” process 1 actions, 
where
“freely chosen” means that these process 1 actions are not determined, via
any known law, by the physically described state of the universe! This
coercion of a physically described aspect of a brain process to evolve in lock
step with the ‘Yes’ answers to a sequence of process 1 probing actions that
are free of any known physically described coercion, but that seem to us to
be freely chosen by our mental processes, is what will presently be
demonstrated. It allows physically un-coerced conscious choices to affect a
physically described process that will, by virtue of the basic quantum
probability formula, have intended experiential consequences.



Stapp On Choices 



Stapp offers helpful new names for John von Neumann's  two processes (or dynamical laws). He also adds a third process for the "free choice" of the experimenter. Can he prove we are free by starting with the assumption that this choice is free, or is Stapp being circular?

Von Neumann's process 1 is the collapse of the wave function. Since Paul Dirac called this a random "choice by nature," Stapp suggests that we call it Dirac's Choice or the Dirac Process. The Dirac process is random.


Von Neumann's Process 2 is the unitary evolution of the wave function according to the Schrödinger equation of motion. Stapp nicely calls this the Schrödinger Process. The Schrödinger process is determined.


Stapp then adds a third process to describe what Heisenberg and Bohr called the "free choice" of the experimenter - to decide which experiment to do, which questions to ask of nature. Stapp calls this the Heisenberg Process or Heisenberg Choice. Aristotle would have called the Heisenberg process is up to us. Can we show that is is "free?"  Only in the important sense that it is not pre-determined.


The big question for Stapp is to understand how a Dirac Choice in the brain can make the decision between alternative possibilities, without making our choices random and denying human responsibility. This is part of the standard argument against free will. 

If the will is determined, we are not free, If the will is free (random) then we are not responsible.

 Stapp maintains that the failure of determinism (shown by quantum mechanics) opens the possibility or "free" "choices" and "decisions." This is correct in that our choices and decisions are not pre-determined. He says:


Determinism is the idea that each stage of the coming into being
of the physical universe is completely controlled by what has already come
into being. A failure of determinism means that what is happening, or
coming into being, at certain stages of the evolutionary process is not completely
fixed by what has come before. Those aspects of the evolutionary
process that are not completely fixed by prior developments can be called
"choices" or "decisions". They are in some sense "free", because they are
not completely fixed by what has come before.

The material universe can no longer be
conceived to consist simply of tiny objects similar to small billiard balls,
or even things essentially like the electric and magnetic fields of classical
physics. Opinions of physicists differ on how best to understand what lies
behind the phenomena described so accurately by quantum theory. But the
idea most widely accepted by quantum physicists is, I believe, the one of
Heisenberg. According to this idea the "material universe" consists of none
of the things of classical physics. It consists rather of "objective tendencies",
or "potentialities". These tendencies are tendencies for the occurrence of
"quantum events". 


It is these quantum events that are considered to be
the actual things in nature, even though the potentialities are also real in
some sense. Each actual event creates a new global pattern of potentialities.
Thus the basic process of nature is no longer conceived to be simply a
uniform mathematically determined gradual evolution. Rather it consists
of an alternating sequence of two very different kinds of processes. 


Here are Stapp's Schrödinger Process and Dirac Process. Stapp is right that the random Dirac Process generates "potentialities, "alternative possibilities" for action.


The
first phase is a mathematically controlled evolution of the potentialities for
the next quantum event. This first phase is deterministic, and the laws that
control it are closely analogous to the laws of classical physics. The next
phase is a quantum event. This event is not, in general, strictly controlled
by any known physical law, although collections of events exhibit statistical
regularities. Thus each individual quantum event creates a new world of
potentialities, which then evolves in accordance with certain deterministic
mathematical laws. These potentialities define the "tendencies" for the next
event, and so on. Each quantum event, because it is not fixed by anything in
the physicist's description of prior nature represents a "choice". The critical
fact is that each such choice can actualize a macroscopic integrated pattern
of activity in the newly created material universe of potentialities.

The most important consequence of this altered vision of nature is the
place it provides for human minds. Consciousness is no longer forced
to be an impotent spectator to a mechanically determined flow of physical
events. Conscious events can be naturally identified with certain special
kinds of quantum events, namely quantum events that create large-scale
integrated patterns of neuronal activity in human brains. These events represent
"choices" that are not strictly controlled by any known physical laws.
Each such event in the brain influences the course of subsequent events in
the brain, body, and environment through the mechanical propagation of the
potentialities created by that event.


This revised idea of man in relation to nature has profound moral implications.
In the first place, it shows that the pernicious mechanical idea of
man and nature that arose from seventeenth-century science was dependent
upon assumptions that no longer rule science.



This is "downward causation."


Contemporary science certainly allows human consciousness to exercise
effective top-down control over human brain processes. Hence the idea
that man is not responsible for his acts has no longer any basis in science...

Questioner: You say that a quantum jump selects one of the alternative possibilities,
and that this selection is not under the strict control of any known
law of nature. And certain of these jumps control the course of brain activity.
My question is this: Are not these jumps arbitrary, and if so are we not back
in a random universe?


Stapp: These jumps are not strictly controlled by any known law of nature.
And contemporary quantum theory treats these events as random variables,
in the sense that only their statistical weights are specified by the theory:
the specific actual choice of whether this event or that event occurs is not
fixed by contemporary theory.



In William James's "two-stage model" of free will, ideas just "pop into our heads" by chance.


The fact that contemporary physical theory says nothing more than this
does not mean that science will always be so reticent. Many physicists of
today claim to believe that it is perfectly possible, and also satisfactory, for
there to be choices that simply come out of nowhere at all. I believe such
a possibility to be acceptable as an expression of our present state of scientific
knowledge, but that science should not rest complacently in that state:
it should strive to do better...

In this broader context the claim that the choice comes out of nowhere at
all should be regarded as an admission of contemporary ignorance, not as a
satisfactory final word.


Contemporary science certainly allows the choices to be other than
"purely random". Indeed, in a model of the quantum world devised by
David Bohm these choices are deterministically controlled. 


Can we limit chance to generating possibilities and have an adequately self-determined will to choose between them?
First "free," then "will."


The basic question,
however, is whether there is a rationally coherent possibility that is both
compatible with all scientifically acquired data, yet intermediate to these two
alternative possibilities of "pure chance" and "pure determinism".

The philosopher A. N. Whitehead speaks of such an intermediate possibility,
which is closer to the intuitive idea that our choices are, in some
sense, self-determining: namely that they are conditioned by what has come
before, yet are not strictly determined by the past, but are nonetheless not
without sufficient reason. I think such a possibility is open, but to give this
logical possibility a nonspeculative foundation will require enlarging the
boundaries of scientific knowledge.



The "two-stage models" of free will put forward by many philosophers and scientists since William James in the 1880's have described a "self-determination" that combines "freely" generated alternative possibilities (for Stapp these are the result of quantum processes in the brain) with an adequately determined "will" that reflects our values, by selecting among the possibilities after evaluating them in accordance with our reasons, motives, feelings, and desires - in short, to be consistent with our character.

Here is a diagram of the two-stage model:

[image: image-placeholder]



The Mohrhoff-Stapp Debate 

Ulrich Mohrhoff reacted to Henry Stapp's 2001 article "Quantum Theory and the Role of Mind in Nature with the claim that it contained 18 errors, primarily the result of misunderstandings or misinterpretations of standard quantum mechanics and its application to mental causation. (See "Mohrhoff on Stapp.") 

Stapp was generous in answering Mohrhoff's biting criticism with a fine sense of humor. He takes Mohrhoff's 18 error claims as generating a Buddhist "18-fold way" which result in 18 questions with 18 possible right (Yes/No) answers. Stapp worries that he has only one chance in 250,000 of getting the answers all 
right (2-18). (See "Stapp on Mohrhoff.")


Then take a look at a critical comparison of their questions and answers. See "The Mohrhoff-Stapp Debate."   
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We agree that the same two-step creative process is involved in cosmic creation and human creative acts: first von Neumann's random Process 1 with a collapsing wave function, then an adequately determined second step.
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Excerpts from Mind, Matter, and Quantum Mechanics
From A Quantum Conception of Man, pp.210-212.


The focus of our interest here is on the relationship between the mental and material parts of nature. Human beings have an intuitive feeling that their bodies are moved by their thoughts. Thus it is natural for them to imagine that thoughts of some similar kind inhabit heavenly bodies, rivers and streams, and myriads of other moving things. However, the key step in the development of modern science was precisely to banish all thoughtlike things from the physical universe, or at least to limit severely their domain of influence. In particular, Descartes, in the seventeenth century, divided all nature into two parts, a realm of thoughts and a realm of material things. and proposed that the motions of material things were completely unaffected by thoughts throughout most of the universe. The only excepted regions. where thoughts were allowed to affect matter, were small parts of human brains called pineal glands: without this exception there would be no way for human thoughts to influence human bodies. But outside these glands the motions of all material things were supposed to be governed by mathematical laws.


Carrying forward the idea of Descartes, Isaac Newton devised a set of mathematical laws that appeared to describe correctly the motions of both the heavenly bodies and everything on earth. These laws referred only to material things, never to thoughts, and they were complete in the sense that. once the motions of the material parts of the universe during primordial times were fixed, these laws determined exactly the rest of eternity. Although Newton's laws were expressed as rules governing the motions of atoms and other tiny bits of matter, these laws were tested only for large objects, such as planets, cannon balls, and billiard balls, never for atoms themselves.


According to Descartes's original proposal the purely mechanical laws of motion must fail to hold within our pineal glands, in order for our thoughts to be able affect our bodily actions. However, orthodox scientists of the eighteenth and nineteenth centuries, tolerating no exceptions to the laws of physics, held that each atom in a human body, or in any other place, must follow the path fixed by the laws of physics. This rigid enforcement of the physical laws entailed, of course, that men's thoughts could have no effects upon their actions: that each human body, being composed of preprogrammed atoms, is an automaton whose every action was predetermined, long before he was born, by purely mechanical considerations, with no reference at all to thoughts or ideas.


This conclusion, that human beings are preprogrammed automata, may sound absurd. It contradicts our deepest intuition about ourselves, namely that we are free agents. However, science, by pointing to other situations where intuition is faulty, or dead wrong, was able to maintain, on the basis of its demonstrated practical success and logical consistency, that its view of man was in fact the correct one, and that our feeling of freedom is a complete illusion.
This picture of man led, during the eighteenth and nineteenth centuries, to an associated moral system. It was based on the principle that each of us, being nothing but a mechanical device, automatically pursues his calculated self-interests, as measured by a certain bodily physical property, which is experienced in the realm of thought as pleasure. This principle, which was in line with the commercial temper of the times, was fundamentally hedonistic, though, from the scientific viewpoint, realistic. However, philosophers were able to elevate it to a more socially satisfactory idea by arguing that the "enlightened" rational man must act to advance his own "enlightened" self-interest: he must act to advance the general welfare in order to advance, in the end, his own welfare. Yet there remained in the end only one basic human value: no noble, heroic, or altruistic aim could have any value in itself; its value must be rooted in the common currency of personal pleasure. This kind of morality may seem to be immoral but it appears to be the rational outcome of accepting completely the mechanical or materialistic view of man.


This view of man and morals did not go unchallenged. Earlier traditions lost only slowly their grip on the minds of men, and romantic and idealistic philosophies rose to challenge the bondage of the human spirit decreed by science. From the ensuing welter of conflicting claims, each eloquently defended, followed a moral relativism, where every moral viewpoint was seen as based on arbitrary assumptions. This pernicious outcome was a direct consequence of the schism between the mental and material aspects of nature introduced by science. That cleavage, by precluding any fully coherent conception of man in nature, made every possible view incomplete in some respect, and hence vulnerable. In the resulting moral vacuum the lure of material benefits and the increasing authority of science combined to insinuate the materialistic viewpoint ever more strongly into men's thoughts.


This science-based creed contains, however, the seeds of its own destruction. For behind a facade of social concern it preaches material self-aggrandizement. We are now in the thralls of the logical denouement of that preaching. With the accelerating disintegration of the established cultural traditions, brought on by increased fluxes of peoples and ideas, the demand for satisfaction of inflated material desires has spiraled out of control. This has led to a plundering of future generations, both economically and ecologically. We are now beginning to feel the yoke laid upon us by our predecessors, yet are shifting still heavier burdens onto our own successors. This materialist binge cannot be sustained. Yet the doctrine of enlightened self-interest has no rational way to cope with the problem, as long as each human "self" continues to be perceived as a mere bundle of flesh and bones. For if we accept a strictly materialistic way of thinking, then our own pleasure can be enhanced by ignoring calamities that we ourselves will never face.


Men are not base creatures: all history shows them to be capable of elevated deeds. But elevated deeds and aspirations spring from elevated ideas, and today all ideas, if they are long to survive, must stand up to withering scrutiny. They must in the end be rationally coherent, and consistent with the empirical evidence gathered by science. The mechanical ideas of seventeenth-century science provided no rational or intellectual foundation for any elevated conception of man. Yet the ideas of twentieth-century science do. Quantum theory leads naturally to a rationally coherent conception of the whole of man in nature. It is profoundly different from the sundered mechanical picture offered by classical physics. Like any really new idea this quantum conception of man has many roots. It involves deep questions: What is consciousness? What is choice? What is chance? What can science tell us about the role of these things in nature? How does science itself allow us to transcend Newton's legacy? It is to these questions that we now turn.


Societal Ramifications of the New Scientific Conception of Human Beings, pp.265-272.

A major revolution occurred in science during the twentieth century. This change leads to a profound transformation of the scientific conception of human beings. Whereas the former conception of man undermines rational moral philosophy, the new one can buttress it.


I intend to explain here this tectonic shift in science, and its relevance to our lives.


I begin by listing three huge turnabouts in science that occurred during the past four centuries. I shall describe how each of them radically transformed our scientific understanding of human beings, and will then spotlight the moral, social, and philosophical significance of these developments. I then conclude by describing practical measures for promoting a rapprochement of science and moral philosophy.


The first of the three great shifts was the creation of what is called "classical physics". This development was initiated during the seventeenth century by Galileo, Descartes, and Newton, and was completed early in the twentieth century by the inclusion of Einstein's theories of special and general relativity.


The second major shift was the creation of quantum theory. This revision began at the outset of the twentieth century with Max Planck's discovery of the quantum of action, and was completed in the years 1925 to 1927, principally by Heisenberg, Bohr, Pauli, Dirac, Schrödinger, and Max Born.


The third crucial shift was the integration of the mental and physical aspects of nature. It was begun in the early 1930s by John von Neumann and Eugene Wigner, and has developed rapidly during the past decade. 
Each of these three developments has a main theme.


The main theme of classical physics is that we live in a clocklike universe, and that even our bodies and brains are mechanical systems. The theory asserts that nature has a "material" part that consists of tiny localized bits of matter, and that every motion of each of these minute material elements is completely determined by contact interactions between adjacent material elements. This material part of nature includes our bodies and our brains. Hence, according to classical physics, each of our bodily actions is completely fixed by mechanical processes occurring at atomic or subatomic levels.


Classical physics accommodates the existence also of another part of nature, which consists of our human thoughts, ideas, feelings, and sensations. However, the existence of these experiential aspects of nature is not entailed by the principles that govern the behavior of material parts. The classical-physics framework, which purports to specify completely the motion of every bit of matter, contains no requirement for any experiential aspect of nature to exist at all: the principles of classical physics fail to entail the existence of the defining characteristics of experiences, namely the way that they feel. Since, within the classical framework, our experiences need not even exist, they cannot, within that framework, be the causes of any physical action: our thoughts are reduced to at most passive bystanders. They are not elements of the chain of events that are, within that theory, the necessary and sufficient causes of every material motion, and hence of every bodily action.


This causal irrelevance of our thoughts within classical physics constitutes a serious deficiency of that theory, construed as a description of reality. Such an inertness of thoughts, if it were actually true, would mean that reality has experiential parts that have no logically required dynamical link to the physical world that the theory describes: nature would be split into two effectively independent parts.


Such a separation is philosophically repugnant. But, besides that, it fails to explain your direct knowledge that you can, by your willful effort, cause your thumb to move. No such effect of mind on matter is explained by the supposedly causally complete classical physics: the felt effectiveness of your thoughts in influencing your bodily actions becomes merely a strange illusion. But how can a rationally coherent moral philosophy be based on a conception of nature in which the thoughts of a normal human being have no effect upon what he does?
This difficulty has, quite rightly, been the topic of intense philosophical interest and effort for over three hundred years, but no satisfactory explanation has been found.


A second problem with this classical-physics conception of man is the difficulty in understanding the close correlation between brain process and conscious process in the context of the evolution of our species: if there were no causal feedback from conscious process to brain process, then creatures with normal mind—brain correlations would be no better off than organisms with totally disconnected minds and brains. Natural selection would not favor creatures whose ideas about where food is located are correlated to where food is actually located over creatures that always think food is behind them.


During the twentieth century this classical theory of nature was found to be incompatible with the emerging empirical data pertaining to the detailed properties matter. A new approach, called quantum theory, was devised. It explains both all the empirical facts that are explained by classical physics, plus all of the newer experimental data in which the classical predictions fail.


The new theory differs profoundly from its predecessor. Classical physics was a deterministic theory about postulated localized bits of matter, whereas quantum theory is a probabilistic theory about nonlocalized bits of information.
This great step forward was initially bought at a heavy price: scientists had to renounce, in principle, their traditional goal of seeking the "truth" about what was going on in the physical world. They were forced to retreat to the position of being satisfied with a set of practical rules that allowed them to make statistical predictions about connections between their empirical observations, renouncing all claims to any understanding of what was actually going on.


This essentially subjective approach to physical theory was devised and promulgated by Niels Bohr, and the physicists that he gathered about him in Copenhagen. Hence it is known as the "Copenhagen interpretation". It works exceedingly well in actual practice.


In spite of the unparalleled practical success of the restricted program, some scientists have been unwilling to abandon the ideal that science should strive to find a rationally coherent conception of the reality that lies behind the empirical facts.


The only successful effort in this direction that I know of is the one initiated by John von Neumann and Eugene Wigner. It accepts as real the subjective elements of experience that are the basic elements of Copenhagen quantum theory, and relates them to an equally real, but nonmaterial, objective physical universe.


Under the impetus of the rapidly growing scientific interest in the connection between the objective and subjective aspects of nature the von Neumann–Wigner approach has been developed over the past decade into a post-Copenhagen quantum theory that explains a great deal of the detailed structure of the emerging data in this field. This development allows quantum theory to be elevated from a set of practically successful—but mysterious—rules, to a rationally coherent conception of man and nature.


The basic theme of both Copenhagen and post-Copenhagen quantum theory is that the physical world must be understood in terms of information: the "tiny bits of matter" that classical physics had assumed the world to be built out of are replaced by spread-out nonmaterial structures that combine to form a new kind of physical reality. It consists of an objective carrier of a growing collection of "nonlocalized bits of information" that are dynamically related to experiential-type realities.


Each subjective experience injects one bit of information into this objective store of information, which then specifies, via known mathematical laws, the relative probabilities for various possible future subjective experiences to occur. The physical world thus becomes an evolving structure of information, and of propensities for experiences to occur, rather than a mechanically evolving mindless material structure. The new conception essentially fulfills the age-old philosophical idea that nature should be made out of a kind of stuff that combines in an integrated and natural way certain mind-like and matter-like qualities, without being reduced either to classically conceived mind or classically conceived matter. This new quantum structure entails the validity of all the scientifically validated empirical data, while at the same time explaining how our thoughts can influence our actions in a way concordant with our normal experience of that connection.


Another pertinent property of the new theory concerns "locality".


Classical dynamics is "local" in the sense that all causation is via contact interaction between neighboring bits of matter. Von Neumann—Wigner quantum theory violates that condition in two different ways. The first pertains to the mechanism by which a person's thoughts influence his actions. That process is not a local process in which tiny elements act upon their neighbors. It is a process involving bits of information that reside in space-time structures that can extend over large portions of the person's brain or body, and that are associated with whole experiences. Von Neumann has given a name to this important nonlocal process: he calls it Process I.


There is also a second way in which the action of subjective experiences upon the physical world turns out to be "nonlocal": what a person decides to do in one place can instantly influence what is true in distant places. That feature seems, on the face of it, to contradict the theory of relativity, which forbids sending signals faster than light. However, quantum theory is exquisitely constructed so that all of the empirically testable consequences of the theory of relativity are preserved. But, in spite of this restriction, the picture of nature that emerges is one in which the global evolution of the universe is controlled in part by choices made by localized agents, such as human beings. The causal roots, or origins, of these choices are not specified by any laws that we yet know or understand. In that very specific sense these choices are "free". However, they can affect the behavior of the agent himself, and necessarily have, moreover, effects on faraway physical events.


What are the moral, social, and philosophical implications of this profound revision of our scientific understanding of man and nature?


There has been a long-standing conflict between classical physics and rational moral philosophy: according to the precepts of classical physics each man is a machine ruled by local material processes alone, whereas rational moral philosophy is based on the presumption that what a normal human being knows and understands can make a difference in how he behaves. Jurisprudence is, accordingly, based on the premise that insofar as a person was able to know the nature and quality of the act he was doing or to know he was doing what was wrong, then he is responsible for that act.



This rule is based on the premise that knowing and understanding can influence behavior. But classical physics, by claiming all behavior to be completely determined by atomic or subatomic processes that do not entail the existence of knowing or understanding, undermines that premise. It would make no sense to make responsibility hinge on knowing and understanding if knowing and understanding cannot influence action. One must place responsibility where power lies.


Quantum theory, unlike classical physics, allows a person's mental process to make a difference in how his body behaves. Von Neumann quantum theory injects human thoughts into the causal structure of nature in an irreducible way that allows a person's mental effort to influence his bodily actions. This influence of mind is not just a redundant re-expression of other known or postulated laws, but is an effect that has no other known cause.


The situation is this: Quantum theory dynamics is like "twenty questions". First some definite question with a Yes or No answer is chosen. Then nature delivers an answer, Yes or No. The relative probabilities of the two possible answers, Yes and No, are specified by the theory, and are therefore not controllable by human beings.


But both Copenhagen and post-Copenhagen quantum theory allow an "agent" to choose which question will be asked. These choices are, in general, not specified by any known laws of physics. They are in this very specific sense "free choices".


But these choices can, according to the known laws of quantum theory, influence the physical behavior of the agent. Thus twenty-first-century science, unlike nineteenth-century science, does not reduce human beings to mechanical automata, deluded by the scientifically unsupportable belief that their thoughts can make a difference in how they behave. Rather it elevates human beings to agents whose "free choices" can, according to the known laws, actually influence their behavior.


The problem with classical physics is not just some airy philosophical abstraction. The philosophical dilemma has trickled down into the workings of our society. The Australian supreme court justice David Hodgson has written a book, The Mind Matters, that documents the pervasive and pernicious effect that the idea that "mind does not matter" is having upon our legal system.


An example occurred in San Francisco: Dan White walked into the office of Mayor George Moscone and shot him dead, and then walked down the hall and shot dead Supervisor Harvey Milk. White got off with five years, on the basis of the infamous "twinkie defense" that he was not responsible for his actions, owing to derangement caused by junk foods.


One of the most influential philosophers of the present time, Daniel Dennett, argues in his book Consciousness Explained, and elsewhere, that our conscious thoughts, as we normally understand them, do not exist, and ought to be drummed out of our scientific understanding of human beings. He explained his basic motivation:


If this claim were indeed true, then Dennett's conclusions might be valid. But the clear message of the quantum theory is that Dennett's assumption is not valid: what a person's brain does can, according to the quantum theory, be strongly influenced by a nonlocal causal process connected to the person's conscious choices and mental efforts. Consciousness can play a nonredundant causal role in the determination of our actions: it can play the very role that we intuitively feel that it plays. Quantum theory allows your mind and your brain to co-author your physical actions.

A central moral issue concerns "values".


What a person values depends, basically, on what he believes himself to be. If he believes that he is an isolated hunk of protoplasm, struggling to survive in a hostile world, or a physical organism constructed by genes to promote their own survival, then his values will tend to be very different from those of a person who regards himself as a being with a mind-like aspect that makes conscious choices that control in part his own future, and are also integral parts of the global process that generates the unfolding of the universe.


The second half of the twentieth century featured the rise of postmodernism. It denies the relationship between discourse and reality, and claims that "what we think we know" is just "what we have been discursively disciplined to believe". This abandonment of the idea of objective truth leads directly to moral relativism. It draws support both from the theory of relativity, which proclaims that what is true about nature depends upon the observer, and from the Copenhagen philosophy that renounces, even in science, the search for objective truth.


But post-Copenhagen quantum theory sees the Copenhagen rejection of all inquiry about the nature of reality as merely a transitory phase between the old classical conception of reality to a more unified contemporary conception of nature. But this profound shift in what science says about the nature of the physical world, and of human beings, has yet to sink into the public consciousness.


One thing that needs to be done to resuscitate moral philosophy is to infuse into the intellectual milieu an awareness of the important relevant changes wrought by quantum theory in our understanding of the nature of man.
This initiative would involve the introduction into curricula, at all levels, of the contemporary quantum conception of nature in terms of information. False mechanistic ideas inculcated into tender minds at an early age are hard to dislodge later. If our children are taught that the world is a machine built out of tiny material parts, then both science and philosophy are damaged. The progress of science is inhibited by imbuing young minds with an incorrect idea of the nature of reality, and the pernicious philosophical idea that man is made of classically conceived matter is not exposed as being incompatible with the empirical facts.


One might think that the ideas of quantum physics are too counterintuitive for young minds to grasp. Yet students have no trouble comprehending the even more counterintuitive classical idea that the solid chairs upon which they sit are mostly empty space. Children and students who, through their computers, deal all the time with the physical world conceived of as a repository and transmitter of information should grasp far more easily the quantum concept of the physical world as a storehouse and conveyor of information than the classical concept of physical reality as a horde of unseen particles that can somehow be human experience. A thoroughly rational concept into which one's everyday experiences fit neatly should be easier to comprehend than a seventeenth-century concoction that has no place for one's own being as an active agent with efficacious thoughts, a concoction that has consequently confounded philosophers from the day it was invented, and which has now pushed some philosophers to the extremity of trying to convince us that consciousness, as we intuitively understand it, does not exist, or is an illusion, and other philosophers to the point of making truth a purely social construct.


In order to free human beings from the false materialist mind-set that still infects the world of rational discourse, a serious effort is needed to move people's understanding of what science says out of the seventeenth century and into the twenty-first.


One problem stands in the way of pursuing this updating of the curricula. Most quantum physicists are interested more in applications of quantum theory than in its ontological implications. Hence they often endorse the "Copenhagen" philosophy of renouncing the quest to understand reality, and settling, instead, for practical rules that work. This forsaking by physicists of their traditional goal of trying to understand the physical world means that there is now no official statement as to the nature of reality, or of man's place within it. Still, I believe that there will be near-unanimous agreement among quantum physicists that, to the extent that a rationally coherent conception of physical reality is possible, this reality will be informational in character, not material. For the whole language of the quantum physicist, when he is dealing with the meaning of his symbols, is in terms of information, which an agent may or may not choose to acquire, and in terms of Yes-or-No answers that constitute bits of information. Just getting that one idea across could make a significant inroad into the corruptive materialist outlook that, more than three-quarters of a century after its official demise as a basic truth about nature, still infects so many minds.
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Herbert Simon

Herbert Simon won a Nobel-prize in economics in 1978, but he was also a pioneer in artificial intelligence, decision making, cognitive psychology and computer science. With Allen Newell he built computer programs to simulate human cognition, especially ones that would solve problems with a trial and error ("generate and test") system that they called the General Problem Solver.


It was similar to a two-stage model of free will and was part of the inspiration for Daniel Dennett's "Valerian" model of decision making.


Newell and Simon also created a "blackboard" architecture, in which various items could be written to a blackboard which was visible to other systems that could read and write on the blackboard. As a model for human consciousness, the blackboard resembles the Theater of Consciousness and Global Workspace Theory of Bernard Baars. A blackboard architecture is an important part of most computer "expert systems."


Simon studied how people learn. In the extreme cases of geniuses and idiot savants, he argued that over a ten-year period, the brain could memorize vast numbers of patterns that would make them instant experts. He estimated that chess masters had learned 50,000 chess board positions using the same memory that allows humans to recognize individual faces.  


Simon was an optimist about intelligent machines. He predicted in the mid-1950's that computers would excel humans at chess within a decade, something that did not happen until the end of the century.



Satisficing


In 1958 Simon introduced the motion of "satisficing" in decision-making as an alternative to the principle of maximizing utility that was standard in neo-classical economics. 

The model of homo oeconomicus was a rational being who maximized utility. But economic decisions are always made with limited time and incomplete access to all the possible information, so it is expedient to be satisfied with a choice that suffices some criteria that are easily identified. 


In the age of digital computing, it became clear that some problems were too difficult to calculate solutions in reasonable computing times.  Simon showed that many natural problems are computationally intractable or lack some information, either of which preclude mathematical optimization.
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Herbert Spencer

Herbert Spencer was  a philosopher, psychologist, biologist, sociologist, and anthropologist. 


He developed a conception of evolution as the progressive development of the physical world, biological organisms, the human mind, and human culture and societies.


His 1855  book, Principles of Psychology, explored a physiological basis for psychology, and was the fruit of his friendship with George Eliot (May Ann Evans) and George Henry Lewes. The book was founded on his fundamental assumption that the human mind is subject to natural laws and that these can be discovered within the framework of general biology. This permitted the adoption of a developmental perspective not merely in terms of the individual (as in traditional psychology), but also of the species and the race.


He developed his evolutionary perspective in his 1857 essay, "Progress: Its Law and Cause." This later formed the basis of his 1862 book First Principles of a New System of Philosophy. In it he expounded a theory of evolution which posits that all structures in the universe develop from a simple, undifferentiated, homogeneity to a complex, differentiated, heterogeneity while undergoing increasing integration of the differentiated parts. This evolutionary process can be observed, Spencer believed, throughout the cosmos. It is a universal law, applying to the stars and galaxies and to biological organisms, and to human social organisation and to the human mind.


In 1864 Spencer coined the famous expression "the survival of the fittest,"  a few years after reading Charles Darwin's 1859 classic On the Origin of Species.
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Ian Stewart


Ian Nicholas Stewart is a British mathematician and a popular-science and science-fiction writer. He is Emeritus Professor of Mathematics at the University of Warwick, England.



Source: https://www.informationphilosopher.com/solutions/scientists/stewart/
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James A. Shapiro

James A. Shapiro is an American biologist, an expert in bacterial genetics and a professor in the Department of Biochemistry and Molecular Biology at the University of Chicago.


For Shapiro, changes to the genome (the DNA sequence or "genetic code") go far beyond the modern synthesis of Neo-Darwinism, which limits changes in the genetic code to random accidents in DNA sequences that are then selected for having better "fitness" or reproductive success. 


Far from a read-only memory (ROM) that can only be changed by random accidents, Shapiro sees the genetic code as a read-write memory that is being changed by cell reproduction, multicellular development, and evolutionary change, including epigenetic and "mobile genetic elements" or transposons discovered by Barbara McClintock .


Shapiro proposes several processes that he describes as "natural genetic engineering,"

	Cells operate under changing conditions and
continually make genome inscriptions during cell
reproduction, multicellular development and
evolution.

	
Cells effect genome inscriptions by forming
nucleoprotein complexes, epigenetic formatting
and introducing changes in DNA sequence
structure.

	
Cells actively write data and formatting signals into
their genomes by symbiogenesis, horizontal
transfer and natural genetic engineering (NGE).

	
Cell-regulated, stress- and hybridization-induced
NGE mediates combinatorial changes of coding
sequences, regulatory elements, protein domains
and higher-level genome complexes.

	
Mobile genetic elements rapidly disperse through
genomes and provide shared signals for networks
that functionally integrate different genetic loci.



Shapiro summarizes his new approach to biological evolution...


The genome has traditionally been treated as a Read-Only Memory
(ROM) subject to change by copying errors and accidents. In this
review, I propose that we need to change that perspective and
understand the genome as an intricately formatted Read–Write (RW)
data storage system constantly subject to cellular modifications and
inscriptions. Cells operate under changing conditions and are
continually modifying themselves by genome inscriptions. These
inscriptions occur over three distinct time-scales (cell reproduction,
multicellular development and evolutionary change) and involve a
variety of different processes at each time scale (forming
nucleoprotein complexes, epigenetic formatting and changes in DNA
sequence structure). Research dating back to the 1930s has shown
that genetic change is the result of cell-mediated processes, not
simply accidents or damage to the DNA. This cell-active view of
genome change applies to all scales of DNA sequence variation, from
point mutations to large-scale genome rearrangements and whole
genome duplications (WGDs). This conceptual change to active cell
inscriptions controlling RW genome functions has profound
implications for all areas of the life sciences.



In 2014, with Denis Noble Shapiro established The Third Way of Evolution (TWE) project, which rejects natural selection as the primary cause of evolution and predicts that the entire framework of the Modern Synthesis or "Neo-Darwinism" will be replaced by the TWE.


Shapiro questions natural selection, specifically the modern synthesis with its random/chance variation in the DNA as the primary mechanism of evolution.


Shapiro has discovered regulatory networks that adapt to stress conditions to maximize the probability of survival.


All living cells sense and respond to changes in external or internal
conditions. Without that cognitive capacity, they could not obtain nutrition
essential for growth, survive inevitable ecological changes, or correct
accidents in the complex processes of reproduction. Wherever examined,
even the smallest living cells (prokaryotes) display sophisticated regulatory
networks establishing appropriate adaptations to stress conditions that
maximize the probability of survival. Supposedly “simple” prokaryotic
organisms also display remarkable capabilities for intercellular signalling
and multicellular coordination.

These observations indicate that all living cells are cognitive.



Shapiro explicitly explains that this cognitive behavior is "purposeful"... 


Rather than being the passive beneficiaries of random mutations and natural selection, all organisms play an active role in their hereditary variation and natural selection by activating transposable elements in response to ecological challenges.


A philosophical-informational question is: Were not these "purposeful" internal regulatory networks they themselves originally randomly produced and put to the natural selection test of reproductive success, like everything else in the cosmic creation process?  


These internal regulatory networks are complemented by the clearly visible and purposeful behaviors of the simplest prokaryotes, like bacteria rotating their flagella counterclockwise when measurement along their cell surface signals better conditions ahead, but who rotate clockwise and tumble, then start off in a random direction in search of better conditions. 
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John Maynard Smith

John Maynard Smith was a British theoretical and mathematical evolutionary biologist and geneticist. His first degree, at Trinity College, Cambridge, was in aeronautical engineering. He studied fruit-fly genetics at University College London under J.B.S.Haldane for a second degree in genetics.


Years earlier he had read about Darwinian evolution in the works of Haldane at Eton. Influenced by Haldane's communist party affiliation, Maynard-Smith too joined the party but gave it up during World War II


During the late 1980s he worked with the evolutionary biologist Eörs Szathmáry. Together they wrote an influential 1995 book The Major Transitions in Evolution, a seminal work which continues to contribute to ongoing issues in evolutionary biology.


The Major Transitions in Evolution
	
     Transitions described in the book
    
	
      Transition from:
    	
      Transition to:
    	
      Notes
    
	
    Replicating molecules
    	
      "Populations" of molecules in compartments
    	
      Can't observe
    
	
      Independent replicators 
(probably RNA)
    	
     Chromosomes
    	
    RNA world hypothesis
    
	
      RNA as both genes and enzymes
    	
     DNA as genes; proteins as enzymes
    	
	
      Prokaryotes
    	
      Eukaryotes
    	
      Can observe
    
	
     Asexual clones
    	
     Sexual populations
    	
      Evolution of sex
    
	
      Protists
    	
      Multicellular organisms — 
animals, plants, fungi
    	
      Evolution of multicellularity
    
	
     Solitary individuals
    	
      Colonies with non-reproductive castes
    	
      Evolution of eusociality
    
	
     Primate societies
    	
     Human societies with language, enabling memes
    	
      Sociocultural evolution
    


Maynard Smith and Szathmáry identified several properties common to the transitions:


	Smaller entities have often come about together to form larger entities, e.g. chromosomes, eukaryotes, sex multicellular colonies.
	Smaller entities often become differentiated as part of a larger entity, e.g. DNA-protein, organelles, anisogamy, tissues, castes
	The smaller entities are often unable to replicate in the absence of the larger entity, e.g. DNA, chromosomes, organelles, tissues, castes
	The smaller entities can sometimes disrupt the development of the larger entity, e.g. meiotic drive (selfish non-Mendelian genes), parthenogenesis, cancers, coup d’états.
	New ways of transmitting information have arisen, e.g. DNA-protein, cell heredity, epigenesis, universal grammar.
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  John Stachel
  

  


  
  Home › Solutions › Scientists › Stachel
John Stachel

John Stachel is Professor Emeritus of Physics and Director of the Center for Einstein Studies at Boston University.

He was the founding editor of the Collected Papers of Albert Einstein, essential documents for understanding the early years of quantum theory, when Einstein invented most of the critical concepts.


His familiarity with Einstein's writings has led him to see how many historians of science have not understood Einstein's contributions to quantum mechanics. And his readings have also led to some provocative interpretations of quantum mechanics.





Bohr and the Photon


In his 1986 article, "Einstein and the Quantum," Stachel developed a "conjecture" that many of the elements of the 2013 "Bohr Atom," specifically energy levles and quantum jumps, were already present in Einstein's 2006 work on anomalous specific heats. 



Just as Einstein's 1905 paper is always cited for its explanation of the "photoelectric effect," while his revolutionary "light quantum hypothesis" was mostly ignored, Martin J. Klein tells us that Einstein's 1906 paper was only using specific heat as an application of a much deeper insight into quantum theory. In his paper, Einstein showed that there are energy levels or "states"in matter between which there are transitions that he called "jumps," with the absorption of a quantum of energy hν. 


In his 1986 article, "Einstein and the Quantum: Fifty Years of Struggle," Stachel builds on Klein's insight that the specific heat article includes jumps between energy states .He shows that Einstein was interested in spectral lines as early as a 1905 note to Conrad Habicht .
 


“there is not always a fully developed subject for my musings. At least none that appeals. There would of course be the subject of the spectral lines; but I believe that a simple connection of these phenomena with others already studied does not exist at all, so that the subject for the moment seems to promise very little.”


Stachel cites a letter to Philip Lenard a few months later indicating he was following Lenard's studies of atomic spectra.
 


The experiments known to me do not exclude that possibility that the emission or absorption of each individual spectral line is connected with a definite state of the emitting or absorbing center (atom), which [state] is characteristic for it [i.e., the emission or absorption]. ... According to the indicated conception the absorption of a series by a (cold) vapor should be interpreted thus, that the absorption of light of the line ν1 makes the absorbing center in question receptive for light of the line ν2, etc. Then an absorption of  ν2 by the vapor would only be possible with simultaneous absorption of ν1.


Stachel then interprets Einstein's "musings."



This was written after the 1905 paper in which Einstein had proposed that emission and absorption of light of frequency ν be conceived as taking place in quanta of energy hν (actually, Einstein at that time did not use Planck’s h, but the equivalent R/Nβ). Perhaps it is not too far fetched to speculate, based on this letter, that around the end of 1905 Einstein had the idea of discrete energy states (levels, we would say today) of the atom in which it did not radiate. If we multiply ν1 and ν2 by h, we might try to interpret Einstein’s remarks in the letter according to Figure 1 below.

[image: image-placeholder]

Stachel says that he is not claiming that Einstein anticipated the 1913 Bohr model of the atom, but we have added labels for the Lyman alpha and Balmer alpha lines in the hydrogen atom to Stachel's figure to stress how exact the analogy is to the Bohr atom. 


What Einstein is saying is that it is impossible for hydrogen to absorb Hα, the first line in the Balmer series, unless it has first absorbed Lα, the first line in the Lyman series of transitions from the ground state to an excited state.
 


The Other Einstein


In his provocative 1993 article, "The Other Einstein: Einstein Contra Field Theory," Stachel cites a number of quotes from Einstein over the years to the effect that the field theory he hoped for might simply be impossible. A field theory implies a continuum with an infinite number of elements. By comparison, Einstein suggested quantum mechanics may be described by an "algebraic theory" with a finite number of discrete elements, that is, the quantum particles themselves such as electrons.

Information philosophy identifies the space-time continuum as an abstract mathematical construct, as immaterial information with which we describe the motions and interactions of discrete, discontinuous, and concrete material particles. The continuum is what Einstein called a "free creation of the human mind." It is an idea. 


It is an idea with causal powers. The continuous fields of gravitation (Newton or Einstein) and electromagnetism (Maxwell) tell us the behavior of a test particle at a geometric point, should a particle be there. The quantum wave function is a field that describes the probability of finding a particle at a given point in the continuum.  All these continuous fields are determined for all space and time by the distribution of particulate matter in space, the so-called boundary conditions and initial conditions. 


Just as general relativity can be seen as curving space, so quantum theory can be seen to add a property to space that "influences" the discrete particles. In Richard Feynman's path-integral formulation of quantum mechanics, the principle of least action explores all space to establish quantum probabilities. Stachel explored this in his 1997 article on Feynman Paths.


There need not be material particles at a point in the ideal space-time continuum in order for us to know the influence on a particle, should there be one present.
 

Stachel shows that Einstein always considered the possibility that space and time are merely human inventions. As a young man, he very likely read David Hume as saying 


"The capacity of the mind is not infinite; consequently no idea of extension or duration consists of an infinite number of parts or inferior ideas, but of a finite number, and these simple and indivisible: ‘Tis therefore possible for space and time to exist conformable to this idea: And if it be possible, ‘tis certain they actually are conformable to it; since their infinite divisibility is utterly impossible and contradictory."


Around the time he read Bernhard Riemann to complete his theory of general relativity, Einstein probably noticed that Riemann distinguished between a continuous or discrete manifold.



The question of the validity of the postulates of geometry in the indefinitely small is involved in the question concerning the ultimate basis of relations of size in space. In connection with this question, ... the above remark is applicable, namely that while in a discrete manifold the principle of metric relations is implicit in the notion of manifold, it must come from somewhere else in the case of a continuous manifold. Either then the actual things forming the groundwork of space must constitute a discrete manifold, or else the basis of metrical relations must be sought for outside that actuality, in colligating forces that operate upon it. [cf. Source Book in Mathematics, Smith [1929] 1959, 424-25]


Noting Einstein's frequent use of Richard Dedekind's phrase "free creations of the human mind" (freie Schöpfungen des menschlichen Geistes), Stachel is sure that Einstein read Dedekind's 1901 argument that all the axioms of Euclid's geometry can be proven with no reference to a continuum between geometric points. 



If anyone should say that we cannot conceive of space as anything else than continuous, I should venture to doubt it and to call attention to the fact that a far advanced, refined scientific training is demanded in order to perceive clearly the essence of continuity and to comprehend that besides rational quantitative relations, also irrational, and besides algebraic, also transcendental quantitative relations are conceivable. [cf. Dedekind, "The Nature and Meaning of Numbers," in Essays on the Theory of Numbers, 1901, Dover (1963), p.38]


Einstein was assuredly familiar with Leopold Kronecker's famous quote "The dear God has made the whole numbers, all the rest is man's work." (Die ganzen Zahlen hat der liebe Gott gemacht, alles andere ist Menschenwerk). Einstein always had a healthy skepticism about his work on field theory. 


Stachel points to Einstein's 1923 article “Does Field Theory Offer Possibilities for the Solution of the Quantum Problem?,” in which Einstein points out that the great successes of quantum theory over the last quarter of a century should not be allowed to conceal the lack of any logical foundation for the theory. He quotes Einstein...



The essential element of the previous theoretical development, which is characterized by the headings mechanics, Maxwell-Lorentz electrodynamics, theory of relativity, lies in the circumstance that they work with differential equations that uniquely determine events [das Geschehen] in a four-dimensional spatio-temporal continuum if they are known for a spatial cross-section...In view of the existing difficulties, one has despaired of the possibility of describing the actual processes by means of differential equations.


The linear Schrödinger differential equation for waves cannot give us the details of individual particles, only the statistics of ensembles of particles . Stachel provides several powerful statements from 1935 to Einstein's posthumous writings pointing toward discrete "algebraic" theories of particles replacing continuum field theories.



In any case one does not have the right today to maintain that the foundation must consist in a field theory in the sense of Maxwell. The other possibility, however, leads in my opinion to a renunciation of the time-space continuum and to a purely algebraic physics. Logically this is quite possible (the system is described by a number of integers; “time” is only a possible viewpoint [Gesichtspunkt], from which the other “observables” can be considered—an observable logically coordinated to all the others. Such a theory doesn’t have to be based upon the probability concept. For the present, however, instinct rebels against such a theory (Einstein to Paul Langevin, 3 October 1935, as translated in Stachel 1986, 379-80).



It has been suggested that, in view of the molecular structure of all events in the small, the introduction of a space-time continuum may be considered as contrary to nature. Perhaps the success of Heisenberg’s method points to a purely algebraical method of description of nature, to the elimination of continuous functions from physics. Then, however, we must also give up, on principle, the utilization of the space-time continuum. It is not inconceivable that human ingenuity will some day find methods that will make it possible to proceed along this path. Meanwhile, however, this project resembles the attempt to breathe in an airless space (“Physics and Reality,” [1936], cited from Einstein Ideas and Opinions 1954, 319, translation modified).



In present-day physics there is manifested a kind of battle between the particle-concept and the field-concept for leadership, which will probably not be decided for a long time. It is even doubtful if one of the two rivals finally will be able to maintain itself as a fundamental concept (Einstein to Herbert Kondo, 11 August 1952, as translated in Stachel 1986, 380).



I consider it entirely possible that physics cannot be based upon the field concept, that is on continuous structures. Then nothing will remain of my whole castle in the air including the theory of gravitation, but also nothing of the rest of contemporary physics (Einstein to Besso, 10 August 1954, as translated in ibid., 380).



An algebraic theory of physics is affected with just the inverted advantages and weaknesses, aside from the fact that no one has been able to propose a possible logical schema for such a theory. It would be especially difficult to derive something like a spatio-temporal quasi-order from such a schema. I cannot imagine how the axiomatic framework of such a physics would appear, and I don’t like it when one talks about it in dark apostrophes [Anredungen], But I hold it entirely possible that the development will lead there; for it seems that the state of any finite spatially limited system may be fully characterized by a finite number of numbers. This speaks against the continuum with its infinitely many degrees of freedom. The objection is not decisive only because one doesn’t know, in the contemporary state of mathematics, in what way the demand for freedom from singularity (in the continuum theory) limits the manifold of solutions (Einstein to H. S. Joachim, 24 August 1954, as translated in ibid., 581).



Stachel wrote "To the end of his life, Einstein was still on the lookout for new mathematical tools that might help turn such speculations, which he thought it best to keep private, into the basis of a real theory. The noted mathematician Abraham Fraenkel reports a conversation that he had with Einstein in 1951. You will see at once why Einstein responded with such interest to what Fraenkel told him:"



In December 1951 I had the privilege of talking to Professor Einstein and describing the recent controversies between the (neo-) intuitionists and their “formalistic” and “logistic” antagonists; I pointed out that the first attitude would mean a kind of atomistic theory of functions, comparable to the atomistic structure of matter and energy. Einstein showed a lively interest in the subject and pointed out that to the physicist such a theory would seem by far preferable to the classical theory of continuity. I objected by stressing the main difficulty, namely, the fact that the procedures of mathematical analysis, e.g., of differential equations, are based on the assumption of mathematical continuity, while a modification sufficient to cover an intuitionistic- discrete medium cannot easily be imagined. Einstein did not share this pessimism and urged mathematicians to try to develop suitable new methods not based on continuity (Fraenkel 1954).



And Stachel concluded his provocative essay on the "Other Einstein" with these worlds...


"It is now time to bring my story to a close. Perhaps I may best do so by reminding the reader of Einstein’s last published words—the final words of the posthumously published “Appendix Two” to the fifth edition of The Meaning of Relativity:"



One can give good reasons why reality cannot at all be represented by a continuous field. From the quantum phenomena it appears to follow with certainty that a finite system of finite energy can be completely described by a finite set of numbers (quantum numbers). This does not seem to be in accordance with a continuum theory, and must lead to an attempt to find a purely algebraic theory for the description of reality. But nobody knows how to obtain the basis of such a theory. (Einstein 1955, 166).


Stachel concludes, "Einstein had decided to voice his skepticism about the continuum at the very moment when he was presenting the last version of his final unified field theory. The Other Einstein had the last word."



Misattributions  of Einstein's Work


In a talk given March 11,1986 at “A Centenary Symposium: In Memory of Niels Bohr" of the Boston Colloquium for the Philosophy of Science, Stachel reported that modern textbooks frequently refer to the Bohr atom as emitting and absorbing photons. While this is intuitively understandable for the modern physicist who knows all about atoms and photons, Stachel found a prominent physicist who claimed that Bohr himself assumed photons were involved.

I started to survey textbook discussions of the Bohr atom, to see how they present the relation between Bohr’s work on the hydrogen atom"and Einstein’s light quantum hypothesis. The first book at which I looked is so perfect an example of what I expected to find that I stopped my search—lest further research invalidate my belief that the presentation in one of the best texts available, Arnold B. Arons’ Development of the Concepts of Physics is typical of many others.

After quoting from the opening of Bohr’s classic 1913 paper, Arons continues:


With this background of motivation, Bohr suggested a direct application of Einstein’s photon hypothesis in the following manner:

(1) Abandon classical electrodynamics to the extent of assuming that at radii of atomic dimensions ... electrons can revolve in stable orbits without continuously radiating energy in the form of electromagnetic waves ....


(2) Invoking Einstein’s heuristic model, assume that electromagnetic radiation is absorbed or emitted in transfer of electrons from one orbit to another and that such absorption and emission of energy by individual electrons is associated with absorption or emission of individual photons or radiation quanta of energy hv - as suggested by Einstein’s heuristic explanation of the photoelectric effect [3, p. 856],



The actual story is quite different, of course. It would be more correct to say (but still not really accurate) that Bohr was an inveterate opponent of the photon concept until 1925, when the results of Bothe-Geiger and Compton-Simon experiments forced him to incorporate the photon concept into his thinking.


My purpose here is to document in some detail the story of Bohr and the photon, providing the nuances that are missing from straw-man story I have just told. I think the full story is worth telling, because it provides much of the raw material for a better understanding of how Bohr developed his views on correspondence and complementarity; and, although I shall not elaborate much on this theme, how he later understood and applied them.




We can extend Stachel's survey with the following quotations from texts since the early 1930's to current editions of the most popular college textbooks:



Einstein’s hypothesis found many supports. One of these comes from the structure of atoms. Atoms emit monochromatic spectrum lines, falling often into regular series. Bohr was able to explain this, at least in hydrogen, the simplest atom, by assuming that the atom was capable of existing only in certain definite stationary states, each of a definite energy. He supposed that radiation was not emitted continuously, as the electromagnetic field from a rotating or vibrating particle would be, but that the atom stayed in one energy level until it suddenly made a jump to a second, lower, level, with emission of a photon. If the higher energy is E2, the lower E1, the energy of the photon would be E2 — E1, so that its frequency would be E2/h — E1/h. This formula has proved to be justified by great amounts of experimental material. First, it states that the frequencies emitted by atoms should be the differences of “terms” E/h, each referring to an energy level of the atom.



In trying to explain this unique character of light emitted by free atoms Bohr found that it was completely impossible if he assumed that the electrons circulate around the nucleus according to Newton’s laws of motion in the same way that the planets revolve around the sun. He was thus led to setting up a separate hypothesis, with which he modified Newton’s laws in much the same way that Planck had done in explaining properties of heat radiation. Bohr assumed that only certain discrete sets of circular orbits (preferred orbits) were allowed for the electrons moving around the nucleus. Electrons in different orbits had different energies, and when an electron jumped from one of higher to one of lower energy, the difference in energy was emitted in the form of a light quantum (photon). This concept of emission of photons may be considered as a sort of inversion of Einstein’s photoelectric law, in which a photon is absorbed and an electron liberated.



Bohr’s reasoning went like this. The emission line spectrum of an element tells us that atoms of that element emit photons with only certain specific frequencies and hence certain specific energies E = hf. During the emission of a photon, the internal energy of the atom changes by an amount equal to the energy of the photon. Therefore, said Bohr, each atom must be able to exist with only certain specific values of internal energy. Each atom has a set of possible energy' levels. An atom can have an amount of internal energy equal to any one of these levels, but it cannot have an energy intermediate between two levels. All isolated atoms of a given element have the same set of energy levels, but atoms of different elements have different sets.
Suppose an atom is raised, or excited, to a high energy level. (In a hot gas this happens when fast-moving atoms undergo inelastic collisions with each other or with the walls of the gas container. In an electric discharge tube, such as those used in a neon light fixture, atoms are excited by collisions with fast-moving electrons.) According to Bohr, an excited atom can make a transition from one energy level to a lower level by emitting a photon with energy equal to the energy difference between the initial and final levels.



Historians of Einstein's Physics


Stachel's important predecessors on Einstein's contributions were Martin J. Klein and Abraham Pais. And since Stachel there is the very important work of A. Douglas Stone. We are building a table of comparison positions on seven major contributions by Einstein that are often credited to others. We rate the clarification by each author of Einstein's position, and will quote from each historian on another page. 



	
Who gets credit
	
Klein
	
Pais
	
Stachel
	
Stone

	
Max Planck - for the light quantum
				
	
Niels Bohr - for energy levels and quantum jumps
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Louis De Broglie - for waves
				
	
S. N. Bose - for spin statistics
				
	
Max Born - for the statistical interpretation
				
	
Werner Heisenberg - for uncertainty/indeterminism
				
	
Erwin Schrödinger - for nonlocality/entanglement
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Jürgen Schmidhuber

Jürgen Schmidhuber has been called the father of (modern) artificial Intelligence and the father of deep learning.

Claims of fatherhood for machine learning go back decades to the earliest days of digital computers, when cognitive scientists thought the brain must be a computer, or at least that all brain functions, especially learning, could be simulated by a computer.



Schmidhuber is a member of a group of scientists and philosophers pursuing "digital philosophy," They include Gregory Chaitin, Edward Fredkin, Seth Lloyd, Rudy Rucker, Stephen Wolfram, and Konrad Zuse.




Source: https://www.informationphilosopher.com/solutions/scientists/schmidhuber/
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Kenneth Stanley

Kenneth Stanley is an artificial intelligence researcher, author, and was professor of computer science at the University of Central Florida from 2006 to 2020. There he created the Neuroevolution of Augmenting Topologies (NEAT) algorithm. NEAT is a topology and weight evolving artificial neural network (TWEANN) which attempts to learn weight values and an appropriate topology for a neural network.


NEAT begins with a perceptron-like feed-forward network of only input neurons and output neurons. As evolution progresses through discrete steps, the complexity of the network's topology may grow, either by inserting a new neuron into a connection path, or by creating a new connection between (formerly unconnected) neurons. NEAT represents information in a "genotype" as an ordered set of neurons. Other genomes could include the same neurons, but in a different order. 


In 2007, he created PicBreeder, software that uses NEAT to allow users to evolve pictures by randomly generating images and having the user pick which image will produce children. This allows users to shape random blobs into recognizable shapes like animals or cars.


In 2015, with Joel Lehman he coauthored Why Greatness Cannot Be Planned: The Myth of the Objective, which claims that pursuing novelty instead of a specific  objective is more likely to succeed in a creative task. 


He co-founded and was co-chief scientist of Geometric Intelligence, which was acquired by Uber at the end of 2016 to create Uber AI Labs, where he led core (basic) AI research.  In 2020 he joined OpenAI and led the Open-Endedness Team there until 2022, when he went off and founded and led Maven, an AI-driven social network, which he left in 2024.


In 2025 Stanley joined Lila Sciences and their quest for "Scientific Superintelligence." At Lila he is the Senior Vice President for "Open-Endedness." 


His latest paper is on the representation problem in AI, entitled Questioning Representational Optimism in Deep Learning: The Fractured Entangled Representation Hypothesis. He writes...


We compare neural networks evolved through an open-ended search process to networks trained via conventional stochastic gradient descent (SGD) on the simple task of generating a single image. This minimal setup offers a unique advantage: each hidden neuron's full functional behavior can be easily visualized as an image, thus revealing how the network's output behavior is internally constructed neuron by neuron. The result is striking: while both networks produce the same output behavior, their internal representations differ dramatically. The SGD-trained networks exhibit a form of disorganization that we term fractured entangled representation (FER). Interestingly, the evolved networks largely lack FER, even approaching a unified factored representation (UFR). In large models, FER may be degrading core model capacities like generalization, creativity, and (continual) learning. Therefore, understanding and mitigating FER could be critical to the future of representation learning.



We hypothesize that when deep learning models are trained to achieve a specific objective, typically through
 backpropagation and stochastic gradient descent, the resultant representation tends to be fractured, which 
means that information underlying
the same unitary concepts (e.g. how to add numbers) is split into disconnected pieces. Importantly, these
pieces then become redundant as a result of their fracture: they are separately invoked in different contexts
to model the same underlying concept, when ideally, a single instance of the concept would have sufficed. In
other words, where there would ideally be the reuse of one deep understanding of a concept, instead there
are different mechanisms for achieving the same function.

At the same time, these fractured (and hence redundant) functions tend to become entangled with other
fractured functions, which means that behaviors that should be independent and modular end up influencing
each other in idiosyncratic and inappropriate ways. For example, a set of neurons within an image generator
that change hair color might also cause the foliage in the background to change as well, and separating these
two effects could be impossible.




Source: https://www.informationphilosopher.com/solutions/scientists/stanley/
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Lee Smolin

Lee Smolin was a founding faculty member of the Perimeter Institute in Waterloo, Canada.
Smolin is a theoretical physicist and cosmologist who is best known as one of the contributors to the theory of loop quantum gravity, the major alternative to string theory, which Smolin criticized in his 2006 book The Trouble with Physics.


Smolin collaborated on the theory of loop quantum gravity (LQG) with Carlo Rovelli and others. LQG is an approach to the unification of quantum mechanics with general relativity which utilizes a reformulation of general relativity in the language of gauge field theories. LQG uses techniques from particle physics, particularly the expression of fields in terms of the dynamics of loops. With Rovelli he discovered the discreteness of areas and volumes and found their natural expression in terms of a discrete description of quantum geometry in terms of spin networks. In recent years he has focused on connecting LQG to phenomenology by developing implications for experimental tests of spacetime symmetries as well as investigating ways elementary particles and their interactions could emerge from spacetime geometry.


In his 2019 book, Einstein's Unfinished Revolution, Smolin says he accepts Einstein's idea that quantum mechanics is "incomplete," that it can be completed by adding "hidden variables," and that this would restore a "realistic" picture of nature.


Einstein and other realists believe that quantum mechanics gives us an incomplete description of nature, which is missing features necessary for a full understanding of the world. Einstein sometimes imagined that there were “hidden variables’’ which would complete the description of the world given by quantum theory. He believed that the full description, including those missing features, would be consistent with realism.

Thus, if you are a realist and a physicist, there is one overriding imperative, which is to go beyond quantum mechanics to discover those missing features and use that knowledge to construct a true theory of the atoms. This was Einstein’s unfinished mission, and it is mine.



Smolin describes his opponents, the anti-realists...


Some anti-realists believe that the properties we ascribe to atoms and elementary particles are not inherent in those objects, but are created only bv our interactions with them, and exist only at the time when we measure them. We can call these radical anti-realists. The most influential of these was Niels Bohr. He was the first to apply quantum theory to the atom, after which he became the leader and mentor to the next generation of quantum revolutionaries. His radical anti-realism colored much of how quantum theory came to be understood.


Another group of anti-realists believes that science, as a whole, does not deal in or talk about what is real in nature, but rather only ever talks about our knowledge of the world. In their view, the properties physics ascribes to an atom are not about that atom; they are instead only about the knowledge we have of the atom. These scientists can be called quantum epistemologists.


And then there are the operationalists, a group of anti-realists who are agnostic about whether there is a fundamental reality independent of us or not. Quantum mechanics, they argue, is not in any case about reality; it is rather a set of procedures for interrogating atoms. It is not about the atoms themselves; it is about what happens when atoms come into contact with the big devices we use to measure them. Heisenberg, the best of Bohr’s protégés, who invented the equations of quantum mechanics, was, at least partly, an operationalist.


In contrast to the disputes between radical anti-realists, quantum epistemologists, and operationalists, all realists share a similar perspective—we agree about the answer to both questions I posed above. But we differ on how we answer a third question: Does the natural world consist mainly of the kinds of objects that we see when we look around ourselves, and the things that constitute them? In other words, is what we see when we look around typical of the universe as a whole?


Those of us who say yes to this question can call ourselves simple or naive realists. I should alert the reader that I use the adjective “naive” to mean strong, fresh, uncomplicated. For me, a view is naive if it is not in need of sophisticated arguments or convoluted justifications. I would argue that a naive realist is, whenever possible, to be preferred.



Cosmological Natural Selection


Smolin's hypothesis of cosmological natural selection, also called the fecund universes theory, suggests that a process analogous to biological natural selection applies at the grandest of scales. Smolin published the idea in 1992 and summarized it in his 1997 book aimed at a lay audience called The Life of the Cosmos. 

In his 1992 article "Did the universe evolve?", he wrote...

A mechanism for natural selection in cosmology
What I would like to propose is a theory of the evolution of the entire universe,
including the parameters that govern its basic physics, via a mechanism of natural
selection. Now, as in biology, an explanation by means of natural selection of the
occurrence of a particular property must have two components: a random component,
by which the parameters that determine this property change randomly, but slowly, 
over many, largely similar, systems and a selective component by which those systems
with a particular property are, after some time, more likely to occur. As any physics in
which the parameters of the standard model change must be new physics, the random
mechanism proposed here is speculative. But the selective mechanism will be based on
known physics. In fact the selective mechanism will simply be gravitational collapse.
The mechanism is contained in the following two postulates concerning the physics
near spacetime singularities.


Each finai singuiariy is fuiiowed by an initial singularity, which evolves into a
universe which is spatially closed. An alternative hypothesis, which is equivalent as
far as its consequences for the subject of this paper, is that instead of an ending in
a final singularity, the interior of a black hole tunnels into a new spatially compact
universe. We may note that this hypothesis has been advocated as a resolution for the
problem of information loss in black hole evaporation and has also been discussed
recently in connection with the baby universe scenario.



In The Life of the Cosmos, Smolin writes...



In this chapter I will make a proposal about cosmology that makes black holes, and what lies at their hearts, of crucial importance for understanding why the world is as we find it....

This theory is based on two postulates. The first of these is the proposal, which I discussed at the end of the last chapter, that quantum effects prevent the formation of singularities, at which time starts or stops. If this is true, then time does not end in the centers of black holes, but continues into some new region of space-time, connected to our universe only in its first moment. Going back towards the alleged first moment of our universe, we find also that our Big Bang could just be the result of such a bounce in a black hole that formed in some other region of space and time. Presumably, whether this postulate corresponds to reality depends on the details of the quantum theory of gravity. Unfortunately, that theory is not yet complete enough to help us decide the issue. In its absence we are also ignorant of the details of such a process. But for the purpose of the theory I am going to propose we will not need many details. We will need to presume only that this explosion, or bounce, is a new effect that happens when matter is squeezed to some enormous density, larger than any we have so far observed. This is no problem; if we let the Planck units set the scale for this density, it is absolutely enormous, about 1079 times denser than an atomic nucleus. 


If we accept this then we have not only the inevitable inaccessible regions, we have the possibility that these regions could be universes as large and as varied as the universe we can see. Moreover, as our own visible universe contains an enormous number of black holes, there must be enormous numbers of these other universes. There are at least as many as there are black holes in our universe, but surely if we can believe this we must believe there are many more than that, for why should not each of these universes also have stars that collapse to black holes and thus spawn new universes?

Smolin, Lee. The Life of the Cosmos (p. 93). Oxford University Press. Kindle Edition. 






We have thus abstracted a formal representation of natural selection that applies equally well to both biology and to our cosmological hypothesis. Any conclusion that can be deduced from it then applies to both domains. Biologists have been using the picture of a fitness landscape since the 1930s. One can find it described in the writings of evolutionary theorists with views as diverse as those of Richard Dawkins and Stuart Kauffman. Biologists have made many studies of the behavior of populations in such landscapes, whose results confirm the conclusions I have drawn here.

It must also be stressed that at this formal level, concepts like “survival of the fittest” or “competition for resources” play no role. What matters is only that rate of reproduction varies strongly as we vary the possible genes. What is responsible for that variation, and what goes into the differential survival rates, is not relevant for how the basic mechanisms of natural selection work. It is, by the way, for this reason that there can be controversy among evolutionary theorists without there being any challenge to the basic theory of natural selection. What is being argued about is what the important determinants of survival rates are, not how or whether natural selection functions in nature.




Of course, the principle of natural selection will be more difficult to apply in cosmology than it is in biology, as we have access to only one member of the collection. In biology we may study properties of the distribution of genes in a population. This may lead to conclusions about how evolution proceeded, such as the classifications of species by genetic distance or the discovery that we are all descendants of a single Eve. It is hard to see how cosmological analogs of these may be extracted from observations made only on one universe. For example, it is difficult to see how we will be able to tell whether there was a first universe, as I assumed earlier. But this will not prevent us from drawing some testable conclusions from the theory. 

Thus, if this theory is right, the universe shares certain features with biological systems. In both cases there is a large collection of distinguishable individuals, the properties of each of which are specified by a set of parameters. In both cases, the configurations that would be realized for most values of these parameters are very uninteresting. In both cases one has the development of structures that are stable over time scales that are very long compared to the fundamental time scales of the elementary dynamical processes. In both cases what needs to be explained is why the parameters that are actually realized fall into these small sets that give us an interesting, highly structured world. And, if the theory I have proposed is right, the explanation in both cases is found in the statistics behind the principles of natural selection. 


This is certainly right in biology, how likely is it that it applies as well to cosmology? In the following chapters we will examine this question, but for now I would like to emphasize some rather general reasons for taking it seriously. The key point, it seems to me, is how seriously we should take the observation that our universe is very highly structured, compared to universes with most other values of the parameters. Should we take this as some kind of cosmic coincidence, or should we see it as something that needs to be explained? 


I would argue that there are not many options, if we restrict ourselves to an explanation that can be subject to experimental test and that stays within the usual framework of causal explanation. To quote Richard Dawkins, in The Blind Watchmaker, “The theory of evolution by cumulative natural selection is the only theory we know of that is, in principle, capable of explaining the existence of organized complexity. Even if the evidence did not favor it, it would still be the best theory available.” 


The proposal I’ve made here may not hold up to test. But, once we begin to seek a scientific explanation for the values of the parameters that does not ignore the fact that the actual values produce a universe much more structured and complex than typical values, it may be difficult to ignore the possibility that cosmology must incorporate some mechanism analogous to natural selection.



Smolin describes the role of black holes as the species that undergoes variation and natural selection, 


The basic prediction made by the theory is that the parameters in the laws of elementary particle physics are close to a value that maximizes the numbers of black holes made in our universe. It may seem at first sight that it is not possible to test this prediction. We do not have available a laboratory full of universes whose parameters could be set by tuning dials. But this is not the only way the theory might be tested. Even if we do not have access to these other universes, we ought to be able to deduce, from the physics and astronomy that we know, what the effect of a small change in the parameters would be. If there are cases in which we can do this well enough to be able to deduce whether the result would be a world with more or less black holes than our own universe, the prediction of the theory is testable. 

In fact, there turn out to be many cases in which we can deduce that a change in the parameters would have a strong effect on the processes by which black holes are made. Given that there are at least twenty parameters in elementary particle physics and cosmology, this means that if the theory is wrong, it should be easy to refute it. As each parameter can be either increased of decreased, this gives us at least forty chances to contradict the theory. If the theory is wrong, we have no reason to expect that there is a relationship between the parameters and the numbers of black holes. It is then likely that as many changes should lead to decreases as lead to increases. On the other hand, were all forty changes to lead to decreases in the numbers of black holes, there would be little choice but to take the theory seriously, for the chances of this happening if the values of the parameters and the numbers of black holes have no relation to each other, is about one chance in 240, which is a huge number.



Smolin concludes his The Life of the Cosmos with some very deep thoughts about different philosophers...


The Italian philosophers have what I think is an interesting way to refer to the transition taking place in the twentieth century in philosophy. They refer to what they call strong theory and weak theory. Strong theory is what philosophers aspired to do before this century, which was to discover by rational reflection and argument the absolute and complete truth about existence and elaborate these truths into complete philosophical systems. Weak theory is what philosophers have been doing since Wittgenstein and Gödel taught us the impossibility of doing this. 

I would like to describe the same thing in different terms, borrowed from Milan Kundera. I would like to contrast the heaviness of the old and failed attempts at absolute knowledge with the lightness of the type of philosophy we are now aspiring to develop. Nietzsche also talked about heaviness, the heaviness of life yoked to the eternal return, weighed down by the impossibility of novelty. Nietzsche’s darkness and heaviness were exactly reflections of the weight of the heat death of the universe, carrying with it its implication that life has no permanent place in this world, so that any joy—indeed any change—was at best transient. Furthermore, Nietzsche was right to worry about the impossibility of novelty, because on the physics of his time it was indeed impossible to imagine how it might occur. 


Even more than this, the old search for the absolute is heavy and it has weighed us down for long enough. It implies that there is a stopping point, a final destination; it reeks, really, of the Aristotelian belief in the meaningfulness of being at rest, of Newton’s absolute space, of hierarchy, in knowledge as well as in society, of stasis. 


We have also had enough of the weight of utopianism, which comes of the idea that it is possible to arrive at a description of the ideal society by pure thought, indeed by the thought of one or a few solitary individuals. And, we have had enough of the weight of violence, and its justification in terms of any and all systems by which people can be made to believe in their special access to absolute knowledge. 


Against this I would like to set the lightness of the new search for knowledge, which is based in the understanding that the world is a network of relations, that what was once thought to be absolute is always subject to evolution and renegotiation, that the complete truth about the world is not graspable as any single point of view, but only resides in the totality of several or many distinct views. We understand now that there is no meaning to being at rest, and hence no sense for stasis; this new understanding of knowledge might be said to be imbued with the freedom of the principle of inertia and grounded not in space but only in relations. And these develop not in absolute time but only in succession, in progression. 
Finally, this new view of the universe we aspire to will include a cosmology in which life has a proper and meaningful place in the world. That is, in the end the image I want to leave is that life is light, both because what we are is matter energized by the passage of photons through the biosphere and because what is essential in life is without weight, but only pattern, structure, information. And because the logic of life is continual change, continual motion, continual evolution. 


Finally, the new view of the universe is light, in all its senses, because what Darwin has given us, and what we may aspire to generalize to the cosmos as a whole, is a way of thinking about the world which is scientific and mechanistic, but in which the occurrence of novelty—indeed, the perpetual birth of novelty—can be understood. 


The old image of the Newtonian universe was as a clock: heavy, insistent, static; in this metaphor one feels both the iron hold of determinism and, behind it, the threat of the clock running down. Further, this was always a religious image as a clock requires a clockmaker, who constructed it and set it in motion. Against this, I would like to propose a new metaphor for the universe, also based on something constructed by human beings. 


For reasons that I thought were quite irrelevant to its content I was drawn to finish this book here, in the greatest city of the planet, my first home. A few weeks ago I took a walk around, looking for a metaphor with which to end this book, a metaphor of a universe constructed, not by a clockmaker standing outside of it but by its elements in a process of evolution, of perhaps negotiation. All of a sudden I realized what I am doing here for, in its endless diversity and variety, what I love about the city is exactly the way it mirrors the image of the cosmos I have been struggling to bring into focus. The city is the model; it has been all around me, all the time. 


Thus the metaphor of the universe we are trying now to imagine, which I would like to set against the picture of the universe as a clock, is an image of the universe as a city, as an endless negotiation, an endless construction of the new out of the old. No one made the city, there is no city-maker, as there is a clock-maker. If a city can make itself, without a maker, why can the same not be true of the universe? 


Further, a city is a place where novelty may emerge without violence, where we might imagine a continual process of improvement without revolution, and in which we need respect nothing higher than ourselves, but are continually confronted with each other as the makers of our shared world. We all made it or no one did, we are of it, and to be of it and to be one of its makers is the same thing. 


So there never was a God, no pilot who made the world by imposing order on chaos and who remains outside, watching and proscribing. And Nietzsche now also is dead. The eternal return, the eternal heat death, are no longer threats, they will never come, nor will heaven. The world will always be here, and it will always be different, more varied, more interesting, more alive, but still always the world in all its complexity and incompleteness. There is nothing behind it, no absolute or platonic world to transcend to. All there is of Nature is what is around us. All there is of Being is relations among real, sensible things. All we have of natural law is a world that has made itself. All we may expect of human law is what we can negotiate among ourselves, and what we take as our responsibility. All we may gain of knowledge must be drawn from what we can see with our own eyes and what others tell us they have seen with their eyes. All we may expect of justice is compassion. All we may look up to as judges are each other. All that is possible of utopia is what we make with our own hands. Pray let it be enough.






The first postulate of our theory is that the universe is created as an explosion in the extraordinarily compressed remnant of a star that has collapsed to a black hole. At this stage the star may be assumed to be compressed to a density given by the Planck scale, as we expect that effects having to do with quantum gravity are responsible for the explosion that begins the expansion. From this point on the universe expands as in the usual Big Bang scenario. Like other origin stories such as those that concern the beginning of life or the evolution of Homo Sapiens, there are theories about the early stages of the universe which are plausible, if certainly unproven. There is a standard scenario, some stages of which are reasonably well supported by the evidence, while the description of other stages is much more conjectural. But, in spite of its obvious gaps and difficulties, it seems prudent to stick close to the standard theory, as it stands up better to comparison with the real world than any of the alternatives that have so far been offered.




Criticisms of Smolin's Theory


In Smolin's  theory a collapsing black hole causes the emergence of a new universe on the "other side", whose fundamental constant parameters (masses of elementary particles, Planck constant, elementary charge, and so forth) may differ slightly from those of the universe where the black hole collapsed. Each universe thus gives rise to as many new universes as it has black holes. The theory contains the evolutionary ideas of "reproduction" and "mutation" of universes, and so is formally analogous to models of population biology.


Alternatively, black holes play a role in cosmological natural selection by reshuffling only some matter affecting the distribution of elementary quark universes. The resulting population of universes can be represented as a distribution on a "fitness landscape" of parameters where the height of the landscape is proportional to the numbers of black holes that a universe with those parameters will have. Applying reasoning borrowed from the study of fitness landscapes in population biology, one can conclude that the population is dominated by universes whose parameters drive the production of black holes to a local peak in the landscape. This was the first use of the notion of a landscape of parameters in physics.

Leonard Susskind, who later promoted a similar string theory landscape, argued that, since Smolin's theory relies on information transfer from the parent universe to the baby universe through a black hole, it ultimately makes no sense as a theory of cosmological natural selection. 


The idea that information transfer from the parent universe into the baby universe through a black hole is not conceivable, he says. Information that enters a black hole is irretrievably lost.


It is true that some thinkers like Stephen Hawking initially argued that no information that goes into a black hole can be lost, but later Hawking reversed his position. The current view is that no information can enter and later leave a back hole intact.


Finally, there is an issue about the amount of matter that would be available for what Hawking called a "baby universe." If each universe gives rise to as many new universes as it has black holes. And if a typical universe has millions or even billions of black holes, there is simply not enough mass in each black hole and baby universe to reproduce a typical universe in Smolin's theory of cosmological natural selection?




Source: https://www.informationphilosopher.com/solutions/scientists/smolin/
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   Leo Szilard is perhaps best known for patenting particle accelerators and nuclear reactions in the 1930's and then preparing a letter to President Roosevelt delivered by Albert Einstein urging the United States to develop atomic weapons.

But Szilard's great contribution to information philosophy is his connecting an increase in thermodynamic (Boltzmann) entropy with any increase in information (he called it order) that results from a measurement.


Many thinkers, beginning with William Thomson (Lord Kelvin) and Ludwig Boltzmann in the nineteenth century, had described any increase in entropy as simply a loss of oder and increase in disorder. Now Szilard showed that a gain in information/order in one place must also result in an increase in entropy/disorder in another place, to satisfy the second law of thermodynamics that overall entropy must always increase.

[image: image-placeholder]

Szilard quantitatively analyzed "Maxwell's Demon," the thought experiment suggested by James Clerk Maxwell, in which a reduction in entropy is possible when an intelligent being interacts with a thermodynamic system.


In the original Maxwell example, the demon measures the speed of molecules approaching a door between two volumes of gas. When fast molecules approach from the left, the demon opens the door to allow them into the right volume. When slow molecules approach from the right, he opens the door for them. The net result is a transfer of heat from left to right volumes, in apparent violation of the second law of thermodynamics.  


Szilard considered the simplest possible steam engine, a cylinder with but a single molecule of gas. The cylinder is in contact with a heat reservoir to maintain isothermal conditions. Szilard's minimal intelligent demon inserts a partition into the middle of the cylinder and then notes whether the molecule is above or below the partition. 


If the molecule is above, it can bounce against the partition and drive it down, doing work. The molecule loses energy (transferring momentum to the partition) but recovers its average energy from the infinite heat reservoir. If the molecule is below, it can drive the partition up. In either case, the demon can attach a weight to the partition to demonstrate its ability to do work, in apparent violation of the second law. Here is Szilard's description:


A standing hollow cylinder, closed at both ends, can be separated into two possibly unequal sections of volumes 
  
    V
    
      1
    
  
 and 
  
    V
    
      2
    
  
 respectively by inserting a partition from the side at an arbitrarily fixed height. This partition forms a piston that can be moved up and down in the cylinder. An infinitely large heat reservoir of a given temperature T insures that any gas present in the cylinder undergoes isothermal expansion as the piston moves. This gas shall consist of a single molecule which, as long as the piston is not inserted into the cylinder, tumbles about in the whole cylinder by virtue of its thermal motion.


Imagine, specifically, a man who at a given time inserts the piston into the cylinder and somehow notes whether the molecule is caught in the upper or lower part of the cylinder, that is, in volume 
  
    V
    
      1
    
  
 or 
  
    V
    
      2
    
  
. If he should find that the former is the case, then he would move the piston slowly downward until it reaches the bottom of the cylinder. During this slow movement of the piston the molecule stays, of course, above the piston.


However, it is no longer constrained to the upper part of the cylinder but bounces many times against the piston which is already moving in the lower part of the cylinder. In this way the molecule does a certain amount of work on the piston. This is the work that corresponds to the isothermal expansion of an ideal gas - consisting of one single molecule from volume 
  
    V
    
      1
    
  
 to the volume 
  
    V
    
      1
    
  
 + 
  
    V
    
      2
    
  
. After some time, when the pistol has reached the bottom of the container, the molecule has again the full volume V to move about in, and the piston is then removed. The procedure can be repeated as many times as desired. The man moves the piston up or down depending on whether the molecule is trapped in the upper or lower half of the piston. In more detail, this motion may be caused by a weight, that is to be raised, through a mechanism that transmits the force from the piston to the weight, in such a way that the latter is always displaced upwards. In this way the potential energy of the weight certainly increases constantly. (The transmission of force to the weight is best arranged so that the force exerted by the weight on the piston at any position of the latter equals the average pressure of the gas.) It is clear that in this manner energy is constantly gained at the expense of heat, insofar as the biological phenomena of the intervening man are ignored in the calculation.



Szilard argued that the intelligent being made a "measurement" of the molecule's position, stored that measurement's information in memory, and then used the information to attach the moving partition to a weight in order to get useful work.


Because the measurement was a simple binary decision between the upper and lower volumes, Szilard anticipated the idea in Claude Shannon's information entropy that a single "bit" (a binary digit) of information was involved.


Szilard calculated the mean value of the quantity of entropy produced by a 1-bit measurement as



S = k log 2,



where k is Boltzmann's constant. The base-2 logarithm reflects the binary decision.


The amount of entropy generated by the measurement may, of course, always be greater than this fundamental amount, but not smaller, or the second law would be violated.


Szilard connected the act of measurement to the acquisition of information, which was stored in the memory of the observer. This memory was then used to decide how to extract useful work. His discussion parallels in many respects the problem of measurement in quantum mechanics.


For brevity we shall talk about a "measurement," if we succeed in coupling the value of a parameter y. (for instance the position co-ordinate of a pointer of a measuring instrument) at one moment with the simultaneous value of a fluctuating parameter x of the system, in such a way that, from the value y, we can draw conclusions about the value that x had at the moment of the "measurement." Then let x and y be uncoupled after the measurement, so that x can change, while y retains its value for some time. Such measurements are not harmless interventions. A system in which such measurements occur shows a sort of memory faculty, in the sense that one can recognize by the state parameter y what value another state parameter x had at an earlier moment, and we shall see that simply because of such a memory the Second Law would be violated, if the measurement could take place without compensation. We shall realize that the Second Law is not threatened as much by this entropy decrease as one would think, as soon as we see that the entropy decrease resulting from the intervention would be compensated completely in any event if the execution of such a measurement were, for instance, always accompanied by production of k log 2 units of entropy. In that case it will be possible to find a more general entropy law, which applies universally to all measurements.


Although Szilard's fundamental relation between the information gained in all measurements and the necessary increase in entropy has been studied by many scientists, including Leon Brillouin, Gunter Ludwig, Norbert Wiener, Rolf Landauer, Charles Bennett, and Wojciech Zurek, it has never been seriously challenged - although some information theorists would like to limit information as meaningful messages between a sender and a receiver (Bernd-Olaf Kuppers, Juan Roederer), the theory of the communication of information has never included meaning or purpose.

Information physics takes the Szilard relation one step further and identifies the moment that information is encoded stably in the universe as the von Neumann/Heisenberg "cut" between the microscopic quantum world and the macroscopic classical world. 
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ON THE DECREASE OF ENTROPY IN A THERMODYNAMIC SYSTEM BY THE INTERVENTION OF INTELLIGENT BEINGS


The objective of the investigation is to find the conditions which apparently allow the construction of a perpetual-motion machine of the second kind, if one permits an intelligent being to intervene in a thermodynamic system. When such beings make measurements, they make the system behave in a manner distinctly different from the way a mechanical system behaves when left to itself. We show that it is a sort of a memory faculty, manifested by a system where measurements occur, that might cause a permanent decrease of entropy and thus a violation of the Second Law of Thermodynamics, were it not for the fact that the measurements themselves are necessarily accompanied by a production of entropy. At first we calculate this production of entropy quite generally from the postulate that full compensation is made in the sense of the Second Law (Equation [1]). Second, by using an inanimate device able to make measurements — however under continual entropy production — we shall calculate the resulting quantity of entropy. We find that it is exactly as great as is necessary for full compensation. The actual production of entropy in connection with the measurement, therefore, need not be greater than Equation (1) requires.


There is an objection, already historical, against the universal validity of the Second Law of Thermodynamics, which indeed looks rather ominous. The objection is embodied in the notion of Maxwell's demon, who in a different form appears even nowadays again and again; perhaps not unreasonably, inasmuch as behind the precisely formulated question quantitative connections seem to be hidden which to date have not been clarified. The objection in its original formulation concerns a demon who catches the fast molecules and lets the slow ones pass. To be sure, the objection can be met with the reply that man cannot in principle foresee the value of a thermally fluctuating parameter. However, one cannot deny that we can very well measure the value of such a fluctuating parameter and therefore could certainly gain energy at the expense of heat by arranging our intervention according to the results of the measurements. Presently, of course, we do not know whether we commit an error by not including the intervening man into the system and by disregarding his biological phenomena.


Apart from this unresolved matter, it is known today that in a system left to itself no "perpetuum mobile" (perpetual motion machine) of the second kind (more exactly, no "automatic machine of continual finite work-yield which uses heat at the lowest temperature") can operate in spite of the fluctuation phenomena. A perpetuum mobile would have to be a machine which in the long run could lift a weight at the expense of the heat content of a reservoir. In other words, if we want to use the fluctuation phenomena in order to gain energy at the expense of heat, we are in the same position as playing a game of chance, in which we may win certain amounts now and then, although the expectation value of the winnings is zero or negative. The same applies to a system where the intervention from outside is performed strictly periodically, say by periodically moving machines. We consider this as established (Szilard, 1925) and intend here only to consider the difficulties that occur when intelligent beings intervene in a system. We shall try to discover the quantitative relations having to do with this intervention.


Smoluchowski (1914, p. 89) writes: "As far as we know today, there is no automatic, permanently effective perpetual motion machine, in spite of the molecular fluctuations, but such a device might, perhaps, function regularly if it were appropriately operated by intelligent beings...."


A perpetual motion machine therefore is possible if — according to the general method of physics — we view the experimenting man as a sort of deus ex machina, one who is continuously and exactly informed of the existing state of nature and who is able to start or interrupt the macroscopic course of nature at any moment without expenditure of work. Therefore he would definitely not have to possess the ability to catch single molecules like Maxwell's demon, although he would definitely be different from real living beings in possessing the above abilities. In eliciting any physical effect by action of the sensory 
as well as the motor nervous systems a degradation of energy is always involved, quite apart from the fact that the very existence of a nervous system is dependent on continual dissipation of energy.


Whether - considering these circumstances - real living beings could continually or at least regularly produce energy at the expense of heat of the lowest temperature appears very doubtful, even though our ignorance of the biological phenomena does not allow a definite answer. However, the latter questions lead beyond the scope of physics in the strict sense.


It appears that the ignorance of the biological phenomena need not prevent us from understanding that which seems to us to be the essential thing. We may be sure that intelligent living beings — insofar as we are dealing with their intervention in a thermodynamic system — can be replaced by nonliving devices whose "biological phenomena" one could follow and determine whether in fact a compensation of the entropy decrease takes place as a result of the intervention by such a device in a system.


In the first place, we wish to learn what circumstance conditions the decrease of entropy which takes place when intelligent living beings intervene in a thermodynamic system. We shall see that this depends on a certain type of coupling between different parameters of the system. We shall consider an unusually simple type of these ominous couplings. For brevity we shall talk about a "measurement," if we succeed in coupling the value of a parameter y. (for instance the position co-ordinate of a pointer of a measuring instrument) at one moment with the simultaneous value of a fluctuating parameter x of the system, in such a way that, from the value y, we can draw conclusions about the value that x had at the moment of the "measurement." Then let x and y be uncoupled after the measurement, so that x can change, while y retains its value for some time. Such measurements are not harmless interventions. A system in which such measurements occur shows a sort of memory faculty, in the sense that one can recognize by the state parameter y what value another state parameter x had at an earlier moment, and we shall see that simply because of such a memory the Second Law would be violated, if the measurement could take place without compensation. We shall realize that the Second Law is not threatened as much by this entropy decrease as one would think, as soon as we see that the entropy decrease resulting from the intervention would be compensated completely in any event if the execution of such a measurement were, for instance, always accompanied by production of k log 2 units of entropy. In that case it will be possible to find a more general entropy law, which applies universally to all measurements. Finally we shall consider a very simple (of course, not living) device, that is able to make measurements continually and whose "biological phenomena" we can easily follow. By direct calculation, one finds in fact a continual entropy production of the magnitude required by the above-mentioned more general entropy law derived from the validity of the Second Law.


The first example, which we are going to consider more closely as a typical one, is the following. A standing hollow cylinder, closed at both ends, can be separated into two possibly unequal sections of volumes 
  
    V
    
      1
    
  
 and 
  
    V
    
      2
    
  
 respectively by inserting a partition from the side at an arbitrarily fixed height. This partition forms a piston that can be moved up and down in the cylinder. An infinitely large heat reservoir of a given temperature T insures that any gas present in the cylinder undergoes isothermal expansion as the piston moves. This gas shall consist of a single molecule which, as long as the piston is not inserted into the cylinder, tumbles about in the whole cylinder by virtue of its thermal motion.


Imagine, specifically, a man who at a given time inserts the piston into the cylinder and somehow notes whether the molecule is caught in the upper or lower part of the cylinder, that is, in volume 
  
    V
    
      1
    
  
 or 
  
    V
    
      2
    
  
. If he should find that the former is the case, then he would move the piston slowly downward until it reaches the bottom of the cylinder. During this slow movement of the piston the molecule stays, of course, above the piston.


However, it is no longer constrained to the upper part of the cylinder but bounces many times against the piston which is already moving in the lower part of the cylinder. In this way the molecule does a certain amount of work on the piston. This is the work that corresponds to the isothermal expansion of an ideal gas - consisting of one single molecule from volume 
  
    V
    
      1
    
  
 to the volume 
  
    V
    
      1
    
  
 + 
  
    V
    
      2
    
  
. After some time, when the pistol has reached the bottom of the container, the molecule has again the full volume V to move about in, and the piston is then removed. The procedure can be repeated as many times as desired. The man moves the piston up or down depending on whether the molecule is trapped in the upper or lower half of the piston. In more detail, this motion may be caused by a weight, that is to be raised, through a mechanism that transmits the force from the piston to the weight, in such a way that the latter is always displaced upwards. In this way the potential energy of the weight certainly increases constantly. (The transmission of force to the weight is best arranged so that the force exerted by the weight on the piston at any position of the latter equals the average pressure of the gas.) It is clear that in this manner energy is constantly gained at the expense of heat, insofar as the biological phenomena of the intervening man are ignored in the calculation.


In order to understand the essence of the man's effect on the system, one best imagines that the movement of the piston is performed mechanically and that the man's activity consists only in determining the altitude of the molecule and in pushing a lever (which steers the piston) to the right or left, depending on whether the molecule's height requires a down- or upward movement. This means that the intervention of the human being consists only in the coupling of two position co-ordinates, namely a co-ordinate x, which determines the altitude of the molecule, with another co-ordinate y, which determines the position of the lever and therefore also whether an upward or downward motion is imparted to the piston. It is best to imagine the mass of the piston as large and its speed sufficiently great, so that the thermal agitation of the piston at the temperature in question can be neglected.


In the typical example presented here, we wish to distinguish two periods, namely:


1. The period of measurement when the piston has just been inserted in the middle of the cylinder and the molecule is trapped either in the upper or lower part; so that if we choose the origin of co-ordinates appropriately, the x-co-ordinate of the molecule is restricted to either the interval x > 0 or x < 0;


2. The period of utilization of the measurement, "the period of decrease of entropy," during which the piston is moving up or down. During this period the x-co-ordinate of the molecule is certainly not restricted to the original interval x > 0 or x < 0. Rather, if the molecule was in the upper half of the cylinder during the period of measurement, i.e., when x > 0, the molecule must bounce on the downward-moving piston in the lower part of the cylinder, if it is to transmit energy to the piston; that is, the co-ordinate x has to enter the interval x < 0. The lever, on the contrary, retains during the whole period its position toward the right, corresponding to downward motion. If the position of the lever toward the right is designated by y = 1 (and correspondingly the position toward the left by y = —1) we see that during the period of measurement, the position x > 0 corresponds to y = 1; but afterwards y = 1 stays on, even though x passes into the other interval x < 0. We see that in the utilization of the measurement the coupling of the two parameters x and y disappears.


We shall say, quite generally, that a parameter y "measures" a parameter x (which varies according to a probability law), if the value of y is directed by the value of parameter x at a given moment. A measurement procedure underlies the entropy decrease effected by the intervention of intelligent beings.


One may reasonably assume that a measurement procedure is fundamentally associated with a certain definite average entropy production, and that this restores concordance with the Second Law. The amount of entropy generated by the measurement may, of course, always be greater than this fundamental amount, hut not smaller. To put it precisely: we have to distinguish here between two entropy values. One of them, S1 , is produced when during the measurement y assumes the value 1, and the other, S2, when y assumes the value —1. We cannot expect to get general information about S1 or S2 separately, but we shall see that if the amount of entropy produced by the "measurement" is to compensate the entropy decrease affected by utilization, the relation must always hold good.
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One sees from this formula that one can make one of the values, for instance S1, as small as one wishes, hut then the other value S2 becomes correspondingly greater. Furthermore, one can notice that the magnitude of the interval under consideration is of no consequence. One can also easily understand that it cannot be otherwise.


Conversely, as long as the entropies S1 and
S2, produced by the measurements, satisfy the inequality (1), we can he sure that the expected decrease of entropy caused by the later utilization of the measurement will be fully compensated.


Before we proceed with the proof of inequality (1), let us see in the light of the above mechanical example, how all this fits together. For the entropies S1 and S2 produced by the measurements, we make the following Ansatz:



  
    S
    
      1
    
  
  =
  
    S
    
      2
    
  
  =
  k
  l
  o
  g
  2
     (2)



This ansatz satisfies inequality (1) and the mean value of the quantity of entropy produced by a measurement is (of course in this special case independent of the frequencies ω1, ω2 of the two events):
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Leonard Susskind is an American theoretical physicist, professor of theoretical physics at Stanford University and founding director of the Stanford Institute for Theoretical Physics. His research interests are string theory, quantum field theory, quantum statistical mechanics and quantum cosmology.

Susskind is widely regarded as one of the fathers of string theory. He was the first to give a precise string-theoretic interpretation of the holographic principle in 1995 and the first to introduce the idea of the string theory landscape in 2003.


Susskind became famous for a debate with Stephen Hawking about the information content and entropy thermodynamics of a black hole.




Source: https://www.informationphilosopher.com/solutions/scientists/susskind/
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Ray Solomonoff invented algorithmic probability, which he called a General (or Universal) Theory of Inductive Inference. Anticipating the more recent work of Gregory Chaitin, Solomonoff is known as the "father of algorithmic information theory."

His work led to the idea of Kolmogorov Complexity - the length of the shortest computer program (in a defined programming language) that produces the object as output. It is a measure of the computational resources needed to specify the object. It is also the Shannon information contained in the text. All redundancy has been removed. 


Solomonoff studied under Rudolf Carnap and Enrico Fermi at the University of Chicago and graduated with an M.S. in Physics in 1951.


But the fundamental notion of ontologicalpossibilities and their probabilities (i.e., the idea that chance is real and the universe indeterministic) was disliked by many mathematically and logically inclined scientists of the times. As a result, Solomonff's work was often ignored by his colleagues.


Solomonoff was a member of the elite group of computer scientists that in 1956 attended John McCarthy's Dartmouth Summer Research Project on artificial intelligence.

[image: image-placeholder]

Trenchard More, John McCarthy, Marvin Minsky, Oliver Selfridge, and Ray Solomonoff at the 50th anniversary. 


Not Shown: Allen Newell, Claude Shannon, Nathaniel Rochester, Herbert Simon, 
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Robert M. Sapolsky is a professor of biology and neurology at Stanford University. 

His two best-selling books, Behave (2018) and Determined (2023) are based on the same simple idea, that every event in the universe is pre-determined, the effect of a prior cause (or causes) that goes back to the origin of the universe, or "turtles all the way down," as Sapolsky knowingly misquotes William James on page 1 of Determined.


On p.15 he explicitly asks "What Do I Mean by Determined?  And he answers unequivocally "The past and future of the universe are pre-determined."


In physics, this was the view of classical Newtonian mechanics until 1916, when Albert Einstein discovered ontological chance in the interaction of matter and radiation. See "How Einstein Invented Most of Quantum Mechanics." 


In theology and many religions, determinism (and pre-determinism) appears as the logically inconsistent idea of an omnipotent and omniscient God (He can't be both!), one who created the universe and controls every event. See the logical contradiction.


A decade later Werner Heisenberg called this "indeterminism" in his 1927 quantum mechanics, He made it famous as the "uncertainty principle" and the controversial idea of an "uncaused" event.


As a professional biologist, Sapolsky must know that physical determinism is in conflict with Darwinian evolution and natural selection, which depends on the "blind" variation and selective retention (BVSR) in the genes, today understood as random errors, some caused at the atomic/molecular level by radiation damage to the DNA. 


Sapolsky does mention quantum indeterminacy (Determined, p.208), but then "summarizes" it with brief introductions to quantum tunneling, wave-particle duality, entanglement, and nonlocality, none of which are the source of indeterminism and randomness that is necessary to break determinism and allow new information to come into existence (e.g., new species) and provide the multiple possible futures needed for freedom of the will.


A few pages later, in chapter 10 of Determined Sapolsky asks "Is Your Free Will Random?" He describes three problems. 

	
#1) BUBBLING UP. Can quantum effects down there at the level of electrons entangling with each other affect behavior or even "biology"? 

	
#2) IS YOUR FREE WILL A SMEAR? "If our behavior were rooted in quantum indeterminacy it would be random," he writes. 

	
#3) HARNESSING THE RANDOMNESS OF QUANTUM INDETERMINACY. Sapolsky quotes Daniel Dennett (who until shortly before he died was the leading philosopher arguing that free will is compatible with determinism). "In the words of Daniel Dennett in describing this view, 'Whatever you are, you can't influence the undetermined event — the whole point of quantum indeterminacy is that such quantum events are not influenced by anything.'" 



Sapolsky then offers some conclusions. He writes...


Even if quantum indeterminacy did bubble all the way up to behavior, there is the fatal problem that all it would produce is randomness. Do you really want to claim that the free will for which you’d deserve punishment or reward is based on randomness?


Here Sapolsky has independently discovered the standard argument against free will, which we have shown has been invented and re-invented by dozens of philosophers and scientists over many recent decades, and which we have traced back to the ancient Greek philosophers (e.g., Aristotle and Epicurus). Sapolsky is sadly unfamiliar with the determinism/free will literature, as evidenced by the lack of a scholarly bibliography in his books.


The Standard Argument has two parts (or objections).


First, if determinism is the case, the will is not free.

This is the Determinism Objection.

Second, if indeterminism and real chance exist, our will would not be in our control, we could not be responsible for random actions.

This is the Randomness Objection.
 
Randomness is Sapolsky's main objection, but he clearly recognizes both, and like Dennett and many others, prefers determinism over indeterminism and unpredictability. He concludes chapter 10 with "A system being unpredictable doesn't mean that it is enchanted, and magical explanations aren't really explanations." This is quite true, but irrelevant. 


Sapolsky's chapter on quantum indeterminacy pokes fun at various quantum phenomena and dismisses them as so many "weirdnesses."  But quantum indeterminacy is real and plays an essential role in the first stage of the two-stage model of free will, even as it is averaged over and all but eliminated in the second stage. 

1) Our thoughts are free, creative and random when alternative possibilities are developed.

2) Our actions are willed, adequately determined by our reasons, motives, and desires, averaging out quantum indeterminacy. 


These "two stages" in free will are the same "two steps" in Darwinian evolution, as first seen by the great philosopher of mind William James in 1884 and as confirmed by the great biologist and philosopher of biology Ernst Mayr in his Toward A New Philosophy Of Biology a century later where he wrote...


Evolutionary change in every generation is a two-step process: the
production of genetically unique new individuals and the selection
of the progenitors of the next generation. The important role of
chance at the first step, the production of variability, is universally
acknowledged, but the second step, natural selection,
is on the whole viewed rather deterministically: Selection is a non-chance process.


Finally, information philosophy has found the same two steps or stages in the cosmic creation process that allowed information structures to form in the early universe, despite its beginning in a state of near equilibrium (maximum entropy), and despite the second law of thermodynamics which says that equilibrium is the end state, the "heat death." 


These two stages or steps, the first free, creative, and random, the second selected or willed and adequately determined, are the correct explanation of any creation of new information, any "order out of chaos."  


They are the basis of human creativity and the source of all our knowledge. 


What if our motives and desires have been determined?


Here is where Sapolsky's neurobiological expertise puts real practical limits on the extent of human freedom. Our two-stage model has shown that our decisions and actions have not been pre-determinedby physical laws. But the adequate determinism in our second stage includes motives and desires many of which Sapolsky has convincingly shown have been formed by neurobiological processes over which we had no freedom or control.


Even if quantum indeterminacy did bubble all the way up to behavior, there is the fatal problem that all it would produce is randomness. Do you really want to claim that the free will for which you’d deserve punishment or reward is based on randomness?
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Roger H. Stuewer is an historian of science who wrote four important works that reported on Albert Einstein's original contributions to quantum mechanics.

The first was his 1975 book, The Compton Effect: Turning Point in Physics. The second was an article in Acta Physica Helvetica in 2005, "Einstein’s Revolutionary Light–Quantum Hypothesis," and the third was a joint editorial in Physics in Perspective with John S. Rigden, Stuewer's  co-founder of that journal in 1999.


The editorial claimed that "Understanding of Quantum Mechanics Eludes Physicists for Eighty-Six Years."


The fourth was his contribution to the 2014 Cambridge Companion to Einstein titled "The Experimental Challenge of Light Quanta." It was one of three articles focusing on on Einstein's quantum physics. The others were Olivier Darrigol's "The Quantum Enigma" and Christoph Lehner's "Realism and Einstein's Critique of Quantum Mechanics." 
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   Roger Sperry was a psychobiologist (neuropsychologist and neurobiologist) who won the Nobel Prize for his split-brain research done with, among others, his student Michael Gazzaniga.  Sperry found that the two hemispheres of the brain, after  cutting the corpus callosum connecting them,  each remained "a conscious system in its own right, perceiving, thinking, remembering, reasoning, willing, and emoting, all at a characteristically human level, and . . . both the left and the right hemisphere may be conscious simultaneously in different, even in mutually conflicting, mental experiences that run along in parallel." 

Up until the mid-1960's, Sperry strongly agreed with philosopher Karl Popper and scientist John Eccles. Like them, he rejected materialism (or physicalism) and reductionism about the mind and brain. Although Popper and Eccles described Sperry's research as supporting their idea of an as yet unexplained "interaction" between dualist mind and brain, Sperry thought of himself as a monist. Sperry in 1966 began referring to himself as a "mentalist."  He suggested that the opposing view of "materialism" needed a refined definition, arguing that "mentalism" was not synonymous with "dualism" and "physicalism" was not the equivalent of "monism."


He said:


By our current mind-brain theory, monism has to include subjective mental properties as causal realities. This is not the case with physicalism or materialism which are the understood antitheses of mentalism, and have traditionally excluded mental phenomena as causal constructs. In calling myself a ‘mentalist’, I hold subjective mental phenomena to be primary, causally potent realities as they are experienced subjectively, different from, more than, and not reducible to their physicochemical elements. At the same time, I define this position and the mind-brain theory on which it is based as monistic and see it as a major deterrent to dualism.



Sperry revised his materialist thinking when "extending the concept of emergent control of higher over lower forces in nested hierarchies to include the mind-brain relation." "Emergent mental powers," he thought, "must logically exert downward causal control over electrophysiological events in brain activity." But he found this notion awkward. Could the mental forces be "equally or more potent than are the forces operating at the cellular, molecular and atomic levels?" 

This would be a "new psychophysical interactionism," not the dualist interactionism of Karl Popper and John Eccles. This raises René Descartes' classical mind-body problem. Today it is described as the problem of mental causation. How can an immaterial "mental event" possibly be the cause of a material "physical event?"  


In 1965 Sperry gave a lecture at the University of Chicago on "Mind, Brain, and Humanist Values." He says that he


worked the new mind-brain ideas into a discussion of holist-reductionist issues, emergent downward control and ‘nothing but’ fallacies in human value systems, in a broad refutation of the then prevalent ’mechanistic, materialistic, behavioristic, fatalistic, reductionistic view' of the 'nature of mind and psyche'. It was on this occasion that I openly changed my alignment from behaviorist materialism to antimechanistic and nonreductive mentalism (- as the term ‘mentalism’ is used in psychology in contrast to behaviorism; not, of course. in the extreme philosophic sense that would deny material reality). 


Sperry's idea of emergent downward causal control anticipated Donald Campbell's 1974 paper on "downward causation."

Sperry gave the subjective experience of consciousness (regarded as an emergent property of brain activity) a causal role in the control of brain function. This differed from earlier emergence theories of consciousness (e.g., C. Lloyd Morgan), which were parallelistic, double aspect, or epiphenomenal. All rejected any direct causal influence of mental qualities on neural processing. Sperry's causal conscious mind strongly opposed the then dominant behaviorist philosophy of reductive mechanistic materialism. (Ibid.. p.197)


The resulting "cognitive revolution" of the early 1970's marked the return of many insights about the mind offered by  William James in his 1890 Principles of Philosophy. Psychologists John Watson, B.F. Skinner, and the British philosopher Gilbert Ryle had imposed a half-century taboo on "mind" in American psychology. Although the taboo began to lift, the new "cognitive scientists" continued with a mostly mechanical and reductionist view of their mind models, as did the philosopher Daniel Dennett.



Determinism versus Indeterminism


Sperry was a strong determinist. He thought quantum indeterminism was irrelevant for the mind, as well as for the body. 

Although Karl Popper did not think indeterminism was important for free will until late in 1977, Popper did think it played a role in the mind being an originator of new causal chains. And Popper said that his two-stage model of free will was an example of downward causation! He cited both Sperry and Donald Campbell as the source of the idea of downward causation.


Sperry, on the other hand, accepted downward causal control, but denied indeterminism. He said:



Another main theme of Popper’s philosophy, indeterminism, is applied to the mind-brain relation. In this we are in fundamental disagreement.
I hold that every time the elements of creation, whether atoms or concepts, are put together in the same way under the same conditions, that the same new properties would emerge and that the emergent process is, therefore causal and deterministic. To this extent and in this sense it may also be said to be, in principle, predictable though generally, with few exceptions, it is not so in practice. Rather than viewing the mind of man as a ‘first cause’ or ‘prime mover’ (Popper,1962; Popper & Eccles,1977). I see the brain as a tremendous generator of emergent novel phenomena that then exert supercedant control over lower-level activities. The higher-level functional entities of inner experience have their own dynamics in cerebral activity and, contrary to Popper’s interpretation of my view (Popper & Eccles,1977, p. 209), they also ‘interact causally with one another at their own level as entities’ (Sperry, 1969b). But the creative process is not indeterminant. The laws of causation are nowhere broken or open (excepting perhaps in quantum-level indeterminacy which is here irrelevant). It is all part of a continuous hierarchic manifold, a one-world continuum.

On these terms, human decision-making is not indeterminant but self-determinant. Everyone normally wants to have control over what he does and to determine his own choices in accordance with his own wishes. This is exactly the kind of control our mind-brain model provides (Sperry,1976b; 1977b). But this is not freedom from causal determinacy. A person may be relatively free in this view from much that goes on around him, but he is not free from his own inner self. The emphasis here is the diametric converse of the behaviorist contention that ‘ideas, motives, and feelings have no part in determining conduct and therefore no part in explaining it’



Sperry continued to distinguish conscious events from their neural correlates. His new concept of the mind as a causal, functional emergent distinguishes the causal efficacy of consciousness from its neural correlates. He says:

Once generated from neural events, the higher order mental patterns and programs have their own subjective qualities and progress, operate and interact by their own causal laws and principles which are different from and cannot be reduced to those of neurophysiology... The mental entities transcend the physiological just as the physiological transcends the [cellular], the molecular, the atomic and subatomic. etc. The mental forces do not violate, disturb or intervene in neuronal activity, but they do supervene.  Interaction is mutually reciprocal between the neural and mental levels in the nested brain hierarchies.


 Sperry says that he could have called his model "enlightened physicalism," "neomaterialism," "emergentist, cognitivist or mentalist materialism," "nonreductive materialism, etc." (This last is reminiscent of philosopher Jaegwon Kim's "nonreductive physicalism." Kim has published many articles and books on supervenience, but he concludes that nonreductive physicalism is impossible.) 

Sperry says his "concept of the mind-brain relation not only refutes the doctrines of behaviorism and materialism, mechanistic determinism and reductionism, as Popper and Eccles correctly infer, but also and with equal force, strongly discounts dualism."



Sperry cites a wheel rolling downhill as an example of downward causal control. The atoms and molecules are caught up and overpowered by the higher properties of the whole. He compares the rolling wheel to an ongoing brain process or a progressing train of thought in which the overall properties of the brain process, as a coherent organizational entity, determine the timing and spacing of the firing patterns within its neural infrastructure. 




Sperry publications

Mind, Brain, and Humanist Values (1966)(PDF)A Modified Concept of Consciousness (1969)
Mind-Brain Interaction: Mentalism, YES; Dualism, NO (1980)




We know the forces in the wheel. We do not understand similar "forces" in the brain!
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Sebastian Seung is a Princeton neuroscientist who leads a project to map the "connectome," a new term for the brain/mind, parallel to the term "genome." Just as the genome is our genetic information, encoded in the macromolecules of DNA, the connectome is mental information, stored in the trillions of connections between the ten billion neurons in our brain.


It is Seung's ambitious goal to map the complete set of connections between neurons in brains, initially those of small animals, but ultimately of human brains. To achieve this, he is using the latest computer tools of artificial intelligence and machine learning, with the help of hundreds of thousands of volunteers around the world in Eyewire, an online game or puzzle in which humans identify and tag neurons in two-dimensional layers (slices of brain tissue), to train machine learning that can create the full three-dimensional map of neurons and their connections.


The National Institute of Health is supporting Human Connectome Projects and a Connectome Coordination Facility. These projects have made major progress mapping the major neuron pathways between different brain regions as shown below. Seung's project is much more ambitious, hoping to map the trillions of  synaptic connections between the billions of neurons.  

[image: image-placeholder]
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Brain pathways. Coloured 3-dimensional magnetic resonance imaging (MRI) scan of the white matter pathways of the brain, side view. White matter is composed of myelin-coated nerve cell fibres that carry information between nerve cells in the cerebrum of the brain (top half of image) and the brain stem (bottom centre). This image was created by an MRI scanner sensitised to the movement of water around the brain. Blue represents neural pathways from the top to the bottom of the brain, green represents pathways from the front (left) to the back (right), and red shows pathways between the right and left hemispheres of the brain.



Uploading and Downloading a Brain?


It is tempting to think of the mind as software in the brain hardware, and Seung writes about the possibility of "uploading" the connectome data, then simulating minds/brains in future supercomputers to study memory recall and possibly share experiences and knowledge between different minds.

Seung says that one 


approach is to use the connectome to build a computer simulation of the spiking of neurons in a network, then run the simulation and watch the neurons to see the order in which they spike during memory recall. It’s only natural to dream of scaling up this approach to an entire brain. Uploading is the ultimate way of testing the hypothesis “You are your connectome.”



But there is a vast difference between computing machines and a mind/brain. Philosophers of mind deny the possibility of a machine having a subjective experience, especially having "feelings," and what they call the "qualia," the "what's it's like to" taste an apple, or to see the "blueness" in the sky.


Seung describes the storage of memories or experiences in strengthened synaptic connections between neurons. He cites the work of Eric Kandel and Donald Hebb. 


Seung says "Hebb was way ahead of his time." (p. 82) Hebb proposed what is called a "cell assembly," a group of neurons "wired together" by strengthened synapses simply because they had "fired together" by sensations that sent trains of activation spikes along them.                                           


A Hebbian assembly can store a memory that can be recalled by any new experience that fires just some of the wired-together neurons. This is the idea that neurons that have been wired together will later fire together, perhaps just by thinking about related concepts. This is a neural model for the "association of ideas" (John Locke, David Hume). 


Hebbian assemblies are also similar in some ways to Herbert Simon's "blackboard" model for human cognition, in which various items could be written to a blackboard which was visible to other systems that could read and write on the blackboard. As a model for human consciousness, Simon's blackboard resembles the Theater of Consciousness and Global Workspace Theory of Bernard Baars. A blackboard architecture is an important part of most computer "expert systems."


A vital difference between neuron assemblies in brains and network connections in computers is that when a Hebbian assembly fires it can stimulate activity in the brain's emotional centers (e.g., the amygdala), reproducing emotions felt in the original experience (pain, pleasure, fear, comfort), which adds valuable meaning and context to the current experience.


In William James' "stream of consciousness," a new experience can generate a "blooming, buzzing, confusion" of related ideas from past experiences, providing the possible alternatives for new actions that are the basis for his two-stage model of free will.


While Seung emphasizes the brain's "wiring" as what makes us who we are, information philosophy emphasizes the stored information and the cellular communication of information over the "wires" as constituting our identity and individual personality.


But this is just a difference in emphasis. Seung's human connectome will some day let us see exactly where human experiences are recorded in brains and how they are later reproduced as value-based guides to our decisions and actions in future experiences. See our Experience Recorder and Reproducer.


Something Seung wrote about a "celebrity neuron" seems to describe its dependence on being previously wired together in a Hebbian assembly.


If a neuron spikes in response to Jennifer Aniston but not other celebrities, we might think that the neuron’s function is the detection of Jen. But this neuron is embedded in a network of many other neurons.
It would be a mistake to think of this neuron as a lone genius, detecting Jen all by itself. Newton’s words ring even truer for neurons than for Newton: “If a neuron sees further, it is only by standing on the shoulders of other neurons.” 


In terms of information science and our ERR, a single neuron simply cannot contain enough information content to reproduce the experience of Jennifer Aniston. Indeed, the information is not even in the many synaptic connections in the Hebbian assembly. It is in the total experience reproduced by the connected neurons all firing again, bringing back visions, sounds, and other senses, but also related feelings about Jennifer. 


2010 TED Talk
2019 TED Talk
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Salthe described himself as having worked in evolutionary biology,  systems  science  (hierarchy  theory) and, semiotics. His interests included thermodynamics and internalism.

In the inaugural issue of the new journal, Cosmos and History: The Journal of Natural and Social Philosophy vol.1, no.1 (2005), Stanley Salthe wrote the article "Energy and Semiotics: The Second Law and The Origin of Life."


He starts (p.128) by "deconstructing the thermodynamic concepts of work and waste." He then identifies "meaning" in Nature with energy dissipation processes, which Ilya Prigogine claimed bring "order out of chaos."



ABSTRACT: After deconstructing the thermodynamic concepts of work and waste, I take up
Howard Odum’s idea of energy quality, which tallies the overall amount of energy needed to
be dissipated in order to accomplish some work of interest. This was developed from economic
considerations that give obvious meaning to the work accomplished. But the energy quality
idea can be used to import meaning more generally into Nature. It could be viewed as
projecting meaning back from any marked work into preceding energy gradient dissipations
that immediately paved the way for it. But any work done by an abiotic dissipative structure,
since it would be without positive economic significance, would also be difficult to mark as a
starting point for the energy quality calculation. Furthermore, any (for humans) destructive
work as by hurricanes or floods, with negative economic significance, would not seem to merit
the quality calculation either. But there has been abiotic work of keen interest to us—that
which mediated the origin of life. Some kind(s) of abiotic dissipative structures had to have
been the framework(s) that fostered this process, regardless of how it might come to be
understood in detail. Since all dissipative structures have the same thermodynamic and
informational organization in common, any of them might provide the material context for the
origin of something. So we can pick any starting point we wish, and calculate backward what
sequence of energy usages would have been necessary to set it up. Given such an open ended
project, we could not find an obvious place in any sequence to stop and start the forward the
calculation, and so we would need to take it right back to an ultimate beginning, like the
insolation of some area, or the outpouring of Earth’s thermal energy. Any energy dissipation
might be the beginning of something of importance, and so Nature is as replete with potential
meanings as it is with energy gradients.

KEYWORDS: Dissipative structures; Energy dissipation; Energy quality; Entropy production;
Final cause; Meaning; Origin of life; Scale; Semiotics


Here we need to confront a common objection to this theoretical orientation—that
if a system were to maximize its entropy production rate it would thereby likely disrupt
its own organization. The critical point is to distinguish energy supplies making up a
system’s own material embodiment from the external energy gradients that it is capable
of consuming. If a system increases the entropy production of its locale, this does not
necessarily mean that it will consume or disrupt itself. The basic thermodynamic fact
about living systems is that they consume external energy gradients, thereby (because of
generic poor energy efficiency) producing entropy into their immediate environment,
and, as well, that they ship outside any entropy produced internally, thereby preserving
their own form (Schroedinger, 1956).

Energy and Semiotics, p.128



In his final summary, Salthe says...


Potential energy exists in orderly forms of many sizes, and work takes place at all
scales, but thermodynamic order is calculated at the molecular level. Odum’s energy
quality can be used to scale energy dissipation. The thermodynamic need to specify
work implies semiotics, and energy quality is inherently semiotic. Work requires
information, which varies with kinds of energy consumers. The meaning of high quality
energy dissipation is the support of particular systems, and this meaning is reflected
back to all prior energy dissipations (including abiotic ones) from the same basic
gradient that helped to raise its quality. These considerations lead us to final causality.
The major physical effect of evolutionary / semiosic processes is delay in the
reradiation of solar energy from the earth by its being captured in configurations that
impose friction on its dissipation. These frictional activities dissipate energy gradients
not otherwise accessible to derogation. A plenitude of exergy extractions have evolved
on Earth to dissipate a plethora of energy gradients, thereby furthering the
equilibration of the Universe.

The problem of the origin of life requires the pansemiotic view that meaning is
present throughout Nature. Life, fostered by macroscopic dissipative structures, was
interpolated into prior abiotic ecologies. Since this could occur only under certain
conditions, it is premature to conclude that only entropy production in the service of
the Second Law can be the final cause of abiotic dissipation. This view allows meaning
to be present, however vaguely, in prebiotic systems, and so can be allocated to abiotic
systems generally. The origin of life is viewed as having been a way to increase the
entropy production of the earth’s surface. Since natural systems actively strive for
survival, their entropy production tends to be maximized by way of maximizing the
rates of dissipation of their energy supplies. We can postulate a protobiotic dissipative
system that could accept the interpolation of, and takeover by, a genetic system. As
microscopic, this latter would become a locus of meaning, with associated macro and
mega levels deriving their meanings from there by way of Odum’s energy quality
concept. Meaning at these larger scales would have eventually been codified and
sharpened by the evolution of biofilms, organisms and populations.

Energy and Semiotics, p.142



In his contribution to Clément Vidal's The Evolution and Development of the Universe, a Special Issue of the First International Conference on the Evolution and Development of the Universe, 8-9 October 2008, Ecole Normale Supérieure, Salthe  wrote an article titled Development (and Evolution) of the Universe (getting Development properly before Evolution).


Salthe writes...


I  distinguish  Nature  from  the  World.  I  also  distinguish  development  from  evolution. Development is progressive change and can be modeled as part of Nature, using a specification hierarchy.  I have proposed a ‘canonical developmental trajectory’ of dissipative structures with the  stages  defined  thermodynamically  and  informationally.    I  consider  some  thermodynamic aspects of the Big Bang, leading to a proposal for reviving final  cause. This model imposes  a ‘hylozooic’ kind of interpretation upon Nature, as all emergent features at higher levels would have been vaguely and episodically present primitively in the lower integrative levels, and were stabilized  materially  with  the  developmental  emergence  of  new  levels.  The  specification hierarchy’s form is that of a tree, with its trunk in its lowest level, and so this hierarchy is appropriate for modeling an expanding system like the Universe.  It is consistent with this model of differentiation during Big  Bang development to  view emerging  branch  tips  as having  been entrained  by  multiple  finalities  because  of  the  top­down  integration  of  the  various  levels  of organization by the higher levels.

KEYWORDS:  Big  Bang,  causality,  development,  multiple  worlds,  Nature,  specification hierarchy, thermodynamics, vagueness

The Evolution and Development of the Universe, p 248



He also writes an Introduction...


INTRODUCTION

In this paper I attempt a summary of a developmental perspective I have been constructing for two decades as a kind of ‘treaty’ among several disciplines.  Beginning with some conceptual clarifications, I distinguish ‘Nature’, our scientific construct, from the World.  Nature is our map or  operating  manual  for  the  World.    Nature  embodies  logic  as  its  basic  framework,  and  its embodiments are typically found in, e.g., inscriptions, diagrams, tables, models, equations, laws, universal  constants  and  classifications.  Nature  is  the  subject  of  studies  in  the  philosophy  of nature  (natural  philosophy), as  in this paper.   It is  mediated by  languages, while the  World  is mediated to us through (what in Nature we know as) our biology (Uexküll, 1926). The World is experienced and phenomenal, but is not ‘known’ (Snowdon, 2008).  My favorite example of this is that, while we may ride a bicycle, we do not ‘know’ (cannot describe) how we do it.  I will as well propose a logically founded model in set theory format of ‘general development’, which is posited to be universal for dissipative structures as they are conceived in Nature.  Of course, set theory cannot model dynamical change.  I use this format to parse sequences of developmental stages, following the usage  (as Normentafeln) in biology.  I will also, in this way of describing stages  of  development,  outline  a  ‘canonical  developmental  trajectory’  characteristic  of dissipative structures. I acknowledge evolution in passing.  As a cue to the reader, I note that my perspective  is  that  of  natural  philosophy  as  developed  out  of  beginnings  made  by  the  early Friedrich Wilhelm Joseph Schelling (e.g., Esposito, 1977; Salthe, 1993).  What is relevant here is that Schelling first proposed a developmental view of the natural world.

The Evolution and Development of the Universe, p 249



Salthe's extensive references are very interesting...
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Thomas Sebeok

Thomas Sebeok was a linguist and semiotician. He was a founder of the new discipline of biosemiotics with Jacob Johann von Uexküll and Jacob's son Thure von Uexküll.

Sebeok was a founder and editor-in-chief of Semiotica, the journal of the International Association for Semiotic Studies. from 1969 to 2001.


Far from limiting his ideas to human languages, Sebeok coined the term "zoosemiotics" and studied communications and signaling in all animals. He went far beyond those linguists and psychologists (e.g., David Premack) who speculated that apes might have language.


Today information philosophers know that signaling between living things and their environment is even true of their cellular components.  All organisms are "aware" (a proto-consciousness), viz, communicating with, of their surroundings. 


Jakob von Uexküll's concept of an Umwelt corresponds to the range of communications around any living being. Umwelt roughly means an environment, with the implication that each living being experiences only a limited part of the universe. It exchanges information only with neighbors to and from which signals are possible.
 

Uexküll's Umwelt defines a "world" (German Welt) surrounding (German um - "around") a living being that delimits that being's experiences. He said that the worlds all beings perceive, their Umwelten, are all different. This helps define their identities, which depend on their internal information structures as well as their relations and communications with others.


Sebeok and the novelist, semiotician, and philosopher Umberto Eco edited a volume of essays on advances in semiotics called The Sign of Three.  It focused on three great detectives, two fictional and one real, C. Auguste Dupin, Sherlock Holmes, and the logician and philosopher  Charles Sanders Peirce. It has ten essays on methods of abductive inference (beyond deduction and induction)  in Edgar Allen Poe's Dupin, Arthur Conan Doyle's Holmes, Peirce and many others.


Sebeok also played a role in the development of psycholinguistics. Psycholinguistics developed before the end of the 19th century as the "Psychology of Language". The work of Edward Thorndike and Frederic Bartlett laid its foundations. 


With Charles Osgood, Sebeok wrote the 1954 review of the new discipline, Psycholinguistics: A Survey of Theory and Research Problems.
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Tilman Sauer


Tilman Sauer is an historian of physics specializing in general relativity, the foundations of physics, and the philosophy of quantum mechanics. He was a contributing editor for volumes 3 and 4 of the Collected Papers of Albert Einstein. 


While carefully reading through some 1800 pages of Einstein's manuscripts that were shipped from Princeton to the Albert Einstein Archives in Jerusalem, Sauer found a few short lines about the Einstein-Podolsky-Rosen paradox that considered the result of a measurement of a two-valued spin component and the "knowledge at a distance" that comes into existence instantly for widely separate entangled particles.


Einstein was clearly responding to the 1952 suggestion of David Bohm that EPR measurements could be carried our more easily on the discrete values of electron spin than the continuous values of position and momentum in the original EPR paper. Bohm was hoping that such measurements could reveal the existence of "hidden variables."



Composite system of total spin 0.

1) The description is assumed to be complete.

2) A coupling of distant things is excluded.

If the spin of the subsystem I is measured along the x-axis, it is
found to be either 1 or −1 in that direction. 

 It then follows that
the spin of the subsystem II equals 0 along the y-direction. 

If y-component is 1 for particle I, it is -1 for particle II (anti-correlated to conserve total spin zero) 
But if
instead the spin of subsystem I is measured along the y-direction,
it follows that the spin of the subsystem II is equal to 1 or −1.

If there is no coupling, then the result of a measurement of the
spin of subsystem II may in no way depend on whether a measurement
was taken of subsystem I (or on what kind of measurement).


The two assumptions therefore cannot be combined.


If the description is not assumed to be complete for the individual
system, then that what is being described is not a single system
but an ensemble of systems. Then a measurement of subsystem I
amounts to the selection of a subensemble of the ensemble of the
total system. Then the prediction for a measurement of subsystem
II can depend on the choice of the measurement of subsystem
I.



The average value of spins along an unmeasured direction is 0, new measurements project the spin randomly as 1 and -1

Sauer says the following lines were written at the right margin of the page:


a) the description by the quantum theory is an incomplete one
with respect to the individual system, or

b) there is an immediate coupling of states of spatially separated
things.


This last line is what Erwin Schrödinger had told Einstein would be the case back in 1935, calling the particles "entangled."

While Einstein called this "action-at-a-distance" in 1935 (even for a single particle relative to its wave in 1927), and more dramatically  called it "spooky action-at-a-distance" in 1948, we now know it is just "knowledge-at-a-distance." Neither particle "acts" on the other. They acquire their values simultaneously to conserve the total spin.




Reference
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Tom Stonier


Tom Stonier was a biologist and information theorist who argued that information is not simply a construct of human minds, but should be recognized as a third part of the physical universe alongside matter and energy. He called for an "information physics," which would ground a "general theory of information," converting knowledge engineering and software production into a science. He wrote:
Information exists. It does not need to be perceived to exist. It does not need to be understood  to exist. It requires no intelligence to interpret it [to exist]. It does not have to have meaning to exist. It exists.


Stonier saw correctly that "not only is information not a uniquely human attribute, but information processing is not either."  



Biological systems have been processing information since their origin. One could, in fact, interpret the entire evolutionary history of living systems in terms of their ability to create ever more efficient means of preserving and processing relevant information. It was this evolution of information systems which led to ever more complex, differentiated forms of organisation.


He proposed three theorems of information physics, relating to the connection between information and organization (his boldface):

	All organised structures contain information, and as a corollary: No organised structure can exist without containing some form of information.
	The addition of information to a system manifests itself by causing the system to be more organised, or reorganised.
	An organised system has the capacity to release or convey information.


Stonier recognized that although entropy may be increasing throughout the universe, so is information (p.53). He was not able to explain the physics of how this is happening, that entropy reductions are localized to information structures, while the accompanying entropy increases needed to satisfy the Second Law of Thermodynamics are radiated or convected away from the local regions of "negative entropy" to places in the universe where particle motions are totally disorganized - the "motions that we call heat," as Ludwig Boltzmann said. 

Stonier says that information may force  modification of the Third Law of Thermodynamics, but he does not discuss the much more important "apparent" violation of the Second Law.


He mistakenly thought that the universe was headed toward a state in which all matter and energy have been converted into pure information (perhaps inspired by Pierre Teilhard de Chardin's "omega point" and "noösphere" of pure thought). Stonier imagined that particles of information might exist that he called infons, traveling faster than the speed of light (p.126).
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Alan Turing

Alan Turing worked with Claude Shannon and John von Neumann to physically realize his 1937 idea of a universal computer, the "Turing Machine."  

Starting from Kurt Gödel's incompleteness theorems, he reformulated Gödel's results on the limits of proof and computation, replacing Gödel's universal arithmetic-based formal language with the formal and simple hypothetical devices that became known a Turing machine.


Turing did not solve David Hilbert's decision problem (Entscheidungsproblem), but he reformulated it in terms of his computing machine as the problem of whether a computer would ever stop (with a result), known as the halting problem. Von Neumann said that the central concept of the modern computer was due to Turing's paper.


Turing received his Ph.D. in Mathematics from Princeton in 1938, studying under Alonzo Church, who also published on the halting problem. Von Neumann wanted to hire Turing as his postdoctoral assistant, but he went back to the United Kingdom, where he did his famous work at Bletchley Park building machines that could break the codes of Nazi Enigma machines.

Herbert Simon suggests that Turing's 1950 essay Computing Machinery and Intelligence be considered the beginnings of Artificial Intelligence (AI).
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Edward Thorndike

Edward Thorndike was a psychologist at Teachers College, Columbia University, who was the first to apply psychology to the study of learning. 

Thorndike developed what he called "laws of learning." His most famous he called the "law of effect." It led to the development of operant conditioning as superior to classical conditioning." Where classical conditioning depends on developing associations between events, operant conditioning involves learning from the consequences of our behavior. This led to the behaviorist theories of John B. Watson and B.F.Skinner, which was built on schedules of "reinforcement" of a behavior by following it with pleasant consequences. A behavior followed by unpleasant consequences is found to be  reduced or stopped. 



Thorndike's theories led to the modern idea of "connectionism," that the brain consists of neural networks describable by mathematics and modelled by computer-based artificial neural networks that underlie today's artificial intelligence or AI, as first seen by the pioneers Warren McCulloch and Waller Pitts in their 1942 article "A Logical Calculus of the Ideas Immanent in Nervous Activity. 
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Giulio Tononi


Giulio Tononi is a neuroscientist who worked with Gerald Edelman at his Neuroscience Institute in San Diego and is now at University of Wisconsin, where he specializes in the study of sleep.
 
In 2000, Tononi and Edelman collaborated on the book A Universe of Consciousness, 

 
Tononi elaborated Edelman's theory that all physical systems have elements of consciousness, basing it on what Tononi calls "Integrated Information Theory" or IIT.


IIT hopes to show that many physical (material) systems are conscious. His mathematical theory predicts whether a material system is conscious and to what degree it is conscious. It then attempts to explain what particular experience it is having. 


IIT is a reductionist, deterministic, and causal theory. According to IIT, a system's consciousness is an intrinsic, fundamental property of any physical system.


In that respect, IIT resembles panpsychism, a central element in David Chalmers' solution for what he calls the "hard problem of consciousness."
  


Integrated Information Technology


IIT is a formal logical and mathematical system of axioms and postulates that purports to describe a physical (material) system that is conscious of itself (intrinsic) and of the external world (extrinsic).

Each of IIT's five axioms and related postulates make unjustifiable claims about physical reality and about the phenomenology (appearance) of consciousness. They should be understood as assumptions describing a formal system that might be implemented in a digital computer that can simulate his theory of consciousness.


	INTRINSIC EXISTENCE

Consciousness exists: each experience is actual—indeed, that my experience here and now exists (it is real) is the only fact I can be sure of immediately and absolutely. [cf. René Descartes's inability to doubt his existence.] Moreover, my experience exists from its own intrinsic perspective, independent of external observers (it is intrinsically real or actual).

Comments:Consciousness, i.e, the subjective experience of personal private feelings accompanying our thoughts and actions, is the very antithesis of shared, objective, external, scientifically observable events in the physical world that we call "real." 
The frequently confabulated reporting of subjective feelings and thoughts is widely considered to prove that they are in no way "immediately and absolutely" certain "facts." 


	COMPOSITION

Consciousness is structured: each experience is composed of multiple phenomenological distinctions, elementary or higher-order.  For example, within one experience I may distinguish a book, a blue color, a blue book, the left side, a blue book on the left, and so on. being the immaterial arrangement of the physical material that embodies/instantiates the information.



	
INFORMATION

Consciousness is specific: each experience is the particular way it is—being composed of a specific set of specific phenomenal distinctions—thereby differing from other possible experiences (differentiation). For example, an experience may include phenomenal distinctions specifying a large number of spatial locations, several positive concepts, such as a bedroom (as opposed to no bedroom), a bed (as opposed to no bed), a book (as opposed to no book), a blue color (as opposed to no blue), higher-order “bindings” of first-order distinctions, such as a blue book (as opposed to no blue book), as well as many negative concepts, such as no bird (as opposed to a bird), no bicycle (as opposed to a bicycle), no bush (as opposed to a bush), and so on. Similarly, an experience of pure darkness and silence is the particular way it is—it has the specific quality it has (no bedroom, no bed, no book, no blue, nor any other object, color, sound, thought, and so on). And being that way, it necessarily differs from a large number of alternative experiences I could have had but I am not actually having.

Comments:
An experience, like any material or ideal object, necessarily differs from all other objects. It is the nature of information identity, which, like Tononi, we divide into intrinsic and extrinsic (relational) identity..


	INTEGRATION

Consciousness is unified: each experience is irreducible and cannot be subdivided into non-interdependent, disjoint subsets of phenomenal distinctions. Thus, I experience a whole visual scene, not the left side of the visual field independent of the right side (and vice versa).
Comments:
Information structure are "composed" of its components, so in general can be subdivided into independent parts. For example, the visual field on the retina and on the visual cortex is dependent on photons emerging from objects in the external world, which may or may not depend on one another.


	EXCLUSION

Consciousness is definite, in content and spatio-temporal grain: each experience has the set of phenomenal distinctions it has, neither less (a subset) nor more (a superset), and it flows at the speed it flows, neither faster nor slower.
Comments:
This is again trivially true of any spatio-temporal object or process. Again, it is the question of  identity. Everything is what it is,  neither less nor more, and proceeds at its speed, neither faster nor slower.




IIT's corresponding postulates claim that a physical system, if conscious, is so by virtue of its causal properties.  A "physical system" is taken to be a set of elements, each with two or more internal states, inputs that influence that state, and outputs that are influenced by that state (neurons or logic gates are the natural examples).

Comments:
Nature is non-causal or acausal at the quantum level, and only statistically or "adequately" deterministic at the macroscopic level. 




Christof Koch on IIT


Before I come to the mathematical innards of the theory, let me address one general objection to IIT that I frequently encounter. It runs along the following lines. Even if everything about IIT is correct, why should it feel like anything to have a maximum of integrated information? Why should a system that instantiates the five essential properties of consciousness— intrinsic existence, composition, information, integration, and exclusion— form a conscious experience? IIT might correctly describe aspects of systems that support consciousness. But, at least in principle, skeptics might be able to imagine a system that has all these properties but which still doesn't feel­ing like anything. [For example, David Chalmers' "zombies."]

I answer this conceivability argument in the following manner. By con­struction, these five properties fully delimit any experience. Nothing else is left out. What people mean by subjective feelings is precisely described by these five axioms. Any additional "feeling" axiom is superfluous. Is there a mathematically unassailable proof that satisfying those five axioms is equivalent to feeling like something? Not to my knowledge. But I'm a sci­entist, concerned with the universe I find myself in, and not with logical necessity. And in this universe, so I argue in this book, any system that obeys these five axioms is conscious.



Tononi on Free Will


according to IIT (i) what actually exists is an entire cause-effect structure, much more than the first-order cause-effect repertoires of atomic elements; (ii) when a conceptual structure changes much more happens than first-order events; and (iii) its changes are caused by much more than first-order causation. This view, together with the central identity of IIT, which says that an experience is a conceptual structure that is maximally irreducible intrinsically, has several implications for the notions of free will and responsibility (Tononi 2013).
 
First, for a choice to be conscious, a system’s cause-effect power must be exerted intrinsically - upon itself: the conceptual structure must be “causa sui.” In other words, a conscious choice must be caused by mechanisms intrinsic to a complex rather that by extrinsic factors. This requirement is in line with the established notion that, to be free, a choice must be autonomous - decided from within and not imposed from without.

 
Second, for a choice to be highly conscious, the conceptual structures that correspond to the experience of deliberating and deciding (“willing”) must be highly irreducible - they must be composed of many concepts, including a large number of higher-order ones. In other words, a conscious choice involves a large amount of cause-effect power and is definitely not reducible to first-order causes and effects. Hence, the reductionist assumption that ultimately “my neurons made me do it” is just as definitely incorrect.

 
Seen this way, a system that only exists extrinsically, such as a feed-forward network, is not “free” at all,, but at the mercy of external inputs. In this case nothing exists from the intrinsic perspective - there is nothing it is like to be a feed-forward network. But if intrinsically there is nothing, it cannot cause anything either. There is only extrinsic causation - a machine “going through the motions” for the benefit of an external manipulator/observer. On the other hand, a system that exists intrinsically, but only minimally so - say two coupled elements that can only turn on and off together, achieving minimal values of Φ, may well be free, but it has minimal “will.” In other words, while its choices are free because they are determined intrinsically, very little is being determined - just two first-order concepts. By contrast, a complex that specifies a rich conceptual structure of high Φ is both free and has high will: its choices are determined intrinsically and they involve a large amount of cause-effect power. That is to say, to have free will, one needs to be as free as possible from external causes, and as determined as possible by internal causes - the multitude of concepts that compose an experience. In short, more consciousness, more free will.

 
The claim that the more one’s choices are intrinsically determined, the more one has free will, may at first seem at odds with the widespread conviction that determinism and free will are incompatible. However, at issue is not determinism, but the combination of the extrinsic perspective and reductionism. Consider again the role of our neurons when we make a decision. The extrinsic perspective applied to neurons shows us that what each neuron does is determined extrinsically, by its inputs; hence neurons are not free, just like transistors are not. Moreover, ontological reductionism leads us to believe that ultimately all there is are neurons; hence none of us, being constituted of neurons, is free, just like a digital computer is not free. In this scenario, consciousness and conscious decisions are inevitably epiphenomenal: they merely “go along for the ride” but have no causal role to play, as the neurons do all the causal work (ref). If we look at the brain this way, it does not seem to be fundamentally different from any other machine, say a digital computer running a simulation, except that the elements that update their state are neurons rather than transistors. In both cases, we envision a machine “going through its motions”, which leaves no room for free will. As was argued above, however, there is much more to the neural substrate of consciousness than just neurons and their extrinsic determinants: if we adhere to maximally irreducible cause-effect power as the criterion for existence, what exists when we make a conscious choice is a rich conceptual structure, involving much more than first-order causation by individual neurons. Moreover, the cause-effect power is exerted intrinsically, rather than extrinsically: it is not the extrinsic inputs to each neurons that make things happen, but the conceptual structure acting upon itself. In summary, when I deliberate and make a decision, what exists and causes the decision is my own consciousness – nothing less and nothing more, and the decision is free because it has been brought about by intrinsic causes and effects. By contrast, when a digital simulation of my neurons unfolds, even if it leads to the same behavior, what exists are just individual transistors, whose individual choices are determined extrinsically: there is no consciousness, no intrinsic causation, and therefore no free will.

 
Finally, it is often suggested that one’s will can be free only if one might have acted otherwise – the so-called requirement for alternative possibilities. But according to IIT, determinism is the friend, not the foe of free will, since any indeterminism reduces cause-effect power and therefore reduces free will. Said otherwise, if I were to find myself in the same exact situation, I would want to choose in exactly the same way, since in this way the choice would not be left to chance, but would be fully determined by me - a “me” that includes the full richness of my consciousness – my understanding, my memories, and my values.


 
We see that Tononi, like his close colleagues Gerald Edelman, Christof Koch, and Daniel Dennett, is a compatibilist. He is also a reductionist and determinist.


He accepts the standard argument against free will. We are not free to do otherwise in the "exact same situation." There are no alternative possibilities.



  IIT and the I-Phi Experience Recorder and Reproducer

 The fundamental hypothesis of the ERR is the extension of Donald Hebb's insight that "neurons that fire together will wire together " to say "neurons that have been wired together will fire together."  And this hypothesis was published in 2008 by Tononi in the Proceedings of the National Academy of Sciences ("A BOLD window into brain waves." PNAS (41) 15641-15642)
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Libb Thims

Libb Thims is an American electrochemical engineer who is building the extraordinary web-based Encyclopedia of Human Thermodynamics at EoHT.info.  This valuable knowledge base on the work of hundreds of scientists, engineers, and philosophers he calls the "Hmolpedia" (a human molecule encyclopedia).
 
He is a prolific writer and has published several books exploring his hypothesis that chemical thermodynamics can be used to explain many aspects of human life. His two-volume Human Chemistry explores the relationship between chemical bonding and sexual bonding, a scientific look at the popular idea that "love is a chemical reaction."



His slim and highly readable 2008 volume The Human Molecule contains a valuable history of the idea that a human being can be reduced to its chemical contents. He tells us of many great thinkers who explicitly describe humans as molecules, including Hippolyte Taine, Vilfredo Pareto, Henry Adams, Teilhard de Chardin, and Charles Galton Darwin.

In 2010 Anthony Cashmore, a plant biologist and member of the National Academy of Sciences, described animals, including human beings, as a "bag of chemicals" entirely determined by the laws of physics and chemistry. He says, "we live in an era when few biologists would question the idea that biological systems are totally based on the laws of physics and chemistry."  Like Thims, Cashmore sees the biological basis of human behavior as chemistry.


Back in 2002, Thims began using tables of the amounts of various chemical elements in a typical adult human to write the chemical formula for his "human molecule." He came up with this formula with 26 elements. The subscripts are read as e27, etc.

[image: image-placeholder]


Thims hopes to describe relationships between humans in terms of chemical thermodynamics, particularly the sexual relation in which a man and woman produce a child. He writes...



AB + CD → A≡C + BD

"where A is the man, C is the woman, B and D are germ cells (sperm and egg, respectively), A≡C is the man and women chemically “bonded” in a relationship or marriage, and BD is the new child or sperm and egg chemically fused."



He says that as of 2006,he was forced


"to write a basic treatise on (a) human chemical reaction theory and (b) human chemical bond theory, as reaction models and bond are basic components in the starting point inf the science of chemical thermodynamics."

"before anyone can even attempt to write a basic book on “human chemical thermodynamics”, as I am attempting now to do (see: pdf), reaction models and bond models have to be established first, not to mention one has to establish what a human is, from the chemical thermodynamic viewpoint (hence the 2008 Human Molecule booklet)." 



Thims is a strong determinist who  denies the existence of ontological chance. As a consequence, he also denies human free will. He is an exponent of what he calls "smart atheism." He wrote this extensive web page on himself.


Trained as a chemical engineer, Thims is greatly bothered by scientists and others who make a connection between thermodynamics and "information  theory" beginning with Claude Shannon, who called his formula for information "entropy" at the suggestion of John von Neumann, because the formula for Ludwig Boltzmann's statistical mechanical entropy had the same mathematical form, and both were summations over the probabilities of various states of a system.



Thims and Shannon's "Bandwagon"


Thims says there is nothing in information theory that is thermodynamics. Shannon himself was embarrassed by the many thinkers who jumped on what he called the "bandwagon" of information theory.

Thims has researched hundreds of examples of writers who assert the lack of connections between classical phenomenological thermodynamics, with laws that are relations between macroscopic variables, pressure, volume, temperature, chemical potentials, etc., and information theory, which is the mathematical theory of communications.


Thims says: "The equations used in [Shannon's] communication theory have absolutely nothing to do with the equations used in thermodynamics."  That is true. Classical chemical thermodynamics HAS NOTHING TO DO with information theory.  He is right.


Thims sometimes add that statistical mechanics has nothing to do with information theory. That is not true.


To make sense of this, we should not be comparing information to Carnot-Clausius classical thermodynamics, which has no concept of multiple possibilities with different probabilities, and the "logarithm of probabilities" that became entropy in the statistical mechanics of Boltzmann and Gibbs. Statistical mechanics has a LOT TO DO with information theory.


Boltzmann entropy and Shannon entropy have different dimensions (S = joules/degree, I = dimensionless "bits"), but they share the "mathematical isomorphism" of a logarithm of probabilities.


Boltzmann entropy: S = k ∑ pi ln pi.        Shannon information: I = - ∑ pi ln pi.


They both depend on the reality of "chance" and indeterminism that Albert Einstein showed is part of quantum mechanics ten years before Werner Heisenberg's "uncertainty." 


Boltzmann entropy and Shannon entropy are both based on ontological chance, which Albert Einstein discovered 1916. He seriously disliked it, but showed that quantum mechanics could not do without it. 


As Thims claims in a lengthy (120-page) article Thermodynamics ≠ Information Theory, Sadi Carnot's phenomenological entropy has nothing to do with Shannon's information communication entropy. 


Thermodynamic entropy involves matter and energy, Shannon entropy is entirely mathematical, on one level purely immaterial information, though information cannot exist without "negative" thermodynamic entropy.


It is true that information is neither matter nor energy, which are conserved constants of nature (the first law of thermodynamics). But information needs matter to be embodied in an "information structure." And it needs ("free") energy to be communicated over Shannon's information channels.


Boltzmann entropy is intrinsically related to "negative entropy." Without pockets of negative entropy in the universe (and out-of-equilibrium free-energy flows), there would no "information structures" anywhere.


Pockets of negative entropy are involved in the creation of everything interesting in the universe. It is a cosmic creation processwithout a creator.

Annotated version of Thims' Thermodynamics ≠ Information Theory



[image: image-placeholder]

Source: https://www.informationphilosopher.com/solutions/scientists/thims/





  
  Max Tegmark
  

  


  
  Home › Solutions › Scientists › Tegmark
Max Tegmark

Max Tegmark is a professor of physics at MIT specializing in cosmology. He has dramatically extended Hugh Everett, III's theory of many worlds to describe four possible levels of what Tegmark calls the "multiverse."

Like many mathematical physicists, he thinks the universe "Is" mathematics. His popular 2014 book is called Our Mathematical Universe..


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=GzCvlFRISIM


Tegmark thinks consciousness is a mathematical pattern.



The Four Levels of the Multiverse


A Level I multiverse is based on the infinite nature of our universe (as was David Layzer's). 

They are both close to the "possible worlds" of philosopher David Lewis, who said any possible world must exist somewhere.


There is room in an infinite universe for an infinite number of merely "observable" universes like ours, which has a finite distance to our "horizon," beyond which we will never see. 


Tegmark's Level I also depends on Alan Guth's theory of an inflationary origin of our universe and the so-called "eternal inflation" of other "universes." The law of physics and the natural constants are the same in all these Level I "universes." But different universes may have different histories. 

The idea of another universe with a "doppelganger" of Tegmark (or Layzer) who up until a certain moment in time is identical, but then does something different is mathematically absurd.


A Level II multiverse changes the fundamental laws and constants of physics to be merely "effective laws" that can vary from place to place. Fine-tuning may provide evidence for Level II.


A Level III multiverse is based on Hugh Everett's basic idea that the quantum wave function never collapses. Possibilities do not exist. Randomness is only an illusion.


A Level IV multiverse includes universes that have different fundamental laws of physics.


All the other "universes" in our Level I multiverse are completely and forever unobservable (by definition).


All multiverses above Level I violate the cosmological principle, that laws of nature, physical constants are identical everywhere. Layzer's "strong cosmological principle" assumes that statistical properties are the same everywhere. "Eternal inflation" denies that.


 Definitions of Tegmark's Multiverse Terminology.


	
Physical Reality
	
Everything that exists; Tegmark says this equals the Level IV multiverse

	
Space
	
The part of physical reality that’s continuously connected to what we can observe; with eternal inflation, this equals the Level II multiverse

	
Our Universe
	
The part of physical reality we can in principle observe; quantum complications aside, this is the spherical region of space from which light has had time to reach us during the 14 billion years since our Big Bang

	
Parallel Universe
	
A part of physical reality that can in principle be observed from somewhere else but not from here—parallel universes are not a theory, but a prediction of certain theories

	
Multiverse
	
A collection of universes

	
Level I Multiverse
	
Distant regions of space that are currently but not forever unobservable; they have the same effective laws of physics but may have different histories

	
Level II Multiverse
	
Distant regions of space that are forever unobservable because space between here and there keeps inflating; they obey the same fundamental laws of physics, but their effective laws of physics may differ

	
Level III Multiverse
	
Different parts of quantum Hilbert space; same diversity as Level II

	
Level IV Multiverse
	
All mathematical structures, corresponding to different fundamental laws of physics

	
Fundamental Laws
	
The mathematical equations that govern physics

	
Effective Laws
	
Particular solution to the mathematical equations that describe physics; can be mistaken for fundamental laws if the same solution is implemented throughout universe

	
Fine-Tuning
	
Physical constants in the effective laws having values in a very narrow range allowing life; observed fine-tuning is arguable evidence for the Level II multiverse
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Peter Tse


   Peter U. Tse is a cognitive psychologist and neuroscientist at Dartmouth who argues for a novel form of mental causation that he calls "criterial causation."

The idea is that large numbers of neurons (a complex of cells or "cell assembly") are likely to be involved in even the simplest thoughts and actions. Tse argues that the brain may be able to modify dynamically the probabilities that individual neurons are "firing." He calls this "dynamical synaptic reweighting." 


Since the process by which a pre-synaptic neuron releases chemical neurotransmitters into the synaptic cleft is a statistical one (large numbers of neurotransmitter molecules must diffuse across the cleft to activate ion channel receptors on the post-synaptic neuron), Tse says that there is some ontological randomness in the process. He argues that this is real "ontological" indeterministicchance, quantum mechanical in origin.


How exactly such weights or probabilities of firing might work is not understood, but Tse argues that weights would constitute "informational" criteria as opposed to being simply physical. They could represent mental events that supervene on the physical brain events.


Tse accepts the Basic Argument of philosopher Galen Strawson, that we are not free to change the way we are at any moment, that we cannot be "causa sui." But since ontological randomness can dynamically reassign weights to the synapses, we can change mental events in the future. He says:


The central argument against the possibility of free will rests on the impossibility of self-causation. [Strawson's] basic argument does not follow, given a degree of randomness in neural spike timing and given neural criterial causation, as follows: Physically realized mental events can change the physical basis not of themselves in the present, but of future mental events. How? By triggering changes in the physically realized informational/physical criteria for firing that must be met by future neuronal inputs before future neuronal firing occurs that realizes future mental events. Such criterial causation does not involve self-causation.

   

Tse describes the requirements for a "strong" free will that resembles the requirements for two-stage models of free will, but he does not think of criterial causation as a two-stage model.


In order to have a free will in the strong sense, there must be (a) multiple courses of physical or mental behavior open to us, (b) we must really be able to choose among them, (c) we must be or must have been able to have chosen otherwise once we have chosen, and (d) the choice must not be dictated by randomness alone, but by us.


A strong conception of free will is not compatible with either predetermined or random choices because in neither case do we decide which alternative to actualize from among many that might have been selected.


Criterial causation gets around the causa sui argument against both mental causation and free will by having neurons alter the physical grounds, not of present mental events, but of future mental events.


     Self-causation only applies to changing the physical basis of making a present decision that is realized in or supervenes on that very same physical basis. Self-causation does not apply to changing the physical basis of making a future decision. While there can obviously never be a self-caused event, criteria can be set up in advance, such that when they are met, an action automatically follows; this is an action that we will have willed to take place by virtue of having set up those particular criteria in advance. At the moment those criteria are satisfied at some unknown point in the future, leading to some action or choice, those criteria cannot be changed, but because criteria can be changed in advance, we are free to determine how we will behave within certain limits in the near future. Criterial causation therefore offers a path toward free will where a brain can determine how it will behave given particular types of future input. This can be milliseconds in the future or, in some cases, even years away.


Assuming indeterminism, criterial outcome is an outcome that meets certain preset criteria, but what that outcome will be is not foreseeable, and had we run the sequence of events over from the same initial conditions, with the same criteria, we may have ended up with a different outcome, because of noise in the system.


Criterial causality therefore leaves room for non-illusory choice that is a middle path between the extremes of (a) determinism, where there is no ability to choose freely in the strong sense because there is never the possibility of an alternative action, and (b) criteria-less indeterminism, where arbitrary choices follow from randomness rather than from criteria one sets up oneself.


Free will skeptics might counter that the setting up of any set of criteria to be met by future inputs is itself determined by preexisting sets of criteria that have been met. This is in fact correct. The key point is that criteria will be met in unpredictable ways if there is inherent variability or noise in inputs, such as can be introduced by the randomness inherent in neurotransmitter molecules crossing the synapse. Just because new criteria are set up by a nervous system in a manner dictated by the satisfaction of preexisting criteria does not mean that either the future or present criteria will be met in a predetermined manner. Moreover, because our neurons set criteria for the firing of other neurons in response to their future input, the choices realized in the satisfying of those criteria are our own choices. Ontological indeterminism and neuronal criterial causation permits a physical causal basis for a strong free will.






This is the 
standard argument
against free will

  
Tse compares his work to traditional two-stage models, but thinks of his criterial causation as having three stages: 


     The present view is a type of incompatibilist physicalist libertarianism. Its closest relatives are found in Jamesian two-stage models of free will, where a first stage alternative possibilities for action or thought are generated in part randomly, and in a second, subsequent stage, an adequately determined volitional mechanism, where chance is no longer a factor, evaluates and selects the optimal option. James, Popper and others viewed the process as akin to a Darwinian two stage process, where indeterminism in the microscopic domain at the level of genetic reshuffling and mutation is amplified into variability at the level of animal traits, which is then selected among via natural and sexual selection. James and his followers have described the first process as one in which multiple alternative ideas or plans for action are generated in part randomly, and the second stage as one where a will or rational faculty selects from among these possibilities. The present view differs from the traditional Jamesian view in that multiple ideas are not generated, and the selecting faculty is not rational and is not the will, but is instead a postsynaptic neuron. That is, instead of modeling possibility generation and selection at the level of ideas, here the focus is on what happens at the neuronal level. The present view might more profitably be thought of as a three stage model, where (1) in the first stage new physical/informational criteria are set in a neuron or neuronal circuit on the basis of preceding physical/mental processing, including volitional processing, and (2) in the second, later stage inherently variable and therefore indeterministic presynaptic inputs arrive at the post-synaptic neuron, and (3) in the third, later stage physical/informational criteria are met or not met, leading to post-synaptic neural firing or not. Randomness can enter at stage (1)’s resetting of synaptic weights, or in (2)’s presynaptic inputs, but in (3) the threshold for firing is met or not met.

      A central argument against the logical possibility of either mental causation or free will has been the impossibility of self-causation: Because mental events, including acts of willing, are realized in or supervene on physical events, they cannot alter the physical events in which they are presently realized or on which they supervene. The central thesis argued here is that physically realized mental events can change the physical basis of future mental events by triggering changes in the physical/informational criteria that must be met by future presynaptic inputs before future neuronal firing occurs. While this process of dynamic resetting of synaptic weights (= resetting of physical/informational criteria for firing) could operate deterministically, if neural processes can amplify were indeterministic, then criteria could be met non-deterministically. Assuming ontological indeterminism, criterial causation permits downward mental causation and free will because neurons can set up criteria for future action potential release which, once satisfied, lead to non-determined, yet self-selected future actions that harness inherent variability in neuronal responses to generate novel solutions that meet the criteria that were set. 




Tse believes that neuroscience has been biased by a kind of dogma about neuronal causation that has hampered understanding of mental causation. That traditional view has been that neuronal causation is tantamount to action potentials triggering action potentials. But that is only half the story. The other half is that an action potential can 'rewire' the synaptic weights on a post-synaptic cell without necessarily making it fire. This effectively changes both the connectivity of a neuron in the sense that different inputs might now make it fire than before rapid synaptic resetting, and it potentially changes the informational criteria that must now be met to make the post-synaptic neuron fire.


The Neural Basis of Free Will


In March 2013, MIT Press published Tse's book, The Neural Basis of Free Will: Criterial Causation. In it he argues that criterial causation provides a model for getting around both Galen Strawson's Basic Argument against free will and Jaegwon Kim's logical argument against a non-reductive physicalism and the possibility of mental causation.

Tse defines four "very high demands" of a "strong conception of free will"


I argue that it is possible to be a physicalist and
ontological indeterminist and adhere to a strong conception of free will.
A strong free will requires meeting some very high demands. We must have
(a) multiple courses of physical or mental behavior open to us; (b) we must
really be able to choose among them; (c) we must be or must have been
able to have chosen otherwise once we have chosen a course of behavior;
and (d) the choice must not be dictated by randomness alone, but by us.
This seems like an impossible bill to fill, since it seems to require that acts
of free will involve acts of self-causation. The goal of this chapter is to
describe a way to meet these demands, assuming ontological indeterminism and criterial causation among neurons, that does not fall into the 
logical fallacy of self-causation.



We agree with Tse, and can add some comments and specifics to each of his four demands.

	
(a) multiple courses of physical or mental behavior open to us;	
These must be alternative possibilities that were not pre-determined, some indeterminism is involved in their generation.
	
(b) we must really be able to choose among them;	It's not clear what "really" adds to the choice in (c), and (d).

	
(c) we must be or must have been
able to have chosen otherwise once we have chosen a course of behavior;

	Having been able to choose otherwise is a consequence of (a) alternative possibilities and (b) we must be able to choose. 

	
and (d) the choice must not be dictated by randomness alone, but by us.
	
Our choice must be adequately determined and "up to us," as Aristotle and Epicurus insisted. Randomness must be limited to (a), enabling our choosing otherwise in (c).



Tse argues that criterial causation allows neurons in the present to alter the physical realization of future mental events in a way that escapes the problem of self causation, namely Galen Strawson's Basic Argument, which Tse thinks has been at the root of basic criticism of the possibility of free will and mental causation.


Let's look closely at Tse's three stages:


	
      (1) in the first stage at t1 new physical/informational criteria are set in a neuron or neuronal circuit on the basis of preceding physical/mental processing, including volitional processing, in part via a mechanism of rapid synaptic resetting that effectively changes
the future inputs to a postsynaptic neuron;
    	
      Randomness plays a role here, so resetting the future synaptic weights is not completely "up to us," which was Tse's demand (d) for strong free will.
    
	
      (2) in the second stage at
later time t2, inherently variable presynaptic inputs arrive at the postsynaptic neuron;
    	
      Randomness is also here. 
    
	
      (3) in the third, later stage at t3 physical/informational
criteria are met or not met, leading to postsynaptic neural firing or not.
    	
      Note that the conditions in the world (the alternative possibilities) at time t3 may be very different from those at t1, requiring a different response than one that was appropriate at t1. And because the weights set at t1 were random, the "physical realization of future mental events" is not adequately determined. We do not make the choice at t3.
    


Let's compare Tse's three stages to the traditional two stages of our Cogito model. First the "free" generation of alternative possibilities, involving indeterminism. Second the adequately determined "will" evaluates and selects one of the possibilities. Or we may recursively go back to "think again" before the final decision. 

[image: image-placeholder]

Note that the two-stage model also circumvents Galen Strawson's Basic Argument. 
It separates the "free" stage of generating possibilities (t1) from the evaluation (t2) and selection "will" stage (t3). 



Tse on Creativity


Tse is correct that ontological indeterminism (in the form of "noise" in the neural system) is a critical ingredient of both free will and creativity. Tse's description of the creative process appears to be in two stages, the first indeterministic and the second adequately determined and "up to us." He describes the process going on when Mozart composes his music.

Any criterial outcome will meet the criteria preset by a given
brain and so will be an outcome that is satisfactory to that brain and
caused by that brain, but it will also not be a unique solution predetermined by that brain or coerced upon that brain by external forces. Imagine,
for example, Mozart trying to generate a musical sequence that sounds happy.
Some part of his brain, perhaps a working-memory area like the
dorsal lateral prefrontal cortex, defines criteria that a melody would have
to meet in order to sound happy. Various cascades of criterial satisfaction
are met that result in possible sequences that might meet the happiness
criteria. 

These are "presented" to Mozart's executive system, and it either
accepts them or rejects them, whereupon lower level systems continue to
generate possible solutions to the problem.  Of course, whatever eventually
is accepted by him as adequate will sound to us like Mozart, because it
satisfied the criterial decoding schemes that were unique to his brain.
However, if we had "rewound the clock," a different solution to the
problem might have been reached than the one that was reached, because
of noise in the system. None of his pieces of music was predestined to
sound as it did, and each piece could have turned out otherwise, although
any piece that met his criteria would have sounded like a piece by Mozart.
He could not help but have his style because he could not help but instantiate criteria that would satisfy Mozart, because he was Mozart, with his nervous
system. Criterial causal systems, like Mozart's brain, can thus
harness randomness to generate novel and creative solutions. His lower-level executive systems generated various sequences that met the criteria
for happiness that his executive decision to generate a happy melody
had set in place. 

Note that the second "will" stage can reject the alternative possibilities generated so far, and, time permitting, can ask the first "free" stage to 
"think again." 


When solutions were presented for executive
consideration, his executive system could then further edit these solutions,
or reject them, invoking the further generation of possible solutions 
that might meet the criteria set for a happy melody. Indeed, this editing of, selection among, and invoking of solutions to problems appears to be a central function of the executive subsystems of the frontal lobes...
 

Mozart's executive system was free to reject
or modify possible solutions generated by his lower-level systems that met
his criteria for a musical sequence that sounds happy. This is an open-ended process that can go through countless iterations. Because of noise in the
system, the outcome of this process is not predetermined. It is also
not random. Any outcome will have met Mozart's criteria, so will inevitably end up sounding like Mozart and no one else. Thus, although Mozart was
not free to preset criteria that belonged to Bach, what his nervous
system would create was not foreseeable, in principle, to him or anyone
else. Yet, what he ended up composing was shaped by his nervous system alone 
to meet criteria preset by his nervous system.


Criterial causation permits a degree of self-determination that
meets the high standards demanded of a strong free will described in §7.1,
without permitting, of course, a causa sui free will, which is impossible. To reiterate, for us to have a strong free will, multiple courses of physical or
mental behavior must be open to us, we must really be able to choose from
among them, we must have been able to have chosen otherwise once we
have chosen, and the choice must be dictated not by randomness but by us.
Returning to our example, Mozart's brain can generate numerous
musical sequences that meet his preset criteria for a happy melody, and
his executive circuitry can choose from among these on the basis of the
degree to which these criteria are met, or on the basis of other criteria
realized in his nervous system. Because of noise in the system, there is no
guarantee that he would choose the same sequence as the best one if we
could "rewind" him in time and play the sequence over. The same musical
sequences might not even be generated for executive consideration by the
lower-level systems because they in turn generate possible solutions by
setting criteria on their own lower-level inputs, and so on. Such hierarchies
of critical selection can, even at the lowest level, harness noise for the
generation of novel solutions to problems posed by higher levels in the
system. However, the choice is not dictated solely by randomness, but, in the
present example, by criteria that Mozart's nervous system set up to
solve the problem of finding a happy melody. This meets all the stringent
conditions required of a free will described in §7.1, without falling into
the trap of a causa sui free will (§7.4).
 




As William James said, ideas "present themselves" to the will. The adequately determined choice is when we "grant consent" to one of the "alternative possibilities."



Tse's BBC Videos

The Strange Idea That We Are Not in Control of Our MindsThe Physics That Suggests Our Future Is Set in Stone
What's the Point of Having Free Will?
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Richard Tolman

Richard C. Tolman was a physical chemist and a mathematical physicist at the California Institute of Technology (Caltech) who made important contributions to statistical mechanics and theoretical cosmology. 


In the 1920's Tolman applied the new quantum mechanics to statistical mechanics and Albert Einstein's general relativity to cosmology.


In the Proceedings of the National Academy of Sciences in 1925 Tolman described a new postulate circulating among physical chemists concerning the "detailed balancing" of chemical reactions. He called it the principle of microscopic reversibility.


In recent years increasing use has been made of a new postulate which
perhaps cannot yet be stated in its final form, but which requires in a
general way in the case of a system in thermodynamic equilibrium not only
that the total number of molecules leaving a given state in unit time shall
on the average equal the number arriving in that state in unit time, but
also that the number leaving by any particular path shall on the average
be equal to the number arriving by the reverse of that particular path,
thus excluding any cyclical maintenance of the equilibrium state. The
writer has ventured to name this postulate the principle of microscopic
reversibility.


Tolman cited Irving Langmuir's remark in 1916,


"Since evaporation and condensation are in general thermodynamically
reversible phenomena, the mechanism of evaporation must be the exact reverse
of that of condensation, even down to the smallest detail."
ibid., 



He also saw Einstein's 1917 analysis of the absorption and emissions of photons as examples of balancing microscopic processes with their reverse process. 


In 1917, Einstein, as a necessary step in his famous deduction of the
Planck radiation law, considered a molecule capable of existing in different
quantum states in equilibrium with radiation, - and taking a given pair of
the quantum states Sm and Sn (ϵν > ϵm), equated the number of molecules passing from state Sm to state Sν by the absorption of a quantum
hv = ϵν - ϵm with the number passing in the reverse direction through
the emission of a quantum of the same frequency. He thus used the
principle of microscopic reversibility without, however, making any explicit
statement of it.
ibid., p.437



But Tolman apparently did not notice that Einstein's analysis had concluded that the quantum emission process is not time-reversible. Or perhaps for chemical reaction detailed balancing, it is enough that every individual absorption is balanced by an emission? Tolman was not claiming that chemical reactions are time reversible, as modern physicists are mistakenly claiming while using Tolman's original principle of microscopic reversibility.


Tolman's microscopic reversibility for a physical chemist is just the detailed balance at the level of chemical processes and not the specific photon emission processes in which Einstein discovered ontological chance and time irreversibility that can explain Ludwig Boltzmann's "molecular disorder" assumption.


Just a year after Tolman's work, Erwin Schrödinger developed his equation for the quantum wave function and showed that the probability amplitude wave function evolves time reversibly and deterministically. 


That has led several theorists to claim that quantum statistical mechanics is just as time reversible as classical statistical mechanics, notably in the quantum mechanics textbooks of David Bohm, Albert Messiah, and Landau and Lifshitz.



The Principle of Microscopic Reversibility


Source: https://www.informationphilosopher.com/solutions/scientists/tolman/
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C. S. Unnikrishnan

In 2004, C.S.Unnikrishnan of the Tata Institute of Fundamental Research in Mumbai, India proposed that the conservation law of angular momentum can correlate measurements of entangled electrons, explaining the perfect correlations of entangled particles, without the faster-than-light interactions-at-a-distance or "hidden viable" often invoked to explain nonlocaiity.


Unnikrishnan wrote


I derive the correlation function for a general theory of two-valued spin variables that satisfy the fundamental conservation law of angular momentum. The unique theory-independent correlation function is identical to the quantum mechanical correlation function. I prove that any theory of correlations of such discrete variables satisfying the fundamental conservation law of angular momentum violates the Bell’s inequalities. Taken together with the Bell’s theorem, this result has far reaching implications. No theory satisfying Einstein locality, reality in the EPR-Bell sense, and the validity of the conservation law can be constructed. Therefore, all local hidden variable theories are incompatible with fundamental symmetries and conservation laws. Bell’s inequalities can be obeyed only by violating a conservation law. The implications for experiments on Bell’s inequalities are obvious. The result provides new insight regarding entanglement, and its mea- sures 


In 2025, Unnikrishnan published "Information versus physicality: on the nature of the wave function of quantum mechanics.,  in which he wrote...


I derive the correlation function for a general theory of two-valued spin variables that satisfy the fundamental conservation law of angular momentum. The unique theory-independent correlation function is identical to the quantum mechanical correlation function. I prove that any theory of correlations of such discrete variables satisfying the fundamental conservation law of angular momentum violates the Bell’s inequalities. Taken together with the Bell’s theorem, this result has far reaching implications. No theory satisfying Einstein locality, reality in the EPR-Bell sense, and the validity of the conservation law can be constructed. Therefore, all local hidden variable theories are incompatible with fundamental symmetries and conservation laws. Bell’s inequalities can be obeyed only by violating a conservation law. The implications for experiments on Bell’s inequalities are obvious. The result provides new insight regarding entanglement, and its measures, 


He also writes...
 

The question whether a wavefunction that represents a quantum
physical state has an ontological existence in space and time (labelled
an “ontic” state by some authors), or whether it represents
merely the state of an observer’s knowledge about a physical state,
and hence only of an “epistemic” status, has been debated since
Schrödinger’s influential review paper in 1935 [1]. Schrödinger
discussed in detail the difficulty of ascribing an ontological status
to the wavefunction, forcing the “rejection of realism”, and he
considered an interpretation of the wavefunction as “a catalogue of
expectations”. In the initial era of quantum mechanics, there was a
belief that a wavefunction had a physical existence, expressed as the
wave-particle duality of matter. However, this belief waned quickly,
because such an interpretation could not be maintained consistently,
especially for multi-particle wavefunctions [1–3]. (The
naive and inaccurate identification of the wavefunction with a real
‘matter-wave’ in space is still widespread, though). 

The question whether a ψ-function is physically real or not is
factually irrelevant for any calculation or quantitative prediction
of the quantum theory, because the axioms of the theory as well
as the well defined mathematical formalism to obtain the observable
statistical results are entirely independent of this consideration
[3, 4]. However, a physical understanding of the theory and a
causal explanation of quantum phenomena are admittedly related
to unravelling the nature of ψ-functions.



Unnikrishnan's references 3,4 are to John von Neumann and P.A.M.Dirac.


Another of Unnikrishnan's recent papers has shown that von Neumann's 1932 "impossibility proof" against "hidden variables" was not as mistaken as claimed by Grete Hermann and years later by John Bell.


Unnikrishnan's position that the wavefunction does not have a "physical existence" is consistent with our view that 
  Ψ
 is pure information, providing precise knowledge about future experimental outcomes. The wave function is the mathematical solution of Erwin Schrödinger's wave equation. It allows us to calculate the values of physical quantities with extraordinary precision, unparalleled in other sciences.


But just how the immaterial wave can influence the positions of material particles remains a mystery, indeed what Richard Feynman famously called the only mystery in quantum mechanics. It's always the same phenomenon as the two-slit experiment, Feynman said, and there simply is no physical mechanism that can explain it.


Unnikrishnan says that the powerful idea of wave-particle duality misled many physicists to think the wave must be physical and material. He says "ψ-functions [are] an element for calculations and predictions, with no further assumption or speculation about underlying physical states that are totally irrelevant for quantitative quantum mechanical calculations." (Information vs. Physicality. p.4))


Long before Feynman, P.A.M.Dirac 's 1930 Principles of Quantum Mechanics cautioned newcomers to quantum theory (like me in the 1960's) not to imagine there would be classical mechanical explanations.  


Nevertheless, the prominent physicist David Bohm in the 1950's proposed a fast-than-light quantum potential function whose gradient was the force that moves particles into the positions on the screen behind the open two slits.  And some such "hidden variable" was at work in two-particle quantum entanglement, Bohm claimed. Followers of "Bohmian Mechanics" believe that the universe has been shown to be completely deterministic, as they think Albert Einstein really wanted (he didn't).


Returning to Unnikrishnan's strong defense of conservation principles. It is rarely argued that Einstein, Podolsky, and Rosen were using conservation of linear momentum to know instantly the position (or momentum) of the other particle when they measured the first particle, just as David Bohm in 1952 and John Bell in 1964.


In an important article written before Bell's Theorem paper, Eugene Wigner in 1963 cited the conservation of both linear momentum and angular momentum. Wigner wrote


If a measurement of the momentum of one of the particles is carried out — the possibility of this is never questioned — and gives the result p, the state vector of the other particle suddenly becomes a (slightly damped) plane wave with the momentum -p. This statement is synonymous with the statement that a measurement of the momentum of the second particle would give the result -p, as follows from the conservation law for linear momentum. The same conclusion can be arrived at also by a formal calculation of the possible results of a joint measurement of the momenta of the two particles.

One can go even further: instead of measuring the linear momentum of one particle, one can measure its angular momentum about a fixed axis. If this measurement yields the value mℏ, the state vector of the other particle suddenly becomes a cylindrical wave for which the same component of the angular momentum is -mℏ. This statement is again synonymous with the statement that a measurement of the said component of the angular momentum of the second particle certainly would give the value -mℏ. This can be inferred again from the conservation law of the angular momentum (which is zero for the two particles together) or by means of a formal analysis. 



Conservation laws are the consequence of extremely deep properties of nature that arise from simple considerations of symmetry. We regard these laws as "cosmological principles." Physical laws do not depend on the absolute place and time of experiments, nor their particular direction in space. Conservation of linear momentum depends on the translation invariance of physical systems, conservation of energy the independence of time, and conservation of angular momentum the invariance under rotations. Conservation laws are the consequence of symmetries, as explained by Emmy Noether.


The Bohm version of the EPR experiment starts with two electrons (or photons) prepared in an entangled state that is a mixture of two-particle states, each of which conserves the total angular momentum and, of course, conserves the linear momentum as in Einstein's original EPR example. This information about the linear and angular momenta is established by the initial state preparation.


Quantum mechanics describes the probability amplitude wave function 
  
    Ψ
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 of the two-particle system as in a superposition of two-particle states. It is not a product of single-particle states, and there is no information about the identical indistinguishable electrons traveling along distinguishable paths. With slightly different notation, we can write equation (1) as 
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The probability amplitude wave function 
  
    Ψ
    
      12
    
  
 travels away from the source (at the speed of light or less). Let's assume that at 
  
    t
    
      0
    
  
 observer A finds an electron (e1) with spin up.


At the time of this "first" measurement, by observer A or B, new information comes into existence telling us that the wave function 
  
    Ψ
    
      12
    
  
 has "collapsed" into the state | 1+2- > 
(or into | 1-2+ >). Just as in the two-slit experiment, probabilities have now become certainties, one possibility is now an actuality. If the first measurement finds a particular component of electron 1 spin is up, so the same spin component of entangled electron 2 must be down to conserve angular momentum.


And conservation of linear momentum tells us that at 
  
    t
    
      0
    
  
 the second electron is equidistant from the source in the opposite direction.  

As with any wave-function "collapse", the probability amplitude information changes (it does not "travel" anywhere). Nothing really "collapses." Nothing is moving. Only information is changing.


If the measurement finds an electron (call it electron 1) as spin-up, then at that moment of new information creation, the two-particle wave function collapses to the state | +- > and electron 2 "jumps" into a spin-down state with probability unity (certainty). The results of observer B's measurement at the same or a later time 
  
    t
    
      1
    
  
 is therefore determined to be spin down. 


Notice that Einstein's intuition that the result seems already "determined" or "fixed" before the second measurement is in fact correct. The result is determined by the law of conservation of momentum.


Note the quantum mechanics claim that the particular spin values did not exist is also correct. Which of the two-particle quantum states | +- > or | -+ > occurs is completely random. It is the result of "Nature's choice," as Paul Dirac described it. 


Note also that before the measurement the two-particle wave function was rotationally symmetric, with no preferred angular direction. The preferred angle comes into existence as a result of what Werner Heisenberg called the "free choice" of the experimenter.


This choice of measurement angle breaks the rotational symmetry of the two-particle wave function. As Erwin Schrödinger described it to Einstein in his 1935 response to the EPR paper, the measurement disentangles the particles and projects the pure-state superposition into a mixed-state product of single-particle wave functions, either +- > or | -+ >.


The joint property of conserved total spin zero is true for either  +- > or | -+ >. 



Source: https://www.informationphilosopher.com/solutions/scientists/unnikrishnan/
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Jakob Johann von Uexküll founded the discipline of biosemiotics, which was developed later by his son Thure von Uexküll and the Hungarian-American Thomas Sebeok.

Uexküll's greatest contribution to language and to biosemiotics was his concept of an Umwelt, which was developed by Sebeok and the philosopher Martin Heidegger

Uexküll's Umwelt corresponds to the range of communications around any living being. Umwelt roughly means an environment, with the implication that each living being experiences a limited part of the universe. It exchanges information only with neighbors to and from which signals are possible.
 
Umwelt combines the German prefix um, which means "around," with the German Welt, or world. 


The Umwelt of a living being is the surroundings which that being experiences. Uexküll said that the worlds all beings perceive, their Umwelten, are all different. This helps define their identities, which depend on their internal information structures as well as their relations and communications with others.


Today information philosophers know that signaling between living things and their environment is even true of their cellular components.  All organisms and their components are "aware" (have a proto-consciousness), in the sense they are communicating with, perceiving and signaling, other beings in their surroundings. 





Source: https://www.informationphilosopher.com/solutions/scientists/uexkull/
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Robert Ulanowicz

Robert E. Ulanowicz, a theoretical ecologist and philosopher, was a professor of theoretical ecology at the University of Maryland Center for Environmental Science, and now is in the Department of Biology at the University of Florida.


In 1987, with colleague B.M.Hannon, Ulanowicz published an article for the Royal Society titled "Life and the Production of Entropy." he wrote


It appears that living communities serve to augment the rate of entropy production over what it would be in the absence of biota...whether living sys- tems augment or diminish the rate of entropy production is an unresolved and highly intriguing question, as we hope to demonstrate.

The second law, in combination with the observed increase in order of living systems, implies that life increases the amount of entropy generated in the universe.

It is commonly accepted that living systems possess an inherent order. Order is a result of work. No work can be accomplished without the generation of even greater disorder (entropy). It is also widely held that species of organism evolve, and that the direction of evolution is predominantly (although not always) in the direction of greater order. Also, such order as exists in organisms must be continuously renewed at the expense of generating even more disorder...Hence, the very existence of order in life (and a fortiori its contingent nature) argues that life increases the amount of entropy being generated over what would otherwise appear in its absence.


Proc. R. Soc. Lond. B 232, 181-192 (1987)



In his 1997 book Ecology, The Ascendent Perspective, Ulanowicz introduces an index, or measure,  of processes in ecology describable as constraints in flow networks between "compartments." He writes...


[W]e define as the most indeterminate network of flows one in which each compartment contributes to and receives from all compartments in proportion to the fraction of the total system throughput [later TST]. The amount by which any given flow deviates from maximal indeterminacy defines its contribution to the information of the network under study... 

Summing all the contributions [from each flow] results in what is called the average mutual information (AMI) of the flow structure. AMI measures the average amount of constraint upon an ordinary quantum of currency in passing from one compartment to the next...

The resulting product of TST times the network AMI we call the "ascendency" of the system...


In the absence of overwhelming external disturbances, living systems exhibit a natural propensity to increase in ascendency.

                                                                                                          
In a recent work, Process Ecology: Making Room for Creation, Ulanowicz writes...


The laws of physics, because they are cast in terms of homogeneous
variables, fall short of determining outcomes in heterogeneous biological systems
that are capable of an immense number of combinatoric changes. The universal
laws are not violated and they continue to constrain, but specification of results
is accomplished instead by stable configurations of processes that develop in a
nonrandom, but indeterminate manner. The indeterminacy of physical laws puts
an end to Deist speculations and necessitates an alternative to the mechanical-reductionistic
metaphor for nature. An antithetical Heraclitan metaphysics, called
‘Process Ecology,’ entails a dialectic between centripetal creation and centrifugal
decay in which nature, humanity and the Divine can all potentially participate.
The dialectic can be quantified and tracked using information measures applied
to networks of processes to allow for the statement and testing of falsifiable
hypotheses. Creation no longer appears as an emergent enigma, but rather as a
core phenomenon of Process Ecology that allows for free will, Divine intervention,
intercessory prayer and a necessary tolerance for petty evil. No longer is
‘heat death’ the inevitable and only endpoint of the cosmos. Rather, the course of
the universe may include as well the production of ‘perpetual harmonies’ akin to
Teilhard’s ‘Omega Point.’

In the dialogue between science and religion many exchanges between physicists and theologians are aimed at papering over the yawning gap between their respective metaphysics, as though it does not exist. While biologists do enter the conversation, most do so as physicalists, believing that all sciences are derivative of physics. Physicists, of course, are delighted to encourage this belief—witness the opinion shared by Nobel Laureates Murray Gell-Mann and David Gross, who maintain that all causality originates from below and that there is nothing ‘down there’ but the laws of physics (Kauffman 2008).


Such nihilism is the trademark of those who deny the authenticity of anything theological. Encouraged by the absence of any violations of the four force laws of physics (strong and weak nuclear forces, electromagnetism and gravity), Carl Sagan and Hawking (1988) sought to seize the entire domain of metaphysics with their belief that ‘There is nothing left for a Creator to do.’ So cowed are many believers by the power of physics and the other sciences that even a believer like Hefner (2000) came to doubt that miracles can happen, lamenting that God ‘just doesn’t have enough “wiggle room”.’ Many who still pray have abandoned intercessory prayer in the Neo-Deist belief that God cannot act in a world totally ruled by the laws of science. Truly, a metaphysical chasm persists between physics and theology.



In his 2009 book, A Third Window; Natural Life Beyond Newton and Darwin,  Ulanowicz reviews "average mutual information (AMI)"


AMI is a measure of how well organized or determinate a 
configuration of relationships appears, as will be elaborated in
thee chapters that follow. The mathematical form of the mutual
information resembled a familiar quantity from thermodynamics called the Gibbs-Helmholtz free energy, which was consructed
to measure how much work a system could possibly
perform. The problem was that the AMI, coming as it did
from information theory, carried no physical dimensions; it 
could not indicate the size of the system to which it was
being applied. In order to maintain the parallel with thermodyamics,
I needed to impart the dimensions of work to the AMI.
Perhaps the simplest way of doing this was to scale (multiply) the
AMI by the total activity (sum of all flows [TST]) inherent in the ecosystem.

The resulting product I called the system's ascendency because
it represented the coherent power a system could bring to bear in
ordering itself and the world around it. Over the course of the
following two weeks, I tested how well the measure could mimic
various facets of organization. I was excited to discover that the
index nicely encapsulated almost all the major attributes that
Eugene Odum (1969) had used to characterize more "mature" or developed ecosystems. That is, increasing ascendency appeared
to descnbe quantitatively both the growth and development of
ecosystems. As it turned out, 1 finally had formulated a phenomenological statement around which to configure my accumulated renegade observations.


I soon became aware of my inability to devise any explanation
by which ecosystem development in the guise of increasing
ascendency could be explained fully in terms of the actions of
its individual parts. It gradually dawned upon me that the tenet
of increasing ascendency, like the second law before it, directly
 challenges the prevailing mechanical view of the world. My
readings in thermodynamics had alerted me to the fact that, in
any confrontation between phenomenology and theory, theory
remains at risk, until it can be otherwise supported. Having
not yet formulated a coherent theory to elucidate the rise of
ascendency, I acted conservatively by presenting my discovery
primarily in phenomenological terms. Thus, my first book,
Growth and Development, carried the subtitle Ecosystems Phenomenology
(Ulanowicz 1986). ln that volume, I also elaborated
a number of ancillary mathematical methods useful in analyzing
ecosystem networks.



In his 2023 book, The First Incarnation:Hope in Reality,  Ulanowicz returns to the relationship between science and religion.


It is my hope that by introducing significant new discoveries from 
ecosystems theory I can provide a new layer of material for expanded
conversations on issues between science and religion. But first l will
devote myself to deconstruction of the widespread belief that all of
reality issues from and comes down to the fundamental laws of physics,
otherwise known as obligate physical reductionism. I do not believe
that the physical laws are violated, only that their ability to determine
higher level phenomena is limited. They continue to constrain, but they
lose their powers to determine specific outcomes in complex systems.

Demonstrating the semi-autonomy of larger systems from microscopic
antecedents opens up rational consideration of numerous transcendental questions, that occupy those studying the relationship between science and religion, such as the existence of free will, the possibility
of Divine intervention and miracles, the efficacy of intercessory prayer,
the existence of direction in evolution, the broader conception of aleatoric events beyond blind chance, and an eschatological end of the universe, other than a meaningless "heat death."


noosphere


Source: https://www.informationphilosopher.com/solutions/scientists/ulanowicz/
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Clément Vidal is a researcher at the Free University of Brussels (VUB, Brussels, Belgium) in the Department of Philosophy. He is a member of the Evolution, Complexity and Cognition group and the Center Leo Apostel.  He is also a member of Human Energy, an organization aiming to introduce Teilhard de Chardin's Noösphere as a source of meaning for future generations in our globalizing world. 

In 2007, Vidal and Foresight University founder John M. Smart were aware of dispersed insights in cosmology,
theoretical and evolutionary developmental (evo-devo) biology and the
complexity sciences, which were providing ways to understand the universe
within a broader framework.


They thought that these results and hypotheses deserved to be explored,
criticized, and analyzed by an international interdisciplinary research
community.  


In 2008 they founded Evo Devo Universe (EDU),  a
framework that promises to advance understanding of both unpredictable
“evolutionary” processes and predictable “developmental” processes at all
scales, including the human scale.


Vidal's 2014 book The Beginning and the End: The Meaning of Life in a Cosmological Perspective, ranges over a vast number of big philosophical questions, whether natural or artificial selection holds on a cosmic scale, whether intelligent life has a role in cosmic evolution, whether advanced extraterrestrial civilizations have been detected in current astrophysical data, and whether computer simulations can explain the fine-tuning controversy. 


In his 2021 article Pierre Teilhard de Chardin: a visionary in controversy, Vidal writes...


Teilhard de Chardin developed an evolutionary vision of our planetary
future, currently developing from a sphere of life, or biosphere towards a sphere of
mind, or noosphere. As a visionary, Teilhard was not only on the brink of formulating 
the internet, but he also anticipated current academic efforts to understand
globalization, as well as human, cultural and technological evolution. However, his
ideas are sources of enduring controversies in both scientific and theological circles.
Here I uncover some of the core reasons why his ways of thinking and writing are
often problematic, and propose a way forward. This note aims to introduce Teilhard’s 
central article about the noosphere (The Formation of the Noosphere, 1947),
but can also be read as an independent introduction to Teilhard’s system of thought.
A detailed exegesis of Teilhard’s article is available as a supplementary document.


In 2022-2023 Vidal was a visiting researcher at the SETI Research Center at the University of California Berkeley. In astrobiology, he is known for having introduced the stellivore hypothesis in 2016, which leads to a new way to look for advanced civilizations in existing data. In 2019, he suggested that they might have engineered a galactic-scale GPS system, or pulsar positioning system. In 2024, he proposed the first binary stellar engine model, and proposed that extraterrestrial intelligence may be at the origin of the movements of some millisecond pulsars.



Source: https://www.informationphilosopher.com/solutions/scientists/vidal/
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Erik Verlinde

Erik Verlinde is a Professor of Physics at the Institute for Theoretical Physics at the University of Amsterdam.

Verlinde saw a resemblance between the equations of general relativity and those of thermodynamics, and claims to have derived the one from the other, leading to his theory of emergent entropic gravity.


Like my information philosophy, Verlinde's work changes to emphasize the emergence of information (essentially negative entropy production locally despite the second law of thermodynamics). He claims that matter is actually made up of bits of information, 


While Verlinde is a string theorist specializing in conformal field theory, many other physicists have looked to information as the basis for physics, including John Wheeler ("it from bit"), Seth Lloyd ("the universe is a computer"), and Vlatko Vedral ("the universe is quantum information"). 



References

On the Origin of Gravity and the Laws of Newton
[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=-OlEGq_g2FI


For Teachers
Noesis
Stanford Encyclopedia of Philosophy
Wikipedia


For Scholars





Source: https://www.informationphilosopher.com/solutions/scientists/verlinde/





  
  Francisco Varela
  

  


  
  Home › Solutions › Scientists › Varela
Francisco Varela

Varela was a Chilean neuroscientist, biologist, and philosopher who, with his mentor Humberto Maturana developed the concept of autpoiesis (self-organization and self-assembly) widely used in biology today.  In their Santiago Theory of Cognition, they say "Living systems are cognitive systems, and living as a process is a process of cognition. This statement is valid for all organisms, with or without a nervous system."


Maturana and Varela were inspired by Jacob Johann von Uexküll, the founder of biosemiotics.


Our information philosophy model of a living system is one that communicates signals between all of its parts to maintain homeostasis. Cellular signaling is the most basic requirement for a cognitive system.


Like Maturana, Varela receive a Ph.D. in biology from Harvard University. He was a graduate student under Torsten Wiesel.



Source: https://www.informationphilosopher.com/solutions/scientists/varela/
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Mikhail Volkenstein

Mikhail Vladimirovich Volkenstein was a leading Russian biophysicist.  He was a specialist in the "organic chemistry" of macromolecules and other polymers. He founded the Leningrad school of polymer science.

His early work was on the spectroscopy of molecules, especially the vibrational band spectra of oscillating molecules (like your Information Philosopher).


In the 1970's, Volkenstein started to explore the question of the origin of life. He set out to investigate the complex connections between entropy, information, and life.


The Soviet Union allowed him to travel to Berlin to attend conferences on irreversible processes and self-organization. He met there with Ilya Prigogine, who won the Nobel Prize for his investigations into the irreversibility of processes in complex physical systems that are far from equilibrium conditions. 


Prigogine developed non-equilibrium thermodynamics, particularly the theory of what he called "dissipative structures." These are physical or chemical systems in far from equilibrium" conditions that appear to develop "order out of chaos" and look to be "self-organizing." Like biological systems, matter and energy (of low entropy) flow through the "dissipative" structure. It is primarily the energy and negative entropy that is  being "dissipated."  Prigogine'a work on the mathematical non-linearity of non-equilibrium thermodynamics is the basis of much "chaos theory" and "complexity theory."


Volkenstein greatly admired the work of Manfred Eigen, who developed the idea of "hypercycles," based on the well-known citric acid cycle, in which each step is catalyzed by an enzyme such that the cycle can be described as "autocatalytic," a popular idea among many theorists on the origin of life.


Surprisingly, many scientists, even specialists in thermodynamics and statistical mechanics are ambivalent about the concept of entropy and its significance.  Not so surprisingly, generalists in physics, chemistry, and biology also are ambiguous about the role of entropy, and especially about the connection between entropy and so-called "negative entropy," which is intimately connected to information. 


Volkenstein's 1986 book, Entropy and Information, would better have been entitled Entropy, Information, and Life. It might have received more attention from biologists. But even this book cannot explain the deep and complicated connections between the creation of information in the universe and physical entropy, let alone its dependence on quantum mechanics. 


Many philosophers of science are suspicious of interpretations of quantum mechanics that imply the universe is indeterministic, that chance is real. A large majority of philosophers believe that human free will is compatible with physical determinism. Like Albert Einstein and many other great physicists, they hope that underlying "hidden variables" will be discovered that will restore classical deterministic laws of nature.


In his preface to his book, Volkenstein was very optimistic that the role of entropy in biology could be made very clear. He called it "not very complicated."


This is just...entropy, 
he said, thinking that 
this explained everything, 
and he repeated the 
strange word a few times. 
Karel Capek, “Krakatit” 1

This “strange word” denotes one of the most basic quantities of the physics of heat phenomena, that is, of thermodynamics. Although the concept of entropy did indeed originate in thermodynamics, it later became clear that it was a more universal concept, of fundamental significance for chemistry and biology, as well as physics.


Although the concept of energy is usually considered more important and easier to grasp, it turns out, as we shall see, that the idea of entropy is just as substantial—and moreover not all that complicated. We can compute or measure the quantity of energy contained in this sheet of paper, and the same is true of its entropy. Furthermore, entropy has remarkable properties. Our galaxy, the solar system, and the biosphere all take their being from entropy, as a result of its transference to the surrounding medium. There is a surprising connection between entropy and information, that is, the total intelligence communicated by a message. All of this is expounded in the present book, thereby conveying information to the reader and decreasing his entropy; but it is up to the reader to decide how valuable this information might be.


The second half of the 20th century is notable for the creation and development of complex areas of science of the greatest importance not only for the natural sciences and technology, but also for the humanities. Such are cybernetics, information theory, and synergetics. Although these terms did not exist fifty years ago 2, they now turn up constantly. In all three of these disciplines the concepts of entropy and information are absolutely indispensable, so that without them it is not possible to grasp the true essence of modern science. The final chapters of the
book contain brief, and of necessity incomplete, expositions of synergetics and information theory. The aim of the present account is to bring these new disciplines to the reader’s attention, and introduce him or her to the circle of related ideas.


1. Karel Capek (1890-1938), Czech playwright and novelist. Inventor of the word “robot” in its present sense, in his play RUR.

2. This was written in 1986, so information theory and cybernetics originated around the time of World War II.
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Vladimir Vernadsky

Vladimir I. Vernadsky was a mineralogist and geochemist who is considered one of the founders of geochemistry, biogeochemistry, and radiogeology. He was one of the founders and the first president of the Ukrainian Academy of Sciences. Vernadsky is most noted for his 1926 book The Biosphere in which he unknowingly worked to popularize the Austrian geologist Eduard Suess' 1875 term "biosphere." 


Vernadsky anticipated the later Gaia hypothesis of James Lovelock and Lynn Margulis by hypothesizing that life is a geological force that shapes the earth.


Vernadsky was a near contemporary of Pierre Teilhard de Chardin, whose concepts of a noösphere, an  Omega Point, and Cosmogenesis bear many similarities to Vernadsky's ideas on the evolution of life and mind in his "biosphere." 



Source: https://www.informationphilosopher.com/solutions/scientists/vernadsky/
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Vlatko Vedral

Vlatko Vedral is a  Professor of Physics at the University of Oxford and CQT (Centre for Quantum Technologies) at the National University of Singapore

In his book Decoding Reality, he argues, as does Seth Lloyd, that the universe is best understood as quantum information. He says,


This book will argue that information (and not matter or energy or love) is the building block on which everything is constructed. Information is far more fundamental than matter or energy because it can be successfully applied to both macroscopic interactions, such as economic and social phenomena, and, as I will argue, information can also be used to explain the origin and behaviour of microscopic interactions such as energy and matter.

As pointed out by Deutsch and Wheeler, however, whatever candidate is proposed for the fundamental building block of the Universe, it still needs to explain its 'own' ultimate origin too. In other words, the question of everything from nothing, creation ex nihilo, is key. So if, as I claim, information is this common thread, the question of creation ex nihilo reduces to explaining how some information arises out of no information. Not only will I show how this is possible, I will also argue that information, in contrast to matter and energy, is the only concept that we currently have that can explain its own origin.



Information philosophy is built on the observation that information is neither matter nor energy. It is not however the underlying "building block," in the sense that matter and energy depend on information in any way. 

Interactions between matter and radiation are the source of probabilistic and irreversible  behaviors that underlie the uncertainty principle and the arrow of time.

  
I-phi does show how the information in the universe increases with time despite the second law of thermodynamics. We can thus explain the cosmic creation process and explore the possibility that the origin was creation ex nihilo.


[image: YouTube thumbnail]▶ Watch on YouTubehttps://www.youtube.com/watch?v=QfQ2r0zvyoA
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August Weismann

August Weismann was considered by Ernst Mayr to be the greatest evolutionary biologist between Charles Darwin and the "modern synthesis" of Darwinian evolution (natural selection) and Mendelian genetics in the 1920's.

Weismann argued that the variability that drives natural selection involves only the germ cells (the egg and sperm cells that form the zygote). Other body (somatic) cells are not involved in heredity. Germ cells produce the somatic cells and nothing that changes in the somatic cells can be inherited.


Weismann thus denied the Lamarkian theory of evolution, that changes in the body during development and growth can become inherited.  It appears to agree with the "central dogma of molecular biology," that transcriptions of DNA sequences into RNA are one-way messengers (mRNA) that travel out of the nucleus into the cytosol where ribosome "factories" translate the messages into polypeptide chains of amino acids (proteins which, if folded properly, become active enzymes). 


Genetic information cannot go the other way from soma to germ plasm and on to the next generation.


These standard ideas of genetics in the twentieth century have been changed in the twenty-first by discoveries in "epigenetics," in which markers can tag genes to suppress or allow transcriptions, thus regulating the production of proteins. And these markers can be duplicated along with the DNA in mitosis and meiosis, so that gene expression and regulation can be inherited by successive generations of cells in development.




Source: https://www.informationphilosopher.com/solutions/scientists/weismann/
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Carl Woese

Carl Woese was a microbiologist who found important difference in the structure of ribosomes in prokaryotes (bacteria) and eukaryotes (eubacteria). He found that some single-cell organisms collected from mud flats around hot springs had an even simpler ribosome structure. 

The most central ribosomal RNA (rRNA) surround the site where messenger RNA (mRNA) is decoded by matching the transfer RNA (tRNA) attached to the amino acids.  The three-letter codon in mRNA (e.g., UUC) lines up with the three-letter anti-codon on the tRNA (AAG) and as the mRNA advance one step through the ribosome, the amino acid () is added to the growing polypeptide chain of a new protein/enzyme.


[image: image-placeholder]

These most central and functionally active rRNA macromolecules were all the same, but the outer structures in bacteria and eubacteria were much larger. 



Woese and his young colleague George Fox hypothesized that the smaller ribosomes were in cells that preceded the evolutionary development of all prokaryotes and eukaryotes, with their larger ribosomes. They called these cells Archaea and argued that the "tree of life" needed three branches from the origin of life, not just two.

[image: image-placeholder]
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Daniel Wegner


  Daniel Wegner is one of a number of modern thinkers who are supporting the old idea that free will is just an illusion.
  
 Other illusionists include  Derk Pereboom and Saul Smilansky.


In the introduction to his 2002 book The Illusion of Conscious Will, Wegner says


So, here you are reading a book on conscious will. How could this have happened? One way to explain it would be to examine the causes of your behavior. A team of scientific psychologists could study your reported thoughts, emotions, and motives, your genetics and your history of learning, experience, and development, your social situation and culture, your memories and reaction times, your physiology and neuroanatomy, and lots of other things as well. If they somehow had access to all the information they could ever want, the assumption of psychology is that they could uncover the mechanisms that give rise to all your behavior and so could certainly explain why you picked up this book at this moment. However, another way to explain the fact of your reading this book is just to say that you decided to pick up the book and begin reading. You consciously willed what you are doing.

These two explanations are both appealing but in different ways. The scientific explanation accounts for behavior as a mechanism and appeals to that part of us that knows how useful science is for understanding the world. It would be wonderful if we could understand people in just the same way. The conscious will explanation, on the other hand, has a much deeper grip on our intuition. We each have a profound sense that we consciously will much of what we do, and we experience ourselves willing our actions many times a day. As William James put it, "The whole sting and excitement of our voluntary life ... depends on our sense that in it things are really being decided from one moment to another, and that it is not the dull rattling off of a chain that was forged innumerable ages ago" (Principles of Psychology, 1890, 453). Quite apart from any resentment we might feel on being cast into the role of mechanisms or robots, we appreciate the notion of conscious will because we experience it so very acutely. We do things, and when we do them, we experience the action in such a way that it seems to flow seamlessly from our consciousness. We feel that we cause ourselves to behave.


The idea of conscious will and the idea of psychological mechanisms have an oil and water relationship, having never been properly reconciled. One way to put them together — the way this book explores — is to say that the mechanistic approach is the explanation preferred for scientific purposes but that the person's experience of conscious will is utterly convincing and important to the person and so must be understood scientifically as well. The mechanisms underlying the experience of will are themselves a fundamental topic of scientific study. We should be able to examine and understand what creates the experience of will and what makes it go away. This means, though, that conscious will is an illusion.

It is an illusion in the sense that the experience of consciously willing an action is not a direct indication that the conscious thought has caused the action.



 
In his analysis of Benjamin Libet's famous experiments that indicate considerable unconscious activity (called a readiness potential or RP) before the "conscious will" to suddenly raise a finger, Wegner suggested that causal will may simply be an "epiphenomenon."

We don't know what specific unconscious mental processes the RP might represent....The position of conscious will in the time line suggests perhaps that the experience of will is a link in a causal chain leading to action, but in fact it might not even be that. It might just be a loose end — one of those things, like the action, that is caused by prior brain and mental events.


The Mind's Compass


Does the compass steer the ship? In some sense, you could say that it does, because the pilot makes reference to the compass in determining whether adjustments should be made to the ship's course. If it looks as though the ship is headed west into the rocky shore, a calamity can be avoided with a turn north into the harbor. But, of course, the compass does not steer the ship in any physical sense. The needle is just gliding around in the compass housing, doing no actual steering at all. It is thus tempting to relegate the little magnetic pointer to the class of epiphenomena — things that don't really matter in determining where the ship will go.

Conscious will is the mind's compass. As we have seen, the experience of consciously willing action occurs as the result of an interpretive system, a course-sensing mechanism that examines the relations between our thoughts and actions and responds with "I willed this" when the two correspond appropriately. This experience thus serves as a kind of compass, alerting the conscious mind when actions occur that are likely to be the result of one's own agency. The experience of will is therefore an indicator, one of those gauges on the control panel to which we refer as we steer. Like a compass reading, the feeling of doing tells us something about the operation of the ship. But also like a compass reading, this information must be understood as a conscious experience, a candidate for the dreaded "epiphenomenon" label.



Free Will and Determinism


A book called The Illusion of Conscious Will certainly gives the impression of being a poke in the eye for readers who believe in free will. It is perfectly reasonable to look at the title and think the book is all about determinism and that it will not give the idea of free will a fair hearing. Of course, the line of thought here does take a decidedly deterministic approach. For all this, though, our discussion has actually been about the experience of free will, examining at length when people feel it and when they don't. The special idea we have been exploring is to explain the experience of free will in terms of deterministic or mechanistic processes.


How Things Seem


Sometimes how things seem is more important than what they are. This is true in theater, in art, in used car sales, in economics, and — it now turns out — in the scientific analysis of conscious will. The fact is, it seems to each of us that we have conscious will. It seems we have selves. It seems we have minds. It seems we are agents. It seems we cause what we do. Although it is sobering and ultimately accurate to call all this an illusion. it is a mistake to conclude that the illusory is trivial. On the contrary, the illusions piled atop apparent mental causation are the building blocks of human psychology and social life. It is only with the feeling of conscious will that we can begin to solve the problems of knowing who we are as individuals, of discerning what we can and cannot do, and of judging ourselves morally right or wrong for what we have done.
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E. O. Wiley is professor of systematics and evolution for the Department of Ecology and Evolutionary Biology at the University of Kansas and curator emeritus of ichthyology at the University of Kansas Biodiversity Institute.


With Daniel Brooks, he wrote the influential 1980 book, Evolution as Entropy: Toward a Unified Theory of Biology , which appeared to identify Evolution with Entropy! 


The second edition of their book (1988)appeared the same year as the second edition of a controversial book by David Depew and Bruce Weber, titled Entropy, Information, and Evolution: New Perspectives on Physical and Biological Evolution.


While Brooks and Wiley were the sole authors of their book, Depew and Weber's book was an edited collection including articles from some of the key founders of the subject, including David Layzer (Growth of Order in the Universe), Steven Frautschi (Entropy in an Expanding Universe), Jeffrey Wicken (Thermodynamics, Evolution, and Emergence:Ingredients for a New Synthesis), one article by Depew and Weber themselves.(Consequences of Nonequilibrium Thermodynamics for the Darwinian Tradition), and one article each by Brooks and by Wiley.
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   Edward O. Wilson is the founder of sociobiology, the study of altruistic behavior in various species, especially insects.

In Consilience, his master project to unite the physical and biological sciences with the humanities and social sciences, Wilson speculated on the problems of consciousness and free will. 



On Consciousness


Consciousness satisfies emotion by the physical actions it selects in the midst of turbulent sensation. It is the specialized part of the mind that creates and sorts scenarios, the means by which the future is guessed and courses of action chosen. Consciousness is not a remote command center but part of the system, intimately wired to all the neural and hormonal circuits regulating physiology. Consciousness acts and reacts to achieve a dynamic steady state. It perturbs the body in precise ways with each changing circumstance, as required for well-being and response to opportunity, and helps return it to the original condition when challenge and opportunity have been met.


On Decision Making and Creativity


Ordinary words used to denote emotion and other processes of mental activity make only a crude fit to the models used by the brain scientists in their attempts at rigorous explanation. But the ordinary and conventional conceptions — what some philosophers call folk psychology — are necessary if we are to make better sense of thousands of years of literate history, and thereby join the cultures of the past with those of the future. To that end I offer the following neuroscience-accented definitions of several of the most important concepts of mental activity.

What we call meaning is the linkage among the neural networks created by the spreading excitation that enlarges imagery and engages emotion. The competitive selection among scenarios is what we call decision making. The outcome, in terms of the match of the winning scenario to instinctive or learned favorable states, sets the kind and intensity of subsequent emotion. The persistent form and intensity of emotions is called mood. The ability of the brain to generate novel scenarios and settle on the most effective among them is called creativity. The persistent production of scenarios lacking reality and survival value is called insanity.



On Free Will



An old impasse nonetheless remains: If the mind is bound by the laws of physics, and if it can conceivably be read by calligraphy, how can there be free will? I do not mean free will in the trivial sense, the ability to choose
one's thoughts and behavior free of the will of others and the rest of the world all around. I mean, instead, freedom from the constraints imposed by the physiochemical states of one's own body and mind. In the naturalistic view, free will in this deeper sense is the outcome of competition among the scenarios that compose the conscious mind. The dominant scenarios are those that rouse the emotion circuits and engage them to greatest effect during reverie. They energize and focus the mind as a whole and direct the body in particular courses of action. The self is the entity that seems to make such choices. But what is the self?

The self is not an ineffable being living apart within the brain. Rather, it is the key dramatic character of the scenarios. It must exist, and play on center stage, because the senses are located in the body and the body creates the mind to represent the governance of all conscious actions. The self and body are therefore inseparably fused: The self, despite the illusion of its independence created in the scenarios, cannot exist apart from the body, and the body cannot survive for long without the self. So close is this union that it is almost impossible to envision souls in heaven and hell without at least the fantastical equivalent of corporeal existence. Even Christ, we have been instructed, and Mary soon afterward, ascended to heaven in bodies — supernal in quality, but bodies nonetheless. 


If the naturalistic view of mind is correct, as all the empirical evidence suggests, and if there is also such a thing as the soul, theology has a new Mystery to solve. The soul is immaterial, this Mystery goes, it exists apart from the mind, yet it cannot be separated from the body.

The self, an actor in a perpetually changing drama, lacks full command of its own actions. It does not make decisions solely by conscious, purely rational choice. Much of the computation in decision making is unconscious—strings dancing the puppet ego. Circuits and determining molecular processes exist outside conscious thought. They consolidate certain memories and delete others, bias connections and analogies, and reinforce the neurohormonal loops that regulate subsequent emotional response. Before the curtain is drawn and the play unfolds, the stage has already been partly set and much of the script written.


The hidden preparation of mental activity gives the illusion of free will. We make decisions for reasons we often sense only vaguely, and seldom if ever understand fully. Ignorance of this kind is conceived by the conscious mind as uncertainty to be resolved; hence freedom of choice is ensured. An omniscient mind with total commitment to pure reason and fixed goals would lack free will. Even the gods, who grant that freedom to men and show displeasure when they choose foolishly, avoid assuming such nightmarish power.


Free will as a side product of illusion would seem to be free will enough to drive human progress and offer happiness. Shall we leave it at that? No, we cannot. The philosophers won't let us. They will say: Suppose that with the aid of science we knew all the hidden processes in detail. Would it then be correct to claim that the mind of a particular individual is predictable, and therefore truly, fundamentally determined and lacking in free will? We must concede that much in principle, but only in the following, very peculiar sense. If within the interval of a microsecond the active networks composing the thought were known down to every neuron, molecule, and ion, their exact state in the next microsecond might be predicted. But to pursue this line of reasoning into the ordinary realm of conscious thought is futile in pragmatic terms, for this reason: If the operations of a brain are to be seized and mastered, they must also be altered. 


Beyond deterministic chaos, there is indeterministic noise

In addition, the principles of mathematical chaos hold. The body and brain comprise noisy legions of cells, shifting microscopically in discordant patterns that unaided consciousness cannot even begin to imagine. The cells are bombarded every instant by outside stimuli unknowable by human intelligence in advance. Any one of the events can entrain a cascade of microscopic episodes leading to new neural patterns. The computer needed to track the consequences would have to be of stupendous proportions, with operations conceivably far more complex than those of the thinking brain itself. Furthermore, scenarios of the mind are all but infinite in detail, their content evolving in accordance with the unique history and physiology of the individual. How are we to feed that into a computer?

So there can be no simple determinism of human thought, at least not in obedience to causation in the way physical laws describe the motion of bodies and the atomic assembly of molecules. Because the individual mind cannot be fully known and predicted, the self can go on passionately believing in its own free will. And that is a fortunate circumstance. Confidence in free will is biologically adaptive. Without it the mind, imprisoned by fatalism, would slow and deteriorate. Thus in organismic time and space, in every operational sense that applies to the knowable self, the mind does have free will.




In our model of the mind" as the immaterial information stored in the brain, it can be separated from the body.
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   Eugene Wigner made quantum physics even more subjective than had John von Neumann or even Erwin Schrödinger with his famous Cat Paradox.  Wigner claimed that a quantum measurement requires the mind of a conscious observer, without which wave functions never collapse and nothing ever happens in the universe. He wrote:


Until not many years ago, the "existence" of a mind or soul would have
been passionately denied by most physical scientists. The brilliant successes
of mechanistic and, more generally, macroscopic physics and of
chemistry overshadowed the obvious fact that thoughts, desires, and
emotions are not made of matter, and it was nearly universally accepted
among physical scientists that there is nothing besides matter. 

The epitome
of this belief was the conviction that, if we knew the positions and
velocities of all atoms at one instant of time, we could compute the fate
of the universe for all future. Even today, there are adherents to this
view though fewer among the physicists than — ironically enough —
among biochemists.

There are several reasons for the return, on the part of most physical
scientists, to the spirit of Descartes's "Cogito ergo sum," which recognizes
the thought, that is, the mind, as primary. First, the brilliant successes of
mechanics not only faded into the past; they were also recognised as
partial successes, relating to a narrow range of phenomena, all in the
macroscopic domain.When the province of physical theory was extended to encompass microscopic phenomena, through the creation of quantum mechanics, the concept of consciousness came to the fore again: it was not possible to formulate the laws of quantum mechanics  in a fully consistent way without reference to the consciousness. 


Here Wigner is describing the "Schnitt" or "cut" of Werner Heisenberg  and John von Neumann.
John Bell called it a "shifty split"
 


All that quantum mechanics purports to provide are probability connections between subsequent impressions (also called "apperceptions") of the consciousness, and even though the dividing line between the observer, whose consciousness is being affected, and the observed physical object can be shifted towards the one or the other to a considerable degree, it cannot be eliminated. It may be premature to believe that the present philosophy of quantum mechanics will remain a permanent feature of future physical theories; it will remain remarkable, in whatever way our future concepts may develop, that the very study of the external world led to the conclusion that the content of the consciousness is an ultimate reality.



This is Laplace's superintelligent "demon" 


Wigner complicated the problem of the "Schnitt" of von Neumann (or the "shifty split" of John Bell) that forms the dividing line between the quantum world and the classical measurement apparatus. Wigner moved it farther into the conscious mind of the observer. 


Wigner is often said to have extended the problem of Schrödinger's Cat, by adding a second observer inside the laboratory who is commonly known as Wigner's Friend. Popular treatments of Wigner's Friend usually describe him as observing a superposition of live and dead cat. Actually, Wigner's example was a photon and whether its wave function collapsed to cause a flash visible to his friend or not. Wigner's goal was to show that only consciousness can collapse a wave function. 


Let's use the cat example, because it is more vivid. You can see Wigner's original argument on the Wigner's Friend page.. 


The physicist friend inside the lab opens the box and observes either a live or dead cat. But Wigner is outside the lab and does not know the outcome. Wigner says this seems to leave the world in a superposition of states - "dead cat/sad friend" and "live cat/happy friend."


Wigner says that any inanimate material measuring device is left  in a superposition of states. This would include  his friend and himself, but for human consciousness. He resolves his paradox by saying that consciousness collapses the wave function, both his friend's inside the laboratory and his own.
 



The information interpretation of quantum mechanics helps to resolve this paradox as follows,

	
If the physicist friend inside the lab clearly looks inside the box and is seen to record the result in a notebook, we can safely conclude that the superposition of states has "collapsed" (been projected) into either the dead cat or live cat state. 


	
In the case of the Geiger counter detecting the nuclear decay, it has released an irreversible avalanche of electrons, which makes a macroscopic recording of the event and provides the energy to break the vial of cyanide. 
[image: image-placeholder]


	
New information has been created in the universe. Entropy has been radiated away, so the change is irreversible.


	
We can assume that an observation has been made, recorded as a measurement, and, to satisfy Wigner, von Neumann, Wheeler, Bell. and others, the measurement has entered the mind of the "conscious observer," though our information interpretation does not require this step.The wave-function collapse occurs with the creation of new information, without the need for observations or measurements.

John Bell quipped whether the conscious observer needed to have a Ph.D. to collapse a wave function. Here is a diagram that Bell drew of the shifty split, with an annotation where the information interpretation of quantum mechanics says that the collapse occurs (no observers necessary). 


[image: image-placeholder]



	
Since Wigner does not know the actual outcome, he only knows the possibilities and can estimate ordinary probabilites, for example, that there is a 75% chance the cat is dead and 25% probability the cat is alive.


	
But here is the resolution of Wigner's paradox. These probabilities are no longer about superposed quantum states interfering with one another. They are no longer quantum probabilities. The cat is either dead or alive! The chances are no longer ontological. They are epistemic, just human ignorance.


	
So Wigner is wrong to conclude that the cat remains in a quantum superposition of live and dead cat states.


	
Nor was the cat ever in such a superposition!  After all, the cat is animate - and conscious. It was our calculations of nuclear decay that used the quantum superposition as our best estimates. And it was important to include the possible interference effects while the wave functions (for the decaying nucleus) were still coherent. Once we get information about the nuclear decay, the wave functions decohered and we must switch to "classical" probabilities.




Wigner on the problem of measurement and the EPR experiment


Wigner was rare among physicists in mentioning conservation laws in his discussion of the Einstein-Podolsky-Rosen experiment.


 
Although Einstein mentioned conservation in the original EPR paper, it is noticeably absent from most later work. Compare Wigner, writing on the problem of measurement in 1963: 

If a measurement of the momentum of one of the particles is carried out — the possibility of this is never questioned — and gives the result p, the state vector of the other particle suddenly becomes a (slightly damped) plane wave with the momentum -p. This statement is synonymous with the statement that a measurement of the momentum of the second particle would give the result -p, as follows from the conservation law for linear momentum. The same conclusion can be arrived at also by a formal calculation of the possible results of a joint measurement of the momenta of the two particles.


One can go even further: instead of measuring the linear momentum of one particle, one can measure its angular momentum about a fixed axis. If this measurement yields the value mℏ, the state vector of the other particle suddenly becomes a cylindrical wave for which the same component of the angular momentum is -mℏ. This statement is again synonymous with the statement that a measurement of the said component of the angular momentum of the second particle certainly would give the value -mℏ. This can be inferred again from the conservation law of the angular momentum (which is zero for the two particles together) or by means of a formal analysis. Hence, a "contraction of the wave packet" took place again.


It is also clear that it would be wrong, in the preceding example, to say that even before any measurement, the state was a mixture of plane waves of the two particles, traveling in opposite directions. For no such pair of plane waves would one expect the angular momenta to show the correlation just described. This is natural since plane waves are not cylindrical waves, or since [the state vector has] properties different from those of any mixture. The statistical correlations which are clearly postulated by quantum mechanics (and which can be shown also experimentally, for instance in the Bothe-Geiger experiment) demand in certain cases a "reduction of the state vector." The only possible question which can yet be asked is whether such a reduction must be postulated also when a measurement with a macroscopic apparatus is carried out. [Considerations] show that even this is true if the validity of quantum mechanics is admitted for all systems.
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Günther Witzany is the founder of the new field of Biocommunications. His thesis is that biology equals physics and chemistry plus communications, very close to our definition of life as information processing.

He is an extremely prolific author and editor.
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Weyl was close to both Albert Einstein and Erwin Schrödinger. From 1913 he was a colleague of Einstein's for a few years at University of Zurich. Around 1921 he had an affair with  Schrödinger's wife Anny, while she was caring for an illegitimate daughter of Erwin's.


In his important 1918 essay in the philosophy of mathematics, Das Kontinuum, Weyl anticipated the intuitionist and constructivist theories of mathematics developed by L. E. J. Brouwer.  They believed that mathematics is a "free creation of the human mind," and the idea that only the whole numbers exist, all else in the work of man, just as Einstein saw his work on field theories was an idea that goes beyond the experience of material particles..

Richard Dedekind

References
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James D. Watson is an American molecular biologist, geneticist, and zoologist. In 1953, he co-authored with Francis Crick the academic paper in Nature proposing the double helix structure of the DNA molecule. Watson, Crick and Maurice Wilkins were awarded the 1962 Nobel Prize in Physiology or Medicine "for their discoveries concerning the molecular structure of nucleic acids and its significance for information transfer in living material".


I and my wife Holly had the privilege of sitting in on Watson's course on molecular biology at Harvard when we were graduate students.
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Jeffrey Wicken earned a BS degree in chemistry from U. Pittsburgh in 1965, an MS degree from U. Idaho in 1968, and his PhD from U. Pittsburgh in 1971. He was a professor of chemistry at Penn State from 1974 until his death in 2002.

Between 1976 and 1987 Wicken published over a dozen papers on the connection between thermodynamics and evolution, culminating in his 1987 book Evolution, Thermodynamics, and Information.


A year later Wicken contributed the excellent article "Thermodynamics, Evolution, and Emergence: Ingredients for a New Synthesis” to the 1988 book Entropy, Information, and Evolution: New Perspectives on Physical and Biological Evolution  by Bruce Weber, David Depew, and James Smith. This volume opened with two articles on the growth of entropy and information in an expanding universe by Steven Frautschi and David Layzer (which was likely based on a 1934 suggestion by Arthur Stanley Eddington).  


Layzer and Frautschi had been mentioned frequently in the contemporary (1986, 1988 2nd ed.) book Evolution as Entropy by Daniel Brooks and E.O.Wiley, but this book made no mention of Wicken. Layzer's 1990 magnum opus Cosmogenesis made no mention of Frautschi or Wicken, nor the three recent books on entropy and evolution!


Some 15 years after Layzer's book, Eric Schneider and Dorion Sagan wrote their book Into the Cool: Energy Flow, Thermodynamics, and Life claiming the second law of thermodynamics is driving evolution and the basic physics of energy flow can explain all complex, self-organizing, natural systems.  They expanded ideas first developed by Jeffrey Wicken and many others.


There is of course a very long tradition of attempting to explain the origin of life using the laws of thermodynamics, the most notable being Erwin Schrödinger's landmark 1944 book What Is Life.


Next in importance is probably Ilya Prigogine's Nobel-prize winning efforts to explain the emergence of order out of chaos as a consequence of nonlinear thermodynamics. 


Classical thermodynamics, by contrast with nonlinear thermodynamics, can only be used for the study of reversible processes and systems in or near thermal equilibrium. Prigogine's "dissipative" systems, today more commonly known as complex systems, could be described as "self-organizing," a property that "emergentists" said was a basic property of life, one that could not be explained by "reductionist" science.


Prigogine became very popular with "holists," "vitalists," and "emergentists" who were looking for new laws of nature that would add an explanation for  evolution (None of course are needed!).


Prigogine is perhaps the most famous name in chaos theory and complexity theory. Although he made very few original contributions to these fields, he is famous for them, nevertheless. His work (especially his 1984 book written with Isabel Stengers, Order Out Of Chaos) is a major reference today for popular concepts like "self-organizing, "complex systems," "bifurcation points," "non-linearity,", "attractors," "symmetry breaking," "morphogenesis," "autocatalytic," "constraint," and of course "irreversibility," although none of these terms is originally Prigogine's. The name "dissipative structures" and perhaps the phrase "far from equilibrium" belong to Prigogine, but the thermodynamic concepts were already in Ludwig Boltzmann, Ludwig von Bertalanffy, and Schrödinger, and perhaps many others. 


Today the Santa Fe Institute in New Mexico is devoted to the study of complex adaptive systems in the natural sciences and the social sciences. Followers like Stuart Kauffman insist that concepts like self-organization, complex adaptivity, and autocatalyticity must be added to standard Darwinian theory to explain evolution. Terrence Deacon has similar ideas and adds "constraints." 
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John B. Watson


John B. Watson was the creator of behaviorism, He proposed to replace the "science of the mind" with the "science of human behavior." 

Psychology had studied the mind and consciousness by introspection. Watson claimed that subjective internal states of mind and consciousness are unobservable, unmeasurable, and even nonexistent. Psychology should only study the measurable, objective, external behaviors of man and animals.


The work of Watson and later B. F. Skinner, who added the idea of reinforcement to Watson's conditioning techniques, led to "mind" and "consciousness" becoming unspeakable concepts in many psychology departments. A survey of today’s four leading textbooks on psychology has only one that defines psychology as “the science of mind.” Another has for its main index entry, “mind, theory of, see theory of mind. A third has “mind, see brain.” And the last has no entry at all under “mind.”
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   John Wheeler supervised more Ph.D. theses than any Princeton physics professor. They included Richard Feynman, one of the architects of quantum electrodynamics (QED), and Hugh Everett III, inventor of the "universal wave function" and the "relative state" formulation of quantum mechanics, later known as the "many-worlds" interpretation.

In the late 1930's, Wheeler worked with Neils Bohr to show that it was U235 that is the fissionable element in Uranium, pointing the path to the atomic bomb. (Wheeler became a great promoter of atomic and later nuclear weapons, encouraging their use against the Soviet Union to destroy communism.)


After World War II, Wheeler collaborated with Feynman to argue for the existence of incoming spherical electromagnetic waves (the so-called "advanced" potential). As early as 1905, Albert Einstein argued against outgoing spherical waves (the normal "retarded" potential) and argued for light being large numbers of discrete "light quanta" (later called photons).. 


Wheeler was a great contributor to many of the new discoveries in astrophysics and cosmology, especially gifted at naming them, e.g., "Black Hole," "Worm Hole," "It from Bit," and "Delayed Choice." 



Delayed Choice in the Two-Slit Experiment
 
In 1978 Wheeler published a long paper titled 'The "Past" and the "Delayed Choice" Double-Slit Experiment.' 

In it, Wheeler wrote


Can one choose whether the photon {or electron)
shall have come through both of the slits, or only one of
them, after it has already transversed this screen? [p.9]
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   Norbert Wiener created the modern field of control and communication systems, utilizing concepts like negative feedback. His seminal 1948 book Cybernetics both defined and named the new field.

In the book, Wiener helped define the new quantitative concept of information coming out of the work of John von Neumann, Alan Turing, and Claude Shannon on computers and communications.


As Leo Szilard had done twenty years earlier, Wiener emphasized the information gained in choices between two equiprobable alternatives, which produce "bits" (binary digits) of information.



One and all, time series [of experimental data] and the apparatus to deal with them, whether in the computing laboratory or in the telephone circuit, have to deal with the recording, preservation, transmission, and use of information. What is this information, and how is it measured? One of the simplest, most unitary forms of information is the recording of a choice between two equally probable simple alternatives, one or the other of which is bound to happen — a choice, for example, between heads and tails in the tossing of a coin. We shall call a single choice of this sort a decision. If then we ask for the amount of information in the perfectly precise measurement of a quantity known to lie between A and B, which may with uniform a priori probability lie anywhere in this range...

We may conceive this in the following way: we know a priori that a variable lies between 0 and 1, and a posteriori that it lies on the interval (a, b) inside (0, 1). Then the amount of information we have from our a posteriori knowledge is


	
-log2 (measure of (a, b) / measure of (0, 1))




The quantity we here define as amount of information is the negative of the quantity usually defined as entropy in similar situations. The definition here given is not the one given by R. A. Fisher for statistical problems, although it is a statistical definition; and can be used to replace Fisher's definition in the technique of statistics.




Wiener's negative of the entropy led Leon Brillouin to coin the term negentropy

Wiener compared the information processing in the computers of his day to the human mind and found them both wasteful of energy. And he argued that information is neither matter nor energy.

As a final remark, let me point out that a large computing machine, whether in the form of mechanical or electric apparatus or in the form of the brain itself, uses up a considerable amount of power, all of which is wasted and dissipated in heat. The blood leaving the brain is a fraction of a degree warmer than that entering it. No other computing machine approaches the economy of energy of the brain. In a large apparatus like the Eniac or Edvac, the filaments of the tubes consume a quantity of energy which may well be measured in kilowatts, and unless adequate ventilating and cooling apparatus is provided, the system will suffer from what is the mechanical equivalent of pyrexia, until the constants of the machine are radically changed by the heat, and its performance breaks down. Nevertheless, the energy spent per individual operation is almost vanishingly small, and does not even begin to form an adequate measure of the performance of the apparatus. The mechanical brain does not secrete thought "as the liver does bile," as the earlier materialists claimed, nor does it put it out in the form of energy, as the muscle puts out its activity. Information is information, not matter or energy. No materialism which does not admit this can survive at the present day.


Information philosophy agrees that "information is neither matter nor energy," but it needs matter for its embodiment and energy for its communication.  

In his book "The Human Use of Human Beings," the Cybernetics founder saw the Devil himself increasing entropy everywhere. But he also saw the flow of negative entropy from the Sun that is the source of all life and mind on the Earth.



The Maxwelldemon


We are immersed in a life in which the
world as a whole obeys the second law of thermodynamics:
confusion increases and order decreases.
Yet, as we have seen, the second law
of thermodynamics, while it may be a valid
statement about the whole of a closed system,
is definitely not valid concerning a non-isolated
part of it. 

There are local and temporary islands
of decreasing entropy in a world in which the
entropy as a whole tends to increase, and the
existence of these islands enables some of us to
assert the existence of progress. What can we
say about the general direction of the battle between progress and increasing entropy in the
world immediately about us?



Processes that decrease the entropy locally we call "ergodic"  



In physics, the idea of progress opposes that
of entropy, although there is no absolute contradiction
between the two. In the forms of
physics directly dependent on the work of Newton,
the information which contributes to progress
and is directed against the increase of
entropy may be carried by extremely small
quantities of energy, or perhaps even by no
energy at all. This view has been altered in the
present century by the innovation in physics
known as quantum theory.

Quantum theory has led, for our purposes, to
a new association of energy and information.
A crude form of this association occurs in the
theories of line noise in a telephone circuit or
an amplifier. Such background noise may be
shown to be unavoidable, as it depends on the
discrete character of the electrons which carry
the current; and yet it has a definite power of
destroying information. The circuit therefore
demands a certain amountof communication
power in order that the message may not be
swamped by its own energy. More fundamental than this example is the fact that light itself
has an atomic structure, and that light of a
given frequency is radiated in lumps which are
known as light quanta, which have a determined
energy dependent on that frequency.


Thus there can be no radiation of less energy
than a single light quantum. The transfer of information
cannot take place without a certain
expenditure of energy, so that there is no sharp
boundary between energetic coupling and informational
coupling. Nevertheless, for most
practical purposes, a light quantum is a very
small thing; and the amount of energy transfer
which is necessary for an effective informational
coupling is quite small. It follows that in
considering such a local process as the growth
of a tree or of a human being, which depends
directly or indirectly on radiation from the sun,
an enormous local decrease in entropy may be
associated with quite a moderate energy transfer.
This is one of the fundamental facts of
biology; and in particular of the theory of photosynthesis,
or of the chemical process by which
a plant is enabled to use the sun's rays to form
starch, and other complicated chemicals necessary
for life, out of the water and the carbon
dioxide of the air.


Thus the question of whether to interpret the
second law of thermodynamics pessimistically or
not depends on the importance we give to the
universe at large, on the one hand, and to the
islands of locally decreasing entropy which we
find in it, on the other. Remember that we ourselves constitute such an island of decreasing
entropy, and that we live among other such
islands. The result is that the normal prospective
difference between the near and the remote
leads us to give far greater importance to
the regions of decreasing entropy and increasing
order than to the universe at large. For example,
it may very well be that life is a rare
phenomenon in the universe; confined perhaps
to the solar system, or even, if we consider life
on any level comparable to that in which we
are principally interested, to the earth alone.
Nevertheless, we live on this earth, and the
possible absence of life elsewhere in the universe
is of no great concern to us, and certainly
of no concern proportionate to the overwhelming
size of the remainder of the universe.




What I say about the need for faith in science
is equally true for a purely causative world and
for one in which probability rules. No amount
of purely objective and disconnected observation
can show that probability is a valid notion.
To put the same statement in other language,
the laws of induction in logic cannot be established
inductively. Inductive logic, the logic of
Bacon, is rather something on which we can act
than something which we can prove, and to
act on it is a supreme assertion of faith. It is in
this connection that I must say that Einstein's
dictum concerning the directness of God is itself
a statement of faith. Science is a way of
life which can only flourish when men are free
to have faith. A faith which we follow upon
orders imposed from outside is no faith, and a
community which puts its dependence upon
such a pseudo-faith is ultimately bound to ruin
itself because of the paralysis which the lack
of a healthily growing science imposes upon it


On Free Will


The succession of names
Maxwell-Boltzmann-Gibbs represents a progressive reduction of
thermodynamics to statistical mechanics: that is, a reduction of the
phenomena concerning heat and temperature to phenomena in
which a Newtonian mechanics is applied to a situation in which we
deal not with a single dynamical system but with a statistical distribution
of dynamical systems; and in which our conclusions concern
not all such systems but an overwhelming majority of them. About
the year 1900, it became apparent that there was something seriously"
wrong with thermodynamics, particularly where it concerned
radiation. The ether showed much less power to absorb radiations
of high frequency—as shown by the law of Planck—than any existing
mechanization of radiation theory had allowed. Planck gave a
quasi-atomic theory of radiation—the quantum theory—which
accounted satisfactorily enough for these phenomena, but which
was at odds with the whole remainder of physics; and Niels Bohr
followed this up with a similarly ad hoc theory of the atom. Thus
Newton and Planck-Bohr formed, respectively, the thesis and
antithesis of a Hegelian antinomy. The synthesis is the statistical
theory discovered by Heisenberg in 1925, in which the statistical
Newtonian dynamics of Gibbs is replaced by a statistical theory very
similar to that of Newton and Gibbs for large-scale phenomena, but
in which the complete collection of data for the present and the past
is not sufficient to predict the future more than statistically. It is
thus not too much to say that not only the Newtonian astronomy
but even the Newtonian physics has become a picture of the average
results of a statistical situation, and hence an account of an evolutionary
process.
This transition from a Newtonian, reversible time to a Gibbsian,
irreversible time has, had its philosophical echoes. Bergson emphasized
the difference between the reversible time of physics, in which
nothing new happens, and the irreversible time of evolution and
biology, in which there is always something new. The realization
that the Newtonian physics was not the proper frame for biology
was perhaps the central point in the old controversy between vitalism
and mechanism; although this was complicated by the desire to
conserve in some form or other at least the shadows of the soul and
of God against the inroads of materialism. In the end, as we have
seen, the vitalist proved too much. Instead of building a wall
between the claims of life and those of physics, the wall has been
erected to surround so wide a compass that both matter and life
find themselves inside it. 

It is true that the matter of the newer
physics is not the matter of Newton, but it is something quite as
remote from the anthropomorphizing desires of the vitalists. The
chance of the quantum theoretician is not the ethical freedom of the
Augustinian, and Tyche is as relentless a mistress as Ananke.


Newton is deterministic, Gibbs is statistical, but still deterministic, just unpredictable. 

Ananke (necessity) and Tyche (chance) are the standard argument against free will.


References
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   Paul A. Weiss was a biologist who challenged the applicability of mechanistic and deterministic physical laws to living systems. 

Before World War II, Weiss was Roger Sperry's thesis adviser.


As chairman of the Biology Division of the National Research Council in 1951, Weiss restructured the subcategorization of biology into fields still in use today - Molecular, Cellular, Genetic, Developmental, Regulatory, and Group and Environmental. The new categorization reflected the outstanding successes then happening in Molecular Biology, which would lead to the discovery by Francis Crick and James Watson of the genetic code in DNA in 1953.


But Weiss was wary of a new form of biological reductionism. Logical reduction of all the laws of nature to the laws of physics had been popular among philosophers for decades. Philosophers of biology began arguing that all life could be reduced to molecular biology - although most defended the idea that the emergence of biology from chemistry and physics had produced new laws of biology.


Weiss wanted biology to be the study of "systems" as opposed to "machines." He neatly characterized the difference:


In the system, the structure of the whole determines the operation of the parts; in the machine, the operation of the parts determines the outcome.


Weiss participated in the 1968 Alpbach Symposium: New Perspectives on the Life Sciences organized by Arthur Koestler. The attending scientists included many who were critical of the neo-Darwinian orthodoxy as providing all the answers to the many problems posed by the phenomena of evolution.


Weiss and other attendees, including among others Ludwig von Bertalanffy, Jerome Bruner, Viktor Frankl, Friedrich Hayek, Jean Piaget, and C. H. Waddington,  thought it likely that further emergent hierarchical levels "over and above" the molecular level would be needed to fully explain biology, and that these levels were unlikely to be deterministic.



Compare Anthony Cashmore, who thinks human beings are just a "bag of chemicals" subject to the laws of physics and chemistry "with no more free will than a bowl of sugar."


When demonstrating tissue culture procedures for his students, Weiss was known to hold up two tubes, one with intact embryos and the other with embryos after homogenization, and pointed out with delight that both tubes contained the same molecular components. He deplored some who thought that cells were just a "bag of enzymes."

Although macroscopic determinism has been confirmed by studies of macroscopic objects, Weiss argued that extrapolation downward to microscopic determinism has not been justified. Indeed, quantum physics shows that there is irreducible indeterminacy at the level of microscopic physics. Weiss formulated a principle that he called determinacy in the gross despite demonstrable indeterminacy in the small. This is essentially our concept of "adequate" determinism. 


There is actually no strict determinism at any "level" of the physical world. Determinism is an abstract theoretical ideal that simplifies logical and mathematical methods. The macroscopic "determinism" we see is the consequence of averaging over extremely large numbers of microscopic particles. Determinism is an "emergent" property that appears when large numbers of atoms and molecules get together. The emergent "laws of nature" are always only statistical laws.


The Alpbach Symposium proceedings were published in 1969 with the provocative title Beyond Reductionism. The first contribution was Paul Weiss's article The living system: determinism stratified, in which he said:




My prime object here is to document that certain basic controversies about the nature of organisms and living processes, which
have for long failed to melt away in the heat of argument (e.g.,
reductionism versus holism), readily vanish in the light of realistic
studies of the actual phenomena, described in language uncontaminated by preconceptions. In this light (i) the principle of hierarchic
order in living nature reveals itself as a demonstrable descriptive
fact, regardless of the philosophical connotations that it may carry.
And further (2) the necessity becomes compelling to accept organic
entities as systems subject to network dynamics in the sense of modern
systems theory, rather than as bundles of micro-precisely programmed linear chain reactions. A strictly mechanistic, machine-like,
notion of the nature of living organisms presupposes a high degree
of precision in the spatial and chronological programme according
to which the innumerable concurrent component chains are composed
and arrayed — a conception later amplified, but in no way altered,
by letting the programme include equally pre-programmed checking
and spare mechanisms to keep the bunch of separate processes from
falling apart when faced with the fortuitous fluctuations of the
outer world.

...


The explanation by Jacques Loeb (1918) of animal behaviour in
terms of rigidly concatenated reflex sequences, and particularly his
proposition of tropisms as paradigms of a precise cause-effect
machine principle in organisms, epitomizes that kind of mechanistic
preconception. His thesis had, however, two serious flaws. Not only
had that particular brand of naively mechanistic thinking already
become outdated in physics, but studies of the actual behaviour of
animals in goal-directed or other forms of directional performances
showed none of the presumed stereotypism in the manner in which
animals attained their objectives. True, the beginning and end of a
behavioural act could often be unequivocally correlated with a vectorial
cue from the environment; but the execution of the given act was
found to be so variable and indeed unique in detail from case to
case and from instance to instance, that it was gratuitous to maintain
that the attainment of essentially the same result regardless of the
variety of approaches is simply the blind outcome of a chain of
seriated steps appropriately pre-designed by evolution to lead to
that end. In other words, organisms are not puppets operated by
environmental strings; moreover, the analogy is meaningless, anyhow,
if one remembers that the "environment" that pulls the strings of
puppets in proper order is as often as not another organism — the
puppeteer with his brain or at least some machine contrived by a brain.





Weiss noted that the lack of determinism had implications for the problem of free will.


Of all the features of our subjective knowledge of our brain
activities for which we want science to produce an objective record,
one of the most hotly debated ones has been the aspect of "freedom
of decision" or "free will". The issue has been argued almost entirely
on philosophic grounds. That is a domain which, as I stated in the
introduction, I feel reluctant to enter. However, since some of the
philosophical discussions have hinged on the interpretation of certain
unfavourable verdicts pronounced by science, it seems indicated in
this place to re-examine briefly the tenability of the respective
positions. The way I see it, looking from the outside in, the problem
of free will has been treated in general as a corollary of the problem
of determinism, and the problem of determinism, conversely, has
been laid at the doorstep of science for an opinion. As long as science
keeps on presenting nature as a micromechanical precision machinery
run by strict causality, the concession of any degree of freedom of
choice to any natural phenomenon would be inadmissible by the
code of that brand of science, and hence, would have to be denied
to all processes of nature, including human brain functions. One
would then be forced to adopt the alternative of ascribing "free
will" to the intervention of extra- or supernatural powers.
Determinism, stratified

To me both of these extreme positions seem to be untenable. The
flaw lies in equating science with the doctrine of micro-precise
causality, or as I shall call it in the following, "micro-determinism".
This brings me to the major lesson to which I have been building
up in this paper and which I have anticipated in the title as "Determinism Stratified", which is precisely what the study of living
nature teaches us.


There may be philosophers or theologians who derive comfort
from the idea of a Laplacian universe made up of a mosaic of discrete
particles, operating by laws of micro-causality. I submit, however,
that modern science cannot deliver such a picture in good faith,
least of all life science; and since all science is the product of human
brains and brains are living systems, it is quite likely that this abrogation of scientific rationale for micro-causality applies to science in general.


Scientifically, the term "determined" can only mean "determinable"; and similarly, "indeterminacy", whether in the sense
of Heisenberg or in the way I shall use the term, can only mean
"indeterminability". The scientific concept of "determinability" is
of decidedly empirical origin. As we observe a given macrosample
of the Universe over a given stretch of time, we note certain un-
equivocal correlations between configurations of its content at the
beginning and at the end of that period of change. If then we find
those correlations consistently verified, we set them up as "laws",
from which to extrapolate future changes with a sense of certainty.
As our primary experience in this operation has only correlated
macro-samples with macro-samples, predictability based on it can
likewise be no finer than macroscopic. So, legitimately, we could only
speak of "macrodeterminacy".


The concept of "microdeterminacy" is then derived secondarily
by a hypothetical downward extension — "atomization", as it were —
of empirical "macrodeterminacy". That hypothesis submits that
one would observe the same high degree of consistency of correlation from beginning to end that had been ascertained for the
macrosample to hold true for every one of those fractional samples.
In other words, the structure of the well-defined macro-change
would be simply a composite of the mosaic of micro-changes assumed
to be equally well-defined, even if not necessarily determinable.


This view is demonstrably untenable in its application to living
systems. We have recognized the state and changes of such systems
as being conservatively invariant over a given period, and hence
predictable, without a correspondingly invariant micro-mosaic of
the component processes. We had to conclude, therefore, that the
patterned structure of the dynamics of the system as a whole
"co-ordinates" the activities of the constituents. In atomistic microdeterministic terms, this "co-ordination" would have to be expressed
as follows: Since any movement or other change of any part of the
system deforms the structure of the whole complex, the fact that the
system as a whole tends to retain its integral configuration implies
that every change of any one part affects the interactions among the
rest of the population in such a way as to yield a net countervailing
resultant; and this for every single part. Couched in anthropomorphic
language, this would signify that at all times every part "knows" the
stations and activities of every other part and "responds" to any
excursions and disturbances of the collective equilibrium as if it
also "knew" just precisely how best to maintain the integrity of the
whole system in concert with the other constituents. Although
rarely expressed so bluntly, much of this imagery lurks behind such
equally anthropomorphic terms as "organizers", regulators",
"control mechanisms" and the like, which particularists have had to
invoke in order to fill the information gap between what one can
learn from isolated elements and a valid description of group
behaviour.


The Boltzmann theorem and thermodynamics have realistically
by-passed that gap by confining safe statements about macrorelations
to macrosamples only. They relate unequivocally the average state
of a system at time t1 to its average state at time t2, but realize that
tracing an individual molecule through that course is not only
not feasible but would be scientifically totally uninteresting and
inconsequential; for it would in each individual instance and instant
be of nonrecurrent uniqueness, hence valueless for any detailed
predictability of future micro-events. If physics has had the sense
of realism to divorce itself from microdeterminism on the molecular
level, there seems to be no reason why the life sciences, faced with
the fundamental similitude between the arguments for the renunciation of molecular microdeterminacy in both thermodynamics and
systems dynamics, should not follow suit and adopt "macrodeterminacy" regardless of whether or not the behaviour of a system as a
whole is reducible to a stereotyped performance by a fixed array
of pre-programmed micro-robots. Since experience has positively
shown such unequivocal macrorelation to exist on various supramolecular levels of the hierarchy of living processes in the documented
absence of componental microdeterminacy, we evidently must let
such positive scientific insights prevail over sheer conjectures and
preconceptions, however cherished and ingrained in our traditional
thinking they may be.

Macrodeterminacy

[In embryology] one
has even got to referring to the process which changes a cell from its
originally "indeterminate'' and multivalent condition into one definitely
committed for a given fate, as the process of "determination".
The same principle as illustrated here for development repeats
itself at all orders of magnitude; let us review, for instance, the
establishment of organelle structures within the cell, or of the finer
sub-structures within organelles.


A mitochondrion, in being reconstituted after fragmentation, will
order lipid molecules into the characteristic lamellar configuration
..., but the new position will not be a precise replica
if the former one, nor do the lipid molecules in the pool know which
ones will be recruited. Likewise on the next lower level, the enzymes
in regularly seriated clusters, which are to dot the new mitochondrial
lamellae, do not know their final arrangements until they are in place;
and so forth.



This principle is close to our notion of merely "adequate" determinism in the macroscopic world


I could go on to confirm the validity of this principle of determinacy
in the gross despite demonstrable indeterminacy in the small for practically any level and area of the life sciences. In order to take account
of this hierarchical repetitiveness, I have suggested the simile of
"grain size" of determinacy as an empirical measurement for the
degree of definition and predictability at any given level. The mosaic
of organ rudiments mapped out in the early embryo, for instance, is
very "coarse-grained", whereas the mosaic of genes in the chromosome is far more "fine-grained". It is immaterial at this
juncture whether or not the principle is rigorous in a philosophical
sense. What counts is that, scientifically speaking, it is as realistic
and logical a proposition as we can deduce from the accessible facts.

As you will note, one could turn this renunciation of the primacy
of microdeterminacy into a positive scientific declaration in favour
of the existence of "free will". I prefer to give it a more restrained
interpretation, for it really implies no positive commitment. What it
does, is simply to remove the spurious objections and injunctions
against the scientific legitimacy of the concept of freedom of decision
that have been raised from within the scientific sector, or from other
camps leaning on supposedly scientific verdicts. I cannot see that
science can prove free will but, on the other hand, I can see nothing 
in what we know in the life sciences that would contradict it on scientific grounds. To go beyond this statement would be a matter solely of private belief.






Machines are passively assembled from parts; living systems actively build themselves, by subdividing a whole cell
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Sara Imari Walker is an American theoretical physicist and astrobiologist with research interests in the origins of life, astrobiology, physics of life, emergence, complex and dynamical systems, and artificial life. Walker is deputy director of the Beyond Center for Fundamental Concepts in Science at Arizona State University. The director is Paul Davies.

Walker is the associate director of the ASU-SFI Center for Biosocial Complex Systems and an associate professor at ASU.  She is a co-founder of the astrobiology social network SAGANet, and on the board of directors for Blue Marble Space, a nonprofit education and science organization.


With her ASU colleague Leroy (Lee ) Cronin, Walker is co-developer of Assembly Theory, a metric for complex systems as the number of specific steps needed to assemble the system. Beyond the usual physical and chemical steps, assembly theory looks for evidence of natural selection. Assembly Theory was inspired by John von Neumann's idea of a Universal Constructor. 

In her 2024 book, Life As No One Knows It: The Physics of Life's Emergence she writes...


Johnny made an analogy between the idea of computation, which is abstract, and what he called construction, which he intended to describe physical operations, rather than computational ones... Inspired by how a universal Turing machine can in principle compute any computable function, Johnny devised a maniac of an idea for another abstract machine he called the universal constructor. The universal constructor (UC) is an abstract device that can in principle assemble any constructable object
Life as No One Knows It,  p.208






Assembly theory conceptualizes objects not as point particles, but as entities defined by their possible formation histories. This allows objects to show evidence of selection, within well-defined boundaries of individuals or selected units. Combinatorial objects are important in chemistry, biology and technology, in which most objects of interest (if not all) are hierarchical modular structures. For any object an 'assembly space' can be defined as all recursively assembled pathways that produce this object. The 'assembly index' is the number of steps on a shortest path producing the object. For such shortest path, the assembly space captures the minimal memory, in terms of the minimal number of operations necessary to construct an object based on objects that could have existed in its past. The assembly is defined as "the total amount of selection necessary to produce an ensemble of observed objects."
Life as No One Knows It, ibid.



In her book, Walker says that scientific measurements are assumed to access the physical properties of real objects, but what we really measure is just the interaction with the measurement devices themselves. She calls this the "hard problem of matter."



You might naïvely think that the electron really does have a mass, a charge, and a spin, and that these are intrinsic properties of the electron. But these properties can also be considered to merely describe how electrons interact with certain measuring devices. For example, when an electron interacts with scientific instruments that measure mass, they provide a reliable value we identify as the electron mass. When these same objects interact with devices that measure charge, they reliably report a negative charge. Spin can be inferred in a number of ways, including by measuring magnetic properties of particles or their interactions with other particles. We have no way to know what other properties electrons may have that we haven’t measured or been able to infer by measurement of their interactions with other objects. Nor can we know if electrons still have the properties we know about when they are not being measured. For practical purposes it may be perfectly reasonable to assume they do, but we can never completely confirm it.
Life as No One Knows It: The Physics of Life's Emergence (p. 41)




Measurements of the position and the time of an event are properties of our rulers and our clocks, not space and time themselves. Where recent books like Julian Barbour's The End of Time and Janus Point claim "time is an illusion," they are recognizing Walker's point that we only know about the measurement events, nothing about time itself.  



Walker proposes two other "hard problems" (developed with her Ph.D. thesis adviser Cronin), the hard problem of life (with Davies) and the hard problem of consciousness (this the original  idea of David Chalmers). 


Walker's most recent work stresses the fundamental importance of information, including its causal power (mind over matter?). She is in sync with Paul Davies, whose recent book Demon in the Machine concludes with...


The search for a ‘missing link’ that can join non-life and life in a unitary framework has led to an entirely new scientific field at the interface of biology, physics, computing and mathematics. It is a field ripe with promise not only for finally explaining life but in opening the way to applications that will transform nanotechnology and lead to sweeping advances in medicine. The unifying concept that underlies this transformation is information, not in its prosaic everyday sense but as an abstract quantity which, like energy, has the ability to animate matter. Patterns of information flow can literally take on a life of their own, surging through cells, swirling around brains and networking across ecosystems and societies, displaying their own systematic dynamics. It is from this rich and complex ferment of information that the concept of agency emerges, with its links to consciousness, free will and other vexing puzzles. It is here, in the way living systems arrange information into organized patterns, that the distinctive order of life emerges from the chaos of the molecular realm.
The Demon in the Machine, p.2



And in their joint article for Interface, a Journal of the Royal Society, Davies and Walker wrote..,


The central position of information in biology is not itself
especially new or radical. What is often sidestepped,
however, is the fact that in biological systems information is
not merely a way to label states, but a property of the
system. To be explicit, biological information is distinctive
because it possesses a type of causal efficacy —it
is the information that determines the current state and
hence the dynamics (and therefore also the future state(s)).

In this paper, we postulate that it is the transition to
context-dependent causation—mediated by the onset of
information control—that is the key defining characteristic
of life. We therefore identify the transition from non-life to
life with a fundamental shift in the causal structure of the
system, specifically a transition to a state in which algorithmic
information gains direct, context-dependent, causal efficacy
over matter. We now turn to the question of how all this
came about. How did information first gain causal purchase
over certain complex systems that we now call living
organisms?


Walker S.I, Davies P.C.W. 2013, "The algorithmic origins of life".  Interface:  Journal of the Royal Society
10: 2012 08 69.
dx.doi.org/10.1098/rsif.2012.0869




In Walker's  Long Now Foundation talk on YouTube "An Informational Theory of Life.," she says...


[T]he question we need to ask is how does the universe generate information and complexity when it has none. That is the origin of life and I think that question has some really interesting consequences which we're going to explore ...
Long Now  (14:06)





[W]e have been constructed on this planet across four billion years and we are the reason we're not reducible to our atoms. 
Why that fundamental layer doesn't describe us is because when we do that we remove all of that time and causation. And that's actually where we
exist. That's where the causal structure is that is us is embedded in this history of time. And so I think to
understand life we have to think about time in a real physical way. And actually evolved objects, one of the
reasons they're so perplexing for us to see is because they're bigger in time than space. Imagine putting four billion years in this tiny volume of my brain.
Long Now (40:26)




Walker calls "the causal structure that is us...embedded in this history of time"...in our brains our "lineage." 
Of course that history itself is not in our brains. but our brains are the evolution and development product of that history, so "lineage" is apt.


More from the Journal of Royal Society  article - 



Although it is notoriously hard to identify precisely what makes life so distinctive and remarkable, there is general agreement that its informational aspect is one key property, and perhaps the key property . The manner in which information flows through and between cells and sub-cellular structures is quite unlike anything else observed in nature. If life is more than just complex chemistry, its unique informational management properties may be the crucial indicator of this distinction. 

Unfortunately, the way that information operates in biology is not easily characterized. While standard information theoretic measures, such as Shannon information, have proved useful, biological information has an additional quality which may roughly be called ‘functionality’—or—‘contextuality’—that sets it apart from a collection of mere bits as characterized by its Shannon information content. The information content of DNA, for example, is usually defined by the Shannon (sequential) measure. However, the genome is only a small part of the story. DNA is not a blueprint for an organism: no information is actively processed by DNA alone. Rather, DNA is a (mostly) passive repository for transcription of stored data into RNA, some (but by no means all) of which goes on to be translated into proteins.The biologically relevant information stored in DNA therefore has very little to do with its specific chemical nature (beyond the fact that it is a digital linear polymer). The geneticmaterial could just as easily be a different variety of nucleic acid (or a different molecule altogether), as recently experimentally confirmed. It is the functionality ofthe expressed RNAs and proteins—not the bits—that is biologically important.


Journal  of the Royal Society Interface, ibid.



In a most powerful piece of science writing, Walker describes the  long struggle of  Albert Einstein's "lineage" to give birth to general relativity...


Your lineage takes pencil to paper. Scribbling notes, you—as you are in 1910—are fiercely trying to elucidate how it is that gravity can work in situations where the speed of light is constant. You are frustrated and have many conversations with your collaborator, Marcel Grossmann, a brilliant mathematician and friend. Still, it takes you nearly a decade to formalize your intuition. The idea was there all along. However, translating it so others among you could readily see it—and more importantly test it—was far more challenging than having the intuition itself. Even so, you persevered and did eventually succeed in formalizing your thoughts. Your theory was validated three years later, after the intervention of a global war. That experiment was led by Sir Arthur Eddington, who had the stroke of insight to use the solar eclipse to test your predictions. The eclipse obscured the light of our Sun and allowed direct observation of the bending of the light from distant stars around it, just as your theory had predicted we should observe it. 

It would take decades after your death for us to later prove other predictions your theory made. A key implication of your intuition was the existence of gravitational waves—ripples in the fabric of the space-time you invented to describe how our reality works. The first compelling evidence that your gravitational waves might really be there came in 1978 when two humans you would never know, but who knew of you, named Russell Hulse and Joseph Taylor, observed a binary neutron star system and inferred that the missing energy must be dissipated, exactly as you predicted, by gravitational waves. Like you, they were awarded the Nobel Prize; theirs was for confirming some of your predictions. However, their evidence was not direct. Our quest continued to validate what you intuited was there. In the 1990s, roughly forty years after you left us, we started to build interferometers to directly test your predictions. These devices needed to be so precise it took us decades to build them, even with our technology as it exists now, which is exponentially more advanced than anything you had ever witnessed in your lifetime. But we, too, ultimately persevered. On September 14, 2015, we made first contact with the phenomenon your intuition told us existed. We do not have to tell you this is one hundred years after you formalized your ideas! Did you and Marcel think it would take so long? Perhaps you would think this was quick. 


The measurement was among the most precise made in our history and indicated the presence of two colliding black holes with masses roughly thirty and thirty-five times our own Sun’s mass. The ring-down of this merger on our detectors, the symphony of a universe describing itself, lasted 0.2 seconds and was sung on our instruments roughly 1.4 billion years after it happened. Albert Einstein was not born yet, and neither were we: the lineage of life we share was not even multicellular then. His theory was such that it predicted features of events that happened in his past, which could be confirmed by us only in his future. 


Our universe is such that this is possible. By observing what is happening now, in the present moment, we can infer what has happened already, even billions of years in the past. We can predict and even cause what happens next. We can write down theories that describe how our reality works, and then test them against observations and experiments. Theoretical physics, among human endeavors, has been stunningly successful at this, in no small part because of minds asking the hard questions about the nature of reality. These are minds like that of Albert Einstein, who painted our current understanding of the nature of space-time with his general theory of relativity that led to the prediction of gravitational waves. 


Albert was once a part of the lineage that is human, with all that entails. He enjoyed playing violin, he was fiercely curious and intrepid in his pursuit of understanding reality, he believed education should be accessible to all, and he advocated for an end to systemic racism in the United States—often visiting historically black universities. While living, he played a pivotal role in our current understanding of gravity, space, and time, and even laid some of the foundations for quantum mechanics. He also made significant contributions to philosophy, morality, and ethics. Like every human, he also had his flaws—historians have written about how he was a mostly absent father to his two sons and had multipleaffairs over the course of his two marriages. All these details of Albert’s life are fiercely important, as are the details of any life. 


They, however, have less relevance to the fundamental physics of what it is to be alive, because we are not looking at what is specific to us as individuals, but what is universal to us all. What part of you is also a part of Albert Einstein? What part is also a feature of the very first life on Earth? By all I really mean all—not just the instances that we exist as today, but what we have been over the last several billion years and what we will become. We are each just one temporary instance of life on this planet—a pattern of information structuring matter across billions of years. 


To get to a universal understanding of what life is, we must do what theoretical physics does best—abstract the nature of reality to its most fundamental and powerful explanations. Universal includes us humans, our ancestors—from microbes to multicellular life—artificial life, artificial intelligence, what comes after those, and even aliens. 


The most important thing about Albert Einstein for our purposes is that he was not only human, and a theoretical physicist to boot, but also an example of a broader set of phenomena that exists in our universe that we have yet to understand—like you and I, he was once alive. The theories he produced, that tell us so much about the nature of reality, would not exist if there was not a part of the universe—life—that can comprehend the rest. 


What we are about to embark on next is a vision of a future where we understand what we are, not based on theoretical physics as it was—the kind of physics Albert Einstein devised, with his predecessors Isaac Newton and James Clerk Maxwell, his contemporaries Marie Curie and Emmy Noether, and his successors Richard Feynman, Steven Weinberg, and Frank Wilczek, among many others. They all studied the nonliving universe: the universe without us. 


Instead, we are now stepping into a possible history of what physics will be if we are to explain the most intimate of physical phenomena—the nature of ourselves. You are a part of that lineage, too, and it is only by accruing knowledge over our lineages that we can understand how it is that we came to be.


Life as No One Knows It: The Physics of Life's Emergence  (pp. 77-80)





Source: https://www.informationphilosopher.com/solutions/scientists/walker/
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Stephen Wolfram

Stephen Wolfram is a physicist, computer scientist, and very successful businessman.

In his 2002 book, A New Kind of Science, Wolfram published a simpler example of a universal computer (Turing machine). Wolfram's cellular automata model superceded Marvin Minsky' s 1962 Turing machine, which had held the record of simplest universal computer for 40 years.


Wolfram is the chief executive of Wolfram Research, which developed technical computing tools applicable to machine learning, neural networks, image processing and visualizations.


His Wolfram Alpha is a free online answer service that goes beyond typical Internet searches that return web pages that may have the answers. 


Wolfram calls Alpha a "computational knowledge engine" or "answer engine." Alpha assembles the best possible answer from curated data. Alpha answers consist of text and related data visualizations.


Difficult questions asked of Apple's Siri and Amazon's Alexa are often forwarded to Wolfram Alpha for more significant answers.


Wolfram is part of a group of scientists who work in "digital philosophy." They include Gregory Chaitin, Edward Fredkin, Seth Lloyd, Rudy Rucker, Jürgen Schmidhuber, Konrad Zuse, and Wolfram.


Digital philosophers generally hope to reduce the mind to a computer and even see the whole universe as a computer running some kind of cosmic code.

Stephen Wolfram and Frederick Reif
Frederick "Fred" Reif earned his Ph.D in physics from Harvard University in 1953, with Ed Purcell as his thesis adviser.  He went to work with Enrico Fermi at the University of Chicago. Seven years later, he went to the University of California, Berkeley, where he taught for twenty-nine years. At Berkeley he authored a classic text in statistical physics and thermodynamics, Statistical and Thermal Physics, published in 1965.

 
At that time, the National Science Foundation supported the development of more modern textbook series in the physical sciences aimed at high schools students. At MIT, Jerrold Zacharias led the Physical Science Study Committee. At Harvard, Gerald Holton and Fletcher Watson led Project Physics. At Berkeley, Reif rewrote his textbook, titled simply Statistical Physics, as volume 5 of the Berkeley Physics Course.


Reif's book incorporated the first sophisticated computer calculations of the motions of gas molecules. As such, it was a landmark in the field of computational methods for solving problems in physics as opposed to solving mathematical differential equations.


Reif's work was a visualization of the second law of thermodynamics.  Reif's movie frames led Wolfram to develop his "New Kind of Science" using computational principles to derive the fundamental laws of physics, as described in Wolfram's latest book The Second Law.


Displayed as frames in a movie film, the book's front cover illustrated the diffusion of molecules from an initial state concentrated in the left half of a two-dimensional space to filling the whole space after seven frames. 

[image: image-placeholder]

On the back cover, the velocities of all the particles were reversed and the computer calculations show the molecules making their way back into the left half. But they do not return to the exact original positions, due to "round-off errors" in the calculations. 


In principle, if the computer could have unlimited information about the positions and velocities (an infinite number of significant figures), all the molecule positions in the past and the future could be determined by Newton's laws of motion (
  F
  =
  m
  a
, etc.). Classical physics is deterministic.


In 1814, Pierre-Simon Laplace wrote in the introduction to his Essai philosophique sur les probabilités, 


"We may regard the present state of the universe as the effect of its past and the cause of its future. An intellect which at a certain moment would know all forces that set nature in motion, and all positions of all items of which nature is composed, if this intellect were also vast enough to submit these data to analysis, it would embrace in a single formula the movements of the greatest bodies of the universe and those of the tiniest atom; for such an intellect nothing would be uncertain and the future just like the past would be present before its eyes."


LaPlace was extending an earlier idea of Newton's contemporary Gottfried Leibniz, but it became famous as Laplace's Demon, a key concept of strict physical determinism. 


In his latest book, The Second Law, Stephen Wolfram says he spent fifty years trying to understand the deep physical significance of Reif's movie frames and the computations that produced them. 



The great question for Wolfram, and for Reif, is this: if the equations of motion for microscopic collisions between gas particles are reversible, why are the macroscopic properties of gases irreversible, for example the entropy can only increase, never decrease, as the second law claims. 


In a recent YouTube video, Wolfram described the problem,

[image: image-placeholder]

And in The Second Law (p.219), Wolfram describes Fred's book that started his fifty-year quest to understand the second law.


The Backstory of the Book Cover That Started It All
[image: image-placeholder]
What is the backstory of the book cover that launched my long journey with the Second Law? The book was published in 1965, and inside its front flap we find:

The book covers

The movie strips on the covers illustrate the fundamental ideas of irreversibility and fluctuations by showing the motion of 40 particles inside a two-dimensional box. The movie strips were produced by an electronic computer programmed to calculate particle trajectories. (For details, see pp. 7, 24, and 25 inside the book.) The front cover illustrates the irreversible approach to equilibrium starting from the highly nonrandom initial situation where all the particles are located in the left half of the box. The back cover (read in the upward direction from bottom to top) illustrates the irreversible approach to equilibrium if, starting from the initial situation at the top of the front cover, all the particle velocities are reversed (or equivalently, if the direction of time is imagined to be reversed). The back-cover and front-cover movie strips together, read consecutively in the downward direction, illustrate a very large fluctuation occurring extremely rarely in equilibrium.



Wolfram designed the covers of his book to match the look of Fred's book, but with the computer calculations likely redone using his Mathematica and Wolfram Language tools, or perhaps the evolving hypergraphs of his cellular automata?

[image: image-placeholder]


Is Physics Reversible or Irreversible?


The answer hinges on the question of fundamental randomness. Ludwig Boltzmann hypothesized there is some unknown process causing random behavior in the gas molecules that he called "molecular disorder" (molekular ungeordnete).

Since Newton's microscopic laws of motion of the gas particles are completely deterministic and time reversible, the great question for the past one-hundred and fifty years is how macroscopically, the gas appears to be irreversible.


What can we say about the views of Fred Reif and Stephen Wolfram on the questions of randomness and reversibility?  We can actually tell a lot by looking very carefully at the results of their computer calculations shown on the front and back covers of their books.


Here are the front cover and back cover movie strips side by side.

	
Reif Statistical Physics
[image: image-placeholder]	
Wolfram The Second Law
[image: image-placeholder]


Let's now carefully compare the starting frame on the front covers to the ending frame on the back covers. What can we say about the physics? 


Both back covers start by reversing the velocities of the molecules in the last frame on the front cover. Wolfram shows that explicitly by reversing the little white arrows.

 
Both evolve back to the left half of the frames, as if time itself was being reversed.


But note that Reif's computations do not return each molecule back to its exact starting position, as do Wolfram's. Wolfram's molecules are in a rigid grid pattern, initially four rows of three squares, perhaps an artifact of his cellular automata? Note that the back cover unfortunately cuts off the bottom row of four molecules. 

	[image: image-placeholder]	[image: image-placeholder]



Source: https://www.informationphilosopher.com/solutions/scientists/wolfram/
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Steven Weinberg


   Steven Weinberg is the foremost cosmologist on the first few moments of the early universe.


Weinberg on Free Will


 Weinberg's thoughts on free will are generally negative, because, he says, it would imply "free will for tumors." Although we would not call it a will, any tumor has the kind of freedom all evolving organisms have. 

The control of random noise is at the heart of the biophysical basis for behavioral freedom for all animals.  And a tumor might be seen as an organism where the random noise has gotten out of control. Just as some kinds of madness are a sign that the generation of alternative possibilities for action may have gotten out of control by the mind's evaluation and decision process.


Weinberg sees "nothing about the human mind any more than about the weather that stands out as beyond the hope of understanding as a consequence of impersonal laws acting over billions of years." He does not note the teleonomic character of living systems that makes them much more understandable than the weather ever is likely to be. Although both are subject to the same rules - the laws of physics - living things store and manipulate information. This provides them with a memory with which they can manage their future. Free will is a biophysical process.


In his 2002 review of Stephen Wolfram's A New Kind of Science for the New York Review of Books, Weinberg doubts that Wolfram has shown free will to be an illusion, but he himself is content with a kind of compatibilism or agent-causalism,


I have never been able to understand the inconsistency that other people find between free will and a completely deterministic view of nature. Free will to me means only that we sometimes decide what we do, and we know that this is true by the same sort of mental experience that convinced Descartes that he existed, but we have no mental experience that tells us that our decisions are not inevitable consequences of past conditions and the laws of nature.


In 2009, Weinberg wrote back to me about his defense of determinism (one of very few top scientists and philosophers who were kind enough to reply).



Dear Mr. Doyle,
   In the sentence about free will for Germans and tumors that you 
quote, I was not trying to say anything about the nature of free will, 
but just addressing the question whether it is possible to maintain 
the notion of a benevolent God, with the excuse that the evil in the 
world is a necessary consequence of the gift of free will.
   My own view is that arguments about determinism are irrelevant to 
the issue of free will.  The only meaning I can give to free will is 
that our actions are at least in part affected by our conscious 
decisions.  I know that this is true from my personal experiences, as 
well as I know anything.  If my conscious decisons are pre-determined, 
that does not take away from the fact that they are conscious 
decisions.  And if they are not pre-determined because of quantum 
fluctuations or chaotic processes in the brain, that does not give me 
any more of a sense of independence than I had when I thought my 
decisions were pre-determined.
   Yes, you have my permission to quote my AAAS talk.  You might 
mention that it appears in a collection of my essays, Facing Up, 
published by Harvard Press.  (This book is not listed in the brief 
biography you present, because it was published in 2001, after that 
biography was written.)
Best,
Steven Weinberg



A Designer Universe (Weinberg's AAAS talk)


Weinberg's talk in April 1999 at the Conference on Cosmic Design of the AAAS.


Reprinted in his 2001 book Facing Up. 



I have been asked to comment on whether the universe shows signs of having been designed.1 I

 don't see how it's possible to talk about this without having at least some vague idea of what a

 designer would be like. Any possible universe could be explained as the work of some sort of

 designer. Even a universe that is completely chaotic, without any laws or regularities at all, could

 be supposed to have been designed by an idiot. 





 The question that seems to me to be worth answering, and perhaps not impossible to answer, is

 whether the universe shows signs of having been designed by a deity more or less like those of

 traditional monotheistic religions—not necessarily a figure from the ceiling of the Sistine Chapel,

 but at least some sort of personality, some intelligence, who created the universe and has some

 special concern with life, in particular with human life. I expect that this is not the idea of a

 designer held by many here. You may tell me that you are thinking of something much more

 abstract, some cosmic spirit of order and harmony, as Einstein did. You are certainly free to

 think that way, but then I don't know why you use words like 'designer' or 'God,' except

 perhaps as a form of protective coloration. 





 It used to be obvious that the world was designed by some sort of intelligence. What else could

 account for fire and rain and lightning and earthquakes? Above all, the wonderful abilities of

 living things seemed to point to a creator who had a special interest in life. Today we

 understand most of these things in terms of physical forces acting under impersonal laws. We

 don't yet know the most fundamental laws, and we can't work out all the consequences of the

 laws we do know. The human mind remains extraordinarily difficult to understand, but so is the

 weather. We can't predict whether it will rain one month from today, but we do know the rules

 that govern the rain, even though we can't always calculate their consequences. I see nothing

 about the human mind any more than about the weather that stands out as beyond the hope of

 understanding as a consequence of impersonal laws acting over billions of years. 

 



 There do not seem to be any exceptions to this natural order, any miracles. I have the impression

 that these days most theologians are embarrassed by talk of miracles, but the great monotheistic

 faiths are founded on miracle stories—the burning bush, the empty tomb, an angel dictating the

 Koran to Mohammed—and some of these faiths teach that miracles continue at the present day.

 The evidence for all these miracles seems to me to be considerably weaker than the evidence for

 cold fusion, and I don't believe in cold fusion. Above all, today we understand that even human

 beings are the result of natural selection acting over millions of years of breeding and eating. 





 I'd guess that if we were to see the hand of the designer anywhere, it would be in the

 fundamental principles, the final laws of nature, the book of rules that govern all natural

 phenomena. We don't know the final laws yet, but as far as we have been able to see, they are

 utterly impersonal and quite without any special role for life. There is no life force. As Richard

 Feynman has said, when you look at the universe and understand its laws, 'the theory that it is all

 arranged as a stage for God to watch man's struggle for good and evil seems inadequate.' 





 True, when quantum mechanics was new, some physicists thought that it put humans back into

 the picture, because the principles of quantum mechanics tell us how to calculate the probabilities

 of various results that might be found by a human observer. But, starting with the work of Hugh

 Everett forty years ago, the tendency of physicists who think deeply about these things has been

 to reformulate quantum mechanics in an entirely objective way, with observers treated just like

 everything else. I don't know if this program has been completely successful yet, but I think it will

 be. 





 I have to admit that, even when physicists will have gone as far as they can go, when we have a

 final theory, we will not have a completely satisfying picture of the world, because we will still be

 left with the question 'why?' Why this theory, rather than some other theory? For example, why

 is the world described by quantum mechanics? Quantum mechanics is the one part of our

 present physics that is likely to survive intact in any future theory, but there is nothing logically

 inevitable about quantum mechanics; I can imagine a universe governed by Newtonian mechanics

 instead. So there seems to be an irreducible mystery that science will not eliminate. 

 



 But religious theories of design have the same problem. Either you mean something definite by a

 God, a designer, or you don't. If you don't, then what are we talking about? If you do mean

 something definite by 'God' or 'design,' if for instance you believe in a God who is jealous, or

 loving, or intelligent, or whimsical, then you still must confront the question 'why?' A religion may

 assert that the universe is governed by that sort of God, rather than some other sort of God, and

 it may offer evidence for this belief, but it cannot explain why this should be so. 





 In this respect, it seems to me that physics is in a better position to give us a partly satisfying

 explanation of the world than religion can ever be, because although physicists won't be able to

 explain why the laws of nature are what they are and not something completely different, at least

 we may be able to explain why they are not slightly different. For instance, no one has been able

 to think of a logically consistent alternative to quantum mechanics that is only slightly different.

 Once you start trying to make small changes in quantum mechanics, you get into theories with

 negative probabilities or other logical absurdities. When you combine quantum mechanics with

 relativity you increase its logical fragility. You find that unless you arrange the theory in just the

 right way you get nonsense, like effects preceding causes, or infinite probabilities. Religious

 theories, on the other hand, seem to be infinitely flexible, with nothing to prevent the invention of

 deities of any conceivable sort. 





 Now, it doesn't settle the matter for me to say that we cannot see the hand of a designer in what

 we know about the fundamental principles of science. It might be that, although these principles

 do not refer explicitly to life, much less human life, they are nevertheless craftily designed to bring

 it about. 





 Some physicists have argued that certain constants of nature have values that seem to have been

 mysteriously fine-tuned to just the values that allow for the possibility of life, in a way that could

 only be explained by the intervention of a designer with some special concern for life. I am not

 impressed with these supposed instances of fine-tuning. For instance, one of the most frequently quoted examples of fine-tuning has to do with a property of the nucleus of

 the carbon atom. The matter left over from the first few minutes of the universe was almost

 entirely hydrogen and helium, with virtually none of the heavier elements like carbon, nitrogen,

 and oxygen that seem to be necessary for life. The heavy elements that we find on earth were

 built up hundreds of millions of years later in a first generation of stars, and then spewed out into

 the interstellar gas out of which our solar system eventually formed. 





 The first step in the sequence of nuclear reactions that created the heavy elements in early stars is

 usually the formation of a carbon nucleus out of three helium nuclei. There is a negligible chance

 of producing a carbon nucleus in its normal state (the state of lowest energy) in collisions of three

 helium nuclei, but it would be possible to produce appreciable amounts of carbon in stars if the

 carbon nucleus could exist in a radioactive state with an energy roughly 7 million electron volts

 (MeV) above the energy of the normal state, matching the energy of three helium nuclei, but (for

 reasons I'll come to presently) not more than 7.7 MeV above the normal state. 





 This radioactive state of a carbon nucleus could be easily formed in stars from three helium

 nuclei. After that, there would be no problem in producing ordinary carbon; the carbon nucleus

 in its radioactive state would spontaneously emit light and turn into carbon in its normal

 nonradioactive state, the state found on earth. The critical point in producing carbon is the

 existence of a radioactive state that can be produced in collisions of three helium nuclei. 






 In fact, the carbon nucleus is known experimentally to have just such a radioactive state, with an

 energy 7.65 MeV above the normal state. At first sight this may seem like a pretty close call; the

 energy of this radioactive state of carbon misses being too high to allow the formation of carbon

 (and hence of us) by only 0.05 MeV, which is less than one percent of 7.65 MeV. It may

 appear that the constants of nature on which the properties of all nuclei depend have been

 carefully fine-tuned to make life possible. 

 



 Looked at more closely, the fine-tuning of the constants of nature here does not seem so fine.

 We have to consider the reason why the formation of carbon in stars requires the existence of a

 radioactive state of carbon with an energy not more than 7.7 MeV above the energy of the

 normal state. The reason is that the carbon nuclei in this state are actually formed in a two-step

 process: first, two helium nuclei combine to form the unstable nucleus of a beryllium isotope,

 beryllium 8, which occasionally, before it falls apart, captures another helium nucleus, forming a

 carbon nucleus in its radioactive state, which then decays into normal carbon. The total energy

 of the beryllium 8 nucleus and a helium nucleus at rest is 7.4 MeV above the energy of the

 normal state of the carbon nucleus; so if the energy of the radioactive state of carbon were

 more than 7.7 MeV it could only be formed in a collision of a helium nucleus and a beryllium 8

 nucleus if the energy of motion of these two nuclei were at least 0.3 MeV — an energy which is

 extremely unlikely at the temperatures found in stars. 





 Thus the crucial thing that affects the production of carbon in stars is not the 7.65 MeV energy

 of the radioactive state of carbon above its normal state, but the 0.25 MeV energy of the

 radioactive state, an unstable composite of a beryllium 8 nucleus and a helium nucleus, above

 the energy of those nuclei at rest.2 This energy misses being too high for the production of

 carbon by a fractional amount of 0.05 MeV/0.25 MeV, or 20 percent, which is not such a

 close call after all. 

 



 This conclusion about the lessons to be learned from carbon synthesis is somewhat

 controversial. In any case, there is one constant whose value does seem remarkably well

 adjusted in our favor. It is the energy density of empty space, also known as the cosmological

 constant. It could have any value, but from first principles one would guess that this constant

 should be very large, and could be positive or negative. If large and positive, the cosmological

 constant would act as a repulsive force that increases with distance, a force that would prevent

 matter from clumping together in the early universe, the process that was the first step in forming

 galaxies and stars and planets and people. If large and negative the cosmological constant

 would act as an attractive force increasing with distance, a force that would almost immediately

 reverse the expansion of the universe and cause it to recollapse, leaving no time for the evolution

 of life. In fact, astronomical observations show that the cosmological

 constant is quite small, very much smaller than would have been guessed

 from first principles. 





 It is still too early to tell whether there is some fundamental principle that

 can explain why the cosmological constant must be this small. But even if

 there is no such principle, recent developments in cosmology offer the

 possibility of an explanation of why the measured values of the

 cosmological constant and other physical constants are favorable for the

 appearance of intelligent life. According to the 'chaotic inflation' theories

 of André Linde and others, the expanding cloud of billions of galaxies

 that we call the big bang may be just one fragment of a much larger

 universe in which big bangs go off all the time, each one with different

 values for the fundamental constants. 





 In any such picture, in which the universe contains many parts with

 different values for what we call the constants of nature, there would be

 no difficulty in understanding why these constants take values favorable

 to intelligent life. There would be a vast number of big bangs in which the

 constants of nature take values unfavorable for life, and many fewer

 where life is possible. You don't have to invoke a benevolent designer to

 explain why we are in one of the parts of the universe where life is

 possible: in all the other parts of the universe there is no one to raise the

 question.3 If any theory of this general type turns out to be correct, then

 to conclude that the constants of nature have been fine-tuned by a

 benevolent designer would be like saying, 'Isn't it wonderful that God

 put us here on earth, where there's water and air and the surface gravity

 and temperature are so comfortable, rather than some horrid place, like

 Mercury or Pluto?' Where else in the solar system other than on earth

 could we have evolved? 





 Reasoning like this is called 'anthropic.' Sometimes it just amounts to an

 assertion that the laws of nature are what they are so that we can exist,

 without further explanation. This seems to me to be little more than

 mystical mumbo jumbo. On the other hand, if there really is a large

 number of worlds in which some constants take different values, then the

 anthropic explanation of why in our world they take values favorable for life is just

 common sense, like explaining why we live on the earth rather than

 Mercury or Pluto. The actual value of the cosmological constant, recently

 measured by observations of the motion of distant supernovas, is about

 what you would expect from this sort of argument: it is just about small

 enough so that it does not interfere much with the formation of galaxies.

 But we don't yet know enough about physics to tell whether there are

 different parts of the universe in which what are usually called the

 constants of physics really do take different values. This is not a hopeless

 question; we will be able to answer it when we know more about the

 quantum theory of gravitation than we do now. 






 It would be evidence for a benevolent designer if life were better than

 could be expected on other grounds. To judge this, we should keep in

 mind that a certain capacity for pleasure would readily have evolved

 through natural selection, as an incentive to animals who need to eat and

 breed in order to pass on their genes. It may not be likely that natural

 selection on any one planet would produce animals who are fortunate

 enough to have the leisure and the ability to do science and think

 abstractly, but our sample of what is produced by evolution is very

 biased, by the fact that it is only in these fortunate cases that there is

 anyone thinking about cosmic design. Astronomers call this a selection

 effect. 





 The universe is very large, and perhaps infinite, so it should be no surprise

 that, among the enormous number of planets that may support only

 unintelligent life and the still vaster number that cannot support life at all,

 there is some tiny fraction on which there are living beings who are

 capable of thinking about the universe, as we are doing here. A journalist

 who has been assigned to interview lottery winners may come to feel that

 some special providence has been at work on their behalf, but he should

 keep in mind the much larger number of lottery players whom he is not

 interviewing because they haven't won anything. Thus, to judge whether

 our lives show evidence for a benevolent designer, we have not only to

 ask whether life is better than would be expected in any case from what

 we know about natural selection, but we need also to take into account

 the bias introduced by the fact that it is we who are thinking about the

 problem. 

 



 This is a question that you all will have to answer for yourselves. Being a

 physicist is no help with questions like this, so I have to speak from my

 own experience. My life has been remarkably happy, perhaps in the

 upper 99.99 percentile of human happiness, but even so, I have seen a

 mother die painfully of cancer, a father's personality destroyed by

 Alzheimer's disease, and scores of second and third cousins murdered in

 the Holocaust. Signs of a benevolent designer are pretty well hidden. 





 The prevalence of evil and misery has always bothered those who believe

 in a benevolent and omnipotent God. Sometimes God is excused by

 pointing to the need for free will. Milton gives God this argument in

 Paradise Lost: 



 I formed them free, and free they must remain 


 Till they enthral themselves: I else must change 


 Their nature, and revoke the high decree 


 Unchangeable, eternal, which ordained 


 Their freedom; they themselves ordained their fall. 



 It seems a bit unfair to my relatives to be murdered in order to provide an

 opportunity for free will for Germans, but even putting that aside, how

 does free will account for cancer? Is it an opportunity of free will for

 tumors? 





 I don't need to argue here that the evil in the world proves that the

 universe is not designed, but only that there are no signs of benevolence

 that might have shown the hand of a designer. But in fact the perception

 that God cannot be benevolent is very old. Plays by Aeschylus and

 Euripides make a quite explicit statement that the gods are selfish and

 cruel, though they expect better behavior from humans. God in the Old

 Testament tells us to bash the heads of infidels and demands of us that we

 be willing to sacrifice our children's lives at His orders, and the God of

 traditional Christianity and Islam damns us for eternity if we do not

 worship him in the right manner. Is this a nice way to behave? I know, I

 know, we are not supposed to judge God according to human standards,

 but you see the problem here: If we are not yet convinced of His

 existence, and are looking for signs of His benevolence, then what other

 standards can we use? 

 



 The issues that I have been asked to address here will seem to many to

 be terribly old-fashioned. The 'argument from design' made by the

 English theologian William Paley is not on most peoples' minds these

 days. The prestige of religion seems today to derive from what people

 take to be its moral influence, rather than from what they may think has

 been its success in accounting for what we see in nature. Conversely, I

 have to admit that, although I really don't believe in a cosmic designer, the

 reason that I am taking the trouble to argue about it is that I think that on

 balance the moral influence of religion has been awful. 





 This is much too big a question to be settled here. On one side, I could

 point out endless examples of the harm done by religious enthusiasm,

 through a long history of pogroms, crusades, and jihads. In our own

 century it was a Muslim zealot who killed Sadat, a Jewish zealot who

 killed Rabin, and a Hindu zealot who killed Gandhi. No one would say

 that Hitler was a Christian zealot, but it is hard to imagine Nazism taking

 the form it did without the foundation provided by centuries of Christian

 anti-Semitism. On the other side, many admirers of religion would set

 countless examples of the good done by religion. For instance, in his

 recent book Imagined Worlds, the distinguished physicist Freeman

 Dyson has emphasized the role of religious belief in the suppression of

 slavery. I'd like to comment briefly on this point, not to try to prove

 anything with one example but just to illustrate what I think about the

 moral influence of religion. 





 It is certainly true that the campaign against slavery and the slave trade

 was greatly strengthened by devout Christians, including the Evangelical

 layman William Wilberforce in England and the Unitarian minister William

 Ellery Channing in America. But Christianity, like other great world

 religions, lived comfortably with slavery for many centuries, and slavery

 was endorsed in the New Testament. So what was different for

 anti-slavery Christians like Wilberforce and Channing? There had been no

 discovery of new sacred scriptures, and neither Wilberforce nor Channing

 claimed to have received any supernatural revelations. Rather, the

 eighteenth century had seen a widespread increase in rationality and

 humanitarianism that led others—for instance, Adam Smith, Jeremy

 Bentham, and Richard  Brinsley Sheridan—also to oppose slavery, on grounds having nothing to

 do with religion. Lord Mansfield, the author of the decision in Somersett's

 Case, which ended slavery in England (though not its colonies), was no

 more than conventionally religious, and his decision did not mention

 religious arguments. Although Wilberforce was the instigator of the

 campaign against the slave trade in the 1790s, this movement had essential

 support from many in Parliament like Fox and Pitt, who were not known

 for their piety. As far as I can tell, the moral tone of religion benefited more

 from the spirit of the times than the spirit of the times benefited from

 religion. 





 Where religion did make a difference, it was more in support of slavery

 than in opposition to it. Arguments from scripture were used in Parliament

 to defend the slave trade. Frederick Douglass told in his Narrative how his

 condition as a slave became worse when his master underwent a religious

 conversion that allowed him to justify slavery as the punishment of the

 children of Ham. Mark Twain described his mother as a genuinely good

 person, whose soft heart pitied even Satan, but who had no doubt about

 the legitimacy of slavery, because in years of living in antebellum Missouri

 she had never heard any sermon opposing slavery, but only countless

 sermons preaching that slavery was God's will. With or without religion,

 good people can behave well and bad people can do evil; but for good

 people to do evil—that takes religion. 





 In an e-mail message from the American Association for the Advancement

 of Science I learned that the aim of this conference is to have a constructive

 dialogue between science and religion. I am all in favor of a dialogue

 between science and religion, but not a constructive dialogue. One of the

 great achievements of science has been, if not to make it impossible for

 intelligent people to be religious, then at least to make it possible for them

 not to be religious. We should not retreat from this accomplishment. 

 

1 This article is based on a talk given in April 1999 at the Conference on Cosmic Design of the American Association for the Advancement of Science in Washington, D.C. back

2 This was pointed out in a 1989 paper by M. Livio, D. Hollowell, A. Weiss, and J.W. Truran ('The anthropic significance of the existence of an excited state of 12C,' Nature, Vol. 340, No. 6231, July 27, 1989). They did the calculation quoted here of the 7.7 MeV maximum energy of the radioactive state of carbon, above which little carbon is formed in stars. back

3 The same conclusion may be reached in a more subtle way when quantum mechanics is applied to the whole universe. Through a reinterpretation of earlier work by Stephen Hawking, Sidney Coleman has shown how quantum mechanical effects can lead to a split of the history of the universe (more precisely, in what is called the wave function of the universe) into a huge number of separate possibilities, each one corresponding to a different set of fundamental constants. See Sidney Coleman, 'Black Holes as Red Herrings: Topological fluctuations and the loss of quantum coherence,' Nuclear Physics, Vol. B307 (1988), p. 867. back
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Warren Weaver

Warren Weaver was an American scientist, mathematician, and science administrator. He was one of the pioneers of machine translation and an important figure in creating support for science in the United States. He was director of the Division of Natural Sciences at the Rockefeller Foundation (1932–55) and was elected to the American Philosophical Society in 1944. He was president of the American Association for the Advancement of Science in 1954 and chairman of the board in 1955.

When Claude Shannon's 1948 articles on communication theory were republished in 1949 as The Mathematical Theory of Communication, the book was also republished as a much shorter article authored by Weaver, which discussed the implications of Shannon's more technical work for a general audience.
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Wilhelm Wien

Wilhelm Carl Werner Otto Fritz Franz Wien, who published under the name Willy, discovered two very important radiation laws.

The first, in 1893, was his "displacement law." He saw that the frequency (or wavelength) with the maximum intensity in the light spectrum shifts (is displaced) toward higher frequencies as the temperature is increased.


The displacement law is most often written in terms of wavelength λ as
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But it is perhaps more intuitive to write it in terms of the maximum frequency νmax
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or even write it with the Planck constant and the Boltzmann constant as
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This shows clearly that in thermal equilibrium the most common photon energy hν is simply related to kT, the average energy.  As the temperature goes up, the frequency and energy of the radiation goes up.


Wien could see that this greatly resembles the Maxwell-Boltzmann distribution of gas particles. The velocity v with the most particles, the maximum in the Maxwell-Boltzmann distribution, is when the energy of the particles is near to the average energy per particle kT.


 ½mv2 = (3/2)kT  



½kT is the energy in each of the three degrees of freedom, the three components of the velocity in three dimensions.


So Wien knew that when the temperature increases, the velocities of gas particle increase. That may have led Wien to see that the radiation frequencies increase with temperature, and that there might be a fundamental relation between the energy in the matter and energies in radiation. The most important relation may be that in equilibrium energy is delivered equally to matter and radiation, the idea of equipartition of the energy.



Wien's Distribution Law

 
In 1896, Wien published an estimate of the distribution of radiation for all frequencies. He clearly assumed that it was strongly related to the Maxwell-Boltzmann distribution of gas particle energies.



Note the resemblance between the distribution of blackbody radiation as a function of temperature and the Maxwell-Boltzmann distribution of velocities.

[image: image-placeholder]
[image: image-placeholder]

The similarity between the two is the rise to a maximum with a power law on one side and an exponential decline on the other. The difference is 1) because the radiant energy (the number of photons) increases greatly as temperature goes up, but the number of molecules is held constant; 2) because molecules are plotted against velocity, not energy (½mv2), and 3), the velocity increases to the right. 


Wien knew of this resemblance and suggested that the radiation frequencies are distributed in somewhat the same fashion as the molecular velocities,


He proposed this formula for the distribution of radiation, now known as Wien's law.
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where a and b are arbitrary constants. The exponential decline of radiation as frequency increases clearly follows the exponential decline in gas particle energies and more importantly is the "Boltzmann factor" e-E/kT that reduces the "statistical weight" of high energy states in Boltzmann's statistical mechanics.


Wien was carefully following the experimental evidence for the distribution of energy as a function of frequency or wavelength and knew that his shape was a very good fit to the experimental data. Many others proposed various formulas, but Wien's was the only one with a theory behind it. The others were just ad hoc fits to the data.
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   Ernst Zermelo was a brilliant mathematician who developed what is now known as ZFC (Zermelo-Fraenkel-Choice) axiomatic set theory, a major contribution to the foundations of mathematics. In the 1890's, after finishing his doctorate at the University of Berlin, he took a position as assistant to Max Planck, with whom he developed a criticism of Ludwig Boltzmann's H-Theorem which is known as the Zermelo recurrence objection.

The H-Theorem was Boltzmann's attempt to derive the increasing entropy required by the second law of thermodynamics from basic classical dynamics. 


It was the second "paradox" or "objection" attack on Boltzmann. The first was  Josef Loschmidt's claim that entropy would be reduced if time were reversed. This is the problem of microscopic reversibility. Boltzmann reformulated his H-Theorem on purely statistical grounds in response to the Loschmidt objection, but twenty years later he was faced with an objection even to his statistical arguments.


Ernst Zermelo was an extraordinary mathematician. He was (in 1908) the founder of axiomatic set theory, which with the addition of the axiom of choice (also by Zermelo, in 1904) is the most common foundation of mathematics. The axiom of choice says that given any collection of sets, one can find a way to unambiguously select one object from each set, even if the number of sets is infinite.


Before this amazing work, Zermelo was a young associate of Max Planck in Berlin, where many German physicists (notably led by the energeticist Wilhelm Ostwald and physicist-philosopher Ernst Mach) were opposed to the work of Boltzmann to establish the existence of atoms. Planck was an expert in the three-body problem, which, unlike the problem of two particles, has no exact analytic solution. 


Planck had been able to establish limits or bounds on the possible configurations of the three bodies from conservation laws. He and Zermelo applied some of this thinking to the n particles in a gas. They argued that given a long enough time, the particles would return to a distribution in "phase space" (a 6n dimensional space of possible velocities and positions) that would be indistinguishable from the original distribution.


Thus, they argued, Boltzmann's formula for the entropy would at some future time go back down, vitiating Boltzmann's claim that his measure of entropy always increases - as the second law of thermodynamics requires. 


Boltzmann replied that his argument was statistical. He only claimed that entropy increase was overwhelmingly more probable than Zermelo's predicted decrease. Boltzmann calculated the probability of a decrease of a very small gas of only a few hundred particles and found the time needed to realize such a decrease was many orders of magnitude larger than the presumed age of the universe.


The idea that a macroscopic system can return to exactly the same physical conditions is closely related to the idea that an agent may face "exactly the same circumstances in making a decision. Determinists maintain that given the "fixed past" and the "laws of nature" that the agent would have to make exactly the same decision again.



The Extreme Improbability of Perfect Recurrence


In a classical universe, such as that of Laplace, where information is constant, Zermelo's recurrence is mathematically possible. The universe can return to the exact circumstance of any earlier instant of time, because it contains the same amount of matter, energy, and information.
[image: image-placeholder]

But, in the real universe, information (and the material content of the universe) expands from a minimum at the origin, to ever larger amounts of information - as well as increased entropy, of course. Consequently, it is statistically and realistically improbable (if not impossible) for the universe to return to exactly the same circumstance of any earlier time. 

[image: image-placeholder]
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Fritz Zwicky was a most innovative astrophysicist who saw strange possibilities for astronomical objects in his years at Cal Tech. 

In 1934, working with his Cal Tech colleague Walter Baade, Zwicky imagined exploding stars that could throw off most of their matter, but crush their cores to form tiny stars made entirely of neutrons. He and his colleague Zwicky and Baade called such an exploding star a "supernova."


Using measures of the radial velocities of galaxies in the great Coma cluster of galaxies, Zwicky estimated the total kinetic energy T of the cluster. By the virial theorem, T should equal to minus 1/2 times the total gravitational potential energy V. The potential energy must equal twice the kinetic energy. But Zwicky found there is not enough observable matter to provide the gravitational potential energy V needed to satisfy the virial theorem. Zwicky was thus the first to infer the existence of unseen dark matter that he called "dunkle Materie." 
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   H. Dieter Zeh is one of the founders of the idea of decoherence.

Zeh taught a course on the direction of time over the past few decades at Heidelberg University. The course has been published in a textbook, The Physical Basis of the Direction of Time, that has gone through five editions.



Zermelo's Recurrence Objection to the H-Theorem


In the latest edition of his text, Zeh discusses Ernst Zermelo's recurrence objection to Ludwig Boltzmann's H-Theorem and suggests that the time-dependence of the size of the whole universe prevents such a recurrence.  



Another argument against the statistical interpretation of irreversibility, the recurrence objection (or Wiederkehreinwand), was raised much later by Ernst Friedrich Zermelo, a collaborator of Max Planck at a time when the latter still opposed atomism, and instead supported the 'energeticists', who attempted to understand energy and entropy as fundamental 'substances'. This argument is based on a mathematical theorem due to Henri Poincaré, which states that every bounded mechanical system will return as close as one wishes to its initial state within a sufficiently large time. The entropy of a closed system would therefore have to return to its former value, provided only the function F(z) is continuous. This is a special case of the quasiergodic theorem which asserts that every system will corne arbitrarily close to any point on the hypersurface of fixed energy (and possibly with other fixed analytical constants of the motion) within finite time.

While all these theorems are mathematically correct, the recurrence objection fails to apply to reality for quantitative reasons. The age of our Universe is much smaller than the Poincaré recurrence times even for a gas consisting of no more than a few tens of particles. Their recurrence to the vicinity of their initial states (or their coming close to any other similarly specific state) can therefore be excluded in practice. Nonetheless, some 'foundations' of irreversible thermodynamics in the literature rely on formal idealizations that would lead to strictly infinite Poincaré recurrence times (for example the 'thermodynamical limit' of infinite particle number). Such assumptions are not required in our Universe of finite age, and they would not invalidate the reversibility objection (or the equilibrium expectation, mentioned above). However, all foundations of irreversible behavior have to presume some very improbable initial conditions...


In order to reverse the thermodynamical arrow of time in a bounded system, it would not therefore suffice to "go ahead and reverse all momenta" in the system itself, as ironically suggested by Boltzmann as an answer to Loschmidt.

 In an interacting Laplacean universe, the Poincaré cycles of its subsystems could in general only be those of the whole Universe, since their exact Hamiltonians must always depend on their time-dependent environment.




This agrees with the Eddington and Layzer solutions of the recurrence problem


In a 1993 response to an article by Nicholas Gisin entitled "Wave-function approach to dissipative processes: are there quantum jumps?," Zeh argued that "quantum jumps" ("collapses" of the wave function) are only "apparent." Their appearance is caused by the loss of shielding from the environment, which "continuously monitors" a quantum system.

Zeh's work seems inspired by two 1952 articles by Erwin Schrödinger titled "Are There Quantum Jumps?" (Part I and Part II) and perhaps by John Bell's 1987 article with the same title.

Max Born replied to the Schrödinger claims, defending his statistical interpretation of quantum mechanics. Here is Zeh's position:


As far as is known, all properties of closed quantum systems are perfectly described by
means of wave functions in configuration space (in general, wave functionals of certain
fields) dynamically evolving smoothly according to the time-dependent Schrödinger
equation. However, the condition of being closed (or shielded against interactions with
the environment) can easily be estimated to be quite exceptional. It characterizes very
special (usually atomic) systems from which the laws of quantum mechanics were
derived. When the shielding ceases, most notably during measurements, discontinuous
events ('quantum jumps' or a 'collapse of the wave function') seem to occur, and particle
aspects seem to be observed. Such events are also known to lead to a loss of interference
between different values of the 'measured' variables - regardless of whether any result is
read from the apparatus by an observer.

Macroscopic systems are very effectively coupled to their environment in this way. They
cannot avoid being 'continuously measured' in the sense of losing interference. This is
obvious without any calculation, since we could never see macroscopic objects if they did
not continuously scatter light which thereby had to carry away 'information' about their
position and shape. The effect of such interactions is often taken into account dynamically
by means of stochastic terms in the evolution of the wave function of the considered
system (sometimes called 'chopping' or 'kicking') - equivalent to a nonunitary evolution
of the density matrix.' These terms (introduced ad hoc) are usually interpreted as
representing fundamental aspects of quantum mechanics (just as the supplementary
dynamics that von Neumann introduced as his 'first intervention' to augment the
Schrödinger equation in the case of measurements proper).


Precisely such empirically justified dynamical terms can however be derived within the
well established quantum mechanics of interacting systems provided the environment is
properly taken into account. Joos and
Zeh have calculated that even small dust particles or large molecules must 'decohere'
(that is, lose certain interference terms) on a time scale of fractions of a second, while
Zurek' has estimated that for a normal macroscopic system the rate of decoherence is
typically faster than thermal relaxation by an astounding factor of the order of 1040. In
contrast, microscopic systems tend to decohere into energy eigenstates, since they interact
with their environment mainly through their decay products. It is for this reason that the
time-independent Schrödinger equation is so useful for describing atomic systems. In
quantum measurements proper, microscopic properties will first become correlated with
macroscopically different pointer positions, the superpositions of which must then
immediately decohere in the described way...


All particle aspects observed in measurements of quantum fields (like spots on a plate,
tracks in a bubble chamber, or clicks of a counter) can be understood by taking into
account this decoherence of the relevant local (i.e., subsystem) density matrix. (The
concept of 'particle numbers' is of course explained by the oscillator quantum numbers of
the corresponding field modes - at least for bosons.)



In fact, all classical aspects (or the apparent validity of fundamental superselection rules)
seem to be derivable in this way from the assumption of a global Schrödinger wave
function(al). It is the unavoidable environment that determines which properties decohere
(that is, become classical)...


I do not know of any apparent violation of the Schrödinger equation or the superposition
principle that cannot at least plausibly be expected to be derivable in terms of
decoherence. In spite of this success (which can hardly be an accident), this description is
often considered as insufficient to explain the measurement process itself...


The
reservations do seem sound, since decoherence is described formally by means of the
density matrix of the considered subsystem of the universe, obtained by tracing out the
rest (the 'environment'). The concept of the density matrix (of subsystems in this case) is
however justified itself only as a means for calculating expectation values or probabilities
for outcomes of further measurements, that is, for the secondary quantum jumps which
would have to occur, for example, when the pointer is read. This explanation of
measurements therefore seems to be circular from a fundamental point of view. In the
global wave function (which is interpreted as representing 'reality' in this picture) all
interference terms remain present. The universe as a whole never decoheres. The
description of measurements by means of merely local decoherence - so goes the usual
argument - must be wrong, since one does observe , in contrast to this global
superposition of different outcomes derived from the Schrödinger equation, that only one
of its components (a wave packet representing a definite outcome) exists after every
measurement.


However, this latter claim is wrong, and so is the argument. For after an observation one
need not necessarily conclude that only one component now exists but only that only one
component is observed . But this fact is readily described by the Schrödinger equation
without any modification. Whenever an observer interacts with the measurement device in
a way that corresponds to an observation of the result, his own state must be quantum correlated
with the macroscopic pointer position (and potentially also with other observers),
and hence be decohered from the beginning. Superposed world components describing
the registration of different macroscopic properties by the 'same' observer are
dynamically entirely independent of one another: they describe different observers. Because
of the fork-like structure of causality (the spreading in space of the retarded effects
of local causes), there is no chance of their forming a superposition with respect to (or
in) a local observer any more (except, perhaps, in a recollapsing Friedmann universe).


This dynamical consequence of decoherence explains everything that has to be explained
dynamically in order to understand what can be observed by local observers. 


He who
considers this conclusion of an indeterminism or splitting of the observer's identity,
derived from the Schrödinger equation in the form of dynamically decoupling
('branching') wave packets on a fundamental global configuration space, as unacceptable
or 'extravagant' may instead dynamically formalize the superfluous hypothesis of a
disappearance of the 'other' components by whatever method he prefers, but he should
be aware that he may thereby also create his own problems: Any deviation from the global
Schrödinger equation must in principle lead to observable effects, and it should be
recalled that none have ever been discovered. The conclusion would of course have to
be revised if such effects were some day to be found. But as of now, there is no objective
reason to expect them to exist; and even if they did, they need not take the form of the
apparent discontinuities which are readily described by means of local decoherence
according to the universal Schrödinger equation.


John Bell called Hugh Everett's "relative states" or "many worlds" interpretation of Q.M "extravagant"


Works

There are no Quantum Jumps,
nor are there Particles!, Physics Letters A, 172.4 (1993): 189-192. (PDF)
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Konrad Zuse

In Germany in 1936, Konrad Zuse added limited programming capability to a mechanical binary calculator. He is regarded by some as an inventor of the modern digital computer. Vannevar Bush had invented the analog computer in 1927. Bush called it a differential analyzer, an analog computer with some digital components that could solve differential equations. Zuse's Z1 components were simple digital switches he manufactured himself. Later machines, like the Z2 in 1039 used telephone relays. German army funding supported the Z2.


In May, 1941, Zuse finished the Z3, a binary 22-bit floating-point calculator featuring programmability with loops but without conditional jumps, with separated memory and a calculation unit. The Z3 was a Turing complete computer, though Zuse knew nothing of Turing. The Z3 was a floating-point machine. Howard Aiken's Mark I (at Harvard) and the ENIAC (at U Penn's Moore school were fixed-point.


For the Z4 (142-1945) Zuse developed the first computer programming language, Plankalkül (Plan-calculus). This was the first known formal system of algorithm notation, capable of handling branches and loops. In 1942 Zuse began writing a chess program in Plankalkül. This was four years before the ENIAC.


In later years, Zuse argued that the universe is a cellular automaton being computed by discrete computing machinery like his Z1. This was a few years before John Conway's "game of life" in 1970, perhaps the most famous example of cellular automata, and Stephen Wolfram's Mathematica.


Zuse thought that the laws of nature should be discrete and not continuous, that difference equations might describe the universe better than differential equations, as Einstein had speculated late in life. Zuse argued correctly that entropy and its growth do not make sense in deterministically computed universes.


This is correct. Information is a constant in a deterministic universe. But of course entropy and its increase is an established fact of the universe. There is far more entropy, as well as information, in the universe today than at its origin. The unstoppable growth of entropy superficially appears to conflict with the growth of information. 


The macroscopic irreversibility of entropy increase depends on microscopic irreversibility, as Ludwig Boltzmann first argued, calling it "molecular chaos."  Information increase similarly depends on the randomness of quantum physics, which provides the alternative possibilities needed for the creation of new information structures. 


In the 1960's Zuse proposed that space itself is digital and that it could be "calculating the universe." He called this idea Rechnender Raum, or "Calculating Space."  His work inspired a number of thinkers who are sometimes called "digital philosophers" or digital physicists" They include Gregory Chaitin, Edward Fredkin, Seth Lloyd, Rudy Rucker, Jürgen Schmidhuber, Stephen Wolfram, and Zuse.


Information structures can be described digitally. But it is not space itself that is digital. It is the arrangement in space of discrete particles of matter that constitutes an information structure.


And it is not an intrinsic discrete nature of space itself, but quantum limits on the occupation of space by particles, the Pauli exclusion principle, which says only a finite number of material particles are allowed in a given spatial volume, given the average energy per particle (i.e., the kinetic temperature).


There is no such limit on particles of energy, photons and other bosons.



References

"Rechnender Raum", Elektronische Datenverarbeitung, vol. 8, pages 336-344, 1967Calculating Space
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Semir Zeki's experimental studies of vision in primate monkeys established that different aspects of vision, especially color, motion, and form (shape/orientation) are not processed in the primary visual cortex (now known as V1), but in separate areas in the brain, now called V2, V3, V4, V5/MT, etc. 


Making single-cell recording in these areas, Zeki showed that their processes were all happening in parallel, and even at different times. Zeki located color processing in V4, where it occurs 80ms before motion and precedes form by 40ms. This temporal asynchrony led Zeki to be a strong proponent of parallel processing in the brain, though he was very skeptical that the brain is a computer, neither serial or parallel processing.


Zeki made his argument for parallelism in the brain in his 1993 book A Vision of the Brain.



Parallelism, computational neurobiology and neural networks


'Computational neurobiology' has been all the rage for some years and many consider that this approach is fundamental in any effort to unravel the intricacies of the brain. The general argument in favour of a strong computational approach in neurobiological studies is this: The brain is much too complicated an organ to be studied without some guiding theory. Because computers also undertake complex tasks, including that of 'seeing' (robotics), they are the natural source for such guiding theories, which can then be tested by direct experimentation. The argument is not without considerable merits. Theory has always been of importance in the collection of facts, including even the mere anatomical facts. After all, collection of the voluminous facts on the structure of the nervous system by Ramon y Cajal was not done in the void, but with the specific aim of proving the neuron doctrine, the one which supposed that the nervous system was not made of a continuous sheet but of discontinuous elements, the neurons, which connected with each other. It is likely that theory will be much more important in the future, particularly in studies of the higher functions of the brain, which includes the function of seeing. But does the experimental neurobiologist have to rely on the computational neurohiologist for his theory and, if so, to what extent?

In trying to formulate an answer, it is as well to record the striking fact that the principle of parallelism in the cerebral cortex at large, and in the visual cortex in particular, not only antedates the current conversion of computational neurobiologists to the idea, but was derived from what many would regard as pedestrian anatomical studies, not from computational theories or from neural networks, even though the latter might have been the natural source for such an idea. One looks in vain through the pre-1975 computational literature for a clear and explicit statement of the principle of parallelism in the visual cortex. Even after the anatomical demonstration of parallel connections in the visual cortex, and the demonstration of multiple, specialized visual areas, computational neurobiologists spoke in very vague terms about these concepts, if they spoke about them at all.


David Marr's book, Vision, the Bible of visual computational neurobiology and one which everyone admires yet few understand, makes no mention of the subject of parallelism or of the separate visual areas or of the specializations in the visual cortex, all demonstrated years before he published his book. It is a curious fact that computational neurobiologists should have been so late in seeing the significance of parallelism in vision, even though they now try to make out that they had been there all along. This may be due in part to the prevalence of serial, rather than parallel, computers until relatively recently,- it may be due to a relative ignorance among computational scientists about the precise characteristics and capabilities of parallel computers.8 Whatever the real reasons, it should make us all a little careful in accepting cortical theories derived from those whose tools are mathematics and computers rather than brains. The proper way of understanding the brain is to study the brain.

This is not to say that neural networks and computational neurobiology will not have an important role in cortical studies of the future. There is no doubt that they will and the relationship between brain studies, computational neurobiology and neural networks is therefore worth investigating briefly. One problem with computational neurobiologists is that they are far ahead of their time and yet far behind the times. They are far ahead in believing that neurobiology will have to depend upon theories generated by studying how the nervous system might undertake a task, which implies defining the task precisely, something which neurobiologists haven't been particularly good at. But they are far behind the times in believing that computational neurobiology can come up with theories that are of direct relevance to the neurobiologist, ones which may be put to the experimental test, by ignoring the facts of the nervous system. Marr's book illustrates this perfectly. It is rightly prized for introducing a new way of looking at what the nervous system does, of defining its tasks. But at the same time, by ignoring the facts of the visual cortex, it renders the book of very limited value to anyone who might want to understand how the cerebral visual cortex might be undertaking the tasks thus defined, how it may be functioning. This ignorance derives in part from the profound contempt with which computational neurobiologists regard the experimental neurobiologist — well illustrated in Marr's ignorance of what has come to be one of the most powerful doctrines dictating work on the visual cortex — and in part from the fact that not nearly enough is known about the brain. To be of use to the neurobiologist, a computational approach has to rely on the facts of the nervous system.





Marr made a very insightful comment about Horace Barlow's first dogma.

I do agree with one of the thoughts behind this dogma, namely, that there is nothing else looking at what the cells are doing — they are the ultimate correlates of perception. [Editor's italics]
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   Wojciech Zurek is a scientist at Los Alamos National Laboratory best known for his contributions to the theory of quantum decoherence, the loss of coherence between the various states in a superposition of quantum states.

The principle of superposition of states, the axiom of measurement, and the projection postulate (the "collapse" of the wave function or "reduction of the wave packet") are the three main assumptions of P.A.M. Dirac's standard formulation of quantum mechanics.


Zurek and his colleagues, notably H. Dieter Zeh, deny Dirac's projection postulate. They are a special case of many theorists who look for reasons to deny indeterministic and discrete discontinuous processes (e.g., quantum jumps), in order to restore a continuous and deterministic physics and explain the transition from microscopic quantum physics to macroscopic classical physics.


Zurek and Zeh explain the loss of quantum coherence and the "appearance" of quantum jumping as the consequence of interactions of the quantum system with the environment. They describe decoherence as the loss of information from a quantum system to its environment. To be sure, maintaining coherence (for example the phase information between states in a superposition of states that produces wave-like interference effects) is an essential part of the time evolution of a quantum system according to the Schrödinger wave equation. 


Coherent time evolution is an idealization that is only approximately realizable, in a system that is nearly isolated from its environment.


But without the projection into a single state (the "collapse" into an "eigenstate" with an observable "eigenvalue") there would be no particle-like behavior. Decoherence theorists replace the "collapse" with the loss of information. This is instructive, because every interaction of a quantum system with other systems (either quantum or approximately classical) can result in either a loss of information (a gain in positive entropy) or a gain in information locally (at the expense of even greater positive entropy transferred away from the quantum system and the local environment.       


The problem of measurement is best analyzed as a gain in information. The new knowledge acquired by the observer must first be newly created information that is a stable enough record to be available for observation. This requires an irreversible thermodynamic process and decoherence theorists agree that the dynamics of the quantum system (viewed in isolation from the environment) are non-unitary and irreversible.


But they demur from an attempted explanation of measurement and they deny that decoherence generates an actual wave function collapse. Decoherence only provides an explanation for the "observance" of wave function collapse. They replace collapse with the "leakage" of information into the environment as components of the wave function are decoupled from a coherent system, and acquire new phases from their immediate surroundings.


Decoherence theorists believe that the total superposition of a global or "universal" wavefunction follows a unitary time evolution according to the Schrödinger equation, which commits them to something like Everett's "many-worlds" or Zeh's "many-minds" interpretations of quantum mechanics. 


Zurek's insight about the importance of information is very powerful. As he wrote in his 2003 revisited version of the 1991 foundational paper on decoherence in Physics Today:




...if there is one lesson to
be learned from what we already know about such matters, it is that information and its
transfer play a key role in the quantum universe.

The natural sciences were built on a tacit assumption: Information about the universe can
be acquired without changing its state. The ideal of “hard science” was to be objective and
provide a description of reality. Information was regarded as unphysical, ethereal, a mere
record of the tangible, material universe, an inconsequential reflection, existing beyond and
essentially decoupled from the domain governed by the laws of physics. This view is no
longer tenable (Landauer 1991). Quantum theory has put an end to this Laplacean dream
about a mechanical universe. 
Observers of quantum phenomena can no longer be just passive
spectators. 


Quantum laws make it impossible to gain information without changing the
state of the measured object. The dividing line between what is and what is known to be has
been blurred forever. While abolishing this boundary, quantum theory has simultaneously
deprived the “conscious observer” of a monopoly on acquiring and storing information: Any
correlation is a registration, any quantum state is a record of some other quantum state.
When correlations are robust enough, or the record is sufficiently indelible, familiar classical
“objective reality” emerges from the quantum substrate. Moreover, even a minute interaction
with the environment, practically inevitable for any macroscopic object, will establish such a
correlation: The environment will, in effect, measure the state of the object, and this suffices
to destroy quantum coherence. The resulting decoherence plays, therefore, a vital role in
facilitating the transition from quantum to classical. 


Quantum laws must be supplemented by thermodynamic laws, but Zurek is right that the universe itself is capable of generating and storing new information without a "conscious observer." 
The universe can observe itself.
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The book describes the first genuinely new position in the free will debates since David Hume in the eighteenth century “reconciled” human freedom with the causal laws of nature and physical determinism.



A Two-Stage Model of free will includes indeterminism in the first “free” stage and adequate determinism in the second “will” stage. Alternative possibilities for action are generated freely in the first stage. These possibilities are evaluated and chosen between in the second stage. The model integrates Robert Kane’s indeterministic Self-Forming Actions, for cases when the second stage does not yield a single possibility for action.



The Two-Stage Model incorporates Daniel Dennett’s Valerian Model and Alfred Mele’s Modest Libertarianism. It is now the most plausible and practical solution to the ancient problem of free will and determinism.



Just as David Hume reconciled freedom of action with Newtonian determinism to give us “compatibilist free will” (Kant called this word-juggling since it remains deterministic), the book describes a line of thinkers (philosophers and scientists) from William James to the author, who have reconciled free will with indeterminism (today this is quantum indeterminacy, as Robert Kane has long maintained).



The Two-Stage Model can be seen as extending and broadening the idea of compatibilism. It is a model of “libertarian free will” that is compatible with a limited indeterminism as well as with an adequate determinism. It is also compatible with two-step Darwinian biological evolution. As Martin Heisenberg argued in Nature, this is a model for free will that can evolve naturally from behavioral freedom in lower animals.



The adequate determinism in the second stage means that our actions are (self) determined by our reasons, motives, feelings, etc.  Some libertarians do not like this, fearing that self-determination might mean pre-determination, but it does not. Compatibilists have always wanted their actions to be “determined” by their reasons.



The model also includes indeterminism in the first stage, limited to generating original thoughts - alternative possibilities for action. The indeterminism is the result of ever-present quantum noise in the brain’s information processing and a consequence of new information creation. Indeterminism in the first stage means that actions are not pre-determined from before considerations began, and certainly not from before the agent was born, or in a causal chain from the beginning of the universe, as some hard determinists maintain.



Free Will transcends (including and overcoming) determinism and its opposite, indeterminism.


John Searle called it a scandal that after all the centuries of writing about free will, we have not made much progress. According to Doyle, a more serious scandal today is that academic philosophers are convincing many young students that they are deterministic biological machines with only a “compatibilist free will.”



Doyle recounts the many different forms of determinism that have been used over the centuries to deny human freedom and responsibility. To end the scandal, philosophers need to teach a Two-Stage Model of free will and creativity, one that Doyle finds in the work of a over a dozen philosophers and scientists going back to William James’ talk to Harvard Divinity School students in 1884.
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Have we convinced anyone?


As of summer 2008, we have reached out to professors of philosophy around the world 

who are active in the free will debates and have modest signs of a consensus that the Randomness Objection in the Standard Argument against Free Will is flawed.
    

    
    Adequate determinism means that randomness in our thoughts about alternative possibilities does not directly cause our actions.
    

    A random thought can lead to a determined action, for which we can take full responsibility.
    

   We must admit indeterminism

but not permit it to produce random actions as Determinists mistakenly fear.


We must limit determinism

but not eliminate it as Libertarians mistakenly think necessary.  





Removal of the Randomness Objection, together with widespread acceptance that quantum indeterminism removes the Determinist Objection, means we are making progress toward intersubjective agreement in the philosophical community that the problem of free will, after more than two millenia, may be soluble. 


For Scholars
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Free Will: The Scandal in Philosophy was published in June 2011. 



480 pages, 40 figures, 15 sidebars, bibliography, glossary, index.

Philosophers who want to review it can download a PDF or a reflowable eBook, with hyperlinked index. 


PDFs of the individual chapters are here.



Great Problems in Philosophy and Physics Solved? was published in September 2016


472 pages, 45 figures, bibliography, index.

Philosophers who want to review it can download a PDF or a fixed layout eBook or a reflowable eBook, all with hyperlinked indexes. 



PDFs of the individual chapters are here.



Metaphysics: Problems, Paradoxes, and Puzzles Solved? was published in December 2016


428 pages, 13 figures, bibliography, index.

Philosophers who want to review it can download a PDF or  a fixed layout eBook or a reflowable eBook, all with hyperlinked indexes.



PDFs of the individual chapters are here.



My God, He Plays Dice!  How Albert Einstein Invented Most of Quantum Mechanics, was published in March, 2019



452 pages, 71 figures, bibliography, index.


PDFs of the draft chapters are here.
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My fifth book I did not write. I was an editor for David Layzer's book on free will. I did co-write a preface and afterword for it.

Why We are Free was published in March, 2021



168 pages pages, 4 figures, bibliography, index.



An interactive PDF of the book is here.


Paperback and Kindle versions are here.


My Books on Amazon

To request a hard copy for review of one of these titles, send an email with your philosophy department mailing address to 
bobdoyle@informationphilosopher.com.



In Preparation


I am currently working on three books. Two are based on I-Phi drop-down menus. 


One is Mind: The Experience Recorder and Reproducer.

The other is Quantum: The Scandal in Physics.

The third book is my attempt to explain Einstein's "Spooky Action-at-a-Distance." 

The title will be Disentangling Entanglement.
 
The work in progress is online here. I posted a PDF of the current draft text here. 

Comments and suggestions will be most appreciated.


It may seem presumptuous of me to think I can "explain" the puzzle of entanglement when perhaps the greatest of all quantum physicists Richard Feynman famously said "nobody understands quantum mechanics!"  So please read my suggestion of exactly what Feynman might have told us is not explainable in what he called "the only mystery" in QM.  
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Our glossary of terms related to problems of freedom, value, and knowledge uses hyperlinks (with blue underlines) to provide recursive definitions from within each entry. 


Hyperlinks also go to other pages in the I-Phi website and to external sites such as the Stanford Encyclopedia of Philosophy, where available. 

Click on the "Search I-Phi" link to find all the webpages on the I-Phi website that refer to the given term. And click on "I-Phi Page" to get a much more detailed description of the term.


Other online glossaries of relevant philosophical terms:

	Ted Honderich's  Determinism and Freedom Terminology
	Al Mele's Lexicon for the Big Questions in Free Will (PDF)
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Actualism

   Actualism is the idea that the events that do happen are the only possible events that could possibly have happened. Actualism denies the existence of alternative possibilities. Philosophers from Diodorus Cronus to Daniel Dennett argue that Actualism is true, that there is only one possible actual future. 
  

    Other glosses -  Alternative Possibilities, Alternative Sequences, Consequence Argument, Direct Argument, Frankfurt-style cases, Indirect Argument, Master Argument, Standard Argument

Actual Sequence

    The Actual Sequence is the sequence of events in the past that lead up to the current moment of deliberation and decision. The term is used in Direct Arguments, such as Peter van Inwagen's Consequence Argument, Frankfurt-style cases and John Fischer's Semicompatibilism.

It is contrasted with the Alternative Sequences that result from Alternative Possibilities. Arguments for incompatibilism that consider alternative possibilities are called Indirect Arguments. 
  


    Other glosses -  Alternative Possibilities, Alternative Sequences, Consequence Argument, Direct Argument, Frankfurt-style cases, Indirect Argument, Standard Argument, Tracing, Transfer Principle

    See also -  Search I-Phi

Adequate Determinism

Adequate Determinism is the kind of determinism we have in the world. It is also called "near determinism" (Honderich), "almost causal determinism" (Fischer), and "micro-indeterminism" (Searle). 
Macroscopic objects are adequately determined in their motions, giving rise to the appearance of strict causal determinism. 

Microscopic objects, on the other hand, show the probabilistic consequences of indeterminism, due to quantum mechanics. These probabilistic effects usually average out in large objects, leading to the illusion of strict causal physical determinism, including the powerful and very productive idea of deterministic laws of nature. 
  


    Other glosses -- Determinism, Indeterminism, Laws of Nature, Quantum Mechanics

    See also -  I-Phi PageSearch I-Phi

Agent Causal

Agent-causallibertarianism is the idea that an agent can originate new causal chains, actions that are not predetermined to happen by events prior to the agent's deliberation (between alternative possibilities perhaps) and decision. Some agent-causal theories are metaphysical, assuming that the agent's mind is not bound by the physical laws that govern the body. Some philosophers claim mental events are "non-causal."
  

    Other glosses - Alternative Possibilities, Causality, Causa Sui, Event Causal, Indeterminism, Origination

    See also - Search I-PhiWikipedia

Agnostic


     Most modern philosophers claim to be agnostic on the "truth" of determinism or indeterminism. For example, Alfred Mele claims his arguments for "Agnostic Autonomy" are valid whether or not determinism is true. John Fischer says semicompatibilists are agnostic. And Derk Pereboom has renamed "hard determinism" to "hard incompatibilism" to remain agnostic.

Agnosticism ignores the great asymmetry between determinism and indeterminism. Determinism  is congenial to claims that freedom consists of following the laws of nature and that God has foreknowledge of our actions. Indeterminism is much more difficult to reconcile with a responsible freedom, since it has such negative implications - randomness, chance, uncertainty, and contingency - leading to the randomness objection to free will.
  


    Other glosses - Determinism, Foreknowledge, Indeterminism, Standard Argument

    See also - Search I-Phi

Akrasia


     Akrasia, from the Greek a-kratos (no power), describes "weak-willed" actions taken against one's better judgment. Rationalism assumes there is always a single best way to evaluate an agent's options or alternative possibilities, so that weakness of will is fundamentally irrational. 
  

    Other glosses - Weakness of Will

    See also - Search I-Phi

Alternative Possibilities

    Alternative Possibilities for thought and action were thought to be a requirement for free will and moral responsibility until Harry Frankfurt extended John Locke's "locked room" example of a person who freely chose to stay in a room, unaware that the doors had been locked, so that alternative possibilities did not exist for him.

Note that alternative possibilities should not be interpreted as probabilities for actions. This is a mistake made by many prominent philosophers who assume that indeterminism makes chance the direct cause of action.
  


    Other glosses - Direct Argument, Frankfurt Examples, Indeterminism, Indirect Argument

    See also -  I-Phi PageSearch I-Phi

Alternative Sequences

  Alternative Sequences are hypothetical counterfactual sequences of events in the past that lead up to the current moment of deliberation and decision. They result from Alternative Possibilities. Arguments for incompatibilism that consider alternative possibilities are called Indirect Arguments. 


    Alternative Sequences are contrasted with the Actual Sequence that leads up to the current moment of deliberation and decision. The term is used in Frankfurt-style cases and John Fischer's Semicompatibilism.

  


    Other glosses -  Alternative Possibilities, Alternative Sequences, Frankfurt-style cases, Indirect Argument

    See also -  Search I-Phi

Asymmetry


    There are two important uses of this term in free will and moral responsibility.

The first is the great asymmetry between determinism and indeterminism in the standard argument against free will. Determinism is much easier to reconcile with the will than is indeterminism (pure chance). 

Susan Wolf has pointed out the strange asymmetry between praise and blame. Those opposed to punishment for retributive reasons (as opposed to practical consequentialist reasons) are often in favor of praise for good deeds. This reflects the ancient Platonic view that we are responsible only for the good we do. Our errors we blame on our ignorance, which is, unfortunately, no excuse before the law.    
  


    Other glosses - Illusion, Consequentialism, Determinism, Indeterminism, Moral Responsibility, Revisionism, Retributivism

    See also -  Search I-Phi

Authenticity

  Authenticity (from Greek authentes, author) suggests that we are the author of our actions, that we originate actions which are "up to us." But various forms of determinism claim other authors for many or all actions. 
  

    Other glosses -  Autonomy, Control, Determinism, Origination, Up To Us

    See also -  Search I-Phi

Autonomy

  Autonomy, (from auto + nomos) is literally self-lawful, self-governing, or self-rule, is often used in the free will debates as an alternative to free will, freedom of choice, freedom of action, etc.

  Like the term authentic, autonomy suggests that we are the author of our actions, that our actions are "up to us."  
  


    Other glosses -  Authenticity, Control, Freedom, Free Will, Origination, Up To Us

    See also -  Search I-Phi

Avoidability

  Avoidability is a synonym for "could have done otherwise."

  It is the libertarian condition that the agent has alternative possibilities for action. Daniel Dennett defends avoidability as an evolved freedom even in a deterministic universe.
  


    Other glosses -  Alternative Possibilities, Done Otherwise, Yes-No Objection

    See also -  Search I-Phi

B[back to top]
Basic Argument

Galen Strawson developed a Basic Argument that denies the existence of free will and moral responsibility. It is based on an infinite regress and denial of any causa sui or uncaused cause. Briefly stated, the regress says that you do what you do because of your character. To be responsible for your character, you must have done something to form that character. But that something was done by your character at an earlier time, and so on ad infinitum, or at least to when you were too young to be responsible.  

Although Strawson is agnostic and says his argument works whether determinism or indeterminism is true, his denial of any causa sui effectively cancels indeterminism and the Basic Argument resembles the Consequence Argument.
  


    Other glosses - Agnostic, Consequence Argument, Direct Argument, Moral Responsibility, Standard Argument, Ultimacy

    See also - I-Phi PageSearch I-Phi

Broad Incompatibilism

    Broad Incompatibilism is Randolph Clarke's synonym for traditional compatibilism. Clarke distinguishes it from his Narrow Incompatibilism, which is a synonym for John Martin Fischer's concept of Semicompatibilism.

Broad Incompatibilism is incompatible with both free will and moral responsibility.
  


    Other glosses - Compatibilism, Incompatibilism, Moral Responsibility, Narrow Incompatibilism, Semicompatibilism

    See also -  Search I-Phi

C[back to top]
Causa Sui

Causa Sui describes an event that is self-caused or uncaused. The event might be the product of an agent with  metaphysical power. It might be a random accident with only probabilistic outcomes. Theologians identify the causa sui with miracles, saying that only God is a causa sui.
  

    Other glosses - Agent Causation, Causality, Indeterminism

    See also - I-Phi PageSearch I-PhiStanford Encyclopedia of Philosophy

Causal Closure


     Causal Closure is the idea that everything that happens in the world is caused by physical objects in the world. Physicalist views of mind regard mental events as identical to physical (brain) events, or perhaps merely epiphenomena. Causes are usually assumed to be deterministic.
Donald Davidson and Jaegwon Kim have discussed the possibility of a non-reductive physicalism, in which mental events might not be reducible to physical events.
  


    Other glosses - Agent Causation, Causa Sui, Causality, Causal Closure, Causalism, Determinism, Indeterminism

    See also - I-Phi PageSearch I-PhiStanford Encyclopedia of Philosophy

Causalism


     Causalism can be defined as the belief that "everything has a cause." 

It can be extended to the idea that "every event has a cause" and that the physical world consists of a series of events as causes.


This makes causalism more or less synonymous with determinism.


Since it is the essence of scientific research to seek out causes, to find causal explanations for all phenomena, scientists generally lean toward causalism in their work. This biases them toward what William James called "antipathy to chance."


Scientists and most philosophers seem opposed to chance, because a random event does not seem to "explain" anything. 
  


    Other glosses - Agent Causation, Causa Sui, Causality, Causal Closure, Determinism, Indeterminism

    See also - I-Phi PageSearch I-PhiStanford Encyclopedia of Philosophy

Causality

    Causality is the basic idea that all events have causes. When every event is caused completely by prior events and their causes, it leads to the idea of determinism. A causal chain links all events to earlier events in a limitless sequence. Theologians inconsistently imagine the chain to break with an uncaused cause (causa sui) which they identify with God and miracles. 

Quantum indeterminacy produces uncaused causes. There is still a causal chain, but it no longer permits complete predictability. Events are now merely probable, no longer certain, though the probability can be arbitrarily close to certainty. Most macroscopic events are, for practical purposes, as predictable as perfect determinism would have allowed. Nevertheless, a break in the causal chain is a requirement for free will.
  


    Other glosses - Adequate Determinism, Causa Sui, Determinism, Indeterminism

    See also -  I-Phi PageSearch I-PhiWikipediaStanford Encyclopedia of Philosophy

Centered

Randolph Clarke uses "centered" to describe free will models, like that of Robert Kane, that locate indeterminism in the decision stage. He opposes it to "deliberative" two-stage models of free will, which locate indeterminism in the first stage.


Clarke calls "centered" free will "direct," whereas "deliberative" free will is only "indirect."
  


    Other glosses - Alternative Possibilities, Determinism, Indeterminism
Chance


     Chance has been called an illusion by philosophers who argued that probability is only the result of human ignorance. William James saw an "antipathy to chance" in most philosophers.

Chance has historically been seen as a negative idea, associated with gambling, for example. Chance has been regarded as atheistic, since it appears to deny Foreknowledge.
  


    Other glosses - Causa Sui, Randomness Objection

    See also - I-Phi PageSearch I-PhiStanford Encyclopedia of Philosophy

CNC

CNC is Robert Kane's term for the Covert and Non-constraining Control of the kind in Frankfurt-style cases and manipulation of agents.
  

    Other glosses - Frankfurt-style cases, Manipulation Argument

Compatibilism

Classical compatibilism is the idea that free will exists in a world that is deterministic. It was invented by the Stoic Chrysippus and developed by Thomas Hobbes and David Hume.

Classical compatibilists are determinists. Immanuel Kant called compatibilism a "wretched subterfuge." William James called compatibilism a "quagmire of evasion." He called compatibilists "soft determinists," who evade the fact of their "antipathy to chance." 


Most modern compatibilists, aware of modern quantum physics, avoid the determinist label, claiming to be agnostic about the "truth" of determinism or indeterminism. Alfred Mele defines "soft compatibilism" as admitting that some indeterminism might be useful, since it breaks the causal chain beck to the Big Bang.


After P. F. Strawson, philosophers have changed the debate from free will to moral responsibility. Many now conflate free will and moral responsibility.

Semicompatibilists, following John Martin Fischer, argue for the compatibilism of moral responsibility and determinism (or indeterminism). Like Strawson, they say that even if determinism were true, we would not surrender the idea of moral responsibility implicit in our natural attitudes toward blaime and praise, punishment and reward.
  


    Other glosses - Agnostic, Determinism, Incompatibilism, Indeterminism, Semicompatibilism

    See also - I-Phi PageSearch I-PhiWikipediaStanford Encyclopedia of Philosophy

Consequence Argument

    If our current actions are caused directly by and traceable to events long before our birth, we can not be morally responsible for them. Peter van Inwagen coined this term for his argument, which is simply a variation on the standard Determinism Objection to free will. He developed this argument as an improvement on the Traditional Argument that had depended on avoidability or the ability to do otherwise, which implied the agent had alternative possibilities for action. Van Inwagen accepted the idea that Frankfurt-style cases had called alternative possibilities into question. 
  

    Other glosses - Alternative Possibilities,, Causality, Direct Argument, Frankfurt Examples, Moral Responsibility, Tracing, Traditional Argument

    See also -  I-Phi PageSearch I-PhiWikipedia

Consequentialism


    Consequentialism is a theory of moral responsibility that makes moral judgments based on the consequences of an action. Moritz Schlick argued that it is acceptable to punish agents despite their lack of free will because of the beneficial effects on behavior that result.

Consequentialism also decribes theories of punishment that are justified because of the consequences, e.g., the deterrence of a certain crime, as opposed to a retributivist theory, that punishes because the agent simply deserves the blame. 
  


    Other glosses - Consequence Argument, Moral Luck, Moral Responsibility, Retributivism

    See also - Search I-PhiWikipediaStanford Encyclopedia of Philosophy

Control

Control is what is needed for an agent to feel an action originates with and is "up to her." 

Some (e.g, Harry Frankfurt) say control is found in a hierarchy of desires. Some (e.g, John Fischer) say control is being "responsive to reasons." Fischer divides control into "guidance control" and "regulative control," the latter involving alternative possibilities.


Determinism undermines control, as do various manipulation schemes including behavioral conditioning, hypnosis, brainwashing, and the like, as well as physiological problems like addictions, obsessions, and other mental disorders. External coercion denies even the freedom claimed by classical compatibilism. 


In Frankfurt-style cases, hypothetical interveners exert control over decisions if and only if the actions appear to be ones the intervener does not want. 
  


    Other glosses - Agent Causation, Alternative Possibilities, Compatibilism, Determinism, Frankfurt Examples, Guidance Control, Hierarchy Of Desires, Origination, Reasons-Responsive, Up To Us

    See also - I-Phi PageSearch I-Phi

D[back to top]
Degrees of Freedom

    Degrees of Freedom is the idea that freedom is not an all-or-nothing true/false question. Freedom is always limited by constraints on action, whether simply physical constraints, external coercion, or internal disabilities. Fewer constraints mean more degrees of freedom.

When freedom depends on the existence of viable alternative possibilities, an agent with greater intelligence, education, or experience is qualitatively more free because she is more likely to generate workable options, more ways to do otherwise. More alternatives mean more freedom.




    Other glosses - Alternative Possibilities, Done Otherwise

    See also -  I-Phi PageSearch I-Phi

Deliberation

Deliberation is the consideration of alternative possibilities and their evaluation according to the agent's character, values, desires, and beliefs, with the aim of choosing one of the alternatives as a course of action.

Note that even determinists appear to believe they have alternative courses of action when they deliberate. That is, they must practically consider that their alternatives are undetermined before their choice is made, and that they are free to choose any of them. If the agent knew with certainty that only one alternative existed, she could no longer deliberate.

Randolph Clarke uses "deliberative" to describe two-stage models of free will, which locate indeterminism in the first stage, from "centered" free will models like that of Robert Kane, that locate it in the decision stage. He also calls deliberative freedom "indirect" freedom.
  


    Other glosses - Alternative Possibilities, Determinism, Indeterminism

    See also - I-Phi PageSearch I-PhiWikipediaStanford Encyclopedia of Philosophy

Determination


     Determination is the act of deciding, ending a process of deliberation. 
  

    Other glosses - Deliberation, Determinism, Self-Determination

    See also - I-Phi PageSearch I-Phi

Determinism

Determinism is the idea that there is but one possible future, and it is determined by the past and the (mistakenly presumed deterministic) Laws of Nature.

There are many kinds of determinism. None of them are based on sufficient evidence. Most have become mere dogmatic truths. Determinism remains a hypothesis that is very popular among philosophers, but it is entirely unjustified. Determinism is an illusion.

 
Aware of modern quantum physics, most philosophers admit the world is indeterministic, but they say that free will would be compatible with determinism, if determinism were true.
  


    Other glosses - Causality, Compatibilism, Indeterminism

    See also - I-Phi PageSearch I-PhiWikipediaStanford Encyclopedia of Philosophy

Determinism Objection

    The Determinism Objection is the first horn in the traditional dilemma of free will.

Either determinism is true or indeterminism is true. In neither case can there be any moral responsibility. Note that the great asymmetry between determinism and indeterminism has led philosophers to favor the kind of deterministic or causal explanations that are the apparent basis for laws of nature. But determinism is an illusion. Many philosophers declare themselves agnostic on this objection to free will. The determinism objection is the core idea behind Peter van Inwagen's Consequence Argument. 
  


    Other glosses - Agnostic, Consequence Argument, Determinism, Luck Objection, Illusion, Standard Argument, Randomness Objection

    See also -  Search I-Phi

Direct Argument

    The Direct Argument for the incompatibility of determinism and moral responsibility does not depend on avoidability or the ability to do otherwise. John Fischer developed it as an improvement on Peter van Inwagen's Consequence Argument, using a Transfer Principle of Non-Responsibility which traces the causes of current decisions and actions back in the causal chain of the "actual sequence."
  

    Other glosses - Actual_Sequence, Alternative Possibilities, Consequence Argument, Indirect Argument, Done Otherwise, Standard Argument, Tracing, Transfer Principle

    See also -  Search I-Phi

Done Otherwise

    The idea that an agent could have done otherwise was historically seen as a requirement for free will. This idea is in clear conflict with the deterministic idea that the past allows but one possible future.
G. E. Moore and others say that "could have done otherwise" simply  means "if the agent had chosen to, he could have done otherwise." This obviously requires a different past (which implies past alternative possibilities). Some philosophers call this the "if-then" hypothetical or conditional analysis.

Harry Frankfurt developed sophisticated arguments to show that alternative possibilities need not exist to claim that an agent is free. 


Nevertheless, if in the present an agent has alternative possibilities, she can say "I can do otherwise." Change that to the past tense once the agent has chosen and she can say "I could have done otherwise."
  


    Other glosses - Alternative Possibilities, Fixed Past, Frankfurt Examples

    See also -  I-Phi PageSearch I-Phi

Dual Control

    Dual Control is the power of an agent to act or not to act, in exactly the same circumstances. That is given the Fixed Past and the Laws of Nature just before the action (or the lack thereof), the agent can either act or avoid performing the act.
Robert Kane and Richard Double call this "dual rational control." Double suggests that it may be impossible to act rationally in two different ways, given the same reasons to act. Kane also called it the "plurality condition" when there are many alternative possibilities for action, each of which has comparable good reasons. 
  


    Other glosses - Alternative Possibilities, Compatibilism, Control, Determinism, Done Otherwise, Laws of Nature, Yes-No Objection

    See also -  I-Phi PageSearch I-Phi

E[back to top]
Epistemic Freedom


    Epistemic Freedom is the idea that since we cannot know the future, we have a kind of freedom even in a deterministic world.

  It is closely related to epistemic probability, which says there is no real (or ontological) chance. There is only human ignorance about the complete details that would allow us to predict the future exactly. Religious thinkers credit this to our finite minds, whereas the infinite mind of God has complete Foreknowledge.  
  


    Other glosses - Foreknowledge, Ontological, Probability

    See also - I-Phi PageSearch I-Phi

Ethical Restrictivism

Ethical Restrictivism is to assume that free choices are restricted to moral decisions. Robert Kane does this, as did Plato and the Scholastics. This is not to deny that moral responsibility is historically intimately connected with free will and even dependent on the existence of free will (for libertarians and broad compatibilists). Any decision can be free. Our freedom to act also includes merely practical, financial, and fiduciary judgments, as well as occasional irrational flip decisions and even misjudgments.
  

    Other glosses - Moral Responsibility, Restrictivism

    See also - I-Phi PageSearch I-Phi

Event Causal


     Event-causal libertarianism denies strict causality, the idea that every event has antecedent physical causes which completely determine all subsequent events. Some causes must be uncaused to break the causal chain of determinism. Uncaused causes include quantum events, whose outcomes are only probable. Event-causal theories raise the randomness objection in the standard argument against free will.  
  

    Other glosses - Agent Causal, Causality, Determinism, Indeterminism, Standard Argument

    See also - Search I-Phi

F[back to top]
Fixed Past


     The Fixed Past refers primarily to the obvious fact that past events are not changeable. But it appears often in determinist/compatibilist accounts of whether an agent could have done otherwise. "One could only have done otherwise if either the Fixed Past or the Laws of Nature had been different," goes the argument.

Ths conclusion is "There is but one possible future, and it is determined at each moment by the Fixed Past and the (deterministic) Laws of Nature." 

G. E. Moore and others say that "could have done otherwise" simply  means "if the agent had chosen to, he could have done otherwise." This obviously would have been a different past, one of the alternative possibilities. Some philosophers call this the "if-then" hypothetical or conditional analysis.
  


    Other glosses - Alternative Possibilities, Compatibilism, Determinism, Done Otherwise, Laws of Nature

    See also - I-Phi PageSearch I-Phi

Foreknowledge


     Foreknowledge is the idea that the future is already known, usually to a supernatural being. 

In classical Newtonian physics, a Laplacean super intelligence could in principle predict the future from the classical laws of physics, given knowledge of the positions and velocities of all the atoms in the universe.
  


    Other glosses - Determinism, Free Will, Laws of Nature

    See also - I-Phi PageSearch I-Phi

Frankfurt Examples

    Frankfurt Examples claim that an agent can be responsible, can be said to act freely, even though no alternative possibilities exist. Harry Frankfurt attacked what he called the Principle of Alternate Possibilities (PAP). Alternative possibilities for thought and action were considered to be a requirement for free will and moral responsibility until Frankfurt extended John Locke's "locked room" example of a person who freely chose to stay in a room, unaware that the doors had been locked, so that an alternative possibility did not exist. In Frankfurt-style thought experiments a hypothetical demon blocks all possibilities except the one that he wants the agent to choose. 

Note that Frankfurt assumes that alternative possibilities do in fact exist, or there would be nothing for his hypothetical intervening demon to block. Since information about the agent's decision does not exist until she makes her decision, Frankfurt's hypothetical intervening demon (much like the similar Laplacian demon or God's Foreknowledge) does not exist. This is the Information Objection to Frankfurt-style examples. 
  


    Other glosses - Alternative Possibilities, Indirect Argument, Information Objection, Kane-Widerker Objection, Leeway Incompatibilism

    See also - I-Phi PageSearch I-Phi

Freedom of Action

    Freedom of Action must be carefully distinguished from Freedom of the Will.

An action is said to be free by classical compatibilists like Thomas Hobbes and David Hume if the agent is not coerced by external forces.


The action may be completely determined by causal chains going back in time before the agent's birth, but they are nevertheless free in the compatibilist sense.


In his essay, Two Kinds of Liberty, Isaiah Berlin defined freedom of action as "negative freedom," and free will as "positive freedom."  
  


    Other glosses - Causality, Compatibilism, Determinism, Free Will,   
  

    See also -  I-Phi PageSearch I-Phi

Free Will
Free Will is sometimes called Freedom of Action. Libertarian Free Will includes the availability of Alternative Possibilities and the ability to Done Otherwise. 
John Locke encouraged the separation of the adjective free, which describes deliberation, from the (adequate) determination of the will. 
  


    Other glosses - Adequate Determinism, Alternative Possibilities, Deliberation, Done Otherwise

    See also -  I-Phi PageSearch I-Phi

Future Contingency


    The most famous Future Contingent is Aristotle's Sea Battle (De interpretatione 9). The Principle of Bivalence says that the statement "There will be a sea battle tomorrow" is either true or false. And either way necessarily binds the truth of the future contingent event.

Diodorus Cronus' "Master Argument" denied any future contingency.


Aristotle, ever sensible, decided that there was no present truth or falsity to a future contingent statement. He denied that the truth of a proposition is a necessary truth, and thus denied Logical Determinism. Indeed, contingency means that the event depends on the future, and so does its truth.


Many Stoics appear to have regarded the truth of future contingent statements as predetermining all future events. But Chrysippus denied necessity even as he affirmed fate and physical causal determinism.


Modern philosophers (especially J. Łukasiewicz) have developed a three-valued logic to handle such statements, but not with complete success. 
  


    Other glosses - Determinism, Principle of Bivalence, Master Argument, Standard Argument

    See also -  Search I-Phi

G[back to top]
Guidance_Control

John Martin Fischer separates an agent's control into two kinds. The first he calls "guidance control" - the kind of control needed to initiate or originate an action, by being "reasons-responsive" and taking ownership of the action, meaning the agent can say the action was "up to me." For Fischer, this includes steering a vehicle which is on a fixed track and actually can only make determined turns.

Another kind of control is "regulative control" - the kind needed to choose between "alternative possibilities." Fischer describes guidance control as happening in the "actual sequence," where regulative control refers to "alternative sequences" of events. Derk Pereboom uses the related terms source and leeway incompatibilism.
  


    Other glosses - Actual Sequence, Alternative Possibilities, Alternative Sequences, Control, Direct Argument, Leeway Incompatibilism, Origination, Reasons-Responsive, Source Incompatibilism

    See also -  Search I-Phi

H[back to top]
Hard Determinism

    Hard Determinism was coined by William James to describe determinists who fully accept the negative implications of determinism. They reject any free will. They deny the voluntarism of Thomas Hobbes, the negative "freedom from" external constraints on our actions. They also deny any positive "freedom to" originate our actions, to be the authors of our lives, the claim that things "depend on us" (in Greek ἐφ ἡμῖν). 

  

    Other glosses - Compatibilism, Determinism, Hard Incompatibilism, Origination, Up To Us, Voluntarism

    See also -  Search I-Phi

Hard Incompatibilism
Hard incompatibilists deny any indeterminism in the "actual sequence" of events. No event "originates" in the agent. Since nothing is "up to us," they argue for the incompatibility of determinism and moral responsibility. 

Hard incompatibilists deny both free will and moral responsibility. They call free will an "illusion" and some call for revisionism. William James called such thinkers "hard determinists." Derk Pereboom coined the new term for those who are agnostic on indeterminism and deny free will and moral responsibility, whether determinism is true or not.




    Other glosses - Actual Sequence, Agnostic, Illusion, Indeterminism, Origination, Revisionism, Source Incompatibilism, Up To Us

    See also -  I-Phi PageSearch I-Phi

Hierarchy Of Desires
Harry Frankfurt formulated the idea of a Hierarchy Of Desires. First-order desires or volitions are desires to act. Second-order desires are desires to desire, for example, to want to act. The theory invites a regress of willings, and recalls the comments of John Locke and Arthur Schopenhauer. "We are free to will, but can we will what we will?"

Frankfurt says moral responsibility requires a first-order desire with which the agent "identifies," which means she has a second-order desire that is consistent with the first-order desire that moves her to action.
  


    Other glosses - Moral Responsibility

    See also -  I-Phi PageSearch I-Phi

I[back to top]
Illusion

    It is now common among hard incompatibilists to call free will an illusion. this may be because of Frankfurt Examples that claim to prove that Alternative Possibilities do not exist. Or it may be because of the standard argument against free will. In any case, the real illusion is determinism, in its many forms.
Illusionists are often revisionists calling for an end to retributive punishment.
  


    Other glosses - Alternative Possibilities, Frankfurt Examples, Hard Incompatibilism, Standard Argument, Retributivism, Revisionism

    See also -  Search I-Phi

Incompatibilism
Incompatibilists come in two kinds. Both claim that determinism is incompatible with free will. One kind were called "hard determinists" by William James. They deny free will. The other are libertarians. They deny determinism.

Today many incompatibilists declare themselves agnostic about the "truth" of determinism and say the incompatibilities extend to indeterminism as well.

Derk Pereboom coined "hard incompatibilism" to describe agnostics on determinism who deny both free will and moral responsibility. They call free will an "illusion" and some call for revisionism. 


The traditional argument for incompatibilism assumes alternative possibilities and the ability to do otherwise. The Consequence Argument and Direct Argument do not.  

  


    Other glosses - Agnostic, Alternative Possibilities, Broad Incompatibilism, Consequence Argument, Determinism, Done Otherwise, Direct Argument, Hard Incompatibilism, Indeterminism, Illusion, Indeterminism, Illusion, Leeway Incompatibilism, Semicompatibilism, Source Incompatibilism, Traditional Argument

    See also -  I-Phi PageSearch I-Phi

Indeterminism


     Indeterminism is the idea that some events are uncaused, specifically that they are random accidents with only probabilistic outcomes. In ancient times, Epicurus proposed that atoms occasionally swerve at random, breaking the causal chain of determinism and allowing for moral responsibility. In modern physics, we now know that atoms constantly swerve, or move indeterministically, whenever they are in the presence of other atoms. The universe is irreducibly random on the atomic scale. Laws of Nature are therefore probabilistic or statistical. Although for large objects, the departure from classical laws of motion is usually entirely insignificant, indeterministic quantum noise plays a role in the two-stage model of free will.
  

    Other glosses - Causality, Causa Sui, Determinism, Laws of Nature, Moral Responsibility, Probability

    See also - I-Phi PageSearch I-PhiWikipediaStanford Encyclopedia of Philosophy

Indirect Argument

    The Indirect Argument for the incompatibility of determinism and moral responsibility depends on avoidability or the ability to do otherwise. If the agent does not have alternative possibilities, she cannot do otherwise, and she cannot be morally responsible.
  

    Other glosses - Alternative Possibilities, Basic Argument, Consequence Argument, Direct Argument, Standard Argument

    See also -  Search I-Phi

Information Objection

    The Information Objection claims that Frankfurt examples can not prove that Alternative Possibilities do not exist, because the information needed by an intervener to block alternatives does not exist until the moment of an agent's decision.
  

    Other glosses - Alternative Possibilities, Frankfurt Examples, Kant-Widerker Objection, Standard Argument, Yes-No Objection

    See also -  Search I-Phi

Intellect

    Intellect is often contrasted with Will, when the latter is identified with the desires and passions and the former identified with reason. From Aquinas to Hume, some philosophers argued that acts of will are always based on emotions and desires, not the pure intellect that generates, evaluates, and deliberates the alternative possibilities. 
  

    Other glosses - Alternative Possibilities, Deliberation, Evaluation, Reasons-Responsive

    See also - Search I-Phi

JK[back to top]

Kane-Widerker Objection
Robert Kane and later David Widerker objected to Frankfurt-style examples that posit a demon or intervener who allows the agent to do "freely" whatever the intervener wants her to do. The objection notes that the intervener can not know what an agent is going to do without assuming the agent is determined and the intervener has Foreknowledge. This is an epistemic objection.

The intervener needs a "prior sign" of the causal chain. Such a sign is an event that leads causally to the decision, and thus Frankfurt examples "beg the question" by assuming determinism. Information about the agent's decision does not exist until she makes her decision (the ontologicalInformation Objection), so Frankfurt's hypothetical intervening demon (much like the similar Laplacian demon or God's Foreknowledge) can not exist.
  


    Other glosses - Alternative Possibilities, Frankfurt Examples, Information Objection, Yes-No Objection

    See also -  Search I-Phi
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Laws of Nature


     The "Laws of Nature" are often cited in compatibilist arguments as controlling events, together with the "Fixed Past."
     
     The idea appears often in determinist/compatibilist accounts of whether an agent could have done otherwise. "One could only have done otherwise if either the Fixed Past or the Laws of Nature had been different," goes the argument. The Fixed Past refers primarily to the obvious fact that past events are not changeable. 


The usual conclusion is "There is but one possible future, and it is determined at each moment by the Fixed Past and the (deterministic) Laws of Nature."


However, the real Laws of Nature, beginning with the most fundamental laws of physics, are indeterministic and probabilistic, reflecting the availability of  alternative possibilities..   
  


    Other glosses - Alternative Possibilities, Compatibilism, Determinism, Done Otherwise, Fixed Past

    See also - I-Phi PageSearch I-Phi

Leeway Incompatibilism

    Leeway Incompatibilism requires indeterminism in the "alternative sequences" provided by alternative possibilities, to establish incompatibility of determinism and moral responsibility. By contrast, Source Incompatibilism depends on actions that originate within the agent in the "actual sequence." Derk Pereboom coined this term, which is a variation on the Principle of Alternative Possibilities (PAP).
  

    Other glosses - Alternative Possibilities, Source Incompatibilism

    See also -  Search I-Phi

Liberty of Indifference
Liberty of Indifference (liberum arbitrium indifferentiae) is an ancient case of two options so similar that only a miniscule effort is needed to choose one over the other. This seemed to be a case where the even an immaterial mind might move a material body. It was also argued that where options are identical, randomness would suffice to choose one. Some philosophers argued that this randomness was at the heart of free will, showing its absurdity and unintelligibility. In a famous example typical of philosophical test cases, the scholastic teacher Jean Buridan placed an ass equidistant between identical bales of hay. Since animals lack our God-given liberty, Buridan argued, the ass would starve to death.
  

    Other glosses - Alternative Possibilities

    See also -  I-Phi PageSearch I-PhiStanford Encyclopedia of Philosophy

Liberty of Spontaneity

    Liberty of Spontaneity was Descartes' term for what Thomas Hobbes called Voluntarism or what 
Descartes contrasted it with Liberty of Indifference, but they are not proper opposites. It is more properly contrasted with Libertarian "Free Will" and with Berlin's Positive Freedom, which is the "freedom to" choose or act that comes with genuine Alternative Possibilities and results in actions that are "up to us," that we originate.
  

    Other glosses - Alternative Possibilities, Liberty of Indifference, Self-Realization, Voluntarism

    See also -  I-Phi PageSearch I-PhiStanford Encyclopedia of Philosophy

Logical Fallacy


    The Logical Fallacy is to assume that purely logical (and linguistic) analysis can yield "truths" about the world. Logical positivism was in practical terms a logical fallacy.  The hundreds of papers published on Harry Frankfurt's attacks on the idea of alternative possibilities are a prime example. Nothing is logically true of the physical world. Modal analyses using the idea of possible worlds shows that anything that is not internally contradictory can be postulated of some possible world. 
  

    Other glosses - Alternative Possibilities, Frankfurt-style Examples

    See also-  I-Phi PageSearch I-Phi

Luck Objection

    The Luck Objection to free will and moral responsibility arises because the world contains irreducible indeterminism and chance. As a result, many unintended consequences of our actions are out of our control. 

We are often held responsible for actions that were intended as good, but that had bad consequences. Similarly, we occasionally are praised for actions that were either neutral or possibly blameworthy, but which had good consequences.


In a deterministic world, it is hard to see how we can be held responsible for any of our actions. Counterintuitively, semicompatibilist philosophers hold that whether determinism or indeterminism is true, we can still have moral responsibility.  


At the other end of the spectrum, some libertarians are critical of any free will model that involves chance, because the apparent randomness of outcomes would make such free will unintelligible, because it would be a matter of luck.


Unfortunately, much of what happens in the real world contains a good deal of luck, giving rise to many of the moral dilemmas that lead to moral skepticism. 


Whether determinist, compatibilist, semicompatibilist, or libertarian, it seems unreasonable to hold persons responsible for the unintended consequences of their actions, good or bad. In many moral and legal systems, it the person's intentions that matter first and foremost.


And in any case, actions need not have moral consequences to be free, that would commit the ethical fallacy of restricting free decisions to moral decisions.
  


    Other glosses - Agnostic, Consequentialism, Control, Determinism Objection, Ethical Fallacy, Indeterminism, Mind Argument,  Moral Luck, Standard Argument, Randomness Objection

    See also -  I-Phi PageSearch I-Phi
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Manipulation Argument


    The Manipulation Argument grows out of the accepted loss of control and moral responsibility for agents who are addicted or induced to act by hypnosis and the like. As with the hypothetical interveners in Frankfurt-style cases, these arguments often postulate counterfactual manipulators - such as evil neuroscientists who control the development of persons from the egg (as in Brave New World) or condition them in their formative years (like a "Skinner box" reinforcing selected behaviors). The argument says that if we deny responsibility when such manipulators have control, why not deny it when causal determinism (or random indeterminism) is in control?  

The Manipulation Argument is only meant to enhance the intuition of lost control, in order to support the Consequence Argument and similar Determinism Objections in the standard argument against free will. Derk Pereboom's Four-Case Argument is a well-known example of a Manipulation Argument.
  


    Other glosses - Consequence Argument, Control, Moral Responsibility, Standard Argument

    See also - I-Phi PageSearch I-Phi

Master Argument

  The Master Argument was first formulated by Diodorus Cronus, a late 4th-century philosopher of the Megarian School, who argued that the actual is the only possible and that some true statements about the future imply that the future is already determined. He formulated a "Master Argument" (the κυριεύων or κύριος λόγος would better have been translated the "Actual" Argument) to show that if something in the future is not going to happen, it was true in the past that it would not happen.

This is related to the problem of future contingency, made famous in the example of Aristotle's Sea-Battle in De Interpretatione 9. Aristotle thought statements about the future lacked any truth value.


Note that the truth value of a statement made in the past can "actually" be changed if an event does or does not happen, showing that the "fixed past" has some changeability.
  


    Other glosses - Actualism, Basic Argument, Consequence Argument, Future Contingency, Principle of Bivalence, Standard Argument

    See also - I-Phi PageSearch I-Phi

Mind Argument

    The Mind Argument is Peter van Inwagen's name for the Randomness Objection in the standard argument against free will. Alfred Mele calls it the "Luck Objection."

Van Inwagen named the Mind Argument for the journal Mind, where most of the ranodmness objections were published, especially R. E. Hobart's 1934 classic "Free Will As Involving Determination And Inconceivable Without It." 
  


    Other glosses - Luck Objection, Randomness Objection, Standard Argument

    See also -  Search I-Phi

Modal Fallacy

    The Modal Fallacy usually involves possible or contingent statements that are falsely claimed to be necessary. For example:

This proposition is true. (contingent)
 
If it is true, it cannot be false. (contingent)
 
If it cannot be false, then it is true and necessarily true (modal fallacy).   

Ted Warfield clams that his colleague Peter van Inwagen's Consequence Argument contains contingent premises that make it a modal fallacy. Warfield has reformulated a purely necessary form of the argument. Unfortunately, necessary arguments do not apply to the world. 

  

    Other glosses - Consequence Argument

    See also -  Search I-Phi

Modest Libertarianism


     Modest Libertarianism is a concept proposed by Alfred Mele for consideration by Libertarians. It is a two-stage model of free will in which indeterminism is limited to the early stages of the deliberation process which consider alternative possibilities that may or may not "come to mind." Modest libertarianism is a variation of Daniel Dennett's 1978 two-stage "Valerian" decision model, in his provocative essay "Giving Libertarians What They Say They Want." 

Mele feels that randomness anywhere in the causal chain leads to his Luck Objection, a variation on the standard Randomness Objection.
  


    Other glosses - Alternative Possibilities, Indeterminism, Luck Objection, Randomness Objection

    See also - Search I-Phi

Moral Luck


    Moral Luck is Thomas Nagel's notion that since an action's consequences are beyond the agent's control, randomness makes moral responsibility a matter of chance. This is often framed as the Luck Objection, a variation on the randomness objection Since there is irreducible randomness in the universe, there are no doubt many cases where luck enters into moral situations, but not universally. Many actions are adequately determined and have reliable and predictable consequences, enough to establish the general concept of moral responsibility. 
  

    Other glosses - Adequate Determinism, Consequentialism, Control, Luck Objection, Moral Responsibility, Standard Argument, Randomness Objection

    See also - I-Phi PageSearch I-PhiWikipediaStanford Encyclopedia of Philosophy

Moral Responsibility


    Moral Responsibility is historically tightly connected to the problem of free will, but it is an ethical fallacy to require that free choices be moral decisions.
  

    Other glosses - Ethical_Fallacy

    See also-  I-Phi PageSearch I-PhiWikipediaStanford Encyclopedia of Philosophy

Moral Sentiments


    Moral Sentiments arguably would exist whether or not determinism is "true." David Hume first made this argument, but Peter Strawson made it famous in current debates, with his agnosticism about determinism vs. free will, in favor of a Humean Naturalism that takes our moral sentiments as givens that are beyond the skepticism of logic and and critical thought.  

Note that Hume the Naturalist had no problem "Deriving Ought from Is" - something shown logically impossible by Hume the Skeptic.
  


    Other glosses - Agnostic, Ethical_Fallacy, Naturalism

    See also-  I-Phi PageSearch I-PhiWikipediaStanford Encyclopedia of Philosophy

Moral Skepticism


    Moral Skepticism challenges the idea that there are always rational and best answers to moral questions. Because there are various theories of morality - deontic, pragmatic, utilitarian, etc, it is easy to construct moral dilemmas and paradoxes. Moral skeptics like Walter Sinnott-Armstrong believe these are real problems in life and cannot be explained away by clever arguments.

Note that moral skepticism tends to lead to relativism and moral nihilism in the absence of objective values. 
  


    Other glosses - Moral Responsibility

    See also - I-Phi PageSearch I-PhiWikipediaStanford Encyclopedia of Philosophy
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Narrow Incompatibilism

     Narrow Incompatibilism is Randolph Clarke's synonym for John Martin Fischer's concept of Semicompatibilism. Clarke distinguishes it from his term Broad Incompatibilism.

   Narrow Incompatibilism is incompatible with free will, but not with moral responsibility.
  


    Other glosses - Broad Incompatibilism, Compatibilism, Incompatibilism, Moral Responsibility, Semicompatibilism

    See also -  Search I-Phi

Naturalism

Naturalism is the position that the Laws of Nature (assumed to be deterministic) apply to human beings and their actions, because humans are natural things, continuous with animals and other things that lack free will. The position originated with David Hume and has been developed in the moral responsibility debates by Paul Russell.

Naturalists tend to be revisionists on retributive punishment.


Assuming that free will is restricted to morally responsible agents is an example of the Ethical Fallacy. One way of seeing the continuous nature between animals and humans is to recognize that animals, like children, have a will and freedom of action, they just lack moral responsibility. 
  


    Other glosses - Determinism, Ethical Fallacy, Laws of Nature, Moral Responsibility, Restrictivism, Revisionism

    See also-  I-Phi PageSearch I-PhiWikipediaStanford Encyclopedia of Philosophy

Naturalistic Fallacy

G. E. Moore in Principia Ethica claimed that ethics is human, not natural. So ethical claims can not be supported by appeals to natural properties, like pleasure or utility. Moore thinks "good" cannot be defined. It is an elemental essential property. 

Moore's ethical non-naturalism resembles David Hume"s denial that "ought" (human ethics) can be derived from "is" (nature).


Note the conflict with Naturalists for whom natural behaviors are moral behaviors, and "un-natural" behaviors are bad.
  
  


    Other glosses - Ethical Fallacy, Moral Responsibility, Naturalism

    See also - Search I-Phi
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Ontological


    Ontology is the study of real things existing in the world. A crisis in philosophy emerged when Locke and Hume, and later Kant, observed that all our knowledge comes to us through our perceptions. We cannot know the "things themselves" behind the perceptions. Moreover, our perceptions may be illusions.

The existence of real ontological chance is often denied by those who claim that randomness and probability are merely the result of human ignorance. Chance, they say is an epistemic problem, not an ontological one.  
  


    Other glosses - Epistemic, Illusion, Probability, Randomness

    See also -  Search I-Phi

Origination


    Origination is the idea that new causal chains can begin with an agent, something that is not predetermined to happen by events prior to the agent's deliberation (between alternative possibilities) and decision. Origination accounts for creativity. 
Ted Honderich is "dismayed" because the truth of determinism requires that we give up "origination" with its promise of an open future. For him, limiting freedom to classical compatibilistvoluntarism means we are not the authors of our own actions. They are not up to us.
  


    Other glosses - Agent Causal, Alternative Possibilities, Causa Sui, Up To Us, Voluntarism

    See also -  Search I-Phi

Ought From Is

David Hume famously criticized philosophers for talking about the way things are and suddenly describing the way they ought (or ought not) to be, as if the ought had been deduced from the is.

  Moore's naturalistic fallacy similarly denies that ethical rules can depend on natural facts.
  


    Other glosses - Ethical Fallacy, Naturalistic Fallacy

    See also -  Search I-Phi

Ought Implies Can


    Ought Implies Can (sometimes abbreviated K) is the deontic principle, usually attributed to Immanuel Kant, that an agent ought to do a moral act only if she actually can do it, if she has control.
  

    Other glosses - Control, Done Otherwise, Voluntarism

    See also -  Search I-Phi

P[back to top]
Possibilism


Possibilism is the idea that there are real possibilities available in an open future. 

It stands in contrast to actualism, the idea that the events that do happen are the only possible events that could possibly have happened. 


Possibilism should not be confused with the idea of possible worlds, David Lewis's  methodology in modal philosophy of investigating "nearby possible worlds" that differ only slightly from our world as a tool for examining our world.


Nor should it be confused with the extravagant idea of "parallel universes" - Hugh Everett's "many worlds" interpretation of quantum mechanics which postulates the world "splitting" into two or more complete universes whenever a quantum experiment requires a "collapse of the wave function."
  


    Other glosses - Actualism, Alternative Possibilities, Possible Worlds, Quantum Mechanics

    See also -  I-Phi PageSearch I-Phi

Possible Worlds

Gottfried Leibniz argued that necessary truths are true in all possible worlds. David Lewis argued that the truth of counterfactuals is a result of believing that for every non-contradictory statement there is a possible world in which that statement is true. This is called modal realism. It implies the existence of infinitely many parallel universes, an idea similar to Hugh Everett III's controversial many-worlds interpretation of quantum mechanics.

The astronomer David Layzer analyzes questions of free will in terms of infinitely many possible worlds that must exist in an infinite universe.


It is a bit ironic that philosophers who are skeptical about the existence of alternative possibilities for human actions are optimistic about many possible worlds.
  


    Other glosses - Alternative Possibilities, Modal Fallacy, Possibilism, Quantum Mechanics

    See also -  -  I-Phi PageSearch I-Phi

Pre-Determinism

    Pre-Determinism is the idea that a strict causal determinism is true, with a causal chain of events back to the origin of the universe, and one possible future.

It is what most philosophers mean when they say that free will is compatible with determinism, and when they use determinism in the standard argument against free will.  
  


    Other glosses - Causality, Compatibilism, Determinism, Standard Argument

    See also - I-Phi PageSearch I-Phi

Principle of Alternate Possibilities


    The Principle of Alternate (sic) Possibilities (or PAP) was formulated as follows in 1961 by Harry Frankfurt in order to defend compatibilism from the apparent lack of alternative possibilities in the deterministic world of classical compatibilism.
PAP: A person is morally responsible for what he has done only if he could have done otherwise.


Frankfurt maintained that PAP was false, and that agents could be free and morally responsible without alternative possibilities and the capability to do otherwise in the same circumstances.  
  

    Other glosses - Alternative Possibilities, Determinism, Done Otherwise, Moral Responsibility, Same Circumstances

    See also -  Search I-Phi

Principle of Bivalence


    The Principle of Bivalence is that for any proposition p, either p is true or p is false. It is the reason the standard argument against free will is framed as two horns of a dilemma. Either determinism is true or false. Most philosophers do not want to give up the idea of causal determinism, so opt to be compatibilists.

Bivalence is also known as "the law of the excluded middle." There is no middle term between true and false. This becomes the basis for the idea that there is no tertium quid or middle betweeen chance and necessity, perceived as logical opposites.


The Principle of Bivalence is also the basis for Logical Determinism, in which the present truth of a statement implies its truth in the future.  
  


    Other glosses - Determinism, Future Contingency, Standard Argument

    See also -  Search I-Phi

Probability


    Probability has often been a way to deny real chance. The great mathematicians who invented the calculus of probabilities, which governs games of chance, thought that there was nothing random really going on. For them probability was merely a result of human ignorance. The problem was epistemic, not ontological. 
DeterministicLaws of Nature guarantee we could predict the future, if only we had all the information needed. Laplace's demon, a supreme intelligence, could know the future, as God foreknows it, if he knew the positions and velocities of all the particles in the universe.


Today we know that the Laws of Nature are not deterministic. Not only are they probabilistic, but irreducibly random, due to the underlying quantum mechanics that has replaced classical mechanics as the proper description of the universe's fundamental particles.


The laws become arbitrarily close to certain in the limit of large numbers of particles (billiard balls, planets), leading to the illusion of perfectly deterministic laws.


Probability is the explanation for alternative possibilities and unpredictable "uncaused" causes (causa sui) that are the "free" part of "free will."9999999
  


    Other glosses - Alternative Possibilities, Causa Sui, Determinism, Epistemic, Foreknowledge, Illusion, Laws of Nature, Ontological, Quantum Mechanics

    See also -  Search I-Phi

Q[back to top]
Quantum Mechanics


    The development of Quantum Mechanics in the late 1920's marked the end of physical determinism.
Quantum mechanics has replaced classical mechanics as the proper description of the universe's fundamental particles. But note that in the limit of macroscopic objects with large numbers of particles, the quantum laws correspond exactly to (i.e., become the same as) the classical laws. This is Neils Bohr's correspondence principle.


Deterministic Laws of Nature have been replaced with probabilistic laws. Quantum events can start new "causal chains" with events that are unpredictable from prior events, self-caused events that are causa sui.


Quantum phenomena are behind the generation of alternative possibilities that are the "free" part of "free will."
  


    Other glosses - Alternative Possibilities, Causa Sui, Determinism, Laws of Nature, Probability

    See also -  Search I-Phi

R[back to top]
Randomness Objection

    The Randomness Objection is the second horn in the traditional dilemma of free will. Either determinism is true or indeterminism is true. In neither case can there be any moral responsibility. Note that the great asymmetry between determinism and indeterminism has led philosophers to favor the kind of deterministic or causal explanations that are the apparent basis for laws of nature. But determinism is an illusion. 

Indeterminism is a greater threat to moral responsibility than determinism, since it is associated with many negative ideas, such as chance. Nevertheless, many philosophers declare themselves agnostic on this objection to free will. The randomness objection is the core idea behind Peter van Inwagen's Mind Argument. 
  


    Other glosses - Agnostic, Determinism Objection, Illusion, Indeterminism, Luck Objection, Mind Argument, Standard Argument

    See also -  Search I-Phi

Reactive Attitudes


    Reactive Attitudes were identified by Peter Strawson as feelings that we would naturally have even if we were convinced of the truth of determinism (or indeterminism). Strawson was an early agnostic, claiming he could not make sense of either). Reactive Attitudes include gratitude and resentment, and our normal tendency to praise or blame, punish or reward. Strawson modeled his naturalist claims in the face of skepticism b=about free will after David Hume, who overcame his own famous skeptical views to claim ethical truths could be found in naturalism.
  

    Other glosses - Naturalism

    See also -  Search I-Phi

Reasons-Responsive


    Reasons-Responsiveness describes an agent who has the kind of control needed to initiate or originate an action. Being "reasons-responsive" and taking ownership of the action means the agent can say the action was "up to me." John Martin Fischer calls this "guidance control" in the "actual sequence" of events that figure in the "Direct Argument" for source incompatibilism. Fischer's account of moral responsibility is like Thomas Aquinas' and Susan Wolf's account of free actions as those guided by reasons. 
  

    Other glosses - Actual Sequence, Control, Direct Argument, Origination, Source Incompatibilism, Up To Us

    See also -  Search I-Phi

Regulative_Control

John Martin Fischer separates an agent's control into two kinds. The first he calls "guidance control" - the kind of control needed to initiate or originate an action, by being "reasons-responsive" and taking ownership of the action, meaning the agent can say the action was "up to me." The other kind of control is "regulative control" - the kind needed to choose between "alternative possibilities." Fischer describes these options as happening in the "actual sequence" or "alternative sequences" of events. Derk Pereboom uses the related terms source and leeway incompatibilism.
  

    Other glosses - Actual Sequence, Alternative Possibilities, Alternative Sequences, Control, Direct Argument, Guidance ControlLeeway Incompatibilism, Origination, Reasons-Responsive, Source Incompatibilism

    See also -  Search I-Phi

Restrictivism


    Restrictivist theories claim that the number of "free" actions is a tiny fraction of all actions.  Robert Kane, for example limits them to rare "self-forming actions" (SFAs) in which weighty and difficult moral decisions are made.  Limiting freedom to moral decisions is the ethical fallacy. Peter van Inwagen restricts free will to cases where the reasons that favor either alternative are not clearly stronger. This is the ancient liberty of indifference. Susan Wolf restricts free decisions to those made rationally according to "the True and the Good." 
  

    Other glosses - Ethical Fallacy, Liberty of Indifference, Self-Forming Action

    See also -  Search I-Phi

Retributivism


    Retributivism describes punishment that is deserved because the agent was morally responsible for the crime. Many hard incompatibilists who think free will is an illusion, and many naturalists, are revisionists calling for an end to retributive punishment.  
Susan Wolf has pointed out the strange asymmetry between praise and blame. Those opposed to punishment for retributive reasons (as opposed to practical consequentialist reasons) are often in favor of praise for good deeds. This reflects the ancient Platonic view that we are responsible only for the good we do. Our errors we blame on our ignorance, which is, unfortunately, no excuse before the law.    
  


    Other glosses - Illusion, Moral Responsibility, Naturalism, Revisionism

    See also -  Search I-Phi

Revisionism


    Revisionists hope to change popular attitudes about free will and moral responsibility, bringing them more into line with the views of modern philosophy. A leading issue is the widely held view among current philosophers that free will is an illusion. Revisionists conclude there should be an end to retributive punishment.
  

    Other glosses - Illusion, Moral Responsibility, Retributivism

    See also -  Search I-Phi

Rule Beta


    Rule Beta is Peter van Inwagen's "Third Argument" for incompatibilism. Van Inwagen argues against the compatibilism of determinism and moral responsibility. It is a Transfer Principle of unavoidability (one has no choices and can not do otherwise ).
p, and no one has, or ever had, any choice about that. If p then q, and no one has, or ever had, any choice about that. Hence, q, and no one has, or ever had, any choice about that.


Rule Beta wraps the ancient and physical dilemma of determinism in analytical logical window dressing. It is identical to the Determinist Objection in the standard argument against free will. 
  

    Other glosses - Done Otherwise, Logical Fallacy, Moral Responsibility, Standard Argument, Transfer Principle

    See also -  Search I-Phi

S[back to top]
Same Circumstances


    Determinists argue that, given the Laws of Nature and the Fixed Past, it is impossible for an agent to act differently in Exactly the Same Circumstances.
Libertarians demand such Dual Rational Control and the ability to Do Otherwise as a freedom condition.
  

    Other glosses - Done Otherwise, Fixed Past, Laws of Nature

    See also - Search I-Phi

Self-Determination


    Self-Determination is the idea of a positive freedom, a freedom for actions that we originate, actions that are up to us. Such acts constitute the essence of Free Will. This is Mortimer Adler's term, adopted also by Robert Kane. 
  

    Other glosses - Origination, Self-Perfection, Self-Realization

    See also - Search I-Phi

Self-Forming Action


    Self-Forming Actions (SFAs) are Robert Kane's idea of free actions in the distant past that contribute to our character and values. When we act out of habit today, we trace the Ultimate Responsibility (UR) for those actions back to those SFAs. Although current habitual actions may seem (adequately) determined, they are still self-determined and thus free.

We can be responsible for current actions that are essentially (viz. adequately) determined by our character and values, as long as we formed that character ourselves by earlier free Self-Forming Actions. For Kane, SFAs in turn require brains that are not deterministically caused by anything outside the agent. 
  


    Other glosses - Self-Determination, Tracing, Ultimate Responsibility

    See also - Search I-Phi

Self-Perfection


    Self-Perfection is the idea from Plato to Kant that we are only free when our decisions are for reasons and we are not slaves to our passions. This is Mortimer Adler's term, also adopted by Robert Kane. Adler cites many theologically minded philosophers who argue that man is only perfect and free when following a divine moral law (the ethical fallacy). Sinners, they say, do not have free will, which is odd because on their account sinners are presumably responsible for evil in the world despite an omniscient, omnipotent, and benevolent God.
  

    Other glosses - Ethical Fallacy, Restrictivism, Self-Determination, Self-Realization

    See also - Search I-Phi

Self-Realization


    Self-Realization is the idea of freedom as freedom from coercions that make our actions not up to us.  Today this negative freedom recognizes internal coercions as well, such as addictions or mental disabilities. This is the  classical compatibilist definition of freedom, also known as voluntarism. Self-realization is Mortimer Adler's term for circumstantial freedom. It is also used by Robert Kane.
  

    Other glosses - Compatibilism, Self-Determination, Self-Perfection, Voluntarism

    See also - Search I-Phi

Semicompatibilism

Semicompatibilism is John Martin Fischer's name for the compatibilism of moral responsibility and determinism (or indeterminism). It is contrasted with classical compatibilism, the broader idea that free will is compatibile with determinism. 
Randolph Clarke calls these respectively Narrow and Broad Incompatibilism.


Classical compatibilists are determinists. Semicompatibilists avoid the determinist label, claiming to be agnostic about the "truth" of determinism or indeterminism. Semicompatibilism grew out of the apparent success of Harry Frankfurt's attacks on the Principle of Alternate Possibilities.




    Other glosses - Agnostic, Compatibilism, Determinism, Frankfurt Examples, Indeterminism, Narrow Incompatibilism

    See also - I-Phi PageSearch I-PhiWikipediaStanford Encyclopedia of Philosophy

Soft Causality

Soft Causality is the idea that most events are adequately determined by normal causes, but that some events are not precisely predictable from prior events. 


Soft Causality includes occasional quantum events, which are only probabilistic and statistical. This means that they are not strictly caused by prior events, although they may be causes of subsequent events. They depend on chance in the form of irreducible quantum indeterminacy

Their unpredictability leads us to call them uncaused events, which in turn become uncaused causes (causa sui) that start new causal chains. 




    Other glosses - Adequate_Determinism, Causality, Causa Sui, Determinism, Indeterminacy, Indeterminism

    See also - I-Phi PageSearch I-Phi

Soft Compatibilism

    Soft Compatibilism is one of Alfred Mele's terms. Soft compatibilists know, as a result of quantum physics, that determinism is not true. They think that some indeterminism, in the right places, might be useful. For soft compatibilists, the right place is in what John Martin Fischer calls the Actual Sequence, where it breaks the causal chain of determinism back to the Big Bang. This position is also known as Source Incompatibilism.

Note that soft compatibilists accept the traditional Voluntarism of Thomas Hobbes and David Hume. Even if determinism were true, they say, there would still be Freedom of Action.
  


    Other glosses - Compatibilism, Determinism, Freedom of Action, Free Will, Hard Compatibilism, Origination, Source Incompatibilism, Voluntarism

    See also -  Search I-Phi

Soft Determinism

    Soft Determinism was coined by William James to describe compatibilists, who accepted the truth of determinism. They claimed free will was the voluntarism of Thomas Hobbes, the negative "freedom from" external constraints on our actions.  This is called "Freedom of Action" to distinguish it from Freedom of the Will

    Other glosses - Compatibilism, Determinism, Freedom of Action, Free Will, Hard Determinism, Origination, Voluntarism

    See also -  Search I-Phi

Soft Incompatibilism


Soft Incompatibilism says that free will is incompatible with pre-determinism, and that predeterminism is not true. It is preferable to the loose usage of the plain "incompatibilist" to describe a libertarian, since it is ambiguous and also used for determinists. 

Soft Incompatibilism stands in contrast to Hard Incompatibilism, which maintains that pre-determinism is true and free will does not exist. It is not incompatible with an adequate determinism.


Soft Incompatibilism involves Soft Causality. Soft Incompatibilists accept occasional quantum events, which are only probabilistic and statistical, since they break strict causal chains back to the Big Bang with uncaused causes (causa sui) that start new causal chains. It resembles Al Mele's Soft Libertarianism. 




    Other glosses - Adequate_Determinism, Causa Sui, Soft Causality, Soft Libertarianism, Pre-Determinism

    See also - Search I-Phi

Soft Libertarianism

    Soft Libertarianism is one of Alfred Mele's terms. Soft libertarians think that some indeterminism, in the right place is useful. For soft libertarians , the right place is in what John Martin Fischer calls the Actual Sequence, where it breaks the causal chain of determinism back to the Big Bang. This position is also known as Source Incompatibilism.

Soft libertarianism differs from Mele's modest libertarianism in that it does not require robust alternative possibilities (APs). APs produce what John Martin Fischer calls the Alternative Sequences.


Mele also develops a model for "Daring Soft Libertarians." Daring soft libertarians, he says, especially value a power to make decisions that are not deterministically caused - a certain initiatory power. This model reaches out to Robert Kane's idea of Ultimate Responsibility, in which we can be responsible for current actions, ones that are essentially determined by our character and values, as long as we formed that character ourselves by earlier free actions that he calls Self-Forming Actions (SFA). SFA's in turn require brains that are not deterministically caused by anything outside the agent.




    Other glosses - Compatibilism, Determinism, Freedom of Action, Free Will, Hard Compatibilism, Origination, Source Incompatibilism, Voluntarism

    See also -  Search I-Phi

Source Incompatibilism

    Source Incompatibilism or "Sourcehood" focuses on indeterminism in the "actual sequence" of events, an event that "originates" in the agent, to establish the incompatibility of determinism and moral responsibility. 
Hard incompatibilists deny this indeterminism. By contrast, Leeway Incompatibilism depends on the ability to do otherwise in "alternative sequences."  
  


    Other glosses - Actual Sequence, Alternative Sequences, Consequence Argument, Direct Argument, Hard Incompatibilism, Indirect Argument, Leeway Incompatibilism, Origination

    See also -  Search I-Phi

Standard Argument

    The Standard Argument against Free Will is a dilemma with two horns, the Determinism Objection and the Randomness Objection. 

If determinism is "true" all our actions are determined and we lack free will and moral responsibility. If indeterminism is "true" all our actions are random and we are equally unfree and not responsible. 


A subtle combination of randomness and adequate determinism is required for a two-stage model of free will.
  


    Other glosses - Basic Argument, Consequence Argument, Determinism Objection, Direct Argument, Indirect Argument, Randomness Objection

    See also -  I-Phi PageSearch I-Phi

Supercompatibilism

Supercompatibilism is the idea that free will is compatible with both determinism and indeterminism, in the sense that free will exists and will continue to exist whether determinism or indeterminism turns out to be true.

Supercompatibilism does for free will what John Martin Fischer's semicompatibilism does for moral responsibility. Fischer was inspired by Peter Strawson. Fischer and his colleague Alfred Mele affirm moral responsibility and accountability for "autonomous agents" whatever the outcome of the problem of free will and determinism.


It is sometimes said that supercompatibilism goes beyond compatibilism by requiring determinism. Does it also require indeterminism, as does comprehensive compatibilism? Note that R.E. Hobart only required determination.     
  


    Other glosses - Compatibilism, Determinism, Free Will, Indeterminism, Semicompatibilism

    See also -  I-Phi PageSearch I-Phi

T[back to top]
Tracing

    Tracing is the idea that an agent's responsibility (or non-responsibility) for some action or the consequence of an action is not limited to the agent’s thoughts or actions at the moment immediately prior to the action or consequence, but can be traced back to earlier actions, from which responsibility can be transferred. Difficulties arise establishing that the consequences could reasonably have been foreseen by the agent. 
  

    Other glosses - Consequence Argument, Consequentialism, Moral Responsibility, Transfer Principle

    See also -  Search I-Phi

Traditional Argument

    The Traditional Argument for the incompatibility of determinism and moral responsibility has three steps:
	If determinism is true, no agent could have avoided acting as she did act - could have done otherwise.
	An agent is only responsible for actions if she could have done otherwise (the Principle of Alternative Possibilities).
	Thus, if determinism is true, no agent is morally responsible.



    Other glosses - Alternative Possibilities, Consequence Argument, Done Otherwise, Direct Argument, Incompatibilism, Moral Responsibility

    See also - Search I-Phi

Transfer Principle

    A Transfer Principle says that an agent's responsibility or non-responsibility (or avoidability or unavoidability) for an action can be transferred to the consequences of that action, or to the probable consequences (strong transfer), or to consequences that could reasonably have been foreseen by the agent (weak transfer). John Martin Fischer developed the Principle of Transfer of Non-Responsibility as a variation on Peter van Inwagen's "Third Argument" or Rule Beta. Robert Kane's Ultimate Responsibility is Transfer of Responsibility from Self-Forming Actions long ago to current actions, however automatic and habitual.
  

    Other glosses - Consequence Argument, Moral Responsibility, Rule Beta, Self-Forming Actions, Ultimate Responsibility

    See also -  Search I-Phi

U[back to top]
Ultimacy


    Ultimacy or the Ultimacy Condition is often used by determinists, hard incompatibilists, and illusionists to deny moral responsibility. Galen Strawson's Basic Argument is a good example of denying Ultimacy by an infinite regress of responsibility for our character.  
  

    Other glosses - Basic Argument, Consequence Argument, Responsibility, Ultimate Responsibility

    See also - Search I-Phi

Ultimate Responsibility


    Ultimate Responsibility (UR) is Robert Kane's concept that we can be responsible for current actions, ones that are essentially determined by our character and values, as long as we formed that character ourselves by earlier free actions that he calls Self-Forming Actions (SFA).
  

    Other glosses - Responsibility, Self-Forming Action

    See also - Search I-Phi

Up To Us


    The idea that we are the originators of our actions was first described by Aristotle in his Metaphysics and Nichomachean Ethics with the Greek phrase ἐφ' ἡμῖν, "up to us,' or "depends on us." 
Agent causal libertarians insist that our actions begin with something inside our minds. (Aristotle had also said some actions begin ἐν ἡμῖν - "in us".) They describe this variously as non-occurent causation, contra-causal freedom, metaphysical freedom, a causa sui, or simply non-causal freedom.


If our actions are not "up to us," if we feel they "happen to us," then we cannot feel morally responsible for them. 
  


    Other glosses - Agent Causal, Moral Responsibility, Origination,  
  

    See also - I-Phi PageSearch I-Phi

V[back to top]
Volition


    Volition is another word for Will. It implies the moment of decision or choice and commitment to a course of action, as distinguished from earlier moments of deliberation and evaluation of alternative possibilities. Aquinas, who identified five or more stages, called this moment the electio or choice. 
  

    Other glosses - Alternative Possibilities, Deliberation, Free Will, Voluntarism

    See also - Search I-Phi

Voluntarism


    Voluntarism is the classical compatibilist definition of freedom as freedom from coercions that make our actions not up to us.  Today this negative freedom includes internal constraints as well, such as addictions or mental disabilities. 
Mortimer Adler and Robert Kane call this self-realization, contrasting it with the libertarian positive freedom of self-determination. Honderich calls it voluntariness, contrasting it with the libertarian freedom of origination, without which, he says, we are not the authors of our own actions. 
  


    Other glosses - Liberty of Spontaneity, Origination, Self-Determination, Self-Realization, Up To Us

    See also - Search I-Phi

W[back to top]
Weakness of Will


    Weakness of Will (akrasia) describes actions taken against one's better judgment. Rationalism assumes there is always a single best way to evaluate an agent's options or alternative possibilities, so that weakness of will is fundamentally irrational. 
  

    Other glosses - Alternative Possibilities

    See also-  Search I-PhiWikipediaStanford Encyclopedia of Philosophy

XY
[back to top]
Yes-No Objection

    The Yes-No Objection claims that Frankfurt examples can not prove that alternative possibilities do not exist, because the agent's decision to act or not to act, to do or not to do, can always wait until the last possible moment, so a hypothetical intervener would have to block alternatives ahead of time and thus constitute an external coercion that denies the agent's compatibilist voluntarism or negative freedom.
  

    Other glosses - Alternative Possibilities, Frankfurt Examples, Information Objection, Kant-Widerker Objection, Voluntarism

    See also -  Search I-Phi
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Figure 2. A spacetime diagram depicting an idealized version
of the EPR thought experiment, with the two subsystems
Q and R separating in space after they interact at the time
t, and then respectively joining up with the two observer-
subsystems A (‘Alice’) and B (‘Bob’). The two observer-
subsystems A and B are assumed to remain spacelike sepa-
rated throughout the experiment.
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TABLE 5.2 oy
General types of materials from which living matter is constructed

Atom Molecule Polymer Cell

Hydrogen Acid — Lipid Ribosome

Carbon Sugar — Cellulose, starch, etc. Mitochondrion

Oxygen Base —- Nucleic acid Quantasome
Nucleus

Nitrogen Amino acid — Protein Membrane
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Table 1
The Major Transitions in Evolution

Rephrased and expanded from those of
Maynard Smith and Szathmary, 1999

1. Bagging those replicating molecules inside a cell membrane.

2. Centralizing replicating molecules onto chromosomes.

3. The division of labor between DNA’s information storage and RNA’s
construction activities.

4. A beyond-the-bacterium cell, the live-together-or-die-together eukaryote
confederation of organelles.

5. Sex. (Don’t leave variation to chance mutations: shuffle those genes
with every generation.)

6. Making various specialized cells from the same DNA.

7. From solitary cells to coexisting in groups (multicellularity, about a
billion years ago).

8. From primate socialization to protolanguage abilities (perhaps a million
Yyears ago).

9. From unstructured short sentences to the creative higher intellectual
functions with quality control (the behaviorally-modern transition to the
‘modern mind was perhaps 50,000 years ago).
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Great Problems in Philosophy and Physics - Solved?

This chapter on the web
informationphilosopher.com/problems/induction

Induction

The Problem of Induction

Francis BacoN described “genuine Induction” as the
new method of science. Opposing his new idea to what he
thought ARISTOTLE’s approach had been in his Organon (as
misinterpreted by the medieval Scholastics), Bacon proposed
that science builds up knowledge by the accumulation of data
(information), which is of course correct. This is simply the
empirical method of collecting piece by piece the (statistical)
evidence to support a theory.

The “problem of induction” arises when we ask whether this
form of reasoning can lead to apodeictic or “metaphysical”
certainty about knowledge, as the Scholastics thought.
THOMAS AQUINAS especially thought that certain knowledge
can be built upon first principles, axioms, and deductive or
logical reasoning. This certain knowledge does indeed exist,
within a system of thought such as logic or mathematics. But
it can prove nothing about the natural world.

Bacon understood logical deduction, but like some proto-
empiricists among the Scholastics (notably Joun Duns
Scotus and WiLLIAM OF OCKHAM), Bacon argued in his
Novum Organum that knowledge of nature comes from
studying nature, not from reasoning in the ivory tower.

Bacon likely did not believe certainty can result from
inductive reasoning, but his great contribution was to see
that (empirical) knowledge gives us power over nature, by
discovering what he called the form of nature, the real causes
underlying events.

It was of course Davip HUME who pointed out the lack
of certainty or logical necessity in the method of inferring
causality from observations of the regular succession of
“causes and effects” His great model of scientific thinking,

97
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The Problem of Meaning

The “meaning” of any word, concept, or object is different for
different individuals, depending on the information (knowledge)
about the word, concept, or object currently available to them. All
meaning is “contextual” and the most important context is what
is currently in the individual’s mind. This obviously includes the
immediate external context, for example, a puzzling word being
heard or read is surrounded by text, both explicitly and implicitly.
Explicit text includes the words preceding the word whose mean-
ing is not yet clear. Structural linguists call this the diachronic
dimension. Implicit words are synonyms and other words that
might come to mind as substitutes for the questionable word. This
is the synchronic dimension - those alternative words that could
substitute with little change in meaning.

L1 433deyd

How exactly does our information-based model of the mind
generate meaning? It is the past experiences that are reproduced
(played back) from the Experience Recorder and Reproducer
(ERR) that provide most of the meaningful context for a word or
object. For example, if the agent has had no past experiences that
resemble the current experience in some way, the agent may not
find any meaning at all. The simplest case would be a new word,
seen for the very first time. Worst case would be listening to an
unknown foreign language.

F" ‘3 -
8 Chapter 11

=3

If the word is not isolated, the meanings of familiar surround-
ing text will bring back their own past uses clearly enough to allow
the agent to guess the meaning of the new word, in that context.
In any case this fresh experience with the word will be stored away
along with that context for future reference.

The problem of the “Meaning of Meaning” has a rich history
in the past century or two of analytic language philosophy. Three
centuries ago, GOTTFRIED LEIBNIZ hoped for an ambiguity-free
ideal language with exactly one term for each concept. It would
reduce language to a kind of mathematics where the meaning of
complex combinations of terms could be “calculated” precisely. In

This chapter on the web
nformationphilosopher.com/knowledge/meaning
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This chapter on the web
informationphilosopher.com/mind

Mind

phys\e®

Mind

Of all the problems that information philosophy may help to
solve, few are more important than the question of Mind. There
is little in philosophy that is more dehumanizing than the logic
chopping and sophistical word juggling that denies the existence
of Mind and Consciousness.

Some of the earliest philosophers saw immaterial Mind as the
source of eternal Truths about Reality that could not be based on
mere phenomena - unreliable sensations emanating from material
bodies.

Descartes’ dualism left room for a non-mechanistic, immate-
rial, and indeterministic human mind above and beyond the de-
terministic limits set by the laws of nature, when he reduced the
bodies of all animals to living machines.

Kant renamed the ancient division of sensible and intelligible
worlds. The sensible he called phenomena. He located God, free-
dom, and immortality in a noumenal world.

Information philosophy hopes to show that information is itself
that immaterial “substance” above and beyond matter and energy
that the ancients, Descartes, and Kant were all looking for. Mind
is metaphysical, but not supernatural.

The Scandal in Psychology

It's a scandal that psychology today is a science without a subject
- it has lost its mind! In the 19th century, positivism and material-
ism left the new science of psychology dis-spirited. In the 1920
psychology surrendered its soul to behaviorism. In the 1950’ it
gave up consciousness, when cognitive science found no “ghost
in the machine” Since the 1980’ it has been replaced by cogni-
tive science and neuroscience. Can there be a psychology without
a psyche?

A survey of today’s four leading textbooks on psychology finds
only one that defines psychology as “the science of mind” An-
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The Mind-Body Problem

Information philosophy views the mind as the immaterial in-
formation in the brain, which is seen as a biological information
processor. Mind is software in the brain’s hardware.

The “stuff” of thought is pure information. Information is nei-
ther matter nor energy, though it needs matter for its embodiment
and energy for its communication.

In ancient philosophy, mind and body formed one of the clas-
sic dualisms,' like idealism versus materialism, the problem of the
one (monism) or the many (pluralism), the distinction between
essence and existence, between universals and particulars, be-
tween the eternal and the ephemeral.

When mind and body are viewed today as a dualism,
it is because the mind is considered to be fundamental-
ly different from the material brain, though perhaps not
another “substance” We propose an easily understandable
and critically important physical difference between mat-
ter and immaterial information. Whereas the total amount
of matter is conserved, the universe is continuously creating
new information - by rearranging existing matter into new
information structures. The total amount of information
(a kind of order) in the universe is increasing, despite the
second law of thermodynamics, which requires that the total
amount of disorder (entropy) is also increasing.”

=i *
Chapter 13
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Matter, along with energy (mc?), cannot increase. It is con-
served, a constant of the universe. Information is not con-
served. As information grows, it is the source of genuine nov-
elty in the universe. The future is not determined by the past
and present, because the future contains unpredictable new
information. New information is continuously created.

If mind and matter then are to be considered part of a
dualism, it will not be a “material substance” dualism, but it

1 Seechapter 3 for more on dualisms.
2 Seeappendices A and B for how this is possible.

This chapter on the web
informationphilosopher.com/problems/mind-body
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Good and Evil

The abstract philosophical Idea of the Good began with
PrATO, who first defined the notion of abstract Ideas in his
Theory of Forms. At the end of Book VI of the Republic
(509D-513E), Plato describes what he called a “divided line,”
at the top of which is the “Form of the Good?”

Theories (noesis)

Hypotheses (dianoia)

Techniques (pistis)

9 Jaydey)
Chapter 6

Stories (eikasia)

Plato describes the visible world of perceived physical objects
and the images we make of them (in our minds and in our draw-
ings, for example). The Sun, he said, not only provides the vis-
ibility of the objects, but also generates them and is the source of
their growth and nurture. Many primitive religions identify the
sun with God, for good reason.

1>
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Beyond this visible world, which later philosophers (esp.
IMMANUEL KaNT) would call the phenomenal world, lies an intel-
ligible world (that Kant calls noumenal). The intelligible world is
(metaphorically) illuminated by “the Good” (tov &yaBov), just as
the visible world is illuminated by the Sun.

Plato’s Line is also a division between Mind and Body. The up-
per half of the divided line is usually called Intelligible as opposed
to Visible, meaning that it is “seen” by the mind (510E). Illumi-
nated by “the Good,” it is seen by the Greek Nous (vobg), rather
than by the eye.

The division of Plato’s Line between Visible and Intelligible is
then a divide between the Ideal and the Material, the foundation
of most Dualisms.1 Plato may have coined the word “idea” (i8¢a),
using it somewhat interchangeably with the Greek word for shape
or form (£l8og). The word idea derives from the past participle
in Greek for “to have seen” The word “wisdom” comes from the

same source.

1 See chapter 3 for the many names of this fundamental dualism.

This chapter on the web
informationphilosopher.com/value/good
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God and Immortality

Most of the world’s religions have some concept of gods or a
God, with some notable exceptions such as Buddhism.

Theologians claim to have discerned the essential attributes of a
monotheistic God, such as omniscience (perfect foreknowledge),
omnipotence (unlimited power), omnipresence (present every-
where), omnibenevolence (perfect goodness), and a necessary
and eternal existence.

Information philosophy offers a simple test of the “revealed
truth” of these attributes, specifically the visions by inspired think-
ers that have no empirical evidence. Although these visions are in
the realm of “pure ideas,” we can say that if every world religion
agreed completely on the attributes of God, it would increase their
believability. As it is, the comparative study of religions with the
incredible diversity of their claims, renders the idea of God as im-
plausible as Santa Claus.

At the present time, arguments like these will carry little weight
with the believers in a religion, most of whom have little exchange
of knowledge with those of other faiths. This can be expected to
change with the reach of the Internet via smartphones to most of
the world’s population by 2020.

In theism, God is the creator and sustainer of the universe. In
deism, God is the creator, but not the sustainer of the universe,
which is now assumed to be running itself following deterministic
laws of motion. Open theism denies that God’s foreknowledge has
already determined the future. Monotheism is the belief in the ex-
istence of one God or in the oneness of God. In pantheism, God is
the universe itself. Polytheists hold that there are many gods. For
atheists, no gods exist.

God is sometimes conceived as an immaterial being (without a
body), which information philosophy accepts, since God is quint-
essentially an idea, pure information. Some religions think an ava-
tar of God has come to earth in the past. Some religions see God
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Epistemology

Epistemology asks, “how do we know what there is?”
Immaterial information provides a new ground for epistemol-
ogy, the theory of knowledge. We know something about the
“things themselves” when we discover an isomorphism between
our abstract ideas and concrete objects in the material world. In-
formation philosophy goes beyond the logical puzzles and lan-
guage games of analytic philosophy. It identifies knowledge as in-
formation in human minds and in the external artifacts of human
culture.

Abstract information is the foundation - the metaphysical
ground - of both logic and language as means of communication.
It is the part of a dualism parallel to the material substrate that the
Greeks called brokeipevov - the “underlying”” It gives matter its
form and shape. Form informs.

Knowing how we know is a fundamentally circular problem
when it is described in human language, as a set of logical propo-
sitions. And knowing something about what exists adds another
complex circle, if the knowing being must itself be one of those
things that exists.

These circular definitions and inferences need not be vicious
circles. They may simply be a coherent set of ideas that we use to
describe ourselves and the external world. If the descriptions are
logically valid and/or verifiable empirically, we think we are ap-
proaching the “truth” about things and acquiring knowledge.

How then do we describe the knowledge itself - an existing
thing in our existent minds and in the existing external world?
An information epistemology does it by basing everything on the
abstract but quantitative notion of information.

Information is stored or encoded in physical and biological
structures. Structures in the world build themselves, following
natural laws, including physical and biological laws. Structures in
the mind are partly built by biological processes and partly built
by human intelligence, which is free, creative, and unpredictable.

Epistemology _ 1
—\
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Universals

A “universal” in metaphysics is a property that is shared by
many particular objects (or concepts). It has a subtle relationship
to the problem of the one or the many.

It is also the question of ontology. What exists in the world?
Ontology is intimately connected with epistemology - how can we
know what exist in the world?

Knowledge about objects consists in describing the objects with
properties. Rarely are individual properties unique to an indi-
vidual object. Although the “bundle of properties” may uniquely
characterize a particular individual, most properties are shared
with many individuals.

The “problem of universals” is the existential status of a given
shared property. Does the one universal property exist apart from
the many instances in particular objects? PLATO thought it does.
ARISTOTLE thought it does not.

Consider the property having the color red. Is there an abstract
concept of redness or “being red?” Granted the idea of a concept
of redness, in what way and where in particular does it exist?
Nominalists (sometimes called anti-realists) say that it exists only
in the particular instances, and that redness is the name of this
property. Conceptualists say that the concept of redness exists
only in the minds of those persons who have grasped the concept
of redness. They might exclude color-blind persons who cannot
perceive red.

Realism is the view that a “reality” of physical objects, and pos-
sibly of abstract concepts like redness, exists in an external world
independently of our minds and perceptions.

Platonic Realism is the view that abstract things like numbers,
perfect geometric figures, and other things that Plato called the
Forms or the Ideas, have a real and independent existence, though
they are not material objects.

But for his student, Aristotle, these “universals” exist only in the
concrete objects which share some property. For him, the univer-
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Value

Is the Good something that exists in the world? Existentialists
thought not. They thought we have freedom, but saw freedom
as absurd, because there are no values to help choose. Without
values, no evaluations. Most religions place the origin of good in
a supernatural Being. Existentialists denied that Being. “God is
dead,” they said, and thus denied any essential objective Good.

The traditional source of normative values, of morality, of ethics,
of what one “ought to do,” has been religion. It is often said that
science, the empirical study of the natural world, cannot possibly
help us to define the good. DAVID HUME is often cited as saying
we cannot derive “Ought” from “Is.” This is sometimes called the
“fact/value” dichotomy. Science, it is said, can help us to do what
we decide to do. It can help with prudential or instrumental deci-
sions about “means,” but not with moral decisions that depend on
the intrinsic value of “ends.”

It is difficult to generalize about the thousands of religions
invented over the ages by their prophets and founders, but most
include a code of moral behavior. Some founders told their fol-
lowers that they had simply discovered the correct moral codes.
Some prophets claim to have been explicitly told the “truth” about
good and evil in a conversation with God, or by a mystical vision.
With founders and prophets mostly long gone today, moral codes
are typically handed down by various traditions.

The power of the institutions that has grown up around world
religions lies entirely in their ability to limit the knowledge of their
members to their beliefs about the “truth.” Where these traditions
vary in their beliefs, and they do disagree in fundamental ways,
they cannot possibly all be right, unless all cultural beliefs are rela-
tive, which they may well be at the present time.

Humanists think that good and evil are human inventions, that
value systems are relative to a local community or society. “Man is
the measure of all things” Comparative ethics is the study of dis-
parate value systems in the hope of finding come commonly held
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Consciousness

Consciousness can be defined in information terms as a
property of an entity (usually a living thing but we can also include
artificially conscious machines or computers) that interacts
with the information (especially reacting to any changes in the
information) in its environment and in itself.

In the context of information philosophy, we can define this as
information consciousness.

Thus an animal in a deep sleep is not conscious because it ig-
nores changes in its environment. And robots may be conscious in
our sense. Artificial intelligence normally has artificial conscious-
ness in our sense. Even the lowliest control system using negative
feedback (a thermostat, for example) is in a minimal sense con-
scious of (aware of, exchanging information about) changes in its
environment.

- .
4
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This definition of consciousness fits with our model of the mind
as an experience recorder and reproducer (ERR).! The ERR model
stands in contrast to the popular cognitive science or “computa-
tional” model of a mind as a digital computer or neural network
modeled with logic gates. No algorithms or stored programs are
needed for the ERR model, although we do see mind as software
in the brain hardware.

a

Our consciousness model assumes that neurons that get wired
together during an organism’s experiences, in multiple sensory
and limbic systems, are such that later firing of even a part of
those wired neurons (caused by a new experience that resembles
an original experience in one or more ways) can stimulate firing
of all or part of the original complex.

If the neural correlate of consciousness is neurons firing, firing
them again can produce consciousness of the past.

Whereas DoNaLD HEBB famously argued that “neurons that
fire together wire together,” our experience recorder and repro-

1 See appendix E.

This chapter on the web
ormationphilosopher.com/problems/consciousness
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Preface

If I am right that information philosophy is a new method of
philosophizing, if by going “beyond logic and language” it can
provide new philosophical insights, it should be tested, applied to
some of the great problems in philosophy and the philosophy of
science. But what are the great problems?

A survey of several popular textbooks on philosophy produces
a remarkable consensus on the problems facing philosophers
from ancient to modern times. They typically include metaphys-
ics - what is there?, the problem of knowledge - how do we know
what exists?, the mind/body problem - can an immaterial mind
move the material body?, the “hard problem” of consciousness,
freedom of the will, theories of ethics - is there an objective uni-
versal Good?, and problems from theology - does God exist?, is
God responsible for the evil in the world, what is immortality?

Perhaps the best-known summary of philosophical problems
was BERTRAND RusstLL’s The Problems of Philosophy, published

over a hundred years ago. Other important texts in analytic phi-
losophy were G. E. MOORE’s Some Main Problems of Philosophy
and later A. J. AYER’s The Central Questions of Philosophy.!

Another set of classic problems comes from the philosophy
of science, which attempts to use metaphysics, ontology,
epistemology, and logic to provide new foundational principles
for the sciences. Philosophers of science question the foundations
of physics as well as the attempts by some thinkers to reduce all
sciences to physics. Some philosophers of mind, by contrast,
argue for emergent properties that cannot be reduced to a “caus-
ally closed” world of physics.

Philosophers of biology speculate whether biology can be
reduced to physics and chemistry, or whether something else is
needed to explain life. We will show that information processing is
the extra explanatory factor.

1 Apopular recent text surveyed is Feinberg and Shafer-Landau, 2002
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Introduction

Information philosophy is a new methodology for diagnosing
and analyzing plausible solutions for several great philosophical
problems, many with us since antiquity. It hopes to take philoso-
phy, and the philosophy of science, beyond logical puzzles and
language games.

The information philosopher proposes information as the pre-
ferred basis for examining current problems in a wide range of
disciplines - from information creation in cosmology to mea-
surement information in quantum physics, from information in
biology to its role in psychology, where it offers a solution to the
classic mind-body problem and the “hard” problem of conscious-
ness. And of course in philosophy, where failed language analysis
can be replaced or at least augmented by the analysis of immate-
rial information content as the basis for justified (if not “true”)
beliefs and as a ground for objective values.

The immodest goal of information philosophy is to restore phi-

losophy to its ancient role as the provider of first principles to all
other systems of thought.

It is a philosophical systern because it makes the somewhat
extravagant claim that analysis of the information content, its cre-
ation, processing, and stability, can provide profound insight into
problems of philosophy and physics that have so far not yielded
universally or even widely accepted solutions.

In the historical division between idealism and materialism
in philosophy, information philosophy is an idealism. This is not
because it denies the physical importance of matter and energy,
but because it asserts the primacy of information and information
structures in the creation and evolution of the cosmos, of life, and
of thought - of ideas.

Information is physical, but it is immaterial, and as such, it
enters the realm of the metaphysical.
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Metaphysics

‘We apply the methods of information philosophy to metaphysics
and find solutions to several classic problems, puzzles and para-
doxes. You can find them all on our new website METAPHYSICIST.
coM. In this chapter, we discuss just a few of them, the problem of
absolute and relative identity, the problem of composition (parts/
wholes) and coinciding objects, Aristotelian essentialism, and the
problem of metaphysical possibility and the modal logic of pos-
sible worlds.

Many ancient puzzles are problems of coinciding objects,
including Dion and Theon, the Growing Argument, and the Statue
and the Clay. We will solve these puzzles.

A central problem in information philosophy is the existential
or ontological status of ideas. We show that the creation of new
ideas requires the existence of ontological chance. Metaphysical
possibility must therefore be a fundamental aspect of metaphysical
reality.

Information provides a unique explanation of self-identity and
the relative identity of numerically distinct objects. It also explains
the existential status of abstract entities."

Metaphysics is an abstract human invention about the nature
of concrete reality — immaterial thoughts about material things.
Information philosophy explains the metaphysics of chance and
possibilities, which always underlie the creation of new informa-
tion. Without metaphysical possibilities, there can be no human
creativity and no new knowledge.

A materialist metaphysics asks questions about the underlying
substrate presumed to constitute all the objects in the universe.
Unfortunately, most modern philosophers are determinists who
think that the material substrate is all there is. As JAEGwoN Kim
puts it,

“bits of matter and their aggregates in space-time exhaust the contents of
the world. This means that one would be embracing an ontology that posits

entities other than material substances — that is, immaterial minds, or souls,
outside physical space, with immaterial, nonphysical properties”?

1 Seechapters3and9.
2 Physicalism, or Something Near Enough. p.71
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Ontology

Ontology asks the question “what is there?”

Eliminative materialism claims that nothing exists but mate-
rial particles, which makes many problems in ancient and modern
philosophy difficult if not insoluble. To be sure, we are made of
the same material as the ancients. With every breath we take, we
inspire 10 or 20 of the fixed number of molecules of air that sus-
tained Aristotle. We can calculate this because the material in the

Chapter3

universe is a constant, conserved quantity.

But information is not a fixed quantity. The stuff of thought and
creativity, information has been increasing since the beginning of
the universe. Information is an abstract entity. Digital information
is just bits of data, yet it is cabable of representing any physical
objexct or process and arguably can also represent abstract
concepts.

The ontological status of abstract concepts is a completely dif-
ferent question from the ontology of concrete physical objects,
though these questions have often been confounded in the history
of philosophy.

Information philosophy provides distinct answers to these two
ontological questions. Physical objects are pure material or par-
ticles of energy that exist in the world of space and time. Abstract
concepts (like redness) are pure information, neither matter nor
energy, although they need matter for their embodiment and en-
ergy for their communication. For example, the abstract idea of
two is embodied in any two objects. The idea of a circle is embodied
in a round object. Redness is embodied in the red photons being
emitted or reflected from an object. The arrangement of material
objects, whether continuous matter like the wood in a table top,
or the momentary position of billiard balls, is pure information.

The ancients sometimes said that these abstract concepts do
not “exist,” but rather are said to “subsist.” Information philosophy
claims that the “form” of an object can not be separated from the
matter and so deserves to be ontological.

This chapter on the web
ormationphilosopher.com/problems/ontology
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Free Will

In our 2011 book Free Will: The Scandal in Philosophy, our
mind model was a combination of a rudimentary Experience
Recorder and Reproducer (ERR)" and our Two-Stage Model of Free
Will. Recent information analysis of the mind and the mind-body
problem has greatly strengthened our mind model. We now see
the mind as immaterial information, the “software in the hard-
ware” of the material brain, which we view as a biological informa-
tion processor.

{ 13deyd

Four years ago, we saw the quantum randomness in the first
stage as adding “uncaused” events to fit a picture of “event cau-
sality” We rejected claims of “agent causality,” which had been
strongly criticized by the leading libertarian philosopher ROBERT
KANE as an example of what P. E STRAWsON had called “panicky
metaphysics.”

Now that our mind model is unapologetically immaterial, it
is an example of the kind of metaphysical entities that Kane and
Strawson rejected - uncaused causes, immaterial minds, non-
empirical noumenal selves, non-event agent causes, and prime
movers unmoved. We can now endorse the idea of agent causality
proposed by THoMAs REID in the 18th century, and by RoDERICK
CHisHOLM, RicHARD TavLoR, KEeITH LEHRER, TIMOTHY
O’CONNOR, RANDOLPH CLARKE, and E. JONATHAN LOWE in the
20th.?

None of these thinkers understood our notion that abstract
information is neither matter nor energy, but their intuition was
correct that the locus of responsibility for an action is in the delib-
erative thoughts of the agent. And some of them saw thoughts
emerging® from the material and biological worlds to become part
of a mental world.

See Appendix E.
2 Seeinformationphilosopher.com/freedom/agent-causalityhtml
See chapter 27.

This chapter on the web
informationphilosopher.com/freedom
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Lord Kelvin's Heat Death (1852)

Following the discovery of the laws of thermodynamics,
Willam Thomson (Lord Kelvin) claimed that the universe would
“tun downall the energy ultimately disspated into thermal motions,
which Herman Helmholtz called aheat death:”

entropy/information =

Mathematicians would say the Information lost to entropy s still

available microscopically,recoverable if time was reversed. information
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FIG. 1 — Organization of a biological brain. (Red areas indicate

active cells, responding to the letter X.)

FIG. 2 — Organization of a perceptron.





OEBPS/images/b4c04f8a-a0cc-474a-9497-5b1bb1102595.png
D_un__ua_uﬁ_cm__u_m_u_un__un_n_an_ann__u

statistical

Uuncamsugacnmaamnmnoaa






OEBPS/images/79bab3d5-1a30-4dd1-a09f-fa6024112949.
Ey

P> Pl ) 752712406  Secon SO






OEBPS/images/366d7883-d530-4f4a-9b3e-77215a95acd0.
D_un__ua_uﬁ_cm__u_m_u_un__un_n_an_ann__u

statistical

Uuncamsugacnmaamnmnoaa






OEBPS/images/3cac46c7-c875-486c-aa2b-212a884a8f77.png
An EPR apparatus. The experimental setup con-
sists of two detectors, A and B, and a source of
something ("particles"or whatever) C. To start a
run, the experimenter pushes the button on C;
something passes from C to both detectors.
Shortly after the button is pushed each detector
flashes one of its lights. The switch settings on the
detectors vary randomly
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 THE GROWTH OF ORDER IN THE UNIVERSE
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electrons are ejected. That
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to ejectan electron

‘Above that minimum frequency,
Einstein predicted the relation
between incident light frequency
and energy of ejected electrons
would bea traight line, which
was confirmed in 1916 by R. A
Millkan
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The Growth of Information in the Universe (Two Entropies)

The universe began in equilibrium. Its maximum entropy was
very low. As the universe rapidly expands, the number of
possible states in phase space grows rapidly. Nucleogenesis
in the Big Bang creates particulate matter, but the maximum
possible entropy grows faster than energy and matter can
re-equilibrate (reach thermodynamic equilibrium).

Atoms form at 380,000 years. After 400 million years,
the galaxies, stars, and planets form. In the last few
billion years, life forms, dependent on a radiant
stream of negative entropy from the Sun.

Possible Information

Negative Entropy/

Both entropy and information structures
can grow together in the universe,
despite the second law of

thermodynamics, in a two-step
cosmic creation process.

entropy/information

Galaxies, Stars, Planets
Source: David Layzer,
Atoms, “The Arrow of Time,”
CMB Scientific American, 1975,
and Cosmogenesis, 1991

Big Bang 380K 400M time/years ————>> 13.75B

Nucleogenesis
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The Two-Step Information Creation Process - “Bit from It”

Everything created since the origin of the universe over thirteen billion
years ago involved just two fundamental physical steps that combine to
form the core of all creative processes. These two steps occur whenever
even a single bit of new information is created in the universe.

Step 1: A quantum event- the "collapse of a probability wave function."

The formation of even a single bit of information that did not previously
exist requires the equivalent of a "measurement.” This "measurement” does
not involve a "measurer," an experimenter or an observer. It happens when
the probabilistic wave function that describes the possible outcomes of a
measurement "collapses" and a matter or energy particle is actually found
somewhere. No possibilities, no new information!

Step 2: Thermodynamics - local reduction, but cosmic increase of entropy.
The second law of thermodynamics requires that the overall cosmic entropy
always increases. When new information is created locally in step 1, energy
(with positive entropy greater than the negative entropy of the new
information) must be transferred away from the location of the new bits
or they will be destroyed.

This two-step core creative process underlies the formation of microscopic
objects like atoms and molecules, as well as macroscopic objects like
galaxies, stars, and planets.

With the emergence of teleonomic (purposive) self-replicating systems, the
same core process underlies all biological information creation.

But now some random changes in information structures are rejected by
natural selection, while others reproduce successfully.

Life is a pattern through which matter and energy with low entropy flow,
keeping it far from equilibrium.

Finally, with the emergence of self-aware organisms and the storage of
extra-biological information in the environment, the same core process
underlies communication, consciousness, free will, and creativity.

Whenever Multiple Possibilities
“Collapse” to Become an Actuality

A Shannon Message Received
An Electron and Proton Form an Atom

An Amino Acid Added to a Peptide
Chain Forming Hemoglobin

An lon Pushed Through a Channel in
a Neuron Lipid Layer Membrane

A New Biological Species - Mutated
DNA and Natural Selection

A Two-Stage Free Will Decision

Einstein’s “Free Creations of the
Human Mind”

Peirce’s Abductions

BobDoyle@InformationPhilosopher.com
seealso
wwwi.nformationphilosopher.com/introduction/creation





OEBPS/images/70c2e34b-d45b-439b-8fc9-32524e6b33e0.png
The Experience Recorder, Reproducer, and Sequencer of Bob Doyle

What is the minimal mind model that a primitive

organism needs to process the information
needed for biosemiotic interpretant power?

The neuroscientist Donald Hebb said in 1949 that
"neurons that fire together wire together."

Information philosopher Bob Doyle now suggests that
“neurons that have been wired together will fire together.”

The ERR Recorder: Neurons become wired together
(strengthening their synaptic connections to other
neurons) during an organism’s experiences, across
multiple sensory and limbic systems.

The ERR Reproducer: Later firing of even a part of

the previously wired neurons can stimulate firing of

all or part of many original complexes, thus "playing

back" the original experiences (including the very
important emotional reactions to the original experiences)
producing William James'“blooming, buzzing, confusion.”

Man is not a machine. And the mind is not a computer.

We propose that a minimal primitive mind would need only to "play back"
past experiences that resemble any part of current experience.
Remembering past experiences has obvious relevance (survival value) for
an organism. But beyond survival value, the ERR touches on the philosoph-
ical problem of "meaning." We suggest the epistemological "meaning” of
information perceived is to be found in the past experiences that are
reproduced by the ERR. A genuinely new experience is “meaningless.”

The ERR model stands in contrast to the popular cognitive science or

“computational”model of a mind as a digital computer with a "central

processor" or even many "parallel processors." No algorithms or stored

programs are needed for the ERR model. There is nothing comparable to

the addresses and data buses used to store and retrieve information in a

digital computer. The mind is a biological information processor.

Unlike most of the brain, the

neocortex randomly grows its 10 Shidiid:

billiar asrrs, st with 15,500 gﬁﬁ‘i;}*‘_‘ﬁ%:

ki)

ki

dendritic connections. Experiences i}
comein based on their content, as ﬁ Z‘ﬂu‘u“‘il
anayzed by primary sensory areas, u
virtual cortex, etc. The ERR model
only requires that similar
experiences are likely stored
"nearby" (via the many association
areas of visual cortex, hearing
pathways, olfactory nerves, etc.,
etc,, plus the amygdala).

Gigur &

Consider the resemblance to Uexkiill's Umwelt.
Experiences come in as signs to his receiving
Merkorgan. His “feedback circle” corresponds to
the ERR, which is highly recursive, as played-
back experiences stimulate many others.

Free will then evaluates all of these for the
appropriate action of the Handlungsorgan

to send as an effect to the Wirkungswelt.

Compare Bernard Baars’ Global Workspace and
the Simon-Newell Blackboard Model.

Santiago Ramdn y Cajal's extraordinary drawings of

the arborization of neurons needed for the ERR

BobDoyle@InformationPhilosopher.com °
seealso
www.informationphilosopher.com/knowledge/ERR
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Laplace’s Demon (1814)

AlLaplace Demon has all the information -forces, positons, velocites -
forall the partices n the universe.

Al times, past and future, are present o the Laplace Demon,
s tothe eyes of God. In a deterministic universe, informationis constant.

Mathematical physicsts,like Laplace, believe that the conservation of information
is 2s much a conservation law as that of matter and energy.

There is no chance. The randomness we see i simply epistemnic, a consequence.
of human ignarance about physical details that is demon and God can know.
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entropy

Lord Kelvin's Heat Death (1852)

Following the discovery of the laws of thermodynamics,
Willam Thomson (Lord Kelvin) claimed that the universe would
“tun downall the energy ultimately disspated into thermal motions,
which Herman Helmholtz called aheat death:”

entropy/information =

Mathematicians would say the Information lost to entropy s still

available microscopically,recoverable if time was reversed. information

e ———
T, s e Tedorcy et th Desianof Mo '
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The Analysis and Separability of Free Will and Moral Responsibility
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‘The Descent Problem:
Can we make sense of
and affirm an indeterminist

free will?

The Ascent Problem:
s free will incompatible
with determinism?
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Number of Particles

The Maxwell-Boltzmann distribution has a shape
similar to the Planck radiation law, with a
quadratic power law increase for low velocities
and an exponential falloff for high velocities,
due to the Boltzmann factor e ™27,

Unlike the radiation law, the curves overlap
to keep the number of particles (the area
under the curve) a constant.
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Particle Velocity
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Three Worlds According to Various Philosophers and Scientists

The Platonic Realm of Ideas and Forms
Frege’s Realm of Ideal Senses

= | Peirce’s Concepts and Thirdness?
a Popper’s World 3 - Culture and Knowledge
Doyle’s Information Out of Order (ERR)
Abstract Information Sharing
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BobDoyleainformationPhilosopher.com
seealso
‘www.informationphilosopher.com/solutions/triads
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Semiotic Downward Causation That Blocks Reductive Bottom-Up Causal Closure

Is it illogical to claim that biological information-
processing systems can have one-way causality?

The philosopher of mind Jaegwon Kim claims that the
physical world is causally closed, that the mind is
epiphenomenal, that every mental event has a
corresponding physical event that is the efficient
cause of our actions. Mental events are redundant!

A study of the behavior of atoms and molecules in ribosomes
in normal cells and in ion channels in neurons shows that
semiotic information control flows only downward at the
biological/chemical and mental/biological interfaces.

The lower level atoms and molecules are shown to be in
thermal equilibrium. Their paths do not contain information
(Gibbs/Boltzmann “molecular order”) needed to be“in
charge” of the upper levels. The intuitions of the emergentists
are confirmed that biology cannot be reduced to chemistry
and physics, nor can mind be reduced to the brain/body.

Biosemiotic control has one-way causality.

mRNA Translation (Advanced) < Sodium Potassium ATPase

https://youtu.be/TfYf_rPWUdY

https://youtu.be/Q73uJ8WIY_E

The Ribosome (Biology from Chemistry and Physics)

The twenty amino acids move about randomly in a cell, the consequence of
thermal and quantum noise. Attached to them are tiny bits of transfer RNA, each
with three letters of the genetic code that identify them. They bump randomly into
the ribosome, which may be moving along a sequence of the genetic code written
in messenger RNA sent from the cell nucleus, specifying more of a specific protein
or enzyme is needed. This random motion shows us that no organized or coherent
information is present in the unattached tRNAs that could cause something from
the bottom up to emerge at a higher level.

Notice the absurdity of the idea that the random motions of the transfer RNA
molecules (green in the video), each holding a single amino acid (red), have
pre-determined information of where they belong in the protein.

Itis the information processing of the higher-level ribosome that is in control. As
the ribosome moves along the string of mRNA, it reads the next three-letter codon
and waits for a tRNA with the matching anti-codon to collide randomly. With over
60 codons for the 20 amino acids, it might be some time before the desired amino
acid shows up. Note that it is the high speed of random motions that allows this
process to proceed rapidly.

lon Pumps in Neurons (Mind from Brain/Body)
When a single neuron fires, the active potential rapidly changes the concentration
of sodium (Na+) ions inside the cell and potassium (K+) ions outside the cell.

Within milliseconds, thousands of sodium-potassium ion transporters in the thin
lipid bilayer of the cell wall must move billions of those ions, two or three at a time
between inside and outside the cell wall, to get the neuron ready to fire again.

All the individual ions, atoms, and molecules in the cell are moving rapidly in
random directions. The indeterministic motions of the ions randomly move some
near the pump opening, where quantum collaborative forces can capture them in
alock-and-key structure. The idea that the physical/chemical base level contains
enough information in the motion of its atoms and molecules to cause and explain
the operations of the higher levels of life and mind is simply absurd.

The emergent biology of a sodium-potassium pump exerts downward causation
on the ions, powered by ATP energy carriers (feeding on negative entropy).

The sodium-potassium pump in our neurons
is as close to a Maxwell's Demon as anything
we are ever likely to see. BobDoyle@InformationPhilosopher.com
seealso
www.informationphilosopher.com/knowledge/mental_causation.html
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The Two-Stage Model of Free Will, from William James to Bob Doyle

The Standard Argument Against Free Will
If we are determined, we are not free.
If our actions are random, we are not responsible.

The Monolithic Free Will Acting at a Moment
Decision

Fixed Past Future

The Temporal Sequence of first Free, then Will
Decision

Fixed Past | Generate
Possibilities

Evaluate Future
Alternatives

e

Most philosophers and scientists are compatibilists, who
want their actions to be caused by their reasons,
motives, feelings, etc. and not be random. They think
free will is compatible with determinism.

In the two-stage model, chance or indeterminism is
limited to the free generation of alternative possibilities.

In the second stage, the evaluation of alternatives is an
adequately (statistically) determined process that leads
to a willed act of self-determination.

This should be all that a compatibilist could want. It adds
the fact that our actions are not pre-determined from
moments before the decision process begins.

BobDoyle@lnformationPhilosopher.com
see also www.informationphilosopher.com/freedom/cogito
wwuwinformationphilosopher.com/presentations/video/WJ5-2010/

In 2009, Martin Heisenberg published an article in Nature, “Is Free Will
an lllusion?”in which he argued that bacterial chemotaxis shows
that the actions of bacteria are not pre-determined.'There is a free
generation of directions when the bacterium tumbles and a
determined direction when swimming upstream to food.

A couple of months later Nature published my comment?that
Heisenberg had re-invented William James’ two-stage model.

At a conference on Free Will in Barcelona in 2010, Heisenberg asked if
1 could develop proposals for evolutionary steps between the
bacterial and the human levels of free will. | decided to regard them
as levels of consciousness about experiences - my ERR,

the Experience Recorder and Reproducer

Instinctive Consciousness - by animals with little or no

learning capability. Automatic reactions to environmental conditions
are transmitted genetically. Information about past experiences (by
prior generations of the organism) is only present implicitly

in the inherited reactions. (Lorenz-“"What's a priori in the phenotype
was a posteriori in the genotype.’)

Learned Consciousness - for animals whose past experiences
guide current choices (along with inherited experience). Conscious,
but mostly habitual, reactions are developed through experience,
including instruction by parents and peers.

Predictive Consciousness - A sequencer in the ERR system

can play back beyond the current situation, allowing the organism
to use imagination and foresight to evaluate the future
consequences of its possible choices.

Reflective (Normative) Consciousness— in which conscious
deliberation about individual values and the shared values of the
species influences the choice of alternative behaviors.

1."ls Free Wil an llusion?," Nature, 459, 2009, p.164
2. “Free Will:t's a normal biological property, not a gift or a mystery,” Nature, 459, 2009, p.1052.
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Laplace’s Demon (1814)

AlLaplace Demon has all the information -forces, positons, velocites -
forall the partices n the universe.

Al times, past and future, are present o the Laplace Demon,
s tothe eyes of God. In a deterministic universe, informationis constant.

Mathematical physicsts,like Laplace, believe that the conservation of information
is 2s much a conservation law as that of matter and energy.

There is no chance. The randomness we see i simply epistemnic, a consequence.
of human ignarance about physical details that is demon and God can know.
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David Layzer (1975)
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they would go back perfectly
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Lord Kelvin's Heat Death (1852)

Following the discovery of the laws of thermodynamics,
Willam Thomson (Lord Kelvin) claimed that the universe would
“tun downall the energy ultimately disspated into thermal motions,
which Herman Helmholtz called aheat death:”
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A car moving past a stationary person will have a different set of
things that are simultaneous. At the distance of the Andromeda
galaxy the present instant for the stationary person might contain a
meeting where a space-admiral is deciding whether to invade
earth. In the present instant for the person in the car the
Andromedian fleet is already on the way!
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Von Neumann Measurement

In his 1932 Mathematical Foundations of Quantum Mechan-
ics (in German, English edition 1955) JoHN VON NEUMANN
explained that two fundamentally different processes are going
on in quantum mechanics (in a temporal sequence for a given
particle - not at the same time).

Process 1. A non-causal process, in which the measured
electron winds up randomly in one of the possible physical states
(eigenstates) of the measuring apparatus plus electron.

The probability for each eigenstate is given by the square of the
coefficients c_ of the expansion of the original system state (wave
function ) in an infinite set of wave functions ¢ that represent
the eigenfunctions of the measuring apparatus plus electron.

¢ =<a,lv>.

As we saw in chapter 19, this is PAUL DIRAC’s principle of
superposition. c_? is the probability that the electron will be found
in the nth eigenstate. This is Dirac’s projection postulate. When
measured it is found to have the eigenvalue corresponding to that
eigenstate. This is Dirac’s axiom of measurement.

This is as close as we get to a description of the motion of the par-
ticle aspect of a quantum system. According to von Neumann, the
particle simply shows up somewhere as a result of a measurement.
Exact predictions are not possible.

Information physics says that for a particle to show up, a new
stable information structure must be created, information that
may be observed only after it has been created.

Process 2. A causal process, in which the electron wave function
v evolves deterministically according to ERWIN SCHRODINGER’S
wave equation of motion,

(ih/2m) oy/ot = Hy.

This evolution describes only the motion of the probability
amplitude wave y between measurements. The individual particle
path itself can not be observed. It it were, new information from
the measurement would require a new wave function.

op Ne Vleasurement 191
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Chapter 25
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is chapter on the web
losopher.com/problems/recurrence
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Einstein-Podolsky-Rosen

The 1935 thought experiment proposed by ALBERT EINSTEIN,
Boris PopoLsky, and NATHAN RosiN (and known by their
initials as EPR), was titled “Can Quantum-mechanical Descrip-
tion of Physical Reality Be Considered Complete?”

Einstein hoped to show that quantum theory could not describe
certain “elements of reality” and thus was either incomplete or, as
some think he may have hoped, demonstrably incorrect.

In a complete theory there is an element corresponding

to each element of reality. A sufficient condition for the

reality of a physical quantity is the possibility of predicting

it with certainty, without disturbing the system. In quantum
mechanics in the case of two physical quantities described by
non-commuting operators, the knowledge of one precludes
the knowledge of the other. Then either (1) the description

of reality given by the wave function in quantum mechanics

is not complete or (2) these two quantities cannot have
simultaneous reality. Consideration of the problem of making
predictions concerning a system on the basis of measurements
made on another system that had previously interacted with it
leads to the result that if (1) is false then (2) is also false. One is
thus led to conclude that the description of reality as given by a
wave function is not complete. !

Einstein was correct that quantum theory is “incomplete”
relative to classical physics, which has twice as many dynamical
variables that can be known with arbitrary precision. Half
of this information is missing in quantum physics. WERNER
HEISENBERG'S indeterminacy principle allows only one of a pair
of non-commuting observables (e.g., momentum or position) to
be arbitrarily accurate and what EPR calls an “element of reality.”

The EPR paper accepted that if the momentum of a particle
were known precisely, its position would be described by an
infinite plane wave, so it could be found anywhere. Momentum
and position cannot be simultaneous “elements of reality.”

1 Einstein, Podosky, Rosen, 1935, p.777

201
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Nonseparability

The idea of something measured in one place “influencing”
measurements far away challenged what Einstein thought of as
“local reality” It came to be known as “nonlocality;” but it always
contained something else called “nonseparability” ALBERT
EINSTEIN called their interactions “spukhaft Fernwirkung” or
“spooky action at a distance” ERWIN SCHRODINGER called
two particles “verschrankt” or “entangled” when their quantum
properties had become correlated by an interaction. He denied
they could be separated without a “disentangling” process.

Entangled particles are described by a single two-particle wave
function that cannot be separated into a product of two single-
particle wave functions without an external interaction, such as
a measurement that “decoheres” their “pure state” into a “mixed
state.”

The question for Einstein and Schrodinger was how long the
particles could retain their correlation as they traveled a great
distance apart. Once de-correlated, disentangled, or “deco-
hered)” their two-particle wave function ¥, can be described as
the product of two single-particle wave functions ¥, and ¥, and
there will no longer be any quantum interference between them.
But entangled particles, it turns out, do not decohere spontane-
ously, they cannot decohere without an external interaction (like
a measurement).

Einstein had objected to nonlocal phenomena as early as the
Solvay Conference of 1927, when he criticized the collapse of the
wave function as involving “instantaneous-action-at-a-distance”
that prevents the spherical outgoing wave from acting at more
than one place on the screen. He probably had seen nonlocality as
early as his light-quantum hypothesis paper of 1905.

LT 1aadey)

Single-particle nonlocality can be defined in terms of the
volume in phase space where the wave function has non-zero
values. There are possibilities of finding the particle anywhere in
this volume (with a calculable probability for each possibility).

is chapter on the web
© i Philosopher.com/problems/recurrence
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AT ’
— Schrédinger’s Cat
ERWIN SCHRODINGER’s goal for his infamous cat-killing box

was to discredit certain non-intuitive implications of quan-
tum mechanics, of which his wave mechanics was the second
formulation. Schrédinger’s wave mechanics is more continu-
ous mathematically, and more deterministic, than WERNER
HEISENBERG's matrix mechanics.

Schrédinger did not like NIELs BoHR’s idea of “quantum
jumps” between Bohr’s “stationary states” - the different “energy
levels” in an atom. Bohr’s second “quantum postulate” said that
the jumps between discrete states emitted (or absorbed) energy in
the amount hv =E, - E .

Bohr did not accept ALBERT EINSTEIN’s 1905 hypothesis that the
emitted radiation is a discrete localized particle quantum of energy
hv. Until well into the 1920, Bohr (and Max PLANCK, himself
the inventor of the quantum hypothesis) believed radiation was a
continuous wave. This was the question of wave-particle duality,
which Einstein saw as early as 1909.

It was Einstein who originated the suggestion that the
superposition of Schrodinger’s wave functions implied that two
different physical states could exist at the same time. This was
a serious interpretational error that plagues the foundation of
quantum physics to this day.

This error is found frequently in discussions of so-called
“entangled” states (see chapter 20).

Entanglement occurs only for atomic level phenomena and
over limited distances that preserve the coherence of two-particle
wave functions by isolating the systems (and their eigenfunctions)
from interactions with the environment.

8z sadeyd

We never actually “see” or measure any system (whether a
microscopic electron or a macroscopic cat) in two distinct states.
Quantum mechanics simply predicts a significant probability
of the system being found in these different states. And these

This chapter on the web
informationphilosopher.com/problems/scrodingerscat ©
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Feynman Two-Slit Experiment

RicHARD FEYNMAN said that the two-slit experiment contains
the “one mystery” of quantum mechanics.

T will take just this one experiment, which has been designed
to contain all of the mystery of quantum mechanics, to put you
up against the paradoxes and mysteries and peculiarities of
nature one hundred per cent. Any other situation in quantum
mechanics, it turns out, can always be explained by saying,
“You remember the case of the experiment with the two holes?

It’s the same thing’!

‘We will show that the (one) mystery of quantum mechanics is
how mere “probabilities” can causally control (statistically) the
positions of material particles - how immaterial information can
affect the material world. This remains a deep metaphysical mys-
tery.

The two-slit experiment was until recent years for the most
part a thought experiment, since it is difficult to build an inex-
pensive demonstration, but its predictions have been verified in
many ways since the 1960, primarily with electrons. Recently,
extremely sensitive CCDs used in photography have been used to
collect single-photon events, establishing experimentally every-
thing that Albert Einstein imagined, merely by thinking about it,
as early as 1905 The two-slit experiment demonstrates better than
any other experiment that a quantum wave function is a probabil-
ity amplitude that can interfere with itself, producing places where
the probability (the square of the absolute value of the complex
probability amplitude) of finding a quantum particle is actually
zero.

Perhaps the most non-intuitive aspect of the two-slit experi-
ment is when we first note the pattern of light on the screen with
just one slit open, then open the second slit - admitting more light
into the experiment, but observe that some places on the screen
where there was visible light, have now gone dark! And this hap-
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1 ‘The Character of Physical Law, chapter 6
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Decoherence

Decoherence is the study of interactions between a quantum
system (generally a very small number of microscopic particles
like electrons, photons, atoms, molecules, etc. - often just a single
particle) and the larger macroscopic environment, which is nor-
mally treated “classically;” that is, by ignoring quantum effects, but
which decoherence theorists study quantum mechanically. Deco-
herence theorists attribute the absence of macroscopic quantum
effects like interference (which is a coherent process) to inter-
actions between a quantum system and the larger macroscopic
environment. They maintain that no system can be completely
isolated from the environment. The decoherence (which accounts
for the disappearance) of macroscopic quantum effects is shown
experimentally to be correlated with the loss of isolation.

Niels Bohr maintained that a macroscopic apparatus used to
“measure” quantum systems must be treated classically. John von
Neumann, on the other hand, assumed that everything is made
of quantum particles, even the mind of the observer. This led him
and Werner Heisenberg to say that a “cut” must be located some-
where between the quantum system and the mind, which would
operate in a sort of “psycho-physical parallelism.”

A main characteristic of quantum systems is the appearance of
wavelike interference effects. These only show up in large numbers
of repeated identical experiments that make measurements on
single particles at a time. Interference is never directly “observed”
in a single experiment. When interference is present in a system,
the system is called “coherent” Decoherence then is the loss or
suppression of that interference.

Interference experiments require that the system of interest
is extremely well isolated from the environment, except for the
“measurement apparatus.” This apparatus must be capable of
recording the information about what has been measured. It can
be a photographic plate or an electron counter, anything capable
of registering a quantum level event, usually by releasing a cascade

Decoherence 295
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Entanglement

Entanglement is a mysterious quantum phenomenon that is
widely, but mistakenly, described as capable of transmitting infor-
mation over vast distances faster than the speed of light. It has
proved very popular with science writers, philosophers of science,
and many scientists who hope to use the mystery to deny one or
more of the basic concepts underlying quantum physics.

Some commentators say that nonlocality and entanglement are
a “second revolution” in quantum mechanics, “the greatest mys-
tery in physics,” or “science’s strangest phenomenon,” and that
quantum physics has been “reborn.” They usually quote ERWIN
SCHRODINGER as saying

“I'would not call that one but rather the characteristic trait of
quantum mechanics,” the one that enforces its entire departure
from classical lines of thought™

Schrédinger knew that his two-particle wave function could
not have the same simple interpretation as the single particle,
which can be visualized in ordinary 3-dimensional configuration
space. And he is right that entanglement exhibits a richer form of
the “action-at-a-distance” and nonlocality that ALBERT EINSTEIN
had already identified in the collapse of the single-particle wave
function.

But the main difference between single-particle nonlocality and
two-particle nonseparability is that two particles instead of one
appear to acquire new properties instantaneously (at faster than
light speeds). It is clearly related to the case of a single-particle
measurement, where the finite probability of appearing at various
distant locations collapses to zero at the instant the particle is
found somewhere.
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Chapter 29

‘We can disagree with Schrédinger, who was enthusiastic about
the Einstein-Podolsky-Rosen attack in 1935 on quantum mechan-
ics as “incomplete” and who gave the phenomenon the name

| Mathematical Proceedings of the Cambridge Philosophical Society, Volume 31,
Issue 04, October 1935, pp 555-563

This chapter on the web
informationphilosopher.com/problems/entanglement ©
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David Bohm Hidden Variables

Although Davip BoHM is perhaps best known for his work
exploring the possibilities of “hidden variables” that would elimi-
nate quantum indeterminacy and restore complete determinism
to physics, he was a first-class quantum physicist who understood
the quantum theory better than most working physicists who
never questioned its formalism.

His Ph.D thesis at U. Berkeley calculated collisions between
protons and deuterons that were immediately classified as impor-
tant to the atom bomb project. J. Robert Oppenheimer wanted
Bohm on the project, but he was disqualified as sympathetic to
communism. Called before the House Un-American Activities
Committee in 1950, Bohm pleaded the Fifth Amendment and was
suspended by Princeton and later forced to leave the U.S. to find
work.

After finishing his 1951 textbook Quantum Theory, still one of
the clearest accounts of the “orthodox” interpretation of quantum
mechanics, Bohm attempted to go beyond the standard theory to
restore determinism. Einstein approved of the textbook and was
initially supportive of Bohm'’s new interpretation, known today as
Bohmian mechanics. Einstein thought Bohm was young enough
and smart enough to produce the mathematical arguments
that the older generation of “determinist” physicists like ERWIN
SCHRODINGER, MAX PLANCK, and others had not been able to
accomplish.

But when Bohm finished the work, based on Louis pE
BROGLIE’s 1923 “pilot-wave” idea (which Einstein had supported),
Einstein rejected it as inconsistent with his theory of relativity.

Einstein wrote to Max BorN on May 15, 1952,

Have you noticed that Bohm believes (as de Broglie did, by

the way, 25 years ago) that he is able to interprete the quantum
theory in deterministic terms? That way seems too cheap to

me. But you, of course, can judge this better than I.!

260 My God, He Plays Dice!

Chapter 31

1 Born-Einstein Letters, p.188.
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Hugh Everett llI's Many Worlds

Hugh Everett Il was one of John Wheeler’s most famous
graduate students. Others included Richard Feynman. Wheeler
supervised more Ph.D. theses than any Princeton physics pro-
fessor.

Everett took mathematical physics classes with Eugene
Wigner, who argued that human consciousness (and perhaps
some form of cosmic consciousness) was essential to the col-
lapse of the wave function.

Everett was the inventor of the “universal wave function”and
the “relative state” formulation of quantum mechanics, later
known as the “many-worlds interpretation.”

The first draft of Everett’s thesis was called “Wave Mechanics
Without Probability.’Like Albert Einstein and Erwin Schrédinger,
Everett was appalled at the idea of indeterministic events. For
him, it was much more logical that the world was entirely deter-
ministic.

Everett began his thesis by describing John von Neumann'’s
“two processes.”

Process 1 is the sudden collapse of the wave function from
a superposition of quantum states into a single state, with the
probability of collapsing into a given state proportional to the
overlap of the wave functions of new state with each of the
superposition states. (See von Neumann Process 1.)

e Re

Process 2 is the unitary time evolution of the wave function
deterministically generated by the Schrédinger wave equation.
(See von Neumann Process 2.)

Everett then presents the internal contradictions of observer-
dependent collapses of wave functions with examples of
“Wigner’s Friend,” an observer who observes another observer.
For whom does the wave function collapse?

Everett considers several alternative explanations for Wign-
er's paradox, the fourth of which is the standard statistical inter-

Chapter 32
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Bell Inequalities

In 1964 John Bell showed how the 1935 “thought experiments”
of Einstein, Podolsky, and Rosen (EPR) could be made into real
experiments. He put limits on local “hidden variables” that might
restore a deterministic physics in the form of what he called an
“inequality;” the violation of which would confirm standard quan-
tum mechanics.

Some thinkers, mostly philosophers of science rather than
working quantum physicists, think that Bell's work has restored
the determinism in physics that Einstein had wanted and that Bell
recovered the “local elements of reality” that Einstein hoped for.

But Bell himself came to the conclusion that local “hidden vari-
ables” will never be found that give the same results as quantum
mechanics. This has come to be known as Bell's Theorem.

All theories that reproduce the predictions of quantum mechan-
ics will be “nonlocal,” Bell concluded. Nonlocality is an element of
physical reality and it has produced some remarkable new appli-
cations of quantum physics, including quantum cryptography and
quantum computing.

Bell based his idea of real experiments on the 1952 work of
David Bohm. Bohm proposed an improvement on the original
EPR experiment (which measured position and momentum).
Bohm's reformulation of quantum mechanics postulates (unde-
tectable) deterministic positions and trajectories for atomic parti-
cles, where the instantaneous collapse happens in a new “quantum
potential” field that can move faster than light speed. But it is still
a “nonlocal” theory.

So Bohm (and Bell) believed that nonlocal “hidden variables”
might exist, and that some form of information could come into
existence at remote “space-like separations” at speeds faster then
light, if not instantaneously.

Chapter 33

The original EPR paper was based on a question of Einstein’s
about two electrons fired in opposite directions from a central
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Bose-Einstein Statistics

In 1924, Einstein received an amazing very short paper sent
from India by Satyendra Nath Bose. Einstein must have been
pleased to read the title, “Planck’s Law and the Hypothesis of
Light Quanta” It was more attention to Einsteins 1905 work
than anyone had paid in nearly twenty years. The paper began by
claiming that the “phase space” (a combination of 3-dimensional
coordinate space and 3-dimensional momentum space) should be
divided into small volumes of h?, the cube of PlancK’s constant. By
counting the number of possible distributions of light quanta over
these cells, Bose claimed he could calculate the entropy and all
other thermodynamic properties of the radiation.

Bose easily derived the inverse exponential function, Einstein
too had derived this. Maxwell and Boltzmann derived it, without
the additional -1, by analogy from the Gaussian exponential tail of
probability and the theory of errors.

a/ (e ™/ 1)

Max Pranck had simply guessed this expression from Wien’s
law by adding the term - 1 in the denominator of Wiens 1 /e "*/™.

All previous derivations of the Planck law, including Einstein’s
of 1916-17 (which Bose called “remarkably elegant”), used
classical electromagnetic theory to derive the density of radiation,
the number of “modes” or “degrees of freedom” per unit volume
of the radiation field,

p,dv = (8nvidv /).

Bose considered the radiation to be enclosed in a volume V
with total energy E. He assumed that various types of quanta are
present with abundances N, and energy

hv (i=0toi = oo). The total energy is then

E=2X Nhv =V /[pdv

But now Bose showed he could get p with a simple statistical
mechanical argument remarkably like that Maxwell used to derive
his distribution of molecular velocities. Maxwell said that the

ose-Einstein 109
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Bohr-Kramers-Slater

‘The 1924 paper of Nigs Bous, HENDRIE A. Keausss, and
Jo CLRKE SLTER was the last major publc atempt by me-
bers of the Copenhagen school o deny ALpsRT Exnsan’s light-
quantum hypothesis of 1905, although we will show that Bohr's
doubts continued for years, if not indefinltely.

‘The BKS effort was despite the fact that two of Einsteiris
important predictions, the photoelectric efect of 1905 and the
light-quantum with momentum of 1917, had by this time been
confirmed experimentlly. We must however note that the fwo
world-famous experimenters who confirmed Einsteins predic-
tlons, Ropiwr A. MiLukaN and ARTHUR HOLLY COMPTON,
both Americans,had not themselves seen the results as validating
Einsteins light quanta. Nevertheless, many other physicists did.

‘Millikan called Einsteiis photoelectric idea a bold, not to say
reckless hypothesis” and sald although it sppesrs in every case to
predictexactly the observed esults,his “theory seemsst presentwhlly
untenable”

In 1923, Compton discovered that radiation (a high-cnergy
X-ray) was belng scattred by electrons, exchanging energy with
them, just asif the light rays and electrons acted ke billiard blls
calliding. Although this was the first solid evidence for Einsteirs
“lght quantum hypothesis? Compton said his work did not sup-
‘port Einsteins radical hypothesis. Although by 1924 2 large frac-
tlon of physicists had come to believe light had both wave and
partcle characterstics, there were stil several holdorts, many.
found among Niels Bohr Copenhagen associates.

It diffcult to Imagine what Finsteins feelings may have been
over the two decades of rejection of what he called his “very revo-
Iutionary” contribution to quantum theory. But surely the nega-
{ive atitude of Bohr, who had become the third great thinker In
‘quantum theory aftr Plainck and Einstein, was the ardest to bear.

91 1mdeyy
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Matrix Mechanics

‘What the matrix mechanics of WERNER HEISENBERG, MAX
BorN, and PascuaL JorpaN did was to find another way to
determine the “quantum conditions” that had been hypothesized
by NiELs BOHR, following a suggestion by J.W.NIcHOLsON. These
conditions correctly predicted values for Bohr’s “stationary states”
and “quantum jumps” between energy levels.

But they were really just guesses in Bohr’s “old quantum theory,”
validated by perfect agreement with the values of the hydrogen
atom’s spectral lines, especially the Balmer series of lines whose
formula for term differences first revealed the existence of integer
quantum numbers for the energy levels,

X =R, (1/m*- 1/n%).

Heisenberg, Born, and Jordan recovered the same quantization
of angular momentum that Bohr had used, but we shall see that it
showed up for them as the product of non-commuting matrices.

Most important, they discovered a new way to calculate the
energy levels in Bohr’s atomic model as well as determine ALBERT
EINSTEIN’s 1916 transition probabilities between levels in a
hydrogen atom, explaining the different intensities in the resulting
spectral lines.

Before matrix mechanics, the energy levels were empirically
“read oft” the term diagrams of spectral lines. Matrix mechanics is
a new mathematical theory of quantum mechanics. The accuracy
of the old quantum theory came from the sharply defined spectral
lines, with wavelengths measurable to six significant figures.

The new quantum theory did not try to interpret or visualize
what is going on in transitions. Indeed, it strongly discouraged
any visualizations. It even denied the existence of electron orbits,
a central concept in the Rutherford-Bohr-Sommerfeld picture.

Heisenberg had worked with HENDRIK A. KRAMERS at Bohr’s
Institute for Physics in Copenhagen to analyze electronic orbits as
Fourier series. Kramers had hoped to identify the higher harmonic
frequencies in the series expansion of orbital frequencies with
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Bohr Complementarity

Among all the major scientists of the twentieth century,
NieLs BoHR may have most wanted to be considered
a philosopher. Bohr thought that his concept of
complementarity, developed in the same weeks as WERNER
HeI1SENBERG was formulating his uncertainty principle, could
explain many great philosophical issues. Complementarity,
based largely on wave-particle duality, lies at the core of the
Copenhagen Interpretation of quantum mechanics. Over the
years, Bohr suggested extravagantly that complementarity
could illuminate the mind/body problem, it might provide
for the difference between organic and inorganic matter, and
it could underlie other classic dualisms like subject/object,
reason versus passion, and even free volition versus causality
or determinism.

Information philosophy identifies the wave function as
pure abstract information, providing a theoretical prediction
of the probability of finding particles, of matter or energy,
at different positions in space and time. As such, it is highly
correlated with the idea of an immaterial mind and material
body.

Like most educated people of his time, Bohr knew of
IMMANUEL KANT’s noumenal/phenomemal dualism. He of-
ten spoke as if the goal of complementarity was to reconcile
opposites. He likened it to the eastern yin and yang, and his
grave is marked with the yin/yang symbol.

zz 1=adeyd

Bohr was often criticized for suggesting that both A and
Not-A could be the case. This was a characteristic of GEORG
W. E. HEGEL’s dialectical materialism. Had Bohr absorbed
some Hegelian thinking? Another Hegelian trait was to speak
indirectly and obscurely of the most important matters,
and sadly this was Bohr’s way, to the chagrin of many of his
disciples. They sarcastically called it “obscure clarity” They
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Nonlocality

Nonlocality is today strongly associated with the idea of
entanglement (see chapter 29), but nonlocality is a property of a
single quantum of light, whereas entanglement is a joint property
of two quantum particles, depending on an even more subtle
property called nonseparability (chapter 33).

Nonlocality is an essential element of the dual nature of light
as both a wave and a particle, or light having wave and par-
ticle aspects. We can visualize the wave function of quantum
mechanics in the following way. The wave function V¥ is a prob-
ability amplitude whose squared modulus gives the probability of
finding a particle in a particular (sic) location.

As this function spreads out in space, we can think of it as a
“possibilities function,” showing all the locations in space where
there is a non-zero probability of finding a particle. The power
of quantum mechanics is that we can calculate the probability of
finding the particle for each possibility.

When an electron is freely traveling (as opposed to an
electron bound in an atom), or when a photon is emitted from
an electron and is traveling though space, there are always many
possible locations for an interaction. Therefore we can say that
the “possibilities function” (or the more formal quantum wave
function) is inherently and intuitively nonlocal!

Since WERNER HEISENBERG and PAUL DIRAC first discussed the
“collapse” of the wave function (Dirac’s projection postulate), it
has been appropriate to say that “one of the many possibilities has
been made actual” In the language of nonlocality, we can now
even more clearly say that one of the nonlocal possibilities has
been actualized or localized!

In the case of the photon, for example, it is localized when it has
been scattered or absorbed by an electron. In the case of an electron,
it might be a collision with another particle, or recombining with
an ion to become bound in an atom. The electron is actually
never found at a single point in four-dimensional space time,
but remains nonlocal inside the minimal phase-space volume h*
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Copenhagen Interpretation

The idea that there was a Copenhagen way of thinking was
christened as the “Kopenhagener Geist der Quantentheorie” by
'WERNER HEISENBERG in his 1930 textbook The Physical Principles
of Quantum Theory, based on his 1929 lectures in Chicago (given
at the invitation of ARTHUR HoLLY COMPTON).

The basic ideas of Copenhagen thinking were presented by
NieLs BoHR and Heisenberg at the 1927 Solvay conference on
physics entitled “Electrons and Photons.”

It is a sad fact that ALBERT EINSTEIN, who had discovered more
than any other scientist on the quantum interaction of electrons
and photons, was largely ignored or misunderstood when he
clearly described nonlocality at the 1927 conference. As we saw
in the previous chapter, Bohr said he could not understand what
Einstein was talking about.

178 My God, He Plays Dice!

At the Solvay conference, Bohr and Heisenberg consolidated
their Copenhagen view as a “complete” picture of quantum
physics, despite the fact that they could not, or would not, visualize
or otherwise explain exactly what is going on in the microscopic
world of “quantum reality.” Electron paths (especially orbits) that
cannot be observed, they said, simply do not exist!

Bohr and Heisenberg opposed Einsteins concept of an
underlying “objective reality,” but they clearly knew and said that
the physical world is largely independent of human observations.
In classical physics, the physical world is assumed to be completely
independent of the act of observing the world.
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Chapter 24

In quantum physics however, Heisenberg said that the result of
an experiment depends on the free choice of the experimenter as
to what to measure. The quantum world of photons and electrons
might look like waves or look like particles depending on what
we look for, rather than what they “are” as “things in themselves.”

Copenhageners were proud of their limited ability to know
what is going on in the microscopic world.
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Wave Mechanics

ERWIN SCHRODINGER’s creation of his quantum wave function
y followed Louts DE BROGLIE's 1925 suggestion that a wave can
be associated with a particle of matter - just as ALBERT EINSTEIN
had associated a particle of energy with a light wave.

De Broglie predicted that the wavelength \ of a matter particle
wave would be A = h/p, since the wavelength of a photon is related
to its frequency by A = ¢/v. and Einstein had shown that the
momentum of a light quantum should be p = hv/c.

In November, 1925, Schrodinger wrote to Einstein,

A few days ago I read with the greatest interest the ingenious
thesis of Louis de Broglie, which I finally got hold of; with it
section 8 of your second paper on degeneracy has also become
clear to me for the first time.

A colleague pointed out to Schrodinger that to explain a wave,
one needs a wave equation. With his extraordinary mathematical
abilities, he found his equation within just a few weeks.

Schrodinger started with the well-known equation for the
amplitude y of a wave with wavelength X in three dimensions,

V2y - (47 X)) y=0.

This equation gives us the density of classical electromagnetic
waves (87v?/c*) used by Planck and Einstein to derive the black-
body radiation law.

In 1925, Bose and Einstein had eliminated classical theory
completely, replacing the expression by the number of identical
light quanta in a phase-space volume of h’. (See chapter 15.)

Schrédinger quickly converted from rectangular to spherical
coordinates, R, ©®, ®, because of the spherical symmetry of the
nuclear electric charge potential V = -¢%/r. He could then replace
the equation for v (x, , z) with one for y (1, 6, ) = R(r) ©(6) ®(¢),
which separates into three ordinary differential equations.

The angular functions lead to the spherical harmonics that
correspond to different angular momentum states, visualized as
the familiar electronic clouds in every chemistry textbook.

81 J93deyd
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Dirac’s Principles of Quantum
Mechanics

In 1926 PauL (P.A.M.) DirAC combined the matrix mechanics
of WERNER HEISENBERG and the wave mechanics of ERWIN
SCHRODINGER into his beautifully symmetric transformation
theory of quantum mechanics.

A year earlier, Dirac had been given a copy of Heisenberg's first
paper on quantum mechanics. Heisenberg’s work implied that
some quantum-mechanical equivalents of classical entities like
position and momentum do not commute with one another, as we
saw in chapter 17. But Heisenberg himself did not understand that
he was using a matrix .. It was Heisenberg’s mentor MoX BorN and
Born's assistant Pascual Jordan that recognized the matrices.

Independently of Born and Jordan, Dirac saw the non-
commutation property of matrices implicit in Heisenberg”s work.
He made it the central concept in his mathematical formulation
of quantum physics. He called non-commuting quantities g-num-
bers (for “quantum” or “queer” numbers) and called regular num-
bers c-numbers (for “classical” or “commuting” numbers).

Dirac grounded his quantum mechanics on three basic
ideas, the principle of superposition, the axiom of measurement,
and the projection postulate, all of which have produced strong
disagreements about the interpretations of quantum mechanics.

But there is complete agreement that Dirac’s theory is the
standard tool for quantum-mechanical calculations.

In 1931, Einstein agreed,

Dirac, to whom, in my opinion, we owe the most perfect
exposition, logically, of this [quantum] theory, rightly points

out that it would probably be difficult, for example, to give a
theoretical description of a photon such as would give enough
information to enable one to decide whether it will pass a

polarizer placed (obliquely) in its way or not.*

1 Einstein, 1931, p.270

Dirac Principles 129
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Statistical Interpretation

It is often said that Max BORN gave us the “statistical
interpretation” of quantum mechanics that lies at the heart of
NieLs BoHRr’s and WERNER HEISENBERG's principle of comple-
mentarity and the “Copenhagen interpretation” of quantum
mechanics.

But Born himself said many times he had only applied an idea of
ALBERT EINSTEIN that had circulated privately for many years. To
be sure, Born and Einstein quarreled for years over determinism
and causality, but as we saw in chapter 11, it was Einstein who
discovered “chance” in the interaction of matter and radiation,
even if he considered it a “weakness in the theory”

As we showed in chapters 2 to 4, probability and statistics
were very important in the two centuries before Born's work,
but most physicists and philosophers saw the implied random-
ness to be “epistemic,” the consequence of human ignorance.
Random distributions of all kinds were thought to be completely
deterministic at the particle level, with collisions between atoms
following Newton’s dynamical laws. Lubwic BOLTZMANN’s
transport equation showed that the increase of entropy was
statistically irreversible at the macroscopic level, even if the
motions of individual particles are time reversible.

Boltzmann did speculate that there might be some kind of
molecular “chaos” or “disorder” that could cause particles traveling
between collisons to lose the “correlations” or information about
their past paths that would be needed for the paths to be time
reversible and deterministic, but nothing came of it.

In his early career, ERWIN SCHRODINGER Wwas a great exponent
of fundamental chance in the universe. He followed his mentor
FrRANZ S. EXNER, who as a colleague of Boltzmann at the University
of Vienna was a great promoter of statistical thinking.

\
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In his inaugural lecture at Zurich in 1922, Schrédinger argued
that the evidence does not justify our assumptions that physical
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Heisenberg’s Uncertainty Principle

From the time in the 1960’ I first started work on the problem
of how information structures formed in the universe and the
related problems of free will and creativity, down to the publication
of my first book in 2011, Free Will: The Scandal in Philosophy, my
source for the random element needed to generate alternative
possibilities, without which no new information is possible, was
'WERNER HEISENBERG's uncertainty principle of 1927.

I wrote that “quantum physics in the twentieth century opened
a crack in the wall of physical determinism.”! My source was
ARTHUR STANLEY EDDINGTON’s great book, The Nature of the
Physical World, the print version of his Gifford Lectures earlier in
the year, with one great alteration.

In the lectures, Eddington had described himself as unable
“to form a satisfactory conception of any kind of law or causal
sequence which shall be other than deterministic.” A year later, in
response to Heisenberg’s uncertainty principle, Eddington revised
his lectures for publication and dramatically announced “physics
is no longer pledged to a scheme of deterministic law” He went
even farther and enthusiastically identified indeterminism with
freedom of the will. “We may note that science thereby withdraws
its moral opposition to freewill”2

Lz 423deyd

Eddington was the most prominent interpreter of the new
physics to the English-speaking world. He confirmed Einstein’s
general theory of relativity with his eclipse observations in 1919,
helping make Einstein a household word. And Eddington’s praise
of uncertainty contributed to making the young Heisenberg the
symbolic head of the “founders” of the new quantum mechanics.

The Nobel Prizes of 1932/1933 for atomic physics were shared
among Heisenberg, ERWIN SCHRODINGER, and PauL DIrac.
Heisenberg’s key contribution in his 1925 matrix mechanics
was the discovery that position g and momentum p are complex
conjugate quantities that do not commute. pq # qp!
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Problems Solved?

In the preface we posed 13 problems for which a deep analysis
of Einstein’s thinking, especially his idea of an “objective reality,”
might lead to plausible solutions.

Our proposed solutions are radical, if only compared to decades
of confusion and mystery surrounding quantum mechanics, but
we hope that you will find them both visualizable and intuitive,
not characteristics normally associated with the quantum.

1. 'The 19th-century problem of microscopic irreversibility
Nonlocality, first seen by Einstein in 1905

Wave and particle “duality” (1909)

The metaphysical question of ontological chance (1916)
Nonlocality and action-at-a-distance (1927)

The “one mystery” of the two-slit experiment

The measurement problem (1930)

The role of a “conscious observer” (1930)

o 0 Nk w N

. Entanglement and “spooky” action-at-a-distance (1935)
10. Schrodinger’s Cat - dead and alive? (1936)

11. No “hidden variables,” but hidden constants (1952)

12. Conflict between relativity and quantum mechanics?
13. Is the universe deterministic or indeterministic?

Our proposed solutions are radical, if only compared to decades
of confusion and mystery surrounding quantum mechanics, but
we hope that you find most of them visualizable and intuitive, not
characteristics normally associated with the quantum.

Microscopic Irreversibility

Problem: In classical mechanics, microscopic particle collisions
are time reversible, conserving entropy and information. Neither
entropy, nor more importantly information, can increase in a
deterministic, classical world. LubwiG BorrzMmANN showed that
random collisions would increase the entropy, but reversing the
time might decrease it again.

oblems Solved?
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Einstein's Statistics

We saw in chapter 5 that Einstein rederived all of classical
statistical mechanics between 1902 and 1904, going beyond the
kinetic theory of gases developed by LubwiG BOLTZMANN in
the nineteenth century. Twenty years later, Einstein discovered
quantum statistics (chapter 15). All of this before the "founders"
of quantum mechanics discovered the equations that allow us to
calculate quantum properties to extraordinary levels of accuracy.

Einstein did not care much for the details of calculation, except
to prove a fundamental theory. He oversaw the transition from
classical statistics to quantum statistics. Just two years later,
after WERNER HEISENBERG had developed matrix mechanics
and ERWIN SCHRODINGER created wave mechanics, Einstein
generously allowed his friend Max BorN to take full credit for the
"statistical interpretation” of quantum mechanics, which Einstein
had seen qualitatively a decade earlier (chapter 20).

To be sure, Born identified Einstein's qualitative probabil-
ity with the calculated squared modulus of Schrodinger's wave
function |y|*. This made the statistical interpretation quantitative.

Chapter 20

As we know so well, Einstein was very unhappy about the
ontological implications of the statistics he discovered. "God
does not play dice," he said many times to Born over the next few
decades. But over those decades Born never noticed that Ein-
stein had embraced indeterminism in quantum mechanics while
Einstein's criticisms were directed to nonlocality (chapter 23).

0z 4a3deyd

In his early work on statistical mechanics, Einstein showed
that small fluctuations in the motions of gas particles are
constantly leading to departures from equilibrium. Somewhat
like the departures from the smooth analytic bell curve for any
finite number of events, the entropy does not rise smoothly to a
maximum and then stay there indefinitely. The second law is not
continuous and it is not absolute.

The second law of thermodyamics is unique among the laws of
physics because of its irreversible behavior. Heat flows from hot into
cold places until they come to the same equilibrium temperature.
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Einstein's Continuum

Is the Nature of Reality Continuous or Discrete?

Is it possible that the physical world is made up of nothing but
discrete discontinuous particles? Are continuous fields with well-
defined, arbitrarily accurate, values for the field at all places and
times simply theoretical constructs, merely averages over large
numbers of particles?

Space and time themselves have well-defined values every-
where, but are these just the abstract information of the ideal
coordinate system that allows us to keep track of the positions
and motions of particles? Space and time are physical, but they
are not material.

‘We use material things, rulers and clocks, to measure space
and time. We use the abstract mathematics of real numbers and
assume there are an infinite number of real points on any line
segment and an infinite number of moments in any time interval.
But are these continuous functions of space and time nothing but
immaterial ideas with no material substance?

The two great physical theories at the end of the nineteenth
century, Isaac NEWTON’s classical mechanics and James CLERK
MAXWELL’s electrodynamics, are continuous field theories.

Solutions of their field equations determine precisely the exact
forces on any material particle, providing complete information
about their past and future motions and positions. Field theories
are generally regarded as deterministic and certain.

Although the dynamical laws are “free inventions of the human
mind,” as Einstein always said,! and although they ultimately
depend on experimental evidence, which is always statistical, the
field theories have been considered superior to merely statistical
laws. Dynamical laws are thought to be absolute, based on
principles.

‘We will find that the continuous, deterministic, and analytical
laws of classical dynamics and electromagnetism, expressible
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Chapter 37

1 “Geometry and Experience; in Ideas and Opinions, p234

This chapter on the web
informationphilosopher.com/
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Einstein’s Field Theory

In the last thirty years of his life Einstein’s main mission was to
create a unified field theory that would combine the gravitational
field of Newton (or Einstein), the electromagnetic field of Maxwell,
and perhaps the probability field of quantum mechanics.

But he also worried much of his life that continuous fields
are only theories, purely abstract information, whereas discrete
particles have a more substantial reality, arranging themselves in
material information structures..

But the ideal and pure information of continuous field theories
clearly has causal powers over the “discrete” material world.

Einstein in his later years grew quite pessimistic about the
possibilities for deterministic continuous field theories, by
comparison with indeterministic and statistical discontinuous
particle theories like those of quantum mechanics.

To Leopold Infeld, Einstein wrote in 1941,

“I tend more and more to the opinion that one cannot come
further with a continuum theory?!

Einstein deeply believed that any physical theory must be
based on a continuous field. For Einstein, physical objects must
be described by continuous functions of field variables in four-
dimensional space-time coordinates. In quantum field theory
(QFT), particles are functions of (singularities in) these fields. In
quantum electrodynamics (QED), fields are merely properties of
aggregated particles. Which then are the more fundamental?

It appears to be particles, especially today when the last
fundamental particle predicted by the standard theory (the Higgs
boson) has been found. Einstein suspected that his dream of a
unified field theory may not be possible.

In his 1949 autobiography for his volume in Paul Schilpp’s
Library of Living Philosophers, Einstein asked about the theoretical
foundation of physics in the future, “Will it be a field theory [or]
will it be a statistical [particles] theory?”
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Einstein’s Objective Reeality

In his search for an “objective reality,” Einstein asked whether a
particle has a determinate position just before it is measured. Let’s
assume that material particles have definite paths as they travel
from collision to collision, as LUDWIG BOLTZMANN’s statistical
mechanics assumes. Then particle paths and their instantaneous
positions are always determinate in principle, though not
determinable in practice without experimental measurement,
which would alter the particle’s properties irreversibly.

Let’s identify Einstein’s objective reality with his “local reality;,”
in which all “actions” or “interactions” are “local.” These include
“actions-at-a-distance” that are mediated by electromagnetic or
gravitational fields, understood as the interchange of particles.

316 My God, He Plays Dice!

We can then define “nonlocal” as “actions-at-a-distance”
that happen “instantaneously,” such as entangled particles in
a spacelike separation changing their properties instantly or
“simultaneously,” where these terms are appropriately understood.
These measurements are shown to involve only “knowledge-at-a-
distance” as Einstein saw in 1933 (chapter 26).

‘We have shown that such purportedly “nonlocal” actions do not
involve any interchanges, nothing material or energetic is moving,
no signals can be sent between the particles, etc. See chapters 23
and 27 on nonlocality and nonseparability.

With these definitions the principal implication of Einstein’s
“objective reality” is that there are no nonlocal interactions. We
can grant that there is the appearance of nonlocality.

Nonlocality appeared to Einstein in the time when wave fields
were mistakenly thought to carry energy and perhaps even matter
in the form of an electric density (Schrodinger-DeBroglie).

JoHN BELL’s assertion that “hidden variables” in any theory that
reproduces the results of quantum mechanics must be nonlocal is
therefore flawed. There are no “hidden variables,” although we find
“hidden constants” in the form of particle properties conserved
in each particle, so as to produce perfect correlations between
properties in any future experiments, as long as there has been no
external interactions with the environment.

Chapter 32
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Einstein’s Principles

‘While the young ALBERT EINSTEIN learned a great deal from
ERNST MAcH’s notion that theories are “economic summaries
of experience,“ in his later years he attacked theories that were
simply designed to fit the available facts. Einstein challenged
the idea that induction from a number of examples can lead to
fundamental theories.

Positivists and empiricists declared that any theory not built
from sense data about our experiences was mere metaphysics.

Einstein disagreed. The best theories should be based on
“principles,” he argued, perhaps biased by the astonishing success
of his 1905 principle of relativity and 1916 equivalence principle?

Special relativity dazzled the world with its predictions that
measured lengths of an object depend on the observer’s speed
relative to the object, and that events separated in space can have
their time order reversed depending on the speed of the observer.

‘When all Einstein’s amazing predictions were confirmed by
experiment, many rushed to the subjectivist conclusion that
everything is relative to one’s point of view. But Einstein saw a
deeper and absolute version of his principle, namely that the speed
of light is an invariant, independent of the speed of the observer.

His theory of general relativity was based on his equivalence
principle, that no experiment can distinguish between gravity and
an accelerating force.

Einstein in no way denied the critical importance of experience,
especially the experiments that test the validity of any theory and
the principles it is based upon.

But here Einstein parted ways with physicists who believe that
their theories, having been grounded in worldly experience, must
actually exist in the real world. He startled many philosophers of
science by declaring theories to be fictions, inventions by thinkers
and not discoveries about the material contents of the universe.
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Quantum Information

The new sciences of quantum information, quantum computing,
quantum encryption, and quantum teleportation, are all described
as using entanglement as a resource.

So the key question for Einstein’s “objective reality” is whether
its form of entanglement is close enough to the concept of quantum
entanglement to be as useful.

Although most of the properties of a two-particle entangled
system (momentum, angular momentum, spin, polarization)
travel with the particles (conserved as “hidden constants”) from
their initial entanglement in the center of their “special frame,’
the projections of some properties by “Alice” in coordinate space
are instantaneously correlated with Bobs particle at all spaeclike
separations.

This is explained as the disentanglement (or decoherence) of the
two-particle quantum wave function, which in standard quantum
mechanics is described as a superposition of two-particle states,

v=|+->-|-+>.

PauL Dirac tells us that superposition is just a “manner of
speaking” and that an individual system is in just one of the super-
posed states, although there is no way to know which, so say it is

v=|+->.

Upon disentanglement by any external interaction, say by a
measurement of the two-particle wave function, this becomes the
product of two single-particle wave functions,

y=|+>]|->.

We can visualize the | + > as keeping the + spin or polarization
of the directionless spin, but still without that + having a specific
spatial component, e.g., z+. It is when a measurement is made
that two things happen. 1) the wave function is factorized. 2)
The single-particle wave functions both acquire a component
direction. One will be a projection of | + >, the other of | - >. These

nformation 349
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Einstein's Quantum Theory

We have confirmed the correctness of Einstein's view that
principles are the best basis for scientific theories (chapter 35?)
and that quantum mechanics is fundamentally a statistical theory
- despite Einstein's doubts about the reality of chance (chapter
36?),. We have also elaborated Einstein's suspicions about the
continuum (chapter 37?) and his concerns about continuous field
theories (chapter 38?).

Can we now suggest that the quantum wave function might
be considered a "field" that can be put alongside the gravitational
and electromagnetic fields, not in a single "unified field theory" as
Einstein hoped, but

Continuous fields of gravitation and of electromagnetism
allow us to calculate precisely the behavior of a test particle at a
geometric point, should a particle be there. The quantum wave
function is also a field that describes the probability of finding a
particle at a given point in the continuum. All these continuous
fields are determined for all space and time by the distribution
of particulate matter in space, the so-called boundary conditions
and initial conditions.

Just as general relativity can be seen as curving space, so
quantum theory can be seen to add a property to space that
“influences” the discrete particles. In RICHARD FEYNMAN’s path-
integral formulation of quantum mechanics, the principle of least
action explores all space to establish the quantum probabilities
everywhere.

But infinities arise when we represent space and time with
continua. We imagine an infinite number of infinitesimal points
between any two points on a line. Long before Einstein, Lubwic
BorrzMANN had his doubts about the continuum and its infinities.

Should these two powerful tools be merely "free creations of
the human mind," should they not "exist" in the same sense that
material particles exist, and should these ideas be only ideal and
not material, the implications for quantum theory are profound.
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Chapter 37

This chapter on the web
informationphilosopher.com/quantumyinterpretation ©





OEBPS/images/0c21f16c-458a-493e-820e-866499968724.png
Relauy:'

336 My God, He Plays Dice! osmology 337

—

Einstein’s Cosmology

The Flatness Problem

The universe is very likely flat because it was created flat. A
flat universe starts with minimal information, which is fine since
our cosmic creation process can create all the information that
we have today. Leibniz’ question, “Why is there something rather
than nothing?” might be “the universe is made out of something
and the opposite of that something?”

When I was a first-year graduate student in astrophysics at
Harvard University in 1958, I encountered two problems that
have remained with me all these years. One was the fundamental
problem of information philosophy - “What creates the information
structures in the universe?” The other was the flat universe.

At that time, the universe was thought to be positively curved.
EpwiN HUBBLE’s red shifts of distant galaxies showed that they
did not have enough kinetic energy to overcome the gravitational
potential energy. Textbooks likened the universe to the surface of
an expanding balloon decorated with galaxies moving away from
one another.

That balloon popped for me when WALTER BAADE came to
Harvard to describe his work at Mount Wilson. Baade took many
images with long exposures of nearby galaxies and discovered
there are two distinct populations of stars. And in each popula-
tion there was a different kind of Cepheid variable star. The period
of the Cepheid’s curve of light variation indicated its absolute
brightness, so they could be used as “standard candles” to find the
distances to star clusters in the Milky Way.

Baade then realized that the Cepheids being used to calculate
the distance to Andromeda were 1.6 magnitudes brighter than the
ones used in our galaxy. Baade said Andromeda must be twice as
far away as Hubble had thought.

As I listened to Baade, for me the universe went from being
positively curved to negatively curved. It jumped right over the flat
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Einstein’s Mistakes

‘We must first acknowledge that Einstein’s mistakes give us in
general more important theoretical insights than those of all but
a handful of great physicists. Einstein’s mistakes lie behind the
greatest puzzles and mysteries in physics today.

While Einstein did not solve these mysteries, in most of
them so far neither has any other scientist provided convincing
explanations. That his phenomenal mind saw them at all is his
great gift to science.

‘When we see his mistakes for what they are, and when we add
in his extraordinary successes, Einstein emerges as the single
greatest force behind both of the leading fields of physics today,
relativity and quantum mechanics.

Cosmology

The Cosmological Constant
The Expansion of the Universe
The Flat Universe

Space and Time

Fields and Particles
Unified Field Theory
Quantum Physics

Ontological Chance
The Statistical Interpretation
Nonlocality

Symmetry and Conservation

EPR-Entanglement
Schrédinger’s Cat

Thermodynamics and Statistical Mechanics
Gibbs-Louville

n
>
]
-]
-3
[
=
w
o

Chapter 36





OEBPS/images/ec9da37d-b276-48fe-8069-2ae3bea7bd58.png
Re\a\“‘ i
and Einstein 345

—

Information Philosophy and
Albert Einstein

The informationphilosopher.com website offers visualizations
of Einstein’s “objective reality,” with animations (on-line?) of the
wave function which “collapses” when the particle appears and
the possibilities field shrinks to its minimum possible size h’, as
well as animations of entangled particles revealing their symmetry

aand conserved properties.
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Quantum systems are often pictured as evolving in two ways:

« The first is the continuous wave function deterministically
exploring all the possibilities for interaction (compare von
Neumann process 2 and Feynman’s path-integral theory).

« The second is the particle randomly choosing one of those
possibilities to become actual (compare. von Neumann process 1
and Einstein’s photoelectric effect).

No knowledge can be gained by a “conscious observer” unless
new information has previously been irreversibly recorded in
the universe. New information can be created and recorded in
different places:

« In the target quantum system,

« In the combined target system and measuring apparatus,

« In the measuring apparatus

« It can then, and only then, become knowledge recorded in the
observer’s mind.

Like the quantum system, the measuring apparatus is material
and quantum mechanical, not deterministic or “classical.” It need
only be statistically determined and capable of recording the
irreversible information about an interaction. The apparatus is on
the “classical” side of the “quantum to classical transition” The
human mind is similarly only statistically determined.

&l « There is only one world. g
& . »
-] « It is a quantum world. g
~ 2
o Q
o - &
= 1 informationphilosopher.com/animations/ 5

© ©

©e e
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Great Problems in Philosophy and Physics - Solved?

This chapter on the web
ormationphilosopher.com/problems/one-many

Experience Recorder and
Reproducer

The experience recorder and reproducer (ERR) is our
functional basis for an information mind model. The ERR
is simpler, but superior to, computational models of the
mind popular in today’s neuroscience and cognitive science.
Mind is immaterial information, software in the brain
hardware. ERR provides deep insight into both the problem
of “meaning” and the “hard problem” of consciousness.

Man is not a machine. And the mind is not a computer.

Our specific mind model grows out of the biological
question of what sort of “mind” would provide the greatest
survival value for the lowest (or the earliest) organisms that
evolved mind-like capabilities.

We propose that a minimal primitive mind would need
only to “play back” past experiences that resemble any part
of current experience. Remembering past experiences has
obvious relevance (survival value) for an organism. But
beyond survival value, the ERR touches on the philosophical
problem of “meaning” We suggest the epistemological
“meaning” of information perceived is to be found in the past
experiences that are reproduced automatically by the ERR.

The ERR reproduces the entire complex of the original
sensations experienced, together with the emotional
response to the original experience (pleasure, pain, fear, etc.).
Playback is stimulated by anything in the current experience
that resembles something in the past experiences, in the five
dimensions of the senses (sound, sight, touch, smell and
taste).

The ERR model stands in contrast to the popular cognitive
science models of a mind as a digital computer with a “central

Appendix E
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Great Problems in Philosophy and Physics - Solved?

This chapter on the web
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Cosmic Creation

The Cosmic Creation Process

Information philosophy (actually information physics)
has now identified the exact steps needed to create any new
information structure in the universe. This includes the
creation of the first matter - elementary particles like quarks,
protons, neutrons, and electrons. It also includes the first
atoms and molecules (which did not appear until at least
380,000 years after the origin of the universe).

The very same steps are needed to form the galaxies, stars,
and planets, which were starting to form about 400 million
years after the origin. All these cosmic information structures
are informationally passive. Their interactions follow the
relatively simple laws of physics and chemistry.

Although we call it cosmic creation, the very same steps
create all life on Earth. But biological structures are far from
passive. They have the extraordinary active and emergent
capability of replicating and processing information. They
are cognitively aware of their environment. They exhibit
purposeful behavior.

Finally, those same steps are involved in our minds when
we create a new idea! Information philosophy tells a story of
cosmic and biological evolution that is one creation process
all the way from the original matter to the immaterial minds
that have now explained the creation process itself!

Sadly, cosmic creation is horrendously wasteful. In the
existential balance between the forces of destruction and the
forces of construction, there is no contest. The dark side is
overwhelming. By quantitative physical measures of matter
and energy content, there is far more chaos than cosmos in
our universe. But it is the cosmos that we prize.

Information philosophy focuses on the qualitatively
valuable information structures in the universe. The
destructive forces are entropic, they increase the entropy and
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Information

If you think about it, everything you know is pure abstract
information. Everything youareis an “information structure,”
a combination of matter and energy that embodies and
communicates your information. And everything that you
value contains information.

You are a creator of information, part of a cosmic creation
process. Your free will depends on your unique ability to
create alternative possibilities for your willed decisions and
responsible actions.

The simple definition of information is the act of informing
- the communication of knowledge from a sender to a receiver
that informs (literally shapes) the receiver.

By information we mean a quantity that can be
understood mathematically and physically. It corresponds
to the common-sense meaning of information, in the sense
of communicating or informing. It is like the information
stored in books and computers. But it also measures the
information in any physical object, like a snow crystal or
a star like our sun, as well as the information in biological
systems, including the genetic code, the cell structure, and
the developmental learning of the phenotype.

Although some commentators would like to limit the term
“information” to messages sent with an intended purpose,
physical scientists have long included the structure in physical
objects as something that can be measured by an observer and
thus is also information. Information philosophy recognizes
material objects as “information structures,” from which
pure information content can be abstracted as meaningful
knowledge, even though the object has no purpose.

Y Xipuaddy
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Entropy and the Second Law

Although twentieth-century quantum physics provides
the strongest evidence for the existence of ontological chance
and randomness in the universe, statistics and probability
entered physics long before the famous “uncertainty”
principle in quantum mechanics was proposed by WERNER
HEISENBERG in 1927.

Every scientist who made a major contribution to the
probabilistic nature of the world had some doubts as to
whether the use of probability implies that chance is real.
Is the appearance of randomness just a consequence of the
limits on human knowledge and merely epistemological? Or
is randomness a fundamental part of the external world and
thus ontological? Quantum physics says it is ontological.

Heisenberg himself maintained that our understanding of
reality is limited by what we can know about the microscopic
world. He also said quantum mechanics makes the world
acausal. His choice of “uncertainty” was unfortunate. Is
the world fundamentally indeterministic? Or is it only
because we cannot discover - we are uncertain about - an
underlying determinism that gives rise to the appearance
of indeterminism? Like the mathematicians who invented
the calculus of probabilities, the physicists who reduced
thermodynamics to statistical mechanics were skeptical
about ontological randomness.

In 1860, JaMEs CLERK MAXWELL was the first physicist to
use statistics and probability. He discovered the distribution
of velocities of atoms or molecules in a gas. Although there
was no real evidence for the existence of atoms until ALBERT
EINSTEIN's work on Brownian motion in 1905, Maxwell
and Lupwic BorLrzMANN showed that the macroscopic
laws of thermodynamics could be explained if gases consist
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Quantum Physics

Quantum Physics

In the classical Newtonian picture of matter in motion,
there is only one possible future, determined completely by
the distribution and motion of matter at any moment. The
future is certain and “causally closed” Complete information
about the future exists today, even if unknowable.

In the quantum picture, there are many possible futures.
Quantum mechanics lets us exactly calculate the probability
for the different futures, but it cannot tell us the actual future
that will be realized. The actual future is uncertain. New
information about the future is being created every day and
we are co-creators of that information. The future is open.

It is important to understand that new information
generated by quantum mechanics is not necessarily
permanent. New information must be stably recorded,
protected from erasure by the destructive forces of entropy.

As we saw in appendix B, this requires that more positive
entropy must be transferred away from the new information
structure than its negative entropy, to satisfy the second law.

Max Pranck derived the distribution of radiation at
different frequencies (or wavelengths) just as Maxwell and
Boltzmann had derived the distribution of velocities (or en-
ergies) of the gas particles. Both curves have a power law
increase on one side up to a maximum and an exponential
decrease down the other side from the maximum (the
“Boltzmann factor” of e “£/*7). This is because both curves
describe particles, one matter, the other light.

Planck’s assumption that the energy of the oscillators is
“quantized” was the beginning of quantum mechanics, but
he did not actually believe that radiation came in the form
of discrete particles, as we do today. It was ALBERT EINSTEIN
in 1905 who made the hypothesis that light comes in highly
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Chance

For most of the history of philosophy, ontological chance
has been strictly denied. LEucippus (440 B.C.E.) stated the
first dogma of determinism, an absolute necessity.

“Nothing occurs by chance (maton), but there is a reason (logos)

and necessity (ananke) for everything”

Chanceisregarded asinconsistent with causal determinism
and with physical or mechanical determinism.

The first thinker to suggest a physical explanation
for chance in the universe was EPICURUS. Epicurus was
influenced strongly by Aristotle, who regarded chance as a
fifth cause. Epicurus said there must be cases in which the
normally straight paths of atoms in the universe occasionally
bend a little and the atoms “swerve” to prevent the universe
and ourselves from being completely determined by the
mechanical laws of DEMOCRITUS.

For Epicurus, the chance in his atomic swerve was simply
a means to deny the fatalistic future implied by determinism
(and necessity). As the Epicurean Roman LUCRETIUS
explained the idea,

“..if all motion is always one long chain, and new motion arises
out of the old in order invariable, and if the first-beginnings
do not make by swerving a beginning of motion such as to
break the decrees of fate, that cause may not follow cause from
infinity, whence comes this freedom in living creatures all over
the earth”!

Epicurus did not say the swerve was directly involved in
decisions so as to make them random. His critics, ancient and
modern, have claimed mistakenly that Epicurus did assume
“one swerve - one decision” Some recent philosophers call
this the “traditional interpretation” of Epicurean free will.

1 De Rerum Natura, Book 2, lines 251-256
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Ireversibility

Microscopic Irreversibility

In 1876, Joser Loscumr criticized his younger colleague
Luowic Borrzmamys 1866 attempt to derive from clasical
dynamics the Increasing entropy required by the second law of
thermodynamics. Loschmidrs crtiism was based on the smple
idea that the laws of classical dynamics are time reversibl. Con-
sequently,if we just turned the time around, the time evolution of
the system should lead to decreasing entropy.

‘Thisis the Intimate connection between time and the second.
law of thermodynamics that ARTHUR STANLEY EpDINGTON later
calld the Arrow of Time."

Microscopic time reversibility Is one of the foundational
assumptions of both classical mechanics and quantum mechanics.
But a careful quantum analysis shows that reversibility falls even
in the most ideal conditions - the case of two particles In collision
- provided the quantum mechanical interaction with radiation is
takennto account.

‘Our proof of microscopic rreversibility provides a new justi
fcation for Boltzmanns assumption of ‘molecular disorder” and.
strengthens his proof of H- Theorem.

In quintum mechanics, microscopic time_reversibilty is
assumed 1o be true by some sclentists because the deterministic
linear Schrddinger equation Itsel Is time reversible. But the
Schradinger equation only describes the deterministic time evo-
Iution of the probabilties of various quantum events.

‘When a quantum event occurs,iftheeis arecordof the event (if
‘new information enters the universe), the probabilities of multiple
possble events collapse to the occurrence of just e actual event.
‘Thiss the collapse of the wave function tha Jory von NEUMANN
called process 17

An irreversible event that leaves a record (sable new
information) may become a measurement, fthe new information
is observed. Measurements are fundamentally and irreducibly
irreversible.
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Recurrence

The Recurrence Problem

The idea that the macroscopic conditions in the world will
repeat after some interval of time is an ancient idea, but it
plays a vital role in modern physics as well.

Ancient middle eastern civilizations called it the Great
Year. They calculated it as the time after which the planets
would realign themselves in identical positions in the sky.

The Great Year should not be confused with the time that
the precession of the equinoxes takes to return the equinoxes
to the same position along the Zodiac - although this time
(about 26,000 years) is of the same order of magnitude as
one famous number given by Babylonian astronomers for
the Great Year (36,000 years).

Many societies have the concept of the Great Year, but none
did calculations as carefully as the Babylonians. But since the
planets orbital periods are not really commensurate, they
kept increasing the time for the Great Year in the search for a
better recurrence time.

The Greek and Roman Stoics thought the Great Year was
a sign of the rule of law in nature and the God of reason that
lay behind nature.

In modern philosophy, Friedrich Nietzsche described an
eternal return in his Also Sprach Zarathustra.

Zermelo's Paradox

Ernst Zermelo' criticized LuDWIG BOLTZMANN'S
H-Theorem, the attempt to derive the increasing entropy
required by the second law of thermodynamics from basic
statistical mechanics.

It was the second “paradox” attack on Boltzmann. The first
was JosEF LoscHMIDT's claim that entropy would be reduced
if time were reversed. This is the problem of microscopic
reversibility.'

1 Seechapter 24.
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Emergence

Information philosophy explains the reality of emergence,
because whatemerges is new information. The universe began
with minimal information. There was no matter, just energy.
In a deterministic universe, that would be all the information
in the future, because information would be conserved.

The physical world has emerged, the biological world
has emerged, and the mental world of ideas has emerged,
including the idea of emergence itself. Emergence is the
result of the cosmic creation process.'

The concept of emergence has become very popular in
the last few decades in connection with the development of
chaos and complexity theories, which is ironic because these
both are deterministic physical theories,

But emergence is actually a very old idea, dating at least to
the nineteenth century, with some hints of it in ancient and
medieval philosophy.

The basic idea of emergence is that there are properties -
perhaps even “laws” - at the upper hierarchical levels of nature
that are not derivable from or reducible to the properties
and laws of the lower levels. Thus chemistry has properties
not derivable from physics, biology properties not derivable
from chemistry, and psychology properties not derivable
from biology.

9z 1aadeyd
Chapter 26

Emergence or Reduction?

Reductionism, by contrast, argues that everything can be
explained by (reduced to) the basic laws of physics. The world
is said to be “causally closed” “Physicalism” is the idea that
everything that is caused has a physical cause, that eveything
that happens is caused by material particles in motion

1 Sce appendix .
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Origins of Life and Information

Despite many controversies about the role of information
in biology over the past several decades, we can now show
that the creation of information is not only necessary to
understand biology, but that biology is a proper subset of
information creation in the universe, including the evolution
of human minds, which have created the knowledge
about how abstract immaterial information and concrete
information structures (matter and energy with low entropy)
have been and are now being created in the universe.

A new story of biological evolution is needed, integrating
it into the cosmological story and illustrating the total
dependence of life on cosmological sources of negative
entropy (information). We cannot appreciate the origin of
life without first understanding the origin of information.

The first information structures formed in the early
universe. Elementary particles,atomsand molecules, galaxies,
stars, and planets, are all the result of microscopic quantum
cooperative phenomena and macroscopic gravitational
forces. These are the very special anti-entropic processes that
we call ergodic (information creating) .

But it is not until the emergence of life that information
replication and information processing begins. Living things
are biological information processors, with capabilities far
beyond the electronic digital computers that cognitive
scientists think provides a “computational theory of mind.”

Mostimportant, living things have “purposes” They engage
in high level communications of information with other
living things and with the environment. Their messaging is
meaningful, allowing them to be active users of information,
compared to passive material things, whose structural
information is largely inert and meaningless. Living things
also have histories, unlike physics and chemistry.
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Decoherence

Decoherenceisthestudy of interactions between aquantum
system (generallyaverysmall number of microscopic particles
like electrons, photons, atoms, molecules, etc. - often just
a single particle) and the larger macroscopic environment,
which is normally treated “classically,” that is, by ignoring
quantum effects, but which decoherence theorists study
quantum mechanically. Decoherence theorists attribute the
absence of macroscopic quantum effects like interference
(which is a coherent process) to interactions between a
quantum system and the larger macroscopic environment.

They maintain that no system can be completely isolated
from the environment. Decoherence, they say, accounts for
the disappearance of macroscopic quantum effects, and is
experimentally correlated with the loss of isolation.

NieLs BoHR maintained that a macroscopic apparatus
used to “measure” quantum systems must be treated
classically. JoHN vVON NEUMANN, on the other hand, assumed
that everything is made of quantum particles, even the mind
of the observer. This led him and WERNER HEISENBERG to
say that a “cut” must be located somewhere between the
quantum system and the mind, which would operate in a
sort of “psycho-physical parallelism.”

Lz 1adey)
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Chapter 21

A main characteristic of quantum systems is the appearance
of wavelike interference effects. These only show up in
large numbers of repeated identical experiments that make
measurements on single particles at a time. Interference is
never directly “observed” in a single experiment. When
interference is present in a system, the system is called
“coherent.” Decoherence then is the loss or suppression of
that interference.

This chapter on the web
© informationphilosopher.com/problems/decoherence
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Schrédinger’s Cat

ERWIN SCHRODINGER’s goal for his infamous cat-killing
box was to discredit certain non-intuitive implications of
quantum mechanics, of which his wave mechanics was the
second formulation. Schrédinger’s wave mechanics is more
continuous mathematically, and more deterministic, than
'WERNER HEISENBERG’s matrix mechanics.

Schrodinger did not like NIELS BoHR’s idea of “quantum

jumps” between Bohr’s “stationary states” - the different
“energy levels” in an atom. Bohr’s “quantum postulate” said
that the jumps between discrete states emitted (or absorbed)
energy in the amounthv=E, - E,

Bohr did not accept ALBERT EINSTEIN’s 1905 hypothesis
that the emitted radiation is a discrete quantum of energy hv.
Until well into the 1920, Bohr (and Max PLANCK, himself
the inventor of the quantum hypothesis) believed radiation
was a continuous wave. This was the question of wave-particle
duality, which Einstein saw as early as 1909.

It was Einstein who originated the suggestion that the
superposition of Schrodinger’s wave functions implied that
two different physical states could exist at the same time.
This was a serious interpretational error that plagues the
foundation of quantum physics to this day.

Chapter 22

This error is found frequently in discussions of so-called
“entangled” states (see chapter 20).

Entanglement occurs only for atomic level phenomena and
over limited distances that preserve the coherence of two-
particle wave functions by isolating the systems (and their
eigenfunctions) from interactions with the environment.

We never actually “see” or measure any system (whether
a microscopic electron or a macroscopic cat) in two distinct
states. Quantum mechanics simply predicts a significant

This chapter on the web
© informationphilosopher.com/problems/scrodingerscat
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The Arrow of Time

The laws of nature, except the second law of thermodynamics,
are symmetric in time. Reversing the time in the dynamical
equations of motion simply describes everything going backwards.
The second law is different. Entropy must never decrease in time,
except statistically and briefly, as LUDWIG BOLTZMANN showed.

Many natural processesareapparentlyirreversible. Irreversibility
is intimately connected to the direction of time. Identifying the
physical reasons for the observed irreversibility, the origin of
irreversibility, would contribute greatly to understanding the
apparent asymmetry of nature in time, despite nature's apparently
perfect symmetry in space. See chapter 24.

In 1927, ARTHUR STANLEY EDDINGTON coined the term
"Arrow of Time" in his book The Nature of the Physical World. He
connected "Time's Arrow" to the one-way direction of increasing
entropy required by the second law of thermodynamics.! This is
now known as the "thermodynamic arrow."

In his later work, Eddington identified a "cosmological arrow,"
the direction in which the universe is expanding,? which was
shown by Edwin Hubble about the time Eddington first defined
the thermodynamic arrow.

| O\ |~
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Chapter 23

There are now at least five other proposed arrows of time
(discussed below). We can ask whether one arrow is a "master
arrow" that all the others are following, or perhaps time itself is
just a given property of nature that is otherwise irreducible to
something more basic, as is space.

Given the four-dimensional space-time picture of special
relativity, and given that the laws of nature are symmetric in
space, we may expect the laws to be invariant under a change in
time direction. The laws do not depend on position in space or
direction, they are invariant under translations and rotations,
since space is seen to be uniform and isotropic. But time is not

1 Nature of the Physical World, 1927, p.328-9
2 New Pathways in Science, 1937, p.328-9
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The Measurement Problem

The “problem of measurement” in quantum mechanics
has been defined in various ways, originally by scientists, and
more recently by philosophers of science who question the
“foundations” of quantum mechanics.

Measurements are described with diverse concepts in
quantum physics such as:

« wave functions (probability amplitudes) evolving
unitarily and deterministically (preserving information)
according to the linear Schrédinger equation,

« superposition of states, i.e., linear combinations of
wave functions with complex coefficients that carry phase
information and produce interference effects (the principle
of superposition),

o quantum jumps between states accompanied by the
“collapse of the wave function” that can destroy or create
information (PAUL DIRAC's projection postulate, JOHN VON
NEUMANN’s Process 1),

« probabilities of collapses and jumps given by the square
of the absolute value of the wave function for a given state,

«values for possible measurements given by the eigenvalues
associated with the eigenstates of the combined measuring
apparatus and measured system (the axiom of measurement),

« the indeterminacy or uncertainty principle.

The original measurement problem, said to be a
consequence of NIELs BoHR’s “Copenhagen Interpretation”
of quantum mechanics, was to explain how our measuring
instruments, which are usually macroscopic objects and
treatable with classical physics, can give us information about
the microscopic world of atoms and subatomic particles like
electrons and photons.

This chapter on the web
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Determinism

The “problem of determinism” looms large in philosophy,
where it appears as the powerful alternative to libertarian
freedom in the “problem of free will.”

But determinism is equally powerful in physics today. It
appears to be the logical, the rational, even the metaphysical
foundation of classical Newtonian physics. The alternative
of chance is thought to be irrational. Chance cannot be a
“reason” or an explanation, which the Greeks called a “logos.”
Chance is “alogos,” not logical. An uncaused cause has long
been considered oxymoronic by analytic thinkers who, to be
sure, placed too much explanatory power in words.

Despite the fact that quantum physics seems to have
shown that the microscopic world at least is ontologically
indeterministic, the critics of quantum theory, who have
developed several alternative “interpretations” of quantum
mechanics, are equally divided into those who accept the
indeterminism and those, following ALBERT EINSTEIN,
ERWIN SCHRODINGER, and many others, hope to show
that determinism can be restored to quantum theory by
discovering “hidden variables,” forces coming in “from
outside space and time,” or that there is only the “appearance”
of randomness.

g1 133dey)

Determinism is the philosophical idea that every event or
state of affairs, including every human decision and action,
is the inevitable and necessary consequence of antecedent
states of affairs. There is but one possible future.

More strictly, determinism should be distinguished from
pre-determinism, the idea that the entire past (as well as the
future) was determined at the origin of the universe.

This chapter on the web
© informationphilosopher.com/freedom/determinism.html
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Collapse of the Wave Function

The idea of the wave function in quantum mechanics and
its indeterministic collapse during a measurement is without
doubt the most controversial problem in physics today. Of the
several “interpretations” of quantum mechanics, more than
half deny the collapse of the wave function. Some of these
deny quantum jumps and even the existence of particles!

So it is very important to understand the importance of
what Paul Dirac called the projection postulate in quantum
mechanics. The “collapse of the wave function” is also
known as the “reduction of the wave packet.” This describes
the change from a system that can be seen as having many
possible quantum states (Dirac’s principle of superposition) to
its randomly being found in only one of those possible states.

Although the collapse is historically thought to be caused
by a measurement, and thus dependent on the role of the
observer! in preparing the experiment, collapses can occur
whenever quantum systems interact (e.g., collisions between
particles) or even spontaneously (radioactive decay).

The claim that an observer is needed to collapse the wave
function has injected a severely anthropomorphic element
into quantum theory, suggesting that nothing happens in the
universe except when physicists are making measurements.
An extreme example is HuGH EVERETT’s Many Worlds
theory, which says that the universe splits into two nearly
identical universes whenever a measurement is made.

What is the Wave Function?

Perhaps the best illustration of the wave function is to show
it passing though the famous slits in a two-slit experiment.
It has been known for centuries that water waves passsing
through a small opening creates circular waves radiating

1 Seechapter 17
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Entanglement

Entanglement

Entanglement is a mysterious quantum phenomenon that
is widely, but mistakenly, described as capable of transmitting
information over vast distances faster than the speed of light.
It has proved very popular with science writers, philosophers
of science, and many scientists who hope to use the mystery to
deny one or more of the basic concepts underlying quantum
physics.

Some commentators say that nonlocality and entanglement
are a “second revolution” in quantum mechanics, “the greatest
mystery in physics,” or “science’s strangest phenomenon,” and that
quantum physics has been “reborn” They usually quote Erwin
Schrédinger as saying

“I would not call that one but rather the characteristic trait of
quantum mechanics,” the one that enforces its entire departure

from classical lines of thought”!

ERWIN SCHRODINGER knew that his two-particle wave
function could not have the same simple interpretation as
the single particle, which can be visualized in ordinary
3-dimensional configuration space. And he is right that
entanglement exhibits a richer form of the “action-at-a-
distance” and nonlocality that ALBERT EINSTEIN had already
identified in the collapse of the single particle wave function.

But the main difference is that two particles instead of one
acquire new properties, and they do it instantaneously (at
faster than light speeds), just as in the case of a single-particle
measurement, where the finite probability of appearing at
various distant locations collapses to zero at the instant the
particle is found somewhere.

| Mathematical Proceedings of the Cambridge Philosophical Society, Volume 31,
Issue 04, October 1935, pp 555-563
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The Self and Other Minds

‘Celebrating Re. Duscaxrss, the first modern philosopher,
and his famous phrase Fgo copita, ergosum, we call our model for
‘mind the Fgo. I is implemented with our experience rcorder and
reproducer (ERR).

‘Our two-stage modelfor free will e call the Cagito. Our model
for an objective value, mdependent of humanity and earthly bio-
ethics, wecall Ergo. And our model for knovwiedge we all the Sum.

“The Egois more o less synonymous with the Self the Soul, or
the Spirt - Gruaear Reve's “ghost in the machine” We see it as
immaterial information. An immaerial sef with causal pawer i
almast universally denied by modern philosophers as melaphysi-
al,along with related problematic ideas such as consciousness
andliberarian or indeterministic ree will

Descartes illustrated a mechanicalreflex path, from a foot feek-
ing pain from a fir, up a nerve o the pineal land i the mind,
and back down to pull away the foot
1t is important to note that Descartes made that gland. the
locus of undetermined freedom
in humans. For him, the body
was 2 deterministic mechani-
cl sytem of tny fbes causing
movements in the brin (the
affernt sensations), which then
can pall on other fbres to act-
vate the muscls (e efferent
nerve impulse). This s the asis
ofstimulus and response theory
in modern physiology (reflxol-
ogy). 1t s also the basis behind
simple _connectonist. theories
w154 Dot sl 0f mind. An appropriate neural
network (vith all the necesary logical connections) need only
connect afernt o eferen signals. No thinking mind is needed
foranimals. This “reflex arc” model i till common in biology.

Chaptar 15
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Mental Causation

The Problem of Mental Causation is a major problem in the
Philosophy of Mind. It has been with us at least since RENE DEs-
CARTES claimed that mind and body are separate substances. If
the body is only physical and material, how can a non-physical
and immaterial mind possibly act on the body. More importantly,
how can a “mental” action or event in the mind be the cause of a
physical action by the body?

Mental causation is a specific case of the more general problem
of downward causation, for example the downward control of the
motions of a cell’s atoms and molecules by supervening biological
macromolecules. Is the molecular biology of a cell reducible to the
laws governing the motions of its component molecules, or are
there emergent laws governing motions at the cellular level, the
organ level, the organism level, and so on up to the mental level?

Can emergent properties or laws at the higher levels of a phys-
ical-chemical-based biological system prevent those higher levels
from being reduced to the properties and laws of the base physical
level?! See chapter 26 for more on emergence.

In the 1960’s the neuroscientist ROGER SPERRY claimed that
higher levels in a hierarchy could act causally on the base level.
He cited a wheel rolling downhill as an example of what he called
“downward causal control” The atoms and molecules are caught
up and overpowered by the higher properties of the whole. Sperry
compared the rolling wheel to an ongoing brain process or a pro-
gressing train of thought in which the overall properties of the
brain process, as a coherent organizational entity, determine the
timing and spacing of the firing patterns within its neural infra-
structure. A few years later (1974), DoNALD CAMPBELL coined
the phrase “downward causation.”

The locus classicus of recent discussions of mental causation is
DoNALD DAVIDSON's 1970 essay “Mental Events,” which was re-
visited in his 1993 essay, “Thinking Causes,” published together
with 15 critical essays on Davidson’s work in the 1993 book Men-

1 See chapter 26 for more on emergence.
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Information Interpretation of
Quantum Mechanics

The Information Interpretation is simply “standard quantum
physics” plus information being recorded irreversibly. Unlike the
Copenhagen Interpretation, we offer a visualization of what is go-
ing on in quantum reality, with animations (on-line) of the wave
function evolution and the appearance of the particle, when the
wave function shrinks to its minimum possible size h3.

The Information Interpretation is based on three simple
premises:

Quantum systems evolve in two ways:

« The first is the wave function deterministically exploring all
the possibilities for interaction,

« The second is the particle randomly choosing one of those
possibilities to become actual.

No knowledge can be gained by a “conscious observer” unless
new information has already been irreversibly recorded in the
universe. New information can be created and recorded in three
places:

| O\
e \ |

« In the target quantum system,

« In the combined target system and measuring apparatus,

« It can then become knowledge in the observer’s mind.

The measuring apparatus is quantal, not deterministic or “clas-
sical” It need only be statistically determined and capable of re-
cording the irreversible information about an interaction. The hu-
man mind is similarly only statistically determined.

« There is only one world.

« It is a quantum world.

Ontologically, the quantum world is indeterministic, but in our
everyday common experience it appears be causal and determin-
istic, the so-called “classical” world. Information physics claims
there is only one world, the quantum world, and the “quantum to

This chapter on the web
ormationphilosopher.com/quantum/interpretation
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Statistical Mechanics

Statistical mechanics and thermodynamics are nineteenth-
century physics, but they contain the seeds of the ideas that
ALBERT EINSTEIN would use to create quantum theory in the
twentieth. The two greatest contributions to statistical mechanics
had been made by LubwIG BOLTZMANN, who believed that gases
consist of enormous numbers of individual material particles, and
J. WILLARD GIBBS, whose work did not emphasize molecules.

Boltzmann believed that the entropy in an isolated system can
only increase. Gibbs had a more sophisticated and conservative
view. Because all the information is conserved by the laws of clas-
sical mechanics, macroscopic order (or information) only appears
to be lost when it migrates into microscopic order.

Before these two, we saw it was JAMES CLERK MAXWELL who
first derived a mathematical expression for the distribution of gas
particles among different velocities. He assumed the particles were
distributed at random and used probabilities from the theory of
errors to derive the shape of the distribution. Maxwell was thus
the first statistical physicist.

Maxwell and Boltzmann were atomists who accepted the idea
that the apparently continuous pressure of a gas on the walls of
its container is caused by so vast a number of collisions that the
individual discrete bumps against the walls are simply not detect-
able. Gibbs formalized macroscopic thermodynamics to become
statistical mechanics or perhaps statistical thermodynamics.

Where Maxwell and Boltzmann believed in atoms, it was
Einstein who proved their existence. It was to be Einstein who
would be first to calculate the magnitude of tiny fluctuations in
those vast numbers. His calculations pointed to the conditions
where individual particles would first be detected.!

Maxwell is better known for his set of equations for electromag-
netic theory, which, like ISAAC NEWTON’s theory of gravitation,
is a continuous field theory. We shall show that from his earliest
investigations to his last days, Einstein was worried about whether

1 For his analysis of Brownian motion, see chapter 7.
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Light Quantum Hypothesis

In 1905, Einstein wrote four extraordinary papers, one of
which won him the 1921 Nobel prize in physics. Continuing
his investigations into a single theory that would describe
both matter and radiation, he proposed a radical hypothesis
to explain a new experiment that showed a direct connection
between radiation and electrons.

It had been thought that the oscillations of electrons were
responsible for the emission of electromagnetic waves, but
in this case it was the absorption of light that was causing the
ejection of electrons from various metal surfaces.

It is called the photoelectric effect.

HeinricH HerTz had shown in 1889 that high-voltage
spark gaps emit electromagnetic waves that are light waves
obeying Maxwell’s equations. He also noticed that ultravio-
let light shining on his spark gaps helped them to spark. In
1902, the Hungarian physicist PHILIPP LENARD confirmed
that light waves of sufficiently high frequency v shining on a
metal surface cause it to eject electrons.

To his surprise, below a certain frequency, no electrons
were ejected no matter how strong he made the intensity
of the light. Assuming that the energy in the light wave was
simply being converted into the energy of moving electrons,
this made no sense.

Furthermore, when Lenard increased the frequency of
the incident light (above a critical frequency v) the ejected
electrons appeared to move faster.

These strange behaviors gave Einstein very strong reasons
for imagining that light must be concentrated in a physically
localized bundle of energy. He wrote:

The usual conception, that the energy of light is continu-

ously distributed over the space through which it propagates,
encounters very serious difficulties when one attempts to

15
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Transition Probabilities

When he finished the years needed to complete his general
theory of relativity, Einstein turned back to quantum theory and
to Bohr’s two postulates about 1) electrons in stationary (non-
radiating) states and 2) radiating energy E - E = hv when “jump-
ing” (Einstein’s word from 1907) between two energy levels.

Bohr’s two postulates provided amazingly accurate explanations
of the spectroscopic lines in the hydrogen spectrum. They became
the basis for a theory of atomic structure that is still taught today
as the introduction to quantum chemistry.

But Bohr, and Planck, used expressions that cleverly fit known
spectroscopic data. In 1916, Einstein showed how to derive Bohr’s
second postulate from more fundamental physical principles,
along with Einstein’s latest, and thus far simplest, derivation of the
Planck radiation law that demonstrated its discrete nature.

L1 193dey)d
Chapter 11

Where Bohr and Planck manipulated mathematical expres-
sions to make them fit experimental data, Einstein found the
transition probabilities for absorption and emission of light quanta
when an electron jumps between Bohr’s energy levels. Starting
with “Boltzmann’s Principle” that defines entropy as probability,
calculated as the number of possible states, and using fundamental
conservation laws for energy and momenta, Einstein showed his
deep physical understanding of interactions between electrons
and radiation that went back over ten years., but had not been
accepted by his colleagues, not even Planck or Bohr.

Planck had argued for many years that the irreversibility of the
entropy increase somehow depends on the interaction of radia-
tion and matter. Now Einstein’s expressions for the absorption and
emission of light quanta showed how they maintain thermody-
namical equilibrium between radiation and matter as well as how
some interactions are indeed irreversible.

In addition, Einstein predicted the existence of the unidirec-
tional “stimulated emission” of radiation, the basis for lasers.
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Microscopic Irreversibility

In 1872, LupwiG Borrzmann developed his transport equa-
tion and his H-theorem that show exactly how gases with large
numbers of particles have macroscopic irreversibility.

We see this fact every day when things mix but never unmix.
Imagine putting 50 white and 50 black balls into a box and shak-
ing them, now pour out 50 each into two smaller boxes and con-
sider the possibility that one contains all black, the other all white.

In 1876, Joser LoscHMIDT criticized his younger colleague
Boltzmann’s attempt to derive from classical dynamics the
increasing entropy required by the second law of thermodynam-
ics. Loschmidt's criticism was based on the simple idea that the
laws of classical dynamics are time reversible. Consequently, if we
just turn the time around, the time evolution of the system should
lead to decreasing entropy.

But we cannot turn time around. This is the intimate connec-
tion between time and the increasing entropy of the second law of
thermodynamics that ARTHUR STANLEY EDDINGTON later called
the Arrow of Time.!

We saw in chapter 4 that Max PLaNck hoped for many years
to show that the second law of thermodynamics and its irrevers-
ible increase in entropy are universal and absolute laws. Planck
hoped some ireversibility might emerge from a study of the inter-
action of matter and radiation. We now know his intuition was
correct about interaction, but wrong about the absolute nature of
the second law.

Microscopic time reversibility remains one of the foundational
assumptions of classical mechanics. This is because the classical
differential equations (Newton’s laws) that describe the motion
are time reversible.

So our first problem in the preface, known since the nineteenth
century, is how can we reconcile macroscopic irreversibility with
microscopic reversibility? The short answer is quantum mechan-
ics. The laws of classical mechanics are adequate only for statisti-
cal averages over a large number of quantum particles.

1 See Great Problems, chapter 23
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A Nobel Prize and Some
Experimental Confirmations

In 1910 Robert A. Millikan established himself as one of the
world’s leading experimentalists with his “oil-drop” experiment
that measured the elementary charge on the electron. The charge-
to-mass ratio had been predicted by J.J.Thomson, the discoverer
of the electron, so Millikan’s work now provided both the charge
and the mass independently.

Like most physicists, theoreticians and experimentalists,
Millikan doubted Einstein’s light quantum hypothesis, and he set
out to build the cleanest possible surface in a vacuum that could
test Einstein’s prediction that the relation between light frequency
and the energy of an ejected electron is linear. The graph should
be a straight line (see p.55).

While admitting that Einstein’s photoelectric equation “repre-
sents very accurately the behavior,” Millikan wrote that it “cannot
in my judgement be looked upon as resting upon any sort of
satisfactory theoretical foundation” When Einstein learned of
the experimental confirmation of his prediction, along with the
denial of his theory, the first World War had begun and all his
energies were devoted to his general theory of relativity.

At this time, Einstein felt very much alone in believing the
reality (his emphasis) of light quanta:

I do not doubt anymore the reality of radiation quanta, although

I still stand quite alone in this conviction.'

It would be many more years before most of the physics
community would accept Einstein’s radical hypothesis, this despite
two more dramatic confirmations of Einstein’s predictions.

The first confirmation was not for Einstein’s work in quantum
mechnics but his 1916 theory of general relativity. ARTHUR
STANLEY EDDINGTON’s eclipse expedition of 1919 made Ein-
stein world-famous overnight. Eddington measured the angle
of deflection of light from a distant star as it passed close to the
surface of the darkened sun.

1 Letter to M. Besso, quoted by Abraham Pais, “Subtle is the Lord...”, p.411
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De Broglie Pilot Waves

Louis DE BROGLIE was a critical link from the 1905 work of
ALBERT FINSTEIN to ERWIN SCHRODINGER’s 1926 wave mechanics

and to Max Born’s “statistical interpretation,” considered a key
part of the Copenhagen interpretation of quantum mechanics.

Preface

De Broglie is very important to our account of the slow accep-
tance of Einstein’s work in quantum mechanics, perhaps the first
thinker to understand Einstein’s case for wave-particle duality in
1909 (as we saw in chpater 9) and take Einstein’s light-quantum
hypothesis seriously.

In his 1924 thesis, de Broglie argued that if light, which was
thought to consist of waves, is actually discrete particles that
Einstein called light quanta (later called photons), then matter,
which is thought to consist of discrete particles, might also have a
wave nature. He called his matter waves “pilot waves.”

The fundamental idea of [my thesis] was the following: The
fact that, following Einstein’s introduction of photons in light
waves, one knew that light contains particles which are con-
centrations of energy incorporated into the wave, suggests that
all particles, like the electron, must be transported by a wave
into which it is incorporated... My essential idea was to extend
to all particles the coexistence of waves and particles discov-
ered by Einstein in 1905 in the case of light and photons.*

What Einstein had said was that the light wave at some position
is a measure of the probability of finding a light particle there, that
is, the intensity of the light wave is proportional to the number of
photons there. It may have been implicit in his 1905 light quan-
tum hypothesis, as de Broglie seems to think, but Einstein had
explicitly described a “guiding field” (Fiihrungsfeld) or “ghost
field” (Gespensterfeld) a few years before de Broglie’s thesis.

Einstein had used these field terms privately to colleagues some
time between 1918 and 1921. We don’t have specific quotes from
Einstein until October 1927 at the fifth Solvay conference.

1 en.wikipedia.org/wiki/Louis_de_Broglie, retrieved 03/17/2017.
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Brownian Motion and Relativity

In this chapter we describe two of Einstein’s greatest works that
have little or nothing to do with his amazing and deeply puzzling
theories about quantum mechanics. The first, Brownian motion,
provided the first quantitative proof of the existence of atoms and
molecules. The second, special relativity in his miracle year of
1905 and general relativity eleven years later, combined the ideas
of space and time into a unified space-time with a non-Euclidean
curvature that goes beyond Newton’s theory of gravitation.

Einstein’s relativity theory explained the precession of the orbit
of Mercury and predicted the bending of light as it passes the sun,
confirmed by ARTHUR STANLEY EDDINGTON in 1919. He also
predicted that galaxies can act as gravitational lenses, focusing
light from objects far beyond, as was confirmed in 1979. He also
predicted gravitational waves, only detected in 2016, one century
after Einstein wrote down the equations that explain them..

What are we to make of this man who could see things that
others could not? Our thesis is that if we look very closely at the
things he said, especially his doubts expressed privately to friends,
today’s mysteries of quantum mechanics may disappear.

As great as Einstein’s theories of Brownian motion and relativity
are, they were both accepted quickly because measurements were
soon made that confirmed their predictions. Moreover, many con-
temporaries of Einstein were working on these problems. Marion
Smoluchowski worked out the equation for the rate of diffusion
of large particles in a liquid the year before Einstein. He did not
publish, hoping to do the experimental measurements himself.

In the development of special relativity, Hendrik Lorentz had
assumed the constancy of the velocity of light and developed the
transformation theory that predicted the apparent contraction
of space and/or time when measured by moving clocks. Henri
Poincaré used the Lorentz transformation and had described a
“principle of relativity” in which the laws of physics should be
the same in all frames unaccelerated relative to the ether (which
Poincaré continued to believe in for years). Hermann Minkowski
combined space and time into a four-dimensional “space-time.”
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Specific Heat

A few months after the three famous papers of his
miracle year, Einstein published in September a three-
page paper showing that energy and matter are intercon-
vertible according to the famous equation E = mc% This
result greatly strengthened his belief in the light quantum
hypothesis of March. He also saw that radioactive decay
involves the liberation of a vast amount of radiation
which is a consequence of the conversion of mass into
energy. This was forty years before the first atomic bomb.

In 2006, Einstein published two more papers on the
Planck law and the deeper physical connections that must
exist between matter and radiation. The first was on the
emission and absorption of radiation by matter, the second
on the specific heat of different materials.

In the first paper, Einstein was puzzled how Planck had
arrived at his law for the distribution of energy in blackbody
radiation, especially the exponential factor in the denomina-
tor and the added -1. He concluded (ironically?) that Planck
had effectively, without understanding it, “introduced into
physics a new hypothetical element: the hypothesis of light
quanta.”

His second paper of 1906 was an extraordinary investi-
gation into the specific heat of solid materials. In this paper,
Einstein was the first to see the internal quantum states of
matter, seven years before NIELs BOHR’s atomic model..

Specific heat is the amount of energy that must be added
to raise the temperature of material one degree. It is closely
related to the entropy (it has the same dimensions) and to
the quantum internal structure of materials. As temperature
increases, the number of particles in the system, the number
of degrees of freedom, and thus the number of states whose
logarithm is the entropy, may all increase suddenly, in so-






OEBPS/images/fc2c0c09-7105-425f-9e66-1dd80c462bed.png
elauvs
24 My God, He Plays Dice! R 6

article Duality 25

Wave-Particle Duality

Einstein greatly expanded his light-quantum hypothesis
in a presentation at the Salzburg conference in September,
1909. He argued that the interaction of radiation and matter
involves elementary processes that have no inverse, a deep
insight into the irreversibility of natural processes. While
incoming spherical waves of radiation are mathematically
possible, they are not practically achievable. Nature appears
to be asymmetric in time. He speculates that the continuous
electromagnetic field might be made up of large numbers
of light quanta - singular points in a field that superimpose
collectively to create the wavelike behavior.

Although he could not yet formulate a mathematical
theory that does justice to both the oscillatory and quantum
structures - the wave and particle pictures, Einstein argued
that they are compatible. This was fifteen years before wave
mechanics and quantum mechanics. Because gases behave
statistically, he knew that the connection between waves and
particles may involve probabilistic behavior.

» ea\

Once it had been recognized that light exhibits the phenomena
of interference and diffraction, it seemed hardly doubtful any
longer that light is to be conceived as a wave motion. Since light
can also propagate through vacuum, one had to imagine that
vacuum, too, contains some special kind of matter that me-
diates the propagation of light waves. For the interpretation
of the laws of the propagation of light in ponderable bodies,
it was necessary to assume that this matter, which was called
luminiferous ether, is present in them too, and that in the
interior of ponderable bodies as well, it is essentially the lumi-
niferous ether that mediates the propagation of light. The exis-
tence of this luminiferous ether seemed beyond doubt.

However, today we must regard The hypothesis of
the ether hypothesis as an obsolete | 5 juminiferous ether
standpoint. It is even undeniable | mediumisobsolete.
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Bohr-Einstein Atom

NiELs BoHR is widely, and correctly, believed to be the third
most important contributor to quantum mechanics, after Max
PraNck and ALBERT EINSTEIN. Bohr is said to have introduced
quantum numbers, quantization of properties, and “quantum
jumps” between his postulated energy states in the atom.

But we have seen that Einstein had suggestions of such jumps
between energy levels in solid state matter several years earlier.
And the “quantum condition” for Bohr was quantization of
the angular momentum, which is the same as Max PLANCK’s
“quantum of action” h. And we shall see that the integer numbers
of quantum mechanics could be seen decades earlier in the
formulas for spectral-line frequencies.

ol 423dey)

Today the “Bohr atom” is described in many textbooks as
making quantum jumps between energy levels, with the emission
and absorption of photons. But this is a serious anachronism,
because Bohr denied the existence of Einstein’s localized light
quanta for well over a decade after his 1913 model of the atom.

For Bohr, as for Planck, radiation was always a continuous wave,
without which it was thought that one can not possibly explain the
interference and diffraction phenomena of light.

Bohr was invited by ERNEST RUTHERFORD to study in England,
where Rutherford had recently shown that the nucleus of an atom
is confined to a small central mass of positive charge, suggesting
that the electrons might orbit about this center as planets orbit
the sun. Rutherford’s model conflicted with the fact that acceler-
ated electrons should radiate a continuous stream of radiation of
increasing frequency, as the electron spirals into the nucleus.

Bohr came up with two radical hypotheses, one of which would
be derived from quantum principles by ALBERT EINSTEIN in 1916.

1) The allowed orbits are what Bohr called “stationary states,”
discrete energy levels in which the electrons do not radiate energy.
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Biosemiotics

Biosemiotics is the thesis that the essence of biology involves
the creation, processing, and communication of information, in
the form of a language that uses arbitrary symbols, inside cells,
between cells, and between all organisms and their environment.

Information philosophy sees a continuous evolutionary devel-
opment from the earliest communications inside cells over three
billion years ago to the creation and communication of informa-
tion by human beings today. When we say that information phi-
losophy goes “beyond logic and language” we mean that many
philosophical problems are not soluble with the particular human
inventions of logic and languages today.

All life uses negative entropy for its maintenance and
information as a guide to action, representing a repertoire of
behaviors. All living things are communicating with signs. Biose-
mioticians believe that semiosis is coextensive with life.

We can define semiosis (Greek: onpeiwoig, sémeiosis, from
onpeld, sémeid, “to mark”) as any form of activity, conduct, or
process that involves signs, including the production of meaning.!
The term was introduced by CHARLES SANDERS PEIRCE to describe
a process he called semiotics that interprets signs as referring to
concepts and objects, about the same time that GoTTLOB FREGE
studied denotation and meaning.

‘We see this essential nesting of concepts.
Information>Biology>Communication>Language>Semiosis

Inlanguage we include syntax, semantics, pragmatics, morphol-
ogy (graphology and phonology, but also smells, tastes, touches,
as well as emotive expressions, body “language,” sub-linguistic
communications to the “mirror neurons” in others, etc.)

Even though intra- and inter-cellular communication using
multiple molecules over diverse pathways is getting better and
better understood, biologists have remained wary for decades of
accepting the idea of “information” in biology, with its connotation

1 Seechapter11.
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Max PLANCK was just twelve years younger than LubpwiG
BorrzmanN. He wrote his 1879 doctoral thesis two years after
Boltzmann’s statistical defense of his H-Theorem and entropy
increase. In his thesis, Planck vowed to show that the second law
of thermodynamics (with its irreversible increase of entropy) is an
absolute law, fully as deterministic as the first law, the conserva-
tion of energy. An absolute law cannot be statistical, he said.

Planck was called to Berlin in 1889 to take Gustav Kirchhoff’s
chair in theoretical physics. Over the next five years he edited
Kirchhoft’slengthy Lectures on Heat Theory and came to appreciate
the universal (and perhaps absolute?) function K that Kirchhoft
had found for the distribution of so-called “blackbody” radiation
energy as a function of wavelength A\ in conditions of thermal
equilibrium. Blackbody radiation is independent of the specific
kind of material, a fact that impressed Planck deeply.

Kirchhoft showed that the amount of radiation absorbed by
a material body at a given wavelength must exactly equal the
amount emitted at that wavelength, or else the body would heat
up or cool down, providing an energy difference that could run a
perpetual motion machine. If the absorbed energy « K, and the
emitted energy ¢ K, are equal, then the emissity and absorbtivity
coefficients must be equal,

€, = a,, which is Kirchhoff’s law.

Planck set out to determine the universal function K. And
he further hypothesized that the irreversibility of the second law
might be the result of an interaction between matter and radiation.

In his lectures, Kirchhoff noted that in a perfectly reflecting
cavity, there is no way for monochromatic rays of one frequency
to change to another frequency. But he said that a single speck of
material would be enough to produce blackbody radiation. His
student Planck said that a single carbon particle would be enough
to change perfectly arbitrary radiation into black radiation.'

Planck asked whether radiation absorbed by an electrical
oscillator coming in as a plane wave from one direction could be

1 The Theory of Heat Radiation, p.44
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Preface

Since my first application of information philosophy,
developing a plausible solution to the problem of free will,
I have learned much more about the origin of ontological
chance, without which no new information can be created.
In my 2011 book, I traced chance in quantum physics to
'WERNER HEISENBERG’s 1927 Uncertainty Principle and Max
BORN’s statistical interpretation.!

adejald

My Harvard courses in quantum mechanics had taught that
acausality had been introduced into nature by the founders of
quantum mechanics with their Copenhagen Interpretation.
I quoted ARTHUR STANLEY EDDINGTON’S 1927 Nature of the
Physical World, that determinism is no longer tenable.

But this turns out to be a serious misinterpretation of the
history of physics. I have now found it was ALBERT EINSTEIN
in 1916 who first saw that quantum mechanics involves
chance. Because he did not like chance (“God does not play
dice” was his oft-repeated claim), he called it a “weakness
in the theory” But his insight into chance is much clearer
than that of Heisenberg and Born. Seeing chance through
Einsteins eyes may convince many philosophers and
scientists who are now confused by disagreements between
the various “interpretations” of quantum mechanics.?

Paradoxically, ironically perhaps, and even tragically,
almost no scientists and philosophers recognize the full
range of Einstein’s contributions to quantum mechanics,
primarily because he disavowed his own quantum discoveries
as contrary to his fundamental beliefs about the workings of
the universe.

1 Free Will, The Scandal in Philosophy.
2 informationphilosopher.com/introduction/physics/interpretations
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Introduction

This book is the story of how ALBERT EINSTEIN analyzed what
goes on when light interacts with matter and how he discovered
ontological chance in the process. We can show that Einstein’s
chance explains the metaphysical possibilities underlying the
creation of all of the information structures in the universe.

But the story begins with a deck of cards, a pair of dice, and the
multiple flips of a coin.

Chapter 1

Around 1700, ABRAHAM DE MOIVRE, a French Huguenot,
emigrated to England to escape religious persecution. A brilliant
mathematician, he worked with Isaac Newton and other great
English scientists, but he could never get an academic post, despite
their excellent recommendations. To support himself, de Moivre
wrote a handbook for gamblers called The Doctrine of Chances.

This was not the first book that calculated the odds for different
hands of cards or rolls of the dice. But when de Moivre considered
the flipping of a fair coin (with 50-50 odds of coming up heads
and tails) he showed that as the number of flips gets large, the
discrete distribution of outcomes approaches a continuous curve
we call the binomial distribution, the Gaussian distribution (after
the great mathematician CARL FRIEDRICH GAUSS), the “normal”
distribution, or just the “bell curve,” from its familar shape.

n=28 n=16

Figure 1-1. De Moivre’s discovery of the continuous bell curve as a limit to a large
number of discrete, discontinuous events. Each discrete event is the probability of
m heads and n-m tails in n coin tosses. The height is the coefficient in the binomial
expansion of (p + q)" where p = q = %.
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Chance

We hope to develop your ability to visualize actual chance
events and distinguish them clearly from the continuous math-
ematical equations that predict very large numbers of them so
perfectly. This will be critical if you are to visualize the quantum
wave function and see it the way Einstein saw it.

In figure 1.2, the continuous “bell curve” is an ideal analytic
function with values for each of the infinite number of points
on the horizontal axis. In the real material world of particles, a
Pm ed_ discrete histogram approaches that ideal curve in the limit of large

numbers of events. A finite number of particles never gets there.

The “binomial coefficients” in figure 1.1 were arranged by
BLAISE PascaL in what is known as Pascal’s triangle. Each number
is the sum of the two numbers above, giving us the number of ways
NB’PE\‘“ from the top to reach each point in the lower rows.

z i=deyd
Chapter 2

1 5 10 10 5 1
1 6 15 20 15 & 1
1 7 21 35 35 21 7 1
1 8 28 56 70 56 28 B8 1
1 9 36 84 126 126 84 36 9 1
1 10 45 120 210 252 210 120 45 10 1
1 11 55 165 330 462 462 330 165 &5 11 1
1 12 66 220 495 792 924 792 495 220 66 12 1
1 13 78 186 7151287171617161287 715 186 78 13 1
1 14 91 364 1001 2002 3003 3432 300G 2002 1001 364 91 14 1
15 105 455 13465 3003 5005 6435 6435 5005 3003 1365 455 105 15

Figure 1-1. Pascal’s triangle. Plotting the numbers in the bottom row would show
how sharp and peaked the normal distribution is for 16 coin flips.

To illustrate physically how random events approach the normal
distribution in the limit of large numbers, the sociologist and
statistician Francis Galton designed a probability machine, with
balls bouncing randomly left or right in an array of pins.

This chapter on the web
informationphilosopher.com/chance
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Matter

JaMES CLERK MAXWELL and LUDWIG BOLTZMANN were
atomists who accepted the idea that the apparently continuous
pressure of a gas on the walls of its container is caused by a
number of atomic collisions so vast that the individual discrete
bumps against the walls are simply not detectable.

Maxwell’s great contribution to the kinetic theory of gases was
to find the velocity (or energy) distribution of the gas particles.
From simple considerations of symmetry and the assumption that
motions in the y and z directions are not dependent on motions
in the x direction, Maxwell in 1860 showed that velocities are
distributed according to the same normal distribution as the “law
of errors” found in games of chance.! Boltzmann in 1866 derived
Maxwell’s velocity distribution dynamically, putting it on a firmer
ground than Maxwell.

€ 1oydeyd

The Maxwell-Boltzmann distribution of gas
T=200K .

particles (atoms or molecules) has a

quadratic power law increase for low velocities

and an exponential falloff for higb velocities,

due to the Boltzmann factor e ™ /2T,

The curves overlap because the number of

particles (the area under the curve) is constant.
T=300K

T=500K

Number of Particles

T=1000K

Particle Velocity

Figure 1-1. The Maxwell-Boltzmann distribution of particle velocities.

Maxwell derived his velocity distribution law using math that
he found in a review of AboLPH QUETELET’S work on social statis-
tics, but he did not accept the conclusion of Quételet and THOMAS

1 See Figure 2-3.
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David Layzer (1975)

‘The universe began in equilibrium. Its
masimum entropy was very low. As it
rapidly expands,the actual entropy equals
the maximum possible unti adiation
decouples from matter, when atoms form
at 380K years.Then the maximum possible
entropy arows faster than energy and
matter can re-equilibrate.

(reach thermodynamic equilbrium).

‘The resulting negative entropy lets
information structures - the galaxies, stars,
and planets- form and grow. Both entropy
‘and information can grow together in the.

universe, despite the second law.
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Lord Kelvin's Heat Death (1852)

Following the discovery of the laws of thermodynamics,
Willam Thomson (Lord Kelvin) claimed that the universe would
“tun downall the energy ultimately disspated into thermal motions,
which Herman Helmholtz called aheat death:”

entropy/information =

Mathematicians would say the Information lost to entropy s still

available microscopically,recoverable if time was reversed. information
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OEBPS/images/23d0fc16-da5e-4984-98e3-ca2071f4af43.png





OEBPS/images/846dac59-b757-49ab-903f-b6ca6dfdf6c4.gif
Decision

Fixed Past Future





OEBPS/images/c0249356-5785-4b0e-b01e-ac2bd89b2c81.png
Undetermined

Dec'suy Lineriy
Generate Evaluate |

Fixed Past | o iiies | Atematives Future

Think again! 4—/

Self-Determination





OEBPS/images/394b77fb-deb0-42bb-b3bd-59297426a7b1.png
“Same

Circumstances” Decision
s Generate Evaluate
Fixed Past Possibiliies | Alternatives Future

A\ Think Again? <+





OEBPS/images/17ede300-fcb6-4b30-b308-2d9d22fc9986.gif
Decision

F. d P Generate Evaluate
ixed Past Possibilities | Alternatives

Think again! P

Future





OEBPS/images/58cff577-328a-4983-99d3-9806ebe20fbd.gif
Decision

Evaluate
Alternatives

. G
Fixed Past | s Future





OEBPS/images/67998ca7-f9e0-4f12-8580-b1a0bea1a50e.png
<>
‘
<><
SIS
'0::‘
LS
B9 999
7000
WY






OEBPS/images/54996b58-184d-4694-bb9b-30a13b419632.png
After Baade | |, Before Baade
Pc
T S T A TS S RSN R R S

T T T T 1
109107 10% 107 10% 10% 10% 109 10% 109 102 109 10% 107 10% 10% 10% 10® 102 107 103 107






OEBPS/images/306320b1-3a28-45da-89c2-273b18bc0f8d.png





OEBPS/images/80e9fff0-04ea-4232-8c7e-9af30003167a.png





OEBPS/images/ce3e1851-5cc1-419e-b192-6ac418f03c98.png
Cathode

Window

Gamma ‘
Radiation

Voltage — -
Source _——





OEBPS/images/b1d4163a-ee28-43f4-b7e9-a07e362809ea.png
<>
‘
<><
SIS
'0::‘
LS
B9 999
7000
WY






OEBPS/images/b0e752b1-9b89-4a61-bf16-0158ff2d1ec6.jpeg
source

4

-

¥

TITI





OEBPS/images/2b2fb6e2-0f24-4d3c-a039-4aa0eb7514b3.gif





OEBPS/images/795c8267-1deb-4989-a335-f00bfa163a3e.png
Avalanche of particles in a Geiger Counter

Tube wall (- ve)

Path of radiation
particle

M Qa8

Wil Vi) mm'n‘,
O‘Ot )

.‘.s}:"
o "'6"'\;)'

A AALY

anode wire (+ve)

>

A
G

0’

-
<

Tube wall (- ve)





OEBPS/images/109376ee-8436-4136-bae6-be7c1d96ecb2.png





OEBPS/images/35645da7-37d6-444b-bd06-27100f013540.gif





OEBPS/images/ed649d4d-c957-44c1-a8bb-0847276bbda8.png
Spin-up
Silver atoms T atoms

Beam collimators

l Spin-down
atoms

Shaped magnets create an

inhomogenous magnetic fied





OEBPS/images/5d877254-c98d-4356-9a6b-bc57f6193e84.gif
When a crystal separates a photon
into horizontal and vertical polarizations,
it makes a measurement possible,
butitis not a measurement yet.

+—»
>






OEBPS/images/7df75741-a3cd-4730-ae12-c5fcaaa56895.png
|





OEBPS/images/ef6f8ae3-4bee-4646-8978-541c8e7a7243.png





OEBPS/images/dc7dc50c-55bf-4b56-91d3-b62cfac486a5.png
ssssssssssssss






OEBPS/images/a88f9f1f-784d-471f-b041-fe3d30ecea28.





OEBPS/images/8b27d11e-e60c-4c06-8f89-6fca0e19c1b3.png





OEBPS/images/dff65038-bf13-4840-a159-b3b94e280b2c.png
An electron is fired at
ametal plate, where it
ejects a very energetic
photon (an x-ray).

‘The x-radiation goes
outas a spherical wave
in all directions

(in the wave picture).

electron

But when a single x-ray
(in the particle picture)
hits another metal plate,
it ejects an electron with
the same energy as the
original electron.

Pl

electron

Einstein asked how can
it be that the spherical
wave instantaneously
collapses all its energy
to be absorbed into
the new electron?

Does it violate the
principle of relativity?





OEBPS/images/5ab33997-6c60-46c5-b0ca-341844f3eb8c.gif





OEBPS/images/2e185a6d-e827-47ef-8dfc-6f5f0bab96f4.png





OEBPS/images/22daa6a0-56b8-4e03-b4d3-9119c46130d5.png





OEBPS/images/5d0cb70d-6a94-4362-82b3-2451aaf7076a.gif
100





OEBPS/images/2a20052c-6ebf-44e0-a830-85da047279a6.gif





OEBPS/images/c621e153-cc19-440d-b325-aee8b7d453cd.gif





OEBPS/images/1d1ab924-68d2-4eaa-8103-82101acc1763.png





OEBPS/images/12d39a60-9d0b-428b-8a25-de9b82cfab2e.jpeg





OEBPS/images/8def85c7-0454-457e-b4ed-2cec08da037c.jpeg





OEBPS/images/fc8f8e1a-e2ac-43c3-a2f6-e4051974e5ba.jpeg





OEBPS/images/24f15731-8742-40a1-b315-030d82d5bf6d.gif
]

[T

T






OEBPS/images/b174cd4a-9d24-476b-8355-56cd28e71466.jpeg





OEBPS/images/19c96423-fb93-45b3-bc4b-0c509e32401e.gif
Prysies

P

e 7 Great Problems

of
pre\f—‘\ ;nanics

Philosophy
and Physics
SOLVED?

Bob Doyle
The Information Philosopher
“beyond logic and language”

©

The “Hard Problem”
of Consciousness
and the
Mind-Body
Problem





OEBPS/images/74ad4bd4-25f2-45af-87ff-174a2f2d6b74.jpeg
2.(2m)3n= 412 g36-1
3.5.7...3(n-1)





OEBPS/images/3a42a12d-f676-478a-a2aa-748167a9b27c.jpeg





OEBPS/images/080cf264-8865-422a-82cc-f977c0a05df8.png
De

Fig.1

o8

.c

e






OEBPS/images/aa1d6102-398e-4789-8a2b-6823b9569df3.jpeg
g 1} ¢

anananan





OEBPS/images/cc5aa419-555a-4967-8e90-92d11b9b0538.png





OEBPS/images/2a74c0e8-3664-4d0a-a5f3-2595cdf4d0bb.





OEBPS/images/d527a561-c485-47e7-b6f3-1055af6b6ce5.gif
No action at a distance led you to NO ACTION AT A DISTANCE
determinism, in the case of parallel

h (in the case of parallel polarizers)
polarisers,

Il
v

DETERMINISM





OEBPS/images/38a46741-ad38-401a-b13c-6c6194d1fd3d.jpeg
= Tt
JEE N

N =@4n)""* foldv, | , v2dv; 0 Iu,f_‘ldv,,_;z
0 ) o

2@3n=3)2 ;3= 1)

(ST [ (s ) o]






OEBPS/images/d18852ec-b4a4-42a5-86af-e59918dcc73f.jpeg





OEBPS/images/ba8b9ab8-21cf-4788-96ad-1c255cd649e4.jpeg





OEBPS/images/e0b81adc-fdf5-4db3-8f18-09d825b51be8.png
Physics

P ot
A TerereEl T anics

/I Philosophers |

j of

Richard Feynman
The Two-Slit
Experiment

_ Contains the

One Mystery in

e | QUANtum Mechanics






OEBPS/images/41c889b2-4b44-4671-b046-ef003c02c854.png
The
Problems, Paradoxes
and Puzzles, Central Problem

o in Metaphysics is
the Existential
Status of Ideas

Bob Doyle
The I format Ph loso| ph
d logic and language”






OEBPS/images/3d2db326-4e5c-4cc6-bf4a-99461a6247e1.png
Re\a(\\l‘“l

i
My God,

He Plays Dice!

How Albert Einstein
Invented Most Of
Quantum Mechanics

The Discovery of
Nonlocality in 1909
and the
Two-Slit Experiment





OEBPS/images/4e90d364-4b2e-4db8-be75-ec6327730b87.png
2 Problems, Paradores Quantum Particles

SOLVED? Are Matter/Energy

s P Quantum Waves
are Immaterial

Information

The Information Philos
“beyond logic dlgg






OEBPS/images/0b83ef77-a95c-4189-9c18-d276b1eb1fb2.png
_—\

Einstein Discovered
My God, .

He Plays Dice! Wave-Particle
”ﬁ.”&ﬂf’::iii%i'éi" Duality Decades
Quantum Mechanics .

Before Heisenberg

and Schrodinger





OEBPS/images/925ea5ff-cb21-4f96-b9f9-8eb0f51d308a.png
Prysies

e

«1 Great Problems

of
jon
9‘3‘3\ nanics

/]
] of
4 Phg%;ophy Best Animations on
an SICS
y YouTube of the
#TwoSlit Experiment
olve AN Thes® Great P

Bob Doyle

The Information Phllosopher
“beyond logic and language”






OEBPS/images/4a5fb0a3-ae99-48b7-94e6-b43fb1ed979b.png
Separating
Free Will from
Moral Responsibility

Bob Doyle
The Information Philosopher
“beyond logic and language”





OEBPS/images/253372e4-fa55-490c-acc2-2c4031394421.png
Prysies

won of
I e

«1 Great Problems

Philosophy
and Physics

1L P!
—onThese O
50!

Bob Doyle
The Information Phllosopher
“beyond logic and language”

New Drop-Down Menu
for Great Problems and
Social Media Links





OEBPS/images/cf07f78f-ed99-4ebf-9b25-cba022832ca3.png
Many Forms of
Determinism:
Only One
Indeterminism

Bob Doyle
The Informatlon Phllosopher
yond logic and language”





OEBPS/images/f76bdb0d-1d99-4368-a040-7ba001c7c7a0.png
Prysies

on of
' e anics

/I Philosophers

oty

David Layzer
The Origin
of Information
in the Universe

n
Great problem®”

we Ay Trese
0 Bob Doyle
The Information Phllosopher
“beyond logic and language”






OEBPS/images/9ef336fe-35a9-4226-85a3-c62c8a65b321.png
Why We Are Free
the Two-Stage
Model of Free Will

Bob Doyle
The Informatlon Phllosopher
yond logic and language”





OEBPS/images/2c6c31a8-2598-4b67-83cd-72b5ef1f1fa9.png
Physics

ot
' e anics

/I Philosophers

j of

Daniel Dennett
and Free Will
Worth Wanting, i.e.
Moral Competence





OEBPS/images/55c01954-55e9-47a0-af70-601817fb5303.png
%
eptor'S parad®
i

The D

= METAPHYSICS

\
Problems, Paradoxes
and Puzzles,

SOLVED?
|

s\ca\ P
SoWe N\e\ap“\’
HelP Bob Doyle
The Information Philosopher
“beyond logic and language”

The Metaphysical
Possibility of
Possibilities





OEBPS/images/5198c4b9-2b20-427c-a89d-9ca696b303ea.png
ecial
Re\a\w'\\\l

My God,
He Plays Dice! The

FiventedMostof Light-Quantum
Hypothesis

i

Quantum Mechanics

Bob Doyle
The Information Philosopher
“beyond logic and language”





OEBPS/images/3f8bf73e-5a4a-42b3-9e77-efdccb13d745.png
The Standard
Argument Against
Free Will

Bob Doyle
The Informatlon Phllosopher
yond logic and language”





OEBPS/images/80c452f1-e5b8-4ba1-89cb-121105e14096.png
Prysies

on of
' e anics

/I Philosophers

oty

Bob Doyle
The Information Philosopher
“beyond logic and language”

William James and
the Two-Stage
Model of
Free Will





OEBPS/images/7ee8fd23-fa82-4203-81e8-f381397527f4.png
ecial
Re\a\w'\\\l

My God,
He Plays Dice!

How Albert Einstein
Invented Most Of
Quantum Mechanics

i

Bob Doyle
The Information Philosopher
“beyond logic and language”

The
Two-Slit
Experiment





OEBPS/images/562a37c7-c38b-475b-bba3-4ced046bb669.png
Physics

ll jon of
py \n\erpte " s

1 Great Problems

0 Consciousness

Philosophy

and Physics .and the
Experience Recorder

: - and Reproducer

e epo






OEBPS/images/70981467-3cff-4707-927f-7c4487fd0158.
Philosophers
and Bo.b Doyle
Scientists is the
Information
Philosopher

BobDoyle





OEBPS/images/8b03b428-e81c-4ec7-b6a0-00640397bd0d.png
Philosophy
and Physics
SOLVED?

Sanodinge’®

Bob Doyle

The Information Philosopher
“beyond logic and language”

The “Hard Problem”
of Consciousness
and the
Mind-Body
Problem





OEBPS/images/01dabb30-a73e-4483-8a6c-221926374b1e.png
Uppe

Downipe

Quats

Proon

COLOUR
QUIRK
Information dimension
Physical reality
8

STATE





OEBPS/images/490c8760-8da3-440b-9e77-422aef0eeab9.png





OEBPS/images/f59125b9-51ac-4930-a5b6-9ce1425e3044.png





OEBPS/images/5f7fe598-5957-4aaa-baab-74a8472a31b7.png
ALUENS

To follow the scent of an animal,
the hunting dog uses this logi

“The animal went either
by this road, or by that, or by the other:
but it did not go by this nor that,
thus it went the other way.”

i Sexe s s of e, 24 Cetry AD.

Chrysippus
Gk, bom Tarsus, 280 B.C.
Head o school inthe Agors’s Pinted Colonnade
Severalhundred books, o of which surive,only fagments and secondary sources remaining
Work encompassa Logie, Natue, Theology, and much more
Argued that logic pervades al of Naturs
Hisfve postultes o ogic:

i e i, he he econd. The . Thereor, he econd Mot Pones

11 it et o ot the . Therfrs ot e st oo Tons

hreor, ot he ecad. oompthl Argrss
ecr, ok e o, Sioog Dicine g
e Do Arga
1o cenary

5 N0 boh the et and the second. The i,

‘Work abscured for over 2,000 years, then revived and blossomed since
(sed videre: Albert of Saxony and Thomas Bradwardine)
T debate, would oftn be the only speaker and argue bothsides of the question

Said 10 have died in 2 fit of laughter afer drinking wine and watching a donkey cating figs






OEBPS/images/2d5e45ca-50cd-45ac-8f2e-4fd62024c16d.png
-6





OEBPS/images/37e71404-1755-4222-b707-0cd0b0b5e76c.png
oak ,  Mlisverd nos expediemus, i recordemur, mentem noftram
Lomeds effefinitam s Dei aurem potentiam , per quam non fantum o-
Jriliter- minia, qua fancaut cffc poffun, ab xecrno prafcivir, fed ct-
s 88 Dei jam voluitac praordinavit, effe infinitam 3 ideoque hanc qui-
pravd: | dem nobis fatisattingi, ut clart & diftiné percipiamus i
men” pfamin Deo ffe ; non autem ftis comprehendi uc videamus
s quo patto liberas hominum actioncs indeterminatas relin-
quat; libertatis autem & indifferentia: quz innobiscft, nos
ita confios cffc, ut nihil fic quod evidentiiss & perfectius
comprehendamus. Abfurdum enim efiet, propeerea quod
non comprehendimus unam rem, quem Cimus ex paturd fua.
nobis
nobis effe debere incomprchenfibilem, dealia dubitare, quam
intimé comprehendimus , atque apud nofmet ipfos cxpe-

simur.





OEBPS/images/d444f8cb-1983-4aa1-a4b7-4462ce11b0d5.





OEBPS/images/5dfd3c86-13cf-43c5-b14b-5847061ddcc2.





OEBPS/images/3fec9196-262e-47c9-af92-a8d9345be7bc.jpeg





OEBPS/images/bcb51550-3568-4a6b-80b4-3605be7c6e02.





OEBPS/images/aa10b9c0-e9a2-441f-9140-a0168bd6476f.png
No-Signaling Polytope

Local Hidden Variables
“Bell Polytope”

LHV Box

Popescu Rohrlich Box






OEBPS/images/f03c0cbc-c1fc-42d0-a841-5483fdd255f7.png
For nearly a century the “spooky action at a distance” between widely
separated entangled particles has led to speculation about telepathic
communications, about psychic powers between entangled brains, and
mystical instantaneous “connections” across the “holistic” universe.

Why did Albert Einstein and most every other physicist except Erwin
Schrodinger think that when widely separated entangled particles are
measured that one particle must exert a “spooky” faster-than-light
“influence” on the other particle, changing its state to be perfectly cor-
related with the first, when they all know that would violate relativity?

Why didn’t the Einstein-Podolsky-Rosen paper say that a conservation
law for linear momentum conserves total momentum zero of the initial
entanglement state, as long as any measurements are symmetric?
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Bohm’ idea about “local hidden variables” traveling with the electrons
is shown wrong by tests of John Bell’s theorem, and Bohm’s claim - that
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in all directions x, y, z before the measurements - is flawed.
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We discuss the possibility of free behavior in embodied systems that are, with no exception and at all scales of their body, subject to physical law. We relate the discussion to a model of an artificial agent that exhibits a primitive notion of creativity and freedom in dealing with its environment, which is part of a recently introduced scheme of information processing called projective simulation. This provides an explicit proposal on how we can reconcile our understanding of universal physical law with the idea that higher biological entities can acquire a notion of freedom that allows them to increasingly detach themselves from a strict dependence on the surrounding world.
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                        Introduction

Are we free in our decisions and actions? Or is freedom an illusion and is what we think and how we act entirely determined by the laws of Nature? Recent developments in brain research have revived and stirred-up a centuries-old discussion, claiming that free will is essentially an illusion1,2,3,4,5. The discussion is not only of academic nature, but it has for example been suggested that the experimental findings of the neuro-sciences, together with their theoretical interpretations, should be reflected in future jurisdiction6. These developments have lead to a controversial debate between brain researchers, philosophers, law makers, behavior scientists and others (see e.g.7,8).

Considering what seems to be at stake, these reactions are not surprising. At the same time, they also emphasize the deep impact of the concepts and findings of modern science, in particular physics, neurobiology and computer science, on the idea of human existence and responsibility.

The problem of free will has a long history in philosophy and science. We shall not try to give a full account of the various philosophical arguments that have been brought up against or in favor of free will. It seems however save to say that, up-to-date, this has remained a deeply puzzling problem that many consider as yet unsolved:

â��So it really does look as if everything we know about physics forces us to some form of denial of human freedom.â��

â�� John Searle, Minds, Brains and Science, p. 87 (1984).

This quote, out of a famous lecture by John Searle9, dates back more than 25 years and it addresses a question of principle. It seems to us that this problem should be solved before any interpretation of experimental findings in the neurosciences (concerning the existence or non-existence of free will) can be reached.

Indeed, how can we accept the very possibility of free will if we assume, at the same time, that we are, with no exception and at all scales of our body, subject to physical law? Do we have to assume that the laws of physics are incomplete and that there are new kinds of laws waiting to be discovered â�� maybe on the level of more complex biological entities â�� that will ultimately free us from the strict rule of physics?

We will argue in this note that we do not need new laws to resolve this puzzle. We may still discover new laws in the future, which will hopefully help us to better understand the workings of the human mind and all that comes with it. But we claim that we shall not need such laws to resolve the conundrum of freedom. We can show, on the basis of physical laws as we understand them today, that entities with a certain degree of physical or biological organization, capable of evolving a specific type of memory, can indeed develop an original notion of creativity and freedom in their dealing with the environment. Our argument will be based on the concept of projective simulation which is a physical model of information processing for artificial agents that was recently introduced in11.

Many philosophers and scientists have addressed the problem of free will in the past and have argued for the possibility of free will. This includes, in particular, a number of theories and ideas that have been refereed to as â��two-stage modelsâ�� for free will12. At the same time, the idea of freedom seems to be under strong attack from the empirical sciences. Are the experimental findings of modern brain research indeed so compelling that they could falsify all theories supporting free will?

In this paper, we would like to add a new perspective to this discussion. Rather than discussing the existence of free will in the context of current brain research, which we prefer to leave to the experts, we shall present a model of an artificial agent that exhibits a notion of freedom in dealing with its environment, which is part of a physically well-defined scheme of information processing and learning11. This model could in principle be realized, with present-day technology, in artificial agents such as robots. This demonstrates, first, that a notion of freedom can indeed exist for entities that operate, without exception and at all scales, under the laws of physics. It also shows that free behavior can be understood as an emergent property of biological systems of sufficient complexity that have evolved a specific form of memory.

Formally, our proposal might be listed under the heading of the two-stage models, but it differs from previous work in several essential respects.


                  		
                    We take an explicit perspective from physics and information processing. We introduce projective simulation as a fundamental information theoretic concept that gives room for a notion of freedom compatible with the laws of physics. 


                  


                  		
                    Together with the model of episodic and compositional memory, projective simulation may allow us to analyze and propose behavior experiments with simple animals. 


                  


                  		
                    Our scheme could be realized, in principle, with present-day technology in form of artificial (learning) agents or robots. 


                  


                

We want to emphasize that our model is not meant to be an â��explanation of consciousnessâ��13,14, nor a theory of â��how the brain worksâ��. We leave this to the experts and to the brain researchers and we are looking forward to the many new experimental findings and insights that we may expect to learn about in the years to come. Similarly, we are not claiming that we can explain the nature of human freedom and conscious choice.

What we can provide, however, is an explicit proposal on how we can reconcile our understanding of universal physical law with the idea that higher biological entities can exhibit a notion of freedom. It allows them to detach themselves from a strict dependence on the surrounding world and, at the same time, to truly create behavior on their own that is both spontaneous and meaningful in response to their environment.



Results

Machine intelligence and creativity

If we accept that free will is compatible with physical law, we also have to accept that it must be possible, in principle, to build a machine that would exhibit similar forms of freedom as the one we usually ascribe to humans and certain animals. It is likely to turn out that the task of building such a machine will be far too complex to be realizable in any practical terms, or that it will be at least as complex as the task (and pleasure) of raising and educating a human child within society. This observation, if true, may be disappointing to some people, but for many of us it has a positive and reconciling aspect. On the other hand, it may still be feasible to build more primitive forms of machines (or agents) that exhibit some rudimentary forms of freedom and creativity in their behavior.

Computers are special sorts of machines which play an increasingly important role in our modern society. They have not only transformed our practical daily life, but they are also beginning to change the perception of ourselves from â��human subjectsâ�� to â��information processing systemsâ��. This will ultimately challenge the question of human existence and freedom and all that comes with it (e.g. social responsibility, the ethics of action and so on). Variants of computers are so-called intelligent agents and robots. They are often viewed (not quite correctly, though15) as computers equipped with some periphery, including sensors, with which they can perceive signals from the environment and actuators, with which they can act on the environment. Intelligent agents are designed to operate autonomously in complex and changing environments, examples of which are traffic, remote space, or the internet. The design of intelligent agents, specifically for tasks such as learning, has become a unifying agenda of various branches of artificial intelligence16.

Even if we are willing to accept that artificial agents and computers in general, may exhibit some form of intelligence (which is usually defined as the capability of the agent to perceive and act on its environment in a way that maximizes its chances of success16), we would hardly ascribe free will to them. In return, we would not like ourselves to be identified with such an agent. What is the reason for this disapproval? The main reason seems to be that the agent has a program which determines, for a given input (or sequence of inputs), its next step of action. Its action is the result of an algorithm: it is predictable and can e.g. be computed by some other machine.

The situation does not change fundamentally if the algorithm or program itself is not deterministic, as it is sometimes considered in computer science, invoking the notion of probabilistic Turing machines17. Even if randomized programs can sometimes increase the efficiency of certain computations, it is not clear what one should gain from such randomization in the present context. If, before, the agent was the slave of a deterministic program, it is then the slave of a random program. But random action is not the same as freedom.

The disturbing point with both described variants is the idea and existence of the program itself. If physics is looking for the laws of Nature, e.g. for the laws describing the way how things move and change in space and time and of how they respond to our experimental inquiry, a more computer-science oriented approach looks for the program behind things, including living beings. Both notions appear to be in fundamental conflict with our basic idea of freedom.

In this paper, we will however show that the idea of being subjected to physical law does not contradict the possibility of freedom. We will base our argument on the explicit description of an information processing scheme, which we call projective simulation11, which could be part of the design of an artificial agent, a robot, or conceivably some biological entity. It combines the concepts of simulation, episodic memory and randomness into a common framework.

Memory

A crucial element for the possibility of freedom of any agent (biological or artificial) is the existence of memory. By memory we mean any kind of organ, or physical device, that allows the agent to store and recall information about past experience. Generally speaking, memory allows the agent to relate its actions to its past. Memory per se is however not sufficient for the existence of freedom. Elementary forms of memory exist already in simple animals (reflex-type agents), as in the roundworm Caenorhabditis elegans, the well-studied sea slug Aplysia18, or the fruit fly Drosophila19 and learning consists in the modification and shaping of the molecular details of their neural circuits due to experience. Nevertheless, we are hesitating to ascribe a notion of freedom to invertebrates such as C. elegans or Aplysia, whose actions remain simple reflexes to environmental stimuli.

The brain of humans and higher primates is of course much more complex and much less understood. As we consider the brains of different species, moving from invertebrates to vertebrates including mammals, primates and the humans, the structure of their brains gets increasingly more sophisticated and complex. But it is always described by a network of neurons and synapses and the basic principles of signal transmission and processing seem to be the same. The question then arises: How can an increasing complexity of a neural network lead to the emergence of a radically new feature and endow humans or higher primates and arguably also simpler animals, with â��freedomâ�� in their behavior?

The answer, it seems, must be sought in the increasingly complex organization of memory. A difference between the simple memory of Aplysia and the complex memory of higher vertebrates, is the appearance of different functions of memory. Different from simple animals, a call of memory in humans and primates does not automatically lead to motor action. This means that there exists a platform on which memory content can be reinvoked, which is decoupled from immediate motor action. The evolutionary emergence of such a platform means that an agent with more complex memory can become increasingly detached from immediate response to environmental stimuli.

However, the actions of the agent still remain determined by the memory content, which itself was formed by the agent's percept history. In other words, the actions of the agent remain determined by its past and there is no real notion of freedom. What is still missing is an element of spontaneity in the agent's response to a given environmental situation. If C elegans is enslaved by the present stimuli, a more complex agent remains still enslaved by its past, i.e., the history of its stimuli. How could Nature get rid of such a time-delayed enslavery?

A possibility to break determinism is to introduce indeterminism (i.e. genuine randomness). But, as we have discussed earlier, it is not clear what the effect of randomization should be. If we adopt a computational or algorithmic view of the brain, we will not change anything. However, the effect of indeterminism depends on the nature of the processing and memory where it occurs. We will show that it can indeed have a positive effect on the agent, not in the sense of making some â��computationsâ�� more efficient, but in the sense of introducing an element of creative variation in its memory-driven interactions with the environment. Here it will be expedient to abandon the picture of the brain as a computer and, instead, propose a dynamic model of memory which is fully embedded in the agent's architecture and which grows as the agent interacts with the world.

In the next section, we will discuss an abstract scheme of memory processing which we call projective simulation. It operates entirely under the principles of physics but nevertheless exhibits an element of freedom in an agent's interaction with the environment. It is not clear whether this scheme is at all implemented in a real brain, but we claim that it could be realized, in principle, in artificial agents.

Projective simulation

In Ref.11, we considered a standard model of an artificial agent that is equipped with sensors and actuators, through which it can perceive its environment and act upon it, respectively. Internally, the agent has access to some kind of memory, which we shall describe below. Perceptual input can either lead to direct motor action (reflex-type scenario) or it first undergoes some processing (projective simulation) in the course of which it is related to memory.

The memory itself is of a specific type, which we call episodic & compositional memory (ECM). Its primary function is to store past experience of the agent in the form of episodes, which are (evaluated) sequences of remembered percepts and actions. Physically, ECM can be described as a stochastic network of clips, where clips are the basic units of episodic memory, corresponding to very short episodes (or patches of â��space-time memoryâ��)11.

The process of projective simulation can be described as follows. Triggered by perceptual input, some specific clip in memory, which relates to the input, is excited (or â��activatedâ��), as indicated in Figure 1. This active clip will then, with a certain probability, excite some neighboring clip, leading to a transition within the clip network. As the process continues, it will generate a random sequence of excited clips, which can be regarded as a recall and random reassembly of episodic fragments from the agent's past. This process stops once an excited clip couples out of memory and triggers motor action. The last step could be realized by a mechanism where the excited clips are screened for the presence of certain features. When a specific feature is detected in a clip (or it is above a certain â��intensityâ�� level) it will, with a certain probability, lead to motor action.

Figure 1[image: Figure 1]Full size image

Model of episodic memory as a network of clips.

Triggered by perceptual input, the process of projected simulation starts a random walk through episodic memory, invoking patchwork-like sequences of virtual experience. Once a certain feature is detected, the random walk stops and is translated into motor action (See also Ref.11).




The decribed process is the basic version of episodic memory, but it is not the only one. In a more refined version, which we called episodic and compositional memory, we consider not only transitions between existing clips, but clips may themselves be randomly created (and varied), as part of the simulation process itself. Random clip sequences that are generated this way may introduce entirely fictitious episodes that never happened in the agent's past.

The random walk in memory space, as described, constitutes part of what we call projective simulation. In another part, the agent's actions that come out of the simulation are evaluated. The result of this evaluation then feeds back into the details of the network structure of episodic memory, leading to an update of transition probabilities and of â��emotion tagsâ�� associated with certain clip transitions11. In a simple reinforcement setting, one assumes for example that certain actions or percept-action pairs are rewarded. Learning then takes place by modifying the network of clips (ECM) according to the given rewards. This modification of memory occurs in different ways: by bayesian updating of transition probabilities between existing clips; by adding new clips to the network via new perceptual input; by creating new clips from existing ones under certain compositional and variational principles; and by updating emotional tags associated with certain clip transitions. Details of this scheme are presented in Ref.11.

In the following, coming back to the main topic of this paper, we want to relate the projective structure of the agent's behavior to the emergence of a primitive notion of creativity and freedom. The basic idea is that the episodic memory provides a platform for the agent to â��play withâ�� previous experience, before concrete action is taken (see Figure 2). A call of episodic memory initiates a random walk through memory space, invoking patchwork-like sequences of past experience. This can be understood as a simulation of plausible future experience on the basis of past experience. It is a simulation because it takes place only in the agent's memory; it simulates plausible future experience because sequences of episodes that occurred frequently in the past will do so in simulation. Furthermore, the possibility of clip composition allows the agent to explore, as part of the simulation, new fictitious episodic sequences that it has never encountered before, but which are within a range of â��conceivabilityâ�� (as defined by the rules of clip composition). It is important to realize that, in a similar way as clips representing â��realâ�� experience, the clips representing â��fictitiousâ�� experience will trigger factual action through the same mechanism. This means that fictitious experience, created within the memory of the agent, may de facto change and guide the real actions of the agent. One could also say that the agent acts under the influence of â��ideasâ�� that are generated by the agent itself.

Figure 2[image: Figure 2]Full size image

Sequences of percepts and actions are simulated stochastically by variations and compositions of episodic memory (ECM), before real action is taken.

Through the process of projective simulation, the agent is, in a sense, constantly ahead of itself.




In summary, through the process of projected simulation the agent projects itself into conceivable future situations and takes its actions under the influence of these projections, as it is illustrated in Figure 2. In this sense, the agent is no longer enslaved by its past, but plays with it, deliberated by variations and spontaneous compositions of episodic fragments. These fragments may come from the past, but they are transformed, by random processes, into new patterns for future action. The agent is, in this sense, always ahead of itself (see Discussion).

Connection with psychology

The notion of episodic memory was first introduced in psychology in the 1970s by Tulving20 and Ingvar21 and it has gained increasing attention in the cognitive neurosciences and in other fields. Recent developments have been reviewed e.g. by Schacter et al.22 and by Hasselmo23 who also discusses specific brain mechanisms for episodic memory.

The â��network of clipsâ�� which we have described in the previous section can be regarded as a rudimentary form of episodic memory within a physical toy model. It should be emphasized that our model of episodic memory is much more primitive and does e.g. not assume any encoding of time or the ability of dating experience. On the other hand, we go beyond the notion of memory as a mere â��storing deviceâ�� and introduce dynamic rules how episodes are processed and become part of an information processing scheme which we call projective simulation11.

It should also be noted that the main focus of our paper is not on learning. Instead, we have used the model of projective simulation as the conceptual framework to discuss the possibility of creativity and freedom of artificial agents. The advantage of this approach is that the model is sufficiently abstract in its constitutive concepts, while at the same time based on clear physical principles.



Discussion

In this section, we shall put the model of projective simulation into a broader context and discuss its relation to the problem of free will.

The problem of free will is often discussed, e.g. by Searle10, in the context of conscious human experience, for example when we experience the freedom of choice between different options, say, of choosing between different meals in a restaurant. The problem then consists in an apparent inconsistency between such conscious experience of freedom, on the one hand and the assumption that all of our conscious experiences are ultimately determined by neurobiological processes in the brain and as such subject to the laws of physics and biochemistry.

Other scientists, including neurobiologist Martin Heisenberg, see the problem of freedom already arise on the level of creatures that may not be conscious, but to which we would nevertheless ascribe a measure of initiative and self-determination in their behavior7.

Whatever definition one chooses, both notions of freedom, be it in the sense of conscious free choice or in the sense of self-generated action, have to be reconciled with the basic assumption that biological agents - conscious or unconscious - are, without exception and at all scales of their bodies, subject to physical law. The fundamental problem is, in both cases, how freedom can emerge from lawful processes. Both the freedom of self-generated action and the freedom of conscious choice require, at a certain level (e.g. in the brain), some notion of room to manoeuvre10, which is consistent with physical law. Where does this room come from? And how can it be realized within an explicit physical model?

In this paper, we have discussed a model of an artificial agent, where such room for manoeuvre is provided by a specific notion of memory (ECM) and the way how this memory is used via projected simulation of future actions. Room and ultimately freedom arises in two ways, first by the existence of a simulation platform, which enables the agent to detach itself from an immediate (stimulus-reflex type) embedding into its environment and, second, by the constitutive processes of the simulation, which generate a space of possibilities for responding to environmental stimuli. The mechanisms that allow the agent to explore this space of possibilities are based on (irreducible) random processes. The concept of projective simulation thus combines the basic notions of memory, randomness and simulation in a unique way. In the remainder of this paper, we would like to come back to these ingredients of our scheme and comment on their specific role regarding the origin of freedom.

Memory. The existence of memory is required in a trivial sense, as a physical notion of experience. But memory also provides the first step to deliberate a system from its environment, i.e. from an immediate stimulus-reflex-type embedding into the world. By connecting perceptual input with memory content, the agent is able to relate it to past experience, on the basis of which it finds its next step. This endows the system with a more comprehensive way of responding to environmental input, but its responses are still fully determined by past experience. In the specific context of episodic memory this means that, as long as episodes are simply recalled without further modification, the agent remains caught by its past and will simply repeat old patterns of behavior. What is still missing, is the notion of the new.

The seed of the new is provided by introducing elements of variation and composition into the simulation process. The first kind of variation is provided by a random reshuffling of past episodes, realized by a random walk in clip space. While this will already lead to new patterns of behavior, the space of possibilities is still defined by past experience alone. The second kind of variation is based on clip composition, which enables the creation of new fictitious episodes. It is important to realize that these variations are truly created by the agent itself. The connection of the agent with its own past is thereby loosened and the agent becomes further â��emancipatedâ�� from the environment. However, the agent's connection with the past is not simply blurred or erased, as it would be the case for an arbitrary randomization of memory. This would be a silly form of emancipation, depriving the system of what it may have learnt before. Instead, the agent still makes use of past experience, but it is no longer caught or enslaved by it. It rather â��playsâ�� with its experience in a constructive sense, creating fictitious sequences of action to guide its future actions. This type of simulation process is conservative in the sense that only variations around real (and proven) experience are considered. It is the range of those variations that defines the conceivable. The probability of variations is determined by certain rules of clip composition, i.e. how memory content can mutate or, more generally, transform during the simulation process. It is a stochastic process that originates and operates entirely within the memory system. In this sense, the deliberation of the agent is truly self-generated and, as such, represents a step of emancipation from its surrounding world.

Randomness. The notions of indeterminism and randomness play an important role in our discussion. Random processes have been assumed as part of projective simulation, both in basic memory recall â��a random walk through a space of episodesâ�� and in the mutation or compositional processes of individual clips. (Note that, when we speak of a random process with different outcomes, we mean that the different outcomes are not determined, but they occur only with certain probabilities, such as 0.1/0.9 or 0.5/0.5. We do not imply that these probabilities are all equal. Some people would instead speak of a stochastic process.) The reader may wonder how we can postulate random processes as part of our physical model. However, this is in fact a very natural assumption, which is in agreement with the fundamental laws of nature. Truly random processes are implemented and used routinely in modern quantum physics laboratories, e.g. for quantum information processing purposes. But also in biological systems, random processes are omnipresent, a fact which has recently been reemphasized in Ref.7. Although, for practical considerations, the origin of noise is usually not important, it is here a matter of principle. We may not need quantum mechanics to understand the principles of projective simulation, but we have it. And it is our safeguard that ensures true indeterminism on a molecular level, which is amplified to random noise on a higher level. Quantum randomness is truly irreducible and here it provides the seed for genuine spontaneity.

One should however also realize that the question of principle of the possibility of free will on the basis of natural law does not depend on specifics of neurobiology. Even if people doubt the relevance of quantum indeterminacy in biological agents, they must face the possibility that sooner or later mankind may build artificial intelligent agents that will use quantum elements as part of their design. To put it provocatively, even if human freedom were to be an illusion, humans would still be able, in principle, to build free robots. Amusing.

Finally, one might ask why randomness in our model of projective simulation is different from randomness in any other computational model, e.g. a boolean circuit. Why is it any better to be the slave of a random â��mutation of clipsâ�� than of some â��randomized algorithmâ��? This is an important question which goes back to the heart of the problem. Part of the answer is that, in the model of projective simulation, there is a clear functional role of randomness, which introduces variations around established patterns of behavior. It is only on the background of previous experience, where variations make proper sense and allow the agent to explore new possibilities via simulation, i.e. before actually trying them out. This is not a notion of slavery but of self-generated options. Furthermore, it is crucial to understand that indeterminism, both in form of the random walk in memory space and in the form of clip composition and variations, is an inherent feature of the agent's memory. There is no deterministic version of projective simulation which could then be â��randomizedâ��. In this sense, one can not separate â��the agentâ�� from â��the randomnessâ�� (say, in from of an implanted random number generator) by which â��itâ�� could be enslaved. Instead, randomness plays a constitutive role in the very definition of the agent; it is so-to-speak part of its identity.

Simulation. The physical process of simulation, combining randomness and episodic memory to generate â��virtual experienceâ��, results in a projective structure of the agent's behavior in its interaction with the world, as illustrated in Figure 2. The agent takes actions under the influence of its own projections and is, in this sense, constantly ahead of itself. It is worth pointing out that this resembles a fundamental structure in philosophical phenomenology24, which plays a central role for the notion of human understanding and being-in-the-world. Clearly, in the present discussion we are not talking about conscious agents nor about any deeper aspect of human existence. What is remarkable, however, is that one of the key concepts of phenomenology can be connected to basic notions of modern physics and information processing. It thus seems to us that a careful analysis of human (and animal) behavior, both from the perspective of phenomenology and of developmental psychology25, may offer many new ideas towards a better understanding of artificial intelligence and the ultimate possibilities of â��information processingâ�� in biological agents.
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                            STOMACH PAIN IN THE RESTAURANT: ON PROJECTIVE SIMULATION AND FREE WILL

Although Briegel offers an interesting account of free will I believe that it could be much more effective if it were decreased in length and made more pointed. Attempting that task I managed to dispense with most of its 5000 words and condensed to text to the following eight words: Freedom is combining old memories in new ways. Whilst this reduction complies with Wittgenstein: ?What can be said, can be said clearly? it subtracts the conceptual aspects of BriegelÂ´s piece. These, however, distract from examining what is new in BriegelÂ´s ?Projective Simulation? hypothesis. 

Central to BriegelÂ´s argument is the idea that previous experiences are housed in networks of memory clips in the brain which can be re-arranged without feedback from the environment and so generate momentary choice, i.e., an act of free will. Although Briegel does not offer an empirical test of his hypothesis, he refers to John SearleÂ´s visit to a restaurant as supporting evidence. This is a good idea for if theories of the mind, such as BriegelÂ´s creative machine, are not related to the normal functions of the brain, they are at risk of becoming a piece of engineering rather than one of science (Crick, Nature 337,129; 1989).   

Of free will, choice and the brain, Searle (e.g., Mind: A Brief Introduction (Fundamentals of Philosophy), Oxford Univ. Press, 2004) writes: 

1.&#009"If I am in a restaurant and I am confronted with a menu and the waiter asks me what I would like, I cannot say: 'I'm a determinist, I'll just wait and see what happens,' because even that utterance is only intelligible to me as an exercise of my free will."
2.&#009"I cannot think of that utterance as something that just happened to me, like a sudden pain in the stomach." 
3.&#009"My feelings of thirst are entirely caused by neurobiological processes in the brain."

SearleÂ´s view, "Biological Naturalism?, as it relates to BriegelÂ´s hypothesis, can be criticized for, at least, the following reasons:

1.&#009We are not in restaurants by chance. For example, I thought that it would be nice to have lunch with my friend to discuss Searle's book. When the waiter asked what we wanted to eat, we responded: "we are determinists, we'll just wait and see what happens', because we had read Searle's book. The waiter, who may also have read SearleÂ´s book, recommended halibut and white wine for my friend and smoked reindeer and beer for me. Rather than ?choosing? myself, I often ask the waiter to recommend something from the menu when eating out.
2.&#009Halfway through lunch my friend got "a sudden pain in his stomach". He was recovering from the flu, which is one of the many possible causes of stomach pain. Stomach pain does not "just happen". The gastrointestinal tract has its own, enteric nervous system, and according to "Biological Naturalism", "a sudden pain in the stomach" is only "intelligible as an exercise of free will" by the enteric nervous system. However, because pain that is perceived as originating in the stomach can originate elsewhere, "Biological Naturalism" has to postulate separate gastrointestinal "Free Wills", one in the stomach, one in the liver, one in the kidney, etc.
3.&#009Because my lunch was salty I got thirsty and ordered another beer. Saying that my feeling of thirst was "entirely caused by neurobiological processes in the brain" is similar to saying that my ordering of another beer was "entirely caused by neurobiological processes in the brain." None of these statements make sense, although the first statement might seem to make sense. My brain did not "cause" anything, it mediated between my ingestion of the salty food, my thirst and my ordering of another beer.

There is no need to postulate "Free Will", neither on the part of me, my friend and his nervous systems nor on the waiter, to explain what happened in the restaurant. We can similarly dispose of ?spontaneity? and ?creativity? as used by Briegel, and of ?Free Will? to explain why people use their previous experiences. Skinner who referred to such constructs as ?mental surrogates? (e.g., Behaviorism 5, 1; 1977), comes to mind: ?We talk about free will and choice when we donÂ´t understand the cause of behavior?. Skinner also pointed out ?that such constructs impede the search for the controlling variables of the behavior they are said to produce? (Science 212, 695; 1981).

Per SÃ¶dersten
Karolinska Institutet
per.sodersten@ki.se
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We discuss the possibility of free behavior in embodied systems that are, with no exception and at all scales of their body, subject to physical law. We relate the discussion to a model of an artificial agent that exhibits a primitive notion of creativity and freedom in dealing with its environment, which is part of a recently introduced scheme of information processing called projective simulation. This provides an explicit proposal on how we can reconcile our understanding of universal physical law with the idea that higher biological entities can acquire a notion of freedom that allows them to increasingly detach themselves from a strict dependence on the surrounding world.
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                        Introduction

Are we free in our decisions and actions? Or is freedom an illusion and is what we think and how we act entirely determined by the laws of Nature? Recent developments in brain research have revived and stirred-up a centuries-old discussion, claiming that free will is essentially an illusion1,2,3,4,5. The discussion is not only of academic nature, but it has for example been suggested that the experimental findings of the neuro-sciences, together with their theoretical interpretations, should be reflected in future jurisdiction6. These developments have lead to a controversial debate between brain researchers, philosophers, law makers, behavior scientists and others (see e.g.7,8).

Considering what seems to be at stake, these reactions are not surprising. At the same time, they also emphasize the deep impact of the concepts and findings of modern science, in particular physics, neurobiology and computer science, on the idea of human existence and responsibility.

The problem of free will has a long history in philosophy and science. We shall not try to give a full account of the various philosophical arguments that have been brought up against or in favor of free will. It seems however save to say that, up-to-date, this has remained a deeply puzzling problem that many consider as yet unsolved:

â��So it really does look as if everything we know about physics forces us to some form of denial of human freedom.â��

â�� John Searle, Minds, Brains and Science, p. 87 (1984).

This quote, out of a famous lecture by John Searle9, dates back more than 25 years and it addresses a question of principle. It seems to us that this problem should be solved before any interpretation of experimental findings in the neurosciences (concerning the existence or non-existence of free will) can be reached.

Indeed, how can we accept the very possibility of free will if we assume, at the same time, that we are, with no exception and at all scales of our body, subject to physical law? Do we have to assume that the laws of physics are incomplete and that there are new kinds of laws waiting to be discovered â�� maybe on the level of more complex biological entities â�� that will ultimately free us from the strict rule of physics?

We will argue in this note that we do not need new laws to resolve this puzzle. We may still discover new laws in the future, which will hopefully help us to better understand the workings of the human mind and all that comes with it. But we claim that we shall not need such laws to resolve the conundrum of freedom. We can show, on the basis of physical laws as we understand them today, that entities with a certain degree of physical or biological organization, capable of evolving a specific type of memory, can indeed develop an original notion of creativity and freedom in their dealing with the environment. Our argument will be based on the concept of projective simulation which is a physical model of information processing for artificial agents that was recently introduced in11.

Many philosophers and scientists have addressed the problem of free will in the past and have argued for the possibility of free will. This includes, in particular, a number of theories and ideas that have been refereed to as â��two-stage modelsâ�� for free will12. At the same time, the idea of freedom seems to be under strong attack from the empirical sciences. Are the experimental findings of modern brain research indeed so compelling that they could falsify all theories supporting free will?

In this paper, we would like to add a new perspective to this discussion. Rather than discussing the existence of free will in the context of current brain research, which we prefer to leave to the experts, we shall present a model of an artificial agent that exhibits a notion of freedom in dealing with its environment, which is part of a physically well-defined scheme of information processing and learning11. This model could in principle be realized, with present-day technology, in artificial agents such as robots. This demonstrates, first, that a notion of freedom can indeed exist for entities that operate, without exception and at all scales, under the laws of physics. It also shows that free behavior can be understood as an emergent property of biological systems of sufficient complexity that have evolved a specific form of memory.

Formally, our proposal might be listed under the heading of the two-stage models, but it differs from previous work in several essential respects.


                  		
                    We take an explicit perspective from physics and information processing. We introduce projective simulation as a fundamental information theoretic concept that gives room for a notion of freedom compatible with the laws of physics. 


                  


                  		
                    Together with the model of episodic and compositional memory, projective simulation may allow us to analyze and propose behavior experiments with simple animals. 


                  


                  		
                    Our scheme could be realized, in principle, with present-day technology in form of artificial (learning) agents or robots. 


                  


                

We want to emphasize that our model is not meant to be an â��explanation of consciousnessâ��13,14, nor a theory of â��how the brain worksâ��. We leave this to the experts and to the brain researchers and we are looking forward to the many new experimental findings and insights that we may expect to learn about in the years to come. Similarly, we are not claiming that we can explain the nature of human freedom and conscious choice.

What we can provide, however, is an explicit proposal on how we can reconcile our understanding of universal physical law with the idea that higher biological entities can exhibit a notion of freedom. It allows them to detach themselves from a strict dependence on the surrounding world and, at the same time, to truly create behavior on their own that is both spontaneous and meaningful in response to their environment.



Results

Machine intelligence and creativity

If we accept that free will is compatible with physical law, we also have to accept that it must be possible, in principle, to build a machine that would exhibit similar forms of freedom as the one we usually ascribe to humans and certain animals. It is likely to turn out that the task of building such a machine will be far too complex to be realizable in any practical terms, or that it will be at least as complex as the task (and pleasure) of raising and educating a human child within society. This observation, if true, may be disappointing to some people, but for many of us it has a positive and reconciling aspect. On the other hand, it may still be feasible to build more primitive forms of machines (or agents) that exhibit some rudimentary forms of freedom and creativity in their behavior.

Computers are special sorts of machines which play an increasingly important role in our modern society. They have not only transformed our practical daily life, but they are also beginning to change the perception of ourselves from â��human subjectsâ�� to â��information processing systemsâ��. This will ultimately challenge the question of human existence and freedom and all that comes with it (e.g. social responsibility, the ethics of action and so on). Variants of computers are so-called intelligent agents and robots. They are often viewed (not quite correctly, though15) as computers equipped with some periphery, including sensors, with which they can perceive signals from the environment and actuators, with which they can act on the environment. Intelligent agents are designed to operate autonomously in complex and changing environments, examples of which are traffic, remote space, or the internet. The design of intelligent agents, specifically for tasks such as learning, has become a unifying agenda of various branches of artificial intelligence16.

Even if we are willing to accept that artificial agents and computers in general, may exhibit some form of intelligence (which is usually defined as the capability of the agent to perceive and act on its environment in a way that maximizes its chances of success16), we would hardly ascribe free will to them. In return, we would not like ourselves to be identified with such an agent. What is the reason for this disapproval? The main reason seems to be that the agent has a program which determines, for a given input (or sequence of inputs), its next step of action. Its action is the result of an algorithm: it is predictable and can e.g. be computed by some other machine.

The situation does not change fundamentally if the algorithm or program itself is not deterministic, as it is sometimes considered in computer science, invoking the notion of probabilistic Turing machines17. Even if randomized programs can sometimes increase the efficiency of certain computations, it is not clear what one should gain from such randomization in the present context. If, before, the agent was the slave of a deterministic program, it is then the slave of a random program. But random action is not the same as freedom.

The disturbing point with both described variants is the idea and existence of the program itself. If physics is looking for the laws of Nature, e.g. for the laws describing the way how things move and change in space and time and of how they respond to our experimental inquiry, a more computer-science oriented approach looks for the program behind things, including living beings. Both notions appear to be in fundamental conflict with our basic idea of freedom.

In this paper, we will however show that the idea of being subjected to physical law does not contradict the possibility of freedom. We will base our argument on the explicit description of an information processing scheme, which we call projective simulation11, which could be part of the design of an artificial agent, a robot, or conceivably some biological entity. It combines the concepts of simulation, episodic memory and randomness into a common framework.

Memory

A crucial element for the possibility of freedom of any agent (biological or artificial) is the existence of memory. By memory we mean any kind of organ, or physical device, that allows the agent to store and recall information about past experience. Generally speaking, memory allows the agent to relate its actions to its past. Memory per se is however not sufficient for the existence of freedom. Elementary forms of memory exist already in simple animals (reflex-type agents), as in the roundworm Caenorhabditis elegans, the well-studied sea slug Aplysia18, or the fruit fly Drosophila19 and learning consists in the modification and shaping of the molecular details of their neural circuits due to experience. Nevertheless, we are hesitating to ascribe a notion of freedom to invertebrates such as C. elegans or Aplysia, whose actions remain simple reflexes to environmental stimuli.

The brain of humans and higher primates is of course much more complex and much less understood. As we consider the brains of different species, moving from invertebrates to vertebrates including mammals, primates and the humans, the structure of their brains gets increasingly more sophisticated and complex. But it is always described by a network of neurons and synapses and the basic principles of signal transmission and processing seem to be the same. The question then arises: How can an increasing complexity of a neural network lead to the emergence of a radically new feature and endow humans or higher primates and arguably also simpler animals, with â��freedomâ�� in their behavior?

The answer, it seems, must be sought in the increasingly complex organization of memory. A difference between the simple memory of Aplysia and the complex memory of higher vertebrates, is the appearance of different functions of memory. Different from simple animals, a call of memory in humans and primates does not automatically lead to motor action. This means that there exists a platform on which memory content can be reinvoked, which is decoupled from immediate motor action. The evolutionary emergence of such a platform means that an agent with more complex memory can become increasingly detached from immediate response to environmental stimuli.

However, the actions of the agent still remain determined by the memory content, which itself was formed by the agent's percept history. In other words, the actions of the agent remain determined by its past and there is no real notion of freedom. What is still missing is an element of spontaneity in the agent's response to a given environmental situation. If C elegans is enslaved by the present stimuli, a more complex agent remains still enslaved by its past, i.e., the history of its stimuli. How could Nature get rid of such a time-delayed enslavery?

A possibility to break determinism is to introduce indeterminism (i.e. genuine randomness). But, as we have discussed earlier, it is not clear what the effect of randomization should be. If we adopt a computational or algorithmic view of the brain, we will not change anything. However, the effect of indeterminism depends on the nature of the processing and memory where it occurs. We will show that it can indeed have a positive effect on the agent, not in the sense of making some â��computationsâ�� more efficient, but in the sense of introducing an element of creative variation in its memory-driven interactions with the environment. Here it will be expedient to abandon the picture of the brain as a computer and, instead, propose a dynamic model of memory which is fully embedded in the agent's architecture and which grows as the agent interacts with the world.

In the next section, we will discuss an abstract scheme of memory processing which we call projective simulation. It operates entirely under the principles of physics but nevertheless exhibits an element of freedom in an agent's interaction with the environment. It is not clear whether this scheme is at all implemented in a real brain, but we claim that it could be realized, in principle, in artificial agents.

Projective simulation

In Ref.11, we considered a standard model of an artificial agent that is equipped with sensors and actuators, through which it can perceive its environment and act upon it, respectively. Internally, the agent has access to some kind of memory, which we shall describe below. Perceptual input can either lead to direct motor action (reflex-type scenario) or it first undergoes some processing (projective simulation) in the course of which it is related to memory.

The memory itself is of a specific type, which we call episodic & compositional memory (ECM). Its primary function is to store past experience of the agent in the form of episodes, which are (evaluated) sequences of remembered percepts and actions. Physically, ECM can be described as a stochastic network of clips, where clips are the basic units of episodic memory, corresponding to very short episodes (or patches of â��space-time memoryâ��)11.

The process of projective simulation can be described as follows. Triggered by perceptual input, some specific clip in memory, which relates to the input, is excited (or â��activatedâ��), as indicated in Figure 1. This active clip will then, with a certain probability, excite some neighboring clip, leading to a transition within the clip network. As the process continues, it will generate a random sequence of excited clips, which can be regarded as a recall and random reassembly of episodic fragments from the agent's past. This process stops once an excited clip couples out of memory and triggers motor action. The last step could be realized by a mechanism where the excited clips are screened for the presence of certain features. When a specific feature is detected in a clip (or it is above a certain â��intensityâ�� level) it will, with a certain probability, lead to motor action.

Figure 1[image: Figure 1]Full size image

Model of episodic memory as a network of clips.

Triggered by perceptual input, the process of projected simulation starts a random walk through episodic memory, invoking patchwork-like sequences of virtual experience. Once a certain feature is detected, the random walk stops and is translated into motor action (See also Ref.11).




The decribed process is the basic version of episodic memory, but it is not the only one. In a more refined version, which we called episodic and compositional memory, we consider not only transitions between existing clips, but clips may themselves be randomly created (and varied), as part of the simulation process itself. Random clip sequences that are generated this way may introduce entirely fictitious episodes that never happened in the agent's past.

The random walk in memory space, as described, constitutes part of what we call projective simulation. In another part, the agent's actions that come out of the simulation are evaluated. The result of this evaluation then feeds back into the details of the network structure of episodic memory, leading to an update of transition probabilities and of â��emotion tagsâ�� associated with certain clip transitions11. In a simple reinforcement setting, one assumes for example that certain actions or percept-action pairs are rewarded. Learning then takes place by modifying the network of clips (ECM) according to the given rewards. This modification of memory occurs in different ways: by bayesian updating of transition probabilities between existing clips; by adding new clips to the network via new perceptual input; by creating new clips from existing ones under certain compositional and variational principles; and by updating emotional tags associated with certain clip transitions. Details of this scheme are presented in Ref.11.

In the following, coming back to the main topic of this paper, we want to relate the projective structure of the agent's behavior to the emergence of a primitive notion of creativity and freedom. The basic idea is that the episodic memory provides a platform for the agent to â��play withâ�� previous experience, before concrete action is taken (see Figure 2). A call of episodic memory initiates a random walk through memory space, invoking patchwork-like sequences of past experience. This can be understood as a simulation of plausible future experience on the basis of past experience. It is a simulation because it takes place only in the agent's memory; it simulates plausible future experience because sequences of episodes that occurred frequently in the past will do so in simulation. Furthermore, the possibility of clip composition allows the agent to explore, as part of the simulation, new fictitious episodic sequences that it has never encountered before, but which are within a range of â��conceivabilityâ�� (as defined by the rules of clip composition). It is important to realize that, in a similar way as clips representing â��realâ�� experience, the clips representing â��fictitiousâ�� experience will trigger factual action through the same mechanism. This means that fictitious experience, created within the memory of the agent, may de facto change and guide the real actions of the agent. One could also say that the agent acts under the influence of â��ideasâ�� that are generated by the agent itself.

Figure 2[image: Figure 2]Full size image

Sequences of percepts and actions are simulated stochastically by variations and compositions of episodic memory (ECM), before real action is taken.

Through the process of projective simulation, the agent is, in a sense, constantly ahead of itself.




In summary, through the process of projected simulation the agent projects itself into conceivable future situations and takes its actions under the influence of these projections, as it is illustrated in Figure 2. In this sense, the agent is no longer enslaved by its past, but plays with it, deliberated by variations and spontaneous compositions of episodic fragments. These fragments may come from the past, but they are transformed, by random processes, into new patterns for future action. The agent is, in this sense, always ahead of itself (see Discussion).

Connection with psychology

The notion of episodic memory was first introduced in psychology in the 1970s by Tulving20 and Ingvar21 and it has gained increasing attention in the cognitive neurosciences and in other fields. Recent developments have been reviewed e.g. by Schacter et al.22 and by Hasselmo23 who also discusses specific brain mechanisms for episodic memory.

The â��network of clipsâ�� which we have described in the previous section can be regarded as a rudimentary form of episodic memory within a physical toy model. It should be emphasized that our model of episodic memory is much more primitive and does e.g. not assume any encoding of time or the ability of dating experience. On the other hand, we go beyond the notion of memory as a mere â��storing deviceâ�� and introduce dynamic rules how episodes are processed and become part of an information processing scheme which we call projective simulation11.

It should also be noted that the main focus of our paper is not on learning. Instead, we have used the model of projective simulation as the conceptual framework to discuss the possibility of creativity and freedom of artificial agents. The advantage of this approach is that the model is sufficiently abstract in its constitutive concepts, while at the same time based on clear physical principles.



Discussion

In this section, we shall put the model of projective simulation into a broader context and discuss its relation to the problem of free will.

The problem of free will is often discussed, e.g. by Searle10, in the context of conscious human experience, for example when we experience the freedom of choice between different options, say, of choosing between different meals in a restaurant. The problem then consists in an apparent inconsistency between such conscious experience of freedom, on the one hand and the assumption that all of our conscious experiences are ultimately determined by neurobiological processes in the brain and as such subject to the laws of physics and biochemistry.

Other scientists, including neurobiologist Martin Heisenberg, see the problem of freedom already arise on the level of creatures that may not be conscious, but to which we would nevertheless ascribe a measure of initiative and self-determination in their behavior7.

Whatever definition one chooses, both notions of freedom, be it in the sense of conscious free choice or in the sense of self-generated action, have to be reconciled with the basic assumption that biological agents - conscious or unconscious - are, without exception and at all scales of their bodies, subject to physical law. The fundamental problem is, in both cases, how freedom can emerge from lawful processes. Both the freedom of self-generated action and the freedom of conscious choice require, at a certain level (e.g. in the brain), some notion of room to manoeuvre10, which is consistent with physical law. Where does this room come from? And how can it be realized within an explicit physical model?

In this paper, we have discussed a model of an artificial agent, where such room for manoeuvre is provided by a specific notion of memory (ECM) and the way how this memory is used via projected simulation of future actions. Room and ultimately freedom arises in two ways, first by the existence of a simulation platform, which enables the agent to detach itself from an immediate (stimulus-reflex type) embedding into its environment and, second, by the constitutive processes of the simulation, which generate a space of possibilities for responding to environmental stimuli. The mechanisms that allow the agent to explore this space of possibilities are based on (irreducible) random processes. The concept of projective simulation thus combines the basic notions of memory, randomness and simulation in a unique way. In the remainder of this paper, we would like to come back to these ingredients of our scheme and comment on their specific role regarding the origin of freedom.

Memory. The existence of memory is required in a trivial sense, as a physical notion of experience. But memory also provides the first step to deliberate a system from its environment, i.e. from an immediate stimulus-reflex-type embedding into the world. By connecting perceptual input with memory content, the agent is able to relate it to past experience, on the basis of which it finds its next step. This endows the system with a more comprehensive way of responding to environmental input, but its responses are still fully determined by past experience. In the specific context of episodic memory this means that, as long as episodes are simply recalled without further modification, the agent remains caught by its past and will simply repeat old patterns of behavior. What is still missing, is the notion of the new.

The seed of the new is provided by introducing elements of variation and composition into the simulation process. The first kind of variation is provided by a random reshuffling of past episodes, realized by a random walk in clip space. While this will already lead to new patterns of behavior, the space of possibilities is still defined by past experience alone. The second kind of variation is based on clip composition, which enables the creation of new fictitious episodes. It is important to realize that these variations are truly created by the agent itself. The connection of the agent with its own past is thereby loosened and the agent becomes further â��emancipatedâ�� from the environment. However, the agent's connection with the past is not simply blurred or erased, as it would be the case for an arbitrary randomization of memory. This would be a silly form of emancipation, depriving the system of what it may have learnt before. Instead, the agent still makes use of past experience, but it is no longer caught or enslaved by it. It rather â��playsâ�� with its experience in a constructive sense, creating fictitious sequences of action to guide its future actions. This type of simulation process is conservative in the sense that only variations around real (and proven) experience are considered. It is the range of those variations that defines the conceivable. The probability of variations is determined by certain rules of clip composition, i.e. how memory content can mutate or, more generally, transform during the simulation process. It is a stochastic process that originates and operates entirely within the memory system. In this sense, the deliberation of the agent is truly self-generated and, as such, represents a step of emancipation from its surrounding world.

Randomness. The notions of indeterminism and randomness play an important role in our discussion. Random processes have been assumed as part of projective simulation, both in basic memory recall â��a random walk through a space of episodesâ�� and in the mutation or compositional processes of individual clips. (Note that, when we speak of a random process with different outcomes, we mean that the different outcomes are not determined, but they occur only with certain probabilities, such as 0.1/0.9 or 0.5/0.5. We do not imply that these probabilities are all equal. Some people would instead speak of a stochastic process.) The reader may wonder how we can postulate random processes as part of our physical model. However, this is in fact a very natural assumption, which is in agreement with the fundamental laws of nature. Truly random processes are implemented and used routinely in modern quantum physics laboratories, e.g. for quantum information processing purposes. But also in biological systems, random processes are omnipresent, a fact which has recently been reemphasized in Ref.7. Although, for practical considerations, the origin of noise is usually not important, it is here a matter of principle. We may not need quantum mechanics to understand the principles of projective simulation, but we have it. And it is our safeguard that ensures true indeterminism on a molecular level, which is amplified to random noise on a higher level. Quantum randomness is truly irreducible and here it provides the seed for genuine spontaneity.

One should however also realize that the question of principle of the possibility of free will on the basis of natural law does not depend on specifics of neurobiology. Even if people doubt the relevance of quantum indeterminacy in biological agents, they must face the possibility that sooner or later mankind may build artificial intelligent agents that will use quantum elements as part of their design. To put it provocatively, even if human freedom were to be an illusion, humans would still be able, in principle, to build free robots. Amusing.

Finally, one might ask why randomness in our model of projective simulation is different from randomness in any other computational model, e.g. a boolean circuit. Why is it any better to be the slave of a random â��mutation of clipsâ�� than of some â��randomized algorithmâ��? This is an important question which goes back to the heart of the problem. Part of the answer is that, in the model of projective simulation, there is a clear functional role of randomness, which introduces variations around established patterns of behavior. It is only on the background of previous experience, where variations make proper sense and allow the agent to explore new possibilities via simulation, i.e. before actually trying them out. This is not a notion of slavery but of self-generated options. Furthermore, it is crucial to understand that indeterminism, both in form of the random walk in memory space and in the form of clip composition and variations, is an inherent feature of the agent's memory. There is no deterministic version of projective simulation which could then be â��randomizedâ��. In this sense, one can not separate â��the agentâ�� from â��the randomnessâ�� (say, in from of an implanted random number generator) by which â��itâ�� could be enslaved. Instead, randomness plays a constitutive role in the very definition of the agent; it is so-to-speak part of its identity.

Simulation. The physical process of simulation, combining randomness and episodic memory to generate â��virtual experienceâ��, results in a projective structure of the agent's behavior in its interaction with the world, as illustrated in Figure 2. The agent takes actions under the influence of its own projections and is, in this sense, constantly ahead of itself. It is worth pointing out that this resembles a fundamental structure in philosophical phenomenology24, which plays a central role for the notion of human understanding and being-in-the-world. Clearly, in the present discussion we are not talking about conscious agents nor about any deeper aspect of human existence. What is remarkable, however, is that one of the key concepts of phenomenology can be connected to basic notions of modern physics and information processing. It thus seems to us that a careful analysis of human (and animal) behavior, both from the perspective of phenomenology and of developmental psychology25, may offer many new ideas towards a better understanding of artificial intelligence and the ultimate possibilities of â��information processingâ�� in biological agents.
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                            STOMACH PAIN IN THE RESTAURANT: ON PROJECTIVE SIMULATION AND FREE WILL

Although Briegel offers an interesting account of free will I believe that it could be much more effective if it were decreased in length and made more pointed. Attempting that task I managed to dispense with most of its 5000 words and condensed to text to the following eight words: Freedom is combining old memories in new ways. Whilst this reduction complies with Wittgenstein: ?What can be said, can be said clearly? it subtracts the conceptual aspects of BriegelÂ´s piece. These, however, distract from examining what is new in BriegelÂ´s ?Projective Simulation? hypothesis. 

Central to BriegelÂ´s argument is the idea that previous experiences are housed in networks of memory clips in the brain which can be re-arranged without feedback from the environment and so generate momentary choice, i.e., an act of free will. Although Briegel does not offer an empirical test of his hypothesis, he refers to John SearleÂ´s visit to a restaurant as supporting evidence. This is a good idea for if theories of the mind, such as BriegelÂ´s creative machine, are not related to the normal functions of the brain, they are at risk of becoming a piece of engineering rather than one of science (Crick, Nature 337,129; 1989).   

Of free will, choice and the brain, Searle (e.g., Mind: A Brief Introduction (Fundamentals of Philosophy), Oxford Univ. Press, 2004) writes: 

1.&#009"If I am in a restaurant and I am confronted with a menu and the waiter asks me what I would like, I cannot say: 'I'm a determinist, I'll just wait and see what happens,' because even that utterance is only intelligible to me as an exercise of my free will."
2.&#009"I cannot think of that utterance as something that just happened to me, like a sudden pain in the stomach." 
3.&#009"My feelings of thirst are entirely caused by neurobiological processes in the brain."

SearleÂ´s view, "Biological Naturalism?, as it relates to BriegelÂ´s hypothesis, can be criticized for, at least, the following reasons:

1.&#009We are not in restaurants by chance. For example, I thought that it would be nice to have lunch with my friend to discuss Searle's book. When the waiter asked what we wanted to eat, we responded: "we are determinists, we'll just wait and see what happens', because we had read Searle's book. The waiter, who may also have read SearleÂ´s book, recommended halibut and white wine for my friend and smoked reindeer and beer for me. Rather than ?choosing? myself, I often ask the waiter to recommend something from the menu when eating out.
2.&#009Halfway through lunch my friend got "a sudden pain in his stomach". He was recovering from the flu, which is one of the many possible causes of stomach pain. Stomach pain does not "just happen". The gastrointestinal tract has its own, enteric nervous system, and according to "Biological Naturalism", "a sudden pain in the stomach" is only "intelligible as an exercise of free will" by the enteric nervous system. However, because pain that is perceived as originating in the stomach can originate elsewhere, "Biological Naturalism" has to postulate separate gastrointestinal "Free Wills", one in the stomach, one in the liver, one in the kidney, etc.
3.&#009Because my lunch was salty I got thirsty and ordered another beer. Saying that my feeling of thirst was "entirely caused by neurobiological processes in the brain" is similar to saying that my ordering of another beer was "entirely caused by neurobiological processes in the brain." None of these statements make sense, although the first statement might seem to make sense. My brain did not "cause" anything, it mediated between my ingestion of the salty food, my thirst and my ordering of another beer.

There is no need to postulate "Free Will", neither on the part of me, my friend and his nervous systems nor on the waiter, to explain what happened in the restaurant. We can similarly dispose of ?spontaneity? and ?creativity? as used by Briegel, and of ?Free Will? to explain why people use their previous experiences. Skinner who referred to such constructs as ?mental surrogates? (e.g., Behaviorism 5, 1; 1977), comes to mind: ?We talk about free will and choice when we donÂ´t understand the cause of behavior?. Skinner also pointed out ?that such constructs impede the search for the controlling variables of the behavior they are said to produce? (Science 212, 695; 1981).

Per SÃ¶dersten
Karolinska Institutet
per.sodersten@ki.se
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American, born Cambridge, Massachusetss, 1839
*What Is Logic? Harvard Logic Lecture #1
44 Practical Treatise on Logic and Methodology
Questions Concerning Certain Faculties Claimed For Man
#4Some Consequences of Four Incapacities
+4%The Fixation of Belief: How to Make Our Ideas Clear
Perhaps the greatest intellect in the United States of America, ever
Philosopher, logician, mathematician, scientist (in ten arcas), inventor; psychologist,
historian, economist, criti, playwright, stage per, fiction author
Founded Pragmatism, developed it extensively and persuasively
Argued that meaning, in any form, is defined in term of practical consequences
Published several important papers in newsstand magazines
Only really stcady job was with the govermments Coast and Geodetic Survey
His wife having abandoned him, lived with Julictie Froissy
Though they eventually married, the scandal virtually excluded him from academe
Supported anonymously by William James and Victoria Lady Welby
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An electron is fired at
a metal plate, where it
ejects a very energetic
photon (an x-ray).

The x-radiation goes
out as a spherical wave
in all directions

(in the wave picture).

electron

I

=X

photon

electron

But when a single x-ray
(in the particle picture)
hits another metal plate,
it ejects an electron with
the same energy as the
original electron.

Einstein asked how can
it be that the spherical
wave instantaneously
collapses all its energy
to be absorbed into
the new electron?

Does it violate the
principle of relativity?
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